
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò2 27�������������� 533.951.8 �������� �������������� ��� ����� ���� ������������� ��������� ������ ������ ���������������.�. � àâ è®¢, �.�. �ã§¥«¥¢(ª ä¥¤à  ä¨§¨ç¥áª®© í«¥ªâà®¨ª¨)E-mail: kartashov@ph-elec.phys.msu.su� áá¬®âà¥  § ¤ ç  à §¢¨â¨ï ¥ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ë, ª®â®à ï ®¡ãá«®¢«¥   «¨ç¨¥¬ ¤¢ãåá¢ï§ ëå ¢®« ¢¡«¨§¨ ¯®«®áë ¥¯à®§à ç®áâ¨. �®ª § ®, çâ® ¢ íâ®¬ á«ãç ¥ á¨áâ¥¬  ï¢«ï¥âáï ¡á®«îâ® ¥ãáâ®©ç¨¢®©. � ©¤¥ë ¨ªà¥¬¥âë à §¢¨â¨ï ¥ãáâ®©ç¨¢®áâ¨.�áá«¥¤®¢ ¨¥ ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ë ®â®á¨â¥«ì-® ¬ «ëå ¬®®åà®¬ â¨ç¥áª¨å ¢®§¬ãé¥¨© á¢®¤¨âáïª à¥è¥¨î ¤¨á¯¥àá¨®®£® ãà ¢¥¨ï D(!; k) = 0 ,ª®â®à®¥ ¯®«ãç ¥âáï ¢ à¥§ã«ìâ â¥ «¨¥ à¨§ æ¨¨<ãà ¢¥¨© ¤¢¨¦¥¨ï> á¨áâ¥¬ë ®â®á¨â¥«ì® ¬ -«ëå ¢®§¬ãé¥¨© ¢¨¤  exp(�i!t + ikx) . � áâ®â ! = !(k) ®¯à¥¤¥«ï¥â ¢à¥¬¥�ãî ¤¨ ¬¨ªã à §¢¨â¨ï¢®§¬ãé¥¨© á ¢®«®¢ë¬ ç¨á«®¬ k . �á«¨ ¬¨¬ ïç áâì ç áâ®âë ¯®«®¦¨â¥«ì  (Im! > 0) ¢ ¥ª®â®à®©®¡« áâ¨ k , â®  ¬¯«¨âã¤  ¢®§¬ãé¥¨© íªá¯®¥æ¨- «ì®  à áâ ¥â á® ¢à¥¬¥¥¬ ¨ á¨áâ¥¬  ¥ãáâ®©ç¨¢ .�¤ ª®   ®á®¢ ¨¨ «¨èì § ª  Im! ¥«ì§ï ¤¥« âì¢ë¢®¤ ® à®áâ¥ ¢®§¬ãé¥¨© ¢ ä¨ªá¨à®¢ ®© â®çª¥¯à®áâà áâ¢ .�¥ «ì® ¢®§¬ãé¥¨¥ ¯à¥¤áâ ¢«ï¥â á®¡®© ¥ ¬®®-åà®¬ â¨ç¥áªãî ¢®«ã,   á®¢®ªã¯®áâì â ª¨å ¢®« |¢®«®¢®© ¯ ª¥â. �®®åà®¬ â¨ç¥áª¨¥ ¢®«ë, ¢å®¤ï-é¨¥ ¢ ¯ ª¥â, íªá¯®¥æ¨ «ì®  à áâ îâ,   á ¬ ¢®«-®¢®© ¯ ª¥â ¯à¨ íâ®¬ á®á¨âáï. �®ªãà¥æ¨ï íâ¨å¤¢ãå ¯à®â¨¢®¯®«®¦ëå ä ªâ®à®¢ | à®áâ   ¬¯«¨âã-¤ë ¢®§¬ãé¥¨© ¯à¨ t!1 §  áç¥â ¥ãáâ®©ç¨¢®áâ¨¨ ã¬¥ìè¥¨ï §  áç¥â ¯¥à¥¬¥é¥¨ï ®£à ¨ç¥®£®¢ ¯à®áâà áâ¢¥ ¯ ª¥â  | ¨ ®¯à¥¤¥«ïîâ ¯®¢¥¤¥¨¥¢®§¬ãé¥¨© ¢ ä¨ªá¨à®¢ ®© â®çª¥ ¯à®áâà áâ¢  x .