
������ �	
��� ���� ���������
��
 
�������	
 ����� ��� ��������� 

���	�� ����� �
�� ���  !" �#$ �%�" 
&��� ���	�� ! �
 ���� �#$ �%�" 


"'	 ��(��)*+,�-'��� &.
� ���� /	
��0

�1��" &!�2 3 4'�* &567	
. 3 ����8'�� ! ������ &�97	
. 
hsaljooghi@mail.iauzah.ac.ir 

&5�68 
������ � ����  !"�#� $��% &�� � ,( � �)�� *�+,- .�� �����/ ���0  $�% �� ���12� 3 �� �� 4��

 �
 �� 5)�� �� ��-��6 5���7 �( !"�#� !���  3 8�9:  .39� .���<
 �3=�<( ���<( >� ���0( �� �� �/� ,��"�#<�
 �?@ ���:�� $� ���( $9�� 8� ���( 4��?� *�  ,.�<%�� $�<� A3� �<( 3 �<��� �B C�B !D $�� >�?E  8( ���� 8@

 !(�- �?F#�� !D .8�G#� ��3� ��E( �,B $9�� 8����( 8�G#� >� 5���7 4��?+( $� ���( �����/� ,�<,B $9<�� 8<����(
 �
 �� ������ $� ���( .�<( ��"�#� 8( �� $� ���( 8�G#� ����F( 8@ *%� ������� $��/��E( ���� H�� � !D A3� �����

 �?@ !��I  &��+� 5���7 .��( 8( 9�� 8���� H��� 3 �����<J �<� $� ���<( 5"��<7 �<( ��- ��6 $9�� 8����( $�	��� �%
 �)�� $�	
3� �� �E� �%��( H�7 ,�/ �� 8"��� $� ���( !"�#� !D $��(���) �
3� ..�<	�� �� ���F%� �( H�?K��

 $��L ���� � A�( $�� 8���:� ,*%� ��
 ���F%� $��L �,B $9�� 8����( !D $��( ��
 8"��� A3��� H<�� �I2 8@ 
!<D $��<( ��<
 8<"��� $�	
3� �� �M� �E� �( A3� H�� 8��� � 3 �3= *%�( �� N�� O(�  8?�	( P��) 4��  �� A3�

 �� ���F%� �( $��L $9�� 8����( !"�#�αQ*%� ��
 8#���� A�(.

�5�� ��: &;
! :���� ! �
 &��� �#$ �%�" ���	��=��� .
5*
 �
 &=����.
5*
 –����  �� �*'��� 

+=��5?� 
8� � &�F?@ $�� �F#�%� $��L $�� 8���:�9��= *��L�� �(��@�R$��<L $�<� 8���:� O�%3 A�F#/ 5)�� 

���/ ���(��@3 �� 8?��� ���% � .*%� ��S�2 8KT���  $��� �7��� $9�� 8����( � $��L $�� 8���:� �� ���F%� .U<	)
-�3 ���� �)3 �7��� $9�� 8� ���( � $��L 8���:� $��G  $��/��E(� ���	/�� 3 �+ .���#<( �<7��� $9<�� 8<� ���( 8KT��� 

 *%� 8?��� H�� � H����� ��F#� 3 8F%��J $�	
1  8:�F� 3 *%� �?6 .8F<% 8% 8( 4��  �� �� $��L �7��� $9�� 8����(
��� $�?( ��#�  ����.
� ���( &3� 8F% H<��( V<%�  $��L �7��� $9�� 8(Bellman)��� 3] (Zadeh)�[���9@�<� 3 $�<�/ ���0<  ���0<(

���/ W�,� $��L $��% .�@��� (Tanaka) ]Y[$��<( ��/��<% P��<) ><� 8"��� 3 $��L $9�� 8����( $�?( &���L 8?��� � 9��
 H����� 3 8�G#�(Zimmerman)]�[< �<?[ �<( $��<L $9<�� 8<����( !"�#�� �<�� ��<@ \<�( N�<� O(�.!"�#<� 4=� 8<@

 
�Q����F%� ,�7��� �3�/ ,4�F#[��(3 4�F#�% ��M]�� 
YQ$�F@ $�:]�� ,�7��� �3�/ ,4�F#[��(3 4�F#�% ��M]�� 



^_Y $��L $�	�F#�% `����?@ H��:?J �S��� 8���:� 

���0  �?FL�/ ���- �%��( ��� $��L ��- 3 N���� �( $��/ .�� �<�- �<��a  *<��(�- 3 N�<� O(�<  N�,+�� $��L ��- 3 N����
 �� $9�� 8����( H�� !�� H�� 8( �?� �� 4�]� ”N�,+�� !(�- $9�� 8����( “�?��� ��.

