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III  ─○♂fi % ─ 2019  

βP18 1-3-1 ≤⇔≡  
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│∂╘⌐ 

1974 ⁸ ◌ꜞⱨ◊ꜟ♬▪ ♪fiꜝכ꜡ ♫כꜞ⸗≥ ⌐╟∫≡⁸ ≢

№╢◒꜡꜡ⱨꜟ○꜡◌כⱲfi CFC ⅜ ─○♂fi ╩ ∆╢↓≤⅜ ╘≡ ↕╣⁸

╛ ⌐ ⅜ ∂℮╢≤ ⅜ ╠↕╣√⁹↓╣╩ ≤⇔≡⁸○♂fi ─√╘─

⅜ ╘╠╣╢╟℮⌐⌂╡╕⇔√⁹1985 ⌐│⁸₈○♂fi fiכ▫►─╘√─ ₉⅜⁸

∕⇔≡ 1987 ⌐│₈○♂fi ╩ ∆╢ ⌐ ∆╢⸗fi♩ꜞ○כꜟ ₉⅜ ↕╣⁸

≢ ⌐ ≡─ ≢ ↕╣⁸ ⌂○♂fi ─ ה ⅜ ⌂

╩ ╘≡ ↕╣≡⅝╕⇔√⁹2016 ⌐│○♂fi ≢│⌂™╙──⁸ ™

╩ ∆╢ ⱨ꜡fi HFC ⅜⁸ ─ ⌐ ↕╣╢ ⅜ ↕╣╕⇔√⁹

│ 2019 ⌐ ↕╣≡⅔╡╕∆⁹ 

⅜ │↓╣╠─ ┘ ─ ≢№╡⁸₈ ─ ⌐╟╢○♂fi ─

⌐ ∆╢ ○♂fi ₉╩ 1988 ⌐ ⇔≡⁸◒꜡꜡ⱨꜟ○꜡◌כⱲfi CFC ⁸

Ɫ꜡fi⁸Ɫ▬♪꜡◒꜡꜡ⱨꜟ○꜡◌כⱲfi HCFC ⌂≥─ ○♂fi ─

─ ⁸ ⌐ ∆╢ ה ─ ╩ ∫≡™╕∆⁹

⌐≈™≡╙⁸∕─ ⅜⁸2018 ⌐ ⌐⅔™≡ ↕╣╕⇔√⁹ 

22 ⌐⅔™≡⁸ │⁸○♂fi ─ ┘ ⌐⅔↑╢ ─ ─

⌐ ∆╢ ⌐╟╢ ─ ╩ ⇔≈≈⁸ ⌐╟╢○♂fi ─ ─

┘ ⌐⅔↑╢ ─ ─ ╩ ⇔⁸∕─ ╩ ∆╢↓≤≤↕╣≡

™╕∆⁹ │⁸ ⌐ ≠™≡⁸2019 31 / ⌐⅔↑╢

⌐╟╢○♂fi ─ ─ ⁸ ─ ─ ─ ⌐ ∆╢

╩≤╡╕≤╘√╙─≢∆⁹ 

╕√⁸ ⅜ ─○♂fi ⌐ ∆╢ ≤⇔≡│⁸○♂fi ⌐ ≠ↄ ≤≤╙⌐⁸

₈ⱨ꜡fi ─ ─ ┘ ─ ⌐ ∆╢ ⱨ꜡fi ₉⌐ ≠⅝⁸ⱨ

꜡fi ─ ⅛╠ ╕≢─ꜝ▬ⱨ◘▬◒ꜟ ⌐╦√╢ ╩ ⇔≡™╕∆⁹2019 6

⌐│⁸ ꜟ◒▬◘ꜞה ⌐ ⇔⁸ⱨ꜡fi ─ ⅜ ≢⅝⌂™ ─ ╩ ∆

╢ ─ ─ ─√╘─ ╩ ╗ ⅜ ה ↕╣⁸2020 4 1

⌐ ↕╣╕⇔√⁹↓╣⌐╟╡⁸ⱨ꜡fi ─ ─ ─ ⌂╢ ⅜ ╕╣≡™╕∆⁹ 

─ ⌐ √╡╕⇔≡│⁸ ⌐ ⇔╕⇔√ ○♂fi ⌐ ∆╢

┘ ─ ╩ ⅞╕⇔√⁹╕√⁸ ⅛╠│⁸ ─

─ ╩™√∞ↄ≤≤╙⌐⁸₈○♂fi ה ─ ─╕≤╘ 2019 ₉⅛╠ ↕

∑≡™√∞⅝╕⇔√⁹ ⁸ ╩™√∞⅝╕⇔√ ─ ⁸ ─ ⌐

ↄ ⇔ →╕∆⁹ 

╕√⁸ ≢│⁸⸗fi♩ꜞ○כꜟ ─ ≢№╢ Ɽ

Ⱡꜟ SAP ┘ ⱤⱠꜟ EEAP ⅛╠ 2019 1 ⌐ ↕╣√ ▪

☿☻ⱷfi♩꜠ⱳכ♩ 2018 ⌐ ↕╣√ √⌂ ─ ⌐ ╘≡⅔╡╕∆⁹ 

⅝ ⅝⁸ ⅜ ↄ ↕╣╢↓≤⌐╟╡⁸○♂fi ┘ ⌐

↑√ ⅜ ╘╠╣╢↓≤╩ ⇔≡™╕∆⁹ 
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Ẽ ─○♂fi ─ P17  

 ─○♂fi │ 1980 ⅛╠ 1990 ⌐⅛↑≡ ⅝ↄ ⇔√⅜⁸∕─

⅜ ⇔⁸1990 ⅛╠│╦∏⅛⌂ ⅜╖╠╣╢⁹√∞⇔⁸○♂fi

│ 1970 ≤ ═≡ ╙ ⌂™ ⅜ ™≡™╢⁹ 

 2019 ─ ○♂fi ─ ─ ╩⁸○♂fi ─ ⅜ ╕╡⁸○♂fi

⅜╒╓ ≢№∫√ 1997 2006 ─ ─ ≤ ∆╢≤⁸ ─

≤ ≢ ≤⌂╡⁸∕╣ ─ ─ ≤ ≢ ≤⌂∫√⁹∕

─ ≢⁸ ─ │ ⌐ ≤⌂∫√⁹ 

─ ○♂fi ─ ╩ ⌐ ╢≤⁸ ≢│⁸1 ⅛╠ 3 ─

⅛╠ ▪ⱷꜞ◌ ⌐⅛↑≡≤⁸ ▪ⱷꜞ◌ ⅛╠ ⌐⅛↑

≡ 10% ─ ⅜╖╠╣√⁹ +10%╩ ⅎ╢ │⁸1 ⅛╠ 4 ◦ꜝכꜚ─

▪ ⌂≥≢╖╠╣√⁹╕√⁸ ≢│⁸7 ⁸8 ⌐ ⅛╠ ▪ⱷꜞ◌

⌐⅛↑≡ 10% ─ ⅜⁸▬fi♪ ≢+20% ─ ⅜╖╠╣√⁹

○♂fiⱱכꜟ⅜ ∆╢ 9 │⁸ ⌐ ≢ ⅜ ⅜╡⁸ ⌐ 9 ⅛╠ 11

│+40% ≤⌂∫√⁹↓╣│ ○♂fiⱱכꜟ─ ⅜ ╟╡⅛⌂╡ ↕ↄ ⇔√

↓≤⅜ ≢№╢⁹ 

 

Ẽ ─○♂fi ─ P25  

 60 90 ─ ⌐ ↕╣╢○♂fiⱱכꜟ─ │⁸1980

⅛╠ 1990 ┌⌐⅛↑≡ ⌐ ⇔√⅜⁸1990 ┌ ≢│⁸ ₁ ⌐╟╢

│№╢╙──⁸ ⌂ │ ╠╣⌂ↄ⌂∫√⁹ 

2019 │ ─○♂fiⱱכꜟ─ ⌐ ═≡ ╘≡ ⌂ ≢№∫√⁹○♂fiⱱכꜟ

│ 8 ⌐ ⇔⁸∕─ │ 8 │ ⇔√╙──⁸ ⌐ ═≡ ⌂ │

╠╣⌂⅛∫√⁹ │ 9 7 ⌐ ↕╣⁸∕─ ⅝↕│ 1,100 km 2≢⁸

─ 0.8 ⌐ ╕∫√⁹∕─ ⁸ 10 ─ ≤ ═╢≤ ╙ ↕™ ≢ ⇔

⌂⅜╠∕─ ╩ ∫≡™√⅜⁸10 ⅛╠ ⌐ ⇔⁸11 10 ⌐ ⇔√⁹2019

│⁸8 ⌐ ≢ ⅜ ⇔⁸ ─ 20km ≢ ─

™ ⅜ ™√√╘⁸○♂fi ╩ ↕∑╢ ⅜ ↕╣╢ ⅜ ⌐

═≡ ≤⌂╡⁸∕─ ○♂fiⱱכꜟ ─ ⌐╟╢○♂fi ─ ⅜

↕╣√↓≤⌐ ⅎ⁸ ⅜ ⅛∫√↓≤⌐╟╡○♂fiⱱכꜟ─ ⅛╠ ○♂fi

⅜ ⇔√↓≤⌂≥─ ╩ ⌂ ≤⇔≡⁸○♂fiⱱכꜟ─ ─ ⅜ ⅎ╠╣

√≤ ⅎ╠╣╢⁹╕√⁸10 ⌐ ⅜↕╠⌐ ╕∫√↓≤≢⁸○♂fiⱱכꜟ─ ⅜

╕∫√≤ ⅎ╠╣╢⁹ 

 

Ẽ ─○♂fi ─ P36  

 ≢│ ⌐╟╢○♂fi ─ ₁ ⅜ ⅝™√╘⁸ ⌂

│ ⅎ⌐ↄ™╙──⁸1990 │∕╣ ⌐ ═ ⌐ ⌂™ ⅜ ™⁹ 

 2019 3 ─○♂fi │⁸ ─ ™ ≢ ⅝⌂ ≤⌂∫√



 

2 

⅜⁸ ▪ⱷꜞ◌ ≢│ ≤⌂∫√⁹2018 7 ₩2019 6 ─

─ 60 50 hPa ⌐⅔↑╢ │⁸12 ╕≢

≤ ≢ ⇔√⅜⁸12 ⅛╠ ⌐ ↄ⌂╡ ⁸3 ╕≢

⌡ ╟╡ ↄ ⇔√⁹↓─↓≤⅜⁸ ─ ™ ≢─ ≤⌂∫√

↓≤─ ≤ ⅎ╠╣╢⁹ ⁸ ▪ⱷꜞ◌ ─ │⁸ ⅜ ⅛

∫√↓≤⅜ ≤ ⅎ╠╣╢⁹ ─ ─ ⅛╠ ⇔≡⁸2019

─ ≢│ ⌂○♂fi │ ↓╠⌂⅛∫√≤ ⅎ╠╣╢⁹ 

 

Ẽ ⅜ ⌐⅔↑╢○♂fi ─ P39  

ה┌ↄ≈ה  ≢ ↕╣√ ─○♂fi │⁸ ≤≈ↄ┌⌐⅔™≡ 1980

⅛╠ 1990 │∂╘╕≢ ⇔√ ⁸ ╛⅛⌂ ⅜╖╠╣╢⁹╕√⁸ ≢│

1990 ┌ ⁸ ╛⅛⌂ ⅜ ╠╣≡™√⅜⁸ │○♂fi ⅜ ⌂™ ⅜

™≡™╢⁹ 

 2019 ─ ─○♂fi ─ │⁸1994 2008 ─ ≤ ═⁸ ≢

│⁸1 ⌐ ⌂ↄ 6 ⌐ ↄ⌂∫√⁹≈ↄ┌≢│ 1⁸2⁸8⁸9 ⌐ ⌂ↄ⁸ 1957

⁸1 │∕─ ≤⇔≡ 3 ⌐ ⌂ↄ⁸2 │∕─ ≤⇔≡ 1 ⌐ ⌂ↄ⁸9

│∕─ ≤⇔≡ 2 ⌐ ⌂™ ≤⌂∫√⁹ ⁸5 ≤ 6 │ ⅛∫√⁹ ≢│⁸1⁸

2⁸3⁸7⁸9 ⌐ ⌂ↄ⁸ 1974 ⁸2 │∕─ ≤⇔≡ ≤⌂╡⁸

9 │∕─ ≤⇔≡ 3 ⌐ ⌐ ⌂™ ≤⌂∫√⁹↓╣╠│⁸ ─ ─ ⌐╟

╢ ⌐ ⅎ⁸2019 ─ ╩ ↄ ≢│⁸QBO─ ⌐ ⇔≡™╢↓≤⅜

⌂ ≤⇔≡ ⅎ╠╣╢⁹ 

 

Ẽ○♂fi ─ P43  

 ⸗♦ꜟ ⌐╟╢≤⁸○♂fi ─ │ ≢ ⌂╡⁸ ─ │

⌐ ═≡╛╛ ╣╢≤ ↕╣≡™╢⁹○♂fi ⅜ 1960 ─○♂fi

⌐╟╢ ⌂○♂fi ⅜ ↓╢ ꜠ⱬꜟ╕≢ ∆╢ │⁸ ─ ה

≢ 2030 ⁸╕√ 35 60 ≢│ 2055 ≤

↕╣≡™╢⁹ ⁸ ─ │╒⅛─ ╟╡╙ ↄ⁸1960 ꜠ⱬꜟ⌐ ╢─│ 21

⌐⌂╢≤ ↕╣≡™╢⁹╕√ ⸗♦ꜟ ⅛╠│⁸○♂fi ─ ⌐│⁸

●☻─ ⌐╟╢ ─ ┘⌐ ⌐ ℮ ─ ─ ⅜ ╩ ⅎ╢

↓≤⅜ ↕╣≡™╢⁹ 
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Ẽ ─ Ᵽ♇◒◓ꜝ►fi♪ ─ P98  

 30 60 ─ ⌂ ╩ ∆╢╟℮⌂ ─

⌂≥ ⌐⅔™≡⁸∕╣╕≢ ⇔ ↑≡⅝√ ○♂fi ⌐

≠⅝ ⅜ ↕╣≡™╢ⱨ꜡fi ─℮∟⁸CFC-12─ │ 1990

≢╒╓ ┌™≢№∫√⅜ 2006 ⅛╠ ⇔ ╘≡™╢⁹CFC-11⁸CFC-113⁸

─ │ 1990 ┌ ⁸ 1%/ ─ ≢ ⇔≡™╢⁹↓─℮∟

CFC-11⌐≈™≡│⁸ ≢─ ╛ ⌐╟╢ ≢ 2014 ⅛╠ ─ ⌐

⅜ ╘╠╣╢⁹ ⁸ ≢─ ─ ™ 1,1,1-♩ꜞ◒꜡꜡◄♃fi─ │ 1990

⌐ ⇔√⁹ 

 Ɫ꜡fi-1211─ │ 2000 ⌐ ∫≡ ⅜ ⇔⁸ │ ⌐ ∂√⁹

Ɫ꜡fi-1301 ⌐≈™≡│⁸ ⇔ ↑≡™√⅜⁸ ∕─ │╝╢╛⅛⌐⌂╡⁸2015

│ ─ ⌂ │ ╘╠╣⌂™⁹ 

 HCFC -22│ 2%/ ─ ≢ ⇔≡™╢⁹╕√⁸HFC -134a─ │ 5%/ ≢

╘≡ ⅝™⁹HCFC -141b⁸HCFC -142b │⁸ ⇔ ↑≡™√⅜⁸ ∕─

│╝╢╛⅛⌐⌂╡⁸2014 │ ─ ⌂ │ ╘╠╣⌂™⁹ 

╕√⁸2018 ⌐○♂fi ⅜ ↕╣⁸₈ ₉≤⇔≡ HFCs ⅜ √

⌐ ↕╣╢↓≤≤⌂∫√↓≤╩ ↑≡⁸ ⅛╠ HFCs ─ ╩ ⇔≡™╢⁹ 

 

Ẽ ─ ⌐⅔↑╢ ─ P116  

 ─ ─ ≤⇔≡ ≢ ⇔√ CFC-11⁸CFC-12⁸CFC-113⁸

⁸1,1,1-♩ꜞ◒꜡꜡◄♃fi─ │⁸ ⌐ ⅜ ↕ↄ⌂╢≤≤╙⌐⁸

⌐⅔↑╢ ≤╒≤╪≥ ╦╠⌂ↄ⌂∫≡⅝≡™╢⁹ ─ ╛ ─

⌐│⁸ ⌐⅔↑╢ ─ ┘ ⅜ ╪∞ ⅜ ↕╣≡™╢≤ ⅎ

╠╣╢⁹ 

 ≢⁸HCFC -22⁸HCFC -141b⁸HCFC -142b│⁸ ╛╛ ⅜ ∆╢ ╩

⇔≡™╢╙──⁸ ≤⇔≡ ⌐ ™ ≢ ↕╣≡™╢⁹↓─↓≤│⁸↓╣╠─

│ ╙ ≢ ↕╣≡™╢↓≤╛⁸ ⌐ ה ↕╣√ ⅛╠ ⌐

↕╣≡™╢↓≤⅜ ↕╣≡™╢≤ ⅎ╠╣╢⁹HFC -134a⌐⅔™≡╙⁸2010 ╕

≢ ↕╣≡™√ ▬ⱬfi♩│ ≢│∕─ ה │ ⇔≡™╢⁹ ≢⁸2011

⅛╠ ─ ┘ 20 ⌐ ⌂ ⅜ ╘╠╣⁸ ─ │ ≢

─Ᵽ♇◒◓ꜝfi♪ ⌐ ═≡ ≤⇔≡ ™⁹ 

 

 

Ẽ ─ ─ P121  

 ○♂fi ╩ ∆╢ CFC ─ ≤ │⁸⸗fi♩ꜞ○כꜟ ⌐ ≠™≡ ≢│

1995 ╕≢⌐⁸ ≢│ 2009 ╕≢⌐ ↕╣√⅜⁸ ⅜ ⌐ ™√

╘⁸ ⁸CFC ─ │ ╘≡╝╢╛⅛⌐ ⇔≡™ↄ≤ ↕╣╢⁹ ⁸CFC

≤ ═╢≤○♂fi ─ ↕™ HCFC ⌐≈™≡│⁸ ─ ⌐ꜟכꜙ☺◔☻

∫≡⁸ ─ ה │ 2020 ╩╙∫≡ ↕╣√⅜⁸ ⌐⅔™≡│ ה

─ ⅜ ╘╠╣≡™╢ ⌐№╡⁸HCFC ─ │ ⅝ ⅝ ∆╢⅜⁸

10 20 ≢Ⱨכ◒⌐ ⇔⁸∕─ ∆╢≤ ↕╣╢⁹ 



 

4 

Ẑ Ẇ  

Ẽ ─ P9⁸P145  

 ○♂fi │⁸ ⅛╠ ⌐╛∫≡ↄ╢ ─℮∟⁸UV-C 200 280nm ─∆═≡

≤ UV-B 280 315nm ─╒≤╪≥ 90 ╩ ∆╢⁹↓╣╠│ ≤ ┌╣

╢⁹⇔⅛⇔ ⅜ ™ UV-A 315 400nm │ ⇔⌂™⁹ ⌐ ⅜ ≢⅝╢─

│⁸↓─○♂fi ⅜ ⅛╠ ╣√ ⌐○♂fi ≤⇔≡ ⇔⁸UV-B⁸UV-C⌐

≡⇔≥כ♃ꜟ▼◦╢∆ ™≡™╢⅔⅛→≢№╢⁹ 

 ≢ ↕╣╢ │⁸○♂fi ─ ⁸ ⁸ ─ ⁸◄▪꜡♂ꜟ─ ⁸

─ ⁸ ⌂≥⁸ ₁⌂ ⌐╟∫≡ ∆╢⁹╕√⁸∕╣╠─ │ ⌐╟∫

≡ ⌂╢⁹ 

 UV-B │⁸ ⌂≥─ ⌂ ⌐ ╩╙√╠⇔⁸ ─ ╛ ⅜╪

─ ⁸↕╠⌐ ─ ⁸ ⌂≥⁸ ─ ⌐ ╩ ⅎ╢╒⅛⁸ ⁸

⌐ ╩ ╓∆⁹ ○♂fi ─ ⌐╟╡ UV-B ─ ┼─ ⅜

∆╢≤⁸∕╣╠─ ⅜ ∆╢↓≤⅜ ↕╣╢⁹ 

 │⁸ ⌐ ╓∆ ╩ ∆√╘⌐⁸ ⌐╟∫≡ ⌂╢ ≢ ╖ ↑⇔

≡ ⇔√ ≢№╢⁹ 

 

Ẽ ─ ─ P162  

2019 ─ │ 9 ⁸ 1994 2008 ╟╡⅛⌂╡ ⌂

ↄ ⇔⁸12 │ ╖≤⌂∫√⁹↓╣│⁸ ⌡○♂fi ─ ≤╟ↄ ⇔√

╩ ⇔≡™╢⁹ 

 ⌐⅔↑╢ ─ 2019 ─ ⌐≈™≡╖╢≤⁸8

11 │ ╩ ⇔√ 1993 ∕─ ≤⇔≡ ≤⌂∫√⁹↓╣│⁸○♂fi ⅜

⅛∫√↓≤≤ ─ ⅜ ≢№╢⁹ 

 

Ẽ ─ ─ ≤ P164  

2019 ─ │⁸≈ↄ┌≢│ 1 ⁸3 5 ⁸9⁸11 ⌐ ↄ⁸ ⌐ 1⁸

9⁸11 │ 1990 ─ ⅛╠ 2 ⌐ ™ ≤⌂∫√⁹↓╣│ ⅜ ╟╡

⅛∫√↓≤⌐ ⅎ⁸1⁸9 │ ─○♂fi ⅜ ╟╡ ⌂⅛∫√↓≤╙ ≢№╢⁹ 

 30 60 ─™ↄ≈⅛─ ≢│⁸ ⌐ ∆╢

│ 1990 ⇔≡™╢⁹ ─ ה┌ↄ≈ה ─

⌐≈™≡⁸ ⅜ ╩ ⇔√ 1990 ╘⅛╠─ ╩╖╢≤⁸ ⁸≈

ↄ┌≢│ ⌐ ⌐ ⇔≡™╢⁹ ─ ≤⇔≡⁸ ≢│ 1990 ┌⅛╠

2000 ⌐ ⌐ ⇔≡™╢⁹≈ↄ┌≢│ 1990 ⌐ ⌐ ⅜╖╠╣╢⁹⌂⅔⁸

≢│⁸1990 ⌐ ⅜ ╠╣√⅜⁸2000 ∫√ │╖╠╣⌂™⁹↓

℮⇔√ │⁸ ─○♂fi ─ ⌐ ∆╢≤™℮╟╡│⁸ ╛◄▪꜡♂ꜟ ─

⌐╟╢ ≤ ⅎ╠╣╢⅜⁸ ─ ⌐ ⇔≡∕╣∙╣≥─ ⅜№╢─⅛

╠⅛≢│⌂™⁹ 
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Ẽ ─ P166  

 ≢─ │○♂fi ⌐ ∆╢⁹∕─√╘⁸○♂fi ─ ⌐╟╡⁸

─ ─ │⁸ ⅝ ⅝ ™ ⅜ ™≡™╢≤ ╦╣╢⁹○♂fi ─ ⅜

↕╣╢ ≢⁸ ─ ─ │⁸ 30 90

≢│⁸2020 ⌐│ 1980 ○♂fiⱱכꜟ⅜ ⌐ ╣ ╘√ ꜠ⱬꜟ─ ⌐

╢≤ ↕╣≡™╢⁹ ⁸ ≢│ 1980 ꜠ⱬꜟ─ ⌐ ╢─│ ╟╡

╛╛ ╣⁸↕╠⌐ 60 90 ≢│ ┌⌐⌂╢≤ ↕╣≡™

╢⁹⌂⅔⁸ │ ⁸◄▪꜡♂ꜟ⁸ ─ ╙ ↄ ↑╢√╘⁸ ─

─ ⌐│ ⅝⌂ ⅜№╢⁹ 
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῁ ◐ ѝ⁹ ẀҲ 

 

