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15) Keynes (1930) p.358 ( 419 )
16) Keynes (1930) FRB ECB
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, ECB ,

FRB , Moutot, Jung and Mongelli (2008), (2015)
17) , Micossi (2015), (2014b)
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TARGET2 , TARGET2

TARGET2

, TARGET ,

, Bordo (2014) Cour-Thimann (2013), Draghi (European Central Bank
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TARGET2 ,
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, , TARGET2
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TARGET2

2 , TARGET2

, TARGET2 3 ,

TARGET2 4 ,
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6 , 7 , ,

8 , TARGET2
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3.2 TARGET2

3.2.1 TARGET2

TARGET2 , TARGET

TARGET , ,
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1) TARGET2 ,
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: (2014a)

3.1: TARGET2

TARGET2 2008

TARGET2 3.1 A

B 100 A

100 , B 100

, ECB

ECB TARGET2

, ,

, , ,

,

, TARGET2

TARGET2 De Grauwe (2016) 5 2)

1. ,

2. , TARGET

, ,

,

,

3. ,

2) De Grauwe (2016) p.54
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4. TARGET

5. TARGET2

TARGET ,

Fedwire , EMU

, 2008

TARGET2

3.2.2 TARGET2

, , ,

, , TARGET2

TARGET2 , , TARGET2

TARGET2 ,

Sinn and Wollmershaeuser (2011) ,

TARGET2 ,

TARGET2

, TARGET ,

,

Abad, Loeffler and Zemanek (2011)

, TARGET2

Abad, Loeffler and Zemanek (2011) , TARGET2

, 3.2

, ,

(item 1) ,

(item 2) ,

(item 3)

, (item 4) (BE: Banco de España)

TARGET2 (item 5)

BE ECB TARGET2 (item 6) ECB TARGET2
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: T TARGET2

: Abad, Loeffler and Zemanek (2011) p.4 ( )

3.2: TARGET2

(BB: Deutsche Bundesbank) ,

BB ECB TARGET2 (item 7) BB TARGET2

(item 8) (item 9)

,

(item 10) ,

BB (item 11)

BB (item 12) , (item 9)

TARGET2 ,

,

, TARGET2

, TARGET2

TARGET2 , TARGET2 3.3

TARGET2 GIPS 2012 8
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Sinn and Wollmershaeuser (2011) TARGET2 GIPS

TARGET2 GIPS TARGET2
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2009 900 , Sinn and Wollmershaeuser
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GIPS TARGET2 , GIPS
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, , Sinn and Wollmershaeuser
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TARGET2 , , TARGET2

, TARGET2

, 3.5 TARGET2

, TARGET2 , GIPS

Sinn and Wollmershaeuser (2011)
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3. ,

4.
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, Sinn and Wollmershaeuser (2011) 2010

3.3 , TARGET 2012
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GIPS 2012 9
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OMT ,

ECB ECB

, GIPS , TARGET , 2011

GIPS , GIPS

ECB TARGET ,

Sinn and Wollmershaeuser (2011)

GIPS TARGET2 , TARGET2

GIPS , TARGET2

8) Deutsche Bundesbank

(http://www.bundesbank.de/Navigation/EN/Core_business_areas/Payment_systems/TARGET2/

Benefits/benefits.html)
9) 2014 3.B
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3.3

TARGET2

2 ,

, ,

, , ,

, ,

,

,

, ,

TARGET2

TARGET2 ,

, Sinn and

Wollmershaeuser (2011) ,

, , ,

, TARGET2

10) 11) ,

Herrmann and Jochem (2013) , TARGET2

,

, 3.1

,

,

,

, , TARGET2

TARGET2

10) Homburg (2012) p.52
11) De Grauwe and Ji (2012) p.12
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3.1:

: R , D , MB , T TARGET2

TARGET2 TARGET2 TARGET2

: Herrmann and Jochem (2013) p.4

,

TARGET2

, TARGET2

, TARGET2 ( )

, , Abad, Loeffler and

Zemanek (2011) 3 12) 1 ,

,

2 ,

3 ,

ECB , 75

0.5%

,

3.4 2

TARGET2 , 2

TARGET2

12) Abad, Loeffler and Zemanek (2011) p.7



3.4 2 49

,

E = Ee = Ē = 1 (3.1)

, E , Ee

, 1

, ,

p1 = p2 = 1 (3.2)

(pi) ,

,

(1)

Bi = Bi
i +Bj

i + θi, (3.3)

Ḃi = Ḃi
i +

˙
Bj

i + θ̇i, (3.4)

J1 + J2 = 0, (3.5)

Q1 +Q2 = 0, (3.6)

A1 +A2 = 0, (3.7)

Ai = Ji +Qi, (3.8)

M = M1 +M2, (3.9)

Ṁ = θ̇1 + θ̇2, (3.10)

Ṁi = θ̇i +Ai, (3.11)

θ̇i + Ḃi = Gi +Biri − Ti (3.12)

(2)

Ẏi = αi[Ci + Ii +Gi + Ji − Yi] ; αi > 0, (3.13)

Ci = ci(Yi + riB
i
i + rjB

i
j − Ti) + C0i ; 0 < ci < 1, C0i ≥ 0, (3.14)

Ti = τi(Yi + riB
i
i + rjB

i
j)− T0i ; 0 < τi < 1, T0i ≥ 0, (3.15)

Ii = Ii(Yi,Ki, ri) ; I
i
Y i =

∂Ii
∂Yi

> 0, IiKi
=

∂Ii
∂Ki

< 0, Iiri =
∂Ii
∂ri

< 0, (3.16)

Gi = G0i + γi(Ȳi − Yi) ; γi > 0, (3.17)

Mi = Li(Yi, ri) ;
∂Li

∂Yi
> 0, Li

ri =
∂Li

∂ri
< 0, (3.18)

Ji = Ji(Yi, Yj) ; J
1
Yi

=
∂Ji
∂Yi

< 0, J i
Yj

=
∂Ji
∂Yj

> 0, (3.19)

K̇i = Ii, (3.20)
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Ḃ2
1 = −Ḃ1

2 = β(r1 − r2) ; β > 0, (3.21)

B2
1 +B1

2 = D̄, (3.22)

Q1 = Ḃ2
1 − Ḃ1

2 + r2B
1
2 − r1B

2
1

= β(r1 − r2)− β(r2 − r1) + r2B
1
2 − r1B

2
1

= 2β(r1 − r2) + r2B
1
2 − r1B

2
1 (3.23)

, i, j (i = 1, 2, j = 1, 2 (i �= j)) ,

Yi ; Ci ; Ii ; Gi

; Ȳi (

); Ti ; T0i ( ); Bi

; Bi
i i i ; Bj

i j

i ; M ; Mi i ; ri

; Ki ; Ji ; Qi ; Ai

; ( ) (3.3) i

, i (3.4) i

(3.5), (3.6), (3.7) ,

, , , ,

, (3.8) i

(3.9)

(3.10)

θi i (3.11) 1

( ) 1 ( ) (3.12)

(3.13) αi

(3.14) (3.15)

τi (3.16)

(3.17) γi γi

, (3.18) LM

(3.19) i (3.20) i

(3.21) 1 2 (3.22)

2 (3.23)

1 β

βi , β



3.4 2 51

, , ri (3.18) LM

ri = ri(Yi,Mi) ; r
i
Y i =

∂ri
∂Y i

= −Li
Yi

Li
ri

> 0, riMi =
∂ri
∂Mi

=
1

Li
ri

< 0 (3.24)

,

3.1.

θ̇1 = θ̇2 = 0, (3.25)

M̄ = M1 +M2 (3.26)

, (3.10), (3.11), (3.12)

Ṁ = 0, (3.27)

Ṁi = Ai, (3.28)

Ḃi = Gi +Biri − Ti (3.29)

G0i, τi, M̄

, 8

Ẏ1 =α1[{c1(1− τ1)− 1}Y1

+ c1(1− τ1){(B1 − θ1 −B2
1)r1(Y1,M1) + (D̄ −B2

1)r2(Y2, M̄ −M1)}
+ c1T01 + C01 +G01 + γ1(Ȳ1 − Y1) + I1(Y1,K1, r1(Y1,M1)) + J1(Y1, Y2)]

=F1(Y1,K1, B1, B
2
1 , Y2,M1;α1, γ1, θ1), (3.30)

K̇1 =I1(Y1,K1, r1(Y1,M1)) = F2(Y1,K1,M1), (3.31)

Ḃ1 =G01 + γ1(Ȳ1 − Y1) +B1r1(Y1,M1)

− τ1{Y1 + (B1 − θ1 −B2
1)r1(Y1,M1) + (D̄ −B2

1)r2(Y2, M̄ −M1)}+ T01

=F3(Y1, B1, B
2
1 , Y2,M1; γ1, θ1), (3.32)

Ḃ2
1 =β{r1(Y1,M1)− r2(Y2, M̄ −M1)}
=F4(Y1, Y2,M1;β), (3.33)

Ẏ2 =α2[{c2(1− τ2)− 1}Y2

+ c2(1− τ2){(B2 − θ2 − (D̄ −B2
1))r2(Y2, M̄ −M1) +B2

1r1(Y1,M1)}
+ c2T02 + C02 +G02 + γ2(Ȳ2 − Y2) + I2(Y2,K2, r2(Y2, M̄ −M1))− J1(Y1, Y2)]

=F5(Y1, B
2
1 , Y2,K2, B2,M1;α2, γ2, θ2), (3.34)

K̇2 =I2(Y2,K2, r2(Y1,M1)) = F6(Y2,K2,M1), (3.35)

Ḃ2 =G02 + γ2(Ȳ2 − Y2) +B2r2(Y2, M̄ −M1)

− τ2{Y2 + (B2 − θ2 − (D̄ −B2
1))r2(Y2, M̄ −M1) +B2

1r1(Y1,M1)}+ T02
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=F7(Y1, B
2
1 , Y2, B2,M1; γ2, θ2), (3.36)

Ṁ1 =J1(Y1, Y2) + 2β{r1(Y1,M1)− r2(Y2, M̄ −M1)}+ (D̄ −B2
1)r2(Y2, M̄ −M1)

−B2
1r1(Y1,M1)

=F8(Y1, B
2
1 , Y2,M1;β) (3.37)

, ,

, Mathematica

,

ci = 0.8, τi = 0.2, T0i = 10, C01 = 20, C02 = 40,

G01 = 50, G02 = 60, M̄ = 600, Ȳi = 500, D̄ = 2, αi = 1, β = 5,

θ1 = 0, θ2 = 0, γ1 = 0.4, γ2 = 0.4

, LM , ,

ri = 15
√

Yi −Mi, (3.38)

Ii = 20
√

Yi − 0.3Ki − ri, (3.39)

J1 = −0.3Y1 + 0.3Y2 (3.40)

Y1 = 261.786,K1 = 1229.2, B1 = 2.94014, B12 = 0.817328,

Y2 = 316.786,K2 = 1337.11, B2 = 2.12089,M1 = 287.86

3.5

(Y ∗
1 , K

∗
1 , B

∗
1 , B

2∗
1 , Y ∗

2 , K
∗
2 , B

∗
2 , M

∗
1 ) > (0, 0, 0, 0, 0, 0, 0, 0)

,

3.2.

ri > 0
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(3.30)–(3.37)

J =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

F11 F12 F13 F14 F15 0 0 F18

F21 F22 0 0 0 0 0 F28

F31 0 F33 F34 F35 0 0 F38

F41 0 0 0 F45 0 0 F48

F51 0 0 F54 F55 F56 F57 F58

0 0 0 0 F65 F66 0 F68

F71 0 0 F74 F75 0 F77 F78

F81 0 0 F84 F85 0 0 F88

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

α1Φ11 α1Φ12 α1Φ13 α1Φ14 α1Φ15 0 0 α1Φ18

F21 Φ12 0 0 0 0 0 F28

F31 0 F33 F34 F35 0 0 F38

F41 0 0 0 F45 0 0 F48

α2Φ51 0 0 α2Φ54 α2Φ55 α2Φ56 α2Φ57 α2Φ58

0 0 0 0 F65 Φ56 0 F68

F71 0 0 F74 F75 0 F77 F78

F81 0 0 F84 F85 0 0 F88

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

; (3.41)

Φ11 = {c1(1− τ1)− 1}︸ ︷︷ ︸
(−)

+ c1(1− τ1)︸ ︷︷ ︸
(+)

(B1 − θ1 −B2
1)︸ ︷︷ ︸

(+)

r1Y1

(+)

− γ1
(+)

+ I1Y1

(+)

+ I1r1
(−)

r1Y1

(+)

+ J1
Y1

(−)

,

Φ12 = I1K1

(−)

< 0,

Φ13 = c1(1− τ1)︸ ︷︷ ︸
(+)

r1 > 0,

Φ14 = − c1(1− τ1)︸ ︷︷ ︸
(+)

(r1 + r2) < 0,

Φ15 = c1(1− τ1)︸ ︷︷ ︸
(+)

(D̄ −B2
1)︸ ︷︷ ︸

(+)

r2Y2

(+)

+ J1
Y2

(+)

> 0,

Φ18 = c1(1− τ1)︸ ︷︷ ︸
(+)

{(B1 − θ1 −B2
1)︸ ︷︷ ︸

(+)

r1M1

(−)

− (D̄ −B2
1)︸ ︷︷ ︸

(+)

r2M̄−M1

(−)

}+ I1r1
(−)

r1M1

(−)

> 0,

F21 = I1Y1

(+)

> 0,
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F28 = I1r1
(−)

r1M1

(−)

> 0,

F31 = −γ1
(+)

+ B1
(+)

r1Y1

(+)

− τ1
(+)

{1 + (B1 − θ1 −B2
1)r

1
Y1
}︸ ︷︷ ︸

(+)

