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c© 1999 £. �.�. �ã¯¥à¨­∗, �.�. �¥¢¨­†������ ������ ���������� � ��������������� � ����������� ��� �pd-�������� áá¬ âà¨¢ ¥âáï § ¤ ç  âà¥åç áâ¨ç­®£® à áá¥ï­¨ï ¨  ­­¨£¨«ïæ¨¨ ¢ á¨áâ¥¬¥ âà¥åá¨«ì­® ¢§ ¨¬®¤¥©áâ¢ãîé¨å § àï¦¥­­ëå ç áâ¨æ (�ppn). �«ï ®¯¨á ­¨ï ¯à®æ¥áá®¢ ã¯Äàã£®£® à áá¥ï­¨ï ¨ à §¢ «  ¢ ­ãª«®­­®¬ ª ­ «¥ ¨ ¯à®æ¥áá   ­­¨£¨«ïæ¨¨ ¢ ¬¥§®­­ë¥ª ­ «ë ¯à¥¤«®¦¥­  ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì, ®á­®¢ ­­ ï ­  â¥®à¨¨ à áè¨à¥­¨© á¨¬Ä¬¥âà¨ç¥áª¨å ®¯¥à â®à®¢. � à ¬ª å íâ®© ¬®¤¥«¨ ¯®áâà®¥­ë ¬®¤¨ä¨æ¨à®¢ ­­ë¥ ¨­â¥£Äà «ì­ë¥ ãà ¢­¥­¨ï � ¤¤¥¥¢  á í­¥à£®§ ¢¨áïé¨¬¨ ¢§ ¨¬®¤¥©áâ¢¨ï¬¨, ãç¨âë¢ îé¨¬¨¯à®æ¥ááë  ­­¨£¨«ïæ¨¨, ¨ ¤®ª § ­  ¨å ®¤­®§­ ç­ ï à §à¥è¨¬®áâì ¢ ¯®¤å®¤ïé¨å äã­ªÄæ¨®­ «ì­ëå ª« áá å. �  íâ®© ®á­®¢¥ ¢ë¢¥¤¥­ë á®®â¢¥âáâ¢ãîé¨¥ ¤¨ää¥à¥­æ¨ «ì­ë¥ãà ¢­¥­¨ï � ¤¤¥¥¢ , ¯®áâà®¥­ë  á¨¬¯â®â¨ç¥áª¨¥ £à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï ª®¬¯®­¥­â¢®«­®¢ëå äã­ªæ¨© ¨ áä®à¬ã«¨à®¢ ­ë £à ­¨ç­ë¥ § ¤ ç¨ ¤«ï á¨áâ¥¬ë, á®áâ ¢«¥­­®©¨§ ­ãª«®­­ëå ¨ ¬¥§®­­ëå ª ­ «®¢. Ǳ®«ãç¥­­ë¥ à¥§ã«ìâ âë ¯à¨¬¥­¥­ë ¤«ï ®¯¨á ­¨ï¯à®æ¥áá®¢ à áá¥ï­¨ï ¨  ­­¨£¨«ïæ¨¨ ¢ âà¥åç áâ¨ç­®© á¨áâ¥¬¥ �pd.1. ���������¥á¬®âàï ­  ¤®áâ¨£­ãâë© §  ¯®á«¥¤­¨¥ 30 «¥â áãé¥áâ¢¥­­ë© ¯à®£à¥áá ¢ ®¯¨á ­¨¨ ¤¨Ä­ ¬¨ª¨ ­¥áª®«ìª¨å â®ç¥ç­ëå (¡¥ááâàãªâãà­ëå) ª¢ ­â®¢ëå ®¡ê¥ªâ®¢ [1{7] ¬¥â®¤ë íâ¨å(¨ ¬­®£¨å ¤àã£¨å) à ¡®â ­¥ ¡ë«¨ ¯à¨¬¥­¥­ë ¤«ï ®¯¨á ­¨ï ¯à®æ¥áá®¢, ¯à®¨áå®¤ïé¨å¢ á¨áâ¥¬ å ­¥áª®«ìª¨å ç áâ¨æ, ®¡« ¤ îé¨å â®© ¨«¨ ¨­®© ¢­ãâà¥­­¥© áâàãªâãà®©. �â ª¨¬ ®¡ê¥ªâ ¬ ®â­®áïâáï  ¤à®­ë, ®¡« ¤ îé¨¥ á«®¦­®© ª¢ àª-£«î®­­®© áâàãªâãà®©¨/¨«¨  â®¬­ë¥ ï¤à , âà ªâã¥¬ë¥ ª ª ­ãª«®­­ë¥ ª« áâ¥àë. � á¨áâ¥¬ å ­¥áª®«ìª¨å ç áÄâ¨æ á ­¥âà¨¢¨ «ì­®© ¢­ãâà¥­­¥© áâàãªâãà®© ¤«ï ®¯¨á ­¨ï ¯à®æ¥áá®¢, ¢ ª®â®àëå íâ áâàãªâãà  ¨£à ¥â áãé¥áâ¢¥­­ãî à®«ì, ¯à¨¬¥­ï«¨áì à §«¨ç­ë¥ ¯®¤å®¤ë [8{19]. �á¥ ®­¨á¢®¤¨«¨áì ª ¯®áâà®¥­¨î ä¥­®¬¥­®«®£¨ç¥áª¨å ¬®¤¥«¥© ¤«ï ®¯¨á ­¨ï íää¥ªâ¨¢­ëå ¢§ Ä¨¬®¤¥©áâ¢¨©, ­¥áãé¨å ¨­ä®à¬ æ¨î ® ¢­ãâà¥­­¥© áâàãªâãà¥ ç áâ¨æ, á ¯®á«¥¤ãîé¨¬à áá¬®âà¥­¨¥¬ á¨áâ¥¬ë ­¥áª®«ìª¨å ¡¥ááâàãªâãà­ëå ç áâ¨æ, ¢§ ¨¬®¤¥©áâ¢ãîé¨å ¯®Äáà¥¤áâ¢®¬ ¯®áâà®¥­­ëåíää¥ªâ¨¢­ëå¯®â¥­æ¨ «®¢. �¥ ®áâ ­ ¢«¨¢ ïáì ¯®¤à®¡­® ­  à §Ä«¨ç­ëå á¯®á®¡ å ¯®áâà®¥­¨ï íää¥ªâ¨¢­ëå ¢§ ¨¬®¤¥©áâ¢¨© ¬¥¦¤ã ª¢ ­â®¢ë¬¨ ®¡ê¥ªÄâ ¬¨ á ¢­ãâà¥­­¥© áâàãªâãà®©, ®â¬¥â¨¬ «¨èì ®¤­® ®¡é¥¥ á¢®©áâ¢® â ª¨å íää¥ªâ¨¢Ä

∗� ãç­®-¨áá«¥¤®¢ â¥«ìáª¨© ¨­áâ¨âãâ ä¨§¨ª¨, � ­ªâ-Ǳ¥â¥à¡ãà£áª¨© £®áã¤ àáâ¢¥­­ë© ã­¨¢¥àÄá¨â¥â, � ­ªâ-Ǳ¥â¥à¡ãà£, �®áá¨ï
†�¨§¨ç¥áª¨© ä ªã«ìâ¥â, � ­ªâ-Ǳ¥â¥à¡ãà£áª¨© £®áã¤ àáâ¢¥­­ë© ã­¨¢¥àá¨â¥â, � ­ªâ-Ǳ¥â¥à-¡ãà£, �®áá¨ï 74



