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Θ
𝑓 𝑥; 𝜃 𝜃 ∈ Θ Θ

𝐻0

𝐻1 𝐻1

𝐻0

𝐻0
𝐻1

𝐻0: 𝜃𝜖Θ0 ⊂ Θ 𝐻1: 𝜃𝜖Θ1 ⊂ Θ



𝜃 = 𝜃0

“la durata media dei cuscinetti non è superiore a 56.000 ore”
𝐻0: 𝜇 ≤ 56000 𝑜𝑟𝑒 𝐻1: 𝜇 > 56000 𝑜𝑟𝑒

𝜇 = 56000 𝑜𝑟𝑒
𝜇 ≠ 56000 𝑜𝑟𝑒
𝜇 > 56000 𝑜𝑟𝑒



Per eseguire la verifica d’ipotesi è necessario raccogliere un certo campione di dati:

𝑋1, 𝑋2, … , 𝑋𝑛 𝑖. 𝑖. 𝑑

dei quali si otterrà una certa realizzazione

𝑥1, 𝑥2, … , 𝑥𝑛

𝒢

𝒢 = 𝑥1, … , 𝑥𝑛 𝑝𝑒𝑟 𝑙𝑒 𝑞𝑢𝑎𝑙𝑖 𝑟𝑖𝑓𝑖𝑢𝑡𝑜 𝐻0



𝑝



𝑝 𝑝

𝑝 𝛼

𝛼
𝛼

𝑝 𝛼

𝑝 > 𝛼
𝑝 ≤ 𝛼

p



p

𝑝



𝑝

p



𝑝
𝑝

p



𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐𝑎 𝑡𝑒𝑠𝑡 < 𝑣𝑎𝑙𝑜𝑟𝑒 𝑐𝑟𝑖𝑡𝑖𝑐𝑜

𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐𝑎 𝑡𝑒𝑠𝑡 ≥ 𝑣𝑎𝑙𝑜𝑟𝑒 𝑐𝑟𝑖𝑡𝑖𝑐𝑜



𝑝



𝛼 =

𝑝

𝑝



𝛼 =

Non rifiuto 𝑯𝟎 Rifiuto 𝑯𝟎

𝑯𝟎 è vera Decisione giusta Errore di I tipo

𝑯𝟎 è falsa Errore di II tipo Decisione giusta























𝐱
𝜇0 𝜎0

2

𝐻0: ҧ𝑥 = 𝜇0

𝑧 =
ҧ𝑥 − 𝜇0
Τ𝜎0 𝑛

𝐻1: ҧ𝑥 > 𝜇0
ҧ𝑥 > 𝜇0 + 𝑧1−𝛼 Τ𝜎0 𝑛 𝑧 > 𝑧1−𝛼

𝐻1: ҧ𝑥 < 𝜇0
ҧ𝑥 < 𝜇0 − 𝑧1−𝛼 Τ𝜎0 𝑛 𝑧 < 𝑧𝛼

𝐻1: ҧ𝑥 ≠ 𝜇0
ҧ𝑥 < 𝜇0 − 𝑧1−𝛼/2 Τ𝜎0 𝑛 ҧ𝑥 > 𝜇0 + 𝑧1−𝛼/2 Τ𝜎0 𝑛 𝑧 < 𝑧𝛼/2 𝑧 > 𝑧1−𝛼/2



𝑛 𝐱
𝜇0

𝐻0: ҧ𝑥 = 𝜇0

𝑡 =
ҧ𝑥 − 𝜇0
𝑠 ҧ𝑥

𝐻1: ҧ𝑥 > 𝜇0
ҧ𝑥 > 𝜇0 + 𝑡1−𝛼,𝜈𝑠 ҧ𝑥 𝑡 > 𝑡1−𝛼,𝜈

𝐻1: ҧ𝑥 < 𝜇0
ҧ𝑥 < 𝜇0 − 𝑡1−𝛼,𝜈𝑠 ҧ𝑥 𝑡 < 𝑡𝛼,𝜈

𝐻1: ҧ𝑥 ≠ 𝜇0
ҧ𝑥 < 𝜇0 − 𝑡1−𝛼/2,𝜈𝑠 ҧ𝑥 ҧ𝑥 > 𝜇0 + 𝑡1−𝛼/2,𝜈𝑠 ҧ𝑥 𝑡 < 𝑡𝛼/2,𝜈 𝑡 > 𝑡1−𝛼/2,𝜈