5���7 8@ $9�� 8����( � ��- 3 N�� O(�  ,��@��<2 8<( �<�-3 N�<� 4�<( $��L �� �d�( 3 �
�( ��- ��6 �����
 ̀ �(3 V%�  *#�� W�,�(Dubois)���J3(Prade)]^[���/ W�,� .��� H�� � �S��� �� �e+(� 4�[ ,5���7 O���  O(� 

*%� ��
 8FL�/�f� � 4�E�� O���  ���0( $��L ,$9�� 8����( H��”� 8����( 4�E�� $9� “�
 �� ������.
�F�"�M� V%�  8@ $9�� 8����( g�� H���%(Negoita)]h[*<���� 4= � 8<@ *<L�/ .�� �?��?  $9�� 8� ���( ���/ 8"���

�
 �� H��+  �����= N�� O(�  ����� >� 3 $��L ���0  8�D�� >� V%�  �����/ ���0  $��.
!"�#� $��( $��L $9�� 8����( $�	��� ����� ”i��+  �( “��3� �� ��E( .�� 3 ��<( .�<	(� $��� �<��F����J3 ����<�� 8<@ ��"�#�

 �?F#�� ����B�( .�S *- .3 ���� 8?�	( &��+� $�� >�?E  �(���= >�%1@ &�� >� 8( $��L &�� !��I  �( ���� 8��M?�� �
 ��I� 8��3� $��L &�� $��( H�	( P��) H�� 4�[ ,��( ��� j��:� ���= ��( ���) ��(�+  �( 4�I� H�	( ���k � 3 �� ���- �%

�?� �� 8��� 8?�	( P��) 8( �(��F% �  �� ��3� 3 ���� !D �� 8�G#� �M�.
8<����( 5"��<7 &�� >� � �F-3 �?+� *%� .3 g�� $9�� 8����( *%� 8FL�/ ���- �%��( ��� 8���� H�� � 8@ ����

 �
�( ��- ��6 $9�� .��( � .�%�� �7��� $9�� 8��,����� !"�#� 5���7 ���<
 �<� H�+  ��- ����� �( ��IB ��L� V%�  .
H�+��� 3 ��-��6 $�� V��� � ��3 ,�<%� �<� �<f?( *�+-�3 �� �3 ���#( ��IB ��L� ��- ���12� l�L.8+<%�  H���(�<?(

 i�k�  $��( $���= 3 $��L ������ � ����  $�	
3� �� ���F%�3 $�<� �� �<( �<+-�3 $�<�/ ���0<  !"�#<� $3� \<�( 3
*%� ��,?�3 5%�?� ��-�� .8���� H�� � 8FL� ��E( &�� �,� $� ���<( �<�-��6 ���<�� ���0( 5���7 3 ���F����J ���� 

 ���
 �� !��I  ����+� $9�� 8����( 8( ��
 8"��� $�� >�?E  �� ���F%� �( 8@ ��� ��
 8FL�/ �f�.�<( `m% &�<� ><� !<D
�
 �� 8I%��� P��) H��F(��,� >�%1@ �,B $9�� 8����(.

0=�� �	�� &��� �%�" �

����M( �f� � �� $� ���( !"�#� ��@ .�L :

(Max) Min            Z = j

n

j

U
j

L
j xcc∑

=1

],[
s.t. 

 ∑
=

=≤≥
n

j

U
i

L
ij

U
ij

L
ij bbxaa

1

],)[,(],[ i = 1 , ... , m 

0≥jx j = 1 , ... , n                                       )�(
�/�)(ℜg� $� ���( ���� 8�� 8���:� R�
�( ,

[ ] [ ] [ ] njmigbbccaa U
i

L
i

U
j

L
j

U
ij

L
ij ,...,2,1,...,2,1)(,,,,, ==ℜ∈

$���F����J ����  �M� ���I+(LP ,  �?
�( �� $� ���( ���0(.
��"��� 8)�  $� ���( �,B $9�� 8����( >� 8@ ��� &�d� 8(:

@�A�0=+Q$���6�� >� � �RRR �/ �� ���F%� 4��� 3 ���% ��� g�� 3 �� �	�= q���B $��( 8@ �
 �� $���	M� r�� .
r�� ���/�–�8( !-��D 8���3� 3 ��B �� �3� � 4��� 3 ���% .�/���@ Y�/R–�Y/R3 H�G 3�J .�/���@ RRu/R–RR^/R

�� ���� ��#�@ .!��
 ���% .�/���@ ��hYQ^�3 H�G 3�J �k� �/RQh/R�
�( �� ��#�@ �k� .!��<
 4��� .�/�<��@��
h/��–h/�3 H�G 3�J �k� �/R*<%� ��#<�@ �k� .-H�<( ���<% .�/�<��@�� *<��^Y/RQ��/R*<��- H�<?K�� 3 �S 

4��� .�/���@��Y/R�/ !-��D $���6�� q���B 8?�9� �  ���
 v��T� ���( �FI#� 8[ 8( ���% 3 4��� *%��S .
�/ �� 8����L ��� ���k 8( �� 8�G#�:

�/�X13 ���% ����� X2�
�( .�/���@ 5#D �( ���� ��� 4��� �����,���� :



8����( !"�#� $��( ��D A3� �,B $9�� ... ^_� 

Min       Z = [0.38 ,0.42] X1 + [0.2 , 0.2 ] X2
s.t. 

X1 + X2 = [1 , 1.3 ] × 1000 
 [0.48 , 0.52] X1 + [0.085 , 0.115] X2 ≥[0.21 , 0.23] ×1000 

)Y([0.005 , 0.008] X1 + [0.003 , 0.003] X2 ≥[0.004 , 0.006] × 1000 
X1 , X2 ≥ 0

"�#� ���( 4= !D $��( 8@ �?F#� $� ���( ���� ���F���J ����  �,B $9�� 8����( H��� ��� $��% 8?�	( �� $���]�( !.�w<�
 ���� $�  5%�?� $�	
3� 8"��� 8( ���� 3 ��� !D ���= 4��  ��� $9�� 8����( >�%1@ $�	
3� �� .�3�<� H�<7 8<� ��� H���

 $� ���( $9�� 8����( !"�#� !D $��( x?[�
 x��  A3� ,3 �<� 8<( y�<L 8�G#<� !<D H�<73 ���� W�,� �� ���) �
3�
A3� ,=��?@ �� 8#���� �M��E� �( ���	�.

B=C�8'D C	�E  !" 
x?[�
 x�� (Tong Shaocheng)*L�/�f�� ��� ���0( �� $��% ���?�� $� ���( 8�G#� ]u: [

Min            Z = j

n

j

U
j

L
j xcc∑

=1

],[ )�(
s.t. 

 ∑
=

≥
n

j

U
i

L
ij

U
ij

L
ij bbxaa

1

],[],[ i = 1 , ... , m 

 0≥jx j = 1 , ... , n 

 $� ���( ���� $���M��� �I2�(]h[&�� � 8��+�����)�(���0( 4��  �� ��12 +n����� !��I  8��+�.
{ } { } njmibbbaaabxaxaxa U

i
L
i

U
ij

L
ijjnn ,...,1,...,1,,,2211 ==∈∈≥+++ L

8��+��� z���( �M� ���I+(i4��  �� .�12 +n��� �:�� 8��+��� .!<k�D $�<� 8��+��� �� >� �� ���
 $�	(��) 8���:� �/�
 8��+�����i�( �� .�K

iD:� H��F/�9( 3 H��FE[�@ ��� 4�]� �� *# ��I� 8?E�� $�	(��) 8���:

IU
11 2

1

2

1

++

==

==
nn

K

K
ii

K

K
ii DDDD

B3+F��(E 380T]� &���L (CF):�/� ∑
=

≥
n

j

UL
j

U
j

L
j bbxaa

1

],[],[

��M�= ∑
=

≥
n

j
jj bxa

1

4= � 8@ [ ]UL bbb ,∈3[ ]U
j

L
jj aaa ,∈�� ������ y�L 8��+��� 80T]� &���L �
.

B=0–F��(E :8��+��� �� $��( �/�∑
=

≥
n

j

UL
j

U
j

L
j bbxaa

1

],[],[,80T]� &���L∑
=

≥
n

j
jj bxa

1

8F<
� �<)3 

U��	(��) {���:� 8@ $��?( �
�(D�� D��� P��<) ���<( ����� H��F/�9( 5� �  8( ���= ��M�= �
�( H��FE[�<@ 3 8<��+
�?��� 8��+��� P��) ���( �����.

