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2. �« ¢­®¢ �.�. // � ¬ ¦¥. ü2. �. 15 (Ibid. No. 2).3. Il'in V.A., Slavnov D.A. Preprint IHEP 83-80. Serpukhov,IHEP, 1983.4. �« ¢­®¢ �.�. // ���. 1985. 62. �. 335.5. �¥«¨å®¢ �.�., �« ¢­®¢ �.�. // ���. 1986. 67. �.186.6. Becchi C., Rouet A., Stora R. // Comm. Math. Phys. 1975. 42.P.127.7. �îâ¨­ �.�. �à¥¯à¨­â ���� ü39, �., 1975.�®áâã¯¨«  ¢ p¥¤ ªæ¨î17.10.97��� 621.385.6 ��������� ���������� � �������������������������� ��������. �. �®à®¯®¢ (ª ä¥¤à  ª¢ ­â®¢®© à ¤¨®ä¨§¨ª¨)�à¥¤«®¦¥­ ¢ à¨ ­â «®¢ãèª¨, ¢ ª®â®à®© ç áâ¨æë ¤¢¨¦ãâáï ¢ ®¤­®à®¤­®¬ ¯®áâ®ï­­®¬ ¬ £­¨â­®¬¯®«¥ ¨ í«¥ªâà®áâ â¨ç¥áª®¬ ¯®«¥, á®§¤ ¢ ¥¬®¬ ¤¢ã¬ï íª¢¨¯®â¥­æ¨ «ì­ë¬¨ ¯«®áª®áâï¬¨ ¨  ªá¨ «ì­®©¯®¢¥àå­®áâìî ¢à é¥­¨ï. � ©¤¥­® à¥è¥­¨¥ ª ­®­¨ç¥áª¨å ãà ¢­¥­¨©. �®ª § ­®, çâ® ¢§ ¨¬®¤¥©áâ¢¨¥í«¥ªâà®­®¢ á ¯®«¥¬ ¨§«ãç¥­¨ï ¯à¨¢®¤¨â ª ¯®¤ ¢«¥­¨î ¯ à ¬¥âà¨ç¥áª®£® à¥§®­ ­á . �áá«¥¤®¢ ­  ¬®-¤¥«ì «®¢ãèª¨, ãç¨âë¢ îé ï ª®­¥ç­ãî ¯à®¢®¤¨¬®áâì áâ¥­®ª à¥§®­ â®à  ¨ ¯®â¥à¨ ¯à¨ áâ®«ª­®¢¥­¨ïåá £ §®¬.�®ª «¨§ æ¨ï § àï¦¥­­ëå ¨ ­¥©âà «ì­ëå ç áâ¨æ ¢­¥®¤­®à®¤­ëå ¯¥à¥¬¥­­ëå í«¥ªâà®¬ £­¨â­ëå ¯®«ïå¯®§¢®«ï¥â á®§¤ âì ã­¨ª «ì­ë¥ ãá«®¢¨ï ¤«ï ¯à®¢¥¤¥-­¨ï á¢¥àåâ®ç­ëå íªá¯¥à¨¬¥­â®¢ ¢  â®¬­®© ¨ ï¤¥à-­®© ä¨§¨ª¥. � ¨¡®«ìè¥¥ à á¯à®áâà ­¥­¨¥ ¯®«ãç¨«¨í«¥ªâà®¬ £­¨â­ ï «®¢ãèª  �¥­­¨­£  ¨ à ¤¨®ç áâ®â-­ë© ¢®«­®¢®¤ � ã«ï [1, 2].� ­ áâ®ïé¥© à ¡®â¥ à áá¬®âà¥­ ¢ à¨ ­â «®¢ãè-ª¨, ¯à¥¤áâ ¢«ïîé¥© á®¡®© ¯®¬¥é¥­­ë¥ ¢ ®¤­®à®¤-­®¥ ¯®áâ®ï­­®¥ ¬ £­¨â­®¥ ¯®«¥ ¤¢¥ íª¢¨¯®â¥­æ¨ «ì-­ë¥ ¯«®áª®áâ¨ ¨  ªá¨ «ì­ãî ¯®¢¥àå­®áâì ¢à é¥­¨ï,ª ª®â®àë¬ ¯à¨«®¦¥­  à §­®áâì ¯®â¥­æ¨ «®¢. �®¢ãè-ª  ï¢«ï¥âáï ®âªàëâë¬ à¥§®­ â®à®¬, ¢ ª®â®à®¬ ¢ à¥-§ã«ìâ â¥ ¢§ ¨¬®¤¥©áâ¢¨ï í«¥ªâà®­®¢ á ¢­¥è­¨¬ ¯®-«¥¬ ¢®§­¨ª ¥â á¯®­â ­­®¥ ¨ ¨­¤ãæ¨à®¢ ­­®¥ ¨§«ã-ç¥­¨¥, ¯à®¨áå®¤¨â ¯¥à¥à á¯à¥¤¥«¥­¨¥ í­¥à£¨¨ ¬¥¦-¤ã í«¥ªâà®­ ¬¨ ¨ ¯®«¥¬ ¨§«ãç¥­¨ï, ¨§¬¥­ï¥âáï ¯à®-áâà ­áâ¢¥­­ ï ª®­ä¨£ãà æ¨ï à á¯à¥¤¥«¥­¨ï í«¥ªâà®-­®¢. � à ¬ª å £ ¬¨«ìâ®­®¢  ä®à¬ «¨§¬  à áá¬®âà¥-­  í¢®«îæ¨ï á¨áâ¥¬ë í«¥ªâà®­ë{¯®«¥ ¯à¨ ¯ à ¬¥â-à¨ç¥áª®© ­ ª çª¥ ¢­¥è­¨¬ £¥­¥à â®à®¬ ­  ®¤­®© ¨§ª®¬¡¨­ æ¨®­­ëå ç áâ®â ä¨­¨â­®£® ¤¢¨¦¥­¨ï