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ཁࢫ

Ί૷ஔࠐϓϥζϚด͡ܕݍؾ࣓ RT-1ʹ͓͍ͯɼϓϥζϚͷີ౓ݶքͱ

ͦΕʹ෇ਵͨ͠જࡏతͳ෺ཧݱ৅Λ໌Β͔ʹ͢Δ͜ͱΛ໨తͱͯ͠ɼిࢠ

αΠΫϩτϩϯ (EC)೾ͷ఻ൖ͓ΑͼిࢠαΠΫϩτϩϯڞ໐Ճ೤ʹؔ͠

Λ͢͢Ίͨɽڀݚͯ

ຊ࿦จͰ͸ɼୈ 1ষʹং࿦ͱ࣓ͯ͠৔ด͡ࠐΊ֩༥߹૷ஔͱ࣓ݍؾϓϥ

ζϚٴͼͦͷ૷ஔ RT-1ͷಛ௃ʹ͍ͭͯهड़ͨ͠ɽ

ୈ 2ষͰ͸ RT-1ͷུ֓ɼຊڀݚͰ༻͍ͯܭଌٴ܈ثͼϓϥζϚதʹ͓

͚Δ೾ಈͷ෼͓܎ؔࢄΑͼੑ࣭ʹ͍ͭͯͦͷཁ఺Λ·ͱΊͨ.

ୈ 3ষͰ͸ Αͬͯʹࢉܭ೾ಈޫֶݩ2࣍ RT-1ʹ͓͚Δ EC೾ͷ఻ൖ͓

ΑͼϓϥζϚͷిྗٵऩޮ཰Λͨ͠ࢉܭɽ2.45GHzͱ 8.2GHzͷप೾਺ଳ

ͷి࣓೾ʹରͯ͠ɼີ౓ґଘੑΛௐ΂ͨɽ྆प೾਺ͰΧοτΦϑີ౓ʹୡ

͢ΔલʹϓϥζϚͷిྗٵऩޮ཰͕̌ͱͳͬͨɽ࣮ݧతʹ͞࡯؍Εͨີ౓

քΛઆ໌Ͱ͖ͳ͍ͷ͸ݶ Β͑ߟҼͷͻͱͭͰ͋ΔͱݪͰ͋Δ͜ͱ͕ݩ2࣍

ΕΔɽΏ͑ʹ̏࣍ݩ೾ಈޫֶ఻ൖࢉܭ΋࣮͠ࢪɼECڞ໐૚΁ͷి࣓೾ͷ

౸ୡʹվળ͕ݟΒΕͨɽ

ୈ 4ষͰ͸ϓϥζϚͷٵऩిྗͱΤωϧΪʔด͡ࠐΊ࣌ؒΛ࣮ݧతʹௐ

ࠪͨ͠ɽECH ग़ྗมௐख๏Λཱ֬͢ΔͨΊɼมௐप೾਺ɼมௐ෯ґଘੑ

ʹ͍ͭͯௐࠪ͠࠷ద৚݅Λ໌Β͔ʹͨ͠ޙɼϓϥζϚͷٵऩిྗͱΤωϧ

Ϊʔด͡ࠐΊ࣌ؒͷϓϥζϚͷిີࢠ౓ʹର͢ΔґଘੑΛ໌Β͔ʹͨ͠ɽ

݁ՌɼϓϥζϚͷిີࢠ౓ݶք஋෇ۙͰٸ଎ʹిྗٵऩޮ཰͕ݮগ͢Δ͜

ͱɼ͓Αͼ τE ͕ີ౓ʹґଘͯ͠ݮগ͍ͯ͠Δ͜ͱ͕໌Β͔ʹͳͬͨɽ

ୈʹޙ࠷ 5ষʹຊڀݚͷ݁࿦Λ·ͱΊͨɽ
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ୈ 1ষ

ং࿦

1.1 ༺༥߹൓ԠͱͦͷΤωϧΪʔར֩ࢠݪ

༥߹ͯ͠Α͕֩ࢠݪ༥߹൓ԠʢҎԼɼ֩༥߹ʣͱ͸ɼ2ͭͷ͍ܰ֩ࢠݪ

Γॏ͍֩ࢠݪʹͳΔ൓ԠͰ͋Δɽ֩༥߹͕͖ىΔͱɼҰൠʹ൓Ԡલͷࢠݪ

֩ͷ࣭ྔͷ߹ܭΑΓ൓Ԡޙͷੜ੒෺ͷ࣭ྔͷ߹ܭͷํ͕খ͘͞ͳΔɽ͜ͷ

͜ͱΛ࣭ྔܽଛͱ͍ݴɼ૬ରੑཧ࿦ʹΑΕ͹࣭ྔ ∆m͕ܽଛ͢ΔͱΤωϧ

Ϊʔ ∆E = ∆mc2 ͕ग़ྗ͞ΕΔɽ֩༥߹࿍ͷڀݚɾ։ൃ͸ɼ͜ͷΤωϧ

ΪʔΛऔΓग़͠ɼզʑ͕ར༻͠΍͍͢ిྗΛಘΔ͜ͱΛ໨తͱ͍ͯ͠Δɽ

ΤωϧΪʔΛޮ཰Α͘औΓग़ͨ͢Ίʹ͸ɼ൓Ԡຖͷղ์ΤωϧΪʔ͕େ͖

͘ɼ͔ͭɼ൓Ԡ଎౓܎਺͕େ͖͍൓ԠΛબ୒͢Δํ͕༗རͰ͋Δɽࡏݱɼ

ର৅ͷओྲྀͱͳ͍ͬͯΔͷ͸࣍ͷ൓ԠͰ͋Δɽڀݚ

D+D → T(1.01MeV) + p(3.03MeV) (1.1)

D + D →3 He(0.82MeV) + n(2.45MeV) (1.2)

D + T →4 He(3.52MeV) + n(14.06MeV) (1.3)

D +3 He →4 He(3.67MeV) + p(14.67MeV) (1.4)

͜͜ͰɼD ͓Αͼ T ͸ͦΕͧΕॏਫૉ (σϡʔςϦ΢Ϝ) ͓Αͼࡾॏਫ

ૉʢτϦν΢ϜʣΛɼ͓̽Αͼ̿͸ͦΕͧΕதੑࢠͱཅࢠΛද͢ɽ
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ਤ 1.1. Rate cofficient of nuclear fusion reaction [1].

͜ΕΒͷ֩༥߹൓ԠͷதͰۃੵࡏݱతʹ͕ڀݚਐΊΒΕ͍ͯΔͷ͸ɼॏ

ਫૉͱࡾॏਫૉΛ༻͍Δ DT൓ԠͰ͋Δɽ͜Ε͸ਤ 1.1 [1]͔Β໌Β͔ͳΑ

͏ʹɼଞͷ֩༥߹൓Ԡͱൺֱͯ͠ DT൓Ԡ͸௿͍Թ౓Ͱ൓Ԡ཰͕͍ߴͱ͍

͏ಛ௃Λ͔࣋ͭΒͰ͋Δɽ͕ͨͬͯ͠·ͣ͸ DT൓ԠΛ༻͍ͨ֩༥߹࿍Λ

ͷ໨ඪͱͳ͍ͬͯΔɽ͔͠͠ࡏݱΔ͜ͱ͕ͤ͞ݱ࣮ DT൓Ԡͷ໰୊ͱͯ͠

೩ྉͷྔ͕͛ڍΒΕΔɽ೩ྉͱͳΔॏਫૉ͸ւਫ໿ 30 Ϧοτϧʹ͖ͭ̍

άϥϜؚ·Ε͍ͯΔͨΊɼ΄΅ແਚଂͱ͍͑ΔҰํͰɼࡾॏਫૉ͸ࣗવք

ʹ͸΄ͱΜͲଘ͠ࡏͳ͍ɽͦͷͨΊɼࡾॏਫૉ͸ਓ޻తʹੜ͠࢈ͳ͚Ε͹

ͳΒͳ͍͕ɼϦν΢ϜΛ༻͍ͨ࣍ͷ൓Ԡ͕ࡾॏਫૉͷੜ੒ʹར༻Ͱ͖Δɽ

6Li + n → T +4 He (1.5)

7Li + n → T +4 He + n (1.6)

͜ΕΒͷ൓ԠΛར༻ͯ͠ɼDT൓ԠʹඞཁͳॏਫૉͱࡾॏਫૉΛಘΔ͜ͱ

ͰɼDT൓Ԡ͸֩༥߹൓ԠͷΤωϧΪʔར༻ͱͯ͠ݯͱ͢Δ͜ͱ͕Ͱ͖Δɽ
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1.2 ֩༥߹ϓϥζϚͷด͡ࠐΊ

1.2.1 ֩༥߹࿍ͷ੒ཱ৚݅

ਤ 1.2. ֩༥߹ϓϥζϚ࣮ݧ૷ஔͷੑೳ্޲ͱࣗݾ఺Ր৚݅ [2].

֩༥߹൓ԠΛ࣋ଓͤ͞ΔͨΊʹ͸ɼগͳ͘ͱ΋ɼ֩ ༥߹ϓϥζϚʹ͞څڙ

ΕΔΤωϧΪʔ͕ɼ֩༥߹ϓϥζϚ͔Βଛࣦ͍ͯ͘͠ΤωϧΪʔΑΓେ͖

͘ͳ͚Ε͹ͳΒͳ͍.ϓϥζϚΤωϧΪʔͷଛࣦʹ͸ɼ์ࣹଛࣦ Pb ͱɼ೤

఻ಋɾରྲྀ౳ʹΑΔଛࣦ PL ΤωϧΪʔ͸ɼ֎෦څڙΒΕΔ.Ұํɼ͑ߟ͕

͔ΒͷՃ೤ΤωϧΪʔ Pheat ͓Αͼ֩༥߹൓Ԡͷ݁Ռੜ͡ΔΤωϧΪʔ PF

Ͱ͋Δ. ͜͜ͰɼQ = PF/Pheat ΛΤωϧΪʔ૿ഒ཰ͱ͍͏. ಛʹɼQ = 1

ͷ৔߹ΛྟքϓϥζϚ৚݅ɼQ = ∞ͷ৔߹Λࣗݾ఺Ր৚݅ͱݺͿ.ࣗݾ఺

Ր৚݅͸ɼ֎෦͔ΒΤωϧΪʔΛ͠څڙͳͯ͘΋֩༥߹൓Ԡ͕࣋ଓ͢Δ͜

ͱʹରԠ͢Δ. ֩༥߹࿍࣮ݱͷҝʹ͸͜ͷࣗݾ఺Ր৚݅ͷ࣮͕ݱෆՄܽͰ
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͋Γɼޮ཰Α͘ϓϥζϚΛด͡ࠐΊΔҝͷํ๏ͱ࣓ͯ͠৔ʹΑΔϓϥζϚ

ͷด͡ࠐΊ͕ߟҊ͞Εͨɽ͜ͷด͡ࠐΊ࣓৔Λ࡞Δखஈͱͯ͠ҎԼʹड़΂

ΔτΧϚΫܕͱϔϦΧϧܕͱ͍͏̎छྨͷํ๏͕ଘ͢ࡏΔɽ

1.2.2 τΧϚΫܕ

࣓৔ด͡ࠐΊ֩༥߹૷ஔͷதͰࡏݱओྲྀͱͳ͍ͬͯΔͷ͕τΧϚΫ֩ܕ

༥߹૷ஔͰ͋Δɽ͜ͷํࣜͰ͸ϓϥζϚด͡ࠐΊ࣓৔Λ 2 ͭͷํ޲ʹ෼

͚ͯൃੜ͔ͤͯ͞Β߹੒͢Δɽͦͷ̎ͭͷํ޲͸τϩΠμϧํ޲ͱϙϩΠ

ਤ 1.3. τΧϚΫܕ૷ஔ໛ࣜਤ [3].

μϧํ޲Ͱ͋ΔɽτϩΠμϧ࣓৔͸ϓϥζϚͷपลΛऔΓғΉΑ͏ʹ഑ஔ

͞ΕͨτϩΠμϧίΠϧʹΑͬͯൃੜͤ͞ΔɽҰํϙϩΠμϧ࣓৔ͷൃੜ

Ͱ͸ɼηϯλʔιϨϊΠυίΠϧʹΑͬͯ·ͣϓϥζϚதʹϓϥζϚిྲྀ

Λൃੜͤ͞ɼੜͨ͡ϓϥζϚిྲྀʹΑͬͯϙϩΠμϧ࣓৔Λൃੜͤ͞Δɽ

͜ͷ 2 ͭͷ࣓৔Λ૊Έ߹ΘͤΔ͜ͱͰϓϥζϚด͡ࠐΊ࣓৔Λܗ੒͢Δɽ

͜ͷํࣜͷར఺͸૷ஔܗঢ়Λ୯७Խ͠қ͍ͨΊɼଟ͘ͷ૷ஔ͕࡞ΒΕ͓ͯ

Γɼ࣮ݧ΋੝ΜʹߦΘΕ͍ͯΔ఺Ͱ͋Δɽ͔͠͠ҰํͰɼి࣓༠ಋʹΑͬ

ͯϓϥζϚిྲྀΛൃੜͤ͞ଓ͚ͳ͚Ε͹ด͡ࠐΊ࣓৔Λҡ࣋ग़དྷͳ͍ҝɼ
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ਤ 1.4. ITERͷ׬੒༧ఆਤ [4].

௕࣌ؒͷӡసʹ͸ෆ͖޲Ͱ͋Δɽੈࡏݱք࠷େͷτΧϚΫ֩ܕ༥߹࣮ݧ࿍

ITERʢਤ 1.4ʣ͕ϑϥϯεͷΧμϥογϡʹݐઃதͰ͋Γɼ͜ͷ૷ஔ͔

ΒಘΒΕΔ৽ͨͳ஌ݟ͸কདྷͷ঎֩ۀ༥߹࿍ͷ࣮͕ܨʹݱΔͱظ଴͞Εͯ

͍Δɽ

1.2.3 ϔϦΧϧܕ

ҰํɼϔϦΧϧܕ΋τΧϚΫܕͱಉ͡ܗঢ়ͷϓϥζϚด͡ࠐΊ࣓৔Λܗ

੒͢ΔɽτΧϚΫܕͱͷҧ͍ͱͯ͠ɼϓϥζϚपลͷίΠϧʹΑͬͯͦͷ

··ϓϥζϚด͜͡Ί࣓৔Λܗ੒͢Δͱ͍͏఺͕͛ڍΒΕΔɽ͜ͷํࣜΛ

τΧϚΫܕͱൺֱ͢ΔͱɼϓϥζϚిྲྀ͕ଘ͠ࡏͳ͍ͱ͍͏େ͖ͳಛ௃͕
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ਤ 1.5. LHDௗᛌਤ [5].

͋ΔɽϔϦΧϧ֩ܕ༥߹૷ஔ͸͜ͷ༷ͳಛ௃Λ࣋ͭͨΊɼ௕࣌ؒͷϓϥζ

Ϛӡసʹ༗རͰ͋Δɽ͔͠͠ɼ௚઀ด͡ࠐΊ࣓৔Λੜ੒͢Δͱ͍͏఺͔Βɼ

഑ஔ͢ʹࡶ੒ͷҝʹίΠϧΛෳ࡞Ί࣓৔ࠐ੒ʹ͸ด͡࡞ͷ֩༥߹࿍ͷࡍ࣮

Δඞཁ͕ੜ͡Δɽ͜ͷํࣜͷ֩༥߹࣮ݧ૷ஔͱͯ͠ذෞݝͷ౔ࢢذʹ͋Δ

Large Helical Device(ҎԼ LHD)͕ଘ͠ࡏɼ͕ڀݚਐΊΒΕ͍ͯΔ [5]ɽ

1.3 Ί૷ஔࠐϓϥζϚด͡ܕݍؾ࣓ RT-1

ઌʹࣔͨ͠ DT֩༥߹൓ԠͷଞʹɼॏਫૉͱϔϦ΢ϜΛ༻͍ͨதੑࢠΛ

ൃੜͤ͞ͳ͍ઌਐ֩༥߹൓Ԡ (1.4)ͷ͕ڀݚ஫໨͞Ε͍ͯΔɽ͜ͷ൓ԠͰ

͸தੑൃ͕ࢠੜ͠ͳ͍ͨΊɼΑΓ҆શͳ֩༥߹Λ࣮ͤ͞ݱΔ͜ͱ͕Ͱ͖Δɽ

͔͠͠ɼ͜ͷ൓Ԡʹ͸ΑΓߴԹͷϓϥζϚΛޮ཰Α͘ด͡ࠐΊͳ͚Ε͹ͳ

Βͳ͍ɽߴԹͷϓϥζϚΛߴѹྗͷঢ়ଶͰ҆ఆͯ͠ด͡ࠐΊΔͨΊʹ͸ɼ

࣓৔Λ͘͠ڧͳ͚Ε͹ͳΒͣɼ࣓͍ڧ৔Λ࡞ΔͨΊͷֶ޻తͳ՝୊΍ίε
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τɼϓϥζϚͷΤωϧΪʔଛࣦ͕໰୊ͱͳΔɽ͕ͨͬͯ͠ɼ͍ߴϓϥζϚ

ѹྗΛ௿͍࣓৔ѹྗͰ҆ఆͯ͠ด͡ࠐΊΔඞཁ͕͋Δ. ϓϥζϚѹྗͱ࣓

৔ѹྗͷൺΛ Ќ ஋ ͱݺͼɼЌ ஋͸ϓϥζϚͷด͡ࠐΊޮ཰Λࣔ͢ॏཁͳ

ύϥϝʔλͰ͋ΓɼҎԼͷࣜͰࣔ͞ΕΔ.

β =
p

B2/2µ0
(1.7)

͜͜Ͱɼp ͸ϓϥζϚѹྗɼβ ͸࣓৔ѹྗɼµ0 ͸ਅۭͷಁ࣓཰Ͱ͋Δ. ͜

ͷ β ஋͕͍ߴͱɼগͳ͍࣓৔ͰߴԹͷϓϥζϚΛด͡ࠐΊ͍ͯΔ͜ͱʹͳ

Γɼޮ཰Α͘ϓϥζϚΛด͡ࠐΊ͍ͯΔ͜ͱʹͳΔɽ͍ߴ β ஋ͷྫͱ͠

ͯɼμΠϙʔϧܕͷ࣓৔഑ҐΛࣔ͢໦੕΍౔੕͕͛ڍΒΕΔɽ͜ΕΒͷ࿭

੕Ͱ͸ɼ୳ࠪػ Voyager ʹΑͬͯہ͍ߴॴ β ஋͕؍ଌ͞Ε͍ͯΔ [6, 7]ɽ

ʹ৔഑Ґ࣓ܕݍؾ࣓ ͓͚Δѹॖੑͷ҆ఆԽޮՌ͕͜ͷߴ β ϓϥζϚด͡

ΒΕ͍ͯΔ͑ߟΔͱͤ͞ݱΊΛ࣮ࠐ [9, 10]ɽ·ͨɼ࿭੕࣓ݍؾʹด͡ࠐΊ

ΒΕ͍ͯΔϓϥζϚ͕τϩΠμϧํߴʹ޲଎ճసΛ͍ͯ͠Δ͜ͱ΋؍ଌ͞

Ε͍ͯΔɽ

ࣗવքͰ͸࿭੕࣓ݍؾͷΑ͏ʹɼ࣓৔͸௿͍͕ϕʔλͷ͍ߴϓϥζϚ͕

ଘ͍ͯ͠ࡏΔɽͦͷΑ͏ͳ࿭੕࣓ݍؾʹ฿͍ɼ࣓ܕݍؾͷμΠϙʔϧ࣓৔

தʹϓϥζϚΛด͡ࠐΊΔํࣜͷ֩༥߹૷ஔ͕ఏҊ͞Εͨ [9, ݍؾ࣓.[10

Ί૷ஔࠐϓϥζϚด͡ܕ Ring Trap-1 (RT-1) ͸ɼ͜ͷ֓೦Λݩʹઃ͞ܭ

Εͨɽ͜ͷ૷ஔ࣮ݧʹ͓͍ͯɼ࿭੕࣓ݟʹݍؾΒΕΔ಺ࢄ֦͖޲ͱத৺ʹ

ϐʔΫͨ͠ີ౓෼෍ܗ੒͕࣮ࣨݧϓϥζϚʹ͓͍ͯ΋͞ݱ࠶Εͨ͜ͱ͕ใ

Εͨɽ͞ࠂ

Ί૷ஔࠐϓϥζϚด͡ܕݍؾ࣓ RT-1 Ͱ͸ɼओʹిࢠαΠΫϩτϩϯ

(EC)೾ʹΑΔిࢠαΠΫϩτϩϯڞ໐Ճ೤ (ECH) ʹΑͬͯϓϥζϚΛੜ

੒͓ͯ͠Γɼೖࣹύϫʔͷ૿ڧ΍࠷దԽʹΑΓిࢠ β ஋͕ہॴతʹ 1 Λ

௒͑ΔΑ͏ͳߴ β ϓϥζϚͷด͡ࠐΊΛ࣮͍ͯ͠ݱΔ [11].

1.4 ϓϥζϚதΛ఻ൖ͢Δ೾ಈͱిࢠαΠΫϩτϩϯՃ೤

ϓϥζϚͰ͸ɼԕڑ཭૬࡞ޓ༻Ͱ͋Δి৔ɼ࣓৔͕͋Δ͜ͱɼ఍߅ɼ೪ੑ

ͳͲͷࢄҳ͕খ͍͜͞ͱ͔Β Coherent ͳઁಈͰ͋Δ೾ಈ͕ଘ͠ࡏ΍͍͢ɽ
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ਤ 1.6. ౔੕ͷ࣓ݍؾʹ͓͚ΔϓϥζϚ [8].

ҰํɼϓϥζϚ͸ԼهͷཁҼͰ༷ʑͳ೾ಈ͕͋Δɻ

• ΠΦϯిࢠͷগͳ͘ͱ΋ 2छྨͷߏ੒ཻ͕͋ࢠΔɽ

• ີ౓ʹର͢Δґଘੑ (ϓϥζϚৼಈ਺ Π)ɼ࣓৔ʹର͢Δґଘੑ (αΠ

Ϋϩτϩϯप೾਺ Ω)ɼ೤ӡಈʹର͢Δґଘੑ kBT ͕͋Δɽ

• ࣓৔ͷ͖޲ɼ೾ಈͷ఻ൖํ޲ɼి ৔ͷ͖޲ɼมҐͷ͖޲ͷ͕ؔ͋܎Δɽ

͜ΕΒͷ༷ʑͳଆ໘ʹରԠͯ͠ϓϥζϚதͷ೾ಈ͸༷ʑʹ෼ྨ͞ΕΔɽ
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ਤ 1.7. RT-1ʹ͓͚Δߴ β ϓϥζϚ࣮݁ݧՌ [11].

