
�¨±¼¬  ¢ ����, ²®¬ 96, ¢»¯. 12, ±. 865 { 869 c 2012 £. 25 ¤¥ª ¡°¿�®£«®¹¥¨¥ ¯®¢¥°µ®±²»µ  ª³±²¨·¥±ª¨µ ¢®« £ §®¬ ¤¢³¬¥°»µ¥¯°¿¬»µ ¤¨¯®«¼»µ ½ª±¨²®®¢�.�.�®¢ «¥¢+�, �. �. � ¯«¨ª+�1)+�±²¨²³² ´¨§¨ª¨ ¯®«³¯°®¢®¤¨ª®¢ ¨¬. �¦ ®¢  �� ���, 630090 �®¢®±¨¡¨°±ª, �®±±¨¿��®¢®±¨¡¨°±ª¨© £®±³¤ °±²¢¥»© ²¥µ¨·¥±ª¨© ³¨¢¥°±¨²¥², 630095 �®¢®±¨¡¨°±ª, �®±±¨¿��®¢®±¨¡¨°±ª¨© £®±³¤ °±²¢¥»© ³¨¢¥°±¨²¥², 630090 �®¢®±¨¡¨°±ª, �®±±¨¿�®±²³¯¨«  ¢ °¥¤ ª¶¨¾ 25 ®ª²¿¡°¿ 2012 £.�»·¨±«¿¥²±¿ ¯®£«®¹¥¨¥ ¯®¢¥°µ®±²®©  ª³±²¨·¥±ª®© ¢®«» �«¾¸²¥© {�³«¿¥¢ , ¢§ ¨¬®¤¥©±²¢³-¾¹¥© ± £ §®¬ ¤¢³¬¥°»µ ¤¨¯®«¼»µ ½ª±¨²®®¢. �®ª § ®, ·²® ¯°¨ ¯¥°¥µ®¤¥ ½ª±¨²®®¢ ¢ ±®±²®¿¨¥¡®§¥-½©¸²¥©®¢±ª®£® ª®¤¥± ²  ¯®£«®¹¥¨¥ ¨§¬¥¿¥²±¿ § ·¨²¥«¼®. �²® ¬®¦¥² ±«³¦¨²¼ ½ª±¯¥°¨¬¥-² «¼»¬ ¬¥²®¤®¬ °¥£¨±²° ¶¨¨ ² ª®£® ¯¥°¥µ®¤ .�¢¥¤¥¨¥. �¢³¬¥° ¿ ±¨±²¥¬  ¤¨¯®«¼»µ ½ª±¨-²®®¢ ¢ ¤¢®©»µ ¨«¨ ¸¨°®ª¨µ ª¢ ²®¢»µ ¿¬ µ ¯°¨-¢«¥ª ¥² § ·¨²¥«¼®¥ ¢¨¬ ¨¥. �²¥°¥± ª ¥© ±¢¿-§  £« ¢»¬ ®¡° §®¬ ± ¢®§¬®¦®±²¼¾ ®¡° §®¢ ¨¿¡®§¥-½©¸²¥©®¢±ª®£® ª®¤¥± ²  (���) [1]. � §³¬¥-¥²±¿, ¯°¥¤±² ¢«¿¥² ¨²¥°¥± ² ª¦¥ ¨ ¨§³·¥¨¥ ½«¥¬¥-² °»µ ¢®§¡³¦¤¥¨© ¢ £ §¥ (¦¨¤ª®±²¨) ¤¨¯®«¼»µ½ª±¨²®®¢. �«¿ ½ª±¯¥°¨¬¥² «¼®£® ¨±±«¥¤®¢ ¨¿½²¨µ ¢®§¡³¦¤¥¨© (².¥. ¤«¿ ¢®±±² ®¢«¥¨¿ ¨µ § ª®-  ¤¨±¯¥°±¨¨) ¥®¡µ®¤¨¬® ¢®§¤¥©±²¢®¢ ²¼   ±¨±²¥¬³¢¥¸¨¬ ¢®§¬³¹¥¨¥¬, ¥±³¹¨¬ § ¤ »© ¨ ª®²-°®«¨°³¥¬® ¨§¬¥¿¥¬»© ¨¬¯³«¼±. � ±«³· ¥ 2D ½«¥ª-²°®®© ±¨±²¥¬» ¤®«£®¥ ¢°¥¬¿ ¨±¯®«¼§®¢ «®±¼ ½«¥ª-²°®¬ £¨²®¥ ¨§«³·¥¨¥, ¬®¤³«¨°®¢ ®¥ ¤¨´° ª-¶¨®®© °¥¸¥²ª®© (grating structure), ¯¥°¨®¤ ª®²®-°®© § ¤ ¢ «,  ¯°¨¬¥°, ¨¬¯³«¼± ¯« §¬® . �°³£®©¢®§¬®¦®±²¼¾ ¿¢«¿¥²±¿ ¨±¯®«¼§®¢ ¨¥ ½«¥ª²°¨·¥±-ª®£® ¯®«¿ ¯®¢¥°µ®±²®©  ª³±²¨·¥±ª®© ¢®«» (���),ª®²®°®¥ ¨¬¥¥² ª ª ¯°®¤®«¼³¾, ² ª ¨ ¯®¯¥°¥·³¾ª®¬¯®¥²³. �´´¥ª²¨¢®±²¼ ��� ¢ ¯« ¥ ¨§³·¥¨¿½«¥¬¥² °»µ ¢®§¡³¦¤¥¨© 2D ½«¥ª²°®»µ ±¨±²¥¬¡»«  ³¡¥¤¨²¥«¼® ¯°®¤¥¬®±²°¨°®¢   ¢ ° ¡®² µ �.