
� â¥¬ â¨ç¥áª¨¥ § ¬¥âª¨ ���� 79 ��Ǳ��� 4 �Ǳ���� 2006��� 517.95���������� �����Ǳ���������Ǳ������������ ��������� � ������������������������ �������� �������.�. �¨è¨ª, �.�. �¥¯ë¦®¢�§ãç ¥âáï à ¢®¬¥àë©  ââà ªâ®àA" ¤¨áá¨¯ â¨¢®£® ¢®«®¢®£® ãà ¢¥¨ï ¢ ®£Äà ¨ç¥®© ®¡« áâ¨ 
 b R
n, ã ª®â®à®£® ¢¥èïï á¨«  á¨£ã«ïà® ®áæ¨««¨àã¥â ¯®¢à¥¬¥¨, â®ç¥¥ ¨¬¥¥â ¢¨¤ g0(x; t)+"−�g1(x; t="), x ∈ 
, t ∈ R, £¤¥ � > 0, 0 < " 6 1.�â® ãà ¢¥¨¥ ¨¬¥¥â ¢E = H10 × L2 ¯®£«®é îé¥¥ ¬®¦¥áâ¢®B", ª®â®à®¥ ¤®¯ãáª ¥â®æ¥ªã ‖B"‖E 6 C1 + C2"−� ¨, á«¥¤®¢ â¥«ì®, ¬®¦¥â ¥®£à ¨ç¥® à áâ¨ ¯® ®àÄ¬¥ E ¯à¨ " → 0+. Ǳà¨ ¢ë¯®«¥¨¨ ¥ª®â®àëå ¤®¯®«¨â¥«ìëå ãá«®¢¨© ¤«ï äãªæ¨¨g1(x; z), x ∈ 
, z ∈ R, ¤®ª § ®, çâ® ¯à¨ 0 < � 6 �0 £«®¡ «ìë¥  ââà ªâ®àë A"â ª®£® ãà ¢¥¨ï ®£à ¨ç¥ë ¢E, â.¥. ‖A"‖E 6 C3, 0 < " 6 1.� àï¤ã á ¨áå®¤ë¬ ãà ¢¥¨¥¬ à áá¬ âà¨¢ ¥âáï \¯à¥¤¥«ì®¥" ¢®«®¢®¥ ãà ¢¥¨¥á ¢¥è¥© á¨«®© g0(x; t), ª®â®à®¥ â ª¦¥ ¨¬¥¥â £«®¡ «ìë©  ââà ªâ®àA0. � â®¬ á«ãÄç ¥, ª®£¤  g0(x; t) = g0(x) ¨ £«®¡ «ìë©  ââà ªâ®àA0 ¯à¥¤¥«ì®£® ãà ¢¥¨ï ï¢«ïÄ¥âáï íªá¯®¥æ¨ «ìë¬, ãáâ ®¢«¥®, çâ® ¯à¨ 0 < � 6 �0 å ãá¤®àä®¢® ®âª«®¥¨¥distE(A";A0) 6 C"�(�), ¯à¨ç¥¬ �(�) > 0. �«ï �(�) ¨ �0 ¤ îâáï ï¢ë¥ ä®à¬ãÄ«ë. � áá¬®âà¥ â ª¦¥ ¥ ¢â®®¬ë© á«ãç ©, ª®£¤  äãªæ¨ï g0 = g0(x; t). Ǳà¥¤¯®« Ä£ ¥âáï, çâ® ¢ë¯®«¥ë ¤®áâ â®çë¥ ãá«®¢¨ï ¯à¨ ª®â®àëå \¯à¥¤¥«ì®¥" ¥ ¢â®®¬®¥ãà ¢¥¨¥ ¨¬¥¥â íªá¯®¥æ¨ «ìë© £«®¡ «ìë©  ââà ªâ®à. � íâ®¬ á«ãç ¥ ¯®«ãç¥ë®æ¥ª¨ á¢¥àåã ¤«ï å ãá¤®àä®¢  ®âª«®¥¨ï  ââà ªâ®à®¢A" ®âA0,   «®£¨çë¥ ¯à¨Ä¢¥¤¥ë¬ ¢ëè¥.�¨¡«¨®£à ä¨ï: 21  §¢ ¨¥.1. �¢¥¤¥¨¥. � áá¬ âà¨¢ ¥âáï ¤¨áá¨¯ â¨¢®¥ ¢®«®¢®¥ ãà ¢¥¨¥ ¢¨¤ @2tu+ @tu = �u− f(u) + g0(x; t) + "−�g1(x; t"); u|@
 = 0; (1.1)£¤¥  > 0, 1 > " > 0, t ∈ R, x ∈ 
 b R

n. �¥«¨¥© ï äãªæ¨ï f(u) ∈ C1. Ǳà¥¤¯®« £ Ä¥âáï, çâ® äãªæ¨ï f(u) ¨ ¢¥èïï á¨«  g"(t) := g0(x; t) + "−�g1(x; t=") ã¤®¢«¥â¢®àïîâãá«®¢¨ï¬, ¯à¨ ª®â®àëå  ç «ì ï § ¤ ç u|t=� = u� (x); @tu|t=� = p� (x)¤«ï (1.1) ª®àà¥ªâ® ¯®áâ ¢«¥  ¯à¨ ä¨ªá¨à®¢ ®¬ " > 0. � ç áâ®áâ¨, áç¨â ¥âáï ¢ëÄ¯®«¥ë¬ ¥à ¢¥áâ¢® |f ′(v)| 6 K(1 + |v|�) ¯à¨ ¢á¥å v ∈ R, £¤¥ 0 6 � < 2=(n− 2) ¯à¨� ¡®â  ¢ë¯®«¥  ¯à¨ ç áâ¨ç®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ Ä¨©, £à â ò 05-01-00390, �®¤  á®¤¥©áâ¢¨ï ®â¥ç¥áâ¢¥®©  ãª¥ ¨ ä®¤  CRDF, £à â ò 1-2654.522 c©�.�. �¨è¨ª, �.�. �¥¯ë¦®¢ 2006



���������� �����Ǳ������� ��Ǳ������������ ��������� 523n > 3 ¨ � > 0 «î¡®¥ ¯à¨ n = 1; 2. �à®¬¥ â®£®, ¯à¥¤¯®« £ ¥âáï, çâ® äãªæ¨¨ g0(x; t)¨ g1(x; z) ï¢«ïîâáïâà á«ïæ¨®® ª®¬¯ ªâë¬¨ ¢ ¯à®áâà áâ¢¥Lloc2 (R;L2(
)) (á¬.¯. 2).� àï¤ã á ãà ¢¥¨¥¬ (1.1) à áá¬ âà¨¢ ¥âáï á¥¬¥©áâ¢® ãà ¢¥¨©@2t û" + @tû" = �û" − f(û") + ĝ0(x; t) + "−�ĝ1(x; t"); û"|@
 = 0; (1.2)ã ª®â®àëå ¢¥è¨¥ á¨«ë ĝ"(t) := ĝ0(t) + "−�ĝ1(t=") ¯à¨ ¤«¥¦ â ®¡®«®çª¥H (g") ¨áÄå®¤®© ¢¥è¥© á¨«ë g"(t) ¢ ¯à®áâà áâ¢¥ Lloc2 (R;L2(
)) ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ®¬" ∈ ]0; 1].�¡®§ ç¨¬ ç¥à¥§ {Ubg"(t; �); t > �} ¯à®æ¥áá, á®®â¢¥âáâ¢ãîé¨© ãà ¢¥¨î (1.2):Ubg"(t; �)y� = ŷ"(t), £¤¥ y� = (u� ; p� ) ∈ E := H10 (
) × L2(
) {  ç «ì®¥ ãá«®¢¨¥¯à¨ t = � ¤«ï ãà ¢¥¨ï (1.2),   ŷ"(t) = (û"(t); p"(t)) { ¥£® à¥è¥¨¥ ¯à¨ t > � . �¤¥áì ¨¤ «¥¥, E := H10 (
)× L2(
) ®¡®§ ç ¥â í¥à£¥â¨ç¥áª®¥ ä §®¢®¥ ¯à®áâà áâ¢®.� ¯. 2   ®á®¢ ¨¨ í¥à£¥â¨ç¥áª¨å ®æ¥®ª ãáâ  ¢«¨¢ ¥âáï, çâ® ¯à¨ ä¨ªá¨à®¢ ®¬" ∈ ]0; 1] á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {Ubg"(t; �)}, ĝ" ∈H (g"), ®¡« ¤ ¥â ª®¬¯ ªâë¬ ¢E ¯®£«®Äé îé¨¬ ¬®¦¥áâ¢®¬B" b E, ¤«ï ª®â®à®£® ¨¬¥¥â ¬¥áâ® ®æ¥ª 
‖B"‖E 6 C1 + C2"� : (1.3)�§ íâ®£® á¢®©áâ¢  á«¥¤ã¥â, çâ® ¯à¨ ª ¦¤®¬ ä¨ªá¨à®¢ ®¬ " ∈ ]0; 1] á¥¬¥©áâ¢® ¯à®Äæ¥áá®¢ {Ubg"(t; �)}, ĝ" ∈ H (g"), ¨¬¥¥â à ¢®¬¥àë© £«®¡ «ìë©  ââà ªâ®à A" ⊂ B" ¢¯à®áâà áâ¢¥E, â.¥. ¬®¦¥áâ¢®A" ¯à¨âï£¨¢ ¥â ¯à¨ t → +∞ ¢ ®à¬¥E «î¡ë¥ ®£à ¨Äç¥ë¥ á¥¬¥©áâ¢  âà ¥ªâ®à¨© {ŷ"(t); t > � ∣∣ ‖ŷ"(�)‖E 6 M} ãà ¢¥¨ï à ¢®¬¥à® ¯®ĝ" ∈ H (g"), ¨ ¯à¨ íâ®¬ A" ï¢«ï¥âáï ¬¨¨¬ «ìë¬ § ¬ªãâë¬ ¬®¦¥áâ¢®¬, ®¡« ¤ îÄé¨¬ íâ¨¬ á¢®©áâ¢®¬. � ç áâ®áâ¨,
‖A"‖E 6 C1 + C2"� : (1.4)�â¬¥â¨¬, çâ® ¯à¨ á¤¥« ëå ¢ëè¥ ¯à¥¤¯®«®¦¥¨ïå ¤®¯ãáª ¥âáï ¥®£à ¨ç¥ë© à®áâ®à¬ ‖A"‖E ¯à¨ " → 0+ (íâ® ¬®¦® ¯®ª § âì   ª®ªà¥âëå ¯à¨¬¥à å).�¤®¢à¥¬¥® á ãà ¢¥¨ï¬¨ (1.2) à áá¬ âà¨¢ ¥âáï \¯à¥¤¥«ì®¥" á¥¬¥©áâ¢® ãà ¢¥Ä¨© @2t û0 + @tû0 = �û0 − f(û0) + ĝ0(t); û0|@
 = 0; (1.5)£¤¥ ĝ0∈H (g0), ª®â®à®¥ â ª¦¥¯®à®¦¤ ¥â \¯à¥¤¥«ì®¥" á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {Ubg0(t; �)},ĝ0 ∈ H (g0), ¤¥©áâ¢ãîé¨å ¢ E. �â® á¥¬¥©áâ¢® ®¡« ¤ ¥â à ¢®¬¥àë¬ £«®¡ «ìë¬  âÄâà ªâ®à®¬A0 (á¬. ¯. 2). �®¦¥áâ¢®A0 ª®¬¯ ªâ® ¨, ¢ ç áâ®áâ¨, ®£à ¨ç¥® ¢ E.� ¯. 3 ¨§ãç ¥âáï ¢®¯à®á ®¡ ®âª«®¥¨¨ âà ¥ªâ®à¨© ŷ"(t) = (û"(t); p̂"(t)) ¯à¨ t > �ãà ¢¥¨ï (1.2) ®â âà ¥ªâ®à¨© ŷ0(t) = (û0(t); p̂0(t)) á®®â¢¥âáâ¢ãîé¥£® \¯à¥¤¥«ì®£®"ãà ¢¥¨ï (1.5), ã¤®¢«¥â¢®àïîé¨å ®¤¨ ª®¢ë¬  ç «ìë¬ ãá«®¢¨ï¬ŷ"(�) = ŷ0(�) = y� ∈ B":Ǳà¨ íâ®¬ ¯à¥¤¯®« £ ¥âáï, çâ® ¤«ï ¢á¥å äãªæ¨© ĝ1(x; z) ∈ H (g1) ¢ë¯®«¥® á«¥¤ãÄîé¥¥ áãé¥áâ¢¥®¥ ¤®¯®«¨â¥«ì®¥ ãá«®¢¨¥: áãé¥áâ¢ãîâ ¯¥à¢®®¡à §ë¥ Ĝ1(x; z) ¯®¯¥à¥¬¥®© z, @zĜ1(x; z) = ĝ1(x; z), ã¤®¢«¥â¢®àïîé¨¥ ¥à ¢¥áâ¢ã

‖Ĝ1( · ; z)‖H10(
) 6 M <∞ ∀ z ∈ R; (1.6)



524 �.�. �����, �.�. ��Ǳ����£¤¥ ç¨á«®M ¥ § ¢¨á¨â ®â ĝ1 ∈H (g1). � ¯. 3 ¯à¨¢¥¤¥ë ¯à¨¬¥àë ª¢ §¨¯¥à¨®¤¨ç¥áª¨å(¯® z) äãªæ¨©, ¤«ï ª®â®àëå (1.6) ¨¬¥¥â ¬¥áâ®.Ǳà¨ ¢ë¯®«¥¨¨ ¯¥à¥ç¨á«¥ëå ¢ëè¥ ãá«®¢¨©, á¢®©áâ¢  (1.6),   â ª¦¥ ¥à ¢¥áâ¢ 
|f ′(v)| 6 K ∀ v ∈ R (1.7)¤®ª § ®, çâ®

