
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 2. �. 47 { 52��� 533.6.011 ������ ���������� �������������������� ������� � ��������,����������� � ������������� ������������. �. ���������, �. �. ���������áâ¨âãâ ¨¬¯ã«ìáëå ¯à®æ¥áá®¢ ¨ â¥å®«®£¨© ��� �ªà ¨ë, �¨ª®« ¥¢�®«ãç¥® 24.03.2001�à¥¤«®¦¥  «£®à¨â¬ à áç¥â  ¯à®áâà áâ¢¥®£® â¥ç¥¨ï ¦¨¤ª®áâ¨ ¯®¤ ¤¥©áâ¢¨¥¬ ¨¬¯ã«ìá®©  £àã§ª¨. �¥è¥-¨¥ á¨áâ¥¬ë ãà ¢¥¨© £ §®¢®© ¤¨ ¬¨ª¨ á¢®¤¨âáï ª ®¤®¬ã ¥«¨¥©®¬ã ãà ¢¥¨î ®â®á¨â¥«ì® ¯®â¥æ¨ « áª®à®áâ¨. �à¨¢¥¤¥ë à¥§ã«ìâ âë â¥áâ¨à®¢ ¨ï  «£®à¨â¬  á ¨á¯®«ì§®¢ ¨¥¬ ¨§¢¥áâëå à¥è¥¨© ®¤®¬¥àëå ¨¤¢ã¬¥àëå § ¤ ç. �à ¢¥¨¥ à¥§ã«ìâ â®¢ â¥áâ¨à®¢ ¨ï á¢¨¤¥â¥«ìáâ¢ã¥â ® ¯à¨¥¬«¥¬®© â®ç®áâ¨ ¯à¥¤« £ ¥¬®£® «£®à¨â¬  ¨ ¢®§¬®¦®áâ¨ ¥£® ¨á¯®«ì§®¢ ¨ï ¤«ï ¨áá«¥¤®¢ ¨ï ¯à®æ¥áá®¢, ¯à®¨áå®¤ïé¨å ¯à¨ í«¥ªâà¨ç¥áª¨å à §àï-¤ å ¢ ¦¨¤ª®áâ¨.� ¯à®¯®®¢ ®  «£®à¨â¬ à®§à åãªã ¯à®áâ®à®¢®ù â¥ç÷ù à÷¤¨¨ ¯÷¤ ¢¯«¨¢®¬ ÷¬¯ã«ìá®£®  ¢ â ¦¥ï. �®§¢'ï§®ªá¨áâ¥¬¨ à÷¢ïì £ §®¢®ù ¤¨ ¬÷ª¨ §¢¥¤¥® ¤® ®¤®£® ¥«÷÷©®£® à÷¢ïï ¢÷¤®á® ¯®â¥æ÷ «ã è¢¨¤ª®áâ÷. � ¢¥¤¥®à¥§ã«ìâ â¨ â¥áâã¢ ï  «£®à¨â¬  § ¢¨ª®à¨áâ ï¬ ¢÷¤®¬¨å à®§¢'ï§ª÷¢ ®¤®¢¨¬÷à¨å ÷ ¤¢®¢¨¬÷à¨å § ¤ ç. �®à÷¢-ïï à¥§ã«ìâ â÷¢ â¥áâã¢ ï á¢÷¤ç¨âì ¯à® ¯à¨©ïâã â®ç÷áâì § ¯à®¯®®¢ ®£®  «£®à¨â¬  â  ¯à® ¬®¦«¨¢÷áâì©®£® ¢¨ª®à¨áâ ï ¤«ï ¤®á«÷¤¦¥ï ¯à®æ¥á÷¢, é® ¢÷¤¡ã¢ îâìáï ¯à¨ ¥«¥ªâà¨ç¨å à®§àï¤ å ¢ à÷¤¨÷.An algorithm of calculation of the space liquid ow a�ected by the pulse loading is proposed. Solution of a gas dynamicsequations system is reduced to the solution of a non-linear equation with respect to a velocity potential. The results ofan algorithm testing using the known solutions of 1D and 2D problems are presented. Comparison of the testing resultsgives evidence of an appropriate accuracy of the proposed algorithm and an applicability to use it for investgation of theprocesses occuring at the electric discharges in uid.