
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò5 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¥  ¥ãáâ®©ç¨¢®áâì, ¢®§¨ª îé ï ¯à¨ ¢ëã¦¤¥®¬ ¨§«ãç¥¨¨ í«¥ªâà®®£®¯ãçª  ¢ à¥¦¨¬¥ ®¤®ç áâ¨ç®£® íää¥ªâ  �¥à¥ª®¢  ¢ ¥ª®â®à®© í«¥ªâà®¤¨ ¬¨ç¥áª®© á¨áâ¥¬¥¢¡«¨§¨ ¯®«®áë ¥¯à®§à ç®áâ¨. �®ª § ®, çâ® â ª ï ¥ãáâ®©ç¨¢®áâì ï¢«ï¥âáï  ¡á®«îâ®©.�¯à¥¤¥«¥ë ¨ªà¥¬¥âë, ®¡« áâ¨ ¢®«®¢ëå ç¨á¥«, £¤¥ ¨¬¥¥âáï ¥ãáâ®©ç¨¢®áâì, ¨áá«¥¤®¢ ëª®¬¯«¥ªáë¥ ¤¨á¯¥àá¨®ë¥ § ¢¨á¨¬®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 ¢®§¬ã-é¥¨© á ¢®«®¢ë¬ ç¨á«®¬ k . �á«¨ ¬¨¬ ï ç áâìç áâ®âë ¯®«®¦¨â¥«ì  Im! > 0 ¢ ¥ª®â®à®© ®¡« -áâ¨ k , â® ¢®§¬ãé¥¨ï íªá¯®¥æ¨ «ì®  à áâ îâ 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, ¢ ®¡« áâ¨ ¥ãáâ®©ç¨¢®áâ¨ íªá¯®¥æ¨- «ì®  à áâ îâ,   á ¬ ¯ ª¥â ¯à¨ íâ®¬ á®á¨âáï.�®ªãà¥æ¨ï íâ¨å ¯à®â¨¢®¯®«®¦ëå ä ªâ®à®¢ |à®áâ   ¬¯«¨âã¤ë ¢®§¬ãé¥¨© §  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 ¯à¨ t!+1 .�«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¥ ¯à®áâà áâ¢  ¥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(!) | 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® â®çª  ¢¥â¢«¥-¨ï ¢®« k = k(!) , á®®â¢¥âáâ¢ãîé¨å à §«¨çë¬

 ¯à ¢«¥¨ï¬ à á¯à®áâà ¥¨ï, â® ¨¬¥¥¬  ¡á®«îâ-ãî ¥ãáâ®©ç¨¢®áâì. �á«¨ â ª¨å â®ç¥ª ¢¥â¢«¥¨ïäãªæ¨© k(!) ¥â, â® ¥ãáâ®©ç¨¢®áâì ª®¢¥ªâ¨¢ .� áá¬®âà¨¬ ¤¨á¯¥àá¨®®¥ ãà ¢¥¨¥(!�!p(k)) �(!� ku)2 �!2b (k)�= �; (1)ª®â®à®¥ ®¯¨áë¢ ¥â,  ¯à¨¬¥à, ¥ãáâ®©ç¨¢®áâì í«¥ª-âà®®£® ¯ãçª , ¤¢¨¦ãé¥£®áï á® áª®à®áâìî u¢ ¯« §¬¥®¬ ¢®«®¢®¤¥ ¨«¨ ¥ª®â®à®© ¨®© í«¥ª-âà®¤¨ ¬¨ç¥áª®© á¨áâ¥¬¥ [5, 6]. �ãªæ¨¨ !p(k)¨ !b(k) ®¯à¥¤¥«ïîâ á¯¥ªâà ç áâ®â ¢®«ë í«¥ªâà®¤¨- ¬¨ç¥áª®© á¨áâ¥¬ë ¨ ¯ãçª®¢ëå ¢®« á®®â¢¥âáâ¢¥-®. � à ¬¥âà � § ¤ ¥â á¢ï§ì íâ¨å ¢®«, ¯à¨ç¥¬ ¥£®§ ª ¬®¦¥â ¡ëâì ª ª ¯®«®¦¨â¥«ìë¬, â ª ¨ ®âà¨-æ â¥«ìë¬. � á«ãç ¥ ¯ãçª®¢ ¬ «®© ¯«®â®áâ¨ |!b(k) � ku | £®¢®àïâ ®¡ ®¤®ç áâ¨ç®¬ íää¥ªâ¥�¥à¥ª®¢ , ¯à¨ç¥¬ ¯ãçª®¢ë¥ ¢®«ë ®ª §ë¢ îâáï¢ëà®¦¤¥ë¬¨ ¨ á¨áâ¥¬  (1) ã¯à®é ¥âáï:(!� !p(k))(! � ku)2 = �: (2)� ¨¡®«¥¥ á¨«ì ï á¢ï§ì ¢®« ¨¬¥¥â ¬¥áâ® ¢¡«¨§¨â®çª¨ ¯¥à¥á¥ç¥¨ï ¨å ¤¨á¯¥àá¨®ëå ªà¨¢ëå, ª®â®-àãî ¬®¦®  ©â¨ ¨§ á¨áâ¥¬ë ãà ¢¥¨©!0 = !p(k0); !0 = k0u: (3)�à¥¤¯®« £ ï ¢®«®¢®© ¯ ª¥â ¤®áâ â®ç® ã§ª¨¬, à §-«®¦¨¬ äãªæ¨î !p(k) ¢ àï¤ ®â®á¨â¥«ì® k � k0 .�£à ¨ç¨¢è¨áì «¨¥©ë¬ ¯à¨¡«¨¦¥¨¥¬, ¯®«ãç¨¬:(!� !0� vp(k � k0))(!� !0 � u(k� k0))2 = �; (4)£¤¥ vp = @!p@k (k0) | £àã¯¯®¢ ï áª®à®áâì ¢®«ë í«¥ª-âà®¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë.� à ªâ¥à ¥ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ë á ¤¨á¯¥àá¨®-ë¬ ãà ¢¥¨¥¬ (2) ®¯à¥¤¥«ï¥âáï ¤¢ã¬ï ¯à ¢¨« ¬¨(¯à¨ «î¡®¬ § ª¥ ¯ à ¬¥âà  � ) [7]:1) ¥á«¨ vpu > 0 , â® ¥ãáâ®©ç¨¢®áâì ª®¢¥ªâ¨¢ ï¨ ¢ á¨áâ¥¬¥ ¨¬¥¥âáï ãá¨«¥¨¥ ª®«¥¡ ¨©;2) ¥á«¨ vpu < 0 , â® ¥ãáâ®©ç¨¢®áâì ï¢«ï¥âáï ¡á®«îâ®©.� ¬¥â¨¬, çâ® ¢® ¢â®à®¬ á«ãç ¥ ¤¨á¯¥àá¨®®¥ãà ¢¥¨¥ (2) ¨¬¥¥â ª®¬¯«¥ªá®-á®¯àï¦¥ë¥ à¥è¥-14 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò5



28 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò5¨ï ®â®á¨â¥«ì® ¢®«®¢®£® ç¨á«  k(!) . �¥¬ ¥ ¬¥-¥¥ £®¢®à¨âì ®¡ ãá¨«¥¨¨ ª®«¥¡ ¨© ¯à¨ íâ®¬ ¥ á«¥-¤ã¥â. �¥«® ¢ â®¬, çâ® à¥è¥¨ï � exp(�i!t+ ik(!)x)®¯¨áë¢ îâ ãáâ ®¢¨¢è¥¥áï (áâ æ¨® à®¥) ¯®¢¥¤¥-¨¥ á¨áâ¥¬ë ¯à¨ t! +1 (¯®á«¥ § ¢¥àè¥¨ï ¯¥à¥-å®¤ëå ¯à®æ¥áá®¢, á¢ï§ ëå á ¢ª«îç¥¨¥¬ ¢®§¬ã-é¥¨© ¯à¨ x = 0). � á«ãç ¥  ¡á®«îâ®© ¥ãáâ®©ç¨-¢®áâ¨ ãáâ ®¢«¥¨¥ áâ æ¨® à®£® á®áâ®ï¨ï ¯à®áâ®¥¢®§¬®¦®.