
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò3 13��� 532.5.013.4:536.24������� �������������� ���� �� ������������������� ����������������� ���������� � ����������������.�. �à¨¤ç¨ , �.�. �á¨¯®¢, �.�. �¢ à®¢(ª ä¥¤à  ¬®«¥ªã«ïà®© ä¨§¨ª¨)E-mail: gridchina@rambler.ru� áá¬®âà¥® ¢§ ¨¬®¤¥©áâ¢¨¥ ¬ «ëå £¨¤à®¤¨ ¬¨ç¥áª¨å ¢®§¬ãé¥¨© (§¢ãª®¢ëå, â¥¯«®¢ëå¨ ¢¨åà¥¢ëå) á á¨«ì®© ã¤ à®© ¢®«®© á ãç¥â®¬ à¥« ªá æ¨®®© §®ë ¯à¨ ¯à®¨§¢®«ì®¬á®®â®è¥¨¨ ¤«¨ë ¢®«ë ¢®§¬ãé¥¨© ¨ è¨à¨ë à¥« ªá æ¨®®© §®ë. �á®¢ë¬¨ à¥« ª-á æ¨®ë¬¨ ¯à®æ¥áá ¬¨, ®¯à¥¤¥«ïîé¨¬¨ è¨à¨ã §®ë, áç¨â «¨áì ¨®¨§ æ¨ï ¨ ãáâ ®¢«¥¨¥à ¢®¢¥á®£® ¨§«ãç¥¨ï. �®ª § ®, çâ® ¯à¨ ®¯à¥¤¥«¥ëå § ç¥¨ïå ¯ à ¬¥âà®¢ £¨¤à®¤¨ -¬¨ç¥áª¨å ¢®§¬ãé¥¨© ¢§ ¨¬®¤¥©áâ¢¨¥ ®á¨â à¥§® áë© å à ªâ¥à.�¢¥¤¥¨¥�§ ¨¬®¤¥©áâ¢¨¥ §¢ãª®¢ëå ¨ ã¤ àëå ¢®« (��)¢¯¥à¢ë¥ à áá¬®âà¥® ¢ à ¡®â¥ [1] ¨ ¨§ãç ¥âáï ã¦¥¡®«¥¥ ¯®«ã¢¥ª . �¤ ª® ¢ à ¡®â å [1{3] ¯®ª § â¥«ì ¤¨ ¡ âë á«¥¢  ¨ á¯à ¢  ®â ã¤ à®£® à §àë¢  áç¨â «-áï ®¤¨ ª®¢ë¬, â. ¥. ¯à¥¥¡à¥£ «®áì ¢®§¡ã¦¤¥¨¥¬¢ãâà¥¨å áâ¥¯¥¥© á¢®¡®¤ë ¬®«¥ªã«,   ¢ á¨«ìëå�� | ¨®¨§ æ¨¥© ¨ ¨§«ãç¥¨¥¬. �ç¥â íâ¨å ¯à®-æ¥áá®¢ âà¥¡ã¥â à áá¬®âà¥¨ï à¥« ªá æ¨®®© §®ë,¢ ª®â®à®© ¢®§¬®¦® ãá¨«¥¨¥ ¢®§¬ãé¥¨©, çâ® ¯à¥¤-è¥áâ¢ã¥â ¢®§¨ª®¢¥¨î ¥ãáâ®©ç¨¢®áâ¨ ��. �«¨ï-¨¥ à¥« ªá æ¨®®© §®ë ¡ë«® à áá¬®âà¥® ¢ [4] ¤«ï¯à¥¤¥«ìëå á«ãç ¥¢ !� � 1 ¨ !� � 1 (! | ç áâ®â ¯¥à¨®¤¨ç¥áª®£® ¢®§¬ãé¥¨ï, � | ¢à¥¬ï à¥« ªá -æ¨¨,  ¯à¨¬¥à, í¥à£¨¨ ¢ãâà¥¨å áâ¥¯¥¥© á¢®¡®-¤ë, ¤¨áá®æ¨ æ¨¨, ¨®¨§ æ¨¨ ¨ â. ¤.). � ¯à¥¤¥«ìëåá«ãç ïå ¢®§¬®¦®   «¨â¨ç¥áª®¥ à¥è¥¨¥ § ¤ ç¨.