
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 19 { 25��� 622.235.535.2����������������� ���������������������������� ������� � �������� �������� ������� � ����� � ���� �����������������������. �. �������,�, �. �. �������, �. �. ��������áâ¨âãâ ¨¬¯ã«ìáëå ¯à®æ¥áá®¢ ¨ â¥å®«®£¨© ��� �ªà ¨ë, �¨ª®« ¥¢�®«ãç¥® 15.08.2000� áá¬®âà¥  ¢¥èïï £¨¤à®¤¨ ¬¨ç¥áª ï § ¤ ç  í«¥ªâà®à §àï¤  ¢ ¢®¤¥ ¯à¨ ¢¢®¤¥ í¥à£¨¨ ¢ æ¨«¨¤à¨ç¥áª¨© ª - « ¢ ¢¨¤¥ àï¤  ¯®á«¥¤®¢ â¥«ìëå ¨¬¯ã«ìá®¢. �ë¯®«¥  ¬ â¥¬ â¨ç¥áª ï ¯®áâ ®¢ª  á®®â¢¥âáâ¢ãîé¥©  ç «ì®-ªà ¥¢®© § ¤ ç¨ á ¯®¤¢¨¦®© £à ¨æ¥© ¤«ï ¢®«®¢®£® ãà ¢¥¨ï. � «¨â¨ç¥áª®¥ à¥è¥¨¥ § ¤ ç¨ ¯®«ãç¥® ¬¥â®¤®¬¥«¨¥©®£® ¯à¥®¡à §®¢ ¨ï ¢à¥¬¥¨. �®ª § ® ¢«¨ï¨¥  «®¦¥¨ï ¬ «ëå ¯ã«ìá æ¨©   «¨¥©ë© § ª® à®áâ à ¤¨ãá  ª  « . �ëï¢«¥ë ®á®¡¥®áâ¨ £¨¤à®¤¨ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª í«¥ªâà®à §àï¤ .�®§£«ïãâ® §®¢ièî £i¤à®¤¨ ¬içã § ¤ çã ¥«¥ªâà¨ç®£® à®§àï¤ã ã ¢®¤i ¯à¨ ¢¢¥¤¥i ¥¥à£iù ã æ¨«i¤à¨ç¨© ª - « ã ¢¨£«ï¤i ¯®á«i¤®¢®áâi i¬¯ã«ìái¢. �¨ª® ® ¬ â¥¬ â¨çã ¯®áâ ®¢ªã ¢i¤¯®¢i¤®ù ¯®ç âª®¢®-£à ¨ç®ù § ¤ çi§ àãå®¬®î £à ¨æ¥î ¤«ï å¢¨«ì®¢®£® ài¢ïï. � «iâ¨ç¥ àiè¥ï § ¤ çi ®âà¨¬ ® ¬¥â®¤®¬ ¥«ii©®£® ¯¥à¥â¢®-à¥ï ç áã. �®ª § ® ¢¯«¨¢  ª« ¤¥ï ¬ «¨å ¯ã«ìá æi©   «ii©¨© § ª® §à®áâ ï à ¤iãáã ª  «  §'ïá®¢ ®®á®¡«¨¢®áâi £i¤à®¤¨ ¬iç¨å å à ªâ¥à¨áâ¨ª ¥«¥ªâà®à®§àï¤ .An external hydrodynamic problem for underwater electrical discharge at the energy input a cylindrical channel in thepulse repetition mode has been considered. A mathematical approach for corresponding initial border problem withmoving boundary for the wave equation has been elaborated. Analytical solution for the problem has been obtained withmethod of non-linear time conversion. The inuence of little pulsation's on the linear function of the channel radiusgrowth has been shown. Peculiarities of the electrical discharge characteristics have been elucidated.���������«¥ªâà¨ç¥áª¨© à §àï¤ ¢ ¦¨¤ª®áâ¨  è¥« à §-«¨ç®¥ ¯à¨¬¥¥¨¥: ¢ ¯®«ãç¥¨¨ ¨ ¨áá«¥¤®¢ ¨¨¯«®â®© ¨§ª®â¥¬¯¥à âãà®© ¯« §¬ë, ¢ £¨¤à® ªã-áâ¨ç¥áª¨å á¨áâ¥¬ å ¯® ®á¢®¥¨î �¨à®¢®£® ®ª¥ - , ¢ â¥å®«®£¨ç¥áª¨å ãáâ ®¢ª å ¯® ¨¬¯ã«ìá®©®¡à ¡®âª¥ ¬ â¥à¨ «®¢. �®«ãç¥¨¥ ¦¥« ¥¬ëå í¥à-£¥â¨ç¥áª¨å ¨ £¨¤à®¤¨ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ªà §àï¤  ¤®áâ¨£ ¥âáï, ¢ ç áâ®áâ¨, ¯ãâ¥¬ ¢ à¨ -æ¨¨ § ª®  ¢¢®¤  í¥à£¨¨ ¢ ª  «. �¡ëç® ¨á-¯®«ì§ã¥âáï § ª® ¢¢®¤  í¥à£¨¨ ¢ ¢¨¤¥ ®¤¨®ç®£®¨¬¯ã«ìá . �à¨ íâ®¬ äãªæ¨ï ¨§¬¥¥¨ï à ¤¨ã-á  ª  «  ¢® ¢à¥¬¥¨ ï¢«ï¥âáï ¯« ¢®© à áâãé¥©äãªæ¨¥©,   ¢®«  ¤ ¢«¥¨ï ¨¬¥¥â ¢¨¤ ®¤¨®ç®£®¨¬¯ã«ìá . �¥®à¨ï ä®à¬¨à®¢ ¨ï ¯®«¥© ¤ ¢«¥¨ï¨áá«¥¤®¢   ¤®áâ â®ç® ¯®«® ¢ [1-3].