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New wireless power transfer system using resonant coupling for in vitro study 
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Abstract  New EMF related wireless power transfer technology using resonant coupling phenomenon become the focus of 
attention. This technology has been studied by many researchers. However, the experimental evaluation of the possible 
relationship between this wireless power transfer exposure and human health is not performed. In this study, we manufactured 
a new wireless power transfer system using resonant coupling for in vitro study to evaluate the biological effect of this wireless 
power transfer exposure on cell functions. In order to evaluate the biological effects of this wireless power transfer exposure, 
our study is in progress by using our manufactured in vitro system. 
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ࡵࡌࡣ .1  

⌧௦♫ࠊࡣ⏕ά⎔ቃ࡛┠ࡣぢ࠸࡞࠼㟁☢Ἴ࠶ࡀ

㧗ࠊࡣ࡚ࡋ※⏕Ⓨࡢ㟁☢Ἴࡢࡾᅇࡢ㌟ࠋࡿ࠸࡚ࢀࡩ

ᅽ㏦㟁⥺ࠊᐙ㟁〇ရࠊᦠᖏ㟁ヰࡢࡑᇶᆅᒁࠊ་⒪ࡢ

㟁☢Ἴᶵჾ࡞ᵝ࡞࠺ࡼࡢࡇࠋࡿ࠶࡛ࠎ㟁☢Ἴࡢᗣ

ᙳ㡪ྍࡢ⬟ᛶࡽ࡛ࡲࢀࡇࡣ࡚࠸ࡘேࡢࠎ㛵ᚰࢆ㞟

ࠋࡓࡁ࡚ࢀࡉᐇࡀ✲◊ࡢࡃከࠊࡵ  
㏆ᖺࠊ㟁☢Ἴࢆά⏝ࡓࡋ᪂࠸ࡋ↓⥺㟁ຊఏ㏦ᢏ⾡

ᚑࡣ᪉ᘧࡢࡇࠋࡿ࠸࡚ࡵ㞟ࢆ┠ὀࡀඹ㬆⤖ྜ᪉ᘧ࡚ࡋ

᮶ࡽᐇ⏝ࣝࢥࡿ࠸࡚ࢀࡉᑐࡿࡼ㟁☢ㄏᑟ᪉ᘧ

ඹ࿘ࡢࣝࢥࡢ㟁ഃཷ㏦㟁ഃࠊ࡛ࡢࡶࡓࡋᣑᙇࢆ

Ἴᩘ࡛ࡇࡿࡏࡉ⮴୍ࢆ㟁ຊఏ㏦ຠ⋡ࢆ㣕㌍ⓗୖྥ

㐍ࡀ✲◊ࡢࡃከࡅྥᐇ⏝ࡾ࠶࡛⬟ྍࡀࡇࡿࡏࡉ

࠸ඹ㬆⤖ྜ↓⥺㟁ຊఏ㏦ୗࠊࡋࡋࠋࡿ࠸࡚ࢀࡽࡵ

ࢆᛶ⬟ྍࡢయᙳ㡪⏕ࡿࡅ࠾ቃୗ⎔࠸࡞࡛ࡲࢀࡇ࠺

ᐇ㦂ⓗホ౯ࡓࡋࠋ࠸࡞ࡣ  
㟁☢Ἴࡢ⏕యᙳ㡪ホ౯ࡿࢀࡽ࠸⏝ᡭἲࡘ୍ࡢ

⣽⬊◊✲ࡢࡇࠋࡿ࠶ࡀᡭἲࠊࡣཝᐦࡓࢀࡉ⌮⟶⣽⬊

ᇵ㣴⎔ቃࡢୗ࡛ᐇ㝿ேࡢ≀ືࡸ⣽⬊ࢆᇵ㣴ྠࠊࡋ

ࡼࡇࡿࡏࡉ㟢ࡃࡤᆒ୍ࢆ㟁☢Ἴࡢᙉᗘࡢᐃ≉

ྍࡀࡇࡿࡍホ౯ᐇ㦂ⓗࢆᛶ⬟ྍࡢᙳ㡪ࡢయ⏕ࡾ

ࡣ⣽⬊ᇵ㣴ࠋࡿ࠶࡛⬟ 37Υ ᗘ5%ࠊ㓟Ⅳ⣲⃰

ᗘࠊ㣬‵ᗘ➼ࡢ⎔ቃࢆཝᐦ⥔ᣢࡿࡍᚲせࠊࡾ࠶ࡀ

㔠ᒓ⟂యࡢᜏ ⣽⬊ᇵ㣴ჾ㸦CO2 ࡀ㸧ࢱ࣮࣋ࣗ࢟ࣥ

ࡿ࠸࡚ࢀࡉ⏝ά⯡୍ ࢆᇵ㣴⎔ቃ࡞ཝᐦࡋࡋࠋ[1-5]

⥔ᣢࡵࡓࡿࡍ CO2 㝈ᐃࡣᑍἲࡢෆ㒊ࢱ࣮࣋ࣗ࢟ࣥ

≀㔠ᒓࡢ࿘ᅖࡣඹ㬆⤖ྜ↓⥺㟁ຊఏ㏦࡛ࠊࡓࡲࠊࢀࡉ

ࡿ࠸࡚ࢀࡽ▱ࡀࡇࡍࡰࡼ࠾ࢆᙳ㡪ఏ㏦≉ᛶࡀ

ࠋ[6-7]  
ᮏ◊✲࡛ࠊࡣඹ㬆⤖ྜ↓⥺㟁ຊఏ㏦ୗࡿࡅ࠾⏕య

ᙳ㡪ྍࡢ⬟ᛶࢆ⣽⬊◊✲ࡾࡼホ౯ࢆࡇࡿࡍ┠ⓗࠊ

CO2 ⥺↓ྜ⤖ඹ㬆ࡓࡋᏳᐃࠊࡋ⏝άࢆࢱ࣮࣋ࣗ࢟ࣥ

㟁ຊఏ㏦⎔ቃࠊᅜ㝿㠀㟁㞳ᨺᑕ⥺㜵ㆤጤဨ㸦 ICNIRP㸧
ࣥࣛࢻ࢞ࡿࡵᐃࡢ ࠊ㟢⎔ቃࡃࡤ☢㟁ࡓ࠼ࡲ㋃ࢆ [8]

ཝᐦ࡞⣽⬊ᇵ㣴⎔ቃࢆවࡡഛࡃࡤࡓ࠼㟢ࡢ࣒ࢸࢫࢩ㛤

Ⓨࠋࡔࢇ⤌ࡾྲྀ  
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ᵓᡂ࣒ࢸࢫࢩ .2  
〇సࡃࡤࡓࡋ㟢ࡢ࣒ࢸࢫࢩእほࢆᅗ 1 CO2ࠋࡍ♧

