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1 ¦¨§
©0ª�« ¬ ­�®F¯e°²± ³µ´2¶²·²¸¨¹Lºµ»0¼�½²¾²¿²ÀµÁ2Â0¬ ­�®

,
¼eÃ²Ä�Å²Æ+Ç�ÈÊÉ²¯LË

Ì ¬²­0® ÍÏÎ²³Ð´
[1−2]. Ñ�Ò�Ó ¬ ÔµÕ²ª0«²ÖÏ×²ÈØÉ0¯eË Ì ¬�­Ï®�Ù�ÚÛ¹�¯�ÜÏÝ0Æ¨¯�ªÏ« ,ÞeßØàWá »ÐâÏãLä0å æ¨¯e³Ð´+ç è

[3−9]. éÏê²ë [3]
³Ð´ à ÔÏ°²ìµí)î0ï¨¯ Ñ�Ò�Ó ¬²ÔµÕ�ª«

, ð ·+ñ²¶ é²ò [4]
³Ï´ à Ô�° ó ô Ý)î²ï õ ö²÷²ø+Ô�ù úF¯ Ñ Ò²Ó ¬+Ô�ª�« , û)ü+ý [5]

³
´ à Ô0°²ó²×²ª�« ä þ²ÿ����F¯������ Ñ²Ò²Ó ª�« , 	�
 ¸���
����²÷²¶��������²¬��������� à ª�«Ð¯����²Ý²Æ²¬ ­�®����

, é��� �! [6] " � Þ$# ø+Ô�ìÏí&%�' î�ïÊ¯)(�* ,
³µ´ à

��+
N
���-,).�¬²ø+ÔÏª0«F¯)/10

, 243�5 ¶�6�7�8 [7] 9 Ô0°²ó�%�:+î0ï¨¯�(�*�;�� � Ñ
Ò²Ó ¬+Ô0ª�« , <�= à$> ·Ê¯)?0å&/@0 	 ³µ´ à Â�¬ ­�®���� , El-Sherbeny[8]

³µ´ à�A�B�C
D1Eµ¯������ Ñ²Ò²Ó ª�« ,

�GF à�H ª�«Ð¯e¬ ­�®����
,
��I�J ! [9]

³µ´ à)K�LNM�O Ñ²Ò²Ó¬ ÔÏÝ�P0ª0«
, 
 ¸�Q0Ù�R���S�T�U0÷�¶�VXW&?0÷ ! ;1Y F à ªÏ«�¬²¸�Z ,

¬²­�Z0¶�[�\�]
^�_�`�a M�O !�b&c ¬+­²®���� .

¶
( Ñ ) Ò Ó ª²«&d�e , f�g Â���hF¯L· ¸�i�j , k Ä bXlnmo ¯e¬ ­�®²ª�«���p�q ³µ´&r@s

, t Ä�u�� > b�v�w Ç�Â Í0Î�x�y . z�{ , |�}�~X� ¯ v�w���
, � _��²Ç1� Ä b-l)m o ¯�¬²­0®�/N0F¯�³Ð´��@���Ï×��G� , � Æ��Ø¹L©�,�.0ª0« [10−11],�1�²ª0«

[12] ��� , - 	 .0ª0« [13].
>��)� E

, k Ä b-l)m o ¯ Ò�Ó ª0« � _��)������Ä >
b�v�w���� ³µ´ , � Ã�d�ª�«�� Ä����²×²Ý²ÆF¯W·²¸���  .

©@¡1¢�£�¤Ê¹
,
�+Ä bGl$m o ¯ Ò

Ó ª�«+Ä���¥Ð»&¦�0+·²¸ . �$§�¨ ¯�©�ªG«­¬0×�® ,
ÂÛãn� "�§�¯ Ó ��+�° °�± ,

Â¨¹���+�°
°�±�° g�² Î�³�´ , µ ��+ o ° g Ñ²Ò²Ó ³�´ , { «­¶��²Ù�·�° °�±�¸G,). b ª . ¹ «­¶��²ÙF ��º1»�]�^ M

,
¿ b-l °²°�± ; ��¼ °²°�±@]�^ ,

«�¶@��Ù²Ä0¬@ª�½�¾²ÀÐÁ {�¿�À�Á « .
�

Â�Ã +1°�°�±1]�^
, Ó ¸1°�°�±0¿ =-Ä&Å�Æ ÍµÎ1Ç�È . É ��Ê1Ë¨¯�Ì�Í ,

©�Ê1Ë ² Î���� ¹ ,

¹ Ã ��+�Î�Ï�]�^ M ,
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¹ «�¶@��Ù�]�^ M ,
¿ b-l�� ª���Ù ; {X¹�� ª���Ù�]�^ M ,

×�R Ô�� Ô ,
«�¶@��Ù Ñ ª ü��

² Î . ¼ «�¶@��Ù���]�^ , {�� ª���Ù F ��º1» ,  ¬ �nÕ ¸ Ó ¸����NÇ�È@]�^���� , 	 Ç1]^���� =XÄ Í0Î+Ô0° . f�g"!$# ¡1¢�Ì�% ,
© v�w [14]

¹
,
Ö²æ'&�( g ô*) bGl ��½*+)���-,.������ Ñ²Ò²Ó ¯�¬ Ô0ª0« ,

ï�,������-,).
,
���

1
]�^

, bGl ��� 2, { ��� 2
]�^

,
���

1
� ¬ � ¿�À�² Î .

·)Ã*+ M ï�,��&�
3 Ñ Ò Ó , ¹ �&� 2

]�^�-
,
�&�

3 =NÄ Ç4È��&� 2, ¹�&�
3
]�^�- { �&� 1 . Ä�]�^ M ,

ù$/��&�
2 t Ô$0 =NÄ ¸��&� 2

Ç4È��&�
3.
Ö æ ² ¸��
����²÷ Ç H ª�«Ð¯e¬ ­�®+Í0Î²Ù Ú

, 1�� �GF � ª"2²Ý²ÆF¯e¬ ­�®���� . 3�4 � _ , 5 à768 v�w ¯W³µ´ 1 /²ä ,
�$�����²Ä²Â$9 b�g ô*) bGl ��½:+)���-,�.������ Ñ²Ò�Ó ¯�¬+ÔÏª«F¯e³Ð´ 1 / ,

