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ᆅ⇕Ⓨ㟁ᡤ⏝ࡸ࣒ࢸࢫࢩ࣮ࣟࣇࣝࢱ࣮ࢺࡢ෭࡞ࣝࢡࢧከ࣮ࢠࣝࢿ࢚ࡢࡃኚ⨨࡛⏝ࡽ࠸

ࡃప㠀ᖖࡀ㏿㡢࡚ẚẼయ༢┦ὶࡣ┦ὶࡢࡇࠋࡿ࡞┦≧ែࡣసືὶయࡿࢀ 1)㸪㉸㡢㏿≧ែ

ᙇ⭾ࡸ㸪⾪ᧁἼ࡚ࡗకὶ㊰ኚ࡞ᛴ⃭ࡣ㸪㉸㡢㏿≧ែ࡛ⓗ⯡୍ࠋࡘᣢࢆᚩ≉࠸ࡍࡸࢀࡉ㏿ຍ࡛ࡲ

ἼࡀⓎ⏕ࡋ㸪ࡢࡽࢀࡇἼࡀὶࢀሙࡿ࠼ᙳ㡪ࡣ↓ど࡛ࡓࡲࠋ࠸࡞ࡁ㸪┦ὶ୰࡛Ⓨ⏕ࡿࡍ⾪ᧁἼཬ

࡞㞧「ࡶࡾࡼ㸪Ẽయ༢┦ὶࡕᣢࢆഴྥࡿࡍศᩓࡀ㸪ᅽຊሙࡾ࡞␗ࡣࡢࡶࡢẼయ༢┦ὶ୰ࡣᙇἼ⭾ࡧ

 ࠋࡿ࠸࡚ࢀࡉணࡀΰᅾࡢ㇟⌧
ᡃࡣࠎ㸪࡛ࡲࢀࡇⅣ㓟ࡢࢫ࢞෭࡚࠸࠾࣒ࢸࢫࢩฟࡓ࠸࡚ࡋ⭾ᙇࢆ࣮ࢠࣝࢿ࢚᭷┈࡞ᅽ⦰࢚

ࢱࢡ࢙ࢪ࢚ࡿࡁ࡛ࡀࡇࡿࡍᨵၿࢆ⋠ຠࡢࣝࢡࢧ㸪෭ࡋኚ࣮ࢠࣝࢿ ㉸㡢㏿┦ὶࡿࡅ࠾(2

ࡼࣝࢬࣀඛ⣽ᮎᗈࢆ࣮ࢠࣝࢿ࢚⇕ࡘᣢࡀὶయ࡚ධཱྀࣝࢬࣀࡣࢱࢡ࢙ࢪ࢚ࠋࡓࡁ࡚ࡗ࡞⾜ࢆ✲◊ࡢ

㸪ΰྜ㒊࣭ࡋኚ࣮ࢠࣝࢿ࢚㐠ື࡚ࡗ ࠋࡿ࠶࡛⨨ࡿࡍኚ࣮ࢠࣝࢿ࢚ᅽຊ࡚⤒ࢆ̿ࢨ࣮ࣗࣇࢹ

ࢪ࢚㸪ࡌ⏕ΰྜ㒊ࡢෆࢱࢡ࢙ࢪ࢚ࡀᙇἼ⭾ࡸᧁἼ⾪ࡵᩳࡣ㉸㡢㏿ὶ୰࡛ࡢෆࢱࢡ࢙ࢪ࢚┦ὶࡢࡇ

ࣀ㸪ࡣ⬟ᛶࡢࢱࢡ࢙ࢪ࢚ࠋࡿ࠸࡚ࢀࡽ࠼⪄ࡿ࠼ࢆᙳ㡪㇟⌧ᅽຊᅇࡿࢀࢃ࡞⾜࡚ࡗࡼࢱࢡ࢙

ࡇࡿࡍゎ᫂ࢆ㇟⌧ࡢࡽࢀࡇ㸪ࡵࡓࡿࡍᙳ㡪ࡃࡁࡀ㇟⌧ΰྜࡢΰྜ㒊࡛⋠ኚຠ࣮ࢠࣝࢿ࢚ࡢࣝࢬ

 ࠋࡿ࡞⬟ྍࡀ㧗ຠ⋡ࡢࢱࢡ࢙ࢪ࢚㸪ࡾࡼ
࡚࠸⏝ࢆ⟶ᧁἼ⾪ࡣᐇ㦂࡛ࡿࡍ㛵ᧁἼ⾪ࡿࡍఏࢆ༢ᡂศ┦ὶ୰ࡿ࠸࡚ࢀࢃ࡞⾜࡛ࡲࢀࡇ

 ᐃࡢࡶࡓࢀࡉ ᐇ㦂ࡿ࠸࡚ࡏࡉ⏕ⓎࢆᧁἼ⾪ࡵᩳ୰ࣝࢬࣀ㸪࠺ࡼࡢ✲◊㸪ᮏࡃከࡀ(4 (3 ࠸⏝࡛(6 (5

ࢆ෭፹ࡢ༢ᡂศ࡞࠺ࡼࡢࢫ࢞Ⅳ㓟࠺ࡼࡢ✲◊㸪ᮏࡾ࠶࡛ࢇࡀẼ✵ࡾ‵ࡣసືὶయࡿ࠸࡚ࢀࡽ

ᑐ㇟ࡾ‵ࠋ࠸࡞ࢇࡣ✲◊ࡓࡋ✵Ẽὶ୰ࡢจ⦰ᛶ⾪ᧁἼ࡛ࡣ㸪จ⦰ᾮࡢ㉁㔞ὶ㔞ࡢྜࡣ㧗ࠎ

⏕࡚ࡗࡼ㇟⌧⦅ࡢ≉⊃㸪┦ὶࡃప㠀ᖖ࡚ẚẼࡾ‵ࡢ㸪50%௨ୖࡾ࠶࡛࣮ࢲ࣮࢜ࡢ%ᩘ

࡞ࡁ࡛ࡣࡇࡿࡍ㐺ᛂ┦ὶࢫ࢞᥋Ⅳ㓟┤ࢆᯝ⤖ࡢࡽࢀࡇ㸪࡛ࡢ࠸࡞࠸࡚ࡋ᭷ࢆᚩ≉ࡢᧁἼ⾪ࡿࡌ

┦ὶࡢỈẼ㸪⇕Ỉ࡛ࡢ࠸ࡉᑠࡀ㠃ᙇຊ⾲ࡸ㸪ᐦᗘẚࡃ㏆Ⅼ⏺⮫ࡣࢀὶࢫ࢞㸪Ⅳ㓟ࡓࡲࠋ࠸

ᙇἼ⭾ࡢ┦ὶ࡚࠸⏝ࢆ෭፹ࢫ࢞Ⅳ㓟࡛ࡲࢀࡇࡣࡽ⪅ⴭࠋࡍࡇ㉳ࢆ࠸⯙ࡿࡿ࡞␗ࡣ ᧁ⾪ࡵᩳࡸ(7

Ἴ ࡽࢆ≦ᙧࡢࡑࡸⓎ⏕⟠ᡤ☜㸪ṇࡾࡼၥ㢟ࡢ࡞≦ᙧࣝࢬࣀࡸ㸪 ᐃ᪉ἲࡀࡓࡗ⾜ࢆᐃ ࡢ(8

✲◊ࡓࡁ࡚ࡗ࡞⾜࡛ࡲࢀࡇ㸪ࡣ࡛✲◊㸪ᮏ࡛ࡇࡑࠋࡓࡗ࡞ࡁ࡛ࡀࡇࡿ࠼ ⟇ᨵၿᐃ᪉ἲ ࡢ(8

 ࠋࡓㄪࡾࡼᐇ㦂ࢆᣲືࡢᧁἼ⾪ࡵᩳࡿࡍ⏕Ⓨ㉸㡢㏿┦ὶ୰ࢫ࢞Ⅳ㓟ࡿࢀὶࢆෆ㒊ࣝࢬࣀ㸪ࡋࢆ
ゎᯒࡿࡍ㛵ᧁἼ⾪ࡵᩳࡿࡍ⏕Ⓨ㸪༙↓㝈ᖹᯈୖࡽࡉ ࢫ࢞Ⅳ㓟ࡿ࠶ᐇᅾẼయ࡛ࡿࡍኚ┦ࢆ(9

