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���������� Ǒ������������Ǒ�������� � ������ �� ������������.�. �¨è¨ª, �.�. �¥¯ë�®¢�áá«¥¤ã¥âáï ¯®¢¥¤¥¨¥ âà ¥ªâ®à¨© ¯à¨ t → +∞ í¢®«îæ¨®ëå ãà ¢Ä¥¨©, á®¤¥à� é¨å ®¯¥à â®àë, ¯¥à¨®¤¨ç¥áª¨ § ¢¨áïé¨¥ ®â ¢à¥¬¥¨. � áÄá¬ âà¨¢ ¥âáï § ¤ ç �®è¨ ¢¨¤ :�tu = A(u; t); u∣∣t=� = u� ; t > �; � ∈ R: (1)Ǒà¥¤¯®« £ ¥âáï, çâ® ®¯¥à â®à A(u; t) { ¯¥à¨®¤¨ç¥áª¨ § ¢¨á¨â ®â t:A(u; t + p) = A(u; t) ¤«ï ¢á¥å u ¨ t, p { ¯¥à¨®¤ (p > 0). �®«ìè ï «¨â¥Äà âãà  ¯®á¢ïé¥  ¢®¯à®áã áãé¥áâ¢®¢ ¨ï ¨ ãáâ®©ç¨¢®áâ¨ ¯¥à¨®¤¨ç¥áª¨åà¥è¥¨© â ª¨å ãà ¢¥¨©. �¤¥áì ¬ë ¥ ª á ¥¬áï íâ¨å ¢®¯à®á®¢. �¨�¥¨§ãç îâáï  ââà ªâ®àë ¯à®æ¥áá®¢, á®®â¢¥âáâ¢ãîé¨å (1). � ¯®¬¨¬, çâ® ââà ªâ®à®¬  ¢â®®¬®£® í¢®«îæ¨®®£® ãà ¢¥¨ï (A(u; t) ≡ A(u)),¨«¨ á®®â¢¥âáâ¢ãîé¥© ¥¬ã ¯®«ã£àã¯¯ë,  §ë¢ ¥âáï ª®¬¯ ªâ®¥ ¨¢ à¨Ä â®¥ (®â®á¨â¥«ì® íâ®© ¯®«ã£àã¯¯ë) ¨ ¯à¨âï£¨¢ îé¥¥ ¬®�¥áâ¢®(á¬. [1℄{[3℄). Ǒ®¤  ââà ªâ®à®¬ ¥ ¢â®®¬®£® ãà ¢¥¨ï, ¨«¨ á®®â¢¥âÄáâ¢ãîé¥£® ¥¬ã ¯à®æ¥áá , ¯®¤à §ã¬¥¢ ¥âáï ª®¬¯ ªâ®¥ ¯à¨âï£¨¢ îé¥¥¬®�¥áâ¢®, ®¡« ¤ îé¥¥ á¢®©áâ¢®¬ ¬¨¨¬ «ì®áâ¨. �â¬¥â¨¬, çâ® á¢®©Äáâ¢® ¨¢ à¨ â®áâ¨ ¢  ¢â®®¬®¬ á«ãç ¥ § ¬¥ï¥âáï ¢ á«ãç ¥ ¥ ¢â®Ä®¬®¬ á¢®©áâ¢®¬ ¬¨¨¬ «ì®áâ¨ áà¥¤¨ ¢á¥å ª®¬¯ ªâëå ¯à¨âï£¨¢ îÄé¨å ¬®�¥áâ¢. �¤¨¬ ¨§ ¬¥â®¤®¢ ¯®áâà®¥¨ï  ââà ªâ®à®¢ ¥ ¢â®®¬ëå¯¥à¨®¤¨ç¥áª¨å í¢®«îæ¨®ëåãà ¢¥¨© ï¢«ï¥âáï  å®�¤¥¨¥  ââà ªâ®Äà®¢ á®®â¢¥âáâ¢ãîé¥£® á¥¬¥©áâ¢  ¤¨áªà¥âëå ¯®«ã£àã¯¯. �¡ê¥¤¨¥¨¥íâ¨å  ââà ªâ®à®¢ ï¢«ï¥âáï  ââà ªâ®à®¬ ¥ ¢â®®¬®£® ãà ¢¥¨ï. � Äª®© ¯®¤å®¤ ¯à¨¬¥¥,  ¯à¨¬¥à, ¢ [4℄.�  áâ®ïé¥© áâ âì¥ ®áãé¥áâ¢«¥ ¤àã£®© ¯®¤å®¤, ®á®¢ ë©   ¨§ãç¥Ä¨¨ ¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá , á®®â¢¥âáâ¢ãîé¥£® ¨áá«¥¤ã¥¬®© § ¤ ç¥ (1).�â®â ¯à®æ¥áá {U(t; �); t > �; � ∈ R} ï¢«ï¥âáï ¤¢ãå¯ à ¬¥âà¨ç¥áª¨¬á¥¬¥©áâ¢®¬ ®¯¥à â®à®¢ U(t; �), ¤¥©áâ¢ãîé¨å ¢ á®®â¢¥âáâ¢ãîé¥¬ ¡  Äå®¢®¬ ¯à®áâà áâ¢¥ E, ¯à¨ç¥¬ ®â®¡à �¥¨ï U(t; �)  ç «ìë¬ ãá«®¢¨ï¬� ¡®â  ¢ë¯®«¥  ¯à¨ ç áâ¨ç®© ¯®¤¤¥à�ª¥�®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìÄëå ¨áá«¥¤®¢ ¨©,   â ª�¥ £à â  òMR5000 �¥�¤ã à®¤®£®  ãç®£® ä®¤ .©�.�. �¨è¨ª, �.�. �¥¯ë�®¢ 1995



182 �.�. �����, �.�. ��Ǒ����u∣∣t=� = u� , u� ∈ E, á®¯®áâ ¢«ïîâ à¥è¥¨ï u(t) § ¤ ç¨ (1) ¢ ¬®¬¥â ¢à¥Ä¬¥¨ t > � : U(t; �)u� = u(t).�§ãç¥¨¥  ââà ªâ®à®¢ á ¯®¬®éìî ¥¯®áà¥¤áâ¢¥®£® ¨áá«¥¤®¢ ¨ï ¯¥Äà¨®¤¨ç¥áª®£® ¯à®æ¥áá  {U(t; �)} (U(t + p; � + p) = U(t; �), p { ¯¥à¨®¤)®áãé¥áâ¢¨« �à® ¢ [5℄, [6℄. � ¬¨ ¯à¨¬¥¥ ¤àã£®© ¬¥â®¤ ¤«ï ¯®áâà®¥¨ï ââà ªâ®à®¢ â ª¨å ¯à®æ¥áá®¢ {U(t; �)},   ¨¬¥®, ¬¥â®¤ á¢¥¤¥¨ï ª á®®âÄ¢¥âáâ¢ãîé¥© ¨¬ ¥¯à¥àë¢®© ¯®«ã£àã¯¯¥, ¤¥©áâ¢ãîé¥© ¢ à áè¨à¥®¬ä §®¢®¬¯à®áâà áâ¢¥. �¯®¬®éìîíâ®£®¬¥â®¤  ¢ ¯. 2 ¢¥áì¬  ¯à®áâ® ¤®ª Ä§   â¥®à¥¬  ® áãé¥áâ¢®¢ ¨¨ ¨ ® áâàãªâãà¥  ââà ªâ®à  ¯¥à¨®¤¨ç¥áª®£®¯à®æ¥áá . Ǒà¨íâ®¬¬ë¨á¯®«ì§ã¥¬â¥®à¥¬ã® áãé¥áâ¢®¢ ¨¨  ââà ªâ®à®¢®¡é¨å ¯à®æ¥áá®¢, ã¤®¢«¥â¢®àïîé¨å ¥ª®â®àë¬ ãá«®¢¨ï¬. �®à¬ã«¨à®¢Äª  íâ®© â¥®à¥¬ë ¯à¨¢¥¤¥  ¢ ¯. 1. � ¯. 2 ¤ ¥âáï â ª�¥ ®¯¨á ¨¥ å à ªâ¥à ¯à¨¡«¨�¥¨ï á¥¬¥©áâ¢ âà ¥ªâ®à¨© ª  ââà ªâ®àã.� ¯. 3 ¤®ª § ëâ¥®à¥¬ë®¡ ®æ¥ª¥ á¢¥àåã å ãá¤®àä®¢®© ¨ äà ªâ «ì®©à §¬¥à®áâ¨ ¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá .� ¯. 4 à áá¬ âà¨¢ îâáï ª®ªà¥âë¥¯à¨¬¥àë ¥ ¢â®®¬ëåãà ¢¥¨©¨ á¨áâ¥¬ ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨ á ¯¥à¨®¤¨ç¥áª¨¬¨ ç«¥ ¬¨, ª ª®â®àë¬¯à¨¬¥ïîâáï à¥§ã«ìâ âë ¯à¥¤ë¤ãé¨å ¯ à £à ä®¢. � ç áâ®áâ¨,  ©¤¥Äë ®æ¥ª¨ á¢¥àåã å ãá¤®àä®¢®© ¨ äà ªâ «ì®© à §¬¥à®áâ¥©  ââà ªâ®à ¤«ï ¤¢ã¬¥à®© á¨áâ¥¬ë � ¢ì¥{�â®ªá  á ¯¥à¨®¤¨ç¥áª¨ § ¢¨áïé¥© ®â ¢à¥Ä¬¥¨ ¢®§¡ã�¤ îé¥© á¨«®©. � ë â ª�¥ ®æ¥ª¨ ãª § ëå à §¬¥à®áâ¥©¤«ï  ââà ªâ®à  á¨áâ¥¬ë ãà ¢¥¨© à¥ ªæ¨¨-¤¨ääã§¨¨ ¨ ¤¨áá¨¯ â¨¢®£®ª¢ §¨«¨¥©®£® £¨¯¥à¡®«¨ç¥áª®£® ãà ¢¥¨ï, á®¤¥à� é¨å ç«¥ë ¯¥à¨®Ä¤¨ç¥áª¨ § ¢¨áïé¨¥ ®â ¢à¥¬¥¨.
§1. Ǒà®æ¥ááë ¨  ââà ªâ®àë. Ǒãáâì E { ¡  å®¢® ¯à®áâà áâ¢®, ¢ª®â®à®¬ ¤¥©áâ¢ã¥â ¥ª®â®à®¥ ¤¢ã¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢® ®â®¡à �¥Ä¨© {U(t; �)} = {U(t; �); t > �; � ∈ R},U(t; �): E → E, t > � , � ∈ R.�¯à¥¤¥«¥¨¥ 1.1. �¥¬¥©áâ¢® ®¯¥à â®à®¢ {U(t; �)}  §ë¢ ¥âáï ¯à®Äæ¥áá®¬ ¢E, ¥á«¨1) U(t; �) = U(t; s)U(s; �) ∀ t > s > � , � ∈ R,2) U(�; �) = I { â®�¤¥áâ¢¥ë© ®¯¥à â®à ∀ � ∈ R.�  áâ®ïé¥© áâ âì¥ ¡ã¤ãâ, ¢ ®á®¢®¬, ¨áá«¥¤®¢ âìáï ¯¥à¨®¤¨ç¥áª¨¥¯à®æ¥ááë.�¯à¥¤¥«¥¨¥1.2. Ǒà®æ¥áá{U(t; �)} §ë¢ ¥âáï¯¥à¨®¤¨ç¥áª¨¬ á ¯¥Äà¨®¤®¬ p (p > 0), ¥á«¨U(t+ p; � + p) = U(t; �) ∀ t > �; � ∈ R:Ǒà¥¤¥«ì®¥ ¯®¢¥¤¥¨¥ ¯à®æ¥áá  {U(t; �)} ¯à¨ t→ +∞¬®�¥â ¡ëâì ®¯¨Äá ® á ¯®¬®éìî ââà ªâ®à ¨«¨à ¢®¬¥à®£®  ââà ªâ®à  ¯à®æ¥áá . �â®Ä¡ë ®¯à¥¤¥«¨âì íâ¨ ¬®�¥áâ¢  ¢¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ ¯®ïâ¨ï ¯à¨âï£¨¢ Äîé¥£® ¨ à ¢®¬¥à® ¯à¨âï£¨¢ îé¥£® ¬®�¥áâ¢ .



