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 ֗  

 ≤  

ה ה ₈ ₉≤™℮⁹ ≢│⁸ ⁸ ┘

₈ ₉≤™℮⁹ ⅜ ⇔⁸ │ ╩ ∆╢ ↔╖⁸ ↔╖ ┘ ↔╖─

┘ ה ╩⇔≡™╕∆⁹ ≢─ ─ ╛ │⁸

⌐╟╢ √╕ ≢⁸◄◖☿ⱷfi♩ ◄◖☿ⱷfi♩─ ≤⇔

≡ ≤ ⅜ ╦╣≡™╕∆⁹ 

─ ─↔╖ │⁸₈ ↔╖ ₉ ┘₈ ↔╖ ₉⅜ ⅛╠

⁸₈ ה ↔╖ ₉⅜ ⇔≡⅔╡⁸ ⅛╠ ⅜ ≤™╦

╣≡™╢↔╖ ─ ╩ ⅎ≡™╢ ≢∆⁹ 

↓─╟℮⌂ ⁸ ≢│⁸ ⌐⁸↔╖ ─ ╩ ⌐ ╣√₈

₉╩ ⇔⁸ ⁸ √⌐Ɑ♇♩Ⱳ♩ꜟ ┘∕─ ⱪꜝ☻♅♇◒

╩ ≢ ∆╢₈ ₉⌐≈™≡│ ⁸ ↔

╖ ⌐ ╦╢₈ ה ↔╖ ₉⌐≈™≡│

─ ╩ ≤⇔≡⁸ ╩ ╘≡™╢≤↓╤≢∆⁹ 

╕√⁸↔╖ ⌐ ⇔≡│⁸ ⌐⁸ ⌐⅔↑╢ ─

─√╘⁸ ╕⇔™ ∆═⅝ ─№╡ ┘ ⌐ ↑√ ┼─ ≤⇔≡⁸₈ ─

─№╡ ⌐≈™≡ ₉╩╕≤╘⁸↔╖ ─ ⁸ ∆╢ ◦☻♥ⱶ⁸

─ ⁸ ⌂≥╩ ⇔≡™╕∆⁹ 

↔╖ ⌐ ╘╠╣╢ │⁸ ─ ⁸ ─ ≤™℮ ─ ↑≤

≤╙⌐⁸ ◄Ⱡꜟ◑כ─ ⌐╟╢ ┼─ ╛ ┼─ ⁸ ⌐⁸

⌐ ∆╢ ─ ⁸ ≤⇔≡─ ⌂≥⁸ ⁸ ⇔≡™╕∆⁹

─↔╖ ╙⁸↓℮⇔√ ─ ⌐ ∂√ ≤∆╢ ╙ ╕∫≡™╕∆⁹ 

 

│⁸ ↔╖ ⌐ ╦╢ √⌂ ≤⇔≡⁸ ↔╖ ₈

₉≤™℮⁹ ╩ ∆╢⌐ √╡⁸ ⌂ ╩ ╘╢↓≤╩ ⌐⁸₈

─↔╖ ⌐ ∆╢ β ₉ ┘₈ ↔╖ ─ ⌐ ╢ β ₉≢

™√∞™√↔ ╩ ╕ⅎ⁸ ≤ ─ ⁸ ⌐⅔™≡≤╡╕≤╘√╙─≢∆⁹ 

 

 

 

 

β  ─↔╖ ⌐ ∆╢  

⅛╠⁸ ─↔╖ ⌐≈™≡⁸ ─ ⁸ ┘ ─

┘ ╩ ∫≡™╕∆⁹ 

 

  β  ↔╖ ─ ⌐ ╢  

⅛╠⁸ ─ ⌐ √∫≡─⁸ ─ ⁸ ─ ≤ ≤─

╩ ∫≡™╕∆⁹ 
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 ∆═⅝ ─ ≤  

 ∆═⅝ ─  

│⁸ ─╟℮⌂ ╩ ⇔╕∆⁹ 

≤ ⇔⁸ ⌐ ⇔╕╣⁸ ⅛╠ ↕╣╢↔╖  

 

  

₈ ∆═⅝ ─ ₉─ ⌐ ↑≡⁸ ─ ╙ ⅎ⁸ ─ ⌐ ≠⅝ ╩

╘╕∆⁹ 

 

 

ủ₈ ה ⅛≈ ⌐ ⅜ ⌂ ₉ 

ה    ╛♩ꜝⱩꜟ ⅜ ⌂™ ה ─ ™◦☻♥ⱶ╩ ⇔⁸ ⅛≈ ⌐

⅜≢⅝╢ ≤⇔╕∆⁹ 

ה    ⌐╙ ⌂ ╩ ≢⅝╢ ╩ ⇔⁸ ⌐ ∆╢ ─

╩ ℮↓≤⅜≢⅝╢ ≤⇔╕∆⁹ 

ủ₈ ⌐ ⇔√ ₉ 

ה    ─ ™ ╩ ⇔⁸ ─ ╩ ╡⁸ ⌐ ╩

╓∆⅔∕╣─⌂™ ≤⇔╕∆⁹ 

ה    ─ ╛ ─♦◙▬fi⌐ ⇔⁸ ─ ╛⁸ ה ≢№╢

≤─ ⅜≤╣√ ≤⇔╕∆⁹ 

ה    ─ ⌐ ⇔⁸ ⌐╟╡ ⇔√ ◄Ⱡꜟ◑כ╩ ⌐

⇔≡ ≢⅝╢ ≤⇔╕∆⁹ 

ủ₈ ⌐ ⇔╕╣⁸ ⌐ ≢⅝╢ ₉ 

ה    ╩│∂╘⁸ ⅜ ™⁸ ℮↓≤⅜≢⅝⁸ ╩ ≡╢ ≤⇔╕∆⁹ 

ה    ╛ ╩ ∂⁸ ה ─ ≤⌂╢ ≤⇔╕∆⁹ 

ה    ⌐ ─ ⅜ ⅎ╢⌂≥⁸ ⌐ ∆╢ ≤⇔╕∆⁹ 

ủ₈ ─↔╖ ─ ₉ 

ה    ⌐ ┼ ╩ ∆╢↔╖ ⌐≈™≡│⁸↔╖ ─

╩ ⌐ ⇔⌂⅜╠ ∆╢↓≤⌐╟╡⁸ ╩ ╡╕∆⁹ 

ủ₈ ≤─ ─ ₉ 

ה    ∫≡⅝√ ≤─ ╩ ⌐⇔⁸ ╩│∂╘⁸ ─↔

╩℮⅛⅜™⌂⅜╠⁸ ─ ┘ ╩ ™╕∆⁹ 

ủ₈ ⌐ ╣√ ₉ 

ה    ⌐ →╢ ╩ ╕ⅎ√ ≢⁸ ה ─ ⌐ ╘╕∆⁹ 
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│⁸ ─ ╩ ∆╙─≤⇔╕∆⁹ 

╕√⁸ │⁸₈ ─ ™⌐≈™≡₉

 ⁹ ₈ ₉≤™℮⁹)⌐

∂⁸ ─ ⅛╠ ─ ─

≢⁸ ⌐╟╢↔╖ ⅜ ╙ ↄ⌂╢ ╩ ─

≤⇔╕∆ ↔╖ ⌐≈™≡│  ⁹ 

β ⌐ ≠ↄ ─ ⅛╠ ╩ ⅎ⌂™ ≢

─ ⁸ ─ ┘ ─ ─ ╩ ⇔≡ ╘√  

 ↔╖  

─ │⁸ ⌐ ∆≤⅔╡⁸ ≤⇔╕∆⁹ 
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│⁸ ─≤⅔╡≢∆⁹ 

 

 ↔╖ ┘ ה ↔╖  

 

ₒ ה ↔╖ ⌐≈™≡ₓ 

ה ↔╖ ≢│⁸ ─ ⁸ꜞ◘▬◒ꜟ ─

╩ ≤⇔≡⁸ ↔╖⅛╠ ╛ ה ╩ ≢ ╡ ™√ ⁸ ╩

™⁸ ╩Ⱶꜟ▪ה ⇔⁸ ╡─ │ ┼ ⇔⁸ ∆╢ ≤⇔≡™╕∆⁹↓

─√╘⁸ ─ ⌐ ה ↔╖ ╩ ╘≡™╕∆⁹ 

  

  

╩ ⌐ ⇔╕∆⁹ 

─ ⌐№√∫≡│⁸↔╖ ─ ─ ≤↔╖ ─ ╩ ╢√╘⁸

─ ─ ╩≢⅝╢ ╡ ∆╢↓≤≤⇔╕∆⁹↓─√╘⁸ ⌐№╢

─ ⅝™ ה ↔╖ ╩ ↕∑⌂⅜╠⁸ ↔╖ ⁸ ↔╖

╩ ⇔⁸∕─ ⌐ ╩ ∆╢↓≤≤⇔╕∆⁹ 

⌂⅔⁸ ↔╖ ⌐ ╦╢ ≤⇔≡│⁸ ─

⌐⁸ ⌐╟╡⁸ ה ↔╖ ≤⇔≡⁸ ⌐ ⇔≡

⇔╕∆⁹╕√⁸↓╙╣┘─ │ ┼─ ─ ╩ ™╕∆⁹ 

⅜ ה ⇔≡™╢ ─ │⁸  ─≤⅔╡≢∆⁹ 

 

  ─  

ה  ה  

  

 ↔╖⁸ ↔╖⁸ ↔╖ 

─    

↔╖  
  t/ h×  

β√∞⇔⁸ │⁸ t/ h×    

ה ↔╖    
t/ h×  

β√∞⇔⁸ │⁸ t/ h×  

↔╖  
  t/ h 

β√∞⇔⁸ │⁸ t/ h    

    

   m3/ h 

↓╙╣┘─     
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(1)  ─  

─ ╩  ⌐ ⇔╕∆⁹ 

 

  ─ ─  

    

    

─ ─   

  

║™   

    

  

  

  

 ╟╡ ─  ( │ )  

 

 

 

 

  ─ ─  

 

 

  

60- 200 

и 

 

║™ -  
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(2)  ─ ─  

 ⌐ ∆ ─ ─ ⌐≈™≡│⁸ ⌐╟╡⁸  

⌐ ∆ ⅜№╡╕∆⁹ 

 

  ⌐╟╢ ─  

║™   

⅛╠─   

⅛╠─   

↕  

 

(3)   

─ ⅛╠ ⅜ ≤⌂╡⁸ ─ ⅜ ≤⌂╡╕∆⁹

─ ⌐≈™≡│⁸  ⌐ ∆ ─ ⌐ ⅜№╡╕∆⁹ 

 

  ⌐╟╢ ─  

─  
  

ה  ↕ ─  

 

─ │

↓─ ⅛╠  

 

( 10 ─ ╩ ≢ )  

( )⅛╠ 

( )  

 

( 0 10─ ╢↕─ ╩ )  
 

 

(0 14─ ╛⅛↕─ ╩ )  
 

 

( 4)   

