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ρs

ρs =  
Ms

Vs
 

ρb

ρb =  
Ms

Vt
=  

Ms

Vs + Vf
=  

Ms

Vs + Va + Vw

 

 

φ =  
Vf

Vt
=

Vw + Va

Vw + Va + Vs
= 1 −

ρb

ρs



ρs

n

n =  
Vv

Vs
=

Vw + Va

Vs

 



μ μ

μ

- 

- 

- 

 



w θ

w =  
Mw

Ms

θ =  
Vw

Vt
 

w =  
Mwet − Mdry

Mdry

Mwet Mdry

Se

Se =  
θ − θr

θs − θr

θs,f

θr

- 

- 



- 

μ

- 

 



Ψ

H

Ψ =  
𝑃

𝜌𝑤
= 𝑔𝐻

𝜌𝑤 = 1000 𝑘𝑔. 𝑚⁻³ 𝜌𝑤 = 1 𝑔. c𝑚⁻³ 𝑔 ≈

9,81 𝑚. 𝑠⁻²

H

h

z

H = ℎ + 𝑧

H

r

h

ℎ = −
2𝜎cos (𝛼)

𝜌𝑤𝑔𝑟

σ 𝛼



 



𝑆𝑒 =
𝜃 − 𝜃𝑟

𝜃𝑠 − 𝜃𝑟
= (

ℎ𝑏𝑐

ℎ
)

𝜆

 𝑝𝑜𝑢𝑟 ℎ ≤ ℎ𝑏𝑐

𝜃 = 𝜃𝑠 𝑝𝑜𝑢𝑟 ℎ𝑏𝑐 < ℎ ≤ 0

ℎ𝑏𝑐 𝜆

𝑆𝑒 =
𝜃 − 𝜃𝑟

𝜃𝑠 − 𝜃𝑟
= [1 + (

ℎ

ℎ𝑔
)

𝑛

]

−𝑚

 𝑝𝑜𝑢𝑟 ℎ ≤ ℎ𝑏𝑐

𝑚 = 1 −
km

n
 avec n > km

ℎ𝑔

km

𝛼

𝑆𝑒 =
𝜃 − 𝜃𝑟

𝜃𝑠 − 𝜃𝑟
= [1 + (𝛼ℎ)𝑛]−𝑚 𝑝𝑜𝑢𝑟 ℎ ≤ ℎ𝑏𝑐

 

 

K



𝑞 = −𝐾𝑠

∆𝐻

𝐿

𝑞 ∆𝐻 𝐿

�⃗� = −𝐾𝑠 𝑔𝑟𝑎𝑑⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗(𝐻)

𝑞 = −𝐾(ℎ)
𝜕𝐻

𝜕𝑧
= −𝐾(ℎ) (

𝜕ℎ

𝜕𝑧
+ 1)

𝜕𝜃

𝜕𝑡
=  −

𝜕𝑞

𝜕𝑧
 

𝜕𝜃

𝜕𝑡
=  −

𝜕

𝜕𝑧
(−𝐾(ℎ) ∗ (

𝑑ℎ

𝑑𝑧
+ 1))

K

θ,



𝜃𝑟  𝑒𝑡 𝜃𝑠

 

𝑗𝑎𝑞⃗⃗ ⃗⃗ ⃗⃗ =  𝑗𝑐𝑜𝑛𝑣⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ + 𝑗𝑑𝑖𝑠𝑝⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗

𝑗𝑎𝑞
⃗⃗ ⃗⃗ ⃗⃗ 𝑗𝑐𝑜𝑛𝑣

⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ 𝑗𝑑𝑖𝑠𝑝
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗

 𝑗𝑐𝑜𝑛𝑣⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ = 𝐶�⃗�

𝑗𝑑𝑖𝑠𝑝⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗ = −𝜃[𝐷]∇𝐶

 