,

F33 = (1− τ1)︸ ︷︷ ︸
(+)

r1 > 0,

F34 = τ1
(+)

(r1 + r2) > 0,

F35 = − τ1
(+)

(D̄ −B2
1)︸ ︷︷ ︸

(+)

r2Y2

(+)

< 0,

F38 = B1
(+)

r1M1

(−)

− τ1
(+)

{(B1 − θ1 −B2
1)︸ ︷︷ ︸

(+)

r1M1

(−)

− (D̄ −B2
1)︸ ︷︷ ︸

(+)

r2M̄−M1

(−)

} < 0,

F41 = β
(+)

r1Y1

(+)

> 0,

F45 = − β
(+)

r2Y2

(+)

< 0,

F48 = β
(+)

(r1M1

(−)

+ r2M̄−M1

(−)

) < 0,

Φ51 = c2(1− τ2)︸ ︷︷ ︸
(+)

B2
1

(+)

r1Y1

(+)

− J1
Y1

(−)

> 0,

Φ54 = c2(1− τ2)︸ ︷︷ ︸
(+)

(r1 + r2) > 0,

Φ55 = {c2(1− τ2)− 1}︸ ︷︷ ︸
(−)

+ c2(1− τ2)︸ ︷︷ ︸
(+)

(B2 − θ2 − (D̄ −B2
1))︸ ︷︷ ︸

(+)

r2Y2

(+)

− γ2
(+)

+ I2Y2

(+)

+ I2r2
(−)

r2Y2

(+)

− J1
Y2

(+)

,

Φ56 = I2K2

(−)

< 0,

Φ57 = c2(1− τ2)︸ ︷︷ ︸
(+)

r2 > 0,

Φ58 = − c2(1− τ2)︸ ︷︷ ︸
(+)

{(B2 − θ2 − (D̄ −B2
1))︸ ︷︷ ︸

(+)

r2M̄−M1

(−)

−B2
1

(+)

r1M1

(−)

} − I2r2
(−)

r2M̄−M1

(−)

< 0,

F65 = I2Y2

(+)

> 0,

F68 = I2r2
(−)

r2M̄−M1

(−)

> 0,

F71 = − τ2
(+)

B2
1

(+)

r1Y1

(+)

< 0,

F74 = − τ2
(+)

(r1 + r2) < 0,

F75 = −γ2
(+)

+ B2
(+)

r2Y2

(+)

− τ2
(+)

{1 + (B2 − θ2 − (D̄ −B2
1))r

2
Y2
}︸ ︷︷ ︸

(+)

,
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F77 = (1− τ2)︸ ︷︷ ︸
(+)

r2 > 0,

F78 = −B2
(+)

r2M̄−M1

(−)

+ τ2
(+)

{(B2 − θ2 − (D̄ −B2
1))︸ ︷︷ ︸

(+)

r2M̄−M1

(−)

+B2
1

(+)

r1M1

(−)

> 0},

F81 = J1
Y1

(−)

+ 2 β
(+)

r1Y1

(+)

−B2
1

(+)

r1Y1

(+)

> 0,

F84 = −(r1 + r2) < 0,

F85 = J1
Y2

(+)

− 2 β
(+)

r2Y2

(+)

+B1
2

(+)

r2Y2

(+)

< 0,

F88 = 2 β
(+)

(r1M1

(−)

+ r2M̄−M1

(−)

)− (D̄ −B2
1)︸ ︷︷ ︸

(+)

r2M̄−M1

(−)

−B2
1

(+)

r1M1

(−)

< 0

(3.30)–(3.37) ,

, ,

3.6

,

Asada (2004)

,

ci = 0.8, τi = 0.2, T0i = 10, C01 = 20, C02 = 40,

G01 = 50, G02 = 60, M̄ = 600, Ȳi = 500, D̄ = 2, αi = 1, β = 5, γi = 0.35

, LM , ,

ri = 15
√
Yi −Mi, (3.42)

Ii = 20
√

Yi − 0.3Ki − ri, (3.43)

J1 = −0.3Y1 + 0.3Y2 (3.44)

,

, 8

Ẏ1 =70− 0.3K1 +M1 + 0.35(500− Y1) + 5
√
Y1 − 1.3Y1

+ 0.8[10 + (−θ1 +B1 −B2
1)(−M1 + 15

√
Y1) + Y1

− 0.2{(−θ1 +B1 −B2
1)(−M1 + 15

√
Y1) + Y1 + (2−B2

1)(−600 +M1 + 15
√
Y2)}

+ (2−B2
1)(−600 +M1 + 15

√
Y2)] + 0.3Y2, (3.45)



56 3

K̇1 =− 0.3K1 +M1 + 5
√
Y1, (3.46)

Ḃ1 =60 +B1(−M1 + 15
√
Y1) + 0.35(500− Y1)− 0.2{(−θ1 +B1 −B2

1)(−M1 + 15
√
Y1)

+ Y1 + (2−B2
1)(−600 +M1 + 15

√
Y2)}, (3.47)

Ḃ2
1 =5(600− 2M1 + 15

√
Y1 − 15

√
Y2), (3.48)

Ẏ2 =700− 0.3K2 −M1 + 0.3Y1 + 0.35(500− Y2) + 5
√

Y2 − 1.3Y2

+ 0.8{10 +B2
1(−M1 + 15

√
Y1) + (−2− θ2 +B2

1 +B2)(−600 +M1 + 15
√
Y2) + Y2

− 0.2(B2
1(−M1 + 15

√
Y1) + (−2− θ2 +B2

1 +B2)(−600 +M1 + 15
√
Y2) + Y2)},

(3.49)

K̇2 =600− 0.3K2 −M1 + 5
√
Y2, (3.50)

Ḃ2 =70 +B2(−600 +M1 + 15
√
Y2) + 0.35(500− Y2)− 0.2{B2

1(−M1 + 15
√
Y1)

+ (−2− θ2 +B2
1 +B2)(−600 +M1 + 15

√
Y2) + Y2}, (3.51)

Ṁ1 =−B2
1(−M1 + 15

√
Y1)− 0.3Y1 + 10(600− 2M1 + 15

√
Y1 − 15

√
Y2

+ (2−B2
1)(−600 +M1 + 15

√
Y2) + 0.3Y2 (3.52)

(3.45) - (3.52) θ1, θ2

θ1, θ2 , (3.45) - (3.52)

Y1(0) = 230,K1(0) = 1200, B1(0) = 3, B2
1(0) = 0.8,

Y2(0) = 300,K2(0) = 1300, B2(0) = 2,M1(0) = 270

3.6– 3.8 3.6 ,

, (θ1 = 0, θ2 = 0) Y1, Y2

, ,

, 2 (θ1 = 0, θ2 = 0.5), 3.7

, , , 3.8

, (θ1 = 0.5, θ2 = 0),

, , TARGET2

, TARGET2
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TARGET2 , ,
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3.8: 1

TARGET2

, TARGET2

,

, ,

,

,

,

Goldstein and Razin (2013)

, (

, ) ,

,

, ,

, ,

Baldwin and Wyplosz (2015)

, ECB ,
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ECB TARGET2

TARGET2 , ISA

, TARGET2 ,

, 2

,

,

ECB ,

TARGET2

Cour-Thimann (2014) TARGET2 ,

,

, ,

,

,

, ,

,

, , TARGET2

, ,

, ,

, ,

Cour-Thimann (2014) ,

,

, ,

,

,

,

Baldwin and Wyplosz (2015) ,
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ルクセンブルク

マルタ

スロバキア

ドイツ

フィンランド

ベルギー

デンマーク

エストニア

ポーランド

スウェーデン

アイルランド

スペイン

オーストリア

リトアニア

スロベニア

ポルトガル

フランス

オランダ

ハンガリー

ラトビア

チェコ

ルーマニア

イタリア

ブルガリア

イギリス

キプロス

ギリシャ

0% 25% 50% 75% 100%

はい いいえ 分からない

EU市民と感じるか?

キプロス

ルクセンブルク

ベルギー

ドイツ

スロベニア

スロバキア

スペイン

オランダ

ポルトガル

ブルガリア

アイルランド

ギリシャ

フランス

マルタ

ルーマニア

イタリア

ポーランド

デンマーク

ラトビア

チェコ

オーストリア

フィンランド

エストニア

スウェーデン

リトアニア

ハンガリー

イギリス

0% 25% 50% 75% 100%

はい いいえ 分からない

危機に対してユーロ圏の協力強化は効果的か?

: : “QD 2.1. For each of the following statements, please tell me to what extent it

corresponds or not to your own opinion. You feel you are a citizen of the EU.”

: “QC 5.3. A range of measures to tackle the current financial and economic

crisis is being discussed in the European institutions. For each, could you tell me whether

you think it would be effective or not? A stronger coordination of economic and financial

policies among the countries of the euro area.”

: : European Commission (2013a) p.5, : European Commission (2013b) p.T143

3.9: (2013 )

3.9 EU EU 13)

EU , 50

60 , 3.9

13) , EU

, EU , EU ,

,
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,

EU

, , EU

EU ,

EU ,

, ECB

, TARGET2

, TARGET2

,

TARGET2

3.8

TARGET2 , TARGET2

,

TARGET2 , ,

TARGET2

, TARGET2

, TARGET2

,

, TARGET ,

TARGET2 ,

Sinn and Wollmershaeuser (2011) , TARGET2

,

, TARGET2

, TARGET2 GIPS

, , TARGET2 2012

OMT
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Draghi , TARGET2 ,

, ECB

, ISA ,

, TARGET2 ISA

TARGET2 1 1 ,

GIPS ISA

2011 2012 ,

TARGET2 ECB

, ECB ECB

TARGET ,

TARGET

, TARGET2

,

,

,

TARGET2 ,

,

,

, , , OMT ECB

, ECB

TARGET2 ,
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3.A

, ECB ,

ECB ,

, TARGET2 ,

TARGET2

(ISA: Interdistrict Settlement

Accounts)

, 1930

, TARGET2 ,

3.A.1 Gold Settlement Fund

1914 , GSF (Gold Settlement

Fund) , 12

,

, ,

1929 1933 , ,

, Rockoff (2003)

, ,

,

3.10 1926 1933

1929 1933

,

,

(Fed: Federal Reserve System)

, 1930 12 11 2

1 Bank of United States ,

,
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: , ,

: Rockoff (2003)

3.10:

,

,

Hoover 1932 1

(RFC: Reconstruction Finance Corporation)

, , , 1932 2 27

(Glass-Steagall Act of February 27, 1932) ,

,

RFC 1932 7 RFC 8

RFC

, RFC 1933 3

4 , Roosevelt , 3 9 (Emergency Banking Act)

3 6 9 ,

, RFC ,
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, GIPS

, TARGET2

, GSF , ,

14)

3.A.2 Interdistrict Settlement Accounts

1930 , GSF ISA

3.2 ISA 1970

2008 , , ISA

, ISA , 2008

, ISA (Bertola, Driffill, James,

Sinn, Sturm and Valentinyi (2013))

TARGET2 ISA 1 1

, TARGET2 ,

, ISA

(Cour-Thimann (2014)) ,

, ISA ,

TARGET2

, (Wolman (2013))

, TARGET2 ISA

3.11 2008 ISA , 2008

ISA , ISA

, ISA Wolman (2013) 2008

ISA 5

1 2008 9 2009 3 ISA

, ,

2008 10 2.7 ISA , 12

14) Bordo (2014) , TARGET2
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100,000

200,000

300,000
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(100万ドル)

: Federal Reserve Economic Data

3.11: Ineterdistrict Settlement Accounts

2 FRB ECB

2008 9 18 620 , 12 10

5830 2009 3 11 3140

ISA

2 2009 3 2009

ISA ISA

(LSAP: Large Scale Asset Purchases) , ISA

3 2010 2012 4 1 ,

ISA , ISA

2 LSAP

ISA , ISA

2012 1 3.7

ISA , 1.5 ISA

1 1 ISA , 2011
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, ,

ISA

4 2012 4 2012 ,

QE2 , 2012 9

QE3

5 2013 ISA

, ISA 3 LSAP

, LSAP 2014 4

, 2014 ISA

4 , 2013 12 QE3

ISA , ISA

ISA 1 1

1 , Cour-Thimann (2014) ,

TARGET , 2013

ISA 7.5 , TARGET 5.7

TARGET ,

, ,

, TARGET

TARGET ,

,

, Sinn and Wollmershaeuser (2011) TARGET , TARGET2

ISA , ISA 1 1 ,

, GIPS

TARGET2 ,

TARGET2 , GSF

, GIPS

, ISA 2011 2012 ,

TARGET2 ISA
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,

3.B TARGET2

3.3 , TARGET2 2014 ,

2012 , (APP: Asset Purchase

Programme) (PSPP: Public Sector Purchase Programme)

APP ,

European Central Bank (2017) , APP

80% , 50% ( )

, TARGET2

, TARGET , TARGET

, TARGET2

, European Central Bank (2017) TARGET2 TARGET2

APP TARGET2

TARGET2

, APP TARGET2 , APP

TARGET2 , TARGET2

TARGET2

, TARGET2 Sinn and Wollmer-

shaeuser (2011) , APP
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4

4.1

,

, ECB (SMP: Security Market Programme)

(VLTRO: Very Long Term Refinancing Operations), (OMT:

Outright Monetary Transaction) ,

,

, , , ,

ECB ,

, (QE: Quantitative Easing)

ECB 2014 6 ,

(TLTLO: Targeted Long Term Refinancing

Operations) 2015 3 QE

(PSPP: Public Sector Purchase Programme) (APP:

Asset Purchase Programme) ECB

(2016)
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, , ECB ,

QE , QE

, QE

, ECB QE ,

, QE ECB ,

ECB QE ,

2 2 , ECB

QE ,

3 , QE QE

, 4 , ECB QE 5 ,

2 6 , 5

7 , 5 8

ECB QE QE

, QE 9

4.2 ECB

4.2.1

, ECB SMP

VLTRO, OMT , ,

, ,

, , , , ,

,

ECB ECB ,

QE

,

,

, , ,

, ECB
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,

,

, , ,

,

, QE ,

,

,

, , 1)

, ,

,

,

, ,

, ,

,

,

, ,

, ,

(2015) 2)

,

, ,

,

,

,

,

, ,

,

1) (2015) 303
2) (2015) 273-275
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,

,

, , ,

, (FRB: Federal reserve Bank) (MBS: Mortgage

Backed Securities) , (ETF: Exchange Traded Funds)

(REIT: Real Estate Investment Trust)

,

, , QE

ECB FRB ,

2014 6 , , TLTRO,

QE PSPP APP , APP

4.2.2 APP

PSPP , (PSAPP: Private Sector Asset Purchase

Programme) PSAPP (ABSPP: Asset Backed

Securities Purchase Programme) (CBPP3: Covered Bond

Purchase Programme)

TLTRO ECB

, ABSPP , 2014 11 21

ABS ABS

, ,

ABS ,

, CBPP , (MFIs: Monetary Financial Institutions)

(CB: Covered Bond)

2014 10 20 CBPP3 TLTRO ABS

CBPP3 , CB

, ,
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(100万ユーロ)

: ECB Statistical Data Warehouse

4.1: ECB (2005 1 –2017 6 )

, ,

ECB , QE

, QE

, ,

, ,

ECB ABS CB 5 , QE

4.1 ECB

, 2014

ECB ,

, ECB APP APP PSAPP PSPP

, 2015 1 22 , 600

(European Central Bank (2015a))3)

3) PSAPP PSPP
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0

500,000

1,000,000

1,500,000

2,000,000

2014 2015 2016 2017

CBPP
CBPP2
CBPP3
SMP
ABSPP
PSPP
CSPP

(100万ユーロ)

: ECB Statistical Data Warehouse

4.2: APP (2014 1 –2017 6 )

2016 9 ,

2 , 2016 3

800 , 12 600 2017 12

PSPP EU ,

, , PSPP QE

, ABS CB 4.2 APP

ABSPP ABS 2015 11 150 , CBPP3

CB 1380 , PSPP

4490 , ABS CB

4.2 , PSPP APP , 4.1

, PSPP ECB

, PSPP

, ECB ,
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QE ,

, , BEI 2015 1 1.5%

7 1.85%

4.3 QE

2 ECB QE QE

, QE , QE ,

4.3.1 QE

QE , (1) QE , (2)

, (3) QE ,

, ,

, (2015)

QE , QE

4) ,

, ,

,

Gaĺı (2014)

,

, ,

,

, ,

,

Gaĺı (2014) ,

,

4) (2015) 177
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,

,

, ECB QE Gaĺı (2014)

, ,

, QE

, QE

,

,

, Eggertsson, Ferrero and Raffo (2014)

, ,

, QE ,

,

, , QE

Gros (2015) QE

, QE , QE

, QE ,

, 2014 ,

ECB FRB ,

, QE , Gros, Alcidi and De

Groen (2015) , 2001 3 2006 3 QE , QE

, , 2001

QE , ECB QE

, 2000 QE

, QE ,

,

QE , QE ,
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FRB QE 5) , QE

,

, QE

4.3.2 QE

QE QE

ECB , ECB ,

ECB ,

, ,

,

QE , De Grauwe and Ji (2015) ,

, ECB QE ECB

QE , ECB ECB

, ECB

,

, ,

ECB ,

, ECB

, ECB

, ,

, De Grauwe and Ji (2015) Juste retour

ECB ,

ECB

ECB

, PSPP ,

, 4.11 , QE ECB FRB

, 2012

, QE QE

5) , 4.A
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, ECB QE , QE

,

ECB , 2 , ECB

, ECB

QE 2000

QE , QE

, QE

,

, ECB QE

, , ,

, , , ,

, Gros (2015) Gros, Alcidi and De Groen (2015)

QE

4.4 ECB QE

3 , ,

,

,

QE

,

1990

, ,

,

, ,

, ,

( ) ,

2013 , ,
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, HICP 2013 10

, QE

, HICP 0% HICP

, 1%

Fisher (1933) (Debt Deflation)

Fisher (1933) ,

, 6)

, ,

,

,

Eggertsson and Krugman (2012) Fisher (1933) Minsky

(1986) ,

, ,

,

, , (Deleveraging Shock)

7) ,

, ,

(TSCG: Treaty on Stability, Coordination and Governance in the

Economic and Monetary Union) ,

, ,

,

,

ECB 2% , 2% ,

6) Fisher (1933) p.344
7) Minsky (1986) p.38 ( 44 )
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, 2014

ECB QE

, QE 2015 1 ,

,

, ,

, , ,

, ,

, ,

, ,

, Draghi IMF

,

,

,

, ( ) 8)

, QE

QE

, ECB

, QE

,

8) Draghi (2015)
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4.5 2

2 QE

3

, 3 ,

3

,

E = Ee = Ē = 1 (4.1)

, E , Ee

, 1

, ,

p1 = p2 = 1 (4.2)

(pi) ,

,

(1)

Bi = Bi
i +Bj

i + θi, (4.3)

Ḃi = Ḃi
i +

˙
Bj

i + θ̇i, (4.4)

J1 + J2 = 0, (4.5)

Q1 +Q2 = 0, (4.6)

A1 +A2 = 0, (4.7)

Ai = Ji +Qi, (4.8)

M = M1 +M2, (4.9)

Ṁ = θ̇1 + θ̇2, (4.10)

Ṁi = θ̇i +Ai, (4.11)

θ̇i + Ḃi = Gi +Biri − Ti (4.12)

(2)

Ẏi = αi[Ci + Ii +Gi + Ji − Yi] ; αi > 0, (4.13)

Ci = ci(Yi + riB
i
i + rjB

i
j − Ti) + C0i ; 0 < ci < 1, C0i ≥ 0, (4.14)

Ti = τi(Yi + riB
i
i + rjB

i
j)− T0i ; 0 < τi < 1, T0i ≥ 0, (4.15)
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Ii = Ii(Yi,Ki, ri) ; I
i
Y i =

∂Ii
∂Yi

> 0, IiKi
=

∂Ii
∂Ki

< 0, Iiri =
∂Ii
∂ri

< 0, (4.16)

Gi = G0i + γi(Ȳi − Yi) ; γi > 0, (4.17)

Mi = Li(Yi, ri) ;
∂Li

∂Yi
> 0, Li

ri =
∂Li

∂ri
< 0, (4.18)

Ji = Ji(Yi, Yj) ; J
1
Yi

=
∂Ji
∂Yi

< 0, J i
Yj

=
∂Ji
∂Yj

> 0, (4.19)

K̇i = Ii, (4.20)

Ḃ2
1 = −Ḃ1

2 = β(r1 − r2) ; β > 0, (4.21)

B2
1 +B1

2 = D̄, (4.22)

Q1 = Ḃ2
1 − Ḃ1

2 + r2B
1
2 − r1B

2
1

= β(r1 − r2)− β(r2 − r1) + r2B
1
2 − r1B

2
1

= 2β(r1 − r2) + r2B
1
2 − r1B

2
1 (4.23)

, i, j (i = 1, 2, j = 1, 2 (i �= j)) ,

Yi ; Ci ; Ii ; Gi

; Ȳi (

); Ti ; T0i ( ); Bi

; Bi
i i i ; Bj

i j

i ; M ; Mi i ; ri

; Ki ; Ji ; Qi ; Ai

; ( ) (4.3) i

, i (4.4) i

(4.5), (4.6), (4.7) ,

, , , ,

, (4.8) i

(4.9)

(4.10)

θi i (4.11) 1

( ) 1 ( ) (4.12)

(4.13) αi

(4.14) (4.15)

τi (4.16)

(4.17) γi γi
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, (4.18) LM

(4.19) i (4.20) i

(4.21) 1 2 (4.22)

2 (4.23)

1 β

βi , β

, , ri (4.18) LM

ri = ri(Yi,Mi) ; r
i
Y i =

∂ri
∂Y i

= −Li
Yi

Li
ri

> 0, riMi =
∂ri
∂Mi

=
1

Li
ri

< 0 (4.24)

,

4.1.

θ̇1 = θ̇2 = 0 (4.25)

M̄ = M1 +M2 (4.26)

, (4.10), (4.11), (4.12)

Ṁ = 0 (4.27)

Ṁi = Ai (4.28)

Ḃi = Gi +Biri − Ti (4.29)

G0i, τi, M̄

, 8

Ẏ1 =α1[{c1(1− τ1)− 1}Y1

+ c1(1− τ1){(B1 − θ1 −B2
1)r1(Y1,M1) + (D̄ −B2

1)r2(Y2, M̄ −M1)}
+ c1T01 + C01 +G01 + γ1(Ȳ1 − Y1) + I1(Y1,K1, r1(Y1,M1)) + J1(Y1, Y2)]

=F1(Y1,K1, B1, B
2
1 , Y2,M1;α1, γ1, θ1), (4.30)

K̇1 =I1(Y1,K1, r1(Y1,M1)) = F2(Y1,K1,M1), (4.31)

Ḃ1 =G01 + γ1(Ȳ1 − Y1) +B1r1(Y1,M1)

− τ1{Y1 + (B1 − θ1 −B2
1)r1(Y1,M1) + (D̄ −B2

1)r2(Y2, M̄ −M1)}+ T01

=F3(Y1, B1, B
2
1 , Y2,M1; γ1, θ1), (4.32)

Ḃ2
1 =β{r1(Y1,M1)− r2(Y2, M̄ −M1)}
=F4(Y1, Y2,M1;β), (4.33)
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Ẏ2 =α2[{c2(1− τ2)− 1}Y2

+ c2(1− τ2){(B2 − θ2 − (D̄ −B2
1))r2(Y2, M̄ −M1) +B2

1r1(Y1,M1)}
+ c2T02 + C02 +G02 + γ2(Ȳ2 − Y2) + I2(Y2,K2, r2(Y2, M̄ −M1))− J1(Y1, Y2)]

=F5(Y1, B
2
1 , Y2,K2, B2,M1;α2, γ2, θ2), (4.34)

K̇2 =I2(Y2,K2, r2(Y1,M1)) = F6(Y2,K2,M1), (4.35)

Ḃ2 =G02 + γ2(Ȳ2 − Y2) +B2r2(Y2, M̄ −M1)

− τ2{Y2 + (B2 − θ2 − (D̄ −B2
1))r2(Y2, M̄ −M1) +B2

1r1(Y1,M1)}+ T02

=F7(Y1, B
2
1 , Y2, B2,M1; γ2, θ2), (4.36)

Ṁ1 =J1(Y1, Y2) + 2β{r1(Y1,M1)− r2(Y2, M̄ −M1)}+ (D̄ −B2
1)r2(Y2, M̄ −M1)

−B2
1r1(Y1,M1)

=F8(Y1, B
2
1 , Y2,M1;β) (4.37)

3 ,

4.6

(Y ∗
1 , K

∗
1 , B

∗
1 , B

2∗
1 , Y ∗

2 , K
∗
2 , B

∗
2 , M

∗
1 ) > (0, 0, 0, 0, 0, 0, 0, 0)

,

4.2.

ri > 0

(4.30)–(4.37)

J =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

F11 F12 F13 F14 F15 0 0 F18

F21 F22 0 0 0 0 0 F28

F31 0 F33 F34 F35 0 0 F38

F41 0 0 0 F45 0 0 F48

F51 0 0 F54 F55 F56 F57 F58

0 0 0 0 F65 F66 0 F68

F71 0 0 F74 F75 0 F77 F78

F81 0 0 F84 F85 0 0 F88

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
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=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

α1Φ11 α1Φ12 α1Φ13 α1Φ14 α1Φ15 0 0 α1Φ18

F21 Φ12 0 0 0 0 0 F28

F31 0 F33 F34 F35 0 0 F38

F41 0 0 0 F45 0 0 F48

α2Φ51 0 0 α2Φ54 α2Φ55 α2Φ56 α2Φ57 α2Φ58

0 0 0 0 F65 Φ56 0 F68

F71 0 0 F74 F75 0 F77 F78

F81 0 0 F84 F85 0 0 F88

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

; (4.38)

Φ11 = {c1(1− τ1)− 1}︸ ︷︷ ︸
(−)

+ c1(1− τ1)︸ ︷︷ ︸
(+)

(B1 − θ1 −B2
1)︸ ︷︷ ︸

(+)

r1Y1

(+)

− γ1
(+)

+ I1Y1

(+)

+ I1r1
(−)

r1Y1

(+)

+ J1
Y1

(−)

,

Φ12 = I1K1

(−)

< 0,

Φ13 = c1(1− τ1)︸ ︷︷ ︸
(+)

r1 > 0,

Φ14 = − c1(1− τ1)︸ ︷︷ ︸
(+)

(r1 + r2) < 0,

Φ15 = c1(1− τ1)︸ ︷︷ ︸
(+)

(D̄ −B2
1)︸ ︷︷ ︸

(+)

r2Y2

(+)

+ J1
Y2

(+)

> 0,

Φ18 = c1(1− τ1)︸ ︷︷ ︸
(+)

{(B1 − θ1 −B2
1)︸ ︷︷ ︸

(+)

r1M1

(−)

− (D̄ −B2
1)︸ ︷︷ ︸

(+)

r2M̄−M1

(−)

}+ I1r1
(−)

r1M1

(−)

> 0,

F21 = I1Y1

(+)

