
12 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 2��� 530.145; 539.12� �������� ����������� � ������������� ����������. �. �®à¨á®¢, �. �. �è¨¢æ¥¢, �. �. �¥à®¢*)(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)� ¬®é®áâì á¨åà®âà®®£® ¨§«ãç¥¨ï ¯à®¤®«ì® ¯®«ïà¨§®¢ ®£® í«¥ªâà®  ¢®á¨â ¢ª« ¤ ª®à-à¥«ïæ¨ï ¬¥¦¤ã ¥£® á¯¨®¬ ¨ ªàã£®¢®© ¯®«ïà¨§ æ¨¥© ¨§«ãç¥®£® ä®â® . � áâ âì¥ ¤   ª¢ §¨ª« á-á¨ç¥áª ï ¨â¥à¯à¥â æ¨ï íâ®© ª®àà¥«ïæ¨¨ ª ª ¨â¥àä¥à¥æ¨¨ ¯®«¥© ¨§«ãç¥¨ï § àï¤  ¨ á¯¨®¢®£®¬ £¨â®£® ¬®¬¥â  í«¥ªâà® .1. �¢ â®¢ ï â¥®à¨ï á¨åà®âà®®£® ¨§«ãç¥¨ï(��), ¯®áâà®¥ ï �.�. �®ª®«®¢ë¬ ¨ �.�.�¥à®-¢ë¬ á á®âàã¤¨ª ¬¨ [1, 2], ¯à¥ªà á® á®£« áã¥âáï áíªá¯¥à¨¬¥â®¬ (ááë«ª¨   ®à¨£¨ «ìë¥ à ¡®âë á¬.¢ [3, 4]): ®¡ àã¦¥ë ¨ ¨á¯®«ì§ãîâáï íää¥ªâë ª¢ -â®¢ëå ä«ãªâã æ¨© ®à¡¨âë í«¥ªâà®  [5] ¨ à ¤¨ æ¨-®®© ¯®«ïà¨§ æ¨¨ í«¥ªâà®®¢ [6] ¢á«¥¤áâ¢¨¥ ��, ¡«î¤¥  á¯¨®¢ ï § ¢¨á¨¬®áâì ¬®é®áâ¨ �� ¯®-«ïà¨§®¢ ®£® ¯ãçª  í«¥ªâà®®¢, â¥®à¥â¨ç¥áª¨ ¢¯¥à-¢ë¥ ¨áá«¥¤®¢  ï ¢ à ¡®â¥ [7].�¢ â®¢ ï â¥®à¨ï �� ®á®¢     áâà®£¨å ¬¥-â®¤ å ª¢ â®¢®© í«¥ªâà®¤¨ ¬¨ª¨ á ¨á¯®«ì§®¢ ¨-¥¬ â®çëå à¥è¥¨© ãà ¢¥¨ï �¨à ª  ¤«ï í«¥ªâà® ¢ ¬ £¨â®¬ ¯®«¥ [2]. �áâ¥áâ¢¥® ¢®§¨ª«  ¯®âà¥¡-®áâì ¢  £«ï¤®© ª¢ §¨ª« áá¨ç¥áª®© ¨â¥à¯à¥â æ¨¨£« ¢ëå ª¢ â®¢ëå íää¥ªâ®¢ (¢ ãá«®¢¨ïå ãáª®à¨â¥-«¥© ¨  ª®¯¨â¥«¥© ®¨ ¤ îâ ¬ «ë¥ ¯®¯à ¢ª¨ ª ª« á-á¨ç¥áª®© â¥®à¨¨). �¥â «ìë©   «¨§ áâàãªâãàë ª¢ -â®¢ëå ¯®¯à ¢®ª ª ª« áá¨ç¥áª®© ¬®é®áâ¨ �� ¡ë«¢ë¯®«¥ ¢ à ¡®â å �.�.