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$-0)9+.#%& 5*%!(+"5:&,, ;5& < +)4"-6($(*2 +*9*(. 1)-.5*, 0+"=. 7*!-&7%.5&1, 4*5+)2$ 2*!5*1!65*, ($ -)%&%0+$7!65*, >5&-
?. @. A*1&5*1$ & B. C. D$77<<1$, $ ($5*E  . F. G$/$+*1$, H. I. J$9$($, K. L. M)-63$%7$, B. H. C&5*0*, N. K. L$%&%$,
 . M. C+&%3)-67$, M. H7-)+$, O. P&+*(., CE.  &-6!*%$ ($ 9$0$(6*/ &%>./ (7)($-6%.' *0-;7 7.1. 1 [19]). Q$5, =+. =*9"7*1&
(*#%./ +*41';45&1 !*-&(*%%./ !.!()2 1.5*+.!(*1"<(6!; 2)(*7 *7;0$%%; G$/$+*1$-J$9$($ [3, 4, 15], 2)(*7
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7.3)+)%:&$-6%.' *=)+$(*+ =)+)(1*+)%6 C$+9"-R+$2$-L$(1<<1$. D$5(*+.4$:&; 7.3)+)%:&$-6%*0* *=)+$(*+$ C$+9"-
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2)(*7 *7;0$%%; 4$ 7*=*2*0*8 7.3)+)%:&$-6%./ *=)+$(*+&1. C-; :6*0* 1 ;5*!(& *7;0$8#*0* *=)+$(*+$
1.5*+.!(*1"<(6!; 9&%$+%) =)+)(1*+)%%; (.=" C$+9" [1, 8, 26]. @.($%%; 3$5(*+.4$:&, 9&%$+%*0* =)+)(1*+)%%; 1 $-0)9+&
3*+2$-6%./ !.21*-&1 =!)17*-7.3)+)%:&$-6%./ *=)+$(*+&1 +*40-;7$-*!6 1 [30]. ?5$-;+%.' &%()0+$-6%.' *=)+$(*+
=)+)(1*+)%%;  *-6()++$ !5&%#)%%*0* =*+;75" 9"1 =+*3$5(*+.4*1$%.' 1 [9] 4$ 7*=*2*0*8 *=)+$(*+&1  *-6()+.
=)+>*0* =*+;75" Q$5*E 1 [9] +*40-;7$-*!6 =.($%%; 3$5(*+.4$:&, !5$-;+%./ *=)+$(*+&1 =)+)(1*+)%6 D+)70*-62$
!5&%#)%*0* +$%0". L)(*8 :&<, !($((& < =*>.+)%%; +)4"-6($(&1, *(+.2$%./ 1 [9] %$ 2$(+.#%.' 1.=$7*5.

?(+"5("+$ !($((& < %$!("=%$.  O*47&-& 2 %$1*7;(6!; %)*9/&7%& =*%;((; ($ *4%$#)%%; 7-; &%()0+$-6%./ *=)+$(*+&1
=)+)(1*+)%6.  O*47&-$/ 3 ($ 4 7*!-&7E"<(6!; =.($%%; 3$5(*+.4$:&, 2$(+.#%./ *=)+$(*+&1 =)+)(1*+)%6  *-6()+. ($
D+)70*-62$ !5&%#)%*0* =*+;75" ($ +$%0" 1&7=*1&7%*. U O*47&-& 5 +*40-;7$<(6!; 4$!(*!"1$%%; 2$(+.#%./ &%()0+$-6%./
*=)+$(*+&1 =)+)(1*+)%6 7-; *7;0$%%; )1*-8:&'%./ 7.3)+)%:&$-6%./ 1.+$4&1.  4$5-8#%./ 4$"1$E)%%;/ =&79.1$<(6!;
=&7!"2*5 *(+.2$%./ +)4"-6($(&1 ($ :&-& 3*+2"-88(6!; 4$17$%%; 7-; =*7$-6>./ 7*!-&7E)%6.

:>?8!@8 =#@A<<A <B #C@B$D@@A.  1)7)2* 7);5& =*%;((; ($ *4%$#)%%;, ;5& 2. 1.5*+.!(*1"1$(.2)2* 1
*!%*1%&' #$!(.%& +*9*(.. G$3&5!"<2* 7*1&-6%.' &%()+1$- ( , )a b ( a b ! " # " $! ) & (*#5" 0 [ , ]x a b% . O*40-;%)2*
*=)+$(*+.  *-6()++$ & D+)70*-62$ 4 ( )N N& -2$(+.#%.2. ;7+$2. ( , )A x s ($ ( , )F x s :
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( , )· , ( , )· ,
x b

x a

A A x s ds F F x s ds' '( ( (1)

;5& 7&8(6 %$ 7*1&-6%" ( 1)N & -1)5(*+-3"%5:&8 ( )f x ($5.2 #.%*2:
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{ } ( , ) ( )· , { } ( , ) ( )· .
x b

x a

A f A x s f s ds F f F x s f s ds' '( ( (2)

G$ $%$-*0&<8 4 *4%$#)%%;2., V* 1.5*+.!(*1"1$-.!6 1 [9], 11)7)2* *4%$#)%%; 2$(+.#%./ *=)+$(*+&1  *-6()++$
($ D+)70*-62$ !5&%#)%%*0* =*+;75" ($ +$%0" 1&7=*1&7%*.

#E2&F622G. L$(+.#%.' *=)+$(*+  *-6()+. A %$4.1$(.2)2* *=)+$(*+*2 =*+;75" K , ;5V* '*0* ;7+* 2*E%$
4*9+$4.(. %$!("=%.2 #.%*2:

1 2( , ) ( ) ( ),A x s A x A s)' (3)
7) 1( )A x , 2( )A s – ( )N K& -2$(+.#%& 3"%5:&,, =+.#*2" 1)5(*+-!(*1=:& 5*E%*, 4 %./ < -&%&'%* %)4$-)E%.2. 3"%5:&;2..
T=)+$(*+  *-6()++$ A (1) 4 ;7+*2 (3) %$7$-& =*4%$#$(.2)2* ($5:
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1 2: · .
x

T

x

A A A ds' ( (4)

#E2&F622G. T=)+$(*+ D+)70*-62$ F 1.0-;7" (1) %$4.1$(.2)2* *=)+$(*+*2 D+)70*-62$ +$%0" NK % , ;5V*
'*0* ;7+* 2*E%$ =*7$(. " 1.0-;7&:

1 2( , ) ( ) ( ),F x s F x F s)' (5)
7) 1( )F x , 2( )F s – ( )N K& -2$(+.#%& 3"%5:&,, 5*E%$ 4 ;5./ !5-$7$<(6!; 4 -&%&'%* %)4$-)E%./ 1)5(*+-!(*1=:&1.