𝜈 = 𝑛 − 1



𝐻0: 𝜇
𝐻𝐴: 𝜇

𝜇

𝐻0: 𝜇
𝐻1: 𝜇



𝛼

𝑡0.95,24
𝛼

𝑝

𝑝 = 
1.22

∞
𝑓𝑆 𝑡 𝜈 = 24 𝑑𝑡

𝛼



𝐻0: 𝜇
𝐻𝐴: 𝜇

μ

𝐻0: 𝜇
𝐻1: 𝜇



𝛼 𝑡0.05,32

𝛼 𝑝 
−∞

−4.60
𝑓𝑆 𝑡 𝜈 = 32 𝑑𝑡

𝛼



𝐻0: 𝜇
𝐻𝐴: 𝜇

μ

𝐻0: 𝜇
𝐻0: 𝜇

μ



𝛼 𝑡0.025,9 𝑡0.975,9

𝛼 𝑝 
−∞

−1.54
𝑓𝑆 𝑡 𝜈 = 9 𝑑𝑡 + 

1.54

∞
𝑓𝑆 𝑡 𝜈 = 9 𝑑𝑡 0.05

𝛼



𝐱
𝜎0
2 𝜇0

𝐻0: 𝑠
2 = 𝜎0

2

𝜒2 =
σ𝑖=1
𝑛 𝑥𝑖 − 𝜇0

2

𝜎0
2

𝐻1: 𝑠
2 > 𝜎0

2

𝑠2 > 𝜎0
2𝜒1−𝛼,𝜈

2 / 𝑛 − 1 𝜒2 > 𝜒1−𝛼,𝜈
2

𝐻1: 𝑠
2 < 𝜎0

2

𝑠2 < −𝜎0
2𝜒1−𝛼,𝜈

2 / 𝑛 − 1 𝜒2 < 𝜒𝛼,𝜈
2

𝐻1: 𝑠
2 ≠ 𝜎0

2

𝑠2 < −𝜎0
2𝜒1−𝛼/2,𝜈

2 / 𝑛 − 1 𝑠2 > 𝜎0
2𝜒1−𝛼/2,𝜈

2 / 𝑛 − 1 𝜒2 < 𝜒𝛼/2,𝜈
2 𝜒2 > 𝜒1−𝛼/2,𝜈

2

𝜈 = 𝑛 − 1



𝐱
𝜎0
2

𝐻0: 𝑠
2 = 𝜎0

2

𝜒2 =
σ𝑖=1
𝑛 𝑥𝑖 − ҧ𝑥 2

𝜎0
2

𝐻1: 𝑠
2 > 𝜎0

2

𝑠2 > 𝜎0
2𝜒1−𝛼,𝜈

2 / 𝑛 − 1 𝜒2 > 𝜒1−𝛼,𝜈
2

𝐻1: 𝑠
2 < 𝜎0

2

𝑠2 < −𝜎0
2𝜒1−𝛼,𝜈

2 / 𝑛 − 1 𝜒2 < 𝜒𝛼,𝜈
2

𝐻1: 𝑠
2 ≠ 𝜎0

2

𝑠2 < −𝜎0
2𝜒1−𝛼/2,𝜈

2 / 𝑛 − 1 𝑠2 > 𝜎0
2𝜒1−𝛼/2,𝜈

2 / 𝑛 − 1 𝜒2 < 𝜒𝛼/2,𝜈
2 𝜒2 > 𝜒1−𝛼/2,𝜈

2

𝜈 = 𝑛 − 1



𝜇 𝜎2

𝑛1 𝑛2 𝑛1 𝑛2
𝑠1
2 𝑠2

