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໰୊ 1 ํఔࣜ x2 − y2 + 1 = ͷൣғͰఆΊΔӄؔ਺࣍0͕ y = g(x)ΛٻΊΑɽ

(a) y > 0 (b) y < 0

໰୊ 2 ࿈ཱํఔࣜ

x1 − x2 = y1 + y2, x1y2 = y1x2 (x1 + x2 ̸= 0)

ͷఆΊΔӄؔ਺ (y1, y2) = G(x1, x2)ΛٻΊΑɽ

໰୊ 3 ํఔࣜ x3 − x+ y4 + y = 0Λ͑ߟΔɽӄؔ਺ఆཧΛ༻͍ͯ࣍ͷ໰͍ʹ౴͑Αɽ

(a) ͜ͷํఔ͕ࣜ఺ (x, y) = (1,−1)ͷۙ๣Ͱӄؔ਺ y = g(x)ΛҰҙʹఆΊΔ͜ͱΛࣔͤɽ

(b) ӄؔ਺ y = g(x)͸఺ x = 1Ͱඍ෼Մೳͳ͜ͱΛࣔͤɽ·ͨඍ෼ g′(1)ΛٻΊΑɽ

(c) ͜ͷํఔ͕ࣜද͢ۂઢͷ఺ (x, y) = (1,−1)Ͱͷ઀ઢΛٻΊΑɽ

໰୊ 4 ํఔࣜ z(y + z)(x+ y + z) = 1Λ͑ߟΔɽӄؔ਺ఆཧΛ༻͍ͯ࣍ͷ໰͍ʹ౴͑Αɽ

(a) ͜ͷํఔ͕ࣜ఺ (x, y, z) = (0, 0, 1)ͷۙ๣Ͱӄؔ਺ z = g(x, y)ΛҰҙʹఆΊΔ͜ͱΛࣔͤɽ

(b) ӄؔ਺ z = g(x, y) ͸఺ (x, y) = (0, 0) Ͱશม਺ʹؔͯ͠ภඍ෼Մೳͳ͜ͱΛࣔͤɽ·ͨภඍ෼ gx(0, 0)

͓Αͼ gy(0, 0)ΛٻΊΑɽ

(c) ͜ͷํఔ͕ࣜද͢ۂ໘ͷ఺ (x, y, z) = (0, 0, 1)Ͱͷ઀ฏ໘ΛٻΊΑɽ

໰୊ 5 Δɿ͑ߟͷ࿈ཱํఔࣜΛ࣍

(x1 + y1)
2 = exp(x2 + y2), x1 + x2 = sin(y1y2).

(a) ͜ͷ࿈ཱํఔ͕ࣜ఺ (x1, x2, y1, y2) = (1,−1, 0, 1) ͷۙ๣Ͱӄؔ਺ (y1, y2) = G(x1, x2) ΛҰҙʹఆΊΔ

