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1  │∂╘⌐ 

 26 ⌐≤╡╕≤╘╠╣√₈ ⱦ☺ꜛfi₉

⌐⅔™≡│⁸ ─ ≤⇔≡⁸₈ ה ╩כ◑ꜟⱠ◄ה ה ⌐

⌐ ↕∑╢ ─ ⌐ ∆╢₉↓≤⅜ →╠╣≡™╢⁹ ─ ⁸◄Ⱡ

כ◑ꜟ ─└∫ ≤™∫√ ─ ⅛╠⁸ ┼─ │ ─

≤⌂∫≡™╢⁹╕√⁸ ─ ∆╢◄Ⱡꜟ◑כⱳ♥fi◦ꜗꜟ╩ ∆╢↓≤≢⁸

─ ⌐╙ ∆╢ ⅜№╢⁹ 

 ─ │ ╩ ⇔≡ ⇔≡⅔╡⁸ ─ ≤ ═≡ │ ↄ⁸ │

ↄ⌂╢ ╩ ⇔≡™╢⁹↓─√╘⁸↓─ ◄Ⱡꜟ◑כ ╩ ╛

⌐ ∆╢↓≤⌐╟∫≡⁸ ⌂ ◄Ⱡה CO2╩ ╢↓≤⅜≢⅝╢⁹⇔⅛⇔⌂⅜

╠⁸↓╣╕≢ ─ │⁸ ─ ⱳ♥fi◦ꜗꜟ ⅜ ⅝™ ╛ⱳ

fiⱪ ─ ⅜ ≢№╡⁸↓╣╩ ∆╢ ─ ≤─ⱴ♇♅fi◓⅜

≢№∫√⁹∕╣⌐ ⇔≡⁸₈ ₉─ 23 ╛₈

─ ─ ⌐ ∆╢ ₉─ 24 ⌐╟∫≡⁸ ╩

∆╢√╘⌐ ⅜ ⅛╠ ╩ ≡ ╩ ∆╢↓≤⅜ ≤⌂

∫√⁹╕√⁸ ⌐ ╩ ∆╢ ─ ⌂≥⌐╟╡⁸ ™

⅛╠─ ⌐ ⅎ╠╣╢╟℮⌐⌂∫√⁹↓╣╠⌐╟╡⁸ ─ ⅜

⅜∫≡⅝≡™╢⁹ 

 ╩ ∆╢√╘⌐│⁸ ⌐ ╡ ╠↕╣√ ⌐⅔↑╢ ╩

⇔⁸ ─ ╩╕≤╘√ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ╩ ∆╢↓≤⅜ ≢

№╢⁹ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ│⁸ ─ ⌐ ─ ╛

╩ ⇔≡ ╩ ⁹╢⌂≥ꜟכ♠⁸╢∆ ─

≤ ⁸ ⁸ ⅜ ⇔≡ ╡╕≤╘╢↓≤≢⁸╕∟≠ↄ

╡─ ⅛╠ ─ ╩ ∆╢↓≤╛⁸ ⌐╟╢ ╛

─ ⌐ ╦∑√ ⅜ ↕╣╢↓≤╩ ⇔≡™╢⁹ 

⅝│⁸↓─ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ╛ ╩ ⇔√╙─≢

№╢⁹⌂⅔⁸ ⌐ ∆╢ ⁸ ⁸ ─ ╘ ⌐≈™

≡│⁸₈ ⱴ♬ꜙ▪ꜟ₉ ה ⁸ 27

≢ ╡╕≤╘≡⅔╡⁸↓╣╠≤ ∑≡ ⅝⅜ ↕╣⁸ ⅜ ↕

╣╢↓≤⌐╟∫≡⁸ ─ ≤ ⌂╕∟≠ↄ╡⅜ ∆╢↓≤╩

™⌐ ∆╢╙─≢№╢⁹ 
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1.1  ⱳ♥fi◦ꜗꜟⱴ♇ⱪ≤│ 

§1 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

 ⌐ √╡⁸ ה ⌐ ⌂ ⅜ ⇔≡™╢√╘⁸

⅜ ⌐ ╢╕≢⌐ ↄ─ ≤ ╩ ∆╢↓≤⅜ ≤⌂∫≡™╢⁹↓─√

╘⁸ ─ ≤⇔≡ ─ ╛ ╩ ⌐ ≢⅝╢₈

ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉─ ⅜ ≢№╢⁹ 

 

ₒ ₓ 

 ⅜ ⅝™ ⌐⅔™≡│⁸ ⅜ ⌐ ∆╢↓≤⅛╠⁸↓╣╩ ╛

─ ⌐ ∆╢↓≤≢⁸ ●☻ ─ ⌐ ⅝ↄ ≢⅝╢

╩ ⇔≡™╢⁹ 

⇔⅛⇔⌂⅜╠⁸ ⁸ ⱳ♥fi◦ꜗꜟ⌐ ∆╢ ⅜ ⌐ ↕╣≡™⌂™√

╘⁸ ─ ╩ ∆╢⌐№√∫≡│⁸ ⅜ ⌐ ⌂ ╩

⇔⌂↑╣┌⌂╠∏⁸ ⌐ ╢╕≢⌐ ≤ ⅜ ⅛╢↓≤⅜ ≤⌂∫≡™

╢⁹ 

╕√⁸ ─ ⅜ ↕™ ≢№∫≡╙⁸ ⅝⌂ ⱳ♥fi◦ꜗꜟ╩ ∆

╢ ⅜№╢↓≤⅛╠⁸ ⌐╟╢ ─ ─╖⌂╠∏⁸ ⱳ♥fi◦

ꜗꜟ╩ ∆╢↓≤≢⁸ ─ ⅜ ⅜╢⁹ 

↓╣╠─↓≤⅛╠⁸ ⌐⅔™≡⁸ ⱳ♥fi◦ꜗꜟ⌐ ∆╢

─ ≤⇔≡⁸ ─ ╛ ╩GIS Geographic I nformation System, 

◦☻♥ⱶ1 ≢ ⌐ ≢⅝╢₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉╩ ∆╢↓

≤⅜⁸ ─ ⌐ ≢№╢⁹ 

  

                                                   
1 ◖fiⱧꜙכ♃ ─ ⌐↕╕↨╕⌂ ╩ √∑⁸ ה ה ה ⇔⁸ ≢⅝╢╟

℮⌐ ה ╩╙∫√◦☻♥ⱶ⁹ 
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§2 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ≤  

 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ│⁸ ─ ⌐ ╢ⱪ꜡☿☻⌐№╦∑⁸

⌐ ≢⅝╢₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉≤⁸ ⌐ ≢⅝╢₈ ⱳ

♥fi◦ꜗꜟⱴ♇ⱪ₉⅜№╢⁹ 

 

ₒ ₓ 

─ ⌐ ╢ⱪ꜡☿☻│⁸ ⅝ↄ₈ ₉≤₈ ₉⌐

↕╣╢⁹∕╣∙╣─ ⌐ ⌂ ╩ ∆╢√╘⁸ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ│₈

ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉≤₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉⅜№╢  1- 1 ⁹ 

─ ⌐ ↑≡│⁸ ─ ─╖⌂╠∏⁸ ╩

∆╢ ⁸ ╛⁸ ╩ ∆╢ ≤─

⅜ ≤⌂╢⁹ⱳ♥fi◦ꜗꜟⱴ♇ⱪ╩↓╣╠─ ≤ ─ ≢ ⇔⁸↓╣╩

≤⇔≡⁸ ─ ╟╡ ⌂ ╩ ∆╢↓≤≢⁸ ⌂ ⅜

↕╣╢⁹ 

 

 ̧  

V ╕∟≠ↄ╡ ⌐⅔™≡ ◄Ⱡꜟ◑כ─ ⅜ ↕╣⁸∕─ ⌐

⅜ ≤⌂╡⁸ ─ ─ ╩ ℮ ≢№╢⁹ 

V ↓─ ≢│⁸ ה ꜠ⱬꜟ─ ⌂ ⌐⅔™≡⁸ ⌐ ⱳ

♥fi◦ꜗꜟ╩ ≢⅝╢₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉─ ⅜ ↕╣╢⁹ 

V ₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉─ ╛fi≤⇔≡│⁸♦▫ⱬ꜡♇Ɽכ◦

⅜⁸ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ≢ ⱳ♥fi◦ꜗꜟ ╩ ⇔⁸

─ ╛⁸ ⌂ ה ─ ⌂ ╩ ℮↓≤⌂≥⅜

↕╣╢⁹ 

V  

 ̧  

V ─ ⌐⅔™≡⁸ ─ FS ⱨ▫כ☺ⱦꜞ♥▫☻♃♦▫

╩ ⇔⁸ ╩ ∆╢ ⅜◦☻♥ⱶ ╛ ה

─ ╩ ℮ ≢№╢⁹ 

V ↓─ ≢│⁸ ─ ⌐⅔™≡╟╡ ה ⌂ⱳ♥fi◦ꜗꜟ╩ ≢
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⅝╢₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉─ ⅜ ↕╣╢⁹ 

V ⌂⅔⁸ ♃כ♦─ ≢│⁸₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉≢╙⁸

≢ ≢⅝╢⁹ 

V ₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉─ fi≤⇔≡│⁸כ◦ ⌐⅔™≡⁸

⅜ ⅜ ⌂™ ⌐⅔™≡╙ ⌂ ⅜ ⅎ╢⅛

⇔⁸ ─ ╩ ℮↓≤⌂≥⅜ ↕╣╢⁹ 

 

 1- 1 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ≤  

  

˗ ǵᾚЊ ș ȈȒǦȈƲ
̱ǓⅎḢɜɁɕș̸ Ǟǭ

ȅǨǬǖȑ ᷂Ḣ ˗ ǲׄǘǭƲ
̱Ǔ ɜɁɕș̸ Ǟǭ

˗ ӓɵ
֗ǲ Ȓ
ɕɫȹȷ

FS Ḩ ὕ

Â

Â

Â

Â

̔

Â

Â

Â

Â

Â

Â

Â

Â

˗ ӓ

ֺ ̱
ǿǵ᾽

FS᷂Ḣɵ˗ ӓ᷂Ḣǵ Ȇ ǲ ˗ ǵ ǲἭǵɅɶȽ Ǯ
ǲȉ ֯

ʤ ɛɄɱȵɡɩ ș֯ ӓǞǭ ǠȒǚǯǮƲ˗
ǵʤ ѫ ᾚЊ ș ȈȒƳ

Е̱ǵɕɫȶȥȭɆǲǑǘȒ ɵר ṑרǵὑ Ǳ

ȋὕ ș ǍǦȈǲⱳ Ǳ Ḹș ǠȒ
ѫ

̱ȋ ˗ ǓƲⅎḢɛɄɱȵɡɩɜɁɕǒȐᾚЊ֯ ḹ

ǵ ї♥Ʋǚȓǯ ǞǫǫɛɄɱȵɡɩș ǠȒƳ

̱ǓƲП ˗ ǲǫǋǭ ǒȐ șЏҹǠȒ ǲƲ

ɛɄɱȵɡɩɜɁɕș ǞƲɅȡɗɫɁɏ Ǔ ר ș ȅ

Ǐǭʤ ѫ ǵᾚЊ FS ș ǍƳ

ὕ ǲǑǋǭƲ ρ Ǔʤ ǓᾜǱǋ ₑǲ

Ǒǋǭȉὄὑ Ǳ Ǔ ǏȒǒ ǞƲ ρ ᶅǵ ὑș ǍƳ

̱Ǔ ˗ ǿʤ ɛɄɱȵɡɩɜɁɕǵ ș ǋ

˗ ǵʤ ѫ ᾚЊ ș͝ǠƳ

ɅȡɗɫɁɏȋ┴ ˗ ǓƲɛɄɱȵɡɩɜɁɕʣǮƲ ₳

᷈ɛɄɱȵɡɩ ș ǞƲѫ ֯ ḹ ǵ їȋƲѫ ֯ Ǳ

ρ ɵ ǵ Ǳ ș ǍƳ

ὑǜȓȒ
ѫ ȵɶɱ

ɵ ѵѩʤ Ʋ ѩʤ ↓Ʋ ѵѩɛɄɱȵɡɩ

ɵП ˗ Ǔ ȅȓȒ ὑ Ӣ

ɵ ₳᷈ʤ ɛɄɱȵɡɩ

ɵ ⁸ɵ᷂ḢɪɗɩǵⅎḢǱ ᶪ ы ӢӴ̬

ⅎḢ ǯ
ǵ ǋ
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1.2  ⅝─  

§1 ⅝─  

 ⅝≢│⁸ ─ⱳ♥fi◦ꜗꜟ╩ ה ꜠ⱬꜟ≢ ≢⅝╢₈ ⱳ♥

fi◦ꜗꜟⱴ♇ⱪ₉╩ ∆╢√╘─ ⌐≈™≡≤╡╕≤╘╢⁹₈ ⱳ♥fi◦ꜗꜟ

ⱴ♇ⱪ₉⌐│⁸ ─♃כ♦ ⌐╟╡₈ ₉≤₈ ₉⅜№╢⁹ 

 