2

𝑠1
2 𝑠2

2 𝜎2

𝐹 =
𝑠1
2

𝑠2
2

𝑛1 𝑛2 𝑠1
2 𝑠2

2

𝐹
𝐹



𝜇 𝜎2

𝜇1
𝜇2 𝜎2

𝐹

𝐹
𝜈1 = 𝑛1 − 1
𝜈2 = 𝑛2 − 1



𝐻0: 𝑠1
2 = 𝑠2

2

𝐹 =
𝑠1
2

𝑠2
2

𝑠2

𝐻1: 𝑠1
2 > 𝑠2

2 𝐹 > 𝐹1−𝛼,𝜈1,𝜈2
𝐻1: 𝑠1

2 ≠ 𝑠2
2 𝐹 > 𝐹1−𝛼/2,𝜈1,𝜈2

𝜈1 = 𝑛1 − 1
𝜈2 = 𝑛2 − 1



𝐻0: 𝑠𝐴
2 = 𝑠𝐵

2

𝐻1: 𝑠𝐴
2 ≠ 𝑠𝐵

2 𝐹 ≥ 𝐹1−𝛼/2,𝜈𝐴,𝜈𝐵

𝐹 =
𝑠𝐴
2

𝑠𝐵
2 =

0.74

0.46
= 1.62

𝜈𝐴 = 𝑛𝐴 − 1
𝜈𝐵 = 𝑛𝐵 − 1
𝐹1−𝛼/2,𝜈𝐴,𝜈𝐵

𝐹1−𝛼/2,𝜈𝐴,𝜈𝐵 𝐹



𝐹

𝐻0: 𝑠𝐴
2 = 𝑠𝐵

2

𝐻1: 𝑠𝐵
2 > 𝑠𝐴

2 𝐹 > 𝐹1−𝛼,𝜈𝐵,𝜈𝐴

𝐹 =
𝑠𝐵
2

𝑠𝐴
2 =

0.16

0.01
= 15.75

𝜈𝐴 = 𝑛𝐴 − 1
𝜈𝐵 = 𝑛𝐵 − 1
𝐹1−𝛼,𝜈𝐵,𝜈𝐴

𝐹 > 𝐹1−𝛼,𝜈𝐵,𝜈𝐴



𝑛 𝐱
𝒚

𝐻0: 𝜇𝑥 = 𝜇𝑦

𝑑𝑖
𝑑𝑖 = 𝑥𝑖 − 𝑦𝑖 , 𝑖 = 1,… , 𝑛

ҧ𝑑 =
σ𝑖=1
𝑛 𝑑𝑖
𝑛

𝑠𝑑 =
σ𝑖=1
𝑛 𝑑𝑖 − ҧ𝑑

2

𝑛 − 1
𝑠 ത𝑑 =

𝑠𝑑

𝑛



𝐻0: ҧ𝑑 = Δ Δ = 𝜇𝑥 − 𝜇𝑦

𝑡 =
ҧ𝑑 − Δ

𝑠 ത𝑑
𝐻1: ҧ𝑑 > Δ

ҧ𝑑 > Δ + 𝑡1−𝛼,𝜈𝑠 ത𝑑 𝑡 > 𝑡1−𝛼,𝜈
𝐻1: ҧ𝑑 < Δ

ҧ𝑑 < Δ − 𝑡1−𝛼,𝜈𝑠 ത𝑑 𝑡 < 𝑡𝛼,𝜈
𝐻1: ҧ𝑑 ≠ Δ

ҧ𝑑 < Δ − 𝑡𝛼/2,𝜈𝑠 ത𝑑 ҧ𝑑 > Δ + 𝑡1−𝛼/2,𝜈𝑠 ത𝑑 𝑡 < 𝑡𝛼/2,𝜈 𝑡 > 𝑡1−𝛼/2,𝜈

𝜈 = 𝑛 − 1

𝑛 ≥



𝑛𝑎 𝐱𝑎 𝑛𝑏 𝐱𝑏

₀ ҧ𝑥𝑎 ҧ𝑥𝑏

𝑡 =
ҧ𝑥𝑎 − ҧ𝑥𝑏
