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╩ ╗↓≤╩ ≤∆╢ ⁹ 

ₒ ₓ ╕√│ ─ ╩ ∆╢ ─ ⌐ ≠ↄ

≢№∫≡ ↓╣⅜  

ₒ ₓ 

 

 

ₒ ₓ 

 

│ ⱨ▼♬꜠fi ≢№╡  

ₒ ₓ 

 

│ ◦◒꜡Ⱬ◐◦꜠fi ≢№╡  

ₒ ₓ 

 

│  

ₒ ₓ 



 -  6 -  

 

≢№╡  

⅔╟┘ │ ≢№╡  

│ ≢№╡  

│ ≢№╡  

│ ≢№╡  

│ ≢№╢  

≢ ↕╣╢ ╕√│ ─ ╩ ╗↓≤╩ ≤∆╢ ≢№∫

≡ ↕╠⌐ ─  

ₒ ₓ 

 

 

│ ₁ ─ ╩ ∆╢ ▪ꜟ◐ꜟ ○◐◘▪ꜟ◐ꜟ ⱨꜟ○꜡

▪ꜟ◐ꜟ ▪ꜟ◔♬ꜟ○◐◦╕√│▪ꜟ◔♬ꜟ≢№╡  



 -  7 -  
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│ ─ ≢№╢  
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╩ ╗↓≤╩ ≤∆╢ ⁹ 

ₒ ₓ ╕√│ ─ ╩ ∆╢ ─ ⌐ ≠ↄ

≢№∫≡ ↓╣⅜  

ₒ ₓ 

 

 

ₒ ₓ 

 

│ ⱨ▼♬꜠fi ≢№╡  

ₒ ₓ 

 

│ ◦◒꜡Ⱬ◐◦꜠fi ≢№╡  

ₒ ₓ 

 

│  

ₒ ₓ 



 -  8 -  

 

≢№╡  

⅔╟┘ │ ≢№╡  

│ ╕√│ⱦ♬ꜟ ≢№╡  

│ ≢№╡  

│ ≢№╡  

│ ≢№╢  

≢ ↕╣╢ ╕√│ ─ ╩ ╗↓≤╩ ≤∆╢ ≢№∫
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∆╢ ╕√│ ▪ꜟ◐ꜟ ≢№╢  

─™∏╣⅛≢ ↕╣╢ ⅛╠⌂╢ ⅛╠ ↕╣√ ╕√│ ─

╩ ╗↓≤╩ ≤∆╢ ─ ┼─ ⁹ 

ₒ ₓ ╕√│ ─ ╩ ∆╢ ─ ⌐ ≠ↄ

≢№∫≡ ↓╣⅜  

ₒ ₓ 
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│  
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│ ╕√│ ≢№╡  

⅔╟┘ │ ₁ ™⌐ ⇔≡ ─ ╩
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│ ™⌐ ⇔≡

╕√│ ≢№╢ ─™∏╣⅛≢ ↕╣╢ ⅛╠⌂╢ ⅛╠

↕╣√ ⌂ↄ≤╙ ─ ╩ ╗↓≤╩ ≤∆╢ ╩ ╗

♦▫☻ⱪ꜠▬⁹ 

 ─ ─  

  (1) ▪ ⅜ ⇔╟℮≤∆╢ ⌐≈™≡ 

─ ₒ ₓ ┘ₒ ₓ─ ⌐╟╢≤ ⅜

⇔╟℮≤∆╢ │ ⌐ ₈ ╘≡ ™ ₉₈ ™ ≢№╢⅛ ⅝™

₉₈ ™ ≢№╢⅛ ⌐⅔™≡╙ ™ ₉₈ ™⇔⅝

™ ₉─ ₈ ₉≤™℮⁹ ⌐⅔™≡ ─ ╩ ⇔⌂

™⅛ │ ⇔≡╙ ↕™ ─╖≢№╢ ⌐ │ ♦▫☻

ⱪ꜠▬ ─ ╩ ∆╢╙─≢№╢≤™ⅎ╢⁹∕⇔≡ ─ ₒ

ₓ─ ⌐╟╢≤ ─ ≢ ⇔√ ⌐ ⌐╟∫≡╙√

╠↕╣╢ ™⇔⅝™ ⅜ ↕╣≡™╢⁹ 

   ▬ ╩ ∆╢√╘─ ⌐≈™≡ 

▪─ ─ ≤⇔≡ ─ ₒ ₓ⌐ ₈

⅔╟┘ ╩ ∆╢ ₉╩ ™╢↓≤⅜ ↕╣≡™╢⅜

⅜ ↓─ ╩ ∆╢↓≤⌐╟╡ ─ ╩ ≢⅝╢↓≤⌐ ∆╢

⌐ ∆╢ │ ⌐ √╠∏ ⌐₈ ⅔╟┘
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╩ ∆╢ ₉⅜ ∆╣┌ ─ ─ ╩ ≢⅝

╢─⅛╩ ─ ⅛╠ ⌐ ∆╢↓≤⅜≢⅝⌂™⁹ 

   ► ─ ⌐≈™≡ 

 ─ ╩ ≡ ⌐ ™╠╣≡™╢ ─ ─

з ₈ з₉≤™℮⁹ ⌐ ╕╣╢ ≤ ─

⌐≈™≡ ∆╢⁹ 

 ─ │ ™∏╣╙ з≢ ↕╣╢ ≤

⇔≡ ≤ ≤⇔≡ ₈ ₉ │₈ ₉ ─ ─ ⅝⌂

⌐╟╡ ─ ─ ≢№╢ ⌐ ⅝⌂ ─

╩ ∂╢ ₈ ─ ₉≤™℮⁹ ╩ ∆╢

╩ ╖ ↓╣╠│ ─ ₒ ₓ≢─₈ ⅔╟┘

╩ ∆╢ ₉⌐ ╕╣╢ ≢№╢↓≤⅜ ⅛╢⁹ 

∕⇔≡ ∆═≡─ ⅜ ─ ╩ ∆╢

≢ ↕╣╢ ╩ ╪≢™╢↓≤ ┘

│ ≢ ↕╣╢ ≤⇔≡

─ ╩ ∆╢ ─╖╩ ╗ ≢№╢⅜ ↓╣╠⌐≈™

≡│ ─ ─ ≤∆╢ ╩ ⇔≡™╢↓≤⅛╠ ─

─ ≤⇔≡─₈ ⅔╟┘ ╩ ∆╢ ₉≤⇔≡

─ ╩ ∆╢ ⅜ ≢№╢↓≤⅜ ⅛╢⁹ 

™ↄ≈⅛─ ≢│ ┘ ─ ≢ ↕╣╢ ⌐

∆╢ ─ ╩ ∆╢ ≢│⌂™₈ ₉ │

₈ ₉╙ ↕╣≡™╢⅜ ↓╣╠─ ⅜ ╕╣╢ ⌐│

∏ ─ ╩ ∆╢ ≢ ↕╣╢

⅜ ╕╣≡™╢⁹∕⇔≡ ▪─≤⅔╡ ─ ≤⇔≡ ↕╣≡™╢

⌐╟∫≡╙√╠↕╣╢ ™⇔⅝™ ⌐ ⇔ ₈ ₉ ─ ╩

≡╙ ≢ ↕╣╢ ≢ ↕╣╢ ≤⇔≡
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─ ╩ ∆╢ ─╖╩ ╗ ─₈ ₉ ─

≤ ₈ ₉ │₈ ₉ ┘ ─ ╩ ∆╢

╩ ╗ ─₈ ₉ ─ ╩ ═≡╙ ⌐≈™≡

⌂ ─ ⅜ ╠╣╢↓≤╙⌂ↄ ⅜₈ ₉ │₈

₉╩ ╗↓≤⌐╟╢ ─ ╩ ™∞∆↓≤│≢⅝⌂™⁹ 

↕╠⌐ ─ ⅜₈ ₉≤⌂╢⅛ ⅛ └™≡│ ─

⅜≥─ ⌂ ⌐⌂╢⅛ ₈ ⅔╟┘ ╩ ∆╢

₉─ ⅜ ₈ ₉ │₈ ₉≤⌂╢⅛ ₈ ⱦ♬ꜟ ₉ │₈

₉≤⌂╢⅛≢ ─ ∆╢ ⅜ ⌂╢╙─≤⌂╢↓≤│

⌐ ╠⇔≡ ╠⅛≢№╢≤™ⅎ ⅜₈ ⱦ♬ꜟ ₉ │₈

₉≢№╢ ≢ ↕╣╢ ≤⇔≡ ₈ ₉ │₈

₉ ─╖ ╩ ⌐ ╪∞ ⌐╙ ₈ ─ ╩ ∆╢

₉≤ ─ ⅜ ╠╣╢↓≤ └™≡│ ─ ⅜ ≢⅝╢↓≤│

─ ─ ╩ ⇔√≤⇔≡╙ ⅛╠ ╖ ╢↓

≤⅜≢⅝⌂™⁹ 

╕√₈ ₉ │₈ ₉│ ⌐ ∆╢ ⅜₈

ⱦ♬ꜟ ₉ │₈ ₉≢№╢⅜ ₈│∂╘≡─ ♦

▫☻ⱪ꜠▬ ₉ ─₈  

⌐⅔™≡│ ─ ⅜ ∂ ≢№╡ ╩ ∫≡™╢ ≢ ─

╡│⌂™⁹₉ ─ ⌐╟╢≤ ≢№╢ⱦ♬ꜟ │▪ꜟ◐ꜟ ╩₈

₉≢№╢≤∆╢↓≤│≢⅝⌂™↓≤╙ ╕ⅎ╢≤ ≤⇔≡₈ ⱦ♬ꜟ ₉

│₈ ₉╩ ∆╢₈ ₉ │₈ ₉│ ─

≤↕╣≡™╢₈ ⅔╟┘ ╩ ∆╢ ₉─ ≢

№╢≤ ∆╢↓≤⅜≢⅝⌂™⁹ 

∕℮∆╢≤ ▬─≤⅔╡ ⅛╠│ ⌐₈ ⅔╟

┘ ╩ ∆╢ ₉⅜ ⇔↕ⅎ∆╣┌ ─ ╩ ∆
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╢↓≤⅜≢⅝╢≤™℮↓≤│≢⅝⌂™⇔ ─≤⅔╡ ⌐ ─

╩ ∆╢↓≤⅜≢⅝╢ │ ≤⇔≡₈ ₉ │₈ ₉

─ ─ ╩ ∆╢ ╩ ╗╙─∞↑≢№╢⅛╠ ₈

⅔╟┘ ╩ ∆╢ ₉⌐ ∆╢ ─ ≢ ↕

╣╢ ─ ⅜ ₈ ⱦ♬ꜟ ₉ │₈ ₉≢№╢ ⌐ ↓─

⅜ ╕╣╢ ≢ ─ ╩ ∆╢↓≤⅜≢⅝╢↓≤╩

─ ─ ╩ ⇔√≤⇔≡╙ ─ ⅛╠ ∆╢↓≤

⅜≢⅝⌂™⁹ 

   ◄ ╩ ∆╢≤ ─ ─ ≤↕╣≡™╢₈

⅔╟┘ ╩ ∆╢ ₉─ ⌐ ∆╢ ⅜ ₈

₉ │₈ⱦ♬ꜟ ₉≢№╢ │ ─ ─ ⌂ ⌐

↕╣╢ ─ ╩ ∆╢↓≤╩ ⅜ ≢⅝╢╟℮⌐ ↕╣√ ╩

ⅎ╢╙─≢№╢⁹ 

  (2) ─ ≢ ↕╣╢ ⌐≈™≡ 

─ ⌐ ₈ ⅔╟┘ ╩ ∆╢ ₉

≤⇔≡ ⌐ ↕╣≡™╢─│ ╒≤╪≥⅜ ─ ≢№╡

─ │ ₈ ₉─╖≢№╡ ↓─₈ ₉│

◦◒꜡Ⱬ◐◦꜠fi ≤ⱨ♇ ↕╣√ ⱨ▼♬꜠fi ⅜₈ ₉╩ ⇔

≡ ⇔√ ─ ╩ ∆╢ ≢№╢⁹ 

─ ≢ ↕╣╢ │ ₈ ₉≢№╡ ─

≢№╡ ┘ ─ ⌐⅔™≡ ₈ ₉≤ ⌂

╢╙─≢№╢⁹ 

∕℮∆╢≤ ─ ⌐│ ─ ≢ ↕╣╢ ─

⌂ ⅜⌂™↓≤⌐⌂╢⁹ 

∕⇔≡ (1)▬─≤⅔╡ ⌐│ ₈ ⅔╟┘ ╩

∆╢ ₉⅜ ─ ╩ ∆╢↓≤⌐ ∆╢ ⅜ ╠⅛⌐
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↕╣≡™⌂™⅛╠ ⅜ ⌐ ₈ ⅔╟┘ ╩ ∆╢

