
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò4 25��� 530.145 �������� ����� ���������� �������� ������������� �����.�. �®¡ ­®¢(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)E-mail: lobanov@th466.phys.msu.ru�§ãç¥­  ¤¨­ ¬¨ª  á¯¨­  § àï¦¥­­®© ç áâ¨æë á  ­®¬ «ì­ë¬ ¬ £­¨â­ë¬ ¬®¬¥­â®¬ ¢¯à®¨§¢®«ì­®¬ ¯®áâ®ï­­®¬ í«¥ªâà¨ç¥áª®¬ ¯®«¥. � ©¤¥­ë ¯®«ï, ¢ ª®â®àëå à¥è¥­¨¥ ãà ¢­¥­¨ï� à£¬ ­ {�¨è¥«ï{�¥«¥£¤¨ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­® ¢ ª®­¥ç­®¬ ¢¨¤¥. �áá«¥¤®¢ ­ ¯®¢®à®âá¯¨­  ç áâ¨æë ¯à¨ à áá¥ï­¨¨ ¢ ªã«®­®¢áª®¬ ¯®«¥.� à ¡®â¥ ­  ®á­®¢¥ ª¢ §¨ª« áá¨ç¥áª®£® ®¯¨á ­¨ïà áá¬ âà¨¢ ¥âáï í¢®«îæ¨ï á¯¨­  § àï¦¥­­®© ç áâ¨-æë ¢® ¢­¥è­¥¬ ¯®«¥. �à¥¤¯®« £ ¥âáï, çâ® ¤¢¨¦¥­¨¥ç áâ¨æë ®¯¨áë¢ ¥âáï ãà ¢­¥­¨¥¬ �®à¥­æ ,   ¤¢¨-¦¥­¨¥ á¯¨­  ­  ¨§¢¥áâ­®© âà ¥ªâ®à¨¨ ¯®¤ç¨­ï¥âáïãà ¢­¥­¨î � à£¬ ­ {�¨è¥«ï{�¥«¥£¤¨ (���).�à¨ § ¤ ­­®¬ § ª®­¥ ¤¢¨¦¥­¨ï ç áâ¨æë ãà ¢-­¥­¨¥ ��� [1], ª ª ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥¯¥à¢®£® ¯®àï¤ª , ¨¬¥¥â à¥è¥­¨¥ ¢ ¢¨¤¥ ¬ âà¨ç­®£®àï¤ . �¤­ ª® ¢ ¯à®¨§¢®«ì­ëå ¯®«ïå ®¯à¥¤¥«¥­¨¥§ ª®­  ¤¢¨¦¥­¨ï ¢ ï¢­®¬ ¢¨¤¥ ­¥¢®§¬®¦­®. � ¯à¥-¤ë¤ãé¨å ­ è¨å à ¡®â å [2{4] ¡ë« ¯à¥¤«®¦¥­ ¬¥â®¤¨áá«¥¤®¢ ­¨ï ¤¨­ ¬¨ª¨ á¯¨­  ¡¥§ ¯à¥¤¢ à¨â¥«ì­®£®à¥è¥­¨ï ãà ¢­¥­¨ï �®à¥­æ . � ç áâ­®áâ¨, ¢ [2] ¡ë« à¥è¥­  § ¤ ç  ®¡ í¢®«îæ¨¨ á¯¨­  ¢ ¯«®áª®¢®«­®¢ëå¯®«ïå á¯¥æ¨ «ì­®£® ¢¨¤ ,   ¢ à ¡®â¥ [4] | § ¤ ç ®¡ í¢®«îæ¨¨ á¯¨­  ¢ ¯®áâ®ï­­®¬ ¬ £­¨â­®¬ ¯®-«¥. � ­ áâ®ïé¥© áâ âì¥ à áá¬ âà¨¢ ¥âáï ¤¢¨¦¥­¨¥á¯¨­  ç áâ¨æë á  ­®¬ «ì­ë¬ ¬ £­¨â­ë¬ ¬®¬¥­â®¬¢ ¯à®¨§¢®«ì­®¬ ¯®áâ®ï­­®¬ í«¥ªâà¨ç¥áª®¬ ¯®«¥.