© v�w [14]
¯<;�= ! , >�v�² ¸�hXW)Ù²ÚØ¹²¯@?$A À�B ×'CEDÏ°�±²³Ð´+ôF)

bGl ��½*+)���-,).������ Ñ²Ò²Ó ¯<G����0¬+Ô0ª�«F¯ M�O�H"I U , JFK Ã�ª�«$L�M M�O�HI UÊ¯NË ©'N��+®
.O$P v�w [14],
ô*) bGl ��½*+)����,).@����� Ñ²Ò�Ó ¯�G����Ï¬ ÔÏª0«:Q � E�(�R"ST Ù�R���UEV #XW

dP0(t)

dt
= −(λ1 + λ2)P0(t) +

∫ ∞

0

µ1(y)P2(t, y)dy +

∫ ∞

0

µ2(y)P7(t, y)dy, (1.1)

dP1(t)

dt
= −(λ1 + λ2)P1(t) +

∫ ∞

0

µ2(y)P3(t, y)dy, (1.2)

∂P2(t, y)

∂t
+

∂P2(t, y)

∂y
= −µ1(y)P2(t, y), (1.3)

∂P3(t, y)

∂t
+

∂P3(t, y)

∂y
= −(λ1 + λ2 + µ2(y))P3(t, y), (1.4)

∂P4(t, y)

∂t
+

∂P4(t, y)

∂y
= −µ2(y)P4(t, y) + λ1P3(t, y), (1.5)

∂P5(t, y)

∂t
+

∂P5(t, y)

∂y
= −(λ3 + µ2(y))P5(t, y) + λ2P3(t, y), (1.6)

∂P6(t, y)

∂t
+

∂P6(t, y)

∂y
= −µ2(y)P6(t, y) + λ3P5(t, y), (1.7)

∂P7(t, y)

∂t
+

∂P7(t, y)

∂y
= −(λ1 + λ2 + µ2(y))P7(t, y), (1.8)

∂P8(t, y)

∂t
+

∂P8(t, y)

∂y
= −µ2(y)P8(t, y) + λ1P7(t, y), (1.9)

∂P9(t, y)

∂t
+

∂P9(t, y)

∂y
= −(λ3 + µ2(y))P9(t, y) + λ2P7(t, y), (1.10)

∂P10(t, y)

∂t
+

∂P10(t, y)

∂y
= −µ2(y)P10(t, y) + λ3P9(t, y), (1.11)

P2(t, 0) = λ1 [P0(t) + P1(t)] +

∫ ∞

0

µ2(y)P4(t, y)dy +

∫ ∞

0

µ2(y)P8(t, y)dy, (1.12)

P3(t, 0) = λ2P0(t) +

∫ ∞

0

µ2(y)P9(t, y)dy, (1.13)

P4(t, 0) =

∫ ∞

0

µ2(y)P10(t, y)dy, (1.14)
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P7(t, 0) = λ2P1(t) +

∫ ∞

0

µ2(y)P5(t, y)dy, (1.15)

P8(t, 0) =

∫ ∞

0

µ2(y)P6(t, y)dy, (1.16)

P5(t, 0) = P6(t, 0) = P9(t, 0) = P10(t, 0) = 0, (1.17)

P0(0) = 1, P1(0) = P2(0, y) = · · · = P10(0, y) = 0. (1.18)

6��
(t, y) ∈ [0,∞) × [0,∞); P0(t)

��� ©
t
M@� ª�«F¹)���

1
¶

2
© ² Î ,

���
3 Ñ²Ò²Ó ¯("R

; P1(t)
�"�+©

t
M�� �&�

1
¶

3
© ² Î ,

�&�
2 Ñ Ò Ó ¯$("R ; P2(t, y)dy

�"�+©
t
M�� �

�
1
© Ô�°

,
�&�

2
¶

3 Ñ Ò Ó ,
�&�

1 t��E� ¯NÔ�° M�O © (y, y + dy]
ã2¯$("R

; P3(t, y)dy�"�+©
t
M�� �&�

1
¶

3
© ² Î ,

�&�
2
© Ô�°

,
�&�

2 t��E� ¯NÔ�° M�O © (y, y + dy]
ã2¯

("R
; P4(t, y)dy

�"�+©
t
M�� �&�

2
© Ô�°

,
�&�

1 � Ô ,
�&�

3 Ñ Ò Ó ,
�&�

2 t��E� ¯NÔ° M�O ©
(y, y + dy]

ã2¯$("R
; P5(t, y)dy

�"�+©
t
M�� �&�

2
© Ô�°

,
�&�

3 � Ô ,
�&�

1
©

² Î ,
õ����

2 t��$� ¯LÔ0° M�O © (y, y + dy]
ã)¯)(�R

; P6(t, y)dy
��� ©

t
M@� ���

2
©

ÔÏ°
,
���

1
¶

3 � Ô ,
õ����

2 t7�"� ¯WÔÏ° M@O © (y, y + dy]
ã+¯�(�R

; P7(t, y)dy
���

©
t
M�� �&�

1
¶

2
© ² Î ,

�&�
3
© Ô�°

,
�&�

3 t��E� ¯NÔ�° M�O © (y, y + dy]
ã2¯$("R

;

P8(t, y)dy
�"�+©

t
M�� �&�

1 � Ô ,
�&�

2 Ñ Ò Ó ,
�&�

3
© Ô�°

,
�&�

3 t��E� ¯NÔ�° M�O©
(y, y + dy]

ã)¯)(�R
; P9(t, y)dy

��� ©
t
M@� ���

1
© ² Î ,

���
2 � Ô ,

���
3
©²Ô0°

,���
3 t��$� ¯LÔ0° M�O © (y, y + dy]

ã)¯)(�R
; P10(t, y)dy

��� ©
t
M@� ���

1
¶

2 � Ô ,�&�
3
© Ô�°

,
�&�

3 t��E� ¯NÔ�° M�O © (y, y + dy]
ã2¯$("R

; λi

q��&�
i(i = 1, 2)

¯�]�^
R

; µi(y)
q����

i(i = 1, 2)
©�º@»4³�´

, 	 ��� i(i = 1, 2) t��$� ¯LÔ0° M�O × y
¯LÔÏÕ$R

;

λ3

q��&�
2
¶

3
a�]�^�-

,
�&�

1
¯�Ò § ² Î$R .

