
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò3 11��� 538.941 �������� ������� ������������� ���������� ������������ �������� � �������������������������� �������� ����, ������������������� ���������.�. �ã§ì¬¨­(ª ä¥¤à  ª¢ ­â®¢®© áâ â¨áâ¨ª¨ ¨ â¥®à¨¨ ¯®«ï)�ë¯®«­¥­® ç¨á«¥­­®¥ ¬®¤¥«¨à®¢ ­¨¥ ¯à®æ¥áá  á«¨ï­¨ï ¢¨åà¥¢ëå ª®«¥æ ¢ á¢¥àåâ¥ªãç¥©¦¨¤ª®áâ¨. �ëá®ª ï â®ç­®áâì ç¨á«¥­­®© áå¥¬ë ¯®§¢®«¨«  § ä¨ªá¨à®¢ âì, ¯®¬¨¬® ¢®«­ë à §-à¥¦¥­¨ï,  ªãáâ¨ç¥áª¨¥ ¢®«­ë, ¨§«ãç ¥¬ë¥ ¢®§¬ãé¥­­ë¬¨ ¢¨åà¥¢ë¬¨ ª®«ìæ ¬¨, ¨ ¢ë¯®«­¨âìá¯¥ªâà «ì­ë©  ­ «¨§ íâ®£® ¨§«ãç¥­¨ï.� ¦­®© § ¤ ç¥© £¨¤à®¤¨­ ¬¨ª¨ ï¢«ï¥âáï ¢ë-ïá­¥­¨¥ ¬¥å ­¨§¬  à á¯ ¤  âãà¡ã«¥­â­®£® á®áâ®ï-­¨ï ¢ á¢¥àåâ¥ªãç¥© ¦¨¤ª®áâ¨. �à¨ â¥¬¯¥à âãà åT > 1 K ®á­®¢­ë¬¨ ä ªâ®à ¬¨ ¤¨áá¨¯ æ¨¨ ®ª §ë¢ -îâáï ¢ï§ª®áâì ­®à¬ «ì­®© ª®¬¯®­¥­âë ¨ ¢§ ¨¬­®¥âà¥­¨¥. � á«ãç ¥ ­¨§ª¨å (T < 0:1 K) â¥¬¯¥à âãà­ §¢ ­­ë¥ ¨áâ®ç­¨ª¨ à áá¥ï­¨ï í­¥à£¨¨ âãà¡ã«¥­â-­®£® á®áâ®ï­¨ï ®âáãâáâ¢ãîâ, â ª ª ª ¯«®â­®áâì ­®à-¬ «ì­®© ª®¬¯®­¥­âë ¬ « . �ªá¯¥à¨¬¥­â, ®¤­ ª®,®¡­ àã¦¨¢ ¥â ­¥ § ¢¨áïéãî ®â â¥¬¯¥à âãàë ¤¨á-á¨¯ æ¨î ª¢ ­â®¢®© âãà¡ã«¥­â­®áâ¨ [1]. � à ¡®â å[2, 3] ãª § ­  ¢®§¬®¦­®áâì à á¯ ¤  âãà¡ã«¥­â­®áâ¨§  áç¥â ¨§«ãç¥­¨ï §¢ãª®¢ëå ¢®«­ ¢  ªâ¥ á«¨ï­¨ï¢¨åà¥© (vortex reconnection) ¨ ¯à¨ à á¯à®áâà ­¥-­¨¨  §¨¬ãâ «ì­ëå ¢®«­ ¢¤®«ì ¢¨åà¥¢ëå ­¨â¥©. �ª« áá¨ç¥áª®© ¦¨¤ª®áâ¨ á¯¥ªâà ¨§«ãç¥­¨ï ¢¨åà¥¢®£®ª®«ìæ  ¨§ãç¥­ ¢ à ¡®â å [4, 5]. � ª¢ ­â®¢®¬ á«ãç ¥¨áá«¥¤®¢ ­¨ï á¯¥ªâà «ì­ëå å à ªâ¥à¨áâ¨ª §¢ãª®¢ëå¢®«­, ¢®§­¨ª îé¨å ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ ª®«¥æ, ­¥¯à®¢®¤¨«¨áì.