₈ ⌐⅔↑╢ ─ ≤ ⌐ ∆╢ ₉⌐ ≠ↄ ─ ╩ ∆╢≤≤╙

⌐⁸₈ ─ ≤ ─ ⌐ ∆╢ ₉⌐ ≠™≡ ⇔╕∆⁹ 

 

ᵑ ─  

─ ≢│⁸ ─ │ ⌐╟∫≡ ↕╣╢ ─℮∟ ↕™╒℮─ ╩

⌐╟╡ ⇔╕∆⁹ 

 

  ×  

  × ║™  × ×  
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ᵒ ─  

⁸ ⁸ⱬꜝfi♄ ─ │⁸ ⌐╟∫≡ ↕╣╢ ╩ ⁸

⁸ ⌐╟╡ ⇔╕∆⁹ 

 

─  ×  

₈ ─ ₉≤│⁸ ─ ≢ ─ ┘ ⌂ ─ כ♁⁸∟℮─

ⱤⱠꜟ⁸כꜝ ─ ─ ⌐ ⌂ ─ ─√╘⌐ ⅜ ⌂ ╩ ™√

⁹ 

 

ᵓ ─  

─ ⌐ ∆╢ ─ ↕⌐⁸ ─ ┘

⅛╠ ╘╠╣╢₈ ₉╩ ∂≡ √ ↕ ╩ ⌐╟╡ ⇔╕

∆⁹ 

 

↕ ֕ ↕ × /  

 

 ▫♥ꜞ▫♥כꜚ 

▫♥ꜞ▫♥כꜚ ⁸ ─ ╡ ™ │⁸ ⌐ →╢≤⅔╡≤⇔╕∆⁹ 

  ┘ ─  

 
ⱪꜝfi♩  

ɫ mm │ ╩ ≤∆╢  

⅜ ≢⅝⌂™ │ ─ ɫ

mm ⅜ ≢∆⅜⁸ ⌐ ∂≡ ─ ⅛╠

√⌐ ⇔⁸ ⌐ ⅝ ╗╙─≤⇔╕∆⁹ 

  

●☻ ●☻  

 ─ ╩ ⇔≡⁸ ┼ ⇔╕∆⁹ 

ⱪꜝfi♩  
⁸ │⁸ ⇔⁸

│ ≤⇔≡ ┼ ⇔╕∆⁹ 

 

─ ╩ ⇔≡⁸ ┼ ⇔╕∆⁹√∞⇔⁸

─ ─ │⁸ ┘ ⌐ ∂≡

⇔╕∆⁹╕√⁸ ┼─ │ ⇔╕∆⁹ 

 ⁸▬fi♃כⱠ♇♩ ⁸  
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 Ϸ ὑ 

 ─  

─↔╖ ╛ ─ ╩ ⇔⁸ ⌂ ≤⌂╠∏⁸ ⌐⅔™≡╙

⌂ ⅜ ≢⅝╢ ≤⇔≡ ⇔╕∆⁹ 

 ─  

─ ─ │⁸ ⌐ ∆≤⅔╡≢∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  ─ ─  

 

β ─ │ ⌐ ∂⁸ ⌐ ∆ ≤⇔╕∆⁹ 

c÷ d÷ e 

d ÷  

↓↓≢⁸ │⁸ ─↔╖ ─ ─ ╟╡ ⇔√⁹ 

( ) ↔╖ ⅜ ⌐ ↕╣╢ ⌐⅔™≡╙⁸ ─ ⁸ ╗

╩ ⌂™ ─√╘ ⅜ ∆╢↓≤╩ ⇔√  

 

 

 

─  

 

↔╖ ─  

 

↔╖ ─ (a)  

─  

 
 

ה  b 
ה  c=a/b 
ה ─   d=292/365=0.8 
ה ─  e=0.96 
ה ─  ɖ 
ה  f = c ɖ /d/e  
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 ⁸↔╖ ┘↔╖ ─  

⁸↔╖ ┘↔╖ ⌐≈™≡│⁸ ─ ╩ ⌐⁸

≢ ⇔╕∆⁹ 

   β  

  β  

   

⇔√ ⁸↔╖ ┘↔╖ ╩  ⌐ ⇔╕∆⁹ 

   β  ─√╘⁸₈ ₉╩ ⌐ ⇔╕∆⁹ 

   β  ─√╘⁸₈ ₉╩ ⌐ ⇔╕∆⁹
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  ↔╖ ┘↔╖ ─  

─ ╩ ⌐⁸ ≢   

 
- 1

1 - 

H28
2016

H29
2017

H30
2018

H31
2019

H32
2020

H33
2021

H34
2022

H35
2023

H36
2024

H37
2025

H38
2026

H39
2027

H40
2028

H41
2029

H42
2030

H43
2031

189,955 190,242 190,529 190,816 191,103 190,858 190,613 190,368 190,123 189,878 189,138 188,399 187,660 186,920 186,181 185,279

85,920 86,071 86,222 86,373 86,525 86,428 86,331 86,234 86,137 86,039 85,813 85,587 85,361 85,135 84,911 84,604

72,275 73,201 74,128 75,054 75,980 76,171 76,361 76,552 76,742 76,933 77,200 77,466 77,733 77,999 78,266 78,447

348,150 349,514 350,879 352,243 353,608 353,457 353,305 353,154 353,002 352,850 352,151 351,452 350,754 350,054 349,358 348,330

↔╖ 32,992 33,049 32,994 28,907 28,844 28,712 28,580 28,449 28,319 28,188 27,995 27,803 27,618 27,509 27,401 27,342

ה
↔╖

5,852 5,862 5,869 4,415 4,421 4,414 4,409 4,402 4,395 4,390 4,372 4,355 4,326 4,309 4,292 4,283

38,844 38,911 38,863 33,322 33,265 33,126 32,989 32,851 32,714 32,578 32,367 32,158 31,944 31,818 31,693 31,625

↔╖ 14,462 14,375 14,289 14,203 14,118 14,033 13,949 13,972 13,918 13,902 13,865 13,867 13,792 13,756 13,720 13,707

ה
↔╖

926 920 913 907 901 894 888 889 886 885 883 883 878 876 873 873

15,388 15,295 15,202 15,110 15,019 14,927 14,837 14,861 14,804 14,787 14,748 14,750 14,670 14,632 14,593 14,580

↔╖ 14,282 14,434 14,398 14,357 14,310 14,148 12,746 12,587 12,425 12,264 12,111 11,960 11,968 12,009 12,050 12,111

ה
↔╖

1,260 1,265 1,266 1,267 1,266 1,254 1,148 1,136 1,124 1,110 1,099 1,088 1,089 1,092 1,096 1,102

15,542 15,699 15,664 15,624 15,576 15,402 13,894 13,723 13,549 13,374 13,210 13,048 13,057 13,102 13,147 13,213

↔╖ 61,736 61,858 61,681 57,467 57,272 56,893 55,275 55,008 54,662 54,354 53,971 53,630 53,378 53,274 53,171 53,160

ה
↔╖

8,038 8,047 8,048 6,589 6,588 6,562 6,445 6,427 6,405 6,385 6,354 6,326 6,293 6,277 6,261 6,258

69,774 69,905 69,729 64,056 63,860 63,455 61,720 61,435 61,067 60,739 60,325 59,956 59,671 59,552 59,433 59,418

61,736 61,858 61,681 57,467 57,272 56,893 55,275 55,008 54,662 54,354 53,971 53,630 53,378 53,274 53,171 53,160

7,061 7,065 7,066 5,785 5,784 5,761 5,659 5,643 5,624 5,606 5,579 5,554 5,525 5,512 5,497 5,494

68,797 68,923 68,747 63,252 63,056 62,654 60,934 60,651 60,286 59,960 59,550 59,184 58,903 58,786 58,669 58,655

⁷ ⁷

↔
╖

↔
╖

↔╖

ה

⁷
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⁸↔╖ ┘↔╖ │⁸ ⌐╟╡ ⇔╕⇔√⁹ 

ᵑ ⌐≈™≡⁸ ≢│⁸ │ ( )╕

≢⁸ │ ( )╕≢⁸ │ (

)╕≢─ ─√╘⁸∕╣ ─ ⌐≈™≡│⁸ ─ ╩ ⌐ ⇔╕∆⁹ 

ᵒ ↔╖ ⌐≈™≡⁸ │ ( )╕≢ ⇔≡™╢√╘⁸

( ) │⁸ ( )─ √╡─↔

╖ ⁹ g/ ה ≢ ∆╢╙─≤⇔╕∆⁹ 

ᵓ ↔╖ ⌐≈™≡⁸ │ ( )╕≢─ ≢№╢√╘⁸

( ) │⁸ ( )─ ≢ ∆╢╙─≤

⇔╕∆⁹ 

ᵔ ↔╖ ⌐≈™≡⁸ │ ( )╕≢─ ≢№╢√╘⁸

( ) │⁸ ( )─ ≢ ∆╢╙─

≤⇔╕∆⁹ 

ᵕ ↔╖ ≤│⁸ ⌐ ∆╢ ─↔╖ ≢∆⁹ 

ᵖ ה ↔╖ ─ │⁸ ─ ↔╖ ┘ ↔╖⌐ ∆╢

╟╡ ⇔≡™╕∆⁹ 

ᵗ ⇔≡™╕∆⁹ 

 

 ─  

│⁸ ─ ↔╖ ╩ ≢ ⇔√ ⌐

╩ ⅎ⁸ ─ ⌐╟╡ ⇔╕∆⁹ 

 

( ─ )÷ β1÷ β2 

β  ÷  
   β   

 

( 1) ─  

─  ↔╖ ┘↔╖ ─ ╟╡⁸ ─

⅛╠ ─ │⁸  ⌐ ∆≤

⅔╡≢∆⁹ 

≤⇔√↔╖ ⅜ ≤⌂╢ ─

│ ≤⌂╡╕∆⁹ 

 

  ─  

    
37

(2025) 

38

(2026) 

39

(2027) 

40

(2028) 

41

(2029)  

42

(2030) 

43

(2031) 

↔╖  a t/  59,960 59,550 59,184 58,903 58,786 58,669 58,656 

 b /  365 365 366 365 365 365 366 

 

 
c=a/b /  164.27 163.15 161.70 161.38 161.06 160.74 160.26 
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 ( 2)  

≢│⁸∕╣∙╣ ≢ ─ ╩ ⇔≡⅔╡⁸ ─

│ ≢ ≤⇔≡™╕∆⁹↓─ ⁸ ─ ╩  ⅝─≤⅔

╡ ≤ ∆╢≤⁸∕─ │ ≤⌂╡╕∆⁹₈ ─ ─ ₉

⌐ ≠ↄ≤⁸ ─ │ ₩ ╩ ≤⇔≡™╢√╘⁸ ⌐

≢ ╩ ∆╢≤⇔√ ⌐⁸ √╡ ─ ─ ⅜ ≤

⌂╡╕∆⁹ 

 

  ─ ╖ 

        

      

⁸          ≤  

1 √╡─

 
         

