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Abstract The dual-channel operation is to improve the customer’s purchasing experience as the objec-

tive. Not only the channels need to maintain their suitable pricing strategies, but they need to realize the

service coordination between channels, which will be amplified the conflict between the manufacturers and

the retailers and the whole supply chain, and further stimulate the manufacturer entering behavior, thus

exacerbate the incumbent manufacturer’s use the deterrence strategy. In this paper, we consider the incum-

bent manufacturer’s optimal deterrence strategy when facing the entry threat of external manufacturer.

The result shows that the incumbent cannot deter the external manufacturer from entering the market

when channel cost is low, and the incumbent need not to deter when channel cost is high. In addition,

the incumbent can reduce the selling price to deter the entry when the channel cost is moderate. Our

conclusions reveal entry and deterrence strategies from different members’ perspectives under dual-channel

supply chain and the results have practical significance.
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'(	#3!�����#3&!�L5���(���,.+�
���E2�(0�����'�
��5*�,6S�, A<��A$����5*�	13���+/. TB!����$��E��, 1

'7%&�(�&��(L����#� A, �
���L����#� B, !������
���G
�ACDKU� (Stackelberg) VM (�
��������.��M 1). ��ACEN1�
���'7
&��(�%&�(-0�(�����6.����>5*�( K�.

"8TB: 	�!����$���E��, !�#�!��
W��!�, �"TB $��!��
��#��4AFU���
����#�. V8��WX@1: v � $���#��4AFU; θ � 

$���%#�(�L>�@, *�&�&!�(, %#�(�#�+�<%LÆ $�+& [17], �"JI
0 < θ < 1; δ $�
����#�?C�4, JI 0 < δ < 1; c !X:!�#��'�/#52, TB�
#

��/#52$#�?C�#YY4, N�
#��/#52$ cδ, 	�!�#�!&��(
�4A��
/#52, NJI 0 < c < 1; F, f ACX:�
�����&��(�%&�(���52; U j

i � $�
! i �(PG#� j �4AGO; ωj $#� j �H)4; pj

i $#� j ! i �(
�!4; Dj
i $#� j ! i

�(
�"�; π1 :I!������; π2 :I�
�����; πr :I&!��� (J# i = T $&��

(, i = N $%&�(, j = A $#� A, j = B $#� B).

2 1 34x56789:;<=
� $�
@, PG#���1�#��?C�	#�4� [18]. �",  $�! i �(PG#� j �5

9Y4$ U j
i = vj

i − pj
i
[19]. �!�#�!&��(
�4A v $1;, '( $���%#�(�&��(

�+&�( [17], 2
#� A !%&�(
�4AFU$ θv, #� B !&��(
�4AFU$ δv, !%
&�(
�4AFU$ δθv. �", 2
 $�!&��(PG#� A �4AGO$ UA

T = v − pA
T , !%&

�(PG#� A �4AGO$ UA
N = θv − pA

N , !&��(PG#� B �4AGO$ UB
T = δv − pB

T , !%
&�(PG#� B �4AGO$ UB

N = δθv − pB
N . ��@@1�
���AC��&��(�%&�(-

0�(��59"8	"�Y4.

1�
�������GK, "'!����'7&��(�%&�(&!#� A. ZP Ryan �	
Motta ��.+ [20,21], "'��(
�"�Y4$

(DA
T , DA

N ) =

⎧⎪⎪⎨
⎪⎪⎩
(

1 − pA
T − pA

N

1 − θ
,
pA

T − pA
N

1 − θ
− pA

N

θ

)
,

pA
N

θ
� pA

T ,

(1 − pA
T , 0), pA

T <
pA

N

θ
.

(1)

'(�!�������(���, �"�'(L#�("�$&�"D, N��(����!�#�
"�AC$: DA

T = 1 − pA
T −pA

N

1−θ , DA
N = pA

T −pA
N

1−θ − pA
N

θ , QL02$ pA
N/θ � pA

T .