46 ─ ⁸ ⌐ ⅜ ╕╣⁸ ─ ─ ⌐╟∫≡

⌐ ─ ⅜ ↕╣√ ⁸ ⌐╟╢ ─ ⌐╟∫≡

⌐○♂fi ⅜ ↕╣╢↓≤≤⌂∫√⁹○♂fi ⅜ ↕╣╢≤⁸○♂

fi ⅜ ╩ ⇔≡∕─ ─ ╩ ╘╢√╘⁸○♂fi ≢│

─ │ ╟╡ ↄ⌂╢⁹↓─ ─ ╩ ≤ ╪≢™╢⁹ ─

○♂fi│ ─ ⌐ ⌂ ╩ ⇔⁸∕─ ┼─ ╩ ←↓≤⌐

╟∫≡⁸ ─ ╩ ⌐∆╢ ⌂ ╩ ∫≡™╢⁹↓↓≢│○♂fi

─ ⁸○♂fi ─ ≤ ⁸ ┘ ⌐╟╢○♂fi ⌐≈™≡

∆╢⁹  

 

○♂fi ─ ה ה  

 

─ ─ ≈≢№╢ │⁸ ⅛╠─ ─℮∟◄Ⱡꜟ◑כ─

™ ─ ™ ╩ ⇔2 ─ ⌐ ∆╢⁹ ⇔√

│ ╡─ ≤ ⇔≡○♂fi╩ ∆╢⁹◄Ⱡꜟ◑כ─ ™

│⁸ ─ ⌐ ↕╣╢√╘⁸ ⅜ ↄ⌂╢⌐≈╣≡ ⅜ ╕

╢⁹ ⁸ ↕╣╢ ─ │ ⅜ ™ ⅜ ™─≢⁸↓─2≈─ ─

⅛⌡№™⌐╟╡⁸○♂fi⅜ ↕╣╢ │№╢ ≢ ⌐⌂╢⁹  

 ⁸ ↕╣√○♂fi│ ≢─ │ 1 1 P57

╩ ⌐╟╡ ∆╢⁹╕√○♂fi│⁸ ─ ⌐╟∫≡№╢ ⅛╠ ─

⌐ ↕╣╢⁹∕─√╘⁸○♂fi─ │⁸ ≢─○♂fi─ ה

≤○♂fi─ ─Ᵽꜝfi☻⌐╟∫≡ ╕∫≡ↄ╢⁹  

 

 

1-1-1⌐○♂fi ─ ╩ ∆⁹ ⅛╠╙ ⅛╢ ╡⁸○♂fi─ ↄ

─○♂fi─ 90% │₈○♂fi ₉≤ ┌╣╢ ⅛╠ 10km⅛╠50km─

⌐ ⇔≡™╢⁹ 1-1-1⌐│○♂fi ─ ≤ ╦∑≡⁸ ─

⅜ ↕╣≡™╢⁹ ⅛╠ 10 km╕≢│⁸ ⅜ ↄ⌂╢⌐ ∫

≡ ⅜ ↄ⌂╢⁹∕─√╘⁸↓─ │ ⅜ ↓╢↓≤⅛╠⁸₈

₉≤ ┌╣╢ *⁹ ⁸ 10km╟╡ ™⁸○♂fi⅜ ↄ ⇔≡™╢

                                                   

 
*  ─○♂fi│⁸ ⅛╠─ ⌂╠┘⌐ ≢─ ⌂ ⌐╟∫≡ ↕

╣≡™╢⁹⌂⅔⁸ ⌐│ ⅜ ⇔ ╩ ↓∆╟℮⌂◄Ⱡꜟ◑כ─ ™

⅜ ⇔⌂™√╘⁸ ≢│ ≤│ ⌂∫√ⱷ◌♬☼ⱶ≢○♂fi⅜ ↕╣╢⁹  
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≢│⁸ ⅜ ↄ⌂╢⌐ ∫≡ ⅜ ↄ⌂╢⁹↓─╟℮⌂ ╟╡

─ ⅜ ⅛™ ⅜ ╠╣╢↓≤⌐│⁸○♂fi ─ ⅜ ⇔≡™╢

│ 1 1 P57 ╩ ⁹↓─ 10km⅛╠50km ╕≢─

⅜ ≤≤╙⌐ ⇔≡™╢ │₈ ₉≤ ┌╣╢⁹  

 ○♂fi │⁸ ⅛╠ ⌐╛∫≡ↄ╢⁸ ⌐ ⌂ UV -B ╩╒≤

╪≥ 90% ∆╢⁹ ⁸○♂fi │ ⌐≤∫≡ ⌂ ≢№╢ *⁹

⌐ ⅜ ≢⅝╢─│⁸↓─○♂fi ⅜ ⅛╠ ╣√ ⌐

○♂fi ≤⇔≡ ⇔⁸ ⌐ ≡⇔≥כ♃ꜟ▼◦╢∆ ™≡™╢⅔⅛→

≢№╢⁹○♂fi ⌐╟∫≡ ↕╣⌂⅛∫√↔ↄ ─UV -B ─UV -B

│ ⌐ ∆╢─≢⁸ │∕╣⌐ ∆╢ ╩ ⅎ╢╟℮⌐⌂∫

√≤™╦╣≡™╢⁹⇔⅛⇔⁸ ⌐UV -B╩ ┘╢↓≤│ ─ ╛ ⌐

╩ ╓∆⅔∕╣⅜№╢⁹ 

0 2 4 6
0

10

20

30

40

50

60
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200 250 300

 

 

 
 

 
1-1-1 ○♂fi ─ ┘ ─  

US Standard Atmosphere 1976  ╩╙≤⌐

                                                   

 
*  ⌐ ∆╢○♂fi╙ ⌐ ∆╢○♂fi╙ ⌐│ ─ ≢№╢⁹⇔⅛

⇔⌂⅜╠⁸ ⌐ ∆╢○♂fi│ ─ ╛ ה ⌐ ╩ ╓∆√╘⁸

≤⇔≡ ╦╣⁸₈ ™○♂fi ☻⸗♇◓○♂fi ₉≤ ↕╣╢↓≤⅜№╢⁹ ⁸

⌐ ∆╢○♂fi│⁸ ⌐ ⌂ ─ ─ ╩ √∆√╘⁸₈ ™○♂

fi₉≤ ↕╣╢↓≤⅜№╢⁹  

K  ○♂fi 1012 /cm3  

k
m
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 ○♂fi │⁸ ╛ ─ ™⌐╟∫≡⁸ ה ╛

⌐╟╢ ™⅜№╢⁹ ─ ≢│⁸ ─ ⌂ ⌐╟

╡○♂fi⅜ ↄ ↕╣╢⁹≤↓╤⅜ 1-1-2⌐ ⇔√ ⌐╟╢○♂fi

*─ ─ ╩ ╢≤⁸○♂fi │ ≢ ⌂ↄ ≢ ↄ⌂

∫≡™╢↓≤⅜ ⅛╢⁹∕─╟℮⌂ ╩ ╡ ⇔≡™╢ │⁸ ⌂

─ ≢№╢⁹  

 │⁸ ⌐│⁸ ⌐⅔™≡ ⅛╠ ⌐ ∫≡ ⇔⁸

⌐⅔™≡ ⇔≡ ⌐ ╢⁹↓─ ─ │⁸Alan Brewer ≤

Gordon Dobson⌐╟╢ ≤○♂fi─ ⌐╟∫≡⁸ ⌐ ╘≡

↕╣√⁹ ─ ⌐∟⌂╪≢↓─ │Ⱪꜞꜙכ꞉ה♪Ⱪ♁fi ≤ ┌

╣╢⁹ ⌐⅔↑╢ │⁸○♂fi─ ⌂ ─ ╩

⌐ ∆╢ ⌂ⱷ◌♬☼ⱶ≢№╡⁸↓╣⌐╟∫≡ ⅛╠

⌐⅛↑≡─○♂fi ─ ⅜ ↕╣╢⁹ │ 1 15 P88 89

╩ ⁹  

⌐ 1-1-2╩ ⇔ↄ ╢≤⁸○♂fi │ ≢│ ⌂ↄ⁸ ≤╙

ה ≢ ↄ⁸ ⌐○ⱱכ♠◒ │ ╙ ™↓≤⅜ ⅛╢⁹╕√⁸

─ │⁸ ≢│ ⌐ ═≡ ≢ ⅝ↄ⁸ │

⌐ ≡╙ ╙ ⅝™⁹ 

 

 
1-1-2 ─ ○♂fi 1997 2006 ─  

│m atm -cm⁸ │10 m atm -cm⁹NASA ─ ♃כ♦ TOMS ┘OMI

♃כ♦ ╩╙≤⌐ ⁹   ○♂fi 2010 

                                                   

 
*  ⅛╠ ╕≢─ ⌐ ╕╣╢∆═≡─○♂fi╩ ⇔√ ╩○♂fi ≤

™℮⁹○♂fi │⁸ ─○♂fi╩∆═≡ 1 ⁸0ϴ≤⇔≡ ⌐ ╘√ ─ ─

↕⌐ ∆╢ ≤⇔≡ ↕╣╢⁹○♂fi ╩ ∆ ≤⇔≡│⁸cm ≢ ⇔√ ╖╩

1000 ⇔√ ⅜ ⌐ ╦╣≡⅔╡⁸ ⌐↓─ ╩ m atm -cm Ⱶꜞה▪♩⸗☻ⱨ

ꜟ♩כfi♅ⱷ☿ה▪▼ │ DU Dobson Unit; ♪Ⱪ♁fi ≤ ⇔≡™╢⁹ ─

⌂○♂fi │ 300 m atm -cm ≢№╢√╘⁸₈ ⌂○♂fi ─ ╖│ 3 mm₉≤

↕╣╢↓≤╙№╢⁹∟⌂╖⌐⁸ ─ ╖╩ ∂ ≢ ∆≤ 8 km ≤⌂╢⁹  
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○♂fi ─  

 ○♂fi │⁸ ⌐╟╡ ∆╢⁹╕√⁸╟╡ ⌐│ QBO 2 ⁸

11 ⌂≥⌐ ⇔√ ⅜№╢⁹╕√ ⌐ ∆╢╟℮⌂ ─

╙ ⌐○♂fi ⌐ ╩ ⅎ╢↓≤⅜ ╠╣≡™╢⁹ ⌐╟╢○

♂fi ─ ╩ ╟ↄ ∆╢√╘⌐│⁸↓╣╠─ ⌐╟╢ ╩ ⇔ↄ

⇔≡⅔ↄ↓≤⅜ ≢№╢⁹ 

 

 

⌐ ⇔√○♂fi ─1997 2006 ─ ─ ╩ 1-1-3⌐ ∆⁹

⌐ ─○♂fi │⁸ ≤╙⌐ ⌐ ≤⌂╢╟℮⌂ ⅜

╠╣╢⁹↓╣│⁸ ⅛╠ ┼─ ─ ⅜ ⅛╠ ⌐⅛↑≡

╙ ≤⌂╢√╘≤ ↕╣≡™╢⁹ 

 

1-1-3 ○♂fi 1997 2006 ─ ─  

│ m atm -cm⁸ │ 25m atm -cm⁹NASA ─ ♃כ♦ TOMS ┘ OMI ♃כ♦ ╩

╙≤⌐ ⁹ ⁸ ≢─ ─⌂™ ⅜№╢─│⁸ ⅜ ↕⌂ↄ⌂╢ ─ ≢│

≢⅝⌂™√╘⁹  ○♂fi 2010 

 

 

2  

─ ≢│ ≤ ⅜ 2 ─ ≢ ∆╢↓≤⅜ ╠╣≡⅔╡⁸↓

─ │ 2 QBO ≤ ┌╣≡™╢⁹QBO⌐ ∫≡○♂fi ╙ ≢

∆╢↓≤⅜╦⅛∫≡⅔╡⁸ ≢ ─ │ ≢○♂fi ⅜ ╟╡ ⌂

ↄ⁸ ≢│ ╟╡ ↄ⌂╢↓≤⁸ ─ │ ≢○♂fi ⅜ ╟╡ ↄ⁸

≢│ ╟╡ ⌂ↄ⌂╢↓≤⅜ ╡╟⌐♃כ♦ ↕╣≡™╢⁹↓─

─ⱷ◌♬☼ⱶ⌐≈™≡│⁸ ─ ─ ≤ ─ ─

≤⅜ ┘≈™√╙─≢№╤℮≤ ⅎ╠╣≡™╢⁹ 
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⌐⁸ ─ ⌂ ╣─ ↕─ ⌐╟∫≡○♂fi │ ∆╢⁹ ⌐⅔

™≡ ⅛╠ ┼─○♂fi ⅜ ↄ⌂╢≤ ⌐⅔↑╢○♂fi ⅜

ↄ⌂╢⁹↓─╟℮⌂ ─ ─ ⅜○♂fi ⌐ ⅎ╢ ⌐≈™

≡│⁸ ⇔™↓≤│╕∞╟ↄ╦⅛∫≡™⌂™⁹╕√⁸ ─ ─ ≤○♂fi ≤

─ ╙ ─ ╩ ↑╢↓≤╙№╡⁸ ─ ─ ⅜ √╣╢ │ 1

4-4 c ○♂fi ─ ⅜ ⌐ ╓∆ P56 ╩ ⁹ 

 

 

⌐ ∫≡◄Ⱡꜟ◑כ─ ™ ─ ⅜ ∆╢ ⅜ ™

≤ ─ │ ⅝ↄ⌂╡⁸∕─ │ ─ ╩ ∆╢ ─

╒≥ ≤⌂╢ ↓≤│⁸ ⌐╟╡ ↕╣≡™╢⁹↓─ ⌐ ∫≡

⌐⅔↑╢○♂fi─ ⅜ ∆╢─≢⁸ ─ ≤ ─ ≢

─○♂fi │2 3% ∆╢↓≤⅜╦⅛∫≡™╢⁹╕√⁸ ≢ ↕╣╢

◄Ⱡꜟ◑כ─ │ ─ ╩╙√╠∆─≢⁸↓╣⌐╟∫≡

─ ─ ⅜ ↓╡⁸ ≢╙○♂fi ─ ╩ ∂≡○♂fi ⅜

∆╢≤™℮ ⅜ ↕╣≡™╢⁹ 

 

 

 ⌂ ─ ≢⁸ ⅎ┌ 1991 ─Ⱨ♫♩▲Ⱳ ─ 1992 ≤ 1993

⌐│⁸ ≢○♂fi ─ ⅜ ↕╣√⁹↓╣│⁸ ⌐ ⅞ ╕╣√

─ ⅜ ◄▪꜡♂ꜟ ⌐ ⇔⁸∕─ ≢─ ⌐

╟∫≡○♂fi─ ⅜ ↕╣√√╘≢№╢≤↕╣≡™╢ │ 1 4-4 b ○

◄▪꜡♂ꜟ ⅜○♂fi ⌐ ╓∆ P55 ╩ ⁹ 

 

⌂ ╩ ∆╢≤⅝⌐│⁸ ─ ⁸ ─ ⁸

─ ─ ⁸ ⁸ ⌐╟╢ ╩ ╡ ↄ ⅜

№╢⁹ 

 

⌐╟╢○♂fi  

 ⌐ ⌐ ⇔⁸○♂fi╩ ⌐╟∫≡ ∆╢ ≢№╢

HO ⁸ NO ⁸ ClO ⁸ BrO ⌂≥⌐│⁸

─ ⌐ ⅎ≡⁸ ─ ─ ⌐╟╢ ⅜ ≢⅝⌂™╙─

⅜№╢ │ 1 1 P57 ╩ ⁹ ─ │⁸ ⅛╠

↕╣╢ ⁸⌂╠┘⌐ⱷ♃fi╛ ≢№╢⁹ ⅛╠ ↕╣╢ │
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─ ⌐╟╡ ↕╣╢⁹ⱷ♃fi╛ ─ ⌐│ ⅜ ╕╣

≡™╢⁹ ─ ≤⇔≡│⁸ ≤ ⌐ ↕╣╢ NO ⅜

≤⇔≡ ⌐⌂╢⁹ClO ≤ BrO ⌐│ ─ ≤⇔≡ ⱷ♅ꜟ≤

ⱷ♅ꜟ⅜№╢⅜⁸ClO ⌐ ⇔≡│◒꜡꜡ⱨꜟ○꜡◌כⱲfi CFC ⌂≥⁸╕√ BrO ⌐

⇔≡│Ɫ꜡fi╛ ⌂≥⌐ ™╠╣╢ ⱷ♅ꜟ⅜ ≢№╢⁹ ⌐ 1960

⁸ ⌐ ℮ CFC ╛Ɫ꜡fi⌂≥─ ─ ⅜ ⇔ↄ ⇔√↓≤⅜

⅝ ≤⌂╡⁸○♂fi ⅜ ≤⌂∫√⁹ 
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ʫ ῁  

 

○♂fi ─ │⁸ ⌂≥╩ ∫≡ ╩ ╕≢ ┘⁸∕─ ≢○♂fi ─

╩ ╢ ≤⁸○♂fi ⌐╟╢ ─ ╛ ╩ ™ ⌐ ╩ ∆╢

⅜№╢⁹ ≢│ ⌐ ─ ╩ ∆╢⅜⁸ ⌐╟∫≡│

╕≢ ≢⅝╢⁹╕√⁸ ╩ ∑╢ⱪꜝ♇♩ⱨ◊כⱶ⌐╟╡⁸ ⅛╠─ ⁸

⅛╠─ ⁸ ╩ ™√ ⌂≥⌐ ≢⅝╢⁹ 

 

 

 ─○♂fi ╩ 1-2-1 ⌐ ∆⁹ │ ─ ⌐ ⇔≡⅔

╡⁸ ⁸ ⁸ ≢│⁸ ─ ⅜╕∞ ≤™ⅎ╢⁹ ⅜ ≢│ ⁸

┌ↄ≈ה ה ה ⌐⅔™≡ ⅜ ╩ ∫≡™╢⁹ 

 

 
 

1-2-1 ○♂fi ─ (2014 2018 ) 

2014 2018 ─○♂fi ⅜♃כ♦ ○♂fiה ☿fi♃כ WOUDC ⌐ ↕╣≡™╢

╩ ∆⁹ │ 158 ủ ⁸ │ 3 ừ ⁸○♂fi♂fi♦ │ 51 ẽ ⁹ 

≢─○♂fi ┘ ⁸ ≤ ─○♂fi♂fi♦ │ 2018 1 ⌐ ⇔√⁹ 

 ♃כ♦

 

 

☿fi◘כ⌐╟╢ │⁸ ─ ≢ ╩ ↄ◌Ᵽ⁸⇔כ

∞↑≢│◌Ᵽכ≢⅝⌂™ ™ ╛ ⅜♃כ♦─ ≢⅝⁸↓╣╕≢ ─

ה ≢ ⅜ ╦╣≡⅝√⁹ ≢│⁸ ☿fi◘כILAS ┘ ILAS -и─

╩ ™⁸ ♃כ♦⁸≡™⅔⌐ ♃כ♦≥ ╩ ╘√⁹ 

 ≢│⁸ ≤ ≢ ⌐ ≡ ╙ ─№╢ TOMS

≤OMI≢ ╩*♃כ♦√╣╠ ⌐ ╩ ∫≡™╢⁹

                                                   

 
* ≢│⁸2007 12 ─ OMI ⁸≡™≈⌐♃כ♦─ ≤─ ⅜ ⅝™↓≤⌂≥⅛╠

⌂ ╩ ∆╢ ⌐│ ╩ ∫≡™╢⁹ 
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⌐⅔™≡│⁸1960 ⅛╠ ⁸≈ↄ┌⁸ ⁸ ⌐⅔™≡○♂

fi♂fi♦ ⅜⅔↓⌂╦╣≡⅝√⁹↕╠⌐ 1980 ⌐│ ⌐⅔↑╢ ⅜ ╦∫≡

™╢⁹ ≢ 2005 ⌐│ ≢─ ⅜ ⇔⁸2018 2 ⌐│ ≤ ≢─○♂

fi♂fi♦ ⅜ ⇔√⁹ 

─○♂fi♂fi♦ │⁸○♂fi ─ ─ ⅜ ⌐ ≡╙ ╙ ⅝

™ ⌐ ∆╢ ⌐ ™ ⌐ ∫≡ ↄ ─ ╩◌Ᵽ⁸⇔כ▪☺▪⅛

╠ ─○♂fi ╩ ∆╢ ≢ ⌂╙─≢№∫√⁹╕√ ─ ⌐№∫

≡⁸ ▪☺▪⅛╠─ ─ ╩ ∆╢√╘⌐╙ ⌂

╩ ╘≡™√≤™ⅎ╢⁹↕╠⌐↓╣╠─ ⁸│♃כ♦⌂ ─♃כ♦ ╛

⸗♦ꜟ─Ɽⱨ◊כⱴfi☻─ ⌐ ™╠╣≡⅝√⁹ 

⇔≡™╢ │⁸ ⁸≈ↄ┌⁸ ⁸ ⌐⅔↑╢○♂fi ≤

○♂fi ⁸≈ↄ┌⁸ ≢─○♂fi♂fi♦ ≢№╢⁹○♂fi ⅔╟┘

─ ⌐ ∆╢ ⇔™ │ ─ⱱכⱶⱭכ☺╩ ↕╣√™ 

(https://www.data.jma.go.jp/gmd/env/ozonehp/5_0station.html) ⁹ 
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῁  

─○♂fi ─  

a 2019 ─○♂fi ─  

% 2019  

 2019 ─ ─○♂fi ─ ╩ 1-3-1 ⌐⁸○♂fi % ─ ╩

1-3-1 ⌐ ∆⁹ 

2019 ─ ─ ○♂fi ─ ╩⁸1997 2006 ○♂fi ─ ⅜

╕╡⁸○♂fi ⅜╒╓ ⇔≡™√ ─ ─ ≤ ∆╢≤⁸ ─

≤ ≢ ⁸∕╣ ─ ─ ≤ ≢ *≤⌂∫√⁹

∕─ ≢⁸ ─ │ ⌐ ≤⌂∫√⁹ 

─ ○♂fi ─ P70 72─ 1- -3╩ ╩╖╢≤⁸ ≢

│⁸1 ⅛╠ 3 ─ ⅛╠ ▪ⱷꜞ◌ ⌐⅛↑≡≤⁸ ▪ⱷꜞ◌

⅛╠ ⌐⅛↑≡ 10% ─ ⅜╖╠╣√⁹ +10%╩ ⅎ╢

│⁸1 ⅛╠ 4 ▪◦ꜝכꜚ─ ⌂≥≢╖╠╣√⁹↓─℮∟ ─ │⁸

─ ⅜ ╟╡ ™ ⌐ ⇔≡™╢⁹ ≢│⁸1 ⅛╠ 3 ╕≢

≢№∫√⅜⁸5 │ ⅜ ⅜∫√⁹ ⁸ ⅛╠ ⇔ ╣√

─ 25 ≢│ 6 ⅛╠ ⅜ ⅜∫√⅜ 9 ⌐ ≤⌂╡⁸10 ╕

√ ⅜ ⅜∫√⁹↓╣│⁸QBO ─ ⌐⅔™≡ ≤ ⅜ 2

≢ ∆╢ ⅜⁸ ⌡ 3 ╕≢ ─ ≤≤╙⌐ ⅛╠ ⌐

≢№∫√⅜⁸5 ⅛╠ ₁⌐ ─ ≤≤╙⌐ ⅛╠ ⌐ ⌐

⇔√↓≤≤ ⇔≡™╢⁹ 

≢│⁸7 ⁸8 ⌐ ⅛╠ ▪ⱷꜞ◌ ⌐⅛↑≡ 10% ─

⅜⁸▬fi♪ ≢+20% ─ ⅜╖╠╣√⁹ ○♂fiⱱכꜟ⅜ ∆╢ 9

│⁸ ⌐ ≢ ⅜ ⅜╡⁸ ⌐ 9 ⅛╠ 11 │+40% ≤⌂∫√⁹↓╣

│ ○♂fiⱱכꜟ─ ⅜ ╟╡⅛⌂╡ ↕ↄ ⇔√↓≤⅜ ≢№╢≤ ⅎ╠╣

╢⁹ 

                                                   