B=B–��G333- :8<<<��+��� $��<<<(∑
=

≥
n

j

UL
j

U
j

L
j bbxaa

1

],[],[�S�<<<+��� 8<<<@ �<<<�?@ *<<<(�| ∑
=

≥
n

j

L
j

U
j bxa

1

3∑
=

≥
n

j

U
j

L
j bxa

1

�?
�( �� 8��+��� P��) ���( ����� H��FE[�@ 3 ���( ����� H��F/�9( 5� �  8( .

)��I|�8���7 UT( �(



^_^ $��L $�	�F#�% `����?@ H��:?J �S��� 8���:� 

N�� O(�  $� ���( $���M��� �I2 �([ ]∑
=

=
n

j
j

U
j

L
j xccZ

1

.,�( ���=3 *%� $� ���( �� >� Z= [Z1,Z2]3 ��� �� U���� 

4�[),....,2,1(0 njx j =≥���0?��� ∑∑
==

==
n

j
j

U
j

n

j
j

L
j xcZxcZ

1
2

1
1}

�( ��� �,B $9�� 8����( 3 HFL�/ �f� � �( N�� O(��  Z13Z28�G#<� P��) 8�D�� H��FE[�@ 3 H��F/�9( ��- �( 5� �  8( 

)�(���� :∑
=

=
n

j
j

U
j xcZ

1
2Min  ∑

=

=
n

j
j

L
j xcZ

1
1Min 

s.t    s.t 

 mibxamibxa U
i

n

j
j

L
ij

n

j

L
ij

U
ij ,...,1,...,1

11

=≥=≥ ∑∑
==

njxnjx jj ,...,10,...,10 =≥=≥

)h) (^(
&�� H�	( $�	(��) ��?@ l�L)^(3)h(�( ��� ���0( 5� �  8(�?
:

121 ,,,, Zxxx n ′′′′ K221 ,,,, Zxxx n ′′′′′′′′ K

&�� H�	( $�	(��) 8@��� *(�| 4��  ��)�($� ���( P��) ���0([ ]21, ZZ ′′′�
�( �� .
&�d� 4�?@�YQ�$� ���( &�� $��� 8@ �� )Y(��?@ �� !D y�L A3� 8( �� *%�.

Min           Z1 = 0.38 X1 + 0.2X2 Min           Z2 = 0.42 X1 + 0.2 X2
s.t                                                                                                        s.t 

1000≤X1+ X2≤1300                                               1000≤X1+ X2≤1300 
 0.52X1+0.11X2≥ 0.21×1000                                  0.48 X1+ 0.085X2≥0.23×1000  
 0.008X1+0.003X2≥0.0004×1000                           0.005X1+0.003X2≥0.006×1000 
 X1 , X2 ≥ 0 X1 , X2 ≥ 0

)~()�(
8�G#� 3 H�� $�	(��)�� *# ��I� :

22.24243.76557.234 121 ==′=′ ZXX
4912501050 221 ==′′=′′ ZXX

Min  Z = [242.22 , 491] 

