
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 1. �. 22 { 30��� 533.6.013.42������� �������������� ������ ������������� ������ ����� � �����������������������������. �. ���P�������ªà ¨­áª¨© âà ­á¯®àâ­ë© ã­¨¢¥àá¨â¥â, �¨¥¢�®«ãç¥­® 27.10.98 � �¥à¥á¬®âà¥­® 12.01.99� áá¬®âà¥­  ¯«®áª ï § ¤ ç  ¢¥àâ¨ª «ì­®£® ã¤ à  ® ¯®¢¥àå­®áâì á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ â¢¥à¤®£® âã¯®£® ª«¨­ , £à ­¨ª®â®à®£® ­ ª«®­¥­ë ª ­¥¢®§¬ãé¥­­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¯®¤ à §­ë¬¨ ã£« ¬¨. �¥è¥­¨¥ á¬¥è ­­®© ªà ¥¢®©§ ¤ ç¨ ­  ®á­®¢¥ ¬¥â®¤®¢ ¨­â¥£à «ì­ëå ¯à¥®¡à §®¢ ­¨© � ¯« á  ¯® ¢à¥¬¥­¨, à §¤¥«¥­¨ï ¯¥à¥¬¥­­ëå, à §«®¦¥­¨ï¢ àï¤ë �ãàì¥ ¯® ª®á¨­ãá ¬ ¨ á¨­ãá ¬ á¢¥¤¥­® ª à¥è¥­¨î ¡¥áª®­¥ç­®© á¨áâ¥¬ë «¨­¥©­ëå ¨­â¥£à «ì­ëå ãà ¢­¥­¨©�®«ìâ¥àà  ¢â®à®£® à®¤  ®â­®á¨â¥«ì­® ª®íää¨æ¨¥­â®¢ à §«®¦¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ¢ àï¤ �ãàì¥. �ç¨á«¥­­®¬ ¯à¨¬¥à¥ ¤«ï ¯®£àã¦ îé¨åáï ª«¨­ì¥¢ à §«¨ç­®© ¬ ááë á à §«¨ç­ë¬¨ ã£« ¬¨ ª¨«¥¢ â®áâ¨ ¯à¨¢¥¤¥­ë§ ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨ £¨¤à®¤¨­ ¬¨ç¥áª®© á¨«ë, ¬®¬¥­â  à¥ ªæ¨¨, ã£«   á¨¬¬¥âà¨¨ ¨ ç¨á¥« � å  £à ­¥© ª«¨­ .�®§£«ï­ãâ® ¯«®áªã § ¤ çã ¢¥àâ¨ª «ì­®£® ã¤ àã ®¡ ¯®¢¥àå­î áâ¨á«¨¢®ù à÷¤¨­¨ â¢¥à¤®£® âã¯®£® ª«¨­ , £à ­÷ ïª®£®­ å¨«¥­÷ ¤® ­¥§¡ãà¥­®ù ¯®¢¥àå­÷ à÷¤¨­¨ ¯÷¤ à÷§­¨¬¨ ªãâ ¬¨. �®§¢'ï§®ª §¬÷è ­®ù ªà ©®¢®ù § ¤ ç÷ ­  ®á­®¢÷ ¬¥â®¤÷¢÷­â¥£à «ì­¨å ¯¥à¥â¢®à¥­ì � ¯« á  ¯® ç áã, à®§¤÷«¥­­ï §¬÷­­¨å, à®§ª« ¤ã ¢ àï¤¨ �ãà'õ ¯® ª®á¨­ãá ¬ ÷ á¨­ãá ¬ §¢¥-¤¥­® ¤® à®§¢'ï§ªã ­¥áª÷­ç¥­­®ù á¨áâ¥¬¨ «÷­÷©­¨å ÷­â¥£à «ì­¨å à÷¢­ï­ì �®«ìâ¥àà  ¤àã£®£® à®¤ã ¢÷¤­®á­® ª®¥ä÷æ÷õ­â÷¢à®§ª« ¤ã £÷¤à®¤¨­ ¬÷ç­®£® â¨áªã ¢ àï¤ �ãà'õ. � ç¨á¥«ì­®¬ã ¯à¨ª« ¤÷ ¤«ï ª«¨­÷¢ à÷§­®ù ¬ á¨, é® § ­ãàîîâìáï §à÷§­¨¬¨ ªãâ ¬¨ ª÷«¥¢ â®áâ÷, ­ ¢¥¤¥­® § «¥¦­®áâ÷ ¢÷¤ ç áã £÷¤à®¤¨­ ¬÷ç­®ù á¨«¨, ¬®¬¥­â  à¥ ªæ÷ù, ªãâ   á¨¬¥âà÷ù â ç¨á¥« � å  £à ­¥© ª«¨­ .Planar problem of vertical collision with compressible 
uid of a rigid obtuse wedge with sides having di�erent inclinationto undisturbed surface of 
uid is under consideration. By techniques of Laplas integral transform with respect to time,decoupling of variables, cosine and sine Fourier transform the solution of mixed boundary problem has been reduced tosolution of in�nite system of Volterra's linear integral equations of the second order with respect to coe�cients of Fourierdeconvolution for hydrodynamical pressure. In the numerical example for sumberging wedges with di�erent masses anddi�erent deadrise angles the time dependences of hydrodynamical force, moment of reaciton, angle of asymmetry andMach numbers of sides of the wedge are presented.���������®§­¨ª­ã¢ ¢ ¤¢ ¤æ âë¥ £®¤ë ­ è¥£® áâ®«¥-â¨ï, ¯à®¡«¥¬  ã¤ à­®£® ¢§ ¨¬®¤¥©áâ¢¨ï â¢¥à¤ëå¨ ã¯àã£¨å â¥« á ¦¨¤ª®áâìî ¨ ¢ ­ áâ®ïé¥¥ ¢à¥¬ï­¥ ¯®â¥àï«  á¢®¥©  ªâã «ì­®áâ¨. �¢¨¤¥â¥«ìáâ¢®¬¨­â¥à¥á  ª ¨áá«¥¤®¢ ­¨ï¬ ¢ íâ®© ®¡« áâ¨ á«ã¦¨â¯®ï¢«¥­¨¥ ¢ ¯®á«¥¤­¥¥ ¢à¥¬ï ¡®«ìè®£® ª®«¨ç¥áâ¢ ­ ãç­ëå âàã¤®¢, ¢ ç áâ­®áâ¨ [1{ 7], á¢ï§ ­­®¥ á ¨å¯à ªâ¨ç¥áª¨¬ ¯à¨¬¥­¥­¨¥¬ ¢ à §«¨ç­ëå ®âà á«ïå¯à®¬ëè«¥­­®áâ¨.� ¤ ­­®© áâ âì¥ à¥è ¥âáï ¯«®áª ï ­¥á¨¬¬¥-âà¨ç­ ï § ¤ ç  ¢¥àâ¨ª «ì­®£® ã¤ à  ® ¯®¢¥àå-­®áâì á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ â¢¥à¤®£® âã¯®£® ª«¨-­ , ª®£¤  ¥£® £à ­¨ ­ ª«®­¥­ë ª ­¥¢®§¬ãé¥­-­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¯®¤ à §­ë¬¨ ã£« ¬¨.�à¥¤¯®« £ ¥âáï ­¥¯à®­¨æ ¥¬®áâì ¯®¢¥àå­®áâ¨ â¥-«  ¤«ï ¦¨¤ª®áâ¨. �¨¤ª®áâì ¨¬¥¥â ¡¥áª®­¥ç­ãî£«ã¡¨­ã,   ¥¥ ¯®¢¥¤¥­¨¥ ®¯¨áë¢ ¥âáï ¢®«­®¢ë¬ãà ¢­¥­¨¥¬.�®à¬ã«¨àã¥âáï á¬¥è ­­ ï ­¥áâ æ¨®­ à­ ïªà ¥¢ ï § ¤ ç  á ¤¢¨¦ãé¥©áï ­¥¨§¢¥áâ­®© £à ­¨-æ¥©, à¥è¥­¨¥ ª®â®à®© ­  ®á­®¢¥ ¨á¯®«ì§®¢ ­¨ï ¬¥-â®¤®¢ ¨­â¥£à «ì­ëå ¯à¥®¡à §®¢ ­¨© � ¯« á  ¯®¢à¥¬¥­¨, à §¤¥«¥­¨ï ¯¥à¥¬¥­­ëå, à §«®¦¥­¨ï ¢