�¤ ª®  ¨¡®«ìè¨© ¨â¥à¥á ¯à¥¤áâ ¢«ï¥â ®¡« áâìç áâ®â, ª®â®à®© á®®â¢¥âáâ¢ãîâ ¤«¨ë ¢®« ¢®§¬ãé¥-¨© ¯®àï¤ª  è¨à¨ë à¥« ªá æ¨®®© §®ë, â ª ª ª¨¬¥® ¢ íâ®© ®¡« áâ¨  ¡«î¤ « áì ¥ãáâ®©ç¨¢®áâì�� ¢ íªá¯¥à¨¬¥â å [5]. � «¨â¨ç¥áª®¥ à¥è¥¨¥ â -ª®© § ¤ ç¨ á¢ï§ ® á ¡®«ìè¨¬¨ âàã¤®áâï¬¨, â ª ª ª¢ à¥« ªá æ¨®®© §®¥ á®®â¢¥âáâ¢ãîé¨¥ ãà ¢¥¨ï¨¬¥îâ ¯¥à¥¬¥ë¥ ª®íää¨æ¨¥âë. �¨á«¥®¥ à¥è¥-¨¥ § ¤ ç¨ ® ¢áâà¥ç®¬ ¢§ ¨¬®¤¥©áâ¢¨¨ §¢ãª®¢®©¨ ¨§«ãç îé¥© �� ¯à¨ ¯à®¨§¢®«ì®© ¢¥«¨ç¨¥ !�¯à¨¢¥¤¥® ¢ à ¡®â¥ [6].�¥«ì à ¡®âë á®áâ®¨â ¢ â®¬, çâ®¡ë   ®á®¢¥ áä®à-¬ã«¨à®¢ ®£® à ¥¥ ®¡é¥£® ¬¥â®¤  £¨¤à®¤¨ ¬¨-ç¥áª¨å ¬®¤ [6] ¯à®á«¥¤¨âì ¢«¨ï¨¥ à¥« ªá æ¨®®©§®ë   ¢§ ¨¬®¤¥©áâ¢¨¥ á¨«ìëå �� á® §¢ãª®¢ë¬¨,¢¨åà¥¢ë¬¨ ¨ â¥¯«®¢ë¬¨ ¢®§¬ãé¥¨ï¬¨.� á¨«ìëå �� à áá¬ âà¨¢ îâáï ¤¢  à¥« ªá æ¨-®ëå ¯à®æ¥áá  | ãáâ ®¢«¥¨¥ à ¢®¢¥á®© ¨®¨-§ æ¨¨ ¨ ãáâ ®¢«¥¨¥ à ¢®¢¥á®© ¯«®â®áâ¨ ¨§«ã-ç¥¨ï. � ãá«®¢¨ïå, ª®£¤  ¯à¥®¡« ¤ ¥â ¯à®æ¥áá ãáâ -®¢«¥¨ï à ¢®¢¥á®£® ¨§«ãç¥¨ï, ¨®¨§ æ¨ï â ª¦¥¯à¨áãâáâ¢ã¥â. �¤ ª® ®  ¯à®â¥ª ¥â  áâ®«ìª® ¡ëáâ-à®, çâ® ¬®¦¥â ¡ëâì ¢ª«îç¥  ¢ á®áâ ¢ ¯à®æ¥áá®¢,

¯à®¨áå®¤ïé¨å ¢ ã¤ à®¬ äà®â¥, â® ¥áâì ¬®¦®áç¨â âì å à ªâ¥àãî ¤«¨ã ¨®¨§ æ¨¨ ¨ è¨à¨ãã¤ à®£® äà®â  ¬®£® ¬¥ìè¨¬¨ ¤«¨ë ¢®«ë¢®§¬ãé¥¨©.�¨¤à®¤¨ ¬¨ç¥áª ï ¬®¤¥«ì ¨ ¬¥â®¤¨ª à áç¥â �¯¨á ¨¥ ¢§ ¨¬®¤¥©áâ¢¨ï �� á ¢®§¬ãé¥¨ï¬¨¯à®¢®¤¨âáï ¢ à ¬ª å à¥« ªá æ¨®®© £¨¤à®¤¨ -¬¨ª¨, ¢ª«îç îé¥© ¯®¬¨¬® áâ ¤ àâ®£® ãà ¢¥-¨ï ¥¯à¥àë¢®áâ¨, § ª®®¢ á®åà ¥¨ï ¨¬¯ã«ìá ¨ í¥à£¨¨ ®¤® ¨«¨ ¥áª®«ìª® à¥« ªá æ¨®ëå ãà ¢-¥¨©. �à¨¡«¨¦¥¨¥ ¬ «ëå ¢®§¬ãé¥¨© ¯®§¢®«ï¥â«¨¥ à¨§®¢ âì ãà ¢¥¨ï à¥« ªá æ¨®®© £¨¤à®¤¨- ¬¨ª¨. �à¨ íâ®¬, ª ª ¨ ¢ ®¡ëç®© £¨¤à®¤¨ ¬¨-ª¥, «¨¥ à¨§®¢  ï á¨áâ¥¬  à á¯ ¤ ¥âáï   àï¤¥§ ¢¨á¨¬ëå ãà ¢¥¨©, ®¯¨áë¢ îé¨å ®â¤¥«ìë¥¢¨¤ë £¨¤à®¤¨ ¬¨ç¥áª¨å ¢®§¬ãé¥¨© (¨å  §ë¢ îâ¬®¤ ¬¨). �¨á«® ¬®¤ à ¢® ç¨á«ã ãà ¢¥¨©. �à¨¢§ ¨¬®¤¥©áâ¢¨¨ �� á® §¢ãª®¢ë¬¨, ¢¨åà¥¢ë¬¨ ¨«¨â¥¯«®¢ë¬¨ ¢®§¬ãé¥¨ï¬¨, ¯ ¤ îé¨¬¨ á® áâ®à®ëå®«®¤®£® ¨«¨ £®àïç¥£® £ § , £¥¥à¨àã¥âáï ¢¥áì ¡®à ¬®¤, ¨ § ¤ ç  á¢®¤¨âáï ª  å®¦¤¥¨î ¨å ¬¯«¨âã¤. �á¯®«ì§ã¥âáï á«¥¤ãîé ï áå¥¬  à áç¥â .� à ¢®¢¥á®¬ £ §¥ §  äà®â®¬ �� ¨§¢¥áâ¥ á®áâ ¢¬®¤ ¨ á®®â®è¥¨¥ ¬¥¦¤ã ¯ à ¬¥âà ¬¨ ¢ ª ¦¤®©¬®¤¥. � «¥¥ ª ¦¤ ï ¬®¤  ¬®¦¥â ¡ëâì ¯à®¨â¥£à¨à®-¢   á ¯à®¨§¢®«ì®©  ¬¯«¨âã¤®© ¯® à¥« ªá æ¨®®©§®¥ ¢  ¯à ¢«¥¨¨ ã¤ à®£® äà®â .�á®¢ ï âàã¤®áâì ¯à¨ íâ®¬ á®áâ®¨â ¢ â®¬,çâ® ¢ à¥« ªá æ¨®®© §®¥ ¥¢®§¬®¦® áâ ¤ àâ-®¥ à §¤¥«¥¨¥   ¬®¤ë. � ®¡« áâ¨ á £à ¤¨¥â ¬¨¯ à ¬¥âà®¢ ª®íää¨æ¨¥âë ¢ ãà ¢¥¨ïå áâ ®¢ïâáï¯¥à¥¬¥ë¬¨, ¯®íâ®¬ã ã¦¥ ¢ «¨¥©®¬ ¯à¨¡«¨-¦¥¨¨ ¯à®¨áå®¤¨â ¯¥à¥¬¥è¨¢ ¨¥ à §«¨çëå ¬®¤.�¥è¥¨¥ § ¤ ç¨ ã¯à®é ¥âáï §  áç¥â â®£®, çâ® è¨à¨ ã¤ à®£® äà®â  § ç¨â¥«ì® ¬¥ìè¥ è¨à¨ë à¥-« ªá æ¨®®© §®ë ¤«ï  ¨¡®«¥¥ ¬¥¤«¥ëå ¯à®æ¥á-á®¢, ¯®íâ®¬ã ã¤ àë© äà®â ¬®¦¥â à áá¬ âà¨¢ âìáïª ª ¯®¢¥àå®áâì à §àë¢ . � à ¬¥âàë ¯®â®ª  ¨ ¨å¢®§¬ãé¥ë¥ ¢¥«¨ç¨ë á¯à ¢  ¨ á«¥¢  ®â à §àë¢ 7 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò3



14 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò3á¢ï§ ë § ª® ¬¨ á®åà ¥¨ï. �á«®¢¨ï áè¨¢ ¨ï  ¯®¢¥àå®áâ¨ à §àë¢  ¯®§¢®«ïîâ ®¯à¥¤¥«¨âì  ¬¯«¨-âã¤ë ¢á¥å £¥¥à¨àã¥¬ëå ¬®¤ ( ¬¯«¨âã¤  ¯ ¤ îé¥£®¢®§¬ãé¥¨ï áç¨â ¥âáï ¨§¢¥áâ®©). � ¯à¨¬¥à, ¬®¦®¢ëç¨á«¨âì ª®íää¨æ¨¥â ®âà ¦¥¨ï §¢ãª®¢®© ¢®«ë®â ã¤ à®©.