‖ŷ"(� + t)− ŷ0(� + t)‖E 6 D"1=2−�ert ∀ t > 0; (1.8)£¤¥ D ¨ r { ¥ª®â®àë¥ ¯®«®¦¨â¥«ìë¥ ª®áâ âë, ¥ § ¢¨áïé¨¥ ®â ". �«ï ¯®ª § â¥«ï r¤ ¥âáï ï¢®¥ ¢ëà ¦¥¨¥. �â  ®æ¥ª  ï¢«ï¥âáï   «®£®¬ ¨§¢¥áâëå £«®¡ «ìëå ®æ¥®ª�®£®«î¡®¢ .�¥á¬®âàï   â®, çâ® ¯®£«®é îé¥¥ ¬®¦¥áâ¢® B" ãà ¢¥¨© (1.2) ¤®¯ãáª ¥â «¨èì®æ¥ªã (1.3), ¢ ¯. 4 ¤®ª § ®, çâ® £«®¡ «ìë©  ââà ªâ®àA" ãà ¢¥¨© (1.2) à ¢®¬¥à®®£à ¨ç¥ ¯® " ∈ ]0; 1] ¢ ®à¬¥E:
‖A"‖E 6 C; 0 < " 6 1; (1.9)¥á«¨ ¯®ª § â¥«ì � ¢ (1.1) ¨ (1.2) ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã0 6 � 6 �0 = 12(1 + r=�) : (1.10)�¤¥áì ç¨á«® r â ª®¥¦¥, ª ª ¨ ¢ ®æ¥ª¥ (1.8),   ª®íää¨æ¨¥â � ¢§ïâ ¨§ íªá¯®¥âë ¢ í¥àÄ£¥â¨ç¥áª®¬ ¥à ¢¥áâ¢¥ ¤«ï ãà ¢¥¨© (1.2) (á¬. (2.9) ¢ ¯. 2).� àï¤¥ ¢ ¦ëå á«ãç ¥¢ ã¤ «®áì ®æ¥¨âì á¢¥àåã å ãá¤®àä®¢® ®âª«®¥¨¥ £«®¡ «ì®Ä£®  ââà ªâ®à  A" ®â £«®¡ «ì®£®  ââà ªâ®à  A0. Ǳ¥à¢ë© â ª®© á«ãç © à áá¬®âà¥ ¢¯. 5. Ǳà¥¤¯®« £ ¥âáï, çâ® ¢ ãà ¢¥¨¨ (1.1) ¢¥èïï á¨«  ¨¬¥¥â ¢¨¤g"(t) = g0(x) + "−�g1(x; t"):�«¥¤®¢ â¥«ì®, ¢ ãà ¢¥¨ïå (1.2)ĝ"(x; t) := g0(x) + "−�ĝ1(x; t");  \¯à¥¤¥«ì®¥" á¥¬¥©áâ¢® ¢®«®¢ëåãà ¢¥¨© (1.5)á®áâ®¨â¨§ ®¤®£®  ¢â®®¬®£® ãà ¢Ä¥¨ï, â ª ª ª g0(x) ¥ § ¢¨á¨â ®â ¢à¥¬¥¨ t. �à®¬¥ â®£®, ¯à¥¤¯®« £ ¥âáï, çâ® £«®¡ «ìÄë©  ââà ªâ®à A0 íâ®£®  ¢â®®¬®£® ãà ¢¥¨ï ï¢«ï¥âáï íªá¯®¥æ¨ «ìë¬. �®áâ Äâ®çë¥ ãá«®¢¨ï ¤«ï íâ®£® ¨§¢¥áâë (á¬. ¯. 5). �« ¢®¥ ¨§ ¨å § ª«îç ¥âáï ¢ â®¬, çâ®\¯à¥¤¥«ì®¥" ãà ¢¥¨¥ (1.5) ¨¬¥¥â ª®¥ç®¥ ç¨á«® áâ æ¨® àëåâ®ç¥ª, ¯à¨ç¥¬ ¢á¥ ®¨£¨¯¥à¡®«¨ç¥áª¨¥.Ǳà¨ ¢ë¯®«¥¨¨ íâ¨å ãá«®¢¨© ¤®ª §   á«¥¤ãîé ï ®æ¥ª :distE(A";A0) 6 C0"�0(�); �0(�) = �2(r + �) (1− �): (1.11)�¤¥áì r â ª®¥ ¦¥, ª ª ¨ ¢ (1.8),   � { ª®íää¨æ¨¥â ¢ íªá¯®¥â¥ ¨§ ä®à¬ã«ë ¤«ï íªá¯®Ä¥æ¨ «ì®£® ¯à¨âï¦¥¨ï  ââà ªâ®à®¬A0 ®£à ¨ç¥ëå á¥¬¥©áâ¢ à¥è¥¨© \¯à¥¤¥«ìÄ®£®" ãà ¢¥¨ï (1.5).



���������� �����Ǳ������� ��Ǳ������������ ��������� 525� ª®¥æ, ¢ ¯. 6 ¨ ¯. 7 à áá¬®âà¥ á«ãç ©, ª®£¤  \¯à¥¤¥«ì®¥" ãà ¢¥¨¥ (1.5) ï¢«ïÄ¥âáï ¥ ¢â®®¬ë¬: ĝ0 = ĝ0(t) ∈ H (g0), ® ¥£® £«®¡ «ìë©  ââà ªâ®à A0 ï¢«ï¥âáïíªá¯®¥æ¨ «ìë¬. �®áâ â®çë¥ ãá«®¢¨ï ¤«ï íâ®£® ¤ ë ¢ [1] ¨ ¨§«®¦¥ë ¢ ¯. 6. � ¯. 7¤®ª §   ®æ¥ª  ¢¨¤  (1.11) ¤«ï distE(A";A0), ¥á«¨ ¢ë¯®«¥ë ãá«®¢¨ï ¨§ à ¡®âë [1].�¥ª®â®àë¥ ¯à®¡«¥¬ë, á¢ï§ ë¥ á ãáà¥¤¥¨¥¬ £«®¡ «ìëå  ââà ªâ®à®¢  ¢â®®¬Äëå ¨ ¥ ¢â®®¬ëå ¤¨áá¨¯ â¨¢ëå ãà ¢¥¨© ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨, ¨§ãç «¨áì ¢à ¡®â å [2]{[8]. � à ¡®â å [1], [9] ¤®ª § ë®æ¥ª¨ ¢¨¤  (1.11) ¤«ï ¤¨áá¨¯ â¨¢ëå ¢®«®Ä¢ëå ãà ¢¥¨© ¢¨¤  (1.1) ¯à¨ � = 0 (á«ãç © ¥á¨£ã«ïà®© ®áæ¨««ïæ¨¨ ¢¥è¨å á¨«).� § ª«îç¥¨¥ ®â¬¥â¨¬, çâ® ¨ ¤«ï ¥ª®â®àëå ¤àã£¨å ãà ¢¥¨© ¬ â¥¬ â¨ç¥áª®© ä¨Ä§¨ª¨, á®¤¥à¦ é¨å á¨£ã«ïà® ®áæ¨««¨àãîé¨¥ ç«¥ë ¢¨¤  g0(x; t) + "−�g1(x; t=") ¨«¨g0(x; t) + "−�g1(x="; t), ¨¬¥îâ ¬¥áâ® à¥§ã«ìâ âë,   «®£¨çë¥ à¥§ã«ìâ â ¬, ¯®«ãç¥Äë¬ ¢  áâ®ïé¥© áâ âì¥.2. � ¢®¬¥àë©  ââà ªâ®à ¤¨áá¨¯ â¨¢®£® ¢®«®¢®£®ãà ¢¥¨ï á á¨£ãÄ«ïà® ®áæ¨««¨àãîé¥© ¯® ¢à¥¬¥¨ ¢¥è¥© á¨«®©. �§ãç ¥âáï á«¥¤ãîé¥¥ ¢®«Ä®¢®¥ ãà ¢¥¨¥ á ã«¥¢ë¬¨ £à ¨çë¬¨ ãá«®¢¨ï¬¨:@2tu+ @tu = �u− f(u) + g0(x; t) + "−�g1(x; t"); u|@
 = 0; (2.1)£¤¥ x ∈ 
 b R
n, u = u(x; t) { ¥¨§¢¥áâ ï ¢¥é¥áâ¢¥ ï äãªæ¨ï, � { ®¯¥à â®à � ¯Ä« á  ¢ R

n,  > 0 { ª®íää¨æ¨¥â ¤¨áá¨¯ æ¨¨, " > 0 { ¬ «ë© ¯ à ¬¥âà ¨ 0 < � 6 �0(¢¥«¨ç¨  �0 ¡ã¤¥â ®¯à¥¤¥«¥  ¯®§¦¥). Ǳà¥¤¯®« £ ¥âáï, çâ® ¥«¨¥© ï äãªæ¨ï f(u)¯à¨ ¤«¥¦¨â ª« ááã C1 ¨ ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¨¬ ãá«®¢¨ï¬:F (v)v > −mv2 − Cm; F (v) = ∫ v0 f(w) dw; (2.2)f(v)v − 1F (v) +mv2 > −Cm ∀ v ∈ R: (2.3)�¤¥áì ç¨á«® m ¤®áâ â®ç® ¬ «® ¨ 1 > 0. �à®¬¥ â®£®, ¯à¥¤¯®« £ ¥âáï ¢ë¯®«¥ë¬¥à ¢¥áâ¢®
|f ′(v)| 6 K(1 + |v|�); 0 6 � < 2n− 2 ¯à¨ n > 3; � > 0 «î¡®¥ ¯à¨ n = 1; 2: (2.4)�á«®¢¨ï (2.2){(2.4) ï¢«ïîâáï áâ ¤ àâë¬¨ ¤«ï ¤¨áá¨¯ â¨¢ëå ª¢ §¨«¨¥©ëå ¢®«®Ä¢ëå ãà ¢¥¨© ¢¨¤  (2.1) (á¬.,  ¯à¨¬¥à, [10]{[17]). � ª ç¥áâ¢¥ å à ªâ¥àëå ¯à¨¬¥à®¢¥«¨¥©ëå äãªæ¨© f(u), ¯à¨ ª®â®àëå ãà ¢¥¨¥ (2.1) ¨¬¥¥â ª®ªà¥âë© ä¨§¨ç¥áª¨©á¬ëá«, ¬®¦® ¯à¨¢¥áâ¨ äãªæ¨¨ f(u) = u|u|� ¨ f(u) = K sinu (¤¨áá¨¯ â¨¢®¥ ãà ¢¥Ä¨¥ á ©-�®à¤® ; á¬. [11]).�ãªæ¨ï g0(x; t) + "−�g1(x; t=")  §ë¢ ¥âáï ¢¥è¥© á¨«®©. Ǳà¥¤¯®« £ ¥âáï, çâ®äãªæ¨¨ g0(t) := g0(x; t) ¨ g1(z) := g1(x; z) ï¢«ïîâáï âà á«ïæ¨®® ª®¬¯ ªâë¬¨¢ ¯à®áâà áâ¢¥Lloc2 (R;H), £¤¥H = L2(
); ¯® ®¯à¥¤¥«¥¨îíâ® ®§ ç ¥â, çâ® ¯à¨ «î¡®¬ä¨ªá¨à®¢ ®¬M > 0 ¬®¦¥áâ¢  äãªæ¨© {g0(t + h) | h ∈ R} ¨ {g1(z + h) | h ∈ R}ï¢«ïîâáï ¯à¥¤ª®¬¯ ªâë¬¨ ¢ ¯à®áâà áâ¢¥ L2(−M;M ;H) (á¬. [14]). �¤¥áì ¨ ¤ «¥¥,ç¥à¥§ t ®¡®§ ç ¥âáï \¬¥¤«¥ ï" ¯¥à¥¬¥ ï ¢à¥¬¥¨,   ç¥à¥§ z { \¡ëáâà ï".



526 �.�. �����, �.�. ��Ǳ����� ç áâ®áâ¨, ¨§ ãá«®¢¨ï âà á«ïæ¨®®© ª®¬¯ ªâ®áâ¨ ¢ëâ¥ª îâ ¥à ¢¥áâ¢ 
‖g0‖2Lb2 = supt∈R

∫ t+1t |g0(s)|2 ds 6 C20 ;
‖g1‖2Lb2 = supz∈R

∫ z+1z |g1(�)|2 d� 6 C21 : (2.5)�¤¥áì | · | ®¡®§ ç ¥â ®à¬ã ¢ L2(
). �®à¬ã ¢ ¯à®áâà áâ¢¥ H10 (
) ¬ë ¤«ï ªà âª®áâ¨¡ã¤¥¬ ®¡®§ ç âì ‖ · ‖1.�§ ¥à ¢¥áâ¢  (2.5) á«¥¤ã¥â, çâ®
∥∥∥g1( ·")∥∥∥

2Lb2 = supt∈R

∫ t+1t ∣∣∣g1(s")∣∣∣
2 ds 6 C22 := 2C21 ∀ "; 0 < " 6 1; (2.6)¨, â¥¬ á ¬ë¬,

∥∥∥g0( · ) + "−�g1( ·")∥∥∥Lb2 6 ‖g0( · )‖Lb2 + "−�∥∥∥g1( ·")∥∥∥Lb2 6 C0 + C2"−�: (2.7)� ¬¥â¨¬, çâ® ®à¬  ¢¥è¥© á¨«ë g"(t) := g0(t) + "−�g1(t=") ¨§ ãà ¢¥¨ï (2.1) ¬®¦¥â¥®£à ¨ç¥® à áâ¨ ¯à¨ " → 0+.�«ï ãà ¢¥¨ï (2.1) à áá¬ âà¨¢ ¥âáï § ¤ ç  �®è¨u|t=� = u� (x); @tu|t=� = p� (x); (2.8)£¤¥ � ∈ R, u� (x) ∈ H10 (
) ¨ p� (x) ∈ L2(
). � [14] ¤®ª § ® (á¬., â ª¦¥ ¨áá«¥¤®¢ ¨ï  ¢Äâ®®¬ëå £¨¯¥à¡®«¨ç¥áª¨å ãà ¢¥¨© ¢¨¤  (2.1) ¢ [10]{[13], [15]), çâ® ¯à¨ «î¡®¬ � ∈ R¨ ¤«ï «î¡®© ¯ àë  ç «ìëå ¤ ëå (u� ; p� ) ∈ H10 (
)×L2(
) § ¤ ç �®è¨ (2.1), (2.8)¨¬¥¥â, ¨ ¯à¨â®¬ ¥¤¨áâ¢¥®¥ à¥è¥¨¥u ∈ Cb(R� ;H10 (
)), @tu ∈ Cb(R� ;L2(
)), ¯à¨ç¥¬@2t u ∈ Cb(R� ;H−1(
)), £¤¥ ®¡®§ ç¥®R� = [�;+∞).� áá¬®âà¨¬ äãªæ¨¨ y� (x) = (u� (x); p� (x)) ¨ y(x; t) = (u(x; t); @tu(x; t)), x ∈ 
,t > � , £¤¥ u(x; t) { à¥è¥¨¥ § ¤ ç¨ (2.1), (2.8).� áá¬®âà¨¬ â ª¦¥ í¥à£¥â¨ç¥áª®¥ ¯à®áâà áâ¢®E = H10 (
)× L2(
) á ®à¬®©
‖y‖E = {

‖∇u‖2L2(
) + ‖p‖2L2(
)}1=2 := {
‖u‖21 + |p|2}1=2:�®£¤ , ®ç¥¢¨¤®, y( · ; t) ∈ Cb(R� ;E) ¨ y(x; �) = y� (x).� [14] ¤®ª §   á«¥¤ãîé ï ®á®¢ ï  ¯à¨®à ï ®æ¥ª  ¤«ï à¥è¥¨ïy(t) := y(x; t) = (u(x; t); @tu(x; t))§ ¤ ç¨ (2.1), (2.8):

‖y(t)‖2E 6 C3‖y�‖�+2E e−2�(t−�) + C4(1 + ∥∥∥g0( · ) + "−�g1( ·")∥∥∥
2Lb2) ∀ t > �; (2.9)£¤¥ � > 0, ª®áâ âë �;C3; C4 ¥ § ¢¨áïâ ®â g0 ¨ g1,   â ª¦¥ ®â y� ¨ y(t).



