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The essential spectrum of a non-elliptic boundary value problem is studied

-+,./.  !"!#! $%$#&''( )*&+,-. )%),&/ "%0&-&'12!34'%5 6*&-!,6-2$ 7/28!'696 *6-("+. #!),6 $%'%+!: $ /!,&-
/!,%#'2; 027%12 ("%$., '!*-%+3!", [6; 14]). <!;=2348 7!9!34'2 -&7.34,!,% "3( &32*,%#'%5 7! >.93!)6/-<2-&'=&-96/
)%),&/ =.3% 6,-%/!'2 $ [11]. ?=),-!+,'%; *2"52" "6 "6)32"@&''( 2),6,'696 )*&+,-. =36#'%5 /!,-%#'%5 6*&-!,6-2$
=.$ 7!*-6*6'6$!'%; $ [10] ("%$. ,!+6@ [9; 13]). A -6=6,!5 [12; 5; 15] 1&; *2"52" 7!),6)6$.$!$)( "6 /!,-%#'%5 "%0&-&-
'12!34'%5 6*&-!,6-2$.  6+-&/!, $ [15; 16] =.36 7'!;"&'6 2),6,'%; )*&+,- +3!). /!,-%#'%5 "%0&-&'12!34'%5 6*&-!-
,6-2$ 7/28!'696 *6-("+., *6$'(7!'696 7 /6"&33B 32'2;'%5 +63%$!'4 2"&!34'6 *-6$2"'6C '&$'(7+6C *3!7/% . 76$'28-
'46/. /!9'2,'6/. *632 ("%$. [14]). D2 -&7.34,!,% =.3% -67$%'.,2 2 .7!9!34'&'2 $ -6=6,!5 [1; 2; 4]. A "!'2; -6=6,2 /%
*-6"6$@.:/6 "6)32"@&''( [2; 4].

E6793('&/6 '&&32*,%#'2 "%0&-&'12!34'2 6*&-!,6-% $%93(".
1 1 1

1 1 11 1 2 12 1 1
1 1 1

2 1 21 2 2 22 2 1

2 1 2 2

      

      

a b a b i c

L a b a b i c
ic ic d

   

   

! " # # $  # # $  #
% &
% &'  # # $  # # $  #
% & #  #% &
( )

, (1)

* + * +* + * + * +
32 1 1

1 2 3 1 1 2 2 2 1 1 2 2 3 2( ) , , , , ! ! | 0,tD L f f f f L f f W f f f W#,
- .' ' / , # $ # / , $ ' / ,0 1
2 3

. *-6),6-2 * +* +32 , H L' , . F., * +2 , L , – $!96$%; *-6),2- +$!"-!,%#'6 )./6$'%5 '! , 0.'+12; 7 $!96B  ,

2R, 4 – 6=/&@&'! )%34'6 32*8%1&$! 6=3!),4, ,6=,6 "3( +6@'6C ,6#+% 9-!'%12 #, 2)'.: 6+23 12:C ,6#+% U , G6 $

"&(+2; 6-,696'!34'2; )%),&/2 +66-"%'!, * +5 61 2 2 1, ( )U y y U y g y, ' / ' 2 0.'+12( g 7!"6$634'(: ./6$. H2*8%-

1(. 1
1x
#

# '
#

, 2
2x
#

# '
#

, * +1 2! ! , !' – $&+,6- 76$'28'46C '6-/!32 "6 #, . I."&/6 ,!+6@ *-%*.)+!,%, G6 0.'+12C

a ,  , 1c , 2c 7!"6$634'(B,4 ./6$. H2*8%1( '! , , ijb , * +d C/ , . J-2/ ,696, '&5!; 0.'+12C a ,  "6"!,'2 '! ,

(0.'+12C ijb , d , 1c , 2c /6@.,4 *-%;/!,% +6/*3&+)'2 7'!#&''().

