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� Q6<<S� "� %�	<<M�7� 1�	`<<� ���<<*� " 1"<<4 " ���� J<<�	� 9	<<��� @<<�	��

��)&�()&.K� 9	��� L�&� (/ ��

���)&� ��"� 9&S �� %"	=� %	D@�� ��

�. 

 
4 $;��
 	"�#���  

	`� ��/ ~�� @�8 %;	=)�� " �R	�� N�D ���

���)&�()	=� �� ���� ]�	.� (/ :��	.� L�&� (/�&� .  

       J <� �� ��<

���)&� g<�&� ��<���)&� %I	<� %�&<8&� Y?�2    @<�� ��<� ���� �	<�� .  z<4 ��<��# 

��)&�  ;� J�7 ��	�; �� ��

���&.� ��)&� (/ Q"� %��� 1�	`�A   ��<[ (<� ��	�; ��   �<� 1�	`<� 1"<4 �<D�A 

 �� 9	��� �� I	���	.�.  

pnQ

Q 1
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pT
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*
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(��	��� L�&� (/ ��

���)&��� ��)&� (/ %�D �� " �;��3 
bT ��	�; �&�3 

Bq     (</ ��<

���)&� %�&<8&� ;� �H�"

��[�� J*�
� 1"4�&� .��"� %�/ %�&8&� Y?� i   @.<=7 (<� �� 5� (</  @<��   @<�� ��<�W . @.<=7  �� 9"�

��"� ���� �&8" ��)&� (� %	D. ��"� �� 5"� @.=7�� p7&�� �W �S �� ��)&� (� %�    %�</ 5&<� @.<=7 " �&�

��"��W �� (� %	D  ��"� %	<���� 	<� 	R	*� -��	� @�8 �	��� %�&8&� ;� " ���� ��)&� 9&MK� 	D %   1"<4 ��<[

�� ��	`����&�.  

9"� @.=7 :��"� ��@)	H �� ��)&� %	D , pt i nλ≤ ≤ ≤ ≤1�  

��)&� �	��� ���" ��� ��)&� LI&MK� @)	H -�� ��  �&<� �� ��

� .    �<�)&� ><� 	</ %�&<8&� M   (<�4	� ]��V<4�A 

   9�&<���" �<�;&� �/	<� ;� (� �	�; (/ (�=/�" >� 	/ �	��� J[�� %�&8&� ( )t t βθ α β −= 1   %	<D����	3 	</ β > � " 
α< < 1� �� ��	4�&� .��)&� %�&8&� �	�� -�� /    ��"� %�</ ��	<�; (\<�	4 -�� �� ��

� i     <�; L�&<� (</

�&/ �D�&[:  

)1(  
,

,

,

( )
( ) ( )

( )

P i
P i

P i i

dI t
M t I t

dt
I Q

θ

−

= −

= 1�

  

d� 	/ l&4 J�=��`�� (�)�	�� JH 	/ , ( )P i iI Q −= 1� �T�� ��T� "y N����:  

)2(  
( ) ( )

( )

,

t y t
p i i

t y t t
i

I t M e dy Q e

M e dy Q e

β β

β β β

α α

α α

−
−

− −
−

= +

= +

∫

∫

1

1

�

�

  

 
�	.D �&S ��[ %�/ (� oK/ 1"4���#   ��&<� ��<� z4 ����	� 	/ " �&\�� �/	� g=/ ;� ��	`��� 	/ %	<D α 2  "

9�� �� %�&8&� 9�� ��I	/�� %;	��/	� " N��	.� , ( )p iI t �� @�� (/ �; L�&� (/��W:  

)3(  , ( ) t
p i i

t
I t M t Q e

β
β

ααβ
β

+
−

−

 
= − − + 

1

11
  

 
�	.D �&S �� (GH6� (�A �&�3 %	���� �� %�&8&� Y?� ���*� i5� )pi n≤ ≤1 ( (/ I	� J�&K� ;� ��/

 	/ �&/ �D�&[ /�/ %���, ( )i P i BQ I qλ= −� ��"� %�/ (�)"� Y?� ��&
O (/ ����� -�� (� i +1 5�����	/ .

ND -�
_ ��"� %���/� �� (� ��� z4��	�� �	��� �� ��I	� ��)&� % A�� -��/	
/@�&� ��&�:  

)4(  
,

,

,

( ) -

( )

( )
P P

P B

P B

n P n B

Q

Q I q

Q I q

Q I q

λ
λ

λ

 =
 =
 = −


 = −

1 1

2 2

�
�

⋮

  

  

(?/�� ;� ��	`��� 	/ %)3 ( ")4 (�	��� %�&8&� ���*� l&4 %�*��� L	�a� 	/ " 
iQ �� ('�����#:  
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)5(  
( ) ( ) ( ( ( ...

