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˲ ϣϦθ῟ᴮ˳

ʾ ᵕ ᾚ
ʾЧ˔О˔йІᴟ
ʾӰ χ Ⱳᶎ
ʾ ԌḧχД˔ЌẶ

DX
Ⱨ ḼỘʾ г˔кϱЖῬỘᶴ꜠ᵓּז

φϣΜρ ᴮ

ЈрЌ˔πψʺᾉ ḼỘχ ▀ ΰ ʾ ᴥᴣ ΰ Ϭ τʺḼỘΥ Πϥᴿ ᵔὨτ Ὣ
βϥ¬ם ἷχ ∙Ӿ ºϬם☼ΰοΜϘβʻ ͓ τψʺᾉ χ Ộּיּ͒יτⱧỘ╥ᴥΜθ
ιΦϘΰθʻ ⁮π ᵒβϥⱧ πψʺּז βϥ ׁ Ḛ χДЅЌиᴟτ︡Ϥ ϙʺḼỘ
ᴿ πΚμθ⌠Ộּיχ⌠ỘⱲḧϬ τ⌡ᾚβϥ ᴮΥ ϣϦϘΰθʻ

ⱧỘψ ͔ ϜὋ ΰʺḼỘχṪ☼ם ếᴟϞẵ ΰ Ϭ ớ τ◦כΰϘβʻϘθʺ
Ⱨ Ϭᾉ ḼỘϒῲΨPRβϥάρπʺ ᴮχᴅ ᵫϬ ϛϘβʻ

˲ЄІГЭχ ˳

ʾ ׁ▪ χДЅЌиḚ ЄІГЭ
ʾּז χLANϬᶨ ΰθ ЄІГЭ
ʾΜνπϜʺςάπϜʺιϦπϜ Ặ
ʾӰ Ⱳχϯж˔Е Υᴦ

∙Ӿ χⱧ ʿГ˔Ыˮ ׁ▪ ᶎ ЄІГЭχ  ˯

σ ︣ τϢϥ ᴥβϥỘ χ⌡ᾚ
ʾϯЗкϽḚ ʿ ᵕʺ♠Ḛ
ʾӰ ᾁ χ ϦϞᾋ ΰσς

˲  ΰθ ׁ▪ ᶎ ЄІГЭ˳

ׁḚ χДЅЌиᴟ
ˢ◕ ДЅЌиБ˔иϬᶨ
ΰθЄІГЭ  ˣ

ᴿ
ᵔ
Ὠ
︣

Ộ Ϭ⌡ᾚβϥ

άρΥ θ˂

ˢ 10Ⱳḧ/ Ὦʾ ˣ

ᾝʿ Ṫ

ׁ▪ ᶎ ЄІГЭχ 

͓ ם ἷ ∙Ӿ ⱧỘˢᾉ ⱧỘˣ
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AIϬᶨ ΰθ
Ῥἇ ЄІГЭχᵫ

Ṫ Є˔Ї ʾ ᾆẕⱧỘˢ ᾆẕˣ

◓ ЄІГЭ ̞1 ʺṵ ṝ̞1 ʺ Ύ̞1 ʺ › ὲ̞2

Ḽᵊ◦כ ≤Ṱֽʺ ̞3

▀ỘДЃϱр ̞4

φϣΜρ ᴮ

Ỳἷχ ḼỘπψʺỲἷχ ⌡ᴥῬχЀІЕ⌡ᾚϞḕẽ ᴻ ᾚΥẐϛϣϦοΣϤʺϵр

ЖЬиῬἇψ χᾢᵦϘπ► ήϦοΜϘβʻῬἇ χ ψʺ Υיּ ♪Ϟ︣χḇ τ

Ϣμο χ χ ›ΜϬ ΰοΜϘβΥʺ χωϣνΦϞʺ Ṫ χ τⱲḧΥΤΤϥ

σςχᴿ ΥΚϤʺ τיּ ϣσΜ Υ ϘϦοΜϘβʻζάπ ᾆẕπψʺ τיּ

ϩμο Υ ϥάρϬ τʺϸЮжπ Ϭ╖ֲΰʺAIτϢμοꜛ βϥЄІГЭ

Ϭ♯⌠ΰϘΰθʻάχЄІГЭψʺם∑τᾝ π Υיּ ΰθѰ6mmІϼϵϯϵрЖЬи15

χ χ ϬAIᶘ ΰο  ΰϘΰθʻ ᴣψ Ṑ AI( 1)ρкЩАЕϯ˔ЭAI( 2)πם☼ΰʺ

‛ᴥῬ ͏ ρ ṏ͏ τ ΰοʺ ο ρיּ α ΰΜ Ὣᴮˢ 1ʺ 2ˣρσϤϘΰθʻ

₈ῇψάχЄ˔ЇϬ Τΰοʺḩ ḼỘρχẶ ᾆẕσςϬ αοם ᴟϬ ◙β πβʻ

ˢ̋ˣ
4 ο
80̋ӟ

1 2 3 4 Ὣᴮ

‛ᴥῬ1 /.. /.. /.. /.. ӊ

‛ᴥῬ2 /.. /.. /.. /.. ӊ

‛ᴥῬ3 /.. /.. /.. /.. ӊ

ṏ1 /.. /.. /.. /.. ӊ

ṏ2 76 63 70 61 ӊ

ṏ3 /.. /.. /.. /.. ӊ

ˢ̋ˣ AIЯДи
80̋ӟ

VGG16 ResNet18
ConvNext
ˢTinyˣ

‛ᴥῬ1 /..,.75,3 /..,. ӊ

‛ᴥῬ2 77,6 /..,. /..,. ӊ

‛ᴥῬ3 /..,./..,. /..,. ӊ

ṏ1 73,4 /..,. /..,. ӊ

ṏ2 3.,7 51,0 76,4 ӊ

ṏ3 /..,./..,. /..,. ӊ

1 Ṑ AI 2кЩАЕϯ˔ЭAI

1 Ṑ AIχ ᴣὫᴮ 2 кЩАЕϯ˔ЭAI ᴣὫᴮ

ϸЮж

̞1ᾝʿϜχξΨϤDX
̞2ᾝʿ Ἱ∙ФкЈІṪ
̞3ᾝʿ ⱧέϜχξΨϤṪ ᶧ
̞4ᾝʿḵ︣ᾉ ∞ כ◦‹ ῢ
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IoTДНϱІτΰΪθ
ḕẽ χᴦ ₰

φϣΜρ ᴮ

ˑσД˔ЌϬ βϥIoTДНϱІ(ЈрЂЛ˔Ж)πψʺӗ σ ằẚχ Υ τσϤ

Ϙβʻ τϳϴϯжУиДНϱІϞ τ︡Ϥ ΪϥṐṀσςʺπΦϥιΪ ἷʾὖ ᴟΰθΜ

πψЂϱЇΥ ΦΜ Ϭ ∏βϥάρΥ ΰΜθϛʺ ṍḧ ⌠ήδϥτψᵰ ϵКиϻ˔τ

Ϣϥẚ ˮḕẽ ˯Υ ρσϤϘβʻ ựσϵКиϻ˔ᾛρΰοʺ Ίʺ ʺ ʺ

σςΥ―ΠϣϦϘβΥʺⱲḧ Ϟṗ ʺ ῙτӢ ΰσΜḕẽ Υ πβʻζάπ ᾆẕπψʺ

ʾ τ► ήϦοΜϥ ˑσ χ Τϣχ ᵕ χᴦ τνΜο ₰Ϭ“

ΜϘΰθʻ ◓йрЅχ2.4GHzχ τ ΰοʺ ή 60mmχЄдАЕϺ˔ЍϱϷ˔ЖϬϯрГ

Зρΰο► ΰʺLED Ίρ 200mVχ Υ ϣϦϥάρϬᶎ ΰϘΰθΥʺϘι χ τ

ψ♩μοΣϣγʺԏΦ Φᾁ Ϭ ϛοΜΦθΜρ―ΠοΜϘβʻ

1 йϼГЗτϢϥ Τϣχ ᵕ ρIoTДНϱІπχẚ χ Ϧ

2 йϼГЗχ ⌠ᾖ ᶎ

ᵕ

ϯрГЗ

ϯрГЗ

йϼГЗ ЫϱЀр гИАЕ

IoTДНϱІ

Rectifying Antenna

йϼГЗπằẚπΦϥ ψ σθϛʺ
ԁ τ ϛοΣΦʺḧὧ τЫϱЀрϬ ⌠ήδϥάρϬ ΰοΜϥʻ

ЄдАЕϺ˔ЍϱϷ˔Ж

LED

ή 60 mm

f = 2.4 GHz ̠ Ѧ= 125 mm

( Wi-FiϞ ◓йрЅπ►ϩϦϥ )

˙Ѧ/2τựΜʺЍϱЪ˔иϯрГЗρΰοṐ βϥ

◓йрЅχ πLED ΊϬᶎ

Ω 200mVχ Ϭᶎ

Ṫ Є˔Ї ʾ ᾆẕⱧỘˢᴦ ₰ᾆẕˣ

ᾝʿϜχξΨϤDX

◓ ЄІГЭ ⁷ `
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φϣΜ

ϸЮж

ᾝ πχḛӬꜛ
ЄІГЭχᾁ

Ṫ Є˔Ї ʾ ᾆẕⱧỘˢᴦ ₰ᾆẕˣ

◓ ЄІГЭ Ύ

ᴥ 0.05ml ᴥ

0.25ml ᴥ 0.5ml ᴥ

͍ ♯⌠ΰθЄІГЭˢᵰḢẉόУкАϼ ˣ

͎ ЄІГЭᾁ ˢ ׁ χ ᵃΊρ╩ Ίχ ẉόΊế χ Ὣᴮˣ

Д˔Ќ ꜘ
LCD

I2C SPI

Ⱳ ⱱ
RTC

Д˔Ќ
microSD

Ίế ὓ
ADS1115

Single Board Computer(Arduino UNO)

ᴞ ױ Ẁᵥτψ χзрΥḯϘϦοΣϤʺ Ϟ ⱳ χᾖ ϒχ™ⱢᾛᴟΥ ϛϣ
ϦοΜϘβʻᴞ ױ ẀᵥΤϣзрᴟ› Ϭ βϥτψ▒π ήδϥ⌠ỘΥ πʺ ׁ
χpHḚ Υ ρσϤϘβʻϘθʺ σpHπσΜρ ΪοΜθ Υ ΰο ׁτ ϤΥ
βϥάρΥϩΤμοΜϥθϛʺḛӬ τψ Ϭḗ♪βϥάρΥ ῟ρ―ΠϣϦϘβʻ
ζάπ ᾆẕπψ Ϭᴂ ΰʺ χ ׁτ ΊϬ οο ׁχ ᵃΊẉό╩ ΊϬὓ
βϥάρπ Ϭḗ♪ΰʺзрᴟ› χ ἇ›Ϭꜛ τ ӃπΦϥЄІГЭχᵫ Ϭ ◙ΰο
ΜϘβʻ
ᾆẕχὫᴮʺӟᴞχ ᴮΥ ϣϦϘΰθʻ
(1)ӗᴣσЄрϽиЩ˔ЖЀрСв˔Ќ˔ˢArduino UNO Rev3ˣϬ Μοʺὓ ΰθΊế
ˢ ᵃΊρ╩ ΊˣρⱲ⁭Ϭ ꜘΰʺ ⱲτṜ βϥЄІГЭϬ  πΦϘΰθˢ ͍ˣʻ

(2) ᶓ ׁˢ τ0.1mL ӡπẞ Ϭ ᴞΰθ ׁˣϬ Μο ṜЄІГЭχ ⌠Ϭ
ᾁ ΰʺ ΰΨ ⌠βϥάρϬᶎ ΰϘΰθˢ ͎ˣʻ

₈ῇʺ σϥ ⌠ᶎ Ϭ“ΜσΥϣ ἇ› ├Ϭ“ΜʺḼỘᾝ ϒχם Ϭ♯ϙϘβʻ

ᾝʿϜχξΨϤDX
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χ ỡᵊ χꜛ ὓ▄
τḩβϥᾁ

◓ ЄІГЭ ̞ 

Ṫ ₪ ֽ
ᾝʿϜχξΨϤDX

φϣΜρ ᴮ

χ ᾁ₰Ϭל ρΰοʺ1000 χ ỡᵊ ( 1ʺ 2)Τϣ χ ᾝӡ Ϟ Ϭ ϥ

άρπ ל ΰʺ Ῠ χӾ τᶨ βϥ︡Ϥ ϙΥ“ϩϦοΜϘβʻᾝ∕ψ ᵃἷТ

жАЕХАЖІϺаЗρ ЊТЕϳϴϯτϢϤ ỡᵊ Ϭὓ▄ΰοΜϘβΥʺ ᵃἷІϺаЗχ

︣Υ₉ ρσμοΣϤʺ χ πχ ỡᵊ ︡ Υ ϘϦοΜϘβʻ χ ρΰοʺ χ

ᶤϦϞὧΪʺ χ Φήσςχ Ϭ βϥ◕ χ⁴ ṀϜΚϤϘβΥʺ ỡᵊ χὓ▄Ṑ

ψΚϤϘδϭʻζάπ ᾆẕπψʺ⁴ Ṑχ ᵃᵊ Ϭᶨ ΰο ỡᵊ ϬẐϛϥ ( 3)

Ϭ  ΰϘΰθʻάϦτϢϤʺ ΰοΜϥ⁴ ṀϬ► ΰοḛ τ χ ỡᵊ ( 4)ϬẐ

ϛʺ χ Ϭל βϥάρΥᴦ ρσϤϘΰθʻ

1 ⁴ ṐτϢϥ 1000 χ ᵃᵊ

2 ⁴ Ṑχᵊ ψʺ χΰΦΥ Μχθϛʺ
ỡᵊ ὓ▄χθϛτΰΦ›ϩδΥ

4 χ ỡᵊ

͏ ᵌχӡ Υ֒ τσϥϢΞτʺAIρᵊ
Ϭ“μοʺ χΰΦϬԁ ήδϥ

ϸЮж

Ṫ Є˔Ї ʾ ᾆẕⱧỘˢᴦ ₰ᾆẕˣ
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25

30

35

40

45

50

14:00 20:00 2:00 8:00 14:00 20:00 2:00 8:00

ᴛ
ˢ
̆
ˣ

Ⱳ ⁭

ⱧỘ Ṫ Є˔Їʾᴦ ₰ᾆẕ

DX ╦

φϣΜρ ᴮ

ᾉ χ ᴥῬ ỘτΣΪϥᴛ Ṝ ʾḚ ЄІГЭχ τψʺЀІЕẉόДЅЌи
Б˔иϒχ ΌḇΥ Φσᴿ τσμοΜϘβʻ Г˔ЫπψʺДЅЌиτἂ︣Ӫ꜡ΥΚϥ Υꜛ
⌠βϥάρϬ ΰθʺ ЀІЕχᴛ Д˔ЌкϹ˔χ♯⌠Ϭ“ΜϘΰθʻ
ФкϽжЬрϽ τAIϬᶨ βϥάρπʺ ꜡Υ σΜ πϜᴛ Д˔ЌкϹ˔Ϭ ⌠
ϥάρϬᶎ ΰϘΰθʻЫϱЀрρЈрЂ˔τ Ϭ ΜʺṐ∙ЀІЕψ ͑ πΰθʻד
ᾝ∕ψʺϼжϳЖϬ ΰθᴛ ᶖḗ♪ϯФзϾ˔ЄдрχФкϽжЬрϽτ︡Ϥק ϭπΣϤʺ
ФкϽжЫ˔ӟᵰχг˔Ѓ˔Υ►ΠϥйЦиχϯФзϾ˔Єдр⌠ Ϭ ◙ΰϘβʻ

