
�¨±¼¬  ¢ ����, ²®¬ 91, ¢»¯. 8, ±. 431 { 435 c 2010 £. 25  ¯°¥«¿�¨§ª®²¥¬¯¥° ²³° ¿ ¯®¤¢¨¦®±²¼ ¯®¢¥°µ®±²»µ ½«¥ª²°®®¢ ¨°¨¯«®-´®®®¥ ¢§ ¨¬®¤¥©±²¢¨¥ ¢ ¦¨¤ª®¬ £¥«¨¨�.�.� ´®®¢1), �. �. � ´®®¢ , �. �. �¥¬³µ�®±±¨©±ª¨©  ³·»© ¶¥²° \�³°· ²®¢±ª¨© �±²¨²³²", 123182 �®±ª¢ , �®±±¨¿�®±²³¯¨«  ¢ °¥¤ ª¶¨¾ 4 ´¥¢° «¿ 2010 £.�®±«¥ ¯¥°¥° ¡®²ª¨ 4 ¬ °²  2010 £.�®ª § ®, ·²® ¯°¨ ¨§¬¥°¥¨¨ ¯® ¯®±²®¿®¬³ ²®ª³ ¨§ª®²¥¬¯¥° ²³° ¿ ¯®¤¢¨¦®±²¼ ¤¢³¬¥°®© ±¨±-²¥¬» ½«¥ª²°®®¢, «®ª «¨§®¢ »µ ¢¡«¨§¨ ¯®¢¥°µ®±²¨ ±¢¥°µ²¥ª³·¥£® £¥«¨¿, ®¯°¥¤¥«¿¥²±¿  ¨¡®«¥¥ ¬¥¤-«¥®© ±² ¤¨¥© ¯¥°¥¤ ·¨ ¯°®¤®«¼®£® ¨¬¯³«¼±  ¢ ®¡º¥¬ ¦¨¤ª®±²¨ { ¢§ ¨¬®¤¥©±²¢¨¥¬ ¯®¢¥°µ®±²»µ¨ ®¡º¥¬»µ ¢®§¡³¦¤¥¨© ¦¨¤ª®£® £¥«¨¿, ª®²®°®¥ ¡»±²°® ³¡»¢ ¥² ± ¯®¨¦¥¨¥¬ ²¥¬¯¥° ²³°». � ©-¤¥  ²¥¬¯¥° ²³° ¿ § ¢¨±¨¬®±²¼ ¨§ª®· ±²®²®© ¯®¤¢¨¦®±²¨ �dc � 8:4 � 10�11neT�20=3 ±¬4��20=3/��±,£¤¥ ne { ¯«®²®±²¼ ¯®¢¥°µ®±²»µ ½«¥ª²°®®¢. �®«³·¥® ±®®²®¸¥¨¥ ¯°¨¦¨¬ ¾¹¥£® ½«¥ª²°¨·¥±ª®-£® ¯®«¿ (ª�/±¬) ¨ ²¥¬¯¥° ²³°» (�) T 20=3E�3? � 2 � 10�7,   ² ª¦¥ § ·¥¨¥ · ±²®²» ¢¥¤³¹¥£® ¯®-«¿ ! . 108 � T 5 ��5�±�1, ¯°¨ ª®²®°»µ ¢®§¬®¦®  ¡«¾¤¥¨¥ ³ª § ®£® ½´´¥ª² . � · ±²®±²¨, ¯°¨E? ' 1 ª�/±¬ ¤®«¦® ¡»²¼ T . 70 ¬� ¨ !=2� . 30 �¶.�¥®°¥²¨·¥±ª¨¥ ¨ ½ª±¯¥°¨¬¥² «¼»¥ ¨±±«¥¤®¢ -¨¿ ¨§ª®° §¬¥°»µ ±¨±²¥¬ § °¿¤®¢ ¢¥¤³²±¿ ³¦¥®ª®«® 40 «¥². � ½²¨¬ ±¨±²¥¬ ¬ ®²®±¿²±¿ ¤¢³¬¥°-»© ½«¥ª²°®»© £ § ¢ ¯®«³¯°®¢®¤¨ª®¢»µ ±²°³ª-²³° µ,   ² ª¦¥ ±¨±²¥¬» ½«¥ª²°®®¢, «®ª «¨§®¢ »µ¢¡«¨§¨ ¯®¢¥°µ®±²¨ ¦¨¤ª®£® £¥«¨¿ [1, 2]. �« £®¤ °¿±« ¡®© ±¢¿§¨ ± ¯®¢¥°µ®±²¼¾ £¥«¨¿, ¢°¥¬¥  °¥« ª± -¶¨¨ ¢®§¡³¦¤¥»µ ±¯¨®¢»µ ¨«¨ °¨¤¡¥°£®¢±ª¨µ ±®-±²®¿¨© ¯®¢¥°µ®±²»µ ½«¥ª²°®®¢ ®ª §»¢ ¾²±¿ £®-° §¤® ¡®«¥¥ ¢»±®ª¨¬¨. �²® ¤¥« ¥² ¨µ ¢¥±¼¬  ¯°¨-¢«¥ª ²¥«¼»¬¨ ± ²®·ª¨ §°¥¨¿ °¥ «¨§ ¶¨¨ ½«¥¬¥² ¯ ¬¿²¨ ª¢ ²®¢®£® ª®¬¯¼¾²¥°  [3]. � ²® ¦¥ ¢°¥¬¿®²®±¨²¥«¼ ¿ ±« ¡®±²¼ °¥« ª± ¶¨®»µ ¬¥µ ¨§¬®¢®¯°¥¤¥«¿¥² ·°¥§¢»· ©® ¢»±®ª³¾ ¯®¤¢¨¦®±²¼ ¯®-¢¥°µ®±²»µ ½«¥ª²°®®¢ � � 104¬/��±, ¥¤¢  «¨ ¥± ¬³¾ ¢»±®ª³¾ ¨§ ¢±¥µ ¨§¢¥±²»µ ¤¢³¬¥°»µ ±¨±-²¥¬.