
������ö �����ö ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 3 { 13��� 532.59��������� ���������� �������� ��������� ����������� �������� ������ �����. �. ����������, �. �. �����������¨à®¢®£à ¤áª¨© £®áã¤ àáâ¢¥ë© ¯¥¤ £®£¨ç¥áª¨© ã¨¢¥àá¨â¥â, �¨à®¢®£à ¤���áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 22.08.2002�áá«¥¤ãîâáï  ¬¯«¨âã¤ë ¢ëáè¨å £ à¬®¨ª ¢ ¥«¨¥©ëå ¢®«®¢ëå ¯ ª¥â å   ¯®¢¥àå®áâ¨ ª®â ªâ  ¦¨¤ª¨å áà¥¤ áãç¥â®¬ ¯®¢¥àå®áâ®£®  âï¦¥¨ï. �  ®á®¢¥ à¥è¥¨ï, ¯®«ãç¥®£® ¬¥â®¤®¬ ¬®£®¬ áèâ ¡ëå à §«®¦¥¨©, à á-á¬®âà¥  áâàãªâãà  ¯ ª¥â®¢ ¢ á¨¬¬¥âà¨ç®© á¨áâ¥¬¥ "¯®«ã¯à®áâà áâ¢® - ¯®«ã¯à®áâà áâ¢®" ¨ ¢ ¥á¨¬¬¥âà¨ç®©á¨áâ¥¬¥ "á«®© - ¯®«ã¯à®áâà áâ¢®". �áâ ®¢«¥®, çâ® ¢® ¢â®à®© á¨áâ¥¬¥, ¢ ®â«¨ç¨¥ ®â ¯¥à¢®©, ª ¦¤®¥ ¯®á«¥¤ãîé¥¥¯à¨¡«¨¦¥¨¥ ®¯à¥¤¥«ï¥â  ¬¯«¨âã¤ã á®®â¢¥âáâ¢ãîé¥© ¢ëáè¥© £ à¬®¨ª¨ «¨èì ¯à¨¡«¨¦¥®, ¯à¨ íâ®¬ ®® ¢®á¨â¯®¯à ¢ª¨ ¢  ¬¯«¨âã¤ã ª ¦¤®© ¯à¥¤ë¤ãé¥© £ à¬®¨ª¨. �¥è¥¨¥ ¢ âà¥âì¥¬ ¯à¨¡«¨¦¥¨¨ ®¡ àã¦¨¢ ¥â áãé¥áâ¢®-¢ ¨¥ íªáâà¥¬ «ì®£® § ç¥¨ï  ¬¯«¨âã¤ ¢ëáè¨å £ à¬®¨ª ¯à¨ ¥ª®â®àëå § ç¥¨ïå ¤«¨ë ¯¥à¢®© £ à¬®¨ª¨ ¨â®«é¨ë á«®ï. �¯à¥¤¥«¥  § ¢¨á¨¬®áâì ä®à¬ë ¢®«®¢®£® ¯ ª¥â  ®â ¯®¢¥àå®áâ®£®  âï¦¥¨ï ¨ á®®â®è¥¨ï¬¥¦¤ã ¢ëá®â®© ¨ ¤«¨®© ¯¥à¢®© £ à¬®¨ª¨.�®á«i¤¦ãîâìáï  ¬¯«iâã¤¨ ¢¨é¨å £ à¬®iª ã ¥«ii©¨å å¢¨«ì®¢¨å ¯ ª¥â å   ¯®¢¥àåi ª®â ªâã ài¤ª¨å á¥à¥¤®¢¨é§ ãà åã¢ ï¬ ¯®¢¥àå¥¢®£®  âï£ã. �  ®á®¢i à®§¢'ï§ªã, ®âà¨¬ ®£® ¬¥â®¤®¬ ¡ £ â®¬ áèâ ¡¨å à®§¢¨¥ì, à®§-£«ïãâ  áâàãªâãà  ¯ ª¥âi¢ ã á¨¬¥âà¨çi© á¨áâ¥¬i "¯i¢¯à®áâià - ¯i¢¯à®áâià" â  ã ¥á¨¬¥âà¨çi© á¨áâ¥¬i "è à -¯i¢¯à®áâià". �áâ ®¢«¥®, é® ã ¤àã£i© á¨áâ¥¬i,   ¢i¤¬iã ¢i¤ ¯¥àè®ù, ª®¦¥  áâã¯¥  ¡«¨¦¥ï ¢¨§ ç õ  ¬-¯«iâã¤ã ¢i¤¯®¢i¤®ù ¢¨é®ù £ à¬®iª¨ «¨è¥  ¡«¨¦¥®, ¯à¨ æì®¬ã ¢®® ¤ õ ¯®¯à ¢ª¨ ¤®  ¬¯«iâã¤¨ ª®¦®ù ¯®¯¥à¥¤ì®ù£ à¬®iª¨. �®§¢'ï§®ª ã âà¥âì®¬ã  ¡«¨¦¥i ¢¨ï¢¨¢ iáã¢ ï ¥ªáâà¥¬ «ì®£® § ç¥ï  ¬¯«iâã¤ ¢¨é¨å £ à¬®iª¤«ï ¤¥ïª¨å § ç¥ì ¤®¢¦¨¨ ¯¥àè®ù £ à¬®iª¨ â  â®¢é¨¨ è àã. �¨§ ç¥® § «¥¦÷áâì ä®à¬¨ å¢¨«ì®¢®£® ¯ ª¥âã¢÷¤ ¯®¢¥àå¥¢®£®  âï£ã â  á¯÷¢¢÷¤®è¥ï ¬÷¦ ¢¨á®â®î â  ¤®¢¦¨®î ¯¥àè®ù £ à¬®÷ª¨.The amplitudes of higher harmonics in nonlinear wave packages at the interface of two uids are investigated with account-ing of surface tension. The structure of the packages in symmetric system "half-space - half-space" and nonsymmetricsystem "layer - half-space" is considered on the basis of the solution obtained using the method of multiple scale expan-sions. It was noted that in the nonsymmetric system all of the next approximation de�nes amplitude of the correspondingharmonics only approximately, at that it gives corrections to the amplitudes of previous harmonics. The solution in thethird approximation revealed existence of the extreme value of higher harmonics amplitude for some length of the �rstharmonic and the layer thickness. Dependence of the wave packeges form on the surface tension and the ratio betweenheight and on length of the �rst harmonic is determined.���������¥§ã«ìâ âë ¨áá«¥¤®¢ ¨© ¢ãâà¥¨å ¢®« ¢á¨áâ¥¬ å, á®áâ®ïé¨å ¨§ ¦¨¤ª®áâ¥© á à §ë¬¨¯«®â®áâï¬¨, ¨¬¥îâ £«®¡ «ì®¥ § ç¥¨¥ ¢® ¬®-£¨å à §¤¥« å ¥«¨¥©®© ¬¥å ¨ª¨ ¨ ä¨§¨ª¨, £¤¥¨§ãç îâáï ¢®«®¢ë¥ ¯à®æ¥ááë ¢ ª®â ªâ¨àãîé¨åáà¥¤ å. �ãé¥áâ¢¥®¥ ãá«®¦¥¨¥   «¨§  â ª¨å¯à®æ¥áá®¢ ¯à¨¢®¤¨â ª ¥®¡å®¤¨¬®áâ¨ ¨áá«¥¤®¢ -¨ï ¢«¨ï¨ï ¢ëáè¨å £ à¬®¨ª.�¡é¨¥ ¯®«®¦¥¨ï ¨ ¯®¤å®¤ë ª ä¨§¨ª®-¬ â¥-¬ â¨ç¥áª®¬ã ¬®¤¥«¨à®¢ ¨î ¨ à¥è¥¨î ¥«¨¥©-ëå ¢®«®¢ëå § ¤ ç ¨§«®¦¥ë ¢ [1]. � áâ âìïå[2, 3] ¯à¥¤áâ ¢«¥ ¤®áâ â®ç® ¯®«ë© ®¡§®à «¨-â¥à âãàë ¯® ¯à®¡«¥¬¥ à¥è¥¨ï ¬¥â®¤®¬ ¬®£®-¬ áèâ ¡ëå à §«®¦¥¨© § ¤ ç, ãç¨âë¢ îé¨å ¯®-¢¥àå®áâ®¥  âï¦¥¨¥, ª®â®à®¥ áãé¥áâ¢¥® ¢«¨-ï¥â   ª ¯¨««ïà®-£à ¢¨â æ¨®ë¥ ¢®«ë, £¤¥ ¢ -¦¥ ¢ª« ¤ ¢ëáè¨å £ à¬®¨ª ¢ ¢®«®¢®© ¯à®æ¥áá ¢æ¥«®¬. �¤¥áì ãª ¦¥¬ «¨èì ¥ª®â®àë¥  ªâã «ìë¥à ¡®âë ¯® ¨§ãç¥¨î ¢ãâà¥¨å ¥«¨¥©ëå ¢®«[4 { 14].