�¥«ì à ¡®âë | ®¯à¥¤¥«¨âì ¯®«ï, ¢ ª®â®àëå ¬ âà¨ç-­ë© àï¤, ¯à¥¤áâ ¢«ïîé¨© à¥è¥­¨¥ ãà ¢­¥­¨ï ���,¨¬¥¥â ª®­¥ç­®¥ ç¨á«® ç«¥­®¢, ¨ ­ ©â¨ ¢¨¤ â ª¨åà¥è¥­¨©.�«¥¤ãï [4], ¤«ï ®¯¨á ­¨ï ¤¢¨¦¥­¨ï á¯¨­  ¡ã¤¥¬¨á¯®«ì§®¢ âì ¥áâ¥áâ¢¥­­ë¥ ª®®à¤¨­ âë ç áâ¨æë, § -¤ ¢ ¥¬ë¥ ®àâ ¬¨ (v;n;b) . � ª ¨§¢¥áâ­®, í¢®«îæ¨ï®àâ®¢ ¥áâ¥áâ¢¥­­®£® âà¥å£à ­­¨ª  ®¯à¥¤¥«ï¥âáï á¨á-â¥¬®© ª¨­¥¬ â¨ç¥áª¨å ãà ¢­¥­¨© �à¥­¥:_v = kn; _n=�kv+{b; _b=�{n;£¤¥ k | ªà¨¢¨§­ ,   { | ªàãç¥­¨¥. �¢®¤ï ¢¥ªâ®à� à¡ã 
 = {v+ kb= [ _v� �v]( _v _v) ;ãà ¢­¥­¨ï �à¥­¥ ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ á¨¬¬¥âà¨ç-­®© ä®à¬¥:_v = [
 � v]; _n= [
 � n]; _b= [
 �b]: (1)�¯à¥¤¥«¨¬ ®¯¥à â®à í¢®«îæ¨¨, ¯¥à¥¢®¤ïé¨© ­ -ç «ì­ë¥ ®àâëv0 = v(0); n0 = n(0); b0 = b(0)

¢ ®àâë ª®­¥ç­®£® á®áâ®ï­¨ïv = v(�); n= n(�); b= b(�);£¤¥ � | á®¡áâ¢¥­­®¥ ¢à¥¬ï. �«ï íâ®© æ¥«¨ ã¤®¡-­® ¨á¯®«ì§®¢ âì á¯¨­®à­®¥ ¯à¥¤áâ ¢«¥­¨¥ (á¬.,­ ¯à., [5]), ¯®áâ ¢¨¢ ¢ á®®â¢¥âáâ¢¨¥ ®àâ ¬ ­ ç «ì­®-£® ¨ ª®­¥ç­®£® á®áâ®ï­¨© á¯¨­-â¥­§®àë: v0! (�v0);v! (�v) ¨ â. ¤. �®£¤  ã­¨â à­ë© ®¯¥à â®à í¢®«î-æ¨¨ ®¯à¥¤¥«ï¥âáï ãá«®¢¨ï¬¨V (�v0)V + = (�v); V (�b0)V + = (�b);V (�n0)V + = (�n): (2)� á¨«ã (1) ãà ¢­¥­¨ï ¤«ï ®¯¥à â®à  í¢®«îæ¨¨ ¨¬¥îâ¢¨¤ _V =� i2(�
)V; _V + = i2V +(�
): (3)�â¨ ãà ¢­¥­¨ï, ãç¨âë¢ ï (2), ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ä®à¬¥ _V =� i2V (�({v0 + kb0));_V + = i2(�({v0 + kb0))V +: (4)� ª ï § ¯¨áì ã¤®¡­  â¥¬, çâ® ¢ ª®íää¨æ¨¥­â­ãî¬ âà¨æã ãà ¢­¥­¨ï ¢å®¤ïâ «¨èì ¢¥ªâ®àë ­ ç «ì­®©®à¨¥­â æ¨¨ âà¥å£à ­­¨ª  ¨ ¤¢¥ áª «ïà­ë¥ ¢¥«¨ç¨-­ë | ªà¨¢¨§­  ¨ ªàãç¥­¨¥.�à¨¬¥­¨¬ íâ¨ ®¡é¨¥ á®®â­®è¥­¨ï ¤«ï à¥è¥­¨ï§ ¤ ç¨ ®¡ í¢®«îæ¨¨ á¯¨­  ¢ ¯à®¨§¢®«ì­®¬ ¯®áâ®-ï­­®¬ í«¥ªâà¨ç¥áª®¬ ¯®«¥ E . �à ¢­¥­¨¥ ¤¢¨¦¥­¨ïç áâ¨æë ¢ â ª®¬ ¯®«¥ (ãà ¢­¥­¨¥ �®à¥­æ ) ¨¬¥¥â¢¨¤: _u= 
