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0 lim
λ→0

∆′(λ)e−r∆(λ) = 0 h

lim
λ→+∞

h(λ) = F > 0. λ,

h(λ) = 0.

λ, λs h(λs) = 0

λs F = U(1− e−r∆(λs)).

h′(λs) =
−λsUr∆′(λs)e−r∆(λs)

r + λs

≥ 0,

h′ ≤ 0

h(λ) ≤ 0 λ ≤ λs h(λ) > 0

λ > λs. λs = {λ|St(λ) = Sp(λ)}

λp = {λ|Sp(λ) = 0} λt = {λ|St(λ) = 0}

St(λp) < 0 λp > λt :

St(λ) St(λp) < 0 = St(λt) λp > λt. λp < λs.



h(λ) ≤ 0 λ ≤ λs h(λ) > 0 λ > λs. St(λp) < 0

h(λp) < 0 λp < λs.

λ < λp

λ > λp.

0 < λs < λp < λt St(λp) > 0. λs < λp

λp < λt St(λp) > 0

λs < λp. h(λ) ≤ 0 λ ≤ λs h(λ) > 0

λ > λs y = rUeλ∆(λ) + (r + λ)max [Sp(λ), 0]

St(λ)

St(λ) = max [Sp(λ), 0]− c+ rU

(

eλ∆(λ)1− e−(r+λ)∆(λ)

r + λ
−

1− e−r∆(λ)

r

)

.

St(λp) > 0

rU

(

eλp∆(λp)1− e−(r+λp)∆(λp)

r + λp

−
1− e−r∆(λp)

r

)

> c,

λ = λp, ye−λp∆(λp) = rU,

y

(

1− e−(r+λp)∆(λp)

r + λp

− e−λp∆(λp)1− e−r∆(λp)

r

)

> c.

St(λp) > 0 h(λp) > 0 = h(λs). λp > λs

St(λp) > 0

λp < λt. St λ St(λp) > 0 = St(λt)

λt > λp. St(λp) > 0 λ ∈ [λs,λt]

λ < λs, λt,

λp



λ ≥ λp

λ ≥ λp, λ ∆

St(λ,∆) =

∫ ∆

0

(

e−λτyu +
(

1− e−λτ
)

∫ yu

−∞

y H(y)− rU

)

e−rτ τ − c.

∂St(λ,∆)/∂∆ = 0,

e−λ∆yu +
(

1− e−λ∆
)

∫ yu

−∞

y H(y)− rU = 0.

−λe−λ∆

∫ yu

−∞

(yu − y) H(y) < 0,

∆(λ) =
1

λ
ln

yu −
∫ yu
−∞

y H(y)

rU −
∫ yu
−∞

y H(y)
,

λ ≤ λp

λ ≤ λp λ ∆

St(λ,∆) =

∫ ∆

0

(

e−λτyu +
(

1− e−λτ
)

∫ yu

−∞

y H(y)− rU

)

e−rτ τ +

e−(r+λ)∆Sp(yu,λ) +
(

1− e−λ∆
)

e−r∆

∫ yu

T (λ)

Sp(y,λ) H(y)− c.

T (λ) ∂St(λ,∆)/∂∆ = 0,

e−λ∆yu +
(

1− e−λ∆
)

∫ yu

−∞

y H(y)− rU − r

∫ yu

T (λ)

Sp(y,λ) H(y)

+(r + λ)e−λ∆

(

Sp(yu,λ)−

∫ yu

T (λ)

Sp(y,λ) H(y)

)

= 0.

−λe−λ∆

[
∫ yu

−∞

(yu − y) H(y)− (r + λ)

(

Sp(yu,λ)−

∫ yu

T (λ)

Sp(y,λ) H(y)

)]

< 0,

∆(λ) =
1

λ
ln

yu −
∫ yu
−∞

y H(y)− (r + λ)
[

Sp (yu,λ)−
∫ yu
T (λ) Sp (y,λ) H(y)

]

rU −
∫ ymax

ymin
y H(y) + r

∫ yu
T (λ) Sp (y,λ) H(y),

,



Sp(yu,λ) St(λ)

Sp(yu, λ)

yu λ

Sp (yu,λ) =
yu − rU − λF

r + λ
− c +

λ

r + λ

∫ yu

R(λ)

x− R(λ)

r + λ
H(x).

yu − rU > rF Sp

λ

lim
λ→0

Sp (yu,λ) =
yu
r

− U − c,

lim
λ→+∞

Sp (yu,λ) = −F − c.

St(λ)

λ ∆(λ) =

max∆ St(λ,∆)

St(λ) =

∫ ∆(λ)

0

(

e−λτyu +
(

1− e−λτ
)

∫ yu

−∞

y H(y)− rU

)

e−rτ τ +

e−(r+λ)∆(λ) max [Sp(yu,λ), 0] +
(

1− e−λ∆(λ)
)

e−r∆(λ)

∫ yu

−∞

max [Sp(y,λ), 0] H(y)− c.