𝑠

𝑠 = ൗ𝑠𝑝
𝑛𝑎𝑛𝑏

𝑛𝑎 + 𝑛𝑏
= ൙

𝑛𝑎 − 1 𝑠𝑎
2 + 𝑛𝑏 − 1 𝑠𝑏

2

𝑛𝑎 + 𝑛𝑏 − 2

𝑛𝑎𝑛𝑏
𝑛𝑎 + 𝑛𝑏

𝑠𝑝

𝜈 = 𝑛𝑎 + 𝑛𝑏 − 2

₁ ҧ𝑥𝑎 > ҧ𝑥𝑏 ҧ𝑥𝑎 > ҧ𝑥𝑏 + 𝑡1−𝛼,𝑛𝑎+𝑛𝑏−2𝑠

₁ ҧ𝑥𝑎 < ҧ𝑥𝑏 ҧ𝑥𝑎 < ҧ𝑥𝑏 − 𝑡1−𝛼,𝑛𝑎+𝑛𝑏−2𝑠

₁ ҧ𝑥𝑎 ≠ ҧ𝑥𝑏 ҧ𝑥𝑎 < ҧ𝑥𝑏 − 𝑡𝛼/2,𝑛𝑎+𝑛𝑏−2𝑠 𝜇𝑎 > 𝜇𝑏 + 𝑡1−𝛼/2,𝑛𝑎+𝑛𝑏−2𝑠



𝑛𝑎 𝐱𝑎 𝑛𝑏 𝐱𝑏

₀ ҧ𝑥𝑎 ҧ𝑥𝑏

𝑡 =
ҧ𝑥𝑎 − ҧ𝑥𝑏
𝑠

𝑠 =
𝑠𝑎
2

𝑛𝑎
+
𝑠𝑏
2

𝑛𝑏

₁ ҧ𝑥𝑎 > ҧ𝑥𝑏 ҧ𝑥𝑎 > ҧ𝑥𝑏 + 𝑡1−𝛼,𝑛𝑎−1
𝑠𝑎
2

𝑛𝑎
+ 𝑡1−𝛼,𝑛𝑏−1

𝑠𝑏
2

𝑛𝑏
s

₁ ҧ𝑥𝑎 < ҧ𝑥𝑏 ҧ𝑥𝑎 < ҧ𝑥𝑏 − 𝑡𝛼,𝑛𝑎−1
𝑠𝑎
2

𝑛𝑎
+ 𝑡𝛼,𝑛𝑏−1

𝑠𝑏
2

𝑛𝑏
𝑠

₁ ҧ𝑥𝑎 ≠ ҧ𝑥

ҧ𝑥𝑎 < ҧ𝑥𝑏 − 𝑡𝛼/2,𝑛𝑎−1
𝑠𝑎
2

𝑛𝑎
+ 𝑡𝛼/2,𝑛𝑏−1

𝑠𝑏
2

𝑛𝑏
𝑠 ҧ𝑥𝑎 > ҧ𝑥𝑏 + 𝑡1−𝛼/2,𝑛𝑎−1

𝑠𝑎
2

𝑛𝑎
+ 𝑡1−𝛼/2,𝑛𝑏−1

𝑠𝑏
2

𝑛𝑏
𝑠



𝑛𝑎 𝐱𝑎 𝑛𝑏 𝐱𝑏
𝑛𝑎 𝑛𝑏 ≥ 30

₀ ҧ𝑥𝑎 ҧ𝑥𝑏

𝑡 =
ҧ𝑥𝑎 − ҧ𝑥𝑏
𝑠

𝑠 =
𝑠𝑎
2

𝑛𝑎
+
𝑠𝑏
2

𝑛𝑏

₁ ҧ𝑥𝑎 > ҧ𝑥𝑏 ҧ𝑥𝑎 > ҧ𝑥𝑏 + 𝑡1−𝛼,𝑛𝑎+𝑛𝑏−2𝑠

₁ ҧ𝑥𝑎 < ҧ𝑥𝑏 ҧ𝑥𝑎 < ҧ𝑥𝑏 − 𝑡1−𝛼,𝑛𝑎+𝑛𝑏−2𝑠

₁ ҧ𝑥𝑎 ≠ ҧ𝑥𝑏 ҧ𝑥𝑎 < ҧ𝑥𝑏 − 𝑡𝛼/2,𝑛𝑎+𝑛𝑏−2𝑠 ҧ𝑥𝑎 > ҧ𝑥𝑏 + 𝑡1−𝛼/2,𝑛𝑎+𝑛𝑏−2𝑠

𝑛𝑎
𝑛𝑏 ≥ 30









𝑆𝑆𝑇 = σ𝑖=1
𝑝 σ𝑗=1

𝑛𝑖 𝑦𝑖𝑗 − ത𝑦
2

𝑆𝑆𝐴 = σ𝑖=1
𝑝

𝑛𝑖 ത𝑦𝑖 − ത𝑦 2

𝑆𝑆𝐸 = σ𝑖=1
𝑝 σ𝑗=1

