
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

2005 ���������� ò 11 (522)

��� 517.947

�.�. ��������, �.�.��������

������� ������������ ����� �������������� ������

� à ¡®â¥ [1] à áá¬®âà¥  § ¤ ç  �®è¨-�¨à¨å«¥ ¤«ï ãà ¢¥¨ï

ut � �uxxt = �uxx � uux (0.1)

¯à¨ ãá«®¢¨¨ �; � 2 R+ . �à ¢¥¨¥ (0.1) ï¢«ï¥âáï ®¤®¬¥àë¬   «®£®¬ á¨áâ¥¬ë �áª®«ª®¢ 
[2] ¨ ¯à¥¤áâ ¢«ï¥â á®¡®© £¨¡à¨¤ ãà ¢¥¨© �¥¤¦ ¬¨ {�® {� å®¨ ¨ �îà£¥àá  [3]. �¨áâ¥¬ 
�áª®«ª®¢ 

(1� �52)ut = � 52 u� (u � 5)u�5p+ f; 5 � u = 0

®¯¨áë¢ ¥â ¤¨ ¬¨ªã ¥á¦¨¬ ¥¬®© ¢ï§ª®ã¯àã£®© ¦¨¤ª®áâ¨ �¥«ì¢¨ {�®©£â . � ®¤®¬¥à®¬
á«ãç ¥ ãà ¢¥¨¥ (0.1) ¬®¤¥«¨àã¥â â¥ç¥¨¥ ¢ï§ª®ã¯àã£®© ¥á¦¨¬ îé¥© ¦¨¤ª®áâ¨ ¯® âàã¡¥.
� è¥ ¢¨¬ ¨¥ ¡ã¤¥â § ¨¬ âì á«ãç ©, ª®£¤  ¦¨¤ª®áâì â¥ç¥â ¯® âàã¡®¯à®¢®¤ ¬.

�ãáâì G = G(V;E) | ª®¥çë© á¢ï§ë© ®à¨¥â¨à®¢ ë© £à ä, £¤¥ V = fVig| ¬®¦¥áâ¢®
¢¥àè¨,   E = fEjg | ¬®¦¥áâ¢® ¤ã£, ¯à¨ç¥¬ ª ¦¤ ï ¤ã£  ¨¬¥¥â ¤«¨ã lj > 0 ¨ è¨à¨ã dj > 0.
�  £à ä¥ G à áá¬®âà¨¬ § ¤ çã á ªà ¥¢ë¬¨

uj(0; t) = uk(lk; t); Ej ; Ek 2 E�(Vi) [E!(Vi); (0.2)X
Ej2E�(Vi)

djujx(0; t)�
X

Ek2E!(Vi)

dkukx(lk; t) = 0 (0.3)

¨  ç «ìë¬¨

uj(x; 0) = u0j(x); x 2 (0; lj); (0.4)

ãá«®¢¨ï¬¨ ¤«ï ãà ¢¥¨©

ujt � �ujxxt = �ujxx � ujujx; x 2 (0; lj); t 2 R: (0.5)

�¤¥áì ç¥à¥§ E�(!)(Vi) ®¡®§ ç¥® ¬®¦¥áâ¢® ¤ã£ á  ç «®¬ (ª®æ®¬) ¢ ¢¥àè¨¥ Vi. �á«®¢¨¥ (0.2)
âà¥¡ã¥â, çâ®¡ë à¥è¥¨ï ¡ë«¨ ¥¯à¥àë¢ë¬¨   ¢¥àè¨ å £à ä ,   ãá«®¢¨¥ (0.3) |   «®£
ãá«®¢¨ï �¨àå£®ää  | ¢ á«ãç ¥, ª®£¤  £à ä G á®áâ®¨â ¨§ ¥¤¨áâ¢¥®© ¥æ¨ª«¨ç¥áª®© ¤ã£¨,
¯à¥¢à é ¥âáï ¢ ãá«®¢¨¥ �¥©¬  .