( ) ( ...) ( ) ( )

t t
i

j i
t t t j t

j

Q M M e e

M e e e M e

β β

β β β β

β β
α α

β β
α α α α

αλ αλλ λ
β β

αλ αλλ λ
β β

+ +
− −

+ + = −
− × − × − × −

=

= − + − + + =
+ +

− + + + = −
+ + ∑

1 1

1 1 1
1 2

1 1
1 1

1 1
�

�

  

  

5"� @.=7 :�� �D�&[ p7&�� �W �S �� ��)&� (� ��)&� ��"� -�[W �� )��"�pn +1(  

��"� �� ��)&� (� ��� z4 Pn +1    ��<[ ;	<�� ��&<� %I	� 5	.� (� �/	� (���� ��	8 	�  1"<4 ��  �	<�; 	<� pT 
 	/ ��&�/�� -��	� ��)&� (��	��� ���*� .�� z4�	�; -�� N�
� t ′ ��	/ .  �	<�; �� ��<� (��	��� ��)&� ���*� -��/	
/ 

t ′ �&<<�3 �� Pn +1(<</ 5�  <<�; L�&<<�(<</ @<<�� �<<��<<�W .�W �� (<<� ��)	<<H �� ()	<<=� t -�<</ t t ′≤ ≤� " 
t t λ′ ≤ ≤ @�� ��� ���/ ��	/:  

p)�( 0 t t ′≤ ≤" , pt i nλ′≤ ≤ = +1�  

�W ;�@�� ��)&� 9	H �� 9&MK� " N���� I	� �	��� J[�� �� �;	/ -�� �� (� ��	8A  �
�	.D %�&8&� ()�	��

()�	�� )3 (�� @�� (/��W.  

)6(  , ( ) t
p i i

t
I t M t Q e

β
β

ααβ
β

+
−

−

 
= − − + 

1

11
  

  

-���� @�8 *

pnQ +1 ��)&� %�&8&� Y?� -��I	/ �	.D (� @�� ��

�A   (<)�	�� ;� @�� �4	�)6 (  ��&<.� ��	`�<��A 

�W �� t ′ "Pi n= +1 %	8 ��N��	.� %��2#:  

)7(  ( )
,

( )
* ( )

p p

t
n P i n

t
Q I t M t Q e

β
β

ααβ
β

+
′−

+

′ ′ ′= = − − + 

1

1 1
  

U( t t λ′ ≤ ≤ ", pt i nλ′≤ ≤ = +1�  

�� ��	4 I	� g*4 " N����� ��)&� ��� ��	�; �;	/ -�� �� (� �W (/ (8&� 	/�&�A  ('��� �� �; J�=��`�� LI�	��

���D�:  

)8(  
,

,

,

( )
( )

I ( )
p

P i
P i

p i n

dI t
t I t

dt

t Q

βα β

λ

+

+

= −

= =

1

1

  

  

@�� ��� JH �; L�&� (/ J�=��`�� ()�	�� ���� ��	�� (�)"� g��� 	/ l&4 J�=��`�� ()�	�� JH 	/:  

)9(  (( ) )
, ( )

p

t
P i nI t e Q

β βα λ −
+= 1  

%�;� (/t t ′= ()�	�� �� ()�	�� �� %)9 (N����:  

)10(  * ( ( ) )
, = ( )=  

p p

t
n P i nQ I t e Q

β βα λ ′−
+ +′1 1  

5&� @.=7 : ;� E3 ��"� �� ��)&� )��"� pn +2 	�N(  
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��"� -�� ;� (� �W (/ (8&� 	/   (�<�	��� %�&8&� %�/ 	�
� " ����� �&8" ��)&� ���

���)&� %�&8&� ��"� %	���� 	�

���� �&8" ��� ��	4 ���.  
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,
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dI t
t I t

dt
t Q
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−

= −
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 ()�	�� JH 	/@�� ��� JH �; L�&� (/ J�=��`�� ()�	�� ���� ��	�� (�)"� g��� 	/ l&4 J�=��`��:  

)12(  , ( ) t
P i iI t e Q

βα−
−= 1  

  

