
� â¥¬ â¨ç¥áª¨¥ § ¬¥âª¨ ���� 66 ��Ǒ��� 1 ���� 1999��� 517.95.956.4, 517.929Ǒ����� ��������� ������ ��� Ǒ�����������������������������-����������� ����������.�. �ªã¡ ç¥¢áª¨©, �.�.� ¬¨­� áá¬ âà¨¢ ¥âáï ¯¥à¢ ï á¬¥è ­­ ï § ¤ ç  ¤«ï ¯ à ¡®«¨ç¥áª®£® ¤¨ää¥à¥­æ¨ «ìÄ­®-à §­®áâ­®£® ãà ¢­¥­¨ï á® á¤¢¨£ ¬¨ ¯® ¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬. �®ª § ­ë®¤­®§­ ç­ ï à §à¥è¨¬®áâì íâ®© § ¤ ç¨ ¨ £« ¤ª®áâì ®¡®¡é¥­­ëå à¥è¥­¨© ¢ ­¥ª®â®àëåæ¨«¨­¤à¨ç¥áª¨å ¯®¤®¡« áâïå. Ǒ®ª § ­®, çâ® £« ¤ª®áâì ®¡®¡é¥­­ëå à¥è¥­¨© ¬®�¥â­ àãè âìáï ­  £à ­¨æ å á®á¥¤­¨å ¯®¤®¡« áâ¥©.�¨¡«¨®£à ä¨ï: 7 ­ §¢ ­¨©.�¢¥¤¥­¨¥. Ǒ à ¡®«¨ç¥áª¨¥ äã­ªæ¨®­ «ì­®-¤¨ää¥à¥­æ¨ «ì­ë¥ãà ¢­¥­¨ï ¢®§­¨ª Äîâ¯à¨¨áá«¥¤®¢ ­¨¨ ­¥«¨­¥©­ëå®¯â¨ç¥áª¨å á¨áâ¥¬ á ¤¢ã¬¥à­®© ®¡à â­®© á¢ï§ìî[1℄{[3℄.� ®â«¨ç¨¥ ®â ¯ à ¡®«¨ç¥áª¨å ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© íâ¨ ãà ¢­¥­¨ï ®¡« ¤ îâàï¤®¬ ¯à¨­æ¨¯¨ «ì­® ­®¢ëå á¢®©áâ¢. � ¯à¨¬¥à, £« ¤ª®áâì ®¡®¡é¥­­ëå à¥è¥­¨© ¬®Ä�¥â ­ àãè âìáï ¢­ãâà¨ æ¨«¨­¤à¨ç¥áª®© ®¡« áâ¨ ¤ �¥ ¯à¨ ¡¥áª®­¥ç­® £« ¤ª®© ¯à ¢®©ç áâ¨ ãà ¢­¥­¨ï.� ­ áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¯¥à¢ ï á¬¥è ­­ ï § ¤ ç  ¤«ï ¯ à ¡®«¨ç¥áª®Ä£® ¤¨ää¥à¥­æ¨ «ì­®-à §­®áâ­®£® ãà ¢­¥­¨ï á® á¤¢¨£ ¬¨ ¯® ¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­Ä­ë¬. �®ª § ­ë ®¤­®§­ ç­ ï à §à¥è¨¬®áâì íâ®© § ¤ ç¨ ¨ £« ¤ª®áâì ®¡®¡é¥­­ëå à¥è¥Ä­¨© ¢ ­¥ª®â®àëå æ¨«¨­¤à¨ç¥áª¨å ¯®¤®¡« áâïå. Ǒ®ª § ­® â ª�¥, çâ® £« ¤ª®áâì ®¡®¡Äé¥­­ëå à¥è¥­¨© ¬®�¥â ­ àãè âìáï ­  £à ­¨æ å á®á¥¤­¨å ¯®¤®¡« áâ¥©.1. Ǒ®áâ ­®¢ª  § ¤ ç¨. Ǒãáâì Q ⊂ Rn { ®£à ­¨ç¥­­ ï ®¡« áâì á £à ­¨æ¥© �Q =
⋃iMi (i = 1; : : : ; N◦), £¤¥ Mi { (n − 1)-¬¥à­ë¥ ¬­®£®®¡à §¨ï ª« áá  C∞, ª®â®àë¥ ï¢Ä«ïîâáï ®âªàëâë¬¨ ¨ á¢ï§­ë¬¨ ¢ â®¯®«®£¨¨ �Q. Ǒãáâì ¢ ®ªà¥áâ­®áâ¨ ª �¤®© â®çª¨g ∈ �Q\

⋃iMi ®¡« áâì Q { ¤¨ää¥®¬®àä­  n-¬¥à­®¬ã ¤¢ã£à ­­®¬ã ã£«ã, ¥á«¨ n > 3, ¨¯«®áª®¬ã ã£«ã, ¥á«¨ n = 2.�ë¡ã¤¥¬®¡®§­ ç âì ç¥à¥§Wk2 (Q) ¯à®áâà ­áâ¢®�®¡®«¥¢  ª®¬¯«¥ªá­®§­ ç­ëåäã­ªÄæ¨© ¨§ L2(Q), ¨¬¥îé¨å ¢á¥ ®¡®¡é¥­­ë¥ ¯à®¨§¢®¤­ë¥ ¢¯«®âì ¤® k-£® ¯®àï¤ª  ¨§ L2(Q),á ­®à¬®©
‖u‖W k2 (Q) = {

