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i = {0,1} 3 i

qi ∈ [0,∞) Q ≡ q0 +q1 p

p = p(Q) = a−Q, a > 0

2 Ci(qi) = (ki/2)q2
i , ki > 0

(k0 ̸= k1)

ki

si ≥ 0 i 1

λ > 0

1 λ > 0

1

(1+λ ) s λ s

(si < 0) 1 (1+λ )

3 i = {1,2} (2019) 0
1 i = {0,1} 0
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(si ≥ 0)

πi = p(Q)qi−(ki/2)q2
i +siqi = (a−Q+si)qi−(ki/2)q2

i CS≡
∫ Q

0 p(x)dx− p(Q)Q=(1/2)Q2 PS≡ π0+π1 = p(Q)Q−(1/2)(k0q2
0+k1q2

1)+s0q0+s1q1

(1+λ )(s0q0+ s1q1)

W ≡CS+PS− (1+λ )(s0q0 + s1q1) = aQ− 1
2

Q2 − 1
2
(k0q2

0 + k1q2
1)−λ (s0q0 + s1q1). (2.1)

(λ = 0) (s0,s1)

(2.1)

2

(two-stage game) 1

(s∗0,s
∗
1) 1

2

(q0,q1) 2 (subgame perfect Nash equilibrium:

SPNE) (backward induction) 2

3

3.1 2

2 i qi

1

∂πi

∂qi
= a−Q+ si −qi − kiqi = 0 ⇔ qi = r(q j)≡

a+ si −q j

ki +2
, j ̸= i. (3.1)

2 ∂ 2πi/∂q2
i =−(ki +2)< 0 qi = r(q j) si

(3.1) (q0,q1)

3.1 4

p+ si = (ki +1)qi, πi = (ki +2)q2
i/2. q0 q1 s0 s1

q0 ≷ q1 ⇔ (k1 −k0)a+(k1 +3)s0 − (k0 +3)s1 ≷ 0. π0

π1 s0 s1 3.1

4
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3.1: 2

0 q0
(k1+1)a+(k1+2)s0−s1

k0k1+2k0+2k1+3

1 q1
(k0+1)a−s0+(k0+2)s1

k0k1+2k0+2k1+3

Q (k0+k1+2)a+(k1+1)s0+(k0+1)s1
k0k1+2k0+2k1+3

p (k0+1)(k1+1)a−(k1+1)s0−(k0+1)s1
k0k1+2k0+2k1+3

0 π0
(k0+2)((k1+1)a+(k1+2)s0−s1)

2

2(k0k1+2k0+2k1+3)2

1 π1
(k1+2)((k0+1)a−s0+(k0+2)s1)

2

2(k0k1+2k0+2k1+3)2

W 1
2 Q2 +π0 +π1 − (1+λ )(s0q0 + s1q1)

i si qi, Q, πi, CS

q j, p, π j W si

1 (q0,q1)

Q (π0,π1) s0 s1 s0 s1

∂q0

∂ s0
=

k1 +2
k0k1 +2k0 +2k1 +3

> 0,
∂q1

∂ s0
=− 1

k0k1 +2k0 +2k1 +3
< 0,

∂Q
∂ s0

=
k1 +1

k0k1 +2k0 +2k1 +3
> 0,

∂π0

∂ s0
= (k0 +2)q0

∂q0

∂ s0
> 0,

∂π1

∂ s0
= (k1 +2)q1

∂q1

∂ s0
< 0, (3.2)

∂q0

∂ s1
=− 1

k0k1 +2k0 +2k1 +3
< 0,

∂q1

∂ s1
=

k0 +2
k0k1 +2k0 +2k1 +3

> 0,
∂Q
∂ s1

=
k0 +1

k0k1 +2k0 +2k1 +3
> 0,

∂π0

∂ s1
= (k0 +2)q0

∂q0

∂ s1
< 0,

∂π1

∂ s1
= (k1 +2)q1

∂q1

∂ s1
> 0. (3.3)