2 �����X���
×²³Ð´+ô:) b-l ��½:+�����,�.1����� Ñ0Ò0Ó ¯�G@���µ¬²ÔÏªÏ«Ê¯ M1O�H�I UÛ¯eË0©N��"�

,
[�� " �"���0ª0«F¯�³�´�� O , ��B × ��� ,"� Ú , ���E���$����� Banach

���'�
 <¡'¢

Cauchy £�¤ . ¥"¦"§"¨"©«ª@¬$­ �$ �®E¯�°"±"²�³E´�µ�¶$·«¸@¹�º�»X �¼'��½"¾"¿ ,ÀFÁ ¹�º�»$Â�Ã�¼���½$¾"¿: 7Ä"Å�Æ$Ç$È
. É ¹ , Ê"ËE� º�» �"��É ¡'¢ Cauchy £�¤�Ì�Í�ÎÏ'ÐEÑ ·'¸ £�¤  �Ò'Ó Ð � , Ô�ÕEÖ$× ��� É

Y =

{

P ∈ R
2 ×

(

L
1[0,∞)

)9

∣

∣

∣

∣

∣

‖P‖ = |P0| + |P1| +
10

∑

i=2

‖Pi‖L1[0,∞) < ∞

}

,

Ø
P = (P0, P1, P2(y), P3(y), P4(y), P5(y), P6(y), P7(y), P8(y), P9(y), P10(y))

T
, Ù�Ú ��±'²Û �"ÜEÝ   Ú �EÞ ,

A1P = diag

(

−(λ1 + λ2),−(λ1 + λ2),−
d

dy
,−

d

dy
,−

d

dy
,−

d

dy
,−

d

dy
,−

d

dy
,−

d

dy
,−

d

dy
,−

d

dy

)

P,

D(A1) =































P ∈ X

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

dPi(y)
dy

∈ L1[0,∞), Pi(y)(i = 2, · · · , 10) ß�à�áãâ�ä�ålæ�ç
P2(0) = λ1 (P0 + P1) +

∫

∞

0
µ2(y)P4(y)dy +

∫

∞

0
µ2(y)P8(y)dy,

P3(0) = λ2P0 +
∫

∞

0
µ2(y)P9(y)dy, P4(0) =

∫

∞

0
µ2(y)P10(y)dy,

P7(0) = λ2P1 +
∫

∞

0
µ2(y)P5(y)dy, P8(0) =

∫

∞

0
µ2(y)P6(y)dy,

P5(0) = P6(0) = P9(0) = P10(0) = 0































,
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A2P =

(

0, 0,−µ1(y)P2(y),−(λ1 + λ2 + µ2(y))P3(y),−µ2(y)P4(y) + λ1P3(y),

− (λ3 + µ2(y)) P5(y) + λ2P3(y),−µ2(y)P6(y) + λ3P5(y),− (λ1 + λ2 + µ2(y))P7(y),

− µ2(y)P8(y) + λ1P7(y),− (λ3 + µ2(y)) P9(y) + λ2P7(y),−µ2(y)P10(y) + λ3P9(y)

)T

,

A3P =

(
∫ ∞

0

µ1(y)P2(y)dy +

∫ ∞

0

µ2(y)P7(y)dy,

∫ ∞

0

µ2(y)P3(y)dy, 0, 0, 0, 0, 0, 0, 0, 0, 0

)T

,

D (A2) = D (A3) = Y .

ì Å ÔFÕ   Ö*× �í� Y
�

, î*ïXðFñ (1.1)-(1.18) òôó�õ*ö:É Banach
�í�

Y ÷  "¡í¢
Cauchy £�¤ :

{

dP (t)
dt

= (A1 + A2 + A3)P (t), ∀t ∈ [0,∞),

P (0) = (1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)T .
(2.1)

3 øFù (2.1) úüûþýþÿ����������
	��

��
���

3.1 ��� µ1(y) � µ2(y) ���
µ1 = sup

y∈[0,∞)

µ1(y) < ∞, µ2 = sup
y∈[0,∞)

µ2(y) < ∞,

ì
A1 + A2 + A3 � � Ç�������� C0  ³@´ T (t).! ¬#"%$ À Á ¹ Ú µ . & Ç $�'�( A1

 %)�¿ Í . &+*,$�- À Ú ��Þ D(A1)
Å

X
�

 /.10'È
. &121$,3�4 ±�² A2 � A3

 %5+6�È
, Ù�7#4%8 ±�² A1 + A2 + A3 � � Ç�� C0-³E´

T (t). 9�¦�:;8 ±"²: /<�='È � Phillips Ú µ�> Ñ 8 ±"² � �  @³E´ T (t) ? Ç��1����
C0-

³@´
.@�A'Ð  

π ∈ Y , BDC"ïEð (γI − A1)P = π, E�F�G�H
(γ + λ1 + λ2)Pi = πi, i = 0, 1, (3.1)

dPj(y)

dy
= −γPj(y) + πj(y), j = 2, . . . , 10, (3.2)

P2(0) = λ1 (P0 + P1) +

∫ ∞

0

µ2(y)P4(y)dy +

∫ ∞

0

µ2(y)P8(y)dy, (3.3)

P3(0) = λ2P0 +

∫ ∞

0

µ2(y)P9(y)dy, (3.4)

P4(0) =

∫ ∞

0

µ2(y)P10(y)dy, (3.5)

P7(0) = λ2P1 +

∫ ∞

0

µ2(y)P5(y)dy, (3.6)

P8(0) =

∫ ∞

0

µ2(y)P6(y)dy, (3.7)
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P5(0) = P6(0) = P9(0) = P10(0) = 0. (3.8)

¿
(3.1) � (3.2)

>

Pi =
1

γ + λ1 + λ2

πi, i = 0, 1, (3.9)

Pj(y) = Cje
−γy + e−γy

∫ y

0

πj(τ)eγτdτ, j = 2, · · · , 10. (3.10)

(3.10) p�qDr 6�sDt (3.3)–(3.8) 7u4
C5 =C6 = C9 = C10 = 0, (3.11)

C4 =P4(0) =

∫ ∞

0

µ2(y)P10(y)dy =

∫ ∞

0

µ2(y)e−γy

∫ y

0

π10(τ)eγτdτdy, (3.12)

C8 =P8(0) =

∫ ∞

0

µ2(y)P6(y)dy =

∫ ∞

0

µ2(y)e−γy

∫ y

0

π6(τ)eγτdτdy, (3.13)