�«ï  ¤¥ª¢ â®£® ®¯¨á ¨ï ¤¨ ¬¨ª¨ à §¢¨â¨ï¢®§¬ãé¥¨© ¢ ¥ãáâ®©ç¨¢®© á¨áâ¥¬¥ âà¥¡ã¥âáï, ¢®-®¡é¥ £®¢®àï, à¥è¥¨¥  ç «ì®© § ¤ ç¨. �¤ ª®¬®¦® ¯®ª § âì, çâ® ¯à¨ t!1 å à ªâ¥à ¥ãáâ®©-ç¨¢®áâ¨ ®¯à¥¤¥«ï¥âáï ¨áª«îç¨â¥«ì® ¤¨á¯¥àá¨®-ë¬ ãà ¢¥¨¥¬ ¨ ®â ¢¨¤   ç «ìëå ãá«®¢¨© ¥§ ¢¨á¨â [1{4]. �á«¨ ¢®§¬ãé¥¨ï ¢ ä¨ªá¨à®¢ ®©â®çª¥ ¥ãáâ®©ç¨¢®© á¨áâ¥¬ë  à áâ îâ á® ¢à¥¬¥¥¬,â® ¢ â ª®¬ á«ãç ¥ £®¢®àïâ ®¡  ¡á®«îâ®© ¥ãáâ®©-ç¨¢®áâ¨. �á«¨ ¦¥ íâ¨ ¢®§¬ãé¥¨ï ¥  à áâ îâ ¢ä¨ªá¨à®¢ ®© â®çª¥ x (®¡ëç® áâà¥¬ïâáï ª ã«î),â® £®¢®àïâ ® ª®¢¥ªâ¨¢®© (á®á®¢®©) ¥ãáâ®©ç¨¢®-áâ¨. � à ªâ¥à ¥ãáâ®©ç¨¢®áâ¨ ®¯à¥¤¥«ï¥âáï â®çª ¬¨¢¥â¢«¥¨ï äãªæ¨© k = k(!) | à¥è¥¨© ¤¨á¯¥àá¨-®®£® ãà ¢¥¨ï. �á«¨  ©¤¥âáï å®âï ¡ë ®¤  â®çª ¢¥â¢«¥¨ï ! = !1 + i!2 á ¯®«®¦¨â¥«ì®© ¬¨¬®©ç áâìî !2 > 0 , ¯à¨ç¥¬ íâ® ¥áâì â®çª  ¢¥â¢«¥¨ï¢®« k = k(!) , á®®â¢¥âáâ¢ãîé¨å à §«¨çë¬  -

¯à ¢«¥¨ï¬ à á¯à®áâà ¥¨ï, â® á¨áâ¥¬  ï¢«ï¥âáï ¡á®«îâ® ¥ãáâ®©ç¨¢®©. �á«¨ â ª¨å â®ç¥ª ¢¥â¢«¥-¨ï ¢ ¥ãáâ®©ç¨¢®© á¨áâ¥¬¥ ¥â, â® ¥ãáâ®©ç¨¢®áâìª®¢¥ªâ¨¢ .� áá¬®âà¨¬ ¤¨á¯¥àá¨®®¥ ãà ¢¥¨¥ ¤«ï ¤¢ãåá¢ï§ ëå ¢®«(!� !p(k))(! � ku� !b(k)) = �: (1)� ª®¥ ãà ¢¥¨¥ ®¯¨áë¢ ¥â,  ¯à¨¬¥à, ¥ãáâ®©ç¨-¢®áâì í«¥ªâà®®£® ¯ãçª , ¤¢¨¦ãé¥£®áï á® áª®à®-áâìî u ¢ ¯« §¬¥ ¢ à¥¦¨¬¥ ª®««¥ªâ¨¢®£® íää¥ªâ �¥à¥ª®¢  [5, 6]. �ãªæ¨¨ !p(k) ¨ !b(k) ®¯à¥¤¥-«ïîâ á¯¥ªâà ç áâ®â ¯« §¬¥®© ¨ ¯ãçª®¢®© ¢®«á®®â¢¥âáâ¢¥®. � à ¬¥âà � § ¤ ¥â á¢ï§ì ¤¢ãå ¢®«,¯à¨ç¥¬ ¥£® § ª ¬®¦¥â ¡ëâì, ª ª ¯®«®¦¨â¥«ìë¬,â ª ¨ ®âà¨æ â¥«ìë¬. � ¨¡®«¥¥ á¨«ì ï á¢ï§ì ¤¢ãå¢®« ¨¬¥¥â ¬¥áâ® ¢¡«¨§¨ â®çª¨ ¯¥à¥á¥ç¥¨ï ¨å ¤¨á-¯¥àá¨®ëå ªà¨¢ëå, ª®â®à ï  å®¤¨âáï ¨§ á¨áâ¥¬ëãà ¢¥¨© !0 = !p(k0);!0 = k0u+!b(k0): (2)�à¥¤¯®« £ ï ¢®«®¢®© ¯ ª¥â ¤®áâ â®ç® ã§ª¨¬ ¨à §« £ ï äãªæ¨¨ !p;b(k) ¢ àï¤ ®â®á¨â¥«ì® k�k0 ,®£à ¨ç¨¢è¨áì «¨¥©ë¬ ¯à¨¡«¨¦¥¨¥¬, ¯®«ãç¨¬(!