 
* % ≤│⁸ ⌂≥ ⅛╠─ ╩ ≢ ∫√ ⅝↕╩ ≢ ⇔√╙─⁹

│ ╟╡╙ ⅝⌂ ≢№╢↓≤╩⁸ │ ╟╡╙ ↕⌂ ≢№╢↓≤╩ ∆╢⁹ 
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1-3-1 ─○♂fi ⅔╟┘ ─ 2019  

○♂fi m atm -cm ─ ⅔╟┘ ○♂fi % ─

⁹ ─ │15m atm -cm ─ │2.5% ⁹1997 2006 ─ ╩

─ ≤⇔√⁹ 60 ─1 ≤11 12 ┘ 60 ─5 7 │⁸ ─ ≢ ≢

⅝⌂™ ⅜№╢√╘ ™≡ ╩ ⇔√⁹NASA ─ ╠⅛♃כ♦ ⁹β III ⁹ 

 ♃כ♦
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b ○♂fi ─♩꜠fi♪  

 

○♂fi ─♩꜠fi♪ ╩╟╡ ⌐ ∆╢√╘⌐│⁸ ─ ₁⌂

⌐╟╢○♂fi ╩ ╡ ↄ↓≤⅜ ≢№╢⁹∕─√╘○♂fi ─ ⅛╠⁸

⁸ ─ 11 ↔≤ ⁸ 2 QBO ┘

⌐╟╢ ( ◄▪꜡♂ꜟ)⁸ENSO ꜛ♬כ♬ꜟ◄ ꜗ♬כ♬ꜝ ╩ ⇔ ™√

╩ ∆╢⁹↓℮⇔≡ ╠╣╢○♂fi ─ ⌂ │⁸ ─○♂fi

─ ─ ⌐≤╙⌂℮ ≤⁸ ─ ⌐╟╢ ⅜ ⌂∫√ ≤

≠↑≡ ↕╣≡™╢⁹↓─ ⅛╠○♂fi─♩꜠fi♪ ╩ ╘╢⁹ 

○♂fi ─ ⌂ │∕─ ⅛╠⁸1970 ┘∕╣ ─○♂fi ⅜╒╓

⇔≡™√ ⁸1979 1990 ╕≢─╒╓ ⌂ ⁸1990 ─

─ ⁸ ┘ 2000 ⅛╠─ ╛⅛⌂ ⌐ ≢⅝╢⁹ 

 

 

○♂fi ─ ⌂ ╩ ∆╢√╘⁸↓╣╕≢ EESC*

Newman et al., 2007 ─ 1-3-2 ≤ ≠↑√ ╩ ⇔≡™√⅜⁸↓─

╟℮⌂ │⁸○♂fi ─ ⅜ EESC ─ ≢ ↕╣⁸ ─ ─

╩ ⇔≡⇔╕℮ ⅜№╢ WMO 2018 ⁹ 

≢│⁸₈○♂fi ─ ▪☿☻ⱷfi♩ 2018₉≢ ™╠╣≡™╢ ⌐ ∂

≡⁸ ─ ⌂ ╩ ⇔√○♂fi ╩♃כ♦ ™≡⁸1979 1 ⅛╠

1996 12 ─ ⌐╟╡○♂fi ⅜ ⇔√ ─ ╩ ╘⁸2000 1 ⅛

╠ ╕≢─ ≢ ─ ╩ ╘√ 1-3-3 ⁹ 

 

 

 

 

 

 

 

 

 

 

                                                   

 
* EESC ≤│⁸ ┘ ⌐╟╢○♂fi ⅜ ⌂╢↓≤╩ ⇔≡

╩ ⌐ ⇔≡ ╘√ ≢─ ה ─↓≤╩™℮⁹ 

1-3-2  EESC ─
 

1980 ╩1≤⇔√ ⌂ ≤⇔≡ ⇔√⁹WMO

2014 ≤ ⌐⁸ ⅛╠ ⌐ ∫√○♂

fi ⅜ ╕≢ ה ≤⇔≡

∆╢╕≢─ ╩3 ≤⇔≡ ⁹╕√⁸

─○♂fi ╩ ─60 ≤⇔√⁹

EESC─ │ NASA ⅛╠ ⁹ 

 ○♂fi ה ─ ─╕≤╘

2018  

E
E

S
C─

 

EESC 
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1-3-3  ○♂fi─ ─  

─ ╩⁸ ─○♂fi ⌐ ⇔√ ⁹ 

│ ─ ⌐╟╢○♂fi % ≢⁸ ─ ╩ ⇔≡™╢⁹ ─

│ 1994 2008 ─ ⁹ │ ─♃כ♦ 1979 1996 ─ ᵑ ≤ 2000 2018

─ ᵒ ⁹ ─ │ ○♂fiה ☿fi♃כ WOUDC ╩♃כ♦─ ™√⁹ 

 ♃כ♦

 

⌂⅔⁸ ⌐⅔™≡⁸ ⅛╠ ⅔╟┘ ─ ⌐╟╢ ╩

⇔√ ─♃כ♦ ⅛╠ ╩ ⇔√ │ ─≤⅔╡⁹ 

1-3-15   ₒP35 ─○♂fi ─ ♩꜠fi♪ₓ 

1-3-21    ₒP41 ─○♂fi ─ ₓ 

1-3-22   ₒP42 ─○♂fi ─ ♩꜠fi♪ₓ 

 

≢│2000 ─○♂fi ─ ╩₈ ─ ₉≤⇔≡ ⇔√⁹ 

1 3-1 c ○♂fi ─♩꜠fi♪─ ┘ P22~23 ≢ ∆╢

─ ⌐№√∫≡│⁸ ─ ≤ ⌐╟╢ ─≥♃כ♦ ╩ ⇔√

─♃כ♦⁸≡™⅔⌐ ⌐ ⅝⌂ ⅜⌂™≤ ↕╣╢↓≤╩ ≤⇔√⁹╕√⁸

─ ⌐╟╡ ⌐♃כ♦ ⌂ ⅜╖╠╣╢ ⌐│⁸∕─ ⌐♃כ♦

╩ ⇔√─∟⁸ ╩ ∫√⁹ ─♃כ♦ ™⌐≈™≡│ 1 13

P84 85 ╩ ⁹

○
♂
fi
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1-3-4⌐⁸ ה ה ╩♃כ♦ ⇔√ ⸗♦ꜟ≢ ↕╣√

─○♂fi ─ ╩ ∆⁹EESC ─ ⅜ ≢№∫√ 1996

─○♂fi ─ │⁸⸗♦ꜟ⌐╟╢ ⌐╙ ╠╣╢⁹ 

 

1-3-4 ⸗♦ꜟ≢ ↕╣√○♂fi─  

─ ╩⁸ ⸗♦ꜟ≢ ↕╣√○♂fi ⌐ ⇔√ ⁹ │ ─

⸗♦ꜟ─30-60°N ─○♂fi ≢⁸ ─ ╩ ⇔≡™╢⁹ ─

│ 1-3-3≤ ∂ↄ1994 2008 ─ ⁹ │1979 1996 ─ ⁹ 

 ♃כ♦
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c ○♂fi ♩꜠fi♪─ ┘  

 

○♂fi │ 1980 ⅛╠ 1990 ⌐⅛↑≡○♂fi ⅜ ⇔√ ⁸

70 70 ≢ ⅝ↄ ⇔√⁹ ─○♂fi ─ │⁸ ⌂○♂

fi ⌐╟╡○♂fi ⅜ ⌂⅛∫√ 1990 ≤ ⅛ ⅛⌐ ⇔≡™

╢⅜⁸ ≤⇔≡ 1970 ≤ ═≡ ⌂™ ⅜ ™≡™╢⁹ 

╢╟⌐♃כ♦√╣↕ ○♂fi ─1979 1996 ⅔╟┘2000 2018

─ % ╩ 1-3-5⌐ ∆⁹ 

1979 1996 ─ ừ ≢│ ─ 20 20

╩ ⅝ ⌐ ⌂ ⅜╖╠╣⁸ ╒≥ ⅜ ⅝ↄ⌂∫≡™╢⁹

╙ ⌡ ─ ⅜ ≢⅝╢⁹⌂⅔⁸ │⁸ ○♂fiⱱכꜟ⌐ ⇔√

⌂○♂fi ─ ⌐╟╡⁸ ╟╡╙ ⅜ ⅝™⁹ 

2000 2018 ─ ≢│⁸ 10 40 ╩ ™≡ ⌂ ⅜╖╠╣⁸

60 ≢│ ⅜ ⅝™⁹ ≢│⁸ ≤ ─ ⅜╖

╠╣╢⅜⁸ 40 60 ⌐⅔™≡│┌╠≈⅝⅜ ⅝™⁹ ≢│⁸

60 ─ │ ─ ≤ ═≡╙ ⅜№╢↓≤⅛╠⁸ ○♂fiⱱכꜟ─

─ ₁ ⅜ ⇔≡™╢≤ ⅎ╠╣╢⁹ 

⌂⅔⁸○♂fi ≢№╢◒꜡꜡ⱨꜟ○꜡◌כⱲfi ─ │⁸ ≢ ╛⅛⌐

⇔≡⅔╡⁸2000 ⁸○♂fi │ ─ ≢ ⅜╖╠╣╢⁹ ─

○♂fi ─ ≤ ⅜ ⇔≡™╢≤ ⅎ╠╣≡™╢⅜⁸ ≤ ═

≡○♂fi ⅜ ╓∆○♂fi ⅜ ↕™√╘⁸○♂fi ⅜○♂fi

⌐ ╓∆ ╩ ⌐ ╙╢↓≤│ ≢│ ⇔™ WMO, 2014 ⁹ 

 

1-3-5 ○♂fi ♩꜠fi♪ 

○♂fi ─ ╩ ∆⁹ │⁸1979 1996 ─ ⁸ │2000 2018 ─ ╩

∆⁹ 10 ─ ♃כ♦ ừ ╩ⱪ꜡♇♩⇔≡™╢⁹ ─♃כ♦ │95%

─ ⁹ ─ 121 ─○♂fi ♃כ♦ ┘NASA ─ ╠⅛♃כ♦

⁹ 

 ○♂fi ה ─ ─╕≤╘ 2018

○
♂
fi

─

 

 

○
♂
fi

─

 

 
2000 2018 ─  1979 1996 ─  
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○♂fi ─♩꜠fi♪─ ╩╖╢√╘⁸ ה ○♂fi ─1979 1996

≤2000 2018 ─ %/10 ╩ 1-3-6⌐ ∆⁹ 

1979 1996 ≢│⁸ ╩ ⇔≡ ╩ ⅝⁸ ─╒≤╪≥─ ≢

⌂ ⅜╖╠╣√⁹ ─ ≢│3 4 ⌐⁸ ─ ה ≢│8 12 ⌐

○♂fi ─ ─ ⅜ ⅝ↄ⁸ ≢─ ⅛╠ ⌐⅛↑≡─○♂fi ─

⅜ ⅝⅛∫√↓≤╩ ⇔≡™╢⁹↓╣│ ─ ≢ ╛ ⅜○♂fi╩

⇔╛∆™ ≤⌂∫≡ ↕╣⁸ ─ ╩ ↑╢ ⌐ ⌐○♂fi ╩

↕∑╢√╘≤ ⅎ╠╣╢ │ 1 1 P57 62 ╩ ⁹ 

2000 ≢│╒≤╪≥─ ≢ ⅜ ╠╣╢⅜⁸ ⌂╙─│ ─

1 8 ╛ ─7 12 ─ ─ ≢№╢⁹ ≢│8 9 ⌐○♂fi─

─ ⅜ ⅝™⅜⁸ ⅜ ⌂ │8 ─╖≢№╢⁹∕─ │⁸↓╣╠─ ≢│⁸

─ ○♂fiⱱכꜟ─ ╛○♂fiⱱכꜟ─ ─ ┬ ⅜ ╡ ╦╢↓≤⌐╟╢

₁ ⅜ ⅝™↓≤⅜ ⇔≡™╢≤ ╦╣╢⁹ 

 

 

ה 1-3-6 ○♂fi ─ %/10  

1979 1996 ≤ 2000 2018─○♂fi ─ %/10 ─ ⁹

⌐╟╢ ○♂fi ╩♃כ♦ ™≡ ╘√╙─⁹ │2%⁹ ™ │95% ≢

⌐ ╕√│ ⇔≡™╢ ⁹ ™ │ ─ ≢ ≢⅝⌂™ ⁹NASA

─ ╠⅛♃כ♦ ⁹ 

 ○♂fi ה ─ ─╕≤╘ 2018
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d ○♂fi─ ─♩꜠fi♪ 

 

○♂fi─ ─♩꜠fi♪╩╖╢√╘⁸1980 ─○♂fi ─ %/10 ╩

⌐ ⇔√╙─╩ 1-3-7⌐ ∆⁹ 

≢│⁸ ⅛╠ ⌐⅛↑≡─⁸40km ≤20km ─2≈─ ⌐

─ ⅝™ ⅜╖╠╣╢⁹ ≢╙⁸ ⅛╠ ⌐⅛↑≡─40km │

⅜ ⅝™ ⅜ ╠╣╢⁹ 

40km ≤ 20km ─○♂fi │⁸≤╙⌐CFC ⅛╠ ⇔√ ⌐╟╢

╙─≢№╢⅜⁸ 40km ─ │⁸ ─╖⌐╟∫≡ ↄ ◘▬◒ꜟ⌐╟

╢─⌐ ⇔⁸ 20km ─ │ ⌐◄▪꜡♂ꜟ ≢─ ⌐╟∫≡

↕╣╢ ─ ◘▬◒ꜟ⌐╟╢≤ ⅎ╠╣≡™╢ │ 1 1 P57

╩ ⁹ 

≢│⁸ ─ ╩≈⌂→√ ♪fi꜠♩√™≠≥╙⌐♃כ♦─ ⅜⅔↓

⌂╦╣≡™╢⁹ ─ ⅛╠⁸↓╣╕≢○♂fi─ │ ↕ↄ

≢⅝╢≤↕╣≡™√ ה ≢╙⁸○♂fi─ ⅜ ⌐ ↕╣≡™╢

1 14 P86 87 ╩ ⁹○♂fi─ ⅜ ↕╣√ ╩ ╕ⅎ⁸

─○♂fi▪☿☻ⱷfi♩꜠ⱳ⁸│≢♩כ ⌐⅔↑╢○♂fi─ ⅜♩꜠fi♪

⌐ ╓∆ ↕╕↨╕⌂ ⌐╟╢○♂fi ⅜∕─ ⌂ ⌐╟∫≡Ᵽ▬▪

☻╩ ∟℮╢↓≤ ⌐≈™≡ ═╠╣≡™╢ WMO, 2015 ⁹ 

 

 

1-3-7  ○♂fi ─ 1980 ─ %/10 ─ ה  

○♂fi ─ 1980 ─ %/10 ⁹SAGE ≢♃כ♦ ⇔√ ─ SBUV ╩♃כ♦ ™≡

EESC ⱨ▫♇♥▫fi◓╩ ™⁸1980 ─○♂fi─ %/10 ╩ ╘√╙─⁹ │ 2%⁹

™ │ 95% ≢ ⇔≡™╢ ⁹ 

Scientific Assessment of Ozone Depletion: 2010 WMO, 2011
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─○♂fi ─  

─○♂fi ─  

1980 ╘ ⁸ ≢│⁸ 8 12 ⌐○♂fi ⅜ ⌐ ⇔⁸○♂fi

ⱱכꜟ≤ ┌╣╢ ⅜ ∆╢⁹ ─○♂fi ─ ⌐ ⇔≡⁸2019 ─○♂

fi ⁸○♂fi ─ ⁸ ┘ ♩꜠fi♪│ ─≤⅔╡≢№╢⁹ 

 

a 2019 ─ ⌐⅔↑╢○♂fi  

 

2019 │ ─○♂fiⱱכꜟ─ ⌐ ═≡ ╘≡ ⌂ ≢№∫√⁹ ♃כ♦

─ ⅛╠ ╘√2019 ─ ○♂fiⱱכꜟ─ ─ ╩ 1-3-8⌐ ∆⁹ 

2019 ─ ○♂fiⱱ⁸8│ꜟכ ⌐ ⇔⁸∕─ │ 8 │ ⇔√╙──⁸

⌐ ═≡ ⌂ │ ╠╣⌂⅛∫√⁹ │ 9 7 ⌐ ↕╣⁸∕─ ⅝↕

│ 1,100 km 2≢⁸ ─ 0.8 ⌐ ╕∫√⁹∕─ ⁸ 10 ─ ≤ ═

╢≤ ╙ ↕™ ≢ ⇔⌂⅜╠∕─ ╩ ∫≡™√⅜⁸10 ⅛╠ ⌐ ⇔⁸

11 10 ⌐ ⇔√⁹2019 │⁸8 ⌐ ≢ ⅜ ⇔⁸

─ 20km ≢ ─ ™ ⅜ ™√√╘⁸○♂fi ╩ ↕∑╢

⅜ ↕╣╢ ⅜ ⌐ ═≡ ≤⌂╡⁸∕─ ○♂fiⱱכꜟ ─

⌐╟╢○♂fi ─ ⅜ ↕╣√↓≤⌐ ⅎ⁸ ⅜ ⅛∫√↓≤⌐╟╡○♂fi

ⱱכꜟ─ ⅛╠ ○♂fi⅜ ⇔√↓≤⌂≥─ ╩ ⌂ ≤⇔≡⁸○♂fi

ⱱכꜟ─ ─ ⅜ ⅎ╠╣√≤ ⅎ╠╣╢⁹╕√⁸10 ⌐ ⅜↕╠⌐ ╕∫√

↓≤≢⁸○♂fiⱱכꜟ─ ⅜ ╕∫√≤ ⅎ╠╣╢⁹ 

○♂fi ○♂fiⱱכꜟ ≢ ↕╣√○♂fi─ ─ ≤⌂╢ │⁸9

⁸ 10 2009~2018 ─ ⌐ ═≡ ⌐ ↕ↄ ⇔⁸ │ 9

1 ⌐ ⇔√ 4,700 ♩fi≢№∫√⁹ 

9 ⅛╠ 10 ⌐⅛↑≡ ↕╣╢ ○♂fi ○♂fiⱱכꜟ─ ╕╡─

≤⌂╢ ─ │⁸2019 │ 8 18 ⌐ ↕╣⁸∕─ │ 100m atm -cm≢№∫

√⁹8 ⌐ ↕╣√ ○♂fi ─ │⁸ 10 2009 2018 ⌐

↕╣√ ≤ ═≡╙ ™ ≢№∫√⁹ ⁸8 18 ⌐ ╩ ⇔√─

∟│⁸ ○♂fi │ ╘─ ╩ ⇔⁸9 │ 10 2009~2018

─ ╟╡ ™ ⅜ ⇔⁸11 ⌐│○♂fiⱱכꜟ─ ≤⌂╢ 220 m atm -

cm╩ ╡⁸○♂fiⱱכꜟ│ ⇔√⁹ 

○♂fiⱱכꜟ─ │ 1980 ⅛╠ 1990 ┌⌐⅛↑≡ ⌐ ⇔⁸1990

┌ ≢│ ⌂ │╖╠╣⌂ↄ⌂∫√⁹ ─○♂fi ─

│ 1990 Ⱨכ◒╩ ⅞ ╛⅛⌐ ⇔⁸↓╣⌐ ∆╢╟℮⌂ ≢ ○♂fiⱱכ

ꜟ─ ≤○♂fi ╙⁸2000 ⁸ ⌐ ⌂ ≤⌂∫≡™╢⁹

2019 ─ ○♂fiⱱכꜟ─ │ ─ ≤ ═≡ ⇔ↄ ↕™╙─≢№∫√⅜⁸↓
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╣│ 2019 ─ ─ ⅜ ⌂╙─≢№∫√↓≤⌐ ⇔√╙─≢№╡⁸

○♂fiⱱכꜟ⅜ ⌂ ⌐ ∂√↓≤─ ≤ ⅎ╢↓≤│ ⌂™⁹ 

 

 

 

1-3-8 ○♂fiⱱכꜟ─ ─ 2019 7 2019 12  

│2019 ⁸ │ 10 2009 2018 ─ ⁸ ─ ≤ │⁸ ─

≤ ╩ ∆⁹╕√⁸ ─ ─ │ ─ ⁸ ○♂fi

─ │○♂fiⱱכꜟ─ ≢№╢220 m atm -cm╩ ∆⁹NASA ─ ⌐≥╙╩♃כ♦ ≢

⁹ ♃כ♦
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─ ○♂fi ╩ 1-3-9⌐ ∆⁹ 

2019 ─○♂fiⱱכꜟ─ 8 12 │⁸1994 2008 ─ ≤ ∆╢≤⁸

≡─ │ ↄ⌂∫√⁹ ⌐9 ≤11 │○♂fiⱱכꜟ⅜ ∆╢ ─ ≤ ≢

№∫√⁹↓╣╠│2019 ─ ○♂fiⱱכꜟ─ ⅜ ↕ↄ ⇔ ╙ ↄ⁸

⅜○♂fiⱱכꜟ─ ╛ ⌐ ∆╢↓≤⅜ ⅛∫√↓≤⌐╟╢⁹ 

 

 

1-3-9 ⌐⅔↑╢ ○♂fi 2019  

│2019 ─ ⁹ │○♂fiⱱכꜟ⅜ ∆╢ ─1961 1980 ─ ⁹

│1994 2008 ─ ≢⁸ │∕─ ≢№╢⁹ 

♃כ♦
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≢ ⇔√○♂fi ─ ─ ╩ 1-3-10⌐ ∆⁹ 

│⁸9 ╕≢│ ⌡○♂fiⱱכꜟ─ ⌐ ⇔≡⅔╡⁸○♂fi │

○♂fiⱱכꜟ─ ≢№╢ 220m atm -cm╟╡ ⅝⌂ ≢ ⇔√⁹ ⌐ 9 │

1994 2008 ─ ╟╡ ⅝ↄ⌂∫√ ⅜ ⅛∫√⁹9 ⅛╠ 10

╕≢│○♂fiⱱכꜟ─ ⌐ ⇔√√╘ ⌐ ↕ↄ⌂╢ ⅜№∫√⅜⁸

─ ≢ ∆╢ ╙ ⅛∫√⁹↓╣│⁸ ─≤⅔╡⁸2019 ─ ○

♂fiⱱכꜟ─ ⅜ ↕ↄ ⇔√↓≤⌐╟╢⁹10 ⌐⌂╢≤⁸ ○♂fiⱱכꜟ─

⌂ ≤ ─○♂fi ─ ™ ─ ⌐╟╡⁸ ─ ╩ ⅎ╢╒≥

⇔⁸ │ ≢ ⇔√⁹ 

 

 

 

