
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 4. �. 14 { 22��� 531.501����������� ��������� ������������� ������� ������� ������������-����������������� �������� �������������������������. �. �����, �. �. ����������� � ¤¨® áâà®­®¬¨ç¥áª¨© ¨­áâ¨âãâ ��� �ªà ¨­ë, � àìª®¢,��� àìª®¢áª¨© � æ¨®­ «ì­ë© ¯®«¨â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â�®«ãç¥­® 20.12.2001�¥è¥­  § ¤ ç  ® ¢®«­®¢®¬ ¤¢¨¦¥­¨¨ âï¦¥«®© ¢ï§ª®© ®¤­®à®¤­®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¡¥áª®­¥ç­®© £«ã¡¨­ë á®á¢®¡®¤­®© ¯®¢¥àå­®áâìî, ¯®ªàëâ®© ¯«¥­ª®© ¯®¢¥àå­®áâ­®- ªâ¨¢­®£® ¢¥é¥áâ¢ , â®«é¨­  ª®â®à®© ¬ «  ¯® áà ¢­¥-­¨î á ¤«¨­®© ¢®«­ë. � ©¤¥­® ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ ¤«ï ª®¬¯«¥ªá­®© ç áâ®âë ¢®«­ ¨ ¯®«ãç¥­®  ­ «¨â¨ç¥áª®¥à¥è¥­¨¥ ¥£® ¢ á«ãç ¥ ¡®«¥¥ â®­ª®© ¯«¥­ª¨, â®«é¨­  ª®â®à®© ¬ « , ­® áà ¢­¨¬  á â®«é¨­®© ¢ï§ª®£® ¢®«­®¢®£® á«®ï¢ ­¥©. �®ª § ­®, çâ® ¯«¥­ª  ª®­¥ç­®©, ­® ¬ «®© (¢ ãª § ­­®¬ ¢ëè¥ á¬ëá«¥) â®«é¨­ë ¢­®á¨â ¤¢¥ ­®¢ëå ¤¥â -«¨ ¢ ¬¥å ­¨§¬ £ è¥­¨ï ¢®«­ ¯«¥­ª®© ­ã«¥¢®© â®«é¨­ë:  ) áª®«ì¦¥­¨¥ £à ­¨æ ¯«¥­ª¨ ®â­®á¨â¥«ì­® ¤àã£ ¤àã£  ¨á¢ï§ ­­®¥ á ­¨¬ ®á« ¡«¥­¨¥ á®¯à®â¨¢«¥­¨ï ¯®¢¥àå­®áâ­®© á¨«ë (íâ®â íää¥ªâ ¯à¨¢®¤¨â ª § ¬¥â­®¬ã ã¬¥­ìè¥­¨î§ âãå ­¨ï ª ¯¨««ïà­ëå ¨ ª®à®âª¨å £à ¢¨â æ¨®­­ëå ¢®«­); ¡) £ áïé¥¥ ¢«¨ï­¨¥ ¢ï§ª®áâ¨ ¢¥é¥áâ¢  ¯«¥­ª¨. �â®âíää¥ªâ ¯à¨¢®¤¨â ª ãá¨«¥­¨î (å®âï ¨ ­¥¡®«ìè®¬ã) £ è¥­¨ï £à ¢¨â æ¨®­­ëå ¢®«­. �¨á«¥­­ë©  ­ «¨§ ¯à®¢¥¤¥­ ¤«ïâ¨¯¨ç­ëå ¯ à ¬¥âà®¢ ­¥äâ¨.�®§¢'ï§ ­  § ¤ ç  ¯à® å¢¨«ì®¢¨© àãå ¢ ¦ª®ù ¢'ï§ª®ù ®¤­®ài¤­®ù ­¥áâ¨áª õ¬®ù ài¤­¨­¨ ­¥áªi­ç¥­­®ù £«¨¡¨­¨ § ¢i«ì­®î¯®¢¥àå­¥î, é® ¢ªà¨â  ¯«i¢ª®î ¯®¢¥àå­¥¢®- ªâ¨¢­®ù à¥ç®¢¨­¨ § â®¢é¨­®î, ­ ¡ £ â® ¬¥­ìè®î §  ¤®¢¦¨­ã ¯®¢¥àå-­¥¢®ù å¢¨«i. �­ ©¤¥­® ¤¨á¯¥àái©­¥ ài¢­ï­­ï ¤«ï ª®¬¯«¥ªá­®ù ç áâ®â¨ å¢¨«ì â  ®¤¥à¦ ­®  ­ «iâ¨ç­¥ àiè¥­­ï ©®£®ã ¢¨¯ ¤ªã ¡i«ìè â®­ª®ù ¯«i¢ª¨, â®¢é¨­  ïª®ù §ài¢­ï­  i§ â®¢é¨­®î ¢'ï§ª®£® å¢¨«ì®¢®£® è àã ¢ ­i©. �¨ï¢«¥­®, é®¯«i¢ª  ¬ «®ù (ã ¢ª § ­®¬ã ¢¨é¥ à®§ã¬i­­i) áªi­ç¥­­®ù â®¢é¨­¨ ¤®¤ õ ¤¢i ­®¢÷ ¤¥â «i ¤® ¬¥å ­i§¬ã £ ái­­ï å¢¨«ì¯«i¢ª®î ­ã«ì®¢®ù â®¢é¨­¨:  ) ¯«¨­ ¬¥¦ ¯«i¢ª¨ ¢i¤­®á­® ®¤­  ®¤­®ù, é® ¯à¨¢®¤¨âì ¤® ¯®¬iâ­®£® §¬¥­ìè¥­­ï £ ái­­ïª ¯i«ïà­¨å â  ª®à®âª¨å £à ¢iâ æi©­¨å å¢¨«ì; ¡) ¢¯«¨¢ ¢'ï§ªoáâi à¥ç®¢¨­¨ ¯«i¢ª¨, ïª¨© ¯à¨¢®¤¨âì ¤® ­¥¢¥«¨ª®£®¯®á¨«¥­­ï £ ái­­ï £à ¢iâ æi©­¨å å¢¨«ì. �i«ìªiá­¨©  ­ «i§ ¯à®¢¥¤¥­® ¤«ï â¨¯®¢¨å ¯ à ¬¥âài¢ ­ äâ¨.The problem on rough sea under a surface - active substance �lm, which thickness much less as compared with a surfacewave length was considered. The dispersion equation for a complex frequency of waves was founded and one solved it incase when the �lm thickness much less compared with one of a wave viscous layer in the �lm. It was shown, the �lm witha little limited thickness add two new details to a mechanism of a wave dam-ping of one a naught thickness �lm. It isa sliding of the �lm boundaries relatively each other what involved an essential weakening of an extinction of capillaryand short gravity surface waves. It is the damping in
uence of the �lm substance viscosity, which involved to a not greatintensi�cation of the damping of gravity waves. The numerical analysis was conducted for oil typical parameters.���������ää¥ªâ £ è¥­¨ï ¬®àáª¨å ¢®«­ ¬ á«ï­ë¬¨¯«¥­ª ¬¨ ¨§¢¥áâ¥­ ®ç¥­ì ¤ ¢­® [1]. �  ¯®-á«¥¤­¨¥ ­¥áª®«ìª® ¤¥áïâ¨«¥â¨© ¨­â¥à¥á ª íâ®-¬ã ï¢«¥­¨î á¨«ì­® ¢®§à®á, â ª ª ª ¯«¥­ª¨ ���(¯®¢¥àå­®áâ­®- ªâ¨¢­®£® ¢¥é¥áâ¢ ) ã¢¥à¥­­® ­ -¡«î¤ îâáï ¯à¨ ¤¨áâ ­æ¨®­­®¬ §®­¤¨à®¢ ­¨¨ § -£àï§­¥­¨© ¬®àáª®© ¯®¢¥àå­®áâ¨ à ¤¨®¢®«­ ¬¨à §«¨ç­ëå ¤¨ ¯ §®­®¢ (­ ¯à¨¬¥à, [2{5]). �§¢¥áâ-­® [1], çâ® ��� ¢ § ¢¨á¨¬®áâ¨ ®â á¢®¥£® å¨¬¨ç¥-áª®£® á®áâ ¢  ¤¥«ïâáï ­  ç¨áâë¥ (®¤­®ª®¬¯®­¥­â-­ë¥, ­ ¯à¨¬¥à, ¬ á« ) ¨ á¬¥á¨ (¬­®£®ª®¬¯®­¥­â-­ë¥, â¨¯¨ç­ë¬ ¯à¥¤áâ ¢¨â¥«¥¬ ª®â®àëå ï¢«ï¥âáï,ª ¯à¨¬¥àã, ­¥äâì).�¨áâë¥ ¢¥é¥áâ¢  à áâ¥ª îâáï ¯® ¯®¢¥àå­®áâ¨¢®¤ë ¤® ¬®­®¬®«¥ªã«ïà­ëå á«®¥¢, ®¡à §ãï ¯«¥­ª¨â®«é¨­®© h0 � 10�6 { 10�8 á¬. � â ª®© ¯«¥­ª¥��� ­ å®¤¨âáï ¯®«­®áâìî ¢ ¯®¢¥àå­®áâ­®© ä -
