
�¨±¼¬  ¢ ����, ²®¬ 90, ¢»¯. 7, ±. 593 { 596 c 2009 £. 10 ®ª²¿¡°¿�¨ ¬¨·¥±ª¨¥ ²®°®¨¤ «¼»¥ µ®¯´¨®» ¢ ´¥°°®¬ £¥²¨ª¥±  ¨§®²°®¯¨¥© ²¨¯  \«¥£ª ¿ ®±¼"�.�. �®°¨±®¢, �.�. �»¡ ª®¢1)�±²¨²³² ´¨§¨ª¨ ¬¥² ««®¢ �° «¼±ª®£® ®²¤. ���, 620041 �ª ²¥°¨¡³°£, �®±±¨¿�®±²³¯¨«  ¢ °¥¤ ª¶¨¾ 7 ±¥²¿¡°¿ 2009 £.� ©¤¥» ²°¥µ¬¥°»¥ ²®°®¨¤ «¼»¥ ¯°¥¶¥±±¨®»¥ ±®«¨²®» ± ¥³«¥¢»¬ ¨¤¥ª±®¬ �®¯´ , ° ¢®-¬¥°® ¤¢¨¦³¹¨¥±¿ ¢¤®«¼ ®±¨  ¨§®²°®¯¨¨ ¢ ®¤®®±®¬ ´¥°°®¬ £¥²¨ª¥. �³²¥¬ ·¨±«¥®£® °¥¸¥¨¿³° ¢¥¨¿ � ¤ ³-�¨´¸¨¶  ®¯°¥¤¥«¥  ¨µ ±²°³ª²³°  ¨ ®¡« ±²¨ ±³¹¥±²¢®¢ ¨¿.PACS: 03.50.�k, 11.27.+d, 47.32.Cc, 75.10.Hk, 75.60.Ch, 94.05.Fg�² ²¨·¥±ª¨¥ ¨ ¤¨ ¬¨·¥±ª¨¥ ²®¯®«®£¨·¥±ª¨¥±²°³ª²³°» ± ¥³«¥¢»¬ ¨¢ °¨ ²®¬ �®¯´  (µ®¯-´¨®») ¢ ° §«¨·»µ ¬®¤¥«¿µ ¨ ±°¥¤ µ ®¡±³¦¤ «¨±¼ ¢° ¡®² µ [1 { 4]. � · ±²®±²¨, ¢ ²°¥µ¬¥°»µ ´¥°°®¬ £-¨²»µ ¬ ²¥°¨ « µ ° ±¯°¥¤¥«¥¨¥  ¬ £¨·¥®±²¨µ ° ª²¥°¨§³¥²±¿ ¶¥«®·¨±«¥»¬ ¨¤¥ª±®¬ �®¯´ H . �§³·¥¨¥ ¤¨ ¬¨ª¨ µ®¯´¨®®¢ ¢ ½²¨µ ±°¥¤ µ¯°¥¤±² ¢«¿¥² ¥ ²®«¼ª® ²¥®°¥²¨·¥±ª¨© ¨²¥°¥±, ®¨ ¢ ¦® ¤«¿ ° §«¨·»µ ´¨§¨·¥±ª¨µ ¯°¨«®¦¥¨©,®±®¡¥® ¢ ¯¥°±¯¥ª²¨¢¥ ±®§¤ ¨¿ ¯°¨¶¨¯¨ «¼®®¢»µ ½«¥¬¥²®¢ ¯ ¬¿²¨.� ®¤®®±®¬ ´¥°°®¬ £¥²¨ª¥ ³±²®©·¨¢»¥ ¯°¥¶¥±-±¨®»¥ ±®«¨²®» ± H = 0 (¬ £®»¥ ª ¯«¨) ¡»-«¨  ©¤¥» ¢ ° ¡®² µ [5, 6]. �¤ ª® ¢ ² ª¨µ ±¨±²¥-¬ µ ¯°¥¶¥±±¨®»¥ ° ¢®¬¥°® ¤¢¨¦³¹¨¥±¿ ²®°®¨-¤ «¼»¥ ±®«¨²®» ¯°¨ H 6= 0 ¡»«¨  ©¤¥» ²®«¼ª®¢ ¨§®²°®¯®¬ ´¥°°®¬ £¥²¨ª¥ [7]. �µ ³±²®©·¨¢®±²¼ª ¢®§¬³¹¥¨¿¬,  °³¸ ¾¹¨¬  ª±¨ «¼³¾ ±¨¬¬¥²-°¨¾, ®¡±³¦¤ « ±¼ ¢ ° ¡®²¥ [8]. �¥«¼  ±²®¿¹¥© ° ¡®-²» { ¨±±«¥¤®¢ ²¼ ®¡« ±²¨ ±³¹¥±²¢®¢ ¨¿ ¨ ±²°³ª²³-°³ ²®°®¨¤ «¼»µ µ®¯´¨®®¢, ° ¢®¬¥°® ¤¢¨¦³¹¨µ-±¿ ¢¤®«¼ ®±¨  ¨§®²°®¯¨¨ ¢ ®¤®®±®¬ ´¥°°®¬ £¥-²¨ª¥.�¨ ¬¨ª  ¢¥ª²®°   ¬ £¨·¥®±²¨ ®¯¨±»¢ ¥²±¿³° ¢¥¨¥¬ � ¤ ³-�¨´¸¨¶ , ª®²®°®¥ ¢ ¯°¥¥¡°¥¦¥-¨¨ °¥« ª± ¶¨¥© ¬®¦¥² ¡»²¼ § ¯¨± ® ¢ ¢¨¤¥@M@t = � [M�He� ] ; He� = � �E�M ; (1)£¤¥  { £¨°®¬ £¨²®¥ ®²®¸¥¨¥ ( > 0). �¥°£¨¿´¥°°®¬ £¥²¨ª  ° ¢  ±³¬¬¥ ®¡¬¥®© ½¥°£¨¨Eexch = (�=2) Z (@iM)2 dr (2)1)e-mail: F.N.Rybakov@gmail.com