T=)+$(*+ D+)70*-62$ F 1.0-;7" (1) 4 ;7+*2 (5) %$7$-& =*4%$#$(.2)2* ($5:
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b

T

a

F F F ds' (
#E2&F622G. T=)+$(*+. W I A' $ & S I F' $ , 7) A , F < 1*-6()+&1!65.2 ($ 3+)70*-62&1!65.2 2$(+.#%.2.

*=)+$(*+$2. 4 ;7+$2. 1.0-;7" (3), (5), 2. %$4.1$(.2)2* *=)+$(*+$2. =)+)(1*+)%6 =*+;75" K & +$%0" K
1&7=*1&7%*.
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 T4%$#)%%& 3 !.21*-*2 I =*4%$#)%* *7.%.#%.' *=)+$(*+.
9B"<#H>CBI8A JB<H>$@>? #=DHB<#H8: =DHD<:#HD@K :#0K<DHHB. @*4%$#.2* #)+)4

1ˆ ˆ ˆ[1] : ( ) ( [1], , [1])K K K Kx* ' * ' * ' * + * ($ 1ˆ ˆ ˆ[1] : ( ) ( [1], , [1])K K K Kx, ' , ' , ' , + , ( )N K& -2$(+.#%& 3"%5:&,, !5-$7)%& 4 -&%&'%*

%)4$-)E%./ ( 1)N & 1)5(*+-!(*1=:&1 [1]j* ($ [1]j, , 1,j K' .  1$E$(.2)2*, V* )-)2)%(. 2$(+.:6 ˆ [1]K* ($ ˆ [1]K, –

%)=)+)+1%& ($ &%()0+*1%& 4 51$7+$(*2 2*7"-; %$ &%()+1$-& ( , )a b ( )a b ! " # " $! , (*9(*, %$-)E$(6 =+*!(*+"

2: ( , ) ( , )C a b L a b- ' . . O*40-;%)2* =$+" &%()0+$-6%./ *=)+$(*+&1  *-6()++$ =*+;75" K :

0
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1
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ˆ ˆ ˆ ˆ[ , [1], [1]] : [1] [1]( )· ,

ˆ ˆ ˆ ˆ ˆ ˆ[ , [1], [1]] : [1] [1]( )· , : [1]( ) [1]( ) , [ , ], ,

x

K K K K K K K K
x

x x

K K K K K K K K K K K K K K
x x

W W C I s ds

W W C I s ds C s s ds x a b
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 ) ) )

' * , '  * / ,

' * , '  , / * / ' $ , * % / ' /

(

( (  ! ! ! !
(6)

7) 1( , , )K KC diag c c' + – %)1.+*7E)%$ 7&$0*%$-6%$ 2$(+.:; +*42&+%*!(& ( )K K& . A$! :&5$1.(.2) =.($%%;

3$5(*+.4$:&, *=)+$(*+&1 (6) 4$ 7*=*2*0*8 1*-6()+&1!65./ *=)+$(*+&1 =)+)(1*+)%6 =*+;75" 1. @*4%$#.2* #)+)4 11W ,

11W! ($5& *=)+$(*+.:
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[ , [1], [1]] : [1] [1]( )· , [ , [1], [1]] : [1] [1]( )· ,

: [1] [1] .

x x
T T

x x

x
T

x

W W c I s ds W W c I s ds
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  ' * , '  * / , ' * , '  , / *
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( (

(
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@*7&<2* *=)+$(*+$2. =)+)(1*+)%6 (7) %$ ( )N K& -2$(+.#%& 3"%5:&, ˆ [1]K* ($ ˆ [1]K, 1&7=*1&7%*:

0

0
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1
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ˆ ˆ ˆ ˆ[2] : { [1]} [1] [1] [1]( ) [1]( ) ,

ˆ ˆ ˆ ˆ[2] : { [1]} [1] [1] [1]( ) [1]( ) .
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x

x
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W s s ds
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(
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 .5*+.!(*1"8#. 7+"0& 1)5(*+-!(*1=:& 2[2]* ($ 2[2], 2$(+.:6 ˆ [2]K* ($ ˆ [2]K, (8) 1&7=*1&7%*, 1.4%$#.2* %$!("=%"
=$+" *=)+$(*+&1 =)+)(1*+)%6:

0

0 0

1
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1
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[ , [2], [2]] : [2] [2]( )· ,

[ , [2], [2]] : [2] [2]( )· , : [2] [2] .

x

x

x x

x x

W W c I s ds

W W c I s ds c ds
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 ) )

' * , '  * / ,

' * , '  , / * / ' $ , *

(

( (! !
(9)

A$ k -(*2" 5+*:&, 7) 1 k K" # , *(+.2$<2* 2$(+.#%& 3"%5:&, ˆ [ ]K k* ($ ˆ [ ]K k, . G$ 7*=*2*0*8 k -(./ !(*1=:&1 [ ]k k*

($ [ ]k k, 9"7"<2* =)+)(1*+)%%;:

0

0 0

1

1

[ , [ ], [ ]] : [ ] [ ]( )· ,

[ , [ ], [ ]] [ ] [ ]( )· , : [ ]( ) [ ]( ) , 1, ,

x

kk k k k k kk K
x

x x

kk k k k k kk K kk k K k
x x

W W c k k I k k s ds

W W c k k I k k s ds c k s k s ds k K

 )

 ) )

' * , '  * / ,

' * , '  , / * / ' $ , * '

(

( (! !
(10)

& 1.4%$#$<2* %*1& ( )N K& -2$(+.#%& 3"%5:&, ˆ [ 1]K k* $ ($ ˆ [ 1]K k, $ :

0

0

1

1

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

ˆ ˆ ˆ ˆ[ 1] { [ ]} : [ ] [ ] [ ]( ) [ ]( ) , 1, ,

x

K kk K K k kk k K
x

x

K kk K K k kk k K
x

k W k k k k s k s ds

k W k k k k s k s ds j K

 )

 )

* $ ' * ' *  * / , *

, $ ' , ' ,  , / * , '

(

(!
(11)

?=+$1)7-.1) ($5) (1)+7E)%%;:
<%6'LM622G 1. T=)+$(*+.  *-6()++$ K -*0* =*+;75" KW ($ KW! (6) 3$5(*+.4"8(6!; ($5.2 #.%*2:

1 1 22 11 1 1 22 11, ,K KK K K K KK K KW W W W W W W W W W    ' + ' +! ! ! ! !" " " " " " " " (12)

7) *=)+$(*+. kkW ($ kkW! 1.4%$#$8(6!; 3*+2"-$2. (7)–(11).
A'50:0&&9. @+*1)7)2* 7*1)7)%%; &%7"5:&<8 4$ K . @+.="!(.2*, V* (1)+7E)%%; 1.5*%"<(6!; 7-; 7);5*0* K . H

!$2), %)/$' 7-; *=)+$(*+&1 KW ($ KW! , ;5& 1.4%$#)%& 3*+2"-*8 (6), !=+$17E"<(6!; +&1%&!(6 (12). C*1)7)2*, V* (*7&

1*%$ 9"7) !=+$1)7-.1*8 7-; *=)+$(*+&1 1KW $ , 1KW $
! . Q*9(*, =*(+&9%* =)+)1&+.(., V*:

1 1 1 22 11 1 1 1 1 1 22 11 1 1, .K K K K K K K K K K K K K K K KW W W W W W W W W W W W W W$ $ $ $ $ $ $ $ $ $' + ' ' + '! ! ! ! ! ! !" " " "

@)+)1&+.2* =+.="V)%%; &%7"5:&, 7-; *=)+$(*+$ 1KW $
! . C-; 1KW $ =)+)1&+5$ =+*1*7.(6!; $%$-*0&#%*.  1)7)2*

=*4%$#)%%;:

0

1ˆ ˆ[ 1] : { } ( ) ( ) ,
x

K K K K
x

f K W f f s f s ds )$ ' '  , / *(! ! (13)



ISSN 1684-1565  !"# !"$%!.  #&!'(%!. (1)29/2013 ~ 29 ~

7) f – ( 1)N & -1)5(*+-3"%5:&;, 5*E%$ 5*2=*%)%($ ;5*, %$-)E.(6 7* 5-$!" - . Q*7&,

0

1
1 1 1 1 1 1 1 1{ } { [ 1]} [ 1] [ 1] [ 1]( ) [ 1]( ) .

x

K K K K K K K K K
x

W W f W f K f K K K s f K s ds )
$ $ $ $ $ $ $ $' $ ' $  , $ / * $ $(! ! ! !" (14)

 .5*+.!($1>. (), V* 1 1[ 1] { }K K KK W$ $* $ ' * , $ ($5*E 3*+2"-" (13), *(+.2$<2* +&1%&!(6:

0 0 0

1
1 1 1 ˆ ˆ[ 1]( ) [ 1]( ) ( ) ( ) ( ) ( ) ( ) ( )

x x x

K K K K K K
x x x

K s f K s ds s f s ds s s ds s f s ds) ) )  )
$ $ $

0 1 0 1
* $ $ ' *  * , / *2 3 2 32 3 2 3

4 5 4 5
( ( (! . (15)

 &7=*1&7%*, 4 +&1%*!()' (13), (14), (15) ($ (*0*, V* 1 1[ 1] { }K K KK W$ $, $ ' ,! , *(+.2"<2*:

6 7

0 0

0 0 0

1 1 1
1 1 1 1 1 1

1
1 1 1 1

ˆ ˆ ˆ ˆ{ [ 1]} ( ) ( ) ( ) ( )

ˆ ˆ ˆ( ) ( ) ( ) ( ) ( ) ( ) , (

x x

K K K K K K K K K K K K
x x

x x x

K K K K K K K K
x x x

W f K f s f s ds s s ds

s f s ds s s ds s f s ds f A x

 )  )  
$ $ $ $ $ $

) )  )
$ $ $ $

0 1
$ '  , / *  ,  , / * , / &2 32 3

4 5
0 10 1 0 1

& *  * , / * '  , ,2 32 3 2 32 3 2 32 34 5 4 54 5

( (

( ( (

! ! ! !

!
0 1

ˆ ( )
) ( ) ,

( )

x
K

x K

s
f s ds

s

)

)
$

0 1*
2 32 3*4 5
(

7) 1( )KA x$ – ( 1) ( 1)K K$ & $ -2$(+.#%$ 3"%5:&;, ;5$ 1.0-;7$< ($5.2 #.%*2:

11 12
1

21 22

( ) ( )
( ) ,

( ) ( )K

A x A x
A x

A x A x$

0 1
' 2 3
4 5

7) 11( )A x , 12( )A x , 21( )A x , 22( )A x – ( )K K& , ( 1)K & , (1 )K& , (1 1)& -9-*5. 1.0-;7":

0 0

1 1 1 1
11 1 1 1 1ˆ ˆ( ) ( ) ( ) ( ) ( )

x x

K K K K K K K K K
x x

A x s s ds s s  )  )  
$ $ $ $

0 1 0 1
' / $ / * , / * , /2 3 2 32 3 2 3

4 5 4 5
( (! ! ! ! ,

0 0

1 1 1 1 1
12 1 1 1 21 1 1 1 22 1 1ˆ ˆ( ) ( ) ( ) , ( ) ( ) ( ) , ( ) .

x x

K K K K K K K K K K K K
x x

A x s s ds A x s s ds A x )   )   
$ $ $ $ $ $ $ $

0 1 0 1
'  / * , / '  / * , / ' /2 3 2 32 3 2 3

4 5 4 5
( (! ! ! ! !

J-;/*2 9)4=*!)+)7%&/ *9#.!-)%6 *(+.2"<2*, V*

0

0 0

1

1
1

1 1

1 1 1 1

ˆ ( ) ( )
( ) .

ˆ( ) ( ) ( ) ( )

x

K K K
x

K Kx x

K K K K K
x x

s s ds
A x

s s ds c s s ds

 
)

$

 
$ $

) )
$ $ $ $

0 1
/ * ,2 3

2 3' ' /2 3
2 3* , $ * ,2 3
4 5

(

( (

!
!

Q$5.2 #.%*2,
0

1
1 1 1 1 1 1ˆ ˆ( ) ( )· .x

K K K K K K Kx
W W I x s ds W )

$ $ $ $ $ $'  , / * '(! ! !!" H%$-*0&#%* =)+)1&+;<(6!; 3$5(*+.4$:&; 7-;

*=)+$(*+$ 1KW $ .

