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1. �¢¥¤¥¨¥

� ¤ ®© áâ âì¥ à áá¬ âà¨¢ ¥âáï § ¤ ç  �®è¨ ¤«ï ª¢ §¨«¨¥©®£® í¢®«îæ¨®®£® ãà ¢¥-
¨ï ¢â®à®£® ¯®àï¤ª :

Q[u; t] � u00(t) +K(t)u0(t) +A(t)u(t) +B(t; u(t)) = 0; t 2 [0; T ]; (1.1)

u(0) = u
(0)
0 ; u0(0) = u

(0)
1 : (1.2)

�¤¥áì u | ¨áª®¬ ï äãªæ¨ï, ®â®¡à ¦ îé ï ®âà¥§®ª [0; T ] ç¨á«®¢®© ®á¨ R ¢ ¢¥é¥áâ¢¥®¥ á¥-
¯ à ¡¥«ì®¥ £¨«ì¡¥àâ®¢® ¯à®áâà áâ¢® H; K(t), A(t) (t 2 [0; T ]) | «¨¥©ë¥ ®¯¥à â®àë, ¤¥©-
áâ¢ãîé¨¥ ¢ H, ¯à¨ç¥¬ ¢á¥ ®¯¥à â®àë A(t) á ¬®á®¯àï¦¥ë¥ ¨ ¯®«®¦¨â¥«ì®-®¯à¥¤¥«¥ë¥; B
| ¥«¨¥©ë© ®¯¥à â®à; u(0)0 , u(0)1 | § ¤ ë¥ í«¥¬¥âë ¯à®áâà áâ¢  H. �á«®¢¨ï   ®¯¥à -
â®àë¥ ª®íää¨æ¨¥âë ¨  ç «ìë¥ ¤ ë¥ § ¤ ç¨ (1.1), (1.2) ¯®¤à®¡® áä®à¬ã«¨à®¢ ë ¨¦¥
¢ ¯. 2. � ª« áá § ¤ ç, ¤«ï ª®â®àëå íâ¨ ãá«®¢¨ï ¢ë¯®«¥ë, ¢å®¤ïâ, ¢ ç áâ®áâ¨, ¥ª®â®àë¥
 ç «ì®-ªà ¥¢ë¥ § ¤ ç¨ ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨, ¯®«ãç ¥¬ë¥   ®á®¢¥ ¢ à¨ æ¨®®£® ¯à¨-
æ¨¯  � ¬¨«ìâ® {�áâà®£à ¤áª®£®.

�á®¢®© æ¥«ìî áâ âì¨ ï¢«ï¥âáï ¯®«ãç¥¨¥ ¤«ï § ¤ ç¨ (1.1), (1.2)  ¯à¨®à®© ®æ¥ª¨ ¯®£à¥è-
®áâ¨ ¬¥â®¤  �ã¡®¢ {� «�¥àª¨  (���) ¯à¨ á¯¥æ¨ «ì®¬ ¢ë¡®à¥ ¡ §¨á  (¢ ª ç¥áâ¢¥ ¡ §¨áëå
í«¥¬¥â®¢ ��� ¨á¯®«ì§ãîâáï á®¡áâ¢¥ë¥ í«¥¬¥âë ¢á¯®¬®£ â¥«ì®£® ®¯¥à â®à , áå®¤®£® ([1],
á. 21) ¨ ®¡à §ãîé¥£® ®áâàë© ã£®« ([2]) á ª ¦¤ë¬ ¨§ ®¯¥à â®à®¢ A(t) ). �æ¥ª¨ â ª®£® â¨¯  à ¥¥
¡ë«¨ ¯®«ãç¥ë ¤«ï í¢®«îæ¨®ëå § ¤ ç, á®¤¥à¦ é¨å ¢â®àãî ¯à®¨§¢®¤ãî ¨áª®¬®© äãªæ¨¨
¯® ¢à¥¬¥¨, ¢ à ¡®â å [3]{[5], ¤«ï áâ æ¨® àëå § ¤ ç ¨ í¢®«îæ¨®ëå § ¤ ç ¯¥à¢®£® ¯®àï¤ª 
¯® ¢à¥¬¥¨ { ¢ àï¤¥ à ¡®â, ¨§ ª®â®àëå ®â¬¥â¨¬ [6]{[9].

� àï¤ã á ®æ¥ª®© ¯®£à¥è®áâ¨ ��� ¤«ï § ¤ ç¨ (1.1), (1.2) ãáâ  ¢«¨¢ ¥âáï à¥§ã«ìâ â ®¡
®¤®§ ç®© à §à¥è¨¬®áâ¨, ¥®¡å®¤¨¬ë© ¤«ï ¯®«®âë ¨ ª®àà¥ªâ®áâ¨ ¨§«®¦¥¨ï. � ¨¬¥îé¥©-
áï «¨â¥à âãà¥ â ª¨¥ à¥§ã«ìâ âë ¤«ï à áá¬ âà¨¢ ¥¬®© § ¤ ç¨ ¨«¨ ¤«ï § ¤ ç ¡®«¥¥ ®¡é¥£® ¢¨¤ 
®âáãâáâ¢ãîâ. �«ï ¥«¨¥©ëå § ¤ ç ¢  ¡áâà ªâ®¬ £¨«ì¡¥àâ®¢®¬ ¯à®áâà áâ¢¥, ¯®¤®¡ëå à á-
á¬ âà¨¢ ¥¬®©, à¥§ã«ìâ â ® áãé¥áâ¢®¢ ¨¨ ®¡®¡é¥®£® à¥è¥¨ï ¯®«ãç¥ ¢ [10] ¨ à¥§ã«ìâ â ®¡
ãáâ®©ç¨¢®áâ¨, ¨§ ª®â®à®£® á«¥¤ã¥â ¥¤¨áâ¢¥®áâì à¥è¥¨ï, | ¢ [11].

�â¬¥â¨¬, çâ® ¬¥â®¤ ¤®ª § â¥«ìáâ¢  áãé¥áâ¢®¢ ¨ï à¥è¥¨ï, ¯à¨ïâë© ¢ ¤ ®© à ¡®â¥,
®â«¨ç ¥âáï ®â ¨§¢¥áâ®£® ¬¥â®¤  ª®¬¯ ªâ®áâ¨, ®¡ëç® ¨á¯®«ì§ã¥¬®£® á®¢¬¥áâ® á ��� ¯à¨
¨áá«¥¤®¢ ¨¨ § ¤ ç, ¯®¤®¡ëå (1.1), (1.2) (á¬.,  ¯à., [10],   â ª¦¥ [12], £«. I). �¬¥®, ¢  è¥©
à ¡®â¥ ãáâ  ¢«¨¢ ¥âáï  ¯à¨®à ï ®æ¥ª  à §®áâ¨ ¬¥¦¤ã «î¡ë¬¨ ¤¢ã¬ï ¯à¨¡«¨¦¥ë¬¨ à¥-
è¥¨ï¬¨ à áá¬ âà¨¢ ¥¬®© § ¤ ç¨, ¯®áâà®¥ë¬¨ ¯® ���, ¤®áâ ¢«ïîé ï à¥§ã«ìâ â ® á¨«ì®©
áå®¤¨¬®áâ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯à¨¡«¨¦¥ëå à¥è¥¨© ¨ á®®â¢¥âáâ¢¥® ® áãé¥áâ¢®¢ ¨¨ â®ç-
®£® à¥è¥¨ï. � ª¨¬ ®¡à §®¬, ¤®ª § â¥«ìáâ¢® áãé¥áâ¢®¢ ¨ï à¥è¥¨ï á®¢¬¥é ¥âáï á ¢ë¢®¤®¬
®æ¥ª¨ ¯®£à¥è®áâ¨ ���, ª®â®à ï ¢ ¤ ®¬ á«ãç ¥ ¯®«ãç ¥âáï ¯à¥¤¥«ìë¬ ¯¥à¥å®¤®¬ ¢ ®æ¥ª¥
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à §®áâ¨ ¬¥¦¤ã ¤¢ã¬ï ¯à¨¡«¨¦¥ë¬¨ à¥è¥¨ï¬¨. � ¯®¬¨¬, çâ® ¯à¨ ¨á¯®«ì§®¢ ¨¨ ®¡ëç-
®£® ¬¥â®¤  ª®¬¯ ªâ®áâ¨ ¥¯®áà¥¤áâ¢¥® ãáâ  ¢«¨¢ ¥âáï â®«ìª® á« ¡ ï áå®¤¨¬®áâì ¯®á«¥-
¤®¢ â¥«ì®áâ¨ ¯à¨¡«¨¦¥ëå à¥è¥¨© ¨«¨ ¥ª®â®à®© ¥¥ ¯®¤¯®á«¥¤®¢ â¥«ì®áâ¨.

