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㏆ᖺ㸪᭶㠃㛤Ⓨィ⏬ࡀୡ⏺ྛᆅ࡛㐍ࡾ࠾࡚ࢀࡽࡵ㸪ࡢࡑ୰

ࡶ࡛ ISRU (In-Situ Resource Utilization) ࡜࿧ࡿࢀࡤ᭶ᅵተ

࠸࡚ࢀࡉ┠ὀࡀ⾡ᢏࡿࡍᡂ⏕ࢆỈࡸ㓟⣲ࡽ࠿※ᆅ㈨⌧ࡢ࡝࡞

ࡁᦙ㏦࡛࡟ຠ⋡ⓗࡘ࠿኱㔞ࢆ㸪᭶ᅵተࡣࢀࢃࢀࢃ࡛ࡇࡑ㸬ࡿ

ࢆ㟼㟁ຊࡿࢀࡤ࿧࡜⏺㸪㐍⾜Ἴ㟁ࡵࡓࡿࡍ㛤Ⓨࢆ࣒ࢸࢫࢩࡿ

฼⏝ࡓࡋ⢏Ꮚᦙ㏦࡟㛵ࡿ࠸࡚ࡗ࡞⾜ࢆ✲◊ࡿࡍ㸬ᮏ◊✲࡛ࡣ㸪

᭶ᅵተࡢᡂศ࣭ᙧ≧࣭⢏ᗘศᕸࢆ෌⌧ࡓࡋᶍᨃ◁࡚࠸⏝ࢆ㸪

⢏Ꮚࡢᦙ㏦≉ᛶ࡚࠸ࡘ࡟ᐃ㔞ⓗ࡞ㄪᰝ࠸⾜ࢆ㸪᭱㐺࡞ᦙ㏦᮲

⢏ࡾࡼ࡟㸪᣺ືࡸ㠃ᨵⰋ⾲ࡢ㸪ᦙ㏦ᇶᯈࡓࡲ㸬ࡓࡋᢕᥱࢆ௳

Ꮚࡢ㐠ືಁࢆ㐍࡛࡜ࡇࡿࡍᦙ㏦ᛶ⬟ࢆୖྥࡢᅗࡓࡗ㸬࡟ࡽࡉ㸪

᭶ᶍᨃ◁ࡢᦙ㏦≉ᛶ್ᩘࢆゎᯒࣝࢹࣔࡿࡼ࡟⢏Ꮚࡢᦙ㏦࣑ࢩ

࡜⌧෌ࡢ⢏Ꮚᣲືࡢ㸪ᆅୖ࡛࡛࡜ࡇࡿࡍ཯ᫎ࡟ࣥࣙࢩ࣮ࣞࣗ

᭶㠃ୖ࡛ࡢᣲືࡢண ࡓࡗ⾜ࢆ㸬 

2.    㟼㟁ᦙ㏦㟼㟁ᦙ㏦㟼㟁ᦙ㏦㟼㟁ᦙ㏦࣒ࢸࢫࢩ࣒ࢸࢫࢩ࣒ࢸࢫࢩ࣒ࢸࢫࢩ 

ᅗ ࢆ㸬㟁ᴟࡍ♧ࢆᵓ㐀ࡢ࣒ࢸࢫࢩ ⢏Ꮚᦙ㏦ (㟼㟁ᦙ㏦)࡟1

㛗ᡭ᪉ྥ࡟≦⦤࡟୪ࡓ࡭ᵓ㐀࡛㸪⢏Ꮚ̿㟁ᴟ㛫ࡧࡼ࠾⦖⤯ࡢ

㟁ᴟ㛫ࡢᨺ㟁㜵Ṇ࡟ࡵࡓࡢ㸪㟁ᴟୖ࡛࣒ࣝ࢕ࣇ⦖⤯ࡣ⿕そࡉ

π/2࡟㡰ࢆ┦఩ࡽ࠿Ⓨ᣺ჾࡢ㸪4ྎࡣ⏺㸬㐍⾜Ἴ㟁ࡿ࠸࡚ࢀ ࡎ

ࡓࡋࡽࡎࡘ 4
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㸪ࡋቑᖜ࡚ࡗ

⦤≧㟁ᴟ࡟༳

ຍࡓࡋ㸬ࢀࡇ

㟼ࡣ⢏Ꮚࡾࡼ

㟁ຊ࡚ࡗࡼ࡟

㐍⾜Ἴ᪉ྥ࡟

ຊࡅཷࢆᦙ㏦

㸬      ᅗࡿࢀࡉ 1 㟼㟁ᦙ㏦ࡢ࣒ࢸࢫࢩᴫ␎ᅗ 

3.    ᭶ᶍᨃ◁᭶ᶍᨃ◁᭶ᶍᨃ◁᭶ᶍᨃ◁ࡢࡢࡢࡢᦙ㏦≉ᛶᦙ㏦≉ᛶᦙ㏦≉ᛶᦙ㏦≉ᛶ 

᭶ᶍᨃ◁ࡣ㸪ᙧ≧ࡀ୙ᆒ୍࡛㸪⢏ᗘศᕸࡣ 1 µmࡽ࠿ 1 mm

࡛⢏ᚄࡀᑠ࡝࡯࠸ࡉಶᩘࡀከࡃ㸪จ㞟ᛶࡵࡓࡿ࠶ࡀᦙ㏦࡟ࡋ

᭱ࡢ◁㸪᭶ᶍᨃ࡛ࡇࡑ㸬࠸ࡃ

㐺࡞ᦙ㏦ࢆࢱ࣮࣓ࣛࣃᢕᥱ

ࣆ㟁ᴟࡢ㸪ᦙ㏦ᇶᯈࡵࡓࡿࡍ

࿘Ἴࡢ⏺㐍⾜Ἴ㟁࡜ (p)ࢳࢵ

ࡋ㸪1ศ㛫ᦙ㏦ࡏࡉኚ໬ࢆᩘ

㸬ࡓࡋᐃ ࢆ⢏Ꮚ㔜㔞࡟ᚋࡓ

ᐇ㦂ࡣ⢏Ꮚࡢจ㞟ࢆ㜵ࡓࡄ

 㸪࿘Ἴᩘ≉ᛶࢳࢵࣆ㟁ᴟ (a)  ࡋ⏝ేࢆ㸪㉸㡢Ἴ᣺ືᏊ࡟ࡵ
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(b) 㛗᫬㛫ᦙ㏦      (c) ᦙ㏦⢏Ꮚࡢ⢏ᗘศᕸ 

