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1  

1.1 ─ ה  

╩ ↕∑╢↓≤⌐╟∫≡⁸╙─╩ ╘√╡⁸ ⅛⇔√╡⁸ ≢ ╠⇔√╡∆╢√╘⌐

⌂◄Ⱡꜟ◑כ╩ ╢↓≤⅜≢⅝╢⁹↓℮⇔√ ⌐│ ⁸ ⌐ ⇔≡™╢  

╛ ⁸↕╠⌐│ ╩ ⇔√ ⌂≥) ╛ ─ ⌂≥⅜ ™╠╣≡⅝√⁹╕√⁸

╟╡ ╛ │ ╛ ⁸ ⌂≥⌐⁸ ╛ │ ⌂≥⌐ ↄ ™╠╣⁸

╛ ─ ⌐ ⅝ↄ ⇔≡⅝√⁹ 

18 ⌐▬◑ꜞ☻≢ ⅜ ↕╣√↓≤≢⁸ ╛ ╟╡╙ ↄ⁸ ╛

╟╡╙◖fiⱤ◒♩⌂ ╩ ⌐∆╢↓≤⅜ ≤⌂╡⁸ ⅜ ↓∫√⁹ ⅜∕

─ ╩ ∆╢√╘⌐│⁸ ⌐ ╩ ⇔ ↑╢ ⅜№╢⁹∕─√╘⌐ ⌂ ─◄

Ⱡꜟ◑כ─ ≤⇔≡⁸ ⅜ ╦╣╢╟℮⌐⌂∫√⁹ ╩  ⇔ ⅝  ⇔≡

∞↑╩ ⁸│☻◒כ◖√⇔ ⌐ ╕╣╢ ╩ ⇔≡ ⌐∆╢ ⌐╙

↕╣≡™╢⁹19 ⌐⌂╢≤⁸╟╡ ⌐ ╣√ petroleum ⅜ ╦╣ ╘√⁹

crude oil  ─ ⅜ ↕╣⁸ ╛ ⌂≥┼─ ⅜ ⌐⌂∫√↓≤≢⁸

─ │ ⇔⁸ ┼≤ ⇔≡™∫√⁹ ≢ ≢№╢≤™℮ ╙⁸

─ ⌂≥╩│∂╘≤⇔≡ ™ ⅜ ↄ⁸20 │ ⌐ ↕╣╢╟℮⌐⌂∫≡

™∫√⁹╕√⁸ 2 ⌐│⁸ ≢ ≢№╢ ●☻ ●☻⁸natural 

gas  ╙ ↕╣ ╘√⁹ ●☻│ ╛ ⌐ ═≡ ⌐ ─ ⅜ ⌂ↄ⁸

╕√⁸ ╛ PM ╩ ∑∏⁸ ◄Ⱡꜟ◑כ№√╡─

╙ ⌂™↓≤⅛╠  1.1.1)⁸ ─ ⌂fiכꜞ◒™↕ ≤⇔≡ ∕─ ⅜

⇔≡⅝≡™╢⁹  

 

 

 

 1.1.1 ⌐⅔↑╢ ⌂ ─  ╩ 100≤⇔√                        

₈Natural Gas Prospects to 2010 ₉(IEA, 1986)  
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╕√⁸ ⅛╠ ↕╣≡™╢ ╛ ⁸ ⁸ ⌂≥⌐ ⅎ⁸Ⱳכ◐◘▬♩ ▪ꜟⱵ♬►ⱶ─

