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Abstract This paper presents a prototype of mini-4WD powered without code by using commercial wireless power

transfer(WPT) kit. Firstly, the problems on transmitting and receiving antenna, impedance matching circuit and

rectifying circuit are investigated when the commercial WPT is applied to drive a mini-4WD. Then, the method to

solve these problems including evaluation approach and matching circuit are described.
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1. ͸ ͡ Ί ʹ

ۙ೥, ແઢిྗ఻ૹٕज़͕࠶ͼ஫໨ΛूΊ͍ͯΔ. ແઢిྗ

఻ૹ (WPT:Wireless Power Transfer)ٕज़ͱ͸ͦͷ໊ͷ௨Γ

ϫΠϠ΍ίʔυͳͲͷઢΛ࢖ΘͣແઢͰిྗΛ఻ૹ͢Δٕज़Ͱ

͋Δ. ແઢిྗ఻ૹٕज़͸ैདྷͷ༗ઢిྗ఻ૹʹͱ͔ͬͯΘΔ

͚ͩͰͳ͘, ,ಈ͢Δࣗಈंۦଳి࿩΍ܞ ͞Βʹ͸ඈ͢ߦΔඈߦ

଴͞Ε͍ͯΔظ͕༺΁ͷԠిڅͳͲͷҠಈମʹର͢Δػ [1].

ຊڀݚͰ͸͞ൢࢢΕ͍ͯΔແઢిྗ఻ૹΩοτΛԠ༻͠, ແ

ઢిྗۦಈ͢Δϛχ࢛ۦͷ࡞ࢼΛͨ͠࡞ࢼ.ͨͬߦແઢిྗۦಈ

ϛχ࢛ۦͱൢࢢΩοτͷૹ৴ثͷࣸਅΛਤ 1ʹࣔ͢. ͜ͷΩο

τʹ͸औѻઆ໌ॻ͕෇ଐ͍ͯ͠Δ͕, ෆ໌ͳ͔͍͕༷͋ͭ͘࢓

ਤ 1: ثΩοτͷૹ৴ൢࢢͱۦಈϛχ࢛ۦແઢిྗͨ͠࡞ࢼ

ΔͨΊ, ͜ΕΒΛଌఆʹΑͬͯ֬ೝ͢Δ. ·ͨ, ΩοτΛϛχ࢛

.ಈʹԠ༻͢Δʹ͋ͨΓ͍͔ͭ͘ͷ໰୊͕ੜͨ͡ۦͷແઢిྗۦ

͜Εͷચ͍ग़͠ͱղܾํ๏ͷͨͬߦ౼ݕ.

.ͨ͠౼ݕख๏ͱධՁํ๏ΛܭΔઃͨ͋ʹ࡞ࢼ ઃܭͱධՁʹ

͸ओʹి࣓քղੳγϛϡϨʔλΛ࢖༻͠, ͦͷ͔֬Β͠͞͸ଌ

ఆ࣮ݧʹΑͬͯ֬ೝͨ͠.

2. ϫΠϠϨεిྗݧ࣮ిڅΩοτͷߏ੒

.੒Λઆ໌͢ΔߏΩοτͷిڅΕ͍ͯΔϫΠϠϨεిྗ͞ൢࢢ

͜ͷΩοτͷߏ੒Λਤ 2ʹࣔ͢Α͏ʹେ͖͘ిڅճ࿏, ૹड৴

ૉࢠ, डిճ࿏ͱͯ͠ 3ͭͷ෦෼ʹ෼͚Δ. पߴճ࿏Ͱ͸ిڅ

೾ిݯΛੜ੒͠, ૹड৴ૉࢠʹΑΓۭதΛ఻ൖ͠, डిճ࿏ʹΑ

Γ LEDΛ఺౮ͤ͞Δ.