∑

|�|6k∫Q |D�u(x)|2 dx}1=2:� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à�ª¥ £à ­â  �®­ªãàá­®£® �¥­âà  ¯® äã­¤ ¬¥­â «ì­ë¬¨ ¥áâ¥áâ¢¥­­ë¬ ­ ãª ¬ ¯à¨ � ­ªâ-Ǒ¥â¥à¡ãà£áª®¬ �®áã¤ àáâ¢¥­­®¬ ã­¨¢¥àá¨â¥â¥ (ò 97{14.3{37).145 
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146 �.�. ������������, �.�. ������¥à¥§ ◦Wk2 (Q) ®¡®§­ ç¨¬ § ¬ëª ­¨¥ ¬­®�¥áâ¢  ä¨­¨â­ëå ¡¥áª®­¥ç­® ¤¨ää¥à¥­æ¨àã¥Ä¬ëå äã­ªæ¨© _C∞(Q) ¢Wk2 (Q),   ç¥à¥§W−12 (Q) ®¡®§­ ç¨¬ ¯à®áâà ­áâ¢®, á®¯àï�¥­­®¥ª ◦W 12(Q).�¢¥¤¥¬ ®£à ­¨ç¥­­ë© ¤¨ää¥à¥­æ¨ «ì­®-à §­®áâ­ë© ®¯¥à â®à AR : ◦W 12(Q) →W−12 (Q) ¯® ä®à¬ã«¥ARu = n
∑i;j=1(RijQuxj )xi + n

∑i=1RiQuxi +R0Qu: (1.1)�¤¥áì RijQ = PQRijIQ, RiQ = PQRiIQ,Riju(x) = ∑h∈M aijh(x)u(x+ h) (i; j = 1; : : : ; h);Riu(x) = ∑h∈M aih(x)u(x+ h) (i = 0; 1; : : : ; n);M ⊂ Rn { ª®­¥ç­®¥ ¬­®�¥áâ¢® ¢¥ªâ®à®¢ á æ¥«®ç¨á«¥­­ë¬¨ ª®®à¤¨­ â ¬¨, aijh, aih ∈C∞(Q); IQ : L2(Q) → L2(Rn) { ®¯¥à â®à ¯à®¤®«�¥­¨ï äã­ªæ¨¨ ¨§L2(Q) ­ã«¥¬ ¢Rn\Q;PQ : L2(Rn) → L2(Q) { ®¯¥à â®à áã�¥­¨ï äã­ªæ¨¨ ¨§ L2(Rn) ­ Q.�¯à¥¤¥«¥­¨¥ 1. �¯¥à â®à −AR ¬ë ¡ã¤¥¬ ­ §ë¢ âì á¨«ì­® í««¨¯â¨ç¥áª¨¬, ¥á«¨áãé¥áâ¢ãîâ ª®­áâ ­âë 
1 > 0 ¨ 
2 > 0 â ª¨¥, çâ® ¤«ï ¢á¥å u ∈ _C∞(Q)
−Re(ARu; u)L2(Q) > 
1‖u‖2W 12 (Q) − 
2‖u‖2L2(Q): (1.2)�¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®ç­ë¥ ãá«®¢¨ï á¨«ì­®© í««¨¯â¨ç­®áâ¨ ¢  «£¥¡à ¨ç¥áª®©ä®à¬¥¡ã¤ãâ áä®à¬ã«¨à®¢ ­ë ¢ ª®­æ¥ íâ®£® ¯ã­ªâ .� áá¬®âà¨¬ ¤¨ää¥à¥­æ¨ «ì­®-à §­®áâ­®¥ ãà ¢­¥­¨¥ut(x; t)−ARu(x; t) = f(x; t) ((x; t) ∈ 
T ) (1.3)á ªà ¥¢ë¬ ãá«®¢¨¥¬ u∣

∣�T = 0 ((x; t) ∈ �T ) (1.4)¨ ­ ç «ì­ë¬ ãá«®¢¨¥¬ u∣

∣t=0 = '(x) (x ∈ Q); (1.5)£¤¥ 
T = Q× (0; T ), �T = �Q× (0; T ), 0 < T < ∞.�áî¤ã ¢ ¤ «ì­¥©è¥¬ ¬ë ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ®¯¥à â®à −AR { á¨«ì­® í««¨¯â¨Äç¥áª¨©. � íâ®¬ á«ãç ¥ § ¤ çã (1.3){(1.5) ¥áâ¥áâ¢¥­­® ­ §ë¢ âì ¯¥à¢®© á¬¥è ­­®© § Ä¤ ç¥© ¤«ï ¯ à ¡®«¨ç¥áª®£® ¤¨ää¥à¥­æ¨ «ì­®-à §­®áâ­®£® ãà ¢­¥­¨ï. �¥ ®£à ­¨ç¨¢ ï®¡é­®áâ¨, ¬ë ¡ã¤¥¬ áç¨â âì, çâ® ¢ ­¥à ¢¥­áâ¢¥ (1.2) 
2 = 0. �¥©áâ¢¨â¥«ì­®, áâ ­¤ àâÄ­ ï § ¬¥­  ­¥¨§¢¥áâ­®© äã­ªæ¨¨ u = exp(
2t)w á¢®¤¨â ãà ¢­¥­¨¥ (1.3) ª ¢¨¤ã (−AR +
2I)w + wt = exp(−
2t)f(x; t) ((x; t) ∈ 
T ).



