
176 ¢»·¨±«¨²¥«¼­»¥ ¬¥²®¤» ¨ ¯°®£° ¬¬¨°®¢ ­¨¥. 2009. �. 10��� 517.958� ��������� ������ ������ �������������� ������������� ��� �������������� ��������� ���������� ������������.�. �®«¼¤¬ ­1�±±«¥¤³¾²±¿ ¢®¯°®±» ¯®±² ­®¢®ª ¢ ¯°®±²° ­±²¢ µ �¥«¼¤¥°  ®¡° ²­»µ § ¤ · ± ª° ¥¢»¬¨ ³±«®-¢¨¿¬¨ ²°¥²¼¥£® °®¤  ¤«¿ «¨­¥©­»µ ¨ ª¢ §¨«¨­¥©­»µ ¯ ° ¡®«¨·¥±ª¨µ ®¯¥° ²®°®¢ ®¡¹¥£® ¢¨¤ ± ­¥¨§¢¥±²­»¬¨ ª®½´´¨¶¨¥­² ¬¨ ¯°¨ ¬« ¤¸¨µ ·«¥­ µ. �®«³·¥­» ¤®±² ²®·­»¥ ³±«®¢¨¿ ¥¤¨­-±²¢¥­­®±²¨ °¥¸¥­¨¿ ­  ®±­®¢¥ ¯°¨­¶¨¯  ¤¢®©±²¢¥­­®±²¨. � ª®© ¯®¤µ®¤ ¯®§¢®«¿¥² ³·¨²»¢ ²¼§ ¢¨±¨¬®±²¼ § ¤ ­­»µ ª®½´´¨¶¨¥­²®¢ ¯ ° ¡®«¨·¥±ª¨µ ³° ¢­¥­¨© ­¥ ²®«¼ª® ®² ¯¥°¥¬¥­­®© x,­® ¨ ®² (x; t) ¢ «¨­¥©­®¬ ±«³· ¥ ¨ ®² (x; t; u) ¢ ª¢ §¨«¨­¥©­®¬ ±«³· ¥.�«¾·¥¢»¥ ±«®¢ : ¯°®±²° ­±²¢  �¥«¼¤¥° , ®¡° ²­»¥ § ¤ ·¨, ¯ ° ¡®«¨·¥±ª¨¥ ³° ¢­¥­¨¿, ª° ¥¢»¥§ ¤ ·¨, ¯°¨­¶¨¯ ¤¢®©±²¢¥­­®±²¨.�¢¥¤¥­¨¥.� ° ¡®²¥ ¨±±«¥¤³¾²±¿ ®¡° ²­»¥ § ¤ ·¨ ± ´¨­ «¼­»¬ ­ ¡«¾¤¥­¨¥¬ ¤«¿ «¨­¥©­»µ ¨ ª¢ §¨-«¨­¥©­»µ ¯ ° ¡®«¨·¥±ª¨µ ³° ¢­¥­¨© ®¡¹¥£® ¢¨¤  ± ­¥¨§¢¥±²­»¬¨ ª®½´´¨¶¨¥­² ¬¨ ¯°¨ ¬« ¤¸¨µ ·«¥­ µ.�²®² ª« ±± § ¤ · ¢ª«¾· ¥² ¯°®¡«¥¬» ¨¤¥­²¨´¨ª ¶¨¨ ¨ ³¯° ¢«¥­¨¿ ¯°®¶¥±± ¬¨ ²¥¯«®®¡¬¥­ , ¢ ª®²®°»µ³· ±²¢³¾² ²¥¯«®¢»¥ ¨±²®·­¨ª¨, § ¢¨±¿¹¨¥ ®² ²¥¬¯¥° ²³°». �­ «®£¨·­»¥ ¯°®¡«¥¬» ¢®§­¨ª ¾² ¨ ¢ ¬¥-µ ­¨ª¥ ±¯«®¸­®© ±°¥¤», ­ ¯°¨¬¥° ¢ ¯°®¶¥±± µ ¤¨´´³§¨¨ ­¥³±²®©·¨¢®£® £ § , ±ª®°®±²¼ ° ±¯ ¤  ª®²®°®£®¯°®¯®°¶¨®­ «¼­  ª®­¶¥­²° ¶¨¨.� ° ª²¥°­®© ·¥°²®© ² ª¨µ ®¡° ²­»µ § ¤ · ¿¢«¿¥²±¿ ¢®§¬®¦­®¥ ®²±³²±²¢¨¥ °¥¸¥­¨¿ ¨ ¥£® ­¥³±²®©-·¨¢®±²¼ ®²­®±¨²¥«¼­® ¯®£°¥¸­®±²¥© ¢µ®¤­»µ ¤ ­­»µ. �±­®¢­ ¿ ¶¥«¼ ° ¡®²» | ¢»¡° ²¼ ¥±²¥±²¢¥­­»¥´³­ª¶¨®­ «¼­»¥ ¯°®±²° ­±²¢  ¤«¿ ¯®±² ­®¢®ª ½²®£® ª« ±±  ­¥ª®°°¥ª²­»µ § ¤ · ¨ ¨§³·¨²¼ ³±«®¢¨¿, ¯°¨ª®²®°»µ ®­¨ ®¡« ¤ ¾² ±¢®©±²¢®¬ ¥¤¨­±²¢¥­­®±²¨ °¥¸¥­¨¿ (¢ ±«³· ¥ ¥£® ±³¹¥±²¢®¢ ­¨¿). �±®¡¥­­®±²¼¾¤ ­­®£® ¨±±«¥¤®¢ ­¨¿ ª®½´´¨¶¨¥­²­»µ ®¡° ²­»µ § ¤ · ± ´¨­ «¼­»¬ ­ ¡«¾¤¥­¨¥¬ ¿¢«¿¥²±¿ ¯°¥¤«®¦¥­-­»© ¯®¤µ®¤ ª ¨±¯®«¼§®¢ ­¨¾ ¯°¨­¶¨¯  ¤¢®©±²¢¥­­®±²¨. �  ®±­®¢¥ ½²®£® ¯®¤µ®¤  ³±² ­®¢«¥­  ±¢¿§¼ ¯°®-¡«¥¬» ¥¤¨­±²¢¥­­®±²¨ °¥¸¥­¨¿ ½²¨µ ®¡° ²­»µ § ¤ · ¢ ª« ±± µ �¥«¼¤¥°  ±® ±¢®©±²¢ ¬¨ °¥¸¥­¨© ±®®²-¢¥²±²¢³¾¹¨µ ±®¯°¿¦¥­­»µ § ¤ ·. �®ª § ­®, ·²® ½²¨ ±¢®©±²¢  ¡«¨§ª¨ ±¢®©±²¢ ¬ ¯«®²­®±²¨ ­ ¡«¾¤¥­¨©¨ ¨µ ³±°¥¤­¥­¨© ¢ § ¤ · µ ³¯° ¢«¥­¨¿ ¤«¿ «¨­¥©­»µ ¯ ° ¡®«¨·¥±ª¨µ ³° ¢­¥­¨© ± ³¯° ¢«¿¾¹¨¬¨ ¢®§-¤¥©±²¢¨¿¬¨ ¢ ­ · «¼­®¬ ³±«®¢¨¨. � ² ª¨µ § ¤ · µ ³¯° ¢«¥­¨¿ ½²¨ ±¢®©±²¢  ¯«®²­®±²¨ ¿¢«¿¾²±¿, ª ª¨§¢¥±²­® [1, 2], ±«¥¤±²¢¨¥¬ ² ª ­ §»¢ ¥¬®£® ±¢®©±²¢  ®¡° ²­®© ¥¤¨­±²¢¥­­®±²¨, ².¥. ¯ ° ¡®«¨·¥±ª¨µ ®¯¥-° ²®°®¢ ± ®¡° ²­»¬ ­ ¯° ¢«¥­¨¥¬ ¢°¥¬¥­¨ [3].�°®¢¥¤¥­­®¥ ¨±±«¥¤®¢ ­¨¥ ¯°®¡«¥¬» ¥¤¨­±²¢¥­­®±²¨ ¤«¿ ½²®£® ª« ±±  ®¡° ²­»µ § ¤ · ¯®§¢®«¿¥²³·¨²»¢ ²¼ § ¢¨±¨¬®±²¼ ¢±¥µ § ¤ ­­»µ ª®½´´¨¶¨¥­²®¢ ¯ ° ¡®«¨·¥±ª®£® ³° ¢­¥­¨¿ ­¥ ²®«¼ª® ®² ¯¥°¥-¬¥­­®© x, ­® ¨ ®² (x; t) ¢ «¨­¥©­®¬ ±«³· ¥ ¨ ®² (x; t; u) ¢ ª¢ §¨«¨­¥©­®¬ ±«³· ¥ (±°., ­ ¯°¨¬¥°, ± [4{8]).1. �®±² ­®¢ª  ®¡° ²­®© § ¤ ·¨ ¤«¿ ª¢ §¨«¨­¥©­®£® ¯ ° ¡®«¨·¥±ª®£® ³° ¢­¥­¨¿. �°¥¡³-¥²±¿ ­ ©²¨ ´³­ª¶¨¨ u(x; t) ¢ ®¡« ±²¨ Q = �0 6 x 6 l; 0 6 t 6 T	 ¨ p(x) ¯°¨ 0 6 x 6 l, ³¤®¢«¥²¢®°¿¾¹¨¥ª° ¥¢®© § ¤ ·¥ c(x; t; u)ut� Lu = f(x; t; u); (x; t) 2 Q; (1)a(x; t; u)ux� e0(t; u)ujx=0 = q0(t); 0 < t 6 T; (2)a(x; t; u)ux+ e1(t; u)ujx=l = q1(t); 0 < t 6 T; (3)ujt=0 = '(x); 0 6 x 6 l; (4)¨ ¤®¯®«­¨²¥«¼­®¬³ ³±«®¢¨¾ ¢ ª®­¥·­»© ¬®¬¥­² ¢°¥¬¥­¨ujt=T = g(x); 0 6 x 6 l; (5)1� ³·­®-¨±±«¥¤®¢ ²¥«¼±ª¨© ¢»·¨±«¨²¥«¼­»© ¶¥­²°, �®±ª®¢±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥² ¨¬.�.�. �®¬®­®±®¢ , �¥­¨­±ª¨¥ £®°», 119991, �®±ª¢ ; ¢¥¤. ­ ³·. ±®²°., e-mail: goldman@srcc.msu.ruc
 � ³·­®-¨±±«¥¤®¢ ²¥«¼±ª¨© ¢»·¨±«¨²¥«¼­»© ¶¥­²° ��� ¨¬. �.�. �®¬®­®±®¢ 



¢»·¨±«¨²¥«¼­»¥ ¬¥²®¤» ¨ ¯°®£° ¬¬¨°®¢ ­¨¥. 2009. �. 10 177¢ ¯°¥¤¯®«®¦¥­¨¨, ·²® Lu � �a(x; t; u)ux�x � b(x; t; u)ux� d(x; t; u)p(x) (6)¿¢«¿¥²±¿ ° ¢­®¬¥°­® ½««¨¯²¨·¥±ª¨¬ ®¯¥° ²®°®¬, a > amin > 0, b, c > cmin > 0, d, f , ei, qi (i = 0; 1), ' ¨g | ¨§¢¥±²­»¥ ´³­ª¶¨¨, amin, cmin = const > 0.�´®°¬³«¨°³¥¬ ²°¥¡®¢ ­¨¿ ª ¢µ®¤­»¬ ¤ ­­»¬ ®¡° ²­®© § ¤ ·¨ (1){(5), ¨±¯®«¼§³¿ ±² ­¤ °²­»¥ ®¡®-§­ ·¥­¨¿ ª« ±±®¢ ´³­ª¶¨© ¨§ [9].(i) �°¨ (x; t) 2 Q, juj < 1, ´³­ª¶¨¨ a, ax, au, b, c, d, f ° ¢­®¬¥°­® ®£° ­¨·¥­», a > amin > 0,c > cmin > 0, ei > 0 (i = 0; 1).(ii) �°¨ (x; t; u) 2 D = Q� [�M0;M0], M0 > max(x;t)2Q juj ´³­ª¶¨¿ a ¨¬¥¥² ­¥¯°¥°»¢­³¾ ¯°®¨§¢®¤­³¾ at¨, ª°®¬¥ ²®£®, ax, au, b, c, cx, cu, d ¨ f ¯°¨­ ¤«¥¦ ² H1;�=2;1(D ), 0 < � < 1, ´³­ª¶¨¨ ei ¨¬¥¾²° ¢­®¬¥°­® ®£° ­¨·¥­­»¥ ¯°®¨§¢®¤­»¥ eit, eiu, eiuu (i = 0; 1).(iii) �³­ª¶¨¨ '(x) ¨ qi(t) (i = 0; 1) ¯°¨­ ¤«¥¦ ², ±®®²¢¥²±²¢¥­­®, H2+�[0; l] ¨ O1[0; T ] ¨ ³¤®¢«¥²¢®°¿¾²³±«®¢¨¿¬ ±®£« ±®¢ ­¨¿ ¯°¨ t = 0:a(x; 0; ')'x � e0(0; ')'jx=0 = q0(0); a(x; 0; ')'x + e1(0; ')'jx=l = q1(0):(iv) �³­ª¶¨¿ g(x) ¯°¨­ ¤«¥¦¨² H2+�[0; l] ¨ ³¤®¢«¥²¢®°¿¥² ³±«®¢¨¿¬ ±®£« ±®¢ ­¨¿ ¯°¨ t = T :a(x; T; g)gx � e0(T; g)gjx=0 = q0(T ); a(x; T; g)gx + e1(T; g)gjx=l = q1(T ):�°¥¡®¢ ­¨¿ (i){(iii) ®¡¥±¯¥·¨¢ ¾² ±³¹¥±²¢®¢ ­¨¥ ¨ ¥¤¨­±²¢¥­­®±²¼ °¥¸¥­¨¿ ª¢ §¨«¨­¥©­®© ª° ¥-¢®© § ¤ ·¨ ²°¥²¼¥£® °®¤  (1){(4) ¢ ª« ±±¥ �¥«¼¤¥°  u(x; t) 2 H2+�;1+�=2(Q ) ¯°¨ «¾¡®¬ ª®½´´¨¶¨¥­²¥p(x) 2 C1[0; l] ®¯¥° ²®°  L ¢¨¤  (6) [9]. � ±®®²¢¥²±²¢¨¨ ± ½²¨¬ ¤ ¤¨¬ ±«¥¤³¾¹¥¥�¯°¥¤¥«¥­¨¥ 1. �¥¸¥­¨¥¬ ¢ ª« ±± µ �¥«¼¤¥°  ª®½´´¨¶¨¥­²­®© ®¡° ²­®© § ¤ ·¨ (1){(5) ­ §®¢¥¬¯ °³ ´³­ª¶¨© �u0(x; t); p0(x)	: u0(x; t) 2 H2+�;1+�=2(Q ); p0(x) 2 C1[0; l]; 0 < � < 1; ³¤®¢«¥²¢®°¿¾¹¨µ±®®²­®¸¥­¨¿¬ (1){(5) ¢ ®¡»·­®¬ ±¬»±«¥.2.�¥³±²®©·¨¢®±²¼ °¥¸¥­¨¿. �¡° ²­»¥ § ¤ ·¨ ² ª®£® ²¨¯  ¿¢«¿¾²±¿ ­¥ª®°°¥ª²­® ¯®±² ¢«¥­-­»¬¨ | °¥¸¥­¨¥ �u0(x; t); p0(x)	 ¬®¦¥² ®²±³²±²¢®¢ ²¼. B ±«³· ¥ ±³¹¥±²¢®¢ ­¨¿ ®­® ­¥³±²®©·¨¢® ª ¯®-£°¥¸­®±²¿¬ ¢µ®¤­»µ ¤ ­­»µ. �²® ¯®ª §»¢ ¥² ±«¥¤³¾¹¨©�°¨¬¥° 1. �³­ª¶¨¨ u0(x; t) = x(x+ t + 1) + 1; p0(x) = x+ 1 ¿¢«¿¾²±¿ °¥¸¥­¨¥¬ ª®½´´¨¶¨¥­²­®©®¡° ²­®© § ¤ ·¨ ¢ ®¡« ±²¨ Q = �0 6 x 6 1; 0 6 t 6 T	:ut � uxx + p(x)u = x(x+ 1)(x+ t+ 1) + 2x� 1; (x; t) 2 Q;uxjx=0 = t + 1; uxjx=1 = t+ 3; 0 < t 6 T; ujt=0 = x(x+ 1) + 1; 0 6 x 6 1;± ´¨­ «¼­»¬ ­ ¡«¾¤¥­¨¥¬ ujt=T = g(x); g(x) = x(x + T + 1) + 1; 0 6 x 6 1: �³±²¼ ¢¬¥±²® ´³­ª¶¨¨g(x) § ¤ ­® ¥¥ ¯°¨¡«¨¦¥­¨¥ gn(x) = g(x) + �n(x); 0 6 x 6 1; ± ¯®£°¥¸­®±²¼¾ �n(x) = n�1Tx2(x � 1)2,£¤¥ n > 0 | «¾¡®¥ ¶¥«®¥, ¯°¨ n ! 