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Încercări de fiabilitate

Încercări complete;

Încercări cenzurate;

Încercări trunchiate.

Teoria 
estimației
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𝑴𝟏𝒊 𝒕𝒊, 𝑭𝒏 𝒕𝒊

𝑙𝑛𝑡𝛾 ∈ ሾ0, ሻ𝑡1

𝑴𝟐𝒊 𝒕𝒊 − 𝒕𝟏, 𝑭𝒏 𝒕𝒊+𝟏

𝑙𝑛 𝑙𝑛
1

1 − 𝐹(𝑡ሻ

 

𝑙𝑛 𝑙𝑛
1

1 − 𝐹(𝑡ሻ

𝑙𝑛𝑡
𝛾 ∈ −∞, 0

𝑴𝟐𝒊 𝒕𝒊 − 𝒕𝟏, 𝑭𝒏 𝒕𝒊+𝟏

𝑴𝟏𝒊 𝒕𝒊, 𝑭𝒏 𝒕𝒊

𝑙𝑛 𝑙𝑛
1

ሻ1 − 𝐹(𝑡
= 𝛽 ∙ 𝑙𝑛 𝑡 − γ − 𝛽 ∙ 𝑙𝑛𝜂

𝐹 𝑡 = 𝑃𝑟 𝑇 ≤ 𝑡 = 1 − 𝑒
−

𝑡−𝛾
𝜂

𝛽

𝛾

 
 
 

 
 𝑦 = 𝑙𝑛  𝑙𝑛

1

1 − 𝐹(𝑡)
 

𝐴 = −𝛽 ∙ 𝑙𝑛𝜂                  
𝐵 = 𝛽                           

𝑥 = 𝑙𝑛(𝑡 − ሻ              
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𝑙𝑛 𝑙𝑛
1

1 − 𝐹(𝑡ሻ

𝑙𝑛𝑡

𝑴𝟐𝒊 𝒕𝒊 − 𝒕𝟏, 𝑭𝒏 𝒕𝒊+𝟏

𝑴𝟏𝒊 𝒕𝒊, 𝑭𝒏 𝒕𝒊

𝛾1𝛾𝑖+1 > 𝛾𝑖

 

𝑙𝑛 𝑙𝑛
1

1 − 𝐹(𝑡ሻ

𝑙𝑛𝑡

𝑴𝟐𝒊 𝒕𝒊 − 𝒕𝟏, 𝑭𝒏 𝒕𝒊+𝟏

𝑴𝟏𝒊 𝒕𝒊, 𝑭𝒏 𝒕𝒊

𝛾 ∈ ሾ0, ሻ𝑡1

Ƹ

𝛾



 

100 1000 1 10
4
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𝑙𝑛 𝑙𝑛
1

1 − 𝐹(𝑡ሻ

𝑙𝑛𝑡

𝑴𝟏𝒊 𝒕𝒊, 𝑭𝒏 𝒕𝒊

𝑡1 𝑡2 𝑡3

𝑦1

𝑦2

𝑦3

∆𝑦

∆𝑦

ො𝛾 =
𝑡1 ∙ 𝑡3 − 𝑡2

2

𝑡1 + 𝑡3 − 2 ∙ 𝑡2

𝜺 = 
𝑖=1

𝑛

𝜀𝑖
2 = 

𝑖=1

𝑛

𝐴 + 𝐵 ∙ 𝑙𝑛 𝑡𝑖 − 𝛾 − 𝑦𝑖
2 = 𝑚𝑖𝑛.

