
ISSN 0387-4086 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 1999. 1(73) N 1. �. 52 { 63��� 551.465������ ������������ ��������������������� ��������������������� ������� �����. �. �������, �. �. ��������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 15.09.97�à®¢¥¤¥­  ­ «¨§ ¯®¢¥¤¥­¨ï á¯¥ªâà®¢ ä«ãªâã æ¨© ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï En ¢ âãà¡ã«¥­â­®© ¢®¤­®© áà¥¤¥ ¢ á«ã-ç ¥, ª®£¤  ä«ãªâã æ¨¨ ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï n ®¯à¥¤¥«ïîâáï ä«ãªâã æ¨ï¬¨ â¥¬¯¥à âãàë T 0 ¨ á®«¥­®áâ¨ S0.�«ï «®ª «ì­® ®¤­®à®¤­®© ¨ ¨§®âà®¯­®© âãà¡ã«¥­â­®áâ¨ ­ ©¤¥­® ¢ëà ¦¥­¨¥ ¤«ï á¯¥ªâà  En , § ¢¨áïé¥¥ ®â áª®à®-áâ¥© ¤¨áá¨¯ æ¨¨ (¢ëà ¢­¨¢ ­¨ï) ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨, ª®â®àë¥ ¢¬¥áâ¥ á® áª®à®áâìî ¤¨áá¨¯ æ¨¨âãà¡ã«¥­â­®© í­¥à£¨¨ ®¯à¥¤¥«ïîâ áâ â¨áâ¨ç¥áª¨© à¥¦¨¬ ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï. � à -¬¥âà¨§ æ¨ï ãª § ­­ëå áª®à®áâ¥© ¤¨áá¨¯ æ¨¨ ¡ë«  ¯à®¢¥¤¥­  á ¨á¯®«ì§®¢ ­¨¥¬ £à ¤¨¥­â­®© £¨¯®â¥§ë. �®ª § ­®,çâ® ¢ á¯¥ªâà¥ En ¢ § ¢¨á¨¬®áâ¨ ®â ¢ª« ¤®¢ ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨ ¢ ä«ãªâã æ¨¨ ®¯â¨ç¥áª®£® ¯®ª -§ â¥«ï ¯à¥«®¬«¥­¨ï ¬®£ãâ ­ ¡«î¤ âìáï ®¡« áâ¨  ­®¬ «ì­®£® ¯®¢¥¤¥­¨ï, ¢ ç áâ­®áâ¨, ¬®£ãâ ¢®§­¨ª âì «®ª «ì­ë¥íªáâà¥¬ã¬ë.�à®¢¥¤¥­®  ­ «i§ ¯®¢¥¤i­ª¨ á¯¥ªâài¢ ä«ãªâã æi© ¯®ª §­¨ª  § «®¬«¥­­ï En ¢ âãà¡ã«¥­â­®¬ã ¢®¤­®¬ã á¥à¥¤®¢¨éi ã¢¨¯ ¤ªã, ª®«¨ ä«ãªâã æ÷ù ¯®ª §­¨ª  § «®¬«¥­­ïn ¢¨§­ ç îâìáï ä«ãªâã æ÷ï¬¨ â¥¬¯¥à âãà¨ T 0 â  á®«®­®áâ÷ S0. �«ï«®ª «ì­® ®¤­®à÷¤­®ù © ÷§®âà®¯­®ù âãà¡ã«¥­â­®áâ÷ §­ ©¤¥­® ¢¨à § ¤«ï á¯¥ªâàã En , é® § «¥¦÷âì ¢÷¤ è¢¨¤ª®áâ¥© ¤¨á¨-¯ æ÷ù (¢¨à÷¢­î¢ ­­ï) ä«ãªâã æ÷© â¥¬¯¥à âãà¨ â  á®«®­®áâ÷, ïª÷ à §®¬ §÷ è¢¨¤ª÷áâî ¤¨á¨¯ æ÷ù âãà¡ã«¥­â­®ù ¥­¥à£÷ù¢¨§­ ç îâì áâ â¨áâ¨ç­¨© à¥¦¨¬ ä«ãªâã æ÷© ®¯â¨ç­®£® ¯®ª §­¨ª  § «®¬«¥­­ï. � à ¬¥âà¨§ æ÷ï ¢ª § ­¨å è¢¨¤ª®-áâ¥© ¤¨á¨¯ æ÷ù ¡ã«  ¯à®¢¥¤¥­  § ¢¨ª®à¨áâ ­­ï¬ £à ¤÷õ­â­®ù £÷¯®â¥§¨. �®ª § ­®, é® ¢ á¯¥ªâà÷ En ¢ § «¥¦­®áâ÷ ¢÷¤¢­¥áª÷¢ ä«ãªâã æ÷© â¥¬¯¥à âãà¨ â  á®«®­®áâ÷ ¢ ä«ãªâã æ÷ù ®¯â¨ç­®£® ¯®ª §­¨ª  § «®¬«¥­­ï ¬®¦ãâì á¯®áâ¥à÷£ â¨áï®¡« áâ÷  ­®¬ «ì­®ù ¯®¢¥¤÷­ª¨, â®¡â® ¬®¦ãâì ¢¨­¨ª â¨ «®ª «ì­÷ ¥ªáâà¥¬ã¬¨.The behaviour of the spectrum of refractive index 
uctuations En in a turbulent 
uid, when 
uctuations of the refractiveindex n are determined by the temperature T 0 and salinity S0 
uctuations, is analyzed. The spectrum En is found forthe homogeneous and isotropic turbulence depending on the dissipation rates of the temperature and salinity 
uctuationsthat set the statistical regime of the refractive index 
uctuation. Parametrization of these dissipation rates was ful�lledby using gradient hypothesis. It is found that the spectrum En has regions of anomalous behaviour depending on thecontributions of the temperature and salinity 
uctuations in the refractive index 
uctuations. It is demonstrated that thelocal extremums of of the spectrum can be arised.1. ���������à¨ à á¯à®áâà ­¥­¨¨¨ á¢¥â  ¢ áà¥¤¥ á® á«ã-ç ©­ë¬¨ ­¥®¤­®à®¤­®áâï¬¨ ¯à®¨áå®¤ïâ ¨§¬¥­¥-­¨ï  ¬¯«¨âã¤ë ¢®«­ë, ä §ë, ã£«  ¯à¨å®¤ . �â¨¢®§¬ãé¥­¨ï ­®áïâ á«ãç ©­ë© å à ªâ¥à. �¤­®©¨§ ¯à¨ç¨­ ¯®ï¢«¥­¨ï ãª § ­­ëå ¢®§¬ãé¥­¨© ï¢«ï-¥âáï âãà¡ã«¥­â­®áâì, ª®â®à ï, ­ ¯à¨¬¥à, ¢ áâà -â¨ä¨æ¨à®¢ ­®©  â¬®áä¥à¥ ®¡ãá« ¢«¨¢ ¥â áãé¥-áâ¢®¢ ­¨¥ á«ãç ©­ëå ä«ãªâã æ¨© â¥¬¯¥à âãàë¨ ¢« ¦­®áâ¨, ®¯à¥¤¥«ïîé¨å ä«ãªâã æ¨¨ ®¯â¨ç¥-áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï. �â® ¯à¨¢®¤¨â ª§­ ç¨â¥«ì­ë¬ ¨áª ¦¥­¨ï¬ ®¯â¨ç¥áª¨å ¢®«­®¢ëå¯®«¥©. �ªâã «ì­®áâì ¨áá«¥¤®¢ ­¨© ä«ãªâã æ¨©®¯â¨ç¥áª¨å ¢®«­ ¢ âãà¡ã«¥­â­®©  â¬®áä¥à¥ á¢ï-§ ­  á ­¥®¡å®¤¨¬®áâìî ¯®«ãç¥­¨ï â®ç­ëå ª®«¨-ç¥áâ¢¥­­ëå ¤ ­­ëå ® å à ªâ¥à¨áâ¨ª å ¢¨¤¨¬®£®¨ ¨­äà ªà á­®£® ¨§«ãç¥­¨ï ¯à¨ ¨­â¥à¯à¥â æ¨¨¤ ­­ëå à ¤¨ æ¨®­­ëå ­ ¡«î¤¥­¨© á ¨áªãááâ¢¥­-­ëå á¯ãâ­¨ª®¢, ¯à¨ ¯®«ãç¥­¨¨ ¤ ­­ëå  áâà®ä¨-§¨ç¥áª¨å ­ ¡«î¤¥­¨©, á¢®¡®¤­ëå ®â ¢«¨ï­¨ï §¥¬-­®©  â¬®áä¥àë ¨ ¤à. �á®¡ë© ¨­â¥à¥á ª â ª¨¬¨áá«¥¤®¢ ­¨ï¬ á¢ï§ ­ á ¨á¯®«ì§®¢ ­¨¥¬ ®¯â¨ç¥-
áª¨å ª¢ ­â®¢ëå £¥­¥à â®à®¢ ¢ á¨áâ¥¬ å á¢ï§¨, ¯¥-à¥¤ ç¨ ¨­ä®à¬ æ¨¨, ¤ «ì­¥¬¥âà¨à®¢ ­¨ï, «®ª -æ¨¨ ¨ ¤à. �¥©áâ¢¨â¥«ì­®, ¨­ä®à¬ æ¨®­­ ï ¥¬-ª®áâì ®¯â¨ç¥áª¨å «¨­¨© á¢ï§¨, ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®¥ à §à¥è¥­¨¥ « §¥à­ëå «®ª â®à®¢, â®ç-­®áâì £¥®¤¥§¨ç¥áª¨å « §¥à­ëå ®¯â¨ç¥áª¨å ¯à¨¡®-à®¢ ¨ ¤àã£¨¥ â¥å­¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ®¯â¨ç¥-áª¨å á¨áâ¥¬ ¬®£ãâ ¡ëâì ®æ¥­¥­ë â®«ìª® á ãç¥â®¬ä«ãªâã æ¨© ®¯â¨ç¥áª¨å ¯®«¥© [1, 2].�¥®à¥â¨ç¥áª¨¥ ®á­®¢ë ¨§ãç¥­¨ï å à ªâ¥à¨áâ¨ªá¢¥â®¢®© ¢®«­ë, à á¯à®áâà ­ïîé¥©áï ¢ âãà¡ã-«¥­â­®©  â¬®áä¥à¥, à §à ¡®â ­ë ¢ ¬®­®£à ä¨ïå[3{ 6]. � íâ¨å à ¡®â å ¯®ª § ­®, çâ® áâ â¨áâ¨-ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ä«ãªâã æ¨© ¯ à ¬¥âà®¢á¢¥â®¢®© ¢®«­ë (ä §ë, ã£«  ¯à¨å®¤ ,  ¬¯«¨âã-¤ë) § ¢¨áïâ ®â á¯¥ªâà  ä«ãªâã æ¨© â¥¬¯¥à âã-àë. � ª ¯à ¢¨«®, ¤«ï à áç¥â®¢ ¨á¯®«ì§®¢ « áì¬®¤¥«ì á¯¥ªâà  ä«ãªâã æ¨© â¥¬¯¥à âãàë [4], ª®-â®à ï ¤«ï ¡®«ìè¨å ¬ áèâ ¡®¢ á®®â¢¥âáâ¢ã¥â § -ª®­ã �¡ãå®¢ -�®ààá¨­  ET � k�5=3 (¨­¥àæ¨®­­ë©¨­â¥à¢ «), ¤«ï ¬ «ëå ¬ áèâ ¡®¢ á¯¥ªâà § âãå ¥â¯® íªá¯®­¥­æ¨ «ì­®¬ã § ª®­ã (¤¨áá¨¯ â¨¢­ë© ¨­-â¥à¢ «). �¤¥áì k { ¢®«­®¢®¥ ç¨á«®. �à ¢­¥­¨¥ á52 c
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ISSN 0387-4086 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 1999. 1(73) N 1. �. 52 { 63¤ ­­ë¬¨ ­ âãà­ëå ¨§¬¥à¥­¨© ¯®ª §ë¢ ¥â ¤®áâ -â®ç­® å®à®è¥¥ á®®â¢¥âáâ¢¨¥ à¥§ã«ìâ â®¢ [1 { 4].�­ «®£¨ç­ë¥ ¢®¯à®áë à á¯à®áâà ­¥­¨ï á¢¥-â  ¢ âãà¡ã«¥­â­®© ¢®¤­®© áà¥¤¥, ¢ ç áâ­®-áâ¨, ¢ ¬®àáª®© ¢®¤¥, ¨§ãç¥­ë ¢ ¬¥­ìè¥© áâ¥¯¥-­¨. �¯â¨ç¥áª¨© ¯®ª § â¥«ì ¯à¥«®¬«¥­¨ï ¬®à-áª®© ¢®¤ë n ®¯à¥¤¥«ï¥âáï ¢ à¥ «ì­ëå ãá«®¢¨-ïå, ¢ ®á­®¢­®¬, â¥¬¯¥à âãà®© T ¨ á®«¥­®áâìîS. � ¨­¥àæ¨®­­®-ª®­¢¥ªâ¨¢­®¬ ¨­â¥à¢ «¥ á¯¥ª-âàë ä«ãªâã æ¨© â¥¬¯¥à âãàë ET ¨ á®«¥­®áâ¨ ES ,ª ª ¨ ¢  â¬®áä¥à¥, ®¯¨áë¢ îâáï § ª®­®¬ �¡ãå®¢ -�®ààá¨­ : ET � k�5=3 ¨ ES � k�5=3 [4]. �«ï¬ «ëå ¬ áèâ ¡®¢ (¡®«ìè¨¥ k) á¨âã æ¨ï áâ ­®-¢¨âáï ¡®«¥¥ á«®¦­®© ¯® áà ¢­¥­¨î á  â¬®áä¥à®©.� à ªâ¥à­®© ®á®¡¥­­®áâìî ¢®¤­®© áà¥¤ë ï¢«ï¥â-áï â®, çâ® ª¨­¥¬ â¨ç¥áª¨© ª®íää¨æ¨¥­â ¢ï§ª®-áâ¨ � §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â ¬®«¥ªã«ïà­ë© ª®-íää¨æ¨¥­â â¥¬¯¥à âãà®¯à®¢®¤­®áâ¨ �T ¨ â¥¬ ¡®-«¥¥ ¬®«¥ªã«ïà­ë© ª®íää¨æ¨¥­â ¯¥à¥­®á  á®«¨ �S :� >> �T >> �S . �â® ¯à¨¢®¤¨â ª â®¬ã, çâ® ¢ ®¡« -áâ¨ ¬ «ëå ¬ áèâ ¡®¢, £¤¥ ¢ï§ª®áâì ã¦¥ ®ª §ë¢ -¥â áãé¥áâ¢¥­­®¥ ¢«¨ï­¨¥ ­  ä«ãªâã æ¨¨ áª®à®áâ¨,¢«¨ï­¨¥ â¥¬¯¥à âãà®¯à®¢®¤­®áâ¨ ¨ ¤¨ääã§¨¨ á®-«¨ ­  ä«ãªâã æ¨¨ â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨ ¥é¥­¥§­ ç¨â¥«ì­®. � íâ®¬ ¢ï§ª®-ª®­¢¥ªâ¨¢­®¬ á¯¥ª-âà «ì­®¬ ¨­â¥à¢ «¥ (¨­â¥à¢ «¥ �íâç¥«®à ) á¯¥ª-âàë ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨ ¯à®-¯®àæ¨®­ «ì­ë k�1: ET � k�1, ES � k�1 [4],  á¯¥ªâà ä«ãªâã æ¨© áª®à®áâ¨ § âãå ¥â ¯® íªá-¯®­¥­æ¨ «ì­®¬ã § ª®­ã. � ª¨¬ ®¡à §®¬, á¯¥ªâàä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ ¤àã£¨å ¯à¨¬¥á¥© ¢¢®¤­®© áà¥¤¥ áãé¥áâ¢¥­­® ®â«¨ç ¥âáï ®â  ­ «®-£¨ç­ëå á¯¥ªâà®¢ ¢  â¬®áä¥à¥. �­ «¨§ áâ â¨-áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª á¢¥â®¢®© ¢®«­ë, à á¯à®-áâà ­ïîé¥©áï ¢ âãà¡ã«¥­â­®© ¢®¤­®© áà¥¤¥, ª®£¤ ®¯â¨ç¥áª¨© ¯®ª § â¥«ì ¯à¥«®¬«¥­¨ï n ®¯à¥¤¥«ï-¥âáï ®¤­®© ª®¬¯®­¥­â®© (â¥¬¯¥à âãà®© T ¨«¨ á®-«¥­®áâìî S), ¢ë¯®«­¥­ �¨««®¬ [7]. � ¢¨á¨¬®áâìä«ãªâã æ¨© n0 ®â ä«ãªâã æ¨© â¥¬¯¥à âãàë T 0 ¨á®«¥­®áâ¨ S0 ¢­®á¨â á¢®¨ ®á®¡¥­­®áâ¨ ¢ ¯®¢¥¤¥­¨¥á¯¥ªâà  En.� ¤ ­­®© à ¡®â¥ à áá¬ âà¨¢ îâáï á¯¥ªâà «ì-­ë¥ å à ªâ¥à¨áâ¨ª¨ âãà¡ã«¥­â­ëå ä«ãªâã æ¨©â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨. �®«ãç¥­  ­®¢ ï  ¯-¯à®ªá¨¬ æ¨®­­ ï ä®à¬ã« , ®¯¨áë¢ îé ï á¯¥ªâàä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï¢ á«ãç ¥, ª®£¤  ä«ãªâã æ¨¨ ¯®á«¥¤­¥£® ®¯à¥¤¥«ï-îâáï ¨§¬¥­¥­¨ï¬¨ â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨,  ­ -«¨§¨àã¥âáï ¢§ ¨¬­®¥ ¢«¨ï­¨¥ íâ¨å ä«ãªâã æ¨©.� áá¬ âà¨¢ ¥âáï á¢ï§ì áâ â¨áâ¨ç¥áª¨å å à ªâ¥-à¨áâ¨ª ä«ãªâã æ¨© ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï á å -à ªâ¥à¨áâ¨ª ¬¨ ®áà¥¤­¥­­ëå ¯®«¥© â¥¬¯¥à âãàë¨ á®«¥­®áâ¨. �à®¢¥¤¥­  ¯ à ¬¥âà¨§ æ¨ï ª®íää¨-

