
�¨±¼¬  ¢ ����, ²®¬ 93, ¢»¯. 3, ±. 129 { 133 c 2011 £. 10 ´¥¢° «¿�¡®¡¹¥ ¿ ´®°¬³«  ¤«¿ ¥±²¥±²¢¥®© ¸¨°¨» ±¯¥ª²°  ¨§«³·¥¨¿ª¢ ²®¢»µ £¥¥° ²®°®¢�. �. �¨°ª¨1), �. �.�¨¯³«¨2)��¨§¨·¥±ª¨© ´ ª³«¼²¥² ��� ¨¬. �.�.�®¬®®±®¢ , 119992 �®±ª¢ , �®±±¨¿��±²¨²³² ¯°¨ª« ¤®© ´¨§¨ª¨ �¨¢¥°±¨²¥²  ¨¬. �.�¨««¥° , D-07743 �¥ , �¥°¬ ¨¿�®±²³¯¨«  ¢ °¥¤ ª¶¨¾ 22 ¤¥ª ¡°¿ 2010 £.� ° ¬ª µ ¤¢³µ³°®¢¥¢®© ¬®¤¥«¨  ª²¨¢®© ±°¥¤» ¯°¥¤«®¦¥ ¯°®±²®© ±¯®±®¡ ° ±·¥²  ¸¨°¨» «¨¨¨¨±²®·¨ª®¢ ±²¨¬³«¨°®¢ ®£® ª®£¥°¥²®£® ¨§«³·¥¨¿, ®¡³±«®¢«¥®© ±¯®² »¬ ¸³¬®¬ ¨ ²¥¯«®¢»¬¨´«³ª²³ ¶¨¿¬¨. �®°¬³«  ¤«¿ ¸¨°¨» ±¯¥ª²°  ¢»¢¥¤¥  ¡¥§ ¨±¯®«¼§®¢ ¨¿  ¤¨ ¡ ²¨·¥±ª®£® ¯°¨¡«¨¦¥-¨¿ ¯°¨ ¯°®¨§¢®«¼®¬ ±®®²®¸¥¨¨ ¢°¥¬e °¥« ª± ¶¨¨ ¢  ¢²®ª®«¥¡ ²¥«¼®© ±¨±²¥¬¥ ¨ ¯°¨ ³·¥²¥ ª®-¥·®© ¯®«®±» ±¯¥ª²°  ±¯®² ®£® ¨§«³·¥¨¿. �®«³·¥»© °¥§³«¼² ² ¯°¨¬¥¨¬ ¤«¿ ¸¨°®ª®£® ª« ±± ¨±²®·¨ª®¢ ª®£¥°¥²®£® ¨§«³·¥¨¿.�°¥¤¬¥²®¬  ±²®¿¹¥£® ¯¨±¼¬  ¿¢«¿¥²±¿ ¨§«®¦¥-¨¥ ®¢®£® ¯®¤µ®¤  ª ° ±·¥²³ ¥±²¥±²¢¥®© ¸¨°¨-» ±¯¥ª²° «¼®© «¨¨¨ ¨±²®·¨ª®¢ ¢»³¦¤¥®£®½«¥ª²°®¬ £¨²®£® ¨§«³·¥¨¿ ¡¥§ ³±«®¢¨¿   ±®®²-®¸¥¨¿ ¢°¥¬e °¥« ª± ¶¨¨  ¢²®ª®«¥¡ ²¥«¼®© ±¨±-²¥¬», ·²® ¯®§¢®«¨«® ¯®«³·¨²¼ ´®°¬³«³ ¤«¿ ¸¨°¨»±¯¥ª²° «¼®© «¨¨¨, ¯°¨£®¤®© ¤«¿ ¸¨°®ª®£® ª« ±± ª¢ ²®¢»µ £¥¥° ²®°®¢. �¨°¨  ±¯¥ª²°  ª¢ ²®¢»µ£¥¥° ²®°®¢ ¨¬¥¥² ¢ ¦®¥ § ·¥¨¥ ¤«¿ ¨µ ¯°¨¬¥¥-¨¿. �®½²®¬³ ¥£® ¨±±«¥¤®¢ ¨¾ ³¤¥«¿¥²±¿ ¡®«¼¸®¥¢¨¬ ¨¥ ± ¬®¬¥²  § ¯³±ª  ¯¥°¢»µ ¬®«¥ª³«¿°»µ£¥¥° ²®°®¢ [1, 2] (±¬. ² ª¦¥ ¬®®£° ´¨¨ [3, 4] ¨ ¶¨-²¨°³¥¬³¾ ² ¬ «¨²¥° ²³°³). � ¯®¿¢«¥¨¥¬ ª¢ ²®-¢»µ £¥¥° ²®°®¢ ®¯²¨·¥±ª®£® ¤¨ ¯ §®  (« §¥°®¢) ²¥-®°¨¾ ¨µ ´«³ª²³ ¶¨© ¯°¨¸«®±¼ ° §° ¡ ²»¢ ²¼ § ®¢®[5, 6]. � « §¥° µ ®±®¢»¬ ¨±²®·¨ª®¬ ¸³¬  ¿¢«¿¥²-±¿ ±¯®² ®¥ ¨§«³·¥¨¥ [7 { 9] ¢ ®²«¨·¨¥ ®² ¬ §¥°®¢,£¤¥ ¤®¬¨¨°³¾² ²¥¯«®¢»¥ ´«³ª²³ ¶¨¨. �°®¬¥ ²®£®,¢ ¬ §¥° µ ¨ « §¥° µ, ¨§«³· ¾¹¨µ ¢ ° §«¨·»µ ¤¨ ¯ -§® µ ½«¥ª²°®¬ £¨²»µ ¢®«, ±®®²®¸¥¨¥ ¢°¥¬e°¥« ª± ¶¨¨ ´¨§¨·¥±ª¨µ ¯ ° ¬¥²°®¢ ² ª¦¥ ° §«¨·®.