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4 ɴῗ ῇǵ᷂◐ɵ᷂  

4.1  

ﬞ │⁸ 400 ⌐ ─ⱪꜞ♬כ ( )╩ ↓⇔≡™╢⁹

( )─ ( )⌐ ⇔⁸ ≢╙ ─ ⌂

╩ ╡ ∆ ≢№╢⁹ ∂ↄ ⌂ ≤ ( )╩ ╪≢ ⇔≡

™╢⁹ 

ﬞ │⁸ ⅛╠ ⌐⅛↑≡ ─ ה ⅛╠⌂╢ ⌐

╕╣≡⅔╡⁸ ⌐│ ─ ⅜ ⇔≡™╢⁹ ﬞ │⁸ ⌐│

─╟℮⌂ ─ ╩ ⇔⁸∕─ ↕│1,700m⌐ ⇔≡™√≤ ⅎ╠

╣≡™╢⁹∕─ ╕≢⌐ ⌂ↄ≤╙ ─ ≤ ─ⱪꜞ♬כ

( )╩ ↓⇔≡™╢⁹ 

│⁸ ⌐ ─ ⁸ ⁸ ⁸ ⁸

⌂∞╣ ⁸ ⅛╠ ↕╣≡™╢( 4.1.2 )⁹ ⌐│ ⅜ ⇔

≡⅔╡⁸ │ ™ ╛ ⁸ ⌂∞╣ ⌐ ╦╣≡™

╢⁹ ⌐│ ⌂∞╣ ⌐╟∫≡ ⅝ ╘╠╣≡ ⇔√ ה ╪╜∂ה

↕™ ⌂≥─ ⅜№╢⁹ 

 

 
4.1.1 ﬞ  
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4.1.2 ﬞ ─  

ה (1989)╩  
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4.2 ῇ᷂◐ 

(1)  

ﬞ │ ─ ⅜ ╦╣√ ╩⇔√ ≢⁸ ─ │17km

≢№╢⁹ ⌐│⁸ ─ ( 1, 113m)⁸ ─ ﬞ ( 1, 131m)⁸ ─

( 892m)─ ≈─Ⱨכ◒⅜ ⇔≡™╢( 4.2.1 )⁹↓╣╠─Ⱨ⁸│◒כ ⅜ ⇔

√ ⌐ ∫√ ─ ≢⁸ ﬞ ⅜ ╘╢ ⌐╟∫≡ ⌂╢ ⌐ ⅎ╢─

│⁸ ╙ ⅜ ⇔√√╘≢№╢⁹ │⁸ ─ ≤ ﬞ ⌐─╖

⇔≡™╢⁹ │⁸ 1929 ─ ⌐ ↄ ╦╣≡∕─ ╩ ╢↓

≤⅜≢⅝⌂™⅜⁸ ( 1909)⌐╟╡⁸ │ ─ ⌐ ⅜ ⇔≡™√≤ ↕

╣≡™╢⁹ 

↓╣╠ ≈─Ⱨכ◒⌐ ╕╣√ ⌐│⁸ km─ ⅜№╡⁸ ⅜ ⅝

ↄ ↑≡™╢⁹↓─ ─ ⌐│⁸1929 ( ) ⌐╟∫≡ ↕╣√

4 ⅜ ⇔⁸∕─ ⌐ ∂ↄ1929 ⌐ ∂√ⱥ◘◗ ≤ⱴꜚ ⅜

№╢( 4.2.2 )⁹1942 ( 17 ) ⌐│⁸ ╩ ∆╢ 1. 6km⌐⅔╟

┬ ╣ ( 17 )⅜ ™√⁹ ─ ⌐ ↄ─╛╛ ⅝ↄ ⇔√

╩ 17 ≤ ╪≢™╢⁹ 

1996 ─ ─ ⌐│⁸1929 ─ ⌐╒╓ ⌐ ↕ 200m⁸

m─ ╣ (96 )⅜ ↕╣√⁹1996 ─ │⁸ 4 ─

⌐ ↕⌂ ╩ ⇔≡⁸ ╩ ╡ ⇔≡™╢⁹1929 ─ ⌐│⁸

≤╒╓ ∂≤↓╤⌐ ( 200m⁸ ↕30m)⅜№╡⁸∕─ ⌐ ↕⌂

⅜ⱶכ♪ ⇔≡™√( 1909 1930 4.2.3 )⁹╕√ ﬞ ≤

╩ ┬ ─ ⌐│⁸ ⌐ ™√ ⅜ ⇔⁸ ﬞ ≤

╩ ┬ ( ─ )─ ⌐⁸ ≢№╢⅜1640 ≢ ⅜ ⇔√

≤⅝⌐ ∂√ ─ ⅜╖╠╣╢⁹ 

 

