
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 55 { 64��� 533.6.013.42���������-������������� ������������������� ������������� ����� ���������� ���� ����, ��������������. �. ��������, �. �. ��������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 11.08.98�®áâà®¥­  ¤«¨­­®¢®«­®¢ ï ­¥«¨­¥©­®-¤¨á¯¥àá¨®­­ ï ¬®¤¥«ì, ®¯¨áë¢ îé ï à á¯à®áâà ­¥­¨¥ ¨§£¨¡­®-£à ¢¨â æ¨-®­­ëå ¢®«­ ¢ ã¯àã£®© ¯« áâ¨­¥, ¯« ¢ îé¥© ­  ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¯¥à¥¬¥­­®© £«ã¡¨­ë. �®¤¥«ì ãç¨âë¢ ¥âíää¥ªâë ­¥«¨­¥©­®© ¤¨á¯¥àá¨¨ ¦¨¤ª®áâ¨,   â ª¦¥ ¨­¥àæ¨î, ã¯àã£®áâì ¨ £¥®¬¥âà¨ç¥áª¨ ­¥«¨­¥©­ë© ¯à®£¨¡ ¯« -áâ¨­ë. �áå®¤ï ¨§ ¯®«ãç¥­­ëå ãà ¢­¥­¨©, ¯®áâà®¥­  ¨¥à àå¨ç¥áª ï ¯®á«¥¤®¢ â¥«ì­®áâì ¡®«¥¥ ¯à®áâëå ¬®¤¥«¥©,®¡®¡é îé¨å ¨§¢¥áâ­ë¥ ¨§ â¥®à¨¨ ¯®¢¥àå­®áâ­ëå ¢®«­ ãà ¢­¥­¨ï �¥à¥£à¨­ , �ãáá¨­¥áª  ¨ �®àâ¥¢e£ -¤¥ �à¨§  ­ á«ãç © ¨§£¨¡­®-£à ¢¨â æ¨®­­ëå ¢®«­. � ç áâ­®¬ á«ãç ¥ ®¡®¡é¥­­®£® ãà ¢­¥­¨ï �®àâ¥¢¥£ -¤¥-�à¨§  ¯®áâà®¥­ë ¨¯à® ­ «¨§¨à®¢ ­ë â®ç­ë¥ à¥è¥­¨ï, ®¯¨áë¢ îé¨¥ à á¯à®áâà ­¥­¨¥ á®«¨â®­®¢ ¨ ª­®¨¤ «ì­ëå ¢®«­ ¢ ¬®à¥, ¯®ªàë-â®¬ á¯«®è­ë¬ ¨«¨ ¡¨âë¬ «ì¤®¬. �®ª § ­®, çâ® ¨§£¨¡­®-£à ¢¨â æ¨®­­ë¥ ¢®«­ë ®¡« ¤ îâ­¥ª®â®àë¬¨ §¥àª «ì­ë¬¨á¢®©áâ¢ ¬¨ ¯® áà ¢­¥­¨î á ¤«¨­­ë¬¨ ­¥«¨­¥©­ë¬¨ ¢®«­ ¬¨ ­  ¢®¤¥. �â­®á¨â¥«ì­® á®«¨â®­  íâ® ®§­ ç ¥â, çâ® ¡¥§¨§¬¥­¥­¨ï ä®à¬ë à á¯à®áâà ­ï¥âáï ¢¯ ¤¨­ ,   ­¥ £®à¡, ª ª ¢ á«ãç ¥ ç¨áâ®© ¢®¤ë, ¨ áª®à®áâì ¥¥ à á¯à®áâà ­¥­¨ïá à®áâ®¬  ¬¯«¨âã¤ë ã¬¥­ìè ¥âáï,   ­¥ ã¢¥«¨ç¨¢ ¥âáï. �à®¬¥ â®£®, å à ªâ¥à¨áâ¨ª¨ ¨§£¨¡­®-£à ¢¨â æ¨®­­ëå ¢®«­®¯à¥¤¥«ïîâáï  ¬¯«¨âã¤®© ¨ ¤¨á¯¥àá¨¥© ¨§£¨¡­®© ¦¥áâª®áâ¨ ¯« áâ¨­ë ¨ ­¥ § ¢¨áïâ ®â ¤¨á¯¥àá¨¨ ¢®¤ë ¨ ¨­¥àæ¨-®­­ëå á¢®©áâ¢ «¥¤ï­®£® ¯®ªà®¢ .�®¡ã¤®¢ ­® ¤®¢£®å¢¨«ì®¢ã ­¥«÷­÷©­®-¤¨á¯¥àá÷©­ã ¬®¤¥«ì, ïª  ®¯¨áãõ ¯®è¨à¥­­ï §£¨­­®-£à ¢÷â æ÷©­¨å å¢¨«ì ¢ ¯àã¦-­÷© ¯« áâ¨­÷, è® ¯« ¢ õ ­  ¯®¢¥àå­÷ à÷¤¨­¨ §¬÷­­®ù £«¨¡¨­¨. �®¤¥«ì ¢à å®¢ãõ ¥ä¥ªâ¨ ­¥«÷­÷©­®ù ¤¨á¯¥àá÷ù à÷¤¨­¨,  â ª®¦ ÷­¥àæ÷î, ¯àã¦­÷áâì â  £¥®¬¥âà¨ç­® ­¥«÷­÷©­¨© ¯à®£¨­ ¯« áâ¨­¨. �¨å®¤ïç¨ § ®¤¥à¦ ­¨å à÷¢­ï­ì, ¯®¡ã¤®¢ ­®÷õà àå÷ç­ã ¯®á«÷¤®¢­÷áâì ¡÷«ìè ¯à®áâ¨å ¬®¤¥«¥©, é® ã§ £ «ì­îîâì ¢÷¤®¬÷ § â¥®à÷ù ¯®¢¥àå­¥¢¨å å¢¨«ì à÷¢­ï­­ï �¥à¥-£à÷­ , �ãáá÷­¥áª  â  �®àâ¥¢¥£ -¤¥ �à÷§  ­  ¢¨¯ ¤®ª §£¨­­®-£à ¢÷â æ÷©­¨å å¢¨«ì. � ®ªà¥¬®¬ã ¢¨¯ ¤ªã ã§ £ «ì­îî-ç®£® à÷¢­ï­­ï �®àâ¥¢¥£¥-¤¥ �à÷§  ¯®¡ã¤®¢ ­÷ â  ¯à® ­ «÷§®¢ ­÷ â®ç­÷ à®§¢'ï§ª¨, é® ®¯¨áãîâì ¯®è¨à¥­­ï á®«÷â®­÷¢â  ª­®ù¤ «ì­¨å å¢¨«ì ¢ ¬®à÷, ïª¥ ¯®ªà¨â¥ áãæ÷«ì­¨¬ ç¨ ¡¨â¨¬ «ì®¤®¬. �®ª § ­®, é® §£¨­­®-£à ¢÷â æ÷©­÷ å¢¨«÷ ¬ -îâì ¤¥ïª÷ §¥àª «ì­÷ ¢« áâ¨¢®áâ÷ ¯®à÷¢­ï­® § ¤®¢£¨¬¨ ­¥«÷­÷©­¨¬¨ å¢¨«ï¬¨ ­  ¢®¤÷. �÷¤­®á­® á®«÷â®­  æ¥ ®§­ ç õ, é®¡¥§ §¬÷­¨ ä®à¬¨ à®§¯®¢áî¤¦ãõâìáï § ¯ ¤¨­ ,   ­¥ £®à¡, ïª ã ¢¨¯ ¤ªã ç¨áâ®ù ¢®¤¨, ÷ è¢¨¤ª÷áâì ùù à®á¯®¢áî¤¦¥­­ï §÷§à®áâ ­­ï¬  ¬¯«÷- âã¤¨ §¬¥­ìèãõâìáï,   ­¥ §¡÷«ìèãõâìáï. �à÷¬ â®£®, å à ªâ¥à¨áâ¨ª¨ §£¨­­®-£à ¢÷â æ÷©­¨å å¢¨«ì¢¨§­ ç îâìáï  ¬¯«÷âã¤®© â  ¤¨á¯¥àá÷õ© §£¨­­®ù ¦®àáâª®áâ÷ ¯« áâ¨­¨ ÷ ­¥ § «¥¦¨âì ¢÷¤ ¤¨á¯¥àá÷ù ¢®¤¨ â  ÷­¥àæ÷©­¨å¢« áâ¨¢®áâ¥© ªà¨¦ ­®£® ¯®ªà¨¢ã.The long-wave nonlinear-dispersion model,describing propagation of bending-gravitational waves in a elastic plate, 
oatingon a surface of variable depth liquid is constracted. The model takes in to account e�ects of nonlinear dispersion andinertion, elasticity and geometrical nonlinear de
ection of plates. On the basis of the general model the hierarchicalsequence of more simple models is developed. This models generalize the known in the water wave theory the modelsof Peregreen, Boussinesq and Korteweg - de Vrise on the case of the 
exural-gravitational waves. In particular case ofgeneralized equation of Korteweg - de Vrise a exact solution has been obtained. This solution discribes the properties ofsolitons and cnoidal waves in the sea covered broken and unbroken ice. It is shown that the 
exural-gravitational wavesare over furned, in comparison with the long nonlinear water waves. With regard to the solitons it means, that withoutchange of the form surface propagatio the trough, while in the water propagation the crest. The velocity propagation of