ࡍࡽ᫂ゎᯒⓗࢆሙࢀὶࡢᧁἼ๓ᚋ⾪ࡵ┦ὶᩳࡿࡍ⏕Ⓨෆࣝࢬࣀࡓ࠸⏝㸪ᮏᐇ㦂࡛ࡋ⏝ᛂ

 ࠋࡿ
 
㸯㸱㸫㸰� ┦ὶᩳࡵ⾪ᧁἼࢆ ᐃࡿࡍᐇ㦂 
㸦㸯㸧ᐃᖖ┦ὶ⾪ᧁἼࡢⓎ⏕᪉ἲ 
ᮏ◊✲࡛ࡣ㸪ᐃᖖࡢ┦ὶᩳࡵ⾪ᧁἼࣝࢬࣀࢆෆࡢ㉸㡢㏿┦ὶ୰Ⓨ⏕ࡏࡉ㸪ࡿࡼࢀࡇᅽຊኚ

ࢆ ᐃࠋࡓࡋ⏝ࡢࣝࢬࣀࡓࡋᙧ≧ࡵᩳࡣ⾪ᧁἼࢆⓎ⏕ࡵࡓࡿࡏࡉ㸪ᅗ13-2-1 ඛ⣽ᮎᗈ࡞࠺ࡼࡢ

✲◊ࡢ࡛ࡲࢀࡇ㸪࠾࡞ࠋࡿ࠸࡚ࡅࡾྲྀࢆഴᩳቨពᅗⓗᮎᗈ㒊୰ࡢࣝࢬࣀ㸪࠸⏝ࢆࣝࢬࣀ ࣀ࡛(8

➃ฟཱྀࣝࢬࣀ㸪࡚ࡗࡼࡇࡿࡍ࠺ࡇࠋࡓࡋ⨨タᮎᗈ㒊୰ࣝࢬࣀࡣഴᩳቨࡓ࠸࡚ࡋ⨨タฟཱྀࣝࢬ

Ⅼ࡛Ⓨ⏕ࡿࡍ⭾ᙇἼࡢᙳ㡪ࡾ࡞ࡃ↓ࡀ㸪Ⓨ⏕ࡵᩳࡓࡋ⾪ᧁἼࡢᑕἼࡢ ᐃ࡛ࡇࡇࠋࡓࡗ࡞⬟ྍࡶ㸪

タィ࠺ࡼࡃ࠸࡚࠸㛤ࡀᖜࡎࢃ࠺ࡼ࠸࡞ࡋ㛢ሰࡀࢀὶ࡚㸪ฟཱྀࡣὶ㊰ᖜࡢฟཱྀ㏆ࡢࣝࢬࣀ

 ࠋࡿ࠸࡚ࢀࡉ

 ࢥ࣮ࢠࣝࢿ࢚┬➃ඛపⅣ⣲♫ڦ
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ᅗ������� �������Ⓨ⏕ ᅗࡢᧁἼ࣭ᑕἼ⾪ࡢෆ࡛ࣝࢬࣀ ヨసࡓࡋඛ⣽ᮎᗈࢬࣀ  ࣝ
 
ᐇ㦂࡛⏝ࡣࣝࢬࣀࡓ࠸㸪ࣝࢬࣀධཱྀ࡚ ᗘ 30 oC㸪ᅽຊ 10MPaࡋ㸪ࣝࢬࣀฟཱྀ࡚ᖹ⾮ࣁࢵ࣐

ࡀᩘ 2.2 oC 56-ࡣฟཱྀ ᗘࡁࡢࡇࠋࡓࡋタィ࠺ࡼࡿ࡞ ⾮ᖹࢆ㸪Ẽᾮ┦㛫ࡣタィࡢࡇࠋࡿ࡞

≧ែࡋ㸪➼࣮ࣆࣟࢺ࢚ࣥኚࡿࡍᆒ㉁ὶ᩿ࡢ⇕⌮ㄽࣔࢹ (ࣝIHE)ࠋୖࡓ࠸⏝ࢆ グࡢタィ᮲௳ࡾࡼసᡂ

ᅗࢆ≦ᙧ࡞ヲ⣽ࡢࣝࢬࣀඛ⣽ᮎᗈࡘᣢࢆᙧὶ㊰▴ࡓࢀࡉ 13-2-2 ࠶mm࡛ࡣ༢ࡢࡉ㛗ࡢᅗ୰ࠋࡍ♧

 ࠋࡿ࠸࡚ࡋసᡂ࡚࠸ᢤࡾࡃᨺ㟁ຍᕤ࡛࣮ࣖ࣡ࢆᯈࢫࣞࣥࢸࢫࡣᯈࣝࢬࣀࠋࡿ
 
㸦㸰㸧 ᐃ᪉ἲ 
ᮏᐇ㦂࡛⏝ࣝࢬࣀࡓ࠸ᯈࡳ⤌ࢆ㎸ࢆࣥࣙࢩࢡࢭࢺࢫࢸࡔࢇᅗ 13-2-3 㸪ࡣࣥࣙࢩࢡࢭࢺࢫࢸࠋࡍ♧

⇕㟁ᑐࢆᤄධࡓ࠸⏝ࡵࡓࡿࡍ⤯⦕ᛶࡢ㧗ࢺࣛࢡ࣮࣋࠸ᯈ࡛ࣝࢬࣀࢫࣞࣥࢸࢫᯈୖࡢୗࢆᣳࡇࡴ

ᐃ ࢆᅽຊࡧᗘཬ ࡢෆࣝࢬࣀࡣᯈࢺࣛࢡ࣮࣋ࡢ㠃ୖࠋࡿ࠸࡚ࡋᵓᡂࢆᙧὶ㊰▴ࡢḟඖࡾࡼ

㸪⥺ᚄࡵࡓࡿࡍ 0.1 mmࡢKᆺ⇕㟁ᑐᅽຊィࡓࢀࡀ⧄⣽⟶ࡾྲྀࡀࡢ࡛ࡲࢀࡇࠋࡿ࠸࡚ࢀࡽࡅ

◊✲ ࢆࡇࡿࢀࡽࡵồࢆ㟼ᅽࡽ㣬ᅽຊࡢࡑ࡚ࡗࡼࡇࡿࡍᐃ ࢆᗘ ࡢෆࣉࢵࢱ㸪ᅽຊࡣ࡛(8 (7

ᅽຊࡢࣥࣙࢩࢡࢭࢺࢫࢸࡀ㣬ᅽຊࡢᗘ ࡓࢀࡉ㟁ᑐ࡛ ᐃ⇕ࡿ࠸⏝ᐇ㦂࡛ࡣ࡛✲◊ᮏࠋࡓࡁ࡚ࡋ♧

ࡵࡓࡿࡵ☜ࢆࡿ࠶ᅽຊ࡛ࡢෆࣉࢵࢱ 10ᮏࡢᅽຊィࡀ 30ᮏࡢ⇕㟁ᑐࡾྲྀ࠸࡚ࢀࡽࡅ

 ࠋࡿ
  

ᅗ������� �������ᵓ㐀 ᅗࡢࣥࣙࢩࢡࢭࢺࢫࢸ ᅽຊࡢࣉࢵࢱᵓ㐀 
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୰ኸࣝࢬࣀࠋࡿ࠸࡚ࡋ⨨タ࠺ࡼ࠺ἢቨ㠃ࡢࣝࢬࣀ୰ኸࡢࣝࢬࣀ㸪ࡣ㟼ᅽ ᐃ⟠ᡤࡢෆࣝࢬࣀ

