
















































 





 



 



 



𝑅 = 𝑘 ·
𝜆

𝑁𝐴
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∆𝐹𝑚

𝑘𝐵𝑇
=

∅𝐴

𝑁𝐴
ln ∅𝐴 +

∅𝐵

𝑁𝐵
ln ∅𝐵 + 𝜒∅𝐴∅𝐵 ,
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𝐹 =  𝐹𝑏𝑢𝑙𝑘 + 𝐹𝑠𝑢𝑟𝑓 = (F𝐴/𝐵 + 𝐹𝑐𝑜𝑛𝑓) + (F𝐴/𝑠𝑢𝑏𝑠 + F𝐵/𝑠𝑢𝑏𝑠 + F𝐴/𝑎𝑖𝑟 + F𝐵/𝑎𝑖𝑟),
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𝜒 = (
𝑍

𝑘𝐵𝑇
) [𝜀𝐴𝐵 −

(𝜀𝐴𝐴+𝜀𝐵𝐵)

2
],

𝜀𝐴𝐵 , 𝜀𝐴𝐴, 𝜀𝐵𝐵







 



 





 

μ



 

 

𝐷 = 𝐷0𝑒
−0.28(𝜒𝑁−3.5),







 





�̅�

�̅� ≡ (
𝜌𝑜

𝑁𝑐𝑔
𝑅𝑒𝑜

3 )
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ρ
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𝜸𝑷𝑺/𝑷𝑴𝑴𝑨

𝜸𝑷𝑴𝑴𝑨−𝑩𝒓𝒖𝒔𝒉

− 𝜸𝑷𝑺−𝑩𝒓𝒖𝒔𝒉



𝜸𝑷𝑺/𝑷𝑴𝑴𝑨

𝜸𝑷𝑴𝑴𝑨−𝑩𝒓𝒖𝒔𝒉

− 𝜸𝑷𝑺−𝑩𝒓𝒖𝒔𝒉

 

 

 

 



 

 

 



 

 









 



cos(∅𝐴𝐵) =
∆𝛾

𝛾𝐴𝐵
= √

12𝜋

𝜒𝑁
· (1 −

4 ln2

𝜒𝑁
)
−1

· Λ𝑁 = 𝑐 · Λ𝑁,

 



  





√�̅� =  
𝒏𝑹𝒆𝒐

𝟑

𝑽
𝑹𝒆𝒐

𝟑





 













 



 

 

 



 

μ



 

 



  

𝛾𝑆𝐿 = 𝛾𝑆 + 𝛾𝐿 −2√(𝛾𝐿
𝐷 · 𝛾𝑠

𝐷)−2√(𝛾𝐿
𝑃 · 𝛾𝑠

𝑃),

   



𝛾𝐿·(cos𝜃+1) 

2√𝛾𝐿
𝐷

= √𝛾𝐿
𝑃 ·

√𝛾𝐿
𝑃 

√𝛾𝐿
𝐷

+ √𝛾𝑆
𝐷 ,

 



𝜸𝑳
𝑫 𝜸𝑳

𝑷 𝜸𝑳

𝜸𝑳
𝑫 𝜸𝑳

𝑷 𝜸𝑳



𝜸𝑳
𝑫 𝜸𝑳

𝑷 𝜸𝑳
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𝛿𝑡
2 = 𝛿𝑑

2 + 𝛿𝑝
2 + 𝛿ℎ

2,

𝑅𝑎
2 = 4(𝛿𝑑1 − 𝛿𝑑2)

2 + (𝛿𝑝1 − 𝛿𝑝2)
2
+ (𝛿ℎ1 − 𝛿ℎ2)

2,
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𝑘𝑖
⃗⃗  ⃗ 



𝑘𝑓
⃗⃗⃗⃗  𝑘𝑖

⃗⃗  ⃗ 

𝑞 

𝑞 =  𝑘𝑓
⃗⃗⃗⃗ − 𝑘𝑖

⃗⃗  ⃗ =  
2𝜋

𝜆
(

cos(𝛼𝑓) cos(𝜓) − cos(𝛼𝑖)

cos(𝛼𝑓) sin(𝜓)

sin(𝛼𝑖) sin(𝛼𝑓)

),  



𝑛 = 1 −  𝛿 − 𝑖𝛽,

 





 

𝛼𝑐 = √2𝛿,

 



   

Λ =
𝜆

4𝜋 √
2

√(𝛼𝑖
2−𝛼𝑐

2)
2
+4𝛽2−(𝛼𝑖

2−𝛼𝑐
2)

,
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μ μ



μ

 









𝐿0 =
2𝜋

𝑞

𝐿0 =
4𝜋

√3𝑞





𝑞 =
4𝜋√ℎ2+ℎ𝑘+𝑘2

√3𝐿0
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𝐹 =  
4

3
𝐸∗√𝑅𝑑𝑠𝑎𝑚𝑝𝑙𝑒

3 + 𝐹𝑎𝑑ℎ ,
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