(2)  

─╒≤╪≥│⁸ ╛ ≢ ↄ ╦╣≡™╢⁹

─ ⌐│⁸ ─ ⅜ ↄ ⇔⁸∕─ ╩ ─

⅜ ∫≡™╢⁹ ≤ ─ ⌐│⁸1929 ╛1856 ─ ─ ⅜ ↄ

⇔⁸ ⌐│ fiכꜙ♦─☺כ◘ ( ─ )⅜╖╠╣╢⁹╕√

⌐│⁸ ─ ⅜ ∆╢⁹™∏╣╙∕─ │ ∞⅜⁸ ⁸ ⁸

⌐≈™≡│ ≢№╢≤ ⅎ╠╣≡™╢( ה 1989)⁹ 
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4.2.1  ⅛╠ √ ﬞ  

 ╡ ⇔ ⅝√ ─√╘⁸ ╢ ⌐╟∫≡ ⌂╢ ╩ ∆⁹ E ⌐╖╠╣

╢ ≈─Ⱨכ◒│ ⅛╠ ⁸ ﬞ ⁸ ⁹↓─ ≈─Ⱨכ◒⌐ ╕╣╢ ⅜

km─ ≤⌂∫≡™╢⁹ 
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4.2. 2 ─  

 ─ ⌐│1929 ( ) ⅜ ⇔⁸ ⌐1942 ( 17 )─

⅜ ™≡™╢⁹1996 ─ ≢│1929 ─ ≤ ⌐ ⅔╟┘ ╩ ⇔⁸∕↓

⅛╠ ⇔√⁹ 



-  4- 7 -  

 

4.2.3  1929 ─ ─ (A: 1909; B: 1918) 

1929 ─ │ ╟╡200m ⅛∫√≤ ⅎ╠╣╢⁹ ( ≤╒╓

∂ ) ⌐│ ⌂ ⅜ⱶכ♪ ∆╢⁹ 
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(3)  

│ ⌐ ™ ╛ ⌐╟∫≡ ╦╣≡⅔╡⁸ ─

⌐╟∫≡╙√╠↕╣√ ⌂∞╣ ╛ ⌂≥╙ ↄ ⇔≡™╢⁹           

≢│ ⌂∞╣ ─ ─ ≈≢№╢ m ─ ⅜ ⇔√

╣ ⅜ ⇔≡™╢⁹↓─╟℮⌂ ╣ │⁸ ─ ⅔╟┘

─ ≢ ⌐ ╠╣( 4.2.4⁸ 4.2.5 )⁸ ─ ⅛╠ ─ ─

╛ ─ ⁸▬ꜝ ⌐╙ ∆╢⁹ 

⅔╟┘ ⌐№╢╙─│⁸1640 ─ ─ ⌐╟∫≡ ∂√ ⌂∞╣

≢№╢⁹ ─ │⁸ ⌂∞╣ ⌐╟∫≡ ╩ ╘√√╘⌐

∂√╙─≢№╡⁸ ⌐ ⅛┬ ↕⌂ ₁╙ ╣ ─ ≈≢№╢⁹ 

⅔╟┘ ─ │⁸™∏╣╙ ╛ ⌐ ↄ ╦

╣≡™╢√╘ ⅜ ≢│⌂™⅜⁸ ⌂∞╣ ⅜ ⇔≡™╢⁹ ╛

≤™∫√ │⁸™∏╣╙ ⌂∞╣ ⌐╟∫≡ ↕╣√╙─≢№╢⁹ 

 

 

4.2.4  ─  

 ╛∕─ ⌐│ ─ ↕⌂ ⅜╖╠╣⁸ ╣ ≤ ┌╣╢⁹ ╣ │ ─ ⅜

⇔≡ ╣ ∫√ ─ ─ ≢№╡⁸ ─ ╣ │1640 ─ ≢≢⅝√⁹

⌂≥─ │⁸ ─ ⌐╟∫≡ ⅜∑⅝ ╘╠╣≡≢⅝√ ╘ ≢№╢⁹ 
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4.2.5  ─  

 ™ ─ ⌐№╢ ⇔√ ⅜ ╣ ≢№╢⁹ ⌐╙ ─ ╣ ⅜╖╠╣╢⁹1640

─ ≢ ╣√ │⁸ ≤ ─ ≈─ ⌐ ╣ ∫√⁹ │⁸ ⌐ ╣√

⌐╟∫≡ ╠╣√ ≢№╢⁹ ™ ≢ ⇔√ ∫╔™ │1929 ≤1856 ─ ⅜

⇔≡™╢≤↓╤≢⁸ ─ ≢│ ⌐╕≢ ⅜ ⇔≡™╢⁹ 
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4.3 ɴῗǵ Ҳֲ 