��������� ������ ��� Ǒ�������������� ��������� 147�«ï â®£® çâ®¡ë áä®à¬ã«¨à®¢ âì ãá«®¢¨ï á¨«ì­®© í««¨¯â¨ç­®áâ¨ ®¯¥à â®à  −AR,¢¢¥¤¥¬ ­¥ª®â®àë¥¢á¯®¬®£ â¥«ì­ë¥ ®¡®§­ ç¥­¨ï. �â¨ ®¡®§­ ç¥­¨ï ¯®­ ¤®¡ïâáï ­ ¬ â ªÄ�¥ ¢ ¯. 4 ¤«ï ¨áá«¥¤®¢ ­¨ï £« ¤ª®áâ¨ ®¡®¡é¥­­ëå à¥è¥­¨© § ¤ ç¨ (1.3){(1.5). �¡®§­ Äç¨¬ ç¥à¥§ G  ¤¤¨â¨¢­ãî  ¡¥«¥¢ã £àã¯¯ã, ¯®à®�¤¥­­ãî ¬­®�¥áâ¢®¬M ,   ç¥à¥§ Qr ®âÄªàëâë¥ á¢ï§­ë¥ ª®¬¯®­¥­âë ¬­®�¥áâ¢ Q∖(

⋃h∈G(�Q+ h)):�¯à¥¤¥«¥­¨¥ 2. �­®�¥áâ¢ Qr ¬ë ¡ã¤¥¬ ­ §ë¢ âì ¯®¤®¡« áâï¬¨,   á®¢®ªã¯­®áâì
R ¢á¥¢®§¬®�­ëå ¯®¤®¡« áâ¥©Qr { à §¡¨¥­¨¥¬ ¬­®�¥áâ¢ Q.� §¡¨¥­¨¥R ¥áâ¥áâ¢¥­­ë¬ ®¡à §®¬ à á¯ ¤ ¥âáï ­  ­¥¯¥à¥á¥ª îé¨¥áï ª« ááë: ¡ã¤¥¬áç¨â âì, çâ® ¯®¤®¡« áâ¨ Qr1 , Qr2 ∈ R ¯à¨­ ¤«¥� â ®¤­®¬ã ª« ááã, ¥á«¨ áãé¥áâ¢ã¥âh ∈ G â ª®¥, çâ® Qr2 = Qr1 + h. �¡®§­ ç¨¬ ¯®¤®¡« áâ¨ Qr ç¥à¥§ Qsl, £¤¥ s { ­®¬¥àª« áá  (s = 1; 2; : : : ),   l { ¯®àï¤ª®¢ë© ­®¬¥à ¯®¤®¡« áâ¨ ¢ s-¬ ª« áá¥. � á¨«ã ®£à ­¨Äç¥­­®áâ¨ ®¡« áâ¨ Q ª �¤ë© ª« áá á®áâ®¨â ¨§ ª®­¥ç­®£® ç¨á«  N = N(s) ¯®¤®¡« áâ¥©Qsl ¨N(s) 6 ([diamQ℄ + 1)n.�«ï â®£® çâ®¡ë áä®à¬ã«¨à®¢ âì ­¥®¡å®¤¨¬ë¥ ãá«®¢¨ï á¨«ì­®© í««¨¯â¨ç­®áâ¨ ¢  «Ä£¥¡à ¨ç¥áª®© ä®à¬¥, ¬ë ¢¢¥¤¥¬ ¬ âà¨æë Rijs(x)(x ∈ Qs1) ¯®àï¤ª  N(s) × N(s) á í«¥Ä¬¥­â ¬¨ rijskl (x) = { aijh(x+ hsk) (h = hsl − hsk ∈ M);0 (hsl − hsk =∈ M): (1.6)� á¨«ã â¥®à¥¬ë 9.1 ¨§ [3℄ ¥á«¨ ®¯¥à â®à−AR á¨«ì­® í««¨¯â¨ç¥áª¨©, â® ¤«ï ¢á¥å s =1; 2; : : : , x ∈ Qs1 ¨ 0 6= � ∈ Rn ¬ âà¨æën

∑i;j=1(Rijs(x) +R∗ijs(x))�i�j¯®«®�¨â¥«ì­® ®¯à¥¤¥«¥­ë.Ǒãáâì â¥¯¥àì x ∈ Qs1 { ¯à®¨§¢®«ì­ ï â®çª . � áá¬®âà¨¬ ¢á¥ â®çª¨ xl ∈ Q â ª¨¥, çâ®xl − x ∈ G. Ǒ®áª®«ìªã ®¡« áâì Q ®£à ­¨ç¥­­ ï, ¬­®�¥áâ¢® {xl} á®áâ®¨â ¨§ ª®­¥ç­®£®ç¨á«  â®ç¥ª I = I(s; x) (I > N(s)). Ǒ¥à¥­ã¬¥àã¥¬ â®çª¨ xl â ª, çâ® xl = x + hsl ¤«ïl = 1; : : : ; N = N(s), x1 = x, £¤¥ hsl ã¤®¢«¥â¢®àï¥â ãá«®¢¨î Qsl = Qs1 + hsl. �¢¥¤¥¬¬ âà¨æëAijs(x) ¯®àï¤ª  I × I á í«¥¬¥­â ¬¨ aijslk (x) ¯® ä®à¬ã«¥aijslk (x) = { aijh(xl) (h = xk − xl ∈ M);0 (xk − xl =∈ M):� á¨«ã â¥®à¥¬ë 9.2, ¨§ [3℄ ¥á«¨ ¤«ï ¢á¥å s = 1; 2; : : : , x ∈ Qs1 ¨ 0 6= � ∈ Rn ¬ âà¨æën
∑i;j=1(Aijs(x) +A∗ijs(x))�i�j¯®«®�¨â¥«ì­® ®¯à¥¤¥«¥­ë, â® ®¯¥à â®à−AR { á¨«ì­® í««¨¯â¨ç¥áª¨©.�ç¥¢¨¤­®, ¥á«¨ I = N , â® ¬ âà¨æ  Rijs(x) à ¢­  ¬ âà¨æ¥ Aijs(x). �á«¨ N < I , â®¬ âà¨æ  Rijs(x) ¯®«ãç ¥âáï ¨§ ¬ âà¨æë Aijs ¢ëç¥àª¨¢ ­¨¥¬ ¯®á«¥¤­¨å I − N áâà®ª ¨áâ®«¡æ®¢.



