
     9  1 1398

         
           

   
 *  **   *  

*         
**       

:     6/12/1396 :   15/10/1397  
 :               

   .           
             

               
  .            

 .       )        (
                

                 
               .  
              
            .     
  .  

 :          
.          

)  2010:( 15J493278
  

1-   :    



121                 ...  

1-  
  »«            ) 

     (    .       
       .     

      .      
          

 ]1.[             
           ]1[  

  1966  .    
                .

          )  (   
       .        

               .
   .            

   .              
       .         

       .        
         .        
   .  1           

      ]2.[  

 )1:(       



                                                 122  

  

2-   
              

    .         
              

   .          
   3-5.           

            
        .        

               
     .      

2-1-       
             

              
          .  

           .  
            

            
             3-10. 
               

               
11         .

2-1-1-          
        

q
n      

    12 
)1(             ( ( ), ( ), ), { , , , } [ , ]

q
f t t t q Q n t tq1 2 0x x u



123                 ...  

   Nx     Mu     . 
 1 q Q  : N M N

q
f        

     .     :  
)2(          {( , ),( , ), ,( , )}

n n
t q t q t q1 10 0   

   n    , , ,
n

t t t0 1     
n n f

t t t t t1 2 1  , , , ,
i
q Q i n0 1 . {( , , , )}

n
t t t1 2 

   {( , , , )}
n

q q q0 1        . 
         .  

)3(     ( ) ( ( ) ( ) ) [ , ], , , , ;
iq i it = f t , t ,t t t t i n1 0 1x x u

    (t , )
i i
q       

i
t     

i
q 1  

  
i
q       [ , )

i i
t t 1  

iq
f   .  ( )tx 

                  
      ( )tx ( )tx       

  ( ) ( )t = tx x              
:

)4(                        
( , )

( ) ( ( )), , , ...,
i ii p p i

t = t i n
1

1 2x x     

   
( , )

:
i i

N N
p p 1

    ( )tx  ( )tx    
            .    
:  

)5(                                              ( )t =0 0x x  
             .

)6(         ( ( ) ( )) , , , [ , ]
j c f
h t , t j N t t t00 1 2x u

      :

  
1



                                                 124  

  

)7(        [ , ] ( ( )) ( ( ) ( ), )
i

i

i

tn

n q
i t

J t + L t , t t dt
1

1

1
1

u x x u  

                  
 :  

1(    1

2(    2

3(    
             :  

( ( ))
f

J tx  

   ( ( )) ( ( ) ( ), )
ft

f t
J t + L t , t t dt

0
x x u    

( ( ) ( ), )
ft

t
J L t , t t dt

0
x u        L   

 .          )    
  13    .(        )7  (  

.               
                

   )3(   )6(   )5(    
)4(    )7( .  

2-2-         
         3 )    
    (.           

 .           »4 «   

  



125                 ...  

»1«    .      ]14[.  2  
 .              

               
            .  

 )2:(        

2-2-1-      
             

i
     

          15: 
( ( ) ( ) ) [ , ]
i i i i
f t , t ,t t t t q Q1x x u

  t Q        [ , ]
i

t t i1  { , , , }i k0 1
( )

i
tx  ( ) M

i
t Uu       .

i
   

            .   
  .              

       .            
  .              

          .      
     15:

  



                                                 126  

  

)8(      ,

Min ( ( )) ( ( ), ( ), )

s.to: ( ) ( ( ) ( ) )

)

;, [ , ], , ,

( ( ) ,

( ( ))

( ( ))

;

;

(

;

)

i

i
i

i

k t

f qt
i

q i i

i i

f

i

J g t Q t t t dt

t = f t , t ,t t t t i n

m t i

t

h t

t

x x u

 x x u

x
x
x

x x

1

0

1

1

0 0

0
0 0

0
0

    

   x   u   t      

( )

,

: ,

: ,

: ,

: ,

: ,

: n i

N

N M
i

N M
i

N
i i

N

nN
i

g

Q

f

m

h

1
 

              
  .     

3-               
                 

              
     .       

           .    
              .   
       ]14[.   

