
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü2 73�0@2V n+1@�21 + (�0 � �0)@2Un+1@�1@�2 + �0@2V n+1@�22 ==�F 2(Un; V n); n= 0; 1; : : : ;£¤¥F 1(Un; V n) = @@�1 ��1 + �1@Un@�1 + �1@V n@�2 �++ @@�2 ��1@Un@�2 + �1@V n@�1 � ;F 2(Un; V n) = @@�1 ��1@V n@�1 + �1@Un@�2 �++ @@�2 ��1+ �1@Un@�1 + �1@V n@�2 � :�à¥¤áâ ¢¨¬ äãªæ¨¨, ¢å®¤ïé¨¥ ¢ (4), ¢ ¢¨¤¥ ¨-â¥£à «®¢ �ãàì¥:Un(�)= 12�Z un(�) ei�� d�; V n(�)= 12�Z vn(�) ei�� d�;�1(�)= 12�Z �(�) ei�� d�; �1(�)= 12�ZM(�) ei�� d�;�1(�) = 12�Z N(�) ei�� d�; Fn� (�) = 12�Z fn� (�) ei�� d�;(5)£¤¥ fn1 (�) = i�1 (N + fN ; i�1ung+ f�; i�2vng)++i�2 (fM ; i�2ung+ fM ; i�1vng) ;fn2 (�) = i�1 (fM ; i�1vng+ fM ; i�2ung)++i�2 (�+ f�; i�1ung+ fN ; i�2vng) ;

fF (�);G(�)g= 12� Z F (�)G(�� �)d� (á¢¥àâª ):�®á«¥ ¯®¤áâ ®¢ª¨ ãª § ëå ¯à¥®¡à §®¢ ¨© ¢ ¨â¥-à æ¨®ë¥ ãà ¢¥¨ï (4)  å®¤¨¬, çâ® ®¡à §ë �ãàì¥un+1; vn+1 ®¯à¥¤¥«ïîâáï ¨§ á¨áâ¥¬ë ãà ¢¥¨©(�0�21 + �0�22)un+1 + (�0� �0)�1�2vn+1 = fn1 (�);(�0 � �0)�1�2un+1 + (�0�21 + �0�22)vn+1 = fn2 (�)á ®â«¨çë¬ ®â ã«ï ®¯à¥¤¥«¨â¥«¥¬ �0�0(�21 + �22) .� â¥¬ äãªæ¨¨ Un+1(�); V n+1(�)  å®¤ïâáï ¯®ä®à¬ã« ¬ (5).�å®¤ë¬ ®¡à §®¬ ¨áá«¥¤ãîâáï ä¨§¨ç¥áª¨¥ ¯à®-æ¥ááë ¢ âà¥å¬¥àëå ¬¥«ª®¤¨á¯¥àáëå ¥¯¥à¨®¤¨ç¥á-ª¨å áà¥¤ å.�¨â¥à âãà 1. � å¢ «®¢ �.�., �  á¥ª® �.�. �áà¥¤¥¨¥ ¯à®æ¥áá®¢ ¢¯¥à¨®¤¨ç¥áª¨å áà¥¤ å. �.: � ãª , 1984.2. �¥¤¢¥¤¥¢ �.�., �®à£ã®¢ �.�. // �¥áâ. �®áª. ã-â . �¨§.�áâà®. 1998. ü 6. �. 47 (Moscow University Phys. Bull.1998. No. 6. P. 54).3. �ï§¥¢ �.�., �¥¤¢¥¤¥¢ �.�., �®à£ã®¢ �.�. // �¥áâ. �®áª.ã-â . �¨§. �áâà®. 1999. ü4. �. 57 (Moscow UniversityPhys. Bull. 1999. No. 4. P. 74).4. �®à£ã®¢ �.�. � â¥¬ â¨ç¥áª¨©   «¨§ ä¨§¨ª®-¬¥å ¨-ç¥áª¨å ¯à®æ¥áá®¢. �.: �§¤-¢® �����, 1995.