§¥. � â®çª¨ §à¥­¨ï £¨¤à®¤¨­ ¬¨ª¨ â ª ï ¯«¥­-ª  ®¡« ¤ ¥â ­ã«¥¢®© â®«é¨­®©, â ª ª ª ¥¥ â®«é¨-­  ­  ¬­®£® ¯®àï¤ª®¢ ¬¥­ìè¥ «î¡®£® ¬ ªà®áª®-¯¨ç¥áª®£® ¬ áèâ ¡  ¢®§¬®¦­ëå ¤¢¨¦¥­¨© ���.� ª ï ¯«¥­ª  å à ªâ¥à¨§ã¥âáï ¯®¢¥àå­®áâ­®© ª®­-æ¥­âà æ¨¥© ¬®«¥ªã« c, ®¯à¥¤¥«ïîé¥© ¢¥«¨ç¨­ã ª®-íää¨æ¨¥­â  ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï � ¨ ¯®-¢¥àå­®áâ­ãî á¨«ã (­ §ë¢ ¥¬ãî â ª¦¥ ã¯àã£®© á¨-«®©) [6, 7], ¢®§­¨ª îéãî ¯à¨ ­ «¨ç¨¨ ­¥®¤­®à®¤-­®áâ¥© ª®­æ¥­âà æ¨¨:~F = ~r� = �~rc; � � d�d c ; (1)�¥«¨ç¨­  � ­ §ë¢ ¥âáï ¯®¢¥àå­®áâ­®©  ªâ¨¢­®-áâìî (¨«¨ ã¯àã£®áâìî) ¯«¥­ª¨. �®¢¥àå­®áâ­ ïá¨« , ª ª ¯à ¢¨«®, ®âáãâáâ¢ã¥â ­  £à ­¨æ¥ ¤¢ãå¦¨¤ª¨å áà¥¤, £¤¥ ¯®¢¥àå­®áâ­ ï ª®­æ¥­âà æ¨ï ¢¥-«¨ª  [1, 7]. �­®£®ª®¬¯®­¥­â­ë¥ ��� ­¥ à áâ¥-ª îâáï ¯® ¢®¤­®© ¯®¢¥àå­®áâ¨ ¤® ¬®­®¬®«¥ªã«ïà-­ëå á«®¥¢,   á¯®á®¡­ë ®¡à §®¢ë¢ âì áâ æ¨®­ à-14 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 4. �. 14 { 22­ë¥ ãáâ®©ç¨¢ë¥ ¯«¥­ª¨ á â®«é¨­ ¬¨ ¯®àï¤ª  ¤®-«¥© ¬¨««¨¬¥âà  [7, 8]. � ¯à¨¬¥à, â®«é¨­  á¢®-¡®¤­®© ­¥äâï­®© ¯«¥­ª¨ ®¡ëç­® ®æ¥­¨¢ ¥âáï ¢¥-«¨ç¨­®© ¯®àï¤ª  3�10�3 á¬. � ¬¥áâ å ¤®¡ëç¨ ­¥ä-â¨ ¨«¨ ª®à ¡«¥ªàãè¥­¨© â®«é¨­ë ­¥äâï­ëå ¯«¥-­®ª ¬®£ãâ å à ªâ¥à¨§®¢ âìáï £®à §¤® ¡®«ìè¨¬¨§­ ç¥­¨ï¬¨. �«¥­ª¨ â ª¨å ��� á®áâ®ïâ ¨§ ¤¥-áïâª®¢ ¨ á®â¥­ âëáïç ¬®­®¬®«¥ªã«ïà­ëå á«®¥¢ ¨ï¢«ïîâáï ã¦¥ ¤¢ãåä §­ë¬¨: ¢­ãâà¨ ¯«¥­ª¨ ¢¥é¥-áâ¢® ­ å®¤¨âáï ¢ ®¡ê¥¬­®© ä §¥, ­  £à ­¨æ å { ¢¯®¢¥àå­®áâ­®©. �®«é¨­  ¯«¥­ª¨ ¬®¦¥â áç¨â âìáï£¨¤à®¤¨­ ¬¨ç¥áª¨ ª®­¥ç­®©, ¥á«¨ ®­  áà ¢­¨¬  á­ ¨¬¥­ìè¨¬ ¯®¯¥à¥ç­ë¬ ¬ áèâ ¡®¬ ¢­ãâà¥­­¥-£® ¤¢¨¦¥­¨ï ¢ ¯«¥­ª¥, ®¯à¥¤¥«ï¥¬®£® ¢ï§ª®áâìî.�«ï ¢®«­®¢ëå ¤¢¨¦¥­¨© â ª¨¬ ¬ áèâ ¡®¬ ï¢«ï-¥âáï â®«é¨­  ¢ï§ª®£® ¢®«­®¢®£® á«®ï� =p2 �1=!;£¤¥ ! { ç áâ®â  ª®«¥¡ ­¨©; �1 { ª®íää¨æ¨¥­â ª¨-­¥¬ â¨ç¥áª®© ¢ï§ª®áâ¨ ���.�¥å ­¨§¬ £ è¥­¨ï ¯®¢¥àå­®áâ­ëå ¢®«­ ¯«¥­ª -¬¨ ­ã«¥¢®© â®«é¨­ë à §¢¨â ¢ à ¡®â å �.�¥©­®-«ì¤á  [9] ¨ �.�.�¥¢¨ç  [6]. � âãå ­¨¥ ¢®«­ë ¯®¤â ª®© ¯«¥­ª®© ®¯à¥¤¥«ï¥âáï ­¥ â®«ìª® ¢ï§ª®áâìî¢®¤ë, ­® ¨ ¤®¯®«­¨â¥«ì­ë¬¨ § âà â ¬¨ í­¥à£¨¨­  ¯à¥®¤®«¥­¨¥ á¨«ë (1), á®¯à®â¨¢«ïîé¥©áï ã¢¥-«¨ç¥­¨î ¯«®é ¤¨ ¯®¢¥àå­®áâ¨ ¯«¥­ª¨, ¢ë§ë¢ ¥-¬®¬ã ¢®«­®¢ë¬ ¤¢¨¦¥­¨¥¬. �¥å ­¨§¬ £ è¥­¨ï¢®«­ ¯«¥­ª ¬¨ ª®­¥ç­®© £¨¤à®¤¨­ ¬¨ç¥áª®© â®«-é¨­ë ¥é¥ ­¥ ¨áá«¥¤®¢ ­. � §¤¥áì ®á­®¢­®© ¨­â¥-à¥á ¯à¥¤áâ ¢«ï¥â ¢«¨ï­¨¥ à §«¨ç­ëå â¨¯®¢ ¢­ã-âà¥­­¨å ¤¢¨¦¥­¨© ®¡ê¥¬­®© ä §ë ��� ­  íää¥ª-â¨¢­®áâì ¤¥©áâ¢¨ï ¯®¢¥àå­®áâ­®© ä §ë ¨ á¢ï§ ­-­®© á ­¥© á¨«ë (1).�¨¦¥ à¥è¥­  § ¤ ç  ® £ è¥­¨¨ ¯®¢¥àå­®áâ­ëå¢®«­ ¯«¥­ª®© ���, â®«é¨­  ª®â®à®© áà ¢­¨¬  áâ®«é¨­®© ¢ï§ª®£® ¢®«­®¢®£® á«®ï ¢ ­¥¬. � ©¤¥­ë§ ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥­â  § âãå ­¨ï ¢®«­ ®â ¨å¤«¨­ë, â®«é¨­ë ¯«¥­ª¨, ¥¥ ¯®¢¥àå­®áâ­®©  ªâ¨¢-­®áâ¨, ¢ï§ª®áâ¨ ¨ ¤àã£¨å ¯ à ¬¥âà®¢. �®ª § ­®,çâ® ¯à®ï¢«¥­¨¥ ¢­ãâà¥­­¨å ¢®«­®¢ëå ¤¢¨¦¥­¨© ¢®¡ê¥¬¥ ¯«¥­ª¨ ®á« ¡«ï¥â ¢«¨ï­¨¥ ¯®¢¥àå­®áâ­®©ä §ë ��� ­  § âãå ­¨¥ ª ¯¨««ïà­ëå ¢®«­ ¯® ®â-­®è¥­¨î ª ¯«¥­ª¥ ­ã«¥¢®© â®«é¨­ë ¨§-§  ®â­®á¨-â¥«ì­®£® áª®«ì¦¥­¨ï ¯®¢¥àå­®áâ¥© ¢®¤ë ¨ ¯«¥­ª¨.�¤­®¢à¥¬¥­­® á íâ¨¬ £ è¥­¨¥ ¢®«­ £à ¢¨â æ¨®­-­®£® ¤¨ ¯ §®­  ­¥áª®«ìª® ãá¨«¨¢ ¥âáï, çâ® á¢ï§ -­® á ­ «¨ç¨¥¬ ¢ï§ª®áâ¨ ¢ ¯«¥­ª¥. �á¥ ç¨á«¥­­ë¥à áç¥âë ¯à®¢¥¤¥­ë ¤«ï ¯ à ¬¥âà®¢ ­¥äâ¨.