ࢆᐃ㛫㝸 ࡣ 7 mmᗈࡵࡓࡿࢀྲྀࡃ㸪┤ᚄ 0.7 mmࠋ୍ࡿ࠸࡚࠸⏝ࢆࣉࢵࢱࡢ ᪉࡛㸪ࡢࣝࢬࣀቨ㠃

ࢆ㸪 ᐃ㛫㝸ࡵࡓ࠸ࡓࡋᐃ ࡃࡋヲࢆᧁἼ⾪ࡵᩳࡿࡍ⏕㸪Ⓨࡣᡤ࡛⟠࠺ἢ 1㹼5 mm⣽ࡿࡍࡃᚲ

せᛶ࡛ࡇࡑࠋࡿ࠶ࡀ㸪ᖜ0.4 mm㸪῝ࡉ 0.5 mmࡾ᥀ࢆ⁁ࡢ㸪ᅗ 13-2-4 ࢆᯈ࡛∦㠃ࣝࢬࣀ࠺ࡼࡍ♧

 ࠋࡿ࠸࡚ࡋᵓᡂࢆࣉࢵࢱ㸪ᅽຊ࡛ࡇࡿࡏࢃྜ࠺ࡼࡄࡉࡩ
 
㸦㸱㸧Ⅳ㓟ࣥ࢘ࢲ࣮ࣟࣈࡢࢫ࢞⨨ 
ᅗ 13-2-5 ᴫࡢ⨨ᐇ㦂ࣥ࢘ࢲ࣮ࣟࣈࡓࢀࡉస〇ࡵࡓࡍὶࢆ෭፹ࢫ࢞Ⅳ㓟ࣥࣙࢩࢡࢭࢺࢫࢸ㸪ࡣ

␎ᅗ࡛ࠋࡿ࠶ᐇ㦂⨨ࡣ㸪㧗ᅽࢡࣥࢱ㸪ࣥࣙࢩࢡࢭࢺࢫࢸཬࡧィ ᶵჾ࡛ᵓᡂࠋࡿ࠸࡚ࢀࡉ㧗ᅽࣥࢱ

ࢀࡉᕤኵ࠺ࡼࡿࡁ࡛ࡀࡇࡍὶ㛫Ḟⓗࣥࣙࢩࢡࢭࢺࢫࢸࢆࢀࡇ㸪ࡵ⁀ࢆᾮ෭፹ࡢࢫ࢞Ⅳ㓟ࢡ

㧗ࢆ෭፹ࢫ࢞㸪Ⅳ㓟࡚ࡗࡼࡇࡿࡍຍᅽࢆ෭፹ࢫ࢞Ⅳ㓟࡛ࢫ࢞⣲❅ࡽ㒊ୖࡢࢡࣥࢱ㧗ᅽࠋࡿ࠸࡚

ᅽ࡛ᨺฟࠋࡿࡁ࡛ࡀࡇࡿࡍᐇ㦂࡛ࡣ❅⣲ࣝࢬࣀ࡛ࢫ࢞ධཱྀᅽຊࢆ 9㹼12 MPaㄪ⠇ࡓࡲࠋࡓࡋ㸪㧗

ᅽࢡࣥࢱෆ㒊ࡾྲྀࡿ࠸࡚ࢀࡽࡅ㓄⟶ෆࡓࡵ ࡛࣮ࢱ࣮ࣄ Ỉࢆὶࡋ㸪ࢡࣥࢱෆ㒊ࡢ෭፹ࢆຍ⇕

ࢆධཱྀ ᗘࣝࢬࣀ࡚ࡗࡼࢀࡇࠋࡿࡁ࡛ࡀࡇࡿࡍ 10㹼40 oCタᐃࠋࡓࡋᅽຊ ᗘࢆᐇ㦂᮲௳

タᐃࡓࡋᚋ㸪ࢡࣥࢱୗ㒊ࢆࣈࣝࣂࡢ㛤ࡁ㸪Ⅳ㓟ࢫ࢞෭፹ࣥࣙࢩࢡࢭࢺࢫࢸࢆෆࡁࡗ࠸ὶධࠋࡓࡏࡉ

 ࠋࡓࡋᐃ ࢆᅽຊ㸪 ᗘ࡚࠸࠾ෆྛᡤࣝࢬࣀࡢࡢࡇ
 

 

ᅗ������� Ⅳ㓟ࢫ࢞㛫Ḟᨺฟᐇ㦂⨨ 
 
㸯㸱㸫㸱� ᐇ㦂⤖ᯝ 
㸦㸯㸧ࣝࢬࣀෆᅽຊศᕸ 
ᐇ㦂ࡾࡼᚓࣝࢬࣀࡓࢀࡽෆࡢ㟼ᅽศᕸࢆᅗ 13-3-1 㸪࡚ධཱྀࣝࢬࣀࡣ㟼ᅽศᕸࡢࡇࠋࡍ♧

 ᗘ Tin = 31 oC㸪ᅽຊ Pin = 10 MPa ࢬࣀ࠺ࡼࡓࡋ♧࡛(3)-13-2ࠋࡿ࠶࡛ࡢࡶࡓࢀࡉᐃ ࡢ

ࣝධཱྀᅽຊࣝࢬࣀධཱྀ ᗘࢆኚࢁࡇࡓࡏࡉ㸪ࡢࣝࢬࣀഴᩳ㒊࡛ࡢᖹ⾮ࢇࡀᩘࣁࢵ࣐

ኚ࡛ࡢࡓࡗ࡞ࡋ㸪ᮏ◊✲࡛ࡢࡇࡣ᮲௳ࡢᐇ㦂⤖ᯝࠋࡍ♧ࢆࡳࡢᅗࡢ⦪㍈ࡣ㟼ᅽ࡛㸪ᶓ㍈ࣝࢬࣀࡣ

ࢀࡇ㸪࡛ࡢࡿ࠸࡚ࡋ㠃ෆ࡛ศᕸ᩿ࡢࣝࢬࣀࡣᐃ㒊 ࡢ㸪㟼ᅽࡀࡿ࠶㊥㞳࡛ࡢ᪉ྥࢀὶࡢࡽ㒊ࡢࡢ

ࠋࡓࡋࢺࢵࣟࣉ༳࡛ࡍ♧௨ୗࢆ⨨ᐃ ྛ≦㠃ᙧ᩿ࣝࢬࣀ㒊ୖࡢᅗࡵࡓࡍ♧ࡃࡍࡸࡾࢃࢆ

ᅗ୰ୖࡢ㒊࡛㸪ڦ༳ࣝࢬࣀࡣ୰ᚰ⥺ୖศᕸࡿࡍᅽຊࡢࣉࢵࢱ⨨ࡀࡍ♧ࢆ㸪ୗ㒊࡛ࡢࡑࡣ㟼ᅽࢆ♧

ࢀᐇ⥺࡛ᥥࡢᅗ୰ୗ㒊ࠋࡍ♧ࢆࡢࡶࡢᑐྥቨࡢࡑࡣ༳ەቨ㸪ࡢഃࡿ࠶ࡢഴᩳቨࡣ༳ڸ㸪ᵝྠࠋࡍ

ࡣ⥺ᐇࡿ࠸࡚ IHEࣔࡽࣝࢹ⟬ฟࡓࢀࡉ㟼ᅽศᕸ࡛ەڸڦࠋࡿ࠶༳ࡣᅽຊࣉࢵࢱෆタࡓࢀࡽࡅ⇕㟁

ᑐࡢᣦ♧ ᗘࡢ㣬ᅽຊࢆ㸪ۑڹ༳ࡣᅽຊࡢ ᐃ⤖ᯝࡀࡿ࠸࡚ࡋ♧ࢆ㸪࡞ࡽࡣࡽࢀࡇ᭤⥺ࢆᥥࡃ

 ࠋࡿ࠼࠸ࡿ࠸࡚ࡋ♧ࢆ㣬 ᗘࡢᅽຊࡢෆࣉࢵࢱᅽຊࡣ㸪⇕㟁ᑐ࡛ࡢࡿ࠸࡚ࡋศᕸ࠺ࡼ
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 ᐃࡓࢀࡉᅽຊศᕸ10ࡣ MPa௨ୖࡢ㧗ᅽຊࡢධཱྀ≧ែ᩿ࡢࡇࡽ⇕⌮ㄽ᭤⥺ᚑ0.5࠺ࡼ࠺ MPa
㏆࡛ࡲῶᅽ⭾ᙇࡣࢀࡇࠋࡿ࠸࡚ࡋ㸪ࡢࣝࢬࣀᮎᗈ㒊࡛ὶࡀࢀ㉸㡢㏿ὶ࠸࡚ࡋ♧ࢆࡇࡿ࠸࡚ࡗ࡞

