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1.1 Ɫfi♪Ⱪ♇◒─  

─ 7 ⅜ ⅛╠⌂╢ ⅜ ≢│⁸ ⅜ ⅝ↄ ⌂ ⁸ ⌂ ⌂╠┘

⌐ ⇔™ ⌐╟╡⁸ ╛ ∆═╡⌂≥ ⅜ ↄ ⇔≡™╢⁹ ⌐ │⁸

⌐╟╢ ╛⁸ ™ ─ ⅜ ┬╕╣╢ ⌂≥⁸ ꜞ☻◒

─ ⌐╟╢ ⌂≥─ ⌂ ─ ⅜ ↕╣╢≤↓╤≢№╢⁹

─ │ ⌐ ↕™⅜⁸ ⇔√ │ ⌐╦√∫≡ ⅜ ∆╢

≤≤╙⌐⁸ ⌐╟╢ ⁸ ⌂≥─ ⌂ ╛⁸ ♄ⱶ─ ⌐╟╢

┼─ ⌂ ╩╙√╠∆ ⅜№╢⁹ 

Ɫfi♪Ⱪ♇◒│⁸₈ ⌂ ⌐ ∆╢ ₉

23 25 ≢─ ╩╙≤⌐⁸ ⌐ ╦╢ ⅜

─ ⌂ ≤≤╙⌐⁸ ─ ╛⁸ ⁸ ⌂

≥⌐ ∆╢√╘─ ⅝≤⇔≡ ⇔√╙─≢№╢⁹ 

 

1.1.1 ⌐ ⌐⅔↑╢ Ɫfi♪Ⱪ♇◒─ ≠↑╩ ∆⁹ 
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1.1.1 ─ ≠↑ 

 

A

YES

YES
No

No

A C

⁸ ─ ─ ⁸ ─
╩ ╕ⅎ⁸ ⌐ ∂≡ 3 ⌐ ╗

⁸ ⁸ ─ ⅛╠⁸ ─ ⌐≈™≡ ⌐

2

3

⁸ ╩ ╕ⅎ⁸ ⌐ ∂≡ ⌐ ╗

◙כ꜠ ♃כ♦



3  

 

1.2 Ɫfi♪Ⱪ♇◒⌐ ∆╢  

Ɫfi♪Ⱪ♇◒─ ⌐№√╡⁸ ─ ⌐≈™≡ ∆╢ ⅜№╢⁹ 

 

À Ɫfi♪Ⱪ♇◒│⁸ ╩ ≤⇔⁸∕╣ ─ ⌐│ ≢⅝⌂

™⁹ 

 

À Ɫfi♪Ⱪ♇◒≢ ⇔√ꜞ☻◒ ⱴ♇ⱪ 1 │⁸ ה

⌂≥ ⌐ ≢⅝╢ ⁸⌐≥╙╩♃כ♦ⱪfiכ○ ⅛≈ ⌂ ╩

℮ ≢№╡⁸Ⱳכꜞfi◓⌐╟╢ ⌂ ⌂≥⁸ ─ ╩ ⌐⇔√

╙─≢│⌂™⁹ 

 

À ꜞ☻◒ ⱴ♇ⱪ│⁸ ─ ─ 242 ╩╙≤⌐⁸

─ ⌐╟╡ ─ ≤ ה ─ ─ ─ ╩

⌐ ⇔√╙─≢№╡⁸ ∟⌐ ⅜ ∆╢ ╩ ∆╙─≢│⌂™⁹

⌐⅔™≡ │ ╠╣≡⅔╡⁸ ─ ה ─ ⌐╟╡ ↕╣ ╢╙─

≢№╢⁹ 

 

À Ɫfi♪Ⱪ♇◒─ 2 ≢ ⇔√ ─ ꜝfi◒ │⁸

⅜ ≢№∫√ ─╖─ ⌐ ≠™√╙─≢⁸ ─ ─ ╖

⌡⌐╟╡ ↕╣╢ ⅜№╢⁹ 

 

À ─ │ ⌐ ↄ⁸╕√ ─ ╙ ⌂ ⅜ ↄ⁸

─ │⁸ │ ⌐ ≢№╢⁹  

 

À Ɫfi♪Ⱪ♇◒│⁸ ⌐ ∆╢ ⌂ ╩ ⇔√╙─≢№╢⁹ ─

╛ ─ ⌂≥⌐№√∫≡│⁸ ≤∆╢ ─ ⁸

⁸ ⁸ ⁸ ─ ⁸ ⁸ ╛ ╩

⌐ ⇔⁸ ⌐ ⌐ ∆╢ ⅜№╢⁹ 

 

À Ɫfi♪Ⱪ♇◒─ │⁸ ─ ╩ ╖ ⌡≡ ╩ ╘⁸ Ⱪꜝ♇◦ꜙ

▪♇ⱪ⇔⁸ ה ↕╣≡™ↄ╙─≢№╢⁹ 
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1.3 ─  

Ɫfi♪Ⱪ♇◒≢ ℮ ≤│⁸ ⅛≈ ⌐ ╙⇔ↄ│ ⌐ ∆╢

⅔∕╣─№╢ ╩™℮ , 2012 1 ⁹ 

─ ℮ ╩ 1.3 . 1 ⌐ ∆⁹↓↓≢│⁸ ≤⇔≡─ ≤ ∆

═╡│ ⌂╢ ⅜ ∆╢↓≤⅛╠∕─ ╩ ⌐⇔√⁹ ─ ╩ ⇔√

⁸ ≤ │ ↑╠╣╢─≢⁸∕─ │ ≢ ⇔√⁹∕─ ⁸

⌐╙ ⅜ ⅝⌂╙─│ ∆╢√╘⁸ ─ │ ≤⇔≡ ╩╙√∑√⁹ 

─ ⌐╙ ⌂╙─│ ╕╣╢╙──⁸↓↓≢│⁸↓╣╕≢⌐ ⅜ ⌂

⅛∫√ ─ ⅜ ┌⌂™ ─ ╛ ∆═╡─ ≢╙ ⅜ ⅝ↄ

⅜ ™╙─╩ ≤⇔√⁹ 

 

 

 

1.3.1 ≤⇔≡ ℮ , 2012  

 

 

 

 

 

 

 

 

 

 

                                                   
1) 2012 23 ⌂ ⌐ ∆╢  
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│⁸ ⌐╟╡ ⇔√ 242 ─ ⅛╠⁸ ╛

╩╙≤⌐₈ ₉⁸₈ ₉⁸₈ ₉─ ♃▬ⱪ⌐ ⇔√⁹ 

 

    

▬ⱷכ☺    

─ 

 

   

  ⅜ ─

≢ ∆╢╙─

≢⁸ ─ ⅜

─ 2 ─╙

─ 

⅜ ╩ ⇔≡

≤⌂∫≡ ∆╢

╙─≢⁸ ─

⅜ ─ 2 ⌐⌂

╢╙─ 

⅜ ╩ ⅝

╘≡ ♄ⱶ╩ ⇔⁸

⁸ ⇔≡ ∆

╢⅔∕╣─№╢╙─ 

1.3.2 ─♃▬ⱪ  

 