æ¨¥­â®¢ âãà¡ã«¥­â­®£® ¯¥à¥­®á  ­  ®á­®¢¥ £à ¤¨-¥­â­®© £¨¯®â¥§ë. �à¨¢¥¤¥­ë à¥§ã«ìâ âë à áç¥-â®¢ á¯¥ªâà  á ¯à¨¢«¥ç¥­¨¥¬ ¤ ­­ëå ®ª¥ ­®£à ä¨-ç¥áª¨å ­ ¡«î¤¥­¨©.2. ������ ������������ �������-��� ����������� (���������)�ãà¡ã«¥­â­®áâì ï¢«ï¥âáï á«®¦­ë¬ ¢¨åà¥¢ë¬â¥ç¥­¨¥¬ ¦¨¤ª®áâ¨, ª®â®à®¥ å à ªâ¥à¨§ã¥âáï¬­®£®¬ áèâ ¡­®áâìî ¤¢¨¦¥­¨©. �­  ï¢«ï¥âáïá«¥¤áâ¢¨¥¬ ­¥ãáâ®©ç¨¢®áâ¨ ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ ¯®®â­®è¥­¨î ª ­¥¨§¡¥¦­® ¢®§­¨ª îé¨¬ ¢®§¬ãé¥-­¨ï¬ ¢ ¯®â®ª¥. �à¨ ¡®«ìè¨å §­ ç¥­¨ïå ç¨á« �¥©­®«ì¤á  Re = U0L0=�, ª®â®à®¥ ®¯à¥¤¥«ï¥â áâ¥-¯¥­ì ¨­â¥­á¨¢­®áâ¨ âãà¡ã«¥­â­ëå ¤¢¨¦¥­¨© ¦¨¤-ª®áâ¨, ¢«¨ï­¨¥ â ª¨å å à ªâ¥à¨áâ¨ª ¢­¥è­¥£® ¯®-â®ª , ª ª  ­¨§®âà®¯¨ï, ­¥®¤­®à®¤­®áâì ¨ ­¥áâ æ¨-®­ à­®áâì, ¡ã¤¥â ®á« ¡¥¢ âì ¯® ¬¥à¥ ã¬¥­ìè¥­¨ï¬ áèâ ¡®¢ ¢¨åà¥© ¢á«¥¤áâ¢¨¥ å ®â¨ç­®áâ¨ ¯à®-æ¥áá  ¯¥à¥¤ ç¨ í­¥à£¨¨ ®â ªàã¯­®¬ áèâ ¡­ëå ¢¨-åà¥© ª ¬¥«ª®¬ áèâ ¡­ë¬ ¯ãâ¥¬ ¤à®¡«¥­¨ï. �¤¥áìU0; L0 - å à ªâ¥à­ë¥ §­ ç¥­¨ï áª®à®áâ¨ ¨ à §¬¥-à  ®¡« áâ¨, § ­ïâ®© ¦¨¤ª®áâìî. � à¥§ã«ìâ â¥áâ â¨áâ¨ç¥áª¨© à¥¦¨¬ ¬¥«ª®¬ áèâ ¡­ëå ä«ãªâã- æ¨© áª®à®áâ¨ áâ ­®¢¨âáï ®¤­®à®¤­ë¬, ¨§®âà®¯-­ë¬ ¨ áâ æ¨®­ à­ë¬,   â ª¦¥ ­¥ § ¢¨áïé¨¬ ®â®á®¡¥­­®áâ¥© ¢­¥è­¨å â¥ç¥­¨©. �­ ®¯à¥¤¥«ï¥âáïâ®«ìª® ¯®â®ª®¬ í­¥à£¨¨, ¯¥à¥¤ ¢ ¥¬ë¬ ®â ªàã¯-­ëå ¢¨åà¥© ª ¬ «ë¬ (ª áª ¤­ë© ¯¥à¥­®á í­¥à£¨¨).�ï§ª®áâì ®ª §ë¢ ¥â ¢«¨ï­¨¥, £« ¢­ë¬ ®¡à §®¬, ­ ¢¨åà¨ ®ç¥­ì ¬ «ëå à §¬¥à®¢. �¬¥­­® ¢ â ª®¬¬¥«ª®¬ áèâ ¡­®¬ ¤¢¨¦¥­¨¨ ®áãé¥áâ¢«ï¥âáï ¯¥à¥-å®¤ ª¨­¥â¨ç¥áª®© í­¥à£¨¨ ¢ â¥¯«®. �à¨ íâ®¬, ª®-«¨ç¥áâ¢® í­¥à£¨¨, ¯¥à¥¤ ¢ ¥¬®© ®â ¢­¥è­¥£® ¯®-â®ª  ª «®ª «ì­® ®¤­®à®¤­ë¬ ¨ ¨§®âà®¯­ë¬ ¤¢¨-¦¥­¨ï¬, ­  ª®â®àë¥ ¢ï§ª®áâì ¥é¥ ­¥ ®ª §ë¢ ¥â§ ¬¥â­®£® ¤¥©áâ¢¨ï, ¡ã¤¥â à ¢­® ª®«¨ç¥áâ¢ã í­¥à-£¨¨, ª®â®à®¥ ¤¨áá¨¯¨àã¥â ¢ ¬¥«ª®¬ áèâ ¡­ëå ¢¨-åàïå. �¥«¨ç¨­  ª áª ¤­®£® ¯®â®ª  í­¥à£¨¨ á®-®â¢¥âáâ¢ã¥â áª®à®áâ¨ ¤¨áá¨¯ æ¨¨ í­¥à£¨¨ âãà¡ã-«¥­â­®áâ¨. � ª¨¬ ®¡à §®¬, ®áà¥¤­¥­­®¥ â¥ç¥­¨¥¢®§¤¥©áâ¢ã¥â ­  à¥¦¨¬ ¬¥«ª®¬ áèâ ¡­ëå ä«ãª-âã æ¨© â®«ìª® ª®á¢¥­­®, ç¥à¥§ ¢¥«¨ç¨­ã ¯®â®ª í­¥à£¨¨, ª®â®àë© ¯¥à¥¤ ¥âáï ¯® ª áª ¤ã ¨ ¢ ª®­æ¥ª®­æ®¢ à áá¥¨¢ ¥âáï, ¯¥à¥å®¤ï ¢ â¥¯«®.�à¨ à áá¬®âà¥­¨¨ ä«ãªâã æ¨© ¯®«ï â¥¬¯¥à -âãàë ¡ã¤¥¬ áç¨â âì, çâ® ­¥®¤­®à®¤­®áâ¨ â¥¬-¯¥à âãàë ­¥ ®ª §ë¢ îâ § ¬¥â­®£® ¢«¨ï­¨ï ­ âãà¡ã«¥­â­ë© à¥¦¨¬ ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨. �áâ¥-áâ¢¥­­® ®¦¨¤ âì, çâ® ¢ à áá¬ âà¨¢ ¥¬®¬ á«ã-ç ¥ ¨ à¥¦¨¬ ä«ãªâã æ¨© â¥¬¯¥à âãàë, ¢ë§ë¢ -¥¬ëå ¯¥à¥¬¥é¥­¨¥¬ ®¡ê¥¬®¢ ¦¨¤ª®áâ¨ á à §«¨ç-­®© â¥¬¯¥à âãà®©, â ª¦¥ ¡ã¤¥â «®ª «ì­® ®¤­®-�.�. �¨ª¨è®¢, �.�. H¨ª¨è®¢ 53



