
16 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®®¬¨ï. 1997. ü 4�������������� 621.385.6 � ������ ���������� ����������������� ���������� � ����� ��������� �����������.�. �«¥ªá¥¥¢, �.�.�à á®¢áª ï, �. �. �ãå®àãª®¢(ª ä¥¤à  à ¤¨®ä¨§¨ª¨)� áá¬®âà¥ ª áª ¤ë© í¥à£®®¡¬¥ ¯à®¤®«ì®£® ¯¥à¥¬¥®£® í«¥ªâà¨ç¥áª®£® ¯®«ï ®âªàëâ®£®à¥§® â®à  ¨ í«¥ªâà®®£® ¯®â®ª , ¯à®«¥â îé¥£® ç¥à¥§ ¯®á«¥¤®¢ â¥«ì®áâì â®ª¨å ¤¨ äà £¬ á¬ «ë¬¨ ®â¢¥páâ¨ï¬¨, à á¯®«®¦¥ãî ¢ ¯®«¥ à¥§® â®à . �®«ãç¥ë ¢ëà ¦¥¨ï ¤«ï ¢ëå®¤®©áª®à®áâ¨ ¨ í«¥ªâà®®£® ª¯¤ â®ª®£® á£ãáâª , ¯®áâà®¥  ¬ â¥¬ â¨ç¥áª ï ¨ ç¨á«¥ ï ¬®¤¥«ì¢§ ¨¬®¤¥©áâ¢¨ï ¢ ª¨¥¬ â¨ç¥áª®¬ ¯à¨¡«¨¦¥¨¨ á ãç¥â®¬ ®¡ê¥¬®£® § àï¤  í«¥ªâà®®¢. �  ¥¥ ®á®¢¥¯à®¢¥¤¥ë ®æ¥ª¨ íää¥ªâ¨¢®áâ¨ ¢§ ¨¬®¤¥©áâ¢¨ï, ¤®¯ãáâ¨¬ëå à §¡à®á®¢ ä §ë ¨ áª®à®áâ¨, ¯®ª §  ¢®§¬®¦®áâì áãé¥áâ¢¥®£® á¨¦¥¨ï ¢¥«¨ç¨ë  ¯àï¦¥®áâ¨ ¯®«ï, ¥®¡å®¤¨¬®© ¤«ï íää¥ªâ¨¢®£®â®à¬®¦¥¨ï í«¥ªâà®®¢ ¯®â®ª .�à¨áãâáâ¢¨¥ á¨«ì®£® ¯¥à¥¬¥®£® í«¥ªâà¨ç¥áª®£®¯®«ï ¢ ¢ëå®¤®© á¥ªæ¨¨ ¬®é®£® í«¥ªâà®®£® ¯à¨¡®-à  á®§¤ ¥â ®¯ á®áâì ¢ëá®ª®ç áâ®â®£® ¯à®¡®ï ¨ à §-àãè¥¨ï ¯®¢¥àå®áâ¨ í«¥ªâà®¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë,¢ëå®¤  £¥¥à â®à  ¨«¨ ãá¨«¨â¥«ï ¨§ áâà®ï. �«ï ¡®àì¡ëá íâ¨¬ ï¢«¥¨¥¬ ¢ ª«¨áâà®ëå ¯à¨¡®à å ¨á¯®«ì§ãîâ¬®£®á¥ªæ¨®ë© ¢ëå®¤®© à¥§® â®à, ¯®§¢®«ïîé¨©á¨§¨âì  ¯àï¦¥®áâì ¯®«ï ¢ ¥¬ §  áç¥â ã¢¥«¨ç¥-¨ï ª®«¨ç¥áâ¢  íâ ¯®¢ ®â¡®à  í¥à£¨¨ í«¥ªâà®®¢ [1].� «®£¨çë¬ ®¡à §®¬ ¬®¦® ¯®¯ëâ âìáï ®áãé¥áâ¢¨âìà á¯à¥¤¥«¥ë© ®â¡®à í¥à£¨¨ í«¥ªâà®®£® ¯®â®ª  ¢ª¢ §¨®¯â¨ç¥áª¨å ¯à¨¡®à å ª«¨áâà®®£® â¨¯ , ¨á¯®«ì-§ãîé¨å ®âªàëâë¥ à¥§® áë¥ á¨áâ¥¬ë [2, 3]. �  áâ®-ïé¥¬ á®®¡é¥¨¨ ª®à®âª® à áá¬ âà¨¢ ¥âáï ª¨¥¬ â¨ª ¯®íâ ¯®£® í¥à£®®¡¬¥  ¬¥¦¤ã í«¥ªâà®®¬ ¨ ¯®«¥¬®âªàëâ®£® à¥§® â®à  (��) â¨¯  � ¡à¨{�¥à®, ¯à®¢®-¤¨âáï ®æ¥ª  ¢¥«¨ç¨ë  ¯àï¦¥®áâ¨ ¯®«ï, í«¥ªâà®-®£® ª¯¤ ¨ ¤àã£¨å å à ªâ¥à¨áâ¨ª ¢§ ¨¬®¤¥©áâ¢¨ï.