(1) ≤  

ﬞ ─ │⁸ ⌂ⱪꜞ♬כ ╩ ↓⇔≡│ ╩ ↕∑╢↓≤╩

╡ ∆ ⅜№╢⁹∕─ │ ≤ ─ ⅝ↄ ≈⌐ ↕

╣╢⁹ ﬞ ─ ╩ 4.3.1⌐ ∆⁹╕√⁸ ─ ╩ ⇔√

╩ 4.3.2⌐ ∆⁹ 

⌐ ﬞ ─ ─ ╩ ∆⁹ 

 

ᵑ ﬞ ⅜  

ﬞ │⅔╟∕32, 000 ╟╡╙ ⌐ ה ╩ ⇔⁸ ─

╩ ⇔√( 4.3.1 )⁹ ⌐ ∆╢ ﬞ ⁸ ⁸

│⁸ ─ ∆⌂╦∟ ╩ ⇔≡™√ ─ ≢

№╢≤ ↕╣≡™╢( ה , 1989)⁹ 

 

ᵒ ─ ≤ⱪꜞ♬כ ─ ╡ ⇔ 

ﬞ │ ─ ╩ ⇔√ ⁸∕─ ─ ╩ ↕∑⁸ ⅛╠

─ ( ♩♪ⱷ◐ )⌐ ⌂∞╣╩ ↕∑√( 4.3.3 )⁹∕─ ⁸

ⱪꜞ♬כ ( Ko- j )╩ ↓⇔⁸ ┘ ─ ⅜ ⇔⁸ (

)⌐ ⌂∞╣╩ ↕∑√⁹ 

⅝ ⅝⁸ 32, 000 ( Ko- i )⁸ 17, 000 ( Ko- h)⌐│⁸ ╩ ℮ⱪꜞ♬כ

╩ ↓⇔≡™╢( 4.3.4⁸ 4.3.5 )⁹↓╣╠─ │ ⌐⅛↑

≡ ↄ ⇔≡™╢⁹ 

17, 000 (Ko- h)─ ╩ ⌐⁸ ﬞ │ ⌐⌂╢⁹ 

 

ᵓ ◌ꜟ♦ꜝ⅜  

ﬞ ⅜ ╩ ⇔≡™√ ⌐⁸ ﬞ ─ ⌐ ∆╢ ◌ꜟ♦ꜝ⅜

⌂ ╩ ↓⇔√( 12, 000 )⁹∕─ │ ﬞ ╩ ∫≡™╢⁹ 

 

ᵔ ⅜ ⇔⁸ⱪꜞ♬כ ⅜ ╡ ∆ 

10, 000 ⁸ ╩ ⇔⁸ 6, 000 ( Ko- g)⁸ 5, 500 ( Ko- f )⌐ ╩

℮ⱪꜞ♬כ ╩ ╡ ⇔√( 4.3.5 )⁹Ko- g│ ﬞ ⌐ ⇔⁸Ko- f│

⌐ ╩ ∫≡™╢⁹Ko- f─ │ ─╙─⌐ ═ ⅜ ⅝ↄ⁸

⌐ ⌐ ⇔≡™╢⁹ 

5, 500 (Ko- f) ─ ╩ ⌐⁸ ﬞ │ ┘ ⌐⌂╢⁹ 

 

ᵕ ─  

5, 000 ⁸ 1640 ⅛╠│∂╕∫√ ─ │⁸ ┘

⅛╠│∂╕╡⁸∕╣ ╕≢ⱪꜞ♬כ ╩ ╡ ⇔≡™╢⁹ 

─ │⁸ ╦∑≡ ─ ⅜ ↕╣≡⅔╡⁸∕─ ≢╙1640
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⁸1694 ⁸1856 ⁸1929 ─ │ ╩ ℮ⱪꜞ♬כ ≢№╢⁹ 

↓╣╠─ ─ ≢│⁸ ⌐ ─ ( )│ ≈↑╠╣⌂™⁹⇔⅛⇔⁸

⌂ ⅛╠╖╢≤ ⅜ ∆╢ (√≤ⅎ┌ 6, 000 5, 500 ─

╛1640 )⅜ ∆╢( 4.3.2 )⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3.1  ﬞ ─  

ﬞ ─ │ ≤ ⌂ⱪꜞ♬כ ╩ ╡ ∆ ╩ ≈⁹ 

 

 

 

 

 

 

 

 

 

 

 

