
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 3. �. 3 { 9��� 539.1 ������������� ��������� ��������� ���������������������. �. �������, �. �. �������áâ¨âãâ ¬¥å ¨ª¨ ��� �à¬¥¨¨, �à¥¢ �®«ãç¥® 24.01.1999 � �¥à¥á¬®âà¥® 2.07.2001� §¢¨â ¬¥â®¤ ¯®á«¥¤®¢ â¥«ìëå ¯à¨¡«¨¦¥¨© ¤«ï à¥è¥¨ï á¬¥è ëå £à ¨çëå § ¤ ç, ¢®§¨ª îé¨å ¯à¨ ¬®-¤¥«¨à®¢ ¨¨ ¯à®æ¥áá  à á¯à®áâà ¥¨ï ¢®§¬ãé¥¨© ¢ ¨¤¥ «ì®© ¥®¤®à®¤®© ¦¨¤ª®áâ¨. � áá¬®âà¥  ¤¢ã¬¥à- ï § ¤ ç  á ¯¥à¥¬¥®© ¢® ¢à¥¬¥¨ ç áâìî £à ¨æë,   ª®â®à®© ¯à¨«®¦¥ë ¢¥è¨¥ ¢®§¤¥©áâ¢¨ï. �®ªà¥âë¥¢ëª« ¤ª¨ ¯à®¢¥¤¥ë ¤«ï á«ãç ï ¥®¤®à®¤®© ¯® £«ã¡¨¥ ¦¨¤ª®áâ¨ á íªá¯®¥æ¨ «ìë¬ ¨§¬¥¥¨¥¬ ¯«®â®áâ¨.�®áâà®¥ë à¥è¥¨ï ¢ ¤¢ãå ¯à¨¡«¨¦¥¨ïå ®â®á¨â¥«ì® ¬ «®£® ¯ à ¬¥âà , á¢ï§ ®£® á ¯®ª § â¥«¥¬ íªá¯®¥âë.�¥è¥¨¥ ¯à¥¤áâ ¢«¥® ¢ ¢¨¤¥ ª¢ ¤à âãà. �à®¢¥¤¥  á¨¬¯â®â¨ç¥áª¨©   «¨§ à¥è¥¨© ¤«ï ®æ¥ª¨ å à ªâ¥à  ¯®¢¥-¤¥¨ï ¤ ¢«¥¨ï ¨ áª®à®áâ¨ ç áâ¨æ ¦¨¤ª®áâ¨ ¢¡«¨§¨ ªà ï ¯«®é ¤ª¨  £àã¦¥¨ï. �®ª § ® ¢«¨ï¨¥ ¥®¤®à®¤®áâ¨  ä¨§¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¢®«®¢®£® ¯à®æ¥áá .�®§¢¨ãâ® ¬¥â®¤ ¯®á«÷¤®¢¨å  ¡«¨¦¥ì ¤«ï à®§¢'ï§ ï §¬÷è ¨å £à ¨ç¨å § ¤ ç, é® ¢¨¨ª îâì ¯à¨ ¬®¤¥«î-¢ ÷ ¯à®æ¥áã à®§¯®¢áî¤¦¥ï §¡ãà¥ì ¢ ÷¤¥ «ì÷© ¥®¤®à÷¤÷© à÷¤¨÷. �®§£«ïãâ÷ ¤¢®¢¨¬÷à÷ § ¤ ç÷ §÷ §¬÷®î ¢ç á÷ áª÷ç¥®î ç áâ¨®î ¯®¢¥àå÷, ¤® ïª®ù ¯à¨ª« ¤¥® §®¢÷è÷ §ãá¨««ï. �®ªà¥â÷ à®§¢'ï§ª¨  ¢¥¤¥® ¤«ï ¢¨¯ ¤-ªã ¥®¤®à÷¤®ù ¯® £«¨¡¨÷ à÷¤¨¨ § ¥ªá¯®¥æ÷ «ì®î §¬÷®î £ãáâ¨¨. �®¡ã¤®¢ ÷ à®§¢'ï§ª¨ § â®ç÷áâî ¤® ¤¢®å ¡«¨¦¥ì ¢÷¤®á® ¬ «®£® ¯ à ¬¥âàã, ¯®¢'ï§ ®£® § ¯®ª §¨ª®¬ ¥ªá¯®¥â¨. �®§¢'ï§ª¨ ¯à¥¤áâ ¢«¥÷ ã ¢¨£«ï¤÷ª¢ ¤à âãà. �à®¢¥¤¥®  á¨¬¯â®â¨ç¨©   «÷§ à®§¢'ï§ª÷¢ § ¬¥â®î ¢¨§ ç¥ï å à ªâ¥àã ¯®¢¥¤÷ª¨ äãªæ÷ù â¨áªã â è¢¨¤ª®áâ÷ ç áâ¨®ª à÷¤¨¨ ¯®¡«¨§ã £à ¨æ÷ ®¡« áâ÷, ¤® ïª®ù ¯à¨ª« ¤¥® §®¢÷èõ  ¢ â ¦¥ï. �®ª § ® ¢¯«¨¢¥®¤®à÷¤®áâ÷ à÷¤¨¨   ¢ª § ÷ å à ªâ¥à¨áâ¨ª¨ å¢¨«ì®¢®£® ¯à®æ¥áã.A method of successive approximations for the solution of mixed boundary problems, arising at modeling of the distur-bances propagation process in ideal non-uniform liquid, is developed. The two-dimensional problems are considered withchanging in time boundary part, where the external forces are applied. The numerical examples are derived for case ofliquid that is non-uniform on depth with exponential change of density. The solution in two approximations with respectto a small parameter related with the non-homogeneity parameter are developed. The solutions are given in form ofintegrals. Asymptotic analysis of the solutions is carried out to study speci�c features of the pressure and liquid particlevelocity distribution near edges of a loaded area. The inuence of a non-homogeneity on speci�ed physical characteristicsof the wave process is shown.