exural - gravitational waves with increase of amplitude decreases. Moreover the characteristics the 
exural gravitationalwaves are determined by amplitude and dispersion of 
exural rigidity of a plate and do not depend on water dispersionand inertial properties of ice cover.���������à¨ ¨áá«¥¤®¢ ­¨¨ âà ­áä®à¬ æ¨¨ ¤«¨­­ëå ¯®-¢¥àå­®áâ­ëå £à ¢¨â æ¨®­­ëå ¢®«­ ¢ ¦¨¤ª®áâ¨ ¯¥-à¥¬¥­­®© £«ã¡¨­ë è¨à®ª® ¨á¯®«ì§ãîâáï ­¥«¨­¥©-­ë¥ ¨ ­¥«¨­¥©­®-¤¨á¯¥àá¨®­­ë¥ ¬®¤¥«¨ [1]. �¡§®àíâ¨å ¬®¤¥«¥©,   â ª¦¥ ¨å ¢§ ¨¬®á¢ï§ì ¨ ¨¥à àå¨-ç¥áª ï ¯®á«¥¤®¢ â¥«ì­®áâì ¯à¨¢¥¤¥­ë ¢ [2].�¥®à¨ï ¨§£¨¡­®-£à ¢¨â æ¨®­­ëå ¢®«­ ª ­ áâ®-ïé¥¬ã ¢à¥¬¥­¨ ¤®áâ â®ç­® è¨à®ª® à §à ¡®â -­  ­  ®á­®¢¥ «¨­¥©­ëå ¬®¤¥«¥© [3-5]. �¥«¨­¥©­ë¬¨§£¨¡­®-£à ¢¨â æ¨®­­ë¬ ¢®«­ ¬ ¯®á¢ïé¥­ë «¨èì®â¤¥«ì­ë¥ à ¡®âë [6-11]. �¢ï§ ­® íâ® ¯à¥¦¤¥
¢á¥£® á â¥¬, çâ® á ¬ â¥¬ â¨ç¥áª®© â®çª¨ §à¥­¨ï¢ § ¤ ç å ® ­¥«¨­¥©­ëå ¨§£¨¡­®-£à ¢¨â æ¨®­­ëå¢®«­ å £à ­¨ç­ë¥ ãá«®¢¨ï ­  á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ ­®áïâ ¡®«¥¥ á«®¦­ë© å à ªâ¥à ¯® áà ¢­¥-­¨î á á®®â¢¥âáâ¢ãîé¨¬¨ ãá«®¢¨ï¬¨ ¤«ï «¨­¥©­ëå¨§£¨¡­®-£à ¢¨â æ¨®­­ëå ¢®«­ ¨ ­¥«¨­¥©­ëå £à -¢¨â æ¨®­­ëå ¢®«­.�®¢¥àå­®áâ­ë¥ ¢®«­ë ¢ á¯«®è­ëå «ì¤ å ¯à¥¤-áâ ¢«ïîâ á®¡®© ª®¬¡¨­ æ¨î ¨§£¨¡­®© ¢®«­ë ¢ «¥-¤ï­®© ¯« áâ¨­¥ ¨ £à ¢¨â æ¨®­­®© ¢®«­ë ¢ ¢®¤¥.�â  ¤¢®©áâ¢¥­­®áâì ¢­®á¨â áãé¥áâ¢¥­­ë¥ ¨§¬¥­¥-­¨ï ¢ ¤¨á¯¥àá¨î ¢®«­. �®«¥¡ ­¨ï â®£® ¨«¨ ¨­®£®â¨¯  ¯à¥®¡« ¤ îâ ¢ § ¢¨á¨¬®áâ¨ ®â á®®â­®è¥­¨ïc
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 55 { 64¬¥¦¤ã á¨« ¬¨ âï¦¥áâ¨ ¨ ¦¥áâª®áâìî «¥¤ï­®© ¯« -áâ¨­ë. �¨«ë ¨­¥àæ¨¨ ¬ ááë «ì¤  ¨ á¨«ë ã¯àã£®-áâ¨ ãà ¢­®¢¥è¨¢ îâ ¤ ¢«¥­¨¥ ¢®«­ ¨ ®¯à¥¤¥«ïîâ¤¨­ ¬¨ç¥áª®¥ ãá«®¢¨¥ ­  ¯®¢¥àå­®áâ¨ à §¤¥«  «¥¤{ ¢®¤ . � ª¨¬ ®¡à §®¬, ¤¨­ ¬¨ç¥áª®¥ ãá«®¢¨¥ ¤«ï¨§£¨¡­®-£à ¢¨â æ¨®­­ëå ¢®«­ ¯à¨®¡à¥â ¥â ®ç¥­ìá«®¦­ë© ¢¨¤ ¨ ¤¥â «ì­®¥ ¨áá«¥¤®¢ ­¨¥ ä¨§¨ç¥-áª¨å § ª®­®¬¥à­®áâ¥© à á¯à®áâà ­¥­¨ï íâ¨å ¢®«­¢¥áì¬  § âàã¤­¥­®. � à ¡®â å [8, 9] ¯à¥¤áâ ¢«¥­®®¡®¡é¥­¨¥ â¥®à¨¨ ­¥«¨­¥©­ëå ¢®«­ �â®ªá  ­  á«ã-ç © ¨§£¨¡­®-£à ¢¨â æ¨®­­ëå ¢®«­ ¨ ¢ëï¢«¥­ë ä¨-§¨ç¥áª¨¥ § ª®­®¬¥à­®áâ¨ à á¯à®áâà ­¥­¨ï íâ¨å¢®«­ ¢ á«ãç ¥ ª®­¥ç­®© ¨ ¡¥áª®­¥ç­®© £«ã¡¨­ë¦¨¤ª®áâ¨. �¤­ ª® ­ ¨¡®«¥¥ áãé¥áâ¢¥­­® ­¥«¨­¥©-­ë¥ íää¥ªâë ¢ â¥®à¨¨ ¨§£¨¡­®-£à ¢¨â æ¨®­­ëå¢®«­ ¯à®ï¢«ïîâáï ¢ á«ãç ¥ ¤«¨­­ëå ¢®«­. �¥ª®â®-àë¥ ¬ â¥¬ â¨ç¥áª¨¥ ¬®¤¥«¨ ¨ à¥è¥­¨ï ¤«ï ¤«¨­-­ëå ­¥«¨­¥©­ëå ¨§£¨¡­®-£à ¢¨â æ¨®­­ëå ¢®«­¯à¨¢¥¤¥­ë ¢ à ¡®â å [6, 7, 10, 11].� ¡¨âëå «ì¤ å à §¬¥àë «ì¤¨­ áç¨â îâáï ¬ «ë-¬¨ ¯® áà ¢­¥­¨î á ¤«¨­­®© ¢®«­ë, ¨ ¢¥àâ¨ª «ì-­ë¥ ¯¥à¥¬¥é¥­¨ï á®®â¢¥âáâ¢ãîâ ¯à®ä¨«î ¯®¢¥àå-­®áâ­®© ¢®«­ë. �¤¥áì ¢®ááâ ­ ¢«¨¢ îé¥© á¨-«®©, ¯®à®¦¤ îé¥© ª®«¥¡ ­¨ï, ï¢«ï¥âáï á¨«  âï¦¥-áâ¨. �à¨ à á¯à®áâà ­¥­¨¨ ¤«¨­­ëå ¯®¢¥àå­®áâ-­ëå £à ¢¨â æ¨®­­ëå ¢®«­ ¢ ¡¨âëå «ì¤ å ­¥ ¯®-ï¢«ï¥âáï ­¨ª ª¨å ­®¢ëå â¨¯®¢ ¢®«­ ¯® áà ¢­¥­¨îá ç¨áâ®© ¢®¤®©. �â®à¨ç­ë¥ ¢®«­ë, £¥­¥à¨àã¥¬ë¥á¢®¡®¤­ë¬¨ ª®«¥¡ ­¨ï¬¨ ª ¦¤®© ®â¤¥«ì­®© «ì¤¨-­ë, ¬ «® ¢«¨ïîâ ­  ®¡éãî ¢®«­®¢ãî ª àâ¨­ã. �®-íâ®¬ã ¡¨âë© «¥¤ ®¡ëç­® ¬®¤¥«¨àã¥âáï á®¢®ªã¯­®-áâìî ­¥á¢ï§ ­­ëå ¬¥¦¤ã á®¡®© ¯« ¢ îé¨å ¬ áá,¨ ¥£® ¬®¦­® ¨­â¥à¯à¥â¨à®¢ âì ª ª ¯« ¢ îéãî­  ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ â®­ªãî ­¥á¦¨¬ ¥¬ãî¯«¥­ªã á ¯®¢¥àå­®áâ­ë¬ ­ âï¦¥­¨¥¬, § ¢¨áïé¨¬®â á¯«®ç¥­­®áâ¨ ¡¨â®£® «ì¤  [5].�¨¦¥ ¬ë ¯®áâà®¨¬ ¨¥à àå¨ç¥áªãî ¯®á«¥¤®¢ -â¥«ì­®áâì ¤«¨­­®¢®«­®¢ëå­¥«¨­¥©­®-¤¨á¯¥àá¨®­-­ëå ¬®¤¥«¥© âà ­áä®à¬ æ¨¨ ¢®«­ ¢ ¦¨¤ª®áâ¨ ¯¥-à¥¬¥­­®© £«ã¡¨­ë, ¯®ªàëâ®© á¯«®è­ë¬ ¨«¨ ¡¨-âë¬ «ì¤®¬, ¯®á«¥¤®¢ â¥«ì­® ¯¥à¥å®¤ï ®â ¯®«­®©¯®áâ ­®¢ª¨ § ¤ ç¨ ª® ¢á¥ ¡®«¥¥ ¯à®áâë¬ ¬®¤¥«ï¬.�«ï ®¡®¡é¥­­®£® ãà ¢­¥­¨ï �®àâ¥¢¥£ -¤¥ �à¨-§  ¯®¤à®¡­® ¨áá«¥¤ã¥¬ ¢«¨ï­¨¥ à §«¨ç­ëå ä ªâ®-à®¢ ­  áãé¥áâ¢®¢ ­¨¥ ª­®¨¤ «ì­ëå ¨ ã¥¤¨­¥­­ëå¢®«­.1. ������� �������-�����������-��� ������ áá¬®âà¨¬ ¯®â¥­æ¨ «ì­®¥ ¢®«­®¢®¥ ¤¢¨¦¥-­¨¥ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¯¥à¥¬¥­­®©£«ã¡¨­ë d(x), á¢®¡®¤­ ï ¯®¢¥àå­®áâì ª®â®à®© ¯®-

