
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 1. �. 60 { 73��� 629.5.017.25�������� � ����������������������������� ������� �������� � �������� ����������� ��������� �� ���������. �. ����������, �. �. ����������ªà ¨­áª¨© £®áã¤ àáâ¢¥­­ë© ¬®àáª®© â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â, �¨ª®« ¥¢�®«ãç¥­® 25.01.2000 � �¥à¥á¬®âà¥­® 25.02.2000�¡®á­®¢ ­ ¯à¨¡«¨¦¥­­ë© ¬¥â®¤ à áç¥â  ­¥«¨­¥©­ëå £¨¤à®¤¨­ ¬¨ç¥áª¨å ­ £àã§®ª � áª¨­¤  -�ìî¬ ­  ¯à¨ ª çª¥áã¤­  ­  ¢®«­ å ª®­¥ç­®©  ¬¯«¨âã¤ë, ãç¨âë¢ îé¨© íää¥ªâë ¯¥à¥¬¥­­®áâ¨ á¬®ç¥­­®© ç áâ¨ áã¤®¢®© ¯®¢¥àå­®áâ¨¨  ­£ à¬®­¨ç­®áâ¨ ¯®«ï áª®à®áâ¥© ­  ­¥©. �¯à¥¤¥«¥­¨¥ ­ £àã§®ª á¢®¤¨âáï ¢ ®á­®¢­®¬ ª à áç¥âã £¨¤à®¤¨­ ¬¨-ç¥áª¨å ª®íää¨æ¨¥­â®¢ áã¤®¢ëå ª®­âãà®¢ { ¯à¨á®¥¤¨­¥­­ëå ¬ áá ¨ ª®íää¨æ¨¥­â®¢ ¤¥¬¯ä¨à®¢ ­¨ï ¯® ¬£­®¢¥­­ãî®á ¤ªã ¤® ¢®«­®¢®© ¢ â¥à«¨­¨¨. �«ï à áç¥â  £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢ ¢ è¨à®ª®¬ ¤¨ ¯ §®­¥ ä®à¬ ¨ ¯ -à ¬¥âà®¢ áã¤®¢ëå ª®­âãà®¢ ¨á¯®«ì§®¢ ­ ¬¥â®¤ ¬­®£®¯ à ¬¥âà¨ç¥áª¨å ª®­ä®à¬­ëå ®â®¡à ¦¥­¨© ¨ ¬¥â®¤ �àá¥«« ¤«ï ®¯à¥¤¥«¥­¨ï £ à¬®­¨ç¥áª¨å ¯®â¥­æ¨ «®¢ áª®à®áâ¥© ¢ ¯ à ¬¥âà¨ç¥áª®© ¯«®áª®áâ¨. �à¨ à áç¥â¥ ¯ à ¬¥âà®¢ª®­ä®à¬­®£® ®â®¡à ¦¥­¨ï,   â ª¦¥ ¬®é­®áâ¥© £¨¤à®¤¨­ ¬¨ç¥áª¨å ®á®¡¥­­®áâ¥© ¯à¨¬¥­ï«áï ¬¥â®¤ ­ ¨¬¥­ìè¨åª¢ ¤à â®¢. �à¨¢¥¤¥­ë à¥§ã«ìâ âë á®¯®áâ ¢¨â¥«ì­ëå à áç¥â®¢ £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢ ¤«ï â¨¯¨ç­ëåáã¤®¢ëå ª®­âãà®¢, ª®­âãà®¢ ¯à¨ ¡®àâ®¢ëå ­ ª«®­¥­¨ïå ¤® 40 £à ¤., ª®­âãà  á® áªã«®¢ë¬¨ ª¨«ï¬¨ ¨ ª®­âãà®¢ áã¤®¢â¨¯  ����. �®£« á®¢ ­¨¥ à¥§ã«ìâ â®¢ ¢ ®¡é¥¬ ã¤®¢«¥â¢®à¨â¥«ì­®¥ ¨ å®à®è¥¥.�¡£àã­â®¢ ­® ­ ¡«¨¦¥­¨© ¬¥â®¤ à®§à åã­ªã ­¥«i­i©­¨å £i¤à®¤¨­ ¬iç­¨å ­ ¢ ­â ¦¥­ì � áªi­¤ -�ìî¬ ­  ¯à¨ å¨-â ¢¨æi áã¤­  ­  å¢¨«ïå áªi­ç¥­®i  ¬¯«iâã¤¨, é® ¢à å®¢ãõ ¥ä¥ªâ¨ §¬i­­®áâi § ­ãà¥­®i ç áâ¨­¨ áã¤­®¢®i ¯®¢¥àå­i â  ­£ à¬®­iç­®áâi ¯®«ï è¢¨¤ª®áâi ­  ¯®¢¥àå­i. �®§à åã­®ª ­ ¢ ­â ¦¥­ì ¢ ®á­®¢­®¬ã §¢®¤¨âìáï ¤® ¢¨§­ ç¥­­ï £i¤à®-¤¨­ ¬iç­¨å ª®¥äiæi¥­âi¢ áã¤­®¢¨å ª®­âãài¢ { ¯à¨«ãç¥­¨å ¬ á â  ª®¥äiæi¥­âi¢ ¤¥¬¯äiàã¢ ­­ï ¯® ¬¨ââ¥¢ã ®á ¤ªã ¤®å¢¨«ì®¢®ù ¢ â¥à«i­ii. �«ï à®§à åã­ªã £i¤à®¤¨­ ¬iç­¨å ª®¥äiæi¥­âi¢ áã¤­®¢¨å ª®­âãài¢ ¢ è¨à®ª®¬ã ¤i ¯ §®­i ùå­iåä®à¬ â  ¯ à ¬¥âài¢ ¢¨ª®à¨áâ ­® ¬¥â®¤ ¡ £ â®¯ à ¬¥âà¨ç­®£® ª®­ä®à¬­®£® ¢i¤®¡à ¦¥­¨ï â  ¬¥â®¤ �àá¥««  ¤«ï¢¨§­ ç¥­­ï £ à¬®­iç­¨å ¯®â¥­æi «i¢ è¢¨¤ª®áâ¥© ¢ ¯ à ¬¥âà¨ç­i© ¯«®é¨­i. �à¨ ¢¨§­ ç¥­­i ¯ à ¬¥âài¢ ª®­ä®à¬-­®£® ¢i¤®¡à ¦¥­­ï â  ¯®âã¦­®áâ¥© £i¤à®¤¨­ ¬iç­¨å ®á®¡«¨¢®áâ¥© ¡ã«® ¢¨ª®à¨áâ ­® ¬¥â®¤ ­ ©¬¥­ìè¨å ª¢ ¤à âi¢.� ¢¥¤¥­i à¥§ã«ìâ â¨ á¯i¢áâ ¢­¨å à®§à åã­ªi¢ £i¤à®¤¨­ ¬iç­¨å ª®¥äiæi¥­âi¢ ¤«ï â¨¯®¢¨å áã¤­®¢¨å ª®­âãài¢, ª®­-âãài¢ ¯à¨ ¡®àâ®¢¨å ­ å¨«¥­­ïå ¤® 40 £à ¤., ª®­âãàã §i áªã«®¢¨¬¨ ª¨«ï¬¨ i ª®­âãài¢ áã¤¥­ â¨¯ã ����. �¯i¢¯ ¤ ­­ïà¥§ã«ìâ âi¢ § £ «®¬ § ¤®¢i«ì­¥ â  ¤®¡à¥.Approximate practical method in the nonlinear calculations of Khaskind -Newman hydrodynamic loads, acting on ship hullin �nite amplitude progressive waves, has been proofed. This approach is based on the calculations of the hydrodynamiccoe�cients of ship sections in their instant position on wave surface -added masses and damping coe�cients. For thedetermination of instant hydrodynamic coe�cients multiparameter conformal mapping of ship countor into unit circle inparametric plane, and wellknown Ursell techniques for the determination of velocity potentials in this plane have beenused. Equations for the parameters of conformal mapping and for the amplitudes of hydrodynamic singularities have beenderived by using mimization techniques. Results of the comparative calculations for hydrodynamic coe�cients of typicalship sections, ship sections in heeled position up to 40 degr., section with bildge keels and bulbous SWATH ship sectionsare presented. The coincidence of these results is estimated generally as satisfactory and good.��������� áç¥â £¨¤à®¤¨­ ¬¨ç¥áª¨å ­ £àã§®ª ¨ á¢ï§ ­-­ëå á ­¨¬¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢ {¯à¨á®¥¤¨­¥­­ëå ¬ áá ¨ ª®íää¨æ¨¥­â®¢ ¤¥¬¯ä¨à®-¢ ­¨ï áã¤®¢ëå ª®­âãà®¢ { ª« áá¨ç¥áª ï ¤«ï «¨­¥©-­®© £¨¤à®¤¨­ ¬¨ª¨ áã¤­  ªà ¥¢ ï § ¤ ç  (c¬. [1 {8] ¨ ¤à.). �¥®à¥â¨ç¥áª¨ ®¡®á­®¢ ­­ ï ¥é¥ ¢ à ¡®-â å �.�. � áª¨­¤  [5], ¢ 60 -80-¥ £®¤ë ®­  ¯®«ãç¨-«  §­ ç¨â¥«ì­®¥ à §¢¨â¨¥, çâ® ¯®§¢®«¨«® à §à -¡®â âì àï¤ ¯à ªâ¨ç¥áª¨å ¬¥â®¤®¢ à áç¥â  ­ £àã-§®ª ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢ ¤«ï â¨-¯¨ç­ëå áã¤®¢ëå ª®­âãà®¢, ¤®¢¥¤¥­­ëå ¤® á¥à¨©-­ëå £à ä¨ª®¢ (� á ¨, � «ìª ¥¢), á¯à ¢®ç­ëå â -¡«¨æ (�®àâ¥à, �¥¬¥§, �«¨á), ���-¯à®£à ¬¬ à á-ç¥â , ®á­®¢ ­­ëå ­  ¬¥â®¤ å �à ­ª , ���, äã­-æ¨© �à¨­  ¨ ¤à. � §¢¨â¨¥ ª®¬¯ìîâ¥à­®© â¥å­¨-ª¨ á¯®á®¡áâ¢®¢ «® è¨à®ª®¬ã ¯à¨¢«¥ç¥­¨î ç¨á«¥­-
­ëå ¬¥â®¤®¢ ª à¥è¥­¨î á®®â¢¥âáâ¢ãîé¨å ªà ¥-¢ëå § ¤ ç ¨§«ãç¥­¨ï ¨ ¤¨äà ªæ¨¨ ¢®«­, ª ª®â®àë¬ä ªâ¨ç¥áª¨ ¨ á¢®¤¨âáï à áç¥â £¨¤à®¤¨­ ¬¨ç¥áª¨å­ £àã§®ª � áª¨­¤ -�ìî¬ ­  [9{ 11].�¥¬ ­¥ ¬¥­¥¥, ­¥á¬®âàï ­  ®ç¥¢¨¤­®¥ ¯à®¤¢¨¦¥-­¨¥ ¢ ¤ ­­®¬ ­ ¯à ¢«¥­¨¨ ¨ ¤®¢¥¤¥­¨¥ à¥§ã«ìâ -â®¢ ¤® è¨à®ª®£® ¯à ªâ¨ç¥áª®£® ¯à¨¬¥­¥­¨ï, ¨­-â¥à¥á ª íâ®© ¯à®¡«¥¬¥ ¯®¤¤¥à¦¨¢ ¥âáï ¢ ¯¥à¨®-¤¨ç¥áª®© «¨â¥à âãà¥, ¯® ªà ©­¥© ¬¥à¥, ¯® á«¥¤ã-îé¨¬ ¯à¨ç¨­ ¬. �®-¯¥à¢ëå, ­¥«¨­¥©­®¥ ®¡®¡-é¥­¨¥ ¢ à áç¥â å £¨¤à®¤¨­ ¬¨ç¥áª¨å ­ £àã§®ª ¨ª çª¨ áã¤®¢ ­  ¢®«­¥­¨¨ áâ¨¬ã«¨à®¢ «® à §¢¨â¨¥¯à¨¡«¨¦¥­­ëå ­¥«¨­¥©­ëå ¬¥â®¤®¢, ¤®áâã¯­ëå¤«ï è¨à®ª®£® ¯à¨¬¥­¥­¨ï ¢ ¯à ªâ¨ª¥ à áç¥â®¢­  ���� á ®£à ­¨ç¥­­ë¬¨ à¥áãàá ¬¨. � ç áâ-­®áâ¨, ¯à¨¥¬«¥¬ë¬ ®ª § «áï ä¥­®¬¥­®«®£¨ç¥cª¨©¯®¤å®¤ ¢ à áç¥â å ­¥«¨­¥©­ëå ­ £àã§®ª � áª¨­¤ -�ìî¬ ­ , ®á­®¢ ­­ë© ­  ¨á¯®«ì§®¢ ­¨¨ ¯¥à¥¬¥­-60 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 1. �. 60 { 73­ëå £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢, ®¯à¥¤¥-«¥­­ëå ¯® ¬£­®¢¥­­ãî ®á ¤ªã áã¤®¢ëå ª®âãà®¢ ¤®¢®«­®¢®© ¢ â¥à«¨­¨¨ [12{15]. �à¨ íâ®¬, ®¤­ ª®,¢ ¯¥à¨®¤¨ç¥áª®© «¨â¥à âãà¥ ®âáãâáâ¢ã¥â ¤®áâ -â®ç­® ã¡¥¤¨â¥«ì­®¥ «®£¨ç¥áª®¥ ®¡®á­®¢ ­¨¥ ¤ ­-­®£® ¯®¤å®¤  ¨ ¯®íâ®¬ã, ãç¨âë¢ ï ¥£® ¯à®áâ®-âã ¨ ¤®áâ â®ç­ãî íää¥ªâ¨¢­®áâì, æ¥«¥á®®¡à §-­® ¯®«ãç¨âì â¥®à¥â¨ç¥áª®¥ ¤®ª § â¥«ìáâ¢® ¯à -¢®¬®ç­®áâ¨ à áç¥â  ­¥«¨­¥©­ëå £¨¤à®¤¨­ ¬¨ç¥-áª¨å ­ £àã§®ª ­  áã¤  á ¨á¯®«ì§®¢ ­¨¥¬ ¬£­®¢¥­-­ëå §­ ç¥­¨© ¯à¨á®¥¤¨­¥­­ëå ¬ áá ¨ ª®íää¨æ¨-¥­â®¢ ¤¥¬¯ä¨à®¢ ­¨ï. � â® ¦¥ ¢à¥¬ï, ¯à¨ ª®-­¥ç­ëå  ¬¯«¨âã¤ å ª çª¨ áã¤­  ä®à¬  ¨ £¥®¬¥-âà¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¬£­®¢¥­­®© ¯®£àã¦¥­-­®© ç áâ¨ áã¤®¢ëå ª®­âãà®¢ ¨§¬¥­ïîâáï ¢ ¤®áâ -â®ç­® è¨à®ª®¬ ¤¨ ¯ §®­¥, ¤ «¥ª® ¢ëå®¤ïé¥¬ § à ¬ª¨ áãé¥áâ¢ãîé¨å á¯à ¢®ç­ëå à¥ª®¬¥­¤ æ¨©[7,16], çâ® âà¥¡ã¥â ¨å ®¡®¡é¥­¨ï. � â ª®© ¦¥ § -¤ ç¥ ¬®¦¥â ¡ëâì á¢¥¤¥­ ¨ à áç¥â ¯®¯¥à¥ç­ëå £¨-¤à®¤¨­ ¬¨ç¥áª¨å ­ £àã§®ª, ¤¥©áâ¢ãîé¨å ­  â¥« ,­ ¯à¨¬¥à, ª¨â®¢ ¨«¨ ¤¥«ìä¨­®¢, ¯¥à¥á¥ª îé¨å ¢¯à®æ¥áá¥ ¤¢¨¦¥­¨ï á¢®¡®¤­ãî ¯®¢¥àå­®áâì ¢®¤ë.