1-3-10 ⌐⅔↑╢ ○♂fi ─ 2019 8 2019 12  

ừ│2019 ─ ⁹ ─ ≤ │ 1994 2008 ─ ┘

⁹ │○♂fiⱱכꜟ─ ≢№╢220m atm -cm╩ ∆⁹ 

 ♃כ♦
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≢│⁸9 ╕≢○♂fiⱱכꜟ─ ⌐⁸9 ⅛╠○♂fiⱱכꜟ─

⌐ ⇔≡™√√╘⁸ ≢│ 9 ⁸ ⌂○♂fi ⅜

⌐ ↕╣√⁹∕─ ⁸ ≢ ╦╣√○♂fi♂fi♦ ⌐╟╢≤⁸9 ⅛╠ 11

⌐⅛↑≡ ○♂fi │⁸○♂fi ⅜ ⌐ ╣╢ ≤ ═≡

10 20km ≢ ↄ⌂∫√⅜⁸ ○♂fi ─ ⅜ ╕╡⁸ ⌂™ ≢ ⇔≡

™√ ─ ≤ ═╢≤ 10km ≢ ↄ⌂∫√⁹ 

 

 

   
 

  
 

1-3-11 2019 8 11 ─ ○♂fi ─ ◓ꜝⱨ  

 

─ ⁹ ─ 1994 2008 ⁸ ─ ⁹

○♂fiⱱכꜟ⅜ ⌐ ╣╢ ─ 1968 1980 ⁹○♂fi ⅜ ™

╒≥⁸∕─ ─○♂fi ⅜ ™↓≤╩ ∆⁹ 

HP₈○♂fi ה ─ ─╕≤╘₉ 2020  
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 ─ ─ 2019  

○♂fiⱱכꜟ─ ⌐ ⅝⌂ ╩ √∆ │⁸ 78ϴ ─ ⅜ ∆╢ ⌐

↕╣╢⁹ 

1-3-12⌐⁸2019 ─ 60 ─ ─ ─ 50hPa ─ ─

╩ ∆⁹2019 ─ ─50hPa─ *│⁸6 ⅛╠8 ╕≢ 78ϴ ≤⌂╡⁸ ─

1979 2018 ≤ ≢ ⇔≡™√⅜⁸8 ⅛╠│ 78ϴ ≤⌂╡⁸∕─ │

⌐ ↄ⌂╡ ⁸∕─ 9 ⅛╠10 │ ─ ≤ ═≡ ™ ≢ ⇔√⁹

2019 ─ ○♂fiⱱכꜟ─ ⅜8 ⅎ╠╣⁸○♂fiⱱכꜟ⅜ ╘≡ ⌂ ⌐≤≥╕

∫√─│⁸↓─ ─ ≤ ⇔≡™╢⁹ 

 

 

1-3-12 ─ ─ ─  

2019 1 2019 12  

 

60 ─50hPa( 20km) ⌐⅔↑╢ ─ ─ ⁹  │2019 ─ ╩ ∆⁹

─ │1979 2018 ─ ⁹ ─ │ ─ ┘ ⁹

│ ─ ⁹ ─ ─ │ ─ ≢№╢ 78ϴ⁹ 

 ♃כ♦

 

 

 

 

                                                   

 
* ₈○♂fi ה ─ ─╕≤╘ 2011 ₉╕≢│⁸ ≤⇔≡ 30hPa ─ ╩♃כ♦

™≡™√⁹⇔⅛⇔⁸WMO ─ ≢│ 50hPa ⅜♃כ♦─ ™╠╣╢↓≤⅜ ↄ⁸ ○♂fi

≤─ ╙ ™↓≤⅜ ↕╣≡™╢√╘⁸₈○♂fi ה ─ ─╕≤╘ 2012 ₉╟╡↓╣╩

™≡™╢⁹ 
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b ○♂fi ─  

 

9 10 ─○♂fiⱱכꜟ─ ╩ ∆3 ⁸ ○♂fi ⁸

○♂fi ○♂fiⱱכꜟ ─○♂fiⱱכꜟ ─ ≤⇔

≡─○♂fiⱱכꜟ ─ ⁸⌂╠┘⌐○♂fiⱱכꜟ─ ─ 1979 2019

╩ 1-3-13⌐ ∆⁹ 

○♂fiⱱכꜟ─ │3 ─™∏╣⌐⅔™≡╙1980 ⅛╠1990 ┌⌐⅛↑

≡ ⌐ ⇔√↓≤⅜ ╘╠╣╢⁹ ⁸1990 │⁸ ₁ ⌐╟╢ │

№╢╙──⁸ ⌂ │╖╠╣⌂ↄ⌂∫√⁹╕√⁸ ○♂fiⱱכꜟ─

≤○♂fi │⁸2000 ⁸ ⌐ ⌂ ≤⌂∫≡™╢⁹ 

○♂fiⱱכꜟ ─ │ ₁ ⅜ ⅝™⁹↓╣│⁸○♂fiⱱכꜟ─

≢─ ⅜⁸ ─ ─ ─ ╛ ─ ╩╙√╠∆

─ ╩ ↑╛∆™√╘≤ ⅎ╠╣╢⁹○♂fiⱱכꜟ─ │⁸○♂fiⱱכꜟ─ ∆╢

11 ╛ 12 ─ ─ ⅜ ⇔≡™╢≤ ⅎ╠╣╢⅜⁸2000 ≤ ∆╢≤⁸

│ ↄ ∆╢ ⅜№╢⁹○♂fi ─ │ ╛⅛⌐ ⇔≡™╢⅜⁸ ≤⇔

≡ ™ ≢№╢⁹₈○♂fi ─ ▪☿☻ⱷfi♩ 2018₉ WMO, 2018 ≢│⁸

○♂fiⱱכꜟ│ ⌐ ∆╢ ╖≢№╡⁸ ○♂fiⱱכꜟ⅜ ∆╢ ─○

♂fi ⅜ 1980 ─ ⌐ ∆╢─│ 2060 ≤ ⇔≡™╢⁹
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1-3-13  ○♂fiⱱכꜟ─ ─ 1979 2019  

1979 2019 ─(a)○♂fiⱱכꜟ ⁸(b) ○♂fi ⁸(c)○♂fi ─ ⁸(d)○♂fiⱱ

ꜟכ ─ ⁸(e)○♂fiⱱכꜟ─ ─ ⁹™∏╣─ ╙NASA ─ ≥╙╩♃כ♦

⌐ ⌐TOMS/OMI ╩♃כ♦ ⁹1995 ─╖TOVS─ ╩♃כ♦─ ⁹(d)

─1993 1996 ⅜♃כ♦│ ╠╣≡™⌂™√╘⁸ ╩ ╘≡™⌂™⁹(a) │ ─

⁸(b) │○♂fiⱱכꜟ─ ≢№╢220m atm -cm╩ ∆⁹(e) 1997 1998 ⅜♃כ♦│ ≢№

≢כⱣכꜝ◄╘√╢ ⇔≡™╢⁹(a)⁸(c)─ │2000 ─ ⌐ ⌂ ╩ ⇔≡™╢⁹ 

 ♃כ♦

 

 

 

 

 

 ○♂fiⱱכꜟ─ ─  

○♂fiⱱכꜟ─ ─ ≤⇔≡⁸○♂fiⱱכꜟ─ ⁸ ○♂fi ⁸○♂fi (

─3 ⅜ ─╟℮⌐ ↕╣≡™╢⁹ 

○♂fiⱱכꜟ  45 ≢─○♂fi ⅜220m atm -cm ─ ─  

○♂fi   ○♂fiⱱכꜟ ─○♂fi ─  

○♂fi    45 ─○♂fi ╩ 300m atm -cm(○♂fi ─ ─

⌐ ↕∑╢√╘⌐ ⌂○♂fi─  
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○♂fiⱱכꜟ─ ≤⌂╢↓≤⅜ ™ ⌐⅔↑╢9 12 ─ ○♂fi

─ ╩ 1-3-14⌐ ∆⁹ ≤╙○♂fi │⁸1980 ⅛╠ ⌐ ⇔⁸1990

┌ │ ⅜╖╠╣⌂ↄ⌂∫√╙──⁸ ⌂™ ⅜ ⇔≡™╢⁹⌂⅔⁸

2002 ─10 11 ⌐○♂fi ⅜ ⅝ↄ ⇔≡™╢─│⁸9 ⌐ ≢ ⌂

⅜ ⇔⁸ ─ ⅜ ⇔⁸ ○♂fi⅜ ⇔√√╘○♂fi

─ ⅜ ↕⅛∫√↓≤⌐╟╢⁹ 

╕√⁸2009 ─11 ⌐○♂fi ⅜ ⅛∫√─│⁸ ⅜ ⌐ ⇔≡3

╒≥ ⇔⁸⁸ ⅜○♂fiⱱכꜟ─ ⌐ ∆╢↓≤⅜ ⅛∫√√╘≢№╢⁹

⌐⁸ ≢│○♂fiⱱכꜟ─ ⌐ ∆╢↓≤⌐⌂╡⁸ ⅜ ⇔√⁹ de 

Laat et al., 2010  

 

 
 

1-3-14 ⌐⅔↑╢ ○♂fi ─ 9 12  

 ○♂fi ה ─ ─╕≤╘ 2019  

○♂fi  ○♂fi  
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c ─♩꜠fi♪ 

⌐⅔↑╢○♂fi♂fi♦ ⌐╟╢ ○♂fi ─♩꜠fi♪╩ 1-

3-15⌐ ∆⁹ 

○♂fi ─ ⅜ ╪∞≤╖╠╣╢1979 1996 ─ 10 №√╡─

% ╩ 1-3-15(a) ≤ ○♂fiⱱכꜟ⅜ ∆╢9 11 ─ 1-3-15 (b)

≢ ∆⁹↓─ ⌐╟╢≤⁸ ≢│ 10 20km≢ ⌂ ╩ ⇔⁸ ⌐15km

─ ⅜ ⅝™⁹ ≢│⁸ ╟╡╙↕╠⌐ ⅜ ⅝ↄ⁸╕√ 22km≢╙

⌂ ╩ ⇔≡™╢⁹↓╣╠─ ⅜ ⅝™ │⁸ ⌐⅔↑╢○♂fi ─

⅜ ⅝™ ⌐№√╢√╘⁸ ─○♂fi ─ │

≢ ↓∫√ ⌂○♂fi ─ ⅜ ⅎ╠╣╢⁹ 

╕√⁸2000 2018 ─ 10 №√╡─ % ─ ╩

1-3-15 (c) ⁸9 11 ─ 1-3-15(d) ≢ ∆⁹↓╣╠─ ⌐╟╢≤⁸ ≢│

≢ ⅝⌂ │╖╠╣∏⁸╕√ ⌐ ⌂ ╙⌂⅛∫√⁹ ≢│ 15

18km ≢⁸ ⌐ ≢│⌂™⅜⁸ ™ ≤⌂∫≡™√⁹ 

↓─╟℮⌐⁸ ○♂fiⱱכꜟ─ ⅜ ⌐⌂∫√1980 ⅛╠1990 ┌⌐⅛↑

≡⁸ 10 25km ─○♂fi │ ⅝ↄ ⇔√⁹2000 ⁸

≢─ ⅛╠ ╘√○♂fi ─ │ ≤⌂∫≡™╢⅜⁸ ⌐ ⌂

≤│⌂∫≡™⌂™⁹ 
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(a)1979 1996 ─ %/10  

 

(b) 1979 1996 ─ %/10  

 

(c)2000 2018 ─ %/10  

 

(d)2000 2018 ─ %/10  

 

 

1-3-15 ─○♂fi ─ ♩꜠fi♪ 

 
ừ │○♂fi♂fi♦ ⅛╠ ╘√ ○♂fi ─♩꜠fi♪⁹ (a)⁸(b)│⁸1979 1996 ⌐⅔↑

╢○♂fi ─ %/10 ⁹ (c)⁸(d)│⁸2000 2018 ⌐⅔↑╢○♂fi ─

%/10 ╩ ⇔≡⅔╡⁸ ⅛╠ ⅔╟┘ ─ ⌐╟╢ ╩ ⇔√ ♦

─♃כ ⅛╠ ╘√⁹ │ ⁸ │ ⁹ ─ │95% ─ ⁹ a

(c │ 1 12 ⅛╠⁸ b (d ⅜ 9 11 ─ ⅛╠ ╘√⁹ 

 ○♂fi ה ─ ─╕≤╘ 2018  
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─○♂fi ─  

≢╙⁸ ○♂fiⱱכꜟ╒≥ ≢│⌂™╙──⁸○♂fi─ ⌂™

⅜ ╣╢↓≤⅜№╢⁹ ─○♂fi ─ ⌐ ⇔≡⁸2019 ─○♂fi ⁸

┘○♂fi ─ │ ─≤⅔╡≢№╢⁹ 

 

a 2019 ─ ─○♂fi ─  

⌐╟╣┌⁸2019 3 ─○♂fi │⁸ ─ ™ ≢ ⅝

⌂ ≤⌂∫√⅜⁸ ▪ⱷꜞ◌ ≢│ ≤⌂∫√⁹2018 7 ₩2019 6 ─

─ 60 50 hPa ⌐⅔↑╢ │⁸12 ╕≢

≤ ≢ ⇔√⅜⁸12 ⅛╠ ⌐ ↄ⌂╡ ⁸3

╕≢ ⌡ ╟╡ ↄ ⇔√⁹↓─↓≤⅜⁸ ─ ™ ≢─

≤⌂∫√↓≤─ ≤ ⅎ╠╣╢⁹ ⁸ ▪ⱷꜞ◌ ─ │⁸

⅜ ⅛∫√↓≤⅜ ≤ ⅎ╠╣╢⁹ ─ ─ ⅛╠⁸2019

─ ≢│ ⌂○♂fi │ ↓╠⌂⅛∫√≤ ⅎ╠╣╢⁹ 

 

 

2019 3 ─○♂fi         2019 3 ─○♂fi  

   

1-3-16 2019 3 ─ ─ ○♂fi ⁸○♂fi  

○♂fi ─ │15 m atm -cm⁸ ─ │5 %⁹ 

─ │ ─ ≢ ≢⅝⌂™ ⁹ 

─ │1997 2006 ─ ⁹ 

│ (NASA) ─ ⌐≥╙╩♃כ♦ ≢ ⁹ 

HP₈○♂fi ה ─ ─╕≤╘ 2020 ₉ 
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a 50hPa  

 

 

 

b 50hPa - 78ϴ ─  

 

 

1-3-17  ─ ─ ┘ ⅜ 78ϴ ─ ─

─ 2018 7 2019 6  

 

60 ─ 20km⌐⅔↑╢ ─ ─ ─ │7 12 │1979 2017 ⁸1

6 │1979 2018 ─ ⁹ ─ │ ─ ┘ ⁹√∞

⇔⁸ ⅜ 78ϴ ─ ─ ─ │ ╩ ⇔≡0 km 2≢№╢⁹ │ ─ ⁹

─ ─ │ ─ ≢№╢ 78ϴ⁹ 

 ♃כ♦

07 08 09 10  11  12 01 02 03 04 05 06 ( )  

2019  2018  

07 08 09 10  11  12 01 02 03 04 05 06 ( )  

2018 7 2019 6  

 

ה ─  

─  

2018 7 2019 6  

 

ה ─  

─  

2019  2018  
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b ─○♂fi ─  

─○♂fi ─ ╩╖╢√╘⌐⁸ ─3 ─ ○♂fi

╩ 1-3-18⌐ ∆⁹ TOMS⅔╟┘OMI ⁸≥╢╟⌐♃כ♦ │

⌡1990 ○♂fi ⅜ ⌂™ ⅜ ™≡⅔╡⁸ ⌂○♂fi ╙

↕╣≡™╢⁹ ⌐1997 ≤2011 │ ⌐ ⌂⅛∫√*⁹ ⌐ ∆╢ ─

≈≢№╡1970 ⅛╠ ⅜ ↕╣≡™╢ ◒♇▫►כꜝ─ 60 ⁸ 1 ⌐

⅔↑╢ ⁸1990╙≢♃כ♦ ⌐○♂fi ⅜ ⌂™ ⅜ ™≡™╢↓≤╛

⌂○♂fi ⅜ ↕╣╢ ⅜ ∆╢↓≤⌂≥ ≥♃כ♦ ─ ⅜ ╘

╠╣╢Η⁹1997 ≤2011 ─ ⌂○♂fi ─ │⁸ ⅜ ↄ⁸

─ ⅝⌂○♂fi ⅜ ↓∫√↓≤⅜ ≤ ⅎ╠╣⁸1997 ⌐⅔™≡│⁸ ⌐ ™

⌂ ⅜╒╓ ╩ ⌐ ⇔⁸ ⅛╠─○♂fi─ ⅜ ⌂⅛∫√↓≤╙

⅝⌂ ≤ ⅎ╠╣╢⁹∕─ ≢↓─ │ ⌐⅔™≡○♂fi ─ ™ ⅜

ↄ ╠╣√ WMO, 2011 ⁹⇔⅛⇔⌂⅜╠⁸ ≢─○♂fi │ ○♂fiⱱכꜟ

╒≥ ≤│⌂∫≡™⌂™⁹↓╣│⁸ ─ ⅜ ⌐ ═ ™√

╘≢№╢⁹⌂⅔⁸TOMS♦1995⁸1996™⌂─♃כ ⌐≈™≡│⁸SBUV/2─♦כ♃╩ ™√

⌐╟╢≤⁸ ≤╙⌐ ⌐○♂fi ─ ⅝⌂ ⅜ ↕╣≡™╢ NOAA,  2005 ⁹ 

 

1-3-18 ─ 3 ─○♂fi ─  

ừ │NASA ─TOMS ┘OMI♦כ♃╩╙≤⌐ ⇔√ 60 ─3 ─

○♂fi 1979 1989 ─ ⅛╠─ ⁹⌂⅔⁸1995⁸1996 │TOMS♦⁹™⌂⅜♃כủ

◒♇▫►כꜝ⁸│ ⁸ 60 ⁸ 1 ─3 ─ ○♂fi ─1979 1989 ─ ⅛╠─

╩ ♃כ♦ ⁹∆

                                                   

 
* 1995 ┘ 1996 ⌐│ TOMS♦⁸⅜™⌂⅜♃כSBUV/2─♦כ♃╩ ™√ ⌐╟╢≤⁸ ≤╙⌐

⌐○♂fi ─ ⌂ ⅜ ↕╣≡™╢ NOAA, 2005  
Η ♦כ♃│ ─ ↕╣√○♂fi ≢№╢─⌐ ⇔⁸ ►כꜝ

▫♇◒ │♃כ♦ ─ ⌐ ≠ↄ♦⁸╘√╢№≢♃כ ≤ ◒♇▫►כꜝ כ♦─

♃⌐ ≠ↄ○♂fi ─ ─ ⅜ ⇔⌂™ ╙№╢⁹ 
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⅜ ⌐⅔↑╢○♂fi ─  

a 2019 ─ ─ ○♂fi  

≢ ⇔≡™╢○♂fi ─2019 ⌐⅔↑╢ ─ ╩ 1-3-19⌐ ∆⁹

2019 ─ ⌐≈™≡│1994 2008 ─ ⅛╠─ ⅜ ─

─≤⅝╩₈ ₉⁸∕╣╟╡ ⅝™ ╩₈ ™₉⁸∕╣╟╡ ↕™ ╩₈ ⌂™₉≤⇔√⁹ 

1994 2008 ─ ≤ ═╢≤⁸2019 ─○♂fi ─ │⁸ ≢│⁸1

⌐ ⌂ↄ6 ⌐ ↄ⌂∫√⁹ 

≈ↄ┌≢│1⁸2⁸8⁸9 ⌐ ⌂ↄ⁸ 1957 ⁸1 │∕─ ≤⇔≡3

⌐ ⌂ↄ⁸2 │∕─ ≤⇔≡1 ⌐ ⌂ↄ⁸9 │∕─ ≤⇔≡2 ⌐ ⌂™ ≤⌂∫

√⁹ ⁸5 ≤6 │ ⅛∫√⁹ 

≢│⁸1⁸2⁸3⁸7⁸9 ⌐ ⌂ↄ⁸ 1974 ⁸2 │∕─ ≤⇔≡

≤⌂╡⁸9 │∕─ ≤⇔≡3 ⌐ ⌐ ⌂™ ≤⌂∫√⁹ 

↓╣╠│⁸ ─ ─ ⌐╟╢ ⌐ ⅎ⁸2019 ─ ╩ ↄ

≢│⁸QBO─ ⌐ ⇔≡™╢↓≤⅜ ⌂ ≤ ⅎ╠╣╢⁹ ₈≈ↄ┌

─○♂fi ה ─ ₉P77╩  

 

 
1-3-19 2019 ⌐⅔↑╢ ○♂fi  

 

3 ( ⁸≈ↄ┌⁸ )⌐⅔↑╢ ○♂fi ─ ⁹ │2019 ─ ⁹

│1994 2008 ─ ⁹ │∕─ ⁹ 

 ♃כ♦
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b ─○♂fi ─♩꜠fi♪ 

 

⁸≈ↄ┌⁸ ─○♂fi ─ ─ ╩ 1-3-20⌐ ∆⁹⌂⅔⁸↓─

│3-1 b ≢ ═√ ─ ⌐╟╢ ╩ ∆╢ ╩ ∫≡™⌂™ │P19

╩ ⁹╟∫≡⁸ ⌐ ╠╣╢○♂fi ─ ⌐│⁸ 11 ╛ 2

QBO ─ ⌐╟╢○♂fi ─ ⅜ ╕╣≡™╢↓≤⌐ ∆╢

⅜№╢⁹ 

─○♂fi │⁸ ≤≈ↄ┌⌐⅔™≡1980 ⅛╠1990 │∂╘╕≢

⇔√ ⁸ ╛⅛⌂ ⅜╖╠╣╢⁹╕√⁸ ≢│1990 ┌ ⁸ ╛⅛⌂

⅜ ╠╣≡™√⅜⁸ │○♂fi ⅜ ⌂™ ⅜ ™≡™╢⁹ 

≈ↄ┌⌐⅔↑╢ ─5 2015 2019 ─ │○♂fi ⅜ ⌐ ╣

╢ ─1970 1980 │1975 1980 ─ ≤ ═⁸ ╕≢ ⇔≡™╢

⅜⁸ ⌐ ⇔≡│⁸ ⌂™ ⌐№╡⁸1970 1980 ─꜠ⱬꜟ⌐│ ⇔≡™⌂™⁹ 

⁸≈ↄ┌ ┘ ⌐⅔↑╢1993 ╩ ≤⇔√ ⌂○♂fi ─ │⁸1991

─Ⱨ♫♩▲Ⱳ ⌐≤╙⌂™⁸ ◄▪꜡♂ꜟ⅜ ⇔⁸○♂fi ⅜ ↕╣√

√╘⌐ ↓∫√≤ ⅎ╠╣╢⁹ 

 

 

 

1-3-20 ─○♂fi ─ ─ 1958 2019  

⁸≈ↄ┌⁸ ừ ⁸⌐⅔↑╢○♂fi ─ ⅛╠2019 ╕≢─ ─

↓↓≢│⁸ ─ ⌂ ⁸QBO⌂≥ ≤ ─ ™ ╩ ⇔≡™⌂™ ⁹

│1970 1980 │1975 1980 ≤ 5 2015 2019 ─  

 ♃כ♦
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3 ⁸≈ↄ┌⁸ ─ ╩♃כ♦ ™√○♂fi ≤○♂fi