í«¥ª-âà®­®¢. �®«ãç¥­® à¥è¥­¨¥ ª ­®­¨ç¥áª¨å ãà ¢­¥­¨©¢ â¥à¬¨­ å í««¨¯â¨ç¥áª¨å äã­ªæ¨©. � ©¤¥­ë í­¥à-£¨ï ¯®«ï ¨§«ãç¥­¨ï ¨ £à ­¨æë ®¡« áâ¨ à á¯à¥¤¥«¥­¨ïí«¥ªâà®­®¢. �®ª § ­®, çâ® ¢§ ¨¬®¤¥©áâ¢¨¥ í«¥ªâà®-­®¢ á ¯®«¥¬ ¨§«ãç¥­¨ï ¯à¨¢®¤¨â ª ¯®¤ ¢«¥­¨î ¯ -à ¬¥âà¨ç¥áª®£® à¥§®­ ­á . �áá«¥¤®¢ ­  à¥ «¨áâ¨ç¥á-ª ï ¬®¤¥«ì «®¢ãèª¨, ãç¨âë¢ îé ï ª®­¥ç­ãî ¯à®¢®-

¤¨¬®áâì áâ¥­®ª à¥§®­ â®à  ¨ ¯®â¥à¨ ¯à¨ áâ®«ª­®¢¥-­¨ïå á £ §®¬. �®ª § ­®, çâ® ¢ íâ®¬ á«ãç ¥ í­¥à£¨ï¯®«ï áâà¥¬¨âáï ª ¯®áâï­­®© ¢¥«¨ç¨­¥.�«¥ªâà®¬ £­¨â­®¥ ¯®«¥  ªá¨ «ì­®£® ª¢ ¤àã¯®«ï� áá¬®âà¨¬ í«¥ªâà®¤¨­ ¬¨ç¥áªãî á¨áâ¥¬ã, ¢ ª®-â®à®© ¯®â¥­æ¨ « í«¥ªâà®áâ â¨ç¥áª®£® ¯®«ï�(r; '; z) = C0I0(kr) cos(kz)=I0(kr0) (1)á®§¤ ¥âáï ¤¢ã¬ï ¯«®áª®áâï¬¨: z = �l=2 ¨ z = l=2 á¯®â¥­æ¨ « ¬¨, à ¢­ë¬¨ ­ã«î, ¨ ¯®¢¥àå­®áâìî ¢à -é¥­¨ï I0(kr0) = I0(kr) cos(kz) á ¯®â¥­æ¨ «®¬ C0 [3].�¤¥áì I0(u) | äã­ªæ¨ï �¥áá¥«ï ¬­¨¬®£®  à£ã¬¥­â ,k = �=l [4]. �¨áâ¥¬  ­ å®¤¨âáï ¢ ®¤­®à®¤­®¬ ¯®-áâ®ï­­®¬ ¬ £­¨â­®¬ ¯®«¥ á ¨­¤ãªæ¨¥© B = (0; 0; B).� ®ªà¥áâ­®áâ¨ ­ ç «  ª®®à¤¨­ â kr � 1; kz � 1¯®â¥­æ¨ «�(r; '; z)� V0[1 + (r2 � 2z2)=2R2]; (2)V0 = C0=I0(kr0), R2 = 2=k2 á®®â¢¥âáâ¢ã¥â ª®­ä¨£ã-à æ¨¨ ¯®«ï «®¢ãèª¨ �¥­­¨­£  [1].�¡« áâì ¯à®áâà ­áâ¢ , ®£à ­¨ç¥­­ ï ¬¥â ««¨ç¥á-ª¨¬¨ ¯®¢¥àå­®áâï¬¨, ¯à¥¤áâ ¢«ï¥â á®¡®© ®âªàë-âë© à¥§®­ â®à, ¢ ª®â®à®¬ ¬®¦­® ¢®§¡ã¤¨âì áâ®ïç¨¥¢®«­ë. �¥è¥­¨¥ ®¤­®à®¤­ëå ãà ¢­¥­¨© � ªá¢¥«« ¯à¥¤áâ ¢¨¬ ¢ ¯®â¥­æ¨ «ax A0 ¨ A:E = �@A@t � rA0; B = rotA: (3)



14 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü 6�¥à¥¬¥­­ë¥ à §¤¥«ïîâáï ¢ ªà¨¢®«¨­¥©­ëå ®àâ®£®-­ «ì­ëå ª®®à¤¨­ â å, ¤«ï ª®â®àëå ª®®à¤¨­ â­ë¥¯®¢¥àå­®áâ¨ á®¢¯ ¤ îâ á ¯®¢¥àå­®áâï¬¨ í«¥ªâà®¤®¢.� íâ®¬ á«ãç ¥ ¯®¯¥à¥ç­®-¬ £­¨â­ ï (TM -¢®«­ ) ¨«¨í«¥ªâà¨ç¥áª ï ¢®«­  à¥§®­ â®à  ®¯à¥¤¥«ï¥âáï ¢¥ªâ®-à®¬ �¥àæ  G = (0; 0; G), ã¤®¢«¥â¢®àïîé¨¬ ãá«®¢¨î�®à¥­æ : A0 = divG; A = "0�0@G@t :�ã­ªæ¨ï G ã¤®¢«¥â¢®àï¥â ¢®«­®¢®¬ã ãà ¢­¥­¨î,à¥è¥­¨¥ ª®â®à®£® ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ G � Re[g �� exp(�i!t)]. �ã­ªæ¨ï g ¯®¤ç¨­ï¥âáï ãà ¢­¥­¨î�¥«ì¬£®«ìæ  �g + (!2=c2)g = 0, ç áâ­®¥ à¥è¥­¨¥ª®â®à®£® gn = I0(�r) sin(knz)=�, !2=c2 = k2n � �2,kn = (2n + 1)�=l, n = 0; 1; 2; : : : : � «¥¥ ®£à ­¨-ç¨¬áï à ¤¨®ç áâ®â­ë¬ ¤¨ ¯ §®­®¬, ¤«ï ª®â®à®£®!