𝑟 ∙ 

𝑖=1

𝑟

𝑙𝑛2 𝑡𝑖 − 𝛾 − 

𝑖=1

𝑟

𝑡𝑖 − 𝛾

2

∙ 

𝑖=1

𝑟
𝑦𝑖

𝑡𝑖 − 𝛾
−

− 

𝑖=1

𝑟

𝑦𝑖 ∙ 

𝑖=1

𝑟

𝑙𝑛2 𝑡𝑖 − 𝛾 − 

𝑖=1

𝑟

𝑦𝑖 ∙ 𝑙𝑛 𝑡𝑖 − 𝛾 ∙ 

𝑖=1

𝑟

𝑙𝑛 𝑡𝑖 − 𝛾 ∙ 

𝑖=1

𝑟
1

𝑡𝑖 − 𝛾
−

− 𝑟 ∙ 

𝑖=1

𝑟

𝑦𝑖 ∙ 𝑙𝑛 𝑡𝑖 − 𝛾 − 

𝑖=1

𝑟

𝑦𝑖 ∙ 

𝑖=1

𝑟

𝑙𝑛 𝑡𝑖 − 𝛾 ∙ 

𝑖=1

𝑟
𝑙𝑛 𝑡𝑖 − 𝛾

𝑡𝑖 − 𝛾
= 0

𝐵 =
𝑟 ∙ σ𝑖=1

𝑟 𝑦𝑖 ∙ 𝑙𝑛 𝑡𝑖 − 𝛾 − σ𝑖=1
𝑟 𝑦𝑖 ∙ σ𝑖=1

𝑟 𝑙𝑛 𝑡𝑖 − 𝛾

𝑟 ∙ σ𝑖=1
𝑟 𝑙𝑛2 𝑡𝑖 − 𝛾 − σ𝑖=1

𝑟 𝑙𝑛 𝑡𝑖 − 𝛾
2

𝐴 =
σ𝑖=1

𝑟 𝑦𝑖 ∙ σ𝑖=1
𝑟 𝑙𝑛2 𝑡𝑖 − 𝛾 − σ𝑖=1

𝑟 𝑦𝑖 ∙ 𝑙𝑛 𝑡𝑖 − 𝛾 ∙ σ𝑖=1
𝑟 𝑙𝑛 𝑡𝑖 − 𝛾

𝑟 ∙ σ𝑖=1
𝑟 𝑙𝑛2 𝑡𝑖 − 𝛾 − σ𝑖=1

𝑟 𝑙𝑛 𝑡𝑖 − 𝛾
2

𝛾
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c ( )



50 40 30 20 10 0 10 20 30 40

0

2

4

𝛾

𝑐 𝛾

𝛾

1

𝛽
+

1

𝑟
∙ 

𝑖=1

𝑟

𝑙𝑛 𝑡𝑖 − 𝛾 −
σ𝑖=1

𝑟 𝑡𝑖 − 𝛾 𝛽 ∙ 𝑙𝑛 𝑡𝑖 − 𝛾 + 𝑛 − 𝑟 ∙ 𝑡𝑟 − 𝛾 𝛽 ∙ 𝑙𝑛 𝑡𝑟 − 𝛾

σ𝑖=1
𝑟 𝑡𝑖 − 𝛾 𝛽 + 𝑛 − 𝑟 ∙ 𝑡𝑖 − 𝛾 𝛽

= 0

𝜂 =
1

𝑟
∙ 

𝑖=1

𝑟

𝑡𝑖 − 𝛾 𝛽 − 𝑛 − 𝑟 ∙ 𝑡𝑟 − 𝛾 𝛽

Τ1 𝛽

𝑟 ∙ 𝛽 ∙
σ𝑖=1

𝑟 𝑡𝑖 − 𝛾 𝛽−1 + 𝑛 − 𝑟 ∙ 𝑡𝑟 − 𝛾 𝛽−1

σ𝑖=1
𝑟 𝑡𝑖 − 𝛾 𝛽 + 𝑛 − 𝑟 ∙ 𝑡𝑟 − 𝛾 𝛽

− 𝛽 − 1 ∙ 

𝑖=1

𝑟

𝑙𝑛
1

𝑡𝑖 − 𝛾
= 0

.

𝛾 + 𝜂 ∙ 𝛤
1

𝛽
+ 1 =

1

𝑛
∙ 

𝑖=1

𝑟

𝑡𝑖

𝜂2 ∙ Γ
2

𝛽
+ 1 − Γ

1

𝛽
+ 1

2

=
1

𝑛 − 1
∙ 

𝑖=1

𝑟

𝑡𝑖 − ҧ𝑡 2.

𝛾 +
𝜂

𝑛
−

1
𝛽

∙ 𝛤
1

𝛽
+ 1 = 𝑡1

൞

𝜇 = ҧ𝑡

𝜎2 = 𝑠2 .
𝐸 𝑇 1 = 𝑡 1
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𝜌 𝑋, 𝑌 =
𝐶𝑂𝑉 𝑋, 𝑌

𝑉 𝑋 ∙ 𝑉 𝑌

𝜌 𝛾 =
σ𝑖=1

𝑟 𝑙𝑛 𝑡𝑖 − 𝛾 ∙ 𝑦𝑖 −
σ𝑖=1

𝑟 𝑙𝑛 𝑡𝑖 − 𝛾 ∙ σ𝑖=1
𝑟 𝑦𝑖

𝑟

σ𝑖=1
𝑟 𝑙𝑛2 𝑡𝑖 − 𝛾 −

σ𝑖=1
𝑛 𝑙𝑛 𝑡𝑖 − 𝛾

2

𝑟
∙ σ𝑖=1

𝑟 𝑦𝑖
2 −

σ𝑖=1
𝑟 𝑦𝑖

2

𝑟

ො𝛾 𝜌 𝛾
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𝑛 = 10, 𝑟 = 6

𝑡𝑖: 46, 64, 83, 105,

123, 150

𝑛 = 10, 𝑟 = 10

𝑡𝑖: 200, 370, 500,

620, 730, 840, 950,

1050, 1160, 1400
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𝛾



12

𝐶1 ∙ 𝜂 ∙ −𝑙𝑛 1 −
𝑖 − 0.3

𝑛 + 0.4

Τ1 𝛽

+ 𝐶2 − 𝐶3 ∙ 𝑛 + 𝑟 − 1 + 𝐶4 ⟶ 𝑚𝑖𝑛.