�ãáâì X ¨ Y | ¢¥é¥áâ¢¥ë¥ ¡  å®¢ë ¯à®áâà áâ¢  á ®à¬ ¬¨ j � jX ¨ j � jY á®®â¢¥âáâ¢¥®.
� ¤ «ì¥©è¥¬ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ ®¡®§ ç¥¨ï: L(X;Y ) | ¯à®áâà áâ¢® «¨¥©ëå ®£à -
¨ç¥ëå ®¯¥à â®à®¢ L : X ! Y á ®à¬®© kL j L(X;Y )k = sup

u2Xnf0g

jLujY juj
�1
X ; L(X) = L(X;X);

B(X) | ¯à®áâà áâ¢® á¨¬¬¥âà¨çëå ¡¨«¨¥©ëå ä®à¬ b : X2 ! R, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î
kb j B(X)k � sup

u;v2Xnf0g

b(u; v)juj�1X jvj�1X < 1; Lp(0; T ;X) (1 � p � 1, T > 0) | ¯à®áâà áâ¢®

á¨«ì® ¨§¬¥à¨¬ëå äãªæ¨© u : [0; T ]! X, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î

ku j Lp(0; T ;X)k �
�Z T

0
ju(t)jpXdt

�1=p

<1

(¯à¨ p = 1 ¢¬¥áâ® íâ®£® âà¥¡ã¥âáï ku j L1(0; T ;X)k � sup ess
0�t�T

ju(t)jX < 1); L(0; T ;X) =

L1(0; T ;X); L(0; T ) = L(0; T ;R); C([0; T ];X) | ¯à®áâà áâ¢® äãªæ¨© u : [0; T ] ! X, ¥¯à¥-
àë¢ëå   [0; T ], á ®à¬®© ku j C([0; T ];X)k = max

0�t�T
ju(t)jX ; C([0; T ]) = C([0; T ];R); Ck([0; T ];X)

(k 2 N) | ¯à®áâà áâ¢® äãªæ¨©, ®â®¡à ¦ îé¨å [0; T ] ¢ X ¨ k à § ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã-
¥¬ëå   [0; T ]. �à®¨§¢®¤ë¥, ¥ áãé¥áâ¢ãîé¨¥ ¢ ®¡ëç®¬ á¬ëá«¥, ¯®¨¬ îâáï ¢ ¤ ®© à ¡®â¥
á®£« á® á«¥¤ãîé¥¬ã ®¯à¥¤¥«¥¨î: äãªæ¨ï v : [0; T ]! X  §ë¢ ¥âáï ®¡®¡é¥®© ¯à®¨§¢®¤®©

äãªæ¨¨ u : [0; T ]! X (â. ¥. v = u0), ¥á«¨ ®  ¯à¨ ¤«¥¦¨â L(0; T ;X) ¨ u(t) = u(0)+
tR
0

v(�)d� ¤«ï

¢á¥å t 2 [0; T ], u 2 C(0; T ;H), £¤¥ ¨â¥£à « ¯®¨¬ ¥âáï ¢ á¬ëá«¥ �®å¥à . � ¯¨áì u0 2 Lp(0; T ;X)
¢áî¤ã ¨¦¥ ®§ ç ¥â, çâ® ®¡®¡é¥ ï ¯à®¨§¢®¤ ï äãªæ¨¨ u : [0; T ] ! X áãé¥áâ¢ã¥â ¨ ¯à¨-
 ¤«¥¦¨â Lp(0; T ;X) (¢ ç áâ®áâ¨, § ¯¨áì u0 2 L(0; T ;X) ®§ ç ¥â â®«ìª® â®, çâ® ®¡®¡é¥ ï
¯à®¨§¢®¤ ï u0 áãé¥áâ¢ã¥â). �¥à¥§ R+ ¡ã¤¥¬ ®¡®§ ç âì ¬®¦¥áâ¢® ¢á¥å ¥®âà¨æ â¥«ìëå ¤¥©-
áâ¢¨â¥«ìëå ç¨á¥«.

2. �á«®¢¨ï   ®¯¥à â®àë¥ ª®íää¨æ¨¥âë
¨ ¤ ë¥ à áá¬ âà¨¢ ¥¬®© § ¤ ç¨

�«ï ¢¥é¥áâ¢¥®£® á¥¯ à ¡¥«ì®£® £¨«ì¡¥àâ®¢  ¯à®áâà áâ¢  H, ¢ ª®â®à®¬ à áá¬ âà¨¢ -
¥âáï § ¤ ç  (1.1), (1.2), ®¡®§ ç¨¬ ç¥à¥§ (�; ��)H ¨ j � jH áª «ïà®¥ ¯à®¨§¢¥¤¥¨¥ ¨ ®à¬ã íâ®£®
¯à®áâà áâ¢  á®®â¢¥âáâ¢¥®. �á¥ ®¯¥à â®àë K(t) (t 2 [0; T ]), ãç áâ¢ãîé¨¥ ¢ ãà ¢¥¨¨ (1.1),
¯à¨ ¤«¥¦ â L(H) ¨ ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¥¬ã ãá«®¢¨î.

�á«®¢¨¥ (K). �ãªæ¨ï t ! K(t) ¨¬¥¥â   [0; T ] ®¡®¡é¥ãî ¯à®¨§¢®¤ãî t ! K 0(t) (¨§
L(0; T ;L(H)) ).

� ¤ «ì¥©è¥¬ ¡ã¤¥â ¨á¯®«ì§®¢ âìáï ®¡®§ ç¥¨¥

k0 = max
0�t�T

kK(t) j L(H)k:

�á¥ ®¯¥à â®àë A(t) (t 2 [0; T ]), ãç áâ¢ãîé¨¥ ¢ (1.1), ®¯à¥¤¥«¥ë   ®¤®¬ ¨ â®¬ ¦¥ «¨¥©®¬
¬®¦¥áâ¢¥ D(A), ¯«®â®¬ ¢ H, ¨ ¯à¨¨¬ îâ § ç¥¨ï ¢ H. �á¥ ®¨ ¥®£à ¨ç¥ë¥, á ¬®á®-
¯àï¦¥ë¥ ¨ ¯®«®¦¨â¥«ì®-®¯à¥¤¥«¥ë¥. �¡®§ ç¨¬ ç¥à¥§ a(t; �; ��) áª «ïà®¥ ¯à®¨§¢¥¤¥¨¥
í¥à£¥â¨ç¥áª®£® ¯à®áâà áâ¢  ([1], á. 21), ¯®à®¦¤¥®£® ®¯¥à â®à®¬ A(t). � «¥¥ ¯à¥¤¯®«®¦¨¬,
çâ® áãé¥áâ¢ã¥â á ¬®á®¯àï¦¥ë© ¯®«®¦¨â¥«ì®-®¯à¥¤¥«¥ë© ®¯¥à â®à A0, ¤¥©áâ¢ãîé¨© ¢ H,
®¯à¥¤¥«¥ë©   D(A) (â. ¥. áå®¤ë© á ª ¦¤ë¬ ¨§ ®¯¥à â®à®¢ A(t) )1), ¨¬¥îé¨© ¢¯®«¥ ¥¯à¥-
àë¢ë© ¢ H ®¡à âë© ®¯¥à â®à A�10 ¨ ®¡à §ãîé¨© á ª ¦¤ë¬ ¨§ ®¯¥à â®à®¢ A(t) ®áâàë© ã£®«.