148 �.�. ������������, �.�. �����2. �ãé¥áâ¢®¢ ­¨¥ ¨ ¥¤¨­áâ¢¥­­®áâì ®¡®¡é¥­­®£® à¥è¥­¨ï. �¡®§­ ç¨¬ ç¥Äà¥§W k;02 (
T ) ¯à®áâà ­áâ¢® �®¡®«¥¢  ª®¬¯«¥ªá­®§­ ç­ëå äã­ªæ¨© u ∈ L2(
T ), ¨¬¥îÄé¨å ®¡®¡é¥­­ë¥ ¯à®¨§¢®¤­ë¥ uxi ∈ L2(
T ) (i = 1; : : : ; n) á ­®à¬®©
‖u‖W k;02 (
T ) = {

∑

|�|6k ∫
T |D�u(x; t)|2 dx dt+ ∫
T |u(x; t)|2 dx dt}1=2:Ǒ®«®�¨¬V = L2((0; T ); ◦W 12(Q)). �¥£ª® ¢¨¤¥âì, çâ® V = {v ∈ W 1;02 (
T ) : v∣∣�T = 0},  á®¯àï�¥­­®¥ ¯à®áâà ­áâ¢® ¨¬¥¥â ¢¨¤ V ′ = L2((0; T );W−12 (Q)). �¢¥¤¥¬ ®£à ­¨ç¥­­ë©®¯¥à â®à LR : V → V ′ ¯® ä®à¬ã«¥ LRv( · ; t) = −ARv( · ; t) ¤«ï ¯®çâ¨ ¢á¥å t ∈ (0; T ).�¢¥¤¥¬ â ª�¥ ­¥®£à ­¨ç¥­­ë© ®¯¥à â®à �t : V ′ ⊃ D(�t) → V ′, ¤¥©áâ¢ãîé¨© ¢ á¬ëáÄ«¥ à á¯à¥¤¥«¥­¨© á® §­ ç¥­¨ï¬¨ ¢V ′ ¯® ä®à¬ã«¥�tv( · ; t) = �v( · ; t)=�t á ®¡« áâìî®¯à¥Ä¤¥«¥­¨ïD(�t) = {v ∈ V ′ : �tv ∈ V ′
}.�â¬¥â¨¬, çâ® ¥á«¨ äã­ªæ¨ï u ∈ V ã¤®¢«¥â¢®àï¥â ®¯¥à â®à­®¬ã ãà ¢­¥­¨î�tu+ LRu = f; (2.1)£¤¥ f ∈ V ′, â® ¢ á¨«ã â¥®à¥¬ë 3.1 ¨ ¯à¥¤«®�¥­¨ï 2.1 ¨§ [4, £«. 1℄ u ∈ C0([0; T ℄;L2(Q)).Ǒ®íâ®¬ã u∣

∣t=0 ¨¬¥¥â á¬ëá«.Ǒãáâì f ∈ V ′, ' ∈ L2(Q).�¯à¥¤¥«¥­¨¥ 3. �ã¤¥¬ ­ §ë¢ âì äã­ªæ¨î u ∈ V ∩D(�t) ®¡®¡é¥­­ë¬ à¥è¥­¨¥¬§ ¤ ç¨ (1.3){(1.5), ¥á«¨ ®­  ã¤®¢«¥â¢®àï¥â ®¯¥à â®à­®¬ã ãà ¢­¥­¨î (2.1) ¨ ­ ç «ì­®¬ããá«®¢¨î (1.5).�¥®à¥¬  1. Ǒãáâì ¤¨ää¥à¥­æ¨ «ì­®-à §­®áâ­ë© ®¯¥à â®à −AR { á¨«ì­® í««¨¯Äâ¨ç¥áª¨©. �®£¤  ¤«ï «î¡ëå f ∈ V ′ ¨ ' ∈ L2(Q) § ¤ ç  (1.3){(1.5) ¨¬¥¥â ¥¤¨­áâÄ¢¥­­®¥ ®¡®¡é¥­­®¥ à¥è¥­¨¥ u ∈ V ∩D(�t).�®ª § â¥«ìáâ¢®. �ç¥¢¨¤­®, à §­®áâ­ë¥ ®¯¥à â®àë RijQ : L2(Q) → L2(Q) ï¢«ïÄîâáï ®£à ­¨ç¥­­ë¬¨. �«¥¤®¢ â¥«ì­®, áãé¥áâ¢ã¥â ª®­áâ ­â  
0 > 0 â ª ï, çâ®
∣

∣(ARu; v)L2(Q)∣∣ 6 
0‖u‖W 12 (Q)‖v‖W 12 (Q) (2.2)¤«ï «î¡ëå u; v ∈ _C∞(Q). �§ ­¥à ¢¥­áâ¢ (1.2), (2.2) ¤ ­­®© à ¡®âë,   â ª�¥ ¨§ â¥®à¥Ä¬ë 4.1 ¨ § ¬¥ç ­¨ï 4.3 [4, £«. 3℄ ¢ëâ¥ª ¥â áãé¥áâ¢®¢ ­¨¥ ¨ ¥¤¨­áâ¢¥­­®áâì ®¡®¡é¥­­®£®à¥è¥­¨ï § ¤ ç¨ (1.3){(1.5).Ǒà¥¤¯®«®�¨¬ â¥¯¥àì, çâ® f ∈ L2(
T ), ' ∈ L2(Q). � íâ®¬ á«ãç ¥ ¬ë ¤ ¤¨¬ ®¯à¥¤¥Ä«¥­¨¥ ®¡®¡é¥­­®£® à¥è¥­¨ï § ¤ ç¨ (1.3){(1.5) ¢ á¬ëá«¥ ¨­â¥£à «ì­®£® â®�¤¥áâ¢ .�¯à¥¤¥«¥­¨¥ 4. �ë ¡ã¤¥¬ ­ §ë¢ âì äã­ªæ¨î u ∈ V ®¡®¡é¥­­ë¬ à¥è¥­¨¥¬ § ¤ Äç¨ (1.3){(1.5), ¥á«¨ ¤«ï «î¡ëå v ∈
{v ∈ W 12 (
T ) : v∣∣�T = 0; v∣∣t=T = 0} ¢ë¯®«­ï¥âáï¨­â¥£à «ì­®¥ â®�¤¥áâ¢®