�§¢¥áâ®, çâ® ã¥¤¨¥ë¥ ¢®«ë   £«ã¡®ª®©¢®¤¥ ¥ãáâ®©ç¨¢ë, çâ® ¢¯¥à¢ë¥ ¡ë«® ¯®ª § ® ¢[15], ¨ ¥ãáâ®©ç¨¢®áâì ¯à®ï¢«ï¥âáï ª ª   á¢®¡®¤-®© ¯®¢¥àå®áâ¨, â ª ¨   ¯®¢¥àå®áâ¨ ª®â ª-â  ¦¨¤ª¨å áà¥¤. �ãâà¥¨¥ ¢®«ë ¬®£ãâ ¨¬¥âì®ç¥ì ¡®«ìè¨¥  ¬¯«¨âã¤ë ¨, ª ª à¥§ã«ìâ â ¨å ¥-ãáâ®©ç¨¢®áâ¨, ®¨ âà áä®à¬¨àãîâáï ¢ ®¯à®ª¨-¤ë¢ îé¨¥áï. �â® ï¢«¥¨¥ ¢ § ç¨â¥«ì®© ¬¥à¥¢«¨ï¥â   ¯¥à¥¬¥è¨¢ ¨¥ ¢¥àå¥£® á«®ï ®ª¥  ,  â ª¦¥   ª«¨¬ â �¥¬«¨ ¢ æ¥«®¬.�®á«¥¤¨¥ ¨áá«¥¤®¢ ¨ï ¯®ª § «¨, çâ® ¥ãáâ®©-ç¨¢®áâì ¢®«®¢ëå ¯ ª¥â®¢, áà¥¤¨ ¤àã£¨å ¯à¨ç¨,¬®¦¥â ®¡êïáïâìáï â ª¦¥ ¬ «ë¬¨ ¢®§¬ãé¥¨ï¬¨,ª®â®àë¥ £¥¥à¨àãîâ ª ¯¨««ïà®-£à ¢¨â æ¨®ë¥¢®«ë, ®¡ãá«®¢«¥ë¥ ¯®¢¥àå®áâë¬  âï¦¥¨-¥¬. �¥ á«ãç ©® ¢á¥ ¡®«ìè¥ ¯ã¡«¨ª æ¨© ¯®á¢ïé -¥âáï à á¯à®áâà ¥¨î ¢®«®¢ëå ¯ ª¥â®¢ ¢ ¦¨¤-ª¨å áà¥¤ å á ãç¥â®¬ ¯®¢¥àå®áâ®£®  âï¦¥¨ï, ¯à¨¬¥à [16 { 18].� â® ¦¥ ¢à¥¬ï ¯®ïâ®, çâ® ¨¬¥¥âáï áãé¥áâ¢¥-®¥ à §«¨ç¨¥ ¬¥¦¤ã ç¥âª® ¢ëà ¦¥®© á¢®¡®¤-®© ¯®¢¥àå®áâìî ¨ â¥à¬®ª«¨®¬, ¯à¥¤áâ ¢«ïî-c �. �. �¢à ¬¥ª®, �. �. �¥«¥§®¢, 2002 3



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 3 { 13é¨¬ á®¡®© â®ª¨© á«®©, ¢ ª®â®à®¬ ¯®¢¥àå®áâ®¥ âï¦¥¨¥ ¬®¦¥â ¯à®ï¢«ïâìáï ¥ â ª ï¢®. �¤- ª® ¢ ¥ª®â®àëå « ¡®à â®àëå íªá¯¥à¨¬¥â å,  â ª¦¥ ¯à®¬ëè«¥ëå à §à ¡®âª å ¯®¢¥àå®áâìª®â ªâ  ¬®¦¥â ¡ëâì ¤®áâ â®ç® ç¥âª® ®¯à¥¤¥«¥- .� ¬¥â¨¬, çâ® ãáâ®©ç¨¢®áâì ¤¢ãåª®¬¯®¥â®©£¨¤à®¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë áãé¥áâ¢¥® § ¢¨á¨â®â ®â®è¥¨ï ¯«®â®áâ¥© � = �2=�1 (�2 á®®â¢¥â-áâ¢ã¥â ¢¥àå¥© ¦¨¤ª®áâ¨, �1 { ¨¦¥©). �«ãç ©,ª®£¤  ®â®è¥¨¥ ¯«®â®áâ¥© à ¢® ã«î � = 0,á®®â¢¥áâ¢ã¥â ¢®« ¬   á¢®¡®¤®© ¯®¢¥àå®áâ¨,¥á«¨ ¦¥ � 6= 0, â® à áá¬ âà¨¢ îâáï ¢ãâà¥¨¥¢®«ë   ¯®¢¥àå®áâ¨ ª®â ªâ  ¤¢ãå ¦¨¤ª®áâ¥©.�ç¥¢¨¤®, çâ® ¬®¦® ¯®«ãç¨âì ãà ¢¥¨¥ �ëè ¢ á«ãç ¥ � ! 0 [19] ¨ ãà ¢¥¨¥ �®£   [20] ¯à¨� 6= 0. �à¨ à áá¬®âà¥¨¨ ¡®«ìè¨å ¢®« ¢ ®ª¥ -¥ ¢ ¥ª®â®àëå á«ãç ïå ¯®¢¥àå®áâë¬  âï¦¥¨-¥¬ ¬®¦® ¯à¥¥¡à¥çì, ®¤ ª® ¤«ï è¨à®ª®£® ª« áá íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨© ¤¢ãåª®¬¯®¥â-ëå £¨¤à®¤¨ ¬¨ç¥áª¨å á¨áâ¥¬ ¢ « ¡®à â®àëåãá«®¢¨ïå ä ªâ®à ¯®¢¥àå®áâ®£®  âï¦¥¨ï ¨£à -¥â § ç¨â¥«ìãî à®«ì.�â âìï � ©äí [21] á®¤¥à¦¨â ®¡áâ®ïâ¥«ìë©  «¨§ ¢®«®¢ëå ¤¢¨¦¥¨©   ¯®¢¥àå®áâ¨ ª®-â ªâ  ¤¢ãå ¯®«ã¡¥áª®¥çëå ¦¨¤ª®áâ¥© á ãç¥â®¬¯®¢¥àå®áâ®£®  âï¦¥¨ï. � «®£¨ç ï § ¤ ç ® à á¯à®áâà ¥¨¨ ¢®«®¢ëå ¯ ª¥â®¢   ¯®¢¥àå-®áâ¨ ª®â ªâ  ¦¨¤ª®£® ¯®«ã¯à®áâà áâ¢  ¨ ¦¨¤-ª®£® á«®ï  ¤ ¨¬ ¨§ãç « áì ¢ [22], £¤¥ ®¡áã¦¤ -« áì ¯à®¡«¥¬  ãáâ®©ç¨¢®áâ¨ ¢®«®¢ëå ¯ ª¥â®¢ ¢á¨áâ¥¬¥ "á«®© - ¯®«ã¯à®áâà áâ¢®" ¬¥â®¤®¬ ¬®-£®¬ áèâ ¡ëå à §«®¦¥¨© ¤® âà¥âì¥£® ¯®àï¤ª ,  â ª¦¥ ¢ [23] ¤«ï á«ãç ï ¬ «ëå ç áâ®â. �¡« áâ¨à¥§® á  ¢â®à®© £ à¬®¨ª¨ ¢ á¨áâ¥¬¥ "á«®© - ¯®-«ã¯à®áâà áâ¢®" ®¯¨á ë ¢ áâ âì¥ [24].� áâ âìïå, ®¯ã¡«¨ª®¢ ëå ¢ ¯®á«¥¤¥¥ ¢à¥¬ï,à áá¬®âà¥ë à §«¨çë¥  á¯¥ªâë ç¥â¢¥àâ®£® ¯à¨-¡«¨¦¥¨ï ¯à®¡«¥¬ë í¢®«îæ¨¨ ¥«¨¥©ëå ¢®«-®¢ëå ¯ ª¥â®¢, â ª¨¥ ª ª í¢®«îæ¨®®¥ ãà ¢¥-¨¥ ¯à¨ ®ª®«®ªà¨â¨ç¥áª¨å ¢®«®¢ëå ç¨á« å [25,26], í¢®«îæ¨®®¥ ãà ¢¥¨¥ ¯à¨ ¢®«®¢ëå ç¨-á« å, ¤ «¥ª¨å ®â ªà¨â¨ç¥áª®£® [3,27,28], ¨áá«¥¤®¢ -¨¥ ãáâ®©ç¨¢®áâ¨ à¥è¥¨© ãª § ëå ãà ¢¥¨©[2, 29]. �â¨ áâ âì¨ ®áïâ â¥®à¥â¨ç¥áª¨© å à ª-â¥à, ®¤ ª® ¯®«ãç¥ë¥ ¢ ¨å ¯¥à¢ë¥ âà¨ £ à¬®¨-ª¨, ¢å®¤ïé¨¥ ¢ ¢®«®¢®© ¯ ª¥â, ¤ îâ ¢®§¬®¦®áâì¯à®¢¥áâ¨ ¤¥â «ìë©   «¨§ ä¨§¨ç¥áª¨å ï¢«¥¨©,¯à®¨áå®¤ïé¨å   ¯®¢¥àå®áâ¨ ª®â ªâ  ¤¢ãå £¨-¤à®¤¨ ¬¨ç¥áª¨å áà¥¤ á à §«¨çë¬¨ á¢®©áâ¢ ¬¨.� ª¨¬ ®¡à §®¬,  áâ®ïé ï áâ âìï ï¢«ï¥âáï ¤ «ì-¥©è¨¬ à §¢¨â¨¥¬ ãª § ëå à ¡®â. �¥ æ¥«ìîï¢«ï¥âáï ¨§ãç¥¨¥ áâàãªâãàë ¢®«®¢®£® ¯ ª¥â  ¢ãá«®¢¨ïå, ¡«¨§ª¨å ª  âãàë¬.