� íâ®¬ á«ãç ¥ â ª¦¥ áãé¥áâ¢¥­­® ¬¥­ï¥âáï ä®à-¬  á¬®ç¥­­®© ç áâ¨ ¯®¯¥à¥ç­ëå á¥ç¥­¨© â¥«  ¯®¤«¨­¥ ¨§-§  ¢ëå®¤  ¨ ¯®á«¥¤ãîé¥£® ¢å®¤  ¥£® ¢ ¢®-¤ã.�®-¢â®àëå, ¤ ¦¥ ¢ à ¬ª å «¨­¥©­®© £¨¤à®¤¨-­ ¬¨ª¨ áã¤­  ¨­â¥­á¨¢­®¥ à §¢¨â¨¥ ¢ ¯®á«¥¤­¨¥¤¢  ¤¥áïâ¨«¥â¨ï ­®¢ëå â¨¯®¢ áª®à®áâ­ëå ª®à -¡«¥© ¨ áã¤®¢ ¬ «®£® ¨ áà¥¤­¥£® ¢®¤®¨§¬¥é¥­¨ï á­¥®¡ëç­ë¬¨ ä®à¬ ¬¨ ª®à¯ãá®¢ áã¤®¢ (áã¤  á ¬ -«®© ¯«®é ¤ìî ¢ â¥à«¨­¨¨ (����), áã¤  á ¨§«®¬ -¬¨ è¯ ­£®ãâ®¢ ¨ £«ã¡®ª¨¬ "V", ª â ¬ à ­ë "à¥-¦ãé¨¥ ¢®«­ã" ¨ ¤à.) [17{ 19] ¯à¨¢¥«® ª ­¥®¡å®¤¨-¬®áâ¨ à áç¥â  £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ªáã¤®¢ëå ª®­âãà®¢ ¤«ï ­¥âà ¤¨æ¨®­­ëå ¨å ä®à¬¨ á®®â­®è¥­¨© ¯ à ¬¥âà®¢ (®â­®è¥­¨ï ®á ¤ª¨ ªè¨à¨­¥, ¯®«­®âë, § £«ã¡«¥­¨ï æ¥­âà  ¢¥«¨ç¨­ë ¨¤à.).�-âà¥âì¨å, ¯®çâ¨ ¢á¥ à §à ¡®â ­­ë¥ ¬¥â®¤ëà áç¥â  ®¡« ¤ îâ â¥¬¨ ¨«¨ ¨­ë¬¨ ­¥¤®áâ âª ¬¨,®£à ­¨ç¨¢ îé¨¬¨ ®¡« áâì ¨å ¯à ªâ¨ç¥áª®£® ¯à¨-¬¥­¥­¨ï. � ¯à¨¬¥à, ¢ è¨à®ª® ¨§¢¥áâ­®¬ ¬¥â®-¤¥ �àá¥««  [1] àï¤ë ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¥© ­ -ç¨­ îâ ¯«®å® áå®¤¨âìáï ¤«ï ¤®áâ â®ç­® á«®¦­ëåä®à¬ è¯ ­®£®ãâ®¢,   ¯à¨¬¥­¥­¨¥ ¤¢ãå¯ à ¬¥âà¨-ç¥áª¨å  ¯¯à®ªá¨¬ æ¨© �ìî¨á  [7] ¨«¨ âà¥å¯ à -¬¥âà¨ç¥áª¨å  ¯¯à®ªá¨¬ æ¨© � ª £­® [2, 8] ­¥ ¯®-§¢®«ï¥â ¯®ªàëâì ¢¥áì ¯à ªâ¨ç¥áª¨ ¢ ¦­ë© ¤¨ -¯ §®­ ä®à¬ ¨ å à ªâ¥à¨áâ¨ª áã¤®¢ëå ª®­âãà®¢.� â® ¦¥ ¢à¥¬ï, á ¨§¢¥áâ­ë¬ ¬¥â®¤®¬ �à ­ª  [4]á¢ï§ ­  ¯à®¡«¥¬  à¥§®­ ­á­ëå ç áâ®â ª®«¥¡ ­¨©¦¨¤ª®áâ¨ ¤«ï ®¡« áâ¨ ¢­ãâà¨ ª®­âãà  è¯ ­£®ãâ ;¨¬¥îâ ¬¥áâ® ¢ëç¨á«¨â¥«ì­ë¥ âàã¤­®áâ¨ ¨ ¢ ¤àã-

£¨å ¬¥â®¤ å, á¢®¤ïé¨å à¥è¥­¨¥ § ¤ ç¨ ª á¨­£ã-«ïà­ë¬ ¨­â¥£à «ì­ë¬ ãà ¢­¥­¨ï¬ (à §«¨ç­ë¥ ¢ -à¨ ­âë ¬¥â®¤®¢ ���, äã­ªæ¨© �à¨­ ). �®íâ®¬ã­¥®¡å®¤¨¬®áâì à §à ¡®âª¨ ¤®áâ â®ç­® íää¥ªâ¨¢-­®£® ¢ ¢ëç¨á«¨â¥«ì­®¬ ®â­®è¥­¨¨ ¨ ¯à¨¬¥­¨¬®-£® ¤«ï è¨à®ª®£® ª« áá  ª®­âãà®¢ è¯ ­£®ãâ®¢ ¬¥-â®¤  à áç¥â  £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª¯à®¤®«¦ ¥â ¯à¨¢«¥ª âì ¢­¨¬ ­¨¥ ¨áá«¥¤®¢ â¥«¥©¢ £¨¤à®¤¨­ ¬¨ª¥ áã¤®¢ ­  ¢®«­¥­¨¨. �­â¥à¥á­®©,­  ­ è ¢§£«ï¤, ï¢«ï¥âáï á¥à¨ï à ¡®â, ¯à®¢¥¤¥­-­ ï ¯®¤ àãª®¢®¤áâ¢®¬ �.�.�.�¨è®¯  ¨ ®¯ã¡«¨ª®-¢ ­­ ï ¢ ­ ç «¥ 80-å £®¤®¢ ( á¬., ­ ¯à¨¬¥à, [20,21]¨ ¤à.). � íâ¨å à ¡®â å ¯®ª § ­®, çâ® ª« áá¨ç¥áª¨©¬¥â®¤ �àá¥««  ¢ á®ç¥â ­¨¨ á ¬­®£®¯ à ¬¥âà¨ç¥-áª¨¬¨ ª®­ä®à¬­ë¬¨ ®â®¡à ¦¥­¨ï¬¨ áã¤®¢ëå ª®­-âãà®¢ ª ª à § ¨ ã¤®¢«¥â¢®àï¥â âà¥¡®¢ ­¨ï¬ ¯à®-áâ®âë, ã­¨¢¥àá «ì­®áâ¨ ¨ íää¥ªâ¨¢­®áâ¨ ¯à¨ ç¨-á«¥­­®© à¥ «¨§ æ¨¨.� ª¨¬ ®¡à §®¬, â¥®à¥â¨ç¥áª®¥ ®¡®á­®¢ ­¨¥¯à¨¡«¨¦¥­­®£® ­¥«¨­¥©­®£® à áç¥â  £¨¤à®¤¨­ -¬¨ç¥áª¨å ­ £àã§®ª � áª¨­¤ -�ìî¬ ­  á ¨á¯®«ì§®-¢ ­¨¥¬ £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢, ®¯à¥-¤¥«¥­­ëå ¯® ¬£­®¢¥­­ãî ®á ¤ªã áã¤®¢ëå ª®­âã-à®¢,   â ª¦¥ à §à ¡®âª  íää¥ªâ¨¢­®£®  «£®à¨â¬ ç¨á«¥­­®£® à áç¥â  íâ¨å å à ªâ¥à¨áâ¨ª ¤«ï è¨à®-ª®£® ª« áá  ª®­âãà®¢ ¨ ¡ã¤¥â ï¢«ï¥âìáï ¯à¥¤¬¥â®¬à áá¬®âà¥­¨ï ¢ ¤ ­­®© áâ âì¥.1. ��������� � ����� ������-����� ��� ����������������� ��-������� áá¬ âà¨¢ ¥âáï ¤¢¨¦¥­¨¥ áã¤­  á ¬ «®© áª®à®-áâìî vc ¨ ªãàá®¢ë¬ ã£«®¬ �c ¯® ®â­®è¥­¨î ª á¨-áâ¥¬¥ à¥£ã«ïà­ëå ¢®«­ ª®­¥ç­®©  ¬¯«¨âã¤ë, ¤«¨-­  ª®â®àëå á®¨§¬¥à¨¬  á ¤«¨­®© áã¤­  (¯à¨ �c = 0¯®¯ãâ­®¥ ¢®«­¥­¨¥,   ¯à¨ �c = 180o- ¢áâà¥ç­®¥).�®à¯ãá áã¤­  ¯à¨­¨¬ ¥âáï ã¤«¨­¥­­ë¬ ¨ ­¥¯àï-¬®¡®àâ­ë¬,    ¬¯«¨âã¤ë ¢á¥å è¥áâ¨ ¢¨¤®¢ ª ç-ª¨ { ª®­¥ç­ë¬¨ á ¢®§¬®¦­ë¬ ®£®«¥­¨¥¬ ¨«¨ ¯®«-­ë¬ ¯®£àã¦¥­¨¥¬ è¯ ­£®ãâ­ëå á¥ç¥­¨© ª®à¯ãá ¢ ­ ¡¥£ îé¨¥ ¢®«­ë. �®«­®¢®¥ ¤¢¨¦¥­¨¥ ¨ ª ç-ª  áã¤­  ®¯¨áë¢ îâáï ¢ à ¢­®¬¥à­® ¤¢¨¦ãé¥©áïá® áª®à®áâìî vc á¨áâ¥¬¥ ª®®à¤¨­ â Oxyz, â ª çâ®®áì Oz ­ ¯à ¢«¥­  ¢¥àâ¨ª «ì­® ¢¢¥àå,   ¯«®áª®áâìOxy á®¢¯ ¤ ¥â á ãà®¢­¥¬ â¨å®© ¢®¤ë. �à¥¤¯®-« £ ¥âáï â ª¦¥, çâ® ¢®«­®¢®© ¯à®ä¨«ì ¢ ¯«®áª®-áâ¨ è¯ ­£®ãâ®¢ ¨§¬¥­ï¥âáï ¯« ¢­® á å à ªâ¥à-­ë¬¨ ¬ áèâ ¡ ¬¨, ¯® ªà ©­¥© ¬¥à¥ ­  ¯®àï¤®ª¡®«ìè¨¬¨ ¯®¯¥à¥ç­ëå à §¬¥à®¢ áã¤­ . �̈ ¤à®¬¥-å ­¨ç¥áª¨¥ á¨«ë, ¤¥©áâ¢ãîé¨¥ ­  áã¤­® á® áâ®-à®­ë ¦¨¤ª®áâ¨, ¯®¤à §¤¥«ïîâáï ­  ¤¢¥ ª â¥£®à¨¨{ ¢®«­®¢ë¥ á¨«ë �àë«®¢ -�àã¤ , ®¯à¥¤¥«¥­­ë¥ ¢�.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª® 61



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 1. �. 60 { 73à ¬ª å £¨¯®â¥§ë �.�. �àë«®¢  ® ­¥¢«¨ï­¨¨ ª®à-¯ãá  áã¤­  ­  ­ ¡¥£ îé¨¥ ¢®«­ë, ¨ £¨¤à®¤¨­ ¬¨-ç¥áª¨¥ á¨«ë � áª¨­¤ -�ìî¬ ­ , á¢ï§ ­­ë¥ á ¢®§-¬ãé¥­¨ï¬¨, ¢­®á¨¬ë¬¨ áã¤­®¬ §  áç¥â ª çª¨ ¨¤¨äà ªæ¨¨ ­ ¡¥£ îé¨å ¢®«­. �®á«¥¤­¨¥ ¨ ¡ã¤ãâ¯®¤à®¡­® à áá¬®âà¥­ë ¢ ¤ ­­®© áâ âì¥.�à¨­¨¬ ï ¤®¯ãé¥­¨¥ ® ¡¥§¢¨åà¥¢®¬ å à ªâ¥-à¥ ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ á ¯®â¥­æ¨ «®¬ áª®à®áâ¥©� (~v = r�), ¤«ï ¯®«­®£® ¤ ¢«¥­¨ï ¢ ¦¨¤ª®áâ¨á®£« á­® ¨­â¥£à «ã �®è¨-� £à ­¦  ¡ã¤¥¬ ¨¬¥âìp = ��(�t+(r� �r�)=2+gz) [5]. �¯à¥¤¥«¨¢ ¤ «¥¥¯®â¥­æ¨ « áª®à®áâ¥© ¢®§¬ãé¥­­®£® áã¤­®¬ ¢®«­®-¢®£® ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ �o ¢ ¢¨¤¥ � = (���w)+�w = �o+�w (£¤¥ �w { ¯®â¥­æ¨ « áª®à®áâ¥© ­ ¡¥-£ îé¨å ¢®«­), ¯®«ãç¨¬ ¤«ï ¢®§¬ãé¥­­®£® áã¤­®¬£¨¤à®¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï po § ¢¨á¨¬®áâìpo = ~po +�po; (1)£¤¥ ~po = ��[ @@t � (vc � vwx) @@x ]�o;�po � �12�f(�os + vws)2 + [v2bns��(v2wy + v2wz)]g;vws = vwz cos (ns; y) � vwy cos (ns; z);vbns = vwz cos (ns; z) + vwy cos (ns; y);~vw = (vwx; vwy; vwz) { ¢¥ªâ®à ¯®«ï áª®à®áâ¥© ¢­ ¡¥£ îé¨å ¢®«­ å; ~vb = (vbx; vby; vbz) { ¢¥ªâ®àáª®à®áâ¥© â®ç¥ª áã¤®¢®© ¯®¢¥àå­®áâ¨ ®â ª çª¨;ns { ¯à®¥ªæ¨ï ­®à¬ «¨ ~n ª áã¤®¢®© ¯®¢¥àå­®áâ¨­  ¯«®áª®áâì è¯ ­£®ãâ  Oyz.�à¨ ¯®«ãç¥­¨¨ § ¢¨á¨¬®áâ¥© ¢ (1) ¡ë«¨ ®â¡à®è¥-­ë ¬ «ë¥ ¢â®à®£® ¯®àï¤ª  ¯® ªà¨¢¨§­¥ ¢ â¥à«¨-­¨© (ã¤«¨­¥­­®¥ áã¤­®) ¨ á¤¥« ­ ¯¥à¥å®¤ ®â ¤¥ª à-â®¢ëå ¯à®¥ªæ¨© áª®à®áâ¥© (voy ; voz) ª ­®à¬ «ì­®©¨ ª á â¥«ì­®© ¯à®¥ªæ¨ï¬ ¢ ¯«®áª®áâ¨ è¯ ­£®ãâ®¢(vons = �ons; vos = �os) ¯à¨ ãá«®¢¨¨, çâ® ­®à¬ «ì-­ ï ¯à®¥ªæ¨ï vons ¨§¢¥áâ­  ¨§ £à ­¨ç­ëå ãá«®¢¨©ªà ¥¢®© § ¤ ç¨ ¤«ï ¯®â¥­æ¨ «  �o (á¬. ­¨¦¥).�â¬¥â¨¬, çâ® ¢ ¯¥à¢®© á®áâ ¢«ïîé¥© ¤ ¢«¥­¨ï~po ¢ (1) ­¥¨§¢¥áâ­ë© ¯®â¥­æ¨ « áª®à®áâ¥© �o ¢å®-¤¨â ¢ ¯¥à¢®© áâ¥¯¥­¨ ¨, ªà®¬¥ â®£®, ãçâ¥­ ª¢ ¤à -â¨ç­ë© ç«¥­ ¢ ¨­â¥£à «¥ �®è¨-� £à ­¦ , á¢ï§ ­-­ë© á ¯à®¤®«ì­®© áª®à®áâìî ¢ ­ ¡¥£ îé¨å ¢®«-­ å vwx ¨ ®¡ëç­® ­¥ ¯à¨­¨¬ ¥¬ë© ¢® ¢­¨¬ ­¨¥ ¢à áç¥â å £¨¤à®¤¨­ ¬¨ç¥áª¨å ­ £àã§®ª ­  áã¤  [7].�® ¢â®à®© ª¢ ¤à â¨ç­®© á®áâ ¢«ïîé¥© £¨¤à®¤¨-­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï �po ­¥¨§¢¥áâ­®© ï¢«ï¥âáïâ®«ìª® ª á â¥«ì­ ï ¢¤®«ì ª®­âãà  áª®à®áâì ¢®§-¬ãé¥­­®£® ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ �os. �®áª®«ìªã ¢¤ ­­®© áâ âì¥ ®á­®¢­®¥ ¢­¨¬ ­¨¥ ¡ã¤¥â ã¤¥«¥­®

