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࠸࡚ࡵ㐍ࢆ㛤Ⓨࡢ㔠ᆺࢺ࣮࣐ࢫ㸪࡚ࡋ⾡ᢏࡿࡍ㐩ᡂࢆ㧗ရ㉁࣭ຠ⋡ࡢᑕฟᡂᙧࢡࢵࢳࢫࣛࣉ ࡋࡲࡽ࠶ 

ุࢆⰋྰࡢ㸪ᡂᙧࡶࡿࡍど࣭グ㘓┘ࢆᆺෆ≧ែࡢ㸪ᡂᙧࡳ㎸ࡳ⤌ࢆࢧࣥࢭ㸪㔠ᆺࡣ㔠ᆺࢺ࣮࣐ࢫ㸬ࡿ

ࢫ࢞ࢧࣥࢭࡁᆺ㛤ࡿࡍᣑᙇࢆ⬟ᶵࡢ㔠ᆺࢺ࣮࣐ࢫ㸪ࡣ㛤Ⓨ࡛✲◊ࡢ㸬ᮏᖺᗘࡿ࠶㔠ᆺ࡛ࡓࡋᦚ㍕ࢆ⬟ᶵࡿࡍ᩿

ࡓࡋᐃࢆ⏘㸪㔞ࡽࡉ㸬ࡓࡋド᳨ࢆ᭷ຠᛶࡢࢧࣥࢭᥦ࡚ࡋ࠾ࢆ㸪ᡂᙧヨ㦂ࡅྲྀヨ㦂ᆺࢆࢧࣥࢭࢺࣥ࣋

㐃⥆ᡂᙧヨ㦂࠸࡞ࡇ࠾ࢆ㸪3,000ࢆࢺࢵࣙࢩ㉸ࡿ࠼ᡂᙧࢱ࣮ࢹࡢ㞟࣭ศᯒࢆᐇࡓࡋ㸬 
 ࢧࣥࢭᡂᙧ㸪 㟁ὶᘧࢺ࣮ࢧࣥ㔠ᆺ㸪ࢺ࣮࣐ࢫ ࢻ࣮࣮࣡࢟ 

 