� à ¡®â¥ [6] áà¥¤­ïï ¬®é­®áâì ¨§«ãç¥­¨ï ®æ¥-­¨¢ « áì ¯® ã¬¥­ìè¥­¨î áã¬¬ à­®© ¤«¨­ë ¢¨å-à¥¢ëå ª®«¥æ. �®ç­®áâì ¢ëç¨á«¥­¨©, ¯à¨¢¥¤¥­­ëå¢ à ¡®â¥ [7], ¯®§¢®«¨«  ®¡­ àã¦¨âì ¢®§­¨ª îéãî¯à¨ áâ®«ª­®¢¥­¨¨ ¢®«­ã à §à¥¦¥­¨ï ¨ ¥¥ í¢®«îæ¨î¢ §¢ãª®¢ë¥ ¢®«­ë, ®¤­ ª® ¢®«­ë, ¨§«ãç ¥¬ë¥ ª®«ì-æ ¬¨, § ä¨ªá¨à®¢ ­ë ­¥ ¡ë«¨. � ­ áâ®ïé¥© à ¡®â¥¢ë¯®«­¥­® ¬®¤¥«¨à®¢ ­¨¥ áâ®«ª­®¢¥­¨ï ¤¢ãå ª®«¥æ.�®¢ëè¥­­ ï â®ç­®áâì ç¨á«¥­­ëå áå¥¬ ¯®§¢®«¨« ¢ë¤¥«¨âì ­  ä®­¥ ¢®«­ë à §à¥¦¥­¨ï §¢ãª®¢ë¥ ¢®«­ë¨ ¢ëç¨á«¨âì ¨å á¯¥ªâà.�à®áâ¥©è¥¥ ®¯¨á ­¨¥ ¤¨­ ¬¨ª¨ á« ¡® ¢§ ¨¬®-¤¥©áâ¢ãîé¥£® ¡®§¥-£ §  ¤ ¥â ãà ¢­¥­¨¥ �à®áá {�¨-â ¥¢áª®£® | ãà ¢­¥­¨¥ � àâà¨ ¤«ï ®¤­®ç áâ¨ç­®©¢®«­®¢®© äã­ªæ¨¨ á¨áâ¥¬ë ¢§ ¨¬®¤¥©áâ¢ãîé¨å ¡®-§®­®¢ 2i@ @t =�� � (1� j j2) :�®¤áâ ­®¢ª   = �1=2eiS ¤ ¥â £¨¤à®¤¨­ ¬¨ç¥áªãî¨­â¥à¯à¥â æ¨î ãà ¢­¥­¨ï �à®áá {�¨â ¥¢áª®£® |ãà ¢­¥­¨¥ ­¥¯à¥àë¢­®áâ¨ ¨ ãà ¢­¥­¨¥ �¥à­ã««¨

á ª¢ ­â®¢ë¬ ¤ ¢«¥­¨¥¬@�@t + (r; (�u)) = 0; u=rS;@S@t + 12u2 + 12(�� 1)� 12��1=2r2�1=2 = 0:�¥§à §¬¥à­ë¥ ¥¤¨­¨æë ¢ ãà ¢­¥­¨¨ ¢ë¡à ­ë â ª,çâ®¡ë j (x)j ! 1 ¯à¨ x ! 1 , h = m= 1 , ¥¤¨­¨-æ  ¤«¨­ë ¯®« £ ¥âáï à ¢­®© ¤«¨­¥ ª®£¥à¥­â­®áâ¨.