∫
T (

−uvt + n
∑i;j=1RijQuxjvxi) dx dt = ∫
T fv dx dt+ ∫Q 'v∣∣t=0 dx: (2.3)



��������� ������ ��� Ǒ�������������� ��������� 149�¥®à¥¬  2. Ǒãáâì ®¯¥à â®à −AR { á¨«ì­® í««¨¯â¨ç¥áª¨© ¨ ¯ãáâì f ∈ L2(
T ),' ∈ L2(Q). �®£¤  ®¯à¥¤¥«¥­¨ï 3 ¨ 4 íª¢¨¢ «¥­â­ë.�®ª § â¥«ìáâ¢®. �ª¢¨¢ «¥­â­®áâì ®¯à¥¤¥«¥­¨© 3, 4 ¡ã¤¥â á«¥¤®¢ âì ¨§ â¥®à¥¬4.1,4.2, [4, £«. 3℄, ¥á«¨ ¯®ª § âì, çâ® ¬­®�¥áâ¢® V1 = {v ∈ W 12 (
T ) : v∣∣�T = 0, v∣∣t=T = 0}¢áî¤ã ¯«®â­® ¢ ¯à®áâà ­áâ¢¥ V2 = {v ∈ V ∩D(�t) : v∣∣t=T = 0}.�¥©áâ¢¨â¥«ì­®, ¯ãáâì v ∈ V2. � áá¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì­®áâì ¢¥é¥áâ¢¥­­®§­ çÄ­ëå äã­ªæ¨© �n ∈ C∞[0; T ℄ â ª¨å, çâ® �n(t) = 1 (0 6 t 6 T − 2=n), �n(t) = 0(T − 1=n 6 t 6 T ); 0 6 �n(t) 6 1, |�′n(t)| 6 Cn (0 6 t 6 T ). �ç¥¢¨¤­®, �nv → v¯à¨ n → ∞ ¢ ¯à®áâà ­áâ¢¥ V2. �£« �¨¢ ï äã­ªæ¨¨ �nv ¯® t, ¯®«ãç¨¬ ¯®á«¥¤®¢ â¥«ìÄ­®áâì äã­ªæ¨© vn(t) á® §­ ç¥­¨ï¬¨ ¢ ◦W 12(Q), ª®â®àë¥ ¡¥áª®­¥ç­® ¤¨ää¥à¥­æ¨àã¥¬ë ¯® t¨ ¨¬¥îâ ­®á¨â¥«¨ ­  [0; T ). Ǒ® ¯®áâà®¥­¨î vn → v ¢ ¯à®áâà ­áâ¢¥ V2, ¯à¨ íâ®¬ vn ∈ V1.3. �­ «¨â¨ç¥áª¨¥ ¯®«ã£àã¯¯ë.�¯à¥¤¥«¥­¨¥ 5. Ǒãáâì X { ¡ ­ å®¢® ¯à®áâà ­áâ¢®. �¤­®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©Äáâ¢® «¨­¥©­ëå ®£à ­¨ç¥­­ëå ®¯¥à â®à®¢ Tt :X → X (t > 0) ­ §ë¢ ¥âáï á¨«ì­® ­¥¯à¥Äàë¢­®© ¯®«ã£àã¯¯®© ¨«¨ C0-¯®«ã£àã¯¯®©, ¥á«¨1) T0 = I ;2) Tt+s = TtTs (t; s > 0);3) limtց0 Ttx = x (¤«ï «î¡®£® x ∈ X).�¯à¥¤¥«¥­¨¥ 6. Ǒ®«ã£àã¯¯  ª« áá  C0 ­ §ë¢ ¥âáï á�¨¬ îé¥©, ¥á«¨ ‖Tt‖ 6 1(t > 0).�¯à¥¤¥«¥­¨¥ 7. �¨­¥©­ë© ®¯¥à â®àA:X ⊃ D(A) → X , ®¯à¥¤¥«¥­­ë© ¯®ä®à¬ã«¥Ax = limtց0 Ttx− xt (x ∈ D(A) = {x ∈ X : limtց0 Ttx− xt áãé¥áâ¢ã¥â})­ §ë¢ ¥âáï¨­ä¨­¨â¥§¨¬ «ì­ë¬ ¯à®¨§¢®¤ïé¨¬ ®¯¥à â®à®¬ á¨«ì­® ­¥¯à¥àë¢­®© ¯®Ä«ã£àã¯¯ë {Tt}.�¢¥¤¥¬ ­¥®£à ­¨ç¥­­ë© ®¯¥à â®à AR : L2(Q) ⊃ D(AR) → L2(Q), ¤¥©áâ¢ãîé¨© ¢¯à®áâà ­áâ¢¥ à á¯à¥¤¥«¥­¨© D′(Q) ¯® ä®à¬ã«¥ ARu = ARu (u ∈ D(AR) = {u ∈
◦W 12(Q) : ARu ∈ L2(Q)}).�¥®à¥¬  3. Ǒãáâì ®¯¥à â®à −AR { á¨«ì­® í««¨¯â¨ç¥áª¨©. �®£¤  ®¯¥à â®à ARï¢«ï¥âáï ¨­ä¨­¨â¥§¨¬ «ì­ë¬ ¯à®¨§¢®¤ïé¨¬ ®¯¥à â®à®¬ á�¨¬ îé¥© ¯®«ã£àã¯Ä¯ë Tt ¢ L2(Q).�®ª § â¥«ìáâ¢®. �§ ­¥à ¢¥­áâ¢  (1.2) á ª®­áâ ­â®© 
2 = 0 ¨ â¥®à¥¬ë 10.1 ¨§ [5℄á«¥¤ã¥â, çâ® ®¯¥à â®àAR { § ¬ª­ãâë©,   á¯¥ªâà �(AR) ⊂ {� ∈ C : Re� < 0}, ¯à¨ íâ®¬¤«ï «î¡ëå u ∈ D(AR)