St(λ) lim
λ→0

St(λ) =
yu
r
−U−c lim

λ→+∞

St(λ) = −c. lim
λ→+∞

St(λ) = −c

lim
λ→+∞

∆(λ) = 0 max [Sp(yu,λ), 0] = 0 λ → +∞. lim
λ→0

St(λ) =
yu
r
−U−c

lim
λ→0

∆(λ) = +∞

lim
λ→0

St(λ) =
yu
r

− U − c.

St Sp

St(λ) lim
λ→0

∆(λ) = +∞,

lim
λ→0

S ′

t(λ) =
−yu +

∫ yu
−∞

y H(y)

r2
.



Sp (yu,λ) , lim
λ→0

R(λ) = rU−rF,

lim
λ→0

S ′

p (yu,λ) = −
yu − r (U − F )

r2
+

∫ yu
r(U−F ) [y − r (U − F )] H(y)

r2
.

lim
λ→0

S ′

p (yu,λ) > lim
λ→0

S ′

t(λ) ⇔

∫ r(U−F )

−∞

[y − r(U − F )] H(y) < 0,

U > F.

lim
λ→0

St(λ) = lim
λ→0

Sp (yu,λ) , lim
λ→0

S ′

p (yu,λ) > lim
λ→0

S ′

t(λ) U > F

λ > 0 Sp(yu,λ) > St(λ)

λ = 0 U > F. U > F Sp

St St(λ) Sp(yu,λp) = 0 < St(λp).

St(λp) > 0

κ =
q(θ)(1− β)

r + q(θ)

∫ λp

λmin

Sp(yu,λ) G(λ),

Sp(yu,λp) = 0,

(r + λ)Sp(yu,λ) = yu − rU − λF + λ

∫ yu

R(λ)

y − R(λ)

r + λ
H(y)− (r + λ) c,

R(λ) = r(U − F )− λ

∫ yu

R(λ)

y − R(λ)

r + λ
H(y),

rU = z +
βθ [r + q(θ)]

(1− β)G(λp)
κ.

λp

Sp(yu,λp) = 0, λp ≡ λp(θ).



θ,

Γ(θ) ≡ κ−
q(θ)(1− β)

r + q(θ)

∫ λp(θ)

λmin

Sp(yu,λ) G(λ) = 0.

θ, Sp(yu,λp) = 0,

Γ′(θ) = −(1− β)
q′(θ)r

[r + q(θ)]2

∫ λp(θ)

λmin

Sp(yu,λ) G(λ)−
q(θ)(1− β)

r + q(θ)

∫ λp(θ)

λmin

Sp(yu,λ)

θ
G(λ),

Sp(yu,λ)
θ

< 0 Γ′(θ) > 0.

θ θ

λt,

λp,

λs,

κ =
q(θ)(1− β)

r + q(θ)

[
∫ λs

λmin

Sp(yu,λ) G(λ) +

∫ λt

λs

St(λ) G(λ)

]

,

Sp(yu,λp) = 0,

St(λs) = Sp(yu,λs),

St(λt) = 0,

y

λ

(r + λ)Sp(y,λ) = y − rU − λF + λ

∫ yu

R(λ)

y − R(λ)

r + λ
H(y)− (r + λ) c,

R(λ) = r(U − F )− λ

∫ yu

R(λ)

y − R(λ)

r + λ
H(y),

rU = z +
βθ [r + q(θ)]

(1− β)G(λt)
κ,



λ

St(λ) =
1− e−(r+λ)∆(λ)

r + λ
yu +

λ(1− e−r∆(λ)) + r(e−(r+λ)∆(λ) − e−r∆(λ))

r(r + λ)

∫

y H(y)

+e−(r+λ)∆(λ) max [Sp (yu,λ) , 0] + e−r∆(λ)
(

1− e−λ∆(λ)
)

∫

max [Sp (y,λ) , 0] H(y)

−U(1 − e−r∆(λ))− c,

∆(λ)

λs ≡ λs(θ),λp ≡ λp(θ),λt ≡ λt(θ)

θ,

Γ(θ) ≡ κ−
q(θ)(1− β)

r + q(θ)

[

∫ λs(θ)

λmin

Sp(yu,λ) G(λ) +

∫ λp(θ)

λs(θ)

St(λ) G(λ) +

∫ λt(θ)

λp(θ)

St(λ) G(λ)

]

= 0.

Γ θ, Sp(yu,λs(θ)) = St(λs(θ))

St(λt(θ)) = 0

Γ′(θ) = −(1− β)
q′(θ)r

[r + q(θ)]2

[

∫ λs(θ)

λmin

Sp(yu,λ) G(λ)−

∫ λt(θ)

λs(θ)

St(λ) G(λ)

]

−
q(θ)(1− β)

r + q(θ)

∫ λs(θ)

λmin

Sp(yu,λ)

θ
G(λ)−

∫ λt(θ)

λs(θ)

St(λ)

θ
G(λ),

Sp(yu,λ)
θ

< 0 St(λ)
θ

≤ 0

Γ′(θ) > 0. θ