⅜ ╪∞≤╖╠╣╢1979 1996 ╕≢─ ≤⁸ ⅛⌂ ⅜╖╠╣╢2000 ─

─ ─ ╩ ⇔√ ⌂ ╩ 1-3-21⌐ ∆⁹ 

1979 1996 ─○♂fi │⁸ ╩ ⇔≡™√⁹ ⌐⁸ ≤≈ↄ┌≢│ ⌐

⇔≡⅔╡⁸10 №√╡─ 2000 2018 │⁸ ≢ 4.1 ⁸≈ↄ

┌≢ 1.2 ≤⌂∫√⁹2000 2018 ─ 3 ≢ ⌂ │╖╠╣⌂⅛∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-3-21 ─○♂fi ─  
─○♂fi ⌐╟╢1979 ─○♂fi (m atm -cm)⁹ │⁸ ⌂≥ ─ ⌂

≤ ─ ™ ╩ ⇔√ ≢№╢⁹ │⁸1979~1996 ┘2000 2018 ─

╩ ∆⁹ ⅛╠⁸ ⁸≈ↄ┌⁸  ⁹♃כ♦─
 ○♂fi ה ─ ─╕≤╘ 2018

○♂fi  
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c ─○♂fi─ ⌐╖╠╣╢♩꜠fi♪ 

 

─○♂fi ─ ╩╖╢√╘⁸○♂fi ─ ⅜ ╪∞≤╖╠

╣╢1979 1996 ─ 10 №√╡─ % ⌐≈™≡ ╩ 1-3-22

⌐ ∆⁹ ⌐│⁸ 15 22 km─○♂fi♂fi♦ ⁸♃כ♦ 20 42 km─

╩♃כ♦ ™√⁹ ≢│⁸○♂fi♂fi♦ ─ 15 20 km⌐⅔™≡⁸╕√

─ 20 35 km≢ ⌂ ≤⌂╡⁸ ⌐ 25 km ⌐⅔™≡

⅜ ⅝™⁹≈ↄ┌≢│○♂fi♂fi♦ ⁸ ≤╙⌐ 20 km ≢ ⌂

≤⌂╡⁸ ⌐ 30 42km─ ⌐⅔™≡ ⅜ ⅝™⁹ ─ ≢

│ 20 25 km≤ 35 38 km≢ ⌂ ≤⌂∫√⁹ 

2000 ≈ↄ┌│ 2000 2018 ⁸ ≤ ⌐⅔™≡│⁸2000 2017 ─

╩ 1-3-22 ⌐ ∆⁹ ─ ─ 25km ≢ ⌂ ≤⌂∫

√⁹≈ↄ┌≢│⁸ ─ 32 38km ≢ ⌂ ≤⌂∫√⁹ 

( a)  1979 1996 ─ %/10  

 

 ( b) 2000 ─ %/10  

 

 

1-3-22  ─○♂fi ─ ♩꜠fi♪ 

3 ⁸≈ↄ┌⁸ ─ ⌐⅔↑╢ ─○♂fi ⌐≈™≡⁸( )1979 1996 ┘

( )2000 ─ %/10 ╩ ⇔≡™╢⁹ừ │○♂fi♂fi♦ ⁸ủ♃כ♦ │

⁹╢╟⌐♃כ♦ ─ │95% ─ ⁹ │⁸1989 ╟╡ ─○♂fi♂fi♦ ⌂⅜♃כ♦

™√╘⁸ ≢│ ─ ─╖ ∆⁹ ≢│⁸≈ↄ┌⌐⅔™≡│2000 2018 ⁸ ≤ ≢│⁸

2018 1 ≢○♂fi♂fi♦ ⅜ ⇔√√╘⁸2000 2017 ─ ╩ ⇔≡™╢⁹ 

⁸ ≤╙⌐ ⅔╟┘ ─ ⌐╟╢ ─ ╩ ⇔≡™╢⁹ 

 ○♂fi ה ─ ─╕≤╘ 2018
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῁ ᾓ  ̝

CFC⁸Ɫ꜡fi ○♂fi ≤∕─  

─○♂fi ─  

○♂fi╩ ∆╢ CFC ╛Ɫ꜡fi ─ ה ODS: ○♂fi

│⁸ ≢ ↕╣√ ⁸ ⅛╠ ⌐ ↕╣⁸ ⌐ ⌐╟∫≡

⅝ ↓↕╣╢ ╩ ⇔≡ ╛ ⌂╠┘⌐ ה

─ ה ╩ ∆╢⁹↓╣╠─ ה ⅜ ClO ◘▬◒ꜟ╛ BrO ◘▬◒

ꜟ≤ ┌╣╢ ⌂○♂fi ◘▬◒ꜟ─ ™ ≤⌂╡⁸○♂fi─ ╩ ⇔○

♂fi ─ ╩ ⅝ ↓∆⁹╟∫≡⁸ ─ ה ─ │○♂fi ─ ⌂

╩ ⅎ╢ ≢─ ≤⌂╢ ≢№╢⁹ ⌐⅔↑╢○♂fi─ ≤

P57╩  

─○♂fi ─ ╩ ℮ ⌐ ™√ ≢─ ה ─ ◦♫

ꜞ○╩ 1-4-1⌐ ∆⁹ ≢─CFC⌂≥─ CCly⁹ │1990

⌐Ⱨכ◒⌐ ⇔√ ⁸ ╛⅛⌐ ⇔⁸2040 ⌐1980 ꜠ⱬꜟ⌐ ╢ ─ ─ ⁹

⁸Ɫ꜡fi⌂≥─ ╩ ⇔√ ה ™ ⁹ 1-4-2≤

⇔╛∆™╟℮⌐ CCly⌐ CBry╩60 ⌐⇔√ ╩ ⅎ√

≤⇔≡ ∆ ≢│⁸1990 ┌⌐Ⱨכ◒╩ ⅎ√ ⁸2010 ╕≢│ ─

⌐ ═≡ ─ ⅜ ╛⅛⌂◦♫ꜞ○⌐⌂∫≡™╢↓≤⅜ ⅛╢⁹↓╣│Ɫ꜡fi ─

⅜2000 ⅞╕≢ ↄ≤ ⇔≡™╢√╘≢№╢⁹∕─ ⁸ ה

│ ≤╒╓ ─ ╩ ⇔⁸2040 ⌐│1980 ─ ꜠ⱬꜟ⌐

╢ ─ ─ ≤─◦♫ꜞ○⌐⌂∫≡™╢⁹ ה ⅜1980 ─꜠ⱬꜟ

⌐ ╢ ⅜ ─╖⅜1980 ꜠ⱬꜟ⌐ ╢ ⌐ ═≡10 ↄ⌂∫≡™

╢─│⁸Ɫ꜡fi ─ ⅜CFC⌂≥⌐ ═≡╟╡ ™ ∆╢≤ ⇔√↓≤⅜

⌂ ≢№╢⁹ ⁸ ↄ─CFC─ │1990 ┌⌐│ ⌐ ∂√

│P112─ 2-3-13╩ ─⌐ ⇔⁸ ⌂Ɫ꜡fi ─ ─ ⌐ ⇔≡│⁸Ɫ꜡fi

-1211⅜ ⌐ ∂√─│2005 ╩ ⅞≡≢№╡⁸Ɫ꜡fi-1301≢│ ≢╙

⅜ ╘╠╣≡™╢ │P113─ 2-3-15╩ ⁹ 

↓─╟℮⌂ ה ─ ─ │⁸∕╣╠─ ─

╩ ↓∆⁹∕─ ⁸ ה ⅜ ┼ ⇔⁸ ↕╣≡ ה

⌐ ╦╢ ⁸ ─ ה ─ ╟╡ ╒≥ ╣≡ ─

ה ⌐ ⅜ ↓╢⁹∕─ ╩ ≢ ╢↓≤⌐∆╢⁹ 
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1-4-1 ○♂fi ─ ⌐ ™√ ─ ה ─ ◦♫ꜞ○ 

™ │ CFC ⌂≥─ CCly ─╖─ ⁹ ™ │ ⌐ ∆╢ ─○♂fi ⅜

60 ≤ ⇔≡ ╘√ ה ─ CCly 60CBry ⁹ ™ ┘ │ ┘

ה ─ 1980 ꜠ⱬꜟ⁹WMO -A1◦♫ꜞ○╩ ⌐ ⁹

 ♃כ♦
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≢─○♂fi ─  

 ○♂fi ⌐ ∆╢ ─ ⅛╠⁸ ⌐ ⇔√ ה ⅜

⇔≡ ∂√ ה ⌐╟╢ ה ─ ╩ ∆ ≤⇔≡⁸

EESC⁹ │ 1 3-1 b P19 ╩ ⅜ ↕╣≡™╢⁹↓╣│⁸

⅜ ∆╢○♂fi ◘▬◒ꜟ─ ⅜ ─◘▬◒ꜟ⌐ ═≡ 60 ™↓≤

╩ ⇔≡ ╩ ⌐ ∆╢↓≤≢ ╘╠╣√ ≢─ ה ≢№╢⁹

⅛╠ ╩ ≡ ┼ ↕╣√ ה │⁸ ≢─ ─ ╣⌐╟∫≡⁸

─ ≢3 7 ⅛↑≡ ─ ₁⌂ ⌐ ┌╣╢⁹⇔√⅜∫≡⁸

─ ה │3 7 ↕⅛─╓∫√ ╩ ∆╢↓≤⌐⌂╢⁹≈╕╡⁸

○♂fi ⌐⅔↑╢ ה ⅜1980 ꜠ⱬꜟ⌐ ╢ │⁸ ╛ ⌐⅔↑╢

ה ⅜1980 ꜠ⱬꜟ⌐ ╢ ≤│ ∏⇔╙ ⇔⌂™⁹ 

↓╣╠─ ─ ╩ ⇔≡ ↕╣√ ┘ ≢─ EESC ─

─ ╩ 1-4-2⌐ ∆⁹╕∏⁸ 1-4-1─ ≢ ↕╣√ ─ ה

─ ≤ ═╢≤⁸∕─Ⱨכ◒⅜ ╒≥ ╣≡™╢↓≤⅜ ⅛╢⁹ ⌐⁸EESC

─Ⱨכ◒│ ≢│ 1990 ⌐№╢─⌐ ⇔⁸ ≢│ 2000 ⌐⌂∫≡™╢⁹

╕√⁸EESC⅜ 1980 ꜠ⱬꜟ⌐╕≢ ∆╢⌐│⁸ ≢│ 2050 ⁸ ≢│ 2065

╕≢─ ╩ ∆╢↓≤⅜ ⅛╢ ─ WMO 2018 ⌐╟╢≤⁸EESC ⅜ 1980 ꜠

ⱬꜟ╕≢ ∆╢ │⁸ ≢│ 2049 ⁸ ≢│ 2076 ≤ ╙╠╣≡™╢⁹ 

 

 

1-4-2 ┘ ⌐⅔↑╢ ─  

≢ ↕╣√ ה ⅜ ⌐ ↕╣√ ⁸ ┘⌐ ╕≢ ↕╣╢

≤╙ ┌╣╢ ╩⁸∕╣∙╣ 3 ┘⌐ 6 ≤⇔≡ ⁹∕╣∙╣─ ≢─

EESC ─ │ 1980 ─ ≤─ ─ ≤⇔≡ ↕╣≡™╢⁹ 

Scientific Assessment of Ozone Depletion: 2006 WMO, 2007 ╟╡  
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●☻ ─ ≤○♂fi ┼─  

●☻ ─  

○♂fi ⅜ ה ─╖≢ ↕╣╢─≢№╣┌⁸○♂fi ─ │ 1-4-2

─ ⌐ ⇔≡⁸ ≢│ 1990 ╩Ⱨ⁸⌐◒כ╕√ ≢│ 2000 ╩

Ⱨכ◒⌐ ⇔│∂╘⁸ ≢│ 2046 ⌐⁸╕√ ≢│ 2073 ⌐│ 1980 ꜠

ⱬꜟ╕≢○♂fi ⅜ ∆╢↓≤⅜ ↕╣╢⁹⇔⅛⇔⁸ ─ ─ │⁸○♂fi

∞↑≢⌂ↄ CO2 ⁸ⱷ♃fi CH4 ⁸ N2O ⌂≥─

●☻ GHG ─ ╙ 1980 ⌐ ═≡ ⇔≡™╢⁹∕↓≢⁸WMO ⱤⱠ

ꜟ≢│⁸ ↕╣╢○♂fi ╛ GHG ─ ◦♫ꜞ○─ ≢○♂fi ─

⅜ ╦╣√⁹ ⌐│⁸ ╩ ╗ ─ ⁸ ╩⸗♦ꜟ

⇔√ ⸗♦ꜟ⅜ ™╠╣√⁹⸗♦ꜟ ⌐ ↕╣√ CCly ⁸

CO2 ⁸ⱷ♃fi CH4 ⁸ N2O ─ ─ ◦♫ꜞ○─

╩ 1-4-3⌐ ∆⁹ ─ CCly │ 1-4-1─╙─≤ ∂  

 

 

 

1-4-3 ○♂fi─ ─ ⸗♦ꜟ ╩ ℮ ⌐ ⇔√ 

╛ ●☻─ ─  

CCly │ 1-4-1≤ ∂⁹CO2⁸CH4⁸N2O│⁸RCP6.0◦♫ꜞ○*╩ ⌐ ⁹ 

♃כ♦

                                                   

 
* RCP◦♫ꜞ○≤│ ╩ ℮ ⌐⁸ ─™ↄ≈⅛─ ꜠ⱬꜟ⌐ ⇔√ ●☻⌂

≥─ ─◦♫ꜞ○─↓≤⁹ 1- 4- 7╩ ─↓≤ 
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 CO2 ─ ≤○♂fi ─  

○♂fi─ ⅜ ⌂ ⌐⅔↑╢ ⌂○♂fi ≢№╢ ≤○

♂fi≤─ │⁸ ⅜ ⅜╢≤ ⅜ ↄ⌂╢ ╩ ∫≡™╢√╘⁸ ─ │○♂

fi ─ ╩╙√╠∆⁹ ⁸○♂fi ─ │○♂fi─ ⌐╟∫≡ ╩╟╡

∆╢ ╩ →╢ ⌐ ↄ↓≤≢⁸○♂fi─ ╩ ⇔⁸○♂fi─ ╩

ⅎ╢ ⌐ⱨ▫כ♪Ᵽ♇◒↕╣╢⁹∕─ ⁸○♂fi ─ │№╢ ↕╣╢

⌐⅔↑╢○♂fi─ ≤  P57╩ ⁹↓─ ⌂ ─ ⌐╟╢

○♂fi ─ ≤∕─ ⌐ ∆╢ⱨ▫כ♪Ᵽ♇◒─ │ ↄ ⌐ ≡│╕

╢⁹ 

≢⁸ ○♂fiⱱכꜟ≢ ↕╣╢╟℮⌂ ≢─ ⅜ ≤⌂

∫≡ↄ╢ ─ ≢│⁸ ≤○♂fi ─ │⁸ ─ ≤│ ⌂∫≡

ↄ╢⁹ ─ ≢─ ⌂○♂fi ⌐≤∫≡ ≤⌂╢ ─ ⌐

│⁸ ⅛╠ ⌐⅛↑≡─ ⅜ 78°C ─ ⌐⌂╢↓≤⅜ ≢№╢⁹╕√

⌐⁸ ─ ™ ⅜ ⌐ ∆╢ ⅜○♂fi │ ⅝ↄ⁸ ⅜ ⇔

╢ ─ ⅜ ™╒≥○♂fi ╙ ∆╢⁹↓─ ⌐⁸ ─ ─○

♂fi ≢│⁸ ⌐ ∆╢ ╩ ⇔√ⱨ▫כ♪Ᵽ♇◒│ ∑∏⁸○♂fi

─ │⁸ ⅜ ⇔ ╢ ─ ─ ⅝↕╛ ─ ⌐ ∆╢⁹ 

⌐⅔™≡ GHG │⁸ ≤│ ⌂∫≡⁸ ╩ ⌐ ↑≡ ∆╢↓≤≢

╩ ∆╢ ⅝╩ ∫≡™╢⁹GHG ─ ≢╙ CO2│ ╙ ⅜ ↄ⁸ ⌐⅔

↑╢ CO2─ │ ─ ⌐ ╙ ⅝⌂ ╩ ╓∆⁹ ⌐ ═√ ╡⁸

─ │ ⌐ ≢─○♂fi ╩ ↕∑⁸○♂fi ─

╩╙√╠∆⁹CO2 ⌐╟∫≡ ⅜ ∆╢↓≤≢○♂fi ─ ─ │⁸○♂

fi ⌐ ∆╢ ≤○♂fi─ ─ ⅜ ⅝™ ≢ ╙ ⌐ ╣

╢↓≤⅜ ↕╣╢⁹ ⁸ ≢│⁸ ─ │ ─ ╩ ∆↓≤≢

○♂fi ╩ ∆╢ ⅜№╢⁹ 
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CO2 ─ ●☻ ─ ≤○♂fi ─  

≢ ═√ ╡⁸ ●☻─℮∟ ╙ ─ ™ CO2─ │⁸ ╩ ⌐

↑≡ ∆╢↓≤⌐╟∫≡⁸ ─ ╩╙√╠⇔⁸∕─ ○♂fi─ ה

⌐ ╩ ╓∆⁹↓╣⌐ ⇔⁸CO2 ─ ⌂ GHG ≢№╢ CH4╛ N2O │ CO2⌐

═ ⅜ ↄ⁸CH 4╛ N2O ─ ─ ⅜ ⌐ ⅎ╢ │ ↕™⁹⇔⅛⇔⁸

CH4╛ N2O │ ≢─ ⌐╟∫≡○♂fi ◘▬◒ꜟ⌐ ∆╢ HO

╛ NO ╢№≢☻●☻כ♁─* P57╩ ⁹ ⌐ CH4│⁸ ╩

⌐ ∆╢ ╙ ∫≡™╢⁹╕√ CH4│ NO ╩ ≤⇔√○♂fi **⌐

╙ ∆╢⁹⇔√⅜∫≡⁸CH4╛ N2O─ ─ │⁸ ⌐⅔↑╢○♂fi─ ה

─ ⌐ ⌐ ╩ ╓∆≤ ⅎ╠╣≡™╢⁹ ─ GHG ─ ─ ⅜○♂

fi ⌐ ⅎ╢ ⌐≈™≡⁸ ⌐ ↕╣√ ⸗♦ꜟ╩ ™√ ⅛╠

│⁸ ≢│⁸N2O ─ │ ≢─○♂fi╩ ↕∑╢↓≤≢⁸○♂fi ─

╩ ╠∑╢ ⌐ ↄ⁹ ⁸CH4 ─ │ ≤⇔≡ ─○♂fi╩ ↕∑╢

○ ⌐ ↄ↓≤⅜ ↕╣√ Chipperfield ≤ Feng, 2003 ┘WMO, 2007 ,2015 ⁹√∞

⇔ CO2, CH4, N2O─○♂fi ┼─ ─ ⅝↕│⁸ ↓╣╠─ ●☻⅜≥─

↕╣╢⅛⌐ ∆╢⁹CO2│⁸∕─ ⅜ ⅝™╒≥○♂fi ─ ╩ ╘╢ ⅜

⅝™⁹N2O│∕─ ⅜ ⅝™╒≥ ╩ ╠∑╢ ⅜ ⅝™⁹ ⌐ CH4│∕─

⅜ ⅝™╒≥ ╩ ╘╢ ⅜ ⅝™⁹⌂⅔⁸CH4│ N2O≤│ ⌂╡⁸ ○♂

fi─ ⌐╙ ╦╢√╘⁸CH4 ─ ─ ⌐ ⇔○♂fi │⁸ ○♂fi ─

∞↑≢⌂ↄ⁸ ○♂fi ─ ─ ╙ ↑≡ ∆╢ WMO2018 ⁹ 

 

                                                   

 
* HOX╛ NOX─ ⌐≈™≡│⁸ 1 1 P58 ╩ ⁹ 
**  ⌂╠┘⌐ ≢│⁸CH4─ CH4 + 4O2 + 4NO ќCO2 +4NO2⁸4 (NO2 + 

O2 + hn Ƃ NO + O3) ⌐╟∫≡ ⌐○♂fi⅜ ↕╣╢⁹ 
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⸗♦ꜟ╩ ™√○♂fi ─  

─○♂fi ╛ │⁸ ∆╢ ⌐⅔™≡ ⌐╟∫≡ ה ∆╢○

♂fi ≤⁸ ─ ⅛╠∕─ ⌐ ↕╣≡ↄ╢○♂fi ┘⌐ ─ ⌐ ↕╣╢

○♂fi ○♂fi─ ⌐ ∆╢ │ 1 1-1 P9 ╩ ⁹ 

○♂fi─ ┘⌐ ⌐ ╦╢ ─ ↓╡╛∆↕│⁸ ⌐ ∆╢⁹ ⁸

≢│○♂fi─ ⅜ ⌂ ⌐⌂∫≡⅔╡⁸○♂fi ─ │ ─

⌐≈⌂⅜╢⁹↕╠⌐⁸○♂fi─ ╙ ─ ≤ ⌐ ⇔≡™╢⁹ 

∕↓≢⁸ ≢─ ○♂fi─ ╛ ⁸ ○♂fi─ ⁸ ┘⌐

╩ ⇔√ ה ─ ─ ╩ ╪∞₈ ⸗♦ꜟ₉ │

1 11 P80 81 ╩ ≤ ┌╣╢ ⸗♦ꜟ╩ ™≡⁸○♂fi ─

⅜ ╦╣≡™╢⁹ 

↓─╟℮⌂ ⸗♦ꜟ╩ ∆╢↓≤⌐╟∫≡⁸ ─ ≤○♂fi

─ ⁸ ─ ╩ ╡ ╪∞ ⅜ ⌐⌂∫≡⅝≡™╢⁹ ≤○

♂fi ⌐ ╦╢◦♫ꜞ○╩∕╣∙╣ ₁⌐ ℮╟℮⌂ ╙⅔↓⌂℮↓≤⌐╟╡⁸

≤○♂fi ─ ⅜╟╡ ⌐ ╡ ↑╠╣╢╟℮⌐⌂╢⁹ ⌐ ⅛╠

│⁸Ⱪꜞꜙכ꞉ה♪Ⱪ♁fi ⌐ ↕╣╢ ⅜ ↕╣╢≤™℮ ⅜ ╠╣≡⅔

╡⁸ ─ ≤○♂fi─ ≤─ ⅜ ↕╣≡™╢⁹ │ 1

15 P88 89 ╩ ⁹ 

 

a ─○♂fi ─  

 35 60 ┘ 35 60 ≢─ ה ⇔

√○♂fi ─ ⌐≈™≡⁸ 35 60 ⁸

35 60 ↔≤─○♂fi ─ ╩ 1-4-4⌐ ∆⁹ 

─○♂fi ─ ⌐│ ≢ ─ 2000 ⅞⌐ ╙ ™

꜠ⱬꜟ⌐ ⇔√ ⁸ ⌐ ∂╢ ⅜╖╠╣╢⁹⇔⅛⇔⌂⅜╠⁸○♂fi ⅜ 1960

꜠ⱬꜟ ─○♂fi ⌐╟╢ ⌂○♂fi ⅜ ↓╢ ─꜠ⱬꜟ ⌐

∆╢ │ ≢ ⌂∫≡⅔╡⁸ ≢│⁸2030 ⌐⁸ ≢│⁸2055

≤ ↕╣≡™╢⁹○♂fi ⅜ 1980 ꜠ⱬꜟ⌐ ∆╢─│⁸ ≢│⁸2010 2030

WMO2018 ≢│ 2035 ⁸ ≢│ 2025 2045 WMO2018 ≢│ 2050

≤⌂∫≡™╢⁹○♂fi ⅜ 1960 ꜠ⱬꜟ⌐ ∆╢ ⅜ ⌐ ═≡

≢ ↄ⌂╢─│⁸○♂fi⅜ ⅝ↄ ↕╣√ ─ ─ ⅜ ⌐

⌐ ∆╢ ╩ ↑╢√╘≢№╢⁹⌂⅔ ⸗♦ꜟ ⌐╟╣┌⁸ ≤╙

≢─○♂fi │ 21 ⌐│ 1960 ꜠ⱬꜟ╩ ⅎ╢ ⇔≢№╢⁹↓─╟

℮⌂ ≤⌂╢─│⁸EESC ─ ─ ⌐ ⅎ⁸GHG ⌐ CO2 ─ ⌐╟╢

─ ○♂fi ─ ≤Ⱪꜞꜙכ꞉ה♪Ⱪ♁fi │ 1

15 P88 89 ╩ ─ ○♂fi╩ ↄ ╗ ─ ─ ⁹ │ 1

4-4 a P54 ╩ ⌐╟╢╙─≤ ⅎ╠╣≡™╢⁹ 1-4-4─ │⁸○♂fi

ODS ─ ╩ 1960 ꜠ⱬꜟ⌐ ⇔√ ≢⁸GHG ─ ─ ─╖⌐╟╢○
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♂fi ─ ─ ╩ ∆⁹GHG ─ ⌐╟∫≡○♂fi │ 21 ⌐ ⅛∫≡

