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�¨±. 1. (a) { �¡° §¥¶ 1 ° §¬¥¹ «±¿ ¢ SMA-° §º¥¬¥ 2.� ¯°¿¦¥®±²¼ ¢®§¡³¦¤ ¾¹¥£® ½«¥ª²°¨·¥±ª®£® ¯®«¿¡»«  «¨¡® ±® ¯° ¢«¥  (10), «¨¡® ¯¥°¯¥¤¨ª³«¿°  (100)¯® ®²®¸¥¨¾ ª Bk. (b) { �¯²¨·¥±ª®¥ ¢®§¡³¦¤¥¨¥ ®¡-° §¶  ¨ °¥£¨±²° ¶¨¿ «¾¬¨¥±¶¥¶¨¨ ®±³¹¥±²¢«¿«¨±¼±¢¥²®¢®¤®¬ 3. �¥§¨±²¨¢ ¿ ª ²³¸ª  4 ° ±¯®« £ « ±¼² ª¨¬ ®¡° §®¬, ·²®¡» ¥¥ ¬ £¨²®¥ ¯®«¥ ¡»«® ¯¥°¯¥-¤¨ª³«¿°® ¯®«¾ ±¢¥°µ¯°®¢®¤¿¹¥£® ±®«¥®¨¤  5. SMA-° §º¥¬ ¢¬¥±²¥ ± ®¡° §¶®¬ ¯®¬¥¹ «±¿ ¢ ®²¢¥°±²¨¥ °¥-§¨±²¨¢®£® ¬ £¨² . �¨ª°®¢®«®¢®¥ ¨§«³·¥¨¥ ¯®¤¢®-¤¨«®±¼ ¯® ª® ª±¨ «¼®¬³ ª ¡¥«¾ 6£® ¤¥²¥ª²¨°®¢ ¨¿ ¬¨ª°®¢®«®¢»µ °¥§® ±®¢. �«¿ ¡«¾¤¥¨¿ «¾¬¨¥±¶¥¶¨¨ ®² ®¡° §¶  ¨±¯®«¼§®¢ -« ±¼ ®¤®±¢¥²®¢®¤ ¿ ¬¥²®¤¨ª : ±¢¥² ®² ¯®«³¯°®-¢®¤¨ª®¢®£® « §¥°  ± ¤«¨®© ¢®«» 780¬ § ¢®¤¨«-±¿ ¢ ±¢¥²®¢®¤, ª®²®°»© ² ª¦¥ ±«³¦¨« ¨ ¤«¿ ±¡®° «¾¬¨¥±¶¥¶¨¨ ®² ®¡° §¶ . �¾¬¨¥±¶¥¶¨¿   «¨-§¨°®¢ « ±¼ ¤¢®©»¬ ±¯¥ª²°®¬¥²°®¬,   ¢»µ®¤¥ ª®-²®°®£® ¡»« ³±² ®¢«¥ CCD-¤¥²¥ª²®°. �¥§® ±®¥¯®£«®¹¥¨¥ ¬¨ª°®¢®«®¢®£® ¨§«³·¥¨¿ ¤¥²¥ª²¨°®¢ -«®±¼ ¯® ¨§¬¥¥¨¾ ±¯¥ª²°  °¥ª®¬¡¨ ¶¨®®£® ¨§«³-·¥¨¿ ¤¢³¬¥°»µ ½«¥ª²°®®¢ [9]. �°¨ ´¨ª±¨°®¢ -®¬ ¯ ° ««¥«¼®¬ ¬ £¨²®¬ ¯®«¥ Bk ¤«¿ ° §«¨·-»µ § ·¥¨© ¯¥°¯¥¤¨ª³«¿°®£® ¬ £¨²®£® ¯®«¿B?  µ®¤¨«¨±¼ § ·¥¨¿ · ±²®², ±®®²¢¥²±²¢³¾¹¨¥°¥§® ±®¬³ ¯®£«®¹¥¨¾.