1�
�����&��(', 	�#� B �����!�����#�, �"#��4 pB
T �2<



� 9� ���, �: ����� �������������� 2233

�� pA
T , CNA" $�RSPG#� B. 	�#�?C�4 δ �%#L>@ θ �.�O&, �"�
��

�2�	��4��#� A !%&�(
�&!4, P2�>�#� A !%&�(
�&!4, Z�
�
���	��2T[SR��!%&�(PG#� A � $����2T[SR>�!%&�(PG#�
A � $�, �(�,60�
��(�#�"�. ��(\�#�?C�4 δ �%#L>@ θ �.��#

�"��A]�, U&MK#MN� $�PG#���]T��:

1) 1 UA
T = v − pA

T > 0, Z v > pA
T ',  $�!&��(PG#� A;

2) 1 UA
N = θv − pA

N > 0, Z v > pA
N/θ ',  $�!%&�(PG#� A;

3) 1 UB
T = δv − pB

T > 0, Z v > pB
T /δ ',  $�!&��(PG#� B;

4) 1 UA
T = v − pA

T � UB
T = δv − pB

T , Z v � (pA
T − pB

T )/(1 − δ) ',  $�	�!&��(PG#� A,

KG1 v < (pA
T − pB

T )/(1 − δ),  $�	�!&��(PG#� B;

5) 1 UA
T = v − pA

T � UA
N = θv − pA

N , Z v � (pA
T − pA

N )/(1 − θ) ',  $�	�!&��(PG#� A,

KG1 v < (pA
T − pA

N )/(1 − θ),  $�	�!%&�(PG#� A;

6) O δ � θ, 1 UA
N = θv − pA

N > UB
T = δv − pB

T , Z v � (pB
T − pA

N )/(δ − θ) ',  $�	�!&��(P
G#� B,1 v < (pB

T −pA
N )/(δ−θ), $�	�!%&�(PG#� A;O δ < θ, 1 UA

N = θv−pA
N > UB

T =

δv − pB
T , Z v � (pA

N − pB
T )/(θ − δ) ',  $�	�!%&�(PG#� A, KG1 v < (pA

N − pB
T )/(θ − δ),

 $�	�!&��(PG#� B; \�>3�]T�.�, 2�
��(#�!�(�(
�"�, A<

��:

1) O δ � θ, 1 pB
T /δ � pA

N/θ � pA
T ', (pB

T − pA
N )/(δ − θ) � pB

T /δ � pA
N/θ � pA

T � (pA
T − pB

T )/(1 − δ) �
(pA

T − pA
N)/(1 − θ). �", >#�!�(�(
�"��M 2 <I.
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MU&, #� A !&��("�$ DA
T = 1 − (pA

T − pA
N )/(1 − θ), #� B !&��("�$ DB

T =

(pA
T − pB

T )/(1 − δ) − pB
T /δ, #� A !%&�("�$ D1

2 = 0.

*�!, \� pB
T /δ�pA

N/θ�pA
T 0��.�P�, 2
 δ � θ � δ < θ -0")��"�Y4��:

1 δ � θ ',

(DA
T , DB

T , DA
N ) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

(
1 − pA

T − pA
N

1 − θ
,
pA

T − pB
T

1 − δ
− pB

T

δ
, 0
)

,
pB

T

δ
� pA

N

θ
� pA

T ,(
1 − pA

T − pB
T

1 − δ
,
pA

T − pB
T

1 − δ
− pA

T − pA
N

1 − θ
,
pA

T − pA
N

1 − θ
− pA

N

θ

)
,

pA
N

θ
<

pB
T

δ
� pA

T ,(
1 − pA

T − pA
N

1 − θ
, 0,

pA
T − pA

N

1 − θ
− pA

N

θ

)
,

pA
N

θ
� pA

T <
pB

T

δ
.