�°¨ T < 0:7�, ª®£¤  ¤ ¢«¥¨¥  ±»¹¥»µ ¯ -°®¢ £¥«¨¿ ½ª±¯®¥¶¨ «¼® ¬ «®, ¯®¤¢¨¦®±²¼ ¯®-¢¥°µ®±²»µ ½«¥ª²°®®¢ ®£° ¨·¥  ¨µ ¢§ ¨¬®¤¥©±²-¢¨¥¬ ± ½«¥¬¥² °»¬¨ ¢®§¡³¦¤¥¨¿¬¨ ¯®¢¥°µ®±²¨£¥«¨¿ { °¨¯«® ¬¨, ¢ ²® ¢°¥¬¿ ª ª ¯°¿¬®¥ ½«¥ª²°®-´®®®¥ ¢§ ¨¬®¤¥©±²¢¨¥ ¥½´´¥ª²¨¢®. �® ¢±¥µ¯°¥¤»¤³¹¨µ ° ¡®² µ, ¯®±¢¿¹¥»µ ²¥®°¥²¨·¥±ª®-¬³ ¨ ½ª±¯¥°¨¬¥² «¼®¬³ ¨±±«¥¤®¢ ¨¾ ¯®¤¢¨¦®±-²¨ ¯®¢¥°µ®±²»µ ½«¥ª²°®®¢, ¯®¤° §³¬¥¢ «®±¼, ·²®¯°¨ ¢§ ¨¬®¤¥©±²¢¨¨ ± °¨¯«® ¬¨ ¯°®¤®«¼»© ¨¬-¯³«¼± ½«¥ª²°®®¢ ¯¥°¥¤ ¥²±¿ ¢±¥© ¬ ±±¥ ¦¨¤ª®±²¨(±¬.,  ¯°¨¬¥°, [1]). �¤ ª® ¥±²¼ ®±®¢ ¨¿ ¯®« -£ ²¼, ·²® ¢ ¤¥©±²¢¨²¥«¼®±²¨ °¥« ª± ¶¨¿ ¯°®¤®«¼®-£® ¨¬¯³«¼±  ½«¥ª²°®®¢ ¯°®¨±µ®¤¨² ¢ ¤¢¥ ±² ¤¨¨ {1)e-mail: safonov@isssph.kiae.ru

¯®±°¥¤±²¢®¬ ¯¥°¥¤ ·¨ ¨¬¯³«¼±  °¨¯«® ¬ ¨ ¤ «¥¥ ®²°¨¯«®®¢ ´®® ¬ ¢ ®¡º¥¬ ¦¨¤ª®±²¨ { ¨ ®¯°¥¤¥«¿¥²-±¿ ± ¬®© ¬¥¤«¥®© ¨§ ¨µ.�®®¡¹¥ £®¢®°¿, ½ª±¯¥°¨¬¥² «¼®¥  ¡«¾¤¥¨¥°¨¯«®-´®®®£® ¢§ ¨¬®¤¥©±²¢¨¿ ¿¢«¿¥²±¿ ± ¬®-±²®¿²¥«¼®© ¤®±² ²®·® ¥¯°®±²®© § ¤ ·¥©. �¤¨ ¨§¢®§¬®¦»µ ¯³²¥© ¥¥ °¥¸¥¨¿{ ¨§¬¥°¥¨¥ ²¥¯«®¯¥°¥-®±  ¯® ¯®¢¥°µ®±²¨ £¥«¨¿ [4]. �¤ ª® ¢ ½²®¬ ±«³· ¥¯°¨µ®¤¨²±¿ ¨±¯®«¼§®¢ ²¼ ²®ª¨¥ ¯«¥ª¨, ·²®¡» ¨§-¡ ¢¨²¼±¿ ®² ª®«®±± «¼®© ²¥¯«®¯°®¢®¤®±²¨ ®¡º¥¬-®© ¦¨¤ª®±²¨,   ´®¥ ª®²®°®© ²¥¯«®¯¥°¥®± ¯® ¯®-¢¥°µ®±²¨ ¬®¦¥² ®±² ²¼±¿ ¥§ ¬¥·¥»¬. � ±«³· ¥¦¥ ¯«¥®ª ±³¹¥±²¢¥³¾ °®«¼ ¨£° ¥² £« ¤ª®±²¼ ¯®-¢¥°µ®±²¨, ² ª ª ª ° ±±¥¿¨¥ °¨¯«®®¢ ¬®¦¥² ¯°®-¨±µ®¤¨²¼ ¥ ²®«¼ª®   ´®® µ, ® ¨   ¥®¤®°®¤-®±²¿µ ¯®¢¥°µ®±²¨, ¢»§¢ »µ ¤¥´¥ª² ¬¨ (¸¥°®µ®-¢ ²®±²¼¾) ¯®¤«®¦ª¨. � ª®© ®¤®· ±²¨·»© ¯°®¶¥±±³¯°³£®£® ° ±±¥¿¨¿ °¨¯«®®¢ ±³¹¥±²¢¥® ±« ¡¥¥ § -¢¨±¨² ®² ²¥¬¯¥° ²³°», ·¥¬ °¨¯«®-´®®®¥ ¢§ ¨¬®-¤¥©±²¢¨¥, ¨ ¯®½²®¬³ ¯°¥®¡« ¤ ¥² ¯°¨ ¨§ª¨µ ²¥¬¯¥-° ²³° µ [5]. � ° ²¨°®¢ ®¥ ¨±ª«¾·¥¨¥ ³¯°³£®£®®¤®· ±²¨·®£® ª  «  ¤¨±±¨¯ ¶¨¨ ¯®²®ª  °¨¯«®®¢¯®°®¦¤ ¥² ¢¥±¼¬  ¦¥±²ª¨¥ ²°¥¡®¢ ¨¿ ª £« ¤ª®±²¨¯®¢¥°µ®±²¨   § ·¨²¥«¼®© ¯«®¹ ¤¨. � ª¨¬ ®¡° -§®¬, ¢ª« ¤ °¨¯«®-´®®»µ ¯°®¶¥±±®¢ ¢ ²¥¯«®¯°®-¢®¤®±²¼ ¯®¢¥°µ®±²¨ £¥«¨¿ ®ª §»¢ ¥²±¿ ²°³¤®®¡- °³¦¨¬»¬. �®¸ ¨ ¤°. [6] ¨±¯®«¼§®¢ «¨ ¥¬ª®±²®¥¢®§¡³¦¤¥¨¥ ¨ ¤¥²¥ª²¨°®¢ ¨¥ ¤«¿ ¨§¬¥°¥¨¿ § ²³-µ ¨¿ ¤«¨®¢®«®¢»µ °¨¯«®®¢. �¤ ª® ½²®² ¬¥²®¤¬ «®¯°¨£®¤¥ ¤«¿ ¨±±«¥¤®¢ ¨¿ ²¥¯«®¢»µ °¨¯«®®¢,¤«¨  ¢®«» ª®²®°»µ ±®±² ¢«¿¥² ¢±¥£® � 10¬, ·²®  ²°¨ ¯®°¿¤ª  ¬¥¼¸¥, ·¥¬ ¢ ½ª±¯¥°¨¬¥² µ �®¸ ¨ ¤°. �  ±²®¿¹¥© ° ¡®²¥ ¯®ª § ®, ·²® ¢¥±¼¬  ¯¥°-�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 7 { 8 2010 431