K),6,'%/ )*&+,-6/ 7!/+'&'696 6*&-!,6-! S , G6 "2: $ =!'!'6$6/. *-6),6-2 E , '!7%$!:,4)( /'6@%'! ,%5 C7 / ,
*-% (+%5 6*&-!,6- S 7 '& : 0-&"9634/6$%/. L-&"9634/6$%/ '!7%$!:,4)( 7!/+'&'%; 6*&-!,6-, (+%; /!: )+2'#&'-
'6$%/2-'& ("-6 2 6=-!7 (+696 : 7!/+'&'%/ *2"*-6),6-6/ )+2'#&''6C +6-67/2-'6),2. F&6-&/! A&;3( ("%$ [3]) ),$&--
"@.:, G6 2),6,'%; )*&+,- 7=&-29!:,4)( *-% $2"'6)'6 +6/*!+,'%5 7=.-&''(5.

M!),%''%; $%*!"6+ (1), +63% 12 21( ) ( ) 0b x b x' ' , 11 22( ) ( ) ( )b x b x b x' ' , x/, , ! 6=3!),4 , : 6=/&@&'6B 2 +.)+6$6

+3!). 2C $)2 +.,% (+6C 6*.+32 ('& =23482 0180 ), =.$ -6793('.,%; $ [15]. N-% 146/. 6*&-!,6- L -6793("!$)( '! 6=3!),2

* + * +* + * +
31 1

1 2 3 2 1 1 2 2 2 1 1 2 2( ) , , , ! ! | 0tD L f f f f W f f W f f #,
- .' ' / , # $ # / , $ '0 1
2 3

(2)

I.36 *6+!7!'6, G6 7! '!$&"&'%5 $%G& ./6$ 6*&-!,6- L "6*.)+!: 7!/%+!''( 2 2),6,'%; )*&+,- 14696 7!/%+!''(

-2$'%; * + * + * +1 2
ess

c cL b d
a

8 ! "' ,  ,% &
( )

! .

O -6=6,2 [2] =.$ -6793('.,%; $%*!"6+ 12 21( ) ( ) 0b x b x' ' , x/, 7 -27'%/% +6&0212:',!/% 1 11( ) ( )b x b x' ,

2 22( ) ( )b x b x' , x/, "3( 6*&-!,6-! $%". (1). N-% 146/. =.3! 7'(,! ./6$! '! 93!"+2),4 9-!'%12 #, 2 =.36 *6+!7!-
'6, G6 $ ,!+6/. -!72 6*&-!,6- L "6*.)+!: 7!/%+!''( 2 2),6,'%; )*&+,- 14696 7!/%+!''( -2$'%;

* + * +1 2
ess 1 2" ( ( ), ( ))

x

c cL I b x b x d
a/,

! "'  ,% &
( )

!! . F., 1 2( ( ), ( ))
x
I b x b x

/,
! – $2"-276+ +6/*3&+)'6C *36G%'% 7 +2'1(/% $ ,6#-

+!5 1( )b x ,! 2 ( )b x .
O -6=6,2 [4] =.36 7!*-6*6'6$!'6 !=),-!+,'%; *2"52" "6 $%$#&''( 2),6,'4696 )*&+,-! 6*&-!,6-! L $%". (1) 7 6=-

3!),B $%7'!#&''( ,%*. (2) . $%*!"+. 93!"+6C 6=3!),2 , . <!-&8,2, $ [1] -6793("!36)( .7!9!34'&''( -&7.34,!,2$ [15]
'! n -$%/2-'%; $%*!"6+.

>!'! -6=6,! *-6"6$@.: "6)32"@&''( [2; 4; 15].  6+-&/!, -&7.34,!,% [4] *&-&'6)(,4)( '! "6$234'2 6=/&@&'2 )%34-
'6 32*8%1&$2 6=3!),2. P)'6$'%/ -&7.34,!,6/ : '!),.*'! ,&6-&/!.