1. ����� �������� � ������� ��-������������ ��������� �� ���-����� ���������à¨¢¥¤¥¬ ¥ª®â®àë¥ á¢¥¤¥¨ï ® ä¨§¨ç¥áª®© ¯à¨-à®¤¥ ®¡à §®¢ ¨ï ¨ £ è¥¨ï ¢®«   á¢®¡®¤®© ¯®-¢¥àå®áâ¨ ¨   ¯®¢¥àå®áâ¨ ª®â ªâ  à §«¨çëå¦¨¤ª¨å áà¥¤ á ãç¥â®¬ á¨« ¯®¢¥àå®áâ®£®  âï¦¥-¨ï.�¨§¨ç¥áª ï £à ¨æ  à §¤¥«  ä § ¯à¥¤áâ ¢«ï-¥â á®¡®© ¥ £¥®¬¥âà¨ç¥áªãî ¯®¢¥àå®áâì ã«¥-¢®© â®«é¨ë,   ¯¥à¥å®¤®© á«®©, â®«é¨  ª®â®-à®£® ª®¥ç . �ãâà¨ íâ®© §®ë â¥§®à ¤ ¢«¥¨ï,®¯à¥¤¥«¥ë© ¢ £¨¤à®áâ â¨ç¥áª®¬ á¬ëá«¥, ¬®¦¥â¨§¬¥ïâìáï, ®¡à é ïáì ¢ ¨§®âà®¯®¥ ¨ ¯®áâ®ï®¥¤ ¢«¥¨¥ ¢ãâà¨ ª ¦¤®© ä §ë. �¥ «ìãî £¨¤à®-¤¨ ¬¨ç¥áªãî á¨áâ¥¬ã á ¯«®áª®© £à ¨æ¥© ¬¥¦¤ãä § ¬¨ ¬®¦® à áá¬ âà¨¢ âì â ª, ª ª ¥á«¨ ¡ë ® á®áâ®ï«  ¨§ ¤¢ãå ®¤®à®¤ëå ä §, à §¤¥«¥ëå¯«®áª®© ¬¥¬¡à ®© ã«¥¢®© â®«é¨ë, ¥áãé¥© ¥-ª®â®à®¥  âï¦¥¨¥,  §ë¢ ¥¬®¥ ¯®¢¥àå®áâë¬.� ª¨¬ ®¡à §®¬ ¢¢®¤¨âáï ¬¥å ¨ç¥áª®¥ ®¯à¥¤¥«¥-¨¥ ¯®¢¥àå®áâ®£®  âï¦¥¨ï [30,31].�§¢¥áâ® â ª¦¥, çâ® ¢¥«¨ç¨  ¯®¢¥àå®áâ®£® âï¦¥¨ï   ¯®¢¥àå®áâ¨ ª®â ªâ  ¬¥¦¤ã ¤¢ã-¬ï à §«¨çë¬¨ ¦¨¤ª®áâï¬¨ ®¯à¥¤¥«ï¥âáï áà¥¤¥©í¥à£¨¥© ¯¥à¥¢®¤  ¬®«¥ªã« ¨§ "®¡ê¥¬®£®" á®áâ®-ï¨ï ¢ "¯®¢¥àå®áâ®¥", ¯à¨ íâ®¬ á®¢¥àè ¥âáïà ¡®â  ¯à®â¨¢ ¬®«¥ªã«ïàëå á¨« áæ¥¯«¥¨ï [32].�®¢¥àå®áâ®¥  âï¦¥¨¥   £à ¨æ¥ ¤¢ãå ¦¨¤-ª®áâ¥© ¯®¨¦ ¥âáï á ¢®§à áâ ¨¥¬ ¢§ ¨¬®© à á-â¢®à¨¬®áâ¨, â ª¨¬ ®¡à §®¬, ¯à¨ ¯®¢ëè¥¨¨ â¥¬-¯¥à âãàë  ¡«î¤ ¥âáï ¯®¨¦¥¨¥ ¯®¢¥àå®áâ®£® âï¦¥¨ï. � ª,   á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¢®¤ë¯à¨ ¯®¢ëè¥¨¨ â¥¬¯¥à âãàë á 0 ¤® 600� ª®íää¨-æ¨¥â ¯®¢¥àå®áâ®£®  âï¦¥¨ï ã¬¥ìè ¥âáï á75:64 � 10�3 ¤® 66:18 � 10�3 �/¬, çâ® á®áâ ¢«ï¥â12%. � «®£¨çë© à¥§ã«ìâ â  ¡«î¤ ¥âáï ¨ ¤«ï¤àã£¨å ¦¨¤ª®áâ¥©.�â¬¥â¨¬, çâ®   ¯®¢¥àå®áâ®¥  âï¦¥¨¥¢¥áì¬  á¨«ì® ¢«¨ï¥â í«¥ªâà¨§ æ¨ï â¥« . �à¨ ¯®-¢ëè¥¨¨ § àï¤  ¦¨¤ª®áâ¨ ¥¥ ¯®¢¥àå®áâ®¥  âï-¦¥¨¥ ã¬¥ìè ¥âáï, â ª ª ª í«¥ªâà¨ç¥áª¨¥ § àï-¤ë ¢á«¥¤áâ¢¨¥ ¢§ ¨¬®£® ®ââ «ª¨¢ ¨ï áâà¥¬ïâáïã¢¥«¨ç¨âì ¯®¢¥àå®áâì § àï¦¥®£® â¥« .� ª¨¥ ä ªâ®àë, ª ª â¥¬¯¥à âãà  ¨ í«¥ªâà¨§ -æ¨ï, ¬¥ïîâ ¯®¢¥àå®áâ®¥  âï¦¥¨¥   á¢®-¡®¤®© ¯®¢¥àå®áâ¨ ¨«¨ ¯®¢¥àå®áâ¨ ª®â ª-â  ç¨áâëå ¦¨¤ª®áâ¥©. �ãé¥áâ¢¥ë¬ ä ªâ®-à®¬ ï¢«ï¥âáï  «¨ç¨¥ ¢ ¦¨¤ª®áâ¨ ¯®¢¥àå®áâ®- ªâ¨¢ëå ¢¥é¥áâ¢. � ¯à¨¬¥à, ¥¡®«ìè®¥ á®¤¥à-¦ ¨¥ ¯®¢¥àå®áâ®- ªâ¨¢ëå ¯à®¤ãªâ®¢ ®ª¨á«¥-¨ï ã£«¥¢®¤®à®¤®¢, ®á®¡¥® ª à¡®®¢ëå ª¨á«®â,¯®¨¦ ¥â ¯®¢¥àå®áâ®¥  âï¦¥¨¥   ¯®¢¥àå®-4 �. �. �¢à ¬¥ª®, �. �. �¥«¥§®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 3 { 13áâ¨ ª®â ªâ  £¨¤à®¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë "¢®¤  -®ªâ " á 50:8�10�3 ¤® 30�10�3 �/¬. �à®¨áå®¦¤¥¨¥¯®¢¥àå®áâ®- ªâ¨¢ëå ¯«¥®ª ¢  âãàëå ãá«®-¢¨ïå ®ª¥   ¬®¦¥â ¡ëâì á ¬ë¬ à §®®¡à §ë¬.� ª, ¢ ¥äâ¥®áëå à ©® å ¬®àï ¯®¢¥àå®áâ®- ªâ¨¢ë¥ ¯«¥ª¨ ¬®£ãâ ¢®§¨ª âì ¡« £®¤ àï ¢ë-áâã¯«¥¨î ª ¯¥«ì ¥äâ¨   ¤¥ ¨ ¯®¤ê¥¬ã ¨å¢¢¥àå. � ª¨¥ ¦¥ ï¢«¥¨ï ¬®£ãâ ¢®§¨ª âì ¯®§ ¤¨áã¤®¢, § £àï§ïîé¨å ¯®¢¥àå®áâì ¬®àï,   â ª¦¥¯®§ ¤¨ àë¡ì¨å ª®áïª®¢. � ¥ª®â®àë¥ á¥§®ë ¨á-â®ç¨ª®¬ ¯®¢¥àå®áâ®- ªâ¨¢ëå ¢¥é¥áâ¢ ï¢«ï-¥âáï ¦¨¢®âë© ¨ à áâ¨â¥«ìë© ¯« ªâ®.� à¥§ã«ìâ â¥ íªá¯¥à¨¬¥â®¢ [33], ¯à®¢¥¤¥ëå�.�.�¢ ®¢ë¬ ¨ �.�.�ã«¥©ª¨ë¬, ¡ë«® ãáâ ®-¢«¥®, çâ® ª®«¨ç¥áâ¢® í¥à£¨¨ ¢®«, ª®â®à®¥ ¯®-£«®é ¥âáï ¯«¥ª ¬¨, ®¡à â® ¯à®¯®àæ¨® «ì®ª¢ ¤à âã ¯¥à¨®¤  ¢®«. �¯ëâë¬ ¯ãâ¥¬ ¯®¤â¢¥à-¦¤¥  £¨¯®â¥§  ® â®¬, çâ® ¯®£«®é¥¨¥ í¥à£¨¨®¡ãá«®¢«¥® ¢ãâà¥¨¬ âà¥¨¥¬ ¢ á ¬®¬ ¢¥é¥-áâ¢¥  ªâ¨¢®© ¯«¥ª¨, ¯à¨ íâ®¬ ¡®«ìè®¥ ¨«¨ ¬ «®¥¯®¢¥àå®áâ®¥  âï¦¥¨¥ ¥ ¬®¦¥â ¢«¨ïâì   ¥-®¡à â¨¬ë© ¯à®æ¥áá ¯®£«®é¥¨ï í¥à£¨¨ ¢®«. � -ª¨¬ ®¡à §®¬, ¢  áâ®ïé¥© áâ âì¥   «¨§¨àã¥âáï¢«¨ï¨¥ ¯®¢¥àå®áâ®£®  âï¦¥¨ï   áâàãªâãàã¢®«®¢®£® ¯ ª¥â    ¯®¢¥àå®áâ¨ ª®â ªâ  ¤¢ãå¦¨¤ª¨å áà¥¤, ¥ á®¤¥à¦ é¨å ¯à¨¬¥á¥©.2. ���������� ����� � ����� ���������2.1. �¨áâ¥¬  "¯®«ã¯à®áâà áâ¢® - ¯®«ã¯à®-áâà áâ¢®"� á¯à®áâà ¥¨¥ ¢®«®¢ëå ¯ ª¥â®¢ ¢¤®«ì ¯®-¢¥àå®áâ¨ ª®â ªâ  ¤¢ãå ¦¨¤ª¨å ¯®«ã¯à®áâà áâ¢á ãç¥â®¬ á¨« ¯®¢¥àå®áâ®£®  âï¦¥¨ï ®¯¨áë¢ -¥âáï á« ¡®¥«¨¥©®© ä¨§¨ª®-¬ â¥¬ â¨ç¥áª®© ¬®-¤¥«ìî, ª®â®à ï ¢ ¤¥ª àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨ âx; y; z ¨¬¥¥â ¢¨¤r2'j = 0 ¢ 
j; (1)�;t � 'j;z = �'j;x�;x   z = � (x; t) ; (2)'1;t��'2;t+(1��) �+12 (r'1)2� 12� (r'2)2��T �1+�2;x��3=2 �;xx = 0   z=� (x; t) ;(3)jr'1j ! 0 ¯à¨ z !�1; (4)jr'2j ! 0 ¯à¨ z ! +1: (5)£¤¥ 'j (j = 1; 2) { ¯®â¥æ¨ «ë áª®à®áâ¥© ¢ ¦¨¤ª¨åáà¥¤ å; �(x; t) { ®âª«®¥¨¥ ¯®¢¥àå®áâ¨ ª®â ªâ ®â ¥¢®§¬ãé¥®£® á®áâ®ï¨ï z = 0.� ¯®áâ ®¢ªã § ¤ ç¨ ¢å®¤¨â â ª¦¥ ¯à¥¤¯®«®¦¥-¨¥ ® â®¬, çâ® ¢¤®«ì ¯®¢¥àå®áâ¨ à §¤¥«  à á-¯à®áâà ïîâáï ¡¥£ãé¨¥ ¢®«ë (¯à¨¢¥¤¥ë ¢ ¯.

