
 





 



 



 









 



 

 

 

 

 

 

 

𝑑𝑁𝑖

𝑑𝑡
= 𝜙 ∑ 𝜎𝑓

𝑛𝑦𝑛
𝑖

ℎ𝑛

𝑁ℎ𝑛 + 𝜙 ∑(𝛼𝑖
𝑗
𝜆𝑃𝑗𝑁𝑃𝑗 + 𝛽𝑖

𝑗
𝜎𝑐

𝑃𝑘𝜙𝑁𝑃𝑘)

𝑗,𝑘

− (𝜎𝑎
𝑗
𝜙 + 𝜆𝑖)𝑁𝑖

→ 𝑁𝑖 𝑖 

→ 𝜙 𝑛 ∗ 𝑐𝑚−2𝑠−1

→ 𝜎𝑓
𝑛

→ 𝑦𝑛
𝑖



→ 𝑁ℎ𝑛

→ 𝛼𝑖
𝑗

𝛽𝑖
𝑗

→ 𝑁𝑃𝑗 𝑁𝑃𝑘

→ 𝜆𝑃𝑗

→ 𝜎𝑐
𝑃𝑘

→ 𝜎𝑎
𝑗

→ 𝜆𝑖

𝑆

 

𝑑�⃗⃗⃗�

𝑑𝑡
= 𝑨𝒏�⃗⃗⃗�(𝑡) + 𝑆𝑛

⃗⃗⃗⃗⃗

𝑡𝑛−1 ≤ 𝑡 ≤ 𝑡𝑛

𝑨𝒏 𝑨𝒏 = 𝑨𝝈,𝒏𝝓 + 𝑨𝝀 𝑨𝝈,𝒏 𝑨𝝀

𝑺𝒏

𝑆𝑛
⃗⃗⃗⃗⃗

�⃗⃗⃗�(𝑡) = exp( 𝑨 𝒕) �⃗⃗⃗�(0)

exp( 𝑨 𝒕) 𝑰 + 𝑨𝑡 +
(𝑨𝑡)2

2
+ ⋯ = Σ𝑘=0

∞  ((𝐴𝑡)𝑘/𝑘!) 𝑰

�⃗⃗⃗�(𝑡) = Σ𝑘=0
∞  ((𝐴𝑡)𝑘/𝑘!) �⃗⃗⃗�(0)

𝑆𝑛
⃗⃗⃗⃗⃗ ≠ 0

𝑆 



�⃗⃗⃗�(𝑡) =   ∑
(𝐴𝑡)𝑘

𝑘!
∞
𝑘=0 �⃗⃗⃗�(0) + ∑

(𝐴𝑡)

(𝑘+1)!

𝑘

𝑆𝑡∞
𝑘=0

 

𝑑𝑁𝑖

𝑑𝑡
= 𝑦𝑒𝑞

𝑖 𝐹 − 𝜆𝑖𝑁𝑖

𝑦𝑒𝑞
𝑖  

𝐹 =  𝜙 ∑ 𝜎𝑓
𝑛

ℎ𝑛 𝑁ℎ𝑛

𝑃𝑡ℎ/𝐸𝑓 𝑃𝑡ℎ 𝐸𝑓

~3.2 ∗ 10−11

𝑁𝑖 = 𝑦𝑒𝑞
𝑖 ∗

𝐹

𝜆𝑖
(1 − 𝑒−𝜆𝑖𝑡)

𝐴𝑖 = 𝜆𝑖𝑁𝑖 = 𝑦𝑒𝑞
𝑖 𝐹(1 − 𝑒−𝜆𝑖𝑡)

𝐴𝑖 = 𝑦𝑒𝑞
𝑖 𝑃𝑡ℎ𝐸𝑓

−1(1 − 𝑒−𝜆𝑖𝑡)

- 𝐴𝑖

- 𝜆𝑖

- 𝑦𝑒𝑞
𝑖  

- 𝑃𝑡ℎ

- 𝐸𝑓 ~3.2 ∗ 10−11

- 𝜆𝑖 → 0

𝑁𝑖 = 𝑦𝑒𝑞
𝑖 𝑃𝑡ℎ𝐸𝑓

−1𝑡

- 𝜆𝑖 → ∞

𝑁𝑖 = 𝑦𝑒𝑞
𝑖 𝑃𝑡ℎ𝐸𝑓

−1/𝜆𝑖



 