㸦Model BNA-111, ESPEC㸹ࢱ࣮࣋ࣗ࢟ࣥ  ෆᑍἲ㸸

ᖜ 480mm�ዟ⾜ 480mm�㧗ࡉ 585mm㸧㟁ຊఏ㏦⏝

࢝ࣜ࣊ࡣࣝࢥ⏝㏦ཷ㟁ࠋࡿ࠸࡚ࡋ⨨㓄ࢆ➼ࣝࢥࡢ

እᚄࡣᮦᩱࣝࢥࠊࡾ࠾࡚ࡋ⏝᥇ࢆᆺࣝࢥࣝ 6mmࠊ

ෆᚄ 4.2mm ⮬ࣝࢥࡣࢀࡇࠋࡿ࠸࡚࠸⏝ࢆࣉࣃ㖡ࡢ

యࡢⓎ⇕ࢆᢚไࣉࣃࡵࡓࡿࡍෆ෭༷Ỉࢆ㏻Ỉࡍ

ࡣᚄ┤ࡢࣝࢥ⏝㏦ཷ㟁ࠋࡿ࠶࡛ࡵࡓࡿ 200mmࢥࠊ

ࣝᕳᩘࡣ 10 ᕳࠊ㏦㟁⏝ࡣࢳࢵࣆࡢࣝࢥ 10mmཷࠊ㟁

ࡣࢳࢵࣆࡢࣝࢥ⏝ 8mm ࣝࢥ⏝㏦㟁ࠊࡓࡲࠋࡿ࠶࡛

ࡣ㛫㝸ࡢࣝࢥ⏝㟁ཷ 100 CO2ࠋࡿ࠶࡛ੈ ࣗ࢟ࣥ

࣋ ࣮ ࢱ እ 㒊  タ ⨨ ࡋ ࡓ 㧗 ࿘ Ἴ 㟁 ※ 㸦 Model 
T161-5356AEM, ࢚࣒࢘ࢧ ; ᭱ฟຊ 200W, Ⓨಙ࿘

Ἴᩘ 8MHz㹼15MHz㸧ࡽ㟁ຊ౪⤥ࡿࡅཷࢆ⤥㟁ഃࢥ

ࢆ㟁㟁ຊཷࡧࡼ࠾ࠊࣝ CO2 ㈇ࡢእ㒊ࢱ࣮࣋ࣗ࢟ࣥ

Ⲵ㸦200W ⓑ⇕㟁⌫㸧ఏ㐩ࡢࡵࡓࡿࡍ㈇Ⲵഃࣝࢥ

ᚄ┤ࠊࡣ 1.4mm ࡣᚄ┤ࣝࢥࠊࡾ࠾࡚࠸⏝ࢆ⥺㖡ࡢ

200mm ࡢ㛫ࣝࢥ⏝㟁ཷࣝࢥ⏝㏦㟁ࠋࡿ࠶࡛ 4 ᯛ

─⣽⬊ᇵ㣴ࡢ (60mm)ࡢࡑࠊࡣୗࡢỈ෭ᘧ෭༷⨨ࡼ

ࡾ 37Υ ᗘ⥔ᣢࠋࡿࢀࡉ  

CO
2
䜲䞁䜻䝳䝧䞊䝍ෆ㒊

⤥㟁ഃ䝁䜲䝹

㏦㟁⏝䝁䜲䝹

⣽⬊ᇵ㣴─

෭༷⨨

ཷ㟁⏝䝁䜲䝹

㈇Ⲵഃ䝁䜲䝹

 
ᅗ እほࡢ࣒ࢸࢫࢩ㟢ࡃࡤ 1  

 

3. 㟁ຊఏ㏦≉ᛶホ౯  
㛤Ⓨࡃࡤࡓࡋ㟢ࡢ࣒ࢸࢫࢩ㟁ຊఏ㏦≉ᛶࡢホ౯

ࣀࢡࢸࢺࣥࣞࢪ㸦Model N8481B㸪࣮ࢱ࣮࣓࣮࣡ࣃࡣ

 㸦HFSS versionࢺࣇࢯ᭷㝈せ⣲ἲゎᯒࡧࡼ࠾㸧࣮ࢪࣟ
ᅗࢆホ౯⤖ᯝࡢ⋠ఏ㏦ຠࠋࡓ࠸⏝ࢆAnsoft㸧ࠊ13.02 2
ඹ࿘Ἴᩘࠋࡍ♧ 12.5MHz ⣙ࡣ⋠ఏ㏦ຠ࡚࠸࠾

ᐇ ⤖ᯝࠊࡓࡲࠊࡾ࠶85%࡛ HFSS ゎᯒ⤖ᯝࡿࡼ

ࠋࡓࡁㄆ࡛☜ࡀ⮴୍࠸Ⰻ㛫ࡢ  
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ᅗ 2 ఏ㏦ຠ⋡ホ౯⤖ᯝ  

 

