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 H�2�	
 "
(� / ���,��l  ����� 4��{= ��v.  

vpCAV   4��{= &�N(S �����v  H�?M� "
(�p.  

n
ipCAI

 
 ��1�= W�(� "
(� ��1�= &�N(S /"��$
 i  H�?M� "
(�P  &�N(S YK� ��n.  

n
jpCA J

 
  \',�= W�(� &�N(Sj   H�?M� "
(�P  &�N(S YK� ��n.  

n
lpCA L

 
 \5V W�(� &�N(S "�%� / ���,��l  H�?M� "
(�P  &�N(S YK� ��n.  

n
mpCA M

 
  o
��	
 W�(� &�N(Sm  &�N(S YK� ��n.  

n
rpCAR

  
 � ��$
 &�N(S��1�= W�(� "
( / ��$
i  H�?M� "
(�p  &�N(S YK� ��n.  

n
spCA S

 
  "
(� ",��,�� &�N(S4��{= �����v  H�?M� "
(�P   &�N(S YK� ��n.  

n
iFX   ��1�= W�(� f���= &��E ��'WT / +� � �� ��$
i  &�N(S YK� ��n.  

n
jFY

 
  +� � �� \',�= W�(� f���= &��E ��'WTj   &�N(S YK� ��n.  

n
lFZ   

&��E ��'WT \5V W�(� f���="�%�/  +� � �� ���,��l  &�N(S YK� ��n.  

n
mFU   

 +� � �� o
��	
 W�(� f���= &��E ��'WTm  &�N(S YK� ��n.  

nn
eF ′

  
\',�= W�(� o�L�
 (E
 �� ��
 �'�V �N(/ ��'WT +
W��  &�N(S YK� ��n \5V W�(� ��"�%� /

 &�N(S YK� �� ���,��n’  +� � ��e.  

prk  
H�?M� &�0(� �(	 x����p  x��= ����� ��
� &�0(� +�'(����
.  
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pri   H�?M� ��1�= ����%� �(	p.  

prm  
 H�?M� o
��	
 �(	p.  

prv  
 H�?M� ",��,�� �(	p  

   

3-3   -�*@� #$0��A��  

3-3-1  ��B=�> -�*@� #$0��A��  

vipQVI   H�?M� �
�2�p  �	����� �� ��i ,
 ���k��
 ��  4��{= ��1%
 �
�� �����v �� ��1�=��
 .  

ijpQIJ   H�?M� �
�2�p  �	����� ,
 ��i  \',�= W�(� ��j  �� �����(N��
.  

jkpQJK   H�?M� �
�2�p  \',�= W�(� ,
 ��j   "(��� ��k �� �����(N��
.  

klpQKL   H�?M� �
�2�p  "(��� ,
 ��k "�%� \5V W�(� �� /���,�� l �� �����(N��
.  

lipQLI   H�?M� �
�2�p "�%� \5V W�(� ,
 �� /���,��l   ��$
 % ��1�= W�(� ��i �� �����(N��
.  

lvpQLV   H�?M� �
�2�p "�%� \5V W�(� ,
 �� /���,��l   ����� 4��{= W�(� ��v �� �����(N��
.  

lmpQLM   H�?M� �
�2�p "�%� \5V W�(� ,
 �� /���,��l   o
��	
 W�(� ��m �� �����(N��
.  

  

3-3-2   ��		� -�*@� #$0��A�� 

 

n
iX  

 

n
jY 

  

n
mU   

  

  

3-4  ��� �D$%� &$�"  

3-4-1 E�0 F"$�  

Max Z TI TC= −  )1( 

.jkp p
j k p

TI QJK pr=∑∑∑
 

)2( 

. .n n n n
i i j j jkp j

i n j n j k p

TC FX X FY Y QJK OC= + +∑∑ ∑∑ ∑∑∑ )3(  

  1  :��1�= W�(� (0
 / ��$
i  &�N(S YK� ��n ��
 f���= .  

  � :>��/ 4'
 (�L ��  

  1  :\',�= W�(� (0
j   &�N(S YK� ��n ��
 f���= .  

  � :>��/ 4'
 (�L ��  

  1 : o
��	
 W�(� (0
m  &�N(S YK� ��n ��
 f���= .  