=c � k0, ¨«¨ ¤«¨­  ¢®«­ë � � 2l. �â® ãá«®¢¨¥¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì ®¤­®¬®¤®¢®¥ ¯à¨¡«¨¦¥­¨¥g = k�1I0(kr) sin(kz), k = �=l, á®®â¢¥âáâ¢ãîé¥¥ à¥-è¥­¨î ãà ¢­¥­¨ï � ¯« á �g = 0 [5]. �§ (3) á«¥¤ã¥â,çâ® á â®ç­®áâìî ¤® ¢¥«¨ç¨­ë � (!=kc)2 â ­£¥­æ¨- «ì­ë¥ ª®¬¯®­¥­âë ¢¥ªâ®à  E ­  ¯®¢¥àå­®áâ¨  ª-á¨ «ì­®£® í«¥ªâà®¤  I0(kr0) = I0(kr) cos(kz) à ¢­ë­ã«î.� à áá¬ âà¨¢ ¥¬®¬ ®¤­®¬®¤®¢®¬ ¯à¨¡«¨¦¥­¨¨®¡é¥¥ à¥è¥­¨¥ ®¤­®à®¤­ëå ãà ¢­¥­¨© � ªá¢¥«« ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥Ar = A' = 0;A0 = c("0!L)�1=2[aA(e)0 (r; '; z) exp(�i!t) + ª. á.];Az = c("0!L)�1=2[aA(e)z (r; '; z) exp(�i!t) + ª. á.]:(4)�¤¥áì A(e)0 (r; '; z) = @g=@z, A(e) = (0; 0; i!g=c2).�®áâ®ï­­ ï L, ¯à¥¤áâ ¢«ïîé ï á®¡®© íää¥ªâ¨¢­ë©®¡ê¥¬ à¥§®­ â®à , ®¯à¥¤¥«ï¥âáï ¨§ ãá«®¢¨ïZ d3x<"0(E2 + c2B2)2 > = !aa�;£¤¥ ã£«®¢ë¥ áª®¡ª¨ ®¡®§­ ç îâ ãáà¥¤­¥­¨¥ ¯® ¢à¥-¬¥­¨, ®¡« áâì ¨­â¥£à¨à®¢ ­¨ï ®£à ­¨ç¥­  ®¡ê¥¬®¬à¥§®­ â®à .� ¬¨«ìâ®­®¢  ä®à¬  ãà ¢­¥­¨© ¤¢¨¦¥­¨ï ¨ ¯®«ï� áá¬®âà¨¬ ¤¢¨¦¥­¨¥ N í«¥ªâà®­®¢, ¢§ ¨¬®¤¥©-áâ¢ãé¨å á ¢­¥è­¨¬ í«¥ªâà®¬ £­¨â­ë¬ ¯®«¥¬, § ¤ -¢ ¥¬ë¬ ¯®â¥­æ¨ « ¬¨A(ext)0 (t;x) = �(x) + A(e)0 (t;x); A(e)0 (t;x) = V @G@z ;A(ext)(t;x) = (B=2)(�y; x; 0)+A(e)(t;x);A(e)(t;x) = (0; 0;�c�2V @G@t );

£¤¥ G = g cos!t, g = (1=k)I0(kr) sin(kz), ¨ á¢®¡®¤-­ë¬ ¯®«¥¬, ¯®â¥­æ¨ «ë ª®â®à®£® ¡ã¤¥¬ ¨áª âì ¢ ¢¨-¤¥ (4), ¯à¥¤¯®« £ ï, çâ® ª®íää¨æ¨¥­âë a, a� § ¢¨áïâ®â ¢à¥¬¥­¨. � ¬¨«ìâ®­¨ ­, ®¯¨áë¢ îé¨© í¢®«îæ¨îá¨áâ¥¬ë N í«¥ªâà®­®¢ ¨ ¯®«ï,H = NXa=1 12m [pa + e0A(ext)(t;xa) + e0A(t;xa)]2��e0[A(ext)0 (t;xa) +A0(t;xa)]:(5)� ­®­¨ç¥áª¨¥ ¯¥à¥¬¥­­ë¥ a, ia� ¨£à îâ à®«ì ª®®à-¤¨­ â ¨ ¨¬¯ã«ìá®¢ [6], äã­¤ ¬¥­â «ì­ë¥ áª®¡ª¨ �ã- áá®­  (��) [a; ia�] = 1. � ­®­¨ç¥áª®¥ ¯à¥®¡à §®¢ -­¨¥ a = I1=2 exp(�i�) ¯®§¢®«ï¥â ¯¥à¥©â¨ ¢ (5) ª ¤¥©-áâ¢¨â¥«ì­ë¬ ª®®à¤¨­ â¥ � ¨ ¨¬¯ã«ìáã I c äã­¤ ¬¥­-â «ì­®© �� [�; I ] = 1. �­¥à£¨ï ¯®«ï ¨§«ãç¥­¨ï ¡ã¤¥â¨¬¥âì ¢¨¤ "(t) = !I(t).