ªàëâ  ã¯àã£®© ¯« áâ¨­®©. �ãáâì ¯«®áª®áâì xOyá®¢¯ ¤ ¥â á ­¥¢®§¬ãé¥­­®© ¯®¢¥àå­®áâìî ¦¨¤ª®-áâ¨,   ®áì z ­ ¯à ¢«¥­  ¢¢¥àå. � íâ®¬ á«ãç ¥ ªà -¥¢ ï § ¤ ç  ®¯¨áë¢ ¥âáï ãà ¢­¥­¨ï¬¨@u@t + @u2@x + @(uv)@y + @(uw)@z = � 1�2 @p@x; (1)@v@t + @(uv)@x + @v2@y + @(vw)@z = � 1�2 @p@y ; (2)@w@t + u@w@x + v@w@y + w@w@z = � 1�2 @p@z � g; (3)@u@x + @v@y + @w@z = 0 (4)á á®®â¢¥âáâ¢ãîé¨¬¨ £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨:­  ¤­¥ z = �d w = �u@d@x � v @d@y (5)¨ ­  ¯®¢¥àå­®áâ¨ ª®­â ªâ  ¦¨¤ª®áâ¨ ¨ ã¯àã£®©¯« áâ¨­ë á ãç¥â®¬ £¥®¬¥âà¨ç¥áª¨ ­¥«¨­¥©­®£®¯à®£¨¡  z = �z [12]w = @�z@t + u@�z@x + v@�z@y ; (6)p = Dr4�z + �1h1@2�z@t2 � h1L(�z;�); (7)r4� = EL(�z ; �z): (8)�¤¥áì u, v ¨ w { ª®¬¯®­¥­âë ¢¥ªâ®à  áª®à®áâ¨;p - ¤ ¢«¥­¨¥ ¢ ¦¨¤ª®áâ¨; �2 - ¯«®â­®áâì ¦¨¤ª®-áâ¨; �1; h1; D;E { á®®â¢¥âáâ¢¥­­® ¯«®â­®áâì, â®«-é¨­ , æ¨«¨­¤à¨ç¥áª ï ¦¥áâª®áâì ¨ ¬®¤ã«ì ã¯àã-£®áâ¨ ¯« áâ¨­ë; �z;�; �x; �y; � { ¯à®£¨¡, äã­ªæ¨ï­ ¯àï¦¥­¨© ¨ ª®¬¯®­¥­âë â¥­§®à  ­ ¯àï¦¥­¨© ¢áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ¯« áâ¨­ë á®®â¢¥âáâ¢¥­­®:@2�@x2 = �y; @2�@y2 = �x; @2�@x@y = ��;L(�z ;�) = @2�z@x2 @2�@y2 + @2�z@y2 @2�@x2 � 2 @2�z@x@y @2�@x@y ;L(�z ; �z) = � @2�z@x@y�2 � @2�z@x2 @2�z@y2 :56 �. A. �ª ç¥­ª®, �. �. �ª®¢«¥¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 55 { 64�¢¥¤¥¬ ®¡®§­ ç¥­¨¥:f = 1hZ �z�d fdz; h = d+ �z¨ ¯à®¨­â¥£à¨àã¥¬ ãà ¢­¥­¨ï (1), (2) ¨ (4) ¯® £«ã-¡¨­¥ ®â �d ¤® �z. �®£¤  á ãç¥â®¬ £à ­¨ç­ëå ãá«®-¢¨© (5) - (7) ¯®«ãç¨¬@(hu)@t + @(hu2)@x + @(huv)@y + 1�2 @(hp)@x == 1�2 h@�z@x p(�z) + p(�d) @d@x i; (9)@(hv)@t + @(huv)@x + @(hv2)@y + 1�2 @(hp)@y == 1�2 h@�z@y p(�z) + p(�d)@d@y i; (10)@(hu)@x + @(hv)@y + @�z@t = 0: (11)�«¥¤ãï à ¡®â¥ [13], ¯à¥¤¯®«®¦¨¬, çâ® ®âª«®­¥-­¨¥¬ £®à¨§®­â «ì­ëå ª®¬¯®­¥­â ¢¥ªâ®à  áª®à®-áâ¨ ¢ ª ¦¤®© â®çª¥ ¯®â®ª  ®â ª®¬¯®­¥­â áà¥¤­¥©¯® £«ã¡¨­¥ áª®à®áâ¨ ¬®¦­® ¯à¥­¥¡à¥çì, â.¥. ¯®-«®¦¨âì u ' u; v ' v; u2 ' u2; v2 ' v2; uv ' uv:�à®¨­â¥£à¨àã¥¬ â¥¯¥àì ãà ¢­¥­¨¥ (4) ¯® z ¢ ¯à¥-¤¥« å ®â �d ¤® z:w = �(z + d)�@u@x + @v@y�+ f(x; y): (12)� ¢ëà ¦¥­¨¨ (12) äã­ªæ¨î f(x; y) ¢ë¡¥à¥¬ â -ª¨¬ ®¡à §®¬, çâ®¡ë ã¤®¢«¥â¢®à¨âì £à ­¨ç­ë¬ãá«®¢¨ï¬ ­  ¤­¥ (5) ¨ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨à §¤¥«  (6). �ª®­ç â¥«ì­® ¯®«ãç¨¬:w = � @@x [(z + d)u]� @@y [(z + d)v]: (13)�§ ãà ¢­¥­¨ï (3) á«¥¤ã¥â, çâ®p(z) = ��2 Z (g + dwdt )dz +C: (14)�¯à¥¤¥«ïï ¨§ ¢ëà ¦¥­¨ï (14) á ãç¥â®¬ (13)§­ ç¥­¨ï p(�d) ¨ p ¨ ¯®¤áâ ¢«ïï ¨å ¢ (9), (10),¯®«ãç ¥¬ ãà ¢­¥­¨ï ¤«¨­­®¢®«­®¢®£® ­¥«¨­¥©­®-¤¨á¯¥àá¨®­­®£® ¯à¨¡«¨¦¥­¨ï, ®¯¨áë¢ îé¨¥ à á-¯à®áâà ­¥­¨¥ ¨§£¨¡­®-£à ¢¨â æ¨®­­ëå ¢®«­ ¢ã¯àã£®© ¯« áâ¨­¥ ­  ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¯¥à¥-¬¥­­®© £«ã¡¨­ë á ãç¥â®¬ £¥®¬¥âà¨ç¥áª¨ ­¥«¨­¥©-­®£® ¯à®£¨¡  ¯« áâ¨­ë:@�z@t +r � (hu) = 0; (15)

dudt + �hR2 + Q�rd� 1hr�h3R3 + h2Q2 �+ (16)+r�g�z + D�2r4�z + �1h1�2 @2�z@t2 � h1�2 L(�z;�)� = 0;r4� = EL(�z; �z); (17)£¤¥ u = u(u; v); r = i @@x + j @@y ;R =r � u+ u�[r(r�u)]� (r � u)2;Q = @u@t �rd+ u � [r (u �rd)]:2. ������������� �������������-����� ������� ������� ������� -�������������� ����.���������� ������ �������� áá¬®âà¨¬ ¤¨­ ¬¨ç¥áª¨© ¯à®æ¥áá ¨§£¨¡  ¯« -áâ¨­ë ¡¥§ ãç¥â  à á¯à®áâà ­¥­¨ï ã¯àã£¨å ¢®«­[12], çâ® ¤ ¥â ¢®§¬®¦­®áâì ®â¡à®á¨âì ¨­¥àæ¨-®­­ë¥ ç«¥­ë @2�x=@t2; @2�y=@t2 (§¤¥áì �x; �y {ª®¬¯®­¥­âë ¢¥ªâ®à  ¯¥à¥¬¥é¥­¨© cà¥¤¨­­®© ¯®-¢¥àå­®áâ¨ ã¯àã£®© ¯« áâ¨­ë). �®£¤  ¤«ï ®¤­®¬¥à-­®£® á«ãç ï ¨§ ãà ¢­¥­¨ï ¯¥à¥¬¥é¥­¨ï [12] ¨¬¥¥¬:@2�x@x2 + @�z@x @2�z@x2 = 0:�à®¨­â¥£à¨à®¢ ¢ ¯®á«¥¤­¥¥ ãà ¢­¥­¨¥ ¯® x, ¯®-«ãç¨¬ @�x@x + 12(@�z@x )2 = �x = const; (18)£¤¥ �x { ¤¥ä®à¬ æ¨ï áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ § áç¥â £¥®¬¥âà¨ç¥áª¨ ­¥«¨­¥©­®£® ¯à®£¨¡ . �®£¤ ¤«ï ®¤­®¬¥à­®£® á«ãç ïL(�z ;�) = E�x1� �2 @2�z@x2¨ ãà ¢­¥­¨ï (15)-(17) ­¥«¨­¥©­®-¤¨á¯¥àá¨®­­®£®¯à¨¡«¨¦¥­¨ï à á¯à®áâà ­¥­¨ï ¨§£¨¡­®-£à ¢¨â -æ¨®­­ëå ¢®«­ ¢ ã¯àã£®© ¯« áâ¨­¥, ¯« ¢ îé¥© ­ ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨, ¡ã¤ãâ ¨¬¥âì ¢¨¤@�z@t + @@x (hu) = 0; (19)@u@t + u@u@x + �hR2 +Q�@d@x � 1h @@x�h3R3 ++ @@xhg�z + D�2 @4�z@x4 + �1h1�2 @2�z@t2 � (20)�. A. �ª ç¥­ª®, �. �. �ª®¢«¥¢ 57



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 55 { 64� h1E�x�2(1 � �2) @2�z@x2 i = 0:�¢¥¤¥¬ ¡¥§à §¬¥à­ë¥ ¯¥à¥¬¥­­ë¥ (§¢¥§¤®çª¨ ¢¤ «ì­¥©è¥¬ ®¯ãáâ¨¬):x? = x=�; (z?; h?1; d?) = (z; h1; d)=d0;(�?x ; �?z ) = (�x; �z)=A; t? = tpgd0=�;u? = u=(�pgd0); �?i = �i�2 ; (i = 1; 2);� = A=d0; � = (do=�)2;E? = �E(1� �2)�2g�;
