
���������������� 532.5.013� �������� �������� ���� �������� �� ��������� �������� ������������ ������� ����1�.�. �­¤°¥¥¢, �.�. � °²®¸ª¨­ ��±±«¥¤®¢ ­® ¤¢¨¦¥­¨¥ ¯«®±ª®£® ±«®¿ ±® ±¢®¡®¤­»¬¨ £° ­¨¶ ¬¨, ª®£¤  ª®½´´¨¶¨¥­² ¯®¢¥°µ-­®±²­®£® ­ ²¿¦¥­¨¿ § ¢¨±¨² ®² ²¥¬¯¥° ²³°» ¨ ª®­¶¥­²° ¶¨¨. �°¨¢¥¤¥­» °¥§³«¼² ²» ° ±·¥-²®¢ ±ª®°®±²¨, £° ­¨¶», ²¥¬¯¥° ²³°» ¨ ª®­¶¥­²° ¶¨¨.1. �±­®¢­»¥ ³° ¢­¥­¨¿ ¨ £° ­¨·­»¥ ³±«®¢¨¿� ±±¬®²°¨¬ ¤¢¨¦¥­¨¥ ¡¨­ °­®© ±¬¥±¨ ¢ ®²±³²±²¢¨¥ ¢­¥¸­¨µ ±¨« (³±«®¢¨¥ ¯®«­®© ­¥¢¥±®¬®±-²¨) [1]: ut + uru = �1% rp+ ��u; (1)div u = 0; (2)�t + u � r� = ���; (3)ct + u � rc = d�c+ ���; (4)£¤¥ u(x; t) | ¢¥ª²®° ±ª®°®±²¨ ±¬¥±¨; �(x; t), c(x; t) | ®²ª«®­¥­¨¿ ®² ±°¥¤­¨µ §­ ·¥­¨© ²¥¬¯¥° ²³°»¨ ª®­¶¥­²° ¶¨¨; %; �; �; d | ¯®±²®¿­­»¥ ¯«®²­®±²¼, ª¨­¥¬ ²¨·¥±ª ¿ ¢¿§ª®±²¼, ²¥¬¯¥° ²³°®¯°®¢®¤-­®±²¼ ¨ ª®½´´¨¶¨¥­² ¤¨´´³§¨¨ ±¬¥±¨,   � = const | ª®½´´¨¶¨¥­² �®°¥. �¨±²¥¬  (1){(4) ­ §»-¢ ¥²±¿ ±¨±²¥¬®© ³° ¢­¥­¨© ²¥°¬®¤¨´´³§¨®­­®£® ¤¢¨¦¥­¨¿. �­  ³·¨²»¢ ¥² ¤¨´´³§¨®­­»© ¯®²®ª¢¥¹¥±²¢  ¨ §  ±·¥² £° ¤¨¥­²®¢ ²¥¬¯¥° ²³°» [2].�´®°¬³«¨°³¥¬ ¤«¿ ±¨±²¥¬» (1){(4) § ¤ ·³ ±® ±¢®¡®¤­®© £° ­¨¶¥© [3]. �³±²¼ � | ±¢®¡®¤­ ¿£° ­¨¶  ®¡« ±²¨ 
, ¢ ª®²®°®© ¨¹³² °¥¸¥­¨¥ ±¨±²¥¬» (1){(4). �®£¤  ­  ­¥© ¢»¯®«­¥­» ¤¨­ ¬¨·¥±ª®¥³±«®¢¨¥ (pgas � p)n+ 2%�D(u)n = 2�Hn+r�� (5)¨ ª¨­¥¬ ²¨·¥±ª®¥ ³±«®¢¨¥ (f(x; t) = 0 ¥±²¼ ³° ¢­¥­¨¥ �)ft + u � rf = 0: (6)� (5) pgas | ¤ ¢«¥­¨¥ ¢ £ §¥, n | ¢­¥¸­¿¿ ­®°¬ «¼ ª �, D(u) | ²¥­§®° ±ª®°®±²¥© ¤¥´®°¬ ¶¨¨,H | ±°¥¤­¿¿ ª°¨¢¨§­  �, �(�; c) | ª®½´´¨¶¨¥­² ¯®¢¥°µ­®±²­®£® ­ ²¿¦¥­¨¿, ¯°¨·¥¬ ¤«¿ ¬­®£¨µ±¬¥±¥© ®­ µ®°®¸®  ¯¯°®ª±¨¬¨°³¥²±¿ «¨­¥©­®© § ¢¨±¨¬®±²¼¾:�(�; c) = �0 ��(� � �0)��1(c� c0); (7)£¤¥ �0, �0, c0 | §­ ·¥­¨¿ �, � ¨ c ¢ ­¥ª®²®°®© ª®­²°®«¼­®© ²®·ª¥ �,   �, �1 | ¯®±²®¿­­»¥.�±«®¢¨¥ ²¥¯«®®¡¬¥­  ±¬¥±¨ ± £ §®¬ § ¯¨¸¥²±¿ ² ª:k @�@n + 
(� � �gas) = Q; (8)£¤¥ k | ¯®±²®¿­­»© ª®½´´¨¶¨¥­² ²¥¯«®¯°®¢®¤­®±²¨, 
 | ¯®±²®¿­­»© ª®½´´¨¶¨¥­² ²¥¯«®®¡¬¥­ .1� ¡®²  ¯®¤¤¥°¦ ­  £° ­²®¬ ���� é 02-01-00934.� c
 �.�. �­¤°¥¥¢, �.�. � °²®¸ª¨­ , �­±²¨²³² ¢»·¨±«¨²¥«¼­®£® ¬®¤¥«¨°®¢ ­¨¿ �� ���, 2004.{ 182 {