─ ╩╙≤⌐ 3 ⇔√⅜⁸ ⌐│ ⌐ ⌐≈™≡ ╩

∆╢↓≤│ ≢№╢⁹ │⁸ ─ ה ─ ⌐ ≠⅝⁸ ─

╩ ╠⅛⌐∆╢ ⅜№╢⁹  
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1.4 ─  

↓↓≢ ⇔√ ─ │⁸ 2012 ⌐ ≠™≡ ⇔√╙─≢№╢⁹

─ ─ ⌐≈™≡│ ╩ ↕╣√™⁹ 

 

1.4.1 ♃▬ⱪ  

─ ≤ ≤─ ─ ⅛╠⁸ ⌐ ∆╢ כꜟ◓─

ⱪ│ 1.4.1 ⌐ ⇔√ ≈─♃▬ⱪ⌐ ↑╠╣╢⁹ 1.4.2 ⌐ ─ ♃▬ⱪ≤

─ ╩ ∆⁹ 

 

 

1.4.1 ─ ♃▬ⱪ , 2012  

 

─ ⅜ ה ↕╣≡≢⅝√ ⁸ ⁸ ╛ ⅜
⇔ ↑≡ ↕╣√ ⇔™ ─ ≢⁸ ⅜
™⁹ ⅜ ⇔⁸ ⌐╟╡ ╣ ≢ ⅜ ↄ ∆╢⁹

ⱴ◓ⱴ⅜ ≢ ⌐ ⅎ≡ ╕∫√╙─≢⁸ ≤ ↕╣
╢⁹ ⌐ ⁸ ⌐ ⇔⁸ ╛ ⅜ ™⁹ ⌐
╟╡ ↄ ∆╢⅜⁸ ⌐╟∫≡╙ ⇔≡™╢⁹

ⱴ◓ⱴ⅜ ≢╝∫ↄ╡ ⅎ≡ ╕∫≡ ↕╣⁸ ≤
↕╣╢⁹ ⌐ ⅛╠⌂╡⁸ ⅜ ™⅜⁸ ⌐╟∫≡

⌂╙─╙ ∆╢⁹

│⁸ ⱪ꜠כ♩⅜ ⱪ꜠כ♩─ ⌐ ╖ ╗ ⌐⁸∕
─ ─ ⅜ ⅞≤╠╣≡ ⌐ ⇔√╙─≢⁸ ╛
⌐╟╢ ⅜ ⇔™⁹ │ ⌐ ⅛╠⌂╡⁸
⅜ ≈ⱭꜝⱭꜝ ⅜╣╢ ⌐╟╡ ≤ ∂ ≤⇔√⁹

─ ╙∕─ ╩ ⇔⁸↓─♃▬ⱪ⌐ ⇔√⁹

з

и
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1.4.2 ─ ♃▬ⱪ ≤ ─ , 2012  

 

♃▬ⱪ ─ ╩ 1.4.3⁸ β ─ ╩

1.4.4 ⌐∕╣∙╣ ∆⁹ 

│⁸ и≢ ╙ ↄ ⇔⁸ ™≢ ≢ ⇔≡™╢⁹╕√⁸

│ ≢ ╙ ↄ ⇔⁸ ™≢ ≤ ≢ ⇔≡™╢⁹ │╒

≤╪≥ ⇔≡™⌂™⁹ 

⌂⅔⁸↓─ │ 242 ∞↑≢ ⇔√ ≢№╡⁸ ╠╣√

≢№╢⁹ 

 

βₒ ₓ 

≤│⁸ ⌐ ⅜≢⅝≡⅛╠─ ─↓≤≢№╢⁹ ⌐ ─

⌐ ≠™≡⁸ ™ ⅛╠ ⁸ ⁸ ⁸ ⁸ ⌐ ↕╣⁸∕

╣∙╣ ⌂ ⅜№╢⁹ 1.4.5 ⌐ ╩ ∆⁹ 
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1.4.3 ♃▬ⱪ ─  

 

1.4.4 ─  

 

1.4.5  

40

16.5%

62

25.6%
16

6.6%

124

51.2%

39

16.1%

71

29.3%

22

9.1%

107

44.2%

3

1.2%
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1.4.2  

⌐≈™≡⁸ ╣ ⁸ ↑ ; 1.4 . 6 ╩ ≤ ─

╩ ⇔√≤↓╤⁸ ↑ ⌐ ═≡ ╣ ≢ ⇔√ ⅜ ™ ⅜╖╠╣╢

1.4 . 7 ⁹↓─ │⁸ ⅜ ─ ≢ ≢№╢ 1.4 . 8 ⁹ 

 

1.4.6 ╣ ⁸ ↑ ─  

     ╣ ≤ ⅜ ⌐ ⇔≡™╢  

↑ ≤ ⅜ ⌐ ⇔≡™╢ 

 
1.4.7 ─ ≤ ─  

 

1.4.8 ⅜ ─ ─ ─ ≤ ─  

48

30.4%

13

8.2%

12

7.6%

85

53.8%

21

63.6%

6

18.2% 2

6.1%

4

12.1%
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1.4.3  

1.4.9 ⌐ β≤ ─ ─ ╩ ⇔√⁹ │⁸

⅜ 750 1,000m≢ ╙ ↄ ⇔⁸500m ≢ ↄ ∆╢ ⅜╖╠╣╢⁹ 

 

βₒ ₓ 

─ ─ ≢⁸ ╩ ╗ ╙ ⇔™ ≢⁸ 260 ⅛╠ ╕≢─ ╩

™℮ 1.4.5╩ ⁹ 

βₒ ₓ 

╦⅜ ⌐⅔↑╢ ─ ⌐⅔↑╢ ╩™℮ ◓

ⱪ,19682כꜟ ⁹ 

 

 

 

1.4.9 ≤ ─  

 

 

 

 

 

 

 

 

 

 

                                                   
2) ⱪכꜟ◓  1968 , , Vol.7, No.4, pp.182- 187. 

0 250m

10

4.3%

250 500m

33

14.2%

500 750m

62

26.6%

750 1000m

69

29.6%

1000 1500m

53

22.7%

1500m

6

2.6%
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1.4.4 ⅛╠─  

β⅛╠ ╕≢─ ≤ ♃▬ⱪ ─ ╩ 1.4 . 10⌐ ∆⁹

и │⁸ ⅛╠ ™╒≥ ⅜ ™ ⅜╖╠╣╢⁹↓─ │ ⌐

⅛╠ 10km ≢ ≢№╢⁹ 

βₒ ₓ 

 ─ ⌐ ╡ ⇔ ⇔⁸ ╙ ∆╢↓≤⅜ ↕╣╢ ─↓≤⁹ 

 

1.4.10 ⅛╠─ ≤ ─  

 

1.4.5  

≤ ─ ╩ 1.4.11 ⌐ ∆⁹ 30 40°⅜ ╙ ™⁹

│⁸ ⌐ ≡ ⅜ ⌐⌂╢╒≥ ↄ⌂╢ ⅜ ╘╠╣╢⁹ 

 

 

1.4.11 ─ ≤ ─  

0

10

20
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40
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5 5 10 10 15 15 20 20 25 25 30 30

km

0.00 
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0.20 
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0.40 
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0

