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 1 ؔ f(x, y) = x+ xy ͱด۠ؒ I = [1, 2]× [0, 1]Λ͑ߟΔɽ

(a) f  I ্ՄੵͰ͋Δ͜ͱΛࣔͤɽ

(b) ҙͷ x ∈ [1, 2]ʹରͯؔ͠ fx(y) := f(x, y)ด۠ؒ [0, 1]্ՄੵͰ͋Δ͜ͱΛࣔͤɽ

(c) f ͷ I ্ͷੵΛྦྷੵ࣍Ͱදͤɽ

(d) f ͷ I ্ͷੵΛٻΊΑɽ

 2 ؔ f(x, y) = xy ͱू߹ A = {(x, y) ∈ R2; x ≥ 0, y ≥ 0, 0 ≤ x+ y ≤ 1}Λ͑ߟΔɽ
(a) ू߹ I = {x ∈ R; (x, y) ∈ A}Λ۠ؒͰදͤɽ
(b) x ∈ I ʹରͯ͠ू߹ Ax = {y ∈ R; (x, y) ∈ A}Λ۠ؒͰදͤɽ
(c) f  A্ՄੵͰ͋Δ͜ͱΛࣔͤɽ

(d) ҙͷ x ∈ I ʹରͯؔ͠ fx(y) := f(x, y) Ax ্ՄੵͰ͋Δ͜ͱΛࣔͤɽ

(e) f ͷ A্ͷੵΛྦྷੵ࣍Ͱදͤɽ

(f) f ͷ A্ͷੵΛٻΊΑɽ

 3 ΊΑɽٻͷੵΛ࣍

(a)

∫

0≤x≤π
0≤y≤π

cos(x+ y) dx dy (b)

∫

0≤x≤a
0≤y≤b

xey dx dy (a, b ≥ 0)

(c)

∫
0≤x≤1
0≤y≤2
0≤z≤3

(xyz + yz + z) dx dy dz (d)

∫

x2+y2+z2≤100
(x− y)(x− z)(y − z) dx dy dz

(e)

∫

y≥0
y2≤x≤1

y3exy dx dy (f)

∫

0≤x1≤x2≤···≤xn≤1
x1x2 · · ·xn dx

 4 ༗քू߹ A ⊂ Rn Մଌͱ͢Δɽ͜ͷͱ͖
∫
A 0 dx = 0͕Γཱͭ͜ͱΛࣔͤɽ͢ͳΘͪ f(x) = 0

ʢx ∈ AʣΛຬͨؔ͢ f  A্ՄੵͰ f ͷ A্ͷੵ 0ʹ͍͜͠ͱΛࣔͤɽ
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 1 (a) I ด۠ؒͳͷͰՄଌͰ͋Δɽ·ͨ f ଟ߲ࣜͳͷͰ I ্࿈ଓͰ͋ΔɽैͬͯՄੵ݅ΑΓ f

 I ্ՄੵͰ͋Δɽ

(b) [0, 1]ด۠ؒͳͷͰՄଌͰ͋Δɽ·ͨҙͷ x ∈ [1, 2]ʹରͯ͠ fx ଟ߲ࣜͳͷͰ [0, 1]্࿈ଓͰ͋Δɽ

ैͬͯՄੵ݅ΑΓ fx  [0, 1]্ՄੵͰ͋Δɽ

(c) (a)–(b)ΑΓ F (x) =
∫ 1
0 fx dy  [1, 2]্ՄੵͰ

∫
I f dx dy =

∫ 2
1 F (x) dx =

∫ 2
1 (
∫ 1
0 fx dy) dxɽ

(d) (c) ͷྦྷੵ࣍Λ͢ࢉܭΔɿ(i)
∫ 1
0 fx dy =

∫ 1
0 (x + xy) dy = [xy + xy2

2 ]y=1
y=0 = 3x

2 ɽ(ii)
∫ 2
1

3x
2 dx =

[ 3x
2

4 ]x=2
x=1 = 9

4ɽ͜ΕΑΓٻΊΔੵ
9
4 Ͱ͋Δɽ

 2 (a) I = [0, 1]ɽ(b) Ax = [0, 1− x]ɽ

(c) (a)–(b)ΑΓ A = {(x, y) ∈ R2; x ∈ [0, 1], y ∈ [0, 1− x]}ɽ͜͜Ͱ (i) ด۠ؒ [0, 1]Մଌɽ(ii) ఆؔ

