
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò2 7��� 536.7 ������ ����������� � ��������� ������� ������������������ �����������������{��������{�������.�. �ãå à¥¢áª¨©(ª ä¥¤à  ª¢ â®¢®© áâ â¨áâ¨ª¨ ¨ â¥®à¨¨ ¯®«ï)�à¨¢¥¤¥ë ®æ¥ª¨ â¥¬¯¥à âãàë ¤«ï ¬®¤¥«¨ á« ¡®¤¨áá¨¯ â¨¢®£®  £ à¬®¨ç¥áª®£® ®áæ¨«-«ïâ®à  á ¤¨áªà¥âë¬ ¢à¥¬¥¥¬ <Bogdanov-map>. � ãç¥â®¬ ®æ¥ª¨ ¤«ï ª¨¥â¨ç¥áª®© í¥à£¨¨¯®«ãç¥ë ¯«®â®áâ¨ ¯®â®ª  £ §  ¬¨ªà®ç áâ¨æ. �ªá¯¥à¨¬¥â «ìë¥ ¤ ë¥ ¯® í«¥ªâà¨ç¥áª®¬ã®âª«¨ªã  ®¯«¥®ª,  ªâ¨¢¨à®¢ ëå ¬¨ªà®ªà¨áâ «« ¬¨,   « §¥àë¥ ¨¬¯ã«ìáë å®à®è®á®£« áãîâáï á à¥§ã«ìâ â ¬¨ à áç¥â®¢ ¤«ï ¬®¤¥«¨ <Bogdanov-map>.�¢¥¤¥¨¥�á®¢ë¬ ¤®áâ â®ç® ¨áá«¥¤®¢ ë¬ ¯à¨¬¥à®¬á« ¡®¤¨áá¨¯ â¨¢®© â¥®à¨¨ �®«¬®£®à®¢ {�à®«ì-¤ {�®§¥à  (���) ï¢«ï¥âáï   á¥£®¤ïè¨© ¤¥ìá¨áâ¥¬  <Bogdanov-map> (¨§¢¥áâ ï â ª¦¥ ª ª ®â®-¡à ¦¥¨¥ �®£¤ ®¢ ). � áá¬ âà¨¢ ¥âáï á¥¬¥©áâ¢®¤¨ ¬¨ç¥áª¨å á¨áâ¥¬ á ¥¯à¥àë¢ë¬ ¢à¥¬¥¥¬  ä §®¢®© ¯«®áª®áâ¨, ¢®§¨ª îé¥¥ ¢ ¡¨äãàª æ¨¨ �®£-¤ ®¢ {� ª¥á  [1]:�x+ �~~�� x� _x=� @@x �~~"x� x33 � ; (1)£¤¥ ~~"; ~~� | ¢¥é¥áâ¢¥ë¥ ¯ à ¬¥âàë.�à¨ ~~" = ~~� = 0 á¥¬¥©áâ¢® (1) á®¤¥à¦¨â á¨áâ¥¬ã,ª®â®à ï ï¢«ï¥âáï ¤¢ãªà â® ¢ëà®¦¤¥®©: ) ®¤® ¢ëà®¦¤¥¨¥ | á«¨ï¨¥ «®ª «ì®£® ¬¨-¨¬ã¬  ¨ ¬ ªá¨¬ã¬  ¯®â¥æ¨ «ì®© í¥à£¨¨, ¨¬¥-îé¨åáï ¢ á¨áâ¥¬¥ ¯à¨ ~~" > 0 (¯à¨ ~~" = 0 ¯®ï¢«ï¥âáïªã¡¨ç ï â®çª    £à ä¨ª¥ ¯®â¥æ¨ « );¡) ¤àã£®¥ ¥§ ¢¨á¨¬®¥ ¢ëà®¦¤¥¨¥ | ®¡à é¥¨¥¢ ã«ì ª®íää¨æ¨¥â  âà¥¨ï, § ¢¨áïé¥£® ®â ä §®¢®©ª®®à¤¨ âë (¯à¨ ~~� = 0 ª®íää¨æ¨¥â à ¢¥ �x),¢ â®çª¥ ¯¥à¥£¨¡  ¯®â¥æ¨ «  (áâ æ¨® à ï â®çª á¨áâ¥¬ë ¯à¨ ~~"= ~~�= 0).