������ ������ ���������� : : : 75­ëå ¢§ ¨¬®¤¥©áâ¢¨©: ¢á¥ ®­¨ § ¢¨áïâ ®â á¯¥ªâà «ì­®£® ¯ à ¬¥âà  (í­¥à£¨¨). �®®â¢¥âÄáâ¢¥­­® ä®à¬ «ì­® ¯®áâà®¥­­ë© á â ª¨¬¨ ¢§ ¨¬®¤¥©áâ¢¨ï¬¨ ¤¢ãå- ¨«¨ âà¥åç áâ¨ç­ë©£ ¬¨«ìâ®­¨ ­ ­¥ ¬®¦¥â ¡ëâì ¨­â¥à¯à¥â¨à®¢ ­ ª ª ª¢ ­â®¢®-¬¥å ­¨ç¥áª¨© ®¯¥à â®àí­¥à£¨¨, ¯®áª®«ìªã ®¡« áâì ¥£® ®¯à¥¤¥«¥­¨ï § ¢¨á¥«  ¡ë ®â á¯¥ªâà «ì­®£® ¯ à ¬¥âÄà . � á¨«ã íâ®£® ¤«ï á¨áâ¥¬ ­¥áª®«ìª¨å ç áâ¨æ, ®¡« ¤ îé¨å ­¥âà¨¢¨ «ì­®© ¢­ãâà¥­Ä­¥© áâàãªâãà®© ¨«¨, çâ® íª¢¨¢ «¥­â­®, ¢§ ¨¬®¤¥©áâ¢ãîé¨å ç¥à¥§ § ¢¨áïé¨¥ ®â í­¥àÄ£¨¨ ¯®â¥­æ¨ «ë, ª®àà¥ªâ­ ï ä®à¬ã«¨à®¢ª  â¥®à¨¨ à áá¥ï­¨ï, ¯®¤®¡­ ï ä®à¬ã«¨à®¢ª¥� ¤¤¥¥¢ , ¢ à ¬ª å ã¯®¬ï­ãâëå ¢ëè¥ ¯®¤å®¤®¢ [1{7] ¯®áâà®¥­  ¡ëâì ­¥ ¬®£« .�àã¤­®áâì, á¢ï§ ­­ ï á í­¥à£®§ ¢¨á¨¬®áâìî ¢§ ¨¬®¤¥©áâ¢¨© ç áâ¨æ á ¢­ãâà¥­­¥©áâàãªâãà®©, ¡ë«  ¯à¥®¤®«¥­  ¢ à ¡®â å [20{28] ¤«ï á¨áâ¥¬ ¤¢ãå ¨ âà¥å ­¥©âà «ì­ëåç áâ¨æ ¬¥â®¤ ¬¨ â¥®à¨¨ à áè¨à¥­¨© á¨¬¬¥âà¨ç­ëå ®¯¥à â®à®¢.�¥®à¨ï à áá¥ï­¨ï ¤«ï á¨áâ¥¬ ­¥áª®«ìª¨å ç áâ¨æ á ¢­ãâà¥­­¥© áâàãªâãà®©, ®á­®¢ ­Ä­ ï ­  â¥å­¨ª¥ á ¬®á®¯àï¦¥­­ëå à áè¨à¥­¨©, ¯à¨¬¥­ï« áì ¢ àï¤¥ ª®­ªà¥â­ëå § ¤ ç ¤à®­­®© ¨ ï¤¥à­®© ä¨§¨ª¨ [29{33] ¨ ä¨§¨ª¨ â¢¥à¤®£® â¥«  [34, 35]. �¤­ ª® ¢® ¢á¥å íâ¨å§ ¤ ç å á¯¥ªâà £ ¬¨«ìâ®­¨ ­®¢, ®¯¨áë¢ îé¨å ¢­ãâà¥­­¨¥ áâ¥¯¥­¨ á¢®¡®¤ë, áç¨â «áï¤¨áªà¥â­ë¬,   á ¬¨ ç áâ¨æë, ãç áâ¢ãîé¨¥ ¢ ¯à®æ¥áá å à áá¥ï­¨ï, { ­¥©âà «ì­ë¬¨. �¬ â¥¬ â¨ç¥áª®© â®çª¨ §à¥­¨ï ¯à¥¤áâ ¢«ï«®áì ¨­â¥à¥á­ë¬ ®¡®¡é¨âì â¥®à¨î à áá¥ï­¨ï¤«ï á¨áâ¥¬ ­¥áª®«ìª¨å ç áâ¨æ á ¢­ãâà¥­­¥© áâàãªâãà®© ­  á«ãç © ­ «¨ç¨ï ­¥¯à¥àë¢Ä­®£® á¯¥ªâà  ã £ ¬¨«ìâ®­¨ ­®¢ ¢­ãâà¥­­¨å ª ­ «®¢,   â ª¦¥ ­  á¨áâ¥¬ë § àï¦¥­­ëåç áâ¨æ, ¢§ ¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ª®â®àë¬¨ ¢ª«îç «® ¡ë ­ àï¤ã á ª®à®âª®¤¥©áâ¢ãîé¨¬í­¥à£®§ ¢¨áïé¨¬ ®¯¥à â®à®¬ â ª¦¥ ¨ ªã«®­®¢áª®¥ ¤ «ì­®¤¥©áâ¢¨¥. �¤­®© ¨§ ¢ ¦­ëåä¨§¨ç¥áª¨å á¨áâ¥¬, ¤«ï ®¯¨á ­¨ï ª®â®à®© ¯®¤®¡­®¥ ®¡®¡é¥­¨¥ â¥®à¨¨ à áá¥ï­¨ï ­¥Ä®¡å®¤¨¬®, ï¢«ï¥âáï á¨áâ¥¬  ­¥áª®«ìª¨å ­ãª«®­®¢ ¨  ­â¨­ãª«®­®¢, ­ ¯à¨¬¥à á¨áâ¥¬ �p(pn). Ǳ®áâà®¥­¨î áâà®£®© áå¥¬ë ¤«ï ®¯¨á ­¨ï âà¥åç áâ¨ç­ëå ¯à®æ¥áá®¢ à áá¥ï­¨ï ¨ ­­¨£¨«ïæ¨¨ ¢ á¨áâ¥¬¥ �pd ¨ ¯®á¢ïé¥­  ¤ ­­ ï à ¡®â . �§-§  ­¥¤®áâ âª  ¬¥áâ  ¬ë ­¥¤®ª §ë¢ ¥¬ áä®à¬ã«¨à®¢ ­­ë¥ ãâ¢¥à¦¤¥­¨ï, ®£à ­¨ç¨¢ ïáì «¨èì ¨§«®¦¥­¨¥¬ ¬ â¥Ä¬ â¨ç¥áª®© ª®­æ¥¯æ¨¨ ¢ æ¥«®¬. �®®â¢¥âáâ¢ãîé¨¥ ¤®ª § â¥«ìáâ¢  [36] ¡ã¤ãâ ®¯ã¡«¨ª®Ä¢ ­ë ¢ ®â¤¥«ì­®© à ¡®â¥.2. Ǳ�������������� ���������¯¥à¢ë¥ ¬®¤¥«ì á¢ï§ ­­ëå ª ­ «®¢ ¡ë«  à áá¬®âà¥­  ¤«ï ®¯¨á ­¨ï ¯à®æ¥áá®¢NN -à áá¥ï­¨ï ¢ à ¡®â å [37, 38]. � íâ®© ¬®¤¥«¨ ¤¨­ ¬¨ª  à áá¬ âà¨¢ ¥¬®© ä¨§¨ç¥áª®©á¨áâ¥¬ë ®¯¨áë¢ ¥âáï á ¬®á®¯àï¦¥­­ë¬ ®¯¥à â®à®¬ h,h = z ; (1)£¤¥ h = (hex VV ∗ hin) ;  = (u0u1) : (2)�¤¥áì £ ¬¨«ìâ®­¨ ­ë hex ¨ hin ®¯¨áë¢ îâ ¤¨­ ¬¨ªã ¢ ­ãª«®­­®¬ ª ­ «¥ ¨ ª ­ «¥ à áÄ¯ ¤  ­ãª«®­®¢, á®®â¢¥âáâ¢¥­­®. �¯¥à â®àë V ¨ V ∗ ®¡¥á¯¥ç¨¢ îâ á¢ï§ì íâ¨å ª ­ «®¢.� à §¢¨¢ ¥¬®¬ ­ ¬¨ ¯®¤å®¤¥ ¯à¥¤¯®« £ ¥âáï, çâ® ¯®«­ ï ¤¨­ ¬¨ª , ãç¨âë¢ îé ï¢§ ¨¬®¤¥©áâ¢¨¥ ¢­ãâà¥­­¨å (ª¢ àª®¢ëå) ¨ ¢­¥è­¨å (­ãª«®­­ëå) áâ¥¯¥­¥© á¢®¡®¤ë, § Ä¤ ¥âáï á ¬®á®¯àï¦¥­­ë¬ ®¯¥à â®à®¬h á¯¥æ¨ «ì­®© áâàãªâãàë. �¯¥à â®à h ¤¥©áâ¢ã¥â