₉⌐ ∆╢ ─ ≢ ↕╣╢ ⌐ ╕╣╢≤™℮

∞↑≢│ ╩ ╗ ≢ ─ ╩ ∆╢↓≤⅜≢⅝╢↓

≤╩ ─ ─ ╩ ⇔√≤⇔≡╙ ─ ─

⌂ ─ ⅛╠ ∆╢↓≤⅜≢⅝⌂™⁹ 

 (3) ─ ─ ⌐≈™≡ 

▪ ─ ⌐ ∆╢ ─ ⌐≈™≡ 

│ ─ ₒ ₓ⌐ ↕╣╢╟℮⌐

│ ♦▫☻ⱪ꜠▬ ─ ╩ ∆╢ ╩ ⇔≡™╢⅜ ₒ ₓ

─ ≢│ ─ ♦▫☻ⱪ꜠▬─ │ ─ ─ ⅜

╕⇔™↓≤ ₒ ─x ≢│ ₈⌡∂╣Ⱡⱴ♥▫♇◒ ₉

╩ ∆╢ │ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™≤↕╣≡™╢↓≤ ↕╠

⌐ ≢│ ₒ ₓ⌐ ↕╣╢╟℮⌐ ™⇔⅝™ ╩

╢√╘ ╩ ↕∑≡™╢⅜ ⅎ┌ ₈ ♦

Ᵽ▬☻Ɫfi♪Ⱪ♇◒₉ ⁹ ⁹ ₈

₉≤™℮⁹ ─ ─ ⌐ ↕╣╢╟℮⌐ ⅜⇔⅝™

≤ ∆╢─│ ⅜ ─ ─ ≢№╢⁹ 

 ╕√ ─ ╩ ≡╙ (1)►─≤⅔╡ ∆═≡─ │

⅜ ─₈ ≤ ≤⇔≡ │ ╩ ∆╢ ₉≤

⌐ ⅜ ─ ─ ╩ ╖ ≤⇔≡ ≤⇔≡ ─

╩ ∆╙──╖⇔⅛ ↕╣≡™⌂™⁹ 

╩ ╕ⅎ╢≤ ─ ⅛╠│ ≢ ⇔≡™╢

≤⇔≡ ─ ╩ ∆╢╙─⇔⅛ ∆╢↓≤⅜≢⅝⌂™⁹ 

▬ ─ ≤ ─ ⌐ ∆╢ ─ ─ ⌐

≈™≡ 

≢│ ₈ ╕√│ ─ ╩ ∆╢ ─ ⌐ ≠ↄ
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₉≤ ↕╣ ⅜ ─ ╩ ∆ ╙ ╕╣≡™╢⁹ 

↓↓≢ (1)─≤⅔╡ ─ ⅛╠│ ₈ ⅔╟┘

╩ ∆╢ ₉≤⇔≡ ─ ╩ ∆╢ ╩ ™√

⌐│ ─ ╩ ∆╢↓≤⅜≢⅝╢≤∆╢↓≤⅜≢⅝⌂™⅜ ↓

─ ⅜ ─ ╩ ∆╢ ≢№╢⌂╠┌ ↓─ ┘ ─

╩ ╗ ╙ ∂ↄ ─ ╩ ∆╢╙─≤∆╢↓≤⅜ ⌐

╠∆≤ ─↓≤≢№╢⁹ 

∕⇔≡ (1)▬─≤⅔╡ ⌐│ ₈ ⅔╟┘ ╩

∆╢ ₉─ ─ ╩ ∆╢↓≤⌐ ∆╢ ⅜ ╠⅛⌐

↕╣≡™⌂™⅛╠ ─ ─ ⌐⅛⅛╦╠∏₈ ⅔╟┘

╩ ∆╢ ₉⅜ ⌐ ⇔↕ⅎ∆╣┌ ─

╩ ∆╢↓≤⅜≢⅝╢↓≤╩ ─ ─ ╩ ⇔√≤⇔

≡╙ ─ ⅛╠ ∆╢↓≤⅜≢⅝⌂™⁹ 

∕℮∆╢≤ ₈ ⅔╟┘ ╩ ∆╢ ₉╩ ╗

⅜ ─ ╩ ∆╢ ⌐│ ⅜ ─ ╩ ≢⅝╢↓≤

╩ ─ ⅛╠ ∆╢↓≤⅜≢⅝⌂™⁹ 

  (4) │ ─ ≤⇔≡ ꜠ⱳכ♩╩ ∆╢⅜ ─ ⌂

│ ─ ─ ─ ╩ ⇔≡╙ ⅜

─ ╩ ≢⅝╢≤ ≢⅝╢ ⌐ ╩ ⇔≡™⌂™⅛╠

─ ╩ ∆╢↓≤│≢⅝⌂™⁹ 

  (5) ╟╡ ─ ─ ─ │

─ ╩ √⇔≡⅔╠∏ ⌐≈™≡─ │ ⌐

⇔≡ ↕╣√╙─≢№╢⅛╠ ⌐ ⇔ ≤∆═⅝╙

─≢№╢⁹ 

 ─  

  ◘ⱳכ♩ ─ ─ ╡  
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  (1)  ─ ⌐≈™≡ 

   ▪ ─ │ ─ ╩ ↕∑ ⅛≈ ─

⌂ ╩ ⇔⌂™⅛ │ ⇔≡╙ ↕™ ─╖─ ╩ ∆╢≤™℮

╩ ∆╢↓≤⌐№╢⁹ │ ─≤⅔╡≢№╢⁹ 

    ( ) ⌐│ ─ ⅜ ₒ ₓ ₒ ₓ

⌐ ↕╣≡⅔╡ ↓╣⌐ ™≡ ₒ ₓ⌐₈ │ ─ ╩

⇔⌂™⅛ ╕√│ ⇔≡╙ ↕™ ─╖≢№╡ ⅛≈ ╕⇔ↄ│ ⌐ ╘≡

™ ⅔╟┘ ™⇔⅝™ ╩ ∆╢ ⌐↓─♃▬ⱪ─ ╕√

│ ♦▫☻ⱪ꜠▬ ─ ╩ ∆╢ ╩ ∆╢⁹↓─ │ ™

⅔╟┘ ™ ╩ ∆╢ ╩ ≤∆╢⁹₉≤ ↕╣≡™╢≤↓╤

↓─₈ ─ ₉≤│ ₒ ₓ ₒ ₓ≢ ↕╣√

─ ⅎ┌₈ ╘≡ ⅝™ ╩ ∆╢↓≤│ ≢№∫√₉

₈ ⅛╠─ ─ ╙╕√ ⌐ ≢№╢₉≤™∫√ ╩

∆╢⅜ ≢│ ∕╣╠─ ╩ ⇔⌂™⅛ │ ⇔≡

╙ ↕™ ─╖≢№╡ ⅛≈ ╕⇔ↄ│ ⌐ ╘≡ ™ ┘ ™⇔⅝

™ ╩ ∆╢↓≤╩ ─ ≤∆╢≤⇔≡™╢⁹ 

⇔⅛⇔ ⌐│ ↓╣╠─ ─≥╣≤≥╣⅜ ↕╣⌂↑╣┌⌂╠

⌂™≤⅛ ∆═≡─ ⅜ ↕╣⌂↑╣┌⌂╠⌂™ ─ │⌂™⅛╠

─₈ ╩ ⇔⌂™⅛ ╕√│ ⇔≡╙ ↕™ ─╖₉≤∆╢≤™℮√╘⌐│

─ ⅜ ⇔ ╢ ⌂ ╩ ↕™ ⌐ ⅎ╢↓≤⅜≢⅝╣┌ ╡

╢≤ ∆═⅝≢№╢⁹ 

    ( ) │ ─ ─ ⅛╠

│№╕╡ ↕╣≡™⌂⅛∫√Ɽꜝⱷכ♃≢№╡ ∕╣ √⌂ ≢№╢⁹ 

 │ ╩ ↕∑╢≤™℮ √⌂ ─ ─√╘⌐ ╩∆╣┌╟™

─⅛╩ ╘≡ ⇔√ ≢№╢⁹ 

    ( ) │ ⌐ ╢ ≢№╢≤↓╤ ⅜ ─ ≢№╢



 -  22 -  

─⌐ ⇔≡ ⇔⅝™ │╗⇔╤♦▫☻ⱪ꜠▬─ ╩ ∆ ≢№∫≡ ↓╣│

─ ─╒⅛⌐♦▫☻ⱪ꜠▬─⸗כ♪ ⌐╙ ∆╢ ≢№╢↓≤

⅛╠ ⇔⅝™ ─ ╩ ⌐ ╢ ⅜ ⇔╟℮≤∆╢ ≤

∆╢↓≤ ─ ⅜№╢⁹ 

    ( ) ─ ₒ │x ⌐⅔™≡ з≢ ↕

╣╢ ₈ з ₉≤™℮⁹ ⅜ ─ ╩ ↕∑ ∕─ ⅜

─♦▫☻ⱪ꜠▬⌐ ↕╣╣┌ ⇔⅝™ ─ ≤™℮ ─ ⅜

╠╣╢↓≤╩ ⇔√╙─≢№╡ ⇔⅝™ ─ │ ─ ≢№∫

≡ ≢│⌂™⁹ 

   ▬ ⌐≈™≡ 

( ) │ ⅜ ⇔╟℮≤∆╢ │ ⌐ ₈ ╘≡ ™

₉₈ ™ ≢№╢⅛ ⅝™ ₉₈ ™ ≢№╢⅛

⌐⅔™≡╙ ™ ₉ ┘₈ ™⇔⅝™ ₉─ ⌐⅔™

≡ ─ ╩ ⇔⌂™⅛ │ ⇔≡╙ ↕™ ─╖≤∆╢↓≤≢№╢

≤ ∆╢⁹ 

⇔⅛⇔ ⌐│ ─ ─ ≤⌂╢ │⌂™⇔ ╕√

╩ ⌐ ∆╢╙─≢⌂↑╣┌⌂╠⌂™≤∆╢ ╙⌂™⁹ 

 ╕√ ─ ₒ ₓ─₈ ₉≤│ ⌐ ∆╢╙─╙

╕╣╢⅜ ∕╣╠⌐ ╠∏ ─ ⅜ ∆╢ ⌂ ╩ ⇔≡™

╢≤ ∆═⅝≢№╢⁹ 

    ( )  │ ≢│ ─ ≤⇔≡ ⌐╟∫≡╙

√╠↕╣╢ ™⇔⅝™ ─ ⅜ ↕╣≡™╢≤⇔≡™╢⁹ 

 ⇔⅛⇔ ™⇔⅝™ │ ₈ ⌐₉≤─ ⅝⅜№╢≤⅔╡ ⇔√ ⌐

╟∫≡╙√╠↕╣╢ ≈─ ⌂ ╩ ∆╢╙─⌐∆⅞∏ ⇔√ ⌐

╟∫≡ ∏╙√╠↕╣⌂↑╣┌⌂╠⌂™ ≤ ∆╢↓≤│≢⅝⌂™⁹ 

   ► ─ ⌐≈™≡ 



 -  23 -  

   ( )  │ ─ │ ─ ≢№╢≤ ∆╢⁹ 

⇔⅛⇔ │ ≢⅝╢ ╩₈ ╩ ⇔≡╙ ↕™ ₉─

≢ ⇔≡™╢─≢№╢⅛╠ ╩ ⌐ √∆⅛ √↕⌂™⅛⌐⅛⅛

╦╠∏₈ ╩ ⇔≡╙ ↕™ ₉⌐ ╕╢╙─≢№╣┌╟™≤⇔≡™╢≤™℮

═⅝≢№╢⁹ 

    ( )  │ ≢№╢ ─ │ ∕╣ ⌐ ⅜№╢─≢│

⌂™≤ ∆╢⁹ 

⇔⅛⇔ ─ ⅜ ™≤™℮↓≤│ ⌐ ∆╢ ⅜ ⅝™↓

≤╩ ∆╢⅛╠ ⌐│ ⅜ ↄ⌂╣┌ ↕∑╢ ⅝⅛↑⌐ ∆╢

⅜ ↕™≤™℮↓≤⌐⌂╢⁹∕⇔≡ ≢│ ─

╩ →╢ ≤™℮↓≤╩ ╩ ∆╢ з ─ ⌐╟∫≡ ∆╢

∆⌂╦∟ ─ ╩ ↕∑╢≤™℮↓≤⅜ ─ ≢№╡ ⇔

⅝™ ─ │ ↓─ ─ ─ ≤⇔≡ ∂╢ ≢№╢⅜ ↓╣

│♦▫☻ⱪ꜠▬─ ⌐╟∫≡ ⌂╢ ≢№╢─≢ ⌐│ ⅜

⇔╟℮≤∆╢ ≤⇔≡│ ↕╣≡™⌂™⁹ 

( )  │ ⌐⅔↑╢ ─ ─ ╩ ∆╢

⌂≥⇔≡ ⌐⅔™≡ │ ⇔⅝™ ─ ⅜ ─ ≢№

╢↓≤╩ ╘≡™√ ∆╢⅜ ⅜ ∆╢ │ ⇔⅝™ ─ ≤

™℮ ─ ⅜ ╠╣╢≤™℮↓≤╩ ═╢╙─≢№∫≡ │

⌐⅔™≡ ⇔⅝™ ─ ⅜ ─ ≢№╢≤│ ⇔≡™⌂

™⁹ 

  (2)  ⅜ ∆╢ ─ ─ ⌐≈™≡ 

▪ ⅜ ∆╢ ─ ╩ ∆╢ ≤⇔≡─

│ з ╩ ╗╙─≢№╡ │ ─ │ ⌐ ↕╣

≡™╢─⌐ ⇔ │ ─ ≢№╢⅛ ╩ ∂

⌂™ ₈ ⌐ ⌂ ₉≤™℮⁹ ≢№╢⅛╩≤╦∏ ₁⌐ ─ ≢
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№╢⁹ │ ─≤⅔╡≢№╢⁹ 

