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𝑒𝑒 %

nR nS

CR CS

𝒆𝒆 % (𝐑) = 𝐧𝐑 − 𝐧𝐒 =  
𝐂𝐑−𝐂𝐒

𝐂𝐑+𝐂𝐒
 𝐱 𝟏𝟎𝟎

 





 





 



 

 

 

 



 

 



 







 



𝐄𝐤𝐢𝐧

𝐄𝐩𝐨𝐭

𝐔

𝐢 𝐔𝐢

𝐟 𝐔𝐟 ∆𝐔

𝐔 =  𝐄𝐤𝐢𝐧 + 𝐄𝐩𝐨𝐭

∆𝐔 =  𝐔𝐟  −  𝐔𝐢



𝐐 𝐖

∆𝐔 =  𝐐 +  𝐖 =  𝐐 −  𝐏 ∆𝐕    [𝐉]

∆𝐇

∆𝐇 =  𝐐 =  ∆𝐔 + 𝐏 ∆𝐕    [𝐉] 

𝐐

∆𝐇 𝐧

∆𝐇 =  
𝐐

𝐧
    [𝐉/𝐦𝐨𝐥]

𝐂𝐩

𝐐

𝐧 𝐂𝐯

𝐂𝐩 =  
𝐝𝐐

𝐧 𝐝𝐓
    [𝐉/𝐊𝐦𝐨𝐥] 𝐨𝐮 [𝐉/𝐊𝐠] 





 



𝐐𝐩 =

 𝐂𝐩 ∆𝐓

𝐐𝐩 + 𝐐𝐩, 𝐞𝐱



 



 



 





 

 

 



 





 





 



 



 

 



 



 

 



 

α β γ





α β γ 
1̅

α γ 

β 

2/𝑚

α β γ 
𝑚𝑚𝑚

α β γ 
3̅𝑚

α β γ 
4/𝑚𝑚𝑚

α β 

γ 

6/𝑚𝑚𝑚

α β γ 
𝑚3̅𝑚





α β γ 

α γ 

β 

α β γ 

α β γ 

α β γ 

α β 

γ 

α β γ 





1, 1̅

𝑚, 2, 2/𝑚

𝑚𝑚2, 222, 𝑚𝑚𝑚

4, 4̅, 4𝑚𝑚, 4̅2𝑚,
4

𝑚
, 422, 4/𝑚𝑚𝑚

3, 3̅, 3𝑚, 32, 3̅𝑚

3, 3̅, 3𝑚, 32, 3̅𝑚

6, 6̅, 6𝑚𝑚, 6̅2𝑚, 6/𝑚, 622, 6/𝑚𝑚𝑚

23, 𝑚3̅, 432, 4̅3𝑚, 𝑚3̅𝑚









𝟐𝐝 𝐬𝐢𝐧 𝛉 𝛉

𝛉



𝟐𝐝 𝐬𝐢𝐧 𝛉 =  𝐧𝛌

θ.

𝛉

𝛉



𝛉









 

 

 

 

 

 

 

 



 

 

 

 

 



 

𝐙

𝐙 = 𝐳𝐀 + 𝐳𝐁 =  𝟏

 

𝐗

𝐗 = 𝐱𝐀 + 𝐱𝐁 =  𝟏

 

𝐘

𝐘 = 𝐲𝐀 + 𝒚𝐁 =  𝟏



𝐳𝐀

𝐓𝐙𝐀

𝐱𝐀

𝐲𝐀

𝐓𝐀



𝐍

𝐍 = 𝐍𝐋 + 𝐍𝐕

𝐧𝐀 

𝐧𝐀,𝐋 𝐧𝐀,𝐕

𝐱𝐀 𝐲𝐀

𝐧𝐀 = 𝐧𝐀,𝐋 + 𝐧𝐀,𝐕

𝐧𝐀 =  𝐱𝐀𝐍𝐋 + 𝐲𝐀𝐍𝐕

𝐧𝐀 =  𝐳𝐀𝐍

𝐧𝐀 =  𝐳𝐀𝐍𝐋 + 𝐳𝐀𝐍𝐕

𝐱𝐀𝐍𝐋 + 𝐲𝐀𝐍𝐕 = 𝐳𝐀𝐍𝐋 + 𝐳𝐀𝐍𝐕

𝐍𝐋 (𝐱𝐀 − 𝐳𝐀) = 𝐍𝐕 (𝐳𝐀 − 𝐲𝐀)

(xA − zA)

(zA − yA)