© #. $%&'(), 2009



-.%)-.%'*.. -)4.&#*.. 21/2009 ~ 5 ~

012%13* 1. <&5!; , – 6=/&@&'! )%34'6 32*8%1&$! 6=3!),4 2 0.'+12C a ,  , ijb , d, 1c , 2c 7!"6$634'(B,4 $%G&-

'!$&"&'%/ ./6$!/. N-%*.),%/6, G6 )%/&,-%76$!'! /!,-%1(

12 21
11

12 21
22

( ) ( )
( )

2( )
( ) ( )

( )
2

s

b x b xb x
B x

b x b x b x

$! "
% &
% &'

$% &
% &
( )

: "2;)'6B

"3( $)25 x/, . <&5!; 1# ( )s x Q 2# ( )s x $3!)'2 #%)3! /!,-%12 ( )sB x , 5 61min # ( ),sm x x' /, , 5 62max # ( ),sM x x' /, .

F6"2 6*&-!,6- L $%". (1) "6*.)+!: 7!/%+!''( L 2 2),6,'%; )*&+,- 14696 7!/%+!''( -2$'%;

* + 9 : * +1 2
ess" ,

c cL m M d
a

! "'  ,% &
( )

! .

N6()'%/6 6)'6$'2 &,!*% "6$&"&''( ,&6-&/%. <&5!; 6*&-!,6- T "2: 7 *-6),6-. * +* +22 , L , $ * +2 1, L  , 2 $%-

7'!#!:,4)( '!),.*'%/ #%'6/

* + * +* + * +
22 2

1 2 1 1 2 2( ) , , , , ! ! | 0t tD T f f f L f L f f #,
- .' ' / , ; / , $ '0 1
2 3

,

1
2 tTf a f' ; , ( )f D T/ .

R%/$63!/% ; , t; =."&/6 *67'!#!,% 9-!"2:', 2 "%$&-9&'12B.  !.$!@%/6, G6 '6-/!34'! )+3!"6$! '! 9-!'%12 :

+6-&+,'6 $%7'!#&'6B . $%*!"+. )%34'6 32*8%1&$6C 6=3!),2 "3( 0.'+12; * +* +22 , f L/ , , . (+%5 * +2 , t f L; / , ("%$.

[6]). P*&-!,6- T : 7!/+'&'%/ 2 )*-(@&'%; "6 '4696 6*&-!,6- *T /!: $%93("

* + * +* 1
2D T W' , ,

1
* 1 2 T g a g '  ; , * +*g D T/ .

A$&"&/6 )!/6)*-(@&'%; 6*&-!,6- *A T T' .  -67./236, G6

* + * +* + * +
22 1

1 2 1 1 2 2 2 1 1 2 2( ) , , , ! ! | 0tD A f f f L f f W f f #,
- .' ' / , # $ # / , $ '0 1
2 3

,

1  tAf a f '  ; ; , ( )f D A/ .

O -6=6,2 [15] -6793("!$)( 6*&-!,6- 0A , 7!"!'%; "%0&-&'12!34'%/ $%-!76/ (1) '! 6=3!),2 $%7'!#&''(

* + * +* + * +
20 1 1

1 2 2 1 1 2 2 2 1 1 2 2( ) , , ! ! | 0tD A f f f W f f W f f #,
- .' ' / , # $ # / , $ '0 1
2 3

0 1  tA f a f '  ; ; , 0( )f D A/ .

I.36 *6+!7!'6, G6 6*&-!,6- 0A : 2),6,'6 )!/6)*-(@&'%/ . $%*!"+. 6=/&@&'6C 6=3!),2 , 7 9-!'%1&B +.)+6$6

+3!). 2C , .)2 +.,% (+6C 6*.+32.  6+-&/!, 0A A' . E6793('&/6 6*&-!,6- *ˆ TT< ' . S!:/6
1 1

12 2ˆ   tg a a g < '  ; ; , * + * +
1 1

1 1 22 2
2

ˆ( )  , ! | 0t tD g W a g L a g 
#,

- .= =< ' / , ; ; / , ; '0 1
= =2 3

. (3)

>6$&"&''( $ [15] 2),6,'6 $%+6-%),6$.: ,&, G6 "3( $+!7!'696 +3!). 6=3!),&;

* + * +
1 1

1 22 2
2 2

ˆ( ) , ! | 0tD g W a g W a g #,

- .= =< ' / , / , ; '0 1
= =2 3

.