1 2 2

∂ 2q0

∂ s2
0

=
∂ 2q1

∂ s2
0

=
∂ 2Q
∂ s2

0
=

∂ 2q0

∂ s2
1

=
∂ 2q1

∂ s2
1

=
∂ 2Q
∂ s2

1
=

∂ 2q0

∂ s0∂ s1
=

∂ 2q1

∂ s0∂ s1
=

∂ 2Q
∂ s0∂ s1

= 0, (3.4)

∂ 2π0

∂ s2
0

= (k0 +2)(
∂q0

∂ s0
)2 =

(k0 +2)(k1 +2)2

(k0k1 +2k0 +2k1 +3)2 > 0,

∂ 2π1

∂ s2
0

= (k1 +2)(
∂q1

∂ s0
)2 =

k1 +2
(k0k1 +2k0 +2k1 +3)2 > 0, (3.5)

∂ 2π0

∂ s2
1

= (k0 +2)(
∂q0

∂ s1
)2 =

k0 +2
(k0k1 +2k0 +2k1 +3)2 > 0,

∂ 2π1

∂ s2
1

= (k1 +2)(
∂q1

∂ s1
)2 =

(k1 +2)(k0 +2)2

(k0k1 +2k0 +2k1 +3)2 > 0, (3.6)

∂ 2π0

∂ s0∂ s1
= (k0 +2)

∂q0

∂ s0

∂q0

∂ s1
=

∂ 2π1

∂ s0∂ s1
= (k1 +2)

∂q1

∂ s0

∂q1

∂ s1
=− (k0 +2)(k1 +2)

(k0k1 +2k0 +2k1 +3)2 < 0. (3.7)

5
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3.2 1

3.2.1

2

1

s0 s1 s0 s1

W (s0,s1) =
1
2
(
Q(s0,s1)

)2
+π0(s0,s1)+π1(s0,s1)− (1+λ )

(
s0q0(s0,s1)+ s1q1(s0,s1)

)
. (3.8)

(s∗0,s
∗
1)

s0 1 5

∂W
∂ s0

= Q
∂Q
∂ s0

+
∂π0

∂ s0
+

∂π1

∂ s0
− (1+λ )

(
q0 + s0

∂q0

∂ s0
+ s1

∂q1

∂ s0

)
= 0

⇔ Q
∂Q
∂ s0

+(k0 +2)q0
∂q0

∂ s0
+(k1 +2)q1

∂q1

∂ s0
− (1+λ )(s0

∂q0

∂ s0
+ s1

∂q1

∂ s0
) = (1+λ )q0

⇔
[
(k0 +3)q0 +q1 − (1+λ )s0

]∂q0

∂ s0
+
[
q0 +(k1 +3)q1 − (1+λ )s1

]∂q1

∂ s0
= (1+λ )q0

⇔
[
k1 +2− (k0k1 +2k0 +2k1 +3)λ

]
q0 −q1 = (1+λ )

[
(k1 +2)s0 − s1

]

⇔ s0 =

[
k2

1 +3k1 − k0 +1− (k1 +1)(k0k1 +2k0 +2k1 +3)λ
]
a+Xs1

k0(k1 +2)2 + k2
1 +3k1 +1+2(k1 +2)(k0k1 +2k0 +2k1 +3)λ

. (3.9)

X = X(k0,k1,λ )≡ k0k1 + k0 + k1 −1+2(k0k1 +2k0 +2k1 +3)λ

s1 1

∂W
∂ s1

= Q
∂Q
∂ s1

+
∂π0

∂ s1
+

∂π1

∂ s1
− (1+λ )