�¢ ²®¢»¥ £¥¥° ²®°» ¯°¥¤±² ¢«¿¾² ±®¡®© ±¨±-²¥¬³ ¤¢³µ ±¢¿§ »µ °¥§® ±»µ ª®²³°®¢, ¤®¡°®²-®±²¨ ª®²®°»µ ®¡»·® ±¨«¼® ° §«¨· ¾²±¿. �®½²®¬³¯°¨ ²¥®°¥²¨·¥±ª®¬   «¨§¥ ¨µ ´«³ª²³ ¶¨© ¨±¯®«¼§³-¾²  ¤¨ ¡ ²¨·¥±ª®¥ ¯°¨¡«¨¦¥¨¥, ¢ ª®²®°®¬ ¨§¬¥¥-¨¥ ¡»±²°® °¥« ª±¨°³¾¹¨µ ¯ ° ¬¥²°®¢ ° ±±¬ ²°¨-¢ ¾² ª¢ §¨±² ²¨·¥±ª¨. �¬¥±²¥ ± ²¥¬ ¢  ®« §¥° µ,¢»§»¢ ¾¹¨µ ¢  ±²®¿¹¥¥ ¢°¥¬¿ ¯®¢»¸¥®¥ ¢¨¬ -¨¥ ¨±±«¥¤®¢ ²¥«¥© (±¬.,  ¯°¨¬¥°, [10 { 13]), ¯®²¥°¨ª®²³°®¢ ¬®£³² ¡»²¼ ±° ¢¨¬». � ª, ¯®²¥°¨ ¬¥² «-«¨·¥±ª¨µ  ®°¥§® ²®°®¢, ®¡³±«®¢«¥»¥ £« ¢»¬1)e-mail: aschirkin@rambler.ru2)e-mail: arkadi.chipouline@uni-jena.de

®¡° §®¬ ®¬¨·¥±ª¨¬¨ ¯®²¥°¿¬¨, ¯°¨¢®¤¿² ª ¡®«¼¸¨¬ª®½´´¨¶¨¥² ¬ § ²³µ ¨¿  � 1013 c�1 [14] (±¬. ¨-¦¥).� ¤ ®© ° ¡®²¥ ²¥®°¨¿ ´«³ª²³ ¶¨© ¨§«³·¥¨¿ª¢ ²®¢»µ £¥¥° ²®°®¢ ° §¢¨¢ ¥²±¿ ¤«¿ ¯°®¨§¢®«¼-®£® ±®®²®¸¥¨¿ ¢°¥¬¥ °¥« ª± ¶¨©. �®±«¥¤®¢ -²¥«¼»©   «¨§ ´«³ª²³ ¶¨© ¢ ª¢ ²®¢»µ £¥¥° ²®-° µ ¤®«¦¥ ®±®¢»¢ ²¼±¿   ª¢ ²®¢®¬¥µ ¨·¥±ª®©²¥®°¨¨. �¬¥±²¥ ± ²¥¬ ¨ ¯®«³ª« ±±¨·¥±ª¨© ¯®¤µ®¤,ª®²®°»¬ ¬» ¢®±¯®«¼§³¥¬±¿ §¤¥±¼, ¤ e² ª®°°¥ª²»¥°¥§³«¼² ²» ¤«¿ ¸¨°¨» «¨¨¨ « §¥°®£® ¨§«³·¥¨¿¯°¨ ®¯¨± ¨¨  ª²¨¢®© ±°¥¤» ®²°¨¶ ²¥«¼»¬¨ ¯®²¥-°¿¬¨ ±  ±»¹¥¨¥¬ [8, 9] ¨ ¯°¨ ¨±¯®«¼§®¢ ¨¨ °¥-§³«¼² ²®¢ ª¢ ²®¢®£® ° ±·¥²  ¤«¿ ¨±²®·¨ª®¢ ´«³ª-²³ ¶¨© [15 { 17].�³¤¥¬ ° ±±¬ ²°¨¢ ²¼ ®¤®¬®¤®¢»© ª¢ ²®¢»© £¥-¥° ²®° ±  ª²¨¢®© ±°¥¤®©, ®¡« ¤ ¾¹¥© ®¤®°®¤®³¸¨°¥®© «¨¨¥© °¥§® ±®£® ¯¥°¥µ®¤ . �°¨ ¯®-«³ª« ±±¨·¥±ª®¬   «¨§¥ ¯°®¶¥±± £¥¥° ¶¨¨ ®¯¨±»¢ -¥²±¿ ±«¥¤³¾¹¥© ±¨±²¥¬®© ±¢¿§ »µ ³° ¢¥¨© (±¬., ¯°¨¬¥°, [16, 18, 19]):d2P (t)dt2 + 22 dP (t)dt + !20P (t) = �2jdj2!0~ EN;dN(t)dt + 1(N(t)�N0) = 2~!0E dPdt ; (1)d2E(t)dt2 + 2 dEdt + !20E(t) = �4�d2P (t)dt2 :� ³° ¢¥¨¿µ P (t) { ¯®«¿°¨§ ¶¨¿  ª²¨¢®© ±°¥-¤», N(t) { ° §®±²¼  ±¥«¥®±²¥© ° ¡®·¨µ ³°®¢¥©(N0 { ° ¢®¢¥±®¥ § ·¥¨¥ ¢ ®²±³²±²¢¨¥ ¨§«³·¥¨¿),E(t) {  ¯°¿¦¥®±²¼ ½«¥ª²°¨·¥±ª®£® ¯®«¿ ¢ °¥§®- ²®°¥, d { ¬ ²°¨·»© ½«¥¬¥² ¤¨¯®«¼®£® ¬®¬¥-²  ° ¡®·¥£® ¯¥°¥µ®¤ , 2 = 1=T2 ¨ 1 = 1=T1 (T2 ¨T1 { ¢°¥¬¥  °¥« ª± ¶¨¨ ¯®«¿°¨§ ¶¨¨ ¨  ±¥«¥®±-�¨±¼¬  ¢ ���� ²®¬ 93 ¢»¯. 3 { 4 2011 129



