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

(!❛❝❝✐❛ ❆

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

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

❊!❡#❝✐③✐♦ ✶✳ ❚✐③✐♦ ♣♦**✐❡❞❡ ✉♥ ❢"✉((❡(♦ ✐♥ ❝✉✐ ❝♦❧(✐✈❛ ♠❡❧❡✳ ▲♦ 0.5% ❞❡❧❧❛

♣♦♣♦❧❛③✐♦♥❡ ❞✐ 7✉❡*(✐ ❛❧❜❡"✐ ❞❛ ❢"✉((♦ "✐*✉❧(❛ *♦❣❣❡((♦ ❛❞ ✐♥❢❡③✐♦♥✐ ❞❛

❢✉♥❣❤✐✳ ➮ *(❛(♦ ♠❡**♦ ❛ ♣✉♥(♦ ✉♥ (❡*( ♣❡" ❧❡ ✐♥❢❡③✐♦♥✐ ✐♥ 7✉❡*(✐♦♥❡✳

■♥ ♣❛"(✐❝♦❧❛"❡✱ ✐❧ (❡*( ❢♦"♥✐*❝❡ ✉♥ ❢❛❧*♦ ♣♦*✐(✐✈♦ ✐❧ 3% ❞❡❧❧❡ ✈♦❧(❡ ❡❞ ✉♥

❢❛❧*♦ ♥❡❣❛(✐✈♦ ✐❧ 2% ❞❡❧❧❡ ✈♦❧(❡✳

✶✳ ◗✉❛❧ ? ❧❛ ♣"♦❜❛❜✐❧✐(@ ❝❤❡ ✉♥ ❛❧❜❡"♦ ❞❛ ❢"✉((♦✱ *❝❡❧(♦ ❛ ❝❛*♦✱ "✐*✉❧(✐

♣♦*✐(✐✈♦ ❛❧ (❡*(❄

✷✳ ❚✐③✐♦ ❤❛ ❛♣♣❡♥❛ "✐❝❡✈✉(♦ ❧❛ ♥♦(✐③✐❛ ❝❤❡ ✉♥ ❛❧❜❡"♦ ? "✐*✉❧(❛(♦ ♣♦*✐✲

(✐✈♦ ❛❧❧✬✐♥❢❡③✐♦♥❡ ❞❛ ❢✉♥❣❤✐✳ ◗✉❛❧❡ *❛"@ ❧❛ ♣"♦❜❛❜✐❧✐(@ ❝❤❡ ❧✬❛❧❜❡"♦

*✐❛ ❡✛❡((✐✈❛♠❡♥(❡ ✐♥❢❡((♦❄

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛(❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, *❡ x ∈ (a, b)

0, ❛❧("✐♠❡♥(✐

❉♦♣♦ ❛✈❡" ✈❡"✐✜❝❛(♦ ❝❤❡ ❧❛ ❢✉♥③✐♦♥❡ f(x) *✐❛ ✉♥❛ ❞❡♥*✐(@ ❞✐ ♣"♦❜❛❜✐❧✐(@✱
❞❡(❡"♠✐♥❛"❡ ♠❡❞✐❛ ❡ ✈❛"✐❛♥③❛ ❞❡❧❧❛ ❢✉♥③✐♦♥❡ f(x), ♥❡❧ ❝❛*♦ ✐♥ ❝✉✐ a = 2
❡ b = 8.

❊!❡#❝✐③✐♦ ✸✳ ❉❛(❛ ✉♥❛ ♣♦♣♦❧❛③✐♦♥❡ ❝♦♥ ♠❡❞✐❛ µ ❡ ✈❛"✐❛♥③❛ σ2, *✐ ❝♦♥*✐❞❡"✐

✐❧ *❡❣✉❡♥(❡ *(✐♠❛(♦"❡ ❞❡❧❧❛ ♠❡❞✐❛

T =
1

18
X1 +

1

9
X2 + αX3 .

✶



• ❉❡"❡#♠✐♥❛#❡ ✐ ✈❛❧♦#✐ ❞❡❧ ♣❛#❛♠❡"#♦ α ❝❤❡ #❡♥❞♦♥♦ ❧♦ /"✐♠❛"♦#❡ T

❝♦##❡""♦ ❡ ❞❡"❡#♠✐♥❛#❡ ❧❛ /"✐♠❛ ❞❡❧ ♣❛#❛♠❡"#♦ ♣❡# ✐❧ ❝✳❝✳/✳ {x1 =
2, x2 = 4, x3 = 6}.

• ❈❛❧❝♦❧❛#❡ ❧✬❡##♦#❡ 3✉❛❞#❛"✐❝♦ ♠❡❞✐♦ ♣❡# T ♥❡❧ ❝❛/♦ ✐♥ ❝✉✐ ✐❧ ♣❛#❛♠❡"#♦
α /✐❛ 3✉❡❧❧♦ ♦""❡♥✉"♦ ❛❧ ♣✉♥"♦ ♣#❡❝❡❞❡♥"❡✳

• ❈❛❧❝♦❧❛#❡ ❧✬❡##♦#❡ 3✉❛❞#❛"✐❝♦ ♠❡❞✐♦ ♣❡# T ♥❡❧ ❝❛/♦ ✐♥ ❝✉✐ α =
0, µ = 6, σ = 9.