�¨¤°®¤¨­ ¬¨ª �¹¥ ®¤­® ³±«®¢¨¥ ­  � d @c@n + �@�@n = 0 (9)¥±²¼ ®²±³²±²¢¨¥ ¯®²®ª  ¢¥¹¥±²¢  ·¥°¥§ ±¢®¡®¤­³¾ ¯®¢¥°µ­®±²¼. �¥¬ ± ¬»¬ ­¥ ³·¨²»¢ ¥²±¿ ¢«¨¿­¨¥¯®¢¥°µ­®±²­®- ª²¨¢­»µ ¢¥¹¥±²¢ ­  �.�±«¨ ¨¬¥¥²±¿ ­¥¯®¤¢¨¦­ ¿ ²¢¥°¤ ¿ ±²¥­ª  �, ²® ­  ­¥© § ¤ ¾²±¿ ³±«®¢¨¿ ¯°¨«¨¯ ­¨¿u��� = 0; (10)®²±³²±²¢¨¿ ¯®²®ª  ¢¥¹¥±²¢  (9) ¨ ®¤­® ¨§ ³±«®¢¨© ¤«¿ ²¥¬¯¥° ²³°»���� = �cm «¨¡® @�@n ����� = Qcm: (11)�«¿ ¯®«­®© ®¯°¥¤¥«¥­­®±²¨ °¥¸¥­¨¿ ­¥®¡µ®¤¨¬® § ¤ ²¼ ¨ ­ · «¼­»¥ ³±«®¢¨¿u��t=0 = u0; div u0 = 0; ���t=0 = �0; c��t=0 = c0; f ��t=0 = f0: (12)� ¤ ­­®© ° ¡®²¥ ¡³¤³² ° ±±¬ ²°¨¢ ²¼±¿ ²®«¼ª® ¤¢³¬¥°­»¥ ¤¢¨¦¥­¨¿ ±¬¥±¨. �®½²®¬³ ¯°¨¢¥¤¥¬³° ¢­¥­¨¿ (1){(4) ¤«¿ ½²®£® ±«³· ¿ ¢ ª®®°¤¨­ ²­®¬ ¢¨¤¥. �³±²¼ u1(x; y; t), u2(x; y; t) | ª®®°¤¨­ ²»¢¥ª²®°  ±ª®°®±²¨. �®£¤  ±¨±²¥¬  (1){(4) § ¯¨¸¥²±¿ ² ª:u1t + u1u1x + u2u1y + 1% px = �(u1xx + u1yy);u2t + u1u2x + u2u2y + 1% py = �(u2xx + u2yy);u1x + u2y = 0; (13)�t + u1�x + u2�y = �(�xx + �yy);ct + u1cx + u2cy = d(cxx + cyy) + �(�xx + �yy):2. � ¤ ·  ® ¤¢¨¦¥­¨¨ ¯«®±ª®£® ±«®¿�±­®¢­ ¿  «£¥¡°  �¨ £°³¯¯» ­¥¯°¥°»¢­»µ ¯°¥®¡° §®¢ ­¨© ¤«¿ ±¨±²¥¬» (13) ¢»·¨±«¥­  ¢ ° ¡®²¥[4]. � ±±¬®²°¨¬ ¥¥ ·¥²»°¥µ¬¥°­³¾ ¯®¤ «£¥¡°³ h@x; t@x+@u; @�; @ci. �«¥¤³¿ [5], ¬®¦­® ¯®ª § ²¼, ·²®¨­¢ °¨ ­²­»µ °¥¸¥­¨© ­  ½²®© ¯®¤ «£¥¡°¥ ±¨±²¥¬  (13) ­¥ ¨¬¥¥². �¤­ ª® ±³¹¥±²¢³¾² · ±²¨·­®¨­¢ °¨ ­²­»¥ °¥¸¥­¨¿ ¢¨¤ u1 = u1(x; y; t); u2 = v(y; t); p = q(y; t); � = �(x; y; t); c = c(x; y; t): (14)�§ ³° ¢­¥­¨¿ ±®µ° ­¥­¨¿ ¬ ±±» (²°¥²¼¥ ³° ¢­¥­¨¥ ¢ ±¨±²¥¬¥ (13)) ±«¥¤³¥², ·²® u1 ¥±²¼ «¨­¥©­ ¿´³­ª¶¨¿ ®² x. �®«®¦¨¬ ¤«¿ ¯°®±²®²» u1 = xu(y; t): (15)�¡¹¨© ¢¨¤ ¨­¢ °¨ ­²­®£® ¬­®£®®¡° §¨¿ £°³¯¯», ¯®°®¦¤¥­­®© ³ª § ­­®© ¢»¸¥ ¯®¤ «£¥¡°®©, ¢ ¯°®-±²° ­±²¢¥ fx; y; tg ¥±²¼ y = l(t) ± ¯°®¨§¢®«¼­®© ´³­ª¶¨¥© l(t). �­  ¨ ¡³¤¥² ®¯¨±»¢ ²¼ ¯®«®¦¥­¨¥ ±¢®-¡®¤­®© £° ­¨¶». � ½²®¬ ±«³· ¥ ±°¥¤­¿¿ ª°¨¢¨§­  H = 0, n = (0; 1), Dn = (xuy=2; vy), r�� = (�x; 0).�®½²®¬³ ¤¨­ ¬¨·¥±ª®¥ ³±«®¢¨¥ (5) ± ³·¥²®¬ ±®®²­®¸¥­¨¿ (7) ¤ ¥² ¤¢  ° ¢¥­±²¢  ¯°¨ y = l(t):%�xuy = ���x ��1cx; pgas � q + 2%�vy = 0: (16)�§ ¯¥°¢®£® £° ­¨·­®£® ³±«®¢¨¿ (16) ¢»²¥ª ¥², ·²® ²¥¬¯¥° ²³°  ¨ ª®­¶¥­²° ¶¨¿ ¥±²¼ ª¢ ¤° ²¨·­»¥´³­ª¶¨¨ ¯¥°¥¬¥­­®© x, ª®²®°»¥ ¢®§¼¬¥¬ ¢ ¢¨¤¥� = a(y; t)x2 + b(y; t); c = h(y; t)x2 + g(y; t): (17){ 183 {



�¥±²­¨ª �° ±���®¤±² ­®¢ª  ¢»° ¦¥­¨© (14), (15), (17) ¢ (13) ¯°¨¢®¤¨² ª ±¨±²¥¬¥ ³° ¢­¥­¨©ut + vuy + u2 = �uyy; (18)u+ vy = 0; (19)at + vay + 2au = �ayy; (20)ht + vhy + 2hu = dhyy + �ayy; (21)%�1qy = �vyy � vvy � vt; (22)bt + vby = �byy + 2�a; (23)gt + vgy = dgyy + �byy + 2dh+ 2�a; (24)ª®²®°³¾ ²°¥¡³¥²±¿ °¥¸¨²¼ ¯°¨ t > 0, 0 < y < l(t). �° ¥¢»¥ ³±«®¢¨¿ ­  ­¥¨§¢¥±²­®© £° ­¨¶¥ y = l(t)¤«¿ ±¨±²¥¬» (18){(24) ±«¥¤³¾² ¨§ (6), (8), (9), (16) ¨ ¨¬¥¾² ¢¨¤dldt = v(l(t); t); (25)day + 