���������§ãç¥¨¥ § ª®®¬¥à®áâ¥© à á¯à®áâà ¥¨ï¢®§¬ãé¥¨© ¢ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ áâ¨¬ã«¨àã¥â-áï ¡®«ìè¨¬ ª®«¨ç¥áâ¢®¬ ¯à¨ª« ¤ëå § ¤ ç. � -ç¨â¥«ìë© ¨â¥à¥á ¯à¥¤áâ ¢«ï¥â á«ãç © £¥¥à -æ¨¨ ¢®§¬ãé¥¨© ¢ ¯à®æ¥áá¥ ã¤ à  â¥«  ® ¢®-¤ã [1 {3]. �à¨ íâ®¬ ¢ ¦ãî à®«ì ¨£à îâ à §-«¨çë¥ ä ªâ®àë, ¢ª«îç ï ä®à¬ã â¥« , ¥£® ¨¥à-æ¨®ë¥ á¢®©áâ¢  ¨  ç «ìãî áª®à®áâì. �à¥¤¨¨å ®¤¨¬¨ ¨§ ¢ ¦¥©è¨å ï¢«ïîâáï ¨§¬¥¥¨¥ ¢®¢à¥¬¥¨ ¯«®é ¤ª¨ ª®â ªâ , ¢¥«¨ç¨ë ª®â ªâ-ëå  £àã§®ª ¨ á¢®©áâ¢ ¦¨¤ª®áâ¨ ¯® £«ã¡¨¥. �â¨ä ªâ®àë ¯à¥¤®¯à¥¤¥«ïîâ á«®¦®áâ¨ ¢ ¬ â¥¬ â¨-ç¥áª®¬ ¬®¤¥«¨à®¢ ¨¨ ¯à®æ¥áá  à á¯à®áâà ¥¨ï¢®§¬ãé¥¨© ¢ãâà¨ ¦¨¤ª®áâ¨. �¬¥® à §à ¡®â-ª¥ ¬ â¥¬ â¨ç¥áª®£®  ¯¯ à â  ¤«ï ®¯¨á ¨ï íâ®£®¯à®æ¥áá  ¨ ¯®á¢ïé¥  ¤  ï à ¡®â .� áá¬ âà¨¢ ¥âáï ¤¢ã¬¥à ï § ¤ ç  ® ¯à®¨ª -¨¨ ¢ ¥®¤®à®¤ãî ¯® £«ã¡¨¥ ¦¨¤ª®áâì äà®â ¢®§¬ãé¥¨©, ¢ë§¢ ëå ¥áâ æ¨® à®©  £àã§-ª®©   ¯®¢¥àå®áâ¨. � â¥ç¥¨¥¬ ¢à¥¬¥¨ ¨§¬¥-ï¥âáï ¥ â®«ìª® ¢¥«¨ç¨   £àã§ª¨, ® ¨ à §¬¥à
¯«®é ¤ª¨  £àã¦¥¨ï. �¥ ®¡« áâ¨ ¯à¨«®¦¥¨ï¤ ¢«¥¨ï ¯à¥¤¯®« £ ¥âáï  «¨ç¨¥ ¦¥áâª®© ªàëè-ª¨, ¯à¥¯ïâáâ¢ãîé¥© ¤¢¨¦¥¨î ¦¨¤ª®áâ¨ ¢  ¯à -¢«¥¨¨ ®à¬ «¨ ª ¯®¢¥àå®áâ¨. � ª¨¥ ®£à ¨ç¥-¨ï ¬®£ãâ ç áâ¨ç® ¬®¤¥«¨à®¢ âì á«ãç ©  «¨-ç¨ï «¥¤®¢®£® ¯®ªà®¢  ¢  âãàëå ãá«®¢¨ïå. �ª®-à®áâì à áè¨à¥¨ï ¯«®é ¤ª¨  £àã¦¥¨ï ¢  ç «¥¯à®æ¥áá  áç¨â ¥âáï á¢¥àå§¢ãª®¢®© á ¯®á«¥¤ãîé¨¬ã¬¥ìè¥¨¥¬ ¤® ¤®§¢ãª®¢ëå § ç¥¨©.� áá¬®âà¥® à¥è¥¨¥ ¤«ï â¥å ¬®¬¥â®¢ ¢à¥-¬¥¨, ª®£¤  áª®à®áâì äà®â  ï¢«ï¥âáï ¤®§¢ãª®-¢®© á ¯à®¨§¢®«ìë¬ § ª®®¬ ¨§¬¥¥¨ï ¢® ¢à¥-¬¥¨. �®«ãç¥ ï á¬¥è  ï ªà ¥¢ ï § ¤ ç  à¥-è ¥âáï ¬¥â®¤ ¬¨ ¨â¥£à «ìëå ãà ¢¥¨© ¨ á¢¥à-â®ª [4 {8].�ç¥â ¢«¨ï¨ï ¥®¤®à®¤®áâ¨ ¦¨¤ª®áâ¨ ¯à®¢¥-¤¥ ¢ à ¬ª å âà ¤¨æ¨®ëå ¯®¤å®¤®¢ â¥®à¨¨ ¢®§-¬ãé¥¨©. � ¯à¨¡«¨¦¥¨¨ ¯¥à¢®£® ¯®àï¤ª  ®â-®á¨â¥«ì® ¯ à ¬¥âà  ¥®¤®à®¤®áâ¨ ¯®«ãç¥ë§ ç¥¨ï ¤«ï ¤ ¢«¥¨ï (¯®â¥æ¨ « )   ¯®¢¥àå®-áâ¨ ¢¥ ¯«®é ¤ª¨  £àã¦¥¨ï ¨ ®à¬ «ì®© ª £à -¨æ¥ áª®à®áâ¨ ç áâ¨æ   ¯®¢¥àå®áâ¨ íâ®© ¯«®-é ¤ª¨.c �. �. � £¤®¥¢, �. �. �  ªï, 2001 3
