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 3ההה⌐╘∂│ 

  

 ≤│ 

 4ההה 

 4ההה 

  

 137Cs⌐≈™≡ 

 ⌐╟╢ ⅛╠─  

 ɗ ⌐≈™≡ 

 ─  

 10ההה 

  

  

 13ההה 

  

  

  

 15ההה

  

  

  

 23ההה 

 

 

 

⁸  24ההה

 30ההה 
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│∂╘⌐ 

 

⁸ ─ ⌐╟╡ ⌐ ↄ─ ⅜ ↕╣√ ╩ ↑⁸

≢ ╩ ∆╢↓≤⅜≢⅝⌂™⅛≤ ⅎ⁸ ≢│⁸↓─╟℮⌂

↓≤⅜≢⅝╢ ─ ⌐≈™≡ ⇔╕⇔√⁹ 

 

 

radiation ≤│⁸ ─ ⌐ ™ ↕╣╢ №╢™│

─↓≤⁹ ⌐▪ꜟⱨ□ ⁸ⱬכ♃ ⁸●fiⱴ ─ 3 ╩ ∆⁹╕√⁸∕

╣╠≤ ─◄Ⱡꜟ◑כ╩ ≈ ╛ ╩ ╘╢↓≤╙№╢⁹ ⌐

│⁸ ₁⌂ ╛ ─ ≢№╢⁹ ╩ ≈ ⌐≈™≡

ⅎ╢↓≤⅜ ↄ⁸ ⌂≥╙ ↓╡⁸↓╣╠⌐ ≠™≡⁸ ⁸

─╒⅛⁸ ╙ ╣╢⁹ 

─ ₈ ₉─ ─ │₈ │ ─℮∟⁸

│ ⌐ ╩ ∆╢ ╩╙≈╙─≢⁸ ≢ ╘╢╙─

3 5 ₉╩ ™⁸2012 ≢ ╘╠╣≡™╢╙─│₈ .

▪ꜟⱨ□ ⁸ ⁸ ∕─ ─ ┘ⱬכ♃ .

.●fiⱴ ┘ ◄♇◒☻ ⌐ ∫≡ ∆╢ ◄♇◒☻

⌐ ╢⁹ .1ⱷ● Ⱳꜟ♩ ─◄Ⱡꜟ◑ ╩ ∆╢ ┘◄♇◒

☻ ( 4 ⌐╟╢)₉≢№╢⁹ 
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☿◦►ⱶ ⅛╠─ ɗ ⌐╟╢ ╩ ◌ⱷꜝ╩

™ ⇔⁸ ≢ ─ ╩ ╘╢↓≤⁹ 

 

 

  

☿◦►ⱶ 137⅛╠ ↕╣╢ɗ ⅜ ⌐ ∆╢≤ ≢ ⁸▬○fi

⅜ ⅝╢⁹↓─ ⌐╟╡ ─ ⅜ ∆╢⁹∕╣╩⁸ ◌ⱷ

ꜝ≢ ∆╢↓≤⌐╟╡⁸ ≢ ─ ╩ ⅛╘╢⁹ 

 

 ☿◦►ⱶ ⌐≈™≡ 

☿◦►ⱶ⌐│⁸☿◦►ⱶ ≤☿◦►ⱶ ⅜№╢⁹ 

⌐ ∆╟℮⌐⁸ ╛ ↕╣╢●fiⱴ ◄Ⱡꜟ◑כ ⅜ ⌂╢⁹

ⅎ┌⁸☿◦►ⱶ ─ │ ≢⁸☿◦►ⱶ ─ 2.1 ≤

⇔≡ ™⁹╕√ 1 √╡ √╡ ─ │⁸ ↕╣╢●fiⱴ

─◄Ⱡꜟ◑כ ┘∕─ ⌐ ⇔≡☿◦►ⱶ ─ ⅜ ™⁹ 

 