- 

- 

- 

- 

- 
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▪ 
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≤ 85% ≤ 100% ~100% ~100%

≤ 15% ≤ 20% ≤ 30% ≤ 100%

≤ 55% ≤ 60% ≤ 100% ≤ 100%

≤ 1% ≤ 1% ≤ 5%
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- 
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→ 

→ 

→ 
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→ 
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→ 
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→ 
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→ 

 

 

  



1,48E+13 5,90E+12

9,53E+12 1,82E+12

2,88E+13 3,65E+11

3,15E+11 7,75E+11

1,29E+14 5,18E+11

3,81E+12 1,51E+12

1,03E+14

1,35E+12

1,52E+13

1,26E+13 2,51E+12

4,48E+13 4,77E+11

1,06E+13 7,02E+11

3,14E+13 4,38E+11

2,82E+08

1,27E+13

2,72E+13

2,47E+12

       



 



 

 

 

 

 

 

 

 

 

 

 

 





𝐼𝑛 = 𝐹𝑌𝑛(𝑃𝑎𝑣 exp(𝑡𝑚𝑎𝑥 + 𝑡𝑠𝑑)(1 − exp(−𝜆𝑑,𝑛𝑡𝑖𝑟𝑟)) + 𝑃𝑚𝑎𝑥exp (−𝜆𝑑,𝑛𝑡𝑠𝑑)(1 − exp(𝜆𝑑,𝑛 𝑡𝑚𝑎𝑥)) (1)  

, 𝑡𝑖𝑟𝑟 =
𝑡𝑓

2
(1 +

1

𝑓
)    

𝐼𝑛  

𝐹 –  

𝑃𝑎𝑣 –  

𝑃𝑚𝑎𝑥 –  

𝑌𝑛 –  

𝜆𝑑,𝑛 –  

𝑡𝑖𝑟𝑟  –  

𝑡𝑓 –  

𝑓 –   

𝑡𝑚𝑎𝑥 –  

𝑡𝑠,𝑑 –  

 

𝜆𝑝,𝑛

𝜆𝑝,𝑛 =
𝑣𝑝,𝑛𝑆

𝑉
 [s-1],           

𝑣𝑝,𝑛 

S   

V   

, 𝜆𝑙
𝑖: 

𝜆𝑙
𝑖 =  − ln [

1

100
(100 −

𝑙

86400
)]  [s-1],        

l 

 𝜆𝑒𝑛
𝑖 : 

𝜆𝑒𝑛
𝑖 = 𝜆𝑑,𝑛

𝑖 + 𝜆𝑝,𝑛 + 𝜆𝑙
𝑖, were          

𝜆𝑑,𝑛
𝑖 =

𝑙𝑛2

𝑇1
2

𝑖   

 

, 𝑄0,𝑛
𝑖 : 



𝑄0,𝑛
𝑖 = {

𝐼𝑛,𝑓                                                                    𝑓𝑜𝑟 𝑖 = 1

𝑄0,𝑛
𝑖−1 exp(−𝜆𝑒,𝑛

𝑖−1𝑇)                                           𝑓𝑜𝑟 𝑖 > 1     
,     

𝐼𝑛,𝑓

𝑄𝑛
𝑖 (𝑡)

𝑄𝑛
𝑖 (𝑡) = 𝑄0,𝑛

𝑖 exp(−𝜆𝑒,𝑛𝑡)          

 

 𝑙𝑛
𝑖 (𝑡) 

  

𝑙𝑛
𝑖 (𝑡) =  𝜆𝑙

𝑖𝑄𝑛
𝑖 (𝑡) = 𝑄0,𝑛

𝑖 𝜆𝑙
𝑖 exp(−𝜆𝑒,𝑛

𝑖 𝑡) ,       

 𝐿𝑛
𝑖 (𝑡) 

𝐿𝑛
𝑖 (𝑡) = ∫ 𝑙𝑛

𝑖 (𝑡)𝑑𝑡
𝑡

0
=

𝑄0,𝑛
𝑖 𝜆𝑙

𝑖

λe,n
𝑖 exp(1 − 𝜆𝑒,𝑛

𝑖 𝑡)        

 