𝜃2𝐾 𝐾2𝐾 𝑞2𝐾

𝜃2𝐾 = 𝑤𝑓 𝜃𝑓 + (1 − 𝑤𝑓)𝜃𝑚

𝐾2𝐾 = 𝑤𝑓 𝐾𝑓(𝜃𝑓) + (1 − 𝑤𝑓) 𝐾𝑚(𝜃𝑚)

𝑞2𝐾 = 𝑤𝑓 𝑞𝑓 + (1 − 𝑤𝑓) 𝑞𝑚

𝑤𝑓

𝑤𝑓 =
𝑉𝑓

𝑉𝑡𝑜𝑡

Γ𝑤

𝜙𝑚 𝜙𝑓

𝜕𝜃𝑓

𝜕𝑡
=

𝜕

𝜕𝑧
(𝐾𝑓

𝜕ℎ𝑓

𝜕𝑧
+ 𝐾𝑓) − 𝜙𝑓 −

𝛤𝑤

𝑤

𝜕𝜃𝑚

𝜕𝑡
=

𝜕

𝜕𝑧
(𝐾𝑚

𝜕ℎ𝑚

𝜕𝑧
+ 𝐾𝑚) − 𝜙𝑚 +

𝛤𝑤

1 − 𝑤

Γ𝑤 =  𝛼𝑤(ℎ𝑓 − ℎ𝑚)

𝛼𝑤

𝛼𝑤 =
𝛽𝑎

𝑑2
 𝐾𝑠𝑎 𝛾𝑤



𝛽𝑎 𝑑

𝐾𝑠𝑎

𝛾𝑤

𝐾𝑠𝑎 =
1

2
[𝐾𝑠𝑎(ℎ𝑓) + 𝐾𝑠𝑎(ℎ𝑚)]

 



 

 

I(𝑡) = ∫ 𝑞(𝑡)𝑑𝑡
𝑡

𝑡=𝑡0

𝑞(𝑡) =  
𝑄(𝑡)

𝑆
 

𝑞(𝑡)



𝐼(𝑡) = 𝑆√𝑡 + (𝐴𝑆2 + 𝐵𝐾𝑠)𝑡

𝐼𝑠(𝑡) = (𝐴𝑆2 + 𝐾𝑠)𝑡 + 𝐶
𝑆²

𝐾𝑠



𝑞(𝑡) =
𝑆

2√𝑡
+ (𝐴𝑆2 + 𝐵𝐾𝑠)

𝑞𝑠(𝑡) = 𝑞+∞ = 𝐴𝑆2 + 𝐾𝑠

𝐼𝑠(𝑡) 𝑞𝑠(𝑡) 𝐼(𝑡) 𝑞(𝑡)

𝐴 =
𝛾

𝑟(𝜃𝑠 − 𝜃𝑖)

𝐵 =
2 − 𝛽

3
[1 − (

𝜃𝑖

𝜃𝑠
)

𝜂

] + (
𝜃𝑖

𝜃𝑠
)

𝜂

𝐶 =
1

2(1 − 𝛽) [1 − (
𝜃𝑖

𝜃𝑠
)

𝜂

]

𝑙𝑛 (
1

𝛽
)

𝛽 𝛾

𝜃𝑖 𝜃𝑠 𝜂

𝐾(𝜃)

𝐾𝑠
= (

𝜃 − 𝜃𝑟

𝜃𝑠 − 𝜃𝑟
)

𝜂

 

 

 



 



 



 

 

 





 

 





 



 

 







 



 



 



𝜀



𝜖𝑒 = 𝜀 +
𝜎

𝑗𝜔
= 𝜖𝑒

′ − 𝑗𝜖𝑒
′′

𝜖𝑟 =
𝜖𝑒

𝜖0
= 𝜖𝑟

′ − 𝑗𝜖𝑟
′′

𝑣 =
𝑐

√𝜖𝑟
′

𝜖𝑒 𝜎 𝜔

𝜖𝑒
′ 𝜖𝑒

′′

𝜖0 = 8,854 × 10−12 𝐹/𝑚

𝜖𝑟
′ 𝜖𝑟

′′

𝜖𝑟 𝑐 = 3,108 𝑚/𝑠

𝜖𝑟
′

𝜆

𝜆 =
𝑣

𝑓

𝛥𝑟 𝛥𝑙

𝛥𝑟 =
𝜆

4

𝛥𝑙 = √
𝑟𝜆

2

𝑟

 https://sensoft.ca/fr/blog/understanding-gpr-resolution-and-target-detection/ 



𝐴 =
𝜆

4
+

𝐷

√𝜖𝑟 + 1

𝜆

𝜖𝑟

 