1 �n(x) ! 0 ¢ ° ¢­®¬¥°­®© ¬¥²°¨ª¥. �¥¸¥­¨¥¬ ®¡° ²­®© § ¤ ·¨± ´¨­ «¼­»¬ ­ ¡«¾¤¥­¨¥¬ gn(x) ¿¢«¿¥²±¿ ¯ °  ´³­ª¶¨©: un = u0 + �nu; pn = p0 + �np; ¯®£°¥¸­®±²¨ª®²®°»µ ¨¬¥¾² ¢¨¤ �nu = n�1tx2(x� 1)2 expn2(T � t); �np = Kn(x; t)G�1n (x; t); £¤¥Kn(x; t) = (n2t� 1)x2(x� 1)2 + 2t(2x� 1)2 + 4xt(x� 1)� tx2(x� 1)2(x+ 1);Gn(x; t) = (x2 + xt+ x+ 1)n expn2(t � T ) + tx2(x� 1)2:� ª¨¬ ®¡° §®¬, µ®²¿ ¯°¨ n!1 ¯®£°¥¸­®±²¼ ¢ ´¨­ «¼­®¬ ­ ¡«¾¤¥­¨¨ �n(x)! 0, ²¥¬ ­¥ ¬¥­¥¥ ¯®£°¥¸-­®±²¨ °¥¸¥­¨¿ �nu!1, �np!1 ¢ ° ¢­®¬¥°­®© ¬¥²°¨ª¥.3. �°®¡«¥¬  ¥¤¨­±²¢¥­­®±²¨ °¥¸¥­¨¿ ¤«¿ ®¡° ²­®© § ¤ ·¨ (1){(5).3.1. � ±«³· ¥ ±³¹¥±²¢®¢ ­¨¿ °¥¸¥­¨¿ �u0(x; t); p0(x)	 ®­® ¬®¦¥² ®¡« ¤ ²¼ ±¢®©±²¢®¬ ¥¤¨­±²¢¥­­®±²¨.�°¥¤« £ ¥¬»© ¯®¤µ®¤ ª ¤®ª § ²¥«¼±²¢³ ¤®±² ²®·­»µ ³±«®¢¨©, ¯°¨ ª®²®°»µ �u0(x; t); p0(x)	 ®¯°¥¤¥«¿¥²±¿®¤­®§­ ·­®, ±®±²®¨² ¢ ±«¥¤³¾¹¥¬.�®¯³±²¨¬, ·²® �u01; p01	 ¨ �u02; p02	 | ¤¢  °¥¸¥­¨¿ ®¡° ²­®© § ¤ ·¨ (1){(5). �³­ª¶¨¨ u01 ¨ u02 ¬®¦­®° ±±¬ ²°¨¢ ²¼ ª ª °¥¸¥­¨¿ ª° ¥¢®© § ¤ ·¨ (1){(4), ±®®²¢¥²±²¢³¾¹¨¥ ª®½´´¨¶¨¥­² ¬ p01 ¨ p02 ¢ ®¯¥° -²®°¥ L (±¬. (6)), ².¥. ¤«¿ ­¨µ ±¯° ¢¥¤«¨¢» ®¶¥­ª¨ ¢ ª« ±±¥ �¥«¼¤¥°  H2+�;1+�=2(Q ) [9]. �«¿ ° §­®±²¥©



178 ¢»·¨±«¨²¥«¼­»¥ ¬¥²®¤» ¨ ¯°®£° ¬¬¨°®¢ ­¨¥. 2009. �. 10�u = u02 � u01 ¨ �p = p02 � p01 ¢ ±¨«³ (1){(6) ±«¥¤³¾² ±®®²­®¸¥­¨¿c(x; t; u01)�ut �L�u+ d(x; t; u01)�p(x) = 0; (x; t) 2 Q; (7)a(x; t; u01)�ux � E0�ujx=0 = 0; 0 < t 6 T; (8)a(x; t; u01)�ux + E1�ujx=l = 0; 0 < t 6 T; (9)�ujt=0 = 0; �ujt=T = 0; 0 6 x 6 l; (10)¢ ª®²®°»µ L�u � �a(x; t; u01)�ux�x �A(x; t)�ux � B(x; t)�u;A(x; t) = b(x; t; u01)� au(x; t; u01)u02x;B(x; t) = cu(x; t; u01)u02t + bu(x; t; u01)u02x + du(x; t; u01)p02(x)� fu(x; t; u01) ���auu02xx + auu(u02x)2 + axuu02x	;E0(t) = ��au(x; t; u01)u02x + e0(t; u01) + e0u(t; u01)u02	��x=0;E1(t) = �au(x; t; u01)u02x + e1(t; u01) + e1u(t; u01)u02	��x=l: (11)�«¿ ¤®ª § ²¥«¼±²¢  ³²¢¥°¦¤¥­¨¿, ·²® �u = 0 ¢ Q, �p = 0 ¯°¨ 0 6 x 6 l, ¨§³· ¥²±¿ ª° ¥¢ ¿ § ¤ · ,±®¯°¿¦¥­­ ¿ c (7){(10): �c(x; t; u01) �t + L� = 0; 0 < x < l; 0 6 t < T; (12)a(x; t; u01) x � (E0 �A) jx=0 = 0; 0 6 t < T; (13)a(x; t; u01) x + (E1 +A) jx=l = 0; 0 6 t < T; (14) jt=T = �(x); 0 6 x 6 l; (15)¢ ª®²®°®© �(x) | ¯°®¨§¢®«¼­ ¿ ´³­ª¶¨¿ ¨§ C2[0; l], L� � �a(x; t; u01) x�x + (A )x � B :3.2. �¬¥¥² ¬¥±²®�¥¬¬  1. �³±²¼ ¢»¯®«­¥­» ²°¥¡®¢ ­¨¿ (i){(iv) ¨, ª°®¬¥ ²®£®, ¯°®¨§¢®¤­ ¿ ct ­¥¯°¥°»¢­  ¯°¨(x; t; u) 2 D, ¯°®¨§¢®¤­»¥ eiu ­¥¯°¥°»¢­» ¯® t ¯°¨ t 2 [0; T ], juj 6 M0. �®£¤  ¯°¨ «¾¡®© �(x) 2 C2[0; l]±®®²¢¥²±²¢³¾¹¥¥ °¥¸¥­¨¥  (x; t; �) ±®¯°¿¦¥­­®© § ¤ ·¨ (12){(15) ¯°¨­ ¤«¥¦¨² C(Q )TC2;1(Q) ¨ ³¤®-¢«¥²¢®°¿¥² ±®®²­®¸¥­¨¾ TZ0 lZ0  (x; t; �)d(x; t; u01)�p(x) dx dt = 0 8� 2 C2[0; l]: (16)�®ª § ²¥«¼±²¢®. �°¥¡®¢ ­¨¿ ª ¢µ®¤­»¬ ¤ ­­»¬ ¨ ¯°¨­ ¤«¥¦­®±²¼ ´³­ª¶¨© u01(x; t) ¨ u02(x; t)ª« ±±³ H2+�;1+�=2(Q ), p01(x) ¨ p02(x) ª« ±±³ C1[0; l] ¯®§¢®«¿¾² § ª«¾·¨²¼, ·²® ¢±¥ ª®½´´¨¶¨¥­²» ¢ ³° ¢-­¥­¨¨ ¨ ¢ £° ­¨·­»µ ³±«®¢¨¿µ ±®¯°¿¦¥­­®© § ¤ ·¨ (12){(15) ­¥¯°¥°»¢­» ª ª ´³­ª¶¨¨ (x; t) ¨ t ±®®²¢¥²-±²¢¥­­®. �«¥¤®¢ ²¥«¼­®, § ¤ ·  (12){(15), ¿¢«¿¿±¼ «¨­¥©­®© ª° ¥¢®© § ¤ ·¥© ®²­®±¨²¥«¼­® ´³­ª¶¨¨  ,° §°¥¸¨¬  ¢ ª« ±±¥ C(Q )TC2;1(Q), ¯°¨·¥¬ ¯°¨£° ­¨·­»¥ ¯°®¨§¢®¤­»¥  xjx=0,  xjx=l ­¥¯°¥°»¢­» ¯°¨0 6 t 6 T [3, 9].