¯¥à¢®© á®áâ ¢«ïîé¥© ~po, â® á¤¥« ¥¬ ¢ ®â­®è¥­¨¨ª¢ ¤à â¨ç­®© á®áâ ¢«ïîé¥© �po á«¥¤ãîé¨¥ § ¬¥-ç ­¨ï. �®-¯¥à¢ëå, ¢ à ¬ª å «¨­¥©­®© £¨¤à®¤¨-­ ¬¨ª¨ áã¤­  ®­  ¢®®¡é¥ ­¥ ¯à¨­¨¬ ¥âáï ¢® ¢­¨-¬ ­¨¥. �®-¢â®àëå, ç¨á«¥­­ë¥ à áç¥âë ¢®§¬ãé¥­-­®£® ¯®«ï áª®à®áâ¥© ¯à¨ ¯®£àã¦¥­¨¨ ¢ ¦¨¤ª®áâì¯à®áâ¥©è¨å ª®­âãà®¢ ¢ ¢¨¤¥ ª«¨­ , ªàã£ , ¯àï¬®-ã£®«ì­¨ª  ¨ ¤à. ¯®ª § «¨ [22, 23], çâ® ª á â¥«ì­ ï¯à®¥ªæ¨ï ¢®§¬ãé¥­­®© áª®à®áâ¨ �os á®¯®áâ ¢¨¬ á® áª®à®áâìî ¯®£àã¦¥­¨ï â®«ìª® ¢ à ©®­¥ ¡àë§£®-¢®© áâàã¨ ¨ ®£à ­¨ç¥­­®¬ à ©®­¥ áªã«ë, £¤¥ à §-¢¨¢ îâáï ¤®áâ â®ç­® ¡®«ìè¨¥ áª®à®áâ¨ ¯¥à¥â¥ª -­¨ï ¦¨¤ª®áâ¨; ­  ®áâ «ì­®© ç áâ¨ ª®­âãà  ¯à¨ ¯®-£àã¦¥­¨¨ ¨ ­  ¢á¥¬ ª®­âãà¥ ¯à¨ ¥£® ¢á¯«ëâ¨¨ íâ ¯à®¥ªæ¨ï áª®à®áâ¨ ¬ «  ¨ ¬®¦¥â ­¥ ¯à¨­¨¬ âìáï¢® ¢­¨¬ ­¨¥. �®íâ®¬ã ®á­®¢­®© ¢ª« ¤ ¢ £¨¤à®-¤¨­ ¬¨ç¥áª®¥ ¢®§¤¥©áâ¢¨¥ ¦¨¤ª®áâ¨ ¢­®á¨â ¯¥à-¢ ï á®áâ ¢«ïîé ï ~po,   ¯à¨ ®æ¥­ª¥ ª¢ ¤à â¨ç­®©á®áâ ¢«ïîé¥© ¬®¦­® ¨á¯®«ì§®¢ âì ¯à¨¡«¨¦¥­­ë¥á®®â­®è¥­¨ï ¤«ï ª á â¥«ì­®© áª®à®áâ¨ �os.�á¯®«ì§ãï ¤«ï ã¤«¨­¥­­®£® áã¤®¢®£® ª®à¯ãá  ¨§-¢¥áâ­ãî £¨¯®â¥§ã ¯«®áª®£® ®¡â¥ª ­¨ï ¨ ¨­â¥£à¨-àãï £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¤ ¢«¥­¨¥ po ¯® ¬£­®¢¥­-­®¬ã á¬®ç¥­­®¬ã ª®­âãàã è¯ ­£®ãâ , ¬®¦­® ¯®-«ãç¨âì ¢¥ªâ®à ¨­â¥­á¨¢­®áâ¨ ­ £àã§ª¨ � áª¨­¤ -�ìî¬ ­  ­  ª®­âãà ~qo = (qo2; qo3; qo4), £¤¥ qo2(x; t),qo3(x; t) { ¯®¯¥à¥ç­®-£®à¨§®­â «ì­ ï ¨ ¢¥àâ¨ª «ì-­ ï ¯à®¥ªæ¨¨ ¨­â¥­á¨¢­®áâ¨ ­ £àã§ª¨ á®®â¢¥â-áâ¢¥­­®,   qo4(x; t) { ¨­â¥­á¨¢­®áâì ªàãâïé¥£® £¨-¤à®¤¨­ ¬¨ç¥áª®£® ¬®¬¥­â  ®â­®á¨â¥«ì­® ®á¨ Ox,¯à¨ç¥¬qoj = ~qoj +�qoj;~qoj � �[ @@t � (vc � hvwxij) @@x ] ZS(t) �ocjds;�qoj = �12� RS(t) v2w?�(�os)cjds; j = 2; 3; 4: (2)�¤¥áì ¢¢¥¤¥­ë ®¡®§­ ç¥­¨ï�(�os) � [(��os + �vws)2 + �v2bns � 1];v2w? = (v2wy + v2wz) = (v2ws + v2wns);c2 = cos(ns; y); c3 = cos(ns; z);c4 = y cos(ns; z)� z cos(ns; y)¨ ¢¥àå­¨© á¨¬¢®« "^" ãª §ë¢ ¥â ­  ­®à¬¨à®¢ªã¢á¥å ¢¥«¨ç¨­ ­  ª¢ ¤à â áª®à®áâ¨ v2w? > 0.� ¢ëà ¦¥­¨ïå (2) hvwxij { áà¥¤­¨¥ ­  ¬£­®¢¥­­®¬á¬®ç¥­­®¬ ª®­âãà¥ è¯ ­£®ãâ  §­ ç¥­¨ï ¯à®¤®«ì-­®© ¯à®¥ªæ¨¨ áª®à®áâ¥© ¢ ¢®«­ å, à ¢­ë¥hvwxij = RS(t) vwx�oxcjdsRS(t) �oxcjds ; j = 2; 3; 4:62 �.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 1. �. 60 { 73�æ¥­ªã áà¥¤­¨å áª®à®áâ¥© hvwxij ¬®¦­® ¯®«ãç¨âì,¯à¨­ï¢ ¤«ï ¯à®¤®«ì­®© ¯à®¥ªæ¨¨ ¢®§¬ãé¥­­®©áã¤­®¬ áª®à®áâ¨ ¯à¨¡«¨¦¥­­® �ox � @Y=@x, £¤¥y = Y (x; z; t) { ãà ¢­¥­¨¥ áã¤®¢®© ¯®¢¥àå­®áâ¨ ¢­¥ª ç îé¥©áï á¨áâ¥¬¥ ª®®à¤¨­ â.�â¬¥â¨¬ ¥é¥ à §, çâ® á â®çª¨ §à¥­¨ï à áç¥â®¢ª çª¨ ¨ á¨«®¢®© à¥ ªæ¨¨ ª®à¯ãá  áã¤­  ­  ¢®«­¥-­¨¨ ®á­®¢­®© ¨­â¥à¥á ¯à¥¤áâ ¢«ï¥â ¯¥à¢ ï á®áâ -¢«ïîé ï ¢ (2), â®£¤  ª ª ¢â®à ï ¬®¦¥â ¨¬¥âì §­ -ç¥­¨¥ â®«ìª® ¤«ï áà ¢­¨â¥«ì­® ª®à®âª®£® ãç áâª ­®á®¢®© ®ª®­¥ç­®áâ¨ áã¤­ , £¤¥ ¨¬¥îâ ¬¥áâ® ¤®-áâ â®ç­® ¡®«ìè¨¥ ®â­®á¨â¥«ì­ë¥ áª®à®áâ¨ ¯®£àã-¦¥­¨ï ª®à¯ãá  ¢ ¢®«­ã ¨ à §¢¨¢ îâáï á¨«ì­ë¥ ¢®§-¬ãé¥­¨ï ¦¨¤ª®áâ¨ ¢ ¯«®áª®áâ¨ è¯ ­£®ãâ®¢. �®-íâ®¬ã ¨­â¥­á¨¢­®áâ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ­ £àã-§®ª ®¯à¥¤¥«ïîâáï ¢ ®á­®¢­®¬ ç¥à¥§ ¨­â¥£à «ë ®â¯®â¥­æ¨ «  áª®à®áâ¥© �o ¯® ¬£­®¢¥­­®¬ã á¬®ç¥­-­®¬ã ª®­âãàã è¯ ­£®ãâ  S(t), ¢å®¤ïé¨¥ ¢ ¢ëà -¦¥­¨¥ ¤«ï ¯¥à¢®© á®áâ ¢«ïîé¥© ~qoj, ¨ íâ® áãé¥-áâ¢¥­­® ã¯à®é ¥â ¤ «ì­¥©è¥¥ à¥è¥­¨¥ § ¤ ç¨. �¯à¥¤¥«ì­®¬ á«ãç ¥ £ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨© ª®­-âãà  á ¬ «®©  ¬¯«¨âã¤®© íâ¨ ¨­â¥£à «ë ¢ëà ¦ -îâáï ç¥à¥§ ¨§¢¥áâ­ë¥ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ å à ª-â¥à¨áâ¨ª¨ - ¯à¨á®¥¤¨­¥­­ë¥ ¬ ááë ¨ ª®íää¨æ¨¥­-âë ¢®«­®¢®£® ¤¥¬¯ä¨à®¢ ­¨ï áã¤®¢ëå ª®­âãà®¢,ª ª íâ® ¡ë«® ¯à¥¤«®¦¥­® �.�. � áª¨­¤®¬ [5]. �®-¯ëâ ¥¬áï ¨ ¢ á«ãç ¥ ­¥«¨­¥©­ëå ª®«¥¡ ­¨© áã¤®-¢ëå ª®­âãà®¢ ¯®«ãç¨âì  ­ «®£¨ç­®¥ ¯® áâàãªâãà¥¯à¥¤áâ ¢«¥­¨¥ ¤«ï ¨­â¥£à «®¢ ®â ¯®â¥­æ¨ «  áª®-à®áâ¥© ¢®§¬ãé¥­­®£® áã¤­®¬ ¢®«­®¢®£® ¤¢¨¦¥­¨ï¦¨¤ª®áâ¨ �o.2. ��������������������������������� ®¡é¥¬ á«ãç ¥ ª®«¥¡ ­¨© ª®à¯ãá  áã¤­  ­ ¢®«­ å ª®­¥ç­®©  ¬¯«¨âã¤ë à áç¥â £¨¤à®¤¨­ ¬¨-ç¥áª¨å ­ £àã§®ª � áª¨­¤ -�ìî¬ ­  áãé¥áâ¢¥­­®ãá«®¦­ï¥âáï ¨§-§  ­¥®¡å®¤¨¬®áâ¨ ãç¥â  ­¥«¨­¥©-­ëå íää¥ªâ®¢ ¯à¨ ä®à¬ã«¨à®¢ª¥ á®®â¢¥âáâ¢ãî-é¥© ªà ¥¢®© § ¤ ç¨ ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¥© ¢®§-¬ãé¥­­®£® ¢®«­®¢®£® ¤¢¨¦¥­¨ï. �á­®¢­ë¬¨ ­¥-«¨­¥©­ë¬¨ íää¥ªâ ¬¨ ¯à¨ íâ®¬ ï¢«ïîâáï ­¥«¨-­¥©­®áâì £à ­¨ç­ëå ãá«®¢¨© ­  á¢®¡®¤­®© ¢®«­®-¢®© £à ­¨æ¥, ¯¥à¥¬¥­­®áâì á¬®ç¥­­®© ç áâ¨ £à -­¨æë ­  áã¤®¢®¬ ª®­âãà¥ ¨  ­£ à¬®­¨ç­®áâì (­ -«¨ç¨¥ ªà â­ëå £ à¬®­¨ª) ¯®«ï áª®à®áâ¥© ¢ £à -­¨ç­®¬ ãá«®¢¨¨ ­¥¯à®â¥ª ­¨ï ­  ª®­âãà¥. � á-á¬ âà¨¢ ï ¢ à ¬ª å ¤ ­­®© à ¡®âë ¯à¨¡«¨¦¥­-­ë© ¯®¤å®¤ ª à áç¥âã ­¥«¨­¥©­ëå £¨¤à®¤¨­ ¬¨-ç¥áª¨å ­ £àã§®ª ­  áã¤ , a priori «¨­¥ à¨§ã¥¬ ¤ -«¥¥ £à ­¨ç­ë¥ ãá«®¢¨ï ­  ¢®«­®¢®© £à ­¨æ¥, á­¥áï¨å ¯à¨ íâ®¬ ­  ­¥¢®§¬ãé¥­­ãî ¯®¢¥àå­®áâì ­ -

�¨á. 1. �®«®¦¥­¨¥ áã¤®¢®£® ª®­âãà  ­ ¢®«­®¢®© ¯®¢¥àå­®áâ¨¡¥£ îé¨å ¢®«­. �à®¬¥ â®£®, ¢ á¨«ã ã¤«¨­¥­­®áâ¨áã¤®¢®£® ª®à¯ãá  ¨ á®¨§¬¥à¨¬®áâ¨ ¤«¨­ë ­ ¡¥£ -îé¨å ¢®«­ á ¤«¨­®© áã¤­  ¤¨äà ªæ¨®­­ ï § ¤ ç ¯à¨¡«¨¦¥­­® ¢ª«îç ¥âáï ¢ ¡®«¥¥ ¯à®áâãî § ¤ çã¨§«ãç¥­¨ï ¢®«­ ®â ª çª¨ ¢ ¯«®áª®áâ¨ è¯ ­£®ãâ®¢á à áá¬®âà¥­¨¥¬ ®â­®á¨â¥«ì­®£® ¯®«ï áª®à®áâ¥©(~vb�~vw) ­  áã¤®¢®¬ ª®­âãà¥. �®£¤  ¨áå®¤­ ï ä®à-¬ã«¨à®¢ª  ªà ¥¢®© § ¤ ç¨ ¤«ï ¯®â¥­æ¨ «  áª®à®-áâ¥© ¢®§¬ãé¥­­®£® ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ ¢ ¯«®áª®-áâ¨ è¯ ­£®ãâ®¢ �o ¬®¦¥â ¡ëâì § ¯¨á ­  ¢ ¢¨¤¥�oyy + �ozz = 0; z < �w(y; t);�ott + g�oz = 0; z = �w(y; t);�ons = (vbns � vwns); y = Y (z; t);r�o ! 0; z !�1;�o � A� exp i1(�et� ky); y !�1; (3)£¤¥ �e = � � vc�2=g cos�c { ª ¦ãé ïáï ç áâ®-â  ­ ¡¥£ îé¨å ¢®«­ ¨ ª çª¨ áã¤­ ; k = �2e=g;z = �w { ­¥¢®§¬ãé¥­­ ï áã¤­®¬ ¯®¢¥àå­®áâì­ ¡¥£ îé¨å ¢®«­; i1 = p�1 { ¬­¨¬ ï ¥¤¨­¨-æ  ¢ íªá¯®­¥­æ¨ «ì­®-¢à¥¬¥­­®¬ ¬­®¦¨â¥«¥ ¨ ¤«ïªà âª®áâ¨ §¤¥áì ¨ ­¨¦¥ ¨á¯®«ì§®¢ ­® ¨­¤¥ªá­®¥®¡®§­ ç¥­¨¥ ¤«ï ¯à®¨§¢®¤­ëå.�à ¥¢ ï § ¤ ç  (3) ¨¬¥¥â ¤¢¥ ¯¥à¥¬¥­­ë¥ £à -­¨æë z = �w(y; t) ¨ y = Y (z; t) (§ ¢¨á¨¬®áâì ®âª®®à¤¨­ âë x áç¨â ¥âáï ¯ à ¬¥âà¨ç¥áª®©), ¨ ¯®-íâ®¬ã ¤«ï ä¨ªá æ¨¨ ¯¥à¥¬¥­­®© ¢®«­®¢®© ç áâ¨£à ­¨æë ¯à¨¬¥­¨¬ ¤ «¥¥ ¯à¥®¡à §®¢ ­¨¥ á¤¢¨£ ¯® ¢¥àâ¨ª «ì­®© ª®®à¤¨­ â¥ ~z = z � �w(y; t), ª®-â®à®¥ ¢ ®ªà¥áâ­®áâ¨ ª®­âãà  ¯à¨¡«¨¦¥­­® ®¯à¥-¤¥«ï¥â á¤¢¨£ ¨ ¯®¢®à®â á¬®ç¥­­®£® ª®­âãà  ­  ¢¥-«¨ç¨­ë �w0 = �w(y = 0) ¨ �w0 = @�w=@y(y = 0)á®®â¢¥âáâ¢¥­­® (ã£®« �w0 ¤ «¥¥ ¡ã¤¥â ¯®« £ âìáï¬ «ë¬), á¬. à¨á. 1. �â® ¯à¥®¡à §®¢ ­¨¥, ®¤­ ª®,¡ã¤¥â ¯®à®¦¤ âì ¤®¯®«­¨â¥«ì­ë¥ ­¥«¨­¥©­ë¥ á®-®â­®è¥­¨ï ¯à¨ ¢§ïâ¨¨ ¯à®¨§¢®¤­ëå ¯® ¢à¥¬¥­¨ t¨ ª®®à¤¨­ â¥ y, ª®â®àë¥, ¢ á¨«ã ¯à¨­ïâëå à ­¥¥¤®¯ãé¥­¨©, â ª¦¥ á«¥¤ã¥â ®â¡à®á¨âì. �®£¤  «¨-­¥©­ë¥ £à ­¨ç­ë¥ ãá«®¢¨ï á ¯¥à¥¬¥­­®© ¢®«­®¢®©£à ­¨æë z = �w ¢ (2) âà ­áä®à¬¨àãîâáï ¢ «¨­¥©-�.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª® 63