�¥à®¢  á á®âàã¤¨ª ¬¨(¨å ®¡§®à ¤  ¢ à ¡®â¥ [8]). � ç áâ®áâ¨, ¡ë«® ¯®-ª § ®, çâ® ª¢ â®¢ ï ¯®¯à ¢ª  ¯¥à¢®£® ¯®àï¤ª  ¯®¯®áâ®ï®© �« ª  �h, ¯à®¯®àæ¨® «ì ï á¯¨®¢®¬ãª¢ â®¢®¬ã ç¨á«ã (®à¬¨à®¢ ®© ¯à®¥ªæ¨¨ á¯¨    ¯à ¢«¥¨¥ ¬ £¨â®£® ¯®«ï H) � = �1 ¯®¯¥-à¥ç® ¯®«ïà¨§®¢ ®£® í«¥ªâà® , ®¡ãá«®¢«¥  ¨-â¥àä¥à¥æ¨¥© ¯®«¥© ¨§«ãç¥¨ï § àï¤  ¨ á¯¨®¢®£®¬ £¨â®£® ¬®¬¥â  í«¥ªâà® .�  áâ®ïé¥© à ¡®â¥, á«¥¤ãï ¢ëáª § ®¬ã à ¥¥¯à¥¤«®¦¥¨î �.�. �¥à®¢ , ¬ë ¤ ¥¬   «®£¨çãî¨â¥à¯à¥â æ¨î ª®àà¥«ïæ¨¨ á¯¨  ¯à®¤®«ì® ¯®«ï-à¨§®¢ ®£® í«¥ªâà®  ¨ ªàã£®¢®© ¯®«ïà¨§ æ¨¨ ä®-â®  ��.2. � áá¬®âà¨¬ ª« áá¨ç¥áªãî ç áâ¨æã á § àï¤®¬ e¨ ¤¨¯®«ìë¬¨ ¬ £¨âë¬ ¨ í«¥ªâà¨ç¥áª¨¬ ¬®¬¥-â ¬¨ � ¨ d, ª®â®à ï ¤¢¨¦¥âáï ¯® § ª®ã r = re(t).�®®â¢¥âáâ¢ãîé ï ¯«®â®áâì í«¥ªâà®¬ £¨â®£® â®-ª  ¨¬¥¥â ¢¨¤ (á¬.,  ¯à., [9])j(t; r) = ev�(r�re)+r� [��(r�re)]+ @@t [d�(r�re)];(1)

£¤¥ v = _re(t) | áª®à®áâì ç áâ¨æë; ¨á¯®«ì§ã¥âáï á¨á-â¥¬  ¥¤¨¨æ c = 1.� á«ãç ¥ ¯¥à¨®¤¨ç¥áª®£® ¤¢¨¦¥¨ï ç áâ¨æë á ¯¥-à¨®¤®¬ T = 2�=!0 ã£«®¢®¥ à á¯à¥¤¥«¥¨¥ ¬®é®áâ¨¨§«ãç¥¨ï �-© £ à¬®¨ª¨ (ç áâ®âë !� = �!0) á ¯®«ï-à¨§ æ¨¥© � ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥¨¥¬ [10]dW (�)�d
 = !2�2� je�� � j� j2; (2)£¤¥ äãàì¥-ª®¬¯®¥â  â®ª  (1)j� = 1T TZ0 dt Z d3xj(t; r) exp[i!�(t� n � r)]; (3)d
 | í«¥¬¥â â¥«¥á®£® ã£«  ¢  ¯à ¢«¥¨¨ ¨§«ãç¥-¨ï n (jnj = 1); e� (� = 1; 2) | ª®¬¯«¥ªáë¥ (¢ ®¡-é¥¬ á«ãç ¥) ¢¥ªâ®àë ¯®«ïà¨§ æ¨¨, ã¤®¢«¥â¢®àïîé¨¥ãá«®¢¨ï¬ n � e� = 0; e��0 � e� = ��0�:�à¨¬¥¨¬ (1){(3) ª í«¥ªâà®ã, ¯®« £ ï, çâ® ¢ á¨á-â¥¬¥ ¯®ª®ï ç áâ¨æë (á®¡áâ¢¥ë©) ¬ £¨âë© ¬®-¬¥â �0 = ��B�; (4)£¤¥ �B = e0�h=2m | ¬ £¥â® �®à  (§ àï¤ í«¥ªâà®-  e = �e0 < 0),   ¤¨¯®«ìë© í«¥ªâà¨ç¥áª¨© ¬®-¬¥â d0 = 0 (¢á«¥¤áâ¢¨¥ CP -¨¢ à¨ â®áâ¨ ª¢ -â®¢®© í«¥ªâà®¤¨ ¬¨ª¨ [11]). � (4) ¥¤¨¨çë© ¢¥ª-â®à � § ¤ ¥â  ¯à ¢«¥¨¥ á¯¨ , í¢®«îæ¨ï ª®â®à®-£® ¢® ¢¥è¥¬ ¯®«¥ ®¯¨áë¢ ¥âáï ¨§¢¥áâë¬ ª¢ §¨-ª« áá¨ç¥áª¨¬ ãà ¢¥¨¥¬ � à£¬  {�¨è¥«ï{�¥«¥£-¤¨ (���) [2, 11]. � « ¡®à â®à®© á¨áâ¥¬¥ ®âáç¥â ,£¤¥ í«¥ªâà® ¤¢¨¦¥âáï á® áª®à®áâìî v = vl (jlj = 1),¥£® ¬ £¨âë© ¨ í«¥ªâà¨ç¥áª¨© ¬®¬¥âë, ¢å®¤ïé¨¥¢ (1), á¢ï§ ë á (4) ¯à¥®¡à §®¢ ¨¥¬ �®à¥æ  [9]:� = �0 � (1� �1)(�0 � l)l; d = v� �0; (5) = (1 � v2)�1=2 = E=m | «®à¥æ-ä ªâ®à, E |í¥à£¨ï í«¥ªâà® .*) �®áª®¢áª¨© ä¨§¨ª®-â¥å¨ç¥áª¨© ¨áâ¨âãâ.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü2 13�ãáâì í«¥ªâà® ¯®«ïà¨§®¢  ¯à®¤®«ì®: �jjl. �®£-¤  ¨§ (4) ¨ (5) á«¥¤ã¥â� = ���1�Bl; d = 0; (6)£¤¥ � = +1 (�1) á®®â¢¥âáâ¢ã¥â ®à¨¥â æ¨¨ á¯¨-  ¢¤®«ì (¯à®â¨¢)  ¯à ¢«¥¨ï ¨¬¯ã«ìá  í«¥ªâà® p = Ev. �®¤ç¥àª¥¬, çâ® ¨§ ãà ¢¥¨ï ��� ¢ ¯à¥-¥¡à¥¦¥¨¨  ®¬ «ìë¬ ¬ £¨âë¬ ¬®¬¥â®¬ í«¥ª-âà® , ª®£¤  £¨à®¬ £¨â®¥ ®â®è¥¨¥ g = 2, á«¥¤ã-¥â, çâ® � � l | ¨â¥£à « ¤¢¨¦¥¨ï [2]. �â® ¨ ®¡¥á¯¥-ç¨¢ ¥â ¢ë¯®«¥¨¥ (6) ¢ «î¡®© ¬®¬¥â ¢à¥¬¥¨.� ãç¥â®¬ (1) ¨ (6) ¯à¥¤áâ ¢¨¬ (3) ¢ ¢¨¤¥j� = j�(e) + j�(�); (7)£¤¥ ¢ª« ¤ë § àï¤  (e) ¨ ¬ £¨â®£® ¬®¬¥â  (�) á¢ï-§ ë á®®â®è¥¨¥¬j�(�) = i�!�n� j�(e) ; � = ��B=(e0v) = ��h=2p: (8)� áá¬®âà¨¬ ¨§«ãç¥¨¥ í«¥ªâà® , ¤¢¨¦ãé¥£®áï ¢¯®áâ®ï®¬ ¬ £¨â®¬ ¯®«¥ H = Hez ¯® ªàã£®¢®©®à¡¨â¥ re(t) = R[ex cos!0t + ey sin!0t] (9)à ¤¨ãá®¬ R = v=!0 = p=e0H: (10)�¢¥¤¥¬ ®àâë �- ¨ �-ª®¬¯®¥â «¨¥©®© ¯®«ïà¨§ -æ¨¨ �� [2]:e� = H� n=jH� nj; e� = n� e� : (11)�§ (1), (3), (9){(11) á«¥¤ãîâ ¨§¢¥áâë¥ ¢ëà ¦¥¨ï [10]¤«ï ª®¬¯®¥â j(s)�(e) = es � j�(e) (s = �; �) § àï¤®¢®£®¢ª« ¤  ¢ (3):�j(�)�(e); j(�)�(e)� = �e0 e�i��(ivJ 0�(x);� ctg�J�(x)):(12)�¤¥áì � = �=2� ', ' |  §¨¬ãâ «ìë© ã£®« ¢¥ªâ®à n;  à£ã¬¥â äãªæ¨¨ �¥áá¥«ï J�(x) ¨ ¥¥ ¯à®¨§¢®¤®©J 0�(x) = dJ�(x)=dx à ¢¥x = �v sin �; (13)� | ã£®« ¬¥¦¤ã n ¨ H.�ç¨âë¢ ï (12), (8) ¨ (11),  å®¤¨¬ á®®â¢¥âáâ¢ãî-é¨¥ ª®¬¯®¥âë ¢ª« ¤  ¬ £¨â®£® ¬®¬¥â  ¢ (3):(j(�)�(�); (j(�)�(�)) = i�!� ��j(�)�(e); j(�)�(e)� : (14)�¯à¥¤¥«¨¢ ®àâë ªàã£®¢®© ¯®«ïà¨§ æ¨¨ �� ¢ ¢¨¤¥ [2]e� = 1p2(e� + i�e�); (15)£¤¥ � = +1 (�1) ®â¢¥ç ¥â ¯à ¢®© («¥¢®©) ¯®«ïà¨§ -æ¨¨, ¨§ (12), (14), (15) ¨ (7) ¯®«ãç ¥¬j(�)� = e�� � j� = � ie0p2 e�i��(vJ 0�+� ctg �J� )(1+��!�):(16)

�âáî¤   å®¤¨¬ ¢ª« ¤ ª®àà¥«ïæ¨¨ (� ��) § àï¤  ¨¬ £¨â®£® ¬®¬¥â  ¢ ¬®é®áâì ¨§«ãç¥¨ï (2):dW (�)� (e�)d
 = �� e20!3�2� �vJ 0�(x) + � ctg �J� (x)�2 : (17)� ¨â¥à¥áãîé¥¬  á á«ãç ¥ ã«ìâà à¥«ïâ¨¢¨áâáª®-£® í«¥ªâà®  ( � 1) ®á®¢®© ¢ª« ¤ ¢ ¯®«ãî ¬®é-®áâì �� ¤ îâ, ª ª ¨§¢¥áâ® [2], ¢ëá®ª¨¥ £ à¬®¨ª¨� � 3, ¨ ¯®íâ®¬ã ¯à¨¬¥¨¬   á¨¬¯â®â¨ª  äãªæ¨©�¥áá¥«ï ¢ (17) ç¥à¥§ äãªæ¨î � ª¤® «ì¤ :J�(x) ' p"�p3K1=3(z): (18)�¤¥áì " = 1�v2 sin2 �,  à£ã¬¥â z = (1=2)y3"3=2, £¤¥¢¢¥¤¥  á¯¥ªâà «ì ï ¯¥à¥¬¥ ïy = !=!c = (2=3)�3�; (19)!c = (3=2)3!0. �®¤áâ ¢¨¬ (18) ¢ (17) ¨ ¯¥à¥©¤¥¬ ®â¤¨áªà¥â®£® ¯® � á¯¥ªâà  ª ¥¯à¥àë¢®¬ã à á¯à¥¤¥-«¥¨î ¯® y (19). � à¥§ã«ìâ â¥ á ãç¥â®¬ (8) ¯®«ãç¨¬¢ëà ¦¥¨¥dW (�)(e�)dy = 932�3 e20R29 � ���y3��[cos �p"K1=3(z) + �"K2=3(z)]2; (20)£¤¥ � = 32 HH0 = 322 �{R (21)| å à ªâ¥àë© ª¢ â®¢ë© ¯ à ¬¥âà [1], H0 == m2=e0�h | è¢¨£¥à®¢áª®¥ ¬ £¨â®¥ ¯®«¥, �{ == �h=m | ª®¬¯â®®¢áª ï ¤«¨  ¢®«ë í«¥ªâà® .