
������ö �����ö ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 3 { 10��� 532.51:537.84 ������������� ����������������-��������� ������ ����� �������������������. �. ���������, �. �. ��������, �.�. ������� { ���������à¨ §®¢áª¨© £®áã¤ àáâ¢¥ë© â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â, � à¨ã¯®«ì,���áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢,����áâ¨âãâ ª®á¬¨ç¥áª¨å ¨áá«¥¤®¢ ¨© ��� �ªà ¨ë�®«ãç¥® 19.07.2002� à ¡®â¥ ¨áá«¥¤ã¥âáï ¤¨ ¬¨ª  ¬ £¨â®-¢¨åà¥¢®£® ª®«ìæ  ¢¡«¨§¨ ¯à®¢®¤ïé¥© ¨ ¥¯à®¢®¤ïé¥© áâ¥ª¨. � áá¬®âà¥-ë  ¨¡®«¥¥ å à ªâ¥àë¥ á«ãç ¨ ¤¢¨¦¥¨ï ¯à¨ à §«¨çëå  ç «ìëå ãá«®¢¨ïå. �¨á«¥ë¥ à¥§ã«ìâ âë ãª §ë¢ îâ  áãé¥áâ¢®¢ ¨¥ ªà¨â¨ç¥áª¨å § ç¥¨©  ç «ì®£® á®®â®è¥¨ï ¬¥¦¤ã ¬ £¨â®© ¨ ª¨¥â¨ç¥áª®© í¥à£¨¥©, ®¯à¥-¤¥«ïîé¨å ®á®¡¥®áâ¨ ¤¨ ¬¨ª¨ ª®«ìæ  ¢¡«¨§¨ ¯®¢¥àå®áâ¨. �®ª § ®, çâ® ¢ ¥ª®â®àëå á¨âã æ¨ïå   ¤¢¨¦¥¨¥¬ £¨â®-¢¨åà¥¢®£® ª®«ìæ  áãé¥áâ¢¥ë¬ ®¡à §®¬ ¬®¦¥â ¢«¨ïâì ¥£® â®«é¨ .� à®¡®â÷ ¤®á«÷¤¦ãõâìáï ¤¨ ¬÷ª  ¬ £÷â®-¢¨åà®¢®£® ª÷«ìæï ¯®¡«¨§ã ¯à®¢÷¤®ù   ¥¯à®¢÷¤®ù áâ÷ª¨. �®§£«ïãâ® ©¡÷«ìè å à ªâ¥à÷ ¢¨¯ ¤ª¨ àãåã ¯à¨ à÷§¨å ¯®ç âª®¢¨å ã¬®¢ å. �¨á¥«ì÷ à¥§ã«ìâ â¨ ¢ª §ãîâì   ÷áã¢ ïªà¨â¨ç¨å § ç¥ì ¯®ç âª®¢®£® á¯÷¢¢÷¤®è¥ï ¬÷¦ ¬ £÷â®î â  ª÷¥â¨ç®î ¥¥à£÷ï¬¨, ïª¥ ¢¨§ ç õ ®á®¡«¨¢®áâ÷¤¨ ¬÷ª¨ ª÷«ìæï ¡÷«ï ¯®¢¥àå÷. �®ª § ®, é® ¢ ¤¥ïª¨å ¢¨¯ ¤ª å   àãå ¬ £÷â®-¢¨åà®¢®£® ª÷«ìæï ¬®¦¥ ÷áâ®â¨¬ç¨®¬ ¢¯«¨¢ â¨ ©®£® â®¢é¨ .In the paper it was investigated magneto-vortex ring dynamics near conductive and nonconductive wall. It was consideredthe most character movement cases under various initial conditions. The numerical results point out on the existence ofcritical initial ratio between magnetic and kinetic energy value which determines the ring dynamics features near surface.It was shown that under some situations the ring thickness can essentially inuence on its movement.���������â¥à¥á ª ¯« §¬¥ë¬ ¢¨åà¥¢ë¬ ª®«ìæ ¬ ®¡ã-á«®¢«¥ ¥®¡å®¤¨¬®áâìî ¨áá«¥¤®¢ ¨ï áâàãªâãà,¢®§¨ª îé¨å ¯à¨ ¨áâ¥ç¥¨¨ ¯«®â®© ¯« §¬ë ¢¢®§¤ãå [1],   â ª¦¥ ª ª ®¤  ¨§ ¢®§¬®¦ëå ¬¥-å ¨ç¥áª¨å ¬®¤¥«¥© è à®¢®© ¬®«¨¨ [2, 3]. �  -áâ®ïé¥¥ ¢à¥¬ï ¢¥¤ãâáï ¨â¥á¨¢ë¥ ¨áá«¥¤®¢ ¨ï,á¢ï§ ë¥ á ¯®¯ëâª®© ®¡®á®¢ ¨ï ¯à¨à®¤ë è -à®¢®© ¬®«¨¨ ¨ ¢®§¬®¦®áâìî ¥ñ £¥¥à æ¨¨ ¢ « -¡®à â®àëå ãá«®¢¨ïå [4 {6]. � à ¡®â¥ [7] ¡ë«®¯®ª § ®, çâ® ¢  â¬®áä¥à¥ ¢®§¬®¦® ãáâ®©ç¨¢®¥áãé¥áâ¢®¢ ¨¥ ¬ £¨âëå ¢¨åà¥¢ëå ª®«¥æ, ¤ ¢«¥-¨¥ ¨ â¥¬¯¥à âãà  ª®â®àëå ¬®¦¥â § ç¨â¥«ì®¯à¥¢ëè âì  â¬®áä¥àë¥. �à¥¬ï ¦¨§¨ â ª¨åª®«¥æ ®ª §ë¢ ¥âáï ¯®àï¤ª  10 á. �áá«¥¤®¢ ¨ï¯®ª § «¨, çâ® â®ª®¥ ¬ £¨â®-¢¨åà¥¢®¥ ª®«ìæ®ãáâ®©ç¨¢® ®â®á¨â¥«ì® ¬ «ëå ¢®§¬ãé¥¨©, ¥á«¨¯«®â®áâì ¢ãâà¨ ª®«ìæ  ¬¥ìè¥, ç¥¬ ¯«®â®áâì¢¥ ¥£®, çâ® ¤ ¥â ¢®§¬®¦®áâì â ª¨¬ ®¡ê¥ªâ ¬¯ à¨âì  ¤ ¯®¢¥àå®áâìî �¥¬«¨ ¨ «¥£ª® ¯¥à¥®-á¨âáï ¢¥âà®¬. �â¬¥â¨¬, çâ® ¢ [3] ¡ë« ¯à®¨§-¢¥¤¥ ª ç¥áâ¢¥ë©   «¨§ âà ¥ªâ®à¨© ¤¢¨¦¥¨ï¬ £¨â®-¢¨åà¥¢ëå ¯ à, ¬®¤¥«¨àãîé¨å ¤¢¨¦¥¨¥¬ £¨â®-¢¨åà¥¢ëå ª®«¥æ ¢¡«¨§¨ ¯à®¢®¤ïé¥© ¨ ¥-¯à®¢®¤ïé¥© áâ¥ª¨. �  áâ®ïé¥© à ¡®â¥ ¯à¨¢®-

¤ïâáï à¥§ã«ìâ âë ç¨á«¥®£® ¬®¤¥«¨à®¢ ¨ï ¤¨- ¬¨ª¨ ¬ £¨â®-¢¨åà¥¢ëå ª®«¥æ ¢¡«¨§¨ ¯à®¢®-¤ïé¥© ¨ ¥¯à®¢®¤ïé¥© áâ¥ª¨ ¢ à ¬ª å ¬®¤¥«¨,¯à¥¤«®¦¥®© ¢ [3].1. ������� ����������à¨ ¢ë¢®¤¥ ãà ¢¥¨© ¤¢¨¦¥¨ï ¬ £¨â®-¯« §¬¥ëå ª®«¥æ ¡ã¤¥¬ ¨áå®¤¨âì ¨§ ®¡®¡é¥ëåãà ¢¥¨© � £à ¦  ¤«ï ¤¢¨¦¥¨ï ¬®£®á¢ï§ëåâ¥« ¢ ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨. �¨áâ¥¬  ãà ¢¥¨©(ª®â®àë¥ ®¯¨áë¢ îâ ¤¢¨¦¥¨¥ ª ª ¥¤¥ä®à¬¨àã-¥¬ëå, â ª ¨ ¤¥ä®à¬¨àã¥¬ëå â¥«) ¨¬¥¥â ¢¨¤ [8]:ddt @T@ _qi � @T@qi + nXj=1 ij _qj + @K�@qi = QiT =Xi;j Aij _qi _qj; K� =Xi;j Bij�i�j;ij = @�j@qi � @�i@qj (i; j = 1; : : : ; n); (1)£¤¥ qi { ®¡®¡é¥ë¥ ª®®à¤¨ âë; _qi { ®¡®¡é¥ë¥áª®à®áâ¨; T { â  ç áâì ª¨¥â¨ç¥áª®© í¥à£¨¨, ª®-â®à®© ®¡« ¤ «¨ ¡ë ¤¢¨¦ãé¨¥áï â¥«  ¨ ¦¨¤ª®áâì¯à¨ ®âáãâáâ¢¨¨ æ¨àªã«ïæ¨¨; K� { ª¢ ¤à â¨ç ïä®à¬  æ¨àªã«ïæ¨¨ �i, ¯à¥¤áâ ¢«ïîé ï á®¡®© ª¨-c �. �. �ã« çãª, �. �. �®¢£¨©, �. �. � ¤¨ª®¢-�®¥¢, 2003 3



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 3 { 10¥â¨ç¥áªãî í¥à£¨î æ¨àªã«ïæ¨®®£® ¤¢¨¦¥¨ï;Qi { ®¡®¡é¥ ï á¨« , á®®â¢¥âáâ¢ãîé ï ®¡®¡é¥-®© ª®®à¤¨ â¥ qi; ¢¥«¨ç¨ë �i ï¢«ïîâáï «¨¥©-ë¬¨ ä®à¬ ¬¨ æ¨àªã«ïæ¨¨ 9�i = kXj=1�ij�j, ª®íä¨-æ¨¥âë ª®â®à®© ®¯à¥¤¥«ïîâáï ¨§ ãà ¢¥¨©� _�j = @K�@�j + nXi=1 �ij _qi (j = 1; : : : ; k); (2)£¤¥ k { ¯®àï¤®ª á¢ï§®áâ¨. �á«¨ à áá¬ âà¨¢ ¥¬ãî®¡« áâì â¥ç¥¨ï ¦¨¤ª®áâ¨ ¯à¥¢à â¨âì ¢ ®¤®á¢ï§-ãî á ¯®¬®éìî k ¯¥à¥£®à®¤®ª, â® � _�j ®¯à¥¤¥«ï¥â¯®â®ª ¬ ááë ¢ ¥¤¨¨æã ¢à¥¬¥¨ ç¥à¥§ ¯¥à¥£®à®¤-ªã j ¨, á®®â¢¥âáâ¢¥®, �ij ¥áâì â  ç áâì ¯®â®-ª  ¬ ááë ç¥à¥§ ¯¥à¥£®à®¤ªã j, ª®â®à ï ¯à¨å®¤¨â-áï   ¥¤¨¨æã áª®à®áâ¨ ¨§¬¥¥¨ï ª®®à¤¨ âë qi.