(
s0

∂q0

∂ s1
+q1 + s1

∂q1

∂ s1

)
= 0

⇔ Q
∂Q
∂ s1

+(k0 +2)q0
∂q0

∂ s1
+(k1 +2)q1

∂q1

∂ s1
− (1+λ )(s0

∂q0

∂ s1
+ s1

∂q1

∂ s1
) = (1+λ )q1

⇔
[
(k0 +3)q0 +q1 − (1+λ )s0

]∂q0

∂ s1
+
[
q0 +(k1 +3)q1 − (1+λ )s1

]∂q1

∂ s1
= (1+λ )q1

⇔
[
k0 +2− (k0k1 +2k0 +2k1 +3)λ

]
q1 −q0 = (1+λ )

[
(k0 +2)s1 − s0

]

⇔ s1 =

[
k2

0 +3k0 − k1 +1− (k0 +1)(k0k1 +2k0 +2k1 +3)λ
]
a+Xs0

k1(k0 +2)2 + k2
0 +3k0 +1+2(k0 +2)(k0k1 +2k0 +2k1 +3)λ

. (3.10)

(3.9) (3.10) 1 (s∗0,s
∗
1)

5

6



29濱田弘潤：費用格差のある複占企業への最適差別化補助金

s∗0 =

[
k1 − (k0k1 + k0 −2)λ −2(k0k1 +2k0 +2k1 +3)λ 2

]
a

k0k1 + k0 + k1 +2(2k0k1 +3k0 +3k1 +2)λ +4(k0k1 +2k0 +2k1 +3)λ 2 , (3.11)

s∗1 =

[
k0 − (k0k1 + k1 −2)λ −2(k0k1 +2k0 +2k1 +3)λ 2

]
a

k0k1 + k0 + k1 +2(2k0k1 +3k0 +3k1 +2)λ +4(k0k1 +2k0 +2k1 +3)λ 2 . (3.12)

2 1

2

s0 s1 2

∂ 2W
∂ s2

0
= (

∂Q
∂ s0

)2 +
∂ 2π0

∂ s2
0
+

∂ 2π1

∂ s2
0
−2(1+λ )

∂q0

∂ s0

=−k0(k1 +2)2 + k2
1 +3k1 +1+2(k1 +2)(k0k1 +2k0 +2k1 +3)λ

(k0k1 +2k0 +2k1 +3)2 < 0, (3.13)

∂ 2W
∂ s2

1
= (

∂Q
∂ s1

)2 +
∂ 2π0

∂ s2
1
+

∂ 2π1

∂ s2
1
−2(1+λ )

∂q1

∂ s1

=−
k1(k0 +2)2 + k2

0 +3k0 +1+2(k0 +2)(k0k1 +2k0 +2k1 +3)λ
(k0k1 +2k0 +2k1 +3)2 < 0, (3.14)

∂ 2W
∂ s0∂ s1

=
∂Q
∂ s1

∂Q
∂ s0

+
∂ 2π0

∂ s0∂ s1
+

∂ 2π1

∂ s0∂ s1
− (1+λ )(

∂q0

∂ s1
+

∂q1

∂ s0
)

=
k0k1 + k0 + k1 −1+2(k0k1 +2k0 +2k1 +3)λ

(k0k1 +2k0 +2k1 +3)2 . (3.15)

(3.13), (3.14), (3.15) ∂ 2W/∂ s2
0 > 0, ∂ 2W/∂ s2

1 > 0 ∂ 2W/∂ s0∂ s1 λ

2

∂ 2W
∂ s2

0

∂ 2W
∂ s2

1
−
( ∂ 2W

∂ s0∂ s1

)2
=

(k0k1 + k0 + k1)+2(2k0k1 +3k0 +3k1 +2)λ +4(k0k1 +2k0 +2k1 +3)λ 2

(k0k1 +2k0 +2k1 +3)2 > 0.