�¨¯¨·»¥ °¥§® ±»¥ ª°¨¢»¥ ¬¨ª°®¢®«®¢®£®¯®£«®¹¥¨¿ ¤«¿ ° §«¨·»µ § ·¥¨© Bk ¨ B? ¢ ¯®«®-¦¥¨¨ 1 ¯®ª § »   °¨±. 2. �¨¤®, ·²® ± ³¢¥«¨·¥¨-¥¬ ¯¥°¯¥¤¨ª³«¿°®£® ¬ £¨²®£® ¯®«¿  ¡«¾¤ ¥²±¿° §¤¢®¥¨¥ ¯¨ª . �¨ª ± ¡®«¼¸¥© · ±²®²®© ®²¢¥· ¥²¢ ±¯¥ª²°¥ ¬ £¨²®¯« §¬¥»µ ¢®« ¬®¤¥ ± ¯®«®¦¨-

�¨±. 2. � ° ª²¥°»¥ § ¢¨±¨¬®±²¨ °¥§® ±®£® ¯®£«®-¹¥¨¿ ®² · ±²®²» ¬¨ª°®¢®«®¢®£® ¨§«³·¥¨¿ ¤«¿ ° §-«¨·»µ ¬ £¨²»µ ¯®«¥© B?, ¨§¬¥°¥»¥ ¢ ¤¨±ª¥ ¤¨ -¬¥²°®¬ d = 1 ¬¬ ¢ ¯®«¿°¨§ ¶¨¨ E k Bk ¯°¨ Bk = 0�(a) ¨ 7� (b)²¥«¼®© ¬ £¨²®¤¨±¯¥°±¨¥©,   ¯¨ª ± ¬¥¼¸¥© · ±²®-²®© { ¬®¤¥ ± ®²°¨¶ ²¥«¼®© ¬ £¨²®¤¨±¯¥°±¨¥©.� ¤¢³¬¥°®© ±²°³ª²³°¥ ¢ ¢¨¤¥ ¤¨±ª  ¢§ ¨¬®¤¥©-±²¢¨¥ ¯« §¬¥®£® ¨ ¶¨ª«®²°®®£® ª®«¥¡ ¨© ¢ ®²-±³²±²¢¨¥  ¢¥¤¥®©  ¨§®²°®¯¨¨ (Bk = 0�), ¯°¨-¢®¤¨² ª ¯®¿¢«¥¨¾ ¤¢³µ ¢¥²¢¥© ¬ £¨²®¯« §¬¥»µ¢®« [10]: ! = �!c2 +r!2p + �!c2 �2: (1)�¤¥±¼ !c = eB?=cm�± { ¶¨ª«®²°® ¿ · ±²®² ; !p {· ±²®²  ¯« §¬¥»µ ª®«¥¡ ¨© ¢ ¤¨±ª¥, ª®²®° ¿ ¢ ®²-±³²±²¢¨¥ ½´´¥ª²®¢ § ¯ §¤»¢ ¨¿ ¨¬¥¥² ¢¨¤ [9, 10]!2p = 2�nse2m�� q; (2)£¤¥ � { ±°¥¤¥¥ § ·¥¨¥ ¤¨½«¥ª²°¨·¥±ª¨µ ¯®±²®¿-»µ ¢ ª³³¬  ¨ GaAs, m� { ½´´¥ª²¨¢ ¿ ¬ ±±  ½«¥ª-²°®®¢, q = 2:4=d { ¢®«®¢®© ¢¥ª²®° ¯« §¬¥®£® ª®-«¥¡ ¨¿ [9].�§ ¢»° ¦¥¨¿ (2) ¢¨¤®, ·²® · ±²®²  ¯« §¬¥®£®ª®«¥¡ ¨¿ ¥¯®±°¥¤±²¢¥® § ¢¨±¨² ®² ½´´¥ª²¨¢®©8 �¨±¼¬  ¢ ���� ²®¬ 96 ¢»¯. 7 { 8 2012