E; (5)£¤¥ u | ª®¬¯®­¥­âë 4-áª®à®áâ¨, 
 = u0 | à¥«ï-â¨¢¨áâáª¨© ä ªâ®à. �à ¢­¥­¨¥ ���, ®¯¨áë¢ îé¥¥í¢®«îæ¨î á¯¨­  § àï¦¥­­®© ç áâ¨æë, ¨¬¥¥â ¢¨¤_s= 12(1 + 
) (g+ (g � 2)
) [s� [E�u]] ; (6)£¤¥ g | £¨à®¬ £­¨â­®¥ ®â­®è¥­¨¥. � æ¥«ïå ã¯à®-é¥­¨ï § ¯¨á¨ ¢ ä®à¬ã« å á¤¥« ­  § ¬¥­  emE! E ,£¤¥ e;m | § àï¤ ¨ ¬ áá  ç áâ¨æë. �ë ¨á¯®«ì§ã¥¬13 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò4



26 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò4á¨áâ¥¬ã ¥¤¨­¨æ, ¢ ª®â®à®© c = 1: �§ ãà ¢­¥­¨© (5),(6) á«¥¤ã¥â, çâ®_s= 12
(1 + 
) (g+ (g� 2)
) [s� [ _u�u]] : (7)�®á¯®«ì§ã¥¬áï ¯®¤å®¤®¬, ¯à¥¤«®¦¥­­ë¬ ¢ [2, 4],ª®â®àë© ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì í¢®«îæ¨î á¯¨­  á¯à®¨§¢®«ì­ë¬¨ ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨ ¯à¨ ¯®¬®é¨à¥è¥­¨ï ãà ¢­¥­¨ï ¤«ï à¥§®«ì¢¥­âë ãà ¢­¥­¨ï (7)¢ á¯¨­®à­®¬ ¯à¥¤áâ ¢«¥­¨¨. � à áá¬ âà¨¢ ¥¬®¬á«ãç ¥ ãª § ­­®¥ ãà ¢­¥­¨¥ ¯à¨ ãç¥â¥ à ¢¥­áâ¢ [u� _u] = k(
2 � 1)b ¨¬¥¥â ¢¨¤:_R= i2 �� g2
 � g � 22 
 � 1� k(�b)�R: (8)�ã¤¥¬ ¨áª âì à¥è¥­¨¥ ãà ¢­¥­¨ï (8) ¢ ¢¨¤¥R = V R0 , â. ¥. à §®¡ì¥¬ ¬ âà¨æã, ®¯¨áë¢ îéãî¢à é¥­¨¥ á¯¨­ , ­  ®¯¥à â®à ¯®¢®à®â  ¥áâ¥áâ¢¥­­®£®âà¥å£à ­­¨ª  ¨ ®¯¥à â®à ¯®¢®à®â  á¯¨­  ®â­®á¨-â¥«ì­® íâ®£® âà¥å£à ­­¨ª . �ç¨âë¢ ï (3), (4) ¨ (8),¯®«ãç ¥¬_R0 = i2 �� g2
 � g� 22 
� k(�b0) +{(�v0)�R0:(9)�«¥¤®¢ â¥«ì­®, ¤«ï â®£® çâ®¡ë ®¯à¥¤¥«¨âì ®à¨¥­â -æ¨î á¯¨­ , ­ã¦­® §­ âì âà¨ áª «ïà­ë¥ äã­ªæ¨¨:k , { ¨ 