�¥§ã«ìâ â (20) á®¢¯ ¤ ¥â á á®®â¢¥âáâ¢ãîé¨¬ ¢ë-à ¦¥¨¥¬ (¢ ¯¥à¢®¬ ¯®àï¤ª¥ ¯® � � �h) ¤«ï ª®àà¥«ï-æ¨®®£® ¢ª« ¤  (� ��) ¢ á¯¥ªâà «ì®-ã£«®¢®¥ à á-¯à¥¤¥«¥¨¥ ¬®é®áâ¨ �� ¯à®¤®«ì® ¯®«ïà¨§®¢ ®-£® í«¥ªâà® , ¯®«ãç¥ë¬   ®á®¢¥ ª¢ â®¢®© í«¥ª-âà®¤¨ ¬¨ª¨ [1]. � «®£¨ç®, ¨á¯®«ì§ãï (1), ¬®¦-® à áá¬®âà¥âì á«ãç © ¯®¯¥à¥ç® ¯®«ïà¨§®¢ ®£®í«¥ªâà® , ª®£¤ , ª ª á«¥¤ã¥â ¨§ (5), ¢ª« ¤, ¯à®¯®à-æ¨® «ìë© ��, ¢ ¬®é®áâì �� ¢®áïâ ª ª ¬ £¨â-ë© ¬®¬¥â � = �0jjH, â ª ¨ ¨¤ãæ¨à®¢ ë© í«¥ª-âà¨ç¥áª¨© ¬®¬¥â d = v � �0.3. �®ª ¦¥¬ â¥¯¥àì, çâ® â  ¦¥ (e�)-¨â¥à¯à¥â æ¨ï(��)-ª®àà¥«ïæ¨¨ á«¥¤ã¥â ¥¯®áà¥¤áâ¢¥® ¨§ â®ç®£®¬ âà¨ç®£® í«¥¬¥â  ��, ¥á«¨ ¢ë¤¥«¨âì â ¬ ¢ª« ¤¬ £¨â®£® ¬®¬¥â  á ¯®¬®éìî ®¡®¡é¥¨ï ¨§¢¥áâ-®£® â®¦¤¥áâ¢  �®à¤®  ¤«ï â®ª  á¢®¡®¤®£® ¤¨à -ª®¢áª®£® í«¥ªâà®  [12].� ª¢ â®¢®© â¥®à¨¨ ¤«ï ¬®é®áâ¨ ¨§«ãç¥¨ï¢¬¥áâ® (2) ¯®«ãç ¥¬ ¢ëà ¦¥¨¥ [10]dW (�)fid
 = !2fi2� je�� � jfij2: (22)



14 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 2�¤¥áì ¬ âà¨çë© í«¥¬¥â ®¯¥à â®à  í«¥ªâà®¬ £¨â-®£® â®ª , ®â¢¥ç îé¨© ¯¥à¥å®¤ã i! f , ¨¬¥¥â ¢¨¤jfi = �e0 Z d3x +f (r)�e�ik�r  i(r); (23) i ( f) | ¢®«®¢ ï äãªæ¨ï í«¥ªâà®  ¢  ç «ì®¬(ª®¥ç®¬) á®áâ®ï¨¨ á í¥à£¨¥© Ei (Ef ), � = 0 |¬ âà¨æë �¨à ª , �hk = �h!n | ¨¬¯ã«ìá ¨§«ãç¥®£®¢  ¯à ¢«¥¨¨ n ä®â®  ç áâ®âë ! = !fi = (Ei ��Ef )=�h. �ãªæ¨¨ 	