���������� �����Ǳ������� ��Ǳ������������ ��������� 527Ǳ®áª®«ìªã § ¤ ç  (2.1), (2.8) ¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥ ¯à¨ «î¡®¬ � ∈ R ¨ ¯à¨¢á¥å y� ∈ E, ¤¨áá¨¯ â¨¢®¥ ¢®«®¢®¥ ãà ¢¥¨¥ (2.1) ¯®à®¦¤ ¥â ¯à®æ¥áá {Ug"(t; �)} :=
{Ug"(t; �) | t > �; � ∈ R}, ¤¥©áâ¢ãîé¨© ¢ E ¯® ä®à¬ã«¥Ug"(t; �)y� = y(t); t > �; (2.10)£¤¥ y(t) { à¥è¥¨¥ § ¤ ç¨ (2.1), (2.8) á ¢¥è¥© á¨«®© g"(t) := g0(t) + "−�g1(t=") ¨á  ç «ìë¬¨ ãá«®¢¨ï¬¨ y� ∈ E. �â¬¥â¨¬, çâ® ª ¦¤®¥ (¥«¨¥©®¥) ®â®¡à ¦¥¨¥Ug"(t; �): E → E á¨«ì® ¥¯à¥àë¢® ¢ ®à¬¥ E (á¬.,  ¯à¨¬¥à, [14]).�§ ®æ¥ª¨ (2.9) á«¥¤ã¥â, çâ® ¯à®æ¥áá {Ug"(t; �)} ¨¬¥¥â ®£à ¨ç¥®¥ (¢E) à ¢®¬¥àÄ® (¯® � ∈ R) ¯®£«®é îé¥¥ ¬®¦¥áâ¢® B" ⊂ E,   ¨¬¥®:B" = {y ∈ E ∣∣ ‖y‖2E 6 2C4(1 + ‖g"‖2Lb2)}; (2.11)£¤¥ g" := g"(t) = g0(t) + "−�g1(t="). �§ (2.7) ¯®«ãç ¥¬, çâ®

‖B"‖E 6 C5 + C6"� ; C5 = √2C4(1 + C0); C6 = √2C4 C2; (2.12)£¤¥ ª®áâ âëC5 ¨ C6 ¥ § ¢¨áïâ ®â ". � ç¨â, ®à¬  ¢ E ¯®£«®é îé¥£® ¬®¦¥áâ¢ B"¯à®æ¥áá  {Ug"(t; �)} ¬®¦¥â ¥®£à ¨ç¥® ¢®§à áâ âì ¯à¨ " → 0+.� §äãªæ¨¨ g0(t) ¨ g1(t) ï¢«ïîâáï âà á«ïæ¨®®ª®¬¯ ªâë¬¨¢Lloc2 (R;H), â® äã-ªæ¨ï g"(t) := g0(t) + "−�g1(t=") â ª¦¥ âà á«ïæ¨®® ª®¬¯ ªâ  ¢ íâ®¬ ¯à®áâà áâ¢¥¯à¨ «î¡®¬ ä¨ªá¨à®¢ ®¬ ", 0 < " 6 1. �¡®§ ç¨¬ ç¥à¥§H (g0);H (g1) ¨H (g") ®¡®Ä«®çª¨ á®®â¢¥âáâ¢¥® äãªæ¨© g0(t); g1(z) ¨ g"(t) ¢ Lloc2 (R;H). � ¯®¬¨¬,  ¯à¨¬¥à,çâ® H (g0) = {ĝ0(t) | ∃ {hn}; hn ∈ R; â ª ï, çâ®g0(t+ hn) → ĝ0(t); n → ∞; á¨«ì® ¢ Lloc2 (R;H)}: (2.13)� «®£¨ç® ®¯à¥¤¥«ïîâáï ®¡®«®çª¨ H (g1) ¨ H (g") = H (g0( · ) + "−�g1( · =")) ¯à¨ª ¦¤®¬ ä¨ªá¨à®¢ ®¬ ", 0 < " 6 1. � ¤ «ì¥©è¥¬ á¨¬¢®« ĝ" ¡ã¤¥â ®¡®§ ç âì äãªÄæ¨î ¨§H (g"). �¥£ª® ¢¨¤¥âì, çâ® «î¡ãî â ªãî äãªæ¨î¬®¦® § ¯¨á âì ¢ ¢¨¤¥ áã¬¬ëĝ"(t) = ĝ0(t) + "−�ĝ1( t");£¤¥ ĝ0(t) ∈H (g0) ¨ ĝ1(z) ∈H (g1). �â¬¥â¨¬, çâ®
‖ĝ"( · )‖Lb2 = ∥∥∥ĝ0( · ) + "−�ĝ1( ·")∥∥∥Lb2 6 ‖ĝ0( · )‖Lb2 + "−�∥∥∥ĝ1( ·")∥∥∥Lb2 6 C0 + C2"−�;(2.14)£¤¥ ª®áâ âë C0 ¨ C2 â¥ ¦¥ á ¬ë¥, çâ® ¨ ¢ ®æ¥ª å (2.5), (2.7).�¥¯¥àì ¯à¨ ª ¦¤®¬ ä¨ªá¨à®¢ ®¬ ", 0 < " 6 1, ¬ë à áá¬®âà¨¬ á¥¬¥©áâ¢® ãà ¢¥Ä¨© @2t û" + @tû" = �û" − f(û") + ĝ"(t); û"|@
 = 0; (2.15)£¤¥ ĝ"(t) = ĝ0(t) + "−�ĝ1(t=") ∈ H (g"), g" = g0(t) + "−�g1(t="),   g0(t); g1(z) { ¨áå®¤Äë¥ äãªæ¨¨ ¨§ ãà ¢¥¨ï (2.1). �ç¥¢¨¤®, çâ® á¥¬¥©áâ¢® ãà ¢¥¨© (2.15) ¯®à®¦¤ ¥â



528 �.�. �����, �.�. ��Ǳ����á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {Ubg"(t; �)}, ĝ" ∈ H (g"), ¤¥©áâ¢ãîé¨å ¢ E ¯® ä®à¬ã«¥,   «®Ä£¨ç®© (2.10). �à®¬¥ â®£®, á®®â¢¥âáâ¢ãîé¨¥ à¥è¥¨ïŷ"(t) = Ubg"(t; �)ŷ� = (û"( · ; t); @tû"( · ; t)); t > �;ã¤®¢«¥â¢®àïîâ ¥à ¢¥áâ¢ã
‖ŷ"(t)‖2E 6 C3‖ŷ�‖�+2E e−2�(t−�) + C4(1 + (C0 + C2"−�)2) ∀ t > �; (2.16)¨§ ª®â®à®£® § ª«îç ¥¬, çâ® ¬®¦¥áâ¢® B" (á¬. (2.11)) ï¢«ï¥âáï ®¡é¨¬ à ¢®¬¥à® ¯®Ä£«®é îé¨¬ ¬®¦¥áâ¢®¬ á¥¬¥©áâ¢  ¯à®æ¥áá®¢ {Ubg"(t; �)}, ĝ" ∈H (g").� ¯®¬¨¬, çâ® á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {Ubg"(t; �)}, ĝ" ∈H (g"),  §ë¢ ¥âáï à ¢®¬¥àÄ®  á¨¬¯â®â¨ç¥áª¨ ª®¬¯ ªâë¬ ¢E, ¥á«¨  ©¤¥âáï ª®¬¯ ªâ®¥ ¬®¦¥áâ¢® P " b E,ª®â®à®¥ ¯à¨âï£¨¢ ¥â «î¡®¥ ®£à ¨ç¥®¥ ¬®¦¥áâ¢® B (‖B‖E 6 M)  ç «ìëå ¤ Äëå: distE(Ubg"(t; �)B;P ") → 0; t− � → +∞; (2.17)à ¢®¬¥à® ¯® ĝ" ∈H (g"). �¤¥áì ç¨á«® " ä¨ªá¨à®¢ ® ¨ 0 < " 6 1.� ¬¯® ¤®¡¨âáï ¥é¥ ®¤® ®¯à¥¤¥«¥¨¥, á¢ï§ ®¥ á á¥¬¥©áâ¢®¬¯à®æ¥áá®¢ {Ubg"(t; �)},ĝ" ∈H (g"). �â® á¥¬¥©áâ¢®  §ë¢ ¥âáï (E×H (g"); E)-¥¯à¥àë¢ë¬, ¥á«¨ ¤«ï «î¡®©ä¨ªá¨à®¢ ®© ¯ àë (t; �), £¤¥ t > � , � ∈ R, ®â®¡à ¦¥¨¥ (ŷ� ; ĝ") → Ubg"(t; �)ŷ� ¥¯à¥Äàë¢® ¨§ E ×H (g") ¢ E, â.¥. Ubg"n(t; �)ŷ�n → Ubg"(t; �)ŷ� ¢ E ¯à¨ ŷ�n → ŷ� ¢ E ¨ ¯à¨ĝ"n → ĝ" ¢ Lloc2 (R;H).�¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥�â¢¥à¦¤¥¨¥ 2.1. Ǳà¨ «î¡®¬ ä¨ªá¨à®¢ ®¬ ", 0 < " 6 1, á¥¬¥©áâ¢® ¯à®æ¥áÄá®¢ {Ubg"(t; �)}, ĝ" ∈H (g"), á®®â¢¥âáâ¢ãîé¥¥ ãà ¢¥¨ï¬ (2.15) ï¢«ï¥âáï à ¢®Ä¬¥à® (¯® ĝ" ∈H (g"))  á¨¬¯â®â¨ç¥áª¨ ª®¬¯ ªâë¬ ¨ (E×H (g"); E)-¥¯à¥àë¢Äë¬.�®ª § â¥«ìáâ¢® íâ®£® ãâ¢¥à¦¤¥¨ï ¯à¨¢¥¤¥® ¢ [14, £«. 4, ¯. 4] (á¬. â ª¦¥ [16],[11], [13]).� ¯®¬¨¬ ®¯à¥¤¥«¥¨¥ à ¢®¬¥à®£® £«®¡ «ì®£®  ââà ªâ®à  á¥¬¥©áâ¢  ¯à®æ¥áá®¢.�¯à¥¤¥«¥¨¥ 2.1. � ¬ªãâ®¥ ¬®¦¥áâ¢® A" ⊂ E  §ë¢ ¥âáï à ¢®¬¥àë¬ £«®Ä¡ «ìë¬  ââà ªâ®à®¬ á¥¬¥©áâ¢  ¯à®æ¥áá®¢ {Ubg"(t; �)}, ĝ" ∈ H (g"), ¥á«¨ ¬®¦¥áâÄ¢® A" ¯à¨âï£¨¢ ¥â «î¡®¥ ®£à ¨ç¥®¥ ¬®¦¥áâ¢®B  ç «ìëå ¤ ëådistE(Ubg"(t; �)B;A") → 0; t− � → +∞;à ¢®¬¥à® ¯® ĝ" ∈H (g") ¨A" { ¬¨¨¬ «ì®¥ à ¢®¬¥à® ¯à¨âï£¨¢ îé¥¥ ¬®¦¥áâ¢®,â.¥. A" ¯à¨ ¤«¥¦¨â «î¡®¬ã § ¬ªãâ®¬ã ¬®¦¥áâ¢ã P ", ã¤®¢«¥â¢®àïîé¥¬ã (2.17).�â¢¥à¦¤¥¨¥ 2.1 ¨á¯®«ì§ã¥âáï ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë ® áãé¥áâ¢®¢ ¨¨ª®¬¯ ªâ®£® ¢ E, à ¢®¬¥à®£® £«®¡ «ì®£®  ââà ªâ®à  A" á¥¬¥©áâ¢  ¯à®æ¥áá®¢

{Ubg"(t; �)}, ĝ" ∈ H (g"), ®â¢¥ç îé¥£® ãà ¢¥¨ï¬ (2.15) (á¬. [14]). �à®¬¥ â®£®, ¢á¨«ã (2.12) ¨§ ¢«®¦¥¨ï A" ⊆ B" ¯®«ãç ¥¬ ®æ¥ªã
‖A"‖E 6 C5 + C6"� : (2.18)



���������� �����Ǳ������� ��Ǳ������������ ��������� 529� ¬¥ç ¨¥ 2.1. �®¦®¯®áâà®¨âì ¯à¨¬¥àë¢¥è¨å á¨« g"(t) := g0(t)+"−�g1(t=")¢ ãà ¢¥¨¨ (2.1), ª®â®àë¥ ï¢«ïîâáï âà á«ïæ¨®® ª®¬¯ ªâë¬¨äãªæ¨ï¬¨ ¢ Lloc2 (R;H), ¯à¨ç¥¬ á®®â¢¥âáâ¢ãîé¨¥ à ¢®¬¥àë¥ £«®¡ «ìë¥  ââà ªâ®àëA" ã¤®¢«¥â¢®àïîâ¥à ¢¥áâ¢ã
‖A"‖E > c5 + c6"� ;â.¥. ®à¬ë  ââà ªâ®à®¢A" ¢ E ¬®£ãâ ¥®£à ¨ç¥® à áâ¨ ¯à¨ "→ 0+.�«ï ¯à®æ¥áá  {Ubg"(t; �)}, ¨¬¥îé¥£® ¢¥èîî á¨«ã ĝ"(t) := ĝ0(t) + "−�ĝ1(t="), ®¡®Ä§ ç¨¬ ç¥à¥§ Kbg" ï¤à® á®®â¢¥âáâ¢ãîé¥£® ãà ¢¥¨ï (2.15). � ¯®¬¨¬, çâ® ï¤à® Kbg"á®áâ®¨â ¨§ ¢á¥å à¥è¥¨© ŷ"(t) = (û"( · ; t); @tû"( · ; t)) íâ®£® ãà ¢¥¨ï, ª®â®àë¥ ®¯à¥¤¥Ä«¥ë   ¢á¥© ®á¨ ¢à¥¬¥¨ {t ∈ R} (â ª¨¥ à¥è¥¨ï ¬ë ¡ã¤¥¬  §ë¢ âì ¯®«ë¬¨ âà ¥ªÄâ®à¨ï¬¨) ¨ ï¢«ïîâáï ®£à ¨ç¥ë¬¨ ¢ E. �®à¬ «ì®, íâ® ãá«®¢¨¥ ¬®¦® § ¯¨á âì ¢¢¨¤¥ Ubg"(t; �)ŷ"(�) = ŷ"(t) ∀ t > �; � ∈ R;¯à¨ç¥¬ ŷ"( · ) ∈ Cb(R;E) ¤«ï «î¡®£® ŷ"( · ) ∈ Kbg" . �®¦¥áâ¢®K (t) = {ŷ"(t) | ŷ" ∈ Kbg"}; t ∈ R; §ë¢ ¥âáï á¥ç¥¨¥¬ ï¤à  ¢ ¬®¬¥â ¢à¥¬¥¨ t.� [14] ¤®ª § ®, çâ® à ¢®¬¥àë© £«®¡ «ìë©  ââà ªâ®à A" á¥¬¥©áâ¢  ¯à®æ¥áá®¢