�à ¢­¥­¨¥ �à®áá {�¨â ¥¢áª®£® ª ç¥áâ¢¥­­® ®¯¨áë-¢ ¥â í¢®«îæ¨î ª®­¤¥­á â  ¯à¨ ­ã«¥¢®© â¥¬¯¥à âãà¥,¢ ç áâ­®áâ¨, ¢ à ¡®â å [6{8] á ¯®¬®éìî íâ®£®ãà ¢­¥­¨ï ¨§ãç¥­ë â ª¨¥ ¯à®æ¥ááë, ª ª § à®¦¤¥­¨¥¢¨åà¥©, á«¨ï­¨¥ ¢¨åà¥¢ëå ­¨â¥©, ¨§«ãç¥­¨¥ §¢ãª ­¨âï¬¨, à á¯à®áâà ­¥­¨¥  §¨¬ãâ «ì­ëå ¢®«­.�¤­¨¬ ¨§ ®á­®¢­ëå ä ªâ®à®¢, ¢®§¬ãé îé¨å á¢®-¡®¤­®¥ ¤¢¨¦¥­¨¥ ¢¨åà¥¢ëå ª®«¥æ, ï¢«ï¥âáï á«¨ï­¨¥¢¨åà¥©. �®¤¥«¨à®¢ ­¨¥ ¯à®æ¥áá  á«¨ï­¨ï ¢¨åà¥©¢¯¥à¢ë¥ ¢ë¯®«­¥­® ¢ à ¡®â¥ [9], ä ªâ ¨§«ãç¥­¨ï§¢ãª®¢ëå ¢®«­ ãáâ ­®¢«¥­ ¢ ç¨á«¥­­®¬ íªá¯¥à¨¬¥­-â¥ [6].�®«¨â®­­ë¥ à¥è¥­¨ï ãà ¢­¥­¨ï �à®áá {�¨â ¥¢-áª®£® ®¯à¥¤¥«ïîâáï á«¥¤ãîé¥© ªà ¥¢®© § ¤ ç¥©:2iU @ @x03 =�x0 + (1� j j2) ;j (x0)j ! 1; jx0j !1;£¤¥ U | áª®à®áâì á®«¨â®­ , à á¯à®áâà ­ïîé¥£®áï¢¤®«ì ®á¨ x3 .�«ï ¬®¤¥«¨à®¢ ­¨ï í¢®«îæ¨¨ ¢ ¡¥áª®­¥ç­®¬ ¯à®-áâà ­áâ¢¥ ¢á¥ ¯à®áâà ­áâ¢® ®â®¡à ¦ ¥âáï ¢ ªã¡[�L;L]3 : �i = f(xi) = L th(xil ); i = 1; 2; 3: �¨åà¥¢ë¥ª®«ìæ  ¯®áâà®¥­ë ¬¥â®¤®¬ �ìîâ®­ , ®á­®¢ ­­ë¬ ­ ¬¥â®¤¥ ¢§ ¨¬­ëå £à ¤¨¥­â®¢. � ª ç¥áâ¢¥ ¯¥à¢®£®¯à¨¡«¨¦¥­¨ï ¢ë¡¨à ¥âáï  á¨¬¯â®â¨ç¥áª®¥ à¥è¥­¨¥¤«ï ¬ «®£® ª®«ìæ  á U = 0:6 , ¯à¥¤áâ ¢«ïîé¥¥ á®¡®© ¯¯à®ªá¨¬ æ¨î � ¤¥ äã­ªæ¨¨  [10]. �ëç¨á«¥­¨ï¯à®¢®¤¨«¨áì ­  á¥âª å (172)3 ¨ (220)3 , ãà ¢­¥­¨¥í¢®«îæ¨¨ à¥è «®áì ¬¥â®¤®¬ ¯¥à¥¬¥­­ëå ­ ¯à ¢«¥-­¨© á ¢à¥¬¥­­ë¬ è £®¬ 0:02 .� ç «ì­®¥ á®áâ®ï­¨¥ ¯à¥¤áâ ¢«ï¥â á®¡®© ¯à®-¨§¢¥¤¥­¨¥ ¤¢ãå á®áâ®ï­¨© á ¢¨åà¥¢ë¬¨ ª®«ìæ ¬¨6 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò3