 = ��1h1=�2do; � = �D=(�2gd2o�2)¨ § ¯¨è¥¬ ãà ¢­¥­¨ï ¬®¤¥«¨ ¢ á«¥¤ãîé¥¬ ¢¨¤¥:@�z@t + @@x (hu) = 0; (21)@u@t + @�z@x + �u@u@x + �h(hR2 +Q)@d@x�� 1h @@x (h3R3 + h2Q2 )i+ 
 @2�z@x@t + � @5�z@x5 � (22)�Eh1�x @3�z@x3 = 0:�¤¥áì R = @2u@x@t + �hu@2u@x2 � (@u@x )2i;Q = @u@t @d@x + �u @@x (u@d@x ); h = d+ ��z:�áâ ¢«ïï ¢ ãà ¢­¥­¨¨ (22) ç«¥­ë ¯®àï¤ª  �, � ¨â¥, çâ® á®®â¢¥âáâ¢ãîâ £¥®¬¥âà¨ç¥áª¨ ­¥«¨­¥©­®-¬ã ¯à®£¨¡ã ¯« áâ¨­ë, ¯®«ãç ¥¬ ãà ¢­¥­¨¥ �¥à¥-£à¨­  [14], ®¯¨áë¢ îé¥¥ âà ­áä®à¬ æ¨î ¤«¨­­ëå¢®«­ ª®­¥ç­®©, ­® ¬ «®©  ¬¯«¨âã¤ë:@u@t + �u@u@x � �d2 @@th@2(du)@x2 � d3 @2u@x2 i++ @@x��z + 
 @2�z@t2 + � @4�z@x4 �Eh1�x@2�z@x2 � = 0: (23)� ®¤­®¬¥à­®¬ á«ãç ¥ ¯à¨ d = d0=const ¨§ ãà ¢-­¥­¨© (21) ¨ (23) ¯®«ãç¨¬ á¨áâ¥¬ã ãà ¢­¥­¨© â¨¯ �ãcá¨­¥áª  [1]:@�z@t + (1 + ��z)@u@x + �u@�z@x = 0; (24)@u@t + �u@u@x � �3 @3u@t2@x + @@x��z+ (25)

+
 @2�z@t2 + � @4�z@x4 � Eh1�x@2�z@x2 � = 0:�§ á¨áâ¥¬ë ãà ¢­¥­¨© (24), (25), ¯à®¤¥« ¢ ¯à¥-®¡à §®¢ ­¨ï,  ­ «®£¨ç­ë¥ [1], ¯®«ãç¨¬ ãà ¢­¥­¨¥@�z@t + (1 + 32��z)@�z@x ++� + 3
 � 3h1�xE6 @3�z@x3 + �2 @5�z@x5 = 0; (26)ª®â®à®¥, á®£« á­® ª« áá¨ä¨ª æ¨¨ [15], ®â­®á¨âáï ªª« ááã ®¡®¡é¥­­ëå ãà ¢­¥­¨© �®àâ¥¢¥£ -¤¥ �à¨-§ .�§ãç¨¬ áâ æ¨®­ à­ë¥ à¥è¥­¨ï ãà ¢­¥­¨ï (26):�z(x; t) = �X(�); � = x� Ut: (27)�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (27) ¢ (26), § â¥¬ ¤¢ -¦¤ë ¨­â¥£à¨àãï ¨ ¢¢®¤ï ­®¢ë¥ ¯¥à¥¬¥­­ë¥ X �X, (dX=d�)2 � Y (X), ¯®«ãç ¥¬��4hY Y " � 14�Y 0�2i� � + 3
 � 3h1�xE12 Y + (28)+�4X3 � 1� U2 X2 +AX + B = 0:�¥è¥­¨¥ ãà ¢­¥­¨ï (28) ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ áâ¥-¯¥­­®£® àï¤  Y = 1Xi=0 biX�i :�®¤áâ ¢«ïï íâ®â àï¤ ¢ (28) ¨ ¯à¨à ¢­¨¢ ï ª®íä¨-æ¨¥­âë ¯à¨ ®¤¨­ ª®¢ëå áâ¥¯¥­ïå X�i á ãç¥â®¬§ ¬¥­ë �2(�) = X, ­ å®¤¨¬:3P�d�d� �2 = �(��3+3C�2�6A�+6B) � f(� ); (29)£¤¥P = 13r35�� ;C = 4�39r 35�� ;A = 518�(U � co);B = 8�111�r 35�� (U � co); co = 1� 288169 �2� ; (30)� = (� + 3
 � 3h1�xE)=12:�à¨ ®¯à¥¤¥«¥­­ëå ãá«®¢¨ïå ãà ¢­¥­¨¥ (29) ¬®-¦¥â ®¯¨áë¢ âì ¯¥à¨®¤¨ç¥áª®¥ ¤¢¨¦¥­¨¥, á®¢¥àè -îé¥¥áï ¬¥¦¤ã ¤¢ã¬ï á¬¥¦­ë¬¨ ¢¥é¥áâ¢¥­­ë¬¨­ã«ï¬¨ äã­ªæ¨¨ f(� ), £¤¥ f(� ) � 0. �ã­ªæ¨ï f(� ){ ªã¡¨ç¥áª¨© ¯®«¨­®¬, ¨¬¥îé¨© âà¨ ª®à­ï. �¤ «ì­¥©è¥¬ ¬ë ¡ã¤¥¬ ¨§ãç âì à¥è¥­¨ï, ®¯¨áë¢ -îé¨¥ ­¥¯®áâ®ï­­ë¥ ®£à ­¨ç¥­­ë¥ à¥è¥­¨ï (29).�ç¥¢¨¤­®, ¬ë ¤®«¦­ë à áá¬®âà¥âì ¤¢  á«ãç ï:58 �. A. �ª ç¥­ª®, �. �. �ª®¢«¥¢
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�¨á. 1. �å¥¬ â¨ç¥áª¨© £à ä¨ª ¨§¬¥­¥­¨ï äã­ªæ¨¨f(�), ª®£¤  ®­  ¨¬¥¥â â®«ìª® ®¤¨­¢¥é¥áâ¢¥­­ë© ª®à¥­ì¯¥à¢ë© { ª®£¤  f(� ) = �(�3 + 3C�2 + 6A� + 6B),¢â®à®© { ª®£¤  f(� ) = �3 � 3C�2 + 6A� � 6B.�«ãç © 1. �ãáâì f(� ) ¨¬¥¥â ®¤¨­ ¢¥é¥áâ¢¥­-­ë© ª®à¥­ì ¯à¨ � = �1. �§ à¨á. 1 ïá­®, çâ®f(� ) < 0, ª®£¤  � > �1, ¨ f(� ) � 0, ª®£¤  � � �1,¯®íâ®¬ã ¤«ï ¢¥é¥áâ¢¥­­ëå à¥è¥­¨© (29) ¬ë ¤®«¦-­ë à áá¬ âà¨¢ âì ¨­â¥à¢ « � � �1. � ª ª ª f(� )®áâ ¥âáï ¯®«®¦¨â¥«ì­ë¬ ¯à¨ � � �1 ¨ áâà¥¬¨âáïª ¡¥áª®­¥ç­®áâ¨ ¯à¨ � �! �1, â® à¥è¥­¨¥ ®ª -§ë¢ ¥âáï ­¥®£à ­¨ç¥­­ë¬.�ãáâì â¥¯¥àì ¢á¥ âà¨ ª®à­ï �1; �2; �3 äã­ªæ¨¨f(� ) ¢¥é¥áâ¢¥­­ë¥. �â® ¢®§¬®¦­o â®«ìª® ¢ á«ã-ç ¥, ª®£¤  U � co, ¯à¨ç¥¬ ¤«ï âà¥å à §«¨ç­ëå¢¥é¥áâ¢¥­­ëå ª®à­¥© U < co,   ª®£¤  ¤¢  ¨§ ­¨åà ¢­ë ¬¥¦¤ã á®¡®© { U = co.� áá¬®âà¨¬ á«ãç ©, ª®£¤  � + 3
 � 3h1�xE � 0;â.¥. �x < (� + 3
)=(3h1E). �¨á. 2 ¤ ¥â ª ç¥áâ¢¥­-­ãî ª àâ¨­ã ¨§¬¥­¥­¨ï äã­ªæ¨¨ f(� ), ª®£¤  ¢á¥ª®à­¨ f(� ) (�1 < �2 < �3) à §«¨ç­ë (ªà¨¢ ï �) ¨ª®£¤  �1 < �2 = �3 (ªà¨¢ ï �, ª®â®à ï ª á ¥âáï ®á¨� ¢ â®çª¥ �2).�ãáâì f(� ) ¨¬¥¥â âà¨ à §«¨ç­ëå ¢¥é¥áâ¢¥­­ëåª®à­ï (¯à¨ íâ®¬ ª®íää¨æ¨¥­âë ¯®«¨­®¬  ¤®«¦­ëã¤®¢«¥â¢«àïâì ãá«®¢¨ï¬ C > 0; B < 0; A < 0). �®-áª®«ìªã à¥è¥­¨¥ (29) ¤®«¦­® ¡ëâì ¢¥é¥áâ¢¥­­ë¬¨ ®£à ­¨ç¥­­ë¬, â® ¬ë ¤®«¦­ë ¢ë¡¨à âì ¨­â¥à-¢ « ¨§¬¥­¥­¨ï � ¬¥¦¤ã ª®à­ï¬¨ �2 ¨ �3 (ªà¨¢ ï �).�®£¤  ¯®á«¥ ¨­â¥£à¨à®¢ ­¨ï ãà ¢­¥­¨ï (29) ¯®«ã-ç ¥¬ [1, 15]:� = �2 + (�3 � �2)cn2�r�3 � �112P �; s�; (31)£¤¥ cn { í««¨¯â¨ç¥áª ï äã­ªæ¨ï �ª®¡¨; s =p(�3 � �2)=(�3 � �1):�ãáâì f(� ) ¨¬¥¥â âà¨ ¢¥é¥áâ¢¥­­ëå ª®à­ï, ¤¢ 

¨§ ª®â®àëå à ¢­ë (ªà¨¢ ï �). �®£¤  U = co; A =B = 0; C > 0 ¨ ¤®¯ãáâ¨¬ë© ¨­â¥à¢ « §­ ç¥­¨©� < �1. �® ¢ íâ®¬ á«ãç ¥, ª ª ¨ ¤«ï á«ãç ï ®¤­®-£® ¢¥é¥áâ¢¥­­®£® ª®à­ï, ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ­¥áãé¥áâ¢ã¥â.
