
- 1 - 

►   

      

    

 

∕─  

─ ⌐ ∆╢ ─ ─╕≤╘  

 

 

 

 ▪    

 

╠  

    

 

 

 │ ─ ⌐ ∆╢ ─ ─

⌐≈™≡ ╠─ ╩ ∆╢╙─≢№╢⁹ 

 



- 2 - 

   

 ........................................................................................................................... - 6 - 

 ⌐╟╢ ⌐ ∆╢ ⌐ √∫≡ ............................................. - 6 - 

 │ ⌐ ⇔≡№╕╡⌐╙ ⅜ ⇔≡™╢↓≤ .................... - 7 - 

 ⌂ ♥ⱨꜝ .......................................................................................... - 7 - 

 ─ ┘  .................................................................................. - 8 - 

 ⌐ ⇔≡ ─ ≤∆═⅝  ........................................... - 10 - 

 │∂╘⌐ ................................................................................................................ - 10 - 

 ⌐ ∆╢  ................................................................................ - 12 - 

ᵥ ─ⱷ◌♬☼ⱶ .................................................................................... - 12 - 

ᵦ ⱴ◓ⱴ─ ≤  ........................................................................................ - 12 - 

ᵧ ≤ ⱨ꜡fi♩ ................................................................................ - 13 - 

ᵨ ─  ................................................................................................ - 16 - 

ᵩ ─ ⌐╟╢  ........................................................................ - 18 - 

ᵪ  ................................................................................ - 18 - 

ᵫ ≤ⱴ◓ⱴ  ................................................................................ - 20 - 

 ─  ................................................................................................ - 21 - 

ᵥ ─ ┘  ............................................................................ - 21 - 

ᵦ ─  .................................................................................................... - 22 - 

ᵧ ─ ┘  ....................................................... - 23 - 

ᵨ ─ ≤ ─ⱷ◌♬☼ⱶ ................................................................... - 24 - 

 ≤  ............................................................................................................ - 27 - 

ᵥ ─  ................................................................................................ - 27 - 

ᵦ ⅜ ⌂ ⌐ ⇔≡™╢ ⅜№╢↓≤....................... - 28 - 

ᵧ ⌂ ╛ ≤─  ............................................................... - 29 - 

 ⌐╟╢  .................................................................................................... - 30 - 



- 3 - 

ᵥ ╡ ╙∫√ ─  ............................................................................ - 30 - 

ᵦ ⌐╟╢ ┼─  ................................................................... - 31 - 

ᵧ ⌐ ∆╢  ............................................................................................ - 38 - 

ᵨ ⅜ ⇔≡™╢⅛≥℮⅛⅜ ⌐ ≤⌂╢↓≤....................... - 39 - 

 ●▬♪─  ................................................................................................ - 40 - 

 │∂╘⌐΅ ⌐│ ꜞ

☻◒⌐≈™≡ ⌂ ⅜⌂⅛∫√↓≤ ................................................... - 40 - 

 ─ ●▬♪  ................................................... - 40 - 

 ●▬♪─  ................................................................................................ - 41 - 

ᵥ ₈ ₉  ........................................................................ - 41 - 

ᵦ ₈ ●▬♪─ ₉  ........................................... - 42 - 

ᵧ ₈ ⌐ ╩ ╓⇔ ╢ ─ ₉

 ................................................................................................................................. - 44 - 

ᵨ ₈ ─ ⌐⅔↑╢ ⌐ ∆╢

₉  ................................................................................................ - 45 - 

ᵩ ₈ ─ ╩ ↑√ ┼─ ─

₉  ............................................................................................ - 46 - 

ᵪ ₈ ─ ⅜ ↕╣≡™╢↓≤─ ╩ ≤⇔

√ ─⸗♬♃ꜞfi◓₉  ............................................... - 49 - 

ᵫ ₈ ₉  ................................................................... - 49 - 

 ─ ●▬♪  ................................................... - 50 - 

ᵥ ─ ⌐⅔↑╢ ╠─ ⅎ ........................................................... - 50 - 

ᵦ  ........................................................................................................ - 51 - 

ᵧ ─ ●▬♪  ................................... - 51 - 

 ⌐ ∆╢ ─ ╡  ............................................................... - 54 - 

 ⌐⅔↑╢ ≤ ╘─  ....................................................... - 54 - 



- 4 - 

ᵥ ─ │ ≤│ ⅜⌂™↓≤ .. - 54 - 

ᵦ ╙ ─ ≤™℮═⅝↓≤ ................................... - 55 - 

 ─  ........................................................................................ - 56 - 

  ........................................................................................................ - 57 - 

ᵥ ─ ⅜⌂↕╣≡™╢  ............................................................... - 57 - 

ᵦ ─ ⅜⌂↕╣≡™⌂™  ........................................................... - 58 - 

ᵧ ≤│ ⅜ ⌂╢↓≤ ................................................... - 59 - 

 ⌐ ∆╢ ─  ................................................................... - 59 - 

 │∂╘⌐ ................................................................................................................ - 59 - 

 ─  .................................................................................................... - 60 - 

 ─ ⌐ ∆╢  ........................... - 60 - 

 ─  ........................................................................................ - 61 - 

ᵥ ≤♥ⱨꜝ .................................................................................... - 61 - 

ᵦ ♥ⱨꜝ─  ............................................................................ - 62 - 

ᵧ ─ ≤  ................................................................................ - 63 - 

ᵨ ─  ................................................................................ - 64 - 

 ⌐╟╢ ─ ─  ........................................... - 65 - 

 │∂╘⌐ ................................................................................................................ - 65 - 

 ⌐ ∆╢  ................................................................................ - 67 - 

ᵥ ⌐ ∆╢ ─ ↕ ................................................... - 67 - 

ᵦ ─ ╛ ─ ≤ ⇔≡╙ ⌂ ⅜ ∆╢↓≤ ...... - 67 - 

ᵧ ─ ⌐╟╡ ⅜ ⌐ ↕╣╢↓≤ .................. - 74 - 

 ─ ᵑ ............................................................................ - 79 - 

ᵥ ●▬♪─ ╘╢  ....................................................... - 79 - 

ᵦ ⅜ ∫≡™╢ ╛ ─  ................................... - 80 - 

ᵧ ₈ ─ ₉ ┘₈ ─ ₉│ ⌂╙─≤│™ⅎ⌂™



- 5 - 

↓≤ ......................................................................................................................... - 86 - 

ᵨ ™∏╣⅛ ╩ ∆╢≤™℮ │ ≢№╢↓≤....................... - 91 - 

ᵩ ..................................................................................................................... - 94 - 

 ─ ΅ ─  ....................... - 95 - 

ᵥ ₈ ─ ₉─  ................................................................... - 95 - 

ᵦ ⅜ ⌂╙─≤⌂∫≡™⌂™↓≤ ....................................... - 97 - 

ᵧ ◦Ⱶꜙ꜠כ◦ꜛfi─ │ ─ ≤│ ⌂╢↓≤ ...... - 97 - 

ᵨ ᵒ ─ ⅝™ ╒≥ │ ↕ↄ⌂╢ ─ ┘

─ ⌐ ≠ↄ  .......................................................................... - 104 - 

ᵩ ◦Ⱶꜙ꜠כ◦ꜛfi─ ╩ ™╢≤™℮ │ ≢№╢↓

≤ ........................................................................................................................... - 105 - 

ᵪ ─ ≢ ╩ ⇔≡™⌂™↓≤─

................................................................................................................... - 106 - 

 ─ ᵒ΅ ─ ⌐╟╢↔╕⅛⇔─  - 107 - 

ᵥ ●▬♪─ ╘ .......................................................................................... - 107 - 

ᵦ ₈ ●▬♪⌐ ∫≡ ⇔√─∞⅛╠ ₉≤™℮ ─ ╡ - 108 - 

 ╕≤╘ ................................................................................................................... - 108 - 

 ....................................................................................................................... - 109 - 



- 6 - 

  

 ⌐╟╢ ⌐ ∆╢ ⌐ √∫≡ 

  ╦⅜ │ ─ ─√∫√ ─ ⌐ ─ ─

⅜ ⇔≡™╢ ≥⅔╡ ─₈ ₉≢№╢⁹

⌐ ℮ ≤ ⇔≡ ⌐⅔↑╢ ⅜ ⇔≡⅔╡

ה ⌐

╩ ⇔√ ה

∕⇔≡ ≢│ ה ⅜

⇔≡™╢⁹ 

  ≢│ ─ ⇔╟℮≤∆╢ ₈ ₉≤

™℮⁹ ⅜ ─ ⌐╟∫≡ ∆╢ ⌐ 1 ⌐

ⅎ╠╣╢─⅛⅜ ≤↕╣≡™╢⁹ ─ ⌐⅔™≡ ↕╣≡™╢

─ ─ ↄ⅜ ─ ≢№╢─⌐ ⇔ ≢ ↕

╣╢ ─ │ ≤ ⇔≡⅔╡ ≢№╢⁹ 
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─ ╩ ╡ ⇔≡ ─ ╛ ╩ ⌐ ∆↓≤│ ⌐ ↕
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1 ≤│ ⅝↕ ⇔ↄ│ ⌐ ⌂ↄ ⅛╠ ↕╣√№

╠╝╢ ─ ≢ ∆╢ ╩ ∆ ●▬♪ ᵫ ⁹√∞⇔ ⌐ ⅝

⌂ ╩ ⅎ╢─│ ⅜ ─ ≢№╢↓≤⅛╠ ≢╙ ⅎ⅜⌂™

⌐ ԇ ≤ ∆╢ ⅜№╢⁹ 
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 │ ⌐ ⇔≡№╕╡⌐╙ ⅜ ⇔≡™╢↓≤ 

  ─ ₈ ₉≤™℮⁹ ≤

≤─ ⌐⅔™≡ ─ ⅛╠ ─ ⌐ ⇔

≡ ─╟℮⌂ ⅜ →⅛↑╠╣√⁹ 

  ₈ ─ ⅎ┌ ─ ≢ ⌐ ⅜ ⇔≡

⅜ ∫≡ↄ╢ ≢ ↕╣√ ─ ↕⅜ ☿fi♅ⱷכ♩ꜟ←╠™

⅛≤⅛ ∕℮™℮↓≤╩ │ ⇔≡™╠∫⇔╚™╕∆⅛⁹₉ 

  ↓╣⌐ ⇔ │₈ №╣≢↔↨™╕∆↑╣≥╙ ─ ─ ∑

╢ ≢ ♃▬ⱶꜞכ⌐ ≡™╢≤↓╤≢↔↨™╕∆₉≤ ⌐ ⅎ╠╣
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  ⅛╠│₈ ─♩♇ⱪ⌐™╠∫⇔╚╢ ≤⇔≡Ν Ν ≤™

℮ ≢ ─ ⇔≡™╢ ≤™℮─│ ∕℮

™∫√╙─⅛╠ ╣╢↓≤│≢⅝⌂™ ⌐№╡╕∆─≢ ∕℮™℮
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2 ⌂⅔ ♥ⱨꜝ Tephra ≤│ ⌐│ ∞↑≢⌂ↄ ╛☻◖ꜞ▪

☺כ◘ ⌂≥ ⌐ ⇔≡ ∆╢ ─ ╩ ∆⁹№

╢ ↄ ∆╢╙─⌐ ™╠╣╢↓≤⅜ ™⅜ ⌐│ ⇔√╙─

╩ ∆ ╙№╢⁹ 
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√ ⌐ ╠╣≡ ↕⅜ ∫√ ⅜№╢₉≤ ⇔ ₈╙℮ ⇔ ⅜ ∞₉≤ ═

⌐ ─ ⇔╩ ╘√⁹ ⌐ ♥ⱨꜝ─ │ ≤ ↕╣ ∆═⅝

│ ≤↕╣√⁹ 
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≤╕≢│ ⅎ⌂™≤⇔≡╙ ─ ∫√ ┘ ─ ∫√

⅜ ≢№╡ ─ │ ↕╣⌂™≤™℮ ╠─

⌐≈™≡ ╘≡ ∆╢╙─≢№╢⁹ 

  ─ ⌐╟╡ ⌐ ╩ ╢ ⅜ ⇔

↓╣⌐╟∫≡ ─ ╩ ⇔ ⅜ ↑ ⇔≡ⱷꜟ♩♄►fi

∆╢↓≤⌂≥⌐╟╡ ∂ ╘╢ ╩╙ ⇔≡ ╠─ ⌐ ⅛

≈ ⇔ ™ ╩ ╓∆ ⌂ ⅜ ∆╢⁹ 

  ∕⇔≡ ╠⅜ ⌐ ⇔√ ─ ─ ⌐≈™≡ │

╠ ⌂ ╩ ═╢↓≤∆╠≢⅝⌂⅛∫√⁹↓─ ⌐≈™≡│ ╙│╛

│ ⇔√≤™∫≡╟™⁹ ╠─ ─ ╩ ═╢⁹ 

 

ᵥ ╕∏ ⌐⅔™≡ ⌐ ⇔≡ ─ ≤∆═⅝ ≤⇔

≡ ─ ╩ ═ ⌐ ≢ ≤⌂╢ ─

╩ ═≡↓╣⌐╟∫≡╙√╠↕╣╢ ─ ╩ ∆╢⁹ 

ᵦ ⌐ ⌐⅔™≡ ⅜ ⌐ ∆╢ ╙ ╣∏⌐╦∏⅛ ⅛

╒≥≢ ⇔√ ─ ≢№╢₈ ●▬♪₉─ ╩ ═╢

≤≤╙⌐ ₈ ●▬♪₉⅜ ╩ ⅛╠ ╙

⇔≡™√↓≤⅜ ─ ╩ ∂≡ ╠⅛⌐⌂╡ ⅜

⌐ ●▬♪─ ╩ ╘↨╢╩ ⌂™ ⌐

∫√↓≤ ∕╣≢╙ ┼─ │ ╘≡ ⌂꜠ⱬꜟ≢

⅛↕╩ ╪∞ ≢№╢↓≤╩ ⅜ ╘≡™╢↓≤╩ ═╢⁹⌂⅔

⌐ ●▬♪⅜ ↕╣√√╘

●▬♪⌐ ≠™≡ ∆╢⁹ 

ᵧ ⌐⅔™≡ ⌐ ∆╢ ─ ╡ ⌐≈™≡ ═╢⁹ 
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ᵨ ⌐⅔™≡ ⌐╟╢ ⌐≈™≡ ∆╢⁹ 

ᵩ ⌐⅔™≡ ⌐╟╢ ╩╘←╢ ╩ ∆╢⁹ 

  ╕∏ ⌐⅔™≡ ●▬♪─

⌐╟╡ │ ≢─ ╩ ─ ─ ⌐

⅝ →↨╢╩ ⌂ↄ⌂∫√↓≤ ⇔⅛⇔ ∕─ ╙╕∞ ≢№╢↓

≤╩ ═╢⁹ 

  ⌐ ⌐⅔™≡ ⌐ ─ ⌐≈™≡

●▬♪─ ╘⅜ ≢№╢↓≤╩ ═╢⁹ 

  ∕⇔≡ ⌐⅔™≡ ⅜ ∫√ ⅜ ⌂╙─≢№╡

∕─ ╩ ∫≡™╢↓≤ ┘ ─ ≢

⌐≈™≡ ─ ⅜⌂↕╣≡™⌂™↓≤╩ ⌐⅔™≡ ↓─

╟℮⌂ ⌂ ╩ ∆╢╟℮⌂ ⅜ ≢№╢↓≤╩∕╣∙╣

═╢⁹ 

ᵪ ⌐⅔™≡ ⌐╟╢ ─ ─℮∟ ⌐

─ ⌐≈™≡ ─ ●▬♪─

─ ⌐ ∆╢ ╘⅜ ≢№╢↓≤ ⅜

∫√ │ ≢ ∕─ ╩ ∫≡™╢↓≤╩ ∆╢⁹ 

 

 ⌐ ⇔≡ ─ ≤∆═⅝  

 │∂╘⌐ 

  ↓↓≢│ ⌐ ⇔≡ ─ ≤∆═⅝ ≤⇔≡

⌐ ∆╢ ⌂ ≤ ⌐⅔↑╢ ⌂ ─ ╛ ⅜

⇔≡™╢↓≤ ⌐╟╢ ─ ⌐≈™≡ ═╢⁹ 

  ⌐⅔™≡│ ⌐⅔™≡ ∆╢ ⅜№╢ ─ ⌐≈

™≡│ ™⅜⌂™⅜ ⌐ ≢ ╦╣≡™╢

⌐⅔™≡ ⅜ ≤⌂∫√ ≢│ ─ ╩ ⌐



- 11 - 

⇔≡ ⅎ╢╙─⅜╖╠╣ ╙ ↓╣⌐ ∆╢ ≢

⌐ ●▬♪╩ ⇔√⁹ 

  ∆⌂╦∟ ⌐ ∆╢ ה

│ ●▬♪─ ╩ ╘⌂⅜╠╙

╩ ∟ ⇔≡∕─ꜞ☻◒╩ ⇔ ─ ╘╩ ╘⌂⅛∫√⁹ 

  │ ⌐≈™≡ ─ ≤ ⇔≡™⌂⅛∫√⅜

⌐ ™≡ ≢ ↕╣√ ⌐ ∆╢ ≢ ₈ 3₉⌐≈™

≡ ⌂ ≢ ⌐⅔™≡ ↕╣√↓≤⅜⌂™↓≤ ╩ ╕ⅎ

↓╣╩ ⇔√ ╛ ⅜ ─ ⌐⅔™≡ ╦╣

≡™⌂™↓≤╩ ≤⇔≡ ₈ ₉⌐╟╢ꜞ☻◒│ ↕

╣╢ ≢№╢≤ ≢⅝╢ ⌂≥≤⇔≡ ⌂ ⅛╠⇔≡╙

⌐ ⇔⌂↑╣┌⌂╠⌂™₈ ₉─ꜞ☻◒╩ ⇔ ₈ ₉─

ꜞ☻◒⅜№╢⌐╙⅛⅛╦╠∏ ╩ ≢⅝╢╟℮⌂ ╩ ∫√⁹ 

  ⌐⅔™≡│ ⌐ ⇔≡│ ԇ ─

♥ⱨꜝ ⅜ ≤⌂∫≡⅔╡ ╙ ↓╣≤ ─ ⅜ ∆

╢↓≤╩ ⇔≡™╢⅛╠ ₈ ₉⌐ ∆╢ ─╟℮⌂ │

≤⌂╡ ⌂™⇔ ⅜ ─ ⌐ ⇔≡ ╩ ⇔≡

♥ⱨꜝ─ ╩ ∆╢↓≤⅜ ↕╣⌂™─│™℮╕≢╙⌂™⁹ 

  ╙∫≤╙ ⌐≈™≡ ⅜∕─ꜞ☻◒╩ ⇔ ╙↓

╣⌐ ⇔≡⅝√≤™℮ ⌐ ╠⇔ ⌐ ∆╢ ⌂ ╛↓╣

⌐╟∫≡ ⅜≥─╟℮⌂ ╩ ↑╢─⅛⌐≈™≡ ⇔™ ╩ ≈↓≤│

≢№╡ └™≡│ ⌐⅔↑╢ ⌐≈™≡╙ ⇔™ ╩∆╢↓≤⌐

 
3 ●▬♪⌐⅔↑╢₈ ₉≤│ ─ⱴ◓ⱴ⅜ ⌐ ⌐ ⇔ ─

≤⌂╢╟℮⌂ ≢№∫≡ ≤⇔≡│ ─ ⅜ ╩ ⅎ╢╟℮⌂╙─╩™

℮≤↕╣╢⁹⇔⅛⇔ ↓─ │ ⌐⅔↑╢ ⌂ ≢│⌂ↄ ⌐│

─ ╩₈ ₉≤™™ ─

╩₈ ₉≤ ┬↓≤⅜ ™⁹ ╠╦⇔™√╘ ●▬♪⌐⅔↑╢ ╩

⅝≢₈ ₉≤ ∆╢↓≤⌐∆╢⁹ 
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≈⌂⅜╢√╘ ⌐ ⇔≡⅔ↄ⁹ 

 

 ⌐ ∆╢  

ᵥ ─ⱷ◌♬☼ⱶ 

▪ ╕∏ ─ⱷ◌♬☼ⱶ⌐≈™≡ ─ ⅜≥↓╕≢─

╩ ⇔ ≥─╟℮⌂ ⅜ ─╕╕ ↕╣≡™╢⅛⌐≈™≡

∆╢⁹↓╣│ ─ ─ ╩ ⌐ ∆╢√╘⌐╙

≢№╢⁹ 

  ↓─ ⌐ ⇔≡ ╠│ ₈ ─☻☻ⱷ₉

₈ ─ ₉ ₈ ≤ ₉

₈ ⌐≈™≡╕∞╦⅛∫≡™⌂™↓≤₉

╩ ⇔≡™╢─≢ ↓╣╠─ ⌐№√∫≡™√∞⅝√™⁹ 

▬ ⅛╠ⱴ◓ⱴ ─ №╢™│ⱴ◓ⱴ─ ╩ ↑√ ⅜

╛ ⌐ ∆╢ ╩₈ ₉≤™℮⁹∕─℮∟≢ ╩ ℮

╩₈ ₉⌂™⇔₈ ₉≤™℮⁹ 

  ₈ⱴ◓ⱴ₉≤│ ⱴfi♩ꜟ╛ ─ ⅜ ⇔√╙─≢№╡

╩ Ɽכ☿fi♩ ╪≢™╢⁹ⱴ◓ⱴ ─ ─ │ ≢

№╡ ↓─ ⅜ ─ ⌂ ─ ≈≤⌂∫≡™╢⁹ 

 

ᵦ ⱴ◓ⱴ─ ≤  

  │ ⱪ꜠כ♩⅜ ─ⱪ꜠כ♩─ ⌐ ╡ ╖ ╘≡™╢

≢№╢⁹ⱪ꜠כ♩─ ╖ ╖⌐╟╡ ⱴfi♩ꜟ─ ⅜ ↑≡ⱴ◓ⱴ

⅜ ∆╢─⅛⌐≈™≡│ №╢⅜ ⌂ │ ⱪ꜠כ♩⌐╟∫≡⅛

⅛╢ ™ ⌐╟∫≡ ─ ⅜ ╖ ⇔ ─ ⌐╟∫≡ⱴfi♩

ꜟ⅜ ↑≡ⱴ◓ⱴ⌐⌂╢ ≤™℮╙─≢№╢ ⁹ 
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 ⱴ◓ⱴ─ ≤ ⱨ꜡fi♩ ─ 4╟╡  

 

  ™∏╣⌐∑╟ ⱴ◓ⱴ⅜ ⇔╛∆™─│ ─

↕≢№╡ ↄ≢ ⇔√ⱴ◓ⱴ│ ⅜ ™√╘ ∕↓⅛╠

⌐╕≢ ⇔≡ↄ╢√╘ ⅜ ↓╡╛∆™ │ ⌐ ∫≡

⌐ ⅜╢ ⅜╖╠╣╢⁹ 

 