 .�à¨¬¥­¨â¥«ì­® ª § ¤ ç ¬ í«¥ªâà®¤¨­ ¬¨ª¨ ãà ¢-­¥­¨¥,  ­ «®£¨ç­®¥ (9), à áá¬ âà¨¢ «®áì ¢ [6]. �§à¥§ã«ìâ â®¢ íâ®© à ¡®âë á«¥¤ã¥â, çâ® ¥á«¨ ®£à ­¨-ç¨âìáï ä¨§¨ç¥áª¨ ¨­â¥à¥á­ë¬ á«ãç ¥¬, ª®£¤  àï¤,®¯à¥¤¥«ïîé¨© à¥è¥­¨¥, ®¡àë¢ ¥âáï ¯à¨ ¯à®¨§¢®«ì-­ëå §­ ç¥­¨ïå g , â® ­¥®¡å®¤¨¬® ¯à¥¤¯®«®¦¨âì, çâ®«¨¡® ¤®«¦­ë ¢ë¯®«­ïâìáï à ¢¥­áâ¢ 
 = const; �= {k = const; (10)«¨¡® { = 0: (11)� ®¡®¨å á«ãç ïå, ¥á«¨ ªà¨¢¨§­  âà ¥ªâ®à¨¨ § -¤ ­  ª ª äã­ªæ¨ï á®¡áâ¢¥­­®£® ¢à¥¬¥­¨ k = k(�) ,ãà ¢­¥­¨¥ (9) ¨¬¥¥â á«¥¤ãîé¥¥ à¥è¥­¨¥:R0 = cos !2 + i(� t) sin !2 ; (12)£¤¥!(�) = �Z0 (� g2
 � g� 22 
�2 + �2)1=2 k(�)d�;t=��v0 +� g2
 � g� 22 
�b0���(� g2
 � g� 22 
�2 +�2)�1=2 : (13)
� ¬¥â¨¬, çâ® ¯à¨ íâ®¬ ¨ ãà ¢­¥­¨¥ ¤«ï ®¯¥à â®à í¢®«îæ¨¨ âà¥å£à ­­¨ª  (4) â ª¦¥ ¨¬¥¥â â®ç­®¥à¥è¥­¨¥ V = cos !02 � i(� t0) sin !02 ; (14)

£¤¥ !0(�) =p1 + �2 �Z0 k(�)d�;t0 = (�v0 +b0)=p1 +�2: (15)� ©¤¥¬ ¯®«ï, ¢ ª®â®àëå à¥ «¨§ãîâáï ãá«®¢¨ï(10), (11) ¨ ¬®¦­® ¯®«ãç¨âì à¥è¥­¨ï ãà ¢­¥­¨©�®à¥­æ  ¨ ��� ¢ ¢¨¤¥ (14) ¨ (12) á®®â¢¥âáâ¢¥­­®.�§ ãá«®¢¨© (10) á«¥¤ã¥â, çâ® áãé¥áâ¢ã¥â ­ -¯à ¢«¥­¨¥, ¢¥«¨ç¨­  ¯à®¥ªæ¨¨ 4-áª®à®áâ¨ ç áâ¨-æë ­  ª®â®à®¥ ¯®áâ®ï­­ . �à¥¤áâ ¢¨¬ ¥¤¨­¨ç-­ë© ¢¥ªâ®à áª®à®áâ¨ ¢ ¢¨¤¥ áã¬¬ë v = vk + v? ,  ¢¥ªâ®à ­ ¯àï¦¥­­®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®«ï ­ âà ¥ªâ®à¨¨ ¢ ¢¨¤¥ áã¬¬ë E = Ek + E? , £¤¥Ek = vk(vkE)=(vkvk) = vkEk=vk: �«ï ¡®«ìè¥© ­ -£«ï¤­®áâ¨ ¢ë¡¥à¥¬ á¨áâ¥¬ã ª®®à¤¨­ â â ª, çâ®¡ëez k vk , â. ¥. vk = vkez; v? = v?(ex sin � � ey cos �) ,¯à¨ç¥¬ vk2 + v?2 = 1 ,   � = �(x(�); y(�); z(�)) . �à¨íâ®¬ ¢¥ªâ®à 4-áª®à®áâ¨ ç áâ¨æëu? = v?p
2 � 1(ex sin ��ey cos �); uz = vkp
2 � 1:�®¤áâ ¢¨¢ íâ¨ ¢ëà ¦¥­¨ï ¢ ãà ¢­¥­¨¥ �®à¥­æ  (5),¯®«ãç ¥¬
E? =p
2 � 1v? _�(ex cos �+ ey sin �); Ek = 0:�®áª®«ìªã _� =p
2 � 1(vr)� , â®Ex = v?(
 � 