�°¨ ¢»¢®¤¥ ±®®²­®¸¥­¨¿ (16) ° ±±¬ ²°¨¢ ¥²±¿ ¢»° ¦¥­¨¥I = TZ0 lZ0  fc�ut �L�ug dx dt+ TZ0 lZ0 �u�(c )t + L� 	 dx dt;¤«¿ ª®²®°®£® ¢ ±¨«³ (7) ¨ (12) ±¯° ¢¥¤«¨¢® ³²¢¥°¦¤¥­¨¥I = TZ0 lZ0  (x; t; �)d(x; t; u01)�p(x) dx dt: (17)� ¤°³£®© ±²®°®­», ¨­²¥£°¨°®¢ ­¨¥ ¯® · ±²¿¬ ± ³·¥²®¬ ±®®²­®¸¥­¨© (7){(10) ¨ (12){(15) ¤ ¥²I = TZ0 �ujx=l�a x + (E1 +A) 	��x=l dt� TZ0 �ujx=0�a x � (E0 �A) 	��x=0 dt = 0:



¢»·¨±«¨²¥«¼­»¥ ¬¥²®¤» ¨ ¯°®£° ¬¬¨°®¢ ­¨¥. 2009. �. 10 179�²±¾¤  ¨ ¨§ (17) ±«¥¤³¥² ³²¢¥°¦¤¥­¨¥ (16). �¥¬¬  1 ¤®ª § ­ .� «¼­¥©¸¥¥ ¨±±«¥¤®¢ ­¨¥ ¥¤¨­±²¢¥­­®±²¨ °¥¸¥­¨¿ �u0(x; t); p0(x)	 ®¡° ²­®© § ¤ ·¨ (1){(5) ±®±²®¨²¢ ¨§³·¥­¨¨ ²°¥¡®¢ ­¨© ª ¥¥ ¢µ®¤­»¬ ¤ ­­»¬, ª®²®°»¥ ¯®§¢®«¨«¨ ¡» § ª«¾·¨²¼ ¨§ (16), ·²® �p(x) = 0¯°¨ 0 6 x 6 l.3.3. �±² ­®¢¨¬ ¯°¥¦¤¥ ¢±¥£®, ¯°¨ ª ª¨µ ³±«®¢¨¿µ ¨§ ¢»¯®«­¥­¨¿ ¯°¨ � 2 [0; T ] ±®®²­®¸¥­¨¿lZ0  (x; t; �)��t=� w(x) dx = 0 8� 2 C2[0; l] (18)¤«¿ ­¥ª®²®°®© ­¥¯°¥°»¢­®© ´³­ª¶¨¨ w(x) ±«¥¤³¥², ·²® w(x) = 0 ¯°¨ 0 6 x 6 l. �­»¬¨ ±«®¢ ¬¨, ¯°¨ª ª¨µ ³±«®¢¨¿µ ¬­®¦¥±²¢® §­ ·¥­¨© ¯°¨ t = � °¥¸¥­¨© � (x; t; �)��t=�	 ±®¯°¿¦¥­­®© § ¤ ·¨ (12){(15),¯®«³· ¥¬®¥ ¯°¨ ¯°®¡¥£ ­¨¨ ´³­ª¶¨¥© �(x) ¯°®±²° ­±²¢  C2[0; l], ¿¢«¿¥²±¿ ¢±¾¤³ ¯«®²­»¬.�¯° ¢¥¤«¨¢®±²¼ ½²®£® ³²¢¥°¦¤¥­¨¿ ¯°¨ � = T ±«¥¤³¥² ¨§ (15) ¢ ±¨«³ ¯°®¨§¢®«¼­®±²¨ �(x) 2 C2[0; l] ¨¯«®²­®±²¨ ½²®£® ¯°®±²° ­±²¢  ¢ L2[0; l]. � «¾¡®© ¤®±² ²®·­® ¬ «®© ®ª°¥±²­®±²¨ ¢°¥¬¥­­®£® ±«®¿ t = T±¢®©±²¢®¬ ¯«®²­®±²¨ ®¡« ¤ ¥² ² ª¦¥ ¬­®¦¥±²¢® � (x; t; �)��t=T�"	 ¢ ±¨«³ ­¥¯°¥°»¢­®±²¨  (x; t; �) ¯°¨«¾¡®© �(x) 2 C2[0; l] («¥¬¬  1).�«¿ §­ ·¥­¨© � ² ª¨µ, ·²® 0 6 � 6 T � ", ° ±±¬®²°¨¬ «¨­¥©­³¾ ª° ¥¢³¾ § ¤ ·³, ±®¯°¿¦¥­­³¾± (12){(15) ¢ ®¡« ±²¨ Q� = f0 6 x 6 l; � 6 t 6 Tg (±°. ± (7){(10)):c(x; t; u01)zt � Lz = 0; 0 < x < l; � < t 6 T; (19)a(x; t; u01)zx � E0zjx=0 = 0; � < t 6 T; (20)a(x; t; u01)zx + E1zjx=l = 0; � < t 6 T; (21)zjt=� = �(x); 0 6 x 6 l; (22)Lz � �a(x; t; u01)zx�x � Azx � Bz; �(x) = �c(x; t; u01)jt=���1w(x): � ±¨«³ ²°¥¡®¢ ­¨© ª ¢µ®¤­»¬ ¤ ­­»¬¨ ¯°¨­ ¤«¥¦­®±²¨ u01(x; t) ¨ u02(x; t) ª« ±±³ H2+�;1+�=2(Q ), p01(x) ¨ p02(x) ª« ±±³ C1[0; l] ±«¥¤³¥², ·²® ¢±¥ª®½´´¨¶¨¥­²» ¢ ³° ¢­¥­¨¨ ¨ ¢ £° ­¨·­»µ ³±«®¢¨¿µ § ¤ ·¨ (19){(22) ­¥¯°¥°»¢­» ª ª ´³­ª¶¨¨ (x; t) ¨ t±®®²¢¥²±²¢¥­­®. �²® ¯®§¢®«¿¥² § ª«¾·¨²¼, ·²® ±³¹¥±²¢³¥² ¥¥ °¥¸¥­¨¥ z(x; t; � ) ¢ ª« ±±¥C(Q� )TC2;1(Q� ),¯°¨·¥¬ z(x; t; � ) ­¥¯°¥°»¢­»¬ ®¡° §®¬ § ¢¨±¨² ®² ¯ ° ¬¥²°  � ¢ ±¨«³ ³±²®©·¨¢®±²¨ ®²­®±¨²¥«¼­® ¢µ®¤-­»µ ¤ ­­»µ [9]. �¬¥¥² ¬¥±²® ¢±¯®¬®£ ²¥«¼­ ¿�¥¬¬  2. �³±²¼ ¢µ®¤­»¥ ¤ ­­»¥ ³¤®¢«¥²¢®°¿¾² ³±«®¢¨¿¬ «¥¬¬» 1 ¨ ¤«¿ ´³­ª¶¨¨ w(x) ¢»¯®«-­¥­® (18). �®£¤  °¥¸¥­¨¥ z(x; t; � ) § ¤ ·¨ (19){(22) ± ­ · «¼­®© ´³­ª¶¨¥© �(x) = �c(x; t; u01)��t=���1w(x)³¤®¢«¥²¢®°¿¥² ¢ ª®­¥·­»© ¬®¬¥­² ¢°¥¬¥­¨ ³±«®¢¨¾ z(x; t; � )��t=T= 0.