���������à®æ¥ááë à á¯à®áâà ¥¨ï £¨¤à®¤¨ ¬¨ç¥-áª¨å ¢®« ¢ à §àï¤ëå ª ¬¥à å ¡®«ìè¨áâ¢ ãáâà®©áâ¢, ¨á¯®«ì§ãîé¨å í«¥ªâà¨ç¥áª¨© à §àï¤ ¢¢®¤¥ (á¥©á¬® ªãáâ¨ç¥áª¨¥ ¨áâ®ç¨ª¨, ãáâà®©áâ¢ ¤«ï ®ç¨áâª¨ «¨âìï, ¨â¥á¨ä¨ª æ¨¨ ¥äâ¥¤®¡ëç¨,®¡à ¡®âª¨ ªà¨áâ ««¨§ãîé¥£®áï ¬¥â «« ), ®áïâ,ª ª ¯à ¢¨«®, âà¥å¬¥àë© å à ªâ¥à ¨§-§  ¤®áâ -â®ç® á«®¦®© ä®à¬ë ª ¬¥àë ¨ à á¯®«®¦¥¨ï ¢¥© í«¥ªâà®¤®¢. �â¨¬ ®¡áâ®ïâ¥«ìáâ¢®¬ ®¯à¥¤¥«ï-¥âáï ¥®¡å®¤¨¬®áâì ¨áá«¥¤®¢ ¨ï ¢§ ¨¬®¤¥©áâ¢¨ï¢®§¨ª îé¨å ¢ ¦¨¤ª®áâ¨ ¯à®áâà áâ¢¥ëå¢®« ¤ ¢«¥¨ï á ¯à¥£à ¤ ¬¨. �à®áâà áâ¢¥ë¥§ ¤ ç¨ ¢®§¨ª îâ ¢ à §«¨çëå ¨áá«¥¤®¢ ¨ïå,¢ ç áâ®áâ¨, ¯à¨ ¨§ãç¥¨¨ ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨¢ § ¬ªãâëå ®¡ê¥¬ å ¯à¨  «¨ç¨¨ ¯®¢¥àå®áâ¨à §¤¥«  ¦¨¤ª®© ¨ £ §®®¡à §®© áà¥¤. �®áâà®¥¨î¢ëç¨á«¨â¥«ìëå ¬®¤¥«¥© ª®«¥¡ ¨© ¦¨¤ª®áâ¨¯®á¢ïé¥® § ç¨â¥«ì®¥ ª®«¨ç¥áâ¢® ¯ã¡«¨ª æ¨©,¢ ¡®«ìè¨áâ¢¥ ¨§ ª®â®àëå ¨áá«¥¤ã¥âáï à á¯à®-áâà ¥¨¥ ¤¢ã¬¥àëå £¨¤à®¤¨ ¬¨ç¥áª¨å ¢®«,â. ¥. ¨á¯®«ì§ãîâáï ®á¥á¨¬¬¥âà¨ç ï ¨«¨ ¯«®á-ª ï ¯®áâ ®¢ª  § ¤ ç¨. �¨á«¥ ï à¥ «¨§ æ¨ï¯à®áâà áâ¢¥ëå § ¤ ç, ¢ ª®â®àëå ¤¢¨¦¥¨¥¦¨¤ª®áâ¨ ®¯¨áë¢ ¥âáï ¢ à ¬ª å âà¥å¬¥à®©¬®¤¥«¨, «¨¡® ¯à¨¢®¤¨â ª ¤®¢®«ì® £à®¬®§¤ª¨¬ «£®à¨â¬ ¬, âà¥¡ãîé¨¬ ¯à¨ à áç¥â å   ���

§ ç¨â¥«ìëå § âà â ¬ è¨ëå à¥áãàá®¢ ¨¢ëç¨á«¨â¥«ì®£® ¢à¥¬¥¨, «¨¡® ¯®§¢®«ï¥â ¯®-«ãç âì à¥è¥¨ï â®«ìª® ¢ ç áâëå á«ãç ïå, ª ª, ¯à¨¬¥à, ¢ [1,2].� ¤ ®© à ¡®â¥ ¨áá«¥¤®¢ ¨¥ ¤¨ ¬¨ª¨ ¦¨¤-ª®áâ¨ ¯à®¢®¤¨âáï á ¨á¯®«ì§®¢ ¨¥¬ ¤®¯ãé¥¨ï ®¡¥§¢¨åà¥¢®¬ å à ªâ¥à¥ â¥ç¥¨ï ¨¤¥ «ì®© á¦¨¬ -¥¬®© ¦¨¤ª®áâ¨, ®¯à ¢¤ ®£® ¯à¨ í«¥ªâà¨ç¥áª¨åà §àï¤ å ¢ ¢®¤¥. � ª®© ¯®¤å®¤ § ç¨â¥«ì® ã¯à®-é ¥â  «£®à¨â¬, ¯®§¢®«ïï á¢¥áâ¨ à¥è¥¨¥ § ¤ ç¨ ª®¤®¬ã ¥«¨¥©®¬ã ãà ¢¥¨î ®â®á¨â¥«ì® ¯®-â¥æ¨ «  áª®à®áâ¨ [3].1. ���������� �������à¥¤« £ ¥¬ë©  «£®à¨â¬ à áç¥â  à á¯à®áâà ¥-¨ï ¢ § ¬ªãâ®¬ ®¡ê¥¬¥ £¨¤à®¤¨ ¬¨ç¥áª¨å ¢®«,®¡à §ãîé¨åáï ¯à¨ í«¥ªâà¨ç¥áª®¬ à §àï¤¥, ¯®-áâà®¥ á ¨á¯®«ì§®¢ ¨¥¬ ¥áª®«ìª¨å ¤®¯ãé¥¨©:áà¥¤  ¢ ª  «¥ í«¥ªâà¨ç¥áª®£® à §àï¤  ¯®« £ ¥â-áï ¨¤¥ «ì®© ¯« §¬®©, ¯«®â®áâì ¨ ¤ ¢«¥¨¥ ª®-â®à®© ®¤®à®¤ë ¢® ¢á¥¬ ®¡ê¥¬¥ ª  « ; ¢  -ç «ìë© ¬®¬¥â ®¡ê¥¬ ¨ ä®à¬  ª  «  ¨§¢¥áâë;¦¨¤ª®áâì, ®ªàã¦ îé ï ª  « à §àï¤ , ï¢«ï¥âáï¨¤¥ «ì®© á¦¨¬ ¥¬®©,   ¥¥ ¤¢¨¦¥¨¥ { ¯®â¥æ¨- «ìë¬. �ç¨âë¢ ï íâ¨ ¤®¯ãé¥¨ï, § ¤ çã ¬®¦®áä®à¬ã«¨à®¢ âì á«¥¤ãîé¨¬ ®¡à §®¬. �¢¨¦¥¨¥¦¨¤ª®áâ¨ ¢ § ¬ªãâ®¬ ®¡ê¥¬¥ ®¯¨áë¢ ¥âáï ãà ¢-c �. �. � ¬¥áª ï, �. �. �®á¥ª®¢, 2001 47