�à®  «¨§¨à®¢ ë ¤¢  á«ãç ï ¢§ ¨¬®¤¥©áâ¢¨ïã¤ à®© ¨ §¢ãª®¢®© ¢®«: ¯à¨ ¢áâà¥ç®¬ à á¯à®áâà -¥¨¨ ¨ ¯à¨  ¡¥£ ¨¨ §¢ãª®¢®© ¢®«ë   ã¤ à-ãî á® áâ®à®ë £®àïç¥£® £ § . � ®¡®¨å á«ãç ïåáãé¥áâ¢ãîâ á«¥¤ãîé¨¥ ¬®¤ë: §¢ãª®¢ ï (¯ ¤ îé ï,¯à®è¥¤è ï ¨«¨ ®âà ¦¥ ï), â¥¯«®¢ ï, à¥« ªá æ¨-® ï ¨ ¢¨åà¥¢ ï. �å¥¬ â¨ç¥áª¨  ¡®à ¬®¤ ¨§®¡-à ¦¥   à¨á. 1 ¤«ï ¤®£®ïîé¥© §¢ãª®¢®© ¢®«ë.�à¨ ¢áâà¥ç®¬ ¢§ ¨¬®¤¥©áâ¢¨¨ §¢ãª®¢ ï ¢®«  à á-¯à®áâà ï¥âáï á® áâ®à®ë å®«®¤®£® £ § ,   ¢¬¥áâ®®âà ¦¥®© §¢ãª®¢®© ¢®«ë ¯®ï¢«ï¥âáï ¯à®è¥¤è ï.�à¨ ¢ëá®ª¨å â¥¬¯¥à âãà å ¥®¡å®¤¨¬® ãç¨âë¢ âìâ ª¦¥ ¨§«ãç â¥«ìãî ¬®¤ã ¯¥à¥¤ äà®â®¬ ��.
����������¨á. 1. � ¡®à ¬®¤ ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ ¤®£®ïîé¥©§¢ãª®¢®© ¢®«ë á ã¤ à®©� § ¢¨á¨¬®áâ¨ ®â ç¨á«  � å  á«¥¤ã¥â à §«¨ç âì¤¢  à §ëå ¯à®æ¥áá  ¢ à¥« ªá æ¨®®© §®¥: ¨®¨-§ æ¨ï ¨«¨ ãáâ ®¢«¥¨¥ à ¢®¢¥á®£® ¨§«ãç¥¨ï.�¥à¢ë© ¯à®æ¥áá,  ¯à¨¬¥à ¢  à£®¥, á®®â¢¥âáâ¢ã¥âç¨á« ¬ � å  11{15 , ¢â®à®© áâ ®¢¨âáï áãé¥áâ¢¥-ë¬ ¯à¨ M > 16 . � ¯¥à¢®¬ á«ãç ¥ áâ ¤ àâ ïá¨áâ¥¬  £¨¤à®¤¨ ¬¨ç¥áª¨å ãà ¢¥¨© ¤®¯®«ï¥âáïà¥« ªá æ¨®ë¬¨ ãà ¢¥¨ï¬¨, ®¯¨áë¢ îé¨¬¨ ª¨-¥â¨ªã ¨®¨§ æ¨¨ [7]@Ne@t + v gradNe == �eNaNe � �eN3e +�aN2a � �aNaN2e ;h= A � 1T + NeN JA: (1)�¤¥áì v; h | áª®à®áâì �� ¨ íâ «ì¯¨ï, Ne; Na; N |¯«®â®áâ¨ ç¨á«  í«¥ªâà®®¢,  â®¬®¢ ¨ ¢á¥å âï¦¥«ëåç áâ¨æ á®®â¢¥âáâ¢¥®, �e | ª®áâ â  áª®à®áâ¨¨®¨§ æ¨¨, �e | ª®áâ â  áª®à®áâ¨ à¥ª®¬¡¨ æ¨¨,J | ¯®â¥æ¨ « ¨®¨§ æ¨¨  â®¬ , A = R=�; R |ã¨¢¥àá «ì ï £ §®¢ ï ¯®áâ®ï ï, � | ¬®«ïà ï

¬ áá ,  | ¯®ª § â¥«ì  ¤¨ ¡ âë. �¥à¢ë¥ ¤¢  ç«¥ ¢ (1) ãç¨âë¢ îâ ¨®¨§ æ¨î §  áç¥â í«¥ªâà®- â®¬-ëå,   ¢â®àë¥ ¤¢  §  áç¥â  â®¬- â®¬ëå áâ®«ª®-¢¥¨©.