   ( ) ─ ₒ ₓ⌐ ₈ ≢ ↕╣╢ │

⌐ ╩ ↕∑ ⌐ ™⇔⅝™ ╩ ∆╢ ╩╙√╠∆₉≤⇔≡

╩ ™╢↓≤⌐╟∫≡ ─ ╩ ↕∑╢≤™℮ ⅜

↕╣╢ ⅜ ↕╣ ₒ ₓ ₒ ₓ⌐ ┘⌐

─ ┘ ⌐≈™≡─ ⅜ ↕╣ ↓─ ⅜ ─ ⌐

╩ ⇔ ─ ⌐ ─ ⌂ ⅛╠ ↕╣╢ ╩ ∆╢

╙─≢№╢↓≤⅛╠ ─ ≤⇔≡ ─ ─ ⅜

≢№╢↓≤⅜ ╖ ╣╢⁹ 

 ╕√ ─ ₒ ₓₒ ₓ─ ⌐╟╢≤ ₈ ≢ ↕

╣╢ ⌐⅔↑╢ │ ╕⇔ↄ│ ₉ ⌐ ⌐⅔↑╢

≤ ─ ≢№╢ ≤⇔≡ ╕⇔™╙─╩ →≡⅔╡ ∕─ ⌐│

⅜₈ ₉ │₈ ₉ ─ ─ ⅝⌂ ⌐╟╡ ─ ─

≢№╢ ⌐ ⅝⌂ ─ ╩ ∂╢ ─

≢№╢ ╙ ⅜ ─ ╩ ∂⌂™₈

⅔╟┘ ₉≤™∫√ ▪ꜟ◐ꜟ ≢№╢ ╙ ⌂ↄ

↕╣≡™╢⁹ 

 ∕⇔≡ ─ ₒ ₓ ₒ ₓ⌐ ─

⅜ →╠╣≡™╢≤↓╤ ™∏╣─ ⌐⅔™≡╙ ₈ │ ⌐⅔™≡

⇔√ ╡≢№╡₉≤↕╣≡™╢≤⅔╡ ⅜₈ ─ ₉≢

№╢⅛ ▪ꜟ◐ꜟ ─╟℮⌂ ╩ ∂⌂™ ⌐ ⌂

≢№╢⅛╩ ╦⌂™─⌐ ⇔≡ ─ │™∏╣─ ⌐⅔™≡╙

⌐ ↕╣≡™╢⁹ 

    ( ) ─ ₒ ₓ ₒ ₓ⌐│ ₈ ⌐ ╕⇔™

₉≤⇔≡ ─ ⌐ √╢ ─ ⌐ ╩ ⇔ ─

⌐ ─ ╩ ∆╢ ─ ⅛╠ ↕╣√ │
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─ ╩ ╗ ─ ⅜ ↕╣≡™╢⅜ ⌐ ₒ ₓ ₒ ₓ

⌐⅔™≡ ─ ╕⇔™ ⅜ ↕╣≡⅔╡ ⅜ ─

≢№╢ ─╖⌂╠∏ ▪ꜟ◐ꜟ ─╟℮⌂ ⌐ ⌂ ≢№╢

╙ ╕╣╢↓≤⅜ ↕╣≡™╢─≢№╢⅛╠ ₒ ₓ ₒ

ₓ─ ⅜ ─ ╩ ∆╢ ≤⇔≡─ ╩ ∆╢╙─≤

∆═⅝≢│⌂ↄ ─ ╩ ╢≤ ⅜ ⌐ ⌂

≢№╢ ╩ ™√ ╙ ↕╣╢↓≤│ ⌐≤∫≡ ╠⅛

≢№╢⁹ 

    ( ) │ ≢№╢ ─ ⅜№╢≤↓╤ ↓╣│ ₈

─ ╩ ↕∑ ⅛≈ ─ ⌂ ╩ ⇔⌂™⅛ ╕√│ ⇔

≡╙ ↕™ ─╖─ ╩ ∆╢₉≤™℮ ─ ≢ ⌐⅔↑╢

─ ─ ╩ ↕ↄ∆╢√╘⌐ ⌐ ∆╢ ╩ ℮╙─≢№╢↓

≤╙╕√ ↕╣╢⁹↓─╟℮⌐ │ ╩ ─ ⌐ ∆

╢╙─≢№╢⅛╠ ⅎ┌ ─ ╩ ∆ ─ ─ ≢─

⌐ ∆╢╙─≢№╣┌ ─ ╩ ∆╢↓≤⅜ ⅎ╠╣╢⇔

─ ╩ ∆ ⌐ ╩ ∆╢ ≢№╣┌ ≤⇔≡

▪ꜟ◐ꜟ ─╟℮⌂ ⌐ ⌂ ╩ ∆╢≤™∫√╟℮⌐ ↕╣╢

─ ╛ │ ↕╣╢═⅝ ⌐ ∂≡ ─ ─

╩ ≢⅝╢ ─ ≢ ≢№╢ ╩ ∆╢↓≤│ ─ ⅛╠

╠⅛⌐ ↕╣╢⁹ 

    ( ) ⅜ ∆⌂╦∟ ╩ ∆╢ ╩

™╢↓≤⌐╟╡ ─ ╩ ↕∑╢ ─ ╩ ∆╢↓≤⅜≢⅝

╢↓≤⌐ ╢ ∕─╙─⌐ ⇔≡│ ⌐ ⌐ ↕╣≡™⌂

™╙── ─ ⌐│ ╩ ∆╢ ╩ ╗ ₁⌂

─ ≤ ∕╣∙╣─ ⌐≈™≡─ ┘ ─ ─♦

⅜♃כ ↕╣≡⅔╡ ↓╣⌐╟∫≡ ₈ ─ ╩ ↕∑ ⅛≈
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─ ⌂ ╩ ⇔⌂™⅛ │ ⇔≡╙ ↕™ ─╖─ ╩ ∆╢₉

≤™℮ ⅜ ⇔≡™╢↓≤│ ↕╣≡™╢⁹ 

 ╙ ⌂ↄ≤╙ ─ ╩ ∆╢ ⌐ ⇔≡│ ⌐

⅜ ⌐ ↕╣≡™⌂™≤⇔≡╙ ∕─↓≤╩╙∫≡ ◘ⱳכ♩ ╩ √↕⌂

™≤∆╢↓≤│≢⅝⌂™≤ ⇔≡™╢⁹ 

    ( ) ─ ₒ ₓ─₈↓─ │ ⅔╟┘

╩ ∆╢ ╩ ™╢ ⌐ ∆╢↓≤⅜≢⅝╢↓≤⅜ ↕╣

√⁹₉≤─ │ ─ ⌐ ╢╕≢─ ╩ ═╢ ≢№╡

⅜╕∏ ┘ ╩ ∆╢ ⌐⅔™≡ ™∞↕╣√↓≤

∆⌂╦∟ ⅜ ─ ≤⌂∫√ ≢№╢↓≤ ╩

═╢╙─≢№∫≡ ∕─№≤⌐ ↄ ₈ ≢ ↕╣╢ │ ⌐

╩ ↕∑ ⌐ ™⇔⅝™ ╩ ∆╢ ╩╙√╠∆⁹₉≤─ ⅛╠

╠⅛⌂≤⅔╡ ⌐∕─ ╩ ⇔√─│ ∆⌂╦∟ р

₈ ─ ₉╛₈ ⌐ ⌂ ₉⌂≥╩ ∆╢ ─ ≢

─ ┘ ╩ ∆╢ ≢№╢⁹⇔√⅜∫≡ ⌐⅔↑

╢ │ ∕╙∕╙ ┘ ╩ ∆╢ ⌐

↕╣╢╙─≢│⌂ↄ ╕√ ⌐⅔™≡ ∕╣⅜ ↕╣⌂↑╣┌⌂╠⌂

™ │≥↓⌐╙ ™∞∑⌂™⁹ 

    ( ) ⌐⅔↑╢ ⌐╙ ─ ┘ │∕─ ─ ⌂

─ ⌐ ∆╢ ─ ⅜ ↕╣√ ⅜ ↕╣≡™╢≤↓╤

⌐│ ─ ⅜ │ ≢№╢ ╩ ™√ ╙

─ ⅜ ⌐ ─ⱦ♬ꜟ │ ≢№╢ ╩ ™

√ ╙ ™∏╣╙ ↕╣≡™╢⁹ 

   ▬ ⌐≈™≡ 

( ) │ ─ ╩ ∆╢√╘─ ⌐≈™≡

─ ₒ ₓ⌐ ₈ ⅔╟┘ ╩ ∆╢ ₉╩
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™╢↓≤⅜ ↕╣≡™╢⅜ ⅜ ↓─ ╩ ∆╢↓≤⌐╟╡

─ ╩ ≢⅝╢↓≤⌐ ∆╢ ⌐ ∆╢ │ ⌐ √

╠∏ ⌐₈ ⅔╟┘ ╩ ∆╢ ₉⅜ ∆╢

↓≤⌐╟╡ ─ ╩ ≢⅝╢ ╩ ─ ⅛╠ ⌐ ∆

╢↓≤⅜≢⅝⌂™≤ ∆╢⁹ 

⇔⅛⇔ │ ₈ ⅔╟┘ ╩ ∆╢ ₉⅜

⇔↕ⅎ∆╣┌ ─ ⅜ ≢⅝╢≤│⇔≡⅔╠∏ ₒ ₓ

─₈ ⅔╟┘ ╩ ∆╢ ₉│ ─ ≤⌂╢

─↓≤╩ ∆╢─≢№╡ ╕√ ₈ ₉≤™℮ │ ↓─╟

℮⌂ ≤⌂╢ ⅎ┌ ╩ ⌐ ⇔√

╙─⌐∆⅞⌂™⁹∕─№≤⌐ ↄ ⅛╠ ╠⅛⌂≤⅔╡ ↓─ │ №ↄ╕≢╙

∆⌂╦∟ ─ ─ ─ ╛ ⌐

⌂ ⌂≥╩ ∆╢ ─ ≢ ─ ┘ ╩ ∆╢

⅜ ╩ ↕∑╢ ─ ╩ ∆╢ ⇔≡™╢↓≤│ ╠⅛≢№╢⁹ 

⇔√⅜∫≡ ─ │ ╡≢№╢⁹ 

    ( ) │ ─™ↄ≈⅛─ ≢│ ─

⌐ ∆╢ ─ ╩ ∆╢ ≢│⌂™₈

₉ │₈ ₉╙ ↕╣≡™╢⅜ ↓╣╠─ ⅜ ╕╣╢

⌐│ ∏ ─ ╩ ∆╢ ⅜ ╕╣≡™╢≤

⇔≡™╢⁹ 

 ⇔⅛⇔ ─ ⅜ ─ ≢№╢⅛ ⌐

⌂ ≢№╢⅛╩ ⇔≡ ∆╢ ╙ ╙⌂™─≢№╢⅛╠ ⌐⅔

™≡ ─ ─ ─ ≢™ↄ≈⅛─ ⅜ ⌂ↄ ↕╣≡™╣┌ ╡╢

≤™℮═⅝≢№╢⁹ 

 ⌐│ ≤⇔≡ ⅜ ─ │

≢№╢ ─╖╩ ⇔√ ⌐╙ ↓╣⌐↕╠⌐ ⅜ ⌐ ⌂
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ⱦ♬ꜟ │ ≢№╢ ╩ ⅎ≡ ⇔√ ⌐╙ ™

⌐ ─⌂™ ⅜ ↕╣≡⅔╡ ⅜ ⌐ ⌂ ⱦ♬ꜟ │

≢№╢ ╩ ™√ ⌐ ╩ ∆╢ →⌐⌂╢╙─≢╙

⌂™ ⅜ ⌐ ⌂ ⱦ♬ꜟ │ ≢№╢

│ ─ ╩ ≢⅝⌂™≤ ↑╢ │⌂™⁹ 

    ( ) │ ─ ⅛╠│ ₈ ⅔╟┘

╩ ∆╢ ₉≤⇔≡ ─ ╩ ∆╢ ╩ ™

√ ⌐│ ─ ╩ ∆╢↓≤⅜≢⅝⌂™≤ ∆╢⁹ 

 ⇔⅛⇔ ─≤⅔╡ │ ⅜ ─ ≢№∫

≡╙ ⌐ ─ ≢№∫≡╙ ╕√ ╩ ╗ ─ ⅜

─ ≢╙ ─ ≢╙ ≢⅝╢↓≤│ ─ ⅛╠ ↕╣╢

≤↓╤≢№╢⁹ 

 ⇔√⅜∫≡ ─ │ ⅜⌂™⁹ 

(3) ⅜ ─ ╩ ∆╢ ⌐╙ ─ ╩ ∆╢↓≤

⅜≢⅝╢≤ ≢⅝╢↓≤⌐≈™≡ 

 ▪ ⅜ ─ ╩ ∆╢ ⌐╙ ─ ╩ ∆

╢↓≤⅜≢⅝╢⁹ │ ─≤⅔╡≢№╢⁹ 

( )  │ ∕─╙── ⌂ ╩ ╦∆ ≢№∫≡

⌂ ⌐ ↕╣╢ ⌐│ ⇔⌂™≤ ⅎ╠╣╢↓≤⅛╠

⅜ ─╟℮⌂ ─ ™ ≢№╢⅛ ▪ꜟ◐ꜟ─╟℮⌂ ─ ™ ≢

№╢⅛⌐╟╡ ⌐ ╓∆ ⌐ ⅜№╢≤│ ↕╣ ⌂™⇔ ╕√ ∕─╟

℮⌂ ╩ ∆╢ ╙ ╙ ⇔⌂™⁹∕℮∆╢≤ ≢№╣┌

┘∕─ ─ ⌐ ╠∆≤ ─ ─ ⌐⅛⅛╦╠∏

⌐ ─ │ ↕╣╢≤ ↕╣╢⁹ 

   ( ) ─ ⌐ ↕╣√ ≢№╢ ─ Birendra 

Bahadur₈LIQUID CRYSTALS APPLICATIONS AND USES₉World Scientific Publishing 
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Co.Pte.Ltd. ─ ─◓ꜝⱨ ₈ ◓ꜝⱨ₉≤™℮⁹ ⅜