4

8

12

16

20

1
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1.4.6 ∆═╡  

∆═╡ β ⌐⅔↑╢ ─ ╩ 1.4.12 ⌐ ∆⁹ ∆═╡

≢ ⇔√ │⁸ ∆═╡ ≢ ⇔√╙─╟╡ ™⁹ ♃▬ⱪ ≢│⁸

з⁸ ⅜ ∆═╡ ≢ ↄ ⇔⁸ │ ∆═╡ ≢

ↄ ⇔≡™╢⁹ и│⁸ ∆═╡ ≢ ⇔≡™╢⁹ 

βₒ ∆═╡ ₓ 

∆═╡ ⌐╟∫≡ ∂√ │ ∂≈≈№╢ ─ ╩™℮⁹ 

 

1.4.12 ∆═╡ ⌐⅔↑╢ ─  

1.5 ─ ⱷ◌♬☼ⱶ  

─ │⁸ ≤⇔≡│ ⁸ ⌂ ⌐ ↕╣≡™╢⁹

─ ≤⇔≡│⁸ ⌐ ╛ ™ ⅜ →╠╣╢⁹  

1.5.1 ⌐ ♃▬ⱪ ⁸ ≤ ─ ─ ╩ ∆⁹

╟╡ ⇔™ з≤ │ ⌐ ⌐╟∫≡⁸ и⁸ │ ⌐ ⌐

╟∫≡ ∆╢ ⅜ ╠╣╢⁹ 

⌐╟╢ ─ │⁸ ⌐╟╡ ⅜ ⌐ ⇔⁸ ─ ╣

⁸ ⁸ ⌂≥ ⌐ ∫≡ ╕≢ ⇔⁸ ─ ╩ ↕∑╢⁹↓

╣⌐╟╡⁸ ─∑╪ ⌐ ⇔ ─ ⅜ ↕ↄ⌂╡⁸ ⅜ ∆╢⁹  

─ │⁸╙≤╙≤ ≢№∫√ ⅜ ™ ⌐╟╡ ╩

↕∑╢⁹ 

 

1.5.1 ⁸ ♃▬ⱪ ─  

0

30

60

90

120

150

180
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30 

60 

90 

120 

150 

180 
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1.6 ─  

1.6.1 ─ ─  

─ ─ ╩ 1.6.1 ⌐ ⇔√⁹ 

⌐⅔↑╢ ─ ⁸ ⁸ ⅛╠

╩ ∆╢ ⅜№╢ ⁸ 1 ─ ≤⇔≡⁸ ≢ ≢⅝╢ ─ ה

╩♃כ♦─ ™√⁸ ─ ⌐╟╢ ─ ╡ ╖╩ ℮↓≤⅜ ≢№╢⁹ 

─ ⌂ ⌐≈™≡│⁸₈ ꜞ☻◒ ⱴ♇ⱪ ⱴ♬

ꜙ▪ꜟ ₉╩ ↕╣√™⁹ 

2 ─ ≢│⁸ 1 ≢₈ ₉≤ ↕╣√ ⌐⅔™≡⁸

≢─↓╣╕≢─ ─ ╛ ─ ה ─ ⌐ ∂≡⁸

◙כ꜠ ♃כ♦ ╩ ™≡ ╩ ™⁸₈ ₉╩ ╡↓╗⁹ 2

─ ⌂ ⌐≈™≡│⁸₈ ⱴ♬ꜙ▪ꜟ ₉

╩ ↕╣√™⁹ 

3 ─ ≢│⁸ 2 ─ ≢ ⅜₈A C₉─ ╩₈

₉≤⇔⁸ ≤─ ⁸ ⁸ ⁸ ─ ⅛╠⁸

⌐ ∂≡ ⅜ Aꜝfi◒─ ╩ ⌐⁸ ╛⸗♬♃ꜞfi◓ ╩

℮⁹ 

⌂⅔⁸ ⌂≥ ─ ╩ ⌐ ⇔≡™╢ ≢№∫≡⁸

─ ─ ⅛╠ ╠⅛─ ╩ ∏═⅝≤ ⅎ╠╣╢ ⌂≥⁸ ─

⌐ ∂≡ ∏⇔╙ 1 ќ 2 ќ 3 ─ ⌐ ╩ ∆╢ ⅜⌂ↄ⁸

ⅎ┌ 1 ╛ 3 ─ ╩ ∆╢ ╙ ⅎ╠╣╢↓≤⅛╠⁸ ⌐ ∆╢

⅜№╢⁹ 
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1.6.1 β 

 

βₒ ₓ 

↓↓≢│ ⌂ ─ ╣╩ ⇔√⁹ ─ ⁸ ─ ⌐ √∫≡│

∕─ ⌂ ─ ⅎ ╛ ⌐≈™≡│∕╣∙╣─ ≢─

─ ╩ ╗ ╛ ╩ ╕ⅎ⁸ ₁⌐ ∆╢ ⅜№╢⁹ 

 

 

 

 

A

YES

YES
No

No

A C

⁸ ─ ─ ⁸ ─
╩ ╕ⅎ⁸ ⌐ ∂≡ 3 ⌐ ╗

⁸ ⁸ ─ ⅛╠⁸ ─ ⌐≈™≡ ⌐

2

3

⁸ ╩ ╕ⅎ⁸ ⌐ ∂≡ ⌐ ╗

◙כ꜠ ♃כ♦

─ ╩
⇔≡™╢ ─
⌐⅔™≡⁸

╩ ⇔╟℮
≤∆╢ ⌂≥

3

2

─ ─ ⅜
╘╠╣⁸ ─ ─
⅜№╢ ⌂≥
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1.6.2 ꜞ☻◒ ה ⱴ♇ⱪ  

 ♃כ♦ 

1 ≢│⁸ ─ ה ♃כ♦ ╩ ™≡ꜞ☻◒ ⱴ♇ⱪ╩

∆╢⁹ 1.6.2 ⌐ ≥♃כ♦ ╩ ⇔√⁹ ꜞ☻◒ ⱴ♇ⱪ─ │⁸

⁸ ⸗♦ꜟ DEM⁸ ∆═╡ ⁸ ⅛╠─ ≤

╩ ™⁸ ꜞ☻◒ ⱴ♇ⱪ─ │⁸↕╠⌐ ≤ ╣ ╩

∆╢⁹ 

 

1.6.2 ─ ≥♃כ♦  

 

 ꜞ☻◒ ⱴ♇ⱪ─  

─ ≢│⁸ ╩ ™√⁹ Frequency Ratio

│⁸ ≤⇔≡⇔┌⇔┌ ╦╣≡™╢ ≢№╢ Lee et al ., 

20073 ; Karim et al ., 2011 4) ⁹↓─ ≢│⁸ ─ ⌐ ∆╢ ─ ╩

─ ≤ ∆╢↓≤≢ ∆╢⁹∕─ │ ─╟℮≢№╡⁸10 mⱷ♇◦ꜙ↔≤

⌐ ╩ ∫√╙─╩⁸2 kmⱷ♇◦ꜙ⌐ ⇔√⁹ 

⌐╟╢ ─ ╩ 1.6.3 ⌐ ∆⁹ ─ ⱷ♇

◦ꜙ─ Fr ╩╙≤⌐ ꜝfi◒╩ ⇔⁸ ꜞ☻◒ ⱴ♇ⱪ╩

∆╢⁹ 

1.6.4 ⌐ ─ ╩ ∆⁹ 

 

                                                   
3) Saro Lee (2007): Biswajeet Pradhan:Landslide hazard mapping at Selangor, Malaysia using frequency ratio and 

logistic regression models, Landslides 4:33ï41, 2007 
4) Karim, K., Jalileddin, S., and Ali  M., T. (2011): Zoning Landslide by Use of Frequency Ratio Method (Case 

Study: Deylaman Region), Middle-East Journal of Scientific Research 9 (5): 578-583. 