130 �. �. �¨°ª¨, �.�.�¨¯³«¨²¥© ³°®¢¥©). �®½´´¨¶¨¥²  ³·¨²»¢ ¥² ¯®²¥°¨ ¢°¥§® ²®°¥. � ³° ¢¥¨¿µ (1) ¤«¿ ³¯°®¹¥¨¿ ¤ «¼-¥©¸¥£®   «¨§  ¯®«®¦¨«¨, ·²® °¥§® ± ¿ · ±²®² ¤¢³µ³°®¢¥¢®£® ¯¥°¥µ®¤  !21 ¨ · ±²®²  °¥§® ²®°  !c±®¢¯ ¤ ¾² !21 = !c = !0.�¥¸¥¨¥ ³° ¢¥¨© (1) ¨¹¥¬ ¢ ¢¨¤¥:P (t) = 12p(t)ei!0t + ª:c:; E(t) = 12A(t)ei!0t + ª:c:(2)� ¯°¨¡«¨¦¥¨¿µ ¬¥¤«¥® ¬¥¿¾¹¨µ±¿ ª®¬¯«¥ª±-»µ  ¬¯«¨²³¤ ¨ ¢®« ¢° ¹ ¾¹¥©±¿ ¯®«¿°¨§ ¶¨¨ ¯®-«³·¨¬ ±¨±²¥¬³ ³ª®°®·¥»µ ³° ¢¥¨©:_p+ 2p = ijdj2~ AN + �sp(t); (3)_N + 1(N �N0) = i2~(pA� � p�A); (4)_A+ A = �i2�!0p+ �T (t); (5)£¤¥ ²®·ª  ®§ · ¥² ¢°¥¬¥³¾ ¯°®¨§¢®¤³¾.� ³° ¢¥¨¿µ (3), (5) ¤®¡ ¢«¥» « ¦¥¢¥®¢±ª¨¥´«³ª²³ ¶¨®»¥ ¨±²®·¨ª¨ �sp(t) ¨ �T (t), ®¡³±«®¢-«¥»¥ ±®®²¢¥²±²¢¥® ±¯®² »¬ ¨§«³·¥¨¥¬  ²®-¬®¢ (¬®«¥ª³«)  ª²¨¢®© ±°¥¤» ¨ ²¥¯«®¢»¬ ¸³¬®¬°¥§® ²®° , ¨ ª®²®°»¥, ª ª ³¦¥ ®²¬¥· «®±¼, ¯®±«¥-¤®¢ ²¥«¼® ¬®£³² ¡»²¼ ¯®«³·¥» ¨§ ª¢ ²®¢®£®   -«¨§  (±¬.,  ¯°¨¬¥°, [7, 16, 17]). �«³ª²³ ¶¨®»©¨±²®·¨ª ¢ (4) ®¯³¹¥, ¯®±ª®«¼ª³ ® ¥ ®ª §»¢ -¥² § ·¨²¥«¼®£® ¢«¨¿¨¿   µ ° ª²¥°¨±²¨ª¨ ¨§«³-·¥¨¿ ª¢ ²®¢®£® £¥¥° ²®° . �«³ª²³ ¶¨®»¥ ±¨-«» �sp(t) ¨ �T (t) ±² ²¨±²¨·¥±ª¨ ¥§ ¢¨±¨¬». �°¨½²®¬ ±«³· ©»© ¯°®¶¥±± �T (t) ±·¨² ¥¬, ª ª ®¡»·®,¤¥«¼² -ª®°°¥«¨°®¢ »¬:h�T (t)i = 0; h�T (t1)��T (t2)i = 2DT �(t2 � t1); (6)  ¯°®¶¥±± �sp(t) ¡³¤¥¬ ¯®« £ ²¼ \¶¢¥²»¬" ¸³¬®¬ ±¢°¥¬¥¥¬ ª®°°¥«¿¶¨¨ �c = 1=2:h�sp(t)i = 0; h�sp(t1)��sp(t2)i = 2Dsp exp[�2jt2 � t1j]:(7)�²® ¢»° ¦¥¨¥ ¯®§¢®«¿¥² ³·¥±²¼ ª®¥·³¾ ¯®«®-±³ ¸³¬  ±¯®² ®£® ¨§«³·¥¨¿. �°¨ 2 !1 (T2 !! 0) ª®°°¥«¿²®° < �sp(t1)��sp(t2) >! 2Dsp�(t2 � t1).� ·¥¨¿ ª®½´´¨¶¨¥²®¢ Dsp;T ®¡±³¦¤ ¾²±¿ ¨¦¥.�«¿ °¥¸¥¨¿ ¯®±² ¢«¥®© § ¤ ·¨  ¬ ¯® ¤®¡¨²-±¿ ¥¹¥ ®¤® ³° ¢¥¨¥:d�dt + ( + 2)�(t) = �(t); (8)ª®²®°®¥ ¥²°³¤® ¯®«³·¨²¼ ¨§ ±¨±²¥¬» (3){(5), £¤¥�(t) = p(t)A�(t) + p�(t)A(t) (9)