n(x) = exp(� i�hEnt) n(r) ï¢«ï-îâáï à¥è¥¨ï¬¨ ãà ¢¥¨ï �¨à ª  ¤«ï í«¥ªâà®  ¢§ ¤ ®¬ áâ æ¨® à®¬ ¢¥è¥¬ ¯®«¥, ®¯¨áë¢ ¥¬®¬4-¯®â¥æ¨ «®¬ A�(x):[�(p� � eA�)�m]	n(x) = 0; (24)£¤¥ p� = i�h@=@x� = (i�h@=@t;�i�hr) | ®¯¥à â®à ª -®¨ç¥áª®£® 4-¨¬¯ã«ìá . �¤¥áì ¨ ¨¦¥ ¨á¯®«ì§ã¥â-áï ¯á¥¢¤®¥¢ª«¨¤®¢  ¬¥âà¨ª  á á¨£ âãà®© (+���),¬ âà¨æë � = (0;).�á¯®«ì§ãï (24), ¬¥â®¤®¬,   «®£¨çë¬ ¯à¨¬¥¥-®¬ã ¢ [12] ¤«ï á¢®¡®¤®£® í«¥ªâà® , ¯®«ãç ¥¬ á«¥-¤ãîé¥¥ â®¦¤¥áâ¢® ¤«ï 4-â®ª  ¯¥à¥å®¤  J�fi:e�� � Jfi = J(�)fi = �e0 R d4x	f�e��� eik�x	i == �e0 R d4x eik�x e��� 	f (P�=m� i�h���k�=2m)	i;(25)£¤¥ k� = (!;k), e�� | 4-¢¥ªâ®à ¯®«ïà¨§ æ¨¨, k�e�� == 0, ��� = (i=2)[�; �], P� = p� � eA� | ®¯¥-à â®à ª¨¥â¨ç¥áª®£® ¨¬¯ã«ìá . �ë¡¨à ï âà¥å¬¥à®-¯®¯¥à¥çãî ª «¨¡à®¢ªã e�� = (0; e�),  å®¤¨¬ á¢ï§ì¬ âà¨çëå í«¥¬¥â®¢ (25) ¨ (23):J(�)fi = �2��(! � !fi)j(�)fi ;j(�)fi = e�� � jfi = �e0 R d3x e�ik�r�� f (r) � e�� � [P=m� �h(ik��+ !�)=2m] i(r):(26)�á¯®«ì§ãï ¢®«®¢ë¥ äãªæ¨¨ í«¥ªâà®  ¢ ¯®áâ®-ï®¬ ¬ £¨â®¬ ¯®«¥ [2], «¥£ª® ¯®ª § âì, çâ® ¢ª¢ §¨ª« áá¨ç¥áª®¬ ¯à¥¤¥«¥ (26) ¯¥à¥å®¤¨â ¢ (16) áâ®ç®áâìî ¤® ¬®¦¨â¥«ï, ®¡à é îé¥£®áï ¢ ¥¤¨¨æã¯à¨ áã¬¬¨à®¢ ¨¨ ¯® ª¢ â®¢ë¬ ç¨á« ¬ ª®¥ç®£®í«¥ªâà® , ªà®¬¥ £« ¢®£® ª¢ â®¢®£® ç¨á«  nf , ª®-â®à®¥ ®¯à¥¤¥«ï¥â ¢ íâ®¬ ¯à¥¤¥«¥ ®¬¥à £ à¬®¨ª¨:� = ni � nf .�à¨ íâ®¬ ¯¥à¢®¥ á« £ ¥¬®¥ ¢ (26), ¢ª«îç îé¥¥®¯¥à â®à ¨¬¯ã«ìá  P, ®â¢¥ç ¥â ¢ª« ¤ã § àï¤ ,  ®áâ «ìë¥ ¤¢  | ¢ª« ¤ã á¯¨®¢®£® ¬ £¨â®£® ¬®-¬¥â . �¥§ã«ìâ â á®£« áã¥âáï, ª ª ¨ ¤®«¦® ¡ëâì,
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