ₒ ₓ 

⅝│₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉─ ⌐≈™≡≤╡╕≤╘√╙─≢№╢⁹

₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉│⁸ ≢ ↕╣≡™╢ ─ ♦

⁸♃כ ♃כ♦ ⁸ ⁸ ┘ ♃כ♦

⁸ ─ ⅜ ⅛╢ ♃כ♦ ┘ ♃כ♦ ╩ ™≡ ↕╣╢╙─

≢№╡⁸ ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ─ ♃כ♦

╟╡⁸ ─ ─ⱴfiⱱכꜟ⌐⅔↑╢ ─ ⱳ♥fi◦ꜗꜟ╩ ∆

╢⁹ 

√∞⇔⁸ ╛ ─ ╩ ™≡│⁸ ⅜ ↕╣

≡™⌂™ ╙ ↄ⁸ 22 ≢ ─ ∆╢ ₈5

₉╩ ⁹∕↓≢⁸ ⅝≢│⁸↓℮⇔√ ↑⌐

┘ ♃כ♦ ⁸ ╩ ™≡⁸ ─╖╩ ⌐

⌐ⱳ♥fi◦ꜗꜟ╩ ⇔⁸ⱷ♇◦ꜙ 20m×20m ⌐ ╕⅛⌂ⱳ♥fi◦ꜗꜟ╩

∆╢ ₈ ₉≤∆╢ ⌐≈™≡╙ ∆╢⁹ 

⌂⅔⁸ ─≤⅔╡⁸ ⌐⅔↑╢ FS ─ ╛ ─ ⌐

↕╣╢↓≤╩ ⇔√₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ₉⌐≈™≡│⁸₈ ⱳ♥fi◦ꜗꜟ

ⱴ♇ⱪ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ─ ⅝₉2015 ⁸

ה ⌐⅔™≡ ┘ ╩ ⇔≡™╢⁹

ⱴ♇ⱪ─ ╩  1- 1⌐ ∆⁹ 
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 1- 1 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

ⱴ♇ⱪ─  
ⱳ♥fi◦ꜗꜟⱴ♇ⱪ 

 

 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ 

 

 

  

ⱴ♇ⱪ ⌐

 ♃כ♦⌂

 ♃כ♦ ¶

♃כ♦ ¶

 

¶  

 ♃כ♦ ¶

 ♃כ♦ ¶

♃כ♦ ¶  

♃כ♦ ¶  

 ♃כ♦ ¶

¶ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ≢

╘√ ⱴfiⱱכꜟ─

⁸╕√│ ─№╢ⱴfiⱱכꜟ

≢─ ─  ♃כ♦

♃כ♦ ¶ ─╖  

 ♃כ♦ ¶

¶ ─№╢ⱴfiⱱכꜟ ≢

─ ─  ♃כ♦ ¶ ♃כ♦

¶ ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ

⌐⅔↑╢ ─  ♃כ♦

ⱳ♥fi◦ꜗꜟ

─  

⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ

─ ╩♃כ♦ ™≡ ╩ ⇔⁸

ⱳ♥fi◦ꜗꜟ╩  

↕╣√ ⌐⁸ ─ ⌐ ∆╢

─ ─ ⅛╠ ╘√ ⌐ ∆╢ ─ ─

╩ ∂≡ ─ ╩ ⁹ 

ⱴ♇ⱪ─

◄ꜞ▪ 

ה ꜠ⱬꜟ  ⅜ ╕╣╢  ⅜ ╕╣╢ ─℮

∟⁸ ─  

ⱳ♥fi◦ꜗꜟ

 

─ ≡─ ה

╩  

─℮∟ ─╖

│ⱷ♇◦ꜙ

≢  

─  ─ ─℮∟⁸ ─

 

ⱴ♇ⱪ─

 ꜟכ◔☻

─ ⱴfiⱱכꜟ⌐

⅔↑╢ ─

ⱳ♥fi◦ꜗꜟ 

ⱷ♇◦ꜙ ─ ─

ⱳ♥fi◦ꜗꜟ 

─ ⱴfiⱱכꜟ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ 

 



 

11 

ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ▬ⱷכ☺≤ ⌐╟╡ ⇔√ ─ ▬ⱷ

╣∙╣⧵╩☺כ  1- 2⁸  1- 3⌐ ∆⁹ 

⌂⅔⁸∕╣∙╣─ ⌐⅔™≡ ♃כ♦╢⌂≥ ┘ ⌂ ⌐≈™≡│⁸

₈2.2 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ₉⁸₈2.3 ⌂ⱴ♇ⱪ─

₉⌐≡ ∆⁹ 

 

 1- 2 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ▬ⱷכ☺  

 

 1- 3 ⌐╟╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ▬ⱷכ☺  
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1.3  ⅝─ ≤ ™  

§1 ⅝─ ≤ ™  

 ⅝│⁸₈│∂╘⌐₉⁸₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ₉⁸₈ ⱳ♥

fi◦ꜗꜟⱴ♇ⱪ─ ⌐ ⇔≡─ ₉⁸₈⸗♦ꜟ ⌐⅔↑╢ ⱳ♥fi◦ꜗ

ꜟⱴ♇ⱪ─ ₉⁸₈ ₉⅛╠ ↕╣╢⁹ 

 

ₒ ₓ 

 ⅝─ │ ─≤⅔╡≢№╢⁹ 

 

ₒ ⅝─ ₓ 

1 │∂╘⌐ 

V ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ─ ≤∕─ ה ⌐≈™≡

∆╢≤≤╙⌐⁸∕╣╩ ╕ⅎ√ ⅝─ ≤ ™ ⌐≈™≡ ∆╢⁹ 

2 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

V ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ─ ⌐≈™≡ ∆╢≤≤╙⌐⁸

⌂ ⌐≈™≡ ∆╢⁹ 

V ╕√⁸ ╛♃כ♦ ⅜♃כ♦ ↕╣≡™⌂™ ⌐⅔↑

╢⁸ ⌂ⱴ♇ⱪ ⌐≈™≡╙ ∆╢⁹ 

3 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ⌐ ⇔≡─  

V ⅝⌐ ≠⅝ ↕╣╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ⌐≈™≡⁸∕─

╛ ⁸ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ⅜ ↕╣╢ ⌐≈™

≡ ∆╢⁹ 

4 ⸗♦ꜟ ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

V ⸗♦ꜟ ≤⇔≡ ↕╣√ 3 ⁸ ⁸ ⌐⅔↑

╢⁸ⱴ♇ⱪ ─ ≤ ⌐≈™≡ ∆╢⁹ 

5  

V ≤⇔≡⁸ ─ ⌐⅔↑╢ ─ ≤

∕╣╩ ╕ⅎ√ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ─ ⌐≈™≡ ∆╢⁹ 

V ╕√⁸ ─ ⌐⅔↑╢ ─ ⌐≈™≡╙ ∆

╢⁹ 
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⌂⅔⁸ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ│ ⅜ ∆╢↓≤╩ ⇔≡™╢⅜⁸

⌐│ ╩ ∆╢√╘⁸ ⌐│ ┼ ∆╢↓≤⅜ ⅎ╠╣╢⁹

⌐⅔™≡│⁸╕∏₈1.1 §1ⱴ♇ⱪ ⌐ ♇1ⱴ§ ₉⁸₈1.1♃כ♦⌂

ⱪ ⌐ ≡™⅔⌐₉♃כ♦⌂ ╩♃כ♦⌂ ⇔⁸ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─

⌐≈™≡ ╩ ∆╢↓≤╩ ∆╢⁹ 

 

 

 1- 4 ₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ─ ⅝₉─ ↑ 

  

ṑ ɵᶮᶽ˧

˗ ǵɠɅɩ᷂ḢǲǑǘȒ
ɜɁɕ̸ ǵ ș ǟǭƲ
ɜɁɕ̸ ǵ ș
╠ǔǯǞǭ֝ȑȅǯȈ

˗

ɜɁɕǲḨǬǔ
¸FS᷂Ḣɵ˗ ӓ᷂Ḣǵ

Ȇ ǲ
¸ʤ ѫ ȵȷɄɞǵ
ᾚЊ ǵ ǲ

̱

╠ǔǲḨǬǔ
¸ᾐ ǲᾍǞǭ
ɜɁɕỖ ș̸

¸ɜɁɕ̸ ǲⱳ Ǳ
ɅɶȽǵ ρ

ᾐ

̱ǒȐ ͑ǜȓǦ
˿ ɵɅɶȽǲḨǬǔ
ɜɁɕǵ̸

╠ǔǵ ɜɁɕǵ

ɜɁɕǵ̸ șỖ
˿ ǵ Ʋ

ⱳ ǱɅɶȽǵ ͑

ᾐ ȻɓɆȤȥȠ ș
Ǟ̸ ǞǦɜɁɕ

ș ͑
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2  ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

2.1  ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ─  

§1 ⱳ♥fi◦ꜗꜟ─  

 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ≢ ∆╢ⱳ♥fi◦ꜗꜟ│⁸ ─ ╩ ϴ

↕∑╢╟℮ ⇔√ ⌐⅔↑╢ⱳ♥fi◦ꜗꜟ≤ ∆╢⁹√∞⇔⁸ ─

≢│⁸ ∏⇔╙ ╩ ϴ ↕∑╢╟℮ ∆╢╙─≢│⌂™⁹ 

  

ₒ ₓ 

ⱳ♥fi◦ꜗꜟ│⁸  1⌐ ∆≤⅔╡ ⌐ ≤ ╩ ∂╢↓≤≢

↕╣╢⁹ 

 

TGCQ NwN D³³= ĔĔ   1 

NQĔ  ⱴfiⱱכꜟMN ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ[MJ/ ] 

Cw [MJ/m3K] β  ╟╡⁸4.164[MJ/m3K]  

NGĔ  ⱴfiⱱכꜟMN ⌐⅔↑╢ [m3/ ] 

ᴅT [K]  β ⅝≢│ 5K≤  

NQĔ [MJ/ ] = 
NQĔ  / 24 [MJ/h] = 

NQĔ×1000 / 24 / 3600 [kW]([kJ/s]) 

β ₈JSME♥◐☻♩◦ꜞכ☼ ₉⁸  

⅝≢│⁸ ≤ ⌐≈™≡ ─≤⅔╡ ∆╢⁹ 

 