{Ubg"(t; �)}, ĝ" ∈H (g"), ®â¢¥ç îé¥£® (2.15), ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥A" = ⋃bg"∈H (g")Kbg"(0); (2.19)£¤¥Kbg" (0) { á¥ç¥¨¥ ï¤à  ¢ ¬®¬¥â t = 0. �â¬¥â¨¬, çâ® ï¤à®Kbg" ¥ ¯ãáâ® ¯à¨ «î¡®©ĝ" ∈H (g").�¬¥áâ¥ á ãà ¢¥¨¥¬ (2.1) à áá¬ âà¨¢ ¥âáï \¯à¥¤¥«ì®¥" (¨«¨ \ãáà¥¤¥®¥") ¢®«Ä®¢®¥ ãà ¢¥¨¥ @2tu+ @tu = �u− f(u) + g0(x; t); u|@
 = 0; (2.20)£¤¥ ; f(u) ¨ g0(x; t) â¥ ¦¥, çâ® ¨ ¢ (2.1). � áá¬ âà¨¢ ¥âáï â ª¦¥ á¥¬¥©áâ¢® \¯à¥¤¥«ìÄëå" ¢®«®¢ëå ãà ¢¥¨©@2t û0 + @tû0 = �û0 − f(û0) + ĝ0(t); û0|@
 = 0; (2.21)£¤¥ ĝ0 ∈ H (g0), g0(t) := g0(t). �¥¬¥©áâ¢® ãà ¢¥¨© (2.21) ¯®à®¦¤ ¥â \¯à¥¤¥«ì®¥"á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {Ubg0(t; �)}, ĝ0 ∈ H (g0), ¤¥©áâ¢ãîé¨å ¢ E, ¨ á®®â¢¥âáâ¢ãîé¨¥à¥è¥¨ï ŷ0(t) = Ubg0(t; �)ŷ� = (û0( · ; t); @tû0( · ; t)); t > �;ã¤®¢«¥â¢®àïîâ ¥à ¢¥áâ¢ã
‖ŷ0(t)‖2E 6 C3‖ŷ�‖�+2E e−2�(t−�) + C4(1 + C20 ) ∀ t > �: (2.22)� à B0 = {y ∈ E ∣∣ ‖y‖2E 6 2C4(1 + ‖g0‖2Lb2)}



530 �.�. �����, �.�. ��Ǳ����(á¬. (2.11)) á«ã¦¨â à ¢®¬¥à® ¯®£«®é îé¨¬ ¬®¦¥áâ¢®¬ á¥¬¥©áâ¢  ¯à®æ¥áá®¢
{Ubg0(t; �)}, ĝ0 ∈ H (g0). �â¢¥à¦¤¥¨¥ 2.1 ¢ë¯®«¥® ¯à¨ " = 0 ¤«ï á¥¬¥©áâ¢ ¯à®æ¥áá®¢ {Ubg0(t; �)}, ĝ0 ∈ H (g0), ¨ íâ® á¥¬¥©áâ¢® ¨¬¥¥â à ¢®¬¥àë© £«®¡ «ìë© ââà ªâ®à A0 b E,

‖A0‖E 6 C5: (2.23)�®à¬ã«  (2.19) á¯à ¢¥¤«¨¢  ¨ ¯à¨ " = 0 (á¬. [14], £¤¥ ¯¥à¥ç¨á«¥ë¥ ¢ëè¥ á¢®©áâ¢ ¯®¤à®¡® ¤®ª § ë).� á«¥¤ãîé¨å¯ãªâ å ¡ã¤¥â ¨§ãç âìáï á¢ï§ì¬¥¦¤ãà ¢®¬¥àë¬¨ ââà ªâ®à ¬¨A"¨ A0 ¯à¨ " → 0+ ¨ ¯à¨ ¢ë¯®«¥¨¨ ¥ª®â®àëå ¤®¯®«¨â¥«ìëå ãá«®¢¨©. �  áâ®ïé¨©¬®¬¥â ¬ë ¤ ¦¥ ¥ ¬®¦¥¬ £ à â¨à®¢ âì à ¢®¬¥àãî ®£à ¨ç¥®áâì ¬®¦¥áâ¢ A"¯à¨ " → 0+ (á¬. § ¬¥ç ¨¥ 2.1).3. �æ¥ª  ®âª«®¥¨ï âà ¥ªâ®à¨© ¨áå®¤®£® ¨ \¯à¥¤¥«ì®£®" ãà ¢¥Ä¨©. � áá¬ âà¨¢ ¥âáï ¤¨áá¨¯ â¨¢®¥ ¢®«®¢®¥ ãà ¢¥¨¥ (2.15)áä¨ªá¨à®¢ ®© ¢¥èÄ¥© á¨«®© ĝ" ∈ H (g"), ĝ"(t) = ĝ0(t) + "−�ĝ1(t="), £¤¥ ĝ0(t) ∈ H (g0) ¨ ĝ1(z) ∈ H (g1),  äãªæ¨¨ g0(t); g1(z) ¢§ïâë ¨§ ¨áå®¤®£® ãà ¢¥¨ï (2.1). � íâ®¬ ¯ãªâ¥ ¬ë áà ¢¨¬à¥è¥¨¥ íâ®£® ãà ¢¥¨ï á à¥è¥¨¥¬ á®®â¢¥âáâ¢ãîé¥£® \¯à¥¤¥«ì®£®" ¢®«®¢®£® ãà ¢Ä¥¨ï (2.21) á ¢¥è¥© á¨«®© ĝ0(t) := ĝ0(t) ¯à¨ ®¤¨ ª®¢ëå  ç «ìëå ãá«®¢¨ïå, ¯à¨Ä ¤«¥¦ é¨å ¯®£«®é îé¥¬ã ¬®¦¥áâ¢ã B" (á¬. (2.11)).�ë ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® äãªæ¨ï f(u) ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã (2.4) á ¯®ª Ä§ â¥«¥¬ � = 0, â.¥.
|f ′(v)| 6 K ∀ v ∈ R: (3.1)�®£¤ , ¢ ç áâ®áâ¨,

|f(v)| 6 K|v|+ C′0 ∀ v ∈ R; C′0 = |f(0)|: (3.2)� ¬¥ç ¨¥ 3.1. �§« £ ¥¬ë¥ ¤ «¥¥ à¥§ã«ìâ âë ¯à¨¬¥¨¬ë,  ¯à¨¬¥à, ª ¥ ¢â®Ä®¬®¬ã ¤¨áá¨¯ â¨¢®¬ã ãà ¢¥¨î á ©-�®à¤® , ¢ ª®â®à®¬ ¥«¨¥© ï äãªæ¨ïf(u) = K sinu.� áá¬®âà¨¬ à¥è¥¨¥ ŷ"(t) = (û"(t); @tû"(t)), t > � , ãà ¢¥¨ï (2.15), ã ª®â®à®£® ç «ì®¥ ãá«®¢¨¥ ŷ"(�) = (û"(�); @tû"(�)) = (û� ; p̂� ) = ŷ� ¯à¨ ¤«¥¦¨â è àã B".�®£¤  (á¬. (2.12))
‖ŷ"(�)‖E = ‖ŷ�‖E = ‖(û� ; p̂� )‖E 6 C5 + C6"� : (3.3)� áá¬®âà¨¬ â ª¦¥ à¥è¥¨¥ ŷ0(t) = (û0(t); @tû0(t)), t > � , á®®â¢¥âáâ¢ãîé¥£® \¯à¥Ä¤¥«ì®£®" ãà ¢¥¨ï (2.21) á ¢¥è¥© á¨«®© ĝ0(t) ¨ á â¥¬¨ ¦¥  ç «ìë¬¨ ãá«®¢¨ï¬¨¯à¨ t = � , çâ® ¨ ã à¥è¥¨ï ŷ"(t) = (û"(t); @tû"(t)) ¨áå®¤®£® ãà ¢¥¨ï:û0|t=� = û� (x); @tû0|t=� = p̂� (x): (3.4)� §®áâì íâ¨å à¥è¥¨© (w(t); @tw(t)) = (û"(t) − û0(t); @tû"(t) − @tû0(t)) ã¤®¢«¥â¢®Äàï¥â ãà ¢¥¨î @2tw + @tw = �w −

(f(û")− f(û0)) + "−�ĝ1( t") (3.5)



���������� �����Ǳ������� ��Ǳ������������ ��������� 531¨  ç «ìë¬ ãá«®¢¨ï¬ w|t=� = 0; @tw|t=� = 0: (3.6)�¬®¦¨¬ áª «ïà® ¢ L2(
) ãà ¢¥¨¥ (3.5)   @tw:12 ddt |@tw|2 + 12 ddt‖w‖21 + |@tw|2 + 〈f(û")− f(û0); @tw〉 = 〈"−�ĝ1( t"); @tw〉: (3.7)�¤¥áì ¨ ¤ «¥¥ 〈 · ; · 〉 ®¡®§ ç ¥â áª «ïà®¥ ¯à®¨§¢¥¤¥¨¥ ¢ L2(
). Ǳà¥¤¯®«®¦¨¬, çâ®äãªæ¨¨ ĝ1(x; z) ∈H (g1) ®¡« ¤ îâ ¯¥à¢®®¡à §ë¬¨ Ĝ1(x; z) ¯® z:@@z Ĝ1(x; z) = ĝ1(x; z) (3.8)â ª¨¬¨, çâ®
‖Ĝ1( · ; z)‖1 = ‖Ĝ1( · ; z)‖H10 6 �1 ∀ z ∈ R; (3.9)£¤¥ �1 ¥ § ¢¨á¨â ®â ĝ1. �âáî¤ , ®ç¥¢¨¤®, á«¥¤ã¥â, çâ®
|Ĝ1( · ; z)| = ‖Ĝ1( · ; z)‖L2 6 �0 ∀ z ∈ R: (3.10)� ¬¥â¨¬, çâ® ¢ (3.7) "−�ĝ1( t") = "1−�@tĜ1( t"):�â¥£à¨àãï ãà ¢¥¨¥ (3.7) ¯® ¢à¥¬¥¨ ®â � ¤® � + t ¨ ¨á¯®«ì§ãï ã«¥¢ë¥ ãá«®¢¨ï (3.6),¯®«ãç ¥¬12{

|@tw(� + t)|2 + ‖w(� + t)‖21}+  ∫ t0 |@tw(�1)|2 d�1= −

∫ t0 〈(∫ 10 f ′(û0(� + �1) + s · w(� + �1)) ds)w(� + �1); @tw(� + �1)〉 d�1+ "1−� ∫ t0 〈@tĜ1(� + �1" ); @tw(� + �1)〉 d�1= −

∫ t0 〈(∫ 10 f ′(ũ(� + �1; s)) ds)w(� + �1); @tw(� + �1)〉 d�1+ "1−�〈Ĝ1(� + t" ); @tw(� + t)〉 − "1−� ∫ t0 〈Ĝ1(� + �1" ); @2tw(� + �1)〉 d�1:= I + II + III: (3.11)� ¯®á«¥¤¥¬ à ¢¥áâ¢¥ ¯à¨¬¥ï«®áì ¨â¥£à¨à®¢ ¨¥ ¯® ç áâï¬. (�«ï ªà âª®áâ¨ ®¡®Ä§ ç¥® ũ(t; s) := û0(t) + s · w(t) = û0(t) + s(û"(t) − û0(t))). �æ¥¨¬ á« £ ¥¬ë¥ I , II¨ III ª ¦¤®¥ ¯®-®â¤¥«ì®áâ¨. �¬¥¥¬ ¢ á¨«ã (3.1)
|I | = ∣∣∣∣

∫ t0 〈(∫ 10 f ′(ũ(� + �1; s)) ds)w(� + �1); @tw(� + �1)〉 d�1∣∣∣∣
6 K ∫ t0 |w(� + �1)| × |@tw(� + �1)| d�1
6 K ∫ t0 �−1=21 ‖w(� + �1)‖1 × |@tw(� + �1)| d�1
6

12 K�1=21 ∫ t0 (
‖w(� + �1)‖21 + |@tw(� + �1)|2) d�1: (3.12)



532 �.�. �����, �.�. ��Ǳ�����¤¥áì ¬ë ¢®á¯®«ì§®¢ «¨áì ¥à ¢¥áâ¢®¬ Ǳã ª à¥: |w| 6 �−1=21 ‖w‖1, £¤¥ �1 { ¯¥à¢®¥á®¡áâ¢¥®¥ § ç¥¨¥ ®¯¥à â®à  � ¯« á  ¯à¨ ã«¥¢ëå £à ¨çëå ãá«®¢¨ïå. Ǳà¨ ®æ¥Ä¨¢ ¨¨ ¨â¥£à «  III ¢®á¯®«ì§ã¥¬áï ãá«®¢¨¥¬ (3.9):
|III | = "1−�∣∣∣∣

∫ t0 〈Ĝ1(� + �1" ); @2tw(� + �1)〉 d�1∣∣∣∣
6 "1−� ∫ t0 ∥∥∥∥Ĝ1(� + �1" )∥∥∥∥1‖@2tw(� + �1)‖−1 d�1
6 "1−��1 ∫ t0 ‖@2tw(� + �1)‖−1 d�1: (3.13)�æ¥¨¬ â¥¯¥àì ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ ¥à ¢¥áâ¢  (3.13). �¬¥¥¬

‖@2tw(� + t)‖−1 6 ‖@2t û"(� + t)‖−1 + ‖@2t û0(� + t)‖−1: (3.14)Ǳà¨ 0 < " 6 1 ¨§ ãà ¢¥¨ï (2.15),   ¯à¨ " = 0 ¨§ ãà ¢¥¨ï (2.21) ¯®«ãç ¥¬, çâ®
‖@2t û"(t)‖−1 6 C7(‖û"(t)‖1 + ‖f(û"(t))‖−1 + ‖@tû"(t)‖−1 + ‖ĝ"(t)‖−1)

6 C8(‖û"(t)‖1 + |f(û"(t))|+ |@tû"(t)|+ |ĝ"(t)|): (3.15)(� ¯®¬¨¬, çâ® | · | ®¡®§ ç ¥â ®à¬ã ¢ L2(
).) �§ (3.2)  å®¤¨¬, çâ®
|f(û"(� + t))| 6 C9(|û"(� + t)|+ 1); t > 0; 0 6 " 6 1: (3.16)� ç¨â, ¨§ (3.15) ¨ (3.16) á«¥¤ã¥â ¥à ¢¥áâ¢®

‖@2t û"(� + t)‖−1 6 C10(‖ŷ"(� + t)‖E + |ĝ"(� + t)|) ∀ t > 0; 0 6 " 6 1: (3.17)Ǳà¨¬¥¨¬ ®æ¥ª¨ (2.16) ¨ (2.22) ( ¯®¬¨¬, çâ® ¢  è¥¬ á«ãç ¥ � = 0):
‖ŷ"(� + t)‖E 6 C11‖ŷ�‖Ee−�t + C12(1 + "−�); 0 < " 6 1; (3.18)
‖ŷ0(� + t)‖E 6 C11‖ŷ�‖Ee−�t + C12 ∀ t > 0: (3.19)�®á¯®«ì§ã¥¬áï ãá«®¢¨¥¬ (3.3), ¯®¤áâ ¢¨¬ ®æ¥ª¨ (3.18) ¨ (3.19) ¢ (3.17),   § â¥¬ ¢ (3.14),¨ ¯®«ãç¨¬, çâ®

∫ t0 ‖@2tw(�+�1)‖−1 d�1 6 C13(1+"−�) ∫ t0 (1+e−��1) d�1 6 C14(1+"−�)(1+t): (3.20)�§ (3.20) ¨ (3.13)  å®¤¨¬, çâ®
|III | 6 "1−��1 ∫ t0 ‖@2tw(� + �1)‖−1 d�1

6 "1−��1C14(1 + "−�)(1 + t) 6 C15"1−2�(1 + t); (3.21)£¤¥ C15 = 2�1C14 ( ¯®¬¨¬, çâ® 0 < " 6 1).



