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A mi madre y hermano. 
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Agradecimientos. 
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 

 

 



9 

 

(1 − 𝛼 )% (𝛼)%

 

 

(1 − 𝛼 )%



10 



11 



12 

𝑅0

𝑆 𝑃′

𝑃

𝜆 𝑃′ = 𝑃 ∙ (1 + 𝜆)

𝑃 = 𝐸(𝑆)
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𝑅0 + 𝑃′ > 𝑆

𝑅0

𝜀 > 0

𝑃(𝑆 > 𝑅0 + 𝑃′) ≤ 𝜀

(0, 𝑡) 𝑁(𝑡)

𝑡 ≥ 0 𝑡

𝑘

𝑝𝑘,𝑡 = 𝑃(𝑁(𝑡) = 𝑘)

 { 𝑅(𝑡), 𝑡 ≥ 0}

𝑅(𝑡) = 𝑅0 + 𝑃′𝑡 − 𝑆(𝑡)             𝑡 ≥ 0,

 𝑅0 =  𝑅(0) ≥ 0 𝑃′

𝑃′𝑡

(0, 𝑡]

𝑆(𝑡) = ∑ 𝑋𝑖
𝑁(𝑡)
𝑖=1

𝑡  𝑋𝑖

𝑇1, 𝑇2, … 𝑐

𝑡 = 𝑇𝑖  𝑖 = 1, … , 𝑛

𝑋𝑖
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 { 𝑁(𝑡), 𝑡 ≥ 0}

𝜆 𝑁(𝑡) (0, 𝑡] 𝑆(𝑡)

𝑆(𝑡) = 0 𝑠𝑖 𝑁(𝑡) = 0

𝑅(𝑡) < 0

 0 𝑡

𝑅0

𝜓(𝑅0, 𝑡) = 𝑃{𝑅(𝑇) < 0 , 0 < 𝑇 ≤ 𝑡 | 𝑅(0) = 𝑅0} = 𝑃(𝑇 < 𝑡 | 𝑅(0) = 𝑅0)

 𝜓(𝑅0, 𝑡) 𝑇 (0 ≤ 𝜓(𝑅0) ≤

1) 𝑅0

𝐵𝑅

(0, 𝑡]

𝜓(𝑅0, 𝑡) = 𝑃{𝑅(𝑡) < 𝐵𝑅   ∀  𝑡 > 0 | 𝑅(0) = 𝑅0}
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𝜑(𝑅0, 𝑡) = 1 − 𝜓(𝑅0, 𝑡)

𝑅(𝑡)

𝑅𝑆 𝑅𝐼

𝛼 𝑅(𝑡) (0, 𝑡]

𝑅0

𝛼 = 𝑃{𝑅(𝑡) < 𝑅𝐼  | 𝑅(𝑡) = 𝑅0}

𝑅(𝑡) − 𝑅𝐼

(1 − 𝛼)

𝑃

𝑅𝑖 𝑋𝑖

{
𝑋𝑖 < 𝑃 → 𝑅𝑖 = 0

𝑋𝑖 > 𝑃 → 𝑅𝑖 = 𝑋𝑖 − 𝑃

𝐶𝑖 𝑋𝑖

{
𝑋𝑖 < 𝑃 → 𝐶𝑖 = 𝑋𝑖

𝑋𝑖 > 𝑃 → 𝐶𝑖 = 𝑃
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𝑃𝑟𝑖𝑚𝑎 𝑑𝑒 𝑡𝑎𝑟𝑖𝑓𝑎 = 𝐸(𝑅) + 𝜆 ∙ 𝜎(𝑅)             𝜆 ∈  ℝ

𝐸(𝑅)

𝜎(𝑅)

𝜆

 

𝑁 𝑋

𝑆𝑁

𝐸(𝑆𝑁) = 𝐸(𝑁) ∙ 𝐸(𝑋)

𝐸(𝑆𝑁) ≈
𝑆𝑁(𝑇)

𝑇

𝑆𝑁(𝑇)

 

𝑃𝑅(𝑃) = 𝐸(𝑛) ∙ ∫ 𝑥 ∙ 𝑑𝐹(𝑥)

∞

𝑃

= 𝐸(𝑁) ∙ ∫(𝑥 − 𝑃) ∙ 𝑑𝐹(𝑥)

∞

0
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𝐸(𝑛) 

[𝐸(𝑋 | 𝑋 > 𝑃) − 𝑃

(𝜆, 𝑊) 𝜆

𝑊 𝑃

𝑃𝑅(𝑃) = 𝜆 ∙ 𝑚(𝑊𝜉,𝛽,𝑃) = 𝐸(𝑛) ∙ ∫(𝑥 − 𝑃) ∙ 𝑤(𝑥)

∞

𝑃

= 𝐸(𝑛) ∙ [𝐸(𝑋 | 𝑋 > 𝑃) − 𝑃]

𝑚(𝑊𝜉,𝛽,𝑃) 

𝜉, 𝛽 𝑃

𝑉𝑎𝑅 𝑇𝑉𝑎𝑅
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 

 

 

 
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𝑋1,𝑛 ≥ 𝑋2,𝑛 ≥ . . . ≥ 𝑋𝑘,𝑛 ≥  … ≥ 𝑋𝑛,𝑛

[𝐹(𝑥) =

𝑃(𝑋𝑖,𝑛 ≤ 𝑥)] [𝑀𝑛 = (𝑋𝑖,𝑛) =

max (𝑋1,𝑛, 𝑋2,𝑛, . . . , 𝑋𝑘,𝑛 , … , 𝑋𝑛,𝑛)] 

𝑏𝑛 > 0 𝑦 𝑎𝑛 ∈ ℝ

𝑀𝑛−𝑎𝑛

𝑏𝑛
 →  𝑋  𝑐𝑢𝑎𝑛𝑑𝑜 𝑛 →  ∞ 𝑃 (

𝑀𝑛−𝑎𝑛

𝑏𝑛
≤ 𝑥)  →  𝐺(𝑥)  𝑐𝑢𝑎𝑛𝑑𝑜 𝑛 →  ∞

(𝑆(𝑡) = ∑ 𝑋𝑘,𝑛

𝑛

𝑘=1

)
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𝑃(𝑀𝑛 ≤ 𝑥) = 𝑃(𝑋1,𝑛 ≤ 𝑥; … ; 𝑋𝑛,𝑛 ≤ 𝑥) = ∏ 𝑃(𝑋𝑖,𝑛 ≤ 𝑥) = 𝐹𝑛(𝑥)