a = 
agas; (26)kby + 
b = 
bgas +Q; (27)dhy + �ay = 0; (28)dgy + �by = 0; (29)%�uy = �2�a� 2�1h; (30)pgas � q + 2%�vy = 0: (31)�°¥¤¯®«®¦¨¬, ·²® u, q, a, b, h, g ¿¢«¿¾²±¿ ·¥²­»¬¨,   v | ­¥·¥²­®© ´³­ª¶¨¥© ¯¥°¥¬¥­­®© y.�®£¤  ¯®¢¥°µ­®±²¼ y = �l(t) ¬®¦­® ¯°¨­¿²¼ §  ¢²®°³¾ ±¢®¡®¤­³¾ £° ­¨¶³,   ª (25){(31) ±«¥¤³¥²¤®¡ ¢¨²¼ ³±«®¢¨¿ ±¨¬¬¥²°¨¨uy = 0; v = 0; ay = 0; hy = 0 (t � 0; y = 0); (32)qy = 0; by = 0; gy = 0; (t � 0; y = 0) (33)¨ ­ · «¼­»¥ ¤ ­­»¥ ¯°¨ t = 0l = l0 > 0; u = u0(y); v = v0(y); a = a0(y); h = h0(y);g = g0(y); b = b0(y) (0 � y � l0): (34)�¤¥±¼ l0 | § ¤ ­­ ¿ ¯®±²®¿­­ ¿; u0, v0, a0, h0, b0, g0 | § ¤ ­­»¥ ´³­ª¶¨¨ ®² y, ¯°¨·¥¬ dv0=dy =�u0.�²¬¥²¨¬, ·²® ¤«¿ °¥¸¥­¨¿ (14), (15) £° ¤¨¥­² ¤ ¢«¥­¨¿ ¢±¥£¤  ³¡»¢ ¥², ¯®±ª®«¼ª³ ¨§ (22)qyy + 2%u2 = 0:�°¨ ­ ¤«¥¦ ¹¨µ ³±«®¢¨¿µ £« ¤ª®±²¨ ¨ ±®£« ±®¢ ­¨¿ ¢µ®¤­»µ ¤ ­­»µ ¬®¦­® ¤®ª § ²¼ ±³¹¥±²-¢®¢ ­¨¥ ¨ ¥¤¨­±²¢¥­­®±²¼ °¥¸¥­¨¿ § ¤ ·¨ (18){(34). �²® ¤®ª § ²¥«¼±²¢® ±«¥¤³¥² ° ¡®²¥ [6] ¨ §¤¥±¼®¯³±ª ¥²±¿ ¢¢¨¤³ ¥£® £°®¬®§¤ª®±²¨. �±­®¢­®© ¨­²¥°¥± ¯°¥¤±² ¢«¿¥² ·¨±«¥­­®¥ °¥¸¥­¨¥ ³ª § ­­®©§ ¤ ·¨. �«¿ ½²®£® ­¥®¡µ®¤¨¬® §­ ­¨¥ ª ª¨µ-«¨¡® ²®·­»µ (²¥±²®¢»µ) °¥¸¥­¨©.{ 184 {



�¨¤°®¤¨­ ¬¨ª 3. �¥¸¥­¨¿ ±¯¥¶¨ «¼­®£® ¢¨¤ �°¥¤¯®«®¦¨¬, ·²® ¢ ±´®°¬³«¨°®¢ ­­®© ¢»¸¥ § ¤ ·¥ (18){(34) ´³­ª¶¨¿ u § ¢¨±¨² ²®«¼ª® ®²¢°¥¬¥­¨: u = u(t). �®£¤  ¨§ (18) u = m1 +mt (35)± ¯°®¨§¢®«¼­®© ¯®±²®¿­­®© m,   ¨§ (19) v = � m1 +mt y: (36)�¤¥±¼ ³·²¥­® ³±«®¢¨¥ ±¨¬¬¥²°¨¨ (32) ¤«¿ ´³­ª¶¨¨ v(y; t).�®¤±² ­®¢ª  v(y; t) ¢ (22) ¨ ¨­²¥£°¨°®¢ ­¨¥ ¯® y ¤ ¥² ¯°¥¤±² ¢«¥­¨¥ ¤«¿ ¤ ¢«¥­¨¿p = q(y; t) = �%m2(1 +mt)�2y2 + �(t) (37)± ¯°®¨§¢®«¼­®© ´³­ª¶¨¥© �(t).�§ £° ­¨·­®£® ³±«®¢¨¿ (25) ­ µ®¤¨¬ ¯®«®¦¥­¨¥ ±¢®¡®¤­®© ¯®¢¥°µ­®±²¨l(t) = l0(1 +mt)�1; (38)£¤¥ l0 > 0 | ¯®±²®¿­­ ¿.�±«®¢¨¥ (31) ¤«¿ ­®°¬ «¼­®£® ­ ¯°¿¦¥­¨¿ ¯®§¢®«¿¥² ®¯°¥¤¥«¨²¼ ´³­ª¶¨¾ �(t) ¢ (37) ¯® ´®°¬³«¥�(t) = pgas + %m2l20(1 +mt)�2 � 2%�m(1 +mt)�1: (39)�¤¥±¼ ¤ ¢«¥­¨¥ ¢ £ §¥ ¬®¦¥² § ¢¨±¥²¼ ²®«¼ª® ®² ¢°¥¬¥­¨.� ª¨¬ ®¡° §®¬, ¢ ±¬¥±¨ ¨¬¥¥²±¿ «¨­¥©­®¥ ¯®«¥ ±ª®°®±²¥©u1 = m(1 +mt)�1x; u2 = �m(1 +mt)�1y:� ¢«¥­¨¥ ¤ ¥²±¿ ´®°¬³« ¬¨ (37), (39),   ½¢®«¾¶¨¿ ±¢®¡®¤­®© £° ­¨¶» ®¯¨±»¢ ¥²±¿ ±®®²­®¸¥­¨¥¬(38). �±¥ ½²¨ ¢¥«¨·¨­» ®¯°¥¤¥«¿¾²±¿ ²®«¼ª® £¨¤°®¤¨­ ¬¨ª®© ¤¢¨¦¥­¨¿. �²® ª ± ¥²±¿ ²¥¬¯¥° ²³°»¨ ª®­¶¥­²° ¶¨¨, ²® ¤«¿ ¨µ ®¯°¥¤¥«¥­¨¿ ­¥®¡µ®¤¨¬® °¥¸¨²¼ ª° ¥¢»¥ § ¤ ·¨ (20), (21), (23), (24),(26), (27), (29) ± ³±«®¢¨¿¬¨ ±¨¬¬¥²°¨¨ (32), (33) ¨ ­ · «¼­»¬¨ ¤ ­­»¬¨ (34) ¤«¿ ½²¨µ ´³­ª¶¨©. �®¡¹¥¬ ±«³· ¥ ¯®«³· ¾²±¿ ®·¥­¼ £°®¬®§¤ª¨¥ ´®°¬³«» ¤«¿ °¥¸¥­¨¿ ¤ ­­»µ § ¤ ·. �®½²®¬³ ¯®«®¦¨¬¢ (26), (27) 