∆╢⁹╕√⁸ ≢│⁸ ≤ ⅜ 21 ⌐⌂∫≡╟℮╛ↄ ≠™≡ↄ╢

↓≤⅛╠⁸↓─ ⌐○♂fi ⅜ ODS─ ╩ ↑⌂ↄ⌂╢↓≤⅜╦⅛╢⁹ 

 

 
 

1-4-4 ⌐⅔↑╢○♂fi ─  

1960 ╩ ≤⇔√─○♂fi ─ ─ ⁹ │ ≢⁸ │∕─ ⁹ ™ │ 9

≈─ ⸗♦ꜟ⌐╟╢ ─ ≢№╡⁸ ™ ↑ │ 95% ╩ ∆⁹ ™ │

ODS╩ 1960 ꜠ⱬꜟ⌐ ⇔√╙─≢№╡⁸ODS─ ─ ─ ⅜⌂™⁸GHG ─ ─ ─

╖⌐╟╢○♂fi ─ ─ ╩ ∆⁹ ⌐ ⌂ │○♂fiⱱכꜟ⅜ ⌐ ╣ ╘√ ≢№╢

1980 ─꜠ⱬꜟ╩ ⇔≡™╢⁹ 

Scientific Assessment of Ozone Depletion: 2010 WMO, 2011 ╟╡  

 

 

b ○♂fi ─  

1-4-5⌐ 60 90 ┘ 60 90 ─○♂fi

─ ╩ ∆⁹ 

≢ ↕╣╢○♂fi ─ ─ │ ≤ ≢ ⇔≡⅔╡⁸

─○♂fi ─ ≤ ⁸2000 ⌐ ╩ ⅎ√№≤│⁸ ⌐ ∂⁸21 ╕≢

⅜ ↄ≤ ↕╣≡™╢⁹ ⁸ ≤ ╩ ∆╢≤⁸○♂fi ⅜1980

꜠ⱬꜟ⌐ ∆╢ ╛21 ─○♂fi ⌐ ™⅜№╢⁹1980 ꜠ⱬꜟ⌐ ∆╢

│⁸ ≢│2020 2035 ─ WMO2018≢│2030 ≤ ↕╣╢─⌐ ⇔⁸

≢│21 WMO2018≢│2060 ≤ ↕╣≡™╢⁹╕√⁸21

─○♂fi │⁸ ≢│1960 ꜠ⱬꜟ╩ ⅎ≡™╢─⌐ ⇔⁸ ≢│1960 ≤

╒╓ ∂꜠ⱬꜟ≢№╢⁹↓─ ™│⁸GHG─ ⌐╟∫≡ ⅝ ↓↕╣╢Ⱪꜞꜙכ꞉ה♪

Ⱪ♁fi ─ │ 15 P88 89 ╩ ⌐ ℮ ┼─○♂fi─

─ ™⌐╟╢╙─≤ ⅎ╠╣≡™╢⁹ 1-4-5─ ≢ ↕╣╢╟℮⌐⁸ ≢│

GHG─ ⌐ ∫≡○♂fi ⅜ ⇔≡™ↄ─⌐ ⇔⁸ ≢│╦∏⅛⌐ ∆╢⌐

≤≥╕∫≡™╢⁹╕√ ≢│⁸ ⌐ ≠™≡╙ ≤ ⅜ ⌐ ≠⅛⌂™↓

≤⅛╠⁸↓─ ⌐⌂∫≡╙○♂fi │ODS─ ╩ ↑╢↓≤⅜ ↕╣╢⁹ 

 

 

 

35° 60° 

35° 60° 
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1-4-5 ┘ ⌐⅔↑╢○♂fi ─  

1960 ─○♂fi ╩ ≤⇔√ ─ ─ ⁹ │ ─ 3 ⁸ │ ─ 10 ╩ ∆⁹

│ ≢⁸ │∕─ ⁹ ™ │ 9 ≈─ ⸗♦ꜟ⌐╟╢ ─ ≢№╡⁸

™ ↑ │ 95% ╩ ∆⁹ ™ │ ODS ╩ 1960 ꜠ⱬꜟ⌐ ⇔√╙─≢№╡⁸ODS

─ ─ ─ ⅜⌂™⁸GHG ─ ─ ─╖⌐╟╢○♂fi ─ ─ ╩ ∆⁹ ⌐

⌂ │○♂fiⱱכꜟ⅜ ⌐ ╣ ╘√ ≢№╢ 1980 ─꜠ⱬꜟ╩ ⇔≡™╢⁹ 

Scientific Assessment of Ozone Depletion: 2010 WMO, 2011 ╟╡  

 

c ─○♂fi ─  

⁸ 25 25 ≢ ↕╣╢○♂fi ─ ⌂ ─

│⁸ ╛ ≤ ⌂∫≡™╢ 1-4-6 ⁹∆⌂╦∟⁸○♂fi │ 2000 ⅞⌐

⌐ ∂⁸2060 ⌐ 1980 ꜠ⱬꜟ⌐ ⇔ ≤⌂╢⅜⁸∕─ 21 ╕≢

┘ ∆╢≤ ↕╣≡™╢⁹╕√⁸ ≢─○♂fi │ 21 ╩ ⇔≡ 1960

꜠ⱬꜟ╟╡╙ ⌂™╕╕≢№╢⁹ ≢ ╠╣╢ 21 ┌ ─○♂fi ─

│⁸ ┘⌐ ≢─ ⌂╢ ╢ ™─ ≤ ⅎ╠╣≡™╢⁹∆⌂

╦∟⁸EESC ─ ─ ┘⌐ GHG ─ ⌐╟╢ ─ ○♂fi ─

⌐╟╢ ≢─○♂fi ─ ─ ⌐ ⇔⁸GHG ─ ⌐≤╙⌂℮Ⱪꜞ

Ⱪ♁fi♪ה꞉כꜙ ─ ⌐╟╢○♂fi ─ ─ ™ ─ ⅜

↕╣╢↓≤⌐╟╢ ≢─○♂fi ─ ─ ⅜ 21 ⌐│ ╢√╘≤

ⅎ╠╣≡™╢⁹GHG ─↓─ │⁸ODS ─ ─⌂™ ─ ⌐╟

∫≡ ∆╢↓≤⅜≢⅝╢⁹ 

 

1-4-6 ⌐⅔↑╢○♂fi ─  

1960 ─○♂fi ╩ ≤⇔√ ─ ─ ⁹ │ ≢⁸ │∕─ ⁹ ™

│ 9≈─ ⸗♦ꜟ⌐╟╢ ─ ≢№╡⁸ ™ ↑ │ 95% ╩ ∆⁹ ™

│ODS╩ 1960 ꜠ⱬꜟ⌐ ⇔√╙─≢№╡⁸ODS─ ─ ─ ⅜⌂™⁸GHG ─ ─

─╖⌐╟╢○♂fi ─ ─ ╩ ∆⁹ ⌐ ⌂ │○♂fiⱱכꜟ⅜ ⌐ ╣ ╘√ ≢№

╢ 1980 ─꜠ⱬꜟ╩ ⇔≡™╢⁹ 

Scientific Assessment of Ozone Depletion: 2010 WMO, 2011 ╟╡  

60° 90° 60° 90° 

25° 25° 
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●☻─ ─ ™⌐╟╢○♂fi ─ ─  

○♂fi ─ │⁸ ─ ODS ─ ⌐ ∆╢≤╙⌐⁸ ⌐╟∫≡╙

⌂╢⁹ ⌐⁸4-2-3 ⌐ ⇔√ ╡ GHG ─ ⌐╟∫≡╙ ↕╣╢⁹GHG ─

◦♫ꜞ○≤⇔≡│⁸RCP ◦♫ꜞ○≤ ┌╣≡™╢⁸ ─ ─

╛ ה ⌐ ↑√ ╡ ╖ ╩ ⇔√ ◦♫ꜞ○ 1-4-7 ⅜

↕╣≡™╢⁹WMO2018 ≢│ RCP◦♫ꜞ○⌐╟╢ GHG ─ ⌐ ≠™≡ ↕╣

√○♂fi ─ ⅜╕≤╘╠╣≡™╢ 1-4-8 ⁹↓╣╠─ ⅛╠│⁸

●☻─ ⅜ ⅝™◦♫ꜞ○ RCP 8.5 ╒≥ ─○♂fi ⅜ ⇔≡○♂

fi ⅜ ╕╢ ⌐№╢↓≤⅜ ⅛╢⁹╕√ ≢─○♂fi ─ ╩

∆╢≤⁸ ≢│○♂fi ─ │ RCP◦♫ꜞ○─ ™⌐ ∆╢─⌐

⇔⁸ ≢│ RCP◦♫ꜞ○─ ™⌐╟╢○♂fi ─ ─ ™⅜ ≢│⌂

™⁹⌂⅔ ─(a)≤(b)≢ ↕╣√WMO2018 ⌐╟╢○♂fi ─ 1980 ꜠ⱬꜟ┼─

│⁸ ●☻ ◦♫ꜞ○─ ≈≢№╢ RCP6.0◦♫ꜞ○⌐╟╢ ─

⌐ ≠ↄ╙─≢№╢⁹ 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-4-7 RCP◦♫ꜞ○⌐ ≠ↄ ─ ●☻─  

RCP history │ 1960 2004 ─ GHG ─ ⁹RCP 2.6  RCP 8.5│∕╣∙╣⁸21 ─

⅜ 2.6 W/m2  8.5 W/m2 ⌐ ╕╢╟℮⌐ ⇔√ ◦♫ꜞ○⁹
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1-4-8 GHG ─ ◦♫ꜞ○─ ™⌐╟╢○♂fi ─ ─ WMO2018  

REF-C2│⁸ODS│ A1 ◦♫ꜞ○ WMO 2010 ⌐ ∫≡⁸GHG ⌂≥│ RCP 6.0◦♫ꜞ○⌐ ∫≡

↕∑√ ─ ⁹SEN-C2-RCP45⌂╠┘⌐-RCP85│⁸GHG ⌂≥╩ RCP 4.5◦♫ꜞ○⅔╟┘

RCP 8.5◦♫ꜞ○⌐ ∫≡ ↕∑√ ─ ODS│ REF-C2≤ ⁹SBUV MOD │

○♂fi ─ ⁹ 
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○♂fi ≤ ─  

○♂fi ≤ │ ○♂fi ⅜ ⌐⁸ ⅜○♂fi ⌐ ╩

╓⇔№℮≤ ⅎ╠╣╢⁹⇔⅛⇔⌂⅜╠⁸ ⁸ ┘ Ɽ♃כfi─ ╩ ⇔≡

⅝ ↓↕╣╢○♂fi ≤ ─ │ ≢№╡⁸∕─ⱷ◌♬☼ⱶ│╕∞

⌐ ↕╣≡™╢≤│ ™ ™ WMO, 2011⁸UNEP-EEAP, 2011 ⁹ 

 

a ⅜ ⌐ ╓∆  

≢ ═√ ╡⁸GHG ⌐ CO2 ─ │ ─ ╩ ↕∑╢⁹

─ │⁸ ≢ ═√ ╡⁸○♂fi ⅜ ⌂ ⌐⅔↑╢○♂

fi─ ╩ ⇔⁸○♂fi ╩ ↕∑╢⁹ ⁸ ≢─ ⅜ ≤⌂

╢ ─ ≢│⁸GHG ─ ⌐╟╢ ─ │⁸ ─

⌐ ⌂ 78ϴ ─ ╩ ╡╛∆ↄ∆╢ ⌐ ⅝⁸ ≢─○♂fi ╩

∆╢ ⅜№╢⁹ ⌐⁸GHG ─ │ ⌂ ─ ⌐ ╩ ⅎ╢↓≤⅜

↕╣≡™╢⁹ ⸗♦ꜟ* ┘⌐ ⸗♦ꜟ ⅛╠│⁸GHG ─ ⌐╟╡

Ⱪꜞꜙכ꞉ה♪Ⱪ♁fi ⅜ ╕╢≤ ↕╣≡™╢⁹↓─╟℮⌂ ─ ⅜ ↓╢≤⁸

∕─ ⌐№√╢ ≢○♂fi ⅜ ⇔⁸ ⌐№√╢∕─ ─ ≢ ∆

╢≤™∫√ ⌐ ⌂ ╩╙√╠⇔ ╢ 1-4-4⁸ 1-4-5 ┘ 1-4-6 P50 51

⁹ ⌐№√╢ ─○♂fi ─ ⌐│⁸ ה ⌐⅔↑╢ ─

⌐ ℮○♂fi ─ ⅜ ┼─○♂fi─ ─ ≤⌂∫≡ ╣╢⁸≤ ∫√

ⱪ꜡☿☻╙ ╦∫≡™╢⁹↓╣╠⌐╟╡⁸ ⌐№√╢ ≢│ GHG ─ ⌐╟∫≡

○♂fi ─ ⅜ ╕╢ ⅜№╢⁹↓─╟℮⌐⁸ ─ │ ─○♂fi ─

⌐ ╩ ⅎ╢↓≤⅜ ↕╣≡™╢╙──⁸ ╩ ⅝ ↓∆ⱷ◌♬☼ⱶ│╕∞

↕╣≡⅔╠∏⁸ ⅜ ╕∫≡™╢≤™℮ ╙ ↕╣≡™⌂™ WMO, 2011⁸

Engel et al., 2009 ⁹ │ 1 15 P88 89 ╩ ⁹⇔√⅜∫≡⁸ ─

GHG ─ ⅜○♂fi ⌐≥─ ─ ╩ ╓⇔ ╢─⅛⌐≈™≡│╕∞

⌂ ⅜ ™⁹ 

H2O ╙ CO2⌂≥≤ ∂ↄ⁸ ╩ ⇔≡ ─ ⌐ ╩ ╓∆⁹╕√

⌐⁸H2O│ HO ─ ╛ ╩│∂╘≤∆╢ ◄▪꜡♂ꜟ─ ⌐╙

⇔≡™╢⁹∕─√╘⁸ ─ ─ │ ─○♂fi ─ ╩ ⅎ╢ ≢│

≢№╢⁹ ─ ≢─ ─ ⅛╠│⁸ ─

<30km ≢ 1980 2000 ─ ⌐ ⅜№╢↓≤⅜ ↕╣≡™╢⁹⌂⅔⁸1990

┌ ─ ⅛╠│⁸ ⌂ │ ╘╠╣≡™⌂™⁹ ⁸2000 2001

⌐⅛↑≡ ┘⌐ ─ ≢─ ─ ⌂ ⅜ ┘⌐

⌐╟∫≡ ↕╣≡™╢⁹ ─ ─ ─ⱷ◌♬☼ⱶ│╕∞ ⌐

↕╣≡⅔╠∏⁸ ─ ⌐ ℮ ─ ─ │ ≢│⌂™⁹

                                                   

 
* IPCC ─ ▪☿☻ⱷfi♩⌂≥⌐ ™╠╣≡™╢⸗♦ꜟ⁹ 
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b ◄▪꜡♂ꜟ ⅜○♂fi ⌐ ╓∆  

╙○♂fi ⌐ ╩ ╓∆⁹ ⅜ ⌐╕≢ ∆╢╟℮⌂ ⅝⌂

⅜ ⅝╢≤⁸ ╩ ≤∆╢◄▪꜡♂ꜟ⅜ ≢ ∆╢⁹ ◄▪꜡♂ꜟ─

│⁸◄▪꜡♂ꜟ ≢─ ╩ ⇔√○♂fi ╩ ∆╢∞↑≢⌂ↄ⁸ ─

╛ ─ ╩ ⇔≡╙⁸ ≢─○♂fi ⌐ ╩ ╓∆⁹ ⌐⁸ ≢

⌂ ⅜ ↓∫√ │⁸∕─ ╛○♂fi ┼─ ⅜ ≢ ⅝ↄ⌂

╢⁹ 

ⅎ┌⁸1991 6 ─ⱨ▫ꜞⱧfi─Ⱨ♫♠Ⱳ ≢│ ─ ⅜⌂™ Ᵽ

♇◒◓ꜝfi♪꜠ⱬꜟ⌐ ═◄▪꜡♂ꜟ ⅜ ╕≢ ⇔√⁹ ⇔™◄▪꜡♂ꜟ ─

│ ≢ ╘╠╣⁸Ᵽ♇◒◓ꜝfi♪꜠ⱬꜟ╕≢ ∆╢─⌐ 5 6 ╩ ⇔√⁹

─ ⌐╦√∫≡ ≢ NO2 ─ ⅜ ↕╣√⅜⁸↓╣│◄▪꜡

♂ꜟ─ ⌐╟╢ ─ ⅜ ≤⇔≡ ↕╣≡™╢ WMO,  1994 ─

╡⁸ ◄▪꜡♂ꜟ─ ⌐ ℮ ─ │○♂fi ╙ ∆╢≤ ⅎ╠╣≡

⅔╡⁸ Ⱨ♫♠Ⱳ ⁸ ≢│ ○♂fi ─ ⅜ ↕╣≡™╢⁹

⁸ ≢│⁸Ⱨ♫♠Ⱳ ╙ ⌂○♂fi ─ │ ╘╠╣≡™⌂™⁹

↓╣│◄▪꜡♂ꜟ─ ⌐╟╢ ─ ⅜ ⌐○♂fi╩

∆╢ ─ ╩ ↕∑√≤ ⅎ╠╣≡™╢⁹ ⌐⁸ QBO ⅜

○♂fi╩ ∆╢ ≢№∫√↓≤⌂≥╙ ╦╢↓≤≢⁸ ┼─○♂fi─

⅜ ⇔⁸ ⌂○♂fi ─ ─ ╩ ∟ ⇔√ ≤ ⅎ╠╣≡™╢

WMO, 2014 ⁹ 

⌐╟╢ ◄▪꜡♂ꜟ ─ ─ │ ≢№╡⁸○♂fi ╛

─╟℮⌂ ≤™℮ ⌂ ╠⅛ꜟכ◔☻ ╣┌ ≢№

╢⅜⁸ ─╟℮⌐○♂fi ─ ⇔⅜ ⅛⌂⅜╠ ⅎ ╘√ ⌐ ○♂fi ⅜≥

℮ ⇔≡™ↄ⅛╩ ╘╢ ⌐│⁸ ⌂ ≢№╢⁹ ⌐↓╣╕≢│⁸Ⱨ♫♠Ⱳ

─╟℮⌂ ⌂▬ⱬfi♩⌐≤╙⌂℮ │╟ↄ ↕╣≡⅝√⅜⁸ ≢│

↕⌂ ⌐ ∆╢ ⌐≈™≡╙ ═╠╣≡™╢⁹ ⅎ┌⁸ ─○♂fi │

2000 2014 ─ ⌐⅔™≡ 9 ⌐ ⌐ ⌂ ╩ ⇔√⅜⁸2015 ⌐♅

ꜞ≢ ↓∫√ ─ ─ ⌐╟∫≡↓─ ─○♂fiⱱכꜟ⅜ ⇔√↓

≤⅜ ↕╣≡™╢ Solomon et al., 2016, Bègue et al., 2017 ⁹ 

╕√ ≢│⁸⸗fi☻כfi ⌐≤╙⌂℮◄▪꜡♂ꜟ─ ┼─ ⅜ ↕╣

≡™╢⁹▪☺▪⅔╟┘ ▪ⱷꜞ◌─ ⸗fi☻כfi │ ─ ≢ ╩

≤╙⌂∫≡⅔╡⁸ ⸗♦ꜟ⌐╟╢ ⌐╟╢≤⁸⸗fi☻כfi─ ─

≢ ⌐╟╢ ─ ⅜ ⅝≡™╢≤™℮ ⅜№╢ Solomon et al., 2016 ⁹

↓℮™∫√ ─ │⁸ ⌐│ ∏⇔╙ ⅝⌂╙─≢│⌂™⅜○♂fi─ ╩

⅝ ↓⇔℮╢↓≤⅜ ↕╣≡™╢⁹ 
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c ○♂fi ─ ⅜ ⌐ ╓∆  

○♂fi ─↓╣╕≢─ ⌂ ─ ≢ ╙ ⌂ │⁸ ≢─○♂fiⱱ

─ꜟכ ≢№╢⁹╟∫≡⁸○♂fi ─ ⅜ ⌐ ╓∆ ⌐ ⇔≡╙ ≢

╙ ⌂ ⅜ ╣╢ ⅜ ™⁹ 

─ ≢ ⌐○♂fi ⅜ ↕╣╢≤⁸ ─ ⅜ ⇔⁸ ≤─

⅜ ⇔≡⁸☺▼♇♩ ⅜ ↄ⌂╢⁹∕─ │ ﬞ ∫≡

⌐╙ ┬ ⅜№╢⁹Thompson ≤ Solomon 2002 ≢│⁸1969 2000 ─ ⌐

─ ⅛╠ ⌐⅛↑≡ ─ ╩⁸╕√⁸1979 2000 ─ ⌐

─ ⅜ ╕∫≡™╢ ╩ ⇔√⁹↓─╟℮⌂○♂fi ≤ ─ ≤─ │⁸

⸗♦ꜟ⌐⅔™≡╙ ↕╣≡™╢ Son et al, 2008, Son et al., 2010 ⁹ 

⁸ ─ ─ ⁸ ⅜≥℮ ∆╢⅛⌐≈™≡│⁸ ●☻─ ╙

∆╢⁹IPCC ─ ⸗♦ꜟ╛ ⸗♦ꜟ⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡⁸ ─

●☻─ ⌐╟∫≡ ─╒╓ ≢ ⅜ ╕╢↓≤⅜ ↕╣≡

™╢⁹╕√⁸ ⸗♦ꜟ│⁸ ⁸ODS ⅜ ╩ ⇔≡○♂fi ⅜ ⇔≡™∫√

│⁸ ─ ⅜ ╕╡⁸∕─ ╕╢ ⅜ ─╖⌂╠∏ ╕≢ ⅜

╢↓≤╩ ⇔≡™╢⁹↕╠⌐⁸↓─○♂fi ─ │⁸ ●☻─ ╩ ╢

╙ ↕╣≡™╢ Polvani et al., 2011 ⁹ 

≢⁸○♂fi ─ ╩ ⇔≡ ╕≢ ∆╢ ─ │⁸ ╛

┼─ ⌂ ╩│∂╘⁸ ₁⌂ ≢ ─ ≤ ⇔≡™╢ ⅜№╢⁹ 
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֓  

⌐⅔↑╢○♂fi─ ≤  

 