𝑛

𝑖=1

𝑃 (
𝑀𝑛 − 𝑎𝑛

𝑏𝑛

≤ 𝑥) =  𝐹𝑛(𝑎𝑛 + 𝑏𝑛 ∙ 𝑥)

𝑏𝑛 > 0 𝑦 𝑎𝑛 ∈ ℝ

𝑀𝑛 − 𝑎𝑛

𝑏𝑛

 
𝑑
→  𝐺  𝑐𝑢𝑎𝑛𝑑𝑜 𝑛 →  ∞

𝐺(𝑥) = lim
𝑛→ ∞

𝑃 (
𝑀𝑛 − 𝑎𝑛

𝑏𝑛

≤ 𝑥)     𝑥 ∈ ℝ

𝑏𝑛 > 0 𝑦 𝑎𝑛 ∈ ℝ 𝐹𝑛(𝑎𝑛 + 𝑏𝑛 ∙ 𝑥) = 𝐹(𝑥)
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 

 

 

 𝑏𝑛 > 0 𝑦 𝑎𝑛 ∈ ℝ

    
𝑀𝑛−𝑎𝑛

𝑏𝑛
 

𝑑
→  𝐺  𝑐𝑢𝑎𝑛𝑑𝑜 𝑛 →  ∞

𝐺(𝑥) = lim
𝑛→ ∞

𝑃(𝑀𝑛 ≤ 𝑏𝑛 ∙ 𝑋 + 𝑎𝑛) = lim
𝑛→ ∞

𝐹𝑛(𝑏𝑛 ∙ 𝑋 + 𝑎𝑛) =  𝐺(𝑋) 𝑐𝑜𝑛 𝑋 ∈ ℝ

 𝑋 ∈ 𝑀𝐷𝐴(𝐺)
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𝑫𝒊𝒔𝒕𝒓𝒊𝒃𝒖𝒄𝒊ó𝒏 𝒊𝒏𝒊𝒄𝒊𝒂𝒍 𝑭(𝒙)

𝑫𝒊𝒔𝒕𝒓𝒊𝒃𝒖𝒄𝒊ó𝒏 𝒍í𝒎𝒊𝒕𝒆 
𝒑𝒂𝒓𝒂 𝒍𝒐𝒔 𝒎á𝒙𝒊𝒎𝒐𝒔 𝑮(𝒙)

𝑬𝒙𝒑𝒐𝒏𝒆𝒏𝒄𝒊𝒂𝒍 𝑇𝑖𝑝𝑜 𝐼 (𝐺𝑢𝑚𝑏𝑒𝑙)

𝑮𝒂𝒎𝒎𝒂 𝑇𝑖𝑝𝑜 𝐼 (𝐺𝑢𝑚𝑏𝑒𝑙)

𝑵𝒐𝒓𝒎𝒂𝒍 𝑇𝑖𝑝𝑜 𝐼 (𝐺𝑢𝑚𝑏𝑒𝑙)

𝑳𝒐𝒈 −  𝑵𝒐𝒓𝒎𝒂𝒍 𝑇𝑖𝑝𝑜 𝐼 (𝐺𝑢𝑚𝑏𝑒𝑙)

𝑷𝒂𝒓𝒆𝒕𝒐 𝑇𝑖𝑝𝑜 𝐼𝐼 (𝐹𝑟𝑒𝑐ℎ𝑒𝑡)

𝑪𝒂𝒖𝒄𝒉𝒚 𝑇𝑖𝑝𝑜 𝐼𝐼 (𝐹𝑟𝑒𝑐ℎ𝑒𝑡)

𝑩𝒖𝒓𝒓 𝑇𝑖𝑝𝑜 𝐼𝐼 (𝐹𝑟𝑒𝑐ℎ𝑒𝑡)

𝑳𝒐𝒈 − 𝑮𝒂𝒎𝒎𝒂 𝑇𝑖𝑝𝑜 𝐼𝐼 (𝐹𝑟𝑒𝑐ℎ𝑒𝑡)
𝑼𝒏𝒊𝒇𝒐𝒓𝒎𝒆 𝑇𝑖𝑝𝑜 𝐼𝐼𝐼 (𝑊𝑒𝑖𝑏𝑢𝑙𝑙)

𝑩𝒆𝒕𝒂 𝑇𝑖𝑝𝑜 𝐼𝐼𝐼 (𝑊𝑒𝑖𝑏𝑢𝑙𝑙)

(𝑎𝑛 = 𝜇 = 0) (𝑏𝑛 = 𝜎 = 1)

𝐺𝑖,∝,𝑎𝑛,𝑏𝑛
(𝑥) = 𝐺𝑖,∝ (

𝑥 − 𝑎𝑛

𝑏𝑛

)  

 

Λ(𝑥) = 𝐺0(𝑥) = 𝑒𝑥𝑝{− exp(−𝑥)}, 𝑥 ∈ ℝ  

𝑔0,𝛼(𝑥) = 𝐺0(𝑥) ∙ 𝑒−𝑥  
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E(𝑋) = ∫(− ln(𝑥)

∞

0

∙ 𝑒−𝑥𝑑𝑥 = 𝜆∗7  

E(𝑋) = 𝑋̅ = 𝑎 + 𝜆 ∙ 𝑏  

Var(𝑋) = 𝜎2(𝑋) =
𝜋2

6
  

Var(𝑋) = 𝜎(𝑋) =
𝑏 ∙ 𝜋

√6
  

Φ(𝑥) = 𝐺1(𝑥) = {
0,               𝑥 ≤ 0

𝑒𝑥𝑝{−𝑥−∝}, 𝑥 > 0, ∝> 0
 

𝑔1,𝛼(𝑥) =∝∙ 𝐺1(𝑥) ∙ 𝑥−(∝+1)

Ψ(𝑥) = 𝐺2(𝑥) = {
1,               𝑥 > 0

𝑒𝑥𝑝{−(−𝑥)−∝}, 𝑥 ≤ 0, ∝< 0

𝑔2,𝛼(𝑥) = |∝| ∙ 𝐺2(𝑥) ∙ (−𝑥)−(∝+1)

 

𝑋𝑝

𝐺(𝑋𝑝) = 𝑝 𝑋𝑝
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𝐺−1

𝑄(𝑝)

ξ =
1

∝

(𝑎𝑛 = 𝜇) (𝑏𝑛 = 𝜎)

(𝑐𝑜𝑛 𝑒𝑙 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑟𝑜 𝜉)