㸯㸬ࡵࡌࡣ 

 〇㐀ᴗࡢ⌧ሙ࡛ࡣ㸪〇㐀㐣⛬࡛ᚓࢆࢱ࣮ࢹ✀ྛࡿࢀࡽ

ศᯒ࡚ࡋ㸪⏕⏘ࡢຠ⋡ࡸ〇ရࡢタィάࡳ⤌ࡾྲྀࡍ

ࢀࡲ㎸ࡳ⤌ࡀ⨨ไᚚࡢ➼㸬NCຍᕤᶵࡿ࠸࡚ࢀࡉ┠ὀࡀ

ࢱ࣮ࢹࡿ࠸࡚ࢀࢃᶵᲔไᚚ࡛࡛ࡍ㸪ࡣᕤసᶵᲔ࡛ࡓ

ࢺࢫࢥศᯒࡸ㞟ࢱ࣮ࢹ㸪ࡵࡓࡿ࠶࡛ࡅࡔࡍฟࡾྲྀࢆ

㸬ࡿ࠶࡛⬟ྍࡀ⌧ᐇᐜ᫆ࡣ㸪ᢏ⾡ⓗࡢࡢࡶࡿࡣ

࠸࡞ࡓᣢࢆ⨨㸪ไᚚ࡞ຍᕤᶵࡢᡭືࡸ㸪㔠ᆺࡋࡋ

⏕⏘タഛࢱ࣮ࢹࡢ㞟ࡣᅔ㞴࡛ࡾ࠶㸪≉㔠ᆺ࡛ࡣ㞟

࡞㸪ᢏ⾡ⓗࡽࡉ㐣㓞ࡢ⏝⎔ቃࡸࡉከᵝࡢ㔞⌮≀ࡿࡍ

ᅔ㞴ࢆక࠺㸬 
୍᪉࡛㸪㔠ᆺࡿࡼ㒊ရຍᕤࡣᖺࠎ㧗ᗘࡾ࠾࡚ࡋ㸪

࠾㸪⮬ື㌴⏘ᴗࡣศ㔝࡛ࡢᑕฟᡂᆺࢡࢵࢳࢫࣛࣉ≉

ᚤࡢ㒊ရࡿࡅ࠾㸪㟁Ꮚ⏘ᴗࡸ࠼ࡁ⨨ࡢ㔠ᒓ㒊ရࡿࡅ

⣽࡞㸪〇ရ〇㐀ồࡿࢀࡽࡵᢏ⾡ࡀ㧗ࡿ࠸࡚ࡗࡲ㸬

㧗ᗘ࡞ᶞ⬡㒊ရࡢ〇㐀ࡣ㸪Ᏻᐃࡓࡋᑕฟᡂᙧࡀᚲせ࡛

ᆒࡢ㸪ᶞ⬡ᮦᩱࡶ࡚ࡁไᚚ࡛ࡣ௳᮲ࡢ㸪ᡂᙧᶵࡀࡿ࠶

୍ᛶࡸ⎔ቃ ᗘࡢ࡞እⓗせᅉ࡚ࡗࡼ㸪ᡂᙧࡢ≧ែࢆ

୍ᐃࡣࡇࡿࡏࡉᅔ㞴࡛ࡿ࠶㸬ࡵࡓࡢࡑ㸪ᡂᙧ୰ࡢ㔠ᆺ

ෆࡢ≧ែࢆ┘どࡋ㸪✺Ⓨⓗ࡞ⰋရࡢⓎぢࡧࡼ࠾㸪㐺ษ

 㸬ࡿ࠸࡚ࢀࡽࡵồࡀࢡࢵࣂࢻ࣮ࣇࡢ௳ᡂᙧ᮲࡞
⏘⏕ࡢᑕฟᡂᙧࢡࢵࢳࢫࣛࣉ㸪ࡶࡢᬒ⫼࡞࠺ࡼࡢࡇ

ࡢ㸪ᡂᙧ୰ⓗ┠ࢆⓎぢࡢᡂᙧⰋࡸຠ⋡ࡢࡆୖࡕ❧

㔠ᆺෆࡢᅽຊࡸ ᗘࢆ┘どࢺ࣮࣐ࢫࡿࡍ㔠ᆺࡢ㛤Ⓨࢆ㐍

ࡋᦚ㍕㸪㔠ᆺ࡚࠸࠾✲◊ࡢ࡛ࡲ㸬ᖺ[5]-[1]ࡿ࠸࡚ࡵ