�!0 � vp(k� k0))(! �!0 � vb(k� k0)) = �; (3)£¤¥ vp = @!p@k (k0) , vb = u + @!b@k (k0) | £àã¯¯®¢ë¥áª®à®áâ¨ ¢®«.� à ªâ¥à ¥ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ë á â ª¨¬ ¤¨á-¯¥àá¨®ë¬ ãà ¢¥¨¥¬ ®¯à¥¤¥«ï¥âáï ¯à ¢¨« ¬¨�âíàà®ª . �®§¬®¦ë ç¥âëà¥ à §«¨çëå á«ãç ï[1{4].1) �á«¨ vpvb > 0 , � > 0 , â® ¢¥é¥áâ¢¥ë¬ k � k0á®®â¢¥âáâ¢ãîâ ¢¥é¥áâ¢¥ë¥ !�!0 , ¢¥é¥áâ¢¥ë¬!�!0 á®®â¢¥âáâ¢ãîâ ¢¥é¥áâ¢¥ë¥ k�k0 ,   § ç¨â,á¨áâ¥¬  ãáâ®©ç¨¢  ¨ ¢®«ë à á¯à®áâà ïîâáï ¡¥§ãá¨«¥¨ï.2) �á«¨ vpvb < 0 , � > 0 , â® ¢¥é¥áâ¢¥ë¬ k � k0á®®â¢¥âáâ¢ãîâ ¢¥é¥áâ¢¥ë¥ ! � !0 ,   § ç¨â, á¨á-â¥¬  ãáâ®©ç¨¢ . �¥é¥áâ¢¥ë¬ ! � !0 ¢ ¥ª®â®à®©®¡« áâ¨ ç áâ®â á®®â¢¥âáâ¢ãîâ ª®¬¯«¥ªá® á®¯àï¦¥-14 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò2



28 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò2ë¥ k � k0 . �¨¬ë¥ ç áâ¨ k � k0 ®§ ç îâ ¥ãá¨«¥¨¥ ¢ ®¤®¬ ¨§  ¯à ¢«¥¨©,   § âãå ¨¥ ¢¯à®â¨¢®¯®«®¦®¬ (¥¯à®¯ãáª ¨¥ ª®«¥¡ ¨©).3) �á«¨ vpvb > 0 , � < 0 , â® ¢¥é¥áâ¢¥ë¬ k � k0¢ ¥ª®â®à®© ®¡« áâ¨ á®®â¢¥âáâ¢ãîâ ª®¬¯«¥ªá® á®-¯àï¦¥ë¥ ! � !0 ,   § ç¨â, á¨áâ¥¬  ª®¢¥ªâ¨¢®¥ãáâ®©ç¨¢ . �¥é¥áâ¢¥ë¬ ! � !0 ¢ ¥ª®â®à®©®¡« áâ¨ ç áâ®â á®®â¢¥âáâ¢ãîâ ª®¬¯«¥ªá® á®¯àï¦¥-ë¥ k�k0 . � «¨ç¨¥ ¬¨¬ëå ç áâ¥© ã k�k0 ®§ ç ¥âãá¨«¥¨¥.4) �á«¨ vpvb < 0 , � < 0 , â® ¢¥é¥áâ¢¥ë¬ k�k0 ¢¥ª®â®à®© ®¡« áâ¨ á®®â¢¥âáâ¢ãîâ ª®¬¯«¥ªá® á®¯àï-¦¥ë¥ !�!0 , ¢¥é¥áâ¢¥ë¬ !�!0 á®®â¢¥âáâ¢ãîâ¢¥é¥áâ¢¥ë¥ k � k0 , ¯à¨ íâ®¬ á¨áâ¥¬   ¡á®«îâ®¥ãáâ®©ç¨¢  ¨ áâ æ¨® à®¥ á®áâ®ï¨¥ ¥ ãáâ  ¢«¨-¢ ¥âáï.�¡«¨§¨ ¯®«®áë ¥¯à®§à ç®áâ¨ á¨áâ¥¬ë £àã¯¯®-¢ ï áª®à®áâì ®¤®© ¨§ ¢®« à ¢  ã«î ¨ ¥®¡å®¤¨¬ãç¥â á«¥¤ãîé¥£® ç«¥  à §«®¦¥¨ï ¯® k�k0 . �®« -£ ï vp = 0 , ¯à¥®¡à §ã¥¬ ¤¨á¯¥àá¨®®¥ ãà ¢¥¨¥ ª¢¨¤ã:�!�!0 � �(k� k0)2� (!�!0 � vb(k� k0)) = �: (4)�¢®¤ï ®¢ë¥ ¡¥§à §¬¥àë¥ ¯¥à¥¬¥ë¥ ¯¥à¥¯¨-è¥¬ (4) �~!