 ╛►ꜝfi ⌂≥─  mineral resources ╙ ─ ⌐ ⅛∆↓≤│

≢⅝⌂™⁹ ╛ ⁸▪ꜟⱵ♬►ⱶ⌂≥│ ╛ ╩│∂╘≤⇔≡ ⌂ ⌐

™╠╣╢√╘⁸ ≢ ⌐ ה ↕╣╢⁹↓╣╠│ ─ ≤⌂╢√╘⁸₈ⱬכ☻

ⱷ♃ꜟ base metals ₉≤ ┌╣╢⁹ ⁸◖Ᵽꜟ♩╛♬♇◔ꜟ⁸♅♃fi⁸ ⁸꜠▪

☻כ▪ rare -earth elements ⌐ ☻כ▪▪꜠  ⌂≥⁸ ─ ≢╙ ⅛≈

ה ⅜ⱬכ☻ⱷ♃ꜟ⌐ ═≡ ⌂™ │₈꜠▪ⱷ♃ꜟ critical metals ₉≤ ┌╣

╢⁹꜠▪ⱷ♃ꜟ│ ⅜ ╘√ 47 ─ ≢№╡  1.1.2 ⁸☻ⱴכ♩ⱨ◊fi╛

♦▫☻ⱪ꜠▬⁸Ɽ♁◖fi⁸LED ⌂≥─ ⌐ ⌂ ≢№╢⁹╕√⁸ ⌂≥

─ⱬכ☻ⱷ♃ꜟ⌐ ∆╢↓≤≢⁸ ⱦꜟ╛ ⁸ ⌂≥─ ≤⇔≡─

⅜ ⌐ ∆╢ ╙№╢⁹ ⌐ ⌂⁸ ≤⇔≡─ ╩ √∆

╙ ∆╢⁹ 

 

 

 1.1.2 ⅜ ╘√꜠▪ⱷ♃ꜟ 47  

↓─╟℮⌐⁸ ₁⌂◄Ⱡꜟ◑הכ ╩ ⅝⌐⇔≡⁸ ─ │ ⇔ ⌂™⁹

™ ⅎ╢≤⁸ ─ ─ │⁸◄Ⱡꜟ◑הכ ─ ─ ≢╙№╢⁹∕⇔≡

⁸∕─ ⇔╛∆↕⅛╠⁸ ⌂ ≤⌂∫≡⅝√─│ ⌐ ∆╢ ≢№∫√⁹

⇔⅛⇔⌂⅜╠⁸ ╛ ─ │ ─ ה ⌐ ⇔≡⅔╡  1.1.3 ⁸⇔┌⇔┌

─ ⌐╙⌂∫≡⅝√⁹ ⌐╟╢ ─ │ ╩ ⌐⇔⁸

⌐ ⅝⌂ ╩ ⅎ╢⁹╕√⁸2015 ⌐⅔↑╢ ─ │ 73 ╩ ⅎ≡⅔╡⁸21

╕≢⌐│ 100 ╩ ⅎ╢≤ ↕╣≡™╢⁹ │╙≤╟╡⁸BRICs Ⱪꜝ☺ꜟ⁸꜡

◦▪⁸▬fi♪⁸ ─ 4 ⅛ ─ ╩ ═√╙─≢⁸ ™ ⇔≡ↄ╢≤ ╠╣╢

╩ ∆╢ ╛ NEXT11 ◗כꜟ♪ⱴfiה◘♇◒☻─ ⅜ 2005 ─

꜠ⱳכ♩─ ≢ BRICs ⌐ ← ⅜ ↕╣╢≤ ⇔√ 11⅛ ─ ⁹ⱷ◐
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◦◖⁸♫▬☺▼ꜞ▪⁸ ⁸ⱬ♩♫ⱶ⁸▬fi♪Ⱡ◦▪⁸Ᵽfi◓ꜝ♦◦ꜙ⁸Ɽ◐☻♃fi⁸ⱨ▫ꜞⱧ

fi⁸♩ꜟ◖⁸▬ꜝfi⁸◄☺ⱪ♩⅛╠ ╢  ≤ ┌╣╢ ⇔™ ╛ ─ ╙

╘⁸ √∟ │ ╙ ⌂ ─ ╩ ╘╢↓≤│⌂™≢№╤℮⁹ 

 

 1.1.3 ─ ⱴ♇ⱪ 

BP Statistical Review of World Energy 2013  

 

 

 1.1.4 ─ ה ●☻ ⱴ♇ⱪ 

JOGMEC  ─♩꜠fi♪  

 

↓℮⇔√ ╩ ╕ⅎ⁸ ⌂ ה ─ ╩ ∆╢√╘⌐│⁸ ≢ ─

╩√≥╢◄Ⱡꜟ◑הכ ┼─ ╩ ≤∆╢ ⌂ ╩ ∆╢↓≤
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⅜⁸ ↑≡ ╢↓≤─≢⅝⌂™ ⌂ ≢№╢⁹↓─ ╩ ∆╢ ╩ ∫≡™╢─⅜⁸