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�¨áã®ª. � àâ¨  å à ªâ¥à¨áâ¨ª ¢ § ¤ ç¥® à á¯à®áâà ¥¨¨ ¤ ¢«¥¨ï ¢ á¦¨¬ ¥¬ãî ¦¨¤ª®áâì1. ������������ ��������� ��-����� áá¬ âà¨¢ ¥âáï ¤¢ã¬¥à ï § ¤ ç  ® à á¯à®-áâà ¥¨¨ ¢®§¬ãé¥¨© ¢ ¨¤¥ «ì®© á¦¨¬ ¥¬®©¦¨¤ª®áâ¨, £¥¥à¨àã¥¬ëå ¨§¬¥¥¨¥¬ ¤ ¢«¥¨ï  ¯®¢¥àå®áâ¨. �¨¤ª®áâì § ¯®«ï¥â ¨¦îî ¯®-«ã¯«®áª®áâì. �áì x á®¢¯ ¤ ¥â á ¥¢®§¬ãé¥®©£à ¨æ¥© ¦¨¤ª®áâ¨,   ®áì y  ¯à ¢«¥  ¢¥àâ¨ª «ì-® ¢¨§. �¨¤ª®áâì ¯à¥¤¯®« £ ¥âáï ¥®¤®à®¤®©á § ¤ ®© äãªæ¨¥© ¨§¬¥¥¨ï ¯«®â®áâ¨ ¯® £«ã-¡¨¥ �=�(y).�§ «¨¥©ëå ãà ¢¥¨© ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨¬®¦® ¯®«ãç¨âì ¤«ï ¢®§¬ãé¥®£® ¤ ¢«¥¨ï p@2p@t2 = a2�@2p@x2 + @2p@y2 �� a2 @p@y�1� @�@y�; (1)£¤¥ a=const { áª®à®áâì §¢ãª , ¢ëç¨á«¥ ï ¯® § -ç¥¨î ¯«®â®áâ¨   ¯®¢¥àå®áâ¨; t { ¢à¥¬ï. �¯®á«¥¤ãîé¨å ¢ëª« ¤ª å ã¤®¡® ¢¬¥áâ® ¤ ¢«¥¨ï p¨á¯®«ì§®¢ âì äãªæ¨î,   «®£¨çãî ¯®â¥æ¨ «ãáª®à®áâ¥© ç áâ¨æ ¦¨¤ª®áâ¨ ':p = ��(0)@'@t : (2)�ç¥¢¨¤®, çâ® íâ  äãªæ¨ï â ª¦¥ ã¤®¢«¥â¢®àï¥âãà ¢¥¨î (1). �á¯®«ì§ãï ãà ¢¥¨¥ ¤¢¨¦¥¨ï�@vy@t = �@p@y ;¬®¦® ¯®«ãç¨âì ¤«ï ®à¬ «ì®© ª ¯®¢¥àå®áâ¨áª®à®áâ¨ ç áâ¨æë á«¥¤ãîé¥¥ ¢ëà ¦¥¨¥:vy = �(0)�(y) @'@y : (3)

�à¨ à áá¬®âà¥¨¨ íªá¯®¥æ¨ «ì®£® § ª®  ¨§-¬¥¥¨ï ¯«®â®áâ �̈(y) = �(0)eky¨§ à ¢¥áâ¢  (3) á«¥¤ã¥â á®®â®è¥¨¥ ¤«ï ®¯à¥¤¥-«¥¨ï áª®à®áâ¨   ¯®¢¥àå®áâ¨ y=0:vy = @'@y : (4)�¢¥¤¥¨¥¬ ®¢®© ¨áª®¬®© äãªæ¨¨ �='e�ky=2 ¨§ãà ¢¥¨ï (1)  å®¤¨¬@2�@t2 = a2�@2�@x2 + @2�@y2 �� a2k24 �: (5)�à¨ íâ®¬ ®à¬ «ì ï ª®¬¯®¥â  áª®à®áâ¨ ¢ëç¨-á«ï¥âáï ¯® ä®à¬ã«¥v = @�@y + k2�:�¡®§ ç ï ¤«¨ã ¯«®é ¤ª¨  £àã¦¥¨ï ª ª 2l(t),£à ¨çë¥ ãá«®¢¨ï   ¯®¢¥àå®áâ¨ y=0 ¯à¥¤áâ -¢¨¬ ¢ ¢¨¤¥ � = �1(x; t); jxj < l(t);v = 0; jxj > l(t): (6)�®âï ¢ § ¤ ç¥ ¯à®¨ª ¨ï ¨¬¥îâ ¬¥áâ® ¤¢¥ â®ç-ª¨ à §¤¥«  £à ¨çëå ãá«®¢¨© x=�l(t), ¢ à ¡®â¥à áá¬®âà¥ë «¨èì â¥ ¬®¬¥âë ¢à¥¬¥¨, ª®£¤  ®â-áãâáâ¢ã¥â ¢§ ¨¬®¥ ¢«¨ï¨¥ ¢®§¬ãé¥¨©   ªà -ïå ¯«®é ¤ª¨  £àã¦¥¨ï. �®ç¥¥, ¯à¥¤¯®« £ ¥âáï,çâ® ¨¬¥îâáï ¤®§¢ãª®¢®© (dl(t)=dt<a ¯à¨ t>t0) ¨á¢¥àå§¢ãª®¢®© (dl(t)=dt>a ¯à¨ t<t0) à¥¦¨¬ë ¨§-¬¥¥¨ï ¤«¨ë ¯«®é ¤ª¨  £àã¦¥¨ï. �«ï ¢â®-à®£® á«ãç ï ¯®« £ ¥¬ l(t)= l1(t),   ¤«ï ¯¥à¢®£® {l= l2(t).� ª ¢¨¤® ¨§ à¨áãª ,   å à ªâ¥à¨áâ¨ª¨ ¯®«ï¢¡«¨§¨ x= l2(t) ¬®¦¥â ¢«¨ïâì á¢¥àå§¢ãª®¢ ï ç áâì¢®§¬ãé¥¨© ¢ ®ªà¥áâ®áâ¨ ªà¨¢®© x=�l1(t). �â-¬¥â¨¬, çâ® ¢ íâ®¬ á«ãç ¥ à¥è¥¨¥, ª®â®à®¥ ¡ã¤¥â¯®«ãç¥® ¨¦¥, á®åà ï¥â ä¨§¨ç¥áª¨© á¬ëá«. �®á¯à ¢¥¤«¨¢® ¢áî¤ã ¯à ¢¥¥ å à ªâ¥à¨áâ¨ª¨ AB.� áá¬®âà¨¬ ¬®¬¥âë ¢à¥¬¥¨ t>t0 ¨ â®çª¨ x, t¢ ¯«®áª®áâ¨ (x0; t0), ¤«ï ª®â®àëå å à ªâ¥à¨áâ¨ª¨¯¥à¥á¥ª îâ ¤®§¢ãª®¢ãî ç áâì äà®â ,   ¨¬¥®,x= l2(t). �à¨ k=0 (â. ¥. ¤«ï ®¤®à®¤®© ¦¨¤ª®-áâ¨) à¥è¥¨¥ ¤ ®© § ¤ ç¨ á®¢¯ ¤ ¥â á à¥è¥¨¥¬§ ¤ ç¨ ® ªàë«¥ [8].�«ï ¯à®¨§¢®«ì®£® ¯®ª § â¥«ï íªá¯®¥âë k § -¤ ç  ¬®¦¥â ¡ëâì à¥è¥  ¬¥â®¤®¬ á¢¥àâ®ª [4, 7],4 �. �. � £¤®¥¢, �. �. �  ªï