76 �.�. ��Ǳ����, �.�. �����¢ ®àâ®£®­ «ì­®© áã¬¬¥H = Hex⊕Hin ¯à®áâà ­áâ¢, £¤¥Hin { £¨«ì¡¥àâ®¢® ¯à®áâà ­áâÄ¢®, ®â¢¥ç îé¥¥ ¤¨­ ¬¨ª¥ ¢­ãâà¥­­¨å áâ¥¯¥­¥© á¢®¡®¤ë, Hex { £¨«ì¡¥àâ®¢® ¯à®áâà ­Äáâ¢®, ®â¢¥ç îé¥¥ á¢®¡®¤­®¬ã ¤¢¨¦¥­¨î ç áâ¨æ ¡¥§ ãç¥â  ¨å ¢­ãâà¥­­¥© áâàãªâãàë.�¯¨è¥¬ á¯®á®¡ ¯®áâà®¥­¨ï £ ¬¨«ìâ®­¨ ­  h. Ǳãáâì ¢ ¯à®áâà ­áâ¢ åHex ¨Hin ¤¥©áâÄ¢ãîâ £ ¬¨«ìâ®­¨ ­ë (á ¬®á®¯àï¦¥­­ë¥ ®¯¥à â®àë)hex ¨ hin, á®®â¢¥âáâ¢¥­­®. �àâ®£®Ä­ «ì­ ï áã¬¬ hex⊕hin ®¯à¥¤¥«ï¥â £ ¬¨«ìâ®­¨ ­, § ¤ îé¨© ­¥§ ¢¨á¨¬ë¥ ¤¨­ ¬¨ª¨ ¢®¢­ãâà¥­­¥¬ ¨ ¢­¥è­¥¬ ª ­ « å. �«ï ¢ª«îç¥­¨ï ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ª ­ « ¬¨¯à¥¤Ä« £ ¥âáï áã§¨âì ®¯¥à â®àë hin ¢Hin ¨ hex ¢Hex ¤® á¨¬¬¥âà¨ç­ëå ®¯¥à â®à®¢ hin0 ¨ hex0 .� â¥¬ ­¥®¡å®¤¨¬® ®¡à §®¢ âì ¢á¥ á ¬®á®¯àï¦¥­­ë¥ à áè¨à¥­¨ï ®¯¥à â®à  hex0 ⊕ hin0 .� ¦¤®¥ â ª®¥ á ¬®á®¯àï¦¥­­®¥ à áè¨à¥­¨¥ h ¬ë ¡ã¤¥¬ ¨­â¥à¯à¥â¨à®¢ âì ª ª ¯®«­ë©£ ¬¨«ìâ®­¨ ­, § ¤ îé¨© ¤¨­ ¬¨ªã ¢® ¢­ãâà¥­­¥¬ ¨ ¢­¥è­¥¬ ª ­ « å ¨ ¢§ ¨¬®¤¥©áâÄ¢¨¥ ¬¥¦¤ã ­¨¬¨. � à ªâ¥à ¢§ ¨¬®¤¥©áâ¢¨ï ®¯à¥¤¥«ï¥âáï ª ª á¯®á®¡®¬ áã¦¥­¨ï ®¯¥à Äâ®à®¢ hin ¨ hex, â ª ¨ ¢ë¡®à®¬ ª®­ªà¥â­®£® á ¬®á®¯àï¦¥­­®£® à áè¨à¥­¨ï.Ǳ¥à¥©¤¥¬ â¥¯¥àì, á«¥¤ãï ¬¥â®¤ ¬ à ¡®â [39{41], ª à¥ «¨§ æ¨¨ ®¯¨á ­­®© ¢ëè¥ ®¡Äé¥© áå¥¬ë. � áá¬®âà¨¬ ¬®¤¥«ì, ¢ ª®â®à®© ¢­ãâà¥­­¨© ¨ ¢­¥è­¨© ª ­ «ë á¢ï§ë¢ îâÄáï á ¯®¬®éìî £à ­¨ç­ëå ãá«®¢¨© ­  ­¥ª®â®à®© ¯®¢¥àå­®áâ¨ 
 ⊂ R3. �¨­ ¬¨ª  ¢­¥èÄ­¨å áâ¥¯¥­¥© á¢®¡®¤ë § ¤ ¥âáï á ¬®á®¯àï¦¥­­ë¬ ®¯¥à â®à®¬ hexu0 = (−�x+ ṽ(x))u0,¤¥©áâ¢ãîé¨¬ ¢ ¯à®áâà ­áâ¢¥ Hex = L2(R3). Ǳ¥à¨ä¥à¨ç¥áª®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ṽ(x) ¢­ áâ®ïé¥© à ¡®â¥ { íâ® ®¯¥à â®à ã¬­®¦¥­¨ï ­  ªã«®­®¢áª¨© ¯®â¥­æ¨ « n�=|x�|, £¤¥n� { íää¥ªâ¨¢­ë© § àï¤ ¢ á¨áâ¥¬¥. �¨­ ¬¨ª  ¢­ãâà¥­­¨å áâ¥¯¥­¥© á¢®¡®¤ë § ¤ ¥âÄáï ¯à®¨§¢®«ì­ë¬ á ¬®á®¯àï¦¥­­ë¬ ®¯¥à â®à®¬ hin, ¤¥©áâ¢ãîé¨¬ ¢ ¯à®áâà ­áâ¢¥Hin.�®£« á­® á¯¥ªâà «ì­®© â¥®à¥¬¥ ¤«ï á ¬®á®¯àï¦¥­­ëå ®¯¥à â®à®¢ ®¯¥à â®à hin ®¤­®Ä§­ ç­® ®¯à¥¤¥«ï¥âáï ç¥à¥§ á¯¥ªâà ¨ á¯¥ªâà «ì­ë¥ ¯à®¥ªâ®àëhinu1 = ∫ ∞

−M � dE� u1:�¤¥áì −M ï¢«ï¥âáï ­¨¦­¥© £à ­¨æ¥© á¯¥ªâà , dE� { á¯¥ªâà «ì­ë© ¯à®¥ªâ®à, ®â¢¥ç Äîé¨© â®çª¥ � ¢¥é¥áâ¢¥­­®© ®á¨.�«¥¤ãï ®¡é¥© áå¥¬¥, ­¥®¡å®¤¨¬® ¯®áâà®¨âì áã¦¥­¨¥ ®¯¥à â®à®¢ hex ¨ hin. �ã¦¥­¨¥¢­¥è­¥£® £ ¬¨«ìâ®­¨ ­  ¤®áâ¨£ ¥âáï ¤®¯®«­¨â¥«ì­ë¬ âà¥¡®¢ ­¨¥¬ ­  äã­ªæ¨¨ u0,  ¨¬¥­­® âà¥¡®¢ ­¨¥¬ ®¡à é¥­¨ï ¢ ­ã«ì äã­ªæ¨¨ ¨ ¥¥ ­®à¬ «ì­®© ¯à®¨§¢®¤­®© ­  ¯®¢¥àåÄ­®áâ¨ 
:
D(hex0 ) = {u0 ∈W 22 (R3); u0 ∣∣
= @nu0 ∣∣
= 0} : (3)Ǳ®¢¥àå­®áâì 