≢○♂fi O3 ╩ ∆╢ ─ │⁸ ╠⅛─ ⌐╟∫≡ ⌐ ↕╣

√ O ≤ ─ ─ ≈≢№╢ O2 ≤─ 2

≢№╢⁹ ≢ ─ ≤⇔≡○♂fi─ ╩╙√╠∆√╘─ ─

│⁸◄Ⱡꜟ◑כ─ ™ ⅜ ∆╢ ≢─ ─

1 ≢№╢⁹ 

 
O2 + hɢ ─◄Ⱡꜟ◑כ  ќ O + O    1  

2 × O + O2 + M ─  ќ  O3 + M    2  

─  3 O2   ќ  2 O3  

 

↓↓≢⁸M│ │ ≢⁸ ⌐╟∫≡ ∂√ ◄Ⱡꜟ◑כ╩ ∟ ╡⁸

⇔√○♂fi╩ ⇔≡ ┘ ≤ ⌐ ⇔⌂™╟℮⌐∆╢ ╩ ∫≡

™╢⁹ 

○♂fi│ ─ ╩ ⇔≡ ⇔⁸ ╩ ∆╢ 3 *⁹○♂fi─

⌐╟∫≡ ⇔√ │ ∟⌐ 2 ⌐╟∫≡○♂fi╩ ∆╢─≢⁸ 3

≤ 2 ≢│ ─ ○♂fi─ ה │ ↓╠⌂™⁹ ─

1 ⌐╟∫≡ ⅜ ⇔√ │⁸ ≤⇔≡○♂fi─ ╩╙√╠∆─≤⁸

≢№╢⁹ 

 
O3 + hɢ ќ O2 + O      3  

O + O2 + M  ќ O3 + M      2  

─  ⌂⇔  

 

↓↓≢ ⇔√ 3 ≤ 2 │⁸ ≢─○♂fi╩ ╡ ↄ ─ ≢ ╙ ⌐ ↓

∫≡™╢ ≢№╢⁹↓─2≈─ │ ─ ≤⇔≡│ ╠─ ╙ ⅝ ↓↕⌂

™╙──⁸ ╩ ⌐ ∆╢ ─ ≤⇔≡─ ⌐ ⇔≡⅔╡⁸ ╡

─ ╩ ╘╢ ╩ √⇔≡™╢⁹ 

3 ⌐╟∫≡ ↕╣√ ─ │ ─≤⅔╡ 2 ⌐╟∫≡○♂fi

╩ ∆╢⅜⁸↔ↄ │○♂fi≤ ∆╢↓≤≢ ⌐╙≥╢ 4 ⁹↓╣

⅜ ⌐⅔↑╢○♂fi─ ≢№╢⁹ 

 

O3 + hɢ ќ O2 + O      3   

O3 + O ќ 2 O2       4  

─  2 O3 ќ 3 O2 

                                                   

 
* ○♂fi─ │⁸ ─╖≢│⌂ↄ⁸ ─ ≢ ⅎ╢ ╛ ─ ⌐│

1180nm ╟╡ ─ ≢╙ ↓╢⁹ 
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3 ≤ 4 ─ ─ │⁸ 1 ≤ 2 ⌐╟╢ ─ ○♂fi─

─∟╞℮≥ ─ ⌐⌂∫≡™╢⁹ 

≢─○♂fi─ ה ─ ⌂ │⁸ 1 4 ⌐╟∫≡ ↕╣╢

─ ≢ ↕╣╢⁹ 1 4 │ ─╖╩ ⇔√ ≢№╡⁸

№╢™│♅ꜗ♇ⱪⱴfi ≤ ┌╣≡™╢⁹ 

♅ꜗ♇ⱪⱴfi ≢│○♂fi─ │ 4 ⌐ ↕╣╢⁹ 4 │ ⅜

ↄ⌂╢≤ │ ↄ⌂╢√╘⁸ ╠⅛─ ≢ ─ ⅜ ∆╢≤○♂fi─

⅜ ⇔⁸∕─ ⁸○♂fi ─ ╩╙√╠∆⁹ ⁸○♂fi ─ │ 3 ≤

2 ╩ ⇔≡ ╩╟╡ ∆╢ ╩ →╢ ⌐ ↄ↓≤≢⁸○♂fi─

─ │ ↕╣╢* ─ ╩ ⇔√ⱨ▫כ♪Ᵽ♇◒─ ⁹ 

 

 

≢│⁸ 3 ≤ 4 ⌐╟╢○♂fi ⌐╙⁸ ⌐ ∆╢

─ ⅜ ∆╢○♂fi ⅜№╢⁹○♂fi ⌐ ∆╢ ≤⇔≡│⁸

HO ≤ ⁹H⁸OH ┘HO2 ⁸ NO ≤ ⁹NO ┘NO2 ⁸

ClO ≤ ⁹Cl ┘ClO ⁸ BrO ≤ ⁹Br ┘BrO ⅜№╢⁹

↓╣╠─ ⅜ ≢№╢⌐╙⅛⅛╦╠∏○♂fi ≢─○♂fi─ ⌐ ╩ ╓⇔

╢─│⁸↓╣╠─ ─ ∆╢○♂fi ⅜ ⌐⌂∫≡™╢√╘≢№╢⁹

↓╣╕≢⌐ ≈⅛─○♂fi ⅜ ↕╣≡™╢⅜⁸∕─ ≢╙ ≢

≤⌂╢ │ ⌐ ∆ ≢№╢⁹ 

 
X  +  O3    ќ XO  +  O2       5  

XO  +  O  ќ X  +  O2                                         6  

─  O3 + O  ќ 2 O2                                           

 

↓↓≢⁸X │ H⁸OH⁸NO⁸Cl │ Br ≢№╢⁹ 5 ≤ 6 │⁸○♂fi ◘

▬◒ꜟ╩ ⇔≡⅔╡⁸ ⅎ┌ X=Cl ─ ⁸ClO ◘▬◒ꜟ≤ ┌╣≡™╢**⁹ClO ◘▬

◒ꜟ│⁸Molina ≤ Rowland ─◒꜡꜡ⱨꜟ○꜡◌כⱲfi CFC ⌐╟╢○♂fi ─

≤⇔≡ ≢№╢***⁹ClO ◘▬◒ꜟ─ ⁸ 5 ⌐╟∫≡ ClO ⌐

↕╣√ Cl ⅜ 6 ⌐╟∫≡ ↕╣⁸ ┘ 5 ⌐ ∆╢↓≤≢⁸

                                                   

 
* ⌐ ╠⅛─ ≢ ─ ⅜ ⇔√ │⁸○♂fi─ ⅜ ⇔⁸○♂fi ─ ╩╙

√╠∆⁹○♂fi ─ │ ─ ╩ ⅎ╢ ╩ →╢ ⌐ ↄ↓≤≢⁸○♂fi─

─ │ ↕╣╢⁹ 
** ⌐⁸X=H │ OH ─ │ HOX◘▬◒ꜟ⁸X=NO ─ │ NOX◘▬◒ꜟ⁸X=Br ─ │ BrO X

◘▬◒ꜟ⁸≤ ┌╣╢⁹╕√⁸○♂fi ◘▬◒ꜟ│ ≤⇔≡⁸XOX◘▬◒ꜟ≤ ┌╣≡™╢⁹ 
*** ₈CFC⌐╟╢○♂fi ₉≤⇔≡ ↕╣╢⅜⁸CFC⅜ ○♂fi≤ ⇔≡○♂fi╩ ∆╢

≢│⌂™⁹CFC│ Cl ╩ ⌐ ┬₈ ┘ ₉─ ╩ ∫≡™╢⁹ ⌐ ⇔√ CFC│⁸

⌐╟╢ ┘⌐∕─ ─ ⌐╟∫≡ Cl ╩ ∆╢⁹ 
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⌐○♂fi╩ ∆╢*⁹⌂⅔⁸ClO ◘▬◒ꜟ╩│∂╘≤∆╢ XO ◘▬◒ꜟ─ ─

│ 4 ≤ ∂**≢№╢⁹ 

 ≢│⁸ ⌐╟╡ ↄ─○♂fi⅜ ⇔≡™╢⁹∕─√╘⁸ ה

─∕╣∙╣─ ⌐ ∆╢○♂fi ⌐ ⇔⁸ ∂ ⅎ┌ 1%─ ─○♂fi

⅜ ∆╢≤ ∆╢≤⁸ ≢─○♂fi─ ─ ⅜○♂fi ─ ⌐╟╡

⅝ↄ ╩ ╓∆↓≤⌐⌂╢⁹≤↓╤⅜⁸ ⌐⅔™≡│⁸ ≤─ ╩ ╗

5 ≤ 6 ≢ ⇔√ XO ◘▬◒ꜟ│○♂fi ≤⇔≡ ⌐ ⇔⌂™⁹↓─

│⁸ 5 ≤ 6 ≢ ↕╣╢ XO ◘▬◒ꜟ⌐⅔™≡○♂fi─ │

─ ⌐ ∆╢⅜⁸ ─ │ ⅜ ⅜╢⌐≈╣≡ ⇔ↄ ∆╢√╘⁸

≢│ ⌂○♂fi ╩ ⅝ ↓∆─⌐ ⌂ ─ ⅜ ⇔⌂™√╘≢

№╢⁹ 

↓─√╘⁸ ≢─○♂fi ≢│ ≤─ ╩ ≤⇔⌂™○♂fi

◘▬◒ꜟ─ ⅜ ≢№╡⁸ ⌂ ─ ⌂≥⅜ ≤⌂╢***⁹

⌐⅔™≡ ⅜ ∆╢○♂fi ◘▬◒ꜟ─ ╩ ⌐ ∆⁹ 

 

Cl + O 3 Ƃ ClO + O 2    7           Cl + O 3 Ƃ ClO + O 2     7  

OH + O 3 Ƃ HO2 + O2    8            Br + O 3 Ƃ BrO + O 2  11  

ClO + HO 2 Ƃ HOCl + O 2     9            ClO + BrO Ƃ Br + ClOO  12  

HOCl + hɢ Ƃ OH + Cl      10           ClOO + M Ƃ Cl + O 2 + M  13  

─  2 O3 Ƃ 3 O2        ─  2 O3 Ƃ 3 O2 

 

HO2╛ BrO │ ⌂ ≢│№╢╙──⁸ ⌐⅔↑╢∕╣╠─ │

─ ⌐ ═╢≤ ↄ⁸∕─√╘ ClO ≤│ ⌂╢ ◘▬◒ꜟ⌐ ∆╢≤↕╣≡™√

HO2╛ BrO ≤─ ╩ ╗ ─○♂fi ◘▬◒ꜟ⅜ ≤⌂╢⁹ 

⌐│↓╣╠─ ⌐ ∆╢ ╩ ∆╢ ╩ ∆╢ ⅜

∆╢√╘⁸ ⅜ ⌐ ↄ╦↑≢│⌂™⁹ ⅎ┌ Cl ┘ ClO ╩

⇔√ ClO ◘▬◒ꜟ─ ⁸ ⅜ⱷ♃fi≤─ ⌐╟∫≡ HCl⌐

↕╣╢ 14 ╛ ⅜ ≤─ ⌐╟∫≡ ClONO 2

⌐ ↕╣╢ 15 ⅜ ╩ ∆╢ ⌐ ∆╢⁹ 

 
Cl + CH 4 Ƃ HCl + CH 3      14  

ClO + NO 2 + M Ƃ ClONO 2 + M      15  

 

╛ │ ⅜ ↄ⁸○♂fi ⌐│ │ ⇔⌂™⁹⇔⅛⇔⁸

                                                   

 
*CFC ─ ≢│⁸Cl ∞↑≢⌂ↄ⁸F ╙ ∆╢⁹⇔⅛⇔⁸FOX─ │ ╘≡ ↄ⁸○

♂fi ⌐│ ⇔⌂™⁹↓╣│⁸F ⅜ ⇔≡╙⁸CH4╛ H2O≤─ ⌐╟∫≡ ⌐ HF ⌐

↕╣⁸ ┘ F ⌐ ↕╣╢↓≤│⌂™↓≤⌐ ⇔≡™╢⁹HCl ⌐ ↕╣√ Cl ⅜

16 ⌐╟∫≡ ↕╣╢─≤ ≢№╢⁹ 
**○♂fi ◘▬◒ꜟ│₈ ◘▬◒ꜟ₉≤╙ ┌╣≡™╢⁹ ⅎ┌⁸ClOX ◘▬◒ꜟ⌂≥⁹ 
*** HOX◘▬◒ꜟ─ ⁸OH ∞↑≢⌂ↄ⁸ ⌐ HO2╙○♂fi≤ ∆╢√╘⁸OH + O 3 Ƃ 

HO2 + O2≤ HO2 + O3 Ƃ OH + 2 O2⌐╟∫≡ ↕╣╢○♂fi ◘▬◒ꜟ ─ │⁸2 

O3 Ÿ 3 O2 ⅜ ∆╢⁹↓─ ╙₈HOX◘▬◒ꜟ₉≤ ┌╣≡™╢⁹ 
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╛ ⅛╠│⁸ ─ ⌐╟∫≡ ╛ ⅜ ↕╣╢⁹ 

 
OH + HCl Ƃ Cl + H 2O      16  

ClONO 2 + hɢ Ƃ Cl + NO 3 │ ClO + NO 2    17  

 

↓─↓≤⅛╠⁸ ╛ │ ╩ ⌂ ≢ ⌐ ∆╢ ╩

∫≡™╢↓≤⌐⌂╢⁹ 

 

 

 ≢─○♂fi ⌐ ∆╢ ╩ ∆╢ ⁸ ⁸ ⁸ │ ⅛╠

⌐ ↕╣≡ↄ╢ ≥☻●☻כ♁ ┌╣≡™╢ ⌐╟∫≡ ☻כ♁⁹*╢╣↕

●☻≤⇔≡│⁸ ╛ⱷ♃fi ⁸ **⁸ ⱷ♅ꜟ ⁸

ⱷ♅ꜟ │☻●☻כ♁─╠╣↓⁹╢№⅜ ╛ ⌐╟∫≡ ⌐

↕╣╢╒⅛⁸ ⌐ ∫≡╙ ↕╣≡™╢⁹ 

─☻●☻כ♁ ⌐│ ╩ √⌂™ ╙№╢⁹ ≢№╢◒꜡꜡ⱨꜟ○꜡◌

Ⱳfiכ CFC ⁸Ɫ▬♪꜡◒꜡꜡ⱨꜟ○꜡◌כⱲfi HCFC ⁸Ɫ꜡fi⁸ ┘ 1,1,1-

♩ꜞ◒꜡꜡◄♃fi⅜∕─ ⌂ ≢№╡⁸20 ⌐ ╙ ⌂ ╩ כ♁√⇔

☻●☻≢№╢⁹ ╛ ╩ ╗↓╣╠─ │⁸ ≢─ ┘ ─ √⌂

≤⌂∫≡⅔╡⁸○♂fi ≤ ┌╣≡™╢⁹ 

 

 

⌐ ↕╣√○♂fi ⁸│☻●☻כ♁╢∆≥╘∂│╩ ⌂ ⌐

╟∫≡○♂fi ⌐ ∆╢ ╩ ∆╢⁹ ⌐ ═√≤⅔╡⁸ ⇔√ │○♂

fi ⌐ ⇔⌂⅜╠ ─╛╛ ™ ⌐ ↕╣╢⁹ ⅎ┌ ─ ⁸

CFC ⌂≥─ ─ ⌂ ⌐╟∫≡ ⇔√ │ ⌐

⅜ ™ ╛ ⌂≥⌐ ↕╣╢⁹ ⁸ ╛ ⅛╠│ ***

⌐ ╛ ⅜ ↕╣╢ 16 ┘ 17 ⁹∕─√╘⁸ ╛

─╟℮⌂ ─╛╛ ™ │ ─ כⱣכ◙ꜞ ≤ ┌╣≡™╢⁹ 

○♂fi ╩ ∆╢ ◘▬◒ꜟ⌐ ╦∫≡ↄ╢─│ ─╟℮⌂ ≢

№╡⁸○♂fi─ │ ─ ─ ⌐ ↕╣╢⁹ ⁸ ╛ ─╟

℮⌂ │○♂fi ◘▬◒ꜟ≤│ ⌐│ ╦∫≡™⌂™⅜⁸ ─ ⌐

⇔≡™╢⁹ ⌐ ≢│⁸○♂fi ⌐ ∆╢ ╩ ∆╢

                                                   

 
*  ─ ≤⇔≡│⁸ ─☻●☻כ♁─╠⅛ ⌐ ╩ ∆╢ ⅛╠─ NOX

─ ⌂≥╙№╢⁹ 
**  N2O ⌐≈™≡│⁸○♂fi ODP ODP⌐≈™≡│ P82╩

⅜ 0.017≤ ╙╠╣≡™╢ Ravishankara ╠, 2009 ⁹⌂⅔⁸N2O│ ⁸⸗fi♩ꜞ○כꜟ ─

≢№╡⁸○♂fi ⌐╟╢ ╩ ↑≡™⌂™⅜⁸ ─ ●☻≤⇔≡

⌐╟╢ ─ ≤⌂∫≡™╢⁹ 
***  HCl ⅛╠ ╩ ∆╢ (16) │ ≢│⌂™⅜⁸ ≤ ∆

╢ OH ꜝ☺◌ꜟ│⁸ ⌐╟╢○♂fi─ ╩ ╗ ─ ⌐╟∫≡ ↕╣╢⁹↓

─√╘⁸ ⅛╠─ ─ ╙ ⌂ ≤⇔≡ ∫≡™╢⁹ 
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─ │ ─ │ ─ ™ ≤⇔≡ ⇔⁸∕─ ⅜

⅛╠ ⌐ ↕╣⁸ ≤⇔≡ ⇔≡™╢⁹↕╠⌐ ⅛╠ ╩ ∆╢

╛ ⅜ ⌐ ↕╣╢ │ ⌐╟∫≡ ⌂∫≡™╢⁹⇔√⅜∫≡⁸

○♂fi─ ╩ ⌐ ∆╢⌐│⁸ ─ ╛ ≤ ≤─ ─

╩ ╢ ⅜№╢⁹ 

│●☻ ─ ≤─ ≢│╒≤╪≥ ⇔⌂™╙──⁸ ╛ ─ ≤

│⌂∂╖╛∆™ ╩ ⇔≡™╢⁹ ≤ ─ ≤─ │⁸ ⅛╠

─ ╛ ⅛╠─ ─ ≤╙ ⇔≡⅔╡⁸○♂fi ─ ╛ ⌂

╩ ∆╢ ≢ ≢№╢⁹ 

⅛╠ ⌐ ⅜ ↕╣╢─≤ ⌐⁸ ⅛╠ ⌐╙ ⅜ ↕

╣╢⁹ ⌐ ╠⅛☻●☻כ♁√╣↕ ⇔√ ⁸ ⁸ ⁸ ─ │⁸

≤⇔≡⁸ ╩ ↕╣⁸ ⌐│ ⌐ ∫≡ↄ╢⁹ ⌐╙ ═√≤⅔╡⁸

│ ╛ ─ ≤⌂∂╖╛∆™√╘⁸ ⌐ ↑≡ ⌐│ ⅛╠ ↕╣╢⁹ 

 

 

─ ○♂fi│⁸ ─ ≤ ═≡ ה ⌐│ ⇔ↄ ⌂™↓≤⅜ ╠╣

≡™√⁹↓╣│⁸ ⌐ ═≡ ≢│⁸ ╩╘←╢ ─ │ ≤

™℮ ⅜ ⌐ ⇔≡ ╣≡™╢√╘⁸ ─ │ ─○♂fi─ ™ ≤ ↨

╡⌐ↄ™⅛╠∞≤ ↕╣≡⅝√⁹1980 ⌐ ∫≡⁸ ⌐ 10 ⌐│○♂fi ⅜

⌐ ⌂™↓≤⁸↕╠⌐∕─ ⅜ ₁ ╩ ↑≡™╢↓≤⁸╕√⁸↓─ ○♂fi ─

⅜ ⌐⅛┬↕╢╟℮⌐ ⅜∫≡™╢↓≤⅜ ╠⅛≤⌂∫≡⁸↓─ ╩○♂

fiⱱכꜟ≤ ┬╟℮⌐⌂∫√⁹○♂fiⱱכꜟ⅜ ╙ ∆╢ ─ ⌐│⁸○♂fiⱱכ

ꜟ ─ 10 25km ⌐⅔™≡⁸○♂fi⅜⌂ↄ⌂∫√≤™ⅎ╢╒≥

≤⌂╢↓≤⅜ ↕╣≡™╢⁹ 

○♂fiⱱכꜟ⅜ ↕╣╢ ─ ≢│⁸ │ ™√╘ ⌂ ─

⅜ ≢⅝∏⁸ 5 ≤ 6 ≢ ⇔√╟℮⌂○♂fi ◘▬◒ꜟ│ ≢│⌂™⁹↕

╠⌐⁸ ⇔™ ○♂fi⅜ ↕╣╢ 10 25km ─ ≢│⁸ ⌂╠┌

ה ─ │ ⌐╛╛ ⌂ ─ ≢ ⇔≡™╢√╘⁸

9 15 ≢ ⇔√╟℮⌂○♂fi ◘▬◒ꜟ╙∕╣╒≥ ⌐ ⅛⌂™│∏≢№

╢⁹↓─√╘⁸○♂fiⱱכꜟ ≢│ ╠⅛─ ⌂○♂fi ⅜ ⇔≡™╢≤

ⅎ╠╣√⁹ 

─ ─ │ ⌐ ⇔ↄ ∆╢√╘⁸ ≢│

PSC ≤ ┌╣╢ ⅜ ↕╣╢⁹ ⅜ ∆╢≤⁸ ⅜

⅛⌂™ ≢╙∕─ ≢ 18 20 ⅜ ⇔⁸ ⅜

™ ╛ ⅜⁸ ⇔╛∆™ Cl2 ╛ HOCl ⌐ ↕

╣╢⁹ 
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ClONO 2 + HCl  ќ  Cl2  + HNO 3   (18) 

ClONO 2 +  H 2O  ќ HOCl + HNO 3  (19) 

HOCl  +  HCl  ќ  Cl2 + H 2O   (20) 

 

 

↕╠⌐⁸ ─ ⌐╟∫≡ ↕╣╢ HNO 3 │ ⌐≤

≥╕╢√╘⁸ ≢│ NO ⅜ ↄ ⅎ╠╣╢↓≤⌐⌂╡⁸ 17 ─

─ ⅜ ⅎ╠╣⁸ ╟ↄ ⅜ ∆╢√╘─ ⅜ ℮↓≤⌐⌂╢⁹ 

≢│ 18 20 ≢ ⇔√ ⅜ ╟ↄ ╗√╘⁸ ⅜ ╢

⌐ ╩ ⇔≡ ↄ─ ⅜ ↕╣╢↓≤⌐⌂╢⁹ ⁸○♂fiⱱכꜟ

≢│ ─ ClO ─ ⅜ ≢ ⅛╘╠╣≡™╢⁹↓─╟℮⌐⁸ ≢│ ClO

⅜ ⌐ ™√╘⁸ 21 23 ╩ ╗ ⌂○♂fi ⅜ ⇔⁸ ⇔

™○♂fi ⅜ ⇔≡™╢⁹ 

 
ClO + ClO + M Ƃ ClOOCl + M      21  

ClOOCl + hɢ Ƃ Cl + ClOO      22  

ClOO + M Ƃ Cl + O 2 + M          23  

2 × [ Cl + O 3 Ƃ ClO + O 2 ]         7  

─  2 O3 Ƃ 3 O2     

 

⌂⅔⁸ ─○♂fi ╙ ClO ◘▬◒ꜟ≤ ┌╣≡™╢⁹ 

╕√⁸○♂fiⱱכꜟ ≢│ ─ ClO ⅜ ∆╢√╘⁸ ─ ClO ◘▬◒ꜟ ⌐╙

ClO ⅜ ∆╢ ⌐╟∫≡⁸○♂fi⅜ ⌐ ↕╣╢⁹ ⌐⁸ ⌐ 11 13

─ ≢ ═√ ClOīBrO ─ ╩ ╗○♂fi ◘▬◒ꜟ│ ≢№╢⁹ 

 