�¡«¨§¨ ¯®«®áë ¥¯à®§à ç®áâ¨ á¨áâ¥¬ë vp = 0¨ ¥®¡å®¤¨¬ ãç¥â á«¥¤ãîé¥£® ç«¥  à §«®¦¥¨ï ¯®k� k0 :�!�!0 ��(k � k0)2� (!� !0� u(k� k0))2 = �: (5)�¢®¤ï ®¢ë¥ ¡¥§à §¬¥àë¥ ¯¥à¥¬¥ë¥, ¯¥à¥¯¨-è¥¬ (5): �~!� ~�~k2��~!� ~k�2 = ~�; (6)£¤¥ ~� =�1 . �®¤®¡®¥ ¤¨á¯¥àá¨®®¥ ãà ¢¥¨¥ ®¯¨-áë¢ ¥â ¢®§¡ã¦¤¥¨¥ í«¥ªâà®ë¬ ¯ãçª®¬ í«¥ªâà®-¤¨ ¬¨ç¥áª¨å á¨áâ¥¬ ¢ ªãã¬®© ���-í«¥ªâà®¨ª¨¢¡«¨§¨ ¯®«®áë ¥¯à®§à ç®áâ¨ [8{10]. � ¯« §¬¥®©���-í«¥ªâà®¨ª¥ íªáâà¥¬ã¬ ¤¨á¯¥àá¨®®© ªà¨¢®©¨¬¥¥âáï ã æ¨ª«®âà®®© ¢¥â¢¨ ¢ ª®¥ç®¬ ¬ £¨â-®¬ ¯®«¥. � ¤ «ì¥©è¥¬ § ª â¨«ì¤ë ¢ (6) ®¯ãáª -¥¬, á®åà ¨¢ â ª¨¬ ®¡à §®¬ ¯à¥¦¨¥ ®¡®§ ç¥¨ï,  â ª¦¥ áç¨â ¥¬, çâ® � > 0 .� à ¡®â¥ [11] ãà ¢¥¨¥,   «®£¨ç®¥ (6), à á-á¬ âà¨¢ «®áì ¢ ¯à¥¥¡à¥¦¥¨¨ ! ¯® áà ¢¥¨î á k¢® ¢â®à®¬ ¬®¦¨â¥«¥. �¤ 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 ¤¢ãå ª®à¥© k(!) ¯à¨ Im!!1 , çâ® áãé¥áâ¢¥-® ¤«ï ª« 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 ®âç áâ®âë.�¥ ¢ë¯¨áë¢ ï ¢ ï¢®¬ ¢¨¤¥ à¥è¥¨ï !(k) ãà ¢-¥¨ï (6), «¥£ª® ãáâ ®¢¨âì, çâ® á¨áâ¥¬ , ®¯¨áë¢ -¥¬ ï íâ¨¬ ãà ¢¥¨¥¬, ¥ãáâ®©ç¨¢  (¨¬¥¥â ª®¬¯-«¥ªá®-á®¯àï¦¥ë¥ ª®à¨) ¯à¨ «î¡ëå § ç¥¨ïå¯ à ¬¥âà®¢. �à¨ç¥¬ ®¡« áâì ¢®«®¢ëå ç¨á¥« k ,  ª®â®àëå à §¢¨¢ ¥âáï ¥ãáâ®©ç¨¢®áâì, ®¯à¥¤¥«ï¥âáï¥à ¢¥áâ¢®¬ 427�(k� �k2)3 < 1: (7)�á«¨ � =+1 ,   � > 1=6 3p2 , â® á¨áâ¥¬  ¥ãáâ®©ç¨-¢  ¯à¨ «î¡ëå k . �®¢¥¤¥¨¥ ¤¨á¯¥àá¨®ëå ªà¨¢ëå¢ íâ®¬ á«ãç ¥ ¯®ª § ®   à¨á. 1,  (� = 1). � à¨á. 1, ¡ ¨§®¡à ¦¥  ¯®«®¦¨â¥«ì ï ¬¨¬ ï ç áâìª®¬¯«¥ªá®© ç áâ®âë ! (¨ªà¥¬¥â).�«ï � < 1=6 3p2 ¨¬¥îâáï ¤¢¥ ¯®«ã¡¥áª®¥çëå®¡« áâ¨ k , ¯à¨ ª®â®àëå à §¢¨¢ ¥âáï ¥ãáâ®©ç¨¢®áâì:k < 1�p1� 6 3p22� ; k > 1 +p1� 6 3p22� : (8)�®¤ ¤¨á¯¥àá¨®ëå ªà¨¢ëå ¨ § ç¥¨¥ ¨ªà¥¬¥â ª ª äãªæ¨ï k ¤«ï �= 0:1 ¯®ª § ë   à¨á. 2, , ¡.