�®áâã¯¨«  ¢ p¥¤ ªæ¨î22.10.99�������� � ������������ ��������� 534.222 ����������� ���������� ���� ������,����������� ��������� �������� ���������� �������-������������� ������  �¨, �. �. �ã¤¥ª®(ª ä¥¤à   ªãáâ¨ª¨)�à®¢¥¤¥ë à áç¥âë ä®à¬ë ¢®«®¢®£® ¯à®ä¨«ï ¨ á¯¥ªâà «ì®£® á®áâ ¢  ¢®«ë, ¨§«ãç ¥¬®© ¢áà¥¤ã ¢ à¥§ã«ìâ â¥ ®áæ¨««ïæ¨© áä¥à¨ç¥áª¨-á¨¬¬¥âà¨ç®© ¯®¢¥àå®áâ¨. �®ª § ®, çâ® «®ª «ìë¥¨áª ¦¥¨ï ¯à¨ ¯¥à¥å®¤¥ ®â ª®«¥¡ â¥«ì®£® ¤¢¨¦¥¨ï áä¥àë ª ¢®«®¢®¬ã ¤¢¨¦¥¨î áà¥¤ë ¢®§¨ª îâ¢á«¥¤áâ¢¨¥ £à ¨ç®© ¥«¨¥©®áâ¨.�à®¡«¥¬  ®¯¨á ¨ï ¢®«, à áå®¤ïé¨åáï ®â ¯ã«ì-á¨àãîé¥© áä¥à¨ç¥áª®© ¯®¢¥àå®áâ¨, ¢®§¨ª ¥â ¢®¬®£¨å ¯à¨ª« ¤ëå § ¤ ç å. � ª, ¢ á«ãç ¥ ¢®§¤¥©-áâ¢¨ï ¬®éëå ã«ìâà §¢ãª®¢ëå ¯®«¥© ¢ áà¥¤¥ à®¦¤ -îâáï ª ¢¨â æ¨®ë¥ ¯ã§ëàìª¨, ª®â®àë¥ ¯ã«ìá¨àãîâá ¡®«ìè®©  ¬¯«¨âã¤®© ¨ áå«®¯ë¢ îâáï; ¯à¨ íâ®¬¨§«ãç ¥âáï ¥«¨¥© ï ¢®« ,   ¤ ¢«¥¨ï ¤®áâ¨£ îââëáïç  â¬®áä¥à [1]. �¨«ìë¥ ¨§¬¥¥¨ï ®¡ê¥¬  ¬®- £ãâ ¯à®¨áå®¤¨âì ¢ à¥§ã«ìâ â¥ ª®«¥¡ ¨© ¯®«®áâ¥©,®¡à §®¢ ëå ¢ à¥§ã«ìâ â¥ ¯®¤¢®¤®£® ¢§àë¢  [2]¨«¨ « §¥à®£® ¯à®¡®ï ¢ ¦¨¤ª®áâ¨ [3].� á¨âã æ¨ïå, ª®£¤  ¨§¬¥¥¨¥ à ¤¨ãá  áä¥àë R(t)¥«ì§ï áç¨â âì ¬ «ë¬ ¯® áà ¢¥¨î á ¥£® ¨áå®¤-ë¬ ¨«¨ å à ªâ¥àë¬ áà¥¤¨¬ § ç¥¨¥¬ R0 ,  -àï¤ã á ®¡ëçë¬¨ ¥«¨¥©ë¬¨ íää¥ªâ ¬¨,  ª ¯-«¨¢ îé¨¬¨áï ¯® ¬¥à¥ à á¯à®áâà ¥¨ï ¢®«ë ¢ áà¥-



74 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 2¤¥ [4], ¥®¡å®¤¨¬® ãç¨âë¢ âì ú£¥®¬¥âà¨ç¥áªãî ¥«¨-¥©®áâìû £à ¨çëå ãá«®¢¨© [5, 6]. �¥ ¯à®ï¢«¥¨¥«®ª «ì®, ¨ ®® § ª«îç ¥âáï ¢ â®¬, çâ® ä®à¬  ¨á¯¥ªâà ¤¢ãå ¤¢¨¦¥¨© | ª®«¥¡ â¥«ì®£® ¨ ¢®«®¢®-£® | ®ª §ë¢ îâáï à §«¨çë¬¨. � à¥§ã«ìâ â¥ â ª®©¥«¨¥©®áâ¨  ¡«î¤ ¥âáï § ¬¥â®¥ ãá¨«¥¨¥ èã¬®-¢®© ª®¬¯®¥âë ¯®«ï ¯à¨ á« ¡®¬ ¢®§¤¥©áâ¢¨¨ èã¬   ¨§«ãç â¥«ì [7], ¥«¨¥©®¥ ®£à ¨ç¥¨¥ ¢ëã¦-¤¥ëå ª®«¥¡ ¨© ¢ à¥§® â®à¥ [8] ¨ ¤àã£¨¥ ï¢«¥¨ï.