𝐺𝜉(𝑥) = 𝑒𝑥𝑝 {−(1 + 𝜉 ∙ 𝑥)
−1

𝜉 },             (1 + 𝜉 ∙ 𝑥) > 0  

𝜉

𝜉 = 0

𝐺𝜉=0(𝑥) = 𝑒𝑥𝑝{− exp(−𝑥)},                𝑥 ∈ ℝ  

𝜉 =
1

∝
> 0

𝐺𝜉>0(𝑥) = 𝑒𝑥𝑝 {−(1 + 𝜉 ∙ 𝑥)
−1

𝜉 )} = 𝑒𝑥𝑝{−(𝑥′)−∝},               𝑥 >
−1

𝜉

𝜉 =
1

∝
< 0

𝐺𝜉<0(𝑥) = 𝑒𝑥𝑝 {−(1 + 𝜉 ∙ 𝑥)
−1

𝜉 )} = 𝑒𝑥𝑝{−(−𝑥′)−∝},               𝑥 <
1

|𝜉|

𝜇 𝜎

𝐺𝜉;𝜇,𝜎(𝑥) = 𝑒𝑥𝑝 {−(1 + 𝜉 ∙
𝑥 − 𝜇

𝜎
)

−1

𝜉 } ,                 𝜉, 𝜇 ∈ ℝ          𝜎 > 0  

𝜉 > 0

𝜉 < 0 𝜉 = 0
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𝑔𝑖,𝜉(𝑥) = 𝐺𝑖(𝑥) ∙ (1 + 𝜉 ∙ 𝑥)
−(1+

1

𝜉
)

,                     {
𝑖 = 1       𝑠𝑖     𝜉 > 0      𝐹𝑟𝑒𝑐ℎ𝑒𝑡
𝑖 = 1       𝑠𝑖     𝜉 < 0      𝑊𝑒𝑖𝑏𝑢𝑙𝑙

     

𝑔0,𝜉(𝑥) = 𝐺0(𝑥) ∙ 𝑒−𝑥 ,                                                           𝑥 ∈ ℝ      𝜉 = 0                        

𝐺𝜉
−1(𝑝) =

(−ln (𝑝))−𝜉 − 1

𝜉
,               𝜉 ≠ 0    

𝐸𝜉(𝑋) =
Τ(1 − 𝜉) − 1

𝜉
,                 𝜉 < 1

𝑉𝑎𝑟(𝑋) =
Τ(1 − 2 ∙ 𝜉) − Τ2(1 − 𝜉)

𝜉2
,                 𝜉 <

1

2

𝑢

𝑋 − 𝑢  𝑋 > 𝑢

𝑢
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[𝐹𝑢]

𝐹𝑢 = 𝑃(𝑌 ≤ 𝑦|𝑋 > 𝑢) = 𝑃(𝑋 − 𝑢 ≤ 𝑦|𝑋 > 𝑢);       𝑝𝑎𝑟𝑎 0 ≤ 𝑦 ≤ 𝑥0 − 𝑢

𝑢 𝑋 𝑌 

𝑢 𝑥0

𝑋 = 𝑌 + 𝑢
𝑌 = 𝑋 − 𝑢

𝑢 (𝑋1, 𝑋1, … , 𝑋𝑘)

𝑢 (𝑌1 = 𝑋1 − 𝑢, 𝑌2 = 𝑋2 − 𝑢, … , 𝑌𝑘 = 𝑋𝑘 − 𝑢)

𝑌 𝑦

𝑢

𝑋 𝑥

𝑢

𝑥0

 𝑢

𝐹𝑢(𝑥) = 𝐹𝑢(𝑦 + 𝑢) = 𝑃(𝑋 ≤ 𝑦 + 𝑢|𝑋 > 𝑢) = 𝑃(𝑋 − 𝑢 ≤ 𝑦|𝑋 > 𝑢) =
𝐹(𝑥) − 𝐹(𝑢)

1 − 𝐹(𝑢)
𝑝𝑎𝑟𝑎 0 ≤ 𝑦 ≤ 𝑥0 − 𝑢

𝑢:

1 − 𝐹𝑢(𝑥) = 𝑃(𝑋 > 𝑦 + 𝑢|𝑋 > 𝑢) = 𝑃(𝑋 − 𝑢 > 𝑦|𝑋 > 𝑢) =
1 − 𝐹(𝑥)

1 − 𝐹(𝑢)
𝑝𝑎𝑟𝑎 0 ≤ 𝑦 ≤ 𝑥0 − 𝑢
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𝑊𝜉(𝑥)

𝜉

𝑢

𝑾𝝃(𝒙) = 𝟏 − (𝟏 + 𝝃 ∙
𝒙

𝜷
)

−(
𝟏

𝝃
)

         𝑝𝑎𝑟𝑎           {

𝑥 > 0                   𝑠𝑖     𝜉 > 0 

0 < 𝑥 <
1

|𝜉|
       𝑠𝑖     𝜉 < 0 

     

𝛽 = 𝜎 + 𝜉(𝑢 − 𝜇)

𝑥

𝑢 𝜉

𝑃(𝑋 − 𝑢 > 𝑥 | 𝑋 > 𝑢) = 1 −  𝑊𝜉(𝑥) = (1 + 𝜉 ∙
𝑥

𝛽
)

−(
1

𝜉
)

 

𝑊𝜉(𝑥) = 1 − 𝑙𝑜𝑔[𝐺𝜉(𝑥)]   

𝒘𝝃(𝒙) = (𝟏 + 𝝃 ∙ 𝒙)
−(𝟏+

𝟏

𝝃
)
          𝑝𝑎𝑟𝑎           {

𝑥 ≥ 0                   𝑠𝑖     𝜉 > 0 

0 ≤ 𝑥 <
1

|𝜉|
       𝑠𝑖     𝜉 < 0 

     

𝑾𝝃
−𝟏(𝒑) =

(𝟏 − 𝒑)−𝝃 − 𝟏

𝝃
= 𝑿𝒑                𝑝𝑎𝑟𝑎            𝜉 ≠ 0
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𝜉 =
1

𝛼

𝜉 𝜉

𝜉

𝑊𝜉(𝑥) 𝑤𝜉(𝑥)

𝑊𝜉
−1(𝑝)

 𝜉 = 0

𝑊𝜉=0(𝑥) = 1 − 𝑒−𝑥                       𝑥 ≥ 0

𝑤𝜉=0(𝑥) = 𝑒−𝑥                               𝑥 ≥ 0

𝑊𝜉=0
−1 (𝑝) = − ln(1 − 𝑝)                         