4. 㟁☢ࡃࡤ㟢⎔ቃホ౯  
ᵓ⠏ࡓࡋ HFSS ゎᯒ࡚ࣔ࠸⏝ࢆࣝࢹ☢⏺ᙉᗘศᕸࡢ

ゎᯒࠋࡓࡗ⾜ࢆᅗ 3 ධຊ㟁ຊࡣ 200W ᙉ⏺☢ࡿࡅ࠾

ᗘศᕸ㸦ᆶ┤᩿㠃㸧࡛ࠋࡿ࠶⣽⬊ᇵ㣴⨨ࡿࡅ࠾☢

⏺ᙉᗘࠊࡣICNIRP ᙉ⏺☢ࡿࢀࡽࡵᐃ࡛ࣥࣛࢻ࢞ࡢ

ᗘ 80A/m ⣙ࡢ 2 ಸࢆᐇ⌧ࠋࡿ࠸࡚ࡋḟࠊ⣽⬊ᇵ㣴─

ᗏ㠃㒊ࡿࡅ࠾☢⏺ᙉᗘศᕸ㸦Ỉᖹ᩿㠃㸧ࢆᅗ 4 ࠊ

ྛ⣽⬊ᇵ㣴─⨨ࡿࡅ࠾ᖹᆒ☢⏺ᙉᗘࡧࡼ࠾ᶆ‽೫

ᕪࠊ⠊ᅖෆ᭱ࡢ್࣭᭱ᑠ್ࢆ⟬ฟࡓࡋ㸦࣓ࣗࢩࢵ㸸

0.1mm×0.1mm㸧⤖ᯝࢆ⾲ 1 యᙳ㡪⏕ࡢ㟁☢Ἴࠋࡍ♧

ホ౯ࡃࡤࡿࢀࡽ࠸⏝㟢⯡୍ࡣ࣒ࢸࢫࢩs3%ࡽ

s 5%⛬ᗘࡢᆒ୍ᛶࢆ᭷ࡿ࠸࡚ࢀࡽ࠸⏝ࡀࡢࡶࡿࡍ

ࣥࣙࢩࢪ࣏ࡣ࡚࠸࠾࣒ࢸࢫࢩ㟢ࡃࡤࡓࡋ㛤Ⓨࠋ[1-5]