 @.=7 -�� ��)��)&� �"�/ ��"� (��"� %	���� �	��� %�&8&� %�/ ��"� �	�	3 �� (� -�� (/ (8&� 	/ 	D N  %�&8&� �

��)&� �
�� ���� �D�&[ `� (/ ��
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NQ = �

  

@��� N�D�&[:   

)13(  
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(?/�� ;� ��	`��� 	/ %)12 ( ")13 (�	��� %�&8&� ���*� l&4 %�*��� L	�a� 	/ " 
iQ �� ('�����#:  

)14(  ...
N i

t t t j t
i B B B B

j i

Q q e q e q e q e
β β β βα α α α

−

=

= + + + =∑2 3  

  

(
�VD ��V�� (���� �� " %	D�� (��	K� N�=�� ��W����#:  

p)� (��� (
�VD9	��� " %;����  

��� (
�VD��� �	/ :� (
�VD Q&.'� 	/ �&/ �D�&[ /�/ ��"� :� �� 9	��� " %;���� " %;����N 9	��� �	/.  

)15(  P P STCA A N A= + × 

U (%�&8&� %������ (
�VD  

(
�VD ��

� ��)&� @.=7 ��%�&8&� %������ % @.=7 (� (/ �� N�=*� p\�f�  @<�� ��)	H 9"� @.=7 A��#

@�� ��)&� 9	H �� ��

� ��)&� (�. �W ;� ��	�; �;	/ 5"� @.=7    p<7&�� �&<[ �<�)&� ���

� ��)&� (� @�� ��	8

�� �
�)t ′ ( " �
� @4	��� 1"4 ��[ CS ;� (� ���	`� -�)"� 	�ND -�
_    %	<���� �	<�; ;� 5&� @.=7 %�/

�� 9&S (/ ��

� ��)&� ��"� %	���� 	� ��)&� p7&� ;� E3 1�	`� -�)"���	'��:  
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� (��"� :� �� 9&MK� ��)&� (
�VD:  

)17(  *( )P P P bTCP Cp t M Cost n T t M′= × × = × × + ×  

� (��"� �� 1"4 ;� J�	H ��W��:  

)18(  Re PrP Bvenue ice N q= × ×  

<D (��

���)&� ��"� 9&S:  

)19(  P bT N T N λ= × = ×  

" (��"� �� ��

���)&� 1"4 ;� J�	H �&� J�:  

��[ J� (
�VD -���� @.=7�� (� ��	K�R&� �	�� / ��W 1"4A ��)&� J� �&� %�/@��� N�D�&[ ��

�:  

)20(  Re P P P P
P

P

venue TCA TCH TCP
profit

T

− − −=  

  

�� ��)&� �&� �7�" ��[ 1�	`� ��V�� ;� @�� ��/	� ��

� 1"4Bq

 

    �<�)&� (<� �)	<��� ���<�� "    N�.<M� ��<

�

����"� �� ��#��	/ (���� 1� .�W ;� �<�)&� ��W�� ��V�� (� ��	8   @<�	�� (</ ��<

�  1�	`<� %	<D  ��<[ �<D� 

 1"4 (�=/�"����	/��)&� 9�� �� �@�� ��� (�4# G� �� �&� ��� N.�V�	� C�D ��

�.  

  

5 @. C��
�D��  

 p��� (/ (8&� 	/()	=� �� ��

� ��)&� (���[ %�	M�7� 1�	`� ���*� " ��"� ;� @=�	/   �4	<� L	<O6S� 1"4

�2) ��	/ (���� (���� �� ���&�)�N    �<� �	�
<��3 ��<

� ��)&� ��<#. �W ;�     �<�)&� �<�W�� ��V<�� (<� ��	<8   (</ ��<

�

@�	��1�	`� %	D��[ �D� [ (/ 1�	`� J�&K� ;� E3 ��

���)&� %�&8&� ��V�� " 1"4��   <D �� 1"4

���� ���=/ ��"� i��� L�&� (/ %�&�� %;	� (
��/ L	�a� �	 �� �2)����� �&8" %�# . 	/ %��O 9	P� @.=7 ��

@��	=H J�\K� " �\K� (
��/ (?*� %�/ &'�=8 ;� ��	`���       ��&</ �<4 (</ <MK
� " �<�
��/ (/ ���

� ��)&� �&�

�� (
��/ U�&8N�;��3. 

  

���������� @. C��
�D��  

 %�;� (/N -���� @�8 �; N���&�)� @/	a Pn (���� @�� ��� .-���� ;� E3 
Pn (��	K� %�/ %�	 D��t ′

 
 (��&�

�� ����.  