 𝜉 > 0 𝜉 =
1

𝛼
 ,    𝛼 > 0

𝑊𝜉,𝛼(𝑥) = 1 − 𝑥−𝛼                       𝑥 ≥ 1

𝑤𝜉,𝛼(𝑥) = 𝛼 ∙ 𝑥−(1+𝛼)                 𝑥 ≥ 1

𝑊𝜉
−1(𝑝) = (1 − 𝑝)−(

1

𝛼
)                          

 𝜉 < 0 𝜉 =
1

𝛼
 ,    𝛼 < 0

𝑊𝜉,𝛼(𝑥) = 1 − (−𝑥)−𝛼                       − 1 ≤ 𝑥 ≤ 0

𝑤𝜉,𝛼(𝑥) = |𝛼| ∙ (−𝑥)−(1+𝛼)                − 1 ≤ 𝑥 ≤ 0

𝑊𝜉
−1(𝑝) = −(1 − 𝑝)−(

1

𝛼
)                                             

𝛼

[−1,0]
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𝜉 > −
1

2
 𝜉 ≤ −

1

2

𝜉 > 0

𝑥1,  𝑥2, … , 𝑥𝑘  𝑘

𝑢 𝜉 ≠

𝐿(𝛽, 𝜉) = −𝑘 ∙ ln(𝛽) − (1 +
1

𝜉
) ∑ 𝑙𝑛 (1 +

𝜉 ∙ 𝑥𝑖

𝛽
)

𝑘

𝑖=1

(1 +
𝜉∙𝑥𝑖

𝛽
) 𝑖 = 1,2, … , 𝑘

ξ

𝜉𝑘,𝑛 =
𝑙𝑛 (

𝑋𝑘−𝑋2𝑘

𝑋2𝑘−𝑋4𝑘
)

ln (2)
                      𝜉 ∈ ℝ

𝑋𝑖 𝑘

𝑘

𝑢[𝐹𝑢]

𝐹𝑢(𝑦) = 𝑃(𝑌 ≤ 𝑦 | 𝑋 > 𝑢) = 𝑃(𝑋 − 𝑢 ≤ 𝑦 | 𝑋 > 𝑢)

𝐹𝑢(𝑥) = 𝑃(𝑋 ≤ 𝑥) = 𝐹𝑢(𝑦 + 𝑢) = 𝑃(𝑋 − 𝑢 ≤ 𝑦 | 𝑋 > 𝑢) =
𝐹(𝑥) − 𝐹(𝑢)

1 − 𝐹(𝑢)

0 ≤ 𝑦 ≤ 𝑥0 − 𝑢
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𝑒(𝑢) = 𝐸(𝑋 − 𝑢 | 𝑋 > 𝑢) = ∫ 𝑥 ∙ 𝑑𝐹𝑢(𝑥)

∞

0

𝑒𝐹(𝑢)
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 

𝑒𝑊𝜉
(𝑢) =

1 + 𝜉 ∙ 𝑢

1 − 𝜉
, 𝑝𝑎𝑟𝑎 {

𝑢 > 0   𝑠𝑖  0 ≤  𝜉 < 1

0 < 𝑢 
−1

𝜉
   𝑠𝑖   𝜉 < 0

𝜉

1−𝜉

 (𝐺𝑃0):  𝑒𝑊0
(𝑢) = 1,    𝑢 > 0

 (𝐺𝑃1, ∝> 1):  𝑒𝑊1
(𝑢) =

𝑢

∝−1
,    𝑢 > 1

 (𝐺𝑃2, ∝< 0):  𝑒𝑊2
(𝑢) =

𝑢

∝−1
,   − 1 ≤ 𝑢 ≤ 0

(𝑋1,𝑛 ≥ 𝑋2,𝑛 ≥ . . . ≥ 𝑋𝑘,𝑛 ≥  … ≥ 𝑋𝑛,𝑛)

𝑒̂𝑛(𝑢) =
∑ (𝑋𝑖 − 𝑢)+𝑛

𝑖=1

∑ (𝑋𝑖 > 𝑢)𝑛
1=1
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𝑢 = 𝑋𝑘+1

𝐸𝑘,𝑛 = 𝑒̂𝑛(𝑋𝑘) =
∑ 𝑋𝑖

𝑘
𝑖=1

𝑘
 ,    𝑘 = 1,2, … , 𝑛 − 1

𝑒̂𝑛(𝑢)

(𝑢, 𝑒̂𝑛(𝑢))

𝑢 = 𝑋𝑘+1 𝑘

(𝑘, 𝐸𝑘,𝑛) 𝑘 = 1, … , 𝑛 − 1 𝑋𝑘+1 

(𝑋𝑘+1, 𝐸𝑘,𝑛) 𝑘 = 1, … , 𝑛 − 1

𝑢

𝐸𝑘,𝑛

 𝑝 ∈ (0,1)

𝑇𝑘,𝑛
𝑝

=
∑ 𝑋𝑖

𝑘
𝑖=[𝑝𝑘]+1

𝑘 − [𝑝𝑘]
− 𝑋𝑘+1 

[𝑝𝑘]



34 

 𝑋𝑘+1

𝑀𝑘,𝑛
𝑝

= 𝑋[𝑝𝑘]+1 − 𝑋𝑘+1

𝑠(𝑢) = 𝐸[(𝑋 − 𝑢)2 | 𝑋 > 𝑢]

𝑢

𝑠(𝑢)

𝑠(𝑢)

𝑠(𝑢) = 2 ∙
∫ (𝑎 − 𝑢)(1 − 𝐹(𝑎)) 𝑑𝑎

𝑥+

𝑢

1 − 𝐹(𝑢)

𝑢 = 𝑋𝑘+1

𝑠(𝑢) = 𝑆𝑘,𝑛

𝑆𝑘,𝑛 =
1

𝑘
∑(𝑋𝑖 − 𝑋𝑘+1)2

𝑘

𝑖=1

                    𝑘 = 1,2, … , 𝑛 − 1

𝑋
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𝐹 𝑋𝑝 𝐹(𝑋𝑝) = 𝑝

𝑋𝑝

𝑝 =
𝑟

(𝑛+1)
 𝑑𝑜𝑛𝑑𝑒 𝑟 = 1, … , 𝑛

𝐹−1(𝑝) = 𝑄(𝑝) = 𝑋𝑝

 (𝑋1,𝑛 < 𝑋2,𝑛 < . . . < 𝑋𝑟,𝑛 <  … < 𝑋𝑛,𝑛)