• ੩ి೾ɼి࣓೾
੩ి೾͸೾ͷਐ޲ํߦͱಉํ޲ʹΠΦϯ΍ిࢠͷີ౓͕ૄʹͳͬͨ

ΓີʹͳͬͨΓʢബ͘ͳͬͨΓೱ͘ͳͬͨΓʣͱ͍͏ৼಈ͠ͳ͕Β఻

ΘΔ೾Ͱɼॎ೾Ͱ͋Δ͕ɼి࣓೾ʢి೾ʣ͸ਅۭதͰ͸ి৔ͱ࣓৔͕

ਐ޲ํߦͱਨ௚ํ޲ʹৼಈ͠ͳ͕Β఻ൖ͢Δԣ೾Ͱ͋Δɽ

• ྫྷ͍ͨϓϥζϚۙࣅɼ೤͍ϓϥζϚۙࣅͷ೾ಈ
ϓϥζϚͷྗֶతੑ࣭Λอ࣋͢ΔΑ͏ʹɼҰ༷࣓৔தʹۭؒతʹۉҰ

ʹଘ͢ࡏΔԹ౓̌ͷϓϥζϚͱͯ͠Ծఆ͢Δ৔߹͸ྫྷ͍ͨϓϥζϚ

ͱ೾ಈͷࢠɼཻ͑ߟͳ৔߹ΛݶɼϓϥζϚͷԹ౓͕̌Ͱ͸ͳ͘༗ࣅۙ

૬࡞ޓ༻Λ͑ߟΔ৔߹͸೤͍ϓϥζϚۙࣅͱݺͿɽ
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• R ೾ɼL ೾

ϓϥζϚதͷ೾ಈ͕ӈճΓԁภޫͷͱ͖ R೾ɼࠨճΓԁภޫͷͱ͖

L೾ͱݺͿɽ

• ਖ਼ৗ೾ (Ordinary WaveɼO೾)ɼҟৗ೾ (Extraordinary WaveɼX೾)

ϓϥζϚதͷ೾ಈͷภޫ໘͕࣓৔ʹฏߦͳ࣌ʹ O೾ɼਨ௚ͳ࣌ʹ X

೾ͱݺͿɽ

• ଎೾ (Fast Wave)ɼ஗೾ (Slow Wave)

఻ൖ͢Δ೾ͷҐ૬଎౓ v = ω/k(ω͸֯प೾਺ɼk͸೾਺)͕଎͍೾Λ

଎೾ɼ஗͍೾Λ஗೾ͱݺͿɽ

ϓϥζϚͷՃ೤ख๏͸ओʹΦʔϛοΫՃ೤ɼதੑཻࢠೖࣹՃ೤ (Neutron

Beam Injection: NBI)ߴɼ प೾Ճ೤ͷ̏ͭͰ͋Γɼಛʹ RT-1Ͱ͸ߴप೾Ճ

೤ͷ ECH͕༻͍ΒΕΔɽ͜Ε͸࣓քதͰɼిࢠ͸࣓ྗઢʹ͖ר෇͘Α͏

ʹճస͠ͳ͕ΒҠಈ͢ΔͨΊɼ͜ͷճసӡಈͷपظʹରԠͨ͠प೾਺ͷߴ

प೾ΛϓϥζϚʹೖࣹ͢ΔͱɼϓϥζϚதͷి͕ࢠબ୒తʹՃ೤͞Εɼͦ

ͷӡಈΤωϧΪʔ͕ߴΊΒΕΔ͜ͱΛར༻͍ͯ͠ΔɽిࢠΛબ୒తʹՃ೤

͢ΔͨΊɼޮ཰ͷྑ͍Ճ೤๏ͱͯ͠ଟ͘ͷϓϥζϚ૷ஔͰ༻͍ΒΕ͍ͯΔɽ

1.5 ຊڀݚͷ໨త

ຊڀݚͷ໨త͸ɼ࣓ܕݍؾϓϥζϚด͡ࠐΊ૷ஔ RT-1ʹ͓͚Δిࢠα

ΠΫϩτϩϯ೾ͷ఻ൖ͓ΑͼϓϥζϚʹର͢Δిྗٵऩޮ཰ΛධՁ͢Δ͜

ͱͰɼࣗݾ૊৫ԽϓϥζϚͷిີࢠ౓ݶքΛղ໌͢Δ͜ͱͰ͋Δɽ

RT-1 ʹ͓͍ͯ͸ɼిࢠαΠΫϩτϩϯՃ೤ͱͯ͠ 8.2GHz ͓Αͼ

2.45GHz ͷप೾਺ͷి࣓೾͕༻͍ΒΕ͍ͯΔ͕ɼͦΕͧΕͷप೾਺ଳ

ͷి࣓೾ʹΑΔՃ೤ʹ͓͍ͯൃੜ͢Δిີࢠ౓ʹ͸ݶք͕ଘ͢ࡏΔɽಛʹ

͜ͷີ౓ݶք͸ి࣓೾ͷप೾਺ʹର͢ΔϓϥζϚͷΧοτΦϑີ౓ΑΓ΋

େ͖͍ɽ͜ͷΑ͏ͳີ౓ݶք͕಺ࢄ֦͖޲ΛؚΉμΠϙʔϧ࣓৔ด͡ࠐΊ

ʹ෇ਵ͢Δݱ৅Ͱ͋Δ͔ͦΕͱ΋ີߴ౓Ճ೤ʹΑΔՃ೤͕੒ޭ͍ͯ͠Δ͔

ʹ͍ͭͯ͸ɼి࣓೾ͷ೾௕ʹରͯ͠ີ౓ޯ഑͕ٸफ़ʹଘ͍ͯ͠ࡏΔ͜ͱ΋

͋Γɼਖ਼֬ͳղੳ͕ߦΘΕ͍ͯͳ͍ɽΑͬͯຊڀݚͰ͸ɼ೾ಈޫֶࢉܭʹ
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ΑΔ RT-1Ͱͷి࣓೾ͷ఻ൖࢉܭΛ͍ߦɼϓϥζϚͷిྗٵऩʹ͍ͭͯ਺

஋ղੳΛ͏ߦɽ͞Βʹೖࣹ͍ͯ͠Δి࣓೾ͷग़ྗͷมԽʹରͯ͠ϓϥζϚ

ͷ൓࣓ੑ৴߸ͷԠ౴Λ࣮ݧతʹղੳ͢Δ͜ͱͰ࣮ݧʹ͓͚Δ RT-1Ͱͷϓ

ϥζϚͷిྗٵऩޮ཰Λղੳ͠ɼ਺஋݁ࢉܭՌͱൺֱ͢Δ͜ͱͰɼిີࢠ

౓ݶքͷཁҼΛղੳ͢Δɽ·ͨɼΤωϧΪʔด͡ࠐΊ࣌ؒͷධՁ͓Αͼϓ

ϥζϚͷՃ೤෼෍ͷղੳ͸ɼϓϥζϚͷ༌ૹݱ৅Λࢧ഑͍ͯ͠Δ෺ཧߏػ

ͷղ໌ʹͭͳ͛Δ͜ͱ͕Ͱ͖Δɽ

1.6 ࿦จߏ੒

ຊ࿦จͷୈ 2ষͰ͸࣮ݧ૷ஔ͓Αͼଌఆ૷ஔʹ͍ͭͯৄ͘͠ड़΂Δͱͱ

΋ʹɼ࣓ԽϓϥζϚதͷ೾ಈͷఆࣜԽʹ͍ͭͯৄ͘͠ड़΂Δ.ୈ 3ষͰ͸ɼ

RT-1 ʹ͓͚ΔిࢠαΠΫϩτϩϯՃ೤ʹΑΔՃ೤ޮՌΛධՁ͢ΔͨΊɼ

COMSOLΛ༻͍ͨ೾ಈޫֶࢉܭʹΑΔ EC೾ಈ఻ൖ͓ΑͼϓϥζϚͷి

ऩಛੑͷղੳʹ͍ͭͯड़΂Δ.ୈٵྗ 4ষͰ͸ ECHग़ྗมௐͷࡍͷϓϥζ

Ϛͷ൓࣓ੑ৴߸ଌఆͷ݁Ռ͔ΒϓϥζϚͷ஝ੵΤωϧΪʔͷ࣌ؒมԽΛٻ

ΊɼϓϥζϚͷిྗٵऩޮ཰͓ΑͼΤωϧΪʔด͡ࠐΊ࣌ؒͷಛੑΛධՁ

͍ͯ͠Δ.ୈ 5ষͰ͸ຊڀݚͷ݁࿦͓Αͼ՝୊Λड़΂Δ.
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ୈ 2ষ

ʹଌ૷ஔ͓ΑͼϓϥζϚதܭɾݧ࣮
͓͚Δ೾ಈ

2.1 Ί૷ஔࠐϓϥζϚด͡ܕݍؾ࣓ RT-1

RT-1(Ring-Trap1) ͸໦੕ͳͲʹݟΒΕΔμΠϙʔϧ࣓৔தʹϓϥζ

ϚΛด͡ࠐΊΔ࣮ݧ૷ஔͰ͋ΔɽRT-1 Ͱ͸ɼԁܗ؀ঢ় (ిྲྀத৺൒ܘ

a = 0.25m) ͷߴԹ௒఻ಋࡐͰ࡞ΒΕͨίΠϧΛ He ྫྷౚػΛ༻͍ͯ 30K

ҎԼ·Ͱྫྷ٫͠ɼ௒ిಋঢ়ଶͷίΠϧʹిྲྀΛྲྀͯ͠ྭ࣓ͨ͠ܥ٫ྫྷʹޙ

Λ੾Γ཭࣮ͯ͠ݧΛ͍ͯͬߦΔ. ͜ͷ௒ిಋίΠϧΛྫྷ͔ܥ٫Β੾Γ཭͠

ͯঢ߱ػʹΑͬͯਅۭ༰ثͷத৺Ґஔ·ͰҠಈͤͨ͞ޙɼਅۭ༰্ث෦ʹ

Ґஔ͢Δ௻Γ্͛ίΠϧʹΑ্࣓ͬͯͤ͞ුؾΔɽҎ߱ɼ͜ͷ௒ిಋίΠ

ϧΛු্ίΠϧͱݺͿɽ

ු্ίΠϧ͸ Bi-2223 ΛࡐԹ௒ిಋߴ 2160 ɼεςϯϨεͯ͠ʹ͖ר

έʔεͷதʹೖΕͯ͋ΔɽεςϯϨεέʔεͷ֎൒ܘ͸ 0.375mɼ಺൒ܘ

͸ 0.18m Ͱ͋ΔɽεςϯϨε߯੡ͷίΠϧέʔε಺෦ʹ͸ɼྭ࣓༻ͷిڅ

෦΍௒఻ಋମΛྭ࣓͢ΔͨΊͷӬྲྀిٱεΠον (PCS)ɼԹ౓ηϯαʔɼ

ྫྷ٫ϔϦ΢Ϝྲྀ࿏౳͕഑ஔ͞Ε͍ͯΔ.

ϓϥζϚ࣮ݧʹઌཱͪɼු্ίΠϧ͸૷ஔԼ෦ͷϝϯςφϯεϙʔτʹ

͓͍ͯ 20KҎԼ·Ͱྫྷ٫͞Εͨޙɼ֎෦ిݯΛ࢖༻ͨ͠௚઀ిڅʹΑΓྭ

࣓͞ΕɼӬྲྀిٱϞʔυͱͳΔɽྭ࣓Λऴ͑ͨු্ίΠϧ͸ޕલதʹྫྷ࠶

٫͞Εɼޙޕͷ࣮ݧͰ͸ྫྷܥ٫ (2ຊͷτϥϯεϑΝʔνϡʔϒ)͓Αͼί
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Πϧܭଌɾ੍ܥޚ (3ຊͷܭଌϐϯ)͔Β෼཭͞Εɼঢ߱ػΛ༻͍ͯ૷ஔ੺

ಓ໘ (ਤ 2.2ͷίΠϧͷҐஔ)·Ͱ্ঢͤ͞Δ.͜ΕΒͷҰ࿈ͷૢ࡞͸ਅۭ

༰ثͷ಺෦Ͱ࣮͞ࢪΕΔ. ਅۭ༰ثͷ্෦ʹ͸େؾଆʹৗ఻ಋମͷ௻Γ্

͛ίΠϧ ܘ൒ܘ) a2 = 0.4m)͕ z = 0.6mͷ৔ॴʹઃஔ͞Ε͓ͯΓ, ͜ͷ

௼Γ্͛ίΠϧʹු্ίΠϧͱಉ͡ํ޲ʹిྲྀΛྲྀ͢͜ͱͰ͜ΕΒͷίΠ

ϧ͕Ҿ͖Αͤ߹͏࣓ྗ͕ൃੜ͠ɼॏྗͱ௼Γ߹ΘͤΔ͜ͱͰ্࣓͕ුؾՄ

ೳͱͳΔɽ্࣓͠ුؾͳ͍৔߹ɼු্ίΠϧΛঢ߱ػͰݧ࣮ͯ͑ࢧΛͬߦ

͍ͯΔ.

΍ҐஔΛ͞ߴத͸ίΠϧͷ্ුؾ࣓ 3 ͭͷϨʔβʔηϯαʔͰݕग़͠ɼ

ίΠϧͷ্Լৼಈʹରͯ͠௻Γ্͛ίΠϧͷిྲྀΛϑΟʔυόοΫ੍͠ޚɼ

ු্ίΠϧͷҐஔΛ҆ఆ͍ͤͯ͞Δɽ஍࣓ؾʹΑΔෆਖ਼࣓৔Λิਖ਼͢Δͨ

ΊʹɼRT-1ͷ֎प෦ʹ͸ิਖ਼ίΠϧ͕ઃ͚ΒΕ͍ͯΔ (ਤ র)ɽු্ࢀ2.1

ίΠϧͱ௻Γ্͛ίΠϧʹྲྀΕΔిྲྀʹΑͬͯਤ 2.2ͷΑ͏ʹ࣓ؾ໘্͕

ํʹҾ͖৳͹͞Εͯ Null఺Λ࣋ͭΑ͏ͳ Separatrix഑Ґ͕ܗ੒͞ΕΔ.

ਤ 2.1. Ί૷ஔࠐϓϥζϚด͡ܕݍؾ࣓ RT-1 ͷ֎؍ͱ஍࣓ิؾਖ਼ίΠϧ.

ਅۭ༰ثपลͷΞϧϛϑϨʔϜ͕ิਖ਼ίΠϧͰ͋Γɼ͜ΕʹΑΓ஍࣓ؾΛ

ଧͪফ͠ɼίΠϧΛਫฏʹ্࣓͍ͯͤ͞ුؾΔɽ
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Levitation
magnet

50G100G

2930G 875G

From 
8.2GHz klystron

From 
2.45GHz 
Magnetron

ਤ 2.2. RT-1ͷਅۭ༰ثத৺ΛؚΉਨ௚அ໘ਤ.

ϓϥζϚ࣮ݧલʹ͸ 2.45GHzͷϚάωτϩϯ͔ΒΛ 1kw,1Hzͷप೾਺

Ͱి࣓೾Λೖࣹ͢Δ͜ͱʹΑΓϔϦ΢ϜϓϥζϚʹΑΔ์ిચড়Λ࣮ࢪ

͠ɼQϚε (࢛ॏྔ࣭ܕۃ෼ੳܭ) ʹΑͬͯෆ७෺Ϩϕϧ͕௿͍ঢ়ଶΛ֬ೝ

.Λ։͍࢝ͯ͠ΔݧɼϓϥζϚ࣮ޙ

RT-1Ͱ͸ɼෳ߹෼ࢠϙϯϓ (TG2400)2୆Λ༻͍ͯɼਅۭ༰ث಺ͷѹྗ

͸ 10−6Paલ൒ఔ౓·ͰͷਅۭΛҡ࣋͢Δ͜ͱ͕ग़དྷΔɽࡏݱ͸ߦΘΕͯ

͍ͳ͍͕ɼߴਅۭঢ়ଶͰిࢠॐ͔ΒిࢠΛด͡ࠐΊ࣓৔தʹಋೖ͢Δ७ి

΋ՄೳͰ͋ΔɽRT-1ݧΊ࣮ࠐϓϥζϚͷ௕࣌ؒด͡ࢠ ͰͷϓϥζϚੜ੒

͸ɼECHͷͨΊͷ 8.2GHzͷΫϥΠετϩϯ େग़ྗ࠷) 100kWɼ์ి࣌ؒ

1s)ɼ2.45GHzͷϚάωτϩϯ େग़ྗ࠷) 20kWɼ์ి࣌ؒ 2s)ʹΑͬͯߦ

ΘΕ͍ͯΔɽ8.2GHzͷΫϥΠετϩϯ͸ 2017೥ 6݄ 30೔ʹނোͨͨ͠
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Ίɼࡏݱ͸ 2.45GHzͷϚάωτϩϯʹΑͬͯϓϥζϚΛੜ੒ɼҡ͍࣋ͯ͠

Δ.ϓϥζϚ࣮ݧதͷਅۭ༰ث಺ͷ༷ࢠΛਤ 2.3ʹࣔ͢.

ਤ 2.3. ϓϥζϚੜ੒࣌ ͱਅۭ࣌(ଆࠨ) (ӈଆ)ͷ RT-1ͷਅۭ༰ث಺෦.த

ԝʹු্ίΠϧ͕͋ΓɼͦͷपลΛ࣓ྗઢʹԊͬͨ໌Δ͍ϓϥζϚ͕؍ଌ

͞Ε͍ͯΔ.

2.2 RT-1ʹ͓͚Δ൓࣓ੑ৴߸ଌఆ

ϓϥζϚ͕ฏߧঢ়ଶͰ͋Δ৔߹ɼMHDํఔࣜ (2.1)ΛݩʹϓϥζϚͷฏ

.Δ͜ͱ͕Ͱ͖Δ͢ࢉܭͱ࣓ଋີ౓ͷมԽΛߧ ͜Ε͸ѹྗޯ഑ͷྗͱϩʔ

ϨϯπྗͱͷؒͰ͕ߧۉอͨΕ͍ͯΔ͜ͱΛҙຯ͢Δ.

∇p = j ×B (2.1)

൓࣓ੑిྲྀ͕ੜΈग़࣓͢ଋͷมԽ (൓࣓ੑ৴߸) ΛϑϥοΫεϧʔϓʹΑ

Γܭଌ͢Δ͜ͱͰɼMHD ํఔ͔ࣜΒಋ͔ΕΔ Grad-Shafranov ํఔࣜΛ

ղ͖ɼ൓࣓ੑ৴߸ͱϓϥζϚѹྗ (Ќ)ͷؔ܎ΛࢉܭͰ͖ΔɽઌڀݚߦͰ͸

τϩΠμϧରশੑͷ΋ͱͰ࣓࣓ܕݍؾ৔഑Ґʹ͓͚ΔϓϥζϚѹྗฏܭߧ
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ίʔυࢉ RTEQʹΑΓɼRT-1ʹ͓͚Δଟ༷ͳঢ়ଶͰͷϓϥζϚͷฏܭߧ

Δ͍ͯ͠ূݕʹతݧɼͦͷଥ౰ੑΛ࣮͍ߦΛࢉ [20]ɽ

ϓϥζϚͷ൓࣓ੑ৴߸͸ɼϑϥοΫεϧʔϓʹΑΓܭଌ͢ΔɽRT-1 ͷ

ਅۭ༰ثͷଆ໘ʹɼτϩΠμϧํ޲ʹपճ͢ΔϑϥοΫεϧʔϓ͕ઃஔ͞

Ε͍ͯΔɽܭଌ͞Ε࣓ͨଋͷมԽ͸ઈԑΞϯϓͰ৴߸Λௐઅ͠ɼWE7000

σʔλऩूγεςϜʹอଘ͞ΕΔɽอଘ͞Ε࣓ͨଋͷมԽΛ਺஋ੵ෼͢Δ

͜ͱͰ൓࣓ੑ৴߸ͷ࣌ؒมԽΛಘΔɽ

ਤ 2.4ʹ RT-1ʹ͓͚ΔϑϥοΫεϧʔϓΛࣔ͢ɽϑϥοΫεϧʔϓ͸

ਤ 2.4. RT-1ʹ͓͚ΔϑϥοΫεϧʔϓɽ

4ຊ͋ΓɼͦΕͧΕͷ൒ܘҐஔ͸ r = 1.01mɼਨ௚Ґஔ͸ z = ±0.20mͱ

z = ±0.36mͰ͋Δɽ

൓࣓ੑ৴߸ͱϓϥζϚѹྗ pͱͷؔ܎Λ஌ΔͨΊʹɼ༧ΊϓϥζϚͷѹ

ྗ෼෍ΛԾఆ͠ɼͦͷѹྗ෼෍ΛݩʹฏࢉܭߧΛ͍ߦɼϑϥοΫεϧʔϓ

ͷҐஔͰͷ࣓ଋมԽͱϓϥζϚѹྗͷؔ܎ΛٻΊ͍ͯΔɽઌڀݚߦ [20]Ͱ

͸Ծఆͨ͠ѹྗ෼෍ͷଥ౰ੑʹ͍ͭͯɼ൒޲ํܘʹฒ΂ͨϗʔϧૉྻࢠʹ

ΑΓ࣓৔มԽΛܭଌ͍ͯ͠Δ. ·ͨɼϓϥζϚѹྗ͕࣓ؾѹྗʹۙ͘ͳΔ

ͱ࣓ؾ໘ͷม͕ܗੜ͡Δ͜ͱ͔Βɼਅۭ࣓ؾ໘Λ͜͏࢖ͱ͕Ͱ͖ͳ͘ͳΔɽ

ͦͷ৔߹ɼϓϥζϚͷฏ͔ࢉܭߧΒಘΒΕͨมؾ࣓ͨ͠ܗ໘ܗঢ়Λ͏࢖ඞ

ཁ͕͋Δ. ௿͍ϓϥζϚѹྗ͔Βѹྗ͕͘ߴͳ͍ͬͯͬͨ৔߹ͷฏࢉܭߧ

ʹΑΔ࣓৔഑ҐྫࢉܭΛਤ 2.5ʹࣔ͢.