> 0,

F28 = I1r1
(−)

r1M1

(−)

> 0,

F31 = −γ1
(+)

+ B1
(+)

r1Y1

(+)

− τ1
(+)

{1 + (B1 − θ1 −B2
1)r

1
Y1
}︸ ︷︷ ︸

(+)

,

F33 = (1− τ1)︸ ︷︷ ︸
(+)

r1 > 0,

F34 = τ1
(+)

(r1 + r2) > 0,

F35 = − τ1
(+)

(D̄ −B2
1)︸ ︷︷ ︸

(+)

r2Y2

(+)

< 0,

F38 = B1
(+)

r1M1

(−)

− τ1
(+)

{(B1 − θ1 −B2
1)︸ ︷︷ ︸

(+)

r1M1

(−)

− (D̄ −B2
1)︸ ︷︷ ︸

(+)

r2M̄−M1

(−)

} < 0,

F41 = β
(+)

r1Y1

(+)

> 0,



86 4

F45 = − β
(+)

r2Y2

(+)

< 0,

F48 = β
(+)

(r1M1

(−)

+ r2M̄−M1

(−)

) < 0,

Φ51 = c2(1− τ2)︸ ︷︷ ︸
(+)

B2
1

(+)

r1Y1

(+)

− J1
Y1

(−)

> 0,

Φ54 = c2(1− τ2)︸ ︷︷ ︸
(+)

(r1 + r2) > 0,

Φ55 = {c2(1− τ2)− 1}︸ ︷︷ ︸
(−)

+ c2(1− τ2)︸ ︷︷ ︸
(+)

(B2 − θ2 − (D̄ −B2
1))︸ ︷︷ ︸

(+)

r2Y2

(+)

− γ2
(+)

+ I2Y2

(+)

+ I2r2
(−)

r2Y2

(+)

− J1
Y2

(+)

,

Φ56 = I2K2

(−)

< 0,

Φ57 = c2(1− τ2)︸ ︷︷ ︸
(+)

r2 > 0,

Φ58 = − c2(1− τ2)︸ ︷︷ ︸
(+)

{(B2 − θ2 − (D̄ −B2
1))︸ ︷︷ ︸

(+)

r2M̄−M1

(−)

−B2
1

(+)

r1M1

(−)

} − I2r2
(−)

r2M̄−M1

(−)

< 0,

F65 = I2Y2

(+)

> 0,

F68 = I2r2
(−)

r2M̄−M1

(−)

> 0,

F71 = − τ2
(+)

B2
1

(+)

r1Y1

(+)

< 0,

F74 = − τ2
(+)

(r1 + r2) < 0,

F75 = −γ2
(+)

+ B2
(+)

r2Y2

(+)

− τ2
(+)

{1 + (B2 − θ2 − (D̄ −B2
1))r

2
Y2
}︸ ︷︷ ︸

(+)

,

F77 = (1− τ2)︸ ︷︷ ︸
(+)

r2 > 0,

F78 = −B2
(+)

r2M̄−M1

(−)

+ τ2
(+)

{(B2 − θ2 − (D̄ −B2
1))︸ ︷︷ ︸

(+)

r2M̄−M1

(−)

+B2
1

(+)

r1M1

(−)

> 0},

F81 = J1
Y1

(−)

+ 2 β
(+)

r1Y1

(+)

−B2
1

(+)

r1Y1

(+)

> 0,

F84 = −(r1 + r2) < 0,

F85 = J1
Y2

(+)

− 2 β
(+)

r2Y2

(+)

+B1
2

(+)

r2Y2

(+)

< 0,

F88 = 2 β
(+)

(r1M1

(−)

+ r2M̄−M1

(−)

)− (D̄ −B2
1)︸ ︷︷ ︸

(+)

r2M̄−M1

(−)

−B2
1

(+)

r1M1

(−)

< 0

(4.30)–(4.37) ,

, , 3
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4.7

,

,

ci = 0.8, τi = 0.2, T0i = 10, C01 = 20, C02 = 40,

G01 = 50, G02 = 60, M̄ = 600, Ȳi = 500, D̄ = 2, αi = 1, β = 5

, LM , ,

ri = 15
√
Yi −Mi, (4.39)

Ii = 20
√

Yi − 0.3Ki − ri, (4.40)

J1 = −0.35Y1 + 0.25Y2 (4.41)

, 8

Ẏ1 =70− 0.3K1 +M1 + γ1(500− Y1) + 5
√
Y1 − 1.3Y1

+ 0.8[10 + (−θ1 +B1 −B2
1)(−M1 + 15

√
Y1) + Y1

− 0.2{(−θ1 +B1 −B2
1)(−M1 + 15

√
Y1) + Y1 + (2−B2

1)(−600 +M1 + 15
√
Y2)}

+ (2−B2
1)(−600 +M1 + 15

√
Y2)] + 0.3Y2, (4.42)

K̇1 =− 0.3K1 +M1 + 5
√
Y1, (4.43)

Ḃ1 =60 +B1(−M1 + 15
√
Y1) + γ1(500− Y1)− 0.2{(−θ1 +B1 −B2

1)(−M1 + 15
√
Y1)

+ Y1 + (2−B2
1)(−600 +M1 + 15

√
Y2)}, (4.44)

Ḃ2
1 =5(600− 2M1 + 15

√
Y1 − 15

√
Y2), (4.45)

Ẏ2 =700− 0.3K2 −M1 + 0.3Y1 + γ2(500− Y2) + 5
√

Y2 − 1.3Y2

+ 0.8{10 +B2
1(−M1 + 15

√
Y1) + (−2− θ2 +B2

1 +B2)(−600 +M1 + 15
√
Y2) + Y2

− 0.2(B2
1(−M1 + 15

√
Y1) + (−2− θ2 +B2

1 +B2)(−600 +M1 + 15
√
Y2) + Y2)},

(4.46)

K̇2 =600− 0.3K2 −M1 + 5
√
Y2, (4.47)

Ḃ2 =70 +B2(−600 +M1 + 15
√
Y2) + γ2(500− Y2)− 0.2{B2

1(−M1 + 15
√
Y1)

+ (−2− θ2 +B2
1 +B2)(−600 +M1 + 15

√
Y2) + Y2}, (4.48)

Ṁ1 =−B2
1(−M1 + 15

√
Y1)− 0.3Y1 + 10(600− 2M1 + 15

√
Y1 − 15

√
Y2

+ (2−B2
1)(−600 +M1 + 15

√
Y2) + 0.3Y2 (4.49)

(4.42) - (4.49) γ1, γ2, θ1, θ2

γ1, γ2, θ1, θ2 , (4.42) - (4.49)
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Y1(0) = 230,K1(0) = 1190, B1(0) = 3, B2
1(0) = 0.8,

Y2(0) = 320,K2(0) = 1360, B2(0) = 2,M1(0) = 270

4.3– 4.8 4.3 , γ1 = 0.4, γ2 = 0.4

, (θ1 = 0, θ2 = 0) Y1, Y2

, ,

, 1 QE

(θ1 = 0.5, θ2 = 0), 4.4 , ,

,

, 4.5 , 2 QE ,

, ,

,

OMT , OMT

, 4.6 QE , 1 QE

θi Belke, Domnick and

Gros (2016) ,

, 4.6

ECB

, 4.7 , 4.3– 4.6

γi ,

, ,

, , QE

, 4.8 , ,

4.1 4.3– 4.8

3 1 , QE , 2

, QE , QE

,

, Belke, Domnick and Gros (2016) 3
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4.5: 2 QE
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0 100 200 300 400 500

240
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4.7:

0 100 200 300 400 500

250
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350
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: θ1 = 0.3, θ2 = 0.3, γ1 = 0.5, γ2 = 0.5

4.8: QE

4.8 ECB QE

ECB QE 1 , ECB QE

ECB QE , (1) , (2) , (3)

,
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4.1:

Y ∗
1 Y ∗

2

4.3 (θ1 = 0, θ2 = 0, γ1 = 0.35, γ2 = 0.35) 238.841 324.122

4.4 (θ1 = 0.5, θ2 = 0, γ1 = 0.35, γ2 = 0.35) 283.441 333.878

4.5 θ1 = 0, θ2 = 0.9, γ1 = 0.35, γ2 = 0.35) 249.724 398.124

4.6 (θ1 = 0.3, θ2 = 0.3, γ1 = 0.35, γ2 = 0.35) 268.641 357.142

4.7 (θ1 = 0, θ2 = 0, γ1 = 0.5, γ2 = 0.5) 262.698 343.968

4.8 (θ1 = 0.3, θ2 = 0.3, γ1 = 0.5, γ2 = 0.5) 285.081 368.589

, ,

, 100

, 2014 6

, 100

, 100

, 100

,

QE

, 2015

QE

,

, QE ECB

, , ,

, QE

, QE

, CSPP 2016 6 , 2017 2 2%

,

, ECB
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2

4

6

8

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

ドイツ
アイルランド
イタリア

ポルトガル
スペイン
ユーロ圏

(%)

: 2010 6

,

: ECB Statistical Data Warehouse

4.9: (100 ) (2005 1 –2017 5 )

(European Central Bank (2015b)) QE , APP

, 50% 40%

, 6

, Draghi ,

, 2015 12 QE

, ECB

, ,

, ECB QE , QE

4.11 ECB, , FRB ,

QE , ,

4.12 , FRB

, ,

,
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2

4

6

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

ドイツ
アイルランド
イタリア

ポルトガル
スペイン
ユーロ圏

(%)

: 2010 6

,

: ECB Statistical Data Warehouse

4.10: (100 ) (2005 1 –2017 5 )

, ,

,

, , ,

,

, ,

, , QE , HICP 0

, QE ECB

2015 12 QE , QE

, QE ,

ECB ECB QE

,

, ECB QE



4.9 95

100
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2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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: 2007 1 100

: ECB Statistical Data Warehouse, Federal Reserve Economic Data,

4.11: (2007 1 2017 6 )

,

, ECB QE

, , 4.11

, FRB , ECB

, ECB QE

4.9

, ECB , QE ,

QE QE QE

, QE ,

, QE

,
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130

140

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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日本

: 2007 Q1 100

: BIS

4.12: (2007 1 2017 5 )

,

QE ,

,

, , 20

,

, ,

,

,

,

, ,

, ECB ,

ECB QE

ECB , ,
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, , QE ABS CB

, , ,

, ,

, ,

ECB QE ,

2 , ECB QE ,

,

,

2 OMT

, QE ,

,

, QE

, ,
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4.A

2007 2009 ,

, 4.11

, 2012

9) 4.12 ,

,

,

,

, 2013 3

(QQE: Quantitative and Qualitative Easing)

QE ,

4.13 2013 4 QQE

, , ,

Gros (2015) , 2015 6

,

, 4.14 QQE

,

, , QQE ,

QQE ,

,

QQE QQE ,

10) , QE

9) (2013)
10) , 2%

,
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1.5

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

長期利子率
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480,000

500,000

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

銀行貸出

(10億円)

: ,

4.13: (2010 1 2017 6 )
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63

64

65

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

就業者数

(100万人)

3

4

5

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

失業率

(%)

:

4.14: (2008 1 2017 5 )
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5

5.1

2010 ECB LTRO OMT

,

,

, ,

,

, ,

Kenen (1969)

, Krugman

(2013)

De Grauwe (2016)

,

,

,

Nakao (2017)
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, 2015 2 (Capital Markets Union)

, ,

,

,

, ,

,

, 2 2

,

Mundell (1968) Fleming (1962)

1) ,

, ,

2 (1994)

2

(1997)

, Kaldor (1940)

(2016b) 3

Asada (2004) 5

Asada, Chiarella, Flaschel and Franke (2003)

Keynes-Metzler-Goodwin 2

, 2

, De Grauwe and Ji (2016) , ,

,

1) , (2016a)

Romer (2006)
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,

,

,

,

, (2016b) 3 ,

Asada (2004) 5

2 ,

, 2

,

2 , 3

3 , 2

4 , 5 ,

6 , 5 7

, 5 2 8 , 7

9 ,

10

5.2 2 :

, 3

(2016b) , 2

,

E = Ee = Ē = 1 (5.1)

, E , Ee

, 1

,
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(1)

Ẏi = αi[Ci + Ii +Gi + Ji − Yi] ; αi > 0, (5.2)

Ci = ci(Yi − Ti) + C0i ; 0 < ci < 1, C0i ≥ 0, (5.3)

Ti = τiYi − T0i ; 0 < τi < 1, T0i ≥ 0, (5.4)

Ii = Ii(Yi, ri) ; I
i
Y i =

∂Ii
∂Yi

> 0, Iiri =
∂Ii
∂ri

< 0, (5.5)

Gi = G0i + γi(Ȳi − Yi) ; γi > 0, (5.6)

Mi = Li(Yi, ri) ;
∂Li

∂Yi
> 0, Li

ri =
∂Li

∂ri
< 0, (5.7)

J1 = J1(Y1, Y2) ; J
1
Y 1 =

∂J1
∂Y1

< 0, J1
Y 2 =

∂J1
∂Y2

> 0, (5.8)

Q1 = β{r1 − r2} ; β > 0 (5.9)

(2)

A1 = J1 +Q1, (5.10)

J1 + J2 = 0, (5.11)

Q1 +Q2 = 0, (5.12)

A1 +A2 = 0, (5.13)

Ṁ1 = A1, (5.14)

M̄ = M1 +M2 (5.15)

, i (i = 1, 2) , Yi

; Ci ; Ii ; Gi ; Ȳi

(

); Ti ; T0i ( ); Mi ; pi

; ri ;2)Ji ; Qi ; Ai

( )

(5.2) αi (5.3)

(5.4) (5.5)

(5.6) γi

γi , (5.7)