¨ ½¥°£¨¨ ®¤®®±®© ¬ £¨²®©  ¨§®²°®¯¨¨Eanis = (�=2) Z �Mx2 +My2� dr: (3)�«¿ ¬®£¨µ ¬ £¨²»µ ±°¥¤ µ ° ª²¥°® ¡®«¼¸®¥ § -·¥¨¥ ´ ª²®°  ª ·¥±²¢  Q = �=4�, ¨ ¢ª« ¤ ½¥°£¨¨¬ £¨²»µ ¤¨¯®«¼»µ ¢§ ¨¬®¤¥©±²¢¨© ¥ ±³¹¥±²-¢¥.� ª ¦¤®© ²®·ª¥ ¯°®±²° ±²¢  R3 ± ¤¥ª °²®¢®©±¨±²¥¬®© ª®®°¤¨ ² (x; y; z) ®°¨¥² ¶¨¿ ¢¥ª²®°  M§ ¤ ¥²±¿ ²®·ª®©   ¤¢³¬¥°®© ±´¥°¥ S2 ¢ ³£«®¢»µ¯¥°¥¬¥»µ � ¨ �:Mx + iMy =M0 sin�ei�; Mz =M0 cos�: (4)� ±±¬®²°¨¬ «®ª «¨§®¢ »¥ °¥¸¥¨¿ (1), ¤«¿ ª®²®-°»µ� = !t+Q'+ �(r; z � V t); � = �(r; z � V t); (5)£¤¥ Q 2 Z, ' { ¯®«¿°»© ³£®« ¶¨«¨¤°¨·¥±ª®© ±¨±-²¥¬» ª®®°¤¨ ² (r; '; z),   � ! 0 ¯°¨ jrj ! 1. � ª¨¥°¥¸¥¨¿ ®¯¨±»¢ ¾² ²°¥µ¬¥°»¥ ¯°¥¶¥±±¨®»¥ ±®-«¨²®» ±² ¶¨® °®£® ¯°®´¨«¿, ° ±¯°®±²° ¿¾¹¨¥-±¿ ¢¤®«¼ ®±¨  ¨§®²°®¯¨¨. � ¤ «¼¥©¸¥¬, ¤«¿ ¯°®±²®-²», ¬» ¡³¤¥¬ ®¡±³¦¤ ²¼ ª®´¨£³° ¶¨¨ ¥¤¨¨·®£®¢¥ª²®°®£® ¯®«¿n = n(r; z) = (sin � cos�; sin � sin�; cos �); (6)¢ ¤¢¨¦³¹¥©±¿ ¢¤®«¼ z (±® ±ª®°®±²¼¾ V ) ±¨±²¥¬¥ ª®-®°¤¨ ².�±ª®¬®¥ ¢¥ª²®°®¥ ¯®«¥ M § ¤ ¥² ®²®¡° ¦¥¨¥R3 [ f1g ! S2 ¨ µ ° ª²¥°¨§³¥²±¿ ¶¥«®·¨±«¥»¬²®¯®«®£¨·¥±ª¨¬ ¨¤¥ª±®¬ �®¯´  H . �±«¨ Q 6= 0, ²®°¥¸¥¨¾ ²¨¯  (5) ±®®²¢¥²±²¢³¥² ²®°®¨¤ «¼»© µ®¯-´¨® [9, 10] ± ¨¤¥ª±®¬H = QT; T = 14� Z 1�1 Z 10 n � [@rn� @zn] drdz: (7)4 �¨±¼¬  ¢ ���� ²®¬ 90 ¢»¯. 7 { 8 2009 593