ЀІЕᴛ Д˔ЌкϹ˔χᵫ

ƤǃơƖ

M5StickC Plus2

˲ ᵫ ḕẽẉό► Ṑ∙ ˳
ʾФкϽжЭᾠ῎ Arduinoˢ ͍ˣ
ʾФкϽжЬрϽ AIˢGoogle Gemini ΣϢό Microsoft Copilot ˣϬ
ʾЫϱЀр M5StickC Plus2ˢM5Stackּזˣ
ʾЈрЂ˔ 1-Wireᴛ ЈрЂ˔DS18B20ˢAnalog Devicesּזˣ
˲ ᵫ Д˔ЌкϹ˔χᵵ ˳
ʾЫϱЀрṞ ⱲτʺWi-FiὊ πКАЕм˔ϼⱲ⁭ ṍ(NPT)Τϣ Ⱳ(JST)Ϭ︡
ʾׁ ᵊ τψʺᴛ ʾ Ὦ ʾ ⱲʾНАГз˔▪ Ϭ ꜘ
ʾТжАЄвЮЯз˔ τ  ΰθТϮϱиЄІГЭ LittleFS  τʺCSVТϮϱиϬ⌠
ʾCSVТϮϱиτψʺ͍ ḧᶖπ 2025-08-06, 08:10, 20.6̆ χϢΞτД˔ЌϬṜ
ʾД˔ЌχṜ ᵫ◐ʾ ♁ʺЫϱЀрχON-OFF ϬЩЌр ⌠π“Ξ
ʾД˔ЌṜ ψʺׁ ᵊ τ ⱫπºRECºρ ꜘ
ʾЫϱЀрΤϣCSVТϮϱиϬ ϙ βτψʺTeraTerm5Ϭ► ˢ ͎ˣ

͎ ᴛ Ṝ͍ ФкϽжЭχ ›ᵫ ḕẽ Arduiono-IDE

˲ AIϬФкϽжЬрϽτ βϥτψ˳
Г˔ЫψФкϽжЬрϽ ꜡χσΜᾆẕԌΥ︡Ϥ ϙϘΰθΥʺAIϬᶨ βϥάρπ Ṝ

χ♯⌠ᵫ Ϭ ΰϘΰθʻAI τל βϥ∑ψʺ σ Φ ψδγʺ⇔ΤΜ ὯϬ τ
ϓο τ ΨάρΥ πβʻϘθʺAIχᵕ τψ῏ Ϝ ˑḯϘϦϥθϛʺל χ▫
Ϭ Πθ ρᵕ χ ₰Ϭ₢ṓϢΨ“ΞάρΥ πβʻ

ᾝʿ Ṫ
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ậ χ‌ή χᵫ
R͓῝ ♯ ὀ

DX  ̞1 ̋ ֽ ̞1

  ‰ Ḥ ̞2

  ╦ ̞3

ḵ︣ᾉ ▀Ṫ ЈрЌ˔

φϣΜρ ᴮ

ḵ︣ᾉ ▀Ṫ ЈрЌ˔πψϻрЃϾʺЂϼжЫІʺИЅЫІ χ Ϭ⅜ ΰʺ Ḵ ρ
ΜΞ τ ΠϣϦϥ τσϥϘπḚ ῇʺᾉ χ ỘּיτằẚϬ“μοΜϘβʻЫІ
τψ χ ♂ʺ ṍ ᴟʺ τ Υ Ϧϥ χ Ϭ ήδϥˮ ᴟ˯Υ╩ τ
ΰʺ ᵲΥ αϥάρΥΚϤϘβʻ ᴟψϸГϺр τϢϤᵠ πΦϘβΥʺ χ

ψ χיּ ᶐʺὊᾓτϢϤ βϥ ΥΚϤϘΰθʻ
ᾆẕπψʺ ᴟτ βϥϸГϺр χ Ϭ πϜḛיּ τ τ πΦϥϢ

ΞτβϥάρϬ ρΰʺậ χ‌ήϬ βϥ Ϭᵫ ΰϘΰθʻ
ᵫ ΰθ τϢϤʺ Ӿ ᵬτᴂαθậ χ‌ήϬ πΦϥϢΞτσϤʺϸГϺр χ
жϱрχᾁ Ϭᵫ◐βϥάρΥπΦϘΰθʻϘθʺ ΰθӊ /ⱲḧιΪᴥӊϬβϥṐ Ϭ ᴥ
ΰʺᴥӊτϢϥІЕйІΥ χ ᴟ ʺṂἹ τ Πϥֲố χᾆẕϜᴦ ρσϤϘΰθʻ

̞1 ᾝʿϜχξΨϤDX
̞2ᾝʿṐ ∙ Ṫ
̞3 ᾝʿ Ṫ

<   (︠ )>
ʾЫϱЀр  ʿM5Stack Basic V2.7
ʾЀрЕк˔ж ʿArduino  Nano
ʾк˔ЖЈи  ʿДЅЌик˔ЖЈи

   ᾢΩ 5kg
ʾϯϼЎвϵ˔Ќ ʿЬИзИϯϯϼЎвϵ˔Ќ

ІЕк˔ϼ  30mm
˻▫ ( )˼
ʾᴥ Ӥ  ʿ1gf˙3,000gf ᵔ 1g
ʾ ᴂậ ЂϱЇ ʿ3mm˙12mm
˻Ṑ ˼
ʾ‌ή♯ᾓЯ˔Ж ʿꜛ τᴥӊϬ“Μʺậ Υ Ϧϥ

   ϘπχΩ ᴻ Ϭ ꜘβϥ
ʾ ᴻ ♯ᾓЯ˔Ж ʿ ΰθӊ /ⱲḧιΪᴥӊβϥ

͍ʿᵫ ΰθ

͎ʿ Ḵ (ЂϼжЫІ)

⅜ ῇ(Ẋ )ʺẊ ῇʺ Ḵ χЌϱЬрϽπ‌ή Ϭ
“Μʺ‌ήχ ỡ Ϭ ϥάρΥπΦϘΰθ( 1)ʻ

ИЅЫІʺЂϼжЫІχ τᴥӊτϢϥ
ІЕйІϬᴥΠʺζχῇχ ᴟ ʺṂἹ τ
ςχϢΞσֲốΥ ϥΤϬ♯ᾓΰϘΰθ
( 2, 3)ʻ
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Ặ ᾆẕ

אּ
ϱжІ
σς

Ἱ∙ФкЈІṪ ₪ˑ
ᶴ꜠ᵓּז ự

φϣΜ

ЄЬвй˔ЄдрЊТЕψʺ  ʾ ʾ ʾ σς ˑσᵔ ΥπΦʺЀрСв˔Ќ
πⱧ τ Ϭ πΦϘβʻζχθϛʺ♯⌠ϞםᾓτΤΤϥⱲḧʾЀІЕϬ τᾚϣδϥΞ
Πʺ ἇ› ├τϜ τ ῟πβʻ
⁯∑зИϯЀжϱЍ˔ˢILCˣπ► βϥР˔ЭЍрФχ ὓτΣΜοϜʺϘγЄЬвй˔Єдр
τϢμοṐ ᴣϬ ϛοΜϘβʻᾝⱲ πψםṐϞ♯⌠Ṑπχ ᴣΥπΦοΜσΜθϛʺЄ
Ьвй˔ЄдрὫᴮχ ϬᶎΤϛϥ πʺ ἷτϢϥ Ϧ χᴦ♪ᴟ♯ᾓϬὓᵊΰοΜϘβʻ

7 ψʺםṐχ1/5ІϾ˔иρσϥ ἷЯДиτΣΜο ᾢ ᵔ ЊТЕˢAnsysˣπ
ᵔ Ϭם☼ΰʺᶆ inlet χ Ὧτ βϥ Ϧ χᶎ ρʺ₈ῇχםᾓ ὯϬᾁ βϥθϛχṁ
Д˔ЌϬ⌠ ΰϘΰθʻ

ᵔ Ϭ ΜθILC Р˔ЭЍрФ
ᴣ♯ᾓṐχ ὓᵫ

ᾝʿϜχξΨϤDX

˻Р˔ЭЍрФρψ˼
ʾР˔ЭϬẊ ΰ♁ϛϥ πΚϤʺםᾓὉπ ΰΦϦσΜР˔ЭϬ♁ϛϥⱲσςτ ΜϣϦϥʻ
ʾР˔ЭϬẊ βϥ∑τ Φσ Υ βϥθϛʺ σ Ẁ Υ πΚϥʻ
ʾILC χР˔ЭЍрФψʺẊ τ Ϭ►Ξ ꜠Υᾁ ήϦοΣϤʺ
Р˔ЭτϢϤ Υ δγʺР˔ЭЍрФ πР˔ЭϬ ﬞήδϥάρΥẐϛϣϦϥʻ

Р˔Э inlet

outlet

ӡ Ḫḏḳᶱ

Ӣ ᶱ

Р˔Э

χ ᴣӡ
ˢР˔Э Τϣ400ʺ600ʺ800mmχ

τΣΜοΩ ʾΩ Ϭ ᴣˣ

ʾInlet ρ ḩἰτΚϥ

ʾ800mm χ ΥΩϜ ΦΜ

ᾓם Ὧχᾁ χθϛχ
╥―Д˔ЌϬ⌠ πΦθ˂χ ᴣӡ

ӣ ᶫ ᶱ

Ӥ ᵪᶨוֹ לּ

0.00

0.20

0.40

0.60

0.80

1.00

1.20

max min max min max min

400mm 600mm 800mm

[m
/s

]

150

100

50

25

Inlet [L/min]
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ᾆẕⱧỘ

Ṑ ∙ Ṫ Ṇʺ ὲ ʺ ԁ ʺ ̞

φϣΜρ ᴮ

♦χ Ϟʺ ϛμΦ ♦ϒχϛμΦ Ἱ τ︡Ϥ ϭπΣϤʺ ΰ χθϛ ♦
∙ τ ΰοФжЇЫ σςτϢϥבּ ᵠל χᾁ Ϭ ϛοΜϘβʻ

ᵠלῇχ ♦ ψʺXPSˢΊ ◓ ΊˣϞFT-IRˢ ᵰ Ίˣ χ πᵔ Ϭ
“μοΜϘβΥʺ2024 τ֫ Υᵫ◐ήϦθ ◕τΚϥ ☼Ίבּ ˮЗЛГжІ˯τΣΜοXAFS
ˢX Ẋ ⇔  ˣ Ϭם☼βϥάρπʺФжЇЫ τϢϤבּ ΰθḂ ṁχ ╔σςʺϢϤ
⇔σᴟᶘὫ› Ϭ ϥάρΥπΦϘΰθʻ

ΊϬבּ Μθ
ᵠל ♦∙ χᴟᶘ

5mm

OH CHO COOH

̞ᾝʿḼᵊ◦כ ЗЛГжІ BL08U XAFS

ФжЇЫ
בּ

Ḃ ṁχἹ

♦∙ χ ᵠל
χ ᶑ Ὣᴮ

ЪзФкСйр(PP) ♦

 97̃

ФжЇЫ

 51̃

♦

χ ᴟ

FT-IR ὫᴮˢATR ˣ
ˢ Τϣ ѧmχ ήϘπχ ˣ

O-H C=O

ƲǅƽƣǄƵ
ФжЇЫ π ΰθ
Ḃ ṁ(-OH,C=O)Ϭᾁ

PP ♦

☼Ίבּ πχ ˢ X XAFSˣ

πχ ˢXPS, FT-IRˣ

TEY ˢ χ ˣ PFY ˢНиϼχ ˣ

O K-edgeˢ▒ KẊ ˣ

ЪзФкСйр(PP) ♦

ЗЛГжІπ ΰθ♯

PP ♦

ƲǅƽƣǄƵ

PP ♦

ƲǅƽƣǄƵ

ФжЇЫ π χ▒ χ
ᴟᶘ Υ ᴟ

ФжЇЫ π▒ Υ ᴥ

525 530 535 540 545 550

N
or

m
al

iz
ed

 in
te
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ity

 (a
.u

.)

Energy (eV)

ѭ*(C=O)

ѭ*(C-O)
ѭ*(O-CHx)

ѫ*(C=O)

ѫ*(C=O)

ϸиЩИиṁ 
>C=O

PP ♦ ƲǅƽƣǄƵ

TEY ˢ ˣ
PFY ˢНиϼˣ

ПЖкϺЄṁ 
-OH

ϸиЩϺЄṁ  -COOH
ϵІГи -COO-

ϵІГи

ѫ*(C=O)

ϸиЩ
ϺЄṁ

C 1s non-0nm/3

x 10
3

0

10

20
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C
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S

291 288 285 282

Binding Energy (eV)

O 1s non-0nm/2

x 10
3

10

20
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40

50

60

70

80

C
P

S

537 534 531 528

Binding Energy (eV)

O 1s(▒ )

PP ♦

ƲǅƽƣǄƵ

χ▒
ᴥ

XPS Ὣᴮˢớ nmχ ˣ

C 1s( )

O-C=O
C=O

C-OH,

C-O-C

C-C

Ḃ ṁ
Υ ᾝ

ρНиϼχ ήϦϥḂ ṁϬṑ πΦʺ
ϢϤ ⇔σᴟᶘὫ› Ϭ ϥάρΥπΦθ

PP
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i-ͨ͗ Ϭᶨ ΰθ͙ͭʾͭ͜◦כỘ

Ṑ ∙ Ṫ ԁῪʺ⁷ Ἳ ʺ ̞ʺ
ԁ

φϣΜ

ự ʺДЅЌиДНϱІϞ ᾝ χ ϵКᴟ ˢDXʾGXˣτḩβϥṪ ᵫ ΥẐϛϣϦοΜϘ
βʻ Ộ ψʺάϦϘπḵ︣ ᶘρḵ︣ᾉΥᵫ ΰοΦθ ◓ ›Ṫ ˢi-ͨ͗ ˣϬᾉ ḼỘϒ
ῲϛϥάρπ χםᾝϬ ϥάρϬφϣΜρΰοʺḵ︣ᾉῬỘṪ ЈрЌ˔Υ βϥ ᴣ
ẉόi-ͨ͗ τḩβϥ ᾋϬᶨ ΰʺᾉ ḼỘχ♯⌠ χ ᴣʺ♯⌠ χ⌠ ẉόⱧỘᴟכ◦

τὫό Ψ◦כ Ϭ“μοΜϘβʻ︠σỘ ψᴞṜχρΣϤπβʻ
1.ᾉ ḼỘΥᵫ βϥi-ͨ͗ Ϭᶨ ΰθ͙ͭʾͭ͜τⱢβϥ♯⌠ χ ᴣ
2.ᾉ ḼỘΰΪi-ͨ͗ χ ẉЈЬЗ˔χᵫ℗
3.ᾉ ꜘᵓϒχ