� ãà ¢¥¨¨ (1) ä¨£ãà¨àãîâ ª¢ ¤à â¨çë¥ ä®à-¬ë T ¨ K�, ª®â®àë¥ á ¬¨ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥ëâ®«ìª® ¨§ à¥è¥¨ï á®®â¢¥âáâ¢ãîé¥© £¨¤à®¤¨ -¬¨ç¥áª®© § ¤ ç¨. �¤ ª® ¢ á«ãç ¥ ®ç¥ì â®ª¨åâ¥« ( ¯à¨¬¥à, ¢¨åà¥¢ëå ª®«¥æ) íâ¨ ãà ¢¥¨ï ¬®-£ãâ ¡ëâì ¯à¨¬¥¥ë.�ãáâì ¢ ¥á¦¨¬ ¥¬®© ¨¤¥ «ì®© ¥¯à®¢®¤ïé¥©¦¨¤ª®áâ¨  å®¤ïâáï â®ª¨¥ ¯« §¬¥ë¥, ¢¨åà¥¢ë¥ª®«ìæ , ¯® ª®â®àë¬ â¥ªãâ â®ª¨ Ij, á®¢¯ ¤ îé¨¥¯®  ¯à ¢«¥¨î á § ¢¨åà¥®áâìî ¨«¨ ¯à®â¨¢®¯®-«®¦ë ¥© (à¨á. 1). �¥ ¢¨åà¥¢ëå ª®«¥æ ¦¨¤ª®áâì¢®¢«¥ç¥  ¢ ¡¥§¢¨åà¥¢®¥ æ¨àªã«ïæ¨®®¥ ¤¢¨¦¥-¨¥, áª®à®áâì ª®â®à®£® ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥�¨®{� ¢ àà . �¥ªãé¨¥ ¯® ¨âï¬ â®ª¨ ¢ë§ë¢ îâ¢ ®ªàã¦ îé¥¬ ¯à®áâà áâ¢¥ ¬ £¨â®¥ ¯®«¥,  -¯àï¦¥®áâì ª®â®à®£® â ª¦¥ ®¯à¥¤¥«ï¥âáï ¯® § -ª®ã �¨®{� ¢ àà .�ã¤¥¬ ¯®« £ âì, çâ® ®ªàã¦ îé ï áà¥¤  ¥¬ £-¨â . � á¨«ã ¢ëè¥áª § ®£®, æ¨àªã«ïæ¨ï �¯® «î¡®¬ã § ¬ªãâ®¬ã ª®âãàã ¤®«¦  á®åà ïâì¯®áâ®ï®¥ § ç¥¨¥ ¨, á®®â¢¥áâ¢¥®, ¢¨åà¥¢ë¥¨â¨ ¥ ¬®£ãâ ¯®ª¨ãâì âã ®¡« áâì ¯« §¬ë, á ª®-â®à®© ®¨ ¡ë«¨ á¢ï§ ë ¢  ç «ìë© ¬®¬¥â ¢à¥-¬¥¨, â. ¥. ¢¨åà¥¢ë¥ ¨â¨ ¡ã¤ãâ "¢¬®à®¦¥ë" ¢á®®â¢¥áâáâ¢ãîé¨¥ ¯« §¬¥ë¥ ¨â¨. �á«¨ ¯®« -£ âì ª®«ìæ  ¤®áâ â®ç® â®ª¨¬¨ (a=r << 1), â®¢¥«¨ç¨®© T ¨ ¥ñ ¯à®¨§¢®¤ë¬¨ ¢ á¨áâ¥¬¥ (1) ¡ã-¤¥¬ ¯à¥¥¡à¥£ âì ¯® áà ¢¥¨î á ¤àã£¨¬¨ á« £ ¥-¬ë¬¨ (¯®áª®«ìªã T ¯à®¯®àæ¨® «ì  ®¡ê¥¬ ¬ ª®-«¥æ).�¡®¡é¥ë¥ á¨«ë Qi ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥®¯à¥¤¥«ïîâáï [9] ª ª ¯à®¨§¢®¤ë¥ ®â ¬ £¨â®©í¥à£¨¨ M â®ª®¢ ¯® á®®â¢¥âáâ¢ãîé¨¬ ª®®à¤¨ -â ¬: Qi = @M=@qi. �à ¢¥¨ï (1) ¡ã¤ãâ ¨¬¥âì¢¨¤:
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Z raU~vU ----~B I�¨á. 1. �®¤¥«ì ¬ £¨â®-¢¨åà¥¢®£® ª®«ìæ Xij _qi + @K�@qi = @M@qi (i = 1; : : : ; n); (3)�à®¬¥ â®£®, ¯®« £ ï ¯« §¬¥ë¥ ª®«ìæ  ¨ ¨-â¨ ¨¤¥ «ìë¬¨ ¯à®¢®¤¨ª ¬¨, ª á¨áâ¥¬¥ (3) á«¥¤ã-¥â ¤®¡ ¢¨âì ãá«®¢¨¥ ¯®áâ®ïáâ¢  ¯®â®ª  ¢¥ªâ®à ¬ £¨â®© ¨¤ãªæ¨¨ �i = R ( ~Bd~S) ç¥à¥§ ¯«®é ¤ì,®£à ¨ç¥ãî ª®âãà®¬ ¯à®¢®¤¨ª :ddt @M@ Ij = 0; (4)£¤¥ M =Pi LiI2i =2+Pi;j Li;jIiIj=2 { í¥à£¨ï ¬ £-¨â®£® ¯®«ï á¨áâ¥¬ë ª®âãà®¢; Li { ¨¤ãªâ¨¢-®áâì i ª®âãà ; Lij { ª®íää¨æ¨¥âë ¢§ ¨¬®©¨¤ãªæ¨¨. � ª¨¬ ®¡à §®¬, ¯« §¬¥ë¥ ¢¨åà¥¢ë¥ª®«ìæ  ¨ ¨â¨ ¤®«¦ë ®¯¨áë¢ âìáï á¨áâ¥¬®© (3)¨ (4).