594 �.�. �®°¨±®¢, �.�. �»¡ ª®¢�°¥¤±² ¢¨¬ ½¥°£¨¾ ª ª ´³ª¶¨® « ¢¥ª²®°®£®¯®«¿ n: E = Z 1�1 Z 10 wEdrdz; (8)wE = �M02�r[(@rn)2 + (@zn)2 ++�Q2r2 + ��� (nx2 + ny2)]: (9)�®¬¨¬® ½¥°£¨¨, ³° ¢¥¨¥ (1) ®¡« ¤ ¥² ¤¢³¬¿ ¨-²¥£° « ¬¨ ¤¢¨¦¥¨¿: ·¨±«®¬ ±¯¨®¢»µ ®²ª«®¥¨©(¬ £®®¢)N = M0~ Z 1�1 Z 10 (1� nz)2�rdrdz (10)¨ ¯°®¥ª¶¨¥© ¨¬¯³«¼±  ¯®«¿  ¬ £¨·¥®±²¨ [11]  ®±¼  ¨§®²°®¯¨¨P = �M0 Z 1�1 Z 10 n � [@rn� @zn]�r2drdz: (11)�«¿ ®¯°¥¤¥«¥¨¿ ±²°³ª²³°» ²°¥µ¬¥°»µ ±®«¨²®-®¢ ¡»« ¨±¯®«¼§®¢  ²®² ¦¥ ¬¥²®¤ ¬¨¨¬¨§ ¶¨¨´³ª¶¨® «  ½¥°£¨¨ (8) ± ®£° ¨·¥¨¥¬ (10), ·²® ¢° ¡®²¥ [12], ® ± ²¥¬ ®²«¨·¨¥¬, ·²® ®£° ¨·¥¨¥ (11)³·¨²»¢ «®±¼ ¤®¯®«¨²¥«¼®©  ¤¤¨²¨¢®© ¸²° ´®©ª¢ ¤° ²¨·®© ´³ª¶¨¥©,   ¯°®¡ ¿ ª®´¨£³° ¶¨¿ ¯®-«¿ § ¤ ¢ « ±¼ £« ¤ª¨¬¨ ´³ª¶¨¿¬¨ �ini ¨ �ini, ±®®²-¢¥²±²¢³¾¹¨¬¨ ° ±±«®¥¨¾ �®¯´  ± ¨¤¥ª±®¬H = Q:�ini = ��2 + v + k za; (12)cos(�ini) = 1� 4 sinh(u)22 + cosh(2u)e6(1�coth(u)); (13)£¤¥ u ¨ v { ²®°®¨¤ «¼»¥ ª®®°¤¨ ²»:tanh(u) = (2ar)=(a2 + r2 + z2); 0 6 u <1; (14)cot(v) = (a2 � r2 � z2)=2az; 0 6 v < 2�: (15)� ° ¬¥²°» a ¨ k ®¯°¥¤¥«¿¾²±¿ ¨²¥£° « ¬¨ ¤¢¨¦¥-¨¿ N ¨ P :a = 3r 34�2 ~M0N; k = k0 + kP M0 Pa2 ; (16)£¤¥ ª®±² ²» k0 � 3:353, kP � 0:076.�¥¬ ¦¥ ¬¥²®¤®¬, ¤«¿ ±° ¢¥¨¿, ¡»«¨ ¢»¯®«¥»° ±·¥²» ¨ ¤«¿ ±«³· ¿ ¥²®¯®«®£¨·¥±ª¨µ ±®«¨²®®¢ ±H = 0 { ±² ¶¨® °»µ [5] ¨ ¤¢¨¦³¹¨µ±¿ [13] ¬ £-®»µ ª ¯¥«¼. �°®¡ ¿ ª®´¨£³° ¶¨¿ ¯®«¿ ¢ ½²¨µ±«³· ¿µ § ¤ ¢ « ±¼ ¨»¬¨ ´³ª¶¨¿¬¨:�ini = ��2 + k atan�zr� ; (17)�ini = 8><>: ��=R1; 0 6 � < R1;�(2R1 � �)=R1; R1 6 � < 2R1;0; � > 2R1; (18)