̞i-SB ρψ
◓ ›−Ϭᵒΰοʺ ԁΚϥΜψӰ ∙ Ϭ ◓йЦиπ Ὣ›ήδϥḵ︣ ᶘ χᶗ σ ›Ṫ

i-SB χּזᵓם τΰΪθ︡

̞ᾝʿḼᵊ◦כ

i-SB DX GX

i-SB

i-SB

₈ῇχ ˙ ӽρρϜτʺṪ Ϭּזᵓϒ˙
̙i-SB ψ ◓ ʾ ṐᵣʾӺ ṐṀ ʺ ῲΜ▀Ộπᴂ ᴦ σⱳ ϜχξΨϤṁ
Ṫ
̙ ӽ χṪ ρΰοʺḵ︣ΤϣⱧỘᴟ ᵫβϥ︡Ϥ ϙϬὋ
̙Ӱ ∙ χ‰ ›χםᾝʺᶗ › ∙χᵫ ʺϜχξΨϤḼỘ Υ ϛϥ
ᵫ Ϟ ▀ФкЈІχΰ τἰϥם ♯⌠ẉόζχ ῟ ρ ᴣϬ

◓ ›Ṫ τϢϥ ›ЯДи
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♣ᵰй˔Ѓρ ◓ ›Ṫ Ϭ
Μθ3D-MID Ṫ χᵫ

∞׃῝ ∞ 2023 ԁ ᾆẕᵫ

φϣΜρ ᴮ

3D-MIDψ ˑσ χ ♦ππΦθ╣ⱳᾕἹ Ϭⱱν ἷ χ τ σ ◓ᵕ ОЌ˔р

ϬἹ ΰθ πβʻάϦϘπχ3D-MIDψ ♦ Ϭ ᴟΰο τϛμΦϬ☼β π ή

ϦϥάρΥ︠ πΰθΥʺ‰ σςπ ᶪσ ♦ τ ОЌ˔рϬἹ ΰθΜρΜ

Ξ ẐΥ‰ϘμοΜϘβʻ♆θκψάϦϘπτʺ ♦ṁ ϒΊ ᴂ ◓ ›−Ϭ ΰʺ♣ᵰж

рФΊᾛπЫІϼйІʾЍϱйϼЕОЌ˔ИрϽϬ“Ξ Ϭᵫ ΰοΦϘΰθΥʺ ᵊτⱲḧΤ

Τϥάρρ ⇔ Ἱ Υ ΰΜάρΥᴿ πΰθʻ

ᾆẕπψʺ ОиІй˔ЃϬ Ḋΰο♣ᵰй˔Ѓ( 257nm)Ϭ ήδ( 1)ʺЍϱй

ϼЕОЌ˔ИрϽχ‰ ᴟρ ⇔ Ἱ τ︡Ϥ ϙϘΰθ( 2)ʻζχὫᴮʺ 160ßmχ Ϭ

10mm/s( χ1,000 χ )π ᵊβϥάρτ ῞ΰϘΰθ( 3)ʻ⇔ χ Ϭΰל ήδϥθϛ

τʺ ◓ ›−χꜛ Ϭ♯⌠ΰο Эжχ ᾚϬ ϛοΜϘβ( 4)ʻ

1 ОиІй˔Ѓχ ḊτϢϥ♣ᵰΊ 2 ЍϱйϼЕОЌ˔ИрϽ

4 ◓ ›−ꜛ

ᾝʿϜχξΨϤDX

 1,030nm( ᵰ)2 χ
 515nm( )

4 χ
 257nm(♣ᵰ)

♯ ІГ˔Ѕϒ
( 2)

♣ᵰй˔Ѓ
 257nm

♯

ΊйрЇ

♯ ІГ˔Ѕ

3 ЍϱйϼЕОЌ˔ИрϽ♯⌠

160ßm

ᵊ 10mm/s
̠ χ1,000 χ π ᵊᴦ τσϤϘΰθ

Ϭ  Ϭΰʺ ◓ ›−χ
ЭжϬ ᾚήδϥᾁ Ϭ“μοΜϘβ

♯ : PPS ♦

♦ ἷ

◓ ›−

ϛμΦ

йрЇ

♣ᵰй˔Ѓ

₰

♦ ἷ

◓ ЄІГЭ ⁷ `
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Ṫ Є˔Ї ʾ ᾆẕⱧỘˢ ᾆẕˣ

Ṑ ∙ Ṫ ̞ʺ ԁῪʺ ԁ

φϣΜρ ᴮ

ṓʾ ◓ χ ꜗ Є˔иЖϞФзрЕ ʺОАϾ˔Ѕṁ ΣϢόϯрГЗ σςχ
ᵕ Ἱ τ ♦ϒχϛμΦṪ Υ► ήϦοΜϘβʻ Beyond 5Gˢ6GˣτΰΪθⱳ τΣΜ
οʺϵйϼЕкИϼІם τψ χṁ Ϭ ᴟδγτʺ ᶪ ♦ṁ ϒχ χ‰Μ
ϛμΦἹ Ṫ ΥẐϛϣϦοΜϘβʻζάπ ᾆẕπψʺϳϵАЕФкЈІϬ Μο ᶪʾ‰
ϛμΦἹ χθϛχ ♦ ᵠלṪ Ϭᵫ βϥάρρΰʺ ◓ ›Ṫ 1) ρχ ϙ›ϩδτϢϤ
♦ρϛμΦᵦ ήRa 0.3 ßmӟᴞʺϛμΦ ế 0.5 kN/mӟ Ϭ ρΰοᾆẕϬ“ΜϘΰθʻ
πϜТϮϱрНУи Ϭ Μθ ᵠלπψʺ ♦ χ▒ᴟ ϬꜘβO/C χ Τϣʺ

σ῟ᴮΥ ϣϦϥάρΥ ΰϘΰθʻ πψϛμΦΥ πΚμθ ♦χ Ἱ τ
ΰʺТϮϱрНУиΣϢό ◓ › Ϭ“ΞάρτϢμοʺ⇔ ϘπЭжσΨʺ τ ή
δϥάρτ ῞ΰϘΰθ(ϛμΦᵦ ήRa 0.06 ßm)ʻ ế ψ χ πΰθΥʺϳ
ϵАЕФкЈІϬ ΜθϛμΦχ ΰ τ ῟ πΚϥάρΥ ϣΤτσμθθϛʺὋ ΰο

χΰ Ϭ ϤϘβʻ

ϳϵАЕФкЈІτϢϥ
♦ ᵠלṪ χᵫ

̞ᾝʿḼᵊ◦כ

ᾓτם ΜθТϮϱрНУи

ϛμΦ

ТϮϱрНУи

χ ◓

῟ᴮʿ ʺ ⇔  χᵠל

ᴟᶘ ῟ᴮʿ▒ᴟ⌠ τϢϥCOOHṁϞOHṁχ

ϛμΦ ế ♯ᾓ

ϛμΦ ế ♯ᾓῇχ♯ᾓ

ế 0.22 kN/m
ˢ 0.5kN/mˣ

ế χΰ τνΜοψʺ
άϦΤϣϜᾆẕϬ Ϊϥʻ

1)ᴟᶘὫ›(Ặ Ὣ›)Ϭᾖ ρβϥḵ︣ χ ›Ṫ ʻ

♦ χᵠל῟ᴮ
ΥᾋϣϦθ

XPS πχ ♦ χO/C 2) 

2) O/C ʿ ♦ χ▒ᴟ Ϭ ᴣβϥ◙

ṍ ήϦϥ῟ᴮ

⇔ ϘπЭжσΨ τ
ήδϥάρτ ῞

Ἱ ϒχϛμΦ♯ᾓ

С˔и♯ᾓ

CuϛμΦ

♦
10 ѧm

ТϮϱрНУи Ⱳḧ˦ ˧

O
/C
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Ṫ Є˔Ї ʾ ᾆẕⱧỘˢᴦ ₰ᾆẕˣ

Ἱ∙ФкЈІṪ ⁷ ῄ

φϣΜ

Ỳ Ἱˢ Ὣ› ˣτΣΜοʺ Ἱ ЯДиχϷ˔Н˔МрϽ ӽψ Ἱ Ϭ◦
Πϥρ Ⱳτ Ϭ ΥβθϛχЂЪ˔ЕϬ ᴥήδο Ἱβϥ ΥΚϤϘβʻЂЪ˔Еψ Ἱῇ
ẠβϥΥʺ Ἱ τЂЪ˔Еχ︡Ϥ▪ΰΥ αʺ χ ᴞʺἹ χ ϦϬԏΦṞάΰʺ
ἹχЮзАЕπΚϥИϯКАЕЄϴϱФϬ τᶨΤβάρΥπΦϘδϭʻάϦϢϤ Ἱ τ

ЂЪ˔ЕΣϢόЂЪ˔Е Ϭ▪ήσΜФкЈІṪ χᶎ ψʺỲ ἹϬ Μθ͏DϜχξΨϤ
χ τ ΜτṄ ΜθΰϘβʻ
ᾆẕπψ ἹЯДиτ ЂЪ˔ЕϬ ᴥδγʺ Ἱ ρЂЪ˔ЕχḧτϩγΤσϼзϯжр

ІϬ βϥ¬ ЂЪ˔ЕºϬ Μθ ἹϬ ◓Р˔Э Ἱ το♯ϙϘΰθʻ ἹϬ ΰοʺ
ЂЪ˔ЕἹ Ὧˢᶑ ʺϼзϯжрІσςˣχ  Ϭ“Μʺζχ Ϟᴿ Ϭ ᶎτΰϘΰθʻ

◓Р˔Э ἹτΣΪϥ
ЂЪ˔Е Ἱτḩβϥᾆẕ

ᴮ

Ἱ τЂЪ˔Еχ Ϭ▪ήσΜ χᶎ Ϭ ◙ΰʺ ЂЪ˔ЕΥ ᴂᴦ σᶑ ΣϢό
ϼзϯжрІχ ӤϬ πΦϘΰθʻԁ πʺ Ἱ ᴞ χ ήψἱּהᶑ 35̃Ϭẽτ῟ᴮΥ
ӰσϤʺ35̃ӟ πΚϦωʺ ЂЪ˔Е Ἱψ ЂЪ˔Е ἹϢϤϜ Ϧθ ήϬꜘΰϘ
ΰθʻ

˲ ◓Р˔Э ἹτΣΪϥЂЪ˔Е˳

Ἃ τ ΜοΜϥ ˢ45̃ӟᴞˣψʺ
Ἱ Υ ϦσΜϢΞτ◦Πˢ ˣΥ

˴
Ϭ Υβ Υ

Ἱ
ΰ

Ἱ ἹϞᵃ τϢϥ ϤϬ ♁βϥ ᶤ

ЂЪ˔Е

ЯДи

ЂЪ˔Е

πϜʺ Ἱḁ ῇψ ϣσΜ
Ạ⌠ỘΥ ʺ ẠΰοϜ Υ▪ϥ

ЂЪ˔Еχ

dʿϼзϯжрІ
ѣʿἱּהᶑ

ἹЯДи

30 mm

ЂЪ˔Е ᴂ Ӥ
ᶆ ὯτϢϥ Ἱ ᴞ χ ή

ἱּהᶑ

ϼ
з
ϯ
ж
р
І

ᴦ( )

Ἱ ᴦ

ᴦᴦʾ
ˢϼзϯжрІ ˣ

Ἱ ᴦ
ˢ ˣ

ᴦ

ʿ ЂЪ˔Е Ἱ

ʿ ЂЪ˔Е Ἱ

ἹṐʿ ◓Р˔Э Ἱ
ˢColibrium  Additive EBM A2Xˣ
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Ặ ᾆẕ

₪ˑ ʺ   ʺ ̞1̋ ̞2

ᶴ꜠ᵓּז

φϣΜρ ᴮ

ᶴ꜠ᵓּז πψʺ ₳Ϭꜛ‌ χ ♦πᾧϛθ₳УкАϼϬ ⌡ᴥῬβϥάρπ₳ἷϬ
⌠ βϥṪ Ϭᶎ ΰʺ ʺ Ϭ ϩγ ˑσ χ ▀τᴂ ΰοΜϘβʻΰΤΰʺάχ
ꜛ‌ ₳УкАϼϬ ‫ τ► βϥ πʺ ‫ χ τỪ χ Υᶎ ήϦϥάρΥΚ
ϤϘβʻάϦψ ⌡₳ἷχᴥῬ τ▪ ΰθỪ χᴥῬ₥Υ ʺήϦθϜχπΚϤאּ χ ל
ᴞϬ Ψθϛᵠ Υ ρσϤϘβʻ
ζάπʺ ᾆẕπψάχỪ χᴥῬ₥Υ ⌡ ἷτ αϥᾖԍϬ ẕβϥρρϜτˢ 1ʺ 1ˣʺ
Ϟ χ ▀τϜάχṪ Υ ẉήϦϥϢΞʺ₃∙ ρ Ϭ ᴟήδθ₳УкАϼˢ 2ʺ

3ˣχᴥῬτνΜοϜᾁ Ϭ“ΜϘΰθʻζχὫᴮʺԁ ϤΥ1.6ΉΉϬ Πϥρᵕ χᴥῬ τ
Ῥἇӱ βϥθϛʺᴥῬ τ⌡Ϥ▪ΰΥΚϤỪ χᴥῬ₥Υ▪ βϥάρϬᶎ ΰϘΰθˢ 4
ˣʻϘθʺ ἺΥ χ₃∙ρ ᶓΰο ΦΜἶ₳6‹χᴥῬ ψỪ χ׳ Υ ΰ ϦθϢΞσ
ρσϤʺ ήΥ ᴞβϥάρΥϩΤϤϘΰθˢ 5ˣʻ

⌡₳ἷχᴥῬ ήτẉϖβ
₳ Ϟ∙לχֲố

1 ₳УкАϼχᴥῬ♯ᾓ

1 ₳УкАϼᴥῬ Ὧ

2 ₃∙ ẉό ἷ Ϭ ᴟήδθ
Ⱳχӊ ế ˢ ἷ24Ⱳḧῇˣ

4 ▫ ΫᴥῬῇχ Ḣ╔Ὣᴮ

3 ᶆ₃∙χ Ὣᴮ

#
6

5
0

ἶ
₳

6
‹

ᴥῬ Ὧ1ʿ1 Ϥ1.04mm ᴥῬ Ὧ3ʿ1 Ϥ2.38mm

5 ▫ ΫᴥῬ Ὧ 3 χ ή Ὣᴮ

̞1ᾝʿḵ︣ᾉ ∞ כ◦‹ ῢ ̞2ᾝʿ ⱧέϜχξΨϤṪ ᶧ
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ϜχξΨϤḼỘᴣ ΰ ⱧỘכ◦

Ἱ∙ФкЈІṪ ⅔◓
ḵ︣ ˢᶴˣʺḵ︣ ṐῬỘˢᶴˣʺˢᶴˣ₢ḰῬỘ

φϣΜρ ᴮ

χ ᵔπ► βϥ‰ ˢ ͍ˣψʺ χ ᴲ Υ ỘτϢϤ ΰοΰϘ
Ξθϛʺ ṍ σ︡ ΠΥ ρσϤϘβʻ ᴲ χ︡ Πψʺᾖ χЈжЬАϼІὉ Ϭ
χ τ ΰʺ ˢ ˣχ π Ὣβϥάρπ ⌠ΰϘβʻάχᵃ π► ΰθ
ψ ᴟˢ̞͍ʺ 2ˣΥ ΰϞβΜθϛʺ Υ ΨϬ ϛϘβʻ
ΰΤΰʺάχ Ϭ τ βϥάρΥπΦϦωʺ χ ṍ ᴟϞЀІЕ⌡ᾚτὫό
ΦϘβʻζάπʺάχ Ϭ τ βϥθϛʺ τᴥΠϥ ˢ̞͎ˣτνΜοםᾓ
Ϭ“ΜϘΰθʻζχὫᴮʺ τ σ ϬᾋνΪʺ ᴟϬ ♁βϥṪ Ϭᶎ ΰϘΰθ
ˢ ͏ʺ ͐ˣʻ
̞͍ ᴟʿFe͏CΥ ΨπΦοΰϘΞᾝ ʻ‌ΜθϛᴥῬΰτΨΨσϥʻ
̞͎ ʿ χ ˖ЄзЀр›ỲϬ ϒχ τ ᴥβϥάρʻ