�¨á. 2. �å¥¬ â¨ç¥áª¨© £à ä¨ª ¨§¬¥­¥­¨ï äã­ªæ¨¨f(�), ª®£¤  ¢á¥ âà¨ ª®à­ï ¢¥é¥áâ¢¥­­ë¥. �«ãç © 1�à¥¤¯®«®¦¨¬ â¥¯¥àì, çâ® � + 3
 � 3h1�xE < 0;â.¥. �x > (� + 3
)=(3h1E) ¨ ¯ãáâì f(� ) ¨¬¥¥â âà¨à §«¨ç­ëå ¢¥é¥áâ¢¥­­ëå ª®à­ï (�1 < �2 < �3)(à¨á. 3). �®£¤  C < 0; A < 0; B > 0 ¨ ¢¥é¥áâ¢¥­-­®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (29) ¡ã¤¥âáãé¥áâ¢®¢ âì ¯à¨ ¨§¬¥­¥­¨¨ � ¬¥¦¤ã �2 ¨ �3 (ªà¨-¢ ï �) ¨ ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥­¨¥¬ (31). � á«ãç ¥,ª®£¤  ¤¢  ¢¥é¥áâ¢¥­­ëå ª®à­ï à ¢­ë (ªà¨¢ ï �),U = co; C < 0; A = B = 0: �à¨ íâ®¬ � ¤®«¦­®¨§¬¥­ïâìáï ¬¥¦¤ã �1 ¨ �2 (ªà¨¢ ï �, à¨á. 3). �®-áª®«ìªã à¥è¥­¨¥ ãà ¢­¥­¨ï (29) ¤®«¦­® ¡ëâì ®£à -­¨ç¥­­ë¬ ¨ ¢¥é¥áâ¢¥­­ë¬, â® ¥£® ¬®¦­® ¯à¥¤áâ -¢¨âì ¢ ¢¨¤¥ [1, 15]� = �3Csech2(�r�3C12P ): (32)� ¡¥£ãé¥© ¢®«­¥, ®¯¨áë¢ ¥¬®© ¢ëà ¦¥­¨¥¬(32), ¯¥à¥å®¤ ®â á®áâ®ï­¨ï ¯®ª®ï ¯à¨ � �! �1ª á®áâ®ï­¨î ¯®ª®ï ¯à¨ � �! +1 «®ª «¨§ã¥âáï ¢®ªà¥áâ­®áâ¨ � = 0. �ã¤¥¬ ­ §ë¢ âì â ª®© ¯à®æ¥ááã¥¤¨­¥­­®© ¢®«­®©.�«ãç © 2. �ãáâì f(� ) = �3 � 3C�2 + 6A� �B. �®£¤ , ¯à®¤¥« ¢  ­ «¨§,  ­ «®£¨ç­ë© á«ãç î1, ¯®«ãç¨¬, çâ® ãà ¢­¥­¨¥ (29) ¤®¯ãáª ¥â à¥è¥­¨¥¢ ¢¨¤¥ ª­®¨¤ «ì­®© ¢®«­ë [1, 15]:� = �1 + (�2 � �1)sn2�r�3 � �112P �; s�; (33)(§¤¥áì sn { í««¨¯â¨ç¥áª ï äã­ªæ¨ï �ª®¡¨; s =p(�2 � �1)=(�3 � �1); �1 < �2 < �3 ¢¥é¥áâ¢¥­­ë¥ª®à­¨ ¯®«¨­®¬  f(� ), áãé¥áâ¢ãîé¨¥ ¤«ï ¢á¥å §­ -ç¥­¨© �, ¯à¨ ª®â®àëå ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢®U < co),   â ª¦¥ ¢ ¢¨¤¥ ã¥¤¨­¥­­®© ¢®«­ë (ª®-£¤  U = co; � < 0; C < 0; A = B = 0, â.¥.�. A. �ª ç¥­ª®, �. �. �ª®¢«¥¢ 59
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�¨á. 3. �å¥¬ â¨ç¥áª¨© £à ä¨ª ¨§¬¥­¥­¨ï äã­ªæ¨¨f(�), ª®£¤  ¢á¥ âà¨ ª®à­ï ¢¥é¥áâ¢¥­­ë¥. �«ãç © 2f(� ) ¨¬¥¥â âà¨ ¢¥é¥áâ¢¥­­ëå ª®à­ï, ¨§ ª®â®àëå¤¢  à ¢­ë) [1, 15]:� = 3Csech2(r�3C12P �): (34)�ª®­ç â¥«ì­®, á ãç¥â®¬ § ¬¥­ë �2(�) = X ¨§¢ëà ¦¥­¨© (27), (31) { (34) ¯®«ãç ¥¬ áâ æ¨®­ à-­ë¥ ­¥¯®áâ®ï­­ë¥, ¢¥é¥áâ¢¥­­ë¥ ¨ ®£à ­¨ç¥­­ë¥à¥è¥­¨ï ãà ¢­¥­¨ï (26) ¢ ¢¨¤¥ ª­®¨¤ «ì­®© ¢®«-­ë:�z(x; t) = �h�2 + (�3 � �2)án2�r�3 � �112P � (35)�(x� Ut); s�i2;�z(x; t) = �h�1 + (�2 � �1)sn2�r�3 � �112P � (36)�(x� Ut); s�i2¨ ã¥¤¨­¥­­®© ¢®«­ë�z(x; t) = �9C2sech4�r� �13� (x� Ut)�: (37)� ¢ëà ¦¥­¨ïå (35) ¨ (36) �2 ¨ �1 ®¯à¥¤¥«ïîâ®âª«®­¥­¨¥, á®®â¢¥âáâ¢ãîé¥¥ ¯®¤®è¢¥ ¨§£¨¡­®-£à ¢¨â æ¨®­­®© ¢®«­ë.� áá¬®âà¨¬ ­¥ª®â®àë¥ ç áâ­ë¥ á«ãç ¨.�®«®¦¨¬ �2 ¢ à¥è¥­¨¨ (35) ¨ �1 ¢ (36) à ¢­ë-¬¨ ­ã«î ¨ § ä¨ªá¨àã¥¬ â ª¨¬ ®¡à §®¬, çâ® ¯®-¤®è¢  ¨§£¨¡­®-£à ¢¨â æ¨®­­®© ¢®«­ë á®¢¯ ¤ ¥âá ¯®¢¥àå­®áâìî à §¤¥«  «¥¤{¢®¤ . � íâ®¬ á«ãç ¥¨§ ãà ¢­¥­¨ï (29) á«¥¤ã¥â, çâ® ª­®¨¤ «ì­ãî ¢®«­ã¡ã¤¥â ®¯¨áë¢ âì â®«ìª® ¢ëà ¦¥­¨¥ (35), ¯®áª®«ì-ªã ¢ ¢ëà ¦¥­¨¨ (36) ¯à¨ �1 = 0 ¤¢  ¤àã£¨å ª®à­ï�1 ¨ �3 ¯à ¢®© ç áâ¨ (29) ¡ã¤ãâ ª®¬¯«¥ªá­ë¬¨. �§

ãá«®¢¨ï �2 = 0 á«¥¤ã¥â, çâ® ¢ ãà ¢­¥­¨¨ (29) B =0. �®£¤  ¨§ (30) ¨¬¥¥¬:C = 0; co = 1; A = 518�(U � 1);�x = (� + 3