£¤¥ � = pr2 + z2,   ¯ ° ¬¥²°» k ¨ R1 ®¯°¥¤¥«¿¾²±¿¨²¥£° « ¬¨ ¤¢¨¦¥¨¿ N ¨ P :k = 2 M0P� ~M0N�� 23�4�2 � 63�4 � 23 ; (19)R1 = 12� ~M0N� 13� 3�4�2 � 6� 13 : (20)�¥§³«¼² ²» ° ±·¥²  ¥²®¯®«®£¨·¥±ª¨µ ±®«¨²®®¢  -µ®¤¿²±¿ ¢ ±®®²¢¥²±²¢¨¨ ± ¤ »¬¨ ° ¡®² [6, 13].�±ª®¬®¥ ¯®«¥ n(r; z) ¤®±² ¢«¿¥² ½ª±²°¥¬³¬ ´³ª-¶¨® «³ J(n(r; z)) = E � ~!N + V P: (21)�±¯®«¼§³¿ ¥®¡µ®¤¨¬®¥ ³±«®¢¨¥ ½ª±²°¥¬³¬ , ±®±² -¢¨¬ ¯ °³ ³° ¢¥¨©:dd�J(n(r + �r; z))����=0 = 0; (22)dd�J(n(r; z + �z))����=0 = 0: (23)�¥¸ ¿ ¯®«³·¥³¾ ±¨±²¥¬³ ®²®±¨²¥«¼® ¥¨§¢¥±²-»µ ! ¨ V , ¯®«³·¨¬ ³¤®¡»¥ ´®°¬³«» ¤«¿ ° ±·¥² ¨±ª®¬»µ:! = Eexch +Eanis � Iz~N ; V = 2Eexch � 3Iz2P ; (24)£¤¥ Iz = �M02 Z 1�1 Z 10 (@zn)22�rdrdz: (25)�¨¨¬¨§¨°³¥¬»© ´³ª¶¨® « ½¥°£¨¨ (8) ¯®±«¥¥±ª®«¼ª¨µ ²»±¿· ¨²¥° ¶¨© ¤®±²¨£ ¥² ¬¨¨¬ «¼®£®§ ·¥¨¿. �«¿ ¯°®¢¥°ª¨ ¯®«³·¥»µ ª®´¨£³° ¶¨©¯®«¿ ¯® ´®°¬³« ¬ (24) ¢»·¨±«¿«¨±¼ ! ¨ V , ¨ ° ±±·¨-²»¢ « ±¼ ¥¢¿§ª  ¤«¿ ¤¨´´¥°¥¶¨ «¼®£® ³° ¢¥¨¿� ¤ ³-�¨´¸¨¶  (1). �¡±³¤¨¬ ¯®«³·¥»¥ °¥§³«¼-² ²».�  °¨±.1 ¯®±²°®¥» «¨¨¨ ¯®±²®¿®£® § ·¥¨¿³£«®¢, ¯ ° ¬¥²°¨§³¾¹¨µ ¢¥ª²®° n. �®®°¤¨ ²» ®°-¬¨°®¢ »   µ ° ª²¥°³¾ ¤«¨³l0 =p�=�: (26)�¨¤®, ·²® ° ¤¨³± ¶¥²° «¼®£® ¢¨µ°¥¢®£® ª®«¼¶ ,±®®²¢¥²±²¢³¾¹¥£® § ·¥¨¾ � = � { ¾¦®¬³ ¯®«¾-±³ ±´¥°» S2, ³ ¤¢¨¦³¹¥£®±¿ ±®«¨²®  ¡®«¼¸¥. �¨-¨¨ cot(�) = const ¥ ¤®±²°®¥» ¢¡«¨§¨ ¬ «»µ § -·¥¨© �, ² ª ª ª  ±²®¿¹¨© ·¨±«¥»© ¬¥²®¤, ®¯°¥-¤¥«¿¾¹¨© § ·¥¨¿ ¢¥ª²®°®¢ n, ¥ ¯®§¢®«¿¥² ²®·®¢»·¨±«¿²¼  §¨¬³² «¼»© ³£®«, ª®£¤  j nz j! 1. �®¢¨¤ ½²¨µ «¨¨© ³ ±² ¶¨® °®£® ¨ ¤¢¨¦³¹¥£®±¿ µ®¯-´¨®®¢ ±³¹¥±²¢¥® ° §«¨·¥. �¡« ±²¼ «®ª «¨§ ¶¨¨�¨±¼¬  ¢ ���� ²®¬ 90 ¢»¯. 7 { 8 2009