ᵧ ≤ ⱨ꜡fi♩ 

  ≢№╢ ⌐⅔™≡ ↓─ⱪ꜠כ♩─

≤ ⇔≡ ∆╢ ⅜ ⌂ ─↓≤╩₈ ⱨ꜡fi♩₉

≤™℮ ─ ™ ⁹ 

  ≢ ≤⌂∫≡™╢ │ ╕↕⌐ ⱨ꜡fi♩─ ⌐ ∆╢

≢№╢↓≤⅜ ⅛╢⁹ 

 
4 https://www.jma.go.jp/jma/kishou/know/whitep/2-4.html 
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 ⱨ꜡fi♩─ 5 

 

  ≈─ⱪ꜠כ♩ ⌐ ∆╢ │ ≢№╢≤≤╙⌐

≢╙№╢⁹↓─ ⅛⇔ ™ ╩ ↓─ ⌐⅔↑╢ ─ ≤⇔⌂↑

╣┌⌂╠⌂™⁹ 

  ─ₐ ≤ ₑ ה ≢│ ₈

₉≤ ⇔≡ ─╟℮⌐ ⇔≡™╢⁹ 

  ₈ ≢│ ⅜ ─ ╩ ╘ ≥─ ⅜ ⅛╩ ⇔≡

 
5 https://nonukes.exblog.jp/21930628/ 
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™╕∆⁹∕╣⌐╟╢≤ₐ ⌡ ⌐ ⇔√ ┘ ⌂

─№╢ ₑ≤⌂∫≡™╕∆⁹∏™┬╪ ™ ╩ ⌐⇔≡™╢

│ ⌐╟∫≡│ ─ ╩⅔™≡ ∆╢↓≤⅜№╡

─ ╙ ⌐⅔╟┬╙─⅜ ⇔ↄ⌂™⅛╠≢∆⁹ 

  ↓─ ⌐╟╢≤ ⌐│ ─ ⅜№╡╕∆ ⁹

⅜ ╗⌐≈╣ ─ │ ⅎ╢ ⌐№╡ ↕╠⌐ ↕╣╢

⅜№╡╕∆⁹ 

  ≢│ ⌐│≥╣ↄ╠™ ⅜№╢─≢⇔╞℮⅛⁹ ה ⌐╟∫

≡ ─ ⌐ ⅜№╡ ⌂ ⅜↕╣≡™⌂™≤↓╤╙№╡╕∆⅜

⅔⅔╟∕ ≤↕╣≡™╕∆⁹⇔√⅜∫≡ ─ ─

│ ─ ─ ╩ ╘╢↓≤⌐⌂╡╕∆⁹ ─

│ ─ ─ ⌐∆⅞⌂™↓≤╩ ⅎ╢≤ │ ⌐

⅜ ∆╢ₐ ₑ≤™ⅎ╕∆⁹₉ 

  ─ │ ⌐│ ∞∫√╙─⅜

⌐ ≤⌂╡ ⌐ ⅜ ╦∫≡

≤↕╣√⁹∕⇔≡ ⌐

⌐ ≤⌂∫√6⁹↓─╟℮⌐ │ ─ ⌐ ⅎ ↑≡™

╢⁹ ≢│⌂™≤↕╣≡™√ ⅜ ≤⇔≡ ╩ ╘≡ ≤

⌂╢≤™℮↓≤╩ ₁│ ⌐ ⇔≡™╢─≢№╢⁹ 

  ⌐⅔↑╢ ─ ─╙─ │ ┘

⌐ ∆≤⅔╡≢№╡ ╕↕⌐ │ ∕─╙─≢№╢↓≤⅜ ⅛

╢⁹ 

 
6 ∕─√╘ ●▬♪≢│ ─ │ ≤↕╣≡™√⁹ 
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 ≤ ─  

 

ᵨ ─  

  ⱴ◓ⱴ│ ⱴfi♩ꜟ─ ≢№╢
⅛╪╠╪

─ ⅜ ⇔≡≢⅝╢√

╘ ⌂ⱴ◓ⱴ│ ≤⌂╢⁹ 
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  │ ◔▬ ─ ⌐╟∫≡

⌂™⇔ ⌂≥⌐ ↕╣╢ ⁹ 

  ─ │ ─ ⅜ ⌂ↄ ⌐⌂╢⌐≈╣≡

─ ⅜ ↄ⌂∫≡™ↄ⁹ ─ ⅜ ⌂™ⱴ◓ⱴ╩₈

ⱴ◓ⱴ₉≤™™ ─ ⅜ ™ⱴ◓ⱴ╩₈ ⱴ◓ⱴ₉⌂™

⇔₈ ⱴ◓ⱴ₉≤™℮⁹ 

  ↕╠⌐ │ ⱴ◓ⱴ─ ⅎ ⌐╟∫≡ ↄ≢ ⌐ ╛↕╣

√ ⅛⌂ ⅛╠⌂╢╙─≤ ↄ≢╝∫ↄ╡ ⅎ ╕∫

√ ™ ⅛╠⌂╢╙─≤⅜№╢⁹ ╩₈ ₉≤ ┘

╩₈ ₉≤ ┬⁹ 

  ─℮∟ ─╙─⅛╠ ⌐⌂╢⌐⇔√⅜∫≡ ♦▬

◘▬♩ ⌂≥⌐ ↕╣╢ ⁹ 

 

 ─ 7╟╡  

 

 
7 http://db.yamahaku.pref.yamaguchi.lg.jp/db/tigaku/ref01.html 
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ᵩ ─ ⌐╟╢  

  │ ─ ≤™℮ ⅛╠ ╢≤ ᵑ ᵒⱴ◓

ⱴ ᵓⱴ◓ⱴ ⌐ ↕╣╢⁹ 

 

▪ ᵑ₈ ₉│ ⅜ ≢ ─ ⅜

ⱴ◓ⱴ─ ⌐╟∫≡ ⌐⌂∫≡ ⌐ ⅜ ⇔≡ ∆╢ ≢

№╢⁹ │ ─ⱴ◓ⱴ ─
↕™∑≈┬≈

8╩ ╕∏ ⅜ ≤

⌂∫≡™╢⁹ 

▬ ᵒ₈ⱴ◓ⱴ ₉│ ─ⱴ◓ⱴ⅜ ╛ ⌐ ⇔≡

─ ╩ ⌐ ↕∑≡ ⱴ◓ⱴ≤ ⅜ ⌐ ⇔≡ ⅝╢

≢№╢⁹ ⌐╟∫≡ ⱴ◓ⱴ│ ⌂ ─ √╢ ≤⌂

╡ ╛ ≤⇔≡ ∆╢⁹ 

► ᵓ₈ⱴ◓ⱴ ₉│ ⱴ◓ⱴ─₈ ₉⌐╟╢ ≢№╢⁹ 

  ─ⱴ◓ⱴ ⌐│ ⅜ ↑≡™╢⅜ ⱴ◓ⱴ⅜ ⇔≡ ⅜

⅜╢≤ │ⱴ◓ⱴ⅛╠ ⇔≡ ⱴ◓ⱴ ≢ ≤⌂╢⁹↓╣╩

≤™℮⁹ ⅛╠ ⇔≡ↄ╢ⱴ◓ⱴ ≢ ↓╣⅜ ⇔√

╙─⅜₈ ●☻₉≤ ┌╣╢ ⅜ ≢ ⌐ ∆╢↓≤⌐╟∫≡

↓╢ ≢№╢⁹ⱴ◓ⱴ│ ⌐⌂╡ ╛ ≤⇔≡

∆╢⁹ 

 

ᵪ  

▪ ─ ╩ ∆─⌐ ≤™℮ ⅜ ™

╠╣╢⁹↓╣│ ⌐▪ⱷꜞ◌─ ⅜ ∫√

≢ ─ ≢ ─ ╩╖╢╙─≢№╢⁹ 

 
8 ⅛╠ ↕╣√ ─℮∟ ─ ⁹₈ ₉╕√│₈♥ⱨꜝ₉≤╙™℮⁹

⅜ ╕╣⌂™≤™℮ ≢ ₈ ₉≤│ ⌂╢⁹ 
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  │ ⅛╠ ╕≢─ ⅜№╡ ↓─℮∟

⅛╠ ─ ≢│ ─ ≤

⌂╢◌ꜟ♦ꜝ ╩ ℮ ⅜ ↓╡ ╢≤↕╣╢ ⁹ 

 

 ≤ ⌂ ─  

 

▬ ⌂⅔ ⌐ ╕∫√ ≢│⌂™╙── ─ ╩₈

₉ ─ ╩₈ ₉ ─ ╩

₈ ₉⌂™⇔₈ ₉≤ ┬↓≤⅜№╢⁹√∞⇔

₈ ₉≤™℮⁹ ⅜

⌐ ⇔√₈ ─ ●▬♪⌐⅔↑╢ₐ

⌂ ╩ ℮ ─ ⌐e ∆╢ ⌂ ⅎ ⌐≈™≡₉

₈ ⌂ ⅎ ₉≤™℮⁹ ⌐⅔™≡│ ₈ ₉⌐≈™≡

↓╣≤│ ⌂╢ ╩ ∫≡™╢⁹∆⌂╦∟ ₈ ⌂ ⅎ ₉⌐⅔™

≡│ ₈↓↓≢™℮ₐ ₑ≤│ ─ⱴ◓ⱴ⅜ ⌐ ⌐

⇔ ─ ⌐╟∫≡ ⌂ ⌐ ⅛≈ ⌂ ╩ ⅝ ↓

∆╟℮⌂ ≢№╡ ≤⇔≡│ ╩ ⅎ╢╟℮⌂
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╩ ⇔≡™╢₉≤ ⇔≡™╢⁹ ●▬♪─ ⌐╟∫≡

●▬♪⌐⅔™≡╙↓─ ⅜ ↕╣╢⌐ ∫√⅜ ה

-10. ↓─╟℮⌂ │ ⌐ ─╙─≢│⌂™⁹ 

 

ᵫ ≤ⱴ◓ⱴ  

  ⌐╟∫≡ ⇔√ ─ ╩ ∆ ⌐│ ⅛↑ ₡ ₢

≤ⱴ◓ⱴ ₡ ₢≤⅜№╢⁹ ⌐╟╢ │ ∕─ ⌐

⇔√ⱴ◓ⱴ⌐ ╩ ≈₈ ₉≤ ⌐╟∫≡ ─ ╛

⅜ ה ↕╣√₈ ה ₉⅛╠ ↕╣≡™╢≤↓╤

₈ ₉│ ↓╣╠∆═≡╩ ╦∑√ ─ ⅛↑─ ╩ ⇔≡

™╢⁹ 

  ↓╣╠─℮∟─ ─ ⅜ ⌂ ≢─₈ⱴ◓ⱴ ₉

≢№╢⁹⇔⅛⇔ ─ ה ─ ⌂ ╩

╘╢↓≤│ ≢│⌂™↓≤⅛╠ ⱴ◓ⱴ ⅔╟┘ⱴ◓ⱴ ⌐╟

╢ ╩ ≢ ↕╣≡™╢╙─≤ ⇔√℮ⅎ≢ ∕

╣╩ Dense Rock Equivalent ⇔√╙─⅜₈ⱴ◓ⱴ ₉≤⇔≡

╦╣╢⁹ 

  ≤│ ∆═≡─♃▬ⱪ─ ╩ ≤ ∂ ⌐ ⇔

√≤⅝⌐ ∆╢ ╩™℮⁹ ⅎ┌ ╛ ≢│ ⅜

₡g/ ₢ ≤↕╣ ≢│ ₡g/ ₢ ≤↕╣≡™╢⁹≈╕╡

⅛↑─ │ ∂≢╙ ≤ ≢│ ⅜ ⌂╢↓≤⌐⌂╢⁹√≤

ⅎ┌ ─ ╩ ∆╢≤ ⅛↑ ≢ ─ │

≢│ ≤⌂╢9⁹ 

  ⌐⅔↑╢ ≢│ ⌐↓╣╠⅜ ↕╣≡™╢⅜ ⌐₈ ₉

 
9 ↓─ ⌐≈™≡│ https://gbank.gsj.jp/volcano/eruption/explanation/description2.html╩ ⇔

√⁹ 
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≢ ↕╣≡™╢ ≢╙ ⱴ◓ⱴ ╩ ⇔≡™╢ ⅜№╡ ⅜

≢№╢⁹ 

 

 ─  

  ↓↓⅛╠ ≢ ≤⌂╢ ─ ⌐≈™≡ ∆╢⁹ ⌐

№√∫≡ ⌐ ─ ⌐ ↕╣√

─ ꞉כ◐fi◓◓ꜟכⱪ │ ─

⅜ ⇔√₈ ─ ⌐≈™≡₉≤™℮ ╩ ∆╢

⁹ 

 

ᵥ ─ ┘  

▪ ≤│ ●▬♪ ₈ ⅝↕ ⇔ↄ│

⌐ ⌂ↄ ⅛╠ ↕╣√№╠╝╢ ─ ≢ ∆╢

╩ ∆₉≤ ↕╣≡™╢ ●▬♪ ᵫ ⁹ 

▬ │ ⌐ ⌐╟∫≡ ↕╣╢⁹ ─ ⅜

─ ╩₈ ₉ ⅜ ─ ╩

₈
╣⅝

₉ ∕⇔≡ ⅜ ─ ╩₈ ₉≤™℮⁹ 

  ╕√ ⌐ ─℮∟ ⌐╟╢ ╩ ↄ ≈ ─

╛ │₈ ₉≤ ┌╣ ─╙─│₈☻◖ꜞ▪₉≤ ┌╣╢⁹ 

► ─ ≤⇔≡│ ↄ ┌∫√ ╩⇔≡™╢╙─⅜ ™≤↕╣

╢ ⁹ 
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 ─ ΅ ⌐╟╢ ה  

 

◄ │ ●▬♪ ₈ ─↕╕↨╕⌂ⱪ꜡☿☻⌐╟∫≡

∂╢ ─ ─ ₉≤ ↕╣≡™╢ ●▬♪

ᵬ ⁹ 

  ≤ │ ⌐│ ⌂╢ ≢№╢⅜ ⌐⅔™≡

⌐ ⅝⌂ ╩ ⅎ ╢─│ ∆╢ ≢№╢√╘ ⌐⅔™

≡│ ⅛╡╛∆↕─√╘⌐ ₈ ԇ ₉≤⇔≡ ∆╢↓

≤╙№╢⁹ 

 

ᵦ ─  

  ─ │ ≢ ₡g/ ₢ ╕≢≤ ⅜№╡

─ ─ ≢│ ₡g/ ₢ ≤

↕╣≡™╢ ⁹ 
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 ─ ≤ ╩ ╪∞ ─ ה  

 

  ≢│ ₡g/ ₢≤ ↄ⌂╢↓≤⅜ ⅛╢⁹ ≤

⇔≡ ≤⌂╡ ╢─≢№∫≡ ≢ ≤⌂╢ ─ │

≢™ⅎ┌ ─ ↕≤ ⌐ ∆╢─≢№╢⁹ 

 

ᵧ ─ ┘  

▪ │ ⌐│ ≢№╢⅜ ╩ ╪≢ ∫√ ⌐⌂╢≤

╩ ≈↓≤⅜№╢⁹∕─√╘ ∫√ ⅜ ─ ⌐

⇔√ ─ ⅜ ↄ⌂╡ 10 ⌐╟╢ ⌂≥⅜ ↓

╢⁹ 

▬ ⅛╠ ▬○fi 4
2- ⅜ ∆╢≤ ╩ ⅝ ↓∆⁹ 

 
10 ─ ╩ ⅎ╢↓≤≢ ⇔ ╛ ⅜ ∆╢↓≤╩™℮⁹ ⅜

⌐ ╣╢ ╩₈ ₉≤™™ ↓╣╠⅜ ─ ≤⌂╢⁹ 
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► ─ │ ≤↕╣≡™╢⁹ ─◄fi☺fi⌐

⅜ ╢≤ ⱦfi─◄fi☺fiכ♃☻● ≢

⅜ ⇔ ∕─ ⅎ≡♃כⱦfiⱩ꜠כ♪ ⌐ ∆╢√╘ ◄

fi☺fi ⌂≥ ─ ≤⌂╢↓≤⅜ ╠╣≡™╢ ⁹ 

 

 ─ ┘ ה  

 

ᵨ ─ ≤ ─ⱷ◌♬☼ⱶ 

▪ ⅜ ∆╢≤ │ ╕∏ ●☻╛ ─ ≤ ∂∫≡

≤⇔≡ ∟ ╢⁹ ≤ ─⸗♦ꜟ≤⇔≡ ⌂ ⸗♦ꜟ⌐

╟╣┌ │ ↓─ ─ ╩ ⅝ ╖⌂⅜╠ ∆╢√╘

│ ⅛╠ ∑∏ ≤ ⅜ ∆╢ ╕≢ ╩ ↑╢⁹

≢│ ≤™℮ ⌐╕≢ ∆╢╙─⅜№╢⁹ 

  ≤ ⅜ ∆╢≤ │∕╣ ≢⅝⌂ↄ⌂╡

┼≤ ⌐ ⅜∫≡™ↄ ₈ ₉⌂™⇔₈ ₉≤ ┌╣╢ ⁹
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↓─ ⅜╡│ ─ ╩ ↑╢╙── №╢ ⌐ ⅜╢

↓≤⅜ ╠╣≡⅔╡ ─Ⱨ♫♠Ⱳ ≢│

⌐╕≢ ⅜ ⅜∫√↓≤⅜ ⌐╟∫≡ ╠⅛⌐⌂∫≡™

╢ ⁹ 

 

 ≤ ─  

 

▬ │ ↓─ ⅛╠ ─ ⌐╟∫≡ ⌐ ∆╢⁹

∕─ ⅜ ⅝ↄ ™ │ ⅛╠ ™ ≢ ∆╢─⌐

⇔ ⅜ ↕ↄ ™ ─ ⅝™ ╩ ╗ │╟╡ ╕

≢ ┌╣╢ ⁹ 
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 ⅛╠─ ─ ™⌐╟╢ ─ ─ ™ ה  

 

► ⌐╟╢ │ ─ ╩ ↑⌂⅜╠╙ ╘≡ ⌐

∆╢⁹ ⅎ┌ ♥ⱨꜝ │ ≢╙ ╒≥─

↕≢ ⇔≡™╢ ⅜№╢⇔ ⌐ ─

◌ꜟ♦ꜝ⅛╠ ⇔√ ♥ⱨꜝ │ ≢ ↕

─ ╩⌂⇔≡™╢⁹↕╠⌐ ⌐ ≤ ─ ⌐№╢

≢ ↓∫√ ─ ╙ ╛ ≢ ≈⅛∫≡™╢ ↓

─╟℮⌂ │₈ ♥ⱨꜝ₉≤ ┌╣ ─ ⅜™≈ ↓

∫√─⅛≤™℮↓≤╛ ⅜ ™≡ ⅜ ⇔√ ⌂≥╩ ╢

⅛╡⌐╙⌂╢ ⁹ 

  ⌂⅔ │ ⌐ ⅛╠ ⇔™ ⅜ ⌂∫√╟℮⌂

─ ⅜ ╟ↄ ↕╣≡™╢ ≢№∫≡╙

─ ╖≢ ↕╣╢√╘ ⌐ ─ │ ─ ╟

╡╙ ⅛∫√≤ ⅎ╠╣≡™╢ ⇔√⅜∫≡ ╙ ─
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⌐⌂╢ ⁹↓╣⌐ ⅎ ⌐╟∫≡ ⅜ ╦╣≡™╢↓≤╙ ™

√╘ ─ ⅛╠ ≥─ ─ ⅜№∫√⅛╩ ∆╢↓

≤│ │ ≢│⌂™⁹ ⅎ┌ ─ ╩⌂⇔≡™╢≤™℮↓

≤│ │ ─ ≢№∫√ │ ⌐ ∆╢⁹ 

 

 ≤  

  ↓↓≢ ⅜ ≥─╟℮⌐ ⌐ ╩ ⅎ√─⅛ ⌐

╟∫≡↓╣╩ ∆╢≤™℮ ⅎ⅜™⅛⌐ ⌐ ≠ↄ╙─≢№╢─⅛

⌐ ═╢⁹ 

 

ᵥ ─  

▪ ⌐ ╠∆╟℮⌐⌂∫√ ₁─ │ ╩ ↄ ⌐ ≤

─ ╩ ⅎ ↓╣╩ ≤⇔≡ ╘≡⅝√⁹ ⌐⅔↑╢ ─ │

▬◙♫Ⱶ≢№╢⁹ │ ⅜ ─ ╩ ℮ ╩

╙√╠∆≤≤╙⌐ ⌂≥─ ╖╙╙√╠∆↓≤╩ ↄ ⇔ ↓╣╩

≤⇔≡ ╣ ∫≡⅝√─≢№╢⁹ 

▬ ⌐ ⇔√ ◌ꜟ♦ꜝ─ ≢│

⌐ ─ ⅛╠ ─ ⅜ ⇔√≤ ⅎ╠╣≡™╢⁹

⌐│ ↕╣≡™⌂™⅜ ─ │ ∆≢⌐ ⌐╟╢

╩ ⇔≡™╢─≢№╢ ה ⁹∕⇔≡ ↓─

─ ╤⇔™ ⅜ ⇔√ ─ ⌐ ⅝⌂ ╩ ⅎ≡™╢─

≢│⌂™⅛≤™℮ ╙ ↕╣≡™╢ ₐ ≢ ╖ ↄ

─ ₑ ⁹ 

► ⌐ ∫≡ ⌐▬fi♪Ⱡ◦▪─◒ꜝ◌♃► ≢ ⇔

√≤ ↕╣╢ │ ⌐╙ ─ ≤⇔≡ ↕╣≡

™╢⁹ 

https://www.amazon.co.jp/%E7%81%AB%E5%B1%B1%E3%81%A7%E8%AA%AD%E3%81%BF%E8%A7%A3%E3%81%8F%E5%8F%A4%E4%BA%8B%E8%A8%98%E3%81%AE%E8%AC%8E-%E6%96%87%E6%98%A5%E6%96%B0%E6%9B%B8-%E8%92%B2%E6%B1%A0-%E6%98%8E%E5%BC%98/dp/4166611224/ref=sr_1_5?__mk_ja_JP=%E3%82%AB%E3%82%BF%E3%82%AB%E3%83%8A&keywords=%E7%81%AB%E5%B1%B1+%E7%A5%9E%E8%A9%B1&qid=1569757829&s=gateway&sr=8-5
https://www.amazon.co.jp/%E7%81%AB%E5%B1%B1%E3%81%A7%E8%AA%AD%E3%81%BF%E8%A7%A3%E3%81%8F%E5%8F%A4%E4%BA%8B%E8%A8%98%E3%81%AE%E8%AC%8E-%E6%96%87%E6%98%A5%E6%96%B0%E6%9B%B8-%E8%92%B2%E6%B1%A0-%E6%98%8E%E5%BC%98/dp/4166611224/ref=sr_1_5?__mk_ja_JP=%E3%82%AB%E3%82%BF%E3%82%AB%E3%83%8A&keywords=%E7%81%AB%E5%B1%B1+%E7%A5%9E%E8%A9%B1&qid=1569757829&s=gateway&sr=8-5
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◄ ◌ꜟ♦ꜝ≢ ⅜ ⇔