 ¢ ª®­ä¨£ãà æ¨®­­®¬ ¯à®áâà ­áâ¢¥ ¬®¦¥â à áá¬ âà¨¢ âìáï ª ª ¯®¢¥àåÄ­®áâì ä §®¢®£® ¯¥à¥å®¤  ¢ â®¬ á¬ëá«¥, çâ® ­  ­¥© á®áà¥¤®â®ç¥­ ­®á¨â¥«ì ¬®¤¥«ì­®£®¯®â¥­æ¨ « , ®¡¥á¯¥ç¨¢ îé¥£® ¢®§¬®¦­®áâì ¯¥à¥å®¤  á¨áâ¥¬ë ¨§ ­ãª«®­­®£® ª ­ «  ¢¬¥§®­­ë© ¨ ®¡à â­®. �ã¦¥­¨¥ ¢­ãâà¥­­¥£® £ ¬¨«ìâ®­¨ ­  hin áâà®¨âáï ¯® áå¥¬¥, ¯à¥¤Ä«®¦¥­­®© ¢ à ¡®â å [24{27]. �¬¥­­®,D(hin0 ) = (hin−i�)−1N⊥i� , £¤¥N⊥i� { ®àâ®£®­ «ì­®¥¤®¯®«­¥­­¨¥ ¢Hin ª ¯®à®¦¤ îé¥¬ã ¯®¤¯à®áâà ­áâ¢ãNi� ®¯¥à â®à  hin ¢ â®çª¥ z = i�.�®®â¢¥âáâ¢¥­­® hin0 = hin ↑ D(hin0 ). �¨¦¥ à ¤¨ ¯à®áâ®âë ¬ë ¯®« £ ¥¬, çâ® á¯¥ªâà ®¯¥Äà â®à  hin ¯à®áâ®©, â.¥. dimNi� = 1.



������ ������ ���������� : : : 77� ¬®á®¯àï¦¥­­ë¥ à áè¨à¥­¨ï ®¯¥à â®à hex0 ⊕hin0 ã¤®¡­® ®¯¨áë¢ âì ¢ â¥à¬¨­ å \¡ Ä« ­á " £à ­¨ç­ëå ä®à¬ ®¯¥à â®à®¢ hex0 ¨ hin0 :
{u0; v0}ex + {u1; v1}in = 0: (4)�à ­¨ç­ ï ä®à¬  {; }ex ¢­¥è­¥£® ®¯¥à â®à  ®¯à¥¤¥«ï¥âáï á®®â­®è¥­¨¥¬

{u; v}ex = 〈h∗0u; v〉 − 〈u; h∗0v〉 == limÆ→0[∫
Æ+ d� (@nu v − u @nv)− ∫
Æ− d� (@nu v − u @nv)] ; (5)u; v ∈ D(h∗0);£¤¥ 
±Æ = {x ∈ !± : dist(x; 
) = Æ}, @n { ­®à¬ «ì­ ï ¯à®¨§¢®¤­ ï ª ¯®¢¥àå­®áâ¨ 
.�­ «®£®¬ £à ­¨ç­®© ä®à¬ë (5) ¢® ¢­ãâà¥­­¥¬ ¯à®áâà ­áâ¢¥ á«ã¦¨â á¨¬¯«¥ªâ¨ç¥áª ïä®à¬ 
{u; v}in = �−(u)�+(v)− �+(u) �−(v); u; v ∈ Hin; (6)£¤¥ �±(f) ∈ C { £à ­¨ç­ë¥ §­ ç¥­¨ï í«¥¬¥­â  f [24{27]. �¨á«  �±(f) { ª®íää¨æ¨¥­âëà §«®¦¥­¨ï ¯à®¥ªæ¨¨ í«¥¬¥­â  f ­  ¤¥ä¥ªâ­®¥ ¯®¤¯à®áâà ­áâ¢® Ni� ®¯¥à â®à  (hin0 )∗¯® á¯¥æ¨ «ì­® ¢ë¡à ­­®¬ã ¡ §¨áã {!±} ∈ Ni� _+N−i� [24{27].Ǳ®¢¥àå­®áâì 
, ­  ª®â®à®© ¯à®¨áå®¤¨â áã¦¥­¨¥ ®¡« áâ¨ ®¯à¥¤¥«¥­¨ï ®¯¥à â®à  hex,¢ ¤ ­­®© § ¤ ç¥ ¯à¥¤áâ ¢«ï¥â á®¡®© áä¥àã à ¤¨ãá  r0. �¤¥áì r0 ¨¬¥¥â á¬ëá« à ¤¨ãá ª®à®âª®¤¥©áâ¢ãîé¥£® ¢§ ¨¬®¤¥©áâ¢¨ï, ¯à¥¤áâ ¢«ïîé¥£® á®¡®© ¢ ¤ ­­®© ¬®¤¥«¨ áã¬¬ãï¤¥à­®£® ¨  ­­¨£¨«ïæ¨®­­®£® ¢§ ¨¬®¤¥©áâ¢¨©.�á«¨ ¢ ¯à®áâà ­áâ¢¥ £à ­¨ç­ëå §­ ç¥­¨© § ¤ âì á¢ï§ì [24{27][@nu0]|
 = −'�−(u1); (7)�+(u1) = 〈u0|
 ; '〉; (8)¯ à ¬¥âà¨§®¢ ­­ãî äã­ªæ¨¥© ' ∈ L2(
), â® ãá«®¢¨¥ (4) ¡ã¤¥â ¢ë¯®«­¥­®,   á®®â¢¥âÄáâ¢ãîé¨© ®¯¥à â®à h ®ª ¦¥âáï á ¬®á®¯àï¦¥­­ë¬ à áè¨à¥­¨¥¬ ¢ ¯à®áâà ­áâ¢¥Hex ⊕

Hin ®¯¥à â®à  hex0 ⊕ hin0 . �¤¥áì [@nu0]|
 { áª ç®ª ­®à¬ «ì­®© ¯à®¨§¢®¤­®© äã­ªæ¨¨ u0,u0|
 { á«¥¤ íâ®© äã­ªæ¨¨ ­  
.�¯¥ªâà «ì­ ï § ¤ ç  hU = z U , U = (u0; u1) ¢ áã¬¬¥ ª ­ «®¢ ¬®¦¥â ¡ëâì à¥¤ãæ¨Äà®¢ ­  ¢® ¢­¥è­¨© ª ­ «Hex ¨áª«îç¥­¨¥¬ ¯¥à¥¬¥­­®© u1. � à ¡®â å [24{27] ¯®ª § ­®,çâ® â ª ï à¥¤ãªæ¨ï á ãç¥â®¬ á®®â­®è¥­¨© (7), (8) ¯®à®¦¤ ¥â ¢ ¯à®áâà ­áâ¢¥Hex ¤®¯®«Ä­¨â¥«ì­ë© ª ṽ í­¥à£®§ ¢¨áïé¨© ®¡®¡é¥­­ë© ¯®â¥­æ¨ « v(z):v(z)u0 = −�in(z)〈u0|
 ; '〉';£¤¥ �in(z) = Pi� �2 + zhinhin − z Pi�{ ¨­â¥£à «�¢ àæ  á¯¥ªâà «ì­®© ¬¥àë ®¯¥à â®à hin, Pi� { ®àâ®¯à®¥ªâ®à ­ Ni� ¢Hin.Ǳ à ¬¥âàë ', r0, � ¬®£ãâ ¡ëâì § ä¨ªá¨à®¢ ­ë [39{41] ¯® ¨¬¥îé¨¬áï �pp- ¨ �pn- íªáÄ¯¥à¨¬¥­â «ì­ë¬ ¤ ­­ë¬.