)=(3h1E)¨ ¢ëà ¦¥­¨¥ (35) ¬®¦­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥�z(x; t) = 6Acn4hs2p6A12P (x� Ut); si:�§ ãá«®¢¨ï â®£®, çâ® ¡¥§à §¬¥à­ ï  ¬¯«¨âã¤ ª­®¨¤ «ì­®© ¢®«­ë à ¢­  -1, á«¥¤ã¥â, çâ®U = 1� 3�5 :�ª®­ç â¥«ì­® ¢ëà ¦¥­¨¥ (35), ®¯¨áë¢ îé¥¥ª­®¨¤ «ì­ãî ¢®«­ã ¯à¨ �1 = 0, § ¯¨è¥âáï á«¥¤ãî-é¨¬ ®¡à §®¬:�z(x; t) = �cn4� 1p6P (x� Ut); s�; s = p22 : (38)
�¨á. 4. �à®ä¨«¨ ª­®¨¤ «ì­®© ( ) ¨ ã¥¤¨­¥­­®© (¡)¨§£¨¡­®-£à ¢¨â æ¨®­­ëå ¢®«­�¨á. 4,   ¨««îáâà¨àã¥â ä®à¬ã ¨§£¨¡­® - £à ¢¨-â æ¨®­­®© ª­®¨¤ «ì­®© ¢®«­ë, ®¯à¥¤¥«ï¥¬®© ¢ë-à ¦¥­¨¥¬ (38) ¯à¨ t = 0; � = 0:35; � = 0:4. �§£à ä¨ª  á«¥¤ã¥â, çâ® ª­®¨¤ «ì­ë¥ ¨§£¨¡­®- £à -¢¨â æ¨®­­ë¥ ¢®«­ë ï¢«ïîâáï ¯¥à¥¢¥à­ãâë¬¨ ¯®áà ¢­¥­¨î á ª­®¨¤ «ì­ë¬¨ ¢®«­ ¬¨ ­  ¢®¤¥. �«ï­¨å å à ªâ¥à­® ­ «¨ç¨¥ ¡®«¥¥ ®áâà®© ¢¯ ¤¨­ë ¯®áà ¢­¥­¨î á £®à¡®¬, ¢ â® ¢à¥¬ï ª ª ¢ á«ãç ¥ ¯®-¢¥àå­®áâ­ëå £à ¢¨â æ¨®­­ëå ¢®«­ ­ ®¡®à®â.�«¨­  ¨§£¨¡­®-£à ¢¨â æ¨®­­®© ª­®¨¤ «ì-­®© ¢®«­ë, ¥¥ ¯¥à¨®¤, ¢®«­®¢®¥ ç¨á«® ¨ ç áâ®â ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬¨ ¢ëà ¦¥­¨ï¬¨:� = (1 � 3�5 )p6PK(s);60 �. A. �ª ç¥­ª®, �. �. �ª®¢«¥¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 55 { 64T = p6PK(s); k = (1� 3�5 )=p6P; (39)! = 1=p6P ;£¤¥ K(s) { ¯®«­ë© í««¨¯â¨ç¥áª¨© ¨­â¥£à « ¯¥à¢®-£® à®¤ .�§ ¯®á«¥¤­¥£® ¢ëà ¦¥­¨ï (39), ª®â®à®¥ ¯à¥¤-áâ ¢«ï¥â á®¡®© ¤¨á¯¥àá¨®­­®¥ á®®â­®è¥­¨¥, á«¥-¤ã¥â, çâ® ç áâ®â  ¨§£¨¡­®-£à ¢¨â æ¨®­­®© ª­®¨-¤ «ì­®© ¢®«­ë § ¢¨á¨â ®â ¥¥  ¬¯«¨âã¤ë ¨ ã¯àã£¨åá¢®©áâ¢ «¥¤ï­®© ¯« áâ¨­ë.� áá¬®âà¨¬ â¥¯¥àì ¡®«¥¥ ¯®¤à®¡­® ¢ëà ¦¥­¨¥(37), ®¯¨áë¢ îé¥¥ ¨§£¨¡­®-£à ¢¨â æ¨®­­ë© á®«¨-â®­ ¢ ¬®à¥, ¯®ªàëâ®¬ á¯«®è­ë¬ «ì¤®¬. � ¬¥â¨¬,çâ® ¡¥§à §¬¥à­ ï  ¬¯«¨âã¤  ¯à®£¨¡  ¯« áâ¨­ëà ¢­  �9C2 , â.¥. ¨§£¨¡­®-£à ¢¨â æ¨®­­ë© á®«¨-â®­ ï¢«ï¥âáï ¯¥à¥¢¥à­ãâë¬ ¯® ®â­®è¥­¨î ª á®«¨-â®­ã ¢ ¢®«­ å ­  ¢®¤¥. �à®¬¥ â®£®, ¢ á¨«ã ¢¢¥¤¥­-­®£® ­ ¬¨ ®¡¥§à §¬¥à¨¢ ­¨ï á«¥¤ã¥â, çâ® 9C2 = 1¨ ¨§ ãá«®¢¨ï � < 0 ¨¬¥¥¬ 3C = �1. �âªã¤  «¥£-ª® ­ ©â¨, çâ® ¤¥ä®à¬ æ¨ï áà¥¤¨­­®© ¯®¢¥àå­®áâ¨¯®áâà®¥­­®£® ­ ¬¨ á®«¨â®­  ®¯à¥¤¥«ï¥âáï ª ª�x = � + 3
 + 39p��=353h1E : (40)�à¨ ¯®áâà®¥­¨¨ à¥è¥­¨ï (37) ¡ë«® ¯®ª § ­®,çâ® ¢¥é¥áâ¢¥­­®¥ ®£à ­¨ç¥­­®¥ à¥è¥­¨¥ ãà ¢­¥-­¨ï (29),   á«¥¤®¢ â¥«ì­®, ¨ ãà ¢­¥­¨ï (26), ¡ã-¤¥â áãé¥áâ¢®¢ âì ¯à¨ �x > (� + 3
)=3h1E. �«ï¯®áâà®¥­­®£® ­ ¬¨ à¥è¥­¨ï íâ® ãá«®¢¨¥ ¢ á¨«ã(40) § ¢¥¤®¬® ¢ë¯®«­ï¥âáï. �âáî¤  á«¥¤ã¥â, çâ®¨§£¨¡­®-£à ¢¨â æ¨®­­ë© á®«¨â®­ áãé¥áâ¢ã¥â ¢á¥-£¤ ,   ­¥ â®«ìª® ¤«ï ¯à¥¤¢ à¨â¥«ì­® à áâï­ãâ®©¯« áâ¨­ë, ª ª íâ® ãâ¢¥à¦¤ ¥âáï ¢ [6, 7]. �ª®­ç -â¥«ì­®¥ ¢ëà ¦¥­¨¥ ¤«ï ¨§£¨¡­®-£à ¢¨â æ¨®­­®£®á®«¨â®­  ¯à¨¬¥â ¢¨¤�z(x; t) = �sech4�r� �13� (x� Ut)�; (41)� = �p2�=3512�¥¤¨­¥­­ ï ¨§£¨¡­®-£à ¢¨â æ¨®­­ ï ¢®«­  ¯à¨t = 0; � = 0:35; � = 0:4 ¯à¥¤áâ ¢«¥­  ­  à¨á. 4, ¡.�®£« á­® ¢ëà ¦¥­¨© (30) ¨ (40) áª®à®áâì à á-¯à®áâà ­¥­¨ï á®«¨â®­ U = 1� 1835�¢ ®â«¨ç¨¨ ®â ¢®«­ ­  ¢®¤¥ á à®áâ®¬  ¬¯«¨âã¤ëã¬¥­ìè ¥âáï.