LM (5.8) 1 (5.9)

1 β

2) ,

, Tobin 3
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β ,

β , r1 = r2

(5.10) 1 (5.11), (5.12), (5.13) ,

, , , , ,

(5.14) 1 ( )

1 ( ) (5.15)

ECB

, ,

p1 = p2 = 1 (5.16)

,

G0i, τi, M̄

, (5.2)–(5.16) Yi, Ci, Gi, Ti, Ii, ri, Ji, Qi, Ai, Mi, pi(i = 1, 2)

, , ri (5.7) LM

ri = ri(Yi,Mi) ; r
i
Y i =

∂ri
∂Y i

= −Li
Yi

Li
ri

> 0, riMi =
∂ri
∂Mi

=
1

Li
ri

< 0. (5.17)

M̄ , Gi, and τi (i = 1, 2) , (5.3), (5.4), (5.5), (5.6), (5.8), (5.11),

(5.15), (5.16), (5.17) (5.2) , (5.8), (5.9), (5.10), (5.15), (5.16), (5.17)

(5.14) 3

Ẏ1 =α1{c1(1− τ1)Y1 + C01 + c1T01 +G01 + γ1(Ȳ1 − Y1) + I1(Y1, r1(Y1,M1))

+ J1(Y1, Y2)− Y1}
=F1(Y1, Y2,M1;α1, γ1), (5.18)

Ẏ2 =α2{c2(1− τ2)Y2 + C02 + c2T02 +G02 + γ2(Ȳ2 − Y2) + I2(Y2, r2(Y2, M̄ −M1))

− J1(Y1, Y2)− Y2}
=F2(Y1, Y2,M1;α2, γ2), (5.19)

Ṁ1 =J1(Y1, Y2) + β{r1(Y1,M1)− r2(Y2, M̄ −M1)} = F3(Y1, Y2,M1;β) (5.20)

5.3 :

(5.18)–(5.20) (Y ∗
1 , Y

∗
2 ,M

∗
1 )

c1(1− τ1)Y1 + C01 + c1T01 +G01 + γ1(Ȳ1 − Y1) + I1(Y1, r1(Y1,M1)) + J1(Y1, Y2)− Y1 = 0,

(5.21)
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c2(1− τ2)Y2 + C02 + c2T02 +G02 + γ2(Ȳ2 − Y2) + I2(Y2, r2(Y2, M̄ −M1))

− J1(Y1, Y2)− Y2 = 0, (5.22)

J1(Y1, Y2) + β{r1(Y1,M1)− r2(Y2, M̄ −M1)} = 0 (5.23)

β , M1 (5.23)

M1 = M̃1(Y1, Y2, M̄) ; M̃1
Y 1 =

∂M̃1

∂Y1
= −(J1

Y 1
(−)

+ βr1Y 1
(+)

)/β(r1M1
(−)

+ r2M2
(−)

) > 0, (5.24)

M̃1
Y 2 =

∂M̃1

∂Y2
= −(J1

Y 2
(+)

− βr2Y 2
(+)

)/β(r1M1
(−)

+ r2M2
(−)

) < 0,

M̃1
M̄ =

∂M̃1

∂M̄
= r2M̄−M1

(−)

/(r1M1
(−)

+ r2M2
(−)

) > 0

, (5.24) (5.21) (5.22) U1 U2

U1(Y1, Y2) =c1(1− τ1)Y1 + C01 + c1T01 +G01 + γ1(Ȳ1 − Y1) + I1(Y1, r1(Y1, M̃1(Y1, Y2, M̄)))

+ J1(Y1, Y2)− Y1

=0, (5.25)

U2(Y1, Y2) =c2(1− τ2)Y2 + C02 + c2T02 +G02 + γ2(Ȳ2 − Y2)

+ I2(Y2, r2(Y2, M̄ − M̃1(Y1, Y2, M̄)))− J1(Y1, Y2)− Y2

=0 (5.26)

, Ui M1 = M̃1 Y1 Y2

(5.25) (5.26) ,

dY2

dY1

∣∣∣∣
U1=0

= −U11

U12

=

{1− c1(1− τ1)}︸ ︷︷ ︸
(+)

−I1Y 1
(+)

− I1r1
(−)

r1Y 1
(+)

− I1r1
(−)

r1
M̃1
(−)

M̃1
Y 1

(+)
− J1

Y 1
(−)

+ γ1

[I1r1
(−)

r1
M̃1
(−)

M̃1
Y 2

(−)
+ J1

Y 2
(+)

, (5.27)

dY2

dY1

∣∣∣∣
U2=0

= −U21

U22

=

I2r2
(−)

r2
M̃2
(−)

M̃2
Y 1

(−)
− J1

Y 1
(−)

{1− c2(1− τ2)}︸ ︷︷ ︸
(+)

−I2Y 2
(+)

− I2r2
(−)

r2Y 2
(+)

− I2r2
(−)

r2
M̃2
(−)

M̃2
Y 2

(+)
+ J1

Y 2
(+)

+ γ2
; (5.28)
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U11 = ∂U1/∂Y1 = −{1− c1(1− τ1)}+ I1Y 1 + I1r1r
1
Y 1 + I1r1r

1
M1M̃

1
Y 1 + J1

Y 1 − γ1,

U12 = ∂U1/∂Y2 = I1r1r
1
M̃1

M̃1Y 2 + J1
Y 2,

U21 = ∂U2/∂Y1 = −I2r2r
2
M̄−M̃1

M̃1Y 2 − J2
Y 1,

U22 = ∂U2/∂Y2 = −{1− c2(1− τ2)}+ I2Y 2 + I2r2r
2
Y 2 + I2r2rM̄−M̃1

M̃2
Y 2 − J1

Y 2 − γ2

5.1.

{1− c1(1− τ1)}︸ ︷︷ ︸
(+)

−I1Y 1
(+)

− I1r1
(−)

r1Y 1
(+)

− I1r1
(−)

r1
M̃1
(−)

M̃1
Y 1

(+)
− J1

Y 1
(−)

+ γ1 < 0,

{1− c2(1− τ2)}︸ ︷︷ ︸
(+)

−I2Y 2
(+)

− I2r2
(−)

r2Y 2
(+)

− I2r2
(−)

r2
M̃2
(−)

M̃2
Y 2

(+)
+ J1

Y 2
(+)

+ γ2 < 0

5.2.

I1r1
(−)

r1
M̃1
(−)

M̃1
Y 2

(−)
+ J1

Y 2
(+)

< 0,

I2r2
(−)

r2
M̃2
(−)

M̃2
Y 1

(−)
− J1

Y 1
(−)

> 0

5.1.

5.1 (−IiY i)

5.2 1 , 2

, 5.1 5.2

dY2

dY1

∣∣∣∣
U1=0

> 0,

dY2

dY1

∣∣∣∣
U2=0

< 0

(G01, τ1, γ1, G02, τ2, γ2), (M̄)

, 5.1 5.2 , U1(Y1, Y2) = 0 U2(Y1, Y2) = 0 (Y1, Y2)

(Y ∗
1 , Y

∗
2 ) , (Y ∗

1 , Y
∗
2 ) (5.23) 1

M∗
1

5.4 :

, (Y ∗
1 , Y

∗
2 ,M

∗
1 ) > (0, 0, 0) ,

(5.18)–(5.20)
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J =

⎡
⎢⎢⎢⎢⎣

F11 F12 F13

F21 F22 F23

F31 F32 F33

⎤
⎥⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎢⎣

α1Γ11 α1Γ12 α1Γ13

α2Γ21 α2Γ22 α2Γ23

F31(β) F32(β) F33(β)

⎤
⎥⎥⎥⎥⎦ ; (5.29)

Γ11 = −{1− c1(1− τ1)}︸ ︷︷ ︸
(+)

+I1Y 1
(+)

+ I1r1
(−)

r1Y 1
(+)

+ J1
Y 1

(−)

− γ1, Γ12 = J1
Y 2

(+)

> 0, Γ13 = I1r1
(−)

r1M1
(−)

> 0,

Γ21 = −J1
Y 1

(−)

> 0, Γ22 = −{1− c2(1− τ2)}︸ ︷︷ ︸
(+)

+I2Y 2
(+)

+ I2r2
(−)

r2Y 2
(+)

− J1
Y 2

(+)

− γ2,

Γ23 = −I2r2
(−)

r2M̄−M1
(−)

< 0, F31(β) = J1
Y 1

(−)

+ βr1Y 1
(+)

, F32(β) = J1
Y 2

(+)

− βr2Y 2
(+)

,

F33(β) = β(r1M1
(−)

+ r2M̄−M1
(−)

) < 0

f(λ) = |λI − J | = λ3 + a1λ
2 + a2λ+ a3 = 0 (5.30)

,

a1 = −traceJ = −α1Γ11
(?)

− α2Γ22
(?)

− F33(β)
(−)

= a1(β), (5.31)

a2 = α1α2

∣∣∣∣∣∣∣
Γ11 Γ12

Γ21 Γ22

∣∣∣∣∣∣∣
+ α1

∣∣∣∣∣∣∣
Γ11 Γ13

F31(β) F33(β)

∣∣∣∣∣∣∣
+ α2

∣∣∣∣∣∣∣
Γ22 Γ23

F32(β) F33(β)

∣∣∣∣∣∣∣
= α1α2(Γ11

(?)
Γ22
(?)

− Γ12
(+)

Γ21
(+)

) + α1(Γ11
(?)

F33(β)
(−)

− Γ13
(+)

F31(β)
(?)

) + α2(Γ22
(?)

F33(β)
(−)

− Γ23
(−)

F32(β)
(?)

)

= a2(β), (5.32)

a3 = −detJ

= −

∣∣∣∣∣∣∣∣∣∣

α1Γ11 α1Γ12 α1Γ13

α2Γ21 α2Γ22 α2Γ23

F31(β) F32(β) F33(β)

∣∣∣∣∣∣∣∣∣∣
= α1α2[−Γ11

(?)
Γ22
(?)

F33(β)
(−)

+ Γ11
(?)

F32(β)
(?)

Γ23
(−)

− Γ12
(+)

Γ23
(−)

F31(β)
(?)

+ Γ12
(+)

Γ21
(+)

F33(β)
(−)

− Γ13
(+)

F32(β)
(?)

Γ21
(+)

+ Γ13
(+)

Γ22
(?)

F31(β)
(?)

]

= a3(β), (5.33)

a1a2 − a3 = a1(β)a2(β)− a3(β) (5.34)

Routh-Hurwitz , (5.30)
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3)

a1 > 0, a2 > 0, a3 > 0, a1a2 − a3 > 0 (5.35)

, (5.18)–(5.20)

5.1.

(i) β , γ1 γ2

, (5.18)–(5.20)

(ii) γ1 γ2 , β

, (5.18)–(5.20)

( ) 5.A

5.1

(1997) β

, 5.1

(i) β :

Y1 ↓ J1 ↑ A1 ↑ M1 ↑ r1 ↓ Y1 ↑

r1 ↓ Y1 ↑

(ii) β :

Y1 ↓ r1 ↓ r1 < r2 Q1 ↓ M1 ↓ r1 ↑ Y1 ↓

Y1 ↑

, β Y1

, Y1 r1 r1 Y1 , Y1

J1 , M1

β ,

3) Gandolfo(2009) pp.229-240
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r1 M1 I1 Y1 , β

4)

, β Y1

, Y1 r1 , r2 1 2

Q1 M1 β ,

, M1 r1

r1 I1 , 1

Y1 , r1 Y1

, Y1 , β

, β

, ,

,

,

, γi

,

Ingram (1973)

,

, 5.1

, EU, , ,

, , 2015

2

5)

• , , ;

• EU ,

, 28 ;

4) (1997)

(2016b) , β
5) European Commission (2015) p.5
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5.5 2 :

Kenen (1969)

, De Grauwe (2016) 2

6) 1 ,

, 2

, ,

, (5.6)

,

G1 =G01 + γ1(Ȳ1 − Y1) + μ(Ȳf − Y1) ; γ1 > 0 ; μ > 0, (5.36)

G2 =G02 + γ2(Ȳ2 − Y2)− μ(Ȳf − Y1) ; γ2 > 0 ; μ > 0 (5.37)

, μ

, 1 (Ȳf > Y1)

, 2 ( ) 1 ( )

, 1 2

(5.18)–(5.20) ,

Ẏ1 =α1{c1(1− τ1)Y1 + C01 + c1T01 +G01 + γ1(Ȳ1 − Y1) + μ(Ȳf − Y1) + I1(Y1, r1(Y1,M1))

+ J1(Y1, Y2)− Y1}
=F1(Y1, Y2,M1;α1, γ1, μ), (5.38)

Ẏ2 =α2{c2(1− τ2)Y2 + C02 + c2T02 +G02 + γ2(Ȳ2 − Y2)− μ(Ȳf − Y1)

+ I2(Y2, r2(Y2, M̄ −M1))− J1(Y1, Y2)− Y2}
=F2(Y1, Y2,M1;α2, γ2, μ), (5.39)

Ṁ1 =J1(Y1, Y2) + β{r1(Y1,M1)− r2(Y2, M̄ −M1)} = F3(Y1, Y2,M1;β) (5.40)

Ẏ1 = Ẏ2 = Ṁ1 = 0 (Y ∗
1 , Y

∗
2 ,M

∗
1 ) (5.38)–(5.40)

6) De Grauwe (2016) p.17
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c1(1− τ1)Y1 + C01 + c1T01 +G01 + γ1(Ȳ1 − Y1) + μ(Ȳf − Y1) + I1(Y1, r1(Y1,M1))

+ J1(Y1, Y2)− Y1 = 0, (5.41)

c2(1− τ2)Y2 + C02 + c2T02 +G02 + γ2(Ȳ2 − Y2)− μ(Ȳf − Y1) + I2(Y2, r2(Y2, M̄ −M1))

− J1(Y1, Y2)− Y2 = 0, (5.42)

J1(Y1, Y2) + β{r1(Y1,M1)− r2(Y2, M̄ −M1)} = 0 (5.43)

, 3 (Y ∗
1 , Y

∗
2 ,M

∗
1 )

,

, 5.B

5.6 : 2

(Y ∗
1 , Y

∗
2 ,M

∗
1 ) > (0, 0, 0)

, (5.38)–(5.40)

J =

⎡
⎢⎢⎢⎢⎣

H11 H12 H13

H21 H22 H23

H31 H32 H33

⎤
⎥⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎢⎣

α1Θ11 α1Θ12 α1Θ13

α2Θ21 α2Θ22 α2Θ23

H31(β) H32(β) H33(β)

⎤
⎥⎥⎥⎥⎦ ; (5.44)

Θ11 = −{1− c1(1− τ1)}︸ ︷︷ ︸
(+)

+I1Y 1
(+)

+ I1r1
(−)

r1Y 1
(+)

+ J1
Y 1

(−)

− γ1 − μ, Θ12 = J1
Y 2

(+)

> 0, Θ13 = I1r1
(−)

r1M1
(−)

> 0,

Θ21 = μ− J1
Y 1

(−)

> 0, Θ22 = −{1− c2(1− τ2)}︸ ︷︷ ︸
(+)

+I2Y 2
(+)

+ I2r2
(−)

r2Y 2
(+)

− J1
Y 2

(+)

− γ2,

Θ23 = −I2r2
(−)

r2M̄−M1

(−)

< 0, H31(β) = J1
Y 1

(−)

+ βr1Y 1
(+)

, H32(β) = J1
Y 2

(+)

− βr2Y 2
(+)

,

H33(β) = β(r1M1
(−)

+ r2M̄−M1
(−)

) < 0

f(λ) = |λI − J | = λ3 + b1λ
2 + b2λ+ b3 = 0, (5.45)
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b1 = −traceJ = −α1Θ11
(?)