� áá¬®âà¨¬ ¤¢¨¦¥¨¥ ¤¢ãå â®ª¨å ¬ £¨â®-¢¨åà¥¢ëå ª®«¥æ á ®¡é¥© ®áìî á¨¬¬¥âà¨¨ z. � ª -ç¥áâ¢¥ ®¡®¡é¥ëå ª®®à¤¨ â ¬ë ¬®¦¥¬ ¯à¨ïâìq1 = r1 { à ¤¨ãá ¯¥à¢®£® ª®«ìæ ; q2 = z1 { à ááâ®-ï¨¥ æ¥âà  ¯¥à¢®£® ª®«ìæ  ®â  ç «  ª®®à¤¨ â;q3 = r2 { à ¤¨ãá ¢â®à®£® ª®«ìæ ; q4 = z2 { à ááâ®-ï¨¥ æ¥âà  ¢â®à®£® ª®«ìæ  ®â  ç «  ª®®à¤¨ â.�¨¥â¨ç¥áª ï í¥à£¨ï æ¨àªã«ïæ¨®®£® ¤¢¨¦¥¨ïK� ¨ ¬ £¨â ï í¥à£¨ï M á®®â¢¥âáâ¢¥® à ¢-ë [8,10]:4 �. �. �ã« çãª, �. �. �®¢£¨©, �. �. � ¤¨ª®¢-�®¥¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 3 { 10K� = ��21r14 �ln 128�2�1 r31 � 72�++��22r24 �ln 128�2�2 r32 � 72�+ 2��1�2pr1r2f(k);M = �0I21r14 �ln 128�2�1 r31 � 72�++�0I22r24 �ln 128�2�2 r32 � 72�+ 2�0I1I2pr1r2f(k):(5)�¤¥áì r1;2 | à ¤¨ãáë ª®«¥æ; �1;2 = 2�2r1;2a21;2|®¡ê¥¬ë ª®«¥æ; a1;2|à ¤¨ãáë ¯®¯¥à¥çëå á¥ç¥¨©ª®«¥æ; k2 = 4r1r2(r1 + r2)2 + (z1 � z2)2 ;f(k) = 2� k22k K(k) � 1kE(k);K(k) ÷ E(k) | ¯®«ë¥ í««¨¯â¨ç¥áª¨¥ ¨â¥£à «ë¯¥à¢®£® ¨ ¢â®à®£® à®¤  á®®â¢¥âáâ¢¥®. �á¯®«ì-§ãï ãà ¢¥¨¥ (2), ¬®¦®  ©â¨ �12 = ��r21�;�24 = ��r22�. �á¥ ®áâ «ìë¥ ¢¥«¨ç¨ë �ij = 0.�ëç¨á«ïï § â¥¬ § ç¥¨ï �i ÷ ij ¨ ¯®¤áâ ¢«ïï¢ ãà ¢¥¨¥ (3), ¯®«ãç ¥¬ á¨áâ¥¬ã ãà ¢¥¨©,®¯¨áë¢ îéãî ¤¢¨¦¥¨¥ ¨ ¢§ ¨¬®¤¥©áâ¢¨¥ ¤¢ãå¬ £¨â®{¢¨åà¥¢ëå ª®«¥æ:dr1dt = �2� (1� �1�2) k3 (z1 � z2)4r1 (r1r2)1=2 @f (k)@k ;dr2dt = ��1� (1� �1�2) k3 (z1 � z2)4r2 (r1r2)1=2 @f (k)@k ;dz1dt = 3�18� �1� �21� ln�1r1r1 ++�2� (1� �1�2)�r2r1�1=2�f (k)2r1 + @f(k)@k @k@r1� ;dz2dt = 3�28� �1� �22� ln�2r2r2 ++�1� (1� �1�2)�r1r2�1=2�f (k)2r2 + @f(k)@k @k@r2� ; (6)3�1�1r1 ln��1r1e �+ 4�2�2pr1r2f (k) = 	1 = const;3�2�2r2 ln��2r2e �+ 4�1�1pr1r2f (k) = 	2 = const;£¤¥ �1;2 = �128�2=�1;2pe�1=3; �1;2 =p�0=�I1;2=�1;2{ ®â®è¥¨¥ í¥à£¨¨ ¬ £¨â®£® ¯®«ï ª ª¨¥-â¨ç¥áª®© í¥à£¨¨ ¯¥à¢®£® ¨ ¢â®à®£® ¬ £¨â®-¢¨åà¥¢®£® ª®«ìæ  á®®â¢¥âáâ¢¥®; � { ¯«®â®áâì

¯« §¬ë; I1;2 { á¨«  â®ª ; �0 = 4� � 10�7 �/¬ {¬ £¨â ï ¯®áâ®ï ï; �1;2 { æ¨àªã«ïæ¨¨; 	1;2 {¢¥«¨ç¨ , ¯à®¯®àæ¨® «ì ï ¬ £¨â®¬ã ¯®â®ªãç¥à¥§ ª®«ìæ®. �à®¨§¢®¤ë¥ ¨¬¥îâ ¢¨¤:df(k)dk = (2� k2)E (k)2 (1� k2) k2 � K (k)k2 ;dkdr1;2 = k3 �r22;1 � r21;2 + (z1 � z2)2�8r21;2r2;1 :2. �������� ������ ���������������� �������à¨ ¤¢¨¦¥¨¨ ¬ £¨â®-¢¨åà¥¢®£® ª®«ìæ  ¢¡«¨-§¨ ¨¤¥ «ì® ¯à®¢®¤ïé¥© £à ¨æë ¯®á«¥¤ïï¬®¤¥«¨àã¥âáï á ¯®¬®éìî ¢¢¥¤¥¨ï §¥àª «ì®-®âà ¦¥®£® ª®«ìæ , á¨¬¬¥âà¨ç® à á¯®«®¦¥®-£® ®â®á¨â¥«ì® ¯«®áª®áâ¨ z = 0 ¨ ¨¬¥îé¥£® ¯à®-â¨¢®¯®«®¦ë¥ æ¨àªã«ïæ¨¨ ¨ â®ª¨. �â® ®¡¥á¯¥ç¨-¢ ¥â ¢ë¯®«¥¨¥ ãá«®¢¨ï ¥¯à®â¥ª ¨ï   £à ¨æ¥¨ ¥¯à®¨ª®¢¥¨¥ ¬ £¨â®£® ¯®«ï ¢ ¯à®¢®¤¨ª:B1n = B2n = 0. � íâ®¬ á«ãç ¥ ¨§ á¨áâ¥¬ë (6), ¯®-«®¦¨¢ �2 = ��1 = ��, r2 = r1 = r, z2 = �z1 = �z,I2 = �I1 = �I, �1 = �2 = �, ¯®«ãç¨¬ á¨áâ¥¬ããà ¢¥¨©, ®¯¨áë¢ îé¨å ¤¢¨¦¥¨¥ ª®«ìæ  ¢¡«¨-§¨ ¨¤¥ «ì® ¯à®¢®¤ïé¥© ¯®¢¥àå®áâ¨:drdt = � �2�r �1� �2� k3zr @f (k)@k ;dzdt = �2�r �1� �2��34 ln�r � f (k)� k3z2r2 @f(k)@k � ;(7)�r (3 ln((�r=e) � 4f (k)) = const: (8)�¨áâ¥¬  (7) ¨¬¥¥â ¨â¥£à « ¤¢¨¦¥¨ï [3]M+K == const, ¨§ ª®â®à®£® á«¥¤ã¥â:(1 + �2)r(3 ln(�r=e) � 4f(k)) = const: (9)� ª á«¥¤ã¥â ¨§ ãà ¢¥¨© (8) ¨ (9) ®â®è¥¨¥ ¬ £-¨â®© ª ª¨¥â¨ç¥áª®© í¥à£¨¨ á¨áâ¥¬ë ¥ ¨§¬¥-ï¥âáï ¢ ¯à®æ¥áá¥ ¤¢¨¦¥¨ï: � = const.�§   «¨§  ãà ¢¥¨ï (7) ¢¨¤®, çâ® ¢ § ¢¨á¨-¬®áâ¨ ®â § ª  � ¨ ¢¥«¨ç¨ë �, ¢®§¬®¦ë á«¥-¤ãîé¨¥ áæ¥ à¨¨ ¯®¢¥¤¥¨ï ¬ £¨â®-¢¨åà¥¢®£®ª®«ìæ :1. � > 0, �2 < 1 ¨«¨ � < 0, �2 > 1. � £¨â®-¢¨åà¥¢®¥ ª®«ìæ® ã¤ «ï¥âáï ®â ¯®¢¥àå®áâ¨, ¨  ¡®«ìè®¬ à ááâ®ï¨¨ ¢«¨ï¨¥ £à ¨æë áâ -®¢¨âáï ¯à¥¥¡à¥¦¨¬® ¬ «ë¬. � ¤¨ãá ª®«ìæ �. �. �ã« çãª, �. �. �®¢£¨©, �. �. � ¤¨ª®¢-�®¥¢ 5
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�¨á. 2. �¢¨¦¥¨¥ ¬ £¨â®-¢¨åà¥¢®£® ª®«ìæ  ¢¡«¨§¨ ¯à®¢®¤ïé¥© ¯®¢¥àå®áâ¨ ¯à¨ � = 0:16� ¬2/á, r0 = 0:2 ¬,z0 = 0:1 ¬, � = 0:98
�¨á. 3. �¢¨¦¥¨¥ ¬ £¨â®-¢¨åà¥¢®£® ª®«ìæ  ¢  ¯à ¢«¥¨¨ ¯à®¢®¤ïé¥© ¯®¢¥àå®áâ¨ ¯à¨ � = 0:16� ¬2/á,r0 = 0:2 ¬, z0 = 0:1 ¬, � = 1:01áâà¥¬¨âáï ª ¯®áâ®ï®¬ã § ç¥¨î (¯à®¨áå®-¤¨â áâ ¡¨«¨§ æ¨ï ä®à¬ë ª®«ìæ ): limt!1 r(t) == rs: �ª®à®áâì ã¤ «¥¨ï ®â áâ¥ª¨ limt!1 v(t) == 3� ln(�rs)(1� �2)=8�rs § ¢¨á¨â ®â æ¨àªã«ï-æ¨¨ (ç¨áâ® £¨¤à®¤¨ ¬¨ç¥áª¨© á«ãç ©) ¨ á®-®â®è¥¨ï ¬¥¦¤ã ¬ £¨â®© ¨ ª¨¥â¨ç¥áª®©í¥à£¨¥© ª®«ìæ  (áª®à®áâì ¤¢¨¦¥¨ï ¡ã¤¥â ¬¨-¨¬ «ì®©, ª®£¤  ¨å § ç¥¨ï ¡«¨§ª¨). � à¨á. 2 ¯®ª §   ¤¨ ¬¨ª  ª®«ìæ  ¯à¨ à §ëå§ ç¥¨ïå  ç «ì®£® à ¤¨ãá  á¥ç¥¨ï ª®«ì-æ . �¨¤®, çâ® ª ç¥áâ¢¥ë© å à ªâ¥à ¤¢¨-¦¥¨ï ª®«ìæ  ¢¡«¨§¨ ¯à®¢®¤ïé¥© ¯®¢¥àå®áâ¨¥ § ¢¨á¨â ®â â®«é¨ë ª®«ìæ . �à¨ ã¢¥«¨ç¥-¨¨  ç «ì®£® à ¤¨ãá  á¥ç¥¨ï ª®«ìæ  ã¢¥-«¨ç¨¢ ¥âáï ®¡ê¥¬, § ¨¬ ¥¬ë© ¯« §¬®©, çâ®¯à¨¢®¤¨â ª ã¬¥ìè¥¨î áª®à®áâ¨ ¤¢¨¦¥¨ï.