�³ª³¸ª¨  ± ±® ¢²®° ¬¨ [2{4]. �¨¯®«¼»© ¥¯°¿-¬®© ½ª±¨²® \·³¢±²¢³¥²" ¢¥°²¨ª «¼³¾ ª®¬¯®¥-²³ ½«¥ª²°¨·¥±ª®£® ¯®«¿ ���, ·²® ®²ª°»¢ ¥² ¢®§¬®¦-®±²¼ ¨±¯®«¼§®¢ ¨¿ ��� ¤«¿ ¨±±«¥¤®¢ ¨¿ ±¯¥ª²° ¢®§¡³¦¤¥¨© ¢ ½ª±¨²®®© ±¨±²¥¬¥. � ¯°¥¤« £ ¥¬®©° ¡®²¥ ¬» ° ±±·¨²»¢ ¥¬ § ²³µ ¨¥ ��� §  ±·¥² ¢§ -¨¬®¤¥©±²¢¨¿ ± £ §®¬ 2D ¤¨¯®«¼»µ ¥¯°¿¬»µ ½ª±¨-²®®¢. �§¬¥¥¨¥ ½²®£® § ²³µ ¨¿ ¯°¨ ´ §®¢®¬ ¯¥°¥-µ®¤¥ ½ª±¨²®®¢ ¢ ±®±²®¿¨¥ ��� ¬®¦¥² ¡»²¼ ®¤¨¬¨§ ¬¥²®¤®¢ °¥£¨±²° ¶¨¨ ² ª®£® ¯¥°¥µ®¤ .1)e-mail: chaplik@isp.nsc.ru

�®£«®¹¥¨¥ ��� ½ª±¨²®»¬ £ §®¬ ¢»¸¥²®·ª¨ ª®¤¥± ¶¨¨ (T > Tc). �» ° ±±¬ ²°¨¢ ¥¬¯®«³¡¥±ª®¥·»© ¯¼¥§®½«¥ª²°¨·¥±ª¨© ª°¨±² «« ±¨¬-¬¥²°¨¨ C6v, ®°¨¥²¨°®¢ »© ² ª, ª ª ½²® ¯®ª § -®   °¨±³ª¥, ®£° ¨·¥»© ¯®¢¥°µ®±²¼¾ xz, ¯°®-
SAW
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d�µ¥¬ ²¨·¥±ª®¥ ¨§®¡° ¦¥¨¥ ¨§³· ¥¬®© ±¨±²¥¬»µ®¤¿¹¥© ·¥°¥§ ®±¼ ±¨¬¬¥²°¨¨ (®±¼ z). �®¢¥°µ®±²¼xz ¯°¥¤±² ¢«¿¥² ±®¡®© ª¢ ²®¢³¾ ¿¬³ (��) ¤«¿ ¤»-°®ª, ¯ ° ««¥«¼® ª®²®°®© (y = d) ° ±¯®«®¦¥  ��,±®¤¥°¦ ¹ ¿ ½«¥ª²°®». �«¿ ´®°¬¨°³¾¹¨µ±¿ ¢ ² -ª®© ±¨±²¥¬¥ ¥¯°¿¬»µ ¤¨¯®«¼»µ ½ª±¨²®®¢ ¯°¨¬¥¬±«¥¤³¾¹³¾ ¬®¤¥«¼. �³¤¥¬ ¯®« £ ²¼, ·²® ½ª±¨²®»¯°¥¤±² ¢«¿¾² ±®¡®© ¦¥±²ª¨¥ ¤¨¯®«¨, ®°¨¥²¨°®¢ -»¥ ¯® ®°¬ «¨ ª ¯®¢¥°µ®±²¨ ª°¨±² «« . � §³¬¥-¥²±¿, ¢ ¤¥©±²¢¨²¥«¼®±²¨ ¨¬¥¾²±¿ ¢³²°¥¨¥ ±²¥-¯¥¨ ±¢®¡®¤» ½ª±¨²®®¢, ².¥. ª®«¥¡ ¨¿ ½«¥ª²°®®¢¨ ¤»°®ª ¢ ¯«®±ª®±²¨ ±²°³ª²³°» ¨ ¢  ¯° ¢«¥¨¨ y.�¤ ª® ½²® ¥ ¬¥¿¥² £« ¢®© ª ·¥±²¢¥®© ®±®¡¥-®±²¨ ° ±±¬ ²°¨¢ ¥¬®© ±¨±²¥¬» {  «¨·¨¿ ³ · ±²¨¶¥³«¥¢®£® ±°¥¤¥£® ¤¨¯®«¼®£® ¬®¬¥² , ¯¥°¯¥¤¨-ª³«¿°®£® £° ¨¶¥ ª°¨±² «« .�®¢¥°µ®±² ¿  ª³±²¨·¥±ª ¿ ¢®«  ° ±¯°®±²° -¿¥²±¿ ®°²®£® «¼® ®±¨ ±¨¬¬¥²°¨¨ ¢  ¯° ¢«¥¨¨x (¢®«  �«¾¸²¥© {�³«¿¥¢ ). � ¢®«¥ ¨±¯»²»-¢ ¾² ª®«¥¡ ¨¿ ¢¥ª²®° ±¬¥¹¥¨¿ ±°¥¤», ¢ £¥®¬¥²-°¨¨  ¸¥£® °¨±³ª  ¨¬¥¾¹¨© z-ª®¬¯®¥²³ u == (0; 0; u(x; y)) ¨ ¯®²¥¶¨ « ' ½«¥ª²°¨·¥±ª®£® ¯®«¿,±®§¤ »© ª ª ¯¼¥§®½«¥ª²°¨·¥±ª®© ±°¥¤®© ª°¨±² «-7 �¨±¼¬  ¢ ���� ²®¬ 96 ¢»¯. 11 { 12 2012 865