� ¬¨«ìâ®­¨ ­ H ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ H = H0 + h,£¤¥ H0 = NXa=1 12m [pa + e0A(ext)(xa)]2 � e0�(xa);h = NXa=1�e0[A(e)0 (t;xa) + A0(t;xa) + vaA(e)(t;xa)++vaA(t;xa)] + e202m [A(e)(t;xa) +A(t;xa)]2;(6)mva = pa + e0A(ext)(xa):� ¯¨è¥¬ £ ¬¨«ìâ®­¨ ­ H ¢ ¯ à ªá¨ «ì­®¬ ¯à¨-¡«¨¦¥­¨¨ (2). �á«¨ ¯à¥­¥¡à¥çì ¢§ ¨¬®¤¥©áâ¢¨¥¬ á¯®«¥¬ ¨§«ãç¥­¨ï, â® äã­ªæ¨¨ x(t), y(t) ¡ã¤ãâ ¯à¥¤-áâ ¢«ïâì á®¡®© ¯ à ¬¥âà¨ç¥áª¨¥ ãà ¢­¥­¨ï í¯¨æ¨ª-«®¨¤ë á å à ªâ¥à­ë¬¨ ç áâ®â ¬¨ !1;2 = (
�!12)=2,!12 = [
2 � 2!23]1=2, 
 = e0B=m, !23 = 2e0V0=(mR2),  äã­ªæ¨ï z(t) ¡ã¤¥â ®áæ¨««¨à®¢ âì á ç áâ®â®© !3.� à ¡®â¥ [6] ¯®ª § ­®, çâ® ª ­®­¨ç¥áª®¥ ¯à¥®¡à §®-¢ ­¨¥ (��) ª ­®¢ë¬ ª®®à¤¨­ â ¬ �n ¨ ¨¬¯ã«ìá ¬ iná äã­¤ ¬¥­â «ì­®© �� [�n; ik] = �nk :x=� 2m!12�1=2�pi1 cos(!1t + �1)+pi2 cos(!2t � �2)�;y=� 2m!12�1=2�pi1 sin(!1t + �1)+pi2 sin(!2t � �2)�;px = ��m!122 �1=2 �pi1 sin(!1t + �1)�� pi2 sin(!2t� �2)� ;py = �m!122 �1=2 �pi1 cos(!1t + �1)��pi2 cos(!2t� �2)� ;z = � 2i3m!3�1=2 cos(!3t+ �3);pz = � (2m!3i3)1=2 sin(!3t+ �3); (7)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü6 15¯®§¢®«ï¥â ¨áª«îç¨âì ¢ª« ¤ H0 ¢ ¯®«­ë© £ ¬¨«ìâ®-­¨ ­ H . � à¥§ã«ìâ â¥ �� ­®¢ë© £ ¬¨«ìâ®­¨ ­ ¯à¥¤-áâ ¢«ï¥â á®¡®© äã­ªæ¨î (6), ¢ ª®â®à®© á«¥¤ã¥â ¯à®-¨§¢¥áâ¨ § ¬¥­ã ¯¥à¥¬¥­­ëå (7).�­¥à£¨ï ¨§«ãç¥­¨ï £¥­¥à â®à � áá¬®âà¨¬ ¢­ ç «¥ ¨§«ãç¥­¨¥ í«¥ªâà®­®¢ ¢ ¨¤¥- «ì­®¬ à¥§®­ â®à¥. � ©¤¥¬ í­¥à£¨î ¯®«ï ¢ á«ãç ¥! � !12 6= 2!3, !12 � c�=l, ¨á¯®«ì§ãï ¬¥â®¤ ãáà¥¤-­¥­¨ï ¢ £ ¬¨«ìâ®­®¢®© ä®à¬¥ [6]. �ëç¨á«ïï áà¥¤­¥¥§­ ç¥­¨¥ h, ¯®«ãç¨¬ ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥­¨¨ ¬¥â®¤ £ ¬¨«ìâ®­¨ ­ hav = <h>,hav= �� NXa=1(i1ai2a)1=2(2I)1=2cos(�t+���1a��2a)��� NXa=1(i1ai2a)1=2 cos(�t� �1a � �2a); (8)� = 2e0cm!12R2(2"0!L)1=2 ;� = e0Vm!12R2 ; � = ! � !12;®¯¨áë¢ îé¨© á¨áâ¥¬ã á (2N+1) áâ¥¯¥­ï¬¨ á¢®¡®¤ë.�«ï ¨áª«îç¥­¨ï ï¢­®© § ¢¨á¨¬®áâ¨ £ ¬¨«ìâ®­¨ -­  ®â ¢à¥¬¥­¨ ¯à®¨§¢¥¤¥¬ �� �n = �n+�t=2, in = In,(n = 1; 2), ¯®à®¦¤ ¥¬®¥ ¯à®¨§¢®¤ïé¥© äã­ªæ¨¥©, § -¢¨áïé¥© ®â áâ àëå ª®®à¤¨­ â ¨ ­®¢ëå ¨¬¯ã«ìá®¢:F2 = NXa=1[�1aI1a + �2aI2a � �t(I1a + I2a)=2]:�®¢ë© £ ¬¨«ìâ®­¨ ­hc = ��(uq + vp)� �u � �w: (9)�¤¥áì ¢ ª ç¥áâ¢¥ ¯®«¥¢ëå ª®®à¤¨­ âë q ¨ ¨¬¯ã«ìá  p¢¢¥¤¥­ë ¤¥©áâ¢¨â¥«ì­ ï ¨ ¬­¨¬ ï ç áâ¨ ª®¬¯«¥ªá-­®©  ¬¯«¨âã¤ë a:(2I)1=2 cos� = q; (2I)1=2 sin� = �p; I = 12(q2+p2);¨ ª®««¥ªâ¨¢­ë¥ ¯¥à¥¬¥­­ë¥u = NXa=1(I1aI2a)1=2 cos(�1a + �2a);v = � NXa=1(I1aI2a)1=2 sin(�1a + �2a);2w = NXa=1(I1a + I2a);å à ªâ¥à¨§ãîé¨¥ ¯à®áâà ­áâ¢¥­­ãî ª®­ä¨£ãà æ¨î