1 .(/ (8&� 	/ Q =
�
�  �<�)&� %�&8&� ()�	�� ��     (<?/�� ;� ��	`�<�� 	</ " ��<

�)5(iQ   %�</ �i=1 �...�N  </ %�

��"� ��	.�	/ (� �&� -���� 	D ,L iQ @�� ��� ���� ]�	.�. 
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2 .(/ (8&� 	/ NQ =�  (?/�� ;� ��	`��� 	/ ")14( 
jQ  @�#;	/ L�&� (/, , , ) (N N N j− − … −1 2  	</ ,R jQ 

�� (��	K� ��	�; 	� " ��� ���� �	�� (� �&�, ,R j L iQ Q≥.  
3 .���*� -����/ �	�� /i ��	.� l�� l&4 (?/�� �� (� Pn i= −1 ����	/.  

  

  

  

  

  

  

  

  

  

  

  
 @5%2.  � �4�# ]�	.�JH N���&�)�  

  

4 .()�	�� ;� ��	`��� 	/ %)5 ( ")7 (" Pn (\H� ;� ���W @�� (/ %3���*� � *

PnQ +1 ��# (��	K�.  
5 .��	`��� 	/ ()�	�� ���� ��7 /�/ ;� %	D)7 ( ")10(���*� �  t ′ �&� (��	K�.  

6 .�W z4 	/ ���*� (�N  @�� Y�K� ��O)  @<�� ��<� L	�a� p\�f� LI	*� ��. (     %�</ &'�<=8 ;� ��	`�<�� 	</

 D %�;� (/ ��\K� (
��/N (\H� D �� Pn� t ′� price q	�7	��� "      </ " ��<� -�<��� ��<

���)&� %�&8&� (
�VD

 �	��N �&� �� (
��/.  
  

6 ��&�#. @�+1� � 	��, ��F�  

 �)	P� @.=7 -�� ��(���� �� J�\K� " (�V'� X�	�� �9�� %	D����	3 %"� @��	=H J�\K� " (�V'� 	/ " ��� �&<� .

����	3 ��f��� L	�/�� ;� (/	�� ���&� �� ()	=� %	D����# @�� .    ����	<3 �	<�� -<�� </     �<�)&� %�</ 9�<� %	<D

�� �; x� (/ ��

��
�	/:  
  

  

  

  

  

  

,R jQ
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*
1PnQ +
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 ����1. ���	3 " 	D�T����

���)&� %	D  

1000 pA 800 9	� M 

800 
sA 08561/0 

bTλ = 

05/0 α 30 ch 

2/2 β 80 cp 

  

����	3 �	�� / JH N���&�)� " ��

� ��)&� %�&8&� 9�� %	D(����   @�<�	=H J�\K� " (�V'� " (
��/ X�	�� ����

5� g�&� ��V4�MATLAB @�� ���W (���� �� �W %	D���&.� " 9"��8 (� ��� 5	'��:  

 (<<<<<<<
��/ ��	<<<<<<<*� *N = 5� /t ′ =0 0473� pn = 2� /pt = 0 21852� /price = 196 225� /dt =0 20953� 
* /pT = 0 42805  "/pprofit = 66598 87 @�� ���W @�� (/.  

(
�VD ��	*� (� ��7"	D �/	� ]��V4�A �� ]D	� �&� ���*��/	� .  	</ 	D (
�VD ��	.� ��� �	�/ (/   (<?/�� �&<�

����� ��& �� .�� �	�� �� %�I	/ @��	=H ��[ @.�7 (/ @�=� �&� (� �W (8&� J/	7 (� � " �D� �	<.D  �&<S 

@�� ��D	�� J/	7 �; J � �� (�A  ]��V4� " 	D����	3 �*/	� ���	� @/	a 	/50   �&<� ���*� ���[ (
�VD %����

�� �`
���#.  

 
@5% 3. (
�VD ��T� 	/ �&� @��	=H V�)	�W	D  

  

)&� �&� ��V�� ��)&� >� ]��V4� 	/�� ]D	� ��

� �� 	<H (� � " �/	�� �W @<�.D� V     ]D	<� 	</ (<� @<�	850- % 

�� �&�.� �	_� ��

� ��)&� ��)&� >�   ���<

� �<�)&� 9�� �� �&�.� ��&�� ;	'� z4 	/ " �&�    �&<� ��"W</ ;�

@�� ��� G� C� �W.  
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 @5%4 . ��T� 	/ �&� @��	=H V�)	�W>� ��)&�  
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