ISSN 0387-4086 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 1999. 1(73) N 1. �. 52 { 63à®¤­ë¬ ¨ ¨§®âà®¯­ë¬. �â¬¥â¨¬, çâ® ¢ ­ âãà-­ëå ãá«®¢¨ïå ­¥®¤­®à®¤­®áâ¨ à á¯à¥¤¥«¥­¨ï â¥¬-¯¥à âãàë (¨ á®«¥­®áâ¨) ¬®£ãâ ®ª §ë¢ âì § ¬¥â-­®¥ ¢«¨ï­¨¥ ­  ¤¢¨¦¥­¨¥ ¦¨¤ª®áâ¨ ¢ ¯®«¥ á¨«âï¦¥áâ¨. �§¢¥áâ­® [4, 8], çâ® íâ®¬ã ¢«¨ï­¨î¯®¤¢¥à£ îâáï, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, ªàã¯­®¬ áèâ ¡-­ë¥ ¤¢¨¦¥­¨ï. �â® ¯à¨¢®¤¨â ª â®¬ã, çâ® ¢ ®ª¥- ­¥ ¤ ¦¥ ¯à¨ ­ «¨ç¨¨ á¨« ¯« ¢ãç¥áâ¨ ¨¬¥îâáï®¡« áâ¨ á à §¢¨â®© âãà¡ã«¥­â­®áâìî, ¢ ç áâ­®-áâ¨ ¯à¨ ¨§¬¥à¥­¨ïå à¥£¨áâà¨àã¥âáï ¨­¥àæ¨®­­ë©¨ ¨­¥àæ¨®­­®-ª®­¢¥ªâ¨¢­ë© ¨­â¥à¢ «ë á¯¥ªâà®¢ä«ãªâã æ¨© áª®à®áâ¨ ¨ â¥¬¯¥à âãàë [8].� ¯à®æ¥áá¥ à §àãè¥­¨ï ªàã¯­®¬ áèâ ¡­ëå ¢¨-åà¥© ¯à®¨áå®¤¨â ¤à®¡«¥­¨¥ ¬ ªà®áâàãªâãà­ëå ­¥-®¤­®à®¤­®áâ¥© â¥¬¯¥à âãàë ­  ¢á¥ ¡®«¥¥ ¬¥«ª®-¬ èâ ¡­ë¥. � ¯à®áâà ­áâ¢¥­­ëå ®¡« áâïå ¬ -«®£® ¬ áèâ ¡  áà¥¤­îî â¥¬¯¥à âãàã hT i ¬®¦-­® áç¨â âì ¯à ªâ¨ç¥áª¨ ¯®áâ®ï­­®©, ¯®íâ®¬ã å -à ªâ¥à¨áâ¨ª®© áâ¥¯¥­¨ ­¥®¤­®à®¤­®áâ¨ ¢ â ª¨å®¡« áâïå ¡ã¤¥â §­ ç¥­¨¥ ä«ãªâã æ¨¨ â¥¬¯¥à âã-àë T 0 = T � hT i. �«¥¤ãï à ¡®â¥ [9], ¯à¨¬¥¬ § ¬¥àã â¥¬¯¥à âãà­®© ­¥®¤­®à®¤­®áâ¨ ®¡ê¥¬  ¢¥-«¨ç¨­ã H = 12� ZV h(T 0)2idV;£¤¥ � - ¯«®â­®áâì ¦¨¤ª®áâ¨, â.¥. ¡ã¤¥¬ áç¨-â âì, çâ® áâ¥¯¥­ì â¥¬¯¥à âãà­®© ­¥®¤­®à®¤­®-áâ¨ å à ªâ¥à¨§ã¥âáï ¢¥«¨ç¨­®© (T 0)2=2. �§¢¥áâ-­®, çâ® à¥¦¨¬ âãà¡ã«¥­â­ëå ä«ãªâã æ¨© â¥¬¯¥-à âãàë ¡ã¤¥â ®¯à¥¤¥«ïâìáï ­¥ â®«ìª® ¤¨­ ¬¨ç¥-áª¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨ áà¥¤ë (� ¨ �), ­® ¨ áª®-à®áâìî ã¬¥­ìè¥­¨ï ¬¥àë â¥¬¯¥à âãà­®© ­¥®¤­®-à®¤­®áâ¨ (T 0)2=2, â.¥. áª®à®áâìî ¤¨áá¨¯ æ¨¨ (¢ë-à ¢­¨¢ ­¨ï) ä«ãªâã æ¨© â¥¬¯¥à âãà­®£® ¯®«ï �T ,  â ª¦¥ ¬®«¥ªã«ïà­ë¬ ª®íää¨æ¨¥­â®¬ â¥¬¯¥à -âãà®¯à®¢®¤­®áâ¨ �T .�¥à¥å®¤ï ª à áá¬®âà¥­¨î á¯¥ªâà «ì­ëå å à ª-â¥à¨áâ¨ª âãà¡ã«¥­â­ëå ä«ãªâã æ¨© â¥¬¯¥à âã-àë, ¢¢¥¤¥¬ á«¥¤ãîé¨¥ å à ªâ¥à­ë¥ §­ ç¥­¨ï ¢®«-­®¢ëå ç¨á¥« k (á¯¥ªâà «ì­®© ¯¥à¥¬¥­­®©): kK{ ¢®«­®¢®¥ ç¨á«® �®«¬®£®à®¢ , å à ªâ¥à¨§ãîé¥¥¢«¨ï­¨¥ ¢ï§ª®áâ¨; kTB = �=��2T , kSB = �=��2S , {¢®«­®¢ë¥ ç¨á«  �íâç¥«®à , å à ªâ¥à¨§ãîé¨¥ ¢«¨-ï­¨¥ â¥¬¯¥à âãà®¯à®¢®¤­®áâ¨ ¨ ¤¨ääã§¨¨ á®«¨,á®®â¢¥âáâ¢¥­­®; kL { ¢®«­®¢®¥ ç¨á«® í­¥à£®­¥áã-é¨å ¢¨åà¥©, â.¥. ªàã¯­®¬ áèâ ¡­ëå ¢¨åà¥©, ¢ ª®-â®àëå á®áà¥¤®â®ç¥­  ®á­®¢­ ï ç áâì í­¥à£¨¨ ¯®-â®ª .� ¯¨è¥¬ ãà ¢­¥­¨¥ ¯¥à¥­®á  â¥¯«  ¢ ¢ï§ª®©, â¥-¯«®¯à®¢®¤­®©, ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ¢¨¤¥ [3]@T@t + vi @T@xi = �T @2T@x2i ; (1)

£¤¥ t { ¢à¥¬ï; vi(i = 1; 2; 3) { ª®¬¯®­¥­âë ¢¥ª-â®à  áª®à®áâ¨ ¯®â®ª ; T { â¥¬¯¥à âãà  ¦¨¤ª®-áâ¨. �¢®¤ï ®áà¥¤­¥­­ë¥ §­ ç¥­¨ï áª®à®áâ¨ hvii¨ hT i â¥¬¯¥à âãàë, ª®â®àë¥ ¢ ¤ ­­®¬ à §¤¥«¥ ¡ã-¤¥¬ áç¨â âì ¯®áâ®ï­­ë¬¨, § ¯¨è¥¬ vi = hvii+ v0i;T = hT i + T 0; £¤¥ v0i; T 0 { ä«ãªâã¨àãîé¨¥ ç áâ¨áª®à®áâ¨ ¨ â¥¬¯¥à âãàë á®®â¢¥âáâ¢¥­­®. �®£¤ ¨§ (1) ¯®«ãç ¥¬@T 0@t + hvii@T 0@xi + v0i@T 0@xi = �T @2T 0@x2i : (2)� áá¬ âà¨¢ ï íâ® ãà ¢­¥­¨¥ ¢ ¤¢ãå â®çª å A ¨B, ¤«ï ª®àà¥«ïæ¨®­­®© äã­ªæ¨¨ ä«ãªâã æ¨© â¥¬-¯¥à âãàë 	TT (t; �i) = hT 0AT 0B i¢ ¯à¥¤¯®«®¦¥­¨¨ áâ â¨áâ¨ç¥áª®© ®¤­®à®¤­®áâ¨ ¨¨§®âà®¯¨¨ ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãà ¢­¥­¨¥:@@t	TT (t; �i) � 2 @@�i
Ti;T (t; �i) == 2�T @2@�2i 	TT (t; �i); (3)£¤¥ ¯¥à¥¬¥­­ ï �i = (xi)B � (xi)A.�¢¥¤¥¬ áª «ïà
�TT = 2 @@�i
Ti;T :�®áª®«ìªã äã­ªæ¨¨ 	TT ¨ 
Ti;T § ¢¨áïâ â®«ìª®®â à ááâ®ï­¨ï ¬¥¦¤ã à áá¬ âà¨¢ ¥¬ë¬¨ â®çª -¬¨, ¯¥à¥å®¤¨¬ ª ¯¥à¥¬¥­­ë¬ t ¨ r. � à¥§ã«ìâ â¥¯®«ãç ¥¬ ãà ¢­¥­¨¥, ®¯¨áë¢ ¥é¥¥ ¨§¬¥­¥­¨¥ ª®à-à¥«ïæ¨¨ ä«ãªâã æ¨© â¥¬¯¥à âãà­®£® ¯®«ï [4]:@@t	TT (t; r)� 
�TT (t; r) == 2�T 1r @2@r �r2 @@r	TT (t; r)� : (4)�à¨¬¥­ï¥¬ ª íâ®¬ã ãà ¢­¥­¨î âà¥å¬¥à­®¥ ¯à¥-®¡à §®¢ ­¨¥ �ãàì¥ ¯® ¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥-¬¥­­ë¬. �ç¨âë¢ ï ¨§®âà®¯­®áâì ä«ãªâã æ¨©â¥¬¯¥à âãà­®£® ¯®«ï, ¯¥à¥å®¤¨¬ ª áä¥à¨ç¥áª¨¬¯¥à¥¬¥­­ë¬ ¨ ¯®á«¥ ¢ëç¨á«¥­¨ï ¨­â¥£à «®¢ ¯®ã£«®¢ë¬ ¯¥à¥¬¥­­ë¬ ­ å®¤¨¬ á¯¥ªâà «ì­ë©  ­ -«®£ ãà ¢­¥­¨ï (4):@@tET (t; k)�WT (t; k) = �2�T k2ET (t; k); (5)£¤¥ ET (t; k) = 4�k2ETT (t; k) { âà¥å¬¥à­ ï á¯¥ª-âà «ì­ ï ¯«®â­®áâì. �à ¢­¥­¨¥ (5) ®¯¨áë¢ ¥â ¨§-¬¥­¥­¨¥ ¢® ¢à¥¬¥­¨ á¯¥ªâà «ì­®£® à á¯à¥¤¥«¥­¨ï54 �.�. �¨ª¨è®¢, �.�. H¨ª¨è®¢



ISSN 0387-4086 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 1999. 1(73) N 1. �. 52 { 63¨­â¥­á¨¢­®áâ¨ à á¯à¥¤¥«¥­¨ï ä«ãªâã æ¨© â¥¬¯¥-à âãàë. �ã­ªæ¨ïWT (t; k) ®¯¨áë¢ ¥â ¯¥à¥à á¯à¥-¤¥«¥­¨¥ ¢®§¬ãé¥­¨© ¯®«ï â¥¬¯¥à âãàë ¯® á¯¥ªâàã¢®«­®¢ëå ç¨á¥« §  áç¥â âãà¡ã«¥­â­®£® ¯¥à¥¬¥è¨-¢ ­¨ï. �à®¨­â¥£à¨à®¢ ¢ ãà ¢­¥­¨¥ (5) ¯® ¢á¥¬ãá¯¥ªâàã ¢®«­®¢ëå ç¨á¥«, ¯®«ãç¨¬@@t Z 10 ET (t; k)dk = �2�T Z 10 k2ET (t; k)dk: (6)�¥¢ ï ç áâì íâ®£® ãà ¢­¥­¨ï ¯à¥¤áâ ¢«ï¥â á®¡®©áª®à®áâì ¨§¬¥­¥­¨ï ®¡é¥© í­¥à£¨¨ ä«ãªâã æ¨©,â.¥. áª®à®áâì ¤¨áá¨¯ æ¨¨ í­¥à£¨¨ ä«ãªâã æ¨©â¥¬¯¥à âãàë �T . �âáî¤  á«¥¤ã¥â ãá«®¢¨¥ ­®à¬¨-à®¢ª¨ âãà¡ã«¥­â­®£® á¯¥ªâà  [4]2�T Z 10 k2ET (t; k)dk = �T : (7)�§¢¥áâ­®, çâ® á¨áâ¥¬  ãà ¢­¥­¨©, ®¯¨áë¢ î-é¨å âãà¡ã«¥­â­ë¥ ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨, ï¢«ï¥âáï­¥§ ¬ª­ãâ®©. �«ï à¥è¥­¨ï ¯à®¡«¥¬ë § ¬ëª ­¨ï¨á¯®«ì§ãîâáï à §«¨ç­ë¥ £¨¯®â¥§ë, ¬­®£¨¥ ¨§ ª®-â®àëå ®¯¨á ­ë ¢ ¬®­®£à ä¨¨ [4]. �¤­¨¬ ¨§ ¯ã-â¥© peè¥­¨ï ¯à®¡«¥¬ë § ¬ëª ­¨ï ï¢«ï¥âáï ¨á-¯®«ì§®¢ ­¨¥ á¯¥ªâà «ì­ëå ãà ¢­¥­¨© ¨ à §à ¡®â-ª  á®®â¢¥âáâ¢ãîé¨å ¯®¤å®¤®¢ ª à¥è¥­¨î ¯à®¡«¥-¬ë. �â® ¢ à ¢­®© ¬¥à¥ ®â­®á¨âáï ¨ ª ãà ¢­¥­¨ï¬,®¯¨áë¢ îé¨¬ ¯®¢¥¤¥­¨¥ âãà¡ã«¥­â­ëå ä«ãªâã -æ¨© â¥¬¯¥à âãà­®£® ¯®«ï. �à ¢­¥­¨¥ (5) ï¢«ï¥â-áï ®á­®¢­ë¬ á¯¥ªâà «ì­ë¬ ãà ¢­¥­¨¥¬, ¨á¯®«ì§ã-¥¬ë¬ ¤«ï íâ¨å æ¥«¥©. �­ «¨§ áãé¥áâ¢ãîé¨å £¨-¯®â¥§, á ¯®¬®éìî ª®â®àëå ¬®¦­® § ¬ª­ãâì ãà ¢-­¥­¨¥ (5), ¯à¨¢¥¤¥­ ¢ [4]. �«®¤®â¢®à­ë¬ ¯ãâ¥¬à¥è¥­¨ï ¯à®¡«¥¬ë ï¢«ï¥âáï ¢¢¥¤¥­¨¥ áª «ïà­®©á¯¥ªâà «ì­®© ¯®â®ª®¢®© äã­ªæ¨¨ FT :WT (t; k) = �@FT (t; k)@k ; (8)¨ ãáâ ­®¢«¥­¨¥ á¢ï§¨ FT (t; k) á ET (t; k) .�¤­®© ¨§ â ª¨å ¬®¤¥«¥©, ¯à¥¤«®¦¥­­ëå ¤«ï áâ -æ¨®­ à­®£® á«ãç ï, ï¢«ï¥âáï ¬®¤¥«ì �®ààá¨­ -� ® [10, 11], ¢ ª®â®à®© ¯à¥¤¯®« £ ¥âáï, çâ® á¯¥ª-âà «ì­ë© í«¥¬¥­â, å à ªâ¥à¨§ã¥¬ë© ¢­ ç «¥ ¢®«-­®¢ë¬ ç¨á«®¬ k ¨ ¢à¥¬¥­¥¬ � , ¯¥à¥­®á¨âáï ª ¡®«ì-è¥¬ã ¢®«­®¢®¬ã ç¨á«ã k+dk §  ¨­â¥à¢ « d� . �¤¥áì� (k) - ¢à¥¬¥­­®© ¬ áèâ ¡, ¯®«ãç ¥¬ë© ¨§  ­ -«¨§  à §¬¥à­®áâ¥©. �¢â®àë ¢¢¥«¨ ¢ à áá¬®âà¥-­¨¥ áª®à®áâì B(k), á ª®â®à®© ¯à®¨áå®¤¨â ¯¥à¥­®áá¯¥ªâà «ì­®£® í«¥¬¥­â  ç¥à¥§ ¢®«­®¢®¥ ç¨á«® k,B(k) = dk=d� � k=� (k). �®£¤ FT (k) = B(k)ET (k): (9)� áá¬ âà¨¢ ¥¬ ï ¬®¤¥«ì ®á­®¢ ­  ­  ¯à¥¤¯®«®¦¥-­¨¨ ® «®ª «ì­®áâ¨ ¯¥à¥­®á  í­¥à£¨¨ ¯® á¯¥ªâàã.

