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STA  

LabSTAF  

 

 

 

 

 

 

 

 

ẽ ⱪꜝfi◒♩fi─ ─ 

  ꜞ▪ꜟ♃▬ⱶ  

ẽ 7≈─ ⌂╢ ─  

ẽ ♦ꜙ▪ꜟ  

ẽ  

  ( :0.001mg/m
3◒꜡꜡ⱨ▫ꜟ a) 

ẽ 3 ─◘fiⱪꜞfi◓  

ẽ ◒ꜞכ♬fi◓⌐╟╢ ─ 

  ⸗♬♃ꜞfi◓  

ẽ ∟ ┘⌐ ╣√  

  

LabSTAF │⁸Single Turnover Active Fluorometry(◦fi◓ꜟ

Ⱪ▫♥◒▪כⱣכ○fiכ♃ )╩ ™≡ ⱪꜝfi◒♩

fi─ (PhytoPP)╩ כ◦ꜟ▼♅╢∆ ─

≢∆⁹ │ FRR

FastOccean─ 3 ⅛╠ 7 ⌐⇔⁸ ╩ 1 ⅛

╠ 2 ⌐∆╢↓≤≢⁸ ─☻Ɑ◒♩ꜟ ╛

─ ⁸Ɽ♇◔כ☺ ⌐╟╢◒꜡꜡ⱨ▫ꜟ

─ ─ ╩ ≤⇔╕⇔√⁹╕√⁸ ⌂

≢─ ╩ ≤∆╢↓≤⌐╟∫≡ FastOcean

⌐ ═ ─ ⅜⌂↕╣╕⇔√⁹ 

 

⌐│ ⁸ ⁸ⱨ꜡כꜟ☻כ☿ꜟ ─ 3 ≈⅜ ↕

╣≡⅔╡⁸ ⸗♬♃ꜞfi◓⌂≥─ ─ ╩ ℮

─ꜟfi◓╛◘fiⱪ♬כꜞ◒⁸│ ╣ ⅎ⅜ ⅎ╢ ⅜

≢∆⁹ 

 

│◖fiⱤ◒♩≢ ⌂ ◐ꜗꜞfi◓◔כ☻≢ ∟

┘⌐ ╣≡⅔╡⁸ ╛ ≢─ ⌐ ≢∆⁹▪

ⱪꜞ◔כ◦ꜛfi≤⇔≡⁸ 

 

ừ◓꜡כⱣꜟ ─ ◦☻♥ⱶ─  

ừ ◦☻♥ⱶ─ ≤ ─  

ừ ─♃כ♦  

ừ ─ ≤⸗♬♃ꜞfi◓ 

ừ ─ ≤ ─⸗♬♃ꜞfi◓ 

ừ ╩ ∆╢√╘─ ⸗♬♃ꜞfi◓ 

ừ ─ ⌐ ╢ ─  

 

⌂≥ ₁⌂ⱨ▫כꜟ♪≢↔ ™√∞↑╕∆⁹ 

 

 

 

 

NEW  
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 ⱪꜝfi◒♩fi 

 0.001mg/m
3◒꜡꜡ⱨ▫ꜟ a  

 LED 

( ) 416nm⁸452nm×2⁸473nm⁸495nm⁸534nm⁸594nm⁸622nm 

 12ⱦ♇♩ ≢ 10~2,400µmol·photons/m
2
·sec─  

◘fiⱪꜟ♅ꜗfiⱣכ BK7ⱬכ☻─ ●ꜝ☻ ⁸20mL◘fiⱪꜟⱲꜞꜙכⱶ 

 8.1kg 

◦☻♥ⱶ  235mm(H)×320mm(W)×420mm(D) 

IP  IP64 

 

 

♁ⱨ♩►▼▪ 

RunSTAF♁ⱨ♩►▼▪│ ≈─♁ⱨ♩►▼▪≢ ─

╛ 7≈─ ⌂╢ ⅛╠ ⁸№╢™│

─ ⁸ ─ ⁸ ─ ╣ ⅎ╛◒ꜞכ

♬fi◓ ─ ≡─ ⅜ ⅎ╕∆⁹ ◒│♃כ♦√⇔

ꜞ♇ⱪⱲכ♪ ⌐╟╡ Excel ╩♃כ♦⌐ ↑ ⇔⅜

≢⅝╕∆⁹ 

 