�®ª § ²¥«¼±²¢®. � ±±¬®²°¨¬ ­¥¯°¥°»¢­³¾ ¯® � (0 6 � 6 T � ") ´³­ª¶¨¾F (� ) = TZ� lZ0 z�(c )t + L� 	 dx dt+ TZ� lZ0  fczt �Lzg dx dt: (23)� ®¤­®© ±²®°®­», F (� ) = 0 ¢ ±¨«³ ®¤­®°®¤­®±²¨ ³° ¢­¥­¨© (12) ¨ (19). � ¤°³£®© ±²®°®­», ¨­²¥£°¨°®¢ ­¨¥¯® · ±²¿¬ ± ³·¥²®¬ ±®®²­®¸¥­¨© (12){(15) ¨ (19){(22),   ² ª¦¥ ¯°¥¤¯®«®¦¥­¨¥ (18) ¯®§¢®«¿¾² ¯°¨¢¥±²¨´³­ª¶¨¾ F (� ) ª ¢¨¤³F (� ) = lZ0 c(x; t; u01)��t=T z(x; T ; � )�(x) dx� lZ0  (x; t; �)��t=� w(x) dx = 0 8� 2 C2[0; l]:�²±¾¤  ¢ ±¨«³ ¯°®¨§¢®«¼­®±²¨ ´³­ª¶¨¨ �(x) 2 C2[0; l] ¨ ­¥° ¢¥­±²¢  c(x; t; u) > cmin > 0 ¢»²¥ª ¥², ·²®zjt=T = 0. �¥¬¬  2 ¤®ª § ­ .�®¯°®± ® ¯«®²­®±²¨ ¬­®¦¥±²¢  n (x; t; �)��t=�o ±¢¥«±¿ ² ª¨¬ ®¡° §®¬ ª ¢®¯°®±³ ® ¥¤¨­±²¢¥­­®±²¨°¥¸¥­¨¿ ª° ¥¢®© § ¤ ·¨ ¤«¿ z(x; t; � ) ± ®¡° ²­»¬ ­ ¯° ¢«¥­¨¥¬ ¢°¥¬¥­¨. � ¨¬¥­­®, ±«¥¤³¥² «¨ ¨§ (19){(22)¨ ³±«®¢¨¿ zjt=T = 0, ·²® z(x; t; � ) � 0 ¢ Q� ,   ²¥¬ ± ¬»¬, ·²® ¨ �(x) = 0, w(x) = 0 ¯°¨ 0 6 x 6 l. �¬¥¥²¬¥±²®�¥¬¬  3. �«®²­®±²¼ ¬­®¦¥±²¢  n (x; t; �)��t=�o. �³±²¼ ¢»¯®«­¥­» ²°¥¡®¢ ­¨¿ «¥¬¬» 1 ¨, ª°®¬¥²®£®, ¯°®¨§¢®¤­»¥ aut ¨ auu ­¥¯°¥°»¢­» ¯® t ¨ u ¯°¨ (x; t; u) 2 D; ¯°®¨§¢®¤­»¥ eit ­¥¯°¥°»¢­» ¯® t,



180 ¢»·¨±«¨²¥«¼­»¥ ¬¥²®¤» ¨ ¯°®£° ¬¬¨°®¢ ­¨¥. 2009. �. 10¯°®¨§¢®¤­»¥ eiut ¨ eiuu ­¥¯°¥°»¢­» ¯® t ¨ u ¯°¨ 0 6 t 6 T , juj 6 M0; ¯°®¨§¢®¤­»¥ qit ­¥¯°¥°»¢­» ¯°¨0 6 t 6 T , i = 0; 1. �®£¤  ¨§ ¢»¯®«­¥­¨¿ ° ¢¥­±²¢  (18), ¢ ª®²®°®¬  (x; t; �) | °¥¸¥­¨¥ ±®¯°¿¦¥­­®©§ ¤ ·¨ (12){(15), w(x) | ­¥ª®²®° ¿ ­¥¯°¥°»¢­ ¿ ´³­ª¶¨¿, ±«¥¤³¥², ·²® w(x) = 0 ¯°¨ 0 6 x 6 l.�®ª § ²¥«¼±²¢®. �°¥¦¤¥ ¢±¥£® § ¬¥²¨¬, ·²® ¢±¥ ª®½´´¨¶¨¥­²» ³° ¢­¥­¨¿ (19) ª ª ´³­ª¶¨¨ (x; t)³¤®¢«¥²¢®°¿¾² ¢ ±¨«³ ±¢®¥© ­¥¯°¥°»¢­®±²¨ ¨ ° ¢­®¬¥°­®© ®£° ­¨·¥­­®±²¨ ¢ Q� (±¬. ¢»¸¥) ²¥¬ ²°¥¡®¢ -­¨¿¬ °¥£³«¿°­®±²¨, ¯°¨ ª®²®°»µ ±®®²¢¥²±²¢³¾¹ ¿ ª° ¥¢ ¿ § ¤ ·  ¤«¿ «¨­¥©­®£® ¯ ° ¡®«¨·¥±ª®£® ³° ¢-­¥­¨¿ ± ®¡° ²­»¬ ­ ¯° ¢«¥­¨¥¬ ¢°¥¬¥­¨ ¨¬¥¥² ¥¤¨­±²¢¥­­®¥ °¥¸¥­¨¥ ¢ ª« ±±¥ £« ¤ª¨µ ´³­ª¶¨© [3, ±. 222].�°³£®¥ ²°¥¡®¢ ­¨¥, ­ « £ ¥¬®¥ ¢ [3] ­  ª®½´´¨¶¨¥­²» ¢ £° ­¨·­»µ ³±«®¢¨¿µ, ®§­ · ¥² ¯°¨¬¥­¨-²¥«¼­® ª (20), (21), ·²® E0 ¨ E1 ª ª ´³­ª¶¨¨ t ¤®«¦­» ¡»²¼ ­¥¯°¥°»¢­» ¢¬¥±²¥ ±® ±¢®¨¬¨ ¯°®¨§¢®¤­»¬¨¯°¨ 0 < t 6 T . �¥¯°¥°»¢­®±²¼ E0 ¨ E1 ®·¥¢¨¤­»¬ ®¡° §®¬ ±«¥¤³¥² ¨§ (11) ¯°¨ ¢»¯®«­¥­¨¨ ²°¥¡®¢ ­¨©«¥¬¬» 1 ª ¢µ®¤­»¬ ¤ ­­»¬ ¨ ¯°¨­ ¤«¥¦­®±²¨ u01(x; t) ¨ u02(x; t) H2+�;1+�=2(Q ). �® ¯°¨­ ¤«¥¦­®±²¼ ª½²®¬³ ª« ±±³ �¥«¼¤¥°  ­¥ ®¡¥±¯¥·¨¢ ¥², ¢®®¡¹¥ £®¢®°¿, ­¥¯°¥°»¢­®±²¨ ¯°¨£° ­¨·­»µ ¯°®¨§¢®¤­»µ u02xt¯°¨ x = 0 ¨ x = l (¨§ ­¥¥ ±«¥¤³¥² ²®«¼ª®, ·²® u02xjx=0 2 H(1+�)=2[0; T ], u02xjx=l 2 H(1+�)=2[0; T ], 0 < � < 1),ª®²®° ¿ ¢ ±¨«³ (11) ­¥®¡µ®¤¨¬  ¤«¿ ­¥¯°¥°»¢­®±²¨ ¯°®¨§¢®¤­»µ Eit (i = 0; 1). �¤­ ª® ¤®¯®«­¨²¥«¼­»¥²°¥¡®¢ ­¨¿ ª £« ¤ª®±²¨ ¢µ®¤­»µ ¤ ­­»µ, ­ ª« ¤»¢ ¥¬»¥ ³±«®¢¨¿¬¨ «¥¬¬» 3, ®¡¥±¯¥·¨¢ ¾² ­¥¯°¥°»¢-­®±²¼ u02xtjx=0 ¨ u02xtjx=l,   ² ª¦¥ ­¥¯°¥°»¢­®±²¼ ¨ ± ¬¨µ ª®½´´¨¶¨¥­²®¢ Eit (i = 0; 1).� ª¨¬ ®¡° §®¬, ¯°¥¤¯®«®¦¥­¨¿ «¥¬¬» 3 ¯®§¢®«¿¾² ¨±¯®«¼§®¢ ²¼ ² ª ­ §»¢ ¥¬®¥ ±¢®©±²¢® ®¡° ²-­®© ¥¤¨­±²¢¥­­®±²¨ [3], ·²®¡» § ª«¾·¨²¼ ¤«¿ ®¤­®°®¤­®© «¨­¥©­®© ª° ¥¢®© § ¤ ·¨ (19){(22) ± ¤®¯®«­¨-²¥«¼­»¬ ³±«®¢¨¥¬ z(x; t; � )��t=T= 0 («¥¬¬  2), ·²® z(x; t; � ) � 0 ¢ Q� . �® ²®£¤  ¯°¨ t = � ±«¥¤³¥², ·²®�(x) = 0, ².