⅜ ⇔≡ ╩ ⅝ ∫√⁹ │ ╩ ™

⌂ ╩╙√╠⇔√≤ ⅎ╠╣≡™╢⁹ 

○ ↓╤≤ ↕╣≡™╢⅜ ≤ ─ ⌐№╢

⅜ ╩ ↓⇔√⁹↓╣⌐╟╡ ╦⅜ ╙ ⅝⌂ ╩ ↑ ↓─

─ ↄ─ ⅜ ⌂≥─ ⌐ ∫≡™╢⁹ 

◌ ⅜ ─ ≤⌂∫≡⅛╠ ₁⅜ ⇔√ ≤⇔≡

─◒ꜝ◌♃► ≤ ─

─Ⱨ♫♠Ⱳ ─ ≢ ╙ ↕™ ⅜ →╠╣╢⁹

⌐╟∫≡ ─ ⌂ ⅜↕╣╢╟℮⌐⌂∫≡ ⅜

╩ ⇔√↓≤│⌂™⁹ 

 

ᵦ ⅜ ⌂ ⌐ ⇔≡™╢ ⅜№╢↓≤ 

▪ ⌐⅔↑╢ │ ⌐ ─ ╩ ⅎ≡⅔╡

⌐╟╢ꜞ☻◒╩ ∆╢↓≤│ ─ ⌐≈⌂⅜

╡ ╢ ⌂ ≢№╢⁹ 

  ⌐⅔™≡│ ≤ ≤│ ╠⅛─ ╩ ∆╢─≢│⌂™

⅛≤™℮ ⅜ ↕╣≡™╢⁹ ⌐ ⅝√ ─

ה ≤ ⅛╠ ⌐⅛↑≡

⇔√ ─ ⌂ ™╦╝╢ │

≤─ ⅜ ↕╣╢⁹ 

  ♅ꜞ⌐⅔™≡╙ ─ ╩ ⇔√ ─♅ꜞ

⅜ ⇔√ ⌐ ♅ꜞ─◖ꜟ♪fi◌►☺▼ ⅜ ⇔≡™╢⁹ 

  │ ─ ≤╙™╦╣≡⅔╡

⌐╟∫≡ ⅜ ⌐ ∫√─≢│⌂™⅛≤™℮

⅜ ↄ─ ⅛╠⌂↕╣≡™╢⁹ 

https://ja.wikipedia.org/wiki/%E8%B2%9E%E8%A6%B3_(%E6%97%A5%E6%9C%AC)
https://ja.wikipedia.org/wiki/%E8%B2%9E%E8%A6%B3_(%E6%97%A5%E6%9C%AC)
https://ja.wikipedia.org/wiki/%E5%AF%8C%E5%A3%AB%E5%B1%B1
https://ja.wikipedia.org/wiki/%E5%99%B4%E7%81%AB
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▬ ⅎ┌ ─ ≢№∫√ ─

╙ ─ ╙ ╕ⅎ≡ ─ ─ │ₐ

⅜ ⅝√↓≤⅜ ⇔≡™╢╟℮⌐ ⅜ ⌐ ∫√√╘≢│

⌂™⅛ₑ≤ ∆╢⁹ 

► ╕√ │

₈ ─ ⅜ ↕╩ ⇔≡™╢₉≤⇔ ₈ ─ ╩ ╡

╢≤ ⌂ ╛ ⅜ ∆╢ ⅜№╢⁹

─ ⌐ ─ ╩│∂╘ ה

╛ ─ ─

⌂≥ ⌂ ⅜ ™√⁹ ⌐╟╢ ≢ ≤

⇔≡│ ╙ ™ ─ ╩ ⇔√

─ ╙ ⌐ ↓∫≡™╢⁹↓─ ─ ≢│ ─

─ ⌐ ⅝√ ⅜ⱴ◓♬♅ꜙכ♪ ≤ ↕╣

↕╣╢ ♩ꜝⱨ ≤ ⅜ ⌂╢≤ ⅎ╠╣≡™╢⁹ ⌐╙

⌐ ╩⅔∕∫√ ⌂≥ ─ ⅜™ↄ≈╙

⇔√⁹₉≤ ≤ ─ ╩ ⇔≡™╢⁹ 

◄ ↓─╟℮⌐ │ ≢─ ─ ⅜ ⅝

√↓≤⌐╟╡ ⌐ ≤↕╣╢╟℮⌂ ╩ ∆╢ ה

─ ⌐ ⇔≡⅔╡ ─ ה ─ ─

╩ ⅝ↄ ╢ꜞ☻◒╩ ⇔≡ ⇔⌂↑╣┌⌂╠⌂™ ⌐ ∟ ∫

≡™╢⁹ 

 

ᵧ ⌂ ╛ ≤─  

▪ ╦⅜ ⌐⅔™≡│ ─ ⌐ ─ ⅜

╩ ⅎ╢ ⅜№∫√↓≤⅜ ⅛∫≡™╢⁹≈╕╡

⌐ ─ ≢ ⅝√↓≤⌐⌂╢⁹ 
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  ╕√ ↓╣⌐ ⅜ ╩ ⅎ╢ ╩ ╘╢≤

≤⌂╡ ≤ ╩ ╦∑╢≤ ╙∫≤ ™

⌐ ─ ≤⌂╢ ה ⁹ 

▬ ⌐ ∆╢ ⌂☻♃fi♄כ♪│ ─ ╩

№√╡ ⌐ ⅎ╢↓≤≤↕╣≡™╢⁹ 

  ∕℮∆╢≤ ⌐ ─ ≢ ∆╢≤™℮

⌐≈™≡│ ⌐ ↕╣⌂↑╣┌⌂╠⌂™ ≢№

╢ ╛ ⌐ ─ ⌐≈™≡

↕╣√ ⌂ ╩ ╕ⅎ╢↓≤⅜ ↕╣≡⅔╡ ╩ ╕

ⅎ╢↓≤│ ─ ≢№╢ ⁹ 

► ╕√ ─╖⌂╠∏ ╦⅜ ⌐⅔™≡╙

⅜ ╩ ╘ ─☿◦►ⱶ ─ ⅜

╩ ⅎ╢╟℮⌂ ─ ⌐≈™≡ ╩ ⅎ⌂™╟℮⌐

↕╣╢═⅝≤↕╣╢⌐ ∫√⁹ 

  ↓─↓≤⅛╠⇔≡╙ ╩ ∆╢↓≤│№╡ ⌂™⁹

⌐╟∫≡ ─ꜞ☻◒╩ ∆╢≤™℮─│ ╩ ╤⌐∆╢

ⅎ≤™℮╒⅛⌂™⅜ ∕─╟℮⌂ ⅎ⅜ ─ ⌐╟∫≡ ⅜∫≡

⇔╕∫√ ╙≤╙≤ ≢∆╠↓─╟℮⌂ ⅎ╩ ⇔≡™⌂⅛∫√

─⌐ ⅜↓─╟℮⌂ ╩ ∫√√╘ ╛

│ ╩⌂⅛∫√↓≤⌐⇔≡↓╣⌐ ∆╢ ≤⌂∫√ ↓≤│

⌐ ⅛╦⇔™⁹ 

 

 ⌐╟╢  

ᵥ ╡ ╙∫√ ─  

  ⅜№∫√ ⌐≥─╟℮⌂ ⅜ ∂╢─⅛╩ ∆╢⌐ √╡ ╕

∏ ─ ╩ ⇔≡⅔ↄ⁹ 
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  ⌐│ ⇔√╟℮⌂ ⅜╖╠╣ ╡ ╩ ┘╢≤ ╩

∫√╡ ⅜№∫√╡∆╢⅜ ↓↓≢│ ╡ ╙∫√ ⅜≥

─╟℮⌂ ╩ ∆╢─⅛ ═╢⁹ 

  ╡ ╙∫√ │ ⌐╟∫≡ ⅜ ⌂╢⁹ ◦ꜟ♩

≢│ ╩ ╗≤ ╡ ⅜ ≡ │ ╕╡ ↓┘╡≈⅝╛∆™

ↄ≤ ≤⌂╢≤™℮ ⌂ ╩ ∫≡™╢⁹ ─ │ⱴ◓ⱴ

≤⌂╢ ⅜ ™⅜ │ ╣≡™╢√╘ ⅛™

─ ⅜ ↄ⌂╡ ─ ⅜╟ↄ№≡│╕╢≤ ⅎ╠╣╢

⁹ 

 

 ╡ ╙∫√ ─ ה  

 

ᵦ ⌐╟╢ ┼─  

  ≢│ ⌐╟∫≡ ⌐≥─╟℮⌂ ⅜№╢⅛⁹ 

  ⌐│ ⅛╠─ ≤ ─ ⌐≈™≡─ ⌂
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⅜ ↕╣≡™╢⁹ 

  ─ ⌐ ╕╠∏ ה ─ ⌐⅔™≡╙ ╛

─ ─ ⅜ ⌐⌂╡⅛⌡⌂™↓≤ ⌐╟╢ ─ ⌂

≥⅜ ↕╣≡™╢ ⁹ 

 

 ⅛╠─ ≤ ─ ─ ה  

 

  ╕√ ╙ ⇔√ ─ ╩

⌐ ⌐╟╢ ⌂ ╩ ∆╢⁹↓↓≢ ↕╣√ ≢─

─ ↕│ ⅛╠ ≢№╢⅜ ╦∏⅛ ─ ⌐╟∫≡

⌂ ⅜ ∆╢↓≤⅜ ≢⅝╢⁹ 

 

▪ ─ ⌐╟╢≤ ⌐ ⌐ √⌂™ ≢╙ ╛

ꜝ▬ⱨꜝ▬fi⌐ ⅜ ╘ ╩ ⅎ╢≤ ꜝ▬ⱨꜝ▬fi

┘ ⌐ ⇔ ╘≡ ⌂ ⅜ ∂ ה ⅜╒╓



- 33 - 

≤⌂╢≤↕╣≡™╢ ⁹ 

 

ה  ─ ⌐╟╢ ─  

 

▬ ⌐ ≤─ ≢│ ┘ ⌐ ∆╢ ⅜ ≢№

╢⁹ 

  ⌐≈™≡│ ⅛™ │ ╡╛∆ↄ ≤ↄ⌐ ⅜ ╢≤⌠⅛╢

╖ ⌐⌂╡ ☻ꜞ♇ⱪ ⅜ ∆╢⁹╕√ ╛ ⌐╟∫≡ ⅝ →

╠╣ ╩ ℮ ⅜ ╩ ╢⁹Ⱬ♇♪ꜝ▬♩╩≈↑≡╙╒≤╪

≥ │⌂™⁹ ⌐╟∫≡ │ ™ ⌐⌂╠⌂ↄ⌂╢⁹↓℮⇔≡

∆═≡─ ⅜ ⌐ⱴⱥ⇔≡⇔╕℮≤ ↕╣╢⁹ 

  ↕╠⌐ ⅜ ╢≤ ≢│ ⅜ ⇔ │ ₁⌐ ↕╣≡™

ↄ⁹ ⌐│ ⌂ ⅜⅛⅛╢↓≤⌐⌂╢ ⁹ 
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ה  ─ ⌐╟╢ ─  

 

► ⌐ ⇔ ∫√ │ ─≤⅔╡ ⅜№╡ ─

≢ ⅜ ⅝≡ ╩ ⅝ ↓∆⁹╕√ ╛ ⌐ ╙∫√ ─

⌐╟╡ ⌐ ⅜ ╣√╡ ⅜ ⇔√╡∆╢↓≤

⅜ ⅎ╠╣╢⁹ 

  ⅜ ∆╢≤ ⌐ ╠↨╢╩ ⌂™⅜ ♦▫

ꜟ♀כ ₈ ₉≤™℮⁹ │ ⅛╠ ─ ╩

╡ ╪≢ ╩ ╛⇔≡ ⇔≡⅔╡ ─◄fi☺fi♩ꜝⱩꜟ≤

↓╣⅜ ─ ⌐ ∆╣┌ ─ ≤⌂╢⁹∕℮⌂╠⌂™

╟℮⌐ ─ ⌐│ⱨ▫ꜟ♃⅜ ™≡™╢⅜ ⌐

∆╢ ─ ╩ ™ ╪≢ ╕╡╩ ↓⇔ ∆←⌐ ™ ⌐⌂

╠⌂ↄ⌂╢↓≤⅜ ↕╣╢ ⁹ 
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  ─ ⅜ ⌂ ⌐ ∆╢↓≤│ ─

⅛╠ ╠⅛≢№╢⁹ 

 

ה  ─ ⌐╟╢ ─  

 

◄ ⌐ ⇔ ⅜ ☻ⱦכ◘ ⌂≥↕╕↨╕⌂ ⌐

ⅎ╢ ⌐≈™≡│ ╡ ╣⌂™╙─⅜№╢⁹

⌂≥─ꜝ▬ⱨꜝ▬fi─ ⌐╟∫≡ ╛ ─ ⅜ ╕╡ ╒≤╪≥

─ ⅜ ה ⌐ ╢≢№╤℮⁹ 

  ↓↓≢│ ◖fiⱧꜙכ♃─ ⌐≈™≡╙ ╣≡⅔ↄ ⅜№╢⁹

│ ╩ ┘╢↓≤⅜№╢⅜ ◖fiⱧꜙכ♃⌂≥─ ╙

╩ ∆╢√╘ ⌐ ℮ ⅛™ ⅜ ─ ⌂≥⅛╠◖fiⱧ

╛♃כꜙ ─ ⌐ ∆╢⁹↓─ ⅜ ─ ╛ ⌐
⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸

∆╢≤ ◖fi
⁸⁸⁸⁸⁸⁸⁸⁸

Ⱨꜙכ♃⅜ ╩ ↓⇔√╡ ⇔√╡∆╢ ⅜
⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸
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№╢
⁸⁸

⁹ 

 

ה  ─ ⌐╟╢ ─  

 

○ ↓─╒⅛ ≤⇔≡ │™╦┌ ⅛⌂ ∫√●ꜝ☻─

≢№╡ ╕√ ╙╡√≡─ ─ ─ ⌐│ ╛ ⌂≥─

⅜ ⇔≡™╢√╘ ↓℮⇔√ ╩ ™ ╗≤ ╛─≥─

╩ ↓⇔ ─№╢ │ ⅜ ∆╢⁹ ╩ ™

╗≤
↑™│™

≤™℮ ─ ⌐⌂╢↓≤╙№╢⁹↕╠⌐ ⌐ ╢≤

╩ ≈↑ ╛ ╩ ⅝ ↓∆√╘ ⌐⅔™≡│◗

ꜟ◓כ ─ ⅜ ≢№╢⁹ 

◌ ⌐ ∆╢ ≤⇔≡ ⇔√≤⅔╡ ─ │ ─

≢№╡ ↕╠⌐ ⌂≥─ ╩ ℮≤ ─ ↕⌐⌂╢⁹ ™

╛ ─ ™ │ ∆╢ ⅜№╢⁹ 
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  ─ ⌐ ⇔≡ ⌂ ─ ⅜ ╩ ≡╢

⅛≥℮⅛│ ⌂ ≢№╢⁹ 

ה ◐  

  │ ⌐≤∫≡╙↕╕↨╕⌂ ≢ ≤⌂╢⁹ 

  ⌐ ╙∫√ │ ╛ ─ ─ ⌐⌂╡ ⌐╟∫≡

◦☻♥ⱶ ⅜♄►fi⇔≡⇔╕℮⌐╙⅛⅛╦╠∏ ╒≤╪≥─

│ ╩⇔≡™⌂™⁹ 

  ╕√ ⅜ ⌐ ⅎ╢ ⌐≈™≡│

─▪▬☻ꜝfi♪─ ≤ ─▬fi♪Ⱡ◦▪─ ⅜ ⌐⌂

╢⁹▪▬☻ꜝfi♪─ ≢│ ─ ⅜ ⅝ ─Ɽ♇꜡כꜜ╣╠→

╩ ↄ ∫√√╘ ⅛ ≢ ⅜ ↕╣ ↄ─ ⅜ ⌐⌂

╢⌂≥ ⌐╦√∫≡ ⅝⌂ ⅜ ∂√⁹∕─ │

♪ꜟ ─꜠ ♩≢ ⌐ ⇔√≤™╦╣≡™╢⁹ 

  ▬fi♪Ⱡ◦▪─ ≢│ ☺ꜗ꞉ ≢ ⌐ ⅝ ╕╣√Ⱪꜞ♥▫

◓fi▬כⱲ─☼▬◄►▪◄הꜙ◦♇ ─☺▼♇♩◄fi☺fi

≡⅜ ⇔√⅜ Ɽ▬꜡♇♩╛ ─ ─ ≢⅛╤℮∂≡◄fi☺fi

─ ⌐ ⇔ ⇔√⁹ 

◒ ⌐ ╡ ╙∫√ │ ⌐ ⇔ ─ ⌂≥⌐

⇔≡ ╕╡╩ ↓⇔ ⅜≢⅝⌂ↄ⌂╢↓≤⅜ ↕╣╢⁹ √∟

⅜ ∆╢ ─ │ ╛ ─ ╩ ⇔≡™╢⅜ ⅛╠

╡ ╗↓╣╠─ ⌐╙ ─ ⅜ ╕╣╢√╘ ⌐╦√∫≡

ה ≤⌂╡ │ ╩ ≢⅝⌂ↄ⌂╢⁹√≤ⅎ ─

⅜╛╪≢╙ №∟╠↓∟╠≢√┘√┘ ∆╢ ≢ ╛ ─ │

╡ ↑╢≤ ╦╣╢⁹ 

◔ ─≤⅔╡ ⌐ ⅝ →╠╣≡ ℮ │ ╩ ┘≡

™╢⁹ ╩ ┘√ │ ╩ ↓∆⁹ 
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◖ ⌐╟╢ ╛ ─ ⌐≈™≡│ ╕≢⌐↕╕↨╕⌂

⅜№╢⁹ 

  ∕╣⌐╟╢≤ │ │√∫√ ─ ≢

⅜≢⅝⌂ↄ⌂╢⁹ ─ ≢│ ─ ⅜ ∆╢╕≢⌐

™ ╩ ∆╢≤ ╕╣≡™╢⁹ 

 

ᵧ ⌐ ∆╢  

  ↓─╟℮⌐ ⌐╟╢ ⌐ ∆╢ │ ╘≡ ⌐╦√

╡ ∕─™∏╣⌐ ⇔≡╙ ⌐ ∆╢↓≤⌐│ ↄ─ ⅜№╢⁹

╠⅜ ⌐ ≤∆╢ │ ↓─℮∟ ⅛╠─ ─ ⌐ ⇔

≡ ─ⱨ▫ꜟ♃⅜ ╕╡⌂≥⌐╟∫≡ ⌐ ∑∏ ᵑ

⇔√ ⅜ ה ⌐ ⇔≡ ╩ ↓∆ ᵒ

─ ⌐ ⅜ ╢ ᵓ ─ ⱨ▫ꜟ♃─

╕╡⌐╟╡ ⅜ ∆╢ ᵔ ⱨ▫ꜟ♃╩ ╡ ↑≡

⇔√ ⌐╟∫≡ ⅜ ╩ ↓⇔≡ ∆

╢ ᵕ ─ ┘▪◒☿☻ ─ ≢№╢⁹ 

  ⌐ ᵓ⌂™⇔ᵕ─ ⌐ ⇔ ⅜ ∆╣┌ ⌐

⌐╟∫≡ ╩ ∆╢↓≤⌐⌂╢⅜ ⅜ ⌐ ∆

╢↓≤│ ⌐≤∫≡ ╡ ≤⌂╢⁹⇔⅛⇔ ⌂≥─

⌐╟╡ ↓─ ─ ⱨ▫ꜟ♃⅜ ╕╡╩ ↓⇔ №╢™

│ ⌐ ⇔≡ ה ↕∑╢↓≤⌐╟╡ ─ ╩ ↓∆

⅜№╢⁹ 

  ╕√ ≢ ⌂≥─ │ ⌐⅔↑╢ ⅜

≥─ ≢№╢⅛ ⇔√ ∞↑≢⌂ↄ ∕─ ⅜ ⅝↑

╣┌ ⅝™ ⌐ ⇔≡ ∆╢ ╒≥ ╕╡╛ ─ ╩

↓⇔╛∆ↄ ⌐ ⅝⌂ ╩ ⅎ╢⁹ ∫≡ ─ ⌐╟╢
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╩ ∆╢√╘⌐│ ─ ─ ⅜ ≤⌂╢⁹ 

  ∕↓≢ ч ─ ш ─ щ כ▫♦

♀ꜟ ─ ─ ⌐≈™≡ ─ ⅜ ⌂╙─≤⌂∫≡™╢⅛

≥℮⅛ ∆╢ ⅜ ≡ↄ╢⁹ 

 

ᵨ ⅜ ⇔≡™╢⅛≥℮⅛⅜ ⌐ ≤⌂╢↓≤ 

  √≤⅔╡ ↕ ─ ⅜ ⇔√∞↑≢ │

⌂ ╩ ↑ │ ⌐ ╢↓≤⅜ ⅛╢⁹∕─ ⌐№√

╢ ─ ⅜№╣┌ ⅜ ≢ ∆╢↓≤╙≢⅝⌂ↄ⌂╢⁹ ╛

─ ⌐╟╢ ∆╢ ╛ ⌂≥⌐╟∫≡

─ ─ ⅜ ⌐ ─ ⌐ √↕╣╢≢№╤℮⁹ 

  ╙∫≤╙ ⌐╟╢ ⌐ ⅜⌂↑╣┌ №╢™│ ⅜

⌐⌂∫≡™╣┌ ∕╣│ ≢│№╢╙── ה ⅜ ⌂

⌐∆⅞⌂™⁹⇔⅛⇔ ∕─ ⌐ ⅜ ⇔ ∕─ ─

╩ ╗ ─ ⅜≢⅝⌂ↄ⌂╡ ≤ ⅜

⅝√≤∆╣┌ ≤ ⇔≡ ∆╠ ⌐⌂╠⌂™

╒≥─ ⌂ ⅜ ⌂ ╩ ℮↓≤≤⌂╢⁹ ₁─ ↄ⅜ ⌐

ⅎ √≤ⅎ ⅝ ┘╠╣√≤⇔≡╙ ⇔√ ≢ ╩ ╗↓≤│

≤⌂╢≢№╤℮⁹╕√ ה ╙ ⌐ ≤⌂╡ ╦⅜ │

≥⅔╡ ─ ╩ ℮⁹ ⅜ ⅝√≤⅝⌐ ⅜ ⇔≡™

√⅛≥℮⅛⌐╟∫≡ ─ ∕⇔≡╦⅜ ─ │ ⌐ ⌂╢╙─≤

⌂╢≢№╤℮⁹ 
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 ●▬♪─  

 │∂╘⌐΅ ⌐│ ꜞ☻◒

⌐≈™≡ ⌂ ⅜⌂⅛∫√↓≤ 

  ─ ─ ⅜ ∆╢ ─ ─

│ ─ ≤⇔≡ ⌐╟╢₈ ─ ⅜⌂

™╙─≤⇔≡ ≢ ╘╢ ⌐ ∆╢╙─≢№╢↓≤₉

⅜ ↕╣≡™╢⁹ 

  ↓╣╩ ↑≡ ⅜ ╘√ ┘∕─ ─

┘ ─ ⌐ ∆╢ ≢│ ₈ │ ↕╣╢

╩ ↄ ⅜ ⇔√ ⌐⅔™≡╙ ╩ ⌂╦⌂™

╙─≢⌂↑╣┌⌂╠⌂™⁹₉≤ ⇔≡™╢⁹ ─

⌐╟╢≤ ₈ ↕╣╢ ₉⌐│₈ ─ ₉╙ ╗≤↕╣≡™╢

⅜ ─℮∟ ─ ⌐≈™≡ ─ ╩ √∆╙─≢

№╢⅛≥℮⅛╩ ∆╢ ⌂ │ ⇔≡™⌂⅛∫√⁹ 

 