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 1. �. 60 { 73­ë¥ £à ­¨ç­ë¥ ãá«®¢¨ï ­  ä¨ªá¨à®¢ ­­®© £à ­¨æ¥~z = 0.� «¥¥, ¤«ï ä¨ªá æ¨¨ ¯¥à¥¬¥­­®© £à ­¨æë ­ ¬£­®¢¥­­®¬ á¬®ç¥­­®¬ áã¤®¢®¬ ª®­âãà¥ ¯à¨¬¥­ï-¥âáï ª®­ä®à¬­®¥ ®â®¡à ¦¥­¨¥ ¢­¥è­®áâ¨ ¤ã¡«¨-à®¢ ­­®£® ®â­®á¨â¥«ì­® ¯«®áª®áâ¨ ~z = 0 ª®­âãà ­  ¢­¥è­®áâì ªàã£ ¥¤¨­¨ç­®£® à ¤¨ãá  ¢ ¯ à ¬¥-âà¨ç¥áª®© ¯«®áª®áâ¨ [7] (á¬. à¨á. 2)� = Z(� ); � = y � i~z; � = �ir exp (�i#);# 2 [��=2; �=2]; r = 1; i = p�1: (4)�®£¤  âà ­áä®à¬¨à®¢ ­­ë¥ â ª¨¬ ®¡à §®¬ £à -­¨æë ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ £à ­¨ç­ë¥ ãá«®¢¨ïªà ¥¢®© § ¤ ç¨ (3) ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¥© �o¯à¨¬ãâ ¢¨¤�ott � ig���o� = 0; r > 1; # = ��=2;@�o@ns =Xj vjcj(t); r = 1; # 2 [��=2;�=2]: (5)�¤¥áì vj ; j = 2; 3; 4 { ®â­®á¨â¥«ì­ë¥ «¨­¥©­ë¥áª®à®áâ¨ ¢¤®«ì ®á¥© Oy;Oz ¨ ã£«®¢ ï áª®à®áâì ®â-­®á¨â¥«ì­® ®á¨ Ox á®®â¢¥âáâ¢¥­­®, ®¯à¥¤¥«ï¥¬ë¥­  ¥¤¨­¨ç­®¬ ªàã£¥ ç¥à¥§ áª®à®áâ¨ ª çª¨ áã¤­  ~vb¨ ¯®«¥ áª®à®áâ¥© ¢ ­ ¡¥£ îé¨å ¢®«­ å ~vw.� ­¥«¨­¥©­®¬ ¯à¨¡«¨¦¥­¨¨ íâ¨ áª®à®áâ¨ ï¢«ïîâ-áï ¯®«¨£ à¬®­¨ç¥áª¨¬¨ äã­ªæ¨ï¬¨ ¢à¥¬¥­¨ ¨ ¯®-íâ®¬ã ¯à¥¤áâ ¢¨¬ ¨å ¤ «¥¥ àï¤ ¬¨ �ãàì¥ ¢¨¤ vj = NXn=�N vjn � exp i1n�et; j = 2; 3; 4; (6)£¤¥ ¯®« £ ¥âáï, çâ®  ¬¯«¨âã¤ë ªà â­ëå £ à¬®­¨ªã¡ë¢ îâ ¤®áâ â®ç­® ¡ëáâà® á ã¢¥«¨ç¥­¨¥¬ ¯®àï¤-ª  n.�®áª®«ìªã â¥¯¥àì £à ­¨æë ®¡« áâ¨ ä¨ªá¨à®¢ -­ë,   £à ­¨ç­ë¥ ãá«®¢¨ï «¨­¥©­ë ®â­®á¨â¥«ì­®¯®â¥­æ¨ «  áª®à®áâ¥© �o, â®, ¨á¯®«ì§ãï ¬¥â®¤ ¢ -à¨ æ¨¨ ¯à®¨§¢®«ì­ëå ¯®áâ®ï­­ëå ¨­â¥£à¨à®¢ -­¨ï, ¤«ï ¯®â¥­æ¨ «  �o ¨ ¯à®¨§¢®¤­®© �ot â ª¦¥¯à¨¬¥¬ à §«®¦¥­¨¥ ¢¨¤  (6)�o =Xn �on � exp in�et;�ot = in�eXn �on � exp in�et ;£¤¥  ¬¯«¨âã¤ë �ãàì¥-£ à¬®­¨ª �on ï¢«ïîâáïäã­ªæ¨ï¬¨ ¢à¥¬¥­¨ ¢ á¨«ã § ¢¨á¨¬®áâ¨ cj(t) ¢£à ­¨ç­®¬ ãá«®¢¨¨ ¢ (5).�à®¬¥ â®£®, ¢¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ ¥¤¨­¨ç­ë¥£ à¬®­¨ç¥áª¨¥ ¯®â¥­æ¨ «ë 'jn [6,21], ã¤®¢«¥â¢®-àïîé¨¥ «¨­¥©­®© ªà ¥¢®© § ¤ ç¥ ® £ à¬®­¨ç¥áª¨åª®«¥¡ ­¨ïå á ¬ «®©  ¬¯«¨âã¤®© ¨ ç áâ®â®© (n�e)

­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ áã¤®¢®£® ª®­-âãà  á ä¨ªá¨à®¢ ­­ë¬¨ §­ ç¥­¨ï¬¨ ­ ¯à ¢«ïî-é¨å ª®á¨­ãá®¢ cj = const, á®®â¢¥âáâ¢ãîé¨¬¨ ¤ ­-­®¬ã ¬£­®¢¥­­®¬ã ¯®«®¦¥­¨î ä¨§¨ç¥áª®£® ª®­âã-à  ¢ ªà ¥¢®© § ¤ ç¥ ¤«ï �on:r2'jn = 0; ��=2 < # < �=2;��'jn� � i�'jn = 0; r > 1; # = ��=2;@'jn@ns = cj; r = 1; # 2 [��=2;�=2];r'jn! 0; r !1; # = 0;'jn � a�jn exp(�i�y); r !1; # = ��=2; (7)£¤¥ a�jn {  ¬¯«¨âã¤ë ãå®¤ïé¨å ­  ¡¥áª®­¥ç­®áâì£ à¬®­¨ç¥áª¨å ¢®«­; � = (n�e)2=g { ç áâ®â­ë©¯ à ¬¥âà.�®£¤  ¬®¦­® ¯®ª § âì, çâ® ¤«ï ¯®â¥­æ¨ «®¢ �on¨ 'jn ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥­¨¨ ¨¬¥¥â ¬¥áâ® ¨§¢¥áâ-­®¥ ¯à ¢¨«® ¯¥à¥áâ ­®¢ª¨ [5]Z(S) �on @'jn@ns ds � Z(S) 'jn@�on@ns ds;çâ® ¯®§¢®«ï¥â ¯à¥¤áâ ¢¨âì ¤ «¥¥ ¨­â¥£à «ë ®â �o¢ ¢¨¤¥ (¢ ­®¢ëå ¯¥à¥¬¥­­ëå)�� R(S) �oncjds =Pr hvrnij(�jr � i1�jr)n;hvrnij = Z(S) vrn'jncrdsZ(S) 'jncrds ;(�jr � i1�jr)n = �� Z(S) 'rn @'jn@ns ds;j; r = 2; 3; 4; n 2 [�N ;N ]: (8)�¤¥áì �jrn ¨ �jrn { ¯à¨á®¥¤¨­¥­­ ï ¬ áá  ¨ ª®íä-ä¨æ¨¥­â ¤¥¬¯ä¨à®¢ ­¨ï ¤«ï j; r ª®¬¡¨­ æ¨© ¢¨-¤®¢ ª çª¨ [5], ®¯à¥¤¥«¥­­ë¥ ¯à¨ ¬ «ëå £ à¬®­¨-ç¥áª¨å ª®«¥¡ ­¨ïå ª®­âãà  á ªàã£®¢®© ç áâ®â®©(n�e) ¨ ä®à¬®© ¯®£àã¦¥­­®© ç áâ¨, á®®â¢¥âáâ¢ã-îé¥© ¯®«®¦¥­¨î ª®­âãà  ¯® ¬£­®¢¥­­ãî ®á ¤ªãd(t) ¤® ¢®«­®¢®© ¢ â¥à«¨­¨¨; hvrnij { ®áà¥¤­¥­-­ë¥ ­  ¬£­®¢¥­­®¬ á¬®ç¥­­®¬ ª®­âãà¥  ¬¯«¨âã-¤ë ªà â­ëå £ à¬®­¨ª ¢ ¯®«¥ ®â­®á¨â¥«ì­ëå áª®-à®áâ¥©. � ªâ¨ç¥áª¨ ®¯¥à æ¨ï ®áà¥¤­¥­¨ï ª á ¥â-áï â®«ìª® ¯®«ï áª®à®áâ¥© ¢ ­ ¡¥£ îé¨å ¢®«­ å,ª®â®àë¥ § âãå îâ á £«ã¡¨­®© ¯® íªá¯®­¥­æ¨ «ì-­®¬ã § ª®­ã, ¨ ¤«ï ¯à¨¡«¨¦¥­­®© ®æ¥­ª¨ áà¥¤­¨åáª®à®áâ¥© ¬®¦­® ¨á¯®«ì§®¢ âì £ à¬®­¨ç¥áª¨¥ ¯®-â¥­æ¨ «ë 'jn ¤«ï í««¨¯â¨ç¥áª¨å ª®­âãà®¢ ¢ ¡¥§-£à ­¨ç­®© ¦¨¤ª®áâ¨ [16].64 �.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 1. �. 60 { 73� ¢¨á¨¬®áâ¨ (8) á®®â¢¥âáâ¢ãîâ ¯à¥¤áâ ¢«¥­¨îà¥è¥­¨ï ¢ ç áâ®â­®© ®¡« áâ¨ ¨ ¯®íâ®¬ã ¤«ï ¯¥-à¥å®¤  ¨§ íâ®© ®¡« áâ¨ ¢® ¢à¥¬¥­­ãî ­¥®¡å®¤¨¬®¢ë¯®«­¨âì áã¬¬¨à®¢ ­¨¥ àï¤®¢ �ãàì¥ ¯® ¨­¤¥ªáãn, ¯®¤å®¤ïé¨¬ ®¡à §®¬ ãçâï § ¢¨á¨¬®áâì £¨¤à®-¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢ �jrn, �jrn ¢ (8) ®âç áâ®âë ª®«¥¡ ­¨© (n�e).�®áª®«ìªã ¯®« £ «®áì, çâ®  ¬¯«¨âã¤ë ªà â­ëå£ à¬®­¨ª ¢ áª®à®áâïå vjn ­  íâ¨å ç áâ®â å ã¡ë-¢ îâ ¤®áâ â®ç­® ¡ëáâà®, â® ¤ ­­ãî § ¢¨á¨¬®áâì¬®¦­® ¯à¨¡«¨¦¥­­® ãç¥áâì á ¯®¬®éìî ¯®¯à ¢®ç-­ëå ¬­®¦¨â¥«¥© ¢¨¤ ��jr = Pn �jrn=�jr1 � hvrnij exp in�etPn hvrnij exp in�et ; (9)¨  ­ «®£¨ç­® ¬­®¦¨â¥«¨ ��jr ¤«ï ª®íää¨æ¨¥­â®¢¤¥¬¯ä¨à®¢ ­¨ï �jrn.�¨á«¥­­ë¥ à áç¥âë, ¢ë¯®«­¥­­ë¥ ¤«ï ®æ¥­ª¨¯®¯à ¢®ç­ëå ¬­®¦¨â¥«¥©, á®£« á­® (9), ¯®ª § -«¨, çâ® ¤«ï â¨¯¨ç­®© § ¢¨á¨¬®áâ¨ £¨¤à®¤¨­ ¬¨-ç¥áª¨å ª®íää¨æ¨¥­â®¢ ®â ç áâ®âë ª çª¨ ¨ ¤®-áâ â®ç­® á« ¡®©  ­£ à¬®­¨ç­®áâ¨ áª®à®áâ¥© ­ ª®­âãà¥ íâ¨ ¬­®¦¨â¥«¨ ¬®¦­®  ¯¯à®ªá¨¬¨à®¢ âì§ ¢¨á¨¬®áâìî ��;� � 1 � �1 cos �et + �3 cos 3�et(¤«ï áª®à®áâ¨ vr � cos�et), £¤¥ �1 � 0:10 � 0:15,�3 � 0:03� 0:05 ¤«ï ¯à¨á®¥¤¨­¥­­ëå ¬ áá ¨ �1 �0:05� 0:07; �3 � 0:0 ¤«ï ª®íää¨æ¨¥­â®¢ ¤¥¬¯ä¨à®-¢ ­¨ï. � ª ¢¨¤­®, ¯®àï¤®ª ¯®¯à ¢®ç­ëå ¬­®¦¨-â¥«¥© (9), ãç¨âë¢ îé¨å ¢«¨ï­¨¥ ªà â­ëå ç áâ®â­  £¨¤à®¤¨­ ¬¨ç¥áª¨¥ ª®íää¨æ¨¥­âë, ä ªâ¨ç¥áª¨á®®â¢¥âáâ¢ã¥â ¯®àï¤ªã â®ç­®áâ¨ ¯à¨¡«¨¦¥­­®£®¯®¤å®¤  ¢æ¥«®¬.� ª¨¬ ®¡à §®¬, ®ª®­ç â¥«ì­®, ¯®á«¥ áã¬¬¨à®-¢ ­¨ï àï¤®¢ �ãàì¥ ¯® ¨­¤¥ªáã n, § ¢¨á¨¬®áâì ¤«ï¯¥à¢®© á®áâ ¢«ïîé¥© ¨­â¥­á¨¢­®áâ¨ £¨¤à®¤¨­ -¬¨ç¥áª®© ­ £àã§ª¨ ¢ (2) ¡ã¤¥â ¨¬¥âì ¢¨¤~qoj(x; t) = �[ @@t � (vc � hvwxij) @@x ]��Pr (~�jrhvrij + ~�jrhurij); j; r = 2; 3; 4; (10)£¤¥ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ ª®íää¨æ¨¥­âë ¤«ï ä¨§¨-ç¥áª®£® ª®­âãà  ~�jr ¨ ~�jr ¯¥à¥áç¨âë¢ îâáï ç¥-à¥§ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ ª®íää¨æ¨¥­âë âà ­áä®à-¬¨à®¢ ­­®£® ª®­âãà  ¢ ¯ à ¬¥âà¨ç¥áª®© ¯«®áª®-áâ¨ ¯® ä®à¬ã« ¬ (á â®ç­®áâìî ¤® O(�2w0))~�22 = ���22 � 2�w0�23;~�33 = ���33 + 2�w0�32;~�23 = ���23 + �w0(�22 � �33);~�24 = ���24 � �w0�34 + �23�w0(1� �w0);~�34 = ���34 + �w0�24 � �23�w0(1 + �w0);~�44 = ���44 � 2�w0�24 � �2w0�22 (11)