𝑆𝑆(𝑥, 𝑦) =
𝑐𝑥𝑦 + 𝑎

𝜎𝑥𝜎𝑦 + 𝑎

𝑆𝑆(𝑥, 𝑦) 𝑥

𝑦 𝑐𝑥𝑦 𝑎

𝜎𝑥

𝑥

𝐶𝑆(𝑥, 𝑦) =
2𝜎𝑥𝜎𝑦 + 𝑎

𝜎𝑥² + 𝜎𝑦² + 𝑎

𝐶𝑆(𝑥, 𝑦) 𝑥 𝑦



 





 

 

 



 



 

𝐾𝑠 𝛼

𝐾𝑠 𝛼

𝐾𝑠

𝛼





 

 





 

 



 

 



 

 

 



 

 

 

 



 





  



 



 





 



 



©

z =
1

2
vt



 



 

 

 

w

w =
mi − mf

mi − mcoupelle vide

mi mf mcoupelle vide

 

ρ



 

 



[V] = pente ∗ [L] + point d′interception

https://bestsoilhydro.net/


 

∆H

Sinfiltro ∆I

Sanneau

∆I =
∆H ∗ Sinfiltro

Sanneau
∗ 10 =  

∆H ∗ 314

1963,5
∗ 10



 

 

𝐾𝑠 𝛼

 

𝑍 =
𝑆1

2

𝑆2
2

𝑆1
2  =

1

𝑛1
∑(𝑋𝑖 − �̅�)2

𝑛1

𝑖=1

𝑆2
2  =

1

𝑛2
∑(𝑌𝑖 − �̅�)2

𝑛2

𝑖=1

𝑆1
2 𝑆2

2

�̅� �̅�



𝑔1

𝑔1  =
∑(𝑋 − �̅�)3

(
∑(𝑋 − �̅�)2

𝑛 )

3
2⁄

�̅�

 

𝑋² =

(𝑁 − 𝑘)ln (
∑ 𝑛𝑖𝑆𝑖

2𝑘
𝑖=1

∑ (𝑛𝑖 − 1)𝑆𝑖
2𝑘

𝑖=1

)

1 +
1

3(𝑘 − 1)
(∑ (

1
𝑛𝑖 − 1)𝑘

𝑖=1 −
1

𝑁 − 𝑘
)

𝑛𝑖

𝑆𝑖
2

 

𝑊 =
𝑛 − 𝐾

𝐾 − 1
×

∑ 𝑛𝑘(𝑍𝑘
̅̅ ̅ − �̅�)2𝐾

𝑘=1

∑ ∑ ((𝑍𝑘)𝑖 − 𝑍𝑘
̅̅ ̅)2𝑛𝑘

𝑖=1
𝐾
𝑘=1

𝑛𝑘

𝑛𝑘 𝑍𝑘
̅̅ ̅

 https://lemakistatheux.wordpress.com/2013/08/04/le-test-de-levene/ 



(𝑍𝑘)𝑖 �̅�

(𝑍𝑘)𝑖 = |(𝑋|𝑌=𝑘)𝑖 − 𝑋𝑘
̅̅ ̅|

�̅�  =
∑ ∑ (𝑍𝑘)𝑖

𝑛𝑘
𝑖=1

𝐾
𝑘=1

𝐾

 

𝑍 = √𝑛
�̅� − 𝜇

𝑆𝑛

�̅�

𝑆𝑛

𝑆𝑛
2  =

1

n − 1
∑(𝑋𝑖 − �̅�)2

𝑛

𝑖=1

 