�1)�� �vk @�@z + v?�@�@x sin �� @�@y cos ��� cos �;Ey = v?(
 � 
�1)�� �vk @�@z + v?�@�@x sin �� @�@y cos ��� sin �: (16)
�®à¬ã«ë (16) ®¯à¥¤¥«ïîâ ¯®«¥ «¨èì ­  âà ¥ª-â®à¨¨ ç áâ¨æë. �â®¡ë ¯®«ãç¨âì ¢¨¤ ¯®«ï ¢® ¢á¥¬¯à®áâà ­áâ¢¥, ­¥®¡å®¤¨¬® ­ «®¦¨âì ­  ¢¥ªâ®à ­ -¯àï¦¥­­®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®«ï ãá«®¢¨¥ rotE= 0:�§ íâ®£® ãá«®¢¨ï á«¥¤ã¥â, çâ® ¨áª®¬®¥ í«¥ªâà¨ç¥-áª®¥ ¯®«¥ ¤®«¦­® ¡ëâì ¤¢ã¬¥à­ë¬, â. ¥. � = �(x; y):�á«¨ ¤®¯®«­¨â¥«ì­® áç¨â âì, çâ® divE = 0; â. ¥.¯®« £ âì, çâ® âà ¥ªâ®à¨ï ç áâ¨æë «¥¦¨â ¢ ®¡« áâ¨,£¤¥ ¯«®â­®áâì § àï¤ , á®§¤ îé¥£® ¯®«¥, à ¢­  ­ã«î,â® äã­ªæ¨ï �(x; y) ¤®«¦­  ã¤®¢«¥â¢®àïâì á¨áâ¥¬¥ãà ¢­¥­¨© @@x �@�@x sin �� @�@y cos ��++�@�@x sin �� @�@y cos �� @�@y = 0;@@y �@�@x sin �� @�@y cos �����@�@x sin �� @�@y cos �� @�@x = 0: (17)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò4 27� ª ª ª ¯à¨ ¢ë¯®«­¥­¨¨ ãª § ­­ëå ¢ëè¥ ãá«®-¢¨© äã­ªæ¨ï E(�) = Ey + iEx � d�=d� ¯à¥¤áâ ¢-«ï¥â á®¡®©  ­ «¨â¨ç¥áªãî äã­ªæ¨î ª®¬¯«¥ªá­®©¯¥à¥¬¥­­®© � = x + iy; â® á¨áâ¥¬  (17) á¢®¤¨âáïª ®¡ëª­®¢¥­­®¬ã ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î ¢ª®¬¯«¥ªá­®© ®¡« áâ¨id2�d�2 = 2�d�d��2 ;¨§ à¥è¥­¨ï ª®â®à®£® á«¥¤ã¥â, çâ® ¥¤¨­áâ¢¥­­®¥ ¯®-«¥, ¢ ª®â®à®¬ ¢®§¬®¦­® ¯®«ãç¨âì â®ç­®¥ à¥è¥­¨¥ãà ¢­¥­¨ï ��� ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (10), |íâ® ¯®«¥, á®§¤ ¢ ¥¬®¥  ªá¨ «ì­®-á¨¬¬¥âà¨ç­ë¬ à á-¯à¥¤¥«¥­¨¥¬ § àï¤ . �à¨ íâ®¬ âà ¥ªâ®à¨ï ¤¢¨¦¥­¨ïç áâ¨æë ¤®«¦­  «¥¦ âì ­  íª¢¨¯®â¥­æ¨ «ì­®© ¯®-¢¥àå­®áâ¨, â. ¥. ¯à¥¤áâ ¢«ïâì á®¡®© ¢¨­â®¢ãî «¨­¨î.