� ª¨¬ ®¡à §®¬, á¥¬¥©áâ¢® (1) ¢®§¨ª ¥â ¯à¨ áï-â¨¨ ¤¢ãªà â®£® ¢ëà®¦¤¥¨ï á®áâ®ï¨ï à ¢®¢¥á¨ïx = _x= 0 ¢ ¤¨ ¬¨ç¥áª®© á¨áâ¥¬¥ á¥¬¥©áâ¢ , ®â¢¥-ç îé¥© § ç¥¨ï¬ ¯ à ¬¥âà®¢ ~~"= ~~�= 0 .�à®¢¥¤ï § ¬¥ã ¯¥à¥¬¥ëå, ¨§ (1) ¬®¦® ¯®«ã-ç¨âì á«¥¤ãîé¥¥ (£«®¡ «ì®¥, x 2 [�0:5; 1]) á¥¬¥©-áâ¢® �x+ (~"+ ~�x) _x=� @@x �x22 � x33 � ; (2)£¤¥ ~"; ~� |¬ «ë¥ ¢¥é¥áâ¢¥ë¥ ¯ à ¬¥âàë, ~"; ~�� 1 .�à¨ ¬ «ëå ~"; ~� ¤«ï á¥¬¥©áâ¢  (2) ¨§¢¥áâ®, ¯à¨ª ª¨å § ç¥¨ïå ¯ à ¬¥âà®¢ á¨áâ¥¬  ¨¬¥¥â ¥¤¨áâ-¢¥®¥ ¯¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥.�¨áªà¥â¨§ãï ãà ¢¥¨¥ (2) ¯® ¯®«ãï¢®© áå¥¬¥�©«¥à , ¯®á«¥ á®®â¢¥âáâ¢ãîé¥© ¯¥à¥®à¬¨à®¢ª¨ x¨ y = _x ¯®«ãç ¥¬ ®â®¡à ¦¥¨¥,  §ë¢ ¥¬®¥ <Bogda-

nov-map> [2]:g xy!! x+ [y+ "y+ kx(x� 1) + �xy]y+ "y+ kx(x� 1) + �xy ! ; (3)£¤¥ (x; y) 2 R2 | ä §®¢ë¥ ª®®à¤¨ âë, ("; �; k) 22 R3 | ¢¥é¥áâ¢¥ë¥ ¯ à ¬¥âàë (k ¯à®¯®àæ¨® «¥ª¢ ¤à âã è £  ¤¨áªà¥â¨§ æ¨¨).�¥à¨®¤¨ç¥áª®© ®à¡¨â®© ¯¥à¨®¤  � ¤¨áªà¥â®-£® ®â®¡à ¦¥¨ï  §ë¢ ¥âáï á®¢®ªã¯®áâì � â®ç¥ªf(xi; yi) 2 R2 ; i = 1; : : : ; �g ä §®¢®£® ¯à®áâà áâ¢ ,¤«ï ª®â®àëå gj(xi; yi) = (xi; yi) ¨ gj(xi; yi) 6= (xi; yi)¯à¨ j < � . �¤¥áì g�(xi; yi) ®¡®§ ç ¥â j -î áâ¥-¯¥ì ®â®¡à ¦¥¨ï g ®â®á¨â¥«ì® ª®¬¯®§¨æ¨¨gj = g � � � � � g| {z }j à § .� à ¡®â¥ [2] �àà®ãá¬¨â á ª®««¥£ ¬¨ ®¡ àã¦¨«¨áãé¥áâ¢®¢ ¨¥ ¯¥à¨®¤¨ç¥áª¨å ®à¡¨â ã ®â®¡à ¦¥-¨ï (3) ¯à¨ "; � � 10�2 . � à ¡®â å [3, 4] íâ® ¨§ã-ç¥¨¥ ¯à®¤®«¦¥® ¥§ ¢¨á¨¬® ¯à¨ "; � � 10�5 . � ¬¦¥ ®â¬¥ç¥®, çâ® ¢ á« ¡®¤¨áá¨¯ â¨¢®© ¤¨áªà¥â®©¤¨ ¬¨ª¥ ®¡ àã¦¨¢ îâáï  á¨¬¯â®â¨ç¥áª¨ ãáâ®©-ç¨¢ë¥ (®â¢¥ç îâ á®áâ®ï¨ï¬ <out>) ¨ ¥ãáâ®©ç¨¢ë¥(®â¢¥ç îâ á®áâ®ï¨ï¬ <in>) ¯¥à¨®¤¨ç¥áª¨¥ ®à¡¨âë¢ ª®«¨ç¥áâ¢¥ ¯®àï¤ª  103 ,   â ª¦¥ ¯®àï¤ª  103£¨¯¥à¡®«¨ç¥áª¨å (á¥¤«®¢ëå) ®à¡¨â.