Q)=)+, 1.5*+.!(*1"8#. Q1)+7E)%%; 1, 2. =+*3$5(*+.4"<2* 1*-6()++&1!65& *=)+$(*+. =)+)(1*+)%6 KW ($ KW! (6)
" 1.=$75" 7*1&-6%*, %)1.+*7E)%*, 2$(+.:& KC . S5 1&7*2* 4 ()*+&, 2$(+.:6 (7.1., %$=+.5-$7, [2]), 7*1&-6%"
%)1.+*7E)%" 2$(+.:8 +*42&+%*!(& (K K& ) 2*E%$ =*7$(. " 1.0-;7& 7*9"(5" ($5.2 #.%*2: K K K KC F U L' , 7) KF ($

KL – %.E%; ($ 1)+/%; (+.5"(%& 2$(+.:& 1&7=*1&7%*. 1( , , )K KU diag u u' + – 7&$0*%$-6%$ 2$(+.:; 4 )-)2)%($2. 1.0-;7"

1 1u D' ,
1

k
k

k

Du
D  

' , 1k 8 , 7) kD – 0*-*1%.' 2&%*+ k -0* =*+;75" 2$(+.:& KC . Q$5.2 #.%*2, *=)+$(*+ KW (6) 4

7*1&-6%*8 %)1.+*7E)%*8 2$(+.:)8 KC 2*E%$ 4$=.!$(. ($5:

0 0

0 0

0

1

1

1 1 1 1

ˆ ˆ ˆ ˆ[1] [1]( ) [1]( ) [1]( )·

ˆ ˆ ˆ ˆ[1] [1]( ) [1]( ) [1]( )·

ˆ ˆ ˆ[1] [1]( ) [1]( )

x x

K K K K K K K K
x x

x x

K K K K K K K K K
x x

x

K K K K
x

W I F U L s s ds s ds

I L U F s s L ds F s ds

I U s s ds

 

) )

 

  )   )

)

0 1
'  * $ , * , '2 32 3

4 5

0 1
'  * $ , * , '2 32 3

4 5

0 1
9 9 9'  * $ , *2 32 3

4 5

( (

( (

(
0

1

ˆ ' [1]( )· ,
x

K
x

s ds
 

),(

(16)

7) 1ˆ ˆ[1] [1]K K KL
 9* ' * , 1ˆ ˆ[1] [1]K K KF)  )9, ' , . Q)=)+, 1.5*+.!($1>. 3*+2"-" (16) ($ Q1)+7E)%%; 1, 2. *(+.2"<2* $-0*+.(2 7-;

3$5(*+.4$:&, *=)+$(*+$ KW (6) 4 7*1&-6%*8 (%) *9*1';45*1* 7&$0*%$-6%*8) %)1.+*7E)%*8 2$(+.:)8 KC .
9B"<#H>CBI8A JB<H>$@>? #=DHB<#H8: =DHD<:#HD@K 9HD!N#0KJB. U :6*2" +*47&-& 2.

7*!-&7E"1$(.2)2* 3$5(*+.4$:&, 2$(+.#%./ *=)+$(*+&1 =)+)(1*+)%6 D+)70*-62$ !5&%#)%%*0* +$%0". O*40-;%)2*
2$(+.#%& *=)+$(*+. =)+)(1*+)%6  *-6()++$ (6) =+. 0x ' :! :

1 1ˆ ˆ ˆ ˆ( )( ( )) ( )· , ( )( ( )) ( )· ,
x x

K K K K K KW I x x s ds W I x x s ds$   )  $  )

 ! $!

'  * / , '  * / ,( ( (17)

7) ˆ ˆ ( )K K x* ' * , ˆ ˆ ( )K K x, ' , – ( )N K& -2$(+.#%& 3"%5:&,, )-)2)%(. ;5./ < %)=)+)+1%.2. ($ &%()0+*1%.2. 4 51$7+$(*2
2*7"-; %$ 1!&' *!&;

ˆ ˆ ˆ ˆ( ) ( ) ( ) , ( ) ( ) ( ) ,
x x

K K K K K K K Kx C s s ds x C s s ds$ $ )   )

$!  !

/ ' $ , * / ' $ , *( (
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7) KC
$ , KC

 – ( )K K& -!($-& 2$(+.:&. T9)+%)%& *=)+$(*+. 7* W $ , W  (17) 2$8(6 1.0-;7:
1 1 1 1ˆ ˆ ˆ ˆ( ) ( ) ( ( )) ( )· , ( ) ( ) ( ( )) ( )· .x x

K K K K K KW I x s s ds W I x s s ds$    )   $  )
 ! $!

' $ * / , ' $ * / ,( ( (18)

A$7$-& 11$E$(.2)2*, V* 2$(+.:& KC
$ ($ KC

 < %)1.+*7E)%.2. ($ 4$7*1*-6%;8(6 !=&11&7%*>)%%;

ˆ ˆ: ( ) ( ) ,K K K K KC C C s s ds
$!

$  )

 !

' ' $ , *( (19)

%$!-&75*2 ;5*0* < +&1%&!(6: :K K K
$  / ' / ' / .

<%6'LM622G 2. A)/$' 2$(+.:& KC
 ($ ˆ ˆ( ) ( )K K K KC C s s ds$!$  )

 !
' $ , *( –%)1.+*7E)%&. Q*7& 5*2=*4.:&, *=)+$(*+&1 (17) ($

(18) 2$8(6 ($5.' 1.0-;7:
1 1 1

1 1 ˆ ˆ: ( ) ( )( ) ( ) ( ) ( ) ( )· ,K K K K KS W W I H I x x C s s ds
$!

$        )

 !

' '  '  * / / ,(" (20)

1 1
2 2 ˆ ˆ: ( ) ( )( ) ( )· ,K K KS W W I H I x C s ds

$!
  $ $  )

 !

' '  '  * ,(" (21)

1 1
3 3 ˆ ˆ: ( ) ( )( ) ( )· ,K K KS W W I H I x C s ds

$!
$     )

 !

' ' $ ' $ * ,(" (22)

1 1 1
4 4 ˆ ˆ: ( ) ( )( ) ( ) ( ) ( ) ( )· .K K K K KS W W I H I x x C s s ds

$!
 $  $  $ $  )

 !

' ' $ ' $ * / / ,(" (23)

A'50:0&&9. C*1)7)%%; :6*0* 3$5(" =+*1*7.(6!; $%$-*0&#%* 7*1)7)%%8 1&7=*1&7%*0* (1)+7E)%%; 4 [9] 7-;
!5$-;+%./ 3+)70*-62&1!65./ *=)+$(*+&1 =)+)(1*+)%6.