㸿㸪㹀㸪㹁ࢆ⣽⬊ࡃࡤ㟢ࣙࢩࢪ࣏ࠊࡋࡇࡿ࠸⏝

ࣥ㹂ࡣග࣮ࣂࣇ ᗘィࡿࡼᇵᆅ ᗘࣔࣥࣜࢱࢽ

ࠋࡓࡋࡇࡿ࠸⏝ࢢ  
 

⾲ 1 ྛ⣽⬊⨨ࡿࡅ࠾ᖹᆒ☢⏺ᙉᗘࡧࡼ࠾ศᕸ  

⣽⬊⨨ ᖹᆒ☢⏺ᙉᗘ ᶆ‽೫ᕪ ್᭱ ᭱ᑠ್

䝫䝆䝅䝵䞁䠝 168.7A/m 㼼㻞㻚㻞䠄㼼㻝㻚㻟㻑䠅 㻝㻣㻠㻚㻤㻭㻛㼙㻌㻔㻗㻟㻚㻢㻑㻕 㻝㻢㻞㻚㻠㻭㻛㼙㻌㻔㻙㻟㻚㻣㻑㻕

䝫䝆䝅䝵䞁䠞 170.5A/m 㼼㻞㻚㻞䠄㼼㻝㻚㻟㻑䠅 㻝㻣㻤㻚㻜㻭㻛㼙㻌㻔㻗㻠㻚㻠㻑㻕 㻝㻢㻢㻚㻢㻭㻛㼙㻌㻔㻙㻞㻚㻟㻑㻕

䝫䝆䝅䝵䞁䠟 167.4A/m 㼼㻝㻚㻣䠄㼼㻝㻚㻜㻑䠅 㻝㻣㻟㻚㻢㻭㻛㼙㻌㻔㻗㻟㻚㻣㻑㻕 㻝㻢㻟㻚㻤㻭㻛㼙㻌㻔㻙㻞㻚㻝㻑㻕

䝫䝆䝅䝵䞁䠠 171.2A/m 㼼㻞㻚㻟䠄㼼㻝㻚㻟㻑䠅 㻝㻤㻜㻚㻠㻭㻛㼙㻌㻔㻗㻡㻚㻠㻑㻕 㻝㻢㻣㻚㻤㻭㻛㼙㻌㻔㻙㻞㻚㻜㻑㻕  
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ᅗ 3 ☢⏺ᙉᗘศᕸゎᯒ⤖ᯝ㸦ᆶ┤᩿㠃㸧  

 

 