 

𝑍 =
𝑊 −

𝑛(𝑛 + 1)
4

√𝑛(𝑛 + 1)(2𝑛 + 1)
24

 



𝜃𝑟 = 0

𝐹(𝐷) = [1 + (
𝐷𝑔

𝐷
)

𝑁

]

−𝑀

𝑀 = 1 −
2

𝑁

𝐷𝑔

𝐾𝑠

ℎ𝑔 = −
𝑆²

𝑐𝑝(𝜃𝑠 − 𝜃𝑖) [1 − (
𝜃𝑖

𝜃𝑠
)

𝜂

] 𝐾𝑠

𝑐𝑝 = 𝛤 (1 +
1

𝑛
) {

𝛤 (𝑚𝜂 −
1
𝑛)

𝛤(𝑚𝜂)
+

𝛤 (𝑚𝜂 + 𝑚 −
1
𝑛)

𝛤(𝑚𝜂 + 𝑚)
}

𝛤 𝑚, 𝑛 𝑒𝑡 𝜂



𝐾𝑠

𝐾𝑠 = 𝑖𝑠
𝑒𝑥𝑝 − 𝐴𝑆²

𝑡𝑚𝑎𝑥

𝑡𝑚𝑎𝑥 =
1

4(1 − 𝐵)²
(

𝑆

𝐾𝑠
)

2

𝐾𝑠

𝐾𝑠

𝐾𝑠 = 𝐶
𝑆²

𝑏𝑠
𝑒𝑥𝑝

𝑏𝑠
𝑒𝑥𝑝

 



ρ

η



 



 

𝛼𝑓 𝐾𝑠,𝑓

𝛼𝑓 𝐾𝑠,𝑓

𝛼

𝛼

𝐾𝑠,𝑓

𝛼𝑓

𝑟𝑓 𝐾𝑠,𝑓 𝑟𝑓
2

𝑘𝑚 = 1

𝐾𝑠 α

𝛼𝑓 𝐾𝑠,𝑓



𝛼𝑓 𝐾𝑠,𝑓

𝛼𝑓 𝐾𝑠,𝑓



 

 

𝛼 𝐾𝑠

𝑘𝑚 = 1



Φ(𝒃, 𝒒, 𝒑) =  ∑ 𝜈𝑗

𝑚𝑞

𝑗=1

 ∑  𝑤𝑖,𝑗[𝑔𝑗
∗(𝒙, 𝑡𝑖) − 𝑔𝑗(𝒙, 𝑡𝑖 , 𝒃)]

2

𝑛𝑞 𝑗

𝑖=1

+ ∑ 𝜈�̅�

𝑚𝑝

𝑗=1

 ∑ 𝑤𝑖,𝑗̅̅ ̅̅̅ [𝑝𝑗
∗(𝜃𝑖) − 𝑝𝑗(𝜃𝑖 , 𝒃)]

2

𝑛𝑝 𝑗

𝑖=1

+ ∑ 𝜈�̂� [𝑏𝑗
∗ − 𝑏𝑗]

2

𝑛𝑏

𝑗=1

𝑚𝑞 𝑛𝑞𝑗

𝑔𝑗
∗(𝒙, 𝑡𝑖) 𝑡𝑖 𝑗𝑖è𝑚𝑒  

𝑥(𝑟, 𝑧) 𝑔𝑗(𝒙, 𝑡𝑖, 𝒃)

𝜈𝑗  𝑤𝑖,𝑗

𝜈𝑗

𝐾(ℎ) 𝐾(𝜃)

𝑏𝑗
∗ 𝑏𝑗 𝑛𝑏

𝜈�̂�

𝜈𝑗 =  
1

𝑛𝑗𝜎𝑗
2 

𝜎𝑗
2

𝛼  𝐾𝑠

𝛼

𝐾𝑠

𝛼



 

μ μ μ

𝜃𝑟 𝜃𝑠



𝜃𝑟 𝜃𝑠 𝛼
𝐾𝑠

 