2. � < 0 , �2 < 1 ¨«¨ � > 0, �2 > 1. �®«ìæ®¡¥áª®¥ç® ¡«¨§ª® ¯à¨¡«¨¦ ¥âáï ª ¯®¢¥àå®-áâ¨,   ¥£® à ¤¨ãá ¥®£à ¨ç¥® ã¢¥«¨ç¨¢ ¥â-áï (à¨á. 3).3. �������� ������ ������������������ ������� ¤ ®¬ á«ãç ¥ áâ¥ª  ¬®¤¥«¨àã¥âáï ¢â®àë¬ª®«ìæ®¬ ¡¥§ í«¥ªâà¨ç¥áª®£® â®ª  (I2 = 0; �2 = 0),çâ® ®¡¥á¯¥ç¨¢ ¥â ¢ë¯®«¥¨¥ ãá«®¢¨ï ¥¯à®â¥ª -¨ï. �à¨ íâ®¬ ¬ £¨â®¥ ¯®«¥ ¬®¦¥â á¢®¡®¤®¯à®¨ª âì ¢ ¢¥é¥áâ¢® áâ¥ª¨. �§ ãà ¢¥¨ï (6)¬®¦® ¯®«ãç¨âì á¨áâ¥¬ã ãà ¢¥¨©, ®¯¨áë¢ î-6 �. �. �ã« çãª, �. �. �®¢£¨©, �. �. � ¤¨ª®¢-�®¥¢
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�¨á. 4. �¢¨¦¥¨¥ ª®«ìæ  ¢¡«¨§¨ ¥¯à®¢®¤ïé¥© áâ¥ª¨ ¯à¨ � = 0:16� ¬2/á, r0 = 0:2 ¬, z0 = 0:3 ¬, �0 = 0:871
�¨á. 5. �«¨ï¨¥   ¢¥«¨ç¨ã ªà¨â¨ç¥áª®© í¥à£¨¨ �k1;2  ç «ì®£® à ááâ®ï¨ï ª®«ìæ  ®â ¯®¢¥àå®áâ¨ z0 ¨ ç «ì®£® à ¤¨ãá  á¥ç¥¨ï ª®«ìæ  a ¯à¨ r0 = 0:2 ¬é¨å ¤¨ ¬¨ªã ¬ £¨â®{¢¨åà¥¢®£® ª®«ìæ  ¢¡«¨§¨¥¬ £¨â®© ¯®¢¥àå®áâ¨:drdt = � �2�r k3zr @f (k)@k ;dzdt = �2�r �34 �1� �2� ln�r � f(k) � k3z2r2 @f(k)@k � ;(10)�r ln(�r=e) = const: (11) �¥¯®áà¥¤áâ¢¥®© ¯à®¢¥àª®© ¬®¦® ã¡¥¤¨âìáï,çâ® M +K�=2 ï¢«ï¥âáï ¨â¥£à «®¬ (10):r(3(1 + �2) ln(�r=e) � 4f(k)) = const: (12)�¥è¥¨¥ á¨áâ¥¬ë ãà ¢¥¨© (10) á ãç¥â®¬ (11)¯à®¨§¢®¤¨«®áì ç¨á«¥ë¬¨ ¬¥â®¤ ¬¨. �«ï ª®-âà®«ï â®ç®áâ¨ ¨á¯®«ì§®¢ «®áì á®®â®è¥¨¥ (12).� á«ãç ¥ � > 0 ¢¨åà¥¢®¥ ª®«ìæ® á¦¨¬ ¥âáï,  ¥£® ¤¢¨¦¥¨¥ ¢  ¯à ¢«¥¨¨ áâ¥ª¨ ®¯à¥¤¥«ï¥âáï�. �. �ã« çãª, �. �. �®¢£¨©, �. �. � ¤¨ª®¢-�®¥¢ 7
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�¨á. 6. �¢¨¦¥¨¥ ª®«ìæ  ¢¡«¨§¨ ¥¯à®¢®¤ïé¥© áâ¥ª¨ ¯à¨ � = 0:16� ¬2/á, r0 = 0:2 ¬, z0 = 0:3 ¬, �0 = 1:1

�¨á. 7. �¢¨¦¥¨¥ ª®«ìæ  ¢¡«¨§¨ ¥¯à®¢®¤ïé¥© áâ¥ª¨ ¯à¨ � = �0:16� ¬2/á, r0 = 0:2 ¬, z0 = 0:3 ¬, �0 = 0:97. ç «ìë¬ à ¤¨ãá®¬ ¢¨åà¥¢®£® ª®«ìæ  a ¨ á®®â-®è¥¨¥¬ ¬¥¦¤ã ¬ £¨â®© ¨ ª¨¥â¨ç¥áª®© í¥à-£¨ï¬¨ ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ �0. �¥§ã«ì-â âë ç¨á«¥®£® ¬®¤¥«¨à®¢ ¨ï ¯®ª § «¨, çâ® ¢§ ¢¨á¨¬®áâ¨ ®â á®®â®è¥¨ï ¬¥¦¤ã ¬ £¨â®© ¨ª¨¥â¨ç¥áª®© í¥à£¨ï¬¨ �0 ¢®§¬®¦ë á«¥¤ãîé¨¥á¨âã æ¨¨:1. �à¨ �0 < �k1 ¤¢¨¦¥¨¥ ª®«ìæ    «®£¨ç® ç¨-áâ® £¨¤à®¤¨ ¬¨ç¥áª®¬ã á«ãç î: ª®«ìæ® ã¤ -«ï¥âáï   ¡¥áª®¥ç®áâì,   ¥£® à ¤¨ãá áâà¥-
