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ΒΕ͍ͯΔɽWELL ೝূ߲ɼαʔΧσΟΞϯর໌

σβΠϯͱͯ͠ɼΦϑΟεʹ͓͚Δۀ࡞ΤϦΞҬʹͬ

ͯϝϥϊϐοΫরΛܭଌ͢Δඞཁ͕͋Δɽ·ͨɼΦϑΟ

εڥʹ͓͍ͯɼࣥऀͷӨূݕڹͱͯ͠ɼؒ࣌ʹ

ΔϝϥϊϐοΫরͷܭଌߦΘΕ͓ͯΒͣɼ࿈ଓతͳܭ

ଌཱ֬͞Ε͍ͯͳ͍ɽ

ϝϥϊϐοΫরͷܭଌํ๏ͱͯ͠ɼޫ์ࣹরܭΛ

༻͍ͨํ๏͕͋Δɽ͔͠͠ɼޫ์ࣹܭߴՁ͔ͭ࿈ଓత

ͳܭଌʹ͍͍ͯͳ͍ɽͦ͜ͰɼຊڀݚͰΦϑΟεʹ͓

͚Δর໌ڥʹ͓͍ͯɼর໌͕ݻ༗ͷޫΛ༗͢Δͱ

͍͏ಛੑΛੜ͔͠ɼর͔ΒϝϥϊϐοΫরΛࢉग़͢

Δख๏ΛఏҊ͠ɼ༗ޮੑͷূݕૅجΛ͏ߦɽ

2 ϝϥϊϐοΫর

2.1 ֓ཁ

ϝϥϊϐοΫরͱɼ2014 ʹ Lucas ΒʹΑͬͯ

৽ͨʹఏএ͞ΕͨαʔΧσΟΞϯϦζϜʹӨ͢ڹΔ໌Δ

͞Λఆྔతʹଊ͑Δ୯ҐͰ͋Δ 1) ɽैདྷͷরͱҟ

ͳΓɼບ্ͷޫײडੑਆܦઅࡉ๔Ͱ͋Δ intrinsically

photosensitive Retinal Ganglion Cells (ipRGCs) ʹॏΈ

͚͞ΕͨরͰ͋ΔɽipRGCsϝϥϊϓγϯͱݺΕ

Δޫड༰ࡉ๔ΛؚΈɼޫܹʹਆܦԠΛ͏ߦɽͦͷਆܦ

ԠʹΑͬͯɼؾͷ༠ൃΛ͏ߦϝϥτχϯͷൻ੍͕

͞ΕΔɽϝϥτχϯൻͷ੍ɼதͰ֮੧ͷ্ঢɼ

ؒͰਭͷ͕ܨʹΔɽ

ઌڀݚߦͱͯ͠ɼਭલͷޫڥʹ͓͚Δϝϥϊϐο

Ϋরͷമ࿐ྔʹΑͬͯɼࣥऀͷϝϥτχϯൻਭ

ͷ࣭ͷӨ͕ڹใ͞ࠂΕɼ༗༻ੑ͕͞ূݕΕͨ 2) ɽ

2.2 ϝϥϊϐοΫরͷࢉग़͓Αͼܭଌํ๏

ϝϥϊϐοΫরͷఆٛʹࢉ͍ͨͮجग़ํ๏Λࣔ͢ɽϝ

ϥϊϐοΫরɼࣜ ग़Ͱ͖Δɽࢉͯͬैʹ(1)

Ez = Km

∫
Ee,λ(λ)Nz(λ)dλ ·

∫
V (λ)dλ∫

Nz(λ)dλ
[lx] (1)