𝛼

 https://www.ars.usda.gov/pacific-west-area/riverside-ca/agricultural-water-efficiency-and-salinity-research-
unit/docs/model/rosetta-hydraulic-functions/ 



|ℎ(𝜃𝑖𝑛𝑖𝑡)| =
1

𝛼
[(

𝜃𝑠 − 𝜃𝑟

𝜃𝑖𝑛𝑖𝑡 − 𝜃𝑟
)

1
𝑚

− 1]

1
𝑛

 

 

𝛼  𝐾𝑠

𝛼

𝐾𝑠

𝛼

 

 

𝑁𝑆𝐸 = 1 −
∑ (𝑄0

𝑡 − 𝑄𝑚
𝑡 )2𝑇

𝑡=1

∑ (𝑄0
𝑡 − �̅�0)2𝑇

𝑡=1

𝑄0
𝑡 𝑄𝑚

𝑡

�̅�0



𝑅𝑀𝑆𝐸 = √
∑(𝑦𝑖 − �̂�𝑖)

2

𝑁 − 𝑃

𝑦𝑖 �̂�𝑖

𝛼  𝐾𝑠

𝑘𝑚 = 1

 

𝜃𝑟,𝑚 𝜃𝑠,𝑚 𝛼𝑚 𝑛𝑚

𝐾𝑠,𝑚

 https://statisticsbyjim.com/regression/root-mean-square-error-rmse/ 



(𝛼𝑓

𝐾𝑠,𝑓 𝑛𝑓

𝜃𝑟,𝑓

𝜃𝑠,𝑓 𝑛𝑓

𝑤𝑓

𝛼𝑓 𝐾𝑠,𝑓

𝛼𝑓 𝑟𝑓 𝐾𝑠,𝑓

𝑟𝑓
2

𝑥

𝛼𝑓 = 𝑥𝛼𝑚

𝐾𝑠,𝑓 = 𝑥2𝐾𝑠,𝑚

𝑥

𝑥

𝑛𝑓 𝛼𝑓

𝐾𝑠,𝑓 𝑥

𝜃𝑟,𝑓 𝜃𝑠,𝑓 𝛼𝑓 𝑛𝑓

𝐾𝑠,𝑓
𝐼𝑓 𝑤𝑓

𝒙𝜶𝒎 ≥ 𝒙𝟐𝑲𝒔,𝒎

𝒙𝜶𝒎 𝒙𝟐𝑲𝒔,𝒎

𝐾𝑠,𝑎



𝐾𝑠,𝑎

 

ℎ𝑖

𝜃𝑖 𝜃2𝐾

𝜃𝑓 𝜃𝑚

𝜃2𝐾 = 𝑤𝜃𝑓 + (1 − 𝑤)𝜃𝑚

𝜃𝑓 𝜃𝑚

𝜃𝑓 =  𝜃𝑟,𝑓 +
𝜃𝑠,𝑓 − 𝜃𝑟,𝑓

[1 + |𝛼𝑓ℎ|
𝑛𝑓

]
−𝑚𝑓

𝜃𝑚 =  𝜃𝑟,𝑚 +
𝜃𝑠,𝑚 − 𝜃𝑟,𝑚

[1 + |𝛼𝑚ℎ|𝑛𝑚]−𝑚𝑚

𝜃𝑟,𝑓 𝜃𝑟,𝑚 𝜃𝑠,𝑓 𝜃𝑠,𝑚 𝛼𝑓 𝛼𝑚 𝑛𝑓 𝑛𝑚

𝑚𝑓 𝑚𝑚 𝑘𝑚 =

1 ℎ𝑖 |ℎ|

𝜃𝑖 𝜃2𝐾

𝜃2𝐾 − 𝜃𝑖 =  𝑤𝜃𝑓 + (1 − 𝑤)𝜃𝑚 − 𝜃𝑖

= 𝑤 [𝜃𝑟,𝑓 +
𝜃𝑠,𝑓 − 𝜃𝑟,𝑓

[1 + |𝛼𝑓ℎ|
𝑛𝑓

]
−𝑚𝑓

]