3.1), £àã¯¯¨àãîé¨¥áï ¢ ¢®«®¢ë¥ ¯ ª¥âë, ª®â®-àë¥ å à ªâ¥à¨§ãîâáï á¢®¥© ®£¨¡ îé¥© ¨ á¢®¥©áª®à®áâìî à á¯à®áâà ¥¨ï. �à¨ à á¯à®áâà ¥-¨¨ ¢®«®¢ë¥ ¯ ª¥âë ¬®£ãâ ¡ëâì ãáâ®©ç¨¢ë¬¨¨ ¥ãáâ®©ç¨¢ë¬¨ ¨ á¨«ì® ¨§¬¥ïâì á¢®î ä®à¬ã¢¯«®âì ¤® à §àãè¥¨ï.�̈ ¤à®¤¨ ¬¨ç¥áª ï á¨áâ¥¬  á®áâ®¨â ¨§ ¨¦¥©¯®«ã®£à ¨ç¥®© ¦¨¤ª®áâ¨ á ¯«®â®áâìî �1 {®¡« áâì 
1 = f(x; y; z) : jxj < 1; jyj < 1; z < 0g¨ ¢¥àå¥© ¯®«ã®£à ¨ç¥®© ¦¨¤ª®áâ¨ á ¯«®â®-áâìî �2 { ®¡« áâì 
2 = f(x; y; z) : jxj < 1; jyj <1; z > 0g, ª®â®àë¥ à §¤¥«¥ë ¯®¢¥àå®áâìîª®â ªâ  z = �(x; t) ¯¥à¥¬¥®© ä®à¬ë; � = �1=�2{ ®â®è¥¨¥ ¯«®â®áâ¥© ¨¦¥© ¨ ¢¥àå¥© ¦¨¤-ª®áâ¥©. �®¢¥àå®áâ®¥  âï¦¥¨¥ ãçâ¥® ¢ ¢¨-¤¥ á« £ ¥¬®£® �T �1+�2;x��3=2 �;xx ¢ ¤¨ ¬¨ç¥áª®¬£à ¨ç®¬ ãá«®¢¨¨ (3). � ª®¥ ¢ëà ¦¥¨¥ á«¥¤ã¥â¨§ ¨§¢¥áâ®© ä®à¬ã«ë � ¯« á  [34], ª®â®à®¥ ®¯à¥-¤¥«ï¥â ¤ ¢«¥¨¥ ¨áªà¨¢«¥®© ¯®¢¥àå®áâ¨ ¦¨¤ª®-áâ¨   ¢ãâà¨«¥¦ éãî ¦¨¤ª®áâì, ®¡ãá«®¢«¥®¥¯®¢¥àå®áâë¬  âï¦¥¨¥¬, ª ª ¯à®¨§¢¥¤¥¨¥ ª®-íää¨æ¨¥â  ¯®¢¥àå®áâ®£®  âï¦¥¨ï T   ªà¨-¢¨§ã ¯®¢¥àå®áâ¨ K = �1+�2;x��3=2 �;xx.�¥§à §¬¥àë¥ ¢¥«¨ç¨ë ¢¢¥¤¥ë   ®á®¢¥ å -à ªâ¥à®© ¤«¨ë L0, ¯«®â®áâ¨ ¨¦¥© ¦¨¤ª®áâ¨�1, å à ªâ¥à®£® ¢à¥¬¥¨ (L0=g)1=2, £¤¥ g { ãáª®-à¥¨¥ á¢®¡®¤®£® ¯ ¤¥¨ï. �¥§à §¬¥àë© ª®íä-ä¨æ¨¥â ¯®¢¥àå®áâ®£®  âï¦¥¨ï ¢ íâ®¬ á«ãç ¥®¯à¥¤¥«ï¥âáï á®®â®è¥¨¥¬ T � = T=(L20�1g) (¤ -«¥¥ §¢¥§¤®çª¨ ®¯ãé¥ë).2.2. �¨áâ¥¬  "á«®© - ¯®«ã¯à®áâà áâ¢®"� á¯à®áâà ¥¨¥ ¢®«®¢ëå ¯ ª¥â®¢ ¢¤®«ì ¯®-¢¥àå®áâ¨ ª®â ªâ  ¦¨¤ª®£® ¯®«ã¯à®áâà áâ¢  ¨á«®ï ¢ ¯à¨¡«¨¦¥¨¨ â¢¥à¤®© ªàëèª¨   ¢¥àå¥©¯®¢¥àå®áâ¨ ®¯¨áë¢ ¥âáï   «®£¨ç® á¨áâ¥¬¥ "¯®-«ã¯à®áâà áâ¢® { ¯®«ã¯à®áâà áâ¢®". �áâ îâáï¥¨§¬¥ë¬¨ ãà ¢¥¨ï ¤¢¨¦¥¨ï (1) ¨ ãá«®¢¨ï  ¯®¢¥àå®áâ¨ ª®â ªâ  (2) ¨ (3),   â ª¦¥ ãá«®¢¨¥  ¡¥áª®¥ç®áâ¨ (4). �á«®¢¨¥   â¢¥à¤®© ªàëèª¥,à á¯®«®¦¥®©  ¤ ¦¨¤ª¨¬ á«®¥¬ 
2 = f(x; y; z) :jxj <1; jyj <1; 0 � z < hg, ¨¬¥¥â ¢¨¤jr'2;zj = 0 ¯à¨ z = h: (6)�á¥ ¢¢¥¤¥ë¥ ¢ ¯ãªâ¥ 2.1 ¤«ï á¨áâ¥¬ë "¯®«ã-¯à®áâà áâ¢® { ¯®«ã¯à®áâà áâ¢®" ®¡®§ ç¥¨ï ¨¡¥§à §¬¥àë¥ ¯¥à¥¬¥ë¥ á®åà ïîâáï ¯à¨¬¥¨-â¥«ì® ª á¨áâ¥¬¥ "á«®© { ¯®«ã¯à®áâà áâ¢®".2.3. �¥â®¤ ¬®£®¬ áèâ ¡ëå à §«®¦¥¨©�«ï ¯®áâà®¥¨ï ¯à¨¡«¨¦¥ëå à¥è¥¨© § ¤ ç(1)-(5) ¯à¨¬¥ï¥âáï ¬¥â®¤ ¬®£®¬ áèâ ¡ëå à §-�. �. �¢à ¬¥ª®, �. �. �¥«¥§®¢ 5



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 3 { 13«®¦¥¨© [35] ¯® ä®à¬ «ì®¬ã ¬ «®¬ã ¡¥§à §¬¥à-®¬ã ¯ à ¬¥âàã �, ®¯à¥¤¥«ïîé¥¬ã à §«¨çë¥ ¬ á-èâ ¡ë xn = "nx; tn = "nt:�(x; t)= 4Xn=1"n�n(x0; x1; x2; x3; t0; t1; t2; t3)+O("5) (7)�j(x; z; t)= (8)= 4Xn=1"n�jn(x0; x1; x2; x3; z; t0; t1; t2; t3)+O("5):�ëáâàë© ¬ áèâ ¡ t0 ¨ ª®à®âª¨© ¬ áèâ ¡ x0 å -à ªâ¥à¨§ãîâ ç áâ®âã ¨ ¤«¨ã ¢®«ë á®®â¢¥â-áâ¢¥®. �¥¤«¥ë¥ ¬ áèâ ¡ë t1, t2 ¨ ¤«¨ë¥¬ áèâ ¡ë x1, x2 å à ªâ¥à¨§ãîâ ¢à¥¬¥ë¥ ¨ ¯à®-áâà áâ¢¥ë¥ ¨§¬¥¥¨ï ä §ë ¨  ¬¯«¨âã¤ë ¢®«-ë.3. ���������� ��������� ������-����� � ������� �����������3.1. �¨áâ¥¬  "¯®«ã¯à®áâà áâ¢® { ¯®«ã¯à®-áâà áâ¢®"�¥«¨¥© ï § ¤ ç  (1)-(5) ¯®á«¥ ¯®¤áâ ®¢ª¨ ¢¥¥ ¢ëà ¦¥¨© (7) ¨ (8) ¡ë«  á¢¥¤¥  ª ç¥âë-à¥¬ «¨¥©ë¬ § ¤ ç ¬ ®â®á¨â¥«ì® �n ¨ 'jn(n = 1; 2; 3; j = 1; 2) { ¥¨§¢¥áâëå äãªæ¨© ¬ á-èâ ¡ëå ¯¥à¥¬¥ëå. �®á«¥¤®¢ â¥«ì® à¥è ï «¨-¥©ë¥ § ¤ ç¨, ¯®«ãç¥ë à¥è¥¨ï ¢ âà¥âì¥¬ ¯à¨-¡«¨¦¥¨¨. � ª, ®âª«®¥¨¥ á¢®¡®¤®© ¯®¢¥àå®-áâ¨ ¯®«ãç¥® ¢ ¢¨¤¥ áã¬¬ë� = "�1 + "2�2 + "3�3; (9)£¤¥�1 = A exp i� + �A exp (�i�),�2 = �22A2 exp 2i� + �22 �A2 exp (�2i�),�3 = �32 i" A@A@x exp 2 i� + �32 i" �A@ �A@x exp (�2 i�)++�33A3 exp 3 i� + �33 �A3 exp (�3 i�) ;� = kx0 � ! t0; k; !� ¢®«®¢®¥ ç¨á«® ¨ ¥áãé ïç áâ®â  æ¥âà  ¢®«®¢®£® ¯ -ª¥â ; A (x1; x2; x3; t1; t2; t3) ¨ �A (x1; x2; x3; t1; t2; t3){ ª®¬¯«¥ªá ï ®£¨¡ îé ï ¢®«®¢®£® ¯ ª¥â  ¨ ¥¥ª®¬¯«¥ªá® á®¯àï¦¥ ï ¢¥«¨ç¨ . �®íää¨æ¨¥-âë �ij ¨¬¥îâ ¢¨¤�22 = k �k2T+1��� (1��)(1+�) (1���2k2T ) ;�32=�k4(8T�10T 2)+k2(1��)(8�3T )+(1��)2�(1��)(1+�) (1���2k2T ) (1��+2k2T�4k2) ;�33 = k2 �C2k4T 2 + C1k2T + C0�(1+�)2 (1���2k2T ) (1���3k2T ) ;