(2)

J#>&!4JIQL02: pA
N

θ <
pB

T

δ � pA
T ,

pA
T −pA

N

1−θ � pA
T −pB

T

1−δ .

2) 1 δ < θ ',

(DA
T , DB

T , DA
N) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

(
1 − pA

T − pA
N

1 − θ
,
pA

N − pB
T

θ − δ
− pB

T

δ
,
pA

T − pA
N

1 − θ
− pA

N − pB
T

θ − δ

)
,

pB
T

δ
� pA

N

θ
� pA

T ,(
1 − pA

T − pA
N

1 − θ
, 0,

pA
T − pA

N

1 − θ
− pA

N

θ

)
,

pA
N

θ
<

pB
T

δ
� pA

T ,(
1 − pA

T − pB
T

1 − δ
, 0,

pA
T − pA

N

1 − θ
− pA

N

θ

)
,

pA
N

θ
� pA

T <
pB

T

δ
.

(3)

J#>&!4JIQL02: pB
T

δ � pA
N

θ � pA
T ,

pA
T −pB

T

1−δ � pA
T −pA

N

1−θ .
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���&��(M(, 2�
��
�����%&�(��"�Y4�	QL02��:

(DA
T , DA

N , DB
N) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

(
1 − pA

T − pA
N

1 − θ
,
pA

T − pA
N

1 − θ
− pA

N − pB
N

θ − δθ
,
pA

N − pB
N

θ − δθ
− pB

N

δθ

)
,

pB
N

δθ
� pA

N

θ
� pA

T ,(
1 − pA

T − pA
N

1 − θ
,
pA

T − pA
N

1 − θ
− pA

N

θ
, 0
)

,
pA

N

θ
<

pB
N

δθ
� pA

T ,(
1 − pA

T − pA
N

1 − θ
,
pA

T − pA
N

1 − θ
− pA

N

θ
, 0
)

,
pA

N

θ
� pA

T <
pB

N

δθ
.

(4)

J#, >&!4JIQL02: pB
N

δθ � pA
N

θ � pA
T ,

pA
T −pB

N

1−δθ � pA
T −pA

N

1−θ .

	�TB�
�������^�6�3L0�(
�#�"�_$&,�"��"�$&�"D�W
'(.

'(�(��6.��QL02, ("�Y4$$N"�Y4 [21], � δ > θ "D��
�����&
��("�$O, "

pA
T = 1 − DA

T − δDB
T − θDA

N , pB
T = δ(1 − DA

T − DB
T ) − θDA

N , pA
N = θ(1 − DA

T − DB
T − DA

N),

NQL02$
pB

T /δ − pA
N/θ = DA

N (δ − θ)/δ, pA
T − pB

N/δ = (1 − δ)(DB
N + θDA

N/δ),

(pA
T − pB

T )/(1 − δ) − (pA
T − pA

N )/(1 − θ) = DB
T (δ − θ)/(1 − θ).

U&<� DA
T , DB

T , DA
N PB`', QL02N<
�JI, JP"D�"*(,�.

1�
�������GK, "'!����AC'7&��(�%&�(L $���#� A, &!

�!&��(, �"VMQQ$!����RRA�&��(
�#�H)4�	%&�(&!4, S^&

!�A�&��(�#�&!4,  %,6"8��<I:

max
ωA,pA

N

π1 = (ωA − c)
(

1 − pA
T − pA

N

1 − θ

)
+ (pA

N − c)
(

pA
T − pA

N

1 − θ
− pA

N

θ

)

s.t. max
pA

T

πr = (pA
T − ωA)

(
1 − pA

T − pA
N

1 − θ

)
.