OS│⁸ⱴ▬◒꜡♁ⱨ♩ Windows10≢∆⁹♁ⱨ♩

►▼▪│⁸™≈≢╙Web ⅛╠ ─Ᵽכ☺ꜛfi⌐

⌐≡▪♇ⱪ◓꜠⁹∆╕⅝≢♪כ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NEW  
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ⱴꜟ♅ FRR  

FastOcean  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ẽ ◒꜡꜡ⱨ▫ꜟ ─ꜞ▪ꜟ♃▬ⱶ  

ẽ (0~30mmol·photons/m
2
·sec) 

ẽ 3 ─ ⌐╟╡╒≤╪≥─ 

  ⱪꜝfi◒♩fi ─  

ẽ ◦fi◓ꜟ♃כfi○כⱣכ≤ⱴꜟ♅ⱪꜟ♃כfi 

─כⱣכ○ ⅜  

ẽ ™♄▬♫Ⱶ♇◒꜠fi☺ 

ẽ PAR☿fi◘○ⱪ◦ꜛfi⌐╟╢ 

─  

ẽ ⁸ ─  

  

FastOcean │⁸FAST
tracka

I ⁸II ⌐ ↄ ─ FRR

≢∆⁹FAST
tracka

I ⅛╠ II ┼≤ ⇔√

│ (GP)─ ─╖∞∫√─≤⁸ ─ ⌂

│ ─ ∞↑⇔⅛ ⅎ⌂™↓≤≢⇔√⁹∕╣╝ⅎ⌐

◦▪ⱡⱣ◒♥ꜞ▪ ╩ ╢↓≤⅜≢⅝╕∑╪≢⇔√⅜⁸

FastOcean ≤⌂∫≡ 3 ─ ≤∆╢↓≤≢ ─

FRR ─ √⌂ ╩ ≤⇔╕⇔√⁹ 

 

 ừ ─  

 ừ ⱪꜝfi◒♩fi─  

 ừ Ⱪꜟכⱶ─  

 

│⁸II ─꞉▬♪♄▬♫Ⱶ♇◒꜠fi☺╩∕─╕╕⌐ LED

─ ─ ⌐ ⅎ⁸3 ─ ╩ ⌐⁸№╢

™│ ⌐ ─╖ ≢⅝╢╟℮⌐⌂╡╕⇔√⁹

│ ╩ ╘√ ≢⁸꞉ ▬♪♄▬♫Ⱶ

♇◒꜠fi☺⌐ ⅎ╢╟℮ ╩fiכ▼♅♪כⱡ▬♄☺כ♥☻10

⇔⁸ │ 40% ◖fiⱤ◒♩⌂╡╕⇔√⁹ 

 

│ ◦fi◓ꜟ♃כfi○כⱣכ─╖─ ≢

⇔√⅜⁸ √⌐ⱴꜟ♅ⱪꜟ♃כfi○כⱣכ⌐╙ ⇔╕

⇔√⁹ │ 10 ─ ⱪ꜡♩◖ꜟ⅛╠⁸ ₁

5 ─ ⁸ ⅜ ≢⅝⁸ ≢ 8,000

╙─ ╡ ⇔ ⅜ ≢∆⁹↓╣╠─ ─ ⱪ꜡♩

◖ꜟ│ 200µ ⅛╠ ≢⅝╕∆⅛╠⁸ ∆╢

╛ ─ ╣⌐ ⌐ ≢⅝╕∆⁹ 

 

╕√⁸◘►◘fiⱪ♩fi ☿fi♃כ≤◄☿♇◒☻ ─

⌐╟∫≡ ↕╣√ ⇔™▪ꜟ◗ꜞ☼ⱶ╩ ∆╢

↓≤≢ (GPP)─ ⅜ ⅎ╕∆⁹ │⁸ⱨꜟ

♅♃♬►ⱶ ≢ ─ ≢ ⌐╟╢ │№╡╕∑

╪⁹ 

 