���������� Ǒ������������ Ǒ�������� � ������ �� ����������� 183�¯à¥¤¥«¥¨¥ 1.3. 1) �®�¥áâ¢® P0 ⊆ E  §ë¢ ¥âáï ¯à¨âï£¨¢ îÄé¨¬ ¬®�¥áâ¢®¬ ¯à®æ¥áá  {U(t; �)}, ¥á«¨ ∀ � ∈ R ¨ ¤«ï «î¡®£® ®£à Ä¨ç¥®£® ¢E ¬®�¥áâ¢ B,B ⊂ E;distE(U(t; �)B;P0) → 0 ¯à¨ t→ +∞:2) �®�¥áâ¢® P1 ⊆ E  §ë¢ ¥âáï à ¢®¬¥à® (¯® � ∈ R) ¯à¨âï£¨¢ Äîé¨¬ ¤«ï ¯à®æ¥áá  {U(t; �)}, ¥á«¨ ∀ � ∈ R ¨ ¤«ï «î¡®£® ®£à ¨ç¥®£® ¢E ¬®�¥áâ¢ B,B ⊂ E;sup�∈R

distE(U(T + �; �)B;P1) → 0 ¯à¨ T → +∞:�¤¥áì, ª ª ®¡ëç®,distE(X;Y ) = supx∈X distE(x; Y ) = supx∈X infy∈Y ‖x− y‖E:Ǒà®æ¥áá {U(t; �)}  §ë¢ ¥âáï  á¨¬¯â®â¨ç¥áª¨ (à ¢®¬¥à®  á¨¬¯â®Äâ¨ç¥áª¨) ª®¬¯ ªâë¬, ¥á«¨ ¤«ï ¥£® áãé¥áâ¢ã¥â ª®¬¯ ªâ®¥ ¯à¨âï£¨Ä¢ îé¥¥ (à ¢®¬¥à® ¯à¨âï£¨¢ îé¥¥) ¬®�¥áâ¢® P , P ⋐ E:�¯à¥¤¥«¥¨¥ 1.4. 1) � ¬ªãâ®¥ ¬®�¥áâ¢® A0 ⊆ E  §ë¢ ¥âáï  âÄâà ªâ®à®¬ ¯à®æ¥áá  {U(t; �)}, ¥á«¨ ®® ï¢«ï¥âáï ¥£® ¬¨¨¬ «ìë¬ § Ä¬ªãâë¬¯à¨âï£¨¢ îé¨¬¬®�¥áâ¢®¬. �¨¨¬ «ì®áâì¯®¨¬ ¥âáï¢â®¬á¬ëá«¥, çâ® «î¡®¥ § ¬ªãâ®¥ ¯à¨âï£¨¢ îé¥¥ ¬®�¥áâ¢® á®¤¥à�¨â ¢ á¥Ä¡¥A0.2) � ¬ªãâ®¥ ¬®�¥áâ¢®A1 ⊆ E  §ë¢ ¥âáï à ¢®¬¥àë¬ (¯® � ∈ R) ââà ªâ®à®¬¯à®æ¥áá  {U(t; �)}, ¥á«¨ ®® ï¢«ï¥âáï ¬¨¨¬ «ìë¬ § ¬ªãÄâë¬ à ¢®¬¥à® (¯® � ∈ R) ¯à¨âï£¨¢ îé¨¬ ¬®�¥áâ¢®¬ íâ®£® ¯à®æ¥áá .Ǒ®ïâ¨¥  ââà ªâ®à ¨à ¢®¬¥à®£®  ââà ªâ®à  ¯à®æ¥áá  ¢¢¥¤¥® ¢à Ä¡®â¥ [5℄. � ¬ �¥ ¯à¨¢¥¤¥ ¯à¨¬¥à ¯à®æ¥áá , ¤«ï ª®â®à®£® à ¢®¬¥àë© ââà ªâ®à è¨à¥ (¥à ¢®¬¥à®£®)  ââà ªâ®à . �¬¥áâ¥ á â¥¬, ª ª ¡ã¤¥â¯®ª § ® ¨�¥, ¤«ï ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ ¯à¨ ¢ë¯®«¥¨¨ ¥ª®â®àëå®¡é¨å ãá«®¢¨© íâ¨  ââà ªâ®àë á®¢¯ ¤ îâ.Ǒà¨¨áá«¥¤®¢ ¨¨¯¥à¨®¤¨ç¥áª¨å¯à®æ¥áá®¢¬ë¡ã¤¥¬¨á¯®«ì§®¢ âìà¥Ä§ã«ìâ âë à ¡®âë [7℄, ¢ ª®â®à®© ¨§ãç «¨áì  ââà ªâ®àë ¡®«¥¥ ®¡é¨å ¯à®Äæ¥áá®¢ ¨ á¥¬¥©áâ¢ ¯à®æ¥áá®¢. �«ï ¯®«®âë ¨§«®�¥¨ï ¬ë ªà âª® áä®à¬ãÄ«¨àã¥¬ ®á®¢ë¥ ãâ¢¥à�¤¥¨ï íâ®© à ¡®âë, ª®â®àë¥  ¬ ¯® ¤®¡ïâáï.� áá¬ âà¨¢ ¥âáï á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {U�(t; �)}, § ¢¨áïé¥¥ ®â ¥ª®â®Äà®£® äãªæ¨® «ì®£® ¯ à ¬¥âà  �, ª®â®àë© ¡ã¤¥â  §ë¢ âìáï á¨¬¢®«®¬á®®â¢¥âáâ¢ãîé¥£® ¯à®æ¥áá  {U�(t; �)}. Ǒà¥¤¯®« £ ¥âáï, çâ® � ∈ �, £¤¥ �{ ¯®«®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®. �®�¥áâ¢® �  §ë¢ ¥âáï ¯à®áâà Äáâ¢®¬ á¨¬¢®«®¢.� «®£¨ç® ®¯à¥¤¥«¥¨ï¬ 1.3 ¨ 1.4 ¢¢®¤¨âáï ¯®ïâ¨¥ à ¢®¬¥à® (¯®� ∈ �) ¯à¨âï£¨¢ îé¥£® ¬®�¥áâ¢® ¨ à ¢®¬¥à®£® (¯® � ∈ �)  ââà ªâ®Äà  á¥¬¥©áâ¢  ¯à®æ¥áá®¢ {U�(t; �)}, � ∈ �.



184 �.�. �����, �.�. ��Ǒ�����¯à¥¤¥«¥¨¥ 1.5. 1) �®�¥áâ¢® P� ⊆ E  §ë¢ ¥âáï à ¢®¬¥à®(¯® � ∈ �) ¯à¨âï£¨¢ îé¨¬ ¤«ï á¥¬¥©áâ¢  ¯à®æ¥áá®¢ {U�(t; �)}; � ∈ �,¥á«¨ ∀ � ∈ R ¨ ¤«ï «î¡®£® ®£à ¨ç¥®£® ¢E ¬®�¥áâ¢ B,B ⊂ E;sup�∈� distE(U�(t; �)B;P�) → 0 ¯à¨ t→ +∞:2) � ¬ªãâ®¥ ¬®�¥áâ¢®A� ⊆ E  §ë¢ ¥âáï à ¢®¬¥àë¬ (¯® � ∈ �) ââà ªâ®à®¬ á¥¬¥©áâ¢  ¯à®æ¥áá®¢ {U�(t; �)}; � ∈ �, ¥á«¨ ®® ï¢«ï¥âáï¬¨¨¬ «ìë¬ § ¬ªãâë¬ à ¢®¬¥à® (¯® � ∈ �) ¯à¨âï£¨¢ îé¨¬ ¬®Ä�¥áâ¢®¬.�¥¬¥©áâ¢® ¯à®æ¥áá®¢ {U�(t; �)}; � ∈ �,  §ë¢ ¥âáï à ¢®¬¥à® (¯®� ∈ �)  á¨¬¯â®â¨ç¥áª¨ ª®¬¯ ªâë¬, ¥á«¨ ¤«ï ¥£® áãé¥áâ¢ã¥â ª®¬Ä¯ ªâ®¥ à ¢®¬¥à® (¯® � ∈ �) ¯à¨âï£¨¢ îé¥¥ ¬®�¥áâ¢®.� ª ¯®ª § ®¢ à ¡®â å [5℄, [7℄ à ¢®¬¥à®  á¨¬¯â®â¨ç¥áª¨ ª®¬¯ ªâ®¥á¥¬¥©áâ¢®¯à®æ¥áá®¢®¡« ¤ ¥âà ¢®¬¥àë¬ ââà ªâ®à®¬. �§ãç¨¬áâàãªÄâãàãà ¢®¬¥à®£®  ââà ªâ®à  ¯à¨ ¥ª®â®àëå¤®¯®«¨â¥«ìëå®£à ¨ç¥Ä¨ïå.Ǒà¥¤¯®«®�¨¬, çâ®   ¯à®áâà áâ¢¥ á¨¬¢®«®¢ � ¤¥©áâ¢ã¥â ¥ª®â®à ïáâà®£® ¨¢ à¨ â ï ¯®«ã£àã¯¯  {T (t)} = {T (t); t > 0}, T (t): � → �,T (t)� = � ∀ t > 0. Ǒãáâì á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {U�(t; �)}, � ∈ �, á¢ï§ ®á ¯®«ã£àã¯¯®© {T (t)} á«¥¤ãîé¨¬ â®�¤¥áâ¢®¬ á¤¢¨£ :U�(t+ s; � + s) = UT (s)�(t; �) ∀� ∈ �; t > �; t; � ∈ R; s > 0: (1.1)� áá¬®âà¨¬ â¥¯¥àì á«¥¤ãîé¥¥ á¥¬¥©áâ¢® ®â®¡à �¥¨© {S(t); t > 0}, ¤¥©Äáâ¢ãîé¨å ¢ à áè¨à¥®¬ ä §®¢®¬ ¯à®áâà áâ¢¥E × � ¯® ä®à¬ã«¥:S(t)(u; �) = (U�(t; 0)u; T (t)�); t > 0; (u; �) ∈ E × �: (1.2)� ¯®¬®éìî (1.1) «¥£ª® ¯à®¢¥àï¥âáï, çâ® {S(t)} { ¥áâì ¯®«ã£àã¯¯  ¢ E ×�, â.¥. S(t1)S(t2) = S(t1 + t2) ∀ t1; t2 > 0 ¨ S(0) = I { â®�¤¥áâ¢¥ë©®¯¥à â®à (á¬. [7℄, [8℄). � ª¬ë á¥©ç á ã¢¨¤¨¬ ¨¬¥¥âáï ¯àï¬ ï á¢ï§ì ¬¥�¤ã ââà ªâ®à®¬ ¯®«ã£àã¯¯ë {S(t)} ¨ à ¢®¬¥àë¬  ââà ªâ®à®¬ á¥¬¥©áâ¢ ¯à®æ¥áá®¢ {U�(t; �)}, � ∈ �.�¯à¥¤¥«¥¨¥ 1.6. �¥¬¥©áâ¢® ¯à®æ¥áá®¢ {U�(t; �)}, � ∈ �,  §ë¢ ¥âÄáï (E ×�; E)-¥¯à¥àë¢ë¬, ¥á«¨ ¤«ï «î¡ëå ä¨ªá¨à®¢ ëå t ¨ � , t > � ,� ∈ R, ®â®¡à �¥¨¥ (u; �) 7→ U�(t; �)u ¥¯à¥àë¢® ¨§E × � ¢E.Ǒà¨®¯¨á ¨¨áâàãªâãàëà ¢®¬¥àëå ââà ªâ®à®¢ã¤®¡®¯®«ì§®¢ âìÄáï ¯®ïâ¨¥¬ ¯®«®© âà ¥ªâ®à¨¨ ¯à®æ¥áá  ¨ ï¤à  ¯à®æ¥áá .�¯à¥¤¥«¥¨¥ 1.7. �à¨¢ ï u(s) ∈ E; s ∈ R,  §ë¢ ¥âáï ¯®«®© âà Ä¥ªâ®à¨¥© ¯à®æ¥áá  {U(t; �)}, ¥á«¨U(t; �)u(�) = u(t) ∀ t > � ; t; � ∈ R: (1.3)