� ç «ì®-ªà ¥¢ë¥ § ¤ ç¨ ¤«ï ãà ¢¥¨© ¢ ç áâëå ¯à®¨§¢®¤ëå, § ¤ ëå   £à ä¥,  ç -
«¨ ¨§ãç âì áà ¢¨â¥«ì® ¥¤ ¢® [4], [5]. �  áâ®ïé¥¬ã ¢à¥¬¥¨  á¯¥ªâë, ¢ ª®â®àëå ¨§ãç îâáï
íâ¨ ãà ¢¥¨ï, áâ ®¢ïâáï ¢á¥ ¡®«¥¥ à §®®¡à §ë¬¨ [6], [7]. � [8]   £à ä¥ ¢¯¥à¢ë¥ ¡ë«® à áá¬®-
âà¥® ãà ¢¥¨¥ á®¡®«¥¢áª®£® â¨¯ . �¥«ìî ¤ ®© áâ âì¨ ï¢«ï¥âáï ¨§ãç¥¨¥ ®¤®§ ç®© à §-
à¥è¨¬®áâ¨ § ¤ ç¨ (0.2){(0.5) á ¨á¯®«ì§®¢ ¨¥¬ ¯®¤å®¤ , ¨§«®¦¥®£® ¢ [8]. �à ¢¥¨ï á®¡®«¥¢-
áª®£® â¨¯  á®áâ ¢«ïîâ ®¡è¨àãî ®¡« áâì ¬ â¥¬ â¨ª¨. � ¯à®£à¥áá¥ ¢ íâ®© ®¡« áâ¨ ¬®¦® áã¤¨âì
¯® ¬®®£à ä¨ï¬ [9]{[12]. � ®â«¨ç¨¥ ®â æ¨â¨àã¥¬ëå à ¡®â  è ¯®¤å®¤ § ª«îç ¥âáï ¢ ¨á¯®«ì§®-
¢ ¨¨ ¬¥â®¤  ä §®¢®£® ¯à®áâà áâ¢ , ¡ §¨àãîé¥£®áï   â¥®à¨¨ ®â®á¨â¥«ì® �-®£à ¨ç¥ëå
®¯¥à â®à®¢ ¨ ¢ëà®¦¤¥ëå   «¨â¨ç¥áª¨å £àã¯¯ ®¯¥à â®à®¢ [13]. �á¥ ¥®¡å®¤¨¬ë¥ á¢¥¤¥¨ï ®¡
®â®á¨â¥«ì® �-®£à ¨ç¥ëå ®¯¥à â®à å ¢§ïâë ¨§ [13] ¨ ¯®¢â®à¥ë ¢ [14], ®¯ã¡«¨ª®¢ ®© ¢
¯à¥¤ë¤ãé¥¬ ®¬¥à¥ ¦ãà « .
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�â âìï ªà®¬¥ ¢¢®¤®© ç áâ¨ á®¤¥à¦¨â âà¨ ¯ à £à ä  ¨ á¯¨á®ª «¨â¥à âãàë. � ¯¥à¢®¬ ¯ à -
£à ä¥ ¯à¨¢®¤ïâáï à¥§ã«ìâ âë ® à §à¥è¨¬®áâ¨ § ¤ ç¨ �®è¨

u(0) = u0 (0.6)

¤«ï ¯®«ã«¨¥©®£® ãà ¢¥¨ï á®¡®«¥¢áª®£® â¨¯ 

L _u =Mu+N(u); (0.7)