❊!❡#❝✐③✐♦ ✹✳ ❉❡/❝#✐✈❡#❡ ❛❝❝✉#❛"❛♠❡♥"❡ ❧❡ ♣#♦♣#✐❡"5 ❞❡❧❧❛ ✈❛#✐❛❜✐❧❡ ❛❧❡❛"♦#✐❛

❣❛✉//✐❛♥❛✳

✷



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

(!❛❝❝✐❛ ❇

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

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

❊!❡#❝✐③✐♦ ✶✳ ❈❛✐♦ ♣♦**✐❡❞❡ ✉♥ ❢"✉((❡(♦ ✐♥ ❝✉✐ ❝♦❧(✐✈❛ ❛❣"✉♠✐✳ ▲♦ 0.8% ❞❡❧❧❛

♣♦♣♦❧❛③✐♦♥❡ ❞✐ 7✉❡*(✐ ❛❧❜❡"✐ ❞❛ ❢"✉((♦ "✐*✉❧(❛ *♦❣❣❡((♦ ❛❞ ✐♥❢❡③✐♦♥✐ ❞❛

♠✉✛❡✳ ➮ *(❛(♦ ♠❡**♦ ❛ ♣✉♥(♦ ✉♥ (❡*( ♣❡" ❧❡ ✐♥❢❡③✐♦♥✐ ✐♥ 7✉❡*(✐♦♥❡✳ ■♥

♣❛"(✐❝♦❧❛"❡✱ ✐❧ (❡*( ❢♦"♥✐*❝❡ ✉♥ ❢❛❧*♦ ♣♦*✐(✐✈♦ ✐❧ 2% ❞❡❧❧❡ ✈♦❧(❡ ❡❞ ✉♥ ❢❛❧*♦

♥❡❣❛(✐✈♦ ✐❧ 5% ❞❡❧❧❡ ✈♦❧(❡✳

✶✳ ◗✉❛❧ ? ❧❛ ♣"♦❜❛❜✐❧✐(@ ❝❤❡ ✉♥ ❛❧❜❡"♦ ❞❛ ❢"✉((♦✱ *❝❡❧(♦ ❛ ❝❛*♦✱ "✐*✉❧(✐

♣♦*✐(✐✈♦ ❛❧ (❡*(❄

✷✳ ❈❛✐♦ ❤❛ ❛♣♣❡♥❛ "✐❝❡✈✉(♦ ❧❛ ♥♦(✐③✐❛ ❝❤❡ ✉♥ ❛❧❜❡"♦ ? "✐*✉❧(❛(♦ ♣♦*✐✲

(✐✈♦ ❛❧❧✬✐♥❢❡③✐♦♥❡ ❞❛ ♠✉✛❡✳ ◗✉❛❧❡ *❛"@ ❧❛ ♣"♦❜❛❜✐❧✐(@ ❝❤❡ ❧✬❛❧❜❡"♦

*✐❛ ❡✛❡((✐✈❛♠❡♥(❡ ✐♥❢❡((♦❄

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛(❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, *❡ x ∈ (a, b)

0, ❛❧("✐♠❡♥(✐

❉♦♣♦ ❛✈❡" ✈❡"✐✜❝❛(♦ ❝❤❡ ❧❛ ❢✉♥③✐♦♥❡ f(x) *✐❛ ✉♥❛ ❞❡♥*✐(@ ❞✐ ♣"♦❜❛❜✐❧✐(@✱
❞❡(❡"♠✐♥❛"❡ ♠❡❞✐❛ ❡ ✈❛"✐❛♥③❛ ❞❡❧❧❛ ❢✉♥③✐♦♥❡ f(x), ♥❡❧ ❝❛*♦ ✐♥ ❝✉✐ a = 3
❡ b = 10.

❊!❡#❝✐③✐♦ ✸✳ ❉❛(❛ ✉♥❛ ♣♦♣♦❧❛③✐♦♥❡ ❝♦♥ ♠❡❞✐❛ µ ❡ ✈❛"✐❛♥③❛ σ2, *✐ ❝♦♥*✐❞❡"✐

✐❧ *❡❣✉❡♥(❡ *(✐♠❛(♦"❡ ❞❡❧❧❛ ♠❡❞✐❛

T =
1

26
X1 +

2

13
X2 + αX3 .

✶



• ❉❡"❡#♠✐♥❛#❡ ✐ ✈❛❧♦#✐ ❞❡❧ ♣❛#❛♠❡"#♦ α ❝❤❡ #❡♥❞♦♥♦ ❧♦ /"✐♠❛"♦#❡ T

❝♦##❡""♦ ❡ ❞❡"❡#♠✐♥❛#❡ ❧❛ /"✐♠❛ ❞❡❧ ♣❛#❛♠❡"#♦ ♣❡# ✐❧ ❝✳❝✳/✳ {x1 =
−26, x2 = 39, x3 = 26}.

• ❈❛❧❝♦❧❛#❡ ❧✬❡##♦#❡ 3✉❛❞#❛"✐❝♦ ♠❡❞✐♦ ♣❡# T ♥❡❧ ❝❛/♦ ✐♥ ❝✉✐ ✐❧ ♣❛#❛♠❡"#♦
α /✐❛ 3✉❡❧❧♦ ♦""❡♥✉"♦ ❛❧ ♣✉♥"♦ ♣#❡❝❡❞❡♥"❡✳

• ❈❛❧❝♦❧❛#❡ ❧✬❡##♦#❡ 3✉❛❞#❛"✐❝♦ ♠❡❞✐♦ ♣❡# T ♥❡❧ ❝❛/♦ ✐♥ ❝✉✐ α =
0, µ = 1, σ =

√
2.