� ~�~k2� (~!� ~k) = ~�; (5)£¤¥ ~� = �1 [6]. � ¤ «ì¥©è¥¬ § ª â¨«ì¤ë ®¯ãáª -¥¬, á®åà ¨¢ â ª¨¬ ®¡à §®¬ ¯à¥¦¨¥ ®¡®§ ç¥¨ï,  â ª¦¥ áç¨â ¥¬, çâ® � > 0 . �à ¢¥¨¥,   «®-£¨ç®¥ (5) ¯à¨ ! � k ¢® ¢â®à®¬ ¬®¦¨â¥«¥, à á-á¬ âà¨¢ «®áì ¢ [7]. �¤ ª® â ª®¥ ¯à¥¥¡à¥¦¥¨¥ä ªâ¨ç¥áª¨ ¯à¨¢®¤¨â ª ãà ¢¥¨î, ®¯¨áë¢ îé¥¬ããáâ®©ç¨¢ë¥ ª®«¥¡ ¨ï,   â ª¦¥ ¨áª ¦ ¥â  á¨¬¯â®â¨-ªã ª®à¥© k(!) ¯à¨ Im!!1 , çâ® áãé¥áâ¢¥® ¤«ïª« áá¨ä¨ª æ¨¨ ¢®« ¯®  ¯à ¢«¥¨ï¬ à á¯à®áâà -¥¨ï. �  áâ®ïé¥© à ¡®â¥   «¨§¨àã¥âáï ¤¨á¯¥àá¨-®®¥ ãà ¢¥¨¥ á â®ç®© § ¢¨á¨¬®áâìî ®â ç áâ®âë.�¥è¥¨ï !(k) ãà ¢¥¨ï (5) ¨¬¥îâ ¢¨¤! = 12 nk(�k + 1)�pk2(�k � 1)2 +4�o : (6)�á«¨ � =+1 , â® ¯®¤ª®à¥®¥ ¢ëà ¦¥¨¥ ¢ (6) ¢á¥£¤ ¯®«®¦¨â¥«ì®,   § ç¨â, ®¡  § ç¥¨ï ! ¢¥é¥áâ¢¥-ë ¨ á¨áâ¥¬  ãáâ®©ç¨¢ . �î¡®¥  ç «ì®¥ ¢®§¬ã-é¥¨¥ ¥ ¡ã¤¥â  à áâ âì á® ¢à¥¬¥¥¬. �®¢¥¤¥¨¥¤¨á¯¥àá¨®ëå ªà¨¢ëå ¢ íâ®¬ á«ãç ¥ ¤«ï � = 1¯®ª § ®   à¨á. 1. �ãªâ¨àë¥ «¨¨¨ ¯à¥¤áâ ¢-«ïîâ á®¡®© ¤¨á¯¥àá¨®ë¥ ªà¨¢ë¥, ®¯à¥¤¥«ï¥¬ë¥ãà ¢¥¨ï¬¨ ! � �k2 = 0 ¨ ! � k = 0 , á¯«®èë¥«¨¨¨ | à¥è¥¨¥ ¤¨á¯¥àá¨®®£® ãà ¢¥¨ï (5) áãç¥â®¬ á¢ï§¨ ¢®«.�à¨ � =�1 ¢ ®¡« áâ¨ ¢®«®¢ëå ç¨á¥«, ®¯à¥¤¥«ï-¥¬ëå ¥à ¢¥áâ¢ ¬¨�2< k(�k � 1)< 2; (7)ç áâ®âë ! | à¥è¥¨ï ¤¨á¯¥àá¨®®£® ãà ¢¥¨ï (5)áâ ®¢ïâáï ª®¬¯«¥ªá® á®¯àï¦¥ë¬¨ ¨ ¢ á¨áâ¥¬¥

���������	
���������¨á. 1. �¨á¯¥àá¨®ë¥ ªà¨¢ë¥ ¯à¨ � = 1 , �= 1 . �âà¨å®-¢ ë¥ ªà¨¢ë¥ | â¥ ¦¥ ¢®«ë ¢ ®âáãâáâ¢¨¥ á¢ï§¨à §¢¨¢ ¥âáï ¥ãáâ®©ç¨¢®áâì. �¥è ï á¨áâ¥¬ã ¥à -¢¥áâ¢ (7) ¤«ï á«ãç ï � > 0 , ®¯à¥¤¥«ï¥¬, çâ® ¯à¨� > 1=8 ¢®«®¢ë¥ ç¨á«  k , ¯à¨ ª®â®àëå à §¢¨¢ ¥âáï¥ãáâ®©ç¨¢®áâì, à á¯®«®¦¥ë ¢ á«¥¤ãîé¥© ®¡« áâ¨:1�p1 + 8�2� < k < 1 +p1 + 8�2� : (8)� á«ãç ¥ ¦¥ � < 1=8 â ª¨å ®¡« áâ¥© ¤¢¥:1�p1 + 8�2� < k < 1�p1� 8�2� ;1 +p1� 8�2� < k < 1 +p1 + 8�2� (9)¢ á®®â¢¥âáâ¢¨¨ á ª®«¨ç¥áâ¢®¬ â®ç¥ª ¯¥à¥á¥ç¥¨ï ¯ -à ¡®«ë ! = �k2 á ¯àï¬®© ! = k (k = 0 , k = 1=�), ¢ª®â®àëå § ç¥¨¥ ¨ªà¥¬¥â  Im! = 1 . �  à¨á. 2, 3¨§®¡à ¦¥ë ¤¨á¯¥àá¨®ë¥ ªà¨¢ë¥ (á¯«®èë¥ «¨-¨¨   à¨á. 2, , 3, ) ¨ ¨ªà¥¬¥âë ¥ãáâ®©ç¨¢®áâ¨¯à¨ � = �1 ¤«ï á«ãç ¥¢ � = 1 ¨ � = 0:1 á®®â¢¥â-áâ¢¥®. � ®¡« áâ¨ ¢®«®¢ëå ç¨á¥« k , £¤¥ ¨¬¥¥âáï¥ãáâ®©ç¨¢®áâì, à¥è¥¨ï (6) ª®¬¯«¥ªá® á®¯àï¦¥-ë¥. �®«®¦¨â¥«ì ï ¬¨¬ ï ç áâì ¯à¥¤áâ ¢«ï¥âá®¡®© ¨ªà¥¬¥â ¥ãáâ®©ç¨¢®áâ¨, § ¢¨á¨¬®áâì ª®â®-à®£® ®â k ¯®ª §     à¨á. 2,¡, 3, ¡. �¥é¥áâ¢¥ ïç áâì ç áâ®âë ¢ ®¡« áâ¨ ¥ãáâ®©ç¨¢®áâ¨ ¨§®¡à ¦¥ èâà¨å®¢ ®© ªà¨¢®©   à¨á. 2, , 3, . �ãªâ¨àë¥ªà¨¢ë¥ â¥ ¦¥, çâ® ¨   à¨á. 1.�¯à¥¤¥«¨¬ â¥¯¥àì å à ªâ¥à ¥ãáâ®©ç¨¢®áâ¨ á¨á-â¥¬ë, ®¯¨áë¢ ¥¬®© ¤¨á¯¥àá¨®ë¬ ãà ¢¥¨¥¬ (5)á � = �1 . �®çª¨ ¢¥â¢«¥¨ï äãªæ¨© k = k(!) |à¥è¥¨© ¤¨á¯¥àá¨®®£® ãà ¢¥¨ï (5) | ®¯à¥¤¥-«ïîâáï á¨áâ¥¬®© [1{4]D(!; k) = 0; @D(!; k)@k = 0: (10)�á¯®«ì§ãï ¤¨á¯¥àá¨®®¥ ãà ¢¥¨¥ (5), ¨§ (10)¬®¦® ¯®«ãç¨âì ãà ¢¥¨¥ ¯ïâ®© áâ¥¯¥¨ ®â®-á¨â¥«ì® ! ¤«ï ®¯à¥¤¥«¥¨ï â®ç¥ª ¢¥â¢«¥¨ï
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���������	
�������������������� !"�¨á. 2. �¨á¯¥àá¨®ë¥ ªà¨¢ë¥ ( ) ¨ ¨ªà¥¬¥â ¥ãáâ®©ç¨-¢®áâ¨ (¡) ¯à¨ � =�1 , �= 1 . �ãªâ¨à ï ªà¨¢ ï | Re!¢ ®¡« áâ¨ ¥ãáâ®©ç¨¢®áâ¨. �âà¨å®¢  ï ªà¨¢ ï | â¥ ¦¥¢®«ë ¢ ®âáãâáâ¢¨¥ á¢ï§¨! = !1 + i!2 . �â® ãà ¢¥¨¥ ¢ á«ãç ¥ � > 1=8¨¬¥¥â ®¤¨ ¢¥é¥áâ¢¥ë© ¨ ç¥âëà¥ ª®¬¯«¥ªáëåª®àï, ¢ á«ãç ¥ � < 1=8 | âà¨ ¢¥é¥áâ¢¥ëå ¨ ¤¢ ª®¬¯«¥ªáëå ª®àï. �¥é¥áâ¢¥ë¥ â®çª¨ ¢¥â¢«¥¨ïäãªæ¨© k = k(!)   à¨á. 2, , 3,  á®®â¢¥âáâ¢ãîâ§ ç¥¨ï¬ ! , ¢ ª®â®àëå ¤¢  § ç¥¨ï k á«¨¢ îâáï ¢®¤®. � ª¨¬ ®¡à §®¬, ¢ § ¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨ë �¨¬¥¥¬ «¨¡® ®¤ã, «¨¡® ¤¢¥ â®çª¨ ¢¥â¢«¥¨ï á ¯®«®-¦¨â¥«ì®© ¬¨¬®© ç áâìî !2 > 0 .