(DEM)

DEM

з и

DEM
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ä ä
=

)()(

)()(

/

/

ii

ii

NpixSpix

NpixSpix

i
NN

NN
Fr     (1) 

↓↓≢│⁸  

)( iSpixN i ⌐⅔↑╢ ⱷ♇◦ꜙ  

)( iNpixN i ─ ⱷ♇◦ꜙ  

ä )( iSpixN ⱷ♇◦ꜙ─  

ä )( iNpixN ─ ⱷ♇◦ꜙ  

nFrKFrFrFrLHI ++++= 321    (2) 

1.6.3 ─ ─  

Frequency 
Ratio, Fr i 1

Landslide 
Hazard Index, LHI (2)

2km
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1.6.4 ꜞ☻◒ ⱴ♇ⱪβ  

βₒ ₓ 

1 ⱴ♇ⱪ│⁸ ─ ─℮∟ ⅜ ⇔≡™╢ 242 ╩╙≤⌐⁸

─ ⌐╟╡⁸ ─ ≤ ה ─ ─ ─ ╩⁸

⌐ ⇔√╙─≢№╡⁸ ∟⌐ ⅜ ∆╢ ╩ ∆╙─≢│⌂™⁹ ⌐⅔

™≡ │ ╠╣≡⅔╡⁸ ─ ה ─ ⌐╟╡ ↕╣ ╢╙─≢№╢⁹ 

2. ⱴ♇ⱪ─ ⌐№√╡⁸ ⌐ ⌂ ─ ╩ ™√⁹ 

ה ♃כ♦ ─ 10mⱷ♇◦ꜙ ⸗♦ꜟ 

ה ♃כ♦ 20 ─ 1 ☻꜠ⱶכ◦─  

ה ∆═╡ ∆═╡  ☻כⱬ♃כ♦

ה ─  ☻כⱬ♃כ♦

ה ⱪכꜟ◓ 1968 ─ 200 ─ 1  

 ꜞ☻◒ ⱴ♇ⱪ─ ≤  

 ꜞ☻◒ ⱴ♇ⱪ≢ ─ ™ ─ ╡ ╖⅜ ⌂ ⁸ ꜠

ⱬꜟ≢Ɽꜝⱷכ♃╩ ⇔√ꜞ☻◒ ⱴ♇ⱪ╩ ∆╢⁹ ꜞ☻◒

ⱴ♇ⱪ─ ≢│⁸ ꜞ☻◒ ⱴ♇ⱪ─ ⌐ ≤

╩ ⇔⁸ ╩ ∆╢⁹↓─ │⁸ ꜞ☻◒ ⱴ♇ⱪ

♃כ♦│≢ ╛ ─ ─ ⅛╠ ⇔√⅜⁸ ꜠ⱬꜟ≢№╣┌⁸ ⌐

≢№╡ ─ ─ ⅜ ≢⅝╢⁹ ꜞ☻◒ ⱴ

♇ⱪ─ ─ ⌐≈™≡│⁸₈ ꜞ☻◒ ⱴ♇ⱪ ⱴ♬ꜙ▪ꜟ ₉
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╩ ↕╣√™⁹  

1.6.3 ─  

2 ─ ≢│⁸ 1 ≢ ≤↕╣╢ ⌐⅔™≡ ╩

⇔ ╩ ⇔⁸ AHP ╩ ™≡ ╩

℮⁹⌂⅔⁸ 1 ≢│ 2kmⱷ♇◦ꜙ ≢ ⇔≡™╢√╘⁸1 ⱷ♇◦ꜙ 4km2

≢₈ ₉ ╩ ≢⅝╢⁹ ⌐ ╩ ∆╢⌐│⁸ ⅜ ™

ⱷ♇◦ꜙ≤∕─ ⁸╕√│ 50km2 ≤∆╢⁹ 

AHP(Analytic Hierarchy Process) │ Saaty Saaty, 1980 5 ⌐╟∫≡ ↕╣

√ ◦☻♥ⱶ≢№╢⁹AHP │⁸ ⇔⌐ↄ™ ≢ ─ ─ ╛

╩ ╠⅛⌐∆╢√╘⌐ ™╠╣╢⁹∕─ ╩≥╣∞↑ ⇔≡™╢⅛

╩►◄▬♩≢ ⌐ ⇔⁸ №╢ ╩ ⇔ ∆╢↓≤⌐╟╡⁸ ╩

⌐ ∆╢↓≤⅜≢⅝╢⁹↓─ ≢│⁸ ─ ╩₈ ₉⁸₈ ₉⁸₈

₉─ 3 ⌐ ↑⁸ ⌐╟∫≡ ─ ⌐ꜝfi◒╩ ↑⁸ ─

╩ ∆╢⁹ 

1.6 . 5 ⌐ AHP ─ ⌂ ╩ ∆⁹ ─ ⌐№√╡⁸

│ ─ ⌐ ╩ ⅝⁸ ╛ ⌂≥─ ─

≤⇔√⁹ 

1.6 . 1 ⌐ ─ ─ ≤►◄▬♩─ ╩ ∆⁹

│⁸ 1.6 . 6 ⌐ ⇔√╟℮⌐ ╕√│ ∆═╡ ⌐╟╡

╩ ⇔⁸∕╣⌐ ⇔ ⌐ ∆╢ ─►◄▬♩ 1.6 . 1 ╩

∆╢⁹ ⇔≡ ╠╣√ ►◄▬♩╩⁸ ꜝfi◒ ─ 1.6 . 7 ⌐

≠⅝ ─ ╩ A⁸B⁸C⁸D≤ ∆╢⁹ 

≤∕─►◄▬♩│⁸ ─ ─ ⌐╟╡ ⇔√╙─≢№╢⁹

⌐ ∆╢ ─ ⌐╟╡ ╦╡℮╢╙─≢⁸ ⅜ ≢№╢⁹ 

ꜝfi◒│⁸2 ≤ ≢

⇔√ ─ ╩ ⇔≡ ⇔√ 1.6 . 7 ⁹↓↓≢│⁸D ╩

≤⇔⁸D╩ ⅛╠ ⇔⁸A⁸B⁸C│ ─ ─ ─ ≤∆╢⁹√∞⇔⁸

√⌐ ↕╣√ ⁸ ⅜ ⇔√ ─ ⁸ ╛∕─

⁸ ⌐ ∂≡⁸ ∏⇔╙ ⌐ ╦⌂™ ⅜ ⅎ

╠╣╢√╘ ⅜ ≢№╢⁹ 

─ ⌐≈™≡│⁸₈ ⱴ♬ꜙ

▪ꜟ ₉╩ ↕╣√™⁹ 

 