�¨á. 1. � áª ¤ë© ®â¡®à í¥à£¨¨ í«¥ªâà®®¢ ¢ ¯®«¥®âªàëâ®£® à¥§® â®à : 1 | §¥àª «  à¥§® â®à , 2 |ª ãáâ¨ç¥áª ï ¯®¢¥àå®áâì à¥§® á®£® ¯®«ï, 3 |¨áâ®ç¨ª (á£àã¯¯¨à®¢ ®£®) ¯®â®ª  4 í«¥ªâà®®¢,5 | ¤¨ äà £¬ë á ®â¢¥àáâ¨ï¬¨, 6 | ª®««¥ªâ®à ®â-à ¡®â ëå í«¥ªâà®®¢, (a) | ª®««¥ªâ®à  å®¤¨âáï¢ à¥§® á®¬ ¯®«¥, (b) | ª®««¥ªâ®à ¢¥ à¥§® â®à �å¥¬  à¥§® â®à  á à á¯à¥¤¥«¥ë¬ ®â¡®à®¬ í¥à-£¨¨ í«¥ªâà®®£® ¯®â®ª  ¨§®¡à ¦¥    à¨á. 1. �¥§®- â®p á®áâ®¨â ¨§ ¤¢ãå áä¥à¨ç¥áª¨å §¥àª « 1; ¢ ¯à®-áâà áâ¢¥ ¬¥¦¤ã ¨¬¨ ¢®§¡ã¦¤¥  à¥§® á ï áâ®ï-

ç ï í«¥ªâà®¬ £¨â ï ¢®« , ¯®«¥ ª®â®à®© ®£à ¨ç¥®ª ãáâ¨ç¥áª®© ¯®¢¥àå®áâìî 2. �«¥ªâà®ë© ¯®â®ª 4,áä®à¬¨à®¢ ë© ¨ ¯à¥¤¢ à¨â¥«ì® á£àã¯¯¨à®¢ ë©¢ ãáâà®©áâ¢¥ 3, ¢«¥â ¥â ¢ ¯®«¥ �� ¯ à ««¥«ì® ¢¥ª-â®àã  ¯àï¦¥®áâ¨ í«¥ªâà¨ç¥áª®£® ¯¥à¥¬¥®£® ¯®-«ï ¨ ¯à®å®¤¨â ç¥à¥§ ¯®á«¥¤®¢ â¥«ì®áâì ¤¨ äà £¬ 5á ®â¢¥àáâ¨ï¬¨. �âà ¡®â ë¥ í«¥ªâà®ë ¯®¯ ¤ îâ ¢ª®««¥ªâ®à 6, ª®â®àë© ¬®¦¥â ¡ëâì à á¯®«®¦¥ ª ª ¢¯®«¥ à¥§® â®à  (a), â ª ¨ ¢¥ ¥£® (b).� áá¬®âà¨¬ â ªãî ª®ä¨£ãà æ¨î ¤¨ äà £¬ ¨ â ª®¥¢§ ¨¬®¥ ¨å à á¯®«®¦¥¨¥, ¯à¨ ª®â®àëå ¯à®¨áå®¤¨â ¨¡®«¥¥ íää¥ªâ¨¢ë© ®â¡®à í¥à£¨¨ í«¥ªâà® . �ãáâì¢ à¥§® â®à ¯¥à¨®¤¨ç¥áª¨ ¢«¥â îâ ¤®áâ â®ç® ã§ª¨¥á£ãáâª¨ ¨«¨ ®â¤¥«ìë¥ í«¥ªâà®ë á ä §®¢ë¬ ¨â¥à-¢ «®¬ ¢ 2�. �«¥ªâà®ë, ¢«¥â ï ¢  ¤¨ ¡ â¨ç¥áª¨ á« -¡®  à áâ îé¥¥ ¯®«¥ ��, ¤¢¨¦ãâáï á ã¬¥ìè îé¥©áïáà¥¤¥© áª®à®áâìî [4], ¯à¨ íâ®¬  ¬¯«¨âã¤  ¯à®¤®«ìëå®áæ¨««ïæ¨© áª®à®áâ¨ ¢®§à áâ ¥â.� á¯®«®¦¨¬ ¯¥à¢ãî ¤¨ äà £¬ã ¢ ¯®«¥ �� â ª,çâ®¡ë ç áâ¨æ  ¯®¯ «  ¢ ®â¢¥àáâ¨¥ ¢ ¥© ¢ ¬®¬¥âá¢®¥©  ¨¬¥ìè¥© áª®à®áâ¨. �®« £ ï § ¢¨á¨¬®áâì ¯®-«ï ®â ¢à¥¬¥¨ ¨ ª®®à¤¨ âë ¢ ¢¨¤¥ "(�) sin', £¤¥"=e0E=(m0!v0) | ®à¬¨à®¢  ï  ¬¯«¨âã¤   ¯àï-¦¥®áâ¨ ¯®«ï, e0,m0, v0 | § àï¤, ¬ áá  ¨ áª®à®áâì ¢«¥-â  í«¥ªâà® , ! | ªàã£®¢ ï ç áâ®â  ¯®«ï, �=!x=v0 |®à¬¨à®¢  ï ¯à®¤®«ì ï ª®®à¤¨ â , '=!t | ä § ¯®«ï, t | â¥ªãé¥¥ ¢à¥¬ï, ¥âàã¤® ¯®«ãç¨âì, çâ® ä § ¢«¥â  ¢ ¯¥à¢ãî ¤¨ äà £¬ã ¥áâì '�1 = 0,   áª®à®áâì ¢«¥â à ¢   �1 = p1� "2=2 � ", £¤¥  = v=v0 | ®à¬¨-à®¢  ï áª®à®áâì ç áâ¨æë, ¯p¨ç¥¬ ¢ ¤ ®¬ á«ãç ¥" ®¡®§ ç ¥â ¯®«¥ á«¥¢  ®â ¯¥p¢®© ¤¨ äà £¬ë. �¤¥áì¨ ¤ «¥¥ ¨¦¨© ¨¤¥ªá ã ¯¥à¥¬¥ëå á®®â¢¥âáâ¢ã¥â®¬¥àã ¤¨ äà £¬ë,   ¢¥àå¨© (ú + û ¨«¨ ú � û) | ¥¥¯à ¢®© ¨«¨ «¥¢®© ®ªà¥áâ®áâ¨. �«ï ã¯à®é¥¨ï ®æ¥®ª¯®«®¦¨¬ â ª¦¥, çâ®  ¬¯«¨âã¤ë ¯®«¥© " ¢¡«¨§¨ ¢á¥å¤¨ äà £¬ ®¤¨ ª®¢ë.� ç «¥ à áá¬®âà¨¬ ¯à¨¡«¨¦¥¨¥, ¢ ª®â®à®¬ ¯®-«¥ ¢ ®â¢¥àáâ¨ïå ¤¨ äà £¬ ®âáãâáâ¢ã¥â. �®«é¨ã n-©¤¨ äà £¬ë ¢ë¡¥à¥¬ ¨§ â¥å á®®¡à ¦¥¨©, çâ®¡ë ¡ë«®¯®«®áâìî ú§ íªà ¨à®¢ ®û ¤¥©áâ¢¨¥   í«¥ªâà® ¯®-«ï ¢ â¥ç¥¨¥ ¥ç¥â®£® ç¨á«  ¯®«ã¯¥à¨®¤®¢: '�n = 0,



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®®¬¨ï. 1997. ü 4 17'+n = (2kn+1), kn = 0; 1; : : :. �®£¤  á®®â¢¥âáâ¢ãîé ï £¥®-¬¥âà¨ç¥áª ï â®«é¨  ¤¨ äà £¬ë ¢ à áá¬ âà¨¢ ¥¬®¬ª¨¥¬ â¨ç¥áª®¬ ¯à¨¡«¨¦¥¨¨ ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥¨-¥¬ ��n = (2kn + 1)� �n .� ááâ®ï¨¥ ¬¥¦¤ã n-© ¨ (n+1)-© ¤¨ äà £¬ ¬¨ ®¯à¥-¤¥«¨¬ ¨§ ãá«®¢¨ï  ¨¡®«ìè¥£® § ¬¥¤«¥¨ï áª®à®áâ¨í«¥ªâà® : '�n+1 = '+n + (2mn + 1)�, mn = 0; 1; : : :. �«ïà áç¥â  £¥®¬¥âà¨ç¥áª®£® à ááâ®ï¨ï ¬¥¦¤ã ¤¨ äà £¬ -¬¨ ¯à®¨â¥£à¨àã¥¬ ¤¢ ¦¤ë ãà ¢¥¨¥ ¤¢¨¦¥¨ï í«¥ª-âà®  ¢ § §®à¥ ¯p¨  ç «ìëå ãá«®¢¨ïå  (�) = +n =  �n ,�(�) = �+n : =  +n � "(1 + cos');� = �+n + ( +n � ")(' � �)� " sin':�®« £ ï ¢ íâ¨å ¢ëà ¦¥¨ïå '= '�n+1,  å®¤¨¬, çâ®â®«é¨  ¬¥¦¤¨ äà £¬¥®£® § §®à  ¥áâì ��n;n+1 == (2mn + 1)�( +n � "),   ¨§¬¥¥¨¥ áª®à®áâ¨ í«¥ªâà®   ®¤®¬ ª áª ¤¥ à ¢® �2".