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���������������������¨á. 1. �®¢¥àå­®áâ¨ ãà®¢­ï ¯«®â­®áâ¨ ª®­¤¥­á â ¢ à §«¨ç­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨à ¤¨ãá  5:5 , à á¯à®áâà ­ïîé¨¬¨áï ¢ ¯à®â¨¢®¯®-«®¦­ëå ­ ¯à ¢«¥­¨ïå. � ç «ì­®¥ à ááâ®ï­¨¥ ¬¥¦-¤ã ¯«®áª®áâï¬¨ ª®«¥æ ¢ë¡à ­® à ¢­ë¬ 40 , à ááâ®-ï­¨¥ ¬¥¦¤ã ®áï¬¨ ª®«¥æ | 7 . �  à¨á. 1 ¯à¥¤-áâ ¢«¥­  å à ªâ¥à­ ï ª àâ¨­  á«¨ï­¨ï ¢¨åà¥¢ëåª®«¥æ. �â®«ª­®¢¥­¨¥ ¯à®¨áå®¤¨â ¯à¨ t = 70 ¨ ¯à¨-¢®¤¨â ª ®¡à §®¢ ­¨î ¤¢ãå ¢ëâï­ãâëå ª®«¥¡«îé¨åáï¢¨åà¥¢ëå ª®«¥æ, à á¯à®áâà ­ïîé¨åáï ¢ ¯à®â¨¢®¯®-«®¦­ëå ­ ¯à ¢«¥­¨ïå, ¯®¤ ã£«®¬ ª ­ ¯à ¢«¥­¨î¤¢¨¦¥­¨ï ¨áå®¤­ëå ª®«¥æ. �«¨ï­¨¥ ª®«¥æ ¯à¨¢®¤¨ââ ª¦¥ ª ®¡à §®¢ ­¨î ¤¢ãå ¢®«­ à §à¥¦¥­¨ï, à á-¯à®áâà ­ïîé¨åáï ¢ ­ ¯à ¢«¥­¨¨, ¯¥à¯¥­¤¨ªã«ïà-­®¬ ª ¯«®áª®áâ¨, ¯à®¢¥¤¥­­®© ç¥à¥§ ®á¨ ¢¨åà¥¢ëåª®«¥æ (¢ ­ ¯à ¢«¥­¨¨ ®á¨ x1 ). � á¯à®áâà ­¥­¨¥¢®«­ë à §à¥¦¥­¨ï ¨««îáâà¨àã¥â à¨á. 2, ­  ª®â®à®¬¨§®¡à ¦¥­  § ¢¨á¨¬®áâì ¯«®â­®áâ¨ ª®­¤¥­á â  ®â¢à¥¬¥­¨ ¢ à §«¨ç­ëå â®çª å, «¥¦ é¨å ­  ®á¨ x1 .� ¤àã£¨å ­ ¯à ¢«¥­¨ïå ¢®«­ë à §à¥¦¥­¨ï ­¥ ¨§-«ãç îâáï. �¨¤­®, çâ® ¯® ¬¥à¥ à á¯à®áâà ­¥­¨ï ®â¬¥áâ  áâ®«ª­®¢¥­¨ï ª®«¥æ ¨¬¯ã«ìáë à §à¥¦¥­¨ïí¢®«îæ¨®­¨àãîâ ¢ §¢ãª®¢ë¥ ¢®«­ë. � ®â«¨ç¨¥ ®â¬®¤¥«¨à®¢ ­¨ï, ¯à®¢¥¤¥­­®£® ¢ [6, 7], ¢ ¤ ­­®©à ¡®â¥ ¯®«ãç¥­ ¢à¥¬¥­­®© ¯à®ä¨«ì §¢ãª®¢®© ¢®«­ëá à §à¥è¥­¨¥¬, ¤®áâ â®ç­ë¬ ¤«ï ¯à®¢¥¤¥­¨ï á¯¥ª-âà «ì­®£®  ­ «¨§ .