1)�®áª®«ìªã ®¯¥à â®àë A0 ¨ A(t) áå®¤ë¥, ¢á¥ ®¯¥à â®àë A(t)A�10 , A0(A(t))
�1, (A(t))1=2A

�1=2
0 ,

A
1=2
0 (A(t))�1=2 ®£à ¨ç¥ë ¢ H ([1], á. 22{23).
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�¥à£¥â¨ç¥áª®¥ ¯à®áâà áâ¢®, ¯®à®¦¤¥®¥ ®¯¥à â®à®¬ A0, ¥£® áª «ïà®¥ ¯à®¨§¢¥¤¥¨¥ ¨ ®à¬ã
®¡®§ ç¨¬ á®®â¢¥âáâ¢¥® ç¥à¥§ H0, (�; ��)0, j � j0. �à¥¤¯®« £ ¥âáï, çâ® ®¯¥à â®àë A(t) (t 2 [0; T ])
¨ A0 ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬ ç¥âëà¥¬ ãá«®¢¨ï¬.

�á«®¢¨¥ (A1). �ãé¥áâ¢ã¥â ª®áâ â  a0 > 0 â ª ï, çâ® ¤«ï ¢á¥å t 2 [0; T ]

kA(t)A�10 j L(H)k � a0:

�á«®¢¨¥ (A2). �ãé¥áâ¢ã¥â ª®áâ â  a1 > 0 â ª ï, çâ® ¤«ï ¢á¥å t 2 [0; T ]

kA
1=2
0 (A(t))�1=2 j L(H)k � a1:

�á«®¢¨¥ (A3). �ãé¥áâ¢ã¥â ª®áâ â  a2 > 0 â ª ï, çâ® ¤«ï ¢á¥å t 2 [0; T ], u 2 D(A)

(A(t)u;A0u)H � a2jA0uj
2
H :

�á«®¢¨¥ (A4). �ãªæ¨ï t! a(t; �; ��) ¯à¨ ¤«¥¦¨â C1([0; T ];B(H0)) ¨ ¨¬¥¥â   [0; T ] ®¡®¡é¥-
ãî ¯à®¨§¢®¤ãî ¢â®à®£® ¯®àï¤ª  (¨§ L(0; T ;B(H0)) ).

�¨¦¥ ¡ã¤ãâ ¨á¯®«ì§®¢ âìáï ®¡®§ ç¥¨ï: t ! a0(t; �; ��) | ¯à®¨§¢®¤ ï ¯¥à¢®£® ¯®àï¤ª 
äãªæ¨¨ t! a(t; �; ��);

�0 = max
0�t�T

ka0(t; �; ��) j B(H0)k:

�¥«¨¥©ë© ®¯¥à â®à B ¤¥©áâ¢ã¥â ¨§ [0; T ]�H0 ¢ H ¨ ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¥¬ã ãá«®¢¨î.
�á«®¢¨¥ (B). � ª ¦¤®© â®çª¥ (t; u) 2 [0; T ] � H0 áãé¥áâ¢ã¥â ¯à®¨§¢®¤ ï �à¥è¥ B0[t; u] 2

L(R�H0 ;H) ®¯¥à â®à  B, ¯à¨ç¥¬ áãé¥áâ¢ãîâ äãªæ¨¨ �i : [0; T ]�R+ ! R+ (i = 0; 1) â ª¨¥, çâ®
¤«ï ¯®çâ¨ ¢á¥å (¯. ¢.) t 2 [0; T ] äãªæ¨¨ �i(t; �) (i = 0; 1) ¥ã¡ë¢ îé¨¥   R+ , ¤«ï «î¡®£® � 2 R+

�i(�; �) 2 L(0; T ) (i = 0; 1) ¨ jB0[t; u](�; v)jH � �0(t; juj0)j� j+�1(t; juj0)jvj0 ¤«ï ¢á¥å (t; u) 2 [0; T ]�H0,
(�; v) 2 R �H0.

�à®¬¥ â®£®, ¯à¥¤¯®« £ ¥âáï, çâ® áãé¥áâ¢ã¥â ¥ª®â®àë© äãªæ¨® « � : [0; T ]�D(A)! R+ ,
ã¤®¢«¥â¢®àïîé¨© á«¥¤ãîé¨¬ ãá«®¢¨ï¬.

�á«®¢¨¥ (�1). �ãé¥áâ¢ã¥â ¥ã¡ë¢ îé ï äãªæ¨ï '0 : R+ ! R+ â ª ï, çâ® ¤«ï ¢á¥å u 2 D(A)

�(0; u) � '0(jA0ujH):

�á«®¢¨¥ (�2). �ãé¥áâ¢ã¥â ¥ã¡ë¢ îé ï äãªæ¨ï ' : R+ ! R+ â ª ï, çâ® ¤«ï ¢á¥å (t; u) 2
[0; T ]�D(A) juj0 � '(�(t; u)).

� ãá«®¢¨¨ (�3) ¯®¤à §ã¬¥¢ ¥âáï, çâ®   D(A) ¢¢¥¤¥® áª «ïà®¥ ¯à®¨§¢¥¤¥¨¥ (�; ��)D(A) =
(A0�; A0 � �)H .

�á«®¢¨¥ (�3). � ª ¦¤®© â®çª¥ (t; u) 2 [0; T ]�D(A) áãé¥áâ¢ã¥â ¯à®¨§¢®¤ ï �à¥è¥ �0[t; u] 2
L(R � D(A);R) äãªæ¨® «  �, ¯à¨ç¥¬ áãé¥áâ¢ãîâ äãªæ¨¨ 'i : [0; T ] ! R+ (i = 1; 2; 3),
¯à¨ ¤«¥¦ é¨¥ L(0; T ) ¨ â ª¨¥, çâ® ¤«ï ¢á¥å (t; u) 2 [0; T ] �D(A), v 2 D(A)

�0[t; u](1; v) � a(t; u; v) � (B(t; u); v)H � '1(t) + '2(t)jvj
2
H + '3(t)�(t; u):

�   ç «ìë¥ ¤ ë¥ (1.2)  «®¦¨¬ ãá«®¢¨ï u
(0)
0 2 D(A), u(0)1 2 H0. �á¥ ãá«®¢¨ï (K), (A1){

(A4), (B), (�1){(�3) ¨ ¯®á«¥¤¨¥ ãá«®¢¨ï    ç «ìë¥ ¤ ë¥ áç¨â îâáï ¢ë¯®«¥ë¬¨ ¢áî¤ã
  ¯à®âï¦¥¨¨ ¤ ®© áâ âì¨.