FastOcean │ (Ambient)≤ (Dark)⁸PAR☿fi◘ ╖

╦∑√◦☻♥ⱶ(FastOceanAPD)≤⇔≡ ≢─

─ ╩ ≤⇔≡™╕∆⁹ ♅ꜗfiⱣ

FastAct2כ ≤ ╖ ╦∑╢↓≤≢⁸ ≢ ⱪꜝfi◒♩

fi─ ( ╩ ⇔√ - )─

⁸Flow Chamber Assembly≤ ╖ ╦∑╢↓≤≢ ⸗♬

♃ꜞfi◓⅜ ⅎ╢⌂≥⁸▪♃♇♅ⱷfi♩♃▬ⱪ─○ⱪ◦ꜛfi

╩ ⌐ ⇔≡™╕∆⁹ 

FastOceanAPD  
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FRR  

FRRf(Fast Repetition Rate fluorometry)│⁸ ─ 

⌐ ≈ ≢∆⁹ 

LED▪꜠▬⌐╟╢ 1µ ─ ⌐╟∫≡  

↕╣╢◒꜡꜡ⱨ▫ꜟ ─ ╩ ∆╢≤ 

™℮ ⅝╩∆╢ ≢∆⁹ 

 

╕∏ ─ ⌐ 80~100 ─ ╩ ↕∑╢ 

↓≤≢ ↕∑≡ ╩ ╢─⅜ ⌂ ™  

≢∆⁹↓─ ⌐⁸ ↕╣√ ≢◒꜡ 

꜡ⱨ▫ꜟ-a─ ⅜ ⇔≡ II ─ ⅜ 

♀꜡ ⌐╕≢ ⇔╕∆⁹ 

 

│ ⌐ ─ 40~50 ⇔⁸◒꜡꜡ⱨ▫ꜟ-a─ ⅜ ⇔⁸ ⅜ ⇔╕∆⁹ ⌐

⅝╢◒꜡꜡ⱨ▫ꜟ ─ ─ ⌂ⱪ꜡☿☻⁸≈╕╡ II ─ ╣╩ ∆╢⅛ ™│ ∆╢⅛╩ ⇔

╕∆⁹↓─ ─ ⅜№╣┌ ⌂ⱪ꜡☿☻⌐▬fiⱤ◒♩╩ ⅎ╢─≢⁸∕─ ╩ ╢↓≤⅜≢⅝╕∆⁹ 

 

 

♁ⱨ♩►▼▪ 

─♁ⱨ♩►▼▪ Fastpro8│⁸ ╛ ─ 

╛◦fi◓ꜟ♃כfi○כⱣ⁸כⱴꜟ♅ⱪꜟ♃כfi 

─כⱣכ○ ⱪ꜡♩◖ꜟ─ ⅜ ⅎ╕∆⁹ 

╕√⁸ │♃כ♦√⇔ ─Ɽꜝⱷכ♃╩ꜞ▪ꜟ 

♃▬ⱶ⌐ ⁸ ╡╕∆⁹ 

 

OS│⁸ⱴ▬◒꜡♁ⱨ♩ Windows 10⌐⌂╡╕∆⁹ 

 

 

 

Ɽꜝⱷכ♃  

 Fo : ─ ─ ( ⁸ )
 

P :  ◄Ⱡꜟ◑כ ─  

 Fo
ô
 : ─ ─ ( ⁸ ) RsPSII : II─ [photons·flashlet-1]  

 Fm : ─ ─ ( ⁸ )
 

aPSII : II─ [photons·flashlet-1]  

 Fm
ô
 : ─ ─ ( ⁸ )  sPSII : II─ [nm

2
]  

 Fmr : ─ ─ ( ) [Chl]  : ◒꜡꜡ⱨ▫ꜟ-a [mg·m
-3
]  

 Fa : ⌐⅔↑╢ ─ ◦◓♫ꜟ tf  : II─ ⅜ ╕∫√ ─ [µS]  

 Fv/Fm : ─ ( )  

 Fv
ô
/Fm

ô
 : ─ ( ) 

 

:○ⱪ◦ꜛfi─♄כ◒♅ꜗfiⱣכAssy.─ ⁸╕√│FastOceanAPD◦☻♥ⱶ─ ⅜№╡╕∆⁹ 
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Series

Seq 1 Seq 2 Seq 3 Seq 4 Seq 1

Acq pitch 1 Acq pitch 2

Protocol 1 Protocol 2

 

 

 

│ FastOcean ─ ⌐⌂╡

╕∆⁹ 

 