                 
                .

                
                .



127                 ...  

               
    . 

3-1-    
              1995 

 1  (   )2   (  ) 16  17 .
   )          (

          .       
         .      

                  
               

     .           :  

)9(                          
Min ( )

. ( ) , , , ;

( ) , , ,
i

i

f x

s to g x i m

h x i k

0 1
0 1

   nx  , , : n
i i

f g h   f      x  
   .         )9 .   (

                
                . 

     .             
        .( )

i
tx   i   t .  

              16:  
( ) ( ) ( )
i i i
t t v t1 1x x

 16    min max
( ) [ , ]
i

0x x x   ( )
i
v t 1    

t 1          .     

  



                                                 128  

  

  18  19:
1(    1

2(    2.
               

   .  

3-1-1-     )(  
              . 

               ) (̂ )y t

  (      .   :  
ˆ( ) ( ) ( )[ ( ) ( )] ( )[ ( ) ( )]

ij ij j ij ij j ij ij
v t v t c r t y t x t c r t y t x t1 1 2 21     (10) 

   ( )
ij
v t    i   j     t    j  

    1  xn     x
n    .   

( )
ij
x t  i   j    t   . c1  c2   

              .
j
r1 

j
r2     [ , ]01  .( )

ij
y t     

ij
x   

   t       .    ( )
i

f y  
 ( )

i
f x       ˆ ( )

j
y t  j       

  t        ˆ( )f y  .       
          19-22 .    

3-2-     
              

            .   
                

  



129                 ...  

              
           .     

 ]23[    .            
             .  

            [ , ]01       
    :

)10(                     
Min ( ( ))

. : ( ( ), ( ), ), [ , ];

( ( ), ( ), ) ;

( ( ), ( )) ;

J x

s to x f x t u t t t

C x t u t t

x x

1
0 1

0
0 1 0

        n   :  

...
n

t t t1 20 1  

( ) , .
i
t i h h

n
11 1   

               
     ( ( ), ( ), )x f x t u t t    

, , ,...,
i
t i n1 2   

( ( , , ) ( , , ))
i i i i i i i i

h
x x f x u t f x u t1 1 1 12  

    ( )
i i
x x t  .  

( ( ), ( ), )C x t u t t 0    

( , , ) , , ,..., .
i i i

C x u t i n0 1 2  
  .       :  

.( (t ), (t ))
n0 0x x

    )12 (      :  



                                                 130  

  

)11(          

.

Min ( ( ))

. : ( ( , , ) ( , , ));

( , , ) , , ,...,

( ( ), ( )

;

)

n

i i i i i i i i

i i i

n

J x t

h
s to x x f x u t f x u t

C x u t i n

x t x t

1 1 1 1

0

2
0 1 2

0

  

4-           
                  

                 
.  

4-1-            PSO  
            [ , ]

f
t t

0
   n 1  

    
....

n f
t t t t t0 1 2

  .  u        
, , , ,
i
t i n1 2      [ ( ), ( ), , ( )]

n
t t t1 2u u u   

         ( )
i i

tz u  ( , , , )
n1 2z z z   

      ( , ) ( , , )
n

t t 1 2u z u z z ,, z      .
              

   .      ( , , , )
n1 2z z z z  

        .  
:       ( , )tu z          

                 . 
               

                .  
( , )
k
tu z  kx     

k 1x       kx   
                  

k 1x   k
x    



131                 ...  

:               
         .     

.
     { ( ), ( ) , ( )}

n
t t t1 2u u u    

{ ( ), ( ), , ( )}
i n
g t t t1 2u u u          

         . 
pop
n (  )    

  ( ) j
j
t gu  ( , , , )n

i i i i
g g g g1 2     

      ig  i           
          .   

  ( ) k   .    k   
)12(                            .( ) { ( ), ( ), ( )}

pop
p k g k g k g k1 2        

.                 
              k   ig 
  ( )

i
kx  .           
   

)13(                     ( ) ( , , t) M( (t ) )
i i i i f f

f g J g x x x 
     M        .   
 ig  ( )

i
f g       .best

i
g    

 bestg          .     PSO 
      ( )

i
g k      ( )

i
v k     .

