
ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 24 { 31��� 551.465� ���������� ���������� �������� ����������������������������. �. �������, �. �. ��������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 15.09.97�¥â®¤®¬ ¬­®£¨å ¬ áèâ ¡®¢ ¯®«ãç¥­ë ¢ëà ¦¥­¨ï, ®¯¨áë¢ îé¨¥ ¯®¢¥¤¥­¨¥  ¬¯«¨âã¤ ¢®§¬ãé¥­¨© áª®à®áâ¨ ¢ãáâ®©ç¨¢®-áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ ­  à §«¨ç­ëå íâ ¯ å § ª«îç¨â¥«ì­®© áâ ¤¨¨ ¢ëà®¦¤¥­¨ï. �à®¢¥¤¥­®áà ¢­¥­¨¥ áª®à®áâ¥© § âãå ­¨ï â¨¯®¢ ¤¢¨¦¥­¨© (¢­ãâà¥­­¨¥ ¢®«­ë, á«®¨áâë¥ ¨ ¢¨åà¥¢ë¥ áâàãªâãàë). � ©¤¥­ëªà¨â¨ç¥áª¨¥ §­ ç¥­¨ï £®à¨§®­â «ì­ëå à §¬¥à®¢ ¢®§¬ãé¥­¨©, ª®â®àë¥ ¤ îâ ¢®§¬®¦­®áâì ®¯à¥¤¥«¨âì â¨¯ë ¤¢¨¦¥-­¨ï, ï¢«ïîé¨¥áï ­ ¨¡®«¥¥ ¤®«£®¦¨¢ãé¨¬¨.� ¤®¯®¬®£®î ¬¥â®¤ã ¡ £ âì®å ¬ áèâ ¡i¢ ®âà¨¬ ­® á¯i¢¢i¤­®è¥­­ï, é® ®¯¨áãîâì ¯®¢¥¤i­ªã  ¬¯«iâã¤ §¡ãà¥­ì è¢¨¤-ª®áâi ã áâi©ª®-áâà â¨äiª®¢ ­i© ài¤¨­i ­  ài§­¨å ¥â ¯ å § ª«îç­®ù áâ ¤iù ¢¨à®¦¤¥­­ï. �à®¢¥¤¥­® ¯®ài¢­ï­­ï è¢¨¤-ª®áâ¥© § âãå ­­ï â¨¯i¢ àãåi¢ (¢­ãâàiè­i å¢¨«i, è à®¢i â  ¢¨åà®¢i áâàãªâãà¨). �­ ©¤¥­i ªà¨â¨ç­i §­ ç¥­­ï £®à¨-§®­â «ì­¨å à®§¬iài¢ §¡ãà¥­ì, é® ¤ õ ¬®¦«¨¢iáâì ¢¨§­ ç â¨ â¨¯¨ àãåi¢, ïªi ¦¨¢ãâì ­ ©¡i«ìè¨© ç á.Relationships describing the behaviour of the amplitudes of the velocity perturbations in a stably strati�ed 
uid aredetermined by using the multi-scale methods. Di�erent intervals of the �nal stage is considered. The decay rates ofdi�erent types of motions (internal waves, layer and vortical structures) are compared to one another. Critical values ofthe horizontal scales of perturbances are found. This allows to determine the long-lived perturbances.���������«¨ï­¨¥ á¨« ¯« ¢ãç¥áâ¨, á¢ï§ ­­®¥ á ­ «¨ç¨¥¬áâà â¨ä¨ª æ¨¨ ¢ ¬®àïå ¨ ®ª¥ ­ å, ¢ë§ë¢ ¥â áã-é¥áâ¢¥­­ë¥ ¨§¬¥­¥­¨ï ¢ å à ªâ¥à¥ £¥­¥à æ¨¨ ¨à §¢¨â¨ï âãà¡ã«¥­â­®áâ¨. � ç áâ­®áâ¨, íâ® ¬®-¦¥â ¯à¨¢®¤¨âì ª «®ª «¨§ æ¨¨ âãà¡ã«¥­â­®áâ¨ ¢®â¤¥«ì­ëå ®¡« áâïå ¢ ®ª¥ ­¥ [5]. �®«¥¥ â®£®, ¢ § -¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨­ë âãà¡ã«¥­â­®£® ç¨á«  �àã-¤  FrT = (L0=L)2=3 [8] ¢«¨ï­¨¥ á¨« ¯« ¢ãç¥áâ¨ ¬®-¦¥â áâ âì ¯à¥®¡« ¤ îé¨¬ ¨ âãà¡ã«¥­â­ë¥ ¤¢¨-¦¥­¨ï ¢ íâ®¬ á«ãç ¥ ­¥ à §¢¨¢ îâáï. �¤¥áì L {å à ªâ¥à­ë© ¬ áèâ ¡ âãà¡ã«¥­â­ëå ¢¨åà¥©, L0 {¬ áèâ ¡ �§¬¨¤®¢  [5] (¯à¥¤¥«ì­ë© ¢¥àâ¨ª «ì­ë©à §¬¥à âãà¡ã«¥­â­ëå ¢¨åà¥© ¢ áâà â¨ä¨æ¨à®¢ ­-­®© ¦¨¤ª®áâ¨), L0 = ("=N3)1=2, " { áª®à®áâì ¤¨á-á¨¯ æ¨¨ âãà¡ã«¥­â­®© í­¥à£¨¨, N { ç áâ®â  ¯« -¢ãç¥áâ¨.�¢®«îæ¨ï ¨ à §¢¨â¨¥ âãà¡ã«¥­â­®áâ¨ â ª¦¥ ¢§­ ç¨â¥«ì­®© ¬¥à¥ ®¯à¥¤¥«ï¥âáï ­ «¨ç¨¥¬ áâà -â¨ä¨ª æ¨¨. � ®¤­®à®¤­®© ¦¨¤ª®áâ¨ § âãå ­¨¥¤¢¨¦¥­¨© ®¡ãá«®¢«¥­® ¢ï§ª®áâìî ¦¨¤ª®áâ¨, ª®â®-à ï ¢«¨ï¥â, £« ¢­ë¬ ®¡à §®¬, ­  ¢¨åà¨ ¬ «ëå¬ áèâ ¡®¢, à §¬¥à ª®â®àëå ¡«¨§®ª ª ¬ áèâ ¡ã�®«¬®£®à®¢  Lk = (�3=")1=4, £¤¥ � { ª¨­¥¬ â¨-ç¥áª¨© ª®íää¨æ¨¥­â ¢ï§ª®áâ¨. � áâà â¨ä¨æ¨à®-¢ ­­®© áà¥¤¥ ¢ëà®¦¤¥­¨¥ âãà¡ã«¥­â­ëå ¤¢¨¦¥­¨©¯à®¨áå®¤¨â ­¥ â®«ìª® ¨§-§  ¢ï§ª®áâ¨, ­® ¨ ¯®¤ ¢«¨-ï­¨¥¬ á¨« ¯« ¢ãç¥áâ¨, ª®â®àë¥ ¢ë§ë¢ îâ ®£à ­¨-ç¥­¨¥ à®áâ  ¢¨åà¥© ¢ ¢¥àâ¨ª «ì­®¬ ­ ¯à ¢«¥­¨¨