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 2. �. 47 { 52¥¨ï¬¨ ¤¢¨¦¥¨ï, ¥à §àë¢®áâ¨ ¨ á®áâ®ï¨ï:_~v + 12r(~v2) = �1�rp; (1)_�+ � div~v + ~vr� = 0; (2)p+ Bp0 + B = � ��0�� : (3)�¤¥áì â®çª®© ®¡®§ ç¥® ¤¨ää¥à¥æ¨à®¢ ¨¥ ¯®¢à¥¬¥¨ t; ~v { ¢¥ªâ®à áª®à®áâ¨ ¦¨¤ª®áâ¨; p, � {¤ ¢«¥¨¥ ¨ ¯«®â®áâì ¦¨¤ª®áâ¨ ¢ â¥ªãé¨© ¬®¬¥â¢à¥¬¥¨ á®®â¢¥âáâ¢¥®; p0, �0 { ¯ à ¬¥âàë ¦¨¤-ª®áâ¨, ¯à¨ ª®â®àëå ®¯à¥¤¥«¥ë ª®áâ âë B ¨ � ¢ãà ¢¥¨¨ (3) (¤«ï ¢®¤ë p0=105 � , �0=103ª£=¬3,B=3:044�108 � , �=7:15). �à¨ íâ®¬ ~v=r	, £¤¥	 { ¯®â¥æ¨ « áª®à®áâ¨ ¦¨¤ª®áâ¨.�  ¢ãâà¥¥© £à ¨æ¥ à áç¥â®© ®¡« áâ¨ {ª®â ªâ®¬ à §àë¢¥ ¯« §¬ { ¢®¤  { ¤®«¦® ¢ë-¯®«ïâìáï ãá«®¢¨¥ p=pk (pk { ¤ ¢«¥¨¥ ¢ ª  «¥).�  ¢¥è¥© £à ¨æ¥, ª®â®à®© ï¢«ï¥âáï ¥¯®¤¢¨¦- ï ¦¥áâª ï áâ¥ª , áâ ¢¨âáï ãá«®¢¨¥~v � ~n = @	@n = 0;£¤¥ ~n { ®àâ ¢¥è¥© ®à¬ «¨ ª £à ¨æ¥. � ç «ì-ë¥ ãá«®¢¨ï ¤«ï ¯®â¥æ¨ «  ¯à¨ t=0 § ¤ îâáï ª ª	=	0. �à ¢¥¨¥ ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¢ ¯®â¥æ¨- «ì®¬ ¯à¨¡«¨¦¥¨¨ ¨¬¥¥â ¢¨¤ [3]@2	@t2 = a2r2	 � @@t (r	)2; (4)£¤¥ a2 = a20 � (�� 1)@	@t � 12(�+ 1)(r	)2;a0 { áª®à®áâì §¢ãª  ¢ ¥¢®§¬ãé¥®© ¦¨¤ª®áâ¨.� ¢«¥¨¥ ¨ ¯«®â®áâì ¢ëà ¦ îâáï ç¥à¥§ ¯à®¨§-¢®¤ë¥ ¯®â¥æ¨ «  á«¥¤ãîé¨¬ ®¡à §®¬:p = �B + (p0 + B)F	; (5)� = �0F	; (6)£¤¥F	 = �1� �� 1� �0p0 +B �@	@t + 12(r	)2�� ���1 :�¢ï§ì ¬¥¦¤ã ¯ à ¬¥âà ¬¨ ¢ ª  «¥ à §àï¤  ãáâ - ¢«¨¢ ¥âáï ãà ¢¥¨¥¬ ¡ « á  í¥à£¨¨ [4]1 � 1 d(pkVk)dt + pk dVkdt = N (t); (7)

£¤¥ pk, Vk { ¤ ¢«¥¨¥ ¢ ª  «¥ à §àï¤  ¨ ¥£® ®¡ê¥¬á®®â¢¥âáâ¢¥®; =1:26; N (t) { § ª® ¢¢®¤  í¥à-£¨¨ ¢ ª  « à §àï¤ . �®à¬ «ì ï á®áâ ¢«ïîé ïáª®à®áâ¨ ¤¢¨¦¥¨ï £à ¨æë ª®â ªâ®£® à §àë¢ ¯« §¬ {¢®¤  ¯®« £ ¥âáï à ¢®© ®à¬ «ì®© á®-áâ ¢«ïîé¥© áª®à®áâ¨ ¦¨¤ª®áâ¨@	@n = ~w � ~n;£¤¥ ~w { ¢¥ªâ®à áª®à®áâ¨ £à ¨æë.