                                                   
5)T. Saaty, The Analytic Hierarchy Process: Planning, Priority Setting, Resource Allocation, ISBN 

0-07-054371-2, McGraw-Hill  

http://en.wikipedia.org/wiki/Special:BookSources/0070543712
http://en.wikipedia.org/wiki/Special:BookSources/0070543712
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1.6.5 AHP ─  

 

1.6.6 ─  

 

ꜝfi◒    

A  0.323   

B  0.27- 0.323  

C  0.209- 0.27  

D  0.209   

1.6.7 ─ ꜝfi◒  

Start

CI
CI>1.0

CI<=1.0

1
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1.6.1 ─ ≤►◄▬♩─  

 

 

 

 

 

 

 

 

 

 

0.633 0.015
0.261 0.006
0.106 0.002
0.085 0.006
0.140 0.009
0.233 0.016
0.542 0.037
0.067 0.005

100-200m 0.148 0.010

200-300m 0.291 0.020

300m- 0.494 0.033

0.633 0.047

0.260 0.019

0.106 0.008

0.724 0.033

10-30m 0.193 0.009

0.083 0.004

0.633 0.029

0.260 0.012

0.106 0.005

0.106 0.005

0.260 0.012

0.633 0.030

0.113 0.029

0.026 0.007

0.026 0.007

0.566 0.095

0.274 0.046

0.113 0.019

0.046 0.008

0.615 0.070

0.319 0.036

0.066 0.007

0.643 0.106
0.283 0.047
0.070 0.012
0.592 0.014

0.205 0.005

0.131 0.003

0.072 0.002

0.738 0.086

0.094 0.011

0.168 0.020

0.186

0.181

0.181

0.117

1

2

3

5

6

7

8

9

4

0.292

0.024

0.024

0.165

0.113

0.068

0.068

0.169

0.253
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1.6.4  

─ 3 ≢│⁸ ─℮∟⁸ ⁸ ⅛╠

2 ≢₈ A₉≤ ↕╣√ ╩ ⌐ ⁸

⁸ ╩ ™⁸ ⌐ ∂≡ ⌐╟╢⸗♬♃ꜞfi◓╩ ∆╢⁹

⸗♬♃ꜞfi◓─ ╛ ⌐ ∂≡ ⁸ ⁸ ⁸ ─ ╩ ╕

ⅎ≡ Ɫ⁸♪כ♁ⱨ♩ ╩ ∆╢⁹ 
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2 ─  

≢│⁸ ─ 3 ⌐≈™≡ ∆╢⁹ 

3 ≢│⁸ 2 ≢ ≤⇔≡₈ A₉≤ ↕╣√

⌐ ⇔⁸ ⌐ ∂≡ ⌐ 2.0 .1 ⌐ ⇔√╟℮⌂ ╩ ∆╢⁹⌂⅔⁸

⁸ ╩ ⌐ ⇔⁸₈ A₉≢│⌂™ ╩

⌐ ∆╢ ╙ ⅎ╠╣╢⁹ 

 

 

2.0.1 ─ 3 ─  

 

 

 

 

 

. ⸗♬♃ꜞfi◓

.

.

.

.

♁ⱨ♩ Ɫכ♪
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2.1  

 ─ ⌐│⁸ ─ ≤⁸ ⇔√ ─

⅜ ╕╣╢⁹ 

 

2.1.1  

 ∆╢√╘⌐│⁸ 2 ⅜ ↕╣⁸ ⅜ ↕╣≡™

╢↓≤⅜ ≤⌂╢⁹ 

⌐ ⌂ ⁸ │ ─≤⅔╡≢№╢⁹⌂⅔⁸ ≢ ╩ ∆

╢ ⅜№╢√╘⁸2 ─ ⅜ ≢№╢⁹ 

 ⁸ ⁸  

 ⁸◌◔ꜘ⁸ ⁸ ☻ⱪ꜠כ ⁸ⱷ☺ꜗכ ⁸◖fiⱬ♇◒☻  

 EC ⁸  

 ◌ⱷꜝ⁸ⱳכ♃Ⱪꜟ GPS⁸◒ꜞⱡⱷכ♃כ ☻ⱴכ♩ⱨ◊כfi  

 

2.1.2 ≤ ─  

2 ≢ ≤ ↕╣√ ⌐≈™≡⁸ ≢

⇔√ ⁸ ╩ ℮⁹ ≢│ ≤∕─ ─

⁸▪◒☿☻ ╩ ∆╢⁹ 

 ─  

≢│⁸ⱳכ♃Ⱪꜟ GPS ╩ ™≡ ה ⁸ ה ─

╩ ⇔⁸∕╣╩ ─ ≤ ∆╢⁹ ⌐╟╡⁸ ⌐ ∂≡

╩ ⇔⁸ ─ ⁸ ╩ ∆╢⁹ ─ ╩ 2.1.1

⌐ ∆⁹↓↓≢│⁸ ─ ╩ ⇔⁸ ≤⇔≡ ה 2.1.1 ≢│

₈f ⅝ ₉⌐ ≤ ה ⌐ ∆╢⁹∕─ ─ ⌐≈

™≡│⁸ ⁸ ╩ ∆╢⁹ 

2.1.2 ⌐⁸ ─ ─ ─ ╩ ∆⁹ ─

⌐≈™≡│₈ ⱴ♬ꜙ▪ꜟ ₉╩ ↕╣√™⁹ 

 

 

2.1.1 ⌐ ⅎ╢ ─ 6 , 2004  

                                                   
6) 2000 ─√╘─   3  .  
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2.1.2 ─ ≤ ─ ∆═╡─  
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ᵑ ה  

ה  ≤│⁸ ─ ⌐╟∫≡ ⌐ ↕╣√ ╕√│

─ ╩™℮⁹ ⌐≈™≡│⁸ ≤ ┌╣╢↓≤╙№╢ ⅎ┌⁸ , 2013 7 ⁹ 

2.1.1 ─ ⌐ ⇔√╟℮⌐⁸ ⅜ ⌐⌂╢ ⅜ ™⁹ ⅜ ™ │

⅝ ≤ ┌╣╢⁹ 

2.1.3 2.1.6 │⁸ ה ─ ≢─ ≤ ╩ ⇔√

╙─≢№╢⁹╕√⁸ ⌐╟╢ ה ─ ≤ ╩ ⇔√ ╩ ⇔

≡™╢⁹ 

 

 

ה 2.1.3 ─ ≤ 2.1.2 ─ JD03─  

(a) Ί ⌐ ┘╢ ⅜ ™  

(b) ≢│ ⌂ ≤ ↕╣√ 

(c) ─ ≤ ─  

(d) ─  

≢─ ─ │ 3.7m≢№∫√─⌐ ⇔⁸ ≢│ 3.5m≢№∫√⁹ 

 

 

                                                   
7)  (2013)  , p.231,  
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ה 2.1.4 ─ ≤ 2.1.2 ─ JD02─ ⁹ 

(a) Ί ⌐ ┘╢ ⅜ ™  

(b) ≢│ ⌂ ≤ ↕╣√ 

(c) ─ ≤ ─  

(d) ─  

≢─ ─ │ 8.8 m≢№∫√─⌐ ⇔⁸ ≢│ 8. 3m≢№∫√⁹ 
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ה 2.1.5 ─ ≤ 2.1.2 ─ JD03─ ⁹ 