ᅗ 2 㟼㟁ᦙ㏦ࡿࡼ࡟࣒ࢸࢫࢩ᭶ᶍᨃ◁ࡢᦙ㏦≉ᛶ 

 
࡚ᇶᯈࢆ᣺ືࡽࡀ࡞ࡏࡉᦙ㏦ࡓࡋ㸬ᅗ 2(a) ࡟࠺ࡼࡍ♧࡟㸪㟁

ᴟࡀࢳࢵࣆᗈ࡝࡯࠸ᦙ㏦㔞ࡀቑ࠼㸪࿘Ἴᩘࡣ 10 Hz⛬ᗘࡀ㐺

ᙜ࡛㸪1ศ㛫࡛᭱኱⣙ 2 gࡀᦙ㏦ࡓࢀࡉ㸬ࡓࡲ㸪㉸㡢Ἴ᣺᣺ື

 㸪w࡟㸬ḟࡓࡗ࡞࡜࠿ࡽ᫂ࡶ࡜ࡇࡿࡍୖྥࡀ⬟ᦙ㏦ᛶ࡚ࡗࡼ࡟

/ p = 0.3 / 1.3ࡢᇶᯈ࡚࠸⏝ࢆ⢏Ꮚᦙ㏦ࢆ㛗᫬㛫⾜࠸࡞㸪ᦙ㏦㔞

㸬ᅗࡓࡋᐃ ࢆ 2(b) ࡟࠺ࡼࡍ♧࡟㸪30ศ㛫࡛⣙ 8 gࡢ⢏Ꮚࡀ

ᅇ཰ࡓࢀࡉ㸬௒ᚋ㸪ᇶᯈ⾲㠃ࡢᨵⰋ᭱ࡸ㐺࡞ᇶᯈ᣺ື್ࢆᢕ

ᥱ࡛࡜ࡇࡿࡍ㸪ᦙ㏦ᛶ⬟ࡢ᭦ࡀୖྥࡿ࡞ᮇᚅ࡛ࡿࡁ㸬࡚ࡋࡑ㸪

ᦙ㏦ࡓࢀࡉ⢏Ꮚᩘࡣµmࡽ࠿ 1 mm࡛ࡲᖜᗈࡃศᕸࢆᣢࡕ㸪᭶

ᶍᨃ◁ࡢከᵝ࡞⢏ᚄ࡟ᑐᛂ࡛ࡽ࠿࡜ࡇࡿ࠸࡚ࡁ(ᅗ 2(c) )㸪㟼

㟁ᦙ㏦ࡣ࣒ࢸࢫࢩ᭶ᶍᨃ◁࡟ᑐࡋ᭷ຠ࡛ࡿ࠼࠸࡜ࡿ࠶㸬 

4.    ᦙ㏦⢏Ꮚᦙ㏦⢏Ꮚᦙ㏦⢏Ꮚᦙ㏦⢏Ꮚࡢࡢࡢࡢᣲືゎᯒᣲືゎᯒᣲືゎᯒᣲືゎᯒ࡜࡜࡜࡜ഴᩳ≉ᛶഴᩳ≉ᛶഴᩳ≉ᛶഴᩳ≉ᛶ 

᭶㠃ୖ࡛ࡢᦙ㏦ࢆ෌⌧࣭ண ࡵࡓࡿࡍ㸪ᩳ㠃࡟ᑐࡿࡍ⢏Ꮚ

⢏Ꮚᣲື㏣㊧࡜⟭㟁⏺ィࡣ㸬ᩘ್ゎᯒࡓࡋほᐹࢆᦙ㏦ᙧែࡢ

ィ⟬ࡽ࠿ᡂࡾ㸪㟁⏺ศᕸࡣ 2 ḟᅄゅᙧせ⣲ࡿࡼ࡟᭷㝈せ⣲ἲ

ࢹࣔ⌫๛యࡣ⟭㸬⢏Ꮚᣲື㏣㊧ィࡓ࠸ゎࢆ᪉⛬ᘧࢫࣛࣉ࡛ࣛ

㐠ື᪉⛬ᘧࡍ♧࡟㸪ᘧ (1)㸪(2)࡚࠸⏝ࢆಶูせ⣲ἲࡿࡼ࡟ࣝ

ࢆ 4ḟࣝࣥࢱࢵࢡࢤἲࡾࡼ࡟ゎࡓ࠸㸬࠾࡞㸪Fq㸸࣮ࣥࣟࢡຊ㸪

Fdipole㸸ศᴟຊ㸪Fimage㸸㙾ീຊ㸪Fadhesion㸸௜╔ຊ㸪Fair㸸✵Ẽ