𝑛𝑖 𝑦𝑖𝑗 − ത𝑦𝑖
2

𝑝
𝑝



𝑛𝑡 − 1
𝑝 − 1

𝑛𝑡 − 𝑝

𝑀𝑆𝐴 =
𝑆𝑆𝐴

𝑝 − 1

𝑀𝑆𝐸 =
𝑆𝑆

𝑛𝑡 − 𝑝



𝐹 =
𝑀𝑆𝐴

𝑀𝑆𝐸

𝐹
𝛼





𝑝 = 3 𝑛𝑐 = 7 𝑛𝐴 = 4 𝑛𝐵 = 5

ത𝑦 = 32.3 ത𝑦𝑐 = 34.7 ത𝑦𝐴 = 24.0 ത𝑦𝐵 = 35.6

𝑠𝑐
2 = 95.2 𝑠𝐴

2 = 39.3 𝑠𝐵
2 = 38.3

𝑆𝑆𝐴 =

𝑖=1

𝑝

𝑛𝑖 ത𝑦𝑖 − ത𝑦 2 = 𝑛𝑐 ത𝑦𝑐 − ത𝑦 2 + 𝑛𝐴 ത𝑦𝐴 − ത𝑦 2 + 𝑛𝐵 ത𝑦𝐵 − ത𝑦 2 = 370.8

𝑆𝑆𝐸 =

𝑖=1

𝑝



𝑗=1

𝑛𝑖

𝑦𝑖𝑗 − ത𝑦𝑖
2
=

𝑖=1

𝑝

𝑛𝑖 − 1 𝑠𝑖
2 =842.6

𝑝 − 1 = 2 𝑛𝑐 + 𝑛𝐴 + 𝑛𝐵 − 𝑝 = 13

𝑀𝑆𝐴 =
𝑆𝑆𝐴

𝑝 − 1
= 185.4

𝑀𝑆𝐸 =
𝑆𝑆

𝑛𝑐 + 𝑛𝐴 + 𝑛𝐵 − 𝑝
= 64.8



𝐹 =
𝑀𝑆𝐴

𝑀𝑆𝐸
= 2.86

𝐹0.975,2,13 = 4.97

𝑝 
2.86

∞
𝑓𝐹 𝐹 2,13 𝑑𝐹 = 0.0935 > 0.05

𝑝



𝛼= ,

𝑐 𝛼
𝑝 𝛼/𝑐

𝛼
𝑝



𝐱

𝐻0: 𝑝 𝑥 =
1

2𝜋𝜎
exp −

𝑥−𝜇 2

2𝜎2

𝜒2 =

𝑗=1

𝑚
𝑛𝑗 − 𝑛𝑝𝑗

2

𝑛𝑝𝑗

𝐻1: 𝑝 𝑥 ≠
1

2𝜋𝜎
exp −

𝑥−𝜇 2

2𝜎2
𝜒2 > 𝜒1−𝛼,𝜈

2

𝜈 = 𝑚 − 3



𝑚 𝑛
𝑚 = 1 + 3.3𝑙𝑜𝑔10 𝑛 = 7.6 → 8

𝑛𝑗 , 𝑗 = 1, … , 8

𝑗

𝑛𝑗



𝑛𝑗 ≥ 𝑗 𝑛𝑗 ′

ҧ𝑥 𝑠

𝜒2 =

𝑗 𝑥𝑗,𝑖𝑛𝑓 𝑥𝑗,𝑠𝑢𝑝 𝑛𝑗 𝑧𝑗,𝑖𝑛𝑓 = 𝑥𝑗,𝑖𝑛𝑓 − ҧ𝑥 /𝑠 𝑧𝑗,𝑠𝑢𝑝 = 𝑥𝑗,𝑠𝑢𝑝 − ҧ𝑥 /𝑠 𝑛𝑜𝑟𝑚𝑐𝑑𝑓 𝑧𝑗,𝑖𝑛𝑓 𝑛𝑜𝑟𝑚𝑐𝑑𝑓 𝑧𝑗,𝑠𝑢𝑝 𝑝𝑗 𝑛𝑗′ 𝑛𝑗 − 𝑛𝑗′
2