¨  ­ «®£¨ç­® ¤«ï ª®íää¨æ¨¥­â®¢ ¤¥¬¯ä¨à®¢ ­¨ï.�¤¥áì â ª¦¥ hurij = R t0 hvrij(t)dt { ®â­®á¨â¥«ì­®¥¯¥à¥¬¥é¥­¨¥ ¤«ï r -£® ¢¨¤  ª çª¨ ª®­âãà . �á«¨ ¢(11) ¯à¥­¥¡à¥çì ¤®¯®«­¨â¥«ì­ë¬ ­ ª«®­®¬ ª®­âã-à  ®â­®á¨â¥«ì­® ¢®«­®¢®£® ¯à®ä¨«ï ­  ã£®« �w0,â® ä®à¬ã«ë ¤«ï ¯¥à¥áç¥â  £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®-íää¨æ¨¥­â®¢ áãé¥áâ¢¥­­® ã¯à®é îâáï.� ¢¨á¨¬®áâì (10) ¯® áâàãªâãà¥ ¯®«­®áâìî á®-®â¢¥âáâ¢ã¥â ä®à¬ã«¥ «¨­¥©­®£® ¯à¨¡«¨¦¥­¨ï ¤«ï­ £àã§ª¨ � áª¨­¤ -�ìî¬ ­  [5{ 7], ®¤­ ª® ¢å®¤ï-é¨¥ ¢ ­¥¥ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ ª®íää¨æ¨¥­âë ¨ å -à ªâ¥à¨áâ¨ª¨ ª®«¥¡ ­¨© ª®­âãà  ï¢«ïîâáï ®¡®¡-é¥­­ë¬¨ ¢¥«¨ç¨­ ¬¨ á®£« á­® ¯®«ãç¥­­ë¬ ¢ëè¥á®®â­®è¥­¨ï¬.3. �������������������� ������-���� ����������� ������� ����-������«ï ä¨ªá æ¨¨ ¢® ¢à¥¬¥­¨ ¬£­®¢¥­­®© á¬®ç¥­­®©ç áâ¨ áã¤®¢®£® ª®­âãà  ¢ëè¥ ¡ë«  ¯à¨¬¥­¥­  ¯à®-æ¥¤ãà  ª®­ä®à¬­®£® ®â®¡à ¦¥­¨ï ¤ã¡«¨à®¢ ­­®-£® ®â­®á¨â¥«ì­® ¢®«­®¢®© ¢ â¥à«¨­¨¨ ª®­âãà  ­ ®ªàã¦­®áâì ¥¤¨­¨ç­®£® à ¤¨ãá . �¤®¡­ë¬¨ ¢ ¢ë-ç¨á«¨â¥«ì­®¬ ®â­®è¥­¨¨ ®ª § «¨áì ¬­®£®¯ à ¬¥-âà¨ç¥áª¨¥ ª®­ä®à¬­ë¥ ®â®¡à ¦¥­¨ï, ¨ ¯®íâ®¬ã,á«¥¤ãï à ¡®â ¬ [20, 21], § ¯¨è¥¬ ¤ «¥¥ ¢ëà ¦¥­¨¥(4) ¢ ¢¨¤¥ Z(� ) = a 2N+1Pn=�1 an��n;# 2 [��=2; �=2]; r = 1; (12)£¤¥ a { à §¬¥à­ë© ¯ à ¬¥âà ¨ an { ¡¥§à §¬¥à-­ë¥ ¤¥©áâ¢¨â¥«ì­ë¥ ª®íää¨æ¨¥­âë ®â®¡à ¦¥­¨ï,a�1 � 1 (á¬. à¨á. 2); r; # { ª®®à¤¨­ âë ¢ ¯ à ¬¥-âà¨ç¥áª®© ¯«®áª®áâ¨ � ; N � 1.�â¬¥â¨¬ â ª¦¥, çâ® ¯à¨ ¯¥à¥å®¤¥ ¢ ¯ à ¬¥âà¨ç¥-áªãî ¯«®áª®áâì áãé¥áâ¢¥­­® ã«ãçè ¥âáï áª®à®áâìáå®¤¨¬®áâ¨ àï¤®¢ ¢ ¬¥â®¤¥ �àá¥«« , ª®â®àë© ¡ã-¤¥â ¨á¯®«ì§®¢ ­ ­¨¦¥ ¤«ï ®¯à¥¤¥«¥­¨ï ¥¤¨­¨ç­ëå£ à¬®­¨ç¥áª¨å ¯®â¥­æ¨ «®¢ 'j � 'j1.�«ï ®¯à¥¤¥«¥­¨ï ¯ à ¬¥âà®¢ à §«®¦¥­¨ï a; an¡ë« ¨á¯®«ì§®¢ ­ ¬¥â®¤ ­ ¨¬¥­ìè¨å ª¢ ¤à â®¢á ®¯à¥¤¥«¥­¨¥¬ áã¬¬ à­®© ­¥¢ï§ª¨ ®â®¡à ¦¥­¨ï(12) ¢ § ¤ ­­®¬ ç¨á«¥ â®ç¥ª ª®««®ª æ¨© ­  ª®­âã-à¥ P (P > 2N + 3):@R2@a = 0; @R2@an = 0; @R2@#p = 0;R2 =Pp [(y(#p)� ~yp)2 + (~z(#p) � ~zp)2];n = 0; 1; 2; : : : ; 2N + 1;p = 0; 1; 2; : : : ; P; (13)�.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª® 65
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�¨á. 2. �®­ä®à¬­®¥ ®â®¡à ¦¥­¨¥ ª®­âãà è¯ ­£®ãâ £¤¥ (~yp; ~zp) { ª®®à¤¨­ âë â®ç¥ª ª®««®ª æ¨© ­  ä¨-§¨ç¥áª®¬ ª®­âãà¥; (1; #p) { á®®â¢¥âáâ¢ãîé¨¥ ª®-®à¤¨­ âë â®ç¥ª ª®««®ª æ¨© ­  ¥¤¨­¨ç­®¬ ªàã£¥(à¨á. 2).�®¤ç¥àª­¥¬, çâ® ¢ á®®â­®è¥­¨ï (13) ¢ª«îç¥­ëâ ª¦¥ ãá«®¢¨ï ¤«ï ®¯à¥¤¥«¥­¨ï ¯®«®¦¥­¨ï â®ç¥ªª®««®ª æ¨© ­  ¥¤¨­¨ç­®¬ ªàã£¥ (ã£«ë #p), ª®â®-àë¥ ï¢«ïîâáï ­¥¨§¢¥áâ­ë¬¨ ¢ ¤ ­­®¬ ¬¥â®¤¥ ª®­-ä®à¬­®£® ®â®¡à ¦¥­¨ï.�á«®¢¨ï (13) ¯®à®¦¤ îâ á¨áâ¥¬ë ãà ¢­¥­¨© ¤«ï®¯à¥¤¥«¥­¨ï ¨áª®¬ëå ¢¥«¨ç¨­ a, an ¨ #p. �âàãª-âãà  íâ¨å ãà ¢­¥­¨© ¨¬¥¥â ¢¨¤«¨­¥©­®¥ ãà ¢­¥­¨¥ ¤«ï aA0(an; #p) +A1(an; #p)a = 0; (14)á¨áâ¥¬  «¨­¥©­ëå ãà ¢­¥­¨© ¤«ï anPm Anm(a; #p)am = bm(a; #p);n;m = 0; 1; 2; : : :; 2N + 1; (15)­¥«¨­¥©­ë¥ ãà ¢­¥­¨ï ¤«ï #pFp(#p; a; an) = fp(a; an);p = 1; 2; : : : ; P � 1; (16)£¤¥ § ¢¨á¨¬®áâ¨ ¤«ï ¢¥«¨ç¨­ A0; A1; Anm; bm ¨Fp; fp ¤®áâ â®ç­® £à®¬®§¤ª¨ ¨ ¯®íâ®¬ã ¤«ï ªà â-ª®áâ¨ ¯¨áì¬  ®¯ãé¥­ë ¢ ¤ ­­®© áâ âì¥.�à ¢­¥­¨ï (14) ¨ (15) ï¢«ïîâáï «¨­¥©­ë¬¨ ®â-­®á¨â¥«ì­® ¯ à ¬¥âà®¢ a ¨ an ¨ ¨å à¥è¥­¨¥ ­¥¢ë§ë¢ ¥â âàã¤­®áâ¥©. �á­®¢­ë¥ ¯à®¡«¥¬ë á¢ï-§ ­ë á ®âëáª ­¨¥¬ ª®à­¥© ­¥«¨­¥©­ëå ãà ¢­¥­¨©(16), ¢ ®á®¡¥­­®áâ¨ ¤«ï ª®­âãà®¢ á«®¦­®© ä®à¬ë- ¡ã«ì¡®®¡à §­ëå, ¯à¨ ¡®«ìè¨å ã£« å ­ ª«®­¥­¨ï,ª®­âãà®¢ áª®à®áâ­ëå áã¤®¢ ­®¢ëå â¨¯®¢ ¨ ¤à.,¤«ï ª®â®àëå äã­ªæ¨¨ Fp ï¢«ïîâáï ¡ëáâà®®áæ¨«-«¨àãîé¨¬¨ ¨ íâ® áãé¥áâ¢¥­­® § âàã¤­ï¥â ¢ë¡®àª®à­ï #p, ¬¨­¨¬¨§¨àãîé¥£® ­¥¢ï§ªã ¢ (13). � ª®¡ëç­® ¯à¨­ïâ® [14, 20, 21], ¤«ï ®¯à¥¤¥«¥­¨ï ­¥¨§-¢¥áâ­ëå ¢¥«¨ç¨­ a, an ¨ #p ¡ë« ¨á¯®«ì§®¢ ­ ¨â¥-à æ¨®­­ë© ¬¥â®¤. �à¨ íâ®¬ ¢ ª ç¥áâ¢¥ ­ ç «ì-­ëå ¯à¨¡«¨¦¥­¨© ¯à¨­¨¬ «¨áì §­ ç¥­¨ï «¨¡® ¤«ï

�¨á. 3. �à¨¬¥àë ª®­ä®à¬­®£® ®â®¡à ¦¥­¨ï ¤«ï àï¤ ª®­âãà®¢ è¯ ­£®ãâ®¢; + + + - ®â®¡à ¦¥­­­ë©ª®­âãà; {.{.{ - ¤¢ãå¯ à ¬¥âà¨ç¥áª ï  ¯¯à®ªá¨¬ æ¨ï¤«ï ª®à¬®¢®£® è¯ ­£®ãâ 
�¨á. 4. �®«®¦¥­¨¥ â®ç¥ª ª®««®ª æ¨© ­  ¥¤¨­¨ç­®¬ªàã£¥ ¯à¨ à §«¨ç­ëå ã£« å ­ ª«®­¥­¨ï ­®á®¢®£®è¯ ­£®ãâ ; || - 0�; { { { - 9�; {.{.{.- - 23�¤¢ãå- ¨ âà¥å-¯ à ¬¥âà¨ç¥áª¨å ®â®¡à ¦¥­¨© (ª®­-âãà  �ìî¨á  ¨ � ª £­®), «¨¡® à¥§ã«ìâ âë ¯à¥¤ë-¤ãé¨å à áç¥â®¢ ¤«ï £¥®¬¥âà¨ç¥áª¨ ¡«¨§ª¨å ª®­âã-à®¢. �ª®à®áâì áå®¤¨¬®áâ¨ § ¢¨á¥«  ®â á«®¦­®áâ¨ä®à¬ë ª®­âãà . �«ï áà ¢­¨â¥«ì­® ¯à®áâëå ª®­-âãà®¢ ¤®áâ â®ç­® ¤¢ãå -âà¥å ¯à¨¡«¨¦¥­¨©, â®£¤ ª ª ¤«ï ª®­âãà®¢ á«®¦­®© ä®à¬ë âà¥¡®¢ «®áì ¤®¯ïâ¨ -è¥áâ¨ ¨â¥à æ¨© ¤«ï ¯®«ãç¥­¨ï ¯à¨¥¬«¥¬ëåà¥§ã«ìâ â®¢ ®â®¡à ¦¥­¨ï.�  à¨á. 3 ¯à¨¢¥¤¥­ë ¯à¨¬¥àë ª®­ä®à¬­®£® ®â®-¡à ¦¥­¨ï àï¤  â¨¯¨ç­ëå áã¤®¢ëå ª®­âãà®¢ (ª®à-66 �.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 1. �. 60 { 73¬®¢ëå, ­  ¬¨¤¥«¥ ¨ ­®á®¢ëå ¢ ¯®«®¦¥­¨¨ à ¢­®¢¥-á¨ï ¨ ­ ª«®­¥­­ëå, ª®­âãà  á® áªã«®¢ë¬¨ ª¨«ï¬¨,¡ã«ì¡®®¡à §­®£® ¨ ¤«ï áã¤®¢ â¨¯  ����). �à¨®â®¡à ¦¥­¨¨ ¨á¯®«ì§®¢ «®áì ¢ áà¥¤­¥¬ 8-12 ¯ à -¬¥âà®¢ (â®«ìª® ¤«ï ª®­âãà  á ª¨«ï¬¨ - 20) ¨, ª ª¢¨¤­®, ®â®¡à ¦¥­­ë¥ ª®­âãà  ¢ ®á­®¢­®¬ ­¥¯«®å®á®¢¯ ¤ îâ á ¨áå®¤­¨¬¨, §  ¨áª«îç¥­¨¥¬ ­¥¡®«ì-è¨å «®ª «ì­ëå ®âª«®­¥­¨© ¯à¨ ¡®«ìè¨å ã£« å ­ -ª«®­¥­¨ï,   â ª¦¥ ¤«ï ¯àï¬®ã£®«ì­®£® ª®­âãà è¯ ­£®ãâ  áã¤­  â¨¯  ����. �¢ï§ ­® íâ® á ­¥¢¯®«­¥ ª®àà¥ªâ­ë¬ ®¯à¥¤¥«¥­¨¥¬ ã£«®¢ #p ­  ¥¤¨-­¨ç­®¬ ªàã£¥ ¤«ï ãª § ­­ëå ª®­âãà®¢. �¨áâ¥-¬ â¨ç¥áª¨© ª®­âà®«ì §  ¯®«®¦¥­¨¥¬ â®ç¥ª ª®««®-ª æ¨© ­  ¥¤¨­¨ç­®¬ ªàã£¥ ¯®ª § «, çâ® ã£«ë #pà á¯à¥¤¥«ïîâáï ­  ªàã£¥ ¡®«¥¥ à ¢­®¬¥à­®, ç¥¬ã£«®¢ë¥ ª®®à¤¨­ âë â®ç¥ª ª®««®ª æ¨© ­  ¨áå®¤-­®¬ ª®­âãà¥, ¨ ¯®çâ¨ ¢® ¢á¥å à áç¥â å #p ®â«¨ç -«¨áì ®â à ¢­®¬¥à­®£® à á¯à¥¤¥«¥­¨ï ã£«®¢ ­  ¥¤¨-­¨ç­®¬ ªàã£¥ ­¥ ¡®«¥¥, ç¥¬ ­  0.25 - 0.30 à ¤.(á¬.