─ │⁸ ≤⌂╢ Series

│ ─ ⱪ꜡♩◖ꜟ(protocols)⅛

╠ ╡⁸ ⱪ꜡♩◖ꜟ 1(protocol 1)

╩ ∆╢≤ ≈─ acquisition⌐⌂╡⁸

↓╣│ ≢fi☻(Sequence)◔כ◦─

↕╣╕∆⁹ 

│☻fi◔כ◦─₁ Block⅛╠ ╡⁸

Block │ ≤ ≢ ↕

╣⁸Block ─ │⁸ flashlet 

interval increment╩ ∫≡ ╛∆↓≤

⅜≢⅝⁸↕╠⌐ ☻fi◔כ◦∂ ─

Block ≢◦fi◓ꜟ♃כfi○כⱣכ │ⱴ

ꜟ♅ⱪꜟ♃כfi○כⱣכ─ ⁸

╩ ≢⅝╕∆⁹ 

 

↓─╟℮⌐ ⌐ ⇔⁸╟╡ ⅛ↄ

⅜ ⅎ╢↓≤≢⁸ ╛ ⁸

╛ ╩ ╦∏ ™ ╩

≤⇔╕⇔√⁹ 

 

 

ⱪ꜡♩◖ꜟ 

◦fi◓ꜟ♃כfi○כⱣ⁸כⱴꜟ♅ⱪꜟ♃כfi○כ 

Ᵽכ─ 2≈─ ⱪ꜡♩◖ꜟ│⁸ ╩  

10 ─ ⱪ꜡♩◖ꜟ⅛╠⁸ ₁ 5 ─  

⁸ ⅜ ≢⅝⁸ ≢ 8,000  

╙─ ╡ ⇔ ⅜ ≢∆⁹ 

 

ⱴꜟ♅ⱪꜟ♃כfi○כⱣכ─ ≢ ⌂  

⅝ ┌⇔(flashlet interval increment %) ╙ 

⇔ↄ ↕╣╕⇔√⁹ 

 

 

 

 

Sequence 1
Sequence interval (Protocol 1)
Sequence 2
Sequence interval  (Protocol 1)
...
Sequence 4
Sequence interval  (Protocol 1)

Block 1
Block 2

Series Sequence 1
Sequence interval (Protocol 2)

Protocol 1
Acquisition pitch 1
Protocol 2
Acquisition pitch 2
...

Flashlet 1
Flashlet interval 1
...
Flashlet 100
Flashlet interval 100

Flashlet 1
Flashlet interval 1
...
Flashlet 50
Flashlet interval 50

Block 1
Block 2

Flashlet 1
Flashlet interval 1
...
Flashlet 2500
Flashlet interval 2500

Flashlet 1
Flashlet interval 1
...
Flashlet 200
Flashlet interval 200

 

◦fi◓ꜟ♃כfi○כⱣכ ⱪ꜡♩◖ꜟ  

ⱴꜟ♅ⱪꜟ♃כfi○כⱣכ ⱪ꜡♩◖ꜟ  
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─ ─ │⁸ ⌂ Fm ╩ ╢√╘⌐ ≢∆⁹ │ 0 ~ 30mmol·photons/m
2
·sec ≢ ≢⅝╕

∆⅜⁸ ⌐╟∫≡ II ─ ─ ⅜ ⌂╡╕∆⁹ ⅎ┌⁸ ⅜ ™ │

≢ II ─ ─ ⅜ ⌂↕╣╕∑╪⁹ ⌐ ™ ⁸ ⅜ ↄ⌂╡∆⅞╕∆⁹ ∆⅞≡╙ ∆

⅞≡╙│∫⅝╡⇔√ ⅜ ╠╣⌂ↄ⌂╢─≢⁸ ⌂ ╩ ╢ ⌐│⁸ ⇔√ ⌐ ∆╢ ⅜

№╡╕∆⁹ 

⌐│⁸RsPSII ╩ꜞ▪ꜟ♃▬ⱶ⌐ ↕∑╢↓≤⌐╟╡⁸ ╙ ⇔√ ≢№╢ 0.06 ⌐⌂╢╟℮ LED ╩

∆╢↓≤≢⁸╟╡ ─ ⅜♃כ♦™ ╠╣╢╟℮⌐⌂╡╕⇔√⁹ 

 