(𝐹𝑛
−1(𝑝), 𝑋𝑟,𝑛)

 𝐹𝑛
−1(𝑝) ≈ 𝑋𝑟,𝑛

𝑋 𝑌

𝑌 = 𝑔(𝑋)

𝑄𝑦(𝑝) = 𝑔(𝑄𝑥(𝑝))

 (𝑋1,𝑛 < 𝑋2,𝑛 < . . . < 𝑋𝑟,𝑛 <  … < 𝑋𝑛,𝑛)  (𝑌1,𝑛 < 𝑌2,𝑛 <

 . . . < 𝑌𝑟,𝑛 <  … < 𝑌𝑛,𝑛)  𝑋 𝑌

(𝑋𝑟,𝑛, 𝑌𝑟,𝑛) 𝑔

𝑋 𝑌

𝑋

𝑌
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( 𝑝𝑟 , 𝐹𝑛(𝑋𝑟,𝑛))

𝐹̂𝑛(𝑐)

[𝑋1,𝑋2, … , 𝑋𝑛]

𝑐

𝐹̂𝑛(𝑐) =
1

𝑛
∙ ∑ 1(𝑋𝑖 ≤ 𝑐)

𝑖≤𝑛

𝑐

𝑐

𝐹(𝑐) = 𝑃(𝑋 ≤ 𝑐)

(c, F̂n(c))
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 𝑋1,𝑛 ≥

𝑋2,𝑛 ≥ . . . ≥ 𝑋𝑘,𝑛 ≥  … ≥ 𝑋𝑛,𝑛 

 n

 𝑘

 𝑁

 ℎ 𝑘 − é𝑠𝑖𝑚𝑜

𝑁

𝑤(ℎ) ℎ 𝑘, 𝑛, 𝑁

𝑝 𝑘 − é𝑠𝑖𝑚𝑜

ℎ 𝑁 𝑘 − é𝑠𝑖𝑚𝑜 𝑛

𝑤(ℎ) =
(𝑁+𝑛−𝑘−ℎ

𝑛−𝑘
)(ℎ+𝑘−1

𝑘−1
)

(𝑁+𝑛
𝑛

)
=

𝑘(𝑛
𝑘

)(𝑁
ℎ

)

(𝑁 + 𝑛)(𝑁+𝑛−1
ℎ+𝑘−1

)

0 ≤ ℎ < 𝑁   𝑦   1 ≤ 𝑘 ≤ 𝑛 

𝑊(𝑥) = ∑ 𝑤(ℎ)

𝑥

ℎ=0

  

𝑍
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𝑋1, 𝑋2, … 𝐹

𝑟 − é𝑠𝑖𝑚𝑜 𝑋𝑡 𝑍

𝜏𝑟 = min{𝑡 > 𝜏𝑟−1 ∶  𝑋𝑡 > 𝑍}          𝑟 ≥ 1

𝑡

𝑍 𝑝

𝐺𝑡(𝑚) = 𝑝 ∙ (𝑒−𝑚 − (1 − 𝑝))−1

Z

E(τ1, Z) =
1

1 − F(Z)
=

1

p
= T

p
1

p

Z T Z

Z 𝑇

1

𝐸 [∑ 𝐼(𝑋𝑖 ≥ 𝑍)

𝑖≤𝑇

] = 1

𝑇

𝑍(𝑇) = 𝐹−1 (1 −
1

𝑇
)

𝑝 =
1

𝑇
𝑉(𝜏1, 𝑍) = 𝑇2 − 𝑇

𝜇(𝜏1, 𝑍) =
ln (2)

−ln (1−
1

𝑇
)

≈ ln(2) ∙ 𝑇 − ln (√2)
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40 

 

 
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 

 

 

 

𝐒𝐢𝐧𝐢𝐞𝐬𝐭𝐫𝐚𝐥𝐢𝐝𝐚𝐝

𝑨ñ𝒐
𝑁ú𝑚𝑒𝑟𝑜 𝑑𝑒
𝑠𝑖𝑛𝑖𝑒𝑠𝑡𝑟𝑜𝑠

𝐶𝑜𝑠𝑡𝑜 𝑡𝑜𝑡𝑎𝑙
𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑢. 𝑚

𝑉𝑎𝑟𝑖𝑎𝑐𝑖ó𝑛
𝑎𝑛𝑢𝑎𝑙

𝐶𝑜𝑠𝑡𝑒 𝑝𝑟𝑜𝑚𝑒𝑑𝑖𝑜
    𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑢. 𝑚

𝑉𝑎𝑟𝑖𝑎𝑐𝑖ó𝑛
   𝑎𝑛𝑢𝑎𝑙
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𝐏ó𝐥𝐢𝐳𝐚𝐬 𝐞𝐧 𝐜𝐚𝐫𝐭𝐞𝐫𝐚

𝑨ñ𝒐
𝑵ú𝒎𝒆𝒓𝒐 𝒅𝒆
𝒔𝒊𝒏𝒊𝒆𝒔𝒕𝒓𝒐𝒔

𝑽𝒂𝒓𝒊𝒂𝒄𝒊ó𝒏
  𝒂𝒏𝒖𝒂𝒍

𝑵ú𝒎𝒆𝒓𝒐 𝒅𝒆
    𝒑ó𝒍𝒊𝒛𝒂𝒔

𝑽𝒂𝒓𝒊𝒂𝒄𝒊ó𝒏
 𝒂𝒏𝒖𝒂𝒍

𝑹𝒆𝒍𝒂𝒄𝒊ó𝒏           
𝒔𝒊𝒏𝒊𝒆𝒔𝒕𝒓𝒐𝒔/𝒑ó𝒍𝒊𝒛𝒂𝒔
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𝐌𝐚𝐱𝐢𝐦𝐨𝐬 𝐦𝐞𝐧𝐬𝐮𝐚𝐥𝐞𝐬

𝑴𝒆𝒔 𝑨ñ𝒐 𝟏        𝑨ñ𝒐 𝟐          𝑨ñ𝒐 𝟑         𝑨ñ𝒐 𝟒              𝑨ñ𝒐 𝟓             𝑨ñ𝒐 𝟔 𝑨ñ𝒐 𝟕          𝑨ñ𝒐 𝟖              𝑨ñ𝒐 𝟗         𝑨ñ𝒐 𝟏𝟎

 