àï¤ë �ãàì¥ á¢®¤¨âáï ª à¥è¥­¨î ¡¥áª®­¥ç­®© á¨-áâ¥¬ë «¨­¥©­ëå ¨­â¥£à «ì­ëå ãà ¢­¥­¨© �®«ì-â¥àà  ¢â®à®£® à®¤  ®â­®á¨â¥«ì­® ª®íää¨æ¨¥­â®¢à §«®¦¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ¢ àï¤�ãàì¥, ­  ¡ §¥ ª®â®à®© ¢ë¯®«­¥­ë ª®­ªà¥â­ë¥à áç¥âë.� áá¬ âà¨¢ ¥¬ ï ªà ¥¢ ï § ¤ ç  ï¢«ï¥âáï ¢ ®¡-é¥¬ á«ãç ¥ ­¥«¨­¥©­®©, â ª ª ª ®¯à¥¤¥«ï¥¬ë¥ ¢ª ¦¤ë© ¬®¬¥­â ¢à¥¬¥­¨ £à ­¨æë ®¡« áâ¨ ª®­â ª-â  â¥«  á ¦¨¤ª®áâìî § ¢¨áïâ ®â ¨­â¥£à «ì­ëå å -à ªâ¥à¨áâ¨ª (á¨«ë à¥ ªæ¨¨ á® áâ®à®­ë ¦¨¤ª®áâ¨¨ ¬®¬¥­â  à¥ ªæ¨¨ ¢­¥è­¨å á¨«),   ®­¨ á«®¦­ë¬äã­ªæ¨®­ «ì­ë¬ ®¡à §®¬ ®¯à¥¤¥«ïîâáï ç¥à¥§ ¨á-ª®¬ë¥ ª®íää¨æ¨¥­âë àï¤  �ãàì¥.�¥è¥­¨¥ ­¥á¨¬¬¥âà¨ç­®© § ¤ ç¨ ï¢«ï¥âáï ¤ «ì-­¥©è¨¬ à §¢¨â¨¥¬ ç¨á«¥­­®- ­ «¨â¨ç¥áª®£® ¯®¤-å®¤  [8], á ¯®¬®éìî ª®â®à®£® à¥è¥­ àï¤ § ¤ ç ã¤ -à  ® á¦¨¬ ¥¬ãî ¦¨¤ª®áâì ¦¥áâª¨å â¥« ¨ â®­ª¨åã¯àã£¨å ®¡®«®ç¥ª, ¢ ç áâ­®áâ¨, ¤«ï ¯«®áª®£® á¨¬-¬¥âà¨ç­®£® á«ãç ï { ¢ [2, 9, 10], ¤«ï ®á¥á¨¬¬¥âà¨ç-­®£® á«ãç ï { ¢ [11{14].�«¥¤ã¥â ®â¬¥â¨âì, çâ®  ¢â®àã ¢ ­ áâ®ïé¨© ¬®-¬¥­â ­¥ ¨§¢¥áâ­ë ¤àã£¨¥ ¯ã¡«¨ª æ¨¨, á¢ï§ ­­ë¥ áà¥è¥­¨¥¬ ­¥á¨¬¬¥âà¨ç­ëå § ¤ ç ¢¥àâ¨ª «ì­®£®ã¤ à  § âã¯«¥­­ëå â¥« ® ¦¨¤ª®áâì, ªà®¬¥ à ¡®â22 c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 1. �. 22 { 30[15, 16], ¢ ª®â®àëå à¥è¥­  § ¤ ç  ® ¢¥àâ¨ª «ì­®¬¯®áâã¯ â¥«ì­®¬ ¯®£àã¦¥­¨¨ á ¯®áâ®ï­­®© áª®à®-áâìî ­¥á¨¬¬¥âà¨ç­®£® âã¯®£® ª«¨­ . � ¤ ­­®©¦¥ à ¡®â¥ § ¤ ç  à¥è¥­  á ¨§¬¥­ïîé¥©áï áª®à®-áâìî ¯®£àã¦¥­¨ï ª«¨­ ,   ¢ ¥£® ¤¢¨¦¥­¨¨ ªà®¬¥¯®áâã¯ â¥«ì­®£® ¯¥à¥¬¥é¥­¨ï ¢¥àâ¨ª «ì­® ¢­¨§ãç¨âë¢ ¥âáï ¢à é¥­¨¥ ª«¨­  ¢®ªàã£ ¥£® æ¥­âà ¬ áá, ¢á«¥¤áâ¢¨¥ ç¥£® ¨§¬¥­ïîâáï ã£«ë ª¨«¥¢ â®-áâ¨ £à ­¥© ª«¨­ .1. ���������� �������¥áª®­¥ç­®-¯à®âï¦¥­­ë© â¢¥à¤ë© âã¯®© ª«¨­á ã£«®¬ à áâ¢®à  2
, ¤¢¨£ ïáì ¯¥à¯¥­¤¨ªã«ïà­®¯®¢¥àå­®áâ¨ ¯®ª®ïé¥©áï ¦¨¤ª®áâ¨, ¢ ­¥ª®â®àë©¬®¬¥­â t=0 ¤®áâ¨£ ¥â íâ®© ¯®¢¥àå­®áâ¨ ¨ ­ ç¨-­ ¥â ¯®£àã¦ âìáï ¢ ¦¨¤ª®áâì á® áª®à®áâìî v0(t),¯à¨ç¥¬ ­ ç «ì­®¥ §­ ç¥­¨¥ áª®à®áâ¨ ¯®£àã¦¥­¨ïv0=v0(0). �¨¤ª®áâì ¯à¥¤¯®« £ ¥âáï ­¥¢¥á®¬®©,¡ à®âà®¯­®©, ¨¤¥ «ì­®© á¦¨¬ ¥¬®©. �ç¨â ¥¬,çâ® ®¡à §ãîé ï ¯®¢¥àå­®áâ¨ ª«¨­  ¢ ¯à®æ¥áá¥¢§ ¨¬®¤¥©áâ¢¨ï â¥«  á ¦¨¤ª®áâìî ®áâ ¥âáï ¯ à «-«¥«ì­®© ¯¥à¢®­ ç «ì­® ­¥¢®§¬ãé¥­­®© ¯®¢¥àå­®-áâ¨ ¦¨¤ª®áâ¨, £à ­¨ ª«¨­  ­ ª«®­¥­ë ª ¯®¢¥àå­®-áâ¨ ¦¨¤ª®áâ¨ ¯®¤ à §«¨ç­ë¬¨ ã£« ¬¨ ª¨«¥¢ â®-áâ¨ �1(t) ¨ �2(t), £¤¥ �1(t)+2
+�2(t)=180�, ¢á«¥¤-áâ¢¨¥ ç¥£® ®¡â¥ª ­¨¥ ª«¨­  ¦¨¤ª®áâìî ¯à¨ ¯®£àã-¦¥­¨¨ ­®á¨â ­¥á¨¬¬¥âà¨ç­ë© å à ªâ¥à,   ¤¢¨-¦¥­¨¥ ª«¨­  ¡ã¤¥â á®áâ®ïâì ¨§ ¯®áâã¯ â¥«ì­®£®¢¥àâ¨ª «ì­®£® ¯¥à¥¬¥é¥­¨ï ¢­¨§ ¨ ¢à é â¥«ì­®-£® ¤¢¨¦¥­¨ï ®ª®«® æ¥­âà  ¬ áá.�¢¥¤¥¬ ¢ ¯®«ã¯à®áâà ­áâ¢¥, § ­¨¬ ¥¬®¬¦¨¤ª®-áâìî, ¤¥ª àâ®¢ã ¯àï¬®ã£®«ì­ãî á¨áâ¥¬ã ª®®à¤¨-­ â Oxyz: ®á¨ Ox ¨ Oy ­ ¯à ¢¨¬ ¯® ­¥¢®§¬ãé¥­-­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨, ¯à¨ç¥¬ ®áì Oy { ¯ -à ««¥«ì­® ®¡à §ãîé¥© ¯®¢¥àå­®áâ¨ â¥« , ®áì Oz {¢£«ã¡ì ¦¨¤ª®áâ¨; â ª¨¬ ®¡à §®¬, ­¥¢®§¬ãé¥­-­ ï ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨ á®¢¯ ¤¥â á ¯«®áª®áâìîz=0. � ª ª ª £¨¤à®¤¨­ ¬¨ç¥áª ï ª àâ¨­  ¯à®æ¥á-á  ¯®£àã¦¥­¨ï ¢ ¦¨¤ª®áâì ª«¨­  ¢ ¯à®¨§¢®«ì­®¬¯®¯¥à¥ç­®¬ ¥£® á¥ç¥­¨¨ ¯®¢â®àï¥âáï, ¤®áâ â®ç­®®£à ­¨ç¨âìáï à áá¬®âà¥­¨¥¬ ¤¢¨¦¥­¨ï ¢ ®¤­®¬ ¨§á¥ç¥­¨© { ¢ ¯«®áª®áâ¨ xOz. �ã¤¥¬ à áá¬ âà¨¢ âìª«¨­ ®£à ­¨ç¥­­ë¬ á¢¥àåã ¯«®áª®áâìî, ¯¥à¯¥­¤¨-ªã«ïà­®© ª ¡¨áá¥ªâà¨á¥ ã£«  à áâ¢®à . �®£¤  á¥-ç¥­¨¥¬ ¯®£àã¦ îé¥£®áï ¢ ¦¨¤ª®áâì ª«¨­  ¢ ¯«®á-ª®áâ¨ xOz ï¢«ï¥âáï à ¢­®¡¥¤à¥­­ë© âà¥ã£®«ì­¨ªá âã¯ë¬ ã£«®¬ 2