���������� �����Ǳ������� ��Ǳ������������ ��������� 533�«ï á« £ ¥¬®£® II ¢ (3.11), ¢®á¯®«ì§®¢ ¢è¨áì ¥à ¢¥áâ¢ ¬¨ (2.16), (2.22) ¨ (3.10),¯®«ãç ¥¬ ®æ¥ªã
|II | = "1−�∣∣∣∣

〈Ĝ1(� + t" ); @tw(� + t)〉∣∣∣∣ 6 "1−�∣∣∣∣Ĝ1(� + t" )∣∣∣∣ × |@tw|
6 "1−��0 × |@tw(� + t)| 6 "1−��0(|@tû"(� + t)|+ |@tû0(� + t)|)
6 "1−��0(‖ŷ"(� + t)‖E + ‖ŷ0(� + t)‖E)

6 "1−��0C16(1 + "−�) 6 C17"1−2�:(3.22)�¡®§ ç¨¬ z(t) := |@tw(� + t)|2 + ‖w(� + t)‖21. �§ (3.11){(3.13) ¨ ¨§ (3.21), (3.22)¯®«ãç ¥¬ z(t) 6 2(I + II + III) 6 K1 ∫ t0 z(�) d� + C18"1−2�(1 + t); (3.23)£¤¥K1 = K�−1=21 . �¡®§ ç¨¬ v(t) = z(t)=(1 + t). �®£¤ v(t) 6 K1 ∫ t0 z(�)1 + t d� + C18"1−2�
6 K1 ∫ t0 z(�)1 + � d� + C18"1−2� = K1 ∫ t0 v(�) d� + C18"1−2�:�§ «¥¬¬ë �à®ã®««  ¯®«ãç ¥¬, çâ®v(t) 6 C18"1−2�eK1t¨, á«¥¤®¢ â¥«ì®,

|@tw(� + t)|2 + ‖w(� + t)‖21 = z(t) = v(t)(1 + t) 6 C18"1−2�eK1t(1 + t) 6 D20"1−2�e2rt;(3.24)£¤¥D20 := C18, 2r := K1 + 1 = K�−1=21 + 1.� ¯®¬¨¬, çâ®
|@tw(t+ �)|2 + ‖w(t+ �)‖21 = ‖ŷ"(t+ �) − ŷ0(t+ �)‖2E¯à¨ t > 0, ¯à¨ç¥¬ ŷ"(�) = ŷ0(�) = ŷ� ∈ B".�®ª §   á«¥¤ãîé ï�¥®à¥¬  3.1. Ǳãáâì ¢ ãà ¢¥¨¨ (2.1) äãªæ¨ï f(u) ã¤®¢«¥â¢®àï¥â ãá«®¢¨Äï¬ (2.2){(2.4) ¯à¨ � = 0 (á¬. (3.1)). �à®¬¥ â®£®, ¯ãáâì äãªæ¨¨ g0(x; t) ¨ g1(x; z)ï¢«ïîâáï âà á«ïæ¨®® ª®¬¯ ªâë¬¨ ¢ Lloc2 (R;H) á®®â¢¥âáâ¢¥® ¯® t ∈ R ¨¯® z ∈ R. Ǳà¥¤¯®« £ ¥âáï, çâ® «î¡ ï äãªæ¨ï ĝ1(x; z) ∈ H (g1) ¨¬¥¥â ¯¥à¢®®¡Äà §ãî Ĝ1(x; z) ¯® z: @@z Ĝ1(x; z) = ĝ1(x; z);¯à¨ç¥¬ Ĝ1 ∈ Cb(R;H10 (
)) ¨ ¢ë¯®«¥® ¥à ¢¥áâ¢®

‖Ĝ1( · ; z)‖H10(
) 6 �1 ∀ z ∈ R;



534 �.�. �����, �.�. ��Ǳ����£¤¥ �1 ¥ § ¢¨á¨â ®â ĝ1.�®£¤  ¤«ï ®âª«®¥¨ïŷ"(t)− ŷ0(t) = (û"(t); @tû"(t))− (û0(t); @tû0(t))à¥è¥¨ï (û"(t); @tû"(t)) ãà ¢¥¨ï (2.15) ®â à¥è¥¨ï (û0(t); @tû0(t)) \¯à¥¤¥«ì®Ä£®" ãà ¢¥¨ï (2.21), ª®â®àë¥ ã¤®¢«¥â¢®àïîâ ®¤¨ ª®¢ë¬  ç «ìë¬ ãá«®¢¨ï¬ŷ"(�) = ŷ0(�) = ŷ� ∈ B" (è à B" ®¯à¥¤¥«¥ ¢ (2.11)), á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®
‖ŷ"(� + t)− ŷ0(� + t)‖E 6 D0"1=2−�ert ∀ t > 0; (3.25)£¤¥ r = (K�−1=21 + 1)=2.� ¬¥ç ¨¥ 3.2. �®ª §  ï ®æ¥ª  (3.25) ¤«ï ®âª«®¥¨ï à¥è¥¨© ¨áå®¤®£® ¨\¯à¥¤¥«ì®£®" (\ãáà¥¤¥®£®") ãà ¢¥¨© ¤àã£ ®â ¤àã£  ¯à¨ ®¤¨ ª®¢ëå  ç «ìëåãá«®¢¨ïå   «®£¨ç  ¨§¢¥áâë¬ £«®¡ «ìë¬ ®æ¥ª ¬ �®£®«î¡®¢  (á¬. [18]). � á«¥¤ãÄîé¨å ¯ãªâ å ¯à¥¤¯®« £ ¥âáï, çâ® � < 1=2, ® ¥é¥  ª« ¤ë¢ îâáï ¥ª®â®àë¥ ¤®¯®«Ä¨â¥«ìë¥ ®£à ¨ç¥¨ï   íâ®â ¯®ª § â¥«ì (á¬. (4.1)).Ǳà¨¢¥¤¥¬ â¥¯¥àì ¥ª®â®àë¥ ¯à¨¬¥àë äãªæ¨© g1(x; z), ¤«ï ª®â®àëå «î¡ë¥ äãªæ¨¨ĝ1 ∈H (g1) ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ (3.8) ¨ (3.9).�ã¤¥¬ à áá¬ âà¨¢ âì ª¢ §¨¯¥à¨®¤¨ç¥áª¨¥ äãªæ¨¨. �ãªæ¨ï g1(x; z)  §ë¢ ¥âáïª¢ §¨¯¥à¨®¤¨ç¥áª®© ¯® z, ¥á«¨ ®  ¯à¥¤áâ ¢¨¬  ¢ ¢¨¤¥g1(x; z) = �(x; �z); � = (�1; �2; : : : ; �l) ∈ R

l; (3.26)£¤¥ �(x; !) ∈ C(Rl;H10 (
)) ¨ äãªæ¨ï �(x; !) = �(x; !1; !2; : : : ; !l) ï¢«ï¥âáï 2�-¯¥à¨-®¤¨ç¥áª®© ¯® ª ¦¤®¬ã  à£ã¬¥âã !j ∈ R, j = 1; 2; : : : ; l (á¬. [19]). �¨á«  �1; �2; : : : ; �l §ë¢ îâáï ç áâ®â ¬¨ ª¢ §¨¯¥à¨®¤¨ç¥áª®© äãªæ¨¨. ) Ǳãáâì äãªæ¨ï g1(x; z) ¯à¥¤áâ ¢¨¬  ¢ ¢¨¤¥ (3.26), ¯à¨ç¥¬ äãªæ¨ï �(x; !) ï¢«ï¥âÄáï âà¨£®®¬¥âà¨ç¥áª¨¬ ¯®«¨®¬®¬ ¯® ! á ã«¥¢ë¬ áà¥¤¨¬:�(x; !) = ∑0<|�k|6N a�k(x)ei(!;�k); x ∈ 
; ! ∈ R
l; (3.27)£¤¥ a�k( · ) ∈ H10 (
), a�k( · ) = a−�k( · ) ¯à¨ ¢á¥å ¬ã«ìâ¨¨¤¥ªá å �k = (k1; k2; : : : ; kl) ∈

Z
l \ {0}. � ä®à¬ã«¥ (3.27)

|�k| = |k1|+ |k2|+ · · ·+ |kl|; (!; �k) = !1k1 + !2k2 + · · ·+ !lkl:�á«®¢¨¥ ã«¥¢®£® áà¥¤¥£® ®§ ç ¥â, çâ® ª®íää¨æ¨¥â a0(x) ≡ 0.�®£¤  äãªæ¨ï g1(x; z) ¨¬¥¥â ¢¨¤g1(x; z) = �(x; �z) = ∑0<|�k|6N a�k(x)ei(�;�k)z; x ∈ 
; z ∈ R: (3.28)� ¬¥â¨¬, çâ® «î¡ ï äãªæ¨ï ĝ1 ∈H (g1) ¯à¥¤áâ ¢¨¬  ¢ ¢¨¤¥ĝ1(x; z) = �(x; �z + h) = ∑0<|�k|6N a�k(x)ei(h;�k)ei(�;�k)z; h ∈ T
l = (R mod 2�)l;
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l § ¢¨á¨â ®â ĝ1.Ǳà¥¤¯®« £ ¥âáï, çâ® ç¨á«  �1; �2; : : : ; �l ï¢«ïîâáï à æ¨® «ì® ¥§ ¢¨á¨¬ë¬¨. �íâ®¬ á«ãç ¥ ¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢®

|(�; �k)| > � > 0 ∀ �k ∈ Z
l \ {0}; |�k| 6 N; (3.29)¤«ï ¥ª®â®à®£® � = �(�;N) ¨, á«¥¤®¢ â¥«ì®, äãªæ¨ïĜ1(x; z) = ∑0<|�k|6N a�k(x)ei(h;�k)i(�; �k) ei(�;�k)z (3.30)§ ¤   ª®àà¥ªâ® ¨ ï¢«ï¥âáï ¯¥à¢®®¡à §®© ¯® z ¤«ï ĝ1(x; z): @zĜ1(x; z) = ĝ1(x; z).�á«®¢¨¥ (3.9) â ª¦¥ ¢ë¯®«¥® ¢ á¨«ã (3.29), â ª ª ª

‖Ĝ1( · ; z)‖1 6
∑0<|�k|6N ‖a�k( · )‖1

|(�; �k)| 6
1� ∑0<|�k|6N ‖a�k( · )‖1 =M1: (3.31)¡) � áá¬®âà¨¬ á«ãç © (3.26) ®¡é¥© ª¢ §¨¯¥à¨®¤¨ç¥áª®© § ¢¨á¨¬®áâ¨ ¯® z äãªæ¨¨g1(x; z). �«ï ¯à®áâ®âë ¯à¥¤¯®«®¦¨¬, çâ® �(x; !) ∈ Cm(Tl;H10 (
)). �ã¤¥¬ â ª¦¥ ¯à¥¤Ä¯®« £ âì, çâ® äãªæ¨ï �(x; !) ¨¬¥¥â ã«¥¢®¥ áà¥¤¥¥ ¯® !:

∫

Tl �(x; !)�(d!) = 0; (3.32)£¤¥ �(d!) { ¬¥à  �¥¡¥£    â®à¥ T
l.Ǳà¥¤¯®«®¦¨¬, çâ® ª®¬¯®¥âë ¢¥ªâ®à  � = (�1; �2; : : : ; �l) ï¢«ïîâáï à æ¨® «ì®¥§ ¢¨á¨¬ë¬¨ ç¨á« ¬¨ ¨ ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¥¬ã ¤¨®ä â®¢ã ãá«®¢¨î:

|(�; �k)| > C�|�k|−(l−1+Æ) > 0 ∀ �k ∈ Z
l \ {0}; Æ > 0: (3.33)� ª ¨§¢¥áâ® ¥à ¢¥áâ¢® (3.33) ¨¬¥¥â ¬¥áâ®, ¥á«¨ ¢¥ªâ®à � ¯à¨ ¤«¥¦¨â ¥ª®â®à®¬ã¬®¦¥áâ¢ãS l = R

l=Ql, £¤¥ ¬®¦¥áâ¢®Ql ¨¬¥¥â ¢ R
l ã«¥¢ãî ¬¥àã �¥¡¥£ : �(Ql) = 0(á¬. [20], [21]).Ǳãáâì � ∈ S l. � §«®¦¨¬ äãªæ¨î �(x; !) ¢ àï¤ �ãàì¥ ¯® ¯¥à¥¬¥ë¬ ! ¨ ¯®«®¦¨¬! = �z, £¤¥ z ∈ R. �ë ¯®«ãç¨¬g1(x; z) = �(x; �z) = ∑�k 6=0 a�k(x)ei(�;�k)z: (3.34)(�â¬¥â¨¬, çâ® ¢ á¨«ã (3.32) a0(x) = 0.) � áá¬®âà¨¬ äãªæ¨îG1(x; z) = ∑�k 6=0 a�k(x)i(�; �k)ei(�;�k)z : (3.35)�á«¨ ¢ë¯®«¥® ¥à ¢¥áâ¢®