¨ �(t) { ±«³· © ¿ ´³ª¶¨¿:�(t) = p(t)��T (t) +A�(t)�sp(t) + ª:c: (10)�°¨ ½²®¬ ±°¥¤¥¥ h�(t)i = 0, ² ª ª ª ´«³ª²³ ¶¨¨ p(t)¥¯®±°¥¤±²¢¥® § ¢¨±¿² ²®«¼ª® ®² �sp(t),   A(t) { ®²�T (t). �®°°¥«¿¶¨® ¿ ´³ª¶¨¿ ¯°®¶¥±±  �(t) ° ¢ h�(t)�(t1)i = 4DT jp(t)j2�(t1 � t) ++ 22DspjA(t)j2 exp[�2jt2 � t1j]: (11)�°¥¤±² ¢¨¬ ª®¬¯«¥ª±³¾  ¬¯«¨²³¤³ A(t) ¯®«¿ ¢¢¨¤¥ A(t) = jA(t)j exp(i'(t)), ¯°¨ ½²®¬ ¢»° ¦¥¨¥ ¤«¿´ §» '(t) § ¯¨¸¥¬ ª ª'(t) = 1i2 ln( A(t)A�(t) ); (12)¢ ±®®²¢¥²±²¢¨¨ ± ª®²®°»¬ ¤¨ ¬¨ª³ ´ §», ¢ ®²«¨·¨¥®² ²° ¤¨¶¨®»µ ¯®¤µ®¤®¢, ®¯¨±»¢ ¥¬ ³° ¢¥¨¥¬_'(t) = d'dt = _AA� �A _A�i2jAj2 : (13)�° ª²¨·¥±ª¨© ¨²¥°¥± ¯°¥¤±² ¢«¿¥²  ¤¯®°®-£®¢»© °¥¦¨¬ £¥¥° ¶¨¨, µ ° ª²¥°¨§³¥¬»© ¬ «»¬³°®¢¥¬ ´«³ª²³ ¶¨©  ¬¯«¨²³¤» jA(t)j. � ½²®¬±«³· ¥ ¢ § ¬¥ ²¥«¥ (13) ¬®¦® ¯°¥¥¡°¥·¼ ¬¯«¨²³¤»¬¨ ´«³ª²³ ¶¨¿¬¨, ²® ¥±²¼ ±·¨² ²¼jA(t)j2 = jAstj2 (Ast { ±² ¶¨® °®¥ § ·¥¨¥ ¬¯«¨²³¤» ª®«¥¡ ¨©).�®¤±² ¢«¿¿ ¢ (13) § ·¥¨¥ _A ¨§ (5), ¯®«³·¨¬_'(t) = � 12jAstj2 [2��+ i�T (t)]: (14)� ½²®¬ ³° ¢¥¨¨ �T (t) ¬®¦® § ¯¨± ²¼ ¢ ¢¨¤¥:�T (t) = A�nc(t)�T (t)�A(t)nc��T (t); (15)£¤¥ A(t)nc { · ±²¼ ±«³· ©®£® ¯°®¶¥±±  A(t), ª®²®-° ¿ ¥ ª®°°¥«¨°³¥² ± �T (t), ¨ ¯®½²®¬³ h�T (t)i = 0.� (15) ¯°®¨§¢¥¤¥  § ¬¥  A(t)   A(t)nc, ª®²®° ¿¥ ¢«¨¿¥²   ±² ²¨±²¨·¥±ª¨¥ µ ° ª²¥°¨±²¨ª¨ ¯°®-¶¥±±  �T (t). �¥«® ¢ ²®¬, ·²® ¢±«¥¤±²¢¨¥ ¤¥«¼² -ª®°°¥«¨°®¢ ®±²¨ ¯°®¶¥±±  �T (t) (¢°¥¬¿ ª®°°¥«¿-¶¨¨ ��T ! 0) ± ¨¬ ¬®¦¥² ª®°°¥«¨°®¢ ²¼ «¨¸¼¯°¨° ¹¥¨¥ �A(t) ´³ª¶¨¨ A(t), ¯®«³·¥®¥ ¢ ¬®-¬¥²» ¢°¥¬¥¨, ¥¯®±°¥¤±²¢¥® ¯°¥¤¸¥±²¢³¾¹¨¥¬®¬¥²³ t. �®½²®¬³   ¨²¥°¢ «¥ ¢°¥¬¥¨ �t ² -ª®¬, ·²® ��E � �t � �1, ¬®¦® § ¯¨± ²¼ A(t) == A(t � �t)nc + �A(t), £¤¥ ª®°°¥«¨°®¢  ¿ · ±²¼�A(t) ° ¢  �A(t) = Z tt��t �T (t0)dt0 ; (16)�¨±¼¬  ¢ ���� ²®¬ 93 ¢»¯. 3 { 4 2011