☿◦►ⱶ ≤☿◦►ⱶ ─  
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 ⌐╟╢ ⅛╠─  

 
337nm─ ⅛╠─ ─ ⅜ ↕╣≡™≡⁸ 5.5photon/MeV≤⌂∫≡

™╕∆⁹↓╣│⁸2nm─ ╩ ≈ ⱨ▫ꜟ♃כ≢ ≢№╢⁹ 

 ɗ ⌐≈™≡ 

⅜ɗ ∆╢ ⌐ ≢ ↕╣╢ ⁸╕√│ ─↓

≤╩ⱬכ♃ ≤™℮⁹ɗ- ≢ ∆╢ⱬכ♃ │ ─ ╩ ∫√ ⁸

ɗ+ ≢ ∆╢ⱬכ♃ │ ─ ╩ ∫√ ≢№╢⁹⌂⅔⁸ ⁸

⌐╟╡ ↕╣√ ⌂≥⁸ ─ɗ ─ ≢ ↕╣√

│⁸ⱬכ♃ ≤│ ┌╣⌂™⁹╕√⁸ ⌐╟∫≡ ↕╣√ ⌂

│ ≤ ┌╣╢⁹ 

≤⇔≡─ │⁸ ╕√│ ≤ ↄ ∂ⱨ▼ꜟⱵ ≢№╡⁸☻Ⱨ

fi╛ ⌐≈™≡╙∕╣⌐ ℮⁹ɗ+ ≢ ⇔√ ≤ ─ ⅜

⇔√ ⌐│ ≤ ┌╣╢ 0.511MeV─ ⅜ 2 ∆╢⁹ 

 

⅜ɗ- ⇔≡ⱬכ♃ ╩ ⇔≡™╢  
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 ◦fi♅꜠♇◒☻  

 

 

◦fi♅꜠♇◒☻≤│⁸◦fi♅꜠כ♃ ─ ≢⁸ ⅜№√╢≤

╩ ∆ ─↓≤≢∆⁹ ╩◦fi♅꜠כ♃⌐ ≡╢↓≤≢⁸◦fi

│♃כ꜠♅ ─◄Ⱡꜟ◑כ╩ ∆╢⁹∕╣⌐╟╡⁸ ≢ №╢™│⁸

⅜ ⅝⁸↓─ ⇔√◄Ⱡꜟ◑כ─ ╩ ╛ ≤⇔≡ ∆╢⁹ 
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 ─  

 

Excitation │⁸ ⁸ ⁸ ⁸ ⌂≥─ ⌐╟∫≡ ⅝ ↓↕╣╕

∆⁹ ╛ ⁸ ⁸ ⁸▬○fi─ ⁸ ⌂≥⌐╟∫≡ ↕╣╢

↓≤╙№╡╕∆⁹ 

⌐╟╡⁸ ground state ⌐№∫√ │ȺE─◄Ⱡꜟ◑כ╩

∫≡ ⌐⌂╡╕∆⁹∕─≤⅝ ⅛╠ȺE─◄Ⱡꜟ◑כ⅜ ⇔⁸∕

─◄Ⱡꜟ◑כ⌐ ∆╢ ∞↑ ─ ⅜ ↄ⌂╡╕∆⁹ ⌐№╢

│№╢≤⅝ ⌐ ╢≤⅝⁸ȺE─◄Ⱡꜟ◑כ⌐ ∆╢ ─

╩ ⇔╕∆⁹ 

 

 

 

⅜№╢ ⅛╠ ─ ┼ ┘ ╢↓≤⁸№╢™│ ─ ⅛╠

─ ┼ ⅜ ┘ ╢↓≤╩ ≤™™╕∆⁹ 

⌐⁸ ⅜◄Ⱡꜟ◑כ╩ №╢™│ ⇔⁸ ⅜ ∆╢↓≤╙

≤™╕∆⁹ 
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  ≤│⁸ ─ ─ ⅜ ╡ ╢ ─ ─ ≢

─◄Ⱡꜟ◑כ ╩™™╕∆⁹∕╣ ─ ⅜ ≤™™╕∆⁹ ⅎ

┌ ─☻Ɑ◒♩ꜟ≢│ ─ ─ ⌐ ⅜ 1 ∞↑ ⇔≡™╢

⅜ ≢⁸∕─ ─ ⌐™╢≤⅝⅜ ≢∆⁹√∞⇔⁸ ─

│ ⌂╙─≢⁸ ─ ⅜⁸ ⌐ ™≤↓╤⌐ ⇔≡™╕

∆⅜⁸  ⌐ ⌂╢≤∕─ │ ⅛╠ ╣√≤↓╤⌐ ∆╢

╟℮⌐⌂╡╕∆⁹ ≈╕╡ ⌐⌂╢≤  │ ≤ ╠╪≢⅝╕

∆⁹ 

 

 

 