 ─ ●▬♪  

  ⅜ ─ ╓∆ ⌐≈™≡ ⌂ ╩ ╘≡ ⇔√─

│ ─↓≤≢№∫√⁹∆⌂╦∟ ₈

─ ●▬♪₉ ≢№╡ ₈ ●▬♪₉≤ ┌╣≡™╢⁹ 

  ⌂⅔ ∕─ ●▬♪│ ⌐ ↕

╣ ₈ ●▬♪─ ⌐≈™≡

↕╣√ )⁹ 

  ╕√ ⌐╙ ↕╣≡™╢ ⁹

⌐ ─ ●▬♪╩ ₈ ●▬♪₉≤ ┬↓≤⅜

№╢⁹√∞⇔ ↓─ │ ⌐ ⌐ ╦╢╙─≢№╡ ⌐

∆╢ │↕╣≡™⌂™⁹ ≤─ ≢│ ╗⇔╤ ⅜ ≢
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№╢⁹ 

 

 ●▬♪─  

  ●▬♪│ ≢ ⅛╠⌂∫≡™╢⅜ ∕─ ╩ ═╢⁹ 

 

ᵥ ₈ ₉  

  ≢│ ●▬♪─ ≠↑╛ ─╒⅛ ₁⌂ ─

╩ ⇔≡™╢⁹ ≢ ═√╙──╒⅛ ≤⇔≡ ≤ ╦╣╢

╙─╩™ↄ≈⅛ →≡⅔ↄ⁹ 

 

ᵑ ₈ ─ ₉ ●▬♪ ᵨ  

  ─ │ ₈ ⌐ ⅜ ∆╢

₉≤↕╣≡™╢⁹ ─ ⌐⅔™≡╙⇔┌⇔┌ ⅜╖╠╣╢

⅜ ≤⇔≡ ≤↕╣╢₈ ₉≤│ ↄ ⌂╢ ≢№╢⁹ 

ᵒ ₈ ┘ ₉ ●▬♪ ᵩ  

  ₈ ₉≤│ ₈ ─ ≈≢ ⅛╠ ╕≢─

₉╩™℮⁹ 

  │ ─≤⅔╡ ₈ ₉≤₈ ₉⌐ │↕

╠⌐ ┘ ⌐ ↕╣╢⁹ ●▬♪ │ │₈

⅛╠ ╕≢─ ₉≤↕╣╢⁹ 

 

  

  
 
☺ꜙꜝ◦▪fi  258 8000 180 6000  

◌ꜝⱩꜞ▪fi  180 6000 78 1000  

 78 1000 12 6000  
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 12 6000 1 1700  

 1 1700  

 ─  

 

ᵦ ₈ ●▬♪─ ₉  

▪ ⱨ꜡כ  

  ●▬♪│ ⌐≈™≡ ⌐⇔√⅜∫≡ ₈

₉≤₈ ₉─ ≢ ℮↓≤≤⇔≡™╢⁹ 

 

 ●▬♪─ⱨ꜡כ ה  

 

  ≢│ ╕∏ ⌐ ╩ ╓⇔ ╢ ─ ╩ ℮

ⱨ꜡כ ─ ™ ⁹ ●▬♪ ⁹ ™≢ ↕

╣√ ─ ⌐ ∆╢ ╩ ℮ ⱨ꜡כ ─ ™
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⁹ ●▬♪ ⁹↓─ ≢│ ⌂

⅜ ─ ⌐ ╩ ╓∆ ⅜ ↕™≤™ⅎ

╢⅛ ⅛─ ⅜ ╦╣ ↓╣⅜ ↕™≤ ≢⅝⌂™ ⌐│

≤↕╣╢⁹ 

 

▬ ⱨ꜡כ  

  ≢│ ₁─ ⌐ ∆╢ ┘ ─

⌐≈™≡ ⅜ ╦╣ ⱨ꜡כ ─ ⁹ ●▬♪

⅜ ≢│⌂™≤ ↕╣╣┌ ╘≡ ⅜ ↕╣╢↓≤≤⌂

╢⁹ ≢ ⌐ ≤⌂∫≡™╢─│ ≢№╢⁹ 

 

► ⸗♬♃ꜞfi◓ ⱨ꜡כ  

  ⸗♬♃ꜞfi◓ ⱨ꜡כ ─ ⁹ ●▬♪ ⌐≈™

≡│ ●▬♪≢│ ─ ⌐ ≠↑╠╣≡™√⅜

⌐╟╡ ₈ ─╒⅛
⁸⁸⁸⁸⁸⁸⁸⁸⁸

⅛╠─ ─

─ ⌐╟╡ ─ ⅜ ↕╣≡™╢↓≤╩ ∆╢↓≤╩ ₉≤

⇔≡ ┘ ╩ ∆╢≤↕╣ ●▬♪

≠↑⅜ ↕╣≡™╢⁹ 

 

◄ ₈ ₉⌐≈™≡ 

  ●▬♪⌐⅔↑╢₈ ₉─ │ ─

─ ⌐№∫√⅜ ●▬♪ ᵩ ⁹ ה ●

▬♪≢│ ─ -1.⌐ ↕╣≡™╢⁹ 

  -1.⌐╟╣┌ ₈ ₉≤│ ₈ ⅜ ↕╣╢

─ ₉≢№╡ ⌐│ ₈ ⅛╠

─ ─ ₉≤↕╣ ⌐ │⌂™⁹ ─ ⌐≈
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™≡│ ≢№∫≡╙ ⅜ ↕╣╢⁹ 

 

 

 ●▬♪─ⱨ꜡כ ה  

 

ᵧ ₈ ⌐ ╩ ╓⇔ ╢ ─ ₉  

  ≢│ ⌐ ╩ ╓⇔ ╢ ╩ ∆╢ ⌐≈™≡ ═≡

™╢⁹ 

  ╕∏ ─ ⅛╠ ─ ─ ⌐ ⇔≡

≢ ⌐ ⇔√ ╩ ⇔ ─ᵑ─

⇔√ ⌐≈™≡ ה ┘ ╩

™ ─ ┘∕─ ╩ ∆╢⁹ 

  ⌐ ─ ─ ╩ ℮⁹∆⌂╦∟ ⌐№╢

─℮∟ ᵑ ⌐⅔↑╢ ─ ╩ ⇔ ⌐ ╩

∫√ ⌐≈™≡│ ─ ─№╢ ≤∆╢ ─ᵒ
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─ ⁹ᵒ ⌐ ╩ ∫≡™⌂™ ⌐≈™≡│ ╩

⌐ ─ ─ ─ ╩ ∆ ♄

▬ꜘ◓ꜝⱶ╩ ⇔ ╟╡ ™ ─ ╩ ∆╢ ─ᵓ─ ⁹ 

  ∕─ ─ ⅜ ↕™≤ ≢⅝╢ │

─ ─ ≤⇔⌂™ ─ ─ ─ ⌐

≈™≡ ∆╢↓≤⌐⌂╢ ⁹∕╣ ─ │ ⌐ ╩

╓⇔ ╢ ≤⇔≡ ─ ─ ≤⌂╢⁹ 

  ⌂⅔ ↓─ ⌐≈™≡│ ●▬♪≢│ ₈ ─ ⅜ ™₉

≤ ≢⅝╢ ⌐ ─ ≤↕╣≡™√⅜ ●▬♪

ᵦ ₈ ⅜ ↕™₉┼≤ ⅜ ↕╣≡™╢⁹ 

 

ᵨ ₈ ─ ⌐⅔↑╢ ⌐ ∆╢ ₉

 

  │ ≢ ↕╣√ ⌐ ╩ ╓⇔ ╢ ↓─╟℮⌂

╩₈ ₉≤™℮⁹ ⌐≈™≡ ⅜ ⌂

⅜ ─ ⌐ ╩ ╓∆ ─ ╩ ℮⁹ ⌐ √∫≡│

─ ≤≤╙⌐ ⌐ ∂ ┘

╩ ™ ─ ─ ─ ╙ ∑≡ ∆╢↓≤≤↕╣≡™╢⁹ 

  ≢│ ≤⌂╠⌂™√╘ ⌂ ≢─╖ ∆╢⁹ 

 

▪ ⌂  

  ⌂ ⌐≈™≡│ ≤ ≤─ ─

⅜ ⌐ ∆ ╟╡ ⅝™ ∕─ ╩ ─ ≤

∆╢↓≤⅜≢⅝╢ ─ ┘ ─ ⅜

⌂ ≢№╢ ⁹ 
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 ●▬♪ ה  

 

▬  

  │ ─ ≤ ≤™℮ ⅛╠

╦╣╢⁹ 

 

ᵩ ₈ ─ ╩ ↑√ ┼─ ─ ₉

 

▪ ─  

  │ ⌂ ⌐ ∆╢ ╩ ╘≡™╢⁹ 

  ↓╣│ ⌐ ─ ⌐⅔™≡ ⌂

⌐╟∫≡ ─ ⌐ ╩ ╓∆ ⅜ ↕™≤ ↕╣√

⌐≈™≡ ∕╣⅜ ⇔√ ─ ⌐ ╩ ⅎ

╢ ─№╢ ╩ ⇔ ∕─ ╩ ℮≤™℮╙─≢№╢⁹ 

  √∞⇔ ⌐≈™≡│ ⅛╠─ ╙ ≢⅝⌂
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™↓≤⅛╠ ─ ─ ⌐⅛⅛╦╠∏ ─ ┘∕─

⅛╠ ╘╠╣╢ √╡─ ≤ ─ ⅜ ∆╢

╙─≤⇔≡™╢⁹↓─ ⅜ ≢⅝ ∕─ ⅜ ∆

╢ ⅜ ≢⅝╢ ⌐│ ⅛╠ ↕╣╢⁹ 

  ─ ≤⌂╢ │ ─

┘ ─ ≢№╢⁹ 

  ↓─℮∟ ≢ ⌐ ≤⌂╢─│ ≢№╢√╘

─ ⌐ ∫≡ ∆╢⁹ 

 

▬ ─  

  ─ │ ⇔√≤⅔╡≢№╢⅜ ●▬♪─

╙ ⌐ ╣≡⅔ↄ⁹ 

 

( )   

  │ ↔ↄ╦∏⅛⌂
⁸⁸⁸⁸⁸⁸⁸⁸

≢╙ ─ ╩ →╢

⅜№╢≤↕╣≡™╢⁹ ≤⇔≡│ ┼─
⁸⁸

─ ─ ┘∕─ ⌐⅔↑╢
⁸⁸

┘ ⌐ ∆╢ ┘
⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸

┘⌐

─
⁸⁸⁸⁸

─ ⅜ →╠╣≡™╢⁹ 

  ╕√ ⌐╟∫≡ ╩ ⇔ↄ ↕∑╢ ⅜№╢

≈╕╡ ⅜ ╩ ╗≤ ╟╡╙ ⇔ↄ ↄ⌂╢↓≤╩ ⇔≡

™╢ ─≤⅔╡ ⌐⌂╢≤™╦╣≡™╢ ⁹ 

  ⌐│ ╛ ─ ╩ ⅝ ↓∆ ⅜ ╕╣

≡™╢ ה ᵥ (a) ⁹ 

 

( )   
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  ≤⇔≡│ ─ ▬fiⱨꜝ⌐ ╩ ╓∆√

╘ ⌂ ─ ⌐╟╢ ─
⁸⁸⁸⁸⁸⁸⁸⁸⁸

╛ ┼

─▪◒☿☻
⁸⁸⁸⁸⁸⁸⁸⁸

⅜ ⇔ ╢↓≤╙ ∆╢≤↕╣≡™╢

ה ᵥ (b) ⁹ 

 

► ─  

  ─ ≢│ ─

┘ ─ ⌂≥─ ┘⌐ ─ ⌐ ↕╣╢

⅜ ⌐ ╓∆ ╩ ⇔ ∕╣╠─ │∕

─ ┼─ ╩ ⇔ ⌂ ⌐│ ⅜≤╠╣ ╘╠╣≡

™╢ ⅜ ↕╣╢↓≤╩ ∆╢↓≤≤↕╣≡™╢

ה ᵦ ⁹ 

  ⌐ ∆╢ ≤⇔≡│  

ᵑ ⌐ ⇔≡ ╩ ∆╢ ┘ ─

⅜ ↕╣╢↓≤⁹ 

ᵒ ⌐╟╡ ⱬfi♩

─ ⌂ ⅜ ⌐╟╡∕─ ╩ ⇔⌂™↓≤⁹ 

ᵓ ⅛╠─ ─ ⌐╟╡ ─
⁸⁸⁸⁸⁸⁸⁸

ⱨ▫ꜟ♃
⁸⁸⁸⁸

─ ╕╡
⁸⁸⁸⁸⁸⁸

ꜟ♀כ▫♦ ─ ⌐╟╢ ה ─
⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸

⅜⌂ↄ ⅎ≡

⌐⅔↑╢
⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸

╩ ∆╢↓≤⁹ 

ᵔ ⌐ ∂≡ ─ ┘ ⌐⅔↑╢

─ ─ ⅜ ╣╢↓≤⁹ 

 ⅜ →╠╣≡™╢⁹ 

  ╕√ ⌐ ∆╢ ≤⇔≡│ ≢─

─ ─ ┘ ─ ╩ ⇔ ─

│ ⅛╠─ ⌐╟╡ ┘ ⱪכꜟ─ ╩ ⌂
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╦⌂™╟℮⌐ ⅜ ╣╢↓≤╩ →≡™╢ ה ᵧ ⁹ 

 

◄ ─ ≤ ─ ─  

  ─ ⌐⅔™≡ ⌂─│ ⌐≈™≡ ₈

│ ≢ ↕⅜ ↄ ≢─╢№⅜☻כ◔╢╣╠╙ ╙

⌐⇔≡ ─ ⌐╟╢ ─ ╩ ∆╢₉≤↕╣

≡™╢ ≢№╢⁹ ─≤⅔╡ ─ ┘∕─ ≢

─ ⅜ ↕╣√ ⌐│ ∕╣⅜ ─ ⌐╟╢

≢№╢≤⅝│ │ ⌂ↄ≤╙ ─ ה

─ ╩ ∆╣┌↕╠⌐ ™ ╙№╢ ⅜№∫√ ⅜№╢

─≢№╢⁹ 

 

ᵪ ₈ ─ ⅜ ↕╣≡™╢↓≤─ ╩ ≤⇔√

─⸗♬♃ꜞfi◓₉  

  │ ─⸗♬♃ꜞfi◓⌐≈™≡ ╘≡™╢⁹ 

  ●▬♪│ ⌐⅔™≡ ─ ≢⸗♬♃ꜞfi◓╩ ╘≡

™√⅜ ●▬♪≢│ ⌐ ↕╣≡™╢⁹ 

  ⸗♬♃ꜞfi◓│ ⅛╠ ─ ⅜ ↕╣≡™╢↓≤╩ ∆╢

↓≤╩ ≤⇔≡ ╦╣ ⌐♃כ♦ ⌂ ╩ ⇔√ ⌐│

⌐ ∂√ ה ╩ ℮≤⇔≡™╢⁹ 

  ≢│ ≤ ⅜⌂™ ≢№╢√╘ │⇔⌂™⁹ 

 

ᵫ ₈ ₉  

  │ ≢№╡ ↓─●▬♪⌐ →╢ ≢№∫≡╙

⅜ ⌐ ↕╣╣┌∕─ ╩ ™≡╟™↓≤ ●▬♪│ ─ ⌐

∂≡ ∕╣╠╩ ⌐ ∆╢╟℮ ⇔≡™ↄ↓≤⅜ ↕╣≡™╢⁹ 
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 ─ ●▬♪  

ᵥ ─ ⌐⅔↑╢ ╠─ ⅎ 

▪ ⌐ ●▬♪⅜ ↕╣╢≤ ≢ ╦

╣≡™╢ ⌐⅔™≡ ●▬♪─ ─ ┘ ●▬♪⌐

≠ↄ ─ ⅜ ╦╣╢╟℮⌐⌂∫√⁹ 

▬ ⌂ │ ᵑ ─ ─ ─

─ ╩ ⌂™⇔ ⇔≡╟™⅛⌂≥ ᵒ

─ ─ ╛ ⌐≈™≡ ⅛

↕─ ⅜ ≢№╢↓≤⌂≥ ᵓ ─ ─

⌂ ╩ ™≡⅝√↓≤⌂≥ ᵔ ─ ┼─

─ ┼─ ─ ⌂≥ ┼─

ꜟ♀כ▫♦ ─ ה ה ⌂≥ ┼

─ ┘ ┼─ ⌂≥≢№╢⁹ 

  ≢│ ↓─℮∟ ᵒ ᵓ ┘ᵔ⅜ ≤⌂∫≡™╢⁹ 

► ↓╣╠─ ─ ≢ ●▬♪─ ה ─ ⅜ ╠⅛⌐↕

╣╢↓≤≤⌂╡ ≢

│ ◌ꜟ♦ꜝ─ ⅜ ⌐ ∆╢

╩ ╘ ⅜ ⇔√₈ ●▬♪₉⌐ ≠™≡₈

₉≤⇔ ∕─ ╩ ⇔ ╘╢ ╩ ∆⌐ ∫√⁹╕√

─ ─ ╙ ≤⇔ ↓╣╩ ≤⇔≡ ↕╣√

─ ₡g/ ₢ ╙ ≢№╢≤ ∂√ ─ │

ה ₈ ─ ≤ ─ ₉

ה ⁹ 

◄ ─ ╩╘←∫≡│ ─▪▬☻ꜝfi

ꜝ♩ꜗⱥꜘ▬◄ה♪ ─ ─ Ⱬ▬ⱴꜝfi♪ ԇ
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₡g/ ₢ │ ⅜╦∏⅛ ─ ─ ⅜

─ ─ ⅛╠ ─ ≢ ⌐ ⇔

⌂™ ≢№╢↓≤⅜ ╠⅛≤⌂∫√⁹╕√ ─▪

ⱷꜞ◌ה☿fi♩Ⱬ꜠fi☼ ─ ─ꜘ◐ⱴ ԇ ₡g/ ₢≤™

℮ ╙ ─ ≢ ─ ╙№∫√↓≤⅜

╠⅛≤⌂∫√⁹ 

 

ᵦ  

  ⅎ≡ ⌐ ⌐╟╢₈ ◦Ⱶ

╢╟⌐fiꜛ◦כ꜠ꜙ ─ ה ─ ∕─ ₉

⅜ ↕╣ ⌐⅔↑╢ ≢─

│ ₡ / ₢ ₡g/ ₢ ≤⌂╡ ╢≤™℮◦Ⱶꜙ꜠כ◦ꜛfi

⅜ ↕╣√⁹╕√☿fi♩Ⱬ꜠fi☼ ─ ─ꜘ◐ⱴ ₡g/

₢ │ ⅜ ⌐ ≢⅝╢ ≢⌂⅛∫√╙─≢№╢↓≤⅜

↕╣ │╟╡ ™ ≢№∫√ ⅜ ≢⅝⌂™↓≤⅜ ↕╣√⁹ 

  ™∏╣╙ ⅜ ⇔≡⅝√ ⅜ ≢№╡ ⅜

⌐│∕╣╩ ↑⌂⅛∫√↓≤⅜ ⌐╟∫≡ ╠⅛⌐↕╣√─≢

№╢⁹↓╣⅜₈ ₉ ≤™℮ ה ─₈

─ ₉─꜠ⱬꜟ≢№∫√⁹ 

 

ᵧ ─ ●▬♪  

▪ ─ ┘ ⅜ ≡ │ ●▬♪─ ⇔╩∑↨

╢╩ ⌂™ ⌐ ∫√⁹ 

  ─ ●▬♪

⌐⅔™≡ ─

⌐ ⇔ ⌐≈™≡ ה ╛ ╩ ╘ ┼ ∆
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╢⅛ ⅛╩ ∆╢ ⅜№╢≤─ ⅜ ↕╣√↓≤⌂≥╩ ╕ⅎ≡

┘

⌐⅔™≡ ₈ ─ ⌐ ∆╢ ⱶ₉כ♅

₈ ⱶ₉≤™℮⁹כ♅ ⅜ ↕╣√⁹ 

│ⱶכ♅ ▬ ⅛╠ ─ ╩

⇔ ᵑ ⌐⅔↑╢ ─ ─ ⅎ

ᵒ ┼─ ─ ⅎ ⌐≈™≡ ╩ ™ ╟╡₈

─ ─ ⅎ ₉ ⅜ ↕╣√⁹↓─ ≢│

─ ≤⇔≡  

ᵑ ─ ⌐╟╢ ∆╢  

ᵒ ╩ ⇔≡ ⅛╠ ∆╢  

ᵒ΅ ᵒ΅ ◦Ⱶꜙ꜠כ◦ꜛfi  

ᵓ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ∆╢ ⸗♦ꜟ

 

 ─ ≈⅜ ↕╣√⁹ 

│ⱶכ♅ ► ⌐⅔™≡₈

⌐ ╦╢ ─ ⅎ ₉╩ ⇔ ⌐⅔™≡ ⌐

≠™≡ ─ ╩ ℮↓≤⅜ ↕╣√⁹ │

●▬♪╩ ⇔₈ ─

⌐≈™≡₉ ה ╩ ╘√⁹ 

◄ ●▬♪│ ─ ─

≤⇔≡ ₈ᵓ ⅛╠─ ─ ⌐╟╡

─ⱨ▫ꜟ♃─ ╕╡ ꜟ♀כ▫♦ ─ ⌐╟╢ ה

─ ⅜⌂ↄ ⅎ≡ ⌐⅔↑╢ ╩ ∆╢↓

≤₉─ ╩ ╘≡™╢ ●▬♪ ᵧ (a) ⁹↓╣ │ ─

≤ ╦∫≡™⌂™⅜ ∕─ ⌐ ₈ ⅛╠ ∆╢
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─ ⌐ √∫≡│ ─a ─ ⌐≈™≡ₑ