 

Ẽ ─ ⅜ ™ ─  

LED drive = 120 ( : 29mmol·photons/m
2
·sec) 

RsPSII = 0.1056 ( ) 

Fv/Fm = 0.494 

 

№╕╡⌐╙ ↄ ⌐ ⇔≡™╕∆⁹↓─ ─ 

─ ╕╢≤↓╤≢ ╟╡╙ ◦◓♫ꜟ 

⅜ ↄ⌂∫≡™╢─│ⱨ▼○ⱨ▫♅fi─ ≤ ⌐ 

╟╢╙─≤ ≢⅝╕∆⁹ 

 

 

Ẽ ─ ⅜ ™ ─  

LED drive = 24 ( : 7.7mmol·photons/m
2
·sec) 

RsPSII = 0.0398 ( ) 

Fv/Fm = 0.505 

 

Fm │↓─ ─ ╙ ™ ◦◓♫ꜟ ╟╡╙ ™ 

⌐№╢≤ ↕╣ ⅜ ⇔╕∆⁹ 

 

 

Ẽ ─ ⅜ ╙ ⇔√  

LED drive = 54 ( : 15mmol·photons/m
2
·sec) 

RsPSII = 0.0619 ( ) 

Fv/Fm = 0.514 

 

─ ◦◓♫ꜟ⅜ 30─ ╡ ⇔  

≢ ∆╢╟℮⌐ ╩ ┘╕∆⁹ 

↓─ ─ Fm ⅜ ≢ ╙ ⅜ ↄ⌂ 

╡╕∆⁹ 

 

 

⅜ ™  

⅜ ™  

⅜ ─  
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0

10

20

30

40

400 440 480 520 560 600 640 680

 

◘fiⱪꜟ♦כ♃ 

│⁸◒꜡꜡ⱨ▫ꜟ ⅜ 

5mg/m
3─◒꜡꜠ꜝ ⌐≈™≡ 

╠╣√ ≢∆⁹ 

│ 1µ ⁸  

1µ ╩ 100 ╡ ⇔ ⇔⁸ 

│ 1µ ⁸  

49µ ╩ 50 ╡ ⇔ ⇔⁸ 

↓╣╩ 5 ╡ ⇔ ⇔√ 

 ⁹∆╕╡⌂⌐♃כ♦

 

 

 

 

╩ ↕∑╢√╘─ ≤⇔≡ 450nm⁸530nm⁸

624nm─ 3≈─ ⌂╢ ─ LED╩ ⅎ⁸∕╣∙╣⅜

⇔√ ≢ ↕╣≡™╕∆⁹↓╣╠─ │ ⌐⁸№

╢™│ ⌐ ╩ ∆╢↓≤≢⁸ ≢│ ≢⅝⌂

⅛∫√ ─ ╩ ∆╢ ⱪꜝfi◒♩fi─

╙ ≢⅝╢╟℮⌐⌂╡╕⇔√⁹ 

 

 

≤─  

⅜ ─ FAST
tracka 

I ⁸ ⅜ FastOcean ⌐

⌂╡╕∆⁹ ⌐ ⇔≡ ┘ ≢ 1/4

╩ ⇔╕⇔√⁹ 

 

 

 

 

Ᵽ♇♥ꜞכꜚ♬♇♩/  

꜡◑fi◓ ⌐ ─Ᵽ♇♥ꜞכꜚ♬♇♩╩ ⇔≡™╕∆⁹FastOcean( ⁸ )2 ⌐ ⱳ

fiⱪ╩ ╖ ╦∑√ ⱨꜟ ≢ 6 ╙─ ⅜ ⅎ╕∆⁹╕√⁸ ─ꜞ⸗◖fi╩

⇔≡™╕∆─≢◖fiⱧꜙכ♃≤ ∆╢↓≤⌂ↄ⁸ ─ ⁸ ╡ ⇔ / ⁸ ⱳfi

ⱪ─○fi/○ⱨ⅜Ⱳ♃fi ─╖≢ ⅎ╕∆⁹♦כ♃│LED─ ≤ ⌐⁸ ⌂ ⌂⇔≢

─ⱷ⸗ꜞ⌐ ↕╣╕∆⁹ ─♃כ♦√╣↕ │⁸ ≥♃כꜙⱩꜟ≢◖fiⱧכ◔─ ←

∞↑≢⁸ ─USBⱷ⸗ꜞ≤ ∂ ≢ ⅎ╕∆⁹♦כ♃ ⌐⅛⅛╢ │5 ≤⁸ ⸗

♦ꜟ⌐ ═ ⌐ ⅜⌂↕╣╕⇔√⁹ 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0 25 50 75 100 125 150