� ¯à¨ïâ®© ¯®áâ ®¢ª¥ § ¤ ç¨ ®¯¨á ¨¥ ¯à®æ¥á-á®¢, ¯à®¨áå®¤ïé¨å ¢ à §àï¤®© ª ¬¥à¥, á¢®¤¨âáï ª®¯à¥¤¥«¥¨î ¯®â¥æ¨ «  áª®à®áâ¨ 	 (4), ¤ ¢«¥¨ï¢ ª  «¥ à §àï¤  pª ¨ ¥£® ®¡ê¥¬  Vª (7), ¤ ¢«¥¨ï¢ ¦¨¤ª®áâ¨ p (5) ª ª äãªæ¨© ¯à®áâà áâ¢¥®©ª®®à¤¨ âë ¨ ¢à¥¬¥¨.2. �������� ��������� ��������-����«ï ç¨á«¥®£® à¥è¥¨ï § ¤ ç¨ ¨á¯®«ì§ã¥âáï¬¥â®¤ ª®¥çëå ®¡ê¥¬®¢ [5], ¢ á®®â¢¥âáâ¢¨¨ á ª®-â®àë¬ ãà ¢¥¨¥ (4) § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥ZV @2	@t2 dV = ZV a2r2	dV � ZV @(r	)2@t dV; (8)£¤¥ V { ®¡ê¥¬ ïç¥©ª¨ à §®áâ®© á¥âª¨,   ª®â®-à®©  ¯¯à®ªá¨¬¨àã¥âáï ãà ¢¥¨¥ (4).�®¤¢¨¦ ï ¯à®áâà áâ¢¥ ï á¥âª , ¢¢®¤¨¬ ï¯à¨ íâ®¬ ¢ à áç¥â®© ®¡« áâ¨, ¤«ï § ¤ ç á ¤¢ã-¬ï ¯à®áâà áâ¢¥ë¬¨ ¯¥à¥¬¥ë¬¨ ®¡à §ã¥âáï¤¢ã¬ï á¥¬¥©áâ¢ ¬¨ «¨¨©,   ¤«ï âà¥å¬¥àëå § -¤ ç {  ¡®à®¬ \¤¢ã¬¥àëå á¥ç¥¨©" ¯à¨ ä¨ªá¨à®-¢ ®¬ § ç¥¨¨ ®¤®© ¯à®áâà áâ¢¥®© ª®®à¤¨- âë â ª¨¬ ®¡à §®¬, çâ® £à ¨çë¥ ã§«ë á¥âª¨«¥¦ â   £à ¨æ¥ ®¡« áâ¨. � ã§« å á¥âª¨ ¨áª®-¬ë¥ ¢¥«¨ç¨ë,  ¯à¨¬¥à ¯®â¥æ¨ «, ¯à¨¨¬ îâ§ ç¥¨¥ 	ni;j;k, £¤¥ i; j; k { ®¬¥à ã§«  ¯® âà¥å¬¥à-ë¬ ¯à®áâà áâ¢¥ë¬ ª®®à¤¨ â ¬ x1, x2, x3 c®-®â¢¥âáâ¢¥®; n { ®¬¥à ¢à¥¬¥®£® á«®ï. �¢¥¤¥-¨¥ ¯®¤¢¨¦®©, ¥®àâ®£® «ì®© ¢ ®¡é¥¬ á«ãç ¥,á¥âª¨ à áè¨àï¥â ¢®§¬®¦®áâ¨ ¯à¨¬¥¥¨ï ¨ â®ç-®áâì  ¯¯à®ªá¨¬ æ¨¨ à §à ¡®â ®£®  «£®à¨â¬ ,¢ ®â«¨ç¨¥ ®â ¨á¯®«ì§®¢ ¢è¥£®áï à ¥¥ ¯à¨ à áç¥-â å âà¥å¬¥àëå ¢®«®¢ëå ¯à®æ¥áá®¢ ¢ ¦¨¤ª®áâ¨,®¯¨áë¢ ¥¬®© ¢ ¯®â¥æ¨ «ì®¬ ¯à¨¡«¨¦¥¨¨ [6].�«¥ë ãà ¢¥¨ï (8), á®¤¥à¦ é¨¥ ¯à®¨§¢®¤ë¥¯® ¢à¥¬¥¨, á ãç¥â®¬ ä®à¬ã«ë ¤¨ää¥à¥æ¨à®¢ -¨ï ¯® t ¨â¥£à « , ¢§ïâ®£® ¯® ¯®¤¢¨¦®¬ã ®¡ê-48 �. �. � ¬¥áª ï, �. �. �®á¥ª®¢



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 2. �. 47 { 52¥¬ã [7], ¯à¨¨¬ îâ ¢¨¤ZV @(r	)2@t dV = @@t ZV (r	)2dV � ZS (r	)2vndS;ZV @2	@t2 dV = @2@t2 ZV 	dV �� ZS @	@t vndS � @@t ZS 	vndS:�®á«¥ ¯®¤áâ ®¢ª¨ íâ¨å ¢ëà ¦¥¨© ¢ ãà ¢¥-¨¥ (8) ¨ ¥£® ¯à¥®¡à §®¢ ¨ï ¯® â¥®à¥¬¥ �áâà®-£à ¤áª®£® {� ãáá  ¯®«ãç ¥¬@2@t2 ZV 	dV = ZS a2r	dS � ZV ra2r	dV++ ZS @	@t vndS + @@t ZS 	vndS�� @@t ZV (r	)2dV + ZS (r	)2vndS; (9)£¤¥ S { ¯®¢¥àå®áâì, ®£à ¨ç¨¢ îé ï ®¡ê¥¬ V ;vn { cª®à®áâì ¯¥à¥¬¥é¥¨ï â®ç¥ª ¯®¢¥àå®áâ¨ S ¢ ¯à ¢«¥¨¨ ¢¥è¥© ®à¬ «¨ ~n ª ¥©. � ç¥¨ïr	 ¨ @	=@t ®¯à¥¤¥«ïîâáï ¢ æ¥âà¥ ®¡ê¥¬  V ¯®ä®à¬ã« ¬: r	 � 1v ZS 	dS;@	@t � 1v 0@ @@t ZV 	dV � ZS 	vndS1A : (10)�â¥£à «ë ¢ ¢ëà ¦¥¨ïå (9), (10) § ¬¥ïîâáï ¨å  «®£ ¬¨ ¤«ï ª®¥ç®£® ®¡ê¥¬  Vi;j;k { ïç¥©ª¨à áç¥â®© á¥âª¨ á ã§«®¬ (i; j; k) ¢ ¥¥ æ¥âà¥. �¢®-¤ï ®¡®§ ç¥¨ï Ai;j;k, Bi;j;k, Ci;j;k, Di;j;k, Ei;j;k,Fi;j;k, Gi;j;k ã§«®¢ëå § ç¥¨© á®®â¢¥âáâ¢ãîé¨å

¢¥«¨ç¨, ¬®¦® § ¯¨á âì:Ai;j;k = RS a2r	dS �� 6PL=1a2L 3Pm=1(@	=@xm)L(�Sm)L;Bi;j;k = ZV ra2r	dV �� Vi;j;k 3Pm=1[(@a2=@xm)(@	=@xm)]i;j;k;Ci;j;k = ZS (@	=@t)vndS �� 6PL=1(@	=@t)L 3Pm=1 vmL (�Sm)L;Di;j;k = ZS 	vndS �� 6PL=1	L 3Pm=1 vmL (�Sm)L;Ei;j;k = ZV (r	)2dV �� Vi;j;k(r	)2i;j;k;Fi;j;k = ZS (r	)2vndS �� 6PL=1 3Pm=1(@	=@xm)2LvmL (�Sm)L;Gi;j;k = ZS 	dS �� 6PL=1	L 3Pm=1(�Sm)L:
(11)

�à®¬¥ â®£®, ZV 	dV � Vi;j;k	i;j;k:�à®áâà áâ¢¥ë¥ ¯à®¨§¢®¤ë¥, ¥®¡å®¤¨¬ë¥¤«ï ¢ëç¨á«¥¨ï ¢¥«¨ç¨, § ¤ ëå ¢ëà ¦¥¨ï-¬¨ (11), â ª¦¥ § ¬¥ïîâáï ª®¥çë¬¨ áã¬¬ ¬¨¢¨¤ (r	)i;j;k � 1Vi;j;k 6XL=1	L 3Xm=1(�Sm)L: (12)�ã¬¬¨à®¢ ¨¥ §¤¥áì ¯à®¢®¤¨âáï ¯® ¯®¢¥àå®-áâ¨ à áá¬ âà¨¢ ¥¬®© ïç¥©ª¨ (L=1; : : :6 { £à ¨ïç¥©ª¨) ¨ âà¥¬ ¯à®áâà áâ¢¥ë¬ ª®®à¤¨ â ¬�. �. � ¬¥áª ï, �. �. �®á¥ª®¢ 49



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 2. �. 47 { 52(m=1; 2; 3). � ç¥¨ï ¥¨§¢¥áâëå ¢¥«¨ç¨ ¢ ¢ë-à ¦¥¨ïå (11), (12), ¨¬¥îé¨å ¯®«ãæ¥«ë¥ ¨¤¥ªáë,¯®«ãç ¥¬ ª ª áà¥¤¨¥  à¨ä¬¥â¨ç¥áª¨¥ ¤«ï á®á¥¤-¨å ã§«®¢ëå § ç¥¨©.�«®é ¤ì ¯à®¥ªæ¨¨ (�Sm)L ª ¦¤®© ¨§ £à ¥©ïç¥©ª¨ á¥âª¨   á®®â¢¥âáâ¢ãîéãî ª®®à¤¨ âãî¯®¢¥àå®áâì ®¯à¥¤¥«ï¥âáï ª ª ®à¨¥â¨à®¢  ï¯«®é ¤ì ¢ ¢ë¡à ®© á¨áâ¥¬¥ ª®®à¤¨ â. �¡ê¥¬ëVi;j;k  å®¤ïâáï ¨§ à¥è¥¨ï ãà ¢¥¨ï (9) ®â®á¨-â¥«ì® R dV ¯à¨ ¯®¤áâ ®¢ª¥ ¢ ¥£® § ç¥¨ï ¯®-â¥æ¨ «  ¤«ï ¥¢®§¬ãé¥®© ¦¨¤ª®áâ¨ 	=const.