  � :>��/ 4'
 (�L ��  
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klp l
k l p

QKL IC+∑∑∑ lip ip lvp p
l i p l v p

QLI RMC QLV RSC+ +∑∑∑ ∑∑∑

t t
lmp p vip vip ijp ijp

l m p v i p i j p

QLM DC QV I CV I QIJ CIJ+ + +∑∑∑ ∑∑∑ ∑∑∑

jkp jkp
j k p

QJK CJK+∑∑∑
t t
k lp klpt lip lipt

k l p l i p

QKL CKL QLI CLI+ +∑∑∑ ∑∑∑

t
lvp lvpt lmp lmpt

l v p l m p

QLV CLV QLM CLM+ +∑∑∑ ∑∑∑  

  

������ (� W�(5= H�� ]�T \��=��
� � A
 ;� ��� ",��` ��'WT ;� �� >��/ 4'��    ;D� �D���� ,
 � AD
 "�T

�� (#� � A
��
 .       &D5�Z �� +�'(�D�� �D� \D',�= WD�
(� ,
 �1�D2�	
 �
�� +�'(V h(- ,
 7%(N ,
 ;/�$ �����

N�� ;/�$ >U�?M� 7%(��'WT % ��
�(�*	, � A
 "�T���=��'WT ;��
 4 >P��#= Q
�$
 &��E ��1�= ��'WT !

�	����� �� >U�?M�= W�
(� �� �=��F5C ��'WT !�T     \D5V WD�
(� �� �D��,�� �D�'WT !\D',�   ���D�%� �D�'WT !"�%�

�	����� �� ��1�=�T�	����� �� ��1�= ����%� ��'WT ! �DT    4���D= "
(D� ",�D�,�� �D�'WT !    �� o
�D�	
 �D�'WT % +�0�D���

�'WT % o
��	
 W�
(���'U 4�� ;2	 % ;5$ "�T  �D2F$ 4���D= �(�*	, � A
 "�T  �D� ��D#� �D
�� .    Y�D-�= �D� �D�
�
 ��

&'�%�M��2F$ @��#*1 H�� "�T�� ��#�J',
�(9. 

  

3-4-2 G%�7�H���� #$0  

�-�2= &'�%�M�  

jk kp
k

QJK d=∑  p∀  )4( 

 &'�%�M�)4 (� �� 4�5_= �� ��"
,
 �� +�'(��� �5T "�-�2= ��(0 �-�
 >U�?M� ���5=.  

  

&'�%�M�� A
 "�T  

)5(  ,i p∀
  vip lip ijp

v l j

QV I QLI QIJ+ =∑ ∑ ∑  

)6( 
,j p∀ ijp jkp

i k

QIJ QJK=∑ ∑
 

)7( 
,k p∀ jkp p klp

j l

QJK rk QKL=∑ ∑
 

)8( ,l p∀ klp lip lvp lmp
k i v m

QKL QLI QLV QLM= + +∑ ∑ ∑ ∑
 

 &'�%�M�)5 (�� 4�5_=+�'(V +
W�� �� ���     ,
 �DV%(� +�D'(V +
WD�� �D� ��$
 % ��1�= W�(� (T �� "�%�% "�T

�
�� (�
(� �(0 +� . &'�%�M�)6 (�� 4�5_=+�'(V +
W�� �� ���  +�D'(V +
W�� �� \',�= W�(� (T �� "�%�% "�T

�
�� (�
(� �(0 +� ,
 �V%(� . &'�%�M�)7 (,
 ���0(� >U�?M� ���5= �� ��� �� 4�5_=  |'(B ,
 +�'(���
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\5V W�
(�\5V ���,�� % "�%��	�(0 "�%� . &'�%�M�)8 (�� 4�5_=+�'(V +
W�� �� ���%�% "�T (T �� "�

\5V W�(� !���,�� % "�%�
�� (�
(� �(0 +� ,
 �V%(� +�'(V +
W�� ���.  

  

)9(  ,p l∀  lvp p klp
v k

QLV rv QKL=∑ ∑  

)10(  ,l p∀  lip p klp
i k

QLI ri QKL=∑ ∑  

)11(  ,l p∀  lmp p klp
m k

QLM rm QKL=∑ ∑  

 
 &'�%�M�)9 (�� 4�5_= W�
(� |'(B ,
 ���0,�� >U�?M� ,
 �?X�� �/�� �� ��� \D5V  �D��,�� % "�%�

�F5C "
(� o
��	
 W�
(� ����	�
 ;2��� 45'
 o
��	
 > . &'�%�M�)10 ( �D� 4�5_=     ,
 �D?X�� �D/�� �D� �D��

\5V W�
(� |'(B ,
 ���0,�� >U�?M�F5C "
(� ��$
 % ��1�= W�
(� �� ���,�� % "�%������%� >�    ;D2��� �D�1�=

�	�
.  