���������	
��
��¨á. 2. �à¥¬¥­­®© ¯à®ä¨«ì ¯«®â­®áâ¨ ª®­¤¥­á â  ¢ â®çª å,«¥¦ é¨å ­  ®á¨ x1

�®á«¥ ¯à®å®¦¤¥­¨ï ¢®«­ë à §à¥¦¥­¨ï ç¥à¥§ â®ç-ªã, «¥¦ éãî ­  ®á¨ x1 , ­ ¡«î¤ îâáï á« ¡® § -âãå îé¨¥ ª®«¥¡ ­¨ï ¯«®â­®áâ¨ ¬ «®©  ¬¯«¨âã¤ë(à¨á. 3, ãç áâ®ª £à ä¨ª  ¯®á«¥ t= 110), á®®â¢¥âáâ¢ã-îé¨¥ §¢ãª®¢ë¬ ¢®«­ ¬. �«¥¤ãï [2, 3, 7], ¯®« £ ¥¬,çâ® ¯à¨ç¨­®© ¢®§­¨ª­®¢¥­¨ï â ª¨å ¢®«­ ï¢«ïîâáï¢®§¬ãé¥­­ë¥ ¯à¨ áâ®«ª­®¢¥­¨¨ ª®«¥¡«îé¨¥áï ¢¨å-à¥¢ë¥ ª®«ìæ . �¯¥ªâà ãª § ­­®£® ãç áâª  ®¡­ àã-¦¨¢ ¥â ïàª® ¢ëà ¦¥­­ë© ã§ª®¯®«®á­ë© å à ªâ¥à(à¨á. 3), ª®â®àë©, ®ç¥¢¨¤­®, ®¡êïá­ï¥âáï ®¯¨á ­-
���������	
��
������������¨á. 3. � ¢¨á¨¬®áâì ¯«®â­®áâ¨ ª®­¤¥­á â  ®â ¢à¥¬¥­¨¢ â®çª¥ (x1; x2; x3) = (22:5; 0; 0) (¢¥àå­¨© £à ä¨ª); á¯¥ªâàãç áâª  110< t < 180 (­¨¦­¨© £à ä¨ª)­ë¬ ¢ëè¥ ¬¥å ­¨§¬®¬ ®¡à §®¢ ­¨ï §¢ãª®¢ëå ¢®«­.� ¯®«ì§ã ¯®á«¥¤­¥£® ãâ¢¥à¦¤¥­¨ï á¢¨¤¥â¥«ìáâ¢ã¥âá®®â¢¥âáâ¢¨¥ ¯¥à¨®¤  §¢ãª®¢ëå ¢®«­ å à ªâ¥à­®¬ã¯¥à¨®¤ã à á¯à®áâà ­¥­¨ï  §¨¬ãâ «ì­ëå ¢®«­ ¢¤®«ìª®«ìæ . �§ à¨á. 3 ¢¨¤­®, çâ® ¬ ªá¨¬ã¬ á¯¥ªâà ¨§«ãç¥­¨ï ­ å®¤¨âáï ®ª®«® ç áâ®âë 0:065 . �¥à¨®¤à á¯à®áâà ­¥­¨ï  §¨¬ãâ «ì­ëå ¢®«­ ¢¤®«ì ª®«ìæ ¬®¦­® ®æ¥­¨âì, ¨¬¥ï ¢ ¢¨¤ã ä®à¬ã«ã ¤«ï £àã¯¯®¢®©áª®à®áâ¨ ¢®«­ ¤«¨­ë � [11]:v = �� �2 ln� �2��� 1� ;à ¢­®© ¤«ï à áá¬ âà¨¢ ¥¬®£® ¤¨ ¯ §®­  ç áâ®â�� 7 ¯à¨¡«¨§¨â¥«ì­® 0:4 . �âáî¤  ¯®«ãç ¥¬ ®æ¥­ªã¤«ï ç áâ®âë  §¨¬ãâ «ì­ëå ¢®«­: f � 0:05 . �®à®è¥£®á®£« á®¢ ­¨ï à¥§ã«ìâ â®¢ ®¦¨¤ âì ­¥ ¯à¨å®¤¨âáï,¯®áª®«ìªã ¤«ï ¬ «ëå ª®«¥æ ä®à¬ã«  ¤«ï £àã¯¯®¢®©áª®à®áâ¨ ­¥¯à¨¬¥­¨¬ .