4.3.2   

 300 ≢1km3 ↄ─ⱴ◓ⱴ╩ ⇔≡™╢⁹ 

14CAge (km3)  (km3)

1942 AD 1942 0.002~0.003* 0.001

1929 AD Ko-a 0.52** 0.2

1856 AD Ko-c1 0.21** 0.1

1694 AD Ko-c2 0.36** 0.1

1640 AD Ko-d 2.9*** 1

6.3 cal ka 5.5 ka# Ko-f > 1 > 0.3

6.5-6.3 cal ka 5.7-5.5ka
$

P1 < 0.1 < 0.05

6.5-6.3 cal ka 5.7-5.5ka
$

P2 < 0.1 < 0.05

6.8 cal ka 6 ka$ Ko-g 2~4## > 1

12.8 cal ka 11 ka$ P3 < 0.1 < 0.05

14.8 cal ka P4 < 0.1 < 0.05

17.4 cal ka P5 > 1 > 0.3

17.7 cal ka P6 < 0.1 < 0.03

19 cal ka P7 > 1 > 0.3

20 cal ka 17 ka** Ko-h > 1 > 0.3

39 cal ka 33.6 ka### Ko-i > 1### > 0.3

? ? NJD

? ? P8

? ? MTD

? ?
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4.3.3  ─ ≢╖╠╣╢ 32,000 ─ ⌂∞╣ ≤Ko- j

( )   

◗♠◗♠≤⇔√ ⅜╖╠╣╢ ⅜ ─ ⅜ ⇔≡ ╣ ∫≡⅝√ ⌂∞╣ ⁹

≈─ ⌂∞╣ ╩ ℮╟℮⌐ 32,000 ─ ≢ ╡ ╙∫√Ko- i ⅜ ⇔

≡™╢⁹∕─ ⌐ ⅎ≡™╢─│1640 ≢ ╣≡⅝√ ⌂∞╣ ⁹ 

 

 

4.3.4  ⅛╠ 200 300 ─ ─  

 ↓─ ≢│ ⅛╠ ⌂∞╣ ⁸Ko- i ⁸Ko- i ⅜ ⇔≡™

╢⁹ ™ ─ ─ ™╙─⅜ 32,000 ─ ≢ ⇔√ ⁹ ─ ⇔

√ │ ∫≡™≡⁸ ≢│ ⇔⌐⌂∫≡™╢─⅜ ≢⅝╢⁹↓╣╠─ │

⅜ ⅛╠ ∫≡⅝≡ ⇔√↓≤╩⁸ ⇔⌐⌂∫√ │ ╣≡⅝√ ⌐╟∫≡⌂⅞

↕╣√↓≤╩ ⇔≡™╢⁹ 
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4.3.5  ─ ≤ ◌ꜟ♦ꜝ─  

A: ─◗ꜟⱨ ─ ⁹ ⅛╠ ⌂∞╣ ⁸ 32, 000 ─Ko- i

⁸ 17, 000 ─Ko- h ⁸ 12, 000 ─ ◌ꜟ♦ꜝ─ ⁸ 6, 000

─Ko- g ⁸1640 ─Ko- d ⁹ 

B: ─ ◗Ⱶ ⁹ ⅛╠ 12, 000 ─ ◌ꜟ♦ꜝ─ ⁸ 6, 000 ─Ko- g

⁸ 5, 500 ─Ko- f ⁸1640 ─ ⌂∞╣ ≤Ko- d

⁸1929 ─Ko- a ⁹ 
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(2) ◌ꜟ♦ꜝ─ ≤ ( )─  

 

ᵑ ◌ꜟ♦ꜝ─  

ﬞ ≢│⁸ 17, 000 (Ko- h)≤ 6, 000 (Ko- g)─ ─

⌐⁸ ╩ ╗ ─ ה ה ☺כ◘

⅜╒╓ ─ ↕≢ ⇔≡™╢( 4.3.5 A⁸ 4.3.7 A)⁹↓╣╠│ 12, 000 ⌐

ﬞ ─ ⌐ ∆╢ ≢ ⌂◌ꜟ♦ꜝ ⅜ ↓╡⁸∕─ ⅜ ﬞ

╩ ∫√╙─≢№╢( 4.3.6 )⁹ 

◌ꜟ♦ꜝ─ │⁸ ⁸ ⅜☺כ◘ ⇔⁸ ™≡ ⁸ ☺כ◘

╩ ⌐ ╡ ⇔ ⇔√⁹∕⇔≡ │⁸ ╩ ≤∆╢ ⁸

╩ ↄ ╗ ┼≤ ⇔⁸↓─ ◌ꜟ♦ꜝ╩ ⇔√⁹ ◌ꜟ♦ꜝ ≤⇔

≡ ה☺כ◘ ⌐ ™≡⁸ ה☺כ◘ ⅜ ⌐ ⅝ │ ⇔

√⁹ │ ﬞ ⌐ ⇔≡™⌂™⅜⁸ ⱡ №√╡≢ ╢↓≤⅜≢⅝

╢⁹ 

 