¥. w(x) = 0 ¯°¨ 0 6 x 6 l. �²±¾¤  ¨ ±«¥¤³¥² ±¢®©±²¢® ¯«®²­®±²¨ ¬­®¦¥±²¢  n (x; t; �)��t=�o(0 6 � 6 T � "). �¥¬¬  3 ¤®ª § ­ .3.4. � «¼­¥©¸¥¥ ¨±±«¥¤®¢ ­¨¥ ¥¤¨­±²¢¥­­®±²¨ °¥¸¥­¨¿ fu0(x; t); p0(x)g ®¡° ²­®© § ¤ ·¨ (1){(5) ±¢¿-§ ­® ± ¨§³·¥­¨¥¬ ´³­ª¶¨© 	(x; �) = T�10 T0Z0  (x; t; �) dt; 8� 2 C2[0; l], ³±°¥¤­¥­­»µ ­  ¢°¥¬¥­­®¬ ¨­²¥°¢ «¥[0; T0], £¤¥ T0 | ¯°®¨§¢®«¼­ ¿ ²®·ª , 0 < T0 < T .�¥¬¬  4. �³±²¼ ¢µ®¤­»¥ ¤ ­­»¥ ³¤®¢«¥²¢®°¿¾² ³±«®¢¨¿¬ «¥¬¬» 3. �°¨ ¯°®¡¥£ ­¨¨ ´³­ª¶¨¥©�(x) ¯°®±²° ­±²¢  C2[0; l] ±®®²¢¥²±²¢³¾¹¨¥ ³±°¥¤­¥­­»¥ ´³­ª¶¨¨ 	(x; �) ®¡° §³¾² ¬­®¦¥±²¢®, ¢±¾¤³¯«®²­®¥ ¢ L2[0; l], ².¥. ¨§ ±®®²­®¸¥­¨¿ ¤«¿ ­¥ª®²®°®© ´³­ª¶¨¨ w(x) 2 C[0; l]lZ0 	(x; �)w(x) dx = 0 8� 2 C2[0; l] (24)±«¥¤³¥², ·²® w(x) = 0 ¯°¨ 0 6 x 6 l.� ª ¨ ¯°¨ ¢»¢®¤¥ «¥¬¬ 2 ¨ 3, ° ±±¬ ²°¨¢ ¥²±¿ ª° ¥¢ ¿ § ¤ ·  (19){(22) ¢ ®¡« ±²¨ Q� , ­® ³¦¥ ¯°¨¢±¥µ §­ ·¥­¨¿µ � , 0 6 � 6 T0, £¤¥ T0 | ¯°®¨§¢®«¼­ ¿ ²®·ª , 0 < T0 6 T � " (" > 0 | ¯°®¨§¢®«¼­® ¬ «®¥,­® ª®­¥·­®¥ ·¨±«®). �«¿ ´³­ª¶¨¨ F (� ) (±¬. (23)) ¨¬¥¥² ¬¥±²® ±®®²­®¸¥­¨¥T0Z0 F (� ) d� = lZ0 T0Z0 z(x; T ; � ) d� c(x; t; u01)��t=T �(x) dx� lZ0 T0Z0  (x; � ; �) d� w(x) dx = 0:B ±¨«³ (24) ¨ ¯°®¨§¢®«¼­®±²¨ �(x) ±«¥¤³¥², ·²® T0Z0 z(x; T ; � ) d� = 0; 0 6 x 6 l, ¯°¨ «¾¡®¬ 0 < T0 6 T � ".� ±±¬ ²°¨¢ ¿ ½²®² ¨­²¥£° « ª ª ´³­ª¶¨¾ x ¨ ¢¥°µ­¥£® ¯°¥¤¥« , § ª«¾· ¥¬, ·²® z(x; T ;T0) = 0. � ª¨¬®¡° §®¬, °¥¸¥­¨¥ § ¤ ·¨ (19){(22) ¢ ®¡« ±²¨ Q� ¯°¨ � = T0 ³¤®¢«¥²¢®°¿¥² ¢ ª®­¥·­»© ¬®¬¥­² ¢°¥¬¥­¨¤®¯®«­¨²¥«¼­®¬³ ³±«®¢¨¾ z(x; T ;T0) = 0. �±¯®«¼§³¿, ª ª ¨ ¯°¨ ¢»¢®¤¥ «¥¬¬» 3, °¥§³«¼² ²» ®¡° ²­®©¥¤¨­±²¢¥­­®±²¨ ¤«¿ ² ª®© § ¤ ·¨ [3], ¯°¨µ®¤¨¬ ª ²®¦¤¥±²¢³ z(x; t;T0) � 0 ¢ QT0 . �«¥¤®¢ ²¥«¼­®, ¯°¨t = T0 ¨§ (22) ¢»²¥ª ¥², ·²® �(x) = 0, w(x) = 0 ¯°¨ 0 6 x 6 l. � ª¨¬ ®¡° §®¬, ³±°¥¤­¥­­»¥ ´³­ª¶¨¨	(x; �) ®¡« ¤ ¾² ±¢®©±²¢®¬ ¯«®²­®±²¨, ¯°¨·¥¬ ¢ ±¨«³ ¯°®¨§¢®«¼­®±²¨ " > 0 ¨ T0, 0 < T0 6 T � ", ¨ ­ ¢±¥¬ ¨­²¥°¢ «¥ 0 < t < T . �¥¬¬  4 ¤®ª § ­ .�§³·¨¬ ²¥¯¥°¼ ´³­ª¶¨¨ 	(x; �;�) = T�10 T0Z0 �(x; t) (x; t; �) dt; 0 < T0 < T; ª®²®°»¥ ¬®¦­® ° ±-±¬ ²°¨¢ ²¼ ª ª ³±°¥¤­¥­¨¿ ± ¢¥±®¬ �(x; t) °¥¸¥­¨© ±®¯°¿¦¥­­®© § ¤ ·¨ (12){(15) ­  ¨­²¥°¢ «¥ [0; T0].�¡®¡¹¥­¨¥¬ «¥¬¬» 4 ¿¢«¿¥²±¿



¢»·¨±«¨²¥«¼­»¥ ¬¥²®¤» ¨ ¯°®£° ¬¬¨°®¢ ­¨¥. 2009. �. 10 181�¥¬¬  5. �³±²¼ ¤«¿ ¢µ®¤­»µ ¤ ­­»µ ¢»¯®«­¥­» ³±«®¢¨¿ «¥¬¬» 2 ¨ ¯³±²¼ ¢¥±®¢ ¿ ´³­ª¶¨¿ �(x; t)­¥¯°¥°»¢­  ¨ ³¤®¢«¥²¢®°¿¥² ­¥° ¢¥­±²¢³ ���(x; t)�� > 0 ¯°¨ (x; t) 2 Q. �®£¤  ¬­®¦¥±²¢® ³±°¥¤­¥­¨©	(x; �;�), ¯®«³· ¥¬®¥ ¯°¨ ¯°®¡¥£ ­¨¨ ´³­ª¶¨¥© �(x) ¯°®±²° ­±²¢  C2[0; l], ¿¢«¿¥²±¿ ¢±¾¤³ ¯«®²­»¬¢ L2[0; l].�»¢®¤ «¥¬¬» 5 ¯°®¢®¤¨²±¿ ¯® ²®© ¦¥ ±µ¥¬¥, ·²® ¨ ¢»¢®¤ «¥¬¬» 4. �²¬¥²¨¬ ²®«¼ª®, ·²® ¢ ª ·¥±²¢¥­ · «¼­®© ´³­ª¶¨¨ �(x) ¢ (22) ¡¥°¥²±¿ �(x) = �c(x; t; u01)��t=���1�(x; � )w(x).3.5. �¢®©±²¢  ¯«®²­®±²¨, ³±² ­®¢«¥­­»¥ ¤«¿ ±®¯°¿¦¥­­®© § ¤ ·¨ (12){(15), ¯®§¢®«¿¾² ¯®«³·¨²¼ ¤®-±² ²®·­»¥ ³±«®¢¨¿ ¥¤¨­±²¢¥­­®±²¨ °¥¸¥­¨¿ ª®½´´¨¶¨¥­²­®© ®¡° ²­®© § ¤ ·¨ (1){(5). �¬¥¥² ¬¥±²®�¥®°¥¬  1. �³±²¼ ¢»¯®«­¥­» ²°¥¡®¢ ­¨¿ (i){(iv) ¨ ¯³±²¼, ª°®¬¥ ²®£®, ¯°®¨§¢®¤­ ¿ ct ­¥¯°¥°»¢­ ¯°¨ (x; t; u) 2 D, ¯°®¨§¢®¤­»¥ aut ¨ auu ­¥¯°¥°»¢­» ¯® t ¨ u ¯°¨ (x; t; u) 2 D, ¯°®¨§¢®¤­»¥ eit ­¥¯°¥°»¢­»¯® t, ¯°®¨§¢®¤­»¥ eiut ¨ eiuu ­¥¯°¥°»¢­» ¯® t ¨ u ¯°¨ 0 6 t 6 T , juj 6M0,   ¯°®¨§¢®¤­»¥ qit ­¥¯°¥°»¢­»¯°¨ 0 6 t 6 T , i = 0; 1. �°¥¤¯®«®¦¨¬ ² ª¦¥, ·²® ¯°¨ (x; t; u) 2 D ¢»¯®«­¥­® ­¥° ¢¥­±²¢® ��d(x; t; u)��> 0.