𝑛𝑗′



𝜒2

𝜒2 𝜈 = 𝑚 − 3

𝛼 𝜒2 ≤ 𝜒1−𝛼,5
2 𝑝 = 

1.503

∞
𝑓𝜒2 𝑡 𝜈 = 5 𝑑𝑡

𝛼



𝐻0: 𝑋~𝐹0 𝐻1: 𝑋 ≁ 𝐹0

𝑋1, … , 𝑋𝑛 𝑖. 𝑖. 𝑑. ~𝐹
𝐹0

𝐹𝑛 𝑥 = ൞

0 𝑠𝑒 𝑥 ≤ 𝑋1
𝑘

𝑛
𝑠𝑒 𝑋𝑘 ≤ 𝑥 ≤ 𝑋𝑘+1

1 𝑠𝑒 𝑥 ≥ 𝑋𝑛

𝐹𝑛 𝑥 =
1

𝑛
σ𝑖=1
𝑛 𝐼𝑋𝑖≤𝑥

𝐼𝑋𝑖≤𝑥





𝐵𝑖𝑛 𝑛, 𝑝 = 𝑓𝑏 𝑘 𝑛, 𝑝 = ൝
𝑛
𝑘

𝑝𝑘𝑞𝑛−𝑘 𝑝𝑒𝑟 𝑘 = 0,… , 𝑛

0 𝑎𝑙𝑡𝑟𝑖𝑚𝑒𝑛𝑡𝑖

𝜇 = 𝑛𝑝 = 

𝑘=1

𝑛

𝑘
𝑛
𝑘

𝑝𝑘𝑞𝑛−𝑘

𝜎2 = 𝑛𝑝𝑞



𝐼𝑋𝑖≤𝑥
𝐵𝑖𝑛 𝑛, 𝐹𝑛 𝑥

𝐸 𝐹𝑛 𝑥 = 𝐸
𝐵𝑖𝑛 𝑛, 𝐹𝑛 𝑥

𝑛
=
𝑛𝐹𝑛 𝑥

𝑛
= 𝐹𝑛 𝑥

𝑉𝑎𝑟 𝐹𝑛 𝑥 = 𝑉𝑎𝑟
𝐵𝑖𝑛 𝑛, 𝐹𝑛 𝑥

𝑛
=
𝑛𝐹𝑛 𝑥 1 − 𝐹𝑛 𝑥

𝑛2
=
𝐹𝑛 𝑥 1 − 𝐹𝑛 𝑥

𝑛

𝐹𝑛 𝑥 𝐹𝑛 𝑥
0 𝑛 → ∞

𝐹𝑛 𝑥 𝐹𝑛 𝑥



𝐹𝑛 𝑥 𝐹0 𝑥

𝐹𝑛 𝑥 𝐹0 𝑥

𝐷𝑛 = sup
𝑥∈ℝ

𝐹𝑛 𝑥 − 𝐹0 𝑥

Rifiuta 𝐻0 𝐷𝑛 > 𝑞𝐾𝑆,1−𝛼



ҧ𝑥 𝑠

𝐷𝑛 = sup
𝑥∈ℝ

𝐹𝑛 𝑥 − 𝐹0 𝑥 𝑝

𝑞𝐾𝑆,1−0.05

𝛼



ҧ𝑥 𝑠

