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Abstract Wireless power transmission (WPT) from a transmitter resonator on the ground to an electric-powered toy 
helicopter was challenged as one example of WPT application with magnetic resonance. The transmission efficiency was 
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ࡁࡀ࠼ࡲ .1  
☢Ẽඹ㬆ࡓ࠸⏝ࢆ↓⥺㟁ຊఏ㏦ࠊࡣඹ᣺࡟౑࢖ࢥ࠺

ࣝᚄྠ࡜⛬ᗘࡢ㊥㞳ࣟࢡ࢖࣐ࡣ࡚࠸࠾࡟Ἴఏ㏦ࡢ࡝࡞

௚ࡢఏ㏦᪉ἲ࡟ẚ࡚࡭᱁ẁ࡟㧗࠸ఏ㏦ຠ⋡࡛㟁ຊࢆఏ

㏦ฟ᮶ᚓ࠺࠸࡜ࡿ≉ᚩࢆᣢࡘ ฼⏝ᙧࡢ⾡ᢏࡢࡇࠋ[2][1]

ែࠊ࡚ࡋ࡜ᮏ◊✲࡛ࡣᅗ 1 ື⛣ࢆḟඖ୕࡞࠺ࡼࡍ♧࡟

ࢆ㛤Ⓨࡢ࣒ࢸࢫࢩ㟁ຊఏ㏦⥺↓ࡢ࡬ᶵჾࣝ࢖ࣂࣔࡿࡍ

せࠊࡾࡓᙜ࡟ࡿ࠼⪄ࢆࣥࣙࢩ࣮ࢣࣜࣉ࢔ࡢࡇࠋࡓࡗ⾜

ồࡿࢀࡉᢏ⾡㡯┠ࡣ௨ୗ୕ࡢⅬ࡛ࡿ࠶  

 
ᅗ ࢪ࣮࣓࢖㟁ຊఏ㏦⥺↓ࡢ࡬ᶵჾࣝ࢖ࣂࣔ 1  

 
z ㍍㔞ࠊᑠᆺࡘ࠿㧗ຠ⋡ཷ࡞㟁ࡢ࣒ࢸࢫࢩ㛤Ⓨ  
z ㏦ཷ㟁ࡢࣝ࢖ࢥ఩⨨㛵ಀࡢኚ໬࡟ᛂࣆࣥ࢖ࡓࡌ

ࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮  
z ᢞධ㟁ຊไᚚࡢࡵࡓࡢຠ⋡᥎ᐃ  
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☢Ẽඹ㬆⤖ྜ᪉ᘧ࡛⏝ࢫࣥࢲ࣮ࣆࣥ࢖ື⮬ࡿࢀࡽ࠸

࢖ኚྍࡸࢱࢩࣃኚ࢟ࣕྍࠊࡣ࡚ࡋ࡜ᡭἲࡢࢢࣥࢳࢵ࣐

ࡸ᪉ἲ࠺⾜ࢆไᚚ࡚ࡋᤄධ࡟ᅇ㊰ࢆࢱࢡࢲࣥ ᩘ「ࠊ[][]