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 3. �. 3 { 9®¤ ª® ¯®«ãç ¥¬ë¥ ¯à¨ íâ®¬ ª¢ ¤à âãàë ¤®¢®«ì-® á«®¦ë, çâ® § âàã¤ï¥â ä¨§¨ç¥áª¨©   «¨§ à¥-è¥¨ï. �®íâ®¬ã ¢ ¤ «ì¥©è¥¬ ¡ã¤¥¬ à áá¬ âà¨-¢ âì á«ãç ©, ª®£¤  ¯ à ¬¥âàë ¦¨¤ª®áâ¨ â ª®¢ë,çâ® ¢¥«¨ç¨  ka ¬ « . � «¨§ ¢®«®¢®£® ¯®«ï¯à®¢¥¤¥¬, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ «¨èì ¡¥áª®¥ç-® ¬ «ë¥ ¯¥à¢®£® ¯®àï¤ª . �®£¤  ¢ ãà ¢¥¨¨ (4)¬®¦® ®¯ãáâ¨âì á« £ ¥¬®¥ á k2a2 ¨ ¨á¯®«ì§®¢ âì¤«ï ®¯à¥¤¥«¥¨ï äãªæ¨¨ v ãà ¢¥¨¥@2v@t2 = a2�@2v@x2 + @2v@y2 �: (7)� â ª®¬ ¯à¨¡«¨¦¥¨¨ ¢®§¬ãé îé¥¥ ¢«¨ï¨¥ ¥-®¤®à®¤®áâ¨ á®åà ï¥âáï â®«ìª® ¢ £à ¨çëåãá«®¢¨ïå ¯à¨ y=0, ª®â®àë¥ ¯à¨¨¬ îâ ¢¨¤@v@y = f(x; t) + k2 v; x < l2(t);v = 0; x > l2(t); (8)£¤¥ f(x; t) = 1a2 @2�1@t2 � @2�1@x2 ;�1(x; t) = � 1�(0) tZF (x) p1(x; t0)dt0:�¤¥áì äãªæ¨ï p1(x; t0) { § ¤ ®¥ ¤ ¢«¥¨¥   £à -¨æ¥. � ª¨¬ ®¡à §®¬, ¤«ï äãªæ¨¨ v £à ¨ç ï§ ¤ ç    «®£¨ç   â¨¯«®áª®© § ¤ ç¥ ® âà¥é¨¥¢ ¨§®âà®¯®© ã¯àã£®© áà¥¤¥ [4 {7]. �«¨ï¨¥ ¥-®¤®à®¤®áâ¨ ¦¨¤ª®áâ¨ ¥áª®«ìª® ãá«®¦¨«® £à -¨ç®¥ ãá«®¢¨¥ §  áç¥â á¢ï§¨ § ç¥¨© ¨áª®¬®©äãªæ¨¨ ¨ ¥¥ ®à¬ «ì®© ¯à®¨§¢®¤®©.2. ����������� ���������� ���-������ �������� �� ����������������������¥è¥¨¥ ãà ¢¥¨ï (7) ¯à¨ £à ¨çëå ãá«®¢¨-ïå (8) ¬®¦® ¨áª âì ¬¥â®¤®¬, ®¯¨á ë¬ ¢ [6{8].�®£« á® [8], ¤«ï ¨áª®¬®© äãªæ¨¨ ¯à¨ y=0 ¬®¦®§ ¯¨á âì ¨â¥£à « �®áá¨®v = � a� ZZ �@v=@y�y=0pT dx0dt0;T = a2(t � t0)2 � (x� x0)2; (9)£¤¥, ¨áå®¤ï ¨§ £à ¨çëå ãá«®¢¨© (8), ¯à¨ x<l2(t)á¯à ¢¥¤«¨¢® @v@y!y=0 = f(x0; t0) + k2 v(x0; t0): (10)

�à¨ íâ®¬ ¨â¥£à¨à®¢ ¨¥ ¢ á®®â®è¥¨¨ (9), ¨á-å®¤ï ¨§ à ááã¦¤¥¨©, ¯à¨¢¥¤¥ëå ¢ [5,8], ¢ ª®â®-àëå à áá¬®âà¥ë   «®£¨çë¥ § ¤ ç¨ ® âà¥é¨¥¨ ªàë«¥ ¢ å à ªâ¥à¨áâ¨ç¥áª¨å ª®®à¤¨ â å�0 = at0 � x0; �0 = at0 + x0;�0 = at� x; �0 = at+ x; (11)¤®«¦® ¢¥áâ¨áì ¯® § èâà¨å®¢ ®© ®¡« áâ¨ s0(á¬. à¨áã®ª), ¢ ¯à¥¤¥« å�a(�0) < �0 < �0; �1(�0) < �0 < �0: (12)�¤¥áì § ç¥¨¥ �a á®®â¢¥âáâ¢ã¥â â®çª¥ ¯¥à¥á¥ç¥-¨ï å à ªâ¥à¨áâ¨ª¨ �0=�0=at2+l2(t2) á ªà¨¢®©x0= l2(t0):�a(�0) = at2 � l(t2); at+ x = at2 + l2(t2); (13)  �0=�1(�0) { ¯¥à¥á¥ç¥¨î å à ªâ¥à¨áâ¨ª¨ �0 == at1�x1 á ªà¨¢®© x1= l1(t1):�1(�0) = l1(t1) + at1; �0 = at1 � l1(t1): (14)�®, çâ® ¨â¥£à¨à®¢ ¨¥ ¢ á®®â®è¥¨¨ (9) á«¥¤ã¥â¯à®¢®¤¨âì ¯® ®¡« áâ¨ s0, ¢ëâ¥ª ¥â ¨§ £à ¨ç®£®ãá«®¢¨ï v=0 ¯à¨ x>l2(t) [5,8]. �à¨ íâ®¬, ®¡®§ -ç ï  @v@y!y=0 = �1(�0; �0);¬®¦® ¯®«ãç¨âì á«¥¤ãîé¥¥ à ¢¥áâ¢®:�2(�0)Z�1(�0) �1(�0; �0)p�0 � �0 d�0 + �0Z�2(�0) �1(�0; �0)p�0 � �0 d�0 = 0; (15)£¤¥ �2(�0) = l2(t02) + at02; l2(t02) � at02 = �0: (16)�âáî¤  á«¥¤ã¥â, çâ® ®â«¨çë¬ ®â ã«ï ¢ ¢ëà ¦¥-¨¨ (9) ¡ã¤¥â «¨èì ¢ª« ¤ ¨â¥£à «  ¯® ®¡« áâ¨ s0.