� ¬¥ç ¨¥. � ¦ë¬ ¤«ï ¯à¨«®¦¥¨© ç áâë¬ á«ãç ¥¬ ãà ¢¥¨ï (1.1) ï¢«ï¥âáï ãà ¢¥-
¨¥ á ¥«¨¥©®áâìî ¢¨¤  B(t; u(t)) = B0(u(t))+ f(t), £¤¥ B0 : H0 ! H | ¯®â¥æ¨ «ìë© ®¯¥à -
â®à, äãªæ¨ï f ¯à¨ ¤«¥¦¨â,  ¯à¨¬¥à, C1([0; T ];H). �«ï â ª¨å ãà ¢¥¨© ¢ ª ç¥áâ¢¥ � ¢ àï¤¥
á«ãç ¥¢ ¯®¤å®¤¨â äãªæ¨® « (t; u)! (1=2)a(t; u; u)+�0(u), £¤¥ �0 | ¯®â¥æ¨ « ®¯¥à â®à  B0.
� ¤ ç  (1.1), (1.2) á ¥«¨¥©®áâìî ãª § ®£® ¢¨¤  ¨ ¥ § ¢¨áïé¨¬¨ ®â t ®¯¥à â®à ¬¨ K, A ¬®-
¦¥â ¨â¥à¯à¥â¨à®¢ âìáï ª ª  ¡áâà ªâ ï ä®à¬ã«¨à®¢ª   ç «ì®-ªà ¥¢ëå § ¤ ç ¬ â¥¬ â¨ç¥-
áª®© ä¨§¨ª¨, ¯®«ãç ¥¬ëå   ®á®¢¥ ¢ à¨ æ¨®®£® ¯à¨æ¨¯  � ¬¨«ìâ® {�áâà®£à ¤áª®£® (á¬.
[10], á. 749{751). � ¤ ç¨ íâ®£® ª« áá , ª ª®â®àë¬ ¥¯®áà¥¤áâ¢¥® ¯à¨¬¥¨¬ë à¥§ã«ìâ âë ¤ ®©
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à ¡®âë, à áá¬ âà¨¢ «¨áì ¢ ([12], £«. I, x 1; [13]). �àã£¨¬ ç áâë¬ á«ãç ¥¬ ãà ¢¥¨ï (1.1) ï¢«ï-
¥âáï «¨¥©®¥ ãà ¢¥¨¥ á B(t; u(t)) = B1(t)u(t) + f(t), £¤¥,  ¯à¨¬¥à, B1 2 C1([0; T ];L(H0;H)),
f 2 C1([0; T ];H). � íâ®¬ á«ãç ¥ á«¥¤ã¥â ¯à¨ïâì �(t; u) = (1=2)a(t; u; u).

�â¬¥â¨¬ ¥®¡å®¤¨¬ë¥ ¤«ï ¤ «ì¥©è¥£® á«¥¤áâ¢¨ï ¨§ ãá«®¢¨ï (B).

�¥¬¬  1. �«ï ¯. ¢. t 2 [0; T ] (¨¬¥®, ¤«ï ¢á¥å t, ¯à¨ ª®â®àëå äãªæ¨ï �1(t; �) ¥ ã¡ë¢ ¥â
  R+) ¨ ¤«ï «î¡ëå u; v 2 H0

jB(t; u)�B(t; v)jH � �1(t;max(juj0; jvj0))ju � vj0: (2.1)

�®ª § â¥«ìáâ¢®. �§ ãá«®¢¨ï (B) á«¥¤ã¥â, çâ® ¤«ï «î¡®£® t 2 [0; T ] ®¯¥à â®à Bt : H0 ! H,
®¯à¥¤¥«¥ë© à ¢¥áâ¢®¬ Bt(u) = B(t; u), ¨¬¥¥â ¢ ª ¦¤®© â®çª¥ u 2 H0 ¯à®¨§¢®¤ãî �à¥è¥
B0
t[u] 2 L(H0;H), ¯à¨ç¥¬ kB0

t[u] j L(H0;H)k � �1(t; juj0) ¤«ï ¢á¥å u 2 H0. �®íâ®¬ã, ¨á¯®«ì§ãï
ä®à¬ã«ã ª®¥çëå ¯à¨à é¥¨© ([14], á. 483), ¯®«ãç ¥¬ ¤«ï «î¡ëå u; v 2 H0 ¨ ¤«ï ¢á¥å t 2 [0; T ],
¯à¨ ª®â®àëå äãªæ¨ï �1(t; �) ¥ ã¡ë¢ ¥â   R+ , jB(t; u)�B(t; v)jH � sup

0���1
�1(t; j�u+(1��)vj0)ju�

vj0 = �1(t;max(juj0; jvj0))ju� vj0.

�¥¬¬  2. �ãé¥áâ¢ã¥â ¥ã¡ë¢ îé ï äãªæ¨ï � : R+ ! R+ â ª ï, çâ® jB(t; u)jH � �(juj0)
¤«ï ¢á¥å (t; u) 2 [0; T ]�H0.

�®ª § â¥«ìáâ¢®. �ãáâì t0 2 [0; T ] | â ª®¥ ç¨á«®, çâ® äãªæ¨ï �1(t0; �) ¥ ã¡ë¢ ¥â   R+ .
� ä¨ªá¨àã¥¬ ¯à®¨§¢®«ìë¥ t 2 [0; T ], u 2 H0. �§ ãá«®¢¨ï (B) á«¥¤ã¥â, çâ® äãªæ¨ï Bu : [0; T ]!
H, ®¯à¥¤¥«¥ ï à ¢¥áâ¢®¬ Bu(�) = B(�; u), ¤¨ää¥à¥æ¨àã¥¬  ¢ ª ¦¤®© â®çª¥ � 2 [0; T ] ¨
¤«ï ¢á¥å � 2 [0; T ] ¢ë¯®«ï¥âáï

�� d
d�
Bu(�)

��
H
= jB0[�; u](1; 0)jH � �0(�; juj0). �âáî¤  á ¯®¬®éìî

â¥®à¥¬ë 1 ¨§ ([15], á. 251) ¯®«ãç¨¬

jB(t; u)�B(t0; u)jH �

Z max(t0;t)

min(t0;t)

�0(�; juj0)d�: (2.2)

�á¯®«ì§ãï ®æ¥ª¨ (2.1) ¨ (2.2), ¨¬¥¥¬ jB(t; u)jH � jB(t; u) � B(t0; u)jH + jB(t0; u) � B(t0; 0)jH +
jB(t0; 0)jH � �(juj0), £¤¥ � : R+ ! R+ | äãªæ¨ï, ®¯à¥¤¥«¥ ï à ¢¥áâ¢®¬

�(�) = max
� Z t0

0
�0(�; �)d�;

Z T

t0

�0(�; �)d�
�
+ �1(t0; �)� + jB(t0; 0)jH :

�ç¥¢¨¤®, íâ  äãªæ¨ï ¥ ã¡ë¢ ¥â   R+ .

� § ª«îç¥¨¥ íâ®£® ¯ãªâ  áä®à¬ã«¨àã¥¬ ®¯à¥¤¥«¥¨¥ à¥è¥¨ï à áá¬ âà¨¢ ¥¬®© § ¤ ç¨,
¤¥©áâ¢ãîé¥¥ ¢áî¤ã ¨¦¥ ¢ ¤ ®© à ¡®â¥.

�¯à¥¤¥«¥¨¥. �ãªæ¨î u� : [0; T ] ! D(A) ¡ã¤¥¬  §ë¢ âì à¥è¥¨¥¬ § ¤ ç¨ (1.1), (1.2),
¥á«¨ A0u� 2 L1(0; T ;H), u0� 2 L1(0; T ;H0), u00� 2 L1(0; T ;H), ¤«ï ¯. ¢. t 2 [0; T ] Q[u�; t] = 0,
u�(0) = u

(0)
0 ¨ u0�(0) = u

(0)
1 .