❊!❡#❝✐③✐♦ ✹✳ ❉❡/❝#✐✈❡#❡ ❛❝❝✉#❛"❛♠❡♥"❡ ❧❡ ♣#♦♣#✐❡"5 ❞❡❧❧❛ ✈❛#✐❛❜✐❧❡ ❛❧❡❛"♦#✐❛

❣❛✉//✐❛♥❛✳

✷



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

(!❛❝❝✐❛ ❈

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

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

❊!❡#❝✐③✐♦ ✶✳ ❙❡♠♣"♦♥✐♦ ♣♦**✐❡❞❡ ✉♥ ✉❧✐✈❡(♦✳ ▲♦ 0.9% ❞❡❧❧❛ ♣♦♣♦❧❛③✐♦♥❡

❞✐ 5✉❡*(✐ ✉❧✐✈✐ "✐*✉❧(❛ *♦❣❣❡((♦ ❛❞ ✐♥❢❡③✐♦♥✐ ❞✐ ✐♥*❡((✐✳ ➮ *(❛(♦ ♠❡**♦

❛ ♣✉♥(♦ ✉♥ (❡*( ♣❡" ❧❡ ✐♥❢❡③✐♦♥✐ ✐♥ 5✉❡*(✐♦♥❡✳ ■♥ ♣❛"(✐❝♦❧❛"❡✱ ✐❧ (❡*(

❢♦"♥✐*❝❡ ✉♥ ❢❛❧*♦ ♣♦*✐(✐✈♦ ❧✬ 1.5% ❞❡❧❧❡ ✈♦❧(❡ ❡❞ ✉♥ ❢❛❧*♦ ♥❡❣❛(✐✈♦ ✐❧

3.5% ❞❡❧❧❡ ✈♦❧(❡✳

✶✳ ◗✉❛❧ = ❧❛ ♣"♦❜❛❜✐❧✐(? ❝❤❡ ✉♥ ✉❧✐✈♦✱ *❝❡❧(♦ ❛ ❝❛*♦✱ "✐*✉❧(✐ ♣♦*✐(✐✈♦

❛❧ (❡*(❄

✷✳ ❙❡♠♣"♦♥✐♦ ❤❛ ❛♣♣❡♥❛ "✐❝❡✈✉(♦ ❧❛ ♥♦(✐③✐❛ ❝❤❡ ✉♥ ✉❧✐✈♦ = "✐*✉❧(❛(♦

♣♦*✐(✐✈♦ ❛❧❧✬✐♥❢❡③✐♦♥❡ ❞❛ ✐♥*❡((✐✳ ◗✉❛❧❡ *❛"? ❧❛ ♣"♦❜❛❜✐❧✐(? ❝❤❡

❧✬✉❧✐✈♦ *✐❛ ❡✛❡((✐✈❛♠❡♥(❡ ✐♥❢❡((♦❄

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛(❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, *❡ x ∈ (a, b)

0, ❛❧("✐♠❡♥(✐

❉♦♣♦ ❛✈❡" ✈❡"✐✜❝❛(♦ ❝❤❡ ❧❛ ❢✉♥③✐♦♥❡ f(x) *✐❛ ✉♥❛ ❞❡♥*✐(? ❞✐ ♣"♦❜❛❜✐❧✐(?✱
❞❡(❡"♠✐♥❛"❡ ♠❡❞✐❛ ❡ ✈❛"✐❛♥③❛ ❞❡❧❧❛ ❢✉♥③✐♦♥❡ f(x), ♥❡❧ ❝❛*♦ ✐♥ ❝✉✐ a = 1
❡ b = 4.

❊!❡#❝✐③✐♦ ✸✳ ❉❛(❛ ✉♥❛ ♣♦♣♦❧❛③✐♦♥❡ ❝♦♥ ♠❡❞✐❛ µ ❡ ✈❛"✐❛♥③❛ σ2, *✐ ❝♦♥*✐❞❡"✐

✐❧ *❡❣✉❡♥(❡ *(✐♠❛(♦"❡ ❞❡❧❧❛ ♠❡❞✐❛

T =
3

14
X1 +

2

7
X2 + αX3 .

✶



• ❉❡"❡#♠✐♥❛#❡ ✐ ✈❛❧♦#✐ ❞❡❧ ♣❛#❛♠❡"#♦ α ❝❤❡ #❡♥❞♦♥♦ ❧♦ /"✐♠❛"♦#❡ T

❝♦##❡""♦ ❡ ❞❡"❡#♠✐♥❛#❡ ❧❛ /"✐♠❛ ❞❡❧ ♣❛#❛♠❡"#♦ ♣❡# ✐❧ ❝✳❝✳/✳ {x1 =
−1, x2 = 2, x3 = 8}.