1 − 𝜏

1 + 𝜏
=

1 −
2

9 ∙ 𝑟𝑚𝑖𝑛
+ 𝑧𝛼

2
∙

2
9 ∙ 𝑟𝑚𝑖𝑛

Τ1 2

1 −
2

9 ∙ 𝑟𝑚𝑖𝑛
− 𝑧𝛼

2
∙

2
9 ∙ 𝑟𝑚𝑖𝑛

Τ1 2

Τ3 𝛽

𝑙𝑛𝑟 ≥ 𝑙𝑛𝑟𝑚𝑖𝑛

𝑙𝑛𝑛 ≤ 𝑙𝑛𝑁𝑚𝑎𝑥

𝑙𝑛𝑟 ≤ 𝑙𝑛𝑛

𝑙𝑛𝑛 ≥
𝑏

1 + 𝑏
∙ 𝑙𝑛𝑟 +

𝑙𝑛𝑎 + 2 ∙ 𝑙𝑛𝜀 + 2 ∙ 𝑙𝑛𝑧𝛼
2
− 2 ∙ 𝑙𝑛 1 − 1 + 𝜀2

1 + 𝑏

𝐶1

𝐶2

𝐶3

𝐶4

𝑁
:

𝑁 = 𝑛 + 𝑟 − 1

𝑁𝑚𝑎𝑥

𝑟

𝜀

𝜏 𝜂
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10−12,

𝑛 = 120
𝑟 = 40

𝑁, 𝑟 = 2.226 ∙ 104

Graf

𝑙𝑛𝑛 ≤ 𝑙𝑛𝑁𝑚𝑎𝑥

𝑙𝑛𝑟 ≤ 𝑙𝑛𝑛

𝑙𝑛𝑟 ≥ 𝑙𝑛𝑟𝑚𝑖𝑛

𝑛

𝑟

𝑙𝑛𝑛 ≥ 𝐴 ∙ 𝑙𝑛𝑟 + 𝐵

𝐶𝑇 𝑁, 𝑟
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ℒ 𝑡𝑖 , 𝜃 =
𝑛!

𝑛 − 𝑟 !
∙ ෑ

𝑖=1

𝑛

𝑓 𝑡𝑖 ∙ 1 − 𝐹 𝑡𝑐
𝑛−𝑟

1

መ𝛽
+

1

𝑟
∙ 

𝑖=1

𝑟

𝑙𝑛𝑡𝑖 −
σ𝑖=1

𝑟 𝑡𝑖
𝛽
∙ 𝑙𝑛𝑡𝑖 + 𝑛 − 𝑟 ∙ 𝑡𝑐

𝛽
∙ 𝑙𝑛𝑡𝑐

σ𝑖=1
𝑟 𝑡𝑖

𝛽
+ 𝑛 − 𝑟 ∙ 𝑡𝑐

𝛽
= 0

ො𝜂
𝛽 =

1

𝑟
∙ 

𝑖=1

𝑟

𝑡𝑖
𝛽
+ 𝑛 − 𝑟 ∙ 𝑡𝑐

𝛽

Τመ𝛽 𝛽 = 𝑣 𝑟, 𝑛 și መ𝛽 ∙ ln Τො𝜂 𝜂 = 𝑘 𝑟, 𝑛

𝑡𝑐 𝑟
𝑟 + 1
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1

• Date iniţiale:

• 𝑛 – volumul eşantionului;

• r – nivelul de cenzurare

2

• Generarea a 𝑛 numere aleatorii uniforme (𝑛𝑎𝑖, 𝑖 = 1, 𝑛), în 
intervalul ሾ0,1]

3

• Calculul timpilor de deteriorare (𝑡𝑖) prin  utilizarea funcției inverse 

de repartiție, ecuația: 𝑡𝑖 = 𝑙𝑛
1

1−𝑛𝑎𝑖

4
• Ordonarea crescătoare a valorilor 𝑡𝑖, obţinute la pasul 3

5

• Trunchierea acestor valori la nivelul 𝑟, prin reţinerea valorilor:

• 𝑡 1 ≤ 𝑡 2 ≤ ⋯ ≤ 𝑡 𝑗 ≤ ⋯ ≤ 𝑡 𝑟

6

• Estimarea parametrilor repartiţiei Weibull, pe baza celor 𝑟 valori 
determinate la pasul 5, prin rezolvarea sistemului de ecuaţii (1.84) 

7

• Calculul valorilor variabilelor aleatorii specifice:

• መ𝛽1 = 𝑣 𝑟, 𝑛 și  መ𝛽1 ∙ 𝑙𝑛 Ƹ𝜂1 = 𝑘 𝑟, 𝑛

8
• Se repetă paşii 1 ÷ 7 de 𝑁𝑠𝑖𝑚 ori

9

• Se determină cuantilele veriabilelor aleatorii, considerând cele 
𝑁𝑠𝑖𝑚 realizate pentru fiecare caz în parte

10

• Date de ieşire:

• fişiere ASCII (*. prn) care conţin valorile cuantilelor.

1 − 𝛼

መ𝛽

𝑣
1−

𝛼
2

𝑟 + 1, 𝑛
< 𝛽 <

መ𝛽

𝑣𝛼
2

𝑟, 𝑛

𝛽0:
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1 − 𝛼

Ƹ𝜂 ∙ 𝑒𝑥𝑝
−𝑘

1−
𝛼
2

𝑟 + 1, 𝑛

መ𝛽
< 𝜂 < Ƹ𝜂 ∙ 𝑒𝑥𝑝

−𝑘𝛼
2

𝑟, 𝑛

መ𝛽

𝜂0

𝑛 = 15
𝑡𝑐 = 300 𝑜𝑟𝑒,

𝑟 = 10
0, 300 .