∆╟℮⌐ ─ ≢ │ ⌐ ⇔√ ╢ ™╩ ∆

≢№╢≤│™ⅎ∏ ╕√ ⅜ ™ ≢│ ╙ ↄ⌂╡╛∆™≤™℮

⅜№╢↓≤│ ─ ∆╢≤↓╤≢№╢⁹╕√ ─ ה Masahito 

Oh- e,Katumi Kondo₈Electro - optical characteristics and switching behavior 

of in - plane switching mode₉Appl.Phys.Lett.67(26)

⌐ ∆╟℮⌐ ─ │ ♦▫☻ⱪ꜠▬⌐ ™⇔⅝™ ╩╙√╠∆⁹ 

⇔√⅜∫≡ ⌐ ─ ⌐ ™⇔⅝™ ─ ⅜ ╕╣≡™╢

≤⇔≡╙ ─ ─ ⌐⅔™≡╙ │ ≢⅝╢⁹ 

 ( ) ⌐⅔™≡ ∕─ ⌐≈™≡╙ ╕√ ∕─ ╩ ∆╢

⌐≈™≡╙ ─ ─ ≤ ─ ≤╩ ⇔≡ ℮ │

⌂™⁹ 

↓─ │ ♦▫☻ⱪ꜠▬⌂≥│ ⌐╟╡╙√╠↕

╣╢ ≈─ ≢№╢⇔⅝™ ─ ⌐≈™≡─ ≤⇔≡ ↕╣≡™╢≤

↓╤ ↓╣╠─♦▫☻ⱪ꜠▬─℮∟ │ ─ ─ ⅜

↕╣╢╙─≢№╢≤™℮⌐∆⅞∏ ⌐│ ─ ╙ ™╠╣

╢─≢№╡ ─ ─ ⅜ ↕╣╢ ♦▫☻ⱪ꜠▬⌂≥⌐≈™≡

│ √╕√╕ ≤⇔≡ ⌐│ →╠╣≡™⌂™∞↑≢№╢⁹⇔√⅜∫≡

⌐⅔™≡ ─ ─ ─╖⅜ ↕╣≡™╢↓≤╩╙∫≡ ─

─ │ ↕╣╢≤ ∆═⅝ ╙⌂™⁹ 

   ( ) ─ │ ⌂ↄ≤╙ ┘ ╩ ∆

╢ ╩ ╗ ─ ╩ ∆╢ ⌐≈™≡│ ⌐

⅔™≡ ─ ╩ ⇔⌂™⅛ │ ⇔≡╙ ↕™ ─╖≢№╢ ╩

∆╢ ╩ ∆╢↓≤╩ ∆╢≤ ⌐ ₈ ─ ╩ ↕∑

⅛≈ ─ ⌂ ╩ ⇔⌂™⅛ │ ⇔≡╙ ↕™ ─╖─

╩ ∆╢₉≤™℮ ╩ ∆╢↓≤╩ ∆╢╙─≢╙№╢≤™ⅎ╢⁹∕℮≢
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№╢⌂╠┌ ┘ ╩ ∆╢ ╩ ╗ ─

╩ ∆╢ ≢│⌂ↄ ─ ⌐⅔™≡╙ ™╠╣≡™╢

─ ↕™ ─╟℮⌂ ⅜ ─ ╩ ∆╢

⌐ ™╠╣√ ≢№∫≡╙ ⌐ ↓─ ╩ ∆╢↓≤ ∆⌂╦∟ ⌂

ↄ≤╙₈ ─ ╩ ↕∑ ⅛≈ ─ ⌂ ╩ ⇔⌂™⅛

╕√│ ⇔≡╙ ↕™ ─╖─ ╩ ∆╢₉≤™℮ ╩ ∆╢↓≤│

⌐│ ⌐ ≢⅝╢≤↓╤≢№╢⁹ 

 ▬ ⌐≈™≡ 

│ ─ ₒ ₓ─₈ ⌐↓─♃▬ⱪ─

╕√│ ♦▫☻ⱪ꜠▬ ─ ╩ ∆╢ ╩ ∆╢⁹₉≤─ ⌂≥╩

≤⇔≡ ⅜ ─ ╩ ∆╢ ─╖⌐ ↑╠╣≡⅔╡ ─

╩ ∆╢ ⌐ ─ ╩ ∆╢↓≤⅜≢⅝⌂™≤ ∆╢⁹ 

⇔⅛⇔ ─ ₒ ₓₒ ₓ─₈ ─ ⅎ┌

⅔╟┘ │ ☿ꜟ─♃▬ⱪ⅔╟┘ ⌐ ⇔≡ ₁

─ ╩ √↕⌂↑╣┌⌂╠⌂™⁹₉≤─ │ ₁─ ⌐ ⇔≡ ╘╠

╣╢ ⌐ ∆╢╙─≢№╡ ─ ╩ ∆╢⌡∂╣Ⱡⱴ♥▫♇◒

╩ ∆╢☿ꜟ⌐ ∆╢ │ ∕─ ╩ ⇔√╙─≢№╢⁹∕⇔≡ ₒ

ₓ⌐ ─₈ ─ ╩ ╡ ⅎ╢√╘─ ╩ ∆╢ⱴ♩ꜞ

♇◒☻ ♦▫☻ⱪ꜠▬ ♦▫☻ⱪ꜠▬ ₉ ⌐₈▪◒♥▫Ⱪⱴ♩ꜞ♇◒☻₉

┘₈ ♩ꜝfi☺☻♃ ₉ ⌐ ≠ↄ │ ─ ╩ ∆

╢ ⌐ ≠ↄ♦▫☻ⱪ꜠▬ ⅎ┌ ⌐⅔™≡╙ ⌂ ≢№╢↓≤

│ ─ ⌐⅔™≡∆≢⌐ ⌐╟ↄ ╠╣≡™√≤↓╤≢№╢⁹

⌐│ ⱴ♩ꜞ♇◒☻ ♦▫☻ⱪ꜠▬ ♦▫☻ⱪ꜠▬ ─ ≢╙

─╙─⌐│ ─ ╩ ∆╢ ⅜ ⇔≡™╢↓≤⅜

╠╣≡™╢⁹∕⇔≡ ₒ ₓ─ ⅛╠│ ─ ─ ≈≤⇔

≡ ─ ╩ ∆╢ ♦▫☻ⱪ꜠▬ ─ ╩ ∆╢≤™℮
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╙ ╖ ╣╢─≢№╡ ─ ╩ ∆ ╙∕─ ≤⇔≡ ╕╣╢─≢

№╢⁹ 

 ⇔√⅜∫≡ ─ │ ⅜⌂™⁹ 

   ► ─ ⌐≈™≡ 

( )  │ ─ ╩ ™╢ │

─ ≢│ ⇔⅝™ ⅜ ─ ⌐ ⇔ ⅜

↕ↄ⌂╢╒≥⇔⅝™ ⅜ ⅜╢↓≤│ ≢№╡ ╕√ ─

╩ ™╢ ─ ≢│ ⇔⅝™ │ ≢│⌂ↄ

⌐ ∆╢↓≤⅜ ≢№╢≤ ∆╢⁹ 

 ⇔⅛⇔ ⇔⅝™ ╩ ↕∑╢↓≤│ ─ ≢│⌂™⁹ 

╕√ ⇔⅝™ │ ⅜≥─╟℮⌐ ⇔ ∕╣⌐╟∫≡ ⌐≥─

⅜ ╦╢⅛⅜♦▫☻ⱪ꜠▬─ ∆⌂╦∟ ╛☿ꜟ─ ⌐ ⌐ ↕╣

╢√╘⌐ ♦▫☻ⱪ꜠▬─ ⌐ ∆╢ ≢№∫≡ ─ ≢│⌂™⁹

╩ ∆╢ ☿ꜟ⌐⅔™≡│ ⅜ ─

╩ ↕∑╢⅜ │ ⌐ ≢⅝╢⅛╠ ╩ ↕∑╢≤ ☿ꜟ─

⇔⅝™ ⅜ ↄ⌂╢─≢№╡ ⅜ ∆╢ ╩ ∆╢

─ ⌐≈™≡─ │ ☿ꜟ⌐⅔™≡│ ≡│╕╠⌂™⁹ 

↓─ │ ☿ꜟ≢─⇔⅝™ │ ≢│⌂ↄ ⌐ ∆╢≤

↓╤ ≤ ≤─ │ ⌐ ⅜⌂ↄ ≢╙⌂™≤

∆╢⁹ 

⇔⅛⇔ ◓ꜝⱨ≢│ ≢№╢ ≤ ≤│ ⌡ ⌐№╢↓≤

⅜ ↕╣ │ ⌐ ≢⅝╢↓≤⅜ ≢ ↕╣≡™╢⁹ 

    ( ) │ ⌐│ ┘ ─ │⌂ↄ ─

╩ ∆╢ ─╖⅜ ↕╣╢ │ ♦▫☻ⱪ꜠▬⅜

↕╣≡™╢↓≤╩╙∫≡ ⅜ ─ ─╖╩ ≤⇔≡™╢

∆╢⁹ 
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⇔⅛⇔ ♦▫☻ⱪ꜠▬│ ─ ─╖⌂╠∏ ─

╙ ↕╣╢↓≤│ ─ ⌐⅔™≡╟ↄ ╠╣√↓≤

≢№╡ ╕√ ⌐ ─ ⅜ ↕╣╢ ♦▫☻ⱪ꜠▬

╙ ⌐ ↓∕↕╣≡™⌂™⅜ ─ ⌐⅔™≡╟ↄ ╠

╣≡™╢ ⅛╠ │ ♦▫☻ⱪ꜠▬⅜

↕╣≡™╢↓≤╩╙∫≡ ⅜ ─ ─╖╩ ≤⇔

│ ≤⇔⌂™≤™℮↓≤⌐│⌂╠⌂™⁹ 

   ( )  │ ─ ─ │∆═≡ ≢№╢≤ ∆╢⁹ 

⇔⅛⇔ (2) ─≤⅔╡ ⌐⅔™≡ ↕╣√ ⌐│

⅜ ─ ≢№╢╙─≤ ▪ꜟ◐ꜟ ─ ⌐ ⌂

≢№╢╙─≤⅜™∏╣╙ ↕╣≡⅔╡ ↓─℮∟ ⅜ ⌐ ⌂

≢№╢ │ ⌐ ╠∆≤ ─ ─ ⌐╙ ─

─ ⌐╙ ≢№╢⁹ 

─ ⌐⅔™≡│ √╕√╕ ─ ─╖⅜ ⌐ ↕╣

≡™√≤™℮∞↑⌐∆⅞∏ ─ ⅜∆═≡ ≢№╢⅛╠≤™∫≡

─ ┼─ ⅜≢⅝⌂™≤╕≢│™ⅎ⌂™⁹ 

  (4) ⌐≈™≡ 

   ▪ ⅜ ⇔√ ─ ה ─ ─ ╩₈

₉≤™℮⁹ ⌐│ ꜠ⱳכ♩ ≢№∫≡

⅜ ╩ ╖ Ⱥɚ⅜ ─ ꜠ⱳכ♩

≢№∫≡ ⅜ ╩ ╖ Ⱥɚ⅜ ─ ꜠ⱳכ♩

≢№∫≡ ⅜ⱦ♬ꜟ ╩ ╖ Ⱥɚ⅜

─ ꜠ⱳכ♩ ≢№∫≡ ⅜

╩ ╖ Ⱥɚ⅜ ─ ꜠ⱳכ♩ ≢№∫

≡ ⅜ ╩ ╖ Ⱥɚ⅜ ─ ⅜ ↕╣≡™╢⁹╕√ ⅜

⇔√ ─ ה ─ ₈ ₉≤™™



 -  33 -  

─ ╩₈ ₉≤™℮⁹⌐│ ꜠ⱳכ♩

≢№∫≡ ⅜ ╩ ╖ Ⱥɚ⅜ ─ ⅜ ↕╣≡™

╢⁹↕╠⌐ ⅜ ⇔√ ─ ה ─ ↓─ ╩₈

₉≤™℮⁹ ⌐│ ꜠ⱳכ♩ ≢ ™╠╣√ ⅛╠

╩ ™√ ╩ ™≡ ∫√ ⅜ ↕╣≡™╢⁹ 

 ─ ⌐╟╡ з ⅜ ≢№∫≡╙ ≤™℮ ⅜ ≢

⅝╢↓≤⅜ ↕╣√⁹ 

   ▬ ⌐≈™≡ 

    ( ) │ ─ ⌂ ⌐ ─ ─ ╩

⇔≡╙ ⅜ ─ ╩ ≢⅝╢≤ ≢⅝╢ ⌐ ╩

⇔≡™⌂™ ⌐ ─ ╩ ∆╢↓≤│≢⅝⌂™≤ ∆╢⁹ 

⇔⅛⇔ ╩ ∆╢ ⌐≈™≡│ ⅜ ─

╩ ≢⅝╢≤ ≢⅝╢ ⌐ ⅜ ⌐ ↕╣≡⅔╡

┘ │♃כ♦─ ⌐ ↕╣√ ─ ⌂

↑≢№╢↓≤│ ╠⅛≢№╢⅛╠ ─ │ ↕╣╢═⅝≢№

╢⁹ 

    ( ) │ ꜠ⱳכ♩ ─ ΐ ≢─

꜠ⱳכ♩ ─ ≢─ ꜠ⱳ ♩ ─

≢─ ꜠ⱳכ♩ ─ ≢─ │ ™∏╣╙

∂ ⅜ ╕╣ ─ ─ ─ ™⌐╟╢ ─

╩ ∆╢↓≤│≢⅝⌂™≤ ∆╢⅜ │ ─ ≤⇔≡

⌂ↄ≤╙ ─ ╩ ─ ≤⇔≡™╢─≢№╡ │

─ ╩ ∆╢≤™℮ ─ ≢ ⌐⅔↑╢ ─ ─

╩ ↕ↄ∆╢√╘⌐ ⌐ ∆╢ ╩ ℮╙─≢№╢⅛╠ ─

─ ™⌐╟╢ ╩ ∆╢↓≤│ ⅜⌂™⁹ 

    ( )  │ ꜠ⱳכ♩ ─ ≤⇔≡™╢ ⌐≈
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™≡ ⌐ ↕╣≡™√ ≤ ╘╢↓≤⅜≢⅝⌂™≤╙ ∆╢⅜