𝐍𝐋 𝐕 = 𝐍𝐕 𝐋



𝐍𝐋 = 𝐍 
𝐋

𝐋+𝐕

𝐍𝐕 = 𝐍 
𝐕

𝐋+𝐕

𝐋 / (𝐋 + 𝐕) 𝐕 / (𝐋 + 𝐕)

 

 

𝐗

𝐳𝐀



𝐍𝐒 = 𝐍 
𝐒

𝐋+𝐒

𝐍𝐋 = 𝐍 
𝐋

𝐋+𝐒

𝐒 / (𝐋 + 𝐒) 𝐋 / (𝐋 + 𝐒)



 



 

𝐙 = 𝐳𝐀 + 𝐳𝐁 + 𝐳𝐂 =  𝟏





𝐗𝟏 𝐗𝟑 𝐗𝟓

𝐗𝟐 𝐗4



𝐍𝐒 = 𝐍 
𝐒

𝐋+𝐒

𝐍𝐋 = 𝐍 
𝐋

𝐋+𝐒

𝐒 / (𝐋 + 𝐒) 𝐋 / (𝐋 + 𝐒)

𝐍𝐒,𝐀 = 𝐍 
𝐒𝐀

𝐋𝐢𝐪 + 𝐒𝐀 + 𝐒𝐀𝐁

𝐍𝐒,𝐀𝐁 = 𝐍 
𝐒𝐀𝐁

𝐋𝐢𝐪 + 𝐒𝐀 + 𝐒𝐀𝐁

𝐍𝐋𝐢𝐪 = 𝐍 
𝐋𝐢𝐪

𝐋𝐢𝐪 + 𝐒𝐀 + 𝐒𝐀𝐁

𝐒𝐀 / (𝐋𝐢𝐪 +  𝐒𝐀  +  𝐒𝐀𝐁) 𝐒𝐀𝐁 / (𝐋𝐢𝐪 + 𝐒𝐀  +  𝐒𝐀𝐁) 𝐋𝐢𝐪 / (𝐋𝐢𝐪 +  𝐒𝐀  +

 𝐒𝐀𝐁)



 

 

 



 



 

 





 



 



𝐒𝐅

𝐒𝐄

𝐒𝐄̅̅̅̅

 

Energy transfer E =  ∑ SE =  SE̅̅ ̅ .  SN =  SE̅̅ ̅ . SF . t           [J]



Power P =  
E

t
=  SE̅̅ ̅ . SF            [W]
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α β

 



 





 

 

 



 

 









 

 

𝒆𝒆𝐜𝐚𝐭 𝒆𝒆𝐩𝐫𝐨𝐝

𝒆𝒆𝐦𝐚𝐱

𝒆𝒆𝐩𝐫𝐨𝐝(%) = 𝒆𝒆𝐦𝐚𝐱 𝒆𝒆𝐜𝐚𝐭



𝐟

𝒆𝒆𝐩𝐫𝐨𝐝(%) = 𝒆𝒆𝐦𝐚𝐱 𝒆𝒆𝐜𝐚𝐭 𝐟
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α β γ β



 

  



η η
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η η
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2θ(°)





α β γ



 

α β γ



α β γ
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α α β
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α α
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ζ δ

α

α β

β

γ
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β

ε



β
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α β
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β δ



α δ

α  

β δ

 

ε δ

δ

β

ε



δ

ε δ

ω



α β
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α α
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α β

β
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β
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β
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α β
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β

 

α β γ

β

α

θ

β
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β
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α

γ

 

α

β



γ
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α α

α

α



α1

α2



α α

α α

α β γ β α β γ  



 

α

 



α α α

β β β

α α α

β
β

γ

α
α

β

α α α

α1- α

α2- α

α α α

β



β

γ
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=
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α β

β
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η =

β ω δ

ε
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β



α β
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α

α α

α

α

α

 

α

α

α

α

α



α

α β

α



 

α

β

β

α

α

β

ε



ω

δ

γ

ζ









 

α λ

θ
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α β γ



θ



 

θ

β

α

θ
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θ

θ

α



θ

α

θ

α

α



θ

α

θ

γ

α



θ

α

θ

α



θ

α

θ
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θ

α

α

θ

β

α



θ

α

θ
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θ

α

θ

α



θ

α

θ
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θ

α

θ
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θ
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θ

β

α

θ

β
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θ

γ

α

θ

α



θ
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α

θ

α



θ
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θ
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θ

β

α

θ
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θ
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θ
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α β γ α β γ α β γ  



α β γ α β γ α β γ  
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