 

│ ─ ≢─╖ ⇔⁸ 20 km ≢ī78ϴ ≢

↕╣╢⁸ ─ │ ה ה ─ ─ ⅛╠ ╢╙

─≤⁸ī85ϴ ≢ ↕╣╢ ─ ⅛╠ ╢╙─≤─ ⅜№╢⁹ ⅜

⇔≡™≡ ⅜ ≤⌂╢ ≢│⁸ ⅜ ⌐ ⌐

⇔⁸ │ ↕╣⁸ ⌐⌂∫≡ ⌐ ⅜ √╢╟℮⌐⌂╢≤⁸ ⌐

○♂fi ◘▬◒ꜟ⅜ ⅝ ⇔⁸○♂fi⅜ ⇔ ╘╢⁹ 

⁸ ─ │⁸ ─ │ ─ ─ ╩ ↑≡ ה ⇔╛∆

ↄ⁸ ─ ≢ ה ∆╢↓≤╙№╡⁸ ⌐ ≢№╢⁹↓─√╘⁸

│ ─ ⇔≡ ∆╢↓≤│ ⇔ↄ⁸⇔√⅜∫≡⁸ ─╟℮⌂ ⌂○♂fi

ⱱכꜟ│ ⇔⌐ↄ™⁹∕╣≢╙⁸ ≤ ∂○♂fi ◘▬◒ꜟ│ ≢╙ ™

≡⅔╡⁸ ⌐╟∫≡│ ─○♂fiⱱכꜟ⅜ ╣╢↓≤╙№╢⁹○♂fi⅜ ⌂ↄ⌂∫√

─ │ ⌐ ⌐ ⅜╢─≢⁸ ─ ⌐⅔↑╢ ה ─○♂fi

│ ≢№╢⁹ 
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QBO⌐╟╢○♂fi  

─ 2 QBO │⁸ ─ ⌐⅔™≡ 2 ─ ≢

≤ ⅜ ∆╢ ≢№╢⁹1 2 ≢ ═√≤⅔╡⁸○♂fi ⌐│ QBO ⌐ ℮

─ ⅜ ∆╢⁹∕─ │⁸ ⌐ QBO ⌐ ℮ ─ ─ ╣

─ ╩ ↑╢≤ ⅎ╠╣╢─≢⁸ ≢│ QBO ─ ≤⁸QBO ⌐ ∫≡○♂fi

⅜ ∆╢⇔ↄ╖╩ ∆╢⁹ 

 

─QBO≤∕╣⌐ ℮○♂fi  

1- -1─ ─ⱤⱠꜟ⌐│⁸2007 ─ ⌐⅔↑╢ ─ ─

╩ ∆⁹ ≢⁸№╢ ⌐⅔™≡ ─ ⌐ ╩ ≡™ↄ≤⁸ ≤ ⅜

2 ─ ≢ ⇔≡™╢↓≤⅜╦⅛╢⁹╕√⁸ ╙ ╙ ⅛╠ ≤≤╙⌐

┼ ╡≡⅝≡⅔╡⁸ ⅎ┌⁸50hPa ─ ⅜ 1- -1≢ ─ ─ │⁸

─ 10hPa ─ ≢│ ⌐⌂∫≡™╢╟℮⌂ ╩⇔≡™╢⁹ 

─ⱤⱠꜟ⌐│⁸ ≤⇔≡ a 2010 10 b 2010 4 ─○♂fi ─ 1997

2006 ⅛╠─ ─ ╩ ∆⁹ ⅜ ≢ ⅜ ─ ⌐ ∆╢ a

2010 10 ≢│ ─○♂fi ⅜ ⇔∕─∆← ≢ ⁸ ⌐ ⅜

≢ ⅜ ─ ⌐ ∆╢ b 2010 4 ≢│ ─○♂fi ⅜ ⇔∕

─∆← ≢ ⇔≡™╢⁹╕√⁸2010 ─ 4 ⅔╟┘ 10 ⌐ ╠∏⁸ ⌐

─ ⅜ a ╕√│ b ≤ ⌂ ≢№∫√≤⅝│⁸ ⌂○♂fi ─

⅜ ∂≡™╢⁹ ─ⱤⱠꜟ≢ ™ │ a ─ ⌐ ∆╢ ≢⁸ ≢○

♂fi ⅜ ⇔∕─∆← ≢ ⅜ ╠╣√ ⁸ ™ │ b ─ ⌐

∆╢ ≢⁸ ≢○♂fi ⅜ ⇔∕─∆← ≢ ⅜ ╠╣√ ≢

№╢⁹ b ─ ⌐⅔™≡│⁸ ⌐ ⅜ ↄ ╕╢ ⅜ ↄ⁸⇔√⅜∫≡⁸ b

⌐ ∆╢○♂fi ─ ╙∕─ ⌐ ↄ ╠╣╢↓≤⅜ ™⁹ 
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1- -1  QBO ⌐╟╢ ─ ≤○♂fi  

◦fi●ⱳכꜟ 1°N, 104°E ⌐⅔↑╢ ─ ⁹ │ 10m/s─

≢ ⅛╣≡™╢⁹ ─ ⅜ ⁸ ─ ™ ⅜ ⁹ ─ │ ⌐ ⅛∫

≡ ⅜ ╕╢ⱨ▼⁸≢☼כ ≢○♂fi ⅜ ⁸∕─∆← ≢ ─ ⅜ ╙╟ↄ

╘╠╣╢ ╩ ∆⁹ │∕─ ─ⱨ▼כ☼─ ╩ ∆⁹√∞⇔⁸ ─ⱨ▼כ☼│ ↄ

ↄ ⅜№╢─≢ ≢ ↕╣≡™╢⁹ 

ⱬꜟꜞfi ─ QBO ─*♩▬◘♃כ♦ Figure 1 ╩ ⌐ ⁹ 

○♂fi % ─ ─ ⁹1979 2006 ─ ⅛╠─ ╩ ∆⁹ a

2010 10 ⁸ b 2010 4 ⁹ ─ⱤⱠꜟ⌐∕╣∙╣─ ⅜ ≢ ↕╣≡™╢⁹ 

○♂fi ה2010 1╟╡ ⁹ 

 

 

QBO⌐ ℮ ≤○♂fi  

─○♂fi │ ≤ ─ ─ ╩ ↑≡ ∆╢⁹QBO⅜ ↓╢

≢│○♂fi─ ⅜ ↄ⁸○♂fi ─ ⅜ ⅝™ ⌐ ⅛

∫≡ ∆╢ ╩⇔≡™╢ ─≢⁸QBO⌐╟∫≡ 1 ─ꜟכ◔☻ ⌐╝∫ↄ╡≤⇔√

╕√│ ⅜ ∂√ ≢↕ⅎ╙⁸∕╣⌐╟╢○♂fi─ ─ ⌐╟

∫≡○♂fi ⅜ ∆╢⁹ 1- -2⌐⁸ ─ ⅜ ⁸ ⅜ ─ a

≤⁸∕─ ─ ⅜ ⁸ ⅜ b ─ ⌐ ∂╢ ה ─ ⅛╠─

≤ ─ ⁸WARM, COLD ≢ ↕╣≡™╢ ╩ ∆⁹↓↓≢ a

b │⁸ 1- -1─ a b ─ ⌐ ⇔≡™╢⁹ a ─ ⁸ ⅜ ™≡™╢

≢│⁸ ⅛╠ ⇔ ╣√≤↓╤≢│◖ꜞ○ꜞ ⌐╟∫≡ ≤╙ ⅝⌐

                                                   

 
* https://www.geo.fu - berlin.de/en/met/ag/strat/produkte/qbo/index.html  
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╣⅜ ⇔⁸ ⅜ ™≡™╢ ≢│⁸∕─ ⌐ ≤╙ ╣⅜ ⅛╠ ╣≡

∆╢⁹∕╣╩ ℮╟℮⌐ ⅛╠ ┼ ⅜ ∂╢⁹↓─ ⌐╟∫≡⁸

╙≤╙≤ ⌐ ∂≡™╢ ⅜ ╕╡⁸○♂fi ─ ™ ⅛╠─ ─ ⅜

╕╡⁸○♂fi ⅜ ∆╢⁹╕√⁸ ⅛╠ ⇔ ╣√≤↓╤≢│ ⅜ ∂⁸

↓╣⌐╟∫≡○♂fi ⅜ ∆╢⁹ b ─ ⁸ a ≤ ─↓≤⅜ ↓╢⁹ 

⌂≥⁸ ⌐⅔↑╢ QBO ⌐╟╢○♂fi ─ │⁸ ─∆←

1- -2 a ─ ⁸ b ─ ─ ╩ ⌐ ↑≡™╢≤ ⅎ╠╣╢⁹ 

 

 

1- -2 QBO ─ ≤∕╣⌐ ℮ ─  

QBO ⌐╟╢⁸ ─ ⁸ ─ ⁸ ה ─ ⁸

─ ה ─ ⁹ a ⌐ ⅛∫≡ ⅜ ╕╢ b ⌐ ⅛∫≡ ⅜

╕╢ ⁹ a ─ ≢│ ─ ⅜ ™≡™╢ ≢ ─ ─ ⁸ ─ ─ ™≡

™╢≤↓╤≢ ─ ─ ⅜ ↓╡⁸1 ╒≥≢ b ─ ┼≤ ╢⁹ b ≢│⁸ ─

─ ™≡™╢≤↓╤≢ ⁸ ─ ─ ™≡™╢≤↓╤≢ ─ ⅜ ↓╡⁸1 ╒≥≢ a

─ ┼ ╢⁹ 

Plumb and Bell (1982) Figure 1 ╟╡  
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○♂fi ─  

 

 

Ⱪꜞꜙכ꞉כ ╛♪Ⱪ♁fi ⌐╟∫≡⁸○♂fi ╩ ∆╢↓≤⅜

≢⅝╢⁹Ⱪꜞꜙכ꞉כ │⁸ │ ⅛╠ ↕╣√ ╩ ⌐

╟∫≡ ⇔⁸○♂fi⌐ ↄ ↕╣╢ ─ ≤ ⅜ ⌂™ ─ ─

╩ ∆╢↓≤⌐╟╡⁸ ⅛╠ ╕≢─ ⌐ ╕╣╢○♂fi─ ○♂fi

╩ ╘╢⁹♪Ⱪ♁fi │⁸ⱪꜞ☼ⱶ╩ ™≡ ╩ ™⁸ ─ ╩ ℮⁹ 

↓╣╠─╒⅛─ ≤⇔≡⁸ ≈─Ᵽfi♪Ɽ☻הⱨ▫ꜟ♃כ⌐╟╡ ∆╢ⱨ▫ꜟ♃כ

⅜№╡⁸ ♁ ≢ ↕╣≡™╢⁹ 

 

 

Ⱪꜞꜙכ꞉כ │♪Ⱪ♁fi ╩ ™≡○♂fi─ ╩ ╘╢

≢⁸ ⅛╠ ∆╢ ─ ╩ 2 ─ ≢ ∆╢⁹↓─ ⁸ ⌐

⇔√ ─℮∟⁸ ≢ ↕╣ ⌐ ⅛∫√╙─⅜ ↕╣╢⁹≥─ ≢

↕╣√ ⅜ ∆╢⅛│⁸ ≤ ⌐ ∆╢⁹↓╣╠─ │⁸ ⅜

⅝™╒≥ ⅜ ↄ⌂╢─≢⁸™ↄ≈⅛─ ⌂╢ ≢─ ⅛╠⁸○♂fi─

↔≤─ ⅜ ↕╣╢⁹ 

 

 

○♂fi♂fi♦│◗ⱶ ⌐ ╩ ╡ ↑≡ ↕∑⁸ ≢ ⇔√♦ ♃╩

≢ ⌐ ∆╢╙─≢⁸ ⅛╠ 35km ╕≢─ ─○♂fi ╩ ∆╢↓≤

⅜≢⅝╢⁹ ⌐ ╦╣≡™╢○♂fi♂fi♦─ │⁸ ≤ ┌╣╢╙─≢

№╢⁹ꜜ ► ◌ꜞ►ⱶ KI ⌐○♂fi╩ ╗ ╩ ⇔⁸ꜜ ► ◌ꜞ►ⱶ≤○♂fi─

≢ ∂╢ꜜ► ⅜ ≤ ⇔≡≢⅝╢ ▬○fi⌐╟╢ ╩ ∆╢⁹↓─

⁸ ⇔√○♂fi─ ⌐ ⇔√ ⅜ ╠╣╢─≢⁸ ─○♂fi ⅜╦⅛

╢⁹ 

 

 

כ♄כ꜠כ◙כ꜠ כ♄▬ꜝ כ◙כ꜠⁸│ ╩ ™√ כꜙꜞ⁹Ⱪ╢№≢כ♄כ꜠─

꞉כ ╛♪Ⱪ♁fi ⅜ ╩ ≤⇔≡○♂fi⌐╟╢ ╩

∆╢─⌐ ⇔⁸꜠ │כ♄כ꜠כ◙כ ╠⅜ כ◙כ꜠ ╩ ⇔≡⁸ ⌐╟╢ ╩

↕∑⁸○♂fi⌐╟╢∕─ ─ ⅝↕╩ ∆╢↓≤≢○♂fi ╩ ╘╢⁹╕√⁸Ɽꜟ

☻ ╩ ™╢─≢⁸ ╩ ╘╢↓≤⅜≢⅝╢⁹ 

⌐│⁸○♂fi⌐╟╢ ─ ⅝⌂ ≤ ─ ↕⌂ ꜟⱤכ◙כ꜠─

☻ ╩ ⌐ ∆╢⁹꜠ כ◙כ │ ⌂≥≢ ↕╣╢─≢⁸ ⌐ ↕╣╢
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╩ ≢ ⇔⁸Ɽꜟ☻╩ ⇔≡⅛╠─ ╣─ ≤⇔≡

∆╢⁹ ─ ╣⅛╠│ ─ ⅜ ╠╣⁸2≈─ ─ ─ ™⌐╟╡

⅛╠∕─ ╕≢─○♂fi⌐╟╢ ─ ↕╣√ ⅜╦⅛╢⁹⇔√⅜∫≡⁸

─ ⌐╟∫≡○♂fi ─ ⅜ ↕╣╢⁹ 

↓╣╕≢⁸ ⁸ ⁸ ≢ ↕╣≡⅝√○♂fi꜠⁸┌╣╟⌐כ♄כ꜠כ◙כ 40

50km ─ ╕≢─ ╩⁸2 4 ─ ╩⅛↑╢↓≤⌐╟╡

1 4km ≢ ⅎ╢⁹ 

 

 

○♂fi⅛╠─ ╩Ⱶꜞ ≢ ∆╢╙─≢⁸○♂fi ─ ⌐╟∫≡

∂╢☻Ɑ◒♩ꜟ ─ ⅛╠○♂fi─ ⌐ ∆╢ ⅜ ╠╣╢⁹ ─ ™

⅛╠ ∑╠╣╢☻Ɑ◒♩ꜟ ─ │⁸ ─ ™☻Ɑ◒♩ꜟ≤⌂╢⅜⁸ ⅜ ⅜╢≤

≤─ ─√╘☻Ɑ◒♩ꜟ ⅜ ⅜╢⁹ ↕╣╢☻Ɑ◒♩ꜟ│⁸↓╣╠─ ⌡ ╦

∑≢№╢⁹ ה ─ ⅜╦⅛∫≡™╣┌⁸ ⌐ ∆╢☻Ɑ◒♩ꜟ─ │

↕╣╢─≢⁸○♂fi─ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

Ⱶꜞ ☿fi◘⁸│כ ╩ ╦∏ ≢⅝╢≤™℮ ⅜№╢⁹ 70 80km ╕≢─

╩ 10km ⁸5 20 ≢ ≢⅝╢⁹ 

 

 

∆═≡─ │⁸∕╣∙╣ ─ ה ☻Ɑ◒♩ꜟ╩ ⇔≡™╢↓≤⅛╠⁸

⌂ ╩ ╪≢⁸ ─ ה ─ ╩ ℮↓≤≢⁸ ─ ╩ ⌐ ∆╢

↓≤⅜≢⅝╢⁹ ⌐ ↕╣╢○♂fi ☿fi◘⁸│≡⇔≥כ○♂fi─ ∆╢ ╛

Ⱶꜞ ╩ ∆╢ ≤⁸○♂fi⌐╟╢ ─ ╩ ∆╢

≤⌐ ≢⅝╢⁹ ⌐│↕╠⌐⁸ ╩ ─ ≤⇔≡ ╩

∆╢ ─ ╩ ∆╢
ⅎ╪║™

≤⁸ ⌐╟╢ ─ ╩ ∆

╢ ≤⅜№╢⁹ 

⌐ ≠ↄ☿fi◘⁸╙⌐כ ╩ ≤∆╢ ≤⁸ ╩

≤∆╢ ⅜№╢⁹ ─ ≤⇔≡│⁸LIMS ⁸CLAES⁸MLS⌐ ⅎ⁸ ─

≤⇔≡SMILES ⁸╕√ ⌐│⁸ ∂ↄ ─ IMG⅜№╢⁹ 

≢│⁸ ≤☿fi◘כ─ ⌐╟∫≡ √╢ ╩ ↑╢ ⅜ ⌂╢

↓≤╩ ⇔≡⁸ ─ ╩ ⌐ ℮↓≤⅜≢⅝╢⁹ ─ ≤⇔≡

│⁸SAGE⁸SAGEи⁸HALOE ⌐ ⅎ⁸ ─ ≤⇔≡ILAS⁸ILAS -и⅜ →╠╣╢⁹

─ ⌐│⁸ ≢ ↕╣√ ╩™ↄ≈⅛─ ≢

∆╢⁹ ⌐╟∫≡ ┼─ ─ ⅜ ⌂╢↓≤╩ ⇔≡⁸○♂fi

│ ╩ ╘╢⁹ ≤⇔≡│⁸TOMS⁸SBUV/2⁸GOME ⅜ ≢№╢⁹ 
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○♂fi ─ Ⱡ♇♩꞉כ◒ 

GAW  

○♂fi IOC │⁸1957 1958 ─ IGY ⌐ ⇔≡ ─

⌐○♂fi ─ ╩ ┘⅛↑⁸↓╣⌐╟╡ ≢○♂fi ⅜ ╦╣╢

╟℮⌐⌂∫√⁹○♂fi ⅜ ↕╣╢╟℮⌐⌂∫≡⁸○♂fi ─⸗♬♃ꜞfi◓─

⅜ ↕╣⁸WMO │⁸1981 ⌐↓╣╕≢─ ╩ ○♂fi ◦☻♥ⱶ GO3OS: 

Global Ozone Observing System ≤⇔≡ ⇔√⁹ 

╕√⁸○♂fi ⁸ ─ ─ ⌐ ™⁸○♂fi⁸ ●

☻⌂≥─ ╩ ≢ ─♃כ♦⁸⇔ ⁸ ⁸ ╩ ℮ ─ ⅜

⌐⌂∫√↓≤⅛╠⁸WMO │ 1989 ⌐ ─ ≢№╢ GO3OS ┘ Ᵽ♇◒◓

ꜝfi♪ BAPMoN:  Background Air Pollution Monitoring Network ╩ ≤

⇔√ GAW ╩ ↕∑√⁹ 

 

(NDACC) 

┘ ─ ⁸ ─♃כ♦ ⁸○♂fi ╛

─ⱷ◌♬☼ⱶ─ ╩ ≤⇔≡⁸꜠ ꜞ⁸Ⱶכ♄כ꜠כ◙כ ⁸ⱨכꜞ◄

⁸ ה ─ ⱬכ☻─ ⌐╟╢⸗♬♃ꜞfi◓☻♥כ◦ꜛfi╩

⁸ ⁸ ⁸ ┘ ⌐ ∆╢ⱪ꜡☺▼◒♩⅜ ⌐

╘╠╣≡™╢⁹ 

⅜ │⁸ ⌐ ⇔≡™╢ ╢↑⅔⌐כ♄כ꜡─♪fiꜝכ☺כꜙ♬⁸

⁸כ♄כ꜠כ◙כ꜠ꜟ♂꜡▪◄╢╟⌐ ⌐⅔↑╢ ה

⌐╟╢Ⱶꜞ ○♂fi ⁸ ╩ ∫≡™╢⁹ 
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○♂fi♦כ♃─ ה   

 

⅜ ⅜ ⇔√ ⁸≈ↄ┌⁸ ⁸ ⌐⅔↑╢○♂fi ♦ ♃│⁸

ה ○♂fi ☿fi♃כ⌐ ╘╠╣⁸♦ ♃♅▼♇◒╩ √ ⁸ 20

⌐ ⱱכⱶⱭכ☺ Ᵽfi◒─₈○♂fi♃כ♦─ ה ₉♃כ♦─

http s://www.data.jma.go.jp/gmd/e nv/ozonehp/diag_o3uv.html ─ ≢ ─○♂fi

─ ⌐≈™≡ ↕╣╢⁹↓╣╠─ ⌐╟╢ ⌐≈™≡│⁸ ≤⇔≡

⇔≡⅔╡⁸₈○♂fi ה ─ ─╕≤╘₉₈ ה ₉⅜ ⱱכⱶ

Ɑכ☺≢ ↕╣≡™╢⁹ 

 

WOUDC  

╩ ╘ ⅛╠ ⇔√○♂fi♦ ♃│⁸◌♫♄⌐№╢ WMO ─ ○♂fiה

☿fi♃ (WOUDC)⌐ ↕╣⁸ ⅜ ╦╣╢⁹╕√⁸ ⌐≈™

≡│⁸∆═≡─ ╩♃כ♦─ ≢ ⇔≡ ↔≤─○♂fi ╩ ⇔≡™

╢⁹ 

↓╣╠─ │⁸WOUDC ⌐ ↕╣╢≤≤╙⌐⁸₈ ─○♂fi♦ ♃ Ozone Data 

for the World ₉≤⇔≡▬fi♃כⱠ♇♩≢ ↕╣⁸ ⌐ ↕╣≡™╢⁹ 

↓─╒⅛⁸NASA ╛♪▬♠ ☿fi♃כ DLR ⅜⁸TOMS ╛♃כ♦ GOME -2 ♦

♃כ ─ ⌐╟╢ ♩♇Ⱡכ♃fi▬╩♃כ♦ ≢ ⇔≡™╢⁹ 
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2019 ─ ○♂fi ≤ % ─ ─  

 ○♂fi ה % ─ ─ ╩ ⌐ ∆ 1- -3 ⁹ ○

♂fi ─ │ 15 m atm -cm⁸ % ⌐≈™≡│ 5%≢№╢⁹

│ ─ ≢ ≢⅝⌂™ ╩ ∆⁹NASA ─ ⌐≥╙╩♃כ♦

⅜ ⇔√⁹ 
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1- -3 (1) ○♂fi ה % ─ ─ 2019 1 6  

 

 m atm -cm                 % 
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1- -3 (2) ○♂fi ה % ─ ─ 2019 7 12  

♃כ♦
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1979 2019 ─ ─ ○♂fi 10  

220m atm -cm ─○♂fiⱱכꜟ─ ╩ ≢ ⇔≡⅔╡⁸○♂fiⱱכꜟ─

⅜╦⅛╢⁹NASA ┘ NOAA ─ ⌐≥╙╩♃כ♦ ⅜ ⇔√⁹ ─ừ │

╩ ∆⁹ 

 

1- -4 (1) 10 ─ ○♂fi 1979 1992  

 ♃כ♦
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1- -4 (2) 10 ─ ○♂fi 1993 2010  

  
 ♃כ♦

 


























































































































































































































































































































