(3.16)

(3.16) 2 (3.11) (3.12)

(s∗0,s
∗
1)

2

λ > 0

s∗0 ≷ s∗1 ⇔ k0 ≶ k1

3.1 (s∗0,s
∗
1) 3.2 SPNE

p∗+ s∗i = (ki +1)q∗i π∗
i = (ki +2)(q∗i )

2/2

(q∗0 ≷ q∗1 ⇔ k0 ≶ k1)

(π∗
0 ≷ π∗

1 ⇔ k0 ≶ k1)

7
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3.2:

0 s∗0
[k1−(k0k1+k0−2)λ−2(k0k1+2k0+2k1+3)λ 2]a

Y

1 s∗1
[k0−(k0k1+k1−2)λ−2(k0k1+2k0+2k1+3)λ 2]a

Y

0 q∗0
(1+λ )[k1+2(k1+1)λ ]a

Y

1 q∗1
(1+λ )[k0+2(k0+1)λ ]a

Y

Q∗ (1+λ )[k0+k1+2(k0+k1+2)λ ]a
Y

p∗ [k0k1+(4k0k1+3k0+3k1)λ+2(2k0k1+3k0+3k1+4)λ 2]a
Y

0 π∗
0

(k0+2)(1+λ )2[k1+2(k1+1)λ ]2a2

2Y 2

1 π∗
1

(k1+2)(1+λ )2[k0+2(k0+1)λ ]2a2

2Y 2

W ∗ (1+λ )2[k0+k1+2(k0+k1+2)λ ]a2

2Y
Y = Y (k0,k1,λ )≡ k0k1 + k0 + k1 +2(2k0k1 +3k0 +3k1 +2)λ +4(k0k1 +2k0 +2k1 +3)λ 2

3.2.2 0

3.2.1

λ (3.11) (3.12) (s∗0,s
∗
1)

6 3.2.2 λ

(bind) s∗0 ≷ s∗1 ⇔ k0 ≶ k1

0 (k0 > k1)
7

0 s0 = 0

(3.8) s0 = 0 W (0,s1) s1

W (0,s1) =
1
2
(
Q(0,s1)

)2
+π0(0,s1)+π1(0,s1)− (1+λ )s1q1(0,s1). (3.17)

6 (3.11) (3.12) s∗0 s∗1 2 λ 2 λ (> 0)

7 (k0 = k1) 3.2.2 λ
3.2.1 3.2.3

8
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1

dW
ds1

= Q
dQ
ds1

+
dπ0

ds1
+

dπ1

ds1
− (1+λ )

(
q1 + s1

dq1

ds1

)
= 0

⇔ Q
dQ
ds1

+(k0 +2)q0
dq0

ds1
+(k1 +2)q1

dq1

ds1
− (1+λ )s1

dq1

ds1
= (1+λ )q1

⇔
[
(k0 +3)q0 +q1

]dq0

ds1
+
[
q0 +(k1 +3)q1 − (1+λ )s1

]dq1

ds1
= (1+λ )q1

⇔
[
k0 +2− (k0k1 +2k0 +2k1 +3)λ

]
q1 −q0 = (k0 +2)(1+λ )s1

⇔ s∗∗1 =

[
k2

0 +3k0 − k1 +1− (k0 +1)(k0k1 +2k0 +2k1 +3)λ
]
a

k1(k0 +2)2 + k2
0 +3k0 +1+2(k0 +2)(k0k1 +2k0 +2k1 +3)λ

. (3.18)