O $%*!"+. 7!9!34'6C )%34'6 32*8%1&$6C 6=3!),2 1& ,$&-"@&''( :, $7!9!32 +!@.#%, '&$2-'%/ ("%$., '!*-%+3!", [8]).
D& $%/!9!: $2"*6$2"'6C /6"202+!12C "6$&"&''( ,&6-&/% 1.

N67'!#%/6 11 12

21 22

b b
B

b b
! "

' % &
( )

. <&5!; P – 6-,696'!34'%; *-6&+,6- '! ("-6 6*&-!,6-! A . D& ("-6 /!: $%93("

* + * +* +22
1 2 1 1 2 2 1 1 2 2Ker , , 0, ! ! | 0tA f f f L f f f f #,

- .' ' / , # $ # ' $ '0 1
2 3

.

?-9./&',% [4, 15] *6+!7.B,4, G6

* + * +1 2
ess ess" " ( )

c cL A B d
a

! "' $  ,% &
( )

! .



~ 6 ~ 5 # $ & ' *  !"#$%&'(' )*+,')*-%)'(' .),#/0$!1/1. ,2/), 3*0*$* 4/#5/)&*

 !"#$!% Ker A & '()'*"+,"*"-  ! !22 , L " , % ,"-. +%-% & /(0123*,"4$- '*"+,"*"- 5 (!).6"4%!$- 5  ! !22 , L "

+6%07*!$- )"2.,6"-. 8"5/07!3-" 4 Ker A "'3*%,"*
B̂f PBf# , Kerf A$ . (4)

9 [15] 2.0" '"6%5%!", :"  !  !ess ess
ˆA B B% %& # . ;,#3,  !  !ess ess

ˆ {0}PBP B% %#  . ;+,%,"<!",

 !  !1 2
ess ess

ˆ( )
c cL B d
a

% % ' (# ) "* +
, -

 . (5)

=07 5!%>")#3!!7 ess
ˆ( )B% 4 6"#!(? ,"<@( 0x $" 2.).&,1+7 +$!/.07*!% '"+0()"4!(+,1 A.!6@(? . /, 1nf n 0 5 !"+(7-

-$, :" 03#%,1 . 4()6*$,$> '%*%030"/*%-%> !n ,%6$>, :" 0 !nx $ 1 " . B*$ @1"-. !n +,7/.C,1+7 )" ,"<6$ 0x . ;2-

0%+,1 " -"#!% '*3)+,%4$,$ . 4$/07)(  !! \!n n" # " , 1n 0 . D!%0"/(<!", [4] -"#!% *"5/07)%,$ "*,"/"!%01!( +.-

-$ "'3*%,"*(4 ,$'. A ,% 2̂ !% "20%+,7> !n ,% \!n" ( 'A ,% ˆ '2 4()'"4()!"). ;*,"/"!%01!. +.-. '*"36,"*(4 !% 7)-

*% "'3*%,"*(4 ,$'. A *"5/07!.,$> !% "20%+,7> !n ,% \!n" '"5!%<$-" 'P . B*$ @1"-. \!n" "2"4'756"4" -(+,$,1

6.,$ '" 0225 :" !3 )"54"07& 235'"+3*3)!1" 5%+,"+.4%,$ *35.01,%,$ [4, 15]. =07 4$*(E3!!7 @(&F '*"203-$ '",*(2!"
4!3+,$ 5-(!$ 4 !%43)3!( 4 @$> *%2",%> %*/.-3!,$. G"6*3-%, @3 +,"+.&,1+7 "20%+,3? 4$5!%<3!!7 "'3*%,"*(4 A , 2̂
( 4()'"4()!"F -")(A(6%@(F )"43)3!!7 ,3"*3-$ 1.
=07  !ˆ"  $ 2 4$5!%<$-" )"'"-(#!$? "'3*%,"* 0 ( )Q 3 !%+,.'!$- <$!"-

 !  ! !  !
20 2 1

1 2 1 1 2 2 2 1 1 2 2( (")) , , , # # | 0tD Q f f f L f f W f f 4"
5 6# # $ " 4 & 4 $ " & #7 8
9 :

 !
1 1

10 1 2 2ˆ(") :  "  tQ a a f
))# ; 2 ) ; ,  ! !0 "f D Q$ .

B")(2!$? "'3*%,"*, %03 5 (!E"C "20%+,C 4$5!%<3!!7 *"5/07)%4+7 4 [15]. H03-3!,%*!( 4$60%)6$ '"6%5.C,1, :"
0 (")Q & "2-3#3!$- !% +4"F? "20%+,( 4$5!%<3!!7 "'3*%,"*"-, % ",#3, -"#3 2.,$ '" !3'3*3*4!"+,( *"5E$*3!$? )"

"2-3#3!"/" !% 4+1"-. '*"+,"*(  !22 ( , )L " "'3*%,"*% (")Q . B"5!%<$-"  !0 01(") (")
"

R Q# ) < & ,  !ˆ" =$ 2 . I3>%?

 !1(") (")
"

R Q# ) < & ,  !ˆ"  $ 2 – 5%-$6%!!7 0 (")R 4  !22 ( , )L " . J")(

1(") ( ")R A )# ) , " \C R$ . (6)
9$6"*$+,"4.C<$ +'36,*%01!. ,3"*3-. ",*$-%&-"

 ! 1

" 0
lim " "P A )

>
# ) ) ,  ! 1

" 0
' lim " ' "P A )

>
# ) ) (7)

B*$  !ˆ"  $ 2 4$5!%<$-" 0 (")V 76 "'3*%,"* 5 '*"+,"*.  !22 ( , )L " 4 2 1( , )L )"

 !  ! !  !
20 2 1

1 2 1 1 2 2 2 1 1 2 2( (")) , , , # # | 0tD V f f f L f f W f f 4"
5 6# # $ " 4 & 4 $ " & #7 8
9 :

 !
1

10 2ˆ(") : "  tV a f
)

# 2 ) ; ,  ! !0 "f D V$ .

;'3*%,"* 0 (")V & "2-3#3!$- !% +4"F? "20%+,( 4$5!%<3!!7 . '*"+,"*( 2 1( , )L )" , % ,%6"# (4*%>"4.C<$ "2-3#3!(+,1
0 (")Q ) ")!"<%+!" . '*"+,"*(  !1

2W " . B"5!%<$-" !3'3*3*4!3 '*")"4#3!!7 "'3*%,"*% 0 (")V 5 .+1"/" '*"+,"*.

 !22 ( , )L " 4 2 1( , )L )" <3*35 (")V . G*"5.-(0", :" !3'3*3*4!3 '*")"4#3!!7 "'3*%,"*% 0 (")V 5  !22 ( , )L " 4  !1
2W "

2.)3 ,%6$- +%-$-. 9$6"*$+,"4.C<$ 6"-'%6,!(+,1 460%)3!!7 '*"+,"*.  !1
2W " 4  !22 ( )L " , ",*$-%&-" 6"-'%6,!(+,1 "'3*%-

,"*% (")V . G 6"-'%6,!"+,( *(")V ",*$-%&-" 6"-'%6,!(+,1  !
1

11 2 ˆ "a
)) ; 2 ) 76 "'3*%,"*% 5 2 ( )L " 4  !22 ( )L " .

K '*"+,"*(  !22 ( , )L " *"5/07!3-" "'3*%,"*

 !  ! !  !
22 1

1 2 1 1 2 2 2 1 1 2 2( ) , , , | 0t
MD A f f f L f f W f f 4"

5 6# # $ " 4 & 4 $ " 4 & 4 #7 8
9 :

,

1  t
MA f a f)# ) ; ; , ( )Mf D A$ .



67386739 7. 68:7;< 7. 21/2009 ~ 7 ~

I3>%? MP – "*,"/"!%01!$? '*"36,"* !% 7)*" "'3*%,"*% MA . ="43)3!!7 ,3"*3-$ 1 +'$*%&,1+7 !% -3,") +$!-
/.07*!$> '"+0()"4!"+,3? ( !%+,.'!( 03-$ ('"*., [2; 4; 15]).

 !"# 1. I3>%? 4()6*$,$? '%*%030"/*%- ! ,%6$?, :" ! 1 " ( !3'3*3*4!% A.!6@(7 $ A(!(,!% 4 ! , ,")( "'3*%,"*$
$ $ 'P P) , $ $ 'MP P) & 6"-'%6,!$-.

 !"# 2. =07 )"4(01!"F A.!6@(F b !3'3*3*4!"F !% " "'3*%,"* Pb bP) & 6"-'%6,!$-.

 !"# 3. I3>%? " – "2-3#3!%, +$01!" 0('E$@34% "20%+,1. 9$5!%<$-" -%,*$@C
0 1
1 0

B ' (
# * +), -

! . J")( "'3*%,"*

1 0P BP) #! .
G%.4%#$-", :" )"43)3!!7 03- 1, 2 +'$*%&,1+7 !% *(4!"+,( (6) , (7) ( 6"-'%6,!(+,1 "'3*%,"*% (")V . L3-% 3 )"54"-

07& '3*3?,$ )" +$-3,*$5"4%!"F -%,*$@( 9 ( 74!" "2<$+0$,$ ess
ˆ( )B% . B"7+!$-" )"43)3!!7 03-$ 3.

I3>%? +'"<%,6.  1? . ="43)3-", :" )07 4+(> 1

2
Ker

f
f A

f
' (

# $* +
, -

4$6"!.&,1+7  !KerBf A @$! . G [6; 8] 4()"-",

:"  !  !1 1
2

2
Ker

h
A g h W

h
@ 5 4 6' (A A# # $ "7 8* +4A A, -9 :

. G"6*3-%, *"560%)  ! !  !
22 =Ker KerL A A @" B 52(/%&,1+7 5 4()"-$- *"5-

60%)"- 93?07.

 !"#$!%  ! !21
0 1 1 2 2

2
0tw

W w C w w w
w

C5 6' (A A# # $ " ; # 4 & 4 #7 8* +
, -A A9 :

(@3 ,%6 54%!( A(!(,!( +"03!"F)%01!( '"07) & :(01!"C

4 '*"+,"*( Ker A ()$4. [8]). B"6%#3-", :" )07 4+(> 1

2
Ker

f
f A

f
' (

# $* +
, -

, 1

2

g
g W

g
' (

# $* +
, -

4$6"!.&,1+7  !, 0Bf g #! . ="4$5-

!%<$-" A.!6@(F 1g , 2g !.03- !% 2R \ " ( 523*3#3-" )07 !$> ,3 +%-3 '"5!%<3!!7. B*$ @1"-. 2
1 2 0, (R )g g CC$ , ( !%

2R 4$6"!.&,1+7 *(4!(+,1 1 1 2 2 0g g4 & 4 # . ;,#3, A"*-% 2 1 1 2g dx g dx) & & ,"<!"C, % ,"-. (+!.& A.!6@(7 h 2
0 (R )CC$

,%6%, :" 1 2h g4 # ) ( 2 1h g4 # . 9$6"*$+,"4.C<$ A"*-.0. (!,3/*.4%!!7 <%+,$!%-$ (A"*-.0. M*(!%), -%&-"

1 1 2 1

2 2 1 2
, ,

f g f g
B
f g f g

' ( ' (' ( ' ( ' ( ' (
# #* + * +* + * + * + * +), - , - , - , -, - , -

!  !  !, , #t tf h f h f hd%
4"

# ; # ) ; & D # )E 0.

8"5/07!3-" ,3'3* 4$'%)"6 )"4(01!"/"  . G%.4%#$-", :" -!"#$!% Ker A !3 5%03#$,1 4() A.!6@(F  . D03

4 '*"+,"*%>  ! !22L " (  ! !22 , L " 2.).,1 *(5!( "*,"/"!%01!( )"'"4!3!!7 )" @(&F -!"#$!$, 76( -$ '"5!%<$-"

4()'"4()!"  !1Ker A @ (  !Ker A @ . G*"5.-(0", :" )07 4+(>  ! !22 , f L$ " (% 4!%+0()"6 364(4%03!,!"+,( !"*- ,%6"#

)07 4+(>  ! !22f L$ " ) -%& -(+@3 KerPf A$ (  !1KerBPf A @$! . G"6*3-%, )07 )07 4+(> Kerg A$ 4$6"!.&,1+7

 !, 0BPf g #! . B"5!%<$-" <3*35  ! ,D D +6%07*!$? )"2.,"6 . '*"+,"*(  ! !22 , L " . J")( ",*$-%&-", :" )07 4+(>

 ! !22f L$ " , Kerg A$

 !  !1 1
 

,   , 0BPf g BPf g dx BPf gdx BPf g=) )

" "
# D # D # #E E! ! ! ! .

;,#3,  !1 KerBPf A @) $! ( 1 0P BP) #! .

=07 -%,*$@( B , :" 5%)"4"01!7& .-"4$ ,3"*3-$ 1 5%'$E3-" *(4!(+,1

12 21 12 21
11

11 12 12 21

21 22 12 21 21 12
22

0
2 2

20
2 2

s

b b b bbb b b bB B B
b b b b b bb

& )' ( ' (
* + * +' ( )
* + * +# # & # &* + & )* + * +, - * + * +
, - , -

! .

G*"5.-(0", :" -%,*$@7 sB & +$-3,*$<!"C. J")(

12 21

2
s b bPBP PB P P BP)

# & #!

1 1 112 21 12 21 12 21 12 21 12 21        
2 2 2 2 2

s sb b b b b b b b b bPB P P BP P P BP PB P P P BP) ) )) ) ) ) )' ( ' (# & & ) # & )* + * +
, - , -

! ! ! .



~ 8 ~ = < > ; 9   !"#$%&'(' )*+,')*-%)'(' .),#/0$!1/1. ,2/), 3*0*$* 4/#5/)&*

9 "+,%!!(? *(4!"+,( 2.0% 4$6"*$+,%!% 03-% 1. 9$6"*$+,"4.C<$ !3'3*3*4!(+,1 A.!6@(F 12 21  
2

b b)
( 03-. 2 ",*$-%-

&-", :" sPBP PB P) & 6"-'%6,!$- "'3*%,"*"-. 8"5/07!3-" "'3*%,"* L 5 6"3A(@(&!,%-$, 4$5!%<3!$-$ -%,*$@3C
sB , ( 4()'"4()!$? "'3*%,"* ˆ sB , 4$5!%<3!$? *(4!(+,C (3). 9$6"*$+,"4.C<$ (4) ",*$-%&-"

ˆ ˆ ˆ ˆ0 0 0
0 0 0 0 0 0

s s
s B B B BPBP PB P

' ( ' (' ( )
) # ) #* + * +* +* + * + * +

, - , - , -
.

;,#3, ˆ ˆ sB B) & 6"-'%6,!$- "'3*%,"*"- 4 Ker A , % ,"-.  !ess ess
ˆ ˆ% % ( )sB B# (, 4*%>"4.C<$ (5), ",*$-%&-" ,43*-

)#3!!7 ,3"*3-$.
$%&'()*%. 835.01,%,$ [4] .5%/%01!3!( !% 4$'%)"6 )"4(01!"F +$01!" 0('E$@34"F "2-3#3!"F "20%+,( 2R" 1 .