│ ─ ─ ⌐∕─ ⅜ ↕╣≡™╢≤⅔╡

─ ⌐⅔™≡╙ ⌐╟ↄ ╠╣√ ≢№

╢⅛╠ ─ │ ⅜⌂™⁹ 

   ► ─ ⌐≈™≡ 

│ ⌂≥─ ╩ →≡ ↓╣╠

─ ⅜ ⌐⅔™≡ ⇔⅝™ ─ ⌂≥─ ╩ ⇔⌂

™↓≤⅜ ↕╣√⌂≥≤ ∆╢⁹ 

⇔⅛⇔ ─ ∫√ │ ─ ▪

ꜟ◐ꜟ ╩ ∆╢ ─ ╩ ╗ ≢ ™╠╣√

≤ ↓╣⌐ ⅎ≡ ─ ▪ꜟ◐ꜟ ╩ ∆╢ ⌐│

⌂≥ ╩

╗ ≤╩ ∆╢↓≤≢№╢≤↓╤ ─ │ ₈ ─

╩ ↕∑ ⅛≈ ─ ⌂ ╩ ⇔⌂™⅛ │ ⇔≡╙ ↕™

─╖─ ╩ ∆╢₉≤™℮ ╩ ∆╢↓≤≢№╢⅛╠ ─

▪ꜟ◐ꜟ ╩ ∆╢ ╩ ╗ ╟╡╙ ╣√ ╩ ∆╢ ╩ ∆

╢↓≤⌐№╢─≢│⌂™⁹∕⇔≡ ─ ⌐│ ⅎ┌ ┌

⅛╡≢⌂ↄ ╛ ⌂≥≢↕ⅎ ↓╣╠─ ⅜

╩ ╗ ─ ╩ ↕∑╢≤⅛ ╩ ╗♦▫☻ⱪ꜠▬─⇔

⅝™ ╩ ↕∑╢⌂≥─ ⌐≈™≡ ↄ ╠╣≡™⌂⅛∫√ ≢

╩ ╛ ⌂≥≤ ⇔≡ ╛⇔⅝™

─ ╩ ∆╢↓≤│ ┘ ╩ ≡ ╘≡ ⅛╢ ─

≢№╢⁹ 

⇔√⅜∫≡ ─ ▪ꜟ◐ꜟ ╩ ∆╢ ╩ ╗⅜

╩ ∆╢ ╩ ╕⌂™ ⌐╟∫≡ ⅜ ╠╣╢ ⅜№

∫√≤⇔≡╙ ∕─↓≤⅜ ─ ╩ ⌡╢╙─≢│⌂™⇔
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╛ ⌂≥╩ ™√ ≤ ⇔≡ ⅜ ⌂ ╩ ↕⌂

™⅛╠≤™∫≡ ─ ⅜ ↕╣╢╙─≢│⌂™≤∆╢↓≤│≢⅝⌂™⁹ 

(5) ╟╡ │ ◘ⱳכ♩ ╩ √⇔≡™╢⁹ 

   

 ⌐⅔™≡ ─ ⌐ ⅛╠ √⌂ ⁹ ₈

₉≤™℮⁹ ⅜ ↕╣√⅜ ⌐ ─ ╩ ⅎ╢↓≤⌂ↄ

─ ⌂ ╩ ⇔ ⌂ ╩ ™√╕╕ ╩ ⇔ ⌐ ≠⅝

─ ⌐│ ↕╣≡™⌂™ √⌂ ╩ ∆ ⅜↕╣√⁹∕⇔≡

⌐ ─ ⅎ┌ ─ ─ │↕╠⌂╢ ─ ⌐╟╢

─ ⅜ ⅎ╠╣≡™╣┌ ◘ⱳכ♩ ─ │ ─

⌐╟╡ ∆╢↓≤⅜≢⅝√│∏≢№╢⁹ 

 ⇔√⅜∫≡ │ ╩∆╢─⌐ ⇔≡™⌂™─⌐ ╩⇔√╙─≤⇔

≡ ─ ⅜№╢⁹╕√ ╩∆╢─⌐ ⇔≡™√─≢№╣┌ ─

╩∆═⅝≢№∫√⅛╠ ─ ⌐ ∆╢ ⅜№╢⁹ 

 ─  

  ◘ⱳכ♩ ─ ─ ╡ ⌐≈™≡ 

  (1)  ─ ⌐≈™≡ 

▪ ─ ⅛╠∆╢≤ ─ │ ᵑ ╘≡ ™

ᵒ ⅝™ ᵓ ⌐⅔™≡╙ ™ ᵔ ™⇔⅝™

─ ⌐⅔™≡₈ ╩ ⇔⌂™⅛ ╕√│ ⇔≡╙ ↕™ ─╖₉

≢№╢ ┘ ♦▫☻ⱪ꜠▬ ─ ╩ ∆╢↓≤⌐№

╢≤™℮═⅝≢№╢⁹ 

   ▬ ─ ⌐≈™≡ 

    ( )  │ ─ ╩ ↕∑╢↓≤⅜ ≢№∫≡

™⇔⅝™ ╩ ∆╢↓≤ │ ∏⇔╙ ─ ∆═⅝ ≢│⌂

™≤ ∆╢⁹ 
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 ⇔⅛⇔ │ ♦▫☻ⱪ꜠▬⌐ ↕╣╢⁹ ─ ╩

ⅎ≡╙ ∕─ ⅜ ♦▫☻ⱪ꜠▬⌐ ↕╣⌂™─≢№╣┌ ─ ⌐│

╠⌂™⁹ ─ ╙ ∕╣ ⌐ ⅜№╢─≢│⌂ↄ ♦▫☻ⱪ

꜠▬─ ⌐ ┘ ™≡ ╘≡ ╩ ∆╢─≢№╡ ∕─↓≤│ ─

ₒ ₓ⌐ ↕╣≡™╢⁹ 

 ╕√ │ ⌐⅔™≡ ─ ⌐│ ₈ ─ ╩

↕∑ ™⇔⅝™ ╩ ∆╢ ≤∆╢↓≤╩ ╩ ₉∆╢↓≤⅜ ╕

╣╢≤ ⇔≡™√ ⁹ 

 ⇔√⅜∫≡ ─ │ ⅜⌂ↄ ╙ ╩∆╢↓≤│

↕╣⌂™⁹ 

( )  │ │ ─ ─

⅛╠│№╕╡ ↕╣≡™⌂⅛∫√Ɽꜝⱷכ♃≢№╡ ∕╣ √⌂ ≢

№∫√≤ ∆╢⁹ 

⇔⅛⇔ ≢│ ─ ⌐╟╡ ⇔⅝™ ╩ ∆╢↓

≤⅜ ≤↕╣≡™╢⅜ ─ ╩ ∆╢≤⇔⅝™

╙ ∆╢↓≤│ ≢№∫√ ⁹ 

 ⇔√⅜∫≡ ─ │ ⅜⌂™⁹ 

( )  │ ─∆═≡⅜ ≢⅝⌂ↄ≡╙╟™≤ ∆╢⁹ 

⇔⅛⇔ ─ ₒ ₓ ₒ ₓ─ │ ─

⅜ ≢№╢↓≤╩ ⇔≡™╢⁹ ─ ≢│ ╣─ ⌐≈™

≡╙ ♦Ᵽ▬☻≢─ ⌐⅔™≡ ≢⅝╢ ─꜠ⱬꜟ─ ⅜ ╘╠

╣╢⁹ ─ ≈─ ≢№∫≡╙ ♦Ᵽ▬☻⌐ ↕⌂™ ⌐│

│ ♦Ᵽ▬☻⌐ ≢⅝⌂™─∞⅛╠ ∕─ │ ⇔™⁹ 

 ⇔√⅜∫≡ ─ │ ⅜⌂™⁹ 

    ( )  │ │ ─ ≢№╡ │ ─

≢№╢≤↓╤ ⇔⅝™ │♦▫☻ⱪ꜠▬─ ≢№╢⅛╠ ⇔⅝™ ─
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╩ ⌐ ╢ ⅜ ≤∆╢↓≤│⌂™≤ ∆╢⁹ 

 ⇔⅛⇔ ─ │ ♦▫☻ⱪ꜠▬⌐ ↕╣╢≤

⌐ ↕╣≡™╢ ₒ ₓ ₒ ₓ⁹ ─ ╩ ⅎ≡╙

∕─ ⅜ ♦▫☻ⱪ꜠▬─ ⌐ ┘≈⅛⌂™─≢№╣┌ ╠ ─

│ ≢⅝⌂™⁹ 

 ─ₒ ─ ₓ ₒ ₓ ₒ ₓ ⌐│

─ ─ ≤⇔≡ ♦▫☻ⱪ꜠▬≢─ ─ ─ ⅜ ↕╣ ↓

─ ─ ⌐ ™≡ ₒ ⅜ ⇔╟℮≤∆╢ ₓ ┘o ╩ ∆╢

ₓ⅜ ↕╣≡⅔╡ │ ⅜ ♦▫☻ⱪ꜠▬⌐ ↕╣

≡ ╩ ∆╢↓≤╩ ⇔≡™╢⁹ 

⇔√⅜∫≡ ♦▫☻ⱪ꜠▬─⇔⅝™ ╩ ↕∑╢↓≤│ ∕─

⌂ ≢№╡ ─ ╩ ↕∑╢↓≤│∕─ ≢№╢⁹ 

  (2)  ⅜ ∆╢ ─ ─ ⌐≈™≡ 

▪ ─ ₒ ₓ⌐│ ₈↓↓≢ ↓─ │

⅔╟┘ ╩ ∆╢ ╩ ™╢ ⌐ ∆╢↓≤⅜≢⅝╢↓≤

⅜ ↕╣√⁹ ≢ ↕╣╢ │ ⌐ ╩ ↕∑ ⌐ ™

⇔⅝™ ╩ ∆╢ ╩╙√╠∆⁹₉≤ ↕╣≡™╢⁹╕√ ─

╩ ≡╙ ⌐│ │ ╩ ™√ ⅜

∆╢⅜ ↓╣╠─₈ ₉─ ⌐│ ⌐ ∆╢ ─

┘∕─ ─ ─ ⅜ ⌐ ╕╣≡⅔╡ ╕√ ⌐

≈™≡│ ⌐│ ∆╠ ⇔⌂™⁹ 

 ⇔√⅜∫≡ ─ │ ₈ ⅔╟┘ ╩ ∆╢

₉╩ ™╢↓≤≢№╢⁹ 

⌂⅔ ⌐⅔™≡ ╩ ∆╢ ≤│ ─

╩ ∆╢ ╩ ⇔ ⇔√⅜∫≡ ╩ ∆╢ │ ─

╩ ∆╢⁹ 
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   ▬ ─ ⌐≈™≡ 

    ( )  │ ─ ₒ ₓ ┘ₒ ₓ≢│

─ ≤⇔≡ ─⌂™ ▪ꜟ◐ꜟ ⅜ ↕╣≡™╢↓≤ ₒ

ₓ ₒ ₓ─ ─ ≢│ ─ ≤⇔≡ ╩

⇔≡™╢↓≤╩ → │ ─ ≢№╢⅛ ⌐

─ ≢№╢⅛╩ ╦⌂™≤ ∆╢⁹ 

 ⇔⅛⇔ ─ │ ₒ ₓ─ ⌐ ∆╢⁹ 

╕√ ( 3)─≤⅔╡ ≤⇔⅝™ ≤─ │ ─

≢│ ⇔⌂™≤↓╤ ─ ╩ ≤∆╢≤ ─

─ │ ─ ╕≢ ┬⅜ ∕℮∆╢≤ ╩ ⇔≡

╙ ⇔⅝™ ─ ≤™℮ ╩ √∑⌂ↄ⌂╡ ─ │ ─

⅜≢⅝⌂™ ╕≢ ╪≢⇔╕℮⁹ 

⇔√⅜∫≡ ─ │ ⅜⌂™⁹ 

    ( )  │ ─ ⌐ ⇔ ⌐⅔↑╢ ─

─ ╩ ↕ↄ∆╢√╘⌐ ⌐ ∆╢ ╩ ℮╙─≢№╡ ╩ ≢

⅝╢ ─ ≢ ≢№╢≤ ∆╢⁹ 

 ⇔⅛⇔ ─ ₒ ₓ⌐ ≠™≡ ╩ ⇔╟℮≤∆╢≤

─ │ ≢⌂↑╣┌⌂╠∏ ▪ꜟ◐ꜟ ⌐₈

⌐ ∆╢₉↓≤│≢⅝⌂™⁹  

∆⌂╦∟ ( 3)─≤⅔╡ ≤⇔⅝™ ≤─ │

─ ≢│ ∆╢╙── ─ ≢│ ⇔⌂™ ₒ

ₓ─ │ ─ ≢─╖ ∆╢↓≤⅜≢⅝╢─≢№╢⅛╠

─ │ ─ ╩ ≤⇔≡ ⇔⌂↑╣┌⌂╠

⌂™⁹ 

⇔√⅜∫≡ ─ │ ⅜⌂™⁹ 

    ( )  │ ⅜ │ ─ ─╖╩ ⇔√ ╙
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ⱦ♬ꜟ │ ─ ╩ ⅎ≡ ⇔√ ╙

