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𝑁𝑎𝑦 = 𝑃𝑦(𝑆𝑦) ∙ 𝑃𝑧(0) ∙
𝜆𝑦

𝑆𝑥
∙ {𝐸𝑦𝑠𝑎𝑚𝑒 ∙ [

|∆𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
] + 𝐸𝑦𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 ∙ [

2 ∙ |𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
]}
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2 ∙ 𝑆𝑥

 

2 ∙ 𝑆𝑥
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 λ

 λ

 λ

 |∆𝑣̅|

 |𝑣̅|



 |𝑦|̇

 |𝑧|̇

𝜆𝑦

𝑆𝑥
∙ 𝐸𝑦𝑠𝑎𝑚𝑒

𝜆𝑦

𝑆𝑥
∙ 𝐸𝑦𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

|∆𝑣̅|
2 ∙ 𝜆𝑥
⁄

2 ∙ |𝑣̅|
2 ∙ 𝜆𝑥
⁄
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 𝝀𝒙, 𝝀𝒚, 𝝀𝒛

𝝀𝒙 𝝀𝒚 𝝀𝒛

 

 

𝑃𝑧(0) = ∫ 𝑓𝑧12(𝑧)𝑑𝑧
𝜆𝑧

−𝜆𝑧

 

𝑓𝑧12

𝑧12 = 𝑧1 − 𝑧2

 

𝑓𝑧12 = ∫ 𝑓𝑇𝑉𝐸(𝑧1)𝑓
𝑇𝑉𝐸(𝑧1 − 𝑧)𝑑𝑧

∞

−∞

 

𝑓𝑇𝑉𝐸(𝑧1) 𝜆𝑧

𝑃𝑧(0) = ∫ ∫ 𝑓𝑇𝑉𝐸(𝑧1)𝑓
𝑇𝑉𝐸(𝑧1 − 𝑧)𝑑𝑧1𝑑𝑧

∞

−∞

𝜆𝑧

−𝜆𝑧



 

𝑃𝑧(0) ≈ 2𝜆𝑧∫ 𝑓𝑇𝑉𝐸(𝑧1)𝑓
𝑇𝑉𝐸(𝑧1)𝑑𝑧1

∞

−∞

 

𝑓𝑇𝑉𝐸(𝑧1)

 

 

0 50 100 150 200 250
300

400

500

600

700

800

900
Southbound Speeds for Track UN-741

Number of aircraft

S
p
e
e
d
 (

k
ts

)

0 100 200 300 400 500 600 700
400

450

500

550

600

650

700

750

800

850
Southbound Speeds for Track UN-873

Number of aircraft

S
p
e
e
d
 (

k
ts

)



 

 

 

 

0 50 100 150 200 250
350

400

450

500

550

600
Southbound Speeds for Track UN-741

Number of aircraft

S
p
e
e
d
 (

k
ts

)

0 50 100 150 200 250 300 350 400 450 500
420

440

460

480

500

520

540

560
Northbound Speeds for Track UN-866

Number of aircraft

S
p
e
e
d
 (

k
ts

)

0 100 200 300 400 500 600 700
400

450

500

550

600
Southbound Speeds for Track UN-873

Number of aircraft

S
p
e
e
d
 (

k
ts

)

0 100 200 300 400 500 600
350

400

450

500

550

600
Northbound Speeds for Track UN-873

Number of aircraft

S
p
e
e
d
 (

k
ts

)

0 20 40 60 80 100 120 140 160
400

420

440

460

480

500

520

540
Sothbound Speeds for Track UN-857

Number of aircraft

S
p
e
e
d
 (

k
ts

)

0 20 40 60 80 100 120
300

350

400

450

500

550
Northbound Speeds for Track UN-857

Number of aircraft

S
p
e
e
d
 (

k
ts

)



 

 

 