1. ���������� �������ãáâì ¦¨¤ª®áâì ¯«®â­®áâìî � § ­¨¬ ¥â ¯®«ã-¯à®áâà ­áâ¢® z �0 (¬®à¥), ¯«®áª®áâì z = 0 á®®â-¢¥âáâ¢ã¥â ­¥¢®§¬ãé¥­­®© ¯®¢¥àå­®áâ¨ ¬®àï, ª®-®à¤¨­ âë x; y ®¯¨áë¢ îâ ¯®«®¦¥­¨¥ â®çª¨ ­  ­¥©.� áâì ¯®¢¥àå­®áâ¨ ¬®àï ¯®ªàëâ  ¯«¥­ª®© ���à ¢­®¢¥á­®© â®«é¨­ë h0. � ¤ ç  á®áâ®¨â ¢ ¢ëïá-­¥­¨¨ ¢«¨ï­¨ï â®«é¨­ë ¯«¥­ª¨ ­  § âãå ­¨¥ ¯®-¢¥àå­®áâ­ëå ¢®«­. � áá¬®âà¨¬ ¤¢¨¦¥­¨¥ ¦¨¤ª®-áâ¨ ¨ ¯®¢¥àå­®áâ­®- ªâ¨¢­®£® ¢¥é¥áâ¢  ¢ ¯«®áª®©¯®¢¥àå­®áâ­®© ¢®«­¥ á ¢®«­®¢ë¬ ¢¥ªâ®à®¬ ~k. � -¯à ¢¨¬ ®áì x ¢¤®«ì ~k, ®áì y { ¢¤®«ì £à¥¡­ï ¢®«­ë.� íâ®© á¨áâ¥¬¥ ª®®à¤¨­ â á¢®©áâ¢  ¤¢¨¦¥­¨ï ­¥§ ¢¨áïâ ®â y, ®âáãâáâ¢ã¥â ¨ ª®¬¯®­¥­â  áª®à®áâ¨¤¢¨¦¥­¨ï ¢¤®«ì £à¥¡­ï ¢®«­ë. �®«­®¢®¥ ¤¢¨¦¥­¨¥¬ «®©  ¬¯«¨âã¤ë ¢ ¦¨¤ª®áâ¨ ¡ã¤¥â ®¯¨áë¢ âìáïá«¥¤ãîé¥© á¨áâ¥¬®© ãà ¢­¥­¨© [6, 10]:@~u@t = 1� ~r ~P + ��~u;div~u = 0; (2)~P = P + �gz; ~ufux; 0; uzg; � = �=�:�¤¥áì P { ¤ ¢«¥­¨¥; g { ãáª®à¥­¨¥ á¢®¡®¤­®£® ¯ -¤¥­¨ï; ~u ¨ � { á®®â¢¥âáâ¢¥­­® áª®à®áâì ¨ ª®íää¨-æ¨¥­â ¢ï§ª®áâ¨ ¦¨¤ª®áâ¨. �®§¬ãé¥­¨ï ¥¥ ¯®¢¥àå-­®áâ¨ & ¢ë§ë¢ îâáï ¯à¨ íâ®¬ ­®à¬ «ì­®© ª®¬¯®-­¥­â®© áª®à®áâ@̈ &@t = uz ¯à¨ z = 0: (3)� £«ã¡¨­¥ ¦¨¤ª®áâ¨ ¢®§¬ãé¥­¨ï ¯®«¥© áª®à®áâ¨¨ ¤ ¢«¥­¨ï ¤®«¦­ë ¨áç¥§ âì.�¢¨¦¥­¨¥ ¢¥é¥áâ¢  ¢ ¯«¥­ª¥ (0 < z < h) ®¯¨áë-¢ ¥âáï á«¥¤ãîé¨¬¨ ãà ¢­¥­¨ï¬¨:@~v@t = �~r ~P1 + �1�~v; div~v = 0;£¤¥ ~P1 = P1 + �1g z; ~vfvx; 0; vzg:� ¤ «ì­¥©è¥¬ ¡ã¤¥¬ áç¨â âì, çâ® à ¢­®¢¥á­ ïâ®«é¨­  ¯«¥­ª¨ h0 � � << �. � íâ®¬ á«ãç ¥ ¨§-¬¥­¥­¨¥ ¯®«¥© ¯® â®«é¨­¥ ¯«¥­ª¨ ¯à®¨áå®¤¨â £®-à §¤® á¨«ì­¥¥, ç¥¬ ¢¤®«ì ¯®¢¥àå­®áâ¨ ¨ ãà ¢­¥­¨ï¤¢¨¦¥­¨ï ¬®£ãâ ¡ëâì ã¯à®é¥­ë:�. �. �®¥¢, �. �. �á­¨æª ï 15



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 4. �. 14 { 22@ vx@ t = � 1�1 @ ~P1@ x + �1@2vx@ z2 ;@ vx@ x + @ vz@ z = 0;@ ~P1@ z = 0; ~P1 = P1 + �1g z: (4)�â¨ ãà ¢­¥­¨ï ¥áâì ¯®«­ë©  ­ «®£ ãà ¢­¥­¨©¯®£à ­¨ç­®£® á«®ï [11].�  ¢¥àå­¥© £à ­¨æ¥ ¯«¥­ª¨ h = h(x; t), ä®à¬  ª®-â®à®© â ª¦¥ ¯®¤«¥¦¨â ®¯à¥¤¥«¥­¨î, ¤®«¦­ë ¢ë-¯®«­ïâìáï ãá«®¢¨ï ­¥¯à¥àë¢­®áâ¨ ­®à¬ «ì­®© ¨â ­£¥­æ¨ «ì­®© ª®¬¯®­¥­â ­ ¯àï¦¥­¨© á ãç¥â®¬¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ¨ â ­£¥­æ¨ «ì­®© á¨-«ë (1), ¢®§­¨ª îé¥© ¢ ¯«¥­ª¥ ¯à¨ ¤¥ä®à¬ æ¨¨. �®¡ëç­ëå ¯à¥¤¯®«®¦¥­¨ïå ¢®«­®¢®© â¥®à¨¨ [6, 10]íâ¨ ãá«®¢¨ï § ¤ îâáï ­  à ¢­®¢¥á­®© ¯®¢¥àå­®áâ¨¯à¨ z = h0. � ¨â®£¥ ¨¬¥¥¬:P1 + �1@2h@x2 � 2�1 @vz@z = 0;�1 @vx@z + @vz@x !+ d�1dc1 @c1@x = 0: (5)� íâ¨¬ ãá«®¢¨ï¬ á«¥¤ã¥â ¤®¡ ¢¨âì ¥é¥ ãà ¢­¥­¨¥¡ « ­á  ª®­æ¥­âà æ¨¨ ¯®¢¥àå­®áâ­®© ä §ë ���@c1@t + @@x (c0�x) = 0 ¯à¨ z = h0; (6)(§¤¥áì c0 { ¯®áâ®ï­­ ï ­¥¢®§¬ãé¥­­ ï ª®­æ¥­âà -æ¨ï ¯®¢¥àå­®áâ­®© ä §ë ¯«¥­ª¨) ¨ ãà ¢­¥­¨¥ ¤«ï¥¥ ¢®§¬ãé¥­­®© á¢®¡®¤­®© ¯®¢¥àå­®áâ¨@ h@ t = vz ¯à¨z = h0: (7)�  ­¨¦­¥© à ¢­®¢¥á­®© £à ­¨æ¥ ¯«¥­ª¨ z = 0áª®à®áâ¨ ¤¢¨¦¥­¨ï ��� ¨ ¢®¤ë,   â ª¦¥ ¯®¢¥àå-­®áâ­ë¥ ­ ¯àï¦¥­¨ï ¢ ­¨å ¤®«¦­ë ¡ëâì ­¥¯à¥-àë¢­ë: ux = vx; uz = vz;��@ux@z + @uz@x � = �1�@vx@z + @vz@x � ; (8)P + � @2&@x2 + 2�@uz@z = P1 � 2�1@vz@z ;£¤¥ � { ª®íää¨æ¨¥­â ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï­  £à ­¨æ¥ ¤¢ãå ¦¨¤ª¨å áà¥¤.