� à ¡®â å [3, 4] ¢ å®¤¥ ç¨á«¥®£® íªá¯¥à¨¬¥â ®¡ àã¦¥ë ¯¥à¨®¤¨ç¥áª¨¥ ®à¡¨âë á® § ç¥¨¥¬¯¥à¨®¤  ®â 2 ¤® 108 . � à ¡®â¥ [5] ®à¡¨âë ¯¥à¨®¤  2à ááç¨â ë   «¨â¨ç¥áª¨.� ¦¤®© ¤¨áªà¥â®© (¢®®¡é¥ £®¢®àï, ¥¯¥à¨®¤¨-ç¥áª®© ¨«¨ ¥ áâà®£® ¯¥à¨®¤¨ç¥áª®©) ®à¡¨â¥ ¬®¦®á®¯®áâ ¢¨âì  ¡®à  ¤¨ ¡ â¨ç¥áª¨ ¨¢ à¨ âëå ¢¥-«¨ç¨, ç áâì ª®â®àëå ¨¬¥¥â ä¨§¨ç¥áª¨© á¬ëá«. �á-å®¤ï ¨§ á¨áâ¥¬ë (2), «¥¦ é¥© ¢ ®á®¢¥ (3),  ¤¨ ¡ -â¨ç¥áª¨¬¨ ¨¢ à¨ â ¬¨ ï¢«ïîâáï,  ¯à¨¬¥à, áà¥¤-ïï ¤«¨  ¯à®¡¥£  ç áâ¨æë, áà¥¤ïï í¥à£¨ï ¢¤®«ì®à¡¨âë. �«ï ¯¥à¨®¤¨ç¥áª¨å ®à¡¨â íâ¨ ¢¥«¨ç¨ëï¢«ïîâáï ¨¢ à¨ â ¬¨ ¤¨ ¬¨ª¨.� à ¡®â¥ [4] ®â¬¥ç¥®, çâ® ¬®¦¥áâ¢® ¯¥à¨®¤¨ç¥á-ª¨å ®à¡¨â à §¤¥«ï¥âáï   â ª  §ë¢ ¥¬ë¥ <ª®àâ¥¦¨®à¡¨â> ¢ á®®â¢¥âáâ¢¨¨ á® § ç¥¨¥¬  ¤¨ ¡ â¨ç¥áª¨å¨¢ à¨ â®¢. � ª¦¥ ¯®ª § ®, çâ® á à®áâ®¬ ¯¥à¨®¤ 4 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò2



8 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò2¯à®¨áå®¤¨â < áëé¥¨¥> ¤«ï ¥ª®â®àëå  ¤¨ ¡ â¨-ç¥áª¨å ¨¢ à¨ â®¢ (ªà¨¢ ï § ¢¨á¨¬®áâ¨ ¢ëå®¤¨â  ¯« â®).�¥«¨ç¨  â ª®£®  ¤¨ ¡ â¨ç¥áª®£® ¨¢ à¨ â ,ª ª áà¥¤ïï í¥à£¨ï, ®â¢¥ç îé ï ®¤®© £àã¯¯¥ (ª®à-â¥¦ã), ¢ëå®¤ïé ï   ¯« â®, ª ª ¯®ª § ® ¢ à ¡®-â¥ [4], ®âáâ®¨â ®â ¤àã£®©   à ááâ®ï¨¥ � , ¬®£®¡®«ìè¥¥ ¤¨á¯¥àá¨¨, ¢ëç¨á«¥®© ¤«ï ª ¦¤®© £àã¯-¯ë (��D(E) , £¤¥ �� 10�2 , D(E)� 10�5 ) (à¨á. 1).