 ¯à¨ ¢¥àè¨­¥ ª«¨­ . �«®áª®áâì,á¢¥àåã ®£à ­¨ç¨¢ îé ï ª«¨­, ¯®¤¡¨à ¥âáï ¨áå®¤ï¨§ £¥®¬¥âà¨ç¥áª¨å á¢®©áâ¢ ¤ ­­®£® âà¥ã£®«ì­¨ª ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà  r, ¢¥«¨ç¨­  ª®â®à®£®®¯à¥¤¥«ï¥âáï ­¨¦¥.�à¥¤¯®«®¦¨¬, çâ® ¯®£®­­ ï ¯«®â­®áâì ¬ â¥à¨- «  ª«¨­  ¥áâì äã­ªæ¨ï ª®®à¤¨­ â ¯®¯¥à¥ç­®£®

�¨á. 1. �å¥¬  ­¥á¨¬¬¥âà¨ç­®£® ã¤ à âã¯®£® ª«¨­  ® ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨á¥ç¥­¨ï ª«¨­ , á¨¬¬¥âà¨ç­ ï ®â­®á¨â¥«ì­® ¡¨á-á¥ªâà¨áë ã£«  à áâ¢®à , â®£¤  æ¥­âà ¬ áá á¥ç¥-­¨ï ª«¨­  O0 ¡ã¤¥â ­ å®¤¨âìáï ­  íâ®© ¡¨áá¥ªâà¨-á¥. �¢ï¦¥¬ ¯®¯¥à¥ç­®¥ á¥ç¥­¨¥ ª«¨­  á ¯®¤¢¨¦-­®© ¤¥ª àâ®¢®© ¯àï¬®ã£®«ì­®© á¨áâ¥¬®© ª®®à¤¨-­ â O0x0z0 : à á¯®«®¦¨¬ O0 ­  ®á¨ Oz, ­  à ááâ®ï-­¨¨ r ®â ¢¥àè¨­ë ª«¨­ , ®áì O0x0 ­ ¯à ¢¨¬ ¯ à «-«¥«ì­® ®á­®¢ ­¨î à ¢­®¡¥¤à¥­­®£® âà¥ã£®«ì­¨ª ,®áì O0z0 { ¯® ¡¨áá¥ªâà¨á¥ ã£«  à áâ¢®à  (à¨á. 1).�á«¨ ®¡®§­ ç¨âì ç¥à¥§  (t) ã£®« ¬¥¦¤ã ¯®«®¦¨-â¥«ì­ë¬¨ ­ ¯à ¢«¥­¨ï¬¨ ®á¥© Oz ¨ O0z0 (­ §®¢¥¬¥£® ã£«®¬  á¨¬¬¥âà¨¨), ¯à¨ç¥¬ ¢ ­ ç «ì­ë© ¬®-¬¥­â ã¤ à  íâ®â ã£®« à ¢¥­  0, ­ ç «ì­ ï ã£«®¢ ïáª®à®áâì â¥«  à ¢­  _ 0, â® ¢ á¨áâ¥¬¥ Oxz ¤¥ª à-â®¢ë ª®®à¤¨­ âë æ¥­âà  ¬ áá O0(x0; z0),   â ª¦¥ã£«ë ª¨«¥¢ â®áâ¨ �1(t), �2(t) ¨ ç¨á«  � å  M1(t),M2(t) £à ­¥© ª«¨­  ¢ ¯à®¨§¢®«ì­ë© ¬®¬¥­â ¢à¥-¬¥­¨ t ®¯à¥¤¥«ïîâáï ä®à¬ã« ¬¨x0 = 0;z0 = z� � r cos 0;�1(t) = 90� � 
 +  (t);�2(t) = 90� � 
 �  (t);M1(t) = 1tg �1(t) v0(t)C ;M2(t) = 1tg �2(t) v0(t)C : (1)�¤¥áì C { áª®à®áâì §¢ãª  ¢ ¦¨¤ª®áâ¨; z� { ¯ãâì,¯à®©¤¥­­ë© æ¥­âà®¬ ¬ áá §  ¢à¥¬ï t ¯à¨ ¯®áâã-¯ â¥«ì­®¬ ¥£® ¤¢¨¦¥­¨¨ ¢¥àâ¨ª «ì­® ¢­¨§ ¯® ®á¨Oz á® áª®à®áâìî v0(t):z� = tZ0 v0(� )d�: (2)�à ­¨æë ®¡« áâ¨ ª®­â ªâ  â¥«  á ¦¨¤ª®áâìî ¢¯à®¨§¢®«ì­ë© ¬®¬¥­â ¢à¥¬¥­¨ ®¯à¥¤¥«ïîâáï â®ç-�. �. � ¢à¨«¥­ª® 23



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 1. �. 22 { 30ª ¬¨ x�1 ¨ x�2 ¯¥à¥á¥ç¥­¨ï ¥£® ª®­âãà , â. ¥. £à ­¥©ª«¨­ , á ®áìî Ox ¯® ä®à¬ã« ¬x�1 = �r + z0(ctg
 sin � cos )ctg
 cos + sin ;x�2 = r + z0(ctg
 sin + cos )ctg
 cos � sin : (3)�áá«¥¤ã¥âáï à ­­¨© íâ ¯ ¯à®æ¥áá  ã¤ à­®£® ¢§ -¨¬®¤¥©áâ¢¨ï â¢¥à¤®£® â¥«  á ¦¨¤ª®áâìî, ®â¢¥-ç îé¨© á«¥¤ãîé¨¬ ®£à ­¨ç¥­¨ï¬: à áá¬ âà¨¢ -¥¬ë¥ áª®à®áâ¨ ¯®£àã¦¥­¨ï â¥«  ¬ «ë ¯® áà ¢-­¥­¨î á® áª®à®áâìî §¢ãª  ¢ ¦¨¤ª®áâ¨ C, â. ¥.v0=C�1,   £«ã¡¨­ë ¯®£àã¦¥­¨ï â¥«  ¢ ¦¨¤ª®áâì¬ «ë ¯® áà ¢­¥­¨î á ¥£® «¨­¥©­ë¬¨ à §¬¥à ¬¨,â. ¥. z�=R�1, £¤¥ R - å à ªâ¥à­ë© «¨­¥©­ë© à §-¬¥à ¯®¯¥à¥ç­®£® á¥ç¥­¨ï ª«¨­ .� âã¯«¥­­®áâì â¥«  ¨ ¬ «ë¥ £«ã¡¨­ë ¯®£àã¦¥-­¨ï ¤ îâ ¢®§¬®¦­®áâì ®â®¦¤¥áâ¢¨âì «¨­¥©­ë¥ª®®à¤¨­ âë ¢¤®«ì ¯®¢¥àå­®áâ¥© ¦¨¤ª®áâ¨ ¨ â¥« ,«¨­¥ à¨§®¢ âì £à ­¨ç­ë¥ ãá«®¢¨ï ¨ á­¥áâ¨ ¨å ­ ­¥¢®§¬ãé¥­­ãî ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨ z=0.�¢¥¤¥¬ ¡¥§à §¬¥à­ë¥ ¯¥à¥¬¥­­ë¥�t = CtR ; �x = xR ; �z = zR ;�V = VC ; �' = 'CR ; �p = p�C2 ;�F = F�C2R ; �M = M�C2R2 ; (4)£¤¥ � { ¯«®â­®áâì ¦¨¤ª®áâ¨, p { ¤ ¢«¥­¨¥, V { áª®-à®áâì, F { á¨«  à¥ ªæ¨¨ ¦¨¤ª®áâ¨, M { ¬®¬¥­âà¥ ªæ¨¨ ¢­¥è­¨å á¨«, ' { ¢®«­®¢®© ¯®â¥­æ¨ «.� ª ª ª ¢ ¤ «ì­¥©è¥¬ ¡ã¤ãâ ¨á¯®«ì§®¢ âìáï â®«ì-ª® ¡¥§à §¬¥à­ë¥ ¯¥à¥¬¥­­ë¥, ç¥àâ®çª  ­ ¤ ­¨¬¨®¯ãáª ¥âáï.�®â¥­æ¨ « ¦¨¤ª®áâ¨ ã¤®¢«¥â¢®àï¥â ¢®«­®¢®¬ããà ¢­¥­¨î @2'@x2 + @2'@z2 � @2'@t2 = 0: (5)�ª®à®áâì ¤¥ä®à¬¨à®¢ ­¨ï ¯®¢¥àå­®áâ¨ ¦¨¤ª®-áâ¨ V (t; x) ¨ £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ p(t; x)®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã« ¬V (t; x) = @'@z ����z=0 ; (6)p(t; x) = � @'@t ����z=0 : (7)�ä®à¬ã«¨àã¥¬ £à ­¨ç­ë¥ ãá«®¢¨ï.