®á®¢ ë¥   à¥§ã«ìâ â å à ¡®âë [15]. �® ¢â®à®¬ ¯ à £à ä¥ ¯à®¢®¤¨âáï à¥¤ãªæ¨ï § ¤ ç¨ (0.2){
(0.5) ª § ¤ ç¥ (0.6), (0.7). �à¥â¨© ¯®á¢ïé¥ ®á®¢®¬ã à¥§ã«ìâ âã áâ âì¨ | ®¯¨á ¨î ä §®¢®£®
¯à®áâà áâ¢  § ¤ ç¨ (0.2){(0.5). �â¬¥â¨¬, çâ® ¤ ë© à¥§ã«ìâ â ¤ ¦¥ ¢ á«ãç ¥, ª®£¤  £à ä
á®áâ®¨â ¨§ ¥¤¨áâ¢¥®© ¥æ¨ª«¨ç¥áª®© ¤ã£¨, ¥ á®¢¯ ¤ ¥â á à¥§ã«ìâ â®¬ à ¡®âë [16].

1. �¢ §¨áâ æ¨® àë¥ âà ¥ªâ®à¨¨

�ãáâì U ¨ F| ¡  å®¢ë ¯à®áâà áâ¢ , ®¯¥à â®àë L;M 2 L(U;F) (â. ¥. «¨¥©ë ¨ ¥¯à¥àë¢-
ë), N 2 C1(U;F). � áá¬®âà¨¬ § ¤ çã �®è¨ (0.6) ¤«ï ¯®«ã«¨¥©®£® ãà ¢¥¨ï á®¡®«¥¢áª®£®
â¨¯  (0.7). �¥ªâ®à-äãªæ¨î u 2 C1((�T; T );U), ã¤®¢«¥â¢®àïîéãî ãà ¢¥¨î (0.7) ¯à¨ ¥ª®â®-
à®¬ T 2 R+ ,  §®¢¥¬ à¥è¥¨¥¬ íâ®£® ãà ¢¥¨ï. �¥è¥¨¥ u = u(t) ãà ¢¥¨ï (0.7)  §ë¢ ¥âáï
à¥è¥¨¥¬ § ¤ ç¨ (0.6), (0.7), ¥á«¨ ®® ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (0.6) ¯à¨ ¥ª®â®à®¬ u0 2 U.

� ª ¯®ª §ë¢ îâ ¯à¨¢¥¤¥ë¥ ¨¦¥ ¤¢  ¯à¨¬¥à , ¯à¨ ¨§ãç¥¨¨ § ¤ ç¨ (0.6), (0.7) ¬®£ãâ
¢áâà¥â¨âìáï á«¥¤ãîé¨¥ âàã¤®áâ¨. � ¯¥à¢®¬ ¯à¨¬¥à¥�
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§ ¤ ç  (0.6), (0.7) ¯à¨ u = col(x; y), u0 = col(0; 0) ¥à §à¥è¨¬ ,   ¢® ¢â®à®¬�
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¨¬¥¥â ¤¢  à¥è¥¨ï: áâ æ¨® à®¥ u(t) = col(0; 0) ¨ u(t) = col(t=2; t2=4).
�«ï â®£® çâ®¡ë ®¡®©â¨ íâ¨ ¥¯à¨ïâ®áâ¨, ¢ [15] ¯à¥¤«®¦¥® ®£à ¨ç¨âìáï â ª  §ë¢ ¥¬ë¬¨

ª¢ §¨áâ æ¨® àë¬¨ âà ¥ªâ®à¨ï¬¨, â. ¥. â¥¬¨ à¥è¥¨ï¬¨ ãà ¢¥¨ï (0.7), ª®â®àë¥ «¥¦ â ¢
¬®¦¥áâ¢¥

M = fu 2 U : (I�Q)(Mu+N(u)) = 0g:

�¢ §¨áâ æ¨® àë¬¨ ®¨  §¢ ë ¯®â®¬ã, çâ® ®¡®¡é îâ ¯®ïâ¨¥ áâ æ¨® à®© âà ¥ªâ®à¨¨.
�¤¥áì Q | ¯à®¥ªâ®à [13],   ¯®ïâ¨¥ \«¥¦ âì" ®§ ç ¥â, çâ® à¥è¥¨¥ ¯à¨ ¤«¥¦¨â ¬®¦¥áâ¢ã
M ª ª âà ¥ªâ®à¨ï, ® ¥ ª ª â®çª  (â. ¥. u(t) 2 M ¯à¨ ª ¦¤®¬ t 2 (�T ;T )). � ¬¥â¨¬, çâ®
¥á«¨ 1 | ¯®«îá ¯®àï¤ª  ã«ì L-à¥§®«ì¢¥âë ®¯¥à â®à  M , â® ¢á¥ à¥è¥¨ï ãà ¢¥¨ï (0.7) á
¥®¡å®¤¨¬®áâìî ¤®«¦ë «¥¦ âì ¢ ¬®¦¥áâ¢¥ M, ¨ ¥á«¨ u0 =2M, â® à¥è¥¨¥ § ¤ ç¨ (0.6), (0.7)
¥ áãé¥áâ¢ã¥â.

�ãáâì â®çª  u0 2 M. � §®¢¥¬ ¬®¦¥áâ¢® M ¡  å®¢ë¬ C1-¬®£®®¡à §¨¥¬ ¢ â®çª¥ u0 2
M, ¥á«¨ áãé¥áâ¢ãîâ ®ªà¥áâ®áâ¨ O � M ¨ O1 � U1 â®ç¥ª u0 ¨ u10 = Pu0 á®®â¢¥âáâ¢¥®, ¨
áãé¥áâ¢ã¥â C1-¤¨ää¥®¬®àä¨§¬ D : O1 ! O â ª®©, çâ® D�1 ¥áâì áã¦¥¨¥   O ¯à®¥ªâ®à 
P [13]. �¥¬®£® ®âå®¤ï ®â áâ ¤ àâ  ([17], á. 31),  §®¢¥¬ ¯ àã (D;O1) ª àâ®©. �®¦¥áâ¢® M
 §ë¢ ¥âáï ¡  å®¢ë¬ C1-¬®£®®¡à §¨¥¬, ¬®¤¥«¨àã¥¬ë¬ ¯à®áâà áâ¢®¬ U1, ¥á«¨ ¢ ª ¦¤®©
á¢®¥© â®çª¥ ®® ¨¬¥¥â ª àâã. �¢ï§®¥ ¡  å®¢® C1-¬®£®®¡à §¨¥  §ë¢ ¥âáï ¯à®áâë¬, ¥á«¨
«î¡®© ¥£®  â« á íª¢¨¢ «¥â¥  â« áã, á®¤¥à¦ é¥¬ã ¥¤¨áâ¢¥ãî ª àâã.

�¥®à¥¬  1.1. �ãáâì ®¯¥à â®à M (L; �)-®£à ¨ç¥, ¯à¨ç¥¬ 1| ¯®«îá ¯®àï¤ª  p 2 f0g[N
L-à¥§®«ì¢¥âë ®¯¥à â®à  M ,   ®¯¥à â®à N 2 C1(U;F). �ãáâì ¢ â®çª¥ u0 ¬®¦¥áâ¢®M ï¢«ï-

¥âáï ¡  å®¢ë¬ C1-¬®£®®¡à §¨¥¬. �®£¤  ¤«ï ¥ª®â®à®£® T 2 R+ áãé¥áâ¢ã¥â ¥¤¨áâ¢¥®¥
à¥è¥¨¥ u 2 C1((�T; T );M) § ¤ ç¨ (0:6), (0:7).
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�®ª § â¥«ìáâ¢®. �¡®§ ç¨¬ ç¥à¥§ D0

u1 ¯à®¨§¢®¤ãî �à¥è¥ ®¯¥à â®à  D 2 C1(O1;O) ¢
â®çª¥ u1 2 O1. �ç¥¢¨¤®, D0

u1 2 L(U1;TuM), £¤¥ TuM | ª á â¥«ì®¥ ª M ¯à®áâà áâ¢® ¢ â®çª¥
u = D(u1). � á¨«ã (L; �)-®£à ¨ç¥®áâ¨ ®¯¥à â®à  M ãà ¢¥¨¥ (0.7) ¬®¦® à áé¥¯¨âì   ¤¢ 
ãà ¢¥¨ï [13]:

H _u0 = u0 +M�1
0 (I�Q)N(u);

_u1 = Su1 + L�11 QN(u);

£¤¥ u1 = Pu, u0 = u � u1. �®¤¥©áâ¢ã¥¬ ®¯¥à â®à®¬ D0

u1   ®¡¥ ç áâ¨ ¢â®à®£® ãà ¢¥¨ï á«¥¢ ,
¯®«ãç¨¬

_u = A(u); (1.1)

£¤¥ ®¯¥à â®à A : u! D0

Pu
SPu+D0

Pu
L�11 QN(u), u 2 O. �® ¯®áâà®¥¨î ®¯¥à â®à A 2 C1(O;TM),

£¤¥ TM = [
u2O

TuM | ª á â¥«ì®¥ à áá«®¥¨¥ O. �¤®§ ç ï à §à¥è¨¬®áâì (¯à¨ ¥ª®â®à®¬

T 2 R+ ) § ¤ ç¨ (0.6), (1.1) | ª« áá¨ç¥áª¨© à¥§ã«ìâ â ([17], á. 80). �®ïâ®, çâ® ¯®«ãç¥®¥
â ª¨¬ á¯®á®¡®¬ à¥è¥¨¥ u 2 C1((�T; T );O) ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (0.6), (0.7).

2. �®áâ ®¢ª  § ¤ ç¨

�«ï à¥¤ãªæ¨¨ § ¤ ç¨ (0.2){(0.5) ª § ¤ ç¥ (0.6), (0.7) ¢¢¥¤¥¬ ¬®¦¥áâ¢®

L2(G) = fg = (g1; g2; : : : ; gj ; : : : ) : gj 2 L2(0; lj)g;

ª®â®à®¥ ï¢«ï¥âáï £¨«ì¡¥àâ®¢ë¬ ¯à®áâà áâ¢®¬ á® áª «ïàë¬ ¯à®¨§¢¥¤¥¨¥¬

hg; hi =
X
Ej2E

dj

Z lj

0

gj(x)hj(x) dx:

�®¦¥áâ¢®
U = fu = (u1; u2; : : : ; uj ; : : : ) : uj 2W 1

2 (0; lj); ¨ ¢ë¯®«¥® (0.2)g

ï¢«ï¥âáï ¡  å®¢ë¬ ¯à®áâà áâ¢®¬ á ®à¬®©

kuk2U =
X
Ej2E

dj

Z lj

0

(u2jx(x) + u2j(x)) dx:

� á¨«ã â¥®à¥¬ ¢«®¦¥¨ï �®¡®«¥¢  ¯à®áâà áâ¢® W 1
2 (0; lj) á®áâ®¨â ¨§  ¡á®«îâ® ¥¯à¥àë¢ëå

äãªæ¨©,   § ç¨â, ¯à®áâà áâ¢® U ª®àà¥ªâ® ®¯à¥¤¥«¥®, ¯«®â® ¨ ª®¬¯ ªâ® ¢«®¦¥® ¢ L2(G).
�â®¦¤¥áâ¢¨¬ L2(G) á® á¢®¨¬ á®¯àï¦¥ë¬, ¨ ç¥à¥§ F ®¡®§ ç¨¬ á®¯àï¦¥®¥ ®â®á¨â¥«ì®
¤¢®©áâ¢¥®áâ¨ h �; � i ¯à®áâà áâ¢® ª U. �ç¥¢¨¤®, F| ¡  å®¢® ¯à®áâà áâ¢®, ¯à¨ç¥¬ ¢«®¦¥¨¥
U ,! F ª®¬¯ ªâ®.