866 �.�. �®¢ «¥¢, �.�. � ¯«¨ª« , ² ª ¨ ®²ª«®¥¨¥¬ ¯«®²®±²¨ ½ª±¨²®®¢ �N ®²° ¢®¢¥±®£® § ·¥¨¿ N0. � ¢¨±¨¬®±²¼ ±¬¥¹¥¨¿ u¨ ¯®²¥¶¨ «  ' ®² ª®®°¤¨ ² ¨ ¢°¥¬¥¨ ®¯°¥¤¥«¿¥²±¿°¥¸¥¨¥¬ ±¨±²¥¬» ³° ¢¥¨© ¢ ±°¥¤¥ (' = '(i) ¯°¨y > 0): �u00tt = ��u� ��'(i); (1)"�'(i) + 4���u = 0;¨ ¢¥ ¥¥ (' = '(e) ¯°¨ y < 0):u = 0; (2)�'(e) = 0;£¤¥ �; �; �; " { ¯«®²®±²¼, ¬®¤³«¼ ±¤¢¨£ , ¯¼¥§®¬®-¤³«¼ ¨ ¤¨½«¥ª²°¨·¥±ª ¿ ¯®±²®¿ ¿ ª°¨±² ««  ±®®²-¢¥²±²¢¥®. �» ¡³¤¥¬ ±·¨² ²¼ �� ¨ ¡ °¼¥° ¬¥¦¤³¨¬¨ ³§ª¨¬¨, ² ª ·²® ¨µ ¯®« ¿ ¬ ±±  ®ª ¦¥²±¿ ¬®-£® ¬¥¼¸¥ ¬ ±±» ¢®¢«¥·¥®£® ¢ ¤¢¨¦¥¨¥ ¢¥¹¥±²¢ ¯¼¥§®¯®¤«®¦ª¨, ².¥. ¢ ¬¥µ ¨·¥±ª®¬ ±¬»±«¥ ¯®¢¥°µ-®±²¼ ¯¼¥§®ª°¨±² ««  ¬®¦® ¡³¤¥² ±·¨² ²¼ ±¢®¡®¤-®©. �°®¬¥ ²®£®, ¯°¥¥¡°¥¦¥¬ ° §«¨·¨¥¬ ¤¨½«¥ª²°¨-·¥±ª®© ¯®±²®¿®© ¯®¤«®¦ª¨ ¨ ¡ °¼¥° , ° §¤¥«¿¾¹¥-£® ��.�° ¢¥¨¿ ¤¨ ¬¨ª¨ (1) ¨ (2) ±«¥¤³¥² ¤®¯®«-¨²¼ £° ¨·»¬¨ ³±«®¢¨¿¬¨, ¢»° ¦ ¾¹¨¬¨ ° ¢¥-±²¢® ³«¾ ²¥§®°   ¯°¿¦¥¨©   £° ¨¶¥ ª°¨±² «« ,�zy(y = 0) = 0. �·¨²»¢ ¿ ±² ¤ °²³¾ ±¢¿§¼ ¬¥¦-¤³  ¯°¿¦¥¨¥¬ ¨ ±¬¥¹¥¨¿¬¨, ½²® ³±«®¢¨¥ ¬®¦®§ ¯¨± ²¼ ¢ ¢¨¤¥�@u@y � � @'(i)@y = 0: (3)�°®¬¥ ²®£®, ³° ¢¥¨¥ �³ ±±®  ¢ (1) ²°¥¡³¥²±¿ ¤®-¯®«¨²¼ £° ¨·»¬¨ ³±«®¢¨¿¬¨   ¯®²¥¶¨ « ' ¨¢¥ª²®° ½«¥ª²°¨·¥±ª®© ¨¤³ª¶¨¨ D. C ²®·ª¨ §°¥-¨¿ ½«¥ª²°®±² ²¨ª¨ £ § ¥¯°¿¬»µ ¤¨¯®«¼»µ ½ª±¨-²®®¢ ¬®¦® ° ±±¬ ²°¨¢ ²¼ ª ª ¤¢®©®© ½«¥ª²°¨·¥±-ª¨© ±«®©. �«¿ ¯°¨¬¥¨¬®±²¨ ² ª®© ¬®¤¥«¨ ²°¥¡³-¥²±¿ ¢»¯®«¥¨¥ ³±«®¢¨© kd � 1, k% � 1, £¤¥ k {¢®«®¢®© ¢¥ª²®° ���, % { ¤¥ª°¥¬¥² § ²³µ ¨¿  ¬-¯«¨²³¤» ±¬¥¹¥¨© ±°¥¤» u ¢  ¯° ¢«¥¨¨ y. �«¿¤¢®©®£® ½«¥ª²°¨·¥±ª®£® ±«®¿ £° ¨·»¥ ³±«®¢¨¿ ¢²®·ª¥ y = 0 ¨¬¥¾² ¢¨¤D(i)y = �@'(e)@y ; (4)'(e) � '(i) = 4�p�N;£¤¥ D(i)y = �4��@yu� "@y'(e), p { ¬®¤³«¼ ¤¨¯®«¼®£®¬®¬¥²  ½ª±¨²®  p = (0;�ed; 0). � ° ¬ª µ ²¥®°¨¨«¨¥©®£® ®²ª«¨ª  ¢®§¬³¹¥¨¥ ½ª±¨²®®© ¯«®²®±-²¨ �N ¢ ´³°¼¥-¯°¥¤±² ¢«¥¨¨ § ¯¨¸¥²±¿ ¢ ¢¨¤¥