¨ ¯¥à¥å®¤ ª¨­¥â¨ç¥áª®© í­¥à£¨¨ ¢¨åà¥© ¢ ¯®â¥­-æ¨ «ì­ãî í­¥à£¨î ¯¥à¥¬¥è ­­ëå ¯ïâ¥­. �¨«ë¯« ¢ãç¥áâ¨ ®ª §ë¢ îâ áãé¥áâ¢¥­­®¥ ¢«¨ï­¨¥ ­ ¯®¢¥¤¥­¨¥ ªàã¯­ëå ¢¨åà¥©. � â® ¦¥ ¢à¥¬ï ¢«¨-ï­¨¥ ¨å ­  ¢¨åà¨ ¬ «ëå ¬ áèâ ¡®¢ ¯à®ï¢«ï¥â-áï ®¯®áà¥¤®¢ ­®, §  áç¥â ã¬¥­ìè¥­¨ï ¨­â¥­á¨¢­®-áâ¨ ¯®â®ª  í­¥à£¨¨ ¯® á¯¥ªâàã. �®¢¥¤¥­¨¥ ¢¨åà¥©¬ «ëå ¬ áèâ ¡®¢ ¯à¨ íâ®¬ ®áâ ¥âáï «®ª «ì­®-¨§®âà®¯­ë¬. �® ¬¥à¥ ¢ëà®¦¤¥­¨ï âãà¡ã«¥­â­®-áâ¨ ¢«¨ï­¨¥ á¨« ¯« ¢ãç¥áâ¨ ¢ ª®­¥ç­®¬ áç¥â¥ áª -§ë¢¥âáï ­  í¢®«îæ¨¨ ¢¨åà¥© ¬ «ëå ¬ áèâ ¡®¢ ¨¨å ¯®¢¥¤¥­¨¥, ª ª ¨ ªàã¯­ëå ¢¨åà¥©, ­ ç¨­ ¥â ­®-á¨âì  ­¨§®âà®¯­ë© å à ªâ¥à.�«¨ï­¨¥ á¨« ¯« ¢ãç¥áâ¨ ¢ áâà â¨ä¨æ¨à®¢ ­-­®© ¦¨¤ª®áâ¨ ¯à¨¢®¤¨â ª ä®à¬¨à®¢ ­¨î á«®¨-áâëå áâàãªâãà ¨ ª¢ §¨£®à¨§®­â «ì­ëå ¢¨åà¥© ­ § ª«îç¨â¥«ì­®¬ íâ ¯¥ ¢ëà®¦¤¥­¨ï âãà¡ã«¥­â­®-áâ¨. �à¨ íâ®¬ ¢ ¦¨¤ª®áâ¨ ¯à®¤®«¦ îâ áãé¥áâ¢®-¢ âì ¢­ãâà¥­­¨¥ ¢®«­ë, ª®â®àë¥ £¥­¥à¨à®¢ «¨áì­  ¡®«¥¥ à ­­¨å íâ ¯ å à §¢¨â¨ï âãà¡ã«¥­â­®áâ¨.� áèâ ¡­ë©  ­ «¨§ ãà ¢­¥­¨© ¤¢¨¦¥­¨ï ¢ ¯à¨-¡«¨¦¥­¨¨ �ãáá¨­¥áª  ¡¥§ ãç¥â  ¤¨áá¨¯ â¨¢­ëåá« £ ¥¬ëå ¡ë« ¢ë¯®«­¥­ ¢ à ¡®â å [11, 13]. �ë«®¯®ª § ­®, çâ® ¯®«¥ áª®à®áâ¨ ª®«« ¯á¨àãîé¥© âãà-¡ã«¥­â­®áâ¨ ¬®¦¥â à áé¥¯«ïâìáï ­  ¢­ãâà¥­­¨¥¢®«­ë ¨ ª¢ §¨£®à¨§®â «ì­ãî âãà¡ã«¥­â­®áâì. �¥-®à¥â¨ç¥áª¨¥ ¢®¯à®áë á®áãé¥áâ¢®¢ ­¨ï ¨ ¢§ ¨¬®-¤¥©áâ¢¨ï ¢­ãâà¥­­¨å ¢®«­ ¨ ª¢ §¨£®à¨§®­â «ì­ëåáâàãªâãà à áá¬ âà¨¢ «áï ¢ à ¡®â å [10, 14, 15], ¢ª®â®àëå ¡ë«® ¯à®¢¥¤¥­® à §¤¥«¥­¨¥ ¯®«ï â¥ç¥­¨ï­  à á¯à®áâà ­ïîéãîáï ¨ ­¥à á¯à®áâà ­ïîéãî-24 c
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ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 24 { 31áï ç áâ¨ ­  ®á­®¢¥  ­ «¨§  ¯®â¥­æ¨ «ì­®© § ¢¨-åà¥­­®áâ¨ íâ¨å â¥ç¥­¨©. �¢â®àë ¯®« £ «¨, çâ®ª¢ §¨£®à¨§®­â «ì­ë¥ á«®¨ á®¢¯ ¤ îâ á ¢¨åà¥¢®©ç áâìî â¥ç¥­¨ï, ª®â®à ï ï¢«ï¥âáï ­¥à á¯à®áâà -­ïîé¥©áï.� [4, 9] ¯à®¢¥¤¥­® à áè¨à¥­¨¥ ¬ áèâ ¡­®£®  ­ -«¨§  ãà ¢­¥­¨© ¤¢¨¦¥­¨ï ¢ ¯à¨¡«¨¦¥­¨¨ �ãáá¨-­¥áª  á ãç¥â®¬ ¤¨áá¨¯ â¨¢­ëå á« £ ¥¬ëå. �ë-«¨ à áá¬®âà¥­ë á«®¨áâë¥ áâàãªâãàë, ¤«ï ª®â®-àëå å à ªâ¥à­  á¨«ì­ ï  ­¨§®âà®¯¨ï ¬ áèâ ¡®¢.�¨­ ¬¨ª  íâ¨å áâàãªâãà ®¯à¥¤¥«ï¥âáï ¤¥©áâ¢¨¥¬á¨« ¯« ¢ãç¥áâ¨ ¯à¨ ¬ «ëå ç¨á« å �àã¤  ¨ �¥©-­®«ì¤á . �à®¢¥¤¥­® á®®â¢¥âáâ¢ãîé¥¥ ®¡®á­®¢ -­¨¥ ¢®§¬®¦­®áâ¨ ¨å ¢ë¤¥«¥­¨ï, ¯à¨¢¥¤¥­ë ãà ¢-­¥­¨ï, ®¯¨áë¢ îé¨¥ ¨å à §¢¨â¨¥.�¨­¥©­ë©  ­ «¨§ à §«¨ç­ëå â¨¯®¢ ¤¢¨¦¥­¨©(¢­ãâà¥­­¨å ¢®«­, ª¢ §¨£®à¨§®­â «ì­ëå ¢¨åà¥© ¨á«®¨áâëå áâàãªâãà) ¡ë« ¢ë¯®«­¥­ ¢ à ¡®â¥ [12].�¢â®àë ¯®ª § «¨, çâ® áãé¥áâ¢ãîé¨¥ ¢ï§ª¨¥ â¥-ç¥­¨ï ®¡ãá«®¢«¥­ë ¤¥©áâ¢¨¥¬ á¨« ¯« ¢ãç¥áâ¨ ¨­  ¨å ¯®¢¥¤¥­¨¥ áãé¥áâ¢¥­­®¥ ¢«¨ï­¨¥ ®ª §ë¢ îâ¯à®æ¥ááë ¬®«¥ªã«ïà­®© â¥¬¯¥à âãà®¯à®¢®¤­®áâ¨(¤¨ääã§¨¨ á®«¥­®áâ¨).�¨­¥©­ë©  ­ «¨§ ãà ¢­¥­¨© ¤¢¨¦¥­¨ï ¢ ¯à¨-¡«¨¦¥­¨¨ �ãáá¨­¥áª  ¤«ï ¤¢ãå ¯à¥¤¥«ì­ëå à¥¦¨-¬®¢ ¤¢¨¦¥­¨ï ¡ë« ¢ë¯®«­¥­ ¢ [3]. �¥à¢ë© à¥¦¨¬å à ªâ¥à¨§ã¥âáï ¡ « ­á®¬ ¨­¥àæ¨®­­ëå ¨ ¢ï§ª¨åíää¥ªâ®¢ ¨ ¬ «ë¬ ¢«¨ï­¨¥¬ á¨« ¯« ¢ãç¥áâ¨. �â®-à®© { ¡ « ­á®¬ íää¥ªâ®¢ ¯« ¢ãç¥áâ¨ ¨ ¢ï§ª®áâ¨ ¨¬ «ë¬ ¢«¨ï­¨¥¬ ¨­¥àæ¨®­­ëå á¨«. �«ï ª ¦¤®£®à¥¦¨¬  ¯®«ãç¥­ë ¢ëà ¦¥­¨ï, ®¯¨áë¢ îé¨¥ ¯®¢¥-¤¥­¨¥  ¬¯«¨âã¤ ¢®§¬ãé¥­¨© ¨ áª®à®áâ¨ ¨å § âãå -­¨ï � ¢ § ¢¨á¨¬®áâ¨ ®â £®à¨§®­â «ì­®£® ¨ ¢¥àâ¨-ª «ì­®£® à §¬¥à®¢ ¢®§¬ãé­¨© ¨ ¯ à ¬¥âà®¢ áâà -â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨. �â¬¥â¨¬, çâ® ¯à¨®¯à¥¤¥«¥­¨¨ � ¢ ¯®á«¥¤­¥¬ á«ãç ¥ ¢®§­¨ª ¥â § -¤ ç  á¨­£ã«ïà­ëå ¢®§¬ãé¥­¨©. �¡é¥¥ à¥è¥­¨¥,å à ªâ¥à¨§ãîé¥¥ ¯®¢¥¤¥­¨¥  ¬¯«¨âã¤ ¤«ï ®¡®¨åíâ ¯®¢ ­¨¦¥ ¯®«ãç¥­® á ¯®¬®éìî ¬¥â®¤  ¬­®-£¨å ¬ áèâ ¡®¢. �¨­¥©­ ï áâ ¤¨ï à §¢¨â¨ï ¢®§-¬ãé¥­¨© ¢ áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ ¨§ãç -« áì â ª¦¥ ¢ àï¤¥ à ¡®â [1, 2, 7, 12], ¢ ª®â®àëå®á­®¢­®¥ ¢­¨¬ ­¨¥ ã¤¥«ï«®áì ¯®á«¥¤­¥¬ã íâ ¯ã § -ª«îç¨â¥«ì­®© áâ ¤¨¨ ¢ëà®¦¤¥­¨ï.1. �������� ���������� áá¬®âà¨¬ § ª«îç¨â¥«ì­ãî áâ ¤¨î ¢ëà®¦¤¥-­¨ï âãà¡ã«¥­â­®áâ¨ ¢ ãáâ®©ç¨¢® áâà â¨ä¨æ¨à®-¢ ­­®© ¯® â¥¬¯¥à âãà¥ ¨ á®«¥­®áâ¨ áà¥¤¥. �à¥¤-¯®« £ ¥¬, çâ® áà¥¤­¨¥ £à ¤¨¥­âë à á¯à¥¤¥«¥­¨ïâ¥¬¯¥à âãàë ¨ á®«¥­®áâ¨ ¯®áâ®ï­­ë ¯® £«ã¡¨-­¥ ¨ á¯à ¢¥¤«¨¢® ¯à¨¡«¨¦¥­¨¥ �ãáá¨­¥áª . �à®-