− (1 − 𝑤) [𝜃𝑟,𝑚 +
𝜃𝑠,𝑚 − 𝜃𝑟,𝑚

[1 + |𝛼𝑚ℎ|𝑛𝑚]−𝑚𝑚
] − 𝜃𝑖 = 0



 

𝑛𝑓 𝑥

𝐾𝑠,𝑎

𝐾𝑠,𝑎 = 0 𝑥

𝐾𝑠,𝑎

𝑛𝑓

 



 



 

 

𝑆𝑆(𝑥, 𝑦) =
𝑐𝑥𝑦 + 𝑎

𝜎𝑥𝜎𝑦 + 𝑎

𝑎

𝜎𝑥

𝑐𝑥𝑦



𝑐𝑥𝑦 =
1

N − 1
∑(𝑥𝑖 − 𝜇𝑥)(𝑦𝑖 − 𝜇𝑦)

𝑁

𝑖=1

𝜇𝑥

𝜇𝑥 =
1

N
∑ 𝑥𝑖

𝑁

𝑖=1

 



 

εr = 80

εr = 3 − 5

v =
c

√εr
′

εr
′

εr

 





 



 



 

 



𝜃𝑟,𝑚 𝜃𝑠,𝑚 𝛼𝑚 𝑛𝑚 𝐾𝑠,𝑚 𝑙𝑚

𝛼𝑓 𝐾𝑠,𝑓



 

ℎ(𝑟 ≤ 𝑟𝑑, 𝑧 = 0) = ℎ0 𝑟𝑑

𝛼𝑓

𝐾𝑠,𝑓

𝛼𝑓 ≥ 𝛼𝑚

𝐾𝑠,𝑓 ≥ 𝐾𝑠,𝑚 𝛼𝑓

𝐾𝑠,𝑓

 𝛼𝑓

𝛼𝑓

𝛼𝑓

𝛼𝑓

𝛼𝑓 = 0,15 𝑐𝑚−1

𝛼𝑓 = 0,15 𝑐𝑚−1

𝛼𝑓



 

𝛼𝑓 𝐾𝑠,𝑓 𝐾𝑠,𝑓 𝛼𝑓



𝛼𝑓

𝛼𝑓

𝛼𝑓

𝛼𝑓

 

𝐾𝑠,𝑓

𝛼𝑓

𝐾𝑠,𝑓

𝐾𝑠,𝑓

𝐾𝑠,𝑓

𝐾𝑠,𝑓

𝐾𝑠,𝑓

𝛼𝑓



 

 𝛼𝑓

𝛼𝑓

𝛼𝑓

𝛼𝑓

𝛼𝑓

𝛼𝑓



 

𝛼𝑓 𝐾𝑠,𝑓 𝐾𝑠,𝑓 𝛼𝑓



𝛼𝑓

𝛼𝑓

𝛼𝑓

𝛼𝑓

 

𝐾𝑠,𝑓

𝐾𝑠,𝑓

𝐾𝑠,𝑓

𝐾𝑠,𝑓

𝛼𝑓

 𝑲𝒔,𝒇 𝜶𝒇

𝐾𝑠,𝑓 𝛼𝑓



𝛼𝑓 𝑟

𝐾𝑠,𝑓 𝑟2 𝑥

𝛼𝑓 𝐾𝑠,𝑓

𝑥

𝑥 𝛼𝑓 (cm-1) 𝐾𝑠,𝑓 (cm/min) 

1 0,036 0,0173 

3 0,108 0,1557 

5 0,180 0,4325 

10 0,360 1,7300 

𝑥 = 1

𝑥 𝛼𝑓 𝐾𝑠,𝑓

𝑥 = 1 𝑥 = 3 𝑥 = 5 𝑥 = 10



𝑥

𝛼𝑓 𝐾𝑠,𝑓

 