� ®¡« áâ¨ ª®­â ªâ  ¦¨¤ª®áâ¨ á â¥«®¬ ¥£®¯®¢¥àå­®áâì ¯à¥¤¯®« £ ¥âáï ­¥¯à®­¨æ ¥¬®© ¤«ï¦¨¤ª®áâ¨:@'@z ����z=0 = v0(t); x�1 < x < x�2: (8)�  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¤®«¦­® ¢ë-¯®«­ïâìáï ¤¨­ ¬¨ç¥áª®¥ ãá«®¢¨¥: ¤ ¢«¥­¨¥ ­  ­¥©¯®áâ®ï­­® ¨ ¤«ï ¯à®áâ®âë áç¨â ¥¬ ¥£® à ¢­ë¬ ­ã-«î, �@'@t ����z=0 = 0; (x < x�1)[(x > x�2): (9)�®§¬ãé¥­¨ï, ¢ë§¢ ­­ë¥ ¢ ¦¨¤ª®áâ¨ â¥«®¬, ­ ¡¥áª®­¥ç­®áâ¨ § âãå îâ:'! 0; x2 + z2 !1; (10)� ª ª ª ¤® ­ ç «  ¢§ ¨¬®¤¥©áâ¢¨ï â¥«  á ¦¨¤ª®-áâìî ¯®á«¥¤­ïï ¯®ª®¨« áì, â® ¡ã¤¥¬ ¨¬¥âì ­ã«¥¢ë¥­ ç «ì­ë¥ ãá«®¢¨ï:'jt=0 = @'@t ����t=0 = 0: (11)�¢¨¦¥­¨¥ â¥«  ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ á ¦¨¤ª®-áâìî á®áâ®¨â ¨§ ¢¥àâ¨ª «ì­®£® ¯®áâã¯ â¥«ì­®£®¯¥à¥¬¥é¥­¨ï ¨ ¢à é¥­¨ï ®ª®«® æ¥­âà  ¬ áá.�¥àâ¨ª «ì­®¥ ¤¢¨¦¥­¨¥ â¥«  ¢ ¦¨¤ª®áâ¨ ®¯à¥-¤¥«ï¥âáï á®£« á­® ¢â®à®£® § ª®­  �ìîâ®­ � _v0(t) = �F (t); v0(0) = v0; (12)£¤¥ � { ¯®£®­­ ï ¬ áá  â¥« , ®â­¥á¥­­ ï ª �R2;F (t) { £¨¤à®¤¨­ ¬¨ç¥áª ï á¨«  á®¯à®â¨¢«¥­¨ï ¯®-£àã¦¥­¨î â¥«  á® áâ®à®­ë ¦¨¤ª®áâ¨, ª®â®à ï ¢«¨­¥ à¨§®¢ ­­®¬ á«ãç ¥ ®¯à¥¤¥«ï¥âáï ª ª ¨­â¥-£à « ®â ¤ ¢«¥­¨ï, à á¯à¥¤¥«¥­­®£® ¯® ®¡« áâ¨ ª®­-â ªâ  â¥«  á ¦¨¤ª®áâìî:F (t) = x�2Zx�1 p(t; x) dx: (13)�à é â¥«ì­®¥ ¤¢¨¦¥­¨¥ ª«¨­  ¢®ªàã£ æ¥­âà ¬ áá ¥£® ¯®¯¥à¥ç­®£® á¥ç¥­¨ï ®¯à¥¤¥«ï¥âáï ãà ¢-­¥­¨¥¬ I0 � (t) = �M (t); (0) =  0; _ (0) = _ 0; (14)£¤¥ I0 { ¬®¬¥­â ¨­¥àæ¨¨ á¥ç¥­¨ï ª«¨­  ®â­®á¨-â¥«ì­® æ¥­âà  ¬ áá; M (t) { ¬®¬¥­â à¥ ªæ¨¨ ¢­¥è-­¨å á¨« ®â­®á¨â¥«ì­® æ¥­âà  ¬ áá, ®¯à¥¤¥«ï¥¬ë©¯® ä®à¬ã«¥ M (t) = x�2Zx�1 p(t; x)x dx: (15)24 �. �. � ¢à¨«¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 1. �. 22 { 30�ä®à¬ã«¨à®¢ ­­ ï ªà ¥¢ ï § ¤ ç  ¢ ®¡é¥¬ á«ã-ç ¥ ­¥«¨­¥©­ , â ª ª ª ¢ á®®â­®è¥­¨ïå (13), (15)£¨¤à®¤¨­ ¬¨ç¥áª ï á¨«  ¨ ¬®¬¥­â à¥ ªæ¨¨ á«®¦-­ë¬ äã­ªæ¨®­ «ì­ë¬ ®¡à §®¬ ®¯à¥¤¥«ïîâáï ç¥-à¥§ ¨áª®¬ë¥ ¢¥«¨ç¨­ë.�« ¢­®© æ¥«ìî ¯à¨ à á¬®âà¥­¨¨ ¤ ­­®© § ¤ -ç¨ ï¢«ï¥âáï ®¯à¥¤¥«¥­¨¥ ­  à ­­¥¬ íâ ¯¥ ¯à®æ¥á-á  ã¤ à­®£® ¢§ ¨¬®¤¥©áâ¢¨ï ª«¨­  á ¦¨¤ª®áâìî¨á¯ëâë¢ ¥¬ëå ¨¬ £¨¤à®¤¨­ ¬¨ç¥áª¨å ­ £àã§®ª.� ª ¯®ª §ë¢ îâ à áç¥âë, ¨áª®¬ë¥ £¨¤à®¤¨­ ¬¨-ç¥áª¨¥ ­ £àã§ª¨ ¤®áâ¨£ îâ á¢®¨å ¬ ªá¨¬ «ì­ëå§­ ç¥­¨© §  áâ®«ì ¬ «ë¥ á ­ ç «  ã¤ à  ¨ ¯®£àã-¦¥­¨ï ®âà¥§ª¨ ¢à¥¬¥­¨, çâ® á®¯ãâáâ¢ãîé¥¥ ¯®-£àã¦¥­¨î ï¢«¥­¨¥ ä®à¬¨à®¢ ­¨ï áâàã© ­  £à ­ïåª«¨­  ­¥ ãá¯¥¢ ¥â ¤®áâ â®ç­® à §¢¨âìáï ¨ ¥£® ¢«¨-ï­¨¥¬ ­  å®¤ ¯à®æ¥áá  ¯à¥­¥¡à¥£ ¥¬.�«¥¤ã¥â â ª¦¥ ®áâ ­®¢¨âìáï ­  ®æ¥­ª¥ ¯à¥¤¥«®¢¯à¨¬¥­¨¬®áâ¨ ¨á¯®«ì§ã¥¬®©  ªãáâ¨ç¥áª®© ¬®¤¥«¨¨ ¬¥â®¤  � £­¥à  á­¥á¥­¨ï «¨­¥ à¨§®¢ ­­ëå £à -­¨ç­ëå ãá«®¢¨© ­  ­¥¢®§¬ãé¥­­ãî ¯®¢¥àå­®áâì¦¨¤ª®áâ¨.�á¯®«ì§®¢ ­¨¥  ªãáâ¨ç¥áª®£® ¯à¨¡«¨¦¥­¨ï ¤«ï®¯¨á ­¨ï ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ ­ ª« ¤ë¢ ¥â ®£à -­¨ç¥­¨¥ ­  ¢¥«¨ç¨­ã áª®à®áâ¨ ¯®£àã¦¥­¨ï v0(t).�¬¥îâáï à §«¨ç­ë¥ ®æ¥­ª¨ ¯à¥¤¥«ì­ëå §­ ç¥-­¨© áª®à®áâ¨ ¯®£àã¦¥­¨ï. � ª, ¢ áâ âì¥ [17]¯®ª § ­®, çâ® ¯à¨ ¨á¯®«ì§®¢ ­¨¨  ªãáâ¨ç¥áª®£®¯à¨¡«¨¦¥­¨ï ¢ ¤¨ ¯ §®­¥ áª®à®áâ¥© ¯®£àã¦¥­¨ï0<v0(t)�200 ¬/á ¯®«ãç¥­ë à¥§ã«ìâ âë, á®¢¯ ¤ -îé¨¥ á íªá¯¥à¨¬¥­â «ì­ë¬¨.�¨­¥ à¨§ æ¨ï £à ­¨ç­ëå ãá«®¢¨© ¨ á­¥á¥­¨¥ ¨å,á®£« á­® â¥®à¨¨ � £­¥à , ­  ­¥¢®§¬ãé¥­­ãî ¯®-¢¥àå­®áâì ¦¨¤ª®áâ¨ ­ ª« ¤ë¢ ¥â ®£à ­¨ç¥­¨¥ ­ £«ã¡¨­ã ¯®£àã¦¥­¨ï z� ¨, á«¥¤®¢ â¥«ì­®, ­  ã£«ëª¨«¥¢ â®áâ¨ £à ­¥© ª«¨­ . � ¬®­®£à ä¨ïå [18, 19]®â¬¥ç ¥âáï, çâ® â¥®à¨ï � £­¥à  ¤®áâ â®ç­® å®-à®è® ®¯¨áë¢ ¥â ¯à®æ¥áá ¯®£àã¦¥­¨ï ¢ ¦¨¤ª®áâì§ âã¯«¥­­®£® â¥« , ã ª®â®à®£® ã£«ë ª¨«¥¢ â®áâ¨­¥ ¯à¥¢ëè îâ 30�, â. ¥. �1(t)�30�, �2(t)�30� .�âáî¤  á ãç¥â®¬ á®®â­®è¥­¨© (1) ¯®«ãç ¥¬ ®£à -­¨ç¥­¨¥ ¤«ï ã£«   á¨¬¬¥âà¨¨  (t)�
 � 60�.2. ����� ��������£à ­¨ç¨¢ ï à áá¬®âà¥­¨¥ ¯à®æ¥áá  ¬ «ë¬¨¢à¥¬¥­ ¬¨, ¡ã¤¥¬ ¨áª âì à¥è¥­¨¥ áä®à¬ã«¨à®¢ ­-­®© § ¤ ç¨ ¤«ï ¯®«ã¯®«®áë �l�x� l, z�0. �¥«¨-ç¨­  l ¢ë¡¨à ¥âáï ¨§ ãá«®¢¨ï, á®£« á­® ª®â®à®¬ã ¢â¥ç¥­¨¥ à áá¬ âà¨¢ ¥¬®£® ¢à¥¬¥­­®£® ¨­â¥à¢ « ®âà ¦¥­­ë¥ ®â ¡®ª®¢ëå £à ­¥© ¯®«ã¯®«®áë ¢®«-­ë ­¥ ¤®áâ¨£ îâ ®¡« áâ¨ ª®­â ªâ . �¨¦¥ ¯®«®-¦¥­® l=�. �à ­¨ç­ë¥ ãá«®¢¨ï ­  ¡®ª®¢ëå £à ­ïå¯®«ã¯®«®áë ¢ë¡¨à îâáï ¨§ á®®¡à ¦¥­¨© ã¤®¡áâ¢ à §¤¥«¥­¨ï ¯¥à¥¬¥­­ëå.