�¨ ¬¨·¥±ª¨¥ ²®°®¨¤ «¼»¥ µ®¯´¨®» : : : 595

–4

–4

–2

–2

0

0

2

2

4

4z
l/
0

0 2 4 6 8

r l/ 0

cot( ) = 1.376f

cot( ) = –0.325j

q p= 0.3

q p= 0.88

q p= 0.05

(a)

(b)

cot( ) = 1.376f

cot( ) = –0.325f

q p= 0.88
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q p= 0.05�¨±.1. �¨¨¨ ¯®±²®¿®£® § ·¥¨¿ ³£«®¢, ¯ ° ¬¥²°¨-§³¾¹¨µ ¥¤¨¨·»© ¢¥ª²®° n, ¤«¿ ±² ¶¨® °®£® (a) ¨° ¢®¬¥°® ¤¢¨¦³¹¥£®±¿ (b) ±® ±ª®°®±²¼¾ V = 0:134V0µ®¯´¨®®¢ ± ¨¤¥ª±®¬ H = 3, ! = 0:567!0; ±¯«®¸ ¿«¨¨¿ { � = const; ¯³ª²¨° ¿ «¨¨¿ { cot(�) = const¤¢¨¦³¹¥£®±¿ ±®«¨²®  ¥±ª®«¼ª® ¡®«¼¸¥, ®, ª ª ¨ ¢±² ¶¨® °®¬ ±«³· ¥, ¯®°¿¤ª  l0.�  °¨±.2 ¨§®¡° ¦¥  § ¢¨±¨¬®±²¼ ¯°¨¢¥¤¥®©½¥°£¨¨ " = E=�M02l0 ®² ®²®¸¥¨¿ V=V0, £¤¥ V0 == M0p��. �° ´¨ª ®²° ¦ ¥² ¢ ¦®¥ ¢»¿¢«¥®¥±¢®©±²¢® { ±³¹¥±²¢®¢ ¨¥ ¤¢³µ ²¨¯®¢ ¤¢¨¦³¹¨µ-±¿ µ®¯´¨®®¢, ¯® ª° ©¥© ¬¥°¥ ¢ ¥ª®²®°®¬ ¨²¥°-¢ «¥ ±ª®°®±²¥©, ± ° ¢»¬¨ H , V ¨ !. �  °¨±.3¯°®¨««¾±²°¨°®¢ » ²¨¯¨·»¥ ° ±¯°¥¤¥«¥¨¿ ®°-¬¨°®¢ ®© ¯«®²®±²¨ ½¥°£¨¨ �E = wE=E. �«¿
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�¨±.2. � ¢¨±¨¬®±²¼ ½¥°£¨¨ ®² ±ª®°®±²¨ ¤«¿ ¥²®¯®«®-£¨·¥±ª®£® (H = 0) ¨ ²®¯®«®£¨·¥±ª¨µ (H = 1; 2; 3) ±®«¨-²®®¢ ¯°¨ ®¤¨ ª®¢®© · ±²®²¥ ¯°¥¶¥±±¨¨ ! = 0:567!0.�®·ª ¬¨ ®¡®§ ·¥» °¥§³«¼² ²» ·¨±«¥®£® ±·¥² 