 𝒚̅̇

|𝑦̅̇|

|𝑦̅̇| = 42 𝑘𝑡𝑠

|𝑦̅̇| = 80 𝑘𝑡𝑠

|𝑦̅̇|

|𝑦̅̇| = 42 𝑘𝑡𝑠

 𝒛̅̇

|𝑧̇̅|

|𝑧̇|̅

|𝑧̇̅|

|𝑧̇|̅

|𝑧̇̅| |𝑧̇̅| = 1.5 𝑘𝑡𝑠

 

𝑃𝑦(𝑆𝑦) = ∫ 𝑓𝑦12(𝑦)𝑑𝑦
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𝑓𝑦12

𝑦12 = 𝑦1 − 𝑦2

 



𝑓𝑦12 = ∫ 𝑓𝑦(𝑦1)𝑓
𝑦(𝑆𝑦 + 𝑦1 − 𝑦)𝑑𝑦1

∞

−∞

 

𝑓𝑦(𝑦1) 𝜆𝑦

𝑃𝑦(𝑆𝑦) = ∫ ∫ 𝑓𝑦(𝑦1)𝑓
𝑦(𝑆𝑦 + 𝑦1 − 𝑦)𝑑𝑦1𝑑𝑦

∞

−∞

𝜆𝑦

−𝜆𝑦

 

𝑃𝑦(𝑆𝑦) ≈ 2𝜆𝑦∫ 𝑓𝑦(𝑦1)𝑓
𝑦(𝑆𝑦 + 𝑦1)𝑑𝑦1

∞
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𝑓𝑦(𝑦1)

 



 

 

𝑓𝑦(𝑦1) = (1 − 𝛼) × 𝑓1(𝑦1) + 𝛼 × 𝑓2(𝑦1)

 

 𝑓1(𝑦1)

 𝑓2(𝑦1)

 

𝑓2(𝑦1)

 

𝑓1(𝑦1) =
1

2𝑎1
𝑒𝑥𝑝 −

𝑦1
𝑎1



 

𝑓2(𝑦1) =
1

2𝑎2
𝑒𝑥𝑝 −

𝑦1
𝑎2

 

𝑓𝑦(𝑦1) = (1 − 𝛼) ×
1

2𝑎1
𝑒𝑥𝑝 −

𝑦1
𝑎1
+ 𝛼

1

2𝑎2
𝑒𝑥𝑝 −

𝑦1
𝑎2

 

∫ 𝑓1(𝑦1)𝑑𝑦1 = 0.95
𝑅𝑁𝑃

−𝑅𝑁𝑃

 

𝑎1 = −
𝑅𝑁𝑃

log 0.05

 

𝑎1 = 3.338 𝑁𝑀  (𝑅𝑁𝑃10)



𝑎2 = 𝑆𝑦 𝑆𝑦 = 50 𝑁𝑀  𝑎2 = 50 𝑁𝑀

∫ 𝑓2(𝑦1)𝑑𝑦1 = 0.95
𝑥

−𝑥

;  → 𝑎2 = −
𝑥

log 0.05

 

 𝑎2 = 50 𝑁𝑀 [−150,150]







 

α

𝛼 = 1 − 0.05
1
𝑛⁄
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α



α
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𝐸𝑦 =
2𝑇𝑦

𝐻

 

 

 

𝐸𝑦 =
2𝑛𝑦

𝑛

 



𝑁𝑎𝑦 = {𝑃𝑦(50) ∙ 𝐸𝑦𝑠𝑎𝑚𝑒 + 𝑃𝑦(90) ∙ 𝐸𝑦𝑠𝑎𝑚𝑒
∗ + 𝑃𝑦(140) ∙ 𝐸𝑦𝑠𝑎𝑚𝑒

∗∗ } ∙ 𝑃𝑧(0) ∙
𝜆𝑦

𝑆𝑥
∙ {
|∆𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
}

+ {𝑃𝑦(90) ∙ 𝐸𝑦𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 + 𝑃𝑦(110) ∙ 𝐸𝑦𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒
∗ + 𝑃𝑦(140) ∙ 𝐸𝑦𝑜𝑝𝑝𝑝𝑜𝑠𝑖𝑡𝑒