൓࣓ੑ৴߸ͷ্ঢʹै࣓ͬͯؾ໘͕֎ଆʹม͠ܗɼਅۭͷ࣓৔഑Ґ͔Β
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ਤ 2.5. ൓࣓ੑ৴߸૿ՃͱϓϥζϚͷମੵ๲ுͷྫࢉܭ [20]ɽ͍ࠇઢ͸

SeapratrixΛ͍ࣔͯ͠Δɽ

֎Ε͍ͯΔ༷͕ࢠ෼͔Δ. ϓϥζϚͷฏ͔ࢉܭߧΒ൓࣓ੑ৴߸ͱϓϥζϚ

ͷ஝ੵΤωϧΪʔͱͷؔ܎Λ݁ͼ͚ͭΔ͜ͱ͕Ͱ͖Δɽ

2.3 RT-1ʹ͓͚ΔׯবܭΛ༻͍ͨిີࢠ౓ܭଌ

RT-1Ͱ͸ϛϦ೾ׯবܭ 3୆Ͱిີࢠ౓Λܭଌ͍ͯ͠Δɽ͜ͷׯবܭ͸ɼ

Mach-Zehnderׯܕবܭͱͯ͠஌ΒΕΔׯবܭͰ͋Δɽͦͷ࢓૊Έͱͯ͠ɼ

ϓϥζϚதΛ௨աͨ͠ϛϦ೾ͱਅۭத (=έʔϒϧத)Λ௨աͨ͠ϛϦ೾͸

ϓϥζϚͷిີࢠ౓ʹԠͨ͡Ґ૬ࠩΛ࣋ͭͨΊɼͦͷׯব৴߸͔Βϓϥζ

Ϛதͷిີࢠ౓Λੵݟ΋Δ͜ͱ͕ग़དྷΔɽಘΒΕͨిີࢠ౓͸ޫ࿏্ͷి

౓ͷઢੵ෼஋ʹͳΔີࢠ [14]ɽRT-1Ͱ͸ɼͦΕͧΕܭଌࢹઢͷҧ͏ 3୆ͷ

Λಋೖ͠ɼີ౓෼෍Λಘ͍ͯΔɽܭবׯ

ਤ ͷϒϩοΫਤΛࣔ͢ɽܭবׯʹ2.6

ʹͳ͍Α͏͜͞ىবΛׯʹ͍ޓΔͨΊɼ͢༺࢖ʹ͸ෳ਺୆Λಉ࣌ܭবׯ

ͦΕͧΕͷׯবܭͷҐ૬ಉൃظৼث (Phase Locked Oscillator : PLO)ͷ

ग़ྗप೾਺͸গͣͭ͠มԽͤͯ͋͞ΔɽPLO͔Βग़ྗ͞Εͨ 18.752GHz

ͷ৴߸͸ 2WAY divider ʹΑΓ 2 ͭͷҟͳΔܦ࿏ʹ෼͞ذΕΔɽϓϥζ
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Phase different

IF signal

ਤ 2.6. ͷϒϩοΫઢਤܭবׯ [22]ɽ

Ϛதʹૹ৴͞ΕΔ৴߸͸ɼ75MHz ͷ৴߸ΛϛΩαʹΑͬͯ߹੒ͨ͠ޙɼ

Multiplier ʹΑΓप೾਺Λ 4 ഒͷ 75.308GHz ʹม͠׵ɼૹ৴ଆͷϗʔϯ

Ξϯςφ͔ΒϓϥζϚதʹೖࣹ͢Δɽड৴ଆͷϗʔϯΞϯςφͰड৴͞

Εͨ৴߸͸ɼ෼͞ذΕͨ΋͏Ұํͷ৴߸ͱ߹੒͠ɼͦͷࠩप೾਺Ͱ͋Δ

300MHzͷதؒप೾਺ (IF)৴߸ͱͳΔ.͜ͷ IF৴߸Λɼہ෦ൃৼث (Local

Oscillator Unit : LOU) ͔Βग़ྗ͞ΕΔ 300MHz ͷج४৴߸ͱ߹੒͢Δ

͜ͱͰɼϓϥζϚதΛ௨աͨ͠ϛϦ೾ͱͷؒʹൃੜ͢ΔҐ૬ࠩ ∆φΛݕग़

͢Δ.

࣍ʹɼ͜ͷҐ૬ࠩͱϓϥζϚີ౓ͷؔ܎Λಋ͘.Maxwell ํఔࣜͱՙిཻ

Λಋ͘͜ͱ͕Ͱࣜ܎ؔࢄͷӡಈํఔ͔ࣜΒɼྫྷ͍ͨϓϥζϚͷ೾ಈͷ෼ࢠ
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͖Δ [13].ϓϥζϚͷ۶ં཰ N ͸ɼిີࢠ౓ ne Λ༻͍ͯ

N =

(
1− ωe

ωc

)1/2

(2.2)

=

(
1− ne

nc

)1/2

(2.3)

ͱදͤΔɽ͜͜Ͱɼnc͸֯प೾਺ ωͷి࣓೾ʹର͢ΔϓϥζϚͷΧοτ

Φϑີ౓

nc ≡
ω2meε

e2
(2.4)

Ͱ͋Δɽ͜ͷ࣌Ґ૬ࠩ ∆φ͸ɼ

∆φ =

∫
(kp − k0) dl (2.5)

=

∫
(N − 1)

ω

c
dl (2.6)

≈ − ω

2cnc

∫
nedl (2.7)

ͱදͤΔͨΊɼ؍ଌ͞Εͨ ∆φ͔Βిີࢠ౓ͷઢੵ෼஋ΛٻΊΔ͜ͱ͕ग़

དྷΔɽ

Ґ૬͸ 2π ͷෆ֬ఆੑΛ࣋ͭͨΊɼҐ૬มԽ͕ 2π Λ௒͑ΔͱϑϦϯδ

δϟϯϓ͕ੜ͡Δ. ϑϦϯδδϟϯϓ͕ੜ͡ΔͱҐ૬มԽΛͦͷ··ີ౓

஋ʹࢉग़͢Δ͜ͱ͕Ͱ͖ͳ͍ͨΊɼ৴߸೾͔ܗΒϑϦϯδδϟϯϓ͕ى

͍ͬͯ͜ΔՕॴΛಛఆ͠ɼमਖ਼͢Δඞཁ͕͋Δɽ2π(1ϑϦϯδ)ͷҐ૬ࠩ

Λੜ͡Δઢੵ෼ిີࢠ౓͸ɼࣜ (2.5) ͷࠨล = 2π ͱ͢Δͱɼ
∫

nedl = 7.46× 106fm−2 (2.8)

ͱͳΔɽRT-1ͷׯবܭͷ৔߹ɼf = 75GHzΛ୅ೖͯ͠
∫

nedl = 5.6× 1017m−2 (2.9)

͕̍ϑϦϯδͰ͋Δɽ
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ਤ 2.7(a),(b) ʹ޲ઢΛࣔ͢ɽਫฏํࢹଌܭͷܭবׯʹ IF1(r=450mm)

ͱɼਨ௚ํ޲ʹ IF2(r=620mm)ɼIF3(r=700mm) ͷܭ 3 ଌΛܭઢͰͷࢹ

ઢʹରͯ͠ίΠϧͷத৺͔Β߱Ζͨ͠ਨઢͷ௕͞Ͱࢹଌܭɽr͸֤ͨͬߦ

͋Δɽׯবܭ͕ܭଌ͢Δ஋͸ઢੵ෼ిີࢠ౓ͳͷͰɼઢฏີࢠిۉ౓Λٻ

L#1

L#2

Levitation
magnet

Center
stack

Pumps

From
8.2GHz klystron

Interferometer1

Levitation
magnet

Interferometer2
vertical chord
(r=60cm)

Interferometer3
vertical chord
(r=70cm)

50G100G

2930G 875G

(a) (b)
From 
8.2GHz klystron

From
2.45GHz 
magnetron

L#3

ਤ 2.7. RT-1ͷஅ໘ਤɽ(a)͕ RT-1ͷ੺ಓ໘ΛؚΉਫฏஅ໘ɼ(b)͕ RT-1

ਅۭ༰ثத৺ΛؚΉਨ௚அ໘Λࣔ͢ɽ

ΊΔʹ͸ޫ࿏௕Λܾఆ͢Δඞཁ͕͋Δɽޫ࿏௕͸ʮೖࣹϛϦ೾ͱϓϥζϚ

ଘྖࡏҬͷॏͳΔ௕͞ʯͰ͋Δ͕ɼ੩ిϓϩʔϒܭଌʹΑͬͯ Separatrix

֎ʹ΋ϓϥζϚ͕ଘ͢ࡏΔ͜ͱ͕෼͔͍ͬͯΔɽͦ͜Ͱਅۭนͱ઀͢Δ

໘ؾ࣓ (φ = 0.006)ͷ಺෦ΛϓϥζϚଘྖࡏҬͱͨ࣌͠ɼIF1ͷޫ࿏௕͸

1.60m,IF2ͷޫ࿏௕͸ 0.87m,IF3ͷޫ࿏௕͸ 0.76mͱͳΔͨΊɼ͜ͷ஋Λ

΋ͱʹ IF1-3ͷઢฏີࢠిۉ౓Λͨ͠ࢉܭɽ

2.4 ྫྷ͍ͨϓϥζϚۙࣅʹΑΔϓϥζϚதͷ೾ಈ

ϓϥζϚதͷ೾ΛऔΓѻ͏ͷʹద͠ɼ਺ֶతղੳ͕ൺֱత؆୯Ͱ͔͠΋

ϓϥζϚͷྗֶతੑ࣭Λجຊతʹอ࣋͢ΔΑ͏ͳϞσϧΛಋೖ͢Δɽ͢ͳ

ΘͪɼҰ༷࣓৔தʹۭؒతʹۉҰʹଘ͢ࡏΔΑ͏ͳԹ౓ 0ͷϓϥζϚϞσ
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ϧͰ͋Δɽैͬͯແ৙ཚঢ়ଶͰ͸ΠΦϯ΋ిࢠ΋੩͍ͯ͠ࢭΔɽ1࣍ͷ৙

ཚʹΑͬͯੜ͡Δి৔ɼ࣓৔ʹΑͬͯΠΦϯ΍ిࢠ͸ӡಈ͠ɼͦͷ݁Ռੜ

͡Δి৔ɼ࣓৔͕ࣗݾໃ६ͳ͘औΓѻΘΕΔɽ͜ͷΑ͏ͳϞσϧΛྫྷ͍ͨ

ϓϥζϚϞσϧͱ͍ݴɼϓϥζϚதͷ೾ͷੑ࣭Λද͢෼ࣜࢄΛಋೖͰ͖Δɽ

ैͬͯϓϥζϚ͸͋Δ༠ి཰ςϯιϧK Λ࣋ͭి࣓೾఻ൖഔ࣭ͱ͑ߟΔ

͜ͱ͕Ͱ͖Δɽ

͜ͷϞσϧͰ͸Ұ༷ͳ࣓৔ɼີ౓ɼԹ౓ 0ͱ͍͏৔߹Λ૝ఆ͍ͯ͠Δ͕ɼ

࣓৔΍ີ౓͕มԽ͢Δಛ௃తͳ௕͞ʢϓϥζϚͷେ͖͞ʣʹൺ΂ͯɼऔΓ

ѻ͏೾ͷ೾௕͕୹͘ɼཻ͔ͭࢠͷ೤଎౓ʹൺ΂ͯ೾ͷҐ૬଎౓͕େ͖͚Ε

͹ྑ͍ۙࣅͰద༻Ͱ͖Δɽ͜ͷ༠ి཰ςϯιϧK ͸࣓৔ɼີ౓ͷؔ਺ʹ

ͳΔͨΊɼ࣓৔ɼີ౓͕ۭؒతʹมԽ͢Δ৔߹ͷϓϥζϚ͸ෆۉҰɼඇ౳

ํͰɼ͔͍ͭڧ෼ੑࢄΛࣔ͢ഔ࣭ͱΈͳ͢͜ͱ͕Ͱ͖Δɽ

2.4.1 ྫྷ͍ͨϓϥζϚͷ༠ి཰ςϯιϧ

̌࣍ͷແ৙ཚঢ়ଶͷྫྷ͍ͨϓϥζϚʹ͓͍ͯ͸ີ౓ n΍࣓৔ B ͸ۭؒ

తʹҰ༷Ͱ࣌ؒతʹ΋ҰఆͰ͋ΓɼΠΦϯ͓Αͼిࢠ͸੩͍ͯ͠ࢭΔͱ

͢Δɽ

1࣍ͷ৙ཚ߲͸ exp i(k · r − ωt)ͷܗͰมԽ͢Δ΋ͷͱ͢ΔɽҐ૬଎౓

͸ vph = ω/k Ͱ༩͑ΒΕɼkͷํ޲ʹ఻ൖ͢ΔɽϓϥζϚதͷΠΦϯ΍ి

͸ి৔Eࢠ ΍࣓ؾ༠ಋB1ʹΑͬͯӡಈ͠ɼͦͷ଎౓Λ vk ͱ͢Δ (k͸ཻ

ͷӡಈʹΑͬͯੜ͡ΔిྲྀࢠͷछྨΛࣔ͢)ɽϓϥζϚཻࢠ j ͸

j =
∑

k

nkqkvk (2.10)

Ͱ͋Δɽnk ͱ qk ͸ͦΕͧΕ k छͷཻࢠͷີ౓͓ΑͼిՙͰ͋Δɽిؾม

ҐD͸

D = ε0E + P , (2.11)

j =
∂P

∂t
= −iωP (2.12)

ͱͳΔɽ͜͜ͰE ͸ి৔ɼP ͸ిؾ෼ۃɼε0͸ਅۭͷ༠ి཰Λද͢ɽैͬ



ୈ 2ষ ଌ૷ஔ͓ΑͼϓϥζϚதʹ͓͚Δ೾ಈܭɾݧ࣮ 22

ͯD͸࣍ͷΑ͏ʹද͞ΕΔɽ

D = ε0E − i

ω
j ≡ ε0K ·E. (2.13)

K Λ༠ి཰ςϯιϧͱ͍͏ɽk छͷ୯Ұՙిཻࢠͷӡಈ͸

mk
dvk

dt
= qk (E + vk ×B) (2.14)

Ͱ͋Δɽ͜͜ͰB = B0 +B1 Ͱ͋Γɼvk,E,B1 ͸ 1࣍ͷඍখྔͰ͋Δɽ

ैͬͯ͜ΕΒͷ 1࣍ͷඍখྔʹؔ͢Δ 1࣍ํఔࣜ͸

−iωmkvk = qk (E + vk ×B) (2.15)

Ͱ͋ΔɽB0 ͷํ޲ʹ z࣠ΛऔΔͱӡಈํఔࣜͷղ͸

vk,x =
−iEx

B0

Ωkω

ω2 − Ω2
k

− Ey

B0

Ω2
k

ω2 − Ω2
k

,

vk,y =
Ex

B0

Ω2
k

ω2 − Ω2
k

− iEy

B0

Ωkω

ω2 − Ω2
k

, (2.16)

vk,z =
−iEz

B0

Ωk

ω

ͱͳΔɽ͜͜Ͱ Ωk ͸ k छͷՙిཻࢠͷαΠΫϩτϩϯप೾਺Ͱ

Ωk =
−qkB0

mk
(2.17)

Ͱ͋Δɽࣜ (2.16) ΑΓ vk Λ E Ͱද͠ɼj ͷࣜ (2.10) ʹ୅ೖ͠͞Βʹ

D ͷࣜ (2.13) Λ༻͍Δͱɼྫྷ͍ͨϓϥζϚͷ༠ి཰ςϯιϧ͸ STIX

parameter[13]Λ༻͍ͯ

ϵ ·E = ε0K ·E =

⎛

⎜⎝
S −iD 0

iD S 0

0 0 P

⎞

⎟⎠

⎛

⎜⎝
Ex

Ey

Ez

⎞

⎟⎠ (2.18)
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S =
1

2
(R + L), D =

1

2
(R− L),

R ≡ 1−
∑

k

ω2
pk

ω (ω − Ωs)
,

L ≡ 1−
∑

k

ω2
pk

ω (ω + Ωs)
,

P ≡ 1−
∑

k

ω2
pk

ω2
,

ω2
pk ≡

nkq2k
ε0mk

ͱද͞ΕΔɽ

2.4.2 ྫྷ͍ͨϓϥζϚۙࣅʹ͓͚ΔϓϥζϚ෼܎ؔࢄ

ϚΫε΢Σϧํఔࣜ

∇×E = −∂B
∂t

, (2.19)

∇×H = j + ϵ0
∂E

∂t
=
∂D

∂t
(2.20)

ΑΓϑʔϦΤม͔׵Β

k ×E = ωB1,

k ×H = −ωϵ0K ·E

ͦͯ͠

k × (k ×E) +
ω2

c2
ϵ ·E = 0 (2.21)

ΛಘΔɽແ࣍ݩϕΫτϧ

n ≡ kc

ω

Λఆٛ͢Δͱ (c͸ޫ଎౓)ɼn = |n|͸ޫ଎౓ͱ೾ͷҐ૬଎౓ͱͷൺͰ۶ં
཰Λද͢ɽnΛ༻͍Δͱࣜ (2.21)͸

n× (n×E) + ϵ ·E = 0 (2.22)
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ͱͳΔɽnͱB0ͱͷͳ֯͢౓Λ θͱ͠ɼnϕΫτϧ͕ zxฏ໘ʹ͋ΔΑ͏

ʹ x࣠ΛͱΔͱࣜ (2.22)͸
⎛

⎜⎝
S − n2 cos2 θ −iD n2 cos θ sin θ

iD S − n2 0

n2 cos θ sin θ 0 P − n2 sin2 θ

⎞

⎟⎠

⎛

⎜⎝
Ex

Ey

Ez

⎞

⎟⎠ = 0 (2.23)

Ͱද͞ΕΔɽE ̸= 0ͷղ͕ଘ͢ࡏΔͨΊʹ͸ྻߦͷσλʔϛφϯτ͕ 0Ͱ

ͳͯ͘͸ͳΒͳ͍ɽ

An4 −Bn2 + C = 0, (2.24)

A = S sin2 θ + P cos2 θ, (2.25)

B = RL sin2 θ + PS(1 + cos2 θ), (2.26)

C = PRL. (2.27)

͜ͷࣜ (2.24) ͕఻ൖϕΫτϧ k ͱ֯प೾਺ ω ͱͷؔ܎Λܾఆ͢Δɽk ͱ

ω ͷؔࣜ܎Λ෼ࣜࢄͱ͍͏ɽ

θ = 0͢ͳΘ࣓ͪྗઢํ޲ʹ఻ൖ͢Δ೾ʹ͍ͭͯɼ෼ࣜࢄ (2.24)͸ղ

P = 0, n2 = R, n2 = L (2.28)

Λ࣋ͪɼn2 = Rͷ෼ࣜࢄʹͳΔ೾Λ R೾ɼn2 = Lͷ෼ࣜࢄʹͳΔ೾Λ L

೾ͱݺͿɽ

θ = π/2͢ͳΘ࣓ͪྗઢਨ௚ํ޲ʹ఻ൖ͢Δ೾ʹ͍ͭͯɼ෼ࣜࢄ (2.24)

͸ղ

n2 =
RL

S
, n2 = P (2.29)

Λ࣋ͪɼn2 = P ʹͳΔ೾Λਖ਼ৗ೾ (Ordinary mode wave)ɼn2 = RL/S

ʹͳΔ೾Λҟৗ೾ (Extraordinary mode wave)ͱݺͿɽ

·ͨɼ෼ࣜࢄͷղʹ͓͍ͯ͋Δ৚݅ʹΑΓ۶ં཰ n͕ 0ʹͳͬͨΓແݶ

େʹͳͬͨΓ͢Δɽn2 = 0ͷ࣌ΛΧοτΦϑͱ͍ݴɼ೾ͷҐ૬଎౓

vph =
ω

k
=

c

n
(2.30)
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͸ແݶେʹͳΔɽ෼͔ࣜࢄΒ໌Β͔ͳΑ͏ʹɼ

P = 0 or R = 0 or L = 0 (2.31)

ͷ৚݅ͰΧοτΦϑ͕ൃੜ͢Δɽn2 = ∞ͷ࣌Λڞ໐ͱ͍͍ɼ೾ͷҐ૬଎
౓͸ 0ʹ͖ۙͮɼͦ͜Ͱ͸೾ͷٵऩ͕͜ىΓ͏Δɽڞ໐৚݅͸

tan2 θ = −P

S
(2.32)

Ͱ͋Δɽ

2.5 ೤͍ϓϥζϚۙࣅʹΑΔϓϥζϚதͷ೾ಈ

ϓϥζϚͷԹ౓͕͘ߴͳΓ଎౓෼෍ʹ೤଎౓ఔ౓ͷ͕޿Γ͕Ͱ͖ɼ೾ͷ

Ґ૬଎౓͕೤଎౓ͱಉ͡ఔ౓ʹͳΔ৔߹ɼϥϯμ΢ݮਰ΍αΠΫϩτϩϯ

ऩ͢Δɽ೾ಈՃ೤ٵΔ͜ͱͰɼϓϥζϚ͸೾͔ΒΤωϧΪʔΛ͖ىਰ͕ݮ

ʹ͸ඇઢ͋ܗΔ͍͸౷ܭతաఔ͕൐͏͕ɼ࣮݁ݧՌ͸ઢ͓ܗΑͼ४ઢܗཧ

࿦Ͱઆ໌Ͱ͖Δ͜ͱ͕ଟ͍ɽ͜Ε͸Ճ೤ݱ৅͕೾ͷݮਰաఔͰ͋Δ͔ΒͰ

͋Δɽઢܗཧ࿦ͷૅج͸ߴԹϓϥζϚͷ༠ి཰ςϯιϧK Ͱ͋Δɽ

લઅͰ͸ྫྷ͍ͨϓϥζϚதͷ೾ͷ෼ࣜࢄΛಋ͍ͨɽ͜ͷ৔߹͸ແ৙ཚঢ়

ଶʹ͓͍ͯΠΦϯ΋ిࢠ΋੩͍ͯ͠ࢭΔ͜ͱΛԾఆ͍ͯ͠Δɽ͔͠͠೤͍

ϓϥζϚதͰ͸ɼແ৙ཚঢ়ଶʹ͓͍ͯɼ৭ʑͳ଎౓Λ΋ͭՙిཻ͕ࢠϥʔ

ϚʔટճӡಈΛ͍ͯͯ͠ཐટيಓΛඳ͍͍ͯΔɽ͜ΕΒͷ͔࣮ࣄΒɼ೤͍

ϓϥζϚͷ༠ి཰ςϯιϧΛٻΊΔɽ

kछͷཻࢠͷ෼෍ؔ਺ fk (r,v, t)͸ϒϥκϑํఔࣜʹै͏.

∂fk
∂t

+ v ·∇rfk +
qk
mk

(E + v ×B) ·∇vfk = 0 (2.33)
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ϚΫε΢Σϧํఔࣜ͸ҎԼͰ͋Δ.

∇ ·E =
1

ϵ0

∑

k

qk

∫
fkdv (2.34)

1

µ0
∇×B = ϵ0

∂E

∂t
+
∑

k

qk

∫
vfkdv (2.35)

∇×E = −∂B
∂t

(2.36)

∇ ·B = 0 (2.37)

fk,B,E Λແઁಈঢ়ଶͷ 0࣍ͷྔͱ exp i(k · r − ωt)ͰมԽ͢Δઁಈ߲ʹ

෼཭͢Δͱ

fk = fk0 (r,v) + fk1 (2.38)

B = B0 +B1 (2.39)

E = 0 +E1 (2.40)

ͱͳΔͷͰϒϥκϑํఔࣜͱϚΫε΢Σϧํఔࣜ͸ҎԼͷΑ͏ʹઢܗԽͰ
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͖Δ.

v ·∇rfk0 +
qk
mk

(v ×B0) ·∇vfk0 = 0 (2.41)

∑

k

qk

∫
fk0dv = 0 (2.42)

1

µ0
∇×B0 =

∑

k

qk

∫
vfk0dv = j0 (2.43)

∂fk1
∂t

+ v ·∇rfk1 +
qk
mk

(v ×B0) ·∇vfk = − qk
mk

(E1 + v ×B1) ·∇vfk0

(2.44)

ik ·E1 =
1

ϵ0

∑

k

qk

∫
fk1dv (2.45)

1

µ0
k ×B1 = −ω

(
ϵ0E1 +

i

ω

∑

k

qk

∫
fk1dv

)
(2.46)

B1 =
1

ω
(k ×E1) (2.47)

ԹϓϥζϚͷ༠ి཰ςϯιϧK(Dߴ = ϵ0K · E)͸ҎԼͷΑ͏ʹ༩͑Β

ΕΔ.