 ࠋࡿ
 
㸦㸰㸧ഴᩳቨ㏆ഐࡵᩳࡿࢀ⌧⾪ᧁἼ 
ᅗ 13-3-1 ࡿ࠸࡚ࡋῶᅽ⭾ᙇ࠺ࡼ࠺ᚑ⥺ㄽ᭤⌮⇕᩿ࡽ㒊ࡢࡣᅽຊศᕸࡢෆࣝࢬࣀ㸪࡚࠸࠾

㸪ᅗࡀ 13-3-2 ศࡿࡍ⬺㐓ࡽ⥺ㄽ᭤⌮⇕᩿ࡣഴᩳቨ㏆࡛ࡓࡅࡾྲྀᮎᗈ㒊ࡢࣝࢬࣀ࠺ࡼࡍ♧

ᕸࡀ ᐃ࡛ࠋࡓࡁᅗ ࡽ㒊ࡢ) 㛤ጞⅬࡢഴᩳቨࡣ2-3-2 z = 50 mmࡢ⨨) ࢆᇶ‽ࢆ࣮ࣝࢣࢫ࡚ࡋ

ᣑࣝࢬࣀࡓࡋෆᅽຊศᕸ࡛ࠋࡿ࠶ᅗ13-3-2 ᅽࡢ༳ۑࡧཬەࡢᘏ㛗ቨ㠃༳ڦࡢୖ⥺㸪୰ᚰ࡚࠸࠾

ຊୖ᪼ࡣഴᩳቨ㠃ഃڸࡢཬڹࡧ༳㐜ࡀࡢࡿ࠸࡚ࢀ☜ㄆ࡛ࡣࢀࡇࠋࡿࡁ㸪Ⓨ⏕ࡿ࠸࡚ࡋ⾪ᧁἼࡵᩳࡀ

⾪ᧁἼ࡛ࡾ࠾࡚ࡋ⾲ࢆࡇࡿ࠶㸪ࡢࡇᐇ㦂࡛┦ὶࡵᩳࡢ⾪ᧁἼࡀᐃᖖὶ࡛ᤊࢆࡇࡓࢀࡽ࠼ពࡋ

ᅽ㛤ጞⅬ๓᪼ࡿࡅ࠾㸪ྛ ᐃ⟠ᡤࡵࡓࡿࡵồⓗ⌮≀ࢆゅᗘࡢᧁἼ⾪ࡓࡋ⏕㸪Ⓨ࡛ࡇࡑࠋࡿ࠸࡚

ᚋࡢᅽຊศᕸࢆ 3ḟ㏆ఝࡋ㸪┦┦㛵ࢁࡇࡓࡗ࡞⾜ࢆ㸪ᖹᆒ್࡚ࡋ 67 oࡢゅᗘࡀᚓࠋࡓࢀࡽᚋ࡛

グ㏙ࡀࡿࡍ㸪ࡢࡇゅᗘࡣ⌮ㄽⓗࡿࢀࡉ♧Ⅳ㓟ࡢࢫ࢞⾪ᧁἼゅ࡚࠸࠾㸪⾪ᧁἼ๓ᚋࡢᅽຊẚࡀẚ㍑

ⓗᙉࡵᩳ࠸⾪ᧁἼ࡛ࠋࡿ࠸࡚ࡋ♧ࢆࡇࡿ࠶ 
㸪ᅗࡓࡲ 13-3-2 ࡚ࡋ⏕Ⓨࠋࡿ࠶࡛ࡁࡍ┠ὀࡶ⨨ᑐ┦ࡢᅽ㛤ጞⅬ᪼ࡓࢀࡲ㸪࡛ᅖࡣ࡚࠸࠾

ࡣᅽ㛤ጞⅬ᪼ࡢ㸪ᘏ㛗ቨ㠃ഃࡃࡋ➼ࡣ㛫㝸ࡢࡽࢀࡇ㸪ࡤࢀ࠶࡛ࡢࡿࡍศᕸⓗ⥺┤ࡀᧁἼ⾪ࡵᩳࡿ࠸

ࡁࡀゅᗘࠎ㸪ᚎࡣᧁἼ⾪ࡵᩳࡿ࠸࡚ࡋ⏕㸪ᮏᐇ㦂࡛Ⓨ࡚ࡗࡀࡓࡋࠋࡿ࠶࡛ࡎࡣࡿ࡞ᚋ᪉ࡗࡶ

 ࠋࡿࢀࡽ࠼⪄ࡿ࠶Ἴ࡛ࡿ࡞ࡃ
ࠋࡿࡁㄆ࡛☜ࡀࡢࡿ࠸࡚ࡋ๓᪉࡛ᅽຊୖ᪼ࡶࡾࡼഴᩳ㛤ጞⅬࡀᅽຊࡢ㸪ᅗ13-3-2࡛ഴᩳቨ㠃ഃࡽࡉ

ࡽ࠼⪄ࡢࡶࡢ┦ὶ≉᭷࠸࡞ࡣᧁἼ⾪ࡢ㸪༢┦ὶࡾ࠶࡛ࡵࡓࡿ࠸࡚ࡋศᩓࡀ┦ὶᅽຊἼࡣࢀࡇ

 ࠋࡿࢀ
 

ᅗ������� �������ᅽຊศᕸ ᅗࡢෆࣝࢬࣀ ഴᩳቨ㏆ഐࡢᅽຊศᕸ 
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㸯㸱㸫㸲� ⌮ㄽゎᯒࡿࡼ┦ὶ⾪ᧁἼࡢゎἲ 
ᐇ㦂࡛ᚓࡓࢀࡽ┦ὶᩳࡵ⾪ᧁἼࡢᏑᅾࢆண ࡵࡓࡿࡍ⌮ㄽゎᯒࠋࡓࡗ࡞⾜ࢆ 
 

㸦㸯㸧ᅽ⦰ᛶ┦ὶࡢᇶ♏ᘧ 
ᮏ⠇࡛ࡣ㸪ᩳࡵ⾪ᧁἼ୰ࡢ┦ὶࢆゎ࡛ୖࡃ㠀ᖖ㔜せࡿ࡞ᅽ⦰ᛶ┦ὶࡢᇶ♏ᘧࠋࡍ♧ࢆẼᾮ

┦㛫ࡣ㐠ື㔞࣭⇕࣭㉁㔞ྛࡢ㍺㏦⌧㇟ࡀᏑᅾࡀࡿࡍ㸪ᮏ◊✲࡛ࡣ㸪ྛ⌧㇟ࢆ⪃៖ࡓࡋᅽ⦰ᛶ┦ὶ

 ࠋࡓ࠸⏝࡚ࡋᨭ㓄᪉⛬ᘧࢆᇶ♏ᘧࡢ
Ẽ┦ᾮ┦ࡢࢀࡒࢀࡑࡢ㉁㔞ಖᏑࡍ⾲ࢆ㐃⥆ࡢᘧࡣ┦ὶࣔࣝࢹ 2)࡛௨ୗ࠺ࡼࡢࠋࡿࢀࡽ࠼  
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ᐦᗘ㸪vࡣ 㸪�U⋠ࢻ࣎ࡍ⾲ࢆ⋠య✚ศࡢ┦Ẽࡢ┦ὶ୰ࡣ 㸪D࡛ࡇࡇ Ⓨ㔞ࡣὶ㏿㸪m࣭ࡣ

Ꮠ࠼㸪ῧࡋࡔࡓࠋࡍ⾲ࢆ g ཬࡧ l 㸪iࢆ┦ᾮ┦Ẽࢀࡒࢀࡑࡣ ࡣ 2 ḟඖྛࡢ᪉ྥࠋࡿ࠸࡚ࡋ⾲ࢆ 
ྠᵝ㸪Ẽ┦ᾮ┦ࡢࢀࡒࢀࡑࡢ㐠ື㔞ಖᏑࡍ⾲ࢆ㐠ື㔞ᘧࡣḟᘧ࡛ࠋࡿࢀࡽ࠼ 
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UDUDUD �   (4) 