C2 =P2(0) = λ1 (P0 + P1) +

∫ ∞

0

µ2(y)P4(y)dy +

∫ ∞

0

µ2(y)P8(y)dy

=
λ1

γ + λ1 + λ2

(π0 + π1) +

∫ ∞

0

µ2(y)

[

C4e
−γy + e−γy

∫ y

0

π4(τ)eγτdτ

]

dy

=
λ1

γ + λ1 + λ2

(π0 + π1) + C4

∫ ∞

0

µ2(y)e−γydy +

∫ ∞

0

µ2(y)e−γy

∫ y

0

π4(τ)eγτdτdy

=
λ1

γ + λ1 + λ2

(π0 + π1) +

∫ ∞

0

µ2(y)e−γy

∫ y

0

π10(τ)eγτdτdy ·

∫ ∞

0

µ2(y)e−γydy

+

∫ ∞

0

µ2(y)e−γy

∫ y

0

π4(τ)eγτdτdy, (3.14)

C3 =P3(0) = λ2P0 +

∫ ∞

0

µ2(y)P9(y)dy

=
λ2

γ + λ1 + λ2

π0 +

∫ ∞

0

µ2(y)e−γy

∫ y

0

π9(τ)eγτdτdy, (3.15)

C7 =P7(0) = λ2P1 +

∫ ∞

0

µ2(y)P5(y)dy

=
λ2

γ + λ1 + λ2

π1 +

∫ ∞

0

µ2(y)e−γy

∫ y

0

π5(τ)eγτdτdy. (3.16)

v
γ > µ1 + µ2

¼
, :�Ú µDsDt , (3.12)–(3.16) � Fubini Ú µ 7u4

|C2| 6
λ1

γ + λ1 + λ2

(|π0| + |π1|) + µ2
2

∫ ∞

0

e−γy

∫ y

0

|π10(τ)| eγxdτdy ·

∫ ∞

0

e−γydy

+ µ2

∫ ∞

0

e−γy

∫ y

0

|π4(τ)| eγτdτdy

=
λ1

γ + λ1 + λ2

(|π0| + |π1|)

+
1

γ
µ2

2

∫ ∞

0

|π10(τ)| eγτ

∫ ∞

τ

e−γydydτ + µ2

∫ ∞

0

|π4(τ)| eγτ

∫ ∞

τ

e−γydydτ
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=
λ1

γ + λ1 + λ2

(|π0| + |π1|) +
µ2

2

γ2
‖π10‖L1[0,∞) +

µ2

γ
‖π4‖L1[0,∞), (3.17)

|C3| 6
λ2

γ + λ1 + λ2

|π0| + µ2

∫ ∞

0

e−γy

∫ y

0

|π9(τ)| eγτdτdy

=
λ2

γ + λ1 + λ2

|π0| + µ2

∫ ∞

0

|π9(τ)| eγτ

∫ ∞

τ

e−γydydτ

=
λ2

γ + λ1 + λ2

|π0| +
1

γ
‖π9‖L1[0,∞) , (3.18)

|C4| 6µ2

∫ ∞

0

e−γy

∫ y

0

|π10(τ)| eγτdτdy = µ2

∫ ∞

0

|π10(τ)| eγτ

∫ ∞

τ

e−γydydτ

=
µ2

γ
‖π10‖L1[0,∞) , (3.19)

|C7| 6
λ2

γ + λ1 + λ2

|π1| + µ2

∫ ∞

0

e−γy

∫ y

0

|π9(τ)| eγτdτdy

=
λ2

γ + λ1 + λ2

|π1| +
µ2

γ
‖π9‖L1[0,∞) , (3.20)

|C8| 6µ2

∫ ∞

0

e−γy

∫ y

0

|π6(τ)| eγτdτdy =
µ2

γ
‖π6‖L1[0,∞) . (3.21)

: (3.9), (3.10), (3.17)–(3.21) w Fubini Ú µD> Ñ

‖P‖ =

1
∑

i=0

|Pi| +

10
∑

j=2

‖Pj‖L1[0,∞) =

1
∑

i=0

|Pi| +

10
∑

j=2

∫ ∞

0

|Pj(y)| dy

≤
1

γ + λ1 + λ2

(|π0| + |π1|) +

4
∑

j=2

∫ ∞

0

(

|Cj| e
−γy + e−γy

∫ y

0

|πj(τ)| eγτdτ

)

dy

+

6
∑

k=5

∫ ∞

0

e−γy

∫ y

0

|πk(τ)| eγτdτdy +

8
∑

l=7

∫ ∞

0

(

|Cl| e
−γy + e−γy

∫ y

0

|πl(τ)| eγτdτ

)

dy

+

10
∑

m=9

∫ ∞

0

e−γy

∫ y

0

|πm(τ)| eγτdτdy

=
1

γ + λ1 + λ2

(|π0| + |π1|) +

4
∑

j=2

(

1

γ
|Cj| +

∫ ∞

0

|πj(τ)| eγτ

∫ ∞

τ

e−γydydτ

)

+

6
∑

k=5

∫ ∞

0

|πk(τ)| eγτ

∫ ∞

τ

e−γydydτ +

8
∑

l=7

(

1

γ
|Cl| +

∫ ∞

0

|πl(τ)| eγτ

∫ ∞

τ

e−γydydτ

)

+

10
∑

m=9

∫ ∞

0

|πm(τ)| eγτ

∫ ∞

τ

e−γydydτ

=
1

γ + λ1 + λ2

(|π0| + |π1|) +

4
∑

j=2

(

1

γ
|Cj| +

1

γ
‖πj‖L1[0,∞)

)

+

6
∑

k=5

1

γ
‖πk‖L1[0,∞) +

8
∑

l=7

(

1

γ
|Cl| +

1

γ
‖πl‖L1[0,∞)

)

+

10
∑

m=9

1

γ
‖πm‖L1[0,∞)
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=
1

γ + λ1 + λ2

(|π0| + |π1|) +
∑

i=2,3,4,7,8

1

γ
|Ci| +

1

γ

10
∑

j=2

‖πj‖L1[0,∞)

6
1

γ + λ1 + λ2

(|π0| + |π1|) +
λ1

γ (γ + λ1 + λ2)
(|π0| + |π1|)

+
µ2

2

γ3
‖π10‖L1[0,∞) +

µ2

γ2
‖π4‖L1[0,∞)

+
λ2

γ (γ + λ1 + λ2)
|π0| +

1

γ2
‖π9‖L1[0,∞) +

µ2

γ2
‖π10‖L1[0,∞)