���������	
��¨á. 1. � ¢¨á¨¬®áâì ¢¥«¨ç¨ë ¨¢ à¨ â  ®à¡¨âë | áà¥¤-¥© í¥à£¨¨ �E ®â ¯¥à¨®¤  ®à¡¨âë � . �¨¤®, çâ® ªà¨¢ë¥,á®®â¢¥âáâ¢ãîé¨¥ à §«¨çë¬ £àã¯¯ ¬ ¯ à ¬¥âà®¢, ç¥âª®à §¤¥«¥ë�æ¥ª  â¥¬¯¥à âãàë� à ¡®â¥ [3] ¯à¨¢¥¤¥ë ®æ¥ª¨ ¯«®é ¤¥© ®¡« á-â¥© § å¢ â  ¢ ä §®¢®¬ ¯à®áâà áâ¢¥ á®áâ®ï¨© â¨¯ <in> (¨«¨ <out>), â. ¥. ¨å áâ â¨áâ¨ç¥áª¨¥ ¢¥á  (à¨á. 2).� ¯®¬¨¬, çâ® ®¡« áâìî § å¢ â  ¯¥à¨®¤¨ç¥áª®© á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®© (¨«¨ ¥ãáâ®©ç¨¢®©) ®à-¡¨âë â¨¯  <out> (¨«¨ <in>) ï¢«ï¥âáï ¬®¦¥áâ¢® â®ç¥ª¢ ä §®¢®¬ ¯à®áâà áâ¢¥, ¨â¥à æ¨¨ ª®â®àëå áå®¤ïâáïª ¯¥à¨®¤¨ç¥áª®© ®à¡¨â¥ ¯à¨ t!+1 (t!�1).
�������¨á. 2. �å¥¬ â¨ç¥áª®¥ ¨§®¡à ¦¥¨¥ ®¡« áâ¨ § å¢ â  ¯¥-à¨®¤¨ç¥áª®© ®à¡¨âë ¯¥à¨®¤  5   ä §®¢®© ¯«®áª®áâ¨. � -¬ªãâ ï «®¬  ï (¯ïâ¨ã£®«ì¨ª) ®¡®§ ç ¥â âà ¥ªâ®à¨î¤¢¨¦¥¨ï ¯® ®à¡¨â¥, á®áâ®ïé¥© ¨§ ¯ïâ¨ â®ç¥ª. �«®é ¤ì Q§ èâà¨å®¢ ®© ®¡« áâ¨ § å¢ â  ¬®¦® á®¯®áâ ¢¨âì á ç¨á-«®¬ ¬¨ªà®á®áâ®ï¨© ��ã¤¥¬ ®¯à¥¤¥«ïâì  ¡á®«îâãî â¥¬¯¥à âãàã ª ª¯ à ¬¥âà ª ®¨ç¥áª®£® à á¯à¥¤¥«¥¨ï �¨¡¡á , áç¨-â ï á¨áâ¥¬ã ¬¨ªà®ç áâ¨æ  å®¤ïé¥©áï ¢ ª¢ §¨à ¢-®¢¥á®¬ á®áâ®ï¨¨.� à ¡®â¥ [3] § ¬¥ç¥®, çâ® ¢ ª®àâ¥¦¥ áâ â¨-áâ¨ç¥áª¨¥ ¢¥á  ®à¡¨â á¢ï§ ë á® áà¥¤¥© í¥à£¨¥©¢¤®«ì ®à¡¨âë ª« áá¨ç¥áª¨¬ à á¯à¥¤¥«¥¨¥¬ �®«ìæ-¬  {�¨¡¡á : Q� exp��� �EkT � ; (4)

