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𝑛 = 𝑛0𝑒𝑥𝑝 (−
Δ𝐺𝑓
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Δ𝐺𝑚

𝑅𝑇
)  

𝛤 = 𝜈0𝑒𝑥𝑝 (−
Δ𝐺𝑚

𝑅𝑇
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Δ𝐺𝑓

𝑅𝑇
)  

𝐷 = 𝐷0𝑒𝑥𝑝 (−
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𝐹𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 = −𝑛𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛𝑠∆𝑝  



𝐹 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 = −𝑛𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛𝑠𝑞𝐸⃗ ∆𝑡 = −𝑞𝑍∗𝐸⃗  
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𝑘𝑇
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𝜌𝐶𝑢 = 𝑅𝑒𝑥𝑝
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ρ ρ

𝑅𝑡ℎ(𝐷𝐶𝑃3) = 𝑅𝑡ℎ(𝑛𝑜𝑒𝑢𝑑) × 𝑁𝑐(𝐷𝐶𝑃3) = (𝑅1𝑙𝑖𝑔𝑛𝑒(𝑖) + 𝑅𝑣𝑖𝑎 + 𝑅2𝑙𝑖𝑔𝑛𝑒(𝑠)) × 𝑁𝑐(𝐷𝐶𝑃3)

= 𝜌𝐶𝑢 (
3

3 × 0,48
+

0,48

3 × 3
+

0,512

3 × 3
+

0,493

3 × 3
+

0,462

3 × 3
+

3

3 × 0,462
)

+ 𝜌𝑇𝑖𝑁 (
0,019

3 × 3
+

0,019

3 × 3
) × 32160 ≈ 0.078 × 32160 ≈ 𝟐𝟓𝟎𝟖. 𝟒𝟖 𝛀

 

ρ

ρ



𝜌𝑐 = ∆𝑅(𝑛𝑜𝑒𝑢𝑑) × 𝐴𝑐 = (𝑅𝑒𝑥𝑝(𝑛𝑜𝑒𝑢𝑑) − 𝑅𝑡ℎ(𝑛𝑜𝑒𝑢𝑑)) × 𝐴𝑐  

ρ

ρ

 

ρ

ρ



𝑅𝑡ℎ(𝑛𝑜𝑒𝑢𝑑) = 𝑅1𝑙𝑖𝑔𝑛𝑒(𝑖) + 𝑅𝑣𝑖𝑎 + 𝑅2𝑙𝑖𝑔𝑛𝑒(𝑠)

= 𝜌𝐶𝑢 (
5

5 × 0,48
+

0,48

5 × 5
+

0,512

5 × 5
+

0,493

3 × 3
+

0,462

3 × 3
+

6

5 × 0,462
)

+ 𝜌𝑇𝑖𝑁 (
0,019

5 × 5
+

0,019

3 × 3
) = 0,10992 Ω = 𝟏𝟎𝟗, 𝟗𝟐 𝐦𝛀

∆𝑅(𝑛𝑜𝑒𝑢𝑑) = 𝑅𝑒𝑥𝑝(𝑛𝑜𝑒𝑢𝑑) − 𝑅𝑡ℎ(𝑛𝑜𝑒𝑢𝑑) = 𝑅𝑒𝑥𝑝(𝑚𝑜𝑦. ) 𝑁𝐶(𝐷𝐶𝑃1)⁄ − 𝑅𝑡ℎ(𝑛𝑜𝑒𝑢𝑑)

= 873,48 7068 − 109,92 = 123,58 − 109,92 = 𝟏𝟑, 𝟔𝟔 𝛀⁄

𝜌𝑐(400 °𝐶) = ∆𝑅(𝑛𝑜𝑒𝑢𝑑) × 𝐴𝑐 = 13,66 × 𝐴𝑐 ≈ 𝟏𝟐𝟑 𝐦𝛀. µ𝐦²  
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𝑀𝑇𝐹 = 𝐴𝐽−𝑛𝑒𝑥𝑝 (
𝐸𝑎

𝑘𝑇
)  



 

𝐸𝑎 = −
𝑑 ln(𝑀𝑇𝐹)

𝑑(1 𝑘𝑇)⁄
|

 

𝐽 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
 

𝑛 = −
𝑑 ln(𝑀𝑇𝐹)

𝑑 ln(𝐽)
|

 

𝑇 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
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ψ

ψ

ψ(Δ𝑛, Δ𝑡) =  𝜙𝑛 + 𝜙𝑛 exp (
−Δ𝑛

𝛿𝑛
) {[1 − 𝑟 +

Δ𝑛

𝛿𝑛
]
(1 − 𝑞)

(𝑟 − 1)
− [𝑞 +

(𝑟 − 𝑞)

(𝑟 − 1)

Δ𝑛

𝛿𝑛
] exp(−

Δ𝑡
2

𝛿𝑛
)}   



𝑇𝑛 =
𝜙𝑛

𝛿𝑛
exp (

−Δ𝑛

𝛿𝑛
) {

Δ𝑛

𝛿𝑛
exp(−

Δ𝑡
2

𝛿𝑡
2) +

(1 − 𝑞)

(𝑟 − 1)
[1 − exp (−

Δ𝑡
2

𝛿𝑡
2)] [𝑟 −

Δ𝑛

𝛿𝑛
]}  

𝑇𝑡 =
𝜙𝑛

𝛿𝑛

2δ𝑛

𝛿𝑡

Δ𝑡

𝛿𝑡
[𝑞 +

(𝑟 − 𝑞)

(𝑟 − 1)

Δ𝑛

𝛿𝑛
] exp (

−Δ𝑛

𝛿𝑛
) exp(−

Δ𝑡
2

𝛿𝑡
2)  

𝑞 =
𝜙𝑡

𝜙𝑛
, 𝑟 =

Δ𝑛
∗

𝛿𝑛

 

ϕ ϕ

δ δ

σ δ

τ √2δ

𝜙𝑛 = 𝜎𝑚𝑎𝑥𝑒𝛿𝑛, 𝜙𝑡 =
√e

2
𝜏𝑚𝑎𝑥𝛿𝑡

 

ϕ

ψ(Δ𝑛, Δ𝑡) =  𝜙𝑛 − 𝜙𝑛 [1 +
Δ𝑛

𝛿𝑛
] exp (

−Δ𝑛

𝛿𝑛
) exp (−

Δ𝑡
2

𝛿𝑡
2)  

ψ
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ϕ ϕ

σ τ

 



δ

ν

 

δ σ

δ δ
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