╩ ⇔≡ ⇔√ ╩ ™╢₉≤─ ⅜ ↕╣

╕√ │ ┼─₈ ⌂ ─ ⌐╙ ™╢₉

≤↕╣√ - 17. ⁹ 

  ≈╕╡ ●▬♪⌐⅔™≡│

╩ ⇔ ∕─ ╩ ╕ⅎ√ ─ ⌐≈™≡

≢╙ ה ∆╢↓≤⅜ ↕╣√╦↑≢№╢11⁹ 

○ ─ ≤⇔≡│ ₈ ╩

⇔≡ ⅛╠ ╩ ∆╢ ₉≤₈ ◦Ⱶ

╡╟⌐fiꜛ◦כ꜠ꜙ ╩ ∆╢ ₉─ ≈⅜ ↕

╣ ∕─™∏╣⅛─ ⌐╟∫≡ ∆╢↓≤≤↕╣√⁹∕⇔≡ ↕

╣√ ⌐⅔↑╢ ╩ ╦⌂↑╣┌⌂╠⌂™≤↕╣√⁹ 

◌ ≤─ ≢│ ●▬♪⅜ ╘╢ ╩

∆╢ ⅜ ⌂╙─⅛ ⅛⅜ ≤⌂╢≤≤╙⌐ ≢

↕╣╢ ≢─ │≥─ ⌐⌂╢⅛⅜ ⌂≥ⱴכ♥⌂

╢⁹ │ ≢ ●▬♪ ─ │ ₡g/ ₢∞∫

√╙─╩ ●▬♪ ⌐╟∫≡ ₡g/ ₢≤ ⌐ ⅝ →

↨╢╩ ⌂ↄ⌂∫√ ⁹↓─ ⌐≈™≡│ ≢ ∆

╢⁹ 

◐ ╕√ │ ─ ⌐ ∆╢ ⌐≈™≡

꜠ⱬꜟ ─╖⌐ ╢ ≢№∫≡ ꜠

ⱬꜟ ≢ ∆╢═⅝╙─≢│⌂™≤ ═≡™╢⅜ ↓╣│ ╠⅛⌂

≢№╢⁹ 

 
11 ●▬♪ ─₈ ─ ⌐≈™≡₉⌐│ ₈ ⌐╟╡

↕╣√ │ ┘ ⌐╟╢ ─ ⅜ ⅛≥℮⅛╩

∆╢√╘─ ≤⇔≡ ™╢₉≤↕╣≡⅔╡ ⌐₈ ₉∞↑≢⌂ↄ ₈ ₉⌐╟╢

─ ⌐ ⇔≡╙ ≤⇔≡ ™╠╣╢↓≤⅜ ↕╣≡™╢⁹ 
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  ─≤⅔╡ ⌐ ∆╢ │ ●▬♪─

⌐╟∫≡ ─ ꜠ⱬꜟ

≢╙ ↕╣╢↓≤⅜ ╠⅛⌐↕╣√⁹∆⌂╦∟ ⌐⅔

™≡╙ ─ ⅜⌂↕╣⌂↑╣┌⌂╠⌂™⇔ ↕

╣√ ╩ ™≡ ⅛╠ ∆╢ ─ ≤∕─

╩ ⇔⌂↑╣┌⌂╠⌂™⇔ ╙ ╦⌂↑╣┌⌂╠⌂™⁹ 

  ⅛⌐ ●▬♪│ ╛ ≤ ⌂

╡ ⅜ ≤ ⌐ ╩ ⅝ ↓∆≤│ ╠⌂™

≤™℮ 12╩ ╕ⅎ≡ ⇔√ ─ ∞↑≢⌂ↄ

─ ─ ≢─ ⌐ ∆╢ ╙ ╘≡

≤⇔≡ ∆╢↓≤╩ ╘≡™╢⅜ ₈ ≤⇔≡₉≤№╢

─ ⅎ ─╖≢ ∆╣┌╟™

≢ ⇔⌂ↄ≡╟™ ≤™℮↓≤≢│⌂™↓≤│ ╠⅛≢№╢⁹ 

 

 ⌐ ∆╢ ─ ╡  

  ─ ≢№╢ ⌐⅔↑╢ ─ ╡ ⌐≈™≡│

⌐ ═≡™╢─≢ ↓↓≢│ │⇔⌂™⅜ ⌂ ≢ ⇔≡⅔ↄ⁹ 

 

 ⌐⅔↑╢ ≤ ╘─  

ᵥ ─ │ ≤│ ⅜⌂™↓≤ 

  ╘≡™℮╕≢╙⌂ↄ ─ │ ⌐ ≠ↄ ≤

⇔≡─ ─ ≢№╡ √╢ ≤

│ ⌐ ─ ─ ⅜ ↕╣╢╙─≢№╢⁹ 

 
12 ⌂⅔ ↓─╟℮⌂ ⅜№╢↓≤ ╩ ∆╢≈╙╡│⌂™⅜ ↕╡≤≡

╕╙⌂ↄ ╩ ⅝ ↓∆ │ ↕╣≡™⌂™↓≤⌐ ╩ ∆╢⁹ 
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  ╙∫≤╙ ⌐≈™≡│ ∕─ ∆╢ ─ 13⅛╠ ╘

⌐∕─ ה ╩ ⇔≡⅔⅝ ─ ╘╢ ╩ √⇔√

⌐ ⌐ ╩ ∆╢≤™℮ ⅜ ↕╣≡™╢↓≤ ≈╕╡

⌂ ╩ ∏⌐ ה ╩ ℮↓≤│∕╣ ≢№╢↓≤ ⌂≥⌐

╠⇔ ─ ─ ─ ⌐ √∫≡│ ─ ⌐

∆╢ ─ ┼─ ─ ⅜ ⌂ ≤⌂

╢√╘ ⌐⅔™≡╙ ↓╣╠ ╩ ⌐ ⅜ ↕╣≡⅝√⁹ 

  ⇔⅛╢⌐ │ ⌐⅔↑╢ ≢│№╢╙──

─℮∟ ─ ⌐ ∆╢ ╠─ ⌐ ⇔≡

─ ╛ │ ≢│⌂ↄ ≢ ↕╣╢↓≤

│╕∞ ∫≡⅔╠∏ ╙≢⅝⌂™⅛─╟℮⌐ ═√⁹ 

  ⇔⅛⇔ │ ≢│⌂ↄ ≢№╢⅛╠

⅜↕╣≡™╢⅛ ⅛│ ⌐∆⅞∏ ─ ⌐ ⇔≡

─ ⅜ ↕╣ ─ ⅜⌂™≤™ⅎ╢⅛ ⅛↓

∕⅜ ─ ≤↕╣╢⁹ 

 

ᵦ ╙ ─ ≤™℮═⅝↓≤ 

  ⅜ ╩ ↓∆↓≤⌐╟∫≡ ↕╣ ╢ ╠─ │

─ ─╒⅛ ─ ∕─╙─⅜ ↕╣╢↓

≤⌐╟╡ ⅜∕─ ⌐⅔™≡ ⌐╦√∫≡ ⇔≡⅝√ ╠⇔™

∕─╙── ⅜≢⅝⌂ↄ⌂╢↓≤ ╙ ╘√

─ ≢№╢⁹ 

 
13 ◦fiⱳ☺►ⱶ ─ ⌐╟╣┌

─ ה ≤⇔≡ ᵑ ╙ ╩ ⇔ ↑╢√╘⌐ ─ ≢№╣

┌ ╛⅛⌐ ╩ ∆╣┌∕╣ ─ ─ ╩ ╘╠╣╢─⌐ ⇔ ≢

│ ╙ ╩ ↑⌂™ ╡ ⅜ ⇔≡™ↄ≤™℮ ᵒ ⅛╠ ╠╣╢

⌐ ⅜№╢ ⌐⅔™≡╙ ─ ≤⇔≡ ═√ ᵓ ─ ─ ≈⅜

→╠╣≡™╢⁹↓─℮∟ ᵓ ─ ≤⇔≡│ ч ◖Ⱶꜙ♬♥▫ ─ ╩

╗ ш щ ┘ъ ⅜ →╠╣≡™╢ ה ⁹ 
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  ↓╣╠ ─ │ ╩ ⇔≡ ⌂ ╩ ↑╢≤™℮

─ ╟╡╙ ─ ⅝™╙─≢№╡ ─

⅜ ↕╣∏ ╠─ ⅜ ↕╣╢ ⌂ ⅜№╢≤ ╘╠╣

╣┌ ⌐ ≠ↄ ≤⇔≡─ ╘⅜ ╘╠╣╢⁹ 

 

 ─  

  ⌐╟╢ ⌂ ⅜ ⅜ ⌐╙ ↓╠⌂™╟℮⌐∆╢≤™℮ ─

⌐ ╠⇔ ╕√ ─╟℮⌂ ╩ ≤ ↓↕⌂™╟℮⌐

∆╢≤™℮ ─ ⌐ ╠⇔ ⌐

⅜⌂↕╣√≤ ⇔√ ⌐₈ ─ ₉⅜ ↕╣

╢╟℮⌂ ⅜ ↕╣⌂↑╣┌⌂╠⌂™⁹ 

  ∕↓≢ ╘─ ≤⇔≡₈ ─ ⅜№╢₉≤│

─ ⅜ ↕╣≡⌂™ ⅜ ≢⅝⌂™↓≤≤ ⅎ╢═⅝≢№╢⁹ 

  ↓↓≢™℮₈ ₉─ ⌐≈™≡ ╠≤⇔≡╙ ♀꜡ꜞ☻◒╩ ╘╢

╙─≢│⌂™⅜ ⅜ ─ ⌐ ∫≡╕∆╕∆ ∆╢≤™℮

╩╙≈↓≤ ⅜ ⇔√ ╙ ₈ ╘╢₉₈ ╛∆₉₈ ∂ ╘╢₉

≤™℮ ╩ ⇔ ↑⌂↑╣┌⌂╠⌂™ ⅛╠ ╠╣╢ ⌐

⅜№╢↓≤ ⅜ ≢№╢↓≤⌂≥⌐ ╠⇔ ─ ─

⌐ ╢ ≤ ⇔≡╙ ─ ⅜ ↕╣╢⁹ 

  ⌐│ ⅜  

ᵑ ─ ⌐ ∆╢∞↑≢⌂ↄ ⌂ ╛ ⌐

∆⅞⌂™╙─⌐≈™≡╙ ⌐ ╣≡ ≢⅝╢ ╡ ─ ╩

∆╢↓≤╩ ∫≡™⌂™↓≤ 

ᵒ ה ⌂ ⌐ ╡⅛⅛∫≡ ≡─ ⌂ ╩

∆╢↓≤╩ ∫≡™⌂™↓≤ 

ᵓ ⌂ ⌐≈™≡ ⇔√℮ⅎ≢↓╣╩ ⇔⌂™ ≢
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╙ ꜞ☻◒ ╛ꜞ☻◒ ⌐ ╢ ╩ ⌐ ⇔ ⌐

≢ ⌂ ╩ ⇔≡™⌂™↓≤ 

 ─™∏╣⅛ ≈≢╙ √⇔≡™⌂™ ⌐│ ⅜ ↕╣√≤│™ⅎ⌂™

≤™℮ ╩ ∆═⅝≢№╢⁹⌂⅔ ⌐ ∆╢

⌐⅔™≡╙ ∕─ │ ∆═⅝≤↕

╣ №╢ ⌐≈™≡ ─ ≢ ⅜ ⇔≡™╢ ⌐│ ה

⌂ ≢№╢≤™℮ ≢ ≢⌂™ ≤⌂╢ ╩ ⌐ ∆╢

↓≤⅜№∫≡│⌂╠⌂™≤™℮ ⅜ ™╠╣√⁹ 

 

  

ᵥ ─ ⅜⌂↕╣≡™╢  

  ⌐⅔↑╢ ─ ─ │ ≤

⇔≡ ⌐№╢⅜ ⇔√ ─ ┘ ─ ╛ ─

⌐ ╠⇔ ⌐⅔™≡ ─ ⅜ ⇔⌂™↓≤╩

⇔⌂↑╣┌⌂╠⌂™⁹ 

  │ ↓─ ─ ⌐ ⇔≡ ─ ─

⅜ ↕╣≡™╢ ⌐│ ₈ ⌐ ╢ ⌐⅔™≡ ™╠╣

╢ ─ ₉ ┘₈ ─ ⅜ ≡™

⌂™ ⌐№∫≡│ ⌐╟╢ ─ ₉╩ ∆╢↓≤⅜

№╡ ╢⅜ ↓╣╠│ ─ ╩ ∆╢ ─ ≈≤ ⅎ

╢═⅝≢№╢ ╙∫≤╙ ∕╣╠⅜ ⌂ ≢№╢↓≤ │ ℮╙

─≢│⌂™ ⁹ 

  ╠│ ⌐╟╢ ─ ─ ─ ⌐ ⇔≡

─ ┘ ─ ╩ ≤⇔≡ ℮↓≤⅜≢

⅝14 ─ ∆╢ ─ ┘ ⌐ ⇔≡ ⅜ ™

 
14 ⅎ┌ ⁹⌂
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√ ╩ ↕∑╣┌╟™ ™╦╝╢ ⌐ ∟ ╘┌ ╡╢ ⁹

─ ה ⅜ ↄ∑⌂⅛∫√≤⅝│ ─ ⅜ ↕

╣╢⁹ 

 

ᵦ ─ ⅜⌂↕╣≡™⌂™  

  ─ ⅜ ↕╣≡™⌂™ ⌐│ ─ ┘

─ ⌐ ⅎ╢↓≤⅜≢⅝⌂™≤™℮↓≤≢№╢⅛╠ │

⌐ ∫≡ ─ ─ ╩ ה ∆═⅝↓≤⌐

⌂╢⁹ │ ─ ⌐ ⇔≡ ≢│⌂ↄ

≢ ↕╣╢ ⇔≡™╢⅜ ⌐ ╢ ─

⅜ ↕╣≡™⌂™ ⌐│ │ ≥⅔╡ ─

─ ╩ ה ⇔⌂↑╣┌⌂╠⌂™⁹ 

  ↓─╟℮⌐ ⌐ ─ ∆╢≤⅔╡ ─ ⌐ ∆╢

⅜ ─╖⌐ ╢ ≢№╡ ∕─ ─ ⅜ ↕╣≡

™⌂™≤™℮─≢№╣┌ │ ─ ⌐╟╢ ─

─ ─ ⅜ ↕╣≡™╢↓≤ ⌐≈™≡

─ ┘ ─ ≤│ ⌐ ה ∆═⅝⌂─≢№╡

⅜⌂™ ≤™℮↓≤│ ↓─ ה ⅜ ↄ↕╣⌂™≤™℮↓≤╩

∆╢⁹ 

  ∕℮∆╢≤ ↓─ ⌐ ⇔≡│ ─ ╩ ≤⇔≡╙

⅜ ─ ─ ⌐≈™≡ ה ╩ ↄ∑⌂⅛∫√

─ ─ ⅜ ↕╣╢↓≤⌐⌂╡ ╠─

⅜ ↕╣╢↓≤⌐⌂╢⁹ 

 

 
⅔ ↓─ │ ≢ ↕╣≡

™╢⅜ ╙ ╖⌐≈™≡│ ⇔≡™╢⁹ 
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ᵧ ≤│ ⅜ ⌂╢↓≤ 

  ⌂⅔ ╠─ ⌐ ⇔≡ ⅛╠ ⅜⌂↕╣≡™

⌂™ ⅜ ⌐ ∫≡ ─ ⌐≈™≡─ ╩ ℮═

⅝≢│⌂™≤™℮ ⅜⌂↕╣╢ ⅜№╢⁹ 

  ⅎ┌ ⌐ ∆╢ │

─ ─ ⅜ ╢ ─ ⌐№∫≡│ ∞ ─ ⇔

─ ⅜ ∫≡⅔╠∏ ∕─ ≢ ─ ╩

∟⌐ ╘╢↓≤│ ≢№╢≤⇔ ─ ⅜ ⌐

⇔≡™╢⅛ ⅛≤™℮ ⌐≈™≡│ ╦∏ ⌐ ™╢

∕╣ ⌐ ⌂ ⅜№╢⅛ ⅛⌐ ∫≡ ∆╢↓≤≤⇔√⁹ 

  ⇔⅛⇔ ≢│ ⌐ ─ ⅜⌂↕╣≡⅔╡ ™

⅜⌂↕╣ ⅜ ↕╣╢↓≤╙ ╕╣╢─≢№╢⅛

╠ ⅜ ↄ ⌂╢⁹ ─╟℮⌂ ⅎ │ ─

─ ≤™℮ ⅎ ╩ ≤⇔≡™╢╟℮⌐ ╦╣╢⅜ ↓╣│

⌐⅔↑╢ ⅎ ≢№╡ │ ≤ ╩ ⇔≡™╢⁹

⇔⅛╙ ─ ⌐⅔™≡↓─╟℮⌂

≤⇔√ ⅎ ⅛╠─ ⅜ ↕╣√─≢№∫≡ ה

⌂ↄ≤╙↓─╟℮⌂ ⅎ ╩ ≤⇔≡ ╩ ∆╢↓≤

│ ─ ≤™╦↨╢╩ ⌂™⁹ 

 

 ⌐ ∆╢ ─  

 │∂╘⌐ 

  │ ⌐ ∆╢ ⌐≈™≡

⌐ ╩ ⇔√⁹ ─ ┘

─ ╩┤╕ⅎ≡ ⅛╠ ⌐ ⇔ ─◖ⱷfi♩⅜ ↕╣

√⁹ │ ◖ⱷfi♩⌐ ∆╢ ╩ ⌐ ⇔√
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⁹ 

  ⇔⅛╢⌐ ≢ ╡ →╢₈ ─ ₉⌐⅔™≡ ─

│ ●▬♪ ⇔≤ ╩ ⌐⇔≡⅔╡

─ ●▬♪ ⌐╟∫≡ ⇔╩ ╠╣

⌐ ∆╢ ≤⌂∫√ ⁹ 

  ↓↓≢│ ⌐╟╢ ─ ╩ ═╢ ⌐

⌐ ∆╢ ─ ꜞ☻◒ ─ ⌐≈™≡ ═╢⁹ 

 

 ─  

  ╕∏ ─ ⌐ ∆╢ ≤

⇔≡ ⅛╠ ╕≢─ ─ ╩ ⇔√⁹ ⌐ ↓╣╠⌐≈

™≡ ─ ─ ─ ╩ ⇔√ ⌐

╩ ╓⇔ ╢ ≤⇔≡ ─ ⅜ ≢⅝⌂™ ─ ╩ ╡

╪∞⁹∆⌂╦∟ ה

ﬞ ∕⇔≡

≢№╢⁹ 

 

 ─ ⌐ ∆╢  

  ⌐ ⌐≈™≡ ה╣∞⌂ ∆═

╡ ┘ ⇔™ ─ ─ ⌂ ⅜

⌐ ╩ ╓∆ ╩ ⇔√⁹ 

  ∕─ ⌂∞╣⌐≈™≡│ ™∏╣─ ╙ ≤─ ⅜

km╟╡ ™√╘ ─ ≤↕╣√⁹ 

  ⇔™ ─ ≤ ⌐≈™≡│ ⅜ ⱨ꜡fi♩╟╡

⌐ ∆╢↓≤ ≢│ │ ↕╣≡™⌂™↓≤⅛╠ ↓

─ ⅜ ─ ⌐ ╩ ╓∆ │ ⌐ ↕™≤
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↕╣√⁹ 

  ⌐≈™≡│ ≤ ≢│ ⅜ ╘╠╣∏

∕─ ─ │ ≤ ─ ─ ⅛╠ ⌐

╩ ╓∆ │ ⌐ ↕™≤ ↕╣√⁹ 

  ─↓≤⅛╠ ⌂

⌂∞╣ ⇔™ ─ ⅜ ⌐ ╩ ╓∆ │⌂

™≤ ↕╣≡™╢⁹ 

 

 ─  

  ⌐ ╩ ╓⇔ ╢ ─№╢ ─℮∟

─ ●☻ ∕─ ─ ⌐≈™≡│ ─

╛ ≤─ ⌂≥─ ⅛╠ ╩ ∆═⅝ │⌂™≤↕╣

≡™╢⁹ 

  ∕↓≢ ⌐ ╩ ╓⇔ ╢ ─№╢ ⌐≈™≡

─ ╩╖≡™ↄ⁹ 

 

ᵥ ≤♥ⱨꜝ 

  ─ ⌐≈™≡│ ●▬♪⌐⅔™≡ ₈ ⌐ ⇔

≡│ ─ ⌐⅛⅛╦╠∏ ─ ┘∕─

⅛╠ ╘╠╣╢ №√╡─ ≤ ─ ⅜ ∆╢╙─≤∆

╢⁹₉≤↕╣≡™╢⁹↓─↓≤⅛╠ ─ ╙ ⌐

┘ ╩ ™ ⌐⅔™≡ ≤⌂╢ ─ ⅜

∆╢ ─ ≤↕╣╢⁹ 

  ─ ≢ ╕√│ ⅜ ↕

╣╢ ─℮∟ ─ ⌐ ─ ─ ─№╢

♥ⱨꜝ⌐≈™≡ ⇔√ ≤⌂╢ │ ♥
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ⱨꜝ ΅ ≢№∫√ ⁹ ♥ⱨꜝ─ ≤⌂╢

│ ⌐ ∆╢ ≢№╢⁹ 

 

  

 

ᵦ ♥ⱨꜝ─  

  ╩ ╕ⅎ ≢─ ─Ᵽꜝ♠◐╩ ⇔≡

╩ ≤ ⇔√⁹ 

  ↕╠⌐ ─Ɽꜝⱷכ♃⌐≈™≡ ╩ ╕ⅎ≡ ⇔

─ ╩ ⌐ ⇔⇔ ה ה ⌂≥─ ⅛↕

╩ ⇔≡ ≢─ ╩ ≤ ⇔√⁹ 

  ∕⇔≡ ⌐ ∆╢ ╩ ⌐ ⇔ ≤ ⇔

≡™╢ ⁹ 
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ᵧ ─ ≤  

  ⅔╟┘ ⅛╠ ∆╢

─ ┘ ─ ╩ ─≤⅔╡≤ ⇔√⁹ 
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ᵨ ─  

▪ ─ ⌐≈™≡│ ─≤⅔╡ ─

╛ ⌐⅔™≡ Ⱬ▬ⱴꜝfi♪ ₡g/

₢⅜ ™╠╣≡™√⁹ 

  ⇔⅛⇔ ╛ ─ ╩ ∂≡ Ⱬ▬ⱴꜝfi♪

⅜ ⌐ ∆╢╟℮⌂ ≢│⌂™↓≤⅜ ╠⅛≤⌂∫√⁹ 

  ∕↓≢ │ ▪ⱷꜞ◌ה☿fi♩Ⱬ꜠fi☼

─ ─ꜘ◐ⱴ ⅛╠ km ╣√ ≢№╡

─ ⌐⅔↑╢ ≢№╢ ₡ / ₢ ԇ

₡g/ ₢ ╩ ⇔≡∕╣≢╙ ─ ⌐ ⅜⌂™≤™℮

╩ ℮╟℮⌐⌂∫√⁹ ╙ ꜘ◐ⱴ ╩ ≤⇔≡ ╩

∫≡™╢ ⁹ 

  ⅛╠─ ⌐╟╢ ─  

 

▬ ≤↓╤⅜ ∕─ ─ ⌐⅔™≡ ☿fi♩Ⱬ꜠fi☼ ⌐≈™≡╙

∕─ ⅜ ≢№╢↓≤⅜ ⇔ ─≤⅔╡

⌐ ●▬♪⅜ ↕╣√⁹ │

№╦≡≡ ╩ ─ ₡g/ ₢⌐ ⅝ →√
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⁹⇔⅛⇔ ∕─ ⌂ ⌐≈™≡│ ⌐│ ⌐

╦⌂™↓≤⅛╠ ╕≢⌐ ╩ ╢─≢ │⇔

≡ ⇔™ ─ ╩ ⌐ ⇔√ ⁹ 

 

 ₈ ⌐ ╢ ⌐≈™≡₉  

 

 ⌐╟╢ ─ ─  

 │∂╘⌐ 

  ≢ ═√╟℮⌂ ⌐ ∆╢ ─ ╩ ≤⇔≡ ⌐⅔↑

╢ ≤ ∆╢ ─ ⌐≈™≡ ═╢⁹ ╩

═ ≢ ∆╢⁹ 

 