+
λ2

γ (γ + λ1 + λ2)
|π1| +

µ2

γ2
‖π9‖L1[0,∞) +

µ2

γ2
‖π6‖L1[0,∞) +

1

γ

10
∑

i=2

‖πi‖L1[0,∞)

=

(

1

γ + λ1 + λ2

+
λ1 + λ2

γ (γ + λ1 + λ2)

)

(|π0| + |π1|) +
1

γ

∑

i=2,3,5,7,8

‖πi‖L1[0,∞)

+

(

1

γ
+

µ2

γ2

)

∑

j=4,6,9

‖πj‖L1[0,∞) +

(

1

γ
+

µ2

γ2
+

µ2
2

γ3

)

‖π10‖L1[0,∞)

=
1

γ
(|π0| + |π1|) +

1

γ

∑

i=2,3,5,7,8

‖πi‖L1[0,∞)

+
µ2 + γ

γ2

∑

j=4,6,9

‖πj‖L1[0,∞) +
γ2 + µ2γ + µ2

2

γ3
‖π10‖L1[0,∞)

6
1

γ − µ2

‖π‖. (3.22)

v
γ > µ2

¼
, (3.22) x Á , (γI − A1)

−1 Ä$Å
, Ù�y

(γI − A1)
−1 : Y → D(A1), ‖(γI − A1)

−1‖ 6
1

γ − µ2

.

&�*�$ ,
À:Á

D(A1)
Å Ö$×,z � Y

�{.�0
, ÕD|�q

f = {P = (P0, P1, P2(y), · · · , P10(y)) | Pi ∈ R, Pj ∈ C∞
0 [0,∞), i = 0, 1, j = 2, · · · , 10} ,

ì :~}�� [15] ��� f
Å Ö$×,z � Y

�{.�0
. ��Ú � |�q

Ω =

{

P = (P0, P1, P2(y), · · · , P10(y))

∣

∣

∣

∣

∣

Pi ∈ C∞
0 [0,∞), y Ä$Å τi > 0,

v
y ∈ [0, τi]

¼
,
5

Pi(y) = 0, i = 2, · · · , 10

}

ì��u� ÀíÁ
Ω
Å

f
��.,0

. : Ω, f, Y
 %��º ��� , É�� ÀíÁ D(A1)

Å
Y
��.,0

, ��� À
D(A1)

Å
Ω
�{.�0�� ò .A Õ P = (P0, P1, P2(y), · · · , P10(y)) ∈ Ω,

Ä�Å
τi > 0 , � > y ∈ [0, τi]

¼
,
5

Pi(y) =

0(i = 2, · · · , 10) . �'Ú � 2s = min
2≤k≤10

τk, �1� @ y ∈ [0, 2s] � 5 Pi(y) = 0 (i = 2, · · · , 10).
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Ú �
hs(0) = (hs

0, h
s
1, h

s
2(0), hs

3(0), hs
4(0), hs

5(0), hs
6(0), hs

7(0), hs
8(0), hs

9(0), hs
10(0))

=

(

P0, P1, λ1 (P0 + P1) +

∫ ∞

2s

µ2(y)P4(y)dy +

∫ ∞

2s

µ2(y)P8(y)dy,

λ2P0 +

∫ ∞

2s

µ2(y)P9(y)dy,

∫ ∞

2s

µ2(y)P10(y)dy,

0, 0, λ2P1 +

∫ ∞

2s

µ2(y)P5(y)dy,

∫ ∞

2s

µ2(y)P6(y)dy, 0, 0

)

hs = (hs
0, h

s
1, h

s
2(y), hs

3(y), hs
4(y), hs

5(y), hs
6(y), hs

7(y), hs
8(y), hs

9(y), hs
10(y)) ,

� �

hs
i (y) =















hs
i (0)

(

1 − y

s

)2
,

v
y ∈ [0, s),

−di(y − s)2(y − 2s)2,
v

y ∈ [s, 2s), i = 2, · · · , 10,

Pi(y),
v

y ∈ [2s,∞),

d2 =

∫ s

0
µ2(y)(hs

2(0) + hs
8(0))

(

1 − y

s

)2
dy

2
∫ 2s

s
µ2(y)(y − s)2(y − 2s)2dy

, d3 =

∫ s

0
µ2(y)hs

9(0)
(

1 − y

s

)2
dy

∫ 2s

s
µ2(y)(y − s)2(y − 2s)2dy

,

d4 =

∫ s

0
µ2(y)hs

10(0)
(

1 − y

s

)2
dy

∫ 2s

s
µ2(y)(y − s)2(y − 2s)2dy

, d7 =

∫ s

0
µ2(y)hs

5(0)
(

1 − y

s

)2
dy

∫ 2s

s
µ2(y)(y − s)2(y − 2s)2dy

,

d8 =

∫ s

0
µ2(y)hs

6(0)
(

1 − y

s

)2
dy

∫ 2s

s
µ2(y)(y − s)2(y − 2s)2dy

, d5 = d6 = d9 = d10 = 0.

ì
,
�+� - À hs ∈ D (A1), y

‖P − hs‖ =

10
∑

i=2

∫ ∞

0

|Pi(y) − hs
i (y)| dy

=

10
∑

i=2

∫ s

0

|hs
i (0)|

(

1 −
y

s

)2

dy +

10
∑

i=2

∫ 2s

s

|di| (y − s)2(y − 2s)2dy

=
s

3
·

10
∑

i=2

|hs
i (0)| +

s5

30
·

10
∑

i=2

|di| → 0,
v

s → 0.

÷�ÍD� Á D (A1)
Å

Ω
��.,0

,
�

D (A1)
Å

Y
��.,0

. :����,� � $���� Hille-Yosida Ú µ� � ,
±E²

A1 � �D� � C0−
³@´

.