᢬ᢠຊ㸪Fg㸸㔜ຊ㸪i㸸⢏Ꮚ␒ྕ㸪mi㸸⢏Ꮚࡢ㉁㔞㸪ui = (x, y, z)㸸

⢏Ꮚࡢ୪㐍ࣝࢺࢡ࣋㸪θθθθi = (θx, θy, θz)㸸ᅇ㌿ࣝࢺࢡ࣋㸪I㸸⢏Ꮚ

ࢡ࣋㸪r㸸⢏Ꮚ༙ᚄ㸪n㸸ἲ⥺᪉ྥ༢఩ࢺᅇ㌿័ᛶ࣮࣓ࣔࣥࡢ

㸪J㸸⢏Ꮚࣝࢺ i࡟ാࡃ⾪ᧁຊ࡛ࡿ࠶㸬⾪✺ᚋࡢ≧ែ࡚࠸ࡘ࡟

ࡣ࡚ࡋᑐ࡟㸬ഴᩳࡿ࠸࡚࠼ῧࢆ*ࡣ g =  (-cosφ,sinφ) gࡓࡋ࡜㸬 

0, =+++++= iigairadhesionimagedipoleqii Im θFFFFFFu &&&&  (1) 

Irm iiiii /,/
**

JnθθJuu ×+=+= &&&&                   (2) 

ᅗ 3 (a)㸪(b)ࡾࡼ㸪ᐇ㝿ࡢᦙ㏦࡜ᦙ㏦࡯ࡀࣥࣙࢩ࣮࣑ࣞࣗࢩ

ࡼ࡟ຊࡓࡋ♧࡟ ᘧ(1)ࡣ㐠ືࡢ㸪⢏Ꮚࡽ࠿࡜ࡇࡿ࠸࡚ࡋ⮴୍ࡰ

࠿ࡽ᫂ࡀ࡜ࡇࡿ࠸࡚ࢀࡉᨭ㓄ࡾ

᭶㠃ୖ࡚࠸⏝ࢆࢀࡇ㸬ࡓࡗ࡞࡟

ᯝ㸪㔜ຊ⤖ࡓࡋ ணࢆᦙ㏦ࡢ

1/6g㸪✵Ẽ᢬ᢠࡿ࠶࡛ࣟࢮ᭶㠃

࠸ࡍࡸࡋᦙ㏦ࡾࡼᆅୖࡀ᪉ࡢୖ

㸬(ᅗࡓࡋ♧ࢆ࡜ࡇ 3 (c) ) 
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(b) ᦙ㏦ࣥࣙࢩ࣮࣑ࣞࣗࢩ  (c) ഴᩳゅᗘ-ᦙ㏦๭ྜࡢ㛵ಀ 

ᅗ 3 ᐇ㝿ࡢᦙ㏦࡜ᦙ㏦ࡢࣥࣙࢩ࣮࣑ࣞࣗࢩẚ㍑ 

(w/p = 0.3/1.3㸪10 Hz㸪⢏ᚄ 25 µm ~ 100 µm ) 
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