�¨á¯¥àá¨®®¥ ãà ¢¥¨¥ (5) ¤«ï § ¤ ®£® § -ç¥¨ï ! ®¯à¥¤¥«ï¥â âà¨ ¢®«ë á à §«¨çë¬¨ k .�áâà¥¬«ïï ¬¨¬ãî ç áâì ç áâ®âë Im! ! 1 ¯à¨ä¨ªá¨à®¢ ®© ¢¥é¥áâ¢¥®© ç áâ¨ Re! , ¬®¦®¯®«ãç¨âì  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥ ª®à¥©:k(!)� i Im!; k(!)��(1 + i)pIm!=2�: (11)�¢  ¨§ ¨å á®®â¢¥âáâ¢ãîâ ¢®« ¬, § âãå îé¨¬ ¢¯®«®¦¨â¥«ì®¬  ¯à ¢«¥¨¨ ®á¨ x , ®¤¨ | ¢ ®â-à¨æ â¥«ì®¬. �à¥¤¥«ìë© ¯¥à¥å®¤ Im!!1 ®§ -ç ¥â ¬£®¢¥®¥ ¢ª«îç¥¨¥ ¨áâ®ç¨ª  ¢®§¬ãé¥¨©á ç áâ®â®© Re! ¢ ¥ª®â®à®© â®çª¥ ¯à®áâà áâ¢  áª®®à¤¨ â®© x . � § ç¨â, à á¯à®áâà ïîé¨¬¨áï ¢¤ ®¬  ¯à ¢«¥¨¨ á ç áâ®â®© Re! á«¥¤ã¥â áç¨-â âì ¢®«ë, § âãå îé¨¥ ¢ ¤ ®¬  ¯à ¢«¥¨¨ ¯à¨

���������	
�������������������� !"�¨á. 3. �¨á¯¥àá¨®ë¥ ªà¨¢ë¥ ( ) ¨ ¨ªà¥¬¥â ¥ãáâ®©-ç¨¢®áâ¨ (¡) ¯à¨ � = �1 , � = 0:1 . �ãªâ¨à ï ªà¨¢ ï |Re! ¢ ®¡« áâ¨ ¥ãáâ®©ç¨¢®áâ¨. �âà¨å®¢  ï ªà¨¢ ï |â¥ ¦¥ ¢®«ë ¢ ®âáãâáâ¢¨¥ á¢ï§¨áâà¥¬«¥¨¨ Im!!1 [1{4]. � ª ï ª« áá¨ä¨ª æ¨ï¢®« ¯®  ¯à ¢«¥¨î à á¯à®áâà ¥¨ï á®®â¢¥âáâ¢ã-¥â ¯à¨æ¨¯ã ¯à¨ç¨®áâ¨. � à ªâ¥à ¥ãáâ®©ç¨¢®-áâ¨ á¨áâ¥¬ë ®¯à¥¤¥«ï¥âáï ¯®¢¥¤¥¨¥¬ ª®à¥© k(!)¢¡«¨§¨ â®ç¥ª ¢¥â¢«¥¨ï á Im! > 0 . � ¨¬¥®, ¥á«¨¨¬¥¥âáï å®âï ¡ë ®¤  â®çª  ¢¥â¢«¥¨ï á Im! > 0 ,¢ ª®â®à®© ¢¥â¢ïâáï ª®à¨ k(!) , á®®â¢¥âáâ¢ãîé¨¥¢®« ¬ á à §«¨çë¬¨  ¯à ¢«¥¨ï¬¨ à á¯à®áâà -¥¨ï (¬¨¬ë¥ ç áâ¨ Imk ¨¬¥îâ à §ë¥ § ª¨¯à¨ Im!!1), â® á¨áâ¥¬   ¡á®«îâ® ¥ãáâ®©ç¨¢ .�à¨ç¥¬  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥ ¢®§¬ãé¥¨© ¯à¨t!1 ®¯à¥¤¥«ï¥âáï â®çª®© ¢¥â¢«¥¨ï ¢®« k(!) áà §«¨çë¬  ¯à ¢«¥¨¥¬ à á¯à®áâà ¥¨ï ¨ ¬ ªá¨-¬ «ì®© ¬¨¬®© ç áâìî, â. ¥. � exp(!2t� i!1t) . �®¢á¥å ¤àã£¨å á«ãç ïå ¥ãáâ®©ç¨¢ ï á¨áâ¥¬  ª®¢¥ª-â¨¢® ¥ãáâ®©ç¨¢  [1{4].�  à¨á. 4 ¯à¥¤áâ ¢«¥® ¯®¢¥¤¥¨¥ ª®à¥© k(!)  