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Abstract  Three sets of 10kW magnetron generators provide 30 kW 2.45GHz microwaves into a Rotary kiln for 
detoxification of asbestos contained in the debris washed away by the tunami on Mach 11 2011. The generators consisted of 
Chinese made CW magnetron (CK169) that is less expensive in comparison to the other tubes but it radiates many numbers of 
high spurious modes. The frequency spectrum and the intensities of radiated waves were measured in 100db shield room in 
RISH Kyoto University. On the bases of measurements, the current of filament were cut back for decreasing the intensity of 
the spurious modes. 
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1. ◊✲⫼ᬒ࣭┠ⓗ 
〇ရࡓࡋ㛤Ⓨ࣮࣮࣓࢝ࡢ୰ᅜࡀ㧗◁ᕤᴗࠊࡣⓎჾࡢࡇ 

ᖹᡂࠋࡿ࠶࡛ 2㸰ᖺ 10᭶ࠊ㧗◁ᕤᴗ࡛ࣟࢡ࣐Ἴຍ⇕⅔ྲྀ

ࡢ㏆┤ࠊࢁࡇࡓࡋヨ㦂㐠㌿࡚ࡅࡾ UHF ᆅୖࢢࣟࢼᨺ㏦

ࢫࢼࢸࣥᗈᖏᇦࠋࡓฟࡀࢬࣀ㠃⏬ࣅࣞࢸࡢಙ୰ཷࢆ

ᶵჾ࿘㎶ࠊࢁࡇࡓࡋᐃ ࡛࣮ࢨࣛࢼ࣒ࣛࢺࢡ࣌ UHF

య₃ࡢὤ㟁☢Ἴࡢࡇࠋࡓࡵࡳࢆၥ㢟ࢆゎỴࢺࢫ࣋ࢫࠊࡋ

ฎ⌮⨨㐺⏝ࠊࡵࡓࡿࡍி⏕Ꮡᅪࡢ༠ຊࡢୗㄪᰝࢆ

㐍ࠋࡓࡵ 

 
㸰㸬Ⓨჾタഛࡢ㟁Ἴᬯᐊࡢタ⨨ 

ձி㒔Ꮫࣟࢡ࣐Ἴ࣮ࢠࣝࢿ࢚ఏ㏦ᐇ㦂タഛ㸦METLAB㸧

 ࠋࡓࡋ⨨タࢆ㟁※㒊እࡢᬯᐊࠊⓎ㒊㟁Ἴᬯᐊࡢ

ղࣟࢡ࣐ἼฟຊᑟἼ⟶ WRJ-2 ⤖᪉ྥᛶ࣭ࢱ࣮ࣞࢯࢆ

ྜჾ࣭࣭࣮ࢼ࣮ࣗࢳࣈࢱࢫỈ෭↓ᑕ⤊➃ࡢ㡰᥋⥆ࠊᇶᮏ

Ἴࡣ㟁Ἴᬯᐊᨺᑕࠋ࠸࡞ࡏࡉ 

ճ㟁Ἴᬯᐊෆタ⨨ࡓࡋᗈᖏᇦࢆࢼࢸࣥ⏝ࠊ࡚ࡋⓎ

㒊⟂యࡽ㟁Ἴᬯᐊ₃ὤ㍽ᑕࡿࢀࡉ㟁Ἴࢆ࣒ࣛࢺࢡ࣌ࢫࡢ

ィ ࠋࡓࡋ 

㸱㸬ࢻ࣮ࣔࢫࣜࣉࢫⓎࡢᶵᵓ୍ࡢ⯡ㄽ 

➨㸯ᅗࢻ࣮ࣔࢫࣜࣉࢫࡢࡽࣥࣟࢺࢿࢢ࣐ࠊࡣ㍽ᑕࡢⓎ⏕

ᶵᵓࢆᶍᘧⓗࠋࡿ࠶࡛ࡢࡶࡍ♧ 

 

ᅗ㸯ࡢࢻ࣮ࣔࢫࣜࣉࢫⓎ⏕ᶵᵓ 
ప࿘Ἴࡀࢻ࣮ࣔࢫࣜࣉࢫࡢⓎ⏕ࡿࡍཎᅉࠊࡣ 
ձ ⟶ෆࡢ┿✵ᗘࡀᝏ࠸(ࡢࣥ࢜Ⓨ⏕) 
ղ ᇶᮏἼ(ȧ࣮ࣔࢻ)ཪࡣ㧗ㄪἼ(ȧ࣮ࣔࢻ)ࢧࡢࢀࡒࢀࡑ
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ȧs1)ࣈ࣮ࣟࢻ  ࠊࢺ࣮ࣅࡿࡌ⏕㛫ࡢ(ࢻ࣮ࣔ
 ࠋࡿ࠸࡚ࢀࡽ࠼⪄
 