∑�k 6=0 ‖a�k( · )‖1|�k|l−1+Æ < +∞; (3.36)
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‖G1( · ; z)‖1 6

∑�k6=0 ‖a�k( · )‖1|(�; �k)| 6
∑�k 6=0 ‖a�k( · )‖1|�k|l−1+Æ =M1 ∀ z ∈ R; (3.37)  äãªæ¨ïG1(x; z) ï¢«ï¥âáï ¯¥à¢®®¡à §®© ¯® z ¤«ï äãªæ¨¨ g1(x; z).�áâ «®áì § ¬¥â¨âì, çâ® «î¡ ï äãªæ¨ï ĝ1 ∈H (g1) ¨¬¥¥â ¢¨¤ĝ1(x; z) = �(x; �z + h) = ∑�k 6=0 a�k(x)ei(h;�k)ei(�;�k)z; h ∈ T

l;  ¥¥ ¯¥à¢®®¡à § ï ¯® z Ĝ1(x; z) = ∑�k 6=0 a�k(x)ei(h;�k)i(�; �k) ei(�;�k)z¢ á¨«ã (3.33) ¨ (3.36) ã¤®¢«¥â¢®àï¥â (ª ª ¨G1) ¥à ¢¥áâ¢ã
‖Ĝ1( · ; z)‖1 6

∑�k 6=0 ‖a�k( · )‖1|(�; �k)| 6 M1 ∀ z ∈ R: (3.38)�á«®¢¨¥ (3.37) ¢ë¯®«¥®, ¥á«¨ ¨§¢¥áâ®, çâ® äãªæ¨ï �(x; !) ¨¬¥¥â ¤®áâ â®ç® ¡®«ìÄè®¥ ç¨á«®m ¯à®¨§¢®¤ëå ¯® ¯¥à¥¬¥®© !.4. � à ¢®¬¥à®© ®£à ¨ç¥®áâ¨ £«®¡ «ìëå  ââà ªâ®à®¢ A". � ª ã¦¥®â¬¥ç «®áì ¢ § ¬¥ç ¨¨ 2.1, ãá«®¢¨ï, áä®à¬ã«¨à®¢ ë¥ ¢ ¯. 2, ¥ £ à â¨àãîâ à ¢Ä®¬¥àãî ®£à ¨ç¥®áâì (¯® ") £«®¡ «ìëå  ââà ªâ®à®¢A" ãà ¢¥¨© (2.15). � íâ®¬¯ãªâ¥ ¡ã¤ãâãª § ëãá«®¢¨ï, ¯à¨ª®â®àëå á¢®©áâ¢®à ¢®¬¥à®© ®£à ¨ç¥®áâ¨¨¬¥Ä¥â ¬¥áâ®. � ª ¨ ¢ ¯. 3, ¯à¥¤¯®« £ ¥âáï, çâ® ¢ ®æ¥ª¥ (2.4) � = 0, â.¥. ¢ë¯®«¥® ¥à ¢¥Äáâ¢® (3.1),  , ªà®¬¥ â®£®, ¯à¥¤¯®« £ ¥âáï, çâ® ª ¦¤ ï äãªæ¨ï ĝ1(x; z) ∈ H (g1) ¨¬¥¥â¯¥à¢®®¡à §ãî Ĝ1(x; z) ¯® z, ª®â®à ï ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã (3.9).�â¢¥à¦¤¥¨¥ 4.1. Ǳà¨ ¢ë¯®«¥¨¨ ¯¥à¥ç¨á«¥ëå ¢ëè¥ ãá«®¢¨©, ¥á«¨ ç¨á«® �ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã � 6 �0 = 12(1 + r=�) ; (4.1)â®  ©¤¥âáï ç¨á«® C > 0 â ª®¥, çâ®
‖A"‖E 6 C ∀ "; 0 < " 6 1: (4.2)� ¥à ¢¥áâ¢¥ (4.1) ç¨á«® r â ª®¥ ¦¥, ª ª ¢ ¥à ¢¥áâ¢¥ (3.25),   ¯®ª § â¥«ì �â ª®© ¦¥, ª ª ¢ ®á®¢ëå  ¯à¨®àëå ®æ¥ª å (2.9) ¨ (2.16).



���������� �����Ǳ������� ��Ǳ������������ ��������� 537�®ª § â¥«ìáâ¢®. � ä¨ªá¨àã¥¬ " > 0. Ǳãáâì y" ∈ A" { «î¡ ï â®çª  £«®¡ «ì®£® ââà ªâ®à  A". � á¨«ã (2.19)  ©¤¥âáï ¯®« ï âà ¥ªâ®à¨ï ŷ"(t) ¯à®æ¥áá  {Ubg1(t; �)} á¥ª®â®à®© ¢¥è¥© á¨«®© ĝ" ∈H (g"), ¤«ï ª®â®à®© ŷ"(0) = y". �ãªæ¨ï ĝ" ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ ĝ"(t) = ĝ0(t) + "−�ĝ1(t="), £¤¥ ĝ0(t) ∈H (g0) ¨ ĝ1(z) ∈H (g1). � ¬¥â¨¬, çâ®
‖ŷ"(t)‖E 6 ‖A"‖E 6

C′"� ∀ t ∈ R; (4.3)£¤¥ C′ = C5 + C6, 0 < " 6 1 (á¬. (2.18)).� ä¨ªá¨àã¥¬ ¥ª®â®à®¥ ç¨á«® T > 0, ª®â®à®¥ ¡ã¤¥â ¢ë¡à ® ¯®§¤¥¥ (á¬. (4.10)).� áá¬®âà¨¬ â®çªã ŷ"(−T ). Ǳ®áâà®¨¬ à¥è¥¨¥ ŷ0(t), t > −T , \¯à¥¤¥«ì®£®" ãà ¢¥Ä¨ï (2.21) á ¢¥è¥© á¨«®© ĝ0(t) ¨  ç «ìë¬ ãá«®¢¨¥¬ŷ0|t=−T = ŷ"(−T ): (4.4)� á¨«ã (4.3) ¨¬¥¥¬, çâ®
‖ŷ0(−T )‖E 6

C′"� : (4.5)�®£¤  ¨§ ®á®¢®©  ¯à¨®à®© ®æ¥ª¨ (2.22) ¯®«ãç ¥¬ ¥à ¢¥áâ¢®
‖ŷ0(−T + t)‖E 6 C′3‖ŷ�‖Ee−�t+C′4 6

C′3C"� e−�t+C′4 = C′5"� e−�t+C′4 ∀ t > 0: (4.6)�§ â¥®à¥¬ë3.1 (¢ ª®â®à®© á«¥¤ã¥â ¯®«®¦¨âì � = −T , á¬. (4.4)) ¯®«ãç ¥¬ á«¥¤ãîéãî®æ¥ªã ¤«ï à §®áâ¨ ŷ"(−T + t)− ŷ0(−T + t):
‖ŷ"(−T + t)− ŷ0(−T + t)‖E 6 D0"1=2−�ert ∀ t > 0: (4.7)�§ (4.6) ¨ (4.7)  å®¤¨¬, çâ®

‖ŷ"(−T + t)‖E 6 ‖ŷ"(−T + t)− ŷ0(−T + t)‖E + ‖ŷ0(−T + t)‖E
6 D0"1=2−�ert + C′5"−�e−�t + C′4 ∀ t > 0: (4.8)Ǳ®¤áâ ¢¨¬ ¢ (4.8) t = T ¨ ¯®«ãç¨¬, çâ®

‖y"‖E = ‖ŷ"(0)‖E 6 D0"1=2−�erT + C′5"−�e−�T + C′4: (4.9)�ë¡¥à¥¬ T ¨§ ãà ¢¥¨ï "1=2−�erT = "−�e−�T ;®âªã¤  T = 12(r + �) log 1" : (4.10)Ǳ®¤áâ ¢«ï¥¬ ¢ë¡à ®¥ T ¢ (4.9):
‖y"‖E 6 D0"1=2−�"−r=(2(r+�)) + C′5"−�"�=(2(r+�)) + C′4= [D0 + C′′3 ]"�=(2(r+�))−� + C′4 = C′6"�=(2(r+�))−� + C′4:�â® ¥à ¢¥áâ¢® ¢ë¯®«¥® ¤«ï «î¡®£® y" ∈ A". �«¥¤®¢ â¥«ì®,

‖A"‖E 6 C′6"�=(2(r+�))−� + C′4: (4.11)Ǳà ¢ ï ç áâì íâ®£® ¥à ¢¥áâ¢  à ¢®¬¥à® ®£à ¨ç¥  ¯® ", â.¥. ¨¬¥¥â ¬¥áâ® (4.2), ®ç¥Ä¢¨¤®, ¯à¨ � 6
�2(r + �) = 12(1 + r=�) =: �0:Ǳà¥¤«®¦¥¨¥ ¤®ª § ®.� ¬¥â¨¬, çâ® ¯à¨ ¢ë¯®«¥¨¨ (4.1) ¤®ª § ®¥ ¢ ¯à¥¤ë¤ãé¥¬ ¯ãªâ¥ ¥à ¢¥áâÄ¢® (3.25) ¬®¦® ãá¨«¨âì á«¥¤ãîé¨¬ ®¡à §®¬.



538 �.�. �����, �.�. ��Ǳ�����«¥¤áâ¢¨¥ 4.1. Ǳà¨ ¢ë¯®«¥¨¨ ¯à¥¤¯®«®¦¥¨© â¥®à¥¬ë 3.1 ¨ ¯à¨ ãá«®¢¨¨(4.1) ¤«ï à §®áâ¨ŷ"(t)− ŷ0(t) = (û"(t); @tû"(t))− (û0(t); @tû0(t))à¥è¥¨ï (û"(t); @tû"(t)) ãà ¢¥¨ï (2.15) á ¢¥è¥© á¨«®© ĝ" ∈H (g"), ¯à¨ç¥¬ ŷ"(t)¢§ïâ® ¨§ ï¤à  Kbg" , ¨ à¥è¥¨ï (û0(t); @tû0(t)) \¯à¥¤¥«ì®£®" ãà ¢¥¨ï (2.21), ª®â®Äà®¥ ã¤®¢«¥â¢®àï¥â  ç «ìë¬ ãá«®¢¨ï¬ ŷ0(�) = ŷ"(�), á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®
‖ŷ"(� + t)− ŷ0(� + t)‖E 6 D1"1=2−�=2ert ∀ t > 0; (4.12)£¤¥ r = (K�−1=21 + 1)=2.�®ª § â¥«ìáâ¢®. �«¥¤ã¥â ¯®¢â®à¨âìà ááã¦¤¥¨ï¨§ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë3.1á â®© «¨èì à §¨æ¥©, çâ® ¯à¨ ®æ¥¨¢ ¨¨ ‖ŷ"(� + t)‖ ¢®á¯®«ì§®¢ âìáï ¥ ¥à ¢¥áâÄ¢®¬ (3.18),   à ¢®¬¥à®© ®æ¥ª®© (4.2). �à®¬¥ â®£®, ¢ ¥à ¢¥áâ¢ å (3.18) ¨ (3.19) ¯à¨®æ¥ª¥ ‖ŷ�‖ á«¥¤ã¥â â ª¦¥ ¢®á¯®«ì§®¢ âìáï (4.2), â ª ª ª ŷ� ∈ A". Ǳ®«ãç¨¬, çâ®

‖ŷ"(� + t)‖E 6 C′11; 0 < " 6 1;
‖ŷ0(� + t)‖E 6 C′11 ∀ t > 0:�®£¤  ¢¬¥áâ® ¥à ¢¥áâ¢ (3.20), (3.21) ¨ (3.22) ¡ã¤¥¬ ¨¬¥âì á®®â¢¥âáâ¢¥®

∫ t0 ‖@2tw(� + �1)‖−1 d�1 6 C′14(1 + t);
|III | 6 "1−��1 ∫ t0 ‖@2tw(� + �1)‖−1 d�1 6 "1−��1C′14(1 + t) 6 C′15"1−�(1 + t);

|II | 6 "1−��0(‖ŷ"(� + t)‖E + ‖ŷ0(� + t)‖E)
6 "1−��0C′16 6 C′17"1−�:Ǳ®íâ®¬ã ¥à ¢¥áâ¢® (3.23) ¯à¨¬¥â ¢¨¤z(t) 6 2(I + II + III) 6 K1 ∫ t0 z(�)d � + C′18"1−�(1 + t);®âªã¤    «®£¨ç® (3.24) ¯®«ãç ¥¬ ¥à ¢¥áâ¢®z(t) 6 C′18"1−�eK1t(1 + t) 6 D21"1−�e2rt;£¤¥ 2r = K1 + 1,D21 = C′18, çâ® á®¢¯ ¤ ¥â á ¨áª®¬ë¬ ¥à ¢¥áâ¢®¬ (4.12).5. �æ¥ª  ®âª«®¥¨ï à ¢®¬¥à®£® £«®¡ «ì®£®  ââà ªâ®à  A" ®â £«®Ä¡ «ì®£®  ââà ªâ®à  A0 ( ¢â®®¬ë© á«ãç © \¯à¥¤¥«ì®£®" ãà ¢¥¨ï).� áá¬ âà¨¢ ¥âáï á¥¬¥©áâ¢® ãà ¢¥¨©@2t û" + @tû" = �û" − f(û") + g0(x) + "−�ĝ1(x; t"); û"|Æ
 = 0; (5.1)£¤¥ äãªæ¨ï f(u) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ (2.2){(2.4) ¯à¨ � = 0 (á¬. (3.1)),  > 0. � íâ®¬¯ãªâ¥ ¢ ®â«¨ç¨¥ ®â ãà ¢¥¨© (2.1) ¨ (2.15) ¯à¥¤¯®« £ ¥âáï, çâ® äãªæ¨ï g0( · ) ∈ L2(
)