���������	
�������������¨á. 1. �¨á¯¥àá¨®ë¥ ªà¨¢ë¥ ( ) ¨ ¨ªà¥¬¥â ¥ãáâ®©-ç¨¢®áâ¨ (¡) ¯à¨ � = +1 , � = 1 . �âà¨å®¢ ï ªà¨¢ ï |Re! ¢ ®¡« áâ¨ ¥ãáâ®©ç¨¢®áâ¨, ¯ãªâ¨àë¥ ªà¨¢ë¥ |â¥ ¦¥ ¢®«ë ¢ ®âáãâáâ¢¨¥ á¢ï§¨�à¨ ¡®«ìè¨å § ç¥¨ïå k ¢¥«¨ç¨  ¨ªà¥¬¥â , â ª¦¥ ª ª ¨ ¢ ¯¥à¢®¬ á«ãç ¥, áâà¥¬¨âáï ª ã«î.�à¨ � =�1 ¢ ®¡« áâ¨ ¢®«®¢ëå ç¨á¥«, ®¯à¥¤¥«ï-¥¬ëå ¥à ¢¥áâ¢ ¬¨1�p1� 6 3p22� < k < 1 +p1� 6 3p22� ; (9)ç áâ®âë ! ª®¬¯«¥ªá®-á®¯àï¦¥ë¥, ¨ ¢ á¨áâ¥¬¥à §¢¨¢ ¥âáï ¥ãáâ®©ç¨¢®áâì. �  à¨á. 3 ¨§®¡à ¦¥ë¤¨á¯¥àá¨®ë¥ ªà¨¢ë¥ (à¨á. 3,  ) ¨ ¨ªà¥¬¥âë¥ãáâ®©ç¨¢®áâ¨ (à¨á. 3, ¡) ¤«ï �= 1 .�¯à¥¤¥«¨¬ â¥¯¥àì å à ªâ¥à ¥ãáâ®©ç¨¢®áâ¨ á¨á-â¥¬ë, ®¯¨áë¢ ¥¬®© ¤¨á¯¥àá¨®ë¬ ãà ¢¥¨¥¬ (6).�®çª¨ ¢¥â¢«¥¨ï äãªæ¨© k = k(!) | à¥è¥¨©¤¨á¯¥àá¨®®£® ãà ¢¥¨ï (6) | ®¯à¥¤¥«ïîâáï á¨á-â¥¬®© [1{4] D(!; k) = 0; @D(!; k)@k = 0: (10)�á¯®«ì§ãï ¤¨á¯¥àá¨®®¥ ãà ¢¥¨¥ (6), ¨§ (10)¬®¦® ¯®«ãç¨âì ãà ¢¥¨¥ á¥¤ì¬®© áâ¥¯¥¨ ®â-®á¨â¥«ì® ! ¤«ï ®¯à¥¤¥«¥¨ï â®ç¥ª ¢¥â¢«¥¨ï! = !1 + i!2 . � § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà®¢ á¨áâ¥¬ë¨¬¥¥¬ «¨¡® ¤¢¥, «¨¡® âà¨ â®çª¨ ¢¥â¢«¥¨ï á ¯®«®-¦¨â¥«ì®© ¬¨¬®© ç áâìî !2 > 0 .�¨á¯¥àá¨®®¥ ãà ¢¥¨¥ (6) ¤«ï § ¤ ®£® § -ç¥¨ï ! ®¯à¥¤¥«ï¥â ç¥âëà¥ ¢®«ë á à §«¨çë¬¨ k .