�Nk! = �k! [gk�Nk! � pEy(y = 0)] : (5)�¤¥±¼ �k! =Xp fp+k � fp! +Ep+k �Ep + i� ; (6)Ey = 4��" @u@y ;gk = 4�e2("+ 1)k (1�2e�kd) + 2�e2"k �1 + "� 1"+ 1e�2kd� ;£¤¥ fp { ´³ª¶¨¿ ° ±¯°¥¤¥«¥¨¿ �®§¥, Ep = p2=2M {ª¨¥²¨·¥±ª ¿ ½¥°£¨¿ ½ª±¨²®  ¬ ±±» M . �¥«¨-·¨  gk ¯°¥¤±² ¢«¿¥² ±®¡®© ¯®²¥¶¨ « ½ª±¨²®-½ª±¨²®®£® ¢§ ¨¬®¤¥©±²¢¨¿. �¥°¢®¥ ±« £ ¥-¬®¥ ¢ ±ª®¡ª µ ¢ (6) ®¯¨±»¢ ¥² ¨¤³¶¨°®¢ ³¾· ±²¼ ¯®«®£® ¯®²¥¶¨ « , ®¡³±«®¢«¥³¾ ½ª±¨²®-½ª±¨²®»¬ ¢§ ¨¬®¤¥©±²¢¨¥¬,   ¢²®°®¥ { ¯®²¥¶¨ «¤¨¯®«¼®£® ½ª±¨²®  ¢ ½«¥ª²°¨·¥±ª®¬ ¯®«¥ ���.�¥¸¥¨¥ ±¨±²¥¬» (1) ¡³¤¥¬ ¨±ª ²¼ ¢ ¢¨¤¥u = Ae�%yeikx�i!t;'(i) = �Be�ky � 4��" Ae�%y� eikx�i!t; (7)'(e) = Cekyeikx�i!t;%2 = k2 � !2=c2;£¤¥ c2 = 4��2=("�) + �=� { ±ª®°®±²¼ §¢³ª . �·¥² £° -¨·»µ ³±«®¢¨© ¤ ¥² ¤¨±¯¥°±¨®®¥ ³° ¢¥¨¥:(1� gk�k!) "1� k("+ 1)pk2 � !2=c2#++ bk�k! = 0; (8)£¤¥ ¢¢¥¤¥® ®¡®§ ·¥¨¥ b = 4�e2d2=(" + 1),    == 4��2="�c2 { ª®½´´¨¶¨¥² ½«¥ª²°®¬¥µ ¨·¥±ª®©±¢¿§¨.�«¿   «¨§  ³° ¢¥¨¿ (8) ²°¥¡³¥²±¿ ³±² ®¢¨²¼¿¢»© ¢¨¤ ¯®«¿°¨§ ¶¨®®£® ®¯¥° ²®°  �k! . �» ¡³-¤¥¬ ° ±±¬ ²°¨¢ ²¼ ®±®¢®© ¤«¿ ½ª±¯¥°¨¬¥²  ±«³-· © ¤«¨®¢®«®¢®£® ¢®§¬³¹¥¨¿, k � MvT , £¤¥vT =p2T=M { ²¥¯«®¢ ¿ ±ª®°®±²¼ ½ª±¨²®®¢. �°®¨§-¢¥¤¿ ° §«®¦¥¨¥ ¢ (6) ¯® k, ¯®«³· ¥¬Re�k! = M2� Z 10 dx@f@x "1� j�j�(�2 � x)p�2 � x # ; (9)Im�k! = M2�� Z 1�2 dx@f@x 1px� �2 ;f = [exp(x� �=T )� 1]�1;£¤¥ ¢¢¥¤¥  ¡¥§° §¬¥° ¿ ¢¥«¨·¨  � = !=vTk. � ®¡-¹¥¬ ±«³· ¥ ¯°®¢¥±²¨ ¨²¥£°¨°®¢ ¨¥ ¢ (9) ¥ ³¤ ¥²-±¿. �®½²®¬³ ¬» ° ±±¬®²°¨¬ ¤¢  ¯°¥¤¥«¼»µ ±«³· ¿.�¨±¼¬  ¢ ���� ²®¬ 96 ¢»¯. 11 { 12 2012



�®£«®¹¥¨¥ ¯®¢¥°µ®±²»µ  ª³±²¨·¥±ª¨µ ¢®« £ §®¬ ¤¢³¬¥°»µ ¥¯°¿¬»µ ¤¨¯®«¼»µ ½ª±¨²®®¢ 867�«³· © � � 1. � ½²®¬ ¯°¥¤¥«¥ ¢ (9) ¢¥§¤¥ ¯®¤ § -ª®¬ ¨²¥£° «  ¬®¦® ¯®«®¦¨²¼ � = 0. � °¥§³«¼² ²¥¯®«³· ¥¬ Re�k! = M2� Z 10 dx@f@x = (10)= �M2�f(0) = M2� 11� exp(��=T ) == �M2� �e2�N0=MT � 1� = �0;Im�k! = M2��B(T );B(T ) = Z 10 dxpx @f@x :�¤¥±¼ ¬» ¢®±¯®«¼§®¢ «¨±¼ ±¢¿§¼¾ µ¨¬¨·¥±ª®£®¯®²¥¶¨ «  ± ° ¢®¢¥±®© ¯«®²®±²¼¾ ½ª±¨²®®¢:exp(�=T ) = 1 � exp(�2�N0=MT ). � ª ³¦¥ ³ª §»¢ -«®±¼ ¢»¸¥, kd � 1. � ½²®¬ ¯°¥¤¥«¥ ¬®¦® ±·¨² ²¼gk = gk=0 = 4�e2d=" = g0. �®£¤  ¤¨±¯¥°±¨®®¥³° ¢¥¨¥ (8) ± ³·¥²®¬ (10) ¯°¨¬¥² ¢¨¤(1� g0�0 � ig0Im�k!)