ᅗ 4 ☢⏺ᙉᗘศᕸゎᯒ⤖ᯝ㸦Ỉᖹ᩿㠃㸧  
 

5. ⣽⬊ᇵ㣴⎔ቃホ౯  
〇సࡃࡤࡓࡋ㟢ࡀ࣒ࢸࢫࢩཝᐦ࡞⣽⬊ᇵ㣴⎔ቃࢆ

⥔ᣢࢆࡇࡿ࠸࡚ࡋ☜ㄆࡃࡤࠊࡵࡓࡿࡍ㟢࣒ࢸࢫࢩ

ࣄ⣽⬊㸦ែ࡛ᐇ㝿≦࠸࡞ࡋධຊࢆ※㧗࿘Ἴ㟁࡚࠸࠾

⬊ඣ⫵⏤᮶⧄⥔ⱆ⣽⫾ࢺ WI38VA13 subcloned 2RA㸧ࢆ

ᇵ㣴ࠊࡶࡿࡍཝᐦ࡞⣽⬊ᇵ㣴⎔ቃࢆ⥔ᣢ࠸࡚ࡋ

ࡢูࡿ࠸࡚ࡁㄆ࡛☜ࡀࡇࡿ CO2 ⏝ࢆࢱ࣮࣋ࣗ࢟ࣥ

⬊⣽ࡿ࠶ᇶᮏືែ࡛ࡢ⬊⣽ࠊࡋᇵ㣴ࢆ⬊⣽ᵝྠ࡚࠸

ቑṪ⬟ຊࡧࡼ࠾⣽⬊࿘ᮇศᕸ࡚࠸ࡘẚ㍑ホ౯ࡗ⾜ࢆ

ࠋࡓ  
⣽⬊ቑṪ⬟ຊࡢホ౯⤖ᯝࢆᅗ 5 ⬊⣽ࡣᶓ㍈ࠋࡍ♧

࠾ᇵ㣴㛫᩿㠃ྛࡣ㍈⦪ࠋࡿ࠸࡚ࡋ♧ࢆᇵ㣴㛫ࡢ

⣽⬊ᩘ㸦2×105ࡢᇵ㣴㛤ጞࡾ࠶࡛ᩘ⬊⣽ࡿࡅ ಶ㸧

ᑐࡿࡍ┦ᑐẚ࡛♧ࡃࡤࠋࡿ࠸࡚ࡋ㟢࡛࣒ࢸࢫࢩᇵ㣴ࡋ

ࡢ⏝ẚ㍑ࣈ࣮࢝ቑṪࡢ⬊⣽ࡓ CO2 ࡛ࢱ࣮࣋ࣗ࢟ࣥ

ᇵ㣴ࡓࡋ⣽⬊ࡢቑṪࣈ࣮࢝᭷ព࡞ᕪ␗ࡣぢ࡞ࢀࡽ

ᅗࠋࡓࡗ 6 ࡽᇵ㣴㛤ጞࠊࡣ 144ࠊ96ࠊ48 㛫ᚋࡢ

Ⅼࡿࡅ࠾⣽⬊࿘ᮇศᕸࡢホ౯⤖ᯝ࡛ࠋࡿ࠶⣽⬊ࡢቑ

Ṫࠊࡣ⣽⬊ࡢศᮇ㸦M ᮇ㸧ࠊ➨ 1 㛫ᮇ㸦G1 ᮇ㸧ࠊDNA
ྜᡂᮇ㸦S ᮇ㸧ࠊ➨ 2 㛫ᮇ㸦G2 ᮇ㸧ࢆ࿘ᮇⓗࡾ⧞㏉

⬊⣽ࠊ࡚࠸࠾Ⅼࡢࢀࡒࢀࡑࠊࡀࡿࢀࢃ⾜࡛ࡇࡍ

࿘ᮇศᕸྜ᭷ព࡞ᕪ␗ࡣぢࠋࡓࡗ࡞ࢀࡽ  
⬊⣽ࡣ࣒ࢸࢫࢩ㟢ࡃࡤࡓࡋ〇సࠊࡽᯝ⤖ࡢࡽࢀࡇ

ᇵ㣴ᑐ࡚ࡋཝᐦ࡞ᇵ㣴⎔ቃࢆ⥔ᣢࡀࡇࡿ࠸࡚ࡋ☜

ㄆ࡛ࠋࡓࡁ  