432 �.�. � ´®®¢, �.�. � ´®®¢ , �. �. �¥¬³µ±¯¥ª²¨¢»¬ ¬®¦¥² ¡»²¼ ¨±¯®«¼§®¢ ¨¥ ¯®¢¥°µ®±²-»µ ½«¥ª²°®®¢.�®¢¥°µ®±²»¥ (°¨¯«®») ¨ ®¡º¥¬»¥ (´®®»)ª¢ §¨· ±²¨¶» ¢ ¦¨¤ª®¬ £¥«¨¨ ¢§ ¨¬®¤¥©±²¢³¾²«¨¸¼ ¢ ¬¥°³ ¥£® ¬ «®© ±¦¨¬ ¥¬®±²¨. �ª®°®±²¼ ®±-®¢®£® ¯°®¶¥±±  ¯¥°¥¤ ·¨ ¨¬¯³«¼±  ¯°¨ ¨§ª¨µ ²¥¬-¯¥° ²³° µ (°®¦¤¥¨¥ ´®®  ¯°¨  ¨£¨«¿¶¨¨ ¤¢³µ°¨¯«®®¢ [7]) ¯°®¯®°¶¨® «¼  T 20=3 [5]. �«¥¤®¢ -²¥«¼®, ¢ ¯°¥¤¥«¥ T ! 0 °¨¯«® ¿ ¯®¤±¨±²¥¬  ®ª -§»¢ ¥²±¿ ´ ª²¨·¥±ª¨ ¨§®«¨°®¢ ®© ®² ®¡º¥¬  ¦¨¤-ª®±²¨ ¨ ¢»³¦¤¥  ±®¢¥°¸ ²¼ °¥£³«¿°®¥ ¤¢¨¦¥¨¥¢¬¥±²¥ ± ½«¥ª²°® ¬¨. � ª¨¬ ®¡° §®¬, ¯®¤¢¨¦®±²¼½«¥ª²°®®¢ ¤®«¦  ¥®£° ¨·¥® ¢®§° ±² ²¼ ± ¯®¨-¦¥¨¥¬ ²¥¬¯¥° ²³°». �¤ ª® ¢ ½ª±¯¥°¨¬¥² µ ¨·¥-£® ¯®¤®¡®£® ¥  ¡«¾¤ ¥²±¿, ¯® ª° ©¥© ¬¥°¥ ¢¯«®²¼¤® 20¬� [8, 9]. � ¯°®²¨¢, ¯®¤¢¨¦®±²¼ ½«¥ª²°®®¢,®¡° §³¾¹¨µ ¯°¨ ¨§ª¨µ ²¥¬¯¥° ²³° µ ¢¨£¥°®¢±ª¨©ª°¨±² «« [10, 11], ¤ ¦¥ ¥±ª®«¼ª® ±¨¦ ¥²±¿, ¢»µ®¤¿   ±»¹¥¨¥ ¯°¨ T ! 0. �¥«¼  ±²®¿¹¥© ° ¡®²» {° §°¥¸¨²¼ ½²® ¯°®²¨¢®°¥·¨¥ ¨ ®¯°¥¤¥«¨²¼ ³±«®¢¨¿,¯°¨ ª®²®°»µ ¯®¤¢¨¦®±²¼ ¯®¢¥°µ®±²»µ ½«¥ª²°®-®¢ ®¯°¥¤¥«¿¥²±¿ °¨¯«®-´®®»¬ ¢§ ¨¬®¤¥©±²¢¨-¥¬ (¨«¨, ¯® ª° ©¥© ¬¥°¥, ¢ª« ¤ ½²®£® ¢§ ¨¬®¤¥©-±²¢¨¿ ¿¢«¿¥²±¿ ±³¹¥±²¢¥»¬), ¢»·¨±«¨²¼ § ¢¨±¨-¬®±²¼ ¯®¤¢¨¦®±²¨ ®² ²¥¬¯¥° ²³°», · ±²®²» ¢¥¤³-¹¥£® ½«¥ª²°¨·¥±ª®£® ¯®«¿ Ek(t) = Ekei!t ¨ ¢¥«¨·¨»¯°¨¦¨¬ ¾¹¥£® ¯®«¿ E?.�» ¯®« £ ¥¬, ·²® ³ª § ®¥ ¯°®²¨¢®°¥·¨¥ ¢»-§¢ ® ²¥¬, ·²® ¨§¬¥°¥¨¿ ®¡»·® ¯°®¢®¤¿²±¿   ¯¥-°¥¬¥®¬ ²®ª¥ ¤®±² ²®·® ¢»±®ª®© · ±²®²»,   ½´-´¥ª²¨¢ ¿ ¬ ±±  ½«¥ª²°®®¢   ¥±ª®«¼ª® ¯®°¿¤ª®¢¬¥¼¸¥, ·¥¬ °¨¯«®®¢. � °¥§³«¼² ²¥  ¬¯«¨²³¤  ¯°®-¤®«¼»µ ª®«¥¡ ¨© °¨¯«®®© ¯®¤±¨±²¥¬» ®ª §»¢ -¥²±¿ ¨±·¥§ ¾¹¥ ¬ «®©. �¥µ ¨·¥±ª¨¬   «®£®¬ ² -ª®© ±¨²³ ¶¨¨ ¬®¦¥² ±«³¦¨²¼ ¬ «¥¼ª ¿ °¥§¨ª ,«¥¦ ¹ ¿   ¯®¢¥°µ®±²¨ ¬ ±±¨¢®© ¤®±ª¨, ª®²®° ¿,¢ ±¢®¾ ®·¥°¥¤¼, ¯®ª®¨²±¿   £« ¤ª®¬ «¼¤³. �°¨½²®¬ °¥£¨±²°¨°³¥²±¿ ¤¢¨¦¥¨¥ °¥§¨ª¨ ¢ £®°¨§®-² «¼®© ¯«®±ª®±²¨ ¯®¤ ¤¥©±²¢¨¥¬ ¯¥°¨®¤¨·¥±ª®© ±¨-«». �²³¨²¨¢® ¿±®, ·²® ¤«¿  ¡«¾¤¥¨¿ ±®¢¬¥±²-®£® ¤¢¨¦¥¨¿ ½«¥ª²°®®© ¨ °¨¯«®®© ¯®¤±¨±²¥¬®²®±¨²¥«¼® ®¡º¥¬®© ¦¨¤ª®±²¨ ±«¥¤³¥² ¯°®¢®¤¨²¼¨§¬¥°¥¨¿ ¯®¤¢¨¦®±²¨ ¯® ¯®±²®¿®¬³ ²®ª³ ¨«¨  ®·¥¼ ¨§ª®© · ±²®²¥. �±® ² ª¦¥, ·²® ±«¥¤³¥² ±²°¥-¬¨²¼±¿ ª ³¢¥«¨·¥¨¾ ®²®¸¥¨¿ ½´´¥ª²¨¢»µ ¬ ±±½«¥ª²°®®¢ ¨ °¨¯«®®¢.�³¤¥¬ ° ±±¬ ²°¨¢ ²¼ °¨¯«®³¾ ¨ ½«¥ª²°®³¾¯®¤±¨±²¥¬» ®²¤¥«¼®. �«¿ ½²®£® ¥®¡µ®¤¨¬®, ·²®¡»¢°¥¬¿ ³±² ®¢«¥¨¿ ° ¢®¢¥±¨¿ ¢³²°¨ ª ¦¤®© ¯®¤-±¨±²¥¬» ¡»«® ±³¹¥±²¢¥® ª®°®·¥ ¢°¥¬¥¨ °¥« ª± -¶¨¨ ¬¥¦¤³ ¯®¤±¨±²¥¬ ¬¨. � «¥¥, ¬» ®²¢«¥ª ¥¬±¿®² ¢«¨¿¨¿ ¯®¯¥°¥·®£® ¬ £¨²®£® ¯®«¿, ª®²®°®¥,