‰ χ ὫⱲτ βϥ
χ ᶨ τνΜο

ᴲ

Ѐϱи

Ѐϱи
ЈЮрЕ

Ὃ

͍ ‰ χ ꜠
χ ᴲ Ϭ χ ρ τ ΰθ

ῇʺ χϱрЁАЕϬ Ϧο ΤΰϘβʻ
χ π ᴲ∙Ϭᾧϛ Ϭ⌠ϤϘβʻ

Ὣ

0.6%  0.3%  0.1%  0̋ ͌̋

͎ Ўи♯ᾓ χ
Ўи♯ᾓρψ ᴟἱΰϬ ϓϥ♯ᾓπβʻ
χ ρ ᶓΰο Ὣ ψ Μ ˢ
ˣΥ ΜπβΥʺάϦτ Ϭ“Ξρ Μ
Υ σΨσμοΜΦϘβʻ

͐ EPMAḢ╔χὫᴮ
χרϬḢ╔ΰθὫᴮπβʻ⁷ר⁷ τẔ ᴟ

ˢ⁷רἹ ϬḮΨβϥ ˣ− χMgʺ − χ
BaʺCaʺCeΤϣσϥ › ᴟ Υᶎ πΦϘΰθʻ
− ᴥ Υ Μϕςʺάχᾤ Ϝ ΨσϤϘΰθʻ ›
ᴟ Υ ϥάρπʺ⁷רἹ ΥΰϞβΨσϥθϛʺ
ᴟϬ ΩάρΥπΦθρ―ΠοΜϘβʻ

͏ ⌠ ΰθ ρζχ
ᴟΥṞάϥρṁ Υ‌ΨσϤʺ ᵕϤ

ϜṞΦϞβΨσϤϘβΥʺΜγϦχ Ϝσ
Ψ Ϭ⌠ πΦϘΰθʻϘθʺ Ḣ╔χὫᴮ
πϜ Ῠσ ρσμοΜϥάρΥᶎ πΦϘΰ
θʻ

ר⁷ ТϴжϱЕ

О˔жϱЕ

ᾚ
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ήϭϤΨṁỲ 7 ₰ᾆẕⱧỘ

Ἱ∙ФкЈІṪ ה ̞ʺ₪ˑ
ᶴ꜠ᵓּז Ṑ ⌠ ₪

φϣΜρ ᴮ

Ί ψΊϬ βϥάρπºבּ Ṑ ºϞº⇔ử χ ᵲ Ϭ¬ל ᵔΰʺἋṓϬ ᴟβϥάρΥπΦ
ϥ∙ πβʻϘθʺЀ˔иЖІФй˔ ψỲ χ ◓Ϭ‰ πṁ∙τ ήδʺζχ∑χ ◓χ

ἹϬ ΰοᾧ π ◓Ϭ βϥάρΥᴦ σ πʺ Ⱳχ Ϟṁ∙ϒχ ֲ
ốϬ ᾚπΦϥ Ϧθ ΥΚϤϘβʻΊ ∙ χ▒ᴟЎЌрψʺ‌Ψ ΜЈжЬАϼІ∙ χ
θϛ πχ ψ ΰΨʺ χᾆẕτΣΜοʺ ṐὉ∙ ϬНϱрЍ˔ ρΰο ΰʺζχ
τЀ˔иЖІФй˔ τϢϤΊ Ϭ βϥ︣ Ϭᵫ ΰϘΰθʻΰΤΰʺάχ︣ πψ
ῇχ᷃ Ῥ τ ΨχⱲḧϬ ΰʺ ▀ЌϼЕχ ΥṪ σᴿ ρσμοΜϘΰθʻζά
π₈ᵕʺ Ṑ∙ χˮІЇˢSnˣ˯ϬНϱрЍ˔ ρΰο ΰʺζχ τΊ ∙ χˮ▒ᴟЎ
ЌрˢTiO2ˣ˯ϬЀ˔ГϰрϽβϥṪ Ϭᵫ ΰϘΰθˢ 1ʼ2ˣʻІЇψ ט τ Ϧθ∙ σ
χπʺЀ˔иЖІФй˔ ρχ Υ Ψʺṁ∙ρếᾧτ ΰᶮν χ‰Μ ΥἹ ήϦ
Ϙβʻήϣτζχ τל‌σ▒ᴟЎЌр ◓ˢ 3ˣϬІФй˔ˢ 4ʼ5ˣβϥάρτϢϤʺ σל
ІЇ τ ◓Υ Φ▼ήϥἹπ ΥἹ ήϦϥάρΥϩΤϤϘΰθʻάχ︣ τϢϤʺ
τ ϓ σ ЌϼЕχ Υᴦ ρσϤϘΰθʻ

Ѐ˔иЖІФй˔ τϢϥ
Ί ∙ Ṫ χᵫ

̞ᾝʿḼᵊ◦כ

ṁ∙
SnНϱрЍ˔

Ί

П˔Ќ˔ ᴛ Ṁ

ᴝ ЛЇи

5 Ѐ˔иЖІФй˔ЄІГЭ

ằẚ

1 Ί אּ

2 ᵰḢּא

(a)Sn (b)Sn+TiO 2

4 ệ

50ѧm

3 Ί (TiO2) ᵰḢ
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▀ỘДЃϱр ̞

ỵᾭ ▀Ộ ọᴿ ỆῨ
ᶴ꜠ᵓּזỵᾭ זּ῝‹ ḵ

φϣΜρ ᴮ

Ḗ ψϯЅЂϱᴬχ πʺζχ Ϭ ᷃ ʺ ˢαϟΞφϭˣʺ •ʺ᷃ βϥρʺ
σḖϙχΚϥΣ τσϤϘβʻ ᾉχỵᾭ πψ χ ᴪΥ 58 ₇ΤϣḖ Ϭ ▀ΰοΜ
ϘβΥʺάά ψ χᾚיּ▀ Ϟ‰ ᴟτϢϤ Υ3,000˙4,000kg˗ π ӱΰοΜϘβʻ
᾽ẁΤϣψ ▀χ ΥΚϤϘβΥʺ ▀χ῟ ᴟ Υ ϭπΜσΜθϛʺ ᴂπΦσΜ ệπβʻ
ζάπʺ︣⌠ỘτϢϥˮ ⅜ϤῬ ˯χὖ⌠Ộᴟẉό῟ ᴟχθϛτḖ ⅜ϤṀἇχᵫ τ︡
Ϥ ϙϘΰθʻϘγψʺ χνΜθὐϬІЕй˔ЕОϱФτ βάρπ ⅜ϤΥπΦϥρ―ΠϘΰ
θˢ ͍ˣʻ ⅜Ϥ♯ᾓχὫᴮʺ ϬΰμΤϤρ⅜ϥάρΥπΦʺζχ⌠ỘⱲḧψ͍˗͎ӟᴞρσ
ϥάρΥϩΤϤϘΰθˢ ͎ˣʻ
άχ♯ᾓὫᴮϬ ΪοḖ ⅜ϤṀἇϬ♯⌠ΰϘΰθˢ ͏ˣʻṀἇτψГ˔ООϱФϬ Μʺ
Ḗ χԏΦ ΦτϢϤОϱФΥІжϱЖΰσΜϢΞτΰϘΰθʻ Ϭ⅜︡ΰθὐχ ԏ♯ᾓϬם☼
ΰθράϧʺὐχ ԏΥדᶪτπΦϥάρΥϩΤϤϘΰθʻ
₈ῇψʺ♯⌠ΰθṀἇϬ♯ ΰʺὖ⌠Ộᴟẉό῟ ᴟϒχ῟ᴮχ ᴣϬ“Ξ πβʻ

Ḗ ⅜ϤṀἇχ♯⌠ᵫ

ⱧỘ ʿṪ Є˔Ї ʾ ᾆẕⱧỘˢᴦ ₰ᾆẕˣ

ІЕй˔Е
ОϱФ

⅜Ϧθ

⅜Ϥῇχὐ

Ḗ
Ḗ ԏΦ Φ ΰ

℅

ОϱФ
ᾧ Ⱶἇ

Г˔ООϱФ

Ḗ χὐ

͏ ♯⌠ΰθḖ ⅜ϤṀἇρὐχ ԏ♯ᾓ

͍ ⅜Ϥχᾖ ͎ ⅜Ϥ♯ᾓὫᴮ

ІЕй˔Е
ОϱФ

̞ᾝʿḵ︣ᾉ ∞ כ◦‹ ῢ
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▫₅ˢ2Lˣ♯ᾓ π︡ ΰθД˔Ќχ

Ṫ Є˔Ї ʾ ᾆẕⱧỘˢ ᾆẕˣ

Ṫ Ờ ֽ`

φϣΜρ ᴮ

ϼжТЕР˔иχ ṓχ‰ϘϤϬ Ϊοᾉ πϜ Υ ᴥΰοΣϤˢ ͔ ᾝ∕16ּ19ז
ˣʺ ЈрЌ˔πϜР˔иϞ τḩβϥṪ Υẍ ΰοΜϘβʻ ͒ ͐Ὦτψḵ

︣ᾉ χУимз˔Υˮḵ︣ϼжТЕР˔иϯЊЄϵ˔ЄдрˢICAˣ˯Ϭ ΰϘΰθʻ
₈ᵕʺ ЈрЌ˔πψР˔иὉ χ♯ᾓᾆẕϬᴥ βϥθϛʺ χ♯ᾓ ẨϬ︡ ΰʺ
Р˔иὉ Ϭ♯ᾓ βϥ▫ ϙϬ ΰϘΰθʻ ІϾ˔иπϜ • Ϭ™ᾝπΦϥ •
Ṁχᾁ ρρϜτʺ ▒ϹІϬ ᵔήδϥθϛχϸ˔ЩК˔ЄдрῬ Ϭ  ΰʺ200mL˙20LІ
Ͼ˔иχР˔иὉ ˢ ψ ˣϬ♯ᾓ βϥάρΥᴦ ρσϤϘΰθʻ₈ῇψ θ
σР˔и • χᵫ Ϟʺᾉ▀ ᵌϞШАФχ ᴣϬὋ ΰʺ ϣϦθᾆẕ ᴮψICAχᶨ Ϟᾉ
Уимз˔ρχӪᾋῖḊσςϬ ΰο ẉϬ ϛϥ πβʻ

Р˔иὉ χ♯ᾓ Ϭ ṛᵫ◐

̔♯ᾓ•
̔Р˔и• ˢ ˣ

̙ϸФкр▒ϵЎиˢppmˣ
̙ ▒ϱЊϯЬиˢppmˣ

1 •Ὂᵃ 2  ṓ

3 ІϾ˔иϸ˔ЩК˔Єдр 4 20LІϾ˔иχ ᴟ ρ • Ṁ
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φϣΜρ ᴮ

Ṫ Є˔Ї ʾ ᾆẕⱧỘˢ ᾆẕˣ

Ṫ Ờ ֽ`

ᾉ Р˔иχԁ

ḵ︣ᾉ χР˔иỘᵦ◦כϬ ρΰοʺᾉ Р˔иχԁ Ϭ“ΜϘΰθʻᾉ Уимз˔
17ז16ּ Τϣ›ὓ64 χР˔иϬ ϵрЕз˔ΜθιΦʺBCOJ̞ σςχᶆ῝ Ϭ τ14
χ Ϭם☼ΰϘΰθˢ ͍ʺ 1ˣʻ ϣϦθ37‮ χ Д˔ЌψᶆУимз˔τḥᾕΰʺ
τḩϩϥϯЖНϱІϬ“ΜϘΰθʻϘθʺ ὓὫᴮΤϣψ ˑσἱΰΥ ϣΤρσϤϘΰθʻ

ΠωʺсϮϱБϴрЌϱФχР˔иχ  ψϼк˔с ρНЗЗ πΚϤʺζϦηϦχṄ
ψ4РИиϽϯϱбЀ˔иˢ4VGˣρ ▒ϱЊϯЬиρήϦοΜϘβʻ₈ᵕχ χὫᴮʺΚϥ
Р˔и ₰ᵓπỲ Ϭ ΰθР˔иπψ4VGχḯ Υớϛο‰ΜάρΥ ΤϤϘΰθˢ ͎ˣʻ
άχϢΞσ ṛ σР˔и ϬὋ τם☼βϥάρπʺꜛּז χ Ḛל Ϟ ₰ᵓπ
σ  НжрІχ Ϭ πΦϥᴦ ΥꜘήϦϘΰθʻ

₰ᵓỲ Р˔и

2 сϮϱБϴрЌϱФР˔и  χ

1 Р˔и Ὣᴮχԁ

1 ᾁ₰χԁ

̞Р˔и ›⁯∑Ṫ ӦԌᵓˢBrewery Convention of Japanˣ

ỡ Ω ״ Ω ỡ Ω ״ Ω ỡ Ω ״ Ω

Ё˔иДржϹ˔ 14 5.5 6.6 5.5 4.7 4.67 4.93 4.73 4.28 1.73 2.40 1.68 1.20

Ё˔иДрϵ˔и 14 6.0 8.3 6.0 5.0 4.53 4.96 4.54 4.23 1.76 2.50 1.75 1.35

ϯрН˔ϵ˔и 14 5.3 7.1 5.0 4.4 4.42 4.70 4.42 4.09 1.80 2.20 1.80 1.45

ІЌϳЕʺЄвНиБ 5 5.6 6.4 5.8 4.7 4.44 4.68 4.42 4.30 2.24 2.80 2.05 1.80

ШмϱЕʺсϮϱБϴр 13 5.1 6.2 5.1 3.8 4.45 4.71 4.47 4.00 1.78 2.70 1.85 1.30

Ти˔БʺЂм˔ 4 5.0 5.9 5.6 2.9 3.54 3.98 3.45 3.29 6.88 11.15 7.03 2.30

ЈЋрʺІОϱІʺζχ 4 5.0 5.6 5.4 3.8 4.32 4.41 4.41 4.07 1.90 2.10 2.03 1.45

pH
1

▒ ˢmLˣϯиЀ˔иˢ%ˣ
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Ṫ Є˔Ї ʾ ᾆẕⱧỘˢᴦ ₰ᾆẕˣ

אּ
ϱжІЕ
σς

Ṫ ╦ᴞ ◓
ḵ︣ᾉ ỘᾆẕЈрЌ˔

φϣΜρ ᴮ

⁯ мϱЗз˔ ψ ˑ ᴥΰοΣϤʺḵ︣ᾉπϜ 25 χ5 Τϣ 7 τψ19 ( ⁯5ӡ)
τ ΠοΜϘβʻ ϐςΞχ ᶈ τ ΜʺϐςΞχ ΰל τṄ βϥ⅝ Ὧχᶎ Υ
ẐϛϣϦοΜϘβʻ
ᾆẕπψʺ мϱр ϐςΞ ˮϯиЯЛм˔и˯χ♯ᾓ ρḂ ᴣϬ“ΜϘΰθʻ