�� "1� k("+ 1)pk2 � !2=c2#++ bk(�0 + iIm�k!) = 0: (11)�¥¸¥¨¥ ½²®£® ³° ¢¥¨¿ ¨¹¥¬ ¢ ¢¨¤¥ k = k1 + ik2.�·¨² ¿ ¬¨¬³¾ · ±²¼ ¬ «®© ¯®¯° ¢ª®©, ¤«¿ § ²³µ -¨¿  ª³±²¨·¥±ª®© ¢®«» ¯®«³· ¥¬k2 = � 2"3aB("+ 1)3 !2d2c2 B(T )c=vTh1 + 2daB �e2�N0=MT � 1�i2 :(12)�«³· © � � 1. � ½²®¬ ±«³· ¥ ¢ (9) ¢ °¥ «¼®©· ±²¨ ¯®¤»²¥£° «¼®¥ ¢»° ¦¥¨¥ ¬®¦® ° §«®¦¨²¼¢ °¿¤ ¯® 1=�,   ¢ ¬¨¬®© ´³ª¶¨¾ ° ±¯°¥¤¥«¥¨¿f(x) ¬®¦® § ¬¥¨²¼ ¥¥ ¡®«¼¶¬ ®¢±ª¨¬ ¯°¥¤¥«®¬:f(x) � e�=T e�x = [1 � exp(�2�N0=MT )]e�x. �»·¨±-«¥¨¥ ¨²¥£° «®¢ ¤ ¥²Re�k! = M2� Z 10 dx@f@x �� x2�2� = N02T�2 ; (13)Im�k! = � M2p� �1� e�2�N0=MT� e��2�:�²¬¥²¨¬, ·²® ¢»° ¦¥¨¥ ¤«¿ °¥ «¼®© · ±²¨ ¢ (13)¯®«³·¥® ¤«¿ f(x) ®¡¹¥£® ¢¨¤ , ª ª ¢ (9). �¨¬ ¿¦¥ · ±²¼ ¢ (13) ¯®«³·¥  ¢ ¡®«¼¶¬ ®¢±ª®¬ ¯°¨¡«¨-¦¥¨¨ ¨ ½ª±¯®¥¶¨ «¼® ¬ «  ¯°¨ � � 1. �¨±¯¥°±¨-®®¥ ³° ¢¥¨¥ (8) ¯°¨¨¬ ¥² ¢ ½²®¬ ¯°¨¡«¨¦¥¨¨¢¨¤

�1� s2k2!2 � ig0Im�k!��� "1� k("+ 1)pk2 � !2=c2#++ bk�N0k2M!2 + iIm�k!� = 0; (14)£¤¥ s2 = v2T �2�e2N0d=T = g0N0=M . � ª ¢¨¤® ¨§ (14),¯°¨  = 0 ¬» ¯®«³· ¥¬ ¤¢¥ ¥§ ¢¨±¨¬»¥ ¢¥²¢¨ ª®-«¥¡ ¨©, ! = sk ¨ ! = ck. �¥°¢ ¿ ¨§ ¨µ ®¯¨±»¢ ¥²ª®«¥¡ ¨¿ ½ª±¨²®®© ¯«®²®±²¨, ¢²®° ¿ { §¢³ª®¢³¾¢®«³. � «¨·¨¥ ¬ «®© ¢¥«¨·¨»  � 1 ¯®§¢®«¿¥²²° ª²®¢ ²¼ ¯®±«¥¤¥¥ ±« £ ¥¬®¥ ¢ (14) ª ª ¢®§¬³¹¥-¨¥. �®½²®¬³ § ²³µ ¨¥  ª³±²¨·¥±ª®© ¢®«» ¡³¤¥¬¨±ª ²¼ ¨²¥° ¶¨¿¬¨. �®¢  ¯®«®¦¨¬ k = k1 = !=c¢¥§¤¥ ¢ (14), ª°®¬¥ ° ¤¨ª « . � °¥§³«¼² ²¥ ¨¬¥¥¬k2 = 2p�"3aB("+ 1)3 !2d2c2 e�c2=v2T c=vT(1� s2=c2)2 �1� e�2�N0=MT� :(15)�§ ¢»¢®¤  ®·¥¢¨¤®, ·²® ³° ¢¥¨¥ (15) ¯°¨¬¥¨¬® ¢®¡« ±²¨ g0Im�k! � j1�s2=c2j, £¤¥ Im�k! ®¯°¥¤¥«¥®¢ (13).