78 �.�. ��Ǳ����, �.�. �����3. �Ǳ������ ������� ������ ���� ���� ��Ǳ�������� �Ǳ������ �� ���������� �������Ǳà¨ ¯¥à¥å®¤¥ ª á¨áâ¥¬¥ âà¥å ç áâ¨æ á ¢­ãâà¥­­¥© áâàãªâãà®© à¥ «¨§ æ¨ï ®¯¨á ­­®©¢ à §¤¥«¥ 2 ®¡é¥© áå¥¬ë âà¥¡ã¥â àï¤  ¬®¤¨ä¨ª æ¨© [24{27]. �¥­âà «ì­®© ¯à®¡«¥¬®©¯à¨ íâ®¬ ï¢«ï¥âáï § ¤ ç  ¯®áâà®¥­¨ï ¯®«­®£® á ¬®á®¯àï¦¥­­®£® âà¥åç áâ¨ç­®£® ®¯¥Äà â®à  í­¥à£¨¨, ¤¥©áâ¢ãîé¥£® ¢ áã¬¬¥ ¢­¥è­¥£® ¨ ¢­ãâà¥­­¨å ª ­ «®¢. �â®â ®¯¥à â®à¤®«¦¥­ â ª¦¥ ã¤®¢«¥â¢®àïâì ­¥ª®â®àë¬ ¤®¯®«­¨â¥«ì­ë¬ âà¥¡®¢ ­¨ï¬, £« ¢­ë¬¨ ¨§ª®â®àëå ï¢«ïîâáï á«¥¤ãîé¨¥: ¢§ ¨¬®¤¥©áâ¢¨ï, ¯®«ãç ¥¬ë¥ ¬¥â®¤ ¬¨ â¥®à¨¨ à áè¨Äà¥­¨© ¢ âà¥åç áâ¨ç­®¬ª®­ä¨£ãà æ¨®­­®¬¯à®áâà ­áâ¢¥, ¤®«¦­ë­®á¨âì ¯ à­ë©å à ªÄâ¥à; ¯®«­ë© ®¯¥à â®à í­¥à£¨¨ á â ª¨¬¨ ¢§ ¨¬®¤¥©áâ¨ï¬¨ ¤®«¦¥­ ¡ëâì ¯®«ã®£à ­¨ç¥­á­¨§ã. � ®¯¨áë¢ ¥¬®© ­¨¦¥ ª®­áâàãªæ¨¨ ¯¥à¥ç¨á«¥­­ë¥ âà¥¡®¢ ­¨ï ¢ë¯®«­¥­ë.�¡®§­ ç¨¬ ç¥à¥§ h�, � = 1; 2; 3, £ ¬¨«ìâ®­¨ ­ h �-© ¤¢ãåç áâ¨ç­®© ¯®¤á¨áâ¥¬ë á¤®¯®«­¨â¥«ì­ë¬ ª ­ «®¬ à áá¥ï­¨ï, ¯®áâà®¥­­ë© ¢ ¯à¥¤ë¤ãé¥¬ à §¤¥«¥.� áá¬®âà¨¬ â¥¯¥àì á¨áâ¥¬ã âà¥å ç áâ¨æ, ¢ ª®â®à®© ¢§ ¨¬®¤¥©áâ¢ãîâ ç áâ¨æë ª ¦Ä¤®© ¯ à­®© ¯®¤á¨áâ¥¬ë. � íâ®¬ á«ãç ¥ ¬ë ¨¬¥¥¬ ¤¥«® á âà¥¬ï, ¢®®¡é¥ £®¢®àï, à §Ä«¨ç­ë¬¨ ¢­ãâà¥­­¨¬¨ ¯®¤¯à®áâà ­áâ¢ ¬¨ F in� = Hin� ⊗ L2(R3y�), � = 1; 2; 3, ¨ ¤¥©áâÄ¢ãîé¨¬¨ ¢ ­¨å £ ¬¨«ìâ®­¨ ­ ¬¨H in� = hin� ⊗ Iy� + I in� ⊗ (−�y�), £¤¥ Iy� ¨ I in� { ¥¤¨Ä­¨ç­ë¥ ®¯¥à â®àë ¢ ¯à®áâà ­áâ¢¥ L2(R3y�) ¨Hin� ,   â ª¦¥ á ®¡é¨¬ ¢­¥è­¨¬ ¯à®áâà ­Äáâ¢®¬ Fex0 = L2(R6), ¢ ª®â®à®¬ ¤¥©áâ¢ã¥â á ¬®á®¯àï¦¥­­ë© ®¯¥à â®à Hex = −� +∑� ṽ�(x�). �¤¥áì ṽ� { ªã«®­®¢áª¨¥ ®¯¥à â®àë ¢§ ¨¬®¤¥©áâ¢¨ï ¢ �-© ¯ à­®© § àï¦¥­Ä­®© ¯®¤á¨áâ¥¬¥,   � = �x� + �y� { è¥áâ¨¬¥à­ë© ®¯¥à â®à � ¯« á . �ë¤¥«¨¬, á«¥Ä¤ãï à ¡®â ¬ [24{27], ¢ ¯à®áâà ­áâ¢¥ F in� ¤¥ä¥ªâ­ë¥ ¯®¤¯à®áâà ­áâ¢  ®¯¥à â®à H in�0 =hin�0 ⊗ Iy� + I in� ⊗ (−�y�) á ä¨ªá¨à®¢ ­­ë¬ ¢ ­¨å ¡ §¨á®¬ {w±� }. � ®â«¨ç¨¥ ®â ¤¢ãåÄç áâ¨ç­®© ª®­áâàãªæ¨¨ à §¤¥«  2 ª®íää¨æ¨¥­âë à §«®¦¥­¨ï �±� ¯® íâ®¬ã ¡ §¨áã ¡ã¤ãâã¦¥ ­¥ ç¨á« ¬¨,   äã­ªæ¨ï¬¨ ¤®¯®«­¨â¥«ì­®© ¯¥à¥¬¥­­®© y�.�®£¤  ¯®«­ë©®¯¥à â®à í­¥à£¨¨H , ã¤®¢«¥â¢®àïîé¨© ¯¥à¥ç¨á«¥­­ë¬¢ ­ ç «¥ íâ®£®à §¤¥«  âà¥¡®¢ ­¨ï¬, § ¤ ¥âáï á«¥¤ãîé¨¬ ¢ëà ¦¥­¨¥¬ [24{27, 36]:HU = { Hexu0;
−�y�u� + hin� ũ� − �−� w+� + �+�w−� ;U = (u0; u�); � = 1; 2; 3; (9)á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨ [@nu0]|�� = −�−� (y�)'�(x�);�+� (y�) = 〈u0; '�〉(y�) = ∫S�r0 dx� u0(X) �'�(x�): (10)�¤¥áì X = x� ⊕ y�, S�r0 { áä¥à  à ¤¨ãá  r0 ¢ ¯à®áâà ­áâ¢¥ R3x� ,   ¢¥ªâ®à-äã­ªæ¨ïU = (u0; u�) ¯à¨­ ¤«¥¦¨â ®¡« áâ¨ ®¯à¥¤¥«¥­¨ï D(H) ®¯¥à â®à H , ¤¥â «ì­® ®¯¨á ­Ä­®© ¢ à ¡®â å [24{27, 36]. �â¬¥â¨¬, çâ® £à ­¨ç­ë¥ ãá«®¢¨ï §¤¥áì ã¦¥ § ¤ îâáï ­¥ ­ áä¥à¥ S�r0 ,   ­  ¯ïâ¨¬¥à­ëå æ¨«¨­¤à å �� = S�r0 ×R3y� . � à ¡®â¥ [36] ¯®ª § ­®, çâ® â ª¦¥, ª ª ¨ ¢ á«ãç ¥ ¤¨áªà¥â­®£® á¯¥ªâà  ¢® ¢­ãâà¥­­¨å ª ­ « å [24{27], ¢ à áá¬ âà¨¢ ¥Ä¬®© §¤¥áì á¨âã æ¨¨ ¤®¯®«­¨â¥«ì­ëå £à ­¨ç­ëå ãá«®¢¨© ­  ¯¥à¥á¥ç¥­¨¨ æ¨«¨­¤à®¢ ��,