ϐςΞψʺḵ︣ᾉ ỘᾆẕЈрЌ˔Υ♯ᾓ⅝ ˢ Ⱳṍχᾁ ʺ 1 θϤχ χᾁ
ˣϬΰθϜχπβʻ ♯ᾓχὫᴮʺ τνΜοψʺ ṍ ΥΩϜ‰Μ ᴣϬ ϘΰθʻάϦ
ψ 5 ▀ʾ6 ▀ρ χὫᴮπʺ ṍ Υ τῨֲốϬל ΠϥάρΥꜘήϦϘΰθʻ ψ
ᾁ πΰθΥʺ1 1.5 Υ ᶓ ‰Μ ᴣϬ ϘΰθʻṓῙ Ὧσςχ ᶓ₯Ϭ― ΰοὋ
♯ᾓΥ ϘϦϘβʻˢ ♯ᾓχϯиЯЛм˔и⅝ Ẹ ʿ ᾢᵓּז ה ˣ

ϐςΞ ˮϯиЯЛм˔и˯
χ⅝ Ὧ мϱр ᴣ

͎ϯиЯЛм˔и♯ᾓ мϱрχּא

͏ Ⱳṍ мϱрḂ ᴣὫᴮ
ϵж˔Н˔ʿΩ ΣϢόΩ Ϭꜘβ

͐ 1 θϤχ мϱрḂ ᴣὫᴮ
ϵж˔Н˔ʿΩ ΣϢόΩ Ϭꜘβ

͍ϯиЯЛм˔иᴮםχּא

ṍ
ˢ6Ὦˣ

Ḉ“
ˢ7˙8Ὦˣ

1 1.0 1 1.5 1 2.0

ṍ Ḉ“

1 1.0 1 1.5 1 2.0

ṍ Ḉ“ 1 1.0 1 1.5 1 2.0
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Ṫ Є˔Ї ʾ ᾆẕⱧỘˢᴦ ₰ᾆẕˣ

Ṫ

φϣΜρ ᴮ

мϱрϞЅв˔Іχ Ⱳτ αϥУЖϳᴥῬ▪ ˢ│ϤΤβϞ Ạΰθ♀ σςˣτψʺФк

ϯрЕЄϯИЅр ϬψαϛρΰθУЖϳ χЪзТϴЛ˔и Υ τḯϘϦοΜϘβʻάϦ

ϣψ ϞϯиЀ˔иπψԁ ΰΤ πΦσΜθϛʺᾢ τΰΤ ήϦοΜϘδϭʻ

ᾆẕπψʺУЖϳᴥῬ▪ χΞκʺмϱр│ϤΤβ χЪзТϴЛ˔и χ῟ σ Ὧ

Ϭᾁ ΰϘΰθʻζχὫᴮʺ60̆χϯиϸз ˢ0.5˙1N NaOHˣτϢϤ‰ΜΌ▒ᴟ⌠ Ϭⱱν

Ϭ‰ π ϥάρΥπΦϘΰθʻϯиϸз ЪзТϴЛ˔иψᾕχᴟᶘ  ρψӰσϥ

άρΤϣʺ₈ῇʺ Ɫᾛ χТϴЛ˔и Ṑ ∙ρΰοχ ᵫ Ϭ ◙ΰοΜΦϘβʻ

УЖϳᴥῬ▪ χЪзТϴЛ˔иϬ
‰ π ΰϘΰθ

(1) ᶆ ὯτΣΪϥЪзТϴЛ˔и ˢмϱр│ϤΤβτ βϥ χϹзАϼ▒ ˣ

(2) Ό▒ᴟᶨ ˢDPPH ˣ (3) ϯиϸз τϢϥᴟᶘ  χᵠ
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אּ
ϱжІЕ
σς

Ṫ

φϣΜρ ᴮ

ᴮםτ ΨḯϘϦϥЧϼЎрψʺ▒ Ϭ︠ ρβϥ Ӳχԁ πʺ χϿ

иᴟ−Ϟ −ρΰο ήϦοΜϘβʻУЖϳτϜЧϼЎрΥḯϘϦϥάρΥϩΤμοΜϘβʻ

ᾆẕπψʺУЖϳχᴥῬ▪ χ ῟ᶨ Ϭ ρΰοʺмϱр ῇχᴥῬ▪ ˢмϱрЪЫ

Іˣ χЧϼЎр ὯϬᾁ ΰʺбЫУЖϳ ЧϼЎрẉό◕ χ ЧϼЎрρ ᶓΰ

ϘΰθʻζχὫᴮʺмϱрЪЫІΤϣᾖ τ ΰο 0.9̋χ ЮЕϺЄиЧϼЎрΥ ϣϦϘ

ΰθʻмϱрЪЫІЧϼЎрψϿиᴟ Υ ήΜθϛʺρϧϙ Ϊϒχ Ϟ χϿиᴟ−χ

−ρΰοχם ᴟϬ ◙ΰϘβʻ

мϱрЪЫІΤϣχЧϼЎр

0.50

0.60

0.70

0.80

0.90

1.00

1h 2h 3h

Ч
ϼ
Ў
р

(%
)

Ⱳḧ

0.01N HCΈ

1%ϼϵр▒

ᴛ 80̆

мϱрЪЫІЧϼЎрχṁ ל

ϳкр▒
̋

ϵІГиᴟ
̞̋

ΉPaʾs
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ЧϼЎр
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̞50̋ ʿ ЮЕϺЄиЧϼЎр
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1%ϼϵр▒

бЫУЖϳ
1%ϼϵр▒
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65̋₳
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0.43
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0.19

3
.8
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2
.9
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3 ᶆϿиἹ χ ꜠ˢ╥―ˣ ⱫʿбЫУЖϳ ЧϼЎр

˲ЧϼЎр Ῥ ˳
͍ʽ᷃ ʾ ↓
͎ʽṆ▒ᴥ
͏ʽϯиЀ˔и
͐ʽ᷃ ˢ105̆ˣ

͍ мϱрЪЫІˢּא ˣρ Ῥ

˲Ͽиᴟ Ὧ˳
ЧϼЎрʿ 1̋
ᾧἹ ˢЄд ˣʿ 65̋
ϼϵр▒ʿ 1.7̋ ͎ мϱрЪЫІχЧϼЎр

Ṫ Є˔Ї ʾ ᾆẕⱧỘˢᴦ ₰ᾆẕˣ
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Ặ ᾆẕ

φϣΜρ ᴮ

ЈрЌ˔πψʺḵ︣ᾉχ ⱢᾛϬᶨ ΰʺ τ ΰθ ЎАФχᵫל Ϟʺ χ Ϥ
ϬᶨΤΰθᴥῬ χᾆẕτ︡Ϥ ϭπΜϘβʻ ᴮπΚϥˮ • ЎАФ˯ψʺбЫЃϼжל
χ ЎАФϬל π •ήδʺ┴ χ Ϥ πΚϥϼЫзрϬ τ ᴥήδθϜχπβʻ
  Ϭ► δγτЂϼж χ ϤϬ πΦϥ ∙ρΰοʺԐ ʺ ʺ σς ῲΜ
πχᶨ Υṍ ήϦϘβʻ ᾆẕψʺ Ộ110 χ •Ṫ ϬϜνᶴ꜠ᵓּז ρẶ π

ΰϘΰθʻ☼ם Υזּ • Ὧχᾁ ρ Ṫ χᶎ Ϭ ΰʺ ЈрЌ˔πψ ṓ χ
ρḂ ᴣϬ“Ξάρπʺ Ṫ χᶎ τ♩ϤϘΰθʻ ᴮτḩ βϥṪ ψʺ ρẶזּ π
Ẩ ḻΰοΜϘβʻ

ЂϼжχᴼϞΤσ ϤϬ βϥ
∙ˮ • ЎАФ˯χᵫל

π •ήδθ • ЎАФל ׁχ
 Ϥψʺ ЎАФρ ᶓΰοˮЂϼж ˯
Ϭ ӪτếΨḇαϥάρΥ ϣΤτσϤϘΰθʻ

͍. 2 ♯ᾓ τϢϥ • ЎАФל
ׁχˮЂϼж ˯χḂ ᴣὫᴮ

Ṫ ╦ ԁʺӠ ∂ˑ̞

ᶴ꜠ᵓּז

• ʺЎАФπψל ׁτḯϘϦϥ ṓ
ˮϼЫзр˯Υʺ ЎАФχ 5 τ

ᴥΰοΜϥάρΥ ϣΤτσϤϘΰθʻ

͎. LC/MS/MS τϢϥ • ЎАФל
ׁτḯϘϦϥχϼЫзрχ

• ЎАФχל ϒχᶨ Ϭᾁ βϥθϛʺ •
˔ЎАФπ ϤξΪΰθϳϱІϺל ᶤϤχḂ ᴣϬ“
ΜϘΰθʻζχὫᴮʺˮ┴Ϝκ˯ˮβμΦϤ˯ˮ▒μϊ
Μ˯ˮήϩϞΤ˯ˮТк˔жи˯ˮӞ ˯σςχ῎Υᾒ
τ ωϦθԁ πʺϳϱІϺ˔ϣΰήϬ β῎χ ψ
ᴞΰϘΰθʻ • ЎАФψʺβμΦϤʾήϩϞΤσל

 ϤχԐ Ϟ ρ Υ Μρ―ΠϣϦϘΰθʻ

*** p˻ 0.001

͏. CATA τϢϥḂ ᴣ

ϼЫзр

CATA ʿ ᴣ ῎Τϣ♯ χ Ϭ βϜχϬЎϴАϼΰ
                ♯ χ Ϭ ϣΤτΰϢΞρβϥḂ ᴣ︣

̞ᾝʿלḰῲӽ ọộẋᾥ ὲ ♅ḕẽЈрЌ˔
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ᾆẕᵫ ἷ ∙Ӿ ⱧỘ

Ṫ ṵ ʺ ᶞᾖ
ӽΣάΰẸ

φϣΜρ ᴮ

ˮб˔Ѐр˯ψ ϯрДІᾖ▀χϺϼᴬχ₢∂πʺЂБЫϱЯτⱨθᾋθ ϬΰοΜϘβʻ
б˔Ѐрχ ψ ᴟ χ σήʺЄаϺЄаϺρΰθ ḇʺϕχΤσḖϙʺ σЪзТϴ
Л˔иπβʻḵ︣ᾉ πψʺζχ Ϭ Τΰθб˔Ѐрχ ΪΥ ήϦοΣϤʺб˔
Ѐрχ⅝ ᶈ ρ θσᴥῬ ᵫ Ϭ ◙ΰοΜϘβʻ
ⱧỘπψʺ ΥΰϞβΨ◓ằ τϜ ϓϞβΜ︣ὖήϬЀрЈФЕτʺб˔Ѐрχ

ρ Ϭ ΰθб˔ЀрᴥῬ Ϭᵫ ΰϘΰθʻ₈ῇψ ДЃϱр ὓτ︡Ϥ ϙʺ ͕
₇τ ᾕχ χׄ π βϥ πβʻ

б˔ЀрχᴥῬ ᵫ (͒ⱳ▀Ộᴟ)

ϚΦρϸАЕ

χ ᷃ ήδοḁ

Ῥ ( )

б˔ЀрϬ

ˮḖ▒μϊΜ ϩΜ˯πʺе˔ϽиЕτϜϢΨ›ΜϘβ
IIRIДЃϱржЩτοʺ ДЃϱр ὓϬ◦כ πβ
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φϣΜ

ʺ ∙ ʺзр▒ᾖ ϕΤʺзрˢPˣⱢᾛψῬỘᾖ ρΰο ˑИ˔ЇΥ‰ϘμοΜϘβʻ
Ϙθʺ⁯∑ σзрⱢᾛχᾯᶩ ʺ‰ ӡзр… χ⅜ἕᾚ ʺ⁯∑ σ Ⱶ Ϭ ὂτʺ
зрⱢᾛχӗ ᶎ Υ ♪ήϦʺ ӽχᴞ π βϥᴞ ױ Ϟᴞ ױ ẀᵥΤϣ
зрˢPˣϬᵕ βϥ ΦΥᶨ ᴟΰοΜϘβʻΰΤΰʺ Ψχᴞ πψʺˮ Ṑל ˯χ
ᵕ τᾢ πΚϤʺῬỘᾖ ρΰοχᶨ Υ₉ σ ệτΚϤϘβʻ
ζάπʺᾉ◕ χᴞ ☼ π ΰθᴞ ױ ˢ ẀᵥˣΤϣʺ Ṑχзр▒ᾖ Ϭᵕ
βϥṪ ᵫ ˢЯДиⱧ χ ˣϬ ◙ΰʺˮзр▒ ̞˯χ῟ σᵕ Ṫ χᵫ ϞІϾ˔и
ϯАФϬ ◙ΰοΜϘβʻ
̞зр▒ ψзЎϳЭϱϷрНАГз˔ˢзр▒ зЎϳЭ˦LFP˧ˣχᾖ ρΰο ήϦϘβʻ

͓ ψʺᴞ ױ Ẁᵥρ▒Ϭ ϙ›ϩδʺзр▒χ ʺзр▒ χ› ʺзр▒ χ
χᶆῬ Ϭᾁ ΰθὫᴮʺІϾ˔иϯАФτΣΜο͎νχᴿ Υ ϣΤτσϤϘΰθʻ

ᴞ ױ ẀᵥτḯϘϦϥзрϬᶨ ΰθ
зр▒ ὉзЎϳЭϱϷрНАГз˔
ˮзр▒ ˯ᾖ χзЂϱϼиṪ ᵫ

ᴟЈрЌ˔ˢ ᴎ◕ˣ

Ặ ᾆẕ

◓ ЄІГЭ ₪ˑ ̞1 ̋ Ύ̞2

ˢ῝∞ˣḵ︣ᾉᴞ זּ῝

ӡ זּ ꜠ Ú ᶍ ᵺᶊᶧᶩ
ᶊḈᶹḱḇḻ᷿ᴻ ᵫוֹ

Ӣ זּ ꜠ ḲƎḻ ᶉᶈ
Ḳḻ ꜞᶱ ᶟ ᶍ ᴴ

ᵲᶫᶝᶆᶍ ╗ᶍוֹ ᵫ ֩ 3 31 ֪ᶊ ᶩ ᵱᶨᶫᶝᵶᵾᴳ

ᴴ

ᴴᶬ

Ḉᶹḱḇḻ᷿ᴻ וֹ ᴴH ᴴ ᶱᶥᶂᵮᶩ ᵪᵸᶇ♪ ᶍᶧᵥᶊ ᶪ ᵥ╗ ᴲ
ᶱ ᶊּנᵧᶪᶇ ᶍᶧᵥᶊ ᵮᶉᶪ

ᴴ ᶊᶧᶩᴲ ᶍ ᵫ טּ
ᴴ Ĥ 2ְ ᵫ Ĥ Ḉֹᶹḱḇḻ᷿ᴻ ᶱוֹ

ᴴᴴḁHḇᴻḱᴻᵫ ᶨᶉᵣ ֩ ֹ ֪סּ

♪ ᶗ ᶍ ᴴ ᶎOKנּ
ᶎנּ ᵫ ᵬᵮNG ᵫ

ᴴ ᶎ
ᶉ ᶎ סּ

Ḳḻ
Ĉ

ᶬ
Ĉ

Ĉ

ᶬ ᶍ
ᶊ ᵶᶅ

ᵫ זּ

ăְ ᶍ ╥ᶬ ᴲḲḻ ᶍᶬ ᴴ ᶊᵪᶉᶩᶍ ᶱ ᵸᶪ

ḁ᷆ᴻḳᶷḋḟᶍ

Ḳḻ זּ ꜠ ֩ ֪

̞1ᾝʿṐ ∙ Ṫ
̞2ᾝʿϜχξΨϤDX
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Ṫ „ ᵓinΣΣχϺарОІᵵ