�®£«®¹¥¨¥ ��� ½ª±¨²®»¬ £ §®¬ ¨¦¥²®·ª¨ ª®¤¥± ¶¨¨ (T < Tc). �¤¥±¼ ¬» ° ±±¬®²-°¨¬ «¨¸¼ ±«³· © T = 0. �°¨  «¨·¨¨ ª®¤¥± ² ¢¬¥±²® ¢»° ¦¥¨¿ (8) ²°¥¡³¥²±¿  ©²¨ ®¢®¥ ¤¨±¯¥°-±¨®®¥ ³° ¢¥¨¥. �³¹¥±²¢¥»¥ ¨§¬¥¥¨¿ ¯°¥-²¥°¯¥¢ ¥² ² ª¦¥ ¢»° ¦¥¨¥ ¤«¿ ¯®«¿°¨§ ¶¨®®£®®¯¥° ²®°  (6). �°¨  «¨·¨¨ ª®¤¥± ²  ¬» ®¡®§ -·¨¬ ¥£® ª ª Pk! . �«¿ ° ±·¥²  Pk! ¢®±¯®«¼§³¥¬±¿ ±«¥-¤³¾¹¨¬ ¯°¨¥¬®¬. � ©¤¥¬ ®²ª«¨ª ½ª±¨²®®© ¯«®²-®±²¨   ¢¥¸¥¥ ¯®«¥, ´³°¼¥-®¡° § ª®²®°®£® ®¡®§ -·¨¬ ª ª Uk! . �®£¤  ¯® ®¯°¥¤¥«¥¨¾ �Nk! = Pk!Uk! .�°¨ T < Tc ¨¬¥¾²±¿ ¤¢  ²¨¯  · ±²¨¶:  µ®¤¿¹¨-¥±¿ ¢ ª®¤¥± ²¥ ¨  ¤ª®¤¥± ²»¥. � ª¨¬ ®¡° -§®¬, ¯®«»© ®²ª«¨ª ¯«®²®±²¨ ¬®¦® ¯°¥¤±² ¢¨²¼ª ª �Nk! = �N ck!+ �Nnk! = P ck!Uk!+Pnk!Uk!, £¤¥ ¨-¤¥ª±» \c" ¨ \n" ®¡®§ · ¾² ª®¤¥± ²»¥ ¨  ¤ª®-¤¥± ²»¥ · ±²¨¶» ±®®²¢¥²±²¢¥®. � ¨§¸¥¬ ¯°¨-¡«¨¦¥¨¨ ¯® ¢§ ¨¬®¤¥©±²¢¨¾ ¡³¤¥¬ ±·¨² ²¼, ·²® ®²-ª«¨ª ²¥µ ¨ ¤°³£¨µ · ±²¨¶   ¢¥¸¥¥ ¢®§¤¥©±²¢¨¥¯°®¨±µ®¤¨² ¥§ ¢¨±¨¬®. �®£¤  P ck! ¬®¦¥² ¡»²¼  ©-¤¥® ¨§ ³° ¢¥¨¿ �°®±± {�¨² ¥¢±ª®£® ¤«¿ ¢®«®¢®©´³ª¶¨¨ ª®¤¥± ²  	(r; t):i _	(r; t) = p22M	(r; t)� �	(r; t) ++ g0j	(r; t)j2	(r; t) + U(r; t)	(r; t); (16)£¤¥ U(r; t) = Uk!eikr�i!t, � { µ¨¬¨·¥±ª¨© ¯®²¥¶¨- « ½ª±¨²®®¢. �¨¥ °¨§³¿ ½²® ³° ¢¥¨¥ ¯® U , ².¥.�¨±¼¬  ¢ ���� ²®¬ 96 ¢»¯. 11 { 12 2012 7�



868 �.�. �®¢ «¥¢, �.�. � ¯«¨ª¯°¥¤±² ¢«¿¿ 	(r; t) = pnc +  (r; t), ± ³·¥²®¬ ±¢¿§¨�Nck! = jpnc +  (r; t)j2 � nc � pnc[ (r; t) +  �(r; t)]¨§ (16) ¯®«³· ¥¬P ck! = nck2=M(! + i�)2 � �2k ; �k =s k22M � k22M + 2g0nc�:(17)�«¿ ° ±·¥²  ®²ª«¨ª   ¤ª®¤¥± ²»µ · ±²¨¶ ¨±µ®-¤¨¬ ¨§ ±¨±²¥¬» ³° ¢¥¨©   ´³ª¶¨¨ �°¨  G ¨ F ,  ¨¬¥® (Ĝ�10 � U)Ĝ = 1̂, £¤¥Ĝ�10 =  i@t � p22M � g0nc �g0nc�g0nc �i@t � p22M � g0nc ! ;Ĝ =  G FF � ~G ! : (18)�¨¥ °¨§³¿ ¢»° ¦¥¨¥ (Ĝ�10 �U)Ĝ = 1̂ ¯® U , ¨¬¥¥¬Pnk! = iXp;
[G0(p+ k; ! +
)G0(p;
) ++ F0(p+ k; ! +
)F �0 (p;