 = 0, Q = 0, ² ª ·²®ay = by = 0 (y = l0(1 +mt)�1): (40)� «¥¥, ±®£« ±­® (35) uy = 0, ¨ ³±«®¢¨¥ (30) ±¢®¤¨²±¿ ª ±«¥¤³¾¹¥¬³:�a = ��1h (y = l0(1 +mt)�1): (41)�±¾¤³ ­¨¦¥ ±·¨² ¥¬ m > 0; ¯°¨ ½²®¬ l(t) ! 0 ¤«¿ t ! 1. �«³· © m < 0 ´¨§¨·¥±ª¨ ¬¥­¥¥¨­²¥°¥±¥­.�±²¥±²¢¥­­® ­ · ²¼ ± ®¯°¥¤¥«¥­¨¿ ´³­ª¶¨¨ a(y; t), ³¤®¢«¥²¢®°¿¾¹¥© ¯ ° ¡®«¨·¥±ª®¬³ ³° ¢-­¥­¨¾ (20), ¯¥°¢®¬³ ³±«®¢¨¾ (40), ³±«®¢¨¾ ±¨¬¬¥²°¨¨ ay = 0 (32) ¨ ­ · «¼­®¬³ ³±«®¢¨¾ (34)a = a0(y). �®¤±² ­®¢ª  ¿¢­»µ ¢»° ¦¥­¨© (35) ¤«¿ u ¨ (36) ¤«¿ v ¢ (20) ¯°¨¢®¤¨² ª «¨­¥©­®¬³³° ¢­¥­¨¾ at � m1 +mt yay + 2m1 +mt a = �ayy;ª®²®°®¥ ­¥®¡µ®¤¨¬® °¥¸¨²¼ ¢ ®¡« ±²¨ t > 0, 0 < y < l0(1 +mt)�1. �®½²®¬³ §¤¥±¼ ³¬¥±²­® ¢¢¥±²¨« £° ­¦¥¢³ ¯¥°¥¬¥­­³¾ � ± ¯®¬®¹¼¾ ° ¢¥­±²¢  y = �(1+mt)�1, ²®£¤  0 < � < l0. �±«¨ ®¡®§­ ·¨²¼a(y; t) = a(y(�; t); t) = A(�; t), ²® At = at �m(1 +mt)�1yay, ay = (1 +mt)A� ¨ ³° ¢­¥­¨¥ ¤«¿ A(�; t)¯°¨¬¥² ¢¨¤ At + 2m1 +mt A = �(1 +mt)2A��³¦¥ ¢ ´¨ª±¨°®¢ ­­®© ®¡« ±²¨ 0 < � < l0. { 185 {



�¥±²­¨ª �° ±���±«¨ ±¤¥« ²¼ ¥¹¥ ®¤­³ § ¬¥­³ A1 = (1+mt)2A, � = [(1+mt)3� 1]=(3m), ²® ¯®±«¥¤­¥¥ ³° ¢­¥­¨¥±¢¥¤¥²±¿ ª ³° ¢­¥­¨¾ ²¥¯«®¯°®¢®¤­®±²¨ A1� = �A1��± £° ­¨·­»¬¨ ³±«®¢¨¿¬¨ A1� = 0 ¯°¨ � = 0, � = l0 ¨ ­ · «¼­»¬¨ ¤ ­­»¬¨ A1(�) = a0(�) ¯°¨ � = 0.�¥¸¥­¨¥ ½²®© ¢²®°®© ­ · «¼­®-ª° ¥¢®© § ¤ ·¨ µ®°®¸® ¨§¢¥±²­® [7]. �°¨¢¥¤¥¬ ±° §³ ¢¨¤ ´³­ª¶¨¨a(y; t): a(y; t) = 1(1 +mt)2 1Xn=0 an exp(���2n�) cos[�n(1 +mt)y]; (42)£¤¥ an = 2l0 l0Z0 a0(�) cos�n� d�; �n = n�l0 ; n 2 N; � = (1 +mt)3 � 13m :�¿¤ (42) ®·¥­¼ ¡»±²°® ±µ®¤¨²±¿ [7] ¡« £®¤ °¿ ­ «¨·¨¾ ½ª±¯®­¥­¶¨ «¼­®£® ±®¬­®¦¨²¥«¿.�®·­® ² ª ¦¥ ­ µ®¤¨²±¿ ´³­ª¶¨¿ b(y; t) ª ª °¥¸¥­¨¥ ³° ¢­¥­¨¿ (23) ±® ¢²®°»¬ ª° ¥¢»¬ ³±«®¢¨¥¬(40), ³±«®¢¨¥¬ ±¨¬¬¥²°¨¨ by = 0 ¯°¨ y = 0 ¨ ­ · «¼­»¬ ³±«®¢¨¥¬ (34) b(y; 0) = b0(y). � ³·¥²®¬(42) ¯®±«¥ ¯°®±²»µ ¢»·¨±«¥­¨© ¯®«³·¨¬ ¯°¥¤±² ¢«¥­¨¥ ¤«¿ b(y; t):b(y; t) = 1Xn=0�bn + 2�ant1 +mt� exp(���2n�) cos[�n(1 +mt)y];bn = 2l0 l0Z0 b0(�) cos�n� d�: (43)�³­ª¶¨¿ h(y; t) ¥±²¼ °¥¸¥­¨¥ ­¥®¤­®°®¤­®£® ³° ¢­¥­¨¿ (21) ± £° ­¨·­»¬ ³±«®¢¨¥¬ (28), ª®²®°®¥±¢®¤¨²±¿ ª hy = 0, ³±«®¢¨¥¬ ±¨¬¬¥²°¨¨ (32) hy = 0 ¯°¨ y = 0 ¨ ­ · «¼­»¬ ³±«®¢¨¥¬ (34) h(y; 0) =h0(y). �¬¥­­®, h(y; t) = 1(1 +mt)2 1Xn=0 �hn exp(�d�2n�) + �an�� d � exp(���2n�)�� exp(�d�2n�)�� cos[�n(1 +mt)y]; hn = 2l0 l0Z0 h0(�) cos�n� d�; � 6= d; (44)h(y; t) = 1(1 +mt)2 1Xn=0 �hn � ��2nan�� exp(�d�2n�) cos[�n(1 +mt)y]; � = d: (45)� ª®­¥¶, ´³­ª¶¨¿ g(y; t) ®¯°¥¤¥«¿¥²±¿ ¨§ (24), (33), (34) ± ³·¥²®¬ ´®°¬³« (42){(45):g(y; t) = 1Xn=0 �gn + �Z0 fn(�)d�� exp(�d�2n�) cos[�n(1 +mt)y];fn(�) = 2dzn(�)(1 +mt)4 + �� 2an1 +mt� 1(1 +mt)3 � ��2nt�� �2nbn� exp[�n�(d � �)]; (46)zn(�) =8>><>>:hn + �an�� d� exp[�2n�(d� �)]� 1	; d 6= �;hn � ��2nan�; d = �:{ 186 {



�¨¤°®¤¨­ ¬¨ª �® ¨§¢¥±²­»¬ ´³­ª¶¨¿¬ a(y; t), b(y; t), h(y; t), g(y; t) ¯®«¿ ²¥¬¯¥° ²³°» ¨ ª®­¶¥­²° ¶¨¨ ¢®±-±² ­ ¢«¨¢ ¾²±¿ ± ¯®¬®¹¼¾ ° ¢¥­±²¢ (17). �¥²°³¤­® ¢¨¤¥²¼ ¨§ (44), (45) ¨ (41), ·²® ¤®«¦­® ¡»²¼� = �1 = 0, ².¥. ½²® °¥¸¥­¨¥ ¢®§¬®¦­® «¨¸¼ ¯°¨ ¯®±²®¿­­®¬ ¯®¢¥°µ­®±²­®¬ ­ ²¿¦¥­¨¨: � = �0.�°³£®© ¢¨¤ °¥¸¥­¨¿ ¬®¦­® ¯®«³·¨²¼, ¥±«¨ ¯®²°¥¡®¢ ²¼ a = h = 0 ¯°¨ y = l0(1 +mt)�1. �²® ° ¢­®-±¨«¼­® ²®¬³, ·²® ­  ±¢®¡®¤­®© £° ­¨¶¥ § ¤ ­  ²¥¬¯¥° ²³° ,   ­¥ ²¥¯«®®¡¬¥­ ± ®ª°³¦ ¾¹¥© ±°¥¤®©(8).�¨¦¥ °¥¸¥­¨¥ (35), (36), (38), (42){(46) ¡³¤¥² ¨±¯®«¼§®¢ ­® ¢ ª ·¥±²¢¥ ²¥±²  ¯°¨ ®²° ¡®²ª¥ ±µ¥¬»·¨±«¥­­®£® °¥¸¥­¨¿.4. �°¥®¡° §®¢ ­¨¥ ¨±µ®¤­®© § ¤ ·¨�®¦­® ¢¨¤¥²¼, ·²® ¯¥°¢»¥ ·¥²»°¥ ³° ¢­¥­¨¿ ±¨±²¥¬» (18){(24) ­¥ § ¢¨±¨¬» ®² ®±² «¼­»µ: (22){(24). �­¨ ®¡° §³¾² ¢¬¥±²¥ ± (25), (26), (28), (30), (32), (34) § ¬ª­³²³¾ ­ · «¼­®-ª° ¥¢³¾ § ¤ ·³¤«¿ ®¯°¥¤¥«¥­¨¿ ´³­ª¶¨© u(y; t), v(y; t), a(y; t), h(y; t) ¨ l(t). �®±«¥ ¥¥ °¥¸¥­¨¿ ´³­ª¶¨¿ q(y; t)®¤­®§­ ·­® ¢®±±² ­ ¢«¨¢ ¥²±¿ ª¢ ¤° ²³°®© ¨§ (22) ¨ ±®®²­®¸¥­¨¿ (31); ¯°¨ ½²®¬ ° ¢¥­±²¢® qy = 0¯°¨ y = 0 ¢»¯®«­¿¥²±¿  ¢²®¬ ²¨·¥±ª¨. �±«¨ a(y; t), h(y; t), l(t) ¨§¢¥±²­», ²® ´³­ª¶¨¨ b(y; t), g(y; t)®¯°¥¤¥«¿¾²±¿ ¥¤¨­±²¢¥­­»¬ ®¡° §®¬ ª ª °¥¸¥­¨¿ ¢²®°»µ ª° ¥¢»µ § ¤ · (23), (27), (33), (34) ¨ (24),(29), (33), (34) ¤«¿ «¨­¥©­»µ ¯ ° ¡®«¨·¥±ª¨µ ³° ¢­¥­¨©. �®½²®¬³ ¡³¤¥¬ °¥¸ ²¼ § ¤ ·³ (18){(21),(25), (26), (28), (30), (32), (34).� ±¢®¾ ®·¥°¥¤¼ ½²³ § ¤ ·³ ¬®¦­® ±¢¥±²¨ ª § ¤ ·¥ ®¡ ®²»±ª ­¨¨ ²®«¼ª® ´³­ª¶¨© u(y; t), a(y; t),h(y; t), l(t). �«¿ ½²®£® ¯°®¨­²¥£°¨°³¥¬ ³° ¢­¥­¨¥ (19) ± ³·¥²®¬ v(0; t) = 0 ¨ ¨±ª«¾·¨¬ ´³­ª¶¨¾v(y; t) ¢ ³° ¢­¥­¨¿µ (18), (20), (21).