� «®£¨ç®¥ § ª«îç¥¨¥ ¡ë«® ¯®«ãç¥® ¢ [5] ¤«ïá«ãç ï t1=0, k=0 ¨ ¢ [8] ¤«ï k=0.�à®¢¥¤ï ¨â¥£à¨à®¢ ¨¥ ¢ ä®à¬ã«¥ (9)   «®-£¨ç® [8], á ãç¥â®¬ ãá«®¢¨ï (10) ¯®«ãç¨¬ ¯à¨x<l2(t) ¨â¥£à «ì®¥ ãà ¢¥¨¥ ¤«ï áª®à®áâ¨ ç -áâ¨æ   ¯«®é ¤ª¥  £àã¦¥¨ïV (�0; �0) = v(x0; t0);V�(�0; �0) = � 12� �0Z�a(�0) d�0p�0 � �0�� �0Z�1(�0) f1(�0; �0) + kV�(�0; �0)=2p�0 � �0 d�0; (17)�. �. � £¤®¥¢, �. �. �  ªï 5



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 3. �. 3 { 9£¤¥ f1(�0; �0)=f(x0; t0). �¤¥ªá \¬¨ãá" ãª §ë¢ -¥â   â®, çâ® äãªæ¨ï ®¡à é ¥âáï ¢ ã«ì ¯à¨x>l2(t). � á«ãç ¥ ®¤®à®¤®© ¦¨¤ª®áâ¨ k=0 ¨§á®®â®è¥¨ï (17) ¯®«ãç ¥¬ á«¥¤ãîé¥¥ à¥è¥¨¥:V 0� = � 12� �0Z�a(�0) d�0p�0 � �0 �0Z�1(�0) f1(�0; �0)p�0 � �0 d�0: (18)� ¯à¨¡«¨¦¥¨¨ ¯¥à¢®£® ¯®àï¤ª  ®â®á¨â¥«ì® k¨§ ¨â¥£à «  (17) ¯®«ãç¨¬ § ¬ªãâ®¥ à¥è¥¨¥ ¤«ïv, ¯à¨ç¥¬ ¯®¤ § ª®¬ ¨â¥£à «  á«¥¤ã¥â ¯®«®¦¨âìV�(�0; �0)=V 0�(�0; �0), £¤¥ § ç¥¨¥ áª®à®áâ¨ ¢ ã-«¥¢®¬ ¯à¨¡«¨¦¥¨¨ ¤ ¥âáï ä®à¬ã«®©V�(�0; �0) � V 0�(�0; �0) == � 12� �0Z�a(�0) d�00p�0 � �00 �0Z�1(�00) f1(�00; �00)p�0 � �00 d�00: (19)�¤¥áì ®¡« áâì ¨â¥£à¨à®¢ ¨ï ®£à ¨ç¥  å à ª-â¥à¨áâ¨ª ¬¨ �00=�0, �00=�0, �00=�a(�0), £¤¥�a(�0) = at03 � l2(t03); �0 = at03 + l2(t003);�1(�00) = l1(t01) + at01; �00 = at01 � l1(t01):�®à¬ã«  (19) á¯à ¢¥¤«¨¢  ¤«ï â®ç¥ª ¨â¥£à¨à®-¢ ¨ï (�0; �0) ¢ (17), ¤«ï ª®â®àëå å à ªâ¥à¨áâ¨-ª  �00=�0 ¯¥à¥á¥ª ¥â ªà¨¢ãî x0= l2(t0), â. ¥. ¤«ï�0>�e= l2(�t)+c�t (á¬. à¨áã®ª). �«ï â®ç¥ª (�0; �0),¤«ï ª®â®àëå ®  ¯¥à¥á¥ç¥â ªà¨¢ãî x0= l1(t0) ¢®¡« áâ¨ x0<l2(�t), â. ¥. ¤«ï �0<�e, ¢ (19) ã¦® ¨-â¥£à¨à®¢ âì ¯® �00 ¢ ¯à¥¤¥« å �1(�0)<�00<�0, £¤¥�1(�0) = c�t3 � l1(�t3); �0 = c�t3 + l1(�t3):� ª¨¬ ®¡à §®¬, ä®à¬ã«  (17) ¤ ¥â ¤«ï ¯à®¨§¢®«ì-®© â®çª¨ (x; t),  å®¤ïé¥©áï ¯à ¢¥¥ å à ªâ¥à¨-áâ¨ª¨ AB, § ç¥¨¥ v�(x; t)=V�(�0; �0)   ãç áâª¥ £àã¦¥¨ï, ¯à¨ç¥¬ ¤«ï ¬ «ëå k § ç¥¨¥ áª®à®-áâ¨ ¯®¤ § ª®¬ ¨â¥£à «  V 0�(�0; �0) ®¯à¥¤¥«ï¥âáï¢ëà ¦¥¨¥¬ (19).�«ï x� l2(t) ¢®¢ì ¨¬¥¥â ¬¥áâ® á®®â®è¥-¨¥ (17), ª®â®à®¥ ¬®¦® ã¯à®áâ¨âì, ¯à¨¢¥¤ï ¯à¨x<l2(t) ª ¢¨¤ãv(x; t) = � 2�s l(t2) � x1 + _l2(t)=a�� xZl1(t01)(f�x0; t+ x0a � xa�++k2V 0�(�0; �0 + 2x0)) dx0px� x0 : (20)