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�¨±.3. � ¢¨±¨¬®±²¼ ®°¬¨°®¢ ®© ¯«®²®±²¨ ½¥°£¨¨®² ª®®°¤¨ ² ¤«¿ µ®¯´¨®®¢ ¨¦¥© (a) ¨ ¢¥°µ¥© (b)½¥°£¥²¨·¥±ª®© ¢¥²¢¨, H = 1, ! = 0:567!0, V = 0:314V0µ®¯´¨®®¢ ¨¦¥© ½¥°£¥²¨·¥±ª®© ¢¥²¢¨ ± ¬ «»¬¨±ª®°®±²¿¬¨ µ ° ª²¥°  ¢»±®ª ¿ ¯«®²®±²¼ ½¥°£¨¨¢¤®«¼ ±²¥ª¨ ²®°®¨¤ «¼®© ¯®¢¥°µ®±²¨, ¤«¿ µ®¯-´¨®®¢ ¢¥°µ¥© ¢¥²¢¨ ± ¡®«¼¸®© ½¥°£¨¥© { ¯«®²-®±²¼ ½¥°£¨¨ ¢®§° ±² ¥² ®² ±²¥ª¨ ª ¶¥²°³ ²®°®-¨¤ . �§ £° ´¨ª®¢ °¨±.2, 4 ² ª¦¥ ¢¨¤®, ·²® ±ª®°®±²¼²®¯®«®£¨·¥±ª¨µ ±®«¨²®®¢ ®£° ¨·¥ . �°¨ ³¬¥¼-¸¥¨¨ · ±²®²» ¯°¥¶¥±±¨¨ ¯°¥¤¥«¼ ¿ ±ª®°®±²¼ µ®¯-´¨®  ² ª¦¥ ³¬¥¼¸ ¥²±¿,   ½¥°£¨¿ { ³¢¥«¨·¨¢ ¥²-�¨±¼¬  ¢ ���� ²®¬ 90 ¢»¯. 7 { 8 2009 4�
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�¨±.4. � ¢¨±¨¬®±²¼ ½¥°£¨¨ ®² ±ª®°®±²¨ ¤«¿ µ®¯´¨® ± H = 1 ¤«¿ ¤¢³µ § ·¥¨© · ±²®²» ¯°¥¶¥±±¨¨±¿. �¥«¨·¨  ! ®°¬¨°®¢     ¢¥«¨·¨³ · ±²®²»®¤®°®¤®£® ´¥°°®¬ £¨²®£® °¥§® ± :!0 = M0�: (27)� ¬»¥ ®¡¹¨¥ ¯°¥¤±² ¢«¥¨¿ ® ±²°³ª²³°¥ ±² ¶¨®- °®£® µ®¯´¨®  ± H = 1 ¥ ¯®§¢®«¿¾² ±° ¢¨²¼¥£® ½¥°£¨¾ ± ½¥°£¨¥© ±®®²¢¥²±²¢³¾¹¥£® ¥²®¯®«®-£¨·¥±ª®£® ±®«¨²®  [14, 15]. �±®¡¥®±²¨ ±²°³ª²³°»¨±±«¥¤³¥¬®£® ª« ±±  ®¡º¥ª²®¢ ¯®ª  ¥ ¤ ¾²  ¬ ¢®§-¬®¦®±²¨ ¨ ·¨±«¥»¬¨ ¬¥²®¤ ¬¨ ¨±±«¥¤®¢ ²¼ ±«³-· © ± H = 1 ¨ V = 0 [12]. �®, ½ª±²° ¯®«¨°³¿ § ¢¨±¨-¬®±²¼ "(V ) ¢ ®¡« ±²¼ ¬ «»µ V   °¨±.2 ¤«¿ H = 1,¬®¦® ±¤¥« ²¼ ®¤®§ ·»© ¢»¢®¤ ® ²®¬, ·²® ½¥°-£¨¿ ±² ¶¨® °®£® ¯°¥¶¥±±¨®®£® ²®¯®«®£¨·¥±ª®£®