ቊ
መ𝛽 = 1.22
ො𝜂 = 268

.

1 − 𝛼 = 0.90,

1.22

1.836
= 0.664 < 𝛽 <

1.22

0.7198
= 1.695

1 − 𝛼 = 0.90

268 ∙ 𝑒𝑥𝑝
−0.4755

1.22
< 𝜂 < 268 ∙ 𝑒𝑥𝑝

−0.876

1.22

181.496 < 𝜂 < 549.731



18

𝑓 𝑡 = 𝛽 ∙ 𝜆 ∙ 𝑡𝛽−1 ∙ 𝑒−𝜆∙𝑡𝛽

𝑃𝑟 𝛽 = 𝛽𝑖 = 𝑝𝑖, 𝑖 = 1, 𝑘

ℎ 𝜆 𝛽𝑖 =
𝛼𝑖

𝑞𝑖 ∙ 𝜆𝑞𝑖−1

𝛤 𝑞𝑖
∙ 𝑒−𝜆∙𝛼𝑖

ℒ 𝜆, 𝛽 𝑡𝑗 =
𝑛!

𝑛 − 𝑟 !
∙ ෑ

𝑗=1

𝑟

𝑓 𝑡𝑗 ∙ 1 − 𝐹 𝑡𝑟
𝑛−𝑟 =

= 𝐶 ∙ 𝜆𝑟 ∙ 𝛽𝑟 ∙ 𝑢𝛽−1 ∙ 𝑒−𝜆∙𝑣

𝑔 𝑡1, 𝑡2, ⋯ , 𝑡𝑟 𝜆, 𝛽𝑖 =
𝑝𝑖 ∙ ℎ 𝜆 𝛽𝑖 ∙ ℒ 𝜆, 𝛽 𝑡𝑗

0
∞

σ𝑖=1
𝑘 𝑝𝑖 ∙ ℎ 𝜆 𝛽𝑖 ∙ ℒ 𝜆, 𝛽 𝑡𝑗 ∙ 𝑑𝜆

=

=
𝑝𝑖 ∙ 𝜆𝑟 ∙ 𝛽𝑖

𝑟 ∙ 𝑢𝛽𝑖−1 ∙ 𝑒−𝜆∙𝑣𝑖 ∙
𝛼𝑖

𝑞𝑖 ∙ 𝜆𝑞𝑖−1

Γ 𝑞𝑖
∙ 𝑒−𝜆∙𝛼𝑖

𝑃𝑟 𝑆
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 𝛽𝑖 :