� ç áâ®¬ á«ãç ¥ ¬¨¨¬ «ìëå à §¬¥à®¢ ¤¨ äà £-¬¥®© áâàãªâãàë kn = mn = 0 ¯®«ãç ¥¬, çâ® á à®áâ®¬n áª®à®áâì í«¥ªâà® , â®«é¨ë ¤¨ äà £¬ ¨ § §®à®¢ã¡ë¢ îâ ¢  à¨ä¬¥â¨ç¥áª®© ¯à®£à¥áá¨¨: +n =r1� 12"2 � (2n � 1)";��n = � +n ; ��n;n+1 = ��n � �":� áá¬®âà¨¬ í¥à£¥â¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¢§ ¨¬®-¤¥©áâ¢¨ï. �á«¨ ª®««¥ªâ®à ®âà ¡®â ëå í«¥ªâà®®¢à á¯®«®¦¥ ¢ ¯®«¥ ��   ®¯â¨¬ «ì®¬ à ááâ®ï¨¨ ®â¯®á«¥¤¥©, N -© ¤¨ äà £¬ë, â® áª®à®áâì ¢ë«¥â   outí«¥ªâà®  ¥áâì  out = p1� "2=2 � (2N + 1)",   ª¯¤®â¡®à  í¥à£¨¨ à ¢¥� = 2"(2N + 1) r1� 12"2 � (N + 12)" � "4(2N + 1)! :�®« £ ï  out = 0,  å®¤¨¬  ¯àï¦¥®áâì ¯®«ï"�(N ), ¯à¨ ª®â®à®© ¯à®¨áå®¤¨â ¯®«ë© ®â¡®à í¥à£¨¨í«¥ªâà®  ¢ �� á N ¤¨ äà £¬ ¬¨:"�(N ) = 1p(2N + 1)2 + 1=2 :�®áª®«ìªã ¤«ï �� ¡¥§ ¤¨ äà £¬ "�(0) = p2=3 [2,3],â® ¬ë ¯®«ãç ¥¬, çâ®  ¯àï¦¥®áâì ¯®«ï ã¬¥ìè ¥âáï¢ "�(0)"�(N) = q2(2N+1)2+13 à §. �«ï ¡®«ìè®£® ç¨á«  ¤¨ -äà £¬, N � 1, íâ® ®â®è¥¨¥ ¯à¨¬¥à® à ¢® 1,6N .�«ï ª®««¥ªâ®à , à á¯®«®¦¥®£® ¢¥ ��, á¨âã -æ¨ï ¥áª®«ìª® åã¦¥, ¯®áª®«ìªã ¯®«®áâìî ®áâ ®¢¨âìí«¥ªâà® ¥ ã¤ ¥âáï ¢¢¨¤ã â®£®, çâ® ¢® ¢p¥¬ï ¢ë«¥â ¨§ à¥§® â®à  ®  ¡¨à ¥â ¥ª®â®àãî ª¨¥â¨ç¥áªãîí¥à£¨î §  áç¥â ãáª®àïîé¥© ª¢ §¨¯®â¥æ¨ «ì®© á¨«ë� ¯®®¢ {�¨««¥à  [4]. � íâ®¬ á«ãç ¥ out =s4N2"2 � 4N"r1� 12"2 + 1;� = 4N" r1� 12"2 �N"! :

�«ï ¡®«ìè®£® ç¨á«  ª áª ¤®¢ ¨ ¬ «®©  ¯àï¦¥-®áâ¨ ¯®«ï (N � 1; " � 1), ª®£¤  ¬®¦® ¯à¥¥¡à¥çìª¢ ¤à â¨çë¬¨ ª¨¥¬ â¨ç¥áª¨¬¨ íää¥ªâ ¬¨, p §«¨ç¨ï¬¥¦¤ã ®¡®¨¬¨ á«ãç ï¬¨ ¯®«®¦¥¨ï ª®««¥ªâ®à  ¨áç¥§ -îâ ¨ ¯à¥¤ë¤ãé¨¥ ¢ëà ¦¥¨ï ¯à¨¨¬ îâ ¢¨¤ out = 1� 2N"; � = 4N"(1� N"); "�(N ) = 12N :�ç¥â ¯à®¨ª®¢¥¨ï ¯¥à¥¬¥®£® ¯®«ï ¢ ®â¢¥àáâ¨ï¤¨ äà £¬ ¯à®¢¥¤¥¬ ¢ ¯àï¬®ã£®«ì®©  ¯¯à®ªá¨¬ æ¨¨¯à®áâà áâ¢¥®£® à á¯à¥¤¥«¥¨ï  ¬¯«¨âã¤ë, â.¥. ¡ã-¤¥¬ áç¨â âì, çâ® ¢ n-¬ ®â¢¥àáâ¨¨ ¯®«¥ ¨§¬¥ï¥âáï ¯®§ ª®ã �n" sin', £¤¥ 0 6 �n 6 1 | ¥ª®â®àë© ¯®áâ®-ïë© ª®íää¨æ¨¥â. �§   «¨§  ¤¢¨¦¥¨ï § àï¦¥ëåç áâ¨æ ¢ íâ®¬ á«ãç ¥ á«¥¤ã¥â, çâ® ®¯â¨¬ «ì ï â®«é¨ ¤¨ äà £¬ ã¢¥«¨ç¨¢ ¥âáï: ��n = (2kn + 1)�( �n + �n"),¯®áª®«ìªã