 &'�%�M�)11 (�� 4�5_=� �/�� �� ���    \D5V WD�
(� |D'(B ,
 ��D�0,�� >U�?M�,
 �?X� % "�%�

4���= �� ���,���	�
 ;2��� +�0����.  

  

&�N(S &'�%�M�  

)12(  ,v p∀  n
lvp vp

l n

QLV CAS≤∑ ∑  

)13(  ,i p∀  .n n
lip ip i

l n

QLI CAR X≤∑ ∑  

)14(  ,m p∀  .n n
lmp mp m

l n

QLM CAM U≤∑ ∑  

)15(  ,i p∀  .n n
vip i

v n

QVI CAI X≤∑ ∑  

)16(  ,j p∀  .n n
ijp jp j

i n

QIJ CAJ Y≤∑ ∑  

)17(  ,l p∀  .n n
klp lp l

k n

QKL CAL Z≤∑ ∑  

)18(  ,l p∀
  

.n nQLI QLV QLM CAL Z
lip lvp lmp l l

l v m n
+ + ≤∑ ∑ ∑ ∑

 

&'�%�M�"�T )18-12 (       �D	�0 �D� 
� )�D .� &D�V �� �DI % J�2�D#� &D�V �� �I � A
 "
WV
 4�� +�'(V "


�� J�O�=��'�5�	 ,%�*= (O	 ���� >P��#= &�N(S (��
�$ ,
 �� ��'�5	.  
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&'�%�M� ('���T  

)19(  i∀  

n
i

n

X ≤∑ 1
  

)20(  j∀
  

n
j

n

Y ≤∑ 1
  

)21(  l∀  

n
l

n

Z ≤∑ 1
  

)22(  m∀  

n
m

n

U ≤∑ 1
  

)23(  
, , , , , ,vip ijp jkp klp lip lvp lmpQVI QIJ QJK QKL QLI QLV QLM ≥ �

  

)24(  { }, , , ,n n n n
i j l mX Y Z U ∈ � 1 

  

&'�%�M� )19 (�� 4�5_=��1�= W�(� @' (��
�$ +� � (T �� �� �'�5	/   ��D?X= &�N(S YK� @' �� % ��$


���' . &'�%�M�)20 (�� 4�5_=4���= @' (��
�$ +� � (T �� �� �'�5	  ��D?X= &�N(S YK� @' �� % �����

���' .&'�%�M� )21 (�� 4�5_=� �'�5	\5V W�(� @' (��
�$ +� � (T �� � "�%�/      YKD� @D' �D� % �D��,��

���' ��?X= &�N(S . &'�%�M�)22 (        @D' �D� % o
�D�	
 WD�(� @D' (��
�D$ +�D � (T �� �� �'�5	 �� 4�5_=

���' ��?X= &�N(S YK� .&'�%�M� "�T)24-23 (     �Dk�� (D�L % ��D##0 J�5D?= "�T(���� @' % (k/ &�T��

�� +��	 
� �����9 J�5?= "�T(���� +�����T�. 

 

4 �!�
�  ��I ���$�):�> 7 #���  

���	(� H�� @' �1�2� 4'
 ��(�L "W'��M/ ��C �K�J�2�#� @��#*1 � A
 �$
(B "
(� Y / )� .��'
�
   ��D


������ (� W�(5�� +� ]�T \��= �� &�
�� � A
 ;� ��� ",���
�� . H���'
�
   �D�I >��D/ �� ��
  !�1�D?M�

��I��� "
�'
�
 , ,
 "(�0�FV }C�� (O	 ���� � A
 �� �A��(= >P��#= 4�N(0 (O	 �� �� �� ��'�(0  �D����� ('

��'WT �T�� �*��	 �� %�� ��� �'
WN
 % �T��
.  

��
 ���

 ;'� �� �� "��
��&�
 
� ���A�V +
��C �� +
�=
(� �'�T�(� +��� �=� >�2�2M= ":  

• �X� �� j�kX= "�T &���� g�M1�'(� "�T �� H�� �� H�?M� 7%(N % ��1%
 �
��.  

•  % ���0(� "�TU�� "�-�2= �� &�.KZ o�C 4�N(0 (O	 ��5T4��l ��'WT;2	 % ;5$ "�T.  

• �'
�
 ����� "��A� (� "�( '%�H�� "
(� �
���
 ",��4���= �(�*	, � A
 �$
(B �N�T ��I "�T.   

• �'
�
 7%� "
(� 
��� ;$ "�T;'�#� �.Z
% ��.�
 ��. 
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