D = ϵ0E + P (2.48)

j =
∂P

∂t
= −iωP (2.49)

1

ϵ0
D = E1 +

i

ϵ0ω

∑

k

qk

∫
vfk1dv ≡ K ·E1 (2.50)

Αͬͯ fk1 ΛٻΊΔ͜ͱ͕Ͱ͖Ε͹K ΛࢉܭͰ͖Δ.
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2.5.1 Bi-Maxwellianͷ༠ి཰

0࣍ͷ෼෍ؔ਺͕ Bi-MaxwellianͰ͋Δɼͭ·Γ

f0 (v⊥, vz) = n0F⊥ (v⊥)Fz (vz) (2.51)

F⊥ (v⊥) =
m

2πT⊥
exp

(
−mv2⊥

2T⊥

)
(2.52)

Fz (vz) =

(
m

2πTz

)1/2

exp

(
−m(vz − V )2

Tz

)
(2.53)

Ͱ͋Δͱͯ͠༠ి཰ςϯιϧΛ͢ࢉܭΔ.͜ͷ࣌ͷK ͸ҎԼͱͳΔ.

K = I +
∑

i,e

Π2

ω2

(
∑

n

(
ζ0Z (ζn)−

(
1− 1

λT

)
(1 + ζnZ (ζn))

)
e−bXn + 2η20λTL

)

(2.54)

Xn =

⎡

⎢⎣
n2In/b in(I ′n − In) −(2λT)1/2ηn

n
αIn

−in(I ′n − In) (n2/b+ 2b)In − 2bI ′n i(2λT)1/2ηnα(I ′n − In)

−(2λT)1/2ηn
n
αIn −i(2λT)1/2ηnα(I ′n − In) 2λTη2nIn

⎤

⎥⎦

(2.55)

Z (ζ) ≡ 1

π1/2

∫ ∞

−∞

exp(−β2)

β − ζ
dβ,

In(b) is the modified Bessel function

ηn ≡ ω + nΩ

21/2kzvTz
, ζn ≡ ω − kzV + nΩ

21/2kzvTz

λT ≡ Tz

T⊥
, b ≡

(
kxvT⊥

Ω

)2

,α ≡ kxvT⊥

Ω

v2Tz ≡
Tz

m
, v2T⊥ ≡ T⊥

m

LϚτϦοΫεͷ੒෼͸ Lzz = 1Ҏ֎ྵͰ͋Δ.
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ϓϥζϚ͕౳ํϚΫε΢Σϧ෼෍ (Tz = T⊥) ͰɺV = 0 ͷ৔߹ɼηn =

ζn,λT = 1ͱͳΓɺҎԼͷܗʹͳΔ.

K = I +
∑

i,e

Π2

ω2

[ ∞∑

n=−∞
(ζ0Z (ζn)) e

−bXn + 2ζ20L

]
(2.56)

2.5.2 ࢉܭऩٵ

༠ి཰ςϯιϧΛ

K (k,ω) = KH (k,ω) + iKI (k,ω) (2.57)

ͱ͢Δ.෼ࢄഔ࣭ʹ͓͚Δ೾ಈ৔ͷΤωϧΪʔີ౓͸

∂W0

∂t
= −ωr

1

2
ϵ0E

∗
0 ·KI ·E0 −∇ · P (2.58)

Ͱද͞ΕΔ (ӈลୈ߲̍͸ϥϯμ΢ݮਰ͓ΑͼαΠΫϩτϩϯݮਰͷ߲ɼ

ୈ߲̎͸೾ͷ์ࣹͷ߲).ΑͬͯϓϥζϚͷ୯Ґମੵ͋ͨΓٵऩ͞ΕΔೖྗ

P ab ͸

P ab = ωr
ϵ0
2
E∗ ·KI ·E (2.59)

Ͱ༩͑ΒΕɼ

P ab = ω
ϵ0
2
{|Ex|2 ImKxx + |Ey|2 ImKyy + |Ez|2 ImKzz

+ 2Im (E∗
xEy) ReKxy + 2Im

(
E∗

yEz

)
ReKyz + 2Im (E∗

xEz) ReKxz}

ͱࢉܭͰ͖Δɽ

༠ి཰ςϯιϧΛ b ≪ 1ͱԾఆͯ͠ల։͢ΔͱɼαΠΫϩτϩϯݮਰ͓

Αͼͦͷߴप೾ݮਰʹΑΔٵऩೖྗ͸

G±n ≡ Imζ0Z±n = (kz/|kz|)π1/2ζ0 exp(−ζ2±n)

ͷ߲ʹؔΘΔ (ζn = (ω + nΩ)/(21/2kz(Tz/m)1/2), Z±n = Z(ζ±n))ɻb ≪ 1
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ͷ৔߹

(ImKxx)±n = (ImKyy)±n = (Πj/ω)
2G±nαn

(ImKzz)±n = (Πj/ω)
22ζ2±nG±nbαnn

−2

(ReKxy)±n = −(Πj/ω)
2G±n(±αn)

(ReKyz)±n = −(Πj/ω)
2(2b)1/2ζ2±nG±nαnn

−1

(ImKxz)±n = −(Πj/ω)
2(2b)1/2ζ2±nG±n(±αn)n

−1

αn = n2 (2 · n!)−1 (b/2)n−1

ͱͳΔɻ͜ΕΒͷ߲ͷٵऩೖྗ΁ͷد༩͸ҎԼͷΑ͏ʹͳΔɽ

P ab
±n = ω

(
Πj

ω

)
Gn

(ϵ0
2

)
αn|Ex − iEy|2 (2.60)

ζn = (ω + nΩi)/(2
1/2kzvT i) = (ω − n|Ωi|)/(21/2kzvT i)

ΑͬͯɼΠΦϯαΠΫϩτϩϯݮਰͷ৔߹ +nͷ߲ͷد༩͕ɼిࢠαΠΫ

ϩτϩϯݮਰͷ৔߹ −nͷ߲ͷد༩͕ࢧ഑తʹͳΔɽ

2.5.3 ԹϓϥζϚͷ༠ి཰ςϯιϧߴαΠΫϩτϩϯ೾ʹର͢Δࢠి

ECH͕ࢧ഑తͰ͋ΔͳΒ͹ɼߴԹϓϥζϚͷ༠ి཰ςϯιϧʹ͓͍ͯ͸

ΠΦϯ߲ΛແࢹͰ͖ɼ·ͨɼb ≪ 1, ζ0 ≫ 1Ͱ͋ΔͷͰɼ༠ి཰ςϯιϧ͸

ҎԼͷΑ͏ʹͳΔɽ

Kxx = Kyy = 1 +Xζ0Z−1/2, Kzz = 1−X +N2
⊥χzz,

Kxy = −iXζ0Z−1/2, Kxz = N⊥χxz, Kyz = iN⊥χyz,

χxz ≈ χyz ≈ 2−1/2XY −1vT
c
ζ0(1 + ζ1Z−1),

χzz ≈ XY −2
(vT
c

)2
ζ0ζ−1(1 + ζ1Z−1),

X ≡ Π 2
e

ω2
, Y ≡ Ωe

ω
, ζ−1 =

ω − Ωe

21/2kzvT
, N⊥ =

k⊥c

ω
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୯Ґମੵ͋ͨΓٵऩ͞ΕΔి࣓೾ͷೖྗ P−1 ͸

P−1 = ωXζ0
π1/2

2
exp

(
−(ω − Ωe)2

2k2
zv

2
Te

)(ϵ0
2

)
|Ex − iEy|2 (2.61)

ͱͳΔɻω = Ωe ͷ࣌ ζ−1 = 0, Z−1 = iπ1/2, Kxx = 1 + ih,Kxy = h,χyz =

χxz = 21/2X(vTe/c)ζ0 = X/(2N∥),χzz = 0, h ≡ π1/2ζ0X/2 Ͱ͋ΔͷͰ༠

ి཰ςϯιϧK ͸

K =

⎡

⎢⎣
1 + ih h N⊥χxz

−h 1 + ih iN⊥χxz

N⊥χxz −iN⊥χxz 1−X

⎤

⎥⎦ (2.62)

ͱͳΔɻ

2.6 ೾ಈ఻ൖࢉܭख๏

Ұͷಛੑ௕ۉαΠΫϩτϩϯप೾਺ଳͷ೾ಈ͸ɼϓϥζϚͷۭؒෆࢠి

ʹൺ΂ͯ೾௕͕୹͍৔߹͕ଟ͍͜ͱͱɼଞͷप೾਺ଳͷ೾ಈͱ͸ҟͳΓɼΞ

ϯςφ͔ΒϓϥζϚ಺෦·Ͱ఻ൖෆೳྖҬ͕ଘ͠ࡏͳ͍৔߹͕ଟ͍͜ͱ͔

ΒɼزԿޫֶۙ͘޿͕ࣅ༻͍ΒΕ͍ͯΔ. ϓϥζϚ૷ஔʹ͓͍ͯଟ͘༻͍Β

Ε͍ͯΔزԿޫֶۙࣅΛ༻͍ͨి࣓೾఻ൖࢉܭ๏ʹޫઢ௥੻ (Ray-trace)

๏͕ଘ͢ࡏΔɽ

EC೾ͷޫઢ௥੻๏ʹΑΔ఻ൖղੳͰ͸ɼ೾ଋͷ೾਺ϕΫτϧ k ͱҐஔ

ϕΫτϧ r ͷ఻ൖܦ࿏ʹԊͬͨൃల͕ɼޫઢ௥੻ํఔࣜ

dr

dτ
= −∂D

∂k
/
∂D

∂ω
= vg, (2.63)

dk

dτ
=
∂D

∂r
/
∂D

∂ω
(2.64)

ʹΑͬͯهड़͞ΕΔɽ͜ΕΒͷࣜΛ࿈ཱඍ෼ํఔࣜͱͯ͠ղ͘͜ͱͰɼ೾

ಈͷي੻͓Αͼح੻ʹԊͬͨ೾਺ͷ஋ΛٻΊΔ͜ͱ͕Ͱ͖Δɽ͜͜Ͱ τ ͸

଎౓܈࿏ʹԊͬͯܦ vg Ͱ఻ൖ͢Δ࣌ؒʹରԠ͠ɼ෼܎ؔࢄD(k,ω; r, t)͸

D = detD, D =
c2

ω2

[
kk − k2I + ε (k,ω; r, t)

]
(2.65)
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Ͱఆٛ͞Εɼε͸ϓϥζϚͷ༠ి཰ςϯιϧͰ͋Δɽ೾ͷΤωϧΪʔWw

ͷൃల͸
∂Ww

∂t
+

∂

∂r
(vgWw) = 2γWw = −ε0E∗ · εA ·E (2.66)

ʹै͍ɼγ ͸੒௕཰ɼεA ͸༠ి཰ςϯιϧͷ൓Τϧϛʔτ੒෼Ͱ͋Δɽ

ޫઢ௥੻๏Ͱ͸ɼϓϥζϚ͕ EC ೾ͷΧοτΦϑ૚Λ࣋ͭΑ͏ͳΦʔ

όʔσϯεঢ়ଶͷ࣌ɼΧοτΦϑ఺Ͱͷৼ෯ʹ఻ൖෆೳྖҬͷಁա཰Λ৐

ͯ͡ɼ৽ͨʹ XL೾ͷޫઢ௥੻Λ͏ߦख๏͕औΒΕ͍ͯΔɽ͔͠͠ͳ͕Βɼ

Ϟʔυม׵཰ͷਖ਼֬ͳධՁ͕͑ߦͳ͍఺΍ɼ೾௕͕ϓϥζϚαΠζͱಉఔ

౓ʹͳΔͨΊਖ਼֬ʹղੳͰ͖ͳ͍ͱ͍͏ܽ఺Λ΋ͭɽͦ΋ͨΊখܕ૷ஔ΍

O-XϞʔυม׵ΛؚΉ৔߹౳ʹ͸ɼޫઢ௥੻๏Ͱ͸ͳ͘ి࣓೾Λ೾ಈޫֶ

తʹऔΓѻ͏ඞཁ͕͋Δ. Αͬͯ೾ಈޫֶࢉܭͰ͸ɼϚΫε΢Σϧํఔࣜ

∇×∇×E =
ω2

c2
ε ·E + iωµ0jext (2.67)

Λڥք஋໰୊ͱͯ͠༗ݶཁૉ๏Λ༻͍ͯղ͖ɼఆৗঢ়ଶʹ͓͚Δۭؒͷి

৔੒෼Λશͯղੳ͢Δ.͜͜Ͱ ε͸ྫྷ͍ͨϓϥζϚۙࣅΛ༻͍ͨϓϥζϚ

ͷ༠ి཰ςϯιϧɼµ0 ͸ಁ࣓཰ɼjext ͸ి࣓೾Λྭ͢ىΔΞϯςφిྲྀͰ

͋Δɽ͜ΕʹΑΓɼ೾ಈޫֶࢉܭͰ͸Ϟʔυม׵·ͰؚΊͨి࣓೾ͷ఻ൖ

Λ͢ࢉܭΔ͜ͱ͕Ͱ͖Δ. ͔͠͠ͳ͕Βɼۭؒʹ͓͚Δ೾ͱͯ͠ͷੑ࣭Λ

Maxwellํఔࣜͱͯ͢͠ࢉܭΔͨΊʹ͸ɼۭؒʹ͓͚Δి৔Λ͢ࢉܭΔҐ

ஔΛͰ͖Δ͚͔ͩ͘͠ࡉͳ͚Ε͹ͳΒͣɼࢉܭͷࡍʹඞཁͳϝογϡͷα

Πζ͸ղੳ͢Δ೾ͷ೾௕ΑΓ΋े෼খ͘͞ͳͯ͘͸ͳΒͳ͍ɽͦͯ͠े෼

খ͍ۭؒ͞ϝογϡʹରͯ͠શͯͷ৔ॴͰMaxwellํఔࣜʹໃ६͕ͳ͍Α

͏ʹղ͘ඞཁ͕͋ΔͨΊɼࢉܭෛՙ͕ඇৗʹେ͖͘ͳΓ΍͍͢ͱ͍͏ܽ఺

͕ɼ೾ಈޫֶࢉܭʹ͸ଘ͢ࡏΔɽͦͷͨΊɼେܕ૷ஔͰ͸ MHzଳͷΠΦ

ϯαΠΫϩτϩϯ೾ʹରͯ͠ͷΈߦ͕ࢉܭΘΕ͓ͯΓɼϓϥζϚதͷిࢠ

ΛՃ೤͢ΔͨΊͷߴप೾ɼେग़ྗͷ GHzଳͷ EC೾ʹରͯ͠͸ɼޫઢ௥੻

ํ΍ϏʔϜ௥੻๏ʹΑΔղੳ͕ओʹߦΘΕ͓ͯΓɼ೾ಈޫֶࢉܭղੳ͸͋

·ΓߦΘΕ͍ͯͳ͍ɽຊڀݚͰ͸ɼRT-1Ͱൃੜ͍ͯ͠ΔϓϥζϚ͕

• ϓϥζϚͷେ͖͕͞ EC೾ͷ೾௕ΑΓ΋খ͍͞
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• ੜ੒͞Ε͍ͯΔϓϥζϚதʹ͸ΧοτΦϑ૚͕ଘ͢ࡏΔΦʔόʔσ
ϯεঢ়ଶͰ͋Δ

ͱ͍͏ಛ௃͔Βɼޫઢ௥੻๏Ͱ͸ͳ͘೾ಈޫֶࢉܭʹΑͬͯ EC೾ͷ఻ൖɼ

ऩΛղੳͨ͠ɽٵ
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ୈ 3ষ

αΠΫϩτϩϯ೾ಈ఻ൖ͓Αͼࢠి
ϓϥζϚͷిྗٵऩࢉܭ

3.1 ͸͡Ίʹ

ຊষͰ͸ɼ࣓ܕݍؾϓϥζϚด͡ࠐΊ૷ஔ RT-1ʹ͓͚Δྫྷ͍ͨϓϥζ

ϚۙࣅʹΑΔ Full waveࢉܭͰͷిࢠαΠΫϩτϩϯ೾ͷ೾ಈ఻ൖͷࢉܭ

݁Ռ͓ΑͼϓϥζϚͷిྗٵऩޮ཰ͷిີࢠ౓ґଘੑʹ͍ͭͯड़΂Δɽ

3.2 ྫྷ͍ͨϓϥζϚۙࣅΛ༻͍ͨ೾ಈޫֶత೾ಈ఻ൖྫࢉܭ

·ͣɼຊ࿦จୈ̎ষͰड़΂ͨྫྷ͍ͨϓϥζϚۙࣅʹΑΔ Full waveࢉܭ

ʹΑΔిࢠαΠΫϩτϩϯप೾਺ଳͷ೾ಈ఻ൖࢉܭͷॳ݁ࢉܭظՌΛࣔ͢ɽ

ଆ͔Βࠨ৚݅ͱͯ͠ɼࢉܭ xํ޲ʹ 2.45GHzͷి࣓೾Λ 10kWͷڧ౓

Ͱೖࣹ͍ͯ͠ΔͱԾఆͨ͠ɽͦͷ࣌ͷ࣓৔ڧ౓ |B| = Bz ͓Αͼిີࢠ౓

ne ͸ɼ

Bz = 0.05T

ne = 2.0× 1017(0.1 ·
√

0.5 · y2 + x2 − 0.04)m−3

ͱͨ͠ (ਤ 3.1 Ҭ͸ྖࢉܭর)ɽࢀ 0m ≤ x ≤ 1.2m,0m ≤ y ≤ 1.2m Ͱ

͋Γɼڥք͸શͯٵऩڥքͱͨ͠ɽ·ͨɼ਺஋ࢉܭʹ͓͚Δϝογϡ

αΠζ͸ɼ͢ࢉܭΔ೾ͷ೾ಈͱͯ͠ͷੑ࣭Λࣔ͢͜ͱ͕Ͱ͖ΔΑ͏ʹ
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ਤ 3.1. ॳີࢉܭظ౓

े෼ʹখ͘͢͞Δ͜ͱͱ͠ɼ2.45GHz ͷి࣓೾ͷਅۭதͷ೾௕Ͱ͋Δ

λ2.45GHz = c
f ≈ 120(mm)ͷ 1/20ͷαΠζͰ͋Δ 1ล 6-0.6mmͷඇ౳ํ

ͷܗ֯ࡾϝογϡͱͯ͠ɼCOMSOLγεςϜ্ͰྖࢉܭҬΛ෼ׂ͠ɼܭ

ͳͬͨɽߦΛࢉ

2.45GHzి࣓೾Λ O-mode,X-modeͰऩଋͤͯ͞ೖࣹͨ͠ࡍͷ݁ࢉܭՌ

Λਤ 3.2ɼ3.3ʹࣔ͢ɽ

2.45GHz ͷి࣓೾ʹରͯ͠ࠨଆ͔Βॱ൪ʹ R=0(੺ઢ),S=0(ԫ

ઢ),P=0(౧ઢ),L=0(྘ઢ) ͷڥք໘͕ܗ੒͞Ε͍ͯΔ༷͕֬ࢠೝͰ͖Δɽ

O-mode ೖࣹʹରͯ͠ཧ࿦తʹΧοτΦϑ૚ͱͯࣔ͠͞ΕΔ P=0 ͷ૚Ͱ

ి࣓೾͕൓ࣹ͍ͯ͠Δ༷͕֬ࢠೝͰ͖Δɽ·ͨɼX-modeೖࣹʹରͯ͠͸ɼ

X-mode ͷΧοτΦϑ૚ͱͯ͠஌ΒΕΔ R=0 Ͱి࣓೾ͷҰ෦͕൓ࣹ͞Ε

Δͱͱ΋ʹి࣓೾͕Ϟʔυม׵Λ͜͏ߦͱͰ Ez ੒෼͕ྭ͞ىΕͯి࣓೾

੒෼ͷҰ෦͕௨ա͠ɼP=0Ͱ൓ࣹ͞Ε͍ͯΔ༷͕֬ࢠೝͰ͖Δɽ

͜ΕΒͷ݁ࢉܭՌ͔Βɼຊࢉܭख๏͸ɼి৔ͷϞʔυม׵·ͰؚΊͨి

࣓೾ͷ೾ಈ఻ൖΛ໛ٖ͢Δ͜ͱ͕Ͱ͖Δͱ͑ݴΔɽ͜ͷࢉܭख๏Λ RT-1

ʹ͓͚Δ EC೾఻ൖࢉܭʹ༻͍Δɽ
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(a) ి৔ڧ౓ |E| (b) ి৔ Ex

(c) ి৔ Ey (d) ి৔ Ez

ਤ 3.2. 2.45GHzి࣓೾ͷ O-mode(Ez Ռ݁ࢉܭೖࣹ࣌ͷి৔(ىྭ

3.3 RT-1ʹ͓͚Δ̎࣍ݩ೾ಈ఻ൖࢉܭʹ͓͚Δ࣓৔ɼີ౓

഑Ґ

RT-1 ʹ͓͍ͯ͸ɼECH ͷి࣓೾ͱͯ͠ɼ2.45GHz ͓Αͼ 8.2GHz ͷ

ి࣓೾͕࢖༻͞Ε͍ͯΔɽͦͷͨΊɼCOMSOL ιϑτ΢ΣΞΛ࢖༻͠

ͨ༗ݶཁૉ๏ Full-wave ΑΓɼϓϥζϚ಺ͷʹࢉܭ 2.45 GHz ͓Αͼ 8.2

GHz ి࣓೾ͷ఻ൖΛ͢ࢉܭΔɽ8.2 GHzͷ EC೾͸ର֯ϙʔτ͔Βɺ2.45

GHz ͸ਫฏϙʔτ͔Βೖࣹ͞ΕΔͱ͠, ి࣓೾Λೖࣹ͢ΔϙʔταΠζ

͸࣮ࡍͷ RT-1ʹ͓͚Δి࣓೾ಋ೾؅ͷαΠζʹΑܾͬͯఆ͠ɼͦΕͧΕ

2.45GHzి࣓೾ೖࣹ࣌͸ 150mm,8.2GHzి࣓೾ೖࣹͰ͸ 50mmͷϙʔτ

ΛԾఆͨ͠ɽ

৔͸ɼ௒఻ಋ࣓͍ͨ༺ʹࢉܭ magnetʢ115 Aɺ2160 ճసʣͱ lifting
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(a) ి৔ڧ౓ |E| (b) ి৔ Ex

(c) ి৔ Ey (d) ి৔ Ez

ਤ 3.3. 2.45GHzి࣓೾ͷ X-mode(Ey Ռ݁ࢉܭೖࣹ࣌ͷి৔(ىྭ

magnetʢ430 Aɺ68ճసʣʹΑͬͯੜ੒͞ΕΔ RT-1ʹ͓͚Δਅۭ࣓৔Λ

༻͍Δ (ਤ র)ɽࢀ3.4

΋దͨ͠ύϥϝʔ࠷౓ͷϓϩϑΝΠϧ͸ɺҎԼͷࣜʹै͏ͱͯ͠ີࢠి

λͱͳΔΑ͏ʹઃఆ͢Δɽ

ne(r, z) = n0 × exp

(
−a

(
ψ(r, z)− ψ(rmax, 0)

ψ(1, 0)

)2( B(r, z)

B0(r, z)

)−b
)

(3.1)