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���������	
�������������¨á. 2. �¨á¯¥àá¨®ë¥ ªà¨¢ë¥ ( ) ¨ ¨ªà¥¬¥â ¥ãáâ®©-ç¨¢®áâ¨ (¡) ¯à¨ � = +1 , � = 0:1 . �âà¨å®¢ ï ªà¨¢ ï |Re! ¢ ®¡« áâ¨ ¥ãáâ®©ç¨¢®áâ¨, ¯ãªâ¨àë¥ ªà¨¢ë¥ |â¥ ¦¥ ¢®«ë ¢ ®âáãâáâ¢¨¥ á¢ï§¨�áâà¥¬«ïï ¬¨¬ãî ç áâì ç áâ®âë ª ¡¥áª®¥ç®áâ¨¯à¨ ä¨ªá¨à®¢ ®© ¢¥é¥áâ¢¥®© ç áâ¨, ¬®¦® ¯®-«ãç¨âì  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥ ª®à¥©:k1;2(!)� i Im!; k3;4(!)��(1+i)pIm!=2�: (11)�à¨ ¨§ ç¥âëà¥å ª®à¥© á®®â¢¥âáâ¢ãîâ ¢®« ¬, § -âãå îé¨¬ ¢ ¯®«®¦¨â¥«ì®¬  ¯à ¢«¥¨¨ ®á¨ Ox ,®¤¨ | ¢ ®âà¨æ â¥«ì®¬. �à¥¤¥«ìë© ¯¥à¥å®¤Im!!+1 ®§ ç ¥â ¬£®¢¥® ¡ëáâà®¥ ¢ª«îç¥¨¥¨áâ®ç¨ª  ¢®§¬ãé¥¨© á ç áâ®â®© Re! ¢ ¥ª®â®à®©â®çª¥ ¯à®áâà áâ¢  x . � § ç¨â, à á¯à®áâà ïî-é¨¬¨áï ¢ ¤ ®¬  ¯à ¢«¥¨¨ á ç áâ®â®© Re!á«¥¤ã¥â áç¨â âì ¢®«ë, § âãå îé¨¥ ¢ ¤ ®¬  -¯à ¢«¥¨¨ ¯à¨ áâà¥¬«¥¨¨ Im!!+1 [1{4]. � ª ïª« 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¨ Im k ¨¬¥îâà §ë¥ § ª¨ ¯à¨ Im!!+1), â® á¨áâ¥¬   ¡á®«îâ-® ¥ãáâ®©ç¨¢ . �à¨ íâ®¬  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥-¨¥ ¢®§¬ãé¥¨© ¯à¨ t! +1 ®¯à¥¤¥«ï¥âáï â®çª®©¢¥â¢«¥¨ï ¢®« k(!) á à §«¨çë¬  ¯à ¢«¥¨¥¬à á¯à®áâà ¥¨ï ¨ ¬ ªá¨¬ «ì®© ¬¨¬®© ç áâìî,

���������	
�������������¨á. 3. �¨á¯¥àá¨®ë¥ ªà¨¢ë¥ ( ) ¨ ¨ªà¥¬¥â ¥ãáâ®©-ç¨¢®áâ¨ (¡) ¯à¨ � = �1 , � = 1 . �âà¨å®¢ ï ªà¨¢ ï |Re! ¢ ®¡« áâ¨ ¥ãáâ®©ç¨¢®áâ¨, ¯ãªâ¨àë¥ ªà¨¢ë¥ |â¥ ¦¥ ¢®«ë ¢ ®âáãâáâ¢¨¥ á¢ï§¨â. ¥. � exp(!2t � i!1t) . �® ¢á¥å ¤àã£¨å á«ãç ïå ¥-ãáâ®©ç¨¢ ï á¨áâ¥¬  ª®¢¥ªâ¨¢® ¥ãáâ®©ç¨¢  [1{4].�  à¨á. 4 ¯à¥¤áâ ¢«¥® ¯®¢¥¤¥¨¥ ª®à¥© k(!)  