���������� Ǒ������������ Ǒ�������� � ������ �� ����������� 185�¯à¥¤¥«¥¨¥1.8. �¤à®K ¯à®æ¥áá {U(t; �)} á®áâ®¨â¨§¢á¥å¥£®®£à Ä¨ç¥ëå ¯®«ëå âà ¥ªâ®à¨©:K = {u(·) : u(t); t ∈ R; u(·) { ¯®« ï âà ¥ªâ®à¨ï¯à®æ¥áá  {U(t; �)} ¨ ‖u(t)‖E 6 Cu ∀ t ∈ R
}:�®�¥áâ¢®K (s) = {u(s) : u(·) ∈ K } § ç¥¨© ¯®«ëå âà ¥ªâ®à¨© u(s)¯à¨ t = s  §ë¢ ¥âáï á¥ç¥¨¥¬ ï¤à K íâ®£® ¯à®æ¥áá  ¢ ¬®¬¥â ¢à¥¬¥¨t = s. �ç¥¢¨¤®,K (s) ⊆ E.� ª®¥æ, à áá¬®âà¨¬ ¤¢  ¯à®¥ªâ®à  ¨§E × �  E ¨ �:�1 : E × � 7→ E; �2 : E × � 7→ �; �1(u; �) = u; �2(u; �) = �:�ä®à¬ã«¨àã¥¬ ®á®¢ãî â¥®à¥¬ã ® à ¢®¬¥à®¬  ââà ªâ®à¥ á¥¬¥©áâÄ¢  ¯à®æ¥áá®¢.�¥®à¥¬  1.1. Ǒãáâì á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {U�(t; �)}, � ∈ �, ¤¥©áâÄ¢ãîé¥¥ ¢ ¡  å®¢®¬ ¯à®áâà áâ¢¥E ï¢«ï¥âáï à ¢®¬¥à® (¯® � ∈ �) á¨¬¯â®â¨ç¥áª¨ ª®¬¯ ªâë¬¨ (E×�; E)-¥¯à¥àë¢ë¬. Ǒãáâìâ ªÄ�¥� { ª®¬¯ ªâ®¥¬¥âà¨ç¥áª®¥¯à®áâà áâ¢®,   ª®â®à®¬¤¥©áâ¢ãÄ¥â¥¯à¥àë¢ ï, áâà®£® ¨¢ à¨ â ï ¯®«ã£àã¯¯  {T (t)} (T (t)� = �),ã¤®¢«¥â¢®àïîé ï â®�¤¥áâ¢ã á¤¢¨£  (1:1). �®£¤  ¯®«ã£àã¯¯  {S(t)},¤¥©áâ¢ãîé ï ¢E × � ¯® ä®à¬ã«¥ (1:2) ®¡« ¤ ¥â ª®¬¯ ªâë¬ ¢E ×� ââà ªâ®à®¬ A , S(t)A = A ∀ t > 0. �à®¬¥ â®£®:1) �1A = A� ï¢«ï¥âáï à ¢®¬¥àë¬  ââà ªâ®à®¬ á¥¬¥©áâ¢ ¯à®æ¥áá®¢ {U�(t; �)}; � ∈ �;2) �2A = �;3) A� = ⋃�∈�K�(0), £¤¥K� { ï¤à®¯à®æ¥áá  {U�(t; �)} á á¨¬¢®«®¬� ∈ �.�â¬¥â¨¬, çâ® ¢ 3)K�(0) ¬®�® § ¬¥¨âì  K�(t), £¤¥ t { «î¡®¥ ä¨ªÄá¨à®¢ ®¥ ç¨á«® t ∈ R.�¥®à¥¬  1.1 ¤®ª §   ¢ [7℄. � ¤®ª § â¥«ìáâ¢¥ ¨á¯®«ì§ã¥âáï ®¡é ï â¥Ä®à¥¬  ®¡  ââà ªâ®à å ¯®«ã£àã¯¯ (á¬. [1℄{[3℄), ¯à¨¬¥¥ ï ª ¯®«ã£àã¯Ä¯¥ (1.2). � à ¡®â å [7℄{[9℄ ¯à¨¢¥¤¥® ¡®«ìè®¥ ª®«¨ç¥áâ¢® ¯à¨¬¥à®¢ ¥ ¢Äâ®®¬ëå ¤¨ ¬¨ç¥áª¨å á¨áâ¥¬, ¤«ï ª®â®àëå ãáâ  ¢«¨¢ ¥âáï áãé¥áâ¢®Ä¢ ¨¥ à ¢®¬¥à®£®  ââà ªâ®à    ®á®¢ ¨¨ â¥®à¥¬ë 1.1.� á«¥¤ãîé¥¬ ¯ à £à ä¥ â¥®à¥¬  1.1 ¯à¨¬¥ï¥âáï ¤«ï ¨áá«¥¤®¢ ¨ï  âÄâà ªâ®à®¢ ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢.

§2. � áâàãªâãà¥  ââà ªâ®à  ¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá . � áâ®ïé¥¬ ¯ à £à ä¥ ¨áá«¥¤ã¥âáï  ââà ªâ®à ¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá .Ǒãáâì {U(t; �)} { ¯¥à¨®¤¨ç¥áª¨© ¯à®æ¥áá, ¤¥©áâ¢ãîé¨© ¢ ¡  å®¢®¬ ¯à®Äáâà áâ¢¥E, p { ¥£® ¯¥à¨®¤ (U(t + p; � + p) = U(t; �) ∀ t > � , � ∈ R). Ǒ®Äáâà®¨¬ á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {U�(t; �)}, � ∈ T
1, ¢ ª®â®à®¬ ¯à®áâà áâ¢®¬
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1 = R (mod p) ¤«¨ë p. Ǒ® ®¯à¥¤¥«¥Ä¨î ¯®«®�¨¬: U�(t; �) = U(t+ �; � + �):�¥£ª® ¢¨¤¥âì, çâ® áãé¥áâ¢®¢ ¨¥ à ¢®¬¥à®£® (¯® � ∈ T

1) ¯à¨âï£¨¢ Äîé¥£® ¬®�¥áâ¢  ¤«ï ¢¢¥¤¥®£® ¢ëè¥ á¥¬¥©áâ¢  ¯à®æ¥áá®¢ {U�(t; �)},� ∈ T
1, íª¢¨¢ «¥â® áãé¥áâ¢®¢ ¨î à ¢®¬¥à®£® (¯® � ∈ R) ¯à¨âïÄ£¨¢ îé¥£® ¬®�¥áâ¢  ¤«ï ¨áå®¤®£® ¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá  {U(t; �)}.�â¬¥â¨¬,çâ® ¢ á¨«ã ¯¥à¨®¤¨ç®áâ¨ à ¢®¬¥à®¥ ¯à¨âï�¥¨¥ ¯® � ∈ Ríª¢¨¢ «¥â® à ¢®¬¥à®¬ã ¯à¨âï�¥¨î ¯® � ∈ [0; p):sup�∈[0;p) distE(U(T + �; �)B;P1) → 0 (T → +∞):�ç¥¢¨¤® â ª�¥, çâ® ¥á«¨ ¯¥à¨®¤¨ç¥áª¨© ¯à®æ¥áá {U(t; �)} ¨¬¥¥â (¥Äà ¢®¬¥à®) ¯à¨âï£¨¢ îé¥¥ ¬®�¥áâ¢® P0, â® ®® ®¤®¢à¥¬¥® ï¢«ï¥âÄáï à ¢®¬¥à® ¯à¨âï£¨¢ îé¨¬, ¥á«¨ ¤®¯®«¨â¥«ì® ¨§¢¥áâ®, çâ® ¯à®Äæ¥áá {U(t; �)} ®£à ¨ç¥. Ǒà®æ¥áá {U(t; �)}  §ë¢ ¥âáï ®£à ¨ç¥ë¬,¥á«¨ ¤«ï «î¡®£® ®£à ¨ç¥®£® ¢ E ¬®�¥áâ¢  B  ©¤¥âáï ®£à ¨ç¥Ä®¥ ¬®�¥áâ¢® B1 = B1(B), â ª®¥, çâ® U(t; �)B ⊆ B1 ∀ t > � , � ∈ R. �â¨ãâ¢¥à�¤¥¨ï ¥¯®áà¥¤áâ¢¥® á«¥¤ãîâ ¨§ ¯à¨¢¥¤¥ëå ®¯à¥¤¥«¥¨©.� ¯à®áâà áâ¢¥á¨¬¢®«®¢T

1¤¥©áâ¢ã¥â£àã¯¯ {T (t)}¯®¢®à®â®¢®ªàã�Ä®áâ¨: T (t)� = � + t (mod p). �®�¤¥áâ¢® á¤¢¨£  (1.1), ®ç¥¢¨¤®, ¢ë¯®«Ä¥® ¤«ï á¥¬¥©áâ¢  ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ {U�(t; �)}; � ∈ T
1, â ª ª ªU�(t+ s; � + s) = U(t+ s+ �; � + s+ �)= U(t+ (s+ �) (mod p); � + (s+ �) (mod p))= U(t+ T (s)�; � + T (s)�) = UT (s)�(t; �):�«¥¤®¢ â¥«ì®, ä®à¬ã«  (1.2) ¯®à®�¤ ¥â ¯®«ã£àã¯¯ã {S(t)}, ¤¥©áâ¢ãÄîéãî ¢ ¯à®áâà áâ¢¥E × T

1:S(t)(u; �) = (U(t+ �; �)u; (t+ �) (mod p)); t > 0; (u; �) ∈ E × T
1:(2.1)Ǒà¨¬¥¨â¥«ì® ª ¯¥à¨®¤¨ç¥áª®¬ã ¯à®æ¥ááã {U(t; �)} á¢®©áâ¢® (E×T

1; E){ ¥¯à¥àë¢®áâ¨ ®§ ç ¥â, çâ® áå®¤¨¬®áâìun → u (n→ +∞) ¢E ¨ �n → � (n→ +∞) ¢R¢«¥ç¥â áå®¤¨¬®áâìU�n(t; �)un = U(t+ �n; � + �n)un → U(t; �)u (n→ +∞) ¢E:�â¬¥â¨¬ â ª�¥, çâ® «î¡ ï ¯®« ï âà ¥ªâ®à¨ï u(t) ¯à®æ¥áá  {U�(t; �)}¯®á«¥ § ¬¥ë ~u(t) = u(t − �) áâ ®¢¨âáï ¯®«®© âà ¥ªâ®à¨¥© ¯à®æ¥áá 
{U(t; �)}.�ä®à¬ã«¨àã¥¬ â¥®à¥¬ã ®¡  ââà ªâ®à¥ ¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá .



���������� Ǒ������������ Ǒ�������� � ������ �� ����������� 187�¥®à¥¬  2.1. Ǒãáâì {U(t; �)} { ¯¥à¨®¤¨ç¥áª¨©, à ¢®¬¥à® (¯® � ∈
R)  á¨¬¯â®â¨ç¥áª¨ ª®¬¯ ªâë© ¨ (E × T

1; E)-¥¯à¥àë¢ë© ¯à®æ¥áá.�®£¤ :1) ¯®«ã£àã¯¯  {S(t)} (á¬. (2:1)), ¤¥©áâ¢ãîé ï ¢ E × T
1, ¨¬¥¥âª®¬¯ ªâë©  ââà ªâ®à A , S(t)A = A ∀ t > 0. Ǒà¨ íâ®¬�1A = A1 ¥áâì à ¢®¬¥àë© (¯® � ∈ R)  ââà ªâ®à ¯à®æ¥áÄá  {U�(t; �)}, � ∈ �Ä1 = ⋃�∈[0;p)K (�); (2.2)£¤¥K (�) { á¥ç¥¨¥ ¢ ¬®¬¥â t = � ï¤à K ¯à®æ¥áá  {U(t; �)}.2) (¥à ¢®¬¥àë©)  ââà ªâ®à A0 ¯à®æ¥áá  {U(t; �)} á®¢¯ ¤ ¥âá à ¢®¬¥àë¬  ââà ªâ®à®¬ A1: A1 = A0.� ¬¥ç ¨¥. �â¬¥â¨¬,çâ®¤«ï¯¥à¨®¤¨ç¥áª¨å¯à®æ¥áá®¢{U(t; �)} (¥Äà ¢®¬¥àë©) ââà ªâ®àA0 ¯à®æ¥áá {U(t; �)}ï¢«ï¥âáïà ¢®¬¥àë¬ âÄâà ªâ®à®¬ A1. �«ï ¡®«¥¥ ®¡é¨å ¯à®æ¥áá®¢,  ¯à¨¬¥à, ¤«ï ¯à®æ¥áá®¢ á¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ á¨¬¢®« ¬¨, íâ® ¢®®¡é¥ £®¢®àï ¥ ¢¥à® (á¬. [6℄).�ãé¥áâ¢®¢ ¨¥  ââà ªâ®à  A0 ¤«ï ¯à®¨§¢®«ì®£®  á¨¬¯â®â¨ç¥áª¨ ª®¬Ä¯ ªâ®£® ¯à®æ¥áá  ¤®ª § ®,  ¯à¨¬¥à, ¢ [7℄.�®ª § â¥«ìáâ¢®. �á¥ ãâ¢¥à�¤¥¨ï â¥®à¥¬ë 2.1 ªà®¬¥ ¯®á«¥¤¥£®á«¥¤ãîâ ¨§ â¥®à¥¬ë 1.1 ¨ á¤¥« ëå ¢ëè¥ § ¬¥ç ¨© ® ¯¥à¨®¤¨ç¥áª¨å¯à®æ¥áá å. �®ª �¥¬ á®¢¯ ¤¥¨¥ à ¢®¬¥à®£® ¨ (¥à ¢®¬¥à®£®)  âÄâà ªâ®à : A0 = A1. �ç¥¢¨¤®, çâ® A0 ⊆ A1. Ǒà®¢¥à¨¬ ®¡à â®¥ ¢ª«îÄç¥¨¥, â.¥. ¤®ª �¥¬, çâ®A0 ⊇ A1.Ǒãáâì u ∈ A1. �®£¤  ¢ á¨«ã ¯à¥¤áâ ¢«¥¨ï (2.2)  ©¤¥âáï ¯®« ï ®£à Ä¨ç¥ ï âà ¥ªâ®à¨ï u(s); s ∈ R; ¯à®æ¥áá  {U(t; �)} â ª ï, çâ® u = u(�)¤«ï ¥ª®â®à®£®� ∈ [0; p). � áá¬®âà¨¬¬®�¥áâ¢®B = {u(�−np); n ∈ Z}.�®�¥áâ¢®B ®£à ¨ç¥® ¢ á¨«ã ®£à ¨ç¥®áâ¨ ¯®«®© âà ¥ªâ®à¨¨, ¯®Äíâ®¬ã ¢ á¨«ã á¢®©áâ¢  ¯à¨âï�¥¨ï ª (¥à ¢®¬¥à®¬ã)  ââà ªâ®àãA0distE(U(t; �)B;A0) → 0 (t→ +∞):� ç áâ®áâ¨,distE(U(np+ �; �)u(� − np);A0) → 0 (n→ +∞):�¤ ª® ¢ á¨«ã ¯¥à¨®¤¨ç®áâ¨ ¯à®æ¥áá U(np+ �; �)u(� − np) = U(�; � − np)u(� − np) = u(�) = u:�ë ¢®á¯®«ì§®¢ «¨áì §¤¥áì á¢®©áâ¢®¬ (1.3) ¯®«®© âà ¥ªâ®à¨¨. �«¥¤®¢ Äâ¥«ì®, distE(u;A0) = 0, â.¥. u ∈ A0, ¯®áª®«ìªã ¬®�¥áâ¢® A0 § ¬ªãâ®¢E. �¥¬ á ¬ë¬A0 ⊇ A1. �¥®à¥¬  ¤®ª §  .