㸲㸬₃ὤ㟁Ἴࡢ࣒ࣛࢺࢡ࣌ࢫ ᐃ⤖ᯝ 

118GHz 
ప࿘Ἴ₃ὤ㟁Ἴ   ᇶᮏἼ      ➨㸯㧗ㄪἼ 
᭱ 82dbȣV     2.45 GHz    㹤ʌ ࣮ࣔࢻ 4.900GHz 
                                㹤ʌ��࣮ࣔࢻ 5.018GHz 
                                         ǻI ����0+] 

 

ᅗ 2 ᗈᖏᇦ࿘Ἴᩘ࣒ࣛࢺࢡ࣌ࢫᐇ 㸦30MHz~ 6.03GHz㸧 
 
ձ ྠᐃ₃ࡓࢀࡉὤ㟁ἼࡢⓎ⏕㉳※Ѹ 㸯ḟ㧗ㄪἼࣉࢫࡢ

 Ⓨࢫࣜ
࿘Ἴᩘࡣప࿘Ἴ₃ὤ㟁Ἴ࠸ᙉࡶ᭱ 118GHz ࠋࡓࢀࡉᐃྠ

82dbȣVࠊࡣཷಙ㟁ຊ᭱ࡢࡑ ࡣ࿘Ἴᩘࡢࡑࠋࡿ࠶࡛ 118GHz
㸯㧗ㄪἼ➨ࠊ࡛ 4.9 GHz ࢫࣜࣉࢫࡢࡑࢻȧ࣮ࣔࡿࡅ࠾

᭱ࡢప࿘Ἴഃࠊࡣࢀࡇࠋ࠸ࡋ➼ᕪࡢࢻȧ��࣮ࣔࡿ࠶࡛

₃ὤࡢࣥࣟࢺࢿࢢ࣐ࠊࡀ㸯ḟ㧗ㄪἼࢫࣜࣉࢫࡢⓎࢆཎᅉ

 ࠋࡿ࠸࡚ࡋ♧ࢆࡇࡿ࠸࡚ࡋ
ࢢ࣐ࠊࡣ⏕Ⓨࡢࢫࣜࣉࢫࡿࡅ࠾ࢻ㧗ḟ࣮ࣔ࡞࠺ࡼࡢࡇ

㏻ࠋࡿ࠶࡛ࡢࡶࡿ࠸࡚ࡗࡲỴṤ࡚ࡗࡼタィࡢ⟶ࣥࣟࢺࢿ

ᖖࡢタィ࡛ࡢࢸࣅࣕ࢟ࠊࡣᙧ≧ࡢࡑྜ⤖ࡢࢼࢸࣥࠊ

ࡋᕤኵ࠺ࡼ࠸࡞ࡋⓎࡀ㧗ㄪἼࡢࡇࠊ࡚ࡗࡼ࢘ࣁ࢘ࣀࡢ

࡞ࡋኚ᭦ࢆタィࡢࣥࣟࢺࢿࢢ࣐ࡣၥ㢟ࡢࡇࠊ࡚ࡗᚑࠋࡿ࠸࡚

ࢻ࣮ࢯ࣭࢝ࢺ࣓ࣥࣛࣇࠊ࡛ࡢ࠸࡞ࡁゎỴ࡛ࡣᢤᮏⓗ࠸

ᅇ㊰ࢆ࣮ࢱࣝࣇࢫࣃ࣮ࣟᤄධࡢࡇࠊ࡚ࡋ㧗࿘Ἴ₃ࡀὤࡋ

 ࠋࡓࡳヨࢆ⟇ᑐ࡞ᑐ⒪ἲⓗ࠺ࡼ࠸࡞
 

ղ ₃ὤ㟁ἼࡢⓎṆཎᅉѸ 㸰:ᇶᮏἼࢫࣜࣉࢫࡢⓎ 
 ᅗ㸰࡛ࠊࡣᇶᮏ࣮ࣔࢻࢆࢫࣜࣉࢫࠊࡣ࡚࠸క࡞ࢃ

ᇶᮏࡣ㏻ᖖࠋࡿ࠼ぢ࠺ࡼࡿ࠸࡚ࡋⓎࡀࢻȧ࣮ࣔ࡞ወ㯇࠸