)]; (19)£¤¥ ´³ª¶¨¨ G0; F0  µ®¤¿²±¿ ¨§ (18):Ĝ0 =  G0 F0F �0 ~G0 ! = 1!2 � �2p + i� �� ! + p2=2M + g0nc �g0nc�g0nc �! + p2=2M + g0nc ! :(20)� «¨§ ¨²¥£° «®¢ ¢ (19), ®¯°¥¤¥«¿¾¹¨µ ¯®«¿°¨-§ ¶¨®»© ®¯¥° ²®°  ¤ª®¤¥± ²»µ · ±²¨¶, ¯®ª -§»¢ ¥², ·²® ±³¹¥±²¢¥®© ¿¢«¿¥²±¿ ®¡« ±²¼ p � k,¥±«¨ ²®«¼ª® ±ª®°®±²¼ ��� ¥ ¢¥«¨ª  ¯® ±° ¢¥¨¾±® ±ª®°®±²¼¾ ¡®£®«¾¡®¢±ª®£® §¢³ª . �¤ ª® ¢ ¨¬¥¾-¹¨µ±¿ ±¥©· ± ½ª±¯¥°¨¬¥² µ ±¨²³ ¶¨¿ ®¡° ² ¿. � -¯°¨¬¥°, ¤«¿ GaAs M = 0:5 � 10�28 £, " = 12. �®«®¦¨¢d = 5�10�7 ±¬, ¯°¨ ª®¶¥²° ¶¨¨N0 � nc = 1010 ±¬�2¯®«³· ¥¬ s = pg0nc=M = 5 � 106 ±¬/±, ·²® ¤ ¥²�0 = 1=Ms = 3 �10�5 ±¬. � ª¨¬ ®¡° §®¬, ¥° ¢¥±²¢®2�=k � �0 (¨«¨, ·²® ²® ¦¥ ± ¬®¥, k � Ms) ¢»¯®«-¿¥²±¿ ¤«¿ ²¨¯¨·»µ § ·¥¨© ¤«¨» ¢®«» §¢³ª � = 2�=k = 10�4 ±¬. �²® ¯®§¢®«¿¥² ¯®«®¦¨²¼ ¢ (19)�p = sp ¨ G0 = �F0. �²¥£°¨°³¿ ¢ (19) ¯® · ±²®²¥,¯°¨µ®¤¨¬ ª ¢»° ¦¥¨¾Pnk! = g20n2c Z dp(2�)2 �p + �p+k�p�p+k 1!2 � (�p + �p+k)2 + i� ;(21)¨§ ª®²®°®£® ®ª®· ²¥«¼® ¯®«³· ¥¬Pnk! = ��2(Ms)2 ��(s2k2 � !2)ps2k2 � !2 + i�(!2 � s2k2)p!2 � s2k2 � :(22)

�®±ª®«¼ª³ ¢ ¯®«¥  ª³±²¨·¥±ª®© ¢®«» U = �pEy(y == 0),   ¢¬¥±²® (5) ¬» ²¥¯¥°¼ ¨¬¥¥¬ �Nk! = (P ck! ++ Pnk!)Uk! , ¯°¨µ®¤¨¬ ª ¤¨±¯¥°±¨®®¬³ ³° ¢¥¨¾1� k("+ 1)pk2 � !2=c2 + bk(P ck! + Pnk!) = 0: (23)�®£« ±® ½²®¬³ ³° ¢¥¨¾ § ²³µ ¨¥ (¯®£«®¹¥¨¥)��� ±®¤¥°¦¨² ¤¢  ¢ª« ¤ . �¥°¢»© ¨§ ¨µ ®¡³±«®¢«¥¬¨¬®© · ±²¼¾ (17), ª®²®° ¿ ¨¬¥¥² ¢¨¤ �(!2 � �2k).� ª ¿ § ¢¨±¨¬®±²¼ ±¢¿§   ± ´¨§¨ª®© ¯°®¶¥±±  § ²³-µ ¨¿: ª¢ ² ��� ! = ck ¯®£«®¹ ¥²±¿ · ±²¨¶¥© ª®-¤¥± ²  ¨ ¯¥°¥¢®¤¨² ¥¥ ¢  ¤ª®¤¥± ²®¥ ±®±²®¿¨¥± ½¥°£¨¥© �k = sk. �»¬¨ ±«®¢ ¬¨, ½²®² ¬¥µ ¨§¬§ ²³µ ¨¿ ²°¥¡³¥² ¢»¯®«¥¨¿ ³±«®¢¨¿ c = s (´ ª²¨-·¥±ª¨ ½²® ³±«®¢¨¥ ±¨µ°®¨§¬  ¯°¨ ²° ±´®°¬ ¶¨¨¢®« ± «¨¥©»¬ § ª®®¬ ¤¨±¯¥°±¨¨). �°¨ c 6= s § -²³µ ¨¥ ��� ®¡³±«®¢«¥®  «¨·¨¥¬ (¤ ¦¥ ¯°¨ T = 0) ¤ª®¤¥± ²»µ · ±²¨¶, ².¥. ®¯°¥¤¥«¿¥²±¿ ¬¨¬®©· ±²¼¾ (22). �¥¸ ¿ ¤¨±¯¥°±¨®®¥ ³° ¢¥¨¥ (23) ¯®-±«¥¤®¢ ²¥«¼»¬¨ ¯°¨¡«¨¦¥¨¿¬¨, ¬» ± · «  ¯°¥-¥¡°¥¦¥¬ ¬¨¬®© · ±²¼¾ Pnk! ¨ ¯®«³·¨¬ «¨¥©»©§ ª® ¤¨±¯¥°±¨¨ ��� ! = ~ck ± ¯¥°¥®°¬¨°®¢ ®©¯¼¥§®½´´¥ª²®¬ ±ª®°®±²¼¾ ��� ~c = cp1� 2("+ 1)2.