£¤¥ Q | ¯«®é ¤ì § å¢ â  ®¤®© â®çª¨  á¨¬¯â®â¨-ç¥áª¨ ãáâ®©ç¨¢®© (¨«¨ ¥ãáâ®©ç¨¢®©) ¯¥à¨®¤¨ç¥áª®©®à¡¨âë, �E | áà¥¤¥¥ § ç¥¨¥ í¥à£¨¨ ¢¤®«ì ¯¥à¨-®¤¨ç¥áª®© ®à¡¨âë: �E = P�i=1Ei� ;� | ¯¥à¨®¤ ®à¡¨âë ¢ ¤¨áªà¥â®¬ ¢à¥¬¥¨ (à á-¯à¥¤¥«¥¨¥ �®«ìæ¬  {�¨¡¡á  ¯à¨¤ ¥â á¬ëá« ç á-â®âë íâ®© ¢¥«¨ç¨¥). � á¨«ã ¬ «®áâ¨ ¯ à ¬¥âà®¢(" ¨ �) ¯«®é ¤¨ § å¢ â  à §ëå â®ç¥ª  á¨¬¯â®â¨-ç¥áª¨ ãáâ®©ç¨¢®© ¨«¨ ¥ãáâ®©ç¨¢®© ®à¡¨âë ¯à¨¡«¨-§¨â¥«ì® à ¢ë.� [6] ¨áá«¥¤®¢ ® ¯®¢¥¤¥¨¥  ¡á®«îâ®© â¥¬¯¥-à âãàë T , ®¯à¥¤¥«ï¥¬®© à á¯à¥¤¥«¥¨¥¬ (4).�à¨ à áç¥â¥ â¥¬¯¥à âãàë ª®àâ¥¦ ®à¡¨â à §¤¥«ï-¥âáï   ¨§ª®¯¥à¨®¤¨ç¥áªãî ¨ ¢ëá®ª®¯¥à¨®¤¨ç¥á-ªãî ®¡« áâ¨. �ëá®ª®¯¥à¨®¤¨ç¥áª ï ¨ ¨§ª®¯¥à¨®-¤¨ç¥áª ï ç áâ¨ ªà¨¢®© lnQ(�)  ¯¯à®ªá¨¬¨à®¢ «¨áì¯® ¬¥â®¤ã  ¨¬¥ìè¨å ª¢ ¤à â®¢, ¯«®é ¤¨ § å¢ â ¡ë«¨ ¯®«ãç¥ë ¢ å®¤¥ ç¨á«¥®£® íªá¯¥à¨¬¥â  [4].� ®à¬¨à®¢ª¥ (2)  ¡á®«îâë¥ â¥¬¯¥à âãàë ®ª § -«¨áì § ª«îç¥ë ¢ ¯à¥¤¥« å 10� 104 . �¤¥áì 10� 102®â¢¥ç ¥â § ç¥¨ï¬ � � 1�103 (¨§ª®¯¥à¨®¤¨ç¥áª ï®¡« áâì), 103 � 104 á®®â¢¥âáâ¢ã¥â � � 104 � 107(¢ëá®ª®¯¥à¨®¤¨ç¥áª ï ®¡« áâì, à¨á. 3).