�¡®á­®¢ ­­®áâì ¬®¤¥«¨ ¯®¤â¢¥à¦¤ ¥âáï à¥§ã«ì-â â ¬¨ ¬®¤¥«¨à®¢ ­¨ï ¯à®æ¥áá  ¯¥à¥­®á  í­¥à-£¨¨ ¢ ®¤­®à®¤­®© ¨§®âà®¯­®© âãà¡ã«¥­â­®áâ¨ ¯ã-â¥¬ ç¨á«¥­­®£® à¥è¥­¨ï ãà ¢­¥­¨ï � ¢ì¥-�â®ªá ,§ ¯¨á ­­®£® ¢ ¯à®áâà ­áâ¢¥ ¢®«­®¢ëå ç¨á¥«, ­ ®á­®¢¥ âà¨ ¤­ëå ¢§ ¨¬®¤¥©áâ¢¨© á¯¥ªâà «ì­ëåª®¬¯®­¥­â. �â¨ ¢§ ¨¬®¤¥©áâ¢¨ï, ¤«ï ª®â®àëå ¢ë-¯®«­ï¥âáï ãá«®¢¨¥ k1 = k2+ k3, £¤¥ ki; (i = 1; 2; 3) -¢®«­®¢ë¥ ç¨á«  á¯¥ªâà «ì­ëå ª®¬¯®­¥­â, ï¢«ïîâ-áï ®á­®¢­ë¬ ¯à®æ¥áá®¬ ¯¥à¥¤ ç¨ í­¥à£¨¨ ¯® á¯¥ª-âàã [14]. �ë«® ¯®ª § ­® [12, 15], çâ® ¢ ¨­¥àæ¨®­-­®¬ ¨­â¥à¢ «¥ ®á­®¢­®© ¢ª« ¤ ¢ ¯¥à¥­®á í­¥à£¨¨¤ îâ «®ª «ì­ë¥ ¢§ ¨¬®¤¥©áâ¢¨ï, ¬¥¦¤ã â¥¬ ª ª¢ ¤¨áá¨¯ â¨¢­®¬ ¨­â¥à¢ «¥ §­ ç¨â¥«¥­ ¢ª« ¤ ­¥-«®ª «ì­ëå ¢§ ¨¬®¤¥©áâ¢¨©. �¤­ ª® ¢® ¢á¥å á«ã-ç ïå ¯¥à¥­®á ­®á¨â ¯à¥¨¬ãé¥áâ¢¥­­® «®ª «ì­ë©å à ªâ¥à. �¨âã æ¨ï, ª®£¤  ­¥«®ª «ì­ë¥ ¢§ ¨¬®-¤¥©áâ¢¨ï ¯à¨¢®¤ïâ ª «®ª «ì­®¬ã ¯¥à¥­®áã í­¥à-£¨¨, á¢ï§ ­  á â¥¬, çâ® ®¡¬¥­ í­¥à£¨¨ ¯à®¨áå®¤¨â,¢ ®á­®¢­®¬, ¬¥¦¤ã ¤¢ã¬ï á¯¥ªâà «ì­ë¬¨ ª®¬¯®-­¥­â ¬¨ á ¡®«ìè¨¬¨ ¢®«­®¢ë¬¨ ç¨á« ¬¨ (ª àâ¨-­  â ª®£® ¢§ ¨¬®¤¥©áâ¢¨ï ®¯¨á ­  �à¨è¥¬ [17]),  ¢ª« ¤ ­¨§ª®¢®«­®¢®© ª®¬¯®­¥­âë ¬ « [14]. �­ -«®£¨ç­ë¥ ¢ë¢®¤ë á¤¥« ­ë ¢ à ¡®â å [13, 15]. � -ª¨¬ ®¡à §®¬, à¥§ã«ìâ âë ç¨á«¥­­®£® ¬®¤¥«¨à®¢ -­¨ï ¯®¤â¢¥à¦¤ îâ ®á­®¢­ãî ¯à¥¤¯®áë«ªã, ­  ª®-â®à®© ¡ §¨àã¥âáï ¬®¤¥«ì �®ààá¨­ -� ®, ® «®ª «ì-­®áâ¨ ¯¥à¥­®á  í­¥à£¨¨ ¯® á¯¥ªâàã.� ¨­¥àæ¨®­­®-ª®­¢¥ªâ¨¢­®¬ á¯¥ªâà «ì­®¬ ¨­-â¥à¢ «¥ kL << k << kK (¨­â¥à¢ « �¡ãå®¢ -�®ààá¨­  ) ¨§ á®®¡à ¦¥­¨© à §¬¥à­®áâ¨ ¨¬¥-¥¬ � � ��1=3k�2=3, â®£¤  ¢ à¥§ã«ìâ â¥ à¥è¥-­¨ï ãà ¢­¥­¨ï (5) ¯®«ãç ¥¬ ET � k�5=3 { § ª®­�¡ãå®¢ -�®ààá¨­ . � ¢ï§ª®-ª®­¢¥ªâ¨¢­®¬ ¨­â¥à-¢ «¥ kK << k << kTB (¨­â¥à¢ « �íâç¥«®à ) � �
�1, £¤¥ 
 - áª®à®áâì ¤¥ä®à¬ æ¨¨, 
 = (�=�)1=2, ¢à¥§ã«ìâ â¥ ¨¬¥¥¬ ET � k�1, â.¥. á¯¥ªâà �íâç¥-«®à . �¡®¡é¥­­ ï ¬®¤¥«ì à §à ¡®â ­  ¢ à ¡®â¥[20], £¤¥ ãª § ­­ ï áª®à®áâì ¯à¥¤áâ ¢«¥­  ¢ ¢¨¤¥B(k) = C0k�1 + �2 : (10)�¤¥áì C0 - ¯®áâ®ï­­ ï �¡ãå®¢ -�®ààá¨­ ; �1 ���1=3k�2=3; �2 = C1
�1; á¢®¡®¤­ë© ¯ à ¬¥âà C1®¯à¥¤¥«ï¥âáï ¨§ áà ¢­¥­¨ï á íªá¯¥à¨¬¥­â «ì­ë¬¨¤ ­­ë¬¨. �á¯®«ì§ãï § ¢¨á¨¬®áâ¨ (8), (9) ¨ (10),ãà ¢­¥­¨¥ (5) ¢ áâ æ¨®­ à­®¬ á«ãç ¥ ¬®¦­® ¯à¥¤-áâ ¢¨âì ¢ ¢¨¤¥A�1T ddk � y5=31 + y2=3ET (y)� = �2y2ET y; (11)£¤¥ y = C3=21 , AT = C0C�21 Pr�1, Pr = �=�T . �¥-è¥­¨¥ ¤®«¦­® ã¤®¢«¥â¢®àïâì ãá«®¢¨î ­®à¬¨à®¢ª¨�.�. �¨ª¨è®¢, �.�. H¨ª¨è®¢ 55
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�¨á. 1. �¯¥ªâàë ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨(7). � à¥§ã«ìâ â¥ ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥¤«ï á¯¥ªâà  [20]:ET (y) = C0C�5=21 �Tk3K� y�5=3 �1 + y2=3��� exp ��AT �32y4=3 + y2�� : (12)�®§¢à é ïáì ª ¯¥à¥¬¥­­®© k, § ¯¨è¥¬ET (k) = C0��1=3�T k�5=3 h1 +C1(k�)2=3i�� expf�AT �32C21(k�)4=3 +C31(k�)2�g: (13)�à ¢­¥­¨¥ á àï¤®¬ íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå¯®ª § «® [20], çâ® íâ  ä®à¬ã«  ¤®áâ â®ç­® å®-à®è® ®¯¨áë¢ ¥â á¯¥ªâà ä«ãªâã æ¨© â¥¬¯¥à âãà-­®£® ¯®«ï, ¯à¨ íâ®¬ á¢®¡®¤­ë© ¯ à ¬¥âà C1 '2:35. �à®¬¥ â®£®, ¨§¢¥áâ­® [4, 7], çâ® ¯®áâ®ï­-­ ï �¡ãå®¢ -�®ààá¨­  C0 ' 0:72. �â¬¥â¨¬, çâ®

á¯¥ªâà ä«ãªâã æ¨© á®«¥­®áâ¨ ®¯¨áë¢ ¥âáï  ­ «®-£¨ç­®© ä®à¬ã«®©. �â«¨ç¨¥ § ª«îç ¥âáï ¢ â®¬,çâ® ¢¬¥áâ® �T ¤®«¦­  áâ®ïâì �S ¨ ¢¬¥áâ® AT {AS = C0C�21 �S=� . �®áª®«ìªã �S << �T , â®¬®«¥ªã«ïà­ë¥ íää¥ªâë ¢«¨ïîâ ­  âãà¡ã«¥­â­ë¥ä«ãªâã æ¨¨ â¥¬¯¥à âãàë ¯à¨ ¡®«¥¥ ªàã¯­ëå ¯à®-áâà ­áâ¢¥­­ëå ¬ áèâ ¡ å, ç¥¬ íâ® ¨¬¥¥â ¬¥áâ®¤«ï ä«ãªâã æ¨© á®«¥­®áâ¨. �â® ¯à¨¢®¤¨â ª § -¬¥â­ë¬ à §«¨ç¨ï¬ á¯¥ªâà®¢ ¢ ®¡« áâ¨ ¡®«ìè¨å¢®«­®¢ëå ç¨á¥«.� ª ç¥áâ¢¥ ¨««îáâà æ¨¨ ­  à¨á. 1 ¯à¨¢¥¤¥­ë£à ä¨ª¨ ¤«ï äã­ªæ¨© fT (k�) = ��1T �1=3k5=3ET (k)(à¨á. 1,a) ¨ fS (k�) = ��1S �1=3k5=3ES (k) (à¨á. 1,b),£¤¥ ET (k) ¨ ES (k)- á¯¥ªâàë ä«ãªâã æ¨© â¥¬¯¥à -âãàë ¨ á®«¥­®áâ¨.�¨¤­®, çâ® ¢ ¨­¥àæ¨®­­®-ª®­¢¥ªâ¨¢­®¬ ¨­â¥à-¢ «¥, £¤¥ ET (k) � k�5=3 ¨ ES (k) � k�5=3 , äã­ªæ¨¨fT (k�) ¨ fS (k�) ¡«¨§ª¨ ª £®à¨§®­â «ì­ë¬ «¨­¨-ï¬ ¨ áâà¥¬ïâáï ª ¯®áâ®ï­­®© �¡ãå®¢ -�®ààá¨­ C0 � 0:72. �à¨ ¡®«ìè¨å §­ ç¥­¨ïå k� ¢ á¯¥ª-âà å ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨ ¨¬¥-îâáï ¢ï§ª®-ª®­¢¥ªâ¨¢­ë¥ ¨­â¥à¢ «ë (¨­â¥à¢ «ë�íâç¥«®à ), £¤¥ á¯¥ªâàë ¯à®¯®àæ¨®­ «ì­ë k�1,â.¥. fT (k�) � (k�)2=3 ¨ fS (k�) � (k�)2=3, ¨ ­ à¨áã­ª å ¬ë ¢¨¤¨¬ ¯®¤ê¥¬ ªà¨¢ëå. �à¨ ¤ «ì-­¥©è¥¬ ã¢¥«¨ç¥­¨¨ k� ­ ç¨­ ¥âáï ¢«¨ï­¨¥ íªá¯®-­¥­âë ¢ § ¢¨á¨¬®áâ¨ (13), ¨ ªà¨¢ë¥ ¡ëáâà® áâà¥-¬ïâáï ª ­ã«î. �â¨ ç áâ¨ á®®â¢¥âáâ¢ãîâ ¢ï§ª®-¤¨ääã§¨®­­ë¬ ¨­â¥à¢ « ¬ á¯¥ªâà®¢. �â¬¥â¨¬,çâ® ¢  â¬®áä¥à¥ ­¥â ¢ï§ª®-ª®­¢¥ªâ¨¢­®£® ¨­â¥à-¢ « . �â® ¯à¨¢®¤¨â ª â®¬ã, çâ® ­  £à ä¨ª åá¯¥ªâà®¢ ­¥ ¡ã¤¥â ­ ¡«î¤ âìáï ¯®¤ê¥¬  ªà¨¢ëå,  áà §ã §  ¨­¥àæ¨®­­®-ª®­¢¥ªâ¨¢­ë¬ ¨­â¥à¢ «®¬á¯¥ªâà à¥§ª® ã¬¥­ìè ¥âáï ¯® íªá¯¥­¥­æ¨ «ì­®¬ã§ ª®­ã.3. ������ �������H�H�� �������-��� ����������� ���������� ���-��������� ®â«¨ç¨¥ ®â  â¬®áä¥àë, £¤¥ ¨§¬¥­¥­¨ï ®¯â¨-ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï ®¯à¥¤¥«ï¥âáï ¢®¬­®£¨å á«ãç ïå â®«ìª® ä«ãªâã æ¨ï¬¨ â¥¬¯¥à âã-àë, ¢ ¬®àáª®© áà¥¤¥ ¨§¬¥­¥­¨ï § ¢¨áïâ ®â ä«ãªâã- æ¨© â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨. �§¢¥áâ­ë¥ § ¢¨-á¨¬®áâ¨ n ®â T 0 ¨ S0 ®¯¨áë¢ îâáï ¯®«¨­®¬ ¬¨ ¢ë-á®ª®© áâ¥¯¥­¨ ¨ ï¢«ïîâáï ¤®áâ â®ç­® £à®¬®§¤ª¨-¬¨ [21]. �£à ­¨ç¨¢ ïáì «¨­¥©­ë¬ ¯à¨¡«¨¦¥­¨¥¬,§ ¯¨è¥¬ ¤«ï ä«ãªâã¨àãîé¥© ç áâ¨ ®¯â¨ç¥áª®£®¯®ª § â¥«ï ¯à¥«®¬«¥­¨ïn = ��T 0 + �S0 ; (14)£¤¥ � = 2:6 � 10�41 / £à ¤; � = 1:75 � 10�4«/£.56 �.�. �¨ª¨è®¢, �.�. H¨ª¨è®¢