¬¥ â®£®, ¯®« £ ¥¬, çâ® ¢ ­ ç «¥ à áá¬ âà¨¢ ¥¬®©áâ ¤¨¨ ¨¬¥¥âáï ¤®áâ â®ç­® è¨à®ª¨© á¯¥ªâà ¬ á-èâ ¡®¢ ¢®§¬ãé¥­¨©. �  íâ®© áâ ¤¨¨ § âãå ­¨ï¢®§¬ãé¥­¨© áª®à®áâ¨ ¤¢¨¦¥­¨ï ¬ «ë,   £à ¤¨¥­-âë ¯«®â­®áâ¨, â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨ ¡«¨§ª¨ ª®ªàã¦ îé¨¬. �â® ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì «¨­¥- à¨§®¢ ­­ë¥ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ¨ ¯¥à¥­®á  [1].@~V@t = �rp�0 + ��~V + ~g ��0 ;r~V = 0;@T@t +W N2T�g = �T�T; (1)@S@t �W N2S�g = �S�S;� = ��0�T + �0�S:�¤¥áì ~V = (U; V;W ) { ¢¥ªâ®à áª®à®áâ¨ ¦¨¤ª®áâ¨;p { ®âª«®­¥­¨¥ ¤ ¢«¥­¨ï ®â £¨¤à®áâ â¨ç¥áª®£®§­ ç¥­¨ï; �0 { å à ªâ¥à­®¥ §­ ç¥­¨¥ ¯«®â­®áâ¨;�; T; S { ¢®§¬ãé¥­­ë¥ §­ ç¥­¨ï ¯«®â­®áâ¨, â¥¬¯¥-à âãàë ¨ á®«¥­®áâ¨ á®®â¢¥âáâ¢¥­­®; � { ª¨­¥¬ -â¨ç¥áª¨© ª®íää¨æ¨¥­â ¢ï§ª®áâ¨; �T ¨ �S { ¬®«¥ªã-«ïà­ë¥ ª®íää¨æ¨¥­âë ¤¨ääã§¨¨ â¥¬¯¥à âãàë ¨á®«¥­®áâ¨ á®®â¢¥âáâ¢¥­­®; ~g = (0; 0;�g) { ¢¥ªâ®àãáª®à¥­¨ï á¢®¡®¤­®£® ¯ ¤¥­¨ï; N2S = ��gdSn=dz,N2T = �gdTn=dz, ¨­¤¥ªá "n" ®¡®§­ ç ¥â ­¥¢®§¬ã-é¥­­ë¥ §­ ç¥­¨ï ¢¥«¨ç¨­. �®á«¥ àï¤  ¯à¥®¡à §®-¢ ­¨© á¨áâ¥¬ã ãà ¢­¥­¨© (1) ¬®¦­® ¯à¥¤áâ ¢¨âì¢ á«¥¤ãîé¥¬ ¢¨¤¥:L1~V = �rp�0 + ~g ��0 ;�p = �g@�@z (2)L2L3� = �sg L4W;£¤¥ ¢¢¥¤¥­ë ®¯¥à â®àë L1 = @=@t � �� , L2 =@=@t��T�, L3 = @=@t� �S�, L4 = N2SL2 +N2TL3.�¥©áâ¢ãï ¯®á«¥¤®¢ â¥«ì­® ®¯¥à â®à ¬¨ L2, L3,� ­  ¯¥à¢®¥ ãà ¢­¥­¨¥ á¨áâ¥¬ë (2) ¨ ãç¨âë¢ ï¤àã£¨¥ ãà ¢­¥­¨ï, ¬®¦­® ¯®«ãç¨âì ãà ¢­¥­¨¥ ¤«ïá®áâ ¢«ïîé¥© ¢¥àâ¨ª «ì­®© ª®¬¯®­¥­âë áª®à®-áâ¨ W : L1L2L3�~V = L4�r@W@z + ~gg�W�: (3)� á«ãç ¥ áâà â¨ä¨ª æ¨¨ â®«ìª® ¯® â¥¬¯¥à âãà¥ ­ «®£¨ç­®¥ ãà ¢­¥­¨¥ ¨¬¥¥â ¢¨¤L1L2�~V = N2T �r@W@z + ~gg�W�: (4)�.�. �¨ª¨è®¢, �.�. �à¨áâîª 25



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 24 { 31�®« £ ¥¬, çâ® áãé¥áâ¢ã¥â à¥è¥­¨¥ W (x; y; z; t) ¢¢¨¤¥ ­®à¬ «ì­ëå ¬®¤W = =W (t) exp(_�~k~r) . �®£¤ ¤«ï ¡¥§à §¬¥à­®©  ¬¯«¨âã¤ë ~W (t) = W (t)=Wch,£¤¥ Wch { å à ªâ¥à­®¥ §­ ç¥­¨¥ ¢¥àâ¨ª «ì­®©ª®¬¯®­¥­âë áª®à®áâ¨, ¯®«ãç ¥¬ (¢ ¤ «ì­¥©è¥¬§­ ª "~" ®¯ãáª ¥¬)d2Wd�2 + (1 + bT )dWd� + bTW + �W = 0; (5)£¤¥ bT = �T =�; ¡¥§à §¬¥à­®¥ ¢à¥¬ï � = �k2t;¯ à ¬¥âà � = N2m2=�2k6 å à ªâ¥à¨§ã¥â ®â­®è¥-­¨¥ á¨« ¯« ¢ãç¥áâ¨ ¨ á¨« ¢ï§ª®áâ¨,   â ª¦¥ ¢¥à-â¨ª «ì­®£® ¨ £®à¨§®­â «ì­®£® à §¬¥à®¢ ¢®§¬ãé¥-­¨©, (N � NT ); m = pk21 + k22 { £®à¨§®­â «ì­®¥¢®«­®¢®¥ ç¨á«®; k = pm2 + k23 { ¢®«­®¢®¥ ç¨á«®;k1; k2; k3 { ª®¬¯®­¥­âë ¢®«­®¢®£® ¢¥ªâ®à .2. ������������� ������2.1. �¥àâ¨ª «ì­ ï áª®à®áâì� áá¬®âà¨¬ á«ãç © �� 1. �é¥¬ à¥è¥­¨¥ ¢ ¢¨-¤¥ W = W (�; �; ��; �2�; : : :). �¢®¤ï ¬ áèâ ¡ë ¢à¥-¬¥­¨ [6] T0 = � , T1 = �� , T2 = �2� , T3 = �3� ,¯à¥¤áâ ¢«ï¥¬ à¥è¥­¨¥ ¢ á«¥¤ãîé¥¬ ¢¨¤¥: W =W (�; T0; T1; T2; T3) + O(�4� ). � §« £ ¥¬ W ¯® áâ¥-¯¥­ï¬ � W = W0(T0; T1; T2; T3) ++�W1(T0; T1; T2; T3) + �2W2(T0; T1; T2; T3) ++�3W3(T0; T1; T2; T3) + O(�4�; �4):� å®¤¨¬ ¯à®¨§¢®¤­ë¥ d=d� , d2=d�2:dd� = D0 + �D1 + �2D2 + �3D3 + : : : ;d2d�2 = D20 + �2D0D1 + �2(2D0D2 +D21) ++�32(D0D3 +D1D2) : : : ;£¤¥ D _� = @=@T _� . �®¤áâ ¢«ï¥¬ íâ¨ ¢ëà ¦¥­¨ï ¢á®®â­®è¥­¨¥ (5) ¨ ¯à¨à ¢­¨¢ ¥¬ ­ã«î ¬­®¦¨â¥«¨¯¥à¥¤ à §«¨ç­ë¬¨ áâ¥¯¥­ï¬¨ �:(D20 + (1 + bT )D0 + bT )W0 = 0; (6)(D20 + (1 + bT )D0 + bT )W1 +(2D0D1 + (1 + bT )D1 + 1)W0 = 0; (7)(D20 + (1 + bT )D0 + bT )W2 ++(2D0D1 + (1 + bT )D1 + 1)W1 ++(D21 + 2D0D2 + (1 + bT )D2)W0 = 0; (8)

(D20 + (1 + bT )D0 + bT )W3 ++(2D0D1 + (1 + bT )D1 + 1)W2 ++(D21 + 2D0D2 + (1 + bT )D2)W1 ++(2D0D3 + 2D1D2 + (1 + bT )D3)W0 = 0: (9)�¥è¥­¨¥ ãà ¢­¥­¨ï (6) ¨é¥¬ ¢ ¢¨¤¥ exp(�T0), ®â-ªã¤  ¤«ï å à ªâ¥à¨áâ¨ç¥áª¨å ç¨á¥« ¯®«ãç ¥¬�2 + (1 + bT )�+ bT = 0:�âáî¤  �1 = �1, �2 = �bT ¨W0 = a0 exp(�T0) + b0 exp(�bT T0); (10)£¤¥ ­¥¨§¢¥áâ­ë¥ �0 ¨ �0 ï¢«ïîâáï äã­ªæ¨ï¬¨ ¯¥-à¥¬¥­­ëå T1; T2; T3, â.¥. �0 = �0(T1; T2; T3) ¨�0 = �0(T1; T2; T3). �®¤áâ ¢«ïï íâ® à¥è¥­¨¥ ¢ãà ¢­¥­¨¥ (7), ­ å®¤¨¬(D20 + (1 + bT )D0 + bT )W1 == ��T @�0@T1 � �0� exp(�T0)����T @�0@T1 + �0� exp(�bT T0); (11)£¤¥ �T = (1 � bT ). �®¡áâ¢¥­­ë¥ ç¨á«  ®¤­®à®¤­®-£® ãà ¢­¥­¨ï â ª¨¥ ¦¥, ª ª ¨ á®¡áâ¢¥­­ë¥ ç¨á« ª¢ §¨¯®«¨­®¬ , áâ®ïé¥£® ¢ ¯à ¢®© ç áâ¨. �«¥¤®-¢ â¥«ì­®, ¢ à¥è¥­¨¨ ¡ã¤ãâ ãç áâ¢®¢ âì á« £ ¥¬ë¥¢¨¤  T0 exp(�T0), ª®â®àë¥ ¯à¨¢®¤ïâ ª ­¥à¥£ã«ïà-­®áâ¨ à §«®¦¥­¨ï. �«ï â®£®, çâ®¡ë ¨§¡ ¢¨âìáï ®â­¨å, ¯à¨à ¢­¨¢ ¥¬ â®¦¤¥áâ¢¥­­® ª ­ã«î ¯à ¢ãîç áâì ãà ¢­¥­¨ï (11):@�0@T1 = �0�T ; @�0@T1 = � �0�T : (12)�®£¤  W0 = �0 exp��T0 + T1�T �++�0 exp��bT T0 � T1�T � ; (13)W1 = �1 exp(�T0) + �1 exp(�bT T0): (14)�¤¥áì �0 = �0(T2; T3), �0 = �0(T2; T3), �1 =�1(T1; T2; T3), �1 = �1(T1; T2; T3).�§ ãà ¢­¥­¨ï (8) ¯®«ãç ¥¬(D20 + (1 + bT )D0 + bT )W2 == � exp(�T0)h�1 � �T @�1@T1 ++� �0�2T � �T @�0@T2� exp�T1�T �i�� exp(�bT T0)h�1 + �T @�1@T1 ++� �0�2T + �T @�0@T2� exp�� T1�T �i: (15)26 �.�. �¨ª¨è®¢, �.�. �à¨áâîª



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 24 { 31�â®¡ë ¨§¡¥¦ âì ¢ à¥è¥­¨¨ ç«¥­®¢ ¢¨¤ T0 exp(�T0), ¯à¨à ¢­¨¢ ¥¬ â®¦¤¥áâ¢¥­­® ª ­ã«î¯à ¢ãî ç áâì íâ®£® ãà ¢­¥­¨ï:�T @�1@T1 � �1 == � �0�2T � �T @�0@T2� exp�T1�T � ; (16)��T @�1@T1 � �1 == � �0�2T + �T @�0@T2� exp�� T1�T � : (17)�«¥­ë ¢¨¤  T1 exp(�T1) â ª¦¥ ¯à¨¢®¤ïâ ª ­¥à¥-£ã«ïà­®áâ¨ à¥è¥­¨ï. �â®¡ë ¨§¡ ¢¨âìáï ®â ­¨å,â®¦¤¥áâ¢¥­­® ¯à¨à ¢­¨¢ ¥¬ ª ­ã«î ¯à ¢ë¥ ç áâ¨ãà ¢­¥­¨© (16) ¨ (17). �®£¤  ¯®«ãç ¥¬�T @�0@T2 = �0�2T ; �T @�0@T2 = � �0�2T ; (18)�0 = �0 exp� T2�3T � ; �0 =  0 exp�� T2�3T � ; (19)�1 = �1 exp� T1�T � ; �1 = �1 exp�� T1�T � ; (20)£¤¥ �1 = �1(T2; T3), �1 = �1(T2; T3), �0 = �0(T3), 0 =  0(T3).�âªã¤ W0 = �0 exp��T0 + T1�T + T2�3T �++ 0 exp��bT T0 � T1�T � T2�3T � ; (21)W1 = �1 exp��T0 + T1�T �++�1 exp��bT T0 � T1�T � ; (22)W2 = �2 exp (�T0) + �2 exp (�bT T0) ; (23)£¤¥ �2 = �2(T1; T2; T3), �2 = �2(T1; T2; T3).�®¤áâ ¢«ïï ­ ©¤¥­­ë¥ ¢ëà ¦¥­¨ï ¢ ãà ¢­¥­¨¥(9), ¯®«ãç ¥¬(D20 + (1 + bT )D0 + bT )W3 == � exp(�T0)n�2 � �T @�2@T1 ++exp� T1�T �� �1�2T � �T @�1@T2�++exp�T1�T + T2�3T ��2�0�4T � �T @�0@T3 �o�� exp(�bT T0)n�2 + �T @�2@T1 +