𝐷𝑛 = sup
𝑥∈ℝ

𝐹𝑛 𝑥 − 𝐹0 𝑥 𝑝

𝑞𝐾𝑆,1−0.05

𝛼



𝝆 𝑋 𝑌

𝜌 =
𝑐𝑜𝑣 𝑋, 𝑌

𝜎𝑥
2𝜎𝑦

2

 𝜌 ≤ 1
 𝜌 = 1 𝑌 =

𝑎𝑋 + 1
 𝜌 = 0 𝑋 𝑌
 𝑋 𝑌 𝐸 𝑋 ∙ 𝑌 = 𝐸 𝑋 ∙ 𝐸 𝑌 → 𝜌 = 0



𝑋1, 𝑌1 … 𝑋𝑛, 𝑌𝑛 𝑖. 𝑖. 𝑑. ~𝑁 𝜇𝑥 , 𝜇𝑦, 𝜎𝑥
2, 𝜎𝑦

2, 𝜌

𝑓𝑋𝑌 𝑋, 𝑌 =
1

2𝜋𝜎𝑥𝜎𝑦 1 − 𝜌2
𝑒
−

1
2 1−𝜌2

𝑥−𝜇𝑥
𝜎𝑥

2
+

𝑦−𝜇𝑦
𝜎𝑦

2

−2𝜌
𝑥−𝜇𝑥
𝜎𝑥

𝑦−𝜇𝑦
𝜎𝑦

𝜌 = 0

𝑓𝑋𝑌 𝑋, 𝑌 =
1

2𝜋𝜎𝑥𝜎𝑦
𝑒
−
1
2

𝑥−𝜇𝑥
𝜎𝑥

2
+

𝑦−𝜇𝑦
𝜎𝑦

2

=
1

2𝜋𝜎𝑥
𝑒
−
1
2
𝑥−𝜇𝑥
𝜎𝑥

2
1

2𝜋𝜎𝑦
𝑒
−
1
2

𝑦−𝜇𝑦
𝜎𝑦

2

𝑋 𝑌 𝜌 = 0



𝜌 = 0

𝜌 ො𝜌 = 𝑅 =
ෞ𝑐𝑜𝑣 𝑋,𝑌

𝑠𝑥
2𝑠𝑦

2
=

σ𝑖=1
𝑛 𝑋𝑖− ത𝑋 𝑌𝑖−ത𝑌

σ𝑖=1
𝑛 𝑋𝑖− ത𝑋 2 σ𝑖=1

𝑛 𝑌𝑖−ത𝑌
2

𝑆𝑇 =
𝑅

1 − 𝑅2
𝑛 − 2 ~ 𝑡𝑛−2, 𝑛 ≥ 3

𝐻1: 𝜌 > 0 𝑆𝑇 ≥ 𝑡1−𝛼,𝑛−2
𝐻1: 𝜌 < 0 𝑆𝑇 ≤ 𝑡𝛼,𝑛−2
𝐻1: 𝜌 ≠ 0 𝑆𝑇 ≥ 𝑡1−𝛼/2, 𝑛 − 2