�¥§ã«ìâ âë, ¯®«ãç¥­­ë¥ ¤«ï ä®à¬ë á¯¥ªâà , á®-£« áãîâáï á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ ¤«ï ª« á-á¨ç¥áª®© ¦¨¤ª®áâ¨ [5]. �å®¤áâ¢® à¥§ã«ìâ â®¢, ¢¥à®-



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò3 13ïâ­®, á¢ï§ ­® á ®¡é¨¬ ¤«ï ª« áá¨ç¥áª®£® ¨ ª¢ ­â®-¢®£® á«ãç ¥¢ ¬¥å ­¨§¬®¬ ®¡à §®¢ ­¨ï ¢®«­.� ª¨¬ ®¡à §®¬, ®¤¨­ ¨§ ¬¥å ­¨§¬®¢ à á¯ ¤ âãà¡ã«¥­â­®£® á®áâ®ï­¨ï ¯à¨ ¬ «ëå â¥¬¯¥à âãà å®¡­ àã¦¨¢ ¥â áå®¤áâ¢® á ª« áá¨ç¥áª¨¬ ï¢«¥­¨¥¬¨§«ãç¥­¨ï §¢ãª  ¢¨åà¥¢ë¬ ª®«ìæ®¬. �¢ï§ ­­ë© á®á«¨ï­¨¥¬ ¢¨åà¥© ¬¥å ­¨§¬ à áá¥ï­¨ï í­¥à£¨¨ âãà-¡ã«¥­â­®áâ¨ å à ªâ¥à¥­ ¤«ï ª¢ ­â®¢®© ¦¨¤ª®áâ¨.�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ ®âáãâáâ¢¨¥ ¢ï§ª®áâ¨ áâ®«ª-­®¢¥­¨¥ ¢¨åà¥© ï¢«ï¥âáï ¢ ¦­ë¬ ä ªâ®à®¬, ¢®§¬ã-é îé¨¬ ¤¢¨¦¥­¨¥ ¢¨åà¥¢ëå ª®«¥æ; ¢ á¢ï§¨ á íâ¨¬ï¢«¥­¨¥ á«¨ï­¨ï ¢¨åà¥© ¯à¨®¡à¥â ¥â ¯¥à¢®áâ¥¯¥­-­®¥ §­ ç¥­¨¥ ¤«ï ®¡®¨å ®â¬¥ç¥­­ëå ¢ à ¡®â å [2, 3]¬¥å ­¨§¬®¢ à á¯ ¤  âãà¡ã«¥­â­®áâ¨.�¢â®à £«ã¡®ª® ¡« £®¤ à¥­ ¯à®ä¥áá®àã �. �. �ã-£ ¥¢ã §  ¯®áâ ­®¢ªã § ¤ ç¨ ¨ ¢­¨¬ ­¨¥ ª à ¡®â¥.�¨â¥à âãà 1. Davies S.L., Hendry P.C., McClintock P.V.E. // Physica B.2000. 280. P. 43.
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