� íâ®¬ á«ãç ¥ ãà ¢¥¨¥ (9) ¯à¥®¡à §ã¥âáï ª ¢¨¤ã@@t ZV dV � ZS vndS = 0;¨ à¥è¥¨¥ ¥£® ¬®¦® ¯®«ãç¨âì ª ª0@ZV dV1An+1 = 0@ZV dV1An + �t(n+1)=22 ��2640@ZS V dS1An +0@ZS V dS1An+1375 :�à ¢¥¨¥ (9) à¥è ¥âáï ®â®á¨â¥«ì® ¯®â¥æ¨- «    ®¢®¬ ¢à¥¬¥®¬ á«®¥ ¯® ï¢®© âà¥åá«®©®©áå¥¬¥ ¢® ¢á¥å ¢ãâà¥¨å â®çª å à áç¥â®© ®¡« -áâ¨. �áª®¬®¥ ¢ëà ¦¥¨¥ ¤«ï ã§«®¢®£® § ç¥¨ï¯®â¥æ¨ «  	n+1i;j;k á ¨á¯®«ì§®¢ ¨¥¬ ®¡®§ ç¥¨©¨â¥£à «ìëå áã¬¬ (11) ¨ (12) ¢ë£«ï¤¨â á«¥¤ãî-é¨¬ ®¡à §®¬:	n+1i;j;k = �tn+1=2V n+1i;j;k ����tn+1=2 +�tn�1=2�tn+1=2�tn�1=2 	ni;j;k � 	n�1i;j;kV n�1i;j;k�tn�1=2 �++�tn�1=2 +�tn+1=22 �tn+1=2V n+1i;j;k ���Ani;j;k �Bni;j;k � Eni;j;k � En�1i;j;k�tn�1=2 ++Fni;j;k +Cni;j;k + Dni;j;k �Dn�1i;j;k�tn�1=2 �: (13)� £à ¨çëå ã§« å à¥è¥¨¥ áâà®¨âáï â®ç® â ª¦¥, ¯ãâ¥¬ ¯®¤áâ ®¢ª¨ ¢ ¢ëà ¦¥¨ï (11) £à ¨ç-ëå ãá«®¢¨© ¤«ï ¯à®¨§¢®¤®© ¯®â¥æ¨ « . � ¢«¥-¨¥ ¨ ¯«®â®áâì ¦¨¤ª®áâ¨ ¢ «î¡®© â®çª¥ à áç¥â-®© ®¡« áâ¨ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥ë ¨§   «®£®¢ãà ¢¥¨© (5), (6) ¢ ª®¥çëå ®¡ê¥¬ å.

3. �������� ��������ç¨â ï ¨§¢¥áâë¬¨ ¢á¥ ¢¥«¨ç¨ë ¢ ã§« å ¯à®-áâà áâ¢¥®© á¥âª¨   n-®¬ ¨ (n�1)-®¬ á«®ïå,¬®¦® ®¯¨á âì ¨å ¢ëç¨á«¥¨¥   (n+1)-®¬ ¢à¥-¬¥®¬ á«®¥.�ëç¨á«ïîâáï áª®à®áâ¨ ¯¥à¥¬¥é¥¨ï ¯®¤¢¨¦-ëå £à ¨æ ¨ ¨å ®¢®¥ ¯®«®¦¥¨¥. �¤®© ¨§ £à -¨æ à áç¥â®© ®¡« áâ¨ ï¢«ï¥âáï ¯®¢¥àå®áâì ¯®-«®áâ¨ ª  «  à §àï¤ . �ª®à®áâ¨ ã§«®¢, á®áâ -¢«ïîé¨å íâã ¯®¢¥àå®áâì,  å®¤ïâáï ª ª à¥§ã«ì-â¨àãîé¨¥ ª á â¥«ìëå á®áâ ¢«ïîé¨å áª®à®áâ¥©,®¯à¥¤¥«ï¥¬ëå ¯® § ç¥¨ï¬ ¯®â¥æ¨ «®¢ £à ¨ç-ëå ã§«®¢ ¨ ®à¬ «ìëå ¥¥ á®áâ ¢«ïîé¨å, ¯®«ã-ç ¥¬ëå ¨§ à¥è¥¨ï § ¤ ç¨ ® à á¯ ¤¥ ª®â ªâ®-£® à §àë¢  [8]. �¥®¡å®¤¨¬ë¥ ¤«ï íâ®£® § ç¥¨ï¯ à ¬¥âà®¢ ¦¨¤ª®áâ¨   à ááâ®ï¨¨ ¯®«è £  ®âª®â ªâ®© £à ¨æë ¢ëç¨á«ïîâáï á ¤®áâ â®ç®©áâ¥¯¥ìî â®ç®áâ¨ «¨¥©®© ¨â¥à¯®«ïæ¨¥©.� ç¥¨¥ ¤ ¢«¥¨ï ¢ ª  «¥ à §àï¤  ®¯à¥¤¥«ï¥â-áï ¨§ ãà ¢¥¨ï ¡ « á  í¥à£¨¨ (7) ¯ãâ¥¬ ¤¨áªà¥-â¨§ æ¨¨ ¥£® ¯® ï¢®© ¤¢ãåè £®¢®© áå¥¬¥ �©«¥à .�¥«¨ç¨ã ®¡ê¥¬  ª  «  ¬®¦®  ©â¨, § ï ¯«®-é ¤ì ¯®¢¥àå®áâ¨ ¯« §¬¥®© ¯®«®áâ¨ ¨ áª®à®áâ¨¤¢¨¦¥¨ï ¥¥ ã§«®¢ëå â®ç¥ª.�ëç¨á«ïîâáï § ç¥¨ï ª®®à¤¨ â ¢á¥å ¢ãâà¥-¨å ã§«®¢, á®®â¢¥âáâ¢ãîé¨¥ ¯«®é ¤¨ £à ¥© ¨®¡ê¥¬ë ïç¥¥ª à áç¥â®© ®¡« áâ¨, § ç¥¨ï ¯®â¥-æ¨ «  	i;j;k ¢® ¢á¥å ¢ãâà¥¨å ã§« å ¨§ ¢ëà ¦¥-¨ï (13) ¨ ¤àã£¨å £¨¤à®¤¨ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢¢ ¨â¥à¥áãîé¨å â®çª å   (n+1)-®¬ ¢à¥¬¥®¬á«®¥.