í«¥ªâà®­®¢. ú� ¤¨ãáû à á¯à¥¤¥«¥­¨ï á¨áâ¥¬ë í«¥ª-âà®­®¢ ®â­®á¨â¥«ì­® ®á¨ z�2(t) = NXa=1 1N (x2a + y2a) == 4Nm!12 [w+ (u cos!t+ v sin!t)]:�ç¥¢¨¤­®, §­ ç¥­¨ï �(t) ®£à ­¨ç¥­ë ª®«ìæ®¬ �1 66 �(t) 6 �2, £¤¥ (�2)2;1 = 4[w�(u2+v2)1=2]=(Nm!12).�à¥¤­¥¥ §­ ç¥­¨¥ ª¨­¥â¨ç¥áª®© í­¥à£¨¨ í«¥ªâà®­®¢<K> = Kxy +Kz , £¤¥Kxy = [(
2 + !212)w+ 
!12r]=(2!12);Kz = (!3=2) NXa=1 I3a, r = NPa=1(I1a � I2a); (10)r, Kz | ¯®áâ®ï­­ë¥ ¢¥«¨ç¨­ë. �ë¡¥à¥¬ ­ ç «ì­ë¥ãá«®¢¨ï ¢ ¢¨¤¥ q(0) = p(0) = 0, u0 = u(0), v0 = v(0),w0 = w(0). �«ï ¯®«­®© ¨­â¥£à¨àã¥¬®áâ¨ ª ­®­¨ç¥á-ª®© á¨áâ¥¬ë ãà ¢­¥­¨© ¯¥à¥©¤¥¬ ¢ (9) ª ­®¢ë¬ ¯¥à¥-¬¥­­ë¬ P = p, Q = q+Q0, Q0 = �=�. �®£¤  ¯®«ãç¨¬£ ¬¨«ìâ®­¨ ­hN = ��(uQ+ vp)� �w: (11)�â¬¥â¨¬, çâ® ¢ ª¢ ­â®¢®© â¥®à¨¨ £ ¬¨«ìâ®­¨ ­ (11)®¯¨áë¢ ¥â ¢§ ¨¬®¤¥©áâ¢¨¥ ¤¢ãåãà®¢­¥¢®£®  â®¬  á®¤­®© ¬®¤®© ¯®«ï à¥§®­ â®à  [7, 8]. �¥«¨ç¨­  J == (Q2 + p2)=2 ¯à¥¤áâ ¢«ï¥â á®¡®© ¯®«­ãî í­¥à-£¨î ¯®«ï, á¢ï§ ­­ãî á í­¥à£¨¥© ¯®«ï ¨§«ãç¥­¨ï"(t) = !I(t) á®®â­®è¥­¨¥¬I = J � 2(J0J)1=2 cos� + J0; J0 = 12Q20; (12)(2J)1=2 cos� = Q; (2J)1=2 sin � = �p:�ç¨âë¢ ï §­ ç¥­¨ï �� [u; v] = w, [u; w] = v,[v; w] = �u, [Q; p] = 1, ¯®«ãç¨¬ c¨áâ¥¬ã ª ­®­¨ç¥á-ª¨å ãà ¢­¥­¨©dudt = ��wp��v; dvdt = �wQ+�u; dwdt = �(vQ�up);(13)dQdt = ��v; dpdt = �u: (14)�¥à¢ë¥ ¨­â¥£à «ë á¨áâ¥¬ë (13), (14)w + J = E0; E0 = w0 + J0; (15)w2 � (u2 + v2) = S0;S0 = w20 � d2; d2 = u20 + v20; ­ «®£¨ç­ë á®®â­®è¥­¨ï¬ �¥­«¨{�®ã ¢ â¥®à¨¨âà¥å¢®«­®¢ëå ¢§ ¨¬®¤¥©áâ¢¨© [9]. �ç¥¢¨¤­®, ­  âà -¥ªâ®à¨ïå á¨áâ¥¬ë c®åà ­ï¥âáï £ ¬¨«ìâ®­¨ ­ (11):��(uQ+ vp)� �w = C; C = ��u0Q0 � �w0: (16)