− α2Θ22
(?)

−H33(β)
(−)

= b1(β), (5.46)

b2 = α1α2

∣∣∣∣∣∣∣
Θ11 Θ12

Θ21 Θ22

∣∣∣∣∣∣∣
+ α1

∣∣∣∣∣∣∣
Θ11 Θ13

H31(β) H33(β)

∣∣∣∣∣∣∣
+ α2

∣∣∣∣∣∣∣
Θ22 Θ23

H32(β) H33(β)

∣∣∣∣∣∣∣
= α1α2(Θ11

(?)
Θ22
(?)

−Θ12
(+)

Θ21
(+)

) + α1(Θ11
(?)

H33(β)
(−)

−Θ13
(+)

H31(β)
(?)

) + α2(Θ22
(?)

H33(β)
(−)

−Θ23
(−)

H32(β)
(?)

)

= b2(β), (5.47)

b3 = −detJ

= −

∣∣∣∣∣∣∣∣∣∣

α1Θ11 α1Θ12 α1Θ13

α2Θ21 α2Θ22 α2Θ23

H31(β) H32(β) H33(β)

∣∣∣∣∣∣∣∣∣∣
= α1α2[−Θ11

(?)
Θ22
(?)

H33(β)
(−)

+Θ11
(?)

H32(β)
(?)

Θ23
(−)

−Θ12
(+)

Θ23
(−)

H31(β)
(?)

+Θ12
(+)

Θ21
(+)

H33(β)
(−)

−Θ13
(+)

H32(β)
(?)

Θ21
(+)

+Θ13
(+)

Θ22
(?)

H31(β)
(?)

]

= b3(β), (5.48)

b1b2 − b3 = b1(β)b2(β)− b3(β) (5.49)

Routh-Hurwitz , (5.45)

b1 > 0, b2 > 0, b3 > 0, b1b2 − b3 > 0 (5.50)

, (5.38)–(5.40)

5.2.

(i) β , γ1 γ2, μ

, (5.38)–(5.40)

(ii) γ1 γ2, μ , β

, (5.38)–(5.40)

( .) 5.C

, 5.2 ,

, γi ,
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, μ ,

,

5.7 : 2

, 5 3

,

5

,

Asada (2004) 5 2 , αi β ,

γi μ 5 2

Ẏ1 =α1{c1(1− τ1)Y1 + C01 + c1T01 +G01 + γ1(Ȳ1 − Y1) + μ(Ȳf − Y1)

+ I1(Y1,K1, r1(Y1,M1)) + J1(Y1, Y2)− Y1}
=V1(Y1,K1, Y2,M1;α1, γ1, μ), (5.51)

K̇1 =I1(Y1,K1, r1(Y1,M1)) = V2(Y1,K1,M1), (5.52)

Ẏ2 =α2{c2(1− τ2)Y2 + C02 + c2T02 +G02 + γ2(Ȳ2 − Y2)− μ(Ȳf − Y1)

+ I2(Y2, r2(Y2, M̄ −M1))− J1(Y1, Y2)− Y2}
=V3(Y1, Y2,K2,M1;α2, γ2, μ), (5.53)

K̇2 =I2(Y2, r2(Y2, M̄ −M1)) = V4(Y2,K2,M1), (5.54)

Ṁ1 =J1(Y1, Y2) + β{r1(Y1,M1)− r2(Y2, M̄ −M1)} = V5(Y1, Y2,M1;β) (5.55)

, Ki i 7)

(5.51)–(5.55) (Y ∗
1 , K

∗
1 , Y

∗
2 , K

∗
2 , M

∗
1 ) , 5.D

(Y ∗
1 , K

∗
1 , Y

∗
2 , K

∗
2 , M

∗
1 ) > (0, 0, 0, 0, 0)

,

7) Ki ,

, (5.9) , 2
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(5.51)–(5.55) 8)

J =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

V11 V12 V13 0 V15

V21 V22 0 0 V25

V31 0 V33 V34 V35

0 0 V43 V44 V45

V51 0 V53 0 V55

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

α1Φ11 α1Φ12 α1Φ13 0 α1Φ15

V21 Φ12 0 0 Φ15

α2Φ31 0 α2Φ33 α2Φ34 α2Φ35

0 0 V43 Φ34 Φ35

V51(β) 0 V53(β) 0 V55(β)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

;

(5.56)

Φ11 = −{1− c1(1− τ1)}︸ ︷︷ ︸
(+)

+I1Y 1
(+)

+ I1r1
(−)

r1Y 1
(+)

+ J1
Y 1

(−)

− γ1 − μ, Φ12 = I1K1
(−)

< 0,

Φ13 = J1
Y 2

(+)

> 0, Φ15 = I1r1
(−)

r1M1
(−)

> 0, V21 = I1Y 1
(+)

+ I1r1
(−)

r1Y 1
(+)

, Φ31 = μ− J1
Y 1

(−)

> 0,

Φ33 = −{1− c2(1− τ2)}︸ ︷︷ ︸
(+)

+I2Y 2
(+)

+ I2r2
(−)

r2Y 2
(+)

− J1
Y 2

(+)

− γ2,

Φ34 = I2K2
(−)

< 0, Φ35 = −I2r2
(−)

r2M̄−M1

(−)

< 0, V43 = I2Y 2
(+)

+ I2r2
(−)

r2Y 2
(+)

,

V51(β) = J1
Y 1

(−)

+ βr1Y 1
(+)

, V53(β) = J1
Y 2

(+)

− βr2Y 2
(+)

, V55(β) = β(r1M1
(−)

+ r2M̄−M1
(−)

) < 0

5.3.

, I1Y 1 I2Y 2 |I1r1r1Y 1| |I2r2r2Y 2|

5.2.

5.3 V21 > 0 V43 > 0

,

5.4.

γ1 = γ2 = γf (5.57)

f(λ) = |λI − J | = λ5 + c1λ
4 + c2λ

3 + c3λ
2 + c4λ+ b5 = 0 (5.58)

8) (Ii = 0)
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,

c1 = −traceJ = −α1Φ11
(?)

− Φ12
(−)

− α2Φ33
(?)

− Φ34
(−)

− V55
(−)

(β), (5.59)

c2 = α1

∣∣∣∣∣∣∣
Φ11 Φ12

V21 Φ12

∣∣∣∣∣∣∣
+ α1α2

∣∣∣∣∣∣∣
Φ11 Φ13

V31 Φ33

∣∣∣∣∣∣∣
+ α1

∣∣∣∣∣∣∣
Φ11 0

0 Φ34

∣∣∣∣∣∣∣
+ α1

∣∣∣∣∣∣∣
Φ11 Φ15

V51(β) V55(β)

∣∣∣∣∣∣∣

+ α2

∣∣∣∣∣∣∣
Φ12 0

0 Φ33

∣∣∣∣∣∣∣
+

∣∣∣∣∣∣∣
Φ12 0

0 Φ34

∣∣∣∣∣∣∣
+

∣∣∣∣∣∣∣
Φ12 Φ15

0 V55(β)

∣∣∣∣∣∣∣
+ α2

∣∣∣∣∣∣∣
Φ33 Φ34

V43 Φ34

∣∣∣∣∣∣∣

+ α2

∣∣∣∣∣∣∣
Φ33 Φ35

V53(β) V55(β)

∣∣∣∣∣∣∣
+

∣∣∣∣∣∣∣
Φ34 Φ35

0 V55(β)

∣∣∣∣∣∣∣
= α1(Φ11

(?)
Φ12
(−)

− α2Φ12
(−)

V21
(+)

) + α1α2(Φ11
(?)

Φ33
(?)

− Φ13
(+)

Φ31
(+)

) + α1Φ11
(?)

Φ34
(−)

+ α1(Φ11
(?)

V55(β)
(−)

− Φ15
(+)

V51(β)
(?)

) + α2Φ12
(−)

Φ33
(?)

+Φ12
(−)

Φ34
(−)

+Φ12
(−)

V55(β)
(−)

+ α2(Φ33
(?)

Φ34
(−)

− Φ34
(−)

Φ43
(+)

)

+ α2(Φ33
(?)

V55(β)
(−)

− Φ35
(−)

V53(β)
(?)

)

+ Φ34
(−)

V55(β)
(−)

, (5.60)

c3 = −α1α2

∣∣∣∣∣∣∣∣∣∣

Φ11 Φ12 Φ13

V21 Φ12 0

Φ31 0 Φ33

∣∣∣∣∣∣∣∣∣∣
− α1

∣∣∣∣∣∣∣∣∣∣

Φ11 Φ12 0

V21 Φ12 0

0 0 Φ34

∣∣∣∣∣∣∣∣∣∣
− α1

∣∣∣∣∣∣∣∣∣∣

Φ11 Φ12 Φ15

V21 Φ12 Φ15

V51(β) 0 V55(β)

∣∣∣∣∣∣∣∣∣∣

− α1α2

∣∣∣∣∣∣∣∣∣∣

Φ11 Φ13 0

Φ31 Φ33 Φ34

0 V43 Φ34

∣∣∣∣∣∣∣∣∣∣
− α1α2

∣∣∣∣∣∣∣∣∣∣

Φ11 Φ13 Φ15

Φ31 Φ33 Φ35

V51(β) V53(β) V55(β)

∣∣∣∣∣∣∣∣∣∣

− α1

∣∣∣∣∣∣∣∣∣∣

Φ11 0 Φ15

0 Φ34 Φ35

V51(β) 0 V55(β)

∣∣∣∣∣∣∣∣∣∣
− α2

∣∣∣∣∣∣∣∣∣∣

Φ12 0 0

0 Φ33 Φ34

0 V43 Φ34

∣∣∣∣∣∣∣∣∣∣
− α2

∣∣∣∣∣∣∣∣∣∣

Φ12 0 Φ15

0 Φ33 Φ55

0 V33(β) V55(β)

∣∣∣∣∣∣∣∣∣∣

−

∣∣∣∣∣∣∣∣∣∣

Φ12 0 Φ15

0 Φ34 Φ35

0 0 V55(β)

∣∣∣∣∣∣∣∣∣∣
− α2

∣∣∣∣∣∣∣∣∣∣

Φ33 Φ34 Φ35

V43 Φ34 Φ35

V53(β) 0 V55(β)

∣∣∣∣∣∣∣∣∣∣
= −α1α2(−Φ12

(−)
Φ13
(+)

Φ31
(+)

− V21
(+)

Φ12
(−)

Φ33
(?)

+Φ11
(?)

Φ12
(−)

Φ33
(?)

)− α1Φ34
(−)

(V21
(+)

Φ12
(−)

+Φ11
(?)

Φ12
(−)

)
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− α1(−V21
(+)

V55
(−)

Φ12
(−)

+ V55
(−)

Φ11
(?)

Φ12
(−)

)− α1α2(−V43
(+)

Φ11
(?)

Φ34
(−)

− Φ13
(+)

Φ31
(+)

Φ34
(−)

+Φ11
(?)

Φ33
(?)

Φ34
(−)

)

− α1α2{V55
(−)

(Φ11
(?)

Φ33
(?)

− Φ13
(+)

Φ31
(+)

) + V53
(?)

(Φ15
(+)

Φ31
(+)

− Φ11
(?)

Φ35
(−)

) + V51
(?)

(Φ13
(+)

Φ35
(−)

− Φ15
(+)

Φ33
(?)

)}

− α1(V55
(?)

Φ11
(?)

Φ34
(−)

− V51
(?)

Φ15
(+)

Φ34
(−)

)− α2Φ12
(−)

(−V43
(+)

Φ34
(−)

+Φ33
(?)

Φ34
(−)

)

− α2(V55
(−)

Φ12
(−)

Φ33
(?)

− V53
(?)