 

4.3.6  ◌ꜟ♦ꜝ⅛╠ ⇔√ ─ ↕( :cm) Ɫ♇♅ │  

ה (1992)╩  

 

ᵒ ( )─  

≢│ 5, 500 (Ko- f) ╙⇔ↄ│ 6, 000 (Ko- g)─ ≤⁸1640 ─

(Ko- d)─ ⌐ ↕40 50cm ( ™≤↓╤≢│70cm)─◒꜡Ⱳ◒ ( )⅜

⇔≡™╢⁹∕─◒꜡Ⱳ◒ ─ ⅛╠ cm ⌐⁸ ⅛╠ ─

⅜⁸ ⌂ ↕( cm)≢ ⇔≡™╢─⅜ ↕╣╢( 4.3.7 B)⁹↓─

│⁸◌ꜞ ╩ ╖⁸ ●ꜝ☻│ⱣⱩꜟ►◊כꜟ ≢№╢⁹ 

↓─ │ (B- Tm )≤ ┌╣⁸ ⅛╠ ⌐⅛↑≡

ↄ ⇔≡⅔╡( 4.3.8) ⁸ ≤ ─ ⌐№╢ ─ 1, 000 ─

⌐╟╢╙─≢№╢⁹ 

◌ꜟ♦ꜝ╛ ⌐ ∆╢ │⁸ ﬞ ─ ╩ ∆╢ ─

≤⇔≡ ↕╣≡™╢⁹ 

 

ﬞ  
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4.3.7  ﬞ ⌐ ∆╢ ﬞ ─ ( )  

A 12,000 ─ ◌ꜟ♦ꜝ ─ ⁹ 

B 1,000 ⌐ ⇔√ ≤ ─ ⌐№╢ ─ ⁹ 

 

 

4.3.8  ─ ה  (1992)╩  

─ │ ⅛╠ ⌐⅛↑≡ ↄ ⇔≡™╢⁹     

 

A 

B 
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4.4 ֲ ̈ǵᶉї  

─ │⁸5000 ─ ╩ ≡⁸1640 ⌐ ⇔√⁹∕─ │⁸

╕≢ ⌂ⱪꜞ♬כ ≤ ⌂ ╩ ╡ ⇔ ∫≡™╢⁹↓╣╠─

│⁸ ╛ ─ ⅛╠⁸1640 ⁸1694 ⁸1856 ⁸1929 ⌐ ⌂

⅜⁸1942 ⌐ ⌂ ⅜ ↓╡⁸∕─ │ ﬞ ╩ ∫≡™╢↓≤⅜

⅛∫≡™╢⁹ 

↓╣╠─ ─ │⁸™∏╣╙ ╩ ∫≡™╢↓≤⁸ ⅛╠ ≤

≢ ─◒ꜝ▬ⱴ♇◒☻⅜ ∆╢↓≤⁸╕√∕─ │0.1- 3km3≤⅝

╦╘≡ ⅝™↓≤≢№╢⁹╕√ ⅛╠│⁸ ⌂ ≤ ╦╣╢ │⌂ↄ⁸

⌐ ↕╣≡™╢1929 ─ ≢↕ⅎ╙ ≤ ═╢╙─│ ⌂™⁹ ≢

│1929 ─ ⌐ ⅜ ⇔≡™╢↓≤⅜⁸ ┼─ ≢№╢≤™℮ ╙

№╢⁹ 

⌐ ↓╢⅛╙⇔╣⌂™ ⌐ ⇔⁸↓╣╕≢─ ─ ⁸ ⁸

─ ⌂≥╩ ⇔≡⅔ↄ↓≤⅜ ≢№╢⁹↓↓≢│ ─ ≤

1942 ─ ⌐≈™≡─ ≤ ⌐≈™≡ ⌐ ═╢⁹ ─ ⁸

⌂≥─ │ 4.4.1⌐╕≤╘√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

֓ Ƽ ɴῗǵῑ ƽ 

ﬞ ─╒≤╪≥─ │⁸ ≢№╡⁸ ⌐⅛╪╠╪

╩ ╗╙─⅜№╢⁹ ⌐│⁸⅛╪╠╪ ╩ ╗╙─│⌂ↄ⁸∆═≡

⁸ ⁸ ⁸ ─ ╩╙≈ ≢№╢⁹ ◔▬

(SiO2) │ ╩ ⇔≡ 57- 63wt%≢⁸ │ (SiO2 ─ ™╙─)⌂╙

─≢ 20- 45%⁸ (SiO2 ─ ⌂™╙─)⌂╙─≢ 10% ≤⌂∫≡™╢⁹ 

⌐│⁸4 ─ ─ ( ⁸ ⁸☻◖ꜞ▪⁸

)⅜ ↕╣≡⅔╡⁸∕─ │ ≢№╢⁹ 
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4.4.1  ─ ─  