ព௵࡛ࢳࢵ࢖ࢫࠊࡁ࠾࡚ࡋᤄධ࡟ᅇ㊰ࢆࢧࣥࢹࣥࢥࡢ

ࡢࡶ࠺⾜ࢆࢢࣥࢳࢵ࣐࡚ࡏࡉᑟ㏻ࢆࢧࣥࢹࣥࢥࡢ [][]
ࠊ࡚࠸⏝ࢆࣝ࢖ࢥࡢ⏝ࢫࣥࣛࢺࡣ࡛✲◊ᮏࠋࡿ࠶ࡀ࡝࡞

ඹ᣺ჾࡢ࡜఩⨨㛵ಀࢆኚ໬ࣥࢲ࣮ࣆࣥ࢖࡛࡜ࡇࡿࡏࡉ

Qࠊࡣ࡚ࡋ࡜฼Ⅼࡢ᪉ἲࡢࡇࠋ࠺⾜ࢆኚ᥮ࢫ ᙳ㡪࡟್

ᩚࢫࣥࢲ࣮ࣆࣥ࢖࡟㐃⥆ⓗࢆ⠊ᅖ࠸ᗈࠊࡸ࡜ࡇ࠸࡞ࡀ

ࠋࡿࢀࡽࡆᣲࡀ࡝࡞࡜ࡇࡿ࠼⾜ࡀྜ  
ᮏ◊✲࡛୕ࡣḟඖࣝ࢖ࣂࣔࡿࡍື⛣ࢆᶵჾ୍ࡢ౛࡜

ࣔࢹࠊࡳヨࢆ㟁ຊఏ㏦⥺↓ࡢ࡬࣮ࢱࣉࢥᑠᆺ࡚࣊ࣜࡋ

㛤Ⓨࡢ┠ᢏ⾡㡯ࡢグ୕Ⅼୖ࡚ࡌ㏻ࢆࣥࣙࢩ࣮ࣞࢺࢫࣥ

ࠋࡿ࠶ⓗ࡛┠ࡢ✲◊ᮏࡀ࡜ࡇ࠺⾜ࢆ  
 

2. ☢Ẽඹ㬆ᇶ♏⌮ㄽ  
2.1 㟁ຊఏ㏦ຠ⋡  
ᅗ 2 ࣝ࢖ࢥ㏦ཷ㟁ࡿࡍ⏝౑࡟Ẽඹ㬆☢࡟࠺ࡼࡍ♧࡟

ิ┤ࡣ RLC ඹ᣺ᅇ㊰ࡢ☢Ẽ⤖ྜ࡚ࡋ࡜➼౯ᅇ㊰࡛⾲

ᑟฟࢆ⋠ఏ㏦ຠࡾࡼ࡟࡜ࡇࡃゎࢆᅇ㊰ࠊࡁ࡛ࡀ࡜ࡇࡍ

ࠋࡿฟ᮶ࡀ࡜ࡇࡿࡍ  
ඹ᣺ჾࡢඹ᣺ゅ᣺ືᩘ Ȧ0 ゅ᣺ືᩘࡢ※㟁࡜ Ȧ ୍ࢆ

㛵ಀᘧࡿࡍ㛵࡟⋠ຠࡢඹ᣺ჾ㛫ࠊ࡜ࡿࡏࡉ⮴ ࡽᚓࡀ(1)

ࡢඹ᣺ჾࠊ඲࡚↓ḟඖᩘ࡛ࡣᏐᩥࡢᘧ୰ࠋࡿࢀ Q ್

(QT=Ȧ0LT/RT, QR=Ȧ0LR/RR)ࠊඹ᣺ჾ㛫ࡢ⤖ྜಀᩘ k ࢖ࠊ

ẚࢫࣥࢲ࣮ࣆࣥ r (rT=Zsrc/RT, rR=Z ld/RR)࡛ࡿ࠶ (ῧ࠼Ꮠ

T Rࠊ㏦㟁ഃࡣ 㟁ഃཷࡣ ඥ்ܳܳோ݇ࠊࡓࡲࠋ( = ⩏ᐃ࡜݉݋݂

ࠋࡓࡋ  

 
ᅗ 2 ↓⥺㟁ຊఏ㏦➼౯ᅇ㊰  

 

ߟ ൎ
4݇ଶ்ܳܳோ்ݎ ோݎ

[݇ଶ்ܳܳோ + (1 + ோ)(1ݎ + ݎ் )]ଶ (1) 

ᘧ ఩⨨㛵ಀࡢ㏦ཷ㟁ඹ᣺ჾࡣಀᩘྜ⤖ࡕ࠺ኚᩘࡢ(1)

࡛ỴᐃࠊࡋQ ᑐ࡟ࡢࡿ࠶್࡛ࡢ㏦ཷ㟁ඹ᣺ჾᅛ᭷ࡣ್

࡛⬟ྍࡀ࡜ࡇࡿࡍస᧯࡟⏤⮬ࡣẚࢫࣥࢲ࣮ࣆࣥ࢖ࠊࡋ

Qࠊಀᩘྜ⤖ࡓࢀࡽ࠼୚ࠋࡿ࠶ ࡕࢃ࡞ࡍ್ fom ࡌᛂ࡟

ࣥࢲ࣮ࣆࣥ࢖ࢆ࡜ࡇࡿࡍ㐺໬᭱ࢆẚࢫࣥࢲ࣮ࣆࣥ࢖࡚

ࠊࡧ࿧࡜ࢢࣥࢳࢵ࣐ࢫ ்ݎ = ோݎ = ඥ1 + ᭱࡟ࡁ࡜ࡢଶ(݉݋݂)

኱ຠ⋡ Șboth ᘧࡾ࡜ࢆ ࡿࢀࡽ࠼୚࡟࠺ࡼࡢ(2) ࡲࠋ[4][3]