�®¢ë¥ ¢®§¬®¦®áâ¨ ¯®«ãç¥¨ï äãªæ¨¨ ¤ ¢«¥-¨ï ¢ ¢¨¤¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ ¨¬¯ã«ìá®¢ ¯à¨®¤¨®ç®¬ à §àï¤¥ ¯®ï¢«ïîâáï ¯à¨ § ª®¥ ¢¢®-¤  í¥à£¨¨ â ª¦¥ ¢ ¢¨¤¥ àï¤  ¯®á«¥¤®¢ â¥«ìëå¨¬¯ã«ìá®¢. � ª, ¢ [4-6] â¥®à¥â¨ç¥áª¨ ¯®ª § ®,çâ® ¯ãâ¥¬ ¯ à ¬¥âà¨ç¥áª®£® ¨§¬¥¥¨ï ¯ à ¬¥-âà®¢ à §àï¤®© æ¥¯¨ ¬®¦® ¯®«ãç¨âì § ª® ¢¢®¤ í¥à£¨¨ ¤®áâ â®ç® á«®¦®£® ¢¨¤ , ¢ â®¬ ç¨á«¥ ¨¢ ¢¨¤¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ ¨¬¯ã«ìá®¢. � [7] íâ®âä ªâ  è¥« á¢®¥ íªá¯¥à¨¬¥â «ì®¥ ¯®¤â¢¥à¦¤¥-

¨¥. �à¨ íâ®¬ äãªæ¨ï à ¤¨ãá  ¯®«®áâ¨ ¡«¨§ª  ª«¨¥©®©, ® ¬®¦¥â ¨¬¥âì ¨§«®¬ë. �®àà¥ªâ®©¬ â¥¬ â¨ç¥áª®© ¬®¤¥«ìî ¢¥è¥© £¨¤à®¤¨ ¬¨-ç¥áª®© § ¤ ç¨ à §àï¤  ï¢«ï¥âáï  ç «ì®-ªà ¥¢ ï§ ¤ ç  á ¯®¤¢¨¦®© £à ¨æ¥© ¤«ï «¨¥©®£® ¢®«-®¢®£® ãà ¢¥¨ï.�«ãç © æ¨«¨¤à¨ç¥áª®© á¨¬¬¥âà¨¨ ¯à¨ ¨§«ãç¥-¨¨ ¢®« ¯®¤¢¨¦®© £à ¨æ¥© ï¢«ï¥âáï  ¨¡®«¥¥á«®¦ë¬. � ª ¯®«ãç¥® «¨èì ®¤® â®ç®¥ à¥è¥-¨¥  ç «ì®-ªà ¥¢®© § ¤ ç¨ ¯à¨ à áè¨à¥¨¨ æ¨-«¨¤à  ã«¥¢®£®  ç «ì®£® à ¤¨ãá  á ¯®áâ®ï®©áª®à®áâìî [8], ¥á«¨ ¯®¤ â®çë¬ à¥è¥¨¥¬ ¯®¨-¬ âì à¥è¥¨¥, ã¤®¢«¥â¢®àïîé¥¥ â®ç® ª ª ¢®«-®¢®¬ã ãà ¢¥¨î, â ª ¨ £à ¨ç®¬ã ãá«®¢¨î  ¯®¤¢¨¦®© £à ¨æ¥. � à ¡®â å [9, 10] ¯®¤ â®ç-ë¬ à¥è¥¨¥¬  ç «ì®-ªà ¥¢®© ¢®«®¢®© § ¤ ç¨á ¯®¤¢¨¦®© £à ¨æ¥© ¯®¨¬ ¥âáï à¥è¥¨¥, â®ç-® ã¤®¢«¥â¢®àïîé¥¥ ¢®«®¢®¬ã ãà ¢¥¨î, ® § -ª® ¤¢¨¦¥¨ï £à ¨æë ®¯à¥¤¥«ï¥âáï ç¨á«¥® ¯®[9, 10] á «î¡®©  ¯¥à¥¤ § ¤ ®© â®ç®áâìî. � á-á¬®âà¥¨¥ ¢®«®¢®© § ¤ ç¨ á ¯®¤¢¨¦®© £à ¨æ¥©¤«ï ¥ã«¥¢®£®  ç «ì®£® à ¤¨ãá  ¨ à §àë¢®©äãªæ¨¥© áª®à®áâ¨ ¢ë§ë¢ ¥â § ç¨â¥«ìë¥ á«®¦-®áâ¨.�̈ ¤à®¤¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ í«¥ªâà®-¢§àë¢  ¢ ¦¨¤ª®áâ¨ á ¢¢®¤®¬ í¥à£¨¨ ¢ ª  « ¢ ¢¨-¤¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ ¤¢ãå ¨¬¯ã«ìá®¢   ®á®¢¥c �.�.�®¢ç¥ª®, �.�.�®¢ «¥¢, �.�.�®§¤¥¥¢, 2001 19



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 19 { 25à¥è¥¨© ¢¥è¥© £¨¤à®¤¨ ¬¨ç¥áª®© § ¤ ç¨ à §-«¨çë¬¨   «¨â¨ç¥áª¨¬¨ ¬¥â®¤ ¬¨ ¯®«ãç¥ë ¢[9, 11, 12]. �¤ ª® à¥§ã«ìâ âë íâ¨å à ¡®â ¯à®-â¨¢®à¥ç¨¢ë. � ª, ¢ [11, 12] ¯ãâ¥¬   «¨§  ¯®«ã-ç¥®£® ¯à¨¡«¨¦¥®£® à¥è¥¨ï ¢¥è¥© £¨¤à®-¤¨ ¬¨ç¥áª®© § ¤ ç¨ ¯®ª § ®, çâ® ¯à¨ ®¯à¥¤¥-«¥ëå á®®â®è¥¨ïå ª¨¥¬ â¨ç¥áª¨å å à ªâ¥à¨-áâ¨ª ª  «  äãªæ¨ï ¤ ¢«¥¨ï   áâ¥ª¥ ª  « ¯à¥¤áâ ¢«ï¥â á®¡®© ¯®á«¥¤®¢ â¥«ì®áâì ã¡ë¢ î-é¨å ¯®  ¬¯«¨âã¤¥ ¨¬¯ã«ìá®¢,   äãªæ¨ï ¤ ¢«¥¨ï¢ ä¨ªá¨à®¢ ®© â®çª¥ ¢®«®¢®© §®ë { ¯®á«¥¤®-¢ â¥«ì®áâì ¨¬¯ã«ìá®¢ á à®áâ®¬ ¨å  ¬¯«¨âã¤. �[9]   ®á®¢¥ ¤àã£®£® ¯®¤å®¤  ª à¥è¥¨î § ¤ ç¨, §¢ ®£®  ¢â®à ¬¨ [9] â®çë¬, ãâ¢¥à¦¤ ¥âáï,çâ® ®¡¥ äãªæ¨¨ ¤ ¢«¥¨ï ¤®«¦ë ¨¬¥âì ®¤¨ ª®-¢ë© å à ªâ¥à. �à®¬¥ â®£®, ¥á«¨ ¢ [11, 12] ¯®ª § -®, çâ® ¯¥à¨®¤ë á«¥¤®¢ ¨ï ¨¬¯ã«ìá®¢ ¢  §¢ -ëå äãªæ¨ïå ¤ ¢«¥¨ï ¤®«¦ë á«¥¤®¢ âì á®®â-®è¥¨ï¬, ®¯¨áë¢ îé¨¬ íää¥ªâ �®¯«¥à , â® ¢ [9]ãâ¢¥à¦¤ ¥âáï, çâ® ¯¥à¨®¤ë ¤®«¦ë ¡ëâì ®¤¨ ª®-¢ë. �ëïá¥¨î ¨ ®¡êïá¥¨î íâ¨å ¯à®â¨¢®à¥ç¨©¨ ¯®á¢ïé¥   áâ®ïé ï à ¡®â .1. ���������� ������������ �������������� ����������������� ������������������������®« ï ä¨§¨ç¥áª ï § ¤ ç  ® ¢ëá®ª®¢®«ìâ®¬í«¥ªâà¨ç¥áª®¬ à §àï¤¥ ¢ ¦¨¤ª®áâ¨ ¢ª«îç ¥â ¢ á¥-¡ï ª ª ¢ãâà¥îî § ¤ çã ä®à¬¨à®¢ ¨ï ¯« §-¬¥®© ¯®«®áâ¨ ¢ ª  «¥, â ª ¨ ¢¥èîî £¨¤à®-¤¨ ¬¨ç¥áªãî § ¤ çã ä®à¬¨à®¢ ¨ï ¯®«ï ¤ ¢«¥-¨ï, ¢ë§¢ ®£® à áè¨àïîé¨¬áï ª  «®¬ [1]. �¨-áâ¥¬  ãà ¢¥¨© ¤«ï ®¯¨á ¨ï ¢ãâà¥¥© § ¤ ç¨¢ª«îç ¥â ãà ¢¥¨ï à §àï¤®© æ¥¯¨ á ¥«¨¥©ë¬á®¯à®â¨¢«¥¨¥¬ ª  «  ¨ ãà ¢¥¨¥ ¡ « á  í¥à-£¨¨. �â  á¨áâ¥¬  á¢®¤¨âáï ª á®®â®è¥¨î ¢¨¤ F1 (R(t); VR(t); PR(t); N (t)) = 0; (1)£¤¥ t { ¢à¥¬ï; R(t) { § ª® ¨§¬¥¥¨ï à ¤¨ãá  ª - «  (¯®«®áâ¨) ¢® ¢à¥¬¥¨; VR(t) { áª®à®áâì à á-è¨à¥¨ï ¯®«®áâ¨, ª®â®à ï ¤«ï ¥¯à®¨æ ¥¬®© £à -¨æë à ¢  ¯à®¨§¢®¤®© ®â äãªæ¨¨ à ¤¨ãá ; N(t){ § ª® ¢¢®¤  ¬®é®áâ¨ ¢ ª  « à §àï¤ ; PR(t) {äãªæ¨ï ¤ ¢«¥¨ï ¢ ª  «¥.�¥è¥¨¥ ¢¥è¥© £¨¤à®¤¨ ¬¨ç¥áª®© § ¤ ç¨¢ë§¢ ®£® ¢®«®¢®£® ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ à áè¨-à¥¨¥¬ ª  «  à §àï¤  ¤ ¥â á¢ï§ìF2 (R(t); VR(t); PR(t)) = 0: (2)�®¢¬¥áâ®¥ à¥è¥¨¥ ãà ¢¥¨© (1) ¨ (2) ¯®§¢®-

«ï¥â ®¯à¥¤¥«¨âì ª¨¥¬ â¨ç¥áª¨¥ ¨ ¤¨ ¬¨ç¥áª¨¥å à ªâ¥à¨áâ¨ª¨ à §àï¤  ¢ ¦¨¤ª®áâ¨,   § â¥¬ ¢â®¬ ¨«¨ ¨®¬ ¯à¨¡«¨¦¥¨¨  ©â¨ ¨ ¢ë§¢ ®¥¢®«®¢®¥ ¯®«¥ ¤ ¢«¥¨ï ¢ ¦¨¤ª®áâ¨.�¤ ª® ¢¢¥¤¥¨¥ àï¤  ¤®¯ãé¥¨© ¯à¨ ¬ â¥¬ -â¨ç¥áª®© ¯®áâ ®¢ª¥ ¢ãâà¥¥© § ¤ ç¨, ¢ ç áâ®-áâ¨ ¯à¨ ¢ë¢®¤¥ ãà ¢¥¨ï ¡ « á  í¥à£¨¨, ¯à¨¢®-¤¨â ¯à¨ ¨â¥£à¨à®¢ ¨¨ á¨áâ¥¬ë (1), (2) ª á£« -¦¨¢ ¨î ¨áª®¬ëå äãªæ¨© R(t) ¨ PR(t), çâ®¥áãé¥áâ¢¥® ¢ ¯à¨ª« ¤®¬  á¯¥ªâ¥ ¨¦¥¥à-®£® à áç¥â . � â® ¦¥ ¢à¥¬ï ¥ª®â®àë¥ ®á®-¡¥®áâ¨ ª¨¥¬ â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ª  « ¬®¦® ãç¥áâì ¯à¨   «¨â¨ç¥áª®¬ à¥è¥¨¨ ¢¥è-¥© £¨¤à®¤¨ ¬¨ç¥áª®© § ¤ ç¨. � ª, ¢ [7] íªá-¯¥à¨¬¥â «ì® ¯®«ãç¥®, çâ® äãªæ¨ï R(t) ¬®-¦¥â ¨¬¥âì ¨§«®¬, á«¥¤®¢ â¥«ì®, äãªæ¨ï V R(t)¬®¦¥â ¨¬¥âì ª®¥çë© à §àë¢. �à¥¤áâ ¢«ï¥â-áï ¢ ¦ë¬ á â®çª¨ §à¥¨ï ¬ â¥¬ â¨ç¥áª®© ä¨§¨-ª¨ ®¯à¥¤¥«¨âì ¢«¨ï¨¥ ¬ â¥¬ â¨ç¥áª¨å ®á®¡¥®-áâ¥© äãªæ¨© ¢ £à ¨ç®¬ ãá«®¢¨¨   ¯®¤¢¨¦®©£à ¨æ¥   äãªæ¨î ¤ ¢«¥¨ï.�¥è¥¨¥ ¢¥è¥© £¨¤à®¤¨ ¬¨ç¥áª®© § ¤ ç¨¨¬¥¥â ¨ á ¬®áâ®ïâ¥«ì®¥ § ç¥¨¥ ª ª ¬¥â®¤¨ç¥-áª¨© ¯®¤å®¤ ¯à¨ ¤¨ £®áâ¨ª¥ ¯« §¬ë ª  «  ¯® ¨§-¬¥à¥ë¬ ¥£® ª¨¥¬ â¨ç¥áª¨¬ å à ªâ¥à¨áâ¨ª ¬.