�«ï ¨§«ãç¥¨ï ¢ ¤¨ääã§¨®®¬ ¯à¨¡«¨¦¥¨¨ [7]divS= cl (U �Up); gradU =� 3clS;h= A � 1T +�JA: (2)�¤¥áì S; U | ¯®â®ª ¨ ¯«®â®áâì í¥à£¨¨ ¨§«ãç¥¨ï,Up | à ¢®¢¥á®¥ § ç¥¨¥ U , l | áà¥¤ïï ¤«¨ ¯à®¡¥£  ª¢ â®¢ ¨§«ãç¥¨ï (à®áá¥« ¤®¢ ¯à®¡¥£),c | áª®à®áâì á¢¥â , � | áâ¥¯¥ì ¨®¨§ æ¨¨  â®¬ .�¥¯®áà¥¤áâ¢¥ ï áå¥¬  à áç¥â  â ª®¢ . �¨¥ -à¨§®¢  ï á¨áâ¥¬  £¨¤à®¤¨ ¬¨ç¥áª¨å ãà ¢¥¨©(¤«ï á«ãç ï ¨§«ãç¥¨ï ®  ¯à¨¢¥¤¥  ¢ [6]) à¥è -¥âáï ¢ ¯à¥¤¯®«®¦¥¨¨, çâ® ¢®§¬ãé¥¨ï £¨¤à®¤¨- ¬¨ç¥áª¨å ¯ à ¬¥âà®¢ ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥a0 = a0(x) exp(i!t+ ikyy) (ky | ¢®«®¢®¥ ç¨á«®, á®-®â¢¥âáâ¢ãîé¥¥ à á¯à®áâà ¥¨î ¢¤®«ì ®á¨ y , ®áì x ¯à ¢«¥  ¢¤®«ì ¤¢¨¦¥¨ï ��, ®áì y | ¢¤®«ì¯«®áª®áâ¨ äà®â  ¢¥àâ¨ª «ì® ¢¢¥àå). �¨¥ à¨§®-¢  ï á¨áâ¥¬  ¨â¥£à¨àã¥âáï ¬¥â®¤®¬ �ã£¥{�ãâ-â  ¢¤®«ì à¥« ªá æ¨®®© §®ë ¤® äà®â  ��. � äà®â¥ ã¤ à®© ¢®«ë ¤®«¦ë ¢ë¯®«ïâìáï ãá«®¢¨ïá®¢¬¥áâ®áâ¨ ¤«ï ¢®§¬ãé¥¨©v0�00 + �0(v00 � �0) = v�0 + �(v0 � �0);p00 + �00v20 + 2�0v0(v00 � �0) = p0+ �0v2 + 2�v(v0 � �0);h00 + v0(v00 � �0) = h0 + v(v0 � �0); (3)v0y =��0ky! (v0 � v);¤®¯®«¥ë¥ ãá«®¢¨ï¬¨ ¥¯à¥àë¢®áâ¨ N 0e = �� �0i! @Ne@x ¨ S0 = � cp3U 0 á«¥¢  ¨ á¯à ¢  ®â äà®-â  á®®â¢¥âáâ¢¥® ¤«ï ¨®¨§ æ¨¨ ¨ ¨§«ãç¥¨ï [7].�¤¥áì �; p | ¯«®â®áâì ¨ ¤ ¢«¥¨¥, �0 | áª®à®áâìª®«¥¡ ¨© äà®â . �¤¥ªá®¬ <0> ®¡®§ ç¥ë ¯ -à ¬¥âàë ¯¥à¥¤ äà®â®¬ ¢®«ë, ¢¥«¨ç¨ë á â¨«ì-¤®© | ¢®§¬ãé¥¨ï á®®â¢¥âáâ¢ãîé¨å ¯ à ¬¥âà®¢.�«ï ¤®£®ïîé¥© §¢ãª®¢®© ¢®«ë ¢®§¬ãé¥¨ï ¯¥à¥¤äà®â®¬ ®âáãâáâ¢ãîâ. �®®â®è¥¨ï (3) ¯®«ãç îâáï¯ãâ¥¬ «¨¥ à¨§ æ¨¨ áâ ¤ àâëå ãà ¢¥¨© £¨¤à®-¤¨ ¬¨ª¨ ¤«ï ¨®¨§ãîé¨å ¨«¨ ¨§«ãç îé¨å ��.