Chirkin
Sticky Note
Должно быть 2пи омега сигма, пропущена сигма



�¡®¡¹¥ ¿ ´®°¬³«  ¤«¿ ¥±²¥±²¢¥®© ¸¨°¨» ±¯¥ª²°  ¨§«³·¥¨¿ : : : 131¯°¨·¥¬ A(t � �t)nc § ¬¥¿¥¬   A(t)nc, ³·¨²»¢ ¿¬ «®±²¼ ¨§¬¥¥¨¿ A(t)nc   ¨²¥°¢ «¥ �t. �¡®±-®¢ ¨¥ ² ª®£® ¯®¤µ®¤  ¨§«®¦¥®,  ¯°¨¬¥°, ¢ [20].�°¨¨¬ ¿ ¢® ¢¨¬ ¨¥ (5), ¨¬¥¥¬h�A(t)��T (t)i = h�A�(t)�T (t)i == Z tt��th��T (t)�T (t0)idt0 = DT : (17)�±«¥¤±²¢¨¥ ½²®£® ª®°°¥«¨°®¢  ¿ · ±²¼  ¬¯«¨²³¤»A(t) ¥ ¢«¨¿¥²   ±² ²¨±²¨ª³ ¯°®¶¥±±  �T (t) ± ª®°°¥-«¿¶¨®®© ´³ª¶¨¥©h�T (t)�T (t1)i = �4jAstj2DT �(t1 � t): (18)� ±®®²¢¥²±²¢¨¨ ± (14) ¨ (8) h _'(t)i = 0,   ¯°¨° ¹¥-¨¥ ´ §» �'(�) ¨ ¥£® ¤¨±¯¥°±¨¿ h�'2(�)i   ¨²¥°-¢ «¥ ¢°¥¬¥¨ � ®¯°¥¤¥«¿¾²±¿ ¢»° ¦¥¨¿¬¨�'(�) = Z tt�� _'(t0)dt0 ;h(�'(�))2i = Z Z tt�� h _'(t00) _'(t0)idt00dt0 : (19)�«¿  µ®¦¤¥¨¿ ª®°°¥«¿¶¨®®© ´³ª¶¨¨R _'(t00 � t0) = h _'(t00) _'(t0)i ¢®±¯®«¼§³¥¬±¿ ±®®²®¸¥-¨¥¬ �¨¥° -�¨·¨ :R _'(�) = Z +1�1 S _'(
)ei
�d�; (20)£¤¥ S _'(
) { ±¯¥ª²° «¼ ¿ ¯«®²®±²¼ ´«³ª²³ ¶¨© ¤¥-¢¨ ¶¨¨ · ±²®²» �!(t) = _'(t).� ¯®¬®¹¼¾ ´³°¼¥-¯°¥®¡° §®¢ ¨¿ ³° ¢¥¨© (8),(14)  µ®¤¨¬ ¢»° ¦¥¨¥ ¤«¿ ´³°¼¥-±¯¥ª²°  _'(
).�·¨²»¢ ¿ ±² ²¨±²¨·¥±ª³¾ ±² ¶¨® °®±²¼ ±«³· ©-»µ ¯°®¶¥±±®¢ �sp(t) ¨ �T (t), ¬®¦® ¯®«³·¨²¼ ±«¥-¤³¾¹¥¥ ¢»° ¦¥¨¥: h _'(
1) _'(
)i = S _'(
)�(
1 � 
).�®¤±² ®¢ª  ¢»° ¦¥¨¿ ¤«¿ S _'(
) ¢ (20),   ¯®±«¥¤-¥£® ¢ (19) ¯°¨¢®¤¨² ª ² ª®¬³ °¥§³«¼² ²³ ¤«¿ ¤¨±-¯¥°±¨¨  ¡¥£  ´ §»:h(�'(�))2i = DTjAj2 j� j+ 2 � 2��3jAj2 DTF (�j� j) ++ (2�!02)2jAj2 Dsp� F (2j� j)32(�2 � 22) � F (�j� j)�3(�2 � 22)� : (21)�¤¥±¼ � =  + 2F̈ (x) = e�x + x� 1: (22)� ³° ¢¥¨¨ (21) ¨ ¨¦¥ ¤«¿ ³¯°®¹¥¨¿ § ¯¨±¨³ ¯ ° ¬¥²°®¢ A; p;N ¨¤¥ª± st ®¯³¹¥. � ¯®¬¨¬,·²® ±² ¶¨® °»¥ § ·¥¨¿ ½²¨µ ¯ ° ¬¥²°®¢ ®¯°¥¤¥-«¿¾²±¿ ¡¥§ ³·¥²  ´«³ª²³ ¶¨© ¢ ³° ¢¥¨¿µ (3){(5).