𝛼𝑓 𝐾𝑠,𝑓

𝛼𝑓

𝐾𝑠,𝑓

𝐾𝑠,𝑓 𝐾𝑠,𝑓 = 4 𝑐𝑚/𝑚𝑖𝑛

𝛼𝑓

𝛼𝑓 𝛼𝑓



𝐾𝑠,𝑓

𝐾𝑠,𝑓

𝛼𝑓

𝐾𝑠,𝑓 𝐾𝑠,𝑓

𝛼𝑓



 

𝐾𝑠,𝑓

 

 

 



 



 



Minimum retenu = Q1 − 1,5 ∗ IQR

Maximum retenu = Q3 + 1,5 ∗ IQR





 





 







 

 

ℎ𝑔 𝛼

𝐾𝑠

𝐾𝑠 𝛼

𝐾𝑠 𝛼



 
 

 



 

𝐾𝑠

𝐾𝑠







𝑲𝒔

𝐾𝑠

𝐾𝑠

𝐾𝑠



𝑲𝒔



𝐾𝑠



𝐾𝑠

𝐾𝑠



 𝛼

𝛼

𝛼

𝛼

𝛼

𝛼



𝛼

𝜶

𝛼



𝛼

𝛼

𝜶

𝛼





𝛼

 

𝛼

𝐾𝑠



 

 𝜶 𝑲𝒔

 

𝛼 𝐾𝑠

𝛼

𝐾𝑠 𝛼 𝛼 𝐾𝑠

𝛼 𝐾𝑠

𝑛



𝑛 𝛼

𝑛

𝛼

𝛼 𝐾𝑠

𝛼



𝛼 𝑛

𝑛 𝛼 𝐾𝑠

𝛼 𝐾𝑠 𝑛

𝑛 𝛼 𝐾𝑠



 

𝐾𝑠

𝐾𝑠

𝐾𝑠

𝐾𝑠

𝐾𝑠

𝛼

𝛼 𝐾𝑠

𝛼

𝐾𝑠

𝛼

𝐾𝑠

 

𝛼

𝛼



𝐾𝑠

𝐾𝑠

𝐾𝑠

𝛼

𝐾𝑠 𝛼

𝑛



 𝜶 𝑲𝒔

𝛼 𝐾𝑠

 𝛼 𝐾𝑠

𝛼

𝐾𝑠 𝛼

𝛼 𝐾𝑠

𝛼
𝛼 𝐾𝑠 𝐾𝑠



 𝛼 𝐾𝑠

𝛼

𝛼

𝐾𝑠 𝛼

𝛼

𝛼 𝐾𝑠



𝛼 𝐾𝑠

𝛼 𝐾𝑠

 

𝛼

𝐾𝑠



 

𝐾𝑠,𝑎

𝐾𝑠,𝑎

𝑥 𝛼𝑓 𝐾𝑠,𝑓

𝐾𝑠,𝑎 𝑛𝑓 𝐾𝑠,𝑎

𝑥

𝑛𝑓 𝐾𝑠,𝑎

 