2. 1 ճ࿏ͷૹ৴ిྗͱ಺෦Πϯϐʔμϯεిڅ

ճ࿏͸ిڅ 2[MHz] ͷਖ਼ݭ೾Λੜ੒͠, ૹ৴ૉ͢ిڅʹࢠ

Δ. ͜ͷిڅճ࿏͸ 2[MHz] ৴߸ൃੜճ࿏, σουλΠϜੜ੒

ਤ 2: ϫΠϠϨεిྗݧ࣮ిڅΩοτͷߏ੒ϒϩοΫਤ
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ਤ 3: ແෛՙిѹ vopen ͱ 50[Ω]Λ઀ଓͨ࣌͠ͷిѹ va

ੜ੒, υϥΠϒճ࿏Λͯܦ ACΞμϓλͷ 12[V]௚ྲྀి͔ݯΒ

14[V]2[MHz]ͷަྲྀిѹΛग़ྗ͢Δ. ·ͨ, Ωοτͷऔѻઆ໌

ॻʹΑΓ, ૹ৴ૉࢠ୺ࢠର·Ͱͷిݯଆͷग़ྗΠϯϐʔμϯε,

ͭ·Γిجݯ൘ͷ಺෦Πϯϐʔμϯε͸ 50[Ω]Ͱ͋Δ. ҎԼͷ

.ΑΓૹ৴ిྗͱ಺෦ΠϯϐʔμϯεΛ֬ೝ͢Δʹݧ࣮

·ͣ, ಺෦ΠϯϐʔμϯεΛ֬ೝ͢Δ. ճ࿏ͷ಺෦Πϯిڅ

ϐʔμϯε Zo ͸ΦγϩείʔϓΛ༻͍ͨଌఆ͔Β֬ೝ͢Δ͜

ͱ͕Ͱ͖Δ. ۩ମతʹ, ·ͣग़ྗ୺ؒࢠʹෛՙ͕ͳ͍ঢ়ଶ, ͭ·

Γ४Φʔϓϯঢ়ଶͰͷిѹ vopen Λଌఆ͢Δ. ͜ͷͱ͖ͷిѹ

vopen ͸ిిݯѹ vs ͱಉ͡Ͱ͋Δ. ࣍ʹ, ෛՙଆʹద౰ͳΠϯ

ϐʔμϯεΛ઀ଓ͠, ͦͷͱ͖ͷిѹ va Λଌఆ͢Δ. ճ࿏ཧ࿦

ʹΑΓ, ෛՙΠϯϐʔμϯεΛௐ੔͠, va ͕ vs ͷ൒෼ͱͳΔͱ

͖, ઀ଓ͞Ε͍ͯΔෛՙ͸جిڅ൘ͷग़ྗΠϯϐʔμϯε Zo ͱ

౳͍͠ [2]. ग़ྗ୺ؒࢠͷແෛՙిѹ vopen ͱ 50[Ω]Λ઀ଓͨ͠

ͱ͖ͷిѹ va ͷଌఆ݁ՌΛਤ 3ʹࣔ͢. ଌఆ࣮ݧʹ͸ Agilent

ࣾ੡Φγϩείʔϓ 54835AΛ༻͍ͨ. ճ͸ࠓ 50[Ω]Λ઀ଓ͠

ͨͱ͖, ిѹ͕ͪΐ͏Ͳ vs ͷ൒෼ʹͳͬͨͨΊ, ಺෦Πϯϐʔ

μϯε Zo ͸ 50[Ω]Ͱ͋Δ͜ͱ͕࣮ݧʹΑΓ֬ೝ͞Εͨ. ͳ͓,

͜ͷଌఆख๏͸ϩʔυϓϧ๏ͱ΋ݺ͹Ε͍ͯΔ.

ਤ 3ʹΑΓ, ѹిݯి vs ͸ 14[V]Ͱ͋Γ, 50[Ω] Λ઀ଓͨ͠

࣌ͷిѹ va͸ 7[V]Ͱ͋Δ. ͜ͷ͜ͱ͔Β, Πϯϐʔμϯε੔߹

࣌ͷૹిిྗ͸W = |va|2
2R ΑΓ 0.49[W ]Ͱ͋Δ͜ͱ͕෼͔Δ.

2. 2 ૹड৴ૉࢠ

ૹड৴ૉࢠ͸ిڅճ࿏ʹΑΓੜ੒͞ΕͨిྗΛۭؒͷి࣓ք

ʹհͯ͠डిճ࿏΁఻ૹ͢Δ໾ׂΛՌ͍ͨͯ͠Δ.