578 �. �. �®§«®¢, �. �. �³¡ °¥¢, �. �.�°¥¬¨, �.�. �³ª³¸ª¨¬ ±±» ¤¢³¬¥°®£® ®±¨²¥«¿. � ±«³· ¥  ¨§®²°®¯¨¨½´´¥ª²¨¢®© ¬ ±±» ¢ ¯«®±ª®±²¨ ±«®¿,  ¢¥¤¥®© ¯ -° ««¥«¼»¬ ¬ £¨²»¬ ¯®«¥¬, ±«¥¤³¥² ®¦¨¤ ²¼ § -¬¥²®© ° §¨¶» ¢ · ±²®² µ ¯« §¬¥»µ ª®«¥¡ ¨©¢¤®«¼ ¨ ¯®¯¥°¥ª ¬ £¨²®£® ¯®«¿. �¨²³ ¶¨¿ ª ·¥±²-¢¥®  ¯®¬¨ ¥² ¨¬¥¾¹³¾±¿ ¢ ¤¢³¬¥°»µ ±²°³ª-²³° µ ± £¥®¬¥²°¨¥© ½««¨¯± , £¤¥ ¢»°®¦¤¥¨¥ ±¨¬ -¥²±¿ §  ±·¥² ° §«¨·®© ¤«¨», µ ° ª²¥°®© ¤«¿ ¯« §-¬¥»µ ª®«¥¡ ¨©, ° ±¯°®±²° ¿¾¹¨µ±¿ ¢¤®«¼ ° §-«¨·»µ ®±¥© ½««¨¯±  [11].�¿²¨¥ ¢»°®¦¤¥¨¿ ¯« §¬¥»µ ª®«¥¡ ¨© ¤«¿¯«®±ª®±²¨ ¤¢³¬¥°®£® ¤¨±ª  ¤®«¦® ¯°¨¢®¤¨²¼ ª ¥-±ª®«¼ª¨¬ ±«¥¤±²¢¨¿¬. �®-¯¥°¢»µ, ¢¬¥±²® ¥¤¨®©¯« §¬¥®© · ±²®²» !p ¯®¿¢«¿¾²±¿ ¤¢¥ ¬®¤» ± · ±-²®² ¬¨ !p1 ¨ !p2, ®²¢¥· ¾¹¨¥ ¯« §¬¥»¬ ª®«¥¡ ¨-¿¬ ¢¤®«¼ ¨ ¯®¯¥°¥ª ¯ ° ««¥«¼®£® ¯®«¿ Bk ±®®²¢¥²-±²¢¥®. �®-¢²®°»µ, § ¬¥²® ¬¥¿¥²±¿ § ª® ¤¨±¯¥°-±¨¨ ¬ £¨²®¯« §¬¥»µ ª®«¥¡ ¨© ¢ ®¡« ±²¨ ¬ «»µ¯®«¥© B?. �¬¥±²® «¨¥©®£® § ª® , µ ° ª²¥°®£®¤«¿ ¯« §¬¥»µ ª®«¥¡ ¨©, ¢ ¤¨±ª¥ ±  ª«®®¬�!c=2¤«¿ ¢¥°µ¥© ¨ ¨¦¥© ¬ £¨²®¯« §¬¥»µ ¢¥²¢¥© ¢®²±³²±²¢¨¥ ¯ ° ««¥«¼®£® ¯®«¿ Bk ±«¥¤³¥² ®¦¨¤ ²¼ª¢ ¤° ²¨·®£® ¯® B? ¯®¢¥¤¥¨¿, ¢®§¨ª ¾¹¥£® ¢ °¥-§³«¼² ²¥ ®²² «ª¨¢ ¨¿ ²¥°¬®¢ ± · ±²®² ¬¨ !p1 ¨ !p2§  ±·¥² ¶¨ª«®²°®®£® µ ° ª²¥°  ¤¢¨¦¥¨¿ ¤¢³¬¥°-»µ ½«¥ª²°®®¢ ¢ ®°¬ «¼®¬ ¬ £¨²®¬ ¯®«¥ B?. �®¡« ±²¨ ¡®«¼¸¨µ ¬ £¨²»µ ¯®«¥© ¤«¿ ¢¥°µ¥© ¶¨ª-«®²°®®© ¢¥²¢¨ ±«¥¤³¥² ®¦¨¤ ²¼ ¯¥°¥µ®¤  ± ª¢ ¤-° ²¨·®£® § ª®    «¨¥©»©, ®²¢¥· ¾¹¨© ®¢®©,¡®«¼¸¥© ¶¨ª«®²°®®© ¬ ±±¥:m�c = (m?mk)1=2: (3)�®¬¨¬® ¢¢¥¤¥¨¿ ®¢®© ¶¨ª«®²°®®© · ±²®²»!