͜ͱΛࣔͤɽ

(b) G = (g1, g2)ͱ͓͘ͱ͖ภඍ෼
∂gi
∂xj

(1,−1)ʢi, j = 1, 2ʣΛٻΊΑɽ



ղ౴ྫʢୈ 4ճʣ

໰୊ 1 (a) y =
√
x2 + 1ɽ(b) y = −

√
x2 + 1ɽ

໰୊ 2 y1 = x1−x2
x1+x2

x1ɼy2 = x1−x2
x1+x2

x2ɽ

໰୊ 3 ͜ͷํఔࣜ͸ؔ਺ f(x, y) = x3 − x + y4 + y Λ༻͍ͯ f(x, y) = 0 ͱදͤΔɽf ͷภಋؔ਺͸

fx = 3x2 − 1ɼfy = 4y3 + 1ɽ

(a) f ͸ R2 ্ C1 ͨ·ɽڃ f(1,−1) = 0 ͓Αͼ fy(1,−1) = −3 ̸= 0ɽैͬͯӄؔ਺ఆཧΑΓ఺ (x, y) =

(1,−1)ͷۙ๣Ͱํఔࣜ͸ y ʹؔͯ͠Ұҙʹղ͚ͯӄؔ਺ y = g(x)ΛҰҙʹఆΊΔɽ

(b) ӄؔ਺ఆཧΑΓӄؔ਺ y = g(x) ͸఺ x = 1 ͷۙ๣Ͱ C1 ɽಛʹ఺ڃ x = 1 Ͱඍ෼ՄೳͰ͋Γ

g′(1) = − fx(1,−1)
fy(1,−1) = 2

3ɽ

(c) ఺ (x, y) = (1,−1) ͷۙ๣Ͱ͸ɼf(x, y) = 0 ͱ y = g(x) ͸ಉ஋ͳͷͰํఔࣜ f(x, y) = 0 ͷද

ઢͱӄؔ਺ۂ͢ y = g(x) ͷάϥϑ͸Ұக͢ΔɽैͬͯٻΊΔ઀ઢ͸ y = g(x) ͷ఺ x = 1 Ͱͷ઀ઢ

y = g′(1)(x− 1) + g(1) = 2
3x− 5

3 ʹ౳͍͠ɽ

໰୊ 4 ͜ͷํఔࣜ͸ؔ਺ f(x, y, z) = z(y + z)(x + y + z) − 1Λ༻͍ͯ f(x, y, z) = 0ͱදͤΔɽf ͷภಋ

ؔ਺͸ fx = z(y + z)ɼfy = z(x+ y + z) + z(y + z)ɼfz = (y + z)(x+ y + z) + z(x+ y + z) + z(y + z)ɽ

(a) f ͸ R3 ্ C1 ͨ·ɽڃ f(0, 0, 1) = 0 ͓Αͼ fz(0, 0, 1) = 3 ̸= 0ɽैͬͯӄؔ਺ఆཧΑΓ఺ (x, y, z) =

(0, 0, 1)ͷۙ๣Ͱํఔࣜ͸ z ʹؔͯ͠Ұҙʹղ͚ͯӄؔ਺ z = g(x, y)ΛҰҙʹఆΊΔɽ

(b) ӄؔ਺ఆཧΑΓӄؔ਺ z = g(x, y)͸఺ (x, y) = (0, 0)ͷۙ๣Ͱ C1 ɽಛʹ఺ڃ (x, y) = (0, 0)Ͱશม਺ʹ

ؔͯ͠ภඍ෼ՄೳͰ͋Γ gx(0, 0) = − fx(0,0,1)
fz(0,0,1)

= − 1
3ɼgy(0, 0) = − fy(0,0,1)

fz(0,0,1)
= − 2

3ɽ

(c) ఺ (x, y, z) = (0, 0, 1)ͷۙ๣Ͱ͸ɼf(x, y, z) = 0ͱ z = g(x, y)͸ಉ஋ͳͷͰํఔࣜ f(x, y, z) = 0ͷද

໘ͱӄؔ਺ۂ͢ z = g(x, y)ͷάϥϑ͸Ұக͢ΔɽैͬͯٻΊΔ઀ฏ໘͸ z = g(x, y)ͷ఺ (x, y) = (0, 0)Ͱͷ

઀ฏ໘ z = gx(0, 0)x+ gy(0, 0)y + g(0, 0) = − 1
3x− 2

3y + 1ʹ౳͍͠ɽ

໰୊ 5 ͜ͷ࿈ཱํఔࣜ͸ؔ਺ f1(x1, x2, y1, y2) = exp(x2+y2)−(x1+y1)2ɼf2(x1, x2, y1, y2) = sin(y1y2)−
x1 − x2 Λ༻͍ͯ f1 = f2 = 0 ͱදͤΔɽ·ͨ͸ R2 ʹ஋ΛͱΔؔ਺ F = (f1, f2) Λ༻͍ͯ F = (0, 0)ɽ

F = (f1, f2)ͷภಋؔ਺Λฒ΂ͨྻߦ

Fx1,x2 =

( ∂f1
∂x1

∂f1
∂x2

∂f2
∂x1

∂f2
∂x2

)
=

(
−2(x1 + y1) exp(x2 + y2)

−1 −1

)
,

Fy1,y2 =

( ∂f1
∂y1

∂f1
∂y2

∂f2
∂y1

∂f2
∂y2

)
=

(
−2(x1 + y1) exp(x2 + y2)
y2 cos(y1y2) y1 cos(y1y2)

)

Λ͑ߟΔɽ

(a) F = (f1, f2)͸ R4 ্ C1 ͨ·ɽڃ F (1,−1, 0, 1) = (0, 0)͓Αͼ

detFy1,y2(1,−1, 0, 1) = det

(
−2 1
1 0

)
= −1 ̸= 0.

ैͬͯӄؔ਺ఆཧΑΓ఺ (x1, x2, y1, y2) = (1,−1, 0, 1)ͷۙ๣Ͱ࿈ཱํఔࣜ͸ (y1, y2)ʹؔͯ͠Ұҙʹղ͚ͯ



ӄؔ਺ (y1, y2) = G(x1, x2)ΛҰҙʹఆΊΔɽ

(b) ӄؔ਺ఆཧΑΓ఺ (x1, x2) = (1,−1) ͷۙ๣Ͱ G′ =

(
∂g1
∂x1

∂g1
∂x2

∂g2
∂x1

∂g2
∂x2

)
= −F−1

y1,y2
Fx1,x2ɽಛʹ (x1, x2) =

(1,−1)Ͱ͸

G′(1,−1) = −
(
0 1
1 2

)(
−2 1
−1 −1

)
=

(
1 1
4 1

)
.