 
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𝑨ñ𝒐 𝑷𝒓𝒐𝒎𝒆𝒅𝒊𝒐 𝒖. 𝒎. 𝑫𝒆𝒔𝒗𝒊𝒂𝒄𝒊ó𝒏 𝒆𝒔𝒕𝒂𝒏𝒅𝒂𝒓

𝟏

𝟐

𝟑

𝟒

𝟓

𝟔

𝟕

𝟖

𝟗

𝟏𝟎

𝑻𝒐𝒕𝒂𝒍

(𝐻0)

(𝐻1)

𝑋2 = ∑
𝜃𝑖 − 𝑒𝑖

𝑒𝑖

𝑛

𝑖=1

≈ 𝑋𝑛−1
2

θi ei
1

𝑛
𝑛 = 12  𝑛 = 6 𝑛 = 4
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𝑋10 𝑚𝑎𝑥
2 = 0.0464 ≈ 𝑋12−1

2 → 𝑝 = 1
𝑋10 𝑚𝑎𝑥

2 = 0.0404 ≈ 𝑋6−1
2 → 𝑝 = 1

     𝑋10 𝑚𝑎𝑥
2 = 0.0344 ≈ 𝑋4−1

2 → 𝑝 = 0.98

 𝑋20 𝑚𝑎𝑥
2 = 0.0458 ≈ 𝑋12−1

2 → 𝑝 = 1
𝑋20 𝑚𝑎𝑥

2 = 0.0344 ≈ 𝑋6−1
2 → 𝑝 = 1

𝑋20 𝑚𝑎𝑥
2 = 0.0114 ≈ 𝑋4−1

2 → 𝑝 = 1



46 

 

 

 

 

 

 

 

𝑢



47 

𝑋1,𝑛 ≥ 𝑋2,𝑛 ≥ . . . ≥ 𝑋𝑘,𝑛 ≥  … ≥ 𝑋𝑛,𝑛

𝑢

𝑢 = 𝑋𝑘+1 𝑘

𝐸𝑘,𝑛 = 𝑒̂𝑛(𝑋𝑘) =
∑ 𝑋𝑖

𝑘
𝑖=1

𝑘
− 𝑋𝑘+1               𝑘 = 1,2, … , 𝑛 − 1

𝐸𝑘,𝑛

𝑢 = 𝑋𝑘+1
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𝜉 = 0

𝜉 ≠ 0

𝑃𝑣𝑎𝑙𝑢𝑒 = 0.000253
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𝒑𝒆𝒓𝒄𝒆𝒏𝒕𝒊𝒍𝒆𝒔 (𝒒) 𝑽𝒂𝒍𝒐𝒓 𝒑𝒂𝒓𝒂 𝒆𝒍 𝒑𝒆𝒓𝒄𝒆𝒏𝒕𝒊𝒍 (𝑿𝒒) 𝑵ú𝒎𝒆𝒓𝒐 𝒅𝒆 𝒗𝒂𝒍𝒐𝒓𝒆𝒔 𝒑𝒐𝒓 
𝒆𝒏𝒄𝒊𝒎𝒂 𝒅𝒆 𝑿𝒒(𝒌)

𝟎. 𝟐𝟓 556.92 𝑘 = 651

𝟎. 𝟓𝟎 603.96 𝑘 = 434

𝟎. 𝟕𝟓 704.13 𝑘 = 217

𝟎. 𝟗𝟎 876.4 𝑘 = 84

𝑇𝑎𝑚𝑎ñ𝑜 𝑑𝑒 𝑙𝑎 𝑚𝑢𝑒𝑠𝑡𝑟𝑎 = 875 𝑉𝑎𝑟𝑖𝑎𝑛𝑧𝑎 = 69,200.56
𝑀𝑒𝑑𝑖𝑎 = 680.47 𝐷𝑒𝑠𝑣𝑖𝑎𝑐𝑖ó𝑛 𝑒𝑠𝑡á𝑛𝑑𝑎𝑟 = 263.06

𝑀í𝑛𝑖𝑚𝑜 = 525.14 𝑀𝑒𝑑𝑖𝑎𝑛𝑎 = 603.96
𝑀á𝑥𝑖𝑚𝑜 = 2,720.19

𝐻0

𝐻1

X2 = ∑
θi − ei

ei

12

i=1

≈ X12−1
2

θi ei
1

12
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 

 

 

𝜉 = 0.3702 𝛽 = 0.2718 𝜇 = 6.4952

𝑊̂𝜉,𝛽,𝜇
−1 (𝑝) = 𝑥𝑝
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𝑃𝐷𝑅 =

∑ (
|𝑥𝑖

𝜃−𝑥𝑖
𝑡|

𝑥𝑖
𝜃 )𝑛

𝑖=1

𝑛

|𝑥𝑖
𝜃 − 𝑥𝑖

𝑡| 

𝑥𝑖
𝑡 𝑥𝑖

𝜃

𝑊̂𝜉,𝛽,𝜇(𝑥) = 1 − (1 + 0.3702 ∙
𝑥 − 6.4952

0.2718
)

−1

0.3702
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𝑥

𝑥

1 − 𝑊̂𝜉,𝛽,𝜇(𝑥)

𝐹̂𝑛(𝑐)

(𝑐, 𝐹̂(𝑐))

𝐹̂𝑛(𝑐) =
1

𝑛
∙ ∑ 1(𝑋𝑖 ≤ 𝑐)

𝑖≤𝑛

𝒙  𝒖. 𝒎. 𝑳𝒏 (𝒙) 𝑾(𝑳𝒏(𝒙)) 𝟏 − 𝑾(𝑳𝒏(𝒙))

𝟕𝟎𝟎 6.55 17.99% 82.01%

𝟏, 𝟎𝟓𝟎 6.96 73.42% 26.58%

𝟏, 𝟕𝟓𝟎 7.47 89.80% 10.20%

𝟐, 𝟒𝟓𝟎 7.80 93.67% 6.33%
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𝑤̂𝜉,𝛽,𝜇(𝑥) =
1

0.2718
∙ (1 + 0.3702 ∙

𝑥 − 6.4952

0.2718
)

1−
−1

0.3702

𝑝

𝑊̂−1
𝜉,𝛽,𝜇(𝑝) = 6.4952 +

0.2718

0.3702
∙ ((1 − 𝑝)−0.3702 − 1) = 𝑥𝑝

𝒑
𝑷𝒆𝒓𝒊𝒐𝒅𝒐 𝒅𝒆 𝒓𝒆𝒕𝒐𝒓𝒏𝒐 

𝟏

𝟏 − 𝒑

𝑵𝒊𝒗𝒆𝒍 𝒅𝒆 𝒓𝒆𝒕𝒐𝒓𝒏𝒐

 (𝒙𝒑) 𝒆𝒏 𝑳𝒏

𝑵𝒊𝒗𝒆𝒍 𝒅𝒆 𝒓𝒆𝒕𝒐𝒓𝒏𝒐

 (𝒙𝒑) 𝒆𝒏 𝒖. 𝒎.