(5)

RR'(&!��,6, U& πr .� pA
T �<aT�4$

∂2πr

∂pA
T

2 = − 2
1−θ < 0, Z7!( &!4 pA

T �

&!����2
��(PA, ZU�(PA. ���Y4 π .� pA
T �T�+QJ$&, �b
�!�#

� A &��(&!4$

pA∗
T =

1 − θ

2
+

ωA
T

2
+

pA
N

2
. (6)

( (6) �X��������Y4#, "��,=

max
ωA,pA

N

π1 =
1
2
(ωA − c)

(
1 − θ − ωA + pA

N

1 − θ

)
+

1
2
(pA

N − c)
(

1 +
ωA

1 − θ
− pA

N

1 − θ
− 2pA

N

θ

)
. (7)

π1 .� ωA � pA
T �<acVRX$Hπ1 (ωA, pA

N) =

(
− 1

1−θ
1

1−θ
1

1−θ − 2−θ
θ(1−θ)

)
. #aQQ�Y�$ |− 1

1−θ | =

− 1
1−θ < 0, <aQQ�Y�$

∣∣∣∣∣ − 1
1−θ

1
1−θ

1
1−θ − 2−θ

θ(1−θ)

∣∣∣∣∣ = 2
θ(1−θ) > 0. �", π1 .� ωA � pA

T �S-[, Z7

!( L- (ωA∗, pA∗
N ), �
 π1 !;�]TW2
��(PA, ZU�(PA. AC���Y4 π1 .� ωA

� pA
T �T�+QJ$&, S@�b, +(,=X��&!���Y4�#, 
�T- 1.

FG 1 �
�������GK, ��(���!�5*( K�Y4$
ωA∗ =

1 + c

2
, (8)

pA∗
T =

3 − θ + 2c

4
, (9)

pA∗
N =

θ + c

2
, (10)

DA∗
T =

1
4
, (11)
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DA∗
N =

θ − 2c

4θ
, (12)

π1
∗ =

θ + θ2 − 4θc + 2c2

8θ
, (13)

πr
∗ =

1 − θ

16
. (14)

%T- 1 2�
���S�.

HI 1 pA∗
T � θ �?Y4; ωA∗ � θ K.; pA∗

N � θ �8Y4.

JK dpA
T

∗

dθ = − 1
4 < 0; dpA

N
∗

dθ = 1
2 > 0; dωA∗

dθ = 0.

%S� 1 2J, &��(�#�&!4�%#L>@`*., =%&�(�#�&!4�%#L>@Z
*.. %#L>@�8E�
 $�$T�%&�(PG, �3%&�("�8E, &��("�?6, 	"
&!��
�_>#�!4�U\#��"�, =%&�(
	�"�8E, �"!����2��#�!
4
����. !�#�!&��(
�H)4�%#L>@K%L.�.

HI 2 DA∗
T � θ K.; DA∗

N � θ �8Y4.

JK dDA
T

∗

dθ = 0; dDA
N

∗

dθ = c
2θ2 > 0.

%S� 2 2J, #�!&��(
�"��%#L>@K., :11-0�(#�?C#3', ���
�&!�2]P $��(TdeA��, "', &!����GGf�. !�, #�!%&�(
�"�5
7%#L>@�8E=8E, F��$57 $��%&�(L>@�8E, �#�!%&�(
�4AF
UP8E, �
 $�PG%&�(#��SR8:, 	"�3%&�(
�"�8E.

HI 3 π∗
1 � θ �8Y4; π∗

r � θ �?Y4.

JK dπ1
∗

dθ = θ2−2c2

8θ2 > 0; dπr
∗

dθ = − 1
16 < 0.

%S� 3 2J, !�������57%#L>@�8E=8E, �$&��("��*, WS&!4

_>�3���_, 	�!%&�(
���8E&�, �"!�����[���8E�. =�&!�


@, 	�#�!4�_, 1H)4�*, 	"'�#�X>?6, ('#�!&��(
�"��*, �"�
�?6.

3 yz\L

	�!����,"��(, �"2�% ωA "� pA
N -3%/
A<!�����./6., �'(

1 ωA �*'!�����9 pA
N 
./�
�����. 1�
�����&��(', "'!����

"006., AC$�Æ*%&4�(%&4_H(>�:C��'�( �4. ��AC'(�(�46

.���
�����02.