�c , ®²¢¥· ¾¹¥© ®¢®© ¶¨ª«®²°®®© ¬ ±±¥ m�c , ¤«¿¯®«¥©, ² ª¨µ, ·²® !�c � !p1; !p2, ¢ ´®°¬³«¥ (1) ±«¥¤³-¥² § ¬¥¨²¼ ¯« §¬¥³¾ · ±²®²³ !p   ¥ª³¾ ³±°¥¤-¥³¾ ¯® !p1 ¨ !p2 · ±²®²³, ¯®±ª®«¼ª³ ¯°¨ ¡®«¼¸¨µ!�c ²¥°¬», ®²¢¥· ¾¹¨¥ §  ª®«¥¡ ¨¿ !p1 ¨ !p2, ¯®«-®±²¼¾ ¯¥°¥¬¥¸¨¢ ¾²±¿ ¨ ¤®«¦» ¢µ®¤¨²¼ ¢ ¢»° -¦¥¨¥ (1) ° ¢®¯° ¢»¬ ®¡° §®¬.�°®¬¥ ¨§¬¥¥¨¿ · ±²®² ¨ µ ° ª²¥°  § ª®  ¤¨±-¯¥°±¨¨ ¤«¿ ¬ £¨²®¯« §¬¥»µ ª®«¥¡ ¨©, ±¿²¨¥¢»°®¦¤¥¨¿ §  ±·¥²  ¢¥¤¥®©  ¨§®²°®¯¨¨ ½´´¥ª-²¨¢®© ¬ ±±» ¤®«¦® ¯°¨¢®¤¨²¼ ª ±³¹¥±²¢¥®©²° ±´®°¬ ¶¨¨ ¯° ¢¨« ®²¡®° . �±«¨ ¢ ®²±³²±²¢¨¥ ¯ -° ««¥«¼®£® ¬ £¨²®£® ¯®«¿ ¯« §¬¥®¥ ¯®£«®¹¥¨¥¥ § ¢¨±¨² ®²  ¯° ¢«¥¨¿ ½«¥ª²°¨·¥±ª®£® ¢¥ª²®° E ¬¨ª°®¢®«®¢®£® ¢®§¡³¦¤¥¨¿ ¢ ¯«®±ª®±²¨ ¢ ±¨«³ª°³£®¢®© ±¨¬¬¥²°¨¨ ¯« §¬¥»µ ª®«¥¡ ¨© ¢ ¤¢³-¬¥°®¬ ¤¨±ª¥, ²® ¢ ¯ ° ««¥«¼®¬ ¬ £¨²®¬ ¯®«¥ ª®-«¥¡ ¨¿ ¢¤®«¼ ¬ £¨²®£® ¯®«¿ ± · ±²®²®© !p1 ¡³¤³² ª²¨¢»¬¨ ¢ ¯®«¿°¨§ ¶¨¨ E k Bk (±¬. °¨±. 1(10),  

ª®«¥¡ ¨¿ ¯®¯¥°¥ª ¬ £¨²®£® ¯®«¿ ± · ±²®²®© !p2 {¢ ¯®«¿°¨§ ¶¨¨ E ? Bk (±¬. °¨±. 1(100)). �¥°¯¥¤¨-ª³«¿°®¥ ¯®«¥ B? ¯¥°¥¬¥¸¨¢ ¥² ²¥°¬» !p1 ¨ !p2 ¨±¨¬ ¥² § ¯°¥²   ¯®£«®¹¥¨¥ ²¥°¬  !p2 ¢ £¥®¬¥²°¨¨E k Bk ¨ ²¥°¬  !p1 ¢ £¥®¬¥²°¨¨ E ? Bk.�  °¨±. 3 ¯°¨¢¥¤¥» § ¢¨±¨¬®±²¨ ¬ £¨²®¯« §-¬¥®£® ¯®£«®¹¥¨¿ ®² · ±²®²» ¬¨ª°®¢®«®¢®£®¢®§¡³¦¤¥¨¿ ¤«¿ ¤¢³µ § ·¥¨© ¯ ° ««¥«¼®£® ¯®«¿