• ❈❛❧❝♦❧❛#❡ ❧✬❡##♦#❡ 3✉❛❞#❛"✐❝♦ ♠❡❞✐♦ ♣❡# T ♥❡❧ ❝❛/♦ ✐♥ ❝✉✐ ✐❧ ♣❛#❛♠❡"#♦
α /✐❛ 3✉❡❧❧♦ ♦""❡♥✉"♦ ❛❧ ♣✉♥"♦ ♣#❡❝❡❞❡♥"❡✳

• ❈❛❧❝♦❧❛#❡ ❧✬❡##♦#❡ 3✉❛❞#❛"✐❝♦ ♠❡❞✐♦ ♣❡# T ♥❡❧ ❝❛/♦ ✐♥ ❝✉✐ α =
0, µ = 1

7
, σ = 1.

❊!❡#❝✐③✐♦ ✹✳ ❉❡/❝#✐✈❡#❡ ❛❝❝✉#❛"❛♠❡♥"❡ ❧❡ ♣#♦♣#✐❡"5 ❞❡❧❧❛ ✈❛#✐❛❜✐❧❡ ❛❧❡❛"♦#✐❛

❣❛✉//✐❛♥❛✳

✷



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

(!❛❝❝✐❛ ❉

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

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

❊!❡#❝✐③✐♦ ✶✳ 3✐♥❝♦ 3❛❧❧✐♥♦ ♣♦**✐❡❞❡ ✉♥❛ ✈✐❣♥❛✳ ▲♦ 0.7% ❞❡❧❧❛ ♣♦♣♦❧❛③✐♦♥❡

❞❡✐ ✜❧❛"✐ ❞✐ ✈✐(❡ "✐*✉❧(❛ *♦❣❣❡((♦ ❛❞ ✐♥❢❡③✐♦♥✐ ❞❛ ❢✉♥❣❤✐✳ ➮ *(❛(♦ ♠❡**♦

❛ ♣✉♥(♦ ✉♥ (❡*( ♣❡" ❧❡ ✐♥❢❡③✐♦♥✐ ✐♥ 9✉❡*(✐♦♥❡✳ ■♥ ♣❛"(✐❝♦❧❛"❡✱ ✐❧ (❡*(

❢♦"♥✐*❝❡ ✉♥ ❢❛❧*♦ ♣♦*✐(✐✈♦ ✐❧ 2.5% ❞❡❧❧❡ ✈♦❧(❡ ❡❞ ✉♥ ❢❛❧*♦ ♥❡❣❛(✐✈♦ ✐❧ 3%
❞❡❧❧❡ ✈♦❧(❡✳

✶✳ ◗✉❛❧ > ❧❛ ♣"♦❜❛❜✐❧✐(@ ❝❤❡ ✉♥ ✜❧❛"❡✱ *❝❡❧(♦ ❛ ❝❛*♦✱ "✐*✉❧(✐ ♣♦*✐(✐✈♦

❛❧ (❡*(❄

✷✳ 3✐♥❝♦ 3❛❧❧✐♥♦ ❤❛ ❛♣♣❡♥❛ "✐❝❡✈✉(♦ ❧❛ ♥♦(✐③✐❛ ❝❤❡ ✉♥ ✜❧❛"❡ > "✐*✉❧✲

(❛(♦ ♣♦*✐(✐✈♦ ❛❧❧✬✐♥❢❡③✐♦♥❡ ❞❛ ❢✉♥❣❤✐✳ ◗✉❛❧❡ *❛"@ ❧❛ ♣"♦❜❛❜✐❧✐(@

❝❤❡ ✐❧ ✜❧❛"❡ *✐❛ ❡✛❡((✐✈❛♠❡♥(❡ ✐♥❢❡((♦❄

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛(❛ ❧❛ ❢✉♥③✐♦♥❡

f(x) =

{

1

b−a
, *❡ x ∈ (a, b)

0, ❛❧("✐♠❡♥(✐

❉♦♣♦ ❛✈❡" ✈❡"✐✜❝❛(♦ ❝❤❡ ❧❛ ❢✉♥③✐♦♥❡ f(x) *✐❛ ✉♥❛ ❞❡♥*✐(@ ❞✐ ♣"♦❜❛❜✐❧✐(@✱
❞❡(❡"♠✐♥❛"❡ ♠❡❞✐❛ ❡ ✈❛"✐❛♥③❛ ❞❡❧❧❛ ❢✉♥③✐♦♥❡ f(x), ♥❡❧ ❝❛*♦ ✐♥ ❝✉✐ a =
−3 ❡ b = 5.

❊!❡#❝✐③✐♦ ✸✳ ❉❛(❛ ✉♥❛ ♣♦♣♦❧❛③✐♦♥❡ ❝♦♥ ♠❡❞✐❛ µ ❡ ✈❛"✐❛♥③❛ σ2, *✐ ❝♦♥*✐❞❡"✐

✐❧ *❡❣✉❡♥(❡ *(✐♠❛(♦"❡ ❞❡❧❧❛ ♠❡❞✐❛

T =
3

25
X1 +

4

5
X2 − αX3 .

✶



• ❉❡"❡#♠✐♥❛#❡ ✐ ✈❛❧♦#✐ ❞❡❧ ♣❛#❛♠❡"#♦ α ❝❤❡ #❡♥❞♦♥♦ ❧♦ /"✐♠❛"♦#❡ T

❝♦##❡""♦ ❡ ❞❡"❡#♠✐♥❛#❡ ❧❛ /"✐♠❛ ❞❡❧ ♣❛#❛♠❡"#♦ ♣❡# ✐❧ ❝✳❝✳/✳ {x1 =
2, x2 = 4, x3 = −1}.