™⌐ ─⌂™ ⅜ ↕╣≡™╢≤ ∆╢⁹ 

 ⇔⅛⇔ ⅜ ╣─₈ ₉≤₈ ₉≤╩ ⇔≡™╢─⅛ ╠⅛

≢│⌂™⁹⇔⅛╙ ⅜ ∆═⅝ │ ╩ ∆╢

│ ┘ ⇔ↄ│

┘ ⌐╟∫≡ ⅜ ≢⅝╢─⅛ ↓╣╠─ │ ▪

ꜟ◐ꜟ ─ ≤ ⇔≡ ╩ ∆╢─⅛≢№╢⁹ │

╩ ∫≡™╢⁹ 

╕√ ⌐╟∫≡ │ ₁≢№╢√╘ ╩ ⌐ ∆╢↓

≤⌐ │⌂™⁹ 

↕╠⌐ │ ⇔ↄ│ ╩ ⇔≡╙

⌐│ ⅜ ∂⌂™≤™℮─≢№╣┌ ⌂⅔↕╠ │ ─ ╩ ⇔≡

⅔╠∏ ╙ ⇔≡™⌂™≤™℮═⅝≢№╢⁹ 

 (3) ⅜ ─ ╩ ∆╢ ⌐│ ─ ╩ ∆╢↓≤

╩ ∆╢↓≤│≢⅝⌂™↓≤⌐≈™≡ 

▪ ⅜ ─ ╩ ∆╢ ⌐│ ⅛╠│

─ ╩ ∆╢↓≤╩ ∆╢↓≤│≢⅝⌂™⁹ │ ─≤⅔╡≢№╢⁹ 

  ( ) ≤⇔⅝™ ≤─  

┘ ₈  ₉

⁹ ₈ ₉≤™℮⁹ ⌐╟╢≤ ⅜╡ ⌡∂

╣ ⅜╡─ ≈─♃▬ⱪ─ ⌐ ∂≡ ┘ ─ ⅜ ⇔

─ ╩ ™╢ │ ─ ≢│ ⇔⅝™

⅜ ─ ⌐ ⇔ ⅜ ↕ↄ⌂╢╒≥ ⇔⅝

™ ⅜ ⅜╢↓≤│ ≢№∫√⁹∕─ ⌐╟╢≤

─ ╩ ™╢ ─ ≢│ ⇔⅝™ │

≢│⌂ↄ ⌐ ∆╢↓≤╙ ≢№∫√⁹ 
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↓─╟℮⌐ ─ ╩ ∆╢ ─ ≢│

≢│⌂ↄ ⅜ ⇔⅝™ ⌐ ╩ ╓∆⅛╠ ─ ╩ ∆╢

⌐ ⇔≡│ ─ ₒ ₓ─₈ ⌐ ╩

↕∑₉√⅛╠≤™∫≡ ₈ ⌐ ™⇔⅝™ ╩ ∆╢ ╩╙√╠∆₉╦↑

≢│⌂™⁹ 

  ( ) ─ ₒ ₓ⌐│ ₈ ─ ╩ ⇔⌂™⅛ ╕√

│ ⇔≡╙ ↕™ ─╖₉─₈ ╕√│ ♦▫☻ⱪ꜠▬ ₉─

╩ ∆╢↓≤╩ ≤∆╢ ⅜ ↕╣≡™╢⁹ 

↓↓≢ Twisted Nematic ┘ Super- twisted Nematic ≢

│ ─ ─ ⅜ ↕╣╢ ₈ ─ Ί

⇔™ ─ Ί₉ ⁹ ⌐│

┘ ┘⌐ ─ ─ ⌐≈™≡ ╡ ⇔ ↕

╣≡™╢ ₒ ₓₒ ₓₒ ₓₒ ₓₒ ₓ

┘ₒ ₓ⁹ 

─ ─ ⌐ ─ ⅎ┌

│ ⌐│ ↕╣≡™⌂™⁹ 

  ( ) ─∆═≡─ ─ │ ─ ╩

⇔≡⅔╡ ─ ╩ ╗ │⌂™⁹ 

⇔√⅜∫≡ ─₈ ₉╩ ⇔≡╙ ⅜ ─ ⅜

↕╣╢≤│ ≢⅝⌂™⁹ 

▬ ─ ⌐≈™≡ 

  ( ) │ ─ ₒ ─xⱴ♩ꜞ♇◒☻ ♦▫☻ⱪ꜠

▬ ♦▫☻ⱪ꜠▬ ─ ╩ ⇔ ♦▫☻ⱪ꜠▬⌐│ ⌂≥

─ ⅜ ↕╣╢♃▬ⱪ╙ ╕╣╢≤ ∆╢⁹ 

⇔⅛⇔ ⌐│ ─ │ ⌂ↄ ┘ ─

─ ⅜ ≢⅝╢⁹ ─ ╙ ⌂™⁹╗⇔╤ │ ₈
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⌂♃▬ⱪ ╩ ∆⁹ ─ ⌐⅔™≡ ™╠╣╢

│ ≢№╢₉ ₒ ₓ ₈ ♦▫☻ⱪ꜠▬│

⌐ ╩ ⅎ√ ☿ꜟ≤⇔≡ ⇔₉ ₒ ₓ ≤№╢≤⅔

╡ ─ ⌐╟╢ ┘ ⌐≈™≡ ₒ

ₓ ╩ ≤⇔≡ ↕╣≡™╢⁹ 

  ( ) │ ≢│ ─ ╩ ∆╢↓≤⅜≢⅝ ⇔⅝

™ │ ⌐ ∆╢≤↓╤ ₈ │ ⌐ ≢⅝╢₉⅛╠ ≢│

⌐╟∫≡ ™⇔⅝™ ⅜ ╠╣╢ ⅜№╢ ─ ╩∆╢⁹ 

⇔⅛⇔ ⌐⅔™≡ ─ ≢│ ⇔⅝™ │

⌐ ⌐ ⇔≡™╢─≢№∫≡ ⌐│ ⇔⌂™⁹ 

∕⇔≡ ─ ⇔⅝™ ⅜ ⱤⱠꜟ─ ┘

─ ⌐ ∂≡ ╣─ ⌐ ∆╢─⅛│ ⌐ ╠⅛⌐↕╣≡™√

⅛╠ ⌐ ⅜ ╩╙ ⇔≡™√─≢№╣┌ ╩ ⇔√│∏≢

№╡ ╩╙ ⇔≡™√─≢№╣┌ ╩ ⇔√│∏≢№╢⁹⇔⅛⇔

≢│ ─℮∟ ─╖⅜ ↕╣≡™╢─≢№╢⅛╠ │

╠ ─ ╩ ⇔≡™√≤™ⅎ ╕√ ╙ │ ╠

─ ╩ ⇔≡™╢≤ ∆╢⁹↕╠⌐ ⅜ ┘

╩ ⇔≡™√─≢№╣┌ ∕╣∙╣ ┘ ╩ ∆═⅝≢№╡ ₈

₉⌂≥∆╢ │⌂™⁹ 

⇔√⅜∫≡ ─ │ ⅜⌂™⁹ 

  (4) ⌐≈™≡ 

▪ ≢│ ┘ ─ │ ╣─

≢╙ ≢№∫√√╘ ┘ ─ ╩ ≢⅝⌂™⁹ 

│ ≤⇔≡ ⅜ ≢№╢≤ ⇔≡™╢─≢№╢

⅛╠ ⅜ ╩ ≢⅝╢≤™℮√╘⌐│ ─ ╩ ─

▪ꜟ◐ꜟ ─ ≤ ⇔≡ ╠⅛─ ⌂ ⅜ ╠╣



 -  42 -  

╢↓≤╩ ∆╢⁹╕√ ┘ │ ≢№∫√⅛╠

⌐╟∫≡ ╩ ≢⅝╢≤™℮√╘⌐│ ▪ꜟ◐ꜟ ─ ≢╙

╩ ∆╢↓≤⌐╟∫≡ ╠⅛─ ⌂ ⅜ ╠╣╢↓≤╩ ∆╢⁹ 

   ▬ │ ≢─ ╩ ∆╢ ꜠ⱳכ

♩ ─ ⌐≈™≡ ╩ ⌐ ⇔≡ ╩

⌐ ⇔≡ ╕√ ╩ ∆╢ ꜠ⱳכ♩ ─

⌐≈™≡ ╩ ⌐ ⇔≡ ╩

⌐ ⇔≡ ╩ ∫√ ╩ ₈ ₉≤™℮⁹⁹ 

⌐╟╢≤ ┘ │ ⌐ ╩ ╓

↕⌂™⅛ ╗⇔╤ ↕∑≡⅔╡ ⇔⅝™ ⌐╙ ╩ ╓↕⌂™⅛

╗⇔╤ ↕∑≡™╢⁹⇔√⅜∫≡ ┘ │

⌂ↄ≤╙ ─ ⌐⅔™≡ ╩ ⇔⌂™⁹ 

╕√ ⌐╟∫≡╙ ≤ ╩

∆╢ ≤─ ≢ ─№╢ │ ╠╣≡™⌂™⁹ 

↕╠⌐ ─ ∫√ ─ ⌐╟╢≤ ─ ⌐╟∫≡ ⇔

⅝™ │ ⇔√⁹ 

 (5) ╕≤╘ ◘ⱳכ♩ ╩ √↕⌂™↓≤⌐≈™≡  

▪ ─ │ ₈ ⅔╟┘ ╩ ∆╢

₉╩ ™╢↓≤≢№╢≤↓╤ ≢─ з─ │

╩ ∆╢╙── │ ⇔≡™⌂™ ╕≢ ╪≢⅔╡ │ ₈

⅔╟┘ ╩ ∆╢ ₉╩ ⇔≡™⌂™ ⌐╕≢

╪≢™╢⁹⇔√⅜∫≡ │ ⌐ ─ ╩ ⇔≡™⌂

™⁹ 

▬ ╕√ ─ │ ⌐⅔™≡ ╩ ⇔⌂™⅛ ╕√

│ ⇔≡╙ ↕™ ─╖≢№╢ ┘ ♦▫☻ⱪ꜠▬ ─

╩ ∆╢↓≤⌐№╡ ∕─ ≢╙ ⌐⇔⅝™ ─ ⅜
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⇔≡™╢ ⅜№╢⁹ 

⇔√⅜∫≡ ─ ⅜ ™⇔⅝™ ╩╙√╠↕⌂™

│ ─ ╩╙√╠↕⌂™ ⌐ ┬ ⌐│ ─ ─

│ ◘ⱳכ♩ ⌐ ⇔⌂™≤↓╤ ─≤⅔╡ ─ ─

⌐ ╕╣╢ ─ ≢│ ™⇔⅝™ ╩ ≢⅝⌂™⇔ ╕√

─ ╙ ≢⅝⌂™⁹ 

► ╟╡ │ ⌐ ↕╣√╙─≢│⌂ↄ

⅛╠ ⅜ ╩ ≢⅝╢≤ ≢⅝╢ ⌐⌂™⅛╠ ◘ⱳכ♩

╩ √↕⌂™⁹ 

  ⌐≈™≡ 

 ─ ⌐ │⌂™⁹ 

⌐⅔™≡ ⌐│ ─ ─≤⅔╡ ─ ─ ⅜

ⅎ╠╣ ∕─ ⌐ ─ ⅜ ⅎ╠╣√⁹ ⌐ ∕╣╩ ⅎ√ ─

⅜ ↕╣≡™╢╦↑≢│⌂™⁹ 

∕╙∕╙ ⌐ ─⌂™ ╩ √⌂ ─ ≢ ⇔≡◘

ⱳכ♩ ╩ ∆╢≤ ∆╢↓≤│ ↕╣⌂™⅛╠ ⌐ ∆

╢ ─ ⅜№∫√⅛≥℮⅛│ ─ ⌐ ⇔⌂™⁹ 

 ─  

   

 ⌐│ ─ ⅜№╢ ⁹ 

ₒ ₓo ─ ∆╢ ₓ │ ┼─↓

─ ⅔╟┘↓─ ╩ ╗♦▫☻ⱪ꜠▬⌐ ∆╢⁹ 

ₒ ₓo ─ ₓ │ ↓─╟℮⌂ ─ ⅜ ↕╣╢

⌐╟╡ ↕╣ ╢√╘ ⌐ ♦▫☻ⱪ꜠▬ ⌐⅔↑╢ ≤⇔≡ ™

╠╣╢⁹ ⌐ ≠ↄ │ ⌐ ╘≡╟ↄ ╠╣≡⅔╡ ₁

─ ⌐ ≠ↄ↓≤⅜≢⅝╢⁹↓─╟℮⌂ ─ │ ╩ ∆╢☿ꜟ
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─ ☿ꜟ ◕☻♩ ⱱ☻♩☿ꜟ ⌡∂╣Ⱡⱴ♥▫♇◒ ╩ ∆