(a) Ί ⌐ ┘╢ ⅜ ™  

( b) ≢│ ⌂ ≤ ↕╣√ 

(c) ─ ≤ ─  

(d) ─  

≢─ ─ │ 6.2 m≢№∫√─⌐ ⇔⁸ ≢│ 5.1 m≢№∫√⁹ 
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ה 2.1.6 ─ ≤ 2.1.2 ─ JD04─  

(a) Ί ⌐ ┘╢ ─ ⅜№╡⁸ ⅜ ™ ≤ ↕╣╢ 

(b) ≢│ ⌂ ≤ ↕╣√ 

(c) ─ ≤ ─  

(d) ─  

≢─ ─ │ 3.5m≢№∫√─⌐ ⇔⁸ ≢│ 2.9m≢№∫√⁹ 
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ᵒ ה  

│⁸ ⁸ ─ ⌐ ∆╢ ─╙∫√ ≢№∫≡⁸

≤⇔≡ ⌐ ⇔≡ ↕╣╢ ⅜ ™⁹ ─ ⅜ ⌐№╢ ⁸

≤ ┌╣╢⁹╕√⁸ ⌐ ⇔≡™ↄ≈⅛─ ⅜№╢ │

≤™℮⁹ 

   ≢ ↕╣√ │⁸ ≢│ V ╕√│ U ─ ⌐ ⅎ╢⁹ ⌐

─ ⌐ ⌂ ⌐ ∆╢⁹  

   2.1.7⅛╠ 2.1.10⌐ ⁸ ┘ ╩ ⇔√⁹  

 

ה 2.1.7 ─ ≤ 2.1.2 ─ J01─  

(a)  Ί ⌐ ┘╢ ⌂ ™ ─ ⅜№╡⁸ ≤ ↕╣╢ 

(b) ≢│ ⌂ ⅜ ↕╣√ 

(c) ─ ≤ ─  

(d) ─  

≢─ ─ │ 10.1m≢№∫√─⌐ ⇔⁸ ≢│ 9.6m≢№∫√⁹ 
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ה 2.1.8 ─ ≤ 2.1.2 ─ J02─  

(a)  Ί ⌐ ┘╢  

(b) ─  

(c) ─ ≤ ─  

(d) ─  

≢─ ─ │ 8.7m≢№∫√─⌐ ⇔⁸ ≢│ 6.6m≢№∫√⁹ 
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ה 2.1.9 ─ ≤ 2.1.2 ─ J03─  

(a)  ╒╓ ⌐ ┘╢ ⌂  

(b) ─  

(c) ─ ≤ ─  

(d) ─  

≢─ ─ │ 9.0m≢№∫√─⌐ ⇔⁸ ≢│ 7.8m≢№∫√⁹ 
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ה 2.1.10 ─ ≤ 2.1.2 ─ J04 ─ ⁹ 

(a)  ╒╓ ⌐ ┘╢ ⌂  

(b) ─  

(c) ─ ≤ ─  

(d) ─  

≢─ ─ │ 6.9m≢№∫√─⌐ ⇔⁸ ≢│ 6.0m≢№∫√⁹ 
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2.1.3 ─  

≤│⁸ ⅜ ⌐ ⇔√╙─╩™℮⁹⌂⅔⁸ ⅜ ⌐ ∆╢╙

─╩ ╗⁹ 

╛∕─ ⌐⅔™≡ ∆╢ ─ ╩ ℮⁹ ⌐⅔™≡⁸

⌐ ─ ≢ ⅜ ╠╣╢⁹ 

ᵑ  

ᵒ ╛ ה  

ᵓ ─  

ᵔ  

 ↓╣╠─ ⌐≈™≡∕─ ╩ ⇔⁸ ─ ≤∆╢⁹  

 ⌂⅔⁸ ∞↑≢│⌂ↄ⁸ ⅜ ⌐ ⇔≡™╢≤↕╣╢ ⌐≈™≡╙⁸

╩ ⇔≡⅔ↄ⁹  

 

 

2.1.11 ─  
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2.1.12 ─ 2.1.11 ─  

 

 

 

2.1.13 ─ 2.1.11 ─ 2  
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2.1.14 ─ 2.1.11 ─ 3  

 

 

2.1.15 ─ 2.1.11 ─ 4 ⁹ ≢ ⇔√≤↓╤ ∫≡™╢─│  
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2.1.4 ─ ─  

 ≢│⁸ ⇔√≤⅝│ ≢№∫√ ⅜∕─ ─ ⌐╟╡ ™≡™

╢↓≤⅜ ™⁹∕─ ⅝─ ╩ ∆╙─⅜ ה ≢№╢⁹ 

2.1.16 ⌐ ─ ה ╩ ⌐ ∆⁹ 

─ ≤ ≤─ ─ ┘≡™ↄ  

⌐ ∆╢ │ ╩ ⇔⁸∕─ ─₈ ₉≢№╢⁹ 

─ ה │⁸ ─ ⌐⅔™≡◒ꜞⱡⱷכ♃כ ☻ⱴכ♩ⱨ◊כfi≢

™╠╣╢◒ꜞⱡⱷכ♃כ─▪ⱪꜞ╙№╡⁸ ≢№╢ ╩ ™≡ ∆╢⁹ ה ─

╩ 2.1.17⌐ ∆⁹ 

─ ה ─ │♃כ♦ ─ ╣ ה ↑ ─ ⌐ ™╠╣╢√╘⁸

⌐♩כꜟ ╠╣╢ ≢≢⅝╢∞↑ ↄ ∆╢⁹ ⇔√ ─⧵╩♃כ♦─

≤ ╦∑≡ ∆╢⁹  

 

2.1.16 ─ ה ─  

 

2.1.17 ☻ⱴכ♩ⱨ◊כfi⌐╟╢ ה ─  

N30 E

50

N30 E

50

N60 W

NW
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2.2  

 ⌐⅔™≡⁸ ה ⁸ ה ─ ─

╩ ∆╢√╘⁸ ⌐ ≢⅝ ⅜ ⌂ ≤⇔≡ ╩ ∆╢⁹ 

─ ╩ 2.2.1 ⌐ ∆⁹ ╩ ™≢ ≤╖⌂∆ ≤

─ ─ ─ ╩ ∆╢↓≤⌐╟╡⁸ ─ ╩ ∆╢⁹ ⌐

─ ⅜ ∆╢ │⁸ ─ ≢ ∆╢⁹ 

 

 

2.2.1 ╩ ← ─  

 

 ₒ ─ ₓ 

45mmה  ⁸ ↕ 50cm ─ ╩ ≈ ∆╢ 

≢ꜘ◔◌ה  ╩ ⌐ ∟ ╖⁸ ─ ╩ ⅛╠ 10- 15cm ⌐∆╢⁹ ⅜ ╠⅛

™ │ ™ ╩ ∆╢ 2.2.2  

ה  ─ ⌐ ╩ ∟ ╖⁸ ─ ≤∆╢ 

ה  ⌐ ⌂≥╩≈↑⁸ ⌐ ↕∑⌂™╟℮⌐∆╢ 2.2.3  

ה  ─ ≤ ≤─ ╩ⱷ☺ꜗכ≢ ⇔⁸∕─ ╩ ≤⇔≡ ∆╢ 2.2.4  

 