㝿ࡓࡗ⾜ࢆࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ࢖ࡳࡢ㏦㟁ഃࠊࡓ

⋠ຠࡢ Șone ᘧࡣ (3)࡛୚ࠋࡿࢀࡽ࠼ fom ຠ࡝࡯࠸ࡁ኱ࡣ

㧗ࠊࡵࡓࡿ࡞ࡃ㧗ࡣ⋠ Q ຠ࡝࡯ࡿ࠶㧗⤖ྜಀᩘ࡛ࠊ್

ࠋࡿ࡞ࡃ㧗ࡣ⋠  
 

௕௢௧௛ߟ =
݇ଶ்ܳܳோ

1 + ඥ1 + ݇ଶ்ܳܳோ
  (2) 

 
௢௡௘ߟ =

ோ݇ଶ்ܳܳோݎ
(1 + ோ)(1ݎ + ோݎ + ݇ଶ்ܳܳோ) (3) 

ㄽ⌮ࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ࢖ 2.2  
ᮏ◊✲࡛࢖ࢥࢫࣥࣛࢺࢆࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ࢖ࡣ

࠸⏝࡟㏦ཷ㟁ࢆࣝ࢖ࢥ⏝ኚ᥮ࢫࣥࢲ࣮ࣆࣥ࢖࠺࠸࡜ࣝ

࠺⾜࡚ (ᅗ ᅗࠋ(3 4 ࣝ࢖ࢥࢫࣥࣛࢺࡢ㏦㟁ഃ࡟ (ບ㉳ࢥ

ࣝ࢖ ࢥࡢࡘ஧ࡢࡇࠋࡍ♧ࢆ౯ᅇ㊰➼ࡢ㏦㟁⏝ඹ᣺ჾ࡜(

ࡢࡇࠊࡁ࡛ࡀ࡜ࡇࡿぢ࡜ࣝ࢖ࢥࡢࡘ୍࡟౯ⓗ➼ࡣࣝ࢖

ᘧࡣẚࢫࣥࢲ࣮ࣆࣥ࢖ࡁ࡜ (4)࡛୚ࠋࡿࢀࡽ࠼ణࡋ MET

RT, REࠊࢫࣥࢱࢡࢲࣥ࢖㛫┦஫ࣝ࢖ࢥ㏦㟁ࡣ ⏝㏦㟁ࡣ

ඹ᣺ჾࠊບ㉳ࡢࣝ࢖ࢥ᢬ᢠ࡛ࣥࣛࢺ࡟࠺ࡼࡢࡇࠋࡿ࠶

⮬ࢆࢫࣥࢱࢡࢲࣥ࢖㛫┦஫ࣝ࢖ࢥࠊࡋᑟධࢆࣝ࢖ࢥࢫ

ኚ໬࡟⏤⮬ࢆẚࢫࣥࢲ࣮ࣆࣥ࢖࡛࡜ࡇࡿࡏࡉኚ໬࡟⏤

ࠋྲཱྀࡿฟ᮶ࡀ࡜ࡇࡿࡏࡉ 㟁ഃྠࡶᵝࡢ㆟ㄽࡀᡂࠋࡘ❧ࡾ 
 

்ݎ =
ଶ(ா்ܯ߱)

்ܴ(ܴா + ܼ௦௥௖)  (4) 

 

 
ᅗ 㟁ຊఏ㏦⥺↓ࡓ࠸⏝ࢆࣝ࢖ࢥࢫࣥࣛࢺ 3 (ᕥࡽ࠿

ບ㉳ࠊࣝ࢖ࢥ㏦㟁⏝ඹ᣺ჾཷࠊ㟁⏝ඹ᣺ჾ࢔ࢡࢵࣆࠊ

ࡪ࿧࡜ࣝ࢖ࢥࣉࢵ )

 

