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❙❛"❛♥♥♦ ✈❛❧✉(❛(❡ *♦❧♦ ❧❡ "✐*♣♦*(❡ ❝♦♥ ❧❛ ❣✐✉*(✐✜❝❛③✐♦♥❡ ❞❡❧ "✐*✉❧(❛(♦✳

❊!❡#❝✐③✐♦ ✶✳ ❚✐③✐♦ ❤❛ ❞✐ ❢"♦♥(❡ ❛ *6 3 *❝❛(♦❧❡✱ ❝♦♥(❡♥❡♥(✐ 5 ♣❡♥♥❡ "♦**❡ ❡

6 ♣❡♥♥❡ ❜❧✉✱ 4 ♣❡♥♥❡ "♦**❡ ❡ 5 ♣❡♥♥❡ ❜❧✉ ❡ 3 ♣❡♥♥❡ "♦**❡ ❡ 2 ♣❡♥♥❡

❜❧✉✱ "✐*♣❡((✐✈❛♠❡♥(❡✳ ❚✐③✐♦ 6 ✐♥❞❡❝✐*♦ *✉❧❧❛ *❝❡❧(❛ ❞❡❧❧❛ *❝❛(♦❧❛ ❞❛ ❝✉✐

❡*("❛""❡ ❧❛ ♣❡♥♥❛ ❝❤❡ ❣❧✐ *❡"✈❡✱ ❛❧❧♦"❛ ♣"❡♥❞❡ ❧❡ ❝❛"(❡ ❞✐ ✜♦"✐ ❞❛ ✉♥

♠❛③③♦ ❞✐ ❝❛"(❡ ❢"❛♥❝❡*✐ ❡ ♥❡ *❝❡❣❧✐❡ ✉♥❛ ❛ ❝❛*♦✳ ❙❡ ❧❛ ❝❛"(❛ ❡*("❛((❛

✈❛ ❞❛❧❧✬❛**♦ ❛❧ ❝✐♥;✉❡✱ ❡*("❛❡ ❞❛❧❧❛ ♣"✐♠❛ *❝❛(♦❧❛❀ *❡ ✈❛ ❞❛❧ *❡✐ ❛❧ ❞✐❡❝✐✱

❡*("❛❡ ❞❛❧❧❛ *❡❝♦♥❞❛✱ ❛❧("✐♠❡♥(✐ ❞❛❧❧❛ (❡"③❛✳

◗✉❛❧ 6 ❧❛ ♣"♦❜❛❜✐❧✐(> ❝❤❡ ❧❛ ❝❛"(❛ ❡*("❛((❛ ❛❜❜✐❛ ✉♥ ✈❛❧♦"❡ ❝♦♠♣"❡*♦

("❛ ✶ ❡ ✺✱ *❛♣❡♥❞♦ ❝❤❡ ❧❛ ♣❡♥♥❛ ❝♦♥ ❝✉✐ ❚✐③✐♦ *❝"✐✈❡"> 6 ❜❧✉❄

❊!❡#❝✐③✐♦ ✷✳ ❯♥✬✉"♥❛ ❝♦♥(✐❡♥❡ n = 8 ♣❛❧❧✐♥❡ ♥✉♠❡"❛(❡✱ ❞❛ 1 ❛❞ n. ◆❡ ✈❡♥✲

❣♦♥♦ ❡*("❛((❡ k = 3, *❡♥③❛ "❡✐♥*❡"✐♠❡♥(♦✳

✶✳ ◗✉❛♥(❡ *♦♥♦ ❧❡ ♣♦**✐❜✐❧✐ k✲✉♣❧❡ ♦"❞✐♥❛(❡❄

✷✳ ◗✉❛♥(❡ k✲✉♣❧❡ ♦"❞✐♥❛(❡ ❝♦♥(❡♥❣♦♥♦ ❧❛ ♣❛❧❧✐♥❛ ❝♦♥ ✐❧ ♥✉♠❡"♦ j = 3
♥❡❧❧❛ j✲*✐♠❛ ♣♦*✐③✐♦♥❡❄

✸✳ ❘✐*♣♦♥❞❡"❡ ❛✐ ;✉❡*✐(✐ ♣"❡❝❡❞❡♥(✐✱ *✉♣♣♦♥❡♥❞♦ ❝❤❡ ❧✬❡*("❛③✐♦♥❡ ❛✈✈❡♥❣❛

❝♦♥ "❡✐♥*❡"✐♠❡♥(♦✳

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ✉♥❛ ✈✳❛✳ ❝♦♥(✐♥✉❛✱ ❝♦♥ ❞❡♥*✐(> ❞✐ ♣"♦❜❛❜✐❧✐(>

f(x) = λe−λx, 0 ≤ x < ∞ .

❉❡(❡"♠✐♥❛"❡ ❧♦ *(✐♠❛(♦"❡ ❞✐ ♠❛**✐♠❛ ✈❡"♦*✐♠✐❣❧✐❛♥③❛ ♣❡" λ.

✶



❊!❡#❝✐③✐♦ ✹✳ ❙♣✐❡❣❛&❡ ❝♦)❛ )✐ ✐♥+❡♥❞❡ ♣❡& ❞✐♣❡♥❞❡♥③❛ '(❛(✐'(✐❝❛ (*❛ ❝❛*❛(✲

(❡*✐ ❡ ❞❡)❝&✐✈❡&❡ ❝♦♠✬0 ❢❛++♦ ❡ ❝♦)❛ &❛♣♣&❡)❡♥+❛ ❧✬✐♥❞✐❝❡ 3✉❛❞&❛+✐❝♦ ❞✐

❝♦♥♥❡))✐♦♥❡ χ2.