─ 7 ╩ ╘╢ ≤™℮ⱨ꜡fi♥▫▪≢№╢⁹ ⌐│⁸ ₁⌂◄Ⱡꜟ◑הכ

⅜ ∫≡™╢⁹∕─ ≢╙ ⌐⁸ ה ●☻│ ─ ⌐ ╪∂≡⁸ √⌂

●☻  (oil/gas field) ─ ─ ⅜ ⌐ ∫≡™╢⁹1980 ⁸ ╛ⱷ◐◦

◖ ⁸Ⱪꜝ☺ꜟ ⁸▪ⱨꜞ◌ ה ⁸ⱨ▫ꜞⱧfi⁸ⱴ꜠כ○⁸▪◦כ☻♩ꜝꜞ▪⌂≥⌐⅔™

≡⁸ ⇔™ ●☻ ─ ⅜ ╖≈≈№╢  1.1.4 ⁹ ●☻ ⅛╠─ │⁸

2015 ≢ ⌐ ─ ☻●ה ─ 30%⌐ ⇔≡™╢≤↕╣  1.1.5 ⁸

╙ ⌐∕─ │ ┘≡™ↄ╙─≤ ↕╣≡™╢⁹∕─ ≢⁸╕∞ ⌐│ ∫≡

™⌂™⅜⁸ ⇔™ ≤⇔≡ ↕╣≡™╢─⅜⁸ ⌐ ∆╢ⱷ♃fiⱢ▬♪꜠כ♩ 

MH Methane Hydrate  ╛⁸ ₁─꜠▪ⱷ♃ꜟ╩ ≢ ╗ seafloor 

mineral resources  seafloor massive sulfides ⁸ⱴfi●fi◒ꜝ☻♩ ◖Ᵽ

ꜟ♩ꜞ♇♅◒ꜝ☻♩ ferromanganese crustscobalt-rich ferromanganese crusts⁸ⱴfi●fi

manganese nodules ☻כ▪▪꜠⁸ REY-rich mud  ≢№╢⁹↓℮™∫√⁸ ⌂

⌐ ∆╢ ⌂ ╩ ∆╢√╘⌐│⁸ ⅜ m ⅛╠ m ⌐ ┬ ≢─ ה

╩ ⌐∆╢ ₁⌂ ⅜ ≢№╢⁹ ─ │⁸ ┼─

≢№∫√≤╙™ⅎ╢⁹ ─ ⌐╟╡⁸ ⅛╠ ┼≤⁸ ⌂ ⅜ ≤≤╙

⌐ ⇔≡⅝√⁹ ╛ │ 21 ─⁸∕⇔≡ ⌂╢ ⌐⅔↑╢ ─

╡ ╕≢╙ ⇔℮╢ ⌐⁸ ╘≡ ⌂ ≤⌂∫≡™╢⁹ 

╕√⁸ ─ │ 38 km 2≢№╡⁸↓╣│ ≢ 62 ─ ↕≢№╢⁹∕─

≢⁸ ⅜ ─ ╩ ≢⅝╢ ≤  EEZ Exclusive Economic 

Zone⁸ ─  ─ ⅛╠ 200 370 km ─ ⁸  1.1.6  ─

│ 447 km 2⌐ ⇔⁸↓╣│ 6 ╩ ╢ ↕≢№╢  1.1.7 ⁹↓─ ⌂

─ EEZ ⌐│ ⁸ ⌂◄Ⱡꜟ◑הכ ─ ⅜ ↕╣≡™╢⁹ ─

≤ ─ ⌐╟∫≡⁸↓℮⇔√ ─◄Ⱡꜟ◑הכ ─ ╩ ∆╢↓≤⅜≢⅝

╣┌⁸ ⌐ ⇔™ ≤ ⌂↕╣≡⅝√ ⅜⁸ ≤⇔≡ ≢ ╩

∆↓≤╙ ≤⌂╢⅛╙⇔╣⌂™⁹↓─╟℮⌂⁸ ⌐ ╘╠╣√ⱳ♥fi◦ꜗꜟ╩

∆╢≤™℮ ⅛╠╙⁸ ─ ╩ ⌐≈↑√ ⁸№╢™│ ╠ ╡ ⇔

≡™ↄ ─ ⅜ ≢№╢⁹ 
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 1.1.5 ─ ●☻ ─ ≤ 2015 ≢─ ה ⅜ ⌐ ╘╢

 

Infield Systems ►▼Ⱪ◘▬♩╩ ⌐  

 

 1.1.6 ─   

Marine Regions .org ►▼Ⱪ◘▬♩  
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≤─ ⅜ ─ ⌐⅔↑╢ ╩ ╘  