ᅗ 4 ㏦㟁ഃࢫࣥࢲ࣮ࣆࣥ࢖ኚ᥮➼౯ᅇ㊰  
 

ᮏ◊✲࡛ᥦ᱌ཷࠊࡣ࡛ࣥࣙࢩ࣮ࢣࣜࣉ࢔ࡿࡍ㟁ഃࢹ

⡆༢ࡅࡔࡿฟ᮶ࡽ࠿ほⅬࡢ࡝࡞㔜㔞ࡸࢺࢫࢥࡢࢫ࢖ࣂ

࢖࡛ࡳࡢ㏦㟁ഃࠊࡵࡓࡿ࠸࡚࠼⪄ࢆ࡜ࡇࡿࡍ࡟ᵓ㐀࡞

ࠋ࠺⾜ࢆࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ  
 

㏦ཷ㟁ඹ᣺ჾ⏝ࣥࣙࢩ࣮ࣞࢺࢫࣥࣔࢹ .3  
ᅗ ⾲ࠊ5 1 ࠋࡍ♧ࢆ⬟ᛶࡧ෗┿ཬࡢඹ᣺ჾࡓࡋタィ࡟  
3.1 ཷ㟁⏝ඹ᣺ჾ  
㧗࠸ఏ㏦ຠ⋡ࢆᚓࡣ࡟ࡵࡓࡿ 2.1 ࡛㏙ࡾ࠾࡜ࡓ࡭

fom 㧗ࠊࡵࡓࡿ࠶ࡀᚲせࡿࡍࡃ㧗ࢆ Q ᚲࡀඹ᣺ჾࡢ್

せ࡛ཷࡓࡲࠋࡿ࠶㟁⏝ඹ᣺ჾࡣᑠᆺ࡟ࢫ࢖ࣂࢹᦚ㍕ࡍ

Qࠊࡵࡓࡿࢀࡉ᝿ᐃࡀ࡜ࡇࡿ ࡿࡍ㍍㔞໬࡟ࡎࡆୗࢆ್

-19-



 
  
 

 

ᚲせ࡛ࡇࡑࠋࡿ࠶ࡀᚑ᮶ࣝ࢖ࢥసᡂ࡟㖡Წࢆ౑⏝࡚ࡋ

㟁ࡳࡢ࡟ᑟయ⾲㠃ࡾࡼ࡟ຠᯝ⓶⾲ࡣ㧗࿘Ἴ࡛ࠊࡀࡓ࠸

ὶࡀὶࢆ࡜ࡇࡿࢀ⪃៖ࠊࡋᅗ 5 㟁⏝ඹཷࡢ✵୰ࡍ♧࡟

᣺ჾࢆసᡂࠋࡓࡋᮦᩱࡣ࡟㖡ࠊ࠸⏝ࢆࡃࡣ୰✵ᙧ≧ࢆ

సࠋࡓࡆୖࡾ⤖ᯝྠ࡚ࡋ࡜⛬ᗘᩘࡢࢬ࢖ࢧࡢ༑㹼ⓒ g
⛬ᗘࡢඹ᣺ჾ࡜ẚ㍑ࠊࡋQ ࡟ࡎࡉ࡜ⴠࢆ್ 3.11g ࠸࡜

ࠋࡓࡋᡂຌ࡟〇సࡢ㟁ඹ᣺ჾཷ࡞㍍㔞࠺  
 
3.2 ㏦㟁⏝ඹ᣺ჾ  
㏦㟁⏝ඹ᣺ჾཷࡣ㟁⏝ඹ᣺ჾࡾ࡞␗࡜኱ࡸࡉࡁ㔜

㔞࡟ཝ࠸ࡋไ⣙ࡀᏑᅾࠊ࡚ࡗࡼࠋ࠸࡞ࡋ኱ࢬ࢖ࢧ࡞ࡁ

ྲྀࡃ㧗ࡅࡔࡿฟ᮶ࢆಀᩘྜ⤖ࡢ࡜㟁⏝ඹ᣺ჾཷ࡚ࡋ࡟

ᅗࠊ࠸⾜ࢆタィ࡟࠺ࡼࡿࢀ 5 ᚄ༙ࡍ♧࡟ 30cm ࣃࢫࡢ

㠃༙ᚄ᩿ࡣᮦᩱࠋࡓࡋ〇సࢆඹ᣺ჾࣝࣛ࢖ 5mm ࡛୰✵

ࠋࡿ࠶࡛⟶ࡋࡲ࡞㖡ࡢ  

 
ᅗ 5 ㏦㟁⏝ඹ᣺ჾ (ᕥ 㟁⏝ඹ᣺ჾཷ࡜( (ྑ ) 