¬¨âáï ª ¯®áâ®ï®¬ã § ç¥¨î (à¨á. 4 ¯à¨a = 0:02 ¬). �  ¢¥«¨ç¨ã �k1 ®ª §ë¢ ¥â ¢«¨ï-¨¥  ç «ì ï â®«é¨  ª®«ìæ  a (¨«¨ à ¤¨ãár0) ¨  ç «ì®¥ à ááâ®ï¨¥ ®â ¯®¢¥àå®áâ¨ z0.�  à¨á. 5 ¯®ª § ë § ¢¨á¨¬®áâ¨ �k1 ®â z0 ¯à¨à §«¨çëå § ç¥¨ïå á¥ç¥¨ï ª®«ìæ . �¨¤-®, çâ® ã¤ «¥¨¥ ª®«ìæ  ®â ¯®¢¥àå®áâ¨ ¯à¨-¢®¤¨â ª ¢®§à áâ ¨î �k1, ª®â®à ï áâà¥¬¨âáïª ¥¤¨¨æ¥ ¯à¨ z0 !1. �¢¥«¨ç¥¨¥  ç «ì®-£® à ¤¨ãá  á¥ç¥¨ï ª®«ìæ  a (¨ r0) ¯à¨¢®¤¨â ªã¬¥ìè¥¨î �k1.8 �. �. �ã« çãª, �. �. �®¢£¨©, �. �. � ¤¨ª®¢-�®¥¢
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�¨á. 8. �¢¨¦¥¨¥ ª®«ìæ  ¢¡«¨§¨ ¥¯à®¢®¤ïé¥© áâ¥ª¨ ¯à¨ � = �0:16� ¬2/á, r0 = 0:2 ¬, z0 = 0:3 ¬, �0 = 1:12.2. � á«ãç ¥ �k1 < �0 < �k2 ¬ £¨â®-¢¨åà¥¢®¥ª®«ìæ® ¢ ç «¥ ã¤ «ï¥âáï ®â ¯®¢¥àå®áâ¨  ¥ª®â®à®¥ à ááâ®ï¨¥, § â¥¬ ¯à¨¡«¨¦ ¥âáï(à¨á. 4 ¯à¨ a = 0:03 ¬). � ä §¥ ®âå®¤  ª®«ìæ ®â ¯®¢¥àå®áâ¨ ¥£® à ¤¨ãá ã¬¥ìè ¥âáï ¬¥¤-«¥®, ª®«ìæ® ¯®çâ¨ § ¢¨á ¥â  ¤ ¯®¢¥àå®-áâìî, § â¥¬, ¯« ¢®  ¡¨à ï áª®à®áâì ¨ ¡ë-áâà® á¦¨¬ ïáì, áâà¥¬¨â¥«ì® ¯ ¤ ¥â   ¯®-¢¥àå®áâì. �à¨  «¨ç¨¨ ®â¢¥àáâ¨ï ¯®¤å®-¤ïé¥£® à §¬¥à  ¬®¦® ®¦¨¤ âì, çâ® ª®«ìæ®¯à®áª®ç¨â ç¥à¥§ ¥£®.�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢¡«¨§¨ ¯®¢¥àå®áâ¨,¢á«¥¤áâ¢¨¥ á¦ â¨ï ª®«ìæ , ¥£® à ¤¨ãá ¯®¯¥-à¥ç®£® á¥ç¥¨ï ¡ã¤¥â ã¢¥«¨ç¨¢ âìáï ¨, â -ª¨¬ ®¡à §®¬, ª®«ìæ® ã¦¥ ¥«ì§ï ¯®« £ âì â®-ª¨¬.�¨á. 5 ®âà ¦ ¥â § ¢¨á¨¬®áâì �k2 ®â z0 ¯à¨a = 0:03 ¬. �§ £à ä¨ª®¢ ¢¨¤®, çâ® å -à ªâ¥à § ¢¨á¨¬®áâ¨   «®£¨ç¥ ¯à¥¤ë¤ãé¥¬ãá«ãç î.3. �®£¤  �0 > �k2, ª®«ìæ®, á¦¨¬ ïáì, ãáâà¥¬«ï-¥âáï ª ¯®¢¥àå®áâ¨ (à¨á. 6). �à¨ íâ®¬ ®ª §ë-¢ ¥âáï, çâ® ç¥¬ ¬¥ìè¥  ç «ì ï â®«é¨ ª®«ìæ , â¥¬ ¡ëáâà¥¥ ¥£® ¤¢¨¦¥¨¥ ¢  ¯à -¢«¥¨¨ ª ¯®¢¥àå®áâ¨.� ª¨¬ ®¡à §®¬, ¨§ ¢ëè¥áª § ®£® á«¥¤ã¥â, çâ®¯à¨ ¯à®ç¨å à ¢ëå ãá«®¢¨ïå â®«é¨  ¬ £¨â®-¢¨åà¥¢®£® ª®«ìæ  ¬®¦¥â áãé¥áâ¢¥ë¬ ®¡à §®¬¢«¨ïâì   å à ªâ¥à ¤¢¨¦¥¨ï ª®«ìæ  ¢¡«¨§¨ ¥-¯à®¢®¤ïé¥© ¯®¢¥àå®áâ¨.�à¨ � < 0 à ¤¨ãá ¬ £¨â®{¢¨åà¥¢®£® ª®«ìæ ã¢¥«¨ç¨¢ ¥âáï. �§   «¨§  á¨áâ¥¬ë (10) á«¥¤ã¥â,

çâ® ¢ § ¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨ë �0 ¨¬¥îâ ¬¥áâ®á«¥¤ãîé¨¥ å à ªâ¥àë¥ â¨¯ë ¤¨ ¬¨ª¨ ª®«ìæ :1. �à¨ ¬ «ëå § ç¥¨ïå ¬ £¨â®© í¥à£¨¨ �0 <�k2 ¤¢¨¦¥¨¥ ª®«ìæ    «®£¨ç® ç¨áâ® £¨¤à®-¤¨ ¬¨ç¥áª®¬ã á«ãç î: ®® ¡¥áª®¥ç® ¡«¨§-ª® ¯à¨¡«¨¦ ¥âáï ª áâ¥ª¥, ã¢¥«¨ç¨¢ ïáì ¢ ¤¨ -¬¥âà¥ (à¨á. 7). �à¨ íâ®¬ ª®«ìæ® á ¡®«ìè¨¬ ç «ìë¬ à ¤¨ãá®¬ á¥ç¥¨ï ¤¢¨¦¥âáï ¢  -¯à ¢«¥¨¨ áâ¥ª¨ ¨ à áè¨àï¥âáï ¥áª®«ìª®¬¥¤«¥¥¥.2. � á«ãç ¥ �k2 < �0 < 2��k1 ¬ £¨â®-¢¨åà¥¢®¥ª®«ìæ® ¢ ç «¥ ã¤ «ï¥âáï ®â ¯®¢¥àå®áâ¨  ¥ª®â®à®¥ à ááâ®ï¨¥, § â¥¬ ¯à¨¡«¨¦ ¥âáï,ã¢¥«¨ç¨¢ ïáì ¢ ¤¨ ¬¥âà¥ (à¨á. 8 ¯à¨ a =0:03 ¬).3. �®£¤  í¥à£¨ï ¬ £¨â®£® ¯®«ï ¢¥«¨ª :�0 > 2 � �k1, ª®«ìæ® ã¤ «ï¥âáï   ¡¥áª®¥ç-®áâì, ¯à¨ íâ®¬ ¥£® à ¤¨ãá áâà¥¬¨âáï ª ¯®-áâ®ï®¬ã § ç¥¨î (à¨á. 8 ¯à¨ a = 0:01 ¬).����������� ª¨¬ ®¡à §®¬, å à ªâ¥à ¤¢¨¦¥¨ï ¬ £¨â®{¢¨åà¥¢®£® ª®«ìæ  ¯à¨ § ¤ ëå  ç «ìëå § -ç¥¨ïå r0 ¨ z0 § ¢¨á¨â ª ª ®â  ç «ì®£® á®®â-®è¥¨ï ¬¥¦¤ã ¬ £¨â®© ¨ ª¨¥â¨ç¥áª®© í¥à-£¨¥©, â ª ¨ ®â  ç «ì®£® à ¤¨ãá  á¥ç¥¨ï ª®«ì-æ . �¤®¢à¥¬¥®¥ ¨§¬¥¥¨¥ ¥áª®«ìª¨å ¯ à ¬¥-âà®¢ ¬®¦¥â ®¡ãá« ¢«¨¢ âì á«®¦ë© ¨ âàã¤®¯à¥¤-áª §ã¥¬ë© å à ªâ¥à ¤¢¨¦¥¨ï ¯« §¬¥®£® ª®«ì-æ , çâ® ¯®§¢®«ï¥â ¯à¥¤«®¦¨âì ¬®¤¥«ì ¬ £¨â®{�. �. �ã« çãª, �. �. �®¢£¨©, �. �. � ¤¨ª®¢-�®¥¢ 9



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 1. �. 3 { 10¢¨åà¥¢®£® ª®«ìæ  ¤«ï ®¡êïá¥¨ï ¤¢¨¦¥¨ï è à®-¢®© ¬®«¨¨.1. �áã¯ «¨¥¢ �. �¬¯ã«ìá®¥ ¨áâ¥ç¥¨¥ ¯«®â®© ¨§-«ãç îé¥© ¯« §¬ë ¢ § â®¯«¥ãî áà¥¤ã//�¢â®-à¥ä. ª ¤. ¤¨áá¥àâ.,{�.:���.{1988.{15 á.2. � ¤¨ª®¢ �.�. � £¨â®-¢¨åà¥¢ë¥ ª®«ìæ  // �§¢.�� ����. ���. á¥à. "�¥å ¨ª  ¨ ¬ è¨®áâà®¥-¨¥".{ 1960.{ N4.{ �. 7{13.3. � ¤¨ª®¢ �.�. �¥ª®â®àë¥ § ¤ ç¨ ¤¨ -¬¨ª¨ ¬ £¨â®-¢¨åà¥¢ëå ª®ä¨£ãà æ¨© // �à¨ª«.¬ â¥¬. ¨ ¬¥å ¨ª .{ �. XXIV.{ 1960.{ �. 897{905.4. �®¢¨ª®¢ �.�. � £ ¤ª¨ ®£¥®£® ï©æ  ¯à®à®ª �«¨¨: ®¡®á®¢ ¨¥ ¯« §¬¥®© ¯à¨à®¤ë è à®¢®©¬®«¨¨.{ �¨¨æ : �®â¨¥â-�à¨¬, 1999.{ 231 á.
5. Turner D.J. Ball lighting and other meteorologicalphenomenon // Ph. Reports.{ 1998.{ V. 293.{ P. 1{60.6. Graham K. Hubler Lighting: Flu� bals of �re //Nature.{ 2000.{ V. 403.{ P. 487{488.7. � ¤¨ª®¢ �.�. �ãé¥áâ¢®¢ ¨¥ ¨ ¤¢¨¦¥¨¥¬ £¨â®-¢¨åà¥¢ëå ª®«¥æ ¢  â¬®áä¥à¥ // �àã¤ë¬ â¥¬. ¨-â  ¨¬. �â¥ª«®¢  �� ����.{ 1989.{ �.186.{ �. 61{70.8. � ¬¡ �. �̈ ¤à®¤¨ ¬¨ª .{ �.-�.: �®áâ¥å¨§¤ â,1947.{ 928 á.9. � ¤ ã �.�., �¨¢è¨æ �.�. �«¥ªâà®¤¨ ¬¨ª á¯«®èëå áà¥¤.{ �.-�.: ����, 1962.{ 620 á.10. �¥©â«¨ �.�. �¤ãªâ¨¢®áâ¨ ¯à®¢®¤®¢ ¨ª®âãà®¢.{ �.: �®áí¥à£®¨§¤ â, 1950.{ 290 á.

10 �. �. �ã« çãª, �. �. �®¢£¨©, �. �. � ¤¨ª®¢-�®¥¢