188 �.�. �����, �.�. ��Ǒ����� ©¬¥¬áï¡®«¥¥¤¥â «ìë¬¨§ãç¥¨¥¬á¢®©áâ¢á¥ç¥¨©ï¤à K (t), t ∈ R;¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá  {U(t; �)}, ã¤®¢«¥â¢®àïîé¥£® ãá«®¢¨ï¬ â¥®à¥Ä¬ë 2.1. Ǒà¥�¤¥ ¢á¥£® ®â¬¥â¨¬, çâ® ¥á«¨ u(·) ∈ K , â® up(·) ∈ K , £¤¥up(t) = u(t+ p). �«¥¤®¢ â¥«ì®,K (t+ p) = K (t) ∀ t ∈ R: (2.3)�ç¥¢¨¤® â ª�¥, çâ® ¢ë¯®«¥® á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.Ǒà¥¤«®�¥¨¥ 2.1.U(t; �)K (�) =K (t); t > �; t; � ∈ R: (2.4)� ¢¥áâ¢® (2.4) ¥¯®áà¥¤áâ¢¥® ¢ëâ¥ª ¥â ¨§ ®¯à¥¤¥«¥¨ï ï¤à  ¯à®æ¥áÄá  ¨ ¢ë¯®«¥® ¤«ï «î¡®£® ¯à®æ¥áá .�¨�¥¬ë¯®ª �¥¬,çâ® ââà ªâ®àA0 ¯¥à¨®¤¨ç¥áª®£®¯à®æ¥áá {U(t; �)}¬®�® ¯®«ãç¨âì â ª�¥ ¤àã£¨¬ á¯®á®¡®¬,   ¨¬¥® á ¯®¬®éìî  ââà ªâ®Äà®¢ ¯®à®�¤ ¥¬®£® ¨¬ á¥¬¥©áâ¢  ¤¨áªà¥âëå ¯®«ã£àã¯¯. �¥©áâ¢¨â¥«ì®,à áá¬®âà¨¬ á«¥¤ãîé¥¥ á¥¬¥©áâ¢® ®â®¡à �¥¨©:Sn(Æ) = U(Æ + np; Æ); n ∈ Z+; Æ ∈ T
1; (2.5)§ ¢¨áïé¥¥ ®â ¯ à ¬¥âà  Æ; Sn(Æ): E 7→ E. Ǒà¨ ª �¤®¬ Æ ∈ T

1 ®¯¥à â®àë
{Sn(Æ); n ∈ Z+} ®¡à §ãîâ ¤¨áªà¥âãî ¯®«ã£àã¯¯ã ®â®á¨â¥«ì® n ∈
Z+. � á ¬®¬ ¤¥«¥:Sn(Æ) = U(np+ Æ; Æ)= U(np+ Æ; (n− 1)p+ Æ)U((n− 1)p+ Æ; (n− 2)p+ Æ) : : : U(p+ Æ; Æ)= (U(p+ Æ; Æ))n = (S1(Æ))n:Ǒà¥¤«®�¥¨¥ 2.2. Ǒà¨ ¢ë¯®«¥¨¨ ãá«®¢¨© â¥®à¥¬ë 2:1 á¥ç¥¨¥ï¤à  K (Æ) ï¢«ï¥âáï  ââà ªâ®à®¬ ¤¨áªà¥â®© ¯®«ã£àã¯¯ë {Sn(Æ);n ∈ Z+}.�®ª § â¥«ìáâ¢®. � ¬¥â¨¬, çâ® ª �¤®¥ ®â®¡à �¥¨¥ Sn(Æ) ¢ á¨Ä«ã (2.5) ¥¯à¥àë¢®. Ǒà®æ¥áá {U(t; �)}  á¨¬¯â®â¨ç¥áª¨ ª®¬¯ ªâ¥, ¯®Äíâ®¬ã ¯®«ã£àã¯¯  {Sn(Æ)} â ª�¥  á¨¬¯â®â¨ç¥áª¨ ª®¬¯ ªâ  (â.¥. ¨¬¥¥âª®¬¯ ªâ®¥¯à¨âï£¨¢ îé¥¥ ¬®�¥áâ¢®). � á¨«ã¨§¢¥áâ®© â¥®à¥¬ë®¡ âÄâà ªâ®à¥ ¥¯à¥àë¢®©  á¨¬¯â®â¨ç¥áª¨ ª®¬¯ ªâ®© ¯®«ã£àã¯¯ë, ª �¤ ï¯®«ã£àã¯¯  {Sn(Æ)} ¨¬¥¥â  ââà ªâ®à, ª®â®àë© ¬ë ®¡®§ ç¨¬A(Æ):Sn(Æ)A(Æ) = A(Æ) ∀n ∈ Z+; A(Æ) ⋐ E: (2.6)�¤ ª®, ¢ á¨«ã (2.4) ¨ (2.3)Sn(Æ)K (Æ) = U(np+ Æ; Æ)K (Æ) =K (np+ Æ) = K (Æ);



���������� Ǒ������������ Ǒ�������� � ������ �� ����������� 189â.¥. K (Æ) { ®£à ¨ç¥®¥ ¨¢ à¨ â®¥ ®â®á¨â¥«ì® {Sn(Æ)} ¬®�¥áÄâ¢®. Ǒ®íâ®¬ã, ¢ á¨«ã á¢®©áâ¢  ¯à¨âï�¥¨ï ª  ââà ªâ®àã K (Æ) ⊆ A(Æ)
∀ Æ ∈ T

1. Ǒà®¢¥à¨¬ ®¡à â®¥ ¢ª«îç¥¨¥. Ǒãáâì uÆ ∈ A(Æ). Ǒ®áâà®¨¬®£à ¨ç¥ãî ¯®«ãî âà ¥ªâ®à¨î u(t); t ∈ R, ¯à®æ¥áá  {U(t; �)}, ¤«ïª®â®à®© u(Æ) = uÆ. Ǒà¥�¤¥ ¢á¥£® ¯®«®�¨¬ u(t) = U(t; Æ)uÆ ¯à¨ t > Æ.Ǒà®¢¥à¨¬ (1.3) ¯à¨ � > Æ, t > Æ:U(t; �)u(�) = U(t; �)U(�; Æ)uÆ = U(t; Æ)uÆ = u(t):�áâ «®áì ¤®®¯à¥¤¥«¨âì u(t) ¯à¨ t < Æ. � á¨«ã (2.6) ãà ¢¥¨¥S1(Æ)uÆ−1 = uÆ®â®á¨â¥«ì® uÆ−1 ¨¬¥¥â à¥è¥¨¥ uÆ−1 ∈ A(Æ). Ǒ®«®�¨¬ u(Æ − p) =uÆ−1 ¨ ¯à®¤®«�¨¬ ªà¨¢ãî u(t) ¯à¨ Æ − p 6 t < Æ ä®à¬ã«®©:u(t) = U(t; Æ − p)uÆ−1:�ç¥¢¨¤®, çâ® (1.3) ã�¥ ¨¬¥¥â ¬¥áâ® ¯à¨ � > Æ−p. � «®£¨ç® áâà®¨âÄáï í«¥¬¥â uÆ−2 ∈ A(Æ) ¨ u(t) ¯à®¤®«� ¥âáï   ¨â¥à¢ « [Æ− 2p; Æ− p).Ǒ®¢â®àïï íâ®â ¯à®æ¥áá ¤® ¡¥áª®¥ç®áâ¨, ¯®«ãç¨¬ ¯®«ãî âà ¥ªâ®à¨îu(t), t ∈ R, ¯à®æ¥áá  {U(t; �)}. Ǒà¨ íâ®¬ ¡ã¤¥¬ ¨¬¥âì:u(Æ + np) ∈ A(Æ) ∀n ∈ Z:Ǒ®ª �¥¬, çâ® âà ¥ªâ®à¨ï u(t) ®£à ¨ç¥ . �®�¥áâ¢® A(Æ) ®£à ¨ç¥Ä®, ¯®íâ®¬ã ¢ á¨«ã á¢®©áâ¢   á¨¬¯â®â¨ç¥áª®© ª®¬¯ ªâ®áâ¨ ¯à®æ¥áá 
{U(t; �)}  ©¤¥âáï â ª®¥ ç¨á«® T > Æ, çâ® ¯à¨ t > TU(t; Æ)A(Æ) ⊆ B1;£¤¥ B1 { ¥ª®â®à®¥ ®£à ¨ç¥®¥ ¬®�¥áâ¢®. � ¯à¨¬¥à, B1 = O"(P1),£¤¥ P1 { ª®¬¯ ªâ®¥ ¯à¨âï£¨¢ îé¥¥ ¬®�¥áâ¢® ¯à®æ¥áá  {U(t; �)}," > 0. � ç áâ®áâ¨,u(t+ np) = U(t+ np; Æ + np)u(Æ + np)= U(t; Æ)u(Æ + np) ⊆ B1 ∀ t > T; n ∈ Z:�«¥¤®¢ â¥«ì®, u(t1) ∈ B1 ∀ t1 ∈ R, â.¥. âà ¥ªâ®à¨ï u(t1) ®£à ¨ç¥ .Ǒ®íâ®¬ã, u(Æ) ∈ K (Æ). �¥¬ á ¬ë¬, A(Æ) ⊆ K (Æ). �ë ¤®ª § «¨â®�¤¥áâ¢® A(Æ) = K (Æ).� § ª«îç¥¨¥ ãáâ ®¢¨¬ ¥ª®â®àë¥ á¢®©áâ¢  á¥ç¥¨© K (Æ) ¯à¨ ãá«®Ä¢¨¨, çâ®¯¥à¨®¤¨ç¥áª¨©¯à®æ¥áá{U(t; �)}¯à¨ª �¤®¬ä¨ªá¨à®¢ ®¬ � ∈ R¥¯à¥àë¢¥ ª ª ®â®¡à �¥¨¥ (u; t) 7→ U(t; �)u ¯® á®¢®ªã¯®áâ¨  à£ã¬¥Äâ®¢ u ∈ E ¨ t > � . (�â® ãá«®¢¨¥ ¥ á®¢¯ ¤ ¥â á (E × T

1; E)-¥¯à¥àë¢®áÄâìî ¯à®æ¥áá .)