⅜ ─ ≤─ ⌐╟∫≡◄Ⱡꜟ◑כ╩ ⇔√ ⁸ ⅜ ∫≡

™╢ ⅜ ™◄Ⱡꜟ◑כ ─ ╟╡ ─ ⌐

↕∑╠╣√ ╩™™⁸∕─ ╩ ≤™™⁸↓─ ╩ ≤™

™╕∆⁹ 

⅛╠⁸╟╡ ™ ─ ╟╡╙ ─ ⌐ ∆╢≤

⅝⌐│∕─ ─◄Ⱡꜟ◑כ ⌐ ∂√ ─ ╩ │ ─

☻Ɑ◒♩ꜟ─ ╩ ⇔≡ ↕™⁹ ⇔╕∆⁹ │ ─ ∞↑≢│⌂ↄ⁸

⌐ ™ ⁸ ⁸ ─ ⌐╟∫≡╙ ⇔╕∆⁹ 

 

 

 

│ ⌐ ─ ╩ ╗ ⅜ ⇔≡⁸ ─ ∫≡™╢ ⅜

⅝ ┌↕╣≡⁸ ╩ ™ ╠╣√ ≢⁸ ⅜ ∫≡™╢ ─

⌐ ⅜ ™─≢⁸ │ ╩ ∫√ ∞↑ ⌐ ─ ╩ ∫√╟

℮⌐ ⅎ╕∆⁹↓─ ╩ ▬○fi≤™™⁸ ╩ ┬ ╩⇔╕∆⅜⁸

│ ⌐ ⇔≡ ⌐ ™↓≤⅛╠ ⅜ ↄ⁸ ─ ⌐

│╒≤╪≥ ⇔╕∑╪⁹ 
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▬○fi⌐│ ≢ ╩ ∆╢ ─ ⅜ ↑╢ ⅜

№╡⁸↓─≤⅝⌐ ╩ ∫≡™√ ⅜≈™≡™∫√ ╒℮⅜ ▬○

fi≢ ⅜ ╣≡™∫√ ─ ⅜ ▬○fi≢∆⁹↓─ ⌐│ ⌐▬○fi⅜

─ ™ ⌐⌂╡╕∆⁹ 

▬○fi│ ≤─ ╕√│ ▬○fi≤ ▬○fi≤─ ⌐╟∫≡ ─ ─

⌐ ╡╕∆⁹↓─≤⅝ ─ ∫≡™√◄Ⱡꜟ◑כ│ ─ ⌂ ≤

⇔≡ ⅝ↄ⁸∕─ │ ≤⇔≡ ↕╣╕∆⁹  

 

(stimulated emission) 

⌐ ⅜ √╡ ⌐∕─ ╩ ∆╢∞↑≢⌂ↄ √∫√

≤ ∂ ─ ⅜ ↕╣╢↓≤≢∆⁹↓╣⌐ ⇔≡ ⅜ √╠

⌂ↄ≡╙ ⅝╢ ╩ (sponteneous emission)≤ ┘╕∆⁹ 
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◌ⱷꜝ─ 400nm ─ ╩ ╘╢⁹ 

╩ ≡╦⅛╢╟℮⌐⁸ ≢ ∆╢ ◌ⱷꜝ│⁸400nm ─

│ ╠╣≡™╕∑╪⁹ 

╕√ ≢│⁸ ╩ ∆╢─≢⁸400nm ≢─ ⅜ ≤⌂╢

─≢⁸↓╣╠─ ╩ ╟╡ ╘╕∆⁹  

 

◌ⱷꜝ ─  

─ ⅜⁸ ─ ⌐⌂╡╕∆⁹ 

 

 

⌐╟╢ ⅛╠─  

 

 

 



11 

 

  

 

Ɫ꜡◕fiꜝfiⱪ 

ⱣꜟⱩ ⌐●☻╩ ⇔⁸ ─ⱨ▫ꜝⱷfi♩╩ ⁸ ↕∑╢ ╖│

≤ ─ ╖≢∆⁹ ●☻⌐Ɫ꜡◕fi ─●☻╩ ╣╢↓≤≢⁸ⱨ

▫ꜝⱷfi♩─ ╩ ⇔⁸◦ꜞ◌ ─ ╟╡╙ ⌐↕∑╢↓≤

≢ ╩ ⅝ↄ ⇔≡™╕∆⁹ 

ⱣꜟⱩ ⅜ ╟╡╙ ∆╢√╘⁸ ⌐ ⅎ╠╣╢╟℮⌐ⱣꜟⱩ⌐

●ꜝ☻╩ ⇔≡™╕∆⁹ ●ꜝ☻│ ⅜ ↄ⁸900ϴ⅛╠ 1,200ϴ

≤™℮ ⌐╙ ⅎ╠╣╢ ≢∆─≢⁸ⱨ▫ꜝⱷfi♩─ ╩ ╘≡ ╩

↕∑╢↓≤⅜≢⅝⁸⅛≈ ╩ ⇔≡╙ ⌂™≤™℮ ⅜№╡╕∆⁹

⅜ ⇔⁸ ╕≢ ╢↕⅜╒≤╪≥ ⇔⌂™↓≤╙ ≢∆⁹ 

 