𝟗𝟎% 10 𝑠𝑖𝑛𝑖𝑒𝑠𝑡𝑟𝑜𝑠 7.48 1,777.34

𝟗𝟓% 20 𝑠𝑖𝑛𝑖𝑒𝑠𝑡𝑟𝑜𝑠 7.99 2,941.25

𝟗𝟗% 100 𝑠𝑖𝑛𝑖𝑒𝑠𝑡𝑟𝑜𝑠 9.80 18,022.69

𝟗𝟗. 𝟗% 1000 𝑠𝑖𝑛𝑖𝑒𝑠𝑡𝑟𝑜𝑠 15.23 4,123,972.27
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𝑝 𝑢

𝑝′

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑑𝑎𝑑 𝑚𝑎𝑟𝑔𝑖𝑛𝑎𝑙: 𝑃(𝑥 > 525.37 ) =
826

338,128
= 0.0025

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑑𝑎𝑑 𝑐𝑜𝑛𝑑𝑖𝑐𝑖𝑜𝑛𝑎𝑑𝑎: 𝑃(𝑥 > 2,450 | 𝑥 > 525.37) = 0.0105

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑑𝑎𝑑 𝑐𝑜𝑛𝑗𝑢𝑛𝑡𝑎 𝑑𝑒 𝑠𝑢𝑝𝑒𝑟𝑎𝑟 2,450  𝑢. 𝑚. 𝑒𝑛 𝑙𝑜𝑠 𝑝𝑟ó𝑥𝑖𝑚𝑜𝑠 1000 𝑠𝑖𝑛𝑖𝑒𝑠𝑡𝑟𝑜𝑠:
1000 ∙ 𝑃(𝑥 > 2,450) = 𝑃(𝑥 > 525.37 ) ∙ 𝑃(𝑥 > 2,450 | 𝑥 > 525.37 ) = 0.0256

525.37 
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525.37

𝐸(𝑛1) =
826

338,128
∙ 43,750 = 106.88              𝐸(𝑛2) =

826

338,128
∙ 46,760 = 114.23 

 

 

525.37

𝜆 =
826

10
= 82.6 ≈ 83
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𝑨ñ𝒐𝒔 
𝒅𝒆 𝒆𝒔𝒕𝒖𝒅𝒊𝒐

𝑵ú𝒎𝒆𝒓𝒐 𝒅𝒆 𝒔𝒊𝒏𝒊𝒆𝒔𝒕𝒓𝒐𝒔 𝒒𝒖𝒆 
𝒉𝒂𝒏 𝒔𝒖𝒑𝒆𝒓𝒂𝒅𝒐 𝟓𝟐𝟓. 𝟑𝟕 𝒖. 𝒎.

𝐸(𝑛) = 110

𝐸(𝑛) ∙ 𝑃(𝑥 > 𝑋 | 𝑥 > 525.37) = 𝑃(𝑥 > 𝑋) = 𝑝′ = 0.189

𝑝′ 𝑋 = 2,450

2,450



57 

𝑝′

𝑊̂−1
𝜉,𝛽,𝜇(𝑝) = 6.4952 +

0.2718

0.3702
∙ ((1 − 𝑝)−0.3702 − 1) = 𝑥𝑝

𝐸(𝑛) = 110 𝑋

𝑝′

𝒑′
𝑷𝒆𝒓𝒊𝒐𝒅𝒐 𝒅𝒆 𝒓𝒆𝒕𝒐𝒓𝒏𝒐 

𝟏

𝒑

𝑿

𝒑′ = 𝟓. 𝟎% 20 𝑎ñ𝑜𝑠 5,887 𝑢. 𝑚.

𝒑′ = 𝟐. 𝟓% 40 𝑎ñ𝑜𝑠 10,577 𝑢. 𝑚.

𝒑′ = 𝟏. 𝟎% 100 𝑎ñ𝑜𝑠 27,223 𝑢. 𝑚.

𝒑′ = 𝟎. 𝟓% 200 𝑎ñ𝑜𝑠 65,058 𝑢. 𝑚.

𝑘 − é𝑠𝑖𝑚𝑜

𝑛 ℎ 𝑁

𝑛 = 12

(𝑁 = 12, 𝑁 = 24 𝑦 𝑁 = 36)

𝑺𝒊𝒏𝒊𝒆𝒔𝒕𝒓𝒐 𝒅𝒆 𝒐𝒓𝒅𝒆𝒏 𝒌 𝑪𝒐𝒔𝒕𝒐 𝒅𝒆𝒍 𝒔𝒊𝒏𝒊𝒆𝒔𝒕𝒓𝒐 𝒖. 𝒎.

𝟏 2,370,186

𝟐 1,979,383

𝟑 1,371,797

𝟒 1,197,735

𝟓 1,187,725

ℎ

𝑤(ℎ)
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𝑘 = 1 ℎ = 0

𝑘

ℎ = 1

𝑘

ℎ = 0

𝑁 = 24 𝑦 𝑁 = 36
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𝑁
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𝜉

𝜉

𝑢

 

 

 

 

 
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{N(t), t ≥ 0}

 𝑁(𝑡) ≥ 0

 𝑁(𝑡)

 𝑡0 < 𝑡1 𝑁(𝑡0) ≤ 𝑁(𝑡1) 𝑁(𝑡)

 𝑡0 < 𝑡1 𝑁(𝑡1) − 𝑁(𝑡0) (𝑡0, 𝑡1]

ti

i = 0, … , n n ≥ 1 0 = t0 < t1 < ⋯ < tn N(ti) − N(ti−1)

𝑁(𝑡1) − 𝑁(𝑡0) (𝑡0, 𝑡1]
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{N(t), t ≥ 0} 𝜆 >

0

 𝑁(0) = 0

 

 𝑃(𝑁(𝑡 + ℎ) − 𝑁(𝑡) = 1) = 𝜆ℎ + 𝑜(ℎ) ℎ 𝑜(ℎ)

lim
ℎ→0

𝑜(ℎ)

ℎ
= 0

 𝑃(𝑁(𝑡 + ℎ) − 𝑁(𝑡) ≥ 2) = 𝑜(ℎ)

𝑁(𝑡)

∀ 𝑡 > 0 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜆𝑡)

0 < 𝑇1 < 𝑇2 < 𝑇3 < ⋯

𝑊𝑖 = 𝑇𝑖 − 𝑇𝑖−1          𝑖 = 1,2, … 

𝑊1 = 𝑇1

{N(t), t ≥ 0}

𝜆

1

𝜆
.