≢  

≤  

ה  ─ │⁸₈ ─ ─ ₉ ╩ ⌐⇔√⁹ 

ה   

ה   

ה   

ה  √╡─  ⁸ / /  

₈ה  ₉ ╟╡ 

 ⌐⅔↑╢ ≢─  

 ᵑ      

 ᵒ ᵑ─℮∟⁸ ↄ∏       

 ᵓ ᵑ─℮∟⁸∕─    

 ⌐╟╡⁸ ─ │⁸ ᵒ ᵓ ÷ᵑ  

 

⌐ ∆ ─ ⌐⁸

╩ ⅎ√ ─ ╩ ℮√╘⌐│⁸ │ (

÷ ÷ )≤⌂╡⁸ ─

─ ⌐ ┬ ⌂ ≤⌂╡╕∆⁹⇔√⅜∫≡⁸ ⌐⅔↑╢ ─

╩╙≤⌐ ∆╢↓≤≤⇔╕∆⁹ 

─ │  ⌐ ∆≤⅔╡≢№╡⁸ ⌐ ╘╢ ─

│ ≤⌂∫≡™╕∆⁹ 

─ │⁸↓╣╠─ ╩ ≤⇔≡⁸ ⌂ ≤⌂╠⌂™ ≢⁸

─ ⌂ ╩ ⇔⁸ ↔╖ ─ ≤⇔╕∆⁹ 
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  ─  

 

t/  

─ ( % ) ─ ( % )  
⌐ ∆╢ 

─ ⅎ  

 

 

 

 
 

   /  /  

 165.5 4.5 170.0 2.7 2.6  
╩ ≢

∆╢≤  

 169 5 174 3.0 2.9  

╩ ﬞ

─ ≢

∆╢≤  

 86 4 90 4.7 4.4   

 122 6 128 4.9 4.7  ↔╖─  

 50.0 2.5 52.5 5.0  4.8  ↔╖─  

 89 5 94 5.6 5.3   

 163 11 174 6.7 6.3  
↔╖─ ─

╩ ⌐  

 131.5 10.5 142.0 8.0 7.4  
⅜╣⅝ ┘ ↔╖ ╩

≢ ∆╢╟℮  

 121.8 12.2 134.0 10.0 9.1  
↔╖─ │⁸

╡ ⇔ ─ ╩⇔⌂™⁹  

 207 21 228 10.1 9.2  ↔╖─  

 101.1 12.1 114.0 11.9 10.6  
╩ ≢

∆╢≤  

 145 18 163 12.4 11.0   

 84 12 96 14.3 12.5   

 113.0 17.0 130.0 15.0 13.1  
↔╖─ ┘

 

    8.2 7.4   

    7.4 6.9   

 

÷  
   8.9 7.9   

 245 0 245 Ί Ί  
─ ╩ ≤

⇔⁸ ⌐ ⇔⌂™⁹ 

β ה ↕╣≡™╢ ─℮∟⁸ ─ ⌐⅔™≡⁸ ─ ⅜ ⌐ ↕╣≡™√ ⁹ 

 

( 3)  

   ─ │⁸ ─ ⌐ ╩ ⇔⁸ ─≤⅔╡≤⇔

╕∆⁹ 

 

 ─   ÷  ÷  

        × ÷  ÷ .  

  ќ t  

 

t  
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 ↔╖ ─  

↔╖ │⁸ ⁸ ●☻ ⁸ ●☻ ⁸ ─ ≤

⌂╢ ⌂ ≤⌂╡╕∆⁹∕↓≢⁸↓╣╕≢─ ┼─ ↔╖ ─ ╩♃כ♦ ™≡

⌐ ⇔⁸ ⌂ ╩ ∆╢√╘⌐⁸ ─↔╖ ─ ╩ ╖⁸ ╩╙∫≡

⇔╕∆⁹ 

 

 ↔╖ ─  

₈↔╖ ─ ה  ₉  ≢│⁸

⌐ ⁸≢⅝╢∞↑ ↄ─♦כ♃╩ ™≡ ∆╢↓≤⅜ ╕⇔™≤↕╣≡™╕∆⁹ 

∕↓≢⁸ ╕≢─ ─ ↔╖ ─

╩ ™╕∆⁹ 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

╩╖↔⁸│≥ ה ⇔√ ⌐ ∆╢ ─↓≤≢⁸ ╛∕─ ─ ⌐ ⌐

≢⅝╕∆⁹ 

⁸╖↔ ה ↔╖⁸ ↔╖≤│⁸ ╩ ╩╙∫≡ ⌐ ⇔√ ⁸ ⁸

─ ╩ ≈↔╖ ─↓≤≢∆⁹   

─ ה ≤│⁸ ╩ ≢ ⇔√╙─≢№╡⁸ ╛ ●☻─ ─

─ ≤⌂╢╙─≢∆⁹ 

 

 

↔╖  

( ─↔╖ (♃כ♦  

↔╖ ─♃כ♦  

─ ╩  

↔╖ ─  

∆╢↔╖ ─♃כ♦ ╩ ⌐ ⇔

╕∆⁹ 

ה  

ה ⁸ ⁸  

ה ( ⁸ ⁸ ⁸◗ⱶה

)  

 

 ↔╖ ╩♃כ♦ ™≡ ↔╖⁸

↔╖⁸ ↔╖─∕╣∙╣─↔╖ ╩

⇔╕∆⁹ 

ה  

ה ⁸ ⁸  

ה ─  ( ⁸ ⁸ ⁸

⁸ ⁸ )  

 

─ ─ ⌐╟╢ ─

╩ ⇔≡ ↔╖ ╩ ⇔╕∆⁹ 

─ⱪꜝ☻♅♇◒ ─ꜞ◘▬

הꜟ◒ ⌐╟╢ ─ⱪꜝ

☻♅♇◒ ─ ╩ ╪≢↔╖ ╩

⁹ ⁸ ⌐≈™≡│

─ ⅝⌂ │⌂™≤ ⁹ 



 

-  16 -  

 ↔╖ ─  

↔╖ ─ ╩⁸  ⌐ ⇔╕∆⁹ 

 

  ↔╖ ─  

    ↔╖ ↔╖ ↔╖ 

 
kJ/kg     

kcal/kg     

 

 

   

    

    

 

─

 

   

    

    

    

    

    

 kg/m3  

 

 ─  

 ●☻ 

─ ─ ┘ ─ ─℮ⅎ≢ ↕╣╢↓≤⅜ ╕⇔™ ≤⇔≡⁸

╩╙≤⌐ ⌂ ╩ ╪≢ ⅜ ╘╠╣≡⅔╡⁸↓─ ╩ ∆╢√╘⌐⁸

⌐╟╡ ⅛╠─ ⅜ ╘╠╣≡™╕∆⁹ 

≢│⁸ ⌐╟╢ ╟╡ ⇔™ ╩  ─≤⅔╡ ⇔╕∆⁹ 

 

   

    β1  
─  

 

┌™∂╪ g/m3N    

 ppm    

 ppm 
 

( )  β2 
  

 ppm    

♄▬○◐◦fi  ng- TEQ/m3N    

β  ɡg/m3N    

│ 12 ≢∆⁹ 
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β  ⁸♄▬○◐◦fi  
β  ⅜ ↕╣╢╟℮ ●☻⅜ ⌐ ∆╢ ─ ╩ ⇔⁸↓─ ≤⇔≡

⌐ ⅜ ╘╠╣≡™╕∆⁹ ─ │ ─ ↕⁸ ●☻ ⁸ ⅛╠
↕╣╕∆⁹ ─ │6.42⁸ ⅛╠ ⇔√ │ 850ppm≤ ↕╣╕∆⁹ 

β  ─ │⁸ ⁹ 
 

↕╠⌐⁸ ─ ⌐⅔™≡│ ╟╡ ⇔ↄ ╩ ╘⁸↓╣╩ ≤⇔≡

╩ ℮⌂≥⁸ ╩ ∆╢↓≤≤⇔╕∆⁹╕√⁸ ●☻ ╩ ⅛╠ ╛

∆™ ⌐ ⇔⁸ ┘ ╩ ⇔╕∆⁹№╦∑≡⁸ⱱכⱶⱭכ☺ ┘ ₈ⅎ

╪≤≈₉≢ ⅛╡ ↄ ∆╢⌂≥⁸ ⌐ ╩ ⇔╕∆⁹ 

⌂⅔⁸ ≤⇔≡⁸ ─ ┘ ─ ●☻ ╩ ⇔≡™╢ ╩

⌐ ⇔╕∆⁹ 

 

( ∕─ 1) ─ ─ ●☻  

₈ ↔╖ ₒ ₉x ה  ╟╡⁸

t/ ─ ≢⁸ ♄▬○◐◦fi ⌐ ╢

─ ─ ╩ ⇔╕⇔√⁹ 

╩  ⌐ ⇔╕∆⁹ ≢│⁸ ⌐⅔™≡ ∆╢ ╩ ⇔≡™╢ ⅜

ↄ⌂∫≡™╕∆⁹ 

  ─ ●☻ ∕─  
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  ─ ●☻ ∕─  

 

 ( ∕─ )  ─  

─ ─ ╩  ⌐ ⇔╕∆⁹ 

≢│⁸ ⌐⅔™≡ ∆╢ ╩ ⇔≡™╢ ⅜ ↄ⌂∫≡™╕∆⅜⁸ ⌐

⅔™≡ ∆╢ ⌐ ═⁸┌™∂╪ ┘ ⌐≈™≡│ ⁸♄▬○◐◦fi ⌐≈

™≡│ ≤⇔≡™╢ ╙№╡╕∆⁹ 

 

  ─ ─  

    
23  

 

┤∂╖ 

 
 

 

 
 

 

 

 

 

 t/         

┌™∂╪ g/m3N        

 ppm        

 ppm        

 ppm        

♄▬○◐◦fi  
ng-

TEQ/m3N 
       

 ɡg/m3N        

 

 

ה   

( 1)  

─ ⌐ ℮ │⁸ ⌐⅔™≡₈ ─ ⌐ ≠ↄ ─

₉╩ ∆╢╙─≤⇔╕∆⁹ │

≢∆⅜⁸ │ ≤ ⇔≡™╢↓≤⅛╠

≢№∫≡⁸ ≤ ⇔≡™╢ ─ ─

⅜ ↕╣╕∆⁹∕─ │  ─≤⅔╡≢∆⁹ 
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  ─  

 

ה    

 
 

 
 

  dB   dB   dB  

 

( 2)  

─ ⌐ ℮ │⁸ ⌐⅔™≡₈ ─ ⌐ ≠ↄ ─

₉╩ ∆╢╙─≤⇔╕∆⁹ │

≢№╢√╘⁸ ⅜ ↕╣╕∆⁹∕─ │  ─≤⅔╡≢∆⁹ 

 

  ─  

 
  

  

  dB   dB  

 

  

─ ⌐ ℮ │⁸₈ ─ ⌐ ≠ↄ ─

₉╩ ∆╢╙─≤⇔╕∆⁹ │ ≢№╢√╘⁸

⅜ ↕╣╕∆⁹∕─ │  ─≤⅔╡≢∆⁹ 

 