ª ª ¯° ¢¨«®, ¨±¯®«¼§³¥²±¿ ¢ ¨§¬¥°¥¨¿µ ¯®¤¢¨¦®±-²¨ ¢ £¥®¬¥²°¨¨ �®°¡¨®, ® ±®¢¥°¸¥® ¥±³¹¥±²-¢¥® ¤«¿ ¯®±² ¢«¥®© § ¤ ·¨. �¬¯«¨²³¤  ¢¥¤³¹¥£®½«¥ª²°¨·¥±ª®£® ¯®«¿ Ek ±·¨² ¥²±¿ ¤®±² ²®·® ¬ «®©,·²®¡» ¬®¦® ¡»«® ¯°¥¥¡°¥·¼ ½´´¥ª² ¬¨, ±¢¿§ »-¬¨ ± ¯¥°¥£°¥¢®¬ ½«¥ª²°®®¢. �» ² ª¦¥ ¥ ³·¨²»¢ -¥¬ ¢«¨¿¨¥ £° ¨¶, ¯®« £ ¿ ¤¢³¬¥°³¾ ±¨±²¥¬³ ¡¥±-ª®¥·®©. � ³·¥²®¬ ±¤¥« »µ § ¬¥· ¨© ³° ¢¥¨¿¤¢¨¦¥¨¿ ¢ � -¯°¨¡«¨¦¥¨¨ ¨¬¥¾² ¢¨¤duedt = �eEkm� + uR � ue�e (1)¤«¿ ½«¥ª²°®®¢ ¨duRdt = �uR � ue�e � uR�RP (2)¤«¿ °¨¯«®®¢. �¤¥±¼ ue (uR) { ±ª®°®±²¼ ¤¢¨¦¥-¨¿ ½«¥ª²°®®© (°¨¯«®®©) ¯®¤±¨±²¥¬» ª ª ¶¥«®-£® ¢¤®«¼ ¯®¢¥°µ®±²¨, e ¨ m� { § °¿¤ ¨ ½´´¥ª²¨¢ ¿¬ ±±  ½«¥ª²°® , ne {¯®¢¥°µ®±² ¿ ª®¶¥²° ¶¨¿½«¥ª²°®®¢, �R = 1:67 �10�10T 5=3��5=3£/±¬2 { ±¢¿§ - ¿ ± °¨¯«® ¬¨ ¬ ±±®¢ ¿ ¯«®²®±²¼,  = nem�=�R {®²®¸¥¨¥ ¬ ±±®¢»µ ¯«®²®±²¥© ½«¥ª²°®®¢ ¨ °¨¯-«®®¢. � ¨§ª®· ±²®²®¬ ¯°¥¤¥«¥ ±°¥¤¥¥ ¢°¥¬¿ °¥-« ª± ¶¨¨ ¨¬¯³«¼±  ½«¥ª²°®®¢ �e ±¢¿§ ® ± ¨µ ¯®-¤¢¨¦®±²¼¾ ®²®±¨²¥«¼® °¨¯«®®¢ � ±®®²®¸¥¨¥¬�e = m��=e (±¬. ¨¦¥) ¨ ¢ ° ±±¬ ²°¨¢ ¥¬®© ®¡« ±²¨±« ¡® § ¢¨±¨² ®² ²¥¬¯¥° ²³°». �® ¤ »¬ ¨§¬¥°¥-¨¿ ¯®¤¢¨¦®±²¨ [12] ¨ ½´´¥ª²¨¢®© ¬ ±±» ½«¥ª²°®-®¢ [13] ¯°¨ T = 70� 80 ¬� ¨ ne = 1:3 � 109 ±¬�2 ¢°¥-¬¿ ½«¥ª²°®-°¨¯«®®© °¥« ª± ¶¨¨ ±®±² ¢«¿¥² �e �� 5 � 10�7 ±. �®½²®¬³ ¯°¨ T . 0:1K ¢°¥¬¿ °¨¯«®-´®®®© °¥« ª± ¶¨¨ �RP = 8:8�10�9T�5�5�± [5] § ¢¥-¤®¬® ¢¥«¨ª® ¯® ±° ¢¥¨¾ ± �e. � ¬¥²¨¬, ·²® ¯®±«¥-¤®¢ ²¥«¼»© ª¨¥²¨·¥±ª¨© ° ±·¥² �e ¤«¿ ±¢®¡®¤»µ½«¥ª²°®®¢ ² ª¦¥ ¨±µ®¤¨² ¨§ ° ¢®¢¥±¨¿ ½«¥ª²°®-®© ¨ °¨¯«®®© ¯®¤±¨±²¥¬ [1]. � · ±²®±²¨, ±®£« ±®[1], ¢ ²¨¯¨·®¬ ½ª±¯¥°¨¬¥²¥ · ±²®²  ¬¥¦½«¥ª²°®-»µ ±²®«ª®¢¥¨© ¢»±®ª  ¯® ±° ¢¥¨¾ ± ��1e .� ±« ¡®¬ ¯°¨¦¨¬ ¾¹¥¬ ¯®«¥ E? ½´´¥ª²¨¢ ¿¬ ±±  ½«¥ª²°®  ¯° ª²¨·¥±ª¨ ±®¢¯ ¤ ¥² ± ¥£® ±®¡±²-¢¥®© ¬ ±±®©, m� � m. � ½²®¬ ±«³· ¥ ½«¥ª²°®»®ª §»¢ ¾²±¿   ¥±ª®«¼ª® ¯®°¿¤ª®¢ \«¥£·¥" °¨¯«®-®¢ ( � 1), ¨ ¯®±«¥¤¨¥ ¥ ·³¢±²¢³¾² ¨µ ¤¢¨¦¥¨¿,uR � ue. �®£¤  ¨§ ³° ¢¥¨¿ (1) ¯®«³· ¥²±¿ ®¡»·®¥¢»° ¦¥¨¥ ¤«¿ ¯®¤¢¨¦®±²¨ ½«¥ª²°®®¢ (±°. ³° ¢¥-¨¥ (10.7) ¢ [1])� � �Re ueEk = � em�� �e1 + !2�2e : (3)�°¨ ¥ ±«¨¸ª®¬ ¢»±®ª®© · ±²®²¥ ¢¥¤³¹¥£® ¯®«¿,!�e � 1, ·²® ½ª¢¨¢ «¥²® ¯°¥¥¡°¥¦¥¨¾ «¥¢®© · ±-²¼¾ (1),  µ®¤¨¬ � = e�e=m� [14].�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 7 { 8 2010