���������� �����Ǳ������� ��Ǳ������������ ��������� 539¥ § ¢¨á¨â ®â ¢à¥¬¥¨. �â®á¨â¥«ì® äãªæ¨¨ ĝ1(x; z), ª ª ¨ à ìè¥, ¯à¥¤¯®« £ ¥âáï,çâ® ĝ1 ∈ H (g1), ¯à¨ç¥¬ ¨áå®¤ ï äãªæ¨ï g1(x; z) ï¢«ï¥âáï âà á«ïæ¨®® ª®¬¯ ªâÄ®© ¯® z ¢ ¯à®áâà áâ¢¥ Lloc2 (R;H) ¨, ªà®¬¥ â®£®, «î¡ ï äãªæ¨ï ĝ1 ∈ H (g1) ¨¬¥¥â¯¥à¢®®¡à §ãî Ĝ1(x; z) ¯® z, ª®â®à ï ®£à ¨ç¥  ¢ Cb(R;H10 (
)), â.¥. ¨¬¥¥â ¬¥áâ® ¥Äà ¢¥áâ¢® (3.9).� ¯. 2 ¡ë«®¯®ª § ®,çâ® ãà ¢¥¨ï (5.1) ¯®à®¦¤ îâ á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {Ubg"(t; �)},ĝ"(t) = g0( · )+"−�ĝ1( · ; t="), ĝ1 ∈H (g1), ¢ í¥à£¥â¨ç¥áª®¬ ¯à®áâà áâ¢¥E = H10 (
)×L2(
), ª®â®à®¥ ¨¬¥¥â à ¢®¬¥àë© £«®¡ «ìë©  ââà ªâ®àA" b E.�®®â¢¥âáâ¢ãîé¥¥ \¯à¥¤¥«ì®¥" ãà ¢¥¨¥ ï¢«ï¥âáï  ¢â®®¬ë¬:@2t u0 + @tu0 = �u0 − f(u0) + g0(x); u0|@
 = 0: (5.2)� á¨«ã  ¢â®®¬®áâ¨ ¯à®æ¥áá {U0(t; �)}, ¯®à®¦¤ ¥¬ë© íâ¨¬ ãà ¢¥¨¥¬, § ¢¨á¨â «¨èì®â à §®áâ¨ t − � . �£® ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ U0(t; �) = S0(t − �), £¤¥ {S0(t)} :=
{S0(t); t > 0} { ¯®«ã£àã¯¯ , ®â¢¥ç îé ï  ¢â®®¬®¬ããà ¢¥¨î (5.2). �â® ãà ¢¥¨¥â ª¦¥ ¨¬¥¥â £«®¡ «ìë©  ââà ªâ®à A0 b E (á¬. [11]{[14]), ª®â®àë© ®¡« ¤ ¥â á¢®©áâÄ¢®¬ áâà®£®© ¨¢ à¨ â®áâ¨ ¯®¤ ¤¥©áâ¢¨¥¬ ¯®«ã£àã¯¯ë {S0(t)}: S0(t)A0 = A0 ¯à¨¢á¥å t > 0.� íâ®¬ ¯ãªâ¥ ¡ã¤¥â à áá¬ âà¨¢ âìáï ¢ ¦ë© á«ãç ©, ª®£¤  £«®¡ «ìë©  ââà ªÄâ®àA0  ¢â®®¬®£® ¤¨áá¨¯ â¨¢®£® ¢®«®¢®£® ãà ¢¥¨ï (5.2) ¯à¨âï£¨¢ ¥â ®£à ¨ç¥Äë¥ ¬®¦¥áâ¢  á íªá¯®¥æ¨ «ì®© áª®à®áâìî ¯à¨ t → +∞. �â® ¢ë¯®«¥®,  ¯à¨Ä¬¥à, ª®£¤ A0 ï¢«ï¥âáï à¥£ã«ïàë¬  ââà ªâ®à®¬ (á¬. [13], [12]). � ª ¨§¢¥áâ®, ãà ¢¥Ä¨¥ (5.2) ®¡« ¤ ¥â £«®¡ «ì®© äãªæ¨¥© �ï¯ã®¢ L (y0(t)) = L (u0(t); @tu0(t))= ∫
(12{

|@tu0(x; t)|2 + |∇xu0(x; t)|2}+ F (u0(x; t))− g0(x)u0(x; t)) dx:(5.3)�«ï «î¡®£® à¥è¥¨ï y0(t) = (u0(t); @tu0(t)) ãà ¢¥¨ï (5.2) ¨¬¥¥â ¬¥áâ® â®¦¤¥áâ¢®L (y0(t))−L (y0(�)) = − ∫ t� |@tu0( · ; s)|2 ds ∀ t > �; (5.4)¨§ ª®â®à®£® á«¥¤ã¥â áâà®£®¥ ã¡ë¢ ¨¥ äãªæ¨¨L (y0(t)) ¯® t ¢¤®«ì «î¡®£® à¥è¥¨ï íâ®Ä£® ãà ¢¥¨ï, ¥ á®¢¯ ¤ îé¥£® á ¥£® áâ æ¨® à®© â®çª®© z(x).Ǳà¥¤¯®« £ ¥âáï, çâ® ãà ¢¥¨¥ (5.2) ®¡« ¤ ¥â «¨èì ª®¥çë¬ç¨á«®¬ áâ æ¨® àëåâ®ç¥ª {zi(x); i = 1; : : : ; N}:�zi(x)− f(zi(x)) + g0(x) = 0; zi|@
 = 0; x ∈ 
 b R
n;¯à¨ç¥¬ ª ¦¤ ï áâ æ¨® à ï â®çª  ï¢«ï¥âáï £¨¯¥à¡®«¨ç¥áª®© (á¬. [13], [12], [15]). �®£Ä¤ , ª ª ¨§¢¥áâ®, £«®¡ «ìë©  ââà ªâ®à A0 á®¢¯ ¤ ¥â á ®¡ê¥¤¨¥¨¥¬ ¥ãáâ®©ç¨¢ëå¬®£®®¡à §¨©Mu(zi), ¢ëå®¤ïé¨å ¨§ áâ æ¨® àëå â®ç¥ª zi (á¬. [13], [12]):A0 = N⋃i=1Mu(zi):



540 �.�. �����, �.�. ��Ǳ�����à®¬¥ â®£®, ®£à ¨ç¥ë¥ á¥¬¥©áâ¢  âà ¥ªâ®à¨© {y0(t); t > 0} á¡«¨¦ îâáï á  ââà ªÄâ®à®¬ A0 á íªá¯®¥æ¨ «ì®© áª®à®áâìî, â.¥.  ©¤¥âáï ç¨á«® � > 0 â ª®¥, çâ® ¤«ï «îÄ¡®£® à¥è¥¨ï y0(t) = (u0(t); @tu0(t)) ãà ¢¥¨ï (5.2) á  ç «ìë¬ ãá«®¢¨¥¬ y0(0) = y0,
‖y0‖E 6 L, á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®distE(y0(t);A0) 6 C(L)e−�t: (5.5)�¥à ¢¥áâ¢® (5.5) ¤®ª § ® ¢ [13].�ä®à¬ã«¨àã¥¬ ®á®¢®© à¥§ã«ìâ â íâ®£® ¯ãªâ .�¥®à¥¬  5.1. Ǳãáâì � 6 �0 = 12(1 + r=�) : (5.6)�®£¤  ¤«ï å ãá¤®àä®¢  ®âª«®¥¨ï à ¢®¬¥à®£® £«®¡ «ì®£®  ââà ªâ®à  A"¢®«®¢®£® ãà ¢¥¨ï (5.1) ®â £«®¡ «ì®£®  ââà ªâ®à  A0 \¯à¥¤¥«ì®£®"  ¢â®Ä®¬®£® ãà ¢¥¨ï (5.2) ¨¬¥¥â ¬¥áâ® ®æ¥ª distE(A";A0) 6 C0"�0(�); (5.7)£¤¥ �0(�) = �2(r + �) (1− �): (5.8)� (5.6) ¨ (5.8) � { ª®íää¨æ¨¥â ¢ íªá¯®¥æ¨ «ì®© ®æ¥ª¥ (5.5) ¯à¨âï¦¥¨ïà¥è¥¨© \¯à¥¤¥«ì®£®" ãà ¢¥¨ï ª  ââà ªâ®àã A0, ç¨á«® r â ª®¥ ¦¥, ª ª ¢¥à ¢¥áâ¢¥ (3.25), ¯®ª § â¥«ì � ä¨£ãà¨àã¥â ¢ ®æ¥ª¥ (2.9).�®ª § â¥«ìáâ¢® ®á®¢ ®   ¤¢ãå á«¥¤ãîé¨å ä ªâ å.1) �á«¨ à¥è¥¨¥ ŷ"(t) = (û"(t); @tû"(t)) ãà ¢¥¨ï (5.1) á ¢¥è¥© á¨«®©ĝ" = g0(x) + "−�ĝ1(x; t");£¤¥ ĝ1 ∈ H (g1), ¯à¨ ¤«¥¦¨â ï¤àã Kbg" íâ®£® ãà ¢¥¨ï,   à¥è¥¨¥ y0(t) = (u0(t);@tu0(t)) \¯à¥¤¥«ì®£®" ãà ¢¥¨ï (5.2) ã¤®¢«¥â¢®àï¥â  ç «ìë¬ ãá«®¢¨ï¬ y0(�) =ŷ"(�), â® âà ¥ªâ®à¨¨ ŷ"(t) ¨ y0(t) ãà ¢¥¨© (5.1) ¨ (5.2) ®âª«®ïîâáï ¤àã£ ®â ¤àã£ ¯® ä®à¬ã«¥ (4.12)

‖ŷ"(� + t)− y0(� + t)‖E 6 D1"1=2−�=2ert ∀ t > 0: (5.9)2)�ââà ªâ®àA0 ¯à¨âï£¨¢ ¥â à¥è¥¨ï \¯à¥¤¥«ì®£®" ãà ¢¥¨ï á íªá¯®¥æ¨ «ì®©áª®à®áâìî ¯à¨ t → +∞ (á¬. (5.5)), â.¥. ¤«ï «î¡®£® ®£à ¨ç¥®£® ¬®¦¥áâ¢  B ⊂ E,
‖B‖E 6 L, distE(y0(� + t);A0) 6 D2e−�t ∀ y0(�) ∈ B; t > 0 (5.10)(D2 = C(L) ¥ § ¢¨á¨â ®â �).Ǳà¨áâã¯¨¬ ª ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 5.1. Ǳãáâì y" { «î¡ ï â®çª  A". �¥à¥§íâã â®çªã ¯à®å®¤¨â ¥ª®â®à ï ®£à ¨ç¥ ï ¯®« ï âà ¥ªâ®à¨ï ŷ"(t), t ∈ R, ¯à®æ¥áá 
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{Ubg1(t; �)}, § ¤ ¢ ¥¬®£® ãà ¢¥¨¥¬ (5.1) ¤«ï ¥ª®â®à®© äãªæ¨¨ ĝ1 ∈ H (g1) (á¬.(2.19)). �«ï ®¯à¥¤¥«¥®áâ¨ ¬®¦® áç¨â âì, çâ®y� = ŷ"(0): (5.11)� ¬¥â¨¬, çâ® ŷ"(t) ∈ A" ¯à¨ ¢á¥å t ∈ R. Ǳ®íâ®¬ã ¢ á¨«ã ãá«®¢¨ï (5.6) ¨§ (4.2) ¨¬¥¥¬

‖ŷ"(t)‖E 6 C ∀ t ∈ R: (5.12)� áá¬®âà¨¬ â®çªã ŷ"(−M), £¤¥M ¡ã¤¥â ãª § ® ¨¦¥ (á¬. (5.18)). Ǳãáâìy0(−M + t) = (u0(−M + t); @tu0(−M + t)){ à¥è¥¨¥ § ¤ ç¨�®è¨ ¤«ï \¯à¥¤¥«ì®£®" ãà ¢¥¨ï (5.2), ª®â®à®¥ ¯à¨ t = 0 á®¢¯ ¤ ¥âá ŷ"(−M): y0(−M) = ŷ"(−M):�§ (5.12) ¯®«ãç ¥¬, çâ®
‖y0(−M)‖E 6 C: (5.13)� á¨«ã (5.9)

‖ŷ"(−M + t)− y0(−M + t)‖E 6 D1"1=2−�=2ert: (5.14)�®£« á® á¢®©áâ¢ã (5.10) íªá¯®¥æ¨ «ì®£® ¯à¨âï¦¥¨ï  ââà ªâ®à®¬ A0 ¨¬¥¥¬, çâ®¯à¨ t > 0 distE(y0(−M + t));A0) 6 D2e−�t: (5.15)�âáî¤  ¨ ¨§ (5.14) ¢ëâ¥ª ¥â, çâ® ¯à¨ t > 0distE(ŷ"(−M + t);A0) 6 ‖ŷ"(−M + t)− y0(−M + t)‖E + distE(y0(−M + t);A0)
6 D1"1=2−�=2ert +D2e−�t: (5.16)�ë¡¥à¥¬ â¥¯¥àì ç¨á«®M â ª, çâ®¡ë"1=2−�=2erM = e−�M : (5.17)�®£ à¨ä¬¨àãï ®¡¥ ç áâ¨ íâ®£® à ¢¥áâ¢ , ¯®«ãç¨¬M = 1− �2(r + �) log 1" : (5.18)Ǳ®¤áâ ¢¨¢ â¥¯¥àì t =M ¢ (5.16),  å®¤¨¬distE(ŷ"(0);A0) 6 D1"1=2−�=2(1")r(1−�)=(2(r+�)) +D2"�(1−�)=(2(r+�))= (D1 +D2)"�(1−�)=(2(r+�)) = C0"�0(�); (5.19)£¤¥ C0 = D1 +D2 ¨ �0(�) = � 1− �2(r + �) : (5.20)� ª ª ª y" { ¯à®¨§¢®«ì ï â®çª A", â® ¨§ (5.19) § ª«îç ¥¬, çâ®distE(A";A0) 6 C0"�0(�); (5.21)¨ ®æ¥ª  (5.7) ¤®ª §  .