3.1 MN{OPQRSTUVW|X]Y
3.1.1 Z[{OP^\_]^

1 δ > θ ', O!�����Æ*�4, "'��46.��
�������GK#3$ (ωA, pA
N)

= (1+c
2 , c+θ

2 ), X��&��("8#, 
��
��������$ π2 = (1−θ)(δ+c−2cδ)2

32(1−δ)(δ−θ) − F . N"�YS
�.

HI 4 1!�����Æ*�4,6', �
�����&��(�02$

F <
(1 − θ)(δ + c − 2cδ)2

32(1 − δ)(δ − θ)
. (15)

JK �
�����&��(�JI π2 = (1−θ)(δ+c−2cδ)2

32(1−δ)(δ−θ) − F > 0, N F < (1−θ)(δ+c−2cδ)2

32(1−δ)(δ−θ) .

	��
������� pA
N �8Y4 ( ∂π2

∂pA
N

= δ(pA
N−c)

2θ(1−δ) > 0), �"%S� 4 2�
&"'�
���
�(P���(52$ Fmax = (1−θ)(δ+c−2cδ)2

32(1−δ)(δ−θ) .

\�S� 4 �,=2�
&, 1!����E2MK6.', "'�������QLV�(�, <�
<R^`�����X>����52', ����U6����, "'!������46.?"#��
a^2.
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3.1.2 Z[{OPb_}`|X]^
1!����E2(>./�46.', �JI��P��E2./6.'���, Z π1

NE(pT
N ) �

π1
TC , �b
�S� 5.

HI 5 1�
�����&��(', !�����"5(>./�4$
pT∗

N = pT
N . (16)

J#, pT
N JI π1

NE(pT
N ) − π1

TC = 0.

\�S� 5 �,=2�
&, #$���E��, !����?"R$ �, �"2�\������
,6A$
��#�6.. Z�
1!���E2(>�46.', K��#��13�����
@
I�#0 “Y 6.”.

%S� 5 2J, �=!�����E2./6., N;./6.��(>%&4$ pT∗
N , X���
�

�����:_�#, 
��
���&��(���52�S� 6 <I.

HI 6 1!����E2(>./�46.', �
�����&��(�02$
F � F ∗. (17)

J#, F ∗ JI π2
TC(pT∗

N , F ∗) = 0.

,-S� 4 HS� 6, 2�
&, (P���(52 Fmax �%#L>@ θ Z*., Z%#L>@��,

;!������QL�V[, %#L>@��, !����&��(�%&�(G�QI�QW, "'

;!�����&��('>��.��.

3.1.3 Z[{OP}a|X]^]Y
%
Y2J, 1�
�����52P� Fmax ',"'!�����9Æ*�4,6,�
�����

���; 1��52�� Fmin ', "'!����Z�(4�_H(>PK`./��; =1��52JI
Fmin < F < Fmax ', "'!����2�'7_4
./��. V��(52 F , Q π2(pT

N ) = 0, 
�!
�����( ./�46.�S� 7.

HI 7 1�
�����52JI Fmin < F < Fmax ', !�����( ./�46.$

pT∗∗
N =

cθ + cδ − 2cδθ − δ + θ + 4
√

2F (1 − δ)(1 − θ)(δ − θ)
2(1 − δ)

. (18)

JK Q π2(pT
N ) = 0, 2
 pT∗∗

N = cθ+cδ−2cδθ−δ+θ+4
√

2F (1−δ)(1−θ)(δ−θ)

2(1−δ) .

\�S� 7 �,=2�
&, ��;!������>�!�#�%&4�+/, ��!���=W,

<�X�X�%&�(4��_g, ���������������$& (π2(pT
N ) = 0), U2�_�.*

���Y�.