�¨§ª®²¥¬¯¥° ²³° ¿ ¯®¤¢¨¦®±²¼ ¯®¢¥°µ®±²»µ ½«¥ª²°®®¢ : : : 433� ±¨«¼®¬ ¯°¨¦¨¬ ¾¹¥¬ ¯®«¥ ª °²¨  ±³¹¥±²-¢¥® ¬¥¿¥²±¿. �°¥¦¤¥ ¢±¥£®, ¬ ª±¨¬ «¼® ¤®±²¨-¦¨¬ ¿ ¯«®²®±²¼ ½«¥ª²°®®¢ ° ±²¥² ¯°®¯®°¶¨® «¼-® ¯°¨¦¨¬ ¾¹¥¬³ ¯®«¾: E? = 2�enmaxe . �°®¬¥ ²®-£®, ± ¬  ½´´¥ª²¨¢ ¿ ¬ ±±  ½«¥ª²°®®¢ ¢®§° ±² ¥² ¢±®²¨ ¨ ¤ ¦¥ ²»±¿·¨ ° §. � ª, m�=m ³¢¥«¨·¨¢ ¥²±¿®² 500 ¤® 5000 ¯° ª²¨·¥±ª¨ ¯°®¯®°¶¨® «¼® ª¢ ¤-° ²³ ¯°¨¦¨¬ ¾¹¥£® ¯®«¿ E? = 0:57 � 1:672ª�/±¬¯°¨ ¯®±²®¿®© ¯«®²®±²¨ ne = 6:3 � 108 ±¬�2 [15] ¨¥±ª®«¼ª® ±¨¦ ¥²±¿ (± 2000 ¤® 1500) ± °®±²®¬ ¯«®²-®±²¨ ®² 5 ¤® 12 � 108 ±¬�2 ¯°¨ ¯®±²®¿®¬ ¯°¨¦¨-¬ ¾¹¥¬ ¯®«¥ E? = 1:15ª�/±¬ [13]. �®±² ½´´¥ª²¨¢-®© ¬ ±±» ¢»§¢  ²¥¬, ·²® ±¨«¼®¥ ¯®«¥ ¢¤ ¢«¨¢ ¥²½«¥ª²°®» ¢ ¯®¢¥°µ®±²¼ £¥«¨¿, ®¡° §³¿   ¥© «³-ª¨, ¨ ¯°¨ ¤¢¨¦¥¨¨ ½«¥ª²°®®¢ ¢¤®«¼ ¯®¢¥°µ®±²¨¯°®¨±µ®¤¨² ¯¥°¥®± § ¬¥²®© ¬ ±±» ¦¨¤ª®±²¨, ±¢¿-§ »© ± ¯¥°¥¬¥¹¥¨¥¬ «³®ª. � µ®²¿ ¢ °¥§³«¼² ²¥¬ ±±®¢»¥ ¯«®²®±²¨ ½«¥ª²°®®¢ ¨ °¨¯«®®¢ ¢±¥ ° ¢®±¨«¼® ° §«¨· ¾²±¿, ½²®£® ¬®¦¥² ®ª § ²¼±¿ ¤®±² -²®·® ¤«¿ ¢»¯®«¥¨¿ ³±«®¢¨¿ �e � �RP, ·²® ½ª¢¨-¢ «¥²® �=ene � �RP=�R ' 53T�20=3�20=3 ±¬2�±/£.� ª,  ¯°¨¬¥°, ¯°¨ T = 70¬�, ne = 109 ±¬�2 ¨E? = 1ª�/±¬ ¨¬¥¥¬ �e ' 5 � 10�7 ±,  ' 3 � 10�3,�RP ' 5 � 10�3 ± ¨, ±«¥¤®¢ ²¥«¼®, �RP � 1:5 � 10�5 ±.� ½²®¬ ±«³· ¥ ¨§ ³° ¢¥¨¿ (2) ± ³·¥²®¬ !�e � 1 µ®¤¨¬, ·²® ±ª®°®±²¨ °¨¯«®®¢ ¨ ½«¥ª²°®®¢ ¯° ª-²¨·¥±ª¨ ±®¢¯ ¤ ¾², uR � ue � u, ¨ ±«¥¤®¢ ²¥«¼®,u � �eEkne�RP�R � 1 + i!�RP1 + !2�2RP� ; (4)£¤¥ ¬» ¯°¥¥¡°¥£«¨  ¯® ±° ¢¥¨¾ ± ¥¤¨¨¶¥©.� ª ¨ ±«¥¤®¢ «® ®¦¨¤ ²¼,  ¬¯«¨²³¤  ª®«¥¡ ¨©±ª®°®±²¨ juj ¬ ª±¨¬ «¼  ¯°¨ ³«¥¢®© · ±²®²¥ ¢¥¤³-¹¥£® ¯®«¿,     ¢»±®ª¨µ · ±²®² µ (!�RP � 1) ³¡»¢ -¥² ª ª 1=!, ®²±² ¢ ¿ ®² ¢¥¤³¹¥£® ¯®«¿ ¯® ´ §¥   �=2.�¤¢¨³² ¿ ¯® ´ §¥ ª®¬¯®¥²  ±ª®°®±²¨ ½«¥ª²°®®¢(  ±«¥¤®¢ ²¥«¼®, ¨ ²®ª ) ¬ ª±¨¬ «¼  ¯°¨ !