✷
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❙❛"❛♥♥♦ ✈❛❧✉(❛(❡ *♦❧♦ ❧❡ "✐*♣♦*(❡ ❝♦♥ ❧❛ ❣✐✉*(✐✜❝❛③✐♦♥❡ ❞❡❧ "✐*✉❧(❛(♦✳

❊!❡#❝✐③✐♦ ✶✳ ❯♥ ❛❧❧❡✈❛(♦"❡ ❞✐ ♣❛*(♦"✐ (❡❞❡*❝❤✐ 5 ✐♥ ♣♦**❡**♦ ❞✐ n = 12 ❡✲

*❡♠♣❧❛"✐✱ ✐❧ ❝✉✐ ♣❡*♦ 5 "✐❛**✉♥(♦ ♥❡❧❧❛ *❡❣✉❡♥(❡ (❛❜❡❧❧❛✿

❝❛♥❡ 1 2 3 4 5 6 7 8 9 10 11 12

♣❡*♦ ✭❑❣✮ ✹✷ ✺✵ ✹✽ ✻✹ ✻✽ ✻✽ ✹✽ ✺✵ ✻✹ ✹✽ ✻✽ ✹✽

■♥♦❧("❡✱ *✐❛ Y ❧❛ ✈✳❛✳ ❝❤❡ "❛♣♣"❡*❡♥(❛ ❧❛ E✉❛♥(✐(F ❞✐ ❝✐❜♦ ✉*❛(♦ ♣❡"

*❢❛♠❛"❡ ✐ ♣❛*(♦"✐ (❡❞❡*❝❤✐✱ ❧❡ ❝✉✐ ♦❝❝♦""❡♥③❡ *♦♥♦ y1, . . . , yn. ❙✐ ❤❛

n∑

i=1

yi = 1680 .

✶✳ ❈❛❧❝♦❧❛"❡ ❧❛ ❞✐*("✐❜✉③✐♦♥❡ ❞✐ ❢"❡E✉❡♥③❛✱ ❧❛ ♠❡❞✐❛ ❡ ❧❛ ♠♦❞❛ ♣❡" ❧❛

✈❛"✐❛❜✐❧❡ ♣❡"♦✳

✷✳ ❙✉♣♣♦♥❡♥❞♦ ❝❤❡ ❧❛ E✉❛♥(✐(F Z ❞✐ ❝✐❜♦ "❡❛❧♠❡♥(❡ ✉(✐❧✐③③❛(♦ ♣❡"

*❢❛♠❛"❡ ✐ ❝❛♥✐ 5 ✐♥❢❡"✐♦"❡ ❞❡❧ 10% "✐*♣❡((♦ ❛❧❧❛ E✉❛♥(✐(F Y ♥♦(❛✱

❞❡(❡"♠✐♥❛"❡ ✐❧ ✈❛❧♦" ♠❡❞✐♦ ❞✐ Z.

❊!❡#❝✐③✐♦ ✷✳ ❉♦♣♦ ✉♥✬✐♥❞❛❣✐♥❡ *(❛(✐*(✐❝❛ *✉ ✉♥ ❝❛♠♣✐♦♥❡ ❞✐ N = 200 *(✉✲

❞❡♥(✐ ❞❡❧ ❈✳❞✳▲✳ ✐♥ ■♥❢♦"♠❛(✐❝❛ ♣❡" *(❛❜✐❧✐"❡ *❡ ❣❧✐ *(✉❞❡♥(✐ ❣✐♦❝❛♥♦ ❛

❝❛❧❝✐♦ ♦♣♣✉"❡ ♥♦✱ *✐ ❤❛ ❝❤❡

N∑

i=1

xi = 120 ,

❡**❡♥❞♦ xi, i = 1, . . . , N ❧❡ ♦❝❝♦""❡♥③❡ ❞❡❧❧❛ ✈✳❛✳ X.

✶



✶✳ "#♦♣♦##❡ ✉♥♦ )*✐♠❛*♦#❡ ♣❡# ✐❧ ✈❛❧♦#❡ ❛**❡)♦ ❞✐ X ❡ ❝❛❧❝♦❧❛#❡ ❧❛

#❡❧❛*✐✈❛ )*✐♠❛✳

✷✳ ❈♦♥❢#♦♥*❛#❡ ❧♦ )*✐♠❛*♦#❡ ♦**❡♥✉*♦ ❛❧ ♣✉♥*♦ ♣#❡❝❡❞❡♥*❡ ❝♦♥ ✐❧ )❡❣✉❡♥*❡

T =
1

N
[4Y1 + Y2 + 3Y3] ,

✈❡#✐✜❝❛♥❞♦♥❡ ❧❛ ❝♦##❡**❡③③❛ ❡ ❝❛❧❝♦❧❛♥❞♦♥❡✱ ❡✈❡♥*✉❛❧♠❡♥*❡✱ ❧❛ ❞✐)✲

*♦#)✐♦♥❡✳

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ✉♥❛ ✈✳❛✳ ❝♦♥*✐♥✉❛✱ ❝♦♥ ❞❡♥)✐*; ❞✐ ♣#♦❜❛❜✐❧✐*;

f(x) = αx−(1+α)e−x, x > 0 .

❉❡*❡#♠✐♥❛#❡ ❧♦ )*✐♠❛*♦#❡ ❞✐ ♠❛))✐♠❛ ✈❡#♦)✐♠✐❣❧✐❛♥③❛ ♣❡# α.

