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𝑋 𝑓 𝑥

𝑃 𝑋 ≥ 0 = 1

𝐸 𝑋 ≥ 𝑧𝑃 𝑋 ≥ 𝑧 ∀𝑧 > 0

𝑃 𝑋 − 𝐸 𝑋 ≥ 𝑧 ≤
𝑉𝑎𝑟 𝑋

𝑧2



e 𝑋 𝑥𝑘−1 < 𝑧 𝑥𝑘 ≥ 𝑧

𝐸 𝑋 =෍

𝑖

𝑥𝑖𝑓 𝑥𝑖 =෍

𝑖<𝑘

𝑥𝑖𝑓 𝑥𝑖 +෍

𝑖≥𝑘

𝑥𝑖𝑓 𝑥𝑖

𝐸 𝑋 ≥෍

𝑖≥𝑘

𝑥𝑖𝑓 𝑥𝑖 ≥෍

𝑖≥𝑘

𝑧𝑓 𝑥𝑖 = 𝑧෍

𝑖≥𝑘

𝑓 𝑥𝑖 = 𝑧𝑃 𝑋 ≥ 𝑧

𝑋

𝐸 𝑋 = න
−∞

+∞

𝑥𝑓 𝑥 𝑑𝑥 = න
−∞

𝑧

𝑥𝑓 𝑥 𝑑𝑥 + න
𝑧

+∞

𝑥𝑓 𝑥 𝑑𝑥 =

= න
0

𝑧

𝑥𝑓 𝑥 𝑑𝑥 + න
𝑧

+∞

𝑥𝑓 𝑥 𝑑𝑥 ≥ න
𝑧

+∞

𝑥𝑓 𝑥 𝑑𝑥 ≥ න
𝑧

+∞

𝑧𝑓 𝑥 𝑑𝑥 = 𝑧න
𝑧

+∞

𝑓 𝑥 𝑑𝑥 = 𝑧𝑃 𝑋 ≥ 𝑧



𝑋

𝑌 = 𝑋 − 𝐸 𝑋 2

𝑌
𝑃 𝑌 ≥ 0 = 1

𝑃 𝑌 ≥ 𝑧2 ≤
𝐸 𝑌

𝑧2

𝐸 𝑌 = 𝐸 𝑋 − 𝐸 𝑋 2 = 𝑉𝑎𝑟 𝑋

𝑧 > 0

𝑃 𝑋 − 𝐸 𝑋 ≥ 𝑧 ≤
𝑉𝑎𝑟 𝑋

𝑧2



𝑃 𝑋 − 𝜇 ≥ 𝑛𝜎 ≤
𝜎2

𝑛2𝜎2
=

1

𝑛2

 𝜎

 2𝜎

 3𝜎



 2𝜎 𝜙𝑔 2 − 𝜙𝑔 −2

 3𝜎 𝜙𝑔 3 − 𝜙𝑔 −3

 2𝜎

 3𝜎



n 𝑋1, … , 𝑋𝑛
𝜇 𝜎2

ത𝑋𝑛 =
1

𝑛
෍

𝑖=1

𝑛

𝑋𝑖

𝐸 ത𝑋𝑛 = 𝜇

𝑉𝑎𝑟 ത𝑋𝑛 =
𝜎2

𝑛



𝐸 𝑎1𝑋1 +⋯+ 𝑎𝑛𝑋𝑛 = 𝑎1𝐸 𝑋1 +⋯+ 𝑎𝑛𝐸 𝑋𝑛
𝑉𝑎𝑟 𝑎𝑋 = 𝑎2𝑉𝑎𝑟 𝑋

𝐸 ത𝑋𝑛 = 𝐸
1

𝑛
෍

𝑖=1

𝑛

𝑋𝑖 =
1

𝑛
𝐸 𝑋1 +⋯+ 𝐸 𝑋𝑛 =

1

𝑛
𝑛𝜇 = 𝜇

𝑉𝑎𝑟 ത𝑋𝑛 = 𝑉𝑎𝑟
1

𝑛
෍

𝑖=1

𝑛

𝑋𝑖 =
1

𝑛2
𝑉𝑎𝑟 ෍

𝑖=1

𝑛

𝑋𝑖 =
1

𝑛2
෍

𝑖=1

𝑛

𝑉𝑎𝑟 𝑋𝑖 =
1

𝑛2
𝑛𝜎2 =

𝜎2

𝑛

ത𝑋𝑛
𝑋1, … , 𝑋𝑛



ത𝑋𝑛 𝑧

𝑃 ത𝑋𝑛 − 𝜇 ≥ 𝑧 ≤
𝜎2

𝑛𝑧2

𝜎 = 3

𝑃 ത𝑋𝑛 − 𝜇 ≥ 1 ≤
9

𝑛
≤ 0.01

𝑛 ≥ 900



𝑋1, 𝑋2, … , 𝑋𝑛
𝜇 𝜎2

ത𝑋𝑛

ത𝑋𝑛 =
1

𝑛
𝑋1 +⋯+ 𝑋𝑛

ത𝑋𝑛՜
𝑝
𝜇 per 𝑛 ՜ ∞



𝑛

𝐸 ത𝑋𝑛 = 𝜇 e 𝑉𝑎𝑟 ത𝑋𝑛 =
𝜎2

𝑛

𝑃 ത𝑋𝑛 − 𝜇 < 𝜖 ≤
𝜎2

𝑛𝜖2

𝑃 ത𝑋𝑛 − 𝜇 < 𝜖 ≥ 1 −
𝜎2

𝑛𝜖2

lim
𝑛՜∞

𝑃 ത𝑋𝑛 − 𝜇 < 𝜖 = 1 equivalente a ത𝑋𝑛՜
𝑝
𝜇 per 𝑛 ՜ ∞.



𝑋1, … 𝑋𝑛
𝜇 𝜎2

lim
𝑛՜∞

𝑃
ത𝑋𝑛 − 𝜇 𝑛

𝜎
≤ 𝑡 = 𝜙𝑔 𝑡 ∀𝑡 ∈ ℜ

𝜙𝑔 𝑡 =
1

2𝜋
න
−∞

𝑡

exp −
1

2
𝑢2 𝑑𝑢 = 𝑃 𝑋 ≤ 𝑡

𝑋 =
ത𝑋𝑛 − 𝜇

Τ𝜎 𝑛



ത𝑋𝑛
𝜇 𝜎2/𝑛

𝑛 ≥ 30





ҧ𝑥 ҧ𝑠
𝜇

𝜇 ҧ𝑥 Τҧ𝑠 𝑛 ≤ 𝜇 ≤ ҧ𝑥 + Τҧ𝑠 𝑛
𝜇 ҧ𝑥 Τҧ𝑠 𝑛 ≤ 𝜇 ≤ ҧ𝑥 + Τҧ𝑠 𝑛

≤ 𝜇 ≤ ≤ 𝜇 ≤



ҧ𝑥 Τҧ𝑠 𝑛 ≤ 𝜇 ≤ ҧ𝑥 + Τҧ𝑠 𝑛
ҧ𝑥 Τҧ𝑠 𝑛 ≤ 𝜇 ≤ ҧ𝑥 + Τҧ𝑠 𝑛

𝑋 =
ҧ𝑥 − 𝜇

Τҧ𝑠 𝑛