���������	
����¨á. 3. �à¨¢ ï § ¢¨á¨¬®áâ¨ «®£ à¨ä¬  ¯«®é ¤¨ § å¢ â  Q®â ¯¥à¨®¤  ®à¡¨âë � , ¯®«ãç¥ ï ¯à¨ ç¨á«¥®¬ íªá¯¥à¨-¬¥â¥   ���. �âà¥§ª¨ � � 1� 103 ¨ � � 104 � 107 ¢ë-¤¥«¥ë  ¯¯à®ªá¨¬¨àãîé¨¬¨ ¯àï¬ë¬¨. �«ï áãé¥áâ¢ãîé¥©â®ç®áâ¨ ç¨á«¥®£® íªá¯¥à¨¬¥â  â¥¬¯¥à âãàë å®à®è®à §¤¥«¥ë�æ¥ª  ¯«®â®áâ¨� à ¡®â¥ [7] à áç¥âë¥ ¤ ë¥ ¯® <Bogda-nov-map> ¡ë«¨ á®¯®áâ ¢«¥ë á íªá¯¥à¨¬¥â «ìë¬¨¢ ¯à¥¤¯®«®¦¥¨¨, çâ® x | ª®®à¤¨ â  í«¥ªâà®  ¨§¨§ª®í¥à£¥â¨ç¥áª®£® ¯ãçª , y = _x | ¥£® áª®à®áâì.� íªá¯¥à¨¬¥â¥ à áá¬ âà¨¢ îâáï á«®¥ë¥ ¯«®á-ª®áâë¥ áâàãªâãàë, £¤¥ ç¥à¥¤ãîâáï á«®¨ <¬¨ªà®-ªà¨áâ «« | ¤¨í«¥ªâà¨ç¥áª ï ¬ âà¨æ >,  ¯à¨¬¥àZnSe/SiO2 , ¢ í«¥ªâà¨ç¥áª®¬  £ à¬®¨ç¥áª®¬ ¯®-â¥æ¨ «¥ ¢¤®«ì ¯¥à¯¥¤¨ªã«ïà  ª á«®ï¬. �¥¯®áà¥¤-áâ¢¥ë¬ ¨§¬¥à¥¨ï¬ ¯®¤¢¥à£ ¥âáï á¯¥ªâà ¯à®¯ãá-ª ¨ï ®¡à §æ  ¢ ¢¨¤¨¬®¬ ¤¨ ¯ §®¥.� à ¡®â¥ [7] ®¡êïá¥®, çâ® ¬®¦® ®¯à¥¤¥«¨âì£«ã¡¨ã ¯®â¥æ¨ «ì®© ï¬ë  £ à¬®¨ç¥áª®£® ¯®-



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò2 9â¥æ¨ «  ª ª ¢¥«¨ç¨ã í¥à£¨¨ §®ë ¯à®¢®¤¨¬®áâ¨ ªâ¨¢¨à®¢ ®£® ¬¨ªà®ªà¨áâ ««  ¯®«ã¯à®¢®¤¨ª ,  ¬ ªá¨¬ã¬ ¯®â¥æ¨ «ì®© í¥à£¨¨ | ª ª ¢¥«¨ç¨ãí¥à£¨¨ ¯à®¡®ï ¤¨í«¥ªâà¨ç¥áª®£® á«®ï (â ª¨¬ ®¡-à §®¬, ¢ëá®â  ¯®â¥æ¨ «ì®£® ª®à  ¤«ï ãª § ®£®¢ëè¥ ®¡à §æ  � 1:41 í� [8]).�¥à£¥â¨ç¥áª¨¥ ãà®¢¨, ¯à¨¢¥¤¥ë¥ ¢ [4], «¥¦ â¢ ¯à¥¤¥« å ®â 0.15 ¤® 1.2 í� [7]. �á«¨ ¯à¥¤¯®«®¦¨âì,çâ® ¨§ª®â¥¬¯¥à âãàë¥ ®à¡¨âë (¨§ª®¯¥à¨®¤¨ç¥á-ª¨© ª®àâ¥¦)  å®¤ïâáï ¯à¨ â¥¬¯¥à âãà¥ 300 �,â® ¢ëá®ª®â¥¬¯¥à âãàë¥ ®à¡¨âë (¢ëá®ª®¯¥à¨®¤¨ç¥á-ª¨© ª®àâ¥¦) á®®â¢¥âáâ¢ãîâ 103 � 104 K. � ¯à¥¤¯®-«®¦¥¨¨ à §à¥¦¥®£® £ §  ª¨¥â¨ç¥áª ï í¥à£¨ï®æ¥¨¢ ¥âáï ª ª 3kT=2 . � à ¡®â¥ [4] ®â¬¥ç¥®, çâ®áà¥¤ïï í¥à£¨ï �E á â®ç®áâìî ¤® 10% ¯®à®¢ã à á-¯à¥¤¥«ï¥âáï ¬¥¦¤ã ¯®â¥æ¨ «ì®© ¨ ª¨¥â¨ç¥áª®©.