❊!❡#❝✐③✐♦ ✹✳ ❉❡)❝#✐✈❡#❡ ❧❡ ♣#♦♣#✐❡*; ❞✐ ✉♥❛ ✈✳❛✳ ❣❡♦♠❡*#✐❝❛ ❡❞✱ ✐♥ ♣❛#*✐❝♦✲

❧❛#❡✱ ❧❛ ♣#♦♣#✐❡*; ❞✐ ❛))❡♥③❛ ❞✐ ♠❡♠♦#✐❛✳

✷
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❙❛"❛♥♥♦ ✈❛❧✉(❛(❡ *♦❧♦ ❧❡ "✐*♣♦*(❡ ❝♦♥ ❧❛ ❣✐✉*(✐✜❝❛③✐♦♥❡ ❞❡❧ "✐*✉❧(❛(♦✳

❊!❡#❝✐③✐♦ ✶✳ ❚✐③✐♦ ❤❛ ❞✐ ❢"♦♥(❡ ❛ *6 3 *❝❛(♦❧❡✱ ❝♦♥(❡♥❡♥(✐ 3 ♣❡♥♥❡ "♦**❡ ❡

6 ♣❡♥♥❡ ❜❧✉✱ 6 ♣❡♥♥❡ "♦**❡ ❡ 2 ♣❡♥♥❡ ❜❧✉ ❡ 4 ♣❡♥♥❡ "♦**❡ ❡ 2 ♣❡♥♥❡

❜❧✉✱ "✐*♣❡((✐✈❛♠❡♥(❡✳ ❚✐③✐♦ 6 ✐♥❞❡❝✐*♦ *✉❧❧❛ *❝❡❧(❛ ❞❡❧❧❛ *❝❛(♦❧❛ ❞❛ ❝✉✐

❡*("❛""❡ ❧❛ ♣❡♥♥❛ ❝❤❡ ❣❧✐ *❡"✈❡✱ ❛❧❧♦"❛ ♣"❡♥❞❡ ❧❡ ❝❛"(❡ ❞✐ ✜♦"✐ ❞❛ ✉♥

♠❛③③♦ ❞✐ ❝❛"(❡ ❢"❛♥❝❡*✐ ❡ ♥❡ *❝❡❣❧✐❡ ✉♥❛ ❛ ❝❛*♦✳ ❙❡ ❧❛ ❝❛"(❛ ❡*("❛((❛

✈❛ ❞❛❧❧✬❛**♦ ❛❧ ❝✐♥;✉❡✱ ❡*("❛❡ ❞❛❧❧❛ ♣"✐♠❛ *❝❛(♦❧❛❀ *❡ ✈❛ ❞❛❧ *❡✐ ❛❧ ❞✐❡❝✐✱

❡*("❛❡ ❞❛❧❧❛ *❡❝♦♥❞❛✱ ❛❧("✐♠❡♥(✐ ❞❛❧❧❛ (❡"③❛✳

◗✉❛❧ 6 ❧❛ ♣"♦❜❛❜✐❧✐(> ❝❤❡ ❧❛ ❝❛"(❛ ❡*("❛((❛ ❛❜❜✐❛ ✉♥ ✈❛❧♦"❡ ❝♦♠♣"❡*♦

("❛ ❥❛❝❦ ❡ ❑✱ *❛♣❡♥❞♦ ❝❤❡ ❧❛ ♣❡♥♥❛ ❝♦♥ ❝✉✐ ❚✐③✐♦ *❝"✐✈❡"> 6 "♦**❛❄

❊!❡#❝✐③✐♦ ✷✳ ❯♥✬✉"♥❛ ❝♦♥(✐❡♥❡ n = 6 ♣❛❧❧✐♥❡ ♥✉♠❡"❛(❡✱ ❞❛ 1 ❛❞ n. ◆❡ ✈❡♥✲

❣♦♥♦ ❡*("❛((❡ k = 4, *❡♥③❛ "❡✐♥*❡"✐♠❡♥(♦✳

✶✳ ◗✉❛♥(❡ *♦♥♦ ❧❡ ♣♦**✐❜✐❧✐ k✲✉♣❧❡ ♦"❞✐♥❛(❡❄

✷✳ ◗✉❛♥(❡ k✲✉♣❧❡ ♦"❞✐♥❛(❡ ❝♦♥(❡♥❣♦♥♦ ❧❛ ♣❛❧❧✐♥❛ ❝♦♥ ✐❧ ♥✉♠❡"♦ j = 2
♥❡❧❧❛ j✲*✐♠❛ ♣♦*✐③✐♦♥❡❄

✸✳ ❘✐*♣♦♥❞❡"❡ ❛✐ ;✉❡*✐(✐ ♣"❡❝❡❞❡♥(✐✱ *✉♣♣♦♥❡♥❞♦ ❝❤❡ ❧✬❡*("❛③✐♦♥❡ ❛✈✈❡♥❣❛

❝♦♥ "❡✐♥*❡"✐♠❡♥(♦✳

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ✉♥❛ ✈✳❛✳ ❝♦♥(✐♥✉❛✱ ❝♦♥ ❞❡♥*✐(> ❞✐ ♣"♦❜❛❜✐❧✐(>

f(x) =

√

2

π

1

σ
e
−

x
2

2σ2 , x > 0 .

❉❡(❡"♠✐♥❛"❡ ❧♦ *(✐♠❛(♦"❡ ❞✐ ♠❛**✐♠❛ ✈❡"♦*✐♠✐❣❧✐❛♥③❛ ♣❡" σ ♣❡" ✐❧ ❝✳❝✳*✳

{2, 3}.