£¤¥C2 = 6� 20�+ 6�2,C1 = 21� 43�+ 43�2 � 21�3,C0 = 6� 32�+ 52�2 � 32�3 + 6�4:�®à¬ã«ã (9) ¬®¦® § ¯¨á âì ¢ ¢¨¤¥ áã¬¬ë ¯® áâ¥-¯¥ï¬ "� = " �A exp i� + �A exp (�i�)� ++"3 ��33A3 exp 3 i� +�33 �A3 exp (�3 i�)� ++"2 ���22A2 + �32iA@A@x� exp 2 i�++��22 �A2 � �32i �A@ �A@x� exp (�2 i�)� : (10)�§¢¥áâ® [3], çâ® í¢®«îæ¨®®¥ ãà ¢¥¨¥ ®£¨-¡ îé¥© ¢®«®¢®£® ¯ ª¥â    ¯®¢¥àå®áâ¨ ª®-â ªâ  ¤¢ãå ¯®«ã¡¥áª®¥çëå £¨¤à®¤¨ ¬¨ç¥áª¨åáà¥¤ ï¢«ï¥âáï ®¡®¡é¥ë¬ ¥«¨¥©ë¬ ãà ¢¥¨-¥¬ �à¥¤¨£¥à A;t+!0A;x� i!002! �A;xx� !0003! �A;xxx = �"21+���(i k!AA[IA+ I 0A;x] + � k!�0 I(A2A);x) ; (11)£¤¥I = k22 (1 + �)2 (1� � � 2Tk2) �� ��1�6�+�2� k4T 2 + 0:5 �1�31�+31�2��3� k2T++4 �1� 2� + 2�2 � 2�3 + �4�� :�¤¨¬ ¨§ à¥è¥¨© í¢®«îæ¨®®£® ãà ¢¥¨ï(11) ¥áâì äãªæ¨ï á«¥¤ãîé¥£® ¢¨¤ :A�"x; "2x; "3x; "t; "2t; "3t�=a exp�i"2a2k! � I t1+�� :(12)�®¤áâ ¢¨¬ ¢ëà ¦¥¨¥ (12) ¢ ä®à¬ã«ã ¤«ï ®â-ª«®¥¨ï á¢®¡®¤®© ¯®¢¥àå®áâ¨ (10) ¨ ¯®á«¥ ¯à¥-®¡à §®¢ ¨© ¯®«ãç¨¬ áã¬¬ã âà¥å £ à¬®¨ª á á®®â-¢¥âáâ¢ãîé¨¬¨  ¬¯«¨âã¤ ¬¨ (§¤¥áì ¢á¥ ¢¥«¨ç¨ë¡¥§à §¬¥àë¥, §¢¥§¤®çª¨ ®¯ãé¥ë):� = 2"a cos � k x� _!t�+ 2"2a2�22 cos 2�kx� _!t�++2"3a3�33 cos 3�kx� _!t�+O �"4� ; (13)£¤¥ ç áâ®â  _! = ! � "2a2 k! � �1(1+�)I. �¥à¥å®¤ ª®â ¡¥§à §¬¥àëå (á® §¢¥§¤®çª ¬¨) ª à §¬¥àë¬(¡¥§ §¢¥§¤®ç¥ª) ¢¥«¨ç¨ ¬ ¯à¨¢®¤¨â ª á«¥¤ãîé¨¬6 �. �. �¢à ¬¥ª®, �. �. �¥«¥§®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 3 { 13¢ëà ¦¥¨ï¬ ¤«ï  ¬¯«¨âã¤:¯¥à¢®© £ à¬®¨ª¨ A1 � 2"a�L = 2"a; (14)¢â®à®© £ à¬®¨ª¨A2 � 2"2a�2L��22== 2"2a2 k �k2T=g+�1��2� (�1��2)(�1+�2) (�1��2�2k2T=g) ; (15)âà¥âì¥© £ à¬®¨ª¨A3 � 2"3a�3L��33 = (16)= 2"3a3k2 �C�2k4T 2=g2 + C�1k2T=g + C�0�== h(�1+�2)2 ��1��2�2k2T=g� ��1��2�3k2T=g�i ;£¤¥C�2 = 6�21 � 20�1�2 + 6�22,C�1 = 21�31 � 43�21�2 + 43�1�22 � 21�32,C�0 = 6�41 � 32�31�2 + 52�21�22 � 32�1�32 + 6�42:�à¥¤¯®«®¦¨¬, çâ® à §¬¥à ï  ¬¯«¨âã¤  ¯¥à¢®©£ à¬®¨ª¨ A1 ¢ n à § ¬¥ìè¥ ¥¥ ¤«¨ë L, â®£¤ 2"a = L=n. � ª¨¬ ®¡à §®¬, ¬ «ë© ¯ à ¬¥âà § ¤ -¥âáï ¢ ¢¨¤¥ ®â®è¥¨ï ¤«¨ë ¯¥à¢®© £ à¬®¨ª¨ ª ¬¯«¨âã¤¥ ª®¬¯«¥ªá®© ®£¨¡ îé¥© a, ã¢¥«¨ç¥®©¢ 2n à §, â.¥. ¢ ¢¨¤¥ " = L=(2na).�áá«¥¤ã¥¬ â ª  §ë¢ ¥¬ë¥ "à¥§® áë¥ ®¡« -áâ¨" ¯®«ãç¥®£® à¥è¥¨ï, ¯à¨ ª®â®àëå  ¬¯«¨âã-¤ë ¢ëáè¨å £ à¬®¨ª ¥®£à ¨ç¥® ¢®§à áâ îâ.� ¬¥ â¥«ì  ¬¯«¨âã¤ë ¢â®à®© £ à¬®¨ª¨ ®¡à -é ¥âáï ¢ ã«ì ¯à¨ �1 � �2 � 2k2T=g = 0, âà¥âì¥©¯à¨ �1 � �2 � 2k2T=g = 0 ¨ �1 � �2 � 3k2T=g = 0¨ â. ¤. �ç¥¢¨¤®, çâ® ¢á¥ ¯®á«¥¤ãîé¨¥ £ à¬®-¨ª¨ ¡ã¤ãâ ¨¬¥âì à¥§® áãî ®¡« áâì �1 � �2 ��2k2T=g = 0. � ª¨¬ ®¡à §®¬, ¢ ®¡« áâ¨, ¡«¨§-ª®© ª �1 � �2 � 2k2T=g = 0, ¤«ï ¯®«ãç¥¨ï â®ç®-£® à¥è¥¨ï ¥®¡å®¤¨¬® ãç¨âë¢ âì § ç¨â¥«ì®¥ª®«¨ç¥áâ¢® ¢ëáè¨å £ à¬®¨ª, ª ¦¤ ï ¨§ ª®â®àëå¨¬¥¥â ¡®«ìèãî  ¬¯«¨âã¤ã, ® ®¡é ï ¨å áã¬¬  á®-¨§¬¥à¨¬  á à¥è¥¨ï¬¨ ¢ ¥à¥§® áëå ®¡« áâïå.�«¥¤®¢ â¥«ì®, à¥è¥¨ï ¢ à¥§® áëå ®¡« áâïåâà¥¡ãîâ ¯à¨æ¨¯¨ «ì® ¤àã£®£® ¯®¤å®¤ , çâ® ¥-®¡å®¤¨¬® ãç¨âë¢ âì ¯à¨ ¨áá«¥¤®¢ ¨¨ ä¨§¨ç¥áª®©áâàãªâãàë à¥è¥¨ï, ¯®«ãç¥®£® ¬¥â®¤®¬ ¬®£®-¬ áèâ ¡ëå ¯à¨¡«¨¦¥¨©.3.2. �¨áâ¥¬  "á«®© { ¯®«ã¯à®áâà áâ¢®"� à¥§ã«ìâ â¥ à¥è¥¨ï ¬¥â®¤®¬ ¬®£®¬ áèâ ¡-ëå à §«®¦¥¨© § ¤ ç¨ (1){(4), (6) ® à á¯à®áâà -¥¨¨ ¥«¨¥©ëå ¢®«®¢ëå ¯ ª¥â®¢ ¢¤®«ì ¯®-¢¥àå®áâ¨ ª®â ªâ  ¯®«ã¡¥áª®¥ç®© £¨¤à®¤¨ -¬¨ç¥áª®© áà¥¤ë ¨ á«®ï ¯®«ãç¥ë à¥è¥¨ï ¢ âà¥-âì¥¬ ¯à¨¡«¨¦¥¨¨. � å®¤¥ à¥è¥¨ï,   «®£¨ç®£®¯à¨¢¥¤¥®¬ã ¢ëè¥ ¢ ¯ãªâ¥ 3.1, ®âª«®¥¨¥ ¯®-