∗∗ } ∙ 𝑃𝑧(0) ∙
𝜆𝑦

𝑆𝑥

∙ {
2 ∙ |𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
}

 

𝐸𝑦𝑠𝑎𝑚𝑒 𝐸𝑦𝑠𝑎𝑚𝑒
∗

𝐸𝑦𝑠𝑎𝑚𝑒
∗∗ 𝐸𝑦𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

𝐸𝑦𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒
∗

𝐸𝑦𝑜𝑝𝑝𝑝𝑜𝑠𝑖𝑡𝑒
∗∗
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𝑇𝐿𝑆 = 5 ∙ 10−9
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𝑁𝑎𝑍 = 𝑃𝑍(𝑆𝑍) ∙ 𝑃𝑦(0) ∙
𝜆𝑥
𝑆𝑥
∙ {𝐸𝑧𝑠𝑎𝑚𝑒 ∙ [

|∆𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
] + 𝐸𝑧𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 ∙ [

2 ∙ |𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
]}

 

 𝑁𝑎𝑍



 𝑆𝑍

 𝑃𝑍(𝑆𝑍)

 𝑃𝑦(0)

 𝐸𝑧𝑠𝑎𝑚𝑒

 𝐸𝑧𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

 𝑆𝑥

 𝜆𝑥

 𝜆𝑦

 𝜆𝑧

 |∆𝑣̅|

 |𝑣̅|

 |𝑦|̇

 |𝑧|̇

𝑁𝑎𝑍(𝑐𝑟𝑜𝑠𝑠) = 𝑃𝑍(𝑆𝑍) ∙ 𝑃ℎ(𝜃) ∙ 𝐸𝑧(𝜃) ∙ {
𝑣𝑟𝑒𝑙(𝜃)

𝜋𝜆ℎ
2

+
|𝑧|̇

2 ∙ 𝜆𝑧
}



 



𝑣𝑟𝑒𝑙(𝜃) = √𝑣1
2 + 𝑣2

2 − 2𝑣1𝑣2cos (𝜃)

 

 𝜃

 𝜆ℎ

 𝑆ℎ

𝐸𝑧(𝜃)

 𝐸𝑧(𝜃)

 𝑣𝑟𝑒𝑙

 𝑃ℎ(𝜃)





𝑁𝑎𝑍(𝑐𝑟𝑜𝑠𝑠) = 𝑃𝑍(𝑆𝑍) ∙∑𝑃ℎ(𝜃𝑖)

𝑛

1

∙ 𝐸𝑧(𝜃𝑖) ∙ {
𝑣𝑟𝑒𝑙(𝜃𝑖)

𝜋𝜆ℎ
2

+
|𝑧|̇

2 ∙ 𝜆𝑧
}

 

 



𝑁𝑎𝑍 = 𝑃𝑍(𝑆𝑍) ∙ 𝑃𝑦(0) ∙
𝜆𝑥
𝑆𝑥
∙ {𝐸𝑧𝑠𝑎𝑚𝑒 ∙ [

|∆𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
] + 𝐸𝑧𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 ∙ [

2 ∙ |𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
]} + 𝑃𝑍(𝑆𝑍)

∙∑𝑃ℎ(𝜃𝑖)

𝑛

1

∙ 𝐸𝑧(𝜃𝑖) ∙ {
𝑣𝑟𝑒𝑙(𝜃𝑖)

𝜋𝜆ℎ
2

+
|𝑧|̇

2 ∙ 𝜆𝑧
}

 

    

𝝀𝒙 𝝀𝒚 𝝀𝒛 𝝀𝒉)

 

 

𝑃𝑦(0) = ∫ 𝑓𝑦12(𝑦)𝑑𝑦
𝜆𝑦

−𝜆𝑦

 

𝑓𝑦12(𝑦)

𝑦12 = 𝑦1 − 𝑦2

 



𝑓𝑦12 = ∫ 𝑓𝑦(𝑦1)𝑓
𝑦(𝑦1 − 𝑦)𝑑𝑦1

∞

−∞

 