╢ ☿ꜟ ◒♇▫♥Ⱡⱴ♩☻▬♠כⱤכ☻ ☿ꜟ

☿ꜟ⅔╟┘ ♪כ⸗ ☿ꜟ≢№╢⁹ ╙ ⌂♦▫☻ⱪ꜠▬

│ ◦ꜗ♇♩ Ⱬꜟⱨꜞ♇ⱥ(Schadt- Helfrich) ⌐ ≠™≡⅔╡ ⌡∂╣Ⱡⱴ

♥▫♇◒ ╩ ∆╢⁹ 

ₒ ₓ │ ⌂ ⅔╟┘ ┘⌐ ⅔╟┘

⌐ ∆╢ ⌂ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹↕╠⌐ │ ™

╩ ⇔ ⅔╟┘☿ꜟ⌐⅔™≡ ™▪♪꜠☻ ™⇔⅝™ ⅔╟┘ ™◖

fi♩ꜝ☻♩╩ ∂⌂↑╣┌⌂╠⌂™⁹ 

ₒ ₓ↕╠⌐ ↓╣╠│ ─ ⌐⅔™≡ ∟ ╟╡╙ ™

⅔╟┘ ™ ⌂ ╡ ™ ⌐⅔™≡ ⌂ ⱷ♁ⱨ▼כ☼ ⅎ┌

─☿ꜟ⌐≈™≡─Ⱡⱴ♥▫♇◒╕√│◖꜠☻♥ꜞ♇◒ ╩ ⇔⌂↑╣┌⌂╠

⌂™⁹ │ ⌐ ↄ─ ─ ≤⇔≡ ™╠╣╢√╘ ⅜

™⌐ ⌐ ≢№╢↓≤⅜ ≢№╢⁹ ─ ⅎ┌

⅔╟┘ │ ☿ꜟ─♃▬ⱪ⅔╟┘ ⌐ ⇔≡ ₁─ ╩ √

↕⌂↑╣┌⌂╠⌂™⁹ ⅎ┌ ⌡∂╣Ⱡⱴ♥▫♇◒ ╩ ∆╢☿ꜟ ─ │

─ ⅔╟┘ ™ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

ₒ ₓ ⅎ┌ ─ ╩ ╡ ⅎ╢√╘─ ╩ ∆╢ⱴ♩

ꜞ♇◒☻ ♦▫☻ⱪ꜠▬ ♦▫☻ⱪ꜠▬ ⌐≈™≡ ⅝™ ─

™Ⱡⱴ♥▫♇◒ ™ ╘≡ ™ ⌂ ⅔╟

┘ ┘⌐ ™ ╩ ∆╢ ⅜ ╕⇔™⁹ 

↓─♃▬ⱪ─ⱴ♩ꜞ♇◒☻ ♦▫☻ⱪ꜠▬│ ╠╣≡™╢⁹ ─ ╩

⌐ ╡ ⅎ╢√╘⌐ ™╢↓≤⅜≢⅝╢ │ ⅎ┌ ∟♩

ꜝfi☺☻♃ ≢№╢⁹ ⌐ ₈▪◒♥▫Ⱪⱴ♩ꜞ♇◒☻₉╩ ™ ↓↓≢

≈─♃▬ⱪ─ ≢ ╩∆╢↓≤⅜≢⅝╢  

≤⇔≡─◦ꜞ◖fi►◄ⱨ□כ ─ ╕√│ ─
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 ⁹♪כ○▬♄

≤⇔≡─●ꜝ☻ ─ ♩ꜝfi☺☻♃ ⁹ 

ₒ ₓ ≤⇔≡─ ◦ꜞ◖fi─ │ ♦▫☻ⱪ꜠▬─ ⅝↕╩

∆╢⁹↓─ │ ₁─ כꜝꜙ☺⸗╩ ↕∑≡↕ⅎ╙

⌐ ⅜ ∂╢⅛╠≢№╢⁹ 

╕⇔ↄ ↕╠⌐ ⌂♃▬ⱪ ─ ⌐⅔™≡ ™╠╣╢ │

≢№╢⁹ ≈─ ─ ≢ ⅜⌂↕╣╢ ⅎ┌

╩ ╗ ╕√│ ╕√│ ◦ꜞ◖fi╩ ≤∆╢ ⁹

─ ⌐ ⇔≡│ ≢ ─ ⅜⌂↕╣≡™╢⁹ 

ₒ ₓ ⱴ♩ꜞ♇◒☻│ ♦▫☻ⱪ꜠▬─ ─●ꜝ☻ ─ ⌐ ↕

╣ ─●ꜝ☻ │ ↓─ ⌐ ⌂ ╩ ⇔≡™╢⁹

─ ⅝↕≤ ∆╢≤ │ ╘≡ ↕ↄ ⌐ ∆╢ ╩╒≤╪≥

⇔≡™⌂™⁹↓─ │╕√ ⱨ▫ꜟ♃כ ⅜ ₁─ ⌂ ⌐ ∆╢

╟℮⌐ ⸗◙▬◒ ─ ⅔╟┘ ⱨ▫ꜟ♃כ╩ ⇔√ ♦▫

☻ⱪ꜠▬⌐ ∆╢↓≤⅜≢⅝╢⁹ 

ₒ ₓ ♦▫☻ⱪ꜠▬│ ⌐ ╩ ⅎ√ ☿

ꜟ≤⇔≡ ⇔ ⅛╠ ↕╣╢⁹ 

♦▫☻ⱪ꜠▬│ ↓↓≢ ╩ ⅎ√∆═≡─ⱴ♩ꜞ♇◒

☻♦▫☻ⱪ꜠▬╩ ╖ ∟▪◒♥▫Ⱪⱴ♩ꜞ♇◒☻⌐ ⅎ≡ ⅎ┌

Ᵽꜞ☻♃כ○▬♄│√╕כ♪ ╩ ∆╢♦▫☻ⱪ꜠

▬╩╙ ╗⁹ 

ₒ ₓ↓─♃▬ⱪ─ ♦▫☻ⱪ꜠▬│ ⌐ ⌐ ⅎ┌ ⱳ

◔♇♩ ╕√│◖fiⱧꜙכ♃כ ꜝ♇ⱪ♩♇ⱪ ⅔╟┘ ╕√│

─ ♦▫☻ⱪ꜠▬ ⌐ ∆╢⁹◖fi♩ꜝ☻♩─ ⅔╟┘

⌐ ∆╢ ⌐ ⅎ≡ ╕√ ♦▫☻ⱪ꜠▬≢│ ─

⌐ ™ ⌐╟╢ ⅜ ∂╢[ ]⁹ 
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ₒ ₓ ⅜ ∆╢⌐ ∫≡ ♦▫☻ⱪ꜠▬─◖fi♩ꜝ☻♩│

⇔ ─ ⅜ ∂ ╢⁹ ─ │ ⌐ ♦▫☻ⱪ꜠▬

─ ≤─ ⌐╟∫≡ ♦▫☻ⱪ꜠▬─ ╩ ∂≡ ∆

╢√╘ ↕╣╢ ╩ ╢√╘⌐│ ⅝™ │ ╘≡

≢№╢⁹ ⌐ ─ ╘≡ ⅝™ ╩ ∆╢↓≤│

≢№∫√⁹↕╠⌐ ⌐ ∫≡ ⅔╟┘ ⅔╟┘ ╕√│

┼─ ─ ⌐ ⅜ ⌂ ╡ ⌂™ ╩ ∆↓≤⅜ ≢№╢⁹

⅛╠─ ─ ╙╕√ ⌐ ≢№╢⁹ ≢↕ⅎ╙ ⅔

╟┘ ╕√│☻ⱷ◒♥▫♇◒ ⅜ ∂∏ ⅛≈ ─ ⅜ ⌂ ╡ ↕

™↓≤⅜ ↕╣╢⁹ ∫≡ ⅛╠─ ♦▫☻ⱪ꜠▬│ ─

╩ √↕⌂™⁹ 

ₒ ₓ ╩ ™╢ ∟ ⌐ ⅔╟┘ ⌐╟╡ ⌐

(transflectively) ∆╢ ♦▫☻ⱪ꜠▬⌐ ⅎ≡ ♦▫☻ⱪ꜠▬╙╕

√ ⌐ ™⁹↓╣╠─ ♦▫☻ⱪ꜠▬│ ╩ ♦▫☻ⱪ꜠

▬⌐ ™╢⁹ ∫≡ ↓╣╠│ ∆╢ ⅝↕⅔╟┘ ╩ ∆╢ ↕

╣√ ♦▫☻ⱪ꜠▬╟╡╙ ⌐ ™◄Ⱡꜟ◑כ╩ ∆╢⁹ │ ╘

≡ ⌂◖fi♩ꜝ☻♩⌐╟╡ ≠↑╠╣╢√╘ ↓─♃▬ⱪ─ ♦▫☻ⱪ꜠

▬│ ↕╠⌐ ╢™ ≢ ╖≤╡ ≢№╢⁹↓╣│ ∆≢⌐

ⅎ┌ ⅔╟┘ⱳ◔♇♩ ⌐⅔™≡ ™╠╣╢╟℮⌐ ⌂

♦▫☻ⱪ꜠▬≤⇔≡ ╠╣≡™╢⁹ 

ₒ ₓ⇔⅛⇔ │╕√ ▪◒♥▫Ⱪⱴ♩ꜞ♇◒☻▪♪

꜠☻♦▫☻ⱪ꜠▬ ⅎ┌ ♦▫☻ⱪ꜠▬⌐ ∆╢↓≤⅜≢⅝╢⁹↓↓≢

∆≢⌐ ⌐ ⌂ ♦▫☻ⱪ꜠▬⌐⅔↑╢╟℮⌐ ™

Ⱥ ╩ ∆╢ ╩ ™╢↓≤│ ™ Ⱥה ╩

∆╢√╘⌐ ≢№╢⁹↓─ ™ ⌐╟╡ ◖fi♩ꜝ☻♩─ │ ⇔

╢ ™ ⅜╙√╠↕╣╢ ⁹ ♦▫☻ⱪ꜠▬⌐⅔
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™≡ ™ ╩ ∆╢ ╩ ™╢↓≤│ ♦▫☻ⱪ꜠▬╟╡╙↕╠⌐

≢№╢⁹∕─ │ ⅜ ∆╢ ⌂ ─ ↕⅜ ─ ─ ↕╩ ∆

╢ ♦▫☻ⱪ꜠▬─ ♦▫☻ⱪ꜠▬⌐⅔™≡ ⅝™⅛╠≢№╢⁹ 

ₒ ₓ ∫≡ ↓╣╠─ ╩ ⇔⌂™⅛ ╕√│ ⇔≡╙ ↕™ ─╖

≢№╢ ╘≡ ™ ⅔╟┘ ⌐ ⅝™ ⌐⅔™≡╙

™ ⅔╟┘ ™⇔⅝™ ╩ ∆╢ ♦▫☻ⱪ꜠▬⌐ ∆╢ ─

⅜ ⇔≡™╢⁹ 

◦ꜗ♇♩ Ⱬꜟⱨꜞ♇ⱥ ☿ꜟ⌐≈™≡ ↓╣╠─☿ꜟ⌐│ ─ ╩

⌐∆╢ ⅜ ╕⇔™  

⇔√Ⱡⱴ♥▫♇◒ ⌐ ─ ⌐  

⌐⅔↑╢ ≢─  

⌐ ∆╢ ⇔√ ™  

↕™ ─ ↕⌐≈™≡ ™  

™⇔⅝™ ⁹ 

ₒ ₓ ⅛╠ ≢⅝√ │ ↓╣╠─ ╩ ⇔ ⌐

─Ɽꜝⱷכ♃כ╩ ∆╢↓≤╩ ⌐⇔⌂™⁹ 

♩☻▬♠כⱤכ☻ ☿ꜟ─ ⅝™ ⅔╟┘ ╕√│

™⇔⅝™ ⅔╟┘ ╕√│ ™Ⱡⱴ♥▫♇◒ ⌐ ⌐⅔↑

╢ ⅜ ≢№╢ ⅜ ╕⇔™⁹↓─ ─√╘⌐ ≢⅝╢Ɽꜝⱷכ♃כ

☻ⱷ◒♥▫♇◒ Ⱡⱴ♥▫♇◒ ╕√│ Ɽꜝⱷ

כ♃כ Ɽꜝⱷכ♃כ ─↕╠⌂╢ ⅜ ⌐ ╕╣≡™╢⁹ 

ₒ ₓo ⅜ ⇔╟℮≤∆╢ ₓ │ ─ ╩ ⇔⌂™⅛

╕√│ ⇔≡╙ ↕™ ─╖≢№╡ ⅛≈ ╕⇔ↄ│ ⌐ ╘≡ ™

⅔╟┘ ™⇔⅝™ ╩ ∆╢ ⌐↓─♃▬ⱪ─ ╕√│ ♦

▫☻ⱪ꜠▬ ─ ╩ ∆╢ ╩ ∆╢⁹↓─ │ ™ ⅔╟┘ ™

╩ ∆╢ ╩ ≤∆╢⁹ 
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ₒ ₓo ╩ ∆╢√╘─ ₓ↓↓≢ ↓─ │ ⅔╟┘

╩ ∆╢ ╩ ™╢ ⌐ ∆╢↓≤⅜≢⅝╢↓≤⅜

↕╣√⁹ ≢ ↕╣╢ │ ⌐ ╩ ↕∑ ⌐ ™⇔⅝™

╩ ∆╢ ╩╙√╠∆⁹ 

ₒ ₓ ∫≡ │ ╕√│ ─ ╩ ∆╢ ─

⌐ ≠ↄ ≢№∫≡  

ₒ ₓ 

 

 

ₒ ₓ 

 

│  

◦◒꜡Ⱬ◐☿♬꜠fi╕√│ ◦◒꜡Ⱬ◐◦꜠fi ≢№╡ ↓↓

≢ ≈╕√│ ≈─ │ ╕√│ ⌐╟╡ ↕╣≡™╢

↓≤⅜≢⅝  

ⱨ▼♬꜠fi ≢№╡ ↓↓≢ ≈╕√│ ≈─ │ ⌐╟╡

↕╣≡™╢↓≤⅜≢⅝  

ⱧⱭꜞ☺fi ☺▬ꜟ ⱦ◦◒꜡ ○◒♅꜠fi

♫ⱨ♃꜠fi ☺▬ꜟ ♦◌ⱥ♪꜡♫ⱨ♃꜠fi ☺▬ꜟ

♥♩ꜝⱥ♪꜡♫ⱨ♃꜠fi ☺▬ꜟ ⱨ▼♫fi♩꜠fi ☺

▬ꜟ⅔╟┘ⱨꜟ○꜠fi ☺▬ꜟ⅛╠⌂╢ ⅛╠─ ≢№╡  

↓↓≢ ⅔╟┘ │ Ɫ꜡◕fi ⌐╟╡ ╕√│ ↕╣≡

™╢↓≤⅜≢⅝  

ₒ ₓ 
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ₒ ₓ 

 