𝑃𝑟 𝛽 = 𝛽𝑖 𝑡𝑗 = 𝑝𝑝𝑖 = න

0

∞

𝑔 𝑡1, 𝑡2, ⋯ , 𝑡𝑟 𝜆, 𝛽𝑖 ∙ 𝑑𝜆 =

=
𝑝𝑖 ∙ 𝛽𝑖

𝑟+1 ∙ 𝑢𝛽𝑖−1 ∙
𝛼𝑖

𝑞𝑖

Γ 𝑞𝑖
∙

Γ 𝑟 + 𝑞𝑖

𝑣𝑖 + 𝛼𝑖
𝑟+𝑞𝑖

𝑃𝑟 𝑆

𝑔 𝜆 𝑡1, 𝑡2, ⋯ , 𝑡𝑟 = 

𝑖=1

𝑘

𝑔 𝑡𝑗 𝜆, 𝛽𝑖 =

=

σ𝑖=1
𝑘 𝑝𝑖 ∙ 𝛽𝑖

𝑟 ∙ 𝑢𝛽𝑖−1 ∙
𝛼𝑖

𝑞𝑖

Γ 𝑞𝑖
∙ 𝑒−𝜆∙ 𝑣𝑖+𝛼𝑖 ∙ 𝜆𝑟+𝑞𝑖−1

𝑃𝑟 𝑆

𝕃 𝜃𝔅, 𝜃 = 𝜃𝔅 − 𝜃
2

𝜃𝔅

𝜃

መ𝛽𝔅 = 𝐸 𝛽 𝑡𝑗 = 

𝑖=1

𝑘

𝑝𝑝𝑖 ∙ 𝛽𝑖 =

=

σ𝑖=1
𝑘 𝑝𝑖 ∙ 𝛽𝑖

𝑟+1 ∙ 𝑢𝛽𝑖−1 ∙
𝛼𝑖

𝑞𝑖

Γ 𝑞𝑖
∙

Γ 𝑟 + 𝑞𝑖

𝑣𝑖 + 𝛼𝑖
𝑟+𝑞𝑖

σ𝑖=1
𝑟 𝑝𝑖 ∙ 𝛽𝑖

𝑟 ∙ 𝑢𝛽𝑖−1 ∙
𝛼𝑖

𝑞𝑖

𝛤 𝑞𝑖
∙

Γ 𝑟 + 𝑞𝑖

𝑣𝑖 + 𝛼𝑖
𝑟+𝑞𝑖

መ𝜆𝔅 = 𝐸 𝜆 𝑡𝑗 = න
0

∞

𝜆 ∙ 𝑔𝑝 𝜆 𝑡𝑗 ∙ 𝑑𝜆 =

=

σ𝑖=1
𝑟 𝑝𝑖 ∙ 𝛽𝑖

𝑟 ∙ 𝑢𝛽𝑖−1 ∙
𝛼𝑖

𝑞𝑖

𝛤 𝑞𝑖
∙

Γ 𝑟 + 𝑞𝑖 + 1
𝑣𝑖 + 𝛼𝑖

𝑟+𝑞𝑖+1

σ𝑖=1
𝑟 𝑝𝑖 ∙ 𝛽𝑖

𝑟 ∙ 𝑢𝛽𝑖−1 ∙
𝛼𝑖

𝑞𝑖

𝛤 𝑞𝑖
∙

Γ 𝑟 + 𝑞𝑖

𝑣𝑖 + 𝛼𝑖
𝑟+𝑞𝑖
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βi pi

መ𝛽𝐵𝐿𝐼𝐸

1

• Date iniţiale:

• 𝑛 – volumul eşantionului;

• r – nivelul de cenzurare

2

• Generarea a 𝑛 numere aleatorii uniforme (𝑛𝑎𝑖, 𝑖 = 1, 𝑛), în 
intervalul ሾ0,1]

3

• Calculul timpilor de deteriorare (𝑡𝑖) prin  utilizarea funcţiei 

inverse de repartiţie, ecuaţia: 𝑡𝑖 = 𝑙𝑛
1

1−𝑛𝑎𝑖

4
• Ordonarea crescătoare a valorilor 𝑡𝑖, obţinute la pasul 3

5

• Trunchierea acestor valori la nivelul 𝑟, prin reţinerea valorilor:

• 𝑡 1 ≤ 𝑡 2 ≤ ⋯ ≤ 𝑡 𝑗 ≤ ⋯ ≤ 𝑡 𝑟

6

• Estimarea parametrilor repartiţiei Weibull, pe baza celor 
𝑟 valori determinate la pasul 5, prin rezolvarea sistemelor de 
ecuaţii (1.103) şi (1.104)

7

• Calculul valorilor variabilelor aleatorii specifice:

• መ𝛽1,𝐵𝐿𝐼𝐸 = 𝑊 𝑟, 𝑛 și  መ𝛽1,𝐵𝐿𝐼𝐸 ∙ 𝑙𝑛 Ƹ𝜂1,𝐵𝐿𝐼𝐸 = 𝑍 𝑟, 𝑛

8
• Se repetă paşii 1 ÷ 7 de 𝑁𝑠𝑖𝑚 ori

9

• Se determină cuantilele veriabilelor aleatorii, considerând cele 
𝑁𝑠𝑖𝑚 realizate pentru fiecare caz în parte

10

• Date de ieşire:

• fişiere ASCII (*. prn) care conţin valorile cuantilelor.

ቊ
ො𝛾𝐵𝐿𝐼𝐸 = 𝐴(𝑛, 𝑟, 1ሻ ∙ 𝑙𝑛𝑡1 + 𝐴(𝑛, 𝑟, 2ሻ ∙ 𝑙𝑛𝑡2 + ⋯+ 𝐴(𝑛, 𝑟, 𝑟ሻ ∙ 𝑙𝑛𝑡𝑟
መ𝛿𝐵𝐿𝐼𝐸 = 𝐶(𝑛, 𝑟, 1ሻ ∙ 𝑙𝑛𝑡1 + 𝐶(𝑛, 𝑟, 2ሻ ∙ 𝑙𝑛𝑡2 + ⋯+ 𝐶(𝑛, 𝑟, 𝑟ሻ ∙ 𝑙𝑛𝑡𝑟

,

ቐ
መ𝛽𝐵𝐿𝐼𝐸 =

1

መ𝛿𝐵𝐿𝐼𝐸

Ƹ𝜂𝐵𝐿𝐼𝐸 = 𝑒ෝ𝛾𝐵𝐿𝐼𝐸

.

Τ𝛽 መ𝛽𝐵𝐿𝐼𝐸 = 𝑊 𝑟, 𝑛

𝑊 𝑟, 𝑛

𝑊 1 𝑟𝑎 , 𝑛𝑎 ∙ መ𝛽𝐵𝐿𝐼𝐸 ≤ 𝑊 2 𝑟𝑎 , 𝑛𝑎 ∙ መ𝛽𝐵𝐿𝐼𝐸 ≤ ⋯ ≤ 𝑊 𝑁𝑠𝑖𝑚
𝑟𝑎 , 𝑛𝑎 ∙ መ𝛽𝐵𝐿𝐼𝐸 ,

൜
𝛽𝑖 = 𝑦𝑖

′

𝑝𝑖 = 𝑓𝑖
.
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αi qi

𝑇 .