¢¥àå®áâ¨ ª®â ªâ  ¯®«ãç¥® â ª¦¥ ¢ ¢¨¤¥ áã¬¬ë¯¥à¢ëå âà¥å á« £ ¥¬ëå� = "�1 + "2�2 + "3�3; (17)£¤¥�1 = A exp i� + �A exp (�i�) ;�2=�20A �A+�22A2 exp 2 i�+�22 �A2 exp (�2 i�) ;�3 = i" ��(x)30 �A@A@x +�(t)30 �A@A@t ��� i" ��(x)30 A@ �A@x + �(t)30 A@ �A@t �++ i" ��(x)32 A@A@x + �(t)32 A@A@t � exp 2 i� �� i" ��(x)32 �A@ �A@x + �(t)32 �A@ �A@t � exp (�2 i�) ++�33A3 exp 3 i� +�33 �A3 exp (�3 i�) :�®íää¨æ¨¥âë �ij ¡ë«¨ ¯®«ãç¥ë ¢ ¯ ª¥â¥ á¨¬-¢®«ìëå ¢ëç¨á«¥¨©. �¨ ¨¬¥îâ £à®¬®§¤ª¨© ¢¨¤¨ §¤¥áì ¥ ¯à¨¢®¤ïâáï.�¥à¥¯¨è¥¬ ä®à¬ã«ã (17) ¢ ¢¨¤¥� = " �A exp i� + �A exp (�i�)� ++"2��20A �A+ i��(x)30 �A@A@x + �(t)30 �A@A@t ���i��(x)30 A@ �A@x +�(t)30 A@ �A@t �+ (18)+ ��22A2 + i��(x)32 A@A@x + �(t)32 A@A@t �� exp 2 i�++��22 �A2�i��(x)32 �A@ �A@x +�(t)32 �A@ �A@t �� exp (�2i�)�++ "3 ��33A3 exp 3 i� + �33 �A3 exp (�3 i�)� :�¢®«îæ¨®®¥ ãà ¢¥¨¥ ®£¨¡ îé¥© ¢®«®¢®£®¯ ª¥â  ¤«ï á¨áâ¥¬ë \á«®© { ¯®«ã¯à®áâà áâ¢®"¨¬¥¥â ¢¨¤A;t+!0A;x� i!002! �A;xx�!0003! �A;xxx = �"21+�cthkh��(i k!AA[IA + I 0A;x] + �k!�0 I(A2A);x) ; (19)£¤¥ I = k2 a3T 3k6 + a2T 2k4 + a1Tk2 + a0b1Tk2 + b0 ;§ ç¥¨ï ª®íää¨æ¨¥â®¢ ¯à¨¢¥¤¥ë à ¥¥ ¢ áâ -âì¥ [2].�. �. �¢à ¬¥ª®, �. �. �¥«¥§®¢ 7



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 3 { 13� áá¬®âà¨¬ ®¤® ¨§ à¥è¥¨© í¢®«îæ¨®®£®ãà ¢¥¨ï (19) ¢¨¤ A �"x; "2x; "3x; "t; "2t; "3t� == a exp � i"2a2 k! � 11 + �cth khI t� : (20)�®¤áâ ¢¨¬ à¥è¥¨¥ (20) ¢ á®®â®è¥¨¥ (18) ¨ ¯®-á«¥ ¯à¥®¡à §®¢ ¨© ¯®«ãç¨¬ ¢ëà ¦¥¨¥ ¤«ï ®â-ª«®¥¨ï á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¢ ¢¨¤¥� = "2a2 " �20 � 2"2a2 k! I�(t)30(1 + �cth kh)!#++2" a cos � k x� _! t� + (21)+2"2a2" �22�"2a2k! I�(t)32(1+�cth kh)!cos2�kx�_!t�#++2"3a3�33 cos 3�kx� _!t� + O �"4� :�â¬¥â¨¬, çâ® áâàãªâãà  ¢®«®¢®£® ¯ ª¥â  (21)  ¯®¢¥àå®áâ¨ ª®â ªâ  ¯®«ã¡¥áª®¥ç®© áà¥¤ë¨ á«®ï ª®¥ç®© â®«é¨ë áãé¥áâ¢¥® ®â«¨ç ¥â-áï ®â ¢®«®¢®£® ¯ ª¥â  (13)   ¯®¢¥àå®áâ¨ ª®-â ªâ  ¤¢ãå ¯®«ã®£à ¨ç¥ëå áà¥¤. � á¨¬¬¥âà¨ç-®© á¨áâ¥¬¥ "¯®«ã¯à®áâà áâ¢® { ¯®«ã¯à®áâà -áâ¢®" ª ¦¤®¥ ¯®á«¥¤ãîé¥¥ ¯à¨¡«¨¦¥¨¥ ®¯à¥¤¥-«ï¥â  ¬¯«¨âã¤ã á®®â¢¥âáâ¢ãîé¥© ¢ëáè¥© £ à¬®-¨ª¨. � ¡®«¥¥ á«®¦®© ¥á¨¬¬¥âà¨ç®© á¨áâ¥¬¥"á«®© { ¯®«ã¯à®áâà áâ¢®" ª ¦¤®¥ ¯®á«¥¤ãîé¥¥¯à¨¡«¨¦¥¨¥ ®¯à¥¤¥«ï¥â  ¬¯«¨âã¤ã á®®â¢¥âáâ¢ã-îé¥© ¢ëáè¥© £ à¬®¨ª¨ «¨èì ¢ ¥ª®â®à®¬ ¯à¨-¡«¨¦¥¨¨, ¯à¨ íâ®¬ ®® ¢®á¨â ¯®¯à ¢ª¨ ¢  ¬¯«¨-âã¤ã ª ¦¤®© ¯à¥¤ë¤ãé¥© £ à¬®¨ª¨, ªà®¬¥ ¯¥à-¢®©.� ª¨¬ ®¡à §®¬, ¨§ ¢ëà ¦¥¨ï (21) ¢¨¤®, çâ® «¨ç¨¥ á«®ï ª®¥ç®© â®«é¨ë ¢® ¢â®à®¬ ¯à¨-¡«¨¦¥¨¨ ®¡ãá« ¢«¨¢ ¥â ¯®ï¢«¥¨¥ á¢®¡®¤®£®ç«¥  (ã«¥¢®© £ à¬®¨ª¨) ¢¨¤  "2a2�20 ¨ ¢â®à®©£ à¬®¨ª¨ á  ¬¯«¨âã¤®© 2"2a2�22. �à¥âì¥ ¯à¨¡«¨-¦¥¨¥ ¢®á¨â ¯®¯à ¢ªã ¢  ¬¯«¨âã¤ã ã«¥¢®© £ à-¬®¨ª¨ �2"4a4k!�1 (1 + �cth kh)�1 I �(t)30 ,¢  ¬¯«¨âã¤ã ¢â®à®© £ à¬®¨ª¨�2"4a4k!�1 (1 + �cth kh)�1 I �(t)32 ,  â ª¦¥ ®¡ãá« ¢«¨¢ ¥â ¯®ï¢«¥¨¥ âà¥âì¥© £ à¬®-¨ª¨ á  ¬¯«¨âã¤®© 2"3a3�33.� ¬¥ç ¨ï, á¤¥« ë¥ ¢ ®â®è¥¨¨ à¥§® á-ëå ®¡« áâ¥© ¢ á¨áâ¥¬¥ "¯®«ã¯à®áâà áâ¢® { ¯®-«ã¯à®áâà áâ¢®", á¯à ¢¥¤«¨¢ë ¨ ¢ á¨áâ¥¬¥ "á«®©{ ¯®«ã¯à®áâà áâ¢®". �â¬¥â¨¬, çâ® §¤¥áì ¢â®à ï£ à¬®¨ª  ¥®£à ¨ç¥® ¢®§à áâ ¥â ¯à¨�1 � �2cth kh� 2k2T=g = 0,âà¥âìï { ¯à¨ �1 � �2cth kh� 2k2T=g = 0 ¨�1 � �2cth kh� 3k2T=g = 0 ¨ â. ¤.

4. �������������� ������ �����-���� ��������� ������� å®¤¥ ¨â¥á¨¢®£® ¨áá«¥¤®¢ ¨ï ¢ãâà¥¨å¢®«,  ç ¢è¥£®áï ¢ 60-å £®¤ å á ¯®ï¢«¥¨¥¬ ¥®¡-å®¤¨¬®© ¨§¬¥à¨â¥«ì®© â¥å¨ª¨, ®¡ àã¦¥®, çâ®ä®à¬  ¢ãâà¥¨å ¢®« ¬®¦¥â ¡ëâì á ¬®© à §®-®¡à §®©. �«¨ë¥ ¢ãâà¥¨¥ ¢®«ë ¨¬¥îâ ¯®-çâ¨ á¨ãá®¨¤ «ìãî ä®à¬ã. �®£¤ , ¯à¥¨¬ãé¥-áâ¢¥®   ¬¥«ª®¢®¤ì¥, ¢ãâà¥¨¥ ¢®«ë ¨¬¥îâä®à¬ã ã¥¤¨¥®© ¢®«ë. �®à®âª¨¥ ¢ãâà¥¨¥¢®«ë ç áâ® ¨¬¥îâ ä®à¬ã, ®â«¨çãî ®â á¨ãá®¨-¤ «ì®©, ¨ à á¯à®áâà ïîâáï æã£ ¬¨ ¨«¨ £àã¯¯ -¬¨.�®«ãç¥®¥ ¢  áâ®ïé¥¬ ¨áá«¥¤®¢ ¨¨ ¢ëà ¦¥-¨¥ ¤«ï ®âª«®¥¨ï á¢®¡®¤®© ¯®¢¥àå®áâ¨   ¯®-¢¥àå®áâ¨ ª®â ªâ  ¤¢ãå ¦¨¤ª¨å áà¥¤ ¯®§¢®«ï¥â¯à®¢¥áâ¨ ª®«¨ç¥áâ¢¥ë©   «¨§ áâàãªâãàë ¢®«-®¢®£® ¯ ª¥â . �á®¡ë© ¨â¥à¥á ¯à¥¤áâ ¢«ïîâãâ®ç¥®¥ § ç¥¨¥  ¬¯«¨âã¤ë ¢â®à®© £ à¬®¨-ª¨ ¨ ¢¥«¨ç¨  âà¥âì¥© £ à¬®¨ª¨, ª®â®àë¥ ¯à¨¥ª®â®àëå ãá«®¢¨ïå áãé¥áâ¢¥® ¢«¨ïîâ   ä®à-¬ã ¢®«®¢®£® ¯ ª¥â .�«ï ª®«¨ç¥áâ¢¥®£®   «¨§  áâàãªâãàë ¢®«-®¢®£® ¯ ª¥â  à áá¬®âà¨¬ ª®à®âª¨¥ ¢ãâà¥¨¥¢®«ë ¤«ï à §«¨çëå § ç¥¨©  ¬¯«¨âã¤ë ¯¥à-¢®© £ à¬®¨ª¨ ¯à¨ § ç¥¨ïå ®â®è¥¨© ¯«®â®-áâ¥© ¢¥àå¥© ¨ ¨¦¥© ¦¨¤ª¨å áà¥¤, ¡«¨§ª¨å ª âãàë¬ ¢áâà¥ç îé¨¬áï ¢ ®ª¥ ¥ ¢ â¥à¬®ª«¨¥,� = 0:8; 0:85; 0:9. � ª ãª § ® ¢ à §¤¥«¥ 1, ¯®-¢¥àå®áâ®¥  âï¦¥¨¥ á«¥¤ã¥â ¡à âì ¨§ ¨â¥à¢ -«  ®â 0:02 ¤® 0:08 �/¬.