 

 

─ ─ ╩ ⌐ ↕∑⁸∕╣╩☻ꜞ♇♩⌂≥≢ ™ ─

─╖╩ ╡ ∆ ≢№╢⁹ ─↓─ ─ │☻ꜞ♇♩╩ ∫√ ╩

꜠fi☼╛Ⱶꜝכ⌐╟╡ ⌐⇔√─∟⁸ⱪꜞ☼ⱶ╩ ∆↓≤≢ ╩ ↕∑

√⁹ⱪꜞ☼ⱶ╩ ╢≤⅝⌐ │ ⌐╟╡ ⌂∫√ ≢ ∆╢─≢⁸ ╩

∆╢↓≤⅜≢⅝╢⁹ ≢│⁸ ╩ ™⁸↓╣╩ ↕∑≡☻ꜞ♇

♩─ ⌐ ∆╢ ─ ╩ ↕∑╢⁹ ↕╣√ ╩☻ꜞ♇♩⌂≥≢

╡ ≡⅝√ ─ ╩ ⌐╟∫≡ ∆╢⁹ 

 

 

. ─  

 

C⌐╟∫≡ D⌐ ╩ ⇔⁸ E≤☻ꜞ♇♩ F⌐╟∫≡

─ ╩ ╡ ∆ 
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◌ⱷꜝ  

CCD ◌ⱷꜝ│⁸ ⱨ▫ꜟⱶ ≤ ⇔ ⁸ ⁸ ♄►fi꜡כ♪≤ ⁸

⌂ ⌂≥─ ╣√ ╩ ≈⁹╕√⁸CCD ─ ≤⇔≡ ⅜ ↄ⌂╢╒

≥⁸ ⅜ ↄ⌂╡⁸♄כ◒ⱡ▬☼( ⌐╟╢ⱡ▬☼)⅜ ⇔⁸ ⅜ⱡ▬☼

⌐ ╙╣≡⇔╕℮⅜⁸CCD ╩ ∆╢↓≤≢ ╩ ↕∑╢↓≤⅜≢⅝╢√╘⁸

⌐ ⅜ ≤↕╣╢ ↕ↄ≡ ↄ ™ ─ ⌐ ╩ ∆╢⁹CCD ─

╩ 8-10ϴ →╢≤⁸ ╩ ⌐ ⅎ╢↓≤⅜≢⅝╢⁹√∞⇔ ⇔≡╙

ⱡ▬☼⅜ ⌐⌂ↄ⌂╢╦↑≢│⌂ↄ⁸ ╖ ⇔ⱡ▬☼≤ ┌╣╢ ╛

─ ⁸ ≢ ⇔√ ⱡ▬☼│ ∫≡⇔╕℮⁹CCD │⁸ (Ⱨ

◒☿ꜟ)≤ ┌╣╢ ↕⌂ ─ ⅛╠⌂╡⁸ ⌐ ═√ CCD ≤ ⌐

═√ CCD ≤⅜№╢⁹ CCD │ⱨ□♇◒☻╛▬ⱷכ☺☻◐ꜗ♫⌂≥⌐

™╠╣⁸ CCD │♦☺♃ꜟ◌ⱷꜝ╛ⱦ♦○◌ⱷꜝ⌐ ↕╣╢⁹ ⌐⁸CCD ♅

♇ⱪ│ ⌐ ⇔√ ╩ ⌐ ∆╢⁹ ⅜ ─ ⌐ √╢≤

⅜ ↕╣⁸ ⅜ ∆╢≤™℮ ⌂ ⌐╟╢╙─≢№╢⁹CCD │↓

─≤⅝─ ⅜ ↄ⁸ ⇔√ ─ ⌐ ∆╢ ╩ ∆╢↓≤⅜≢⅝╢⁹

↕╣√ │ ⌐ ↕╣⁸ ─ ⌐ ∫≡ ◄ꜞ▪⌐ ↕╣⁸

⅛╠ ─ ⌐╟╡ ╩ ⌐ ⇔⁸ ─▪fiⱪ≢ ⇔√ ╩ ∆

╢⁹ ↕╣√ │ ≢♦☺♃ꜟ ⌂≥™ↄ≈⅛─ ╩ ≡⁸◖fiⱧꜙכ♃≢

≢⅝╢╟℮⌐ ↕╣╢⁹↓─╟℮⌐⁸CCD ◌ⱷꜝ│⁸

≤™℮ⱪ꜡☿☻≢ ╩ ≢⅝╢⁹ 

─  

CCD
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ɚ[nm]
ɚ

ɚ [w]