� ª¨¬ ®¡à §®¬, áª § ®¥ ¯®§¢®«ï¥â à áá¬®-âà¥âì â®«ìª® ¢¥èîî £¨¤à®¤¨ ¬¨ç¥áªãî § ¤ -çã ®¯à¥¤¥«¥¨ï ¢®«®¢®£® ¯®«ï ¤ ¢«¥¨ï, ¢ë§¢ -®£® à áè¨à¥¨¥¬ ª  «  ¯® ¨§¢¥áâ®¬ã (§ ¤ -®¬ã) § ª®ã. �®« £ ¥¬, çâ® ª  « ¨¬¥¥â ¤®áâ -â®çãî ¯à®âï¦¥®áâì,   ¢à¥¬ï ¥£® à áè¨à¥¨ï¬ «® ¨«¨ ª  « à §¢¨¢ ¥âáï ¬¥¦¤ã ¯«®áª¨¬¨ í«¥ª-âà®¤ ¬¨. �®íâ®¬ã à áá¬®âà¨¬ ¯«®áªãî § ¤ çã ®à áè¨à¥¨¨ ¡¥áª®¥ç®£® æ¨«¨¤à  ¢ ¦¨¤ª®áâ¨.�¨¤ª®áâì áç¨â ¥¬ ¨¤¥ «ì®© á¦¨¬ ¥¬®©,   ¤¢¨-¦¥¨¥ ¥¥ ¯®â¥æ¨ «ìë¬ á ¯®â¥æ¨ «®¬ áª®à®áâ¥©�. �£à ¨ç¨¢ ïáì à áá¬®âà¥¨¥¬ à §àï¤  ¬ «®©¬®é®áâ¨, ¡ã¤¥¬ áç¨â âì, çâ® áª®à®áâì à áè¨à¥-¨ï ª  «  ¬ «  ¯® áà ¢¥¨î á® áª®à®áâìî §¢ãª ¢ ¦¨¤ª®áâ¨ á0.�à¨ïâë¥ ¤®¯ãé¥¨ï ¯®§¢®«ïîâ ¤«ï ®¯¨á ¨ï¤¨ ¬¨ª¨ ¢ë§¢ ®£® à áè¨à¥¨¥¬ æ¨«¨¤à¨ç¥-áª®£® ª  «  ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¢®á¯®«ì§®¢ âì-áï «¨¥©ë¬ ¢®«®¢ë¬ ãà ¢¥¨¥¬, ® á § ¤ ¨¥¬ª¨¥¬ â¨ç¥áª®£® £à ¨ç®£® ãá«®¢¨ï   ¯®¤¢¨¦-®© £à ¨æ¥ ª®â ªâ  ª  «{¦¨¤ª®áâì. �®àà¥ªâ-®áâì â ª®© ¬ â¥¬ â¨ç¥áª®© ¯®áâ ®¢ª¨ à áá¬®-âà¥  ¢ [10, 13, 14].� ª¨¬ ®¡à §®¬, ¢¥èïï £¨¤à®¤¨ ¬¨ç¥áª ï § -¤ ç  á¢®¤¨âáï ª á«¥¤ãîé¥©  ç «ì®-ªà ¥¢®© § ¤ -ç¥ ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨ á ¯®¤¢¨¦ë¬¨ £à ¨-æ ¬¨20 �.�.�®¢ç¥ª®, �.�.�®¢ «¥¢, �.�.�®§¤¥¥¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 19 { 25@2�@r2 + 1r @�@r � 1c0 @2�@t2 = 0V = @�@r 9>>=>>;R0 � r � R0 + c0t;(3)r = R (t) : @�@r = VR (t) = @R@t ; (4)t = 0: � = @�@t = 0; r = R0: (5)�®«¥ ¤ ¢«¥¨© P(r,t) ®¯à¥¤¥«¨¬ ¯® ¨§¢¥áâ®¬ã¯®â¥æ¨ «ã áª®à®áâ¥© �(r,t) ¢ á®®â¢¥âáâ¢¨¨ á [2,3] á«¥¤ãîé¨¬ ®¡à §®¬:¯à¨ r >> R0 P (r; t) = ��0 @�@t ; (6)¯à¨ r = R(t)P (r; t) = ��0 @�@t + 12 �@�@r �2 � 12c20 �@�@r �2 ; (7)£¤¥ �0 - ¥¢®§¬ãé¥ ï ¯«®â®áâì ¦¨¤ª®áâ¨.�â¬¥â¨¬, çâ® ¢ [14] ¢ § ¤ ç¥ ® à áè¨à¥¨¨ æ¨-«¨¤à¨ç¥áª®© ¯®«®áâ¨ ã«¥¢®£®  ç «ì®£® à ¤¨-ãá  ¨ ¬ «®© áª®à®áâ¨ ¯®ª § ®, çâ® ¯®â¥æ¨ «áª®à®áâ¥© �(r,t) ¬®¦¥â ¡ëâì  ©¤¥ ¨§ «¨¥©®-£® ¢®«®¢®£® ãà ¢¥¨ï (3),   ¤ ¢«¥¨¥ ¢ ¡«¨¦-¥© ª ¯®«®áâ¨ §®¥  ©¤¥® ¯® ¨â¥£à «ã �®è¨-� £à ¦  á ãç¥â®¬ ª¢ ¤à â¨ç®© á®áâ ¢«ïîé¥©P (r; t) = ��0 "@�@t + 12 �@�@r �2#: (8)� [10] ¨â¥£à « ¢¨¤  (8) ¯à¥¤«®¦¥® ¨á¯®«ì-§®¢ âì ¤«ï «î¡®© £¥®¬¥âà¨¨ ¢®«®¢®£® ¤¢¨¦¥-¨ï ¦¨¤ª®áâ¨. �¬¥áâ¥ á â¥¬, ¢ [14] ®â¬¥ç ¥âáï,çâ® ¤«ï ¯«®áª®© ¢®«ë á¦¨¬ ¥¬®áâìî ¢ ¨â¥£à -«¥ �®è¨-� £à ¦  ¯à¥¥¡à¥£ âì ¥«ì§ï ¨ ¯à¨¬¥-¥¨¥ (8) ¥ª®àà¥ªâ®. �®®â®è¥¨ï (6), (7) ®â-¢¥ç îâ íâ¨¬ âà¥¡®¢ ¨ï¬. � ª, ¢ ¤ «ì¥© §®¥r >> R0 ¨ ¯à¨ t � 0, £¤¥ R(t) � R0 ¨¬¥¥¬ ¯«®áª®¥â¥ç¥¨¥ ¨ @�@r � 1c0 @�@t = 0;¨, á«¥¤®¢ â¥«ì®, ¯®«ãç ¥¬ ãà ¢¥¨¥ (6). �à¨ ã-«¥¢®¬  ç «ì®¬ à ¤¨ãá¥ ¯®«®áâ¨ R(0) = R0 = 0¢â®à ï ª¢ ¤à â¨ç ï á®áâ ¢«ïîé ï ¢ (7) ¬ «  ¯®áà ¢¥¨î á ¯¥à¢®© ¨ ¯® áãâ¨ (7) ¯¥à¥å®¤¨â ¢(8). � ª¨¬ ®¡à §®¬,  ç «ì®-ªà ¥¢ ï § ¤ ç  á ¯®-¤¢¨¦®© £à ¨æ¥© ª®â ªâ  ¯®«®áâì-¦¨¤ª®áâì (3)-(8) ï¢«ï¥âáï ª®àà¥ªâ®© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«ìî

¢¥è¥© £¨¤à®¤¨ ¬¨ç¥áª®© § ¤ ç¨ í«¥ªâà¨ç¥áª®-£® à §àï¤  ¢ ¦¨¤ª®áâ¨, £¤¥ äãªæ¨ïR(t) ¯®« £ ¥â-áï ¨§¢¥áâ®© ¨§ íªá¯¥à¨¬¥â  ¨«¨ ¯à®áâ® § ¤ -®©.2. ����� ��� ���������������-������� �������«ï à¥è¥¨ï  ç «ì®-ªà ¥¢®© § ¤ ç¨ (3)-(7)¯®«ãç¨¬ à¥è¥¨¥ ¢®«®¢®£® ãà ¢¥¨ï (3),   § -â¥¬ íâ® à¥è¥¨¥ á«¥¤ã¥â ã¤®¢«¥â¢®à¨âì £à ¨ç-®¬ã ãá«®¢¨î   ¯®¤¢¨¦®© £à ¨æ¥ (4). �®á«¥ å®¦¤¥¨ï ¯®â¥æ¨ «  áª®à®áâ¥©  ©¤¥¬ ¯®«¥ ¤ -¢«¥¨ï ¢ á®®â¢¥âáâ¢¨¨ á ¨â¥£à «®¬ (6), (7), ª®â®-àë© ¬®¦® ã¤®¡® ¯à¥¤áâ ¢¨âì ¢ ¡¥§à §¬¥àëå¯¥à¥¬¥ëå ¢ ¢¨¤¥�P (r; t) = 8<: �P1 (r; t) ¯à¨ r >> R0;�P1 + �P21 + �P22; r � R(t); (9)£¤¥ �P = P= ��0c20� ; �P1 = � (@�=@t) ��0c20� ; �P21 == ��V 2=2; �V = V=c0; �P22 = �P 21 :�«ï ¯«®áª¨å ¢®«�P1 = �V ; �P21+ �P22 = 0; �P = �P1: (10)� (9) £« ¢ ï ç áâì ¤ ¢«¥¨ï ®¡®§ ç¥  ª ª �P1,  ª¢ ¤à â¨çë¥ ¤®¡ ¢ª¨ ¬®£ãâ ¡ëâì  ©¤¥ë ¯®-â®¬ ¯® ¬¥à¥  ¤®¡®áâ¨.�«ï à¥è¥¨ï ãà ¢¥¨ï (3) ¢®á¯®«ì§ã¥¬áï ¯à¥-®¡à §®¢ ¨¥¬ � ¯« á . �®£¤  à¥è¥¨¥ ãà ¢¥¨ï(3) ¢ ®¡« áâ¨ ¨§®¡à ¦¥¨© á ãç¥â®¬ ã«¥¢ëå  -ç «ìëå ãá«®¢¨© ¨ ãá«®¢¨ï ¨§«ãç¥¨ï (ã¡¥£ ¨ï¢®«ë   ¡¥áª®¥ç®áâì) ¡ã¤¥â ¨¬¥âì ¢¨¤��L (r; p) = B (p) �K0 (ap) ; (11)�V L (r; p) = �p �B (p) �K1 (ap)c20 ; (12)�PL1 (r; p) = �p �B (p) �K0 (ap)c20 ; (13)£¤¥ p { ¯ à ¬¥âà ¯à¥®¡à §®¢ ¨ï; B(p) { ¯®áâ®ï- ï ¨â¥£à¨à®¢ ¨ï; K(ap);K1(ap) { ¬®¤¨ä¨æ¨à®-¢ ë¥ äãªæ¨¨ �¥áá¥«ï; a = r=c0,   ¢¥àå¨¬ ¨-¤¥ªá®¬ ®¡®§ ç¥  âà áä®à¬ â  äãªæ¨¨.�¥à¥å®¤ï ¢ (12), (13) ª ®à¨£¨ « ¬, ¯®«ãç ¥¬�V (r; t) = � 1rc0 t�r=c0Z0 B(� )(t � � )d�p(t� �)2 � (r=c0)2 ; (14)�.�.�®¢ç¥ª®, �.�.�®¢ «¥¢, �.�.�®§¤¥¥¢ 21



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 19 { 25�P1 (r; t) = � t�r=c0Z0 B0(� )d�p(t� � )2 � (r=c0)2 : (15)�à¨ ¨§¢¥áâ®© äãªæ¨¨ B(t) à ¤¨ãá ª  « ®¯à¥¤¥«¨¬ ¨§ ãà ¢¥¨ï, ¯®«ãç ¥¬®£® ¨§ á®®â®-è¥¨ï (14), ¯®« £ ï ¢ ¥¬ r=R(t)t�r=c0Z0 B(� )(t � � )d�q(t � � )2 � (R(t)=c0)2 = �R(t)VR(t): (16)�à¨¨¬ ï ¢ ¢ëà ¦¥¨¨ (16) B(� ) = B0H + (� ),£¤¥ B0 = �M20 c20=(1�M20 )�1=2,  å®¤¨¬ R(t) = V0t.