ϕ(x) = 0ͱଟ߲ࣜ ψ(x) = 1− xՄଌͳ [0, 1]্࿈ଓͳͷͰՄੵɽ(iii) [0, 1]্ ϕ ≤ ψɽҎ্ΑΓ AՄ

ଌͰ͋Δɽ·ͨ f ଟ߲ࣜͳͷͰ A্࿈ଓͰ͋ΔɽΏ͑ʹ f  A্ՄੵͰ͋Δɽ

(d) ҙͷ x ∈ I ʹରͯ͠ Ax ด۠ؒͳͷͰՄଌͰ͋Δɽ·ͨ fx ଟ߲ࣜͳͷͰ Ax ্࿈ଓͰ͋Δɽैͬ

ͯՄੵ݅ΑΓ fx  Ax ্ՄੵͰ͋Δɽ

(e) (a)–(d)ΑΓ
∫
A f dx dy =

∫
I(
∫
Ax fx dy) dx =

∫ 1
0 (
∫ 1−x
0 xy dy) dxɽ

(f) (e) ͷྦྷੵ࣍Λ͢ࢉܭΔɿ(i)
∫ 1−x
0 xy dy = [xy

2

2 ]y=1−x
y=0 = x(1−x)2

2 ɽ(ii)
∫ 1
0

x(1−x)2

2 dx = 1
2

∫ 1
0 x2(1 −

x) dx = 1
2 [

x3

3 − x4

4 ]x=1
x=0 = 1

24ɽ͜ΕΑΓٻΊΔੵ
1
24 Ͱ͋Δɽ

 3 (a)
∫
0≤x≤π
0≤y≤π

cos(x+y) dx dy =
∫ π
0 (
∫ π
0 cos(x+y) dy) dxɽྦྷੵ࣍Λ͢ࢉܭΔɿ(i)

∫ π
0 cos(x+y) dy =

[sin(x+ y)]y=π
y=0 = sin(x+ π)− sinx = −2 sinxɽ(ii)

∫ π
0 (−2 sinx) dx = −4ɽΑͬͯٻΊΔੵ −4ɽ

(b)
∫
0≤x≤a
0≤y≤b

xey dx dy = (
∫ a
0 x dx)(

∫ b
0 ey dy) = a2(eb−1)

2 ɽ

(c)
∫
0≤x≤1
0≤y≤2
0≤z≤3

xyz dx dy dz = (
∫ 1
0 x dx)(

∫ 2
0 y dy)(

∫ 3
0 z dz) = 1

2 · 2 · 9
2 = 9

2ɼ
∫
0≤x≤1
0≤y≤2
0≤z≤3

yz dx dy dz =

(
∫ 1
0 1 dx)(

∫ 2
0 y dy)(

∫ 3
0 z dz) = 1 · 2 · 9

2 = 9ɼ
∫
0≤x≤1
0≤y≤2
0≤z≤3

z dx dy dz = (
∫ 1
0 1 dx)(

∫ 2
0 1 dy)(

∫ 3
0 z dz) = 1 · 2 · 9

2 = 9ɽ

ΊΔੵٻͯͬै 9
2 + 9 + 9 = 45

2 ɽ

(d)ٻΊΔੵΛ I ͱ͓͘ɽม x, yΛೖΕସ͑Δͱ I =
∫
x2+y2+z2≤100(y−x)(x−z)(y−z) dx dy dz = −Iɽ

ैͬͯ I = 0ɽ

(e)
∫

y≥0
y2≤x≤1

y3exy dx dy =
∫ 1
0 (
∫ 1
y2 y3exy dx) dyɽྦྷੵ࣍Λ͢ࢉܭΔɿ(i)

∫ 1
y2 y3exy dx = [y2exy]x=1

x=y2 =

y2ey − y2ey
3

ɽ(ii)
∫ 1
0 (y

2ey − y2ey
3

) dy = [(y2 − 2y + 2)ey − ey
3

3 ]y=1
y=0 = 2e−5

3 ɽ

(f)
∫
0≤x1≤x2≤···≤xn≤1 x1x2 · · ·xn dx =

∫ 1
0 (
∫ xn

0 (· · · (
∫ x2

0 x1 · · ·xn dx1) · · · ) dxn−1) dxnɽྦྷੵ࣍Λ͢ࢉܭ

Δɿ(i)
∫ x2

0 x1 · · ·xn dx1 = x3
2x3···xn

2 ɽ(ii)
∫ x3

0
x3
2x3···xn

2 dx2 = x5
3x4···xn

2·4 ɽ(iii)
∫ x4

0
x5
3x4···xn

2·4 dx3 = x7
4x5···xn

2·4·6 ɽ

ʜʜɽ(n)
∫ 1
0

x2n−1
n

2n−1(n−1)! dxn = 1
2nn!ɽ

 4 ԾఆΑΓఆؔ g(x) = 1 A্ՄੵͰ
∫
A g(x) dx =

∫
A 1 dx = µ(A)ɽैͬͯੵͷઢੑܗΑ

Γؔ f(x) = 0 × g(x) = 0 A্ՄੵͰ
∫
A 0 dx =

∫
A f(x) dx =

∫
A 0 × g(x) dx = 0 ×

∫
A g(x) dx =

0×
∫
A 1 dx = 0× µ(A) = 0ɽ