� ª¨¬ ®¡à §®¬,  £ à¬®¨ç¥áª¨© ®áæ¨««ïâ®à ¤ -®© ¬®¤¥«¨ ï¢«ï¥âáï á« ¡®¥«¨¥©ë¬ (¢ £ à¬®¨-ç¥áª®¬ ®áæ¨««ïâ®à¥ ª¨¥â¨ç¥áª ï ¨ ¯®â¥æ¨ «ì ïí¥à£¨¨ à á¯à¥¤¥«ïîâáï â®ç® ¯®à®¢ã). � ç¥¨ïáà¥¤¥© í¥à£¨¨ �E ¯à¨¢¥¤¥ë ¢ à ¡®â¥ [4].� ª¨¬ ®¡à §®¬, ¬ë ¯®«ãç ¥¬ ¢®§¬®¦®áâì ®æ¥-¨âì ¯«®â®áâì ç¨á«  í«¥ªâà®®¢ á ä¨ªá¨à®¢ ®©áà¥¤¥© í¥à£¨¥© ¨ ¯¥à¨®¤®¬ 104{107 (¢ëá®ª®¯¥à¨-®¤¨ç¥áª¨© ª®àâ¥¦) ª ª (á¬. [9])N = (1=2) �E(3=2)kT � 1013 � 1014;çâ® ¯®§¢®«ï¥â ®æ¥¨âì ¯®â®ª¨ í«¥ªâà®®¢.� íªá¯¥à¨¬¥â¥ [7] ¯®â®ª¨ í«¥ªâà®®¢ ¯«®â®-áâìî 1019 ç áâ¨æ ¢ á¥ªã¤ã á®®â¢¥âáâ¢ãîâ â®ª ¬¯®àï¤ª  1 �, ¯®íâ®¬ã ¯à¨ ãª § ëå ¢ëè¥ ¯à¥¤¯®-«®¦¥¨ïå ¬®¤¥«ì á« ¡®¤¨áá¨¯ â¨¢®£® ®áæ¨««ïâ®à ¬®¦¥â áà ¢¨¢ âìáï á íªá¯¥à¨¬¥â «ì®© ¤¨ ¬¨-ª®© ¯à¨ â®ª å ¯®àï¤ª  1{10 ¬ª�.� ª«îç¥¨¥�¨§¨ç¥áª®© ¬®â¨¢¨à®¢ª®© ¢ëè¥¨§«®¦¥ëå à¥-§ã«ìâ â®¢ ï¢«ï¥âáï ¢®¯à®á ® â¥¬¯¥à âãà¥ ¨ ¯«®â-®áâ¨ ¬¨ªà®ç áâ¨æ, ¤¢¨¦ãé¨åáï ¢ ¢®§¬ãé¥®¬¯®«¥ á¨«  £ à¬®¨ç¥áª®£® ®áæ¨««ïâ®à  [10] á ¯¥à¥-à áá¥ï¨¥¬ ç¥à¥§ ä¨ªá¨à®¢ ®¥ ¢à¥¬ï á¢®¡®¤®£®¯à®¡¥£ .�®§¬®¦®© ¬®â¨¢¨à®¢ª®© ¬®¤¥«¨ <Bogdanov-map> ¬®¦¥â ¡ëâì ã£«ã¡«¥®¥ à áá¬®âà¥¨¥ í«¥-¬¥â àëå  ªâ®¢ ¯¥à¥à áá¥ï¨ï ¢ ¥à ¢®¢¥á®©â¥à¬®¤¨ ¬¨ª¥. � ª ®â¬¥â¨« �.�. � á«®¢, ¢ ¯®¤-å®¤¥ �®«ìæ¬   ª ¢ë¢®¤ã ¨â¥£à «  áâ®«ª®¢¥¨©
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