 
⾲ 1 ඹ᣺ჾࡢᛶ⬟  

  ㏦㟁 ཷ㟁 

ඹ᣺࿘Ἴᩘ [MHz] 13.561 13.561 
ࢬ࢖ࢧ [mm] D=600 113×113 

ᕳ1 2.25 ᩘࡁ 
Q ್ 197 313 

௜ຍࢧࣥࢹࣥࢥ [pF] Open 430 
㔜ࡉ [g] - 3.11 

᩿㠃┤ᚄ [mm] 10 3 
 

࣒ࢸࢫࢩࣥࣙࢩ࣮ࣞࢺࢫࣥࣔࢹ .4  
ᅗ 6 ࣙࢩ࣮ࣞࢺࢫࣥࣔࢹࡓࡋᦚ㍕ࢆ࣒ࢸࢫࢩ㟁ཷ࡟

ࣜ࣊ࡔࢇ✚ࢆ࣒ࢸࢫࢩ㟁ཷࠋࡍ♧ࢆ࣮ࢱࣉࢥࣜ࣊⏝ࣥ

ᅗ࡟࣮ࢱࣉࢥ 7 ᫬ࡢࡇࠋ࠺⾜ࢆ㟁ຊఏ㏦⥺↓࡟࠺ࡼࡢ

ບ㉳࡛ࢱ࣮࢚ࣗࢳࢡ࢔ࢆࣝ࢖ࢥᶵᲔⓗࣥ࢖࡚ࡋ࠿ື࡟

ࠋࡿ࠸࡚ࡗ⾜ࢆࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆ  

 
ᅗ ࣮ࢱࣉࢥࣜ࣊⏝ࣥࣙࢩ࣮ࣞࢺࢫࣥࣔࢹ 6  

 

 

ᅗ ࣥࣙࢩ࣮ࣞࢺࢫࣥࣔࢹ࣮ࢱࣉࢥࣜ࣊ 7  
 

࣮ࣆࣥ࢖ࡓࡋ⏝౑࡚࠸࠾࡟ࣥࣙࢩ࣮ࣞࢺࢫࣥࣔࢹ

ᅗࢆᴫ␎ᅗࡢ࣒ࢸࢫࢩࢢࣥࢳࢵ࣐ࢫࣥࢲ 8 ບࠋࡍ♧࡟

㉳࡛ࣝࣈ࣮ࢣ࡛ࡲࣝ࢖ࢥ㧗࿘Ἴࢆ㏦㟁ࠊࡋ᪉ྥᛶ⤖ྜ

ჾࢆ௓࡚ࡋ㏦㟁㟁ຊྠࠋࡿࡍ࣮ࢱࢽࣔࢆ᫬࡟཯ᑕ㟁ຊ

཯ࠊࡋ⏝౑ࢆ⬟ᶵࡢ※㟁ࡿࡍฟຊࢆཧ↷㟁ᅽ࡚ࡌᛂ࡟

ᑕ㟁ຊ࣐ࠋࡿࡍ࣮ࢱࢽ࡛࣮ࣔࢱ࣮ࣗࣆࣥࢥࣟࢡ࢖࣐ࢆ

ࣗࢳࢡ࢔ࠊ࡚ࡌᛂ࡟཯ᑕ㟁ຊࡣ࣮ࢱ࣮ࣗࣆࣥࢥࣟࢡ࢖

ࢫࢩࡿࡍ㏦ಙ࡟㥑ືᅇ㊰࣮ࢱ࣮ࣔࢆไᚚಙྕࡢࢱ࣮࢚

ࡀ཯ᑕ㟁ຊࡾࡼ࡟ᚤศไᚚࡣไᚚࠋࡿ࠸࡚ࡗ࡞࡟࣒ࢸ

᭱ᑠࡿ࡞࡟఩⨨࡟ບ㉳࣒ࣛࢢࣟࣉ࡟࠺ࡼࡃືࡀࣝ࢖ࢥ

ࡀ࡜ࡇ࠺⾜ࢆࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ࢖ࠊࡾ࠾࡚ࢀࡉ

ฟ᮶ࡿࡼ࡟ࣥࢥ࢖࣐ࠋࡿ཯ᑕἼࢢࣥࣜࣉࣥࢧࡢ࿘Ἴᩘ

⣙ࡣ 4.9kHz ࠋࡿ࠸࡚ࡗ࡞࡜

113m
 

600mm 
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ᅗ ࣒ࢸࢫࢩࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ࢖ື⮬ 8  