� £ ¯® ¢à¥¬¥¨ ®¯à¥¤¥«ï¥âáï ¨§ ãá«®¢¨ï ãáâ®©-ç¨¢®áâ¨ ¢ëç¨á«¥¨© ¯® ¯à¥¤« £ ¥¬®© áå¥¬¥ (  -«®£¨ç® ãá«®¢¨î �ãà â ).�à¨ ¯®áâ®ï®¬ ¢à¥¬¥®¬ ¨ ¯à®áâà áâ¢¥-ëå è £ å á¥âª¨ íâ  áå¥¬  ¨¬¥¥â ¢â®à®© ¯®àï¤®ªâ®ç®áâ¨. �¬¥áâ¥ á â¥¬ ¨§¢¥áâ®, çâ® ¢ à¥è¥¨ïå§ ¤ ç ¤¨ ¬¨ª¨ á¦¨¬ îé¥© ¦¨¤ª®áâ¨, ¯®«ãç¥-ëå á ¯®¬®éìî à §®áâëå áå¥¬ ¢â®à®£® ¯®àï¤ª â®ç®áâ¨, ¯à¨áãâá¢ãîâ ®áæ¨««ïæ¨¨ ¢ëç¨á«¨â¥«ì-®£® å à ªâ¥à , ¥ á®®â¢¥âáâ¢ãîé¨¥ ä¨§¨ª¥ ¯à®-æ¥áá . �à¨ ¥®¡å®¤¨¬®áâ¨ ¤«ï ¨å ãáâà ¥¨ï ¢¤ ®© à ¡®â¥ ¨á¯®«ì§ã¥âáï á¯®á®¡ ¤®¡ ¢«¥¨ï ¢¯à ¢ãî ç áâì ãà ¢¥¨ï ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ (4)á« £ ¥¬®£® � = �H @@t (r2	);  «®£¨ç®£® á« £ ¥¬®¬ã, ®¯¨áë¢ îé¥¬ã ä¨§¨ç¥-áªãî ¢ï§ª®áâì. �®íää¨æ¨¥â ¨áªãááâ¢¥®© ¢ï§-ª®áâ¨ �H ®¯à¥¤¥«ï¥âáï   ®á®¢¥ ç¨á«¥ëå íªá¯¥-à¨¬¥â®¢.50 �. �. � ¬¥áª ï, �. �. �®á¥ª®¢
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�¨á. 1. � áè¨à¥¨¥ æ¨«¨¤à¨ç¥áª®£® ¯®àèï

�¨á. 2. �®à¬  áä¥à¨ç¥áª®© ¯®«®áâ¨4. ���������� ������������ ��-��������à®¢¥àª  â®ç®áâ¨ à §à ¡®â ®£®  «£®à¨â¬ ¢ë¯®«ï« áì ¯ãâ¥¬ áà ¢¥¨ï á ¨§¢¥áâë¬¨ ¨§«¨â¥à âãàë à¥è¥¨ï¬¨ ®¤®¬¥àëå ¨ ¤¢ã¬¥àëå§ ¤ ç.� ª ç¥áâ¢¥ ¯¥à¢®£® â¥áâ®¢®£® ¯à¨¬¥à  à áá¬®-âà¥  § ¤ ç  ® à áè¨à¥¨¨ ¢ ¢®¤¥ æ¨«¨¤à¨ç¥áª®-£® ¥¯à®¨æ ¥¬®£® ¯®àèï á ¯®áâ®ï®© áª®à®-áâìî 500 ¬=á ¨  ç «ìë¬ à ¤¨ãá®¬ r0=0:01 ¬¬.�  à¨á. 1 ¯®ª § ® à ¤¨ «ì®¥ à á¯à¥¤¥«¥¨¥ ¯ -à ¬¥âà®¢ â¥ç¥¨ï: ¤ ¢«¥¨ï p, áª®à®áâ¨ w, ã¤¥«ì-®© ¢ãâà¥¥© í¥à£¨¨ e ¢ ¬®¬¥â ¢à¥¬¥¨t=0:1 ¬ªá [9]. �¯«®èë¥ «¨¨¨ á®®â¢¥âáâ¢ãîâà áç¥âã ¯® à §à ¡®â ®¬ã  «£®à¨â¬ã, èâà¨å®-¢ë¥ { à áç¥âã, ¯à¨¢¥¤¥®¬ã ¢ [9].�â®à®© â¥áâ®¢ë© ¯à¨¬¥à ¯à¥¤áâ ¢«ï¥â á®¡®©§ ¤ çã ® áä¥à¨ç¥áª¨ á¨¬¬¥âà¨ç®¬  ¤¨ ¡ â¨ç¥-áª®¬ à áè¨à¥¨¨ ¯à®¤ãªâ®¢ ¤¥â® æ¨¨ âà®â¨« ¢ ¢®¤¥ [10]. � áç¥â ¯® ®¯¨á ®¬ã  «£®à¨â¬ã¯à®¢®¤¨âáï ¢ æ¨«¨¤à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨ â(r; z; �). � íâ®¬ á«ãç ¥ § ¤ ç , ¨¬¥îé ï æ¥-

 