190 �.�. �����, �.�. ��Ǒ�����¥®à¥¬  2.2. Ǒãáâì ¯¥à¨®¤¨ç¥áª¨© ¯à®æ¥áá {U(t; �)} ã¤®¢«¥â¢®àïÄ¥â ãá«®¢¨ï¬ â¥®à¥¬ë 2:1 ¨ ¥¯à¥àë¢¥ ¯® u ∈ E ¨ t > � ¯à¨ ª �¤®¬ä¨ªá¨à®¢ ®¬ � ∈ R. �®£¤ 1) ¤«ï «î¡®£® " > 0  ©¤¥âáï â ª®¥ Æ > 0, çâ® ¥á«¨ |t− s| 6 Æ, â®distE(K (t);K (s)) 6 "; (2.7)2) ¤«ï «î¡®£® ®£à ¨ç¥®£® ¢E ¬®�¥áâ¢ BdistE(U(t; �)B;K (t)) → 0 ¯à¨ t→ +∞: (2.8)�®ª § â¥«ìáâ¢®. � ¬¥â¨¬, çâ® ¢ á¨«ã (2.3) ¤®áâ â®ç® ¯à®¢¥à¨âì(2.7) ¤«ï s; t ∈ T
1. � áá¬®âà¨¬ ®â®¡à �¥¨¥ (u; t) 7→ U(t; �)u   ª®¬Ä¯ ªâ®¬ ¬®�¥áâ¢¥ K (0) × T

1 ¨§ ¯à®áâà áâ¢  E × T
1. �¥¯à¥àë¢ ï  ª®¬¯ ªâ¥ äãªæ¨ï ï¢«ï¥âáï à ¢®¬¥à® ¥¯à¥àë¢®©, â.¥. ¤«ï «î¡®£®" > 0 áãé¥áâ¢ã¥â Æ > 0, çâ® ¥á«¨ |t− s| 6 Æ, â® ¤«ï ¢á¥å x ∈ K (0)

‖U(t; 0)x− U(s; 0)x‖E 6 ": (2.9)� á¨«ã ¯à¥¤«®�¥¨ï 2.1 U(t; 0)x ∈ K (t), U(s; 0)x ∈ K (s). Ǒà¨ íâ®¬,¤«ï «î¡®£® y ∈ K (t)  ©¤¥âáï x ∈ K (0), çâ® U(t; 0)x = y. �® â®£¤  ¢á¨«ã (2.9)distE(y;K (s)) 6 distE(y; U(s; 0)x) = ‖U(t; 0)x− U(s; 0)x‖E 6 ":A § ç¨â ¨ distE(K (t);K (s)) 6 " ¯à¨ ¢á¥å t; s â ª¨å, çâ® |t − s| 6 Æ("):�¢®©áâ¢® (2.7) ¤®ª § ®.�áâ ®¢¨¬ á¢®©áâ¢® (2.8). � á¨«ã ¯¥à¨®¤¨ç®áâ¨ ¯à®æ¥áá  ¤®áâ â®ç®¯à®¢¥à¨âì ¥£® ¤«ï � = 0. �®ª �¥¬ íâ® ¬¥â®¤®¬ ®â ¯à®â¨¢®£®. �á«¨ãâ¢¥à�¤¥¨¥ ¥¢¥à®, â® ¤«ï ¥ª®â®à®£® " > 0  ©¤¥âáï ®£à ¨ç¥®¥¬®�¥áâ¢®B ¨§E,  ©¤¥âáï ¯®á«¥¤®¢ â¥«ì®áâì â®ç¥ª {xn} ⊂ B,   â ª�¥¯®á«¥¤®¢ â¥«ì®áâì ç¨á¥« tn → +∞ (n→ +∞) â ª¨¥, çâ®distE(U(tn; 0)xn;K (tn)) > ": (2.10)Ǒà¥¤áâ ¢¨¬ ç¨á«® tn ¢ ¢¨¤¥ tn = knp + Æn, £¤¥ Æn ∈ [0; p). Ǒ¥à¥å®¤ïª ¯®¤¯®á«¥¤®¢ â¥«ì®áâ¨ ¬®�® áç¨â âì, çâ® Æn → Æ (n → +∞), £¤¥Æ ∈ [0; p℄. �â¬¥â¨¬, çâ®U(tn; 0)xn = U(knp+ Æn; 0)xn= U(knp+ Æn; knp)U(knp; 0)xn= U(Æn; 0)Skn(0)xn:



���������� Ǒ������������ Ǒ�������� � ������ �� ����������� 191Ǒ®áª®«ìªã, ¢ á¨«ã ¯à¥¤«®�¥¨ï 2.2, á¥ç¥¨¥K (0) ï¢«ï¥âáï  ââà ªâ®à®¬¤¨áªà¥â®© ¯®«ã£àã¯¯ë {Sn(0)}, â® ¬®�® áç¨â âì, çâ® yn = Skn(0)xn
→ y (n→ +∞), £¤¥ y ∈ K (0). � ª¨¬ ®¡à §®¬, ¢ á¨«ã (2.10)distE(U(Æn; 0)yn;K (Æn)) > "; (2.11)¨ ¯à¨ íâ®¬ yn → y (n → +∞), y ∈ K (0).� á¨«ã ¥¯à¥àë¢®áâ¨ ®â®¡à �¥¨ï (u; t) 7→ U(t; �)u ¯® u ¨ t ¨¬¥¥¬:U(Æn; 0)yn 7→ U(Æ; 0)y (n → +∞). �® â®£¤ , ¢ á®®â¢¥âáâ¢¨¨ á (2.11), ¥á«¨n ¤®áâ â®ç® ¢¥«¨ª®, â®distE(U(Æ; 0)y;K (Æn)) > "=2:� ª ¡ë«® ãáâ ®¢«¥®, y ∈ K (0), ¯®íâ®¬ãU(Æ; 0)y ∈ K (Æ) ¨ ¬ë ¨¬¥¥¬:distE(K (Æ);K (Æn)) > distE(U(Æ; 0)y;K (Æn)) > "=2;â® ¥áâì distE(K (Æ);K (Æn)) > "=2; Æn → Æ (n→ +∞):�¤ ª®, íâ® ¯à®â¨¢®à¥ç¨â ã�¥ (2.7). �¥®à¥¬  ¤®ª §  .� ¬¥ç ¨¥ 2.1. �¥£ª®   «®£¨ç® ¯®ª § âì, çâ® ¢ (2.8) ¬®�® ¢§ïâìsup ¯® � ∈ R, â.¥.sup�∈R

distE(U(� + T; �)B;K (� + T )) → 0 ¯à¨ T → +∞;çâ® ¢ ª ª®¬-â® á¬ëá«¥ ãâ®çï¥â å à ªâ¥à áâà¥¬«¥¨ï ª  ââà ªâ®àã ¯¥à¨Ä®¤¨ç¥áª®£® ¯à®æ¥áá .�¯à¥¤¥«¥¨¥ 2.1. Ǒà®æ¥áá {U(t; �)} ã¤®¢«¥â¢®àï¥â á¢®©áâ¢ã ¥¤¨Äáâ¢¥®áâ¨®¡à â®© § ¤ ç¨, ¥á«¨à ¢¥áâ¢®U(t; �)u1 = U(t; �)u2 ¢á¥£Ä¤  ¢«¥ç¥â §  á®¡®© u1 = u2.Ǒà¥¤«®�¥¨¥2.3. �¯à¥¤¯®«®�¥¨¨â¥®à¥¬ë2:1, ¥á«¨¯à®æ¥áá{U(t; �)}ã¤®¢«¥â¢®àï¥â á¢®©áâ¢ã ¥¤¨áâ¢¥®áâ¨ ®¡à â®© § ¤ ç¨, â® ®â®Ä¡à �¥¨¥U(t; �) : K (�) 7→ K (t) ¥áâì £®¬¥®¬®àä¨§¬.�â®â ä ªâ ®ç¥¢¨¤ë¬ ®¡à §®¬ á«¥¤ã¥â ¨§ ¯à¥¤«®�¥¨ï 2.1.
§3. �æ¥ª¨ á¢¥àåã à §¬¥à®áâ¨  ââà ªâ®à®¢ ¯¥à¨®¤¨ç¥áª¨å¯à®æ¥áá®¢. Ǒãáâì X { ª®¬¯ ªâ®¥ ¬®�¥áâ¢® ¢ E. � ¯®¬¨¬ ®á®¢ë¥®¯à¥¤¥«¥¨ï¬¥âà¨ç¥áª®©â¥®à¨¨à §¬¥à®áâ¨. �¥à¥§Br(x) ®¡®§ ç ¥âáïè à ¢E á æ¥âà®¬ ¢ x ¨ à ¤¨ãá®¬ r. Ǒãáâì d ∈ R+, " > 0. Ǒ®«®�¨¬�H(X; d; ") = inf ∑i rdi ;



192 �.�. �����, �.�. ��Ǒ����£¤¥ inf ¡¥à¥âáï ¯® ¢á¥¢®§¬®�ë¬¯®ªàëâ¨ï¬¬®�¥áâ¢ X è à ¬¨Bri(xi)à ¤¨ãá  ri 6 ". �ç¥¢¨¤®, çâ® �H(X; d; ") ¥ ¢®§à áâ ¥â ¯® ". �¡®§ ç¨¬�H(X; d) = lim"→0�H(X; d; ") = sup">0�H(X; d; "):�¥«¨ç¨ �H(X; d)  §ë¢ ¥âáï d-¬¥à®© ¬¥à®©� ãá¤®àä  ¬®�¥áâ¢ X .� ãá¤®àä®¢®© à §¬¥à®áâìî ¬®�¥áâ¢ X ¢E  §ë¢ îâ ç¨á«®dH(X) = inf{d : �H(X; d) = 0}:� «®£¨ç® ®¯à¥¤¥«ï¥âáïäà ªâ «ì ïà §¬¥à®áâì¬®�¥áâ¢ X . ǑãáâìN(";X) { ¬¨¨¬ «ì®¥ ç¨á«®è à®¢ à ¤¨ãá  ", ª®â®àë¬¨¬®�® ¯®ªàëâì¬®�¥áâ¢®X . �à ªâ «ì®© ¬¥à®©X à §¬¥à®áâ¨ d  §ë¢ îâ ¢¥«¨ç¨ã�F (X; d) = lim sup"→0 "dN(";X) = lim sup"→0 �F (X; d; "):�à ªâ «ì®© à §¬¥à®áâìî ¬®�¥áâ¢ X ¢E  §ë¢ îâ ç¨á«®dF (X) = inf{d : �H(X; d) = 0}:�á®, çâ® ¢á¥£¤  �H(X; d) 6 �F (X; d) ¨ dH(X) 6 dF (X).�â¬¥â¨¬, çâ®¢®¯à¥¤¥«¥¨¨å ãá¤®àä®¢®©¨äà ªâ «ì®©à §¬¥à®áâ¨¬®�® à áá¬ âà¨¢ âì ¯®ªàëâ¨ï ¬®�¥áâ¢  X è à ¬¨, æ¥âàë ª®â®àëå¯à¨ ¤«¥� âX . Ǒà¨ â ª®¬ ®¯à¥¤¥«¥¨¨ ¢¥«¨ç¨  à §¬¥à®áâ¨ ¥ ¬¥ïÄ¥âáï (å®âï á®®â¢¥âáâ¢ãîé ï¬¥à ¬®�¥â ¨§¬¥¨âìáï). �ë¡ã¤¥¬ à áá¬ âÄà¨¢ âì â®«ìª® â ª¨¥ ¯®ªàëâ¨ï.Ǒãáâì K0 { ª®¬¯ ªâ ¢ E. � áá¬®âà¨¬ ¥ª®â®à®¥ ®â®¡à �¥¨¥�:K0 × [0; T ℄→ E â ª®¥, çâ® ∀x ∈ K0�(x; 0) = x. �ã¤¥¬ ¯à¥¤¯®« £ âì,çâ® ®â®¡à �¥¨¥ � «¨¯è¨æ¥¢® ¯® x ¨ ¯® t, â.¥. ∀x1; x2 ∈ K0, ∀ t ∈ [0; T ℄
‖�(x1; t1)− �(x2; t2)‖E 6 k(‖x1 − x2‖E + |t1 − t2|): (3.1)Ǒà¥¤«®�¥¨¥ 3.1. ǑãáâìKt = �(K0; t), t ∈ [0; T ℄, â®£¤ dF (Kt) 6 dF (K0); (3.2)dH(Kt) 6 dH(K0): (3.3)�®ª § â¥«ìáâ¢®. � ä¨ªá¨àã¥¬ " > 0. �ë¡¥à¥¬ "-¯®ªàëâ¨¥B"(x1); : : : ; B"(xN )¬®�¥áâ¢ K0, xi ∈ K0,K0 ⊆

⋃Ni=1B"(xi). �®£¤ Kt ⊆ N
⋃i=1�(B"(xi); t) ⊆

N
⋃i=1B"k(�(xi; t))(¬ë ¢®á¯®«ì§®¢ «¨áì á¢®©áâ¢®¬ (3.1) ®â®¡à �¥¨ï �). �«¥¤®¢ â¥«ì®,�F (Kt; d; "k) 6 kd�F (K0; d; "). �¥¬ á ¬ë¬ �F (Kt; d) 6 kd�F (K0; d), ¨(3.2) ¤®ª § ®. � «®£¨ç® ¤®ª §ë¢ ¥âáï (3.3).