ᘧ(3)ཬࡧᘧ(4)࡚࠸࠾㸪ྑ ㎶➨ 1㡯ࡣ┦ኚࡿࡼ㉁㔞㍺㏦క࠺㐠ື㔞ࢆ㸪ྑ ㎶➨ 2㡯ࡣ┦㛫

➨㸪ྑ㎶ࢆ㐠ື㔞ࡿࡍ⏕Ⓨ࡚ࡗక᧿ᦶࡿࡌ⏕࡚ࡗࡼᗘᕪ㏿ࡢ 3㡯ࡣᅽຊ໙㓄ࡿࡌ⏕࡚ࡗࡼ

ຊࠋࡿ࠸࡚ࡋ⾲ࢆ┦ኚࡢ㡯࡛ vkiࡣḟᘧ࡛ᐃ⩏ࠋࡿࢀࡉ 
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 ࠋࡿࢀࡉ⾲ᛶ್࡛≀ᾮᚄ࠺ࡼࡢ㸪ḟᘧࡾ࠶㐠ື㔞⦆㛫࡛ࡣᦶ᧿㡯࡛㸪Wvࡢ㸪┦㛫ࡓࡲ
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          (6) 

㸪࡛ࡢࡿ࠸࡚ࡗᣢࢆศᕸࡣᾮᚄࡣὶ୰࡛ࢺࢫ࣑ࠋࡿ࠸࡚ࡗ࡞㛵ᩘࡢᾮᚄࡣ㐠ື㔞⦆㛫ࡢࡇ

୍⯡ⓗࡣ㐠ື㔞ᘧ 1 ࢆWvࡢࡽࢀࡇ࡚ࡋ㸪ᖹᆒ್ࡣ࡛✲◊㸪ᮏࡀ࠸࡞ࡁ࡛ࡣࡇࡿࡲWv࡛Ỵࡢࡘ

୍ᐃࡢᆒ୍ᚄࠋࡓࡗᢅࡾྲྀ࡚ࡋ 
య࣮ࢠࣝࢿ࢚ࡢᘧࡣḟᘧ࡛࣮ࢠࣝࢿ࢚ࠋࡿࢀࡽ࠼ಖᏑᘧࡃ࡞ࡣ࡛ࡢࡍ⾲࡛┦ྛࡣయ┦㛫ࡢ
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UDDUUDDU   (7) 

 ࠋ࠸࡞ࢀࡲྵࡣ㡯ࡢ㏦㍺ࡢ㛫┦ࡣᘧࡢࡇࠋࡍ⾲ࢆ࣮ࣆࣝࢱ࢚ࣥࡣ㸪hࢆ࣮ࢠࣝࢿ࢚ෆ㒊ࡣ㸪e࡛ࡇࡇ
Ẽ┦ᾮ┦ࡢ┦㛫ࡢ㍺㏦᪉⛬ᘧࡣ㸪ᅗ 13-4-1 ࡇࡍ⾲ఏ㐩᪉⛬ᘧ࡛⇕ࡢࢀࡒࢀࡑࡢࡾࢃࡲ⌫࡞࠺ࡼࡢ

 ࠋࡿࢀࡽ࠼ḟᘧ࡛ࡾࡼᕪࡢ㠃 ᗘ⏺┦㸪ྛࡁ࡛ࡀ
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ᅗ������� ⏺㠃ࡿࡅ࠾⇕㍺㏦ࣔࢹ  ࣝ ᅗ������� ゎᯒ࡛⏝ࡓࡋィ⟬㡿ᇦ 

)( gsTgg TThq �          (8) 

)( lsTll TThq �          (9) 

࢚ࣥࡣఏ㐩᪉⛬ᘧ⇕ࡢࡽࢀࡇࠋࡍ⾲ࢆ⋠ఏ㐩⇕ࡢ┦ྛࡣ㸪 hTࢆὶ᮰⇕ࡢ┦ྛࡽ㠃⏺ࡣ㸪q࡛ࡇࡇ

 ࠋࡿࡁグ㏙࡛࠺ࡼࡢᘧ(10)(11)࡛ࡇࡿ࠸⏝ࢆ࣮ࣆࣟࢺ
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gs
pg

g

gg
g

TT
C

tD
sD

T
WD

D ��
 

1         (10) 

Tl

ls
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l
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l
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T
W
�

         (11) 

⦅⇕ࡢࢀࡒࢀࡑ┦ᾮ┦ẼࡣWTl㸪WTgࡓࡲࠋࡍ⾲ࢆ⇕ẚࡢࢀࡒࢀࡑ┦ᾮ┦ẼࡣCpl㸪Cpg࡛ࡇࡇ

㛫࡛ࡾ࠶㸪ḟᘧ࠺ࡼࡢᾮᚄ≀ᛶ್࡛ࠋࡿࢀࡽ࠼ 

Tg

pgg
Tg h

dC
6

U
W           (12) 

Tl

pll
Tl h

dC
6

U
W           (13) 

 ࠋࡿ࡞ࡃ㏆ⓗᖹ⾮≧ែ⇕ࡣ㸪┦㛫ࢀࢃ⾜άⓎࡀ㏦㍺⇕ࡣሙྜ࠸ࡉᑠࡀ㛫⦅⇕ࡢࡇ
ᮏゎᯒ࡛ࡣ㸪Ẽ┦ᾮ┦㛫ࡢ⏺㠃ࡣ㣬≧ែ࡛ࡿ࠶௬ᐃࠋࡓࡋ⏺㠃 ᗘTsࡣ㣬Ẽᅽຊࡽ⟬

ฟࠋࡿࡁ࡛ࡀࡇࡿࡍయ࣮ࢠࣝࢿ࢚ࡢᘧ(7)㸪㐃⥆ࡢᘧ(1)ཬ(2)ࡧ㐠ື㔞ࡢᘧ(3)ཬࢆ(4)ࡧ௦ධࡍ

㸪⏺㠃ࡕࢃ࡞ࡍࠋࡿࡁ࡛ࡀࡇࡍ⾲ኚ࡛࣮ࣆࣟࢺ࢚ࣥࡿࢀࡽ࠼࡛(12)ࡧᘧ(11)ཬࡀ㸪Ⓨ㔞m࣭ࡿ

ࠋࡿ࠸࡚ࡋពࢆࡇࡿ࠸࡚ࢀࡉ㏿ᚊ㏦㍺⇕ࡀ㸪┦ኚࢀࡉỴᐃࡀⓎ㔞࡚ࡗࡼ㔞⇕ࡿࡍὶධ

ゎᯒ࡚࠸࠾㸪⇕≀ᛶ್ࡢ⟬ฟࡣNISTࡢREFPROP v.8   ࠋࡓ࠸⏝ࢆ
 
㸦㸰㸧ィ⟬㡿ᇦ 
ᮏ◊✲࡛ࡣ㸪๓❶࡛♧ࡓࡋ㐠ື㔞㍺㏦㸪⇕㍺㏦㸪㉁㔞㍺㏦ࢆ㇟⌧ྛࡢ⪃៖ࡓࡋᅽ⦰ᛶ┦ὶࡢᇶ♏

ᘧCIPἲࢆ㐺⏝ࡋ㸪㠀ᐃᖖィ⟬࠸࡞⾜ࢆ㸪ᅽຊࡀኚࢆࢁࡇࡓࡗ࡞ࡃ࡞ࡋᐃᖖゎࠋࡓࡋ 
ᅗ 13-4-2 ࣀࡓ࠸⏝㸪ᐇ㦂࡛ࡵࡓ࠺࡞⾜ࢆᐃ㔞ࡢᧁἼ⾪ࡵ㸪ᩳࡣィ⟬㡿ᇦࡓ࠸⏝ᮏゎᯒ࡛ࡍ♧