^=5�5H �D!" �� �
 &��� ����� �� )"'	 @5� (

����/ �� �f�� �� $� ���( 8�G#� ��@ .�L �M� ��(:j

n

j

U
j

L
j xcc∑

=1

],[Min            Z =  

s.t ∑
=

≥
n

j

U
i

L
ij

U
ij

L
ij bbxaa

1

],[],[ i = 1 , ... , m                       

0≥jx j = 1 , ... , n 

 ��3 

Min            Z = ∑
=

n

j
jj xc

1

s.t ∑
=

≥
n

j
ijij bxa

1

i = 1 , ... , m                                                      ( )_

0≥jx j = 1 , ... , n 



8����( !"�#� $��( ��D A3� �,B $9�� ... ^_h 

4= � 8@[ ] [ ] [ ] njmibbbcccaaa U
i

L
ii

U
j

L
jj

U
ij

L
ijij ,...,2,1,...,2,1,,,,, ==∈∈∈

��?@ �� ���F%� ��� �1��I  �� P��� $�� ���( .�	�� 8( 8)�  �( 4�?@�:
njccccccccc j

L
j

U
jj

L
j

L
jj

U
jjj

U
jj

L
j ,...,110)()1( =≤≤−+=−+=⇒≤≤ λλλλ

minj
aaaaaaaaa ij

L
ij

U
ijij

L
ij

L
ijij

U
ijijij

U
ijij

L
ij

,...,1,...,1

10)()1(

==

≤≤−+=−+=⇒≤≤ ββββ

mibbbbbbbbb i
L
i

U
ii

L
i

L
ii

U
iii

U
ii

L
i ,...,110)()1( =≤≤−+=−+=⇒≤≤ ββββ�<<(

 &�� � y�L ����I� �?�9M��))_(���� :[ ] j

n

j

L
j

U
jj

L
j xcccZMin ∑

=

−+=
1

)(λ

s.t 

[ ]∑
=

=−+≥−+
n

j

L
i

U
ii

L
ij

L
ij

U
ijij

L
ij mibbbxaaa

1
,...,1)()( ββ

njx j ,...,10 =≥

minjij ,...,1,,...,110 ==≤≤ β
mii ,...,110 =≤≤ β

)�R(njj ,...,110 =≤≤ λ

�� 3∑∑
==

−+=
n

j

L
j

U
jjjj

n

j

L
j ccxxcZMin

11
)(λ

s.t 

∑ ∑
= =

=≥−−−+
n

j

L
i

L
i

U
ii

L
ij

U
ijj

n

j
ijj

L
ij mibbbaaxxa

1 1
,...,1)()( ββ

njx j ,...,10 =≥

minjij ,...,1,,...,110 ==≤≤ β
mii ,...,110 =≤≤ β

)��(njj ,...,110 =≤≤ λ
!���� �)3 !���( y�L &��jij xβ3jj xλ%� �,B��6 �<� !��<I  �<,B $9�� 8����( 8( !�� $�� ��aF� ���a  �( 8@ *

�
 .jjjjijij xpxp λβ ==

4�[ 30≥jx310 ≤≤ jλ310 ≤≤ ijβ,H���(�?(jijjj xpxp ≤≤≤≤ 00

&�� �( y�L $����aF� ���a  &���� �()��(,&��)�Y(��= �� *%�(:

∑∑
==

−+=
n

j

L
j

U
jjj

n

j

L
j ccpxcZMin

11
)(

∑ ∑
= =

=≥−−−+
n

j

L
i

L
i

U
ii

L
ij

U
ijj

n

j
j

L
ij mibbbaapxa

1 1
,...,1)()( βs.t 

njxp jj ,...,1=≤

njxp jij ,...,1=≤

njx j ,...,10 =≥

minjpij ,...,1,,...,10 ==≥



^_u $��L $�	�F#�% `����?@ H��:?J �S��� 8���:� 

)�Y(njp j ,...,10 =≥

mii ,...,110 =≤≤ β
&�� )�Y(&�� 4��� O-�3 �)_(*<%� ��<
 !��<I  �<,B ���<k 8<( 8<@ *%� .&�<� � 4�<[)�Y(0≥− L

j
U
j cc3

0≥jp*%� ,8@ *%� ����� ���?�� $��� N�� O(�  ���M?�jp j ∀= 0.8<�D�� 4�<
 �<F/�9( �<( �����<�� H�?K��
���
 ,�
����T� � �( 8?�	( P��) .�<��( P��<) H��<F	( &�0D $��( H���(�?(0,0 ≤−≤≤ ijij xp β�d@��<D 

�?+� ��M(�� �B �����jij xp =30=− jβ.
$�) 8( y�L �1��I  ��/� &�Djp3ijp���� ��� ���- ����� :

00)( 0 =→= j
x

j
ji λλ f

1)( =→= ijjjij xxii ββ
0)( =iiii β

� 4� ���- �( &�� � y�L ����)��(�/ �� !k�D ��� &�� .∑
=

=
n

j
j

L
j xcZ

1
1Min 

∑ =≥ mibxa L
ij

U
ij ,...,1}s.t 

njx j ,...,10 =≥

&�� 4��� ���- 8@)^(�
�( ��.
�� ���F����J *%� �L�@ ���3= *%�( �� P��) H��F(��,��� 8@ H�� $��( ���<
 8<�D�� H<E�� �<D �<  8<@ ��<?@ ��<�FB� 4�?[