 1.1.7 ─ ה   

►▼Ⱪ◘▬♩  

1.2 ─⌡╠™≤  

₈  ₉≢│⁸↓℮⇔√ ─ ╩ ∆╢√╘

─ ⌂ ⌐ ╩ ≡╢⁹∕⇔≡⁸ ╩ ℮ ⌐≤∫≡⁸ ⌂

≤⌂╢ ─ ╩ ∆╢↓≤╩ ≤∆╢⁹ ⌐⁸ ─ ≢ ⌂ ≤

⌂∫≡™╢ ה ●☻ ─ ⌐ ∆╢ ╩ ─ ≤∆╢⁹ 

≢│⁸ ╩ ╓℮≤∆╢ ─ ה ─ ╩ ⌂

≤⇔≡ ∆╢⁹╕∏ 2 ≢│⁸ ה ●☻ ─ ╩ ∆╢⁹ ↄ 3 ≢│⁸

≤ ─ ●☻ ⌐ ∆╢ ⌐≈™≡ ∆╢⁹∕⇔≡⁸ 4 ≢│ ─

●☻ ⌐ ─ ⌐≈™≡⁸ 5 ≢│ ≢ ⌂ ╩ √∆ ה ⌐

≈™≡⁸∕╣∙╣ ⇔ↄ ∆╢⁹↕╠⌐ 6 ≢│⁸ ™ ─ ⅜ ↕╣⁸ ⅜

⌐ ה ╩ ╘≡™╢ √⌂ ⌐≈™≡⁸ ─ ה ╩ ∆

╢⁹ 

⌂⅔⁸ ⌐ ⇔√ ≤⇔≡│ ה ●☻╛ⱷ♃fiⱢ▬♪꜠ה♩כ ─

⌐⁸ ╛ ה ה ⌂≥─ ◄Ⱡꜟ◑⁹╢№⅜כ↓╣╠⌐≈™

≡│⁸₈  ◄Ⱡꜟ◑כ ₉⌐⅔™≡ ⌂ ⅜⌂↕╣≡™╢⁹

╕√⁸ ─ ⌂≥╙ ─ ≤ ⅎ╠╣╢⅜⁸ ≢│ ⌐ ╘⌂

™↓≤≤∆╢⁹ 
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ה 2 ●☻ ─  

≢│⁸ ─ ≢╙ ⌐ ⅜ ↕╣≡™╢ ה ●☻ ⌐≈™≡⁸

⌂ ה ⌐ ∟⁸╕∏ ≢№╢ ה ●☻ ⌐ ∆╢ ⌂

≤⇔≡⁸∕╣╠─ ╛ ה ●☻ ™╦╝╢ ●☻ ─ ⌐≈™≡

⅛╠ ╩ ℮⁹ 

 