�®£¤  ®¡° ²­ ¿ § ¤ ·  (1){(5) ­¥ ¬®¦¥² ¨¬¥²¼ ¤¢³µ ° §«¨·­»µ °¥¸¥­¨© ¢ ª« ±±¥ £« ¤ª¨µ ´³­ª¶¨©:u0(x; t) 2 H2+�;1+�=2(Q ); u0x(x; t) 2 C(Q )TC2;1(Q);u0xtjx=0 2 C(0; T ]; u0xtjx=l 2 C(0; T ]; p0(x) 2 C1[0; L]; 0 < � < 1:�«¿ ¤®ª § ²¥«¼±²¢  ¤®±² ²®·­® ¢®±¯®«¼§®¢ ²¼±¿ ±¢®©±²¢®¬ ¯«®²­®±²¨ ³±°¥¤­¥­¨© 	(x; �;�) («¥¬¬  5)¯°¨ �(x; t) = d�x; t; u01(x; t)�, ·²®¡» § ª«¾·¨²¼ ¨§ ¨­²¥£° «¼­®£® ±®®²­®¸¥­¨¿ (16) «¥¬¬» 1, ·²® �p(x) = 0¯°¨ 0 6 x 6 l. �®£¤  ¨§ ±®®²­®¸¥­¨© (7){(10), ª®²®°»¥ ¯°¥¤±² ¢«¿¾² ±®¡®© «¨­¥©­³¾ ª° ¥¢³¾ § ¤ ·³®²­®±¨²¥«¼­® �u(x; t), ¢»²¥ª ¥² ¢ ±¨«³ ¥¤¨­±²¢¥­­®±²¨ ¥¥ °¥¸¥­¨¿ ¢ ª« ±±¥ £« ¤ª¨µ ´³­ª¶¨© [9], ·²®�u(x; t) � 0 ¢ Q.� ¬¥· ­¨¥ 1. �¥®°¥¬  1 ³±² ­ ¢«¨¢ ¥² ¥¤¨­±²¢¥­­®±²¼ °¥¸¥­¨¿ ª®½´´¨¶¨¥­²­®© ®¡° ²­®© § -¤ ·¨ (1){(5) ¢ ¡®«¥¥ ³§ª®¬ ª« ±±¥ ¯® ±° ¢­¥­¨¾ ± ®¯°¥¤¥«¥­¨¥¬ 1, ² ª ª ª ¯°¨ ¥¥ ¢»¢®¤¥ ­ ª« ¤»¢ -¾²±¿ ¡®«¥¥ ¦¥±²ª¨¥ ²°¥¡®¢ ­¨¿ ª ¢µ®¤­»¬ ¤ ­­»¬, ·¥¬ ²°¥¡®¢ ­¨¿ (i){(iv). �¤­ ª® ½²¨ ¤®¯®«­¨²¥«¼­»¥²°¥¡®¢ ­¨¿ ¢»§¢ ­» ²®«¼ª® ³±«®¢¨¿¬¨ ®¡° ²­®© ¥¤¨­±²¢¥­­®±²¨ ¤«¿ «¨­¥©­»µ ª° ¥¢»µ § ¤ · ²°¥²¼¥£®°®¤  ¢ [3].� ¬¥· ­¨¥ 2. �±² ­®¢«¥­  ±«¥¤³¾¹ ¿ ±¢¿§¼ ¬¥¦¤³ ¯°®¡«¥¬®© ¥¤¨­±²¢¥­­®±²¨ ¤«¿ ¯ ° ¡®«¨·¥±ª¨µ³° ¢­¥­¨© ± ´¨­ «¼­»¬ ­ ¡«¾¤¥­¨¥¬, ¢ ª®²®°»µ ­¥¨§¢¥±²­» ª®½´´¨¶¨¥­²» ¯°¨ ¬« ¤¸¨µ ·«¥­ µ, ¨¯°®¡«¥¬®© ¯«®²­®±²¨ ¤«¿ ±®®²¢¥²±²¢³¾¹¥© ±®¯°¿¦¥­­®© § ¤ ·¨:| ¯«®²­®±²¼ ¬­®¦¥±²¢ °¥¸¥­¨© ±®¯°¿¦¥­­®© § ¤ ·¨ (12){(15) ­  «¾¡®¬ ¢°¥¬¥­­®¬ ±«®¥ t = �n (x; t; �)��t=�o ¨ ¨µ ³±°¥¤­¥­¨© ­  «¾¡®¬ ¢°¥¬¥­­®¬ ¨­²¥°¢ «¥ [0; T0] ±«¥¤³¥² ¨§ ¥¤¨­±²¢¥­­®±²¨ °¥¸¥-­¨¿ ®¤­®°®¤­®© ª° ¥¢®© § ¤ ·¨ ¢ ±«³· ¥ «¨­¥©­®£® ¯ ° ¡®«¨·¥±ª®£® ³° ¢­¥­¨¿ ± ®¡° ²­»¬ ­ ¯° ¢«¥­¨¥¬¢°¥¬¥­¨ (¨§ ±¢®©±²¢  ®¡° ²­®© ¥¤¨­±²¢¥­­®±²¨);| ¢ ±¢®¾ ®·¥°¥¤¼, ±¢®©±²¢  ¯«®²­®±²¨, ª®²®°»¬¨ ®¡« ¤ ¾² °¥¸¥­¨¿ ±®¯°¿¦¥­­®© § ¤ ·¨ (12){(15),®¡¥±¯¥·¨¢ ¾² ¥¤¨­±²¢¥­­®±²¼ °¥¸¥­¨¿ �u0(x; t); p0(x)	 ¨±µ®¤­®© ®¡° ²­®© § ¤ ·¨ (1){(5).4. �°®¡«¥¬  ¥¤¨­±²¢¥­­®±²¨ °¥¸¥­¨¿ ¤«¿ ®¡° ²­®© § ¤ ·¨ ¢ ±«³· ¥ «¨­¥©­®£® ¯ ° ¡®«¨-·¥±ª®£® ³° ¢­¥­¨¿. �±² ­®¢¨¬±¿ ª° ²ª® ­  ¤®±² ²®·­»µ ³±«®¢¨¿µ ¥¤¨­±²¢¥­­®±²¨, ª®²®°»¥ ¢»²¥ª ¾²¨§ ¯°®¢¥¤¥­­®£® ¨±±«¥¤®¢ ­¨¿ ¢ ²®¬ ±«³· ¥, ª®£¤  ®¡° ²­ ¿ § ¤ ·  ±®±²®¨² ¢ ­ µ®¦¤¥­¨¨ ´³­ª¶¨© u(x; t)¢ Q ¨ p(x) ¯°¨ 0 6 x 6 l ¨§ ³±«®¢¨©c(x; t)ut� �a(x; t)ux�x + b(x; t)ux + d(x; t)p(x)u = f(x; t); (x; t) 2 Q = �0 < x < l; 0 < t 6 T	; (25)a(x; t)ux � e0(t)ujx=0 = q0(t); 0 < t 6 T; (26)a(x; t)ux + e1(t)ujx=l = q1(t); 0 < t 6 T; (27)ujt=0 = '(x); 0 6 x 6 l; (28)¨ ¤®¯®«­¨²¥«¼­®£® ³±«®¢¨¿ ¯°¨ t = T ujt=T = g(x); 0 6 x 6 l; (29)£¤¥ a > amin > 0, b, c > cmin > 0, d, f , ei, qi (i = 0; 1), ' ¨ g | ¨§¢¥±²­»¥ ´³­ª¶¨¨ ±¢®¨µ  °£³¬¥­²®¢.�³±²¼ ¢µ®¤­»¥ ¤ ­­»¥ ³¤®¢«¥²¢®°¿¾² ±«¥¤³¾¹¨¬ ²°¥¡®¢ ­¨¿¬.(j) �°¨ (x; t) 2 Q ´³­ª¶¨¿ a(x; t) ¯°¨­ ¤«¥¦¨² H1+�;(1+�)=2(Q ), ´³­ª¶¨¨ b(x; t), c(x; t), d(x; t) ¨ f(x; t)¯°¨­ ¤«¥¦ ² H�;�=2(Q ), a > amin > 0, c > cmin > 0, 0 < � < 1.