͸ਤࢠͷΩοτͰ͸ૹड৴ૉൢࢢ 4ʹࣔ͢௚ܘ 80[mm]ͷۭ

ਊίΠϧΛ༻͍Δ. ૹ৴ૉࢠ͸ڞৼίΠϧͱۦಈίΠϧ, ड৴

ૉࢠ͸ڞৼίΠϧͱग़ྗίΠϧͷͦΕͧΕೋͭͷίΠϧʹΑͬ

.੒͞ΕΔߏͯ ਺͸͖רৼίΠϧͷڞ 15[T], ಈίΠϧ͓Αͼۦ

ग़ྗίΠϧͷ͖ר਺͸ 2[T]Ͱ͋Δ.

ૹड৴ૉࢠͷ఻ૹಛੑ͸ి࣓ք਺஋ղੳͱଌఆʹΑΔࢄཚ܎

਺ S11, S21 ͔Β֬ೝ͞ΕΔ. ి࣓ք਺஋ղੳʹ͸ EMSS ࣾ੡

ి࣓քղੳγϛϡϨʔλ FEKO(ver.6.1)Λ༻͍Δ. ଌఆ࣮ݧʹ

͸ Anritsuࣾ੡ωοτϫʔΫΞφϥΠβMS2034AΛ༻͍Δ.

ͳ͓, ૹड৴ૉࢠ͸࣓քڞ໐ͷঢ়ଶͰ, ͋Δ͍͸Πϯϐʔμ

ਤ 4: ͷੇ๏ࢠWPTΩοτͷૹड৴ૉൢࢢ
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(a) ి࣓քղੳιϑτ ʹΑΔࢄཚ܎਺ S11, S21 ͷղੳ݁Ռ
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(b) ωοτϫʔΫΞφϥΠβʹΑΔࢄཚ܎਺ S11, S21 ͷଌఆ݁Ռ

ਤ 5: ਺܎ཚࢄ S11, S21 ͷղੳ݁Ռ (a) ͱଌఆ݁Ռ (b)

ϯεϚονϯάΛऔΕͨঢ়ଶͰ࠷େిྗ఻ૹΛ͑ߦΔ͜ͱ͕ط

஌ΒΕ͍ͯΔ͘޿ʹ [3]. ͦͷঢ়ଶΛ࣮͢ݱΔͻͱͭख๏ͱͯ͠

͸, ίϯσϯαͷௐ੔ʹΑΓڞৼίΠϧΛڞৼͤ͞Δํ๏͕͋

Δ. ίϯσϯαͷ࠷ద஋ͷબఆ͸, ి࣓ք਺஋ղੳιϑτʹΑΓ

.ͱ͕Ͱ͖Δ͜͏ߦ ۩ମతʹ͸, ղੳιϑτͰૹड৴ૉؒࢠͷ

S21 .Δ͚ͭݟେʹͳΔίϯσϯαʔͷ஋Λ࠷͕ దͳΩϟύ࠷

γλϯεΛઃఆͨ͠ͱ͖ͷ S21 ͷղੳ݁Ռͱͦͷ࠷దͳΩϟύ

γλϯεΛ࣮૷࣮ͨ͠ճ࿏ͷ S21 ͷଌఆ݁ՌΛਤ 5ʹࣔ͢. ͜
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ਤ 6: डిճ࿏ʹ༻͍ΒΕΔഒిѹ੔ྲྀճ࿏

ਤ 7: ϛχ࢛ۦ (VSγϟʔγ)ͷੇ๏

ͷͱ͖ͷૹड৴ૉؒࢠͷڑ཭͸ਤ 4ͱಉ༷ʹ 20[mm]ͱͨ͠.

ਤ 5͔ΒԼهͷ͜ͱ͕෼͔ͬͨ.

• ղੳ݁Ռͱଌఆ݁Ռ͕΄΅Ұக͍ͯ͠Δ.

• ཭ڑ 20[mm]ʹ͓͍ͯ S21ͷେ͖͞ 0.797[]͕ಘΒΕɼඇ

ৗʹ͍ߴ఻ૹޮ཰Λ࣮͍ͯ͠ݱΔɽ

2. 3 ड ి ճ ࿏

डిճ࿏͸ड৴ૉࢠʹ༠͞ىΕͨిѹʹΑΓ LEDΛ఺౮͞

ͤΔ໾ׂΛՌ͍ͨͯ͠Δ.