2 (3.13) d2W/ds2
0 < 0

3.1 (0,s∗∗1 ) 3.3 SPNE

p∗∗+ s∗∗i = (ki +1)q∗∗i π∗∗
i = (ki +2)(q∗∗i )2/2

k0 > k1 q∗∗0 < q∗∗1 π∗∗
0 < π∗∗

1

3.3: k0 > k1 0

0 s∗∗0 0

1 s∗∗1
[k2

0+3k0−k1+1−(k0+1)(k0k1+2k0+2k1+3)λ ]a
Z

0 q∗∗0
[k1(k0+2)+(2k0k1+3k0+4k1+5)λ ]a

Z

1 q∗∗1
[k2

0+3k0+1+(k0+1)(k0+2)λ ]a
Z

Q∗∗ [k2
0+k0k1+3k0+2k1+1+(k2

0+2k0k1+6k0+4k1+7)λ ]a
Z

p∗∗ (k0+1)[k1(k0+2)+(2k0k1+3k0+4k1+5)λ ]a
Z

0 π∗∗
0

(k0+2)[k1(k0+2)+(2k0k1+3k0+4k1+5)λ ]2a2

2Z2

1 π∗∗
1

(k1+2)[k2
0+3k0+1+(k0+1)(k0+2)λ ]2a2

2Z2

W ∗∗ [(k0+3)(k0+k1)+1+2(k2
0+k0k1+4k0+3k1+5)λ+(k0+1)2λ 2]a2

2Z
Z = Z(k0,k1,λ )≡ k1(k0 +2)2 + k2

0 +3k0 +1+2(k0 +2)(k0k1 +2k0 +2k1 +3)λ

3.2.3 0

0 3.2.2 s∗∗1

(3.18) λ

s∗∗1 λ

0 ((s∗∗∗0 ,s∗∗∗1 ) = (0,0))

3.1 0 3.4

3.2.1 3.2.3

9
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3.4: 0

0 s∗∗∗0 0
1 s∗∗∗1 0
0 q∗∗∗0

(k1+1)a
k0k1+2k0+2k1+3

1 q∗∗∗1
(k0+1)a

k0k1+2k0+2k1+3

Q∗∗∗ (k0+k1+2)a
k0k1+2k0+2k1+3

p∗∗∗ (k0+1)(k1+1)a
k0k1+2k0+2k1+3

0 π∗∗∗
0

(k0+2)(k1+1)2a2

2(k0k1+2k0+2k1+3)2

1 π∗∗∗
1

(k1+2)(k0+1)2a2

2(k0k1+2k0+2k1+3)2

W ∗∗∗ [(k0+3)(k1+3)(k0+k1)+8]a2

2(k0k1+2k0+2k1+3)2

3.1.

(i) λ

(s∗0,s
∗
1) =

(
[k1−(k0k1+k0−2)λ−2(k0k1+2k0+2k1+3)λ 2]a

Y , [k0−(k0k1+k1−2)λ−2(k0k1+2k0+2k1+3)λ 2]a
Y

)
.

Y ≡ k0k1 + k0 + k1 +2(2k0k1 +3k0 +3k1 +2)λ +4(k0k1 +2k0 +2k1 +3)λ 2.

(ii) λ 0

k0 > k1

(s∗∗0 ,s∗∗1 ) =
(

0, [k
2
0+3k0−k1+1−(k0+1)(k0k1+2k0+2k1+3)λ ]a

Z

)
.

Z ≡ k1(k0 +2)2 + k2
0 +3k0 +1+2(k0 +2)(k0k1 +2k0 +2k1 +3)λ .

(iii) λ 0

(s∗∗∗0 ,s∗∗∗1 ) = (0,0).

4

3 λ

a = 1 k0 = 1, k1 = 0.5

λ (s0,s1) 4.1

3.1 (i) λ ∈ (0,0.216)

λ λ = 0.216 0 s∗∗0 = 0

(ii) λ ∈ [0.216,0.346) 0 (s∗∗0 = 0)

10
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s∗∗1 λ (ii) λ ≥ 0.346

(i) (ii)

λ λ

(iii)

4.1: λ

λ (q0,q1) 4.2 0

1 (k0 > k1) q0 > q1 (i) (ii)

λ (q1 −q0) q1

λ q0 (i) λ

(ii)

(ii)

Q λ (ii) λ

λ CS = Q2/2
8

8 (k0,k1)

11
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4.2: λ

λ W 4.3 (i)

(ii) λ λ

(iii) 0

W λ 9

5

1

9

12
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4.3: λ

(2019)

2

13



新潟大学　経　済　論　集 第107号　2019－Ⅰ36

JSPS (B) No.16H03612 (C) No.16K03615

[1] (2003) 47 , 1–19.

[2] (2019)
106 2018-II, 1–17.

14