�®à §¤® ¡®«¥¥ ¨­â¥à¥á­ ï á¨âã æ¨ï à¥ «¨§ã¥âáï¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨ï (11). � íâ®¬ á«ãç ¥ âà ¥ª-â®à¨¨ ¤¢¨¦¥­¨ï ç áâ¨æ ¯«®áª¨¥. �®£¤  k 6= 0; íâ®®§­ ç ¥â, çâ® ã£«®¢®© ¬®¬¥­â ç áâ¨æë ¨¬¥¥â ­¥­ã-«¥¢ãî ¯à®¥ªæ¨î â®«ìª® ­  ¢ë¤¥«¥­­ãî ¯®áâ®ï­­ãî®áì. � á¨«ã â¥®à¥¬ë �¥â¥à ¨§ íâ®£® á«¥¤ã¥â, çâ® ¯®«¥¨¬¥¥â å®âï ¡ë ®¤­ã «®ª «ì­ãî ¯«®áª®áâì á¨¬¬¥â-à¨¨. �à®¬¥ â®£®, ¤¢¨¦¥­¨¥ ¤®«¦­® ¯à®¨áå®¤¨âì ¢ãª § ­­®© ¯«®áª®áâ¨. � áâ­ë¬, ­® ­ ¨¡®«¥¥ ¢ ¦­ë¬ª« áá®¬ â ª¨å ¯®«¥© ï¢«ïîâáï æ¥­âà «ì­ë¥ ¯®«ïE= rf(r)=r; f(r) =�d'dr ; (18)¤¢¨¦¥­¨¥ ¢ ª®â®àëå, ¢­¥ § ¢¨á¨¬®áâ¨ ®â ­ ç «ì­ëåãá«®¢¨©, ¯«®áª®¥. � â ª¨å ¯®«ïå t = t0 = b0 == const :�à¨¢¨§­  âà ¥ªâ®à¨¨ ç áâ¨æë ¢ëà ¦ ¥âáï ç¥à¥§ª®¬¯®­¥­âë 4-áª®à®áâ¨ á«¥¤ãîé¨¬ ®¡à §®¬:k = �(
2 � 1)( _u _u)� 
2 _
2�1=2
2 � 1 :�®¤áâ ¢«ïï ¢ íâã ä®à¬ã«ã ¢ëà ¦¥­¨¥ (18), ¯®«ãç ¥¬k = 
(
2 � 1) ����d'dr ���� �
2 � 1� _r2�1=2 : (19)�®áª®«ìªã ¢ æ¥­âà «ì­ëå ¯®«ïå ¯®«­ ï í­¥à£¨ï ¨¬®¬¥­â ¨¬¯ã«ìá  ï¢«ïîâáï ¨­â¥£à « ¬¨ ¤¢¨¦¥­¨ï,â®, ¯¥à¥å®¤ï ¢ (13), (15) ª ¨­â¥£à¨à®¢ ­¨î ¯® ¯¥à¥-¬¥­­®© r; ¨¬¥¥¬!0(r) = rZr0 ("�')Lr (("�')2 � 1)) ����d'dr ������ dr(("�')2 �L2=r2 � 1)1=2 ; (20)!(r) = rZr0 � g2("� ') � g � 22 ("�')��� ("� ')Lr (("� ')2 � 1)) ����d'dr ���� dr(("�')2 �L2=r2 � 1)1=2 ;

£¤¥ "; L | ­®à¬¨à®¢ ­­ë¥ ­  ¬ ááã ç áâ¨æë ¯®«­ ïí­¥à£¨ï ¨ ¬®¬¥­â ¨¬¯ã«ìá  á®®â¢¥âáâ¢¥­­®. � àï¤¥á«ãç ¥¢, ¢ ç áâ­®áâ¨ ¤«ï ªã«®­®¢áª®£® ¯®«ï, ¨­â¥£-à «ë (20) ¬®£ãâ ¡ëâì ¢ëç¨á«¥­ë ï¢­®.� ª ç¥áâ¢¥ ¯à¨¬¥à  à áá¬®âà¨¬ à áá¥ï­¨¥ ç á-â¨æë á® á¯¨­®¬, ®¡« ¤ îé¥© § àï¤®¬ �e; ­  ­¥-¯®¤¢¨¦­®¬ â®ç¥ç­®¬ ªã«®­®¢áª®¬ æ¥­âà¥ á § àï-¤®¬ Ze: �á«¨ ¢¢¥áâ¨ ®¡®§­ ç¥­¨¥ � = �mL=Ze2 ¨áç¨â âì, çâ® j�j> 1; â®!0=2 = j�jp�2 � 1 ��"arcsin "p1 +�2("2 � 1) � �2 sign�#+ �2 sign�;(21)!