φ(r, z) : Ґஔ (r, z)ʹ͓͚Δ࣓ؾ໘ؔ਺

φ(1, z) : ਅۭน (r = 1.0m, z = 0.0m)Ͱͷ࣓ؾ໘ؔ਺

B(r, z) : Ґஔ (r, z)Ͱͷ࣓৔ͷେ͖͞

B0(r, z) : φ(r, z)্ͷ z = 0mΛຬͨ͢఺Ͱͷ࣓৔ͷେ͖͞

(n0, a, b, rmax) : ϑΟοςΟϯάύϥϝʔλ

ଌ݁ՌΛ΋ͱʹɼࣜܭʵ̏ͷ̍ܭবׯ͸͍͓ͯʹݧ࣮ 3.1Ͱܾఆ͞ΕΔ
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ਤ 3.4. RT-1࣓ଋؔ਺౳ߴઢਤ

ີ౓෼෍ʹରͯ͠ܭଌ݁Ռͷ࠷͕ࠩޡখͱͳΔΑ͏ʹϑΟοςΟϯάύϥ

ϝʔλ͕ܾఆ͞Εɼిີࢠ౓෼෍ͱͯ͠༻͍ΒΕΔɽ

Ͱ͸ϐʔΫີ౓ͱͯ͠ࢉܭճͷࠓ n0 = 3.5 × 1017m−3,ଞͷύϥϝʔλ

͸ a = 9.33, b = 1.084, rmax = 0.547mͱͨ͠ɽ·ͨɼനઢ͸ SepartrixΛ

͍ࣔͯ͠Δɽ͜ͷ࣌ͷిີࢠ౓෼෍Λਤ 3.5ʹࣔ͢ɽ

3.4 2.45GHzి࣓೾఻ൖ͓Αͼిྗٵऩࢉܭ

զʑ͸ɼRT-1૷ஔͷϓϥζϚด͡ࠐΊʹ͓͚Δ 2.45 GHz ECHͰͷ࣮

քΛௐࠪͨ͠ɽͦͷ݁ՌΛਤݶ౓ີࢠతిݧ 3.6ʹࣔ͢ɽԣ࣠͸ׯব̍ܭ

Ͱܭଌ͞Εͨઢฏີࢠిۉ౓ɼॎ࣠͸ਅۭ༰ث֎ଆͷϧʔϓઢͰܭଌ͞Ε

ͨ൓࣓ੑ৴߸Ͱ͋Δɽ

2.45 GHz-ECHʹ͓͍ͯɼೖࣹిྗ͸ 0͔Β 18 kWͷൣғͰઃఆͨ͠ɽ

ϔϦ΢ϜͷΨεѹ͸ɺ0.28 mPa͔Β 3.2 mPaͷൣғͰઃఆͨ͠ɽRT-1ͷ

ີ౓ݶք͸ɺne = 1.6× 1017m−3ͰݱΕɺ2.45 GHzͷ EC೾ͷΧοτΦϑ
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ਤ 3.5. RT-1ిີࢠ౓෼෍ྫ

ີ౓Ͱ͋Δ ne = 0.8 × 1017m−3 Λ௒͍͑ͯΔ.͢ͳΘͪɼ͜ͷ࣌ͷϓϥζ

Ϛ͸Φʔόʔσϯεঢ়ଶͰ͋Γɼີߴ౓Ճ೤͕ߦΘΕ͍ͯΔՄೳੑ͕͋Δ

ͨΊɼͦΕΛ਺஋ࢉܭతʹ͢ݱ࠶Δ͜ͱΛ໨͢ࢦɽ

͜ͷઢฏີۉ౓ ne = 1.6 × 1017m−3 ͷ৔߹ɺిࢠͷϐʔΫີ౓͸ n0 =

3.5×1017m−3Ͱ͋Γɼͦ ͷଞͷύϥϝʔλʔ͸ a = 9.33, b = 1.084, rmax =

0.547mͰ͋ͬͨɽ·ͣɼઌ΄Ͳͷ୅දͱ͢Δີ౓ύϥϝʔλͰͷ 2.45GHz

ͷ O-mode͓Αͼ X-modeೖࣹͰͷ਺஋݁ࢉܭՌΛਤ 3.7ʹࣔ͢ɽ

ి࣓೾͸ɼਤ 3.7ʢaʣ͓Αͼਤ 3.7ʢbʣʹࣔ͢Α͏ʹɼX-modeͰ͸ R

= 0ɼO-modeͰ͸ P = 0Ͱ൓ࣹ͞ΕΔɽ݁Ռ͕ࣔ͢Α͏ʹɼ੺ಓ໘ͷਫ

ฏϙʔτ͔Β EC೾͕ೖࣹ͞ΕΔͱɼO-modeͱ X-modeͷ྆ํͷి৔ͷ

఻ൖͷ༷ࢠ͸ඇৗʹ఻ൖͱ൓ࣹ͕ಉ༷ʹͳΔɽ͜Ε͸ɼRT-1 ͷిີࢠ౓

ք෇ۙͷີ౓ϓϩϑΝΠϧʹ͓͍ͯ͸ɼPݶ = 0ͷ૚ͱ R = 0ͷ૚͕ඇৗ

ʹۙ઀͍ͯ͠ΔͨΊͩͱ͑ߟΒΕΔɽO-mode,X-modeೖࣹͲͪΒͷ৚݅

ʹରͯ͠΋ɼਅۭ༰ث͸͍ͬͨΜःஅ͞Εͨి࣓೾Λ൓ࣹ͢Δ͜ͱͰ EC

೾ΛిࢠαΠΫϩτϩϯڞ໐ (ECR)૚ʹ౸ୡ͍ͤͯ͞Δ͜ͱ͕ࣔ͞Εͨɽ
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ਤ 3.6. RT-1ʹ͓͚Δ 2.45 GHz ECH Ͱ؍ଌ͞Εͨిີࢠ౓ݶք (Heϓ

ϥζϚ).

࣍ʹɼn0 ͸ଞͷϓϩϑΝΠϧύϥϝʔλΛҡ࣋ͨ͠··ม͞ߋΕΔͱ

ͯ͠ɼ༷ʑͳϐʔΫີ౓ͷ৚݅ʹ͓͍ͯి࣓೾఻ൖࢉܭΛͨͬߦɽͭ·

ΓɼϓϥζϚͷ੒௕աఔʹ͓͚Δి࣓೾ͷ఻ൖͷ༷ࢠΛ໛ٖͨ͠ɽͦΕͧ

Εத৺ີ౓ n0 Λ (a) n0 = 3.5 × 1016m−3, (b) n0 = 7.0 × 1016m−3, (c)

n0 = 2.5×1017m−3ͷ 3৚݅ͰมԽͤͨ͞ɽ͜Ε͸ͦΕͧΕͷத৺ີ౓͕ɼ

2.45GHzͷΧοτΦϑີ౓Ͱ͋Δ nc ʹରͯ͠ɼn0 ≤ nc,n0 ≈ nc,n0 ≥ nc

ͷ৚݅Ͱ͋Δɽͦͷ݁ՌΛҎԼͷਤ 3.8ʹࣔ͢ɽ

ਤ 3.8ʢaʣʹ ࣔ͢Α͏ʹɼn0 = 3.5×1016m−3ʹ͓͍ͯ͸ 2.45 GHzͷి

࣓೾͸ ECR૚ʹ௚઀౸ୡͰ͖Δɽ͔͠͠ n0 ͕ n0 = 7.0 × 1016m−3 Λ௒

͑ΔͱɺEM೾͸ Omodeͷःஅ૚Ͱ͋Δ P=0ʹΑͬͯ 2ͭͷύεʹ෼ׂ

͞Εͨ͋ͱɼECR૚ʹ౸ୡ͢Δɽn0 = 2.5× 1016m−3ʹͯͬࢸ͸ɼେ͖͘



ୈ 3ষ ࢉܭऩٵαΠΫϩτϩϯ೾ಈ఻ൖ͓ΑͼϓϥζϚͷిྗࢠి 41

(a) O-mode ىྭ (b) X-mode ىྭ

ਤ 3.7. ਤ 3.6ͷີ౓ݶք৚݅ʹ͓͚Δ 2.45 GHz ి࣓೾఻ൖ݁ࢉܭՌʢ੺

ͷઢ͸ R = 0ɼϐϯΫͷઢ͸ P = 0ɼ྘৭ͷઢ͸ L = 0ɼԫ৭ͷઢ͸ S =

0ɼփ৭ͷઢ͸ ECR૚Λࣔ͢).

൓ࣹ૚͕ೖࣹϙʔτʹਅۭ༰ثͰͷ൓ࣹʹΑͬͯΑ͏΍͘ ECR૚ʹ౸ୡ

͍ͯ͠Δɽ͜ΕΒͷ݁Ռ͸ɼRT-1ͷϓϥζϚͷີ౓ݶքʹରͯ͠ɼRT-1

ͷਅۭ༰ܗثঢ়ʹΑΔి࣓೾ͷ൓ࣹ΍ճΓࠐΈͷӨ͕ڹඇৗʹ͍ڧՄೳੑ

Λ͍ࣔͯ͠Δɽ

ઌʹ֤ࣔͨ͠ిີࢠ౓ʹ͓͚Δి࣓೾఻ൖ݁ࢉܭՌʹର͠ɼECR૚ʹ͓

͚Δి࣓೾ͷٵऩΛ͑ߟΔɽ·ͣɼୈ̎ষ͔Βɼ೤͍ϓϥζϚۙࣅΛྀߟ

ͨ͠ϓϥζϚͷ EC೾ٵऩͷࣜ͸ҎԼͷࣜͰද͞ΕΔɽ

Pabs =
ω2
pe

2kzvTe

√
π

2
exp

(
−(ω − ωce)2

2k2
zv

2
Te

)
ϵ0
2
|Ex − iEy|2 (3.2)

͜͜Ͱɼωpe ͸ిࢠϓϥζϚप೾਺, vTe ͸ిࢠͷ೤଎౓Ͱ͋Γɼ vTe =√
2Te/meͰද͞ݱΕΔɽzํ޲͸࣓ྗઢʹฏߦͳํ޲Ͱ͋Γɼ೾਺ϕΫτ
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(a) n0 = 3.5× 1016m−3 (b) n0 = 7.0× 1016m−3

(c) n0 = 2.5× 1017m−3

ਤ 3.8. ֤ϐʔΫిີࢠ౓Ͱͷ 2.45GHz ి࣓೾఻ൖ݁ࢉܭՌ (O-mode ྭ

.(ى
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ϧ k ͸ి࣓೾ͷೖࣹํ޲ʹฏߦͰ͋Γɼ kz ೾਺ϕΫτϧͷ z੒෼Λࣔ͢.

Ex ͱ Ey ͸ి࣓೾ͷ xํ͓޲Αͼ yํ޲ͷి৔੒෼Ͱ͋Δɽ

Pabs ͸୯Ґମੵ͋ͨΓͷిྗٵऩྔΛࣔ͢ͷͰɼ·ͣɼి࣓೾఻ൖࢉܭ

݁Ռ͔ΒɼECR૚ۙ๣ʹ͓͚ΔిࢠαΠΫϩτϩϯۙ๣ʹ͓͚Δ୯Ґମੵ

͋ͨΓͷڞ໐Ճ೤ྔΛϝογϡͷ֤άϦουʹ͓͍ͯࢉܭͰ͖Δɽ͜ͷ࣌

ͷ݁ՌΛਤ 3.9ʹࣔ͢ɽͳ͓ Te ͸ۭؒతʹҰ༷Ͱ 10 eVͰ͋Δͱͨ͠ɽ

ਤ 3.9. 2.45 GHz ి࣓೾ͷ ECH ࣌ʹ͓͚Δిྗٵऩͷۭؒ෼෍, ୯Ґ͸

(W/m3), ϐʔΫີ౓͸ n0 = 3.5 × 1016m−3 Ͱ͋Γɼփ৭ͷઢ͸ిࢠαΠ

Ϋϩτϩϯڞ໐૚Λࣔ͢.

͜ͷ݁Ռ͔ΒɼEC೾ͷٵऩ͸ ECR૚ʹԊͬͯ (MW/m3)ͷΦʔμʔ

Ͱൃੜ͍ͯ͠Δͱ͍͏஌͕ݟಘΒΕͨɽ

ϓϥζϚશମͷిྗٵऩ P total
abs ͸ ֤άϦου্Ͱ Pabs ΛϝογϡαΠ

ζͰੵ෼ͨ͠஋Λ߹ͨ͠ܭ஋ͱͯͨ͠͠ࢉܭɽͭ·Γɼ

P total
abs =

∑
Pabs ×meshwidth ×meshhigh × 2π (3.3)

ͱͳΔɽ

ऩޮ཰ͱͯ͠͸ɼٵ P total
abs Λೖࣹిྗ Pin Ͱׂͬͨ஋Λ͍ࣔͯ͠Δ.
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1.61.41.21.00.80.60.40.20.0

Line average density (x10
17
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-3

)

3.53.02.52.01.51.00.50.0

Peak density (x10
17

 m
-3

)

Density limit2.45 GHz cut off

ਤ 3.10. O-modeೖࣹ࣌ͷ 2.45GHzి࣓೾ͷϓϥζϚͷిྗٵऩޮ཰ͷີ

౓ґଘੑ.

ՌΛਤ݁ࢉܭ౓ґଘੑͷີࢠऩޮ཰ͷిٵ 3.10ʹࣔ͢ɽ

ϓϥζϚͷిྗٵऩޮ཰͸ n0 = 2.5× 1016m−3 Ͱ ∼ 70%ͱ͍͏࠷େ஋

Λܴ͑ɼ n0 = 4.2× 1016m−3Ͱ 0ʹͳ͍ͬͯΔɽ͔͠͠ઌʹࣔͨ݁͠Ռͷ

Α͏ʹɼٵऩޮ཰͕̌ʹͳͬͨີ౓ΑΓ΋ີ͍ߴ౓ͷϓϥζϚ͸ੜ੒͞Ε

͓ͯΓɼ·ͨి࣓೾͸ ECR૚ʹ౸ୡ͍ͯ͠ΔͨΊɼ͜ͷ݁ࢉܭՌ͸ RT-1

ʹ͓͚ΔϓϥζϚͷిີࢠ౓ݶքΛਖ਼͘͠໛ٖͰ͖͍ͯΔΘ͚Ͱ͸ͳ͍ɽ

3.5 8.2GHzి࣓೾఻ൖ͓Αͼిྗٵऩࢉܭ

ೳͳϓϥζϚด͡ੑߴ͍ͨ༺ΘΕ͍ͯͳ͍͕ɼ8.2Ghzి࣓೾Λߦ͸ࡏݱ

ք͕ࣔ͞Ε͍ͯΔɽݶ౓ͷີࢠ΋ɼ൓࣓ੑ৴߸͓Αͼి͍͓ͯʹڀݚΊࠐ
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͜ͷΑ͏ͳ 8.2GHzి࣓೾ͷՃ೤ʹରͯ͠΋ɼ̎࣍ݩ೾ಈ఻ൖࢉܭΛͬߦ

ͨɽ͜ͷࢉܭʹ͓͍ͯɼϝογϡαΠζ͸ɼ͢ࢉܭΔ೾ͷ೾ಈͱͯ͠ͷੑ

࣭Λࣔ͢͜ͱ͕Ͱ͖ΔΑ͏ʹे෼ʹখ͘͢͞Δ͜ͱͱ͠ɼ8.2GHzͷి࣓

೾ͷਅۭதͷ೾௕Ͱ͋Δ λ8.2GHz =
c
f ≈ 36(mm)ͷ 1/20ͷαΠζͰ͋Δ 1

ล 1.8-0.18mm ͷඇ౳ํͷܗ֯ࡾϝογϡͱͯ͠ɼCOMSOL γεςϜ্

ͰྖࢉܭҬΛ෼ׂ͠ɼࢉܭΛߦͳͬͨɽ

Ͱ΋ࢉܭճͷࠓ 2.45GHz ి࣓೾఻ൖ࣌ࢉܭͱಉ༷ʹɼn0 ͸ଞͷϓϩ

ϑΝΠϧύϥϝʔλΛҡ࣋ͨ͠··ม͞ߋΕΔͱͯ͠ɼ༷ʑͳϐʔΫີ

౓ͷ৚݅ʹ͓͍ͯి࣓೾఻ൖࢉܭΛͨͬߦɽͭ·ΓɼϓϥζϚͷ੒௕ա

ఔʹ͓͚Δి࣓೾ͷ఻ൖͷ༷ࢠΛ໛ٖͨ͠ɽͦΕͧΕத৺ີ౓ n0 Λ (a)

n0 = 3.5× 1017m−3, (b) n0 = 1.0× 1018m−3, (c) n0 = 1.0× 1019m−3 ͷ 3

৚݅ͰมԽͤͨ͞ɽ͜Ε͸ͦΕͧΕͷத৺ີ౓͕ɼϓϥζϚͷ 8.2GHzͷ

ΧοτΦϑີ౓Ͱ͋Δ nc ʹରͯ͠ɼn0 ≤ nc,n0 ≈ nc,n0 ≥ nc ͷ৚݅Ͱ͋

Δɽͦͷ݁ՌΛҎԼͷਤ 3.11ʹࣔ͢ɽ

8.2 GHz ͷి࣓೾͸ɼਤ 3.11(a) ͕ࣔ͢Α͏ʹɼத৺ີ౓ n0 ͕ n0 =

3.5×1017m−3ͷ࣌ʹ͸ి࣓೾͸௚઀ ECR૚ʹ౸ୡ͢Δɽਤ 3.11(b)ͷ࣌ɼ

ͭ·Γ n0 = 1.0× 1018m−3 ͷ࣌ʹ͸ɼϓϥζϚͷத৺ີ౓͕ 8.2GHzʹର

͢ΔΧοτΦϑີ౓ΑΓ΋ີߴ͍ߴ౓ঢ়ଶʹͳΓɼి࣓೾͸ ECR૚ʹ౸

ୡ͢ΔલʹΧοτΦϑ૚ʹΑͬͯःஅ͞ΕΔ΋͘͠͸఻ൖํ޲Λ͛ۂΒΕ

ͳ͕Β΋ి࣓೾͸ ECR૚ʹ౸ୡ͢Δɽத৺ີ౓ n0͕ n0 = 1.0× 1019m−3

ʹୡ͢ΔͱɼΧοτΦϑ૚͸ϓϥζϚத৺෦͔Βେ͖͘ి࣓೾ೖࣹϙʔτ

ʹுΓग़ͨ͢Ίɼਤ 3.11ʢcʣʹࣔ͢Α͏ʹɺి࣓೾͸ ECR૚ʹ౸ୡ͕ࠔ

೉ʹͳΔɽ

࣍ʹɼࣜ (3.2) ͔ΒɼϓϥζϚશମͷిྗٵऩޮ཰Λͨ͠ࢉܭɽ͜ͷ݁

ՌΛҎԼͷਤ 3.12 ʹࣔ͢ɽͳ͓ɼిࢠԹ౓ Te ͸ۭؒతʹҰ༷Ͱ 10 keV

Ͱ͋Δͱͨ͠.

ϓϥζϚͷిྗٵऩޮ཰͸த৺ີ౓Ͱ n0 = 0.4× 1018m−3 ͷ࣌ʹ࠷େͰ

͋Δ∼ 80%ͱ͍͏࠷େ஋Λܴ͑ɼ n0 = 0.9× 1018m−3Ͱ 0ʹͳ͍ͬͯΔɽ

͜Ε͸ 2.45GHzͷి࣓೾ͷిྗٵऩޮ཰ͷີ౓ґଘੑͱେ͖͘ҟͳΓɼத

৺ͷີ౓͕ΧοτΦϑີ౓ʹୡ͢Δ·Ͱٵऩޮ཰͕མ͍ͪͯͳ͍ɽ

͔͠͠ 2.45GHz,8.2GHzͷͲͪΒͷ̎࣍ݩ೾ಈ఻ൖࢉܭʹΑΔՃ೤ޮ཰
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(a) n0 = 3.5× 1017m−3 (b) n0 = 1.0× 1018m−3

(c) n0 = 1.0× 1019m−3

ਤ 3.11. ֤ϐʔΫిີࢠ౓Ͱͷ 8.2GHz ి࣓೾఻ൖ݁ࢉܭՌ (X-mode ྭ

ʢ੺ͷઢ͸(ى R = 0ɼϐϯΫͷઢ͸ P = 0ɼ྘৭ͷઢ͸ L = 0ɼԫ৭ͷઢ

͸ S = 0ɼփ৭ͷઢ͸ ECR૚Λࣔ͢).
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ਤ 3.12. X-modeೖࣹ࣌ͷ 8.2GHzి࣓೾ͷϓϥζϚͷిྗٵऩޮ཰ͷີ

౓ґଘੑ.

Ͱ͸ࢉܭ΋ɼ਺஋͍͓ͯʹࢉܭ RT-1Ͱੜ੒͞Ε͍ͯΔϓϥζϚͷີ౓ݶ

քΛઆ໌Ͱ͖͍ͯͳ͍ɽ͜ͷݪҼͱͯ͑͠ߟΒΕΔͷ͸ࢉܭͷࡍʹۭؒ࣍

Λݩ 3͔Β ΁ͷ఻ൖ೾޲Βͨ͜͠ͱͰ͋Δɽͭ·ΓɼτϩΠμϧํݮʹ2

ͷ͕޿Γ͸ࢉܭͰ͖͓ͯΒͣɼτϩΠμϧํ͕޿ʹ޲Δ೾͸ɼ̏࣍ݩతʹ

͸ਅۭ༰ثน໘ʹিಥ͢Δ͕ɼ্̎࣍ࢉܭݩ͸෦෼తʹಉ͡ฏ໘ʹࢄཚ͞

ΕτϩΠμϧํ޲΁ͷճΓࠐΈΛ໛ٖͰ͖͍ͯͳ͍ɽਅۭ༰ثน໘Ͱͷଟ

ॏ൓ࣹ͸ɼిྗٵऩޮ཰ͷఆྔ෼ੳͷͨΊͷ೾ͷ෼෍ʹେ͖͘Ө͢ڹΔͨ

ΊɼۭؒࢉܭΛ֦̏࣍ݩுͯ͠͏ߦඞཁ͕͋Δ͕ɼݯࢿࢉܭ΋࣍ݩͷ૿Ճ

ʹ൐͍രൃతʹ૿͑ΔͨΊɼ஫ҙ͕ඞཁͰ͋Δɽ
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3.6 ݩ3࣍ 2.45GHzి࣓೾఻ൖࢉܭ

ுͨ͠ɽ֦̏࣍ʹࢉܭݩΛ̏࣍ࢉܭ೾ಈ఻ൖ͍ͨͯ͠ࢉܭͰۭؒݩ2࣍

͍༺Ͱࢉܭ೾ಈ఻ൖݩͰ͸ɼ࣓৔ɼ͓Αͼີ౓͸̎࣍ࢉܭͷి࣓೾఻ൖݩ

ͨ഑ҐΛɼτϩΠμϧରশੑΛԾఆͯ̏࣍͠ݩԽͨ͠෼෍Λ༻͍ͨɽ·ͨ

RT-1 ਅۭ༰ثͷ̏࣍ܗݩঢ়ΛྖࢉܭҬͱ͠ɼਅۭ༰͓ثΑͼු্ίΠϧ

Λ൓ࣹڥքͱͯ͠༻͍ͨɽ͜ͷ࣌ʹ༻͍ͨ̏࣍ݩϞσϧΛԼͷਤ 3.13 ʹ

ࣔ͢ɽ

ਤ 3.13. RT-1૷ஔͷ̏࣍ݩϞσϧ.੺৭ͷྖҬ͸ϓϥζϚͷଘ͢ࡏΔྖҬ

Λ͍ࣔͯ͠Δɽ

·ͨɼ2.45GHzి࣓೾͸ӈଆͷ̍ͭͷϙʔτ͔Β O-modeͰೖࣹ͞ΕΔ

ͱͨ͠ɽ

n0 ͸ଞͷϓϩϑΝΠϧύϥϝʔλΛҡ࣋ͨ͠··ม͞ߋΕΔͱͯ͠ɼ

༷ʑͳϐʔΫີ౓ͷ৚݅ʹ͓͍ͯి࣓೾఻ൖࢉܭΛͨͬߦɽͭ·Γɼϓϥ

ζϚͷ੒௕աఔʹ͓͚Δి࣓೾ͷ఻ൖͷ༷ࢠΛ໛ٖͨ͠ɽͦΕͧΕத৺ີ

౓ n0 Λ (a) n0 = 1.7× 1017m−3, (b) n0 = 2.8× 1017m−3,ͷ 2৚݅ͰมԽ

ͤͨ͞ɽ͜Ε͸ͦΕͧΕͷத৺ີ౓͕ɼ2.45GHzͷΧοτΦϑີ౓Ͱ͋Δ

nc ͓Αͼిີࢠ౓ݶք࣌ͷத৺ີ౓ nlim ʹରͯ͠ɼn0 ≈ nc,n0 ≈ nlim ͷ

৚݅Ͱ͋Δɽͦͷ݁ՌΛҎԼͷਤ 3.14ʹࣔ͢ɽ
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(a) n0 = 1.7× 1017m−3 (b) n0 = 2.8× 1017m−3

ਤ 3.14. ֤ϐʔΫిີࢠ౓Ͱͷ 2.45GHz ి࣓೾̏࣍ݩ఻ൖ݁ࢉܭՌͷి

࣓೾ͷೖྗϙʔτΛؚΉ R-Zஅ໘෼෍ (O-modeྭى)ʢϐϯΫͷઢ͸ P =

0ɼࠇ৭ͷઢ͸ ECR૚Λࣔ͢).