áà¥¤ïï áª®à®áâì ç áâ¨æë ¢ ®â¢¥àáâ¨¨ ¡®«ì-è¥, ç¥¬ ¢ ¯p¥¤ë¤ãé¥¬ á«ãç ¥. �à®¬¥ â®£®, ã¬¥ìè ¥âáï¢¥«¨ç¨  ¯®£ è¥¨ï áª®à®áâ¨ í«¥ªâà®    ®¤®¬ ª á-ª ¤¥:  �n+1 �  �n = �2(1 � �n)". �â¨ íää¥ªâë ¢ á¢®î®ç¥à¥¤ì ¯à¨¢®¤ïâ ª ã¬¥ìè¥¨î ª¯¤ í¥à£®®¡¬¥ ¨ ª à®áâã ç¨á«  ¤¨ äà £¬ N�("), ¥®¡å®¤¨¬ëå ¤«ï®áâ ®¢ª¨ í«¥ªâà®  ¯à¨ § ¤ ®© ¢¥«¨ç¨¥ ¯®«ï:� = 4N"(1� �)(1�N"(1� �)); N�(") = 12"(1� �) :� ¯®á«¥¤¨å ¤¢ãå ¢ëà ¦¥¨ïå ¬ë ®£à ¨ç¨«¨áì á«ã-ç ¥¬ ¬ «®©  ¬¯«¨âã¤ë ¯®«ï (N� � 1) ¨ ®¤¨ ª®¢ëå®â¢¥àáâ¨© ¢ ¤¨ äà £¬ å: �1 = � � � = �N� � �.�¨á«¥®¥ ¬®¤¥«¨à®¢ ¨¥ ª áª ¤®£® ®â¡®à  í¥à-£¨¨ ¢ ª¨¥¬ â¨ç¥áª®¬ ¯à¨¡«¨¦¥¨¨ ¢ ®âáãâáâ¢¨¥ ®â-à ¦¥ëå í«¥ªâà®®¢ â ª¦¥ ¯®ª §ë¢ ¥â, çâ® ¢¢¥¤¥¨¥¤®¯®«¨â¥«ìëå íâ ¯®¢ ®â¡®à  í¥à£¨¨ ¯à¨¢®¤¨â ªá¨¦¥¨î  ¯àï¦¥®áâ¨ ¯®«ï ¢ ��, ¯à¨ ª®â®à®© ¯à®-¨áå®¤¨â ¯®«ë© ®â¡®à í¥à£¨¨ í«¥ªâà®®¢. �¤ ª® ¯à¨íâ®¬ ¡®«¥¥ ¦¥áâª¨¬¨ áâ ®¢ïâáï âà¥¡®¢ ¨ï ª ä §®¢®©è¨à¨¥ í«¥ªâà®®£® á£ãáâª  ¨ à §¡à®áã áª®à®áâ¥©í«¥ªâà®®¢ ¢ ¯®â®ª¥.�  à¨á. 2 ¯®ª § ë £à ä¨ª¨ § ¢¨á¨¬®áâ¨ ª¯¤ ®â¤¥«ì-®£® í«¥ªâà® , ¢«¥â îé¥£® ¢ ãáâà®©áâ¢® ª áª ¤®£®®â¡®à  í¥à£¨¨, ®â ä §ë ¢«¥â  ¨  ç «ì®© áª®à®áâ¨¯à¨ à §«¨ç®¬ ç¨á«¥ ¤®¯®«¨â¥«ìëå ¤¨ äà £¬. �«¨ ¢®«ë à ¢  10 ¬ª¬, ¯®â¥æ¨ « ¯®â®ª  10 ª�. �¨¤®,çâ® ¨â¥à¢ «ë ä § ¢«¥â  ¨ áª®à®áâ¨ ¤«ï í«¥ªâà®®¢,®â¤ îé¨å á¢®î í¥à£¨î á ª¯¤ ¡®«¥¥ 50%, à¥§ª® áã-¦ îâáï á à®áâ®¬ ç¨á«  ¤¨ äà £¬. �¤ ª® ¯à¨ íâ®¬á«¥¤ã¥â § ¬¥â¨âì, çâ® ¯®«ë© ä §®¢ë© ¨â¥à¢ «, ¢ ª®-â®à®¬ í«¥ªâà®ë ®â¤ îâ á¢®î í¥à£¨î ¯®«î, ¢ æ¥«®¬¨§¬¥ï¥âáï ¬ «® á à®áâ®¬ ç¨á«  ¤¨ äà £¬ ¨ á®áâ ¢«ï¥â¯à¨¬¥à® 180o.�  à¨á. 3 ¯®ª §   § ¢¨á¨¬®áâì ª¯¤ ®â¡®à  í¥à£¨¨í«¥ªâà®  ¢ 100-á«®©®© ¤¨ äà £¬¥®© áâàãªâãà¥ ®â ¬¯«¨âã¤ë  ¯àï¦¥®áâ¨ ¯®«ï ¤«ï ¥áª®«ìª¨å § ç¥-¨© ä § ¢«¥â . � ª á«¥¤ã¥â ¨§ £à ä¨ª , íää¥ªâ¨¢®áâì¬®®â®® à áâ¥â á à®áâ®¬ ¯®«ï ¤® ¬ ªá¨¬ «ì®£®§ ç¥¨ï, ¥ ¯¥à¥å®¤ï ¢ ®¡« áâì ®âà¨æ â¥«ìëå ª¯¤.�à¨ ¡�®«ìè¨å ¯®«ïå í«¥ªâà® ¢ëå®¤¨â ¨§ ®¯â¨¬ «ì®£®à¥¦¨¬  ¨ ª¯¤ í¥à£®®â¡®à  ¯ ¤ ¥â. �®áª®«ìªã �(") > 0