ª®¬¯«¥ªá®© ¯«®áª®áâ¨ ¤«ï á«ãç ï � = 1¯à¨ ¨§¬¥¥¨¨ ç áâ®âë ¢¤®«ì ª®âãà  Re! = !1 ,+1 > Im! > !2 . �à¨  ¡®à  â®ç¥ª á à §ë¬¨ ¬ à-ª¨à®¢ª ¬¨ á®®â¢¥âáâ¢ãîâ âà¥¬ à §«¨çë¬ ¢¥â¢ï¬k(!) . �¬¥ìè ï ¬¨¬ãî ç áâì ç áâ®âë Im! ®â ¤®-áâ â®ç® ¡®«ìè®£® § ç¥¨ï ¤® !2 , ¯à¨ ä¨ªá¨à®¢ -®© ¢¥é¥áâ¢¥®© ç áâ¨ !1 ¯®«ãç¨¬ íâ¨ âà¨  ¡®à â®ç¥ª k(!) , ¤¢  ¨§ ª®â®àëå áâà¥¬ïâáï ª ®¤®¬ã15 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò2
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����¨á. 4. �®¢¥¤¥¨¥ ª®à¥© k(!)   ª®¬¯«¥ªá®© ¯«®áª®áâ¨¯à¨ ¨§¬¥¥¨¨ ç áâ®âë ! ®â !1 + i1 ¤® !1 + i!2¯à¥¤¥«ã (â®çª  k = �0:34 � 0:16i   à¨á. 4). � ªª ª ¢ ¤ ®© â®çª¥ ¢¥â¢«¥¨ï áå®¤ïâáï ª®à¨ k(!) ,á®®â¢¥âáâ¢ãîé¨¥ ¢®« ¬ á à §«¨çë¬  ¯à ¢«¥¨¥¬à á¯à®áâà ¥¨ï, â® ¬ë ¨¬¥¥¬ á«ãç ©  ¡á®«îâ®©¥ãáâ®©ç¨¢®áâ¨ [1{4]. �®¢â®àïï   «®£¨çë¥ ¢ëç¨á-«¥¨ï ¯à¨ ¤àã£¨å § ç¥¨ïå � > 0 ¤«ï ¢á¥å â®ç¥ª¢¥â¢«¥¨ï äãªæ¨© k(!) á ¯®«®¦¨â¥«ì®© ¬¨¬®©ç áâìî !2 > 0 , ¬®¦® ã¡¥¤¨âìáï, çâ® ¥ãáâ®©ç¨-¢®áâì ®áâ ¥âáï  ¡á®«îâ®©.�«ãç © � < 0 ¥ âà¥¡ã¥â á¯¥æ¨ «ì®£® à áá¬®â-à¥¨ï, â ª ª ª § ¬¥®© �!�� , k!�k , !!�!ãà ¢¥¨¥ (5) á¢®¤¨âáï ª ã¦¥ à áá¬®âà¥®¬ã, á¯®«®¦¨â¥«ìë¬ ª®íää¨æ¨¥â®¬ ¯¥à¥¤ k2 . � ª¨¬®¡à §®¬, à¨á. 1, 2, , 3,   á«¥¤ã¥â ¯à®áâ® ®âà §¨âì®â®á¨â¥«ì®  ç «  ª®®à¤¨ â,   à¨á. 2,¡, 3¡ |®â®á¨â¥«ì® ®á¨ ®à¤¨ â. �§¬¥¨âáï, ®¤ ª®, ¯à®-æ¥¤ãà  ®¯à¥¤¥«¥¨ï å à ªâ¥à  ¥ãáâ®©ç¨¢®áâ¨. � ®-¢ëå ¯¥à¥¬¥ëå Im! á«¥¤ã¥â ¨§¬¥ïâì ®â �1 ¤®�!2 < 0 . �® â ª ª ª ¤¨á¯¥àá¨®®¥ ãà ¢¥¨¥ (5)¨¬¥¥â ¢¥é¥áâ¢¥ë¥ ª®íää¨æ¨¥âë, â® ¨§¬¥¥¨¥§ ª  Im! ¯à¨¢¥¤¥â «¨èì ª ¨§¬¥¥¨î ¢á¥å § ª®¢Im k(!) ,   § ç¨â, å à ªâ¥à ¥ãáâ®©ç¨¢®áâ¨ ¥ ¨§¬¥-¨âáï. �á¨¬¯â®â¨ç¥áª¨ ¯à¨ t!1 ¢ ä¨ªá¨à®¢ ®©â®çª¥ ¯à®áâà áâ¢  ¢®§¬ãé¥¨ï ¡ã¤ãâ  à áâ âì áâ¥¬ ¦¥ ¨ªà¥¬¥â®¬ !2 ¨ ¯à®â¨¢®¯®«®¦ë¬ § ç¥-¨¥¬ ç áâ®âë !1 .