� ¤ «ì­¥©è¥¬ ¯à¨ ¨á¯®«ì§®¢ ­¨¨ ¬¥â®¤  à §-«®¦¥­¨ï äã­ªæ¨© ¢ àï¤ë �ãàì¥ ¯® ª®á¨­ãá ¬ ¨á¨­ãá ¬ ¤«ï ã¤®¡áâ¢  § ¯¨á¨ ¡ã¤¥¬ ¯à¥¤áâ ¢«ïâìàï¤ �ãàì¥ ¢ ¢¨¤¥f(t; x) = 1Xn=0nf (1)n (t) cos nx+ f (2)n (t) sinnxo;f (1)n (t) = 1�kn �Z�� f(t; x) cosnx dx;f (2)n (t) = 1�kn �Z�� f(t; x) sinnx dx;kn = � 2; n = 0;1; n = 1;1;¯®« £ ï, çâ® ª®íää¨æ¨¥­â f (2)0 (t)�0.� áª« ¤ë¢ ¥¬ áª®à®áâì ¤¥ä®à¬¨à®¢ ­¨ï ¯®-¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ V (t; x) ¨ £¨¤à®¤¨­ ¬¨ç¥áª®¥¤ ¢«¥­¨¥ p(t; x) ¢ àï¤ë �ãàì¥ ¯® cos nx ¨ sinnx:V (t; x) = 1Xn=0nV (1)n (t) cos nx+ V (2)n (t) sinnxo; (16)p(t; x) = 1Xn=0np(1)n (t) cosnx+ p(2)n (t) sinnxo: (17)�à¨¬¥­ïï ª ãà ¢­¥­¨î (5) ¯à¥®¡à §®¢ ­¨¥ � -¯« á  ¯® ¢à¥¬¥­¨ t á ¯ à ¬¥âà®¬ s, ¯®«ãç ¥¬ ¢¯à®áâà ­áâ¢¥ ¨§®¡à ¦¥­¨© ãà ¢­¥­¨¥@2'L@x2 + @2'L@z2 � s2'L = 0: (18)�¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (18), ã¤®¢«¥â¢®àï-îé¥¥ ãá«®¢¨î § âãå ­¨ï ­  ¡¥áª®­¥ç­®áâ¨ (10),¨¬¥¥â ¢¨¤'L = 1Xn=0 e�zps2+n2nAn cosnx+ Bn sinnxo; (19)£¤¥ An, Bn { ¯®áâ®ï­­ë¥ ª®íää¨æ¨¥­âë.�à¨¬¥­ïï ª ¢ëà ¦¥­¨ï¬ (6), (7) ¨ à §«®¦¥­¨-ï¬ (16), (17) ¯à¥®¡à §®¢ ­¨¥ � ¯« á  ¨ ãç¨âë¢ ïá®®â­®è¥­¨¥ (19), ¯®«ãç ¥¬ ä®à¬ã«ã, á¢ï§ë¢ î-éãî ª®íää¨æ¨¥­âë V (i)Ln (s) ¨ p(i)Ln (s):V (i)Ln (s) = ps2 + n2s p(i)Ln (s);n = 0;1; i = 1; 2: (20)�. �. � ¢à¨«¥­ª® 25



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 1. �. 22 { 30�®£¤  ¯® â¥®à¥¬¥ ® á¢¥àâª¥ ®à¨£¨­ «®¢ ¤¢ãåäã­ªæ¨© ¨§ á®®â­®è¥­¨© (20) ¯®«ãç ¥¬ § ¢¨á¨¬®-áâ¨ [8]V (i)n (t) = p(i)n (t) + tZ0 p(i)n (� )fn(t � � )d�;n = 0;1; i = 1; 2; (21)á¢ï§ë¢ îé¨¥ ª®íää¨æ¨¥­âë V (i)n (t) ¨ p(i)n (t).�¤¥áì fn(t) = tZ0 nJ1(n�)� d�;J1(t) { æ¨«¨­¤à¨ç¥áª ï äã­ªæ¨ï �¥áá¥«ï ¯¥à¢®£®à®¤  ¯¥à¢®£® ¯®àï¤ª .� ãç¥â®¬ à §«®¦¥­¨© (16), (17) ¨ á®®â­®è¥-­¨© (21) ¯®«ãç ¥¬ á¢ï§ì ¬¥¦¤ã áª®à®áâìî V (t; x)¨ ¤ ¢«¥­¨¥¬ p(t; x)V (t; x) = p(t; x) + 1Xn=0� tZ0 np(1)n (� ) cosnx++p(2)n (� ) sinnxofn(t� � )d��: (22)�¤®¢«¥â¢®àïï á ¯®¬®éìî á®®â­®è¥­¨ï (22) £à -­¨ç­ë¥ ãá«®¢¨ï (8) ¨ (9), ¯®«ãç ¥¬p(t; x) = H((x� x�1)(x�2 � x))��(v0(t) � 1Xn=0� tZ0 np(1)n (� ) cos nx++p(2)n (� ) sinnxofn(t � � ) d��); (23)£¤¥ H(x) { äã­ªæ¨ï �¥¢¨á ©¤ , ¨¬¥îé ï ¢¨¤H(x) = � 1; x > 0;0; x < 0:�à¥¤áâ ¢«ïï ¢ ¢¨¤¥ àï¤®¢�ãàì¥ «¥¢ãî ¨ ¯à ¢ãîç áâì ¢ëà ¦¥­¨ï (23) ¨ ¯à¨à ¢­¨¢ ï ª®íää¨æ¨¥­-âë ¯à¨ á®®â¢¥âáâ¢ãîé¨å ª®á¨­ãá å ¨ á¨­ãá å, ¯®-«ãç ¥¬ ¡¥áª®­¥ç­ãî á¨áâ¥¬ã «¨­¥©­ëå ¨­â¥£à «ì-­ëå ãà ¢­¥­¨© �®«ìâ¥àà  ¢â®à®£® à®¤  ®â­®á¨-

â¥«ì­® ª®íää¨æ¨¥­â®¢ p(1)n (t), p(2)n (t), (n=0;1):p(1)n (t) = v(1)0n (t)�� 1Xm=0��(1)mn(x�1; x�2) tZ0 p(1)m (� )fm(t� � )d�++ �(2)mn(x�1; x�2) tZ0 p(2)m (� )fm(t� � )d��;p(2)n (t) = v(2)0n (t)�� 1Xm=0��(3)mn(x�1; x�2) tZ0 p(1)m (� )fm(t� � )d�++ �(4)mn(x�1; x�2) tZ0 p(2)m (� )fm(t� � )d��; (24)£¤¥ v(1)0n (t) = v0(t)�kn x�2Zx�1 cos nx dx;v(2)0n (t) = v0(t)�kn x�2Zx�1 sinnx dx;�(1)mn(x�1; x�2) = 1�kn x�2Zx�1 cosmx cos nx dx;�(2)mn(x�1; x�2) = 1�kn x�2Zx�1 sinmx cosnx dx;�(3)mn(x�1; x�2) = 1�kn x�2Zx�1 cosmx sinnx dx;�(4)mn(x�1; x�2) = 1�kn x�2Zx�1 sinmx sinnx dx:�®á«¥ ¯à¥®¡à §®¢ ­¨© ª®íää¨æ¨¥­âë v(i)0n(t)(i=1; 2) ¨ �(j)mn(x�1; x�2) (j=1; 4) ¯à¨­¨¬ îâ ¢¨¤v(i)0n(t) = v0(t)�kn g(i)n (x�1; x�2); (25)�(j)mn(x�1; x�2) = 12� q(j)mn(x�1; x�2); (26)£¤¥ z1(n) = sinnx�2 � sinnx�1n ;26 �. �. � ¢à¨«¥­ª®



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 1. �. 22 { 30z2(n) = cos nx�1 � cos nx�2n ;g(1)n (x�1; x�2) = �x�2 � x�1; n = 0;z1(n); n = 1;1;g(2)n (x�1; x�2) = � 0; n = 0;z2(n); n = 1;1;q(1)mn(x�1; x�2) = 8><>:x�2 � x�1; m = n; n = 0;z1(m); m 6= n; n = 0;x�2 � x�1 + z1(2m); m = n; n 6= 0;z1(m�n)+z1 (m+n); m 6=n; n 6=0;q(2)mn(x�1; x�2) = 8><>:0; m = n; n = 0;z2(m); m 6= n; n = 0;z2(2m); m = n; n 6= 0;z2(m�n)+z2 (m+n); m 6=n; n 6=0;q(3)mn(x�1; x�2) = 8><>:0; m = n; n = 0;0; m 6= n; n = 0;z2(2m); m = n; n 6= 0;z2(m+n)�z2 (m�n); m 6=n; n 6=0;q(4)mn(x�1; x�2) = 8><>:0; m = n; n = 0;0; m 6= n; n = 0;x�2 � x�1 � z1(2m); m = n; n 6= 0;z1(m�n)�z1 (m+n); m 6=n; n 6=0:�®á«¥ â®£®, ª ª ª®íää¨æ¨¥­âë p(i)n (t) ®¯à¥¤¥-«¥­ë ¨§ à¥è¥­¨ï á¨áâ¥¬ë (24), ª®íää¨æ¨¥­âëV (i)n (t) ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã«¥ (21),   áª®à®áâì¤¥ä®à¬¨à®¢ ­¨ï ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ V (t; x)¨ £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ p(t; x) { á®®â¢¥â-áâ¢¥­­® ¯® ä®à¬ã« ¬ (16), (17).