ࢆ᪉ྥศᩘࢀ㸪ὶࡣ㡿ᇦࠋࡓࡋᶍᨃࢆ≦ᙧࡢഴᩳቨ๓ᚋ࡛ࡢࣝࢬ 156㸪ࣝࢬࣀ୰ᚰ⥺ᆶ┤࡞᪉ྥ

ࢆศᩘࡢ 56 ࡉ㸪௦⾲㛗࡚࠸࠾ィ⟬㡿ᇦࠋࡓࡋ L 㸪௦⾲㏿ᗘUࡋᖜࣝࢬࣀࡢ㌿ྥ㒊࡛ࡣ ㌿ࡣ

ྥ㒊࡛ࣝࢬࣀࡢ୰ኸࡢẼయ㏿ᗘࠋࡓࡋ┦ὶࡣ㡿ᇦࡢᕥഃࡽὶධࡋ㸪ྑഃὶฟࠋࡿࡍቨ㠃࠾

ࢆ᪉ྥᡂศ࡞┤ᆶቨࡢ㸪Ẽయ㏿ᗘ࡚࠸ 0㸪Ỉᖹᡂศࡣቨᑐ⛠ࣉࢵࣜࢫࡢቃ⏺᮲௳ࠋࡓࡋᾮయࡣቨ

㸪ゎᯒ࡛࡛ࡢ࠸ࡉᑠࡣ✚యࡢ⭷ᾮࡢࡇࠋࡓࡋ௬ᐃࡿࢀὶ࡚ࡗ࡞ᾮ⭷ὶࡎࡏᚋ㸪ᑕࡓࡋ✺⾪

ὶ⏤⮬ᵝྠฟཱྀ࡚ࡋᑐ㸪ᾮయ࡚ࡗࡀࡓࡋࠋࡿ࠸࡚ࡋど↓ࡶቃ⏺ᒙࢆ✚యࡢᾮ⭷ὶࡢࡇࡣ
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ฟࡢቃ⏺᮲௳ࢆࠋࡓ࠼ධཱྀึࡢᮇ᮲௳ࡣ㸪ᅗ 13-3-1 ࡀᅽຊపୗࡢෆࣝࢬࣀ㸪࠺ࡼࡓࡋ♧࡛ IHEࣔ

ὶୖࡶࡾࡼ㌿ྥⅬࡢࣝࢬࣀࡓ࠸⏝㸪ᐇ㦂࡛࡛ࡢࡿ࠸࡚ࡋ⮴୍ࡃࡼࡢࡶࡢࣝࢹ 15 mmࡢ⨨ࡢィ⟬㡿

ᇦࡢධཱྀ࡛ࡾᖹ⾮⌮ㄽࡽồࡿࡲ ᗘ㸪ᅽຊ㸪㉁㔞ᖹᆒ㏿ᗘࢆࡋࡔࡓࠋࡓ࠼㸪Ẽᾮ㛫ࡢ㏿ᗘᕪࡘ

࡚ࡗ࡞㏿ள㡢ࡵࡓࡢᧁἼ⾪ࡣฟཱྀ࡛ࠋࡓࡵồࡽᗘ㏿➃⤊ࡢᅽຊ໙㓄ࡢᖹ⾮⌮ㄽࡢ㸪ධཱྀ㒊ࡣ࡚࠸

 ࠋࡓ࠼ฟཱྀ᩿㠃ࢆᅽຊࡓࢀࡽᚓࡽ㸪ᐇ㦂࡛ࡢࡿࢀࡽ࠼⪄ࡿ࠸
࠸࡚ࡗࢃࡀࡇ࠸ࡁࡀᙳ㡪ࡿࡼ㇟⌧㐠ື㔞⦆ࡣᛶ≉ࡢෆࣝࢬࣀ㸪┦ὶ࡛✲◊ࡢ࡛ࡲࢀࡇ

ẚ㐠ື㔞⦆㛫ࡣ㸪୍᪉㸪⇕⦆㛫ࡏࡉኚࢆᾮᚄࡢ㸪㐠ື㔞⦆㛫ࡣ㸪ᮏゎᯒ࡛࡛ࡢࡿ

 ࠋࡓࡋ௬ᐃ࡚ࡋ࠸ࡉᑠ༑ศ
 
㸯㸱㸫㸳� ゎᯒ⤖ᯝ 
┦ὶࡢ㍺㏦㐣⛬ࡣ㸪ᾮᚄࡃࡁ౫Ꮡࠋࡿࡍᮏ◊✲࡛ࡣ㸪ᾮᚄࡀᑠ࡚ࡃࡉᖹ⾮≧ែ㏆࠸ሙ

ࢆྜ 1 Pm࡚ࡋ㸪࡚ࡃࡁ⤖≧ែ㏆࠸ሙྜࢆ 10 Pm࡚ࡋゎᯒࠋࡓࡗ࡞⾜ࢆ 
 

㸦㸯㸧1Pm㸪10Pmࡢሙྜࡢ⤖ᯝ 
ᮏゎᯒ࡛ᚓࣝࢬࣀࡓࢀࡽෆࡢẼ┦ࡢ➼㉁㔞ὶ㔞⥺➼ᅽ⥺ศᕸࢆᅗ13-5-1ࠋࡍ♧➼㉁㔞ὶ㔞⥺ࡣ㸪

㠀ᅽ⦰ᛶὶయࡢሙྜ㸪ὶ⥺ࠋࡿࡍ⮴୍Ẽ┦ࡢ➼㉁㔞ὶ㔞⥺ࡣ㟷Ⰽ㸪➼ᅽ⥺ࡣ㯮Ⰽ࡛♧ࠋࡿ࠸࡚ࡋ➼

㉁㔞ὶ㔞⥺ࡣ㡿ᇦୖࡢቨ㠃ࡽ✚ศࡾࡼࡇࡿࡍồ࡚ࡗࡀࡓࡋࠋࡿ࠸࡚ࡵ㸪Ⓨ࡚ࡗࡼධཱྀࡾࡼ

Ẽ┦ࡢ㉁㔞ὶ㔞ࡀቑຍࡿࡍሙྜ㸪ᅗ 13-5-1 ᾮᚄࠋࡿࡌ⏕ࡀⓑ㡿ᇦ✵ୗ㒊ࡢ㡿ᇦ࠺ࡼࡢ 10 Pm
ᾮᚄࡣ 1 PmࡢẼ┦ࡢ➼㉁㔞ὶ㔞⥺ẚ࡚㸪㡿ᇦࡢୗ㒊ࡢ✵ⓑ㡿ᇦࡀᑡࡣࢀࡇࠋࡿ࠸࡚ࡗ࡞ࡃ࡞㸪

10 Pmࡢሙྜ㸪࡞ࡁᅽຊᅇࡿࡼ┦ኚࡢຠᯝࡾࡼẼయࡀจ⦰ࡓࡲࠋࡿ࠶࡛ࡵࡓࡿ࠸࡚ࢀࡉ㸪

➼ᅽ⥺ࡵᩳࡣ⾪ᧁἼࡢἼ㠃ࡋ⾲ࢆ㸪ࡢࡑഴࡵᩳࡣࡁ⾪ᧁἼࡢゅᗘ࡛ࡀࡿ࠶㸪┦ὶ࡛ࡣἼࡀศᩓࡋ㸪

㞟୰ࡓࡋἼ㠃ࡎࢀ⌧ࡣ㸪ゅᗘࡶኚࡿࡍ≉ᚩࢆ᭷୍ࠋࡿࡍ᪉㸪ࣝࢬࣀෆࡢᾮ┦ࡢ➼㉁㔞ὶ㔞⥺ᾮయ

ࠋࡿ࠸࡚ࡋ♧Ⰽ࡛⥳ࡣศᕸ⋠ࢻ࣎㉥Ⰽ㸪ᾮయࡣ⥺㉁㔞ὶ㔞➼ࡢ┦ᾮࠋࡍ♧ᅗ13-5-2ࢆศᕸ⋠ࢻ࣎

࡚ࡗ࡞␗࡚ࡗࡼኚࡢᾮᚄࡀഴྥࡢ㸪ഴᩳቨ௨㝆࡛ࡿࡍ┠ὀ⥺㉁㔞ὶ㔞➼ࡢ┦ᾮࡢෆࣝࢬࣀ

ᅗࡿࡍᣑࢆὶ⥺ศᕸࡢ㸪ഴᩳቨ௨㝆ࡵࡓࡿࡳヲ⣽ࡾࡼࠋࡿ࠸ 13-5-3 ㉁㔞ὶ➼ࡢ┦ᾮࠋࡿ࡞

㔞⥺ࡣ㸪ᾮᚄ 1 Pm࡚࠸࠾ഴᩳቨἢ࠺ࡼ࠺ὶ୍ࠋࡿ࠸࡚ࢀ᪉㸪ᾮᚄ 10 Pm࡛ࡣ㸪ഴᩳቨ

ࡗࡼቑຍࡢᾮᚄࡣࡽࢀࡇࠋࡿ࠸࡚ࡗ࡞࠺ࡼࡢ㸪⮬⏤ὶฟࡃ࡞ࢇࡀኚࡢ᪉ྥࢀὶࡿࡼ

࡚័ᛶຊࡿࡼᙳ㡪ࡀࠋࡿ࠶࡛ࡵࡓࡓࡗ࡞ࡃࡁ 
 
 