ᵓ ʿΣΣχϺарОІˢỵᾭἬ 58-12-30ˣ

ᵫ℗ ʿ ͓ 11Ὦ18 ˢᴲˣ˙19 ˢ ˣ

„ ◖ʿϺаСЌиЧϱрЕᶴ꜠ᵓּז ԁ

ʿˢ͍ˣϳйЌр χṁ ꜡ˢ℅ᶘˣ

ˢ͎ˣІФй˔ϹрϬ► ΰθϳйЌр ם

ˢ Τϣ▫ Ϋ Ϙπˣ

╥ᴥּיʿ ώϥήρ῝ּז ͒יּ

Ặ ℗ʿˢ ˣḵ︣ᾉῬỘṪ ЈрЌ˔ʺˢԁּזˣΣΣχώϥήρ῝ּז

„ ᵓ

▀ỘДЃϱр ʺֶ╦ᵏ
Ḽᵊ◦כ ₪ˑ ̞

ԁ זּ ώϥήρ῝ּז

φϣΜρ ᴮ

ˮ Ῥ˯ψḵ︣ᾉ χ ῬὛ πβʻ Ṁχ ⌠Τϣ ϘπϬ“Ξˢԁּזˣ ώϥ

ήρ῝ּזπψʺự ʺ χṪ ΰ ϞῇὋּיӾ Υᴿ ρσμοΜϘβʻ

͒ τψʺ▀ χ ∙Ӿ Ϭ ρΰοʺ ЈрЌ˔ρˢԁּזˣ ώϥήρ῝ּזχẶ℗

π Ṫ „ ᵓϬᵫ℗ΰʺṁ σ Ṫ ϬᶘϭπΜθιΦϘΰθʻ

͓ ψʺὋ σ ∙Ӿ Ϭ ρΰοʺ τΣΪϥ Ϟ χ►Μ

τḩβϥם σ χ„ ᵓϬᵫ℗ΰϘΰθʻ▀ π θτ⅜ ήϦθ τϜʺṁ σ

Ṫ ϬᶘϭπΜθιΦϘΰθʻ

ЈрЌ˔πψʺ▀ χήϣσϥṪ ΰ τΰΪο₈ῇϜТ϶к˔ϬὋ βϥ πβʻ

Ṫ „ ᵓinΣΣχϺарОІ
Ϭᵫ℗ΰϘΰθ

ὓχ► χ„

„◖χ ԁ

ІФй˔ϹрτϢϥ „

̞ᾝʿṐ ∙ Ṫ
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Ῥה ṛṪ ФкϽжЭḼᵊְ֫Ộכ◦ ˢᾉӦ ˣ

▀ỘДЃϱр ֶ╦ᵏ

φϣΜ

ḵ︣ᾉ χהḩ ⱧỘּיˢ ◖ˣϬ τʺהῬṪ Ϟ ꜡ τὌΥϥ χ  Ϭ ρΰθ
„℅Ϭᵫ℗ΰʺ╥ᴥּיḧχᶨ σῖ Υ“ϩϦϘΰθʻ Ṫ χ Ϟ ▀Ộ ὀχⱧ ᶘ Ϭ
αοʺהṀχ ᵫ Ϟ ὀ τϢϥ◕ ᵫ Υṍ ήϦϘβʻ ЈрЌ˔πψʺ₈ῇϜ
ῬὛ▀Ộχ ∙Ӿ ϞṪ τ︡Ϥכ◦ ϙϘβʻ

ḩה ⱧỘּיˢ ◖ˣϬ ρΰθ
Ṫ „℅Ϭם☼ΰϘΰθ

▀ χהῬṪ Ϭ ϥ˴ДЃϱЗ˔ρχẸỘⱧ
Ⱳʿ ͓ 12Ὦ18 ˢ ˣ ͕Ⱳ30 ˙11Ⱳ30
ʿ ◕ӗ ῬṪה ᾆẕЈрЌ˵ˢ ◕ 70ˣ

„◖ʿ fi ḿ♃ˢ Ϥ ῬὛ●ˣ
ʿ χ ◊ʺ ἇτνΜοχᵔ ẉόṪ ῖ ʻ
›π︡ ϭπΜϥᵤᵰДЃϱЗ˔ρχẸỘⱧ χ„םʻ

╥ᴥ ʿ12
Ὣᴮʿ☼ם 100̋ˢ╥ᴥּיϯрϾ˔Еχᵕ ϢϤˣ

άϦΤϣχ Ϥ ϞṪ ʾДЃϱрχ Τΰ
Ⱳʿ ͔ ͎Ὦ25 ˢ ˣ 10Ⱳ00 ˙12Ⱳ00
ʿ ᾢᵓּזᴉ ᴒˢ ӻἬ Ӷḩ1-7ˣ

„◖ʿ ᾢᵓּזᴉ ᴒ ₪ˑ ♃ˢ ” ˣ
ᶴ꜠ᵓּזWald Ύ ♃
ʿהῬ χϷ˔Ѝ˔ЮϱЖ ᴂχ︡ ϙϞDXם Ⱨ χ„Ṱʻ
ṛ╥ ∙Ӿ χΚϤ ʺ ӽᶨ ᴟτḩβϥ„םʻ

╥ᴥ ʿ͒
Ὣᴮʿ☼ם 100̋ˢ╥ᴥּיϯрϾ˔Еχᵕ ϢϤˣ

2 Ṫ „℅ˢ ◕ˣ

3 Ṫ „℅ˢ ˣ

▀Ộ ὀτ ρσϥהῬṪ χ „℅ᵵ

ᶌʾꜜᵨṪ χ
Ⱳʿ ͓ 12Ὦ17 ˢ ˣʺ18 ˢ ˣ 13Ⱳ00 ˙17Ⱳ00
ʿ ◕ӗ ῬṪה ᾆẕЈрЌ˵ˢ ◕ 70ˣ

„◖ʿ ◕ӗ ῬṪה ᾆẕЈрЌ˵ ●ᾖ ♃
ʿ ◖Ϭ τʺהῬṪ χ™ᶎ ʾ™ χṐᵓρΰοʺ
͎ ḧτϩθϤ͎   πם☼ʻ
͍ ᶌʾꜜᵨχṁ ʺ ͎ ᶌʾꜜᵨχ▫ Ϋ