ᵥ ╕∏ │ ─≤⅔╡ ─ ⌐ ⇔≡ ⌐⅔↑╢

╩ ₡g/ ₢≤ ⇔≡™╢⅜15 ⌐│ ─

⌐⅔↑╢ ≤ ⇔≡╙ ─ ≤⌂∫√ ⌐│

₡g/ ₢ ─ ⌐⌂╢ ⅜ ⌐ ∆╢⁹ 

  ─ │ ⌂ ≢№╢ ⅜ ↄ ╩ ⅝ↄ ╢

⅜ ⌐ ∆╢↓≤⌐╟╡ ╛ ╩

∂ ╘╢ ⅜ ⇔ ─ ⅜ ⌐ ↕╣≡ ╠

 
15 ⌂⅔ ─≤⅔╡ ≢│№ↄ╕≢╙ꜘ◐ⱴ ₡g/ ₢ ≢ ⅜

↕╣≡⅔╡ ₡g/ ₢≤™℮ │ ⱥ▪ꜞfi◓≢ ╘≡ ↕╣√╙─⌐∆⅞⌂™

⌂ ≤│™™ ™╙─≢№╢⁹ 
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─ ╩ ∆╢ ⅜ ∆╢⁹ 

 

ᵦ ─ ⌐ ⇔≡ √╢ ●▬♪⅜ ≢№╢↓≤

⌐≈™≡╙ ∆╢⁹ 

  ●▬♪│ ─ ≤⇔≡₈ ╩ ⇔≡

⅛╠ ╩ ∆╢ ₉ ₈ ─ ₉≤™

℮⁹ │₈ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ╩

∆╢ ₉ ₈ ─ ₉≤™℮⁹ ╩ →≡⅔╡ ↓╣╠─℮∟

™∏╣⅛ ╩ ™≡ ∆╣┌╟™≤↕╣≡™╢⁹ ╙ ↓─℮∟─₈

─ ₉⌐ ∫≡ ╩ ⇔≡™╢⁹ 

  ⇔⅛⇔ ●▬♪─ ╘╢ ⌐│ ⅝⌂ ⅜ ⇔≡

™╢⌐╙⅛⅛╦╠∏ ↓─ ╩ ⌐ ╕ⅎ√╙─≤⌂∫≡™⌂™

≢ ≢№╢ ─ ᵑ ⁹ 

 

ᵧ ⌐ │ ₈ ─ ₉╩ ™≡ ╩ ⇔≡™╢≤↓╤

₈ ─ ₉⌐⅔™≡ ™╠╣√ │ ─ ≤│ ⌂

╢╙─≢№∫≡ ╩ ⇔√╙─≤⌂∫≡™⌂™⁹ │ ₈ ─

⅝™ ─ ╩ ⅝ↄ∆╢⌂≥─ ₉╩ ⇔ ╟╡╙

╩ ↕ↄ ⇔≡™╢⁹╕√ ⌐≈™≡╙ ⌂ ≤⌂∫

≡™⌂™⁹ 

  ⇔√⅜∫≡ ⌐ ∆╢ ⌐╟╢ ⌐│ ⇔

™ ⅜ ⇔ ─ ⅜ ╘╠╣╢

─ ⁹ 

 

ᵨ ↕╠⌐ ●▬♪ ⅜ ≤│ ⌂∫≡ ⅜ ⅝™

─ ⅜ ↄ⌂╢╟℮⌂ ╩ ∆╢↓≤╩ ⇔≡⅔╡ ↓─ ≢



- 67 - 

╙ √╢ ●▬♪│ ≢№╢ ─ ᵒ ⁹ 

 

 ⌐ ∆╢  

ᵥ ⌐ ∆╢ ─ ↕ 

  ⇔√≤⅔╡ │ ⅜ Ⱬ▬ⱴꜝfi♪

₡g/ ₢ ╛ꜘ◐ⱴ ₡g/ ₢ ╩ ™≡ ─

╩ ⇔≡™√↓≤⌐≈™≡ ∕╣╠⅜ ↄ ≢⅝⌂™ ≢№

╢↓≤╩ ⇔≡ ╩ ∫≡™√⁹ 

  ↓╣╠─ ⅜ ↄ ⌐ ⇔⌂™╙─≢№╢↓≤│ ▬fi♃כⱠ♇♩

╩ ⇔ ═╣┌ ⅛╢↓≤≢№╡ ╙ ─ │ ↑≈

≈ ▪▬☻ꜝfi♪ ─ ◘▬♩─ ╛ ☿fi♩Ⱬ꜠fi☼ ⌐ ∆

╢ ─ ⅛╠ ∕╣╠⅜ ⌐ √⌂™ ─ ≢№╢↓≤

─ ↕™ ∞↑╩ ⇔√╙─≢№╢↓≤⌂≥╩ ⅝ ╘≡

⌐⅔™≡ ⇔√⁹ 

  ╩ ╗ │ ↓─╟℮⌐ ⌐ ∆╢ ≈⌐♃כ♦─

™≡ ╠│ ╠ ⌐ ∆╢↓≤⌂ↄ ⇔ │

╩ ⇔⌂™ ≢↕ⅎ ⌐ ↄ╟℮⌂ ╙ ≠⅛∏⌐

╩ ∫√⁹ 

  ↓─╟℮⌂ ⌐ ∆╢ ┘ ─ │ ⅜ ™

⅛⌐ ⌂ ╩ ∫≡⅝√⅛╩ ⌐ ∆╙─≢№╢⁹ 

 

ᵦ ─ ╛ ─ ≤ ⇔≡╙ ⌂ ⅜ ∆╢↓≤ 

▪ ─  

  ⌐╟╢ ─ ≢№╢ ₡g/ ₢│ ⅎ┌ ─

≤ ⇔≡╙ ⌂ ⅜ ∆╢⁹ 

  ∆⌂╦∟ │ ⌐⅔™≡│ ╙─ ⌐ ⇔≡



- 68 - 

₡g/ ₢─ ⌐⇔⅛⌂╠⌂™≤ ⇔≡™╢⅜ ⅎ┌

₈ ─ ─ ⅎ ₉ ⌐⅔™≡ ↕╣√ᵑ

⌐╟╢ ᵒ ⅛╠─ ┘ᵓ ◦Ⱶꜙ꜠כ◦ꜛfi

⌐╟╢ ─℮∟ ─ ᵒ΅ ≢│ ⌐ ⇔

│ ₡g/ ₢≤↕╣≡™╢ ╩ ≤ ⇔

√ ⌐│ ₡g/ ₢ ╩ ≤ ⇔√ ⌐│

₡g/ ₢ ⁹ 

  ─ ᵓ≢│ ⌐ ⇔ ₡g/ ₢

₡g/ ₢ ⅜ ∆╢≤ ↕╣≡™╢ ⁹ 

▬ ─ ⌐⅔↑╢ ≤─  

  ╕√ ─ ⌐⅔↑╢ ≤ ⇔≡╙ ⌂ ≢№╢↓

≤⅜℮⅛⅜ⅎ╢⁹ 

  ≢│ ⌐ ⇔≡ │ ₡g/ ₢

≤↕╣≡™╢⁹ ≢│ ⅜ ⌐ ⇔

⅜ ₡g/ ₢≤↕╣≡™╢⁹ 

  ↓─╒⅛ ⅜ ─ ╛ ⌐≈™≡

│ │ ⌂™⇔ ₡g/ ₢ ≤↕╣≡™╢⇔

⅜ ─ ╙ │ ≤╒╓ ∂

₡g/ ₢≤↕╣≡™╢  ₈

┼─ ⌐≈™≡₉  

─ ⌐ ∆╢ ⱶכ♅ ⁹ ⁹ 

  ↓╣╠│ ●▬♪ ─ ⅛╠

╕≢⌐ ↕╣√₈ ─ ⌐ ∆╢

ⱶ₉כ♅ ₈ ⱶ₉≤™℮⁹כ♅ ⌐⅔™≡ ↕╣

√ ≢№╢⅜ ─ ╙ ⌡↓╣⌐ ≠™≡⌂↕╣≡™╢⁹ 
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ה   ─ ≤  

 

  ╕√ ⅛╠╙ ╠⅛⌂╟℮⌐ ↓╣╠─ │ ⌐⅔

↑╢ ─ ≤ ╩ ≤ ⇔≡ ⇔√╙─≤↕

╣≡™╢⁹ 

  ─ ≢№╢ ₡g/ ₢│ ─ ─ ⇔⅛⌂™

╟╡╙ ↕™╙─≢№∫≡ ─ ⌐⅔↑╢ ≤ ⇔≡

⇔≡ ↕™≤™℮↓≤⅜™ⅎ╢⁹ 

 

► ᵑ ⅜ ™╒≥ │ ⅝ↄ⌂╢ ─  

( )  ╠─ │ ─ ∆╢ ₡g/ ₢≤™℮ ⅜

⌐ ╠⇔≡ ≢№╢≤™℮╙─≢№╢⁹ 

  ↓↓≢™℮ ≤│ ₈ ∂ ⌐ ∆╢ ─ ⅜ ↄ⌂

╣┌⌂╢╒≥ │ ⅝ↄ⌂╢₉≤™℮ ⌂™⇔

⌂ ₈ ᵑ₉≤™℮⁹ ≢№╢⁹↓─╟℮⌂
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─ │ ⌂ ╩ ⇔⌂™ ⌐╙

⌐ ≢⅝╢│∏≢№╢⁹ 

( )  ↓─ ᵑ╩ ⌐ ≡│╘√ ╕∏ ─

│ ─ ⅝↕≤ ⌡ ⌐№╢ ⅜ ⅝↑╣┌ ⅝™╒

≥ ─ │ ™ ⁹ 

  ●▬♪≢│ ₈ ₉≤⇔≡ ₈ ⌐

↕╣╢ ⌐╟╡ ⌐⅔™≡ ∆╢

√╡─ ─ ≢ ↔≤─ ─ ₉≤

↕╣≡⅔╡ ●▬♪ ─ ה ᵦ

≤ │ ⇔™╙─≤ ⅎ╠╣≡™╢⁹ √╡≢™ⅎ

┌ ≤ │ ⌡ ⌐№╢⅛╠ ≤ ╙ ⌡

⌐№╢≤™ⅎ╢⁹ 

  ⌐│ ╛ ⌐╟╢ ─┌╠≈⅝│ ∆╢∞╤℮⅜ ↓↓

≢│ ≤⇔≡ ≢⅝╢≢№╤℮⁹ 

( )  ⌐ ₈ ∂ ₉≤™℮ ≢№╢⁹ 

  ↓─ ●▬♪≢│ ₈ ₉≤⇔≡ ₈ ⌐

↕╣╢ ⌐╟╡ ⌐⅔™≡ ⅜ ∆╢

⁹ ─ ⌐ ∆╢₉≤ ↕╣≡™╢

●▬♪ ─ ה ᵩ ⁹∕⇔≡ ₈ ─ ₉⌐

⅔™≡│ ─ ⌐⅔™≡ ⌐ ↕╣╢

⅜№╢ ⌐ ⇔√≤ ⇔≡ Ν ─

╩Ν ╘╢₉≤↕╣≡™╢ ⁹ 

  ╩≥─ ≤ ∆╢⅛⌐≈™≡│ ₈ ─

≢─ ╩ ⇔≡ ∆╢₉≤↕╣≡™╢⅜ ₈

≢─ ╩ ⌐ ≢⅝⌂™ │

╩ ≤∆╢₉≤↕╣≡⅔╡ ⌐⅔
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↑╢ ≢╙ ≤ ↕╣≡™╢⁹ 

( )  ⇔√⅜∫≡ ≤™℮ ∂ ≢№╢↓≤╩ ⌐⇔≡

⅜ ⅝ↄ⌂╣┌⌂╢╒≥ │ ⅝ↄ⌂╢ ≤™℮

↓≤⅜ ≢⅝╢ ᵑ─ ⁹ 

  ●▬♪ ─ ⅛╠

╕≢⌐ ↕╣√₈ ─ ⌐ ∆╢ ♅

ⱶ₉כ ₈ ⱶ₉≤™℮⁹כ♅ ─

⌐⅔™≡ ₈ ₉≤™℮⁹

─ ה ≢№╢ │

─╟℮⌐ ⇔≡™╢⁹ 

ủ  ╒⅛⌐↔↨™╕∆⅛⁹ ╟╤⇔™≢⇔╞℮⅛⌡⁹≢│ ╙⇔

⌂↑╣┌ ⌂ ─╒℮⌐ ╡√™≤ ™╕∆↑╣≥╙ ─

∟╞∫≤ ∫≡ↄ∞↕™⌡⁹↓─ ⅎ ≢ ⌂ ≤™™╕∆⅛

◦Ⱶꜙ꜠כ◦ꜛfi╩╛∫√ ≤™℮─│ ↓─ Ɑכ☺─ ─

⌐ ™≡№╢₈™∏╣─ ⌐⅔™≡╙ │

⅜ ∆╢⁹₉ ↓╣≢∆⅛⌡⁹ 

ủ  │™⁹↓╣│ ⅜ ≢─⌂☻כ◔─ ⅎ┌↓╣

⅜╙∫≤ ⅎ≡ↄ╣┌╙℮∟╞∫≤ ⌐│ ⅜╢⅛╙⇔╣╕∑
⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸⁸

╪
⁸
⅜ ↓─←╠™ ╩≥↓℮™≥╢⌂│⌐כ♄כ○─◒ꜝ◓ ⇔≡

™╢≤™℮↓≤∞≤ ™╕∆ ה ⁹ 

 

  ≈╕╡ ─ ╙ ⅜ ⅎ╣┌ ⅜ ⅎ╢≤™℮

ᵑ─ ╩ ╘≡™╢─≢№╢⁹ 

( )  ⌐ ⅎ≡╙ ╙─ ╙⌂™ ⅜№╢ ≢ ─

⅜ №√╡ ⇔⅛⌂™≤™℮─

│ ╡⌐╙ ≢│⌂⅛╤℮⅛⁹ 
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  ≢ ⇔√╟℮⌐ ─ ≤⌂╢≤ ꜝ▬ⱨꜝ

▬fi ┘ ⌐ ⇔ ╘≡ ⌂ ⅜ ∂ ה

⅜╒╓ ≤⌂╢─≢№╢⁹ ⌐⅔⅛╣≡│ −└↓─╟℮⌂

╩ ⌐ ╩™√∞⅝ ─ ⌐╟╢ ⅛╕↔ה

⇔⌐ ↕╣⌂™╟℮ ╩ ⇔≡⅔ↄ⁹ 

 

◄ ᵑ╩ ╕ⅎ√  

( )  ⅜ ∫√ ≢│ ─≤⅔╡ ─ ⌐ ⇔

₡g/ ₢─ ≤ ↕╣≡™√⁹ 

  ↓─ ⌐≈™≡ ᵑ╩ ╕ⅎ╢≤ ⌐⅔↑╢ ╩ ≤

⇔√  

₡ ₢ ₡g/ ₢ ₡ ₢ ₡g/ ₢ 

₡g/ ₢ ₡ ₢÷ ₡ ₢× ₡g/ ₢ 

      ₡g/ ₢ 

 ≤⌂╡ ⌐╖╢≤ ₡g/ ₢╙─ ≤⌂╢ ⅜

≢⅝⌂™⁹ 

  ⌐ ─ ─ ≢№╢ ₡g/ ₢╩ ⌐⇔√≤⇔≡╙

₡g/ ₢≤⌂╡ ─ ─ ⌐╙⌂╡ ╢⁹ 

( )  ⌐ ─ ⌐⅔⅔↑╢ ⌐≈™≡ ᵑ⌐ ╠⇔

⌐№╢≤ ∆╢≤ ≤─ ≢ ₡g/ ₢⌐

≤─ ≢ ₡g/ ₢⌐ ∕╣∙╣⌂╢ ⅜

№╢⁹ 

  ╙∟╤╪ ↓╣│ ⌐ ∫√ ≢№╡ ╠≤⇔≡╙ ⌐↓─

╟℮⌂ ⅜ ╡ ≈≤ ∆╢╙─≢│⌂™⇔ ∏⇔╙ ⅜

™╙─≢│⌂™↓≤╙ ╘╢⅜ ᵑ⌐ ╠⇔≡ ╙─

≢│ │⅔⅔╟∕─ ≤⇔≡ ₡g/
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₢≤⌂╡ ╢↓≤╩ ⇔≡™╢⁹ 

 

○ ╩ ∆╢⌐│ ⌐ ∆═⅝↓≤ 

  ↓╣⌐ ⇔ │ ↓─╟℮⌐ ⅜ ↕ↄ⌂∫√↓≤⌐≈™≡

₈ ⅜ ⌂╢₉≤ ⇔≡™╢⁹ 

  ⅛⌐ ⅜ ⌂╣┌ ⌂ ≤│⌂╠⌂™≢№╤℮⅜

╠─ │ ─ ⌐│ ⅜⌂™ ⌂ ╩ ∫√

≤⇔≡ ⅜ ↕ↄ⌂∫≡™╢≤™℮╙─⌐⌂╢ ∕─ ≤⇔≡

●▬♪ ⅜ ⌂ ╩ ∆╢╙─≤⌂∫≡⅔╡ ≢№╢

↓≤╩ ∆╢ ⁹ 

  √∞ ᵑ⅜ ∆╢ ∕╣⌐╙⅛⅛╦╠∏ ─ ⌐⅔↑╢

⌐ ⇔≡ ⇔≡ ↕™ ≤⌂╢↓≤│ ™╦┌ ⌂ ≢№╢⁹

╡ ⇔ ═╢╟℮⌐ ─ │ ─ ≈ ⌂

╛ ⌐⅔↑╢ ─ ⌐ ╠⇔≡ ₈ ⌂ ⅜ ⅜

⌐╙ ↓╠⌂™╟℮⌐∆╢₉≤™℮ ⌐№╢─≢№╢⅛╠

ה ╩ ∆⌂╦∟ ─ ╩

⅝ↄ∆╢ ⌐ ╘╢─≢№╣┌ ∆⌂╦∟ ─

╩ ↕ↄ ╙∫≡╙ ╦⌂™≤™℮ ⌐ ∆╢↓≤│ ╟╒≥

⌂ ⌐ ≠⅛⌂™ ╡│ ─ ⌐ ⇔≡ ↕╣⌂™ ≤™℮═

⅝≢№╢⁹ 

  ∕─ ≢ ⅜ ∆╢╟℮⌐ ─ ⅜ ↕ↄ⌂╢ ⌐

╩ ∆╢─≢№╣┌ ⌂ ⅜⌂↕╣╢ ⅜№╢⁹ ⌐

⇔≡™ⅎ┌ ─ ≤│ ⌐ ≤ ⅎ╠╣╢ ⅜

⌂╢≤™℮─≢№╣┌ ─ ⅜ ─ ≢ ↕╣≡™╢

≤ ≤⇔≡ ⌂╢ ∂⌐│⌂╡ⅎ⌂™ ≤™℮ ⅜

↕╣⌂↑╣┌⌂╠⌂™⁹ 
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ᵧ ─ ⌐╟╡ ⅜ ⌐ ↕╣╢↓≤ 

  ⅜ ₡g/ ₢≤⌂╣┌ ─ ─

─ ≤ ⇔≡╙ ≤⌂╡ ─ ⅜ ≢

№╢↓≤│ ╠⅛≢№╢⁹ 

  ∕⇔≡ ─ ⌐╟∫≡ │ ─

⌐ ↕╣╢⁹ 

  ⌐│ ╕∏ ─ ⱨ▫ꜟ♃⅜ ╕╡╩ ↓⇔

⅜ ⅎ⌂ↄ⌂╢↓≤⌐╟╡ ⅜ ∆╢↓≤⅜ ⅎ╠╣╢⁹ 

  ╕√ ⌐ ≢ ─ ⅜ⱨ▫ꜟ♃─ ╩ ⇔≡ ⅜

─ ⌐ ⇔≡⇔╕℮≤ ∕─ ⌐ ╡ ╖ ה ╩

⅝ ↓⇔≡ ∆╢↓≤⅜ ⅎ╠╣╢⁹ 

  ↕╠⌐ │ ≢№╢√╘ ⅜™∫√╪ ⇔≡

ה ╩ ⅝ ↓⇔ ⅜ ╩ ↓∆ ╙ ⅎ╠╣

╢⁹ 

  ⌐ ╠∏ ⌂≥ ⌂ ─ ╩

⅜ ⇔≡ ╛◖fiⱧꜙכ♃⌐ ⅜ ∆╢≤ ↓╣╠⅜

∆╢↓≤╙ ⅎ╠╣╢⁹ 

  ∕╣∙╣ ∆╢⁹ 

 