�®à¬ã« ¬¨

hLu; vi =
X
Ej2E

dj

Z lj

0

(ujvj + �ujxvjx) dx; hMu; vi = ��
X
Ej2E

dj

Z lj

0

ujxvjx dx 8u; v 2 U

§ ¤ ¤¨¬ «¨¥©ë¥ ®¯¥à â®àë L;M : U! F. �¢¥¤¥¬ â ª¦¥ ®¯¥à â®à

hN(u); vi = �
X
Ej2E

dj

Z lj

0

ujujxvj dx 8u; v 2 U:

�¥¬¬  2.1. (i) �à¨ ¢á¥å �; � 2 R=f0g ®¯¥à â®àë L;M 2 L(U;F) ¨ äà¥¤£®«ì¬®¢ë.

(ii) �¯¥ªâà ®¯¥à â®à  L ¢¥é¥áâ¢¥¥, ¤¨áªà¥â¥, ª®¥ç®ªà â¥ ¨ á£ãé ¥âáï â®«ìª® ª

â®çª¥ �1.

�®ª § â¥«ìáâ¢® ¢¢¨¤ã ¯à®áâ®âë ®¯ãáª ¥âáï.
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�¥¬¬  2.2. (i) �à¨ «î¡ëå �; � 2 R n f0g ®¯¥à â®à M (L; �)-®£à ¨ç¥, ¯à¨ç¥¬ 1 | ¯®«îá

¯®àï¤ª  ã«ì.

(ii) �¯¥à â®à N 2 C1(U;F).

�®ª § â¥«ìáâ¢®. �ãáâì f�kg | á®¡áâ¢¥ë¥ § ç¥¨ï ®¯¥à â®à  � ¯« á  ¤«ï ¤ ®© § -
¤ ç¨, § ã¬¥à®¢ ë¥ ¯® ¥¢®§à áâ ¨î á ãç¥â®¬ ¨å ªà â®áâ¨. �ãáâì f'kg| á®®â¢¥âáâ¢ãîé¨¥
¨¬ á®¡áâ¢¥ë¥ äãªæ¨¨, ®àâ®®à¬¨à®¢ ë¥ ¢ á¬ëá«¥ L2(G). �á«¨ ��1 =2 f�kg, â® áãé¥áâ¢ã¥â
®¯¥à â®à L�1 2 L(F;U) ¨ ãâ¢¥à¦¤¥¨¥ «¥¬¬ë ®ç¥¢¨¤®.

�ãáâì ��1 2 f�kg, â®£¤  kerL = spanf'l : ��1 = �lg. �®§ì¬¥¬ ¢¥ªâ®à ' 2 kerL n f0g, â. ¥.

' =
X

��1=�l

al'l;
X

��1=�l

jalj > 0:

�®áª®«ìªã

M' = ���1
X

��1=�l

al'l =2 imL;

â. ¥. ¢¥ªâ®à ' ¥ ¨¬¥¥âM -¯à¨á®¥¤¨¥ëå ¢¥ªâ®à®¢, § ç¨â, ¨¬¥¥â ¬¥áâ® ãâ¢¥à¦¤¥¨¥ (i) «¥¬¬ë.
�â¢¥à¦¤¥¨¥ (ii) «¥¬¬ë á«¥¤ã¥â ¨§ ¤¢ãå á®®â®è¥¨©:

hN 0

uv; wi = �
X
Ej2E

dj

Z lj

0
ujvjxwj dx�

X
Ej2E

dj

Z lj

0
vjujxwj dx;

hN 00

u (a; b); ci = �2
X
Ej2E

dj

Z lj

0
ajbjxcj dx

¨ ¥¯à¥àë¢®áâ¨ ¢«®¦¥¨ï W 1
2 (0; lj) � C[0; lj ].