  

 

 

 

 

 

 

2.2.2 ─          2.2.3 ↕╣√        2.2.4 ⱷ☺ꜗכ⌐╟╢

─ ─  
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2.3 ┘  

╩ ╗ │⁸ ≤∕─ ⅛╠ ∆╢ ─

╩ ∆╢╙─≢№╢⁹ │⁸ ─ ▬○fi─ ╩ ∆

≢№╡⁸ ⅜ ∆╢ ≢ ⅛╠ ∆╢▬○fi╩ ╡ ╗√╘⌐⁸ ─

─ ⅜ ↄ⌂╢ ╒⅛, 20138 ↓≤⅛╠⁸ ⅜ ⌐ ™

≢│⁸ ⇔√ ─ ⅜ ↕╣⁸ ⅜ ™≤ ↕╣╢⁹ 

─ │ ─ ╩ ™╢⁹ 2.3.1 ⌐ⱳכ♃Ⱪꜟ⌂

─ ╩ ∆⁹ ↕ 20cm⁸ ↕ 300g ≢ ∟ ⅝╛∆™ ≢№╢⁹ ₁⌂

⅜№╢⅜⁸10 15 ─╙─⅜ ≢№╢⁹ 

 

 

2.3.1 ⱳכ♃Ⱪꜟ  

  

─ ⁸ ⁸ ╩ ∆╢⁹  

 

 ─  

⌐╟╡⁸ ╩ ⇔√ ⌐⅔™≡ ⅜ ⇔≡™╢ ╩ ⇔⁸∕

─ ⌐ ⌂ ⅜№╢⅛╩ ∆╢⁹ 

 

 ─  

⌐ ╩№≡≡⁸ ─ ╩ ⇔ ╩ ∆╢⁹ ─

│ ╩ ⌐ ⇔≡ ⅜⌂™╟℮⌐ ∆╢⁹ 2.3.2 ⌐ ╩ ∆⁹  

 

 

 

 

 

 

2.3.2 ⌐⅔↑╢  

                                                   
8) ה   ה ה ה 2013 ─ ≤ ─ ⁸

₈ ⅛╠ ⌐⅔↑╢ ─ ≤ ─ ₉  
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 ─  

⌐ⱳכ♃Ⱪꜟ ─☿fi◘כ╩ ╣⁸ ⌐ ↕╣√

─ ╩ ∆╢⁹ ⅜ ↄ ⁸◗Ⱶ⌂≥⅜☿fi◘כ⌐ ↄ≤ ─ ⌐

╩ ╓∆√╘⁸ ╩ ⌐ ╣≡⅛╠ ∆╢⁹╕√⁸ │ ⁸

─ ⌐ ↕╣╢√╘ ⅜ ≢№╢⁹ 2.3.3⌐ ╩ ∆⁹  

 

 

2.3.3 ─  

 

─  

≤ ─ │⁸ ─ ≤ ≢⅝╢╟℮⌐ ⇔≡⅔ↄ⁹ 
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2.4  

 ─℮∟⁸ ꜝfi◒ A─ ╩ ⌐⁸ ─

╩ ⌐ ╩ ℮⁹ 

 ─ ⅜ ↕╣√ ⁹ 

 ─ 5 ─ ⁹ 

 ⌂⅔⁸ │ ─⅔∕╣╛ ™ ─ │ ─⅔∕╣⅜№╡⁸ ─

╩ ∆╢√╘⌐⁸ ⅜ ∫≡⅛╠ ∆╢╟℮⌐ ⅜ ≢№╢⁹  

 

≤⇔≡│⁸ ─╟℮⌂ ╩ ℮⁹ 

 ⌐⅔™≡ ⇔√ ─ ╩ ∆╢⁹ 

 ≢ ⇔√ ─ ╩ ∆╢⁹ 

 ╩ ℮⁹ 

 ∕─ ⇔™ ─ ╩ ∆╢ ⁹ 

  

─ │⁸ ─ ⅛╠ ─⸗♬♃ꜞfi◓┼ ∆╢⁹  

 ─ ⅜ ⇔√ ≢ ╠⅛⌂ ⅜ ╘╠╣╢ ⁹  

 ⇔™ ⅜ ≈⅛∫√ ⁹  
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3 ─⸗♬♃ꜞfi◓ 

─ ⌐⅔™≡ ⅜ ╘╠╣√ ⌐ ⇔⁸⸗♬♃ꜞfi◓╩ ℮⁹

≢ ⅜ ╘╠╣√ │⁸ ─ ⅜ ╕∫√≤ ↕╣╢√╘⁸

⌐⅔™≡ ─ ─ ╩ ∆╢↓≤╩ ≤⇔≡⁸

╩ ∆╢⁹╕√⁸ ─ ╩ ⇔⁸ ─ ╩

∆╢ ⅜ ╘╠╣√ │⁸GPS ╩ ∆╢⁹ ◙כ꜠─ ♃כ♦

⅜№╢ │∕─ ╩ ™⁸ ─ ╩ ∆╢⁹ 

 

3.1  

≤∆╢ ◙כ꜠⁸≡™⅔⌐ ⇔√ ⅜ ⌂╢ ≈─♦☺♃ꜟ

♃כ♦ DEM ╩ ™≡ ╩ ℮⁹2 ─ DEM⅛╠ ─ DEM╩ ↄ↓

≤⌐╟╡⁸ ─ ╩ ∆╢⁹ 

│⁸ ♁ⱨ♩►◄▪ ⅎ┌ ArcGIS⌂≥ ╩ כ♃☻ꜝ⁸™ ⇔≡ ℮⁹

│ 3.1.1⌐ ⇔√╟℮⌐⁸☿ꜟ─ ⅝ ≤⌂╢⁹ 

3.1.2 ⌐ ∆═╡≢ ∫√ ─ ╩ ∆⁹ 

 

 

3.1.1  

─ │☿ꜟ─ √≤ⅎ┌ ╩ ∆⁹ 

 

Input1 Input2

3 5 8 1 3 4

2 7 9 - 2 2 8

9 3 1 6 9 6

Output

2 2 4

0 5 1

3 -6 -5
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3.1.2 ─ ( ∆═╡⁸2001 - 2010 )  

│ ╩⁸ │ ╩∕╣∙╣ ∆⁹ 
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3.2  

 ⌐╟╢⸗♬♃ꜞfi◓│⁸ ⌐ ∂≡ ≤ ⌐ ↑╢⁹ ─ │

⅜ ⇔≡™╢⁹ ⌐╦√╡ ─ ╩ ⇔√™ │ GPS ╩ ℮⁹ 

 