╥ᴥ ʿ11
Ὣᴮʿ☼ם 100̋ˢ╥ᴥּיϯрϾ˔Еχᵕ ϢϤˣ

1 ṛṪ „℅ˢ ◕ˣ

Ῥה ṛṪ „℅ᵵ
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ᵤᵰῖ

אּ
ϱжІЕ
σς

▀ỘДЃϱр Ӎ
⁯ ῬὛ ᾆẕЈрЌ˔

φϣΜρ ᴮ

ЈрЌ˔ρ⁯ ῬὛᾆẕ ЈрЌ˔ˢӟᴞˮ ῬὛЈрЌ˔˯ˣψʺ ͓ ͔Ὦτʺ

ḩה ▀Ộχ Ϭ ρβϥ ῨẸ ḩἰ  τḩβϥᶐ ˢMOUˣϬ ὫΰϘΰθʻ

10Ὦτψ χ♪╔ Υ ᾉχהḩ Ϭψαϛρβϥ ῬὛ▀Ộχ♪╔τ ᾉήϦʺ

ЈрЌ˔ ԌϜ♪╔ χ ᴂϬ“ΜϘΰθʻ

₈ῇϜʺḵ︣ρ χῬὛ▀Ộχ τΰΪʺMOUτṁξΨῖ ϬὋ βϥ πβʻ

⁯ ῬὛᾆẕ ЈрЌ˔ρχ
MOU Ὣẉό ᾉῬὛ▀Ộχ♪╔

ʿ ῀ῖ χṐᵓϬ ΰʺ χῬὛ▀Ộτיּ

ḩβϥᾆẕᵫ ẉό ∙Ӿ τνσΫϥάρτϢϤʺ

ḵ︣ρ χῬὛ▀Ộχ Ϭ βϥʻ

ῬὛχ ꜡Ϟ ᾋτḩβϥ ῖ

ῬὛṪ ϞДЃϱрχᾆẕᵫ τḩβϥ ῖ

ῬὛ▀Ộχ ∙Ӿ τḩβϥ ῖ

χ›ӪτṁξΨζχ χᶨ

ṍḧʿ☼ם ͓˙͕ (͏ ḧ)ʻ

ῨẸ ḩἰ  χᵵ

ᾉῬὛ▀Ộ♪╔χᵵ

͍ ṐḩχMOU ὫṜ אּ

Ⱳʿ ͓ 10Ὦ͑ ˢ ˣ˙10Ὦ͔ ˢ ˣ

♪╔ ʿ῝ ♯ᾆẕԌʺ ᶘễ Ὓ⌠ᴪϣ͓הʺ

ʿ ⱬהẶ ᵓχ ₰ᾋᶘ

ᾭ ӽˢה ʾ ⱬ Ῥ ˣχ♪╔

ᴀ ӽˢ Ṁʾḵ ˣχ♪╔

ḵ︣ᾉῬỘṪ ЈрЌ˔ ὁ ρᾋᶘ

ῬὛЈрЌ˔ ψʺˮ ♪╔ψῬὛ ᴟχῖ

τρςϘϣγʺṪ ρᶘ Υῖ₯βϥ Μ χ

ρσμθ˯ρ ϓʺḵ︣πχὊᾓẶ Υ ῬὛχ

τṄ βϥρ‰Ψ ᴣΰοΜϘβʻ

MOU Ὣẉό ᾉχ♪╔ψ ⁯ χ χЮז17ּ

Дϰϯπ ήϦϘΰθʻ
͎♪╔χ ◓
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ⱧỘᴟ◦כ

Ḽᵊ◦כ ̞ʺ▀ỘДЃϱр Ύ
ᶴ꜠ᵓּזз˔Ж

φϣΜ

ϽАЖДЃϱр ψ1957 τ ήϦθ⁯ ԁχДЃϱр ᴣ πβʻ
ЈрЌ˔Υᵫ ΰθⱪכ◦ ʾ ӗ ◓ˮϕμρӗ ˯τνΜοʺ ϒχᴂ Ϭ◦

ΰʺ2025כ ϽАЖДЃϱр Ϭ ΰϘΰθʻϘθʺ ῇχ ꜘᵓ ϞⱧỘᴟτḩϩϥ◦
τϜ︡Ϥכ ϙϘΰθʻ χ ΰ τϢϥ₈ῇχ Υṍ ήϦϘβʻ

ϽАЖДЃϱр χᴂ Ⱨכ◦
˙ϕμρӗ ˙

̞ᾝʿ ⱧέϜχξΨϤṪ ᶧ

ϕμρӗ

ΜνϜχ ◓χṐ

ψζχϘϘτʺ

← Ợӟ χ

ὢẊ π◓ằ

χ Ϭ︢ϥТϴ˔

ЇТз˔Ϭםᾝʻ

ϽАЖДЃϱр

₰τϢμο Ϧ

θДЃϱрϬ ᴣ

βϥ ʻ

ЄрЩиЫ˔ϼχ

ˮGЫ˔ϼ˯ψԁ

Υ τ

‰Μʻ

ὢẊ ∙Υ μθ‏ ʾϸж˔

2025

2024

11Ὦ
GOOD DESIGN 
EXHIBITION 2025

4Ὦ
ᴂ ᵓ

8Ὦ
ⱳ ₰

6Ὦ
ԁⱳ ₰

10Ὦ
Ὣᴮ
ˢ ˣ

4Ὦ
ᴂ ᵓ

8Ὦ
ⱳ ₰

6Ὦ
ԁⱳ ₰

10Ὦ
Ὣᴮ ˢ ˣ

ᴂ ᵓ

ˢ῝∞ˣ ДЃϱр

ọᵓρẶ℗πʺ Јр

Ќ˔το ᵫ℗ʻ

ϽАЖДЃϱр ᴂ כ◦

ϵрЕз˔ЂϱЕπχᴂ

ʺԁⱳ ₰ˢ

―ˣχ ʺ ⱳ

₰χ ꜘ σςʺᶆ

Тϴ˔ЇτΣΜο◦כϬ

ΰθʻ

τ ₰χ τ ΰʺ

ʺᵊ ʺ ᵊσςʺ

Τνᵃ τσϣσΜ

ϢΞʺᴡϬςχϢΞσἹ

π ΠϥΤϬ τᾁ

βϥάρϬ ♪ΰθʻ

GOOD DESIGN EXHIBITION 2025 כ◦

ẰЬАЖЌϳрπᵫ℗ήϦθ χ ꜘᵓʻ

₰ρ ʺᾢϣϦθἋḧπᵃ σΜ ꜘϬᾁ ʻ

σΣʺ ψḩἰּיΥ ϐˮ ΰ60˯τ ήϦθʻ

χ Ϟ ₰χ♪ Τϣʺг˔Ѓ˔Ϟּזᵓτ

ᴡϬ ằΰθΜΤϬ ΠσΪϦωΜΪσΜ

ᴂ ΰοχṓξΦ

ⱧỘᴟτḩϩϥ◦כ

͓ ḵ︣ᾉϋρτϞήΰΜϘκξΨϤ

ДЃϱр ọᵓϒχ╛ⱠṜⱧִי Ẹ ʺσς

ӛὯψ͍ᵕ ψ▪ σΥϣ ʻ

2ᵕ χᴂ π ΰθʻ

29



“ ḵ︣ᾉῬỘṪ ЈрЌ˔Ω ᴮ 2026 Iwate Industrial Research Institute 2026

ꜘχ τḩϩϥᵔχ ꜘχϙπψσΨʺꜛᾪ ꜡Ϟꜛ πχ ꜘὓᵊ├ ϒχ◦כΥ

Ṫ Є˔Ї ʾ ᾆẕⱧỘˢ ᾆẕˣ

▀ỘДЃϱр Ỳ ʺ Ύ ʺ ʺ ̞

ֶ╦ᵏ ʺ Ӎ ʺ

φϣΜρ ᴮ

ⱧỘּיχꜛּזPRϞ ᶨ χϋρντʺ ꜘᵓʾϱЦрЕ ϒχ ΥΚϤϘβʻΰΤ

ΰʺ ṛ ⱧỘּיχ τψ ꜘ τἂ ΰοΜϥᾝ ϜΚϤϘβʻζάπʺ ᾆẕπψ ṛ Ⱨ

ỘּיΥᶨ ᴦ σʺˮЀЕ˯Ϭ Πϥ ꜘ︣ χᵫ Ϭ ◙ΰϘΰθʻ

ꜘτḩβϥם ₰π θ ᾋϬϜρτʺ ЈрЌ˔ДЃϱржЩχ ꜘІЧ˔ІˮDe.i 

gallery˯χ╓ τ︡Ϥ ϙʺ͎νχ ꜘϹϱЖжϱрˢ ם ꜘΤϣḇα︡ϥˮᾋϥ˯ ꜘϹϱ

Жжϱрʺ ꜘ ӛϬ βϥˮ►Ξ˯ ꜘϹϱЖжϱрˣϬᵫ ΰϘΰθʻ

₈ῇψάϦϣχϹϱЖжϱрϬᶨ ΰʺḼỘ◦כϬ ΰοΜΦϘβʻ

ᾉ ḼỘχ ꜘ︣ χ‰ ᴟ
˙ ꜘᵓʾϱЦрЕ πχᶨ τΰΪο˙

̔ ꜘᵓʾϱЦрЕχ♪╔ ₰

1ʽ ꜘτḩβϥם ₰

2.ˮЀЕ˯Ϭ Πϥ ꜘ︣ χᵫ ˙͎νχ ꜘϹϱЖжϱрᵫ

Å De.i  gallery χ χᾋ ΰ
Å͏νχжЩᶨ τϢϥϵзϯ Ϊ
Å ꜘχЄд˔и˔Э Ἃḧτ

ꜘϹϱЖжϱрϬᶨ ΰθ ꜘχ‰ ᴟ◦כ ⱧỘּיꜛ Υʺ
ʾ ꜘӪ Ϭ Ӄΰ ꜘФжрϬ
├ πΦϥ
ʾ ꜘχם Ϭᶎ ΰο︣ Ϟ
Ϭᾁ πΦϥ

ДЃϱрФкЈІπ
χ Μ ΰ˙ᵔὨӛ

ˮ►Ξ˯ ꜘϹϱЖжϱрˮᾋϥ˯ ꜘϹϱЖжϱр

╓ ῇ ˮЀЕ˯Υ ϩϥ ꜘϒ

ˮЯЛ˯Ϭ►μο
ˮЀЕ˯Υ ϩϥ ꜘϒ

ꜘχ―Π ʺФкЈІʺ

ꜘ χ►Μ σςχ

Б˔и

₰πχ ᾋϬϜρτДЃϱр◘―χТк˔τϢϤʺˮᾋϥ˯ʾˮ►Ξ˯ ꜘϹϱЖжϱрϬᵫ

╓

ˮЯЛ˯τ

Т϶˔ϸІ

ΰθ ꜘ

χיּ ᴂΥΚϥУ˔І

ꜘ ˢЯЛʾЀЕˣ

̔ⱧỘּיПϯзрϽ ̔ ꜘ χԊ ₰

ꜘτ ΰ ρΰθ ӗϬϜνⱧỘּי

Ϟ
ʺ
Υ

͒ χ ꜘ τνΜοʺ
ꜘχԊ Ϭ ₰

ꜘὓᵊϞ
Ӫ Υ
ΪσΜ

ДЃϱржЩχ

ᶨ Ϭ μοϜϣΞ

ДЃϱржЩτ

χσΜ

ḬπψσΨ

Ḭ

Ќ˔ϿАЕ

ЀрЈФЕ

ꜘ χ τ
ϢϤ ṞήϦϥ
Ԋ ΥӰσϥ

ꜘӪ

χיּ ᴂ
ꜘֳ

ЯЛτ
Т϶˔ϸІ
ΰθ ꜘ

ΰθΜ
Ԋ τ›ϩ
δ Ϭ

ꜘχ‰ ᴟ

ꜘτΣ₉Ϥχ∑ψʺ ЈрЌ˔▀ỘДЃϱр ϘπΣṓὖτέ ΨιήΜʻ

̞ᾝʿḵ︣ᾉ ∞ כ◦‹ ῢ
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ṐṀ ᵒ

ἷ꜠ʿCheetah EVO ЀЮАЕГϼЛкЅ˔ЇʾЅаОрˢᶴˣ
Ω ᾁ₰ϵзϯˢ ᵃ╖ֲⱲˣʿ͐͒͌˷͍͐͌ΉΉ
Ω ЂрФи ˢ ᵃ╖ֲⱲˣʿ͑·;
̞ͩ͘╖ֲⱲχΩ ЂрФиЂϱЇ ӗʿ͑͌˷͑͌˷͑͌ΉΉ
ͭ ᾛʿḚ ӊ ͎͌˵͍͒͌ͫ͠

Ḛ Ω ͒͐ͬ
̞Ω ᵃῡή ӗʿϯиЬ͍͌͌ΉΉʺ ͑ΉΉ
ṇᴡᶘ ˢ ᵃ╖ֲˣʿ3,000

ЫϱϼкТ϶˔ϸІX CT τϢϥ
X ᵗᾁ₰

ϜχξΨϤDX ṵ ṝʺ₪ˑ

ᵵ

ˑσ π αϥ ἇ›τ ΰοʺᵰḢιΪπψϩΤϣσΜ ᴷ χ Ϟ ⇔σᾖԍ
χᵔ τψX τϢϥ ᵗᾁ₰Υ ῟πβʻЫϱϼкТ϶˔ϸІX CT ψʺ Ϭ͏͒͌
ᵕ ήδσΥϣX Ϭ ʺΰבּ ϣϦθ χX ᵃᵊ Τϣ͏ⱳᾕ σ  Ϭ™  βϥάρπʺ
Ӫӡ χ ᵊ Ϭ ᵗπḢ╔πΦϘβʻϯиЬ Ϟּב ἷ χἋ ˢЩϱЖˣʺ
◓ χψϭι Ϊ ʺϾ˔Уиχ ʺ σς ῲΜ χ ᵔ τᶨ πΦϘβʻ
̞ ψʺ῝׃∞ JKA 2024 ῝ ῬỘ♯ᾓᾆẕ τΣΪϥṐᵣ ᶈ ⱧỘπ
ήϦϘΰθʻ

︠σ▫

╖ֲⱧ

έ τνΜο

ʿṐṀ ˢӢ ♯ᾓπψ ᴂΰοΣϤϘδϭˣ
Ỳ ʿ2,800ד˗Ⱳ ˢ ͔ ͐Ὦᵠ ˣ

⌠◙ ʿ2,700ד˗Ⱳ ˢ ԌχЂЪ˔ЕΥ σ ›χϙ ΰϘβˣ

BGAχЩϱЖ
ˢ ᵃ╖ֲˣ

Ͼ˔Уиχ
ˢ ᵃ╖ֲˣ

ЀКϼЌχ
ˢCT╖ֲˣ

ϯиЬЍϱϸІЕχЩϱЖ

ˢCT╖ֲˣ
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ṐṀ ᵒ

EMC ᴣжЩ
ἷ Ӛע

Ӛע
Є˔иЖע(EMI/EMS/ (∏כּ

ϜχξΨϤDX ʺ ṝ ʺ ֽ

ᵵ

ṓ Ϟ ◓ṐṀΥ⁯ ᵰχEMC( ꜗ )ṛ τ ›ΰοΜϥΤϬ ᴣβϥʺ῝ ♯ᾓᾆ
ẕṐḩρΰοψ⁯ Ω ẘχEMC ᴣ☼ πβˢ 30 ᶕ χ Ấ ῖ ỲτϢ
ϥ ˣʻ ἷ Ӛעʺ ӚעʺЄ˔иЖעπʺ ṐṀʺӺ ṐṀʺּכ∏ σς
ῲΜ πχEMC ›ᶎ ♯ᾓΥם☼ᴦ πβʻ

Ὂ χ ₯Ϭᵔ ʺϘθᶆỸᵊϬЄаАЌ˔πỸ ϥάρπʺ ἷ χ Ϟ χיּ
Ṑ ⱱτ ΰθ  ρΰοΜϘβʻ

♯ᾓע ♯ᾓ‮ ṛᶊ ► Ỳ

ἷ
Ӛע

EMIבּ
VCCI/CISPR/FCC ᶆṛᶊ ᴂ ϯрГЗЎиЕ ᴂ

ʿ9kHz-30MHz   (ꜗᵦ) ẩ ʿ3m 
30MHz-40GHz ( ᵦ) ẩ ʿ10m/3m

ד15,400
/1Ⱳḧ

EMI ᾛЪ˔Е/ Ъ˔Е ʿ9kHz-30MHz ˢ /╣ ˣ

Ӛע

ϱЬвИГϰ♯ᾓבּ

( ) IEC61000-4-3 
80MHz-1000MHz:20V/m,  1GHz-6GHz:10V/m (AM/3m), 

(Ӻ ) IEC60601-1-2
80MHz-1000MHz:20V/m, 1GHz -6GHz:10V/m (AM/3m), 
MEṐṀΰΪự ꜗᵦ◙ ʿΩ 28V/m (PM/3m)

IEC61000-4-39ʿӺ ṐṀự ꜗᵦϱЬвИГϰ♯ᾓ
30kHz, 132,4kHz, 13.56MHz

ISO11452-2(ALSE) (∏כּ)
200MHz-3.2GHz( ), 200V/m (1m)
400MHz-3.2GHz( ), 200V/m (1m)

ISO11452-8(ꜗᵦ), 15Hz-200kHz, ּבи˔Ф , йЦиIV 

ד10,500
/1Ⱳḧ

ϱЬвИГϰ♯ᾓ IEC61000-4-6 150kHz-80MHz(-230MHz), 10V

∏כּ EMI

CISPR25
EMIʿALSEבּ 150kHz˙6GHz

EMIʿ ӊ 150kHz˙108MHz
Фк˔У 150kHz˙245MHz

EMI
Є˔иЖע

EMI
ᾛЪ˔Е 9kHz-30MHz ̞ χꜛ ᴂ
Ъ˔Е 150kHz-30MHz ̞FFTτϢϥ‰ ᴂ

1Ⱳḧ/ד1,800

/ EMC

IEC61000-3-2/3
‰ /ТзАϸ 

IEC61000-4-11
ӊДϰАФ/ Ⱳḧ / ӊ ᴟ ̞ ♯ᾓ

1Ⱳḧ/ד400

EMS
Є˔иЖע

ṓ ♯ᾓ IEC61000-4-2 Ed.3, ISO10605 Ed.3 Ω ӊʿ30kV 1Ⱳḧ/ד600

EFT/B♯ᾓ

IEC61000-4-4 Ed.3 Ω ӊʿ4.8kV
/╣ ᴂ

‹ ϸАФзрϽϼжрФ
Л˔ЫиЯ˔Ж♯ᾓ ϸАФзрϽНжр

1Ⱳḧ/ד700

Ђ˔Ѕ♯ᾓ
IEC61000-4-5 Ed.3 Ω ӊʿ6.7kV / 15kV

/╣ ΣϢό‰ (EUT/AE ◓:RJ45)ϒχ ᴂ
1Ⱳḧ/ד1,100

ᾛ ꜗᵦ♯ᾓ IEC61000-4-8 и˔ФἺ1.5mʺΩ ♯ᾓйЦи100A/m 1Ⱳḧ/ד900

∏כּ
Є˔иЖע

BCI/TWC♯ᾓ
ISO11452-4:2011, E/ECE-R10, 2004/104/EC, 95/54/EC

BCIʿ1MHz-400MHz Max300mA, 400MHz -2100MHz Max200mA
TWCʿ400MHz-3000MHz ♯ᾓйЦиIII

1Ⱳḧ/ד1,400

ᵃ ♯ᾓ
ISO7637-2, ISO7637-3(DCC /ICC /CCC ᴂ)
ISO16750-2
ꜛ Ю˔ϸ˔ṛᶊτԁכּ ᴂ( ›δ)

1Ⱳḧ/ד1,500

̕ ᴂβϥ♯ᾓ‮
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ṐṀ ᵒ

EMC ᴣжЩ
˙2025   ʾ ṛ ˙
ʾ ṓ ♯ᾓṀˢ  ˣ
ʾТϮІЕʾЕжрЅϴрЕ/Н˔ІЕ♯ᾓṀˢ  ˣ
ʾּכ∏ṐṀ /בּ EMI ЄІГЭˢ ṛ ˣ
ʾӺ ṐṀꜗᵦϱЬвИГϰ♯ᾓЄІГЭˢ ṛ ˣ

ᵵ

∞׃῝ JKA 2025 ῝ ῬỘ♯ᾓᾆẕ τΣΪϥṐᵣ ᶈ ⱧỘτϢϤʺ EMC
ᴣжЩπ ᴂβϥᶆ EMC♯ᾓ τνΜοʺΩ ṛᶊϒχ ᴂΣϢό ᴂṛᶊᶈ χθϛʺ
Ϭ  ʺ ΰϘΰθʻ

˓ ṓ ♯ᾓṀˢ  ˣ
2025 3Ὦτ “ήϦθ ṓԊᴥ♯ᾓχ
Ω ṛᶊˮIEC61000-4-2 Ed.3˯τ ᴂΰϘΰθʻ

ᴂṛᶊ
IEC61000-4-2 Ed.3 (2025)
ISO10605 Ed.3 (2023)
Ω ӊʿ30kV

˓ТϮІЕʾЕжрЅϴрЕ/Н˔ІЕ♯ᾓṀ(  )
PCΤϣχ♯ᾓ ῈϞ╣ ᾛϒχԊᴥ♯ᾓτ
ᴂΰϘΰθʻ

ᴂṛᶊ
IEC61000-4-4 Ed.3 (2012) 
Ω ӊʿ4.8kV

∏כּ˓ /בּ EMI ЄІГЭˢ ṛ ˣ

CISPR25 Ed.5.0 (2021)
ALSE ( (בּ 150kHz˙6GHz
ӊ ( ) 150kHz˙108MHz

150kHz˙245MHz

˓Ӻ ṐṀ ꜗᵦϱЬвИГϰ♯ᾓЄІГЭˢ ṛ ˣ
ᴂṛᶊ
ISO60601-1-2 Ed.4.1 (2020)
IEC61000-4-39 Ed.1.0 (2017)

30kHz, 132.4kHz, 13.56MHz

ІЫ˔ЕТ϶рϞ
ЌУйАЕΤϣψ

άκϣ
EMC ᴣжЩHP

EMC♯ᾓ χ ΰΜ ψάκϣ
̠ ḵ︣ᾉῬỘṪ ЈрЌ˔EMC ᴣжЩ

ḵ︣ EMC ᾁ┤ϜΰΨψ
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Ῑ ʾ ♯ᾓṐχ ᵒ
ếϵКиϻ˔ἷ Ῑ ♯ᾓṐʾϹІ ♯ᾓṐ
›Ђϱϼи♯ᾓṐʾת ♯ᾓṐ

Ṑ ∙ Ṫ ₪ˑ

ếϵКиϻ˔ἷ Ῑ ♯ᾓṐ
˻ḵ≤ ṓ(ᶴ) XER-W83˼

͍ ᵵ
ΊτựⱨΰθϺЈЛржрФϬΊᾛρΰ

     θ♣ᵰ τϢϥ ᴟ ♯ᾓ ʻ
͎ χ▫

בּ 60˙180 W/Ή2

Ίᾛ ꜠ϺЈЛржрФ
ᴂṛᶊ
JIS K 5600-7-7ˢ ḩἰˣ
JIS K 7350-2ˢФжІЎАϼḩἰˣσς

͏ Ӣ ♯ᾓχ︣
♯ᾓⱲḧ͍ⱲḧτνΦʺ
בּ 60 W/Ή2 ד900

180 W/Ή2 ד1,100

›Ђϱϼи♯ᾓṐ
˻ІϹ♯ᾓṐ(ᶴ) CYP-90˼

͍ ᵵ
ת ʺ᷃ דʺ χ ›δϬἣϤ ΰ“
Μʺ › σ ♯ᾓΥם☼ᴦ σ ʻ

͎ χ▫
♯ᾓ‮ ת ᴛ 35 ̆Ϙθψ50 ̆

ׁ 5̋ ת
᷃ ᴛ ˢעᴛ˴10 ̆ˣ˙70̆

ד 25̋
ד ᴛ ˢעᴛ˴10 ̆ˣ˙50̆

ד 60˙95̋
ᴂṛᶊ
JIS K 5600-7-9ˢ ḩἰˣ σς

͏ Ӣ ♯ᾓχ︣
♯ᾓⱲḧ8ⱲḧτνΦʺ3,300ד

ת ♯ᾓṐ
˻ІϹ♯ᾓṐ(ᶴ) STP-90V˼

͍ ᵵ
ת χ τϢμο ♯ᾓΥ

ᴦ☼ם σ ʻ
͎ χ▫
♯ᾓ‮ ת 50˶͑;/͡

♯ᾓ ᴛ 35˶2̆
ᴂṛᶊ
JIS K 5600 7-1ˢ ḩἰˣ
JIS H 8502ˢϛμΦḩἰˣσς

͏ Ӣ ♯ᾓχ︣
♯ᾓⱲḧ24ⱲḧτνΦʺ2,800ד
ˢ150mm˷100mmχ ͑ ˣ

ϹІ ♯ᾓṐ
˻(ᶴ)╦≤ Ṑᾆẕ GH-180-Mἷ˼

͍ ᵵ
ϹІ Ӥṓτο ♯ᾓΥם☼ᴦ

σ ʻ
͎ χ▫
♯ᾓᴦ ϹІ ▒ᴟ ᴍˢSO2

ᴟ H2S
♯ᾓᴦ ᵕ ͏kg ᴞ 20kg
ᴂṛᶊ
JIS H 8502ˢϛμΦḩἰˣ
JIS C 60068 2-43ˢ ◓ ḩἰˣσς

͏ Ӣ ♯ᾓχ︣
♯ᾓⱲḧ24ⱲḧτνΦʺ8,200ד
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̕
ʾФжІЎАϼ Ἱ Ϟ Ӳχ
ʾЁЭϞ −χ
ʾ ṓ ◓ χ Ӱ
ʾ χЀ˔ГϰрϽϞ χ ᴣ
ʾỲ τ ΰθЄЬϞױϦχᵔ
̕▫
ʾ ᵃ/ בּ ʾ בּ (ATR)
ʾ‰ḇ בּ (RAS)
ʾ ᶑ בּ ᵔ Ί (pMAIRS)
̕Ӣ ♯ᾓ︣ ʺṐṀ ᴣ
Ӣ ♯ᾓ ͍ὯτνΦ ד4,000
ṐṀ ͍ⱲḧΚθϤ ד2,800

FT-IRψ῝׃∞ ͖͟͠χ ⱧỘτϢϥ πβ.