 
 

 

 

 
─

 

 

─ 

( km3)  

  

1640  7 31  3  70  

⌂∞╣  0.3 700 100   

≤╙⌐  

 

⌂∞╣  1.4

1.72 

⌂∞╣⌐ ℮ 

 
0.04 

Ko- d  2.3 

 0.6 

1694  7 11    
Ko- c2  0.26   

 0.1 

1856  9 25  8- 9  30  

Ko- c1  0.2 20  

17  

12  

 

⅔╟┘ 

☺כ◘  
0.1 

  ⱶכ♪

1929  6 17  

 

9 30  

 

14  

3  

Ko- a  0.38 2 ⁸ 4

⁸

365 ⁸

1550 ⁸ 

ה ה ה

 

2 ⌐  

1 ⌐

2  

⅔╟┘ 

☺כ◘  

0.14 

1942  11 16  40  2  

1942  0.002   

0.003 

⇔ 4 5 ⌐  

⅔╟┘ 

☺כ◘  
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(1)1640  

ᵑ ─  

1640 ─ │ ≢ ⌐ ∫≡™╢ ─ ≢№╡⁸ ﬞ ─

≢ ─ ≢№╢⁹↓─ │⁸₈ ₉⁸₈ ₁ ₉⁸₈

₉⌂≥ ↄ─ ⌐ ─ ⅜ ↕╣≡™╢⁹↓╣╠─ ⅛╠ ─╟

℮⌂ ─ ⅜ ╖≤╣╢⁹ 

 

1640 31 ( 13 )⌐ ⅜ ╣⁸ ⌐ ╣ ╖⁸ ⅜

⇔√⁹↓─ │ ─ ─ ─ ╕≢ ⇔⁸ ( )≢│100

№╕╡─ ⅜ ↕╣⁸700 №╕╡─ ⅜ ⇔√⁹ │∕─ ⇔™ ┼≤

⇔⁸ │ ⁸ ⁸ ⌐╕≢⅔╟┘⁸ │ ⌐╕≢ ╪∞⁹

⇔™ │⁸ ⌐⌂∫≡ ⇔⁸ ⌂ ⅜ ╕∫√⁹

╙ ─ ⅜№∫√⁹ │↓─ ─ ( 22 )⁸ 70

⌐ ⇔√⁹ 

─ ╠⇔™╙─│⁸ ↕╣≡⅔╠∏⁸ ⌐⁸ ⇔™ ╡⅜№

∫√↓≤⅜ ↕╣≡™╢⁹ 

 