ISSN 0387-4086 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 1999. 1(73) N 1. �. 52 { 63�¥à¥©¤¥¬ â¥¯¥àì ª ­ å®¦¤¥­¨î ¢ëà ¦¥­¨ï, ª®â®-à®¥ ®¯¨áë¢ ¥â á¯¥ªâà âãà¡ã«¥­â­ëå ä«ãªâã æ¨©®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï ¬®àáª®© ¢®-¤ë. � áá¬®âà¨¬ á¯¥ªâà ä«ãªâã æ¨© ¯®«ï ­¥ª®â®-à®© ¢¥«¨ç¨­ë J , ï¢«ïîé¥©áï äã­ªæ¨¥© áª «ïà­ëå¢¥«¨ç¨­ P ¨ Q, ª®â®àë¥ ¨¬¥îâ ¬®«¥ªã«ïà­ë¥ ª®-íää¨æ¨¥­âë ¯¥à¥­®á  �P ¨ �Q , á®®â¢¥âáâ¢¥­­®.�â¬¥â¨¬, çâ® áâ â¨áâ¨ç¥áª®¥ ¯®¢¥¤¥­¨¥ ¬­®£®-ª®¬¯®­¥­â­®© á¬¥á¨ ¢ «®ª «ì­®-®¤­®à®¤­®© ¨ ¨§®-âà®¯­®© âãà¡ã«¥­â­®áâ¨ ¨§ãç «®áì ¢ àï¤¥ à ¡®â¯à¨¬¥­¨â¥«ì­® ª ¯à®¡«¥¬ ¬ £®à¥­¨ï, à ¡®âë å¨-¬¨ç¥áª¨å à¥ ªâ®à®¢ ¨ ¤à. � ª, ¢ à ¡®â¥ [18] ¯®-«ãç¥­ë ¢ëà ¦¥­¨ï ¤«ï á¯¥ªâà®¢ ä«ãªâã æ¨© ª®­-æ¥­âà æ¨¨ á¬¥á¨ ¯à¨ ­ «¨ç¨¨ å¨¬¨ç¥áª®© à¥ ªæ¨¨¯¥à¢®£® à®¤ . �§ãç¥­® ¯®¢¥¤¥­¨¥ á¯¥ªâà  ª®­æ¥­-âà æ¨© ¢ ®¡« áâ¨ ¡®«ìè¨å ¢®«­®¢ëå ç¨á¥« ¤«ï á«ã-ç ï à ¢¥­áâ¢  ¬®«¥ªã«ïà­ëå ª®íää¨æ¨¥­â®¢ ¤¨ä-äã§¨¨ ª®¬¯®­¥­â á¬¥á¨. � ª®© ¦¥ á«ãç © à áá¬®-âà¥­ ¢ à ¡®â¥ [23], £¤¥ ¨§ãç¥­ á¯¥ªâà ä«ãªâã æ¨©á¬¥á¨, á®áâ®ïé¥© ¨§ ¤¢ãå ª®¬¯®­¥­â. � £à ­¦¥-¢  áâ®å áâ¨ç¥áª ï ¬®¤¥«ì ¡ë«  ¨á¯®«ì§®¢ ­  ¢ à -¡®â¥ [19] ¤«ï ¢ëç¨á«¥­¨ï ª®àà¥«ïæ¨¨ ¬¥¦¤ã ¤¢ã-¬ï ¯¥à¢®­ ç «ì­® á¥£à¥£¨à®¢ ­­ë¬¨ ª®¬¯®­¥­â -¬¨ á ®¤¨­ ª®¢ë¬¨ ¬®«¥ªã«ïà­ë¬¨ ª®íää¨æ¨¥­â -¬¨ ¤¨ääã§¨¨. �àï¬®¥ ç¨á«¥­­®¥ ¬®¤¥«¨à®¢ ­¨¥¤¨ääã§¨¨ ¯ á¨¢­ëå áª «ïà­ëå ¢¥«¨ç¨­ á à §«¨ç-­ë¬¨ ¬®«¥ªã«ïà­ë¬¨ ª®íää¨æ¨¥­â ¬¨ ¤¨ääã§¨¨¢ áâ æ¨®­ à­®© ¨§®âà®¯­®© âãà¡ã«¥­â­®áâ¨ ¢ë-¯®«­¥­® ¢ à ¡®â¥ [12],   á ãç¥â®¬ ¢«¨ï­¨ï áà¥¤-­¨å £à ¤¨¥­â®¢ áª «ïà­ëå ¢¥«¨ç¨­ { ¢ à ¡®â¥ [16].� íâ¨å à ¡®â å ®á­®¢­®¥ ¢­¨¬ ­¨¥ ã¤¥«ï«®áì ¨§ã-ç¥­¨î à®«¨ à §«¨ç­ëå ª« áá®¢ âà¨ ¤­ëå ¢§ ¨¬®-¤¥©áâ¢¨© ¢ ª áª ¤­®¬ ¯à®æ¥áá¥ ¯¥à¥­®á  í­¥à£¨¨.� ª ¯à ¢¨«®, ¢ íâ¨å à ¡®â å ç¨á«  �¬¨¤â , ®â­®-áïé¨¥áï ª ®â¤¥«ì­ë¬ ª®¬¯®­¥­â ¬ á¬¥á¨, ­¥ ¯à¥-¢ëè «¨ ¥¤¨­¨æã ¨ ®â«¨ç «¨áì ¤àã£ ®â ¤àã£  ­¥¡®«¥¥, ç¥¬ ¢ 4 à § . �ë«® ¯à®¤¥¬®­áâà¨à®¢ ­®,çâ® áª «ïà­ë¥ ¯®«ï, ª®â®àë¥ ¨¤¥­â¨ç­ë ¢ ­ ç «ì-­ë© ¬®¬¥­â ¢à¥¬¥­¨, ¯®áâ¥¯¥­­® â¥àïîâ ª®àà¥«¨-à®¢ ­­®áâì ¨§-§  ¢«¨ï­¨ï ¤¨ääã§¨¨, ¯à¨ç¥¬ ¢«¨-ï­¨¥ à §«¨ç­ëå ª®íää¨æ¨¥­â®¢ ¤¨ääã§¨¨ á­ ç -«  ¯à®ï¢«ï¥âáï ¢ ®¡« áâ¨ ¬ «ëå ¬ áèâ ¡®¢,   § -â¥¬ ¯à®áâ¨à ¥âáï ¢ ®¡« áâì ¡®«ìè¨å ¬ áèâ ¡®¢.�àã£¨¬¨ á«®¢ ¬¨, ¢®§­¨ª ¥â á¢®¥®¡à §­ë© ®¡à â-­ë© ª áª ¤­ë© ¯à®æ¥áá. �®ª § ­®, çâ® ¯à¨ ­ «¨-ç¨¨ áà¥¤­¥£® £à ¤¨¥­â  áª «ïà­ëå ¢¥«¨ç¨­ ¯®áâ¥-¯¥­­® ¢ ¦¨¤ª®áâ¨ ãáâ ­ ¢«¨¢ ¥âáï áâ â¨áâ¨ç¥áª¨áâ æ¨®­ à­ë© à¥¦¨¬.�®§¢à é ïáì ª ¢ë¢®¤ã ¢ëà ¦¥­¨ï ¤«ï á¯¥ªâà En, ¯®«®¦¨¬, çâ® J = P +Q. �®£¤  ª®àà¥«ïæ¨®­-­ ï äã­ªæ¨ï ä«ãªâã æ¨© ¢¥«¨ç¨­ë J ¬®¦¥â ¡ëâì¯à¥¤áâ ¢«¥­  ¢ ¢¨¤¥hJ 0AJ 0B i = hP 0AP 0Bi + hQ0AQ0Bi + 2hP 0AQ0B i; (15)

¯®áª®«ìªã ¢ «®ª «ì­® ®¤­®à®¤­®© ¨ ¨§®âà®¯­®©âãà¡ã«¥­â­®áâ¨ 	PQ = hP 0AQ0B i = hP 0BQ0Ai: �®-¢â®àïï ¯à®æ¥¤ãàã, ¨á¯®«ì§®¢ ­­ãî ¢ ¯à¥¤ë¤ã-é¥¬ à §¤¥«¥, ­¥âàã¤­® ¯®«ãç¨âì ãà ¢­¥­¨ï, ª®-â®àë¥ ®¯¨áë¢ îâ ¯®¢¥¤¥­¨¥ ª®àà¥«ïæ¨© hP 0AP 0Bi¨ hQ0AQ0Bi. �à¨¬¥­¨¢ § â¥¬ ¯à¥®¡à §®¢ ­¨ï �ã-àì¥, ¬®¦­® ­ ©â¨ ¢ëà ¦¥­¨ï ¤«ï á¯¥ªâà®¢ EP (k)¨ EQ(k).�¥à¥©¤¥¬ â¥¯¥àì ª ®¯à¥¤¥«¥­¨î ¢§ ¨¬­®£® á¯¥ª-âà  EPQ(k), á«¥¤ãï ¯à®æ¥¤ãà¥, ®¯¨á ­­®© ¢ ¯à¥-¤ë¤ãé¥¬ à §¤¥«¥ ¯à¨ ­ å®¦¤¥­¨¨ ET (k). �®  ­ -«®£¨¨ á ãà ¢­¥­¨¥¬ (2) § ¯¨è¥¬ ãà ¢­¥­¨¥ ¯¥à¥-­®á  ä«ãªâã æ¨© áª «ïà­®© ¢¥«¨ç¨­ë P 0 ¢ â®ç-ª¥ A ¨ ã¬­®¦¨¬ ¥£® ­  §­ ç¥­¨¥ Q0 ¢ â®çª¥ B.� â¥¬ ãà ¢­¥­¨¥ ¤«ï P 0, § ¯¨á ­­®¥ ¢ â®çª¥ B,ã¬­®¦¨¬ ­  Q0A. �­ «®£¨ç­ãî ¯à®æ¥¤ãàã ¢ë¯®«-­¨¬ ¤«ï ¯ã«ìá æ¨© áª «ïà­®© ¢¥«¨ç¨­ë Q0. � â¥¬áª« ¤ë¢ ¥¬ íâ¨ ç¥âëà¥ ãà ¢­¥­¨ï ¨ ¯®á«¥ ®áà¥¤-­¥­¨ï ¯®«ãç ¥¬@@�i h[(v0i)B � (v0i)A ]P 0AQ0Bi ++ @@�i h[(v0i)B � (v0i)A ]P 0BQ0Ai == 2�P @2@�2i hP 0AQ0Bi ++2�Q @2@�2i hP 0AQ0B i; (16)£¤¥ �i = (xi)B � (xi)A . �à®¢®¤ï ¤ «ì­¥©è¨¥ ¯à¥-®¡à §®¢ ­¨ï, á ãç¥â®¬h(v0i)BP 0AQ0Bi = �h(v0i)AP 0BQ0Ai­ å®¤¨¬� @@�i �
Qi;P
Pi;Q� = (�P + �Q ) @2@�2i 	PQ : (17)�¢®¤ï áª «ïàë
�PQ = @@�i
Pi;Q ; 
�QP = @@�i
Qi;P ; (18)¨ ãç¨âë¢ ï, çâ® äã­ªæ¨¨ 	PQ , 
�PQ , 
�QP § ¢¨-áïâ â®«ìª® ®â à ááâ®ï­¨ï ¬¥¦¤ã à áá¬ âà¨¢ ¥¬ë-¬¨ â®çª ¬¨, ¯¥à¥å®¤¨¬ ¢ ãà ¢­¥­¨¨ (17) ª ¯¥à¥-¬¥­­®© r. � ª ¨ à ­¥¥, ¯à¨¬¥­ï¥¬ âà¥å¬¥à­®¥¯à¥®¡à §®¢ ­¨¥ �ãàì¥ ¯® ¯à®áâà ­áâ¢¥­­ë¬ ¯¥-à¥¬¥­­ë¬ ª ¯®«ãç ¥¬®¬ã ãà ¢­¥­¨î,   § â¥¬ ¯¥-à¥å®¤¨¬ ª áä¥à¨ç¥áª¨¬ ¯¥à¥¬¥­­ë¬ ¨ ¯®á«¥ ¢ëç¨-á«¥­¨ï ¨­â¥£à «®¢ ¯® ã£«®¢ë¬ ¯¥à¥¬¥­­ë¬ ¯®«ã-ç ¥¬ á¯¥ªâà «ì­ë©  ­ «®£ ãà ¢­¥­¨ï (17)~W �PQ + ~W �QP = (�P + �Q )k2 ~EPQ : (19)�¥à¥å®¤ï ¤ «¥¥ ª âà¥å¬¥à­®© á¯¥ªâà «ì­®© ¯«®â-­®áâ¨ EPQ = 4�k2 ~EPQ , ¢¢®¤¨¬  ­ «®£ äã­ªæ¨¨�.�. �¨ª¨è®¢, �.�. H¨ª¨è®¢ 57



ISSN 0387-4086 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 1999. 1(73) N 1. �. 52 { 63WT (k): WPQ = 8�k2( ~W �PQ + ~W �QP ) ¨ â®£¤  ãà ¢-­¥­¨¥ (19) ¯à¨­¨¬ ¥â ¢¨¤WPQ = (�P + �Q )k2EPQ : (20)�â¬¥â¨¬, çâ® ¢ á«ãç ¥ P = Q ãà ¢­¥­¨¥ (20) ¯¥-à¥å®¤¨â ¢ ãà ¢­¥­¨¥ (5) (áâ æ¨®­ à­ë© á«ãç ©).� «¥¥ ¯®  ­ «®£¨¨ á (8) ¢¢®¤¨¬ áª «ïà­ãî á¯¥ª-âà «ì­ãî ¯®â®ª®¢ãî äã­ªæ¨î FPQ :WPQ = �@FPQ@k ; (21)ª®â®àãî, ®á­®¢ë¢ ïáì ­  ¬®¤¥«¨ �¨«« , ¯à¥¤áâ -¢«ï¥¬ ¢ ¢¨¤¥ FPQ (k) = B(k)EPQ(k); (22)£¤¥ B(k) { ãá«®¢­ ï áª®à®áâì ¯¥à¥­®á  ¢®§¬ãé¥-­¨© ç¥à¥§ â®çªã á¯¥ªâà  k, ¨¬¥¥â ¢¨¤ (10). �®¤-áâ ¢«ïï (21) ¨ (22) ¢ ãà ¢­¥­¨¥ (20) ¨ ¨á¯®«ì§ãï§ ¢¨á¨¬®áâì (10), ¯®«ãç ¥¬A�1PQ ddy � y5=31 + y2=3EPQ (y)� = �2y2EPQ (k); (23)£¤¥ y = C3=21 k=kK ; APQ = 0:5C0C�21 (�P + �Q)��1.�¥è ï íâ® ãà ¢­¥­¨¥ á ãç¥â®¬ ãá«®¢¨ï ­®à¬¨à®¢-ª¨ (�P + �Q ) Z 10 k2EPQ(k)dk = �PQ ; (24)ª®â®à®¥ ï¢«ï¥âáï  ­ «®£®¬ ãá«®¢¨ï (7) (¯à¨ P = Q¢ëà ¦¥­¨¥ (24) ¯à¨­¨¬ ¥â ¢¨¤ (7)), ­ å®¤¨¬EPQ (y) = R�PQy�5=3(1 + y2=3) exp(�APQY ); (25)£¤¥ R = C0C�5=21 k�3K ��1, Y = 1:5 � y4=3 + y2. �¨â®£¥, ®á­®¢ë¢ ïáì ­  § ¢¨á¨¬®áâ¨ (15), ¯®«ãç ¥¬¢ëà ¦¥­¨¥ ¤«ï á¯¥ªâà  âãà¡ã«¥­â­ëå ä«ãªâã æ¨©¢¥«¨ç¨­ë JEJ = Ry�5=3(1 + y2=3)(GP + GQ + 2GPQ ); (26)£¤¥GP = �P exp(�AP Y ); GQ = �Q exp(�AQY );GPQ = �PQ exp(�APQY ); APQ = C0C�21AP = C0C�21 �P ��1; AQ = C0C�21 �Q��1:� áá¬®âà¨¬ ­¥ª®â®àë¥ ¯à¥¤¥«ì­ë¥ á«ãç ¨.I. y << 1,AP ; AQ ; APQ << 1. �â® á®®â¢¥âáâ¢ã-¥â ¨­¥àæ¨®­­®-ª®­¢¥ªâ¨¢­®¬ã ¨­â¥à¢ «ã kL <<k << kK (¨­â¥à¢ « �¡ãå®¢ -�®ààá¨­ ). � áª« -¤ë¢ ï íªá¯®­¥­âë ¢ (26) ¢ àï¤ë ¨ ®áâ ¢«ïï ¯¥à¢ë¥