3. �¯¥æ¨ «ìë© ¡ §¨á ¨ á®®â®è¥¨ï ���. �ãé¥áâ¢®¢ ¨¥,
¥¤¨áâ¢¥®áâì ¨  ¯à¨®àë¥ ®æ¥ª¨ ¯à¨¡«¨¦¥ëå à¥è¥¨©

�®áª®«ìªã ®¯¥à â®à A0 ¨¬¥¥â ¢¯®«¥ ¥¯à¥àë¢ë© ¢ H ®¡à âë© ®¯¥à â®à A�10 , â® ¢ á¨«ã â¥-
®à¥¬ë �¨«ì¡¥àâ {�¬¨¤â  ([14], á. 246) ¢ H áãé¥áâ¢ã¥â ¡ §¨á fv0;mg1m=1, á®áâ®ïé¨© ¨§ á®¡áâ¢¥-
ëå í«¥¬¥â®¢ ®¯¥à â®à  A0, ª®â®àë¥ ¬®¦® áç¨â âì ¯à®ã¬¥à®¢ ë¬¨ ¢ ¯®àï¤ª¥ ¥ã¡ë¢ ¨ï
á®®â¢¥âáâ¢ãîé¨å á®¡áâ¢¥ëå § ç¥¨© �m (m = 1; 2; : : : ), A0v0;m = �mv0;m, 0 < �m � �m+1,
m = 1; 2; : : : ; lim

m!1
�m = 1. �ãáâì n | ¯à®¨§¢®«ì®¥  âãà «ì®¥ ç¨á«®. �¡®§ ç¨¬ ç¥à¥§ Hn

«¨¥©ãî ®¡®«®çªã ª®¥ç®© á¨áâ¥¬ë í«¥¬¥â®¢ fv0;mgnm=1, ç¥à¥§ Pn | ®àâ®¯à®¥ªâ®à H   Hn
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¨ ç¥à¥§ Rn | ®¯¥à â®à I�Pn, £¤¥ I | â®¦¤¥áâ¢¥ë© ®¯¥à â®à ¢ H. �ã¤¥¬ à¥è âì § ¤ çã (1.1),
(1.2) ¯® ���, ¨á¯®«ì§ãï ¢ ª ç¥áâ¢¥ ¡ §¨áëå í«¥¬¥â®¢ á®¡áâ¢¥ë¥ í«¥¬¥âë ®¯¥à â®à  A0

Pn(Q[un; t]) = 0; t 2 [0; T ]; (3.1)

un(t) 2 Hn; t 2 [0; T ]; (3.2)

un(0) = Pnu
(0)
0 ; u0n(0) = Pnu

(0)
1 : (3.3)

�¥è¥¨¥ un § ¤ ç¨ (3.1){(3.3) ¡ã¤¥¬  §ë¢ âì ¯à¨¡«¨¦¥ë¬ à¥è¥¨¥¬ § ¤ ç¨ (1.1), (1.2), ¯®-
áâà®¥ë¬ ¯® ���.

� ¤ «ì¥©è¥¬ ç¥à¥§ ci (i = 1; 2; : : : ; 8) ®¡®§ ç îâáï à §«¨çë¥ ¥®âà¨æ â¥«ìë¥ ª®áâ âë,
ª®â®àë¥ ¬®£ãâ § ¢¨á¥âì â®«ìª® ®â ¢¨¤  ®¯¥à â®à®¢K(t), A(t) (t 2 [0; T ]), A0, B, äãªæ¨® «  � ¨
®â u(0)0 , u(0)1 , T . �®ááâ  ¢«¨¢ ï ®¯¨áë¢ ¥¬ë¥ ¨¦¥ ¯®áâà®¥¨ï ¢® ¢á¥å ¤¥â «ïå, ¬®¦® ¯®«ãç¨âì
§ ç¥¨ï ¢á¥å íâ¨å ª®áâ â ¢ ï¢®¬ ¢¨¤¥. �¥à¥§ k � kC ¢ ¤ «ì¥©è¥¬ ®¡®§ ç ¥âáï á«¥¤ãîé ï
®à¬  ¯à®áâà áâ¢  C([0; T ];H0) \ C1([0; T ];H):

kukC = max
0�t�T

(ju0(t)j2H + ju(t)j20)
1=2:

�«¥¤ãï ([10], [12], áá. 23{24, 30{33), ¥âàã¤® ¯®ª § âì, çâ® ¯à¨ «î¡®¬  âãà «ì®¬ n § ¤ ç 
(3.1){(3.3) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ un, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬ un 2 C2([0; T ];Hn), u000n 2
L(0; T ;Hn), ¨ ¤«ï íâ®£® à¥è¥¨ï ¢ë¯®«¥ë  ¯à¨®àë¥ ®æ¥ª¨

kunkC � c1; (3.4)

ku0nkC � c2: (3.5)

� ¬¥ç ¨¥. �¥®¡å®¤¨¬ë¬ í«¥¬¥â®¬ ¢ë¢®¤  ®æ¥®ª (3.4), (3.5) ¨ ¨¦¥á«¥¤ãîé¨å ¯®áâà®-
¥¨© ï¢«ï¥âáï «¥¬¬  �à®ã®«« , ¨á¯®«ì§ã¥¬ ï ¢ ¤ ®© à ¡®â¥ ¢ á«¥¤ãîé¥© ä®à¬ã«¨à®¢ª¥,
ãá¨«¥®© ¯® áà ¢¥¨î á ¡®«¥¥ ¨§¢¥áâë¬¨ ä®à¬ã«¨à®¢ª ¬¨ ¨§ ([16], á. 298; [17], á. 37): ¥á«¨

y 2 C([0; T ]), y0 2 R, z 2 L(0; T ) ¨ ¤«ï ¢á¥å t 2 [0; T ] z(t) � 0, y(t) � y0 +
tR
0

y(�)z(�)d� , â®

y(t) � y0 exp
� tR
0

z(�)d�
�
¤«ï ¢á¥å t 2 [0; T ]. � ª¦¥ ®â¬¥â¨¬, çâ® äãªæ¨® « � ¨á¯®«ì§ã¥âáï ¢

¤ ®© à ¡®â¥ â®«ìª® ¯à¨ ¢ë¢®¤¥ ®æ¥ª¨ (3.4).

4. �á®¢ë¥ à¥§ã«ìâ âë

�¥®à¥¬ . �¥è¥¨¥ u� § ¤ ç¨ (1:1), (1:2) áãé¥áâ¢ã¥â ¨ ¥¤¨áâ¢¥®, ¯®á«¥¤®¢ â¥«ì®áâì

fung
1
n=1 ¯à¨¡«¨¦¥ëå à¥è¥¨© § ¤ ç¨ (1:1), (1:2), ¯®áâà®¥ëå ¯® ��� (3:1){(3:3), á¨«ì® áå®-

¤¨âáï ª u� ¢ ¯à®áâà áâ¢¥ C([0; T ];H0)\C1([0; T ];H) ¨ áª®à®áâì íâ®© áå®¤¨¬®áâ¨ ¤®¯ãáª ¥â

®æ¥ªã

kun � u�kC � c3jRnu
(0)
1 jH + c4jRnu

(0)
0 j0 + c5�

�1=4
n+1 ; (4.1)

£¤¥ n | ¯à®¨§¢®«ì®¥  âãà «ì®¥ ç¨á«®.