���������� Ǒ������������ Ǒ�������� � ������ �� ����������� 193Ǒà¥¤«®�¥¨¥ 3.2. Ǒãáâì � = ⋃t∈[0;T ℄�(K0; t). �®£¤ dF (�) 6 dF (K0) + 1; (3.4)dH(�) 6 dH(K0) + 1: (3.5)�®ª § â¥«ìáâ¢®. � ä¨ªá¨àã¥¬ " > 0. �ë¡¥à¥¬ ¯®ªàëâ¨¥ ¬®�¥áÄâ¢ K0 è à ¬¨ à ¤¨ãá  "=(2k) á æ¥âà ¬¨ ¢ â®çª å x1; x2; : : : ; xN . �®£¤ ¤«ï «î¡®£® t ∈ [0; T ℄ è àëB"=2(�(x1; t)); : : : ; B"=2(�(xN ; t)) ¯®ªàë¢ îâ¬®�¥áâ¢® Kt = �(K0; t) (¢ á¨«ã «¨¯è¨æ¥¢®áâ¨ ®â®¡à �¥¨ï �). � §Ä¡¨¢ ¥¬ ®âà¥§®ª [0; T ℄   (n + 1) ¨â¥à¢ «®¢ ¤«¨ë ¬¥ìè¥ "=(2k). �á¥£®¢ãâà¥¨å â®ç¥ª à §¡¨¥¨ï ¨â¥à¢ «  ¡ã¤¥â n 6 (2Tk)=", 0 = t0 < t1 <
· · · < tn < tn+1 = T , £¤¥ 0 < ti+1 − ti 6 "=(2k). � áá¬®âà¨¬ á¥¬¥©áâ¢®è à®¢{B"(�(xj ; ti)); j = 1; : : : ; N; i = 1; : : : ; n}. �â® á¥¬¥©áâ¢®¯®ªàë¢ Ä¥â¬®�¥áâ¢®�. �¥©áâ¢¨â¥«ì®: ∀�(x; t)∃xj : ‖�(x; t)−�(xj ; t)‖E < "=2¨ ∃ ti: |t− ti| 6 "=(2k) (i = 1; : : : ; n),

‖�(x; t)− �(xj ; ti)‖ 6 ‖�(x; t)− �(xj ; t)‖+ ‖�(xj ; t)− �(xj ; ti)‖< "=2 + k"=(2k) = ":�«¥¤®¢ â¥«ì®, �(x; t) ∈ B"(�(xj ; ti)). Ǒ®íâ®¬ã�F (�; d+ 1; ") 6 nN"d+1
6

2Tk" N ( "2k)d+1 (2k)d+1= 2TkN"d = 2Tk(2k)dN ( "2k)d ;â.¥. �F (�; d+1; ") 6 T (2k)d+1�F (K0; d; "=(2k)), â ª¨¬ ®¡à §®¬�F (�; d+1) 6 T (2k)d+1�F (K0; d),   § ç¨â ¨ dF (�) 6 dF (K0) + 1. �æ¥ª  (3.4)¤®ª §  .�«ï¤®ª § â¥«ìáâ¢  ®æ¥ª¨ (3.5) ¯®ªà®¥¬K0è à ¬¨à §ëåà ¤¨ãá®¢:
{B"j (xj)}, £¤¥ "j 6 "=(2k). � â¥¬, ¤«ï ª �¤®© ä¨ªá¨à®¢ ®© â®çª¨ xj®âà¥§®ª [0; T ℄ à §¡¨¢ ¥¬   ®âà¥§ª¨ ¤«¨ë �j 6 "j=(2k) â®çª ¬¨ 0 = tj0 <tj1 < · · · < tjnj+1 = T . �¨á«® ¢ãâà¥¨å â®ç¥ª à §¡¨¥¨ï nj 6 2Tk"j .�¥¬¥©áâ¢® è à®¢

{B2k"j (�(xj ; tji ) : j = 1; : : : ; N; i = 1; : : : ; nj}¯®ªàë¢ ¥â ¬®�¥áâ¢® �. �æ¥¨¬ á¢¥àåã ¢¥«¨ç¨ã �H(�; d + 1; ").�H(�; d+ 1; ") 6
∑j nj

∑i=1("j)d+1
6

∑j 2Tk"j ("j)d+1= 2kT ∑j ("j)d = (2k)d+1T ∑j ( "j2k)d+1 ;



194 �.�. �����, �.�. ��Ǒ����â.¥. �H(�; d+ 1; ") 6 (2k)d+1T ∑j ( "j2k)d ;¨, â¥¬ á ¬ë¬,�H(�; d+ 1; ") 6 (2k)d+1T�H(K0; d; "=(2k));çâ® ¢«¥ç¥â §  á®¡®©�H(�; d+ 1) 6 (2k)d+1T�H(K0; d) ¨ dH(�) 6 dH(K0) + 1:Ǒà¥¤«®�¥¨¥ ¤®ª § ®.Ǒà¨¬¥¨¬¯®«ãç¥ë¥ãâ¢¥à�¤¥¨ïª¨§ãç ¥¬®¬ã¯¥à¨®¤¨ç¥áª®¬ã¯à®Äæ¥ááã {U(t; �)}.�¥®à¥¬  3.1. Ǒãáâì ¯¥à¨®¤¨ç¥áª¨© ¯à®æ¥áá {U(t; �)} ã¤®¢«¥â¢®àïÄ¥â ãá«®¢¨ï¬ â¥®à¥¬ë 2:1 ¨ ¯à¨ ª �¤®¬ T > 0 ®â®¡à �¥¨¥ (u; t) 7→U(t; �)u ¨§K (0)× [�; � + T ℄ ¢E ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬�¨¯è¨æ :
‖U(t1; �)u1 − U(t2; �)u2‖E 6 C(T )(‖u1 − u2‖E + |t1 − t2|): (3.6)�®£¤ 1) dF (K (t)) = dF (K (0)), dH(K (t)) = dH(K (0)) ¤«ï ¢á¥å t ∈ [0; T ℄,£¤¥K { ï¤à® ¯à®æ¥áá  {U(t; �)};2) dF (A0) = dF (K (0)) + 1, dH(A0) 6 dH(K (0)) + 1, £¤¥ A0 {  âÄâà ªâ®à ¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá  {U(t; �)}.�®ª § â¥«ìáâ¢®. � ¯®¬¨¬, çâ® K (t + p) = K (t) (á¬. (2.3)). �á¨«ã ¯à¥¤«®�¥¨ï 2.1 U(t; 0)K (0) = K (t). Ǒ®íâ®¬ã ¨§ ¯à¥¤«®�¥¨ï 3.1á«¥¤ã¥â, çâ® dF (K (t)) 6 dF (K (0)). �¬¥áâ¥ á â¥¬ U(np; t)K (t) = K (np)= K (0) ¯à¨ np > t, ¯®íâ®¬ã dF (K (t)) > dF (K (0)), â.¥. dF (K (t)) =dF (K (0)). � «®£¨ç®¥ à ¢¥áâ¢® ¨¬¥¥â ¬¥áâ® ¤«ï å ãá¤®àä®¢®© à §Ä¬¥à®áâ¨. Ǒãªâ 2) ¥¯®áà¥¤áâ¢¥® á«¥¤ã¥â ¨§ ¯à¥¤«®�¥¨ï 3.2.� ª¨¬ ®¡à §®¬, ª®¥ç®¬¥à®áâì  ââà ªâ®à  ¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áÄá  {U(t; �)} á«¥¤ã¥â ¨§ ª®¥ç®¬¥à®áâ¨ á¥ç¥¨ï ¥£® ï¤à  ¨«¨ (¢ á¨«ã¯à¥¤«®�¥¨ï 2.2) ¨§ ª®¥ç®¬¥à®áâ¨  ââà ªâ®à  ¤¨áªà¥â®© ¯®«ã£àã¯Ä¯ë {Sn(0)}.

§4. Ǒà¨«®�¥¨ïª¥ ¢â®®¬ë¬¤¨ ¬¨ç¥áª¨¬á¨áâ¥¬ ¬. � áâ®ïé¥¬ ¯ à £à ä¥ ¡ã¤ãâ ¯®«ãç¥ë à¥§ã«ìâ âë ® áâàãªâãà¥  ââà ªâ®Äà®¢ àï¤ ãà ¢¥¨©¨ á¨áâ¥¬¬ â¥¬ â¨ç¥áª®©ä¨§¨ª¨, á®¤¥à� é¨åç«¥ë,¯¥à¨®¤¨ç¥áª¨ § ¢¨áïé¨¥ ®â ¢à¥¬¥¨. �ã¤ãâ à áá¬®âà¥ë ¥ ¢â®®¬ë¥ãà ¢¥¨ï ¢¨¤ :�tu = A(u; t); u∣∣t=� = u� ; t > �; � ∈ R; (4.1)



���������� Ǒ������������ Ǒ�������� � ������ �� ����������� 195£¤¥ ¯à¨ ª �¤®¬ t ∈ R ®¯¥à â®àA(u; t) ¥áâì ¥ª®â®àë© ¥«¨¥©ë© ®¯¥à Äâ®àA(·; t): E1 7→ E0,E1 ¨E0 { ¡  å®¢ë¯à®áâà áâ¢ . �¡ëç®,E1 ⊆ E0.Ǒà¥¤¯®« £ ¥âáï, çâ® ®¯¥à â®à A(·; t) ¯¥à¨®¤¨ç¥áª¨ § ¢¨á¨â ®â t á ¯¥à¨®Ä¤®¬ p: A(·; t + p) = A(·; t). � ç «ìë¥ ãá«®¢¨ï u� § ¤ ç¨ (4.1) ¯à¨ ¤«¥Ä� â ¡  å®¢ã ¯à®áâà áâ¢ã E (E1 ⊆ E ⊆ E0). Ǒà¥¤¯®« £ ¥âáï, çâ® ¯à¨«î¡®¬ � ∈ R ¨ ¢á¥å u� ∈ E § ¤ ç  (4.1) ¨¬¥¥â, ¨ ¯à¨â®¬ ¥¤¨áâ¢¥®¥à¥è¥¨¥ u(t), t > � , ¯à¨ ¤«¥� é¥¥ ¥ª®â®à®¬ã äãªæ¨® «ì®¬ã ¯à®Äáâà áâ¢ã. �à®¬¥ â®£® ¯à¥¤¯®« £ ¥âáï, çâ®u(t) ∈ E ∀ t > � . �¬ëá« ¢ëà Ä�¥¨ï \äãªæ¨ïu(t) ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (4.1)" á«¥¤ã¥â ®¯à¥¤¥«ïâì¢ ª �¤®¬ ª®ªà¥â®¬á«ãç ¥ ¤®¯®«¨â¥«ì®. � áá¬®âà¨¬¤¢ã¯ à ¬¥âà¨Äç¥áª®¥ á¥¬¥©áâ¢® ®â®¡à �¥¨© {U(t; �); t > �; � ∈ R}, U(t; �): E 7→ E,§ ¤ ¢ ¥¬®¥ ä®à¬ã«®©U(t; �)u� = u(t); t > �; � ∈ R;£¤¥ u(t) { ¥áâì à¥è¥¨¥ § ¤ ç¨ (4.1) á  ç «ìë¬ ãá«®¢¨¥¬ u∣∣t=� = u� .�¥£ª® ¢¨¤¥âì, çâ® á¥¬¥©áâ¢® ®¯¥à â®à®¢ {U(t; �)} ï¢«ï¥âáï ¯à®æ¥áá®¬ ¢E. Ǒà¨ç¥¬ íâ®â ¯à®æ¥áá ¯¥à¨®¤¨ç¥ á ¯¥à¨®¤®¬ p. � è¥© æ¥«ìî ï¢«ï¥âÄáï ¨áá«¥¤®¢ ¨¥  ââà ªâ®à  íâ®£® ¯à®æ¥áá  ¤«ï ª®ªà¥âëå ¤¨ ¬¨ç¥áÄª¨å á¨áâ¥¬. � ¬¥â¨¬, çâ® ï¤à®K ¯à®æ¥áá  {U(t; �)}, ®â¢¥ç îé¥£® § ¤ Äç¥ (4.1), á®áâ®¨â ¨§ à¥è¥¨© u(t) ãà ¢¥¨ï (4.1), ®¯à¥¤¥«¥ëå ¯à¨ ¢á¥åt ∈ R ¨ ®£à ¨ç¥ëå ¢E: ‖u(t)‖E 6 Cu ∀ t ∈ R.�§« £ ¥¬ë¥ ¨�¥ ¯à¨¬¥àë ãà ¢¥¨© ï¢«ïîâáï ç áâë¬¨ á«ãç ï¬¨¤¨ ¬¨ç¥áª¨åá¨áâ¥¬á¯®çâ¨¯¥à¨®¤¨ç¥áª¨¬¨¨ª¢ §¨¯¥à¨®¤¨ç¥áª¨¬¨á¨¬Ä¢®« ¬¨, ¨§ãç¥ë¬¨ ¢ à ¡®â å [7℄{[9℄. � íâ¨å à ¡®â å ¯®¤à®¡® ¤®ª § ëá¢®©áâ¢  à ¢®¬¥à®©  á¨¬¯â®â¨ç¥áª®© ª®¬¯ ªâ®áâ¨ ¨ ¥¯à¥àë¢®áâ¨á®®â¢¥âáâ¢ãîé¨å ¯à®æ¥áá®¢. �ë â ª�¥ ¡ã¤¥¬ ¨á¯®«ì§®¢ âì à¥§ã«ìâ âëà ¡®âë [10℄ ®¡ ®æ¥ª¥ à §¬¥à®áâ¨ á¥ç¥¨© ï¤¥à ¥ ¢â®®¬ëåãà ¢¥¨©.Ǒà¨¬¥à4.1. �¢ã¬¥à ïá¨áâ¥¬ � ¢ì¥{�â®ªá á¯¥à¨®¤¨ç¥áª®©¢¥èÄ¥© á¨«®©. Ǒ®á«¥ ¨áª«îç¥¨ï ¤ ¢«¥¨ï íâ  á¨áâ¥¬  ¯à¨¨¬ ¥â ¢¨¤:�tu+ Lu+B(u; u) = '(x; t); x = (x1; x2) ∈ 
 ⋐ R
2; (4.2)L = −���; B(u; u) = � 2