�¥âàã¤® ¢¨¤¥âì, çâ® ¢ ¤ ®© á¨âã æ¨¨ L-á¯¥ªâà ®¯¥à â®à  M ¨¬¥¥â ¢¨¤

�L(M) =
�

��k
1� ��k

: k 2 N n fl : ��1 = �lg

�
:

�®íâ®¬ã ¬®¦® ¯®áâà®¨âì ¯à®¥ªâ®àë

P =

8<
:
I; ��1 =2 f�kg;

I�
P

��1=�l

h � ; 'ki'k; ��1 2 f�kg; Q =

8<
:
I; ��1 =2 f�kg;

I�
P

��1=�l

h � ; 'ki'k; ��1 2 f�kg:

(�¥á¬®âàï   ¢¥è¥¥ áå®¤áâ¢®, ®â¬¥â¨¬, çâ® ¯à®¥ªâ®àë P ¨ Q ¤¥©áâ¢ãîâ ¢ à §ëå ¯à®áâà -
áâ¢ å ¨ ¯®â®¬ã ¥ à ¢ë ¤àã£ ¤àã£ã.) � ç¨â, ¬®¦¥áâ¢® M ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

M =

(
U; ��1 =2 f�kg;

fu 2 U : hMu+N(u); 'ki = 0; ��1 = �kg:

� «®£¨ç®

U1 =

(
U; ��1 =2 f�kg;

fu 2 U : hu; 'ki = 0; ��1 = �kg:

�ç¥¢¨¤®, ¢ ¤ ®¬ á«ãç ¥ ¢á¥ à¥è¥¨ï § ¤ ç¨ (0.6), (0.7) ï¢«ïîâáï ª¢ §¨áâ æ¨® àë¬¨ âà -
¥ªâ®à¨ï¬¨ ¨ «¥¦ â ¢ ¬®¦¥áâ¢¥ M.

� á¨«ã â¥®à¥¬ë 1.1 ¨¬¥¥â ¬¥áâ®

�¥®à¥¬  2.1. �ãáâì �; � 2 R n f0g ¨ ¢ â®çª¥ u0 ¬®¦¥áâ¢® M ï¢«ï¥âáï ¡  å®¢ë¬

C1-¬®£®®¡à §¨¥¬. �®£¤  ¤«ï ¥ª®â®à®£® T 2 R+ áãé¥áâ¢ã¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ u 2
C1((�T; T );M) § ¤ ç¨ (0:6), (0:7).

50



� ¬¥ç ¨¥ 2.1. �ãáâì u 2 U, â®£¤  u =
P

��1=�l

al'l + v, v 2 U1, al 2 R. �®çª  u 2 M â®ç®

â®£¤ , ª®£¤ D
v

� X
��1=�l

al'l + v

�
xx

�

� X
��1=�l

al'l + v

�� X
��1=�l

al'l + v

�
x

; 'k
E
= 0; ��1 = �k:

3. � §®¢®¥ ¯à®áâà áâ¢®

�¥à¥©¤¥¬ â¥¯¥àì ª ®¯¨á ¨î ä §®¢®£® ¯à®áâà áâ¢  § ¤ ç¨ (0.6), (0.7). � áá¬®âà¨¬ á«ãç ©
®¤®¬¥à®£® ï¤à  ®¯¥à â®à  L. � ç áâ®áâ¨, íâ® ¨¬¥¥â ¬¥áâ®, ª®£¤  £à ä á®áâ®¨â ¨§ ®¤®©
¥æ¨ª«¨ç¥áª®© ¤ã£¨. �¨áâ¥¬  á¢®¤¨âáï ª ®¤®¬ã ãà ¢¥¨î.

�¯à¥¤¥«¥¨¥ 3.1. �®¦¥áâ¢® P � U  §ë¢ ¥âáï ä §®¢ë¬ ¯à®áâà áâ¢®¬ ãà ¢¥¨ï (0.7),
¥á«¨

(i) «î¡®¥ à¥è¥¨¥ u = u(t) ãà ¢¥¨ï (0.7) «¥¦¨â ¢ P, â. ¥. u(t) 2 P ¯à¨ ª ¦¤®¬ t 2 (�T; T );
(ii) ¤«ï «î¡®£® u0 2 P áãé¥áâ¢ã¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ § ¤ ç¨ (0.6), (0.7).