�°®¬¥ ²®£®, ¢ (21) p ¢»° ¦¥® ·¥°¥§ A ¨§ ±² ¶¨® °-®£® ³° ¢¥¨¿ (5).�¯¥ª²° «¼ ¿ ¯«®²®±²¼ ¯®«¿ ®¯°¥¤¥«¿¥²±¿ ¯®´®°¬³«¥SE(!)= jAj24� Z +1�1 exp[�12h(�'(�))2i � i(!�!0)� ]d�(23)¨ ¢ ®¡¹¥¬ ±«³· ¥ ¬®¦¥² ¡»²¼ ° ±±·¨²   ²®«¼ª® ·¨±-«¥®. � «¨²¨·¥±ª¨¥ °¥§³«¼² ²» ³¤ ¥²±¿ ¯®«³·¨²¼¢ · ±²»µ ±«³· ¿µ.� ¸¨°¨®© ±¯¥ª²°  ¯®«¿ �!osc ±¢¿§ ® ¢°¥¬¿ ª®°-°¥«¿¶¨¨ � (E)c ' (�!osc)�1. �³±²¼ 2� (E)c � 1, ²® ¥±²¼2 � �!osc. �®£¤  < (�'(�))2 >= D'j� j. �®°¬ ±¯¥ª²°  ¨§«³·¥¨¿ ¯°¨ ½²®¬ «®°¥¶¥¢±ª ¿ ± ¸¨°¨®©¯® ¯®«®¢¨®¬³ ³°®¢¾, ° ¢®©�!osc = D' = 22( + 2)2jAj2 (DT + (2�!0=2)2Dsp):(24)�°¨ ¢»¢®¤¥ ¢»° ¦¥¨¿ (24) ¬» ¥ ¨±¯®«¼§®¢ «¨ª ª¨¥-«¨¡® ¯°¥¤¯®«®¦¥¨¿ ® ±®®²®¸¥¨¨ ¢°¥¬¥ °¥-« ª± ¶¨¨, ±¢¿§ »µ ± ª®½´´¨¶¨¥² ¬¨ ; 1; 2. �®-½²®¬³ ¯®«³·¥ ¿ ´®°¬³«  (24) ¤«¿ ¥±²¥±²¢¥®© ¸¨-°¨» ±¯¥ª²°  ¨§«³·¥¨¿ ª¢ ²®¢»µ £¥¥° ²®°®¢ ¿¢-«¿¥²±¿ ®¡¹¥© ¨ ¯°¨¬¥¨¬  ª ¸¨°®ª®¬³ ª« ±±³ ª¢ -²®¢»µ £¥¥° ²®°®¢, ¤¨ ¬¨ª³ ª®²®°»µ ¬®¦® ®¯¨-± ²¼ ± ¯®¬®¹¼¾ ¤¢³µ³°®¢¥¢®© ¬®¤¥«¨  ª²¨¢®© ±°¥-¤». �¤ ª® ±«¥¤³¥² ¨¬¥²¼ ¢ ¢¨¤³, ·²® ¨±²®·¨ª ¸³-¬  �sp(t) ¯°¨ ¯°¨¿²®¬ ³±«®¢¨¨ ´ ª²¨·¥±ª¨ ±·¨² ¥²-±¿ ¤¥«¼² -ª®°°¥«¨°®¢ »¬, ·²® ¬®¦¥² ¡»²¼ ¥ª®°-°¥ª²® ®²®±¨²¥«¼® ´«³ª²³ ¶¨© ¯®«¿°¨§ ¶¨¨, ¥±«¨¸¨°¨  ±¯¥ª²°  ¨§«³·¥¨¿ �!osc ±° ¢¨¬  ± 1=2.�«¿ ³·¥²  ¯®±«¥¤¥£® ¥®¡µ®¤¨¬® ¨±µ®¤¨²¼ ¨§ ´®°-¬³«» (21). �¢¿§ »© ± ½²¨¬ ®¡±²®¿²¥«¼±²¢®¬ ½´-´¥ª² ¬®¦® ¯°®¤¥¬®±²°¨°®¢ ²¼   ±«¥¤³¾¹¥¬ ¯°¨-¬¥°¥. �³±²¼ �j� j � 1, ® 2j� j < 1. �®£¤  ¨¬¥¥¬h(�'(�))2i == 22( + 2)2jAj2 (DT + (2�!0=2)2Dsp)j� j �� (1� 0; 52j� j)(2�!0)2(�2 � 22)jAj2 Dspj� j: (25)�²±¾¤  ¥²°³¤® ¢¨¤¥²¼, ·²® ¯® ±° ¢¥¨¾ ± (24)  -«¨·¨¥ ¯®±«¥¤¥£® ±« £ ¥¬®£® ¢ ´®°¬³«¥ (25) ¯°¨¢®-¤¨² ª ³¬¥¼¸¥¨¾ ¸¨°¨» ±¯¥ª²°  ¨ ¬®¤¨´¨ª ¶¨¨¥£® ´®°¬».�®½´´¨¶¨¥² DT , ±¢¿§ »© ± ²¥¯«®¢»¬¨ ¸³¬ -¬¨, ¬®¦® ®¯°¥¤¥«¨²¼, ¯®«¼§³¿±¼ ´«³ª²³ ¶¨®®-¤¨±±¨¯ ²¨¢®© ²¥®°¥¬®© ¨«¨ ¯°¨¶¨¯®¬ ° ¢®° ±-�¨±¼¬  ¢ ���� ²®¬ 93 ¢»¯. 3 { 4 2011