&�2�$ ÀFÁ ��� � ��±$² A2 w A3 ? 5,6��"È"±$² .
@

∀P ∈ Y , ��� A2, A3 �"Ö"×1z�
Y
���D�X  Ú �D5

‖A2P‖ 6µ1 ‖P2‖L1[0,∞) + (λ1 + λ2 + µ2) ‖P3‖L1[0,∞) + µ2‖P4‖L1[0,∞) + λ1‖P3‖L1[0,∞)

+ (λ3 + µ2)‖P5‖L1[0,∞) + λ2‖P3‖L1[0,∞) + µ2‖P6‖L1[0,∞) + λ3‖P5‖L1[0,∞)

+ (λ1 + λ2 + µ2) ‖P7‖L1[0,∞) + µ2‖P8‖L1[0,∞) + λ1‖P7‖L1[0,∞)

+ (λ3 + µ2)‖P9‖L1[0,∞) + λ2‖P7‖L1[0,∞) + µ2‖P10‖L1[0,∞) + λ3‖P9‖L1[0,∞)
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=µ1‖P2‖L1[0,∞) + (2λ1 + 2λ2 + µ2) ‖P3‖L1[0,∞) + µ2‖P4‖L1[0,∞)

+ (2λ3 + µ2)‖P5‖L1[0,∞) + µ2‖P6‖L1[0,∞) + (2λ1 + 2λ2 + µ2) ‖P7‖L1[0,∞)

+ µ2‖P8‖L1[0,∞) + (2λ3 + µ2)‖P9‖L1[0,∞) + µ2‖P10‖L1[0,∞)

6 (2λ1 + 2λ2 + 2λ3 + µ1 + µ2) ‖P‖,

‖A3P‖ =

∣

∣

∣

∣

∫ ∞

0

µ1(y)P2(y)dy +

∫ ∞

0

µ2(y)P7(y)dy

∣

∣

∣

∣

+

∣

∣

∣

∣

∫ ∞

0

µ2(y)P3(y)dy

∣

∣

∣

∣

6 µ1 ‖P2‖L1[0,∞) + µ2 ‖P7‖L1[0,∞) + µ2 ‖P3‖L1[0,∞)

6 (µ1 + µ2) ‖P‖.

÷D�   � ��� F�Í�� Á ±E² A2 � A3 ? 5�6�  , � ¼ �+� 7u4�E�� �"±E² ? �$È"±E² . �D  ,

: C0  ³@´* �¡�¢"µ$¶ [16]
� � , 8 ±E² A1 + A2 + A3 � �  � C0-

³@´
T (t).

&�"�$ À:Á 8 ±E² A1 + A2 + A3 ? dispersive
±E²

.
@

∀P ∈ D (A1), Ú �

α(y) =

(

[P0]
+

P0

,
[P1]

+

P1

,
[P2(y)]

+

P2(y)
,
[P3(y)]

+

P3(y)
, · · · ,

[P10(y)]
+

P10(y)

)

,

� �

[Pn]
+

=

{

Pn

v
Pn > 0

0
v

Pn 6 0
, n = 0, 1, [Pk(y)]

+
=

{

Pk(y)
v

Pk(y) > 0

0
v

Pk(y) 6 0
, k = 2, . . . , 10,

��Ú � B+
k = {y ∈ [0,∞) | Pk(y) > 0} , B−

k = {y ∈ [0,∞) | Pk(y) 6 0} (k = 2, · · · , 10),
ì : [Pk(y)]

+
(k = 2, · · · , 10)

  Ú � ��}�� [17] �{£   ï�¤"ò:ó~7u4
∫ ∞

0

dPk(y)

dy
·
[Pk(y)]

+

Pk(y)
dy =

∫

B
+

k

dPk(y)

dy
·
[Pk(y)]

+

Pk(y)
dy +

∫

B
−

k

dPk(y)

dy
·
[Pk(y)]

+

Pk(y)
dy

=

∫

B
+

k

dPk(y)

dy
dy =

∫ ∞

0

d [Pk(y)]
+

dy
dy = − [Pk(0)]

+
, k = 2, . . . , 10. (3.23)

��� @ ÷Eö�Ú �«  α(y) � P ∈ D(A1), : (3.23), r 6�sDt � � F�Í
∫ ∞

0

µn(y)Pk(y)dy 6

∫ ∞

0

µn(y)[Pk(y)]+dy(n = 1, 2, k = 2, · · · , 10),

∫ ∞

0

Pl(y)
[Pm(y)]+

Pm(y)
dy ≤

∫ ∞

0

[Pl(y)]+dy (l, m = 2, · · · , 10, l 6= m),

7u4
〈(A1 + A3 + A3)P, α (y)〉 =

{

− (λ1 + λ2) P0 +

∫ ∞

0

µ1(y)P2(y)dy +

∫ ∞

0

µ2(y)P7(y)dy

}

·
[P0]

+

P0

+

{

− (λ1 + λ2) P1 +

∫ ∞

0

µ2(y)P3(y)dy

}

·
[P1]

+

P1

+

∫ ∞

0

{

−
dP2(y)

dy
− µ1(y)P2(y)

}

·
[P2(y)]

+

P2(y)
dy
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+

∫ ∞

0

{

−
dP3(y)

dy
− (λ1 + λ2 + µ2(y)) P3(y)

}

·
[P3(y)]

+

P3(y)
dy

+

∫ ∞

0

{

−
dP4(y)

dy
− µ2(y)P4(y) + λ1P3(y)

}

·
[P4(y)]

+

P4(y)
dy

+

∫ ∞

0

{

−
dP5(y)

dy
− (λ3 + µ2(y)) P5(y) + λ2P3(y)

}

·
[P5(y)]

+

P5(y)
dy

+

∫ ∞

0

{

−
dP6(y)

dy
− µ2(y)P6(y) + λ3P5(y)

}

·
[P6(y)]

+

P6(y)
dy

+

∫ ∞

0

{

−
dP7(y)

dy
− (λ1 + λ2 + µ2(y)) P7(y)

}

·
[P7(y)]

+

P7(y)
dy

+

∫ ∞

0

{

−
dP8(y)

dy
− µ2(y)P8(y) + λ1P7(y)

}

·
[P8(y)]

+

P8(y)
dy

+

∫ ∞

0

{

−
dP9(y)

dy
− (λ3 + µ2(y)) P9(y) + λ2P7(y)

}

·
[P9(y)]

+

P9(y)
dy

+

∫ ∞

0

{

−
dP10(y)

dy
− µ2(y)P10(y) + λ3P9(y)

}

·
[P10(y)]

+

P10(y)
dy

= − (λ1 + λ2) [P0]
+

+
[P0]

+

P0

∫ ∞

0

µ1(y)P2(y)dy +
[P0]

+

P0

∫ ∞

0

µ2(y)P7(y)dy

− (λ1 + λ2) [P1]
+

+
[P1]

+

P1

∫ ∞

0

µ2(y)P3(y)dy −

10
∑

k=2

∫ ∞

0

dPk(y)

dy
·
[Pk(y)]