ՌΛి࣓೾ͷೖྗϙʔτΛؚΉ݁ࢉܭ೾ಈ఻ൖݩ࣍̏ R-Zஅ໘Ͱࣔ͢ɽ

ਤ 3.14(a)͕ࣔ͢Α͏ʹ̏࣍ࢉܭݩͰ͸ɼn0 ≈ nc ͷ৔߹Ͱ΋ɼEC೾͸্

ଆ͔Β ECR૚ʹҰ෦౸ୡ͍ͯ͠Δɽ͔͠͠ n0 ͕ nlim ۙ͘ͳΔͱ EC೾

͸੒௕ͨ͠ΧοτΦϑ૚Ͱೖࣹଆʹ൓ࣹ͞ΕɼSeparatrix಺෦ͷڞ໐૚ʹ

౸ୡͰ͖ͳ͍ɽ

Έ͓ΑͼτϩࠐϞσϧͰి࣓೾఻ൖΛऔΓѻ͏ͱɼి࣓೾ͷճΓݩ3࣍

ΠμϧʹඇରশͳޮՌ͕͘ڧදΕ, ϓϥζϚதͷ EC ೾ిྗٵऩΛධՁͰ

͖ΔՄೳੑ͕͋Δɽޙࠓ͸ɼ͜ͷ࣓̏࣍ిݩ೾఻ൖ݁ՌΛར༻͠ϓϥζ

ϚͷిྗٵऩΛධՁ͢Δඞཁ͕͋Δɽ3 Ͱ΋આ໌Ͱ͖ͳ͍৔߹ɼࢉܭݩ࣍

Ϟʔυม׵Ճ೤Λྀ͢ߟΔඞཁ͕͋Δɽ

3.7 ·ͱΊ

RT-1 ૷ஔͰੜ੒͞ΕͨϓϥζϚ಺ͷ EC ೾ͷ఻ൖͱՃ೤ϝΧχζϜΛ

໌Β͔ʹ͢ΔͨΊʹ೾ಈޫֶγϛϡϨʔγϣϯΛ࣓ܕݍؾϓϥζϚด͡ࠐ
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Ί૷ஔ RT-1ʹద༻ͨ͠ɽ

ಘΒΕͨ೾ಈి৔෼෍ʹରͯ͠ɼ೤͍ϓϥζϚۙࣅʹΑΔϓϥζϚͷి

ϓϥζϚதͷͯ͠༺࢖ऩޮ཰ͷࣜΛٵྗ EC೾ిྗٵऩޮ཰ΛධՁͨ͠ɽ

8.2 GHzͱ 2.45 GHzͷ EC೾ͷ ECHʹ͓͍ͯɼີ ౓෼෍Λྀ͢ߟΔͱ

Φʔόʔσϯεͷঢ়ଶʹୡ͍ͯͨ͠ɽ2.45GHzͱ 8.2GHzͷ྆प೾਺ଳͷ

ి࣓೾ʹରͯ͠ɼ༷ʑͳີ౓Ͱి࣓೾఻ൖɾٵऩࢉܭΛߦͳ͕ͬͨɼ྆ํ

ͷप೾਺ͰΧοτΦϑີ౓ະຬͰϓϥζϚͷిྗٵऩޮ཰͕̌ͱͳͬͨɽ

ͦͷͨΊࡏݱͷγϛϡϨʔγϣϯͰ͸ɼిྗٵऩޮ཰ͷ؍఺͔Β࣮ݧతʹ

քΛઆ໌Ͱ͖͍ͯͳ͍ɽݶΕͨΦʔόʔσϯεঢ়ଶͱີ౓͞࡯؍

਺஋ࢉܭͱ࣮ݧͷෆҰகΛղফ͢Δํ๏ͱͯ͠ɼϓϥζϚͷిྗٵऩධ

Ձͷߴਫ਼౓Խ΍ిࢠόʔϯγϡλΠϯ೾ (EBW)΁ͷϞʔυม׵Λ໛ٖ͢

Δ͜ͱ͕͛ڍΒΕΔ [19]ɽ·ͨɼϓϥζϚͷੜ੒ͷ͘ڧʹࡍ಺ࢄ֦͖޲Λ

൐͏͜ͱͰΦʔόʔσϯεͳࣗݾ૊৫ԽϓϥζϚͷੜ੒Λ͍ࣔͯ͠ΔՄೳ

ੑ͕͋Δɽ͕ͨͬͯ͠ɼRT-1 ૷ஔͰੜ੒͞ΕΔϓϥζϚͷΦʔόʔσϯ

εঢ়ଶͱిີࢠ౓ݶքΛཧղ͢Δʹ͸ɼ͞ΒͳΔ͕ڀݚඞཁͰ͋Δɽ



51

ୈ 4ষ

ϓϥζϚதͷ EC೾ͷٵऩిྗධՁ

4.1 ͸͡Ίʹ

ϓϥζϚʹରͯ͠ ECH࣌ͷ༌ૹಛੑղੳΛ͢ΔͨΊʹ͸ɼϓϥζϚʹ

ऩ͞ΕΔٵ ECHిྗͷۭؒ෼෍ධՁ͕ඞཁෆՄܽͰ͋Δɽۙ೥ͷ༌ૹݚ

Ͱ͸ɼ༌ૹ͕Թ౓ޯ഑΍ີ౓ޯ഑ڀ ͳͲ͚ͩͰ͸આ໌͚ͮΔ͜ͱ͕Ͱ͖

ͣɼՃ೤ిྗ͕௚઀తʹ༌ૹΛۦಈ͍ͯ͠Δ͜ͱ΋ࣔࠦ͞Ε͍ͯΔɽҎ্

ͷΑ͏ʹ༌ૹղੳͷͨΊʹ͸Ճ೤ٵऩిྗධՁ͕ॏཁͱͳΔɻҰํͰɼՃ

೤ٵऩిྗධՁ͸Ճ೤෺ཧͱͯ͠΋ॏཁͳςʔϚͰ͋ΔɽຊڀݚͰ͸ɼ൓

࣓ੑ৴߸ܭଌͰଌఆ͞ΕͨϓϥζϚ஝ੵΤωϧΪʔ͔ΒՃ೤ٵऩిྗΛධ

Ձ͢Δํ๏Λ༻͍Δ͜ͱͰɼϓϥζϚͷٵऩిྗΛධՁ͠ɼ೾ಈޫֶࢉܭ

ʹΑΔ਺஋݁ࢉܭՌͱൺֱɼݕ౼͢Δɽ

4.2 ECHग़ྗมௐΛ༻͍ͨϓϥζϚதͷ EC೾ͷిྗٵऩޮ

཰ଌఆݪཧ

Ճ೤ٵऩిྗ͸ϓϥζϚ஝ੵΤωϧΪʔͷ࣌ؒมԽ͔Β࣮ݧతʹධՁ͢

Δ͜ͱ͕Ͱ͖Δ [21]ɽதੑཻࢠϏʔϜೖࣹՃ೤ (NBI)͕ଘͣͤࡏɼEC೾

͕ೖࣹ͞Ε͍ͯͳ͍৔߹ɼϓϥζϚͷ஝ੵΤωϧΪʔͷ࣌ؒมԽ͸࣍ࣜͷ

Α͏ʹॻ͚Δɽ
dWp0

dt
= − 1

τE0
Wp0 − Prad0 (4.1)
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Wp : ϓϥζϚ஝ੵΤωϧΪʔ

τE0 : ΤωϧΪʔด͡ࠐΊ࣌ؒ

Prad0 : ϓϥζϚͷ์ࣹύϫʔ

EC೾ೖࣹ࣌͸ɼ࣍ࣜͰද͞ݱΕΔɽ

dWp1

dt
= − 1

τE1
Wp1 − Prad1 + PECH (4.2)

PECH : ௥ՃͰೖࣹ͞Εͨ ECRH ͷՃ೤ύϫʔ

ఴࣈͷ’0’,’1’͸ͦΕͧΕ ECH Φϑ࣌ͱΦϯ࣌ͷ஋Ͱ͋Δ͜ͱΛࣔͯ͠

͍Δ.

τE0 = τE1ɼWp0 = Wp1ɼPrad0 = Prad1 ͷ࣌ɼϓϥζϚͷ ECH ऩిྗٵ

͸ࣜ (4.1),(4.2)ΑΓ ࣍ࣜͷΑ͏ʹදͤΔ.

PECH =

(
dWp0

dt
− dWp1

dt

)
(4.3)

͜ͷࣜ (4.3)Λ༻͍ͯɼECH ΦϯΦϑ࣌ͷϓϥζϚ஝ੵΤωϧΪʔͷ࣌

ؒඍ෼஋ͷ͔ࠩΒ ϓϥζϚͷ ECHʹର͢ΔٵऩిྗධՁΛ͢Δ͜ͱ͕Ͱ

͖ΔɽRT-1 Ͱ͸൓࣓ੑ࣓ଋܭଌΛߦͳ͍ͬͯΔͨΊɼ͜ͷ݁Ռ͔Βϓϥ

ζϚͷ஝ੵΤωϧΪʔWp ՄೳͰ͋ΔɽҎԼʹ൓࣓ੑ৴߸ʹର͢Δࢉܭ͕

ϓϥζϚͷ஝ੵΤωϧΪʔࢉܭख๏ʹ͍ͭͯࣔ͢ɽ

൓࣓ੑిྲྀ͕ੜΈग़࣓͢ଋͷมԽ (൓࣓ੑ৴߸) ΛϑϥοΫεϧʔϓʹ

ΑΓܭଌ͢Δ͜ͱͰɼMHD ํఔ͔ࣜΒಋ͔ΕΔ Grad-Shafranov ํఔࣜ

Λղ͖ɼ൓࣓ੑ৴߸ͱϓϥζϚѹྗ (β) Λؔ܎෇͚Δ͜ͱ͕ग़དྷΔɽઌߦ

Ͱ͸ڀݚ RTEQ ίʔυʹΑΓϓϥζϚͷฏࢉܭߧΛ͍ߦɼͦͷଥ౰ੑΛ

Δ͍ͯ͠ূݕʹతݧ࣮ [20]. ൓࣓ੑ৴߸ͱϓϥζϚѹྗͷؔ܎Λɼ༧Ίϓ

ϥζϚѹྗ෼෍ΛԾఆͨ͠ฏࢉܭߧʹΑΓ൒ݧܦଇͱͯ͠ٻΊͨɽؔࣜ܎

͸ࣜ (4.4) ͷΑ͏ʹද͞ΕΔ [20].

βlocal,max = 18Wdiamag (4.4)

͜͜Ͱɼβlocal,max ͸ہॴ Ќ ͷ࠷େ஋Λ % Ͱɼ൓࣓ੑ৴߸ Wdiamag ͸

mWb ͷ୯ҐͰ͋Δɽβlocal,max ∼ 100%ۙ๣Ͱ͸൓࣓ੑ৴߸ͷඇઢ͔ੑܗ
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Βɼࣜ (4.4) ͸աখධՁͱͳΔ޲܏Λ͕ࣔ͢ɼ൓࣓ੑ৴߸ͷ௿͍ྖҬͰ͸

ਫ਼౓Α͘ βlocal,max Λࣔ͢ͱͯ͑ߟΑ͍ɽ͜Εʹର͠ɼମੵฏۉ β ஋Ͱ͋

Δ βvolume,average ͸ɼ

βvolume,average =
1

10
βlocal,max = 1.8Wdiamag (4.5)

ͱͳΔ͜ͱ͕ɼMHDղੳʹΑͬͯ൑໌͍ͯ͠Δɽβ ͷఆٛ͸ࣜ (1.7)Ͱ

͋ΔͷͰɼϓϥζϚͷѹྗ෼෍ p(r, z)͸ɼ

p(r, z) =
B(r, z)2

2µ0
· β (4.6)

Ͱ͋ΔɽΑۭͬͯؒͷ֤Ґஔʹ͓͚Δ࣓৔͕൑໌͢Ε͹ɼϓϥζϚͷѹྗ

෼෍͕൑໌͢Δɽ

஝ੵΤωϧΪʔWp ͸ɼϓϥζϚͷଘ͢ࡏΔۭؒ Sʹରͯ͠

Wp =

∫
pdV (4.7)

Ͱ͋ΔͷͰɼ͜ ͜ͰɼϓϥζϚͷଘྖࡏҬΛਅۭ࣓৔ʹ͓͚Δ Separtrix಺

ଆͱͯ͠ɼRɼzํ޲ʹͦΕͧΕ ∆r,∆z ʹ෼ׂͨ͠ࡍͷάϦουҐஔΛ i,j

ͱͨ࣌͠ɼτϩΠμϧରশੑΛԾఆͨ͠ࡍͷϓϥζϚ஝ੵΤωϧΪʔ͸ɼ

Wp =
∑

i,j

p(ri, zj) ·∆r ·∆z2πri =
∑

i,j

B(ri, zj)2

2µ0
·βvolume,average ·∆r ·∆z2π

(4.8)

Ͱ਺஋ࢉܭͰ͖Δɽ

ϓϥζϚ͕ଘ͢ࡏΔྖҬΛ r,zํ޲ʹ 1000෼ׂͯ݁ͨ͠͠ࢉܭՌɼϓϥ

ζϚͷ൓࣓ੑ৴߸ͱ஝ੵΤωϧΪʔͷؔࣜ܎͸

1[mWb] = 150[J] (4.9)

ͱ͞ࢉܭΕΔɽຊ࿦จͰ͸ɼ্ͷؔࣜ܎Λ༻͍ͯٵऩిྗΛఆྔԽͨ͠ɽ
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4.3 ݧऩޮ཰ଌఆ࣮ٵྗి

RT-1ʹ͓͍ͯ͸ɼϓϥζϚΛੜ੒ҡ͍࣋ͯ͠ΔՃ೤ख๏͕ ECHͷΈͰ

͋ΔɽΑͬͯ ECHͷೖྗΛ׬શʹ offʹ͢ΔͱɼϓϥζϚ͕׬શʹফ͑ɼ

ϓϥζϚͷঢ়ଶ͕େ͖͘มԽ͢Δ͜ͱʹͳΔɽΑͬͯຊڀݚͰ͸ɼECHͷ

on-offΛ܁Γฦ͢ͷͰ͸ͳ͘ɼECHͷೖࣹύϫʔΛҰఆपظͰҰఆͷ෯Ͱ

্Լͤ͞Δ͜ͱͰɼϓϥζϚͷঢ়ଶΛେ͖͘มԽͤͣ͞ʹϓϥζϚͷ൓࣓

ੑ৴߸ͷԠ౴Λଌఆ͢Δ. ਤ 4.1ʹ ECHʹมௐΛൃੜͤͨ͞ࡍͷೖྗిྗ

ͷ࣌ؒมԽ͓ΑͼͦΕʹର͢Δ൓࣓ੑ৴߸ͷԠ౴Λࣔ͢ɽ

20
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 (k
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agnetism
 (10

-3W
b)

ECH input power
Diamagnetism

ਤ 4.1. ECHग़ྗมௐ࣌ͷ൓࣓ੑ৴߸ͷԠ౴.

͜ͷ࣌ͷ ECH ͷ࠷େిྗ͸ 17kWɼ࠷খిྗ͸ 8kW Ͱ͋Γɼप೾਺

5Hz Ͱ࠷େిྗͱ࠷খిྗΛ܁Γฦͨ͠ (ҎԼ͜ͷಈ࡞Λ ECH ग़ྗมௐ

ͱݺͿ)ɽ෧ೖ͍ͯ͠Δؾମ͸ He Ͱ͋ΓɼΨεѹ͸ 2.36mPa ͷҰఆ஋Ͱ
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͋Δɽਤ 4.1 ͕ࣔ͢Α͏ʹɼΨεѹ͕௿͍ͨΊ࠷ॳ͸ϓϥζϚͷ఺Ր͕

஗ΕɼECH ͷೖྗ͔Β໿ 0.1s ʹϓϥζϚ͕ੜ੒͞Ε͍ͯΔɽ͞Βʹޙ

ECHͷมௐʹԠ౴͢ΔܗͰ൓࣓ੑ৴߸΋Ԡ౴Λࣔ͠ɼ͓Αͦ 2.2mWb͔

Β 1.6mWbͷൣғͰ ECHͱಉ͡पظͰมԽ͍ͯ͠Δɽ

͜ͷϓϥζϚͷ൓࣓ੑ৴߸ͷ࣌ؒมԽԠ౴͔Βɼ֤ϓϥζϚͷঢ়ଶʹ͓

͚Δిྗٵऩޮ཰Λଌఆͨ͠ɽ

͔͠͠൓࣓ੑ৴߸ܭଌͷ࣌ؒԠ౴ΛಷΒͤΔཁҼͱͯ͠ΠϯμΫλϯε

͕͋Δɽ͜͜Ͱ͸ɼECRH։࢝௚ޙͷΑ͏ͳٸͳมԽΛ͢Δ৔߹Ͱ΋ܭଌ

ͷ࣌ؒԠ౴͸े෼ʹૣ͍ͷ͔Λ͑ߟΔɽਤ 4.2͸ ECRHग़ྗมௐ࣮ݧʢਤ

4.1ʣʹ͓͍ͯ൓࣓ੑ৴߸ܭଌͰଌఆͨ͠ޙ࠷ 1.8s͔Β 2.0sʹ͓͚Δϓϥ

ζϚͷ࣌ؒԠ౴ͱͦͷ࣌ؒඍ෼஋ͷؔ܎Λࣔͨ͠΋ͷͰ͋Δɽ

4

2

0

-2

Th
e 

tim
e 

de
riv

at
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e 
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m
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tis

m
 (1

0-2
 W

b)

2.22.12.01.91.81.71.6

Diamagnetism (10
-3

Wb)

ਤ 4.2. ൓࣓ੑ৴߸ܭଌͰଌఆͨ͠ϓϥζϚͷ࣌ؒԠ౴ͱͦͷ࣌ؒඍ෼஋ͷ

ɽ܎ؔ

ࣜ (4.1),(4.2)͕ࣔ͢௨Γɼਤ 4.2ͷ͖܏ (dWp

dt )/(Wp)͸ −1/τE ͱҰக͢
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Δɽด͡ࠐΊ͕࣌ؒҰఆͰ͋Γɼͭ׌ɼ൓࣓ੑ৴߸ܭଌʹର͢ΔΠϯμΫ