ה 2.1 ●☻ ─ ≤∕─  

ה 2.1.1 ●☻─  

petroleum ≤│⁸ ╛ ⅜ ⌂╢ ₁─ ╩ ≤⇔⁸ ⌐

─ ה ה ⌂≥╩ ╗ ₁⌂ ⅛╠ ╢ ≢№╢⁹

⁸ ה ≢ ─╙─╩ ●☻ natural gas ⁸ ─╙─╩  crude oil ⁸

ה ─╙─╩ ⱦ♅ꜙכⱷfi natural bitumen ≤ ┘⁸↓╣╠╩ ⇔≡

 petroleum hydrocarbon ₈ ₉≤ ∆╢ ≤™℮⁹ 

╕√⁸ ≢╙ ≢╙ ≢№╢ ≤ ⌂╡⁸ ─ reservoir ⌐⅔↑╢

ה ≢│ ≢№╢⅜⁸ ─ ה ⌐⌂╢≤ ⇔≡ ≤⌂╢

╩◖fi♦fi☿כ♩ condensate ≤ ┬⁹ 

●☻⌐│⁸ ⌐ ≤⇔≡ ⇔√ ⅛╠ ה ↕╣╢ ●☻ associated 

gas ≤ ⌐⅔™≡ ≢ ⇔≡™╢ ●☻  non-associated gas ≤─ ⅜№╢⁹

╕√∕─ ─ ●☻≤⇔≡ ⌐⅔™≡ ⌂ ⅜⁸ ™ ─ ⌐

⇔≡™╢ ●☻≢№╢⁹↓─ ⁸ ●☻⌐│⁸ ─ ⅜ ∆╢ ≢

∆╢ ●☻ ●☻ ╙№╢⁹ 

─ ●☻ ⅛╠ ∆╢ ●☻─ │⁸ⱷ♃fi⁸◄♃fi⁸ⱪ꜡Ɽfi⁸▬♁Ⱪ♃

fi⁸ⱡꜟⱴꜟⱩ♃fi⁸▬♁Ɑfi♃fi⌂≥≢№╢⁹∕─℮∟ⱷ♃fi ┘◄♃fi╩ ≤∆╢

╙─╩♪ꜝ▬●☻≤ ┬⁹↓╣⌐ ⇔⁸ⱪ꜡Ɽfi⁸Ⱪ♃fi⁸Ɑfi♃fi⌂≥ ⌐ ⇔╛∆

™ ●☻╩►▼♇♩●☻≤ ┘⁸ ●☻│ ⅜►▼♇♩●☻≢№╢⁹ ⁸

●☻│⁸ⱷ♃fi⅜ ≤⌂╢♪ꜝ▬●☻≢№╢⁹◖fi♦fi☿⁸│♩כ ≤⇔≡Ɑfi♃fi

┘╟╡ ™ ─ ≢№╢⁹ 

─ │⁸Ɽꜝⱨ▫fi ╛♫ⱨ♥fi ─ ⁸ ┘ ─

≢№╢⁹ ≢ ↕╣≡™╢ │⁸ 350 ⌐ ╢⁹↓╣⌐ ⅎ≡

⁸ Ɽכ☿fi♩ ─ ה ה ⅛╠ ╢ ─ ⁸Ᵽ♫☺►ⱶ⁸♬

♇◔ꜟ⁸ ⁸ ⌂≥─ ╙ ⌐ ╪≢™╢⁹ 

⌐│ ₁⌂ ─ ⅜ ₁⌂ ≢ ⇔≡™╢⁹∕─ ╛ ⌐╟╡⁸

─ ⌂ ⅜ ⌂╢↓≤≤⌂╡⁸⇔√⅜∫≡ ─ ╛ specific gravity ⁸

 viscosity ≤™∫√ ╙ ⌂∫≡ↄ╢   2.1.1 ⁹ ─ *│⁸

≤⇔≡  API : American Petroleum Institu te ⅜ ⇔√ API  

API gravity American Petroleum Institute gravity API ≤╙ ┌╣╢ ≢ ↕╣

╢⁹API │ ≢ ↕╣╢⁹ 
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 2.1.1 ─   

 

JOGMEC ╩ ⌐  

 

API   (141.5/G) ð 131.5      (2.1) 

↓↓≢⁸G │ 60°F  15.6°C ⌐⅔↑╢ ─ ≤⁸ ה ─ ─ ─ ≢№

╢⁹API │ ≢ ↄ ™╠╣≡™╢⁹API │⁸ ─ ≤│ ⌐⁸ ⅜

ↄ⌂╢⌐ ∫≡ ⅜ ↕ↄ⌂∫≡™ↄ⁹ ─ │⁸ ™ API ─ ↕™ ╙─

⅛╠ ⌐⁸ ⁸ ⁸ ⁸ ⁸ ⌐ ↕╣╢⁹ ⌐⁸

™ │ ⅜ ↄ⁸╟╡ ⌐⌂╢⁹╕√⁸ ∂ ─ ≢│⁸ ─ ⌐ ™

⅜ ∆╢⁹ 

↓─╟℮⌂⁸ ₁─ │⁸ ─ sedimentary rock ⌐╙

⌐⁸ ⌂⅜╠ ⇔≡ ⇔≡™╢⁹↓╣⌐ ⇔⁸ ⅜ ה ─

≤⌂╡℮╢ ≢ ⌐ ⌐ ⇔≡™╢╙─⅜⁸ ה ●☻ ≤ ┌╣╢⁹

⌂⅔⁸ ☻●ה ה ●☻ │⁸ ⌐ ∆╢ ─ ╩ ⌐ ⇔≡™

╢╙─≢№╡⁸ ⌂ ⅜№╢╦↑≢│⌂™⁹ ≢ ⅜ ™ │ ⁸●☻ ⅜

™ │●☻ ⁸ ●☻ ─ │ ●☻ ≤ ┘ ╦↕╣╢⁹√∞⇔⁸ ⅛╠↓╣╠

─ ⅜ ⌐ ≡ↄ╢ ⌐│⁸ ≢№∫≡╙●☻ │ ⌐╟╡ ⅛╠

↕╣≡ ≡ↄ╢⇔⁸●☻ ≢№∫≡╙ │◖fi♦fi☿כ♩≤⇔≡ ↕╣╢⁹ 

 