�±«¨ ¥¹¥ ¢ ¯®«³·¥­­®© ±¨±²¥¬¥ ¤«¿ u, a, h, l ¢¢¥±²¨ ¡¥§° §¬¥°­»¥ ¯¥°¥¬¥­­»¥ ¨ ´³­ª¶¨¨ ° -¢¥­±²¢ ¬¨ � = �l20 t; z = yl(t) ; U(z; �) = l20� u; A(z; �) = l20T0 a; H(z; �) = l20c0 h; L(�) = ll0 ; (47)£¤¥ T0 | µ ° ª²¥°­ ¿ ²¥¬¯¥° ²³°  , c0 | µ ° ª²¥°­ ¿ ª®­¶¥­²° ¶¨¿, ²® ¯®«³·¨¬ § ¤ ·³ ³¦¥ ¢´¨ª±¨°®¢ ­­®© ®¡« ±²¨ 0 < z < 1:M(U;L) � U� � (lnL)�zUz � Uz zZ0 U(z; �)dz + U2 � 1L2 Uzz = 0; (48)F (U;A:L) � A� � (lnL)�zAz �Az zZ0 U(z; �)dz + 2AU � 1PrL2 Azz = 0; (49)R(U;A:H;L) � H� � (lnL)�zHz �Hz zZ0 U(z; �)dz + 2HU�� 1PeL2 Hzz � SrL2 Azz = 0: (50)� (48){(50) ¢¢¥¤¥­» ®¡®§­ ·¥­¨¿: Pr = �=� | ·¨±«® �° ­¤²«¿, Pe = �=d | ·¨±«® �¥ª«¥, Sr =�T0=(�c0) | ·¨±«® �®°¥.�°¨ z = 0 ¢»¯®«­¥­» ³±«®¢¨¿ ±¨¬¬¥²°¨¨ Az = Uz = Hz = 0,   ­  ±¢®¡®¤­®© £° ­¨¶¥ z = 1¨¬¥¥¬ Az + LBi(A�Agas) = 0; (51)� 12L Uz = MaA+McH; (52)Hz +Pr SrAz = 0; (53){ 187 {



�¥±²­¨ª �° ±��£¤¥ Bi = 
l0=k | ·¨±«® �¨®, Ma = �T0l0=(%�2) | ²¥¯«®¢®¥ ·¨±«® � ° ­£®­¨,   Mc = �1c0l0=(%�2)| ª®­¶¥­²° ¶¨®­­®¥ ·¨±«® � ° ­£®­¨.�¢®«¾¶¨¿ ±¢®¡®¤­®© £° ­¨¶» ­ µ®¤¨²±¿ ¨§ ³° ¢­¥­¨¿ (25). � ¡¥§° §¬¥°­»µ ¯¥°¥¬¥­­»µ (47)®­® § ¯¨¸¥²±¿ ² ª: dLd� = �L 1Z0 U(z; �)dz: (54)�«¿ ¯®«­®£® § ¢¥°¸¥­¨¿ ¯®±² ­®¢ª¨ § ¤ ·¨ ­¥®¡µ®¤¨¬® ¯®±² ¢¨²¼ ­ · «¼­»¥ ³±«®¢¨¿ ¯°¨ � = 0:U = U0(z); A = A0(z); H = H0(z); L = 1: (55)5. �¨±«¥­­®¥ °¥¸¥­¨¥�¥¸¥­¨¥ § ¤ ·¨ (48){(55) ®¯°¥¤¥«¿«®±¼ ¬¥²®¤®¬ � «�¥°ª¨­ . � ª ·¥±²¢¥ ¡ §¨±­»µ ´³­ª¶¨© ¡»«¨¢§¿²» ¯®«¨­®¬» �¥¦ ­¤° . �°¨·¥¬, ª ª ±«¥¤³¥² ¨§ ³±«®¢¨© ±¨¬¬¥²°¨¨, ¤®±² ²®·­® ®£° ­¨·¨²¼±¿²®«¼ª® ·¥²­»¬¨ ¯®«¨­®¬ ¬¨ P2m(z), m = 0; : : : . �°¨¡«¨¦¥­­®¥ °¥¸¥­¨¥ ¨¹³² ¢ ¢¨¤¥Un(z; �) = nXm=0 Um(�)P2m(z); An(z; �) = nXm=0 Am(�)P2m(z);Hn(z; �) = nXm=0 Hm(�)P2m(z): (56)�°¨ ½²®¬ ¨­²¥°¥±³¾¹¥¥ ­ ± ¯®«®¦¥­¨¥ ±¢®¡®¤­®© £° ­¨¶» (´³­ª¶¨¿ L(�)) ®¯°¥¤¥«¿¥²±¿ ¤«¿ ¢±¥µn ¨§ ³° ¢­¥­¨¿ (¢ ±¨«³ ®°²®£®­ «¼­®±²¨ P2m(z) ª ¥¤¨­¨¶¥ ¯°¨ m > 0)dLd� = �LU0(�): (57)�³­ª¶¨¨ Um(�), Am(�), Hm(�) (m = 0; 1; : : : ) ­ µ®¤¿² ¨§ ±¨±²¥¬»1Z0 M(Un; L)P2m(z)dz = 0; 1Z0 F (Un; An; L)P2m(z)dz = 0;1Z0 R(Un; An; Hn; L)P2m(z)dz = 0; (58)nXm=0 m(2m+ 1)Am(�) + BiL� nXm=0 Am(�)�Agas(�)� = 0; (59)� 12L nXm=0 m(2m+ 1)Um(�) = Ma nXm=0 Am(�) +Mc nXm=0 Hm(�); (60)nXm=0 m(2m+ 1)Hm(�) + Pr Sr nXm=0 m(2m+ 1)Am(�) = 0: (61)�¤¥±¼ ¨±¯®«¼§®¢ ­» ±¢®©±²¢  ¯®«¨­®¬®¢ P2m(z) [8].�¨±²¥¬³ (57){(61) ¬®¦­® ¯°¥®¡° §®¢ ²¼ ¢ ­®°¬ «¼­³¾ ±¨±²¥¬³ ®¡»ª­®¢¥­­»µ ¤¨´´¥°¥­¶¨ «¼-­»µ ³° ¢­¥­¨© ¯¥°¢®£® ¯®°¿¤ª  ®²­®±¨²¥«¼­® 3n + 1 ­¥¨§¢¥±²­®© ´³­ª¶¨¨ Um(�), Am(�), Hm(�),L(�), m = 0; : : : ; n� 1. { 188 {