✶



❊!❡#❝✐③✐♦ ✹✳ ❙♣✐❡❣❛&❡ ❞❡((❛❣❧✐❛(❛♠❡♥(❡ ❧❡ ❞✐✛❡&❡♥③❡ (&❛ ❞✐.♣♦.✐③✐♦♥✐ ❡ ❝♦♠✲

❜✐♥❛③✐♦♥✐ ✭.❡♠♣❧✐❝✐ ❡ ❝♦♥ &✐♣❡(✐③✐♦♥❡✮✳

✷



 !♦✈❛ %❝!✐((❛ ❞✐  !♦❜❛❜✐❧✐(, ❡ ❙(❛(✐%(✐❝❛ ✕

(!❛❝❝✐❛ ❉

✶✺ ❋❡❜❜%❛✐♦ ✷✵✶✻

❙❛"❛♥♥♦ ✈❛❧✉(❛(❡ *♦❧♦ ❧❡ "✐*♣♦*(❡ ❝♦♥ ❧❛ ❣✐✉*(✐✜❝❛③✐♦♥❡ ❞❡❧ "✐*✉❧(❛(♦✳

❊!❡#❝✐③✐♦ ✶✳ ❯♥ ❛❧❧❡✈❛(♦"❡ ❞✐ "♦((✇❡✐❧❡" 5 ✐♥ ♣♦**❡**♦ ❞✐ n = 10 ❡*❡♠♣❧❛"✐✱

✐❧ ❝✉✐ ♣❡*♦ 5 "✐❛**✉♥(♦ ♥❡❧❧❛ *❡❣✉❡♥(❡ (❛❜❡❧❧❛✿

❝❛♥❡ 1 2 3 4 5 6 7 8 9 10

♣❡*♦ ✭❑❣✮ ✹✹ ✺✷ ✺✻ ✹✹ ✺✵ ✺✷ ✺✻ ✺✷ ✹✹ ✹✹

■♥♦❧("❡✱ *✐❛ Y ❧❛ ✈✳❛✳ ❝❤❡ "❛♣♣"❡*❡♥(❛ ❧❛ D✉❛♥(✐(E ❞✐ ❝✐❜♦ ✉*❛(♦ ♣❡"

*❢❛♠❛"❡ ✐ ♣❛*(♦"✐ (❡❞❡*❝❤✐✱ ❧❡ ❝✉✐ ♦❝❝♦""❡♥③❡ *♦♥♦ y1, . . . , yn. ❙✐ ❤❛

n∑

i=1

yi = 1250 .

✶✳ ❈❛❧❝♦❧❛"❡ ❧❛ ❞✐*("✐❜✉③✐♦♥❡ ❞✐ ❢"❡D✉❡♥③❛✱ ❧❛ ♠❡❞✐❛ ❡ ❧❛ ♠♦❞❛ ♣❡" ❧❛

✈❛"✐❛❜✐❧❡ ♣❡"♦✳

✷✳ ❙✉♣♣♦♥❡♥❞♦ ❝❤❡ ❧❛ D✉❛♥(✐(E Z ❞✐ ❝✐❜♦ "❡❛❧♠❡♥(❡ ✉(✐❧✐③③❛(♦ ♣❡"

*❢❛♠❛"❡ ✐ ❝❛♥✐ 5 *✉♣❡"✐♦"❡ ❞❡❧ 5% "✐*♣❡((♦ ❛❧❧❛ D✉❛♥(✐(E Y ♥♦(❛✱

❞❡(❡"♠✐♥❛"❡ ✐❧ ✈❛❧♦" ♠❡❞✐♦ ❞✐ Z.

❊!❡#❝✐③✐♦ ✷✳ ❉♦♣♦ ✉♥✬✐♥❞❛❣✐♥❡ *(❛(✐*(✐❝❛ *✉ ✉♥ ❝❛♠♣✐♦♥❡ ❞✐ N = 150 *(✉✲

❞❡♥(✐ ❞❡❧ ❈✳❞✳▲✳ ✐♥ ■♥❢♦"♠❛(✐❝❛ ♣❡" *(❛❜✐❧✐"❡ *❡ ❣❧✐ *(✉❞❡♥(✐ ❣✐♦❝❛♥♦ ❛

(❡♥♥✐* ♦♣♣✉"❡ ♥♦✱ *✐ ❤❛ ❝❤❡

N∑

i=1

xi = 90 ,

❡**❡♥❞♦ xi, i = 1, . . . , N ❧❡ ♦❝❝♦""❡♥③❡ ❞❡❧❧❛ ✈✳❛✳ X.

✶



✶✳ "#♦♣♦##❡ ✉♥♦ )*✐♠❛*♦#❡ ♣❡# ✐❧ ✈❛❧♦#❡ ❛**❡)♦ ❞✐ X ❡ ❝❛❧❝♦❧❛#❡ ❧❛

#❡❧❛*✐✈❛ )*✐♠❛✳

✷✳ ❈♦♥❢#♦♥*❛#❡ ❧♦ )*✐♠❛*♦#❡ ♦**❡♥✉*♦ ❛❧ ♣✉♥*♦ ♣#❡❝❡❞❡♥*❡ ❝♦♥ ✐❧ )❡❣✉❡♥*❡

T =
1

N
[Y1 + 4Y2 + 2Y3] ,

✈❡#✐✜❝❛♥❞♦♥❡ ❧❛ ❝♦##❡**❡③③❛ ❡ ❝❛❧❝♦❧❛♥❞♦♥❡✱ ❡✈❡♥*✉❛❧♠❡♥*❡✱ ❧❛ ❞✐)✲

*♦#)✐♦♥❡✳

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ✉♥❛ ✈✳❛✳ ❝♦♥*✐♥✉❛✱ ❝♦♥ ❞❡♥)✐*; ❞✐ ♣#♦❜❛❜✐❧✐*;

f(x) =
1

π[1 + (x− θ)2]
,−1 ≤ x ≤ 1 .

❉❡*❡#♠✐♥❛#❡ ❧♦ )*✐♠❛*♦#❡ ❞✐ ♠❛))✐♠❛ ✈❡#♦)✐♠✐❣❧✐❛♥③❛ ♣❡# θ ♣❡# ✐❧ ❝✳❝✳)✳

{−1, 1}.