̕
ʾỲ ϞЈжЬАϼІχᾕ ʾӰ χᾕ
ʾ ♦ χ Ṑ ᴥ−χ ʾϛμΦχᾕ
̕▫
ʾ ӽʿ Ἲ0.03ʺ1ʺ2mm
ʾ ᴦ ᾕ ʿЗЕзϳЭˢNaˣ˙ϳжрˢUˣ
ʾ♯ Ω ʿ270˷270˷100mm
ʾX ḚẔʿкЅϳЭˢRhˣʺ50W
̕Ӣ ♯ᾓ︣ ʺṐṀ ᴣ
Ӣ ♯ᾓ ͍ὯτνΦ ד4,200
ṐṀ ͍ⱲḧΚθϤ ד2,100

Ӱ χ ḩ

ᾒ ᵰ Ί (FT -IR)
ϵКиϻ˔ ╩ἷὒΊX (ED-XRF)

Ṑ ∙ Ṫ Ṇ

˻Ђ˔ЯТϰАЄа˔ЂϱϵрГϰТϰАϼᶴ꜠ᵓּז

ἷ꜠ Nicolet iS50 FT -IR , Nicolet Continußm˼
ᾒ ᵰ Ί ˢFT-IRˣ

CH2

ϵІГи
C=O

ᵵ

Ῥ π₤ βϥӰ χ ψʺ ᴷ χ Ϟ χ ├ρΰο τ πβʻ
Ṑ ˢФжІЎАϼʺЁЭσςˣρל Ṑ ˢỲל σςˣʺζϦηϦϬ τ πΦϥ

Ϭ ΰοΜϘβʻӢ ♯ᾓϞṐṀ τϢϥ ΥπΦϘβʻ

ᾒ ᵰ Ί (FT-IR)ʿФжІЎАϼʺЁЭʺ σςχῬỘ∙ χ
ϵКиϻ˔ ╩ἷὒΊX (ED-XRF)ʿỲ ʺЈжЬАϼІσςχᾕ

˻ϯЮГАϼᶴ꜠ᵓּז

ἷ꜠ ORBIS˼
ϵКиϻ˔ ╩ἷὒΊX ˢED-XRFˣ

Cr( )

Fe( )

Ni( )

FT-IR

ED-XRF

ІГрйІ
ˢSUS304ˣ

Energy [ keV ]

FeCr

Ni

In
te

n
s
it
y 1 mm

ϵІГи
C-O

CH3

CH3

CH2

CH2

CH2

CH3

0.5 mm

1 mm …

ϯϼзиὉ
−

CH2
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ЄІГЭˢ ᶴ꜠ᵓּז )

ˢHJ1001SD8x ˢHJB8012SD1x

Ѐϱрἷ
ṛ НАГз˔   

˦жЬК˔Еἷ ˧НАГз˔ϕΤר/ 

Ω ͔ch ᴦ ͍chχϙ ᴦ

ӊйрЅʿ͌V˙Ω 10V

йрЅʿ͍A,100mA,10ΉA,

1ΉA,100ɛA
Ⱳḧ ʿ 0.1 ˙ 100 ˢ ᵔ

0.1 ˣ
ᴛ ʿ25˶͎                                                          

ӊйрЅʿ͌V˙Ω 75V

йрЅʿΩ 100A

Ⱳḧ ʿ 0.0 ˙ 1000h

                       s ᵔ 0.01 ˣ
ᴛ ʿ25˶͎

♯ᾓ

Ṑ ∙ Ṫ ₪ˑ
ϜχξΨϤDX ҹ ṝ◗

ᵵ

ự ʺ ◓ṐṀτ ˑσ χ Υ ∏ήϦοΣϤʺ ◓ṐṀχ ὓᵫ
τΣΜοʺάϦϣ χ ᴣΥẐϛϣϦοΜϘβʻ

ЈрЌ˔πψʺЀϱрἷ χ ♯ᾓχϕΤʺ ἷНАГз˔
ˢ ἷרНАГз˔ϕΤˣχ ♯ᾓΥᴦ πβʻ

˓ Ⱨ
ʾ◕ НАГз˔χ ʺBMSˢНАГз˔ЫКЅЮрЕЄІГЭˣχᵫ
ʾзЎϳЭϱϷр ⱳ χ∙ ˢᶨ ˣᵫל ʺЫϽКЄϳЭ χᵫ
ʾ ˢНАГз˔ˣχзЂϱϼиṪ ᵫ ϕΤ

̞ χ ⇔ψ HPϬῈ╥―ΨιήΜʻhttps://www.meidensha.co.jp/hkt/

̞ Ὲ χ∑ψʺ♯ᾓⱲχ ᴲτ βϥӗ ├ϬΣḻΜΰϘβʻ

˓ Ỳ ͍ⱲḧΚθϤ4001/דch    ̞ ṛ НАГз˔ Ỳψ► τᴂαο ᾋ

˓ Ṑ ∙ Ṫ ˢ₪ˑ ˣ/ϜχξΨϤDX ˢҹ ˣ
ˢЈрЌ˔ ‹ˣ019-635-1115
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3DДЅЌϱЅрϽ τϢϥ
Ἱ ᾁ₰ΣϢόзН˔ІϵрЅИϯзрϽ

Ἱ∙ФкЈІṪ ⅔◓

ᵵ

3DДЅЌϱЅрϽ ψʺ Ϟ χἹ Ϭ πὓ ΰοʺ3ⱳᾕД˔ЌϬ ϥάρΥπ
Φϥ πβʻ ψʺ3DІϺаЗ( 3D Ṑ)ρʺζχІϺарД˔ЌΤϣἹ ᾁ₰Ϟз
Н˔ІϵрЅИϯзрϽϬ“ΞЊТЕϳϴϯπ  ήϦοΜϘβʻ
Ἱ ᾁ₰πψʺІϺарД˔Ќρ ὓД˔Ќˢ3D CADД˔ЌσςˣϬ ᶓΰʺ χЇйσςχ
Ἱ χ ᴣΥπΦϘβʻ ꜠χ Ṑπψ Υ ΰΜʺỚ Ἱ Υ ΜϜχʺϞϩϣΤΜ
χל∙ Ϟʺ Ϊθ χϯЈрУз Ϭ βϥάρϜᴦ πβʻ
Ϙθʺ ΥσΜ Ϟ Ϭ ΰοCADД˔ЌϬ⌠ βϥάρϜπΦϘβʻ ϣϦθCAD
Д˔Ќψʺ3DФзрЌτϢϥ ЯДиχ ⌠ϞʺЄЬвй˔ЄдрϬ Μθ  ᵔ τϜᶨ π
ΦϘβʻ

˻ ▫ ˼

˻ ᵰ ˼ T-SCAN CS˴ψ ᵰ ΥπΦϘβʻ ΰΨψ ϘπΣיּ ›δᴞήΜʻ

˻ ˼ Ἱ∙ФкЈІṪ ⅔◓ ˢ ‹ˣ019-635-1115

˻3DІϺаЗ˼

ὓД˔Ќρχ ᶓ

ЯДи ⌠

3DФзрЌ

Ἱ ᾁ₰

̞1ϸЮжχйрЇτϢμο χ Ӥρ Υ ϩϤϘβʻ
̞2 › ψʺ͍ЄдАЕ ˷͎Υ ӗπβʻ
̞3͍ mχН˔Ͽ˔ЅϬ ΰθ ›ʻὓ ЂϱЇτϢμο ϩϤϘβʻ

м˔ϼ

COMET6 16M

T-SCANCS˴

˻ Д˔Ќχᶨ Ⱨ ˼

ϸж˔ЫАФπ ꜘήϦʺ
♪ᶐ τ ЇйΥϩΤϤϞβΜʻ
̞ ʺ χ ψ Їй

ᾥΜ Ϟ ♁ρσμθ
σςχ ЯДиϬ ⌠π

Φϥʻ

м˔ϼ

3DІϺаЗ Ω Ӥ [mm] [mm]

COMET6 M16 1,235˷823˷600 ̞1
˶0.005˙0.080̞1,2

(͍ЄдАЕˣ

T-SCAN CS˴ 2,000˷2,000˷2,000 0.1ӟ ̞3
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ˮϯϱДϯϬἹτ˂˯
ДЃϱржЩΥ♯⌠Ϭ◦כΰϘβ

˙IIRI DESIGN LABχԊ╓ṐṀ ᵒ˙

▀ỘДЃϱр Ỳ

ᵵ

IIRI DESIGN LABπψʺ ϞОАϾ˔Ѕχ♯⌠τΣ►ΜΜθιΪϥԊ╓ṐṀϬ ΰοΜϘβʻ

ˮ ἷЊиЦрЕϱрϼФзрЌ˯ψ −ὉϱрϼϬ► ΰʺתРЄ˔ЕϞ ТϰиЭσςχ

ЮДϰϯτϜԊ╓πΦϘβʻᴒᵰῲ⁮ χϕΤʺжЦиϞ σςχ χ♯⌠Υᴦ πβʻ

ˮОАϾ˔Ѕ♯⌠ЄІГЭ˯ψUVФзрЌρϸАГϰрϽЫЄрρχ ὀπʺϸж˔Ԋ╓ΰθ♠

Ṁχ ᵫ ˢ ϙ οοДЃϱрᾁ Υᴦ ˣσςχ♯⌠ΥπΦϘβʻϘθʺй˔Ѓ˔ ⁭Ṑ

ρ ϙ›ϩδϥάρπʺήϣτ ˑσ χ♯⌠Υᴦ πβʻ

IIRI DESIGN LABχṐṀπʺϯϱДϯϬἹτΰοϙϘδϭΤˁ

έ χ∑ψФзрЕʺϸАЕ χйϱϯϳЕД˔ЌϬέ ӪΜθιΦϘβʻД˔Ќχ▫ τḩΰοψΣ ›δᴞήΜʻ

ἷЊиЦрЕϱрϼФзрЌ

♠ Ϥ ꜠ к˔и♠ 1

♠ 300˙1,626mmˢ64ϱрЎ)

► ϱрϼ
10 ˢЄϯрʺЫЉрЌʺϱϵк˔ʺУ
жАϼʺжϱЕЄϯрʺжϱЕЫЉрЌʺϽ
й˔ʺϷйрЅʺйАЖʺШмϱЕˣ

ЮДϰϯ

̞ЮДϰϯχⱱ₅τ
νΜοψ

ʺРТϰиЭˢЫАЕʾϽкІˣת
› ♠ˢYUPOˣʺ ТϰиЭ
ˢPETʾ ˣʺТ϶ЕЧ˔О˔

ОАϾ˔Ѕ♯⌠ЄІГЭ

Ω ⌠ Ӥ
ʿ610mm˷ Ϥ ΰʿ420mm
ˢA2ˣʺῡήʿ153mmӟᴞ

► ϱрϼ
ЄϯрʺЫЉрЌʺϱϵк˔ʺУ
жАϼʺШмϱЕʺϼзϯʺФж
ϱЫ˔

ϸАЕᴦ Ӥ 610mm˷510mm

Ω ϸАЕᴦ
ЮДϰϯῡ

йЄФкϸАЌ˔ 10mmˢ ︣χ
Щ˔иʺІЎйрЩ˔Ж ˣʺ
ЌрЅϴрЄаиϸАЌ˔ 2mm
ˢῡ♠ ˣ

ϸАГϰрϽЫЄр
ЬЫϺ CFL-605RT

Ỳʿ700ד˗Ⱳḧ˴∙ ˢϱрϼʺЮДϰϯ ˣ
ЮДϰϯ Ỳψ͍Ή ӡʺЮДϰϯ τϢϤỲᶛΥӰσϤϘβʻ

Ỳʿ1,100ד˗Ⱳḧ˴∙ ˢUVФзрЌχϱрϼ ˣ
UVФзрЌ ψϸАГϰрϽЫЄрχϙχέ πϜ ԁ ỲρσϤϘβʻ

EPSON SC-S80650X1

Ἷꜘ Ϟᴒᵰῲ⁮ ˢЪІЌ˔ʺОКиʺḘ ʺ ʺТжАϽʺНЗ˔
ˣʺОАϾ˔Ѕ♯⌠ˢжЦиʺТϰиЭὉχОАϾ˔Ѕ ˣ

πΦϥ
άρ

πΦϥ
άρ

π

UVФзрЌ
ῲΜ ∙Ϟ ϒχԊ
╓ˢ τ ϦϥϜχϬ
Ψˣ

ϸАГϰрϽЫЄр
ӪχἹπχ♠ χϸА
ЕʺжЦиχМ˔ТϸА
ЕσςχϸАЕᴥῬ

χṐṀρχ ϙ›ϩδπ

UVФзрЌ˴й˔Ѓ˔ ⁭Ṑ
ϯϼзиІЌрЖʺϯϼзиϺ˔
ШиЍ˔

ἷЊиЦрЕФзрЌ˴
ϸАГϰрϽЫЄр
жЦиϞЄ˔и

ЈАЕπ

♠ σςχ♯⌠
ᵫ χДЃϱрϬ

UVФзрЌπ ῇ
ϸАГϰрϽЫЄрπ
ϤỪ ϦʾϸАЕ

UVФзрЌ
ЬЫϺ UJF-6042M·
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