      3-1-1 :  

( ) ( ) ( )
i i i
g k g k v k1 .  

            
( ) { ( ), ( ), , ( )}

popn
p k g k g k g k1 21 1 1 1  

 .               .
                



                                                 132  

  

                 .
   .        PSO       

                 
            .  

4-2-              
                

         .       )10(  
.            k 
    , , ...,

k
t t t1 2    [ , ]

i i
t t 1     

i

i i

t t

t t1
  

 [ , ]0 1    .      ijx   j  
  i     

, , ..., k

, , ...,
(t t ) ( , , ),

[ , ]

[ , , ...,

;

]

;

;ij i i qi i i

i i i iN

i =

j N
x = f u

x x x

x

x

1

1 2

1 2
1 2
0 1  

     .          
           [ , ]0 1      

              .  

5-  
                 

        .    Matlab  
 .  ode45         
    .         2,13 



133                 ...  

)R2013a(  opti   solve  .          
              ]24  25[:

( )
q q
A t Bx x u                                                   

:  

/
, , ,

/ /
A A A B1 2 3

1 2 1 2 0 5 5 1
1 1 1 0 5 1 0 5 1   

       { , , , }q Q 1 2 3 4     .
   ( , )0 8 6x    ( , )

e
0 0x     

   .    q     ( )T
q q

u 2
1
2 x x    

       ( )
q
u t10 10    .

 :      

, , , .

x x
x

x x x x
x

h x h x x h x h
x

x x x
x

x x

1 1
1

1 2 1 2
2

1 1 2 1 1 3 2 4
1

1 2 2
2

1 1

2 0 5 0 5 0
5 0 5 0 0 2 0
6 0 0 2 0 2 0

10 0 2 0 6 0 2 0
10 0 5 0

  (  )             
  :  

, ,

, ,

, ,

, ,

, ,

;

;

;

.

;

m m x

m m x x

m m x

m m x

m m x

1 2 2 1 2

2 3 3 2 1 2

1 3 3 1 1

3 4 4 3 2

2 4 4 2 1

5 0
0

5 0
2 0
2 0

                 
      . u 10   min

u 10 

max
u 10         .:     



                                                 134  

  

( ) ( )
( ) : , ( ) :

( ) ( )
f

f

x x t
t

x x t
1 1

2 2

0 8 0
0 0 6 0x x  

         
pop
n 20 n 10    :  

.
, ,

( ) ( ( ( ) ) ( ( ) ) )
u f u f

f u J x t x t2 2
1 2100 0 0

  PSO    4-1        .
J        .      

     30   .       
    ]16[.          25    
    .10    PSO   8      

   1  .     

 )1:(         
       10   

  
   )   (    

)1,2,3,4(  24/24  1  
)1,2,3,4(  22/27  2  
)1,2,3,4(  90/22  3  
)1,2,3,4(  83/21  4  
)1,2,3,4(  31/23  5  

)1,3,4(  63/28  6  
)1,2,3,4(  92/21  7  

)1,3,4(  45/26  8  
)1,2,3,4(  15/22  9
)1,2,3,4(  80/21  10

     ) 3(       
)1,2,3,4 ( .  



135                 ...  

    

    

 )3:(                



                                                 136  

  

               )1,2,3,4(  
         { , , }t t t1 2 3    
        .      

        [ , ]t10 [ , ]t t1 2[ , ]t t2 3  [ , ]t3 2    
[ , ]0 1    .      ij

x    j    
 i     :

min (t ( ) (t t )( )

             (t t )( ) ( t )( ))d

J x x u x x u

x x u x x u

1 2 2 2 2 2 2
1 11 12 1 2 1 21 22 20

2 2 2 2 2 2
3 2 31 32 3 3 41 42 4

1
2

2

 

)

;

;

;

;

;

;

;

( ) t ( )

( ) t ( )

( ) (t t )( )

( ) (t t )( / )

( ) (t t )( / )

( (t t )( / )