EzɿϝϥϊϐοΫর [lx]ɼ

Kmɿਓؒͷ࠷େײࢹ 683.002 [lm/W]ɼ

V (λ)ɿ໌ॴײࢹؔɼNz(λ)ɿਖ਼نԽͨ͠ϝϥϊϐοΫײۂઢɼ

Ee,λ(λ)ɿޫ

͜͜Ͱɼ໌ॴײࢹؔ V (λ)ͱɼޫͷ֤ʹର͢

Δਓ͕ؒ৭֮Ͱ͖Δ߹͍Λؔͱͯ͠දͨ͠ͷͰ͋

ϑLED᪇Ꮐϒ

Fig.1 ϝϥϊϐοΫײۂઢ͓Αͼޫ

Fig.2 ޫ์ࣹরܭ

Γɼ555 nmΛϐʔΫͱ͢ΔؔͰ͋Δɽϝϥϊϓγϯ

ͷޫײۂઢͰ͋ΔϝϥϊϐοΫײۂઢNz(λ)Λɼ

ޫ Ee,λ(λ) ͱͱʹ Fig. 1 ʹࣔ͢ɽϝϥϊϓγϯ

͜ͷۂઢʹैͬͨޫड༰ੑΛ༗͠ɼ֤ʹ͓͚Δޫͷ์

ࣹরʹରͯ͠ɼҟͳΔϝϥτχϯൻ੍͕ੜ͡Δɽ

લड़ͷͱ͓Γɼਓؒͷ໌ॴײࢹ 555 nm ͷޫʢʣ

ʹରͯ͠࠷େͰ͋Δɽͦͷ࠷େΛ 1ͱͨ͠໌ॴײࢹؔ

 V (λ)ͷੵ
∫
V (λ)dλ = 106.857Ͱ͋Γɼਖ਼نԽʹ

ΑΓ
∫
Nz(λ)dλ = 1ͱఆΊΔͱɼࣜ (2)ͷΑ͏ʹ؆ૉԽ͢

Δ͜ͱ͕Ͱ͖Δɽ

Ez = 72983.25

∫
Ee,λ(λ)Nz(λ)dλ [lx] (2)

Ҏ্͔Βɼࣜ (2)Λ༻͍Δ͜ͱͰɼΦϑΟεڥʹ͓͚Δ

ޫΛܭଌ͢Δ͜ͱͰϝϥϊϐοΫরΛࢉग़Ͱ͖Δɽ

2.3 ैདྷख๏ʹΑΔϝϥϊϐοΫরͷܭଌ

ϝϥϊϐοΫরͷܭଌํ๏ͱͯ͠ɼޫ์ࣹরܭΛ

༻͍ͨख๏͕͋Δɽޫ์ࣹরܭͱɼ୯Ґʹ͓͚

Δ์ࣹরΛܭଌͰ͖ɼޫΛಘΔ͜ͱ͕Ͱ͖Δɽ

ޫΛܭଌ͢Δख๏ͱͯ͠ɼޫ์ࣹরܭΛ༻͍Δํ

๏͕͋ΔɽFig. 2ʹޫ์ࣹরܭΛࣔ͢ɽ͔͠͠ɼޫ

์ࣹরܭͷੑ্࣭ɼ࿈ଓܭଌ༰қͰͳ͘ɼ·ͨߴՁͰ

͋ΔͨΊɼΦϑΟεҬʹΘͨΔܭଌ༰қͰͳ͍ɽ
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3 র໌ثػʹґଘ͢Δরͱޫͷؔ

Ұൠతʹఆ͞ΕΔޫڥଠཅޫɼޫܬ౮͓Αͼ LED

র໌Ͱ͋ΓɼಛʹΦϑΟεڥʹ͓͍ͯɼLEDর໌ͷ౷

ҰԽ͕ਐΜͰ͍Δɽর໌์͕ثػग़͢Δޫɼݻثػ༗ͷ

ޫΛ༗͢Δɽͦͯ͠ɼޫͷ໌Δ͞ͷ୯ҐͰ͋Δর

[lx]ͱޫʹ 2.2અಉ༷ɼࣜ (3)ͷ͕ؔ͋Δɽ

E0 = Km

∫
Ee,λ(λ)V (λ)dλ [lx] (3)

E0ɿর [lx]

V (λ) ໌ॴײࢹؔͰ͋ΓɼFig. 1 ʹࣔ͢ܗʹఆ

·͍ͬͯΔɽ·ͨর໌͕ثػಛఆ͞Ε͍ͯΔ߹ɼޫ

 Ee,λ(λ)ɼҰҙʹఆ·ΔɽҎ্ͷੑ࣭͔Βɼর໌ثػ

Λม͠ߋͳ͍߹ɼরͱޫҰରҰؔʹ͋Δ

ͨΊɼরΛܭଌ͢Δ͜ͱͰޫΛਪఆͰ͖Δɽ

4 ޫಛੑʹͮ͘جޫͷਪఆ͓Αͼ
ϝϥϊϐοΫরͷࢉग़

3અʹࣔͨ͠௨Γɼর໌ثػΛม͠ߋͳ͍߹ɼর

ͱޫʹରԠ͕ؔ͋ΔɽΑͬͯɼ͋Δর໌ڥʹ

ଌͨ͠ޫܭ͍͓ͯ Ee,λ(λ)͓Αͼর E0 Λج४

ͱ͠ɼޫϐʔΫʹ͓͚Δ์ࣹরΛج४ͱ

ͨ͠૬ରޫ ER
e,λ(λ)ͱ͢Δɽ૬ରޫΛ Fig. 3

ʹࣔ͢ɽࣜ (4)ʙࣜ (6) Λ༻͍ͯɼর͔Βޫͷ

ਪఆ͓ΑͼϝϥϊϐοΫরͷࢉग़Λ͏ߦɽ

E0 ←→ ER
e,λ(λ) (4)

r =
E

E0
, E′

e,λ(λ) = rER
e,λ(λ) (5)

E′
z = 72983.25

∫
E′

e,λ(λ)Nz(λ)dλ [lx] (6)

E0ɿج४ͱͳΔর [lx]ɼEɿܭଌͨ͠র [lx]ɼrɿরൺɼ

ER
e,λ(λ)ɿج४ͱͳΔ૬ରޫɼE′

e,λ(λ)ɿਪఆޫɼ

E′
zɿਪఆϝϥϊϐοΫর [lx]