∑i=1 ui�xiu; ' = �'0; u∣∣�
 = 0;£¤¥ u = (u1; u2), ' = ('1; '2) (á¬. [1℄, [11℄, [12℄). �¥à¥§H(H1) ¬ë ®¡®§ Äç ¥¬, ª ª ®¡ëç®, § ¬ëª ¨¥ ¯à®áâà áâ¢  V0 = {v : v ∈ (C∞0 (
))2;(∇; v) = 0} ¢ ®à¬¥ | · | (‖ · ‖) ¯à®áâà áâ¢  (L2(
))2 ((H1(
))2), �®¡®§ ç ¥â ®àâ®£® «ìë© ¯à®¥ªâ®à   H ¨ ¥£® à §«¨çë¥ à áè¨à¥Ä¨ï. Ǒà¥¤¯®« £ ¥âáï çâ® '( · ; t) ¯¥à¨®¤¨ç¥áª ï äãªæ¨ï t á ¯¥à¨®¤®¬2 � â¥¬ â¨ç¥áª¨¥ § ¬¥âª¨, â. 57, ¢. 2



196 �.�. �����, �.�. ��Ǒ����p, ¯à¨ç¥¬ '(·; t) ∈ Cb(R; H), ¨ ¤«ï «î¡ëå � ∈ R, T > 0 äãªæ¨ï'′t( · ; t) ∈ L2([�; � + T ℄; H−1), £¤¥ H−1 = (H1)∗. Ǒà¨ t = � § ¤ ¥âáï ç «ì®¥ ãá«®¢¨¥: u∣∣t=� = u� ; u� ∈ H (E = H): (4.3)� ª ¨§¢¥áâ®, § ¤ ç  (4.2), (4.3) ®¤®§ ç® à §à¥è¨¬  ¢ ª« áá¥ äãªÄæ¨© u(t) ∈ C([�;+∞); H) ∩ L2([�; � + T ); H1) ∀T > � . Ǒà¨ íâ®¬�tu ∈ L2([�; � + T ); H−1) (á¬. [11℄, [12℄). � ª¨¬ ®¡à §®¬, § ¤ Äç¥ (4.2), (4.3) ®â¢¥ç ¥â ¯¥à¨®¤¨ç¥áª¨© ¯à®æ¥áá {U(t; �)}, ¤¥©áâ¢ãîÄé¨© ¢ H : U(t; �): H 7→ H , U(t; �)u� = u(t). � à ¡®â¥ [7℄ ¯®ª § ®,çâ® íâ®â ¯à®æ¥áá à ¢®¬¥à® (¯® � ∈ R)  á¨¬¯â®â¨ç¥áª¨ ª®¬¯ ªâ¥¨ (H × T
1)-¥¯à¥àë¢¥. �«¥¤®¢ â¥«ì®, ¯à¨¬¥¨¬  â¥®à¥¬  2.1. �ç áâ®áâ¨, ¬®�¥áâ¢® A0 = A1 = ⋃�∈[0;p)K (�) ï¢«ï¥âáï  ââà ªâ®Äà®¬ ¨ à ¢®¬¥àë¬ (¯® � ∈ R)  ââà ªâ®à®¬ ¯à®æ¥áá  {U(t; �)}; K {ï¤à® íâ®£® ¯à®æ¥áá . �¥£ª® ¯à®¢¥àï¥âáï ¥¯à¥àë¢®áâì ®â®¡à �¥¨ï(u; t) 7→ U(t; �)u ¯® (u; t) ∈ H × T

1 ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ®¬ � ∈ R.Ǒ®íâ®¬ã â¥®à¥¬  2.2 â ª�¥ ¨¬¥¥â ¬¥áâ®.� à ¡®â¥ [10℄ ¡ë«  ¤®ª §   á«¥¤ãîé ï ®æ¥ª  ¤«ï å ãá¤®àä®¢®© à §Ä¬¥à®áâ¨ á¥ç¥¨ïK (t) ï¤à K § ¤ ç¨ (4.2), (4.3):dimH K(t) 6

⌈ C�2 (M−1(|'|2)1=2⌉ ∀ t ∈ R; (4.4)£¤¥M−1(|'|2) = 1p ∫ p0 |'(s)|2
−1 ds, ª®áâ â C ¥ § ¢¨á¨â ®â � ¨ '. �¤¥áì¨ ¨�¥ ⌈a⌉ = min{i ∈ N : a < i}. �¥®à¥¬  3.1 ¢ ¯à¨¬¥¥¨¨ ª § ¤ Äç¥ (4.2), (4.3) ä®à¬ã«¨àã¥âáï á«¥¤ãîé¨¬ ®¡à §®¬.�¥®à¥¬  4.1. Ǒãáâì'(x; t) ã¤®¢«¥â¢®àï¥â áä®à¬ã«¨à®¢ ë¬ ¢ëÄè¥ ãá«®¢¨ï¬. �®£¤ 1) dH(K (t)) = dH(K (0)) ∀ t ∈ R,2) dH(A0) 6 dH(K (0)) + 1 6

⌈ C�2 (M−1(|'|2)1=2 + 1⌉.� «®£¨çë¥ ®æ¥ª¨ ¨¬¥îâ ¬¥áâ® â ª�¥ ¤«ï äà ªâ «ì®© à §¬¥àÄ®áâ¨ á ¤àã£®© ª®áâ â®© C. �¥®¡å®¤¨¬ë¥ ®æ¥ª¨ ¢¨¤  (4:4) ¤®ª §ëÄ¢ îâáï ¬¥â®¤ ¬¨, ¨§«®�¥ë¬¨ ¢ [3℄.�®ª § â¥«ìáâ¢®. �®áâ â®ç® ¯à®¢¥à¨âì, çâ® ¯¥à¨®¤¨ç¥áª¨© ¯à®Äæ¥áá {U(t; �)}, á®®â¢¥âáâ¢ãîé¨© § ¤ ç¥ (4.2), (4.3), ã¤®¢«¥â¢®àï¥â ãá«®Ä¢¨î �¨¯è¨æ  ¢¨¤  (3.6). Ǒãáâì u1(t) = U(t; �)u1� , u2(t) = U(t; �)u2� .�¬¥¥¬:
|u2(t2)− u1(t1)| 6 |u2(t2)− u1(t2)|+ |u1(t2)− u1(t1)|

6 C(�; T )|u2� − u1� |+ |u1(t2)− u1(t1)|: (4.5)



���������� Ǒ������������ Ǒ�������� � ������ �� ����������� 197Ǒà¨ íâ®¬ ¬ë ¢®á¯®«ì§®¢ «¨áì á¢®©áâ¢®¬ «¨¯è¨æ¥¢®áâ¨ U(t; �)u� ¯® u� ,¤®ª § ®© ¢ [7℄. �®ª �¥¬ â¥¯¥àì, çâ®
|u1(t2)− u1(t1)| 6 C1(�; T )|t1 − t2|; (4.6)£¤¥u1(·) ∈ K -«î¡ ï®£à ¨ç¥ ï¯®« ïâà ¥ªâ®à¨ï¯à®æ¥áá {U(t; �)},C1(�; T ) ¥ § ¢¨á¨â ®â u1(·) ∈ K . �«ï ¤®ª § â¥«ìáâ¢  (4.6) ¬ë ¯®ª �¥¬,çâ®
|�tu1(t)| 6 M(T; �); � 6 t 6 T; (4.7)£¤¥M(T; �) ¥ § ¢¨á¨â ®â u1(·) ∈ K . �§ (4.7), ®ç¥¢¨¤®, á«¥¤ã¥â (4.6),  ¨§ (4.6) ¨ (4.5) á«¥¤ã¥â ãá«®¢¨¥ �¨¯è¨æ  (3.1).�«ï ¤®ª § â¥«ìáâ¢  (4.7)  ¯®¬¨¬, çâ® «î¡ ï ®£à ¨ç¥ ï ¯®« ïâà ¥ªâ®à¨ï u(t) ¯à®æ¥áá  {U(t; �)} ®¡« ¤ ¥â ®£à ¨ç¥ë¬¨ ®à¬ ¬¨

|u(t)| 6 M1; ‖u(t)‖ 6 M1; t ∈ R; (4.8)£¤¥M1 ¥ § ¢¨á¨â ®â u(·) ∈ K . �®ª § â¥«ìáâ¢® (4.8) ¯à¨¢¥¤¥®,  ¯à¨Ä¬¥à, ¢ [1℄ ¤«ï  ¢â®®¬®£® á«ãç ï. � â®¬ á«ãç ¥, ª®£¤  '( · ; t) ã¤®¢«¥â¢®Äàï¥â ãá«®¢¨ï¬ â¥®à¥¬ë 4.1 ®® ¯à®¢®¤¨âáï   «®£¨ç®. �®ª �¥¬ â¥¯¥àì®£à ¨ç¥®áâì ‖�tu‖L2(�;T ;H). �«ï íâ®£® ã¬®�¨¬ áª «ïà® ¢ H ãà ¢Ä¥¨¥ (4.2)   �tu:
|�tu|2 + �(∇u;∇�tu) + (B(u; u); �tu) = ('; �tu): (4.9)� «¥¥ ¨¬¥¥¬:(B(u; u); �tu) 6

14 |�tu|2 + C ∫
 |u|2|Du|2 dx
6

14 |�tu|2 + C|u| ‖u‖2‖u‖H2 6
14 |�tu|2 +M2‖u‖H2 ;('; �tu) 6 2|'|2 + 14 |�tu|2: (4.10)Ǒà¨ íâ®¬ ¬ë ¢®á¯®«ì§®¢ «¨áì (4.8). �â¥£à¨àãï ¥à ¢¥áâ¢® (4.9) ¯® t ¨ãç¨âë¢ ï ¥à ¢¥áâ¢  (4.10) ¯®«ãç¨¬:12 ∫ T� |�tu(t)|2 dt+ 12�‖u(T )‖2

6 +12�‖u(�)‖2 +M2 ∫ T� ‖u(t)‖H2 dt+ 2 ∫ T� |'(t)|2 dt: 2*



198 �.�. �����, �.�. ��Ǒ�����âáî¤ , ¨§ (4.8) ¨ ¨§ ®£à ¨ç¥®áâ¨ ¨â¥£à « 
∫ T� ‖u(t)‖2H2 dt 6 C(T; �)(á¬.,  ¯à¨¬¥à, [1℄) ¯®«ãç ¥¬
∫ T� |�tu(t)|2 dt 6 C2(T; �): (4.11)Ǒãáâì  (t) ∈ C1(R;R),  (t) > 0,  (t) = 0 ¯à¨ t 6 �1, ¨  (t) ≡ 1 ¯à¨ t > �(�1 < �). Ǒà®¤¨ää¥à¥æ¨àã¥¬ ãà ¢¥¨¥ (4.2) ¯® t ¨ ã¬®�¨¬ ¯®«ãç¥®¥ãà ¢¥¨¥ áª «ïà®    (t)�tu. �ë ¯®«ãç¨¬:12�t ( (t)|�tu|2) − 12 ′t|�tu|2 + � ‖�tu‖2+  (B(�tu; u); �tu) =  (�t'; �tu): (4.12)�¬¥¥¬:

| (B(�tu; u); �tu)| 6  |�tu|‖u‖‖�tu‖ 6
�4 ‖�tu‖2 + C |�tu|2‖u‖2

6
�4 ‖�tu‖2 + CM |�tu|2;

| (�t'; �tu)| 6 C� ‖�t'‖2−1 + �4 ‖�tu‖2:�§ íâ¨å ®æ¥®ª ¨ ¨§ (4.12) á«¥¤ã¥â, çâ®12�t ( (t)|�tu|2) 6
( ′t + 2CM )

|�tu|2 + 2C� ‖�t'‖2−1
6 C3|�tu|2 + C4‖�t'‖2−1:�â¥£à¨àãï ¯®á«¥¤¥¥ ¥à ¢¥áâ¢®   ¨â¥à¢ «¥ [�1; T ℄12 |�tu(t)|2 6 C3 ∫ T�1 |�tu(s)|2 ds+ C4 ∫ T�1 ‖'(s)‖2

−1 d�1 6 C5(|T − �1|);®âªã¤  á«¥¤ã¥â (4.7). �á¥ ãá«®¢¨ï â¥®à¥¬ë 3.1 ¢ë¯®«¥ë. �âáî¤ , ãç¨Äâë¢ ï (4.4), ¨¬¥¥â ¬¥áâ® ®æ¥ª  2) â¥®à¥¬ë 4.1.