=2 = arcsin 1p1 +�2("2 � 1) � g � 22(�2 � 1) ���j�jp"2 � 1 + "j�jp�2 � 1 ��"arcsin "p1 +�2("2 � 1) � �2 sign�#�: (22)�®à¬ã«ë (21), (22) ®¯à¥¤¥«ïîâ ¢ ¯ à ¬¥âà¨ç¥áª®©ä®à¬¥ ã£®« à áá¥ï­¨ï !0 ¨ ã£®« ¯®¢®à®â  á¯¨­  ®â-­®á¨â¥«ì­® âà ¥ªâ®à¨¨ ! ¢ § ¢¨á¨¬®áâ¨ ®â í­¥à£¨¨¨ ã£«®¢®£® ¬®¬¥­â  à áá¥¨¢ ¥¬®© ç áâ¨æë. �à¨ íâ®¬¤«ï ¯¥à¨ä¥à¨ç¥áª®£® à áá¥ï­¨ï ­  ¬ «ë¥ ã£«ë, ª¢ -§¨ª« áá¨ç¥áª®¥ ®¯¨á ­¨¥ ª®â®à®£® ï¢«ï¥âáï ¢¯®«­¥ ¤¥ª¢ â­ë¬, ¨¬¥¥¬! ��g� 22 "!0: (23)� ª¨¬ ®¡à §®¬, á¯¨à «ì­®áâì ç áâ¨æ ­¥ á®åà ­ï¥â-áï,   ã£®« ®âª«®­¥­¨ï á¯¨­  ®â ¢¥ªâ®à  áª®à®áâ¨à áâ¥â «¨­¥©­® á í­¥à£¨¥©.�§ ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢ á«¥¤ã¥â, çâ® ­ «¨ç¨¥ ­®¬ «ì­®£® ¬ £­¨â­®£® ¬®¬¥­â  ¤¥« ¥â ¯à®¤®«ì­ãî¯®«ïà¨§ æ¨î ç áâ¨æ ­¥ãáâ®©ç¨¢®© ­¥ â®«ìª® ¯à¨ ¨å¤¢¨¦¥­¨¨ ¢ ãáª®à¨â¥«ïå [7, 8], ­® ¨ ¯à¨ à áá¥ï­¨¨.�® ¥áâì ãâ¢¥à¦¤¥­¨¥ ® â®¬, çâ® ¯à¨ à áá¥ï­¨¨ ã«ìâ-à à¥«ïâ¨¢¨áâáª¨å ç áâ¨æ á¯¨à «ì­®áâì á®åà ­ï¥âáï(á¬., ­ ¯à., [9]), ­¥ ï¢«ï¥âáï ª®àà¥ªâ­ë¬.�¢â®à ¡« £®¤ àe­ �.�. �®à¨á®¢ã, �. �. �ãª®¢-áª®¬ã, �.�. �ëá®¢ã ¨ �. �. �¨¦®¢ã §  ®¡áã¦¤¥­¨¥¯®«ãç¥­­ëå à¥§ã«ìâ â®¢,   �.�. �ãàç¨ª®¢®© | § ¯®¬®éì ¢ à áç¥â å.�¨â¥à âãà 1. Bargmann V., Michel L., Telegdi V. // Phys. Rev. Lett. 1959.2. P. 435.2. �®¡ ­®¢ �.�., � ¢«®¢  �.�. // ���. 1999. 121. �. 509.3. �®¡ ­®¢ �.�., � ¢«®¢  �.�. // �§¢. ¢ã§®¢, �¨§¨ª . 2000.ò1. C. 38.4. �®¡ ­®¢ �.�., � ¢«®¢  �.�., �¨¦®¢ �.�. // �¥áâ­. �®áª.ã­-â . �¨§. �áâà®­. 2001. ò6. �. 12 (Moscow UniversityPhys. Bull. 2001. N 6. P. 15).14 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò4
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