• ❈❛❧❝♦❧❛#❡ ❧✬❡##♦#❡ 3✉❛❞#❛"✐❝♦ ♠❡❞✐♦ ♣❡# T ♥❡❧ ❝❛/♦ ✐♥ ❝✉✐ ✐❧ ♣❛#❛♠❡"#♦
α /✐❛ 3✉❡❧❧♦ ♦""❡♥✉"♦ ❛❧ ♣✉♥"♦ ♣#❡❝❡❞❡♥"❡✳

• ❈❛❧❝♦❧❛#❡ ❧✬❡##♦#❡ 3✉❛❞#❛"✐❝♦ ♠❡❞✐♦ ♣❡# T ♥❡❧ ❝❛/♦ ✐♥ ❝✉✐ α =
0, µ = 1

23
, σ = 1.

❊!❡#❝✐③✐♦ ✹✳ ❉❡/❝#✐✈❡#❡ ❛❝❝✉#❛"❛♠❡♥"❡ ❧❡ ♣#♦♣#✐❡"5 ❞❡❧❧❛ ✈❛#✐❛❜✐❧❡ ❛❧❡❛"♦#✐❛

❣❛✉//✐❛♥❛✳

✷



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

(!❛❝❝✐❛ ❊

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

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

❊!❡#❝✐③✐♦ ✶✳ ❚"❛ ✐ ♣❛"(❡❝✐♣❛♥(✐ ❛❞ ✉♥ (♦"♥❡♦ *♣♦"(✐✈♦ ♣❡" ❣✐♦✈❛♥✐ ♣"♦♠❡**❡✱

✐❧ 50% ❣✐♦❝❛ ❛ ❝❛❧❝✐♦✱ ✐❧ 30% ❣✐♦❝❛ ❛ ❜❛*❦❡( ❡ ❧❛ "❡*(❛♥(❡ ♣❛"(❡ ❣✐♦❝❛ ❛

(❡♥♥✐*✳ ■❧ 10% ❞❡✐ ❝❛❧❝✐❛(♦"✐ ♣❛"(❡❝✐♣❛ ♣❡" ❧❛ ♣"✐♠❛ ✈♦❧(❛ ❛❞ ✉♥ (♦"♥❡♦✱

❝♦*9 ❝♦♠❡ ✐❧ 33% ❞❡✐ ❝❡*(✐*(✐ ❡❞ ✐❧ 10% ❞❡✐ (❡♥♥✐*(✐✳

• ❙❝❡❧(♦ ❛ ❝❛*♦ ✉♥ ♣❛"(❡❝✐♣❛♥(❡✱ :✉❛❧ ; ❧❛ ♣"♦❜❛❜✐❧✐(< ❝❤❡ *✐❛ ❛❧ *✉♦

♣"✐♠♦ (♦"♥❡♦❄

• ❙❛♣❡♥❞♦ ❝❤❡ ✐❧ ♣❛"(❡❝✐♣❛♥(❡ *❝❡❧(♦ ; ❛❧ *✉♦ ♣"✐♠♦ (♦"♥❡♦✱ :✉❛❧ <

❧❛ ♣"♦❜❛❜✐❧✐(< ❝❤❡ *✐❛ ✉♥ ❝❡*(✐*(❛❄

• ❙❛♣❡♥❞♦ ❝❤❡ ✐❧ ♣❛"(❡❝✐♣❛♥(❡ *❝❡❧(♦ ♥♦♥ ; ❛❧ *✉♦ ♣"✐♠♦ (♦"♥❡♦✱ :✉❛❧

< ❧❛ ♣"♦❜❛❜✐❧✐(< ❝❤❡ *✐❛ ✉♥ ❝❛❧❝✐❛(♦"❡❄

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛(❛ ❧❛ ❢✉♥③✐♦♥❡

g(x) =

{

1

b−a
, *❡ x ∈ (a, b)

0, ❛❧("✐♠❡♥(✐

❉♦♣♦ ❛✈❡" ✈❡"✐✜❝❛(♦ ❝❤❡ ❧❛ ❢✉♥③✐♦♥❡ g(x) *✐❛ ✉♥❛ ❞❡♥*✐(< ❞✐ ♣"♦❜❛❜✐❧✐(<
❞✐ ✉♥❛ ✈✳❛✳ X, ❞❡(❡"♠✐♥❛"❡ ❧❛ ♠❡❞✐❛ ❞❡❧❧❛ ✈✳❛✳ Y = X + 1, ♥❡❧ ❝❛*♦ ✐♥
❝✉✐ a = 2 ❡ b = 8.