�¥§ã«ìâ âë ç¨á«¥ëå à áç¥â®¢�«ï ¨®¨§ãîé¥© ��   à¨á. 2 ¯à¥¤áâ ¢«¥  § -¢¨á¨¬®áâì ª®íää¨æ¨¥â  ®âà ¦¥¨ï K1 (®â®è¥¨¥ ¬¯«¨âã¤ë ®âà ¦¥®© §¢ãª®¢®© ¢®«ë, ª  ¬¯«¨âã¤¥¯ ¤ îé¥©) ª ª äãªæ¨ï ã£«  ¯ ¤¥¨ï §¢ãª®¢®© ¢®«-ë   ã¤ àãî á® áâ®à®ë £®àïç¥£® £ §  ¯à¨ ~! = 1:4;M = 15; ¢  à£®¥. �£®« ¯ ¤¥¨ï å à ªâ¥à¨§ã¥âáï¢¥«¨ç¨®© ky ¨«¨ ¡¥§à §¬¥à®© ¢¥«¨ç¨®© kyL;L | ¯ à ¬¥âà ¤«¨ë (L � v� ), ~! | ¡¥§à §¬¥à ïç áâ®â  ¯ ¤ îé¥£® ¢®§¬ãé¥¨ï ( ~! = !L=cs; cs |áª®à®áâì §¢ãª ). �à¨¢ ï 1 á®®â¢¥âáâ¢ã¥â ¬¥å ¨§¬ã
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��¨á. 2. �®íää¨æ¨¥â ®âà ¦¥¨ï §¢ãª®¢®© ¢®«ë ®â ¨®¨§ã-îé¥© ã¤ à®© K1 ¢ § ¢¨á¨¬®áâ¨ ®â ã£«  ¯ ¤¥¨ï, å à ªâ¥-à¨§ã¥¬®£® ¢®«®¢ë¬¨ ç¨á« ¬¨ ky . �à¨¢ ï 1 á®®â¢¥âáâ¢ã¥â¬¥å ¨§¬ã ¨®¨§ æ¨¨ §  áç¥â í«¥ªâà®®£® ã¤ à , § âà -¢®ç ï ª®æ¥âà æ¨ï í«¥ªâà®®¢ § ¤  . �à¨¢ ï 2 | ¬¥å -¨§¬ã ¨®¨§ æ¨¨ §  áç¥â  â®¬- â®¬ëå ¨ í«¥ªâà®- â®¬ëåáâ®«ª®¢¥¨©¨®¨§ æ¨¨ §  áç¥â í«¥ªâà®®£® ã¤ à  (¢ ¯à¥¤¯®«®-¦¥¨¨, çâ® § âà ¢®ç ï ¨®¨§ æ¨ï ¢ £ §¥ ã¦¥ ¥áâì),ªà¨¢ ï 2  àï¤ã á ¨®¨§ æ¨¥© í«¥ªâà®ë¬ ã¤ à®¬ãç¨âë¢ ¥â   ¯¥à¢®© áâ ¤¨¨ § âà ¢®çãî ¨®¨§ -æ¨î §  áç¥â  â®¬ëå áâ®«ª®¢¥¨©. � ª ¢¨¤® ¨§£à ä¨ª , ¢«¨ï¨¥ ª¨¥â¨ç¥áª®© áå¥¬ë ¨®¨§ æ¨¨áãé¥áâ¢¥®.� «®£¨ç® ¬®¦® à áá¬®âà¥âì ¨ § ¤ çã ® ¢§ ¨-¬®¤¥©áâ¢¨¨ ¨®¨§ãîé¥© �� á â¥¯«®¢ë¬¨ ¨ ¢¨åà¥-¢ë¬¨ ¢®§¬ãé¥¨ï¬¨. � ®â«¨ç¨¥ ®â §¢ãª®¢ëå ¢®«®¨ ¢¬®à®¦¥ë ¢ ¯®â®ª. �®íâ®¬ã ¬®¦® ®¡áã¦¤ âìâ®«ìª® ¯à®å®¦¤¥¨¥ �� ç¥à¥§ ®¡« áâì á â¥¯«®¢ë¬¨¨ ¢¨åà¥¢ë¬¨ ¢®§¬ãé¥¨ï¬¨. � à¥§ã«ìâ â¥ íâ®£® ¢§ -¨¬®¤¥©áâ¢¨ï £¥¥à¨àãîâáï §¢ãª®¢ë¥ ¢®«ë, ª®â®àë¥ã®áïâ í¥à£¨î.� áá¬®âà¥¨¥ ¢§ ¨¬®¤¥©áâ¢¨ï £¨¤à®¤¨ ¬¨ç¥-áª¨å ¢®§¬ãé¥¨© á ¨§«ãç îé¨¬¨ ��, ¢ à¥« ªá -æ¨®®© §®¥ ª®â®àëå ¯à®¨áå®¤¨â ¯à®æ¥áá ãáâ ®¢-«¥¨ï à ¢®¢¥á®© ¯«®â®áâ¨ ¨§«ãç¥¨ï, ¯à¨¢®¤¨âª á«¥¤ãîé¨¬ à¥§ã«ìâ â ¬.