à¨á. 4).4. ������ ��������������������-���� � ��������������� �������-�� ������� �������� ª á«¥¤ã¥â ¨§ ¯®«ãç¥­­ëå ¢ëè¥ § ¢¨á¨¬®-áâ¥©, ¤«ï à áç¥â  £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨-¥­â®¢ ¤®áâ â®ç­® ®¯à¥¤¥«¨âì £ à¬®­¨ç¥áª¨¥ ¯®-â¥­æ¨ «ë 'j , ã¤®¢«¥â¢®àïîé¨¥ áãé¥áâ¢¥­­® ¡®-«¥¥ ¯à®áâ®© ªà ¥¢®© § ¤ ç¥ (7). �«ï íâ®£® ¤ «¥¥ã¤®¡­® ¢¢¥áâ¨ ¢ à áá¬®âà¥­¨¥ ª®¬¯«¥ªá­ë¥ £ à-¬®­¨ç¥áª¨¥ ¯®â¥­æ¨ «ë �j = 'j + i j , £¤¥, ª ª®¡ëç­®, ¬­¨¬ãî ç áâì á®áâ ¢«ïîâ äã­ªæ¨¨ â®-ª   j ¤«ï á®®â¢¥âáâ¢ãîé¨å ¢¨¤®¢ ª çª¨ ª®­âã-à . �®£¤ , ãç¨âë¢ ï ¨§¢¥áâ­®¥ á®®â­®è¥­¨¥ [5]@'j=@ns = �@ j=@s, ¬®¦­® § ¯¨á âì £à ­¨ç­ë¥ãá«®¢¨ï ­  áã¤®¢®¬ ª®­âãà¥ ¢ (7) ®â­®á¨â¥«ì­®äã­ªæ¨© â®ª , ª®â®àë¥ § â¥¬ ¬®¦­® ¯à®¨­â¥£à¨-à®¢ âì ¢¤®«ì ª®­âãà , ¯®«ãç¨¢ ¢ à¥§ã«ìâ â¥�( j) �  j(#)�  j(��=2) = �cj;r = 1; # 2 [��=2;�=2];�c2 = ~z(#); �c3 = �(y(#) + b�w);�c4 = �12 (y2(#) + ~z2(#)� b�w2); (17)£¤¥ b�w - ¯®«ãè¨à¨­  ª®­âãà  ¯® «¥¢®¬ã ¡®àâã ­ ãà®¢­¥ ¬£­®¢¥­­®© ¢®«­®¢®© ¢ â¥à«¨­¨¨ ( ¯à¨ # =��=2).�«ï ®¯à¥¤¥«¥­¨ï ª®¬¯«¥ªá­ëå £ à¬®­¨ç¥áª¨å¯®â¥­æ¨ «®¢ ¢ ¯ à ¬¥âà¨ç¥áª®© ¯«®áª®áâ¨ ¨á¯®«ì-§ã¥¬ ¨§¢¥áâ­ë© ¬¥â®¤ �àá¥«« , ª®â®àë© ï¢«ï¥â-áï ¤®áâ â®ç­® ¯à®áâë¬ ¨ «¨è¥­ ­¥¤®áâ âª®¢ â¨-¯  ­¥à¥£ã«ïà­ëå à¥§®­ ­á­ëå ç áâ®â, ¯à¨áãé¨å

¤àã£¨¬ ¬¥â®¤ ¬. �®£« á­® íâ®¬ã ¬¥â®¤ã [1,20, 21]£ à¬®­¨ç¥áª¨¥ ¯®â¥­æ¨ «ë áª®à®áâ¥© �j ®¯à¥¤¥-«ïîâáï áã¯¥à¯®§¨æ¨¥© ¯®â¥­æ¨ «®¢ áª®à®áâ¥© £¨-¤à®¤¨­ ¬¨ç¥áª¨å ®á®¡¥­­®áâ¥© { ¨áâ®ç­¨ª , ¤¨-¯®«ï ¨ ¬ã«ìâ¨¯®«¥©, à á¯®«®¦¥­­ëå ¢ ­ ç «¥ ª®-®à¤¨­ â:�j = MPm=0Bjm�̂mj ;Bjm = BRjm + i1BJjm; �̂mj = �̂Rmj + i1�̂Jmj ; (18)£¤¥ �̂03 { ¯®â¥­æ¨ « áª®à®áâ¥© ¨áâ®ç­¨ª ; �̂0j; j =2; 4 { ¯®â¥­æ¨ « áª®à®áâ¥© ¤¨¯®«ï ¨ �̂mj ; m � 1 {¯®â¥­æ¨ «ë áª®à®áâ¥© ¬ã«ìâ¨¯®«¥©: Bjm { ­¥-¨§¢¥áâ­ë¥ ª®¬¯«¥ªá­ë¥ ª®íää¨æ¨¥­âë { ¬®é­®-áâ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ®á®¡¥­­®áâ¥©, ¯®¤«¥¦ -é¨¥ ®¯à¥¤¥«¥­¨î; M { ®¡é¥¥ ç¨á«® £¨¤à®¤¨­ ¬¨-ç¥áª¨å ®á®¡¥­­®áâ¥©.� ¢¨á¨¬®áâ¨ ¤«ï ¯®â¥­æ¨ «®¢ áª®à®áâ¥© £¨¤à®-¤¨­ ¬¨ç¥áª¨å ®á®¡¥­­®áâ¥© å®à®è® ¨§¢¥áâ­ë ¢«¨â¥à âãà¥ ¯® «¨­¥©­®© £¨¤à®¤¨­ ¬¨ª¥ ¨¤¥ «ì­®©¦¨¤ª®áâ¨ [20, 21] ¨ ¢ ¤ ­­®© à ¡®â¥ ¨á¯®«ì§®¢ -«¨áì ¢ ¢¨¤¥�̂R03 + i1�̂J03 = I(�)� i1� exp �̂;�̂R0j + i1�̂J0j = �i �j�j2 � i�I(�)� i1i��exp�̂;j = 2; 4;�̂Rmj + i10 = ��(2m+s) + ia� 2N+1Pn=�1 ânms����(n+2m+s); m � 1; j = 2; 3; 4; (19)£¤¥ ¯à¨­ïâë ®¡®§­ ç¥­¨ïânms = nann+ 2m + s ;s = 0 ¯à¨ j = 3; s = 1 ¯à¨ j = 2; 4;I(�) = 1I0 e�̂k � � dk = e�̂(E(�̂) + i�); �̂ = �i��;¨ E(�̂) { íªá¯®­¥­æ¨ «ì­ ï ¨­â¥£à «ì­ ï äã­ªæ¨ï,à ¢­ ï E(�̂) = Z 1�̂ t�1e�tdt; j arg �̂j < �:�á¯®«ì§ãï ¤«ï ®¯à¥¤¥«¥­¨ï ª®íää¨æ¨¥­â®¢ Bjm£à ­¨ç­ë¥ ãá«®¢¨ï ­  ¥¤¨­¨ç­®¬ ªàã£¥ ¢¨¤  (17) ¢á®ç¥â ­¨¨ á ¬¥â®¤®¬ ­ ¨¬¥­ìè¨å ª¢ ¤à â®¢, ¯®-«ãç ¥¬ ®ª®­ç â¥«ì­® á«¥¤ãîéãî «¨­¥©­ãî á¨áâ¥-¬ã  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©:MPm=0Bjm�mkj = Ckj; k = 0; 1; 2; : : : ;M ;�mkj = h�( mj)�( kj)i;Ckj = h�cj�( kj)i; h� � �i = R �=2��=2(� � �)d#: (20)�.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª® 67
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�¨á. 5. �à¨á®¥¤¨­¥­­ë¥ ¬ ááë ¨ ª®íää¨æ¨¥­âë¤¥¬¯ä¨à®¢ ­¨ï ¤«ï â¨¯¨ç­ëå áã¤®¢ëå ª®­âãà®¢;{ { { - à áç¥âë ¤«ï ª®­âãà®¢ �ìî¨á  [7];+|+ - �d = 0:25, r|r - 0.50, ®|® - 0.75,�|� - 1.0, 4|4 - 1.75�®®â¢¥âáâ¢¥­­®, à áç¥â­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï£¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢ �jk; �jk ¯¥à¥-¯¨èãâáï ®ª®­ç â¥«ì­® ¢ ¢¨¤¥�jk � i1�jk = �� MPm=0Bjm�mkj;�mkj = h�c`k�mj)i;�c`k = �@�ck@# : (21)�â¬¥â¨¬, çâ® ¨­â¥£à «ë ­  ¥¤¨­¨ç­®¬ ¯®«ã-ªàã£¥ ¢ § ¢¨á¨¬®áâïå (20) ¨ (21), ®¡®§­ ç¥­-

�¨á. 6. �à¨á®¥¤¨­¥­­ë¥ ¬ ááë ¨ ª®íää¨æ¨¥­âë¤¥¬¯ä¨à®¢ ­¨ï ¤«ï ª®­âãà  è¯ ­£®ãâ  á® áªã«®¢ë¬¨ª¨«ï¬¨; - - - - - à áç¥âë ¯® [20]­ë¥ ã£«®¢ë¬¨ áª®¡ª ¬¨, ¢ëç¨á«ï«¨áì à §«¨ç­ë¬¨á¯®á®¡ ¬¨: 1)  ­ «¨â¨ç¥áª¨ ¤«ï ¨­â¥£à «®¢ â¨-¯  �mkj; m; k � 1; 2) ç¨á«¥­­® ¯® ¯à ¢¨«ã âà ¯¥-æ¨©, ¥á«¨ ¯®¤ë­â¥£à «ì­®¥ ¢ëà ¦¥­¨¥ ­¥ á®¤¥à-¦ «® ¡ëáâà® ®áæ¨««¨àãîé¥© äã­ªæ¨¨, ¨ 3) «¨-­¥©­®© ¨­â¥à¯®«ïæ¨¥© ¬¥¤«¥­­® ¬¥­ïîé¥©áï ç -áâ¨ ¯®¤ë­â¥£à «ì­®£® ¢ëà ¦¥­¨ï ¬¥¦¤ã á®á¥¤­¨-¬¨ â®çª ¬¨ ª®««®ª æ¨© ¨ ¯®á«¥¤ãîé¨¬  ­ «¨â¨-ç¥áª¨¬ ®¯à¥¤¥«¥­¨¥¬ ¨­â¥£à «  ®â ¡ëáâà® ®áæ¨«-«¨àãîé¥© äã­ªæ¨¨ ­  ¨­â¥à¢ «¥ �#p = #p+1 � #p.�à®¬¥ â®£®, ¯à¨ ç¨á«¥­­®¬ à áç¥â¥ ¨­â¥£à «ì­®©íªá¯®­¥­æ¨ «ì­®© äã­ªæ¨¨ ¨á¯®«ì§®¢ «¨áì à¥ª®-¬¥­¤ æ¨¨ à ¡®âë [24].5. ���������� ������������������à¨¢¥¤¥¬ â¥¯¥àì ­¥ª®â®àë¥ à¥§ã«ìâ âë ç¨á«¥­-­ëå à áç¥â®¢ ­ £àã§®ª ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª áã¤®¢ëå ª®­âãà®¢, ¯®«ãç¥­­ë¥ á ¯®-¬®éìî ����-¯à®£à ¬¬ë, à¥ «¨§ãîé¥© ®¯¨á ­-­ë© ¢ëè¥  «£®à¨â¬ à áç¥â . � à áç¥â å ¯à¨á®-¥¤¨­¥­­ë¥ ¬ ááë �jk ¨ ª®íää¨æ¨¥­âë ¤¥¬¯ä¨à®-¢ ­¨ï �jk ­®à¬¨à®¢ «¨áì ­  ¢¥«¨ç¨­ë (¢ § ¢¨á¨-¬®áâ¨ ®â ¨­¤¥ªá®¢): "22" - 0:5��d2, "23" - 0:5��bd,"33" - 0:5��b2, "24" - 0:5��d3 ¨ "44" - 0:5��d4, £¤¥b; d {¯®«ãè¨à¨­  ¨ ®á ¤ª  ª®­âãà  ¯® ¢ â¥à«¨­¨îà ¢­®¢¥á¨ï ­  â¨å®© ¢®¤¥. �á«¨, ®¤­ ª®, ¢ ­¥§ -¢¨á¨¬ëå à áç¥â å, á ª®â®àë¬¨ ¯à®¢®¤¨«®áì áà ¢-68 �.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª®
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�¨á. 7. �à¨á®¥¤¨­¥­­ë¥ ¬ ááë ¤«ï ¬¨¤¥«ì-è¯ ­£®ãâ ¯à¨ à §«¨ç­ëå ã£« å ­ ª«®­¥­¨ï;+|+ - 0�,4|4 - 10�, ®|® - 20�, r|r - 30�;{ { { - à áç¥âë �.�. �«¨á  ¨§ [16]­¥­¨¥ à¥§ã«ìâ â®¢, ¨á¯®«ì§®¢ « áì ¤àã£ ï ­®à¬¨-à®¢ª , â® ¯à®¨§¢®¤¨«áï ¯¥à¥à áç¥â £¨¤à®¤¨­ ¬¨-ç¥áª¨å å à ªâ¥à¨áâ¨ª ­  íâã ­®à¬¨à®¢ªã.�®-¯¥à¢ëå, ­  à¨á. 5 ¯à¨¢¥¤¥­ë ¤ ­­ë¥ à áç¥-â®¢ ¤«ï â¨¯¨ç­ëå áã¤®¢ëå ª®­âãà®¢ ¯à¨ b=d = 1 ¨¢ àì¨à®¢ ­¨¨ ¯®«­®âë è¯ ­£®ãâ®¢ � ¨ ¯ à ¬¥âà �d; à áç¥âë ­  ®á­®¢¥ ¤¢ãå¯ à ¬¥âà¨ç¥áª®©  ¯-¯à®ªá¨¬ æ¨¨ �ìî¨á  § ¨¬áâ¢®¢ ­ë ¨§ ª­¨£¨ [7].� ª ¢¨¤­®, ¤«ï ª®íää¨æ¨¥­â®¢ �33; �24; �44 á®£« -á®¢ ­¨¥ à¥§ã«ìâ â®¢ ¤®áâ â®ç­® å®à®è¥¥ ¢® ¢á¥¬¯à ªâ¨ç¥áª¨ ¢ ¦­®¬ ¤¨ ¯ §®­¥ ¯ à ¬¥âà  �. �«ï®áâ «ì­ëå ª®íää¨æ¨¥­â®¢ à áå®¦¤¥­¨¥ à¥§ã«ìâ -â®¢ ã¢¥«¨ç¨¢ ¥âáï á ã¬¥­ìè¥­¨¥¬ ª®íää¨æ¨¥­â ¯®«­®âë, ª®£¤  ¤¢ãå¯ à ¬¥âà¨ç¥áª ï  ¯¯à®ªá¨¬ -
�¨á. 8. �®íää¨æ¨¥­âë ¤¥¬¯ä¨à®¢ ­¨ï ¤«ï ¬¨¤¥«ì-è¯ ­£®ãâ  ¯à¨ à §«¨ç­ëå ã£« å ­ ª«®­¥­¨ï;+|+ - 0�, 4|4 - 10�, ®|® -20�, r|-r -30�,�|� -40�æ¨ï ãåã¤è ¥âáï (¯à¨ � < 0:5 íâ   ¯¯à®ªá¨¬ æ¨ï¤ ¥â ¯¥â«î ¢ à ©®­¥ ª¨«¥¢®© «¨­¨¨ ª®­âãà ).�® -¢â®àëå, ­  à¨á. 6 ¯à¨¢¥¤¥­ë á®¯®áâ ¢¨â¥«ì-­ë¥ ¤ ­­ë¥ ¤«ï ¬¨¤¥«ì-è¯ ­£®ãâ  á® áªã«®¢ë¬¨ª¨«ï¬¨ (á¬. à¨á. 3). �«ï ¯à¨á®¥¤¨­¥­­ëå ¬ ááá®¢¯ ¤¥­¨¥ à¥§ã«ìâ â®¢ ¯®çâ¨ ¯®«­®¥, â®£¤  ª ª¤«ï ª®íää¨æ¨¥­â®¢ ¤¥¬¯ä¨à®¢ ­¨ï ¨¬¥¥â ¬¥áâ®­¥ª®â®à®¥ § ­¨¦¥­¨¥ ¯®«ãç¥­­ëå ¤ ­­ëå ¯® áà ¢-­¥­¨î á à¥§ã«ìâ â ¬¨ à áç¥â®¢ ¯¥à¢®¨áâ®ç­¨ª [20].� «¥¥, ­  à¨á. 7 ¯à¨¢¥¤¥­® áà ¢­¥­¨¥ ¯à¨á®¥¤¨-­¥­­ëå ¬ áá ¯à¨ ¡®àâ®¢ëå ­ ª«®­¥­¨ïå ª®­âãà .�¨¤­®, çâ® ¤«ï ­¥­ ªà¥­¥­­®£® ¯®«®¦¥­¨ï á®¢¯ -¤¥­¨¥ ¤ ­­ëå ¯®çâ¨ ¯®«­®¥, ®¤­ ª® á ã¢¥«¨ç¥­¨-¥¬ ã£«  ­ ª«®­  ­ ç¨­ îâ ¯à®ï¢«ïâìáï ­¥ª®â®àë¥à áå®¦¤¥­¨ï, ®áâ ¢ ïáì â¥¬ ­¥ ¬¥­¥¥ ¢¯®«­¥ ¯à¨-�.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª® 69