𝑋 = 𝑇𝛽𝑖  𝑓 𝑥 = 𝜆𝑖 ∙ 𝑒−𝜆𝑖∙𝑥

𝜆𝑖

መ𝜆𝑖 = 𝑟𝑎 ∙ 
𝑗=1

𝑟𝑎
𝑥𝑗 + 𝑛𝑎 − 𝑟𝑎 ∙ 𝑥𝑟

−1

2 ∙ 𝑟 ∙ 𝜆𝑖

መ𝜆𝑖

∝ 𝜒2 𝑥, 2 ∙ 𝑟

𝑌 = 𝜎2 ∙ 𝑋

 𝑓 𝜆𝑖 =
1

መ𝜆𝑖
𝑟

𝑟

∙ Γ 𝑟

∙ 𝜆𝑖
𝑟−1 ∙ 𝑒𝑥𝑝 − Τ𝑟 ∙ 𝜆𝑖

መ𝜆𝑖

𝜎2 = Τመ𝜆𝑖 2 ∙ 𝑟

ቐ

𝑞𝑖 = 𝑟

𝛼𝑖 =
𝑟

መ𝜆𝑖

= 𝑟 ∙ Ƹ𝜂𝑎𝑖

𝛽𝑖

 𝑓 𝑥 =
1

2 Τ𝜈 2 ∙ Γ Τ𝜈 2
∙ 𝑥 Τ𝜈 2−1 ∙ 𝑒− Τ𝑥 2

 𝐹 𝑦 = 
0

𝑦

𝜎2 1

2∙𝜎2 Τ𝜈 2∙Γ Τ𝜈 2
∙ 𝑦

𝜈

2
−1 ∙ 𝑒

−
𝑦

2∙𝜎2 ∙ 𝑑𝑦
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𝔅
𝑁𝑠𝑖𝑚 = 1000 𝑛 = 𝑟 = 5; 10; 20 𝛽 = 𝜂 = 1

𝑅𝜃
ത𝜃

𝜃𝑚𝑖𝑛 𝜃𝑚𝑎𝑥 𝑠𝜃
2

𝑅𝜃 𝑠𝜃
2

𝛽 𝜂 𝑛 = 20 𝑟 = 15.

ҧ𝜃
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𝑥1, 𝑥2, ⋯ , 𝑥𝑖 , ⋯ , 𝑥𝑛 ,

ℒ 𝑥𝑖 , 𝜆 = ෑ

𝑖=1

𝑟

𝑓 𝑥𝑖 ∙ 1 − 𝐹 𝑡𝑟
n−r =𝜆𝑟 ∙ 𝑒−𝜆∙ σ𝑖=1

𝑛 𝑥𝑖+ 𝑛−𝑟 ∙𝑡𝑟

መ𝜆 =
𝑟

σ𝑖=1
𝑟 𝑥𝑖+ 𝑛−𝑟 ∙𝑡𝑟


2 ∙ 𝑟 ∙ መ𝜆

𝜒𝛼
2
,2∙𝑟

2 ≤ 𝜆 ≤
2 ∙ 𝑟 ∙ መ𝜆

𝜒
1−

𝛼
2
,2∙𝑟

2

𝑥1,1, 𝑥2,1, ⋯ , 𝑥𝑖,1, ⋯ 𝑥𝑛,1

𝑥1,2, 𝑥2,2, ⋯ , 𝑥𝑖,2, ⋯ , 𝑥𝑛,2

⋮
𝑥1,𝑁, 𝑥2,𝑁, ⋯ , 𝑥𝑖,𝑁, ⋯ , 𝑥𝑛,𝑁

𝜃1
∗, 𝜃2

∗,⋯ , 𝜃𝑖
∗,⋯ , 𝜃𝑁

∗  θ = ҧ𝜃∗ =
σ𝑖=1

𝑁 መ𝜃𝑖
∗

𝑁

መ𝜃1
∗ − ҧ𝜃∗, መ𝜃2

∗− ҧ𝜃∗, ⋯ , መ𝜃𝑁
∗ − ҧ𝜃∗ 

λ𝐿
∗ = መ𝜃 − መ𝜃 − 𝜃

1−
𝛼
2

λ𝑈
∗ = መ𝜃 − መ𝜃 − 𝜃 𝛼

2
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𝑛 = 10

𝑛 = 20

𝑛 = 30:

1000100101

99

90

80
70
60
50

40

30

20

10

5

3

2

1

ti

P
e

r
c
e

n
t

Mean 88.41

N 10

AD 0.223

P-Value 0.913

Exponential - 95% CI

Probability Plot of sample size n=10

10001001010.1

99

90

80
70
60
50

40

30

20

10

5

3

2

1

ti

P
e

r
c
e

n
t

Mean 46.72

N 30

AD 0.177

P-Value 0.973

Exponential - 95% CI

Probability Plot of sample size n=30

𝑁 = 10000
1 − 𝛼 = 0.90
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𝜃∗

𝑛 = 𝑟 = 20 𝑛 = 20 ș𝑖 𝑟 = 5.