−Re(ARu; u)L2(Q) > 
1‖u‖2W 12 (Q): (3.1)



150 �.�. ������������, �.�. ������§ (3.1) ¨ ­¥à ¢¥­áâ¢  �®è¨{�ã­ïª®¢áª®£® á«¥¤ã¥â, çâ® ¤«ï u ∈ D(AR) ¨ � > 0
‖(�I −AR)u‖L2(Q)‖u‖L2(Q) > �‖u‖2L2(Q):� ª¨¬ ®¡à §®¬,

‖R(�;AR)‖ 6
1�:Ǒ®íâ®¬ã ¢ á¨«ã â¥®à¥¬ë �¨««¥{�®á¨¤ë (á¬., [6, § 1.3℄) ®¯¥à â®à AR ï¢«ï¥âáï ¨­ä¨­¨Äâ¥§¨¬ «ì­ë¬ ¯à®¨§¢®¤ïé¨¬ ®¯¥à â®à®¬ á�¨¬ îé¥© ¯®«ã£àã¯¯ë Tt ¢ L2(Q).�¡®§­ ç¨¬� = {z ∈ C : '1 < arg z < '2}, £¤¥ '1 < 0 < '2.�¯à¥¤¥«¥­¨¥ 8. �¤­®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢® «¨­¥©­ëå ®£à ­¨ç¥­­ëå ®¯¥à Äâ®à®¢ Tz :X → X (z ∈ �) ­ §ë¢ ¥âáï  ­ «¨â¨ç¥áª®© ¯®«ã£àã¯¯®© ¢ �, ¥á«¨1) äã­ªæ¨ï z → Tz ï¢«ï¥âáï  ­ «¨â¨ç¥áª®© ¢ �;2) T0 = I ¨ limz→0;z∈� Tzx = x (¤«ï «î¡®£® x ∈ X);3) Tz1+z2 = Tz1Tz2 (¤«ï «î¡ëå z1, z2 ∈ �).Ǒ®«ã£àã¯¯  Tt ­ §ë¢ ¥âáï  ­ «¨â¨ç¥áª®©, ¥á«¨ ®­   ­ «¨â¨ç¥áª ï ¢ ­¥ª®â®à®¬ á¥ªÄâ®à¥ �, á®¤¥à� é¥¬ ¯®«®�¨â¥«ì­ãî ¢¥é¥áâ¢¥­­ãî ¯®«ã®áì.�¥®à¥¬  4. Ǒãáâì ®¯¥à â®à −AR { á¨«ì­® í««¨¯â¨ç¥áª¨© ¨, á«¥¤®¢ â¥«ì­®,®¯¥à â®à AR ï¢«ï¥âáï ¨­ä¨­¨â¥§¨¬ «ì­ë¬ ¯à®¨§¢®¤ïé¨¬ ®¯¥à â®à®¬ á�¨¬ îÄé¥© ¯®«ã£àã¯¯ë Tt ¢ L2(Q).�®£¤  ¯®«ã£àã¯¯ã Tt ¬®�­® ¯à®¤®«�¨âì ¤®  ­ «¨â¨Äç¥áª®© ¯®«ã£àã¯¯ë Tz ¢ ­¥ª®â®à®¬ á¥ªâ®à¥ �Æ = {z ∈ C : | arg z| < Æ}.�®ª § â¥«ìáâ¢® ¯à®¢®¤¨âáï áâ ­¤ àâ­ë¬¨ ¬¥â®¤ ¬¨, ®á­®¢ ­­ë¬¨ ­  ¨á¯®«ì§®Ä¢ ­¨¨ ®æ¥­ª¨ ­®à¬ë à¥§®«ì¢¥­âë ¨­ä¨­¨â¥§¨¬ «ì­®£® ¯à®¨§¢®¤ïé¥£® ®¯¥à â®à  ¯®«ãÄ£àã¯¯ë. � á¢®î®ç¥à¥¤ì, ãª § ­­ ï ®æ¥­ª  ¢ë¢®¤¨âáï ¨§ ­¥à ¢¥­áâ¢  â¨¯ �®à¤¨­£  (1.2)(á¬. â¥®à¥¬ã 2.7 ¨§ [6, § 7.2℄ ¨«¨ â¥®à¥¬ã 1 ¨§, [7, £«. 14, § 1℄).4. �« ¤ª®áâì ®¡®¡é¥­­ëå à¥è¥­¨©.�¯à¥¤¥«¥­¨¥ 9. �¡®¡é¥­­®¥ à¥è¥­¨¥ § ¤ ç¨ (1.3){(1.5) ¯à¨ f ∈ L2(
T ) ¨ ' ∈L2(Q) ¬ë ¡ã¤¥¬ ­ §ë¢ âì á¨«ì­ë¬ à¥è¥­¨¥¬, ¥á«¨ ut ∈ L2(
T ).�«ï ¨áá«¥¤®¢ ­¨ï ¢®¯à®á  ® £« ¤ª®áâ¨ ®¡®¡é¥­­ëå à¥è¥­¨© § ¤ ç¨ (1.3){(1.5) ¢¢¥Ä¤¥¬ ­¥ª®â®àë¥ ¤®¯®«­¨â¥«ì­ë¥ ®¡®§­ ç¥­¨ï. � áá¬®âà¨¬ ¬­®�¥áâ¢ 