 
ࡣ࡛ࣥࣙࢩ࣮ࣞࢺࢫࣥࣔࢹ 8W ࢖ࠊࡋᢞධࢆ㟁ຊࡢ

࣮ࢱࣉࢥࣜ࣊ࡣሙྜࡓࡗ⾜ࢆࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ

ࠋࡓࡗ࠿࡞ࡋᾋୖࡣሙྜ࠸࡞ࢃ⾜ࠊࡀࡓࡋຊ࡛ᾋୖ⮬ࡣ

࡟࡜ࡇ࠺⾜ࢆࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ࢖ࡽ࠿஦ᐇࡢࡇ

ᅗࠋࡓࡁㄆ࡛☜ࡀຠ⋡ᨵၿຠᯝࡿࡼ 9 ࡢ࣮ࢱࣉࢥࣜ࣊

཯ᑕ㟁ຊࡓࡋᐃ ࡟㝿ࡓࡗ⾜ࢆࣥࣙࢩ࣮ࣞࢺࢫࣥࣔࢹ

༊㛫ࡣ㒔ྜୖᢞධ㟁ຊࡢ※㟁ࠋࡍ♧ࢆ᫬㛫ᒚṔࡢ T1

࡛ 0 ࡽ࠿ 8W ࡋࡸቑࢆ㟁ຊ࡛ࡲ T2 ࡣ༊㛫ࡢ 8W ᐃ୍ࡢ

ᢞධ㟁ຊࠊT3 ࡣ࡛ 8W ࡽ࠿ 0W ࠸࡚ࡋࡽῶࢆ㟁ຊ࡛ࡲ

T1ࠊࡓࡲࠋࡿ ࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ࢖ື⮬ࡣ༊㛫࡛ࡢ

ࡎࢃ⾜ࢆࢢ T2 ࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ࢖ື⮬༊㛫௨㝆ࡢ

ᅗࠋࡿ࠸࡚ࡋ㛤ጞࢆࢢࣥ 9 ぢࡿࢀࡽ㏻ࣥࢲ࣮ࣆࣥ࢖ࡾ

ࢆῶᑡࡢ཯ᑕ㟁ຊ࡟኱ᖜ࡟᫬ྠ࡜㛤ጞࡢࢢࣥࢳࢵ࣐ࢫ

☜ㄆࡢࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ࢖ࠊࡁ࡛ࡀ࡜ࡇࡿࡍຠ

ᯝࢆ☜ㄆࡀ࡜ࡇࡿࡍฟ᮶ࠋࡓ  

 
ᅗ ᫬㛫ᒚṔࡢ཯ᑕ㟁ຊࡢ᫬ࣥࣙࢩ࣮ࣞࢺࢫࣥࣔࢹ 9  

 
㏦ཷ㟁ඹ᣺ࡓࡋ⏝౑࡟ࣥࣙࢩ࣮ࣞࢺࢫࣥࣔࢹࡓࡲ

ჾ࡚࠸⏝ࢆఏ㏦ຠ⋡ ᐃࠋࡓࡗ࡞ࡇ࠾ࢆᅗ 10 ࢲ࣮ࣆࣥ

ఏ㏦ࡢㄽ್⌮ࡧᐃ್ཬ ࡿࡼ࡟↓᭷ࡢࢢࣥࢳࢵ࣐ࢫࣥ

㊥㞳౫Ꮡᛶࠋࡍ♧ࢆ⌮ㄽ್࡜ᐇ ್ࣆࣥ࢖ࠊࡋ⮴୍ࡣ

኱᭱ࡾࡼ࡟ࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ 25%⛬ຠ⋡ࡀᨵၿࢀࡉ

ࡢࡶࡓࡋᚄ࡛↓ḟඖ໬┤ࣝ࢖ࢥࢆఏ㏦㊥㞳ࡣᶓ㍈ࠋࡓ

ᇱܦࠊ࡛ = Transmission Distance/ඥD୘D୘ ࡜ᐃ⩏ࠋࡓࡋ௒ᅇ

்ܦࡣ = 60cm,ܦோ = 12.8cm࡛ࠋࡿ࠶  

 
ᅗ ⋠ఏ㏦ຠ࡜↓᭷ࡢࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ࢖ 10  