�RP = 1¨ ±®±² ¢«¿¥² °®¢® ¯®«®¢¨³ ¬ ª±¨¬ «¼®£® § ·¥-¨¿ ±ª®°®±²¨. �§ ³° ¢¥¨¿ (4) ¯°¨ ! = 0  µ®¤¨¬¯®¤¢¨¦®±²¼ ½«¥ª²°®®¢ ¯® ¯®±²®¿®¬³ ²®ª³ ®²®-±¨²¥«¼® ®¡º¥¬  ¦¨¤ª®±²¨:�dc = ene�RP�R � 8:4 � 10�11neT�20=3 ±¬4 � �20=3� � ± : (5)�®«³·¥ ¿ ²¥¬¯¥° ²³° ¿ § ¢¨±¨¬®±²¼ ¨§ª®· ±-²®²®© ¯®¤¢¨¦®±²¨ ¤«¿ ne = 1:4 � 107, 1:08 � 108¨ 1:3 � 109 ±¬�2 (E? = 1:25ª�/±¬) ¯®ª §     °¨-±³ª¥ ¯³ª²¨°®©, ¸²°¨µ®¢®© ¨ ±¯«®¸®© «¨¨¿-¬¨, ±®®²¢¥²±²¢¥®. � ¬ ¦¥ ¤«¿ ±° ¢¥¨¿ ¯°¨¢¥¤¥-» °¥§³«¼² ²» ¨§¬¥°¥¨© ¯®¤¢¨¦®±²¨ ¯® ¯°®¤®«¼-®© ¯°®¢®¤¨¬®±²¨ ¤¢³¬¥°®© ±¨±²¥¬» ¯® ¯¥°¥¬¥®-¬³ ²®ª³ ¢ £¥®¬¥²°¨¨ �®°¡¨® ¯°¨ !=2� = 10ª�¶,
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T (mK)�¥¬¯¥° ²³° ¿ § ¢¨±¨¬®±²¼ ¯®¤¢¨¦®±²¨ ¯®¢¥°µ®±²-»µ ½«¥ª²°®®¢ ¯® ¤ »¬ ¨§¬¥°¥¨© ¯°®¤®«¼®© ¯°®-¢®¤¨¬®±²¨ ¤¢³¬¥°®© ±¨±²¥¬» ¯® ¯¥°¥¬¥®¬³ ²®ª³¯°¨ !=2� = 10 ª�¶, E? = 15�/±¬, ne = 1:4�107 ±¬�2 (�)[9]; !=2� = 10 ª�¶, E? = 92:5 �/±¬, ne = 1:08 � 108 ±¬�2(H) [8],   ² ª¦¥ ¯® § ²³µ ¨¾ ´®®-°¨¯«®»µ ¬®¤¢¨£¥°®¢±ª®£® ª°¨±² ««  ¯°¨ !=2� = 5� 10��¶, ne == 1:3�109 ±¬�2 (�) [12]. �¨¨¿¬¨ ¯®ª §   ¨§ª®· ±²®²- ¿ ¯®¤¢¨¦®±²¼ (5) ¤«¿ ±®®²¢¥²±²¢³¾¹¨µ § ·¥¨© ne(±«¥¢   ¯° ¢® ¢ ¯®°¿¤ª¥ ¢®§° ±² ¨¿ ¯«®²®±²¨). �¥-ª®²®°»¥ ½ª±¯¥°¨¬¥² «¼»¥ ²®·ª¨ ®¯³¹¥», ·²®¡» ¥§ £°®¬®¦¤ ²¼ °¨±³®ªE? = 15�/±¬, ne = 1:4 � 107 ±¬�2 [9]; !=2� = 10ª�¶,E? = 92:5�/±¬, ne = 1:08 �108 ±¬�2 [8],   ² ª¦¥ ¯® § -²³µ ¨¾ ´®®-°¨¯«®»µ ¬®¤ ¢¨£¥°®¢±ª®£® ª°¨±-² ««  ¯°¨ !=2� = 5� 10��¶, ne = 1:3 � 109 ±¬�2 [12].�¥®°¥²¨·¥±ª ¿ ¨§ª®· ±²®² ¿ ¯®¤¢¨¦®±²¼ ±¢®-¡®¤»µ ½«¥ª²°®®¢ ®²®±¨²¥«¼® °¨¯«®®¢ ¢ ±¨«¼®¬¯°¨¦¨¬ ¾¹¥¬ ¯®«¥ ±®±² ¢«¿¥² [16]�0 = 8�~e2E2? em = 9:3 � 1011�=±E2? ; (6)£¤¥ � = 0:378 ½°£/±¬2 {¯®¢¥°µ®±²®¥  ²¿¦¥¨¥ £¥-«¨¿. � ª¨¬ ®¡° §®¬, ¢ ¯®«®¬ ±®£« ±¨¨ ± ½ª±¯¥-°¨¬¥²®¬ [17 { 19], ¯®¤¢¨¦®±²¼ ®¡° ²® ¯°®¯®°¶¨®- «¼  ª¢ ¤° ²³ ¯°¨¦¨¬ ¾¹¥£® ¯®«¿ ¨ ¥ § ¢¨±¨²®² ²¥¬¯¥° ²³°». � ±«³· ¥ ¢¨£¥°®¢±ª®£® ª°¨±² «« ¯®¢¥¤¥¨¥ ¯®¤¢¨¦®±²¨ ±³¹¥±²¢¥® ¬¥¿¥²±¿ ¯°¥¦-¤¥ ¢±¥£® ¯®²®¬³, ·²® ¢ § ¢¨±¨¬®±²¨ ®² ¢¥«¨·¨» ¢¥-¤³¹¥£® ¨ ¯°¨¦¨¬ ¾¹¥£® ¯®«¥© Ek ¨ E?, ¯®¯¥°¥·-®£® ¬ £¨²®£® ¯®«¿, · ±²®²» ¢®§¡³¦¤ ¾¹¥£® ±¨£- «  ¨ ²¥¬¯¥° ²³°» ¤¢³¬¥° ¿ ±¨±²¥¬  ½«¥ª²°®®¢¬®¦¥² ª ª  µ®¤¨²¼±¿ ¢ ±®±²®¿¨¨ ² ª  §»¢ ¥¬®-£® «³®·®£® ª°¨±² «« , ®¡° §®¢ ®£® ½«¥ª²°® ¬¨¨ ±¢¿§ »¬¨ ± ¨¬¨ «³ª ¬¨   ¯®¢¥°µ®±²¨ £¥-«¨¿, ² ª ¨ ¯°®±ª «¼§»¢ ²¼ ®²®±¨²¥«¼® ¯®¢¥°µ®±-6 �¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 7 { 8 2010