𝑃𝑦(0) = ∫ ∫ 𝑓𝑦(𝑦1)𝑓
𝑦(𝑦1 − 𝑦)𝑑𝑦1𝑑𝑦

∞

−∞

𝜆𝑦

−𝜆𝑦

 

𝑃𝑦(0) ≈ 2𝜆𝑦∫ 𝑓𝑦(𝑦1)𝑓
𝑦(𝑦1)𝑑𝑦1

∞

−∞

 

𝑓𝑦(𝑦1)

𝜆𝑦 = 197.24 𝑓𝑡 𝑃𝑦(0) = 0.0048

  



 



𝑃𝑦(0) = 0.2902

 









𝑆ℎ = √𝑆𝑥
2 + 𝑆𝑦

2

 





𝑃ℎ(𝜃) =
ℎ(𝑈)𝜋𝜆ℎ

2

∫ ∫ ℎ(𝑈)
√𝑆ℎ2−𝑥2

−√𝑆ℎ2−𝑥2
𝑑𝑥𝑑𝑦

𝑆ℎ

−𝑆ℎ

 



ℎ(𝑈) =
1

2𝜋√det (𝑀)
exp (−

1

2
𝑈𝑇𝑀−1𝑈)

 

𝑈 =  (
𝑈𝑥
𝑈𝑦
)

 



𝑀 =  

(

 
(1 + 𝑐𝑜𝑠2(𝜃))

𝑆ℎ
2

6
+
𝜎𝑟𝑐
2

2
𝑠𝑒𝑛2(𝜃)

𝑠𝑒𝑛(𝜃)cos (𝜃) (
𝑆ℎ
2

6
−
𝜎𝑟𝑐
2

2
)

      

𝑠𝑒𝑛(𝜃)cos (𝜃) (
𝑆ℎ
2

6
−
𝜎𝑟𝑐
2

2
)

𝑠𝑒𝑛2(𝜃)
𝑆ℎ
2

6
+
𝜎𝑟𝑐
2

2
(1 + 𝑐𝑜𝑠2(𝜃))

)

 

 



𝑃ℎ(𝜃) =
ℎ(0)𝜋𝜆ℎ

2

∫ ∫ ℎ(𝑈)
√𝑆ℎ2−𝑥2

−√𝑆ℎ2−𝑥2
𝑑𝑥𝑑𝑦

𝑆ℎ

−𝑆ℎ

 

 𝑃ℎ(90º + 𝜃) = 𝑃ℎ(90º − 𝜃) 𝑃ℎ(𝜃) = 𝑃ℎ(𝜃 + 180º)



𝜆ℎ = 0.02140 𝑁𝑀

𝑃ℎ(10º) = 1.325 ∙ 10
−6 𝑃ℎ(10º) = 1.344 ∙

10−6

 



𝑆ℎ = 80 𝑁𝑀 𝜎𝑟𝑐 = 0.3 𝑁𝑀

𝝀𝒉 𝑷𝒉(𝜽)

 



𝝀𝒉 𝑷𝒉(𝜽)

 

𝝀𝒉 𝑷𝒉(𝜽)

 



𝝀𝒉 𝑷𝒉(𝜽)

 

 

2|𝑣̅| |∆𝑣̅| |𝑦|̇ |𝑧|̇



2|𝑣̅|

|∆𝑣̅|

 

|𝑦|̇

 

|𝑧|̇ = 1.5 𝑘𝑡𝑠

𝑣𝑟𝑒𝑙(𝜃𝑖) = √𝑣1
2 + 𝑣2

2 − 2𝑣1𝑣2cos (𝜃𝑖)



 



𝜽 𝜽

 

𝜽 𝜽

 



𝜽 𝜽

 

𝜽 𝜽

 



𝜽 𝜽

 

𝜽 𝜽

 

 

𝑃𝑧(𝑆𝑧) = ∫ 𝑓𝑧12(𝑧)𝑑𝑧
𝜆𝑧

−𝜆𝑧

 

𝑓𝑧12(𝑧)

𝑧12 = 𝑆𝑧 + 𝑧1 − 𝑧2

 