�ãáâì ¤«¨  ¯¥à¢®© £ à¬®¨ª¨ L = 0:568 ¬,  ®â®è¥¨¥ ¤«¨ë ¯¥à¢®© £ à¬®¨ª¨ L ª ¥¥  ¬-¯«¨âã¤¥ A1 � 2"a à ¢® n = 3; ::: ; 15. �®£¤ § ç¥¨ï  ¬¯«¨âã¤ë ¯¥à¢®© £ à¬®¨ª¨ A1 ¨§¬¥-ïîâáï ¢ ¯à¥¤¥« å 0:189; ::: ; 0:038. � «ë© ¯ à -¬¥âà, ¢¢¥¤¥ë© ä®à¬ «ì® á®£« á® ¬¥â®¤ã ¬®-£®¬ áèâ ¡ëå à §«®¦¥¨©, ®¯à¥¤¥«ï¥âáï ª ª " �L=(2na). � ¬¥â¨¬, çâ® ¯à¨ â ª®¬ ¢ë¡®à¥ ä®à-¬ «ì®£® ¯ à ¬¥âà  "  ¬¯«¨âã¤ë ¢á¥å £ à¬®¨ª¥ § ¢¨áïâ ®â § ç¥¨ï  ¬¯«¨âã¤ë ª®¬¯«¥ªá®©®£¨¡ îé¥© a, ª®â®àãî ¬®¦® § ¤ âì,  ¯à¨¬¥à,à ¢®© ¤«¨¥ ¯¥à¢®© £ à¬®¨ª¨ a = L.�«ï ®¯à¥¤¥«¥¨ï ãáâ®©ç¨¢®áâ¨ ¢®«®¢ëå ¯ ª¥-â®¢ ¯à¨ à §«¨çëå à §¬¥àëå ¯ à ¬¥âà å ®¡à -â¨¬áï ª ¤¨ £à ¬¬ ¬ ãáâ®©ç¨¢®áâ¨, ¯à¥¤áâ ¢«¥-ë¬ ¢ áâ âì¥ [2]. � ¤ ¤¨¬ ª®íää¨æ¨¥â ¯®¢¥àå-®áâ®£®  âï¦¥¨ï T = 0:08 �/¬ ¨ ®¯à¥¤¥«¨¬¤«¨ã L0 = 0:09 ¬, ®¡¥§à §¬¥à¨¢ ¨¥ ¯® ª®â®à®©¯à¨¢®¤¨â ª ¡¥§à §¬¥à®¬ã ª®íää¨æ¨¥âã ¯®¢¥àå-®áâ®£®  âï¦¥¨ï T � � T=(gL20) = 1. �ãáâì¨¦ïï ¦¨¤ª®áâì ¨¬¥¥â ¯«®â®áâì �1 = 1 ª£/¬3,  ¢¥àåïï �2 = 0:9 ª£/¬3. � íâ®¬ á«ãç ¥,  -8 �. �. �¢à ¬¥ª®, �. �. �¥«¥§®¢
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�¨á. 1. � ¢¨á¨¬®áâì  ¬¯«¨âã¤ ¢â®à®© A2 ¨ âà¥âì¥© A3 £ à¬®¨ª ®â ª®íää¨æ¨¥â  ¯®¢¥àå®áâ®£®  âï¦¥¨ïT ¤«ï ¢ëá®ª¨å ¢®«: L = 0:568 ¬, A1 = 0:162 ¬, n = 3:5. �®«é¨  á«®ï h = 0:2 ¬ ( , ¢); h = 0:5 ¬(¡, £)
�¨á. 2. � ¢¨á¨¬®áâì  ¬¯«¨âã¤ ¢â®à®© A2 ¨ âà¥âì¥© A3 £ à¬®¨ª ®â ª®íää¨æ¨¥â  ¯®¢¥àå®áâ®£®  âï¦¥¨ïT ¤«ï ¯®«®£¨å ¢®«: L = 0:568 ¬, A1 = 0:103 ¬, n = 5:5. �®«é¨  á«®ï h = 0:2 ¬ ( , ¢); h = 0:5 ¬(¡, £)¯à¨¬¥à, ¤«ï ¢®« ¤«¨®© L = 0:568 ¬ â®çª   ¤¨ £à ¬¬¥ ãáâ®©ç¨¢®áâ¨, ¯à¥¤áâ ¢«¥®© ¢ áâ -âì¥ [2], ¤«ï ¡¥§à §¬¥à®© â®«é¨ë á«®ï h� = 1(¨«¨ à §¬¥à®© h = 0:09 ¬) ¨¬¥¥â ª®®à¤¨ âë � = 0:9 ¨ k � 2�L0=L = 1, ¨ á®®â¢¥âáâ¢ã-¥â ®¡« áâ¨ ¥«¨¥©®© ãáâ®©ç¨¢®áâ¨ ª ¯¨««ïà®-£à ¢¨â æ¨®ëå ¢®«. � «®£¨ç®, ¯à¨ T == 0:02 �/¬ ¢¥«¨ç¨  L0 = 0:045 ¬ ¤ ¥â ¡¥§à §-�. �. �¢à ¬¥ª®, �. �. �¥«¥§®¢ 9



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 4. �. 3 { 13¬¥àãî ¢¥«¨ç¨ã T � = 1. �®çª    ¤àã£®© ¤¨ -£à ¬¬¥ ãáâ®©ç¨¢®áâ¨ ¤«ï ¡¥§à §¬¥à®© â®«é¨ëá«®ï h� = 2 (¨«¨ à §¬¥à®© h = 0:09 ¬) ¤«ï ¢®«¤«¨®© L = 0:568 ¬ ¨¬¥¥â ª®®à¤¨ âë � = 0:9 ¨k � 2�L0=L = 0:5, ¨ â ª¦¥ á®®â¢¥âáâ¢ã¥â ®¡« -áâ¨ ãáâ®©ç¨¢®áâ¨. � ª¨¬ ®¡à §®¬, ¨áá«¥¤®¢ ¨ïáâàãªâãàë ¯ ª¥â , ¯à¥¤áâ ¢«¥ë¥ ¨¦¥, ®â¢¥ç -îâ ãáâ®©ç¨¢ë¬ ¢®«®¢ë¬ ¤¢¨¦¥¨ï¬.�  à¨á. 1 ¯à¥¤áâ ¢«¥ë § ¢¨á¨¬®áâ¨  ¬¯«¨âã¤¢â®à®© A2 ¨ âà¥âì¥© A3 £ à¬®¨ª ¤«ï ¯®¢¥àå®áâ-®£®  âï¦¥¨ï T , ¨§¬¥ïîé¥£®áï ¢ ¯à¥¤¥« å ®â0:02 ¤® 0:08 �/¬ ¯à¨ ä¨ªá¨à®¢ ®© ¤«¨¥ ¢®«-ë L = 0:568 ¬ ¨  ¬¯«¨âã¤¥ ¯¥à¢®© £ à¬®¨ª¨A1 = L=3:5, çâ® á®®â¢¥âáâ¢ã¥â ªàãâë¬ ¢®« ¬.�®«é¨  á«®ï h = 0:2 ¬ (à¨á. 1,  ,¢) ¨ h = 0:5 ¬(à¨á. 1, ¡,£). �  à¨á. 2 ¯à¥¤áâ ¢«¥ë   «®£¨ç-ë¥ § ¢¨á¨¬®áâ¨ ¢â®à®© ¨ âà¥âì¥© £ à¬®¨ª ®â¯®¢¥àå®áâ®£®  âï¦¥¨ï ¤«ïA1 = L=5:5, çâ® á®-®â¢¥âáâ¢ã¥â ¡®«¥¥ ¯®«®£¨¬ ¢®« ¬. �®«é¨  á«®ïh = 0:2 ¬ (à¨á. 2,  ,¢) ¨ h = 0:5 ¬ (à¨á.2, ¡,£).� ª ¢¨¤®, ¯à¨ ¬ «®¬ ¯®¢¥àå®áâ®¬  âï¦¥-¨¨ ¢ á«ãç ¥ ¡®«¥¥ ªàãâëå ¢®« (à¨á. 1)  ¬¯«¨âã¤ ¢â®à®© £ à¬®¨ª¨ ¯®«®¦¨â¥«ì ,   âà¥âì¥© ®âà¨-æ â¥«ì , ¨ ¨å  ¡á®«îâë¥ § ç¥¨ï ¯à¨¡«¨¦¥-® à ¢ë. �«¥¤®¢ â¥«ì®, ¯à¨ ¬ «ëå § ç¥¨ïå¯®¢¥àå®áâ®£®  âï¦¥¨ï ¢®«®¢®© ¯ ª¥â ¨¬¥¥â£à¥¡¥ì, ¥áª®«ìª® § ®áâà¥ë© ¯® áà ¢¥¨î á¯®¤®è¢®©. �à¨ ¢®§à áâ ¨¨ ¯®¢¥àå®áâ®£®  âï-¦¥¨ï ¢®«®¢ ï ª àâ¨    ¯®¢¥àå®áâ¨ ª®â ªâ á£« ¦¨¢ ¥âáï, â ª ª ª ¯à¨ íâ®¬  ¬¯«¨âã¤  ¢â®-à®© £ à¬®¨ª¨ ã¬¥ìè ¥âáï,    ¬¯«¨âã¤  âà¥âì¥©£ à¬®¨ª¨ ¢®§à áâ ¥â ¥§ ç¨â¥«ì®.