434 �.�. � ´®®¢, �.�. � ´®®¢ , �. �. �¥¬³µ²¨ [20, 21]. �°¨ ¯¥°¥µ®¤¥ ¬¥¦¤³ ½²¨¬¨ ¤¢³¬¿ ±®±²®¿-¨¿¬¨ ¯®¤¢¨¦®±²¼ ½«¥ª²°®®¢ ¨±¯»²»¢ ¥² ±ª ·®ª,ª®²®°»© ¬®¦¥² ¤®±²¨£ ²¼ ¯®°¿¤ª  ¢¥«¨·¨». � ¨-²¥°¥±³¾¹¥¬  ± ±«³· ¥ «³®·®£® ª°¨±² «« , ª®²®-°»© ª ª ° § °¥ «¨§³¥²±¿ ¢ ±¨«¼»µ ¯°¨¦¨¬ ¾¹¨µ¯®«¿µ ¯°¨ ±« ¡®¬ ¢¥¤³¹¥¬ ¯®«¥ ¨ ¨§ª¨µ · ±²®² µ,§ ¢¨±¨¬®±²¼ � / E�2? ¢ ¶¥«®¬ ±®µ° ¿¥²±¿ [15, 22],¯°¨·¥¬ ¯®¤¢¨¦®±²¼ ¢¨£¥°®¢±ª®£® ª°¨±² ««  ² ª-¦¥ ±« ¡® § ¢¨±¨² ®² ²¥¬¯¥° ²³°» [9, 12, 15]. �§¿¢¤«¿ ®¶¥ª¨ § ·¥¨¥ � = 6 � 105 ±¬2/��±, ¯®«³·¥®¥¯°¨ ne = 1:3 � 109 ±¬�2 ¨ T = 70¬� [12],  ©¤¥¬, ·²®±ª®°®±²¨ ¯¥°¥¤ ·¨ ¨¬¯³«¼±  ®² ½«¥ª²°®®¢ °¨¯«® ¬¨ ®² °¨¯«®®¢ ´®® ¬ ±° ¢¨¢ ¾²±¿ ¯°¨ T ' 98¬�(±¬. °¨±³®ª). �«¿ ²®£® ·²®¡» °¨¯«®-´®®®¥¢§ ¨¬®¤¥©±²¢¨¥ ¡»«® ®¯°¥¤¥«¿¾¹¥© ±² ¤¨¥© °¥« ª-± ¶¨¨ ¯°®¤®«¼®£® ¨¬¯³«¼± , ¨§¬¥°¥¨¿ ¤®«¦» ¯°®-¢®¤¨²¼±¿ ¯°¨ T . 70¬�. �®£« ±® ³° ¢¥¨¾ (4),· ±²®²  ¢¥¤³¹¥£® ¯®«¿ ! ¯°¨ ½²®¬ ¥ ¤®«¦  ¯°¥-¢»¸ ²¼ ��1RP ' 1:1 � 108T 5��5�±�1. �°¨ ³ª § ®©²¥¬¯¥° ²³°¥ ½²®¬³ ±®®²¢¥²±²¢³¥² !=2� . 30�¶.�² ª ¬» ¢¨¤¥«¨, ·²® ¤«¿  ¡«¾¤¥¨¿ °¨¯«®-´®®®£® ¢§ ¨¬®¤¥©±²¢¨¿ ¢ ¦¨¤ª®¬ £¥«¨¨ ¯® ¯®-¤¢¨¦®±²¨ ¯®¢¥°µ®±²»µ ½«¥ª²°®®¢ ¥®¡µ®¤¨¬®®¤®¢°¥¬¥®¥ ¢»¯®«¥¨¥ ³±«®¢¨©�e � m�ne�R �RP; (7)!�RP . 1: (8)� ³·¥²®¬ § ¢¨±¨¬®±²¨ ½´´¥ª²¨¢®© ¬ ±±» m� ¨ ¯°¥-¤¥«¼®© ¯«®²®±²¨ ½«¥ª²°®®¢ ne ®² ¯°¨¦¨¬ ¾¹¥£®¯®«¿ E?,   ² ª¦¥ ²¥¬¯¥° ²³°®© § ¢¨±¨¬®±²¨ �R ¨�RP ½²¨ ³±«®¢¨¿ ¬®¦® ¯¥°¥¯¨± ²¼ ¢ ¡®«¥¥ ³¤®¡®¬¤«¿ ¯° ª²¨·¥±ª®£® ¯°¨¬¥¥¨¿ ¢¨¤¥:T 20=3E�3? � 2 � 10�7; (9)!=2� . 1:5 � 107T 5 �¶; (10)£¤¥ ²¥¬¯¥° ²³°  ¢»° ¦ ¥²±¿ ¢ ª¥«¼¢¨ µ, ¯®«¥ { ¢ª�/±¬,   · ±²®²  ¢ £¥°¶ µ.� ½ª±¯¥°¨¬¥² µ �®¶¥ª® ¨ ¤°. [12] ³±«®¢¨¥ (9)¡»«® ¢»¯®«¥®, ®¤ ª® ³±«®¢¨¥ (10)  °³¸ «®±¼, ² ª·²® ®²®±¨²¥«¼»© ¢ª« ¤ °¨¯«®-´®®®£® ¢§ ¨¬®-¤¥©±²¢¨¿ ¢ £¥«¨¨ ¢ ¯®¤¢¨¦®±²¼ ½«¥ª²°®®£® ª°¨±-² ««  ¥ ¯°¥¢»¸ « � 10�5. �®-¢¨¤¨¬®¬³, ¬¥²®¤¨-ª  ¨§¬¥°¥¨¿ ¯®¤¢¨¦®±²¨ ¯® § ²³µ ¨¾ ±¬¥¸ -»µ °¨¯«®-´®®»µ ¬®¤ ¢¨£¥°®¢±ª®£® ª°¨±² «-«  ¯°¨¶¨¯¨ «¼® ¥¯°¨¬¥¨¬  ¤«¿  ¡«¾¤¥¨¿ ° ±-±¬ ²°¨¢ ¥¬®£® ½´´¥ª² , ² ª ª ª ¬¨¨¬ «¼»¥ · ±-²®²» °¨¯«®-´®®»µ ¬®¤ § ¤ ¾²±¿ ¯®±²®¿®© °¥-¸¥²ª¨ ª°¨±² ««  ¨ § ª®®¬ ¤¨±¯¥°±¨¨ °¨¯«®®¢ ¨