❊!❡#❝✐③✐♦ ✹✳ ❙♣✐❡❣❛#❡ ❝♦♠❡ )✐ ❝♦)*#✉✐)❝❡ ✉♥ ✐♥*❡#✈❛❧❧♦ ❞✐ ❝♦♥✜❞❡♥③❛ ♣❡# ❧❛

♠❡❞✐❛✱ ♥❡❧ ❝❛)♦ ❞✐ ✈❛#✐❛♥③❛ ♥♦*❛✳

✷



 !♦✈❛ %❝!✐((❛ ❞✐  !♦❜❛❜✐❧✐(, ❡ ❙(❛(✐%(✐❝❛ ✕

(!❛❝❝✐❛ ❊

✶✺ ❋❡❜❜%❛✐♦ ✷✵✶✻

❙❛"❛♥♥♦ ✈❛❧✉(❛(❡ *♦❧♦ ❧❡ "✐*♣♦*(❡ ❝♦♥ ❧❛ ❣✐✉*(✐✜❝❛③✐♦♥❡ ❞❡❧ "✐*✉❧(❛(♦✳

❊!❡#❝✐③✐♦ ✶✳ ❚✐③✐♦ ❤❛ ❞✐ ❢"♦♥(❡ ❛ *6 3 *❝❛(♦❧❡✱ ❝♦♥(❡♥❡♥(✐ 3 ♣❡♥♥❡ "♦**❡ ❡

3 ♣❡♥♥❡ ❜❧✉✱ 4 ♣❡♥♥❡ "♦**❡ ❡ 2 ♣❡♥♥❡ ❜❧✉ ❡ 7 ♣❡♥♥❡ "♦**❡ ❡ 1 ♣❡♥♥❛

❜❧✉✱ "✐*♣❡((✐✈❛♠❡♥(❡✳ ❚✐③✐♦ 6 ✐♥❞❡❝✐*♦ *✉❧❧❛ *❝❡❧(❛ ❞❡❧❧❛ *❝❛(♦❧❛ ❞❛ ❝✉✐

❡*("❛""❡ ❧❛ ♣❡♥♥❛ ❝❤❡ ❣❧✐ *❡"✈❡✱ ❛❧❧♦"❛ ♣"❡♥❞❡ ❧❡ ❝❛"(❡ ❞✐ ✜♦"✐ ❞❛ ✉♥

♠❛③③♦ ❞✐ ❝❛"(❡ ❢"❛♥❝❡*✐ ❡ ♥❡ *❝❡❣❧✐❡ ✉♥❛ ❛ ❝❛*♦✳ ❙❡ ❧❛ ❝❛"(❛ ❡*("❛((❛

✈❛ ❞❛❧❧✬❛**♦ ❛❧ ❝✐♥;✉❡✱ ❡*("❛❡ ❞❛❧❧❛ ♣"✐♠❛ *❝❛(♦❧❛❀ *❡ ✈❛ ❞❛❧ *❡✐ ❛❧ ❞✐❡❝✐✱

❡*("❛❡ ❞❛❧❧❛ *❡❝♦♥❞❛✱ ❛❧("✐♠❡♥(✐ ❞❛❧❧❛ (❡"③❛✳

◗✉❛❧ 6 ❧❛ ♣"♦❜❛❜✐❧✐(> ❝❤❡ ❧❛ ❝❛"(❛ ❡*("❛((❛ ❛❜❜✐❛ ✉♥ ✈❛❧♦"❡ ❝♦♠♣"❡*♦

("❛ ✻ ❡ ✶✵✱ *❛♣❡♥❞♦ ❝❤❡ ❧❛ ♣❡♥♥❛ ❝♦♥ ❝✉✐ ❚✐③✐♦ *❝"✐✈❡"> 6 ❜❧✉❄

❊!❡#❝✐③✐♦ ✷✳ ❯♥✬✉"♥❛ ❝♦♥(✐❡♥❡ n = 12 ♣❛❧❧✐♥❡ ♥✉♠❡"❛(❡✱ ❞❛ 1 ❛❞ n. ◆❡

✈❡♥❣♦♥♦ ❡*("❛((❡ k = 5, *❡♥③❛ "❡✐♥*❡"✐♠❡♥(♦✳

✶✳ ◗✉❛♥(❡ *♦♥♦ ❧❡ ♣♦**✐❜✐❧✐ k✲✉♣❧❡ ♦"❞✐♥❛(❡❄

✷✳ ◗✉❛♥(❡ k✲✉♣❧❡ ♦"❞✐♥❛(❡ ❝♦♥(❡♥❣♦♥♦ ❧❛ ♣❛❧❧✐♥❛ ❝♦♥ ✐❧ ♥✉♠❡"♦ j = 4
♥❡❧❧❛ j✲*✐♠❛ ♣♦*✐③✐♦♥❡❄

✸✳ ❘✐*♣♦♥❞❡"❡ ❛✐ ;✉❡*✐(✐ ♣"❡❝❡❞❡♥(✐✱ *✉♣♣♦♥❡♥❞♦ ❝❤❡ ❧✬❡*("❛③✐♦♥❡ ❛✈✈❡♥❣❛

❝♦♥ "❡✐♥*❡"✐♠❡♥(♦✳

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ✉♥❛ ✈✳❛✳ ❝♦♥(✐♥✉❛✱ ❝♦♥ ❞❡♥*✐(> ❞✐ ♣"♦❜❛❜✐❧✐(>

f(x) = αx−(1+α)e−x, x > 0 .

❉❡(❡"♠✐♥❛"❡ ❧♦ *(✐♠❛(♦"❡ ❞✐ ♠❛**✐♠❛ ✈❡"♦*✐♠✐❣❧✐❛♥③❛ ♣❡" α.