�á«¨ ¦¥ ¢®«ë ¡®«¥¥ ¯®«®£¨¥ á  ¬¯«¨âã¤®© ¯¥à-¢®© £ à¬®¨ª¨ L=5:5 (à¨á. 2), â®  ¬¯«¨âã¤  ¢â®-à®© £ à¬®¨ª¨ ®âà¨æ â¥«ì , ®¤ ª® ¥¥  ¡á®«îâ-®¥ § ç¥¨¥   ¤¢  ¯®àï¤ª  ¬¥ìè¥  ¬¯«¨âã¤ë¯¥à¢®© £ à¬®¨ª¨. �à¨ íâ®¬  ¬¯«¨âã¤  âà¥âì¥©£ à¬®¨ª¨ ®áâ ¥âáï ®âà¨æ â¥«ì®© á ¬¥ìè¨¬  ¡-á®«îâë¬ § ç¥¨¥¬. �«¥¤®¢ â¥«ì®, ¯ ª¥â ¨¬¥-¥â ¥§ ç¨â¥«ì® § âã¯«¥ë© £à¥¡¥ì ¨ çãâì § -®áâà¥ãî ¯®¤®è¢ã. �à¨ ¢®§à áâ ¨¨ ¯®¢¥àå-®áâ®£®  âï¦¥¨ï ª ª ¢â®à ï, â ª ¨ âà¥âìï  ¬-¯«¨âã¤ë ¬¥¤«¥® áâà¥¬ïâáï ª á®®â¢¥âáâ¢ãîé¨¬¯à¥¤¥«ìë¬ § ç¥¨ï¬ ¨ ¢®«®¢ ï ª àâ¨  ¯à ª-â¨ç¥áª¨ ¥ ¨§¬¥ï¥âáï. � ª®¥ ï¢«¥¨¥ ¬®¦® ®¡ê-ïá¨âì á¨«ìë¬ ¢«¨ï¨¥¬ ¯®¢¥àå®áâ®£®  âï-¦¥¨ï ¯® áà ¢¥¨î á á¨«®© âï¦¥áâ¨, ¢ëà ¦ î-é¥¥áï ¢ áâà¥¬«¥¨¨ ¦¨¤ª®áâ¨ á®ªà â¨âì á¢®î ¯®-¢¥àå®áâì, ª ª íâ® ¯à®¨áå®¤¨â,  ¯à¨¬¥à, ¢ ª ¯«¥¦¨¤ª®áâ¨   ¥á¬ ç¨¢ ¥¬®© ¯®¢¥àå®áâ¨.�  à¨á. 3 ¯à¥¤áâ ¢«¥ë § ¢¨á¨¬®áâ¨  ¬¯«¨âã-¤ë ¢â®à®© £ à¬®¨ª¨ ®â â®«é¨ë á«®ï ¢ ¯à¥¤¥-« å ®â h = 0:1 ¤® 0:5 ¬, ®â¢¥ç îé¨¥ à §«¨çë¬®â®è¥¨ï¬ ¤«¨ë ¢®«ë L = 0:568 ¬ ª  ¬¯«¨âã-

¤¥ ¯¥à¢®© £ à¬®¨ª¨, ¯à¨ à §«¨çëå ®â®è¥¨ïå¯«®â®áâ¥© � = 0:8; 0:85; 0:9.�  à¨á. 3,  -£ ª®íää¨æ¨¥â ¯®¢¥àå®áâ®£®  -âï¦¥¨ï T = 0:02 �/¬,   ®â®è¥¨¥ ¢ëá®âë ¯¥à-¢®© £ à¬®¨ª¨ ª ¥¥ ¤«¨¥ n = 4:5; 5:5; 6:5; 7:5, á®-®â¢¥âáâ¢¥®. �  à¨á. 3, ¤-§ T = 0:08 �/¬, ®â®-è¥¨¥ n = 3:5; 4; 4:5; 5. � ª®© ¢ë¡®à § ç¥¨© ®â-®è¥¨ï ¢ëá®âë ¯¥à¢®© £ à¬®¨ª¨ ª ¥¥ ¤«¨¥ ®¡ê-ïáï¥âáï â¥¬, çâ® ¯à¨ â ª¨å ®â®è¥¨ïå  ¡«î¤ -îâáï ¯®«®¦¨â¥«ìë¥ § ç¥¨ï  ¬¯«¨âã¤ë ¢â®à®©£ à¬®¨ª¨ ¯à¨ ¡®«ìè¨å â®«é¨ å ¢¥àå¥£® ¦¨¤-ª®£® á«®ï ¨ íªáâà¥¬ «ì®¥ § ç¥¨¥ ¤«ï ¬ «ëå â®«-é¨. � ª ¢¨¤®, ¯à¨ ¬ «®¬ § ç¥¨¨ ª®íää¨æ¨¥-â  ¯®¢¥àå®áâ®£®  âï¦¥¨ï ¯®«®¦¨â¥«ìë¥  ¬-¯«¨âã¤ë ¢â®à®© £ à¬®¨ª¨ ®¡ àã¦¥ë ¤«ï ¡®«¥¥¯®«®£¨å ¢®«, ç¥¬ ¯à¨ ¡®«ìè®¬ ¯®¢¥àå®áâ®¬  -âï¦¥¨¨. �«ï ¯®«®£¨å ¢®« n > 10 § ¢¨á¨¬®áâì¢â®à®© £ à¬®¨ª¨ ®â â®«é¨ë á«®ï áå®¦  á à¨á.3, §, ®¤ ª® § ç¥¨ï  ¬¯«¨âã¤ë ¢â®à®© £ à¬®¨-ª¨   ¥áª®«ìª® ¯®àï¤ª®¢ ¨¦¥.�¢¥«¨ç¥¨¥ ®â®è¥¨ï ¯«®â®áâ¥© � = 0:8;0:85; 0:9, ¯à¨¡«¨¦ îé¨åáï ª � = 1, ¯à¨¢®¤¨âª ã¬¥ìè¥¨î  ¡á®«îâëå § ç¥¨©  ¬¯«¨âã¤¢â®à®© £ à¬®¨ª¨, çâ® ä¨§¨ç¥áª¨ ®¡ãá«®¢«¥®,  â ª¦¥ ¯®¤â¢¥à¦¤ ¥â ¤®áâ®¢¥à®áâì à¥§ã«ìâ -â®¢. � «®£¨ç®, ã¢¥«¨ç¥¨¥ ®â®è¥¨ï ¯«®â®-áâ¥© ã¬¥ìè ¥â â ª¦¥ ¨ âà¥âìî £ à¬®¨ªã.�«ï ¬ «ëå â®«é¨ h < L=2 = 0:28 ¬ ®â¬¥ç -îâáï § ç¨â¥«ìë¥ ¨§¬¥¥¨ï  ¬¯«¨âã¤ë ¢â®à®©£ à¬®¨ª¨, ¯à¨ç¥¬ ¯à¨ h � 0:15 ¬  ¡«î¤ ¥â-áï íªáâà¥¬ã¬. � ¬¥â¨¬, çâ® â ª ï § ¢¨á¨¬®áâì¯®«ãç¥  §  áç¥â ¯®¯à ¢®ª ¢ âà¥âì¥¬ ¯à¨¡«¨¦¥-¨¨, ¢ â® ¢à¥¬ï ª ª ¢â®à®¥ ¯à¨¡«¨¦¥¨¨  «¨-ç¨¥ íªáâà¥¬ã¬  ¥ ®¡ àã¦¨¢ «®. �à®¬¥ â®£®,âà¥âì¥ ¯à¨¡«¨¦¥¨¥ ¯®§¢®«ï¥â ãç¨âë¢ âì â ª¦¥âà¥âìî £ à¬®¨ªã,  ¬¯«¨âã¤  ª®â®à®© ¤«ï ¬ «ëåâ®«é¨ á«®ï á®¨§¬¥à¨¬  á íªáâà¥¬ «ìë¬¨ § ç¥-¨ï¬¨  ¬¯«¨âã¤ë ¢â®à®© £ à¬®¨ª¨.�â¬¥â¨¬, çâ® ®¡ àã¦¥ ï   «¨â¨ç¥áª¨ ã-«¥¢ ï £ à¬®¨ª  (¨«¨ á¢®¡®¤ë© ç«¥) ¢ á¨áâ¥¬¥"á«®© { ¯®«ã¯à®áâà áâ¢®" ¤«ï â®«é¨ h > L=2¯à ªâ¨ç¥áª¨ à ¢  ã«î. �à¨ç¥¬ ¯®¯à ¢ª , ¯®«ã-ç¥ ï §  áç¥â âà¥âì¥£® ¯à¨¡«¨¦¥¨ï, § ç¨â¥«ì-® ã¬¥ìè ¥â ã«¥¢ãî £ à¬®¨ªã ¤«ï ¥é¥ ¬¥ì-è¨å â®«é¨ á«®ï. � ª¨¬ ®¡à §®¬, ¬®¦® ¯à¥¤¯®-«®¦¨âì, çâ® áã¬¬ àë© á¢®¡®¤ë© ç«¥ ¤®«¦¥à ¢ïâìáï ã«î, çâ® ®â¢¥ç ¥â ¯®áâ®ïáâ¢ã ®¡ê-¥¬  ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ¢¥àå¥¬ á«®¥.�é¥ à § ¯®¤ç¥àª¥¬, çâ® ¯à¥¤áâ ¢«¥ë¥ §¤¥áìà¥§ã«ìâ âë á®®â¢¥âáâ¢ãîâ á¨áâ¥¬¥ ¤¢ãå ¦¨¤ª¨åáà¥¤ ¡¥§ ¯à¨¬¥á¥©, ¨¬¥îé¨å ç¥âª® ¢ëà ¦¥ãî¯®¢¥àå®áâì ª®â ªâ . �®¤¥«ì ãç¨âë¢ ¥â á¨«ë£à ¢¨â æ¨¨ ¨ ¯®¢¥àå®áâ®£®  âï¦¥¨ï, ¯®â®¬ãå®à®è® ¯à®á¬ âà¨¢ ¥âáï ¨å ¢«¨ï¨¥. �¤ ª® íâ 10 �. �. �¢à ¬¥ª®, �. �. �¥«¥§®¢
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�¨á. 3. � ¢¨á¨¬®áâì  ¬¯«¨âã¤ë ¢â®à®© £ à¬®¨ª¨ ¢®«®¢®£® ¯ ª¥â  ®â â®«é¨ë á«®ï ¯à¨ ª®íää¨æ¨¥â¥¯®¢¥àå®áâ®£®  âï¦¥¨ï T = 0:02 �/¬ ( {£) ¨ T = 0:08 �/¬ (¤{§) � à ¬¥âàë ¯¥à¢®© £ à¬®¨ª¨: ¤«¨ L = 0:568 ¬,  ¬¯«¨âã¤  ( ) A1 : a { 0.126 ¬; ¡ { 0.103 ¬; ¢ { 0.087 ¬; £ { 0.076 ¬; ¤ { 0.162 ¬; ¥ { 0.142 ¬; ¦ {0.126 ¬; § { 0.113 ¬.¬®¤¥«ì ¥ ¬®¦¥â ¯à¨¬¥ïâìáï ¤«ï ®¯¨á ¨ï ¯à®-æ¥áá®¢, ¯à®¨áå®¤ïé¨å ¯à¨  «¨ç¨¨ ¯®¢¥àå®áâ®- ªâ¨¢ëå ¯«¥®ª, â ª ª ª §¤¥áì ¥ ãç¨âë¢ ¥âáï ¯®£«®é¥¨¥ í¥à£¨¨ ¢®« §  áç¥â ¢ãâà¥¥£® âà¥-¨ï £à®¬®§¤ª¨å ¬®«¥ªã« ¦¨àëå ª¨á«®â, ª®â®àë¥¡®«¥¥ ç¥¬ ¢ á®â¨ à § ¯à¥¢ëè îâ ¯® á¢®¨¬ à §-�. �. �¢à ¬¥ª®, �. �. �¥«¥§®¢ 11
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