डిճ࿏ʹ͸·ͣड৴ૉࢠʹൃੜͨ͠ަྲྀిѹΛ੔ྲྀճ࿏

ʹΑΓ௚ྲྀʹ੔ྲྀ͠ LEDʹ௚ྲྀిѹΛ͢څڙΔ. ੔ྲྀճ࿏ͱ

LED ΛؚΊͨճ࿏ਤΛਤ 6 ʹࣔ͢. ੔ྲྀճ࿏͸ഒిѹ੔ྲྀ͕

༻͍ΒΕ͍ͯΔ. μΠΦʔυͷൃޫͷ౓߹ʹΑ֮ͬͯײతʹແ

ઢిڅͷޮ཰͕൑அͰ͖Δ.

3. ϛχ࢛ۦۦಈ΁ͷԠ༻ʹ൐͏໰୊఺

ϛχ࢛ۦΛແઢిྗ఻ૹʹΑͬͯۦಈͤ͞ΔͨΊʹ 2.અʹͯ

આ໌ͨ͠ΩοτΛԠ༻͢Δࡍͷ໰୊఺Λઆ໌͢Δ.

3. 1 ૹड৴ૉࢠ

ϛχ࢛ۦۦಈ΁ͷ 2.અͷΩοτͷԠ༻ʹ൐͍ૹड৴ૉࢠͷେ

͖͞ͱૹड৴ૉؒࢠͷҐஔ͕ؔ܎໰୊ͱͳΔ.

ड৴ૉࢠΛϛχ࢛ۦͷंମʹऔΓ෇͚ΔͨΊʹ͸ड৴ૉࢠͷ

େ͖͕͞໰୊ͱͳΔ. 2.અͷΩοτͷड৴ૉࢠ͸ϔϦΧϧΞϯ

ςφΛ༻͍͍ͯΔͨΊϛχ࢛ۦʹରͯ͠௚ܘͱް͕͞େ͖͍.

ड৴ૉࢠΛϛχ࢛ۦʹ౥͢ࡌΔͨΊʹ͸খ͔ͭܘബܕͷड৴ૉ

.Λબ୒͢Δඞཁ͕͋Δࢠ ϛχ࢛ۦͷंମͷੇ๏Λਤ 7ʹ, ૹ

ड৴ૉࢠͷੇ๏Λਤ 4ʹࣔ͢. ड৴ૉࢠΛϛχ࢛ۦͷఈ໘ʹऔ

Γ෇͚ΔͨΊʹ͸௚ܘΛ 56[mm] Ҏ಺ (λΠϠͱλΠϠͷ෯),

ް͞Λ 6[mm]ҎԼ (λΠϠ൒ܘ 15[mm]−ंମͷް͞ 9[mm]=

ߴं 6[mm]) ʹ͢Δඞཁ͕͋Γ, ΩοτͰ༻͍͍ͯΔϔϦΧϧ

Ξϯςφ͸໌Β͔ʹ͜ΕΑΓ΋େ͖͍ͨΊ࢖༻Ͱ͖ͳ͍.
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ਤ 8: ૹड৴ૉࢠͷҐஔζϨͱࢄཚ܎਺ S11, S21

·ͨ, ϛχ࢛ۦΛۦಈͤ͞Δࡍʹૹड৴ૉؒࢠͷҐஔ͕ؔ܎

มԽ͠໰୊ͱͳΔ. ϛχ࢛ۦΛۦಈͤͨ͞ͱ͖ʹૹ৴ૉࢠΛಈ

͔͞ͳ͍৔߹ૹ৴ૉࢠͱड৴ૉࢠͷத৺͕࣠ͣΕΔ. ड৴ૉࢠ

Λϛχ࢛ۦʹ౥͢ࡌΔͨΊʹ͸ͳΔ΂͘ൣ͍޿ғʹిڅΛग़དྷ

Δૹड৴ૉࢠΛબ୒͢Δඞཁ͕͋Δ. ΋͘͠͸ൣ͍޿ғʹిڅ

Ͱ͖ΔిڅγεςϜΛ͑ߟΔඞཁ͕͋Δ.