 𝐾𝑠,𝑎 𝑥

𝐾𝑠,𝑎 𝐾𝑠,𝑎 = 0,005 𝑐𝑚/𝑚𝑖𝑛 𝐾𝑠,𝑎 = 0 𝑐𝑚/𝑚𝑖𝑛

𝑥

𝑛𝑓



𝑥 𝐾𝑠,𝑎 =

0 𝑐𝑚/𝑚𝑖𝑛 𝐾𝑠,𝑎 = 0,005 𝑐𝑚/𝑚𝑖𝑛

𝑥

𝐾𝑠,𝑓

𝛼𝑓



𝐾𝑠,𝑎

𝑥

𝐾𝑠,𝑎

𝐾𝑠,𝑎 = 0,005 𝑐𝑚/𝑚𝑖𝑛

𝐾𝑠,𝑎 𝑥

𝑥 = 4,7 𝑥 = 4,8

𝑥 = 4,5 𝐾𝑠,𝑎 = 0,005 𝑐𝑚/𝑚𝑖𝑛 𝑥 = 4,7 𝐾𝑠,𝑎 = 0 𝑐𝑚/𝑚𝑖𝑛

𝑥 𝛼𝑓 𝐾𝑠,𝑓

𝐾𝑠,𝑎

𝑥 𝐾𝑠,𝑎

𝑥 𝐾𝑠,𝑎 = 0𝑐𝑚/𝑚𝑖𝑛 𝐾𝑠,𝑎 = 0,005 𝑐𝑚/𝑚𝑖𝑛

 𝑛𝑓

𝑛𝑓 ≥ 2

𝑛𝑓 = 2

𝑥 = 4,5 𝐾𝑠,𝑎 = 0,005 𝑐𝑚/𝑚𝑖𝑛

𝑛𝑓



𝑛𝑓

𝑛𝑓 = 2,3

𝑛𝑓

𝑛𝑓 𝑥 = 4,5 𝐾𝑠,𝑎 = 0,005 𝑐𝑚/𝑚𝑖𝑛

𝑛𝑓 𝑥 = 4,5 𝐾𝑠,𝑎 = 0,005 𝑐𝑚/𝑚𝑖𝑛 

𝑛𝑓



 

 𝐾𝑠,𝑎 𝑥

𝐾𝑠,𝑎 𝐾𝑠,𝑎 = 0,0001 𝑐𝑚/𝑚𝑖𝑛 𝐾𝑠,𝑎 = 0 𝑐𝑚/𝑚𝑖𝑛

𝑛𝑓

𝑥 𝐾𝑠,𝑎 =

0 𝑐𝑚/𝑚𝑖𝑛 𝐾𝑠,𝑎 = 0,0001 𝑐𝑚/𝑚𝑖𝑛



𝑥

𝐾𝑠,𝑎

𝑥 = 8,6 𝐾𝑠,𝑎

𝑛𝑓

𝑥 𝐾𝑠,𝑎

𝑥
𝐾𝑠,𝑎 = 0𝑐𝑚/𝑚𝑖𝑛 𝐾𝑠,𝑎 = 0,0001 𝑐𝑚/𝑚𝑖𝑛

 

𝑥

𝛼𝑓 𝐾𝑠,𝑓

𝐾𝑠 𝛼

𝛼𝑓 𝛼 ≈ 0,1 𝑐𝑚−1

𝐾𝑠,𝑓 𝐾𝑠 ≈ 0,12 𝑐𝑚/𝑚𝑖𝑛

𝛼 𝐾𝑠



𝐾𝑠,𝑎 𝑥 𝛼𝑓 𝐾𝑠,𝑓

𝐾𝑠,𝑎 (𝑐𝑚/𝑚𝑖𝑛) 𝑥 𝛼𝑓 (𝑐𝑚−1) 𝐾𝑠,𝑓  (𝑐𝑚/𝑚𝑖𝑛)

 



 

𝛼

𝐾𝑠 𝛼

𝛼

𝐾𝑠



𝛼 𝐾𝑠

𝐾𝑠 𝛼



𝑛

𝑛

 

𝛼

𝐾𝑠

𝛼 𝐾𝑠

𝛼𝑓 𝐾𝑠,𝑓

 𝛼𝑓 𝐾𝑠,𝑓

 𝛼𝑓

𝐾𝑠,𝑓

 

 



 

𝐾𝑠 𝛼





 



 

 



𝛼𝑓 𝐾𝑠,𝑓

𝑥 = 2





  

 



 

 











1,5 ∗ 𝜎





 













 



v =
c

√εr
′



εr
′

εr





 

 





 



 





 





 

 



 



 

 





 
 



 
 



 
 



 

 

 

 

 

 





 



 



 









 

 

 





 







 





 







 













 







 





 

 



  

 



 
 



 
 

 
 

 



 

 

 



 

 

 





 



 

 

 

𝛼 𝐾𝑠





𝛼 𝐾𝑠)
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### Plot cumulative distribution figure  
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