100cm

60cm

60cm

 
 

60[cm]⁸ 100[cm]⁸ ↕ 60[cm]─ ─ ⌐⁸ ╩ ⇔⁸

⁸◌ⱷꜝ⁸Ɽ꞉כⱷכ♃כ╩ ∆╢ ⌐ ╣ ⅎ╕∆⁹ 

 

 

≤ ◌ⱷꜝ⁸Ɽ꞉כⱷכ♃כ─ │ 4[cm]≢ ∆╢⁹ 

Ɫ꜡◕fiꜝfiⱪ─ 10.0[V]≢ ∆╢⁹ 

─ⱴ▬◒꜡ⱷכ♃כ  

( ) 0.15[mm] ( ⌐ ╢ ─ ⅝↕)  9.5[mm] 

CCD◌ⱷꜝ─ 0.01[s] 
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╩ ⇔⁸Ɫ꜡◕fiꜝfiⱪ─№╢ ─ ─ ╩ ╡ ⇔⁸Ɽ

꞉כⱷכ♃כ⌐ ≡╢⁹∕↓⅛╠⁸Ɫ꜡◕fiꜝfiⱪ╩ on⌐⇔≡⅛╠∕─ ─

⅜ ⌐⌂╢ ╩ ∆╢⁹ 

 

◌ⱷꜝ─ on⌐⇔≡⅛╠─ ≤ ─ backgrand

─◌►fi♩ ─ ╩ ═╢⁹ 

 

─ │⁸ ─ ╩ ⌐ ╩ ╘≡™ↄ⁹ 

 

Ɽ꞉כⱷכ♃כ╩ ™⁸Ɫ꜡◕fiꜝfiⱪ─ 300 500nm 10nm

,550nm,600nm╕≢─ ─ ─ P╩ ∆╢⁹ 

◌ⱷꜝ╩ ™⁸ ─◌►fi♩ ≤ backgrand─ ╩

300 500nm 10nm ,550nm,600nm╕≢ ─╟℮⌂ ⌐ ℮⁹ 

─ ─ backgrand◌►fi♩ ─  

ѝ 

300nm─ ◌►fi♩ ─  

ѝ 

backgrand◌►fi♩ ─  

ѝ 

310nm─ ◌►fi♩ ─  

ѝ 

backgrand◌►fi♩ ─  

ѝ 

320nm─ ◌►fi♩ ─  

ѝ 

. 

. 

. 

600nm─ ◌►fi♩ ─  

ѝ 

─ ─ backgrand◌►fi♩ ─  

ѝ 
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≢ ⇔√Ɫ꜡◕fiꜝfiⱪ│ ╩ ⅎ╢≤ ⅜ ⌐⌂╢↓≤

⅜╦⅛∫√⁹ 

 

◌►fi♩  

 
≤ CCD◌►fi♩ │⁸╒╓ ⌐ ⇔≡№⅜∫≡™╢↓≤⅜╦⅛∫√⁹ 

 

↓↓⅛╠│⁸ ─ ╩ ⌐ ╩ ⇔√⁹ 

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

0 50 100 150 200 250 300 350

ɛ

0

500

1000

1500

2000

2500

3000

0 50 100 150 200
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.1Ɫ꜡◕fiꜝfiⱪ─ ╩Ɽ꞉כⱷכ♃כ⌐ ≡⁸ ⇔√◓ꜝⱨ 

 

 

≢│⁸CCD◌ⱷꜝ─ ⌐№╢ CCD♅♇ⱪ⌐ ╩ ≡╢─≢∆⅜⁸CCD♅

♇ⱪ─ ⌐ ⅜ ↄ╕≢⌐ BK7≤™℮ ⌂●ꜝ☻⅜№╡⁸↓╣⌐╟╡⁸

≢─ ⅜ ╦╡ ⅜ ⇔╕∆⁹ 

 

 

↓─●ꜝ☻─ ─ ≤⇔≡│⁸350nm ─ ⅛╠ ⅜ ↄ⌂╢⌐

≈╣⁸ ⅜ ↄ⌂╢≤™℮╙─≢∆⁹∕╣╩ ⇔√╙─⅜⁸ ─◓ꜝⱨ⌐

⌂╡╕∆⁹ 

 

 

 

 

 