࡚ᅽຊ࣭ ᗘ࣭ືࢆグ㘓ࡿࡍᑠᆺ ᐃࣔࢆ࣮ࣝࣗࢪ㛤

Ⓨࡋ㸪ࢱ࣮ࢹࡢࡑゎᯒࢺ࣮࣐ࢫࡽ㔠ᆺࡢ᭷⏝ᛶࡍ♧ࢆ

ࡍࡸቑࢆ┠㡯ࡢ㔞⌮≀ࡿࡍ㸪᳨ฟࡽࡉ㸬ࡓࡁ࡛ࡀࡇ

ࡧࡼ࠾㸪ࢧࣥࢭࡁᆺ㛤ࡓࡋ⏝ࢆࢧࣥࢭ㸪 㟁ὶᘧࡵࡓ

ᚤ⣽⇕㟁ᑐࢆ⏝ࢆࢧࣥࢭࢺࣥ࣋ࢫ࢞ࡓࡋᥦࡋ㸪ᇶ♏

ⓗ᳨࡞ドࡓࡗ࡞ࡇ࠾ࢆ㸬 
ᮏᖺᗘࡣ㸪ᥦࢆࢧࣥࢭࡓࡋヨ㦂ᆺᐇ࣮࣐ࢫ࡚ࡋ

㸬ࡓࡋド᳨ࢆ᭷ຠᛶࡢ⾡㸪ᥦᢏࡋᣑᙇࢆ⬟ᶵࡢ㔠ᆺࢺ

ࣙࢩ㸪3,000࠸⾜ࢆ㐃⥆ᡂᙧヨ㦂ࡓࡋᐃࢆ⏘㸪㔞ࡽࡉ

࡞ࡇ࠾ࢆศᯒࡢࡑ㸪ࡋ㞟ࢆࢱ࣮ࢹࡢᡂᙧࡿ࠼㉸ࢆࢺࢵ

 㸬ࡓࡗ

㸰㸬ヨ㦂ᆺࡢ〇స᪂つ᳨ࡢࢧࣥࢭド 

㸰㸬㸯 㔞⏘ヨ㦂ᆺ 

 ᑕฟᡂᆺᶵࢆ㐃⥆㐠㌿࡚ࡋ㔞ࡢᐇ✌ാࢆࢱ࣮ࢹ㞟

㸬ࡓࡋ〇సࢆ㔠ᆺࡢ⏝ヨ㦂ࡢ≦ᙧ࠸㏆㸪ᐇ〇ရࡵࡓࡿࡍ

ᡂᙧရࡢᙧ≧ࡣᅗ1(a)ࡍ♧⤖᮰ࢻࣥࣂᙧ≧ࡋ㸪ᕥഃ

⨨㓄ࢆࢺ࣮ࢤ୰㛫ࡢ㒊ศࢺࣝ࣋ࡢഃྑ㒊ศࢡࢵࣟࡢ

㸪ࡾ࠾࡚ࢀࡽࡅࡾྲྀ㔠ᆺࡢഃືྍࡣ㢮ࢧࣥࢭ㸬ࡓࡋ

ᆺෆᅽຊ2ࢧࣥࢭⅬ㸦ࢺ࣮ࢤ┤㏆ࢺࣝ࣋ࡧࡼ࠾㒊ศࡢὶື

㏵୰㸧㸪ᆺ⾲㠃 ᗘ3ࢧࣥࢭⅬ㸦࣮ࣝࣉࢫ㏆ഐ࣮ࢼࣥࣛࡢ

㒊ศ࣭ࢡࢵࣟࡧࡼ࠾ 㸬ࡓࡋ⨨タࢆὶືᮎ➃㸧ࡢ㒊ศࢺࣝ࣋

ᶞࡢࢸࣅࣕ࢟㸪ࡣࢧࣥࢭᅽຊࡓࡋ⨨タ㏆┤ࢺ࣮ࢤ
 * ᰴᘧ♫ ᒱ㜧ከ⏣⢭ᶵ 
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㐃⥆ⓗࢆᅽຊኚࡢ࡛ࡲሸࡽሸ㛤ጞ┤ᚋࡢ⬡