� ª ¨§¢¥áâ®, áä¥à¨ç¥áª¨¥ ¢®«ë  ªãáâ¨ç¥áª®£®¤ ¢«¥¨ï p ¨ áª®à®áâ¨ u ®¯¨áë¢ îâáï à §«¨çë¬¨ãà ¢¥¨ï¬¨:1r @@r�r2 @@r�p= 1c2 @2@t2 p; @@r� 1r2 @@rr2�u= 1c2 @2@t2u:(1)�¢ï§ì ¬¥¦¤ã íâ¨¬¨ ¢¥«¨ç¨ ¬¨ ¤ ¥âáï ¢ëà ¦¥¨¥¬�@u@t + @p@r = 0:�¤¥áì c ¨ � | à ¢®¢¥áë¥ § ç¥¨ï áª®à®áâ¨ §¢ãª ¨ ¯«®â®áâ¨ áà¥¤ë. �¥è¥¨¥ ãà ¢¥¨© (1) ¤«ï ¢®«-ë, ã¡¥£ îé¥© ®â æ¥âà , § ¯¨è¥¬ ¢ ¢¨¤¥pc2� = R0r @@tQ�t� r�R0c �;uc = �cR0 @@r�1rQ�t� r�R0c ��: (2)� ¬¥â¨¬, çâ®  á ¨â¥à¥áãîâ å à ªâ¥à¨áâ¨ª¨p-¢®«ë, ª®â®àë¥ ®¡ëç® ¨§¬¥àïîâáï ¢ íªá¯¥à¨-¬¥â¥, ®¤ ª® ¤«ï  å®¦¤¥¨ï ¥¨§¢¥áâ®© äãª-æ¨¨ Q ¥®¡å®¤¨¬® ¢®á¯®«ì§®¢ âìáï à¥è¥¨¥¬ (2) ¤«ïu-¢®«ë. �ª®à®áâì ª®«¥¡ ¨ï ¯®¢¥àå®áâ¨ r = R(t)¤®«¦  á®¢¯ ¤ âì á® áª®à®áâìî ¤¢¨¦¥¨ï  å®¤ï-é¨åáï   ¥© ç áâ¨æ áà¥¤ë, ¯®íâ®¬ãu(r =R(t); t) = dRdt : (3)�á¯®«ì§ãï ¢â®àãî ¨§ ä®à¬ã« (2), § ¯¨è¥¬ £à ¨ç®¥ãá«®¢¨¥ (3) ¢ ¯ à ¬¥âà¨ç¥áª®¬ ¢¨¤¥:dQdt + cR(�)Q(t) = 1cR0R(�)dRd� ; t= �� 1c [R(�)�R0]:(4)� ï § ª® ¤¢¨¦¥¨ï ¯®¢¥àå®áâ¨ r =R(t) , ¬®¦-® à¥è¨âì (4) ®â®á¨â¥«ì® dQ=dt ¨  ©â¨ â¥¬ á -¬ë¬ ä®à¬ã áä¥à¨ç¥áª¨ à áå®¤ïé¥©áï p-¢®«ë (2).�ãáâì à ¤¨ãá áä¥àë, ¨§«ãç îé¥©  ªãáâ¨ç¥áªãî¢®«ã, ®áæ¨««¨àã¥â ¯® § ª®ãR= R0(1�m cos!0t): (5)�§¢¥áâ®¥ à¥è¥¨¥ «¨¥ à¨§®¢ ®© § ¤ ç¨ (4) ¨¬¥-¥â ¢¨¤dQdt =m k20R20p1 + k20R20 sin�!0t+ arctg 1k0R0�; (6)

£¤¥ k0 = !0=c . �§«ãç¥¨¥  ¨¡®«¥¥ íää¥ªâ¨¢® ¯à¨k0R0 � 0 ; ¨¬¥® ¢ íâ®¬ á«ãç ¥ § ¤ çã (4) ã¤ ¥âáïà¥è¨âì ¨ ¢ ¥«¨¥©®© ¯®áâ ®¢ª¥.� ©¤¥¬ ¢ ç «¥ á¯¥ªâà «ìë© á®áâ ¢ ¢®«ë. �¥©-áâ¢ãï ¯®   «®£¨¨ á § ¤ ç ¬¨ ® ¥«¨¥©®¬ ¨§«ãç¥-¨¨ ¯«®áª¨¬ ¯®àè¥¬ [6, 7], ¢ëà §¨¬ äãàì¥-®¡à §p-¢®«ë (4) ç¥à¥§ á«¥¤ãîé¨© ¨â¥£à «:F (!) = 12� 1Z�1 dQdt exp(�i!t) dt== exp(�ikR0)4�i!cR0 1Z�1 exp(�i!� + ikR(�))d2R2d�2 d�: (7)� áá¬®âà¨¬ ç áâë© á«ãç ©. �®¤áâ ¢¨¬ â¥¯¥àì ¢®¡é¥¥ ¢ëà ¦¥¨¥ (7) § ª® (5) ®áæ¨««ïæ¨© áä¥àë.�¯¥ªâà ¢®«ë ¯à¨ íâ®¬F (!) =mk0R0!0! � dd� � im� 2im d2d�2��� 1Xn=�1(�1)nJn(�)�(!