+exp�� T1�T �� �1�2T + �T @�1@T2�++exp�� T1�T � T2�3T ��2 0�4T + �T @ 0@T3 �o: (24)�áãé¥áâ¢«ïï ¯®á«¥¤®¢ â¥«ì­® ¯à®æ¥¤ãàã ¨§¡ -¢«¥­¨ï à¥è¥­¨ï ®â ç«¥­®¢ ¢¨¤  T0 exp(�T0),T1 exp(�T1), T2 exp(�T2), ­ å®¤¨¬�0 = c1 exp�2T3�5T � ;  0 = c2 exp��2T3�5T � ; (25)�1 = �1 exp�T2�3T � ; �1 =  1 exp�� T2�3T � ; (26)�2 = �2 exp� T1�T � ; �2 = �2 exp�� T1�T � ; (27)£¤¥ c1 ¨ c2 { ¯®áâ®ï­­ë¥ ¢¥«¨ç¨­ë; �2 = �2(T2; T3);�2 = �2(t2; T3); �1 = �1(T3);  1 =  1(T3).�ª®­ç â¥«ì­® ¨¬¥¥¬W = c1 exp��T0 + T1�T + T2�3T + 2T3�5T �++c2 exp��bT T0 � T1�T � T2�3T � 2T3�5T �++��1(T3) exp��T0 + T1�T + T2�3T �++� 1(T3) exp��bT T0 � T1�T � T2�T )3�++�2"�2(T2; T3) exp��T0 + T1�T �++�2(T2; T3) exp��bT T0 � T1�T �#++�3��3(T1; T2; T3) exp(�T0) ++�3(T1; T2; T3) exp(�bT T0)� +O(�4�; �4): (28)� ¬¥â¨¬, çâ®�1(T3) = �1(0) +�@�1(T3)@T3 �T3=0 T3 + O(�3� );â.¥. ��1(T3) = ��1(0) +O(�4� ):�âáî¤  á«¥¤ã¥â, çâ® äã­ªæ¨¨��1(T3); � 1(T3); �2�2(T2; T3); �2�2(T2; T3);�3�3(T1; T2; T3); �3�3(T1; T2; T3)¢ ¤ ­­®¬ ¯à¨¡«¨¦¥­¨¨ ¬®¦­® áç¨â âì ¯®áâ®ï­­ë-¬¨.�ãáâì W (0) =W in0 ¨ dW (0)=d� = W in1 { ­¥ª®â®-àë¥ ­ ç «ì­ë¥ ãá«®¢¨ï ãà ¢­¥­¨ï (5). �á¯®«ì§ãï�.�. �¨ª¨è®¢, �.�. �à¨áâîª 27



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 24 { 31íâ¨ ãá«®¢¨ï, ¯à¨à ¢­¨¢ ¥¬ ­ã«î ¬­®¦¨â¥«¨ ¯¥à¥¤à §«¨ç­ë¬¨ áâ¥¯¥­ï¬¨ � ¢ à¥è¥­¨¨ (28) ¨ ­ å®-¤¨¬ ­¥¨§¢¥áâ­ë¥ ¯®áâ®ï­­ë¥. �à¨ íâ®¬ ­¥âàã¤­®ã¡¥¤¨âìáï, çâ® ¯®áâ®ï­­ë¥ ¯¥à¥¤ ¢á¥¬¨ áâ¥¯¥­ï¬¨�, §  ¨áª«îç¥­¨¥¬ ¡ëâì ¬®¦¥â ­ã«¥¢®© áâ¥¯¥­¨ {à ¢­ë ­ã«î. � ¨â®£¥ ¯®«ãç¨¬ (¢ à §¬¥à­®¬ ¢¨¤¥)W = a exp" ��k2 + 
!2�k2 ++
3!4�3k6 + 2
5!6�5k10 !t# ++b exp" ��T k2 � 
!2�k2 ��
3!4�3k6 � 2
5!6�5k10 !t#+ O(�4�; �4); (29)£¤¥ 
 = �=(� � �T ), ! = mN=k.2.2. �à¥¤¥«ì­ë¥ á«ãç ¨� ¤ «ì­¥©è¥¬ ¤«ï ¨áá«¥¤®¢ ­¨ï ¯®¢¥¤¥­¨ï á®-áâ ¢«ïîé¥© áª®à®áâ¨ W ®£à ­¨ç¨¬áï ¯®àï¤ª®¬O(�3�; �3) ¢ à¥è¥­¨¨ (29).1). �ãáâì t � 1=�k2, â.¥. � � 1, â®£¤ W = a exp ���1 + ��T + �2�3T � ��++b exp ���bT � ��T � �2�3T � ��+O(�3): (30)�  ¤ ­­®¬ íâ ¯¥ í¢®«îæ¨ï ¢®§¬ãé¥­¨© å à ªâ¥-à¨§ã¥âáï á¨áâ¥¬®© ¤¢ãå äã­¤ ¬¥­â «ì­ëå à¥è¥-­¨© (¬®¤) [3]. �¥à¢®¥ à¥è¥­¨¥ á¢ï§ ­® á ¢ï§ª®áâ-­ë¬ ¬¥å ­¨§¬®¬ ¢ëà®¦¤¥­¨¥¬, ¢â®à®¥ { á ¤¨ä-äã§¨®­­ë¬ ¬¥å ­¨§¬®¬. �¥à¢®¥ à¥è¥­¨¥ ¢ëà®-¦¤ ¥âáï ¡ëáâà¥¥, ç¥¬ ¢â®à®¥, ¯à¨ íâ®¬ áª®à®áâì§ âãå ­¨ï ¯¥à¢®£® à¥è¥­¨ï ã¬¥­ìè ¥âáï ¯®¤ ¢«¨-ï­¨¥¬ á¨« ¯« ¢ãç¥áâ¨,   áª®à®áâì § âãå ­¨ï ¢â®-à®£® à¥è¥­¨ï ­ ®¡®à®â ã¢¥«¨ç¨¢ ¥âáï. �¥âàã¤-­® ã¡¥¤¨âìáï, çâ® ¢ëà ¦¥­¨¥ (30), å à ªâ¥à¨§ãî-é¥¥ ¤ ­­ë© íâ ¯ í¢®«îæ¨¨, á®®â¢¥âáâ¢ã¥â ¡ « ­-áã ¨­¥àæ¨®­­ëå ¨ ¢ï§ª¨å á¨« [3] á â®ç­®áâìî ¤®O(�): d2Wd�2 + (1 + bT )dWd� + bTW +O(�) = 0:2). � áá¬®âà¨¬ â¥¯¥àì ¯®á«¥¤­¨© íâ ¯ í¢®«î-æ¨¨, ª®â®àë© ®¯¨á ­ ¢ à ¡®â å [1, 2, 8]. t �1=��k2 = �k4=N2m2, â.¥. � � 1=�. �®«®¦¨¬� = q=�, £¤¥ q � 1, â®£¤ W = a exp ��q�� exp� q�T + �q�T �+

+b exp��bT� q� exp�� q�T � �q�3T �+O(�2): (31)�ã­ªæ¨ï exp(�q=�) á¯ ¤ ¥â ¡ëáâà¥¥, ç¥¬ «î¡ ïáâ¥¯¥­ì � ¨, ¥á«¨ bT { ¬ «® (bT � �), â® ­  ¤ ­-­®© áâ ¤¨¨ ¯®¢¥¤¥­¨¥ W ¡ã¤¥â ®¯à¥¤¥«ïâìáï ¢â®-àë¬ à¥è¥­¨¥¬. �«¥¤®¢ â¥«ì­®, á â¥ç¥­¨¥¬ ¢à¥¬¥-­¨ ¯¥à¢®¥ à¥è¥­¨¥ ¢ëà®¦¤ ¥âáï ¨ ®á­®¢­ë¬ áâ -­®¢¨âáï ¢â®à®¥ à¥è¥­¨¥ [3]. �¥âàã¤­® § ¬¥â¨âì,çâ® ¢ëà ¦¥­¨¥ (31) ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î ¡ -« ­á  á¨« ¢ï§ª®áâ¨ ¨ á¨« ¯« ¢ãç¥áâ¨ á â®ç­®áâìî¤® O(�2):(1 + bT )dWd� + bTW + �W +O(�2) = 0:� ª ¯®ª § ­® ¢ [1, 12], çâ® áª®à®áâì § âãå ­¨ï¢â®à®£® à¥è¥­¨ï ¨¬¥¥â íªáâà¥¬ã¬ ¢ § ¢¨á¨¬®áâ¨®â á®®â­®è¥­¨ï ¬¥¦¤ã £®à¨§®­â «ì­ë¬ ¨ ¢¥àâ¨-ª «ì­ë¬ à §¬¥à ¬¨ ¢®§¬ãé¥­¨©. �à¨ ä¨ªá¨à®-¢ ­­®¬m ¬¨­¨¬ «ì­®¥ §­ ç¥­¨¥ áª®à®áâ¨ § âãå -­¨ï, ®¯à¥¤¥«ï¥¬®¥ á®®â­®è¥­¨¥¬ ¬ áèâ ¡®¢ ¢®§-¬ãé¥­¨ï k6 = CN2m2=(�T (� � �T )); (32)®¯¨áë¢ ¥âáï ¢ëà ¦¥­¨¥¬�min = �C + 1C2=3 (N2m2)1=3 �2=3T(� � �T )1=3 ; (33)ª®â®à®¥ ¯à¨ C = 2 ¯¥à¥å®¤¨â ¢ ­ ©¤¥­­®¥ ¢ à ¡®â¥[12].2.3. �®¬¯®­¥­âë áª®à®áâ¨ ¨ § ¢¨åà¥­­®áâ¨� áá¬®âà¨¬ â¥¯¥àì £®à¨§®­â «ì­ë¥ á®áâ ¢«ïî-é¨¥ ¢¥ªâ®à  áª®à®áâ¨ ~V . �¥è¥­¨ï ¤«ï £®à¨§®­-â «ì­ëå á®áâ ¢«ïîé¨å U (x; y; z; t) ¨ V (x; y; z; t)¨é¥¬ ¢ ¢¨¤¥U (x; y; z; t) = U (� ) exp(_�~k~r);V (x; y; z; t) = V (� ) exp(_�~k~r);£¤¥ � = �k2t { ¡¥§à §¬¥à­®¥ ¢à¥¬ï. �§ á¨áâ¥-¬ë (2) ¤«ï £®à¨§®­â «ì­ëå á®áâ ¢«ïîé¨å U (� ) ¨V (� ) ¯®«ãç ¥¬d2Ud�2 + (1 + bT )dUd� + bTU == N2k1k3�2k6 W (� ) = �k1k3m2 W (� ); (34)d2Vd�2 + (1 + bT )dVd� + bTV == N2k2k3�2k6 W (� ) = �k2k3m2 W (� ); (35)28 �.�. �¨ª¨è®¢, �.�. �à¨áâîª



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 24 { 31£¤¥ W (� ) = a exp(d1� )+ b exp(d2� ) { ­ ©¤¥­­®¥ ¢ë-è¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (5),   d1 ¨ d2 ã¤®¢«¥â¢®àïîâãà ¢­¥­¨î d2 + (1 + bT )d+ bT + � = 0:�¥è¥­¨ï U ¨ V ãà ¢­¥­¨© (34) ¨ (35) ¨é¥¬ ¢¢¨¤¥ U = Uh + Uin ¨ V = Vh + Vin, £¤¥ Uh ¨ Vh{ ®¡é¨¥ à¥è¥­¨ï ®¤­®à®¤­ëå ãà ¢­¥­¨©,   Uin ¨Vin { ç áâ­ë¥ à¥è¥­¨ï ­¥®¤­®à®¤­ëå ãà ¢­¥­¨©.� áâ­ë¥ à¥è¥­¨ï ¨é¥¬ ¢ ¢¨¤¥ Uin = A exp(d1� ) +B exp(d2� ) ¨ Vin = C exp(d1� ) +D exp(d2� ), â®£¤ A = �ak1k3=m2, B = �bk1k3=m2, C = �ak2k3=m2,D = �bk2k3=m2. �âªã¤  ®ª®­ç â¥«ì­® ¯®«ãç ¥¬U (� ) = [C1 exp(�� ) + C2 exp(�bT � )]��k1k3m2 [a exp(d1� ) + b exp(d2� )] ; (36)V (� ) = h ~C1 exp(�� ) + ~C2 exp(�bT � )i��k2k3m2 [a exp(d1� ) + b exp(d2� )] ; (37)W (� ) = [a exp(d1� ) + b exp(d2� )] : (38)� ©¤¥¬ á®áâ ¢«ïîé¨¥ ¢¥ªâ®à  § ¢¨åà¥­­®áâ¨:�x(� ) = _���k3Vh(� ) + k2k2m2 W (� )� ; (39)�y(� ) = _��k3Uh(� )� k1k2m2 W (� )� ; (40)�z(� ) = _� (k1Vh(� )� k2Uh(� )) : (41)�¨¤­®, çâ® ¢¥àâ¨ª «ì­ ï ª®¬¯®­¥­â  § ¢¨åà¥­­®-áâ¨ ¢ ¤ ­­®¬ á«ãç ¥ á¢ï§ ­  á ¯à¨­æ¨¯¨ «ì­® ¤àã-£¨¬ â¨¯®¬ ¤¢¨¦¥­¨ï,   ¨¬¥­­® á ¤®«£®¦¨¢ãé¨¬¨ª¢ §¨£®à¨§®­â «ì­ë¬¨ ¢¨åàï¬¨ , ®áì ª®â®àëå ­ -¯à ¢«¥­  ¢¥àâ¨ª «ì­® ¢¢¥àå [8]. �ëà®¦¤¥­¨¥ íâ¨å¢¨åà¥© å à ªâ¥à¨§ãîâáï íªá¯®­¥­æ¨ «ì­ë¬¨ § -¢¨á¨¬®áâï¬¨ exp(��k2t) ¨ exp(��T k2t), ¯à¨ç¥¬ª®íää¨æ¨¥­âë § âãå ­¨ï  ¬¯«¨âã¤ ¢ ¤ ­­®¬ á«ã-ç ¥ ¯® ¯®àï¤ªã â ª¨¥ ¦¥, ª ª ¨ ª®íä¨æ¨¥­âë § âã-å ­¨ï ¢­ãâà¥­¨å ¢®«­ ¨ á«®¨áâëå áâàãªâãà. �¢®-«îæ¨ï ¦¥ £®à¨§®­â «ì­ëå ª®¬¯®­¥­â § ¢¨åà¥­­®-áâ¨ (39) ¨ (41) ®¡ãá«®¢«¥­  ¢ëà®¦¤¥­¨¥¬ ¢­ãâà¥­-­¨å ¢®«­ ¨«¨ á«®¨áâëå áâàãªâãà (¢â®à®¥ á« £ -¥¬®¥) «¨¡® ª¢ §¨£®à¨§®­â «ì­ëå ¢¨åà¥© (¯¥à¢®¥á« £ ¥¬®¥). �â¬¥â¨¬, çâ® ¬¨­¨¬ «ì­ ï áª®à®áâì§ âãå ­¨ï ¤®áâ¨£ ¥âáï ¯à¨ k3 = 0. �«¥¤®¢ â¥«ì-­®, £®à¨§®­â «ì­ë¥ ª®¬¯®­¥­âë § ¢¨åà¥­­®áâ¨ ¢íâ®¬ á«ãç ¥ ®¯à¥¤¥«ïîâáï â®«ìª® ¢­ãâà¨¢®«­®¢ë-¬¨ ¤¢¨¦¥­¨ï¬¨ «¨¡® á«®¨áâë¬¨ áâàãªâãà ¬¨.� ª¨¬ ®¡à §®¬, ¬¥â®¤®¬ ¬­®£¨å ¬ áèâ ¡®¢ ¯®-«ãç¥­® ¢ëà ¦¥­¨¥, ª®â®àë¥ ®¯¨áë¢ ¥â ¯®¢¥¤¥­¨¥¢®§¬ãé¥­¨© ¢¥àâ¨ª «ì­®© ª®¬¯®­¥­âë áª®à®áâ¨