㸪 ᗘࡣࢧࣥࢭᗘ ࠋࡿ࠸࡚ࡋⓗ┠ࢆࡇࡿࡍᐃ 

ኚ࡚ࡗࡼᶞ⬡ࡢ฿㐩᳨ࢆฟࡵࡓࡿࡁ࡛ࡀࡇࡿࡍ㸪

ሸ㛤ጞ᳨ࢆฟ࣮ࣝࣉࢫࡵࡓࡿࡍ㏆ഐ㸪ሸࢆ

᳨ฟࡵࡓࡿࡍሸᮎ➃ࡾྲྀࠋࡓࡅ 
࣋ࢫ࢞ࡓࡋ⏝ࢆᴟ⣽⇕㟁ᑐ⁁ࢺࣥ࣋ࢫ࢞㸪ࡽࡉ

ࢭ㟁ὶᘧኚ ࡣᶓࢸࣅࣕ࢟㸪ࡋ⨨タࢆࢧࣥࢭࢺࣥ

ࢭࢺࣥ࣋ࢫ࢞㸬ࡓࡋ⨨タࢆࢧࣥࢭࡁᆺ㛤ࡓࡋ⏝ࢆࢧࣥ

㸪ᇶࡋᥦࢆᵓ㐀࡛✲◊ࡢ๓ᖺᗘࡣࢧࣥࢭࡁᆺ㛤ࢧࣥ

ᮏᛶ⬟ࢆ☜ㄆࡿ࠶࡛ࡢࡶࡓࡋ㸬 
ࣕ࢟㸪㒊ศࢺࣝ࣋ࡢࡾᮎ➃ᐤࡾࡼBࢧࣥࢭ㸪ᅽຊࡓࡲ 

ࣆືྍࡢࡵࡓࡿࡏࡉኚࢆ✚యࡢࢸࣅ 㸦ࣥȍ3.0㸪✺ࡁ

ฟࡋ㔞0.3ੈ㸪య✚2.1mm3㸧ࢆ㓄⨨࡚ࡋ㸪ࢸࣅࣕ࢟≧ែ

ࣥࣆࡢࡇ㸬ࡓࡋ࠺ࡼࡿࡁ࡛ࡀࡇࡿࡏࡉኚᨾពࢆ

ࢀධࡋฟࡢࣥࣆ㸪ࡾ࠾࡚ࢀࡽࡅࡾྲྀ㔠ᆺࡢᅛᐃഃࡣ

࡚ࡋᑐ㸦1.25mm㸧ࡉཌࡢ〇ရࡢ㒊ศࢺࣝ࣋㸪࡚ࡗࡼ

24%ཌࡀࡉኚࡋ㸪య✚㸦1266 mm3㸧ᑐ0.017%࡚ࡋ

య✚ࡀኚࡿࡍ㸬 

㸰㸬㸰 ᆺ㛤᳨ࡢࢧࣥࢭࡁド 

ᚑ᮶ࢺ࣮࣐ࢫࡢ㔠ᆺྲྀ࡛࣒ࢸࢫࢩᚓ࡛ࡿࡁ㸪ᅽຊ㸪 

ᗘ㛫ྠᮇ࡚ࡋᆺ㛤ࡁ㔞ྲྀࢆᚓࡵࡓࡿࡍ㸪ࢺ࣮࣐ࢫ㔠

ᆺ࣒ࢸࢫࢩᆺ㛤ࡀ⏝ࢧࣥࢭࡁ᥋⥆࡛࠺ࡼࡿࡁᣑᙇ࠾ࢆ

ࢭࡿࡼ᥋㏆ࡢ㸪㔠ᒓࡣࢧࣥࢭ㸬 㟁ὶᘧኚࡓࡗ࡞ࡇ

ࣆࣥ㸪ࡵࡓࡿ࠸࡚ࡋ⏝ࢆኚࢫࣥࢲ࣮ࣆࣥࡢࢧࣥ

ࢫࣂࢹࡿࡍኚ್ࣝࢱࢪࢹ࡚ࡋ ィࢆࢫࣥࢲ࣮

㸦Texas Instruments LDC1614㸧ࡓ࠸⏝ࢆධຊᅇ㊰ࢆタィ

ࡢࡇ㸪ࡋࡔࡓ㸬ࡔࢇ㎸ࡳ⤌࣒ࢸࢫࢩ㔠ᆺࢺ࣮࣐ࢫ㸪ࡋ

ᩘ࡚ࡗࡼ௳᮲ࡣᐃ ࢫࣥࢲ࣮ࣆࣥࡓ࠸⏝ࢆࢫࣂࢹ

msࡢ㛫ࡵࡓࡿࡀ㸪ᆺ㛤ࢢࣥࣜࣉࣥࢧࡢࢧࣥࢭࡁ㛫

㝸ࡣ㸪 ᗘ࣭ᅽຊࢢࣥࣜࣉࣥࢧࡢࢧࣥࢭ㛫㝸㸦㏻ᖖ1ms㸧
ࡋタᐃ㛫㝸㸦㏻ᖖ10ms㸧ࢢࣥࣜࣉࣥࢧࡢ10ಸ࡚ࡋᑐ

ࣅࣕ࢟ࡢ㒊ศࢡࢵࣟࡢ㸪〇ရࡣࢧࣥࢭࡁ㸪ᆺ㛤࠾࡞㸬ࡓ

ࢧࣥࢭࢡࢵࢸࣥࢭࡣ࡛㸦ᅗ1(b)ࡓࡋ⨨㓄እഃࡢࢸ

⾲グ㸧㸬 
ᆺࡢ㝿ࡓࡗ⾜ࢆᡂᙧࡓࡋᮦᩱࢆ(PP)ࣥࣞࣆࣟࣉ࣏ࣜ

ෆᅽຊ㸦ᅽຊࢧࣥࢭA㸧ࡧࡼ࠾ᆺ㛤ࡢࢧࣥࢭࡁฟຊࢆᅗ

2(c)ࡍ♧㸬ᆺ㛤ࡣࢧࣥࢭࡁタ⨨≧ែ࣮ࣆ࡚ࣥࡗࡼ

༢㸦ȣm㸧࡛ࡢࡉ㛗ࢆ㔞ࡁ㸪ᆺ㛤ࡵࡓࡿࢃኚࡀࢫࣥࢲ

ồࡀࣥࣙࢩ࣮ࣞࣈࣜࣕ࢟ࡣࡵࡓࡿࡵᚲせࡿ࡞㸬ࡋ

ࡇࡿ ࢆ㸪ᐇᑍࡣ㔠ᆺෆ࡛ࡓࡋ⨨タࢆࢧࣥࢭ㸪ᅇࡋ

ࢢ㸪࠸⏝ࡲࡲࡢࡑࢆฟຊ್ࡢࢫࣂࢹ㸪ࡵࡓ࠸࡞ࡁ࡛ࡀ

 㸬ࡿ࠸࡚ࡋ༢↓ࡣ࡛ࣇࣛ
PP୍ࡢ⯡ⓗ࡞ᡂᙧ᮲௳࡛ᡂᙧࡢࣝࣉࣥࢧࡓࡋ㒊ศᣑ

┿ࢆᅗ2(a)ࡍ♧㸬㏻ᖖࡢᡂᙧ᮲௳࡛ࡣ㸪ᡂᙧရࡢ

≧ែࡀⰋࡃ㸪ᅗ2(c)ࡽࣇࣛࢢࡢ㔠ᆺෆࡢᅽຊࡀቑຍࡋ

ࢃࡀࡇ࠸࡞࠸࡚ࢀ⌧ࡀኚฟຊࡢࢧࣥࢭࡁᆺ㛤ࡶ࡚

 㸬ࡿ
㏻ᖖࡢᡂᙧࡢ᮲௳࡛ࡣᆺ㛤ࢧࣥࢭࡁኚࡓࡗ࡞ࡀ

࠾ࢆᡂᙧ࡚ࡋⴠ500kNࡽ1,500kNࡳࡢ㸪ᆺ⥾ຊࡵࡓ

ภࡇ

щןщן

ภࡇᲾ

ภࡇᲽ
ภࡇ

 
(a) 〇ရᙧ≧ࢧࣥࢭ㓄⨨ 

 