16 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü 6�¥¯¥àì á¨áâ¥¬  ­¥«¨­¥©­ëå ãà ¢­¥­¨© (13), (14) ¤®-¯ãáª ¥â ¯®«­®¥ ¨­â¥£à¨à®¢ ­¨¥. �¥©áâ¢¨â¥«ì­®, ãç¨-âë¢ ï (15), (16), ¯à ¢ãî ç áâì ãà ¢­¥­¨ï dw=dt == �(vQ � up) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ äã­ªæ¨¨,§ ¢¨áïé¥© ®â w: �2(vQ� up)2 == 2�2(E0 � w)(w2 � S0)� (C + �w)2 � �2F (w):� à¥§ã«ìâ â¥ ¯®«ãç¨¬ ãà ¢­¥­¨¥dwdt = [�2F (w)]1=2; (17)£¤¥ F (w) = �2[(w�E0)(w2 � S0) + (C + �w)2=2.�®§¬®¦­ë âà¨ å à ªâ¥à­ë¥ á¨âã æ¨¨.A. � áá¬®âà¨¬ ¢­ ç «¥ ®âª«¨ª á¨áâ¥¬ë ­  ¯¥à¥-¬¥­­®¥ ¯®«¥, ¯à¥­¥¡à¥£ ï ¢§ ¨¬®¤¥©áâ¢¨¥¬ í«¥ªâà®-­®¢ á í«¥ªâà®¬ £­¨â­ë¬ ¯®«¥¬ à¥§®­ â®à . �ç¨âë-¢ ï §­ ç¥­¨ï ¯¥à¢ëå ¨­â¥£à «®¢: C = ��w0 � ��u0,E0 = w0 + (�=�)2=2 ¨ ¯®« £ ï � = 0, ­ å®¤¨¬F (w) = F0(w), F0(w) = (�2� �2)w2=2+C�w+(C2++�2S0)=2. �¡« áâì ®¯à¥¤¥«¥­¨ï äã­ªæ¨¨ w(t) ã¤®¢-«¥â¢®àï¥â ãá«®¢¨ï¬ F (w) 6 0, w > 0.�¨ää¥à¥­æ¨àãï (17), ¯®«ãç¨¬ «¨­¥©­®¥ ãà ¢­¥­¨¥¢â®à®£® ¯®àï¤ª :d2wdt2 = �dFdw ; d2wdt2 + (�2 � �2)w = �C�;¨§ ª®â®à®£® á«¥¤ã¥â, çâ® ¯à¨ �2 > �2 à¥ «¨§ã¥âáï ï¢-«¥­¨¥ ¯ à ¬¥âà¨ç¥áª®£® à¥§®­ ­á : w(t) = C�=n2 ++(w0�C�=n2) ch(nt), n2 = �2��2. �®£« á­® (10), ª¨-­¥â¨ç¥áª ï í­¥à£¨ï ¯®¯¥à¥ç­®£® ¤¢¨¦¥­¨ï í«¥ªâà®-­®¢ Kxy ¯à¨ t � 1=n íªá¯®­¥­æ¨ «ì­® ¢®§à áâ ¥â.� «¥¥ ¬ë ¯®ª ¦¥¬, çâ® ¢§ ¨¬®¤¥©áâ¢¨¥ í«¥ªâà®­®¢ á¯®«¥¬ ¨§«ãç¥­¨ï ¯à¨¢®¤¨â ª ¯®¤ ¢«¥­¨î ¯ à ¬¥âà¨-ç¥áª®£® à¥§®­ ­á .�. � ®¡é¥¬ á«ãç ¥ ¯à¥¤áâ ¢¨¬ äã­ªæ¨î F (w) ¢¢¨¤¥ F (w) = �2(w � w0)(w2 � S0) + F0(w). �â¬¥-â¨¬, çâ® ¯à¨ � = 0 ¨¬¥¥¬ F (0) = �2w0S0 + �2(w20 ��v20)=2 > 0, F (w0) = ��2v20=2. �ã­ªæ¨ï F (w) ®¡à -é ¥âáï ¢ ­ã«ì ¢ âà¥å â®çª å: w = s1, w = s2, w = s3.�à¨ §­ ç¥­¨ïå �2 < �2 ¨¬¥¥¬ 0 < s1 < s2, s3 < 0: ®¡-« áâì §­ ç¥­¨© äã­ªæ¨¨ w(t) ®£à ­¨ç¥­  ¨­â¥à¢ «®¬s1 6 w 6 s2. � á«ãç ¥, á®®â¢¥âáâ¢ãîé¥¬ ¯ à ¬¥âà¨-ç¥áª®¬ã à¥§®­ ­áã, �2>�2, ¨¬¥¥¬ 0 < s2 < s1, s3 < 0.�«¥¤®¢ â¥«ì­®, ¤®¯ãáâ¨¬ë¥ §­ ç¥­¨ï w(t) ¢ íâ®¬á«ãç ¥ ®£à ­¨ç¥­ë ­¥à ¢¥­áâ¢®¬ s2 6 w 6 s1. �à¨�2w0 � �2 ¢¥«¨ç¨­  s1 � n2=(2�2)� 2C�=n2 + w0.�¡à é ï ¨­â¥£à « (17), ¯®«ãç¨¬ ¢ ¨­â¥à¢ «¥ s2 66 w 6 s1 à¥è¥­¨¥w = s3 + (s2 � s3) nd2 �
02 (t+ t0); �� ;
0 = �[2(s1� s3)]1=2; � = �(s1 � s2)(s1 � s3)�1=2 ;

£¤¥ (s2�s3) nd2 [
02 t0; �] = w0�s3, nd = dn�1(
02 t; �),dn(
02 t; �) | í««¨¯â¨ç¥áª ï äã­ªæ¨ï �ª®¡¨ [10{11].�«¥¤®¢ â¥«ì­®, J(t) = E0 � w(t) | ¯¥à¨®¤¨ç¥áª ïäã­ªæ¨ï á ¯¥à¨®¤®¬ 2K=