¡�¨á. 3. � ¤¨ «ì®¥ ¨ ®á¥¢®¥ à á¯à¥¤¥«¥¨¥¤ ¢«¥¨ï ¨ áª®à®áâ¨:  { áª®à®áâì, ¡ { ¤ ¢«¥¨¥

�¨á. 4. � ª® ¨§¬¥¥¨ï à ¤¨ãá  £ §®¢®© ¯®«®áâ¨âà «ìãî á¨¬¬¥âà¨î, áâ ®¢¨âáï ®á¥á¨¬¬¥âà¨ç-®©, çâ® ¤ ¥â ¢®§¬®¦®áâì ¯à®¢¥à¨âì ¤ ë©  «-£®à¨â¬   ¨§¢¥áâëå à¥§ã«ìâ â å à¥è¥¨ï ®¤®-¬¥à®© § ¤ ç¨. �  à¨á. 2 ¯à¨¢¥¤¥  ä®à¬  ¯®«®-áâ¨ ¢ ¬®¬¥âë ¢à¥¬¥¨ �t=3; 25; 40 (�t= ta0=r0, r0 { ç «ìë© à ¤¨ãá ¯®«®áâ¨). �  à¨á. 3 ªà¨¢ë¥ 1,2 ¯®ª §ë¢ îâ à á¯à¥¤¥«¥¨ï ¢ ¬®¬¥â ¢à¥¬¥¨�t=20 ¤ ¢«¥¨ï ¨ áª®à®áâ¨ ¢ à ¤¨ «ì®¬ ¨ ®á¥¢®¬�. �. � ¬¥áª ï, �. �. �®á¥ª®¢ 51



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 2. �. 47 { 52 ¯à ¢«¥¨ïå á®®â¢¥âáâ¢¥®. �«ï áà ¢¥¨ï à¥-è¥¨©, ¯®«ãç¥ëå ¢ ®¤®¬¥à®© ¨ ¤¢ã¬¥à®© ¯®-áâ ®¢ª å, èâà¨å®¢ë¬¨ «¨¨ï¬¨   à¨á. 2, 3 ¯®-ª § ë ¢¥«¨ç¨ë á®®â¢¥âáâ¢ãîé¨å ¯ à ¬¥âà®¢,à ááç¨â ë¥ ¯® ®¯¨á ®¬ã  «£®à¨â¬ã ¢ áä¥à¨-ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨ â. �¨á. 4 ¤¥¬®áâà¨àã¥â§ ª® ¨§¬¥¥¨ï à ¤¨ãá  £ §®¢®© ¯®«®áâ¨ ¢ § ¢¨-á¨¬®áâ¨ ®â ¢à¥¬¥¨ ¯à¨  ç «ì®¬ ¤ ¢«¥¨¨ ¢®¢¥è¥© áà¥¤¥ 50 �� . �âà¨å®¢®© «¨¨¥© ®¡®-§ ç¥® à¥è¥¨¥, ¯à¨¢¥¤¥®¥ ¢ [10],   á¯«®èë-¬¨ { à ¤¨ãá �r=r=r0 ¯®«®áâ¨ ¢ â®çª å ¯¥à¥á¥ç¥¨ï¥¥ á ¥¯®¤¢¨¦ë¬¨ «ãç ¬¨ à áç¥â®© á¥âª¨, ¯®-«ãç¥ë© ¯à¨ à áç¥â¥ á ¯®¬®éìî â¥áâ¨àã¥¬®£® «£®à¨â¬ . �¨äàë   ªà¨¢ëå, ª ª ¨ ¤«ï à¨á. 3,á®®â¢¥âáâ¢ãîâ à ¤¨ «ì®¬ã ¨ ®á¥¢®¬ã  ¯à ¢«¥-¨ï¬ ¢ æ¨«¨¤à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨ â.����������� §à ¡®â   «£®à¨â¬ à áç¥â  ¯à®áâà áâ¢¥-®£® ¡¥§¢¨åà¥¢®£® â¥ç¥¨ï ¦¨¤ª®áâ¨ ¯®¤ ¤¥©áâ¢¨-¥¬ ¨¬¯ã«ìá®©  £àã§ª¨. �à ¢¥¨¥ à¥§ã«ìâ -â®¢ â¥áâ¨à®¢ ¨ï á¢¨¤¥â¥«ìáâ¢ã¥â ® ¯à¨¥¬«¥¬®©â®ç®áâ¨ ¯à¥¤« £ ¥¬®£®  «£®à¨â¬  ¨ ¢®§¬®¦®-áâ¨ ¥£® ¨á¯®«ì§®¢ ¨ï ¤«ï ¨áá«¥¤®¢ ¨ï ¯à®æ¥á-á®¢, ¯à®¨áå®¤ïé¨å ¯à¨ í«¥ªâà¨ç¥áª¨å à §àï¤ å ¢¦¨¤ª®áâ¨. �à¥¤¢ à¨â¥«ìë¥ ®æ¥ª¨ ¯®§¢®«ïîâ ¤¥ïâìáï   â®, çâ® ¯à¥¤«®¦¥ë©  «£®à¨â¬ ®ª -¦¥âáï § ç¨â¥«ì® ¡®«¥¥ íª®®¬ë¬ á â®çª¨ §à¥-¨ï § âà â ¢ëç¨á«¨â¥«ì®£® ¢à¥¬¥¨ ¨ à¥áãàá®¢���, ç¥¬ áãé¥áâ¢ãîé¨¥   «®£¨.
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