❊!❡#❝✐③✐♦ ✸✳ ■❧ (❡♠♣♦ ❞✐ ♣❡"❝♦""❡♥③❛ ❞❡❧❧✬❛✉(♦❜✉*A ❞❛ ✉♥ ❝❛♣♦❧✐♥❡❛ ❛❧❧✬❛❧("♦

; ❞✐ 30♠✐♥✉(✐ ❡*❛((✐ ♣❡" ❝♦♣"✐"❡ ✉♥❛ ❞✐*(❛♥③❛ ❞✐ 30 km. ▲✬❛✉(♦❜✉* ✈✐❛❣✲

❣✐❛✱ ❞✉♥:✉❡✱ ❛ ✈❡❧♦❝✐(< ❝♦*(❛♥(❡ ❧✉♥❣♦ ❧✬✐♥(❡"❛ ("❛((❛✳

❈❛❧❝♦❧❛"❡ ❧❛ ♣"♦❜❛❜✐❧✐(< ❝❤❡ ❧✬❛✉(♦❜✉* *✐ "♦♠♣❛ ✐♠♣"♦✈✈✐*❛♠❡♥(❡ ("❛ ✐❧

15❡*✐♠♦ ❡❞ ✐❧ 19❡*✐♠♦ ❝❤✐❧♦♠❡("♦✳

✶



❊!❡#❝✐③✐♦ ✹✳ ❉❡"❝$✐✈❡$❡ ❛❝❝✉$❛)❛♠❡♥)❡ ❧❡ ♣$♦♣$✐❡)/ ❞✐ ✉♥♦ ")✐♠❛)♦$❡ ♣✉♥✲

)✉❛❧❡✳

✷



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

(!❛❝❝✐❛ ❋

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

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

❊!❡#❝✐③✐♦ ✶✳ ❚"❛ ✐ ♣❛"(❡❝✐♣❛♥(✐ ❛❞ ✉♥ (♦"♥❡♦ *♣♦"(✐✈♦ ♣❡" ❣✐♦✈❛♥✐ ♣"♦♠❡**❡✱

✐❧ 40% ❣✐♦❝❛ ❛ "✉❣❜②✱ ✐❧ 15% ❣✐♦❝❛ ❛ ❜❛*❦❡( ❡ ❧❛ "❡*(❛♥(❡ ♣❛"(❡ ❣✐♦❝❛ ❛

✈♦❧❧❡②✳ ■❧ 10% ❞❡✐ "✉❣❜✐*(✐ ♣❛"(❡❝✐♣❛ ♣❡" ❧❛ ♣"✐♠❛ ✈♦❧(❛ ❛❞ ✉♥ (♦"♥❡♦✱

❝♦*: ❝♦♠❡ ✐❧ 25% ❞❡✐ ❝❡*(✐*(✐ ❡❞ ✐❧ 15% ❞❡✐ ❣✐♦❝❛(♦"✐ ❞✐ ✈♦❧❧❡②✳

• ❙❝❡❧(♦ ❛ ❝❛*♦ ✉♥ ♣❛"(❡❝✐♣❛♥(❡✱ ;✉❛❧ < ❧❛ ♣"♦❜❛❜✐❧✐(= ❝❤❡ *✐❛ ❛❧ *✉♦

♣"✐♠♦ (♦"♥❡♦❄

• ❙❛♣❡♥❞♦ ❝❤❡ ✐❧ ♣❛"(❡❝✐♣❛♥(❡ *❝❡❧(♦ < ❛❧ *✉♦ ♣"✐♠♦ (♦"♥❡♦✱ ;✉❛❧ =

❧❛ ♣"♦❜❛❜✐❧✐(= ❝❤❡ *✐❛ ✉♥ "✉❣❜✐*(❛❄

• ❙❛♣❡♥❞♦ ❝❤❡ ✐❧ ♣❛"(❡❝✐♣❛♥(❡ *❝❡❧(♦ ♥♦♥ < ❛❧ *✉♦ ♣"✐♠♦ (♦"♥❡♦✱ ;✉❛❧

= ❧❛ ♣"♦❜❛❜✐❧✐(= ❝❤❡ *✐❛ ✉♥ ❝❡*(✐*(❛❄

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛(❛ ❧❛ ❢✉♥③✐♦♥❡

g(x) =

{

1

b−a
, *❡ x ∈ (a, b)

0, ❛❧("✐♠❡♥(✐

❉♦♣♦ ❛✈❡" ✈❡"✐✜❝❛(♦ ❝❤❡ ❧❛ ❢✉♥③✐♦♥❡ g(x) *✐❛ ✉♥❛ ❞❡♥*✐(= ❞✐ ♣"♦❜❛❜✐❧✐(=
❞✐ ✉♥❛ ✈✳❛✳ X, ❞❡(❡"♠✐♥❛"❡ ❧❛ ♠❡❞✐❛ ❞❡❧❧❛ ✈✳❛✳ Y = X − 1, ♥❡❧ ❝❛*♦ ✐♥
❝✉✐ a = 3 ❡ b = 10.