Flashlet

F
lu

o
re

s
c
e
n
c
e
 s

ig
n
a
l

Saturation phase

(100 flashlets, 2 µs pitch)
Relaxation phase

(50 flashlets, 50 µs pitch)

l (nm) 
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◦☻♥ⱶ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ⱪꜝfi◒♩fi ⱷ⸗ꜞ  16GⱣ▬♩ 

 0.02~200µg/L (Chl.a )  -10~+50ºC 

 LED  18 ~ 36VDC 

( ) 450nm⁸530nm⁸624nm  4.8W(Ⱨכ◒ 5W) 

 0~30mmol·photons/m
2
·sec  Ᵽ♇♥ꜞכ♃▬ⱪ ♬♇◔ꜟ  

LED ⱨ□▬ꜟ♃ꜞfi◓ 630nm◦ꜛכ♩Ɽ☻ⱨ▫ꜟ♃  6 (ⱨꜟ◦☻♥ⱶ ) 

Ɽꜟ☻ 1µ ⁸ 1µ  Ɫ►☺fi◓  ♅♃♬►ⱶ 

☿fi◘ ⱷ♃ꜟⱤ♇◔כ☺  ►▬fi♪►  ▪◒ꜞꜟ 

ⱨ▫ꜟ♃ 682nmⱧ⁸◒כ☻Ɑ◒♩ꜟ 30nm  600m 

◘fiⱪꜟⱲꜞꜙכⱶ 1cm
3
 ◦☻♥ⱶ  316mm(W)×292mm(D)×685mm(H) 

♄▬♫Ⱶ♇◒꜠fi☺ 4,000:1 ( 320~800V) (꜡◑fi◓ ) 20.3kg( )⁸10.0kg( ) 

A/D ◖fiⱣ16 ♃כⱦ♇♩    (ꜞ▪ꜟ♃▬ⱶ ) 16.0kg( )⁸6.4kg( ) 

꜡◑fi◓  ꜞ▪ꜟ♃▬ⱶ  

ⱪ꜡ⱨ□▬ꜞfi◓◕כ☺ ╡ ↑  
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FRR  

Fast Ocean+FastAct 2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ẽ ⱪꜝfi◒♩fi─ ─  

ẽ ─  

  ( 2,500µmol·photons/m
2
·sec) 

ẽ ─ ┘ ─  

ẽ  

(0 ~ 30mmol·photons/m
2
·sec) 

ẽ 3≈─ ⌂╢ ─  

ẽ ⱨꜟ◖fi♩꜡כꜟ( ⁸ ) 

ẽ IP68(◘fiⱪꜟ♅ꜗfiⱣ⁸כ 

  ⱳfiⱪꜚ♬♇♩) 

ẽ  

ẽ ─ ─  

ẽ ⌂○ⱪ◦ꜛfi 

 

  

FRR │⁸ FRR FastOcean ≤

♅ꜗfiⱣכFastAct2 ≤ ╖ ╦∑╢↓≤≢⁸

≢ ⱪꜝfi◒♩fi─ ─ ╩ ℮╙─≢∆⁹ 

 

FRR │⁸ ≤⇔≡ ≤ ⁸ ─ 3

≈─ ⌂╢ LED╩ ⅎ⁸↓╣╠─ LED⌐╟╢ │ ─

⌐ ⅎ⁸ №╢™│ ⌐ ≢⅝╢╟℮⌐⌂╡╕⇔√⁹

≢│ LED ─╖╩ ≤⇔⁸∕╣╝ⅎ⌐◦▪ⱡⱣ◒♥ꜞ▪

╩ ∆╢↓≤⅜≢⅝╕∑╪≢⇔√⅜⁸ ─ ⅜ ∆╢

╩ ≢⅝╢╟℮⌐⌂╡╕⇔√⁹ 

 