3. 2 ੔ ߹ ճ ࿏

ϛχ࢛ۦۦಈ΁ͷ 2.અͷΩοτͷԠ༻ʹ൐͍ૹड৴ૉؒࢠͷ

Ґஔؔ܎ʹΑΔΠϯϐʔμϯεෆ੔߹͕໰୊ͱͳΔ.

ૹड৴ૉؒࢠͷҐஔؔ܎Λมߋ, ͨͱ͑͹ਫฏํ޲ʹ൒ܘ෼

(40mm), ௚ܘ෼ (80mm) ͱͣΒ͢ͱΠϯϐʔμϯεͷෆ੔߹

਺܎ཚࢄ,Γ͜ى͕ S11 ͷେ͖͕͞૿Ճ͢Δ. ҐஔΛͣΒͨ͠

ͱ͖ͷղੳ݁ՌΛਤ 4. 1 ʹࣔ͢. ͕ͨͬͯ͠, ૹड৴ૉࢠͷҐ

ஔؔ܎ʹΑΔ఻ૹޮ཰ͷ௿ԼΛ๷͙ͨΊʹ,Πϯϐʔμϯεͷ

ෆ੔߹Λղܾ͢Δඞཁ͕͋Δ.

3. 3 ੔ ྲྀ ճ ࿏

ϛχ࢛ۦۦಈ΁ͷ 2.અͷΩοτͷԠ༻ʹ൐͍Ϟʔλۦಈͷͨ

Ίͷి͕ࣜܗݯ໰୊ͱͳΔ.

ϛχ࢛ۦۦಈͷͨΊʹ͸௚ྲྀϞʔλʹిڅΛ͢Δඞཁ͕͋Δ.

ΩοτͰ͸ഒిѹ੔ྲྀ͕༻͍ΒΕ͍͕ͯͨ, ϞʔλʹిڅΛ͢

Δ৔߹ʹ͸໰୊ͱͳΔ. LEDͷ৔߹, ిѹͷେ͖͕͞ൃޫͷ౓

.Δ͢܎ؔʹ߹ ͔͠͠௚ྲྀϞʔλ͸ LEDͱҟͳΓ, ϞʔλΛۦ

ಈ͢Δʹ͸େ͖ͳిྲྀ͕ٻΊΒΕΔ.

4. ແઢిྗۦಈ͢Δϛχ࢛ۦͷ࡞ࢼ

ϛχ࢛ۦΛແઢిྗۦಈͤ͞ΔͨΊͷૹड৴ૉࢠɾ੔߹ճ࿏ɾ

੔ྲྀճ࿏ʹ͍ͭͯ͢࡯ߟΔ.

4. 1 ૹड৴ૉࢠ

ແઢిྗۦಈͷͨΊʹૹड৴ૉࢠͷେ͖͞ͱૹड৴ૉؒࢠͷ

Ґஔͷௐ੔͕ඞཁͰ͋Δ.

େ͖͞ͷ໰୊Λղܾ͢ΔͨΊʹ৽ͨͳΞϯςφΛઃ͢ܭΔ.

ૹड৴ૉࢠ,ಛʹड৴ૉࢠͷେ͖͞ͱܗঢ়͸Լهͷ৚݅ʹ੍໿

͞ΕΔɽ

• ૹड৴Ξϯςφؒͷਨ௚ڑ཭͸ 20[mm]
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ਤ 9: ฏ໘εύΠϥϧΞϯςφͷੇ๏
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ਤ 10: εύΠϥϧܕૹड৴ૉࢠͷࢄཚ܎਺ S11, S21 ͷղੳ݁Ռ

• Ξϯςφͷ௚ܘ͸ 56[mm]Ҏ಺

• Ξϯςφͷް͞͸ 6[mm]ҎԼ

• प೾਺͸ݯి 2[MHz]