ç«¥­ë ¢ ª ¦¤®¬ à §«®¦¥­¨¨,   â ª¦¥ ãç¨âë¢ ï¬ «®áâì y, ¯®«ãç ¥¬EJ = C0��1=3 ��P + �Q + 2�PQ� k�5=3 (27){ § ª®­ �¡ãå®¢ -�®ààá¨­ . �¤¥áì ¢¥«¨ç¨­  �J =�P + �Q + 2�PQ { áª®à®áâì ¤¨áá¨¯ æ¨¨ (¢ëà ¢­¨¢ -­¨ï) ä«ãªâã æ¨© ¯®«ï ¢¥«¨ç¨­ë [22].II. y >> 1, AP ; AQ ; APQ << 1: �¤¥áì kK << k,â.¥. ¬ë ­ å®¤¨¬áï ¢ ¢ï§ª®-ª®­¢¥ªâ¨¢­®¬ ¨­â¥à¢ -«¥ (¨­â¥à¢ « �íâç¥«®à ). �®á«¥ á®®â¢¥âáâ¢ãîé¨åà §«®¦¥­¨© ­ å®¤¨¬EJ = C0C1�� ��P + �Q + 2�PQ� k�1 (28){ á¯¥ªâà �íâç¥«®à .III. AP >> 1, AQ >> 1, APQ >> 1 . � ª ¨ á«¥¤®-¢ «® ®¦¨¤ âì, á¯¥ªâà § âãå ¥â ¯® íªá¯®­¥­æ¨ «ì-­®¬ã § ª®­ã. �â® ¢ï§ª®-¤¨ääã§¨®­­ë© ¨­â¥à¢ «.�®§¢à é ïáì ª ¯¥à¥¬¥­­®© k, § ¯¨è¥¬ ¢ëà ¦¥-­¨¥ ¤«ï á¯¥ªâà  ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª § -â¥«ï ¯à¥«®¬«¥­¨ï. � ¨â®£¥, ãç¨âë¢ ï (14), ¨¬¥¥¬En(k) = C0��1=3k�5=3 h1 +C1(k�)2=3i�� [GT (k) + GS(k) � 2GTS (k)] ; (29)£¤¥ GT (k) = �2�T exp(�AT �);GS(k) = �2�S exp(�AS �);GTS (k) = ���TS exp(�ATS�);AT = C0C�21 �T ��1; AS = C0C�21 �S��1;ATS = 0:5C0C�21 (�T + �S )��1;� = 32C21(k�)4=3 + C31(k�)2:� á«ãç ¥, ª®£¤  ¬®«¥ªã«ïà­ë¥ ª®íää¨æ¨¥­âë ¯¥-à¥­®á  à ¢­ë, â.¥. �T = �S , § ¢¨á¨¬®áâì (29)¯¥à¥å®¤¨â ¢ ¢ëà ¦¥­¨¥ ¤«ï á¯¥ªâà , ­ ©¤¥­­®¥ ¢à ¡®â¥ [23].�®ª «ì­ ï áâàãªâãà  ¯®«¥© áª «ïà­ëå ¢¥«¨ç¨­(¯«®â­®áâì, ®¯â¨ç¥áª¨© ¯®ª § â¥«ì ¯à¥«®¬«¥­¨ï¨ ¤à.), ®¯à¥¤¥«ï¥¬ ï ä«ãªâã æ¨ï¬¨ ¤¢ãå ¤àã£¨åáª «ïà­ëå ¯®«¥© á à §­ë¬¨ ¬®«¥ªã«ïà­ë¬¨ ª®-íää¨æ¨¥­â ¬¨ ¯¥à¥­®á , ¢ «®ª «ì­®-®¤­®à®¤­®©¨ ¨§®âà®¯­®© âãà¡ã«¥­â­®áâ¨ ¢ ¨­¥àæ¨®­­®-ª®­¢¥ªâ¨¢­®¬ ¨ ¢ï§ª®-ª®­¢¥ªâ¨¢­®¬ ¨­â¥à¢ « åà áá¬ âà¨¢ « áì ¢ [31, 32]. �ë«® ¯®ª § ­®, çâ®áª®à®áâì ¤¨áá¨¯ æ¨¨ (¢ëà ¢­¨¢ ­¨ï) ä«ãªâã æ¨©¯®«ï â ª®© áª «ïà­®© ¢¥«¨ç¨­ë ¨¬¥¥â ¢¨¤�n = �2�T + �2�S � 2���TS : (30)58 �.�. �¨ª¨è®¢, �.�. H¨ª¨è®¢



ISSN 0387-4086 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 1999. 1(73) N 1. �. 52 { 634. ����� � ���������������� ��-��������� ������ ¯®«ãç¥­­®¥ ¢ëè¥ ¢ëà ¦¥­¨¥, ª®â®à®¥ ®¯¨áë-¢ ¥â á¯¥ªâà «®ª «ì­®-®¤­®à®¤­ëå ¨ ¨§®âà®¯­ëåâãà¡ã«¥­â­ëå ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥-«ï ¯à¥«®¬«¥­¨ï, ¢å®¤ïâ ¢¥«¨ç¨­ë, å à ªâ¥à¨§ãî-é¨¥ ¤¨áá¨¯ æ¨î (¢ëà ¢­¨¢ ­¨¥) ä«ãªâã æ¨© â¥¬-¯¥à âãàë ¨ á®«¥­®áâ¨, â.¥. �T , �S , �TS . � áá¬®-âà¨¬ ¨å á¢ï§ì á ¢­¥è­¨¬¨ ¯ à ¬¥âà ¬¨ áà¥¤ë, ¢ç áâ­®áâ¨ á ®áà¥¤­¥­­ë¬¨ ¯à®ä¨«ï¬¨ â¥¬¯¥à âã-àë ¨ á®«¥­®áâ¨. C­ ç «  ®áâ ­®¢¨¬áï ­  á«ãç ¥â¥¬¯¥à âãà­®£® ¯®«ï. �¥¬¯¥à âãà­ë¥ ä«ãªâã -æ¨¨ ¢®§­¨ª îâ ¢ âãà¡ã«¥­â­®© ¢®¤­®© áà¥¤¥, ¥á«¨¨¬¥¥âáï § ¢¨á¨¬®áâì áà¥¤­¥£® §­ ç¥­¨ï â¥¬¯¥à -âãàë ®â ª®®à¤¨­ âë, ç é¥ ¢á¥£® ®â ¢¥àâ¨ª «ì­®©.�à¨ âãà¡ã«¥­â­®¬ ¯¥à¥¬¥è¨¢ ­¨¨ ¦¨¤ª¨¥ ç áâ¨-æë ¯¥à¥¬¥é îâáï ­  ­¥ª®â®à®¥ à ááâ®ï­¨¥, £¤¥â¥¬¯¥à âãà  ®ªàã¦ îé¥© ¦¨¤ª®áâ¨ ®â«¨ç ¥âáï®â ¨å á®¡áâ¢¥­­®©, â.¥. ¢®§­¨ª ¥â ä«ãªâã æ¨ïâ¥¬¯¥à âãàë. �®£¤  ¨¬¥¥âáï £à ¤¨¥­â ®áà¥¤­¥­-­®© â¥¬¯¥à âãàë, â® ¤«ï ¯®¤¤¥à¦ ­¨ï áâ â¨áâ¨-ç¥áª¨ áâ æ¨®­ à­®£® à¥¦¨¬  ­¥®¡å®¤¨¬ë ¢­¥è-­¨¥ ¨áâ®ç­¨ª¨ â¥¯«  UT , ª®â®àë¥ ¯®¤¤¥à¦¨¢ -«¨ ¡ë íâ®â ¯à®ä¨«ì. �®£¤  ãà ¢­¥­¨¥ ¯¥à¥­®á â¥¬¯¥à âãàë á ãç¥â®¬ ãà ¢­¥­¨ï ­¥á¦¨¬ ¥¬®áâ¨¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ (áà ¢­¨ á ¢ëà ¦¥­¨¥¬(1)) @T@t + vi @T@xi = �T @2T@x2i + UT (xi): (31)�¤¥áì ¯®« £ ¥¬, çâ® hvii ¨ T = hT i + T 0, ®¤­ ª®â¥¯¥àì hT i = T0(xi). �áà¥¤­¨¬ ãà ¢­¥­¨¥ (31) ¨¢ëçâ¥¬ ¯®«ãç¥­­®¥ ãà ¢­¥­¨¥ ¨§ (31):@T 0@t + @@xi (v0iT0 + v0iT 0 � hv0iT 0i) ���T @2T 0@x0i = 0: (32)�¬­®¦¨¬ íâ® ãà ¢­¥­¨¥ ­  T 0 ¨ ®áà¥¤­¨¬. �«ïáâ æ¨®­ à­®£® à¥¦¨¬ , ª®â®àë© §¤¥áì à áá¬ âà¨-¢ ¥âáï, ¯®«ãç¨¬DT 0 @@xiv0iT0E+ DT 0 @@xi v0iT 0E� DT 0 @@xi�T @@xiE = 0:(33)�®á«¥ ­¥ª®â®àëå ¯à¥®¡à §®¢ ­¨© íâ® ãà ¢­¥­¨¥¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­® ¢ ¢¨¤¥hT 0v0ii@T0@xi + �T*�@T 0@xi�2+�� @@xi"*��T T 0 @T 0@xi�+ � 12�v0i (T 0)2�# = 0: (34)

� «®ª «ì­®-®¤­®à®¤­®© ¨ ¨§®âà®¯­®© âãà¡ã«¥­â-­®áâ¨ ª®àà¥«ïæ¨ï á®«¥­®¨¤ «ì­®£® ¯®«ï v0i ¨ áª -«ïà­®£® ¯®«ï (T 0)2 à ¢­  ­ã«î [3, 4],   ¢ á¨«ã®¤­®à®¤­®áâ¨ ä«ãªâã æ¨© â¥¬¯¥à âãàë h(T 0)2i =const. �âáî¤  á«¥¤ã¥â, çâ® ¯®á«¥¤­¨© ç«¥­ (¤¨¢¥à-£¥­æ¨ï á«ãç ©­®£® ¯®«ï) à ¢¥­ ­ã«î. �®âï ¢ ¤ ­-­®¬ á«ãç ¥ â¥¬¯¥à âãà­®¥ ¯®«¥ ­¥ ï¢«ï¥âáï ®¤­®-à®¤­ë¬, â ª ª ª T0 § ¢¨á¨â ®â ª®®à¤¨­ â. �¤­ ª®¯à¨ ãá«®¢¨¨, çâ® gradT0 = const; ¢ á«ãç ¥ «®ª «ì-­® ¨§®âà®¯­®© âãà¡ã«¥­â­®áâ¨ ¢á¥ ®áâ ¥âáï ¢ á¨«¥[3]. �®£¤  ãà ¢­¥­¨¥ (34) ¯à¨­¨¬ ¥â ¢¨¤�T = �T D�@T 0@xi�2 E= �hT 0v0ii@T0@xi ; (35)£¤¥ �T { áª®à®áâì ¤¨áá¨¯ æ¨¨ ä«ãªâã æ¨© â¥¬-¯¥à âãà­®£® ¯®«ï [4]. �à ¢­¥­¨¥ (35) ¬®¦­® ¯®-«ãç¨âì â ª¦¥, ¨áå®¤ï ¨§ ä¨§¨ç¥áª¨å á®®¡à ¦¥-­¨©, ¥á«¨ ¯à¥¤¯®«®¦¨âì, çâ® ¯à®¤ãªæ¨ï â¥¬¯¥-à âãà­ëå ä«ãªâã æ¨© âãà¡ã«¥­â­ë¬¨ ¤¢¨¦¥­¨ï-¬¨ ãà ¢­®¢¥è¨¢ ¥âáï ¤¨áá¨¯ æ¨¥© íâ¨å ä«ãªâã -æ¨© ¬®«¥ªã«ïà­ë¬¨ ¯à®æ¥áá ¬¨ [8]. �­ «®£¨ç­®¥ãà ¢­¥­¨¥ ¬®¦¥â ¡ëâì § ¯¨á ­® ¨ ¤«ï áª®à®áâ¨¤¨áá¨¯ æ¨¨ ä«ãªâã æ¨© á®«¥­®áâ¨. � áá¬®âà¨¬¤ «¥¥ á¢ï§ì �TS á £à ¤¨¥­â ¬¨ áà¥¤­¨å §­ ç¥­¨©â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨. �­ ç «  § ¯¨è¥¬ ãà ¢-­¥­¨¥,  ­ «®£¨ç­®¥ (31), ¤«ï á®«¥­®áâ¨:@S@t + vi @S@xi = �S @2S@x2i + US (xi): (36)�áà¥¤­ï¥¬ ¥£® ¨ ¢ëç¨â ¥¬ ¨§ ¨áå®¤­®£®,   § â¥¬à¥§ã«ìâ â ã¬­®¦ ¥¬ ­  T 0. � ªãî ¦¥ ¯à®æ¥¤ãàã¯à®¤¥«ë¢ ¥¬ á (31), â.¥. ¢ëç¨â ¥¬ ¨§ ãà ¢­¥­¨ï(31) ®áà¥¤­¥­­®¥ ãà ¢­¥­¨¥, à¥§ã«ìâ â ã¬­®¦ ¥¬­  S0 ¨ áª« ¤ë¢ ¥¬ ¯®«ãç¥­­ë¥ ãà ¢­¥­¨ï. �®á«¥¯à¥®¡à §®¢ ­¨© ­ å®¤¨¬@@tT 0S0 + S0 @@xiv0iT0 + T 0 @@xiv0iS0 ++S0 @@xi v0iT 0 + T 0 @@xi v0iS0 ��S0 @@xi hv0iT 0i � T 0 @@xi hv0iS0i ���T S0 @2T 0@x2i � �ST 0@2S0@x2i = 0:�áà¥¤­ï¥¬ íâ® ãà ¢­¥­¨¥, ãç¨âë¢ ï, çâ® à áá¬ -âà¨¢ ¥¬ áâ æ¨®­ à­ë© á«ãç ©. � à¥§ã«ìâ â¥ ¨¬¥-¥¬ hS0v0ii@T0@xi + hS0v0ii@S0@xi + *v0i @T 0S0@xi +���T* @@xiS0 @T 0@xi+ � �S* @@xiT 0@S0@xi++�.�. �¨ª¨è®¢, �.�. H¨ª¨è®¢ 59