������ ������ ���������� : : : 79� = 1; 2; 3, ­¥ ¢®§­¨ª ¥â. Ǳ®á«¥¤­¥¥ ®§­ ç ¥â, çâ® ¯®áâà®¥­­ë¥ ­¨¦¥ í­¥à£®§ ¢¨áïé¨¥¢§ ¨¬®¤¥©áâ¢¨ï ¢ § ¤ ç¥ âà¥å â¥« ¡ã¤ãâ ­®á¨âì ¯ à­ë© å à ªâ¥à ¨«¨, ¨­ë¬¨ á«®¢ ¬¨,¯à¥¤«®¦¥­­ ï ª®­áâàãªæ¨ï ¨áª«îç ¥â âà¥åç áâ¨ç­ë¥ á¨«ë.4. ���������������� ������������ ���Ǳ����� ����������� ������� ���� ����¥«ì íâ®£® à §¤¥«  { ®áãé¥áâ¢¨âì ¯¥à¥­®á ¤¢ãåç áâ¨ç­ëå í­¥à£®§ ¢¨áïé¨å ¢§ ¨¬®Ä¤¥©áâ¢¨© v(z) ¢ âà¥åç áâ¨ç­®¥ ª®­ä¨£ãà æ¨®­­®¥ ¯à®áâà ­áâ¢® ¨ ¯®ª § âì, çâ® à¥§®«ìÄ¢¥­â  R(z) = (H − z)−1 ¯®«­®£® £ ¬¨«ìâ®­¨ ­  H ¬®¦¥â ¡ëâì ®¤­®§­ ç­® ¢®ááâ ­®¢Ä«¥­  ¯® ®¤­®¬ã ¨§ ¥¥ ¡«®ª®¢, ®â¢¥ç îé¥¬ã ¢­¥è­¥¬ã ª ­ «ã Fex0 . �áî¤ã ­¨¦¥, ¥á«¨ ­¥®£®¢®à¥­® ®á®¡®, ¬ë ¯®« £ ¥¬ Im√z > 0. Ǳ®áª®«ìªã ¯®«­®¥ £¨«ì¡¥àâ®¢® ¯à®áâà ­áâÄ¢® F ¥áâì ¯àï¬ ï áã¬¬  F = ⊕a Fa, a = 0; 1; 2; 3, ¯à®áâà ­áâ¢ Fex0 = Fa ¯à¨ a = 0 ¨
F in� = Fa ¯à¨ a = �, à¥§®«ì¢¥­â  R(z) ¨¬¥¥â ¥áâ¥áâ¢¥­­ãî ¡«®ç­ãî áâàãªâãàã ¨ ¬®Ä¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­  ¢ ¢¨¤¥ (4 × 4)-¬ âà¨æë R(z) = {Rab(z)}, a; b = 0; 1; 2; 3,   ¥¥¡«®ª¨ Rab(z) ¢ á¨«ã á ¬®á®¯àï¦¥­­®áâ¨ ®¯¥à â®à H á¢ï§ ­ë á®®â­®è¥­¨¥¬R∗ab(z) =Rba(�z).� ª ¨ ¢ á«ãç ¥ á¨áâ¥¬ë âà¥å ç áâ¨æ á ç¨áâ® ¤¨áªà¥â­ë¬ á¯¥ªâà®¬ ®¯¥à â®à®¢, ®¯¨Äáë¢ îé¨å ¤¨­ ¬¨ªã ¢® ¢­ãâà¥­­¨å ª ­ « å, ¯à¨å®¤¨¬ª á«¥¤ãîé¥© § ¬ª­ãâ®©ªà ¥¢®©§ ¤ ç¥ ¤«ï ª®¬¯®­¥­âR0b(z) [36]:(Hex0 ∗ − zI)R0b(z) = Æ0bÆ(X −X ′); X;X ′ =∈ �; (11)[@nR0b]��∗ = −'�Q�(z)〈R0b∗; '�〉 − '�Æ�bQ̂�(z) ∗ : (12)�ª §ë¢ ¥âáï, çâ®, ª ª ¨ ¢ ¤¢ãåç áâ¨ç­®¬ á«ãç ¥, ªà ¥¢ ï § ¤ ç  (11), (12) ¬®¦¥â ¡ëâì¯¥à¥ä®à¬ã«¨à®¢ ­  ¢ â¥à¬¨­ å § ¢¨áïé¨å ®â í­¥à£¨¨ z ®¡®¡é¥­­ëå ®¯¥à â®à®¢ ¢§ Ä¨¬®¤¥©áâ¢¨ï V�(z) [24{27, 36]: V�(z)u0 = Æ�� Ṽ�(z)u0; (13)£¤¥ Ṽ�(z): Fex0 → Fex0 { ¨­â¥£à «ì­ë© ®¯¥à â®à ¢¨¤  Ṽ�(z)∗ = −〈Q�(z)∗; '�〉'�,   Æ��{ ¤¥«ìâ -äã­ªæ¨ï á ­®á¨â¥«¥¬ ­  ��. �¤à® ®¯¥à â®à Q�(y�; y′�; z) ®¯¨á ­® ­¨¦¥.�¢¥¤¥¬ ®¯¥à â®àH� = h� ⊗ Iy� + I� ⊗ (−�y�), § ¤ ­­ë© ­  äã­ªæ¨ïå (u0; u�) (�ä¨ªá¨à®¢ ­®), ã¤®¢«¥â¢®àïîé¨å £à ­¨ç­ë¬ ãá«®¢¨ï¬ (10). � á¨«ã ¯ à­®£® å à ªâ¥à ãá«®¢¨© á¢ï§¨ ª ­ «®¢ (10)¯¥à¥¬¥­­ë¥ ¢ ®¯¥à â®à¥H� à §¤¥«ïîâáï. Ǳ®íâ®¬ã ®¯¥à â®Äàë Q�(z) ¨ Q̂�(z),   á«¥¤®¢ â¥«ì­®, ¨ ¯®â¥­æ¨ «ë V�(z) ¤®¯ãáª îâ ï¢­ë¥ ¯à¥¤áâ ¢«¥Ä­¨ï ¢ â¥à¬¨­ å á®®â¢¥âáâ¢ãîé¨å ¢¥«¨ç¨­,  áá®æ¨¨à®¢ ­­ëå á ¤¢ãåç áâ¨ç­®© ¯®¤á¨áÄâ¥¬®©. �¬¥­­® ï¤à  ®¯¥à â®à®¢ Q�(z): L2(R3y�) → L2(R3y�) ¨ Q̂�(z): F in� → L2(R3y�)¬®£ãâ ¡ëâì ¢ëà ¦¥­ë ç¥à¥§ ¤¢ãåç áâ¨ç­ë© ¨­â¥£à «�¢ àæ  �in� (z), äã­ªæ¨®­ «�̂in� (z) = PMi�� hin� − i��hin� − zI¨ ï¤à® r0(y� − y′�; z) à¥§®«ì¢¥­âë r0(z) = (−�y� − z)−1 ®¯¥à â®à  � ¯« á −�y� :Q�(y� − y′�; z) = 12�i ∮