�â ª, ¯ãáâì kerL = spanf'lg. �ãáâì u 2 U, â®£¤  u = a'l + v, v 2 U1, a 2 R. �®çª  u 2 M
â®ç® â®£¤ , ª®£¤ 

a��1� � a2
X
Ej2E

dj

Z lj

0

'ljx'
2
lj dx+

a

2

X
Ej2E

dj

Z lj

0

vj('2
lj)x dx�

X
Ej2E

dj

Z lj

0

vjvjx'lj dx = 0: (3.1)

�®áª®«ìªã
P

Ej2E

dj
ljR
0

'ljx'
2
lj dx = 0, â® ¨§ (3.1) á«¥¤ã¥â

a

�
��1� +

1
2

X
Ej2E

dj

Z lj

0
vj('

2
lj)x dx

�
=
X
Ej2E

dj

Z lj

0
vjvjx'lj dx: (3.2)

�à ¢¥¨¥ (3.2) ¥ ¨¬¥¥â ¥¤¨áâ¢¥®£® à¥è¥¨ï a â®ç® â®£¤ , ª®£¤ 

X
Ej2E

dj

Z lj

0

vj('2
lj)x dx = �2��1�: (3.3)

�à ¢¥¨¥ (3.3) ®¯¨áë¢ ¥â £¨¯¥à¯«®áª®áâì, à §¡¨¢ îéãî ¯à®áâà áâ¢® U1   ¤¢  ¯®«ã¯à®áâà -
áâ¢ :

U1+ =
�
v 2 U1 :

X
Ej2E

dj

Z lj

0

vj('2
lj)x dx > �2��1�

�
;

U1
�
=
�
v 2 U1 :

X
Ej2E

dj

Z lj

0

vj('2
lj)x dx < �2��1�

�
:

�¥¬¬  3.1. �à¨ «î¡ëå � 2 f��1k g, � 2 R n f0g ¬®¦¥áâ¢® M ï¢«ï¥âáï ®¡ê¥¤¨¥¨¥¬ ¤¢ãå

¯à®áâëå ¡  å®¢ëå C1-¬®£®®¡à §¨©, ¬®¤¥«¨àã¥¬ëå ¯à®áâà áâ¢®¬ U1.

�®ª § â¥«ìáâ¢®. �ãáâì v 2 U1 ¨

�(v) = v +

2
P

Ej2E

dj
ljR
0

vjvjx'lj dx

2��1� +
P

Ej2E

dj
ljR
0

vj('2
lj)x dx

'l:

�® ¯®áâà®¥¨î � 2 C1(U1
�
[ U1+;M), ��1 = P . � ç¨â, � : U1

�
[ U1+ ! M | ¨áª®¬ë© C1-

¤¨ää¥®¬®àä¨§¬.

51



� ¬¥ç ¨¥ 3.1. �á«¨ � 2 R n f��1k ; 0g, â® ¬®¦¥áâ¢® M � U ¨ ¯®íâ®¬ã ï¢«ï¥âáï ¯à®áâë¬
¡  å®¢ë¬ C1-¬®£®®¡à §¨¥¬.

� á¨«ã â¥®à¥¬ë 2.1 ¨ «¥¬¬ 2.1, 2.2 ¨ 3.1 á¯à ¢¥¤«¨¢ 

�¥®à¥¬  3.1. �à¨ «î¡ëå �; � 2 R n f0g ¬®¦¥áâ¢® M ï¢«ï¥âáï ä §®¢ë¬ ¯à®áâà áâ¢®¬

§ ¤ ç¨ (0.2){(0.5).
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