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�¨á. 9. �à¨á®¥¤¨­¥­­ë¥ ¬ ááë ¨ ª®íää¨æ¨¥­âë¤¥¬¯ä¨à®¢ ­¨ï ¤«ï ª®­âãà®¢ è¯ ­£®ãâ®¢ â¨¯ ����; - - - - à áç¥âë ¨§ [19]¥¬«¥¬ë¬¨ ¯®çâ¨ ¤«ï ¢á¥å å à ªâ¥à¨áâ¨ª, ªà®¬¥¢¥«¨ç¨­ �34 ¨ �44. �®âï ¨ ¤«ï íâ¨å ¢¥«¨ç¨­ ®¡-é ï â¥­¤¥­æ¨ï ¨å ¨§¬¥­¥­¨ï á ã¢¥«¨ç¥­¨¥¬ ¯ à -¬¥âà  �d á®åà ­ï¥âáï. �«¨ï­¨¥ ã£«  ­ ª«®­¥­¨ïè¯ ­£®ãâ  ­  ª®íää¨æ¨¥­âë ¤¥¬¯ä¨à®¢ ­¨ï ¬®¦-­® ¯à®á«¥¤¨âì ­  à¨á. 8. � ª ¢¨¤­®, íâ® ¢«¨ï­¨¥¤®áâ â®ç­® §­ ç¨â¥«ì­®¥ ¯®çâ¨ ¤«ï ¢á¥å ª®íää¨-æ¨¥­â®¢.�  à¨á. 9 ¯à¨¢¥¤¥­® áà ¢­¥­¨¥ à¥§ã«ìâ â®¢ à á-ç¥â  ¤«ï £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª àï¤ ª®­âãà®¢ áã¤®¢ â¨¯  ���� ¯à¨ ¢¥àâ¨ª «ì­ëå ª®-«¥¡ ­¨ïå. �¤¥áì á®£« á®¢ ­¨¥ à¥§ã«ìâ â®¢ â ª¦¥¢¯®«­¥ ¯à¨¥¬«¥¬®¥, ¢ ®á®¡¥­­®áâ¨ ¯à¨ ã¢¥«¨ç¥­¨¨

�¨á. 10. �§¬¥­¥­¨¥ ¯à¨á®¥¤¨­¥­­®© ¬ ááë �33¯® ®á ¤ª¥ ¤«ï â¨¯¨ç­ëå áã¤®¢ëå ª®­âãà®¢ ¯à¨1)�d = 0:2, 2)0.3, 3)0.4, 4)0.6, 5)1.0§ £«ã¡«¥­¨ï ¯®¤¢®¤­®£® ª®à¯ãá  ¯®¤ á¢®¡®¤­ãî ¯®-¢¥àå­®áâì. �§ íâ¨å ¤ ­­ëå ¢¨¤­® â ª¦¥, çâ® ¤«ïáã¤®¢ ¤ ­­®£® â¨¯  ç áâ®â­ ï § ¢¨á¨¬®áâì ¯à¨-á®¥¤¨­¥­­ëå ¬ áá ­¥§­ ç¨â¥«ì­ ,   ª®íää¨æ¨¥­âë¢®«­®¢®£® ¤¥¬¯ä¨à®¢ ­¨ï ã¡ë¢ îâ ¢¥áì¬  ¡ëáâà®¨ ¢ è¨à®ª®¬ ¤¨ ¯ §®­¥ ç áâ®â ¯à ªâ¨ç¥áª¨ à ¢­ë­ã«î.� «¥¥, ­  à¨á. 10 ¯®ª § ­  § ¢¨á¨¬®áâì ¯à¨á®-¥¤¨­¥­­ëå ¬ áá ¯® ®á ¤ª¥ ¯à¨ ¢¥àâ¨ª «ì­®© ª ç-ª¥,   ­  à¨á. 11 { ®â ã£«  ­ ª«®­¥­¨ï ¯à¨ ¡®à-â®¢®© ª çª¥. � ª ¢¨¤­®, íâ  § ¢¨á¨¬®áâì, ª®â®-àãî ¬®¦­® ­ §¢ âì £¨¤à®¤¨­ ¬¨ç¥áª®© ­¥¯àï¬®-¡®àâ­®áâìî ª®à¯ãá  ¯®  ­ «®£¨¨ á £¥®¬¥âà¨ç¥-áª®© ­¥¯àï¬®¡®àâ­®áâìî, ¬®¦¥â ¡ëâì áãé¥áâ¢¥­-­  ¨ ¯®íâ®¬ã ¤®«¦­  ¯à¨­¨¬ âìáï ¢® ¢­¨¬ ­¨¥¢ à áç¥â å ­¥«¨­¥©­ëå ­ £àã§®ª. �®âï á ã¢¥«¨-ç¥­¨¥¬ ç áâ®â­®£® ¯ à ¬¥âà  ¢«¨ï­¨¥, ­ ¯à¨¬¥à,ã£«  ­ ª«®­  è¯ ­£®ãâ  ­  ¯à¨á®¥¤¨­¥­­ë¥ ¬ á-áë ã¬¥­ìè ¥âáï. �  à¨á. 12 ¯à¨¢¥¤¥­  â¨¯¨ç­ ï§ ¢¨á¨¬®áâì ¨§¬¥­¥­¨ï ¯® ¢à¥¬¥­¨ ¢¥àâ¨ª «ì­®©­ £àã§ª¨ ­  ª®­âãà è¯ ­£®ãâ  ¢ «¨­¥©­®¬ ¨ ­¥«¨-­¥©­®¬ ¯à¨¡«¨¦¥­¨¨ ­  ®á­®¢¥ ¯®«ãç¥­­ëå ¢ëè¥§ ¢¨á¨¬®áâ¥©. �ç¥â ­¥«¨­¥©­ëå íää¥ªâ®¢ ¯®à®-¦¤ ¥â áà¥¤­îî á®áâ ¢«ïîéãî ­ £àã§ª¨ ¨ ªà â-­ë¥ £ à¬®­¨ª¨, ª®â®àë¥ ¯à¨¢®¤ïâ ª ¯¥à¥à á¯à¥-¤¥«¥­¨î  ¬¯«¨âã¤­ëå §­ ç¥­¨© ­ £àã§ª¨ ¯® ®â-­®è¥­¨î ª «¨­¥©­ë¬ à áç¥â ¬. �à¨ íâ®¬ ¢¥-70 �.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª®
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�¨á. 11. �§¬¥­¥­¨¥ ¯à¨á®¥¤¨­¥­­ëå ¬ áá �jk ,jk = 22; 33; 44 ¯à¨ ã£«®¢ëå ­ ª«®­¥­¨ïå ª®­âãà  ¤«ï à §«¨ç­ëå ®â­®è¥­¨© b=d ¨ §­ ç¥­¨© �d = 0:35 (||),0.85 (- - - -) ¨ 1.35 ({. {. {)
�¨á. 12. �¥àâ¨ª «ì­ ï ­ £àã§ª  ­  ª®­âãà è¯ ­£®ãâ ¢ «¨­¥©­®¬ (- - - -) ¨ ­¥«¨­¥©­®¬ (||-)¯à¨¡«¨¦¥­¨ïå«¨ç¨­  áà¥¤­¥£® á¬¥é¥­¨ï ®¯à¥¤¥«ï¥âáï ª¢ ¤à -â¨ç­®© á®áâ ¢«ïîé¥© ¢ ¢ëà ¦¥­¨¨ (2),   ­ áë-é¥­­®áâì ªà â­ë¬¨ £ à¬®­¨ª ¬¨ ®¯à¥¤¥«ï¥âáï ¢®á­®¢­®¬ ¯¥à¢®© á®áâ ¢«ïîé¥© ¨§-§  £¨¤à®¤¨­ -¬¨ç¥áª®© ­¥¯àï¬®¡®àâ­®áâ¨ { ¨§¬¥­¥­¨ï £¨¤à®-¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ª®­âãà  ¯® ®á ¤ª¥.

� ª¨¬ ®¡à §®¬, ¯à¨¢¥¤¥­­ë¥ ¢ëè¥ ¯à¨¬¥àë á®-¯®áâ ¢¨â¥«ì­ëå à áç¥â®¢ ¯®ª §ë¢ îâ ¢ ®¡é¥¬­¥¯«®å¨¥ à¥§ã«ìâ âë ¤«ï £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®-íää¨æ¨¥­â®¢ ¢ è¨à®ª®¬ ¤¨ ¯ §®­¥ ä®à¬ ¨ ¯ à ¬¥-âà®¢ áã¤®¢ëå ª®­âãà®¢, ¤ «¥ª® ¢ëå®¤ïé¨å §  £à -­¨æë á¥¬¥©áâ¢  âà ¤¨æ¨®­­ëå «ìî¨á®¢áª¨å ª®­-âãà®¢, ­  ª®â®à®¬ ¢ ®á­®¢­®¬ ¡ §¨àãîâáï á¯à -¢®ç­ë¥ ¬ â¥à¨ «ë ¢ ®â¥ç¥áâ¢¥­­®© à áç¥â­®©¯à ªâ¨ª¥. �à¨ íâ®¬ § ¢¨á¨¬®áâì £¨¤à®¤¨­ ¬¨ç¥-áª¨å ª®íää¨æ¨¥­â®¢ ®â ¯ à ¬¥âà®¢ ¨ ä®à¬ë ¬£­®-¢¥­­®© á¬®ç¥­­®© ç áâ¨ ª®­âãà®¢ ¯à¨ ­¨§ª¨å ç -áâ®â å ¬®¦¥â ¡ëâì §­ ç¨â¥«ì­®©, çâ® ¨ ï¢«ï¥âáï®¤­¨¬ ¨§ ®á­®¢­ëå ­¥«¨­¥©­ëå íää¥ªâ®¢ ¢ £¨¤à®-¤¨­ ¬¨ç¥áª®© ­ £àã§ª¥ � áª¨­¤ -�ìî¬ ­ .����������1. �¥«¨­¥©­®¥ ®¡®¡é¥­¨¥ ¬¥â®¤®¢ à áç¥â  £¨-¤à®¤¨­ ¬¨ç¥áª¨å ­ £àã§®ª ­  áã¤  ¯à¨ ª çª¥ ¢®¢à¥¬¥­­®© ®¡« áâ¨ ¯à¨¢®¤¨â ª ­¥®¡å®¤¨¬®áâ¨ à¥-è¥­¨ï ­¥«¨­¥©­®© ¨ ­¥áâ æ¨®­ à­®© ªà ¥¢®© § -¤ ç¨ ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¥© ¢®§¬ãé¥­­®£® áã¤-­®¬ ¢®«­®¢®£® ¤¢¨¦¥­¨ï. �àã¤­®áâ¨ ¢ à¥è¥­¨¨¤ ­­®© ªà ¥¢®© § ¤ ç¨ ¤ ¦¥ ¢ ¤¢ãå¬¥à­®¬ á«ãç ¥ª®«¥¡ ­¨© ¯«®áª®£® áã¤®¢®£® ª®­âãà  ­  ¢®«­®¢®©¯®¢¥àå­®áâ¨ á¢ï§ ­ë á ­¥«¨­¥©­ë¬¨ £à ­¨ç­ë¬¨�.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª® 71



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 1. �. 60 { 73ãá«®¢¨ï¬¨ ­  ¢®«­®¢®© ç áâ¨ £à ­¨æë, ¯¥à¥¬¥­-­®áâìî ¬£­®¢¥­­®© á¬®ç¥­­®© ç áâ¨ £à ­¨æë ­ áã¤®¢®¬ ª®­âãà¥ ¨  ­£ à¬®­¨ç­®áâìî ¯®«ï áª®à®-áâ¥© ­  ª®­âãà¥. �à¥­¥¡à¥¦¥­¨¥ ­¥«¨­¥©­ë¬¨ íä-ä¥ªâ ¬¨ ­  ¢®«­®¢®© ¯®¢¥àå­®áâ¨ ¯®§¢®«ï¥â à §-à ¡®â âì ¯à¨¡«¨¦¥­­ë© ¬¥â®¤ à áç¥â  £¨¤à®¤¨-­ ¬¨ç¥áª¨å ­ £àã§®ª ­  áã¤®¢ë¥ ª®­âãà  ¤®áâ -â®ç­® ®¡é¥© ä®à¬ë, á¢®¤ïé¨©áï ª à áç¥âã £¨¤à®-¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢ áã¤®¢ëå ª®­âãà®¢,®¯à¥¤¥«¥­­ëå ¤«ï ¨å ¬£­®¢¥­­®£® ¯®«®¦¥­¨ï ­ ¢®«­®¢®© ¯®¢¥àå­®áâ¨. � ­­ë© ¬¥â®¤ ï¢«ï¥âáï,¯®-áãé¥áâ¢ã, â¥®à¥â¨ç¥áª¨¬ ®¡®á­®¢ ­¨¥¬ è¨à®-ª® ¯à¨¬¥­ï¥¬®£® ¢ ¯à ªâ¨ª¥ ­¥«¨­¥©­ëå à áç¥â®¢­ £àã§®ª � áª¨­¤ -�ìî¬ ­  ä¥­®¬¥­®«®£¨ç¥áª®-£® ¯®¤å®¤ , ®á­®¢ ­­®£® ­  ¨á¯®«ì§®¢ ­¨¨ ¯¥à¥-¬¥­­ëå £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢ áã¤®-¢ëå ª®­âãà®¢.2. �®à¬  ¨ ¯ à ¬¥âàë áã¤®¢ëå ª®­âãà®¢ ¯®¬£­®¢¥­­ãî ®á ¤ªã ¤® ¢®«­®¢®© ¢ â¥à«¨­¨¨,   â ª-¦¥ ª®­âãà®¢ è¯ ­£®ãâ®¢ áª®à®áâ­ëå áã¤®¢ ­®-¢ëå â¨¯®¢ ¤ «¥ª® ¢ëå®¤ïâ §  ª« áá â ª ­ §ë¢ ¥-¬ëå «ìî¨á®¢áª¨å ª®­âãà®¢, è¨à®ª® ¯à¨¬¥­ï¥¬ëå¢ ¯à ªâ¨ª¥ «¨­¥©­ëå à áç¥â®¢ £¨¤à®¤¨­ ¬¨ª¨ áã-¤®¢ ­  ¢®«­¥­¨¨. �®íâ®¬ã  ªâã «ì­®© ï¢«ï¥âáïà §à ¡®âª  íää¥ªâ¨¢­®£® ¨ ¢ â® ¦¥ ¢à¥¬ï ¤®-áâ â®ç­® ¯à®áâ®£®  «£®à¨â¬  à áç¥â  £¨¤à®¤¨­ -¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª { ¯à¨á®¥¤¨­¥­­ëå ¬ áá¨ ª®íää¨æ¨¥­â®¢ ¤¥¬¯ä¨à®¢ ­¨ï è¨à®ª®£® ª« á-á  áã¤®¢ëå ª®­âãà®¢. �â¨¬ âà¥¡®¢ ­¨ï¬ ã¤®¢«¥-â¢®àï¥â ¬¥â®¤ ¬­®£®¯ à ¬¥âà¨ç¥áª®£® ª®­ä®à¬-­®£® ®â®¡à ¦¥­¨ï ª®­âãà  ¢ á®ç¥â ­¨¨ á ¬¥â®-¤®¬ �àá¥««  ¢ ¯ à ¬¥âà¨ç¥áª®© ¯«®áª®áâ¨. �«£®-à¨â¬ à áç¥â  ¯à¨ íâ®¬ ®ª §ë¢ ¥âáï ¤®áâ â®ç­®¯à®áâë¬, «¥£ª® à¥ «¨§ã¥âáï ç¨á«¥­­® ­  ����¨ ­¥ á®¤¥à¦¨â ­¥¤®áâ âª®¢, á¢ï§ ­­ëå á ¤àã£¨¬¨¨§¢¥áâ­ë¬¨ ¬¥â®¤ ¬¨, ­ ¯à¨¬¥à, ���, äã­ªæ¨©�à¨­ , ¬¥â®¤®¬ �à ­ª  ¨ ¤à.,   ¢ë¯®«­¥­­ë¥ á¥£® ¯®¬®éìî à áç¥âë £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨-æ¨¥­â®¢ ¤«ï à §«¨ç­ëå ª®­âãà®¢ ¨ áà ¢­¥­¨¥ à¥-§ã«ìâ â®¢ á ­¥§ ¢¨á¨¬ë¬¨ ¤ ­­ë¬¨ ¯®¤â¢¥à¤¨«¨¥£® íää¥ªâ¨¢­®áâì ¨ ª®àà¥ªâ­®áâì.3. �à¨ ç¨á«¥­­®© à¥ «¨§ æ¨¨ ¬¥â®¤  ¬­®£®-¯ à ¬¥âà¨ç¥áª®£® ®â®¡à ¦¥­¨ï ª®­âãà®¢ á«®¦­®©ä®à¬ë ®á®¡®£® ¢­¨¬ ­¨ï âà¥¡ã¥â ¯à®æ¥¤ãà  ®¯à¥-¤¥«¥­¨ï â®ç¥ª ª®««®ª æ¨© ­  ¥¤¨­¨ç­®¬ ªàã£¥, á¢ï-§ ­­ ï á ®âëáª ­¨¥¬ ¬¨­¨¬¨§¨àãîé¥£® ­¥¢ï§ªãª®à­ï ¤«ï ¡ëáâà®®áæ¨««¨àãîé¥© äã­ªæ¨¨. �¡ëç-­® ¯à¨¬¥­ï¥¬ë¥ ¢ â ª¨å á«ãç ïå ¬¥â®¤ë ¨â¥à -æ¨© (�ìîâ®­  -� äá®­  ¨ ¤à.) âà¥¡ãîâ ã¤ ç­®-£® ¢ë¡®à  ­ ç «ì­®£® ¯à¨¡«¨¦¥­¨ï, çâ® ¤«ï á«®¦-­ëå ª®­âãà®¢ ¯®«ãç¨âì ¤®¢®«ì­® âàã¤­®. �¥â®ç-­®áâì ¦¥ ®¯à¥¤¥«¥­¨ï â®ç¥ª ª®««®ª æ¨© ­  ¥¤¨­¨ç-­®¬ ªàã£¥ ¯®à®¦¤ ¥â «®ª «ì­ë¥ ®âª«®­¥­¨ï ®â®-¡à ¦¥­­®£® ª®­âãà  ®â ¨áå®¤­®£®.

4. �ë¯®«­¥­­ë¥ ¢ à ¡®â¥ á®¯®áâ ¢¨â¥«ì-­ë¥ à áç¥âë £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢¢ ®á­®¢­®¬ ¤ «¨ å®à®è¨¥ ¨ â®«ìª® ¢ ®â¤¥«ì­ëåá«ãç ïå ã¤®¢«¥â¢®à¨â¥«ì­ë¥ à¥§ã«ìâ âë ¤«ï íâ¨åå à ªâ¥à¨áâ¨ª; ¢ ç áâ­®áâ¨, § ¬¥â­ë¥ à §«¨ç¨ï®¡­ àã¦¨«¨áì ¢ à áç¥â å ¯à¨á®¥¤¨­¥­­ëå ¬ áá�34; �44 ¤«ï ­ ª«®­¥­­®£® ­  ¡®«ìè¨¥ ã£«ë ª®­âã-à  (¤® 40 £à ¤.). �à ¢­¥­¨¥ á «ìî¨á®¢áª¨¬¨ ª®­-âãà ¬¨ â ª¦¥ ¯®ª § «®, çâ® ¯®á«¥¤­¨¥ ¯¥à¥áâ îâ¤ ¢ âì ª®àà¥ªâ­ë¥ à¥§ã«ìâ âë ¯à¨ ã¬¥­ìè¥­¨¨¯®«­®âë áã¤®¢ëå ª®­âãà®¢,   ¤«ï ª®­âãà®¢ áã¤®¢â¨¯  ���� ®­¨ ¢®®¡é¥ ­¥ ¯à¨¬¥­¨¬ë. �à¨¬¥àà áç¥â  áã¤®¢®£® ª®­âãà  á® áªã«®¢ë¬¨ ª¨«ï¬¨ ¯®-ª § «, çâ® à §à ¡®â ­­ë©  «£®à¨â¬ ¯à¨¬¥­¨¬ ¤ -¦¥ ª ª®­âãà ¬ á ®áâàë¬¨ ¢ëáâã¯ ¬¨ ¨ ®¡à §®¢ -­¨ï¬¨.5. � áç¥âë ¯à¨á®¥¤¨­¥­­ëå ¬ áá ¯à¨ ¢ àì¨à®-¢ ­¨¨ ¬£­®¢¥­­®© ®á ¤ª¨ ¨ ã£«  ­ ª«®­  è¯ ­£®ã-â®¢ ¯®ª § «¨, çâ® ¬®¦¥â ¨¬¥âì ¬¥áâ® áãé¥áâ¢¥­-­ ï § ¢¨á¨¬®áâì £¨¤à®¤¨­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­-â®¢ ®â ä®à¬ë ¨ ¯ à ¬¥âà®¢ ¬£­®¢¥­­®© ¯®£àã-¦¥­­®© ç áâ¨ áã¤®¢ëå ª®­âãà®¢, ª®â®àãî ¬®¦-­® ®¯à¥¤¥«¨âì ª ª £¨¤à®¤¨­ ¬¨ç¥áª ï ­¥¯àï¬®-¡®àâ­®áâì, ¯®  ­ «®£¨¨ á £¥®¬¥âà¨ç¥áª®© ­¥¯àï-¬®¡®àâ­®áâìî è¯ ­£®ãâ®¢. � á¢®î ®ç¥à¥¤ì, ãç¥âíâ¨å ­¥«¨­¥©­ëå íää¥ªâ®¢ ¢ £¨¤à®¤¨­ ¬¨ç¥áª®©­ £àã§ª¥ ­  áã¤®¢ë¥ ª®­âãà  ¯®à®¦¤ ¥â áà¥¤­¨¥á®áâ ¢«ïîé¨¥ ¨ ªà â­ë¥ £ à¬®­¨ª¨ ( ­£ à¬®­¨ç-­®áâì), ¯¥à¥à á¯à¥¤¥«ïîé¨¥  ¬¯«¨âã¤­ë¥ §­ ç¥-­¨ï ­ £àã§ª¨ ¨ ¨§¬¥­ïîé¨¥ ¥¥ á¯¥ªâà «ì­ë© á®-áâ ¢.1. Ursell F. On the rolling motion of cylinders in thesurface of a 
uid // Quart. J. of Mech. and App.Maths.{ 1949.{ 2.{ P. 218-231.2. Landweber L., Macagno M.C. Added masses of athree parameter family of two dimensional forms os-cillating in a free surface // J. Ship Research.{ 1959.{2.{ P. 36-48.3. Tasai F. On the damping forse and added mass ofships heaving and pitching // Univers. of Calif. Eng.Publ.{ 1960.{ Ser. N 82.{ P. .4. Frank W. Oscillation of cylinders in or below the freesurface of deep 
uids // NSRDC, USA.{ 1967, Rep.N 2375.{ P. 40.5. � áª¨­¤ �.�. �̈ ¤à®¤¨­ ¬¨ç¥áª ï â¥®à¨ï ª çª¨ª®à ¡«ï.{ �.: � ãª , 1973.{ 327 á.6. �ëåâ  �.�., � é¥­ª® �.�. �à¨¡«¨¦¥­­®¥ à¥è¥-­¨¥ £¨¤à®¤¨­ ¬¨ç¥áª®© § ¤ ç¨ ® ª®«¥¡ ­¨ïå è¯ ­-£®ãâ­®£® ª®­âãà  // �àã¤ë ���: �¥®à¨ï ª®à ¡«ï¨ £¨¤à®¬¥å-ª .{ �¨ª®« ¥¢: ���, 1980.{ �ë¯. 163.{�. 3-8.7. �¥¬¥§ �.�. � çª  ª®à ¡«ï.{ �.: �ã¤®áâà®¥­¨¥,1983.{ 328 á.8. Athanassoulis G.A., Loukakis T.A. An extended-Lewis form family of ship sections and its applica-tions to seakeeping calculations // Int. Shipb. Progr.{1985.{ 32.- N 336.{ P. 33-43.72 �.�.�¥à¤îç¥­ª®, �.�.�¥¤®à¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 1. �. 60 { 739. �¥«¥§®¢ �.�. �®¤¥«¨à®¢ ­¨¥ ¢®«­®¢ëå ¨ ¤¨äà ª-æ¨®­­ëå ¯à®æ¥áá®¢ // �¡. ­ ãç­. âà./�� ����.�­-â £¨¤à®¬¥å ­¨ª¨.{ �¨¥¢: � ãª®¢  ¤ã¬ª .{1989.{ �. 220-246.10. Mei C.C. Numerical methods in water-wave di�rac-tion and radiation // Ann. Rev. Fluid Mech.{ 1978.{10.{ P. 393-416.11. Salvesen N. Five Years of Numerical Naval Ship Hy-drodynamics at DTNSRDC // J. Ship Resch.{ 1981.{25.- N 4.{ P. 219-235.12. Yamamoto Y., Fujino M., Fukasawa T. Motion andLongitudinal Strength of a Ship in Head Sea and theE�ects of Non-Linearities // Naval Arch. and OceanEngng.{ 1980.{ 18.{ P. 91-100.13. Chiu F.-C., Fujino M. Nonlinear prediction of verticalmotions and wave loads of high- speed crafts in headsea // Int. Shipb. Progr.{ 1989.{ 36.{ P. 24-32.14. �¥¬¥­®¢  �.�. �áá«¥¤®¢ ­¨¥ ¨ à §à ¡®âª  ¯à®-£à ¬¬ à áç¥â  ­¥«¨­¥©­ëå £¨¤à®¤¨­ ¬¨ç¥áª¨åá¨«, ¢®§­¨ª îé¨å ¯à¨ ª®«¥¡ ­¨ïå ª®­âãà®¢ ª®-à ¡¥«ì­®© ä®à¬ë ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨¦¨¤ª®áâ¨.{ �¢â®à¥ä¥à â ... ª ­¤. ¤¨áá¥àâ.: ��¡.,1999.{ 38 á.15. �¥à¤îç¥­ª® �.�. �à¨¡«¨¦¥­­ë© ¬¥â®¤ à áç¥â ­¥«¨­¥©­®© £¨¤à®¤¨­ ¬¨ç¥áª®© ­ £àã§ª¨ ­  ª®à-¯ãá áã¤­  ¯à¨ ¯à®¨§¢®«ì­ëå ªãàá®¢ëå ã£« å ­ ¢®«­¥­¨¨ // �¡. ­ ãç­. âà. �����.{ �¨ª®« ¥¢,1998.{ N 3 (351).{ �. 89-97.
16. �®à®âª¨­ �.�. �à¨á®¥¤¨­¥­­ë¥ ¬ ááë áã¤­ .�¯à ¢®ç­¨ª.{ �.: �ã¤®áâà®¥­¨¥, 1986.{ 312 á.17. Lavis D.R., Rogalski W.W., Spauling K.B. ThePromise of Advanced Naval Vechicles for NATO //Marine Technology.{ 1990.{ 27.- N 2.{ P. 65-93.18. Wright C. Operation and Coast of High -SpeedCrafts // Marine Technology.{ 1990.{ 27.- N 2.{P. 104-113.19. �®à®¤ © �.�. �à¨ª« ¤­ë¥ § ¤ ç¨ ¤¨­ ¬¨ª¨ áã¤®¢­  ¢®«­¥­¨¨.{ �.: �ã¤®áâà®¥­¨¥, 1989.{ 223 á.20. Bishop R.E.D., Price W.G., Temarel P.Hydrodynam-ic coe�cients of some swaying and rolling cylindersof arbitrary shape // Int. Shipb. Progr.{ 1980.{ 27.-N 307.{ P. 54-65.21. Conceicao C.A.L., Price W.G., Temarel P. The in-
uence of heel on the hydrodynamic coe�cients ofshiplike sections and a trawler form // Int. Shipb.Progr.{ 1984.{ 31.- N 355.{ P. 56-66.22. Kyozuka Y. Non-Linear Hydrodynamic Forces Act-ing on Two-Dimensional Bodies // Naval Arch. andOcean Engng.{ 1983.{ 21.{ P. 23-40.23. Nichols B.D., Hirt C.W. Nonlinear hydrodynamicforces on 
oating bodies // Proceed. Sec. Int. Conf.Numer. Ship Hydrodyn.{ Berkeley, USA, 1977.{P. 382-394.24. Newman J.N. The evaluation of free-surface Greenfunctions.{ Proceed. Firth Int. Conf. Numer. ShipHydrodyn: Washington, USA, 1985.{ p.
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