�¨±. 3. � ±²®²»¥ § ¢¨±¨¬®±²¨ °¥§® ±®£® ¯®£«®¹¥-¨¿ ¬¨ª°®¢®«®¢®£® ¢®§¡³¦¤¥¨¿ ¤«¿ ° §«¨·»µ § -·¥¨© ¯ ° ««¥«¼®£® ¬ £¨²®£® ¯®«¿ Bk ¯°¨ ´¨ª±¨°®-¢ ®¬ § ·¥¨¨ B? = 11:7 ¬� ¢ ¯®«¿°¨§ ¶¨¨ E k Bk(Bk = 0 ¨ 7T), ® ®¤®£® ¨ ²®£® ¦¥ § ·¥¨¿ ¯¥°-¯¥¤¨ª³«¿°®£® ¤¢³¬¥°®¬³ ±«®¾ ¬ £¨²®£® ¯®«¿(B? = 11:7¬�). �¨¤®, ·²® ®²®±¨²¥«¼ ¿ ¨²¥-±¨¢®±²¼ ¨§ª®· ±²®²®© ¢¥²¢¨ ¬ £¨²®¯« §¬¥®£®°¥§® ±  ¢ ¯®«¥ Bk = 7� § ·¨²¥«¼® ¯®¤ ¢«¥  ¯®±° ¢¥¨¾ ±  ¡«¾¤ ¥¬®© ¢ ¯®«¥ Bk = 0�.�  °¨±. 4 ¯®ª § » § ¢¨±¨¬®±²¨ ®² B? · ±²®²»¢¥°µ¨µ ¨ ¨¦¨µ ¢¥²¢¥© ¬ £¨²®¯« §¬¥»µ °¥§®- ±®¢ ¤«¿ ±«³· ¥¢ Bk = 0 � (°¨±. 4a) ¨ Bk = 7�(°¨±. 4b). �¨¤®, ·²®  «®¦¥¨¥ ±¨«¼®£® ¯ ° ««¥«¼-®£® ¬ £¨²®£® ¯®«¿ ¯°¨¢®¤¨² ª ¯®¿¢«¥¨¾ ¹¥«¨ ¢±¯¥ª²°¥ ¬ £¨²®¯« §¬¥»µ ¢®§¡³¦¤¥¨©. �°¨ ½²®¬· ±²®²  ¯« §¬¥®© ¬®¤» !p2 ³¬¥¼¸ ¥²±¿ ¯®·²¨  3 ��¶ ¯® ±° ¢¥¨¾ ± !p ¯°¨ Bk = 0�, ¢ ²® ¢°¥-¬¿ ª ª · ±²®²  !p1 ¢¥°µ¥© ¯« §¬¥®© ¢¥²¢¨ ¯°¨�¨±¼¬  ¢ ���� ²®¬ 96 ¢»¯. 7 { 8 2012
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�¨±. 4. � ¢¨±¨¬®±²¨ · ±²®²» ¬ £¨²®¯« §¬¥»µ °¥-§® ±®¢ ®² ®°¬ «¼®© ª®¬¯®¥²» ¬ £¨²®£® ¯®«¿B?, ¨§¬¥°¥»¥ ¯°¨ § ·¥¨¿µ ¯ ° ««¥«¼®£® ¬ £¨²-®£® ¯®«¿ Bk = 0T (a) (±¯«®¸®© «¨¨¥© ¯®ª §   ²¥®-°¥²¨·¥±ª ¿ § ¢¨±¨¬®±²¼ (1)) ¨ 7T (b) (� { ½ª±¯¥°¨¬¥-² «¼»¥ ¤ »¥ ¢ ¯®«¿°¨§ ¶¨¨ E k Bk, � { ¢ ¯®«¿°¨§ -¶¨¨ E ? Bk)B? = 0 ¯®·²¨ ¥ § ¢¨±¨² ®² ¢¥«¨·¨» ¯ ° ««¥«¼®-£® ¬ £¨²®£® ¯®«¿ Bk. �«¥¤³¥² ®¡° ²¨²¼ ¢¨¬ ¨¥¨   ª ·¥±²¢¥®¥ ¨§¬¥¥¨¥  ¡«¾¤ ¥¬®£® µ ° ª²¥-°  ¤¨±¯¥°±¨¨ ¬ £¨²®¯« §¬¥»µ ¢®§¡³¦¤¥¨©. �±-«¨ ¢ ±«³· ¥ Bk = 0 § ª® ¬ £¨²®¤¨±¯¥°±¨¨ ®±¨²«¨¥©»© µ ° ª²¥° ¢ ±®£« ±¨¨ ± ³° ¢¥¨¥¬ (1), ²®¢ ¯ ° ««¥«¼®¬ ¬ £¨²®¬ ¯®«¥ Bk = 7 � ¨§¬¥¥¨¿· ±²®² ¬ £¨²®¯« §¬¥»µ °¥§® ±®¢ ¤¥¬®±²°¨°³-¾² ¯ ° ¡®«¨·¥±ª®¥ ¯®¢¥¤¥¨¥ ®²®±¨²¥«¼® B?.� ¢¥¤¥ ¿ ¯ ° ««¥«¼»¬ ¬ £¨²»¬ ¯®«¥¬  -¨§®²°®¯¨¿ ½´´¥ª²¨¢®© ¬ ±±» ®¡³±«®¢«¥  ª¢ §¨-¤¢³¬¥°»¬ µ ° ª²¥°®¬ ¯®¢¥¤¥¨¿ ½«¥ª²°®®¢ ¢ °¥- «¼»µ ª¢ ²®¢»µ ¿¬ µ. �¢¨¤³ ª®¥·®© ¢¥«¨-·¨» ° §¬¥°®£® ª¢ ²®¢ ¨¿ ¢ °¥ «¼»µ ±²°³ª-²³° µ ±¨«¼®¥ ¯ ° ««¥«¼®¥ ¬ £¨²®¥ ¯®«¥ ¯°¨¢®-¤¨² ª ¯®¤¬¥¸¨¢ ¨¾ ¢®«®¢»µ ´³ª¶¨© ½«¥ª²°®-®¢ ¢ ¢¥°µ¨µ ° §¬¥°®-ª¢ ²®¢ »µ ¯®¤§® µ ª¢®«®¢®© ´³ª¶¨¨ ½«¥ª²°®®¢ ¢ ®±®¢®© ° §¬¥°®-ª¢ ²®¢ ®© ¯®¤§®¥. �²® ¨ ±®¯°®¢®¦¤ ¥²±¿ ³¢¥«¨-·¥¨¥¬ ½´´¥ª²¨¢®© ¬ ±±» ½«¥ª²°®®¢ ¢ ¯«®±ª®±²¨ ¢

 ¯° ¢«¥¨¨, ¯¥°¯¥¤¨ª³«¿°®¬ ¯®«¾ Bk. �  °¨±. 5¯®ª §   § ¢¨±¨¬®±²¼ ° ±¹¥¯«¥¨¿ ¯« §¬¥»µ °¥-

�¨±. 5. � ¢¨±¨¬®±²¼ �!=!p ®² ª¢ ¤° ²  ¯ ° ««¥«¼®£®¯®«¿ B2k§® ±®¢ �! = !p1 � !p2 ®² ª¢ ¤° ²  ¯ ° ««¥«¼®£®¯®«¿ B2k . �¨¤®, ·²® ¢ ³±«®¢¨¿µ  ¸¥£® ½ª±¯¥°¨¬¥-²   ¡«¾¤ ¥¬®¥ ° ±¹¥¯«¥¨¥ ¬®¦® ®¯¨± ²¼ ¢ ° ¬-ª µ ±³¹¥±²¢³¾¹¥© ²¥®°¨¨, ¯°¥¤±ª §»¢ ¾¹¥© ª¢ ¤-° ²¨·³¾ ¯® Bk § ¢¨±¨¬®±²¼  ¢¥¤¥®©  ¨§®²°®-¯¨¨ ½´´¥ª²¨¢®© ¬ ±±» ¤¢³¬¥°»µ ½«¥ª²°®®¢.