ᵑ GN─  

ⱴfiⱱכꜟ MN ⌐⅔↑╢ ≤ ⇔⁸ ⁸

ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ⌐⅔↑╢ ─ ╠⅛♃כ♦ ∆╢⁹

─ ⌐≈™≡│₈2.2 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ₉⁸₈2.3 

⌂ⱴ♇ⱪ─ ₉⌐ ∆⁹ 

─ ≢│⁸ ∏⇔╙ ⅜ ↕╣╢╙─≢│⌂™⅜⁸ ≢⅝
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╢ ─ⱳ♥fi◦ꜗꜟ╩ ∆ ≢⁸ ≤∆╢⁹⌂⅔⁸ │⁸

─ ╩∕─ ─ ≢ ⇔√╙─≤∆╢⁹ 

 

ᵒ ᴅT─  

ⱴfiⱱכꜟMN ⌐⅔↑╢₈ ≢─ ─ ₉≤ ⇔⁸

⌐⅔↑╢ ⌂ ≤⇔≡ ϴ [◔ꜟⱦfi] ≤ ∆╢⁹ 

√∞⇔⁸ ─ ⌐⅔™≡│⁸ ─ ⌐╟∫≡ ≢─

│ ⌂╢╙─≢№╡⁸ ∏⇔╙ ϴ─ ≢ ∆╢╙─≢│⌂™⁹ 
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§2 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  ꜟכ◔☻

ⱳ♥fi◦ꜗꜟⱴ♇ⱪ│⁸ ⁸ ⌐⅔↑╢ ─

ⱳ♥fi◦ꜗꜟ╩ ה ∆╢⁹ 

 

ₒ ₓ 

 ⅝─ ≤∆╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ≢│⁸ ה ⌐⅔↑╢

─ ⱳ♥fi◦ꜗꜟ╩ ∆╢⁹ ⌐⁸ │ ⁸ │

≢№╢⅜⁸ ה ─ ⌐╟╡ ∆╢⁹ 

⌂⅔⁸ ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ⌐⅔™≡⁸

⅜ ⌐ ↕╣≡™╢ │⁸ ⱴfiⱱכꜟ ⌐⅔↑╢ ╩

⌐ ∆╢↓≤⅜≢⅝╢√╘⁸ⱳ♥fi◦ꜗꜟ╙ ⌐ ∆╢↓≤⅜ ≤⌂╢⁹

⌐⅔™≡│⁸ ─ⱳ♥fi◦ꜗꜟ ⅜ ≤⌂╢√╘⁸ ⱳ♥fi◦ꜗꜟ

ⱴ♇ⱪ⌐⅔™≡╙⁸ ⌐ ∆╢ ⅜ ╕⇔™⁹ 
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ₒ  ⱳ♥fi◦ꜗꜟ─ ₓ 

╩ ≤⇔√ ─ ─ ≤ ╩ ⌐

∆⁹ 

│ ─ ⌐ ⇔≡ ±10%─ ⌐№╡⁸ ⅜

↕™⁹╕√⁸ ─ ⌐ ⅝⌂ │ ╠╣∏⁸ ⅜ ↕™↓≤⅜

⅛╢⁹ 

↓╣╟╡⁸ ⅝⌐ ∆≤⅔╡⁸ ה ─ ⱳ♥fi◦ꜗꜟ

╩ ∆╢↓≤≢⁸ ╩ ∂√ ╕⅛⌂ⱳ♥fi◦ꜗꜟ╩ ∆╢↓≤⅜≢⅝╢≤

ⅎ╠╣╢⁹ 

 

 2- 1 ⌐⅔↑╢ ─  

╠₈ ⌐⅔↑╢ ה ─√╘─ ה ─ ₉ ה

No.202, 2014 1  

 

  

3 4 5 6 7 8 9 10 11 12 1 2

3 499 465 691 742 579 887 774 757 712 521 1177 566

7 251 460 1007 906 724 870 1588 1205 1042 476 1405 711

8 1779 942 1213 2460 1282 1827 2193 1927 1913 2944 2669 2099

3 12734 11876 12140 15338 14615 15119 15829 14787 15304 14104 13510 14311

7 17018 17044 17815 20570 19814 19296 20166 18885 19976 20450 19677 19893

8 23296 23052 23226 24795 24919 23520 25137 22862 22851 24233 23305 24177

0

5,000

10,000

15,000

20,000

25,000

30,000

[m
3
/

]

( )

3 7 8

3 7 8

3 1.39×104[m3/ ]

7 1.90×104[m3/ ]

8 2.36×104[m3/ ]
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§3 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ │⁸ ╩ ≤⇔⁸ ⌐

╕╣╢ ה ╩ ≤∆╢⁹ 

 

ₒ ₓ 

 §1⌐ ⇔√≤⅔╡⁸ⱳ♥fi◦ꜗꜟ╩⁸ ⁸ⱳfiⱪ ⁸ⱴfi

ⱱכꜟⱳfiⱪ ⌐⅔↑╢ ─ ╡╟♃כ♦ ∆╢√╘⁸ ⱳ♥fi◦ꜗꜟ

ⱴ♇ⱪ─ ◄ꜞ▪│ ╩ ≤∆╢⁹ 

 ⌐│ ⌂ ⅜ ≢№╢√╘⁸ ⌐ ⅜ ≢⅝╢

≤ ╩ ≤∆╢ ₈ ₉⌐⅔™≡│ ─╖⅜ ⁹⌂⅔⁸

⌐⅔↑╢ ─ ⌐≈™≡│₈3.2 ⱳ♥fi◦ꜗꜟ─ ₉≢ ∆╢⁹ 

╕√⁸ ⌐│ⱴfiⱱכꜟ╟╡ ┼≤▪◒☿☻∆╢↓≤⅜ ↕╣

╢↓≤⅛╠⁸ⱳ♥fi◦ꜗꜟ─ │ⱴfiⱱכꜟ ⌐ ℮╙─≤∆╢⁹√∞⇔⁸ⱴfiⱱכ

ꜟ⅜ ↕╣≡™⌂™ ╛ ⌐≈™≡╙⁸ⱳ♥fi◦ꜗꜟ⅜ ™≤ ↕╣╢

↓≤⅛╠⁸ ⅝⌐╟╢ ≤ ⌐ⱳ♥fi◦ꜗꜟ╩ ⇔⁸ⱳ♥fi◦ꜗꜟⱴ♇ⱪ⌐

∆╢≤╟╡ ≢№╢⁹  
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2.2  ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

§1 ⱴ♇ⱪ ⌐  ♃כ♦⌂

 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ╩ ∆╢√╘⌐│⁸ ⁸♃כ♦ ♦

⁸♃כ ♃כ♦ ┘ ─ ⁸ⱳfiⱪ ⁸ⱴfiⱱכ

ꜟⱳfiⱪ ⌐⅔↑╢ ⅜♃כ♦ ≤⌂╢⁹ 

 ⌂⅔⁸ ⁸♃כ♦ ⅜♃כ♦ ↕╣≡™⌂™ │⁸₈

₉⌐╟╢ⱴ♇ⱪ⅜ ≢⅝╢⁹ 

  

ₒ ₓ 

 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ⌐№√╡⁸ ╩♃כ♦⌂  2- 1⌐ ∆⁹ 

ⱳ♥fi◦ꜗꜟⱴ♇ⱪ╩ ∆╢√╘⌐│⁸ ─ ♃כ♦ DM ♦▫☺

◓ⱴ♇Ⱨfiהꜟ♃ 2 ꜟ▬□ⱪⱨכ▼◦│ 3 ⅜ ≤⌂╢⁹⌂⅔⁸ ─♃כ♦

ⱨ□▬ꜟ ⅜SXF Scadec data eXchange Format 4⁸DXF Drawing Exchange 

Format 5⁸TIFF Tagged Image File Format 6 ≢№╡⁸ ⇔⅛⌂™

⌐│⁸ⱴ♇ⱪ ⌐ ∆╢↓≤⅜ ≢№╢√╘⁸ ─ ╩

⇔√ ⌂ⱴ♇ⱪ─ ₈2.3 ⌂ⱴ♇ⱪ─ ₉ ╩ ↕╣

√™⁹ 

╕√⁸ ⅝≢ ∆ ≢│⁸ⱳ♥fi◦ꜗꜟ─ ⌐ ™╢ ⌐≈™≡⁸

⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ⌐⅔↑╢ ⁸╡╟♃כ♦

ⱴfiⱱכꜟ⅜ ↑ ≈ ╩ ™≡ ∆╢√╘⁸ ─ ♦

♃כ ┘ ╙♃כ♦ ≤⌂╢⁹ 

∕─ ⌐⁸ⱴ♇ⱪ─ ≤⇔≡ ∆╢ ♃כ♦ ♃כ♦ ┘ ה

─ ⅜ ≢⅝╢ ♃כ♦ ⅜ ≤⌂╢⁹ 

  

                                                   
2 ⌐╟╡⁸ ה ⌐ ╦╢ ╩♦☺♃ꜟ ≢ ⇔⁸ ⌐╟

╡⁸ ⌐ ↕╣√ ⁹ 
3 ⌂╢ GIS ◦☻♥ⱶ ─♃כ♦─≢ ⌐ ↕╣╢ⱨ□▬ꜟ ⁹ⱨ□▬ꜟ─

⅜₈.shp₉≢№╢⁹ 
4 ⌂╢ CAD♁ⱨ♩►▼▪ ⌐╡≥╡╛─♃כ♦≢ ↕╣╢ ⱨ□▬ꜟ ⁹ 
5 CAD♁ⱨ♩►▼▪≢ ⇔√ ─ⱨ□▬ꜟ ─ ⁹ 
ꜟ▬□ⱨ─♃כ♦ 6 ─ ⁹ 
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 2- 1 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ⌐  ♃כ♦⌂

♃כ♦   

 ♃כ♦

DM♦▫☺♃ ◓ⱴ♇Ⱨfiהꜟ

ꜟ▬□ⱪⱨכ▼◦│  

ᵑ  

Ö ⁸  

Ö ⱴfiⱱכꜟ ⁸  

Ö ┼─   

ᵒ  

Ö הⱴfiⱱכꜟ ⁸  

Ö ╣─  

Ö ⌂≥─   

β ╣─ ⅜⌂™ │⁸ ⅜  

Ö  

Ö ⅛╠─ ↕ │  

 ♃כ♦
Ö ⁸  

Ö ─  

 ♃כ♦

Ö ♦כ♃ ⁸ ─ ⅜ ⅛╢╙

─  

Ö ♦כ♃ 

 ♃כ♦

Ö ─ ⁸ⱳfiⱪ

─ │ ⌐⅔↑╢

⌐⅔↑╢ │
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ₒ  ₓ♃כ♦

│≥♃כ♦  ⌐ ┘ⱴfiⱱכꜟ─ ≤ ⅜ ⁸╡№≢♃כ♦√╣↕ ⅝≢│ DM

◓ⱴ♇Ⱨfiהꜟ♃☺▫♦ ꜟ▬□ⱪⱨכ▼◦│ ≢ ↕╣√╙─╩ ∆⁹ 

≤⇔≡⁸ ⌐⅔↑╢ ♃כ♦ 1/10,000 ╩ ∆⁹ 

 

1/10,000
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ₒ  ₓ♃כ♦

⁸│≥♃כ♦  ⌐ ≤ ⅜ ⁸╡№≢♃כ♦√╣↕ ─ ⅜ ≢⅝╢╙─╩ ∆⁹

─ ╟╡ ≢№╢⁹ ≤⇔≡⁸ ⌐⅔↑╢ ♃כ♦ 1/10,000 ╩ ∆⁹ 

 