Ͱ͋Δ. Ξϯςφͷઃܭʹ͸ղੳͱಉ༷ʹ EMSS ࣾ੡ి࣓ք

ղੳγϛϡϨʔλ FEKO(ver.6.1)Λ༻͍Δ. ৽͍͠Ξϯςφͱ

ͯ͠ฏ໘εύΠϥϧΞϯςφΛ༻͍Δ. ৽ͨͳฏ໘εύΠϥϧ

ΞϯςφͷϞσϧͱੇ๏Λਤ 9ʹࣔ͢. ਺͸͖רৼίΠϧͷڞ

27[T], ਺͸͖רಈίΠϧ͓Αͼग़ྗίΠϧͷۦ 2[T]Ͱ͋Δ. ͜

ͷฏ໘εύΠϥϧΞϯςφͷઃܭ͸·ͣۦಈεύΠϥϧɾग़ྗ

εύΠϥϧͷ֎ܘͱ͖ר਺Λௐ੔͢Δ. ४͸ैج਺ௐ੔ͷ͖ר

དྷͷίΠϧͷϦΞΫλϯεͰ͋Δ. ϔϦΧϧܗঢ়ͷͱ͖ͷͦΕ

ͧΕͷίΠϧͷϦΞΫλϯεΛଌఆ͠, ͦͷ஋ͱಉ͡ʹͳΔΑ

.਺Λௐ੔͖ͨ͠רʹ͏ ऩ·Δʹۦ४͸ϛχ࢛جΛఆΊͨܘ֎

Α͏ͳେ͖͞Ͱ͋Δ. ਺רಈεύΠϥϧɾग़ྗεύΠϥϧͷۦ

2[T]͸ϔϦΧϧܗঢ়ͷͱ͖ͷύϥϝʔλΛྲྀ༻ͨ͠.

ਤ 9ʹࣔͨ͠ૹड৴ૉ࠷ʹࢠదίϯσϯαΛ૷ՙͨ͠ͱ͖ͷ

ղੳ݁ՌΛਤ 10ʹࣔ͢. ͜ͷͱ͖ͷૹड৴ૉؒࢠͷڑ཭͸ਤ 4

ͱಉ༷ʹ 20[mm]ͱͨ͠.

ਤ 10͔ΒΘ͔Δ͜ͱ͸

• ϔϦΧϧܗঢ়ͱಉఔ౓ͷ༏Εͨ఻ૹಛੑͰ͋Δ͜ͱ

• ཭ڑ 20[mm]ʹ͓͍ͯඇৗʹ༏Εͨ఻ૹޮ཰Λ࣮ͯ͠ݱ

͍Δ͜ͱ

Ͱ͋Δ. ૹड৴ૉࢠΛϛχ࢛ۦʹ౥ࡌͰ͖Δ༷ʹখܕԽͯ͠΋

.Ͱ͖͍ͯͨݱ఻ૹޮ཰Λ࣮͍ߴ ͜ͷฏ໘εύΠϥϧΞϯςφ

Λૹड৴ૉࢠͱͯ͠ར༻͠, ಈ͞ۦΛແઢిྗۦϛχ࢛ʹࡍ࣮
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(a) ൒ܘ෼ (28mm) ζϨ࣌
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(b) ௚ܘ෼ (56mm) ζϨ࣌

ਤ 11: ҐஔζϨ࣌ͷࢄཚ܎਺ S11, S21 ͷղੳ݁Ռ

ͤΔ͜ͱ͕੒ޭͨ͠.

ૹड৴ૉؒࢠͷҐஔͣΕʹ൐͏ޮ཰௿Լͷ໰୊Λղܾ͢Δͨ

Ίʹ,ҐஔΛͣΒͨ͠ͱ͖ͷ࠷దͳΩϟύγλϯεͷઃఆʹ͓

͚Δ఻ૹಛੑΛղੳͨ͠. ͜ͷ݁ՌΛਤ 11ʹࣔ͢.

͜ͷղੳ݁Ռ, ਤ 11 ͔ΒΞϯςφͷ௚ܘ෼ͷζϨͰ͋Ε͹ 5

ׂ, ൒ܘ෼ͷζϨͰ͋Ε͹ 9ׂΛ௒͑Δిྗ͕څڙՄೳͰ͋Δ

͜ͱ͕෼͔Δ. Ξϯςφͷ൒ܘ෼ͷͣΕʹରԠͰ͖Ε͹ૹ৴ث

ͷ਺Λ૿΍͢͜ͱʹΑͬͯ୯७ʹൣڅڙғΛ͛޿Δ͜ͱ͕Մೳ

Ͱ͋Δ.