�®ª § â¥«ìáâ¢®. �à¥¦¤¥ ¢á¥£® ãáâ ®¢¨¬  ¯à¨®àãî ®æ¥ªã ®à¬ë kA0un j C([0; T ];H)k
(n | «î¡®¥  âãà «ì®¥ ç¨á«®, un | à¥è¥¨¥ § ¤ ç¨ (3.1){(3.3) ). �¬®¦¨¬ áª «ïà® ¢ H ®¡¥
ç áâ¨ à ¢¥áâ¢  (3.1)   A0un(t). �®£¤  ¯®«ãç¨¬ (A(t)un(t); A0un(t))H = �(u00n(t) +K(t)u0n(t) +
B(t; un(t)); A0un(t))H ¤«ï ¢á¥å t 2 [0; T ]. �æ¥¨¬ «¥¢ãî ç áâì ¤ ®£® à ¢¥áâ¢  á¨§ã á ¯®¬®éìî
ãá«®¢¨ï (A3),   ¯à ¢ãî ç áâì | á¢¥àåã ç¥à¥§ [ju00n(t)jH + jK(t)u0n(t)jH + jB(t; un(t))jH ] jA0un(t)jH .
� ª¨¬ ®¡à §®¬, ¯®«ãç¨¬ ¥à ¢¥áâ¢® jA0un(t)jH � a�12 [ju00n(t)jH + jK(t)u0n(t)jH + jB(t; un(t))jH ],
¯à ¢ãî ç áâì ª®â®à®£® ®æ¥¨¬ á ¯®¬®éìî (3.4), (3.5), ®ç¥¢¨¤®£® ¥à ¢¥áâ¢  kK(t) j L(H)k � k0
¨ «¥¬¬ë 2. � à¥§ã«ìâ â¥ ¨¬¥¥¬

kA0un j C([0; T ];H)k � c6: (4.2)
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� «¥¥ ãáâ ®¢¨¬  ¯à¨®àãî ®æ¥ªã ®à¬ë jQ[un; t]jH , £¤¥ t | «î¡®¥ ç¨á«® ¨§ [0; T ]. � á¨«ã
ãá«®¢¨ï (A1) jQ[un; t]jH � ju00n(t)jH + jK(t)u0n(t)jH + a0jA0un(t)jH + jB(t; un(t))jH . �á¯®«ì§ãï íâ®
¥à ¢¥áâ¢®, (3.4), (3.5), (4.2), ¥à ¢¥áâ¢® kK(t) j L(H)k � k0 ¨ «¥¬¬ã 2, ¨¬¥¥¬

jQ[un; t]jH � c7: (4.3)

�¥¯¥àì ¯®ª ¦¥¬, çâ® ¯®á«¥¤®¢ â¥«ì®áâì fung1n=1 ¯à¨¡«¨¦¥ëå à¥è¥¨© § ¤ ç¨ (1.1), (1.2),
¯®áâà®¥ëå ¯® ��� (3.1){(3.3), á¨«ì® áå®¤¨âáï ¢ ¯à®áâà áâ¢¥ C([0; T ];H0) \ C1([0; T ];H).
�ãáâì n, s | ¯à®¨§¢®«ìë¥  âãà «ìë¥ ç¨á«  â ª¨¥, çâ® n � s. �à¨¬¥¬ ®¡®§ ç¥¨¥ �un;s =
un � us. �§ (3.1) á«¥¤ã¥â, çâ® ¤«ï ¢á¥å t 2 [0; T ] Ps(Q[un; t]) = RnPs(Q[un; t]). �ëçâ¥¬ ¨§ íâ®£®
à ¢¥áâ¢  à ¢¥áâ¢® (3.1) á s ¢¬¥áâ® n, ®¡¥ ç áâ¨ ¯®«ãç¥®£® à ¢¥áâ¢  ã¬®¦¨¬ áª «ïà® ¢ H
  2�u0n;s(t) ¨ ¢®¢ì ¯®«ãç¥®¥ à ¢¥áâ¢® ¯®ç«¥® ¯à®¨â¥£à¨àã¥¬ ¯® ®âà¥§ªã [0; � ], £¤¥ � |

¯à®¨§¢®«ì®¥ ç¨á«® ¨§ [0; T ], á ãç¥â®¬  ç «ìëå ãá«®¢¨© �un;s(0) = Pnu
(0)
0 �Psu

(0)
0 , �u0n;s(0) =

Pnu
(0)
1 � Psu

(0)
1 . � à¥§ã«ìâ â¥ ¡ã¤¥¬ ¨¬¥âì ¤«ï ¢á¥å � 2 [0; T ]

j�u0n;s(�)j
2
H + a(�;�un;s(�);�un;s(�)) = jPnu

(0)
1 �Psu

(0)
1 j2H + a(0; Pnu

(0)
0 �Psu

(0)
0 ; Pnu

(0)
0 �Psu

(0)
0 )�

� 2
Z �

0

(K(t)�u0n;s(t);�u
0
n;s(t))Hdt+ 2

Z �

0

(B(t; us(t))�B(t; un(t));�u0n;s(t))Hdt+

+ 2
Z �

0

(RnPs(Q[un; t]);�u
0
n;s(t))Hdt+

Z �

0

a0(t;�un;s(t);�un;s(t))dt: (4.4)

� á¨«ã ãá«®¢¨ï (A2) ¢â®à®¥ á« £ ¥¬®¥ ¢ «¥¢®© ç áâ¨ (4.4) ¤®¯ãáª ¥â ®æ¥ªã á¨§ã

a(�;�un;s(�);�un;s(�)) � a�21 j�un;s(�)j
2
0: (4.5)

�æ¥¨¬ á¢¥àåã ª ¦¤®¥ á« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ (4.4) ¢ ®â¤¥«ì®áâ¨. �«ï ¯¥à¢®£® á« £ ¥¬®£®
¯®«ãç¨¬

jPnu
(0)
1 � Psu

(0)
1 j2H = jPsRnu

(0)
1 j2H � jRnu

(0)
1 j2H : (4.6)

�«ï ¢â®à®£® á« £ ¥¬®£® ¨¬¥¥¬

a(0; Pnu
(0)
0 � Psu

(0)
0 ; Pnu

(0)
0 � Psu

(0)
0 ) = j(A(0))1=2PsRnu

(0)
0 j2H �

� k(A(0))1=2A�1=20 j L(H)k2jA1=2
0 PsRnu

(0)
0 j2H �

� k(A(0))1=2A�1=20 j L(H)k2jRnu
(0)
0 j20: (4.7)

�à¥âì¥ á« £ ¥¬®¥ ®æ¥¨¢ ¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:

� 2
Z �

0
(K(t)�u0n;s(t);�u

0
n;s(t))Hdt �

� 2
Z �

0

kK(t) j L(H)k j�u0n;s(t)j
2
Hdt � 2k0

Z �

0

j�u0n;s(t)j
2
Hdt: (4.8)

�á¯®«ì§ãï «¥¬¬ã 1, ®æ¥ªã (3.4) ¨ ¥à ¢¥áâ¢® �®è¨, ¯®«ãç¨¬

2
Z �

0

(B(t; us(t))�B(t; un(t));�u
0
n;s(t))Hdt � 2

Z �

0

�1(t; c1)j�un;s(t)j0j�u
0
n;s(t)jHdt �

�

Z �

0
�1(t; c1)[j�un;s(t)j

2
0 + j�u0n;s(t)j

2
H ]dt: (4.9)
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� á¨«ã á¯¥æ¨ «ì®£® ¢ë¡®à  ¡ §¨á  ��� kA
�1=2
0 Rn j L(H)k = �

�1=2
n+1 , ¢ á¨«ã (3.5) ¤«ï ¢á¥å

t 2 [0; � ] j�u0n;s(t)j0 � 2c2 ¨ ¢ á®®â¢¥âáâ¢¨¨ á (4.3) ¤«ï ¢á¥å t 2 [0; � ] jQ[un; t]jH � c7, ¯®íâ®¬ã

2
Z �

0

(RnPs(Q[un; t]);�u0n;s(t))Hdt = 2
Z �

0

(A�1=20 RnPs(Q[un; t]); A
1=2
0 �u0n;s(t))Hdt �

� 2kA�1=20 Rn j L(H)k
Z �

0

jQ[un; t]jH j�u0n;s(t)j0dt � 4Tc2c7�
�1=2
n+1 : (4.10)

� ª®¥æ, ¯®á«¥¤¥¥ á« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ (4.4) ¤®¯ãáª ¥â ®æ¥ªã

�Z
0

a0(t;�un;s(t);�un;s(t))dt �

�Z
0

ka0(t; �; ��) j B(H0)k j�un;s(t)j
2
0dt � �0

�Z
0

j�un;s(t)j
2
0dt: (4.11)

�§ (4.4){(4.11) á«¥¤ã¥â, çâ® ¤«ï ¢á¥å � 2 [0; T ]

j�u0n;s(�)j
2
H + a�21 j�un;s(�)j

2
0 � jRnu

(0)
1 j2H + k(A(0))1=2A�1=20 j L(H)k2 jRnu

(0)
0 j20 +

+ 4Tc2c7�
�1=2
n+1 +

Z �

0
[(�1(t; c1) + 2k0)j�u

0
n;s(t)j

2
H + (�1(t; c1) + �0)j�un;s(t)j

2
0]dt;

®âªã¤  á ¯®¬®éìî «¥¬¬ë �à®ã®««  ¯®«ãç¨¬

kun � uskC � c3jRnu
(0)
1 jH + c4jRnu

(0)
0 j0 + c5�

�1=4
n+1 : (4.12)

�§ (4.12) ¢¨¤®, çâ® ¯®á«¥¤®¢ â¥«ì®áâì fung1n=1 äã¤ ¬¥â «ì  ¢ ¯à®áâà áâ¢¥ C([0; T ];H0)\
C1([0; T ];H). �«¥¤®¢ â¥«ì®, áãé¥áâ¢ã¥â äãªæ¨ï u� 2 C([0; T ];H0) \ C1([0; T ];H) â ª ï, çâ®

un ! u� á¨«ì® ¢ C([0; T ];H0) \ C
1([0; T ];H); n!1: (4.13)

�¥¯¥àì ¯®ª ¦¥¬, çâ® äãªæ¨ï u� ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (1.1), (1.2). �à¨¬¥¬ ®¡®§ ç¥-
¨ï: hv1; v2; ti = (v001 (t); v

00
2 (t))H + (v01(t); v

0
2(t))0 + (A0v1(t); A0v2(t))H , £¤¥ t 2 [0; T ], v1 ¨ v2 | ¯à®¨§-

¢®«ìë¥ äãªæ¨¨, ®â®¡à ¦ îé¨¥ [0; T ] ¢ D(A) ¨ ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨ï¬ A0vi 2 L2(0; T ;H),
v0i 2 L2(0; T ;H0), v00i 2 L2(0; T ;H) (i = 1; 2); H | á¥¯ à ¡¥«ì®¥ £¨«ì¡¥àâ®¢® ¯à®áâà áâ¢®, á®-
áâ®ïé¥¥ ¨§ äãªæ¨© v : [0; T ] ! D(A), ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨ï¬ A0v 2 L2(0; T ;H), v0 2

L2(0; T ;H0), v00 2 L2(0; T ;H), ¨ á ¡¦¥®¥ áª «ïàë¬ ¯à®¨§¢¥¤¥¨¥¬ (v1; v2)H =
TR
0

hv1; v2; tidt. �

á¨«ã (3.5), (4.2) ¤«ï ¢á¥å n 2 N

max
0�t�T

hun; un; ti � c8: (4.14)

�¥¬ ¡®«¥¥ ¯®á«¥¤®¢ â¥«ì®áâì fung1n=1 ®£à ¨ç¥  ¢ H. �«¥¤®¢ â¥«ì®, ¯® â¥®à¥¬¥ 3 ¨§ ([14],
á. 199)  ©¤¥âáï ¯®¤¯®á«¥¤®¢ â¥«ì®áâì funkg

1
k=1 íâ®© ¯®á«¥¤®¢ â¥«ì®áâ¨, á« ¡® áå®¤ïé ïáï ¢

H ª ¥ª®â®à®© äãªæ¨¨ v�. �®áª®«ìªã íâ  ¯®¤¯®á«¥¤®¢ â¥«ì®áâì ª â®¬ã ¦¥ á¨«ì® áå®¤¨âáï
¢ C([0; T ];H0) \ C1([0; T ];H) ª u�, â® ¢ á¨«ã ¥¤¨áâ¢¥®áâ¨ á« ¡®£® ¯à¥¤¥«  ¢ C([0; T ];H0) \
C1([0; T ];H) v� = u� ¨ ¢áï ¯®á«¥¤®¢ â¥«ì®áâì fung1n=1 á« ¡® áå®¤¨âáï ¢ H ª u�.

�¥©ç á ¡ã¤¥â ¤®ª § ®, çâ® äãªæ¨ï u� ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ (ãç áâ¢ãîé¨¬ ¢ ®¯à¥¤¥«¥-
¨¨ à¥è¥¨ï § ¤ ç¨ (1.1), (1.2), á¬. ¯. 2)

A0u� 2 L1(0; T ;H); u0� 2 L1(0; T ;H0); u00� 2 L1(0; T ;H): (4.15)

�ãáâì m0 | ª ª®¥-«¨¡® ä¨ªá¨à®¢ ®¥ ç¨á«®, áâà®£® ¡®«ìè¥¥, ç¥¬ c8. �¡®§ ç¨¬ ç¥à¥§ � ¬®-
¦¥áâ¢® ft 2 [0; T ] j hu�; u�; ti � m0g. � áá¬®âà¨¬ «¨¥©ë© ®£à ¨ç¥ë© äãªæ¨® « F  ¤ H,
®¯à¥¤¥«¥ë© à ¢¥áâ¢®¬ F (v) =

R
�
hu�; u�; ti

�1=2hv; u�; tidt. � á¨«ã (4.14) ¤«ï ¢á¥å n 2 N

F (un) �
Z
�
hun; un; ti

1=2dt � c
1=2
8 mes�: (4.16)
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� ª ª ª ¯®á«¥¤®¢ â¥«ì®áâì fung1n=1 á« ¡® áå®¤¨âáï ¢ H ª u�, â®

F (u�) = lim
n!1

F (un): (4.17)

�§ (4.16) ¨ (4.17) ¯®«ãç ¥¬ F (u�) � c
1=2
8 mes �. � ¤àã£®© áâ®à®ë, F (u�) =

R
�
hu�; u�; ti

1=2dt �

m
1=2
0 mes� ¯® ®¯à¥¤¥«¥¨î ¬®¦¥áâ¢  �. �§ ¤¢ãå ¯®á«¥¤¨å ¥à ¢¥áâ¢ ¢ëâ¥ª ¥â m1=2

0 mes � �
c
1=2
8 mes�, ® ¯à¨ íâ®¬ m0 > c8 � 0. �ç¥¢¨¤®, íâ® ¢®§¬®¦® â®«ìª® ¯à¨ mes� = 0. �®íâ®¬ã
hu�; u�; ti < m0 ¤«ï ¯. ¢. t 2 [0; T ] ¨, áâ «® ¡ëâì, äãªæ¨ï u� ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ (4.15).