� ª¨¬ ®¡° §®¬, ¢  ±²®¿¹¥© ° ¡®²¥ ¬¥²®¤®¬ ®¯-²¨·¥±ª®£® ¤¥²¥ª²¨°®¢ ¨¿ ¬ £¨²»µ °¥§® ±®¢ ¨±-±«¥¤®¢   ª° ¥¢ ¿ ¢¥²¢¼ ¬ £¨²®¯« §¬¥»µ ª®«¥¡ -¨© ¢ ±¨«¼®¬ ¯ ° ««¥«¼®¬ ¬ £¨²®¬ ¯®«¥ ¤«¿ ¤¨±-ª  ± d = 1¬¬. �°¨ ½²®¬ § ª® ¬ £¨²®¤¨±¯¥°±¨¨¬ £¨²®¯« §¬¥»µ ¢®§¡³¦¤¥¨© ¬¥¿¥²±¿ ± «¨¥©-®£®   ¯ ° ¡®«¨·¥±ª¨© ¯® B?. �¿²¨¥ ¢»°®¦¤¥¨¿¯°®¨±µ®¤¨² ¥±¨¬¬¥²°¨·»¬ ®¡° §®¬. � ±²®²  ¢¥°µ-¥© ¢¥²¢¨ !p1 ¯° ª²¨·¥±ª¨ ¥ § ¢¨±¨² ®² ¯ ° ««¥«¼-®£® ¯®«¿ Bk ¨ ±®¢¯ ¤ ¥² ± ¯« §¬¥®© · ±²®²®© !p ¢®²±³²±²¢¨¥ ¯ ° ««¥«¼®£® ¬ £¨²®£® ¯®«¿. � ±²®² ¦¥ ¨¦¥© ¢¥²¢¨ !p2 § ¬¥²® ³¬¥¼¸ ¥²±¿ ± °®±²®¬Bk. � ¢¥¤¥®¥ ¯®«¥¬ ° ±¹¥¯«¥¨¥ �! ª¢ ¤° ²¨·®§ ¢¨±¨² ®² Bk ¢ ¨±±«¥¤³¥¬®¬ ¤¨ ¯ §®¥ ¯®«¥©. �²®±®£« ±³¥²±¿ ± ²¥®°¥²¨·¥±ª¨¬¨ ¯°¥¤±ª § ¨¿¬¨ ®²®-±¨²¥«¼® § ¢¨±¨¬®±²¨  ¢¥¤¥®© ¯ ° ««¥«¼»¬ ¯®-«¥¬  ¨§®²°®¯¨¨ ½´´¥ª²¨¢®© ¬ ±±» 2D-½«¥ª²°®®¢¤«¿ °¥ «¼»µ ª¢ §¨¤¢³¬¥°»µ ±²°³ª²³°.� ¡®²  ¢»¯®«¥  ¯°¨ ¯®¤¤¥°¦ª¥ ����.1. �. �. �¨°¯¨·¥¢, �. �. �³ª³¸ª¨, �. �. �¨¬®´¥¥¢,�. �. � «¼ª®, �¨±¼¬  ¢ ���� 51, 383 (1990).2. W. Zawadzki, S. Klahn, and U. Merkt, Phys. Rev. B33, 6916 (1986).3. L. Smer�cka and T. Junfwirth, J. Phys. Condens. Matter6, 55 (1994).4. J. C. Maan, Solid. State Science 53, 184 (1984).�¨±¼¬  ¢ ���� ²®¬ 96 ¢»¯. 7 { 8 2012 8�
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