
�¨±¼¬  ¢ ����, ²®¬ 90, ¢»¯. 10, ±. 761 { 762 c 2009 £. 25 ®¿¡°¿�¥«¨¥© ¿ ¤¢³¬¥° ¿ £°¨®¢±ª ¿ ´³ª¶¨¿ ¢ ±¬¥ª²¨ª µ�.�.�°¥¥°+, �. �.� °·¥ª®+�r; �. �.�¨«¨¯¥ª®++Institut f�ur Festk�orperforschung, Forschungszentrum J�ulich, D-52425 J�ulich, Germany��±²¨²³² ´¨§¨·¥±ª¨µ ¯°®¡«¥¬ ¨¬.�.�.� ¯¨¶» ���, 119334 �®±ª¢ , �®±±¨¿r�®±ª®¢±ª¨© ´¨§¨ª®-²¥µ¨·¥±ª¨© ¨±²¨²³², 141700 �®«£®¯°³¤»©, �®±±¨¿�®±²³¯¨«  ¢ °¥¤ ª¶¨¾ 15 ®ª²¿¡°¿ 2009 £.�¥¸¥  § ¤ ·  ® ¤¥´®°¬ ¶¨¨ ±¬¥ª²¨ª  ¯°¨ ¯°¨«®¦¥¨¨ ª ¥¬³ ±¨«», ° ±¯°¥¤¥«¥®©   «¨¨¨ ¢¡ §¨±®© ¯«®±ª®±²¨.PACS: 61.30.�v� «¼¨¥  ±¨¬¯²®²¨ª¨ ¤¥´®°¬ ¶¨© ¢®ª°³£ ¨§®«¨-°®¢ »µ ¤¥´¥ª²®¢ ¢ ±¬¥ª²¨ª µ µ ° ª²¥°¨§³¾²±¿¨¤¥ª±®¬ � [1]. �±«¨ � < 0; ²® ¯°¨¬¥¨¬  «¨¥© ¿²¥®°¨¿. �°¨ � = 0 (ª° ¥¢ ¿ ¤¨±«®ª ¶¨¿ [2, 3], £°¨®¢-±ª ¿ ´³ª¶¨¿ [4]) «¨¥©®¥ °¥¸¥¨¥ ¢¥°® ¯°¨ ¬ «®© ¬¯«¨²³¤¥ ¢®§¤¥©±²¢¨¿,   ¯® ¬¥°¥ ¥¥ °®±²  ±² ®¢¿²-±¿ ¢ ¦»¬¨ ¥«¨¥©»¥ ½´´¥ª²». �±«¨ ¦¥ � > 0;²® ¥®¡µ®¤¨¬® ³·¨²»¢ ²¼ ¥«¨¥©»¥ ½´´¥ª²» ¤ ¦¥¯°¨ ±ª®«¼ ³£®¤® ±« ¡®¬ ¢®§¤¥©±²¢¨¨. �  ±²®¿¹¥¬±®®¡¹¥¨¨ ¬» ¯°¥¤« £ ¥¬ °¥¸¥¨¥ ¥«¨¥©®© § ¤ -·¨ ® ¤¢³¬¥°®© £°¨®¢±ª®© ´³ª¶¨¨ (� = 1=2; [1]).� ±±¬®²°¨¬ ±¬¥ª²¨ª ²®«¹¨®© L;  µ®¤¿¹¨©±¿¬¥¦¤³ ²¢¥°¤»¬¨ ¥¤¥´®°¬¨°³¥¬»¬¨ ±²¥ª ¬¨, ¯ -° ««¥«¼»¬¨ ±¬¥ª²¨·¥±ª¨¬ ±«®¿¬ (±¬. °¨±³®ª). �

�¥´®°¬ ¶¨¿ ±¬¥ª²¨ª  ¯®¤ ¤¥©±²¢¨¥¬ «¨¥©®£® ° ±-¯°¥¤¥«¥¨¿ ±¨«» (" = 0:1). �¨° ¿ ²®·ª  { ¬¥±²® ¯°¨-«®¦¥¨¿ ±¨«». �³ª²¨° ¿ «¨¨¿ { £° ¨¶  ®¡« ±²¨,£¤¥ ¢®§¨ª ¥² § ¬¥² ¿ ¤¥´®°¬ ¶¨¿. �®ª ¿ «¨¨¿ {£° ¨¶  ®¡« ±²¨ ±¦ ²¨¿ (� < 0)¶¥²°¥ (x = z = 0) ª ±¬¥ª²¨ª³ ¯°¨«®¦¨¬ ±¨«³, ®¤®-°®¤® ° ±¯°¥¤¥«¥³¾ ¢¤®«¼ ®±¨ y (®°¬ «¼ ª ¯«®±-ª®±²¨ °¨±³ª ) c «¨¥©®© ¯«®²®±²¼¾ F:

�¥°£¨¿ ¬ «»µ ¤¥´®°¬ ¶¨© ±¬¥ª²¨ª  ° ¢ E = A2 Z (�@zu� (@xu)22 �2 + �2(@2xu)2) dV (1)(±¬. (44, 13) ¢ [5]), £¤¥ u { ±¬¥¹¥¨¥ ±«®¥¢ ¢¤®«¼ ®±¨±¬¥ª²¨ª  z; A { ¬®¤³«¼ ³¯°³£®±²¨, � { ¯ ° ¬¥²° ¤«¨-». �  ¸¥© § ¤ ·¥ ±¬¥¹¥¨¥ ¬ ª±¨¬ «¼® (= u0)  «¨¨¨ ¯°¨«®¦¥¨¿ ±¨«». �¢¥¤¥¬ ¬ «»© ¯ ° ¬¥²°" = u0=L; ®¢³¾ ´³ª¶¨¾ f = u=u0 ¨ ®¢»¥ ª®®°¤¨- ²» ~z = z=L; ~x = x=p"L: �®£¤ E = 2�1AL2"5=2 Z ��2 + �(f 00)2� d~zd~x; (2)£¤¥ � = (�="L)2; � = _f � (f 0)2=2; ²®·ª®© ®¡®§ ·¥®¤¨´´¥°¥¶¨°®¢ ¨¥ ¯® ~z;   ¸²°¨µ®¬ { ¯® ~x: � ª¨¬ ®¡-° §®¬, ¥®¡µ®¤¨¬®  ©²¨ ´³ª¶¨¾ f; ¤ ¾¹³¾ ¬¨¨-¬³¬ ½¥°£¨¨ (2), ° ¢³¾ ¥¤¨¨¶¥ ¢ ²®·ª¥ ~x = ~z = 0 ¨³«¾   £° ¨¶ µ ±¬¥ª²¨·¥±ª®£® ±«®¿ ~z = �1=2: �°¨½²®¬ ±¨«  ° ¢  F = F+ � F�; £¤¥F� = � Z �zzdS = �AL"3=2 Z �d~x: (3)� ¬ ª°®±ª®¯¨·¥±ª®© § ¤ ·¥ ³¦¥ ¯°¨ ¯°¨«®¦¥¨¨¨·²®¦®© ±¨«» F � �Ap�=L; ª®£¤   ¬¯«¨²³¤  u0¯°¥¢»±¨² ° ±±²®¿¨¥ ¬¥¦¤³ ±¬¥ª²¨·¥±ª¨¬¨ ±«®¿-¬¨ � �� L; ¬®¦® ¯°¥¥¡°¥·¼ ½´´¥ª²®¬ ª°¨¢¨§»/ �: �²¥°¥±®, ·²® ²®£¤  ¨²¥£° «» (2), (3) ¬®¦-® ¢»·¨±«¨²¼, ¤ ¦¥ ¥ ¨¬¥¿ ¯®«®£® °¥¸¥¨¿. �¥«®¢ ²®¬, ·²® ¯®«¥ ¤¥´®°¬ ¶¨© ° §¡¨¢ ¥²±¿   ¤¢¥ ®¡-« ±²¨. � ¯¥°¢®©, £¤¥ ¯°®¨±µ®¤¨² ±¦ ²¨¥ ¬ ²¥°¨ « ,³¤ ¥²±¿ °¥¸¨²¼ § ¤ ·³   «¨²¨·¥±ª¨. �® ¢²®°®© ¦¥,¡« £®¤ °¿ ¥³±²®©·¨¢®±²¨ �¥«´°¨¸  (±¬. § ¤ ·³ ªx 44 ¢ [5]), ¢¬¥±²® ° ±²¿¦¥¨¿ ¢®§¨ª ¾² ¯®¢¥°³²»¥±®±²®¿¨¿ ¯° ª²¨·¥±ª¨ ¡¥§  ¯°¿¦¥¨©. � ¬¥²»¥ ¯°¿¦¥¨¿ §¤¥±¼ ¢®§¨ª ¾² «¨¸¼ ¢³²°¨ ¤¢®©¨-ª®¢»µ £° ¨¶ ¬¨ª°®±ª®¯¨·¥±ª®© ²®«¹¨» [6].�¨±¼¬  ¢ ���� ²®¬ 90 ¢»¯. 9 { 10 2009 761



762 �.�. �°¥¥°, �. �.