�  à¨á. 3 ¯à¨¢¥¤¥ë § ç¥¨ï ª®íää¨æ¨¥â®¢®âà ¦¥¨ï K2 ¤®£®ïîé¥© §¢ãª®¢®© ¢®«ë ®â ��¢ § ¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨ë kyl ¤«ï ¥áª®«ìª¨å ä¨ª-á¨à®¢ ëå § ç¥¨© ç áâ®âë. �§ £à ä¨ª  ¢¨¤®,çâ® ¢ ®¡« áâ¨, £¤¥ ¤«¨  ¢®«ë áà ¢¨¬  á è¨à¨-®© à¥« ªá æ¨®®© §®ë,  ¡«î¤ îâáï ¬ ªá¨¬ã¬ëª®íää¨æ¨¥â  ®âà ¦¥¨ï. � ª¨¬ ®¡à §®¬, à¥« ªá -æ¨® ï §®  ¢ëáâã¯ ¥â ª ª á¢®¥®¡à §ë© à¥§® -â®à, ãá¨«¨¢ îé¨© ®âà ¦¥¨¥. �¥å ¨§¬ ãá¨«¥¨ï§ ª«îç ¥âáï ¢ ¤®¯®«¨â¥«ì®¬ ®âà ¦¥¨¨ §¢ãª®¢ëå¢®« ®â ¥®¤®à®¤®© áà¥¤ë ¢ à¥« ªá æ¨®®© §®¥¨ ¨å ¨â¥àä¥à¥æ¨¥©.�  à¨á. 4 ¯à¥¤áâ ¢«¥ë § ¢¨á¨¬®áâ¨ ª®íää¨æ¨-¥â®¢ ¯à®å®¦¤¥¨ï Dheat | ®â®è¥¨¥  ¬¯«¨âã¤ë£¥¥à¨àã¥¬®© §¢ãª®¢®© ¢®«ë ª  ¬¯«¨âã¤¥ ¯ ¤ î-é¥© â¥¯«®¢®© (ªà¨¢ ï 1) ¨ Drot | ®â®è¥¨¥  ¬¯«¨-âã¤ë £¥¥à¨àã¥¬®© §¢ãª®¢®© ¢®«ë ª  ¬¯«¨âã¤¥ ¯ -¤ îé¥© ¢¨åà¥¢®© (ªà¨¢ ï 2) ª ª äãªæ¨¨ ¢®«®¢®£®¢¥ªâ®à  ky á®®â¢¥âáâ¢¥® â¥¯«®¢®£® ¨ ¢¨åà¥¢®£®

���������	
��¨á. 3. � ¢¨á¨¬®áâì ª®íää¨æ¨¥â  ®âà ¦¥¨ï §¢ãª®¢®©¢®«ë ®â ¨§«ãç îé¥© ã¤ à®© K2 ®â ¯ à ¬¥âà  kyl ¤«ï¨§«ãç îé¥© ��: p0 = 0:1  â¬, M = 28; ~! = 3 (1),4 (2), 5 (3)
���������	
��¨á. 4. � ¢¨á¨¬®áâì ª®íää¨æ¨¥â  ¯à®å®¦¤¥¨ï â¥¯«®¢®£®Dheat (ªà¨¢ ï 1) ¨ ¢¨åà¥¢®£® Drot (ªà¨¢ ï 2) ¢®§¬ãé¥¨©®â ¯ à ¬¥âà  kyl ¤«ï ¨§«ãç îé¥© ��¢®§¬ãé¥¨©. �¥«¨ç¨  ky ¤«ï ¢¨åà¥¢®© ¨ §¢ãª®¢®©¬®¤ ¯à¨ ä¨ªá¨à®¢ ®© ¢¥«¨ç¨¥ ~! å à ªâ¥à¨§ã¥â£¥®¬¥âà¨î ¢¨åàï. �á¥ § ¢¨á¨¬®áâ¨ ¯®áâà®¥ë ¤«ïâ¨¯¨çëå § ç¥¨© £¨¤à®¤¨ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢¯à¨ à á¯à®áâà ¥¨¨ �� ¢  à£®¥. � ç áâ®áâ¨ ç «ì®¥ ¤ ¢«¥¨¥ ¯¥à¥¤ äà®â®¬ �� p0 = 0:1  â¬,§ ç¥¨¥ ¡¥§à §¬¥à®© ç áâ®âë ¯ ¤ îé¥£® ¢®§¬ã-é¥¨ï ~! = 2:1; ç¨á«® � å  M = 28; ¯®â¥æ¨ «¨®¨§ æ¨¨ J = 1:82 � 105K: �®¤à®¡®áâ¨ à áç¥â ¯à¨¢¥¤¥ë ¢ [6].