❊!❡#❝✐③✐♦ ✹✳ ❉❡*❝"✐✈❡"❡ ❞❡((❛❣❧✐❛(❛♠❡♥(❡ ❧❛ ❝❧❛**✐✜❝❛③✐♦♥❡ ❞❡✐ ❝❛"❛((❡"✐ ❡

❞❡✐ (✐♣✐ ❞✐ ❞❛(✐✳

✶



 !♦✈❛ %❝!✐((❛ ❞✐  !♦❜❛❜✐❧✐(, ❡ ❙(❛(✐%(✐❝❛ ✕

(!❛❝❝✐❛ ❋

✶✺ ❋❡❜❜%❛✐♦ ✷✵✶✻

❙❛"❛♥♥♦ ✈❛❧✉(❛(❡ *♦❧♦ ❧❡ "✐*♣♦*(❡ ❝♦♥ ❧❛ ❣✐✉*(✐✜❝❛③✐♦♥❡ ❞❡❧ "✐*✉❧(❛(♦✳

❊!❡#❝✐③✐♦ ✶✳ ❯♥ ❛❧❧❡✈❛(♦"❡ ❞✐ ❜❡❛❣❧❡ 5 ✐♥ ♣♦**❡**♦ ❞✐ n = 15 ❡*❡♠♣❧❛"✐✱ ✐❧

❝✉✐ ♣❡*♦ 5 "✐❛**✉♥(♦ ♥❡❧❧❛ *❡❣✉❡♥(❡ (❛❜❡❧❧❛✿

❝❛♥❡ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

♣❡*♦ ✭❑❣✮ ✷✺ ✸✸ ✸✵ ✷✺ ✷✽ ✷✽ ✸✸ ✸✸ ✸✶ ✷✺ ✸✸ ✷✺ ✷✽ ✸✺ ✸✸

■♥♦❧("❡✱ *✐❛ Y ❧❛ ✈✳❛✳ ❝❤❡ "❛♣♣"❡*❡♥(❛ ❧❛ D✉❛♥(✐(E ❞✐ ❝✐❜♦ ✉*❛(♦ ♣❡"

*❢❛♠❛"❡ ✐ ♣❛*(♦"✐ (❡❞❡*❝❤✐✱ ❧❡ ❝✉✐ ♦❝❝♦""❡♥③❡ *♦♥♦ y1, . . . , yn. ❙✐ ❤❛

n
∑

i=1

yi = 995 .

✶✳ ❈❛❧❝♦❧❛"❡ ❧❛ ❞✐*("✐❜✉③✐♦♥❡ ❞✐ ❢"❡D✉❡♥③❛✱ ❧❛ ♠❡❞✐❛ ❡ ❧❛ ♠♦❞❛ ♣❡" ❧❛

✈❛"✐❛❜✐❧❡ ♣❡"♦✳

✷✳ ❙✉♣♣♦♥❡♥❞♦ ❝❤❡ ❧❛ D✉❛♥(✐(E Z ❞✐ ❝✐❜♦ "❡❛❧♠❡♥(❡ ✉(✐❧✐③③❛(♦ ♣❡"

*❢❛♠❛"❡ ✐ ❝❛♥✐ 5 ✐♥❢❡"✐♦"❡ ❞❡❧ 15% "✐*♣❡((♦ ❛❧❧❛ D✉❛♥(✐(E Y ♥♦(❛✱

❞❡(❡"♠✐♥❛"❡ ✐❧ ✈❛❧♦" ♠❡❞✐♦ ❞✐ Z.

❊!❡#❝✐③✐♦ ✷✳ ❉♦♣♦ ✉♥✬✐♥❞❛❣✐♥❡ *(❛(✐*(✐❝❛ *✉ ✉♥ ❝❛♠♣✐♦♥❡ ❞✐ N = 250 *(✉✲

❞❡♥(✐ ❞❡❧ ❈✳❞✳▲✳ ✐♥ ■♥❢♦"♠❛(✐❝❛ ♣❡" *(❛❜✐❧✐"❡ *❡ ❣❧✐ *(✉❞❡♥(✐ ❣✐♦❝❛♥♦ ❛

❜❛*❦❡( ♦♣♣✉"❡ ♥♦✱ *✐ ❤❛ ❝❤❡

N
∑

i=1

xi = 220 ,

❡**❡♥❞♦ xi, i = 1, . . . , N ❧❡ ♦❝❝♦""❡♥③❡ ❞❡❧❧❛ ✈✳❛✳ X.

✶



✶✳ "#♦♣♦##❡ ✉♥♦ )*✐♠❛*♦#❡ ♣❡# ✐❧ ✈❛❧♦#❡ ❛**❡)♦ ❞✐ X ❡ ❝❛❧❝♦❧❛#❡ ❧❛

#❡❧❛*✐✈❛ )*✐♠❛✳

✷✳ ❈♦♥❢#♦♥*❛#❡ ❧♦ )*✐♠❛*♦#❡ ♦**❡♥✉*♦ ❛❧ ♣✉♥*♦ ♣#❡❝❡❞❡♥*❡ ❝♦♥ ✐❧ )❡❣✉❡♥*❡

T =
1

N
[Y1 + Y2 + Y3] ,

✈❡#✐✜❝❛♥❞♦♥❡ ❧❛ ❝♦##❡**❡③③❛ ❡ ❝❛❧❝♦❧❛♥❞♦♥❡✱ ❡✈❡♥*✉❛❧♠❡♥*❡✱ ❧❛ ❞✐)✲

*♦#)✐♦♥❡✳

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ✉♥❛ ✈✳❛✳ ❝♦♥*✐♥✉❛✱ ❝♦♥ ❞❡♥)✐*; ❞✐ ♣#♦❜❛❜✐❧✐*;

f(x) =

√

2

π

1

σ
e
−

x
2

2σ2 , x > 0 .

❉❡*❡#♠✐♥❛#❡ ❧♦ )*✐♠❛*♦#❡ ❞✐ ♠❛))✐♠❛ ✈❡#♦)✐♠✐❣❧✐❛♥③❛ ♣❡# σ ♣❡# ✐❧ ❝✳❝✳)✳

{2, 3}.

