


 





 







 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 Lipid  (SLB) preparation.  
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∼ 200 𝑛𝑚



∼ 1 𝜇𝑚)

 

𝑑 ≈  
𝜆

2 · 𝑁𝐴



𝜆

∼ 200 − 300 𝑛𝑚

 

 



 



 



𝜆/2𝑁𝐴



𝜆𝑂𝐹𝐹→𝑂𝑁 = 405 𝑛𝑚



 

𝑑 ≈  
𝜆

𝑁𝐴·√( 1+
𝐼

𝐼𝑆
) 

 



 

 



 



 



𝑀𝑆𝐷(𝑡𝑙𝑎𝑔 = 𝑚Δt) =  
1

𝑁 − 𝑚
· ∑ [𝒙(𝑡𝑖 + 𝑚Δ𝑡) − 𝒙(𝑡𝑖)]2

𝑁−𝑚

𝑖=1
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β





 



 



 

 

 

 

 



 





 

 



 

 

𝑓1(𝐼) =  
1

√2𝜋 𝜎𝐼
 𝑒

−
(ln 𝐼−𝜇)2

2𝜎2

σ

𝑔𝑁(𝐼) = ∑ 𝛼𝑛 · 𝑓𝑛(𝐼)

𝑁

𝑛=1



𝑓𝑛

𝛼𝑛 ∑ 𝛼𝑛
𝑁
𝑛 = 1

𝑓𝑛 = 𝑓𝑛−1 ⊗  𝑓1 

⊗



 

 







 

 

𝑁𝑘 < 𝑁𝑚𝑖𝑛

𝑁𝑘 ≥ 𝑁𝑚𝑖𝑛

𝐿𝑘,𝑗 𝐿𝑘,𝑗







 

𝛼5𝛽1

𝛼5𝛽1

𝛼5𝛽1



𝛼5𝛽1

𝛼5𝛽1

𝛼5𝛽1

𝛼5𝛽1

𝛼5𝛽1



 

 

𝑟 =  √
𝐴𝑟𝑒𝑎

𝑝𝑖

𝒅𝑖,𝑘
𝑒𝑑𝑔𝑒−𝑡𝑜−𝑒𝑑𝑔𝑒 = 𝒏𝒏𝒅𝑘 − 𝒓𝑖 − 𝒓𝑖,𝑘



 

 

𝛼5𝛽1

Δ𝑟



𝐸𝑃𝐹 =  
𝑑𝑒𝑑𝑔𝑒

𝑒𝑥�̃�
− 𝑑𝑒𝑑𝑔𝑒

𝑠𝑖�̃�

𝑑𝑒𝑑𝑔𝑒
𝑠𝑖�̃�

𝛼5𝛽1

𝛼5𝛽1

 

𝑠𝑘,𝑘∈[1,𝑁] 

𝑠𝑖



𝑃𝑖 𝐴𝑖 𝑠𝑖

𝑠𝑖



𝛿𝑖
1𝑠𝑡

 

β
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β

α β



β
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  Lipid  (SLB) preparation.

 



 

 

 



𝛿𝑥𝑦 ~𝑁(0, √2 · 𝑑𝑡 · 𝐷 )

ρ

 

μ ρ

 

 

 



 



ρ

ρ



ρ



μ



≥ 1 𝐻𝑧

≥

𝜌 ≥

∈

𝜌 =



μ

ρ μ

𝜌 ~

μ

μ



 

∼





 

 



𝐴𝑆𝑇𝑂𝑅𝑀 = 0.0169

𝐴𝐻𝑖𝐷𝑒𝑛𝑀𝑎𝑝 = 0.0160
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γ



∼
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γ



γ



γ
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𝛿𝑥𝑦 ~𝑁(0, √2 · 𝑑𝑡 · 𝐷

 

𝛿𝑥𝑦 ~𝑁(0, √2 · 𝑑𝑡 · 𝐷



𝛿

0 < 𝑃𝑏𝑖𝑛𝑑 ≤ 1

𝜆 = 𝜏𝑖𝑛𝑡𝑒𝑟

0 < 𝑃𝑟𝑒𝑏𝑖𝑛𝑑 ≤ 1

𝑃𝑏𝑖𝑛𝑑 = 𝑃𝑟𝑒𝑏𝑖𝑛𝑑

 

𝜆𝑒𝑥𝑐 = 640 𝑛𝑚 𝜆𝑒𝑥𝑐 = 561 𝑛𝑚

𝛿560 = 22 𝑛𝑚

𝛿640 = 20 𝑛𝑚

 



𝑀𝑂𝐶 =  
∑ (𝑅𝑖,𝑗  ∗ 𝑁𝑖,𝑗)𝑖,𝑗

√(∑ 𝑅𝑖,𝑗
2

𝑖,𝑗 ) · (∑ 𝑁𝑖,𝑗
2

𝑖,𝑗 ) 

𝑀1 =  
∑𝑅𝑁

∑𝑅

 