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�¨á. 2. � ¢¨á¨¬®áâì ª¯¤ í«¥ªâà®  ®â ä §ë ¢«¥â  (a) ¨ ®â  ç «ì®© áª®à®áâ¨ (¡) ¯à¨ à §«¨ç®¬ ç¨á«¥¤®¯®«¨â¥«ìëå ¤¨ äà £¬ (æ¨äàë ¯à¨ ªà¨¢ëå)

�¨á. 3. � ¢¨á¨¬®áâì í¥à£®®â¡®à  ®â ¢¥«¨ç¨ë ¯®«ï¢ áâàãªâãà¥ ¯p¨ p §«¨çëå ä § å ¢«¥â  í«¥ªâp® ¯à¨ " 2 (0; "opt), â® ª áª ¤ë© ®â¡®à í¥à£¨¨ í«¥ªâà®-®£® á£ãáâª  ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢  ¢ í«¥ªâà®ëå£¥¥à â®à å á ¬ï£ª¨¬ ¢®§¡ã¦¤¥¨¥¬ ª®«¥¡ ¨©.�«ï ®æ¥ª¨ ¢«¨ï¨ï ªã«®®¢áª¨å á¨« ®¡ê¥¬®£®§ àï¤  ¨á¯®«ì§ã¥¬ ¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥ ¢â®-à®£® ¯®àï¤ª  ¤«ï áà¥¤¥© áª®à®áâ¨  í«¥ªâà®  [5],¯®«ãç¥®¥   ®á®¢¥ ¬¥â®¤  ¯®«®£® â®ª  �à¨¡¥à£ :d2 d'2 + (!2e + !2f ) = !2e; (1)£¤¥ !2e= e0�0m0"0!2 ; !2f = 14 d2"2(�)d�2 ;� | ¯«®â®áâì ®¡ê¥¬®£® § pï¤  ¢ ¯®â®ª¥, "0 | ¤¨í-«¥ªâp¨ç¥áª ï ¯p®¨æ ¥¬®áâì ¢ ªãã¬ , !2e | ®p¬¨p®-¢  ï ¯« §¬¥ ï ç áâ®â  ª®«¥¡ ¨© í«¥ªâp®®¢,   !2f®âà ¦ ¥â ¢«¨ï¨¥ ª¢ §¨¯®â¥æ¨ «ì®© á¨«ë � ¯®®-¢ {�¨««¥à    ú¬¥¤«¥®¥û ¤¢¨¦¥¨¥ ç áâ¨æë.

� «¥¥ ¯à¥¤¯®« £ ¥¬, çâ® ¯à®áâà áâ¢¥®¥ à á¯à¥-¤¥«¥¨¥  ¬¯«¨âã¤ë ¯®«ï ¢ i-¬ ¬¥¦¤¨ äà £¬¥®¬ § -§®à¥ ¤®áâ â®ç® å®à®è®  ¯¯à®ªá¨¬¨àã¥âáï «¨¥©®©äãªæ¨¥© ¨ ¯®íâ®¬ã ¬®¦® áç¨â âì i!2f � const ¤«ï«î¡®£® i.�¥èe¨¥ ãà ¢¥¨ï (1) ¢ íâ®©  ¯¯à®ªá¨¬ æ¨¨ ¨¬¥¥â¢¨¤i (') = di�(')d' ;i�(') = iC + !2e!2ef ' � iA!ef cos(!ef') + iB!ef sin(!ef');£¤¥ !ef=q!2e + i!2f , iA, iB, iC  å®¤ïâáï ¨§  ç «ìëåãá«®¢¨©   «¥¢®© £à ¨æ¥ i-£® § §®à :i�('i) = i�i; i ('i) = i i; di d' � i 0���'i = i 0i:�¤¥áì ¢¥àå¨© «¥¢ë© ¨¤¥ªá i ¯¥à¥¬¥ëå ®§ ç ¥â ¨åâ¥ªãé¥¥ § ç¥¨¥ ¢ i-¬ § §®à¥,   ¯à ¢ë© ¨¦¨© ãª -§ë¢ ¥â   § ç¥¨¥ íâ®© ¯¥à¥¬¥®©   i-© áâã¯¥ìª¥¯®«ï, â.¥.   ¢å®¤¥ ¢ íâ®â § §®à. iA, iB, iC ¢ ï¢®¬ ¢¨¤¥®¯à¥¤¥«ïîâáï á®®â®è¥¨ï¬¨iA = i 0i cos('i!ef )!ef + i i sin(i'!ef )� !2e!ef sin(i'!ef );iB = �i 0i sin(i'!ef )!ef + i i cos(i'!ef ) � !2e!ef cos(i'!ef );iC = i�i � !2e!2ef i'+ iAcos(i'!ef )!ef � iB sin(i'!ef )!ef :� i-¬ § §®à¥ á¢ï§ì áà¥¤¨å ¨ ¬£®¢¥ëå ¯¥à¥¬¥ëå¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à §®¬:i = i (') � i"(i�(')) cos';i� = i�(') � i"(i�(')) sin':



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®®¬¨ï. 1997. ü4 19�á¯®«ì§ãï ¥¯à¥àë¢®áâì ª®®à¤¨ âë ¨ áª®à®áâ¨¯à¨ ¯à®«¥â¥ í«¥ªâà®  ç¥à¥§ i-î áâã¯¥ìªã ¯®«ï, à §¤¥-«ïîéãî i-© ¨ (i � 1)-© § §®àë, i i = i�1 i, i�i = i�1�i,  â ª¦¥ ¯à¥¤¯®« £ ï i-î áâã¯¥ìªã ¯®«ï ¯à®§à ç®©¤«ï ¢®« ®¡ê¥¬®£® § àï¤  í«¥ªâà®®¢, â.¥. i 0i = i�1 0i,¯®«ãç ¥¬ ¢ëà ¦¥¨ï, á¢ï§ë¢ îé¨¥ áà¥¤îî áª®à®áâì¨ ª®®à¤¨ âã   ¯à ¢®© ¨ «¥¢®© £à ¨æ¥ i-© áâã¯¥ìª¨¯®«ï: i i = i�1 i + i"i cos'i � i�1"i cos'i ;i�i = i�1�i + i"i sin'i � i�1"i sin'i :�â¨ á®®â®è¥¨ï ¡ë«¨ ¢ ¤ «ì¥©è¥¬ ¨á¯®«ì§®¢ ë¤«ï ¯®áâà®¥¨ï ª®¬¯ìîâ¥à®© ¬®¤¥«¨ ª áª ¤®£® ®â-¡®à  í¥à£¨¨ ¯®â®ª  á ãç¥â®¬ ®¡ê¥¬®£® § àï¤  í«¥ª-âà®®¢.
�¨á. 4. �«¨ï¨¥ á¨« ®¡ê¥¬®£® § àï¤    íää¥ªâ¨¢®áâì¢§ ¨¬®¤¥©áâ¢¨ï í«¥ªâà®®¢ ¨ ¯®«ï�  à¨á. 4 ¯®ª § ® ¢«¨ï¨¥ ªã«®®¢áª¨å á¨«  í¥à£®®¡¬¥ ¢ áâàãªâãà¥, á®áâ®ïé¥© ¨§ 49 ¯¥à¨®¤®¢®¡é¥© â®«é¨®© 48,5 ¬ª¬; ¤«¨  ¢®«ë à ¢  10 ¬ª¬;à ááâ®ï¨¥ ®â £àã¯¯¨à®¢ â¥«ï 3 ¤® ¯¥à¢®© ¤¨ äà £¬ëà ¢® 30 ¬ª¬; ¯®â¥æ¨ « ¯®â®ª  10 ª�, ç¥¬ã á®®â¢¥â-áâ¢ã¥â í«¥ªâà® ï ¤«¨  ¢®«ë 2 ¬ª¬; ¬ ªá¨¬ «ì®¥¯®«¥ "max = 1�10�2, ®à¬¨à®¢  ï ¯« §¬¥ ï ç áâ®â !2e��max = 4; 7 � 10�4. � p áç¥â å ¯à¥¤¯®« £ «®áì ¯®áâ®-ïáâ¢®  ¬¯«¨âã¤ë ¯®«ï ¢ ¬¥¦¤¨ äà £¬¥ëå § §®à å(!2f = 0) ¨  ¤¨ ¡ â¨ç¥áª¨ ¬¥¤«¥®¥  à áâ ¨¥ ¯®«¨¥©®¬ã § ª®ã { ¯¥à¥¤ áâàãªâãà®©: " = 10�4�, â.¥.!2f = 0; 5 � 10�8 � !2e.