𝑇𝑉𝐸 = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒 𝑓𝑙𝑜𝑤𝑛 𝑏𝑦 𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡 − 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑎𝑙𝑡𝑖𝑡𝑢𝑑𝑒

𝑓1
𝑇𝑉𝐸(𝑧1) 𝑓2

𝑇𝑉𝐸(𝑧1) 𝑓𝑧12(𝑧)



𝑓𝑧12(𝑧) = ∫ 𝑓1
𝑇𝑉𝐸(𝑧1)𝑓2

𝑇𝑉𝐸(𝑧1)(𝑆𝑧 + 𝑧1 − 𝑧2)𝑑𝑧1

∞

−∞

 

𝑃𝑧(𝑆𝑧) = ∫ ∫ 𝑓1
𝑇𝑉𝐸(𝑧1)𝑓2

𝑇𝑉𝐸(𝑧1)(𝑆𝑧 + 𝑧1 − 𝑧2)𝑑𝑧1

∞

−∞

𝑑𝑧
𝜆𝑧

−𝜆𝑧

 

𝑃𝑧(𝑆𝑧) ≈ 2𝜆𝑧∫ 𝑓1
𝑇𝑉𝐸(𝑧1)𝑓2

𝑇𝑉𝐸(𝑧1)(𝑆𝑧 + 𝑧1)𝑑𝑧1

∞

−∞

 

𝑓𝑇𝑉𝐸(𝑧)

𝑓𝑇𝑉𝐸(𝑧)

𝑇𝑉𝐸 = 𝐴𝑆𝐸 + 𝐹𝑇𝐸

 

𝑓𝑇𝑉𝐸(𝑧) = ∫ 𝑓𝐴𝑆𝐸(𝑎)𝑓𝐹𝑇𝐸(𝑧 − 𝑎)𝑑𝑎
∞

−∞

 



𝑓𝑇𝑉𝐸(𝑧) = ∫ 𝑓𝐴𝑆𝐸(𝑎)𝑓𝐴𝐴𝐷(𝑧 − 𝑎)𝑑𝑎
∞

−∞

 

 

 

𝑓𝐴𝑆𝐸(𝑎) =∑𝛽𝑖𝑓𝑖
𝐴𝑆𝐸(𝑎)

𝑛𝑡𝑔

𝑖=1

 

 

Assigned  

Altitude 

 

Actual 

Altitude 

 

Total Vert ical 

Error 

(TVE) 

 

Displayed 

Altitude 

 

Transponded 

Altitude 

 

Altimetry System 

Error 

(ASE) 

 

Flight Technical 

Error 

(FTE) 

 

Correspondence 

Error 

 

Assigned Altitude 

Deviation 

(AAD) 

 





𝑓𝑖
𝐴𝑆𝐸(𝑎)

 𝑓𝑖
𝐴𝑆𝐸(𝑎)

𝑓𝑖
𝐴𝑆𝐸(𝑎)

𝑓𝑖
𝐴𝑆𝐸(𝑎)

 𝑓𝑖
𝐴𝑆𝐸(𝑎)

 

 

 

𝑓𝑇𝑉𝐸(𝑧)

𝑃𝑧(1000) =

2.0405 ∙ 10−9 𝑃𝑧(0) = 0.3989



 

 

 

 

 

𝐸𝑧 =
2𝑇𝑧
𝐻

 

 

 

𝐸𝑧 =
2𝑛𝑧
𝑛

 

𝑆𝑥 = 80𝑁𝑀







𝐸𝑧(𝜃) = {

𝑡𝑠ℎ(𝜃)
𝑡𝐹

2𝐾(𝜃)
𝑁

; 𝑓𝑜𝑟 𝑡𝑠ℎ < 𝑡𝐹

2𝐾(𝜃)
𝑁

;            𝑓𝑜𝑟 𝑡𝑠ℎ > 𝑡𝐹

 

 

  

 

 

2𝐾(𝜃)
𝑁⁄

 

 

 



 

𝑆ℎ = 80𝑁𝑀

 