0, £¤¥ K(�) | ¯®«­ë© í«-«¨¯â¨ç¥áª¨© ¨­â¥£à «. �­¥à£¨ï í«¥ªâà®¬ £­¨â­®£®¯®«ï ®¯à¥¤¥«ï¥âáï ¨§ á®®â­®è¥­¨ï (12), ¢ ª®â®à®¬¢¥«¨ç¨­  J = E0 � w,   äã­ªæ¨ï � ­ å®¤¨âáï ¨§ãà ¢­¥­¨ïd�dt = [�; hN ]; d�dt = ��2 � �J0 � �u02(w� w0 � J0) :�. � ©¤¥¬ à¥è¥­¨¥ ãà ¢­¥­¨ï (17), ¯®« £ ï � = 0:¯¥à¥¬¥­­®¥ í«¥ªâà¨ç¥áª®¥ ¯®«¥ ¢ëª«îç¥­®. �ã­ªæ¨ïF (w) ®¡à é ¥âáï ¢ ­ã«ì ¢ â®çª å s2 = w0,s1;3 = � �4�2 � "�w0 + �24�2 �2 � d2#1=2 :� íâ®¬ á«ãç ¥ F (w) < 0 ¢ ®¡« áâ¨ s1 < w < w0.�¥è¥­¨¥ ãà ¢­¥­¨ï (17)w(t) = w0 � (w0 � s1) sn2�
dt2 ; �� ;£¤¥ 
d = �[2(w0�s3)]1=2, � = [(w0�s1)=(w0�s3)]1=2 == (w0 � s1)=d. �­¥à£¨ï ¨§«ãç¥­¨ï I = w0 � w ¯à¥¤-áâ ¢«ï¥â á®¡®© ¯¥à¨®¤¨ç¥áªãî äã­ªæ¨î á ç áâ®â®©¡¨¥­¨© �
d=2K, ä §  ¯®«ï �(t) = ��t=2.�à¨ ã¢¥«¨ç¥­¨¨ ¯ à ¬¥âà  � ª®à­¨ ãà ¢­¥­¨ïF (w) = 0 á¬¥é îâáï ¯® ®á¨ w. �á«¨ � = 0,â® ¢ ®¡« áâ¨ �2 � �2w0 ¯®«ãç¨¬ §­ ç¥­¨ï ª®à-­¥©: w1;3 � �S1=20 + (1 � w0=S1=20 )(�2=4�2) + "1;3,"1 = �(�v0=�d)2=2, "3 = (�v0=2�w0)2=2, w2 �� w0 + (�v0=�w0)2=2. �à¨ §­ ç¥­¨¨ � = �c, �2c == (�2d2=w0)[1�(v0=d)2�(v0=w0)2]�1=2 ª®à­¨ w1 ¨ w2á®¢¯ ¤ îâ. � ®¡« áâ¨ � > �c ¨¬¥¥¬ w1 > w2.�ç¥â ¤¦®ã«¥¢ëå ¯®â¥àì ¨ áâ®«ª­®¢¥­¨©�«ï  ­ «¨§  ¯®¢¥¤¥­¨ï á¨áâ¥¬ë, ¡«¨§ª®© ª à¥ «ì-­®©, ¢¢¥¤¥¬ ¢ ª ­®­¨ç¥áª¨¥ ãà ¢­¥­¨ï ä¥­®¬¥­®«®-£¨ç¥áª¨¥ c« £ ¥¬ë¥ á ª®íää¨æ¨¥­â ¬¨ 
 ¨ �, ãç¨-âë¢ îé¨¥ à áá¥ï­¨¥ í­¥à£¨¨, ®¡ãá«®¢«¥­­®¥ ¤¦®ã-«¥¢ë¬¨ ¯®â¥àï¬¨ ¢ áâ¥­ª å à¥§®­ â®à  ¨ áâ®«ª­®-¢¥­¨ï¬¨ á £ §®¬. �¨áâ¥¬  ãà ¢­¥­¨©, ¯®à®¦¤ ¥¬ ï£ ¬¨«ìâ®­¨ ­®¬ (9), ¯à¨®¡à¥â ¥â ¢¨¤dudt = ��wp� �v� 2�u; dvdt = �wq+ �w+ �u� 2�v;(18)dwdt = �(vq � up) + �v � 2�w; (19)dqdt = ��v � 
q; dpdt = �u� 
p: (20)�à¨ � = 0 ¯ à ¬¥âà¨ç¥áª¨© à¥§®­ ­á à¥ «¨§ã¥âáï¯à¨ ãá«®¢¨¨ n1 > 0, n1 = n� 2�, n = [�2 � �2]1=2.�§ (18){(19) ­ å®¤¨¬, çâ® äã­ªæ¨ï S = w2� (u2++v2) ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î dS=dt = �4�S. �â-áî¤  á«¥¤ã¥â ¢ ¦­ë© ¢ë¢®¤: ¯à¨ §­ ç¥­¨ïå t � � ,



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü6 17� = 1=4�, ¢ë¯®«­ï¥âáï á®®â­®è¥­¨¥ u2+v2 � w2, å -à ªâ¥à¨§ãîé¥¥ á ¬®®à£ ­¨§ æ¨î á¨áâ¥¬ë í«¥ªâà®-­ë{¯®«¥. � áá¬®âà¨¬ ¤¢  å à ªâ¥à­ëå à¥¦¨¬  £¥­¥-à æ¨¨.�. �ãáâì 
 � �. �®£¤  ¯à¨ t > 1=