K = ⋃h1;h2∈G{Q ∩ (�Q+ h1) ∩ [(�Q+ h2) \ (�Q+ h1)℄};  â ª�¥
K" = {x ∈ R

n : �(x;K) < "};£¤¥ " > 0.Ǒãáâì D ⊂ Rn { ®£à ­¨ç¥­­ ï ®¡« áâì. �¡®§­ ç¨¬ ç¥à¥§ W 2k;k2 (D × (0; T )) ¯à®Äáâà ­áâ¢® �®¡®«¥¢  ª®¬¯«¥ªá­®§­ ç­ëåäã­ªæ¨© ¨§ L2(D× (0; T )), ¨¬¥îé¨å ¢á¥ ®¡®¡Äé¥­­ë¥ ¯à®¨§¢®¤­ë¥D�xD�t u ∈ L2(D × (0; T )) (|�|+ 2� 6 2k), á ­®à¬®©
‖u‖W 2k;k2 (D×(0;T )) = {

∑

|�|+2�62k ∫
T |D�xD�t u(x; t)|2 dx dt}1=2:
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⋃iMi ⊂ K ¨ ¯ãáâì ¤¨ää¥à¥­æ¨ «ì­®-à §­®áâ­ë© ®¯¥Äà â®à −AR { á¨«ì­® í««¨¯â¨ç¥áª¨©. �®£¤  ¤«ï «î¡ëå ' ∈ D(AR) ¨ f ∈ L2(
T )â ª¨å, çâ® ft ∈ L2(
T ), § ¤ ç  (1.3){(1.5) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ á¨«ì­®¥ à¥è¥­¨¥,ª®â®à®¥ ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥u(x; t) = Tt'(x) + ∫ t0 Tt−sf(x; s) ds: (4.1)�®«¥¥ â®£®, ¤«ï ª �¤®£® " > 0 ¨ ¢á¥å s = 1; 2; : : : ; l = 1; : : : ; N(s) u(x; t) ∈W 2;12 ((Qsl \ K")× (0; T )).�®ª § â¥«ìáâ¢®. �ãé¥áâ¢®¢ ­¨¥ ¨ ¥¤¨­áâ¢¥­­®áâì à¥è¥­¨ï § ¤ ç¨ (1.3){(1.5) ¨ä®à¬ã«  (4.1) á«¥¤ãîâ ¨§ â¥®à¥¬ë 3 ­ áâ®ïé¥© à ¡®âë ¨ á«¥¤áâ¢¨ï 2.10 ¨§ [6, § 4.2℄. �§®¯à¥¤¥«¥­¨ï á¨«ì­®£® à¥è¥­¨ï ¨ ãà ¢­¥­¨ï (1.3) á«¥¤ã¥â, çâ®

−ARu( · ; t) = F ( · ; t); (4.2)£¤¥ F ( · ; t) = f( · ; t) − ut( · ; t) ∈ L2(Q) ¤«ï ¯®çâ¨ ¢á¥å t ∈ (0; T ). � á¨«ã â¥®à¥¬ë11.2 ¨§ [5℄ ® £« ¤ª®áâ¨ ®¡®¡é¥­­ëå à¥è¥­¨© ªà ¥¢ëå § ¤ ç ¤«ï á¨«ì­® í««¨¯â¨ç¥áª¨å¤¨ää¥à¥­æ¨ «ì­®-à §­®áâ­ëå ãà ¢­¥­¨© ¤«ï «î¡®£® " > 0u( · ; t) ∈ W 22 (Qsl \ K")¨
‖u‖W 22 (Qsl\K") 6 
‖F‖L2(Q) (4.3)¤«ï ¯®çâ¨ ¢á¥å t ∈ (0; T ) ¨ s = 1; 2; : : : ; l = 1; : : : ; N(s), £¤¥ 
 > 0 ­¥ § ¢¨á¨â ®â t.�®§¢®¤ï ®¡¥ ç áâ¨ ­¥à ¢¥­áâ¢  (4.3) ¢ ª¢ ¤à â ¨ ¨­â¥£à¨àãï ®â 0 ¤® T , ¯®«ãç¨¬

‖u‖W 2;02 ((Qsl\K")×(0;T )) 6 
1(‖f‖L2(
T ) + ‖ut‖L2(
T )):�âáî¤  á«¥¤ã¥â, çâ® u ∈ W 2;12 ((Qsl \ K")× (0; T )).� ¬¥ç ­¨¥ 1. Ǒà¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© â¥®à¥¬ë 5 ¢ á¨«ã â¥®à¥¬ 1, 5 ®¡®¡é¥­­®¥à¥è¥­¨¥ § ¤ ç¨ (1.3){(1.5) ï¢«ï¥âáï á¨«ì­ë¬ à¥è¥­¨¥¬ ¨, á«¥¤®¢ â¥«ì­®, ¯à¨­ ¤«¥�¨â¯à®áâà ­áâ¢ãW 2;12 ((Qsl \ K")× (0; T )).� ª ¯®ª §ë¢ ¥â á«¥¤ãîé¨© ¯à¨¬¥à, £« ¤ª®áâì á¨«ì­ëå à¥è¥­¨© § ¤ ç¨ (1.3){(1.5)¬®�¥â ­ àãè âìáï ­  £à ­¨æ¥ á®á¥¤­¨å æ¨«¨­¤à®¢Qs1l1×(0; T ) ¨Qs2l2×(0; T ),   â ª�¥¢¡«¨§¨ ¬­®�¥áâ¢  K × (0; T ).