ᵒ  

↓─ ─ ─ ⌐╟╢ │⁸◒ꜟⱵ ⌂∞╣ ≤ ┌╣⁸

─ ⅔╟┘ ─ ⌐ ⌂ ╣ ╩ ∫≡ ↄ

∆╢( 4.4.1⁸2)⁹ ≢│ ⌐ ∫≡ ⅜ ⇔≡™╢( 4.4.3 )⁹

⌐ ⇔√ ⌂∞╣ ≤ ⌐ ⇔√ ⌂∞╣ │⁸∕

─ ╛ ─ ⅛╠ ⌂╢ ⌐╟∫≡╙√╠↕╣√≤ ⅎ╠╣≡™╢

( ה 1998)⁹ 

─╙─│⁸ ﬞ ≤ ╩ ┬ ( ─ )─ ⅜ ⇔√╙─

≢№╡⁸ ─╙─│⁸ ⁸ ﬞ ⁸ ─ ≈─Ⱨכ◒⌐ ╕╣√ ─

╩ ╗ ⅜ ⇔√╙─≢№╢⁹ ₁─ │⁸ ⅜0. 3km3⁸ ⅜

1. 42 1. 70 km3(℮∟ ⅜0. 5km3)≤ ╙╠╣≡™╢( ה , 2003)⁹

≢│ ⌂∞╣ ─ ╩ ╘╢╟℮⌐ cm⁸ 200cm─ ─

(Ⱪꜝ☻♩)⅜ ∫≡™╢( 4.4.2 )⁹↓─ │⁸1980 ▪ⱷꜞ◌

─☿fi♩Ⱬ꜠fi☼ ─ ─ ⌐ ↕╣√Ⱪꜝ☻♩⌐ ∆╢╙─≢№╢⁹

∕─ ⌐│Ko- d ⅜ ╩ ∫≡™╢⁹ 

─ │ ⌐ ┘≡™╢⅜⁸ ─ ─

≤ ⌂╡⁸ ⅜ ⌐ ╪≢™╢⁹ ≢│1m─ ╩╙∟⁸∕─

│2. 3km3≤ ╙╠╣≡™╢⁹ │ ⅝ↄ ≈─ꜚ♬♇♩⌐ ↕

╣≡™╢( 4.4.4 )⁹ │ ─ꜚ♬♇♩ ⌐ ⇔⁸ ⅛╠

╩ ↄ ⌐ ⇔ │20m ≢№╢⁹∕─ │0. 6km3≤ ╙╠╣≡™

╢⁹ 
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4.4.1 1640 ─  

 │ ⌐ ╩ ∟⁸ │ ─№╠╝╢ ⌐ ⇔√⁹

⌐╟╢ ⌂∞╣ │ ≤ ⌐2 ⌐ ⇔≡™╢⁹ 
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4.4.2 1640 ─  

A: ⁹ ⌐ ⇔√ ⌂∞╣ ─ ╣ ⁹ ⌂∞╣ │ ╩

⇔≡™√╙─⅜№╕╡ ↨╠⌂™≢ ╣≡ↄ╢√╘⁸ ╣ ╛ ─ ≢│ ╩

⇔≡™√ ╛ ⁸ ⌂≥⅜Ɽ♇♅꞉כ◒─╟℮⌂ ╩⇔≡ ⇔≡™

╢⁹ ╣ ─ ⌐│ ─ ≈─ ⅜ ⇔≡™╢( 4.4. 7A)⁹ 

B ⱡ ─ ⁹1640 ≤ ─ ⇔√╙─⅜ ⌐ ╣ ╪∞ ⌐ ⇔

√ ─ ⁹ ─ ─ ⌐ ─ ⅜ ╪≢™╢≤↓╤⅜ ⁹ 

C ─ ⁹ ⅛╠ ⌂∞╣ ⁸ ⌐≤╙⌂∫≡ ⇔√ (Ⱪ

ꜝ☻♩) ⁹ ™ ⁹ ⅜ ⇔≡ ⇔√ ⁹ │1856 ─

⁹ 

D ⁹ │ ─ ⌐ ╕╣≡⅔╡⁸ ⅜ ⇔≡™╢ ⌐

⅜ ⇔≡™╢↓≤⅜╦⅛╢⁹ ─ │10m⁹ ─ │ ⅜

m⁸ ⅜ m ⁹ 
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4.4.3 1640 ⌐╟╡ ⌐ ╣√ ⌂∞╣ ─ ≢─  

( ה (2003)╩ )  

─ │ ⌐╟╢A- B ─ ⁹ ⌐⌂∫≡™╢ ⅜ ╣ ⁹ 
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ᵓ ─  

⅔╟┘ ⌂ ⅛╠ ≢⅝╢1640 ─ ─ ╩ 4.4.5⌐ ∆⁹ 

│∂╘⌐ ─ ⅜ ⇔⁸ ─ ⌐ ⌂∞╣ ╩ ↕∑√⁹

∕─ ⁸ⱴ◓ⱴ─ ⌐╟∫≡ ╩ ╗ ⅜ ⇔⁸ ─ ⌐

⌂∞╣╩ ↕∑√⁹ ─ │ ⌐ ⇔⁸ ╩ ↕∑√⁹╒╓ ⌐

⌐ ℮ ⅜ ⇔⁸ ⅝ ⅝ⱪꜞ♬כ ⌐ ⇔√⁹ⱪꜞ♬כ

─ ⌐│ ⅜ ⌐ ⇔⁸ ⅜ ⇔√⁹ ⌂ⱪꜞ♬כ │

⇔⁸∕─ ⌐ ⅜ ↓╡⁸ 70 ⌐ │ ⇔√⁹ 

 

 

 
4.4.4 1640 ─  
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4.4.5 1640 ─ ─  