 
(b) ྍືഃࢸࣅࣕ࢟㒊ศࡢ㔠ᆺᅗ㠃 

ᅗ㸯 㔞⏘ヨ㦂㔠ᆺ 

   
(a) Ⰻရ          (b)ࣜࣂⰋရ 
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(c) ᆺ⥾ຊ1,500kNࡢᅽຊࡧࡼ࠾ᆺ㛤ࡢࢧࣥࢭࡁฟຊ 
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(d) ᆺ⥾ຊ500kNࡢᅽຊࡧࡼ࠾ᆺ㛤ࡢࢧࣥࢭࡁฟຊ 

ᅗ㸰 ᆺ㛤ࡢࢧࣥࢭࡁẚ㍑᳨ド 
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ࣜࣂ〇ရ࠺ࡼࡍ♧ᅗ2(b)ࡣ࡛௳᮲ࡢࡇ㸬ࡓࡗ࡞ࡇ

ࡋᑐᅽຊቑຍࡢ㸪ᆺෆ࠺ࡼࡍ♧㸪ᅗ2(d)ࡋ⏕Ⓨࡀ

࡚㛤ࡀࢧࣥࢭࡁኚࡿ࠸࡚ࡋ♧ࢆ㸬〇ရࡣࣜࣂࡢᑕฟᅽ

ࡁᆺ㛤ࡢ㸪ᥦࡵࡓࡿࡍ⏕Ⓨ࡛ࡇࡃ㛤ࡀ㔠ᆺ࡚ࡗࡼ

ࡁド᳨࡛ࡀࡇࡿ࠸࡚ࡁฟ᳨࡛ࡀࡁᆺ㛤ࡢ㔠ᆺ࡛ࢧࣥࢭ

 㸬ࡓ

㸰㸬㸱 ᳨ࡢࢧࣥࢭࢺࣥ࣋ࢫ࢞ド 

ᴟࢆᗘኚ ࡿࡼࢀὶࡢ㸪✵Ẽࡣࢧࣥࢭࢺࣥ࣋ࢫ࢞

⣽⇕㟁ᑐ᳨࡛ฟࡾ࠶࡛ࡢࡶࡿࡍ㸪๓ᖺᗘࡢ◊✲ሗ࿌᭩࡛

⤌ࢆࡳᥦࡋ㸪ࡢࡑᵓ㐀ࢆሗ࿌ࡓࡋ㸬㟁Ẽⓗ࡞ᵓ㐀ࡀ

㸪ࡵࡓࡿ࠶࡛ࡌྠࢧࣥࢭᗘ ࡢ࣒ࢸࢫࢩ㔠ᆺࢺ࣮࣐ࢫ

㸬ࡿࡁ࡛⏝࡚ࡋ⥆᥋ࢺ࣮࣏ࡢࢧࣥࢭᗘ ࡢ࣒ࢸࢫࢩ

ヨ㦂㔠ᆺ࡛ࡣ㸪ࢺࣝ࣋㒊ศࡢඛࢫ࢞ᢤࢆࡅⰋࡓࡿࡍࡃ

ࡢ⁁ࢺࣥ࣋㸪ࡾ࠾࡚ࢀࡽࡅタࡀ㸧⁁ࢺࣥ࣋㸦⁁࠸ὸࡢࡵ

୍ྠᗏࡢ⁁ࢺࣥ࣋ࡀ㠃⾲ࢧࣥࢭ୰ኸࡾᐤࢸࣅࣕ࢟

㠃ࢆࢧࣥࢭࢺࣥ࣋ࢫ࢞࠺ࡼࡿ࡞タ⨨ࡓࡋ㸬 
㸪࡚࠸࠾ᡂᙧᐇ㦂ࡓࡋᮦᩱࢆ(PP)ࣥࣞࣆࣟࣉ࣏ࣜ

ᡂᙧᶵࡢᑕฟ㏿ᗘ㸦ࡢࢲࣥࣜࢩ⛣ື㏿ᗘ㸧ࢆኚ࡚࠼ᡂᙧ

㸪ð࠸⾜ࢆ ㏆㸧ࡾࡀୖࡕ❧ࡢࢧࣥࢭሸᕤ⛬㸦 ᗘࡢ⬡

㸬ࡓࡋㄆ☜ࢆ↓᭷ࡢኚࡢࢧࣥࢭࢺࣥ࣋ࢫ࡚࢞ࡋ┠ὀ

ᅗ3(a)ࡣᑕฟ㏿ᗘ20ࡀmm/sẚ㍑ⓗ㐜ᡂᙧ࡛ࡾ࠶㸪ࢫ࢞

80mm/s࡞㏿㸪㧗ࡀ࠸࡞࠸࡚ࢀ⌧ࡣኚࢧࣥࢭࢺࣥ࣋