� ¢ëà ¦¥­¨¨ (8) ®âáãâáâ¢ã¥â ¯®¢¥àå­®áâ­ ï á¨-«  (1), â ª ª ª ¯®¢¥àå­®áâ­ë© á«®© ­  £à ­¨æ¥¤¢ãå ®¡ê¥¬­ëå ª®­¤¥­á¨à®¢ ­­ëå ä § ­ å®¤¨âáï ¢á®áâ®ï­¨¨ ­ áëé¥­¨ï [7, 8]. �  ¤¨ £à ¬¬¥ á®áâ®ï-­¨ï (¨§®â¥à¬¥ �¥­£¬îà ) [1] íâ®¬ã á®áâ®ï­¨î á®-®â¢¥âáâ¢ã¥â ãç áâ®ª, £¤¥ d�=dc = 0. �à¨¬¥­ïïª á¨áâ¥¬¥ (2)-(8) ¯à¥®¡à §®¢ ­¨¥ � ¯« á  ¯® ¢à¥-¬¥­¨ ¨ ¯à¥®¡à §®¢ ­¨¥ �ãàì¥ ¯® ª®®à¤¨­ â¥ x,­ å®¤¨¬ ¤«ï á¯¥ªâà «ì­ëå  ¬¯«¨âã¤ ¯®«¥© (¬­®-¦¨â¥«ì exp (�i �!t + ikx) ­¨¦¥ ®¯ãé¥­, �! { ª®¬-¯«¥ªá­ë© á¯¥ªâà «ì­ë© ¯ à ¬¥âà):¢ ¦¨¤ª®áâ¨ �1 < z < � {ux = u1ekz + u2e�mz;uz = �i�u1ek z � kme�mz� ;P� = �gz + �!k u1ek z; (9)� = 1�! �u1 � k�!u2� ;(§¤¥áì ¨­¤¥ªá ¬¨ 1 ¨ 2 ®¡®§­ ç¥­ë ¢¥«¨ç¨­ë, ®â-­®áïé¨¥áï ª ¯®â¥­æ¨ «ì­®© ¨ ¢¨åà¥¢®© ¢®«­ ¬ á®-®â¢¥âáâ¢¥­­®; m = k �1� i�!=� k2�1=2. �­ ç¥­¨¥ª®à­ï §¤¥áì ¢ë¡¨à ¥âáï â ª, çâ®¡ë ®¡¥á¯¥ç¨âìã¡ë¢ ­¨¥ ¯®«¥© ¢£«ã¡ì ¦¨¤ª®áâ¨);¢ ¯«¥­ª¥ � < z < h {vx = kP0�!�1 + v1en z + v2e�n z; P1 = P0 � �1gz;vz = �ik �kP0�!�1 z + v1n en z � v2n e�n z + a � ;h = k�! �kP0�!�1 h0 + v1n enh0 � v2n e�nh0 + a � ; (10)£¤¥ n = (i � 1) =�; � =p2�1=�!.�§ á®®â­®è¥­¨© (14) ¢¨¤­®, çâ® ¢¥«¨ç¨­  �,¨¬¥îé ï à §¬¥à­®áâì ¤«¨­ë, ï¢«ï¥âáï å à ªâ¥à-­ë¬ ¯®¯¥à¥ç­ë¬ ¬ áèâ ¡®¬ § âãå ­¨ï ¨ ®áæ¨«-«ïæ¨© ¢ï§ª®£® ¢®«­®¢®£® ¤¢¨¦¥­¨ï ¢ ¯«¥­ª¥. �«ïá« ¡®§ âãå îé¨å ¢®«­ ¢ ¯«¥­ª¥ ®­ ¡ã¤¥â ¬ « ¯®áà ¢­¥­¨î á ¤«¨­®© ¢®«­ë, ¯®áª®«ìªãk� =p2�1k2=�! =p
1=�! << 1;£¤¥ 
1 = 2�1 k2 { ª®íää¨æ¨¥­â ¢ï§ª®£® § âãå ­¨ï¢®«­ë ¢ ���.�  à¨á. 1 ¯à¥¤áâ ¢«¥­  § ¢¨á¨¬®áâì â®«é¨­ë �®â ¤«¨­ë ¯®¢¥àå­®áâ­®© ¢®«­ë, ¢ëç¨á«¥­­ ï ¤«ï¯ à ¬¥âà®¢ ­¥äâ¨. �¨¤­®, çâ® ¤«ï ¢®«­ ª ¯¨«-«ïà­®£® ¤¨ ¯ §®­  ®­  á®áâ ¢«ï¥â ã¦¥ á®âë¥ ¤®«¨á ­â¨¬¥âà .16 �. �. �®¥¢, �. �. �á­¨æª ï
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�¨á. 1. � ¢¨á¨¬®áâì â®«é¨­ë � ¢®«­®¢®£® ¢ï§ª®£®á«®ï ®â ¤«¨­ë ¯®¢¥àå­®áâ­®© ¢®«­ë� ãà ¢­¥­¨ïå (13), (14) ¢®á¥¬ì ¢¥«¨ç¨­ �u1; u2;v1; v2; P0; a, � ¨ h { ï¢«ïîâáï ­¥¨§¢¥áâ­ë¬¨ ¨¯®¤«¥¦ â ®¯à¥¤¥«¥­¨î ¨§ ªà ¥¢ëå ãá«®¢¨© ­  à ¢-­®¢¥á­ëå £à ­¨æ å ¯«¥­ª¨ ¨ ¤¢ãå ãà ¢­¥­¨© ¤«ï¢®§¬ãé¥­¨© £à ­¨æ - (3) ¨ (7). � ¨â®£¥ ¯à¨¤¥¬ ªá«¥¤ãîé¥© á¨áâ¥¬¥ ãà ¢­¥­¨©:0 = kP0�!�1 �1 + i
1�! ��!21�! h0+i
1�! �v1enh0 + v2e�nh0� ;h = k�! �kP0�!�1 h0 + v1n enh0 � v2n e�n h0 + a� ;kP0�!�1 + v1 + v2 = u1 + u2;ka+ kn (v1 � v2) = u1 � kmu2;� = 1�! �u1 � kmu2� ; (11)� �2ku1 � u2�m + k2m�� == �1 �1� �n2 + k2n (v1 � v2) + ak2� ;�!k u1 � !2�k � + ik �
0 � �1� 
1� (u1 + u2) == ��1� � �kP0�!�1� ;v1enh0 �nk + kn + i2
s
1 ��v2e�nh0 �nk + kn � i2
s
1 � == �kP0�!�1 �kh0 + i2
s
1 �� ka:�¤¥áì 
0 = 2� k2 { ª®íää¨æ¨¥­â § âãå -­¨ï ¯®¢¥àå­®áâ­®© ¢®«­ë ¢ ¢®¤¥; !� =

=p(1� �1/�) gk + �k3=� ¨ !1 =qgk + �1k3��1 {ç áâ®âë ¢®«­ ­  ¯®¢¥àå­®áâ¨ à §¤¥«  ��� { ¢®¤ ¨ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ��� { ¢®§¤ãå á®®â-¢¥âáâ¢¥­­®.�«¨ï­¨¥ à áâï¦¥­¨ï ¯«¥­ª¨ ¢ ãà ¢­¥­¨ïå (11)¯à®ï¢«ï¥âáï ç¥à¥§ ¯ à ¬¥âà 
s = p!2c1=�!, £¤¥p = (c0=� 1)(@ � 1=@c1) { ¡¥§à §¬¥à­ë© ª®-íää¨æ¨¥­â ¯®¢¥àå­®áâ­®©  ªâ¨¢­®áâ¨ ¯«¥­ª¨(¢ ¤ «ì­¥©è¥¬ {  ªâ¨¢­®áâì); !c1 = q�1k3��1 {ç áâ®â  ª ¯¨««ïà­ëå ¯®¢¥àå­®áâ­ëå ¢®«­ ¢ ���.� àï¤ã á  ªâ¨¢­®áâìî ¯«¥­ª¨ ¢ ãà ¢­¥­¨ï (11)¢å®¤ïâ áà¥¤­ïï â®«é¨­  ¯«¥­ª¨ h0, ¬ áá®¢ ï ¯«®â-­®áâì ®¡ê¥¬­®© ä §ë ��� �1 ¨ ¥¥ ª®íää¨æ¨¥­âª¨­¥¬ â¨ç¥áª®© ¢ï§ª®áâ¨ �1, ®¯à¥¤¥«ïîé¨© ª®íä-ä¨æ¨¥­â § âãå ­¨ï 
1 ¨ ¯®¯¥à¥ç­ë© ¬ áèâ ¡ �¨§¬¥­¥­¨ï ¯®«ï ¢ï§ª®© ¢®«­ë ¢ ¯«¥­ª¥. �®á«¥ à¥-è¥­¨ï á¨áâ¥¬ë (11) �ãàì¥  ¬¯«¨âã¤  c (�!; k) ª®­-æ¥­âà æ¨¨ ¯®¢¥àå­®áâ­®© ä §ë ­  ¢¥àå­¥© £à ­¨-æ¥ ¯«¥­ª¨ ­ ©¤¥âáï ¯® ä®à¬ã«¥c (�!; k) = c0 k�! �kP0�!�1 + v1enh0 + v2e�nh0� ; (12)á«¥¤ãîé¥© ¨§ ãà ¢­¥­¨ï (6).�«ï à áá¬®âà¥­¨ï á«ãç ï ¯«¥­ª¨ ¬®­®¬®«¥ªã-«ïà­®© â®«é¨­ë ¢ ãà ¢­¥­¨ïå (11){(16) ­¥®¡å®-¤¨¬® ¯à®¢¥áâ¨ ¯à¥¤¥«ì­ë© ¯¥à¥å®¤ ¯à¨ h0=� ! 0¨ k� ! 0 ¨ ãç¥áâì, çâ® ¯à¨ á«¨ï­¨¨ ¤¢ãå ¯®¢¥àå-­®áâ¥© à §¤¥«  ¯à®¨áå®¤¨â ¨§¬¥­¥­¨¥ ª ª ª®íää¨-æ¨¥­â  ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï, â ª ¨ á®áâ®ï-­¨ï ¯®¢¥àå­®áâ­®© ä §ë. � ¨â®£¥ § ¤ ç  á¢¥¤¥âáïâ®«ìª® ª ®¯à¥¤¥«¥­¨î ¯®«ï áª®à®áâ¨ ¢ ¦¨¤ª®áâ¨:u1k �1� !20�!2 + i