C*!-&7.2* ()=)+ =.($%%; 3$5(*+.4$:&, 2$(+.#%*0* *=)+$(*+$ =)+)(1*+)%%; D+)70*-62$ 2S +$%0" K (21) 4

2$(+.:)8 1 ˆ ˆ( , , ) ( ) ( )K K K KC diag c c s s ds
$!

$   )

 !

' + $ , *( 4$ 7*=*2*0*8 3+)70*-62&1!65./ *=)+$(*+&1 =)+)(1*+)%6 +$%0" 1.

 .5*+.!(*1"1$(.2)2* 7-; 2$(+.:6 ˆ K* ($ ˆ K, , $ ($5*E ,/ !(*1=:&1 (& E =*4%$#)%%;, V* ' " =)+>*2" +*47&-&; (*9(*

1 1ˆ ˆ: [1] ( , , ) ( [1], , [1])K K K K* ' * ' * + * ' * + * , 1 1ˆ ˆ: [1] ( , , ) ( [1], , [1])K K K K, ' , ' , + , ' , + , . C$-&, +*40-;%)2* ($5.' *=)+$(*+
=)+)(1*+)%6 D+)70*-62$:

1
11 1 1 1 1 1 1 1: [1]( ) [1]( )· , : [1]( ) [1]( ) .S I c s ds c c s s ds

$! $!
$  ) $  )

 !  !

'  * , ' $ , *( ( (24)

 1)7)2* 2$(+.#%" 3"%5:&8 ˆ [2]K* ($5.2 #.%*2:

1
11 1 1 1ˆ ˆ ˆ ˆ[2] : { [1]} [1] [1]( ) [1]( ) [1]( ) .K K K KS c s s ds

$!
$  )

 !

* ' * ' *  * , *( (25)

@*9"7"<2* %*1.' *=)+$(*+ 22S 4$ 7*=*2*0*8 7+"0*0* !(*1=:; 2$(+.#%*, 3"%5:&, ˆ [2]K* :

1
22 2 2 2 2 2 2 2: [2]( ) [1]( )· , [1]( ) [2]( ) .S I c s ds c c s s ds

$! $!
$  ) $  )

 !  !

'  * , ' $ , *( ( (26)

A$ k -(*2" 5+*:& (1 )k K" # 2$<2* 2$(+.#%" 3"%5:&8 ˆ [ ]K k* . I"7"<2* =)+)(1*+)%%; kkS :

1: [ ]( ) [1]( )· , [1]( ) [ ]( ) .kk k k k k k k kS I k c s ds c c s k s ds
$! $!

$  ) $  )

 !  !

'  * , ' $ , *( ( (27)

C$-& 9"7"<2* %*1" 2$(+.#%" 3"%5:&8:
1

1 1 22 11ˆ ˆ ˆ ˆ ˆ[ 1] : { [ ]} { [1]} [ ]( ) [ ]( )( ) [1]( ) [ ]( ) .K kk K kk k k K K k k k Kk S k S S S S k x k x c s k s ds
$!

$  )
  

 !

* $ ' * ' ; +; ; * ' *  * , *( (28)

W)+)4 K 5+*5&1 *(+.2$<2* *=)+$(*+. 11, , KKS S+ . ?=+$1)7-.1) ($5) (1)+7E)%%;:

<%6'LM622G 3. T=)+$(*+ 2S (21) 2*E%$ 4*9+$4.(. %$!("=%.2 #.%*2 2 1 1 22 11,KK K KS S S S S  ' +" " " " 7) *=)+$(*+.

kkS , 1,k K' 1.4%$#$8(6!; 3*+2"-$2. (24)-(28).
A'50:0&&9. C*1)7)%%; :6*0* (1)+7E)%%; =+*1*7.(6!; &%7"5:&<8 4$ K , ;5 & " 1.=$75" 2$(+.#%./ 1*-6()+&1!65./

*=)+$(*+&1 =)+)(1*+)%6 (Q1)+7E)%%; 1).
Q)=)+, 1.5*+.!(*1"8#. 3$5(*+.4$:&8 *=)+$(*+$ 2S (21), *(+.2$<2* 3$5(*+.4$:&8 *=)+$(*+$ 3S (22) 4

%)1.+*7E)%*8 7&$0*%$-6%*8 2$(+.:)8 1( , , )K KC diag c c   ' + ($ ( )N K& -2$(+.#%.2. 3"%5:&;2.

1 1ˆ ( , , ) ( [1], , [1])K K K* ' * + * ' * + * , 1 1ˆ ( , , ) ( [1], , [1])K K K, ' , + , ' , + , . O*40-;%)2* ($5& 71$ *=)+$(*+. =)+)(1*+)%6
D+)70*-62$:

1
1

11 1 1 1 11 1 1 1 1 1: [1]( ) [1]( )· , : [1] [1]( ) [1]( ) [1]( )·S I c s ds S I c s s ds s ds
 $! $! $!

  )  ) )

 !  !  !

0 1
' $ * , '  , $ , * *2 3

4 5
( ( (!

($ 1.4%$#.2* 2$(+.#%" 3"%5:&8 ˆ [2]K, ($5.2 #.%*2:
1

11 1 1 1 1 1ˆ ˆ ˆ ˆ[2] : { [1]} [1] [1] [1]( ) [1]( ) [1]( ) [1]( ) .K K K KS c s s ds s s ds
 $! $!

 ) )

 !  !

0 1
, ' , ' ,  , $ , * * ,2 3

4 5
( (!
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C$-&, 4$ 7*=*2*0*8 1)5(*+-3"%5:&' 2[1]* , 2[2], ($ !($-*, 2c
 =*9"7"<2* *=)+$(*+. =)+)(1*+)%6 D+)70*-62$

22S , 22S! :
1

1
22 2 2 2 22 2 2 2 2 2: [1]( ) [2]( )· , : [2] [2]( ) [1]( ) [1]( )· .S I c s ds S I c s s ds s ds

 $! $! $!
  )  ) )

 !  !  !

0 1
' $ * , '  , $ , * *2 3

4 5
( ( (!

A$ k -*2" 5+*:& (1 )k K" # *(+.2$<2* 2$(+.#%& 3"%5:&, ˆ [ ]K k, .  .4%$#$<2* *=)+$(*+.:

1[1]( ) [ ]( )· ,kk k k kS I c k s ds
$!

  )

 !

' $ * ,(
1

: [ ] [ ]( ) [1]( ) [1]( )· .kk k k k k kS I k c k s s ds s ds
 $! $!

 ) )

 !  !

0 1
'  , $ , * *2 3

4 5
( (!