  ─  

 

 

 

 

 

 

β   β    

β  ─ ≢ ╩ ≢⅝⌂ↄ⌂╢╕≢ ⇔√ ─ ╩ ≤ ™⁸
↓─ ╩ ─ ⌐ ⇔√╙─≢∆⁹ × ( )  

β  ⅛╠ ↕╣√ ⅜ ⌐ ⇔√≤⅝⌐⁸ ⌐ ↕╣
╢ ╩ ∆╢╟℮ ⌐⅔™≡ ↕╣╢ ─ ( N / )─↓≤╩ ™╕∆⁹ 

≢│⁸ ╩ ™≡ ⇔╕∆⁹ ─ ⌐  

 

  

⅛╠─ │⁸ ⌐ ∆╢╙─≤⇔╕∆⁹ 

╕√⁸ⱪꜝfi♩ │⁸ ⇔⁸ ⌐≈™≡│ ┘ ⌐

≠ↄ ≤⇔≡ ⌐ ⇔╕∆⁹ │⁸  ─≤⅔╡

≢∆⁹ 
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⌐

╟

╢

 

◌♪Ⱶ►ⱶ ┘∕─  mg/L  

◦▪fi  mg/L  

 mg/L  

┘∕─  mg/L  

◒꜡ⱶ  mg/L  

┘∕─  mg/L  

┘▪ꜟ◐ꜟ ∕─ ─  mg/L  

▪ꜟ◐ꜟ  ↕╣⌂™↓≤ 

ⱳꜞ ⱦⱨ▼♬ꜟ mg/L  

♩ꜞ◒꜡꜡◄♅꜠fi mg/L  

♥♩ꜝ◒꜡꜡◄♅꜠fi mg/L  

☺◒꜡꜡ⱷ♃fi mg/L  

 mg/L  

, -☺◒꜡꜡◄♃fi mg/L  

, -☺◒꜡꜡◄♅꜠fi mg/L  

כ☻◦ , -☺◒꜡꜡◄♅꜠fi mg/L  

, , -♩ꜞ◒꜡꜡◄♃fi mg/L  

, , -♩ꜞ◒꜡꜡◄♃fi mg/L  

, -☺◒꜡꜡ⱪ꜡Ɑfi mg/L  

♥♩ꜝⱷ♅ꜟ♅►ꜝⱶ☺☻ꜟⱨ▫♪( ♅►ꜝⱶ)  mg/L  

כ꜡꜡◒- , -ⱦ☻(◄♅ꜟ▪Ⱶⱡ) - s-♩ꜞ▪☺fi( ◦ⱴ☺fi)  mg/L  

S- -◒꜡꜡ⱬfi☺ꜟN⁸N-☺◄♅ꜟ♅○◌ꜟⱣⱴכ♩( ♅○ⱬfi◌ꜟⱩ)  mg/L  

ⱬfi♀fi mg/L  

☿꜠fi ┘∕─  mg/L  

╒℮ ┘∕─  mg/L  

┤∫ ┘∕─  mg/L  

, -☺○◐◘fi mg/L  

ⱨ▼ⱡכꜟ  mg/L  

┘∕─  mg/L  

┘∕─ ( )  mg/L  

┘∕─ ( )   mg/L  

ⱴfi●fi ┘∕─ ( )   mg/L  

◒꜡ⱶ ┘∕─  mg/L  

♄▬○◐◦fi  pg/L  

 

 ϴ  

▬○fi  ╩ ⅎ  

 ⌐ mg/L  

 mg/L  

ⱡꜟⱴꜟⱫ◐◘fi  
 mg/L  

 mg/L  

 mg/L  

 mg/L  

 mg/L  
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⌐╟╡ ↕╣╢ │⁸ √╕ ─◄◖☿ⱷfi♩ ┼ ⇔

╕∆⁹ ─ │₈ ─ ♠ ⌐ ╢ ₉⌐ ≠⅝⁸

─≤⅔╡≤⇔╕∆⁹ 

 

  

 ─ ♠

⌐ ╢  
 

   

   

─ ⁸  
ה ─ │  

ה ⅝⌂ │ cm  

 

⌂⅔⁸╤ ∂╪ ≢ ↕╣╢ ⌐≈™≡│⁸◄◖☿ⱷfi♩ ⅜ ≢

≢⅝⌂™ │⁸ ⌐╟╢ ╩ ™◄◖☿ⱷfi♩ ⌐ ⇔╕∆⁹ 

 ─  

↔╖ │⁸ ⌐№∫≡╙⁸ ↔╖ ┘ ─ ╩ ╛⅛⌐ ℮↓≤⌐╟

╡⁸ ─ ╩ ⇔⁸ ╩ ⅎ╢ ⌂ ╩ ∫≡™╕∆⁹↓─ ╩ ≢

⅝╢ ─ ╩ ∆╢≤≤╙⌐⁸ ─ ה ╩ ⇔√ ┼─ ╩ ℮↓

≤≤⇔╕∆⁹ 

 

 ─  

─₈ ₉≢│⁸ ╩ ∆╢√╘⁸ ─ ≤⌂╢

⌐⅔™≡│⁸ ─ ╩ ⇔⁸ ◦☻♥ⱶ≤⇔≡─ ╩ ∆╢≤⇔

≡™╕∆⁹ 

╕√⁸₈◄Ⱡꜟ◑כ ⱴ♬ꜙ▪ꜟ₉ ₈

ⱴ♬ꜙ▪ꜟ₉≤™℮⁹ ≢│⁸ ─ ≤⇔≡⁸ ─ ה ╩ ─

⌐ ∂≡ ∆╢↓≤≤⇔≡™╕∆⁹ 

ה ה ה  

ה ⁸  

ה ─  

⅜ ∆╢◄ꜞ▪│ ⱴ♇ⱪ≢│ ⌐ ↕╣≡™⌂™√╘⁸ ⁸

⁸ ⁸ ─ ⌐≈™≡ ∆╢↓≤≤⇔╕∆⁹ 

 

( 1)  

⌐≈™≡│⁸ ⱴ♬ꜙ▪ꜟ⌐ ∂⁸ ─ ⌐ ≠ↄ╙─≤⇔╕∆⁹ 

¶  

¶ ─ ה  
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¶ ─ ┘   8  

¶ ─   

 

ה ¶  ☿fi♃כ

 

 

(2)  ⁸  

≢│⁸ ─ ╛ ⌐╟╡ ⅜ √╣√ ⌐⅔™≡ ⌐ ╩

∆╢≤≤╙⌐⁸ ─ ⌂ ─√╘⁸ ⅜ √╣√ ⌐╙ ╩ ≢⅝

╢ ╩ ⇔╕∆⁹ 

⌐≈™≡│⁸ ─ ⌐ ∆╢ ╩ ∆╢╙─≤⇔╕∆⁹ 

 

(3)  ─  

≢│ ⱴ♬ꜙ▪ꜟ⌐ ∂⁸ ─ ⅜≢⅝⌂ↄ≡╙ ⅜ ≢⅝╢╟℮⁸7

─ ╩ ≢⅝╢╙─≤⇔╕∆⁹╕√⁸ ⌐≈™≡│⁸ ∆╢ │

╩ ⌐╟╡ ╙ ≢⅝╢╙─≤⇔╕∆⁹ 

 

 ┼─  

┼─ ≤⇔≡ ⅎ╠╣╢ ╩  ⌐ ⇔╕∆⁹ 

↓╣╠─ ⌐≈™≡│⁸ ─ ⌐ ∆╢ ≤ ╩ ╡╕∆⁹ 

 

  ┼─ ≤⇔≡ ⅎ╠╣╢  

        

⌂ ─

╣ ┘

┼─  

ᵑ ─ ╛ ─  

ᵒ ⁸ ─  

╛↓╙╣┘─ ⌐⁸ ( ) ┘ ╩ ⇔╕∆⁹ 

ᵓ ⁸◦ꜗ꞉⁸כ♩▬꜠─  

╩ ⇔≡ ⁸◦ꜗ꞉⁸כ♩▬꜠⅜ ≢⅝╢╟℮⌐⇔╕∆⁹ 

ᵔ ─  

⌐⅔™≡│ ⌐╟╡⁸ ─ ⁸

╛ ─ ⁸ ⁸ ─ ─ ╩ ⇔╕∆⁹

│ ⌐╟╡ ⌂ ╩ ⇔╕∆⁹ ─ │ ⱤⱠ

ꜟ ╙ ⇔╕∆⁹ 

ᵕ ─ ה ─  

─  

●☻ ╩ ⌂╙─≤⇔⁸♥꜠ⱦ ╛ ⌐

╟╡ ⇔√ ╩ ≤⇔╕∆⁹╕√⁸ - ▪◒☿☻ⱳ▬fi♩

╩ ⇔╕∆⁹ 

◌ⱷꜝ ⌐ ∂ ┼─ ╩ ⇔╕∆⁹ 
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 ┘ ┼─  

─ ה ⌐№√∫≡│⁸ ∫≡⅝√ ⁸ ≤─ ─ ה

╩ ╢√╘⁸ ≢ ⅛╣√ ⅜ ⌂◖Ⱶꜙ♬◔כ◦ꜛfi ╩ ⇔╕∆⁹ 

╕√⁸ ≤ ⇔√ ╩ ∆╢≤≤╙⌐⁸ ┼─ ╩ ⌐ ℮↓≤≤

⇔╕∆⁹ 

┼─ ⌂ ╩  ⌐ ⇔╕∆⁹ 

 

  ┘ ┼─  

     

─  

│⁸ ─ ╛ ─ ⌂≥╩ ⇔╕∆⁹ 

╕√⁸ ●☻ ╩ ⅛╠ ╛∆™ ⌐ ⇔⁸

┘ ╩ ⇔╕∆⁹№╦∑≡⁸ ─ ⌐≈™≡ⱱכⱶⱭ

☺כ ┘ ₈ⅎ╪≤≈₉≢ ⅛╡ ↄ ∆╢⌂≥⁸ ⌐ ╩

⇔╕∆⁹ 

 

∫≡⅝√ ה ≤─ ╩ ⇔⁸ √⌐ ⌐⅔

╕™⌐⌂╢ ≤─ ╩ ↄ√╘⁸ ─ ≤─ ─ ≢№

╢ ╩ ⅝ ⅝ ⇔╕∆⁹ 

≤─  

⌐╟╡⁸ │ ∆╢↓≤│№╡ⅎ╕∆⅜⁸ ╙

ⅎ╪≤≈ⱨ▼☻♥▫Ᵽꜟ╩ ⅝ ⅝ ≢⅝╢╟℮⌐ ╘╕∆⁹ 

─ ⌐ ⌐ ⇔⁸ ⌐ ⇔√ ⌐ ╘╕

∆⁹ 

╛ ☻Ɑכ☻╩ ─ ≤⇔≡ ⇔⁸ ─ ─ ≤⌂

╢╟℮⌐ ╘╕∆⁹ 

↓╙╣┘─  

⌐╟╡⁸ │ ∆╢↓≤│№╡ⅎ╕∆⅜⁸ ╙

↓╙╣┘─ │ ≢⅝╢╟℮⌐ ╘╕∆⁹ 

╟╡ ⌐ ™√∞↑╢╟℮ ╘╕∆⁹ 

┼─  
₈  ┼─ ₉─ ⌐≈™≡ ∆╢ ⁸ ─

⌐≈™≡ ⌐ ⇔╕∆⁹ 

 

─ ┘ ─ ⌐ ℮ ⁸ ⁸ ┘ ─ ┼─

╩ ⇔╕∆⁹ 

╕√⁸ ⌐ ⇔≡ ╩ ╘╕∆⁹ 

⁸

─  

⌐№√∫≡│⁸ ╩☻כⱪfi☻Ɑכ○ ↑⁸ ─ ≤

⇔√ ╛▬ⱬfi♩ ◄ꜞ▪ ─ ⌐ ⇔⁸ ™╛ ─ ╩

⇔╕∆⁹ 

╕√⁸ │ ╛ ─ ⌂ ╛ ─ ╩

∆ ⌂≥⌐ ⇔√♦◙▬fi⁸ ⌐ ⇔╕∆⁹ 
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 ы ╛  

 ─  

↔╖─ ⌂ ≤⇔≡│⁸ ⁸●☻ ⁸ ⁸↔╖ ( )⁸

⁸ⱷ♃fi●☻ ⌂≥─ ⅜№╡╕∆⁹ ⌐ ↕╣√₈ ─ ─№╡ ⌐≈™≡ 

₉ ≢│⁸ ↔╖ ─ ⌐№√∫≡⁸ ה ⌂ ⁸

↔╖∆═≡─ ⁸ ⌐⅔™≡ ∆╢ ⁸ ┘

⌐ ∆╢↓≤╩ ≤⇔⁸↓─ ╩ √∆◦fiⱪꜟ⌂ ◦☻♥ⱶ≤⇔≡₈ ₉╩

∆╢≤⇔╕⇔√⁹ 

│⁸↓─ ⌐ ≠⅝⁸ ≤⇔╕∆⁹ 

 

 ─  

⅜ ∆╢ ─ ─ ◌כ♩☻⁸│≡⇔≥ ≤ ⅜№╡╕∆⁹ 

⌐⁸∕╣∙╣─ ─ ╩ ⇔╕∆⁹ 

( ◌כ♩☻ (1  

≥◌כ♩☻╢∆ ┌╣╢ ─ ─ ─ ⌐↔╖│ ⌐ ◌כ♩☻⁹∆╕╣↕

─ ⅝⌐╟╡↔╖│ ה ─◌כ♩☻╠⅜⌂╣↕ ⅛╠ ⅝ ╕╣╢ ⌐╟╡⁸ ⁸

⁸ ─ ╩ ≡ ⇔╕∆⁹ ╛ ─ │ ⅛╠ ↕╣╕∆⁹ 

─ │ ⅛╠ ●☻≤≤╙⌐ ↕╣⁸ ─Ⱳ▬ꜝ╛╤ ∂╪ ⌐╟╡

↕╣╕∆⁹ 

 

 

₈↔╖ ─ ה ₉  

 

◌כ♩☻   ─  

 

↔╖ 

 ◌כ♩☻

ה  

●☻ 

 

ⱱ♇Ɽ 
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( 2)  

⌐ ↕╣√ ╩ ⌐╟╡ ↕∑⁸↔╖│ ∆╢ ─ ⌐ ⌐ ↕╣╕∆⁹

↕╣√↔╖│ ─ ∆╢ ≤ ⌐ ↕╣⁸ ⌐⁸ ⁸ ⇔╕∆⁹ ─

│ ⅛╠ ●☻≤≤╙⌐ ↕╣⁸ ─Ⱳ▬ꜝ╛╤ ∂╪ ⌐╟╡ ↕╣

╕∆⁹ 

│⁸ ⅛╠ ↕╣╕∆⁹ 

 

 

    

₈↔╖ ─ ה ₉ 

 

 

  ─  

 

 ─  

⌂ ◌כ♩☻╢№≢ ≤ ─ ⌐≈™≡⁸∕─ ╩ ה ⇔⁸

─ ⌐≈™≡ ⇔√ ◌כ♩☻⁸ │ ⅜ ™⅜⁸ ─ ה

─ ≤ ─↔╖ ─◦☻♥ⱶ╩ ╕ⅎ╢≤⁸ ≈─ ⌐ ∆╢╒≥─ │

╘╠╣╕∑╪≢⇔√⁹ 

◌כ♩☻ ≤ ─ ⌐≈™≡⁸ ⌐ ⇔╕∆⁹ 

 

↔╖ 
●☻ 

┤╢™ 

↔╖  

 

 

◖
fi
ⱬ
▪ 
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  ─  

◌כ♩☻       

 

╙ ↄ⁸ ⌐╙╒╓

↕╣√ ≢№╡⁸

⌂♩ꜝⱩꜟ│ ⇔≡™⌂

™⁹ 

╙ ↄ⁸ ⌐╙╒╓

↕╣√ ≢№╡⁸♄▬○

◐◦fi ─ ⌐≈™≡╙

⌐ ↕╣≡™╢⁹ 

≤╙⁸ ⌐╒╓ ↕

╣√ ≢№╡⁸ ⌐ ⅝

⌂ │⌂™≤ ⅎ╠╣╢⁹ 

↔╖

┼─  

⁸ ⁸ ≢fiכ♂

∆╢ ≢№╡⁸ ⌂

↔╖ ⌐ ⇔≡ ⌂

╩ ╢↓≤⅜≢⅝╢⁹ 

↔╖╩ ≢ ⌐ ה

∆╢ ≢№╡⁸ ⌂

↔╖ ⌐ ⇔≡ ╩ ╢↓≤

⅜≢⅝⁸ ⌂⇔≢ ≢⅝╢

↔╖─ ─ ⅜ ™⁹ 

≢ ⇔≡™╢↔╖ ─

≢│⁸ ⌐ ∆╢ ─ │

⌂™≤ ⅎ╠╣╢⁹⇔⅛⇔⁸

│⁸ ↔╖─ ( )⅜

≢№╢⁹ 

↔╖─ ⌂⇔≢

≢№╢⁹ 

↔╖─ ─ ⅜

≢№╢⁹ 

 ה

 

↔╖ ה ─ ⌐ ⇔⁸

─ ╛ ⅜ ≢⁸

⌐ ╣≡™╢⁹ 

⁸ ⅜ ≢№╢⅜⁸

⌐ ∆╢√╘⁸↔╖ ה

─ ⌐ ⇔⁸ ⁸

⅜ ⇔ ↄ⁸ ⌐

∆╢ ⅜№╢⁹ 

↔╖ ה ─ ⌐ ∆╢ │

◌כ♩☻ ─ ⅜ ≢№╢⁹⇔⅛

⇔⁸ ⌐≈™≡╙⁸ ↔╖

─ ╛↔╖ ─

◌כ♩☻⁸╡╟⌐ ─ │№

╢╙──⁸ ⅝⌂ ≤│⌂╠⌂™

≤ ⅎ╠╣╢⁹ 

 ≤╙⁸ ╩ ⌐ ≢⅝╢ ⌐№╢⁹ ⌐ │⌂™⁹ 

 

 ( ⅛╠ ↕╣╢

) ⅜ ≢№╢⁹ 

◄◖☿ⱷfi♩ ┼─

│ ─ ⅜№╡⁸

⅜ ≤⌂╢⁹ 

( ⅛╠ ↕╣ ∂

╪ ⌐ ↕╣√ )─ ⅜

≤ ™⁹ 

◄◖☿ⱷfi♩ ┼─

│ ─ │№╢

◌כ♩☻⁸⅜ ⌐ ═

─ ⅜№╢⁹ 

√╕ ≤─

⅜ ≢№╢⅜⁸◄◖☿ⱷfi♩

┼─ ⅜ ≢№╣┌⁸

⅜ ≢ ≢⅝╢↓≤⅛

╠⁸ ─ ⅜ ⌂ↄ⁸ ≤

ⅎ╠╣╢⁹ 

 

↔╖⌐ ↕╣√

⅛╠ ↕╣╢ │ ⇔≡⅔

╡⁸ ≤⇔≡─ ⅜ ™⁹ 

↔╖⌐ ↕╣√

⅛╠ ↕╣╢ │ ⅜

ↄ⁸ ≤⇔≡─ כ♩☻⅜

◌ ⌐ ═≡ ™⁹ 

─ │ ⅜ ≤

ⅎ╠╣╢⁹( ≢

│ ─ │⁸ ─

)  

 ≤╙⁸ ⇔√ ⅜ ⁹ ⌐ │⌂™⁹ 

 
√╡─ ◌כ♩☻⁸│ │ t/ ⁸ │

t / ─ ⅜№╡⁸ ≤╙⁸ ⌐ ⁹ 

⌐ │⌂™⁹ 

 

⁸ ⌐

╟╡ ╛⅛⌐ ⌂ │

∆╢⁹√∞⇔⁸ ↔╖⅛

╠ ─ ●☻⅜ ∆╢⁹ 

⁸ ↔╖│

⌂ↄ⁸ │ ╛⅛⌐

⇔⁸ ●☻─ ╙⌂™⁹ 

─ │⁸ ⅜

≤ ⅎ╠╣╢⁹ 

 ™⁹ ⌂™⅜ ◌כ♩☻ ⁹╢№│ ⌐ ⅜№╢⁹ 

 

◌כ♩☻ ≢ ∆╢ ─

√╘⁸ ─ │ ⅝

™⁹√∞⇔⁸ ─

│⁸Ⱳ▬ꜝ⁸ ●☻

⌂≥─ ∆╢ ─

╘╢ ⅜ ⅝™⁹ 

≢ ∆╢ ─√

╘⁸ ─ │ ↕

™⁹√∞⇔⁸ ─

│⁸Ⱳ▬ꜝ⁸ ●☻

⌂≥─ ∆╢ ─

╘╢ ⅜ ⅝™⁹ 

Ⱳ▬ꜝ⁸ ●☻ ⌂≥─

∆╢ ╩ ╘╢≤⁸

─ ⌐ ⅝⌂ │⌂™⁹

⌂⅔⁸ │ ╕≢⅜

ↄ⁸ ↕╩ ⅎ╢√╘⌐│

─ ⅜ ↄ⌂╢⁹ 

ⱷכ◌כ 
≤╙⁸ №╢⁹ ≤╙⁸∕╣∙╣⌐ ⅜

↕╣╢ ─ⱷ⁹╢№⅜כ◌כ 

 
ⱷכ◌כ▪fi◔כ♩ ─ ⁸ ≤╙⁸ ↔╖

╩ ≤⇔√ ⌐ ≢№╢⁹ 

≤╙⁸ ↔╖

⌐ ≢№╢⁹ 
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 ─  

╩ ה ⇔√ ⅛╠⁸ ⌐ ⇔≡│™∏╣─ ≢╙ ╩ √⇔℮╢↓

≤⅛╠⁸ ⅜ ↕╣╢╟℮ ≈─ ⌐ ∑∏⁸ⱷכ◌כ ⌐╟╡ ∆╢╙─≤⇔

╕∆⁹ 

 

 ─  

│⁸ ⌂ ⅜ ≢№╡⁸∕─ ⌐⅔™≡╙ ╩ ⇔⁸ ┼

─↔╖ ╩ ⌂ↄ∆√╘⌐│⁸ ─ ⅜ ≢∆⁹ ≢│⁸ ─

№╢ ─ ╩ ╕ⅎ⁸ ≤⇔╕∆⁹ 

 ⱨ꜡כ 

ⱪꜝfi♩ │⁸ ⌐│ ≢ ⇔╕∆⁹√∞⇔⁸ ≤⇔√ ⅜ ╛◖☻

♩ ⅛╠ ≤⌂╢ ╙№╡╕∆⁹ │ ⇔√ │ ≡─ ⅜ ∆╢↓≤ ┘

╩ ⇔≡ ℮ ⅜ ↄ⌂╢↓≤⌐ ∆╢ ⅜№╡╕∆⁹∕↓≢⁸ ≢│⁸

ⱪꜝfi♩ ╩ ⌂ↄ⇔≡ ╩ ∆╢⌂≥⁸ ⇔√ ≤

─ ╩ ╡╕∆⁹ 

╕√⁸ ≤⇔≡ 1 √╡ / ─ ⅜ ⌂ ╩ ∆╢≤≤╙⌐⁸

╩ ™≡ ─ ⅜ ⌂ ≤⇔╕∆⁹ 

─ ⱨ꜡כ╩  ⌐ ⇔╕∆⁹ 
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  ⱨ꜡כ 

ɵȫɪɶɆ҃ 

ɒɁɆ 

ы ρ 

ɵ⅛  

Ẏ ʴǿ ї  ї(ȦȱȹɟɱɆӓ )      ї( ӓ) (ʤ ) 

ы  

ρ 

ⱥ  

ˏ  

 

 

̵ ѫ ρ 
 

ɵ Ƚɶɑɱ  
ɵǚȉȓǺǵ  
ɵḹК ѫ  

ǼȒǋɵ  

ȠɱɠɉȠ 

 

ɚȢɧ 

ɵ ר  

ʺ  ї  

ǛȆ Њ(֯ ǛȆƲʥ ɵ ẎǛȆ ) 

ǛȆ  

ǛȆɒɁɆ 

ǛȆȭɪɶɱ 

ǛȆəɁɏ 

ԁ  

 

˔ ᶅ 

( Ҳ⅛╛Ƕ 
ɵǛȆ Њ ) 

╠  

ἁ֚ꜘṃ 

  

Ȕ ╛ ǟȚᶅ 

ι Ɏɱȩ 

Ҳ⅛╛Ƕʥ  

ȷɆɶȩ╛  

 

 

 

Ȫȷ 
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 ρ ֗ ᶽ ┴  

 ⱪꜝfi♩  

↔╖ │⁸ ה ⁸ ⁸ ●☻ ⁸ ●☻ ⁸

⁸ ⁸ ⁸ ⁸ ⁸ ה ≢ ↕╣╕∆⁹ 

⌂ⱪꜝfi♩ ⌐≈™≡ ⌐ ⇔╕∆⁹ 

 

ה   

( 1)  

│⁸ ⌐ ↕╣╢ ↔╖⁸ ↔╖ ┘ ↔╖ ┘⌐ ↕╣╢ ⁸

⌐≈™≡⁸ ┘ ╩ ∆╢√╘⌐ ⇔╕∆⁹ 

≢│⁸ │⁸ ≤ ─ ≤⇔╕∆⁹ 

 

( 2) ─  

─ │⁸ ╛ ⌐╟∫≡ ⌐ ⅜ ⇔≡╙⁸ ⌐

⅜ ⌂™╟℮⌐ ∆╢ ⅜№╡╕∆⁹⇔√⅜∫≡⁸ ⌐⅔™≡│⁸ ╩ ⇔

╩ ⇔╕∆⁹ 

⌂⅔⁸ ─ ╩ ∆╢√╘⁸ ⁸ │♄fiⱧfi◓Ⱳ♇◒☻ ≤⇔╕∆⁹ 

 

   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

₈↔╖ ─ ה ₉  
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( 3) ↔╖Ⱨ♇♩ 

↔╖Ⱨ♇♩│⁸ ↕╣√ ↔╖╩ ⌐ ∆╢≤≤╙⌐⁸ ↕╣√↔╖╩ ∆

╢ ⅜№╡╕∆⁹ 

↔╖Ⱨ♇♩─ │⁸ ─ ╛⁸ ה ה ⌐╟╢ ⌐

╙⁸ ↔╖╩ ⌐ ≢⅝╢╟℮⌐⁸ ⌐ ⇔ ─

╩ ⇔╕∆⁹ 

 

   ÷  ×  

        ÷  ×  

  ќ  

 

( 4)  

↔╖Ⱨ♇♩│ ≤∆╢≤≤╙⌐⁸↔╖ ⅜ ∆╢ⱪꜝ♇♩ⱱכⱶ─ ⌐

│ ╩fiβ♥כ◌▪◄┘ ↑≡ ─ ╩ ⇔╕∆⁹∕─℮ⅎ≢ │⁸↔╖Ⱨ♇

♩ ┘ⱪꜝ♇♩ⱱכⱶ ─ │ ≤⇔≡ ⇔⁸ ⌐╟╡ ⇔╕∆⁹ 

⌐│ ╩ ≤⇔≡ ≢⅝⌂™√╘⁸ ╩ ↑⁸↔╖Ⱨ♇♩

┘ⱪꜝ♇♩ⱱכⱶ ─ ╩ ⌐ ⇔≡⁸ ⌐╟╡ ⇔╕∆⁹ 

⌂⅔⁸ ⇔≡ ─№╢ ╩ ∆╢≤≤╙⌐⁸ ⌐│⁸ ⌐╟╡

╩ ≤⇔╕∆⁹ 

β◄▪◌כ♥fi ─ ╛ ⅛╠ fi♥כ◌╩ ⌐ ⅝ ⇔⁸ ╡╟⌐fi♥כ◌─

─ ╩ ∆╢ ─↓≤≢∆⁹ 

 

  

₈  ─ ₉⌐╟╢ ⁸ │ ─≤⅔╡≤⇔╕∆⁹ 

─ ┘ ⌐ ∆╢ ⌐ ≠ↄ ה ┘₈↔╖ ⌐ ╢♄▬○

◐◦fi ●▬♪ꜝ▬fi₉ ↔╖ ⌐ ╢♄▬○◐◦fi ╩ ∆╢╙

─≤⇔≡⁸ ─ ╩ ∆╢╙─≤⇔╕∆⁹ 

ה           ϴ ϴ ⅜ ╕⇔™  

ה ≢─●☻     

ה    ●☻─   ─ ppm ⁸

≢ ppm ┘ ppm╩ ⅎ╢

─Ⱨכ◒╩ ↕∑⌂™⁹ 

 

 ●☻  

↔╖ ╩ ∆╢√╘⁸Ⱳ▬ꜝ╩ ⇔≡ ●☻╩ ⇔╕∆⁹Ⱳ▬ꜝ≢ ╩ ⇔⁸

⇔√ │⁸ ╛ ┘↓╙╣┘─ ⌐ ⇔╕∆⁹ ⌂◄Ⱡꜟ◑כ ╩ ╢

√╘⁸Ⱳ▬ꜝ─ │⁸ ה ≤⇔╕∆⁹ 
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 ●☻  

( ה (1 ─  

ה ⌐│⁸ ≤ ─ ≈─ ⅜№╡╕∆⁹ 

ה ╩⁸  ⌐ ⇔╕∆⁹ 

 

ה   ─ ─  

  

  

 

 
 

  

─▪ꜟ◌ꜞ ╩ ∂

╪ ─ ⌐ ⅝ ╖

╩ ≢ ∆╢  

♄כ♁ ─▪ꜟ◌ꜞ

╩ ⌐ ⇔⁸

╩ NaCl⁸Na2SO4 ─ ≤⇔≡

∆╢  

⌂  ♄כ♁    

─  ╟╡  ╟╡  

─   ╩ ╗  

─ 

 
≤≤╙⌐  ⁸ ⅜  

 ™ ⌐ ™ 

─ ╡ ™ │ ™ ⁸ ⌐  

    

  ™ ⌐ ™ 

  ™  ™ 

─     

─  ⌂™  ™ 

   

 ™ ⌂™ 

 

─ ה │⁸◄Ⱡꜟ◑כ ─ ⁸ ה ◖☻♩⁸↔

╖ ⌐⅔↑╢ ┘ ─ ─ ╩ ⇔⁸ ╩

⇔╕∆⁹ 
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( 2)  

⌐│⁸ ⁸ ┘ ╤ ∂╪ ─ ≈─

⅜№╡╕∆⁹ 

╩⁸  ⌐ ⇔╕∆⁹ 

 

  ─ ─  

       
 ppm  

   

 

▪fi⸗♬▪ ╩ ●☻─

⌐ ⇔⁸ ╩

⇔≡⁸ ⁸ ⁸

⌐ ∆╢  

 

 

 
   

 

 

↔╖ ─ ⌐fiכ♂

▪fi⸗♬▪ ╩ ⇔≡⁸

⁸ ⁸ ⌐ ∆

╢  

 

 

 
   

╤

∂╪  

╤ ∂╪ ─ ─

●☻⌐ ┘▪fi⸗♬▪

╩ ⇔≡⁸ ╩ √

∑√╤ ⌐╟╡ ∆╢  

 

 

 
   

) ⁸ │ ⌐╟∫≡ ⌂╢⅜⁸ ≤⇔≡ ⇔≡™╢⁹ 

₈↔╖ ─ ה ₉ ╩ ⌐  

 

─ │⁸↔╖ ⌐⅔↑╢ ┘ ─

─ ╩ ⇔⁸ ╩ ⇔╕∆⁹ 

 

 ( 3)  ♄▬○◐◦fi  

♄▬○◐◦fi ╩⁸  ⌐ ⇔╕∆⁹ 

 

  ♄▬○◐◦fi ה  

     

 

╤ ∂╪     

⁸ ☻◒כ◖ ╤ ∂╪     

⁸ ☻◒כ◖     

     

) ⁸ ☻◒כ◖ ┘ │╤ ∂╪ ≤ ∆╢─⅜ ≢№╢⁹ 

₈↔╖ ─ ה ₉  

 

≢│⁸┌™∂╪ ≤⇔≡ ╤ ∂╪ ⁸ ≤⇔≡

╩ ⇔╕∆⁹⇔√⅜∫≡⁸♄▬○◐◦fi ─ ה ≤⇔≡│⁸

╤ ∂╪ ⌐╟╢ ┘ ⌐╟╢ ≤⇔╕∆⁹ 
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( 4)  