���������� Ǒ������������ Ǒ�������� � ������ �� ����������� 199Ǒà¨¬¥à 4.2. �¨áâ¥¬  à¥ ªæ¨¨-¤¨ääã§¨¨ á ¯¥à¨®¤¨ç¥áª¨¬¨ ç«¥ ¬¨.� áá¬ âà¨¢ ¥âáï á¨áâ¥¬ :�tu = �a�u− f(u; t) + '(x; t); u∣∣�
 = 0 (¨«¨ �u�� ∣

∣

∣

∣�
 = 0); (4.13)£¤¥ x ∈ 
 ⋐ R
n, a = {aij}j=1;Ni=1;N { N × N ¬ âà¨æ  á ¯®«®�¨â¥«ì®©á¨¬¬¥âà¨ç¥áª®© ç áâìî a + a∗ > �2I , �2 > 0, f = (f1; : : : ; fN ), ' =('1; : : : ; 'N ), u = (u1; : : : ; uN ). Ǒà¥¤¯®« £ ¥âáï, çâ® '(·; t) ∈ Cb(R; H),'′t(·; t) ∈ Cb(R; H−1), £¤¥H = (L2(
))N ), ¨ f; f ′uj ; f ′t ∈ C(RN × R;RN ).Ǒà¥¤¯®« £ ¥âáï, çâ® äãªæ¨¨ f ¨ ' { ¯¥à¨®¤¨ç¥áª¨¥ ¯® t á ¯¥à¨®¤®¬ p:f(u; t+ p) = f(u; t),'(x; t+ p) = '(x; t). Ǒà¥¤¯®« £ îâáï ¢ë¯®«¥ë¬¨á«¥¤ãîé¥¥ ãá«®¢¨ï ¤«ï ¢á¥å t ∈ R, u; v ∈ R

N :2|u|p0 − C2 6 (f; u) 6 1|u|p0 + C1; i > 0; 2 6 p0 6 2n=(n− 2);(4.14)(f ′uv; v) > −C3(v; v); |f ′u| 6 C4(|u|+ 1)p0−2;
|f ′t| 6 C5(|u|+ 1)s; s 6

n+ 4n− 2 :Ǒà¨ n = 2 ç¨á«  p0 ¨ s ¬®£ãâ ¡ëâì «î¡ë¬¨, p0 > 2 (¤«ï ¯à®áâ®âë ¨§«®Ä�¥¨ï). Ǒà¥¤¯®« £ ¥âáï â ª�¥, çâ®
|f(u+ z; t)− f(u; t)− f ′u(u; t)z| 6 C6(1 + |u|+ |z|)p1 |z|1+0 ; (4.15)£¤¥ p1 < 4=(n−2);¨ 0 { ¯®«®�¨â¥«ì®¨¤®áâ â®ç®¬ «®. �¨áâ¥¬  (4.13)¤®¯®«ï¥âáï  ç «ìë¬ ãá«®¢¨¥¬:u|t=� = u� ; u� ∈ H = (L2(
))N : (4.16)� ¤ ç (4.13), (4.16)¨¬¥¥â, ¨¯à¨â®¬¥¤¨áâ¢¥®¥, à¥è¥¨¥¢ª« áá¥äãªÄæ¨© u(t) ∈ Cb([�;+∞); H) ∩ L2([�; � + T ℄; (H10 (
))N)

∀T ∈ R (á¬.,  ¯à¨¬¥à, [1℄, [13℄). � ª¨¬ ®¡à §®¬, § ¤ ç  (4.13), (4.16)¯®à®�¤ ¥â ¯¥à¨®¤¨ç¥áª¨© ¯à®æ¥áá {U(t; �)}, ¤¥©áâ¢ãîé¨© ¢ H . � à ¡®Äâ¥ [7℄ ¯®ª § ®, çâ® íâ®â ¯à®æ¥áá à ¢®¬¥à® (¯® � ∈ R)  á¨¬¯â®â¨ç¥áÄª¨ ª®¬¯ ªâ¥ ¨ (H × T
1; H)-¥¯à¥àë¢¥. � «®£¨çë¬¨ ¬¥â®¤ ¬¨ ¬®�Ä® ¯®ª § âì, çâ® ®â®¡à �¥¨¥ (u; t) 7→ U(t; �)u ã¤®¢«¥â¢®àï¥â ãá«®¢¨î�¨¯è¨æ  (3.6) ®â®á¨â¥«ì® (u; t) ∈ K (�) × T

1, £¤¥ K { ï¤à® ¯à®æ¥áá 
{U(t; �)}. �«¥¤®¢ â¥«ì®, ¯à¨¬¥¨¬ë â¥®à¥¬ë 2.1, 2.2 ¨ 3.1. Ǒà¨¢¥¤¥¬®æ¥ªã ¤«ï à §¬¥à®áâ¨ á¥ç¥¨©K (t) ï¤à K ¨ à §¬¥à®áâ¨  ââà ªâ®à A0 § ¤ ç¨ (4.13), (4.16).



200 �.�. �����, �.�. ��Ǒ�����¥®à¥¬  4.2. Ǒà¨ ¢ë¯®«¥¨¨ ãª § ëå ¢ëè¥ ãá«®¢¨©   äãªæ¨¨'(x; t) ¨ f(u; t)dimHK (t) = dimHK (0) 6

⌈C0=�n=2⌉ ∀ t ∈ R; (4.17)dimH A0 6

⌈C0=�n=2 + 1⌉ : (4.18)�®ª § â¥«ìáâ¢® ®æ¥ª¨ (4.17) ¤ ® ¢ [10℄ ¤«ï á«ãç ï ®¡é¥© § ¢¨á¨¬®áÄâ¨ ®â t äãªæ¨© f ¨ '.�®ª § â¥«ìáâ¢® á¯à ¢¥¤«¨¢®áâ¨ ãá«®¢¨ï �¨¯è¨æ  (3.6) ¤«ï u(t) =U(t; �)u� ®â®á¨â¥«ì® (u� ; t) ∈ K (�) × T
1, â.¥. ®æ¥ª 

∣

∣U(t2; �)u2� − U(t1; �)u1� ∣

∣ 6 k(|u2� − u1� |+ |t2 − t1|); (4.19)£¤¥ k = k(|u2� |; |u1� |; |t2 − t1|), ãáâ  ¢«¨¢ ¥âáï á ¯®¬®éìî áâ ¤ àâÄëå ¬¥â®¤®¢ (á¬.,  ¯à¨¬¥à, [1℄),   «®£¨ç® â®¬ã, ª ª íâ® á¤¥« ® ¢¯à¨¬¥à¥ 4.1. Ǒ®¤à®¡® ®æ¥ª  (4.19) ¤®ª §   ¢ [14℄. �§ (4.19), (4.17)¨ â¥®à¥¬ë 3.1 ¢ëâ¥ª ¥â (4.18).Ǒà¨¬¥à 4.3. �¥ ¢â®®¬®¥ ¤¨áá¨¯ â¨¢®¥ £¨¯¥à¡®«¨ç¥áª®¥ ãà ¢¥Ä¨¥ á ¯¥à¨®¤¨ç¥áª¨¬¨ ç«¥ ¬¨. � áá¬ âà¨¢ ¥âáï ãà ¢¥¨¥:�2t u+ �tu = �u− f(u; t) + '(x; t); u∣∣�
 = 0; x ∈ 
 ⋐ R
3; (4.20)£¤¥  > 0. (�«ï ªà âª®áâ¨ à áá¬ âà¨¢ ¥âáï á«ãç © n = 3.) Ǒà¥¤¯®« £ Ä¥âáï, çâ® f(u; t) ∈ C1(R×R), '(·; t); '′t(·; t) ∈ Cb(R; L2(
)), f ¨' { ¯¥à¨®Ä¤¨ç¥áª¨¥ äãªæ¨¨ á ¯¥à¨®¤®¬ p: f(u; t+ p) = f(u; t), '(x; t+ p) = '(x; t).Ǒãáâì ¢ë¯®«¥ë á«¥¤ãîé¨¥ ãá«®¢¨ï ∀ (t; u) ∈ R × R:F > −mu2−Cm; F = F (u; t) = ∫ u0 f(v; t) dv; fu− F +mu2 > −Cm;£¤¥m > 0 ¤®áâ â®ç® ¬ «®,  > 0,

|f ′u| 6 C(1 + |u|)�; |f ′t| 6 C(1 + |u|)�+1; 0 < � < 2;F ′t 6 �2F + C, � > 0 { ¤®áâ â®ç® ¬ «®,
|f ′u(u; t)− f ′u(u1; t)| 6 C(|u|+ |u1|+ 1)2−Æ|u− u1|Æ; 0 < Æ 6 1:(� ¯®¬¨¬, çâ® ¢ ®¡é¥¬ á«ãç ¥ 
 ⋐ R

n ®£à ¨ç¥¨ï   � á«¥¤ãîé¨¥:0 < � < 2=(n − 2) ¯à¨ n > 3 ¨ 0 < � ¯à¨ n = 2.) � ç «ìë¥ ãá«®¢¨ïáâ ¢ïâáï ¯à¨ t = � :u∣∣t=� = u� ; �tu|t=� = p� ; u� ∈ H10 (
); p� ∈ L2(
): (4.21)



���������� Ǒ������������ Ǒ�������� � ������ �� ����������� 201�¡®§ ç¨¬ y(t) = (u(t); �tu(t)) = (u(t); p(t)), y� = (u� ; p� ) = y(�). � ª®¡ëç® ¢¢®¤¨¬ í¥à£¥â¨ç¥áª¨¥ ¯à®áâà áâ¢ E = H10 (
)× L2(
) ¨E1 =H2(
)∩H10 (
)×H10 (
) á ®à¬ ¬¨ ‖y‖2E = ‖u‖21+ ‖p‖2 ¨ ‖y‖2E1 = ‖u‖22+
‖p‖21. Ǒà¨ ¢ë¯®«¥¨¨ ¯¥à¥ç¨á«¥ëå ¢ëè¥ ãá«®¢¨© § ¤ ç  (4.20), (4.21)®¤®§ ç®à §à¥è¨¬  (á¬. [4℄, [15℄) ¨ ¯®à®�¤ ¥â ¯à®æ¥áá {U(t; �)}, ¤¥©áâÄ¢ãîé¨©¢E: U(t; �)y� = y(t),U(t; �): E 7→ E. Ǒà®æ¥áá{U(t; �)}¥¯à¥àëÄ¢¥ ¨ à ¢®¬¥à®  á¨¬¯â®â¨ç¥áª¨ ª®¬¯ ªâ¥ (á¬. [7℄, [9℄). �«¥¤®¢ â¥«ì®,¯à¨¬¥¨¬ëâ¥®à¥¬ë2.1 ¨ 2.2. ǑãáâìK { ï¤à® ¯à®æ¥áá . �®�® ¯®ª § âì,çâ® ï¤à®K ®£à ¨ç¥® ¢E1, â.¥.

∀ y(·) ∈ K ‖y(t)‖E1 6 M ∀ t ∈ R;£¤¥M ¥ § ¢¨á¨â ®â y(·) ∈ K ¨ ®â t. � á¨«ã â¥®à¥¬ë ¢«®�¥¨ï �®¡®«¥¢ 
∀ y(t) = (u(t); �tu(t)) ∈ K ‖u(t)‖Cb(�
) 6 M1 ∀ t ∈ R:�®�® ¯®ª § âì, çâ® ¯à®æ¥áá {U(t; �)} ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ �¨¯è¨Äæ  (3.6). Ǒà¨¬¥ïï â¥®à¥¬ã 3.1,   â ª�¥ ®æ¥ª¨ ¤«ï á¥ç¥¨© ï¤à  § ¤ Äç¨ (4.20), (4.21) ¨§ à ¡®âë [10℄, ¯®«ãç ¥¬.�¥®à¥¬  4.3.1) dimHK (t) = dimH K (0) 6

⌈ C�3 ⌉

∀ t ∈ R;2) dimH A0 6

⌈ C�3 + 1⌉ ;£¤¥� = min(=4; �1=(2)), �1 { ¯¥à¢®¥ á®¡áâ¢¥®¥ § ç¥¨¥ ®¯¥à â®à 
−�u, u∣∣�
 = 0,C = C(M1).�®ª § â¥«ìáâ¢® â¥®à¥¬ë 4.3   «®£¨ç® ¤®ª § â¥«ìáâ¢ ¬ â¥®à¥¬ 4.1¨ 4.2.� § ª«îç¥¨¥ ®â¬¥â¨¬, çâ® ®æ¥ª¨ ¨§ â¥®à¥¬ 4.2 ¨ 4.3 â ª�¥ ¨¬¥îâ¬¥áâ® ¤«ï äà ªâ «ì®© à §¬¥à®áâ¨ á¥ç¥¨© ï¤¥à ¨ ¤«ï  ââà ªâ®à®¢ á®Ä®â¢¥âáâ¢ãîé¨å ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢. � «®£¨çë¥ ¢ëª« ¤ª¨ ¤«ï ¢â®®¬ëå ãà ¢¥¨© ¨§«®�¥ë ¢ [15℄.�áâ¨âãâ ¯à®¡«¥¬¯¥à¥¤ ç¨ ¨ä®à¬ æ¨¨ ���e-mail: hep�ippi.msk.su Ǒ®áâã¯¨«®02.06.94
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