 ¬®¦­®¯à¨¬¥­¨âì ¯à®æ¥¤ãàã  ¤¨ ¡ â¨ç¥áª®£® ¨áª«îç¥­¨ï¡ëáâàëå ¯¥à¥¬¥­­ëå q ¨ p, ¯®« £ ï dq=dt = 0,dp=dt = 0 [12]. �§ (20) ­ å®¤¨¬ q = ��v=
, p = �u=
.�¥à¥¬¥­­ë¥ u, v, w ¨£à îâ à®«ì ¯ à ¬¥âà®¢ ¯®àï¤-ª , ã¯à ¢«ïï ¯®¤á¨áâ¥¬®© í«¥ªâà®¬ £­¨â­®£® ¯®«ï.�¥¯¥àì ¨¬¥¥¬ á¨áâ¥¬ã âà¥å ãà ¢­¥­¨©:dudt = ��2
 uw � �v � 2�u;dvdt = ��2
 vw+ �w + �u� 2�v;dwdt = ��2
 (u2 + v2) + �v � 2�w: (21)�áá«¥¤ã¥¬ ãáâ®©ç¨¢®áâì á¨áâ¥¬ë (21) ¢ «¨­¥©-­®¬ ¯à¨¡«¨¦¥­¨¨ ¯à¨ n > 2�. � íâ®¬ á«ãç ¥ â®ç-ª  u = 0, v = w = 
(� � 2�)=�2, ¯à¥¤áâ ¢«ï¥âá®¡®© ãáâ®©ç¨¢ë© ã§¥«. �­¥à£¨ï ¯®«ï ¢ à¥§®­ â®-à¥ " = !�2(u2 + v2)=(2
2). �à¨ t � 1=� ¨¬¥¥¬"! !(� � 2�)2=(2�2), ä §  ¯®«ï �! �.�. �ãáâì � � 
. � â¥®à¨¨ ®¤­®¬®¤®¢®£® « §¥-à  íâ® ãá«®¢¨¥ ¯®§¢®«ï¥â  ¤¨ ¡ â¨ç¥áª¨ ¨áª«îç¨âìãáâ®©ç¨¢ë¥ ¬®¤ë ¯®¤á¨áâ¥¬ë  â®¬®¢ ¨ ¢ë¤¥«¨âìá« ¡®§ âãå îéãî, ¢¨àâã «ì­® ­¥ãáâ®©ç¨¢ãî ¯®«¥-¢ãî ¬®¤ã, ®¯¨áë¢ îéãî ä §®¢ë© ¯¥à¥å®¤ ¢â®à®£®à®¤  [12]. �¤­ ª® ¢ ®â«¨ç¨¥ ®â á«ãç ï « §¥à  ¯®«¥¢ ï

¬®¤  ¢ ãà ¢­¥­¨ïå (18){(20) ­¥ ¯à®ï¢«ï¥â ¯®à®£®¢®-£® ¯®¢¥¤¥­¨ï. �à¨ n > 2� áãé¥áâ¢ã¥â ­¥âà¨¢¨ «ì­ ï®á®¡ ï â®çª  á ª®®à¤¨­ â ¬¨ u = 0, v = w = 
n1=�2,q = �n1=�, p = 0, ¯à¥¤áâ ¢«ïîé ï á®¡®© ãáâ®©ç¨-¢ë© ã§¥«.�¢â®à ¡« £®¤ à¨â �.�.� ¢«¥­ª® §  ¬­®£®ç¨á-«¥­­ë¥ § ¬¥ç ­¨ï ¨ á®¢¥âë. � ¡®â  ¢ë¯®«­¥­  ¯à¨¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨á-á«¥¤®¢ ­¨© (£à ­â 97-01-00957).�¨â¥à âãà 1. �¥¬¥«ìâ �. // ���. 1990. 160, ü12. �. 129.2. � ã«ì �. // � ¬ ¦¥. �. 109.3. �¨¬®­¨ �. �¥®à¥â¨ç¥áª ï í«¥ªâà®â¥å­¨ª . �., 1964.4. �¥©â¬¥­ �., �à¤¥©¨ �. �ëáè¨¥ âà ­áæ¥­¤¥­â­ë¥ äã­ª-æ¨¨. �., 1966.5. � ¯¨æ  �.�. // �«¥ªâà®­¨ª  ¡®«ìè¨å ¬®é­®áâ¥©. T. 1. �.,1962. �. 30.6. � ¢«¥­ª® �.�. � ¬¨«ìâ®­®¢ë ¬¥â®¤ë ¢ í«¥ªâà®¤¨­ ¬¨ª¥¨ ª¢ ­â®¢®© ¬¥å ­¨ª¥. �., 1985.7. �ummings F.W. // Phys. Rev. 1965. 140. P. 1051.8. �¥â¥à®¢ �.�., �¥à­¥à �.�. // ���. 1990. 159, ü 4. �. 665.9. � ¡¨­®¢¨ç �.�., �àã¡¥æª®© �.�. �¢¥¤¥­¨¥ ¢ â¥®à¨î ª®-«¥¡ ­¨© ¨ ¢®«­. �., 1992.10. �­ª¥ �., �¬¤¥ �., �¥è �. �¯¥æ¨ «ì­ë¥ äã­ªæ¨¨. �., 1968.11. �¦¥ääà¨á �., �¢¨à«á �. �¥â®¤ë ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨.�ë¯. 3. �., 1970. �. 313.12. � ª¥­ �. �¨­¥à£¥â¨ª . �., 1980. �®áâã¯¨«  ¢ p¥¤ ªæ¨î17.11.97