( ) ( t )( )

x x x u

x x x u

x x x u

x x x u

x x x u

x x x u

x x u

11 1 11 21 1

12 1 11 21 1

21 2 1 21 22 2

22 2 1 21 22 2

31 3 2 31 32 3

32 3 2 31 32 3

41 3 41 4

2
2 2

2
0 5

0 5 5
0 5

2
;( ) ( t )( )x x x u41 3 41 42 42 2

; ;

; ;

; ;

; ;

; ;

; ;

; ;

; ;

; ;

x x

x x x

x x

x x

x x

x x x

x x

x x

x x

11 31

11 31 32

12 32

22 32

22 31

21 22 41

21 42

22 42

21 41

10 0 5 0
5 0 0

5 0 2 0
5 0 6 0
5 0 5 0

0 5 0
2 0 2 0
2 0 2 0

10 0 2 0

( )

( ) ( )
( ) ( )

( )

;

;
;

;

;

;

;

;

;

;

(( )
( ) ( )

, ( )

( )

( ) ( )

( ) ( )

( ) ( )

x

x x
x x

x
x x

x x

x

x

x x

x x

x x

21

21 22
31 41

32
32 42

41 42

12

21

21 22

21 31

22 32

1 5 0
1 1 0 0 0
1 2 0 0
1 1 0
1 8
1 6
0 0
0 0
0 0

(

;

;

;

;

)

( )

( )

) .

x

u

u

u

32

1

2

3

0
6 0

10 10
10 10
10 10

       5
x 



137                 ...  

( ( ) ( )( )

     +( )( ) ( )( ))

x t x x u t t x x u

t t x x u t x x u

2 2 2 2 2 2
5 1 11 12 1 2 1 21 22 2

2 2 2 2 2 2
3 2 31 32 3 3 41 42 4

1
2

2
 

    ( )x5 0 0     ( )J x 5 1      
              .

 t1 t2  t3       .    
   3-2        n    
  t1 t2  t3       

 )2:(         , ,n 10 20 50

n
7196/21 5672/0  3856/0  1906/0  10  
7036/21 5672/0  3856/0  1906/0  20  
6958/21 5672/0  3856/0  1906/0  50  

       x1 x2   ( )u t   
   n 20   4     .5     

   ]25[          
        .         ]25[   

                
              ) 

      5   .(    
              

             .  
               

.       1 2      
 ]23[                   

            .  

  
 



                                                 138  

  

 )4 :(            
  n 20   

) 5:(     ]25[  

              
             .  

               
.       1 2      

  
 



139                 ...  

 ]23[                   
            .  

6-  
                

                 
                

                .
             

         .       
                

  

IEEE Transactions on Automatic Control, 

Springer Science 
& Business Media

Stuttgart: Teubner

Hybrid Systems, Optimal Control and Hybrid 
Vehicles

Foundations and Trends in 
Systems and Control ,

Optimization

Infectious Disease Modeling

Computer Methods in 
Applied Mechanics and Engineering



                                                 140  

  

In Decision and Control
 IEEE Conference on

In On-Line Trajectory Generation in Robotic Systems, Springer, Berlin, 
Heidelberg

Matematicheskii sbornik, .

IEEE transactions 
on automatic control, .

Courier
Corporation.

In Decision and Control (CDC), 2012 IEEE 51st Annual Conference 
on IEEE, 

In Decision and Control (CDC), 2010 49th IEEE Conference ,
.

In Encyclopedia of 
machine learning, Springer US, .

IEEE
transactions on Evolutionary Computation, 

. Springer.

In Micro Machine and Human 
Science,Proceedings of the Sixth International Symposium on ,
IEEE

In Evolutionary 
Computation, 2002. CEC'02. Proceedings of the 2002 Congress on

. IEEE.



141                 ...  

 Academic Press Professional, Inc.
 

In Computational intelligence: a Compendium, Springer, Berlin, 
Heidelberg, .

, , Siam.

PhD thesis, Technical University of 
Munich

IFAC Proceedings 
Volumes

 
 

 
 
 
 
 
 
 
 
 
 



                                                 142  

  

 

 

Keywords:


