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�.�. �³§­¥¶®¢, �.�. �ª³¯®¢ �

�¥«¿¡¨­±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥²

� ±±¬®²°¥­  § ¤ ·  �®¸¨ | �¨°¨µ«¥ ¤«¿ ±¨±²¥¬» ³° ¢­¥­¨©, ¬®¤¥«¨°³¾¹¥©

²¥°¬®ª®­¢¥ª¶¨¾ ¢¿§ª®³¯°³£®© ­¥±¦¨¬ ¥¬®© ¦¨¤ª®±²¨. �®ª § ­®, ·²® ´ §®¢®¥ ¯°®-

±²° ­±²¢® § ¤ ·¨ ¿¢«¿¥²±¿ ¯°®±²»¬ ¡ ­ µ®¢»¬ C1{¬­®£®®¡° §¨¥¬.

�«¾·¥¢»¥ ±«®¢ : ³° ¢­¥­¨¥ ±®¡®«¥¢±ª®£®²¨¯ , ´ §®¢®¥ ¯°®±²° ­±²¢®, ®²­®-

±¨²¥«¼­»© ±¯¥ª²°, ®²­®±¨²¥«¼­ ¿ p{±¥ª²®°¨ «¼­®±²¼.

�¢¥¤¥­¨¥

�³±²¼ 
 � R
n, n � 2 | ®£° ­¨·¥­­ ¿ ®¡« ±²¼ ± £° ­¨¶¥© @
 ª« ±± 

C1. � ¶¨«¨­¤°¥ 
�R+ ° ±±¬®²°¨¬ ­ · «¼­®-ª° ¥¢³¾ § ¤ ·³

~v(x; 0) = ~v0(x) ; T (x; 0) = T0(x) ; x 2 
 ; (0.1)

~v(x; t) = 0 ; T (x; t) = 0 ; (x; t) 2 @
�R+ (0.2)

¤«¿ ±¨±²¥¬» ³° ¢­¥­¨©

(1� �r2)
@~v

@t
= �r2~v � (~v � r)~v � rp+ g
�T ;

0 = r � ~v ;
@T

@t
= �r2T � (~v � rT ) + (~v � 
) ;

(0.3)

ª®²®° ¿ ¬®¤¥«¨°³¥² ½¢®«¾¶¨¾ ±ª®°®±²¨ ~v = (v1; v2; :::; vn), vk = vk(x; t),
¤ ¢«¥­¨¿ p = p(x; t) ¨ ²¥¬¯¥° ²³°» T = T (x; t) ¯°®±²¥©¸¥© ­¥±¦¨¬ ¥¬®©

¢¿§ª®³¯°³£®© ¦¨¤ª®±²¨ �¥«¼¢¨­  | �®©£² .

�¨±²¥¬  ³° ¢­¥­¨© (0.3) ¯®«³·¥­  ª ª £¨¡°¨¤ ±¨±²¥¬» ³° ¢­¥­¨©

�±ª®«ª®¢  [1] ¨ ³° ¢­¥­¨¿ ²¥¯«®¯°®¢®¤­®±²¨ ¢ ¯°¨¡«¨¦¥­¨¨ �¡¥°¡¥ª  |

�³±±¨­¥±ª . �¤¥±¼ ¯ ° ¬¥²°» �; �; � 2 R+ ±®®²¢¥²±²¢³¾² ¢¿§ª®±²¨, ²¥¯«®-

¢®¬³ ° ±¸¨°¥­¨¾ ¨ ²¥¬¯¥° ²³°®¯°®¢®¤­®±²¨ ¦¨¤ª®±²¨, g | ³±ª®°¥­¨¥

±¢®¡®¤­®£® ¯ ¤¥­¨¿,   ¢¥ª²®° 
 = (0; : : : ; 0; 1) 2 R
n. � ° ¬¥²° � 2 R

� � ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ £° ­²  �¨­®¡° §®¢ ­¨¿ �� ¯® ­ ¯° ¢«¥­¨¾
\� ²¥¬ ²¨ª " Â 27
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µ ° ª²¥°¨§³¥² ³¯°³£¨¥ ±¢®©±²¢  ¦¨¤ª®±²¨. (�¡±³¦¤¥­¨¥ ®²°¨¶ ²¥«¼­»µ

§­ ·¥­¨© ¯ ° ¬¥²°  � ±¬. ¢ [2]).

�¯¥°¢»¥ § ¤ ·  (0.1){(0.3) ¡»«  ° ±±¬®²°¥­  ¢ [3] ± ¨±¯®«¼§®¢ ­¨¥¬

ª« ±±¨·¥±ª®© ²¥µ­¨ª¨ ¯°®¥ª²¨°®¢ ­¨¿ ­  ¯®¤¯°®±²° ­±²¢® ±®«¥­®¨¤ «¼-

­»µ ´³­ª¶¨© [4; 5]. �®«³·¥­­»¥ °¥§³«¼² ²» ¤ ¾² ¨­´®°¬ ¶¨¾ ® «®ª «¼-

­®¬ ³±²°®©±²¢¥ ´ §®¢®£® ¯°®±²° ­±²¢ . �¥¦¤³ ²¥¬ ¢ ¯®±«¥¤­¥¥ ¢°¥¬¿

¯®¿¢¨«¨±¼ ° ¡®²» [6; 7], ¯®§¢®«¿¾¹¨¥ ­ ¤¥¿²¼±¿ ­  ¯®«³·¥­¨¥ ¡®«¥¥ ¯®«­®©

¨­´®°¬ ¶¨¨. � ±²®¿¹ ¿ ±² ²¼¿ ±®¤¥°¦¨² ¢»¢®¤ ® ²®¬, ·²® ´ §®¢»¬ ¯°®-

±²° ­±²¢®¬ § ¤ ·¨ (0.2), (0.3) ¿¢«¿¥²±¿ ¯°®±²®¥ ¡ ­ µ®¢®C1-¬­®£®®¡° §¨¥.

� ®±­®¢¥ ¬¥²®¤  ¨±±«¥¤®¢ ­¨¿ «¥¦ ² ¨¤¥¨, ¢¯¥°¢»¥ ¨§«®¦¥­­»¥ ¢ [8],  

§ ²¥¬ ° §¢¨²»¥ ¢ [9; 10].

1. �®±² ­®¢ª  § ¤ ·¨

�°¥¦¤¥ ·¥¬ ¯°¨±²³¯¨²¼ ª ¨±±«¥¤®¢ ­¨¾ § ¤ ·¨ (0.1) { (0.3), § ¬¥­¨¬
³° ¢­¥­¨¥ ­¥±¦¨¬ ¥¬®±²¨ 0 = r � ~v ³° ¢­¥­¨¿¬¨ 0 = r(r � ~v). �²¬¥²¨¬,

·²® ¬» ¯®«³·¨¬ ±¨±²¥¬³ ³° ¢­¥­¨©, ½ª¢¨¢ «¥­²­³¾ ¨±µ®¤­®©. �°®¬¥ ²®£®,

¯®«®¦¨¬ rp = ~p ¨ ¢ ¤ «¼­¥©¸¥¬ ¡³¤¥¬ ¨±ª ²¼ ¢¥ª²®° ~p. �±­®¢ ­¨¥¬ ½²®©

§ ¬¥­» ±«³¦¨² § ¬¥· ­¨¥ [11], ·²® ¢® ¬­®£¨µ £¨¤°®¤¨­ ¬¨·¥±ª¨µ § ¤ · µ

§­ ­¨¥ £° ¤¨¥­²  ¤ ¢«¥­¨¿ ¯°¥¤¯®·²¨²¥«¼­¥¥, ·¥¬ §­ ­¨¥ ¤ ¢«¥­¨¿.

�² ª, ° ±±¬®²°¨¬ § ¤ ·³ (0.1), (0.2) ¤«¿ ±¨±²¥¬» �±ª®«ª®¢  ¢ ¯°¨-

¡«¨¦¥­¨¨ �¡¥°¡¥ª  | �³±±¨­¥±ª , ¯°¥¤±² ¢«¥­­³¾ ¢ ¢¨¤¥

(1� �r2)
@~v

@t
= �r2~v � (~v � r)~v � ~p+ g
�T ;

0 = r(r � ~v) ;
@T

@t
= �r2T � (~v � rT ) + (~v � 
) :

(1.1)

�°¥¦¤¥ ¢±¥£® °¥¤³¶¨°³¥¬ § ¤ ·³ (0.1), (0.2), (1.1) ª § ¤ ·¥ �®¸¨

u(0) = u0 (1.2)

¤«¿ ®¯¥° ²®°­®£® ¤¨´´¥°¥­¶¨ «¼­®£® ³° ¢­¥­¨¿ ±®¡®«¥¢±ª®£® ²¨¯ 

L _u =Mu+N(u) : (1.3)

�¤¥±¼ U , UN , F | ¡ ­ µ®¢» ¯°®±²° ­±²¢ , ®¯¥° ²®° L 2 L(U ;F), ®¯¥° -

²®° M 2 Cl(U ;F) (L; p)-±¥ª²®°¨ «¥­,   ®¯¥° ²®° N 2 C1(UN ;F), ¯°¨·¥¬

UN 2 [U ; domM ]�, � 2 [0; 1)| ­¥ª®²®°®¥ ¨­²¥°¯®«¿¶¨®­­®¥ ¯°®±²° ­±²¢®,

  «¨­¥ « dom M � U ±­ ¡¦¥­ \­®°¬®© £° ´¨ª ". �²­®±¨²¥«¼­® ®¡®§­ ·¥-

­¨©, ²¥°¬¨­®«®£¨¨ ¨ ¡¨¡«¨®£° ´¨¨ ±¬. [12].
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�¡®§­ ·¨¬ ·¥°¥§ H 2 = (W 2
2 (
))

n;
�

H 1 = (
�

W 1
2 (
))

n ¨ L2 = (L2(
))n

¯°®±²° ­±²¢  ¢¥ª²®°-´³­ª¶¨© ~v = (v1; v2; : : : ; vn), ®¯°¥¤¥«¥­­»µ ¢ ®¡« ±²¨


. � ±±¬®²°¨¬ «¨­¥ « L = f~v 2 (C1

0 (
))n : r � ~v = 0g ¢¥ª²®°-´³­ª¶¨©,

±®«¥­®¨¤ «¼­»µ ¨ ´¨­¨²­»µ ¢ ®¡« ±²¨ 
. � ¬»ª ­¨¥ L ¯® ­®°¬¥ ¯°®-

±²° ­±²¢  L2 ®¡®§­ ·¨¬ ·¥°¥§ H � . �°®±²° ­±²¢® H � | £¨«¼¡¥°²®¢® ±®

±ª «¿°­»¬ ¯°®¨§¢¥¤¥­¨¥¬ h�; �i, ³­ ±«¥¤®¢ ­­»¬ ®² L2, ª°®¬¥ ²®£®, ±³¹¥-

±²¢³¥² ° ±¹¥¯«¥­¨¥ L2 = H � � H � , £¤¥ H � { ®°²®£®­ «¼­®¥ ¤®¯®«­¥­¨¥

ª H �. �¡®§­ ·¨¬ ·¥°¥§ � : L2 ! H � ±®®²¢¥²±²¢³¾¹¨© ®°²®¯°®¥ª²®°.

�³¦¥­¨¥ ¯°®¥ª²®°  � ­  ¯®¤¯°®±²° ­±²¢® H 2
\

�

H 1 ¿¢«¿¥²±¿ ­¥¯°¥°»¢­»¬

®¯¥° ²®°®¬ � : H 2
\

�

H 1 ! H
2
\

�

H 1. �°¥¤±² ¢¨¬ ¯®½²®¬³ ¯°®±²° ­±²¢®

H
2
\

�

H 1 ¢ ¢¨¤¥ ¯°¿¬®© ±³¬¬» H
2
\

�

H 1 = H
2
�
� H

2
�
, £¤¥ H 2

�
| ®¡° § im�,

  H 2
�
| ker�. �¬¥¾² ¬¥±²® ­¥¯°¥°»¢­»¥ ¯«®²­»¥ ¢«®¦¥­¨¿ H 2

�
,! H � ¨

H
2
�
,! H � . �°®±²° ­±²¢® H

2
�
±®±²®¨² ¨§ ¢¥ª²®°-´³­ª¶¨© ~v, ° ¢­»µ ­³«¾

­  @
 ¨ ¿¢«¿¾¹¨µ±¿ £° ¤¨¥­² ¬¨ ´³­ª¶¨© ¨§ W 3
2 (
).

����� 1.1. �®°¬³«®© A = diagf�r2; : : : ;�r2g : H 2
�
� H

2
�
! L

2

§ ¤ ¥²±¿ «¨­¥©­»© ­¥¯°¥°»¢­»© ®¯¥° ²®° ± ¤¨±ª°¥²­»¬ ª®­¥·­®ª° ²-

­»¬ ±¯¥ª²°®¬ �(A) � R+, ±£³¹ ¾¹¨¬±¿ «¨¸¼ ­  +1.

�®ª § ²¥«¼±²¢® «¥¬¬» ¥±²¼ ¢ [13]. �§ [14] ¨§¢«¥·¥¬ ±«¥¤³¾¹¨© °¥§³«¼-

² ².

����� 1.2. �®°¬³«®© B : ~v ! r(r � ~v) § ¤ ¥²±¿ «¨­¥©­»© ­¥¯°¥-

°»¢­»© ±¾°º¥ª²¨¢­»© ®¯¥° ²®° B : H 2
�
� H

2
�
! H � ± ¿¤°®¬ kerB = H

2
�
.

�®«®¦¨¬ � = I� � ¨ ®¡®§­ ·¨¬ ·¥°¥§ A� ±³¦¥­¨¥ ®¯¥° ²®°  �A

­  H 2
�
. � ±¨«³ «¥¬¬» 1.1 ®¯¥° ²®° A� : H 2

�
! H � «¨­¥¥­ ¨ ­¥¯°¥°»¢¥­,

¯°¨·¥¬ ¥£® ±¯¥ª²° �(A�) ¤¨±ª°¥²¥­, ª®­¥·­®ª° ²¥­ ¨ ±£³¹ ¥²±¿ ²®«¼ª® ª

+1. �³±²¼ f'kg | ±¥¬¥©±²¢® ®°²®­®°¬¨°®¢ ­­»µ ¢ ±¬»±«¥ H � ±®¡±²¢¥­-

­»µ ´³­ª¶¨© ®¯¥° ²®°  A�, § ­³¬¥°®¢ ­­®¥ ¯® ¢®§° ±² ­¨¾ ±®¡±²¢¥­­»µ

§­ ·¥­¨© f�kg ± ³·¥²®¬ ¨µ ª° ²­®±²¨. �®£¤ 

�
�
�I+ (��+ �)A

�
= ��+ (��+ �)A� =

1X
k=1

�
�+ (��+ �)�k

�
h�; 'ki'k ;

£¤¥ h�; �i | ±ª «¿°­®¥ ¯°®¨§¢¥¤¥­¨¥ ¢ H �. �³±²¼ � 6= ���k , k 2 N, ²®£¤ 

±³¹¥±²¢³¥² ­¥¯°¥°»¢­»© ®¯¥° ²®°�
�� + (��+ �)A�

�
�1

=
1X
k=1

�
� + (��+ �)�k

�
�1
h�; 'ki'k ;

ª®²®°»© ¬» ¤«¿ ª° ²ª®±²¨ ®¡®§­ ·¨¬ ·¥°¥§ A�1
��
.
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� «¥¥ § ¬¥²¨¬, ·²® ®¯¥° ²®° �A� � O. �¥©±²¢¨²¥«¼­®, ¯³±²¼ ¢¥ª-

²®° ~v 2 L, ²®£¤  ®·¥¢¨¤­® (r � A~v) = r2(r � ~v) = 0. �  ¯°®±²° ­±²¢® H 2
�

½²® ° ¢¥­±²¢® ° ±¯°®±²° ­¿¥²±¿ \¯® ­¥¯°¥°»¢­®±²¨". �¡®§­ ·¨¬ ·¥°¥§ ~B

±³¦¥­¨¥ ®¯¥° ²®°  B ­  H 2
�
. � ±¨«³ «¥¬¬» 2.2 ¨ ²¥®°¥¬» � ­ µ  ±³¹¥-

±²¢³¥² ®¯¥° ²®° eB�1 2 L(H �;H
2
�
), ¯°¨·¥¬ B ~B�1 = � ¨ ~B�1B = �, µ®²¿

®¡  ®¯¥° ²®°  § ¤ ­» ¢ ° §«¨·­»µ ¯°®±²° ­±²¢ µ.

�­ «®£¨·­®, ­¥²°³¤­® ¯®ª § ²¼, ·²® ��A � O.

�¡®§­ ·¨¬ ·¥°¥§ A�� ±³¦¥­¨¥ ®¯¥° ²®°  �(�I+(��+ �)A) ­  H 2
�
.

�¢¥¤¥¬ ¢ ° ±±¬®²°¥­¨¥ ¯°®±²° ­±²¢  H � = L2(
),
�

H 1 = (
�

W 1
2 (
))

n
¨

H
2
� =

�
W 2
2 (
)\

�

W 1
2(
)

�
n

. �®±²°®¨¬ ¯°®±²° ­±²¢  U = H
2
�
�H

2
�
�H p�H �

¨ F = H � � H � � H p � H �, H p � H � . �«¥¬¥­²» u 2 U ¨ f 2 F ¨¬¥¾² ¢¨¤

±®®²¢¥²±²¢¥­­® u = (u�; u�; up; u�) ¨ f = (f� ; f�; fp; f�).

����� 1.3. (i) �®°¬³«®©

L =

0
BB@
�(I+ �A) O O O

O �(I+ �A) O O

O O O O

O O O I

1
CCA

§ ¤ ¥²±¿ ®¯¥° ²®° L 2 L(U ;F). �±«¨ ���1 62 �(A), ²®

kerL = f0g � f0g � H p � f0g,   imL = H
2
�
� H � � f0g � H �.

(ii) �®°¬³«®©

M =

0
BB@
���A O O O

O ���A �� O

O �B O O

O O O ��

1
CCA

§ ¤ ¥²±¿ «¨­¥©­»© § ¬ª­³²»© ¯«®²­® ®¯°¥¤¥«¥­­»© ®¯¥° ²®°

M : domM ! F , domM = H
2
�
� H

2
�
� H p � H

2
�.

� ³·¥²®¬ ¨§«®¦¥­­®£® ¢»¸¥ ¤®ª § ²¥«¼±²¢® «¥¬¬» 1.3 ®·¥¢¨¤­®.

�®±²°®¨¬ ¯°®±²° ­±²¢® UN = H
1
�
�H

1
�
�H p�H �, £¤¥ H

1
�
=

�

H 1 \H �

¨ H 1
�
=

�

H 1 \ H �.

����� 1.4. �®°¬³«®©

N : (u� + u�)!

0
BB@

�((u� + u�) � r)(u� + u�) + �g�g(
 � u�)

�((u� + u�) � r)(u� + u�) + �g�g(
 � u�)
0

((u� + u�) � ru�) + 
 � (u� + u�)))

1
CCA

§ ¤ ¥²±¿ ®¯¥° ²®° N 2 C1(UN ;F).
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�¥©±²¢¨²¥«¼­®, ¯°¨ «¾¡®¬ ¢¥ª²®°¥ (u� + u�) 2 UN ¯°®¨§¢®¤­ ¿

�°¥¸¥ N 0

(u�+u�)
®¯¥° ²®°  N ¨¬¥¥² ¢¨¤

N 0

(u�+u�)
v =

0
BB@
�((u� + u�) � r)v� + �(v� � r)(u� + u�) + �g�
(
 � v�)

�((u� + u�) � r)v� +�(v� � r)(u� + u�) + ��
(
 � v�)

0

((u� + u�) � rv�) + (v � ru�) + (
 � (v� + v�)

1
CCA :

�² ª, °¥¤³ª¶¨¿ § ¤ ·¨ (0.1) { (0.2) ¤«¿ ±¨±²¥¬» (1.1) ª § ¤ ·¥ (1.2)

¤«¿ ³° ¢­¥­¨¿ (1.3) § ª®­·¥­ .

2. �²­®±¨²¥«¼­ ¿ 1-±¥ª²®°¨ «¼­®±²¼ ¤¨´´¥°¥­¶¨ «¼­»µ
®¯¥° ²®°®¢

�³±²¼ U ¨ F | ¡ ­ µ®¢» ¯°®±²° ­±²¢ , ®¯¥° ²®° L 2 L(U ;F) (².¥.

«¨­¥¥­ ¨ ­¥¯°¥°»¢¥­),   ®¯¥° ²®° M 2 Cl(U ;F) (².¥. «¨­¥¥­, § ¬ª­³² ¨

¯«®²­® ®¯°¥¤¥«¥­). �¢¥¤¥¬ ¢ ° ±±¬®²°¥­¨¥ L-°¥§®«¼¢¥­²­®¥ ¬­®¦¥±²¢®

�L(M) = f� 2 C : (�L �M)�1 2 L(F ;U)g ¨ L-±¯¥ª²° �L(M) = C n �L(M)

®¯¥° ²®°  M .

� ®¡¹¥¬ ±«³· ¥ ­¥®¡° ²¨¬®±²¨ ®¯¥° ²®°  L ³¤ ¥²±¿ ¯®ª § ²¼, ·²®

¬­®¦¥±²¢® �L(M) ¢±¥£¤  ®²ª°»²®, ¯®½²®¬³ ¬­®¦¥±²¢® �L(M) ¢±¥£¤  § ¬ª­³-

²®.

�³±²¼ �L(M) 6= ;. � °¿¤³ ± ®¯¥° ²®°-´³­ª¶¨¥© (�L �M)�1, ­ §»-

¢ ¥¬®© L-°¥§®«¼¢¥­²®© ®¯¥° ²®°  M , ¢¢¥¤¥¬ ¢ ° ±±¬®²°¥­¨¥ ®¯¥° ²®°-

´³­ª¶¨¨ RL

�
(M) = (�L � M)�1L ¨ LL

�
(M) = L(�L � M)�1; ª®²®°»¥ ¢

¤ «¼­¥©¸¥¬ ¡³¤¥¬ ­ §»¢ ²¼ ¯° ¢®© ¨ «¥¢®© L-°¥§®«¼¢¥­² ¬¨ ®¯¥° ²®° 

M . �® ¯®±«¥¤­¨¬ ¯®±²°®¨¬ ¯° ¢³¾ ¨ «¥¢³¾ (L,p)-°¥§®«¼¢¥­²» ®¯¥° ²®° 

M : RL

(�;p)
(M) = �

p

q=0R
L

�q
(M) ¨ LL

(�;p)
(M) = �

p

q=0L
L

�q
(M).

����� 2.1. �³±²¼ �L(M) 6= ;. �®£¤  ¯°¨ «¾¡®¬ p 2 f0g [ N

(i) kerRL

(�;p)
(M) = kerRL

(�;p)
(M); imRL

(�;p)
(M) = imRL

(�;p)
(M);

(ii) kerLL

(�;p)
(M) = kerLL

(�;p)
(M); imLL

(�;p)
(M) = imLL

(�;p)
(M)

¯°¨ ¢±¥µ � = (�0; �1; : : : ; �p) ¨ � = (�0; �1; : : : ; �p) ¨§ (�
L(M))p+1.

�¡®§­ ·¨¬ ·¥°¥§ U0 (F0) ¿¤°® kerRL

(�;p)
(M) (kerLL

(�;p)
(M)),   ·¥°¥§

L0 (M0) ±³¦¥­¨¥ ®¯¥° ²®°  L (M) ­  U0 (U0 \ domM). � ª ­¥²°³¤­® ³¡¥-

¤¨²¼±¿, ®¯¥° ²®° L0 2 L(U
0;F0),   ®¯¥° ²®° M0 2 Cl(U0;F0).
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����������� 2.1. �¯¥° ²®° M ­ §»¢ ¥²±¿ ±¥ª²®°¨ «¼­»¬ ±²¥-

¯¥­¨ p 2 f0g[N ®²­®±¨²¥«¼­® ®¯¥° ²®°  L (ª®°®·¥, (L; p)-±¥ª²®°¨ «¼­»¬),

¥±«¨ ±³¹¥±²¢³¾² ª®­±² ­²» K > 0; a 2 R ¨ � 2 (�=2; �) ² ª¨¥, ·²® ±¥ª²®°

SL

a;�(M) = f� 2 C : jarg(�� a)j < �; � 6= ag � �L(M);

¯°¨·¥¬

max
n
kRL

(�;p)(M)k
L(U); kL

L

(�;p)(M)k
L(F)

o
�

K

�
p

q=0j�q � aj

¯°¨ ¢±¥µ � = (�0; �1; : : : ; �q) 2
�
SL

a;�(M)
�
p+1

.

�±«¨ ±³¹¥±²¢³¥² ®¯¥° ²®° L�1 2 L(F ;U), ²® ¨§ ±¥ª²®°¨ «¼­®±²¨ [15]

®¯¥° ²®°  L�1M (¨«¨ML�1) ±«¥¤³¥² (L; p)-±¥ª²®°¨ «¼­®±²¼ ®¯¥° ²®° M .

�°¨ p = 0 ±¯° ¢¥¤«¨¢® ¨ ®¡° ²­®¥ ³²¢¥°¦¤¥­¨¥.

����� 2.2. �³±²¼ ®¯¥° ²®° M (L; p)-±¥ª²®°¨ «¥­. �®£¤  ±³¹¥±²-

¢³¥² ®¯¥° ²®° M�1
0 2 L(F0;U0).

�®«®¦¨¬ G =M�1
0 L0; H = L0M

�1
0 . �¯¥° ²®°» G 2 L(U0); H 2 L(F0)

¯® ¯®±²°®¥­¨¾.

��������� 2.1. � ³±«®¢¨¿µ «¥¬¬» 2.2 ®¯¥° ²®°» G ¨ H ­¨«¼¯®-

²¥­²­» ±²¥¯¥­¨ ­¥ ¢»¸¥ p.

�¡®§­ ·¨¬ § ¬»ª ­¨¥ «¨­¥ «  imRL

(�;p)
(M)

�
imLL

(�;p)
(M)

�
¢ ­®°¬¥

¯°®±²° ­±²¢  U (F) ·¥°¥§ U1
�
F1
�
.

����� 2.3. �³±²¼ ®¯¥° ²®° M (L; p)-±¥ª²®°¨ «¥­. �®£¤ 

lim
�!+1

(�RL

�
(M))p+1u = u 8u 2 U1 ; lim

�!+1
(�LL

�
(M))p+1f = f 8f 2 F1 :

�§ «¥¬¬» 2.3 ­¥¯®±°¥¤±²¢¥­­® ¢»²¥ª ¥², ·²® U0\U1 = f0g ¨ F0\F1 = f0g.

�¡®§­ ·¨¬ ·¥°¥§ eU ( eF) § ¬»ª ­¨¥ «¨­¥ «  U0 � U1 (F0 �F1).

������� 2.1. �³±²¼ ®¯¥° ²®° M (L; p)-±¥ª²®°¨ «¥­. �®£¤ eU = U0 � U1 ¨ eF = F0 �F1.

������� 2.2. (Yagi, �¥¤®°®¢). �³±²¼ ®¯¥° ²®° M (L; p)-±¥ª²®°¨-

 «¥­,   ¯°®±²° ­±²¢® U (F) °¥´«¥ª±¨¢­®. �®£¤  ~U = U ( ~F = F).



98 �.�. �³§­¥¶®¢, �.�. �ª³¯®¢

�¡° ²¨¬±¿ ²¥¯¥°¼ ª ³° ¢­¥­¨¾ L _u = Mu. �³±²¼ �L 6= �, ²®£¤  ½²®

³° ¢­¥­¨¥ ²°¨¢¨ «¼­® °¥¤³¶¨°³¥²±¿ ª ¯ °¥ ½ª¢¨¢ «¥­²­»µ ¥¬³ ³° ¢­¥­¨©

RL

�
(M) _u = (�L�M)�1Mu; (2.1)

LL

�
(M) _f = M(�L�M)�1f; (2.2)

£¤¥ � 2 �L(M). �®±ª®«¼ª³ (�L�M)�1M = �RL

�
(M)� I ¨ M(�L�M)�1 =

= �LL

�
(M)� I , ²® ®¯¥° ²®°» (�L�M)�1M ¨ M(�L�M)�1 ¬®¦­® ¥¤¨­-

±²¢¥­­»¬ ®¡° §®¬ ¯°®¤®«¦¨²¼ ¤® ­¥¯°¥°»¢­»µ ®¯¥° ²®°®¢, ®¯°¥¤¥«¥­­»µ

­  ¯°®±²° ­±²¢ µ U ¨ F ±®®²¢¥²±²¢¥­­®. �®½²®¬³ ³° ¢­¥­¨¿ (2.1) ¨ (2.2)

¬®¦­® ° ±±¬ ²°¨¢ ²¼ ª ª ª®­ª°¥²­»¥ ¨­²¥°¯°¥² ¶¨¨  ¡±²° ª²­®£® ³° ¢-

­¥­¨¿

A _v = Bv; (2.3)

£¤¥ ®¯¥° ²®°» A;B 2 L(V),   V | ­¥ª®²®°®¥ ¡ ­ µ®¢® ¯°®±²° ­±²¢®.

�¥ª²®°-´³­ª¶¨¾ v = v(t) ­ §®¢¥¬ °¥¸¥­¨¥¬ ³° ¢­¥­¨¿ (2.3), ¥±«¨

v 2 C1(R+;V) ¨ v ³¤®¢«¥²¢®°¿¥² (2.3).

����������� 2.2. �²®¡° ¦¥­¨¥ V � 2 C1(R+;L(V)) ­ §»¢ ¥²±¿

¯®«³£°³¯¯®© ° §°¥¸ ¾¹¨µ ®¯¥° ²®°®¢ ³° ¢­¥­¨¿ (2.3), ¥±«¨

(i) V t � V s = V t+s 8t; s 2 R+;

(ii) 8v0 2 V ¢¥ª²®°-´³­ª¶¨¿ v(t) = V tv0 ³¤®¢«¥²¢®°¿¥² ³° ¢­¥­¨¾ (2.3).

�®«³£°³¯¯  fV t : t 2 R+g ­ §»¢ ¥²±¿  ­ «¨²¨·¥±ª®©, ¥±«¨ ®­   ­ «¨²¨·­®

¯°®¤®«¦¨¬  ¢ ­¥ª®²®°»© ±¥ª²®°, ±®¤¥°¦ ¹¨© ¯®«³®±¼ R+, ¨ ° ¢­®¬¥°­®

®£° ­¨·¥­­®©, ¥±«¨

kV tk
L(V) � const; t 2 (0; T ); 8T 2 R+:

������� 2.3. �³±²¼ ®¯¥° ²®° M (L; p)-±¥ª²®°¨ «¥­. �®£¤  ±³¹¥-

±²¢³¾²  ­ «¨²¨·¥±ª¨¥ ¨ ° ¢­®¬¥°­® ®£° ­¨·¥­­»¥ ¯®«³£°³¯¯» ° §°¥¸ -
¾¹¨µ ®¯¥° ²®°®¢ ³° ¢­¥­¨© (2:1) ¨ (2:2).

�³±²¼ � � SL

a;�(M) { ª®­²³° ² ª®©, ·²® arg� ! �� ¯°¨ j�j ! +1.

�®£¤  ¨±ª®¬»¥ ¯®«³£°³¯¯» § ¤ ¾²±¿ ´®°¬³« ¬¨

U t =
1

2�i

Z
�

RL

�
(M)e�td�; (2.4)

F t =
1

2�i

Z
�

LL

�
(M)e�td� (2.5)

±®®²¢¥²±²¢¥­­® ¯°¨ ¢±¥µ t 2 R+.



������� ������������ ������ �������������� 99

� ª ­¥²°³¤­® § ¬¥²¨²¼, ®¯¥° ²®°» U t ¨ F t ¨¬¥¾² ¿¤° ,

kerU t
� kerRL

�
(M) ¨ kerF t

� kerLL

�
(M) ; � 2 �L(M) :

�®½²®¬³ ¢ ¤ «¼­¥©¸¥¬ ¡³¤³² ­¥®¡µ®¤¨¬» ±«¥¤³¾¹¨¥ ¯®­¿²¨¿.

����������� 2.3. �³±²¼ fV t : t 2 R+g |  ­ «¨²¨·¥±ª ¿ ¯®«³-

£°³¯¯  ° §°¥¸ ¾¹¨µ ®¯¥° ²®°®¢ ³° ¢­¥­¨¿ (2.3). �®£¤  ¬­®¦¥±²¢®

kerV � = fv 2 V : 9t 2 R+ V tv = 0g ¡³¤¥¬ ­ §»¢ ²¼ ¿¤°®¬,   ¬­®¦¥±²¢®

imV � = fv 2 V : lim
t!0+

V tv = vg | ®¡° §®¬ ¯®«³£°³¯¯» fV t : t 2 R+g.

������� 2.4. �³±²¼ ®¯¥° ²®° M (L; p)-±¥ª²®°¨ «¥­. �®£¤ 

kerU� = U
0; imU� = U

1; kerF � = F
0; imF � = F

1:

�¥¯¥°¼ ¯°¨«®¦¨¬  ¡±²° ª²­»¥ °¥§³«¼² ²» ª ®¯¥° ²®° ¬ L ¨ M ,

¯®±²°®¥­­»¬ ¢ ¯.1.

������� 2.5. �°¨ «¾¡»µ �; �; g 2 R n f0g, ���1 62 �(A) ¨ � 2 R+

®¯¥° ²®° M (L; 1)-±¥ª²®°¨ «¥­, ¨ ±³¹¥±²¢³¥² ®¯¥° ²®° L�11 2 L(F1;U1).

�®ª § ²¥«¼±²¢® ¯°®¢®¤¨²±¿  ­ «®£¨·­® [9] ¨ § ª«¾· ¥²±¿ ¢ ¯®±²°®¥-

­¨¨ ¯° ¢®© ¨ «¥¢®© (L; 1)-°¥§®«¼¢¥­² ®¯¥° ²®° M ¨ ¯°®¢¥°ª¥ ®¯°¥¤¥«¥­¨¿

2.1.

3. �¢ §¨±² ¶¨®­ °­»¥ ¯®«³²° ¥ª²®°¨¨

�¡p ²¨¬±¿ ª § ¤ ·¥ (1.2), (1.3). �³±²¼ ®¯¥p ²®pM (L; p)-±¥ª²®°¨ «¥­,

  ¯°®±²° ­±²¢  U ¨ F °¥´«¥ª±¨¢­», ²®£¤  ³° ¢­¥­¨¥ (1.3) p¥¤³¶¨p³¥²±¿ ª

±¨±²¥¬¥ ³° ¢­¥­¨©

L0 _u
0 =M0u

0 + (I �Q)N(u0 + u1) ; (3.1)

L1 _u
1 =M1u

1 + QN(u0 + u1) ; (3.2)

£¤¥ u1 = Pu, u0 = u�u1, ¯°®¥ª²®°» P ¨ Q ¿¢«¿¾²±¿ ¥¤¨­¨¶ ¬¨ ¯®«³£°³¯¯

(2.4) ¨ (2.5) ±®®²¢¥²±²¢¥­­®.

�³±²¼ ±³¹¥±²¢³¥² ®¯¥° ²®° L�11 2 L(F1;U1), ²®£¤  ®¯¥° ²®° S =

= L�11 M1 2 Cl(U1), domS = U1\domM ±¥ª²®°¨ «¥­. �³±²¼ S1 = S�bI, £¤¥

b > a, a | ª®­±² ­²  ¨§ ®¯°¥¤¥«¥­¨¿ 2.1. �·¥¢¨¤­®, ®¯¥° ²®° S1 2 Cl(U1)

±¥ª²®°¨ «¥­, domS1 = domS. �³±²¼ � > 0, ®¯p¥¤¥«¨¬ ®¯¥p ²®p

S�

1 =
1

�(�)

1Z
0

t��1eS1tdt ;
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£¤¥ feS1t : t 2 R+g|  ­ «¨²¨·¥±ª ¿ ¯®«³£p³¯¯ , ¯®p®¦¤¥­­ ¿ ®¯¥p ²®p®¬

S1. �¯¥p ²®p S��1 2 L(U1), ¯p¨·¥¬ ®¡p § imS��1 ¯«®²¥­ ¢ U1. �±«¨ � = 1,

²® S�11 | ®¡p ²­»© ®¯¥p ²®p ª ®¯¥p ²®p³ S1.

� «¥¥, ®¯p¥¤¥«¨¬ ®¯¥p ²®p S�

1 ª ª ®¡p ²­»© ª ®¯¥p ²®p³ S��1 ,

domS�

1 = imS��1 . �¯¥p ²®p S�

1 : domS�

1 ! U1 § ¬ª­³² ¨ ¯«®²­® ®¯p¥¤¥«¥­.

�p¨ � = 1 ®¯¥p ²®p S11 = S1. �®«®¦¨¬ S01 = I. � ¬¥²¨¬, ·²® «¨­¥ « domS�

1 ,

±­ ¡¦¥­­»© ­®p¬®© £p ´¨ª  k�kU;� = kS�

1 �kU , ¡³¤¥² ¡ ­ µ®¢»¬ ¯p®±²p ­-

±²¢®¬, ¯«®²­»¬ ¢ U1. �¡®§­ ·¨¬ ½²® ¯p®±²p ­±²¢® ·¥p¥§ U1
�
. �²¬¥²¨¬, ·²®

¢«®¦¥­¨¥ U1
�
,! U1

�
¡³¤¥² ­¥¯p¥p»¢­»¬, ¥±«¨ � � �.

�­ «®£¨·­® ®¯¥p ²®p³ S��1 ¯®±²p®¨¬ ®¯¥p ²®p T��1 , £¤¥ ®¯¥p ²®p

T1 = aI� T ,   ®¯¥p ²®p T = M1L
�1
1 2 Cl(F1) ±¥ª²®p¨ «¥­. �®«¼§³¿±¼

®¯¥p ²®p®¬ T��1 , ¯®±²p®¨¬ ¯p®±²p ­±²¢  F1
�
, � � 0. �®ª ¦¥¬, ·²® ¯p¨

«¾¡®¬ � � 0 ®¯¥p ²®p L1 ¿¢«¿¥²±¿ ²®¯«¨­¥©­»¬ ¨§®¬®p´¨§¬®¬ ¡ ­ µ®¢»µ

¯p®±²p ­±²¢ U1
�
¨ F1

�
. �¥©±²¢¨²¥«¼­®,

L1S
��

1 =
1

�(�)

1Z
0

t��1dt
1

2�i

Z
�

L1

�
(�+ �)I� L�11 M1

�
�1

e�td� =

=
1

�(�)

1Z
0

t��1dt
1

2�i
�
�
(�+ �)I�M1L

�1
1

�
�1

e�td� = T��1 L1 :

�²±¾¤  T�

1 L1 = L1S
�

1 , � � 0. � ¥±«¨ ¢¥ª²®p u 2 U�, ²® ¤«¿ ¢¥ª²®p  f = L1u

¨¬¥¥¬

kfkF;� = kT�

1 L1ukF � kL1kL(U1;F1)kukU;� :

�±«¨ ¢¥ª²®° f 2 F1
�
, ²® ¢ª«¾·¥­¨¥ L�11 f 2 U1

�
¤®ª §»¢ ¥²±¿  ­ «®£¨·­®.

�¥¯¥°¼ ®¡®§­ ·¨¬ ·¥°¥§ U01 «¨­¥ « domM0, ±­ ¡¦¥­­»© ­®°¬®© £° -

´¨ª  kj � kj = k � kU + kM � kF , ¨ ¯®±²°®¨¬ ¯°®±²° ­±²¢  U� = U01 � U1
�
.

�·¥¢¨¤­» ¯«®²­»¥ ¨ ­¥¯°¥°»¢­»¥ ¢«®¦¥­¨¿ U1 � U� � U0 ¯°¨ � 2 [0; 1],

£¤¥ U0 � U ,   U1 | «¨­¥ « domM , ±­ ¡¦¥­­»© ­®°¬®© kj � kj. �¥ª²®°-

´³­ª¶¨¾ u 2 C([0; t0);U�) ­ §®¢¥¬ °¥¸¥­¨¥¬ § ¤ ·¨ (1.2), (1.3), ¥±«¨ ®­ 

³¤®¢«¥²¢®°¿¥² ³° ¢­¥­¨¾ (1.3) ­  (0; t0) ¨ ³±«®¢¨¾ (1:2). �¥¸¥­¨¥ u = u(t)

§ ¤ ·¨ (1.2), (1.3) ­ §»¢ ¥²±¿ ª¢ §¨±² ¶¨®­ °­®© ¯®«³²° ¥ª²®°¨¥©, ¥±«¨

L0 _u
0(t) = 0 ¯°¨ ¢±¥µ t 2 [0; t0). � ±±¬®²°¥­¨¥ ª¢ §¨±² ¶¨®­ °­»µ ¯®«³²° -

¥ª²®°¨© ±¢¿§ ­® ± ²¥¬, ·²® ¤ ¦¥ ¢ · ±²­»µ ±«³· ¿µ [16] °¥¸¥­¨¥ § ¤ ·¨

(1.2), (1.3) ¬®¦¥² ¡»²¼ ­¥ ¥¤¨­±²¢¥­­»¬.

� ·­¥¬ ¯®¨±ª ª¢ §¨±² ¶¨®­ °­»µ ²° ¥ª²®°¨© ³° ¢­¥­¨¿ (1.3). �³±²¼

¯°®±²° ­±²¢® U0 ° ±¯ ¤ ¥²±¿ ¢ ¯°¿¬³¾ ±³¬¬³ U0 = U00 � U01, £¤¥ U00 =

= kerL,   U01 = U0 	 U00 | ­¥ª®²®°®¥  «£¥¡° ¨·¥±ª®¥ ¨ ²®¯®«®£¨·¥±ª®¥

¤®¯®«­¥­¨¥. �³±²¼ ±³¹¥±²¢³¥² ¢¥ª²®° u010 2 U00 ² ª®©, ·²® ³° ¢­¥­¨¥ (3.1)

¨¬¥¥² ¢¨¤

0 =M0(u
00 + u010 ) + (I �Q)N(u00 + u010 + u1) (3.3)
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¯°¨ ¢±¥µ u00 2 U00 ¨ u1 2 U1
�
. �¡®§­ ·¨¬ ·¥°¥§ P00 (P01) ¯°®¥ª²®° ­  U00�

U01
�
¢¤®«¼ U01�U1

�

�
U00 � U1

�

�
. �®£¤  ³° ¢­¥­¨¥ (3.3) °¥¤³¶¨°³¥²±¿ ª ¯ °¥

½ª¢¨¢ «¥­²­»µ ¥¬³ ³° ¢­¥­¨©

0 = u00 + P00M
�1
0 (I � Q)N(u00+ u01 + u1) ; (3.4)

0 = u01 + P01M
�1
0 (I � Q)N(u00+ u01 + u1) (3.5)

¢ ±¨«³ «¥¬¬» 2.2.

�³±²¼, ¤ «¥¥, ³° ¢­¥­¨¥ (3.5) ³¤®¢«¥²¢®°¿¥²±¿ ¯°¨ ¢±¥µ u00 2 U00 ¨

u1 2 U1
�
²®¦¤¥±²¢¥­­®. �®«®¦¨¬

F (u00 + u1) � P00M
�1
0 (I � Q)N(u00+ u01 + u1) :

�°¥¤¯®«®¦¨¬, ·²® ±³¹¥±²¢³¥² ¢¥ª²®° u000 2 U00 ² ª®©, ·²®

kF 0

0kL(U) < 1 ; (3.6)

£¤¥ F 0

0 | \· ±²­ ¿" ¯°®¨§¢®¤­ ¿ �°¥¸¥ ®¯¥° ²®°  F 2 C1(U00�U1
�
;U00) ¢

²®·ª¥ u000 . �®£¤  ¢ ±¨«³ ²¥®°¥¬» ® ­¥¿¢­®© ´³­ª¶¨¨ ±³¹¥±²¢³¥² ®¯¥° ²®°

� 2 C1(O1
0; O

0
0) ² ª®©, ·²® ³° ¢­¥­¨¥ u

00 = �(u1) ½ª¢¨¢ «¥­²­® ³° ¢­¥­¨¾

(3.4). �¤¥±¼ u00 2 O0
0, u

1 2 O1
0, O

0
0 � U00 | ­¥ª®²®° ¿ ®ª°¥±²­®±²¼ ²®·ª¨

u000 ,   O
1
0 � U1

�
| ­¥ª®²®° ¿ ®ª°¥±²­®±²¼ ²®·ª¨ u010 .

�« £®¤ °¿ ®¯¥° ²®°³ � ³° ¢­¥­¨¥ (3.2) ¢ ®ª°¥±²­®±²¨ O1
0 ¡³¤¥² ½ª¢¨-

¢ «¥­²­® ³° ¢­¥­¨¾

_u1 = S1u
1 +G(u1) ; (3.7)

£¤¥ ®¯¥° ²®° G(u1) = L�11 QN(u010 + u1 + �(u1)), G 2 C1(O1
0;U

1). � §°¥-

¸¨¬®±²¼ § ¤ ·¨ �®¸¨ ¤«¿ ³° ¢­¥­¨¿ (3.7) | ª« ±±¨·¥±ª¨© °¥§³«¼² ² [15].

�¥²°³¤­® ¢¨¤¥²¼, ·²® ¢¥ª²®°-´³­ª¶¨¿ u(t) = u00(t) + u010 + u1(t) ¿¢«¿¥²±¿

°¥¸¥­¨¥¬ § ¤ ·¨ (1.2), (1.3) ¨, ª°®¬¥ ²®£®, ª¢ §¨±² ¶¨®­ °­®© ¯®«³²° ¥ª-

²®°¨¥©. �² ª, ¤®ª § ­ 

������� 3.1. �³±²¼ ¡ ­ µ®¢» ¯°®±²° ­±²¢  U ¨ F °¥´«¥ª±¨¢-

­». �³±²¼ ®¯¥° ²®° M (L; p)-±¥ª²®°¨ «¥­ ¨ ±³¹¥±²¢³¥² ®¯¥° ²®°

L�11 2 L(F1;U1). �³±²¼ ¯°®±²° ­±²¢® U0 ° ±¹¥¯«¿¥²±¿ ¢ ¯°¿¬³¾ ±³¬¬³

U0 = U00 � U01, £¤¥ U00 = kerL. �®£¤  ¤«¿ «¾¡®£®

u0 2 M = fu 2 U : (I � Q)(Mu+N(u)) = 0g

² ª®£®, ·²® ¢ ­¥ª®²®°®© ®ª°¥±²­®±²¨ O0
0 � O1

0 ³° ¢­¥­¨¥ (3.5) ¢»¯®«-

­¿¥²±¿ ²®¦¤¥±²¢¥­­® ¨ ¨¬¥¥² ¬¥±²® ­¥° ¢¥­±²¢® (3.6), ±³¹¥±²¢³¥²

¥¤¨­±²¢¥­­®¥ °¥¸¥­¨¥ § ¤ ·¨ (1.2), (1.3), ¿¢«¿¾¹¥¥±¿ ª¢ §¨±² ¶¨®­ °­®©

¯®«³²° ¥ª²®°¨¥©.
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����������� 3.1. �­®¦¥±²¢® P � U ­ §»¢ ¥²±¿ ´ §®¢»¬ ¯°®-

±²° ­±²¢®¬ ³° ¢­¥­¨¿ (1.3), ¥±«¨

(i) «¾¡®¥ °¥¸¥­¨¥ ³° ¢­¥­¨¿ (1.3) «¥¦¨² ¢ P , ².¥. u(t) 2 P ¯°¨ ¢±¥µ

t 2 [0; �) ¨ ­¥ª®²®°®¬ � 2 R+;

(ii) ¤«¿ «¾¡®£® u0 2 P ±³¹¥±²¢³¥² ¥¤¨­±²¢¥­­®¥ °¥¸¥­¨¥ § ¤ ·¨ (1.2),

(1.3).

� ³±«®¢¨¿µ ²¥®°¥¬» 3.1 ¬­®¦¥±²¢®M ± ®·¥¢¨¤­®±²¼¾ ¿¢«¿¥²±¿ ª ­-

¤¨¤ ²®¬ ­  °®«¼ ´ §®¢®£® ¯°®±²° ­±²¢  ³° ¢­¥­¨¿ (1.3). � «¥¥ ¬» ¨§³·¨¬
¬®°´®«®£¨¾ (².¥. ´®°¬³, ±²°³ª²³°³, ±²°®¥­¨¥) ¬­®¦¥±²¢  M ¤«¿ § ¤ ·¨

(0.1), (0.2), (1.1).

4. �®°´®«®£¨¿ ´ §®¢®£® ¯°®±²° ­±²¢ 

� ·­¥¬ ± ¯°®¢¥°ª¨ ³±«®¢¨© ²¥®°¥¬» 3.1 ¤«¿ ª®­ª°¥²­»µ ®¯¥° ²®°®¢

L,M ¨ N , ®¯°¥¤¥«¥­­»µ ¢ ¯.1. �²¬¥²¨¬ ±° §³, ·²® ²°¥¡®¢ ­¨¥ °¥´«¥ª±¨¢-

­®±²¨ ¢¢¨¤³ £¨«¼¡¥°²®¢®±²¨ ¯®±²°®¥­­»µ ² ¬ ¯°®±²° ­±²¢ U ¨ F ± ®·¥¢¨¤-

­®±²¼¾ ¢»¯®«­¿¥²±¿. � «¥¥, ²°¥¡®¢ ­¨¥ (L; 1)-±¥ª²®°¨ «¼­®±²¨ ®¯¥° ²®° 

M ¨ ±³¹¥±²¢®¢ ­¨¥ ®¯¥° ²®°  L�11 2 L(F1;U1) ³±² ­®¢«¥­® ¢ ²¥®°¥¬¥ 2.5.

�®±ª®«¼ª³ U0 = f0g � H � � H p � f0g,   kerL = f0g � f0g � H p � f0g, ²®

¥±²¥±²¢¥­­® ¯®«®¦¨²¼ U01 = f0g � H � � f0g � f0g.

�¥¯¥°¼ ¢»¯¨¸¥¬ ¬­®¦¥±²¢®

M = fu 2 U : (I �Q)(Mu+N(u)) = 0g =

= fu 2 U : ���Au��up+�g�
(
�u�)+�((u�+u�)�r)(u�+u�) = 0; Bu� = 0g :

�²±¾¤  ± ®·¥¢¨¤­®±²¼¾ ¢»²¥ª ¥², ·²® ³° ¢­¥­¨¥ (3.5) (¢ ­ ¸¥¬ ±«³· ¥ ½²®

³° ¢­¥­¨¥ Bu� = 0) ²®¦¤¥±²¢¥­­® ¢»¯®«­¿¥²±¿ ²®«¼ª® ¯°¨ ³±«®¢¨¨ u� = 0.

�®½²®¬³ ¬­®¦¥±²¢® M ¯°¨®¡°¥² ¥² ¢¨¤

M = fu 2 U : up = �(u� � r)u� + �g�
(
 � u�); u� = 0g :

� «¥¥ ®¡° ²¨¬±¿ ª ³° ¢­¥­¨¾ (3.4), ª®²®°®¥ ¢ ­ ¸¥¬ ±«³· ¥ ¨¬¥¥²

¢¨¤

up = �(u� � r)u� + �g�g(
 � u�) : (4.1)

�®±ª®«¼ª³ ¢ ¯° ¢®© · ±²¨ ®²±³²±²¢³¥² ·«¥­ up, ²® ³±«®¢¨¥ (3.6) ± ®·¥¢¨¤­®-

±²¼¾ ¢»¯®«­¿¥²±¿ (¢ ¤ ­­®¬ ±«³· ¥ F 0

0 � O). � ª¨¬ ®¡° §®¬, ¤®ª § ­ 

������� 4.1. � ³±«®¢¨¿µ ²¥®°¥¬» 3.1 ¯°¨ «¾¡®¬ u0 2 M ±³¹¥-

±²¢³¥² ¥¤¨­±²¢¥­­®¥ °¥¸¥­¨¥ § ¤ ·¨ (1.2), (1.3), ¿¢«¿¾¹¥¥±¿ ª¢ §¨±² -

¶¨®­ °­®© ¯®«³²° ¥ª²®°¨¥©.
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�§ (4.1) ¢»²¥ª ¥² ² ª¦¥

������� 4.2. � ³±«®¢¨¿µ ²¥®°¥¬» 3.1 ¬­®¦¥±²¢® M ¿¢«¿¥²±¿

¯°®±²»¬ ¡ ­ µ®¢»¬ C1-¬­®£®®¡° §¨¥¬, ¬®¤¥«¨°³¥¬»¬ ¯®¤¯°®±²° ­±²¢®¬

H
1
�
� f0g � f0g � H �.

� § ª«¾·¥­¨¥  ¢²®°» ±·¨² ¾² ±¢®¨¬ ¯°¨¿²­»¬ ¤®«£®¬ ¢»° §¨²¼
¡« £®¤ °­®±²¼ �.�.�¢¨°¨¤¾ª³ §  ­¥³±² ­­»© ¨­²¥°¥± ª ° ¡®²¥.
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SUMMARY

The Cauchy| Dirichlet problem for the system of equations modelling the

thermoconvection of visco-elastic incompressible 
uid is considered. It is shown

that the phase space of the problem is a simple Banach C1-manifold.