λϯεิਖ਼͕े෼Ͱ͋ΔͱɼECRH ։࢝ͱऴྃͷλΠϛϯάͰ ECRHٵ

ऩిྗ෼͚ͩϓϥζϚ஝ੵΤωϧΪʔͷ࣌ؒඍ෼஋͕͠ݮ૿ʹܹٸɼ͜ͷ

ਤ͸ฏ࢛ߦลܗʹͳΔɽ͔͠͠ɼECH ։࢝ͱऴྃͷλΠϛϯάʹ൓࣓ੑ

৴߸ܭଌͰଌఆ͞ΕͨϓϥζϚ஝ੵΤωϧΪʔͷ࣌ؒඍ෼஋͸࣌ؒԠ౴͕

ಷ͍ͬͯΔɽ

ECRH ग़ྗมௐͷΑ͏ͳٸʹϓϥζϚ஝ੵΤωϧΪʔ͕มԽ͢Δ৔߹

͸ɼิਖ਼͖͠Ε͍ͯͳ͍ΠϯμΫλϯεͷӨڹʹΑΓ൓࣓ੑ৴߸ܭଌ͸਺

ϛϦඵͷ࣌ఆ਺Λ࣋ͬͯԠ౴͢Δ͜ͱΛ໌Β͔ʹͳͬͨɽैདྷ๏Ͱ͸ࣜ

(4.3)ͷΑ͏ʹ ECRH։࢝௚લ௚ޙʹ͓͚ΔϓϥζϚ஝ੵΤωϧΪʔͷ࣌

ؒඍ෼஋ͷมԽྔΛ ECRH Ͱࣔͨ͠൓هऩిྗͱ͍ͯ͠ΔɽΑ্ͬͯٵ

࣓ੑ৴߸ܭଌͷ࣌ؒಷΓʹΑΓϓϥζϚ஝ੵΤωϧΪʔͷ࣌ؒඍ෼஋ͷม

Խྔ͸ຊདྷΑΓ΋খ͘͞ੵݟ΋ΒΕΔɽͦͷͨΊɼ൓࣓ੑ৴߸ܭଌΛ༻͍

ͨ ECHٵऩిྗධՁͷैདྷ๏Ͱ͸ΠϯμΫλϯεͷӨٵ͕ڹऩిྗΛա

খධՁ͢ΔΑ͏ʹಇ͘ɽ

ਤ 4.2ͷ͖܏ (dWp

dt )/(Wp)͸ −1/τE ͱҰக͢ΔɽECRH։࢝લޙ਺ 10

ϛϦඵؒͰ͖܏ (dWp

dt )/(Wp)ͭ·Γด͡ࠐΊ࣌ؒ τE ͸มΘ͍ͬͯͳ͍ɽ͠

͕ͨͬͯɼ൓࣓ੑ৴߸ܭଌʹΠϯμΫλϯεิਖ਼ෆ଍ͷӨݱ͕ڹΕ͍ͯͳ

͍࣌ؒଳͰɼͭ׌ɼECHΦϯΦϑதͷಉϓϥζϚ஝ੵΤωϧΪʔͱͳΔ࣌

ؒଳWp0 = Wp1 ʹ͓͍ͯɼࣜ (4.3)Λ༻͍ͯٵऩిྗΛධՁͰ͖Δɽ۩ମ

తʹ͸ɼਤ 4.2ͷΑ͏ʹ dWp

dt −Wp ਤΛඳ͖ɼܭଌͷ࣌ؒಷΓ͕ͳ͍࣌ؒ

ଳͰɼECHग़ྗมௐ࣌ͷWp0 = Wp1 ͱͳΔ࣌ͷ dWp/dtͷ͔ࠩΒٵऩి

ྗΛٻΊΔɻҎ্ͷΑ͏ʹɼ൓࣓ੑ৴߸ܭଌͷ࣌ؒಷΓͷӨڹΛྀ͢ߟΔ

Ճ೤ٵऩిྗධՁ๏Λࠓճ͸ղੳʹ༻͍ͨɽ

ैདྷ๏͸ղੳ۠ؒͷબ୒ͷىʹํ࢓Ҽͯ͠ٵऩిྗධՁʹ೚ҙੑ͕େ͖

͍͕ɼ࠾༻ख๏͸ด͡ࠐΊ͕࣌ؒมԽ͠ͳ͍ݶΓͰ͸ධՁʹ೚ҙੑ͸খ͞

͍ɽ࠾༻ख๏͸൓࣓ੑ৴߸ܭଌͷ࣌ؒಷΓΛྀ͍ͯ͠ߟΔ఺ͱධՁͷ೚ҙ

ੑ͕খ͍͞఺͕ैདྷ๏ʹൺ΂ͯͷར఺Ͱ͋Δɽ



ୈ 4ষ ϓϥζϚதͷ EC೾ͷٵऩిྗධՁ 57

4.3.1 ऩޮ཰ͷप೾਺ґଘੑٵ

ຊख๏ͰղੳΛ͏ߦલʹɼมௐप೾਺ͱ ECHͷ࠷େిྗͱ࠷খిྗͷ

ࠩ෼ʢมௐ෯ʣʹର͢Δٵऩిྗͷґଘੑʹ͍ͭͯɼ࣮ݧతʹௐࠪͨ͠ɽ

͜͜Ͱ͍͏ٵऩޮ཰ͱ͸ɼղੳख๏ʹΑͬͯಘΒΕΔ ECHมௐ࣌ͷϓϥ

ζϚͷٵऩిྗΛɼECHͷมௐ෯Ͱׂͬͨ஋Ͱ͋Δɽ

·ͣɼECH ͷมௐप೾਺Λ௿प೾਺ྖҬͱߴप೾਺ྖҬʹ෼͚࣮ͯݧ

͠ɼٵऩޮ཰ͷมௐप೾਺ґଘੑΛௐࠪͨ͠ɽҎԼͷਤ 4.3,4.4 ʹ݁ՌΛ

ࣔ͢ɽ

100

80

60

40

20

0

A
bs

or
pt

io
n 

ef
fic

ie
nc

y 
(%

)

14121086420

Modulation frequency (Hz)

ਤ 4.3. ϓϥζϚதͷ EC೾ిྗٵऩޮ཰ͷ௿มௐप೾਺ (5-12Hz)ґଘੑɽ

ਤ 4.3͸࠷େ ECHೖྗిྗ 17kWɼมௐ෯ খೖ࠷େೖྗిྗͱ࠷)50%

ྗిྗͷࠩ෼Λ࠷େೖྗిྗͰׂͬͨ஋)ɼHe Ψεѹ 1.77mPa, େ൓࣓࠷

ੑ৴߸ 2.2mWbɼมௐप೾਺ 5-12Hzͷ࣌ͷٵऩޮ཰Λ͍ࣔͯ͠Δɽਤ 4.4
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ਤ 4.4. ϓϥζϚதͷ EC೾ిྗٵऩޮ཰ͷߴมௐप೾਺ (10-100Hz)ґଘ

ੑɽ

͸࠷େ ECHೖྗిྗ 17kWɼมௐ෯ 40%ɼHe Ψεѹ 1.77mPa,มௐप೾

਺ 10-100Hzͷ࣌ͷٵऩޮ཰Λ͍ࣔͯ͠ΔɽͦΕͧΕɼ௿प೾਺ྖҬͰ͸

ECH ग़ྗมௐʹରͯ͠ϓϥζϚ͕े෼ʹԠ౴͍ͯ͠Δ͜ͱʹΑͬͯ൓࣓

ੑ৴߸͕ఆৗʹୡ͍ͯ͠Δ͕࣌ؒ௕͘ͳΓɼมௐ̍पظʹ͓͚Δଌఆͷࡍ

Λ༩ڹΕΔϊΠζ͕૿େ͢Δ͜ͱʹΑͬͯ݁ՌʹӨ·ࠐଌ૷ஔʹऔΓܭʹ

͑ΔՄೳੑ͕͋ΔɽҰํߴप೾਺ͷ ECHग़ྗมௐͰ͸ɼઌ΄Ͳͱ͸ٯʹ

ECHͷมௐ͕ૣ͗͢ΔͨΊɼ൓࣓ੑ৴߸͕े෼ʹԠ౴Ͱ͖ͣɼͦΕ͕ϓϥ

ζϚٵऩిྗղੳ݁ՌʹӨڹΛ༩͑ΔՄೳੑ͕͋ΔͨΊɼผͷγϦʔζͷ

ͱͯ͠ղੳͨ͠ɽݧ࣮

ਤ 4.3ʹࣔ͢Α͏ʹɼ௿प೾਺ͷ ECHग़ྗมௐͰ͸ɼϓϥζϚͷిྗٵ

ऩޮ཰ͱ͓ͯ͠Αͦ 50%-70%ͷ஋Λ͓ࣔͯ͠ΓɼࠩޡΛؚΊͯ͑ߟΔͱ

ͷൣғ͕େ͖͍ɽࠩ͜ޡଌ݁Ռ͸Ұఆ஋ͷൣғ಺ʹ͓͞·͍ͬͯΔ͕ɼܭ
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Ε͸લड़ͨ͠Α͏ʹ̍पظʹ౉ͬͯܭଌ͞ΕͨϊΠζͷྔ͕௿प೾਺Ͱ͋

Ε͹େ͖͘ͳΔͨΊͰ͋Δͱ͑ߟΒΕΔɽ

ਤ 4.4ʹࣔ͢Α͏ʹɼߴप೾਺ͷ ECHग़ྗมௐͰ͸ɼϓϥζϚͷిྗٵ

ऩޮ཰ͱ͓ͯ͠Αͦ 55%-70%ͷ஋Λ͓ࣔͯ͠ΓɼࠩޡΛؚΊͯ͑ߟΔͱ

ͷൣғ͕΋খ͍͞ɽࠩ͜ޡଌ݁Ռ͸Ұఆ஋ͷൣғ಺ʹ͓͞·͓ͬͯΓɼܭ

Ε͸̍पظʹ౉ͬͯܭଌ͞ΕͨϊΠζͷྔ͕ݮগ͢ΔͷʹՃ͑ɼ100Hzʹ

प೾਺ߴ͍ۙ ECHग़ྗมௐʹରͯ͠΋ϓϥζϚͷ൓࣓ੑ৴߸ଌఆ͸े෼

ͳԠ౴ੑೳ͕͋Δ͔ΒͰ͋Δͱ͑ߟΒΕΔɽΑͬͯϓϥζϚͷిྗٵऩޮ

཰ଌఆ͸ɼมௐप೾਺ 5-100Hzʹ͓͚Δ࣮ݧσʔλΛɼࠩޡ΋ؚΊͯܭଌ

͢Δ͜ͱͰಉ༷ͳѻ͍Λ͑ߦΔͱͨ͑ߟɽ

4.3.2 ऩޮ཰ͷมௐ෯ґଘੑٵ

൓࣓ੑ৴߸ܭଌͰଌఆͨ͠ϓϥζϚͷిྗٵऩޮ཰ͷೖྗిྗมௐ෯ґ

ଘੑʹ͍ͭͯௐࠪͨ͠ɽҎԼͷਤ 4.5ʹ݁ՌΛࣔ͢ɽ

ਤ 4.5 ͸࠷େ ECH ೖྗిྗ 17kWɼมௐप೾਺ 5HzɼHe Ψεѹ

1.77mPaɼ࠷େ൓࣓ੑ৴߸ 2.2mWbͷ࣌ʹɼมௐ෯Λ 20%͔Β 55%ʹม

Խͤͨ࣌͞ͷ݁ՌͰ͋ΔɽRT-1Ͱ͸ɼϓϥζϚͷੜ੒͓Αͼҡ࣋Λ ECH

ͷΈͰߦͳ͍ͬͯΔͨΊɼมௐ෯Λେ͖͘͢Δͱ௿ग़ྗଆͰϓϥζϚΛҡ

͍࣋ͯ͠Δೖࣹిྗ͕খ͘͞ͳΓɼϓϥζϚͷঢ়ଶʢ൓࣓ੑ৴߸ʣ͕େ͖

͘มԽͯ͠͠·͏ͨΊɼϓϥζϚͷిྗٵऩޮ཰ଌఆ݁Ռ΋େ͖͘มԽ͢

ΔՄೳੑ͕͋Δɽ

ਤ 4.5͕ࣔ͢Α͏ʹɼECHͷมௐ෯Λ 20%͔Β 55%ͰมԽͤͨ࣌͞ʹ

ରͯ͠ɼٵऩޮ཰͸ 50-70%ͰਪҠ͠ɼܭଌࠩޡ΋ؚΊΔͱҰఆ஋Ͱ͋Δ

ͱΈͳ͢͜ͱ͕Ͱ͖ΔɽΑͬͯຊڀݚʹ͓͍ͯ͸ɼมௐ෯ΛมԽͤͨ͞ͱ

ͯ͠΋ɼϓϥζϚͷిྗٵऩޮ཰͸มԽ͠ͳ͍ͱΈͳ࣮ͯ͠ݧΛߦͳͬͨɽ

4.3.3 ౓ґଘੑີࢠऩޮ཰ͷిٵ

͜Ε·Ͱͷٞ࿦Λ΋ͱʹɼϓϥζϚͷిີࢠ౓ʹର͢Δిྗٵऩޮ཰Λ

ௐࠪͨ͠ɽͦͷ݁ՌΛਤ 4.6ʹࣔ͢ɽ

ਤ 4.6 ͸มௐप೾਺Λ 10HzɼECH ిྗมௐ෯Λ 2kW Ͱݻఆ͠ɼ࠷େ
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ਤ 4.5. ϓϥζϚͷిྗٵऩޮ཰ͷ ECHมௐ෯ґଘੑɽ

ECHೖྗిྗΛ 4-17kWɼHeΨεѹΛ 1.77-11.8mPaͷൣғͰมԽͤͨ͞

ʹࡍ IF1 Ͱܭଌ͞Εͨઢੵ෼ిີࢠ౓͔Β͞ࢉܭΕͨઢฏີࢠిۉ౓ͱɼ

ϓϥζϚͷిྗٵऩޮ཰Λ͍ࣔͯ͠Δɽ

ਤ 4.6 ͕ࣔ͢Α͏ʹɼࡏݱͷ 2.45GHz ͍༺αΠΫϩτϩϯ೾Λࢠి

ͨ ECH ʹ͓͍ͯɼઢฏີࢠిۉ౓͕ 2.45GHz ͷΧοτΦϑີ౓ ne =

0.8 × 1017m−3 ΑΓখ͍͞௿ີ౓ͷྖҬʹ͓͍ͯ͸ɼϓϥζϚͷిྗٵऩ

ޮ཰͸໿ 100% Ͱ͋Δɽͦͯ͠ΧοτΦϑີ౓Λ௒͑ͨྖҬʹ͓͍ͯ΋ɼ

ϓϥζϚͷిྗٵऩޮ཰͸ 100% Λҡ͍࣋ͯ͠Δɽ͔͠͠ઢฏີࢠిۉ

౓͕ n̄e = 0.8 × 1017m−3 Λ௒͑Δͱٸ଎ʹϓϥζϚͷిྗٵऩޮ཰͸௿

Լ͠ɼࡏݱ RT-1 ʹ͓͚Δ 2.45GHzECH Ͱੜ੒͞ΕΔີ౓ͷݶքͰ͋Δ

n̄e = 1.6× 1017m−3 ෇ۙͰ͸ϓϥζϚͷిྗٵऩޮ཰͸ 20%ΛԼճΔɽ

ਤ 4.6 ͷిີࢠ౓ʹର͢ΔϓϥζϚͷిྗٵऩޮ཰͸ɼࡏݱͷ
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ਤ 4.6. ϓϥζϚͷిྗٵऩޮ཰ͷిີࢠ౓ґଘੑɽ

2.45GHzECH ʹ͓͚ΔΦʔόʔσϯεঢ়ଶ͓Αͼిີࢠ౓ݶքΛٵऩޮ

཰ͷ௿Լͱ͍͏؍఺͔Βઆ໌Ͱ͖Δɽ2.45 GHz ECR ૚ (875G) ͓Αͼ

r = 0.6 mʹ͓͚Δిີࢠ౓෼෍Λਤ 4.7ʹࣔ͢ɽ

͜Ε͸ɼϓϥζϚͷిີࢠ౓͕૿Ճ͢ΔʹͭΕͯΦʔόʔσϯεʹͳͬ

ͨͱͯ͠΋ؾ࣓֪֎࠷໘಺ͷ ECR ૚ʹ͓͚Δిີࢠ౓͸ΧοτΦϑີ

౓Λ௒͓͑ͯΒͣɼࡏݱͷిີࢠ౓ݶք஋ʹ͓͍ͯ͸ Separatrix ಺෦

−0.25m ≤ Z ≤ 0.25m ͷ ECR ૚ͷେ෦෼͓ΑͼϓϥζϚલ໘෦͕Φʔ

όʔσϯεʹͳΔͨΊʹɼి࣓೾͕ڞ໐૚ʹ౸ୡͰ͖ͣɼՃ೤ޮ཰͕ݮগ

͍ͯ͠Δͷͩͱ͑ߟΒΕΔɽΑͬͯࡏݱͷిີࢠ౓ݶքΛ௒͑ΔͨΊʹ͸

୯ʹ ECH ͷग़ྗΛ্ঢͤ͞Δ͚ͩͰ͸ෆे෼Ͱ͋ΓɼEBW ΁ͷϞʔυ

ม׵ΛؚΉ৽ͨͳೖࣹํ๏Λݕ౼͢Δඞཁ͕͋Δɽ
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ਤ 4.7. 2.45 GHz ECR૚ (875G)͓Αͼ r = 0.6 mʹ͓͚Δిີࢠ౓෼෍

(n0 ≈ nc ͱ n0 ≈ nlim ͷ৔߹)ɽ

4.4 ϓϥζϚͷΤωϧΪʔด͡ࠐΊ࣌ؒଌఆ

ECH ग़ྗมௐͱͦΕʹ൐͏൓࣓ੑ৴߸ͷ࣌ؒԠ౴ղੳ͔Β͸ɼࣜ

(4.2),(4.1) ʹࣔ͢Α͏ʹɼϓϥζϚͷΤωϧΪʔด͡ࠐΊ࣌ؒʹ͍ͭͯ

΋ɼਤ 4.2ͷ͔͖܏ΒղੳՄೳͰ͋Δɽ

͔͠͠ಛʹ͖܏ͷ஋͸प೾਺มԽʹΑΔϊΠζͷଟՉ΍̍पظͷ௕͞ʹ

Ί࣌ࠐͷΤωϧΪʔด͡ࡍΕΔͨΊɼมௐप೾਺ΛมԽͤͨ͞͞ڹӨ͘ڧ

ؒ τE ͷґଘੑΛௐࠪͨ͠ɽ݁ՌΛਤ 4.8ʹࣔ͢ɽ

ਤ 4.8 ͸࠷େ ECH ೖྗిྗ 17kWɼมௐ෯ 40%ɼHe Ψεѹ 1.77mPɼ

มௐप೾਺ 10-40Hzͷ࣌ͷ τE Λ͍ࣔͯ͠Δɽ͜ͷਤ͕ࣔ͢Α͏ʹɼมௐ

प೾਺ΛมԽͤͯ͞΋ࠩޡͷൣғ಺ͰΤωϧΪʔด͡ࠐΊ࣌ؒ͸ 10-20ms

Ͱ͋Δͱܭଌ͞ΕͨɽΑͬͯ͜ͷมௐप೾਺ͷྖҬͰ࣮ݧΛ͍ߦɼղੳΛ

ɽͨͬߦ

͜Ε·Ͱͱಉ༷ɼΤωϧΪʔด͡ࠐΊ࣌ؒʹ͍ͭͯ΋ີ౓ґଘੑΛௐࠪ

ͨ͠ɽ݁ՌΛਤ 4.9ࣔ͢ɽ

ਤ 4.9 ͸มௐप೾਺Λ 10HzɼECH ిྗมௐ෯Λ 2kW Ͱݻఆ͠ɼ࠷େ
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ਤ 4.8. ϓϥζϚͷΤωϧΪʔด͡ࠐΊ࣌ؒͷมௐप೾਺ґଘੑɽ

ECHೖྗిྗΛ 4-17kWɼHeΨεѹΛ 1.77-11.8mPaͷൣғͰมԽͤͨ͞

ʹࡍ IF1 Ͱܭଌ͞Εͨઢੵ෼ిີࢠ౓͔Β͞ࢉܭΕͨઢฏີࢠిۉ౓ͱɼ

ϓϥζϚͷΤωϧΪʔด͡ࠐΊ࣌ؒΛ͍ࣔͯ͠Δɽ

ϓϥζϚ͸௿ີ౓Ͱ͸҆ఆͨ͠௕͍ด͡ࠐΊ࣌ؒ τE = 60msΛ͍ࣔͯ͠

Δ͕ɼີ ౓ͷ૿Ճʹ൐͍ઢܗʹด͡ࠐΊ͕࣌ؒѱԽ͠ɼn̄e = 1.6× 1017m−3

෇ۙͰ͸ด͡ࠐΊ࣌ؒ͸ 10msҎԼͱͳΔ͜ͱ͕ࣔ͞Εͨɽ

4.5 HallૉࢠʹΑΔ൓࣓ੑ৴߸ͷԠ౴஗Εଌఆ

൓࣓ੑ৴߸ଌఆ͸ϧʔϓઢ͕ਅۭ༰ثͷ֎ଆʹ഑ஔ͞Ε͍ͯΔͨΊɼਅ

ۭ༰ثͷΠϯμΫλϯεͷӨڹΛड͚Δɽਅۭ༰ثͷ಺෦ʹ Hall ૉࢠΛ

ಋೖ͠ɼ಺෦ͷҐஔͰͷ࣓৔ڧ౓มԽΛଌఆ͠൓࣓ੑ৴߸ଌఆ݁Ռͱൺֱ
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ਤ 4.9. ϓϥζϚͷΤωϧΪʔด͡ࠐΊ࣌ؒͷిີࢠ౓ґଘੑɽ

͢Δ͜ͱͰɼ൓࣓ੑ৴߸ଌఆʹ͓͚Δਅۭ༰ثͷΠϯμΫλϯεͷӨڹ

Λௐࠪͨ͠ɽHall ૉࢠ͸ Honeywell ࣾͷ SS496A Λ༻͍ͨɽܭଌൣғ͸

±640G Ͱ͋ΓɼHall ૉࢠͷҐஔ͸ (R,Z) = (0.395m,−0.40m) Ͱ͋Δɽ

ECHΛ 7HzͰมௐͨ͠ࡍͷ൓࣓ੑ৴߸Ԡ౴͓Αͼ HallૉࢠͰܭଌ͞Εͨ

ਅۭ࣓৔͔Βͷ Bz ͷมԽྔΛɼਤ 4.10ʹࣔ͢ɽ

൓࣓ੑ৴߸͸ ECHग़ྗมௐʹԠͯ͡Ԡ౴Λ͍ࣔͯ͠Δ͕ɼHallૉࢠͰ

ʹଌ͞Ε࣓ͨ৔΋ಉ༷ܭ ECHมௐʹԠͯ͡Ԡ౴͕มௐ͍ͯ͠Δɽ͜ͷ࠷

େมԽྔ͸ɼ൓࣓ੑ৴߸ͱ಺෦ Hallૉࢠʹ͓͚Δ࣓৔ڧ౓มԽྔΛൺֱ͠

ͨઌڀݚߦ [20]ͱൺֱͯ͠΋΄΅Ұக͓ͯ͠Γɼଥ౰Ͱ͋Δͱ͑ߟΒΕΔɽ

͜ͷ൓࣓ੑ৴߸ͱ HallૉࢠͷԠ౴஗ΕΛൺֱ͢Δ͜ͱͰɼ൓࣓ੑ৴߸ܭ

ଌʹਅۭ༰ثͷΠϯμΫλϯε͕༩͑ΔӨڹΛղੳ͢Δɽਤ 4.11ʹ 50Hz

มௐͰͷ൓࣓ੑ৴߸Ԡ౴͓Αͼ HallૉࢠͰܭଌ͞Εͨਅۭ࣓৔͔Βͷ Bz
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ਤ 4.10. 7Hz มௐͰͷ൓࣓ੑ৴߸͓Αͼ Hall ૉࢠͰܭଌ͞Ε࣓ͨ৔ڧ౓

Bzɽ

ͷมԽྔΛࣔ͢ɽ

൓࣓ੑ৴߸͸ HallૉࢠͷԠ౴ͱൺֱͯ͠໌֬ʹԠ౴͕஗Ε͍ͯΔɽ͜ͷ

஗Ε͸ਅۭ༰ثʹྲྀΕΔӔిྲྀ͕ݪҼͱ͑ߟΔ͜ͱ͕Ͱ͖ɼͦͷ஗Ε࣌ؒ

͸࠷େ 3msʹୡ͢ΔɽΑͬͯ൓࣓ੑ৴߸ܭଌ͸ਅۭ༰ثͷΠϯμΫλϯε

ʹΑͬͯ 3msఔ౓ͷԠ౴஗Ε͕ൃੜ͢ΔͨΊ 3msҎԼͷ࣌ؒมԽεέʔ

ϧΛଊ͑Δ͜ͱ͕Ͱ͖ͳ͍ɽલηΫγϣϯͰܭଌ͞Εͨిີࢠ౓ൣғʹ͓

͍ͯ͸൓࣓ੑ৴߸ܭଌʹΑΔΤωϧΪʔด͡ࠐΊ࣌ؒ τE ͸ 10ms ҎԼʹ

·Ͱ௿Լ͢Δ͜ͱ͕ࣔ͞Ε͕ͨɼਅۭ༰ثͷΠϯμΫλϯεΛྀ͢ߟΔͱ

3ms ҎԼͷΤωϧΪʔด͡ࠐΊ࣌ؒ͸ܭଌෆՄೳͰ͋Δ͜ͱʹ஫ҙͯ͠ɼ

ඞཁ͕͋Δɽ͏ߦଌΛܭΊ࣌ؒࠐͷด͡ޙࠓ
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4.6 ·ͱΊ