ἼࡢࢫࣜࣉࢫࡢࡑⓎ⏕ࡀప࿘Ἴ₃ὤࡢཎᅉࡀࡇࡿ࡞

ከ࠸ゝࠊ࡛ࡇࡑࠋࡿ࠸࡚ࢀࢃᇶᮏἼ࡛ࡿ࠶ 2.45 GHz ࡾ࿘ࡢ

ᅗࠊࢁࡇࡓࡋᐃ ࢆ࣒ࣛࢺࢡ࣌ࢫⓎヲ⣽ࠊ࡛ 3 ࡍ♧

ᵝࠊᏳᐃࠊࡀࢻ࣮ࣔ࡞つ๎Ⓨ⌧ࡀࡇࡿ࠸࡚ࡋ᫂ࡽ

 ࠋࡓࡗ࡞
⣙ࡀ࿘ἼᩘࠊࡣⓎ࡞つ๎ࡢࡇ 2.5MHz 㧗࠸᪉ྥࢀࡎ

⣙ࠊࡵࡓࡢࡇࠋࡿ࠸࡚ࡗకࢆࢫࣜࣉࢫࠊࡾ࠾࡚ 110MHz ࠾

ࡧࡼ 125MHz ࢻ࣮ࣔ࡞Ᏻᐃࡢࡇࠋࡿࡍㄏ㉳ࢆప࿘ἼⓎࡢ

࣐࠺కⓎࠊࡣ࠸ࡿ࠶ࠊࣝࣉࢵࣜࡢ㟁ᅽࡢࢻ࣮ࢯ࢝ࠊࡣ

㐣ࡢࢻ࣮ࢯ࢝ࡿࡌ⏕࡚ࡗࡼ㑏ὶࡢࢺ࣓ࣥࣛࣇࡢἼࣟࢡ

 ᗘࡽࢀࡇࠋࡿࢀࡽ࠼⪄ࡿࡼᑐࡿࡍᑐ⟇ࠊ࡛ࡇࡿྲྀࢆ

100MHz ᖏࡢ㟁☢Ἴ₃ὤ ࢆపῶฟ᮶ྍࡿ⬟ᛶࠋࡿ࠶ࡀ 
 
 ࠸࡞ࢃకࢆࢫࣜࣉࢫ
 ᇶᮏἼȧ࣮ࣔࢻ  
 ࿘Ἴᩘ 2.4495GHz 
         ࡢࡘ୍࠺ࡶ࠺కࢆࢫࣜࣉࢫ         
          ᇶᮏἼȧ࣮ࣔࢻ࿘Ἴᩘ 2.451GHz 
ࡀ��ȧࡣࢫࣜࣉࢫ            2.462GHz, 
           ȧ-1 ࡀ 2.326GHz 
 

 
                

 
ᅗ3 ᇶᮏ࣮ࣔ2.45ࢻGHz±25MHz⊃ᖏᇦ࣒ࣛࢺࢡ࣌ࢫ ᐃ 
 
 
㸳࣮ࢱࣝࣇࢺࢵ࢝ࣁࡢࢻ࣮ࢯ࣭࢝ࢺ࣓ࣥࣛࣇᤄධ 

ࣥࣛࢺࢺ࣓ࣥࣛࣇࠊࡋ〇సࢆᅇ㊰࣮ࢱࣝࣇࢺࢵ࢝ࣁ 

ᅗࠋࡓࡋᤄධ㛫ࡢ㧗ᅽධຊࣉࢵࢱ࣮ࢱࣥࢭࡢ⥺㸰ḟᕳࢫ

㸲ࠊᅇ㊰ᵓᡂ࿘Ἴᩘ≉ᛶࡢࡇࠋࡍ♧ࢆᅇ㊰ࠊࡣᅗࡍ♧

࠺ࡼ 38 kHz ௨ୖࡢ㧗࿘Ἴࢆ㐽᩿ࡿࡍ≉ᛶࢆᣢࠋࡿ࠸࡚ࡗ 
ࡽⓎჾ⟂యࠊࡅࡾྲྀࢆ࣮ࢱࣝࣇࢺࢵ࢝ࣁࡢࡇ 1㹫
ຠᯝࡢ࣮ࢱࣝࣇࠋࡓࡋᐃ ࢆᙉᗘࡢࢻపㄪἼ࣮ࣔࡿࡅ