♅ꜗfiⱣ⁸│⌐כ ≤⇔≡ ╕√│

LED╩ⱬכ☻≤⇔√ ≢⁸ ─⸗♦ꜟ⌐ ⇔╟╡ ⌐

∆╢╟℮Ɽꜟ☻ ╩ √⌐ ⇔╕⇔√⁹╕√⁸

│ 1,200⅛╠ 2,500µmol·photons/m
2
·sec┼⁸ ─

⅜ ≤⌂╡╕⇔√⁹ ⱳfiⱪ│ ─ ╩ ∆╢

─ ─ ⁸ ─ ⱪꜝfi◒♩fi─ ╩ ← ─

2 ╩ ⅎ≡™╕∆⁹ 

 

─ ≤⇔≡ ⅜ ╖ ╘╢ ─♅ꜗfiⱣ⁸כ ─

≤⇔≡ ⌐ ♪▬fi◓⅜≢⅝╢♁꜠ⱡ♬כꜞ◒

ⱣꜟⱩꜚ♬♇♩ ₁⌂○ⱪ◦ꜛfi╩ ⇔≡™╕∆⁹ 
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◘fiⱪꜟ♅ꜗfiⱣכ( ♅ꜗfiⱣכ) 

◘fiⱪꜟ♅ꜗfiⱣכ ⌐│⁸ ⌐ ∆╢ ≤⇔≡ 2 ─ LED ꜚ♬♇

♩⅜ ⅎ╠╣≡⅔╡ 4~2,500µmol·photons/m
2
·sec ≢ ─ ⅜ ⅎ╕∆⁹

○ⱪ◦ꜛfi≤⇔≡⁸ LEDꜚ♬♇♩╙ ⇔≡™╕∆⁹ 

 

◘fiⱪꜟ♅ꜗfiⱣכ♃כ◊►│⌐כ☺ꜗ◔♇♩ ╩ ⅎ⁸ ╩ ↕∑╢↓≤≢⁸

─ ─ ╩ ⌐ ≈↓≤⅜≢⅝╕∆⁹ ⅎ┌ 22ºC ≢ 7ºC

─ ╩ ↕∑╢↓≤≢⁸ ╩ 7.5~7.6ºC⌐ ≈↓≤⅜≢⅝╕∆⁹ 

 

 

ⱳfiⱪꜚ♬♇♩( ♅ꜗfiⱣכ) 

2 ─ ⱳfiⱪ╩ ⅎ≡⅔╡⁸└≤≈│ ⁸╙℮ │ ⅜ ∫≡™╢

┼≤ →╕∆⁹ │ ─ ╩◘fiⱪꜟ♅ꜗfiⱣכ ♃כ◊►─

♩♇◔ꜗ☺כ ┼ ≢ ╡ ↑╢↓≤≢⁸ ♅ꜗfiⱣכ─

≤ FRR ─ ─ ⌐╟╢ ─ ╩ ⅎ╕∆⁹

│ ⌐↔ↄ (1 )╩ ∆╢↓≤≢⁸ ⱪꜝfi◒♩fi─

⅜ ⇔⌂™╟℮ ⇔⁸ ●☻─ ╩ ∆╢√╘≢⁸ ⌐╟╢

⅛↕╩╟╡ ∆╢╟℮ ↕╣≡™╕∆⁹ 

 

 

◖fi♩꜡כꜟꜚ♬♇♩( ♅ꜗfiⱣכ) 

┘ ⁸ ⱳfiⱪ ┼─ ╛ PC≤─♦כ♃ ╩ ℮╙─≢

∆⁹ ─ │⁸ LED ꜚ♬♇♩╛ LED ꜚ♬♇♩⌐╟╢

⁸ ─ ⅜ ≢⅝╕∆⁹ 

 

 

♁꜠ⱡ▬♪ⱣꜟⱩꜚ♬♇♩( ♅ꜗfiⱣכ) 

○ⱪ◦ꜛfi─♁꜠ⱡ▬♪ⱣꜟⱩꜚ♬♇♩╩ ╖ ╦∑╢↓≤

◓fi♬כꜞ◒⁸≢ ( ⁸Ⱶꜞ Q ) ┘ ⁸

╩∕╣∙╣ ⅎ╠╣ ─ ⅜ ≢∆⁹ 

 

 

 

 

 

 

 

 