1/10,000
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ₒ  ₓ♃כ♦

⁸│≥♃כ♦  ⌐♃כ♦ ⁸ ─ ⅜ ≢⅝╢ ╩♃כ♦ ⌡ ╦∑√╙─╩ ⇔⁸ ⱳ♥fi◦ꜗꜟ

ⱴ♇ⱪ─ ⌐⅔™≡│ ≤⇔≡ ∆╢⁹ ─ ╟╡ ≢№╢⁹ 

≤⇔≡⁸ ⌐⅔↑╢ ♃כ♦ 1/10,000 ╩ ∆⁹ 

 

1/10,000
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§2 ⱳ♥fi◦ꜗꜟ ≤∆╢  

 ⅜ ↕™ ╙ ⅝⌂ⱳ♥fi◦ꜗꜟ╩ ∆╢ ⅜№╢√╘⁸ ─╖

⌂╠∏⁸ ─ ╙ ╘≡ⱳ♥fi◦ꜗꜟ╩ ∆╢↓≤╩ ≤∆╢⁹ 

 

ₒ ₓ 

⅜ ↕™ ╙ ⅝⌂ⱳ♥fi◦ꜗꜟ╩ ∆╢ ⅜№╢√╘⁸ ─╖⌂

╠∏⁸ ─ ╙ ╘≡ⱳ♥fi◦ꜗꜟ╩ ∆╢↓≤╩ ≤∆╢⁹ 

 

ₒ  ≤ ⱳ♥fi◦ꜗꜟ─ ₓ 

 ⌐⅔↑╢ ≤ ⱳ♥fi◦ꜗꜟ─ ⌐ ∆╢ ╩

⌐ ∆⁹ 

 ↕™ ≢№∫≡╙⁸ ™ ⱳ♥fi◦ꜗꜟ╩ ∆╢ ⅜ ∆╢↓≤⅜

⅛╢⁹ 

 

◄Ⱡꜟ◑הכ NEDO─ ₈ ⌐⅔↑╢

╩ ⇔√ ה ₉⌐⅔↑╢ ╡╟♃כ♦  

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

1,800,000

2,000,000

0 500 1000 1500 2000 2500 3000 3500 4000

(M
J/

)

(mm)
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§3 ⱴ♇ⱪ ─  

 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ─ⱪ꜡☿☻│⁸₈(1) ♦כ♃─ ה ₉⁸₈(2) 

ⱳ♥fi◦ꜗꜟ─ ₉⁸₈(3) ┼─ ₉─ ⅛╠⌂╢⁹ 

 

ₒ ₓ 

 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ─ⱪ꜡☿☻│  2- 2⌐ ∆≤⅔╡⁸ ⅝ↄ ↑≡₈(1)  

─♃כ♦ ה ₉⁸₈(2)  ⱳ♥fi◦ꜗꜟ─ ₉⁸₈(3)  ┼─ ₉─

⅛╠⌂╢⁹ ☻♥♇ⱪ⌐≈™≡ ∆╢⁹ 

 

 

 2- 2 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ⱪ꜡☿☻─ⱨ꜡כ 

Step3
᷂ᶫ Ḹǿǵ

ֻ

ɛɄɱȵɡɩ Ḹǵ᷂ᶫ Ḹǿǵ ֻ ɜɁɕǿǵ

ɛɄɱȵɡɩ
ɅɶȽɗɶȷ

᷂ᶫ Ḹ
ɅɶȽɗɶȷ

ֻ

GISɂɶɩ

Step1
ɅɶȽǵ
̸ ɵ

┴ ǯɜɱəɶɩǵ Ḹǵ
̸ ɵ

Fm ֺɜɱəɶɩǓ֞ǘ ǫ┴ ├⅛ [m2]

ʤ ְₓ
ἧɅɶȽ

┴
ɅɶȽ

⁸
ɅɶȽ

GISɂɶɩ

̸ ɵ

ᾍ ы ӢḢКǵ
ǲǑǘȒʤ ɅɶȽǵ

GL ǲǑǘȒ
₳᷈ὕ ʤ [m3/ ]

0

2,000,000

4,000,000

6,000,000

8,000,000

10,000,000

12,000,000

0

5

10

15

20

25

4 5 6 7 8 9 10 11 12 1 2 3

[ϴ
]

[m
3
/

]

[ϴ]

[ / ]

ἳ ѩ ẃἳɵгἳ ֕Ƕ ѩǵ
ẏ ₳᷈ʤ

Step2
ɛɄɱȵɡɩ
ǵ ї

ֺɜɱəɶɩǲǑǘȒʤ

ä

ä

=

=³=
L

m

m

N

m

m

LN

F

F

GG

1

1Ĕ
GL

Fm

N

L

ʤ ǵ ї╛

ὑ ǲǑǘȒ ₳᷈ ὑʤ [m3/ ]

ǲǑǘȒ ₳᷈ὕ ʤ [m3/ ]

ֺɜɱəɶɩǓ֞ǘ ǫ┴ ├⅛ [m2]

ὑ ǵ ḢКǵɜɱəɶɩ
ǵ ḢКǵɜɱəɶɩ

NGĔ

^

ֺɜɱəɶɩǲǑǘȒʤ ɛɄɱȵɡɩ

Cw

ȹT

ʤ ɛɄɱȵɡɩǵ ї╛

ὑ ǲǑǘȒ ₳᷈ʤ ɛɄɱȵɡɩ[MJ/ ]

ὦ [MJ/m3ɵK]

ὑ ǲǑǘȒ ₳᷈ ὑʤ [m3/ ]

ʤ ѫ ↓⁪[K] ╠ǔǮǶ5Kǯ ὑ

TGCQ NwN D³³= ĔĔ
NQĔ

NGĔ
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─♃כ♦ (1) ה  

1 ─ ⌐⅔↑╢ ─♃כ♦  

 ̧ ─ ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ⌐⅔

↑╢ ─ ⁸╡╟♃כ♦ ה ─ GL╩

∆╢⁹ 

 ̧ ⌂⅔⁸ ─ ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ

⌐⅔™≡⁸ ⅜ ⌐ ↕╣≡™╢ │⁸ⱳ♥fi◦ꜗꜟ╩ ⌐

∆╢↓≤╙ ≢№╢⁹ 

 

2 ⱴfiⱱכꜟ≤ ─ ─ ה  

ᵑ GIS♠כ♦─┼ꜟכ♃─  

 ̧ ⁸♃כ♦ ⁸♃כ♦ ⌐ꜟכ♠GIS╩♃כ♦ ╡

╖⁸ ∆╢  2- 3 ⁹ 

 

 

 2- ⁸♃כ♦ 3 ⁸♃כ♦  ─┼ꜟכ♠GIS─♃כ♦

╡ ╖  

GISɂɶɩ

ʤ ְₓ ἧɅɶȽ

┴ ɅɶȽ

⁸ ɅɶȽ

ֻ
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ᵒ ≤ⱴfiⱱכꜟ─  

 ̧ ─ ╩ ⇔⁸ ⅜ ╙ ™ⱴfiⱱכꜟ⌐ ∆╢╟℮⌐

∆╢  2- 4 ⁹↓─ ⁸ ∏⇔╙ ─ⱴfiⱱכꜟ≤─ ≤ ∆╢

│⌂™⁹ 

 

 2- 4 ≤ⱴfiⱱכꜟ─  

ᵓ ⱴfiⱱכꜟ⅜ ↑ ≈ ─ ─  

 ̧ ≤ⱴfiⱱכꜟ─ ה ⅛╠⁸ ⁸ⱳfiⱪ

⁸ⱴfiⱱכꜟⱳfiⱪ ─ ⅛╠─ ╣ ╩ ⇔⁸ ─ ─

ⱴfiⱱכꜟ Mm⅜ ↑ ≈ ─ Fm╩ ∆╢  2- 5 ⁹ 

 ̧ ⌐│⁸ ⅛╠ ↕╣╢ │⁸ ∂ ─ ≢№∫≡

╙⁸ ─ ⌐ ∂≡ ⌂╢⁹∕─√╘⁸ ─ ⅜№╢ ⌐│⁸

─√╘⌐⁸ ─ ─ⱴfiⱱכꜟ Mm⅜ ↑ ≈

─ ╩ ∆╢ ⌐⁸  2⌐╟╡⁸ ─ ⌐⁸ ⌐ ∂√

╩ ∂√ Fôm╩ ∆╢↓≤⅜ ╕⇔™⁹ 

 

 2- 5 ≤ⱴfiⱱכꜟ─ ─  

L3

L2 L1

L4

ɜɱəɶɩ

ʤ ǵ ȓ

┴

┴ ǯֺɜɱəɶɩǵ Ⱳ ș ǞƲ
ȉ ǋɜɱəɶɩǲ ιǠȒȏǍǲὑ ǠȒƳ

Ⱳ

ʤ ы ḹ

ֺɜɱəɶɩǲ֞ǘ ǫ
ḢК┴ ├⅛ [m2]

ֺɜɱəɶɩǓ֞ǘ ǫ
┴ ├⅛ [m2]

mF

ɜɱəɶɩ

ʤ ǵ ȓ

┴



 

28 

⁷⁷⁷⁷⁷⁷

⁷

aaa

aaa

,,,

,,,

mmm

mmmm

FFF

FFFF

+++

++=¡
  2 

Fôm ⱴfiⱱכꜟ Mm⅜ ↑ ≈ ╩ ∂√

[m3] 

Fm, ⱴfiⱱכꜟMm⅜ ↑ ≈ ─ [m3] 

Fm, ⱴfiⱱכꜟMm⅜ ↑ ≈ ─ [m3] 

Fm, ⱴfiⱱכꜟMm⅜ ↑ ≈ ─ [m3] 

Fm, ⱴfiⱱכꜟMm⅜ ↑ ≈ ─ [m3] 

Fm, ⱴfiⱱכꜟMm⅜ ↑ ≈ ─ [m3] 

Fm, ⱴfiⱱכꜟMm⅜ ↑ ≈∕─ ─ [m3] 

ɖ ─ [-] 

ɖ ─ [-] 

ɖ ─ [-] 

ɖ ─ [-] 

ɖ ─ [-] 

ɖ ∕─ ─ [-] 

 

ₒ  ╩ ™√ ─ ₓ 

─ ─√╘⌐⁸ ─ ─ⱴfiⱱכꜟ Mm⅜ ↑ ≈

─ Fm╩ ∆╢ ⌐ ∂╢ ≤⇔≡⁸ ⌐╙ ∆

╢ ─ ⅜ ≢№╢⁹ ≤╖⌂⇔⁸ ⌐

∂⁸ ⌐⁸ ─╟℮⌂ ╩ 1≤⇔√ ─ ─ ╩

∂≡⁸ ⇔√ ╩ ∆╢  2 ⁹↓╣⌐╟╡⁸

≤ ─ ⌂™ ─ ╩ ↕ↄ ⅎ╢↓≤⅜≢⅝╢≤ ⅎ╠╣

╢⁹ 

⌂⅔⁸ ─ │ ─ ⌐╟╢ ╛ ⅜

∆╢ ─ ╩ ⇔≡╙ ™⁹∕─ ⁸ ⅜ ≤ ⌂╢

│⁸ ∆╢ ─ ⌐ ╦∑≡ ╩ ∆╢⁹√∞

⇔⁸∕─ ⌐│⁸ ≥♃כ♦ ⇔≡ ╩ ∆╢ ⅜№╢⁹

─ ⌐≈™≡│⁸₈ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ

─ ⅝₉─₈3.1 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ₉─ ╩ ↕╣√™⁹ 

╕√ ≤⇔≡⁸ ─ ⌐╟╢ ⌐≈™≡│₈ ⱳ♥fi◦ꜗ

ꜟⱴ♇ⱪ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ─ ⅝₉─₈5 ₉⌐ ⇔≡™

╢√╘ ↕╣√™⁹ 
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 ╩ ™√ ─▬ⱷכ☺ 

 