▪ ⱨ▫ꜟ♃─ ╕╡ 

  │ ⱨ▫ꜟ♃⅜ ╕╡╩ ↓∆╕≢─ ⌐≈™≡

ꜘ◐ⱴ ₡g/ ₢ ╩ ≤⇔≡ ≤ ⇔

≡™√ ה ⁹ 

  ⌐ ─ ⅜ ─ ₡g/ ₢≤⌂╢

≤ ╕╡╕≢─ │ ─ ─
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⌐⌂╢ ≤⌂╢⁹ 

  ∆╢⌐ ⌐ⱨ▫ꜟ♃⅜ ╕╡╩ ↓⇔≡ ⇔≡⇔╕℮↓≤⌐

⌂╡ ≤↕╣╢ⱨ▫ꜟ♃ ⌐│ ⌐ ╦∏

│ ╩ ∆╢↓≤⌐⌂╢⁹ 

  ╕√ ↓─ⱨ▫ꜟ♃ ≤™℮─╙ ─ ⅜ ⇔

≡™╢ ⌐ ╦╣╢╙─≢№╢─⌐╙⅛⅛╦╠∏ ─ ╩ ↄ

⌐ ╣∏⌐ ╙∫√ ≢№╡ ⌐ ─ ⌐ ₁⌂

⅜ ⇔ ≤╪≤⇔√ ≢ ─ ≥⅔╡⌐ ⅜ ⅎ╢

⅛│ ╘≡ ╦⇔™⁹ ≢№╣┌ ↓─╟℮⌂ ⌐ ⌐╟╢

╩ ╦⌂↑╣┌ ╩ ↓⇔≡⇔╕℮╟℮⌂ ∕╣ ⅜ ╡

≢№╡ Ɽ♇◦Ⱪ ⌂ ⅜⌂ↄ≡╙ ⅜ ∆╢╟℮⌂

≢№╢↓≤⅜ ╘╠╣╢⁹ⱨ▫ꜟ♃─ ╩ ≤⇔≡™╢↓≤

⅜ ∫≡™╢─≢№╢⁹ 

  ╙ ⌐│╦∏⅛ ─ ≢ ⅜⌂ↄ≡╙ ─

≢ ⅜ ⌐⌂╢≤ ⇔≡™╢⇔ ─ ⌐╟∫≡

─◄fi☺fi⅜ ⇔√ ╙ ↕╣≡™╢≤↓╤≢№╡ ∕╙∕╙ⱨ▫ꜟ

♃ ─√╘⌐ ╕≢√≥╡ ↑╢ ∆╠⌂™⁹ ⱴ☻◒╩ ↑≡

─ │ ⌐ ⅜ ∆╢⅛╠ ↓╣╩ ∆╢√╘ ╙

╩ ⇔⌂↑╣┌⌂╠⌂™ ╙№╢⁹ 

  │ ●▬♪─ ⌐ ∫≡ ╩ ⌐∑↨╢╩

⌂ↄ⌂∫√↓≤⅛╠ №╦≡≡ ꜟ♀כ▫♦ ─ ⌐♄◒♩

╩ ⇔≡ ⱨ▫ꜟ♃ ─ ╩∆∆╘≡™╢ ╩

⌐ ⇔√⁹⇔⅛⇔ ∕↓⌐│ⱨ▫ꜟ♃ ╕≢─ ⱨ▫ꜟ♃

⌂≥│ ↕╣≡⅔╠∏ ⅜ ↕╣≡™╢↓≤─ ה

⅜ ↄ↕╣√≤│ ™ⅎ⌂™⁹ 
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▬ ─ ה  

( ) │ ┘ │ ⅜ ⇔ ™ ≢№╡ ╕

√ │ⱨ▫ꜟ♃⌐╟╡ ⅜ ↕╣╢⅛╠

─ │ ↓╠⌂™≤ ⇔≡™╢⁹ 

  ⇔⅛⇔ │ ╛ ⌐╟╢ ╣⌂≥─ ╩ ↑≡ ⌐

™ ⅜∫√╡ ™ ∑╠╣√╡∆╢ ╩ ∫≡™╢⁹ ⌐ ─

↕™ ⌐≈™≡│ √≤ⅎ ⅜ ⅝ ≤⌂∫≡™√≤

⇔≡╙ ⅜ ™ ╕╣≡ ─ ⌐ ∆╢ │

⇔≡™╢⁹ 

  ╕√ ─ ⌐╟∫≡╙ ⱨ▫ꜟ♃─ │₈

⌐⅔™≡ ₉≤↕╣≡⅔╡ ₈ ⅜

─╙─⌐≈™≡│Ν ⌐ ∆╢₉≤↕╣≡™╢

─≢№╢⅛╠ ה ─ ⅜

⌐ ∆╢↓≤│ ™─⌂™ ≤™℮═⅝≢№╢⁹ 

  ⌐ ⇔√ │ ◦ꜞfi♄כ ─ ⌐ ╕╡ ╩

↓∆ ⅜ ™⁹↓─ ⌐≈™≡ │ ╠─ ╙ ╦∏

⌐ ─ ↕↕∞↑╩ ⌐₈ ─ │ ─ ⌐ ═

≡ ⅝™↓≤⅛╠ ∆╢↓≤│⌂™₉≤ ∆╢⅜ ─

╟╡╙ ─ ⅜ ∆╣┌ ╟╡╙ ─ ⅜

⌐ ∆╢↓≤⌐⌂╡ ∕℮⌂╣┌ ™⅛⌐ ⅜ ⅝ↄ≤╙ ╕

ה╡ ╩ ↓∆ │ ≢⅝⌂™⁹∕⇔≡ ─

⅜ ∆╣┌ ⇔ ⌐ ╢ ⅜ ≢⅝⌂

™⁹ 

( )  ╕√ │ ₈ ₉

≢ ≤⇔≡ ꜟ♀כ▫♦ ─ⱨ▫ꜟ♃─

⌐₈ ⱨ▫ꜟ♃₉╩ ↑╢≤─ ╩ ⇔≡™╢⁹ 
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  ⇔⅛⇔ ↓╣⅜≥─ ─ ╩ ∆╢─⅛ ⌐≈™≡│

─ ⌐⅔™≡ ↕╣╢═⅝≢№╢⌐╙⅛⅛╦╠∏

⌐ ∆╢ ⌐ ⇔⌐↕╣ ─ ⅜⌂↕╣≡™⌂™⁹

∕℮≢№╢ │ ⌐⅔™≡↓─ ⌐≈™≡╙

⌐ ה ∆═⅝≢№╢⅜ ∕╣╙ ∫≡™⌂™⁹ ⌐ ⅎ

≡╙ ╙─ ⅜ ∆╢ ⅜ ⌂ ╩≢⅝

╢≤│ ⅎ ↄ ⅜ ⌐ ╦⌂™ ⅜ ≢⅝⌂™⁹ 

( )  │ ꜟ♀כ▫♦⅜ ⌐ ⇔≡╙ ─

⅜ ↄ ⇔╛∆™↓≤⅛╠ ─ │ ↓╠⌂™≤

⇔≡™╢⁹ 

  ⇔⅛⇔ ─ ☻כ⸗│ ∫ ⅝⌐ ∆╢ ↕╩

∆ ≢ ≤↕╣≡™╢─⌐ ⇔ ◦ꜞfi♄כ ─ ≢№╢

│ⱩꜟⱠꜟ ↕ ⇔ ╖⌐ ∆╢ ↕─ ≢ ≤↕╣≡™

╢⁹ 

  │ approximate comparison of hardnes scales∆⌂╦∟ ─

─⅔⅔╟∕─ ≢№╢⅜ ☻כ⸗ │ⱩꜞⱠꜟ ↕

╟╡╙ ™ ⅜№╢↓≤⅜ ⅛╢⁹ 

  ╙∟╤╪ ∫ ⅝⌐ ∆╢ ↕≤ ⇔ ╖⌐ ∆╢ ↕╩ ⌐

│≢⅝⌂™╙── ↓─╟℮⌂ ⅜ ∆╢ ⅜ ⌐╙

⌂ ↓⇔≡│⌂╠⌂™ ≤⇔≡│ ה ╩ ∫≡

⌐ ⌐╟╢ ⅜ ↓╠⌂™─⅛ ∆═⅝≢№╢─⌐

│↓─╟℮⌂ ╩ ∫≡™⌂™⁹ ⌐ ∫√ ≤│™

ⅎ⌂™⁹ 

  ◦ꜞfi♄כ ─ ⅜ ∆╣┌ ⅜ ╩ ⇔

⌐ ╢ ⅜ ≢⅝⌂™⁹ 



- 78 - 

 

☻כ⸗  ≤ⱩꜞⱠꜟ ↕─  

 

► ─ ה  

  ↕╠⌐ ⌐ ⇔√ │ ─ ה

╩ ⅝ ↓∆⁹ 

  ∆⌂╦∟ │ ⌐⅔™≡ ϴ ≤⌂
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╡ ⌐│ ϴ⌐╙ ∆╢≤↕╣╢⅜ ⌐ ⇔√

─ │ ϴ≢№╡ ⇔≡⇔╕℮↓≤│ ⌐ ↓╡

╢ ⁹ 

  ⇔√ ⅜ ─ ⌐╟╡ ┘ ⇔≡

≢ ∆╢≤ ⅜ ╩ ⇔ ⌐ ╢

⅜ ≢⅝⌂™⁹ 

  ↓─ ⌐≈™≡ │ ╠─ ╙⇔≡™⌂™⁹ 

 

 ─ ᵑ 

  ↓↓⅛╠ ─ ⅜ ≢№╢ ⌐≈™≡ ╟╡ ⌐

√╢ ●▬♪─ ┘ ─ ╩ ∆╢⁹╕

∏│ ─ ᵑ≢№╢⁹ 

 

ᵥ ●▬♪─ ╘╢  

  ●▬♪│ ─ ≤⇔≡ ●▬♪ ─

─╟℮⌂ ⅎ ╩ ⇔≡™╢⁹ 

  ╕∏ ⌐⅔™≡ ₈ ─ ₉ │₈ ─ ₉─™∏╣⅛

⌐╟╡ ╩ ∆╣┌ ╡╢≤⇔≡™╢⁹ 

  ●▬♪│ ─™∏╣⅛─ ⌐╟╡ ╩ ∆╣┌ ╡╢≤∆

╢ ≤⇔≡ ₈ ─ ≢│ ─ ─ ⌐ ╦╠

∏ ⌐ ⅜ ↓╢≤ ⇔≡™╢↓≤ ─ ╩ ⇔⌂™↓≤ ₉

╩ → ₈ ─ ≢│ ┼─ ⅜ ⅝™ ⌐

≠ↄ ╩ ⇔≡™╢↓≤ ₉╩ →≡ ₈™∏╣─ ╙

─ ≤ ⇔≡ ⌂ ≤⌂∫≡™╢₉↓≤⅛╠ ™∏╣⅛─

≢ ∆╣┌ ╡╢≤⇔≡™╢⁹ 
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ᵦ ⅜ ∫≡™╢ ╛ ─  

▪ ─ │ ≤─ ≢ ↕╣⌂↑╣┌⌂╠⌂™↓≤ 

  ⅛⌐ ●▬♪⅜ →≡™╢ │ ⌐ ⅝ ╢

⅛╙⇔╣⌂™⁹⇔⅛⇔ ∞⅛╠≤™∫≡ ∏⇔╙₈ ─ ≤

⇔≡ ⌂ ₉≤│ ╠⌂™⁹ 

  ∕╣│ ⅜ ⅝⌂ ╩ ⇔≡⅔╡ ⌐ ●▬♪

⅜ ╘╢╟℮⌂ ⅜ ╘╠╣╢≤⇔≡╙ ∕╣⌐╟∫≡

⅜ ≈ ╩◌Ᵽכ≢⅝╢⅛ ⅛ ╠⅛≢│⌂™⅛╠≢№╢⁹ 

  ●▬♪│ ─ ⌐≈™≡ ₈ ─

⌐ ⌂ ╛ ⸗♦ꜟ│ ⅝⌂ ↕╩ ╪≢⅔

╡ ╛ ─╟℮⌐Ɫ◙ה♪כ꜠ⱬꜟ╩ ∆╢↓≤│

≢№╢₉≤ ╘≡™╢ ─ ה ⁹ 

  ↓↓≢│ ↄ─ ╛ ≢ ™╠╣╢ ≤™

℮◦Ⱶꜙ꜠כ◦ꜛfi ♁ⱨ♩ ≢╙ ─ ≤ ─

⌐≈™≡ ═╢⁹ 

▬ ─ ╩ ╕ⅎ╢═⅝↓≤ 

( )  ≤│ ⸗♦ꜟ╩ ⌐⇔≡ ↕╣√

─◦Ⱶꜙ꜠כ◦ꜛfi◖כ♪ ♪כ◖ⱪfiכ○ ≢№╢⁹ ⸗♦

ꜟ≤│ ⌐╟╢ ≤ ≢ ⌐ ⅜╢

╩ ╡ ╪≢ ╠╣√⸗♦ꜟ╩™℮⁹ 

  ─ ≤ ⌐≈™≡│ ה

─ ⌐ ⇔™

⁹ ─ ⸗♦ꜟ│ ─ ─ ⅝╩₈

₉⇔√╙─≤↕╣≡™╢⁹ ⅎ┌ ⌐╟╢ ⌐≈

™≡ ─ │₈ ╩ ™√╡ ⇔√╡∆╢│∏₉∞⅜

│ ₈ ⅝≤ │ ≢ ≤ ↕╣₉≡⅔╡



- 81 - 

₈ ⌂ ⅝╩ ╡ ╗↓≤│≢⅝⌂™₉≤™℮⁹ 

  ╕√ ≢ ⌐ ⅜╢ ⌐≈™≡ ₈ ⅜ ⅝╢─

│ ∞↑≢ ─ │ ⇔⌂™₉≤™℮⁹≈╕╡

⌂ ≢│⌂ↄ ⌂ ⇔⅛ ↕╣≡™⌂™─≢№╢

ה ⁹ ╙ ₈ ─ ─

≢ ─ ╩ ∆╢≤™∫√╟℮⌂↓≤│ ≢│

≢№╢⁹╙⇔↓℮⇔√ ╩⇔√™─≢№╣┌

⌂≥ ╩♪כ◖─ ™╢─⅜╟™₉≤ ⇔≡™╢

ה ⁹ 

( )  ↓─╒⅛ │ ₈ │ ≢╙∆←⌐ ≢⅝╢a Ᵽ

ꜟꜗ♅כ ₑ≢№₉╢⅜ ₈ ─ ⸗♦ꜟ│

─ ⸗♦ꜟ≤ ⌂╢√╘ ⌐ ∆╢↓≤│ ≢№╢⁹≈

╕╡ │ ≢№∫√╠ ≢╙ ⌐◦Ⱶꜙ꜠כ

◦ꜛfi≢⅝╢ │≢↑╦℮™≥ꜟכ♠─ ⇔≡⌂™₉≤⅛ ה

─♪כ◖₈ │ ⇔√™ ╛ ⅜≥℮™℮

─╙─⌂─⅛╩ ⇔ ╩♪כ◖⌂ ┬ ─♪כ◖─⧵≡⇔⧵

╩ ∆╢↓≤⅜ ≢№╢₉≤╙ ═≡™╢ ה

⁹ 

  ∆╢⌐ ╙ ╩ ⇔√╙─≢№╢⅛

╠ ╩ ╕ⅎ√ ╛ ╩ ⇔√ ≢ ⇔⌂↑╣┌⌂╠⌂

™≤™℮╦↑≢№╢⁹ 

( )  ↓─ ⌐⅔™≡ ⌂─│ ₈м ╩ ∫√ ΅

↓╣╕≢≤↓╣⅛╠₉≤™℮ ≢№╢ ה ⁹ 

  ↓↓≢│ ─▬fiⱣכ☺ꜛfi 16≤∕─ ⌐

 
16 ≢─ ≈╕╡ │ Ɽꜝⱷכ♃╩ ⅎ≡ ─

╩ ╘╢╙─≢№╢⅜ ─ ⅛╠ ⌐ Ɽꜝⱷכ♃╩ ╘╢≤™℮ ╩™℮⁹ 



- 82 - 

≈™≡ ═╠╣≡™╢⁹™╦ↄ ₈ ─ ⅛╠ Ɽꜝⱷכ♃╩

╘╢≤™℮ ╖│№╕╡℮╕ↄ™∫≡™⌂™₉₈ ↕ ─ ↕

™ ≢│ ─ ╩ ╘≡™╢╟℮⌐╙ ⅎ╢⅜ ⅝™ ≢│

─ ↕⌐ ⇔≡ ⅜╒≤╪≥⌂™↓≤╛ ⅜ ⌐

ↄ ╘╠╣╢≤™℮↓≤⅜ ╠╣≡™╢₉₈ ╩▬fiⱣכ

☺ꜛfi ⌐ ™╟℮≤⇔√ ⅜ ∆╢╟℮⌂ ≢│№╢⅜

↓╣│ ─ ⅎ╢ ⸗♦ꜟ⅜ ─ ≤ ⌂∫≡™

╢↓≤⌐ ⇔≡™╢≤ ⅎ╠╣╢₉≤ ⅜ ⅝™↓≤╩ ∆

╢ ה ⁹ 

( )  ╕√ ─≤⅔╡ │ ─ ≤™℮═⅝

⸗♦ꜟ≤│ ⌂╢⸗♦ꜟ⌐╟∫≡ ↕╣≡™╢⁹∕─ ⌐≈™

≡ │ ─╟℮⌐ ═╢⁹ 

  ₈ │ ⌐ ∆╢ ⅛╠ ⅜ ∆╢≤™℮

⸗♦ꜟ⌐ ≠™≡™╢⁹⇔⅛⇔ ↓╣╕≢ ≢№∫√ ⸗♦ꜟ

≢│ ⅛╠─ │ ⅎ⌂™⁹∕╣⌐│ ⅜№╢⁹ 

  │ ╡─ ╩ ⅝ ╖⌂⅜╠ ∆╢⅜ ⅝ ╖ │

─ ─ ≤↕╣╢⁹↓─ ™ ⅝ ╖

⌐╟╡ │ ⌐ ↕╣╢⁹√≤ⅎ ⅜ ⅛╠ ┘ √

≤⇔≡╙ ⅝ ╗ ⌐ ↕╣≡ ⌐ ╡╩∆╢√╘≢№╢⁹↓╣

╩ re-entrainment≤ ┬⁹↓─ ⌐╟╡ ⅛╠─ │ ⅎ╠╣

∏ ─ │ ⅛╠ ⅝╢≤™℮─⅜ ⌂ ⸗♦ꜟ

≢№╢⁹₉ ה  

 

  │ ↓╣╕≢ ≤ ⅎ╠╣≡⅝√ ⸗♦ꜟ⌐╙ ≢

⅝⌂™ ⅜№╢↓≤╩ ╘≈≈ ∕╣│ ⌂™⇔ ─ ≤

↕╣╢═⅝ ≤∆╢⁹™∏╣⌐∑╟ ∕─╟℮⌂ ⅜ ╪≢™⌂™
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≢│ ─ ╩ ⌐ ╕ⅎ╢↓≤⅜ ╘╠╣╢⁹

⸗♦ꜟ⅜ ⇔™─⅛ ⸗♦ꜟ⅜ ⇔™─⅛≤™℮

─╟℮⌂╙─≢│⌂ↄ ™∏╣╙ ⅝⌂ ╩ ╪≢™╢⅛╠ ∕

─ ╩ ⌐ ⇔⌂↑╣┌⌂╠⌂™⁹ 

( )  ╙℮ ≈ ─ ⅝⌂ ≤⇔≡ ⅛╠─

≤™℮ ⸗♦ꜟ─ ─ ⅜ ╡ ╕╣≡™⌂™≤™℮ ⅜№

╢⁹ 

  ₈ ₉≤│ ⅜ ⌐ ⇔ ─ ⅜ ─ ≤

∂⌐⌂∫√ ⅜ ⅝─ ╩ ∫≡ ⌐ ⅜∫≡

╩ ∆╢ ╩™℮ ∕─ ─↓≤╩₈ ₉≤╙™℮⁹

─ ⁹ 

 

ה    

 

  │ ↓─₈ ₉⌐≈™≡ ⌐ ╡ ╕╣
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≡™⌂™ ↓∕ ₈ ─ ≢─ ─ ≢№╢₉

≤ ═╢ ה ⁹ 

  ↓─╟℮⌂ ⅝⌂ ─ ⌐╙⅛⅛╦╠∏ ⌐╟

∫≡ ₈ ⌂ ⅜ ⅜ ⌐╙ ↓╠⌂™╟℮⌐∆╢₉√╘─

╩ ℮↓≤⌐≥─╟℮⌂ ⅜№╢─⅛ ⌐ ↕╣⌂™ ╡

∕╣╩ ╖⌐∆╢↓≤│ ↕╣⌂™⁹ 

► ╩ ⇔≡™⌂™  

  ╒⅛⌐╙ ₈ ─ ₉╛₈ ─ ₉│ ™∏╣╙ ₈

₉ ╩ ⇔≡™⌂™⁹ 

  ₈ ₉≤│ ₈ ⌐ ⇔√♥ⱨꜝ⅜ ⌐╟∫≡ ™

⅜╡ ┘ ╩ ∆╢ ≢ ⌂≥≤

─ ₉≢№╢ ה ⁹ 

  ₈ ⅜ ∆╢≤ ⅜ ⇔≡ ⌂≥┼

╩ ╓∆√╘ ≢№∫≡╙ 17⅜ ↕╣╢↓≤⅜№₉╢⌂

≥≤↕╣≡™╢ ה ⁹ ⅜ ⇔≡™

√ ₡g/ ₢≤™℮ │ ⅛╠

⇔√ ─ ≢№∫√↓≤⅜ ↓╣╕≢─ ─ ≢ ╠⅛

⌐⌂∫≡™╢⁹ ⌐⅔™≡ ⅛╠ ↕╣╢╕≢ │

∕─╟℮⌂ ⌂ ╩╙ ↔⇔≡ ╩ ∫≡™√⁹ 

  ↓╣╩ ∆╣┌ ⅜ ⅝ↄ⌂╢ ⅜№╢⁹ 

◄ ╩ ╕ⅎ√℮ⅎ≢ ⌂⅔ ≤™ⅎ╢⅛ 

( )  ─≤⅔╡ ⌐⅔↑╢ ─ │ ∕─

⌐ ⅝⌂ ⅜ ⇔ №╢™│ ╩ ⇔≡™⌂

™⌂≥ ≢⌂™ ⅜ ⌐ ∆╢⁹∕─√╘ ─

≤↕╣╢═⅝│ ●▬♪⅜ ∆╟℮⌂ ⅜ ⅜╙

 
17 ─ ⁹ 
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≤╙≤ ∫≡™╢ ╛ ╩ ⇔≡╙⌂⅔ ≤™ⅎ╢⅛≢

№╡ ╛ ╩ ⇔≡ ≤™ⅎ⌂™─≢№╣┌ ∕─╟

℮⌂ ─ │ ≤™℮↓≤⌐⌂╢⁹ 

  ∕℮∆╢≤ ⌂─│ ┘∕╣⌐╟╢┌╠≈⅝ ⅜≥─

≢№╢─⅛ ⌐╟∫≡≥─ ─ ⅜ ⅎ╠╣╢─⅛

┘ ●▬♪⅜ ∆╟℮⌂ ⅜≥─ ─╙─≢№╢─⅛╩

⇔√℮ⅎ≢ ∕╣╠╩ ⇔ ╛ ⅜ ─ ⌐

╕╣╢↓≤╩ ∆╢↓≤≢№╢⁹ 

  ⌐ ─ ⌐╟∫≡│ ╛ ╩ ≢⅝

⌂™≤™℮─≢№╣┌ ⌂ ⅜ ⅜ ⌐╙ ↓╠⌂™╟℮⌐∆╢

≤™℮ ─ ⌐ ╠⇔ ↓╣╩ ≤ ∏⌐ ╩ ╕ⅎ≡

─ ⌂ ╩ ⇔√℮ⅎ≢ ∕─ ≢ ╙ ⌂ ╩

∆╢↓≤⌐╟∫≡ ⇔≢╙ ╩ ∆╢≤™℮─⅜ ─

─₈ ⌐ ⅛≈ ─ ╩⇔⌂↑╣┌⌂╠⌂™₉↓≤╩

↑╠╣√ ─ ≤™℮═⅝≢№╢ ⁹ 

( )  ⇔⅛╢⌐ ●▬♪│ ч ─ ⌐ ╦╠∏ ⌐ ⅜ ↓

╢≤ ∆╢≤™℮ ш ─ ╩ ⇔⌂™≤™℮

┘щ ⅜ ⅝™ ⌐ ≠ↄ ╩ ⇔≡™╢≤™℮

⌐≈™≡ ∕╣⅜≥─ ─ ≤⌂╢─⅛ ╠ ∆╢↓≤⌂ↄ

╕√ ⅜╙≤╙≤ ∫≡™╢ ⌐≈™≡ ∕╣⅜≥─

─╙─⌂─⅛ ╠ ∆╢↓≤⌂ↄ ⌐™∏╣⅛ ≢ ╡╢≤

⇔≡™╢⁹ ≡™⅔⌐ⱶכ♅ ↓─ ⅜ ↕╣√

╙⌂™⁹ 

  ⇔√⅜∫≡ ─ ⌐ ∆╢ ●▬♪─

╘│ ⅜ ∫≡™╢ ╛ ─ ╩ ⌐

≢⅝≡™⌂™ ≢ ≢№╢⁹ 
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ᵧ ₈ ─ ₉ ┘₈ ─ ₉│ ⌂╙─≤│™ⅎ⌂™↓≤ 