6db-~3-ࡣࢬࣀపㄪἼࠊ࡚ࡗࡼ పୗࡢࡇࠊࡋࡋࠋࡓࡋప

ㄪἼࡣࢬࣀᙉᗘࡀ㧗ࠊ࡛ࡢ࠸పㄪἼࡢࢬࣀⓎ⏕ࢆᢚࡿ࠼

ᚲせࡀࡇࡿ࠶ࡀ᫂☜ࠋࡓࡗ࡞ 
 

 
ᅗ㸳 ࢻ࣮ࢯ࣭࢝ࢺ࣓ࣥࣛࣇᅇ㊰ᤄධ࣮࣮ࣟࢱࣝࣇࢫࣃ 
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㸴㸬ࢺ࣓ࣥࣛࣇ㟁ὶࢡࢵࣂࢺࢵ࢝  
࢝ࡀ㒊୍ࡢἼࣟࢡ࣐ࠊࡿࢀࡉ㛤ጞࡀⓎࣥࣟࢺࢿࢢ࣐

ࠊ࡚ࡗࡼ࣮ࢠࣝࢿ࢚Ἴࣟࢡ࣐ࡢࡇࠋࡿࡍ₃ὤഃࢻ࣮ࢯ

 ࠋࡿ࡞Ᏻᐃࡀ㟁ὶ࣒࣮ࣅࠊࡋ᪼ୖࡀᗘ ࡢࢻ࣮ࢯ࢝
ࣛࣇࠊⓎ㛤ጞᚋࡢࣥࣟࢺࢿࢢ࣐ࠊࡵࡓࡄ㜵ࢆࢀࡇ

 ࠋ࠺࠸ࢡࢵࣂࢺࢵ࢝ࢆ᪉ἲࡿࡀୗࢆ㟁ὶࢺ࣓ࣥ
Ⓨࠊࡋᤄධࢆࢡࢵࢲࣛࢫ㸯ḟഃࢫࣥࣛࢺࢺ࣓ࣥࣛࣇ

㛤ጞᚋࢺ࣓ࣥࣛࣇ㟁ᅽࠊࢆⓎ㛤ጞ๓ࡢ㟁ᅽᑐࠊ࡚ࡋ

㸮ࠥ㸯㸮㸮㸣ࡢ㛫࡛ኚࡿࡏࡉᐇ㦂ࠋࡓࡗ⾜ࢆ 
㧗㟁ᅽࡢᖹࡀ༑ศ࡛ࠊ㟁ᅽࡀࣝࣉࢵࣜከࣇࠊ࠸

ࡇࡿࡇ㉳ࡀⓎ㐍Ṇࠊࡁࡓࡋࢡࢵࣂࢺࢵ࢝ࢆࢺ࣓ࣥࣛ

ࡢ㧗㟁ᅽࠊࡵࡓࡿࡍపῶࢆࣝࣉࢵࣜࡢ㟁ᅽ࣒࣮ࣅࠋࡿ࠶ࡀ

㸱┦Ἴᩚὶࡢฟཱྀࠊ㹐㹁ᖹᅇ㊰ࢆᤄධࣝࣉࢵࣜࠊࡋ⋡

  ࠋࡓࡏࡉపୗ࡛ࡲ㸰㸮㸣ࢆ
 

 
ᅗ  ࡿࡍᑐࢡࢵࣂࢺࢵ࢝ࡢ㟁ᅽࢺ࣓ࣥࣛࣇ 6

ప࿘Ἴ₃ࢫࣜࣉࢫὤ㟁Ἴᙉᗘ 
 

㸯ࠊࡁࡓࡗ⤠࡛ࡲ㸰㸮㸣ࡢⓎ㛤ጞ๓ࢆࢺ࣓ࣥࣛࣇ

㸮㸮ࠥ㸰㸮㸮㹋㹆㹸ࡢప࿘Ἴ₃ࡢࢬࣀὤࡣ⣙ 20~30 dbపୗ

࡞ࡀၥ㢟ࠊ㸶㸮㸣࡛ࢡࢵࣂࢺࢵ࣮࢝ࢱ࣮ࣄࠊᯝ⤖ࡢࡇࠋࡓࡋ

ࡽ࠼⪄⬟ྍࡀࡇࡿ࠼ࡉᢲࢆࢬࣀప࿘Ἴࡢ࡛ࡲࣝ࣋ࣞ࠸

Ṛ㨶࡛࣮ࢱ࣮ࣂࣥࢆ㟁ᅽࢺ࣓ࣥࣛࣇࠊࡣ※㟁ࡢࡇࠋࡿࢀ

 ࠋࡿࡁᑐᛂ࡛࡛࠼ࡁ᭩ࡢ࢙࢘ࢺࣇࢯࠊࡾ࠶᪉ᘧ࡛ࡿࡍ
 