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6. ᚋࡳ⤌ࡾྲྀࡢ  
ඹ㬆⤖ྜ↓⥺㟁ຊఏ㏦ୗࡿࡅ࠾⏕యᙳ㡪ྍࡢ⬟

ᛶࢆ⣽⬊◊✲ࡾࡼホ౯ࢆࡇࡿࡍ┠ⓗࠊCO2 ࣥ

㛤Ⓨࡢ࣒ࢸࢫࢩ㟢ࡃࡤ࡞ࡓ᪂࡚ࡋ⏝άࢆࢱ࣮࣋ࣗ࢟

ඹ࿘Ἴᩘࡣ࣒ࢸࢫࢩᮏࠋࡔࢇ⤌ࡾྲྀ 12.5MHz ࠸࠾

࡚⣙ ࠊࡋ᭷ࢆ⋠ఏ㏦ຠࡢ85% ICNIRP ್ࣥࣛࢻ࢞

⣙ࡢ 2 ಸࡢ☢⏺ᙉᗘࢆᐇ⌧ࡽࡉࠋࡿ࠸࡚ࡋᐇ㝿ࡢ⣽

⣽⬊ᇵ㣴⎔ቃ࡞ཝᐦࠊࡾࡼᇶᮏືែホ౯ࡓ࠸⏝ࢆ⬊

ࠋࡓࢀࡉㄆ☜ࡀࡇࡿࡍಖᣢࢆ  
ᚋࠊ㧗࿘Ἴ㟁※ࢆᢞධࠊࡋᐇ㝿ࡢඹ㬆⤖ྜ↓⥺㟁

ຊఏ㏦ୗ࡚࠸࠾⣽⬊ࡢᇶᮏືែࡸ㑇ఏẘᛶࢆᣦᶆ

⬟ྍࡢయᙳ㡪⏕ࠊࡾࡼࡇࡿࡍᐇࢆẚ㍑ホ౯ࡓࡋ

ᛶࢆ᫂ࠋࡃ࠸࡚ࡋࡽ  
 

ㅰ㎡  
ᮏ◊✲୍ࡢ㒊ᩥࡣ㒊⛉Ꮫ┬⛉Ꮫ◊✲㈝㸦 2331022㸧

ࡓࡅཷࢆຓᡂࡢ㈝✲◊ู≉᪂㡿ᇦ㛤ᣅࡧࡼ࠾  
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㸦㹟㸧ᇵ㣴㛤ጞࡽ 48 㛫ᚋ  
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㸦㹠㸧ᇵ㣴㛤ጞࡽ 96 㛫ᚋ  
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㸦㹡㸧ᇵ㣴㛤ጞࡽ 144 㛫ᚋ  
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