0�! �+ u2m �!20�!2 + imk 
0�! � = 0;u1k h
0�! + i
s�! i+ u2m "�� �m2 + k2��! + imk 
s�! # = 0:(13)�¤¥áì !0 = �gk + �k3=��1=2 { ç áâ®â  ¯®¢¥àå-­®áâ­ëå ¢®«­ ¢ ¦¨¤ª®áâ¨; 
s = p�k3=��!. �¯¥ª-âà «ì­ë¥  ¬¯«¨âã¤ë ¢®§¢ëè¥­¨ï ¯®¢¥àå­®áâ¨ &¨ ª®­æ¥­âà æ¨¨ c ��� ­  ­¥© ­ å®¤ïâáï § â¥¬ ¯®ä®à¬ã« ¬& = 1�! �u1 � kmu2� ; c = c0 k�! (u1 + u2) :�«ï ®áâ «ì­ëå ¢¥«¨ç¨­, ¢å®¤ïé¨å ¢ á¨áâ¥¬ã(11) ¨ å à ªâ¥à¨§ãîé¨å ¤¢¨¦¥­¨¥ ¯«¥­ª¨, ¯®«ã-ç¨¬ á«¥¤ãîé¨¥ ¢ëà ¦¥­¨ï:k P0�! = !20�! &; ka = �! &;�. �. �®¥¢, �. �. �á­¨æª ï 17



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 4. �. 14 { 22h = &; vx = uxjz=0 ; vz = uzjz=0 :�¨áâ¥¬  ãà ¢­¥­¨© (19) ¨§ãç « áì ¢ à ¡®â¥ [6].2. ������������� ����������¨áâ¥¬  ãà ¢­¥­¨© (11) ï¢«ï¥âáï á«¨èª®¬ £à®-¬®§¤ª®© ¤«ï ­¥¯®áà¥¤áâ¢¥­­®£® ¥¥ à¥è¥­¨ï ¡¥§ ¯®-íâ ¯­®£® ª®­âà®«ï ä¨§¨ç¥áª®£® á¬ëá«  ¯®«ãç ¥-¬ëå à¥§ã«ìâ â®¢ ¨ áà ¢­¥­¨ï ¨å á ¨§¢¥áâ­ë¬¨ à¥-§ã«ìâ â ¬¨ ¤«ï ¯«¥­ª¨ ­ã«¥¢®© â®«é¨­ë. �®íâ®-¬ã ¯®áâã¯¨¬ á«¥¤ãîé¨¬ ®¡à §®¬: ¨á¯®«ì§ãï ãá«®-¢¨ï à ¢¥­áâ¢  ­®à¬ «ì­ëå ¤ ¢«¥­¨© ­  ¯®¢¥àå-­®áâ¨ à §¤¥«  ¨ â ­£¥­æ¨ «ì­ëå á¨« ­  á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨ (¤¢  ¯®á«¥¤­¨å ãà ¢­¥­¨ï á¨áâ¥-¬ë (11)) ¨ ¨áª«îç ï ¨§ ­¨å ­¥¨§¢¥áâ­ë¥ ¢¥«¨ç¨-­ë ka ¨ &, ¢ë¤¥«¨¬ ¢ «¥¢ëå ç áâïå íâ¨å ãà ¢­¥­¨©á« £ ¥¬ë¥ (¯¥à¢ë¥ ¤¢ ), å à ªâ¥à¨§ãîé¨¥ ¯«¥­ªã­ã«¥¢®© â®«é¨­ë. � ¨â®£¥ ¯®«ãç¨¬:u1k �1� !2+�!2 + i
0�! �+ u2m �!2+�!2 + i
0�! mk �++�1v1� k �enh0 � 1���!21�!2 kn + i
1�! �++�1v2� k �e�nh0 � 1��!21�!2 kn + i
1�! � == (kh0) !21�!2 �1� �u1k + u2k � v1k + v2k � ;u1k h
0�! + i
s�! i+ u2m "�� �m2 + k2��! + imk 
s�! #++v1k �enh0 � 1� �i
s�! + �1� 
12�! k2 + n2kn �++v2k �e�nh0 � 1� �i
s�! � �1� 
12�! k2 + n2kn � == � (kh0) 
12�! �1� �u1k + u2k � v1k + v2k � ;£¤¥ !+ = �gk + (�+ �1) k3=��1=2 { ç áâ®â  ¯®-¢¥àå­®áâ­ëå ¢®«­ á ãç¥â®¬ ª ¯¨««ïà­ëå á¨« ­ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¨ ¯®¢¥àå­®áâ¨ à §¤¥« . �¯à ¢ëå ç áâïå ãà ¢­¥­¨© ®â¤¥«ì­® ¢ë¤¥«¥­ë á« -£ ¥¬ë¥, ¯à®¯®àæ¨®­ «ì­ë¥ ®â­®á¨â¥«ì­®© â®«é¨-­¥ ¯«¥­ª¨ { kh0. �«ï â¨¯¨ç­®© ­¥äâï­®© ¯«¥­ª¨â®«é¨­®© �30 ¬ª ¨ á ­â¨¬¥âà®¢®© ¯®¢¥àå­®áâ­®©¢®«­ë íâ¨ á« £ ¥¬ë¥ ¨¬¥îâ ®â­®á¨â¥«ì­ãî ¢¥«¨-ç¨­ã �10 �2 ¢ ¯¥à¢®¬ ¨ � 10 �3 ¢® ¢â®à®¬ ãà ¢-­¥­¨ïå. � «¥¥, ¨á¯®«ì§ãï ãá«®¢¨ï ­¥¯à¥àë¢­®áâ¨

áª®à®áâ¥© ­  ¯®¢¥àå­®áâ¨ à §¤¥« , ¢ëà §¨¬ áª®-à®áâ¨ ¤¢¨¦¥­¨ï v1 ¨ v2 ¢¥é¥áâ¢  ¢ ¯«¥­ª¥ ç¥à¥§áª®à®áâ¨ ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ u1 ¨ u2 á«¥¤ãîé¨¬®¡à §®¬:v1 = 1�1 �A �Be�nh0 ��nk + i2
s
1 �� ;v2 = 1�1 ��A +Benh0 �nk + i2
s
1 �� ;£¤¥ � 1 = 2�nk ch (nh0) + i2
s
1 sh (nh0)� ;A � �1 + !21�!2 �kh0 + i2
s
1 ���u1 � kmu2� ;B � (u1 + u2)� !21�!2 �u1 � kmu2� :�¯ãáª ï £à®¬®§¤ª¨¥ ¢ëª« ¤ª¨, ¯à¨¢¥¤¥¬ ®ª®­-ç â¥«ì­ë© ¢¨¤ ãà ¢­¥­¨© ¤«ï ®¯à¥¤¥«¥­¨ï áª®à®-áâ¥© u1 ¨ u2 ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨:u1k �1� !2+�!2 + i
0�! � a11�++u2m �!2+�!2 + imk 
0�! � a12� = �1;u1k n
0�! + i
s�! � b11o++u2m ���m2 + k2�! + imk 
s�! � b12� = �2: (14)�¤¥áìa11 = 2�1 �1� ��1 + !21�!2 �kh0 + i2
s
1 �� �� �kn !21�!2 (1� ch (nh0)) + i
1�! sh (nh0)�++�1� !21�!2���!21�!2 � 2
s
1 � sh (nh0) ��i �
1�! nk + 2
s
1 kn !21�!2� (1� ch (nh0))�� ;a12 = 2�1 �1� �� �1 + !21�!2 �kh0 + i2
s
1 �� �� �kn !21�!2 (1� ch (nh0)) � i
1�! sh (nh0)�+18 �. �. �®¥¢, �. �. �á­¨æª ï
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s
1 � sh (nh0) ��i �
1�! nk + 2
s
1 kn !21�!2� (1� ch (nh0))�� ;b11 = 2�1 ��1 + !21�!2 �kh0 + i2
s
1 �� �� �i
s�! sh (nh0)� i 
12�! �1� �k2 + n2kn � (1� ch (nh0))�++�1� !21�!2��i
s�! kn (1� ch (nh0)) �� � 
12�! �1� k2 + n2kn + 2
2s�!
1 �1� � sh (nh0)�� ;b12 = 2�1 ��1 + !21�!2 �kh0 + i2
s
1 �� �� ��i
s�! sh (nh0) + i 
12�! �1� �k2 + n2kn �(1� ch (nh0))�++�mk + !21�!2��i
s�! kn sh (nh0) �� � 
12�! �1� k2 + n2kn + 2
2s�!