­  ã¯®¬ï­ãâëå ¢ëè¥ íâ ¯ å § ª«îç¨â¥«ì­®© áâ -¤¨¨ ¢ëà®¦¤¥­¨ï âãà¡ã«¥­â­®áâ¨. �  ®á­®¢¥ íâ®£®¢ëà ¦¥­¨ï ­ ©¤¥­ë § ¢¨á¨¬®áâ¨, ª®â®àë¥ ®¯¨áë-¢ îâ § âãå ­¨¥ £®à¨§®­â «ì­ëå ª®¬¯®­¥­â áª®à®-áâ¨ ¨ á®áâ ¢«ïîé¨å ¢¥ªâ®à  § ¢¨åà¥­­®áâ¨.2.4. Câà â¨ä¨ª æ¨ï ¯® â¥¬¯¥à âãà¥ ¨ á®«¥­®-áâ�̈­ «®£¨ç­ë¥ ¢ëà ¦¥­¨ï ¤«ï ®¯¨á ­¨ï ¯®¢¥¤¥-­¨ï ¢®§¬ãé¥­¨© áª®à®áâ¨ ¨ § ¢¨åà¥­­®áâ¨ ¯®«ã-ç¥­ë â ª¦¥ ¢ á«ãç ¥ áâà â¨ä¨ª æ¨¨ ¯® â¥¬¯¥à -âãà¥ ¨ ¯® á®«¥­®áâ¨. �¨¦¥ ¯à¨¢¥¤¥­ë ®á­®¢­ë¥à¥§ã«ìâ âë ¤«ï íâ®£® á«ãç ï. �§ á¨áâ¥¬ë (2) ¯®-«ãç ¥¬ á«¥¤ãîé¥¥ ãà ¢­¥­¨¥ ¤«ï W :d3Wd�3 + (1 + bT + bS )d2Wd�2 ++(bT + bS + bT bS )dWd� + bT bSW ++(�+ �)dWd� + (bS�+ bT �)W = 0; (42)£¤¥ ¢¢¥¤¥­ë ¤¢  ¬ «ëå ¯ à ¬¥âà � = m2N2T�2k6 = !2T�2k4 � 1;� = m2N2S�2k6 = !2S�2k4 � 1:�à¨¬¥­ïï ¬¥â®¤ ¬­®£¨å ¬ áèâ ¡®¢, ¢¢¥¤¥¬ á«¥¤ã-îé¨¥ ¬ áèâ ¡ë ¢à¥¬¥­¨: T0 = �; T1 = ��; T2 =�2�; �1 = ��; �2 = �2�; �3 = ���: �¥è¥­¨¥ ¨é¥¬ ¢¢¨¤¥: W = W00 + �W10 + �2W20 ++�W01 + �2W02 + ��W11 ++O(�3; �3; �2�; ��2; �3�; �3�; �2��; ��2� ); (43)£¤¥ Wij = Wij(T0; T1; T2;�1). � §« £ ï ¯à®¨§-¢®¤­ë¥ á â®ç­®áâìî ¤® âà¥âì¥£® ¯®àï¤ª  ¬ «®-áâ¨ ¨ ¯®¤áâ ¢«ïï á®®â¢¥âáâ¢ãîé¨¥ ¢ëà ¦¥­¨ï ¢(42), ¯à¨à ¢­¨¢ ¥¬ ­ã«î ¬­®¦¨â¥«¨, áâ®ïé¨¥ ¯¥-à¥¤ à §«¨ç­ë¬¨ áâ¥¯¥­ï¬¨ � ¨ �. � ¨â®£¥ ¯®«ãç -¥¬ W = A exp(�1t) ++B exp(�2t) +C exp(�3t) ++ +O(�3; �3; �2�; ��2; �3�; �3�; �2��; ��2� ); (44)£¤¥ �1 = ��k2 + 1�T !2T�k2 + 1�3T !4T�3k6 +�.�. �¨ª¨è®¢, �.�. �à¨áâîª 29



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 24 { 31+ 1�S !2S�k2 + 1�3S !4S�3k6 + �T + �S�2T �2S !2T !2T�3k6 ; (45)�2 = ��T k2 � 1�T !2T�k2 �� 1�3T !4T�3k6 + 1�2T�ST !2T !2S�3k6 ; (46)�3 = ��Sk2 � 1�S !ST�k2 �� 1�3S !4S�3k6 � 1�2S�TS !2T !2S�3k6 ; (47)�S = 1 � bS , bS = �S=�, �ST = bS � bT . �§ ¢ë-à ¦¥­¨ï (44) á«¥¤ã¥â, çâ® ­ «¨ç¨¥ ¤®¯®«­¨â¥«ì-­®© áâà â¨ä¨ª æ¨¨ (¯® á®«¥­®áâ¨) ¯à¨¢®¤¨â ª ¯®-ï¢«¥­¨î âà¥âì¥£® à¥è¥­¨ï, â.¥. ¢ëà®¦¤¥­¨e ¢®§-¬ãé¥­¨© ­  ä¨­ «ì­®© áâ ¤¨ï ¡ã¤¥â ®¯à¥¤¥«ïâìáïá¨áâ¥¬®© âà¥å äã­¤ ¬¥­â «ì­ëå à¥è¥­¨© [3]. �â-¬¥â¨¬ â ª¦¥, çâ® ­ ©¤¥­­®¥ ¢ëà ¦¥­¨¥ å à ªâ¥-à¨§ã¥â ¯®¢¥¤¥­¨¥ ¢®§¬ãé¥­¨© ¢¥àâ¨ª «ì­®© ª®¬-¯®­¥­âë áª®à®áâ¨ ­  ®¯¨á ­­ëå à ­¥¥ íâ ¯ å à á-á¬ âà¨¢ ¥¬®© áâ ¤¨¨.�  ®á­®¢¥ íâ®£® ¢ëà ¦¥­¨ï ¡ë«¨ ­ ©¤¥­ë á®®â-¢¥âáâ¢ãîé¨¥ § ¢¨á¨¬®áâ¨, ª®â®àë¥ å à ªâ¥à¨§ã-îâ í¢®«îæ¨î ¢®§¬ãé¥­¨© ¤àã£¨å ª®¬¯®­¥­â áª®-à®áâ¨ ¨ ª®¬¯®­¥­â § ¢¨åà¥­­®áâ¨ (¨§-§  £à®¬®§-ª®áâ¨ ¢ëà ¦¥­¨ï ­¥ ¯à¨¢®¤ïâáï).3. �������� ���������� § ª«îç¥­¨¨ ¯à®¢¥¤¥¬ áà ¢­¥­¨¥ áª®à®áâ¥© § -âãå ­¨ï ¨§ãç ¥¬ëå â¨¯®¢ ¤¢¨¦¥­¨©. �£à ­¨ç¨¬-áï á«ãç ¥¬ â¥¬¯¥à âãà­®© áâà â¨ä¨ª æ¨¨.
�¨á.1. �¨ £à ¬¬  áª®à®áâ¥© § âãå ­¨ï ¢®§¬ãé¥­¨©�  à¨á. 1 ¨§®¡à ¦¥­  § ¢¨á¨¬®áâì (32) (ªà¨¢ ï1), å à ªâ¥à¨§ãîé ï ¬¨­¨¬ «ì­ãî áª®à®áâì § -âãå ­¨ï á«®¨áâëå áâàãªâãà, ª®â®à ï ®¯à¥¤¥«ï¥â-áï ¡ « ­á®¬ íää¥ªâ®¢ ¤¨ääã§¨¨ ¨ ª®«« ¯á . �¤¥áì~k3 = k3L� ¨ ~m = mL� , L� = (�=N )1=2 { ¢ï§-ª¨© ¬ áèâ ¡ áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ [1,

3]. �â¬¥â¨¬, çâ® ¤«ï ãá«®¢¨© â¥à¬®ª«¨­  (¯¥-à¨®¤ �à¥­â -�ï©áï«ï TB:�V: � 40 ¬¨­) ¬ áèâ ¡L� � 2 á¬, ¤«ï à¥§ª®£® â¥à¬®ª«¨­  TB:�V: � 4¬¨­ { L� � 0:7 á¬. �«®¨áâë¥ áâàãªâãàë, ã ª®â®-àëå ~m > ( ~mcr)1 = (CPr2=(Pr � 1))1=4, â.¥. â®ç-ª¨ ¯¥à¥á¥ç¥­¨ï ªà¨¢®© á ®áìî  ¡áæ¨áá, ­¥ ¨¬¥îâãª § ­­®£® ¬¨­¨¬ã¬  áª®à®áâ¨ § âãå ­¨ï. �¤¥áìPr = �=�T { ç¨á«® �à ­¤â«ï.�à¨¢ ï (2) à §¤¥«ï¥â ®¡« áâ¨ áãé¥áâ¢®¢ ­¨ïá«®¨áâëå áâàãªâãà (¢ëè¥ ªà¨¢®©) ¨ ¢­ãâà¥­­¨å¢®«­ (­¨¦¥ ªà¨¢®©) [1]. �à¨ ~m > ( ~mcr)2 =(2Pr=(Pr � 1))1=2 ¨§-§  á¨«ì­®£® ¢«¨ï­¨ï ¢ï§ª¨å¨ ¤¨ääã§¨®­­ëå íää¥ªâ®¢ ¬®£ãâ áãé¥áâ¢®¢ âìâ®«ìª® á«®¨áâë¥ áâàãªâãàë.