 ─ ⌐ BK7(●ꜝ☻)─ ╩ ↑√╙─≢∆⁹ 

0
0.1

0.2
0.3

0.4
0.5
0.6

0.7
0.8

0.9
1

300 350 400 450 500 550 600 650

ɚ

ɛ
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≢ CCD◌ⱷꜝ⌐ √╢ ─ ╩ ⇔≡™≡™╕∆⁹ 

↓↓⅛╠ ≡ↄ╢Ɽ꞉כⱷכ♃כ─ │ P(ɠ)≤⇔╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɫ꜡◕fiꜝfiⱪ─ ╩ CCD◌ⱷꜝ⌐ ≡⁸ ⇔√◓ꜝⱨ 

ɛ

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

300 350 400 450 500 550 600 650

ɚ

ɛ
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≢ ╠╣√⁸ ─ ⌐╟∫≡ ╠╣√ CCD─◌►fi♩  

 

─ CCD◌ⱷꜝ─Ᵽ♇◒◓ꜝfi♪─◌►fi♩  

3157.21 4364.41 

 

 CCD─◌►fi♩ ╩ ⌐ ∆╢ backgrand─◌►fi♩  

↓─ │⁸ ⌐ ℮↓≤≢ backgrand⅜ ↄ⌂╢─≢⁸ ─ ╟╡

╘√╙─≢∆⁹  

 

 

 

0
5000

10000
15000
20000
25000
30000
35000
40000
45000
50000
55000

300 350 400 450 500 550 600 650

ɚ

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

300 350 400 450 500 550 600 650

ɚ

ba
c
kg
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d
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─ ⅛╠ ⌐ ≢ ∆╢ backgrand─ │⁸ ⌐

⇔≡™╢↓≤⅜╦⅛∫√⁹↓─ ╟╡⁸ ⅛╠ ⇔≡ ∆╢

backgrand╩ ≢ ↄ≤⁸ ─ CCD─◌►fi♩ ⅜ ╠╣╢⁹∕╣⅜⁸

─◓ꜝⱨ≢∆⁹ 

 

↓↓≢─⁸CCD─◌►fi♩ ─ ╩ Põ(ɠ)≤⇔╕∆⁹ 

 

 

 

─ ╟╡⁸ CCD─ QE╩ ╘╕∆⁹ 

⌐≈™≡ 

 

N: [ /s] P(ɠ):Ɽ꞉כⱷכ♃כ[W] ɠ: [m]  

h:ⱪꜝfi◒ 6.626 10^( 34)[J/s] c: 2.99792458 10^(8)[m/s] 

CCD─ QE % ≤∆╢≤ 

 

Ɽ꞉כⱷכ♃כ⌐ ╢ √╡─ N(ɠ)│ 

 

N(ɠ) P(ɠ)הɠ/hcΝᵑ 

 

CCD≢─ √╡─ Nõ(ɠ)│ 
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Nõ(ɠ)/N(ɠ)=k( )Νᵒ 

 

CCD≢─ √╡─ n│ 

 

n=Nõ(ɠ) QE ɠ Νᵓ 

 

ᵓ ⌐ ∆╢ ⅜ CCD≢ ⇔√ CCD─◌►fi♩ Põ(ɠ)⌐⌂╢─≢ 

 

Põ(ɠ)=kõNõ(ɠ) QE(ɠ)Νᵔ 

⌐⌂╡╕∆⁹kõ│ ⌐⌂╡╕∆⁹ 

 

ᵒ ╟╡⁸Nõ(ɠ)│ 

Nõ(ɠ) k N(ɠ)⌐⌂╡ᵔ ⌐ ∆╢≤ 

Põ(ɠ) kõ (k N(ɠ)) QE(ɠ) 

 

N(ɠ)╙ᵑ ╟╡ 

Põ(ɠ) kõ k(P(ɠ) ɠ/hc) QE(ɠ)Νᵕ 

≤⌂╡╕∆⁹ 

 

ᵕ ╩ QE ⌐ ∆╢≤ 

QE(ɠ) (hc/k kõ) (Põ(ɠ)/P(ɠ)) (1/ɠ)Νᵖ 

⌐⌂╡╕∆⁹ 

 

↓↓≢⁸k kõ=K( ╟╡)≤⅔ↄ≤ 

QE(ɠ) (hc/K) (Põ(ɠ)/P(ɠ)) (1/ɠ)Νᵗ 

⌐≢⅝╕∆⁹ 

 

