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𝑐0 = 1.2

𝑤̅𝐶𝑁𝐹 ≈ 7 ± 2 𝑙𝑓̅ ≈ 1200 ±

1200−300
+50 𝑟𝐶𝑁𝐹 = 𝑙𝐶̅𝑁𝐹/𝑤̅𝐶𝑁𝐹 ≈ 176

𝑤̅𝐶𝑁𝐶 ≈ 13 ± 5
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≈

≈

 −81℃

 

𝜌 𝜌𝑠 ⁄

𝜌 𝜌𝑠 = 1500 kg m−3

𝜌𝑡 𝜌𝑠⁄ 𝜌𝑡

𝑐

𝜌𝑡/𝜌𝑠 =  
𝑐

𝜌𝑠
𝜌𝑤

(1 − 𝑐)(1 + 0.09) + 𝑐

𝜌𝑤   998 kg m−3

𝐞𝑧
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(𝐞𝑥 , 𝐞𝑦)

𝐞𝑧

𝜌/𝜌𝑠 ≈ 0.12

1.33 𝜇m3

 𝜇m3

𝐷𝐴

𝑑̅ 𝑡̅

𝑑̅

 

ℎ0 = 6 mm 𝐞𝑧

𝑙0 = 9 mm

 𝐞𝑧

𝑇 = 25

|𝐹| ℎ 𝑙

𝑙 ℎ

𝜀 =
|ln(ℎ ℎ0⁄ )| 𝜀𝑙 = |ln(𝑙 𝑙0⁄ )| 𝜀 = |ln(𝑙 𝑙0⁄ )| 𝜀𝑙 = |ln(ℎ ℎ0⁄ )|

𝜎 = |𝐹| 𝑙0
2⁄ 𝜎 = |𝐹| 𝑙0ℎ0⁄

𝜀0̇ = |𝑣| ℎ0⁄ 𝜀0̇ = |𝑣| 𝑙0⁄ 0.002 s−1 𝑣
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𝜀 ≈ 0.02 − 0.09

𝐸

𝜈 = −𝜀𝑙/𝜀

𝜎𝑦

𝑊 = ∫ 𝜎d𝜀
1

0
Δ𝜀 𝜀c

±25

𝜌/𝜌𝑠≈

𝒆𝑧

 

 

𝜌/𝜌𝑠

𝑐

𝜌𝑡/𝜌𝑠
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𝜌/𝜌𝑠

𝑐 𝜌𝑡/𝜌𝑠

𝐷𝐴 𝑑̅ 𝑡̅
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𝜌/𝜌𝑠 = 0.01) (𝜌/𝜌𝑠 = 0.115) 

𝒆𝑧

𝜌/𝜌𝑠

 

𝜌/𝜌𝑠 𝜌/𝜌𝑠 < 0.0063)

𝐞𝑧 (𝐞𝑥 , 𝐞𝑦)
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𝑑̅

𝐷𝐴

𝐞𝑧

𝜌/𝜌𝑠  > 0.01

𝐷𝐴

𝑑̅

𝜌/𝜌𝑠

≈ 3 μm ≈ 10 μm

 

𝐞𝑧

𝐷𝐴

𝑟𝐶𝑁𝐹 𝑟𝐶𝑁𝐶

𝑑̅

(𝐞𝑥 , 𝐞𝑦)

𝑟𝐶𝑁𝐶

≈ 9 𝜇m ≈ 31 𝜇m
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𝒆𝑧

𝜌/𝜌𝑠: 0.0063 0.01 0.05 𝑎𝑛𝑑 0.079
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𝒆𝑧 𝜌/𝜌𝑠 =



  

13 
 

𝒆𝑧

𝜌/𝜌𝑠 = 0.086 0.115 0.135 0.164
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𝒆𝑧 𝜌/𝜌𝑠 =
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𝜌/𝜌𝑠 𝐷𝐴

𝑡̅ 𝑑̅
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 

𝜈

≪ −0.5

𝜌/𝜌𝑠 <

0.006)

𝜎𝑦

 

𝐞𝑧

𝐞𝑥 , 𝐞𝑦
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 

Δ𝜀

 𝜌/𝜌𝑠

𝜌/𝜌𝑠 ≈ 0.01 𝜌/𝜌𝑠 ≈ 0.078

𝜌/𝜌𝑠  ≈  0.052 𝜌/𝜌𝑠 ≈ 0.135

𝒆𝑧
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𝐸 𝜎𝑦

𝜌/𝜌𝑠

𝐞𝑧

Δ𝜀/𝜀c

 𝐸 𝜎𝑦

𝜌/𝜌𝑠 𝐸 ∝ (𝜌/𝜌𝑠)𝑛 𝜎𝑦 ∝ (𝜌/𝜌𝑠)𝑚 𝑛 = 1.7 𝑚 = 1.5

𝐞𝑧

𝑛 = 2 𝑚 = 1.5

𝑛 = 3 𝑚 = 2
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𝐸/𝜌 𝜎𝑦/𝜌
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𝐸 𝜎𝑦

𝑊 𝛥𝜀 𝜀𝑐
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