Φ12
(−)

Φ35
(−)

)− V55
(−)

Φ12
(−)

Φ34
(−)

− α2(−V43
(+)

V55
(−)

Φ34
(−)

+ V55
(−)

Φ33
(?)

Φ34
(−)

), (5.61)

c4 = α1α2

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

Φ11 Φ12 Φ13 0

V21 Φ12 0 0

Φ31 0 Φ33 Φ34

0 0 V43 Φ34

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

+ α1α2

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

Φ11 Φ12 Φ13 Φ15

V21 Φ12 0 Φ15

Φ31 0 Φ33 Φ35

V51(β) 0 V53(β) V55(β)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

+ α1

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

Φ11 Φ12 0 Φ15

V21 Φ12 0 Φ15

0 0 Φ34 Φ35

V51(β) 0 0 V55(β)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

+ α1α2

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

Φ11 Φ13 0 Φ15

Φ31 Φ33 Φ34 Φ35

0 V43 Φ34 Φ35

V51(β) V53(β) 0 V55(β)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

+ α2

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

Φ12 0 0 Φ15

0 Φ33 Φ34 Φ35

0 V43 Φ34 Φ35

0 V53(β) 0 V55(β)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
= α1α2{V21

(+)
Φ12
(−)

Φ34
(−)

(V43
(+)

− Φ33
(?)

) + Φ11
(?)

Φ12
(−)

Φ34
(−)

(Φ33
(?)

− V43
(+)

)− Φ12
(−)

Φ13
(+)

Φ31
(+)

Φ34
(−)

}

+ α1α2{V55
(−)

Φ12
(−)

(Φ33
(?)

Φ11
(?)

− Φ13
(+)

Φ31
(+)

− V21
(+)

Φ33
(?)

) + Φ12
(−)

Φ35
(−)

(V21
(+)

V53
(?)

− V53
(?)

Φ11
(?)

+ V51
(?)

Φ13
(+)

)}

+ α1α2Φ34
(−)

{V43
(+)

(V51
(?)

Φ15
(+)

− V55
(−)

Φ11
(?)

) + V55
(−)

(Φ11
(?)

Φ33
(?)

− Φ13
(+)

Φ31
(+)

) + Φ15
(+)

(V53
(?)

Φ31
(+)

− V51
(?)

Φ33
(?)

)}

+ α1V55
(−)

Φ12
(−)

Φ34
(−)

(Φ11
(?)

− V21
(+)

) + α2V55
(−)

Φ12
(−)

Φ34
(−)

(Φ33
(?)

− V43
(+)

), (5.62)

c5 = −detJ = −α1α2

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

Φ11 Φ12 Φ13 0 Φ15

V21 Φ12 0 0 Φ15

Φ31 0 Φ33 Φ34 Φ35

0 0 V43 Φ34 Φ35

V51(β) 0 V53(β) 0 V55(β)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
= −α1α2(Φ11

(?)
Φ12
(−)

Φ33
(?)

Φ34
(−)

V55
(−)

− Φ11
(?)

Φ12
(−)

Φ34
(−)

V43
(+)

V55
(−)

− Φ12
(−)

Φ13
(+)

Φ31
(+)

Φ34
(−)

V55
(−)

+Φ12
(−)

Φ15
(+)

Φ31
(+)

Φ34
(−)

V53
(?)
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− Φ12
(−)

Φ15
(+)

Φ33
(?)

Φ34
(−)

V51
(?)

+Φ12
(−)

Φ15
(+)

Φ34
(−)

V43
(+)

V51
(?)

− Φ12
(−)

Φ15
(+)

Φ31
(+)

Φ34
(−)

V53
(?)

+Φ12
(−)

Φ15
(+)

Φ33
(?)

Φ34
(−)

V51
(?)

− Φ12
(−)

Φ15
(+)

Φ34
(−)

V43
(+)

V51
(?)

− Φ12
(−)

Φ33
(?)

Φ34
(−)

V21
(+)

V55
(−)

+Φ12
(−)

Φ34
(−)

V21
(+)

V43
(+)

V55
(−)

) (5.63)

, Routh-Hurwitz Δi(i = 1, 2, ..., 5) 5

Δ1 = c1, (5.64)

Δ2 =

∣∣∣∣∣∣∣
c1 c3

1 c2

∣∣∣∣∣∣∣
= c1c2 − c3, (5.65)

Δ3 =

∣∣∣∣∣∣∣∣∣∣

c1 c3 c5

1 c2 c4

0 c1 c3

∣∣∣∣∣∣∣∣∣∣
= c1c2c3 − c23 − c21c4 + c1c5, (5.66)

Δ4 =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

c1 c3 c5 0

1 c2 c4 0

0 c1 c3 c5

0 1 c2 c4

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

= c4Δ3 + c5(c1c4 − c5 − c2Δ2), (5.67)

Δ5 =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

c1 c3 c5 0 0

1 c2 c4 0 0

0 c1 c3 c5 0

0 1 c2 c4 0

0 0 c1 c3 c5

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

= c5Δ4 (5.68)

Routh-Hurwitz , (5.58)

Δi > 0 ∀i ∈ {1, 2, ..., 5} (5.69)

, (5.51)–(5.55)

5.3.

(i) β , γf μ

, (5.51)–(5.55)
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(ii) γf μ , Φ11 > 0 Φ33 > 0 ,

β , (5.51)–(5.55)

( ) 5.E

, β , γf μ

, 3 5

5.8

,

,

,

Asada (2004) ,

ci = 0.8, τi = 0.2, T0i = 10, C01 = 20, C02 = 40,

G01 = 30, G02 = 60, M̄ = 600, Ȳ1 = 240, Ȳ2 = 310

, LM , ,

ri = 10
√
Yi −Mi + 160, (5.70)

Ii = 25
√
Yi − 0.3Ki − ri + 160, (5.71)

J1 = −0.4Y1 + 0.2Y2 (5.72)

Asada (2004) Y1 Y2 ,

,

, (5.72) Y1 Y2

, 5 (5.51)–(5.55)

Ẏ1 = α1{−0.76Y1 + 15
√
Y1 − 0.3K1 +M1 + 0.2Y2 + γ1(240− Y1) + μ(240− Y1) + 58},

(5.73)

K̇1 = 15
√
Y1 − 0.3K1 +M1, (5.74)

Ẏ2 = α2{−0.56Y2 + 15
√
Y2 − 0.3K2 −M1 + 0.4Y1 + γ2(310− Y2)− μ(240− Y1) + 708},

(5.75)

K̇2 = 15
√
Y2 − 0.3K2 −M1 + 600, (5.76)
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Y
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1

Y1

Y2

M1

: α1 = 2, α2 = 2.5, β = 15, γ1 = 0, γ2 = 0, μ = 0

5.2:

Ṁ1 = −0.4Y1 + 0.2Y2 + J1(Y1, Y2) + β(10
√
Y1 − 10

√
Y2 − 2M1 + 600) (5.77)

(5.73)–(5.77) β, γ1, γ2, μ

α1, α2, β, γ1, γ2, μ , (5.73)–(5.77)

Y1(0) = 200,K1(0) = 1680, Y2(0) = 280,K2(0) = 1830,M1(0) = 280

5.2–5.6 5.2 5.3 α1 = 2, α2 = 2.5,

γ1 = 0, γ2 = 0 β Y1, Y2, M1

, β ,

, 5.3 ,

β 5.4 5.3

β β

, 5.5

2 1 1

, , 2

, 5.6
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5.4:

5.9

β

γi μ ,

, β

, Krugman (2013)
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5.1: , ,

Y ∗
1 Y ∗

2 M∗
1 J∗

2

5.2 (β = 15, μ = 0) 156.5 304.6 275.2 1.7

5.3 (β = 100, μ = 0) 156.5 304.6 275.2 1.7

5.5 (β = 100, μ = 0.9) 196.9 264.2 288.8 25.9

5.6 (β = 100, γ1 = 0.1, γ2 = 0.1, μ = 0.9) 201.0 279.4 287.2 24.5

, 2 5.1 5.2,

5.3, 5.5, 5.6 , , 5.2

5.3 , 5.3

, 2 2

, , 1

2 5.5 , β 1 2

, 2 1 1 2

2

, 1 , , 2 1

, 1

, 2 ,

5.6 , 5.5

,

Kenen (1969)

60 ,

,

De Grauwe and Ji (2016) , ,

,
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,

, ,

,

, De Grauwe and Ji (2016)

5.2 5.6 , , 2

, , De

Grauwe and Ji (2016) ,

,

5.10

, 2

,

,

,

,

, ,

,

,

,

,

,

, ,
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5.A 5.1

.

(i) β γi , Γ11 Γ22

, a1 > 0 (5.32)

a2 = aγ1γ2 + bγ1 + cγ2 + d (5.A.1)

, α1α2 > 0 , a , γ1 γ2

, a2 > 0 , γ1 γ2

, a3 > 0

a1a2 − a3 , γ2 ,

a1a2 − a3 = Aγ2
1 +Bγ1 + C; (5.A.2)

A = −α2
1(α2Γ22

(−)
+ F33

(−)
) > 0 (5.A.3)

γ1 , a1a2 − a3

a1a2 − a3 = Dγ2
2 + Eγ2 + F ; (5.A.4)

D = −α2
2(α1Γ11

(−)
+ F33

(−)
) > 0 (5.A.5)

, γ1 γ2 , a1a2− a3 > 0

, Routh-Hurwitz , (5.18)–(5.20)

(ii) γ1 γ2 β , F31(β) > 0

F32(β) < 0 a2

a2(β) = α1α2(Γ11
(−)

Γ22
(−)

− Γ12
(+)

Γ21
(+)

) + α1(Γ11
(−)

− Γ13
(+)

F31(β)
(+)

) + α2(Γ22
(−)

− Γ23
(−)

F32(β)
(−)

) (5.A.6)

, β , a2 < 0 , Routh-Hurwitz

, (5.18)–(5.20)

5.B QE :

,

5.5 , 3 2
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Ẏ1 = α1{c1(1− τ1)Y1 + C01 + c1T01 +G01 + γ1(Ȳ1 − Y1) + μ(Ȳf − Y1) + I1(Y1, r1(Y1,M1))

+ J1(Y1, Y2)− Y1}
= F1(Y1, Y2,M1;α1, γ1, μ), (5.B.1)

Ẏ2 = α2{c2(1− τ2)Y2 + C02 + c2T02 +G02 + γ2(Ȳ2 − Y2)− μ(Ȳf − Y1) + I2(Y2, r2(Y2, M̄ −M1))

− J1(Y1, Y2)− Y2}
= F2(Y1, Y2,M1;α2, γ2, μ), (5.B.2)

Ṁ1 = J1(Y1, Y2) + β{r1(Y1,M1)− r2(Y2, M̄ −M1)} = F3(Y1, Y2,M1;β) (5.B.3)

(5.B.1)–(5.B.3)

c1(1− τ1)Y1 + C01 + c1T01 +G01 + γ1(Ȳ1 − Y1) + μ(Ȳf − Y1) + I1(Y1, r1(Y1,M1))

+ J1(Y1, Y2)− Y1 = 0, (5.B.4)

c2(1− τ2)Y2 + C02 + c2T02 +G02 + γ2(Ȳ2 − Y2)− μ(Ȳf − Y1) + I2(Y2, r2(Y2, M̄ −M1))

− J1(Y1, Y2)− Y2 = 0, (5.B.5)

J1(Y1, Y2) + β{r1(Y1,M1)− r2(Y2, M̄ −M1)} = 0 (5.B.6)

5.B.1

(5.B.4)-(5.B.6) , M̄ dM̄

Y1, Y2, M1 (5.B.1)–(5.B.3)

,

⎡
⎢⎢⎢⎢⎣

S11 S12 S13

S21 S22 S23

S31 S32 S33

⎤
⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎣

dY1

dY2

dM1

⎤
⎥⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

0

−I2r2
(−)

r2M̄−M1
(−)

dM̄

−βr2M̄−M1
(−)

dM̄

⎤
⎥⎥⎥⎥⎥⎥⎥⎦
; (5.B.7)

S11 = −{1− c1(1− τ1)}︸ ︷︷ ︸
(+)

+I1r1
(−)

r1Y 1
(+)

+ J1
Y 1

(−)

− γ1 < 0, S12 = J1
Y 2

(+)

> 0, S13 = I1r1
(−)

r1M1
(−)

> 0,

S21 = −J1
Y 1

(−)

> 0, S22 = −{1− c2(1− τ2)}︸ ︷︷ ︸
(+)

+I2r2
(−)

r2Y 2
(+)

− J1
Y 2

(+)

− γ2 < 0, S23 = −I2r2
(−)

r2M̄−M1

(−)

< 0,

S31(β) = J1
Y 1

(−)

+ βr1Y 1
(+)

< 0, S32(β) = J1
Y 2

(+)

− βr2Y 2
(+)

> 0, S33(β) = β(r1M1
(−)

+ r2M̄−M1
(−)

) < 0

(5.B.7) S ,

detS = S11
(−)

S22
(−)

S33
(−)

− S11
(−)

S32
(+)

S23
(−)

+ S12
(+)

S23
(−)

S31
(−)

− S12
(+)

S21
(+)

S33
(−)

+ S13
(+)

S32
(+)

S21
(+)

− S13
(+)

S22
(−)

S31
(−)

(5.B.8)
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5.5. S11 S22 , detS < 0

5.5 , S11 S22

, (5.B.7)

,

dY1

dM̄
= (Y 1

M̄ )∗ =
1

detS

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

0 S12
(+)

S13
(+)

−I2r2
(−)

r2M̄−M1
(−)

S22
(−)

S23
(−)

−βr2M̄−M1
(−)

S32
(+)

S33
(−)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
=

1

detS
{−βr2M̄−M1

(−)