{N(t), t ≥ 0}

{𝑋𝑖}𝑖=1
∞ 𝑁(𝑡)

{𝑆(𝑡), 𝑡 ≥ 0}
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𝑆(𝑡) = ∑ 𝑋𝑖

𝑁(𝑡)

𝑖=1

𝑁(𝑡) = 0 𝑆(𝑡) = 0

𝑁(𝑡)

𝑡 𝑋𝑖
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𝐹(𝑥) = 𝑃(𝑆 ≤ 𝑥) = 1 − (
𝑐

𝑥
)

𝑏

𝑓(𝑥) =
𝑏 ∙ 𝑐𝑏

𝑥𝑏+1

 ∫ 𝑥 ∙ 𝑑𝐹(𝑥) =
𝑏∙𝑐

𝑏−1

𝑥

0

𝑏∙𝑐2

(𝑏−2)∙(𝑏−1)2

c > 𝑋

𝑋 ≥ 𝑐 𝑐

b

𝑏

𝑛

𝑘

𝑝𝑘 =
𝑒−𝜆 ∙ 𝜆𝑘

𝑘!
 ,                𝜆 ≥ 0

𝜆
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 

 

 

 

 

𝜆

𝑘

𝑝𝑘 = ∫
𝑒−𝜆𝜃 ∙ (𝜃𝜆)𝑘

𝑘!
∙ 𝑑𝐹(𝜃) 

∞

0

𝐹(𝜃) 𝜃

𝐸[𝜃] = 1

𝜃 = 1

𝜃 > 1  0 < 𝜃 < 1

𝜃

𝜆𝜃

𝑘

𝐸(𝑘) = 𝐸(𝐸(𝑘|𝜃)) = 𝐸(𝜆𝜃) = 𝜆 ∙ 𝐸(𝜃) = 𝜆 ∙ 1 = 𝜆
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X1,n ≥ X2,n ≥ . . . ≥ Xk,n ≥  … ≥ Xn,n

𝐹(𝑥) = 𝑃(𝑋𝑖,𝑛 ≤ 𝑥)

𝑀𝑛 𝑀𝑛 = 𝑋1,𝑛 = max (𝑋1,𝑛, 𝑋2,𝑛 , … , 𝑋𝑘,𝑛 , … , 𝑋𝑛,𝑛)

𝑃 (
𝑀𝑛 − 𝑎𝑛

𝑏𝑛

≤ 𝑥) → 𝐺(𝑥)  𝑐𝑢𝑎𝑛𝑑𝑜 𝑛 →  ∞

𝐺𝜉(𝑥) = exp {− (1 + 𝜉 ∙
𝑥 − 𝜇

𝜎
)

−(
1

𝜉
)

}

𝑢

𝐹𝑢(𝑥) = 𝑃(𝑋 − 𝑢 ≤ 𝑦 | 𝑋 > 𝑢)~𝑊𝜉(𝑦)     𝑝𝑎𝑟𝑎   0 ≤ 𝑦 ≤ 𝑥0 − 𝑢

𝑙𝑛 𝐺𝜉(𝑥) = − (1 + 𝜉 ∙
𝑥 − 𝜇

𝜎
)

−(
1

𝜉
)

𝑙𝑛 𝐹 (𝑥) ≈ −[1 − 𝐹(𝑥)]

−[1 −  𝐺𝜉(𝑥)] = − (1 + 𝜉 ∙
𝑥 − 𝜇

𝜎
)

−(
1

𝜉
)

𝐺𝜉(𝑥) = 1 − (1 + 𝜉 ∙
𝑥 − 𝜇

𝜎
)

−(
1

𝜉
)

𝑊𝜉(𝑦)~𝑃(𝑋 − 𝑢 ≤ 𝑦 | 𝑋 > 𝑢) 𝑃(𝑋 − 𝑢 ≤ 𝑦 | 𝑋 > 𝑢) =
𝐹(𝑥)−𝐹(𝑢)

1−𝐹(𝑢)
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𝑊𝜉(𝑦)~
𝐺𝜉(𝑥)−𝐺𝜉(𝑢)

1−𝐺𝜉(𝑢)
=

−(1+𝜉∙
𝑥−𝜇

𝜎
)

−(
1
𝜉

)
+ (1+𝜉∙

𝑢−𝜇

𝜎
)

−(
1
𝜉

)

(1+𝜉∙
𝑢−𝜇

𝜎
)

−(
1
𝜉

)
= 1 −

(
𝜎+𝜉∙(𝑥−𝜇)

𝜎+𝜉∙(𝑢−𝜇)
)

−(
1

𝜉
)

𝑥 = 𝑦 + 𝑢 𝛽 = 𝜎 + 𝜉 ∙ (𝑢 − 𝜇)

𝑊𝜉(𝑦) = 1 − (
𝛽+𝜉∙𝑦

𝛽
)

−(
1

𝜉
)

= 1 − (1 +
𝜉∙𝑦

𝛽
)

−(
1

𝜉
)

.
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𝑔𝑏(𝑥, 𝑥𝑖) =
1

𝑛
∙

𝑘

𝑏
∙ (

𝑥 − 𝑥𝑖

𝑏
)                    𝑏 > 0

𝑏 𝑘 ∫ 𝑘(𝑦) 𝑑𝑦 = 1

𝑘
𝑘

𝑏
∙ (

𝑥−𝑥𝑖

𝑏
)

𝑥𝑖 𝑏

𝑓𝑛,𝑏(𝑥, 𝑥𝑖) = ∑ 𝑔𝑏(𝑥, 𝑥𝑖) =

𝑛

𝑖=1

1

𝑛 ∙ 𝑏
∙ ∑ 𝑘 ∙ (

𝑥 − 𝑥𝑖

𝑏
)

𝑛

𝑖=1

                  𝑏 > 0

𝑏 

𝑔𝑏(𝑥, 𝑥𝑖)

𝑏