 





 

 

 



 

 





 





 





 





 





 

 

 

 

 

 

 



 



 

 

 





 





 





 



 

 

 



 





 





 





 





 



 

 

 



 



 





 



 

 

 



 



 


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5.2% annual traffic growth



 

 

 

 

 

 

 

 

 

 

 



 



 

 

|z̅̇|

 



𝑁𝑎𝑍
𝑤𝑙 = 𝑃𝑦(0) ∙

𝜆𝑥
𝑆𝑥
∙ {𝑃𝑧

𝑤𝑙(𝑆𝑧)𝑠𝑎𝑚𝑒𝐸𝑧𝑠𝑎𝑚𝑒 ∙ [
|∆𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
] + 𝑃𝑧

𝑤𝑙(𝑆𝑧)𝑜𝑝𝑝𝐸𝑧𝑜𝑝𝑝 ∙ [
2 ∙ |𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
]}

+
𝑃𝑍(0) × 𝑡

𝑤𝑙

𝑇
∙∑𝑃ℎ(𝜃𝑖)

𝑛

1

∙ 𝐸𝑧(𝜃𝑖) ∙ {
𝑣𝑟𝑒𝑙(𝜃𝑖)

𝜋𝜆ℎ
2

+
|𝑧|̇

2 ∙ 𝜆𝑧
}

 

𝑃𝑧
𝑤𝑙(𝑆𝑧)

𝑃𝑧
𝑤𝑙(𝑆𝑧)𝑠𝑎𝑚𝑒 =

𝑃𝑍(0) × 𝑡𝑠𝑎𝑚𝑒
𝑤𝑙

𝑇
                  𝑃𝑧

𝑤𝑙(𝑆𝑧)𝑜𝑝𝑝 =
𝑃𝑍(0) × 𝑡𝑜𝑝𝑝

𝑤𝑙

𝑇

 

 𝑁𝑎𝑍
𝑤𝑙

 𝑃𝑧
𝑤𝑙(𝑆𝑧)

 𝑃𝑍(0)

 

 𝑡𝑤𝑙

 

 



𝑁𝑎𝑍
𝑐𝑙/𝑑

= 𝑃𝑦(0) ∙
𝜆𝑥
𝑆𝑥
∙ {𝑃𝑧

𝑐𝑙/𝑑(𝑆𝑧)𝑠𝑎𝑚𝑒𝐸𝑧𝑠𝑎𝑚𝑒 ∙ [
|∆𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
] + 𝑃𝑧

𝑐𝑙/𝑑(𝑆𝑧)𝑜𝑝𝑝𝐸𝑧𝑜𝑝𝑝 ∙ [
2 ∙ |𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
]}

+ 𝑃𝑧
𝑐𝑙/𝑑

∙∑𝑃ℎ(𝜃𝑖)

𝑛

1

∙ 𝐸𝑧(𝜃𝑖) ∙ {
𝑣𝑟𝑒𝑙(𝜃𝑖)

𝜋𝜆ℎ
2

+
|𝑧|̇

2 ∙ 𝜆𝑧
}

 

𝑡𝑧 =
2 ∙ 𝜆𝑧

|𝑧𝑐̅̇|

 

𝜆𝑧 𝑧𝑐̅̇

𝑁 × 𝑡𝑧

𝑃𝑧
𝑐𝑙/𝑑(𝑆𝑧)

𝑃𝑧
𝑐𝑙/𝑑(𝑆𝑧) =

𝑁 × 𝑡𝑧
𝑇

=
𝑁 × 2𝜆𝑧 |𝑧𝑐̅̇|⁄

𝑇

 

 𝑁𝑎𝑍
𝑐𝑙/𝑑

 𝑃𝑧
𝑐𝑙/𝑑(𝑆𝑧)



 

 𝑧𝑐̇

 

 

𝑁𝑎𝑍
∗ = 𝑃𝑦(0) ∙

𝜆𝑥
𝑆𝑥
∙ {𝑃𝑧

∗(𝑆𝑧)𝑠𝑎𝑚𝑒𝐸𝑧𝑠𝑎𝑚𝑒 ∙ [
|∆𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
] + 𝑃𝑧