�á¯®«ì§ãï á®®â­®è¥­¨ï (13) ¨ (17), ¯®«ãç ¥¬£¨¤à®¤¨­ ¬¨ç¥áªãî á¨«ã á®¯à®â¨¢«¥­¨ï ¯®£àã¦¥-­¨î â¥«  ¢ ¦¨¤ª®áâì ¢ ¢¨¤¥F (t)= 1Xn=0np(1)n (t) g(1)n (x�1; x�2)++p(2)n (t) g(2)n (x�1; x�2)o: (27)�¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ (12) ¯à¨­¨¬ ¥â ¢¨¤� _v0(t) = � 1Xn=0np(1)n (t) g(1)n (x�1; x�2)++p(2)n (t) g(2)n (x�1; x�2)o;v0(0) = v0: (28)�á¯®«ì§ãï á®®â­®è¥­¨ï (15) ¨ (17), ¯®«ãç ¥¬¬®¬¥­â à¥ ªæ¨¨M (t) = 1Xn=0np(1)n (t)h(1)n (x�1; x�2)++p(2)n (t)h(2)n (x�1; x�2)o; (29)

£¤¥h(1)n (x�1; x�2) =8>>><>>>: (x�2 + x�1)(x�2 � x�1)2 ; n = 0;x�2 sinnx�2 � x�1 sinnx�1 � z2(n)n ;n = 1;1;h(2)n (x�1; x�2) = 8><>: 0; n = 0;x�1 cos nx�1 � x�2 cos nx�2 + z1(n)n ;n = 1;1:�¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ (14) ¯à¨­¨¬ ¥â¢¨¤ I0 � (t) = � 1Xn=0np(1)n (t)h(1)n (x�1; x�2)++p(2)n (t)h(2)n (x�1; x�2)o; (0) =  0; _ (0) = _ 0: (30)� ª¨¬ ®¡à §®¬, à §à¥è îé ï á¨áâ¥¬  ãà ¢­¥-­¨© á®áâ®¨â ¨§ ¡¥áª®­¥ç­®© á¨áâ¥¬ë ¨­â¥£à «ì-­ëå ãà ¢­¥­¨© (24), ãà ¢­¥­¨© ¯®áâã¯ â¥«ì­®£®¯¥à¥¬¥é¥­¨ï (28), ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï (30)¨ á®®â­®è¥­¨ï (3), ®¯à¥¤¥«ïîé¥£® £à ­¨æë ®¡« -áâ¨ ª®­â ªâ  x�1, x�2.3. ��������� ���������� �������¥è¥­¨¥ ªà ¥¢®© § ¤ ç¨ ¢ ®¡é¥¬ á«ãç ¥ á¢¥-¤¥­® ª à¥è¥­¨î á¨áâ¥¬ë ¨­â¥£à «ì­ëå ãà ¢­¥-­¨© (24) á®¢¬¥áâ­® á ¤¨ää¥à¥­æ¨ «ì­ë¬¨ ãà ¢-­¥­¨ï¬¨ (28), (30) ¯® ®¯à¥¤¥«ï¥¬ë¬ ¢ ª ¦¤ë© ¬®-¬¥­â ¢à¥¬¥­¨ t £à ­¨æ ¬ ®¡« áâ¨ ª®­â ªâ  â¥«  á¦¨¤ª®áâìî ¨§ á®®â­®è¥­¨© (3).�¥è¥­¨¥ § ¤ ç¨ ®áãé¥áâ¢«ï«®áì ­  ª®­¥ç­®¬®âà¥§ª¥ ¢à¥¬¥­¨ [0;T ], ª®â®àë© à §¡¨¢ «áï ­  à ¢-­ë¥ ç áâ¨ ¤«¨­®© �t, ¨ ¢ ¯®«ãç¥­­ëå ã§« å à §-¡¨¥­¨ï ¢ëç¨á«ï«¨áì ¢á¥ ¨áª®¬ë¥ ¢¥«¨ç¨­ë.�¥áª®­¥ç­ ï á¨áâ¥¬  ¨­â¥£à «ì­ëå ãà ¢­¥-­¨© (24) ¨ àï¤ë ¢ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨-ïå (28), (30) ¯®¤¢¥à£ «¨áì ãá¥ç¥­¨î. �â¥¯¥­ìãá¥ç¥­¨ï ®¯à¥¤¥«ï« áì ¨§ á®®¡à ¦¥­¨© ¯à ªâ¨ç¥-áª®© áå®¤¨¬®áâ¨. � á¨áâ¥¬¥ (24) ¢á¥ ¨­â¥£à «ë¢ëç¨á«ï«¨áì ¯® ª¢ ¤à âãà­ë¬ ä®à¬ã« ¬ âà ¯¥-æ¨© ¨ �¨¬¯á®­ . �¥è¥­¨¥ á¨áâ¥¬ë ¨­â¥£à «ì-­ëå ãà ¢­¥­¨© (24) ¨ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥-­¨© (28), (30) ®áãé¥áâ¢«ï«®áì ¨â¥à æ¨®­­ë¬ ¬¥-â®¤®¬ ¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨©. �«ï ã«ãç-è¥­¨ï áå®¤¨¬®áâ¨ àï¤®¢ �ãàì¥ ¯à¨¬¥­ï«¨áì � {¬­®¦¨â¥«¨ �̈ ¡¡á .� ¢ëç¨á«¥­¨ïå ­  ¢à¥¬¥­­®¬ ¨­â¥à¢ «¥ [0; 2] ¢ -àì¨à®¢ «¨áì á«¥¤ãîé¨å ¯ à ¬¥âàë: ­ ç «ì­ë©�. �. � ¢à¨«¥­ª® 27
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�¨á. 2. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ £¨¤à®¤¨­ ¬¨ç¥áª®©á¨«ë ¤«ï ª«¨­ì¥¢ à §«¨ç­®© ¬ ááë
�¨á. 3. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ ã£«   á¨¬¬¥âà¨¨¤«ï ª«¨­ì¥¢ à §«¨ç­®© ¬ ááëã£®«  á¨¬¬¥âà¨¨  0=0��10�, ­ ç «ì­ ï áª®à®áâì¢à é¥­¨ï _ 0=0�0:1, ¬ áá  â¥«  �=0:1�100, ­ -ç «ì­ ï áª®à®áâì ¯®£àã¦¥­¨ï v0=0:01�0:15.�  à¨á. 2 { 5 ¯à¨¢¥¤¥­ë ­¥ª®â®àë¥ à¥§ã«ìâ -âë ç¨á«¥­­®£® à¥è¥­¨ï ¯à¨ á«¥¤ãîé¨å ¯ à ¬¥-âà å: v0=0:15, _ 0=0, �0=2:7, ã£®« ¯®«ãà áâ¢®-à  ª«¨­  
=85�, ­ ç «ì­®¥ §­ ç¥­¨¥ ã£«   á¨¬¬¥-âà¨¨  0=1� ¨, á«¥¤®¢ â¥«ì­®, ­ ç «ì­ë¥ §­ ç¥­¨ïã£«®¢ ª¨«¥¢ â®áâ¨ �1(0)=6�, �2(0)=4�.�  à¨á. 2 ¯®ª § ­  § ¢¨á¨¬®áâì ®â ¢à¥¬¥­¨ £¨-¤à®¤¨­ ¬¨ç¥áª®© á¨«ë F (t) ¤«ï ª«¨­ì¥¢ à §«¨ç-­®© ¬ ááë.�¨äà ¬¨ 1 {4 ­  à¨á. 2 ®â¬¥ç¥­ë ªà¨¢ë¥, á®®â-¢¥âáâ¢ãîé¨¥ á«¥¤ãîé¨¬ §­ ç¥­¨ï¬ ¬ ááë ª«¨­ �=2:5; 5; 10; 20. �âà¨å®¢ ï «¨­¨ï á®®â¢¥âáâ¢ã¥âá«ãç î ¯®£àã¦¥­¨ï ª«¨­  á ¯®áâ®ï­­®© áª®à®áâìî¨ ¯®«­®áâìî á®¢¯ ¤ ¥â á ªà¨¢®©  ­ «¨â¨ç¥áª®£®à¥è¥­¨ï  ¢â®¬®¤¥«ì­®© § ¤ ç¨ ­¥á¨¬¬¥âà¨ç­®£®ã¤ à  âã¯®£® ª«¨­  á ¯®áâ®ï­­®© áª®à®áâìî ¯®-£àã¦¥­¨ï ¨ ­¥¨§¬¥­ïîé¨¬¨áï ã£« ¬¨ ª¨«¥¢ â®-áâ¨ [15, 16].�§ à¨á. 2 ¬®¦­® § ¬¥â¨âì, çâ® £¨¤à®¤¨­ ¬¨ç¥-áª ï á¨« , à ¢­ ï ­ã«î ¢ ­ ç «ì­ë© ¬®¬¥­â ¯à®-æ¥áá  ¯®£àã¦¥­¨ï ª«¨­  ¢ ¦¨¤ª®áâì, à áâ¥â ¤®