542 �.�. �����, �.�. ��Ǳ����6. � ¢®¬¥àë© £«®¡ «ìë©  ââà ªâ®à á íªá¯®¥æ¨ «ìë¬ ¯à¨âï¦¥¨Ä¥¬ ¤«ï á¥¬¥©áâ¢  ¥ ¢â®®¬ëå ¢®«®¢ëå ãà ¢¥¨©. Ǳãáâì äãªæ¨ï g0(x; t)¢ ¯à¥¤¥«ì®¬ ¢®«®¢®¬ ãà ¢¥¨¨ (2.21) ï¢«ï¥âáï âà á«ïæ¨®® ª®¬¯ ªâ®© ¢ Lloc2 (R;H). � áá¬ âà¨¢ ¥âáï á¥¬¥©áâ¢® ãà ¢¥¨©@2tu+ @tu = �u− f(u) + g(t); u|@
 = 0; (6.1)£¤¥ g ∈ H (g0). Ǳà¥¤¯®« £ ¥âáï, çâ® f(u) ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ ¬ (2.2){(2.4) ¯à¨� = 0 ¨, ª ª ®¡ëç®,  > 0. ǱãáâìKg { ï¤à® ãà ¢¥¨ï (6.1), â.¥.Kg = {yg(x; t) = (ug(x; t); @tug(x; t)); t ∈ R | ug(x; t) { à¥è¥¨¥ (6.1) ¨
‖yg( · ; t)‖E 6 L < +∞ ∀ t ∈ R

}: (6.2)�â¬¥â¨¬, çâ® ç¨á«®L¬®¦® ¢ë¡à âì ¥ § ¢¨áïé¨¬®â g ∈H (g0). � ªã¦¥®â¬¥ç «®áì,á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {Ug(t; �)}, g ∈H (g0), ¤¥©áâ¢ãîé¨å ¢E, ¯®à®¦¤¥®¥ á¥¬¥©áâ¢®¬ãà ¢¥¨© (6.1), ¨¬¥¥â à ¢®¬¥àë© (¯® g ∈H (g0)) £«®¡ «ìë©  ââà ªâ®àA0, ¯à¨ç¥¬A0 = ⋃g∈H (g0)Kg(0): (6.3)(�®ª § â¥«ìáâ¢® ¯à¨¢¥¤¥® ¢ [14].) �¬¥¥â ¬¥áâ® á«¥¤ãîé ï â¥®à¥¬ .�¥®à¥¬  6.1. Ǳãáâì äãªæ¨ï f(u) ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã
|f ′(v)| 6 K ∀ v ∈ R: (6.4)�, ªà®¬¥ â®£®, ¯ãáâìK < �1; 2 > 20 := 2(�1 − √�21 −K2 ); (6.5)£¤¥ �1 { ¯¥à¢®¥ á®¡áâ¢¥®¥ § ç¥¨¥ ®¯¥à â®à  {−�u; u|@
 = 0}. �®£¤  ¯à¨ «îÄ¡®¬ g ∈H (g0) ãà ¢¥¨¥ (6.1) ¨¬¥¥â (¥¤¨áâ¢¥®¥) £«®¡ «ì®¥ à¥è¥¨¥ zg(x; t) =(ũg(x; t); @tũg(x; t)), ®£à ¨ç¥®¥ ¢ E, â.¥. ï¤à® Kg á®áâ®¨â ¨§ ®¤®£® í«¥¬¥Äâ  zg. �à ¥ªâ®à¨ï zg ¯à¨âï£¨¢ ¥â ¯à¨ t → +∞ «î¡®¥ à¥è¥¨¥ yg(x; t) = (ug(x; t);@tug(x; t)), t > � , ãà ¢¥¨ï (6.1), â®ç¥¥, ¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢®

‖yg(t)− zg(t)‖E 6 C‖yg(�) − zg(�)‖E · e−κ(t−�) ∀ t > �; (6.6)£¤¥ κ > 0 ¨ C > 0 ¥ § ¢¨áïâ ®â yg ¨ ®â g ∈H (g0).�®ª § â¥«ìáâ¢® íâ®© â¥®à¥¬ë ¯à¨¢¥¤¥® ¢ [1]. �à®¬¥ â®£®, ¢ íâ®© à ¡®â¥ ¯®ª § ®,çâ® ¯à¨ ¢ë¯®«¥¨¨ ¥à ¢¥áâ¢ (6.5) £«®¡ «ìë©  ââà ªâ®àA0 ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:A0 = ⋃g∈H (g0) zg(0) = [⋃t∈R

zg0(t)]E ; (6.7)£¤¥ zg0 { ¥¤¨áâ¢¥®¥ ®£à ¨ç¥®¥ ¯®«®¥ à¥è¥¨¥ ãà ¢¥¨ï (6.1) á ¨áå®¤®© ¢¥èÄ¥© á¨«®© g0(x; t); [ · ]E ®¡®§ ç ¥â § ¬ëª ¨¥¬®¦¥áâ¢ , áâ®ïé¥£® ¢ãâà¨ íâ¨å áª®¡®ª.�§ (6.6) ¨ (6.7) ¢ëâ¥ª ¥â



���������� �����Ǳ������� ��Ǳ������������ ��������� 543�«¥¤áâ¢¨¥ 6.1. Ǳà¨ ¢ë¯®«¥¨¨ ãá«®¢¨© (6.4) ¨ (6.5) £«®¡ «ìë©  ââà ªâ®àA0 ¯à¨âï£¨¢ ¥â «î¡®¥ à¥è¥¨¥ yg(x; t) = (ug(x; t); @tug(x; t)), t > � , ãà ¢¥¨ï (6.1)á íªá¯®¥æ¨ «ì®© áª®à®áâìî, â.¥. ¯à¨
‖yg(�)‖E 6 M1 (6.8)¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢®distE(yg(� + t);A0) 6 C(M1)e−κt ∀ t > 0; (6.9)£¤¥ κ ¨ C ¥ § ¢¨áïâ ®â yg ¨ g ∈H (g0).7. �æ¥ª  ®âª«®¥¨ï à ¢®¬¥à®£® £«®¡ «ì®£®  ââà ªâ®à  A" ®â  âÄâà ªâ®à  A0 (¥ ¢â®®¬ë© á«ãç © \¯à¥¤¥«ì®£®" ãà ¢¥¨ï). � áá¬ âà¨-¢ ¥âáï á¥¬¥©áâ¢® ãà ¢¥¨© ¢¨¤  (2.15)@2t u+ @tu = �u− f(u) + ĝ0(t) + "−�ĝ1( t"); u|@
 = 0; (7.1)£¤¥  > 0, � > 0, ĝ0(t) + "−�ĝ1(t=") ∈ H (g0(t) + "−�g1(t=")). �ãªæ¨¨ g0(t); g1(z)â¥ ¦¥, çâ® ¨ ¢ ãà ¢¥¨¨ (2.1), â.¥. ®¨ âà á«ïæ¨®® ª®¬¯ ªâë ¢ L2(R;H). � àï¤ãá (7.1) à áá¬ âà¨¢ ¥âáï á®®â¢¥âáâ¢ãîé¥¥ \¯à¥¤¥«ì®¥" á¥¬¥©áâ¢® ãà ¢¥¨©@2tu+ @tu = �u− f(u) + ĝ0(t); u|@
 = 0; (7.2)£¤¥ ĝ0 ∈H (g0).Ǳà¥¤¯®« £ ¥âáï, çâ® äãªæ¨ï f(v) ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã (6.4) ¨ ¢ë¯®«¥® ãáÄ«®¢¨¥ (6.5). Ǳà¨ ¢ë¯®«¥¨¨ ¯¥à¥ç¨á«¥ëå ãá«®¢¨© ¢ ¯à¥¤ë¤ãé¥¬ ¯ãªâ¥ ¡ë«® ¯®ª Ä§ ®, çâ® á¥¬¥©áâ¢® ¯à®æ¥áá®¢ {Ubg0(t; �)}, ĝ0 ∈ H (g0), ®â¢¥ç îé¥¥ (7.2), ¨¬¥¥â à ¢®Ä¬¥àë© £«®¡ «ìë©  ââà ªâ®àA0, ª®â®àë© ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ (6.7), ¨A0 ¯à¨âï£¨¢ ¥â«î¡ë¥ à¥è¥¨ï ãà ¢¥¨ï (7.2) á íªá¯®¥æ¨ «ì®© áª®à®áâìî, çâ® ®âà ¦¥® ¢ ¥à Ä¢¥áâ¢¥ (6.9).�«ï ãà ¢¥¨© (7.1) ¯®¬¨¬® ¯¥à¥ç¨á«¥ëå á¢®©áâ¢ ¯à¥¤¯®« £ ¥âáï, çâ® ¤«ï «î¡®©äãªæ¨¨ ĝ1(x; z) ∈ H (g1) áãé¥áâ¢ã¥â ¥¥ ¯¥à¢®®¡à § ï Ĝ1(x; z) ¯® z, ª®â®à ï ã¤®¢Ä«¥â¢®àï¥â ãá«®¢¨ï¬ (3.8) ¨ (3.9). � áá¬®âà¨¬ â¥¯¥àì ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ®¬ ", 0 <" 6 1, à ¢®¬¥àë© £«®¡ «ìë©  ââà ªâ®àA" á¥¬¥©áâ¢  ãà ¢¥¨© (7.1), ª®â®àë© ¡ë«¯®áâà®¥ ¢ ¯. 2. �®¦¥áâ¢®A" ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ (2.19)A" = ⋃bg"∈H (g0( · )+"−�g1( · ="))Kbg"(0); (7.3)£¤¥ Kbg"(0) { á¥ç¥¨¥ (¢ ¬®¬¥â t = 0) ï¤à  ãà ¢¥¨ï (7.1) á ¢¥è¥© á¨«®© ĝ" ∈H (g0( · ) + "−�g1( · =")).�§ ãª § ëå ¢ëè¥ á¢®©áâ¢ á«¥¤ã¥â â¥®à¥¬  ®¡ ®âª«®¥¨¨  ââà ªâ®à  A" ®â  âÄâà ªâ®à A0 \á¥¬¥©áâ¢ " ¯à¥¤¥«ìëå ãà ¢¥¨© (7.2).



544 �.�. �����, �.�. ��Ǳ�����¥®à¥¬  7.1. Ǳãáâì ¤«ï äãªæ¨¨ f(v) ¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢® (6.4) ¨ ¢ëÄ¯®«¥® ãá«®¢¨¥ (6.5),   äãªæ¨¨ g0(t) ¨ g1(z) ï¢«ïîâáï âà á«ïæ¨®® ª®¬¯ ªâÄë ¢ L2(R;H), ¯à¨ç¥¬ ¤«ï «î¡®© äãªæ¨¨ ĝ1(x; z) ∈ H (g1) áãé¥áâ¢ã¥â ¯¥à¢®®¡Äà § ï Ĝ1(x; z) ¯® z (â.¥. @zĜ1(x; z) = ĝ1(x; z)), ª®â®à ï à ¢®¬¥à® ®£à ¨ç¥ ¢ Cb(R;H10 (
)), â.¥. ¢ë¯®«¥® (3.9). �á«¨ ¢ë¯®«¥® ¥à ¢¥áâ¢®� 6 �0 = 12(1 + r=�) ;â® ¤«ï ®âª«®¥¨ï  ââà ªâ®à  A" ®â  ââà ªâ®à  A0 á¯à ¢¥¤«¨¢  ®æ¥ª distE(A";A0) 6 C̃"�1(�); (7.4)£¤¥ �1(�) = κ2(r + κ) (1− �): (7.5)�¤¥áì κ { ª®íää¨æ¨¥â ¨§ íªá¯®¥æ¨ «ì®© ®æ¥ª¨ (6.6) ¯à¨âï¦¥¨ï à¥è¥¨©\¯à¥¤¥«ì®£®" ãà ¢¥¨ï ª  ââà ªâ®àã A0,   ç¨á«® r â ª®¥ ¦¥, ª ª ¢ (3.25).�®ª § â¥«ìáâ¢® íâ®© â¥®à¥¬ë ¯®çâ¨ ¤®á«®¢® ¯®¢â®àï¥â ¤®ª § â¥«ìáâ¢® â¥®à¥Ä¬ë 5.1. �¥©áâ¢¨â¥«ì®, ¯à¥¤¥«ì®¥ ãà ¢¥¨¥ (7.2) ¨¬¥¥â íªá¯®¥æ¨ «ì® ¯à¨âï£¨¢ Äîé¨©  ââà ªâ®àA0, ¯à¨ç¥¬ á¯à ¢¥¤«¨¢  ä®à¬ã«  (6.9), £¤¥ ¢ ¯®ª § â¥«ì®© äãªæ¨¨¨¬¥¥âáï ª®íää¨æ¨¥â κ. (�  ¬¥áâ¥ κ ¢   «®£¨ç®© ä®à¬ã«¥ (5.10) íªá¯®¥æ¨ «ì®£®¯à¨âï¦¥¨ï à¥£ã«ïàë¬  ââà ªâ®à®¬A0  ¢â®®¬®£® ãà ¢¥¨ï áâ®¨â ª®íää¨æ¨¥â�.Ǳ®íâ®¬ã ä®à¬ã«  (7.5) ¤«ï �1(�) ®â«¨ç ¥âáï ®â ä®à¬ã«ë (5.8) ¤«ï �0(�) «¨èì â¥¬, çâ®ç¨á«® � § ¬¥¥®   κ.) � «¥¥ á«¥¤ã¥â ¯®¢â®à¨âì ¢á¥ à ááã¦¤¥¨ï ¨§ ¤®ª § â¥«ìáâ¢ â¥®à¥¬ë 5.1,  ç¨ ï á ä®à¬ã«ë (5.9) (á § ¬¥®© �   κ). � ¨â®£¥ ¯®«ãç¨âáï âà¥¡ã¥¬ ï®æ¥ª .�Ǳ���� ������������ ����������[1] Chepyzhov V.V., Vishik M.I., WendlandW.L. On non-autonomous sine-Gordontype equations with a simple global attractor and some averaging // Discr. Cont. Dynamic SysÄtems. 2005. V. 12. ò1. P. 27{38.[2] Hale J.K., Verduyn Lunel S.M. Averaging in in�nite dimensions // J. Integral EquaÄtions Appl. 1990. V. 2. ò4. P. 463{494.[3] �«ì¨ �.�. �áà¥¤¥¨¥ ¤¨áá¨¯ â¨¢ëå ¤¨ ¬¨ç¥áª¨å á¨áâ¥¬ á ¡ëáâà® ®áæ¨««¨àãîé¨¬¨¯à ¢ë¬¨ ç áâï¬¨ // � â¥¬. á¡. 1996. �. 187. ò5. �. 15{58.[4] �¨è¨ª �.�., �¥¯ë¦®¢ �.�. �áà¥¤¥¨¥ âà ¥ªâ®àëå  ââà ªâ®à®¢ í¢®«îæ¨®ëåãà ¢¥¨© á ¡ëáâà® ®áæ¨««¨àãîé¨¬¨ ª®íää¨æ¨¥â ¬¨ // � â¥¬. á¡. 2001. �. 192. ò1.�. 16{53.[5] Chepyzhov V.V., Vishik M.I. Non-autonomous 2D Navier{Stokes system with a simÄple global attractor and some averaging problems // Electr. J. ESAIM: COCV. 2002. V. 8.P. 467{487.[6] �¨è¨ª�.�., �¨¤«¥à �. �®«¨ç¥áâ¢¥®¥ ãáà¥¤¥¨¥ £«®¡ «ìëå  ââà ªâ®à®¢ £¨¯¥à¡®Ä«¨ç¥áª¨å ¢®«®¢ëå ãà ¢¥¨© á ¡ëáâà® ®áæ¨««¨àãîé¨¬¨ ª®íää¨æ¨¥â ¬¨ // ���. 2002.�. 47. ò4. �. 75{94.[7] Efendiev M., Zelik S. Attractors of the reaction-di�usion systems with rapidly oscillatingcoeÆcients and their homogenization // Ann. Inst. Poincar�e. 2002. V. 19. ò6. P. 961{989.[8] Chepyzhov V.V., Goritsky A.Yu., Vishik M.I. Integral manifolds and attractorswith exponential rate for nonautonomoushyperbolic equationswithdissipation // Russ. J.Math.Phys. 2005. ò1. P. 17{39.
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