182 ¢»·¨±«¨²¥«¼­»¥ ¬¥²®¤» ¨ ¯°®£° ¬¬¨°®¢ ­¨¥. 2009. �. 10(jj) �³­ª¶¨¨ ei(t) ¨ qi(t) ¯°¨­ ¤«¥¦ ² H(1+�)=2[0; T ], ei > 0, '(x) 2 H2+�[0; l], ¢»¯®«­¥­» ³±«®¢¨¿±®£« ±®¢ ­¨¿ a(x; 0)'x � e0(0)'jx=0 = q0(0); a(x; 0)'x + e1(0)'jx=l = q1(0):(jjj) �³­ª¶¨¿ g(x) ¯°¨­ ¤«¥¦¨² H2+�[0; l] ¨ ³¤®¢«¥²¢®°¿¥² ³±«®¢¨¿¬ ±®£« ±®¢ ­¨¿a(x; T )gx � e0(T )gjx=0 = q0(T ); a(x; T )gx + e1(T )gjx=l = q1(T ):�°¥¡®¢ ­¨¿ (j) ¨ (jj) ®¡¥±¯¥·¨¢ ¾² ±³¹¥±²¢®¢ ­¨¥ ¨ ¥¤¨­±²¢¥­­®±²¼ °¥¸¥­¨¿ u(x; t) «¨­¥©­®© ª° ¥¢®©§ ¤ ·¨ ²°¥²¼¥£® °®¤  (25){(28) ¢ ª« ±±¥ �¥«¼¤¥°  H2+�;1+�=2(Q ) ¯°¨ «¾¡®¬ ª®½´´¨¶¨¥­²¥ p(x) ¨§ H�[0; l]¯°¨ ¬« ¤¸¥¬ ·«¥­¥ ³° ¢­¥­¨¿ (25) [9]. �±µ®¤¿ ¨§ ½²®£®, ¤ ¤¨¬�¯°¥¤¥«¥­¨¥ 2. �¥¸¥­¨¥¬ ¢ ª« ±± µ �¥«¼¤¥°  ª®½´´¨¶¨¥­²­®© ®¡° ²­®© § ¤ ·¨ (25){(29) ­ §®¢¥¬¯ °³ ´³­ª¶¨© �u0(x; t); p0(x)	: u0(x; t) 2 H2+�;1+�=2(Q ); p0(x) 2 H�[0; l]; 0 < � < 1; ³¤®¢«¥²¢®°¿¾¹¨µ±®®²­®¸¥­¨¿¬ (25){(29) ¢ ®¡»·­®¬ ±¬»±«¥.�®®²¢¥²±²¢³¾¹ ¿ ½²®© ®¡° ²­®© § ¤ ·¥ ²¥®°¥¬  ¥¤¨­±²¢¥­­®±²¨ °¥¸¥­¨¿ �u0(x; t); p0(x)	 ¯°¨­¨¬ ¥²±«¥¤³¾¹¨© ¢¨¤.�¥®°¥¬  2. �°¥¤¯®«®¦¨¬, ·²® ¢µ®¤­»¥ ¤ ­­»¥ ³¤®¢«¥²¢®°¿¾² ²°¥¡®¢ ­¨¿¬ (j){(jjj). �³±²¼, ª°®¬¥²®£®, ¯°®¨§¢®¤­»¥ at, bx ¨ ct ­¥¯°¥°»¢­» ¢ Q, ¯°®¨§¢®¤­»¥ eit (i = 0; 1) ­¥¯°¥°»¢­» ¯°¨ 6 t 6 T ,¢»¯®«­¥­® ­¥° ¢¥­±²¢® ��d(x; t)�� > 0 ¯°¨ (x; t) 2 Q.�®£¤  ¢ ±«³· ¥ ±³¹¥±²¢®¢ ­¨¿ °¥¸¥­¨¿ ®¡° ²­®© § ¤ ·¨ (25){(29) �u0(x; t); p0(x)	, ² ª®£®, ·²®u0(x; t) §­ ª®¯®±²®¿­­® ¯°¨ 0 6 x 6 l, 0 < t < T , ®­® ¥¤¨­±²¢¥­­® ¢ ±¬»±«¥ ®¯°¥¤¥«¥­¨¿ 2.�®ª § ²¥«¼±²¢® ¯®¢²®°¿¥² ± ±®®²¢¥²±²¢³¾¹¨¬¨ ³¯°®¹¥­¨¿¬¨ ¤®ª § ²¥«¼±²¢® ²¥®°¥¬» 1, ®¯¨° ¿±¼­  ±®®²­®¸¥­¨¥ TZ0 lZ0  (x; t; �)d(x; t)u01(x; t)�p(x) dx dt = 0 8� 2 C2[0; l] |  ­ «®£ ±®®²­®¸¥­¨¿ (16) ¤«¿°¥¸¥­¨¿  (x; t; �) ±®¯°¿¦¥­­®© § ¤ ·¨, ¨¬¥¾¹¥© ¢ ¤ ­­®¬ ±«³· ¥ ¢¨¤�c(x; t) �t + �a(x; t) x�x + �b(x; t) �x � d(x; t)p02(x) = 0; 0 < x < l; 0 6 t < T;a(x; t) x � �e0(t) � b(x; t)� jx=0 = 0; 0 6 t < T;a(x; t) x + �e1(t) + b(x; t)� jx=l = 0; 0 6 t < T;  jt=T = �(x); 0 6 x 6 l:�°¨ ¯°®¡¥£ ­¨¨ ´³­ª¶¨¥© �(x) ¯°®±²° ­±²¢  C2[0; l] °¥¸¥­¨¿  (x; t; �) ­  «¾¡®¬ ¢°¥¬¥­­®¬ ±«®¥ t = � ¨¨µ ³±°¥¤­¥­¨¿ ­  «¾¡®¬ ¢°¥¬¥­­®¬ ¨­²¥°¢ «¥ [0; T0] (0 < T0 < T ) ®¡° §³¾² ¬­®¦¥±²¢ , ¢±¾¤³ ¯«®²­»¥¢ L2[0; l]. �»¢®¤ ½²¨µ ³²¢¥°¦¤¥­¨© ®±­®¢ ­ (ª ª ¨ ¢ ª¢ §¨«¨­¥©­®¬ ±«³· ¥) ­  ²¥®°¥¬¥ ¥¤¨­±²¢¥­­®±²¨¤«¿ «¨­¥©­»µ ¯ ° ¡®«¨·¥±ª¨µ ³° ¢­¥­¨© ± ®¡° ²­»¬ ­ ¯° ¢«¥­¨¥¬ ¢°¥¬¥­¨ [3]. �¤­ ª® §¤¥±¼ ¢ ®²«¨·¨¥®² ª¢ §¨«¨­¥©­®£® ±«³· ¿ ¯°¨¬¥­¥­¨¥ °¥§³«¼² ²®¢ ¨§ [3] ­¥ ¢»§»¢ ¥² § ²°³¤­¥­¨©, ¤®±² ²®·­® «¨¸¼¯®²°¥¡®¢ ²¼ ­¥¯°¥°»¢­®±²¨ ¯°®¨§¢®¤­»µ at ¨ eit, i = 0; 1.5. � ª« ±±¥ ¤®¯³±²¨¬»µ °¥¸¥­¨©.�»¡®° ´³­ª¶¨®­ «¼­»µ ¯°®±²° ­±²¢ ¢ ®¯°¥¤¥«¥­¨¿µ 1 ¨ 2 ¤«¿°¥¸¥­¨© �u0(x; t); p0(x)	 ª®½´´¨¶¨¥­²­»µ ®¡° ²­»µ § ¤ · ¿¢«¿¥²±¿ ¥±²¥±²¢¥­­»¬, ² ª ª ª ®­ ®¡³±«®¢«¥­±®®²¢¥²±²¢³¾¹¨¬¨ ¤¨´´¥°¥­¶¨ «¼­»¬¨ § ¢¨±¨¬®±²¿¬¨ ¢ ª« ±± µ �¥«¼¤¥°  ¬¥¦¤³ ¢µ®¤­»¬¨ ¤ ­­»¬¨ ¨°¥¸¥­¨¥¬ ¤«¿ ¯ ° ¡®«¨·¥±ª¨µ ®¯¥° ²®°®¢ ± ª° ¥¢»¬¨ ³±«®¢¨¿¬¨ ²°¥²¼¥£® °®¤  (¢ ¯°¿¬®© ¯®±² ­®¢ª¥).�¤­ ª® ¥±«¨ ­¥¨§¢¥±²­»© ª®½´´¨¶¨¥­² p ¢ ³° ¢­¥­¨¨ (1) ¨«¨ (25) ¨¹¥²±¿ ¢ ¢¨¤¥ p(x; t),   ­¥ p(x), ²®² ª ¿ ®¡° ²­ ¿ § ¤ ·  ­¥ ®¡« ¤ ¥², ¢®®¡¹¥ £®¢®°¿, ±¢®©±²¢®¬ ¥¤¨­±²¢¥­­®±²¨. �²® ¯®ª §»¢ ¥²�°¨¬¥° 2. �¢¥ ¯ °» ´³­ª¶¨©8<:uk(x; t) = x2(x� 1)2�1 + t exp(�tk)� + t+ 1;pk(x; t) = Pk(x; t)nx2(x� 1)2�1 + t exp(�tk)�+ t+ 1o�1;£¤¥ Pk(x; t) = �x2(x�1)2(1�ktk)�2t(6x2�6x+1)	 exp(�tk)+12x�12x2�1; k = 1; 2; ¿¢«¿¾²±¿ °¥¸¥­¨¿¬¨ª®½´´¨¶¨¥­²­®© ®¡° ²­®© § ¤ ·¨ ± ´¨­ «¼­»¬ ¯¥°¥®¯°¥¤¥«¥­¨¥¬ ¢ ®¡« ±²¨ Q = �0 6 x 6 1; 0 6 t 6 1	:ut � uxx + p(x; t)u = 0; 0 < x < 1; 0 < t 6 1;ux � ujx=0 = �(t + 1); ux + ujx=1 = t + 1; 0 < t 6 1;ujt=0 = x2(x� 1)2 + 1; 0 6 x 6 1;³¤®¢«¥²¢®°¿¾¹¨¬¨ ¢ ª®­¥·­»© ¬®¬¥­² ¢°¥¬¥­¨ t = 1 ³±«®¢¨¾ ujt=1 = x2(x� 1)2(1 + e�1) + 2, 0 6 x 6 1,².¥. ¤«¿ ½²®© § ¤ ·¨ ¥¤¨­±²¢¥­­®±²¼ °¥¸¥­¨¿ ­¥ ¨¬¥¥² ¬¥±² .
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