·ͨ, ͜Ε͸ڞৼίϯσϯαͷௐ੔ͷΈʹΑ࣮ͬͯ͞ݱΕͯ

͍Δ. ϔϦΧϧܗঢ়ͷͱ͖ͷҐஔζϨʹΑΔࢄཚ܎਺ͷมԽ,

ਤ͔Β෼͔ΔΑ͏ʹ, Ґஔ͕ͣΕΔ͜ͱʹΑΓ, γεςϜͷڞৼ

प೾਺͕ిݯप೾਺ͱͣΕͯ఻ૹಛੑ͕௿Լ͍ͯ͠Δ. ͜Ε͸

.ৼίϯσϯαʹΑΓղܾՄೳͰ͋Δڞ

4. 2 ੔߹ճ࿏ͱ੔ྲྀճ࿏

ແઢిྗۦಈͷͨΊʹૹड৴ૉؒࢠͷҐஔؔ܎ʹΑΔΠϯ

ϐʔμϯεෆ੔߹Λղܾ͢Δඞཁ͕͋Δ. ͜ͷ໰୊͸લখઅͰ

ड़΂ͨΑ͏ʹ΄ͱΜͲͷ৔߹ڞৼίϯσϯαͷ஋Λௐ੔͢Δ͜

ͱʹΑͬͯղܾͰ͖ͨ. ༧ఆ͍ͯ͘͠౼ݕΛޚͷࣗಈ੍ͦޙࠓ
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ਤ 12: ϛχ࢛ۦʹ༻͍ΒΕΔഒిྲྀ੔ྲྀճ࿏

Ͱ͋Δɽ

·ͨɼແઢిྗۦಈͷͨΊʹϞʔλۦಈͷͨΊͷిࣜܗݯʹ

΋໰୊͕͋Δ. ௚ྲྀϞʔλ͸ LEDͱҟͳΓ,ϞʔλΛۦಈ͢Δ

ʹ͸େ͖ͳిྲྀ͕๬·ΕΔ. ຊ࡞ࢼͰ͸ɼϞʔλۦಈͷͨΊഒ

ిྲྀ੔ྲྀճ࿏Λ༻͍Δ. ੔ྲྀճ࿏ͱϞʔλΛؚΊͨճ࿏ਤΛਤ

12ʹࣔ͢. ͜ΕʹΑΓ,࡞ࢼͰϞʔλͷۦಈΛ֬ೝͰ͖ͨ.

5. · ͱ Ί

ຊใࠂͰ͸ൢࢢͷແઢిྗ఻ૹΩοτͷϛχ࢛ۦۦಈ΁ͷԠ

༻Λใͨ͠ࠂ. ϛχ࢛ۦۦಈͷͨΊʹ͸ओʹૹड৴ૉࢠͷ৽ͨ

ͳઃ͕ܭඞཁͱͳ͕ͬͨ, ఆΊͨڥ؀ͷதͰฏ໘εύΠϥϧΞ

ϯςφΛઃ͠ܭ, ༏Εͨ఻ૹಛੑΛ΋ͭૹड৴ૉࢠΛઃͨ͠ܭ.

·ͨ, ઃܭʹ͋ͨΔ࣓քڞ໐ܕແઢిྗ఻ૹγεςϜͷଌఆͷ

தͰૹड৴ૉؒࢠͷҐஔͷζϨ͸ڞৼίϯσϯαͷΈͷௐ੔Ͱ

.ғͰղܾՄೳͰ͋Δ͜ͱ͕֬ೝͰ͖ͨൣ͍޿

ँࣙ ຊڀݚ͸ JSPSՊݚඅ 25420305ͷॿ੒Λड͚ͨ΋ͷ

Ͱ͋Δɽ·ͨ,๛ٕڮज़Պֶେֶͷେฏڭतʹຊڀݚʹؔͯ͠

.Δ͢ँײ͘ਂ,Λ͍͖ͨͩݴॏͳॿو
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