❊!❡#❝✐③✐♦ ✹✳ ❉❡)❝#✐✈❡#❡ ❞❡**❛❣❧✐❛*❛♠❡♥*❡ ❧❡ ❞✐✛❡#❡♥③❡ *#❛ ❡##♦#❡ ❞✐ ♣#✐♠♦

*✐♣♦ ❡❞ ❡##♦#❡ ❞✐ )❡❝♦♥❞♦ *✐♣♦✳

✷



 !♦✈❛ %❝!✐((❛ ❞✐  !♦❜❛❜✐❧✐(, ❡ ❙(❛(✐%(✐❝❛ ✕

(!❛❝❝✐❛ ●

✶✺ ❋❡❜❜%❛✐♦ ✷✵✶✻

❙❛"❛♥♥♦ ✈❛❧✉(❛(❡ *♦❧♦ ❧❡ "✐*♣♦*(❡ ❝♦♥ ❧❛ ❣✐✉*(✐✜❝❛③✐♦♥❡ ❞❡❧ "✐*✉❧(❛(♦✳

❊!❡#❝✐③✐♦ ✶✳ ❚✐③✐♦ ❤❛ ❞✐ ❢"♦♥(❡ ❛ *6 3 *❝❛(♦❧❡✱ ❝♦♥(❡♥❡♥(✐ 4 ♣❡♥♥❡ "♦**❡ ❡

7 ♣❡♥♥❡ ❜❧✉✱ 2 ♣❡♥♥❡ "♦**❡ ❡ 2 ♣❡♥♥❡ ❜❧✉ ❡ 4 ♣❡♥♥❡ "♦**❡ ❡ 3 ♣❡♥♥❡

❜❧✉✱ "✐*♣❡((✐✈❛♠❡♥(❡✳ ❚✐③✐♦ 6 ✐♥❞❡❝✐*♦ *✉❧❧❛ *❝❡❧(❛ ❞❡❧❧❛ *❝❛(♦❧❛ ❞❛ ❝✉✐

❡*("❛""❡ ❧❛ ♣❡♥♥❛ ❝❤❡ ❣❧✐ *❡"✈❡✱ ❛❧❧♦"❛ ♣"❡♥❞❡ ❧❡ ❝❛"(❡ ❞✐ ✜♦"✐ ❞❛ ✉♥

♠❛③③♦ ❞✐ ❝❛"(❡ ❢"❛♥❝❡*✐ ❡ ♥❡ *❝❡❣❧✐❡ ✉♥❛ ❛ ❝❛*♦✳ ❙❡ ❧❛ ❝❛"(❛ ❡*("❛((❛

✈❛ ❞❛❧❧✬❛**♦ ❛❧ ❝✐♥;✉❡✱ ❡*("❛❡ ❞❛❧❧❛ ♣"✐♠❛ *❝❛(♦❧❛❀ *❡ ✈❛ ❞❛❧ *❡✐ ❛❧ ❞✐❡❝✐✱

❡*("❛❡ ❞❛❧❧❛ *❡❝♦♥❞❛✱ ❛❧("✐♠❡♥(✐ ❞❛❧❧❛ (❡"③❛✳

◗✉❛❧ 6 ❧❛ ♣"♦❜❛❜✐❧✐(> ❝❤❡ ❧❛ ❝❛"(❛ ❡*("❛((❛ ❛❜❜✐❛ ✉♥ ✈❛❧♦"❡ ❝♦♠♣"❡*♦

("❛ ✶ ❡ ✺✱ *❛♣❡♥❞♦ ❝❤❡ ❧❛ ♣❡♥♥❛ ❝♦♥ ❝✉✐ ❚✐③✐♦ *❝"✐✈❡"> 6 "♦**❛❄

❊!❡#❝✐③✐♦ ✷✳ ❯♥✬✉"♥❛ ❝♦♥(✐❡♥❡ n = 9 ♣❛❧❧✐♥❡ ♥✉♠❡"❛(❡✱ ❞❛ 1 ❛❞ n. ◆❡ ✈❡♥✲

❣♦♥♦ ❡*("❛((❡ k = 3, *❡♥③❛ "❡✐♥*❡"✐♠❡♥(♦✳

✶✳ ◗✉❛♥(❡ *♦♥♦ ❧❡ ♣♦**✐❜✐❧✐ k✲✉♣❧❡ ♦"❞✐♥❛(❡❄

✷✳ ◗✉❛♥(❡ k✲✉♣❧❡ ♦"❞✐♥❛(❡ ❝♦♥(❡♥❣♦♥♦ ❧❛ ♣❛❧❧✐♥❛ ❝♦♥ ✐❧ ♥✉♠❡"♦ j = 1
♥❡❧❧❛ j✲*✐♠❛ ♣♦*✐③✐♦♥❡❄

✸✳ ❘✐*♣♦♥❞❡"❡ ❛✐ ;✉❡*✐(✐ ♣"❡❝❡❞❡♥(✐✱ *✉♣♣♦♥❡♥❞♦ ❝❤❡ ❧✬❡*("❛③✐♦♥❡ ❛✈✈❡♥❣❛

❝♦♥ "❡✐♥*❡"✐♠❡♥(♦✳

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ✉♥❛ ✈✳❛✳ ❝♦♥(✐♥✉❛✱ ❝♦♥ ❞❡♥*✐(> ❞✐ ♣"♦❜❛❜✐❧✐(>

f(x) =
1

π[1 + (x− θ)2]
,−1 ≤ x ≤ 1 .

❉❡(❡"♠✐♥❛"❡ ❧♦ *(✐♠❛(♦"❡ ❞✐ ♠❛**✐♠❛ ✈❡"♦*✐♠✐❣❧✐❛♥③❛ ♣❡" θ ♣❡" ✐❧ ❝✳❝✳*✳

{−1, 1}.

✶



❊!❡#❝✐③✐♦ ✹✳ ❙♣✐❡❣❛&❡ ❝♦)❛ )✐ ✐♥+❡♥❞❡ ♣❡& ❞✐♣❡♥❞❡♥③❛ '(❛(✐'(✐❝❛ (*❛ ❝❛*❛((❡*✐

❡ ❞❡)❝&✐✈❡&❡ ❝♦♠✬0 ❢❛++♦ ❡ ❝♦)❛ &❛♣♣&❡)❡♥+❛ ❧✬✐♥❞✐❝❡ ❞✐ ❝♦&&❡❧❛③✐♦♥❡ ❞✐

4❡❛&)♦♥ η2.
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 !♦✈❛ %❝!✐((❛ ❞✐  !♦❜❛❜✐❧✐(, ❡ ❙(❛(✐%(✐❝❛ ✕