* ⌐ ≤│⁸№╢ T1 ⌐⅔↑╢№╢ ─ ─ ≤⁸∕╣≤ ─№╢

T2⌐⅔↑╢ ─ ≤─ ─↓≤≢№╢⁹≥─╟℮⌂ ≢─ ⅛╩ ∆─⌐⁸T1/T2 [

─ ] ≤™℮ ⅜ ╦╣╢⁹ ⅎ┌⁸ ≢│ ─ │ ⁸   

⅜ 15°C⁸ ⅜ 4°C─ ≢ ↕╣⁸↓─≤⅝ │₈15/4 °C ủủ ₉≤⇔≡ ↕
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╣╢⁹ ─ ⌐│⁸ ⌐ ⅝┌⅛╡  ╕√│ ┘╪ Ⱨ◒ⱡⱷכ♃  ⅜

™╠╣╢⁹ │  JIS  K2249 ⅔╟┘ ─

┘⌐ ה ה ⌐ ↕╣≡™╢⁹↓─ ╩ ™╣┌⁸15°C

─ ≢ ⇔√ ╩ 15/4°C ─ ⌐ ≢⅝╢⁹╕√⁸ ⌐│⁸15/4°C ─

⅛╠ API ╩ ╘╢√╘─ ╙ ™≡™╢⁹ ≤ √ ⌐ ⅜№╢⅜⁸

│№╢ ⌐⅔↑╢ ─ №√╡─  kg/m 3╛ g/cm3 ─↓≤≢№╡⁸

≤⌂╢ ≤─ │ ∫≡™⌂™─⅜ ™≢№╢⁹ 

 

ה 2.1.2 ●☻─ ≤ (generation)  

ה (1) ●☻─  

─ ⌐≈™≡│⁸ ≤ ⅜№╢⁹ │⁸ 46 ⁸

™⌐ ╩ ╡ ⇔≡ ╩ ⇔√ ─ ─ ⌐ ╕╣≡™√ ⌐ ╗

 ◖fi♪ꜝ▬♩  ⌐ ∆╢ ⅜ⱷ♃fi≤⇔≡ ⌐

⌐ ⅎ╠╣⁸∕─ⱷ♃fi⅜ ⇔≡ ─ ╩ ⇔√≤∆╢ ≢

№╢⁹↓╣⌐ ⇔⁸ │⁸ ─ ⅜ ─ ⌐ ┼ ⇔⁸

⅜ ∆╢⌐≈╣≡ ∆╢   ⌐╟╢  ⁸diagenesis  

╩ ↑≡ ⅜ ⇔√≤∆╢ ≢№╢⁹ ─ ≤⇔≡⁸⇔┌⇔┌ ─

⅜ →╠╣╢⁹↓╣╠╩ ≤⇔≡⁸ ≢│ ⅜ ≤⌂∫≡™╢⁹ 

ᵑ ─ 99% │⁸ ⅛╠ ↕╣╢⁹ 

ᵒ ╩ ∆╢ ⌐│⁸ ⌐ ─▬♁ⱪ꜠ⱡ▬♪ ╩ ∆╢Ᵽ▬

○ⱴכ◌כ  ⅜ ∆╢⁹ 

ᵓ ⌐│  ◒꜡꜡ⱨ▫ꜟ ⌐ ∆╢Ᵽ▬○ⱴכ◌כ≢№╢ⱳꜟⱨ▫ꜞfi 

 2.1.1 ⅜ ╕╣╢⁹↓─ⱳꜟⱨ▫ꜞfi│⁸ ≢ ↕╣╢  

200°C  ≢│ ⇔≡⇔╕℮⁹ 

ᵔ ⌐│ ⌐ ⌂ ≤ ⅜№╢⁹ 

ᵕ ∆╢ ≤ ⇔√Ᵽ▬○ⱴכ◌כ ╛ ╩ ∆ ─ ™

 ⁸source rock  ⅜⁸∕─ ─ ⌐ ∆╢⁹ 
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 2.1.1 ⱳꜟⱨ▫ꜞfi─  Ᵽ♫☺ꜟⱳꜟⱨ▫ꜞfi⁸ C10H34N4VO  

 