(!�, \� δ � θ �P�.�, 2�
�!����./6.�S� 8 <I.

HI 8 1 δ > θ ', V�MS (δ, θ, c, F ), �
�����&��('!�����( ./6.$:

1) 1 F � Fmin ', !������4,6$ (ωA(TC), p
T (TC)
N ), "'�
�������;

2) 1 Fmin < F < Fmax ', !������4,6$ (ωA(NE), pT∗∗
N ), "'�
��������;

3) 1 F � Fmax ', !������4,6$ (ωA(NE), p
T (NE)
N ), "'�
��������. J#

pT∗∗
N =

cθ + cδ − 2cδθ − δ + θ + 4
√

2F (1 − δ)(1 − θ)(δ − θ)
2(1 − δ)

, Fmin = F ∗, Fmax =
(1 − θ)(δ + c − 2cδ)2

32(1 − δ)(δ − θ)
.

1 δ < θ ', V�MS (δ, θ, c, F ), �
�����&��('!�����( ./6.$:

1) 1 F � Fmin ', !������4,6$ (ωA(TC), p
T (TC)
N ), "'�
�������;

2) 1 Fmin < F < Fmax ', !������4,6$ (ωA(NE), pT∗∗
N ), "'�
��������;

3) 1 F � Fmax ', !������4,6$ (ωA(NE), p
T (NE)
N ), "'�
��������.

J#, pT∗∗
N = cδθ+2

√
2Fδθ(θ−δ)

δ , Fmin = F ∗, Fmax = δ(θ+c−2cθ)2

32θ(θ−δ) .

\�S� 8 �,=2�
&, !�����.*6.+��f��, =�\�;!�����52�P
�E2$\�46., M#�46.I�h�02��( 6.. �������=W, aB��52IR
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� (F � Fmin), CNI6>�!����.*=K`����. �"�������
@, "�bY,6Q

�
�8�, 2�'7��	JP���5*,Z���#����E:�(@B�0�
?6>!��
���4QL, %=_>��[i, &d!��1!��.

3.2 MN{OPQRbcUVW|X]Y
	�!%&�(�, �
�����46.<� pA

N "., =� ωA K., �"!����<<'7_>
%&�(&!4�6../�
�����. (!�, ZPK��
�����&��(�./6., 2�

���%&�('!����.*6., �S� 9 <I.

HI 9 V�MS (δ, θ, c, f), �
�����%&�('!�����( ./6.$:

1) 1 f � fmin ', !�����4,6$ (ωA(DC), p
A(DC)
N ), �
�������;

2) 1 fmin < f < fmax ', !�����4,6$ (ωA(NE), pA∗∗
N ), �
��������;

3) 1 f � fmax ', !�����4,6$ (ωA(NE), p
A(NE)
N ), �
��������. J#

pA∗∗
N =

cδ + 2
√

δθf(1 − δ)
δ

, fmax =
δ(θ − c)2

16θ(1 − δ)
,

fmin =
δ[4c + cδθ − 4θ − 2θc + 2θ2 − δθ2 − 2δc + 2δθ + (θ − c)

√
2δ(1 − θ)(2 − θ)(2 − δ)]

2

16θ(1 − δ)(2 − δ)2(2 − θ)2
.

B-S� 4 H 9 2J, 1�
������52>�(>A F (f)min, "'�
�������, !
�����( 6.$�./��, ( �4$:C��'��4; 1�
������52P�(�A
F (f)max, "'�
��������, !�����( 6.$�./��, ( �4$�
�����
��GK��4; =1�
������52 F (f)min < F (f) < F (f)max, "'!����2�'7(4�
_H pA∗∗

N 
./�
�����, ?��.*6.�52.�M 3 <I.