∗(𝑆𝑧)𝑜𝑝𝑝𝐸𝑧𝑜𝑝𝑝 ∙ [
2 ∙ |𝑣̅|

2 ∙ 𝜆𝑥
+
|𝑦|̇

2 ∙ 𝜆𝑦
+
|𝑧|̇

2 ∙ 𝜆𝑧
]} +

𝑃𝑧
∗ ∙∑𝑃ℎ(𝜃𝑖)

𝑛

1

∙ 𝐸𝑧(𝜃𝑖) ∙ {
𝑣𝑟𝑒𝑙(𝜃𝑖)

𝜋𝜆ℎ
2

+
|𝑧|̇

2 ∙ 𝜆𝑧
}

 

𝑃𝑧
∗(𝑆𝑧)

 

 

 



    

    

    

    

    

    

    

    

    

    

    

    

   

 



 

 



 

 



 

𝑁𝑎𝑧
𝑡𝑜𝑡𝑎𝑙 = 𝑁𝑎𝑧

𝑡𝑒𝑐ℎ + 𝑁𝑎𝑧
𝑤𝑙 + 𝑁𝑎𝑧

𝑐𝑙/𝑑
+ 𝑁𝑎𝑧

∗

 

𝑁𝑎𝑧
∗ = 0

𝑁𝑎𝑧
𝑐𝑙/𝑑

= 0

𝑃𝑧
𝑤𝑙(𝑆𝑧)𝑠𝑎𝑚𝑒 =

𝑃𝑍(0) × 𝑡𝑠𝑎𝑚𝑒
𝑤𝑙

𝑇

𝑃𝑧
𝑤𝑙(𝑆𝑧)𝑜𝑝𝑝 =

𝑃𝑍(0) × 𝑡𝑜𝑝𝑝
𝑤𝑙

𝑇
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 

o 

𝑆𝑦 = 50 𝑁𝑀 𝑃𝑦(50) = 7.435 ∙ 10
−8

𝑃𝑦(50) = 11.022 ∙ 10
−8

𝑆𝑦 = 90 𝑁𝑀 𝑃𝑦(90) = 2.399 ∙ 10
−8 𝑃𝑦(90) = 4.049 ∙ 10

−8

o 

o 

 

o 

o 

o 

 𝑃𝑧(1000) = 2.0405 ∙ 10
−9

o 

𝑃𝑦(0)



𝑃𝑦(0) =

0.2905

o 

o 

o 

o 

o 

 

 

 



 





 





 

 α

 



α



α

α

 





𝑃𝑟𝑜𝑏{𝑋 = 𝑘} = (
𝑛
𝑘
) ∙ 𝛼𝑘 ∙ (1 − 𝛼)𝑛−𝑘  

𝐴𝛼,𝛽 α ββ

𝑃𝑟𝑜𝑏{𝑋 ≥ 𝐴𝛼,𝛽} = 1 − 𝛽

β 𝐴𝛼,𝛽

𝐴𝛼,𝛽 𝐴𝛼,𝛽

𝑨𝜶,𝜷

α

𝑃𝑟𝑜𝑏{𝑌(𝑋)𝛽 ≥ 𝛼} = 1 − 𝛽



𝑌(𝑋)𝛼 𝑌𝑙𝑜𝑤 𝑌(𝑋)𝛽 𝑌𝑙𝑜𝑤

𝑌(𝑋)𝛽 α β

𝑌(𝑋)𝛽

𝐴𝛼,𝛽

𝐴𝛼,𝛽 = 𝑛𝛼 − 𝛽𝛼,𝛽

𝑛𝛼 = 𝐸{𝑋} 𝛽𝛼,𝛽 > 0

𝑛𝛼 − 𝛽𝛼,𝛽 ≤ 𝑋

𝛼 ≤
𝑋 + 𝛽𝛼,𝛽

𝑛

β

𝑌(𝑋)𝛽 β α

𝛼𝑈 β

𝑃𝑟𝑜𝑏{𝑋 ≥ 1|𝛼 = 𝛼𝑈} = 1 − 𝑃𝑟𝑜𝑏{𝑋 = 0|𝛼 = 𝛼𝑈} = 1 − 𝛽 

1 − (
𝑛
0
) ∙ 𝛼0 ∙ (1 − 𝛼)𝑛 = 1 − 𝛽 

(1 − 𝛼)𝑛 = 𝛽        𝛼 = (1 − 𝛽)
1
𝑛⁄  





 