ה (2) ●☻─  

─ ≤⌂∫√ │⁸ ⌐ ╛ ⌐ ∆╢ ╛ ─ ⌂≥≢№╡⁸

╛ ⁸ ─℮∟ ⅜ ⌂ ≢ ⇔√╙─≢№╢≤ ⅎ╠╣≡™

╢⁹ ─ ⌐ ⅜ ↄ ⇔≡™╢╟℮⌂ ≢│⁸ │ ╩

↑⁸ ⅜ ≤ ⌐ ↕╣≡⇔╕™⁸ ⌐ ↕╣⌂™⁹∆⌂╦∟⁸

⅜ ∆╢√╘⌐│⁸ ─ ⅜ ╖⌐ↄ™ ⅜ ≤⌂╢⁹∕─╟

℮⌂ ≤⇔≡│⁸(1) ─ ⅝⅜ ≢ ⇔™ ─ ⅜ ╦╣⌂™ ⁸(2) 

─℮∟⁸ ╩ ≤∆╢ ╩ ╪∞ ⅜ ⇔⌂™◦ꜟ♪ⱬכ☼fi 

silled basin   2.1.2 ⁸ (3) ⅛╠─ ⅜ ⇔⌂™ ≢│⁸

⅜ ∆╢ ™  sedimentary basin ⁸⌂≥⅜№╢⁹≤ↄ⌐◦ꜟ♪ⱬכ☼fi│

╛◌ꜞⱨ◊ꜟ♬▪ ─ ≢ ⇔√⁹∕─╒⅛⁸ ⅜

≢ ⌐ ↕╣╢ ≢⁸ ─ ∞↑≢│ ≡╩ ≢⅝∏⁸ ╩

⇔√∞↑≢ ╩ ™ √⇔≡⇔╕℮╟℮⌂ ⌂≥⅜ ⅎ╠╣╢⁹↓℮⇔√

≢№╣┌⁸ ⅜ ↕╣√╕╕ ↕╣╢⁹∕⇔≡⁸ ⌂ ≢│⁸

Ᵽ◒♥ꜞ▪─ ⅜ ⌐⌂╢⁹↓╣╠─Ᵽ◒♥ꜞ▪⌐╟∫≡ ⅜ ↕╣⁸ ₁─

⅜ ↕╣╢≤≤╙⌐⁸ ⌐╟∫≡ ─ ⅜ ה ↕╣╢⁹ 
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 2.1.2 ◦ꜟ♪ⱬכ☼fi─     

 