ᵗ─ ≢│⁸400nm ─ ⅛╠│⁸K ─ │⁸ ⁸ ╟╡

╕∫≡™╢─≢ K⌐≈™≡ ╘╢≤ 

K (hc/QE(ɠ)) (Põ(ɠ)/P(ɠ)) (1/ɠ)Νᵘ 

╟╡ K─ │ ╘╢↓≤⅜≢⅝╢⁹ 

 

∕⇔≡⁸400nm ≢─ K─ ╩ ╘⁸↓─ K ╩ᵗ─ ⌐ ∆╢↓

≤≢⁸ ─ QE(ɠ)╩ ╘╢↓≤⅜≢⅝╕∆⁹ 
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⅜ ⅛╠ ╘√ CCD─ ≢ ⅜ CCD─ ─◌♃꜡◓

≢∆⁹ 
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CCD─ ⅜ 400nm ⅛╠ ⌐ ⅜ ⅜∫≡™╢↓≤⅜╦⅛╡╕

∆⁹ 

≢│⁸ CCD≢☿◦►ⱶ137─ ╩ ∆╢─≢∆⅜⁸↓↓≢─⁸

│ 300 400nm≢№╢↓≤⅛╠⁸ ⅜ ≢№╢≤╦⅛╡╕⇔√⁹ 

⌂─≢⁸↓↓⅛╠│⁸☿◦►ⱶ 137⌐≈™≡─ ╩⁸400nm ≢─ ╩

ⅎ◦fi♅꜠כ♃╩ ⇔≡ ℮↓≤⌐⇔╕⇔√⁹ 

╕√⁸350nm ─ ≢ ⌐ QE⅜ ⅜∫≡™╢─│⁸Ɫ꜡◕fiꜝ

fiⱪ─ ⅜ 350nm ≢№╕╡ ⇔≡™⌂™↓≤⅜ ≤ ⅎ╠╣╢⁹ 
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CCD◌ⱷꜝ─♅♇ⱪ─ ╩ 20ϴ≢⁸◦fi♅꜠כ♃⌐ ⁸ ╩ ≡

∆╢⁹CCD♅♇ⱪ─◘▬☼│ 8.9mm×11.8mm≢№╢⁹☿◦►ⱶ│ 

 

 

 

 

 

 

 

 

 

 

 

X ⅜ ─ ─ ↕ 11.1mm ⁸Y ⅜ ─ ─ ↕ 7.5mm ≢№╢⁹☿◦►ⱶ─

◘▬☼│⁸ ≢ ⇔≡™╢╟℮⌐⁸ 2mm─ ─ ╩ ⇔√⁹ 

 

☿◦►ⱶ 137╩◦fi♅꜠כ♃⌐ ≡╢↓≤≢⁸◦fi♅꜠כ♃│ ─◄Ⱡꜟ◑כ╩

⇔╕∆⁹∕╣⌐╟╡⁸ ≢ №╢™│⁸ ⅜ ⅝⁸↓─ ⇔√◄Ⱡꜟ◑כ─

⅜ ╛ ≤⇔≡ ∑╠╣╕∆⁹↓╣╠─ ╩⁸ CCD◌ⱷꜝ╩ ™ ⇔⁸

⇔╕∆⁹ 

⁸  

CCD◌ⱷꜝ─ backgrand 

1. CCD◌ⱷꜝ─  
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2. imageJ─ ≢ ╩ ⅛╠ √╙─ 

3. imageJ─ ≢ ╩ ⅛╠ √╙─ 

s─ backgrand 

1.                        2.                         3. 

 

300s─ backgrand 

1.                         2.                       3. 
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600s─ backgrand 

1.                        2.                        3. 

 

☿◦►ⱶ 137╩◦fi♅꜠כ♃⌐ ≡√  

1800s 
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3600s 
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↓↓⅛╠│⁸☿◦►ⱶ 137╩◦fi♅꜠כ♃⌐ ≡√ ╟╡⁸backgrand╩

⅝ ⇔╕∆⁹Backgrand│⁸600s ⇔√╙─╩ ™╕∆⁹ 

1800s backgrand 

 

 

3600s backgrand 

 

 

Backgrand╩ ↄ↓≤⌐

╟╡⁸ⱡ▬☼⌂≥─ ╩

∆↓≤⅜≢⅝√─≢⁸

™ ⅜ ⌂ↄ⌂╡╕⇔√⁹ 
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─Ɑכ☺≢ ⇔√ ⅛╠ backgrand╩ ⇔ ™√ ╩⁸imageJ─

histogram≢ ∆╢≤ ─╟℮⌐⌂╡╕∆⁹ ─ ⅛╠⁸ 

1.☿◦►ⱶ 137╩◦fi♅꜠כ♃⌐ ≡√ 3600s ⇔√  

2.backgrand╩ 600s ⇔√  

3.1≤ 2─ ╩ ™√  

.3600s           .600s(backgrand)     

.3600s backgrand 

 

∕╣∙╣─ ─ histogram 

1.                           2.                           3. 