3.2.1  

│⁸ ─ ≤⇔≡─ ה ⌂≥─ ─ ≤≤╙⌐

─ ╩ ⌐ ™╢⁹ 

⌐│⁸ ╩ ™╢╙─≤ ♦☺♃ꜟ ⅜№╢⁹ ─ ╩

⇔⁸ ⌐ ∆╢⁹ 

─ ╩ 3.2.1 ⌐ ∆ , 2013 9 ⁹ ─

⌐ ↕╣√ ⌂ ≈⌐ ╩≈↑╢ ─ ⌐▬fiⱣ ─♬♇

◔ꜟ ╩ ╢⁹ ─ ─ ⅜ ∆╢≤⁸ ─♪ꜝⱶ⅜ ⇔⁸

─◓ꜝⱨ⅜ ↕╣╢⁹ 

⌂⅔⁸ │ ⁸ ♪כ◌ꜞ⸗ⱷה ⁸ ◦☻♥ⱶ⁸ꜞ▪ꜟ

♃▬ⱶ ⌂≥ ₁⌂♃▬ⱪ⅜№╡⁸ ─ ⌐ ∂≡ ∆╢⁹ 

 

3.2.1 ─ , 2013  

 

  

─ ─ ╕√ ה ╩ ™≢⁸ ─

⌐ ∆╢⁹ ≢╙⁸ ה ╩ ╪≢⁸∕╣⌐ ⌐⌂╢

╟℮⌂ ≢ ∆╢⁹ 

3.2.2 ⌐ ─ ╩ ∆⁹  

                                                   
9) 2013 ∆═╡ , p.502 
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3.2.2 ─ , 2013  

 

─ ≢│⁸ ─ ⌐ ∆╢ ⅜№╢⁹ 

│⁸▬fiⱣ ─ ⌐ ⇔ ⌐ ™ ┼─ ⌐│╒≤╪≥ 

⅜⌂™⁹↓─√╘⁸ ⌐ ╩ ∆╢ │⁸▬fiⱣ ─

┘ ╩≢⅝╢∞↑ ⌐ ≠↑╢ ⅜№╢⁹ 

│ ∞↑≢│⌂ↄ⁸ ⁸ ⁸ ─ ╙ ↕╣╢ ⅜№╢⁹

↓─√╘⁸ ⌐⅔↑╢ ╩ ⇔≡ ∆╢ ⅜№╢⁹ 

 

  

─ ⌐ ↑⁸ ╩ ⇔⁸∕╣╩♪ꜝⱶ⌐ ⅝≈↑≡ ╘⁸

∕─≤⅝─ ⌐ ╦∑≡ Ɑfi╩☿♇♩≤⇔⁸ ╩ ∆╢⁹ ─ ↔≤

─ ≤ ≤─ ╩ ≤∆╢⁹ │⁸ ─ ≤∆╢⁹ 

  

─♃כ♦   

⁸│♃כ♦ Ί ≤⇔≡ ∆╢⁹ Ί ⌐│⁸ ⁸

╛ ─ ⌂≥─ ╩ ∆╢≤╟™⁹ 3.2.3 ⌐ ╩ ∆⁹ 
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3.2.3 ─ , 2010 10  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                   
10)  2010 6 ⁸8 ⌐╟╡ ⇔√ ∆═╡ , ∆═╡ , Vo.39, 

No.2, p89  
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3.2.2 GPS  

GPS ≤│⁸ ─ GPS ⅛╠ ∆╢ ╩ ⌐ ↕╣√ GPS

≢ ⇔⁸ ≤ ≤─ ╩ ∆╢↓≤⌐╟╡⁸ ─ ╩

∆╢↓≤╩™℮⁹ 

↓↓≢│⁸GPS ─ ⁸ ⌂≥─ ╩ ∆╢ , 2013

╟╡ ⁹ ─ ≢─ ⌐≈™≡│⁸ ─ ╛ ⅜ ₁

⌂↓≤ ⅛╠⁸ ─ ⌐≈™≡ ⌂ ⅜ ≢№╢⁹ 

GPS ─ │⁸ ⌐╟∫≡ ⌂╡⁸ ≢│±(5mm+1ppm× )mm⁸

│±(10mm+2ppm× )mm , 2006 11 ⁹ ⅎ┌ ⅜ 1000m─ ⁸ ≢

│±6mm⁸ ≢│±12mm≤⌂╢⁹GPS ⌐│ ⁸ ⁸ ⁸

⌂≥⅛╠ ↑╢ ⅜ ╕╣⅔╡⁸mm○כ♄כ─ ─ │ ≢№╢⅜⁸

╩ ⌐ ⇔ ℮ ⁸ ╩ ℮↓≤≢ ╩ ≢⅝╢

≤↕╣╢ , 2013 ⁹ 

 

 GPS ─  

GPS ─ ╩ 3.2.4 ⌐ ⇔√⁹ 

 ─ GPS ╕√│▪fi♥♫ ≤ ⅛╠ ↕╣√ ─ ⅛╠ ╩

⇔⁸ ─ │⁸3≈ ─ ⅛╠ ╩ ∆╢↓≤≢ ╕╢⁹ 

  

 

3.2.4 GPS ─ , 2013  

 

 

 

                                                   
11)  2006 ⌐ ≈ ∆═╡ , 7 ⁸ ≤ , ∆═╡ , Vol.43,No.2, 

pp.52- 56.  
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3.2.5⌐ GPS ─ ╩ ∆⁹  

GPSה │ ─ ™ ⌐ ∆╢ 

ה ─ ⌐ ⌐ ∆╢⁹ ⌐◖fi◒ꜞכ♩ ╩ ™╢⁹ ─

│⁸ ╩ ™╢ ╙№╢ 

ה ⌐ ╩ ⇔≡ ⌐ ∆╢⁹ ─ ↕│ 1- 2 ∞⅜⁸

╟╡ ⅜ 15 ↕╣╢ ↕╕≢ ┌∆↓≤⅜ ╕⇔™⁹√∞⇔⁸

⌐╟╢ ─ ⅜№╢√╘⁸ ┌⇔∆⅞⌂™╟℮⌐∆╢ 

GPSה ╩ꜞ♥♇ⱤⱠꜟ╛Ᵽכꜝכ♁─╘√─ ∆╢ 

ה │ ⌐ ∆╢ 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.5 GPS ─ ⁸ , 2013  

 

  

 

GPSה ─ Ⱳ♃fi╩ ∆ 

♃כ♦ה PC╛ⱷ⸗ꜞכ◌כ♪╩ ™╢  

 

ה ♁ⱨ♩╩ ™≡ ╩♃כ♦ ⌐ ⅎ╢ 

ה ⌐ ∂≡ ╩ ∆╢ 

 

♃כ♦   

3ה ♃כ♦ ⁸ ⁸ ↕ ╩ ∆╢ 

ה ≢ ╠╣√ ╕√│ ─ ─ ╩ ≤∆╢ 

ה ≤─ ╩ ∆╢ 

ה 3.2.6⁸ 3.2.7 ⁸ 3.2.8 ⁸ ╩ ∆╢ 

ה ⌐ ≠⅝ ⱬ◒♩ꜟ ╩ ∆╢ 3.2.9⁸ 3.2.10  
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3.2.6 GPS♦כ♃ ─ ∆═╡  

 

 

3.2.7 GPS♦כ♃ ─ ∆═╡  

 

 

3.2.8 GPS♦כ♃ ─ ∆═╡  
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3.2.9 GPS♦כ♃ ─ ⱬ◒♩ꜟ  

 

 

3.2.10 GPS ⱬ◒♩ꜟ ─ ∆═╡  
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