│⁸♄▬○◐◦fi ≤ ⌐⁸╤ ∂╪ ⁸ ה ☻◒כ◖ ╤ ∂╪

┘ ה ☻◒כ◖ ⌐╟╡ ⅜ ≤↕╣≡™╕∆⁹ 

≢│⁸┌™∂╪ ≤⇔≡ ╤ ∂╪ ╩ ⇔╕∆⁹⇔√⅜∫≡⁸

─ ≤⇔≡│⁸ ╤ ∂╪ ⌐╟╢ ≤⇔╕∆⁹ 

⌂⅔⁸ ↔╖─ ─ ⌐╟╢ ⌂ ⌐ ⅎ≡⁸ ─ ⅜

╛∑╢ ─ ⌐ ∆╢╙─≤⇔╕∆⁹ 

 

(5) ⌐≈™≡ 

●☻ ⌐ ╕╣╢↔╖ ─ ╛ ─ ⅜ ⅛╠ ↕╣√ ⁸ ⌐ ╛↕

╣≡ ≤⌂╡⁸ ≤⇔≡ ↕╣╢↓≤⅜№╡╕∆⁹ 

│⁸ ╛ ●☻╩ ⇔≡ ╩ ⇔⁸ ●☻ ┼─ ╖ │

●☻╩ ה ∆╢↓≤⌐╟╡⁸ ⅛╠─ ╩ ∆╢╙─≢∆⁹ 

◄Ⱡꜟ◑כ ─ ≤⌂╢ ⱴ♬ꜙ▪ꜟ⌐⅔™≡│⁸

⅜ ─ ⌐ ⅜╢↓≤⅛╠⁸ ≤⇔≡ ⇔⌂™↓≤≤↕╣≡™╕∆⁹ 

≢│⁸ ≤⇔≡ ╩ ⇔╕∆⅜⁸∕─ ⌐ ╩ ╘

╢√╘ ●☻╩ ⇔╕∆⁹↓─ ⅜ ≤ ⌂ ≤⇔≡ ⅝⁸ ─ ⅜

↕╣╢↓≤⅛╠⁸ ⌐ ╩ ∆╢√╘─ │ ⇔⌂™╙─≤⇔╕∆⁹ 



 

-  34 -  

  

Ⱳ▬ꜝ≢ ↕╣√↔╖ ╩ ╛ ⌐ ⇔╕∆⁹ │⁸ ⁸

ה ↔╖ ┘↓╙╣┘─ ─ ≡─ ╩ ℮≤≤╙⌐⁸ ╩

⌐ ⇔╕∆⁹ │ ┘↓╙╣┘─ ┼─ ╩ ⅝ ⅝ ™╕∆⁹ 

⌂⅔⁸ ⌐│⁸↔╖ ⌐╟╡ ∆╢ ◄Ⱡꜟ◑כ╩ ⌐ ≢⅝╢ ⌐

≈™≡ ⇔╕∆⁹ 

 

( 1)  

◄Ⱡꜟ◑כ ─ ─◄Ⱡꜟ◑כ ─ β

╩ ∆╢↓≤╩ ≤⇔≡⁸ ─ⱦfiכ♃ │⁸  ─≤⅔╡≤⇔╕∆⁹ 

 

β ─ ≢│⁸ ◄Ⱡꜟ◑כ ┘

─ ⌐ ∆╢ ╩ ℮ ⌐ ⇔≡⁸ │ ─ ≢№╢ ╩⁸

≤∆╢ ⅜ ╠╣≡™╕∆⁹↓╣╩ ↑⁸◄Ⱡꜟ◑כ ⱴ♬ꜙ▪

ꜟ( 28 3 ꜟ◒▬◘ꜞה  )≢│⁸ ╩

≤∆╢ ≤ ⅜ ╘╠╣≡™╕∆⁹↓─ ─ ⌐⁸◄Ⱡꜟ◑כ ⅜ ╘╠

╣≡⅔╡⁸ ⌐╟╡ ⌂╡╕∆⅜⁸ ─ ≢│⁸◄Ⱡꜟ◑כ

≤⌂╡╕∆⁹ 

◄Ⱡꜟ◑כ │⁸ ≤ ─ ≤↕╣≡™╕∆⅜⁸ ≢│ ⌐⅔™

≡ ≤⇔╕∆⁹ 

 

  Ⱳ▬ꜝ─ ┘ ─ⱦfiכ♃  

Ⱳ▬ꜝ 

  ⁸  ( ϴ ⁸ MPa )  

 ⱦfiכ♃

   

  kW  

 

( 2)  

↓╙╣┘─ ┼─ │⁸ ≤ ≢ ℮↓≤╩ ≤⇔╕∆⁹ 

ה  ϴ ─  

│⁸ ─ ⁸ ─ ≤⇔≡ ⇔╕∆⁹ 
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ї ↓ǲȏȑʣ  

ǲ ǞƲȋǓǭ᷂

ʣǲѮ ǠȒƳ 
 

 

ȑǵק ȏȑȉ ↓Ǔ ǋ
ǦȈʣ  

  

│⁸↔╖─ ⌐╟╡ ∆╢ ●☻╩ ⌐ ⇔⁸ ⇔≡ ╩ ∆╢

√╘⌐ ⇔╕∆⁹ ↕⌐≈™≡│⁸ ●☻⌐ ℮ ┼─ ≤≤╙⌐⁸ ↕⁸

┘ ⌂≥─ ─ ⌐╟╢ ╩ ⇔≡ ⇔╕∆⁹ 

 

(1) ┼─  

⅛╠ ↕╣√ ●☻│⁸ ⌐ ∆╟℮⌐ ⇔⌂⅜╠⁸ ⌐ ⌐ ↕╣ ⇔≡

™⅝╕∆⁹ ↕╣ ↕╣√ ●☻│╛⅜≡ ⌐ ⇔╕∆⁹ 

●☻─ ↕⅜ ↄ⌂╢╒≥⁸ ⅜ ↄ⁸╕√⁸ ⌐ ∆╢╕≢─

⅜ ↄ⌂╢√╘⁸ │ ↄ⌂╡╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

↕╩ ↔╖ ≤ ∂ ≤⇔√ ≤ ─ ⌐≈™≡⁸

(₈  ₉ )─ ─ ⅜ ⅛╠ ↕╣╢≤ ⇔

≡⁸ ╩ ∫≡ ╩ ⇔╕⇔√⁹ 

╩  ⌐⁸ ┼─ ╩  ⇔╕∆⁹ 

 

   

  ↕ β  ─  
─ β  

 
( )  

 
(┌™∂╪)  

  
 

  

 
 

 
( )  

  
 

  

 
 

 
( )  

  
 

  

♄▬○◐◦fi  
( )  

 
  

 
  

 
(ɡ )  

 
  

 
  

β  │ ≤⌂╢ ↕ ≢│ ⁸ ↕ 

≢│ ─ ╩ ⇔╕∆⁹ 

β  ─ ─ │ ─ ⌐⅔↑╢ ≢∆⁹ 
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  ┼─ ↕ ─  

 
─  
─  

β  β  β  

 
( )  

   
 
 

 
 

   
 
 

 
 

   
 

 

♄▬○◐◦fi  
( )  

   
 
 

 
(ɡ )  

   
 
β  

β  │⁸ ─ ─ ⌐⁸ ╩ ⇔√ ≢∆⁹ 
β  ⁸ ⁸ ─ │ ≤⇔≡ ╘╠╣≡™╕∆⁹

⁸ │ ─√╘⁸ ⌐ ↕╣╢≤ ↕╣╢ ─ ™ ⌐ ⇔
≡ ≤ ⇔╕∆⁹ 

β  │⁸ ─ ╛ ╩ ∆╢ ≢ ↕╣╢↓≤⅜ ╕⇔™  
β  ⌐≈™≡│ ⅜ ╘╠╣≡™╕∑╪⅜⁸ ─ ─₈ ─

─№╡ ⌐≈™≡₉( )⌐╟╢ ≤⇔≡™╕∆⁹ 

 

┘ ┼─ ╩ ⇔√ ╩  ⌐ ⇔╕∆⁹ 

 

   

      

 ↕ ⌐ ═⁸ ─ │  

 ↕ ⌐ ═⁸ ─ │  

  

─ ╩ ⇔√ ≢ ∆╢↓≤⅜≢⅝╢ │

≤↕╣≡™╕∆⁹ 

≤╙⁸ │ ≢№╡⁸ ─

─ ⌐ ═≡╙ ⌐ ↄ⁸ ↕─ ™╩ ≢⅝╢╒≥─

≢│⌂™≤ ⅎ╕∆⁹ 

╕√⁸ ─ ─ ⌐ ╩ ⇔≡╙ ╩

╢ ≢№╡⁸ ┼─ │ ≤⌂∫≡™╕∆⁹ 

 

 (2)  ┼─  

™ │⁸ ⌐ ╛ ┼─ ╩ ⅛∑╢ ⅜№╡╕∆⁹ 

╕√⁸ ─ ─ │⁸ ╛ ╩ ∆╢ ⅜№╡╕∆⁹ 

 

ₒ ⁸ ⌐≈™≡ₓ 

↕⅜ ─ │⁸ ─ ─ ≤⌂╢ ™ ⁸ ⌂≥⌐ ⇔≡⁸

⅛╠ ⇔ ↄ∆╢√╘⌐ │ ─ ⁸ │ ⌂≥⅜ ↑╠╣≡™╕∆⁹ 

─ ⌐ ∆╢ ╛ ─ │  ─≤

⅔╡≢∆⁹ 
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  ⌐ ∆╢ ╛ ─  

 

↕ m m  

 ↕─ /  
↕─ /  

 ╩ ℮  ╩ ╦⌂™  

 

( )  

 

 

  

 

( )≤ ─    

   

 

(3)  ↕⌐≈™≡ 

 

 ↕ ≤ ─ ╕≤╘ 

    

┼─  
╩ ╡⁸ │ ⌐ ↕™⁹╕√⁸ ─ ╩ ⇔

≡╙ ─ ╩ ≢⅝╢╒≥─ ≢│⌂™⁹ 

┼─  
ה  

ה ─ │ ⌂™ 

ה  

ה ─ │ ⅝™ 

∕─  
╩ ⅎ╢ │⁸ ≤ ⅜ ≢№╢√╘ ≤⌂╡⁸

◖☻♩│ ∆╢⁹ 

 