β1 ה ה  4 ( 14 ), 22 2 28

,p108 │₈ ₉⁸ │₈ ה ₉⁸ │₈ⱱ♥ꜟ₉─ ╩

⁹ ⌐ ⇔≡│⁸₈ ⁸ ⁸ ⁸♦Ɽכ☻⁸♩כⱤכⱴ⁸♩♇◔כ ⁸

⁸ ⁸ ₉─ ─ ╩ ⁹  

  

͈ ֻ ̮ὁ ҵ ᵀ ὧ ӣ Ǥǵ̀

ѩ
├⅛

21,000m 2

100%
2,000m 2

13.3%
6,000m 2

40.0%
4,000m 2

26.7%
3,000m 2

20.0%
5,000m 2

20.0%
1,000m 2

20.0%

ʣ ̓
ԍӴ̬Ħ0

(L/m 2 )
-

10.80 8.05 50.96 24.20 22.40 8.85

̮ὁԍӴ̬ș1ǯ
ǞǦḹֻǵԍӴ
̬ǵ

- 1 0.75 4.72 2.24 2.07 0.82

♥ǵ
ѩ├⅛

Ħ ₳᷈ ǵ
ǲѫ

43,258m 2 2,000m 2 4,472m 2 18,874m 2 6,722m 2 10,370m 2 820m 2

♥ǵ
├⅛ - 6.2% 13.9% 58.9% 21.0% 32.3% 2.6%
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(2) ⱳ♥fi◦ꜗꜟ─  

1 ⱴfiⱱכꜟ⌐⅔↑╢  

 ̧ ≢ ⇔√ ⱴfiⱱכꜟ Mm⅜ ↑ ≈ ─ Fm ┘

⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ⌐⅔↑╢ GL

╩ ™≡⁸  3╟╡ ⱴfiⱱכꜟ MN ⌐⅔↑╢
NGĔ╩

∆╢  2- 6 ⁹ 

 

ä

ä

=

=³=
L

m

m

N

m

m

LN

F

F

GG

1

1Ĕ   3 

NGĔ  ⱴfiⱱכꜟMN ⌐⅔↑╢ [m3/ ] 

GL ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ⌐⅔↑╢

[m3/ ] 

Fm ⱴfiⱱכꜟMm⅜ ↑ ≈ [m2] 

N ⱴfiⱱכꜟMN ─ ─ⱴfiⱱכꜟ  

L ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ─ ─ⱴ

fiⱱכꜟ  

 

 2- 6 ⱴfiⱱכꜟ⌐⅔↑╢ ─  

ὑ
m=N

m=2

m=1

m=L-1

GL ǲǑǘȒ
₳᷈ὕ ʤ [m3/ ]

ֺɜɱəɶɩǓ֞ǘ ǫ
┴ ├⅛ [m2]

mF

ὑ Ǔ֞ǘ ǫ Ḣ [m2]

ä
=

N

m

mF
1

Ǔ֞ǘ ǫ Ḣ [m2]

ä
=

L

m

mF
1

ὑ ǲǑǘȒ ₳᷈ ὑʤ [m3/ ]

ä

ä

=

=³=
L

m

m

N

m

m

LN

F

F

GG

1

1Ĕ

L: ǵ ḢКǵɜɱəɶɩ

ʤ ы ḹ

m=L
ɜɱəɶɩ

ʤ ǵ ȓ

┴
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2 ⱴfiⱱכꜟ⌐⅔↑╢ⱳ♥fi◦ꜗꜟ  

 ̧ ⇔√
NGĔ╩⁸  4⌐ ∆╢↓≤≢ ⱴfiⱱכꜟ MN ⌐⅔

↑╢⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ
NQĔ╩ ∆╢⁹ 

 

TGCQ NwN D³³= ĔĔ   4  

NQĔ  ⱴfiⱱכꜟMN ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ[MJ/ ] 

Cw [MJ/m3K] β  ╟╡⁸4.164[MJ/m3K]  

NGĔ  ⱴfiⱱכꜟMN ⌐⅔↑╢ [m3/ ] 

ᴅT  [K]  β ⅝≢│ 5K ≤  

 

 

(3) ┼─  

 ̧ 2.2 (2) ≢ ⇔√ ⱴfiⱱכꜟ⌐⅔↑╢ⱳ♥fi◦ꜗꜟ ⌐☻כⱬ♃כ♦╩

⇔⁸ ≥☻כⱬ♃כ♦─ ∆╢↓≤≢⁸GIS♠כꜟ ≢ ∆╢⁹ 

 

 

 2- 7 ⱴ♇ⱪ┼─ⱳ♥fi◦ꜗꜟ ─  

 

ɜɱəɶɩǲɛɄɱȵɡɩ
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2.3  ⌂ⱴ♇ⱪ─  

§1 ⱴ♇ⱪ ⌐  ♃כ♦⌂

╛♃כ♦ ⅜♃כ♦ ↕╣≡™⌂™ ╩ ⇔√

≢│⁸ ⌐ ⁸ ╩♃כ♦ ™╢⁹⌂⅔⁸ ♦

♃כ ┘ ─ ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ⌐⅔

↑╢ ≥ ⁸2.2│≡™≈⌐♃כ♦ ⌐ ≤⌂╢⁹ 

 

ₒ ₓ 

╛♃כ♦ ⅜♃כ♦ ↕╣≡™⌂™ ⌐⅔™≡⁸ ⌐

ⱳ♥fi◦ꜗꜟⱴ♇ⱪ╩ ∆╢ ╩ ∆⁹ 

≢ ∆╢ ⌐ ╩♃כ♦╢⌂≥  2- 2 ⌐ ∆⁹ ♃כ♦ ┘

─ ⁸ⱳfiⱪ ⌐⅔↑╢ ⁸│≡™≈⌐♃כ♦

₈2.2 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ₉≤ ⌐ ≤⌂╢⁹ 

 

 2- 2 ⌐╟╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ⌐  ♃כ♦⌂

♃כ♦   

 

⁸ ♃כ♦

 

Ö  

Ö ┼─  

Ö ╣─  

Ö ⌂≥─   

 ♃כ♦
Ö ⁸  

Ö ⁸  

 ♃כ♦
Ö ♦כ♃ ⁸ ─ ⅜ ⅛╢╙─  

Ö ♦כ♃ 

 ♃כ♦

Ö ─ ⁸ⱳfiⱪ ─

│ ⌐⅔↑╢  

⌐⅔↑╢ │
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ₒ ₓ 

≤│ ⅜ ╩ ╘√ ─ ≢№╡⁸ ─ ─ ╩ ∆╢↓≤⅜≢

⅝╢⁹ ≤⇔≡⁸ ⌐⅔↑╢ ╩ ⌐ ∆⁹ 
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ₒ  ₓ♃כ♦

⁸│≥♃כ♦ ─ ⌐ 1/25,000 ╩☻◐ꜗfi⇔√ ⌐⁸ ⁸ ║™ ⁸

─ ╩ ⁹╢№≢♃כ♦√⇔ ₈  ♄►fi꜡כ◘♪כⱦ☻₉

http://nlftp.mlit.go.jp/ksj/gml/datalist/KsjTmplt - A29.html ╟╡ ≢№╢⁹ ≤⇔≡⁸ ⌐⅔↑╢ ╩♃כ♦

⌐ ∆⁹ 
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§2 ⱳ♥fi◦ꜗꜟ ≤∆╢  

 ⌂ ≢│⁸ ─╖╩ ≤⇔≡ⱳ♥fi◦ꜗꜟ╩ ⇔⁸ⱷ♇◦ꜙ

20m×20m ╩ ⇔≡ ∆╢⁹ 

 

ₒ ₓ 

⌂ ≢│⁸ ─ ─♃כ♦ ╦╡⌐⁸ ╩☻◐ꜗ

fi⇔⁸GIS♠כꜟ ≡⇔☻כ꜠♩≢ ╩♃כ♦ ∆╢↓≤≤⌂╢⁹↓─√╘⁸

─╖╩ ≤⇔≡ⱳ♥fi◦ꜗꜟ╩ ∆╢⁹ 

≢│ⱴfiⱱכꜟ╩ ⌐ ∆╢↓≤≤⌂╢√╘⁸ⱴfiⱱכꜟ ─ⱳ♥fi◦

ꜗꜟ │ ╦∏⁸ⱷ♇◦ꜙ 20m×20m ╩ ⇔≡ⱳ♥fi◦ꜗꜟ╩ ∆╢⁹ 

─╖╩ ≤⇔≡ⱳ♥fi◦ꜗꜟ╩ ∆╢√╘⁸ ─ⱷ♇◦ꜙ─ⱳ

♥fi◦ꜗꜟ⌐≈™≡│⁸ ─ⱷ♇◦ꜙ─ⱳ♥fi◦ꜗꜟ ╟╡ ∆╢↓≤≢

∆╢⁹ 
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§3 ⱴ♇ⱪ ─  

 ⌐╟╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ─ⱪ꜡☿☻│⁸₈(1) ♦כ♃─ ה

₉⁸₈(2) ⱳ♥fi◦ꜗꜟ─ ₉⁸₈(3) ┼─ ₉─ ⅛╠⌂╢⁹ 

 

ₒ ₓ 

⌐╟╢ⱴ♇ⱪ ⱪ꜡☿☻─ⱨ꜡כ╩  2- 8⌐ ∆⁹ 

⌂ ⱪ꜡☿☻│₈2.2 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ₉⌐ ⇔√ⱪ꜡

☿☻≤ ∂∞⅜⁸₈(1) ─♃כ♦  ה ₉⌐⅔™≡⁸ ☻כ꜠♩╩

∆╢↓≤≢ ╩♃כ♦ ∆╢≤≤╙⌐⁸ ─ ⌐ ™╢

╩ ╡╟♃כ♦ ∆╢ ⅜№╢⁹ 

 

 2- 8 ⌂ⱴ♇ⱪ ⱪ꜡☿☻─ⱨ꜡כ 

Step3
᷂ᶫ Ḹǿǵ

ֻ

Step1
ɅɶȽǵ
̸ ɵ

ᾍ ы ӢḢКǵ
ǲǑǘȒʤ ɅɶȽǵ

GL ǲǑǘȒ
₳᷈ὕ ʤ [m3/ ]

0

2,000,000

4,000,000

6,000,000

8,000,000

10,000,000

12,000,000

0

5

10

15

20

25

4 5 6 7 8 9 10 11 12 1 2 3

[ϴ
]

[m
3
/

]

[ϴ]

[ / ]

ἳ ѩ ẃἳɵгἳ ֕Ƕ ѩǵ
ẏ ₳᷈ʤ

Step2
ɛɄɱȵɡɩ
ǵ ї

ֺɜɱəɶɩǲǑǘȒʤ

ä

ä

=

=³=
L

m

m

N

m

m

LN

F

F

GG

1

1

Ĕ

Ĕ

Ĕ
GL

N

L

ʤ ǵ ї╛

ὑ ǲǑǘȒ ₳᷈ ὑʤ [m3/ ]

ǲǑǘȒ ₳᷈ὕ ʤ [m3/ ]

ֺɜɱəɶɩǓ֞ǘ ǫ ὑ┴ ├⅛ [m2]

ὑ ǵ ḢКǵɜɱəɶɩ
ǵ ḢКǵɜɱəɶɩ

NGĔ

mFĔ

^

ֺɜɱəɶɩǲǑǘȒʤ ɛɄɱȵɡɩ

Cw

ȹT

ʤ ɛɄɱȵɡɩǵ ї╛

ὑ ǲǑǘȒ ₳᷈ʤ ɛɄɱȵɡɩ[MJ/ ]