ࡢࡇ㸦ᅗ3(b)㸧㸬ࡿ࠸࡚ࢀ⌧ࡀኚࡽࡀ࡞࠸ࡉᑠࡣ㝿ࡢ

ࡢᗘ⛬ࡿ࠶ࢆ⁁ࢺࣥ࣋ࡀẼ✵ࡢෆࢸࣅࣕ࢟㸪ࡽࡇ

㏿ᗘ࡛ὶࡀࢧࣥࢭࢺࣥ࣋ࢫ࢞ࡿࢀᛂࡀࡇࡿࡍ☜ㄆ

㏿ᑕฟࡣ㏿ὶࡢẼ✵ࡿࢀὶࢆ⁁ࢺࣥ࣋㸪ࡋࡋ㸬ࡓࡁ࡛

ࢫ࢞ࡢࡽ௨እ⁁ࢺࣥ࣋ࡸ≦ᙧࢸࣅࣕ࢟㸪ࡃ࡞࡛ࡳࡢ

㸪ࡵࡓࡿࡍ㛵ಀ㞧「ࡀ࡞ᗘ ࡢ⬡ᶞࡸἣ㸪ᆺ≦ࡅᢤࡢ

 㸬ࡿ࠶ᅔ㞴࡛ࡣࡇࡍ♧ᴫ୍ࢆ㏿ὶࡿࡍᛂࡀࢧࣥࢭ
ᵓ㐀࡛ࡿࡍ㟢ฟࡀ㟁ᑐ⇕ࡢᴟ⣽㠃➃ࡢࢧࣥࢭ㸪ࡓࡲ

㸪⇕㟁ᑐ㝿ࡿࡍࢢࣥࢽ࣮ࣜࢡࢆ㸪㔠ᆺ㠃ࡽࡇࡿ࠶

ࡇ࠸ࡍࡸࡋᦆ◚ࡣ࡛ୖ⏝㸪ᐇ㐠ࡾ࠶ࡀࡇࡿࡍษ᩿ࢆ

᭷ຠ࡛ࡣ࡚ࡋ᪉ἲࡢฟ᳨ࢺࣥ࣋ࢫ࢞㸬ࡓࡗ࡞ၥ㢟ࡀ

ᚲࡀᨵⰋࡢᵓ㐀ࢧࣥࢭ㸪ᚋࡽࡇࡿࢀࡽ࠼⪄ࡿ࠶

せ࡛ࡿ࠶㸬 

㸱㸬㔞⏘ヨ㦂ࢱ࣮ࢹࡿࡼ㞟 

㸱㸬㸯 㔞⏘ヨ㦂 

ヨ㦂ᆺࡿࡼ㔞⏘ヨ㦂࡛ࡣ㸪ᮦᩱ࣮ࣂࣇࢫࣛࢢ

30%ධࣥࣟࢼࡢࡾᶞ⬡㸦PA66-GF30㸧ࢆ⏝ࡋ㸪2᪥㛫
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(b) ࡅ↝ࢫ࢞ⰋⓎ⏕ࡢ ᐃἼᙧ 
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(c) ṇᖖᡂᆺࡢ ᐃἼᙧ 
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(d)Ⰻࢺࣥ࣋ࢫ࢞ࡢἼᙧ (e)ṇᖖࢺࣥ࣋ࢫ࢞ࡢἼᙧ 

ᅗ4 ᡂᙧⰋ᳨ࡢฟ 
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(a) ᑕฟ㏿ 20mm/s 
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(b) ᑕฟ㏿ 80mm/s 

ᅗ3 ࡢࢧࣥࢭࢺࣥ࣋ࢫ࢞ᛂ 
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ྕ␒ࡣ㸬ᡂᙧရࡓࡗ࡞ࡇ࠾ࢆᡂᙧࡢ⣙3,200ᮏ࡚ࡗࡓࢃ