�D��d = 1 Pm �E��d = 10 Pm 
ᅗ������� 㡿ᇦෆࡿࡅ࠾Ẽ┦ࡢ➼㉁㔞ὶ㔞⥺➼ᅽ⥺ 

�D��d = 1 Pm �E��d = 10 Pm 
ᅗ������� 㡿ᇦෆࡿࡅ࠾ᾮ┦ࡢ➼㉁㔞ὶ㔞⥺ࢻ࣎⋡ 
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�D��d = 1 Pm �E��d = 10 Pm 
ᅗ������� ഴᩳቨ㏆ഐࡢẼ┦ࡢ➼㉁㔞ὶ㔞⥺ 

 
㸦㸰㸧ࣝࢬࣀෆࡢᅽຊศᕸ 
ᾮᚄࡢ㐪ࡀ࠸ゎᯒ⤖ᯝࡿ࠼ᙳ㡪ࡣ➼ᅽ⥺ศᕸࠋࡿ࠸࡚ࢀ⾲ࡶᾮᚄ 1 Pm ഴᩳቨ௨㝆ࡣ࡛

᪉࡛㸪ᾮᚄ୍ࠋࡿ࠸࡚ࡋ᭷ࢆゅᗘ࡞ࡉẚ㍑ⓗᑠ࡚ࡋᑐ⥺୰ᚰࣝࢬࣀࡀ⥺ᅽ➼ࡢ 10 Pm࡛ࡣᆶ┤

㏆࠸࡞ࡁゅᗘࢆ᭷ࡿࡍ➼ᅽ⥺࡛ࡇࡇࠋࡿ࠸࡚ࡗ࡞㸪ᐇ㦂⤖ᯝ࡛♧ࣝࢬࣀࡓࡋ୰ᚰ⥺ୖྛቨ㠃

ᅗࡿࡍ⏝㐺࡚ࡋᑐゎᯒ⤖ᯝྛࢆࡢࡶࡢᵝྠෆᅽຊศᕸࣝࢬࣀࡿࡅ࠾ 13-5-4 ᅗ13-5-4ࠋࡿ࡞ 

㸪ᾮᚄ࡚࠸࠾ 1 Pmࢆࡢࡶࡢ◚⥺࡛㸪10 Pm୍ࢆࡢࡶࡢⅬ㙐⥺࡛㸪ᐇ㦂⤖ᯝࡢᅽຊศᕸࢆᐇ⥺࡛♧ࡋ

ഴᩳࡀ୰ᚰ⥺ୖ㸪㟷Ⰽࣝࢬࣀࡀ㉥Ⰽᵝྠࡢࡶࡓࡋ♧ᐇ㦂⤖ᯝ࡛ࡢ❶๓ࡣ࠸㐪ࡢ㸪Ⰽࡓࡲࠋࡿ࠸࡚

ቨ㠃㸪⥳Ⰽࡀᘏ㛗ቨ㠃ࠋࡿ࠸࡚ࡋ♧ࢆᾮᚄ 1 Pm ᅽᚋ㸪ᅽຊప᪼ࡿࡼᧁἼ⾪ࡵ㸪ᩳࡣᅽຊศᕸࡢ

ୗࡀ㉳ࡾࡇ㸪ゎᯒ㡿ᇦฟཱྀᡭ๓࡛ฟཱྀᅽຊ࡚ࡗྥᛴ⃭࡞ᅽຊୖ᪼ࡀ☜ㄆ୍࡛ࠋࡿࡁ᪉࡛㸪ᾮᚄ

10 Pmࡢᅽຊศᕸࡣ㸪ᐇ㦂⤖ᯝఝ࡚ᩳࡵ⾪ᧁἼ᪼ࡿࡼᅽ㛤ጞᚋ㸪ィ⟬㡿ᇦࡢฟཱྀࡸ⦅࡚ࡗྥ

ᾮᚄࠋࡿ࠸࡚ࡅ⥆ࢆᅽຊୖ᪼࡞ 1 Pm 㸪ฟཱྀቃ⏺᮲௳࡛ᙉࡣࡢࡿࡍ᪼ୖฟཱྀ࡛ᛴࡀᅽຊศᕸࡢ

ไⓗᅽຊࢆ㧗ࡾ࠶࡛ࡽࡿ࠸࡚ࡵ㸪ฟཱྀ㏆⾪ᧁἼࡿ࠶ࡢゎࢆồࠋࡿ࠶࡛ࡌྠࡇࡿ࠸࡚ࡵ 
ẼయຊᏛࡢሙྜ࠺ࡼࡌྠ㸪┦ὶࡵᩳࡶ࡚࠸࠾⾪ᧁἼᑐ࡚ࡋഴᩳቨࡢ㌿ྥゅ⾪ᧁἼゅ

ᅗࡣ 13-5-5 㛵ಀ࡞࠺ࡼࡢ ࡢᅗ୰ࠋࡿ࠶ࡀ(10 4 㸪ࡾ࠶ゎ࡛ࡢሙྜࡿ࠶ᴟ㝈≧ែࡀ⛬㏦㐣㍺ࡣ⥺᭤ࡢࡘ

㉥Ⰽࡢᐇ⥺ࡀ㐠ື㔞࣭⇕ᖹ⾮≧ែ㸪㟷Ⰽࡀ⥺◚ࡢ㐠ື㔞ᖹ⾮࣭⇕⤖≧ែ㸪⥳Ⰽ୍ࡢⅬ㙐⥺ࡀ㐠ື㔞

⤖࣭⇕ᖹ⾮≧ែ㸪⣸ⰍࡢⅬ㙐⥺ࡀ㐠ື㔞࣭⇕⤖≧ែࡣࡽࢀࡇࠋࡿ࠸࡚ࡋ♧ࢀࡒࢀࡑࢆ㍺㏦⌧㇟

࠸࡚ࡋពࢆࡇࡿࡍኚࡀᧁἼゅ⾪ࡢᧁἼ⾪ࡵᩳࡿࡍ⏕㸪Ⓨ࡚ࡗࡼ࠸㐪ࡢᾮᚄࡿ࠼ࢆᙳ㡪

࠸ࡉᑠࡀᧁἼゅ⾪ࠋࡿࡍᏑᅾࡀゎࡢࡘࡣᧁἼゅ⾪࡚ࡋᑐ㌿ྥゅࡢព௵ࡿ࠶㸪࡚࠸࠾ᅗ୰ࠋࡿ

ゎࣁࢵ࣐ࡣἼࡿࡌ⏕࡚ࡗࡼᙅ࠸⾪ᧁἼࡢゎ࡛ࡾ࠶㸪⾪ᧁἼゅࡀ࠸ࡁゎࡣᆶ┤⾪ᧁἼ࡞࠺ࡼࡢᙉ࠸

⾪ᧁἼࡢゎ࡛ࠋࡿ࠶ᙅ࠸⾪ᧁἼ࡛ࣁࢵ࣐ࡣἼࡿࡼὶࢀሙࡢᨩࡀᑠࡵࡓ࠸ࡉ㸪⾪ᧁἼࡢୗὶࡣධ

㉸ࡣࢀὶࡵࡓ࠸ࡁࡀኚࡢ㔞⌮≀ࡢᧁἼ๓ᚋ⾪ࡣᧁἼ࡛⾪࠸᪉࡛㸪ᙉ୍ࠋࡿ࡞㏿㉸㡢ᵝྠཱྀ

㡢㏿ࡽள㡢㏿ࠋࡿ࡞ᅗ 13-5-4 ᾮᚄࡿ࠸࡚ࡋపୗࡀᅽຊࡢୗὶࡢ㸪⾪ᧁἼ࡚࠸࠾ 1 Pmࡢ⤖ᯝ

㸪ᅗࡣ 13-5-1(a)࠺ࡼࡍ♧㌿ྥⅬ㏆ࡢୗ㒊ቨ㠃ࡽᙧᡂࡿ࠸࡚ࢀࡉ➼ᅽ⥺ࡢഴࡀࡁᑠࡇ࠸ࡉ

᪉࡛㸪ᅗ୍ࠋࡿ࠼࠸ࡿ࠸࡚ࡋ᭷ࢆᛶ㉁ࡢᧁἼ⾪࠸ᙅࡣᧁἼ⾪ࡓࡋ⏕㸪Ⓨࡽ 13-5-4 ࡢ㸪ୗὶ࡚࠸࠾