ैͬͯ ∂g1
∂x1

(1,−1) = 1ɼ ∂g1
∂x2

(1,−1) = 1ɼ ∂g2
∂x2

(1,−1) = 1ɼ ∂g2
∂x1

(1,−1) = 4ɽ



5 ςΠϥʔల։ʢ2019-10-24ʣ

໰୊ 1 ͷؔ਺࣍ f ͷ 1֊ɼ2֊ɼ3֊ภಋؔ਺Λ͢΂ͯٻΊΑɽ

(a) f(x, y) = (x2 + y2) exp(x2 + y2) (b) f(x, y) = log(x− y)

(c) f(x, y, z) = 1 + x+ y + z + xy + xz + yz + xyz

໰୊ 2 ؔ਺ f(x, y) = sin(x+ 2y)Λ͑ߟΔɽ

(a) ∂i+jf
∂xi∂yjʢi, j = 0, 1, 2, . . .ʣΛٻΊΑɽ

(b) ʢଟม਺ؔ਺ʹର͢ΔʣςΠϥʔͷެࣜΛ༻͍ͯ f ͷݪ఺ (0, 0)ͰͷςΠϥʔల։ΛٻΊΑɽ

(c) ಉ͘͡ f ͷ఺ (π2 , 0)ͰͷςΠϥʔల։ΛٻΊΑɽ

໰୊ 3 ਺ؔ਺ͷϚΫϩʔϦϯల։ࢦ exp(x) =
∑∞

n=0
xn

n!ʢx ∈ RʣΛ༻͍ͯɼؔ਺ f(x, y, z) = exp(αx +

βy + γz)ͷݪ఺ (0, 0, 0)ͰͷςΠϥʔల։Λ f(x, y, z) =
∑∞
ℓ=0

∑
i+j+k=ℓ ci,j,kx

iyjzk ͷܗͰٻΊΑɽͨͩ

͠ӈลୈ 2ͷ࿨͸ ℓͷ෼ղ (i, j, k)ͷ͢΂ͯʹΘͨΔ࿨Ͱ͋Δɽ

໰୊ 4 n߲܎਺
( k
i1,...,in

)
= k!

i1!···in!ʢk = i1 + · · ·+ in ≥ 0ɼi1, . . . , in ≥ 0ʣ͸ؔࣜ܎

(
k

i1, . . . , in

)
=

n∑

j=1

(
k − 1

i1, . . . , ij − 1, . . . , in

)

ʢk = i1 + · · · + in ≥ 1ɼi1, . . . , in ≥ 0ʣΛຬͨ͢͜ͱΛࣔͤɽͨͩ͠ i1, . . . , in ͷͲΕ͔ 1ͭͰ΋ෛͷͱ͖
( k−1
i1,...,in

)
= 0Ͱ͋Δɽ

໰୊ 5 ͜ͷ໰୊Ͱ͸ Rn ͷ఺ΛྻϕΫτϧͰද͢ɽؔ਺ f(x)ʢx = (x1, . . . , xn)Tʣ͸ɼ૬ҟͳΔ 2 ఺

a = (a1, . . . , an)Tɼx = (x1, . . . , xn)T Λ୺఺ͱ͢Δઢ෼ I = {(1 − t)a + tx; 0 ≤ t ≤ 1}ΛؚΉྖҬ্ C2

ͱ͢Δɽڃ

(a) ೚ҙͷ b = (b1, . . . , bn)T ͓Αͼ c ∈ I ʹରͯ͠

∑

i1+···+in=2

1

i1! · · · in!
∂2f

∂xi1
1 · · · ∂xin

n
(c)bi11 · · · binn =

1

2
bTH(c)b

͕੒Γཱͭ͜ͱΛࣔͤɽͨͩ͠ࠨล͸ 2ͷ෼ղ (i1, . . . , in)ͷ͢΂ͯʹΘͨΔ࿨Ͱ͋ΓɼӈลͷH ͸࣍Ͱఆٛ

͞ΕΔྻߦͰ͋Δɿ

H(x) :=

(
∂2f

∂xi∂xj
(x)

)

i,j=1,...,n

=

⎛

⎜⎜⎜⎝

fx1x1(x) fx1x2(x) · · · fx1xn(x)
fx2x1(x) fx2x2(x) · · · fx2xn(x)

...
...

...
fxnx1(x) fxnx2(x) · · · fxnxn(x)

⎞

⎟⎟⎟⎠
.

(b) ఺ ξ ∈ I \ {a,x}͕ଘͯ͠ࡏ

f(x) = f(a) +G(a)T(x− a) +
1

2
(x− a)TH(ξ)(x− a)

͕੒Γཱͭ͜ͱΛςΠϥʔͷެࣜΛ༻͍ͯࣔͤɽͨͩ͠ G(x) = (fx1(x), . . . , fxn(x))
T Ͱ͋Δɽ