ࡗ⾜ࢆࡅᑐᛂࡢရ⌧ࢱ࣮ࢹ㸪 ᐃࡅࡾᙇࢆ࣮ࣝࢩ

࡞ࡣ㐃⥆✌ാ࡛ࡢ㸪2᪥㛫ࡋࡳࡢ㛫ࡣ㸪ᡂᙧ࠾࡞㸬ࡓ

 㸬࠸

㸱㸬㸰 ᡂᙧⰋ᳨ࡢฟ 

2᪥ࡓࡗ⾜࡚ࡅᡂᙧᐇ㦂࡛ࡣ㸪1᪥┠ࡢᡂᙧ࠸࠾

㸦ᅗࡓࡋ⏕ⓎࡀⰋࡅ↝ࢫ࢞ࡢࡃከ➃㒊ศᮎࢺ࡚ࣝ࣋

4(a)㸧㸬ṇᖖᡂᆺࡢ ᐃἼᙧ㸦ᅗ4(c)㸧Ⰻࡢ ᐃἼ

ᙧ㸦ᅗ4(b)㸧ࢆẚ㍑ࡿࡍ㸪ࡌྠࡀࢧࣥࢭࡢࢇኚ

ഴྥࡢࡢࡶࡍ♧ࢆ㸪ࢺࣝ࣋㒊ศࡢሸᮎ➃ࡾྲྀࡅ

㸬ⰋⓎ⏕ࡓࢀࡽぢࡀ␗ᕪ್ࢡ࣮ࣆࡢCࢧࣥࢭᗘ ࡓ

ཱྀ࡛⤥౪ࡢ⬡ᶞࡣ್ࢡ࣮ࣆࡢࡑ㸪ࢀࡽぢࡀ᪼ୖࡢᗘ ࡣ

㸬ࡿ࠸࡚ࡋ♧ࢆ್࠸㧗ࡶࡾࡼ್ࢡ࣮ࣆࡢ㒊ศ࣮ࢼࣥࣛࡿ࠶

ࡢᮎ➃㒊ศࡶࡾࡼᗘ ࡢ⬡ᶞࡿࢀࡉ⤥㸪౪ࡽࡇࡢࡇ

ᶞ⬡ ᗘࡀ㧗ࡾ࡞ࡃ㸪ᶞ⬡ࡀ⇕ศゎࡀࡇࡿ࠸࡚ࡋ♧၀

㸪ṇᖖᡂᆺࡣᛂࡢࢧࣥࢭࢺࣥ࣋ࢫ࢞㸪ࡓࡲ㸬ࡿࢀࡉ

࡚ࢀ⌧ࡀኚࡣ㸦ᅗ4(e)㸧㸪Ⰻᡂᙧࡾ࠶ࡀኚࡣ

ࢸࣈࣕ࢟ࡣ㸪Ⰻᡂᙧࡽࡇࡢࡇᅗ4(d)㸧㸬)࠸࡞࠸

 㸬ࡿࢃࡀࡇ࠸ᝏࡀࡅᢤࡢࢫ࢞ࡢෆ

 ᗘࢧࣥࢭCࡢࢧࣥࢭࢺࣥ࣋ࢫ࢞ࡧࡼ࠾ኚࡽ㸪Ⰻ

ᡂᙧ⁁ࢺࣥ࣋ࢫ࢞ࡣワࡀࡾࡲⓎ⏕ࢫ࡚࢞ࡋᢤࡀࡅᝏ

⦰ᅽࡀẼ✵ࡢෆࢸࣅ࡚ࣕ࢟ࡗࡼᑕฟࡢ⬡㸪ᶞࡾ࡞ࡃ

ࡓࡋ⏕Ⓨࡀࡅ↝࡚ࡋຍ⇕ศゎࢆ⬡㸪ᶞࡾ࡞ 㧗࡚ࢀࡉ

 㸬ࡓࢀࡉ᥎ᐃࡀࡇ

㸱㸬㸰 ≉ᚩ㔞ࡢ⣔ิኚ᳨ࡢド 
 ඛሗ࿌࡚࠸࠾✲◊ࡓࡋ㸪ࡢࡈࢺࢵࣙࢩᑕฟᡂᆺ

㸪ᅇࡾ࠾࡚ࡋᥦࢆᚩ㔞≉ࡿࡁ࡛⏝ẚ㍑ࡢࢱ࣮ࢹ

Ᏻᐃࡀ㸬ᡂᙧࡓࡋド᳨ࢆኚࡢᚩ㔞≉ࡢࡈࢺࢵࣙࢩࡶ

࡞ࢀࡽぢࡣኚ࡞ࡁ㸪ྛ≉ᚩ㔞ࡽࡇࡓ࠸࡚ࡋ

್ࢡ࣮ࣆࡢCࢧࣥࢭᗘ ࡢᡂᙧࡢ┠㸪၏୍1᪥ࡀࡓࡗ

ࢧࣥࢭྛࡢࡈࢺࢵࣙࢩ㸬ᅗ5ࡓࢀࡽぢࡀࡁࡘࡽࡤ࡞ࡁ

㸦ᅽຊA,B㸪 ᗘA,B,C㸧ࡢ್ࢡ࣮ࣆࡢኚࡍ♧ࢆ㸬2᪥
ࡿ࠸࡚ࡋᏳᐃࡶ್ࢡ࣮ࣆࡢCࢧࣥࢭᗘ ࡣᡂᙧ࡛ࡢ┠

㸦㏵୰2ᡤࡢⴠࡕ㎸ࢥࣙࢳࡣࡳࡿࡼ㸧ࡀ㸪1᪥┠ࡣ

ࡿ࠸࡚࠸ࡘࡽࡤࡃࡁ㸬ࡢࡇࡢᡂᙧࡣ๓⠇࡛♧࢞ࡓࡋ