│  

ₒ ₓ 

 

≢№╡  

⅔╟┘ │ ₁ ™⌐ ⇔≡ ╕√│ ≢№╡  

⅔╟┘ │ ₁ ™⌐ ⇔≡

╕√│ ≢№╡  

│ ╕≢─ ╩ ∆╢Ɫ꜡◕fi ↕

╣√ ╕√│ ▪ꜟ◐ꜟ ≢№╡ ↓↓≢ ≈╕√│ ≈ ─ │

⅜ ™⌐ ⇔⌂™╟℮⌐ ╕√│ ⌐╟╡ ↕

╣≡™╢↓≤⅜≢⅝  

ₒ ₓ 

│ ╕√│ ≢№╡  

│ ╕√│ ≢№╡  
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│ ╕√│ ≢№╡ ↓↓≢ │֔ ≢№╢  

≢ ↕╣╢ ╕√│ ─ ╩ ╗ ⌐ ∆╢⁹ 

ₒ ₓ 

⌂ ⌐⅔™≡ ≢ ↕╣╢ │ ≢№╡ ⌐

⌐≈™≡ ╕⇔ↄ ∆╢ ≢ ╩ ∆╢⁹ ⌐ ─

│ ↓╣╠─ ™ ⅔╟┘ ™ ⌐╟╡ ↕╣╢⁹↓╣╠│

⅔╟┘ ⌐ ⇔≡ ≢№╢⁹ 

ₒ ₓ 

≢ ↕╣╢ ⌐⅔↑╢ 

ₒ ₓ 

 

│ ╕⇔ↄ│  

ₒ ₓ 

 

≢№╢⁹ 

ₒ ₓ ≢ ↕╣╢ ⌐⅔↑╢ │ ╕⇔ↄ│  

ₒ ₓ 
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ₒ ₓ 

ₒ ₓ 
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≢№╢⁹ 

ₒ ₓ ≢ ↕╣╢ ─ ╕⇔™ ↕™ │

 

ₒ ₓ 



 -  53 -  

 

ₒ ₓ 

ₒ ₓ 
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ₒ ₓ 
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ₒ ₓ 

 

ₒ ₓ 
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ₒ ₓ 
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ₒ ₓ 

ₒ ₓ 

 

 

│ ⌐⅔™≡ ⇔√ ╡≢№╡ ₈ ₉│ ─

╩ ∆╢ ╕√│ ▪ꜟ◐ꜟ ≢№╡ ⅔╟┘ │ ₁ ™

⌐ ⇔≡ ╕√│ ≢№╢  

≢ ↕╣╢╙─≢№╢⁹ 

ₒ ₓ ⌐ ╕⇔™ │  

ₒ ₓ 
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ₒ ₓ 

ₒ ₓ 



 -  59 -  
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ₒ ₓ 

ₒ ₓ 

 

ₒ ₓ 
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ₒ ₓ 
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ₒ ₓ 

ₒ ₓ 

 

ₒ ₓ 
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ₒ ₓ 
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ₒ ₓ 

ₒ ₓ 

 

ₒ ₓ 
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ₒ ₓ 

 

≢ ↕╣╢ ⅛╠⌂╢ ⅛╠ ↕╣√ ╕√│ ─ ╩ ╗⁹ 

ₒ ₓ 

≢ ↕╣╢ │ ⅎ┌ ⌂ ⅎ┌ Houben- Weyl, 

Methoden der organischen Chemie ─ Georg- Thieme- Verlag, Stuttgart

⌐ ↕╣≡™╢╟℮⌐ ╠╣≡⅔╡ ─ ⌐ ⌂ ≢

⌂╟℮⌐ ∕╣ ╠╣≡™╢ ⌐╟╡ ∆╢⁹╕√ ↓↓≢ ∕╣

╠╣≡™╢⅜ ↓↓≢│ ⌐│ ═⌂™ ╩ ™╢↓≤⅜≢⅝╢⁹

╕√│ ╩ ∆╢ ╩ ⅎ┌ P. Kirsch et al., Angew. 

Chem. 2001, 113, 1528- 1532╕√│ 2001, 123, 5414- 5417⌐ ↕╣≡™╢╟℮⌐

∆╢↓≤⅜≢⅝╢⁹ 

ₒ ₓ 

≢ ↕╣╢ ╩ ⅎ┌ 0 334 911 0 387 032 0 441 

932 ⅔╟┘ 0 628 532⌐ ↕╣≡™╢╟℮⌐ ∆╢↓≤⅜≢⅝╢⁹JP 2000-

192040⌐│ ╩ ╗ ─ ─ Ɽꜝⱷכ♃כ⅜ ↕╣≡™
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╢⁹ 

ₒ ₓ │╕√ ↓─♃▬ⱪ─ ╩ ╗ ♦▫☻ⱪ꜠▬

⌐ ⱨ꜠כⱶ≤ ⌐ ☿ꜟ╩ ∆╢ ─ ─ ─ ╩

╡ ⅎ╢√╘─ ⅔╟┘↓─☿ꜟ ⌐ ∆╢ ─ ⅔╟┘

™ ╩ ∆╢Ⱡⱴ♥▫♇◒ ╩ ⅎ√ ╕√│ ♦▫☻

ⱪ꜠▬ ⅔╟┘↓╣╠─ ─ ┼─ ⌐ ∆╢⁹ 

─ │ ≢⅝╢Ɽꜝⱷכ♃כ ─ ⌂ ╩ ⌐∆╢⁹ 

ₒ ₓ ⌐⅔↑╢ ⅔╟┘ ┘⌐

─ ⌂ ╖ ╦∑│ ⅛╠─ ─ ⌐ ⇔≡│╢

⅛⌐ ╣≡™╢⁹ 

™ ⌐⅔↑╢Ⱡⱴ♥▫♇◒ ⅔╟┘ ™Ⱥɚ⌐ ∆╢ │ ≢

│ ⌂ ⌐╕≢ ↕╣√⌐ ⅞⌂⅛∫√⁹ ⅎ┌ ⅔╟┘

(Merck KGaA, Darmstadt, Germany)─╟℮⌂ │ ∆

╢ ⅔╟┘ ╩ ∆╢⅜ ↓╣╠│ ™Ⱥ ⅔╟┘╕√

─ ™⇔⅝™ ╩ ∆╢⁹ 

ₒ ₓ ─ │ ∆╢ ⅔╟┘Ⱥɚ ╩ ∆╢⅜ ─

╩ ∆╢─╖≢№╢⁹ 

─ │ ╕≢ ╕⇔ↄ│ ╕≢ ⌐ ╕⇔ↄ│

╕≢─Ⱡⱴ♥▫♇◒ ╩ ⇔⌂⅜╠ ╩ ⅎ╢ ╕⇔ↄ│

╩ ⅎ╢ ⌐ ╕⇔ↄ│ ╩ ⅎ╢ ⌐ ╕⇔ↄ│

─ Ⱥɚ ┘⌐ ╣√ ⅔╟┘ ♦▫☻ⱪ꜠▬╩ ╢↓≤╩

⌐∆╢ ⌐≈™≡─ ™ ╩ ∆╢↓≤╩ ⌐∆╢⁹ ⌐ ↓─

│ ™ ⌐╟╡ ≠↑╠╣╢⁹ ⇔⅝™ │ ╟╡ ↄ

╕⇔ↄ│ ╟╡ ™⁹ 

ₒ ₓ╕√ ─ ─ ─ ⌂ ⌐╟╡ ─ ⌂ ╩

⇔⌂⅜╠ ™⇔⅝™ ⌐⅔™≡ ™ ⅎ┌ ╩
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ⅎ╢ ╩ ∆╢↓≤⅜ ≢№╢⅛ ╕√│ ™⇔⅝™ ⌐⅔™≡

™ ╩ ∆╢↓≤⅜ ≢№╢↓≤│ ℮╕≢╙⌂™⁹╦∏⅛⌐─╖

⇔≡ ∆╢ ⌐⅔™≡ ⌐ ™Ⱥɚ⅔╟┘ ∫≡ ™

⇔⅝™ ╩ ∆╢ ╩ ╢↓≤⅜ ≢№╢⁹ ─ ♦▫☻ⱪ꜠▬│

♅כ◓ (Gooch)⅔╟┘♃ꜞכ (Tarry)─ ≢ ╕⇔ↄ ⇔ [C.H. 

Gooch⅔╟┘ H.A. Tarry, Electron. Lett. 10, 2- 4, 1974; C.H. Gooch⅔╟┘ H.A. Tarry, 

Appl. Phys., Vol. 8, 1575- 1584, 1975] ↓↓≢ ⌐ ╕⇔™ ⅎ

┌◖fi♩ꜝ☻♩─ ™ ♪▬♠ 30 22 818 ⌐ ⅎ≡ ™

│ ⌐⅔™≡ ♦▫☻ⱪ꜠▬⌐⅔↑╢ ─⇔⅝™

⌐⅔™≡ ≢№╢⁹ 

ₒ ₓ↓╣│ ◦▪ⱡ ╩ ╗ ─ ≤ ⇔≡ ─

╩ ™≡ ⌐⅔™≡ ⌐ ™ ╩ ∆╢↓≤╩ ⌐∆╢⁹

─ ⅔╟┘↓╣╠─ ╩ ⌐ ∆╢↓≤⌐╟╡ │

♦▫☻ⱪ꜠▬─ ─ ─ ↕⌐ ⌂ ╩ ≢ ⌂ ╩ ™

≡ ∆╢↓≤⅜≢⅝╢⁹ 

ₒ ₓ ⌐⅔↑╢ ɢ │ ╕⇔ↄ│ ה

⌐ ╕⇔ↄ│ ה ≢№╢⁹Ⱡⱴ♥▫♇◒ │ ╕⇔ↄ│

⌂ↄ≤╙ ° ⌐ ⌂ↄ≤╙ °≢№╢⁹↓─ │ ╕⇔ↄ│ ⌂

ↄ≤╙ ° °╕≢ ↕╣╢⁹ 

ₒ ₓ │ ⌐⅛⅛╦╢ ╩ ∆ ⌐ ⇔≡ ─

⁹ │ ─ ─ ⌐ ∆╢ ⌐⅔↑╢☻▬♇♅○fi

╩ ⇔ │ ☻▬♇♅○ⱨ ╩ ∆⁹Ⱥ │ ╩ ⇔ │

╩ ∆⁹Ⱥɚ│ ╩ ∆ Ⱥɚ ɚΌ ɚכ ↓─ ⌐⅔™≡ɚӚ│

─ ⌐ ⇔≡ ⌂ ╩ ⇔ ɚכ│ ─ ⌐ ⇔≡ ⌂

╩ ∆ ⁹ │♃כ♦ ⌐ ⌐ ═⌂™ ╡ ϴ≢ ☿ꜟ⌐⅔

™≡ ∟ ─ Ⱥה ⌐⅔™≡ ≢ ⇔√⁹ │♃כ♦
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⌐ ⌐ ═⌂™ ╡ ϴ≢ ⇔√⁹ 

ₒ ₓ ⅔╟┘ ─ ⌐⅔™≡ ─ ╩ ≢ ⇔

∕─ ┼─ │ ─ ⅔╟┘ ⌐ ∫≡ ╠╣╢⁹∆═≡─

⅔╟┘ │ ∕╣∙╣ ⅔╟┘ ─ ╩ ∆╢ ▪ꜟ

◐ꜟ ≢№╢ ⅔╟┘ │ ₁─ ⌐⅔™≡ ™⌐ ⇔≡

╕√│ ≢№╢⁹

│♪כ◖╢↑⅔⌐ ≢№╢⁹ ⌐⅔™≡ ⌐⅛⅛╦╢ ─╖╩

∆⁹ ⌐⅔™≡ ⌐⅛⅛╦╢ ─ ⌐ ♄♇◦ꜙ≢ ⇔≡

⅔╟┘ ⌐ ⅜♪כ◖╢∆ ↕╣≡™╢⁹ 

ₒ ₓ 

ₒ ₓ 
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ₒ ₓ ╕⇔™ ╩ ⅔╟┘ ⌐ ∆⁹ 

 

ₒ ₓ 
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ₒ ₓo ₓ 

─ │ ╩ ∑∏⌐ ╩ ∆╢↓≤╩ ∆╢⁹

Ɽכ☿fi♥כ☺│ Ɽכ☿fi♩≢№╢⁹∆═≡─ ╩ ≢ ∆⁹

│ ╩ ⇔ │ ╩ ∆⁹↕╠⌐ Ⱡⱴ♥▫

♇◒ ☻ⱷ◒♥▫♇◒ ⅔╟┘ ▪▬♁♩꜡Ⱨ♇◒ ≢№╢⁹↓╣╠─

│♃כ♦─ ╩ ∆⁹Ⱥ │ ╩ ⇔ ϴ

ɢ ╩ ϴ⌐⅔™≡ ⇔√⁹ ɘ ה

╩ ⌐ ϴ⌐⅔™≡ ⇔√⁹ 

ₒ ₓ 
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ₒ ₓ 

 

ₒ ₓ 

 

ₒ ₓ 
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ₒ ₓ 

 

ₒ ₓ 