� °·¥ª®, �. �. �¨«¨¯¥ª®�  °¨±³ª¥ ¯°¥¤±² ¢«¥  ª °²¨  ¤¥´®°¬ ¶¨©±¬¥ª²¨ª , ¯®«³·¥ ¿ ¯°¨ ·¨±«¥®¬ °¥¸¥¨¨ § ¤ -·¨. � ®¡« ±²¨ ±¦ ²¨¿ ´³ª¶¨¿ f ®ª §»¢ ¥²±¿ ª¢ ¤-° ²¨·®© ¯® ~x-ª®®°¤¨ ²¥: f(~x; ~z) = f0(~z) + f2(~z)~x2:�¥²°³¤® ³¡¥¤¨²¼±¿ ¢ ²®¬, ·²® ³° ¢¥¨¥ ° ¢®-¢¥±¨¿ _� � (f 0�)0 = 0; ±®®²¢¥²±²¢³¾¹¥¥ ½ª±²°¥¬³¬³½¥°£¨¨ (2), ¤¥©±²¢¨²¥«¼® ¨¬¥¥² ² ª®¥ ²®·®¥ °¥¸¥-¨¥, ³¤®¢«¥²¢®°¿¾¹¥¥ ¥®¡µ®¤¨¬»¬ ³±«®¢¨¿¬. �£®¬®¦® ¯°¥¤±² ¢¨²¼ ¯ ° ¬¥²°¨·¥±ª¨:f0 = 1� 2'� ; f2 = � � cos'2 sin3 '; ~z = '� sin' cos'� :(4)�¡« ±²¼ ±¦ ²¨¿ � < 0 ±®®²¢¥²±²¢³¥² § ·¥¨¿¬�~xm < ~x < ~xm ¯°¨ ~z > 0; £¤¥ ~xm = 2��1 sin2 ': �®-ª ¿ «¨¨¿   °¨±³ª¥ ¯®ª §»¢ ¥² £° ¨¶³, ± ³·¥²®¬±¬¥¹¥¨¿ ±¬¥ª²¨·¥±ª¨µ ±«®¥¢, £¤¥ � ®¡° ¹ ¥²±¿¢ ³«¼. �¨¦¥, ¤® ¯³ª²¨°®© «¨¨¨, ¤¥´®°¬ ¶¨¨±¢®¤¿²±¿ ª ¢®§¨ª®¢¥¨¾ ¤¢³µ ¤¢®©¨ª®¢ [6], ¢ ª®-²®°»µ, ¯® ¬¥°¥ ¯°¨¡«¨¦¥¨¿ ª ³°®¢¾ ¯°¨«®¦¥¨¿±¨«»,  ° ±² ¾² ¥®¤®°®¤»¥ ¤¥´®°¬ ¶¨¨. � -¯°¿¦¥¨¿ §¤¥±¼ ¬ «» ¨ ®¡³±«®¢«¥», ¯®-¢¨¤¨¬®¬³,ª®¥·®±²¼¾ °¥¸¥²ª¨,   ª®²®°®© ¯°®¢®¤¨«±¿ ±·¥².� ¯°¥¥¡°¥¦¥¨¨  ²¿¦¥¨¥¬ ¤¢®©¨ª®-¢»µ £° ¨¶ [6] (¯°¨ � = 0) F� = 0: �®£¤ ,F = F+ = (8=3�)AL"3=2: �®®²¢¥²±²¢¥®,u0 = �3�a8 �2=3 L1=3; a = FA: (5)�°¨ ~z � 1; ±®£« ±® (4), u = u0 + �u; £¤¥�u = �3�a2z16 �1=3 � x23z ; �u� u0: (6)�°¥¤¯®«®¦¨¬, ·²® ¢ ®ª°¥±²®±²¨ ²®·ª¨ ¯°¨«®¦¥-¨¿ ±¨«» ±¬¥¹¥¨¥ ¨¬¥¥² ¢¨¤ �u = �z1=3a2=3 (v);£¤¥ v = xa�1=3z�2=3: �¡° ²¨¬ ¢¨¬ ¨¥   ²®, ·²® �u¥ § ¢¨±¨² ®² L: �° ¢¥¨¥ ° ¢®¢¥±¨¿ ±² ®¢¨²±¿²¥¯¥°¼ ®¡»ª®¢¥»¬ ¤¨´´¥°¥¶¨ «¼»¬:��2 � 4v 0 + 3( 0)2� (3 0 � 2v)�0 = 0 (7)(¸²°¨µ { ¤¨´´¥°¥¶¨°®¢ ¨¥ ¯® v) ¨ ¨¬¥¥² ²°¨-¢¨ «¼»© ¯¥°¢»© ¨²¥£° «. �®±² ²  ¨²¥£°¨-°®¢ ¨¿ ° ¢  ³«¾, ² ª ª ª °¥¸¥¨¥ (6) ®¡° -¹ ¥² ¢ ³«¼ ¢²®°³¾ ±ª®¡ª³ ¢ (7). �¥°¢ ¿ ±ª®¡-ª  ¯°®¯®°¶¨® «¼   ¯°¿¦¥¨¾ �: �¥¸¥¨¥ ³° ¢-¥¨¿ � = 0 ³¤®¡® ¯°¥¤±² ¢¨²¼ ¯ ° ¬¥²°¨·¥±ª¨:

 = (4 + t3)=2t; v = (1 + t3)=t2: �²¥°¢ « �1 < t < 0±®®²¢¥²±²¢³¥² ®¡« ±²¨ z < 0; ¨ 0 < t < 21=3 ! z > 0:�®±² ²  ¨²¥£°¨°®¢ ¨¿ ¯®¤®¡°   ¨§ ³±«®¢¨¿ �3=22=3� = 3=21=3 ¯°¨ t = 21=3 (±¸¨¢ª  c °¥¸¥¨-¥¬ (6)   «¨¨¨ xm(z) ' 3(az2=4)1=3). �¡«¨§¨ «¨¨¨z = 0 (jvj ! 1)�u = �2pajxj+ az2jxj :�¡«¨§¨ «¨¨¨ x = 0 ¯°¨ z < 0 (jvj ! 0)�u = �32a2=3jzj1=3 � a1=3jxjjzj1=3 :�±«¨ a� �; ²® ¥«¨¥©»¥  ±¨¬¯²®²¨ª¨ ¢¥°-» ¯°¨ jzj � �3=a2; jxj � �2=a;     ¬¥¼¸¨µ ° ±-±²®¿¨¿µ ¯°¨¬¥¨¬  £°¨®¢±ª ¿ ´³ª¶¨¿ «¨¥©®-£® ¯°¨¡«¨¦¥¨¿ (±¬. [1]). �±«¨ ¦¥ a� �; ²® ¯°¨jzj � jxj � a  °³¸ ¥²±¿ ¯°¨¡«¨¦¥¨¥ ¬ «»µ ¤¥´®°-¬ ¶¨© (1).� ¯°¿¦¥¨¿ ¢ ° ±±¬®²°¥®© § ¤ ·¥ ±³¹¥±²¢³¾²²®«¼ª® ¢ ®¡« ±²¨ ±¦ ²¨¿ ±¬¥ª²¨ª ,   ¢¬¥±²® ° ±²¿¦¥-¨¿ ¯°®¨±µ®¤¨² ¯®¢®°®² ¿ ¯®¤±²°®©ª  ¢ ¥ª®²®°®©®£° ¨·¥®© ®¡« ±²¨. � ª®© µ ° ª²¥° ¥«¨¥©®£®®²ª«¨ª  ¯®§¢®«¿¥² ³²¢¥°¦¤ ²¼, ·²® ¯®«¥ ±¦ ²¨¿ ¨,±®®²¢¥²±²¢¥®, § ·¥¨¥ u0 (¯°¨ § ¬¥¥ L ! 2L+),  ² ª¦¥  ±¨¬¯²®²¨ª  �u ®±² ³²±¿ ¥¨§¬¥»¬¨ ¢®¡¹¥¬ ±«³· ¥, ª®£¤  ±¨«  ¯°¨«®¦¥  ¥ ¢ ¶¥²°¥,    «¾¡®¬ ° ±±²®¿¨¨ L+ ¢  ¯° ¢«¥¨¨ ¤¥©±²¢¨¿ ±¨-«» ¤® ¥¤¥´®°¬¨°³¥¬®© ±²¥ª¨. �° ¨·»¥ ³±«®¢¨¿  ¯°®²¨¢®¯®«®¦®© ±²®°®¥ ¨, ¢®®¡¹¥, ¢¥ ®¡« ±²¨±¦ ²¨¿, ±ª §»¢ ¾²±¿ «¨¸¼   ±²°³ª²³°¥ ¯®¤±²°®©ª¨  ° ±±²®¿¨¿µ ¯®°¿¤ª  ° §¬¥°®¢ ®¡° §¶ .� ¡®²  ¢»¯®«¥  ¯°¨ ¯®¤¤¥°¦ª¥ German-IsraeliFoundation ¨ �®±±¨©±ª®£® ´®¤  ´³¤ ¬¥² «¼»µ¨±±«¥¤®¢ ¨© £° ² #09-02-00483.1. �. �. �°¥¥°, �. �. � °·¥ª®, �¨±¼¬  ¢ ���� 86, 446(2007).2. E. A. Brener and V. I. Marchenko, Phys. Rev. E 59,R4752 (1999).3. T. Ishikawa and O. L. Lavrentovich, Phys. Rev. E 60,R5037 (1999).4. �. �. �°¥¥°, �. �. � °·¥ª®, �¨±¼¬  ¢ ���� 90, 153(2009).5. �. �. � ¤ ³, �.�. �¨´¸¨¶, �¥®°¨¿ ³¯°³£®±²¨, �.:� ³ª , 1987.6. �. �. � °·¥ª®, �¨±¼¬  ¢ ���� 86, 841 (2007).
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