 

 

 

𝐸𝑦 =
2𝑇𝑦

𝐻
 

 



 

𝑚𝑖𝑗 ∙ 𝐿 𝑉⁄

∑∑𝑚𝑖𝑗
𝐿

𝑉

𝑗=𝑓

𝑗=1

𝑖=𝑡

𝑖=1

 

𝐻 =
𝑇 ∙ 𝐿

𝑉
∑ 𝑚𝑖𝑗

𝑎𝑙𝑙 𝑡𝑟𝑎𝑗𝑒𝑐𝑡𝑜𝑟𝑖𝑒𝑠 𝑖𝑗

 

2𝑆𝑥
𝑉
∙ 𝑚𝑖−1,𝑗  



2𝑆𝑥
𝑉
∙ 𝑚𝑖−1,𝑗 ∙

𝐿

𝑉
 

2𝑆𝑥
𝑉
∙ 𝑚𝑖−1,𝑗 ∙

𝐿

𝑉
𝑚𝑖,𝑗 ∙ 𝑇 

𝑇𝑦 =∑∑
2𝑆𝑥
𝑉
∙ 𝑚𝑖−1,𝑗 ∙

𝐿

𝑉
𝑚𝑖,𝑗 ∙ 𝑇

𝑗=𝑓

𝑗=1

𝑖=𝑡

𝑖=1

 

𝑇𝑦 = ∑ 𝑚𝑖−1,𝑗 ∙ 𝑚𝑖,𝑗 ∙
2 ∙ 𝑆𝑥 ∙ 𝐿 ∙ 𝑇

𝑉
𝑎𝑙𝑙 𝑝𝑎𝑖𝑟𝑠 𝑜𝑓 𝑡𝑟𝑎𝑐𝑘𝑠

 

𝐸𝑦 =
2𝑇𝑦

𝐻
=
2 ∙ ∑ 𝑚𝑖−1,𝑗 ∙ 𝑚𝑖,𝑗 ∙

2 ∙ 𝑆𝑥
𝑉𝑎𝑙𝑙 𝑝𝑎𝑖𝑟𝑠 𝑜𝑓 𝑡𝑟𝑎𝑐𝑘𝑠

∑𝑚𝑖𝑗
 



𝐸𝑦 =
2 ∙ ∑ 𝑇𝑦

𝑝𝑝=𝑟
𝑝=𝑖

∑ 𝐻𝑝
𝑝=𝑟
𝑝=𝑖

=
∑ 𝐻𝑝𝐸𝑦

𝑝𝑝=𝑟
𝑝=𝑖

∑ 𝐻𝑝
𝑝=𝑟
𝑝=𝑖

 

𝐸𝑦 =
2𝑛𝑦

𝑛
 





𝐸𝑧 = {

𝑡𝑠ℎ(𝜃)
𝑡𝐹

2𝐾(𝜃)
𝑁

;    𝑓𝑜𝑟 𝑡𝑠ℎ < 𝑡𝐹

2𝐾(𝜃)
𝑁

;                 𝑓𝑜𝑟 𝑡𝑠ℎ > 𝑡𝐹

 

 

  

 

 



Δ𝑡𝑚𝑎𝑥 = √
(𝑉𝐴

2 + 𝑉𝐵
2 − 2𝑉𝐴𝑉𝐵𝑐𝑜𝑠𝜃)𝑆ℎ

2

𝑉𝐴
2𝑉𝐵

2𝑠𝑒𝑛2𝜃
 