�à ¢­¨¢ ï áª®à®áâì § âãå ­¨ï ¢­ãâà¥­­¨å ¢®«­¢ ¢ï§ª®©, áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ � =�(� + �T )k2=2 [7, 12] á ¬¨­¨¬ã¬®¬ áª®à®áâ¨ § -âãå ­¨ï á«®¨áâëå áâàãªâãà (33), ¬®¦­® ¯®ª § âì,çâ® ¢­ãâà¥­­¨¥ ¢®«­ë á ¯ à ¬¥âà ¬¨ ~k3 < ~k?3, £¤¥~k?3 =s2C1PrPr + 1 � 1Pr(Pr � 1)�1=3 ~m2=3 � ~m2;§ âãå îâ ¬¥¤«¥­­¥¥, ç¥¬ á«®¨áâë¥ áâàãªâãàë,®¡« ¤ îé¨¥ ¬¨­¨¬ «ì­®© áª®à®áâìî § âãå ­¨ï¯à¨ § ¤ ­­®¬ §­ ç¥­¨¨ ~m. �¤¥áì C1 = (C +1)=C2=3.�á«¨ ¦¥ ~k3 > ~k?3, â® ¢®«­ë § âãå îâ ¡ëáâà¥¥.� ¢¨á¨¬®áâì ~k?3 ®â ~m ¨§®¡à ¦¥­  ªà¨¢®© 3. �à¨~m > ( ~mcr)3, £¤¥( ~mcr)3 = "8C31 � PrPr + 1�3 1Pr(Pr � 1)#1=4 ;ª®â®à®© á®®â¢¥âáâ¢ã¥â â®çª  ¯¥à¥á¥ç¥­¨ï ªà¨¢®©3 á ®áìî  ¡áæ¨áá, ­ ¨¡®«¥¥ ¤®«£®¦¨¢ãé¨¬¨ ï¢«ï-îâáï á«®¨áâë¥ áâàãªâãàë. �â¬¥â¨¬, çâ® ¯à¨C = 2 ¢ëà ¦¥­¨¥ ¤«ï ( ~mcr)3 á®¢¯ ¤ ¥â á ¯à¨¢¥-¤¥­­ë¬ ¢ à ¡®â¥ [7].�à ¢­¨¢ ï áª®à®áâ¨ § âãå ­¨ï ¢¨åà¥¢ëå áâàãª-âãà � = ��k2 á ¬¨­¨¬ «ì­®© áª®à®áâìî § âãå -­¨ï á«®¨áâëå áâàãªâãà á § ¤ ­­ë¬ §­ ç¥­¨¥¬ ~m,­ å®¤¨¬, çâ® ¯à¨ ~m > ( ~mcr)4, £¤¥( ~mcr)4 = � C3Pr(Pr � 1)�1=4 ;¢¨åà¥¢ë¥ áâàãªâãàë § âãå îâ ¡ëáâà¥¥. �à¨ ~m <( ~mcr)4 ¢¨åà¥¢ë¥ áâàãªâãàë, ã ª®â®àëå ¢¥àâ¨ª «ì-­®¥ ç¨á«® ~k3 < ~k??3 , £¤¥~k??3 =sC1� 1Pr(Pr � 1)�1=3 ~m2=3 � ~m2;30 �.�. �¨ª¨è®¢, �.�. �à¨áâîª



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 24 { 31§ âãå îâ ¬¥¤«¥­­¥¥ á«®¨áâëå áâàãªâãà. � ­ -®¡®à®â, ¯à¨ ~k3 > ~k??3 , ¤®«ìè¥ ¦¨¢ãâ á«®¨áâë¥áâàãªâãàë. � ¢¨á¨¬®áâì ~k??3 ®â ~m ¯à¥¤áâ ¢«¥-­  ­  à¨á. 1 ªà¨¢®© 4, ¥¥ â®çª  ¯¥à¥á¥ç¥­¨ï á®áìî  ¡áæ¨áá ®¯à¥¤¥«ï¥â ¯®«®¦¥­¨¥ ( ~mcr)4. �â¨à¥§ã«ìâ âë ¯®ª §ë¢ îâ, ¯à¨ ª ª¨å §­ ç¥­¨ïå ¯ -à ¬¥âà®¢ £®à¨§®­â «ì­ë¥ ª®¬¯®­¥­âë § ¢¨åà¥­-­®áâ¨ (39), (40) ®¯à¥¤¥«ïîâáï ª¢ §¨£®à¨§®­â «ì-­ë¬¨ ¤¢¨¦¥­¨ï¬¨,   ¢ ª ª¨å á«ãç ïå ¢­ãâà¥­­¨-¬¨ ¢®«­ë¬¨ ¨ á«®¨áâë¬¨ áâàãªâãà ¬¨.����������� ª¨¬ ®¡à §®¬, ¢ à ¡®â¥ ¬¥â®¤®¬ ¬­®£¨å ¬ á-èâ ¡®¢ ¯®«ãç¥­ë ¢ëà ¦¥­¨ï, ®¯¨áë¢ îé¨¥ ¯®¢¥-¤¥­¨¥  ¬¯«¨âã¤ ¢®§¬ãé¥­¨© ª®¬¯®­¥­â áª®à®áâ¨¢ ¢ï§ª®© ¦¨¤ª®áâ¨, ¢ ª®â®à®© ¨¬¥¥âáï áâà â¨ä¨-ª æ¨ï ¯® ¯«®â­®áâ¨. �â¨ ¢ëà ¦¥­¨ï å à ªâ¥à¨-§ãîâ § âãå ­¨¥ ¢®§¬ãé¥­¨© ­  § ª«îç¨â¥«ì­®©áâ ¤¨¨ ¨å í¢®«îæ¨¨. �à®¢¥¤¥­® áà ¢­¥­¨¥ áª®à®-áâ¥© § âãå ­¨ï ¢®§¬®¦­ëå â¨¯®¢ ¤¢¨¦¥­¨© (¢­ã-âà¥­­¨¥ ¢®«­ë, á«®¨áâë¥ ¨ ¢¨åà¥¢ë¥ áâàãªâãàë).�®ª § ­® çâ® ¢ § ¢¨á¨¬®áâ¨ ®â ¬ áèâ ¡®¢ ¢®§¬ã-é¥­¨© ¢ ¦¨¤ª®áâ¨ á â¥ç¥­¨¥¬ ¢à¥¬¥­¨ ¡ã¤¥â ­ -¡«î¤ âìáï â®â ¨«¨ ¨­®© â¨¯ ¤¢¨¦¥­¨ï. �¯à¥¤¥-«¥­ë ªà¨â¨ç¥áª¨¥ §­ ç¥­¨ï £®à¨§®­â «ì­ëå à §-¬¥à®¢ ¢®§¬ãé¥­¨©, ª®â®àë¥ ¤ îâ ¢®§¬®¦­®áâì®¯à¥¤¥«¨âì â¨¯ë ¤¢¨¦¥­¨ï, ï¢«ïîé¨¥áï ­ ¨¡®«¥¥¤®«£®¦¨¢ãé¨¬¨ ¢ à áá¬ âà¨¢ ¥¬®© áà¥¤¥.� § ª«îç¥­¨¨ ®â¬¥â¨¬, çâ® ¢ë¯®«­¥­­ ï à -¡®â  ä¨­ ­á¨à®¢ « áì �®áã¤ àáâ¢¥­­ë¬ ä®­¤®¬äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© ¯à¨ ���� �ªà -¨­ë N 13.3/144, 1994.1. �¥â¬ ­ �.�., �¨ª¨è®¢ �.�. � ¢ëà®¦¤¥­¨¨ á«®¨-áâëå áâàãªâãà ¢ áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ //�̈ ¤à®¬¥å ­¨ª .{ 1989.{ �ë¯. 60.{ �. 15 { 20.2. �®à®¤æ®¢ �.�. � á«®¨áâëå áâàãªâãà å ­  ª®­¥ç­®©áâ ¤¨¨ § âãå ­¨ï âãà¡ã«¥­â­®áâ¨ ¢ áâà â¨ä¨æ¨à®-¢ ­­ëå ¦¨¤ª®áâïå // �§¢. �� ����. �¥à. �¥å ­¨-ª  ¦¨¤ª®áâ¨ ¨ £ § .{ 1985.{ N. 4.{ �. 69 { 76.
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