�®£¤  ¨§ (15) ¯®«ãç ¥¬ äãªæ¨¨ ¤ ¢«¥¨ï [8]�PR(t) = M20p1�M20 ln 1 +p1�M20M0 ;�P (r; t) = M20p1�M20 Arch (c0t=r) : (17)�à¨¨¬ ï B0(� ) = B0�(� ), ¨§ (14), (15) ¯®«ãç -¥¬ ¯à¥¤áâ ¢«¥¨ï ¤«ï ¢®«®¢ëå ¯®«¥©, á®¢¯ ¤ î-é¨¥ á à¥è¥¨¥¬ [9]:�V (r; t) = B0= �t2 � (r=c0)2�1=2 ;�P1(r; t) = B0= �t2 � (r=c20)�1=2 ;�PR(t) = B0= �t2 � (R=c0)2)�1=2 ; (18)£¤¥ B0=-R0V 0, V 0=V R( 0).�¥è¥¨¥ (18) ¯®«ãç¥® ¤«ï R0 = 0. �à¨ R 6= 0á«¥¤ã¥â ¯à¨ïâì ¢ (18) t� t +R0=c0.3. �������� ���� ������� �������� ���������� ��������� ���������������á¯®«ì§ãï  á¨¬¯â®â¨ªã ¡®«ìè¨å § ç¥¨© ¢¥-«¨ç¨ë (a = rp=c0) âà áä®à¬ âã ¯®â¥æ¨ « áª®à®áâ¥© (10) ¬®¦® ¯à¨¡«¨¦¥® § ¯¨á âì ¢ ¢¨-¤¥�L(r; p) = f(t0)r1=2 e� (r�R0)pc0 �1� 18(c0=rp) + :::� :(19)� ®¡« áâ¨ ®à¨£¨ «®¢ ¢ëà ¦¥¨¥ (19) ¯à¨¨¬ -¥â ¢¨¤

� (r; t) = f(t0)r1=2 � 18 c0r3=2 t0Z0 f(� )d� + ::: (20)£¤¥ t0 = t� (r �R0)=c0.� (19), (20) ¢â®à®¥ á« £ ¥¬®¥ ¬ «® ¯® áà ¢¥-¨î á ¯¥à¢ë¬ ¢á«¥¤áâ¢¨¥ ¯à¨ïâ®£® ¢ëè¥ ¤®¯ã-é¥¨ï. �â®â ä ªâ ¯®¤áª §ë¢ ¥â ¯à¨¬¥¥¨¥ ¬¥-â®¤  ¯®á«¥¤®¢ â¥«ìëå ¯à¨¡«¨¦¥¨©, £¤¥ ¢ ¯¥à-¢®¬ ¯à¨¡«¨¦¥¨¨ ¬®¦® ¨á¯®«ì§®¢ âì á«¥¤ãîé¥¥¯à¥¤áâ ¢«¥¨¥ ¤«ï ¯®â¥æ¨ «  áª®à®áâ¥© [16, 17]:� (r; t) = f(t0)r�1=2: (21)�á¯®«ì§ãï ¯à¥¤áâ ¢«¥¨¥ ¤«ï ¯®â¥æ¨ «  áª®-à®áâ¥© (21), á ¯®¬®éìî ¬¥â®¤  ¥«¨¥©®£® ¯à¥-®¡à §®¢ ¨ï ¢à¥¬¥¨ [17, 18]  ©¤¥¬ á«¥¤ãîé¥¥¯à¥¤áâ ¢«¥¨¥ ¤«ï äãªæ¨¨ ¤ ¢«¥¨ï   áâ¥ª¥ ª - «  [17]:�PR(t) = �VR(t)� c02R(t) exp0@�c02 tZ0 d�R(� )1A�� tZ0 �VR(� )�1� 1c0 dR(� )d� � exp0@ c02 �Z0 d�R(� )1A dr:(22)�¥âàã¤® ¯®ª § âì, çâ® á¢ï§ì äãªæ¨¨ ¤ ¢«¥¨ï  áâ¥ª¥ ª  «  PR(t) á ¯à®ä¨«¥¬ ¢®«ë ¤ ¢«¥¨ï¤«ï ä¨ªá¨à®¢ ®© â®çª¨ ¢®«®¢®£® ¯®«ï Pr ¢ ®¡-é¥¬ á«ãç ¥ ¨¬¥¥â ¢¨¤PR(t) = � rR(t)�1=2Pr �t� R(t)� R0c0 � : (23)� ¬¥â¨¬, çâ® ¢ ¢ëà ¦¥¨ï (22), (23) ¢å®¤¨ââ®«ìª® £« ¢ ï ç áâì ¤ ¢«¥¨ï.� «¨§ íªá¯¥à¨¬¥â «ì® ¯®«ãç¥ëå ªà¨¢ëåR(t) ¢ [7] ¤ ¥â ¢®§¬®¦®áâì ¤®áâ â®ç® â®ç®  ¯-¯à®ªá¨¬¨à®¢ âì ¨å ¯à¥¤áâ ¢«¥¨¥¬ [12]R(t) = R0 + V0t+ R1 jsin!0tj ;VR(t) = V0 + V1 cos !0(t� tm);tm = mT1; m = 0; 1; 2::: 9>>>=>>>; ; (24)£¤¥ R0 { à ¤¨ãá ª  «  ¯à¨ t=0; V0 { áª®à®áâì «¨-¥©®£® à®áâ  à ¤¨ãá ; R1 {  ¬¯«¨âã¤  ¯ã«ìá æ¨©;!0 { ªàã£®¢ ï ç áâ®â , á¢ï§  ï á ¯¥à¨®¤®¬ ¯ã«ì-á æ¨© T1 á®®â®è¥¨¥¬ !0 = �=T1. � ª ª ª  ¬¯«¨-âã¤  ¯ã«ìá æ¨© ¬ « , â® ¥áâì jR1=R(t)j << 1, â®22 �.�.�®¢ç¥ª®, �.�.�®¢ «¥¢, �.�.�®§¤¥¥¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 3. �. 19 { 25£à ¨ç®¥ ãá«®¢¨¥   ¯®¤¢¨¦®© £à ¨æ¥ (4) ¤«ï§ ª®  (24) ¯à¨¨¬ ¥â ¢¨¤r = R(t) = R0 + V0t;@�=@r = VR(t) = V0 + V1 cos!0(t� tm): (25)� ¢«¥¨¥   áâ¥ª¥ ¯®«®áâ¨ (22) ®¯à¥¤¥«¨âáï áãç¥â®¬ (25) ª ª�PR (t) = �PR1 (t) + �PR2 (t) ; (26)�PR1(t) = 3M201 + 2M0 �1 + 1�M03M0 (1 + �t)�(1+1=2M0)� ;(27)�PR2(t) = M1 [cos �!0(�t � �tm)��1�M02M0 (1 + �t)�(1+1=2M0)I(t)� ; (28)I(t) = �tZ0 cos �!0(�t � �tm)(1 + �t)1=2M0d�t;£¤¥ M 0=V 0/c0, M 1=V 1/c0, t = V0t=R0, �!0 =!0R0=V0.