❊!❡#❝✐③✐♦ ✸✳ ■❧ (❡♠♣♦ ❞✐ ♣❡"❝♦""❡♥③❛ ❞❡❧❧✬❛✉(♦❜✉*B ❞❛ ✉♥ ❝❛♣♦❧✐♥❡❛ ❛❧❧✬❛❧("♦

< ❞✐ 25♠✐♥✉(✐ ❡*❛((✐ ♣❡" ❝♦♣"✐"❡ ✉♥❛ ❞✐*(❛♥③❛ ❞✐ 25 km. ▲✬❛✉(♦❜✉* ✈✐❛❣✲

❣✐❛✱ ❞✉♥;✉❡✱ ❛ ✈❡❧♦❝✐(= ❝♦*(❛♥(❡ ❧✉♥❣♦ ❧✬✐♥(❡"❛ ("❛((❛✳

❈❛❧❝♦❧❛"❡ ❧❛ ♣"♦❜❛❜✐❧✐(= ❝❤❡ ❧✬❛✉(♦❜✉* *✐ "♦♠♣❛ ✐♠♣"♦✈✈✐*❛♠❡♥(❡ ("❛ ✐❧

;✉❛"(♦ ❡❞ ✐❧ ❞❡❝✐♠♦ ❝❤✐❧♦♠❡("♦✳

✶



❊!❡#❝✐③✐♦ ✹✳ ❉❡"❝$✐✈❡$❡ ❛❝❝✉$❛)❛♠❡♥)❡ ❧❡ ♣$♦♣$✐❡)/ ❞✐ ✉♥♦ ")✐♠❛)♦$❡ ♣✉♥✲

)✉❛❧❡✳

✷



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

(!❛❝❝✐❛ ●

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

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

❊!❡#❝✐③✐♦ ✶✳ ❚"❛ ✐ ♣❛"(❡❝✐♣❛♥(✐ ❛❞ ✉♥ (♦"♥❡♦ *♣♦"(✐✈♦ ♣❡" ❣✐♦✈❛♥✐ ♣"♦♠❡**❡✱

✐❧ 18% ❣✐♦❝❛ ❛ "✉❣❜②✱ ✐❧ 58% ❣✐♦❝❛ ❛ ❝❛❧❝✐♦ ❡ ❧❛ "❡*(❛♥(❡ ♣❛"(❡ ❣✐♦❝❛ ❛

❜❛*❦❡(✳ ■❧ 5% ❞❡✐ "✉❣❜✐*(✐ ♣❛"(❡❝✐♣❛ ♣❡" ❧❛ ♣"✐♠❛ ✈♦❧(❛ ❛❞ ✉♥ (♦"♥❡♦✱

❝♦*: ❝♦♠❡ ✐❧ 24% ❞❡✐ ❝❛❧❝✐❛(♦"✐ ❡❞ ✐❧ 31% ❞❡✐ ❝❡*(✐*(✐✳

• ❙❝❡❧(♦ ❛ ❝❛*♦ ✉♥ ♣❛"(❡❝✐♣❛♥(❡✱ ;✉❛❧ < ❧❛ ♣"♦❜❛❜✐❧✐(= ❝❤❡ *✐❛ ❛❧ *✉♦

♣"✐♠♦ (♦"♥❡♦❄

• ❙❛♣❡♥❞♦ ❝❤❡ ✐❧ ♣❛"(❡❝✐♣❛♥(❡ *❝❡❧(♦ < ❛❧ *✉♦ ♣"✐♠♦ (♦"♥❡♦✱ ;✉❛❧ =

❧❛ ♣"♦❜❛❜✐❧✐(= ❝❤❡ *✐❛ ✉♥ ❝❛❧❝✐❛(♦"❡❄

• ❙❛♣❡♥❞♦ ❝❤❡ ✐❧ ♣❛"(❡❝✐♣❛♥(❡ *❝❡❧(♦ ♥♦♥ < ❛❧ *✉♦ ♣"✐♠♦ (♦"♥❡♦✱ ;✉❛❧

= ❧❛ ♣"♦❜❛❜✐❧✐(= ❝❤❡ *✐❛ ✉♥ ❝❛❧❝✐❛(♦"❡❄

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛(❛ ❧❛ ❢✉♥③✐♦♥❡

g(x) =

{

1

b−a
, *❡ x ∈ (a, b)

0, ❛❧("✐♠❡♥(✐

❉♦♣♦ ❛✈❡" ✈❡"✐✜❝❛(♦ ❝❤❡ ❧❛ ❢✉♥③✐♦♥❡ g(x) *✐❛ ✉♥❛ ❞❡♥*✐(= ❞✐ ♣"♦❜❛❜✐❧✐(=
❞✐ ✉♥❛ ✈✳❛✳ X, ❞❡(❡"♠✐♥❛"❡ ❧❛ ♠❡❞✐❛ ❞❡❧❧❛ ✈✳❛✳ Y = 2X + 1, ♥❡❧ ❝❛*♦
✐♥ ❝✉✐ a = 1 ❡ b = 4.