C$-&, 9"7"<2* 3"%5:&, ˆ [ 1]K k, $ : ˆ ˆ[ 1] : { [ ]},K kk Kk S k, $ ' ,! ($ *=)+$(*+.:

1
1 1 1 1 1( ) [ 1]( )· ,k k k k kS I c k s ds

$!
  )

$ $ $ $ $
 !

' $ * , $(
1

1 1 1 1 1 1 1: [ 1] [ 1]( ) [1]( ) [1]( )· .k k k k k k kS I k c k s s ds s ds
 $! $!

 ) )
$ $ $ $ $ $ $

 !  !

0 1
'  , $ $ , $ * *2 3

4 5
( (!

W)+)4 K 5+*5&1 *(+.2$<2* *=)+$(*+. kkS , 1,k K' . ?=+$1)7-.1) (1)+7E)%%;:

<%6'LM622G 4. T=)+$(*+ 3S (22) 7*="!5$< %$!("=%" 3$5(*+.4$:&8: 3 1 1 22 11.KK K KS S S S S  ' +" " " "

A'50:0&&9. C*1)7)%%; =+*1*7.(6!; ;5 & " 1.=$75" Q1)+7E)%%; 3 4$ 7*=*2*0*8 &%7"5:&, 4$ K .
?5*+.!($1>.!6 =*=)+)7%&2 (1)+7E)%%;2, $ ($5*E 3$5(*2 4 ()*+&, 2$(+.:6 =+* +*45-$7 7*1&-6%*, %)1.+*7E)%*,

2$(+.:& KC
 1 7*9"(*5 K K K KC F U L ' , 7) KF , KL – %.E%; ($ 1)+/%; (+.5"(%& 2$(+.:&, KU – 7&$0*%$-6%$ 2$(+.:;, 2.

2*E)2* =+*3$5(*+.4"1$(. *=)+$(*+ 3S (22) " 1.=$75" %)1.+*7E)%*, 2$(+.:& KC
 . H !$2), 4$=.>)2* *=)+$(*+ 3S

%$!("=%.2 #.%*2:
1 1 1 1 1

3 ˆ ˆ ˆ ˆ ˆ ˆ( )( ) ( )· ( ) ( )· ( ) ( )· ,K K K K K K K K K K KS I x C s ds I x L U F s ds I x U s ds
$! $! $!

  )    )  )

 !  !  !

' $ * , ' $ * , ' $ * ,( ( (! !

7) 1ˆ ˆ( ) ( )K K Kx x L * ' *! , , 1ˆ ˆ( ) ( )K K Kx x F )  , ' ,  ! . C$-&, 4$-.>.-*!6 !5*+.!($(.!6 Q1)+7E)%%;2 4 =+* 3$5(*+.4$:&8 *=)+$(*+$

3S " 1.=$75" 7&$0*%$-6%*, 2$(+.:& KC
 .

=DHD<:#HD@@A D:#0OI8P@>? !>9DHD@I8B0K@>? :>HBC8: CB !#=#J#N#O :#0K<DHH8:;K">?
#=DHB<#H8: ;"8@$D@@#N# =#HA!" . O*40-;%)2* )1*-8:&'%.' 7.3)+)%:&$-6%.' 1.+$4 %$!("=%*0* 1.0-;7":

0
, C, : ,

n
i

t i
i

L u D D
x'

<
' =<  =% '

<
>

5*)3&:&<%(. ( , )i iu u x t' ;5*0* < (N N& )-2$(+.#%.2. 3"%5:&;2.. @&7 3*+2$-6%* (+$%!=*%*1$%.2 2. +*4"2&(.2)2*
1.+$4 ($5*0* 1.0-;7":

0
( 1) .

n
i i

t i
i

L D u?

'
'  =<   >

A)/$' ( )N K& -2$(+.#%& 3"%5:&, 1ˆ ˆ ( , ) ( , , )K K Kx t* ' * ' * + * , 1ˆ ˆ ( , ) ( , , )K K Kx t, ' , ' , + , < +*41';45$2. +&1%;%6:

ˆ ˆ ˆ ˆ{ } , { } , , (C).K K K K K KL L Mat?
&* ' * @ , ' , @ @ @%! !  %$!("=%&' ()*+)2& *=.!$%* !(+"5("+" *=)+$(*+&1 L: , *(+.2$%./ =&!-;

*7;0$%%; L 4$ 7*=*2*0*8 1*-6()++&1!65./ *=)+$(*+&1 W $ , W  (17).  1$E$(.2)2*, V* 2$(+.:& KC
: 1 *=)+$(*+$/

(17) 4$7*1*-6%;8(6 !=&11&7%*>)%%; (19), %$!-&75*2 ;5*0* < +&1%&!(6 K K
$  / ' / .

<63'67& 1. A)/$' ( )N K& 2$(+.#%& 3"%5:&, ˆ K, , ˆ K* !=$7$8(6 %$ *9*/ %)!5&%#)%*!(;/ ($ 4$7*1*-6%;8(6

+&1%&!(6: ˆ ˆ ˆ ˆ( )K K K K ds
$! ) ) )
 !

, * @  @ , *( ! . Q*7&:

1. T=)+$(*+. 1( )L W L W$ $ $  ' ($ 1( )L W L W    ' 2$8(6 1.0-;7:

0
ˆˆ( ) M · ,

x

K K KL L ds: : )
A

!

' $ B C(
#

7) 1 1, , 1ˆˆ ˆ ˆ{ }( ) , ( ) { }( ) ,K K K K K KW C W C:  :  ? )  B ' * C ' ,# #  M ,K K K K KC C C C$ ) $  )  ' @  @ ' @  @! ! $ !.21*-*2 0( )L: A 2. =*4%$#.-.