+

Pk(y)
dy

−

∫ ∞

0

µ1(y) [P2(y)]
+

dy −

∫ ∞

0

(λ1 + λ2 + µ2(y)) [P3(y)]
+

dy

−

∫ ∞

0

µ2(y) [P4(y)]
+

dy +

∫ ∞

0

λ1P3(y) ·
[P4(y)]

+

P4(y)
dy

−

∫ ∞

0

(λ3 + µ2(y)) [P5(y)]
+

dy +

∫ ∞

0

λ2P3(y)
[P5(y)]+

P5(y)
dy

−

∫ ∞

0

µ2(y) [P6(y)]
+

dy +

∫ ∞

0

λ3P5(y)
[P6(y)]

+

P6(y)
dy

−

∫ ∞

0

(λ1 + λ2 + µ2(y)) [P7(y)]
+

dy −

∫ ∞

0

µ2(y) [P8(y)]
+

dy

+

∫ ∞

0

λ1P7(y) ·
[P8(y)]

+

P8(y)
dy −

∫ ∞

0

(λ3 + µ2(y)) [P9(y)]
+

dy

+

∫ ∞

0

λ2P7(y)
[P9(y)]

+

P9(y)
dy −

∫ ∞

0

µ2(y) [P10(y)]
+

dy +

∫ ∞

0

λ3P9(y)
[P10(y)]

+

P10(y)
dy

6 − (λ1 + λ2)
(

[P0]
+

+ [P1]
+)

+
[P0]

+

P0

(
∫ ∞

0

µ1(y) [P2(y)]
+

dy +

∫ ∞

0

µ2(y) [P7(y)]
+

dy

)

+
[P1]

+

P1

∫ ∞

0

µ2(y)[P3(y)]+dy +

10
∑

k=2

[Pk(0)]
+
−

∫ ∞

0

µ1(y) [P2(y)]
+

dy
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− (λ1 + λ2)

∫ ∞

0

[P3(y)]
+

dy −

∫ ∞

0

µ2(y) [P3(y)]
+

dy −

∫ ∞

0

µ2(y) [P4(y)]
+

dy

+ λ1

∫ ∞

0

[P3(y)]
+

dy − λ3

∫ ∞

0

[P5(y)]
+

dy −

∫ ∞

0

µ2(y) [P5(y)]
+

dy

+ λ2

∫ ∞

0

[P3(y)]
+

dy −

∫ ∞

0

µ2(y) [P6(y)]
+

dy + λ3

∫ ∞

0

[P5(y)]
+

dy

− (λ1 + λ2)

∫ ∞

0

[P7(y)]
+

dy −

∫ ∞

0

µ2(y) [P7(y)]
+

dy −

∫ ∞

0

µ2(y)[P8(y)]+dy

+ λ1

∫ ∞

0

[P7(y)]
+

dy − λ3

∫ ∞

0

[P9(y)]
+

dy −

∫ ∞

0

µ2(y) [P9(y)]
+

dy

+ λ2

∫ ∞

0

[P7(y)]
+

dy −

∫ ∞

0

µ2(y) [P10(y)]
+

dy + λ3

∫ ∞

0

[P9(y)]
+

dy

= − (λ1 + λ2)
(

[P0]
+

+ [P1]
+)

+
[P0]

+

P0

(
∫ ∞

0

µ1(y) [P2(y)]
+

dy +

∫ ∞

0

µ2(y) [P7(y)]
+

dy

)

+
[P1]

+

P1

∫ ∞

0

µ2(y) [P3(y)]
+

dy + λ1

(

[P0]
+

+ [P1]
+)

+

∫ ∞

0

µ2(y) [P4(y)]
+

dy +

∫ ∞

0

µ2(y)[P8(y)]+dy

+ λ2[P0]
+ +

∫ ∞

0

µ2(y) [P9(y)]
+

dy +

∫ ∞

0

µ2(y) [P10(y)]
+

dy

+ λ2 [P1]
+

+

∫ ∞

0

µ2(y) [P5(y)]
+

dy +

∫ ∞

0

µ2(y) [P6(y)]
+

dy

−

∫ ∞

0

µ1(y) [P2(y)]
+

dy −

∫ ∞

0

µ2(y) [P3(y)]
+

dy

−

∫ ∞

0

µ2(y) [P4(y)]
+

dy −

∫ ∞

0

µ2(y) [P5(y)]
+

dy

−

∫ ∞

0

µ2(y) [P6(y)]
+

dy −

∫ ∞

0

µ2(y) [P7(y)]
+

dy

−

∫ ∞

0

µ2(y) [P8(y)]
+

dy −

∫ ∞

0

µ2(y) [P9(y)]
+

dy −

∫ ∞

0

µ2(y) [P10(y)]
+

dy

=

(

[P0]
+

P0

− 1

)(
∫ ∞

0

µ1(y) [P2(y)]
+

dy +

∫ ∞

0

µ2(y) [P7(y)]
+

dy

)

+

(

[P1]
+

P1

− 1

)
∫ ∞

0

µ2(y) [P3(y)]
+

dy

60.

÷'Í�� Á ±�² A1 + A2 + A3 ? dispersive
±�²

. :�E � p ¶ , & Ç $ , &+*,$�� Phillips Úµ 7
4 ±�² A1 + A2 + A3 � � Ç������1� C0-
³"´

. : C0-
³"´  $Æ�Ç�È'µ'¶

[16] ��� ,

A1 + A2 + A3 � �   C0-
³@´�¥ ? T (t) .