¯®½²®¬³ ¥ ¬®£³² ¡»²¼ ¬¥¼¸¥ � (�=�)1=2n3=4e , £¤¥� = 0:145£/±¬3 {¯«®²®±²¼ ¦¨¤ª®£® 4He ¯°¨ T = 0[23]. �®¤¢¨¦®±²¼ ¤¢³¬¥°®© ½«¥ª²°®®© ±¨±²¥¬»¬®¦¥² ¡»²¼ ² ª¦¥ ®¯°¥¤¥«¥  ¯® ¥¥ ¯°®¤®«¼®© ¯°®-¢®¤¨¬®±²¨ �xx, ¨§¬¥°¿¥¬®© ¢ £¥®¬¥²°¨¨ �®°¡¨®.�¤ ª® ¢ ±®®²¢¥²±²¢³¾¹¨µ ½ª±¯¥°¨¬¥² µ [8, 9] ¥¢»¯®«¿«¨±¼ ®¡  ³ª § »µ ³±«®¢¨¿, ¯°¥¦¤¥ ¢±¥£®,¢±«¥¤±²¢¨¥ ¬ «®±²¨ ¯°¨¦¨¬ ¾¹¥£® ¯®«¿. � · ±²®±-²¨, ¯°¨ E? = 92:5�/±¬ ¥° ¢¥±²¢  (9), (10) ¤ ¾²T � 25¬� ¨ !=2� . 0:14�¶, ²®£¤  ª ª ¨§¬¥°¥¨¿¯°®¢®¤¨«¨±¼   · ±²®² µ 10 ¨ 100ª�¶.� ª¨¬ ®¡° §®¬, ¯®ª § ®, ·²® °¨¯«®-´®®®¥¢§ ¨¬®¤¥©±²¢¨¥ ¢ ±¢¥°µ²¥ª³·¥¬ £¥«¨¨ ¬®¦® ¨±±«¥-¤®¢ ²¼ ± ¯®¬®¹¼¾ ¯®¢¥°µ®±²»µ ½«¥ª²°®®¢. � ©-¤¥» ³±«®¢¨¿, ª®²®°»¬ ¤®«¦» ³¤®¢«¥²¢®°¿²¼ ½ª±-¯¥°¨¬¥² «¼»¥ ¯ ° ¬¥²°» { ²¥¬¯¥° ²³° , · ±²®² ¢®§¡³¦¤ ¾¹¥£® ±¨£ « , ¯«®²®±²¼ ¤¢³¬¥°®© ±¨±²¥-¬» ½«¥ª²°®®¢ ¨ ¢¥«¨·¨  ¯°¨¦¨¬ ¾¹¥£® ½«¥ª²°¨-·¥±ª®£® ¯®«¿.�¢²®°» ¢»° ¦ ¾² ¨±ª°¥¾¾ ¯°¨§ ²¥«¼®±²¼�.�. �®ª®«®¢³ ¨ �.�. �¨¢®ª®¾ §  ¯«®¤®²¢®°»¥ ®¡-±³¦¤¥¨¿, �.�®® §  ¯°¥¤®±² ¢«¥»¥ ¯³¡«¨ª ¶¨¨,  ² ª¦¥ �.�.�±¨ª®¢³ §  ·²¥¨¥ °³ª®¯¨±¨ ¨ ¶¥»¥§ ¬¥· ¨¿. � ¡®²  ¢»¯®«¥  ¯°¨ ´¨ ±®¢®© ¯®¤-¤¥°¦ª¥ �®±±¨©±ª®£® ´®¤  ´³¤ ¬¥² «¼»µ ¨±±«¥-¤®¢ ¨©, ¯°®¥ª² #09-02-01002- .1. �. �. �¨ª¨ ¨ �.�. �® °µ , �¢³¬¥°»¥ § °¿¦¥-»¥ ±¨±²¥¬» ¢ £¥«¨¨, �.: � ³ª , 1989.2. �. �. �¤¥«¼¬ , ��� 130, 675 (1980).3. M. I. Dykman, P.M. Platzman, and P. Seddighrad,Phys. Rev. B 67, 155402 (2003).4. I. B. Mantz, D.O. Edwards, and V.U. Nayak, Phys.Rev. Lett. 44, 66 (1980); Errata 44, 1094 (1980).5. A. I. Safonov, S. S. Demukh, and A.A. Kharitonov,�¨±¼¬  ¢ ���� 79, 362 (2004).6. P. Roche, G. Deville, K.O. Keshishev et al., Phys. Rev.Lett. 75, 3316 (1995).7. M.W. Reynolds, I. D. Setija, and G. V. Shlyapnikov,Phys. Rev. B 46, 575 (1992).8. K. Shirahama, S. Ito, H. Suto, and K. Kono, J. LowTemp. Phys. 101, 439 (1995).9. K. Kono and K. Shirahama, in Two-DimensionalElectron Systems, ed. E.Y. Andrei, Kluwer Acad. Publ.,1997, p.p. 175{189.10. E. Wigner, Trans. Faraday Soc. 34, 678 (1938).11. C. C. Grims and G. Adams, Phys. Rev. Lett. 42, 795(1979).12. �. �. �®¶¥ª®, �. �. �¨¢®ª®¼, �. �. �®¢¤°¿,�. �. �°¨£®°¼¥¢, ��� 23, 1028 (1997).13. V.E. Syvokon, Yu. Z. Kovdrya, and K.A. Nasyedkin, J.Low Temp. Phys. 144, 35 (2006).�¨±¼¬  ¢ ���� ²®¬ 91 ¢»¯. 7 { 8 2010
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