1 �1� � (1� ch (nh0))�� :� ¯à ¢ëå ç áâïå ãà ¢­¥­¨© (14) ¢ ®â«¨ç¨¥®â ãà ¢­¥­¨© (19) ¤«ï ¯«¥­ª¨ ­ã«¥¢®© â®«é¨­ë¯®ï¢¨«¨áì á« £ ¥¬ë¥, ¯à®¯®àæ¨®­ «ì­ë¥ ®â­®á¨-â¥«ì­®© â®«é¨­¥ ¯«¥­ª¨ kh0:�1 = !21�!2 P0�!�kh0; �2 = �12 
1�! P0�!�kh0:�­¨ ®¯¨áë¢ îâ, á®®â¢¥âáâ¢¥­­®, ­®à¬ «ì­®¥ ¨â ­£¥­æ¨ «ì­®¥ ­ ¯àï¦¥­¨ï, ¢®§­¨ª îé¨¥ ¢ ¯«¥­-ª¥ ¯à¨ ¤¢¨¦¥­¨¨ ¢ ­¥© ¢¥é¥áâ¢ . �¨á¯¥àá¨®­-­®¥ ãà ¢­¥­¨¥, ®¯à¥¤¥«ïîé¥¥ á®¡áâ¢¥­­ë¥ (¢®®¡-é¥ £®¢®àï, ª®¬¯«¥ªá­ë¥) ç áâ®âë ¯®¢¥àå­®áâ­ëå¢®«­, ¨¬¥¥â ¢¨¤:�1� !2+�!2 + i
0�! � a11���"�� �m2 + k2��! + imk 
s�! � b12#�� �!2+�!2 + imk 
0�! � a12�h
0�! + i
s�! � b11i = 0: (15)�à¨ nh0 � h0=� ! 0 ¢¥«¨ç¨­ë a11, a12, b11,b12 ! 0 ¨ ãà ¢­¥­¨¥ (15) ¯¥à¥å®¤¨â ¢ ¨§¢¥áâ­®¥

¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ ¯®¢¥àå­®áâ­ëå ¢®«­ ¯®¤¯«¥­ª®© ­ã«¥¢®© â®«é¨­ë [6] . �à¨ ã¬¥­ìè¥­¨¨â®«é¨­ë ¯«¥­ª¨ ¤® â®«é¨­ë ¬®­®¬®«¥ªã«ïà­®-£® á«®ï ­ ç­¥âáï ¯¥à¥áâà®©ª  ¢§ ¨¬®¤¥©áâ¢¨ï ¯®-¢¥àå­®áâ­ëå ä § ¢®¤ë, ��� ¨ ¢®§¤ãå . �ã¬¬ ª®íää¨æ¨¥­â®¢ ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ¢ ¢ë-à ¦¥­¨¨ ¤«ï ç áâ®âë !+ ¯¥à¥©¤¥â ¢ ª®íää¨æ¨¥­â¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ¢®¤­®£® à áâ¢®à  ���­  £à ­¨æ¥ á ¢®§¤ãå®¬ -�0. � áâ®â  !+ ¯¥à¥©¤¥â¯à¨ íâ®¬ ¢ á®¡áâ¢¥­­ãî ç áâ®âã ¯®¢¥àå­®áâ­ëå¢®«­ ¯®¤ ¯«¥­ª®© ��� ­ã«¥¢®© â®«é¨­ë:!0 = �gk + �0k3=��1=2 :�¥è¥­¨¥ ãà ¢­¥­¨ï (15) ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥�! = ! + i
; j
j << !; (16)á®®â¢¥âáâ¢ãîé¥¬ á« ¡®§ âãå îé¨¬ ¢®«­ ¬.�®á«¥ ¯®¤áâ ­®¢ª¨ à¥è¥­¨ï (16) ¢ ãà ¢­¥­¨¥(15), ®â¤¥«¥­¨ï ¥£® ¢¥é¥áâ¢¥­­ëå ¨ ¬­¨¬ëå ç -áâ¥© ¨ «¨­¥ à¨§ æ¨¨ ¯® ¯ à ¬¥âà ¬ 
=!; 
0=! ¨kh0, ¯®«ãç ¥¬ ¢ ­ã«¥¢®¬ ¯à¨¡«¨¦¥­¨¨ á«¥¤ãîé¥¥¢ëà ¦¥­¨¥ ¤«ï á®¡áâ¢¥­­®© ç áâ®âë ¯®¢¥àå­®áâ-­ëå ¢®«­:! = !+ = �gk + (�+ �1) k3=��1=2 :B ¯¥à¢®¬ ¯à¨¡«¨¦¥­¨¨ ¯® ãª § ­­ë¬ ¢ëè¥ ¯ -à ¬¥âà ¬ ¯®á«¥ ¤®áâ â®ç­® £à®¬®§¤ª¨å ¢ëª« ¤®ª¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã ¢ëà ¦¥­¨î ¤«ï ª®íää¨-æ¨¥­â  § âãå ­¨ï ¢®«­ë:� 
!+ = 
L!+ + kh02 (S1 + S2 � S3) ; (17)£¤¥ 
L = 
0��266641� 
g!+r!+
0 + 
2g!2+ �!+
0 �+ 12 
2g!2+ �!+
0 �3=21� 2 
g!+r!+
0 + 
2g!2+ �!+
0 � 37775{ ª®íää¨æ¨¥­â § âãå ­¨ï ¯®¢¥àå­®áâ­®© ¢®«­ë¯®¤ ¯«¥­ª®© ­ã«¥¢®© â®«é¨­ë [5]; 
g = (�1=�2) 
s.�ëà ¦¥­¨ï S1; S2 ¨ S3, ¢å®¤ïé¨¥ ¢ ¯à ¢ãî ç áâì¢ëà ¦¥­¨ï (30), ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:S1 = 
g!+ �1� 
g!+r!+
0 �����1� �r!+
0 � !21!2+ � 2 
s!+� ��. �. �®¥¢, �. �. �á­¨æª ï 19
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g
01 �1�r 
0!+���r 
0!+��� 1� 2r!+
0 
g!+ + 2!+
0 � 
g!+�2!�1 � �1� 
01!+ ;S2 = � 
g!+�2r!+
0 �1�r 
0!+ ++ 2 
s!+ !21!2+r 
0!+ � �1� r!+
0 � !21!2+ � 2 
s!+���� 1� 2r!+
0 
g!+ + 2!+
0 � 
g!+�2!�1 ;S3 =r�1�2 � 
g!+�2��1� 
g!+r!+
0 � �� ��1 + 2r!+
0 
g!+ + 2r 
0!+ ����(�1� 2r!+
0 
g!+�2 ++ 4!+
0 � 
g!+�2�1�r!+
0 
g!+�2)�1 :�®«ãç¥­­ë¥ ä®à¬ã«ë ¨ ¡ã¤ãâ ¨á¯®«ì§®¢ âìáï¤ «¥¥ ¯à¨ ç¨á«¥­­ëå à áç¥â å.3. ��������� �������á¥ ª®­ªà¥â­ë¥ à áç¥âë ¯à®¢¥¤¥¬ ¤«ï á«ãç ï­¥äâï­®© ¯«¥­ª¨. �«ï ª®íää¨æ¨¥­â®¢ ¯®¢¥àå-­®áâ­®£® ­ âï¦¥­¨ï ¢ë¡¥à¥¬ á«¥¤ãîé¨¥ §­ ç¥-­¨ï [8, 12]: ­  £à ­¨æ¥ à §¤¥«  ¢®§¤ãå{­¥äâì�1=60 ¤¨­/á¬, ­  £à ­¨æ¥ à §¤¥«  ¢®¤ {­¥äâì �==13 ¤¨­/ á¬. �«ï ª®íää¨æ¨¥­â®¢ ª¨­¥¬ â¨ç¥áª®©¢ï§ª®áâ¨: ¢®¤ë { � = 10�2 á¬2=á, ­¥äâ¨ { �1 =0; 3 á¬2=á. �«®â­®áâì ¢®¤ë ¡ã¤¥¬ áç¨â âì à ¢­®©� = 1 £/á¬3, ¯«®â­®áâì ­¥äâ¨ { �1 = 0; 8 £/á¬3.�â¬¥â¨¬, çâ® ¯ à ¬¥âàë à §«¨ç­ëå á®àâ®¢ ­¥ä-â¨, ¢®®¡é¥ £®¢®àï, à §«¨ç­ë ¬¥¦¤ã á®¡®©.�  à¨á. 2 ¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ ®â ¤«¨-­ë ¯®¢¥àå­®áâ­®© ¢®«­ë ª®íää¨æ¨¥­â®¢ § âãå -­¨ï ¢®«­ ¯®¤ ¯«¥­ª ¬¨ â®«é¨­ë h0 = 1:34�10�2 á¬(ªà¨¢ ï 1) ¨ ­ã«¥¢®© â®«é¨­ë (ªà¨¢ ï 2), ­®à¬¨-à®¢ ­­ëå ­  ª®íää¨æ¨¥­â ¢ï§ª®£® § âãå ­¨ï ¢ ¢®-¤¥ (
0 =2�k2) ¨ ¨¬¥îé¨å ¯®¢¥àå­®áâ­ãî  ªâ¨¢-­®áâì p=0.149. �­¨ å à ªâ¥à¨§ãîâ ¤®«î ¢ï§ª®£®

�¨á. 2. � ¢¨á¨¬®áâ¨ ­®à¬¨à®¢ ­­ëå ª®íää¨æ¨¥­â®¢§ âãå ­¨ï ®â ¤«¨­ë ¢®«­ë ¯à¨ ­ «¨ç¨¨ ¯«¥­®ªà §«¨ç­®© â®«é¨­ë: 1 { h0=0.0134 á¬, 2 { h0 = 0.�ªâ¨¢­®áâì ¯«¥­ª¨ p=0.149