 㸬ࡿ࠸࡚ࡋ㢖Ⓨࡀࡅ↝ࢫ
ࢀࡽ࠼⪄ࡀ⇱㊊ࡢ㸪ᮦᩱࡣ࡚ࡋཎᅉࡢࡅ↝ࢫ࢞

㸪ྂࡀࡓࡏࡉ⇱1ᬌࢆᮦᩱ࡚ࡗ❧ඛ㸬ᐇ㦂ࡓ ᮦᩱ࡛࠸

ࣥ࣋㸪ࡾ࡞ࡃከࡀ⏕Ⓨࡢࢫ࢞༑ศ࡛ࡀ⇱ࡵࡓࡓࡗ࠶

࠼⪄ࡢࡶࡓࡗ࡞ࡅ↝ࢫ࢞ࡣ࡚࠸ࡦ㸪ࡏࡽࡲワࢆ⁁ࢺ

ࡓࡓࡏࡉ⇱1ᬌࡽࡉ㸪ࡣᡂᙧヨ㦂࡛ࡢ┠㸬2᪥ࡿࢀࡽ

 㸬ࡿࢀࡽ࠼⪄ࡢࡶࡓࢀࡽ࠼ᢚࡀ⏕Ⓨࡢࢫ࢞㸪ࡵ
ࢹ㸪 ᐃࡣయ✚ኚ࡛ࡢࢸࣅࣕ࢟ࡿࡼࣥࣆ㸪࠾࡞

 㸬ࡓࡗ࡞ࢀࡽࡵㄆࡀኚࢱ࣮

㸲㸬ࡵࡲ 

ィࡢࢧࣥࢭࢺࣥ࣋ࢫ࢞㸪ࢧࣥࢭࡁᆺ㛤㔠ᆺࢺ࣮࣐ࢫ 

 ᶵ⬟ࢆ㏣ຍࡋ㸪ヨ㦂ᆺࡿࡼ᭷ຠᛶ᳨ࡢドࡗ࡞ࡇ࠾ࢆ

ࣥ࣋ࢫ࢞㸪ࡁฟ᳨࡛ࡀࣜࣂࡢ〇ရࡣ࡛ࢧࣥࢭࡁ㸬ᆺ㛤ࡓ

ㄆ࡛☜ࡀࡇࡿࡁฟ᳨࡛ࡀែ≦ࡢࡅᢤࢫ࢞ࡣ࡛ࢧࣥࢭࢺ

㠃࡛ㄢ㢟ࡢᛶஂ⪏ࡣࢧࣥࢭࢺࣥ࣋ࢫ࢞㸪ࡋࡋ㸬ࡓࡁ

 㸬ࡓࡋุ᫂ࡀࡇࡿ࠶ࡀ
㐃⥆✌ാࡢ࣒ࢸࢫࢩ㸪㛤Ⓨࡣࡽ㸪㐃⥆ᡂᙧヨ㦂ࡓࡲ

ࡽ࠼⪄ཎᅉࡀⰋࡢ㸪ᮦᩱ≧ែࡶࡓࡁㄆ࡛☜ࡀ

 㸬ࡓࡁฟ᳨࡛ࡀⰋࡢᡂᙧࡿࢀ

 ᖺᗘࡣᑠᆺࡢヨ㦂㔠ᆺ᳨ࡿࡼドࡀࡓࡁ࡛ࡀ㸪ᚋ

ࡿࢀࡽ࠼⪄ࡿࢀ⾲㢧ⴭࡾࡼࡀຠᯝࡢ㔠ᆺࢺ࣮࣐ࢫࡣ

ᆺࡢ㔠ᆺ᳨ࡿࡼド࠺࡞ࡇ࠾ࢆணᐃ࡛ࡿ࠶㸬ࡓࡲ㸪ィ

㸪AIࡃ࡞࡛ࡳࡢ㸪≉ᚩ㔞ẚ㍑ࡶ࡚ࡋ㛵ศᯒࡢࢱ࣮ࢹ 

 㸬ࡿ࠶ணᐃ࡛ࡃ࠸࡚ࡵ㐍ࢆ⏝άࡢ
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[5] ᒣ⏣㸪ᆏᮾ㸪ὸ㸪ᡂ℩㸪⏕㥖㸪ከ⏣㸪͆ ࢺ࣮ࢧࣥ

ᡂᙧࡢ⏕⏘ᛶྥୖࡢࡵࡓࡢ㧗ᶵ⬟㔠ᆺ㛵ࡿࡍ◊✲

㸦➨㸱ሗ㸧͇㸪ᒱ㜧┴ሗᢏ⾡◊✲ᡤ◊✲ሗ࿌ ➨19
ྕ㸪pp. 10-13㸪2018 

 
(a) 1᪥┠ࡢᡂᙧ 

 
(b) 2᪥┠ࡢᡂᙧ 

ᅗ5 ྛ್ࢡ࣮ࣆࢧࣥࢭ 
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