� ª ¢¨¤® ¨§ ¢ëà ¦¥¨© (26) { (28) ¯¥à¢ ï á®-áâ ¢«ïîé ï ¤ ¢«¥¨ï �PR1 á®¢¯ ¤ ¥â á ¢ëà ¦¥¨-¥¬ ¤«ï ¤ ¢«¥¨ï ¯à¨ ¯®áâ®ï®© áª®à®áâ¨ à áè¨-à¥¨ï ¯®«®áâ¨ [17],   ¢â®à ï �PR2 ®âà ¦ ¥â ¢«¨-ï¨¥ ¯ã«ìá æ¨© ¬ «®©  ¬¯«¨âã¤ë. � ¬¥â¨¬, çâ®¯à¨æ¨¯ áã¯¥à¯®§¨æ¨¨ ¤ ¦¥ ¢ íâ®¬ á«ãç ¥ ¥ ¢ë-¯®«ï¥âáï.�¡®§ ç¨¬ ç¥à¥§ A11, A12  ¬¯«¨âã¤ë ¨¬¯ã«ì-á®¢ ¤ ¢«¥¨ï   áâ¥ª¥ ª  « ,   ç¥à¥§ A21, A22 { ¬¯«¨âã¤ë á®®â¢¥âáâ¢ãîé¨å ¨¬¯ã«ìá®¢ ¢ â®çª¥¢®«®¢®© §®ë. �  ®á®¢ ¨¨ ¢ëà ¦¥¨© (26) {(28) ¯®«ãç¨¬A11 = �PR(0) = �PR1(0) + �PR2(0) = M0 +M1; (29)A12 = �PR(T1+0)� �PR(T1�0) = PR1(T1)+PR2(T1);£¤¥ PR2(T1) = PR2(T1 + 0)PR2(T1 � 0) == M1 �2� 1�M02M0 �1 + �T1��(1+1=2M0) I( �T1)� ;T1 { ¯¥à¨®¤.� ª ª ª ¢  è¥¬ á«ãç ¥ �T1 >> 1, â®

�PR1(T1) � 3M20=(1 + 2M0);�PR2(T1) � 2M1 �M11�M02M0 �T�21 :� ª¨¬ ®¡à §®¬, ®ª®ç â¥«ì® ¯®«ãç ¥¬A12 � 2M1 (30)�¡®§ ç ï ®â®è¥¨¥  ¬¯«¨âã¤   áâ¥ª¥ ¯®-«®áâ¨, ª ª K1 = A11=A12 ¨ ¢ ¢®«®¢®© §®¥ ª ªK2 = A21=A22, ¨§ á®®â®è¥¨ï (23) ¯®«ãç ¥¬K2 � K1 �1 + �T1��1=2 ; (31)£¤¥ �T1 = T1V0=R0;K1 � (M0 +M1) =2M1.� ª ¢¨¤® ¨§ á®®â®è¥¨ï (31), ®â®è¥¨¥  ¬-¯«¨âã¤ ¨¬¯ã«ìá®¢ ¤ ¢«¥¨ï ¢ â®çª¥ ¢®«®¢®© §®-ë ¢á¥£¤  ¡®«ìè¥, ç¥¬ ®â®è¥¨¥ á®®â¢¥âáâ¢ãî-é¨å  ¬¯«¨âã¤ ¨¬¯ã«ìá®¢   áâ¥ª¥ ª  « . �á«¨K1 > 1, â® �1 + �T1�1=2 > 1=K1, çâ® ¨ á®¢¯ ¤ ¥â á¢ë¢®¤ ¬¨ [11, 12].�®®â®è¥¨¥ äãªæ¨© ¤ ¢«¥¨ï (23) ¯®§¢®«ï¥â¯®«ãç¨âì ¥é¥ ®¤® ¨â¥à¥á®¥ § ª«îç¥¨¥. � ª, áãç¥â®¬ ¢ëà ¦¥¨ï (25), ¨§ (23) ¯®«ãç ¥¬PR(t) = � rR(0)�1=2 � Pr (t(1�M0))(1 + �t)1=2�®« £ ï ¢ ¯®«ãç¥®¬ á®®â®è¥¨¨ t = T1, ¯®-«ãç ¥¬ á®®â®è¥¨¥ ¯¥à¨®¤®¢ ¯ã«ìá æ¨© ¢ ¢®«®-¢®© §®¥ T2 ¨   áâ¥ª¥ ª  «  T1:�T2 � �T1 (1�M0) ; (32)çâ® ®§ ç ¥â, çâ® ¯¥à¨®¤ á«¥¤®¢ ¨ï ¨¬¯ã«ìá®¢¤ ¢«¥¨ï ¢ ¢®«®¢®© §®¥ ã¬¥ìè ¥âáï,   ç áâ®â ¯ã«ìá æ¨© ¤ ¢«¥¨ï ã¢¥«¨ç¨¢ ¥âáï ¯® áà ¢¥¨îá ç áâ®â®© ¯ã«ìá æ¨© ¤ ¢«¥¨ï   áâ¥ª¥ ª  « .�â®â à¥§ã«ìâ â (32)  å®¤¨âáï ¢ ¯®«®¬ á®®â¢¥â-áâ¢¨¨ á íää¥ªâ®¬ �®¯¯«¥à .�  à¨á. 1 ¯à¨¢¥¤¥  £à ä¨ç¥áª ï ¨««îáâà -æ¨ï à¥è¥¨ï § ¤ ç¨ (23)-(32) ¯à¨: M0 = 3M1 =0; 1; �T1 = 8:�®£¤ : K1 = 2;K2 = 2=3; �T2 = 0; 9 � �T1 = 7:2.4. ������������� ������������������¥à¥©¤¥¬ ª áà ¢¨â¥«ì®¬ã   «¨§ã à¥§ã«ìâ -â®¢  áâ®ïé¥© à ¡®âë ¨ à ¡®âë [9]. �à §ã ¦¥®â¬¥â¨¬, çâ® ¯®«®¥ ª®«¨ç¥áâ¢¥®¥ áà ¢¥¨¥�.�.�®¢ç¥ª®, �.�.�®¢ «¥¢, �.�.�®§¤¥¥¢ 23