╢↑⅔⌐ⱶכ♅ ▪ ─  

  ●▬♪│ ─≢ⱶכ♅ ╩ ↑≡ ↕╣√╙─

≢№╢⅜ ∕─ ─ ≢ ⅎ┌

₈ ₉≤™℮⁹ ≢№╢ │ ₡g/

₢≤™℮ ⌐≈™≡ ₈↓─ ─ ─ ≤™℮─│ ⌐

─ ™ 18≢ ™≤╙ ⌐ ⅎ≡⇔╕℮╟℮⌂╙─⅜ ₁№╢∞

╤℮⌂≤ ╦↨╢╩ ⌂™₉≤ ⇔≡™╢ ה ⁹ 

  ╕√ ⌐⅔™≡ │ ─ ᵒ ┘ᵓ≢

↕╣√₈ ₡g/ ₢₉≤™℮ ●▬♪─₈ ─ ₉

┘₈ ─ ₉⌐ ∆╢ │ ⌂ ≢─ ≢№╢≤

═≡™╢ ה ⁹ 

  ↓─╟℮⌐ ₈ ₡g/ ₢₉≤™℮ │ ₈™≤╙ ⌐ ⅎ╢↓≤

╙ ₁№₉╡ ₈ ⌂ ≢─ ₉≢№∫≡ ╩ ⌐

╪∞ ⌂╙─≢│⌂™⁹ 

▬ ₈ ─ ₉│ ⌂╙─≤│™ⅎ⌂™↓≤ 

  ₈ ─ ₉⌐≈™≡ ●▬♪│ ч ┘ш─ ╩

→≡™╢⅜ ™∏╣⌐≈™≡╙ᵥ≢ ═√≤⅔╡ ∕─ │ ↕

╣√╙─≢│⌂ↄ ⅜ ∫≡™╢ ╛ ─ ╩

™ ╢∞↑─ ≤⌂∫≡™╢⅛≥℮⅛ ╠ ↕╣≡™⌂™⁹ 

  ↓─╒⅛ ш⌐≈™≡ ─ ≤│ ╠┌∫≡™√ ⅜ ╡

╕╢↓≤╩™℮⁹ │ ה

⌐╟╣┌ ™√ ⌂≥⌐

↕╣╢╟℮≢№╢⅜ ₈ ≢│ ╕≢ ⇔ⅎ⌂™ ─

 
18 ─ ≤ ╦╣╢⁹ ⌐│ ₈ ⌐ ─ ™ ₉≤ ⇔≡™╢⁹ 
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╩ ∆╢√╘ ↓─ ╩ 19⌐ ╖ ╗↓≤│ ≢№╢₉≤

↕╣╢ ה ⁹ 

  ↓─ ⅛╠∆╣┌ ⌐ ⇔ ⌂™ ⅜ ⌐╟∫≡

⌐ ∆╢↓≤≢ ⅜ ∆╢≤™℮ ⌐╙≈⌂⅜╡ ╢⁹ 

  ™∏╣⌐∑╟ ⌐╟∫≡≥─ ⅜ ↕ↄ⌂╢─⅛ ↕╣

⌂™ ╡ ╩₈ ₉≤ ╢═⅝≢│⌂™⁹ 

► ⅜ ≢№╢↓≤─  

( )  ₈ ─ ₉⌐⅔™≡ │ ⌐ ≢⅝⌂™

╡ ≤ ⇔≡ ∆╢↓≤╩ ≤⇔≡™╢ ה

⁹ 

  ⇔⅛⇔

⌐⅔™≡ ה │ ─ ⌐≈™

≡ ₈↓╣╕≢─ ─ ⅝⌂ ─ ≤™℮╙─╩ ╕∆≤

⌂ ≢№╤℮≤ ™╕∆⁹√∞ ╙∟╤╪ ⌐ ⌂
⁸⁸⁸⁸⁸⁸⁸⁸

≢

≢№╢⅛ ∕╣⅜ ≢№╢⅛ ∕─ ←╠™│

≡∫╟⌐☻כ◔ ™╕∆↑╣≥╙ ⇔≡
⁸⁸⁸⁸

←╠™∞≤™℮↓

≤∞≤ ™╕∆⁹₉≤ ↓╣⅜ ⌐∆⅞∏ ─┌╠≈⅝⅜№

╡ ╢↓≤╩ ╘≡™╢ ה ⁹ 

  ⌂ ⅜ ⅜ ⌐╙ ↓╠⌂™╟℮⌐∆╢≤™℮ ─

≢ ╩ ™╢─│ ≢ ≢№╢⁹ 

( ) ⅜ ⌐⇔√≤ │♃כ♦╢╣╦ ≢ⱶכ♅

↕╣√₈ ─ⱪꜞ♬כ ⌐⅔↑╢ Ɽꜝⱷ₉♃כ≤™℮

≤ ⅎ╠╣╢ ⁹ 

  ↓╣╩ ╢≤ ─

≢ ─   ≢

 
19 Tephra Transport and Dispersion Model─ ⁹ ⸗♦ꜟ╩ ∆⁹ 
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─ ≢ ≤

⌂∫≡⅔╡ ⌐⅔↑╢ ♥ⱨꜝ

≢│ ╟╡╙ ↄ⌂╢ ╙ ⌐ ∆

╢⁹ 

 

ה  ⌐  

 

( │≢ⱶכ♅ ( ●▬♪─₈ ─ ₉⌐

∆╢ ᵒ─ ≤⇔≡ ≤ ⇔√

╩ ≢│ ⅜ ₡g/ ₢≢№╢─⌐ ⇔

⅜ ≢│ ⅜ ₡g/ ₢⌐⌂╢≤⇔≡™╢

⁹ 

  ∕℮∆╢≤ ⅜ ⌐⌂╢≤ ─ ╟╡
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╙ ↄ ⅜ ⅝ↄ⌂╢↓≤⌐⌂╢⁹ 

  ч ┘ш⌐╟∫≡ ↓─╟℮⌐ ⅝⌂ ⅜◌Ᵽכ≢⅝≡™╢

≤ ╘╢⌐ ╡╢ │ ≈⌂™⁹∕℮≢№╢⌐╙⅛⅛╦╠∏

≢№╢≤ ∆╢─│ ⅛≈ ≢№╢⁹ 

 

ה   

 

◄ ₈ ─ ₉│ ⌂╙─≤│™ⅎ⌂™↓≤ 

( )  ⌐ ₈ ─ ₉⌐≈™≡ ●▬♪│ ᵓ─ ╩

→≡™╢⁹ 

  ⇔⅛⇔ ₈ ┼─ ⅜ ⅝™ ⌐ ≠ↄ ₉

≤™℮╙─⅜ ⌐≥─╟℮⌂╙─≢№╢─⅛ ╠⅛≢│⌂™⁹

◦Ⱶꜙ꜠כ◦ꜛfi ⌐⅔™≡⇔┌⇔┌ ↑╠╣╢─│ ≥☻כ◔

⇔≡ ─ ה ╩ ™ ┼─ ⅜ ╙ ⅝
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ↄ⌂╢ ─ ╩ ™≡◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮ ⅛↕─

≤⇔≡ ⌐ ↄ ╩ ∆╢≤™℮╙─≢№╢⁹ 

  │ ₈ ₉≤™℮ ⅜№╢╒≥ ╦╡╛∆™╙──

≢№╡ ╩ ≥↓╢∆≥☻כ◔ ⅜ ≢№╢⁹ 

  ⅛╡╛∆™ ╩ →╢≤ №╢ ≢ │ ⌐ ₡m/s₢

≤™℮ ה ∞∫√─⅜ ╡─ │ ⌐ ₡m/s₢≤⌂∫√

≤∆╢⁹↓─ ↓╣╠╩ ⇔≡ ↓─ ≢│ ╩ ∆╣

┌╟™ ≤ ∆╢↓≤⌐ ⅜№╢≤ ⅎ╢ │™⌂™≢№╤℮⁹ 

( ) │ ⌐ ∆╢ ⌐⅔™≡ ╠⅜ ⌐

╩ ⇔√ ⌐⅔↑╢ ⅛╠

╕≢ ─ ⱬ◒♩ꜟ

─ ╩ ⇔√ ≢№╢⁹ 

 

 ⌐⅔↑╢ ⱬ◒♩ꜟ─  
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  ↓╣╩ ╣┌ ─ ⅜ ╒≤╪≥ ⌐┌╠≈⅝ ≤

⅜ ╣╢ ⅜╒╓ ┌⇔≡™╢↓≤⅜ ⅛╢⁹ 

  │ ↓╣╩ ⇔≡ ╛╛ ⅜ ⇔ │ ⅛⌂

™⅛─╟℮⌂ ≢◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫≡™╢⅜ ↓╣⅜ ╡≢№

╢↓≤│ ╠⅛≢№╤℮⁹ 

  ↓─╟℮⌐ ⌐ ⅜ ↄ≤ ⇔≡ ╩ ∆╢↓

≤│ ⅛↕─ ≤⇔≡ ℮╙─≢│⌂ↄ ≥☻כ◔

⇔≡ ⌐ ∆═⅝╙─≢№╢⁹ 

  ⇔⅛⇔ │ ↓─╟℮⌂╙─╙₈ ₉≤ ╪≢™╢

⅜№╢⁹≥─╟℮⌂ ⌐≈™≡ ≥─╟℮⌂ ≢ ≥─ ─

⅜ ╕╣╢─⅛ ↕╣⌂™ ╡ ⌂ ≤ ⅎ

╢═⅝≢│⌂™⁹ 

 

ᵨ ™∏╣⅛ ╩ ∆╢≤™℮ │ ≢№╢↓≤ 

▪ ↓╣╕≢╒≤╪≥ ≡─ ⅜₈ ─ ₉╩ ⇔≡™╢↓≤ 

( )  ─╟℮⌐ ─ ⌐ ∆╢ ●▬♪─

╘│ ₈ ─ ₉╙₈ ─ ₉╙ ₈™∏╣─ ╙

─ ≤ ⇔≡ ⌂ ₉≢№╢⅛╠₈™∏╣⅛─ ⌐

╟╡ ╩ ∆₉╣┌╟™≤⇔≡™╢ ≢ ≢№

╢⁹ 

  ⇔⅛⇔ ↓╣│ ⅜ ∫≡™╢ ╛ ─

╩ ⌐ ≢⅝≡⅔╠∏ ─ ≤ ⇔≡ ⌂ ⌐

⌂∫≡™╢≤│ ╠⌂™⁹ 

  ⅜ ∫≡™╢ ⌐ ╠∑┌ ─ ⌂

╩ ⇔√℮ⅎ≢ ∕─ ≢ ╙ ⌂ ╩ ∆╢↓≤⌐╟∫
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≡ ⇔≢╙ ╩ ∆═⅝≢№╡ ⌂ↄ≤╙₈ ─ ₉

≤₈ ─ ₉─™∏╣╩╙ ∫√ ≢ ⌂ ╩ ∆╢

≤™℮ ⌐⌂∫≡™⌂↑╣┌⌂╠⌂™⁹ 

( )  ≤↓╤≢ ●▬♪ ⌂≥ ∞

∫√ ⌐⅔™≡ ⌐ ╦∑√ ⇔⅜⌂↕╣√⁹∕─ ≢│ ⌂

ↄ≤╙ ╠⅜ ╢ ╡ ≡─ ⌐⅔™≡₈ ─ ₉⌐ ∫

√ ⇔⅜⌂↕╣≡™╢⁹ 

  ≢╙ ₈ ─ ₉⌐ ∫≡ ⅜ ↕╣≡™╢⁹ 

▬ ₈ ─ ₉─ ⅜ ⅜ ⅝ↄ⌂╡ ╢↓≤ 

  ⇔⅛⇔ ╙≤╙≤ ₈ ─ ₉│ ₈ ─ ₉≤ ⇔≡

↕⌂ ⅜ ╢ ≢№╢ ⅜№╢⁹ 

─ⱶכ♅   ≢ ↕╣√₈ ─

─ ⅎ ₉⌐╟╣┌ ─≤⅔╡

≤™℮ ≢ ₈ ─ ₉ ᵒ ≢│ ⅜

─ ─ │ ₡g/ ₢≤↕╣≡™╢⅜ ₈ ─

₉ ᵓ ≢│ ⅜ ─ ₡g/ ₢

≤⌂╢ ⁹ 

  ╕√ ∆╢≤⅔╡ ⌂ↄ≤╙₈ ─ ₉⌐│ ╩ ↕

ↄ ∆╢√╘─₈↔╕⅛⇔₉⅜ ⇔ ∕─√╘⌐ ⌐ ↕™

≤⌂╢╟℮⌐Ɽꜝⱷכ♃─ ╩ ℮↓≤⅜≢⅝╢⁹ 

  ≤⇔≡ ₈ ─ ₉≤ ⇔≡ ↕™ ╩ ⅝ ∆↓

≤⅜ ⌂─≢№╢⁹ 
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ה  ⌐  

 

► ∞↑╩ ∆╣┌ ╡╢≤∆╢─│ ≢№╢↓≤ 

( )  ↓─╟℮⌐ ₈ ─ ₉│ ₈ ─ ₉≢ ⇔√ ╟

╡╙ ↕ↄ⌂╢ ⅜№╢⁹ 

  ⌐ ₈ ─ ₉⌐╟∫≡ ₡g/ ₢≤ ↕╣√≤∆╢⁹

↓╣⌐ ─ │™∫√╪ ⇔≡ ●▬♪─™℮

⅜ ∞∫√ ─ │ ₡g/ ₢⌐⌂╢

≤ ↕╣╢⁹ 

  ↓╣⌐ ⇔ ₈ ─ ₉≢ ₡g/ ₢≤ ↕╣√≤∆╢≤

∂ↄ ●▬♪─™℮ ⅜ ∞∫√≤⇔≡╙ ─

│ ₡g/ ₢⌐⌂╢≤ ↕╣╢⁹ 

  ∕℮∆╢≤ ₈ ─ ₉≢ ╩ ™√ ₡g/ ₢│

₈ ─ ₉≢ ╩ ╪∞ ₡g/ ₢╟╡╙ ⅝ↄ⌂╢√╘
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₈ ─ ₉≢│◌Ᵽ⁹™⌂╣⅝⇔כ ⅜№╢⅛╠™∏╣⅛

≢ ╡╢≤™℮ ●▬♪─ │ ⌐╙ ≤™℮↓≤⅜

⅛╢⁹₈ ─ ₉≢≥╣ↄ╠™─ ⌐⌂╢─⅛ ⅜ ∫

≡™╢ ⅜≥─ ⌂─⅛ ●▬♪─™℮ ⅜ ⌐≥

─ ⌂─⅛⅜ ⅛╠⌂↑╣┌ ₁⌐₈ ∞₉⌂≥≤™℮↓≤│

≢⅝⌂™│∏≢№╢⁹ 

( )  ╕√ ₈ ─ ₉≤₈ ─ ₉─™∏╣⅛ ≢ ╡╢

≤™℮ ⅎ ≤ ╩ ⇔⌂↑╣┌⌂╠⌂™≤™℮ ⅎ │

⌐™∏╣⅜ ⇔™⅛≤™℮ ─ ≢│⌂™⁹ ≤⇔

≡ ™∏╣⅜ ↕╣╢═⅝⅛ ≤⇔≡≥↓╕≢╩₈ ₉≤

╖╢⅛ ≤™℮ ─ ⌂─≢№╢⁹ 

  ∕⇔≡ ≤⇔≡ ₈ ⅜ ⌐╙ ⌂ ⅜ ↓╠⌂™╟℮⌐

∆╢₉≤™℮ ─ ⌐ ╠∑┌ ╙ ⅜ ⅝™↓

≤╩ ╘≡™╢ ™∏╣╙ ⇔√℮ⅎ≢ ⌂ ╩ ∆╢≤

™℮─⅜ ⇔™ ≢№╢⁹∕─╟℮⌂ ⅜

⌐ ⅛≈ ─ ╩ ⇔√ ─ ⌐╙

∆╢⁹ 

  ⅜ ↕ↄ⌂╢ ─╖⌐ ∆╢↓≤│ ≢№╢⁹ 

 

ᵩ  

  ─≤⅔╡ ●▬♪─ ─ ⌐ ∆╢ ╘

│ ≤™℮ ⌐ ⅜ ⅝ↄ ─

─ ─ ─ ─ ⌂≥ ⌂

⅜ ∆╢√╘ ⌂ↄ≤╙ ₈ ─ ₉≤₈ ─ ₉─

™∏╣╙ ™√℮ⅎ≢ ╟╡ ⌂ ╩ ∆═⅝≢№╢⌐╙⅛⅛╦╠∏

™∏╣⅛ ∞↑╩ ™≡ ∆╣┌ ╡╢↓≤≤↕╣≡™╢ ≢ ≢
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№╢⁹ 

  ╠⅜ ⇔√ ─ ≤─ ≢│ ᵑ

⌂ ╛ ⌐∆⅞⌂™╙─⌐≈™≡ ⇔≡⅔╠∏ ─ ╩

∆╢↓≤╩ ∫≡™╢⁹╕√ ⌐≈™≡│ ⌐ ╣≡™╢╙──

∕╣⅜ ≢№╢≤ ⇔≡™╢ ≢ ─ ≈ ╩

⌂ↄ ⇔≡™╢ ≢ ᵓꜞ☻◒ ⌐ ╢ ╩ ⌐ ⇔≡⅔╠∏

≢ ⌂ ╩ ⇔≡™⌂™⁹ 

  ⇔√⅜∫≡ ↓─ ⌐ ∆╢ ●▬♪─ ╘│ ≢№╡ ─

ה ⅜ ↄ↕╣⌂™ ─ ─ ⅜

↕╣╢⁹ 

 

 ─ ΅ ─  

ᵥ ₈ ─ ₉─  

  ₈ ─ ₉│ ─ ⌐⅔™≡ ↕╣╢ ⅜ №╢

⌐ ⇔√≤ ⇔≡ ─ ─ ⅛╠

╕╢ ↔≤─ ≤ ↔≤─ ⅛╠ ↕╣╢ ↔≤─

╩ ∆╢↓≤≢ ╩ ╘╢ ≢№╢ ה

ה ⁹ 

  ⅜ ∫√ ⌂ │ ─≤⅔╡≢№╢⁹ 

 

ה  ΅ ΅ ΅ ─  
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ᵑ ─ ╩ 0.8₡g/ ₢ ╩ 50 ≤⇔ 1 √╡─

WT ╩ ╘╢⁹ 

    WT 0.8₡g/ ₢×50₡ ₢ 4.0×101₡g/ ₢ 4.0×105₡g/ ₢ 

ᵒ t ⌐≈™≡ Carey and Sigurdsson(1989)╩ ⌐

24 ≤ ∆╢⁹ 

    t 24₡h₢×60×60 86400₡s₢ 

ᵓ Tephra2⌐╟╢◦Ⱶꜙ꜠כ◦ꜛfi≢ ↕╣√ ╩ ™≡

↔≤─ Wi ╩ ╘╢⁹ 

 

- 1 0ɫ 0 1ɫ 1 2ɫ 2 3ɫ 3 4ɫ 

1 2  0.5 1  0.25 0.5  0.125 0.25  0.0625 0.125  

1.9% 69% 22% 6.2% 0.43% 

 ⅜ ™√  

 

  ⅎ┌ -1 0ɫ 1 2 ─ Wi │ ⌐ ╘

╢ pi⅜ 1.9 ≢№╢↓≤╩ ╕ⅎ╢≤ ─╟℮⌐⌂╢⁹ 

  Wi pi×WT 1.9₡ ₢×4.0×105₡g/ ₢ 7.60×103₡g/ ₢ 

ᵔ  ↔≤─ ≤ ╩ ∆╢⁹↓╣│ ●▬♪

─╒⅛ ─ ╩ ∆╢≤↕╣≡™╢

ₒ ΅ ₓ ⁹ 

  ⅎ┌ -1 0ɫ 1 2 ─ ri │ 2.5₡m/s₢≤

↕╣ vi │ ─╟℮⌐⌂╢⁹ 

  vi i÷t 7.60×103₡g/ ₢÷86400₡s₢ԇ0.088₡g/sה ₢ 

ᵕ ri ╩ ™≡ ↔≤─ Ci ╩ ∆╢⁹ 

  Ci vi÷ri 0.088₡g/sה ₢÷2.5₡m/s₢ԇ0.04₡g/ ₢ 

ᵖ ᵓ⅛╠ ᵕ╩ ≡─ ⌐≈™≡ ™ ↕╣√ ↔≤
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─ ╩ ∆╢≤ ─≤⅔╡ 3.5₡g/ ₢≤⌂╢⁹ 

 

ה  ΅ ΅ ΅ ─  

 

ᵦ ⅜ ⌂╙─≤⌂∫≡™⌂™↓≤ 

  ─ ≢ ≤⌂╢─│ ╕∏ ᵑ─ ─ ≢№╢⁹ 

  ─ ≢ ═√≤⅔╡ ─ │ ≢

₡g/ ₢ ╕≢≤ ⅜№╡ ─

─ ≢│ ₡g/ ₢ ≤↕╣≡™╢ ─ ─ ⁹ 

  ∕℮∆╢≤ ₡g/ ₢╩ ⌐⌂↕╣√ ─ │

⌂ ≤⇔≡│ ⅜№╢⅛╙⇔╣⌂™⅜ ₈∕╣ ─ ⌐│⌂╠⌂™₉

≤™℮ ╩ ∆╢√╘─ ≤⇔≡│ ⅜ ╡∏ ≤™℮↓≤

⌐⌂╢⁹ 

  ─√╘ ╡ ∆⅜ ⅜ ∆═⅝⌂─│ ₡g/ ₢≤™℮

≤ ₡g/ ₢≤™℮ ─™∏╣⅜ ⌐ ⅛≤™℮↓≤≢│⌂

ↄ ₈ ⌂ ⅜ ⅜ ⌐╙ ↓╠⌂™╟℮⌐∆╢₉√╘─ ╩ ∆╢

≤⇔≡ ⌐≥↓⌐ ╩ ↄ─⅜ ⅛≤™℮
⁸⁸⁸⁸

≢№╢⁹

╩⇔≡™╢╦↑≢│⌂™↓≤╩ ⇔⇔≡⅔ↄ⁹ 

 

ᵧ ◦Ⱶꜙ꜠כ◦ꜛfi─ │ ─ ≤│ ⌂╢↓≤ 

▪ ⌐⅔↑╢  
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  ⌐ ─ ≢ ≤⌂╢─│ ᵓ≢№╢⁹ 

  ─ ≢ ™╠╣√ │ ─≤⅔╡ ₈

⌐╟╢ ─ ₉≤↕╣≡™╢⁹ 

  ⇔⅛⇔ ↓╣│ ≢ ≢⅝╢ ─ ≤│

⌂∫≡™╢⁹ 

  ♥ⱨꜝ ΅ ─ ⌐⅔↑╢

─ │ ┘ ─≤⅔╡

⅜ ⅜

⅜ ⅜ ⅜

≤⌂∫≡™╢ ⁹ 

 

ה  ─ ⌐  
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ה  ─ ⌐  

 

  ↓╣⌐ ≠™≡ ╩ ∆╢≤ ─≤⅔╡

₡g/ ₢≤⌂╡ ╢⁹ 

 

 ⌐⅔↑╢ ─ ╩ ™√  

 

▬ ☿fi♃כ⌐⅔↑╢  

  ⌐ ♥ⱨꜝ ΅ ─ ≢№╢ ☿






