�§ â®£®, çâ® un ! u� á« ¡® ¢ H, á«¥¤ã¥â

A0un ! A0u� á« ¡® ¢ L2(0; T ;H); n!1; (4.18)

u00n ! u00� á« ¡® ¢ L2(0; T ;H); n!1: (4.19)

� «¥¥ ¯®«ãç¨¬ ¨§ (4.13) á ãç¥â®¬ ãá«®¢¨ï (K)

K(�)u0n(�)! K(�)u0�(�) á¨«ì® ¢ C([0; T ];H); n!1; (4.20)

  ¨§ (4.18) á ãç¥â®¬ ãá«®¢¨ï (A1)

A(�)un(�)! A(�)u�(�) á« ¡® ¢ L2(0; T ;H); n!1: (4.21)

� á¨«ã (4.13) ¢ (3.4) ¬®¦® ¯¥à¥©â¨ ª ¯à¥¤¥«ã. �á¯®«ì§ãï ãáâ  ¢«¨¢ ¥¬ãî â ª¨¬ ®¡à §®¬ ®æ¥-
ªã ku�kC � c1, á ¬ã ®æ¥ªã (3.4) ¨ «¥¬¬ã 1, ¨¬¥¥¬ ¤«ï ¯. ¢. t 2 [0; T ] jB(t; un(t))�B(t; u�(t))jH �
�1(t; c1)jun(t)� u�(t)j0, ¯®íâ®¬ã

B(�; un(�))! B(�; u�(�)) á¨«ì® ¢ L(0; T ;H); n!1: (4.22)

�¥¯¥àì, ¨á¯®«ì§ãï (4.13), (4.19){(4.22), ¯à¥¤¥«ìë¬ ¯¥à¥å®¤®¬ ¢ (3.1), (3.3) ¯®«ãç ¥¬ à ¢¥áâ¢ 
Q[u�; t] = 0 (¤«ï ¯. ¢. t 2 [0; T ]), u�(0) = u

(0)
0 , u0�(0) = u

(0)
1 . � ç áâ®áâ¨, ¯¥à¢®¥ ¨§ íâ¨å à ¢¥áâ¢

ãáâ  ¢«¨¢ ¥âáï á«¥¤ãîé¨¬ ®¡à §®¬: ¯®« £ ï m;n 2 N, n � m, ã¬®¦ ï áª «ïà® (3.1) ¢ H
  sign ((Q[u�; t]; v0;m)H)v0;m, ¨â¥£à¨àãï ¯® [0; T ] ¨ ¯¥à¥å®¤ï ª ¯à¥¤¥«ã ¯à¨ n ! 1, ¯®«ãç ¥¬
TR
0

j(Q[u�; t]; v0;m)H jdt = 0 ¤«ï «î¡®£® m 2 N, â. ¥. (Q[u�; t]; v0;m)H = 0 ¤«ï ¯. ¢. t 2 [0; T ], ¨ § â¥¬ ¨§

¯®á«¥¤¥£® à ¢¥áâ¢  (¯®áª®«ìªã fv0;mg1m=1 | ¡ §¨á ¢ H) § ª«îç ¥¬, çâ® Q[u�; t] = 0 ¤«ï ¯. ¢.
t 2 [0; T ].

�â ª, á¨«ìë© ¯à¥¤¥« u� ¯®á«¥¤®¢ â¥«ì®áâ¨ fung1n=1 ¢ ¯à®áâà áâ¢¥ C([0; T ];H0)\C1([0; T ];H)
ã¤®¢«¥â¢®àï¥â ¢á¥¬ ãá«®¢¨ï¬ ®¯à¥¤¥«¥¨ï à¥è¥¨ï § ¤ ç¨ (1.1), (1.2), â ª çâ® ãâ¢¥à¦¤¥¨ï
â¥®à¥¬ë ® áãé¥áâ¢®¢ ¨¨ à¥è¥¨ï íâ®© § ¤ ç¨ ¨ áå®¤¨¬®áâ¨ ª ¥¬ã ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯à¨-
¡«¨¦¥ëå à¥è¥¨© ¤®ª § ë. �¥à¥å®¤ï ¢ (4.12) ª ¯à¥¤¥«ã ¯à¨ s!1, ¨¬¥¥¬ ®æ¥ªã (4.1).

�áâ ¥âáï ¤®ª § âì, çâ® à¥è¥¨¥ § ¤ ç¨ (1.1), (1.2) ¥¤¨áâ¢¥®. �«¥¤ãîé¥¥ ¤®ª § â¥«ìáâ¢®
  «®£¨ç® ¯à®¢¥¤¥®¬ã ¢ ([12], á. 27{28) ¤«ï ª®ªà¥â®©  ç «ì®-ªà ¥¢®© § ¤ ç¨. �ãáâì u(1)� ,
u(2)� | ¤¢  à¥è¥¨ï § ¤ ç¨ (1.1), (1.2) ¨ �u = u(1)� � u(2)� , â®£¤  ¤«ï ¯. ¢. t 2 [0; T ]

�u00(t) +K(t)�u0(t) +A(t)�u(t) +B(t; u(1)� (t))�B(t; u(2)� (t)) = 0; (4.23)

�u(0) = �u0(0) = 0: (4.24)

�¬®¦¨¬ ®¡¥ ç áâ¨ à ¢¥áâ¢  (4.23) áª «ïà® ¢ H   2�u0(t) ¨ ¯®«ãç¥®¥ à ¢¥áâ¢® ¯®ç«¥®
¯à®¨â¥£à¨àã¥¬ ¯® ®âà¥§ªã [0; � ], £¤¥ � | ¯à®¨§¢®«ì®¥ ç¨á«® ¨§ [0; T ], á ãç¥â®¬  ç «ìëå
ãá«®¢¨© (4.24). �®£¤  ¡ã¤¥¬ ¨¬¥âì ¤«ï ¢á¥å � 2 [0; T ]

j�u0(�)j2H + a(�;�u(�);�u(�)) =

=
Z �

0
[2(�K(t)�u0(t) +B(t; u(2)� (t))�B(t; u(1)� (t));�u0(t))H + a0(t;�u(t);�u(t))]dt:
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�æ¥¨¢ ï «¥¢ãî ç áâì ¤ ®£® à ¢¥áâ¢  á¨§ã á ¯®¬®éìî ãá«®¢¨ï (A2),   ¯à ¢ãî | á¢¥àåã
á ¯®¬®éìî ®ç¥¢¨¤ëå ¥à ¢¥áâ¢ kK(t) j L(H)k � k0, ka0(t; �; ��) j B(H0)k � �0, «¥¬¬ë 1 ¨
¥à ¢¥áâ¢  �®è¨, ¯®«ãç¨¬ ¤«ï ¢á¥å � 2 [0; T ]

j�u0(�)j2H + a�21 j�u(�)j20 �
Z �

0

[(�1(t;M) + 2k0)j�u
0(t)j2H + (�1(t;M) + �0)j�u(t)j

2
0]dt;

£¤¥ M = max(ku(1)� j C([0; T ];H0)k; ku(2)� j C([0; T ];H0)k). �§ ¯®á«¥¤¥£® ¥à ¢¥áâ¢  á ¯®¬®éìî
«¥¬¬ë �à®ã®««  ¯®«ãç ¥¬ �u(�) = 0 ¤«ï ¢á¥å � 2 [0; T ], â. ¥. u(1)� = u(2)� . � ª¨¬ ®¡à §®¬,
à¥è¥¨¥ § ¤ ç¨ (1.1), (1.2) ¥¤¨áâ¢¥®.
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