�¨á. 3. � ¢¨á¨¬®áâ¨ ­®à¬¨à®¢ ­­ëå ª®íää¨æ¨¥­â®¢§ âãå ­¨ï ®â ¤«¨­ë ¢®«­ë ¯à¨ ­ «¨ç¨¨ ¯«¥­®ªà §«¨ç­®© â®«é¨­ë: 1 { h0=0.0134 á¬, 2 { h0 = 0.�ªâ¨¢­®áâì ¯«¥­ª¨ p=0.149§ âãå ­¨ï ¢ ¯®«­®¬ § âãå ­¨¨ ¢®«­ë ¯®¤ ¤¥©áâ¢¨-¥¬ ¢ï§ª®áâ¨ ¨ ¯«¥­ª¨. �¨¤­®, çâ® ª®íää¨æ¨¥­â§ âãå ­¨ï ¢®«­ ¯®¤ ¯«¥­ª®© ª®­¥ç­®© â®«é¨­ë,â ª ¦¥, ª ª ª®íää¨æ¨¥­â § âãå ­¨ï ¯®¤ ¯«¥­ª®©­ã«¥¢®© â®«é¨­ë, ¨¬¥¥â ¬ ªá¨¬ã¬, á¢ï§ ­­ë© á®á« ¡«¥­¨¥¬ ã¯àã£®© á¨«ë (1) ­  ¤«¨­­ëå ¢®«­ å¨ ãá¨«¥­¨¥¬ à®«¨ ¢ï§ª®áâ¨ ­  ª®à®âª¨å ¢®«­ å [6].� «¥¥, ¢ ®¡« áâ¨ ª ¯¨««ïà­ëå ¨ ª®à®âª¨å £à ¢¨-â æ¨®­­ëå ¢®«­ (� < 5 á¬) íää¥ªâ £ è¥­¨ï ¢®«­¯«¥­ª®© ª®­¥ç­®© â®«é¨­ë ã¬¥­ìè¥­. �â® á¢ï-§ ­® á ¯à®áª «ì§ë¢ ­¨¥¬ ¢¥àå­¥© £à ­¨æë ¯«¥­-ª¨, ­  ª®â®à®© á®áà¥¤®â®ç¥­  ¯®¢¥àå­®áâ­ ï á¨-« , ®â­®á¨â¥«ì­® ¯®¢¥àå­®áâ¨ ¢®¤ë. � à¥§ã«ìâ -â¥ íâ®£® áª®à®áâì ¢¥àå­¥© £à ­¨æë ã¬¥­ìè ¥âáï20 �. �. �®¥¢, �. �. �á­¨æª ï



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 4. �. 14 { 22¯® áà ¢­¥­¨î á® áª®à®áâìî ¯®¢¥àå­®áâ¨ ¢®¤ë, çâ®¯à¨¢®¤¨â ª ã¬¥­ìè¥­¨î ¯à®â¨¢®¤¥©áâ¢¨ï ¯®¢¥àå-­®áâ­®© á¨«ë. � ã¬¥­ìè¥­¨¥¬ ¤«¨­ë ¢®«­ë íâ®âíää¥ªâ ãá¨«¨¢ ¥âáï, â ª ª ª ã¬¥­ìè ¥âáï â®«é¨-­  ¢ï§ª®£® ¢®«­®¢®£® á«®ï ¢ ¯«¥­ª¥ (á¬. à¨á. 1).� ¯à¨¬¥à, ­  ¤«¨­¥ ¢®«­ë � =1 á¬ íää¥ªâ ¯à®-áª «ì§ë¢ ­¨ï ã¬¥­ìè ¥â ª®íää¨æ¨¥­â § âãå ­¨ï¡®«¥¥, ç¥¬ ¢ 10 à §. � ®¡®à®â, ¢ ®¡« áâ¨ £à ¢¨-â æ¨®­­ëå ¢®«­ (� > 5 á¬ ), £¤¥ ¯à®áª «ì§ë¢ ­¨ïã¦¥ ­¥â, íää¥ªâ £ è¥­¨ï ¢®«­ ¯«¥­ª®© ª®­¥ç­®©â®«é¨­ë ã¢¥«¨ç¥­. �â® á¢ï§ ­® á ­ «¨ç¨¥¬ ¢ï§ª®-áâ¨ ¢ ¯«¥­ª¥, ¯à®ï¢«ïîé¥©áï ¯à¨ ¯à®¤®«ì­®¬ ¢®«-­®¢®¬ ¤¢¨¦¥­¨¨. �«ï ¤ ­­®© â®«é¨­ë ¨ ¯ à ¬¥-âà®¢ ¯«¥­ª¨ íää¥ªâë ¯à®áª «ì§ë¢ ­¨ï ¨ ¢ï§ª®áâ¨ª®¬¯¥­á¨àãîâáï ¯à¨ ¤«¨­¥ ¢®«­ë � � 5 á¬ ¨ ª®íä-ä¨æ¨¥­âë § âãå ­¨ï ¢®«­ ¯®¤ ¯«¥­ª ¬¨ ­ã«¥¢®© ¨ª®­¥ç­®© â®«é¨­ë á®¢¯ ¤ îâ. � ã¢¥«¨ç¥­¨¥¬
�¨á. 4. � ¢¨á¨¬®áâ¨ ­®à¬¨à®¢ ­­ëå ª®íää¨æ¨¥­â®¢§ âãå ­¨ï ®â ¤«¨­ë ¢®«­ë ¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå ªâ¨¢­®áâ¨ ¯«¥­ª¨: 1 { p=0.3, 2 { p = 0.5, 3 { p = 1.�®«é¨­  ¯«¥­ª¨ h0=0.134 á¬ ªâ¨¢­®áâ¨ ¯«¥­ª¨ â®çª  á®¢¯ ¤¥­¨ï ª®íää¨æ¨¥­-â®¢ § âãå ­¨ï á¤¢¨£ ¥âáï ¢ áâ®à®­ã ¡®«ìè¨å ¤«¨­¢®«­. �«¨ï­¨¥ ¢ï§ª®áâ¨ ¢¥é¥áâ¢  ¯«¥­ª¨ ã¬¥­ì-è ¥âáï á ã¢¥«¨ç¥­¨¥¬ ¤«¨­ë ¯®¢¥àå­®áâ­®© ¢®«-­ë, å®âï ®áâ ¥âáï § ¬¥â­ë¬ ¨ ¤ ¦¥ ­  ¬¥âà®¢ëå¢®«­ å (à¨á. 3). �  à¨á. 4 ¯à¥¤áâ ¢«¥­ë § ¢¨á¨-¬®áâ¨ ­®à¬¨à®¢ ­­ëå ª®íää¨æ¨¥­â®¢ § âãå ­¨ï¢®«­ ¯®¤ ¯«¥­ª®© â®«é¨­ë h0 =1.34�10 �2á¬ ®â¤«¨­ë ¢®«­ë ¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå  ªâ¨¢­®-áâ¨ p. �®¢¥¤¥­¨¥ ¨å á ¨§¬¥­¥­¨¥¬  ªâ¨¢­®áâ¨ ª -ç¥áâ¢¥­­®  ­ «®£¨ç­® ¯®¢¥¤¥­¨î ª®íää¨æ¨¥­â®¢§ âãå ­¨ï ¯®¤ ¯«¥­ª®© ­ã«¥¢®© â®«é¨­ë. � à®-áâ®¬ p ãá¨«¨¢ ¥âáï £ è¥­­¨¥ ¡®«¥¥ ¤«¨­­ëå ¢®«­,çâ® á¢ï§ ­® á ã¢¥«¨ç¥­¨¥¬ ¯®¢¥àå­®áâ­®© á¨«ë. �¤¨ ¯ §®­¥ ª ¯¨««ïà­ëå ¨ ª®à®âª¨å £à ¢¨â æ¨®­-­ëå ¢®«­ ­ ®¡®à®â ­ ¡«î¤ ¥âáï ã¬¥­ìè¥­¨¥ ­®à-

�¨á. 5. � ¢¨á¨¬®áâ¨ ®â â®«é¨­ë ¯«¥­ª¨­®à¬¨à®¢ ­­ëå ª®íää¨æ¨¥­â®¢ § âãå ­¨ï ¢®«­à §«¨ç­®© ¤«¨­ë: 1 { 3.2 á¬, 2 { 10 á¬, 3 { 50 á¬.�®íää¨æ¨¥­â ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ­  £à ­¨æ¥���{¢®§¤ãå c1 = 68 ¤¨­/á¬,  ªâ¨¢­®áâì ¯«¥­ª¨p=0.149¬¨à®¢ ­­ëå ª®íää¨æ¨¥­â®¢ § âãå ­¨ï á à®áâ®¬p. �â® ®¡êïá­ï¥âáï ãá¨«¥­¨¥¬ à®«¨ ¢ï§ª®© ¤¨áá¨-¯ æ¨¨ ¢ ¦¨¤ª®áâ¨ ¨§-§  ã¢¥«¨ç¥­¨ï \¦¥áâª®áâ¨\¯«¥­ª¨. �  à¨á. 5 ¯à¨¢¥¤¥­ë § ¢¨á¨¬®áâ¨ ­®à-¬¨à®¢ ­­ëå ª®íää¨æ¨¥­â®¢ § âãå ­¨ï ¢®«­ à §-«¨ç­®© ¤«¨­ë ®â â®«é¨­ë ¯«¥­ª¨. �â¨ § ¢¨á¨¬®-áâ¨ «¨­¥©­ë, ­® ¨¬¥îâ à §­ë¥ ­ ª«®­ë. �à¨¢ ï1, á®®â¢¥âáâ¢ãîé ï ¯®¢¥àå­®áâ­®© ¢®«­¥ ¤«¨­®©3.2 á¬, ¨¬¥¥â ¤®áâ â®ç­® ¡®«ìè®© ®âà¨æ â¥«ì­ë©­ ª«®­, çâ® £®¢®à¨â ®¡ ãá¨«¥­¨¨ § âãå ­¨ï íâ®©¢®«­ë á ã¢¥«¨ç¥­¨¥¬ â®«é¨­ë ¯«¥­ª¨. �à¨ç¨­ íâ®£® { ãá¨«¥­¨¥ íää¥ªâ  ¯à®áª «ì§ë¢ ­¨ï £à -­¨æ ¯«¥­ª¨ ®â­®á¨â¥«ì­® ¤àã£ ¤àã£ , á¢ï§ ­­®¥ áã¢¥«¨ç¥­¨¥¬ ®â­®è¥­¨ï h0=�. �®¢¥¤¥­¨¥ ªà¨¢ëå 2¨ 3, á®®â¢¥âáâ¢ãîé¨å ¡®«¥¥ ¤«¨­­ë¬ ¢®«­ ¬ (10¨ 50 á¬ á®®â¢¥âáâ¢¥­­®), å à ªâ¥à¨§ã¥â ¢«¨ï­¨¥¢ï§ª®áâ¨ ¢ ¯«¥­ª¥ ­  ¥¥ ¯à®¤®«ì­®¥ ¢®«­®¢®¥ ¤¢¨-¦¥­¨¥ à §«¨ç­®£® ¬ áèâ ¡ .�à®á«¥¤¨¬ â¥¯¥àì §  ¨§¬¥­¥­¨ï¬¨ íâ¨å § ¢¨á¨-¬®áâ¥© ¯à¨ ¨§¬¥­¥­¨¨ ¤àã£¨å ¯ à ¬¥âà®¢ ¯«¥­ª¨.�  à¨á. 6 ¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ ­®à¬¨à®¢ ­-­ëå ª®íää¨æ¨¥­â®¢ § âãå ­¨ï ®â â®«é¨­ë ¯«¥­-ª¨ ¯à¨ ¨§¬¥­¥­¨¨ §­ ç¥­¨ï ª®íää¨æ¨¥­â  ¯®¢¥àå-­®áâ­®£® ­ âï¦¥­¨ï �1 ­  ¢¥àå­¥© £à ­¨æ¥ ¯«¥­-ª¨ (¢®§¤ãå{���) á 68 ¤¨­/á¬ ­  50 ¤¨­/á¬. � ª¨ á«¥¤®¢ «® ®¦¨¤ âì, ¢«¨ï­¨¥ ¯®¢¥àå­®áâ­®£® ­ -âï¦¥­¨ï ¯à®ï¢«ï¥âáï á¨«ì­¥¥ ­  ¢®«­ å ª ¯¨««ïà-­®£® ¤¨ ¯ §®­ , ¯®áª®«ìªã ¯®¢¥àå­®áâ­®¥ ­ âï¦¥-­¨¥ ®¯à¥¤¥«ï¥â ç áâ®âã íâ¨å ¢®«­. �¬¥áâ¥ á â¥¬¢¨¤­®, çâ® ¡®«¥¥ â®«áâ ï ¯«¥­ª  ¬¥­¥¥ çã¢áâ¢¨-â¥«ì­  ª ¨§¬¥­¥­¨î íâ®£® ¯ à ¬¥âà . �â® á¢ï§ -­® á â¥¬, çâ® ¯à®ï¢«¥­¨¥ áâàãªâãàë ¯®¯¥à¥ç­®£®�. �. �®¥¢, �. �. �á­¨æª ï 21