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�¨á. 1. �¨¥¬ â¨ç¥áª¨¥ ¨ ¤¨ ¬¨ç¥áª¨¥å à ªâ¥à¨áâ¨ª¨ à §àï¤ à¥§ã«ìâ â®¢ § âàã¤¥® ¨§-§  à §«¨çëå ¯®¤å®-¤®¢ ª à¥è¥¨î ¢¥è¥© £¨¤à®¤¨ ¬¨ç¥áª®© § ¤ -ç¨ ¨ à §«¨çë¬ ¯à¥¤áâ ¢«¥¨ï¬ § ª®  à áè¨à¥-¨ï ª  «  R(t).� ª, ¢  áâ®ïé¥© à ¡®â¥ ª¨¥¬ â¨ª  ª  « ¯à¥¤áâ ¢«¥  ¢ëà ¦¥¨¥¬ (24) ¢ ¢¨¤¥ áã¬¬ë «¨-

¥©®£® à áè¨à¥¨ï ¨ ¯ã«ìá æ¨© ¬ «®©  ¬¯«¨âã-¤ë,   ¢ [9] ¯à¨ïâ ¡®«¥¥ á«®¦ë© ¢¨¤:R(t) = R0 + [A0tH(t) +A1(t� t1)H(t � t1)]1=2 ;£¤¥ �0; �1; t1 { ¯®áâ®ïë¥; H(t) { ¥¤¨¨ç ïäãªæ¨ï �¥¢¨á ©¤ . �®âï ¯à¥¤áâ ¢«¥¨ï R(t) à §-«¨çë, ®¨ ¢ ¤ ®¬ á«ãç ¥ ¡«¨§ª¨ ª «¨¥©®© § -¢¨á¨¬®áâ¨ ®â ¢à¥¬¥¨.�¥è¥¨¥ ¢¥è¥© £¨¤à®¤¨ ¬¨ç¥áª®© § ¤ ç¨ ¢ áâ®ïé¥© à ¡®â¥ ®á®¢ ®   á«¥¤ãîé¨å ¤®¯ãé¥-¨ïå: £à ¨ç®¥ ãá«®¢¨¥ § ¤ ¥âáï   £à ¨æ¥ ¤¢¨-¦ãé¥©áï á ¯®áâ®ï®© áª®à®áâìî ¢¢¨¤ã ¡«¨§®áâ¨§ ª®  ª «¨¥©®¬ã,   à¥è¥¨¥ ¢®«®¢®£® ãà ¢¥-¨ï  å®¤¨âáï ¯à¨¡«¨¦¥® ¢ ¢¨¤¥ (21). �¢¥¤¥¨¥íâ¨å ¤®¯ãé¥¨© ¯®§¢®«¨«® ¯®«ãç¨âì ®á®¢ë¥ à¥-§ã«ìâ âë ® á®®â®è¥¨ïå  ¬¯«¨âã¤ ¨¬¯ã«ìá®¢ ¤ -¢«¥¨ï ¢ ¯à®áâ®¬ ¢¨¤¥ (29)-(31),   «¨§ ª®â®àëå¯®§¢®«ï¥â ®¡êïá¨âì ¢ë¢®¤ë à ¡®âë [9] ¨ à ¡®â[11, 12], ª ª á®®â¢¥âáâ¢ãîé¨¥ à §«¨çë¬ ª¨¥¬ -â¨ç¥áª¨¬ å à ªâ¥à¨áâ¨ª ¬ ª  « .�¥è¥¨¥ ¢¥è¥© £¨¤à®¤¨ ¬¨ç¥áª®© § ¤ ç¨ ¢[9] ®á®¢ ®   ¥ª®àà¥ªâ®¬ ¨á¯®«ì§®¢ ¨¨ â®ç-®£® à¥è¥¨ï ¢®«®¢®£® ãà ¢¥¨ï ¢¨¤  (18) ¤«ïã«¥¢®£®  ç «ì®£® à ¤¨ãá  æ¨«¨¤à¨ç¥áª®£® ª - «  ¢ á«ãç ¥, ª®£¤   ç «ìë© à ¤¨ãá ¥ à ¢¥ã«î. �à®¬¥ â®£®, à¥è¥¨¥ ¢¨¤  (18) ¨ ¥£® à §®-¢¨¤®áâì [9] ®¡à é ¥âáï ¢ ¡¥áª®¥ç®áâì ¢ ¬®¬¥ât = 0. �®íâ®¬ã  ¢â®àë [9] ¢ëã¦¤¥ë §   ç «ì-ë© ¬®¬¥â ¢à¥¬¥¨ ¢ë¡¨à âì ¥£® ¥ª®â®à®¥ ¥-ã«¥¢®¥ § ç¥¨¥, çâ® ¢®á¨â ¥®¯à¥¤¥«¥®áâì ¢ å®¦¤¥¨¥  ¬¯«¨âã¤ ¨¬¯ã«ìá®¢ ¤ ¢«¥¨ï.� ª¨¬ ®¡à §®¬, ¢á«¥¤áâ¢¨¥ ¯à¨¡«¨¦¥®£® ¢¨¤ à¥è¥¨© § ¤ ç¨ ª ª ¢ [9], â ª ¨ ¢ [11, 12] ¯®«ãç¥-ë¥ â ¬ £¨¤à®¤¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ â ª¦¥ ï¢«ïîâáï ¥ª®â®àë¬¨ ¯à¨¡«¨¦¥¨ï¬¨. �à®¬¥â®£®, à¥§ã«ìâ âë à ¡®â [9] ¨ [11, 12] ¥ ¯à®â¨¢®-à¥ç â ¤àã£ ¤àã£ã,   á®®â¢¥âáâ¢ãîâ à §«¨çë¬ á®-®â®è¥¨ï¬ ª¨¥¬ â¨ç¥áª¨å ¯ à ¬¥âà®¢ ª  « .�á«¨   «¨â¨ç¥áª®¥ à¥è¥¨¥ [11, 12] ®âà ¦ ¥â íä-ä¥ªâ �®¯¯«¥à , â® à¥§ã«ìâ âë [9], ¨á¯®«ì§ãîé¨¥ç¨á«¥ë© áç¥â, ¥ ¢ëï¢«ïîâ íâ®â íää¥ªâ ¢¢¨¤ã¥£® ¬ «®áâ¨ ¢ à áá¬®âà¥®¬ á«ãç ¥.�����������à âª® áä®à¬ã«¨àã¥¬ ®á®¢ë¥ à¥§ã«ìâ âë ¨¢ë¢®¤ë ¯® à ¡®â¥.1. �ë¯®«¥  ¯®áâ ®¢ª   ç «ì®-ªà ¥¢®© § -¤ ç¨ á ¯®¤¢¨¦®© æ¨«¨¤à¨ç¥áª®© £à ¨æ¥© ª®-â ªâ , ª ª ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ ¢¥è¥© £¨-¤à®¤¨ ¬¨ç¥áª®© § ¤ ç¨ í«¥ªâà¨ç¥áª®£® à §àï¤  ¢¦¨¤ª®áâ¨ ¤«ï § ª®  ¢¢®¤  í¥à£¨¨ ¢ ª  « ¢ ¢¨¤¥¯®á«¥¤®¢ â¥«ì®áâ¨ ¨¬¯ã«ìá®¢. �¨¥¬ â¨ç¥áª®¥24 �.�.�®¢ç¥ª®, �.�.�®¢ «¥¢, �.�.�®§¤¥¥¢
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