�/ �FE[�@ .��%� �� �f� ��� 8:�F� 8( ��� V���
 &���� �( �w�.
10 === iijjj pxp β

$�) 8( y�L �1��I  $��wM��) �( 4�?@�jp3ijp���� :
1)( =→= jjjj xxi λλ

0)( 0 =→= ≥
ij

x
jjij

jxxii ββ
1)( =iiii β

&��� y�L ����� 4� ���- �()�Y(,*
� �����B:

∑
=

=
n

j
j

U
j xcZ

1
2Min 

mibxa U
i

n

j
j

L
ij ,...,1

1

=≥∑
=

s.t 

njx j ,...,10 =≥

&�� �( �I,?� 1��@ y�L &��)h(�
�( ��.
&��)�Y(&�� &�+� P��) *��D H�� �( �)^(&�� P��) *��D H��F	( � 3)h(�?@ �� �:�� ��.

&�� P��) ��?@ �� *(�| 4�?@�)�Y(�( � &�� P��) �� �F]�(�� ������ V���
 H��F	( � *%� V���
 H�� .
��G-K=+–&�� H�	( P��) )�Y(*%� V��
 H�� �( � &�� H�� P��) �� �F]�(�� ������ V���
 H��F	( �).H�<	( P��)
 &��)^(&�� H�	( P��) ��)h(*%� �F]�(��.(
��G-K=0–���( � H�	( P��) [ ]21, ZZ ′′′�� ���- .

)8���7 � ��I|�(



8����( !"�#� $��( ��D A3� �,B $9�� ... ^_~ 

�  �( *L�/ 8:�F� 4��  �� y�L 8�e- 8( 8):
Q8�G#� �/� )^(�
�( 8F
��� P��),8�G#�)h(���<� P��<) ��<k� 8�G#� �w� ���� P��) 9��).���<
 8<�D�� ��<��)h(�<��

 ���
 8�D�� 8���:�)^(*%�(
Q8�G#� �/�)h(8�G#� ��M�=�
�( 8F
� P��))^(( � 8?�	( P��) 3 *%� P��) $��� 9�� ���[ ]21, ZZ ′′′�� ���- .
Q8�G#� �/� )h(�
�( 8F
��� P��) ,8�G#� $��( ��M�=)^(�� �� �� *��D 3:

(i) –8�G#�)^(P��) $���1Z ′���( � ��k� 8�G#� 8?�	( ����� 3 *%�[ )∞′,1Z�����- .
(ii) –G#� $��( �(��) 8�)^(�
�( �� &3� *��D 4��� 8@ ���� �)3.

Q8�G#� ��M�= �
�( 8F
��� P��) ��k� 8�G#� �/� )^(���� P��) ��).i�B 4���( 8( ��I|�(

L=@�A� 
&�� &���� �()�Y(&�d� �(�QY,�
 �� !��I ��� ���k 8( 8�G#�:

Min             Z= 0.38 X1 + 0.2 X2 + 0.04 P1 + 0 P2
s.t    

X1 + X2 + 0 P11 + 0 P12 ≥ 1000 + 300 1β
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4���E�� 3 �F��% 8���� �]�[3 �� ���( P��� 5�@�  ��%��( ��D A3� 9�� A�( α��<
 8<"��� $��<L �<,B !"�#� $��(
 $��L !"�#� $��( ��� &�� P��) �%��( H�7 !�� &�d� � 8@ *%� ,8#<���� �F��<% 8���� � ��
 8"��� &�� �( �� A3� H��

��?@ �� .

@�A�–�� g��3 �� �	�= q���B $��( 8@���
 �� $���	M� $���6�� >� � r�� ��9� �<
 �� ���F%� 4��� 3 ���% ���w6 � .
3�D � r�� �� ��������h/���B �� �3� � �w6 .�/���@ .3�D � ���% H�?K��Rh3�<D � 3 H�G 3�<J �k� uh/R

3�D � 4= *��- 3 �� ��#�@ �k�^/R*%� �S .!��
 �I���  4��� .�/���@ ��_3�D� 3 H�G 3�J �k��/R�<k� 
�@3�D� 4= *��-3 *%� ��#Y/R*%� �S .�/ !-��D .� q���B 8?�9� �  ���
 v��T� ���( �FI#� 8[ 8( ���%3 4���.