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132 �. �. �¨°ª¨, �.�.�¨¯³«¨¯°¥¤¥«¥¨¿ ½¥°£¨¨ ¯® ±²¥¯¥¿¬ ±¢®¡®¤» [8, 9]. �°¥¤-¿¿ ²¥¯«®¢ ¿ ½¥°£¨¿ ¬®¤» ¢ °¥§® ²®°¥ ¢ ®ª°¥±²®±-²¨ · ±²®²» !0 ° ¢ hw(!0)i = ~!0�n; �n = 1e~!0=kBT � 1 ; (26)£¤¥ �n { ±°¥¤¥¥ ·¨±«® ²¥¯«®¢»µ ´®²®®¢ ¢ ¬®¤¥, kB {¯®±²®¿ ¿ �®«¼¶¬   ¨ T {  ¡±®«¾² ¿ ²¥¬¯¥° -²³° . � ¬¥²¨¬, ·²® ¢ (26) ¥ ³·¨²»¢ ¥²±¿ ½¥°£¨¿³«¥¢»µ ª®«¥¡ ¨©, ¯°®¿¢«¿¾¹ ¿±¿ ¢ § ¬¥¥ �n  �n+ 0; 5. �®£« ±® (5), ¤«¿ ¯ ±±¨¢®£® °¥§® ²®° , ²®¥±²¼ ¯°¨ p(t) = 0, ±¯¥ª²° «¼ ¿ ¯«®²®±²¼ ´«³ª²³ -¶¨©  ¬¯«¨²³¤» A(t) ¤ ¥²±¿ ¢»° ¦¥¨¥¬SA(
) = DT�(2 +
2) : (27)� ±®®²¢¥²±²¢¨¨ ± ½²¨¬ ¢»° ¦¥¨¥¬ ¤«¿ ²¥¯«®¢®©½¥°£¨¨ ¬®¤» ¨¬¥¥¬hw(!0)i = DT2� Z +1�1 d
2 +
2 = DT2 ; (28)�§ ±° ¢¥¨¿ (26) ¨ (28)  µ®¤¨¬DT = 2~!0hni: (29)�«®¦¥¥ § ¤ ·  ®¯°¥¤¥«¥¨¿ ª®½´´¨¶¨¥²  Dsp,ª®²®°»© § ¢¨±¨² ®² µ ° ª²¥°¨±²¨ª ¤¢³µ³°®¢¥¢®©±°¥¤» (¨§  ²®¬®¢ ¨«¨ ¬®«¥ª³«) ¨ ³·¨²»¢ ¥² ±¯®-² ®¥ ¨§«³·¥¨¥. �®®²¢¥²±²¢³¾¹¨¥ ¥£® ª¢ ²®¢»¥° ±·¥²» ¬®¦®  ©²¨,  ¯°¨¬¥°, ¢ [7, 16, 17]. �¬¥±²¥± ²¥¬ ±²°³ª²³°  ¢»° ¦¥¨¿ (24) ¯®§¢®«¿¥² ®¡®©²¨±¼¡¥§ ¥®¡µ®¤¨¬®±²¨ ®¡° ¹¥¨¿ ª ½²®© § ¤ ·¥. �°¨2 �  (²¢¥°¤®²¥«¼»¥ « §¥°») ¢»° ¦¥¨¥ (24) ¯¥°¥-µ®¤¨² ¢ ´®°¬³«³, ¨§¢¥±²³¾ ª ª ´®°¬³«  � ¢«®¢ -� ³± . � ¯¨±  ¿ ·¥°¥§ ¨§¬¥°¿¥¬»¥ ¯ ° ¬¥²°»,®  ¨¬¥¥² ¢¨¤ [8, 9]�!(ST )osc = 22~!0P0 �hni+ N2N2 � (g2=g1)N1 � : (30)�¤¥±¼ P0 = 0:5jAj2 { ¬®¹®±²¼ ¨§«³·¥¨¿ £¥¥° ²®-° , ¢ª«¾· ¾¹ ¿ ª ª ¬®¹®±²¼   ¢»µ®¤¥ °¥§® ²®-° , ² ª ¨ ¬®¹®±²¼, ¨¤³¹³¾   ª®¬¯¥± ¶¨¾ ¯®²¥°¼, = 0; 5�!res (�!res { ¯®«®±  ¯°®¯³±ª ¨¿ ¯ ±±¨¢®-£® °¥§® ²®° ), N = N2 � (g2=g1)N1 { ° §®±²¼  -±¥«¥®±²¥© ¬¥¦¤³ ¢¥°µ¨¬ N2 ¨ ¨¦¨¬ N1 ³°®¢-¿¬¨ ¢¡«¨§¨ ¯®°®£  £¥¥° ¶¨¨, g2 ¨ g1 { ª° ²®±²¼¢»°®¦¤¥¨¿ ³°®¢¥©. � ¬¥²¨¬, ·²® ¯¥°¢®¥ ±« £ ¥-¬®¥ ¢ ´®°¬³«¥ (30) ±¢¿§ ® ± ª®½´´¨¶¨¥²®¬ (29).�®°¬³«³ (24) ¬®¦® § ¯¨± ²¼ ² ª¨¬ ®¡° §®¬ ¢¢¨¤¥�!osc = 2� 2 + 2�2 ~!0P0 �hni+ N2N2 � (g2=g1)N1 � :(31)