�§ £à ä¨ª  (p¨á. 4) ¢¨¤®, çâ® ¯®¢ëè¥¨¥ ¯«®â®áâ¨â®ª  ¢ ¯®â®ª¥ ¯à¨¢®¤¨â á ç «  ª ¯ ¤¥¨î í«¥ªâà®®-£® ª¯¤,   § â¥¬ ª ¥£® à®áâã. �à¨ç¨  íâ®£® § ª«îç ¥âáï¢ â®¬, çâ® ¤¢¨¦¥¨¥ ç áâ¨æ ¯®â®ª  ä®p¬¨pã¥âáï ¯p¨ ®¤-®¢p¥¬¥®¬ ¢®§¤¥©áâ¢¨¨ ¢¥è¥£® ¯¥à¥¬¥®£® ¯®«ï¨ ªã«®®¢áª¨å á¨« ®¡ê¥¬®£® § àï¤  í«¥ªâà®®¢. �«®â-®áâì â®ª , ¯à¨ ª®â®à®© ¢«¨ï¨¥ ®¡ê¥¬®£® § àï¤  áâ -®¢¨âáï áãé¥áâ¢¥ë¬, ®¯à¥¤¥«ï¥âáï ®à¬¨à®¢ ®©¯« §¬¥®© ç áâ®â®© ¤«ï í«¥ªâà®®¢ ¢ ¯®â®ª¥ ¨ § ¢¨á¨â®â ç áâ®âë á¨£ « : ¤«ï à áá¬ âà¨¢ ¥¬®£® ¯à¨¬¥à  íâ®106 � 107 A/á¬2. � ¬¥â¨¬, çâ® â ª¨¥ ¯«®â®áâ¨ â®ª ¢¯®«¥ à¥ «¨§ã¥¬ë ¯à¨ ¨á¯®«ì§®¢ ¨¨ ¢ í«¥ªâà®®¬¯à¨¡®à¥ ¬ âà¨çëå ª â®¤®¢ á  ¢â®í«¥ªâà®®© í¬¨á-á¨¥©.�à®¢¥¤¥ë©   «¨§ ª áª ¤®£® ®â¡®à  í¥à£¨¨í«¥ªâà®  ¯®«¥¬ �� ¯®ª §ë¢ ¥â, çâ® ¢®§¬®¦® áã-é¥áâ¢¥® á¨§¨âì  ¯àï¦¥®áâì ¯®«ï ¢ ¢ëå®¤®¬à¥§® â®à¥ í«¥ªâà®®£® ãá¨«¨â¥«ï ¨«¨ £¥¥à â®à . �¤- ª® ã¢¥«¨ç¥¨¥ ç¨á«  íâ ¯®¢ ®â¡®à  í¥à£¨¨ âà¥¡ã¥â¢ë¯®«¥¨ï ¯à ¢¨«ìëå ä §®¢ëå ãá«®¢¨© ¤¢¨¦¥¨ïí«¥ªâà®®¢ ¢® ¬®£¨å â®çª å ¨å âà ¥ªâ®à¨¨, çâ® ¢ á¢®î®ç¥à¥¤ì ¯à¨¢®¤¨â ª ¤®¯®«¨â¥«ìë¬ ®£à ¨ç¥¨ï¬  à §¡à®á áª®à®áâ¥© ¢ ¯®â®ª¥,   áâ¥¯¥ì ä §®¢®© ª®¬-¯à¥áá¨¨ ¯à¨£®â®¢«ï¥¬®£® í«¥ªâà®®£® á£ãáâª  ¨ ¬®-¦¥â ®¡ãá«®¢¨âì á¨¦¥¨¥ ¯«®â®áâ¨ ®¡ê¥¬®£® § àï¤ ¢ ¯ãçª¥ ¨ áã¦¥¨¥ ¤®¯ãáâ¨¬ëå ¯p¥¤¥«®¢ ¯®¯¥à¥ç®©¥®¤®à®¤®áâ¨ ¯¥à¥¬¥®£® ¯®«ï ¨ í«¥ªâà®®£® ¯®-â®ª . �á¥ íâ¨ ¢®¯à®áë âà¥¡ãîâ ¤¥â «ì®£® ¨áá«¥¤®¢ -¨ï ¢ ª ¦¤®¬ ª®ªà¥â®¬ á«ãç ¥ á ¯à¨¢«¥ç¥¨¥¬ ¡®«¥¥¯®«ëå ¬®¤¥«¥© ¢§ ¨¬®¤¥©áâ¢¨ï.� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®-¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨© (£p â 96-02-16197).�¨â¥p âãp 1. �â ¯p á �., � ªªìî �. �., �îâæ �. �. // �®éë¥ í«¥ª-âà®¢ ªãã¬ë¥ ¯à¨¡®àë ��� / �®¤ à¥¤. �. �«í¬¯¨ââ .�., 1974. C.33.2. �«¥ªá¥¥¢ �. �., �®áâ¨¥ª® �. �. // �«¥ªâà® ï â¥å¨ª .�¥à. 1, �«¥ªâà®¨ª  ���. 1987. ü 6. �. 3.3. �«¥ªá¥¥¢ �.�., �ãå®àãª®¢ �. �. // �¥áâ. �®áª. ã-â .�¨§. �áâà®. 1994. ü 4. C. 15 (Moscow University Phis. Bull.1994. ü 4. P. 10).4. � ¯®®¢ �.�., �¨««¥à �. �. // ����. 1958. 34, ü 16.�. 242.5. �«¥ªá¥¥¢ �. �. // ���. 1991. 61, ü10. �. 19.�®áâã¯¨«  ¢ p¥¤ ªæ¨î20.12.96