�¨¤°®¤¨­ ¬¨ª 

�¨±. 1. �®¢¥¤¥­¨¥ ´³­ª¶¨© U(�) ¨ L(�) ¢ ±«³· ¥ ²®·­®£® °¥¸¥­¨¿

�¨±. 2. �®¢¥¤¥­¨¥ ´³­ª¶¨© U(1; � ), L(�), A(1; �), H(1; �)

�¨±. 3. �®¢¥¤¥­¨¥ ´³­ª¶¨© U(1; �), L(�), A(1; � ), H(1; � ) ¯°¨ Mc = �60�¥©±²¢¨²¥«¼­®, ´³­ª¶¨¨ Un(�), An(�), Hn(�) ¬®¦­® ­ ©²¨ ·¥°¥§ Um(�), Am(�), Hm(�), m ={ 189 {



�¥±²­¨ª �° ±��0; : : : ; n� 1, ¨§ ª®­¥·­»µ ±®®²­®¸¥­¨© (59){(61). �®±«¥ ¯®¤±² ­®¢ª¨ ¢ (58) ¨ ¢®§­¨ª ¥² ³¯®¬¿­³² ¿¢»¸¥ ±¨±²¥¬ . �­  ®·¥­¼ £°®¬®§¤ª ¿ ¨ §¤¥±¼ ­¥ ¯°¨¢®¤¨²±¿. � · «¼­»¥ ¤ ­­»¥ ¤«¿ ­¥¥ ±«¥¤³¾²¨§ (55): Um(0) = Um0 ; Am(0) = Am0 ; Hm(0) = Hm0 ; L(0) = 1; (62)£¤¥ Um0 , Am0 , Hm0 | ª®½´´¨¶¨¥­²» ¢ ° §«®¦¥­¨¿µ U0(z), A0(z), H0(z) ¯® ¯®«¨­®¬ ¬ P2m(z).�®¦­® ¯®ª § ²¼, ·²® °¥¸¥­¨¥ (35), (38), (42), (45) ¿¢«¿¥²±¿ ²®·­»¬ °¥¸¥­¨¥¬ ±¨±²¥¬»£ «�¥°ª¨­±ª¨µ ¯°¨¡«¨¦¥­¨© (58) ¤«¿ «¾¡®£® n. � ¡¥§° §¬¥°­»µ ¯¥°¥¬¥­­»µ (47), ­ ¯°¨¬¥°, ´³­ª-¶¨¨ U ¨ L ¨¬¥¾² ¢¨¤ U = U0(1 + U0�)�1; L = (1 + U0�)�1; U0 = l20m=�: (63)� ±·¥²» § ¤ ·¨ �®¸¨ ¤«¿ ¯®«³·¥­­®© ±¨±²¥¬» 3n + 1 ³° ¢­¥­¨¿ ¢¥«¨±¼ ¬¥²®¤®¬ �³­£¥{�³²² ·¥²¢¥°²®£® ¯®°¿¤ª  ²®·­®±²¨. �¥§³«¼² ²» ° ±·¥²®¢ ¯°¨ n = 2 ¨ n = 3 ±®¢¯ ¤ ¾² ± ²®·­®±²¼¾ ¤®¯¿²®£® §­ ª .�  °¨±. 1 ¯°¥¤±² ¢«¥­» £° ´¨ª¨ ´³­ª¶¨© U(�), L(�), ¯®«³·¥­­»¥ ·¨±«¥­­® ¬¥²®¤®¬ � «�¥°ª¨­ ,ª®£¤  ¢ ª ·¥±²¢¥ ¤ ­­»µ ¡»«® ¢§¿²® ²®·­®¥ °¥¸¥­¨¥ (42), (42), (63) ¯°¨ U0 = 1. �¨¤­®, ·²® ¬¥²®¤²®·­® ¢®±¯°®¨§¢®¤¨² ½²® ²¥±²®¢®¥ °¥¸¥­¨¥. �±² «¼­»¥ ¯ ° ¬¥²°» ¨¬¥«¨ ±«¥¤³¾¹¨¥ §­ ·¥­¨¿:Ma = 50, Mc = �100, Pr = 0:2, Bi = 2, Sr = 3, Pe = 100. � · «¼­»¥ ¤ ­­»¥ ² ª®¢»: U0 = 1:5,A0 = 0:3, H0 = 0:5, ²¥¬¯¥° ²³°  £ §  Agas = 0.�§ °¨±. 2 ¢¨¤­®, ·²® ¬¨­¨¬ «¼­»¥ §­ ·¥­¨¿ £° ­¨¶» ¨ ª®­¶¥­²° ¶¨¨ ­ ¡«¾¤ ¾²±¿ ¯°¨ ±¬¥­¥§­ ª  U(1; �). �ª®°®±²¼ ±­ · «  ¢®§° ±² ¥², ¯®²®¬ ³¡»¢ ¥² ¨ ¬¥­¿¥² ±¢®¥ ­ ¯° ¢«¥­¨¥, ¦¨¤ª®±²¼­ ·¨­ ¥² ¯°¨²¥ª ²¼ ¢¤®«¼ ¯®¢¥°µ­®±²¨ ª ²®·ª¥ x = 0. �²® ®¡º¿±­¿¥²±¿ ²¥¬, ·²® ¯®¢¥°µ­®±²­®¥­ ²¿¦¥­¨¥ ±­ · «  ³¬¥­¼¸ ¥²±¿ ¨ ¦¨¤ª®±²¼ ­ ·¨­ ¥² ®²²®ª ®² ²®·ª¨ x = 0, ¯®²®¬ ¯®¢¥°µ­®±²­®¥­ ²¿¦¥­¨¥ ³¢¥«¨·¨¢ ¥²±¿ ¨ ¦¨¤ª®±²¼ ±­®¢  ­ ·¨­ ¥² ¯°¨²¥ª ²¼, ².¥. ²¥·¥­¨¥ ¦¨¤ª®±²¨ ¯°®¨±µ®¤¨²¨§ ®¡« ±²¨ ¬ «»µ ¢ ®¡« ±²¼ ¡®«¼¸¨µ ¯®¢¥°µ­®±²­»µ ­ ²¿¦¥­¨©.�®­¶¥­²° ¶¨¿ ¯®±«¥ ¨§¬¥­¥­¨¿ ­ ¯° ¢«¥­¨¿ ±ª®°®±²¨ ­ ·¨­ ¥² ³¢¥«¨·¨¢ ²¼±¿, ¦¨¤ª®±²¼ ¯°¨-²¥ª ¥² ¨ ¯°¨­®±¨² ª®­¶¥­²° ¶¨¾. �³­ª¶¨¿ A(1; �) ³¡»¢ ¥² ¨ ±²°¥¬¨²±¿ ª Agas.