ᅽຊࡿ࠸࡚ࡅ⥆ࢆ᪼ୖࡀᾮᚄ 10 Pmࡢ⤖ᯝࡣ㸪ᅗ 13-5-1(b)࠺ࡼࡢ㌿ྥⅬ㏆ࡢୗ㒊ቨ㠃ࡽᙧᡂ

࠼࠸ࡿ࠸࡚ࡋ᭷ࢆᛶ㉁ࡢᧁἼ⾪࠸ᙉࡣᧁἼ⾪ࡓࡋ⏕㸪Ⓨࡽࡇ࠸ࡁࡀࡁഴࡢ⥺ᅽ➼ࡿ࠸࡚ࢀࡉ

 ࠋࡿ
 
㸦㸱㸧ᐇ㦂ࡢᅽຊศᕸࢆ⌧ࡿࡍᾮᚄ 
๓⠇࡛㏙࠺ࡼࡓᮏᐇ㦂⣔ࡣᾮᚄࢆ 10 Pm㏆ࡃ㸪ẚ㍑ⓗᙉ࠸⾪ᧁἼࡢᛶ㉁ࢆ᭷ࡿ࠸࡚ࡋ⪃

ࢆᾮᚄࠋࡓࡗ࡞⾜ࢆゎᯒ࡚ࡏࡉኚࢆ㸪ᾮᚄࡵࡓࡓࢀࡽ࠼ 8 Pmࡵᩳࡓࡋ⾪ᧁἼࡢゎࡣᅗ 13-5-6
ࡋ♧ࢆ್࠸㏆ᐇ㦂⤖ᯝࡶ᭱ࡀ࡞≦ᙧࡢ⥺ᅽຊ᭤ࡢᧁἼୗὶ⾪ࡸ㸪᪼ᅽ㛤ጞⅬ࠺ࡼࡍ♧࡛⥺ኴ

ᾮᚄࡣᴫ␎ᅗࣝࢬࣀࡢ㒊ୖࡢࣇࣛࢢࠋࡓ 8 Pm 㸪ᐇ㦂ࡾ࠾࡚ࡋ♧ࢆෆ➼ᅽ⥺ศᕸࣝࢬࣀࡢࡁࡢ

ࡢ௨ୖࠋࡿ࠸࡚ࡋ♧ࢆഴྥࡿ࡞ࡃࡁࡀゅᗘࡢ⥺ᅽ➼ࠎఝ࡚㸪ᚎࡃࡼ≦ᙧࡢᧁἼ⾪ࡵᩳࡓࡋ♧࡛

ᾮᚄࡣሙࢀὶࡢᧁἼ๓ᚋ⾪ࡵᩳࡓࡋ⏕㸪ᮏᐇ㦂⣔࡛Ⓨࡾࡼࡇ 8 Pmᴟ࡚ࡵ㏆ࠋࡿࢀࡽ࠼⪄࠸ 
 

- 124 - 



ᅗ������� ゎᯒཬࡧᐇ㦂ࡿࡅ࠾ᅽຊศᕸ ᅗ�������  㛵ಀࡢᧁἼゅ⾪ゅࢀࡩ
 

ᅗ������� ᐇ㦂⤖ᯝࢆ⌧ࡿࡍᾮᚄ 
 
㸯㸱㸫㸴� ⤖ㄽ 
ඛ⣽ᮎᗈࡢࣝࢬࣀෆ㒊ࢆὶࡿࢀⅣ㓟ࡢࢫ࢞┦ὶ୰ࡵᩳ⾪ᧁἼࢆⓎ⏕ࡿࡏࡉᐇ㦂࠸࡞⾜ࢆ㸪ࡓࡲ㸪

⌮ㄽゎᯒࡢࡇࡾࡼὶࢀሙࡢᐃ㔞ࡢࡑࠋࡓࡗ࡞⾜ࢆ⤖ᯝ㸪௨ୗࡢ▱ぢࢆᚓࠋࡓ 
 

ࡿࡏࡉ⏕ⓎᐃᖖⓗࢆᧁἼ⾪ࡵᩳ┦ὶ୰ࢫ࢞㸪Ⅳ㓟࡚ࡗࡼࡇࡿࡅタࢆഴᩳቨෆࣝࢬࣀ .1

ᧁἼ⾪ࡵᩳࡿ࡞ࡃࡁࡀഴᩳࠎᚎࡽ㸪Ⓨ⏕Ⅼࡃ࡞ࡣᐃ୍࡛ࡀ㸪ഴᩳࡣἼࡢࡇࠋࡓࡁ࡛ࡀࡇ

 ࠋࡓࢀࡉ♧ᐇ㦂࡛ࡀࡇࡿ࠶࡛
2. ゎᯒ࡚࠸࠾㸪㐠ື㔞⦆⌧㇟ࢆᨭ㓄ࡿࡍᾮᚄࢆኚࡿࡏࡉ㸪ᾮ┦ࡢ➼㉁㔞ὶ㔞⥺ᕪ␗ࡀ

 ࠋࡓࡋኚࡀᛶຊ័ࡢ㸪ᾮࡌ⏕
3. ᾮᚄࡀ 1 Pm ࡅཷࢆᙳ㡪ࡿࡼฟཱྀᅽຊࡢィ⟬㡿ᇦࡀሙࢀὶࡢ㸪⾪ᧁἼᚋ㒊ࡣሙྜ࠸ࡉᑠ

㸪ࡣࢀࡇࠋࡓࢀࡉ♧ࡀࡇ࠸࡞࠸࡚ࡋኚࡽ㏿㉸㡢ࡀሙࢀὶࡢ㸪⾪ᧁἼ๓ᚋࡽࡇ࠸࡞࠸࡚

ᙅࡵᩳ࠸⾪ᧁἼࡀⓎ⏕ࠋࡿ࠶࡛ࡵࡓࡓࡋ 
4. ᾮᚄࡀ 10 Pm࠸ࡁሙྜࡣ㸪⾪ᧁἼᚋ㒊ࡢὶࢀሙࡀィ⟬㡿ᇦࡢฟཱྀᅽຊࡿࡼᙳ㡪ࡅཷࢆ

㸪ࡣࢀࡇࠋࡓࢀࡉ♧ࡀࡇࡿ࠸࡚ࡋኚ㏿ள㡢ࡽ㏿㉸㡢ࡀሙࢀὶࡢ㸪⾪ᧁἼ๓ᚋࡽࡇࡿ
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ᙉࡵᩳ࠸⾪ᧁἼࡀⓎ⏕ࠋࡿ࠶࡛ࡵࡓࡓࡋ 
5. ᮏᐇ㦂⣔࡛Ⓨ⏕ࡵᩳࡓࡋ⾪ᧁἼ๓ᚋࡢὶࢀሙࡣ㸪⌮ㄽゎᯒࡾࡼ㸪㐠ື㔞⦆⌧㇟ࢆᨭ㓄ࡿࡍᾮ

ᚄ d8 ࡀ Pm㏆ࡕࢃ࡞ࡍࠋࡓࢀࡉ♧ࡀࡇ࠸㸪ࡢࡇᐇࡣ㸪ᮏᐇ㦂⣔࡛Ⓨ⏕ࡓࡋ⾪ᧁἼ๓ᚋࡢ

ὶࢀሙࡢ㐠ື㔞⦆⌧㇟ࡀ㠀ᖹ⾮≧ែ࡛ࢆࡇࡿ࠶ពࠋࡿ࠸࡚ࡋ 
 
ཧ⪃ᩥ⊩ 
1) L. D. Landau, E. M. Lifshitz, Fluid Mechanics, Pergamon Press, (1959), 422. 
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