á¢®¥£® ¬ ªá¨¬ «ì­®£® §­ ç¥­¨ï,   § â¥¬ ã¡ë¢ ¥â,¯à¨ç¥¬:� £¨¤à®¤¨­ ¬¨ç¥áª ï á¨«  ã¡ë¢ ¥â â¥¬ ¡ë-áâà¥¥, ç¥¬ «¥£ç¥ â¥«®;� ç¥¬ «¥£ç¥ â¥«®, â¥¬ à ­ìè¥ ¤®áâ¨£ ¥âáï ¬ ª-á¨¬ã¬ £¨¤à®¤¨­ ¬¨ç¥áª®© á¨«ë;� ç¥¬ «¥£ç¥ â¥«®, â¥¬ ¬¥­ìè¥ ¬ ªá¨¬ «ì­®¥ §­ -ç¥­¨¥ £¨¤à®¤¨­ ¬¨ç¥áª®© á¨«ë, ¤¥©áâ¢ãîé¥¥­  â¥«® á® áâ®à®­ë ¦¨¤ª®áâ¨.�  à¨á. 3 ¯®ª § ­  § ¢¨á¨¬®áâì ®â ¢à¥¬¥­¨ tã£«   á¨¬¬¥âà¨¨  (t) ¤«ï à §«¨ç­ëå §­ ç¥­¨©¬ ááë ª«¨­ . �¨äà ¬¨ 1 { 4 ®â¬¥ç¥­ë ªà¨¢ë¥, á®-®â¢¥âáâ¢ãîé¨¥ á«¥¤ãîé¨¬ §­ ç¥­¨ï¬ ¬ ááë ª«¨-­  �=5; 10; 20; 40.�§ à¨á. 3 ¬®¦­® § ¬¥â¨âì, çâ®:� ã£®«  á¨¬¬¥âà¨¨ à áâ¥â, ¯à¨ç¥¬ â¥¬ ¡ë-áâà¥¥, ç¥¬ ¬¥­ìè¥ ¬ áá  ª«¨­ ;� â ª ª ª ­  ¨áá«¥¤ã¥¬®¬ ¢à¥¬¥­­®¬ ¨­â¥à¢ -«¥ ã£®«  á¨¬¬¥âà¨¨ ï¢«ï¥âáï ¢®§à áâ îé¥©äã­ªæ¨¥© ¢à¥¬¥­¨ t ¤«ï ¯à®¨§¢®«ì­ëå §­ ç¥-­¨© ¬ áá, â® ª«¨­ áâà¥¬¨âáï ®¯à®ª¨­ãâìáï ¨«¥çì ­  á¢®î £à ­ì.�  à¨á. 4 ¯®ª § ­  § ¢¨á¨¬®áâì ®â ¢à¥¬¥­¨ tç¨á¥« � å M1(t),M2(t) £à ­¥© ª«¨­  ¯à¨ à §«¨ç-­ëå §­ ç¥­¨ïå ¬ ááë ª«¨­  ¤«ï ­ ç «ì­ëå §­ ç¥-­¨© ç¨á¥« � å  M1(0)=1:427, M2(0)=2:145. �¨-äà ¬¨ 1{ 3 ®â¬¥ç¥­ë ªà¨¢ë¥, á®®â¢¥âáâ¢ãîé¨¥á«¥¤ãîé¨¬ §­ ç¥­¨ï¬ ¬ ááë ª«¨­ : �=5; 10; 20.�âà¨å®¢ë¥ «¨­¨¨ á®®â¢¥âáâ¢ãîâ á«ãç î ¯®£àã-¦¥­¨ï ª«¨­  á ¯®áâ®ï­­®© áª®à®áâìî.�§ à¨á. 4 ¢¨¤­®, çâ®:� ªà¨¢ë¥ ç¨á¥« � å M1(t),M2(t) ã¡ë¢ îâ â¥¬¡ëáâà¥¥, ç¥¬ «¥£ç¥ â¥«®;� ¢ ­ ç «ì­ë© ¬®¬¥­â ¯à®æ¥áá  ®¡  ç¨á«  � -å  £à ­¥© ª«¨­  ï¢«ïîâáï \á¢¥àå§¢ãª®¢ë¬¨"¨ ­  à áá¬ âà¨¢ ¥¬®¬ ®âà¥§ª¥ ¢à¥¬¥­¨{ ®¡  ç¨á«  � å  ®áâ îâáï \á¢¥àå§¢ãª®¢ë-¬¨" ¤«ï ª«¨­  ¬ áá®© �=20 ;{ ¤«ï ª«¨­  ¬ áá®© �=10 ¡®«ìè¥¥ ç¨á«®� å  ®áâ ¥âáï \á¢¥àå§¢ãª®¢ë¬",   ¬¥­ì-è¥¥ ¯¥à¥å®¤¨â ¢ \¤®§¢ãª®¢®¥";{ ®¡  ç¨á«  � å  ¯¥à¥å®¤ïâ ¢ \¤®§¢ãª®-¢ë¥" ¤«ï ª«¨­  ¬ áá®© �=5.�  à¨á. 5 ¯®ª § ­  § ¢¨á¨¬®áâì ®â ¢à¥¬¥­¨ ¬®-¬¥­â  à¥ ªæ¨¨ M (t) ¤«ï ª«¨­ì¥¢ à §«¨ç­®© ¬ á-áë. �¨äà ¬¨ 1 { 4 ®â¬¥ç¥­ë ªà¨¢ë¥, á®®â¢¥âáâ¢ã-îé¨¥ á«¥¤ãîé¨¬ §­ ç¥­¨ï¬ ¬ ááë ª«¨­ : �=2:5;5; 10; 20.28 �. �. � ¢à¨«¥­ª®
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�¨á. 4. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ ç¨á¥« � å  £à ­¥©ª«¨­  ¤«ï ª«¨­ì¥¢ à §«¨ç­®© ¬ ááë
�¨á. 5. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ ¬®¬¥­â  à¥ ªæ¨¨¤«ï ª«¨­ì¥¢ à §«¨ç­®© ¬ ááë�§ à¨á. 5 ¢¨¤­®, çâ® ¬®¬¥­â à¥ ªæ¨¨ M (t), à ¢-­ë© ­ã«î ¢ ­ ç «¥ ¯à®æ¥áá  ¯®£àã¦¥­¨ï ª«¨­  ¢¦¨¤ª®áâì, ¢®§à áâ ¥â, ¯à¨ç¥¬ â¥¬ ¡ëáâà¥¥, ç¥¬«¥£ç¥ â¥«®.�  à¨á. 6, 7 ¯à¨¢¥¤¥­ë ®â¤¥«ì­ë¥ à¥§ã«ìâ âëç¨á«¥­­®£® à¥è¥­¨ï ¯à¨ á«¥¤ãîé¨å ¯ à ¬¥âà å:v0=0:15, _ 0=0, �0=2:7, �=5, ã£®« ¯®«ãà áâ¢®à ª«¨­  
=82�.�  à¨á. 6 ¯®ª § ­  § ¢¨á¨¬®áâì ®â ¢à¥¬¥­¨ £¨-¤à®¤¨­ ¬¨ç¥áª®© á¨«ë F (t) ¤«ï ª«¨­  ¯à¨ à §«¨ç-­ëå ­ ç «ì­ëå §­ ç¥­¨ïå ã£«   á¨¬¬¥âà¨¨  0, , á«¥¤®¢ â¥«ì­®, ­ ç «ì­ëå §­ ç¥­¨ïå ã£«®¢ ª¨-«¥¢ â®áâ¨ �1(0), �2(0). �¨äà ¬¨ 1{ 3 ­  à¨á. 6®â¬¥ç¥­ë ªà¨¢ë¥, á®®â¢¥âáâ¢ãîé¨¥ á«¥¤ãîé¨¬­ ç «ì­ë¬ §­ ç¥­¨ï¬ ã£«   á¨¬¬¥âà¨¨:  0=2�;3�; 4�. �âà¨å®¢ ï «¨­¨ï á®®â¢¥âáâ¢ã¥â à¥è¥­¨îá¨¬¬¥âà¨ç­®© § ¤ ç¨ ¤«ï ª«¨­  (­ ç «ì­®¥ §­ ç¥-­¨¥ ã£«   á¨¬¬¥âà¨¨  0=0�, â. ¥. �1(0)=�2(0)).�§ à¨á. 6 ¬®¦­® § ¬¥â¨âì, çâ®:� ç¥¬ ¬¥­ìè¥ ­ ç «ì­ë© ã£®«  á¨¬¬¥âà¨¨  0,â¥¬ à ­ìè¥ ¤®áâ¨£ ¥âáï ¬ ªá¨¬ã¬ £¨¤à®¤¨-­ ¬¨ç¥áª®© á¨«ë;� ç¥¬ ¬¥­ìè¥ ­ ç «ì­ë© ã£®«  á¨¬¬¥âà¨¨  0,â¥¬ ¬¥­ìè¥ ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥ £¨¤à®¤¨-

�¨á. 6. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ £¨¤à®¤¨­ ¬¨ç¥áª®©á¨«ë ¤«ï ª«¨­  ¯à¨ à §«¨ç­ëå ­ ç «ì­ëå§­ ç¥­¨ïå ã£«   á¨¬¬¥âà¨¨
�¨á. 7. �à¥¬¥­­ë¥ § ¢¨á¨¬®áâ¨ ¬®¬¥­â  à¥ ªæ¨¨¤«ï ª«¨­  ¯à¨ à §«¨ç­ëå ­ ç «ì­ëå§­ ç¥­¨ïå ã£«   á¨¬¬¥âà¨¨­ ¬¨ç¥áª®© á¨«ë, ¤¥©áâ¢ãîé¥¥ ­  â¥«® á® áâ®-à®­ë ¦¨¤ª®áâ¨.�  à¨á. 7 ¯®ª § ­  § ¢¨á¨¬®áâì ®â ¢à¥¬¥­¨ ¬®-¬¥­â  à¥ ªæ¨¨ M (t) ¤«ï ª«¨­  ¯à¨ à §«¨ç­ëå ­ -ç «ì­ëå §­ ç¥­¨ïå ã£«   á¨¬¬¥âà¨¨  0. �¨äà ¬¨1{ 4 ®â¬¥ç¥­ë ªà¨¢ë¥, á®®â¢¥âáâ¢ãîé¨¥ ­ ç «ì-­ë¬ §­ ç¥­¨ï¬ ã£«   á¨¬¬¥âà¨¨:  0=1�; 2�; 3�;4�.�§ à¨á. 7 ¢¨¤­®, çâ® ¬®¬¥­â à¥ ªæ¨¨ M (t), à ¢-­ë© ­ã«î ¢ ­ ç «¥ ¯à®æ¥áá  ¯®£àã¦¥­¨ï ª«¨­  ¢¦¨¤ª®áâì, ¢®§à áâ ¥â, ¯à¨ç¥¬ â¥¬ ¡ëáâà¥¥, ç¥¬¡®«ìè¥ ã£®«  á¨¬¬¥âà¨¨.�����������«¥¤ã¥â ¯®¤ç¥àª­ãâì, çâ® §  ¨áª«îç¥­¨¥¬ à¥-§ã«ìâ â®¢ ¤«ï ­¥á¨¬¬¥âà¨ç­®£® âã¯®£® ª«¨­ ,¯à¨¢¥¤¥­­ëå ¢ ¬®­®£à ä¨ïå � £®¬®­ï­  �. �.[15, 16], ®âáãâáâ¢ãîâ ¯ã¡«¨ª æ¨¨, ¯®á¢ïé¥­­ë¥à¥è¥­¨î ­¥á¨¬¬¥âà¨ç­ëå § ¤ ç ¢¥àâ¨ª «ì­®£®ã¤ à  § âã¯«¥­­ëå â¥« ® ¦¨¤ª®áâì. � [15, 16] à¥-è¥­   ¢â®¬®¤¥«ì­ ï § ¤ ç  ¢¥àâ¨ª «ì­®£® ¯®£àã-¦¥­¨ï ¢ á¦¨¬ ¥¬ãî ¦¨¤ª®áâì á ¯®áâ®ï­­®© áª®à®-�. �. � ¢à¨«¥­ª® 29