0.0140.0120.0100.0080.0060.0040.002

900

800

700

600

500

400

300

200

100

0

C3

F
r
e

q
u

e
n

c
y

Histogram of C3

0.00800.00640.00480.00320.00160.0000-0.0016

800

700

600

500

400

300

200

100

0

C4

F
r
e

q
u

e
n

c
y

Histogram of C4

Histograma estimațiilor  Ƹ𝜃𝑖
∗ Histograma estimațiilor  Ƹ𝜃𝑖

∗
− ҧ𝜃

∗



26

𝑇 𝜂

𝑓 𝑡 =
𝑡

𝜂2
∙ 𝑒

−
1
2
∙

𝑡
𝜂

2

, 𝜂 > 0, 𝑇 > 0

𝑌1 𝑌2 𝑌1,2~𝑁(𝑦, 0, 𝜎ሻ  = 0


1
= 

2
= 𝑋

𝑋 = 𝑌1
2 + 𝑌2

2

ℒ 𝑥𝑖 , 𝜂 =
𝑛!

𝑛 − 𝑟 !
∙ 𝜂−2∙𝑟 ∙ ෑ

𝑖=1

𝑟

𝑥𝑖 ∙ 𝑒
−

1
2∙𝜂2∙ σ𝑖=1

𝑟 𝑥𝑖
2+ 𝑛−𝑟 ∙𝑥𝑟

2

ො𝜂 =
1

2 ∙ 𝑛, 𝑟
∙ 𝒯Σ

2 𝒯Σ
2 = 

𝑖=1

𝑟

𝑥𝑖
2 + 𝑛 − 𝑟 ∙ 𝑥𝑟,𝑐

2:

𝑰0 𝜃 = 𝐼𝑖,𝑗 𝜃 , 𝑖, 𝑗 = 1, 𝑞, 𝐼𝑖,𝑗 𝜃 = 𝐸 −
𝜕2𝑙𝑜𝑔ℒ 𝑥, 𝜃𝑗

𝜕𝜃𝑖 ∙ 𝜕𝜃𝑗 𝜃𝑗=𝜃𝑗

𝜃𝑖 − 𝜃𝑖

𝑰0 𝜃
𝑖,𝑖

−1 Τ1 2
∝ 𝒩 𝑧, 0,1
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𝑉 ො𝜂 = −
𝜕2𝑙𝑛ℒ 𝑥𝑖 , 𝜂

𝜕𝜂2
𝜂=ෝ𝜂

−1

=
1

ො𝜂2
∙

3

ො𝜂2
∙ 𝒯Σ

2 − 2 ∙ 𝑟

−1

𝜎 Φ =
𝑑𝑔 𝜃

𝑑 𝜃
∙ 𝑉 𝜃 ,

Φ = 𝑔 𝜃 ,

𝜎 Φ = 𝑉 Φ

Φ + 𝑧𝛼
2
∙ 𝜎 Φ ≤ Φ ≤ Φ + 𝑧

1−
𝛼
2
∙ 𝜎 Φ.

𝑔 𝜃

𝑉 ො𝜂 ,

𝑛 = 20 𝑟 = 15

𝒯Σ
2 = 

𝑖=1

𝑟

𝑥𝑖
2 + 20 − 15 ∙ 𝑥𝑐

2 = 135.

ො𝜂 =
1

2 ∙ 15
∙ 135

1
2

= 2.121. 1.670 ≤ 𝜂 ≤ 2.572



28

1 −  = 0.90 𝑧0.95 = −𝑧0.05= 1.645

Ƹ𝜇 =
𝜋 ∙ ො𝜂2

2

ൗ1 2

= 1.253 ∙ ො𝜂
𝜎ෝ𝜇 =

1.253 ∙ ො𝜂

1
ො𝜂2 ∙

3
ො𝜂2 ∙ 𝒯Σ

2 − 2 ∙ 𝑟
2.093 ≤ 𝜇 ≤ 3.222

𝑝 𝑥𝑝 = ො𝜂 ∙ 2 ∙ 𝑙𝑛
1

1 − 𝑝

Τ1 2

𝜎ො𝑥𝑝
= ො𝜂 ∙

2 ∙ 𝑙𝑛
1

1 − 𝑝
1
ො𝜂2 ∙

3
ො𝜂2 ∙ 𝒯Σ

2 − 2 ∙ 𝑟
1.891 ≤ ො𝑥0.90 ≤ 7.242

𝑅0
𝑅0 = 𝑒

−
1
2
∙

𝑥0
ෝ𝜂

2

𝜎 𝑅0
=

𝑥0

ො𝜂
∙ 𝑒

−
1
2
∙

𝑥0
ෝ𝜂

2

∙
1

1
ො𝜂2 ∙

3
ො𝜂2 ∙ 𝒯Σ

2 − 2 ∙ 𝑟

𝐹0 𝐹0 = 1 − 𝑒
−
1
2
∙

𝑥0
ෝ𝜂

2

𝜎 𝐹0
=

𝑥0

ො𝜂
∙ 𝑒

−
1
2
∙

𝑥0
ෝ𝜂

2

∙
1

1
ො𝜂2 ∙

3
ො𝜂2 ∙ 𝒯Σ

2 − 2 ∙ 𝑟

0.805 ≤ 𝑅0 ≤ 0.984

0.016 ≤ 𝐹0 ≤ 0.195

𝒙𝟎 = 𝟏. 𝟎
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𝑇

𝑇~ℒ𝒩 𝑡, 𝜇, 𝜎 ,

𝜇 𝜎 𝑌 𝑌 = 𝑙𝑛𝑇, μ σ

𝑌~𝒩 𝑙𝑛𝑡, 𝜇, 𝜎

𝒯𝑟/𝑛= e𝜇+𝜎∙Φ−1 𝐹𝑛 𝑡𝑟 .