±®«¨²®  ¡®«¼¸¥, ·¥¬ ³ ¥²®¯®«®£¨·¥±ª®£® ¯°¨ ° ¢-»µ !, ¯® ª° ©¥© ¬¥°¥ ¢ ¥ª®²®°®¬ ¤¨ ¯ §®¥ § -·¥¨© · ±²®²» ¯°¥¶¥±±¨¨.1. L.D. Faddeev, Preprint IAS 75-QS70, 1975.2. G. E. Volovik and V.P. Mineev, Zh. Eksp. Teor. Fiz. 73,767 (1977) [JETP 46, 401 (1977)].3. A.M. Kamchatnov, Zh. Eksp. Teor. Fiz. 82, 117 (1982)[JETP 55, 69 (1982)].4. I. E. Dzyloshinskii and B. A. Ivanov, Pisma v Zh. Eksp.Teor. Fiz. 29, 592 (1979).5. B.A. Ivanov and A.M.Kosevich, Pisma v Zh. Eksp.Teor. Fiz. 24, 495 (1976).6. B.A. Ivanov and A.M.Kosevich, Zh. Eksp. Teor. Fiz.72, 2000 (1977) [JETP 45, 1050 (1977)].7. N.R. Cooper, Phys. Rev. Lett. 82, 1554 (1999).8. P. Sutcli�e, Phys. Rev. B 76, 184439 (2007).9. A. Kundu and Y.P. Rybakov, J. Phys. 15, 269 (1982).10. J. Gladikowski and M. Hellmund, Phys. Rev. D 56, 5194(1997).11. N. Papanicolaou and T.N. Tomaras, Nucl. Phys. B 360,425 (1991).12. A.B. Borisov and F.N. Rybakov, Pisma v Zh. Eksp.Teor. Fiz. 88, 303 (2008) [JETP Lett. 88, 264 (2008)].13. T. Ioannidou and P.M. Sutcli�e, Physica D 150, 118(2001).14. �.�. �®±¥¢¨·, �. �. �¢ ®¢ ¨ �. �. �®¢ «¥¢, �¥«¨¥©-»¥ ¢®«»  ¬ £¨·¥®±²¨. �¨ ¬¨·¥±ª¨¥ ¨ ²®¯®-«®£¨·¥±ª¨¥ ±®«¨²®», �¨¥¢, � ³ª®¢  ¤³¬ª , 1983.15. A.M. Kosevich, B. A. Ivanov, and A. S. Kovalev, Phys.Rep. 194, 117 (1990).
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