ISSN 0387-4086 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 1999. 1(73) N 1. �. 52 { 63+(�T + �S )*@T 0@xi @S0@xi+ = 0: (37)�â¬¥â¨¬, çâ® ¢ á«ãç ¥ T = S ãà ¢­¥­¨¥ (37) á¢®-¤¨âáï ª (34). �®á«¥ ­¥ª®â®àëå ¯à¥®¡à §®¢ ­¨© ¯®-«ãç ¥¬ ¤«ï ¯®áâ®ï­­ëå £à ¤¨¥­â®¢ áà¥¤­¥© â¥¬-¯¥à âãàë ¨ áà¥¤­¥© á®«¥­®áâ¨�TS = �T + �S2 *@T 0@xi @S0@xi+ == �hS0v0ii@T0@xi � hT 0v0ii@S0@xi : (38)�«ï ¯à®¢¥¤¥­¨ï ¯ à ¬¥âà¨§ æ¨¨ âãà¡ã«¥­â­ëå¯®â®ª®¢ â¥¯«  hT 0v0ii ¨ á®«¨ hS0v0ii ¢ ¢ëà ¦¥­¨ïå¤«ï áª®à®áâ¥© § âãå ­¨ï �T , �S , �TS ®¡ëç­® ¢¢®-¤ïâáï ª®íää¨æ¨¥­âë âãà¡ã«¥­â­®© â¥¬¯¥à âãà®-¯à®¢®¤­®áâ¨ KT ¨ ¤¨ääã§¨¨ á®«¨ KS [4]:hT 0v0ii = �KT @T0@xi ; hS0v0ii = �KS @S0@xi ; (39)â.¥. íâ¨ ¯®â®ª¨ ¯à®¯®àæ¨®­ «ì­ë á®®â¢¥âáâ¢¥­-­® £à ¤¨¥­â ¬ áà¥¤­¨å §­ ç¥­¨© ¯®«¥© â¥¬¯¥à âã-àë ¨ á®«¥­®áâ¨ ¨ ­ ¯à ¢«¥­ë ¢ ¯à®â¨¢®¯®«®¦­ë¥áâ®à®­ë ¯® ®â­®è¥­¨î ª íâ¨¬ £à ¤¨¥­â ¬. �â-¬¥â¨¬, çâ® ª®íää¨æ¨¥­âë âãà¡ã«¥­â­®© â¥¬¯¥-à âãà®¯à®¢®¤­®áâ¨ ¨ ¤¨ääã§¨¨ á®«¨ §­ ç¨â¥«ì­®¯à¥¢ëè îâ ¨å ¬®«¥ªã«ïà­ë¥  ­ «®£¨, KT >> �T ,KS >> �S . �á¯®«ì§ãï § ¢¨á¨¬®áâ¨ (39), ¢ëà ¦¥-­¨ï ¤«ï áª®à®áâ¥© ¤¨áá¨¯ æ¨¨ ¬®¦­® ¯à¥¤áâ ¢¨âì¢ ¢¨¤¥�T = KT �@T0@xi�2 ; �S = KS �@S0@xi �2 ;�TS = KT +KS2 �@T0@xi��@S0@xi � :�â¨ ä®à¬ã«ë ã¤®¡­ë ¤«ï ®æ¥­®ª ãª § ­­ëå áª®-à®áâ¥©, ¯®áª®«ìªã ¢å®¤ïé¨¥ ¢ ­¨å ¢¥«¨ç¨­ë ¬®£ãâ¡ëâì ­ ©¤¥­ë ¨§  ­ «¨§  ¤ ­­ëå £¨¤à®«®£¨ç¥áª¨å¨§¬¥à¥­¨©. � ãá«®¢¨ïå ®ª¥ ­  ®¡ëç­® ¢á¥ áà¥¤­¨¥å à ªâ¥à¨áâ¨ª¨ ¯®«¥© â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨§ ¢¨áïâ ®â ¢¥àâ¨ª «ì­®© ª®®à¤¨­ âë. �®£¤ �T = KT �dT0dz �2 ; �S = KS �dS0dz �2 ;�TS = KT +KS2 �dT0dz ��dS0dz � : (40)

5. ������ �������� ��������������������� ���������� ������-�����.�á¯®«ì§ãï ä®à¬ã«ë ¤«ï áª®à®áâ¥© ¤¨áá¨¯ æ¨¨ä«ãªâã æ¨© ¯®«¥© â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨ (40)¨ ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï (30), ¯à¥¤-áâ ¢¨¬ ¢ëà ¦¥­¨¥ (29) ¤«ï á¯¥ªâà  ä«ãªâã æ¨©¯®«ï ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï ¢ ¢¨¤¥En(k) = C0�n��1=3k�5=3 �� h1 +C1k�2=3i�(k; !); (41)£¤¥ �(k!) = !2��T +�S � !(1 + �)�TS!2� + 1� !(1 + �) ;�T = exp(�AT �); �S = exp(�AS�);�TS = exp(�ATS�); � = KTKS! = �(dT0=dz)�(dS0=dz :�«ï ¯®áâ®ï­­ëå £à ¤¨¥­â®¢ áà¥¤­¨å ¢¥«¨ç¨­â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨ ¬®¦­® § ¯¨á âì ! == (��T0)=(��S0), £¤¥ �T0 ¨ �S0 { á®®â¢¥â-áâ¢¥­­® à §­®áâ¨ â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨ ¬¥¦-¤ã ¢¥àå­¥© ¨ ­¨¦­¥© £à ­¨æ ¬¨ à áá¬ âà¨¢ ¥¬®©®¡« áâ¨. �¥«¨ç¨­  ! ®¯à¥¤¥«ï¥â ¢ª« ¤ë â¥¬¯¥-à âãà­®£® ¨ á®«¥­®áâ­®£® ¯®«¥© ¢ à á¯à¥¤¥«¥­¨¥¯®«ï ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï. �­ -«®£¨ç­ ï ¢¥«¨ç¨­ , ­ §ë¢ ¥¬ ï ¯«®â­®áâ­ë¬ á®-®â­®è¥­¨¥¬, ª®â®à®¥ å à ªâ¥à¨§ã¥â ¢ª« ¤ë â¥¬-¯¥à âãàë ¨ á®«¥­®áâ¨ ¢ ¯®«¥ ¯«®â­®áâ¨, ï¢«ï-¥âáï ®¤­¨¬ ¨§ ®á­®¢­ëå ¯ à ¬¥âà®¢ ¯à¨ ¨§ã-ç¥­¨¨ ¤¨ää¥à¥­æ¨ «ì­®-¤¨ääã§¨®­­®© ª®­¢¥ªæ¨¨[24]. �â¬¥â¨¬, çâ® ¯à¨ ! ! 0 ¢ëà ¦¥­¨¥ (41)¯à¨­¨¬ ¥â ¢¨¤ (13), â.¥. á®¢¯ ¤ ¥â á ¢ëà ¦¥­¨-¥¬, ®¯¨áë¢ îé¨¬ á¯¥ªâà ä«ãªâã æ¨© ¯®«ï â¥¬-¯¥à âãàë, ¯à¨ ! = 0 { á¯¥ªâà ä«ãªâã æ¨© ¯®«ïá®«¥­®áâ¨.�«ï à áç¥â®¢ á¯¥ªâà®¢ ä«ãªâã æ¨© ¯®«ï ®¯â¨-ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï ¯® ä®à¬ã«¥ (41)¨á¯®«ì§®¢ «¨áì ¤ ­­ë¥ ®ª¥ ­®«®£¨ç¥áª¨å ¨§¬¥à¥-­¨©. �á­®¢­ë¥ à áç¥âë ¯à®¢®¤¨«¨áì ¤«ï á«ãç ïãáâ®©ç¨¢ëå à á¯à¥¤¥«¥­¨© â¥¬¯¥à âãàë ¨ á®«¥-­®áâ¨ ¯® £«ã¡¨­¥, â.¥. ã¬¥­ìè¥­¨¥ â¥¬¯¥à âãàë¨ ¢®§à áâ ­¨¥ á®«¥­®áâ¨ á £«ã¡¨­®©. �â  á¨âã -æ¨ï ï¢«ï¥âáï ¢¯®«­¥ â¨¯¨ç­®© ¤«ï ®ª¥ ­ . � ª, ¯®-¤à®¡­ë¥ ¨§¬¥à¥­¨ï £à ¤¨¥­â®¢ áà¥¤­¨å §­ ç¥­¨©â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨, ¢ë¯®«­¥­­ë¥ ¢ á¥¢¥à-­®© ç áâ¨ �̈ å®£® ®ª¥ ­ , ¯®ª § «¨ [25], çâ® â ª®¥ ¡á®«îâ­® ãáâ®©ç¨¢®¥ á®áâ®ï­¨¥ ­ ¡«î¤ «®áì ¢ 3560 �.�. �¨ª¨è®¢, �.�. H¨ª¨è®¢



ISSN 0387-4086 �à¨ª« ¤­  �i¤à®¬¥å ­¨ª . 1999. 1(73) N 1. �. 52 { 63¯à®æ¥­â å á«ãç ¥¢. �§  ­ «¨§  ¤ ­­ëå à á¯à¥-¤¥«¥­¨© â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨, ¯à¨¢¥¤¥­­ëå ¢à ¡®â å [26, 27], á«¥¤ã¥â, çâ® ¢¥«¨ç¨­  ! ­ å®¤¨â-áï ¢ ¯à¥¤¥« å ¬¥¦¤ã 0 ¨ -5. �â¨ ¢¥«¨ç¨­ë å®à®è®á®£« áãîâáï á ¤ ­­ë¬¨ à ¡®âë [25].�¢¥¤¥­­ë¥ à ­¥¥ âãà¡ã«¥­â­ë¥ ª®íää¨æ¨¥­âëâ¥¬¯¥à âãà®¯à®¢®¤­®áâ¨ ¨ ¤¨ääã§¨¨ á®«¨, ¢ ®¡-é¥¬ á«ãç ¥, § ¢¨áïâ ®â áª®à®áâ¨ ¤¨áá¨¯ æ¨¨ í­¥à-£¨¨ âãà¡ã«¥­â­®áâ¨ ¨ à á¯à¥¤¥«¥­¨ï ¯«®â­®áâ¨ ¯®£«ã¡¨­¥. � à ¡®â¥ [28] ¯®ª § ­®, çâ® ¯à¨ ãáâ®©ç¨-¢®© áâà â¨ä¨ª æ¨¨ ¢¥«¨ç¨­ã âãà¡ã«¥­â­®£® ª®íä-ä¨æ¨¥­â  ¯¥à¥­®á  ¨¬¯ã«ìá  ( ­ «®£ ¬®«¥ªã«ïà­®-£® ª¨­¥¬ â¨ç¥áª®£® ª®íää¨æ¨¥­â  ¢ï§ª®áâ¨) ¬®¦-­® ¯à¨­ïâì ¯®áâ®ï­­®©. � á¨«ã ¯®¤®¡¨ï ä¨§¨-ç¥áª®£® ¬¥å ­¨§¬  ®¡¬¥­  â¥¯«®¬ ¨ á®«ìî, ®áã-é¥áâ¢«ï¥¬®£® «¨èì ¯®áà¥¤áâ¢®¬ ¯¥à¥¬¥è¨¢ ­¨ï¢®¤­ëå ¬ áá, âãà¡ã«¥­â­ë¥ ª®íää¨æ¨¥­âë â¥¬¯¥-à âãà®¯à®¢®¤­®áâ¨ ¨ ¤¨ääã§¨¨ á®«¨ â ª¦¥ ¬®-£ãâ à áá¬ âà¨¢ âìáï ª ª ¯®áâ®ï­­ë¥ ¢¥«¨ç¨­ë ¨,¡®«¥¥ â®£®, ¤®«¦­ë ¡ëâì à ¢­ë ¤àã£ ¤àã£ã, â.¥.� = 1. �¤­ ª®  ­ «¨§ íªá¯¥à¨¬¥­â «ì­ëå ¤ ­-­ëå ¯® ¯¥à¥¬¥è¨¢ ­¨î ¦¨¤ª®áâ¥©, ­¥®¤­®à®¤­ëå¯® â¥¬¯¥à âãà¥ ¨ ¯® á®«¥­®áâ¨, ¯®ª §ë¢ ¥â, çâ®áª®à®áâ¨ ¢®¢«¥ç¥­¨ï (  §­ ç¨â ¨ âãà¡ã«¥­â­ë¥¯®â®ª¨ â¥¯«  ¨ á®«¨) ­¥âãà¡ã«¥­â­®© ¦¨¤ª®áâ¨¢ ®¡« áâì á âãà¡ã«¥­â­ë¬¨ ¤¢¨¦¥­¨ï¬¨ § ¢¨áïâ®â ¢¨¤  áâà â¨ä¨ª æ¨¨, â.¥. ¢®¢«¥ç¥­¨¥ ï¢«ï¥âáïà §­ë¬ ¤«ï â¥¬¯¥à âãà­®© ¨ ¤«ï á®«¥¢®© áâà â¨-ä¨ª æ¨¨. �àã£¨¬¨ á«®¢ ¬¨, âãà¡ã«¥­â­ë¥ ¯®â®ª¨§ ¢¨áïâ â ª¦¥ ®â ¢¥«¨ç¨­ë ¬®«¥ªã«ïà­®£® ª®íä-ä¨æ¨¥­â  ¤¨ääã§¨¨, ¢«¨ï­¨¥ ª®â®à®© ¯à®ï¢«ï¥â-áï £« ¢­ë¬ ®¡à §®¬ ­  ¬ «ëå ¬ áèâ ¡ å. �®¯à®-áë ¯ à ¬¥âà¨§ æ¨¨ ¢«¨ï­¨ï ¬®«¥ªã«ïà­ëå ¯à®-æ¥áá®¢ ­  âãà¡ã«¥­â­ë¥ ¯®â®ª¨ â¥¯«  ¨ á®«¨ âà¥-¡ãîâ ¤ «ì­¥©è¥£® ¨§ãç¥­¨ï [29, 30].�¥§ã«ìâ âë à áç¥â®¢ á¯¥ªâà®¢ ä«ãªâã æ¨© ¯®-«ï ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï ¯à¨¢¥¤¥-­ë ­  à¨á. 2. �® ¢¥àâ¨ª «ì­®© ª®®à¤¨­ â¥ ®â«®-¦¥­ë §­ ç¥­¨ï ­®à¬¨à®¢ ­­®£® á¯¥ªâà  fn(k�) =��1n �1=3k5=3En(k), ¯® £®à¨§®­â «ì­®© { ¢®«­®¢®¥ç¨á«® k�, ®¡¥§à §¬¥à¥­­®¥ ¯® ¬ áèâ ¡ã �®«¬®£®-à®¢ . �¨¤­®, çâ® ä®à¬  á¯¥ªâà®¢ áãé¥áâ¢¥­­ë¬®¡à §®¬ ®â«¨ç ¥âáï ®â á¯¥ªâà  ä«ãªâã æ¨© ¯®-«¥© â¥¬¯¥à âãàë, ¨§®¡à ¦¥­­®£® ­  à¨á. 1,  ¨«¨á¯¥ªâà  á®«¥­®áâ¨, ¨§®¡à ¦¥­­®£® ­  à¨á. 1,b. �á¯¥ªâà¥ En ¢®§­¨ª ¥â ¤¢®©­®© «®ª «ì­ë© ¬ ªá¨-¬ã¬, ¯®«®¦¥­¨¥ ª®â®à®£® ¬¥­ï¥âáï ¢ § ¢¨á¨¬®áâ¨®â ¢ª« ¤®¢ â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨, â.¥. ®â ¢¥-«¨ç¨­ë !. �à¥¤¯®«®¦¥­¨¥ ® ¢®§¬®¦­®áâ¨ áãé¥-áâ¢®¢ ­¨ï  ­®¬ «ì­®© ä®à¬ë á¯¥ªâà  ä«ãªâã æ¨©®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï ¢¯¥à¢ë¥ ¡ë-«® ¢ëáª § ­® ¢ à ¡®â¥ [7].�â¬¥â¨¬, çâ® ¢ á«ãç ¥ ! > 0 ¨¬¥¥â ¬¥áâ® ª®¬-