❊!❡#❝✐③✐♦ ✸✳ ■❧ (❡♠♣♦ ❞✐ ♣❡"❝♦""❡♥③❛ ❞❡❧❧✬❛✉(♦❜✉* C ❞❛ ✉♥ ❝❛♣♦❧✐♥❡❛ ❛❧❧✬❛❧("♦

< ❞✐ 50♠✐♥✉(✐ ❡*❛((✐ ♣❡" ❝♦♣"✐"❡ ✉♥❛ ❞✐*(❛♥③❛ ❞✐ 50 km. ▲✬❛✉(♦❜✉* ✈✐❛❣✲

❣✐❛✱ ❞✉♥;✉❡✱ ❛ ✈❡❧♦❝✐(= ❝♦*(❛♥(❡ ❧✉♥❣♦ ❧✬✐♥(❡"❛ ("❛((❛✳

❈❛❧❝♦❧❛"❡ ❧❛ ♣"♦❜❛❜✐❧✐(= ❝❤❡ ❧✬❛✉(♦❜✉* *✐ "♦♠♣❛ ✐♠♣"♦✈✈✐*❛♠❡♥(❡ ("❛ ✐❧

32❡*✐♠♦ ❡❞ ✐❧ 40❡*✐♠♦ ❝❤✐❧♦♠❡("♦✳

✶



❊!❡#❝✐③✐♦ ✹✳ ❉❡"❝$✐✈❡$❡ ❛❝❝✉$❛)❛♠❡♥)❡ ❧❡ ♣$♦♣$✐❡)/ ❞✐ ✉♥♦ ")✐♠❛)♦$❡ ♣✉♥✲

)✉❛❧❡✳

✷



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

(!❛❝❝✐❛ ❍

✶✽ ❙❡$$❡♠❜'❡ ✷✵✶✺

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

❊!❡#❝✐③✐♦ ✶✳ ❚"❛ ✐ ♣❛"(❡❝✐♣❛♥(✐ ❛❞ ✉♥ (♦"♥❡♦ *♣♦"(✐✈♦ ♣❡" ❣✐♦✈❛♥✐ ♣"♦♠❡**❡✱

✐❧ 26% ❣✐♦❝❛ ❛ ❝❛❧❝✐♦✱ ✐❧ 55% ❣✐♦❝❛ ❛ ✈♦❧❧❡② ❡ ❧❛ "❡*(❛♥(❡ ♣❛"(❡ ❣✐♦❝❛ ❛

(❡♥♥✐*✳ ■❧ 10% ❞❡✐ ❝❛❧❝✐❛(♦"✐ ♣❛"(❡❝✐♣❛ ♣❡" ❧❛ ♣"✐♠❛ ✈♦❧(❛ ❛❞ ✉♥ (♦"♥❡♦✱

❝♦*8 ❝♦♠❡ ✐❧ 33% ❞❡✐ ♣❛❧❧❛✈♦❧✐*(✐ ❡❞ ✐❧ 10% ❞❡✐ (❡♥♥✐*(✐✳

• ❙❝❡❧(♦ ❛ ❝❛*♦ ✉♥ ♣❛"(❡❝✐♣❛♥(❡✱ 9✉❛❧ : ❧❛ ♣"♦❜❛❜✐❧✐(< ❝❤❡ *✐❛ ❛❧ *✉♦

♣"✐♠♦ (♦"♥❡♦❄

• ❙❛♣❡♥❞♦ ❝❤❡ ✐❧ ♣❛"(❡❝✐♣❛♥(❡ *❝❡❧(♦ : ❛❧ *✉♦ ♣"✐♠♦ ❝♦♥❝♦"*♦✱ 9✉❛❧

< ❧❛ ♣"♦❜❛❜✐❧✐(< ❝❤❡ *✐❛ ✉♥ (❡♥♥✐*(❛❄

• ❙❛♣❡♥❞♦ ❝❤❡ ✐❧ ♣❛"(❡❝✐♣❛♥(❡ *❝❡❧(♦ ♥♦♥ : ❛❧ *✉♦ ♣"✐♠♦ ❝♦♥❝♦"*♦✱

9✉❛❧ < ❧❛ ♣"♦❜❛❜✐❧✐(< ❝❤❡ *✐❛ ✉♥ (❡♥♥✐*(❛❄

❊!❡#❝✐③✐♦ ✷✳ ❙✐❛ ❞❛(❛ ❧❛ ❢✉♥③✐♦♥❡

g(x) =

{

1

b−a
, *❡ x ∈ (a, b)

0, ❛❧("✐♠❡♥(✐

❉♦♣♦ ❛✈❡" ✈❡"✐✜❝❛(♦ ❝❤❡ ❧❛ ❢✉♥③✐♦♥❡ g(x) *✐❛ ✉♥❛ ❞❡♥*✐(< ❞✐ ♣"♦❜❛❜✐❧✐(<
❞✐ ✉♥❛ ✈✳❛✳ X, ❞❡(❡"♠✐♥❛"❡ ❧❛ ♠❡❞✐❛ ❞❡❧❧❛ ✈✳❛✳ Y = 2X − 1, ♥❡❧ ❝❛*♦
✐♥ ❝✉✐ a = −3 ❡ b = 5.

❊!❡#❝✐③✐♦ ✸✳ ■❧ (❡♠♣♦ ❞✐ ♣❡"❝♦""❡♥③❛ ❞❡❧❧✬❛✉(♦❜✉*D ❞❛ ✉♥ ❝❛♣♦❧✐♥❡❛ ❛❧❧✬❛❧("♦

: ❞✐ 19♠✐♥✉(✐ ❡*❛((✐ ♣❡" ❝♦♣"✐"❡ ✉♥❛ ❞✐*(❛♥③❛ ❞✐ 19 km. ▲✬❛✉(♦❜✉* ✈✐❛❣✲

❣✐❛✱ ❞✉♥9✉❡✱ ❛ ✈❡❧♦❝✐(< ❝♦*(❛♥(❡ ❧✉♥❣♦ ❧✬✐♥(❡"❛ ("❛((❛✳

❈❛❧❝♦❧❛"❡ ❧❛ ♣"♦❜❛❜✐❧✐(< ❝❤❡ ❧✬❛✉(♦❜✉* *✐ "♦♠♣❛ ✐♠♣"♦✈✈✐*❛♠❡♥(❡ ("❛ ✐❧

♣"✐♠♦ ❡❞ ✐❧ *❡*(♦ ❝❤✐❧♦♠❡("♦✳

✶



❊!❡#❝✐③✐♦ ✹✳ ❉❡"❝$✐✈❡$❡ ❛❝❝✉$❛)❛♠❡♥)❡ ❧❡ ♣$♦♣$✐❡)/ ❞✐ ✉♥♦ ")✐♠❛)♦$❡ ♣✉♥✲

)✉❛❧❡✳
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