─ ╟╡⁸ ┼─ ⁸ ┼─ ┘◖☻♩─ ╩ ╕ⅎ⁸

↕│⁸ ↔╖ ≤ ∂ ╩ ≤⇔╕∆⁹√∞⇔⁸ ─ ™ ╛

⌐╟╡ ∆╢ ─ ╛ ⌐╟╡ ⌐ ⅜ ∆╢ ╙№╢↓≤

⅛╠⁸ ⌂ ⌐≈™≡│⁸ ∆╢ ─ ≢ ⌐╟╡ ⇔⁸

⌐ ∂≡ ∆↓≤≤⇔╕∆⁹ 
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( 1) ─  

◌כ♩☻ ─ ⁸ ⅛╠ ⅜ ↕╣╕∆⅜⁸ │ ⇔√ ⁸ ┘┤

╢™≢ ─ ╛ ╩ ⇔ Ⱨ♇♩⌐ ⇔╕∆⁹ 

─ ≤⇔≡│⁸ ≤ ∆╢ ╩ ⌡ ⅎ√╙─≤⇔≡⁸  ⌐ ∆

⁸ ⁸ ─ ≈─ ⅜№╡╕∆⁹ ≢│ ≢◄◖☿ⱷfi♩ ┼ ∆╢↓

≤≤⇔≡⅔╡⁸ ╡ ⌐ ╣╢ ╩ ⇔╕∆⁹ 

 

  ─  

    

 
⌐ ⇔√ ╩ ⌐╟╡ ∆╢ ⁹

≤│ ⌐╟╡ ∆╢⁹ ─ │ ⌂™⁹ 

 

⌐ ⇔√ ╩ ─ ◖fiⱬ▪⌐╟╡ ∆

╢ ⁹ ≤│ ⌐╟╡ ∆╢⁹ ╡ ╩

⌐ ╣⌂™ ⁸ ⅜ ™⁹ 

 
♄fiⱤ⌐╟╡ ≤ ∆╢≤≤╙⌐ ╩ ↑√

⁹ ─ ≢ ∆╢⁹ 

 

│⁸ ≤ ╩ ⇔⁸Ⱨ♇♩ fiכ꜠◒ ≤⇔╕∆⁹ 

Ⱨ♇♩─ │⁸₈↔╖ ─ ה ₉⌐╟╢≤⁸ כ꜠◒

fi─ ╩ ⇔⁸ ≤∆╢─⅜ ≤↕╣≡™╕∆⁹ 

≢│⁸ ─ ╩ ⇔⁸ ≤⇔╕∆⁹ 

⅛╠ ↕╣╢ ⌐≈™≡│⁸ ≤┤╢™⌐╟╡⁸ ╛ ╩

⇔╕∆⁹ 

 

( 2) ─  

╤ ∂╪ ⅛╠ ↕╣╢ │⁸ ─ ≢◄◖☿ⱷfi♩ ┼ ∆╢↓≤╩

≤⇔╕∆⁹√∞⇔⁸◄◖☿ⱷfi♩ ⌐⅔™≡ ─ ╣⅜≢⅝⌂™ ⌐ ⅎ⁸

─ ╩ ℮√╘─ ╩ ⇔╕∆⁹↓─ ─ ≤⇔≡│⁸  

⌐ ∆ ⅜№╡╕∆⅜⁸ ╛ ─ ⌐ ╣⁸ ⅜ ™⁸

╩ ⇔╕∆⁹ 

╕√⁸ ─ │⁸ Ⱨ♇♩⌐ ∂≡ ⁸ ∕╣∙╣ ≤⇔╕∆⁹ 
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  ─  

  ☿ⱷfi♩   

 

⌐ ╩ ⇔⁸

⌐ ⇔⁸

╩ ⌐ ↕∑√

≤∆╢⁹ 

⌐☿ⱷfi♩╩

⇔⁸ ╩ ⅎ ⇔√

⁸ ⌐╟╡Ɑ꜠

♇♩ ⌐ ∆╢⁹ 

─ ╩ ⁸

∕─ ─ ⌐╟╡

↕∑⁸ ∆

╢⁹ ⇔√ │

⌐ ╙⇔ↄ

│ ⌐⅔™≡

∆╢⁹ 

─  ủ ỏ ủ 

 Ừ ủ ủ 

 ™ ™ ⌂™ 

    

ⱷfi♥♫fi☻  ủ ủ ỏ 

ⱷfi♥♫fi☻◖☻♩    

 ỏ ỏ ủ 

 

ה ─ ⇔⌂™

⇔√ ⅜  

ה ⅜◦fiⱪꜟ≢№

╡⁸ ⅜  

│♩ⱷfi☿ה ─

⌐ ═ ≢ ╙

 

ה ⅜◦fiⱪꜟ≢№

╡⁸ ⅜  

ה ─ ⇔⌂™

⇔√ ⅜  

ה ⌐╟╡⁸

≤⇔≡─

─ ⅜ ≢⅝╢ 

 

ה ─ꜝfi

♬fi◓◖☻♩⅜ ™ 

 

ה ⅜ ≤⌂

╢ 

ה │ ⌐ ™ 

ה ⅜ ™ ⁸

─ ─ ╣⅜№╢ 

ה ⅜ ≢⁸

⅜  

ה ⅜ ≤⌂

╢ 

 Ừ ủ ỏ 

Ừ ⌐ ╣≡™╢⁸ủ ╣≡™╢⁸ỏ ⌐ ═ ╢ 
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│⁸ ⅛╠─ ≢ⱪꜝfi♩ ─ ≡╩ ∫≡™╕∆⅜⁸ ─ ╙

∆╢↓≤╩ ≤⇔⁸ ⅎ⌂™ │ ≤⇔╕∆⁹ 

 

  

ⱪꜝfi♩ │⁸ ─ ╩ ∫√ ⁸ ⌂ ╡ ⇔⁸

│ ┼ ∆╢ ≤⇔╕∆⁹ 

 

ה   

( 1)  

─ │⁸ ─ ⌐ ⇔≡ ⇔╕∆⁹ 

─כ◑ꜟⱠ◄₈ה ─ ⌐ ∆╢ ₉─ ⌐≈™≡│⁸♩♇ⱪꜝfi♫כ ⌐

⇔√ ╩ ∆╢⁹ 

ה ─ ⌐№√∫≡│⁸ ─ ┘ ─ ⁸ ─ ⌐╟╢ ─

⌐ ≢⅝╢╙─≤∆╢⁹ 

 

( 2)  

⌐╟╡ ⌐ ╩ ∆╢ ⌐⁸ ┘ ⱦfiכ♃ ─ ⅜ √

╣√ ⌐⅔™≡╙ ⌐ ╩ ∆╢√╘⁸ ╩ ⇔╕∆⁹ 

╕√⁸ ⌐ ⅜ √╣√ ⌐╙ ╛ ─ ⁸ ⁸

─ ─ ╩ ∆╢≤≤╙⌐⁸ ╩ ⌐ ≢⅝╢ ╩ ∆╢╙─≤⇔

╕∆⁹ 

│⁸ ≤ ⌐ ╣√ ●☻ ⅜ ⌐ ≢⅝╢♦ꜙ▪ꜟⱨꜙכ◄

ꜟ ⱦfi≤⇔⁸כ♃☻●─ ─ ─ │ ⁸ ─ ╛ ⌂≥ ─

∆╢ │ ●☻╩ ∆╢╙─≤⇔╕∆⁹ 

 

( 3)   

─ │⁸ ─ ⌐ ⇔≡ ⇔╕∆⁹ 

ה │⁸ ╩ ™√ ◦☻♥ⱶ╩ ≤∆╢⁹ 

 

 ∕─  

∕─ ⁸ ∆═⅝ ≤⇔≡⁸ ●☻ ⌂≥─ ⸗♬♃ꜞfi◓ ⁸

⁸ ה ה ⌐ ∆╢ ⁸◄▪◦ꜗ꞉כ ╩ ⇔╕

∆⁹⌂⅔⁸ ●☻ │⁸ ─ ⌐ ⌂╙─≤⇔╕∆⁹ 

╕√⁸ ⅜ ╣√ ╩ ⇔≡⁸ ╩ ≤∆╢╟℮ ⇔╕∆⁹ 
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⁸ ⁸ ─ ⁸ ⁸ ─ ╩ ⇔⁸ ─ ┘

╩ ™⁸ ≤ ⇔⁸ ⌐ ⇔╕╣⁸ ⌐ ↕╣╢↔╖ ╩

⇔╕∆⁹ 

╕√⁸ ⌐ ╛⅛⌐ ≢⅝╢╟℮⁸ ─ ╩ ⇔╕∆⁹ 

 

  

( 1)  

ה │ ה ╩ ℮ ╩ ≤⇔≡⁸ ה ─ ╩ ⇔╕∆⁹ 

ה ─ ⌐ ∆╢◄ꜞ▪─ │⁸ ⌂ ≤⌂

╢╟℮⌐ ⇔╕∆⁹ 

ה ⅛╠ ╕≢─ ╩≤╡⁸ ⌐ ─ ☻Ɑכ☻╩ ⇔╕∆⁹ 

ה │ ╩ ≤⇔╕∆⅜⁸ ה ⁸ ⁸▬ⱬfi♩ ─

╩ ╕ⅎ√℮ⅎ≢⁸ ≤ ∆╢↓≤⌐≈™≡╙ ⅝ ⅝ ∆╢↓≤≤⇔╕∆⁹

≤ ≤∆╢ │ ╩ ↑╕∆⁹ 

ה │⁸ ≤ ╩ ≤⇔╕∆⁹ 

ה ≤ ⅜ ╣╢▬ⱬfi♩◄ꜞ▪─ ⁸ ─ ⌐ ∂√ ╩ ⇔╕∆⁹ 

ה ─ ╩ ╩♪כꜘ◒♇♩☻℮ ↑╕∆⁹ 

 

(2)  

ה │⁸ ⌐ ∆╢ ─ ⇔─ ™ ⅜ ≢⅝

╢ ⌐ ↑⁸ ⁸ ┘ ⌂≥⁸ ─ ⌐ ⇔√

≤⇔╕∆⁹ 

ה ─ │ ≤ ⇔⌂™╟℮ ⇔⁸ ∑↨╢╩ ⌂™ ⌐│

╛ ─ ╩ ∆╢⌂≥⁸ ⌐ ⇔√ ≤⇔╕∆⁹ 

ה ─ ≢ ⌂ ⁸ ─ ה ─ ⁸ ─ ╛

┼─ ╩ ⇔√ ≤⇔╕∆⁹ 

 

 (3)  

ה ⁸ ⌐≈™≡│⁸ ה ⌐ ─⌂™ ≢ ↄ∆╢⌂≥⁸ ╩ ∆╢

⅛╠─ ─ →⌐⌂╠⌂™╟℮ ⇔⁸ ╩ ╡╕∆⁹ 

ה ≤ ─ ⌐≈™≡│⁸ ⇔⌐ ⇔

╕∆⁹ 

ה ╛Ᵽ☻ ╩ ∆╢ ─ ⌐ ⇔√ ☻Ɑכ☻ ┘ ╩ ⇔╕

∆⁹ │ ⌐ ≠ↄ╙─≤⇔⁸ ™∆ ─ ╙ ↑╢↓≤

≤⇔╕∆⁹ 

ה ╛ ╩ ↄ◄ꜞ▪│⁸ ╩ ╡╕∆⁹  

 

 ─ ╩⁸  ⌐ ⇔╕∆⁹ 
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