7.3)+)%:&$-6%" #$!(.%" 1&7=*1&7%*0* *=)+$(*+$ L: .
2. C.3)+)%:&$-6%& #$!(.%. *=)+$(*+&1 L$ ($ L !=&1=$7$8(6: 0 0( ) ( )L L$  

A A' .
A'50:0&&9. C*1)7)%%; =+*1*7.(6!; $%$-*0&#%* 7*1)7)%%8 1&7=*1&7%*, ()*+)2. 4 [9] 7-; 1.=$75" !5$-;+%./

&%()0+$-6%./ *=)+$(*+&1.
G$"1$E.2*, V* Q)*+)2$ 1 2&!(.(6 71$ /$+$5()+%& 1.=$75.: 1. M 0K ' , 2. M 0K D . @)+>.' 1.=$7*5 +)$-&4*1"<(6!;,

%$=+.5-$7, =+. 0@ ' @ '! & 2. *(+.2"<2* &%1$+&$%(%) =)+)(1*+)%%; )1*-8:&'*%*0* 7.3)+)%:&$-6%*0* 1.+$4".
K%()0+$-6%& *=)+$(*+. =)+)(1*+)%6 (.=" (17) 7-; %)!($:&*%$+%*0* *=)+$(*+$ C&+$5$, $ ($5*E ,/ 41';4*5 4
*=)+$(*+$2. =)+)(1*+)%6 *9)+%)%*, 4$7$#& ($ *=)+$(*+*2 +*4!&;%%; +*40-;%"(* 1 [10].  [11], [12] +*40-;%"(*
=*7&9%& 41';45. 7-; 0&=)+9*-&#%*, !.!()2. 71*/ +&1%;%6 ($ %)!($:&*%$+%*0* *=)+$(*+$ C&+$5$ 1 5*%"!%./ 42&%%./.
T!*9-.1.' &%()+)! !($%*1.(6 ($5*E 7+"0.' 1.=$7*5. G*5+)2$, %$;1%&!(6 1 =)+)(1*+)%*2" *=)+$(*+& &%()0+$-6%*,
#$!(.%. 7$< 42*0" 9"7"1$(. +*41';45. +&1%;%6, V* 2&!(;(6!; 1 k -+)7"5*1$%&' &<+$+/&, R$7*2:)1$-@)(1&$>1&-& (k-cKP)
[16, 20, 28], $ ($5*E ,, 1)5(*+%./ [29] ($ 2$(+.#%./ "4$0$-6%)%6. @*9"7*1$ +*41';45&1 7-; 7);5./ =+)7!($1%.5&1 4 k-
cKP ($ ,/ 9$0$(*5*2=*%)%(%./ "4$0$-6%)%6 4$ 7*=*2*0*8 &%()0+$-6%./ *=)+$(*+&1 =)+)(1*+)%6 +*40-;7$-$!; 1 13].
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CB"0O$@8 CB :BQD@@A. L.  !"#$%&# '%(! "#)%*+, $%!"#-.#/ +.!01"%&2.#/  30"%! "+4 30"0!4 "0.2
5 &2!0""% !% 6"071 &2$%, 8(+ !+9. 3 4'8)%.+ )  9. 4.#$#  :';(!%$#  :0".0. < )%7%-+ " )9+8..8 [10–12] !% $0! 7 $
 781%..8 =%/%" 4%->%:%!% [4]. ?40"7@0..8 1 !% 2, % !%( @ ?0 "0$% 1 7&8 $%!"#-.#/ +.!01"%&2.#/  30"%! "+4
30"0!4 "0.2 ; A)%1%&2.0..8$# 4+73 4+7.#/ !40"7@0.2 ) [9]. B("0$#$ 3#!%..8$ 9! <!2 )%9! 9A4%..8  !"#$%.#/
"0)A&2!%!+4 () ("0$%, ?0 "0$# 1) 7&8 +.!01"A4%..8 $%!"#-.#/ .0&+.+C.#/ "+4.8.2 $%!0$%!#-. < '+)#(# ) +.!01" -
7#'0"0.*+%&2.#$# ) :"%@0..8$# D%(9% [14]. E2 $A 3#!%.., :A7A!2 3"#948-0.+ .%F+ 3 7%&2F+ 7 9&+7@0..8.

 !" #$ %"$#&" '()"* +,-&-.
1. G0"(0&% H.H., I#7 "0.( H.J. ?0 "0$# !#3A K%":A +  30"%! "# 30"0!4 "0.2 7&8 .0& (%&2. "07A( 4%. < 0"$+! 4 < +;"%"/+< L%7 $*04%--