ὦ [MJ/m3ɵK]

ὑ ǲǑǘȒ ₳᷈ ὑʤ [m3/ ]

ʤ ѫ ↓⁪[K] ╠ǔǮǶ5Kǯ ὑ

TGCQ NwN D³³= ĔĔ
NQĔ

NGĔ

┴ ǯɜɱəɶɩǵ Ḹǵ
̸ ɵ

ֺɜɱəɶɩǓ֞ǘ ǫ ὑ┴ ├⅛ [m2]

ʤ ˗ ᶫ ᷂ḢɅɶȽ

ʤ ℅
ἧɅɶȽ

᷂ḢӢ ǵ
ὑ┴ ├⅛

ȷȫɡɱɵɆɪɶȷ

GISɂɶɩ

̸ ɵ

mFĔ

ɛɄɱȵɡɩ Ḹǵ᷂ᶫ Ḹǿǵ ֻ ɜɁɕǿǵ

ɛɄɱȵɡɩ
ɅɶȽɗɶȷ

᷂ᶫ Ḹ
ɅɶȽɗɶȷ

ֻ

GISɂɶɩ
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─♃כ♦ (1) ה  

1 ─ ⌐⅔↑╢ ─♃כ♦  

 ̧ ─ ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ⌐⅔

↑╢ ─ ⁸╡╟♃כ♦ ה ─ GL╩

∆╢⁹ 

 ̧ ⌂⅔⁸ ─ ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ

⌐⅔™≡⁸ ⅜ ⌐ ↕╣≡™╢ │⁸ⱳ♥fi◦ꜗꜟ╩ ⌐

∆╢↓≤╙ ≢№╢⁹ 

 

2 ⱴfiⱱכꜟ≤ ─ ─ ה  

ᵑ GIS♠כꜟ⌐╟╢ ─♃כ♦  

 ̧ ╩☻◐ꜗ♫⌂≥≢ ≡⇔≥♃כ♦ ╡ ╖⁸GIS♠כꜟ ≢

┘ⱳfiⱪ ─ ≤⁸ ┘ ╩ ™√

╙─ ≡⇔☻כ꜠♩╩ ╩♃כ♦ ∆╢  2- 9 ⁹ 

 ̧ ─ ≤ ╡ ⌐ ⌐ⱴfiⱱכꜟ╩ ∆╢  2- 10 ⁹ 

 

 2- ─♃כ♦ 9  

 

 2- 10 ⱴfiⱱכꜟ─   

ʤ ˗ ᶫǵ
Ɇɪɶȷ

̌ ɜɱəɶɩǵ ὑ
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ᵒ ≤ⱴfiⱱכꜟ─  

 ̧ ─ ╩ ⇔⁸ ⅜ ╙ ™ⱴfiⱱכꜟ⌐ ∆╢

╟℮⌐ ∆╢⁹ 

  

 2- 11 ≤ⱴfiⱱכꜟ─  

 

ᵓ ─ ─  

 ̧ ⌐ ╘╠╣≡™╢ ╟╡⁸◓꜡☻ ─

─ ╩ ─ ╩ ╘√ ≢ ⇔√ ╩ ∆╢⁹⌂⅔⁸

─ ⌐≈™≡│⁸ ≢♃כ♦ ∆╢↓≤⅜≢⅝

╢⁹ 

ₒ◓꜡☻ ─ ₓ 

≤◓꜡☻ ─ ⌐ ∆╢ ╩ ∆⁹ 

↓╣│ ─ ≢№╡⁸

≢ ─ ╩ ∆╢

≤⁸ ⅜ ⅝ↄ⌂╢ ⅜№╢⁹∕

─√╘⁸ ⌐⅔↑╢

≤◓꜡☻ ─ ⅜ ≢⅝

≡™╢ │⁸∕─ ╩ ™╢↓≤

⅜ ╕⇔™⁹  

ה

◄Ⱡꜟ◑כ ₈ⱪ꜡☺▼◒♩ 2010

₉  

L3
L2

L1
Ⱳ

᷂ḢӢ ǯֺɜɱəɶɩǵ Ⱳ ș ǞƲ
ȉ ǋɜɱəɶɩǲ ιǠȒȏǍǲὑ ǠȒƳ

y = 16.3e0.0035x
R² = 0.9694

0

50

100

150

200

250

300

0 200 400 600 800 1000

[%
]

[%]

ẞ′ ǵ˗͈
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 ̧  5 ⌐ ∆≤⅔╡⁸ ─ ⌐ ◓꜡☻ grĔ╩ ∂≡

╩ ╘╢⁹ 

 

grSF ĔĔ ³=   5 

FĔ ─  [m2] 

S ─  [m2] 

grĔ ─ ◓꜡☻  [-] 

 

ᵔ ⱴfiⱱכꜟ⅜ ↑ ≈ ─ ─  

 ̧ ≤ⱴfiⱱכꜟ─ ה ⅛╠⁸ ⁸ⱳfiⱪ

⁸ⱴfiⱱכꜟⱳfiⱪ ─ ⅛╠─ ╣ ╩ ⇔⁸ ─ ─

ⱴfiⱱכꜟ Mm⅜ ↑ ≈ ─
mFĔ╩ ∆╢  2- 12 ⁹ 

 

  

 2- 12 ≤ⱴfiⱱכꜟ─ ─  

  

ʤ ы ḹ

ֺɜɱəɶɩǲ֞ǘ ǫ
ḢК┴ ├⅛ [m2]

ֺɜɱəɶɩǓ֞ǘ ǫ
ὑ┴ ├⅛ [m2]

mFĔ

ɜɱəɶɩ

ʤ ǵ ȓ
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(2) ⱳ♥fi◦ꜗꜟ─  

1 ⱴfiⱱכꜟ⌐⅔↑╢  

 ̧ ≢ ⇔√ ⱴfiⱱכꜟ Mm⅜ ↑ ≈ ─
mFĔ ┘

⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ⌐⅔↑╢

GL╩ ™≡⁸  6╟╡ ⱴfiⱱכꜟ MN ⌐⅔↑╢ NGĔ

╩ ∆╢  2- 13 ⁹ 

 

ä

ä

=

=³=
L

m

m

N

m

m

LN

F

F

GG

1

1

Ĕ

Ĕ

Ĕ   6 

NGĔ  ⱴfiⱱכꜟMN ⌐⅔↑╢ [m3/ ] 

GL ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ⌐⅔↑╢

[m3/ ] 

mFĔ ⱴfiⱱכꜟMm⅜ ↑ ≈ [m2] 

N ⱴfiⱱכꜟMN ─ ─ⱴfiⱱכꜟ  

L ⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ─ ─ⱴ

fiⱱכꜟ  

  

 2- 13 ⱴfiⱱכꜟ⌐⅔↑╢ ─  

ὑ
m=N

m=2

m=1

m=L-1

GL ǲǑǘȒ
₳᷈ὕ ʤ [m3/ ]

ֺɜɱəɶɩǓ֞ǘ ǫ
ὑ┴ ├⅛ [m2]

mFĔ

ὑ Ǔ֞ǘ ǫ Ḣ [m2]

ä
=

N

m

mF
1

Ĕ

Ǔ֞ǘ ǫ Ḣ [m2]

ä
=

L

m

mF
1

Ĕ

ὑ ǲǑǘȒ ₳᷈ ὑʤ [m3/ ]

ä

ä

=

=³=
L

m

m

N

m

m

LN

F

F

GG

1

1

Ĕ

Ĕ

Ĕ

L: ǵ ḢКǵɜɱəɶɩ

ʤ ы ḹ

m=L
ɜɱəɶɩ

ʤ ǵ ȓ
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2 ⱴfiⱱכꜟ⌐⅔↑╢ⱳ♥fi◦ꜗꜟ  

 ̧ ⇔√ NGĔ╩⁸  7⌐ ∆╢↓≤≢ ⱴfiⱱכꜟ MN ⌐⅔

↑╢ ⱳ♥fi◦ꜗꜟ NQĔ╩ ∆╢⁹ 

 

TGCQ NwN D³³= ĔĔ   7  

NQĔ  ⱴfiⱱכꜟMN ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ[MJ/ ] 

Cw [MJ/m3K] β  ╟╡⁸4.164[MJ/m3K]  

NGĔ  ⱴfiⱱכꜟMN ⌐⅔↑╢ [m3/ ] 

ᴅT [K]  β ⅝≢│ 5K ≤  

 

 

(3) ┼─  

1 ⱷ♇◦ꜙ─  

 ̧ ⱷ♇◦ꜙ─◘▬☼╩ ⇔⁸GIS♠כꜟ ⌐ ∆╢  2- 14 ⁹ 

 ̧ ≢│ⱴfiⱱכꜟ─ ⅜ 20m≢№╢↓≤⅛╠⁸20m×20m─ⱷ♇◦

ꜙ≢ ⇔√ ╩ ∆╢⅜⁸ ⌐⅔↑╢ⱴfiⱱכꜟ─

─ ⌐╟∫≡⁸ⱷ♇◦ꜙ─◘▬☼│ ⇔≡╙╟™⁹ 

 

 2- 14 ⱷ♇◦ꜙ─   

ɟɁȵɣǵ ὑ
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2 ⱷ♇◦ꜙ┼─ⱳ♥fi◦ꜗꜟ ─  

 ̧ (2) ≢ ⇔√ ⱴfiⱱכꜟ─ⱳ♥fi◦ꜗꜟ╩ⱷ♇◦ꜙ⌐ ∆╢  2- 15 ⁹ 

 ̧ 2 ≈─ ⱴfiⱱכꜟ─ │ ─ ⅜⌂™≤ ⇔⁸ ─ⱴfiⱱ

≥ꜟכ ∂ ─ⱳ♥fi◦ꜗꜟ ≤⇔≡⁸ ─ⱳ♥fi◦ꜗꜟ╩ⱷ♇◦ꜙ⌐

∆╢  2- 16 ⁹ 

 

 

 2- 15 ⱴfiⱱכꜟ─ⱳ♥fi◦ꜗꜟ─  

 

   

 2- 16 ─ⱳ♥fi◦ꜗꜟ─  

  

̌ ɜɱəɶɩǵɛɄɱȵɡɩș
ɟɁȵɣǲ ◙

̌ ɜɱəɶɩ

̌ ɜɱəɶɩ

˘ǫǵ̌ ɜɱəɶɩӢ ǶƲ
ʤ ǵṔ Ǔ ǋǯ̌ὑǞƲ
ֿǟΙǵɛɄɱȵɡɩ ǯǞǭ
ɟɁȵɣǲ ◙
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3 ⱳ♥fi◦ꜗꜟ ─  

 ̧ ⱳ♥fi◦ꜗꜟ⅜ ↕╣≡™⌂™ⱷ♇◦ꜙ⌐≈™≡│⁸ ⱷ♇◦ꜙ─ⱳ♥fi◦

ꜗꜟ╩  8⌐ ∆ IDW Inverse Distance Weighting 7╩ ™≡ⱳ♥fi◦ꜗ

ꜟ╩ ⇔⁸ ∆╢  2- 17 ⁹ 

 ̧ ╟╡ ⅜ ╣╢╒≥ⱳ♥fi◦ꜗꜟ⅜ ↕ↄ⌂╢√╘⁸ ─

│ ╟╡ 100 200m 8≤∆╢⁹ 

 

()
()()

()ä

ä

=

=

Ö

=
N

i

i

i

N

i

i

xw

xQxw

xQ

0

0

Ĕ

Ĕ , 

()
( )pi

i
xxd

xw
,

1
=  

 8 

()xQĔ  x⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ[MJ/ ] 

()ixQĔ  x─ xi⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ[MJ/ ] 

d(x ,xi) x≤ xi─  

p  β ⅝≢│ p=1≤  

 

 2- 17 ⱳ♥fi◦ꜗꜟ ─  

                                                   
7 IDW ─ ⅛╠ ─ ╩ ╖≤⇔√ ≢ ╩ ╘╢ ⁹ 
8 200m ╣╢≤⁸∕─ⱷ♇◦ꜙ⅛╠ ⱷ♇◦ꜙ⌐ ↑╢ ╖ w │╒╓ 0≤⌂╢√╘⁹ 

ɛɄɱȵɡɩ ḸǓ ◙ǜȓǭǋǱǋ
ɟɁȵɣǵɛɄɱȵɡɩș
ק ɟɁȵɣǒȐ
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2.4  ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

§1 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ╩ ∆╢ ⌐│⁸ ─

⁸ ⌐≤∫≡ ⅛╡╛∆™╟℮ ∆╢⁹╕√⁸ⱴ♇ⱪ─

╩ ∆╢√╘⁸ ⌐ ─⧵≥♃כ♦√⇔ ⌐≈™≡╙ ∑≡ ∆↓≤⅜ ╕

⇔™⁹ 

 

ₒ ₓ 

ⱳ♥fi◦ꜗꜟⱴ♇ⱪ│⁸ ⌂ ≤⇔≡ ↕╣╢ ─

╛ ⌐≤∫≡ ⅛╡╛∆™ ≢ ∆╢↓≤⅜ ≢№╢⁹↓─

√╘⁸ ⅝⌐ ≠⅝ ↕╣╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ╩ ∆╢ ⌐│⁸ ─

⌐ ∆╢↓≤⅜ ╕⇔™⁹ ╩  2- 18 ┘  2- 19⌐ ∆⁹ 

 

ₒ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ⌐⅔↑╢ ₓ 

1.  ⱳ♥fi◦ꜗꜟ─ ⅝↕─ ™⅜ ⌐╦⅛╢╟℮⁸ ≢ꜟכ◔☻ ∆╢⁹ 

2.  ⱳ♥fi◦ꜗꜟ⅜ 500MJ/ 9╩ ╢ │ ⅜ ≤⌂╢√╘⁸ ↕─

⅛╠ⱴ♇ⱪ ≢│ ≤∆╢⁹ 

3.  ⱳ♥fi◦ꜗꜟ│ ≢ ∆╢≤≤╙⌐⁸ ─ⱳ♥fi◦ꜗꜟ─ ⅝↕

╩ ≢ ∆╢⁹ 

4.  ⱳ♥fi◦ꜗꜟ│ MJ/ ≢ ∆╢∞↑≢⌂ↄ⁸ ∆╢ ─

╩ ∆╢⁹√∞⇔⁸ ⌐ ™√ ⌐≈™≡╙ ∑≡ ∆╢⁹ 

5.  ⱳ♥fi◦ꜗꜟⱴ♇ⱪ│ ⅜≥─◄ꜞ▪╩ ⇔≡™╢⅛╩

≢⅝╢╟℮⁸ ⅜ ≢ ≢⅝╢꜠ⱬꜟ─☻◔כꜟ 1/10,000

≢ ∆╢↓≤╩ ≤∆╢⁹ 

6.  ⁸ⱳfiⱪ ─ ≢│ ⅛╠ ⌐╟╡

─ ⅜№╢√╘⁸ ◄ꜞ▪ km─ ╩ ∆╢⁹ 

7.  ≤⇔≡⁸ ⌐⅔↑╢ ה ╙≡™≈⌐♃כ♦─ ∆⁹ 

                                                   
9 ⅛╠ ∫√ ╩ COP 4⁸ 10kW ─ 5 ⁸ ↕╣≡™╢ⱥ

∟℮─ⱳfiⱪ♩כ ◒ꜝ☻─ ─ⱥכ♩ⱳfiⱪ≢ ∆╢ ⁸1 №√╡─ ╩ 12

≤ ∆╢≤ 500MJ/ ─ ⅜ ≤⌂╢⁹↓─√╘⁸ ╩ ∆╢√╘⌐

⌂ⱳ♥fi◦ꜗꜟ≤⇔≡ 500MJ/ ╩ ≤∆╢⁹ 
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 2- 18 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

 

 2- 19 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ─   

1.0km

1/10,000

No

500 1,000 ( 15 29 )

1,000 10,000 ( 29 290 )
10,000 100,000 ( 290 2,900)

100,000 1,000,000 ( 2,900 29,000)
1,000,000 10,000,000 ( 29,000 290,000)

10,000,000 100,000,000 ( 290,000 2,900,000)
100,000,000 1,000,000,000 ( 2,900,000 29,000,000)

2

MJ/

β

500MJ/

5ϴ
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╕√⁸ ⇔√ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ╩ ∆╢√╘⁸ⱴ♇ⱪ ⌐

─⧵≥♃כ♦√⇔ ⌐≈™≡╙ ∑≡ ∆↓≤⅜ ╕⇔™⁹  2- 3⌐ ╩

∆⁹↕╠⌐⁸ⱳ♥fi◦ꜗꜟ╩ ⌐ ⅎ╢√╘⁸ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ⌐│ ╩

↑╢↓≤⅜ ╕⇔™⁹ ה ╛ ─ ⌐≈™≡│⁸₈3.2 ⱳ

♥fi◦ꜗꜟ─ ₉╩ ↕╣√™⁹ 

 

 2- 3 ⱴ♇ⱪ ⌐ ─♃כ♦√⇔  

 

 

ₒ ─ ₓ 

2015

 

 

 

 

 

ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ≤⇔≡│⁸ ⌐╟╢ ╛ⱱכⱶⱭכ☺

⌐╟╢ ⅜♃כ♦ ⅎ╠╣╢⁹ ⌐ⱳ♥fi◦ꜗꜟ⅜ ↕╣╢ ⌐│⁸

♃כ♦ ⌐⅔™≡⁸ⱴfiⱱכꜟ ⌐⁸ⱳ♥fi◦ꜗꜟ─ ⁸ ⅜ ≢⅝╢╟

℮⌐∆╢↓≤⅜ ╕⇔™⁹√∞⇔⁸ⱳ♥fi◦ꜗꜟ│ ≢№╢↓≤⅛╠⁸

⌐ ⅜⌂™╟℮⁸₈ ─ⱳ♥fi◦ꜗꜟ₉₈ ─ⱳ♥fi◦ꜗꜟ₉ ─ ≤

∆╢↓≤⅜ ╕⇔™⁹ 

╕√⁸ⱳ♥fi◦ꜗꜟ─ ™ ╩ ∆╢↓≤ ⌐╟∫≡⁸ ≤⇔≡─

╩ ⇔⁸ ┼ ∆╢⌂≥─ ⅜ ⅎ╠╣╢⁹ 
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3  ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ⌐ ⇔≡─  

3.1  ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

§1 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

 ┘ ─ ╩ ⇔√ ≢│⁸∕╣∙╣─ ⌐╟╡

↕╣╢ⱳ♥fi◦ꜗꜟ─ │⁸ ≢- 30 - 10%⁸ ≢- 40 - 20% ≢

№∫√⁹ ─ ⅜ │╛╛ ╢ ≤⌂∫√⁹ 

 ™∏╣─ ╩ ™╢ ⌐╙ ╩ ↕∑╢√╘⌐│⁸ ⌐⅔↑╢

╩ ╛∆↓≤⅜ ≤⌂╢⁹ 

 

ₒ ₓ 

⅝⌐ ≠™≡ ↕╣╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ≢│⁸

⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ⌐⅔↑╢ ─ ⌐♃כ♦ ≠⅝⁸ ─

ⱴfiⱱכꜟ⌐⅔↑╢ ╩ ⇔⁸ⱳ♥fi◦ꜗꜟ╩ ⇔≡™╢⁹↓─√╘⁸

─ⱳ♥fi◦ꜗꜟ⌐ ⇔≡ ⅜ ∂╢ ⅜№╢⁹ 

ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ╩ ∆╢√╘⁸ ⅜ ─ⱳfiⱪ ╩

⌐⁸ GN╟╡ ⇔√ⱳ♥fi◦ꜗꜟ ↓╣╩₈ ⱳ♥fi◦ꜗꜟ₉

≤∆╢⁹ ≤ ─ GL⅛╠ 2.2 ┘ 2.3 

⌐╟╡ ⇔√
NGĔ╩ ™≡ ⇔√ⱳ♥fi◦ꜗꜟ╩ ∆╢  3- 1 ⁹ 

⸗♦ꜟ≤⇔≡ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ╩ ⇔√ ⌐⅔↑╢ ≈─ⱳfiⱪ ╩

⌐⁸ ╩ ⇔√ ╩  3- 2⌐ ∆⁹ ⌐ │♃כ♦√™  3- 1─

≤⅔╡≢№╢⁹ 

┘ ╟╡ ⇔√ⱳ♥fi◦ꜗꜟ─⁸ ⱳ♥fi◦ꜗꜟ⌐ ∆╢

│∕╣∙╣- 30 - 10% ⁸- 40 - 20% ≢№╡⁸ ─ ⅜╛╛ ╢ ≤⌂

∫√⁹ 

⌂⅔⁸ ⌐ ⌐⅔™≡│ ⌐≈™≡ ─ ⅜ ╦╣≡™⌂

™⁹ 



 

48 

 

 3- 1 ─ ▬ⱷכ☺   

 

 3- 1 ⌐ ─♃כ♦√™  

 A  B  

[m2] 1,000 m2 3,300 m2 

ⱳfiⱪ  aⱳfiⱪ  bⱳfiⱪ  cⱳfiⱪ  

ⱳfiⱪ 2/25 ♃כ♦  2/24  2  

2/25 ♃כ♦  2/24  2/24  

 

 

 3- 2 ⌐╟╢ⱳ♥fi◦ꜗꜟ─ ─  

ы ḹ

GL

ẏ

ɜɱəɶɩ

ʤ ǵ ȓ

m=2

m=1

m=L-1

m=L

ḹ

ὑ
m=N

ὑ GN
^ὑ ɛɄɱȵɡɩQN

^

GN

ẏ
ɛɄɱȵɡɩQN

-40.0

-30.0

-20.0

-10.0

0.0

10.0

0

400

800

1,200

1,600

2,000

a b c

[%
]

[G
J
/

]

[GJ/ ]

[GJ/ ]

[%]

[%]

*[GJ/ ]

*



 

49 

⁸ ⌐ ∆╢ ≤⇔≡│ ─╟℮⌂╙─⅜ ⅎ╠╣╢⁹ 

 ̧ ⅝≢ ⇔√ ≢│⁸ ⅜ ∆╢ⱴfiⱱכꜟ│ ⅜ ╙ ™

ⱴfiⱱכꜟ≤ ⇔⁸ ⱴfiⱱכꜟ⅜ ↑ ≈ ╩ ⇔√⅜⁸

⌐│↓─ ≤│ ⌂╢ ⅜№╢⁹ 

 ̧ ⅝≢ ⇔√ ≢│⁸ ⅛╠─ √╡─ │ ≤ ⇔⁸

≢ ∆╢↓≤≢ ╩ ⇔≡™╢⅜⁸ ⌐│ ⌐

╟∫≡ ⅜ ⌂╢╙─≤ ⅎ╠╣╢⁹↓─√╘⁸ ⅜ ™ ⌂™

⅜№∫√ ⌐╙ ⌐ ∂≡ ↕╣╢√╘⁸ ⌐╟∫≡│

╟╡╙ ≤⌂╢ ⅜№╢⁹ 

 ̧ ⌐ ─ ⅜№╢ ⌐╙⁸ ⌐ ∂≡ ↕╣╢↓≤≤

⌂╢√╘⁸ ⌐╟∫≡ ╟╡╙ ⌐⌂╢ ⅜№╢⁹ 

↕╠⌐⁸ ⌐ ⇔≡│ ╩ ─ ≤◓꜡☻ ╟

╡ ∆╢↓≤≤⌂╢√╘⁸╟╡ ⅜ ⅝ↄ⌂╢ ⌐№╢≤ ⅎ╠╣╢⁹ 

 

ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ╩ ↕∑╢√╘⌐ ╘╠╣╢↓≤≤⇔≡⁸

⌐⅔↑╢ ╩ ╛∆↓≤⅜ →╠╣╢⁹ 

⌐⅔↑╢
NGĔ─ ⌐⁸ ⌐⅔↑╢ ─ ♃כ♦

GL ╩ ™╢╟╡╙⁸╟╡ ⌐ ™ⱳfiⱪ ⌐⅔™≡ GLõ⅜ ↕╣≡

™╣┌⁸∕╣╩ ™≡ ╩ ∆╢↓≤≢ ⅜ ∆╢╙─≤ ⅎ╠╣╢

 3- 3 ⁹ 

 

 3- ╩♃כ♦─ 3 ™√ ─ ─▬ⱷכ☺ 

5
GLGN =

1000

ὑ ǒȐ ȓǦ ǵ ș ǋȒḹֻ

100

5
GLôGN =

ὑ ǲȏȑ ǋ ǵ ș ǋȒḹֻ

ы ḹ

5

100

1000

GL

GLô

ὑ GN

ɜɱəɶɩ

ʤ ǵ ȓ

ὑ
m=N

m=2
m=1

m=Lô

m=Lô+1

m=L-1

m=L

^
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3.2  ⱳ♥fi◦ꜗꜟ─  

§1 ⌐╟╢  

 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ≢│ ─ ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ╩

∆╢⅜⁸ │ ⌐╟∫≡ⱳ♥fi◦ꜗꜟ⅜ ∆╢√╘ ⅜ ≢№╢⁹√∞⇔⁸

≢│⁸ ⌐╟╢ │ ≢№╡⁸ ⌂ ─ ≢│ ⱳ

♥fi◦ꜗꜟ┼─ │ ⅝ↄ⌂™╙─≤ ⅎ╠╣╢⁹ 

 

ₒ ₓ 

⅝⌐ ≠™≡ ↕╣╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ≢│⁸ ─ ⌐⅔↑

╢ ⱳ♥fi◦ꜗꜟ╩ ∆╢⅜⁸ │ ⌐╟∫≡ⱳ♥fi◦ꜗꜟ⅜ ∆╢√╘⁸

ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ⌐│ ⅜ ≢№╢⁹ 

⌐╟╢ ┼─ ⌐ ∆╢ ≤⇔≡⁸  3- 4 ⌐ ⌐⅔

↑╢ ─ ─ ≤ ♃כ♦ ╩ ∆⁹ ≤╒

╓ ⌐ ⅜ ⇔ ╘⁸ 7ϴ ⇔≡™╢⁹ ≢⁸ ⅜ ⇔≡

⅛╠ ⌐│ ─ ⌐ ∫≡™╢↓≤⅜ ⅛╢⁹↓╣╟╡⁸ ⅜

⌂ ≢№╣┌⁸ ⌐╟╡ ⅜ ⌐ ⇔≡╙⁸ ⱳ♥fi◦ꜗꜟ

⌐│ ⅝ↄ ⇔⌂™╙─≤ ⅎ╠╣╢⁹ 

√∞⇔⁸ ⌐ ⇔≡│ ⁸ ⌐╟╢ ┼─ ⅜╟╡ ⅝ↄ⌂╢

≤ ⅎ╠╣╢√╘⁸ ⌐╟╡ ╩ ∆╢↓≤⅜ ╕⇔™⁹ 
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⌐ ⌐ ⅜⌂⅛∫√ ─ ≤ ─ ≤─ ⁹ ⅜⌂⅛∫√ ─

⌐≈™≡│⁸ ─ ╟╡ ⁹ 

 3- 4 ⌐⅔↑╢ ─ ≤  

2012 1 19 1 21  

 

◄Ⱡꜟ◑הכ NEDO─ ₈ ⌐⅔↑╢

╩ ⇔√ ה ₉⌐⅔↑╢ ♃כ♦ ┘ ╡╟♃כ♦
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§2 ⌐╟╢  

 ⅝⌐⅔↑╢ⱳ♥fi◦ꜗꜟ─ ≢│⁸ ⅛╠─ √╡─

│ ≤ ⇔≡⅔╡⁸ ⌐╟╢ ─ ™⌐≈™≡│ ⇔≡™⌂™⁹↓

─√╘⁸ ⌂ ─ ≤│ √╡─ ⅜ ⌂╢

⁸ ⁸ ⅜ ∆╢ ⌐│⁸ⱳ♥fi◦ꜗꜟ⅜ ∆╢ ⅜№╢

√╘⁸ ⅜ ≢№╢⁹ 

 

ₒ ₓ 

⅝≢│⁸₈2.1 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ ─ ₉⌐ ⇔√≤⅔╡⁸

⁸ⱳfiⱪ ⁸ⱴfiⱱכꜟⱳfiⱪ ─ ╩

⅜ ↑ ≈ ─ ⌐ ∆╢ ⅜ ↑ ≈ ─

─ ≢ ∆╢↓≤≢⁸ ⌐⅔↑╢ ╩ ⇔⁸ⱳ♥fi◦ꜗꜟ╩

╘≡™╢⁹↓─ ⁸ ⅛╠─ √╡─ │ ≤ ⇔≡⅔╡⁸

⌐╟╢ ─ ™⌐≈™≡│ ⇔≡™⌂™⁹↓─√╘⁸ ⌂ ─ ╟╡

╙ √╡─ ⅜ ™ ה ╛⁸ ⌐ ⅜ ⌂™

─ ⅜ ∆╢ ⌐│⁸ⱳ♥fi◦ꜗꜟ⅜ ∆╢ ⅜№╢√╘⁸ ⅜

≢№╢⁹ 

╕√⁸ ⌐⅔↑╢ ─ ≢│⁸ ⌐ ⅜ ⇔≡™

╢ ≢│⁸ ─ ╟╡╙ 5ϴ ™ ⅜ ╠╣≡⅔╡⁸↓℮⇔√

─ ⅜№╢ ⌐│ ⌐╙ ╩ ⅎ╢≤ ⅎ╠╣╢⁹ 
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3.3  ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

§1 ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

 ⱳ♥fi◦ꜗꜟ⌐ ╩ ⅎ╢ ⅜ ∂√ ╛

⅜ ה ↕╣√ ⌐│⁸∕─ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ╩ ∆

╢↓≤⅜ ╕⇔™⁹ 

 

ₒ ₓ 

 ⅝⌐ ≠™≡ ↕╣╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ│⁸∕─ ⌐ ♃כ♦√™

⌐⅔↑╢ ⱳ♥fi◦ꜗꜟ ╩ ∆╢╙─≢№╡⁸ ⱳ♥fi◦ꜗꜟ

─ ⌐≈™≡│ ⇔≡™⌂™⁹↓─√╘⁸ ⱳ♥fi◦ꜗꜟ⌐ ╩ ⅎ╢

⅜ ∂√ ⌐│⁸∕─ ⱴ♇ⱪ╩ ∆╢↓≤⅜ ╕⇔™⁹ 

 ⱳ♥fi◦ꜗꜟ⌐ ╩ ⅎ╢ ≤⇔≡│⁸ ⅝ↄ ↑≡ᵑ ─

≤ᵒ ─ ⅜ ⅎ╠╣╢⁹ 

ᵑ ─ ≤⇔≡ ⅎ╠╣╢╙─│ ─≤⅔╡⁹ 

 ̧ ─ ה  

 ̧ ─ ♩כꜟ╛  

 ̧ ─ ⅛╠ ┼─   

 ᵒ ─ ≤⇔≡│ ⅎ╠╣╢╙─│ ─≤⅔╡⁹ 

 ̧ ⅜ ™ ⁸ ─ ה ה  

 ̧ ⌂ ─   

 ↓─╟℮⌂ ⱳ♥fi◦ꜗꜟ⌐ ╩ ⅎ╢ ╛ ⅜ ⁸

↕╣√ ⌐│⁸∕─♃▬Ⱶfi◓⌐ ╦∑≡ⱳ♥fi◦ꜗꜟⱴ♇ⱪ╩ ∆╢↓≤⅜

╕⇔™⁹ 
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4  ⸗♦ꜟ ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─  

§1  

 ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ╩ ∆⁹ 

 

⸗♦ꜟ ─ ╩  4- 1 ⌐ ∆⁹ ◄ꜞ▪⌐⅔™≡│⁸ ⱳ♥fi◦ꜗꜟⱴ♇

ⱪ─ ⌐ ⅜♃כ♦⌂ ↕╣≡™╢↓≤⅛╠⁸2.2 ⌐ ⇔√ ⌐╟╡ⱴ

♇ⱪ╩ ⇔√⁹ⱴ♇ⱪ ⌐ ╩♃כ♦√⇔  4- 2⌐ ∆⁹╕√⁸ ה ⌐⅔

↑╢ⱴ♇ⱪ─ ╩  4- 1  4- 8⌐ ∆⁹ 

 

 4- 1 ⌐⅔↑╢⸗♦ꜟ ─  

ⱴ♇ⱪ ◄ꜞ▪ ┘  

 ╟╡ ⁸ ⁸ ≢ ⁹ ≢│

№╢⅜⁸ ה │ ⌂™⁹ 

─  │ 98.0%⁸  

ⱴ♇ⱪ ⌐

─♃כ♦⌂

 

 ̧ ♃כ♦ ủ 

 ̧ ♃כ♦ ủ 

 ̧ ♃כ♦ ủ 

 ̧ ⁸ⱳfiⱪ ⌐⅔↑╢ ♃כ♦ ủ 

⇔√ⱴ♇ⱪ─ 

ה

 

 ̧ ─ ≢⁸ ≤ ╩ ∆╢

≠ↄ╡╩ →≡⅔╡⁸ 27 ─ ≤

№╦∑≡╕∟≠ↄ╡⅜ ╘╠╣≡™╢⁹╕√⁸ ─

≢│ ─ⱪ꜡☺▼◒♩⅜ ™≡™╢⁹ 

 ̧ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─ ⌐╟╡⁸ ─

╩ ∆↓≤⅜≢⅝╣┌⁸ ─ ⌐╟╡ ∆

─ ≤ ─ ⌐ ∆╢↓≤⅜ ↕╣╢⁹ 

 ̧ ╕√⁸ ≤ ≢ ─ ⌐ ∆╢

╩ ∫≡⅔╡⁸↓─ ≤ⱳ♥fi◦ꜗꜟⱴ♇ⱪ─

╩ ╦∑≡⁸ ┘ ⌐ ⇔≡

∆╢↓≤≢⁸ ─ ╩ ∆╢⁹ 
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 4- 2 ⱴ♇ⱪ ⌐  ♃כ♦√⇔

ⱴ♇ⱪ ⌐ ♃כ♦ ♃כ♦√⇔  

ꜟכⱴfiⱱה ♃כ♦  21  

ꜟכⱴfiⱱה  21  

20  ♃כ♦  

 20  

 20  

20 ♃כ♦ ♃כ♦  

20 ♃כ♦  

─ ♃כ♦ ⌐⅔↑╢  

ה ☿fi♃כ 

ה ☿fi♃כ 

ה ☿fi♃כ 

ה ☿fi♃כ 

ה ☿fi♃כ 

21  
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 4- 1 ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ  

 

 

 4- 2 ⌐⅔↑╢ ⱳ♥fi◦ꜗꜟⱴ♇ⱪ  






