� �in� (!)r0(y� − y′�; z − !) d!; (14)



80 �.�. ��Ǳ����, �.�. �����£¤¥ ª®­âãà
� ®å¢ âë¢ ¥â á¯¥ªâà ®¯¥à â®à hin� . �«ï ¯à¥¤¥«ì­ëå §­ ç¥­¨© í­¥à£¨¨ ¯à¨¯à¨¡«¨¦¥­¨¨ ª ¢¥é¥áâ¢¥­­®© ®á¨ ¯®«ãç¨¬ [36], çâ®Q�(y� − y′�; E ± i0) = 14�|y� − y′�| ∫ ∞

−M� exp{
±i√E − q |y� − y′�|}(q2 + �2�)�′�(q) dq:�¤¥áì−M� ï¢«ï¥âáï ¯®à®£®¬  ­­¨£¨«ïæ¨¨ ¢ ¯ à¥ �, �� ¨ �(q) { á®®â¢¥âáâ¢¥­­® ç¨á«®Ä¢®© ¨ äã­ªæ¨®­ «ì­ë© ¯ à ¬¥âàë ¬®¤¥«ì­®£® ª®à®âª®¤¥©áâ¢ãîé¥£® ( ­­¨£¨«ïæ¨®­­®Ä£® ¨ ï¤¥à­®£®) ¯®â¥­æ¨ «  ¢ ¯ à¥ �.�«ï ®¯¥à â®à  Q̂�(z) á¯à ¢¥¤«¨¢®  ­ «®£¨ç­®¥ ¯à¥¤áâ ¢«¥­¨¥. �ã¦­® «¨èì ¢ ä®àÄ¬ã«¥ (14) ¯à®¨§¢¥áâ¨ § ¬¥­ã �in� (z) → �̂in� (z).�®à¬ã«ë (13), (14) § ¤ îâ ¯à ¢¨«® ¯¥à¥­®á  ¤¢ãåç áâ¨ç­®£® í­¥à£®§ ¢¨áïé¥£® ¢§ Ä¨¬®¤¥©áâ¢¨ï v(z) à §¤¥«  2 ¢ âà¥åç áâ¨ç­ãî § ¤ çã á á®åà ­¥­¨¥¬ ¯ à­®£® å à ªâ¥Äà  V (z). Ǳ®á«¥¤­¥¥ ¢ ­ è¥¬ á«ãç ¥ ®§­ ç ¥â, çâ® ï¤à® Ṽ�(z) ¢ á¨«ã (14) ï¢«ï¥âáï âà ­áÄ«ïæ¨®­­®-¨­¢ à¨ ­â­ë¬ ¯® ¯¥à¥¬¥­­®© y�.� ª ¦¥ ª ª ¨ ¢ á«ãç ¥ ¢­ãâà¥­­¨å ª ­ «®¢ á ¤¨áªà¥â­ë¬ á¯¥ªâà®¬ [24{27], á¯à ¢¥¤Ä«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥­¨¥.�¥¬¬  1. �¥§®«ì¢¥­â  R(z) = {Rab(z)} ®¯¥à â®à  H ®¤­®§­ ç­® ¢®ááâ ­ ¢Ä«¨¢ ¥âáï ¯® ¬ âà¨ç­®¬ã í«¥¬¥­âã R00(z).� ª¨¬ ®¡à §®¬, § ¤ ç  ¨áá«¥¤®¢ ­¨ï à¥§®«ì¢¥­âë R(z) á¢®¤¨âáï ª ¨§ãç¥­¨î «¨èì®¤­®© ¥¥ ª®¬¯®­¥­âëR00(z). � á¨«ã ãá«®¢¨© (11), (12) ¯à¨ b = 0 ã¡¥¦¤ ¥¬áï ¢ â®¬, çâ®ª¢ §¨à¥§®«ì¢¥­â  G(z) = (Hex +∑� V�(z)− z)−1á®¢¯ ¤ ¥â á ¡«®ª®¬ R00(z) ¯®«­®© à¥§®«ì¢¥­âë R(z) = (H − z)−1. � ª¨¬ ®¡à §®¬, ¨§«¥¬¬ë 1 á«¥¤ã¥â, çâ® ¤®áâ â®ç­® ¨§ãç¨âì  ­ «¨â¨ç¥áªãî ¨  á¨¬¯â®â¨ç¥áªãî áâàãªâãÄàë ª¢ §¨à¥§®«ì¢¥­âëG(z) ¨ § â¥¬ ¯® ­¥© ¢®ááâ ­®¢¨âì ¢á¥ ¡«®ª¨ Rab(z), a; b 6= 0.5. ���������������� ����������������� �� ������� ������ HexǱ®áª®«ìªã ¢à áá¬ âà¨¢ ¥¬®© âà¥åç áâ¨ç­®© á¨áâ¥¬¥ ¯à¨áãâáâ¢ã¥â ªã«®­®¢áª®¥ ¯à¨Äâï¦¥­¨¥, ¤«ï ¥¥ ¨áá«¥¤®¢ ­¨ï ­¥®¡å®¤¨¬®¯®áâà®¨âì¬®¤¨ä¨æ¨à®¢ ­­ë¥ãà ¢­¥­¨ï� ¤Ä¤¥¥¢  á® \áà¥§ª ¬¨" [42].Ǳãáâì��(|x�|; |y�|) { £« ¤ª ïäã­ªæ¨ï, à ¢­ ï ¥¤¨­¨æ¥ ¢ ª®¬¯ ªâ¥K� ∈ R6 ¨¡ëáâà®áâà¥¬ïé ïáï ª ­ã«î ¢­¥K�. �«¥¤ãï [42], à §®¡ì¥¬ ¯®«­ãî ¯®â¥­æ¨ «ì­ãî í­¥à£¨î V�¢ ¯ à¥ � ­  ¤¢  á« £ ¥¬ëå á ¯®¬®éìî \áà¥§ª¨" ��:V�(X) = V̂�(X) + V (0)� (X); (15)£¤¥ V̂� = V s� + n�

|x�|��; V (0)� = n�
|x�| (1− ��): (16)