M0!4+%F4+&+ (Hk-cKP) // J%!0$. I!A7+<.  2006.  ?.25, N1.  I. 38–64. 2. O%.!$%/0" 6.P. ?0 "#8 $%!"#* – J.: Q%A(%, 1967. – 576 C. 3. =%/%" 4 5.R.,
J%.%( 4 I.5., Q 4#( 4 I.M., M#!%049(#C D.M. ?0 "#8 9 &#! . 4. J0! 7  :"%!. C )%7%-#  J.:Q%A(%, 1980.  320 9. 4. =%/%" 4 5.R., >%:%! S.G. I/0$%
#.!01"#" 4%.#8 .0&#.0C.T/ A"%4.0.#C $%!0$%!#-09( C '#)#(# $0! 7 $  :"%!. C )%7%-# "%9908.#8 // 6A.(*# .. %.%&#) # 01 3"#&.  1974.  ?.8,
N3.  c. 43–53. 5. J%"-0.( 5.S. Q0&#.0C.T0 A"%4.0.#8 #  30"%! ".T0 %&10:"T  L#04: Q%A(. 7A$(%, 1986.  156 9. 6. J#!" 3 &292(#C H.B.,
I%$ C&0.( 5.O., I#7 "0.( H.J. M" 9! " 4 -74 4#$i".0 A)%1%&2.0..8 i;"%"/i< L%7 $*04%-M0!4i%F4i&i ) .0& (%&2.#$# 4'8)8$# // K 3 4i7i QSQ
U("%<.#.  1999.  N8.  I.19–23. 7. I%$ C&0.( S.J., 5.O. I%$ C&0.( 5.O., I#7 "0.( H.J. I;"%"/i8 "i4.8.2 L%7 $*04%-M0!4i%F4i&i )
.0& (%&2.#$# 4'8)8$#: G%1%! 4#$i".i A)%1%&2.0..8 !% ! -.i " )4'8)(# "07A( 4%.#/ 9#9!0$ // U(".$%!.@A"..  1999.  ?.51, N1.  C.78–97.
8. I#7 "0.( H., V4%"!%*2(#C B. G+.%".+ 30"0!4 "0..8 3" 9! " 4 -74 4#$+".#/ +.!01" 7#'0"0.*+%&2.#/  30"%! "+4 + "+4.8.2 D%(9% // 5+9.. L#<4.
.%*+ .. A.-!A +$.?. >04-0.(%. J%!0$%!#(%. J0/%.+(%.  2009.  5#3. 22.  I.32–35. 9. I#7 "0.( H., V4%"!%*2(#C B. 6%(! "#)%*+8 +.!01"%&2.#/
 30"%! "+4 !% .0&+.+C.+ +.!01" 4.+ $ 70&+, I. // 5+9.#( D24+492( 1 A.+40"9#!0!A. I0"+8 $0/%.+( -$%!0$%!#-.%. – 2012.  5#3. 77.  I. 20–48.
10. I#7 "0.( H. L .9!"A(!#4.#C $0! 7 3 :A7 4#  30"%! "% " )9+8..8 7&8 .09!%*+ .%". < 1+30": &+-. < 9#9!0$# "+4.8.2 // 5+9.#( D24+492( 1 
A.+40"9#!0!A. I0"+8 $0/%.+( -$%!0$%!#-.%. – 2010. – 5#3. 72. – I. 263–274. 11. I#7 "0.( H.J., M -#.%C( J.K., V4%"!%*2(#C B.W. B:0".0.% )%7%-%
" )9+8..8 7&8 3" 9! " 4 -74 4#$+". < 9#9!0$# K+"%(% + $0! 7 :+.%".#/ 30"0!4 "0.2 // 5+9.#( QU "D24+492(% 3 &+!0/.+(%". – 2010. – N287: I0"+8
'+)#( -$%!0$%!#-.+ .%A(#. – I. 28–59. 12. I#7 "0.( H., V4%"!%*2(#C B. B30"%! "# 30"0!4 "0.2 7&8 1+30": &+-. < 9#9!0$# 74 / "+4.8.2. //
J%!0$%!#-.#C 4+9.#( Q?> – 2010. – ? $ 7 – I. 289–317. 13. I#7 "0.( H.J., V4%"!%*2(#C B.W. W.!01"A4%..8 9(%&8". < +;"%"/+< L%7 $*04%-
M0!4+%F4+&+ $0! 7 $ +.!01"%&2.#/ 30"0!4 "0.2 !#3A K%":A// 5+9.#( D24+492( 1 A.+40"9#!0!A. I0"+8 $0/%.+( -$%!0$%!#-.%. – 2011. – 5#3.75 –
I.181–225. 14. I#7 "0.( H.J., V4%"!%*2(#C B.W. J%!"#-.+ A)%1%&2.0..8 +.!01" 4.#/ 9#9!0$ ) +.!01" -7#'0"0.*+%&2.#$# ) :"%@0..8$# D%(9% //
L%"3%!92(+ $%!0$%!#-.+ 3A:&+(%*+<  2012.  ? $ 3, N2  I. 125–144. 15. I &#! .T / M 7 "07. P. GA&&%'%, 6. L 7"#.  J.: J#", 1983.  408 9. 16.
Cheng Yi. Constrained of the Kadomtsev-Petviashvili hierarchy // J. Math. Phys.  1992.  Vol.33.  P. 3774–3787. 17. Crum M.M. Associated Sturm - Liouville
systems // Quart. J. Math. Oxford  1955.  V.2, N6  P.121–127. 18. Darboux G. Lecons sur la Theorie Generale de Surface et les Applications
Geometriques du Calcul Infinitesimal II.  Gauthiers-Villars, Paris, 1889  210 p. 19. Dickey L.A. Soliton equations and Hamiltonian systems. Adv. Math. Phys.,
1991.  V.12. – 310 p. 20. Konopelchenko B., Sidorenko J., Strampp W. (1+1)-dimensional integrable systems as symmetry constraints of (2+1)-dimensional
systems // Phys. Lett. A.  1991.  V.157.  P.17–21. 21. Liu X., Lin R., Jin B., Zeng Yu. A generalized dressing approach for solving the extended KP and the
extended mKP hierarchy // J. Math. Phys.  2009.  V.50  053506-1  053506-14. 22. Matveev V.B. Darboux transformations and explicit solutions of the
Kadomtsev-Petviashvily equation depending on the functional parameters. // Lett. Math. Phys.  V.3.  1979.  P.213–216. 23. Matveev V.B., Salle M.A.
Darboux transformations and solitons  Berlin Heidelberg,Springer-Verlag, 1991.  120 P. 24. Melnikov V.K. On equations for wave interactions // Lett. Math.
Phys.  1983.  Vol.7, No 2.  P. 129–136. 25. Melnikov V.K. A direct method for deriving a multi-soliton solution for the problem of interaction of waves on the
x,y plane. // Commun. Math. Phys.  1987.  Vol. 112, No. 4  P. 639–652. 26. Oevel W., Schief W. Darboux Theorems and the KP Hierarchy // Applications of
Analytic and Geometric Methods to Nonlinear Differential Equations. (ed. P.A. Clarkson)  1993.  P. 193–205. 27. Oevel W., Strampp W. Wronskian solutions
of the constrained KP hierarchy // J. Math. Phys.  1996.  Vol. 37  P.6213–6219. 28. Sidorenko J., Strampp W. Symmetry constraints of the KP-hierarchy //
Inverse Problems.  1991.  V.7.  P. L37–43. 29. Sidorenko J., Strampp W. Multicomponent integrable reductions in Kadomtsev-Petviashvilli hierarchy //
J. Math. Phys.  1993.  V. 34, N4.  P.1429–1446. 30. Sydorenko Yu.M. Factorization of matrix differential operators and Darboux-like transformations //
J%!0$. 9!A7+<.  2003.  ?.19, N2.  I.181–192.

)/01234/ 05 67085479 1 : 25 .1 0 . 12

(. ;</6=/>8?2, /@A

B($'#&"C(D"E ")'-F&(.G)H* #!-&('#&#% " )-.")-I)H- ")'-F&"&J-KH- K#+-.".
 !"#$%&' (')*!+,-'.,/ 0'*+,$&,1 ,&*%2+'"3&41 !5%+'*!+!6 7,&'+&41 5+%!7+'-!6'&,8 9!"3*%+' )!&%$&!2! 5!+/:)'.

 +!(')*!+,-,+!6'&! 0'*+,$&48 !5%+'*!+ 5+%!7+'-!6'&,/ ;+%:2!"30' )!&%$&!2! +'&2' < 5!0!=3> 0'*+,$&41 (+%:2!"30!6<),1
!5%+'*!+!6 5+%!7+'-!6'&,8 +'&2' 1. +,6%:%&! ,<5!"3-!6'&,% 6*%!+,, &%",&%8&41 ,&*%2+,+#%041 0!:%"%8.

O.Chvartatskyi, PhD graduate

FACTORIZATION OF INTEGRAL OPERATORS AND NONLINEAR INTEGRABLE EQUATIONS, II
A factorization of the matrix integral Volterra operator of binary transformations is obtained. Matrix finite rank Fredholm integral transformation

operators are decomposed into the first rank Fredholm transformation operators. Applications to the theory of nonlinear integrable systems are
demonstrated.
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