546 è é ê ë Vol. 45

Å Ö$×,z � Y
� Ú � |�q

Θ = {P ∈ Y | P = (P0, P1, P2(y), · · · , P10(y)) , P0 > 0, P1 > 0, Pk(y) > 0, k = 2, · · · , 10} ,

ìD¦ Ú �«  |�q Θ ? Y
�E ;§

. : Y
  Ú � � À Ü  �¨D© z �

Y ∗ =

{

P ∗ ∈ R2 × (L∞[0,∞))
9

∣

∣

∣

∣

9P ∗9 = sup

{

|P ∗
0 | , |P

∗
1 | , sup

26k610
‖Pk‖L∞[0,∞)

}

< ∞

}

,

? ÇD� Banach z � [18].
@

P ∈ D (A1) ∩ Θ, Õ P ∗ = ‖P‖(1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1) , � ¼�ª
¨Dr 6�sDt 7u4

〈(A1 + A2 + A3) P, P ∗〉

=

{

− (λ1 + λ2) P0 +

∫ ∞

0

µ1(y)P2(y)dy +

∫ ∞

0

µ2(y)P7(y)dy

}

‖P‖

+

{

− (λ1 + λ2) P1 +

∫ ∞

0

µ2(y)P3(y)dy

}

‖P‖

+

∫ ∞

0

{

−
dP2(y)

dy
− µ1(y)P2(y)

}

‖P‖dy

+

∫ ∞

0

{

−
dP3(y)

dy
− (λ1 + λ2 + µ2(y))P3(y)

}

‖P‖dy

+

∫ ∞

0

{

−
dP4(y)

dy
− µ2(y)P4(y) + λ1P3(y)

}

‖P‖dy

+

∫ ∞

0

{

−
dP5(y)

dy
− (λ3 + µ2(y)) P5(y) + λ2P3(y)

}

‖P‖dy

+

∫ ∞

0

{

−
dP6(y)

dy
− µ2(y)P6(y) + λ3P5(y)

}

‖P‖dy

+

∫ ∞

0

{

−
dP7(y)

dy
− (λ1 + λ2 + µ2(y))P7(y)

}

‖P‖dy

+

∫ ∞

0

{

−
dP8(y)

dy
− µ2(y)P8(y) + λ1P7(y)

}

‖P‖dy

+

∫ ∞

0

{

−
dP9(y)

dy
− (λ3 + µ2(y)) P9(y) + λ2P7(y)

}

‖P‖dy

+

∫ ∞

0

{

−
dP10(y)

dy
− µ2(y)P10(y) + λ3P9(y)

}

‖P‖dy

= − (λ1 + λ2) ‖P‖ (P0 + P1) + ‖P‖

10
∑

i=2

Pi(0) − ‖P‖

10
∑

i=4
i6=7

∫ ∞

0

µ2(y)Pi(y)dy

= − (λ1 + λ2) ‖P‖ (P0 + P1) + λ1‖P‖ (P0 + P1) + ‖P‖

∫ ∞

0

µ2(y)P4(y)dy

+ ‖P‖

∫ ∞

0

µ2(y)P8(y)dy + λ2‖P‖P0 + ‖P‖

∫ ∞

0

µ2(y)P9(y)dy

+ ‖P‖

∫ ∞

0

µ2(y)P10(y)dy + λ2 ‖P‖P1 + ‖P‖

∫ ∞

0

µ2(y)P5(y)dy
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+ ‖P‖

∫ ∞

0

µ2(y)P6(y)dy − ‖P‖

10
∑

i=4
i6=7

∫ ∞

0

µ2(y)Pi(y)dy

= 0.

÷"Í���« ±E² A1 + A2 + A3 ?D¬,­ ±E² . :{H�®�¯ P (0) ∈ D (A2
1)∩Θ, °,±�ò:ó�¨ Fatforini

Ú µ [19], Ù > Ñ ��²Dp ¶�³���
3.2 T (t)

@ HD2�´ t�º"» (2.1)
  ®�¯ P (0) ?DF�µ ±E² ,

�

‖T (t)P (0)‖ = ‖P (0)‖(∀t ∈ [0,∞)). (3.24)

¶ q�Ú µ 3.1 ��Ú µ 3.2
> Ñ�· }   8�¸�pD� ³���

3.3 ��� µ1(y) � µ2(y) ���
µ1 = sup

y∈[0,∞)

µ1(y) < ∞, µ2 = sup
y∈[0,∞)

µ2(y) < ∞,

ì º"»
(2.1)

Ä$Å'ÆEÇ� <Â�Ã"¼��<½E¾$¿
P (t, y), Ù���� ‖P (t, ·)‖ = 1, ∀t ∈ [0,∞).! :�H P (0) ∈ D

(

A1
2
)

∩ Θ,
¦ ó�:;},� [15]

�"  Ú µ 11 w · } �"  Ú µ 3.1 ��� ,¦�¹ ¶«  2�´ t�º"» (2.1)
Ä$Å'ÆEÇ� /��¼��<½E¾$¿

P (t, y), Ù � ò���«"É
P (t, y) = T (t)P (0), ∀t ∈ [0,∞),

÷"Í�p�q (3.24) Í > Ñ

‖P (t, ·)‖ = ‖T (t)(1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)‖ = ‖(1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0)‖ = 1, ∀t ∈ [0,∞).

4 º�»
· }"§"¨"©«ª@¬$­ �$ �®E¯�°"±$²�³�´�µ"¶ ,

·�¸ � ÇD� :;¼�½ ��¾$  � � �¿´ t�À¿Á
w Ç ´ t�Â�Ã�Ä�Å �   2,´ t ò�Æ º�»X E¼'��½"¾�¿F <Ä�Å�Æ"Ç"È . ÇDÈ� +É , Ê"Ë�Ê�Ë�ÌÍ Ö�×�z � ,

±�² Û � Ú ��Þ , �«� º'»*  �«�"���'É Banach z ���� �¡«¢ Cauchy £<¤ .Î ¦ ,
ÀíÁ ��� º�» ��� Â'Ã�¼'��½"¾�¿F <Ä�Å«Æ"Ç"È , É"¦ °"·«¸�¼'��½"¾�¿F ¿Ï,Ð,Ñ ÉÒ Ú��{Ó�Ô . ° ¹ , ò:óÖÕ�×D}�� [20]

�E %Ø�Ù ï�¤ , Ú Ç $�Û ¹ � º"»�¼��<½E¾"¿* �Ï�Ð�Ñ
É .
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EXISTENCE AND UNIQUENESS OF THE NONNEGATIVE TIME
® DEPENDENT SOLUTION OF A THREE UNIT SYSTEM WITH

ONE COLD STANDBY UNIT

ALIM Mijit

(School of Economics and Management, The Open University of Xinjiang, Urumqi 830049, China)

Abstract: In this paper, we study the existence and uniqueness of the nonnegative

time-dependent solution of a three unit system with one cold standby unit. Firstly, by choosing

suitable state space we transform the three unit system model into an abstract Cauchy problem.

Then, by using the strong continuous semigroup theory in functional analysis we prove the

existence and uniqueness of the nonnegative time ¯ dependent solution of the model.

Keywords: Three unit system with one cold standby unit; C0− semigroup; dispersive

operator
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