(S12
(+)

S23
(−)

− S13
(+)

S22
(−)

)− I2r2
(−)

r2M̄−M1
(−)

(S13
(+)

S32
(+)

− S12
(+)

S33
(−)

)} > 0, (5.B.9)

dY2

dM̄
= (Y 2

M̄ )∗ =
1

detS

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

S11
(−)

0 S13
(+)

S22
(−)

−I2r2
(−)

r2M̄−M1
(−)

S23
(−)

S31
(−)

−βr2M̄−M1
(−)

S33
(−)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
=

1

detS
{−βr2M̄−M1

(−)

(S13
(+)

S21
(+)

− S11
(−)

S23
(−)

)− I2r2
(−)

r2M̄−M1
(−)

(S11
(−)

S33
(−)

− S13
(+)

S31
(−)

)} > 0, (5.B.10)

dM1

dM̄
= (M1

M̄ )∗ =
1

detS

∣∣∣∣∣∣∣∣∣∣∣∣∣∣

S11
(−)

S12
(+)

0

S22
(−)

S22
(−)

−I2r2
(−)

r2M̄−M1
(−)

S31
(−)

S32
(+)

−βr2M̄−M1
(−)

∣∣∣∣∣∣∣∣∣∣∣∣∣∣
=

1

detS
{−βr2M̄−M1

(−)

(S11
(−)

S22
(−)

− S12
(+)

S21
(+)

)− I2r2
(−)

r2M̄−M1
(−)

(S12
(+)

S31
(−)

− S11
(−)

S32
(+)

)} > 0 (5.B.11)

,

5.4. γi S11 S22

,

dY1

dM̄
> 0,

dY2

dM̄
> 0,

dM1

dM̄
> 0 (5.B.12)
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5.4 , 2 ,

, ECB

5.B.2

, (5.B.4)-(5.B.6) , τi G0i dτi

dG0i Y1, Y2, M1 , i = 1

, (5.B.4)-(5.B.6) ,

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

S11
(−)

S12
(+)

S13
(+)

S21
(+)

S22
(−)

S23
(−)

S31
(−)

S32
(+)

S33
(−)

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎣

dY1

dY2

dM1

⎤
⎥⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎢⎣

c1Y1dτ1 − dG01

0

0

⎤
⎥⎥⎥⎥⎦ (5.B.13)

, 5.5 , dτ1 = 0 dG01 �= 0

,

dY1

dG01
= (Y 1

G01
)∗ =

1

detS

∣∣∣∣∣∣∣∣∣∣∣∣∣

−1 S12
(+)

S13
(+)

0 S22
(−)

S23
(−)

0 S32
(+)

S33
(−)

∣∣∣∣∣∣∣∣∣∣∣∣∣
=

1

detS
(S32
(+)

S23
(−)

− S22
(−)

S33
(−)

) > 0, (5.B.14)

dY2

dG01
= (Y 2

G01)
∗ =

1

detS

∣∣∣∣∣∣∣∣∣∣∣∣∣

S11
(−)

−1 S13
(+)

S21
(+)

0 S23
(−)

S31
(−)

0 S33
(−)

∣∣∣∣∣∣∣∣∣∣∣∣∣
=

1

detS
(S21
(+)

S33
(−)

− S23
(−)

S31
(−)

) > 0, (5.B.15)
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dM1

dG01
= (M1

G01)
∗ =

1

detS

∣∣∣∣∣∣∣∣∣∣∣∣∣

S11
(−)

S12
(+)

−1

S21
(+)

S22
(−)

0

S31
(−)

S32
(+)

0

∣∣∣∣∣∣∣∣∣∣∣∣∣
=

1

detS
(S22
(−)

S31
(−)

− S32
(+)

S21
(+)

) < 0 (5.B.16)

i = 2 ,

5.5. γi S11
(−)

S22
(−)

,

dY1

dG01
> 0,

dY2

dG01
> 0,

dM1

dG01
< 0 (5.B.17)

dY1

dG02
> 0,

dY2

dG02
> 0,

dM1

dG02
> 0 (5.B.18)

5.5 , ,

,

, 1

, (5.B.13) , dτ1 �= 0 dG1 = 0

,

dY1

dτ1
= (Y 1

τ1)
∗ =

1

detS

∣∣∣∣∣∣∣∣∣∣∣∣∣

c1Y1 S12
(+)

S13
(+)

0 S22
(−)

S23
(−)

0 S32
(+)

S33
(−)

∣∣∣∣∣∣∣∣∣∣∣∣∣
=

c1Y1

detS
(S22
(−)

S33
(−)

− S32
(+)

S23
(−)

) < 0, (5.B.19)

dY2

dτ1
= (Y 2

τ1)
∗ =

1

detS

∣∣∣∣∣∣∣∣∣∣∣∣∣

S11
(−)

c1Y1 S13
(+)

S21
(+)

0 S23
(−)

S31
(−)

0 S33
(−)

∣∣∣∣∣∣∣∣∣∣∣∣∣
=

c1Y1

detS
(S23
(−)

S31
(−)

− S21
(+)

S33
(−)

) < 0, (5.B.20)
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dM1

dτ1
= (M1

τ1)
∗ =

1

detS

∣∣∣∣∣∣∣∣∣∣∣∣∣

S11
(−)

S12
(+)

c1Y1

S21
(+)

S22
(−)

0

S31
(−)

S32
(+)

0

∣∣∣∣∣∣∣∣∣∣∣∣∣
=

c1Y1

detS
(S32
(+)

S21
(+)

− S22
(−)

S31
(−)

) > 0 (5.B.21)

i = 2 ,

5.6. γi S11 S22

,

dY1

dτ1
< 0,

dY2

dτ1
< 0,

dM1

dτ1
> 0 (5.B.22)

dY1

dτ2
< 0,

dY2

dτ2
< 0,

dM1

dτ2
< 0 (5.B.23)

5.6 ,

, ,

5.B.3

,

M̄ , 1 G01, τ1 ,

dM̄, dG01, dτ1 1 M1

,

dY1 =(Y 1
M̄ )∗dM̄ + (Y 1

G01)
∗dG01 + (Y 1

τ1)
∗dτ1 (5.B.24)

dY2 =(Y 2
M̄ )∗dM̄ + (Y 2

G01)
∗dG01 + (Y 2

τ1)
∗dτ1 (5.B.25)

dM1 =(M1
M̄ )∗dM̄ + (M1

G01)
∗dG01 + (M1

τ1)
∗dτ1 (5.B.26)

, .

(i)dM̄ = dG01 > 0, dτ1 = 0

1 ,
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dY1 =[(Y 1
M̄

(+)

)∗ + (Y 1
G01
(+)

)∗] dM̄
(+)

> 0, (5.B.27)

dY2 =[(Y 2
M̄

(+)

)∗ + (Y 2
G01
(+)

)∗] dM̄
(+)

> 0, (5.B.28)

dM1 =[(M1
M̄

(+)

)∗ + (M1
G01

(−)

)∗] dM̄
(+)

(5.B.29)

, ,

, 1 ,

2 ,

ECB ,

, 1 ,

(ii)dM̄ > 0, dG01 = 0, dτ1 > 0

1

dY1 =(Y 1
M̄

(+)

)∗ dM̄
(+)

+(Y 1
τ1

(−)

)∗ dτ1
(+)

, (5.B.30)

dY2 =(Y 2
M̄

(+)

)∗ dM̄
(+)

+(Y 2
τ1

(−)

)∗ dτ1
(+)

, (5.B.31)

dM1 =(M1
M̄

(+)

)∗ dM̄
(+)

+(M1
τ1

(+)

)∗ dτ1
(+)

> 0 (5.B.32)

, 1 ,

, 1 2

, 1 , ECB

,

5.C 5.2

.

(i) β γi μ , Θ11 Θ22

, b1 > 0

μ , (5.47)

b2 = aγ1γ2 + bγ1 + cγ2 + d (5.C.1)
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, α1α2 > 0 , a

γ1 γ2 , b2 μ 2 4

, μ , b2 > 0 , γ1, γ2, μ

b2 > 0 , γ1, γ2, μ b3 > 0

b1b2 − b3 , γ2 μ

b1b2 − b3 = Aγ2
1 +Bγ1 + C; (5.C.2)

A = −α2
1(α2Θ22

(−)
+H33

(−)
) > 0 (5.C.3)

, γ1 μ b1b2 − b3

b1b2 − b3 = Dγ2
2 + Eγ2 + F ; (5.C.4)

D = −α2
2(α1Θ11

(−)
+H33

(−)
) > 0 (5.C.5)

, γ1γ2 b1b2 − b3

b1b2 − b3 = Gμ2 +Hμ+ I; (5.C.6)

G = −α2
1α2(Θ22

(−)
+Θ12

(+)
)− α2

1H33
(−)

> 0 (5.C.7)

, γ1, γ2, μ , b1b2 − b3 > 0

, Routh-Hurwitz , (5.38)–(5.40)

(ii) γ1, γ2, μ β , H31(β) > 0

H32(β) < 0 b2

b2(β) = α1α2(Θ11
(−)

Θ22
(−)

−Θ12
(+)

Θ21
(+)

) + α1(Θ11
(−)

−Θ13
(+)

H31(β)
(+)

) + α2(Θ22
(−)

−Θ23
(−)

H32(β)
(−)

) (5.C.8)

, β b2 < 0 , Routh-Hurwitz

, (5.38)–(5.40)

5.D 2

, (5.51)–(5.55) ,

(5.51)–(5.55)
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α1{c1(1− τ1)Y1 + C01 + c1T01 +G01 + γ1(Ȳ1 − Y1) + μ(Ȳf − Y1) + I1(Y1,K1, r1(Y1,M1))

+ J1(Y1, Y2)− Y1} = 0, (5.D.1)

I1(Y1,K1, r1(Y1,M1)) = 0, (5.D.2)

α2{c2(1− τ2)Y2 + C02 + c2T02 +G02 + γ2(Ȳ2 − Y2)− μ(Ȳf − Y1) + I2(Y2, r2(Y2, M̄ −M1))

− J1(Y1, Y2)− Y2} = 0, (5.D.3)

I2(Y2, r2(Y2, M̄ −M1)) = 0, (5.D.4)

J1(Y1, Y2) + β{r1(Y1,M1)− r2(Y2, M̄ −M1)} = 0 (5.D.5)

β , M1 (5.D.5)

M1 = M̃1(Y1, Y2, M̄) ; M̃1
Y 1 =

∂M̃1

∂Y1
= −(J1

Y 1
(−)

+ βr1Y 1
(+)

)/β(r1M1
(−)

+ r2M2
(−)

) > 0,

M̃1
Y 2 =

∂M̃1

∂Y2
= −(J1

Y 2
(+)

− βr2Y 2
(+)

)/β(r1M1
(−)

+ r2M2
(−)

) < 0,

M̃1
M̄ =

∂M̃1

∂M̄
= r2M̄−M1

(−)

/(r1M1
(−)

+ r2M2
(−)

) > 0 (5.D.6)

(5.D.1), (5.D.4), (5.D.6) (5.D.1), (5.D.3)

f1(Y1, Y2) =c1(1− τ1)Y1 + C01 + c1T01 +G01 + γ1(Ȳ1 − Y1) + J1(Y1, Y2)− Y1

=0, (5.D.7)

f2(Y1, Y2) =c2(1− τ2)Y2 + C02 + c2T02 +G02 + γ2(Ȳ2 − Y2)− J1(Y1, Y2)− Y2

=0 (5.D.8)

, (5.D.7)–(5.D.8) Jf

Jf =

⎡
⎢⎣ f11 f12

f21 f22

⎤
⎥⎦ ; (5.D.9)

f11 = {c1(1− τ1)− 1}︸ ︷︷ ︸
(−)

−γ1
(+)

− μ
(+)

+ J1
Y1

(−)

< 0,

f12 = J1
Y2

(+)

> 0,

f21 = μ
(+)

− J1
Y1

(−)

> 0,

f22 = {c2(1− τ2)− 1}︸ ︷︷ ︸
(−)

−γ2
(+)

− J1
Y2

(+)

< 0

, Jf

detJf =f11f22 − f12f21

=m
(−)

n
(−)

− m
(−)

J1
Y2

(+)

+ n
(−)

(J1
Y1

(−)

− μ
(+)

) > 0;



5.E 5.3 135

m = {c1(1− τ1)− 1}︸ ︷︷ ︸
(−)

−γ1
(+)

< 0,

n = {c2(1− τ2)− 1}︸ ︷︷ ︸
(−)

−γ2
(+)

< 0

, Jf , Gale and Nikaido ,

(5.51)–(5.55) 9)

5.E 5.3

.

(i) β γf , c1 > 0 , μ

, (5.47)

c2 = Aγ2
f +Bγf + C (5.E.1)

, γf , A > 0 c2 > 0

, c3 > 0, c4 > 0, c5 > 0

, γf Δ1 2 , Δ2 3 , Δ3 5 , Δ4 7

, Δ5 9 , γf , Δi > 0(i = 1, 2, ..., 5)

γf , μ c2 1 μ , μ

, c1 > 0 , μ , c2 > 0, c3 > 0,

c4 > 0, c5 > 0

, γf Δ1 1 , Δ2 2 , Δ3 3 , Δ4 4

, Δ5 5 , γf , Δi > 0(i = 1, 2, ..., 5)

, γ1, γ2, μ , Routh-Hurwitz

, (5.51)–(5.55)

(ii) γf μ , Φ11 > 0 Φ33 > 0 β

, V51(β) > 0 V53(β) < 0 , Δ2 β 2

β 2 , β , Δ2 < 0

9) Gale and Nikaido (1965) p.91
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, β Routh–Hurwitz , (5.51)–(5.55)
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