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�¨á. 6. � ¢¨á¨¬®áâ¨ ®â â®«é¨­ë ¯«¥­ª¨­®à¬¨à®¢ ­­ëå ª®íää¨æ¨¥­â®¢ § âãå ­¨ï ¢®«­à §«¨ç­®© ¤«¨­ë: 1 { 3.2 á¬, 2 { 10 á¬, 3 { 50 á¬.�®íää¨æ¨¥­â ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ­  £à ­¨æ¥���{¢®§¤ãå c1 = 50 ¤¨­/á¬,  ªâ¨¢­®áâì ¯«¥­ª¨p=0.149¤¢¨¦¥­¨ï ¢ ¯«¥­ª¥ ¢«¥ç¥â §  á®¡®© à §¤¥«¥­¨¥ ¯®-¢¥àå­®áâ­ëå ¢®«­ ­  ®¡¥¨å £à ­¨æ å ¯«¥­ª¨. �á«ãç ¥ ¯«¥­ª¨ ­ã«¥¢®© â®«é¨­ë íâ¨ ¢®«­ë á«¨âë¢ ®¤­ã ¨ ¢«¨ï­¨¥ ¨§¬¥­¥­¨ï �1 §¤¥áì ­ ¨¡®«¥¥ áã-é¥áâ¢¥­­®. �ää¥ªâ à §¤¥«¥­¨ï ®¤­®© ¯®¢¥àå­®áâ-­®© ¢®«­ë ­  ¤¢¥ á ã¢¥«¨ç¥­¨¥¬ â®«é¨­ë ¯«¥­-ª¨ ¯à®ï¢«ï¥âáï ¨ ¯à¨ ¨§¬¥­¥­¨¨ ¢ï§ª®áâ¨ ���,®¤­ ª® ¯à¨ íâ®¬ ¡®«¥¥ áãé¥áâ¢¥­­ë¥ ¨§¬¥­¥­¨ïª®íää¨æ¨¥­â®¢ § âãå ­¨ï ­ ¡«î¤ îâáï ¯à¨ ­ «¨-ç¨¨ ¡®«¥¥ â®«áâëå ¯«¥­®ª. � ¨¡®«ìè¥¥ ¢«¨ï­¨¥¨§¬¥­¥­¨ï ¯«®â­®áâ¨ ��� ¥áâ¥áâ¢¥­­® ®¦¨¤ âì ¢£à ¢¨â æ¨®­­®¬ ¤¨ ¯ §®­¥ ¤«¨­ ¢®«­, ®¤­ ª®, ª ª¢¨¤­® ¨§ à¨á. 2 ¨ 3, ¢ íâ®¬ ¤¨ ¯ §®­¥ ¢«¨ï­¨¥¯«¥­ª¨ ­¥¢¥«¨ª®.�����������¥è¥­  § ¤ ç  ® ¢®«­®¢®¬ ¤¢¨¦¥­¨¨ âï¦¥«®©¢ï§ª®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¡¥áª®­¥ç­®© £«ã¡¨-­ë á® á¢®¡®¤­®© ¯®¢¥àå­®áâìî, ¯®ªàëâ®© ¯«¥­ª®©¯®¢¥àå­®áâ­®- ªâ¨¢­®£® ¢¥é¥áâ¢ , â®«é¨­  ª®â®-à®© ¬ «  ¯® áà ¢­¥­¨î á ¤«¨­®© ¢®«­ë. � ©¤¥­®¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ ¤«ï ª®¬¯«¥ªá­®© ç áâ®-âë ¢®«­ ¨ ¯®«ãç¥­®  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥ ¥£® ¢á«ãç ¥ ¡®«¥¥ â®­ª®© ¯«¥­ª¨, â®«é¨­  ª®â®à®©

¬ « , ­® áà ¢­¨¬  á â®«é¨­®© ¢ï§ª®£® ¢®«­®¢®£®á«®ï ¢ ­¥©. �®ª § ­®, çâ® ¯«¥­ª  ª®­¥ç­®©, ­® ¬ -«®© (¢ ãª § ­­®¬ ¢ëè¥ á¬ëá«¥) â®«é¨­ë ¢­®á¨â¤¢¥ ­®¢ëå ¤¥â «¨ ¢ ¬¥å ­¨§¬ £ è¥­¨ï ¢®«­ ¯«¥­-ª®© ­ã«¥¢®© â®«é¨­ë: ) áª®«ì¦¥­¨¥ £à ­¨æ ¯«¥­ª¨ ®â­®á¨â¥«ì­® ¤àã£¤àã£  ¨ á¢ï§ ­­®¥ á ­¨¬ ®á« ¡«¥­¨¥ á®¯à®â¨¢«¥-­¨ï ¯®¢¥àå­®áâ­®© á¨«ë. �â®â íää¥ªâ ¯à¨¢®¤¨âª § ¬¥â­®¬ã ã¬¥­ìè¥­¨î § âãå ­¨ï ª ¯¨««ïà­ëå¨ ª®à®âª¨å £à ¢¨â æ¨®­­ëå ¢®«­;¡) £ áïé¥¥ ¢«¨ï­¨¥ ¢ï§ª®áâ¨ ¢¥é¥áâ¢  ¯«¥­ª¨.�â®â íää¥ªâ ¯à¨¢®¤¨â ª ãá¨«¥­¨î (å®âï ¨ ­¥¡®«ì-è®¬ã) £ è¥­¨ï £à ¢¨â æ¨®­­ëå ¢®«­.�¨á«¥­­ë©  ­ «¨§ ¯à®¢¥¤¥­ ¤«ï â¨¯¨ç­ëå ¯ -à ¬¥âà®¢ ­¥äâ¨.1. �à¨¤à¨åá¡¥à£ �.�. �ãàá ª®««®¨¤­®© å¨¬¨¨.{ �.:�¨¬¨ï, 1984.{ 368 á.2. Kalmykov A.I., Pichugin A.P., Sinitsyn Yu.A.,Shestopalov V.P. Some features of radar monitoringof the oceanic surface from aerospace platforms // Int.Journal of Remote Sensing.{ 1982.{ V. 3, N 3.{ P. 311-325.3. Johnson J.W., Groswell. W.F. Characteristics 0f 13.9GHz radar scattering from oil �lms on the sea sur-face // Radio Science.{ 1982.{ V. 17, N 3.{ P. 611-617.4. �®¥¢ �.�., � à¢¨æª¨© �.�. � â¥®à¨¨ à ¤¨®«®ª -æ¨®­­®£® ª®­âà áâ  ¬®àáª®£® ¢®«­¥­¨ï ¯à¨ ­ «¨-ç¨¨ ¯«¥­ª¨ ¯®¢¥àå­®áâ­®- ªâ¨¢­®£® ¢¥é¥áâ¢  //� ¤¨®ä¨§¨ª  ¨ à ¤¨® áâà®­®¬¨ï.{ 1997.{ T. 2, N3.{ �. 281-291.5. Boyev A.G, Karvitsky G.E., Matveyev A.Ya.,TsymbalV.N. Evaluation of Oil Film Parameters on the SeaSurface Using Multifrequency Radar Date // Telecom-munication and Radio Engineering.{ 1997.{ V. 51, N8.{ P. 4-12.6. �¥¢¨ç �.�. �¨§¨ª®-å¨¬¨ç¥áª ï £¨¤à®¤¨­ ¬¨ª .{�.: �����, 1959.{ 669 á.7. �¤ ¬ �.�. �¨§¨ª  ¨ å¨¬¨ï ¯®¢¥àå­®áâ¥©.{ �.: �®-áâ¥å¨§¤ â, 1947.{ 552 á.8. �®¡àï­áª¨© �.�. �¨¬¨ï ­¥äâ¨.{ �.: �®áâ¥å¨§¤ â,1961.{ 211 á.9. � ¬¡ �. �̈ ¤à®¤¨­ ¬¨ª .{ �.-�.: �����, 1953.{928 á.10. � ­¤ ã �.�., �¨äè¨æ �.� �¥å ­¨ª  á¯«®è­ëåáà¥¤.{ �.: �����, 1953.{ 788 á.11. �®©æï­áª¨© �.�. � ¬¨­ à­ë© ¯®£à ­¨ç­ë© á«®©.{�.: �¨§¬ â£¨§, 1962.{ 480 á.12. �ã¡¡®â¨­  �.�. �¡®à­¨ª ä¨§¨ç¥áª¨å ª®­áâ ­â ¨¯ à ¬¥âà®¢.{ �.: �§¤. ���, 1967.{ 148 á.
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