�®«ãç¥®¥ à¥è¥¨¥ ¤ ¥â ¯à ¢¨«ìãî ª®à¥-¢ãî ®á®¡¥®áâì ¤«ï áª®à®áâ¨ ç áâ¨æ ¦¨¤ª®áâ¨  ¯«®é ¤ª¥ ª®â ªâ  â®«ìª® ¤«ï £à ¨ç®© äãªæ¨¨�1(x0; t0), £« ¤ª®© ¢ â®çª¥ x0= l2(t0). � á«ãç ¥ à §-àë¢®© ¯® ¯à®¨§¢®¤®© äãªæ¨¨ �1(x0; t0) ¢ â®ç-ª¥ x0= l2(t0) ¨â¥£à « (20) ¯à¨¢®¤¨â ª § ¢ëè¥®©®æ¥ª¥ á¨£ã«ïà®áâ¨ ¢ à á¯à¥¤¥«¥¨¨ áª®à®áâ¥©ç áâ¨æ ¯à¨ x= l2(t), ¯à¨ç¥¬ ®á®¡¥®áâì ¢ v(x; t)®¡ãá«®¢«¥  á« £ ¥¬ë¬ áf(x0; t0) = 1a2 @2�1@t02 � @2�1@x02 :�á«¨ ¨á¯®«ì§®¢ âì íâ® ¢ëà ¦¥¨¥ ¯à¨ ¢ëç¨á«¥¨¨áª®à®áâ¨, â® ¤«ï á« £ ¥¬®£® ¯à¨ ã«¥¢®© áâ¥¯¥¨k ¯®á«¥ ¨â¥£à¨à®¢ ¨ï ¯® ç áâï¬ ¯®«ãç ¥¬ á«¥-¤ãîé¥¥ ¢ëà ¦¥¨¥:v0(x; t) = � 1� ZZ �1(x0; t0)T 3=2 dx0dt0: (21)�«ï ¢ëç¨á«¥¨ï áª®à®áâ¨ ¢ â®çª å, ¡«¨§ª¨å ªªà î ¯«®é ¤ª¨  £àã¦¥¨ï x� l2(t), ¯®á«¥ ®¤®-ªà â®£® ¨â¥£à¨à®¢ ¨ï ¯®«ãç¨¬ ä®à¬ã«ãv0�(x0; t0) = 12�q1 + _l2(t)=apl2(t) � x �� xZl1(t01) �1(x0; t� x=a+ x0=a)(x � x0)3=2 dx0: (22)�®¦¨â¥«ì ¢¥ ¨â¥£à «  á®¤¥à¦¨â ª« áá¨ç¥áªãîª®à¥¢ãî á¨£ã«ïà®áâì. �â¬¥â¨¬, çâ® ¢ á«ãç ¥®â«¨ç®© ®â ã«ï äãªæ¨¨ �1(x0; t0)   ª®æ¥ ¨-â¥à¢ «  x= l2(t) ¨â¥£à « ¤ ¥â ¢ª« ¤ ¢ ã¢¥«¨ç¥-¨¥ á¨£ã«ïà®áâ¨. �«ï íâ®£® á«ãç ï  £àã¦¥¨ï¬®¦® ¯®«ãç¨âì á«¥¤ãîéãî ®æ¥ªã ¤«ï ¯®«ï áª®-à®áâ¥©:v0 = � 12� 1� _l22(t)=a2q1 + _l2(t)=a(l2(t)� x)3=2�� xZl1(t01) �1(x0; t� x=a+ x0=a) dx0px� x0 : (23)�à¨¢¥¤¥ë¥ ®æ¥ª¨ ®â®áïâáï â®«ìª® ª ¥§ ¢¨-áïé¥¬ã ®â ¯®ª § â¥«ï ¥®¤®à®¤®áâ¨ ¦¨¤ª®áâ¨¯¥à¢®¬ã á« £ ¥¬®¬ã, áâ®ïé¥¬ã ¢ ä¨£ãàëå áª®¡-ª å ¢ ®¡é¥¬ ¢ëà ¦¥¨¨ (20) ¤«ï áª®à®áâ¨ ¯®¤ ¯«®-é ¤ª®©  £àã¦¥¨ï. �â® ª á ¥âáï ¢â®à®£® á« -£ ¥¬®£®, á®®â¢¥âáâ¢ãîé¥£® ¯¥à¢®© áâ¥¯¥¨ k, â®¬®¦® ¯®ª § âì, çâ® ¢¡«¨§¨ x= l2(t) ¢ á«ãç ¥ £à -¨ç®£® ãá«®¢¨ï á ¥ã«¥¢ë¬ § ç¥¨¥¬ ¤ ¢«¥¨ï¢ ª®æ¥ ¨â¥à¢ «  ®® ¤ ¥â ®á®¡¥®áâì ¯®àï¤ª p�0 � �a(�0) �p�x + l2(t):6 �. �. � £¤®¥¢, �. �. �  ªï



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 3. �. 3 { 9� ª¨¬ ®¡à §®¬, ¢ áâ àè¨å ¯®àï¤ª å à §«®¦¥¨ïå à ªâ¥à á¨£ã«ïà®áâ¨ ¢ ¯®«¥ áª®à®áâ¥© ¢¡«¨§¨ªà ï ¯«®é ¤ª¨  £àã¦¥¨ï ¥ § ¢¨á¨â ®â k.�®«ãç¥ë¥ á®®â®è¥¨ï á¯à ¢¥¤«¨¢ë ¤«ï â¥åâ®ç¥ª (x; t), ¤«ï ª®â®àëå å à ªâ¥à¨áâ¨ª  �0=�0¯¥à¥á¥ª ¥â ¯à ¢ãî ¢¥â¢ì á¢¥àå§¢ãª®¢®© ç áâ¨ £à -¨ç®© ªà¨¢®© x0= l1(t0). �«ï â¥å ¦¥ â®ç¥ª, ¤«ï ª®-â®àëå ®  ¯¥à¥á¥ç¥â «¥¢ãî ¢¥â¢ì x0=�l1(t0), á«¥-¤ã¥â ¢ ãª § ëå á®®â®è¥¨ïå § ¬¥¨âì l1(t0)  �l1(t0) ¨ ¢®®¡é¥ áç¨â âì ¢® ¢á¥å, ¢ â®¬ ç¨á«¥ ¨¯®á«¥¤ãîé¨å ä®à¬ã« å, çâ® ¢ ª ç¥áâ¢¥ \¯¥à¥¤¥©ªà®¬ª¨" á«¥¤ã¥â ¡à âì x0=�l1(t0) [8].3. �������� ���������� ��� ����-�� ���������àã£®© ¢ ¦®© ä¨§¨ç¥áª®© å à ªâ¥à¨áâ¨ª®©¯à®æ¥áá  à á¯à®áâà ¥¨ï ¢®§¬ãé¥¨© ¢ ¥®¤®-à®¤®© ¦¨¤ª®áâ¨ ï¢«ï¥âáï ¤ ¢«¥¨¥ ¯®¤ ¦¥áâª¨¬íªà ®¬ ¢¥ ¯«®é ¤ª¨  £àã¦¥¨ï. �«ï â®£®, çâ®-¡ë  ©â¨   ãª § ®© ç áâ¨ £à ¨æë y=0 § -ç¥¨ï ¯®â¥æ¨ « , ¬®¦® ¯à¨¬¥¨âì ¬¥â®¤ á¢¥à-â®ª [4, 7]. �¢¥¤¥¬ ®¡®§ ç¥¨¥  =@�=@y ¨ ¯à¥¤-áâ ¢¨¬ ¤¢¥ ¨áª®¬ë¥ äãªæ¨¨ ¢ ¢¨¤¥� = �+(t; x) + ��(t; x); =  +(t; x) +  �(t; x):�¯à¥¤¥«¨¬ ¯à¥®¡à §®¢ ¨¥ � ¯« á  ¯® ¢à¥¬¥¨ tª ª �L(x; y; s) = 1Z0 e�st0�(x; y; t0)dt0:�ç¨âë¢ ï, çâ® ¢ ¯à¨ïâ®¬ ¯à¨¡«¨¦¥¨¨ ¤«ï ¨á-ª®¬®© äãªæ¨¨ �(x; y; t) á¯à ¢¥¤«¨¢® ª« áá¨ç¥áª®¥¢®«®¢®¥ ãà ¢¥¨¥ (7), ¤«ï ¯à¥®¡à §®¢ ®© ¯®� ¯« áã äãªæ¨¨ ¬®¦® ¨á¯®«ì§®¢ âì ¯à¥¤áâ ¢«¥-¨¥ �L = 1Z�1 e�i�1x�i�y�LF d�1;£¤¥ �LF { ¯à¥®¡à §®¢ ¨¥ �ãàì¥ ®â �L(x; 0; s) ¯®ª®®à¤¨ â¥ x. �à¨ íâ®¬ ¤«ï ¯ à ¬¥âà  � ¯®«ã-ç ¥¬ § ç¥¨¥ �= ips2=a2+�21. �  £à ¨æ¥ ¯®-«ã¯«®áª®áâ¨ ¨¬¥îâ ¬¥áâ® á®®â®è¥¨ï�LF = SLF LF ;SLF = � 1ps2=a2 + �21 : (24)

�á¯®«ì§ãï ¨§¢¥áâãî ä ªâ®à¨§ æ¨î äãªæ¨¨SLF =SLF+SLF� [7],SLF+ = 1ps=a � i�1 ;SLF� = � 1ps=a+ i�1 ; (25)¨ ¢¢¥¤ï ¢á¯®¬®£ â¥«ìë¥ äãªæ¨¨ PLF�=1=SLF�,¬®¦®,   «®£¨ç® [4, 7], ¯®«ãç¨âì à¥è¥¨ï ¤«ï¯®â¥æ¨ «  ¢¥ ¯«®é ¤ª¨  £àã¦¥¨ï ¨ áª®à®áâ¨¢ãâà¨ ¥¥:�+ = S+ �� f(S� �� + � P+ ����)��H(x� l2)g; � = �P� �� f(S� �� + � P+ ����)��H(l2 � x)g; (26)£¤¥ H(x) { ¥¤¨¨ç ï äãªæ¨ï �¥¢¨á ©¤ ; l2 == l2(t). �¢¥§¤®çª¨ ®¡®§ ç îâ á¢¥àâª¨ ¯® x0, t0.�¤¥áì ��=�1(t; x) ¨  +(t; x) § ¤ îâáï £à ¨çë-¬¨ ãá«®¢¨ï¬¨ (6), ¯à¨ç¥¬  +=�k�+=2, £¤¥ �+¯®¤«¥¦¨â ®¯à¥¤¥«¥¨î. �à¨ íâ®¬ ¯¥à¢®¥ à ¢¥-áâ¢® (26) ¤ ¥â ¨â¥£à «ì®¥ ãà ¢¥¨¥ ¤«ï ®¯à¥-¤¥«¥¨ï�+(t; x) = � a2�k ZZ �+(t0; x0)pT dx0dt0��S+ �� f(P+ �� ��)H(x� l2)g: (27)�« £ ¥¬®¥ ¢¥ ¨â¥£à « , ª®â®à®¥ ¢ ¤ «ì¥©è¥¬¡ã¤¥¬ ®¡®§ ç âì ª ª �1+(t; x), ï¢«ï¥âáï, ¯®-áãâ¨,ã«¥¢ë¬ ¯à¨¡«¨¦¥¨¥¬ à¥è¥¨ï, ¥§ ¢¨áïé¨¬ ®â¯®ª § â¥«ï ¥®¤®à®¤®áâ¨ k. � á®®â¢¥âáâ¢¨¨ á¯à®æ¥¤ãà®© ¬¥â®¤  ¯®á«¥¤®¢ â¥«ìëå ¯à¨¡«¨¦¥-¨© § ç¥¨¥ ¯®â¥æ¨ «  ¢¥ ¯«®é ¤ª¨  £àã¦¥-¨ï ¯®«ãç¨¬, § ¬¥¨¢ ¢ ¯®¤ëâ¥£à «ì®¬ ¢ëà -¦¥¨¨ ä®à¬ã«ë (27) �+(t0; x0)   �1+(t0; x0). �ãª-æ¨¨ S+, P+ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥ë ¨§ ¢ëà ¦¥-¨© (25) ¢ à¥§ã«ìâ â¥ ¯à¨¬¥¥¨ï ®¡à âëå ¯à¥-®¡à §®¢ ¨© ¯® � ¯« áã ¨ �ãàì¥ [7]:S+(t; x) = �H(x) �(t� x=a)p�px ;P+(t; x) = 12p� �(t� x=a)H(x)x�3=2: (28)� áá¬®âà¨¬ ¯®«ãç¥®¥ ®¡é¥¥ à¥è¥¨¥ ¤«ïç áâ®£® á«ãç ï á®áà¥¤®â®ç¥®©  £àã§ª¨, ª®£¤ �1 = �0� = ��(x� �)H(t � � ): (29)�. �. � £¤®¥¢, �. �. �  ªï 7



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 3. �. 3 { 9�â® ¤ ¥â ¢®§¬®¦®áâì ¯®«ãç¨âì ¡®«¥¥ ã¤®¡®¥ ¢ë-à ¦¥¨¥ ¤«ï �1+(t; x). � íâ®¬ ç áâ®¬ á«ãç ¥ ¤«ï¢ãâà¥¥© á¢¥àâª¨ ¢® ¢â®à®¬ á« £ ¥¬®¬ ¢ á®®â-®è¥¨¨ (27) ¨¬¥¥¬P+ �� �0� = � 12p� H(x� �)(x� �)3=2��H�t� � � xa + �a�: (30)�à¨ íâ®¬ ¯®â¥æ¨ « ¯®¤ ¦¥áâª¨¬ íªà ®¬ ¤«ï ®¤-®à®¤®© ¦¨¤ª®áâ¨ ®¯à¥¤¥«ï¥âáï ¨â¥£à «®¬�10+ = � 12� 1Z�1 H(x0)H(x� x0 � �)px0 ��H(t � � � x=a+ �=a)(x� x0 � �)3=2 ��Hfx� x0 � l2(t� x0=a)gdx0:�®á«¥ ¯à¥®¡à §®¢ ¨© ¤«ï ¨áª®¬®© äãªæ¨¨  å®-¤¨¬ ï¢®¥ ¢ëà ¦¥¨¥�10+=� 1� H(t���x=a+�=a)x�� px�l2(t0)pl2(t0)�� : (31)�«ï ¯à®¨§¢®«ì®© £à ¨ç®© äãªæ¨¨��=�1(t; x), ¯®«ì§ãïáì [4], ¯®«ãç ¥¬ ¨â¥-£à «ì®¥ ¯à¥¤áâ ¢«¥¨¥�1+(t; x) = px� l2(t0)�pa �� tZ0 �1f�; x� (t � � )ag d�pt0 � � (t� � ) ; (32)£¤¥ ãçâ¥® á®®â®è¥¨¥, á¯à ¢¥¤«¨¢®¥   å à ª-â¥à¨áâ¨ª¥l2(t0)� x+ a(t � � ) = a(t0 � � ): (33)� ª¨¬ ®¡à §®¬, ¤«ï ®¡à é îé¥©áï ¢ ã«ì äãª-æ¨¨ �1(t; x) ¢ â®çª¥ x= l2(t) ¯®«ãç ¥¬ ¨§¢¥áâ®¥¯®¢¥¤¥¨¥ �1+(t; x) ¢¡«¨§¨ x= l2(t) ¯à¨ ¯®¤å®¤¥ ªâ®çª¥ á® áâ®à®ë íªà ¨à®¢ ®© ¯®¢¥àå®áâ¨.�¤ ª® ¤«ï ç áâ®£® á«ãç ï à ¢®¬¥à®£® à á¯à¥-¤¥«¥¨ï ¤ ¢«¥¨ï ¯® ¯®¢¥àå®áâ¨ �1=const ¨§ (32) å®¤¨¬ �1+(t; x) = 2��1arctgr t0t� t0 ; (34)®âªã¤  ¯à¨ x� l2(t), t= t0 á«¥¤ã¥â �1+(t; x)=�1.

�«ï ¥®¤®à®¤®© ¦¨¤ª®áâ¨ ¢ ¯¥à¢®¬ ¯®àï¤ª¥®â®á¨â¥«ì® k ¨§ á®®â®è¥¨© (27) ¨ (32) á«¥¤ã¥â�+(t; x) = �1+(t; x)�� k4� �0Z�a(�0) d�0p�0 � �0 �0Z�1(�0) �1+(t0; x0)p�0 � �0 d�0; (35)£¤¥ �1+(t; x) § ¤ ¥âáï ä®à¬ã«®© (32). �â¥£à¨à®-¢ ¨¥ ¢® ¢â®à®¬ á« £ ¥¬®¬ ¯à ¢®© ç áâ¨ ¢ë¡à ®¯® ®¡« áâ¨ s0 (á¬. à¨áã®ª), ¯®áª®«ìªã, á®£« á®á®®â®è¥¨î (9), ¢ ®¤®à®¤®© ¦¨¤ª®áâ¨, à¥è¥-¨¥ ¤«ï ª®â®à®© á«¥¤ã¥â ¯®¤áâ ¢¨âì ¢ ¨â¥£à «,á¯à ¢¥¤«¨¢® v0(t; x)=0 ¯à¨ x>l2(t) ¨v � @�@y ;v0(t; x) = � a�� 1a2 @2@t2 � @2@x2��� ZZ �(t0; x0)pT dx0dt0: (36)�â® ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì á®®â®è¥¨¥ (15) ¤«ïã¯à®é¥¨ï ¢ëç¨á«¥¨ï ¨â¥£à «®¢.� ª ¢¨¤® ¨§ ä®à¬ã«ë (35), ¤«ï x� l2(t) ¯®-«ãç ¥¬ ¨§¢¥áâë© å à ªâ¥à ¯®¢¥¤¥¨ï ¢¡«¨§¨ªà ï: �+(t; x)�px�l2(t). �«ï x� l2(t) ¢ á«ãç ¥�1=const ¯¥à¢®¥ á« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ ä®à-¬ã«ë (35) à ¢® �1,   ¢â®à®¥ {�k��1p�0 + �1(�0)q�0 � �a(�0):� ª¨¬ ®¡à §®¬, ¢ íâ®¬ á«ãç ¥ ¥®¤®à®¤®áâì¦¨¤ª®áâ¨ ¥ ¢«¨ï¥â   à á¯à¥¤¥«¥¨¥ ¯®â¥æ¨- «  ¢¡«¨§¨ ªà ï ¯«®é ¤ª¨  £àã¦¥¨ï. � á«ã-ç ¥ �1=Bft�F (x)g ¢ ¢ëà ¦¥¨¨ (32) ®á®¡¥®áâì¯à¨ x= l2(t), t0� t ¬®¦¥â ¤ âì â®«ìª® § ç¥¨¥� � t. �¡«¨§¨ ¢¥àå¥£® ¯à¥¤¥«  ¨â¥£à¨à®¢ ¨ï¨¬¥¥â ¬¥áâ® á®®â®è¥¨¥� � Ffl2(t)� (t� � )ag � _Ffl2(t)gfa� _l2(t)g(t � � ):�«¥¤®¢ â¥«ì®, ¨â¥£à « ¢ ¯à¥¤áâ ¢«¥¨¨ (32)¡ã¤¥â áå®¤ïé¨¬áï,   § ç¨â �1+(t; x)�px�l2(t).�®ç® â ª ¦¥, ¬®¦® ¯®ª § âì, çâ® á« £ ¥¬®¥ ák ¢ ¢ëà ¦¥¨¨ (35) ¨¬¥¥â ¯®àï¤®ª px�l2(t), ¯®-áª®«ìªã ¨â¥£à « ¯® �0 ª®¥ç¥. �âáî¤  ¢¨¤®,çâ® ¢ ®â«¨ç¨¥ ®â ¯®¢¥¤¥¨ï v, ãª § ®£® ¢ ª®æ¥¯à¥¤ë¤ãé¥£® à §¤¥« , ¥®¤®à®¤®áâì áãé¥áâ¢¥-® ¢«¨ï¥â   ¯®¢¥¤¥¨¥ ¯®â¥æ¨ «  �+(t; x) ¢¡«¨§¨ªà ï ¯«®é ¤ª¨  £àã¦¥¨ï   ¯®¢¥àå®áâ¨.8 �. �. � £¤®¥¢, �. �. �  ªï
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