⅜ ∆╢ ≢ ╢ ה ╩ ≤ ┬  2.1.3 ⁹

│⁸ ≢ ↓╢╙─⅛╠ ⌐♄▬▪☺▼Ⱡ◦☻ diagenesis ⁸◌♃☺▼Ⱡ◦

☻ catagenesis ⁸ⱷ♃☺▼Ⱡ◦☻ metagenesis  ─ 3 ⌐ ↑╠╣╢⁹ ⌐

╟∫≡ ↕╣√ │⁸ ⌐ ⇔≡™ↄ ≢⁸◔꜡☺▼fi kerogen  ≤

┌╣╢ ⌂ ⌐ ⇔≡™ↄ  2.1.4 ⁹◔꜡☺▼fi│ ⌐

⇔⁸ ה ≢ ⌐ ⌂ ─ ≢№╢⁹ ⅜Ᵽ◒♥ꜞ▪─ ╛

ה ⌐╟╡◔꜡☺▼fi┼ ⇔≡™ↄ ╩♄▬▪☺▼Ⱡ◦☻≤ ┬⁹◔

꜡☺▼fi│⁸ ┼ ⇔≡™ↄ ≢ ₁⌐∕─ ⅜ ⇔≡™ↄ√╘⁸∕

─ ╩ ⌐ ∆╢↓≤│ ⇔™⁹ 

◔꜡☺▼fi⅜ ↄ ⇔≡™ↄ≤⁸ ⌐╟╡ ↕╣≡⁸ ╛●☻⅜ ↕╣╢⁹

↓─ ╩◌♃☺▼Ⱡ◦☻≤ ┬⁹◔꜡☺▼fi│ ⌐⁸100₩150°C─ ⌐↕╠↕╣╢

≤⁸ ₁⌂ ╩ ≈ ─ ≢№╢ ╩ ∆╢⁹√∞⇔ ∆╢╟℮⌐⁸

◔꜡☺▼fi⌐│ ≈⅛─♃▬ⱪ⅜№╡⁸∕╣∙╣ ⅜ ⌂╢⁹∕─√╘⁸ ─

⌐╙ ⅜ ∂╢⁹ ⌐ ╩ ╗◔꜡☺▼fi│⁸ ™ ≢ ╩

⇔ ╘╢↓≤⅜ ╠╣≡™╢⁹ ╩ ⇔√ ─◔꜡☺▼fi⅜↕╠⌐ ™ ⌐↕╠↕

╣╢≤⁸ⱷ♃fi╩ ≤⇔√●☻╩ ∆╢⁹↓─╟℮⌂ ≢│⁸ ⌐ ⇔√

╙  ◒ꜝ♇◐fi◓ ⇔⁸ ─●☻╛Ɽ▬꜡ⱦ♅ꜙכⱷfi≤ ┌╣╢

▪☻ⱨ□ꜟ♩ ⌐ ∆╢⁹ 

◌♃☺▼Ⱡ◦☻╟╡╙↕╠⌐ ⌐⌂╢≤⁸◔꜡☺▼fi⌐ ↕╣√ ⅜ ⇔⁸

⌐ ─╖⅛╠ ╢  ◓ꜝⱨ□▬♩ ⅜ ↕╣╢⁹↓─ⱷ♃☺▼Ⱡ◦☻≤ ┌

╣╢ ─ │ 200°C ≤ ⅎ╠╣≡™╢⁹◌♃☺▼Ⱡ◦☻≢ ↕╣√ │⁸

↓─ ⌐⌂╢≤ ⌐⌂∫≡ ⇔⁸ ╙ ⌂ ╩⇔√ⱷ♃fi─╖⅜ ⌐

∆╢╟℮⌐⌂╢⁹ 

◔꜡☺▼fi│⁸ H/C ┘  O/C  ⌐╟∫≡♃▬ⱪ⅜

↕╣╢  2.1.3 ⁹ ♃▬ⱪ│⁸∕╣∙╣ ⌂∫√ ╩ ⌐ ≈≤ ⅎ╠╣≡™
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╢⁹↓╣╠─◔꜡☺▼fi│⁸ ╩ ≡⁸♃▬ⱪ ⌐ ╛ ─ ⌂╢ ╩

∆╢⁹◔꜡☺▼fi─♃▬ⱪ│⁸ ─╟℮⌐ ↕╣╢⁹ 

ᵑ I ◔꜡☺▼fi ♃▬ⱪ I H/C ⅜ ↄ⁸O/C ⅜ ™⁹ │ ⌐ ⁹ 

ᵒ II ◔꜡☺▼fi ♃▬ⱪ II I ≤ III ─ ≢⁸ ─ ⱪꜝfi◒♩

fi╛ ⁸ ─ ⁸ ⁸ ⁸ ⌂≥⌐ ∆╢⁹ 

ᵓ III ◔꜡☺▼fi ♃▬ⱪ III H/C ⅜ ↄ⁸O/C ⅜ ™⁹ │ ⌐

⁹ 

─ ™♃▬ⱪ─◔꜡☺▼fi╩ ↄ ╗ ⅜ ⌂  ≢№╡⁸∕

╣╠│ ₩ ╛
↑≈⅜╪

shale ⌂≥─ ╛⁸ ⌂≥⁸

⌐ ╗ ≢№╢⁹◔꜡☺▼fi⅛╠─ ─ │ ⅜ ∆╢⌐≈╣≡ ∆╢

⅜⁸ ─ │◔꜡☺▼fi─♃▬ⱪ⌐╟╡ ⌂╢⁹ ⅜ ™ ⌐⁸I ⁸II ⁸III

≤⌂∫≡™╢⁹I │ ⌐ ╖⁸ №√╡─ ⅜ ╙ ⅝™⁹II

│⁸ ╙ ™ ≢ ╩ ⇔⁸ ─Ⱨכ◒╩ ⅎ╢ ╙ ╙ ™⁹III │⁸

╙ ™ ≢ ╩ ╘⁸ │ ⌐ ™⁹ ⅜ ⅝ↄ⌂╢⌐≈╣≡⁸◔

꜡☺▼fi─ maturation │↕╠⌐ ╖⁸●☻⅜ ↕╣╢╟℮⌐⌂╢⁹ ─ ⌐

⇔√ ╩○▬ꜟ►▫fi♪► oil window ⁸●☻─ ⌐ ⇔√ ╩●☻

►▫fi♪► gas window  ≤ ┬⁹ 
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 2.1.3 ⌐ ℮ ─    

, 1994╩  

 