ª®¬¯«¥ªá®© ¯«®áª®áâ¨ ¤«ï á«ãç ï � = 1 , � = 1¯à¨ ¨§¬¥¥¨¨ ç áâ®âë ¢¤®«ì ª®âãà  Re! = !1 ,+1 > Im! > !2 . �¥âëà¥  ¡®à  â®ç¥ª á à §ë¬¨¬ àª¨à®¢ª ¬¨ á®®â¢¥âáâ¢ãîâ ç¥âëà¥¬ à §«¨çë¬¢¥â¢ï¬ k(!) . �¬¥ìè ï ¬¨¬ãî ç áâì ç áâ®âë Im!®â ¤®áâ â®ç® ¡®«ìè®£® § ç¥¨ï ¤® !2 ¯à¨ ä¨ª-á¨à®¢ ®© ¢¥é¥áâ¢¥®© ç áâ¨ !1 , ¯®«ãç¨¬ íâ¨ç¥âëà¥  ¡®à  â®ç¥ª k(!) , ¤¢  ¨§ ª®â®àëå áâà¥-¬ïâáï ª ®¤®¬ã ¯à¥¤¥«ã (â®çª  k = �0:4� 0:45i  à¨á. 4). � ª ª ª ¢ ¤ ®© â®çª¥ ¢¥â¢«¥¨ï áå®¤ïâáï
���������	
��¨á. 4. �®¢¥¤¥¨¥ ª®à¥© k(!)   ª®¬¯«¥ªá®© ¯«®áª®áâ¨¯à¨ áâà¥¬«¥¨¨ ç áâ®âë ! ®â !1 + i1 ª !1 + i!215 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò5



30 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò5
���������	
��¨á. 5. � ¢¨á¨¬®áâì ¢¥é¥áâ¢¥®© !1 (èâà¨å®¢ ï ªà¨¢ ï)¨ ¬¨¬®© !2 (á¯«®è ï ªà¨¢ ï) ç áâ¥© ç áâ®âë à §¢¨â¨ï ¡á®«îâ®© ¥ãáâ®©ç¨¢®áâ¨ ®â �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  ¡á®«îâ  ¯à¨ ¢á¥å � > 0 .�«ãç © � < 0 ¥ âà¥¡ã¥â á¯¥æ¨ «ì®£® à á-á¬®âà¥¨ï, â ª ª ª § ¬¥®© � ! �� , k ! �k ,! ! �! ¨ � ! �� ãà ¢¥¨¥ (6) á¢®¤¨âáï ª ã¦¥à áá¬®âà¥®¬ã á ¯®«®¦¨â¥«ìë¬ ª®íää¨æ¨¥â®¬¯¥à¥¤ k2 ¨ ¯à®â¨¢®¯®«®¦ë¬ § ç¥¨¥¬ � . �§-¬¥¨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 ¢¥¨¥ (6) ¨¬¥¥â ¢¥é¥áâ¢¥ë¥ª®íää¨æ¨¥âë, â® ¨§¬¥¥¨¥ § ª  Im! ¯à¨¢¥¤¥â«¨èì ª ¨§¬¥¥¨î ¢á¥å § ª®¢ Imk(!) ,   § ç¨â,å à ªâ¥à ¥ãáâ®©ç¨¢®áâ¨ ¥ ¨§¬¥¨âáï. �à¨ íâ®¬¢®§¬ãé¥¨ï ¢ ä¨ªá¨à®¢ ®© â®çª¥ ¯à®áâà áâ¢ ¡ã¤ãâ  à áâ âì ¯à¨ t ! +1 á â¥¬ ¦¥ ¨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 -¬¥âà  � ¯à¨ � = 1 . � ª ã¦¥ ãª §ë¢ «®áì, á¨áâ¥¬ ,®¯¨áë¢ ¥¬ ï ¤¨á¯¥àá¨®ë¬ ãà ¢¥¨¥¬ (6), ¢á¥£¤  ¡á®«îâ® ¥ãáâ®©ç¨¢ . �«ãç © � = �1 ¯®«ãç ¥âáï®âà ¦¥¨¥¬ á¯«®è®© ªà¨¢®©   à¨á. 5 ®â®á¨â¥«ì®
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