�§ à¨á. 4 ¢¨¤®, çâ® ¤«ï â¥¯«®¢ëå ¨ ¢¨åà¥¢ëå¢®§¬ãé¥¨© ¬ ªá¨¬ã¬ ª®íää¨æ¨¥â®¢ ¯à®å®¦¤¥¨ï å®¤¨âáï ¢ ®¡« áâ¨, £¤¥ ¤«¨  ¢®«ë â¥¯«®¢®©(¢¨åà¥¢®©) ¬®¤ë ¯®àï¤ª  ¤«¨ë à¥« ªá æ¨®®©§®ë. �à®¬¥ â®£®, ª®íää¨æ¨¥â ¯à®å®¦¤¥¨ï Dheat ,â ª ¦¥ ª ª ¨ ª®íää¨æ¨¥â ®âà ¦¥¨ï K1 , ¡®«ìè¥¥¤¨¨æë. �â® § ç¨â, çâ® �� ®â¤ ¥â í¥à£¨¨ ¡®«ìè¥,ç¥¬ ¯®«ãç ¥â, â. ¥. �� ®á« ¡«ï¥âáï ¯à¨ ¯à®å®¦¤¥¨¨ç¥à¥§ ®¡« áâì á â¥¯«®¢ë¬¨ ¢®§¬ãé¥¨ï¬¨.� ª«îç¥¨¥�¥â®¤®¬   «¨§  £¨¤à®¤¨ ¬¨ç¥áª¨å ¬®¤ à á-áç¨â ë ª®íää¨æ¨¥âë ®âà ¦¥¨ï ¨ ¯à®å®¦¤¥¨ï¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ á¨«ìëå �� á  ªãáâ¨ç¥áª¨¬¨,8 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò3



16 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò3¢¨åà¥¢ë¬¨ ¨ â¥¯«®¢ë¬¨ ¢®§¬ãé¥¨ï¬¨ ¤«ï ¤¢ãåà¥« ªá æ¨®ëå ¯à®æ¥áá®¢ §  äà®â®¬ ��, á®®â¢¥â-áâ¢ãîé¨å ¨®¨§ æ¨¨ ¨ ãáâ ®¢«¥¨î à ¢®¢¥á®©¯«®â®áâ¨ ¨§«ãç¥¨ï.�à¨ ¯à®¨§¢®«ì®¬ á®®â®è¥¨¨ ¤«¨ë ¢®«ë¢®§¬ãé¥¨© ¨ è¨à¨ë à¥« ªá æ¨®®© §®ë ¯®ª -§ ®, çâ® áãé¥áâ¢ã¥â ®¡« áâì ¢®«®¢ëå ç¨á¥« ¯à¨ª®á®¬ ¯ ¤¥¨¨ £¨¤à®¤¨ ¬¨ç¥áª¨å ¢®§¬ãé¥¨©  ��, ¤«ï ª®â®àëå ª®íää¨æ¨¥âë ®âà ¦¥¨ï ¨ ¯à®-å®¦¤¥¨ï ¨¬¥îâ ¬ ªá¨¬ã¬. �áâ ®¢«¥®, çâ® ¯à¨¢§ ¨¬®¤¥©áâ¢¨¨ �� á ¢¨åà¥¢ë¬¨, â¥¯«®¢ë¬¨ ¨ §¢ã-ª®¢ë¬¨ ¢®§¬ãé¥¨ï¬¨ ¬®¦¥â ¯à®¨áå®¤¨âì ãá¨«¥¨¥¢®§¬ãé¥¨© ¯à¨ à¥§® á®¬ ¢§ ¨¬®¤¥©áâ¢¨¨, çâ®¯à¨¢®¤¨â ª ®á« ¡«¥¨î ��.� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥  ãç®© ¯à®-£à ¬¬ë <�¨¢¥àá¨â¥âë �®áá¨¨> (£à â 01.03.076)¨ ���� (£à â 03-01-00436).
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