152 �.�. ������������, �.�. �����Ǒà¨¬¥à 1. � áá¬®âà¨¬¯¥à¢ãî á¬¥è ­­ãî § ¤ çã (1.3){(1.5), ¯à¥¤¯®« £ ï, çâ®Q =(0; 4=3) × (0; 4=3), AR = �RQ, RQ = PQRIQ, Ru(x) = u(x) + au(x1 + 1; x2 + 1) +au(x1−1; x2−1), 0 < a < 1. �ç¥¢¨¤­®, à §¡¨¥­¨¥R ®¡« áâ¨Q á®áâ®¨â ¨§ ¤¢ãå ª« áá®¢¯®¤®¡« áâ¥©: 1)Q11 = (0; 1=3)× (0; 1=3), Q12 = (1; 4=3)× (1; 4=3) ¨ 2)Q21 = Q \ (Q11 ∪Q12). �­®�¥áâ¢®K ¯à¨­ ¤«¥�¨â £à ­¨æ¥ �Q ¨ á®áâ®¨â ¨§ ç¥âëà¥å â®ç¥ª: g1 = (1=3; 0),g2 = (4=3; 1), g3 = (0; 1=3), g4 = (1; 4=3).� âà¨æëAs(x)(x ∈ Qs1; s = 1; 2), ®¯à¥¤¥«¥­­ë¥ ¯® ä®à¬ã«¥ (1.8), ¨¬¥îâ ¢¨¤A1(x) = ( 1 aa 1) (x ∈ Q11);A2(x) = ( 1 aa 1) (x ∈ Q21 ∩ K); A2(x) = (1) (x ∈ Q21 \ K):� ª¨¬ ®¡à §®¬, ¬ âà¨æë As(x)(�21 + �22) (x ∈ Qs1; s = 1; 2) ¯®«®�¨â¥«ì­® ®¯à¥¤¥«¥­ë(áà. (1.9)). �«¥¤®¢ â¥«ì­®, ®¯¥à â®à−AR { á¨«ì­® í««¨¯â¨ç¥áª¨©.Ǒ®«®�¨¬ v1(r; ') = �(r)r� sin�'; v2(r; ') = �(r)r� sin�'(3�2 − ');£¤¥ �(r) ∈ _C∞(R), 0 6 �(r) 6 1, �(r) = 1 ¯à¨ r 6 1=8, �(r) = 0 ¯à¨ r > 1=6,� = (2=�) ar

os(a=2), r; ' { ¯®«ïà­ë¥ ª®®à¤¨­ âë.�¢¥¤¥¬ äã­ªæ¨î v(x) ¯® ä®à¬ã«¥v(x) = 





















v1(x1 − 1=3; x2)− av2(x1 − 1=3; x2)1− a2 ; x ∈ Q11;
−av1(x1 − 4=3; x2 − 1) + v2(x1 − 4=3; x2 − 1)1− a2 ; x ∈ Q12;v1(x1 − 1=3; x2) + v2(x1 − 4=3; x2 − 1); x ∈ Q21: (4.4)�ç¥¢¨¤­®, RQv(x) = v1(x1 − 13 ; x2)+ v2(x1 − 43 ; x2 − 1):Ǒ®áª®«ìªã 0 < � < 1, «¥£ª® ¢¨¤¥âì, çâ® v ∈

◦W 12, −�RQv ∈ L2(Q), ­® v =∈ W 22 (Qs1 ∩SÆ(g1)) ¤«ï «î¡®£® Æ > 0. �«¥¤®¢ â¥«ì­®, äã­ªæ¨ï u(x; t) = tv(x) ï¢«ï¥âáï á¨«ì­ë¬à¥è¥­¨¥¬ § ¤ ç¨ (1.3){(1.5) ¤«ï f(x; t) = v(x) − t�RQv(x) ∈ L2(
T ) ¨ '(x) = 0. �¤Ä­ ª®, u =∈ W 2;02 ((Qs1 ∩ SÆ(g1)) × (0; T )) ¤«ï «î¡®£® Æ > 0. � ª¨¬ ®¡à §®¬, ¯à¨ " = 0â¥®à¥¬  5, ¢®®¡é¥ £®¢®àï, ­¥ ¢¥à­ .Ǒ®ª �¥¬ â¥¯¥àì, çâ®ux1∣∣x1=1=3+0; x261=8 6= ux1∣∣x1=1=3−0; x261=8:
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∣'=�=2; r61=8 6= 11− a2{v1'∣

∣'=�=2; r61=8 − av2'∣

∣'=�=2; r61=8}: (4.5)�®®â­®è¥­¨¥ (4.5) íª¢¨¢ «¥­â­® á«¥¤ãîé¥¬ã� 
os ��2 6= 11− a2(� 
os��2 − � 
os��): (4.6)Ǒà¨¢®¤ï ¯®¤®¡­ë¥ ¨ ¨á¯®«ì§ãï à ¢¥­áâ¢® 
os(��=2) = a=2, ¬ë ¬®�¥¬ ¯¥à¥¯¨á âì (4.6) ¢¢¨¤¥ a3 − a2 + 2 6= 0: (4.7)Ǒ®áª®«ìªãª®à­¨ ãà ¢­¥­¨ï a3−a2+2 = 0 ¨¬¥îâ ¢¨¤ a1;2 = 1±i, a3 = −1, ãá«®¢¨¥ (4.7)¢ë¯®«­ï¥âáï ¯à¨ 0 < a < 1. Ǒ®íâ®¬ã u =∈ W 2;02 (S�(y)) ¤«ï «î¡ëå y = (y1; y2) ¨ � > 0â ª¨å, çâ® y1 = 1=3, 0 < y2 < 1=8, � < y2. � ª¨¬ ®¡à §®¬, £« ¤ª®áâì á¨«ì­ëå à¥è¥­¨©§ ¤ ç¨ (1.3){(1.5) ¬®�¥â ­ àãè âìáï ­  £à ­¨æ¥ á®á¥¤­¨å ¯®¤®¡« áâ¥© Qs1l1 × (0; T ) ¨Qs2l2 × (0; T ).�Ǒ���������������� ����������[1℄ Vorontsov M.A., Ri
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