1.  !"#$% &. '.  !"#"$%& !'()"* #+$#,# -."*%/$#,# +%0(*($12.34$#,# #'(*."#*. // 52!$%) 6%78!4)#,# 9$28(*!%"("9. C(*. 02:.--.". $.9). – 2003.
– ;9. – <. 9–13. 2.  !$#(% &. )., *+#,-.#-$#+/ 0. &. = !9>(!"8($$#- !'()"*( #+$#& ,*.$%/$#& :.+./% // ?#)3.+@ ABA C)*.%$@. – 2002. – ;7.
– <. 12–16. 3. *.-+ 1. D(#*%E 8#:-9>($%& 3%$(&$@F #'(*."#*#8 – G#!)8., 1972. 4. *+#,-.#-$#+/ 0. &. = !9>(!"8($$#- !'()"*( #+$#,# )3.!!.
-."*%/$@F +%00(*($1%.34$@F #'(*."#*#8 // H9$)1. .$.3%: % (,# '*%3. – 2002. – D#- 36 8@'. 3. – <. 76–78. 5. *+#,-.#-$#+/ 0.&. <'()"*.34$@&
.$.3%: #+$#,# )3.!!. -."*%/$@F +%00(*($1%.34$@F #'(*."#*#8 // H9$)1. .$.3%: % (,# '*%3. – 1997 – D#- 31, 8@'. 3. – <. 77–80. 6. *+2.34/-
,5%$6 ).7., *!46# 8. ., )9+ :;6 *.# ='(*."#*$@( -("#+@ 8 3%$(&$#& ,%+*#+%$.-%)( – G#!)8., 1989. 7. ).<.!+/ 8.0., =>.?4#4/,%$6 @.0. I33%-
'"%/(!)%( :.+./% 8 #J3.!"EF ! )9!#/$#- ,3.+)#& ,*.$%1(& – G, 1991. 8. 14?.? A. C*.8$($%E A.84(-<"#)!. – G#!)8., 1981. 9. B%.>$%+/ 0.0. = !9-
>(!"8($$#- !'()"*( -."*%/$@F #'(*."#*#8 // G."(-. :.-(")%. – 1995. – ; 58. – C. 945–949. 10. Atkinson F.V., Langer H., Mennicken R.,
Shkalikov A.A. The essential spectrum of some matrix operators // Math. Nachr. – 1994. – Vol. 167. – K. 5–20. 11. Grubb G., Geymonat G. // The essen-
tial spectrum of elliptic systems of mixed order // Math. Annal. – 1977. – Vol. 227, ; 3. – P. 247-276. 12. Hardt V., Mennicken R., Naboko S. Systems of
singular differential operators of mixed order and applications to 1-dimensional MHD problems // Math. Nachr. – 1999. – ; 205. – P. 19–68.
13. Konstantinov A.Yu. Spectral theory of some matrix differential operators of mixed order // C)*. -.". L9*$. – 1998. – ; 50. – C. 1064–1072.
14. Lifshitz A.E. Magnetohydrodynamics and spectral theory. – Dodrecht, 1989. 15. Langer H., Moller M. The essential spectrum of a non-elliptic boundary
value problem // Math. Nachr. – 1996. – ; 178. – P. 233–248. 16. Raikov G.D. The spectrum of an ideal magnetohydrodynamic model with translational
symmetry // Asymptotic Analysis – 1990. – ; 3. – P. 1–35.

 !" #$%&! "' ()"*'&)+ # , 0 9 . 1 0 . 0 8

-./ 513.88: 517.98

0. /#(#*, !12., C.345)6*', "'7.
E-mail: alona_kirik@univ.kiev.ua, tish_serg@univ.kiev.ua

 !"#"$%&'&( )*+,-+*. / &01(2, )+3 4+5"&( !" )+$(&+6"6. $"#'**"
(7",-.&" 2)

 !"#$!%&'( )*!+,!*- !+'!%'-. ,& #/&0&12'3'-. 4#'56(7 !$'(89 /:(''!9, %-5!*-+,!%#;<- )!1('!:- =&03**&. >&%3$3'-7
!)-+ )*!+,!*# !+'!%'-. 4#'56(7 ?5 :'!@-'- 6(1-. 4#'56(7 )3%'!0! )!*?$5# *!+,# +5('<3''!0! ,-)#. A#$#8,2+? +(:'? 0(12-
"3*,!%-. )*!+,!*(%, 313:3',- ?5-. /&)-+#;,2+? # %-01?$( *?$(% B#*'8, )!"#$!%&'-. /& 51&+-<'-:- )!1('!:&:- =&03**&,
5!34(6(8',- B#*'8 ?5-. /&$!%!12'?;,2 )3%'(7 #:!%( +)&$&''?.

Spaces of trial and generalized functions of one variable using Lagerre polinomials are built. The description of nuclear space of trial
functions as set of entire functions certain order of growth and finite type is given. The family of Hilbert spaces elements of which are
written as Fur'e series built by means on classical Lagerre polynomials, coefficients Fur'e of which satisfy certain condition of
decreasing are built.
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