(!❛❝❝✐❛ ❍

✶✺ ❋❡❜❜%❛✐♦ ✷✵✶✻

❙❛"❛♥♥♦ ✈❛❧✉(❛(❡ *♦❧♦ ❧❡ "✐*♣♦*(❡ ❝♦♥ ❧❛ ❣✐✉*(✐✜❝❛③✐♦♥❡ ❞❡❧ "✐*✉❧(❛(♦✳

❊!❡#❝✐③✐♦ ✶✳ ❯♥ ❛❧❧❡✈❛(♦"❡ ❞✐ ❝♦❦❡" *♣❛♥✐❡❧ 5 ✐♥ ♣♦**❡**♦ ❞✐ n = 18 ❡*❡♠✲

♣❧❛"✐✱ ✐❧ ❝✉✐ ♣❡*♦ 5 "✐❛**✉♥(♦ ♥❡❧❧❛ *❡❣✉❡♥(❡ (❛❜❡❧❧❛✿

❝❛♥❡ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

♣❡*♦ ✭❑❣✮ ✷✶ ✷✸ ✷✼ ✷✾ ✷✼ ✸✵ ✷✾ ✷✺ ✷✼ ✸✵ ✸✶ ✸✵ ✷✼ ✷✶ ✷✺ ✸✺ ✷✾ ✸✵

■♥♦❧("❡✱ *✐❛ Y ❧❛ ✈✳❛✳ ❝❤❡ "❛♣♣"❡*❡♥(❛ ❧❛ G✉❛♥(✐(H ❞✐ ❝✐❜♦ ✉*❛(♦ ♣❡"

*❢❛♠❛"❡ ✐ ♣❛*(♦"✐ (❡❞❡*❝❤✐✱ ❧❡ ❝✉✐ ♦❝❝♦""❡♥③❡ *♦♥♦ y1, . . . , yn. ❙✐ ❤❛

n∑

i=1

yi = 1450 .

✶✳ ❈❛❧❝♦❧❛"❡ ❧❛ ❞✐*("✐❜✉③✐♦♥❡ ❞✐ ❢"❡G✉❡♥③❛✱ ❧❛ ♠❡❞✐❛ ❡ ❧❛ ♠♦❞❛ ♣❡" ❧❛

✈❛"✐❛❜✐❧❡ ♣❡"♦✳

✷✳ ❙✉♣♣♦♥❡♥❞♦ ❝❤❡ ❧❛ G✉❛♥(✐(H Z ❞✐ ❝✐❜♦ "❡❛❧♠❡♥(❡ ✉(✐❧✐③③❛(♦ ♣❡"

*❢❛♠❛"❡ ✐ ❝❛♥✐ 5 *✉♣❡"✐♦"❡ ❞❡❧ 10% "✐*♣❡((♦ ❛❧❧❛ G✉❛♥(✐(H Y ♥♦(❛✱

❞❡(❡"♠✐♥❛"❡ ✐❧ ✈❛❧♦" ♠❡❞✐♦ ❞✐ Z.

❊!❡#❝✐③✐♦ ✷✳ ❉♦♣♦ ✉♥✬✐♥❞❛❣✐♥❡ *(❛(✐*(✐❝❛ *✉ ✉♥ ❝❛♠♣✐♦♥❡ ❞✐ N = 180 *(✉✲

❞❡♥(✐ ❞❡❧ ❈✳❞✳▲✳ ✐♥ ■♥❢♦"♠❛(✐❝❛ ♣❡" *(❛❜✐❧✐"❡ *❡ ❣❧✐ *(✉❞❡♥(✐ ❣✐♦❝❛♥♦ ❛

♣❛❧❧❛✈♦❧♦ ♦♣♣✉"❡ ♥♦✱ *✐ ❤❛ ❝❤❡

N∑

i=1

xi = 135 ,

❡**❡♥❞♦ xi, i = 1, . . . , N ❧❡ ♦❝❝♦""❡♥③❡ ❞❡❧❧❛ ✈✳❛✳ X.

✶



✶✳ "#♦♣♦##❡ ✉♥♦ )*✐♠❛*♦#❡ ♣❡# ✐❧ ✈❛❧♦#❡ ❛**❡)♦ ❞✐ X ❡ ❝❛❧❝♦❧❛#❡ ❧❛

#❡❧❛*✐✈❛ )*✐♠❛✳

✷✳ ❈♦♥❢#♦♥*❛#❡ ❧♦ )*✐♠❛*♦#❡ ♦**❡♥✉*♦ ❛❧ ♣✉♥*♦ ♣#❡❝❡❞❡♥*❡ ❝♦♥ ✐❧ )❡❣✉❡♥*❡

T =
1

N
[5Y1 + 5Y2 + 5Y3] ,

✈❡#✐✜❝❛♥❞♦♥❡ ❧❛ ❝♦##❡**❡③③❛ ❡ ❝❛❧❝♦❧❛♥❞♦♥❡✱ ❡✈❡♥*✉❛❧♠❡♥*❡✱ ❧❛ ❞✐)✲

*♦#)✐♦♥❡✳

❊!❡#❝✐③✐♦ ✸✳ ❙✐❛ X ✉♥❛ ✈✳❛✳ ❝♦♥*✐♥✉❛✱ ❝♦♥ ❞❡♥)✐*; ❞✐ ♣#♦❜❛❜✐❧✐*;

f(x) = λe−λx, 0 ≤ x < ∞ .

❉❡*❡#♠✐♥❛#❡ ❧♦ )*✐♠❛*♦#❡ ❞✐ ♠❛))✐♠❛ ✈❡#♦)✐♠✐❣❧✐❛♥③❛ ♣❡# λ.

❊!❡#❝✐③✐♦ ✹✳ ❊♥✉♥❝✐❛#❡ ❧❛ ▲❡❣❣❡ ❞❡✐ ❣%❛♥❞✐ ♥✉♠❡%✐ ❡ )♣✐❡❣❛#♥❡ ✐❧ )✐❣♥✐✜❝❛*♦✳
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