𝑖=𝑟

𝑛

𝐶𝑛
𝑖 ∙ 𝐹𝐿

𝑖 ∙ 1 − 𝐹𝐿
𝑛−𝑖 =

𝛼

2


𝑖=𝑟

𝑛

𝐶𝑛
𝑖 ∙ 𝐹𝑈

𝑖 ∙ 1 − 𝐹𝑈
𝑛−𝑖 = 1 −

𝛼

2

𝐹𝑈 =
1

1 +
𝑛 − 𝑟 + 1

𝑟
∙ ℱ

1−
𝛼
2
,2∙ 𝑛−𝑟+1 ,2∙𝑟

𝐹𝐿 =
1

1 +
𝑛 − 𝑟 + 1

𝑟
∙ ℱ𝛼

2
,2∙ 𝑛−𝑟+1 ,2∙𝑟



𝑘=𝑖

𝑛

𝐶𝑛
𝑘 ∙ 𝐹𝑛 𝑥 𝑖

𝑘
∙ 1 − 𝐹𝑛 𝑥 𝑖

𝑛−𝑘
= 0.50 𝐹𝑛 𝑥 𝑖 =

1

1 +
𝑛 − 𝑖 + 1

𝑖
∙ 𝐹0.50,2∙ 𝑛−𝑖+1 ,2∙𝑗
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1 − 𝛼 = 0.90

𝑁 = 20000
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𝑅𝐶 𝑡 = 𝑅1 𝑡 ∙ ⋯ ∙ 𝑅𝑚 𝑡 = ෑ

𝑖=1

𝑚

𝑅𝑖 𝑡  𝑅𝐶 𝑡 = 𝑒−𝜆𝐶∙𝑡 = 𝑒− σ𝑖=1
𝑚 𝜆𝑐𝑖∙𝑡

𝜆𝐶 –

𝜆𝑐𝑖

𝑅𝑂𝐶 𝐿 = 𝑒
𝑙𝑛 0.9 ∙

𝐿
𝐿10

1.1

≈ 𝑒−𝜆𝑂𝐶∙𝐿

𝑧𝑂𝐶 = −
𝑙𝑛 0.9

𝐿10
= 𝜆𝑂𝐶

𝛽 = Τ10 9 𝛽 = Τ9 8
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𝐿ℎ = 50 000

𝑧𝑂𝐶 = 𝜆𝑂𝐶 = −
𝑙𝑛 0.9

50000
= 2.107 ∙ 10−6 Τdefectări oră

𝜆𝑐𝑖 , 𝑖 = 1,𝑚 − 1 𝜆𝑂𝐶

7.01 %
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𝑅𝐶 𝑡 = 𝑒−30.06∙10−6∙𝑡.

𝜆𝐴𝑐 = 100 ∙ 10−6 Τdefectări oră .

𝑅 𝑡 = 𝑒130.06∙10−6∙𝑡 .
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𝛽𝑠 = 𝛽

𝜂𝑠 = 𝓂
−

1
𝛽 ∙ 𝜂

𝑡𝑠𝑝 = 𝓂
−

1
𝛽 ∙ 𝑡𝑝

1

መ𝛽𝒮

+
1

𝑛
∙ 

𝑖=1

𝓁

𝑙𝑛𝑥𝑖 −
σ𝑖=1

𝓁 𝑥𝑖

𝛽𝒮 ∙ 𝑙𝑛𝑥𝑖

σ𝑖=1
𝑛 𝑥𝑖

𝛽𝒮
= 0

ො𝜂𝒮
𝛽𝒮 =

1

𝑛
∙ 

𝑖=1

𝓁

𝑥𝑖

𝛽𝒮

.

መ𝛽𝑠

𝛽
= 𝑣 𝓁, 𝓁

መ𝛽𝑠 ∙ 𝑙𝑛
ො𝜂

𝜂
= 𝑠 𝓁,𝓂

መ𝛽𝑠 ∙ 𝑙𝑛
Ƹ𝑡0.10

𝑡0.10
= 𝑞 𝓁,𝓂, 0.10
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𝑛 = 20

𝓁 = 5
𝓂 = 4 𝑃𝑎 = 450 ሾ𝑑𝑎𝑁]

4000 ሾ𝑟𝑝𝑚]

102, 138, 193, 267, 319,

]ො𝛾 = 63.759 ሾℎ
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39

5.813 ∙ 107



40

ianuarie ÷ decembrie 2004
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𝜌 𝛾 = 0.9835,

𝑅 𝑡 = 𝑒
−

𝑡−306.32
5474.36

1.38

.
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