Ҏ্͔ΒɼϝϥϊϐοΫরͷܭଌΛਤΔর໌ڥʹ͓

͚Δর E Λܭଌ͠ɼج४ͱͷൺ rΛࢉग़͠ɼࣜ (5)ͷ

Α͏ʹ૬ରޫ ER
e,λ(λ)ʹ͢ࢉΔ͜ͱͰɼޫ

Λਪఆ͢Δ͜ͱ͕Ͱ͖Δɽͦͯ͠ɼϝϥϊϐοΫরͷఆ

ٛࣜ (6)͔ΒϝϥϊϐοΫরΛࢉग़͢Δ͜ͱ͕Ͱ͖Δɽ

5 ఏҊख๏ʹΑΔϝϥϊϐοΫরࢉग़ͷ
ਫ਼ূݕ

5.1 ͷ֓ཁݧ࣮ূݕ

র໌ݻ༗ͷޫಛੑΛੜ͔ͨ͠ఏҊख๏ʹΑΔϝϥ

ϊϐοΫরࢉग़ͷਫ਼ূݕΛ͏ߦɽਫ਼ূݕͱͯ͠ɼ

Fig.3 ૬ରޫ

Table.1 ఏҊख๏ʹΑΔϝϥϊϐοΫরͱਅ

౮ 100% 80% 60% 40% 20%

ఏҊख๏ [lx] 496.69 397.03 293.31 197.70 101.28

ਅ [lx] 497.62 397.86 294.39 198.81 102.19

ࠩޡ [%] 0.19 0.21 0.37 0.56 0.89

রͷܭଌͱಉ࣌ʹޫΛܭଌ͠ɼ4અʹࣔͨ͠ఏҊ

ख๏ʹࢉ͍ͯͮجग़ͨ͠ϝϥϊϐοΫরͱఆٛʹ͍ͮج

ͨϝϥϊϐοΫরʢਅʣͱͷࠩޡΛࢉग़͢Δɽ

ຊ࣮ݧͰɼࡾඛর໌Λന৭౮ͤ͞ɼ࠷େ౮Λ 100%

ͱ͠ɼ20%୯ҐͰݮগͤͨ͞ 80%ɼ60%ɼ40%ɼ20%ͷ߹

ɽͳ͓ɼLED͏ߦଌΛܭύλʔϯʹରͯ͠ޒܭ র໌ʹΑ

Δޫͷޫʹର͢ΔূݕΛతͱ͍ͯ͠ΔͨΊɼଠཅ

ޫͷೖΒͳ͍ແ૭ڥΛܭଌରͱ͠ɼLED র໌ͷΈͷ

Ө͕ڹଘ͢ࡏΔڥͱͨ͠ɽ

5.2 ߟՌ͓Αͼ݁ݧ࣮ূݕ

Ռͱͯ͠ɼఏҊख๏ʹΑΔϝϥϊϐοΫরɼ݁ݧ࣮

ਅ͓ΑͼࠩޡΛ Table. 1 ʹࣔ͢ɽTable. 1 ͔Βɼর

͔ΒϝϥϊϐοΫরΛࢉग़͢ΔఏҊख๏ͱϝϥϊϐο

ΫরʢਅʣΛൺֱ͢ΔͱɼরมߋΛ͏ߦௐޫʹґଘ

ͤͣɼશͯࠩޡ 1%ະຬͰϝϥϊϐοΫরΛࢉग़Ͱ͖

Δ͜ͱ͕Θ͔Δɽ

ຊ݁Ռ͔ΒɼLED র໌Λ༻͍ͨΦϑΟεڥɼಛʹଠ

ཅޫʹΑΔӨ͕ڹ͍ڥʹ͓͍ͯɼҰ౮ͷ߹র

͔ΒɼαʔΧσΟΞϯϦζϜʹԊͬͨௐޫ౮ͷ߹

ɼর͓Αͼௐޫεέδϡʔϧ͕طͰ͋Εর

͔ΒϝϥϊϐοΫরͷࢉग़͕ՄͰ͋Δ͜ͱ͕Θ͔Δɽ

6 ํڀݚͷޙࠓ

ຊڀݚͰɼϝϥϊϐοΫরͷܭଌʹैདྷඞཁͳޫ

์ࣹরܭΛ༻͍ͣɼর͔ΒޫΛਪఆ͠ɼϝϥ

ϊϐοΫরΛࢉग़͢Δख๏ΛఏҊͨ͠ɽຊఏҊʹΑΓɼ

ͷܭΛ༻͍Δ͜ͱͳ͘ɼ҆ՁͳরܭՁͳޫ์ࣹরߴ

ΈͰϝϥϊϐοΫরͷܭଌ͕࣮ݱͰ͖ɼΦϑΟεશମʹ

͓͚Δܭଌ࣮͕ݧ༰қͱͳΔɽ

ͱͯ͠ڥ͍ۙʹͷํͱͯ͠ɼΑΓ࣮ΦϑΟεޙࠓ

LEDর໌͚ͩͰͳ͘ɼଠཅޫ͕ࠞ߹ͨ͠ڥΛఆ͠ɼಉ

༷ʹϝϥϊϐοΫরΛܭଌՄੑͷূݕΛ͏ߦɽனޫΛ

ʹڹΔ͜ͱͰɼଠཅޫʹΑΔӨ͢ݱग़ํ๏Λ࣮ࢉྀͨ͠ߟ

ґଘ͠ͳ͍ϝϥϊϐοΫরͷܭଌ͕࣮ݱͰ͖ɼΦϑΟε

ͰͷҰ؏ͨ͠ϝϥϊϐοΫ·ۈΒୀ͔ۈҬʹ͓͍ͯɼग़

রܭଌ͕ՄͱͳΔɽͦͯ͠ɼ࣮ΦϑΟεʹ͓͍ͯࣥ

ΑΔϝϥϊϐοΫরͱࣥऀͷ݈ʹڥΔޫ͢ۀ࡞͕ऀ

ɽ͏ߦΛূݕͷੑշదੑͱͷؔ߁

ݙจߟࢀ
1) Rovert J. Lucas et al.(2014), ”Measuring and using light

in the melanopsin age,” Volume 37, Issue 1, pp.1-9.

2) Nowozin Claudia et al.(2017), ”Applying Melanopic Lux

to Measure Biological Light Effects on Melatonin Sup-

pression and Subjective Sleepiness,” Bentham Science

Publishers,Volume 14, Number 10, pp.1042-1052(11).

8