� n!0) (8)¡ã¤¥â á®¤¥à¦ âì ¢ëáè¨¥ £ à¬®¨ª¨, ª®â®àëå ¥ ¡ë-«® ¢ § ¤ ®¬ á¯¥ªâà¥ ª®«¥¡ ¨ï. (�¤¥áì Jn | äãª-æ¨¨ �¥áá¥«ï, � =mkR0 .)�à®ä¨«ì ¢®«ë, á®£« á® (8), ®¯¨áë¢ ¥âáï ¢ëà -¦¥¨¥¬1�0 dQdt = [J0(�0)� J2(�0)] sin!0t++m[J1(�0)� J3(�0)] cos!0t�� 12[J1(2�0)� J3(2�0)] cos2!0t�� m2 [J0(2�0) + J4(2�0)] sin2!0t�� 13[J2(3�0)� J4(3�0)] sin3!0t++ m3 [J1(3�0) + J5(3�0)] cos3!0t+ : : : ;¢ ª®â®à®¬ �0 = mk0R0 ; §¤¥áì ¯à¨¢¥¤¥ë «¨èì ®á-®¢ë¥ ç«¥ë, ®â¢¥ç îé¨¥ ª®«¥¡ ¨ï¬   ç áâ®â å!0 , 2!0 , 3!0 ¯¥à¢ëå âà¥å £ à¬®¨ª.� ¢¨á¨¬®áâ¨ ¨å  ¬¯«¨âã¤ ®â �0 ¯®ª § ë  à¨á. 1. �á«¨ § ä¨ªá¨à®¢ âì § ç¥¨ï ç áâ®âë !0 ¨áà¥¤¥£® à ¤¨ãá  R0 áä¥à¨ç¥áª®£® ¨§«ãç â¥«ï, â®ªà¨¢ë¥ à¨á. 1 ä ªâ¨ç¥áª¨ ¨§®¡à ¦ îâ ¯®¢¥¤¥¨¥ ¬¯«¨âã¤ £ à¬®¨ª á ®¬¥à ¬¨ n = 1; 2 ¨ 3 ¯à¨¢®§à áâ ¨¨  ¬¯«¨âã¤ë m ª®«¥¡ ¨ï áä¥àë (5).�à®ä¨«ì ã¡¥£ îé¥© ®â áä¥àë ¢®«ë, à ááç¨â -ë©   à ááâ®ï¨¨ r =R0 , ¨§®¡à ¦¥   à¨á. 2. �à¨-¢ ï 1 á®®â¢¥âáâ¢ã¥â § ç¥¨î �0 = 0,6, ªà¨¢ ï 2 |�0 = 1 .



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü2 75����������¨á. 1�§ à¥§ã«ìâ â®¢, ¯à¨¢¥¤¥ëå   à¨á. 1, 2, ¢¨¤-®, çâ® £à ¨ç ï ¥«¨¥©®áâì ¬®¦¥â á¨«ì® ¨áª -§¨âì ä®à¬ã ¨ á¯¥ªâà ¨§«ãç ¥¬®© ¢®«ë. �«¥¤®¢ â¥«ì-®,   ®á®¢ ¨¨ ¨§¬¥à¥¨ï  ªãáâ¨ç¥áª®£® ¤ ¢«¥¨ï¥«ì§ï ¤¥« âì ¯àï¬ëå ¢ë¢®¤®¢ ® å à ªâ¥à¨áâ¨ª å¤¢¨¦¥¨ï ¯ã«ìá¨àãîé¥© áä¥àë. � ª, ã«ìâà §¢ãª®¢ë¥á¯¥ªâàë ¢ ª ¢¨â¨àãîé¥© áà¥¤¥ ¤®«¦ë ¡ëâì £®à §¤®¡®£ ç¥ á¯¥ªâà®¢ ª®«¥¡ ¨ï ®â¤¥«ìëå ¯ã§ëàìª®¢.� §ã¬¥¥âáï, ¯à¨ à á¯à®áâà ¥¨¨ ¢®« ¢ áà¥-¤¥ ¯à®¨áå®¤¨â ¨å ¤ «ì¥©è¥¥ ¨áª ¦¥¨¥ ¡« £®¤ àïú®¡ê¥¬®©û ¥«¨¥©®áâ¨ [4], ¨ á¯¥ªâà ¯®«ï áâ ®-¢¨âáï ¥é¥ ¡®«¥¥ á«®¦ë¬ ¨ ú§ ¯ãâ ë¬û.� ¡®â  ¯®¤¤¥à¦   £à â ¬¨ ���� (99-02-16042),INTAS (97-11134) ¨ ú�¨¢¥àá¨â¥âë �®áá¨¨û.
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