7㸬ᐇ㈇Ⲵࡿࡅ࠾Ⓨ≉ᛶ 
௨ୖࡢヨ㦂ࠊࡣ↓ᑕ⤊➃᥋⥆ࠋࡓࡗ⾜࡚ࡋᐇ㝿࣮ࣟ

ᚄ┤ࠊࡣࣥࣝ࢟ࠋࡿࡍ⏝࡚ࡋ⥆᥋࣮ࣥࣝ࢟ࣜࢱ 0.8m 㛗ࡉ

2.8m ࢺ࣮ࣜࢡࣥࢥࡿ࡞㈇Ⲵෆ㒊ࡢࡇࠊࡾ࠶㔠ᒓᐜჾ࡛ࡢ

◚∦ 80kg ࣐ࠋࡿࢀࡉ⌮Ἴ࡛ຍ⇕ฎࣟࢡ࣐ࠊ࡚ࢀࡉᢞධࡀ

 ࠋࡿࡍ᥋ᨺᑕ┤᥋┤ෆ⅔ࡽ➃ゎᨺࡢ⟶ᑟἼࠊࡣἼࣟࢡ
ࡢࡢࡑኚືࡢ㈇Ⲵࠊࡀࡿࢆྜᩚ࡛࣮ࢼ࣮ࣗࢳࣈࢱࢫ-3

ࡓぢࡽⓎჾࠊࡵࡓ VSWR ࡣ 1.6~2.4 ⛬ᗘ࡛ࠋࡿ࠶ 
ࣛࢺࢡ࣌ࢫࡢⓎჾࠊࡋᑐ㈇Ⲵ࠸࡞࠼பࡣⓗ⌮ࡢࡇ

 ࠋࡓࡋ ィ࡛ࢺ࣮࣏ࡢ㐍⾜Ἴഃࡢ᪉ྥᛶ⤖ྜჾࢆ࣒
ᅗ 6 30db-ࠊࡋᑐ୰ᚰ࿘Ἴᩘࠊࡾ࠾ࡍ♧ ⛬ᗘࢻࢧࡢ

ࢼࢸࣥ≦Წࡓࡋㄪྠ 120MHzࠋࡿ࠸࡚ࢀ⌧ከᩘࡀࣉ࣮ࣟ

➨ࠊࡀࡓࡋᐃ ࢆࢬࣀప࿘Ἴࠊ࡚ࡗࢆ 1 ᅗẚ㍑࡚ࡋ≉

 ࠋࡓࡗ࡞ࢀࡽࡵㄆࡣኚ࡞ࡁ
 

 

ᅗ  ࣒ࣛࢺࢡ࣌ࢫⓎࡢ᥋⥆(ᐇ㈇Ⲵ)࣮ࣥࣝ࢟ࣜࢱ࣮ࣟ 7

㸦࿘Ἴᩘࣥࣃࢫ 2GHzࠥ3GHz㸧 

 

ཧ⪃ᩥ⊩ 

㸯㸬 ୕ ㇂ ᙪ㸪⠛ཎ ┿Ẏ㸪ᯇᮏ ⣫㸪ᶫᮏ ᘯ⸝㸪 
Ⓨ≉ᛶࡢࣥࣟࢺࢿࢢ࣐ࡢ㟁ὶ㐽᩿ᚋࢺ࣓ࣥࣛࣇ”

㛵ࡿࡍᐇ㦂ⓗ◊✲”㟁Ꮚሗ㏻ಙᏛㄽᩥㄅ࣭ᩥ(C)㸪
vol.J85-C no.11㸪pp.983-990㸪Nov. 2002 

㸰㸬 ୕ ㇂ ᙪ㸪⠛ཎ ┿Ẏ㸪ᯇᮏ ⣫㸪┦㈡ ṇᖾ㸪᱓ཎ ࡞

Ⓨࡽࣥࣟࢺࢿࢢ࣐⏝ࢪ㸪༙⏣ ㈗ ”㟁Ꮚࣞࣥࡉࡂ

 㛫ゎᯒ”㸪ࡢࢬࣀࡿࡍ⏕

㟁Ꮚሗ㏻ಙᏛㄽᩥㄅ࣭ᩥ(C)㸪vol.J87-C no.12㸪

pp.1146-1154㸪Dec. 2004 

-22-