¯¥­á æ¨ï ¢ª« ¤®¢ â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨. �â®¯à¨¢®¤¨â ª à¥§ª®¬ã ¯ ¤¥­¨î á¯¥ªâà  En ¢ ®¡« áâ¨¡®«ìè¨å k, â.¥. ¬ «ëå ¯à®áâà ­áâ¢¥­­ëå ¬ áèâ -¡®¢. �§¢¥áâ­® [24], çâ® ¢«¨ï­¨¥ ¬®«¥ªã«ïà­ëå íä-ä¥ªâ®¢ ¯à®ï¢«ï¥âáï, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, ¢ â®¬, çâ®áª®à®áâì ¢®¢«¥ç¥­¨ï,   §­ ç¨â ¨ ¢¥«¨ç¨­  âãà¡ã-«¥­â­®£® ª®íää¨æ¨¥­â  â¥¬¯¥à âãà®¯à®¢®¤­®áâ¨,áâ ­®¢¨âáï ¢ëè¥, ç¥¬ âãà¡ã«¥­â­®£® ª®íää¨æ¨¥­-â  ¤¨ääã§¨¨ á®«¨. �à¨ íâ®¬ ¢ á¯¥ªâà¥ En ­¥ ¡ã¤¥âãª § ­­ëå ¯ ¤¥­¨©, ª®â®àë¥ ®¡êïá­ïîâáï ¯à¨­ï-â®©  ¯¯à®ªá¨¬ æ¨¥© âãà¡ã«¥­â­ëå ¯®â®ª®¢. �®-«¥¥ â®£®, ¯à¨ ! > 0 ¢®§­¨ª îâ ãá«®¢¨ï ¤«ï ¢®§­¨ª-­®¢¥­¨ï ¤¨ää¥à¥­æ¨ «ì­®-¤¨ääã§¨®­­®© ª®­¢¥ª-æ¨¨, ¨ ¢®¯à®á ® ¯ à ¬¥âà¨§ æ¨¨ ¯®â®ª®¢ § ¬¥â-­ë¬ ®¡à §®¬ ®á«®¦­ï¥âáï ¨ íâ®â á«ãç © ¢ à ¡®â¥­¥ à áá¬ âà¨¢ ¥âáï.�á­®, çâ® ¯®ï¢«¥­¨¥ ãª § ­­ëå «®ª «ì­ëå íªá-âà¥¬ã¬®¢ ¢ á¯¥ªâà¥ ¤®«¦­® á®®â¢¥âáâ¢ãîé¨¬®¡à §®¬ ¢«¨ïâì ­  áâ â¨áâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨-ª¨ á¢¥â®¢®© ¢®«­ë, à á¯à®áâà ­ïîé¥©áï ¢ âãà¡ã-«¥­â­®© ¢®¤­®© áà¥¤¥.6. ����������� à ¡®â¥ ¨§ãç îâáï áâ â¨áâ¨ç¥áª¨¥ å à ªâ¥-à¨áâ¨ª¨ ä«ãªâã æ¨© ®¯â¨ç¥áª®£® ¯®ª § â¥«ï ¯à¥-«®¬«¥­¨ï. �â¨ ä«ãªâã æ¨¨ ¢ ¬®àáª®© áà¥¤¥ ®¯à¥-¤¥«ïîâáï ä«ãªâã æ¨ï¬¨ â¥¬¯¥à âãàë ¨ á®«¥­®-áâ¨. � ®â«¨ç¨¥ ®â  â¬®áä¥àë ¬®«¥ªã«ïà­ë© ª®-íää¨æ¨¥­â â¥¬¯¥à âãà®¯à®¢®¤­®áâ¨ ¢ ¢®¤¥ áãé¥-áâ¢¥­­® ¬¥­ìè¥, ç¥¬ ª¨­¥¬ â¨ç¥áª¨© ª®íää¨æ¨-¥­â ¢ï§ª®áâ¨. �â® ¯à¨¢®¤¨â ª ¯®ï¢«¥­¨î ­®-¢®£® ¢ï§ª®-¤¨ääã§¨®­­®£® ¨­â¥à¢ « , ¢ ª®â®à®¬á¯¥ªâà ä«ãªâã æ¨© â¥¬¯¥à âãàë ¯à®¯®àæ¨®­ «¥­k�1, â. ¥. ET � k�1. �­ «®£¨ç­ë© ¢¨¤ ¨¬¥¥â ¨á¯¥ªâà ä«ãªâã æ¨© á®«¥­®áâ¨. �§ ¨¬­®¥ ¢«¨ï­¨¥ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨ ¬®¦¥â ¯à¨-¢¥áâ¨ ª  ­®¬ «ì­®¬ã ¯®¢¥¤¥­¨î á¯¥ªâà  ä«ãªâã -æ¨© ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï, çâ® ¢ë§ë¢ ¥â á®®â-¢¥âáâ¢ãîé¨¥ ¨§¬¥­¥­¨ï ¢ áâ â¨áâ¨ç¥áª¨å å à ª-â¥à¨áâ¨ª å à á¯à®áâà ­ïîé¨åáï á¢¥â®¢ëå ¢®«­.�¯¥à¢ë¥ â ª®¥ ¯à¥¤¯®«®¦¥­¨¥ ¡ë«® ¢ëáª § ­® ¢[7].� ­ áâ®ïé¥© à ¡®â¥ ¯à®¢¥¤¥­  ­ «¨§ ¯®¢¥¤¥-­¨ï á¯¥ªâà  ä«ãªâã æ¨© ¯®«ï ¯®ª § â¥«ï ¯à¥«®¬-«¥­¨ï En ¢ âãà¡ã«¥­â­®© ¢®¤­®© áà¥¤¥ ¢ á«ãç ¥,ª®£¤  ä«ãªâã æ¨¨ ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï n ®¯à¥-¤¥«ïîâáï ä«ãªâã æ¨ï¬¨ â¥¬¯¥à âãàë ¨ á®«¥­®-áâ¨. �«ï «®ª «ì­® ®¤­®à®¤­®© ¨ ¨§®âà®¯­®© âãà-¡ã«¥­â­®áâ¨ ­ ©¤¥­® ­®¢®¥ ¢ëà ¦¥­¨¥ ¤«ï á¯¥ª-âà , § ¢¨áïé¥¥ ®â áª®à®áâ¥© ¤¨áá¨¯ æ¨¨ (¢ëà ¢-­¨¢ ­¨ï) ä«ãªâã æ¨© â¥¬¯¥à âãàë ¨ á®«¥­®áâ¨,�.�. �¨ª¨è®¢, �.�. H¨ª¨è®¢ 61
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�¨á. 2. �¯¥ªâàë En ¤«ï à §­ëå §­ ç¥­¨© !: a� ! = �2; b� ! = �1; c� ! = �0:5; d� ! = �0:2ª®â®àë¥ ¢¬¥áâ¥ á® áª®à®áâìî ¤¨áá¨¯ æ¨¨ âãà¡ã-«¥­â­®© í­¥à£¨¨ ®¯à¥¤¥«ïîâ áâ â¨áâ¨ç¥áª¨© à¥-¦¨¬ ä«ãªâã æ¨© ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï. �à®¢¥-¤¥­  ¯ à ¬¥âà¨§ æ¨ï ãª § ­­ëå áª®à®áâ¥© ¤¨áá¨-¯ æ¨¨, á ¯®¬®éìî ª®â®à®© ã¤ «®áì ¢ëà §¨âì ¨åç¥à¥§ £à ¤¨¥­âë ®áà¥¤­¥­­ëå à á¯à¥¤¥«¥­¨© â¥¬-¯¥à âãàë ¨ á®«¥­®áâ¨ ¨ á®®â¢¥âáâ¢ãîé¨¥ âãà¡ã-«¥­â­ë¥ ª®íää¨æ¨¥­âë ¤¨ääã§¨¨. �«ï ª®­ªà¥â-­ëå ¢ëç¨á«¥­¨© ¨á¯®«ì§®¢ ­ë ¤ ­­ë¥ ®ª¥ ­®£à -ä¨ç¥áª¨å ¨§¬¥à¥­¨© à á¯à¥¤¥«¥­¨© â¥¬¯¥à âãàë¨ á®«¥­®áâ¨ ¢ à §«¨ç­ëå  ª¢ â®à¨ïå ®ª¥ ­ , ¯à¨-ç¥¬ à áá¬ âà¨¢ «¨áì â®«ìª® ãáâ®©ç¨¢ë¥ à á¯à¥-¤¥«¥­¨ï. �®ª § ­®, çâ® ¢ á¯¥ªâà¥ En ¢ § ¢¨á¨-¬®áâ¨ ®â ¯ à ¬¥âà  !, ª®â®àë© å à ªâ¥à¨§ã¥â¢ª« ¤ë ä«ãªâã æ¨© â¥¬¯¥à âãàë T 0 ¨ á®«¥­®áâ¨S0 ¢® ä«ãªâã æ¨¨ ¯®ª § â¥«ï ¯à¥«®¬«¥­¨ï, ¢®§­¨-ª ¥â ¤¢®©­®© «®ª «ì­ë© íªáâà¥¬ã¬. �£® ¯®ï¢«¥-­¨¥ ®¡ãá«®¢«¥­® à §­ë¬ ¢ª« ¤®¬ T 0 ¨ S0 ¢ n ¨ à §-
«¨ç¨¥¬ ¬®«¥ªã«ïà­ëå ª®íää¨æ¨¥­â®¢ â¥¬¯¥à âã-à®¯à®¢®¤­®áâ¨ ¨ ¤¨ääã§¨¨ á®«¨. �â¬¥â¨¬, çâ®¢ëà ¦¥­¨¥ ¤«ï á¯¥ªâà  En, ¯à¨¢¥¤¥­­®¥ ¢ à ¡®-â¥ [20], ¢ á«ãç ¥, ª®£¤  ä«ãªâã æ¨¨ ®¯à¥¤¥«ïîâáï¨«¨ ä«ãªâã æ¨ï¬¨ T 0, ¨«¨ ä«ãªâã æ¨ï¬¨ S0, á«¥-¤ã¥â ¨§ ¯®«ãç¥­­®£® ¢ ¤ ­­®© à ¡®â¥ ª ª ç áâ­ë©á«ãç ©.7. ������ � ����������1. �ã¥¢ �.�. � á¯à®áâà ­¥­¨¥ ¢¨¤¨¬ëå ¨ ¨­äà ªà á-­ëå ¢®«­ ¢  â¬®áä¥à¥.{ �.: �®¢¥âáª®¥ à ¤¨®,1970.{ 496 á.2. �¨à®­®¢ �. �. � á¯à®áâà ­¥­¨¥ « §¥à­®£® ¯ãçª  ¢âãà¡ã«¥­â­®©  â¬®áä¥à¥.{ �.: � ãª , 1981.{ 246 á.3. � â àáª¨© �.�. � ¯à®áâà ­¥­¨¥ ¢®«­ ¢ âãà¡ã«¥­â-­®©  â¬®áä¥à¥.{ �: � ãª , 1967.{ 548 á.62 �.�. �¨ª¨è®¢, �.�. H¨ª¨è®¢
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