�®°¬³«  (31) ®¡®¡¹ ¥² ¢»° ¦¥¨¥ (30) ¤«¿ ¸¨-°¨» ±¯¥ª²° «¼®© «¨¨¨ ª¢ ²®¢®£® £¥¥° ²®°   ¯°®¨§¢®«¼®¥ ±®®²®¸¥¨¥ ¯ ° ¬¥²°®¢ °¥« ª± ¶¨¨ ¨ 2. �±«¨ ¢¢¥±²¨ ¤®¡°®²®±²¼ °¥§® ²®°  Qres == 2!0= ¨ \¤®¡°®²®±²¼ ³°®¢¥© ¯¥°¥µ®¤ " Qlev == 2!0=2, ²® ´®°¬³«³ (31)¬®¦® § ¯¨± ²¼ ² ª:�!osc = 2~!30(Qres +Qlev)P0 �hni+ N2N2 � (g2=g1)N1 � :(32)�²±¾¤  ¢¨¤®, ·²® ¸¨°¨  «¨¨¨ ¨§«³·¥¨¿ § ¢¨-±¨² ®² ±³¬¬» ¤®¡°®²®±²¥© °¥§® ²®°  ¨ ¤¢³µ³°®¢-¥¢®£® ¯¥°¥µ®¤ .�°®¨««¾±²°¨°³¥¬ ¯°¨¬¥¥¨¥ ¯®«³·¥»µ °¥-§³«¼² ²®¢. �«¿ ¬®«¥ª³«¿°®£® £¥¥° ²®°    ¬®-«¥ª³« µ  ¬¬¨ ª  (¬ §¥° ) [18] · ±²®²  £¥¥° ¶¨¨�0 = !0=2� = 2:4 � 1010 �¶ (~!0 = 1:5 � 10�16 ½°£),2 = 6:6 � 103 c�1,  ' 6 � 106 c�1 (2 � ). � ¤ ¦¥ ¯°¨²¥¬¯¥° ²³°¥ T = 300o ½¥°£¨¿ kBT = 4 � 10�14 ½°£�� ~!0. �±«¥¤±²¢¨¥ ½²®£® ~!0�n = kBT , ¨ ¯®±«¥¤¨¬±« £ ¥¬»¬ ¢ (31) ¬®¦® ¯°¥¥¡°¥·¼. � °¥§³«¼² ²¥¤«¿ ¬®«¥ª³«¿°®£® £¥¥° ²®°  ¯®«³· ¥¬ ¨§¢¥±²»©°¥§³«¼² ² [1, 3]: �!osc = 222kBTP0 : (33)� ° ±±¬®²°¥®¬ ¯°¨¬¥°¥ ±¯¥ª²° «¼ ¿ ¸¨°¨  «¨-¨¨ § ¢¨±¨² ®² ²¥¯«®¢»µ ´«³ª²³ ¶¨© ¨ ¯ ° ¬¥²° 2, ª®²®°»© ®¯°¥¤¥«¿¥²±¿ ¢°¥¬¥¥¬  µ®¦¤¥¨¿ ¬®-«¥ª³« ¢ °¥§® ²®°¥ [1, 3].� « §¥° µ °¥ «¨§³¥²±¿ ¯°®²¨¢®¯®«®¦ ¿ ±¨²³ -¶¨¿: 2 � , kBT � ~!0; ¨ ®±®¢³¾ °®«¼ ¨£° ¾²¯ ° ¬¥²° °¥§® ²®°   ¨ ±¯®² ®¥ ¨§«³·¥¨¥ (¯®-±«¥¤¥¥ ±« £ ¥¬®¥ ¢ (30)).� §¢¨²»© ¢ ° ¡®²¥ ¯®¤µ®¤ ª ° ±·¥²³ ´ §®¢»µ´«³ª²³ ¶¨© ¨§«³·¥¨¿ ¯®§¢®«¿¥², ² ª¨¬ ®¡° §®¬,± ¥¤¨»µ ¯®§¨¶¨© ¯°®  «¨§¨°®¢ ²¼ ±¯¥ª²° «¼³¾¸¨°¨³ «¨¨¨ ª¢ ²®¢»µ £¥¥° ²®°®¢ ± ° §«¨·»¬¨±®®²®¸¥¨¿¬¨ ¢°¥¬¥ °¥« ª± ¶¨¨. �®°¬³«» (21),(31) ±¯° ¢¥¤«¨¢» ¨ ¤«¿ ° ±·¥²  ±¯¥ª²° «¼®© ¸¨°¨-» «¨¨¨ ¢ ±«³· ¥ ±®¯®±² ¢¨¬»µ § ·¥¨© ª®½´´¨-¶¨¥²®¢  ¨ 2,  ¯°¨¬¥°, ¤«¿  ®« §¥° , ª®£¤   ¤¨ -¡ ²¨·¥±ª®¥ ¯°¨¡«¨¦¥¨¥ ¥«¼§¿ ¨±¯®«¼§®¢ ²¼. �¬¥±-²¥ ± ²¥¬ ¢ ¯³¡«¨ª ¶¨¿µ ®²±³²±²¢³¾² ¤ »¥, ª®²®-°»¥ ¬®¦® ¡»«® ¡» ¯°¨¬¥¨²¼ ¤«¿ ±° ¢¥¨¿ ± ¯®«³-·¥»¬¨  ¬¨ °¥§³«¼² ² ¬¨ ¢ ½²®¬ ±«³· ¥. �®²¿  ¢-²®°» ° ¡®²» [13]  ¡«¾¤ «¨ ±³¦¥¨¥ ±¯¥ª²°  ¯®«®±»£¥¥° ¶¨¨  ®« §¥°  ¤® 2{5¬, ¥£® ¨²¥°¯°¥² ¶¨¿¥ ¯®§¢®«¿¥², ®¤ ª®, ®¤®§ ·® ¯°¨¯¨± ²¼ ½²®² ½´-´¥ª² ±²¨¬³«¨°®¢ ®¬³ ¨§«³·¥¨¾. � § ª«¾·¥¨¥®²¬¥²¨¬, ·²® ° §¢¨²»© ¢  ±²®¿¹¥© ° ¡®²¥ ¬¥²®¤ ¬®-�¨±¼¬  ¢ ���� ²®¬ 93 ¢»¯. 3 { 4 2011
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В (32)  должно быть (Q_res +Q_lev)^2
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