( ( ), ( )) ( ( ), ) ( ( ), ( ))

( ) ( )min max

2 3 dex56~fcgh34x56@Aid<=

4 jkÆl

4.1 MN{OPQRSTUVmZ[|X]^
$�&E%j!@1!�����./�46., �9 MATLAB �"8,=�AG`. Z' Kacen�

Hess �.� $��%#�(L>@��`.+ [22], 2&#��%#L>@��Ac 0.6 H 0.9 G. 2

Q c = 0.2, θ AC2 0.6 � 0.9 -3@A, #�?C�4Ac! 0.6 � 0.9 G, "\#�?C�4ACP�
���%#L>@-0"D��"8k],=.

1) #�?C�4P�%#L>@
1#�?C�4P�%#L>@', Q c = 0.2, θ = 0.6, δ = 0.9, 
�&��(�52�]AAC$

Fmin = 0.1757, Fmax = 0.2282, Q F ! (0.1757, 0.2282) Gd$, 
�!����ACE2�Æ*�4�
( ./�4�:C��'( �4��%&4���*%")�M 4 �	M 5 <I.

%M 4 �M 5 2�]8, 1�
���!#�?C�4P�%#L>@'����, !����$�.
/��, E2�&>��4, _g^He7��./��'��4. �$"'�
#����#:, Æ�!
����fZ��_4g@, g<��
�������$&. 1��52��, !�����_4g@�
�, ��_`��, 1��52e7(P@A' (0.2282), �
����?h��$S, 	�������(
 6., "'!������_�(P.
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2 5 dex56rsh>?@A:;id<=

2) #�?C�4��%#L>@
1#�?C�4��%#L>@', Q c = 0.2, θ = 0.9, δ = 0.6, 
�&��(�52�]AAC$

Fmin = 0.0220, Fmax = 0.0380, Q F ! (0.0220, 0.0380) Gd$, 
�!����ACE2�Æ*�4�
( ./�4�:C��'( �4��%&4���*%")�M 6 �	M 7 <I.
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2 6 dex56�n~opqh>?@A:;id<=



� 9� ���, �: ����� �������������� 2239

0.015 0.02 0.025 0.03 0.035 0.04 0.045

F

0.1

0.11

0.12

0.13

0.14

0.15

0.16

1

1
F

2 7 dex56rsh>?@A:;id<=

%M 6 �M 7 2�]8, !����./6.��%&4_4g@>�:C��'�_4g@, F��
$"'�
#����#9, _ge7!����, !�����f7��_4Z2./�
�����
��. +1./6.����57_4g@�?6=8E, 1�
������', !�������_�
(P.

4.2 MN{OPQRbcUVmZ[|X]^
Q c = 0.2, θ = 0.6, δ = 0.9, 
�%&�(�-3�(��52�lAAC$ fmin = 0.0015, fmax =

0.1500, Q f ! (0.0015, 0.1500) Gd$, 
�!����ACE2�Æ*�4�( ./�4�:C��
'( �4��%&4���*%")�M 8 �	M 9 <I.
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2 8 dex56�n~opqhtu@A:;id<=

%M 8 �M 9 2�]8, 1�
�����%&�(', "'!����./6.��%&4_4g@
>�:C��'�_4g@, "'�
#����#9, !�����f7�_4Z2./�
����
���, +1��57%&�(��52�8E=8E, 1%&�(52e7 0.1500', �
������,

!������(P.

4.3 vwxy
'7�;!����(��0��!����46.�4A"\,2AC%����(5*�%/
�

���m�aI:



2240 � Æ � � � � � � ! � 38�

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

f

0.06

0.07

0.08

0.09

0.1

0.11

0.12

0.13

0.14

0.15

1

1
f
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C$��#�E��, !����"��;!���A$e8K�. �$:C�
����, �f6Q

n!������!�, O�^1[�_\`a�of�&�=SA��b]I2�$b=�0^��-�
�c=�3��GGPg?6. Z�
, !���2�'7ip#��%#4
_�.*;!����Y�,

&>�%#4�Æ�;!�_>#��4, �
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