3. ������� ���������� ����� �����, �������� ����� ������à ¢­¥­¨ï ¤«¨­­®¢®«­®¢®£® ­¥«¨­¥©­®-¤¨á¯¥à-á¨®­­®£® ¯à¨¡«¨¦¥­¨ï âà ­áä®à¬ æ¨¨ ¯®¢¥àå-­®áâ­ëå ¢®«­ ¢ ¦¨¤ª®áâ¨, ¯®ªàëâ®© ¡¨âë¬ «ì¤®¬,¬®¦­® ¯®«ãç¨âì á¯®á®¡®¬, ¨§«®¦¥­­ë¬ ¢ëè¥ ¤«ï¨§£¨¡­®-£à ¢¨â æ¨®­­ëå ¢®«­, ¯à¨ § ¬¥­¥ ãà ¢­¥-­¨ï (7) ­  ¯®¢¥àå­®áâ¨ à §¤¥«  ¦¨¤ª®áâ¨ ¨ ¡¨â®£®«ì¤  z = a+ � á«¥¤ãîé¨¬ ãà ¢­¥­¨¥¬:p = m�g + @2�@t2 �; (42)£¤¥ p { ¤ ¢«¥­¨¥; � { ®âª«®­¥­¨¥ ¯®¢¥àå­®áâ¨ à §-¤¥«  «¥¤{¢®¤ ; a = �ho�1=�2 £«ã¡¨­  ¯®£àã¦¥­¨ï«ì¤¨­ë ¯à¨ áâ â¨ç¥áª®¬ à ¢­®¢¥á¨¨; �2 { ¯«®â-­®áâì ¢®¤ë; m = �1hoN ; N; �1 ¨ h0 - ¯®¢¥àå­®áâ-­ ï ¯«®â­®áâì, äã­ªæ¨ï á¯«®ç¥­­®áâ¨, ¯«®â­®áâì¨ â®«é¨­  ¡¨â®£® «ì¤  á®®â¢¥âáâ¢¥­­®. �ª®­ç -â¥«ì­® ¨¬¥¥¬:dudt � 1hr�h3R3 + h2Q2 �+r�g� + m�2 @2�@t2 � == ��hR2 + Q�rd; (43)@�@t +r � (hu) = 0; (44)£¤¥ u = u(u; v); r = i @@x + j @@y ;R =r � u+ u�[r(r�u)]� (r � u)2;Q = @u@t �rd+ u � [r(u �rd)]:h = d+ a+ �:�¢¥¤¥¬ ¡¥§à §¬¥à­ë¥ ¯¥à¥¬¥­­ë¥ (§¢¥§¤®çª¨ ¢¤ «ì­¥©è¥¬ ®¯ãáâ¨¬)(x?; y?) = (x; y)� ; (z?; d?; h�o; a?) = (z; d; h; a)(d0 + a) ;�? = �A; t? = tpg(d0 + a)� ;u? = u�pg(d0 + a) ; �? = ��2 ; (45)� = A(d0 + a) ; � = (d0 + a)2�2 ;
 = � m�2(d0 + a) :�¤¥áì d0 { å à ªâ¥à­ ï £«ã¡¨­  ¦¨¤ª®áâ¨; � ¨A { ¤«¨­  ¢®«­ë ¨ ¥¥  ¬¯«¨âã¤ .�. A. �ª ç¥­ª®, �. �. �ª®¢«¥¢ 61



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 55 { 64C ãç¥â®¬ ãà ¢­¥­¨ï (44) á¨áâ¥¬  (42){(43) § -¯¨è¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:@u@t +r� + �(u �r)u+ �h(hR2 +Q)rd�� 1hr (h3R3 + h2Q2 )i+ 
r@2�@t2 = 0; (46)@�@t +r(hu) = 0; (47)£¤¥ R = r � @u@t + �fu � [r(r �u)]� (r � u)2g;Q = @u@t �rd+ �u � [r(u �rd)];h = d+ a+ ��:�®«ãç¥­­ë¥ ãà ¢­¥­¨ï ®â«¨ç îâáï ®â á« ¡®­¥«¨-­¥©­®£® ¯à¨¡«¨¦¥­¨ï ­ «¨ç¨¥¬ ¤®¯®«­¨â¥«ì­ëåç«¥­®¢ ¯®àï¤ª  �n� (n = 1, 2, 3, 4), ®¯¨-áë¢ îé¨å íää¥ªâë ­¥«¨­¥©­®© ¤¨á¯¥àá¨¨. �à¨m=0 ¨ a=0 ãà ¢­¥­¨ï (46){(47) ¯¥à¥å®¤ïâ ¢ ¨§-¢¥áâ­ë¥ ãà ¢­¥­¨ï ¤«¨­­®¢®«­®¢®£® ­¥«¨­¥©­®-¤¨á¯¥àá¨®­­®£® ¯à¨¡«¨¦¥­¨ï ¢ ¦¨¤ª®áâ¨ ¯¥à¥-¬¥­­®© £«ã¡¨­ë, ¯®«ãç¥­­ë¥ ¢ [2] á¯®á®¡®¬, ¨§-«®¦¥­­ë¬ ¢ëè¥ ¨ à §«®¦¥­¨¥¬ ¯® ¬ «®¬ã ¯ à -¬¥âàã �.�áâ ¢«ïï ¢ ãà ¢­¥­¨¨ (46) ç«¥­ë ¯®àï¤ª  � ¨ �,¯®«ãç¨¬ ãà ¢­¥­¨¥ â¨¯  �¥à¥£à¨­  [14]:@u@t + �(u �r)u+r(� + 
 @2�@t2 )��� d+ a2 @@tfr[r�(du)]�d+ a3 r(r�u)g = 0: (48)� ®¤­®¬¥à­®¬ á«ãç ¥ ¯à¨ d = d0=const ¨§ á®-®â­®è¥­¨© (47), (48) ¯®«ãç¨¬ á¨áâ¥¬ã ãà ¢­¥­¨©â¨¯  �ãcá¨­¥áª :@u@t + �u@u@x + @�@x � �3 @3u@t2@x + 
 @3�@t2 @x = 0; (49)@�@t + @@x [(1 + ��)u] = 0: (50)�§ á¨áâ¥¬ë ãà ¢­¥­¨© (49), (50) ¯®á«¥ ­¥á«®¦-­ëå ¯à¥®¡à §®¢ ­¨© [1] ¯®«ãç¨¬ ãà ¢­¥­¨¥ â¨¯ �®àâ¥¢¥£ -¤¥ �à¨§ :@�@t + @�@x + 32�� @�@x + � + 3
6 @3�@x3 = 0: (51)�à ¢­¥­¨ï (49){(51) ¬®£ãâ ¡ëâì â ª¦¥ ¯®«ãç¥-­ë ¨§ á¨áâ¥¬ë ãà ¢­¥­¨© (1){(4), £à ­¨ç­ëå ãá«®-¢¨© (5){(6), (42) à §«®¦¥­¨¥¬ ¯® ¬ «®¬ã ¯ à ¬¥-âàã �.

�¢¥¤¥¬ ¯®â¥­æ¨ « áª®à®áâ¥© u = r' ¨, ¨á¯®«ì-§®¢ ¢ ãà ¢­¥­¨¥ �¥à­ã««¨, ¯¥à¥¯¨è¥¬ ¨áå®¤­ãîá¨áâ¥¬ã á ãç¥â®¬ (45) á«¥¤ãîé¨¬ ®¡à §®¬:� @2'@x2 + @2'@z2 = 0; z 2 [�do; a+ ��]; x 2 (�1;1);�@'@z �z=�do = 0;�@�@t + �@�@x @'@x � 1� @'@z �z=a+�� = 0; (52)n
 @2�@t2 +�+@'@t +�2 h�@'@x�2+ 1� �@'@z �2ioz=a+�� = 0:� áá¬®âà¨¬ á«ãç ©, ª®£¤  ¤«¨­  à á¯à®áâà ­ï-îé¥©áï ¢®«­ë áãé¥áâ¢¥­­® ¯à¥¢ëè ¥â £«ã¡¨­ã¦¨¤ª®áâ¨,   ¥¥  ¬¯«¨âã¤  ï¢«ï¥âáï ¤®áâ â®ç­® ¬ -«®©, â ª çâ® � � 1 ¨ �� 1, ¯à¨ç¥¬ � � �. � íâ®¬á«ãç ¥ ¯®â¥­æ¨ « áª®à®áâ¥© ' ¥áâ¥áâ¢¥­­® à §«®-¦¨âì ¢ àï¤ �¥©«®à  ¯® £«ã¡¨­¥ [1]:' = 1Xm=o(�1)m (z + do)2m(2m)! @2mf@x2m �m: (53)�®¤áâ ¢«ïï à §«®¦¥­¨¥ (53) ¢ (52) ¨ ¢ë¯®«­ïï¯à¥®¡à §®¢ ­¨ï,  ­ «®£¨ç­ë¥ [1], ¯®«ãç ¥¬:@u@t + �u@u@x + @�@x � 12� @3u@x2@t + 
 @3�@t2@x++O(��; �2) = 0;@�@t + @[(1 + ��)u]@x � 16� @3u@x3 + O(��; �2) = 0:�â® ¢ à¨ ­â ãà ¢­¥­¨© â¨¯  �ãác¨­¥áª , ª®â®àë©«¥£ª® á¢®¤¨âáï ª ¢¨¤ã á¨áâ¥¬ë (49), (50) [1].�â æ¨®­ à­ë¥ à¥è¥­¨ï ãà ¢­¥­¨ï (51) ¡ã¤¥¬¨áª âì ¢ ¢¨¤¥�(x; t) = �(�); � = x� Ut: (54)�®¤áâ ¢«ïï á®®â­®è¥­¨ï (54) ¢ (51) ¨ ¨­â¥£à¨-àãï ¥£® ¯® �, ¯®«ãç ¥¬� + 3