 

Histgram╩ ≡╖╢≤⁸1≤ 2─ ≢│⁸backgrand─ ⌐╟╡⁸◓ꜝⱨ

─ ⌐ ↄ─ ⅜ ∫≡™╕∆⅜⁸3.─ ≢│⁸backgrand─ ╩⌂ↄ

∆↓≤⅜≢⅝╕⇔√⁹ 
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↕╠⌐⁸backgrand╩ ™√ ╩ 3D ⌐⇔≡⁸ ⇔╕∆⁹ 

 

1. Backgrand ↄ ─                 2.backgrand╩ ™√  

1.2─ ╩ ≡╦⅛╢╟℮⌐⁸1─ │⁸backgrand─ ╩ ↑≡™╕∆⁹ 

 

2─ ≢⁸☿◦►ⱶ 137⅛╠ ╢ ⅜◦fi♅꜠כ♃⌐ √╡ ≢

⌐ ⇔≡™╢─⅛╩╦⅛╡╛∆ↄ∆╢√╘⌐⁸imajeJ╟╡⁸2─ ♃כ♦─

⌐ ╩ ╩♃כⱤꜝⱷ─♃כ♦─╣∙╣⧵↑ ⅎ╕∆⁹╕∏│⁸2─♦כ♃⌐

╩ ⅎ╕∆⁹ 

↓↓≢─ │⁸ ─ ╡ ╩№╠╦⇔≡™≡⁸imajeJ⅜ 8bit=256 ≢№

╢⅛╠⁸↓─ ╙ 256 ╩♃כ♦─ ≢ ⇔≡™╢↓≤⌐⌂╡╕∆⁹ 

 

 

 

 

 

њ256 ꜟ♩◒Ɑ☻⁸⅜♃כ♦─

≢ ↕╣≡™╕∆⁹ 
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☿◦►ⱶ╩ ≡≡™╢ ⅜ ↄ ⅜ ↄ⌂∫≡™╕∆⁹ 

⌐⁸ ⌐ ∆╢ ─♃כ♦─ ╩ ↕∑⁸ ╩ ╠╕∑╕∆⁹ 

↓╣⅜⁸ ⌐ ∆╢ ─♃כ♦─ ╩ ↕∑√╙─≢∆⁹ ─ ≢│⁸

↓─ ╩ 256 ≢♃כ♦─ ⇔≡™╕⇔√⅜⁸↓─ ≢│⁸256ќ 75 ⌐∆

 MAX╩№→≡™╕∆⁹─♃כ♦─╣∙╣⧵⁸╡╟⌐≥↓╢

 

∕⇔≡⁸ ⅜ √∫≡™╢ ╩ ╛∆ↄ∆╢√╘⌐⁸ ╩ ╠⅛⌐⇔╕∆⁹ 

 

─ ╩ ImageJ╟╡ ╠⅛⌐⇔√  

       

 

 

 

 

 

 

 

⅛╠ √                ⅛╠ √  
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╩ ∫√ ⁸ ─ ⅜ ⅜∫≡™╢ ≢⁸ ⅜◦fi♅

꜠♇◒☻⌐ ⇔≡ ⇔√↓≤╩ ∆╢↓≤⅜≢⅝√⁹ 

 

 

↓─ ╩ ℮≤⁸2 ≢ ─ ╩ ≢⅝╢↓≤⅜╦⅛∫√⁹ 

⁸ ╩ 2 ≢ ∆╢√╘⌐│⁸300 400nm⌐ ─№╢

CCD╩ ™≡ ∆╢ ⅜№╢↓≤⅜╦⅛∫√⁹ 

 

 

CCD◌ⱷꜝ(st-2000xm) Ɫכ♪►▼▪  

Ɽ꞉כⱷכ♃כ VEGA ⱴ♬ꜙ▪ꜟ 

♁ⱨ♩ ImageJ ⱴ♬ꜙ▪ꜟ  

 

 

 

╩ ╘╢⌐№√╡⁸↔ ╩ ™√ ─ ⁸

⌐ ⇔╕∆⁹╕√⁸ ─ ╩ ∂≡ ↄ─ ╛ ╩ ™√

─ ⌐ ⇔╕∆⁹№╡⅜≤℮↔↨™╕⇔√⁹ 

 