�  à¨á. 5 ¯à¥¤áâ ¢«¥ë § ¢¨á¨¬®áâ¨ ¨ªà¥¬¥â !2 (á¯«®è ï ªà¨¢ ï) ¨ ç áâ®âë !1 (èâà¨å®¢  ïªà¨¢ ï)  á¨¬¯â®â¨ç¥áª®£® ¯®¢¥¤¥¨ï ¯à¨ t ! 1¢®§¬ãé¥¨© � exp(!2t�i!1t) ª ª äãªæ¨¨ ¯ à ¬¥â-à  � . � ª ã¦¥ ãª §ë¢ «®áì, á¨áâ¥¬ , ®¯¨áë¢ ¥¬ ï¤¨á¯¥àá¨®ë¬ ãà ¢¥¨¥¬ (5), ¢á¥£¤   ¡á®«îâ®¥ãáâ®©ç¨¢ . �§¬¥¥¨¥ § ª  � ¯à¨¢®¤¨â ª ¨§¬¥-¥¨î § ª  !1 , áª®à®áâì  à áâ ¨ï ¢®§¬ãé¥¨©

���������	
���������¨á. 5. � ¢¨á¨¬®áâì ¢¥é¥áâ¢¥®© !1 (¯ãªâ¨à ï ªà¨¢ ï)¨ ¬¨¬®© !2 (á¯«®è ï ªà¨¢ ï) ç áâ¥© ç áâ®âë à §¢¨â¨ï ¡á®«îâ®© ¥ãáâ®©ç¨¢®áâ¨ ®â �¢ ä¨ªá¨à®¢ ®© â®çª¥ ¯à¨ t!1 ®áâ ¥âáï ¥¨§¬¥-®©. �à¨ � ¥ ¡«¨§ª¨å ª ã«î !2 ¯®àï¤ª  ¢¥«¨ç¨ë¨ªà¥¬¥â  ¥ãáâ®©ç¨¢®áâ¨ ¬®®åà®¬ â¨ç¥áª®© ¢®«-ë, ¯à¨ �! 0 ¤«ï  ¤¥ª¢ â®£®   «¨§  âà¥¡ã¥âáïãç¥â á«¥¤ãîé¥£® ç«¥  à §«®¦¥¨ï (� k3 ) ¢ ¯¥à¢®¬¬®¦¨â¥«¥ «¥¢®© ç áâ¨ ãà ¢¥¨ï (5).�¢â®àë ¡« £®¤ àë �.�. �ãå ¤§¥ §  ¢¨¬ ¨¥ ªà ¡®â¥ ¨ ¯®«¥§®¥ ®¡áã¦¤¥¨¥.� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦-ª¥ ¯à®£à ¬¬ë <�¨¢¥àá¨â¥âë �®áá¨¨> (¯à®¥ªâ��.01.02.493), �¨¯à®¬ ãª¨ (¯à®¥ªâ ¢¥¤ãé¨¥  -ãçë¥ èª®«ë ��-1962.2003.2) ¨ ���� (¯à®¥ªâ04-02-17240).�¨â¥à âãà 1. �¥¤®àç¥ª® �.�., �®æ à¥ª® �.�. �¡á®«îâ ï ¨ ª®¢¥ªâ¨¢- ï ¥ãáâ®©ç¨¢®áâì ¢ ¯« §¬¥ ¨ â¢¥à¤ëå â¥« å. �., 1981.2. � ¤ ã �.�., �¨äè¨æ �.�. �¨§¨ç¥áª ï ª¨¥â¨ª . �., 2001.3. �å¨¥§¥à �.�., �å¨¥§¥à �.�., �®«®¢¨ �.�. ¨ ¤à. �«¥ªâà®¤¨- ¬¨ª  ¯« §¬ë. �., 1974.4. �«¥ªá ¤à®¢ �.�., �ãå ¤§¥ �.�. �¥ªæ¨¨ ¯® í«¥ªâà®¤¨ ¬¨-ª¥ ¯« §¬®¯®¤®¡ëå áà¥¤. �¥à ¢®¢¥áë¥ áà¥¤ë. �., 2002.5. �ã§¥«¥¢ �.�., �ãå ¤§¥ �.�., �âà¥«ª®¢ �.�. �« §¬¥ ï à¥-«ïâ¨¢¨áâáª ï ���-í«¥ªâà®¨ª . �., 2002.6. � àâ è®¢ �.�., �ã§¥«¥¢ �.�., �ãå ¤§¥ �.�. // �¨§¨ª ¯« §¬ë. 2004. 30, ò1. �. 60.7. �ã§¥æ®¢ �.�. // �¨áì¬  ¢ ���. 1982. 8, ò15. �. 941.�®áâã¯¨«  ¢ p¥¤ ªæ¨î24.03.04