6 d2�d�2 + 34��2 � (U � 1)� = 32A:�¬­®¦ ï ¯®á«¥¤­¥¥ ãà ¢­¥­¨¥ ­  d�=d� ¨ á­®¢ ¨­â¥£à¨àãï ¥£® ¯® �, ¨¬¥¥¬:3S�d�d��2 = ��3 + 3C�2 + 6A� + 6B� ; (55)£¤¥ S = � + 3
9� ;C = 2(U � 1)3� :62 �. A. �ª ç¥­ª®, �. �. �ª®¢«¥¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 55 { 64�à ¢­¥­¨¥ (55)  ­ «®£¨ç­® ãà ¢­¥­¨î (29), ª®-â®à®¥ ¡ë«® ¯®¤à®¡­® ¨áá«¥¤®¢ ­® ¢ëè¥. � á«ãç ¥,ª®£¤  ¯®«¨­®¬ ¯à ¢®© ç áâ¨ (55) ¨¬¥¥â âà¨ à §-«¨ç­ëå ¢¥é¥áâ¢¥­­ëå ª®à­ï �3 > �2 > �1, à¥è¥­¨¥¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥� = �2 + (�3 � �2)cn2hr�3 � �112S (x� Ut); si;s =s�3 � �2�3 � �1 : (56)� á«ãç ¥, ª®£¤  ¤¢  ¨§ ª®à­¥© ¯®«¨­®¬  à ¢­ë,à¥è¥­¨¥ § ¯¨áë¢ ¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:� = �2 + (�3 � �2)sech2hr�3 � �112S (x� Ut)i: (57)� áá¬®âà¨¬ ­¥ª®â®àë¥ ç áâ­ë¥ á«ãç ¨ ¯®áâà®-¥­­ëå ¢ëè¥ à¥è¥­¨© ¤«ï ª­®¨¤ «ì­ëå ¨ ã¥¤¨­¥­-­ëå ¢®«­.�®«®¦¨¬ �2 ¢ ãà ¢­¥­¨¨ (56) à ¢­ë¬ ­ã«î, çâ®íª¢¨¢ «¥­â­® ®âáãâáâ¢¨î ¤®¯®«­¨â¥«ì­®£® ¯®¤ê-¥¬  ãà®¢­ï ¢®¤ë ¨, á«¥¤®¢ â¥«ì­®, ä¨ªá¨àã¥â ­ -ç «ì­ãî £«ã¡¨­ã ¦¨¤ª®áâ¨. �§ ãá«®¢¨ï â®£®, çâ®¡¥§à §¬¥à­ ï  ¬¯«¨âã¤  à ¢­  ¥¤¨­¨æ¥, á«¥¤ã¥â,çâ® �3 = 1. �à¥â¨© ª®à¥­ì �1 ¯®«¨­®¬  ¯à ¢®© ç -áâ¨ (55) ¤®«¦¥­ ¡ëâì ®âà¨æ â¥«ì­ë¬. �®«®¦¨¬¥£® à ­ë¬ �1 = �� 1. �â® á®®â¢¥âáâ¢ã¥â ãá«®¢¨îâ®£®, çâ®  ¬¯«¨âã¤  ª­®¨¤ «ì­®© ¢®«­ë ¤®«¦­ ¡ëâì ¬¥­ìè¥ £«ã¡¨­ë ¦¨¤ª®áâ¨. �ª®­ç â¥«ì­®¢ëà ¦¥­¨¥ (56), ®¯¨áë¢ îé¥¥ ª­®¨¤ «ì­ãî ¢®«-­ã, ¯à¨ á¤¥« ­­ëå ¯à¥¤¯®«®¦¥­¨ïå § ¯¨è¥âáï á«¥-¤ãîé¨¬ ®¡à §®¬:� = cn2hr2� �12S (x � Ut); si; s =r 12� �: (58)�ª®à®áâì à á¯à®áâà ­¥­¨ï íâ®© ¢®«­ë, ¥¥ ¤«¨­ ,¯¥à¨®¤, ¢®«­®¢®¥ ç¨á«® ¨ ç áâ®â  ®¯à¥¤¥«ïîâáï¢ëà ¦¥­¨ï¬¨U = 1 + �22 ; � = 4Ur 3S2� �K(s);T = 4r 3S2� �K(s); k = 12Ur2� �3S ;! = 12r2� �3S ;£¤¥ K(s) { ¯®«­ë© í««¨¯â¨ç¥áª¨© ¨­â¥£à « ¯¥à¢®-£® à®¤ .� áá¬®âà¨¬ ã¥¤¨­¥­­ãî ¢®«­ã, ®¯à¥¤¥«ï¥¬ãî¢ëà ¦¥­¨¥¬ (57). �à¥¤¯®« £ ï, ª ª ¨ ¢ëè¥, çâ®�2 = 0 ¨ �3 = 1, ¯®«ãç ¥¬:� = sech2hs 3�4(� + 
 (x� Ut)i; U = 1 + �2 : (59)

�§ ¢ëà ¦¥­¨© (58) ¨ (59) á«¥¤ã¥â, çâ® áª®à®áâìà á¯à®áâà ­¥­¨ï ª­®¨¤ «ì­ëå ¨ ã¥¤¨­¥­­ëå ¢®«­¢ ¬®à¥, ¯®ªàëâ®¬ ¡¨âë¬ «ì¤®¬, § ¢¨á¨â â®«ìª® ®â ¬¯«¨âã¤ë ¨ ­¥ § ¢¨á¨â ®â á¯«®ç¥­­®áâ¨ ¡¨â®£®«ì¤ . � â® ¦¥ ¢à¥¬ï ¤«¨­  ¢®«­ë ¨ ¥¥ ¯¥à¨®¤ § -¢¨áïâ ¨ ®â  ¬¯«¨âã¤ë ¢®«­ë ¨ ®â å à ªâ¥à¨áâ¨ª¡¨â®£® «ì¤ .
�¨á. 5. �à®ä¨«ì ã¥¤¨­¥­­®© ¢®«­ë ¤«ï à §«¨ç­ëå§­ ç¥­¨© äã­ªæ¨¨ á¯«®ç¥­­®áâ¨ ¡¨â®£® «ì¤ :1��N = 1; 2��N = 0:5; 3��N = 0�  à¨á. 5 ¯à¨¢¥¤¥­ë à áç¥âë ®âª«®­¥­¨ï ¯®-¢¥àå­®áâ¨ à §¤¥«  «¥¤{¢®¤  ¯® ä®à¬ã«¥ (59) ¯à¨á«¥¤ãîé¨å §­ ç¥­¨ïå ¯ à ¬¥âà®¢: t = 0; h0 =0:15; �1 = 0:917;� = 0:35; � = 0:05 ¤«ï à §«¨ç-­ëå §­ ç¥­¨© äã­ªæ¨¨ á¯«®ç¥­­®áâ¨ N . �à¨ íâ®¬N = 1 á®®â¢¥âáâ¢ã¥â á«ãç î, ª®£¤  ¯®¢¥àå­®áâì¦¨¤ª®áâ¨ ¯®«­®áâìî ¯®ªàëâ  ¡¨âë¬ «ì¤®¬,   N =0� á«ãç î ®âáãâáâ¢¨ï «ì¤ . �§ £à ä¨ª  á«¥¤ã¥â,çâ® ã¥¤¨­¥­­ë¥ ¢®«­ë ¯à¨ ­ «¨ç¨¨ ¡¨â®£® «ì¤  ­ ¯®¢¥àå­®áâ¨ ¢®¤ë ¨¬¥îâ ¡®«¥¥ ¯®«®£¨© ¯à®ä¨«ì.4. �����������à¨¢¥¤¥­­ë¥ ¢ëè¥ à¥§ã«ìâ âë ¯®ª §ë¢ îâ,çâ® ¤«¨­­ë¥ ­¥«¨­¥©­ë¥ ¢®«­ë ¢ ¬®à¥, ¯®ªàë-â®¬ «ì¤®¬, áãé¥áâ¢¥­­ë¬ ®¡à §®¬ § ¢¨áïâ ®â å -à ªâ¥à¨áâ¨ª «¥¤ï­®£® ¯®ªà®¢ . � á«ãç ¥ ¡¨â®£®«ì¤ , ¯à¨ ã¢¥«¨ç¥­¨¨ ¥£® á¯«®ç¥­­®áâ¨, ¤«¨­  ª­®-¨¤ «ì­ëå ¢®«­ ã¢¥«¨ç¨¢ ¥âáï,   ¯à®ä¨«ì ã¥¤¨­¥­-­®© ¢®«­ë áâ ­®¢¨âáï ¡®«¥¥ ¯®«®£¨¬. �â® á¢ï§ -­® á â¥¬, çâ® ¯« ¢ îé¨© ¡¨âë© «¥¤ ¢­®á¨â ¤®-¯®«­¨â¥«ì­ãî ¤¨á¯¥àá¨î ¢ ¯à®æ¥áá à á¯à®áâà -­¥­¨ï ¢®«­. �à¨ íâ®¬ áª®à®áâì à á¯à®áâà ­¥­¨ïíâ¨å ¢®«­ § ¢¨á¨â â®«ìª® ®â  ¬¯«¨âã¤ë, ª ª ­ ç¨áâ®© ¢®¤¥, ¨ ­¥ § ¢¨á¨â ®â á¯«®ç¥­­®áâ¨ ¡¨-â®£® «ì¤ . � á«ãç ¥ á¯«®è­®£® «ì¤  ¢«¨ï­¨¥ å -à ªâ¥à¨áâ¨ª «¥¤ï­®£® ¯®ªà®¢  ¡®«¥¥ á¨«ì­®¥. �®-¯¥à¢ëå, ¨§£¨¡­®-£à ¢¨â æ¨®­­ë¥ ¢®«­ë ï¢«ïîâáï¯¥à¥¢¥à­ãâë¬¨ ¯® áà ¢­¥­¨î á ¤«¨­­ë¬¨ ­¥«¨-­¥©­ë¬¨ ¢®«­ ¬¨ ­  ¢®¤¥. �â­®á¨â¥«ì­® ã¥¤¨­¥­-­®© ¢®«­ë íâ® ®§­ ç ¥â, çâ® ¡¥§ ¨§¬¥­¥­¨ï ä®à-�. A. �ª ç¥­ª®, �. �. �ª®¢«¥¢ 63
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