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 1. �. 22 { 30áâìî ­¥á¨¬¬¥âà¨ç­®£® âã¯®£® ª«¨­  ¨ ¯®«ãç¥­ë ­ «¨â¨ç¥áª¨¥ ä®à¬ã«ë ¤«ï ®¯à¥¤¥«¥­¨ï £¨¤à®¤¨-­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï ¨ £¨¤à®¤¨­ ¬¨ç¥áª®© á¨«ë¯à¨ ¯®áâ®ï­­ëå ã£« å ª¨«¥¢ â®áâ¨ ¢ á«ãç ïå, ª®-£¤ :1) ®¡  ç¨á«  � å  £à ­¥© ª«¨­  ï¢«ïîâáï\á¢¥àå§¢ãª®¢ë¬¨";2) ®¤­® ç¨á«® � å  ï¢«ï¥âáï \á¢¥àå§¢ãª®¢ë¬",  ¤àã£®¥ { \¤®§¢ãª®¢ë¬";3) ®¡  ç¨á«  � å  ï¢«ïîâáï \¤®§¢ãª®¢ë¬¨".� ¤ ­­®© ¦¥ à ¡®â¥ à¥è¥­  ¯«®áª ï ­¥á¨¬¬¥-âà¨ç­ ï § ¤ ç  ¢¥àâ¨ª «ì­®£® ã¤ à  ¨ ¯®£àã¦¥-­¨ï ¢ á¦¨¬ ¥¬ãî ¦¨¤ª®áâì á ¨§¬¥­ïîé¨¬¨áï áª®-à®áâìî ¨ ã£« ¬¨ ª¨«¥¢ â®áâ¨ âã¯®£® ª«¨­  ª®­¥ç-­®© ¬ ááë á ãç¥â®¬ ­¥ â®«ìª® ¥£® ¯®áâã¯ â¥«ì­®£®¢¥àâ¨ª «ì­®£® ¯¥à¥¬¥é¥­¨ï ¢­¨§, ­® ¨ ¢à é â¥«ì-­®£® ¤¢¨¦¥­¨ï ª«¨­  ¢®ªàã£ á¢®¥£® æ¥­âà  ¬ áá.� ª ç áâ­ë© ¯à¥¤¥«ì­ë© á«ãç ©, ¥á«¨ à áá¬ âà¨-¢ âì § ¤ çã ã¤ à  ¤«ï ª«¨­  ¡¥áª®­¥ç­®© ¬ ááë,¯®«ãç îâáï à¥§ã«ìâ âë, ¯à¨¢¥¤¥­­ë¥ ¢ à ¡®â å[15, 16].1. �¥ª«¨ç �. �.�¤ à ¯àï¬®ã£®«ì­®© ¯« áâ¨­ë ® ¦¨¤-ª®¥ ¯®«ã¯à®áâà ­áâ¢® // �§¢. ���. �¥å. ¦¨¤ª®-áâ¨ ¨ £ § .{ 1992.{ N 5.{ �. 120{126.2. � ¢à¨«¥­ª® �.�. �«®áª ï á¨¬¬¥âà¨ç­ ï § ¤ ç ã¤ à  â®­ª®© ã¯àã£®© ªàã£®¢®© æ¨«¨­¤à¨ç¥áª®©®¡®«®çª¨ ® ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨ á ãç¥â®¬ ®âàë-¢  // �ªãáâ. ¢÷á­.{ 1998.{ 1, N 2.{ �. 34{40.3. �®àèª®¢ �. �., �à®¡ëè¥¢áª¨© �. �. �à¨¬¥­¥­¨¥¬¥â®¤  £à ­¨ç­ëå í«¥¬¥­â®¢ ª § ¤ ç¥ ® ¯à®­¨ª-­®¢¥­¨¨ â¥« ¢ ¦¨¤ª®áâì // �§¢. ���. �¥å. â¢¥à¤.â¥« .{ 1995.{ N 6.{ �. 99{103.4. �à®è¨­ �. �. �ëá®ª®áª®à®áâ­®© ¢å®¤ ¢ ¢®¤ã âï¦¥-«®£® ¤¨áª  ¯®¤ ¬ «ë¬ ã£«®¬ ª á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ // �§¢. ���. �¥å. ¦¨¤ª®áâ¨ ¨ £ § .{ 1995.{N 6.{ �. 13{18.5. �®à®¡ª¨­ �. �. �ªãáâ¨ç¥áª®¥ ¯à¨¡«¨¦¥­¨¥ ¢ § ¤ -ç¥ ¯®£àã¦¥­¨ï § âã¯«¥­­®£® ª®­âãà  ¢ ¨¤¥ «ì­ãî

¦¨¤ª®áâì // �à¨ª«. ¬¥å. ¨ â¥å­. ä¨§.{ 1992.{ N 4.{�. 48{54.6. �®àª¨­ �. �. �¤ à ¢ëà®¦¤¥­­®£® â®à  ® ¦¨¤ª®áâì¡¥áª®­¥ç­®© £«ã¡¨­ë // �§¢. ���. �¥å. ¦¨¤ª®áâ¨¨ £ § .{ 1995.{ N 5.{ �. 161{165.7. Ye Qu Ynau, He You Sheng Perturbation solutionto the nonlinear problem of oblique water exit of anaxisymmetric body with a large exit{angle // Appl.Math. and Mech.{ 1991.{ 12, N 4.{ P. 327{338.8. �ã¡¥­ª® �. �. �à®­¨ª ­¨¥ ã¯àã£¨å ®¡®«®ç¥ª ¢á¦¨¬ ¥¬ãî ¦¨¤ª®áâì.{ �¨¥¢: � ãª. ¤ã¬ª , 1981.{160 á.9. � ¢à¨«¥­ª® �. �. �¤ à â®­ª®© ã¯àã£®© æ¨«¨­-¤à¨ç¥áª®© ®¡®«®çª¨ ® ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨ //�̈ ¤à®¬¥å ­¨ª .{ 1990.{ �ë¯. 62.{ �. 34{39.10. �ã¡¥­ª® �. �., � ¢à¨«¥­ª® �. �. �«®áª ï § ¤ -ç  ¯à®­¨ª ­¨ï â®­ª¨å ã¯àã£¨å æ¨«¨­¤à¨ç¥áª¨å®¡®«®ç¥ª ¢ á¦¨¬ ¥¬ãî ¦¨¤ª®áâì // �à¨ª«. ¬¥å.{1990.{ 26, N 9.{ �. 66{75.11. � ¢à¨«¥­ª® �. �. �¯à¥¤¥«¥­¨¥ ­ ¯àï¦¥­­® {¤¥ä®à¬¨à®¢ ­­®£® á®áâ®ï­¨ï ¯à®­¨ª îé¨å ¢á¦¨¬ ¥¬ãî ¦¨¤ª®áâì â®­ª¨å ã¯àã£¨å áä¥à¨ç¥-áª¨å ®¡®«®ç¥ª // �à¨ª«. ¬¥å ­¨ª .{ 1988.{ 24,N 9.{ �. 30{37.12. � ¢à¨«¥­ª® �. �. �¤ à â®­ª®© ã¯àã£®© áä¥-à¨ç¥áª®© ®¡®«®çª¨ ® ¯®¢¥àå­®áâì ¦¨¤ª®áâ¨ //�̈ ¤à®¬¥å ­¨ª .{ 1990.{ �ë¯. 61.{ �. 17{24.13. �ã¡¥­ª® �. �., � ¢à¨«¥­ª® �. �. �á¥á¨¬¬¥âà¨ç-­ ï § ¤ ç  ¯à®­¨ª ­¨ï ¦¥áâª¨å â¥« ¢ á¦¨¬ ¥¬ãî¦¨¤ª®áâì // �à¨ª«. ¬¥å.{ 1987.{ 23, N 1.{ �. 53{60.14. �ã¡¥­ª® �. �., � ¢à¨«¥­ª® �. �. �á¥á¨¬¬¥âà¨ç­ ï§ ¤ ç  ¯à®­¨ª ­¨ï â®­ª¨å ã¯àã£¨å áä¥à¨ç¥áª¨å®¡®«®ç¥ª ¢ á¦¨¬ ¥¬ãî ¦¨¤ª®áâì // �à¨ª«. ¬¥å.{1988.{ 24, N 4.{ �. 63{74.15. � £®¬®­ï­ �. �. �à®­¨ª ­¨¥.{ �.: �§¤-¢® �®áª.ã­-â , 1974.{ 300 á.16. � £®¬®­ï­ �. �. �¤ à ¨ ¯à®­¨ª ­¨¥ â¥« ¢¦¨¤ª®áâì.{ �.: �§¤-¢® �®áª. ã­-â , 1986.{ 172 á.17. � ¦¥­®¢ �. �., �®ç¥âª®¢ �. �., �àë«®¢ �. �. �­ -«¨§ ­¥«¨­¥©­ëå íää¥ªâ®¢ ¯à¨ ¢ëá®ª®áª®à®áâ­®¬¯à®­¨ª ­¨¨ â¥« ¢ á¦¨¬ ¥¬ãî ¦¨¤ª®áâì // �à¨ª«.¬¥å.{ 1986.{ 22, N 2.{ �. 125{127.18. �à¨£®«îª �. �., �®àèª®¢ �. �. �§ ¨¬®¤¥©-áâ¢¨¥ ã¯àã£¨å ª®­áâàãªæ¨© á ¦¨¤ª®áâìî (ã¤ à ¨¯®£àã¦¥­¨¥).{ �.: �ã¤®áâà®¥­¨¥, 1976.{ 199 á.19. �®£¢¨­®¢¨ç �. �. �̈ ¤à®¤¨­ ¬¨ª  â¥ç¥­¨© á® á¢®-¡®¤­ë¬¨ £à ­¨æ ¬¨.{ �¨¥¢: � ãª. ¤ã¬ª , 1969.{216 á.
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