�  °¨±. 3 ¯°¨ Mc = �60 ±ª®°®±²¼ ¬®­®²®­­® ³¡»¢ ¥² ¨ ±²°¥¬¨²±¿ ª ­³«¾;  ­ «®£¨·­® ¢¥¤³²±¥¡¿ ¨ ±¢®¡®¤­ ¿ £° ­¨¶ , ²¥¬¯¥° ²³°  ¨ ª®­¶¥­²° ¶¨¿. � ª ¿ § ¤ ·  ¡¥§ ³·¥²  ª®­¶¥­²° ¶¨¨ ¡»« °¥¸¥­  ¢ [9].�°¨ ³¢¥«¨·¥­¨¨ ª®­¶¥­²° ¶¨®­­®£® ¨ ²¥¯«®¢®£® ·¨±¥« � ° ­£®­¨, ·¨±«  �° ­¤²«¿ ¨ ·¨±«  �¥ª«¥¨­²¥­±¨¢­®±²¼ ²¥·¥­¨¿ ³¬¥­¼¸ ¥²±¿,   ¯°¨ ³¢¥«¨·¥­¨¨ ·¨±«  �¨® ¨ ·¨±«  �®°¥ | ³¢¥«¨·¨¢ ¥²±¿.�¯¨±®ª «¨²¥° ²³°»[1] �¥°¸³­¨ �.�. �±²®©·¨¢®±²¼ ª®­¢¥ª²¨¢­»µ ²¥·¥­¨© / �.�. �¥°¸³­¨, �.�. �³µ®¢¨¶ª¨©,�.�. �¥¯®¬­¿¹¨©. { �.: � ³ª , 1989.[2] � ­¤ ³ �.�. �¨¤°®¤¨­ ¬¨ª  / �.�. � ­¤ ³, �.�. �¨´¸¨¶. { �.: � ³ª , 1986.[3] �­¤°¥¥¢ �.�. � ¤ ·  ® ¬ «»µ ¢®§¬³¹¥­¨¿µ ²¥°¬®¤¨´´³§¨®­­®£® ¤¢¨¦¥­¨¿ ± ¯®¢¥°µ­®±²¼¾ ° §-¤¥«  / �.�. �­¤°¥¥¢ // �­±²¨²³² ¢»·¨±«¨²¥«¼­®£® ¬®¤¥«¨°®¢ ­¨¿ �� ���: �°¥¯°¨­² é 5-02.{ �° ±­®¿°±ª, 2002. { 26 ±.[4] �­¤°¥¥¢ �.�. �¡ ¨­¢ °¨ ­²­»µ °¥¸¥­¨¿µ ³° ¢­¥­¨© ²¥°¬®¤¨´´³§¨¨ / �.�. �­¤°¥¥¢ // �°³¤»III �¥¦¤. ª®­´. \�¨¬¬¥²°¨¿ ¨ ¤¨´´¥°¥­¶¨ «¼­»¥ ³° ¢­¥­¨¿". { �° ±­®¿°±ª: ��� �� ���,2002. { �. 13{17.[5] �¢±¿­­¨ª®¢ �.�. �°³¯¯®¢®©  ­ «¨§ ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© / �.�. �¢±¿­­¨ª®¢. { �.: � -³ª , 1978.[6] �³µ­ ·¥¢ �.�. �¥³±² ­®¢¨¢¸¥¥±¿ ¤¢¨¦¥­¨¥ ¢¿§ª®© ¦¨¤ª®±²¨ ±® ±¢®¡®¤­®© £° ­¨¶¥©, ®¯¨±»¢ -¥¬»¥ · ±²¨·­®-¨­¢ °¨ ­²­»¬¨ °¥¸¥­¨¿¬¨ ³° ¢­¥­¨© � ¢¼¥{�²®ª±  / �.� �³µ­ ·¥¢ // �¨­ -¬¨ª  ±¯«®¸­®© ±°¥¤». �»¯. 10. �­±²¨²³² £¨¤°®¤¨­ ¬¨ª¨ �� �� ����. { �®¢®±¨¡¨°±ª, 1972. {�. 125{137.[7] �¨µ®­®¢ �.�. �° ¢­¥­¨¿ ¬ ²¥¬ ²¨·¥±ª®© ´¨§¨ª¨ / �.�. �¨µ®­®¢, �.�. � ¬ °±ª¨©. { �.: � -³ª , 1972. { 190 {



�¨¤°®¤¨­ ¬¨ª [8] �° ¤¸²¥©­ �.�. � ¡«¨¶» ¨­²¥£° «®¢, ±³¬¬, °¿¤®¢ ¨ ¯°®¨§¢¥¤¥­¨© / �.�. �° ¤¸²¥©­, �.�. �»-¦¨ª. { �.: �¨§¬ ²£¨§, 1965.[9] �­¤°¥¥¢ �.�. �­¢ °¨ ­²­»¥ °¥¸¥­¨¿ ³° ¢­¥­¨© ²¥°¬®ª ¯¨««¿°­®£® ¤¢¨¦¥­¨¿ / �.�. �­¤°¥¥¢,�.�. �³µ­ ·¥¢ // �¨±«¥­­»¥ ¬¥²®¤» ¬¥µ ­¨ª¨ ±¯«®¸­®© ±°¥¤». { �®¢®±¨¡¨°±ª: ���� �� ������, 1983. { �. 14, é 5. { C. 3{23.ON MOTION OF A PLANE LIQUID LAYER WITH FREE SURFACE UNDER SORETEFFECT ACTIONV.K. Andreev, A.E. KartoshkinaThe motion of a plane liquid layer with free boundary when surface tension depends on temperatureand concentration is investigated. The calculations results of velocity, boundary, temperature andconcentration are given.
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