│∂╘⌐ ─ ⌐ ⅜ ⇔⁸ ⅝ ™≡ ─ ⌐ ⅜ ⇔√⁹ ─

≢│ⱴ◓ⱴ╩ ∫≡⅔╡⁸ ⅝ ™≡ ╩ ↕∑√⁹∕─ │ ⌂ⱪꜞ♬כ

┼≤ ⇔⁸ ╩ ↕∑√⁹ 
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(2)1694  

1640 ─54 ⁸ ﬞ │ ┘ ╩ ∫√⁹ ﬞ ─ ─ ⌐

ↄ ∆╢Ko- c2 │⁸ ╕≢ ה (1981)⁸ (1989)⁸

(1991)⁸ ה (1997)⌐╟∫≡⁸∕─ ⌐≈™≡─ ⅜⌂↕╣≡⅝√⁹

ה (1997)│⁸ (1989)─ ⇔√ ≢─ ﬞ ⁸ ⁸ ─

╩ ⇔⁸ ﬞ ─ ─ ≤ ↕∑√⁹↕╠⌐ ה (1981)─

⇔√ ≤│ ⌂╢ ╩ ™∞⇔⁸Ko- c2 ⅜1694 ─

≢№╢↓≤╩ ╠⅛⌐⇔√⁹ 

 

ᵑ ─  

1694 │⁸₈ ₉⁸₈ ₉⌐ ⅜ ↓∫√↓≤⅜ ↕

╣≡™╢( ה 1981⁸ ה 1997)⁹↓╣╠─ ⌐│⁸ ﬞ ≢

17 ╩ ℮ ⅜№╡⁸↕╠⌐⁸ ╟╡ ╕≢ ⇔⁸

ה ╩ ∫√↓≤⅜ ↕╣≡™╢⁹ 

 

ᵒ  

ﬞ ─ ≢│⁸Ko- d ─ ⌐ ╩ ╕∏⁸Ko- c2

⅜ ⇔≡™╢( 4.4.6 )⁹Ko- c2 │⁸ ⌐ ⇔⁸ ≢

200cm⌐ ∆╢⁹ │⁸ ⅔╟┘ ≢ ↕╣≡™╢( 4.4. 6)⁹

∕─ ─ │⁸⅔⅔╟∕ 0. 26km3⁸ 0. 1km3≢№╢( ה

1989)⁹⇔⅛⇔⁸ ─ │ ⌐№╡⁸∕─ │

─ ╟╡╙ ™≤ ↕╣╢⁹ 

Ko- c2 │⁸ ≤ ─ ⅝ↄ ≈─ⱨ▼▬☼⌐ ↑╠╣╢(

4.4.8 )⁹ ≤╙ ⌐ ─ ™ ─☻◖ꜞ▪─ ╩╙∟⁸∕─

⌐ ⅜ ∆╢⁹ ☻◖ꜞ▪ ⌐│⁸ 20cm─

⅜ ╕╣╢⁹ │⁸ ⅜╒≤╪≥ ⅛╠⌂╡⁸ ₁⌐

─ ⅜ ⅎ⁸ │ ∞↑⌐⌂╢ ╩ ≈⁹ ⌐│⁸

≤ ─ ⇔√ ⅜ ↕╣⁸ ─ ≤ ⌐ ⅜ ⇔≡™√≤ ⅎ

╠╣≡™╢⁹ 

≢│⁸ ≤ ─ ⌐ ─ ⇔√ ⅜ ╕╣≡™╢⁹

↓─ ⌐│⁸ ﬞ ─ ⇔√ ⅜ ⇔≡™╢⁹╕√ │⁸

⅜ ≢│⌂ↄ⁸ ≢│ ↄ⁸ m ⌐ ∫√≤↓╤≢│ ⅜ ∆╢⁹↓

─╟℮⌂ │⁸ ⌐╟╢ ≤ ⅎ╠╣⁸ ≤ ─ ⌐│ ⅜№

∫√↓≤⅜ ↕╣╢⁹ 

 

ᵓ ─  

↓─ ≢│⁸ ╘ ⅔╟┘☻◖ꜞ▪╩ ∆╢╟℮⌂ ⅛╠ ╕╡⁸

⌂ⱪꜞ♬כ ⌐ ⇔√⁹ │ ⇔⁸ ┘ ╩⅔╟┘☻◖ꜞ▪╩

∆╢╟℮⌂ ⅛╠│∂╕╡⁸ ⌂ⱪꜞ♬כ ⌐ ⇔√⁹ⱪꜞ♬כ

≢│ ⁸ ⅜ ⌐ ⇔≡ ⅜ ⇔≡™╢⁹ 
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4.4. 6 1694 ─  

 │ ⌐ ╩ ∟⁸ ≢200cm╒≥─ ╩ ≈⁹1640

─ ⌐╟∫≡≢⅝√◌ꜟ♦ꜝ ─√╘ │ ─ ⌐ ⇔√⁹ 

 