5. ຠ⋡᥎ᐃ  
ᖖ࡟ఏ㏦ຠ⋡ࡀኚ໬ࡿࡍ⎔ቃୗ࡛ᐃ㟁ຊ౪⤥ࢆ⾜

ࡣ࡟ࡵࡓࡢࡇࠋࡿ࠶ࡀᚲせࡿࡍไᚚࢆᢞධ㟁ຊࡣ࡟࠺

ᅗࡋ࠿ࡋࠋࡿ࠶ࡀᚲせࡿ▱ࢆఏ㏦㟁ຊ࡛࣒࢖ࢱࣝ࢔ࣜ

11 㟁ഃඹ᣺ჾ㛫⤖ྜಀᩘཷ࡟࠺ࡼࡢ k ࡓࡗ࠶࡛▱ᮍࡀ

ẚࢫࣥࢲ࣮ࣆࣥ࢖㟁ഃཷࡣሙྜࡢ▱ᮍࡀ㈇Ⲵࠊࡾ rR ࡀ

ࡣ⋠ຠࠊሙྜ࠸࡞ࡽ࠿ࢃ k ࡸ rR ᘧࠊࡵࡓࡿ࠶㛵ᩘ࡛ࡢ

ࠋ࠸࡞ࡁ࡛ࡀ࡜ࡇࡿࡍᑟฟࡶ࡚࠸⏝ࢆ(1)  
⋠ຠࡘࡘࡋ࣮ࢱࢽࣔࢆධຊ㟁ຊࡣ࡛✲◊ᮏ࡛ࡇࡑ

⟭ࢆఏ㏦㟁ຊࡾࡼ࡟࡜ࡇࡿࡍ᥎ᐃࡽ࠿㏦㟁ഃ≧ែ㔞ࢆ

ฟࡿࡍ᪉ἲࢆᥦ᱌ࠋࡿࡍ㏦ཷ㟁㛫࡛㏻ಙ࠸⾜ࢆ㟁ຊ᝟

ሗࡿࡍ࣮ࢱࢽࣔࢆ᪉ἲཷࠊࡀࡿࢀࡽ࠼⪄ࡶ㟁ഃࡢᑠᆺ

໬ࡸపࢺࢫࢥ໬࠺࠸࡜ほⅬࡽ࠿㏦㟁ഃ≧ែ㔞࡛ࡳࡢ᥎

ᐃࡿࡍ᪉ࡀᮃࠋࡓࡋุ᩿࡜࠸ࡋࡲ  

 
ᅗ 11 ⤖ྜಀᩘࢫࣥࢲ࣮ࣆࣥ࢖ࡸẚࡀᮍ▱ࡢሙྜࡢ㟁

ຊఏ㏦ࢪ࣮࣓࢖  
 

ຠ⋡᥎ᐃ࡟ࡵࡓࡢ㏦㟁ഃࡢ≧ែ㔞࡛ࡿ࠶㏦㟁ഃ࢖

ẚࢫࣥࢲ࣮ࣆࣥ rTࠊධᑕ㟁ᅽ࡜཯ᑕ㟁ᅽࡢẚ࡛ࡿ࠶ S11ࠊ

ᢞධ㟁ຊ P i ㏦ཷ㟁ࡿ࠶್࡛ࡢ▱᪤࡟ࡽࡉࠋࡿࡍᐃ ࢆ

ඹ᣺ჾࡢ Q ್ QT, QRࠊタィⅬ⤖ྜಀᩘ k0ࠊ㏦㟁ഃࣛࢺ

⋠ຠࢫࣥ Șsrc (=Zsrc/(Zsrc+RE))࡛࡜ࡇࡿ࠸⏝ࢆゎᯒⓗ࡟

ᘧ ᘧࠊ(5) ಀᩘྜ⤖ࡿ࠶࡛ᩘ▱ᮍ࡟࠺ࡼࡢ(6) kཷࠊ㟁ഃ

ẚࢫࣥࢲ࣮ࣆࣥ࢖ rR ࡋణࠋࡿฟ᮶ࡀᑟฟࡢ Zsrc ※㟁ࡣ

REࠊࢫࣥࢲ࣮ࣆࣥ࢖ࡢ ࠋࡿ࠶᢬ᢠ࡛ࡢࣝ࢖ࢥບ㉳ࡣ  
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ோݎ = ට1 + ݇଴ଶ்ܳܳோ  (5) 

 

݇ = ඨ1 + ඥ1 + ݇଴ଶ்ܳܳோ
்ܳܳோ

(1 െ ܵଵଵ)(1 + (்ݎ െ ௦௥௖ߟ2
1 െ ܵଵଵ െ ௦௥௖ߟ2

  (6) 

⤖ྜಀᩘࡢ▐᫬್ࡀᘧ ᘧࡵࡓࡿࢀࡽᚓ࡟ᵝࡢ(6) ࠿(3)
ᘧࠊฟ᮶ࡀ࡜ࡇࡿࡍ᥎ᐃࢆ⋠ຠࡽ (7)࡛୚ࠋࡿࢀࡽ࠼  

ߟ =
൫2ߟ௦௥௖ െ (1 െ ଵܵଵ)൯൫2ߟ௦௥௖ െ (1 + ݎ் )(1െ ଵܵଵ)൯ඥ1 + ݇଴ଶ்ܳܳோ

ቀ1 + ඥ1 + ݇଴ଶ்ܳܳோቁ ݎ் ௦௥௖ߟ
  (7) 