(�®¯° ¢ª  ª § ª®³ ¤¨±¯¥°±¨¨ ��� ®² ¢§ ¨¬®¤¥©±²-¢¨¿ ± ½ª±¨²® ¬¨ ±®¤¥°¦¨² ¡®«¥¥ ¢»±®ª¨¥ ±²¥¯¥¨k ¨ ¯®½²®¬³ §¤¥±¼ ¥ ³·¨²»¢ ¥²±¿.) �  ±«¥¤³¾¹¥¬¸ £¥ ¯®« £ ¥¬ ¢ Pnk! ! = ~ck ¨  µ®¤¨¬ § ²³µ ¨¥k2 = Im k:k2 = 4�33"("+ 1)3 !d2aBc Ms2p~c2 � s2 �(~c2 � s2): (24)�¡° ²¨¬ ¢¨¬ ¨¥   ¯®°®£®¢»© µ ° ª²¥° § ¢¨±¨-¬®±²¨ § ²³µ ¨¿ ��� ®² ¯«®²®±²¨ ½ª±¨²®®¢: ¯®-±ª®«¼ª³ s2 � N0, ¯°¨ N0 > Ncr � M~c2=g0 ¬¥µ -¨§¬ § ²³µ ¨¿, ®¯¨±»¢ ¥¬»© ´®°¬³«®© (24), \¢»-ª«¾· ¥²±¿". � ª ¢¨¤® ¨§ ¯®¤»²¥£° «¼»µ ¢»° -¦¥¨© (21), ½²®² ¬¥µ ¨§¬ § ª«¾· ¥²±¿ ¢ ¢»¡¨¢ ¨¨´®®®¬ ��� ¯ °» · ±²¨¶ ¨§ ª®¤¥± ²  (§ ²³µ ¨¥�¥«¿¥¢  [5]). �¨¥¬ ²¨·¥±ª®¥ ³±«®¢¨¥ ¢®§¬®¦®±²¨² ª®£® ¯°®¶¥±±  ¨¬¥¥² ¢¨¤! = ~ck = �p + �p+k: (25)�°¨ ½²®¬, ª ª ³¦¥ ¡»«® ±ª § ® ¢»¸¥, ¬®¦® § ¬¥-¨²¼ ¡®£®«¾¡®¢±ª¨© ±¯¥ª²° ¥£® «¨¥©»¬ ³· ±²ª®¬:�p = sp. �®£¤  ¨§ (25) ¬®¦®  ©²¨ ®£° ¨·¥¨¿  ¢®§¬®¦»¥ § ·¥¨¿ p ¯°¨ § ¤ »µ ! ¨ k:! + sk > 2ps > ! � sk: (26)� ²®·®±²¨ ² ª®¥ ¦¥ ³±«®¢¨¥ ®¯°¥¤¥«¿¥² ±³¹¥±²¢®¢ -¨¥ ¬¨¬®£® ¢ª« ¤  ¢ ¯®«¿°¨§ ¶¨®»© ®¯¥° ²®° Pnk!�¨±¼¬  ¢ ���� ²®¬ 96 ¢»¯. 11 { 12 2012



�®£«®¹¥¨¥ ¯®¢¥°µ®±²»µ  ª³±²¨·¥±ª¨µ ¢®« £ §®¬ ¤¢³¬¥°»µ ¥¯°¿¬»µ ¤¨¯®«¼»µ ½ª±¨²®®¢ 869¢ ´®°¬³«¥ (21), ª®²®°»© ¨ § ¤ ¥² § ²³µ ¨¥ (24). � -§³¬¥¥²±¿, ± ¬  ´®°¬³«  (24) ¥¯°¨¬¥¨¬  ¢¡«¨§¨ ¯®-°®£  ~c � s, ².ª. ®  ¯®«³·¥  ¨²¥° ¶¨¿¬¨ k2 � Re k.�¥¸¥¨¥ ³° ¢¥¨¿ (23) ¯°¨ ~c � s � ~c ¤ ¥² ª®¥·-®¥ § ·¥¨¥ k2, ª®²®°®¥ ¬» ¥ ¯°¨¢®¤¨¬ ¢¢¨¤³ ¥£®£°®¬®§¤ª®±²¨.� ª¨¬ ®¡° §®¬, µ ° ª²¥° § ²³µ ¨¿ ��� ±³¹¥±²-¢¥® ¬¥¿¥²±¿ ¯°¨ ®¡° §®¢ ¨¨ ��� ½ª±¨²®®¢. � -²³µ ¨¥ °¥§ª® ³¬¥¼¸ ¥²±¿ ¯°¨ ¯°¥¢»¸¥¨¨ ¥ª®²®-°®£® ª°¨²¨·¥±ª®£® § ·¥¨¿ ¯«®²®±²¨ ½ª±¨²®®¢.�» ¡« £®¤ °¨¬ �.�. � ²»¥¢  ¨ �.�. �²¨  §  ®¡-±³¦¤¥¨¿. � ¡®²  ¯®¤¤¥°¦   ���� (£° ² #11-02-0060) ¨ ¯°®£° ¬¬ ¬¨ ���.
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