ຊষͰ͸ɼECHग़ྗมௐͱͦΕʹ൐͏൓࣓ੑ৴߸ܭଌʹΑΓɼϓϥζϚ

ͷٵऩిྗͱΤωϧΪʔด͡ࠐΊ࣌ؒͷϓϥζϚͷిີࢠ౓ʹର͢Δґଘ

ੑΛௐࠪͨ͠ɽ

·ͣɼઌڀݚߦͷ RT-1ʹ͓͚ΔMHDํఔࣜͱ൓࣓ੑ৴߸ͷղੳ݁Ռ

͔Βɼ൓࣓ੑ৴߸ͱϓϥζϚͷ஝ੵΤωϧΪʔͷؔੑ܎ΛఆࣜԽͨ͠ɽͦ

ͯ͠൓࣓ੑ৴߸ͷ࣌ؒԠ౴͔ΒϓϥζϚͷిྗٵऩΛٻΊΔ͜ͱ͕Ͱ͖Δ

͕ɼ͜ͷࡍʹਅۭ༰ثͷΠϯμΫλϯεΛ൓࣓ੑ৴߸ܭଌͰิਖ਼͍ͯ͠ͳ

͍఺͕ɼϓϥζϚ஝ੵΤωϧΪʔͷ࣌ؒඍ෼஋ͷมԽྔΛຊདྷΑΓ΋খ͞

ଌʹΠϯμܭͰ͸͕ͨͬͯ͠ɼ൓࣓ੑ࣓ଋڀݚҼͱͳΔɽຊݪ΋Δੵݟ͘

Ϋλϯεิਖ਼ෆ଍ͷӨݱ͕ڹΕ͍ͯͳ͍࣌ؒଳͰɼͭ׌ɼECHΦϯΦϑத
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ͷಉϓϥζϚ஝ੵΤωϧΪʔͱͳΔ࣌ؒଳWp0 = Wp1 ʹ͓͍ͯɼࣜ (4.3)

Λ༻͍ͯٵऩిྗΛධՁ͢Δख๏Λ༻͍ͨɽ͜ͷख๏ͷར఺͸ด͡ࠐΊ࣌

͕ؒมԽ͠ͳ͍ݶΓͰ͸ධՁʹ೚ҙੑ͸খ͍͞ɽ࠾༻ख๏͸൓࣓ੑ࣓ଋܭ

ଌͷ࣌ؒಷΓΛྀ͍ͯ͠ߟΔ఺ͱධՁͷ೚ҙੑ͕খ͍͞఺͕ैདྷ๏ʹൺ΂

ͯͷར఺Ͱ͋Δɽ

͜ͷख๏Λ༻͍ͨࡍͷมௐप೾਺ɼมௐ෯ґଘੑʹ͍ͭͯௐࠪͨ͠ͷͪɼ

ϓϥζϚͷٵऩిྗͱΤωϧΪʔด͡ࠐΊ࣌ؒͷϓϥζϚͷిີࢠ౓ʹର

͢ΔґଘੑΛௐࠪͨ͠ɽ݁Ռɼnc લޙͷີ౓Ͱ͸ٵऩޮ཰͸ 100ˋΛҡ࣋

͍ͯ͠Δ͕ɼ1.5ncҎ্ͷྖҬͰ͸ٵऩޮ཰͸ঃʑʹԼ͕Γɼີ౓ݶք෇ۙ

Ͱ 0ʹۙͮ͘ɽͦͷͨΊɼٵऩޮ཰ͷ௿Լ͕ີ౓ݶքΛҾ͖͍ͯ͜͠ىΔ

͜ͱ͕໌Β͔ʹͳͬͨɽ͜Ε͸ ECڞ໐૚ͷີ౓͕ΧοτΦϑີ౓ʹͳΔ

͜ͱ͕ओཁҼͱ͑ߟΒΕΔɽ·ͨɼΤωϧΪʔด͡ࠐΊ࣌ؒ τE ͸ɼີ౓্

ঢʹ൐͍ 60ms͔Β 10ms΁௿Լ͢Δɽ
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݁࿦

ຊڀݚ͸μΠϙʔϧ࣓৔தʹࣗݾ૊৫Խ͢ΔߴϕʔλϓϥζϚͷີ౓ݶ

քͷղ໌Λ໨తͱͯ͠ڀݚΛਐΊͨɽRT-1 ʹ͓͚ΔϓϥζϚதͷ EC ೾

ͷ఻ൖͱ ECR૚Ͱͷٵऩͱີ౓ݶքͷؔ܎ʹண໨ͯ͠ɼҎԼͷ 2ͭͷ՝

୊ʹ͍ͭͯڀݚΛల։ͨ͠.

1. RT-1 ʹ͓͚Δ EC ೾ͷ఻ൖͱٵऩΛ਺஋γϛϡϨʔγϣϯͰ໛ٖ

͢Δɽ

2. ECH ʹର͢ΔϓϥζϚதͷ EC ೾ͷిྗٵऩޮ཰Λ࣮ݧతʹධՁ

͢Δɽ

՝୊ 1ʹؔͯ͠ɼRT-1Ͱੜ੒͞ΕͨϓϥζϚதͷ EC೾ͷ఻ൖͱ ECR

૚ͰͷٵऩΛ೾ಈޫֶγϛϡϨʔγϣϯͰϞσϧԽͨ͠ɽ೾ಈޫֶࢉܭͰ

͸༠ి཰ςϯιϧΛྫྷ͍ͨϓϥζϚۙࣅͱԾఆ͠ɼECप೾਺ଳͷి࣓೾

ͷΧοτΦϑ૚ʹ͓͚Δ೾ͷ൓ࣹ΍ภ೾ಛੑΛ֬ೝͨ͠ɽ͜ͷࢉܭख๏Λ

RT-1ͷ࣓৔ɼׯব͔ܭΒߏ࠶੒ͨ͠ີ౓෼෍ΛऔΓೖΕɼڥք৚݅Λۚଐ

ͷ൓ࣹڥքͱ͠ɼEC೾ͷ ɽͦͷ݁ՌಘΒΕͨͨ͠ࢉܭ೾ಈ఻ൖΛݩ2࣍

೾ಈి৔ͷۭؒ෼෍Λ༻͍ͯɼ೤͍ϓϥζϚۙࣅʹΑΔϓϥζϚதͷ EC

೾ͷిྗٵऩޮ཰ΛධՁͨ͠ɽ

RT-1Ͱ͸ɼ8.2 GHz ͱ 2.45 GHz ͷ EC ೾Λ༻͍ͯϓϥζϚΛՃ೤͠

͍ͯΔ͕ɼ͜ͷͲͪΒͷ৔߹΋ɼڞ໐૚Ͱͷີ౓෼෍Λྀ͢ߟΔͱɼϓϥ

ζϚͷిີࢠ౓͕ΧοτΦϑີ౓Λ௒͑ΔΦʔόʔσϯεঢ়ଶʹୡ͍ͯ͠
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ͨɽີ౓Λߋʹ૿Ճͤ͞Δͱɼڞ໐૚ͰͷΧοτΦϑີ౓ྖҬ͕֦େ͢Δ

ͱͱ΋ʹɼೖࣹϙʔτ͔Βڞ໐૚΁ܦ͏͔޲࿏্ͷີ౓΋ΧοτΦϑີ౓

ྖҬ͕੒௕͍ͯ͘͠ɽͦͷͨΊɼEC೾ͷిྗٵऩޮ཰͕̌ʹ͍͍ۙͮͯ

Δ͜ͱ͕෼͔ͬͨɽ

ͨͩ͠ɼઌͷ ೾ಈޫֶγϛϡϨʔγϣϯͰ͸ɼΧοτΦϑີ౓ͷݩ2࣍

஋Λ͢ݱ࠶Δ͜ͱ͕Ͱ͖ͳ͔ͬͨɽͦͷͨΊ೾ಈͷਅۭ༰ثද໘Ͱͷ൓ࣹ

Λྀ͢ߟΔͨΊ Δ͜ͱ͢ࢉܭ଄΁֦ுͨ͠ɽ೾ಈ఻ൖঢ়ଶΛߏԿزݩ3࣍

͕Ͱ͖ΔΑ͏ʹͳͬͨɽޙࠓ͸ɼڞ໐૚ͰͷٵऩΛ͢ࢉܭΕ͹ɼ࣮ݧͰ؍

ଌ͞ΕͨΧοτΦϑີ౓ͷ༧ଌ͕ՄೳʹͳΔͱ͍ͯ͑ߟΔɽͦΕͰ΋࣮ݧ

஋Λݱ࠶Ͱ͖ͳ͍৔߹͸ɼϞʔυม׵Ճ೤ΛϞσϧԽ͢Δඞཁ͕͋Δɽ

՝୊ 2 ʹؔͯ͠ɼECH ग़ྗมௐͱͦΕʹ൐͏൓࣓ੑ৴߸ܭଌʹΑΓɼ

EC೾ͷٵऩిྗͱΤωϧΪʔด͡ࠐΊ࣌ؒΛ࣮ݧతʹධՁ͢Δख๏Λ༻

͍ͨɽ

͜ͷख๏Λ༻͍Δࡍͷ ECHग़ྗมௐप೾਺ͱมௐ෯ґଘੑΛௐ΂ɼͦ

ͷ࠷దͳมௐप೾਺ 10Hzɼมௐৼ෯ 2kWͱ࣮͔ݧΒܾఆͨ͠ɽͦͷ৚݅

Ͱ EC೾ͷٵऩిྗͱΤωϧΪʔด͡ࠐΊ࣌ؒͷిີࢠ౓ґଘੑΛௐ΂ͨɽ

ͦͷ݁Ռɼnc લޙͷີ౓Ͱ͸ٵऩޮ཰͸ 100% Λҡ͍࣋ͯ͠Δ͕ɼ1.5nc

Ҏ্Ͱ͸ٵऩޮ཰͸ঃʑʹԼ͕Γɼີ౓ݶք෇ۙͰ 0ʹ͍ۙͮͨɽͦͷͨ

Ίɼٵऩޮ཰ͷ௿Լ͕ີ౓ݶքΛҾ͖͍ͯ͜͠ىΔ͜ͱ͕໌Β͔ʹͳͬͨɽ

͜Ε͸ ECR૚ͷిີࢠ౓͕ΧοτΦϑີ౓ʹͳΔ͜ͱ͕ओཁҼͱ͑ߟΒ

ΕΔɽ·ͨɼΤωϧΪʔด͡ࠐΊ࣌ؒ τE ͸ɼີ౓্ঢʹ൐͍ 60 ms͔Β

10 ms΁௿Լ͢Δ͜ͱ΋෼͔ͬͨɽ

Ҏ্͔ΒɼRT-1ʹ͓͚Δີ౓ݶք͸ɼEC೾ͷٵऩిྗͷ௿Լ͕ओཁҼ

Ͱ͋Δ͜ͱ͕෼͔ͬͨɽ͔͠͠ɼͦͷ෺ཧඳ૾Λ೾ಈޫֶγϛϡϨʔγϣ

ϯͰઆ໌͢Δʹ͸ɼ2࣍ݩϞσϧͰ͸ෆे෼Ͱ͋Γɼ3࣍ݩԽ΁֦ு͢Δඞ

ཁ͕͋ΔɽͦΕʹΑͬͯݱঢ়ͷີ౓ݶք஋Λ௒͑ͨີߴ౓ϓϥζϚੜ੒ͷ

ՄೳͱͳΔɽ͕౼ݕ
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ຊ࿦จΛ࡞੒͢Δʹ͋ͨΓɼ੢Ӝઌੜɼ٢ాઌੜɼࡈ౻ઌੜɼᬼ࣋͞Μɼ

ന഼ઌഐɼதଜઌഐɼܡઌഐɼಉظͷԣా܅ɼޙഐͷ૬܅ݪɼ্ా܅ʹ͸

େม͓ੈ࿩ʹͳΓ·ͨ͠ɽࣨڀݚੜ׆ʹ͓͍ͯൿॻͷ๺͞ࢁΜʹ΋େม͓

ੈ࿩ʹͳΓ·ͨ͠.٢ాɾ੢Ӝɾࣨڀݚ౻ࡈͷօ༷ʹਂ͘ँײக͠·͢ɽݚ

௖͖·ͨ͠ɽ͜ͷ৔ΛआΓͯ͠ྗڠͰܗҎ֎ͷଟ͘ͷํʑʹ΋༷ʑͳࣨڀ

ͯ৺ΑΓྱޚਃ্͛͠·͢ɽ

ಛʹ੢Ӝઌੜʹ͸ඇৗʹ͓ͯ͠ँײΓ·͢ɽ࣮ݧ͸΋ͱΑΓɼ࣮ݧ४උɼ

σʔλղੳํ๏ɼֶձൃදͷ४උͳͲ͋ΒΏΔ໘Ͱେม͓ੈ࿩ʹͳΓ·͠

ͨɽ͓๩͍͠தɼேૣ͔͘Β໷஗͘·Ͱஸೡʹࢦಋͯ͠௖͍͓͔ͨ͛Ͱ଺

Γͳ͘ڀݚΛਐΊΔ͜ͱ͕ग़དྷ·ͨ͠ɽࣗ෼ 1ਓͰ͸ղܾͰ͖ͳ͍Α͏ͳ

นʹͿ͔ͭͬͨ࣌͸ɼ੢ӜઌੜͷӶ͍ྗ࡯ߟͱ໰୊ղܾྗʹز౓΋ٹΘΕ

·ͨ͠ɽڀݚͷ໘͚ͩͰ͸ͳ͘ɼࢲੜ׆Ͱ΋େม͓ੈ࿩ʹͳΓ·ͨ͠ɽम

࢜՝ఔͷ 2೥ؒͷΈͰ͸ͳ͘ɼത࢜՝ఔʹਐΜͰ͞ΒʹڀݚΛଓ͚͍͖ͯ

·͢ͷͰɼ͜Ε͔Β΋͝ࢦಋ͝ฬᎪΑΖ͓͍͍ͨ͘͠͠ئ·͢ɽ

٢ాઌੜʹ͸ RT-1ͷ։ൃܦҢ͔Β࣮ݧதʹ஫ҙ͢΂͖఺ɼ͜Ε·Ͱઌ

ਓ͕ڀݚ͖ͨͯͬߦͳͲඇৗʹ෯ͯ͑ڭ͘޿௖͖·ͨ͠ɽ·ͨɼ࣮ݧத΍

ຖिͷϛʔςΟϯάͰ౓ʑॿݴΛ௖͖·ͨ͠ɽ٢ాઌੜͷຊ࣭Λಥ͍ͨݴ

༿͸ɼڀݚΛվΊͯݟ௚͖͔͚ͬ͢ͱͳΓɼ৽ͨͳൃݟ΍ؾ෇͖ΛಘΔ͜

ͱ͕ग़དྷ·ͨ͠ɽڀݚҎ֎Ͱ΋ɼͱͯ΋ڵຯਂ͍͓࿩Λͯ͠௖͖ɼඇৗʹ

.ͨ͠·໏Λड͚·ͨ͠ɽ͋Γ͕ͱ͏͍͟͝ײ

ݴଟ͘ॿ͍ͯͭʹڈଌ૷ஔʹ͓͚ΔϊΠζআܭͷࡍͷݧઌੜʹ͸࣮౻ࡈ

Λ͍͖ͨͩ·ͨ͠ɽ·ͨɼ࣮ݧͰඞཁͳσʔλΛऔಘ͢ΔͨΊͷ࣮ݧ৚݅

Λܾఆ͢Δࡍʹ͸ɼԿ౓΋૬ஊʹͷ͍͍ͬͯͨͩͨ͜ͱʹ͍ͨ͠ँײ·͢ɽ
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͋Γ͕ͱ͏͍͟͝·ͨ͠ɽ

ᬼ࣋͞Μʹ͸࣮ۀ࡞ݧΛख఻ͬͯ௖͖·ͨ͠ɽᬼ࣋͞Μͷखࡍͷྑ͞ʹ

͸ඇৗʹײ໏Λड͚·ͨ͠ɽ·ͨɼPython Ͱ࣮ݧσʔλΛಡΈࠐΉίʔ

υΛ࡞੒ͯ͠௖͍ͨͷ͸ඇৗʹॿ͔Γ·ͨ͠ɽ·ͨڀݚੜ͚ͩ׆Ͱͳֶ͘

ੜੜ׆ʹ͍ͭͯ΋େม͓ੈ࿩ʹͳΓ·ͨ͠ɽ͓͔͛Ͱॆֶ࣮ͨ͠ੜੜ׆Λ

ૹΔ͜ͱ͕ग़དྷ·ͨ͠ɽ͋Γ͕ͱ͏͍͟͝·ͨ͠.

ൿॻͷ๺͞ࢁΜʹ͸ࣄ຿खଓ͖Ͱେม͓ੈ࿩ʹͳΓ·ͨ͠ɽԿ౓͔ͪ͜

ΒͷϛεͰ͝໎࿭Λ͓͔͚͢Δ͜ͱ΋͋Γ·͕ͨ͠ɼͦͷ౓ʹ଎΍͔ʹର

Ԡͯ͠௖͖·ͨ͠ɽڀݚੜ׆Λ଺Γͳ͘ૹΕͨͷ͸๺͞ࢁΜͷ͓͔͛Ͱ

͢ɽ͋Γ͕ͱ͏͍͟͝·ͨ͠ɽ

നضઌഐ͸ཧ࿦ڀݚͷઌഐͱͯ͠ɼϓϥζϚͷཧ࿦΍ػࢉܭͷར༻Λݚ

ڭʹ΋෼͔Βͳ͍ࣗ෼ʹରͯ͠༏͘͠ஸೡࠨೖͬͨ͹͔ΓͰӈ΋ʹࣨڀ

͑ͯԼ͍͞·ͨ͠ɽ͓͔͛ͰεϜʔζʹम࢜ੜ׆Λ࢝ΊΔ͜ͱ͕ग़དྷ·͠

ͨɽ͋Γ͕ͱ͏͍͟͝·ͨ͠.

·໘ʹؔͯ͠΋਌਎ʹͳͬͯ૬ஊʹ৐ͬͯ௖͖׆໘΍ੜڀݚઌഐʹ͸ܡ

ͨ͠ɽઌഐͷڀݚʹऔΓ૊Ή࢟੎͸ॳΊ࣮ͯݧʹऔΓ૊Ήࡍͷߟࢀʹͤ͞

͍͖ͯͨͩ·ͨ͠ɽ͋Γ͕ͱ͏͍͟͝·ͨ͠.

தଜઌഐʹ͸੢Ӝࣨڀݚ௚ଐͷઌഐͱ͍͏͜ͱͰɼ࣮ݧʹؔͯ͠৭ʑͳ

͜ͱͯ͑ڭԼͬͨ͞Γɼࣗ෼ͷܭଌثͷऔΓ෇͚౳Λख఻ͬͯ௖͖·ͨ͠ɽ

·ͨɼڀݚʹ͍ͭͯͷ૬ஊʹ΋Կ౓΋ͷ͍͖ͬͯͨͩ·ͨ͠ɽऀڀݚͱ͠

ͯҰาͣͭڀݚΛਐΊΩϟϦΞΛੵΉઌഐͷ࢟͸ͱͯ΋ૉ੖Β͘͠ɼ͜Ε

͔Β΋ڀݚΛ্͏ߦͰͷߟࢀʹ͍͖͍ͤͯͨͩͨ͞ͱ͍ࢥ·͢ɽത࢜՝ఔ

ʹਐΜͰ΋ΑΖ͓͍͍ͨ͘͠͠ئ·͢ɽ

ಉظͷԣా܅ʹ͸ڀݚʹڞΛਐΊ͍ͯ͘஥ؒͱͯ͠ඇৗʹ͓ੈ࿩ʹͳΓ

·ͨ͠ɽԣా܅ͱڀݚʹ͍ͭͯٞ࿦͍ͯ͘͠͏ͪʹղܾͨ͠໰୊͕͍ͭ͘

΋͋Γ·ͨ͠ɽ·ͨɼڀݚʹର͢ΔετΠοΫͳ࢟੎͸ͱͯ΋ܹࢗʹͳΓ

·ͨ͠ɽ͞Βʹɼࣗ෼͕෗Δ͜ͱͳ͘ڀݚʹଧͪࠐΈଓ͚Δ͜ͱ͕ग़དྷͨ

ͷ͸໷஗͘·ͰࣨڀݚͰڀݚΛ͍ͯ͠Δ࢟Λ͔͍ͨͯݟΒͰ͋Δͱ͍ࢥ·

͢ɽָ͍͠म࢜ੜ׆ΛૹΕͨͷ͸ԣా܅ͷ͓͔͛Ͱ͢ɽ͋Γ͕ͱ͏͍͟͝

·ͨ͠.

໘Ͱ͓ੈ࿩ʹͳΓ·ͨ͠ɽ্ా׆໘΍ੜڀݚ΋ʹ܅ݪɼ૬܅ഐͷ্ాޙ
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ʹ͸ಛʹ܅ RT-1ͷMHDฏࢉܭߧʹ͍ͭͯৄ͍͠಺༰Λڭतͯ͠΋Β͍

·ͨ͠ɽͦΕ΄ͲઌഐΒ͍͜͠ͱ͸ग़དྷͣɼΉ͠Ζ 2ਓ͔ΒֶͿ͜ͱͷํ

͕ଟ͍ 1೥ؒͰ͕ͨ͠ɼ2ਓͷ͓͔͛Ͱͱͯ΋ָ͍͠೔ʑΛૹΔ͜ͱ͕ग़

དྷ·ͨ͠ɽ͋Γ͕ͱ͏͍͟͝·ͨ͠.

UTSIP Ͱདྷͨதࠃਓͷ Lan Λͤͯ͞΋Β͍·ͨ͠ɽݧܦॏͳو͸ʹ܅

ͱͯ΋༏लͰճ࿏࡞੒ͷࡍʹೲಘ͍͘·Ͱٞ࿦͠ਚͨ͘͜͠ͱ͸ͱͯ΋͍

͸͋ͬͱ͍͏ؒʹղܾ͠ʹࡍͨͬ͜ىͳΓ·ͨ͠ɽ·ͨɼ໰୊͕ʹݧܦ͍

ͯ͠·͏ೳྗͷ͞ߴʹ͸ͱͯ΋ײ໏Λड͚·ͨ͠ɽ·ͨɼதࠃͷֶߍੜ׆

΍෩शʹ͍࣮ͭͯମݧΛ౿·͑ͯ࿩ͯ͘͠Εͨ͜ͱ͸ͱͯ΋ڵຯਂ͔ͬͨ

Ͱ͢ɽ͋Γ͕ͱ͏͍͟͝·ͨ͠ɽ

ɼദͰʹޙ࠷ 2೥ֶؒͿ͜ͱΛࡁܦతʹࢧԉͯ͘͠ΕͨՈ଒ʹ৺͔Βײ

ँਃ্͛͠·͢ɽͻͨ͢ΒڀݚʹଧͪࠐΉ͜ͱ͕Ͱ͖ͨͷ͸ɼՈ଒ͷஆ͔

.͢·ԉ͕͔͋ͬͨΒͰ͢ɽຊ౰ʹ͋Γ͕ͱ͏͍͟͝ࢧ͍