𝐹(𝑡) = �̃�1𝑒−𝑡/𝜏1 + �̃�2𝑒−𝑡/𝜏2 + 𝐵

�̃�1, �̃�2 𝑎𝑛𝑑 𝐵 ∈ [0,1] 𝜏1 𝑎𝑛𝑑 𝜏2 ∈ [0, ∞)
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𝑠𝑘,𝑘∈[1,𝑁] 

𝑠𝑖 𝑃𝑖 𝐴𝑖

𝑠𝑖

𝑠𝑖

𝛿𝑖
1𝑠𝑡

=  
1 + 𝑛𝑖

1

𝐴𝑖 + ∑𝐴𝑖,𝑗
1

𝑛𝑖
1 𝐴𝑖

𝑠𝑖 𝐴𝑖,𝑗
1  

𝛿𝑖
1𝑠𝑡



𝛿𝑖
1𝑠𝑡

=  
𝛿𝑖

1𝑠𝑡

𝛿𝑟𝑎𝑛𝑑



𝐷 =  10−3, 10−2, 10−1, 100 𝑎𝑛𝑑 4.8 · 10−2 𝜇𝑚2/𝑠

𝐷 =  4.8 · 10−2 𝜇𝑚2/𝑠

𝐷 <  10−2 𝜇𝑚2/𝑠

 



𝛿1𝑠𝑡 ̂ < 𝑡ℎ99.99%

𝛿1𝑠𝑡 ̂ ≥ 𝑡ℎ99.99%





𝑃𝑖𝑛𝑡𝑒𝑟 = [0, 0.25, 0.5,0.75,1]

𝜏𝑖𝑛𝑡𝑒𝑟







 



𝑇∈ 𝑠

𝑇∈ 𝑠 𝑇∈ 𝑠



𝐺0(𝑡𝑙𝑎𝑔 = 𝑚Δ𝑡) =
1

𝑁 − 𝑚
 ∑

< 𝐼(Δ𝑡𝑖) ∗ 𝐼(Δ𝑡𝑖 + 𝑚Δ𝑡) >

< 𝐼(Δ𝑡𝑖) >·< 𝐼(Δ𝑡𝑖 + 𝑚Δ𝑡) >

𝑁−𝑚

𝑖=1

𝐼(Δ𝑡𝑖)

𝑡𝑙𝑎𝑔

𝑡𝑙𝑎𝑔

𝐹(𝑡) = �̃�1𝑒−𝑡/𝜏1 + �̃�2𝑒−𝑡/𝜏2 + 𝐵

𝐴1 =
�̃�1

�̃�1 + �̃�2

   𝑎𝑛𝑑  𝐴2 =
�̃�2

�̃�1 + �̃�2



 

 



β





µ



 

𝜏1 𝜏2

𝜏1





 











τ





𝜏1

𝜏2

 



𝜏2



𝜏2

 







𝜏𝑇𝐶𝑍.

 

𝜏𝑇𝐶𝑍

𝜏𝑇𝐶𝑍

𝜏𝑇𝐶𝑍

𝜏2



𝜏𝑇𝐶𝑍~250 𝑚𝑠 𝜏1

 



(𝜏1~ 4 𝑠 𝜏2~ 30 𝑠

𝜏𝑇𝐶𝑍





 

β β

α





 



 



 









 

 

 

 



 

 

α α

α α



 

Δ

Δ

 



 

 







 

Δ

𝐺0(𝑡𝑙𝑎𝑔 = 𝑚Δ𝑡) =
1

𝑁 − 𝑚
 ∑

< 𝐼(Δ𝑡𝑖) ∗ 𝐼(Δ𝑡𝑖 + 𝑚Δ𝑡) >

< 𝐼(Δ𝑡𝑖) >·< 𝐼(Δ𝑡𝑖 + 𝑚Δ𝑡) >

𝑁−𝑚

𝑖=1

 

Δ



𝐹(𝑡) = �̃�1𝑒−𝑡/𝜏1 + �̃�2𝑒−𝑡/𝜏2 + 𝐵 

𝐴1̃ 𝐴2̃ 𝐵 ∈ [0,1] 𝜏1 𝜏2 ∈ [0, ∞)

𝐴1 =
�̃�1

�̃�1 + �̃�2

   & 𝐴2 =
�̃�2

�̃�1 + �̃�2

 

 

ε



 

 

 





 

  𝐷1−4
𝐷𝐶𝑆𝐼𝐺𝑁 = 5.42 · 10−2 𝜇𝑚2/𝑠 𝐷1−4

𝐶𝐷44 = 3.0 · 10−2 𝜇𝑚2/

𝑠





𝜏1~3 𝑠 𝜏2~30 𝑠



∆

τ τ

μ



 

Δ𝑇1 ∈ [2,4]𝑠, Δ𝑇2 ∈ [25,27]𝑠 Δ𝑇3 ∈

[70,72]𝑠
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Δ
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