
38

11 2009

,  
. , -

, 
, -

-
, 

.

, 
, 

 5-7 %, -
. 

, 
,

, 
, -

, , -
, 

.

:
1. 

, -
 16,5%  18,2% 

.

2. 
-
-

 ( , -
, ), 

, 
,
-
-

.
3. -

, -
-

.
4. 

, -

-
, -

, :
 – 8 , 

 – 40 ,  –
70%,  – 52%,  – 8%.

,
15-20  2009 .

., .

, 

-
, , -

. , -
, -

, , 
, -

-
. 

, 
, 

, 

. -

-
. -

-

, -
. 

-
, , 

, . -
.

-

, 
 (Takagi),  (Sugeno),  (Kang) 

TSK  [4].
TSK–

-
 [3]:

ui(t), i = 1, 2, 3,
. i – 

, i – -
. 

1( ) ( ( )... ( ))mx t x t x t
( 1)... ( )u t u t s ;

, 
. -

l ;
( )y t

;
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0 ( )y t
.
-

, 

y(t – 1),…,
y(t – r) [1, ]t T .

R : ŷ  (t – 1) 1Y ,…, ŷ (t – r) rY , u(t) 0U ,…, u(t – s ) sU ,

0
1 0

ˆ( ) ( ) ( ), 1,
r s

l l
l l

y t a a y t l b u t l n , (1)

(t – 1), …, (t – r) – t – 1,
…, t – r.

1 2 ˆˆ( ) ( 1), ( ) ( ( 2),...,x t y t x t ty
( ) ( )mx t u t s , 

1 2 ˆ ˆ( ) ( ( ), ( ),..., ( )) ( ( 1), ( 2),..., ( )), 1mt x t x t x t y t y t u t s m r sx ,

1 1 2 2, ,..., m sX Y X Y X U

0 0 1 1, , m sc a c a c b ,  (1) 

R : x1(t) 1 ( )X t ,…, xm(t) mX ,

0
1

( ) ( )
m

j j
j

y t c c x t (2)

1 ,..., mX X -
 (2) -

1 1( ( )),..., ( ( ))m mX x t X x t . .
1 

, l

l l =1,2,… ,
 [1,2].

Fuz (Fuzzyfication)
x1(t),…, xm(t) -

1 1 1 1 1 1
1 1 1 2 2 2
2 2 2 2 2 2
1 1 1 2 2 2

1 1 1 2 2 2

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

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

m m m

m m m

n n n n n n
m m m

X x X x X x
X x X x X x

X

X x X x X x

d d d
d d d

d d d

( , ) [0,1]i i iX x d , 

ix id .
FI (Fuzzy Inference)  – 

1 1 1 2 2 2( , ) ( , ) ... ( , )m m mw X x X x X xd d d

1 2/( ... ), 1,nw w w w n ,

{ , max, min,...}  ( ),  (max)
 (min) .
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1
( ) ( ) ( )

n
Ty t tc x , (5)

0 1( ) ( , ,...., )T
mc c c  –  -

 – ;

1( ) ( ( ), ( ) ( ),..., ( ) ( ))T
mt t t x t t x tx  –

 –  ,

(t, d ).
,  (3) – 

TSK – 
-

, 
. 1.

 (1) 
TSK – -

, -
ŷ (t):

1
6

0
1 3

ˆ ˆ: ( 1) ,..., ( )

ˆ( ) ( ) ( ), 1, ,

r
r

i i i i
l l

y t y t r Y

y t a a y t l b u t l n (6)
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( , )i i iY y d , -

id . -
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