ᘧࡵࡓࡿࡍㄆ☜ࢆጇᙜᛶࡢ᪉ἲࡢࡇ ᅗ࡚࠸⏝ࢆ(7) 6
ᅗࡀᯝ⤖ࡢࡑࠋࡓࡋẚ㍑ࢆ᥎ᐃ್࡜್ ᐇࡢ ㄗᕪࠊ12

ᅗࡀࡢࡶࡓࡋ♧ࢆ 13 25cmࠋࡿ࠶࡛ ௨ෆ࡛ࡣ 10%௨ෆ

࠼ቑࡀㄗᕪ࡟኱ᖜࡣሙྜࡢ௨ୖࢀࡑࠊ᪉୍ࡓࡗࡲ཰࡟

࡛࡜ࡇࡿ࡞ࡃࡉᑠࡀ⋠ຠࡣࢀࡇࠋࡓ S11 ᐃ ࡢ⋠ຠࡸ

ㄗᕪࡀ኱ࡀ࡜ࡇࡓࡗ࡞ࡃࡁཎᅉ࡛ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶

 

ᅗ 12 ఏ㏦ຠ⋡ᐇ ್࡜᥎ᐃ್ࡢ㛵ಀ  

 
ᅗ 13 ఏ㏦㊥㞳࡜ㄗᕪࡢ㛵ಀ  

 

㟁Ẽ஦ᴗἲࡢࢺࣥࢭࣥࢥࡿࡅ࠾࡟౪⤥㟁ᅽࡢチᐜ

ㄗᕪࢆ㟁ຊ࡟ኚ᥮࡜ࡿࡍチᐜㄗᕪࡣ 10%⛬ᗘ࡛ࠋࡿ࠶

s10%ࡣ࡟ࡿ࡞࡜※㟁ຊࡀẼඹ㬆☢࡜ࡿ࠼ࡲ㋃ࢆࢀࡇ
ᥦࡢ✲◊ᮏࠊࡾ࠶ࡀᚲせࡿࡵ⣡ࢆ౪⤥㟁ຊ࡟ㄗᕪෆࡢ

᱌ᡭἲ࡚࠸⏝ࢆຠ⋡ࢆ᥎ᐃࠊࡋ㟁ຊไᚚࡤ࠼⾜ࢆ㐩ᡂ

᪉ἲ࡛࡞᭷ຠࡣຠ⋡᥎ᐃᡭἲࡢ✲◊ᮏ࡚ࡗࡼࠋࡿࡁ࡛

ࠋࡿ࠼࠸࡜ࡿ࠶  
 

ࡵ࡜ࡲ .6  
ᮏ◊✲࡛ࡣ௨ୗ୕ࡢⅬࡢᡂᯝࡓࡆୖࢆ  
1. ㍍㔞࡛࡞ࢺࢡࣃࣥࢥ 3.11g ඹ᣺ჾ㛤Ⓨࡢ  
ᥦ᱌ࡢᡭἲࢢࣥࢳࢵ࣐ࢫࣥࢲ࣮ࣆࣥ࢖ື⮬ .2  
3. ຠ⋡᥎ᐃᡭἲࡢᥦ᱌  
1.2 㛗࡛᭱࡜ࡇࡿࡏࢃྜࡳ⤌ࢆ 50cm ࡿࡅ࠾࡟㊥㞳ࡢ

࡜ࡇࡢࡇࠋࡓࡋᡂຌ࡟㟁ຊఏ㏦⥺↓ࡢ࡬࣮ࢱࣉࢥࣜ࣊

ᩘࡽ࠿ W ࣝ࢖ࣂࣔࡿࡍື⛣࡟⏤⮬ࢆḟඖ୕ࡢࢫࣛࢡ

ᶵჾࡢ࡬㧗ຠ⋡↓⥺㟁ຊఏ㏦ࡢࡘ୍ࡢ࣒ࢸࢫࢩᙧࢆᥦ

᱌࡛ࠊࡓࡲࠋࡿ࠼࠸࡜ࡓࡁ௒ᚋᚲせࡿ࡞࡜ᢞධ㟁ຊไ

ᚚࡢࡵࡓࡢຠ⋡᥎ᐃᡭἲࢆᥦ᱌ࡀ࡜ࡇࡿࡍฟ᮶ࠋࡓ  
ཧ⪃ᩥ⊩  
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