�/ �� 8����L ��� ���k 8( 8�G#� :
Min              Z = 0.4 X1 + 0.2 X2

s.t 

 X1+ X2 = 1.15 ×1000                                              (  ) �?F#� $��L VB ��� ��� �( ����  
0.5 X1 + 0.09X2 ≥ 0.22 × 1000 

 0.006X1 + 0.003 X2 ≥ 0.005 × 1000 
 X1 , X2 ≥ 0

��
 8"��� A3� 8( y�L 8�G#� !D �( ,*
� �����B:
X1 = 265.66        ,   X2 = 684.33  ZN = 273.82  ��� &�� � 8�G#� P��) 01 =α
X1 = 265.66        ,   X2 = 684.33  ZS = 265.66 �F��% &�� � 8�G#� P��) 

ZN = ZS = 251.39          X1= 277.78         ,   X2 = 722.225.02 =α
ZN = ZS = 274.12         X1 = 337.5          ,    X2 = 712.55.03 =α
ZN = ZS = 333.33          X1 = 516.6          ,    X2 = 633.3 14 =α

A3� 3 �� !<k�D $�	��<� �<%��( �<( ��3 *%� 4�#E� A3� 3 �� ���= *%�( P��) �� �� 4�]� y�L ���F� 8@ 8��M����
)�F��% &�� 3��� &�� ($��� 8@ $��L �,B $9�� 8����( >� �n3 ��aF� m���  3 ��( ��- &�<� $�<� 5���7 �,$��<L

 �?F#� ,���<�+� �<,B $9�� 8����( 8�G#� >� �:�� $��( �	��� �� >� �� � .�S �1��I  �(�?( ,� �<�- 3 �<�aF� ��<+ 
 �� �? ��I� �	��� >��� :��- ��aF� 

��� &�� 2n + m.n + m m.n + m + n 
�F��% &�� 2n + m.n + n 3m + 4n 

- 3 ��aF� ��+  �( !"�#� � ��3 ��( �(��( &�� 3 � ����aF� ��+  y�L 8#���� �(�?( �@ �� )�� �<F�@ �<+�)�R(,��<� &�<� 
�� &3� &�<� 8<( *I#<� $�F�@ ��- .3 &�� ��� ��aF�3 ��- ��+  � ��3 *
� ����B $�F�@��- .3 &�� 8( *I#� .

��+  H�?K��m��<+  9�� ��� &�� � 3 8F
� �)3 �F��% &�� � ������@ ��aF� m�<� ><�3 ��<k 8�<k�L � �<�aF� 
�?
�(.

R=���2 ����	 
�+-�3 !"�#� $9�� 8����( � 8@ *%� ��-�� 5���7 �( �	��� �� �k�B g�� $� ���( 5���7 �( �,B $9�� 8����( !"�#�

 *%� ���#( �(��@ $��� .!��<I  �<( 4��<  �<� x?[�<
 x<��  A3� �I2 �( $� ���( �,B $9�� 8����( 8�G#� >� !D $��(
 � 8� ���( 8�G#� 3 8( 8�G#� �3= *%�( ���( >� � �� 8?�	( P��) ����+� �,B $9� .V���<
 H��<F	( 8�G#� >� P��) 8@

 ��/ �� �f� � 8�G#� !D $��( �� HE�� V���
 H�� �( $�M� 3 !D.$�<) 8( 8���� H�� � ��
 8"��� A3� � 8E� ��k �
 ����+� $9�� 8����( 8�G#� >� �9:� 8�G#� 3 !D)7 .�	�� 8( 8)�  �( P�<�� $� ���( 5��� (��<
 �<:�� ,4= !<D �<( 8<@

 ��= �� *%�( P��) *��D H��F(��,�.P��<) 3 ��<( ���-�( 9�� x?[�
 x��  A3� ��)�� ������ A3� H��� 8E�= H�7
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����B P��) ���( � ����� H��F(��,� !k�D .�� 8����( >� 4��  �� $��L ���� � A�( $�� 8���:� 8( 8)�  �( H�?K�� $9
 ��� !��I  $� ���( $9�� 8����( 8�G#� 8( �� $��L 5���7 �( �,B .8���� H�� � ��
 8"��� A3� �( `m%)��� A3� (!<D ��<�=

 ��� .�� ��<�= *<%�( $�<	(��) �?�<7 �3= *<%�( �� N�� O(�  8?�	( ����� 4��  �� �+F� $�� A�( z���( 8�G#� !D �( 3
$9�� 8����( �( A3� H�� &���� 4���E�� 3 �F��% V%�  ��
 8"��� A3� �� !k�D $�	(��) �( $��L ]�[�( ����B 4�#E� .
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