������ ������ ���������� : : : 81�¤¥áì V s� { ª®à®âª®¤¥©áâ¢ãîé¥¥ (ï¤¥à­®¥ ¨  ­­¨£¨«ïæ¨®­­®¥) ¢§ ¨¬®¤¥©áâ¢¨¥. �ãÄ¤¥¬ ­ §ë¢ âì V̂� ª®à®âª®¤¥©áâ¢ãîé¥© ç áâìî ¯®â¥­æ¨ « , V (0)� { ¤ «ì­®¤¥©áâ¢ãîÄé¥©. Ǳ®¤ç¥àª­¥¬, çâ® V s� ¢ â¥å ¯ à­ëå ¯®¤á¨áâ¥¬ å �, £¤¥ ¨¬¥¥â ¬¥áâ®  ­­¨£¨«ïæ¨ï,¥áâì í­¥à£®§ ¢¨áïé¨© ®¡®¡é¥­­ë© ¯®â¥­æ¨ « V�(z), â.¥. ¨­â¥£à «ì­ë© ®¯¥à â®à á ï¤Äà®¬ (13). � ¤àã£¨å ¯®¤á¨áâ¥¬ å V s� ¬®¦¥â ­®á¨âì å à ªâ¥à ®¯¥à â®à  ã¬­®¦¥­¨ï ­ äã­ªæ¨î vs�(x�)⊗ Iy� , £¤¥ vs�(x�) { «î¡®© ­¥ § ¢¨áïé¨© ®â í­¥à£¨¨ ­ãª«®­-­ãª«®­­ë©¯®â¥­æ¨ «.� ª ¨ ¢ [42], ®¡®§­ ç¨¬ ç¥à¥§Has £ ¬¨«ìâ®­¨ ­, ¯®à®¦¤¥­­ë© ¤ «ì­®¤¥©áâ¢ãîé¨Ä¬¨ ç áâï¬¨ ¯®â¥­æ¨ « ,Has = −�X +∑� V (0)� = −�X + V (0); (17)¨ ­ §®¢¥¬ ¥£®  á¨¬¯â®â¨ç¥áª¨¬ £ ¬¨«ìâ®­¨ ­®¬.Ǳãáâì Ĥ� { ®¯¥à â®à í­¥à£¨¨, ¢ ª®â®à®¬ ãçâ¥­  ª®à®âª®¤¥©áâ¢ãîé ï ç áâì ¢§ ¨¬®Ä¤¥©áâ¢¨ï ¯ àë �, Ĥ� = Has + V̂� = −�X + V� + ∑� 6=�V (0)� : (18)�§ãç¥­¨¥ á¯¥ªâà  ®¯¥à â®à  Ĥ� ¬®¦¥â ¡ëâì ¯à®¢¥¤¥­®¬¥â®¤ ¬¨ à ¡®â [42, 43] á ãç¥Äâ®¬ á¯¥æ¨ä¨ª¨ í­¥à£®§ ¢¨áïé¨å ¢§ ¨¬®¤¥©áâ¢¨©. �ë ­¥ ¡ã¤¥¬ ¢®á¯à®¨§¢®¤¨âì á®®âÄ¢¥âáâ¢ãîé¥¥ ¨áá«¥¤®¢ ­¨¥ [36],   «¨èì ®â¬¥â¨¬, çâ®, ­ ¯à¨¬¥à, ¢ ­ ¨¡®«¥¥ ¨­â¥à¥á­®¬¨ á«®¦­®¬ á«ãç ¥, ª®£¤  ¨­¤¥ªá � á®®â¢¥âáâ¢ã¥â ¯ à¥ �pp, ­¥¯à¥àë¢­ë© á¯¥ªâà ®¯¥à â®Äà  Ĥ� á®áâ®¨â ¨§ âà¥å â¨¯®¢ ¢¥â¢¥©: [−"�;i;∞), [−M�;∞) ¨ [0;∞). �¥â¢¨ [−"�;i;∞)á®®â¢¥âáâ¢ãîâ à áá¥ï­¨î á¢ï§ ­­®© ¯ àë � á í­¥à£¨¥© á¢ï§¨ −"�;i, i = 1; 2; : : : ;∞,­  ä®­¥ ¤ «ì­®¤¥©áâ¢ãîé¨å ªã«®­®¢áª¨å ç áâ¥© V (0)� , ®â¢¥ç îé¨å ®áâ «ì­ë¬ ¯ à ¬.�«ï á¨áâ¥¬ë �pd ¨¬¥¥¬ V (0)� ≡ 0, � 6= �, ¯®áª®«ìªã âà¥âìï ç áâ¨æ  ï¢«ï¥âáï ­¥§ àï¦¥­Ä­®©. �­ ç¥­¨ï −"�;i á®®â¢¥âáâ¢ãîâ ¢ëà®¦¤¥­­ë¬ â®çª ¬ ¤¨áªà¥â­®£® á¯¥ªâà  ªã«®Ä­®¢áª®£® ®¯¥à â®à , ®áâ ¢è¨¬áï ­  ¢¥é¥áâ¢¥­­®© ®á¨ ¯®á«¥ ¨áª«îç¥­¨ï ¤®¯®«­¨â¥«ìÄ­®£® ª ­ «  à áá¥ï­¨ï (ª ­ «   ­­¨£¨«ïæ¨¨) [36]. �¥â¢ì [−M�;∞) ®â¢¥ç ¥â ¤®¯®«­¨Äâ¥«ì­®¬ãª ­ «ãà áá¥ï­¨ï ¢ ¯ à¥� (ª ­ «ã  ­­¨£¨«ïæ¨¨). � ª®­¥æ, ¢¥â¢ì [0;∞) ¬®¦¥â¡ëâì ¨­â¥à¯à¥â¨à®¢ ­  ª ª ¢¥â¢ì âà¥åç áâ¨ç­®£® à §¢ « : �p+ d → �p+ p+ n.�¡®§­ ç¨¬ ç¥à¥§Gas(z),G�(z),G(z) à¥§®«ì¢¥­âë ®¯¥à â®à®¢Has,H�,Ĥ = Hex +∑� V�(z);á®®â¢¥âáâ¢¥­­®, ¨ ®¯à¥¤¥«¨¬ ¬®¤¨ä¨æ¨à®¢ ­­ë¥ ª®¬¯®­¥­âë M�� âà¥åç áâ¨ç­®©T -¬ âà¨æë á®®â­®è¥­¨¥¬ M��(z) = V̂�Æ�� − V̂�G(z)V̂� , £¤¥ Æ�� { á¨¬¢®« �à®­¥ª¥Äà . � â¥à¬¨­ å M�� ¢¢¥¤¥¬ ª®¬¯®­¥­âë � ¤¤¥¥¢  G��(z) ª¢ §¨à¥§®«ì¢¥­âë G(z):G��(z) = −Gas(z)M��Gas(z). � ª ¨ ¤«ï âà¥å ¡¥ááâàãªâãà­ëå § àï¦¥­­ëå ç áâ¨æ [42],¬®¦­® ¯®ª § âì [36], çâ® ª®¬¯®­¥­âëG�� ¯®¤ç¨­ïîâáï ¬®¤¨ä¨æ¨à®¢ ­­ë¬ ¨­â¥£à «ìÄ­ë¬ ãà ¢­¥­¨ï¬ � ¤¤¥¥¢ G��(z) = Æ��(G�(z)−Gas(z)) −G�(z)V̂�(z) ∑
 6=�G
�(z): (19)



82 �.�. ��Ǳ����, �.�. ������ ¬¥â¨¬, çâ®  ­ «¨â¨ç¥áª¨¥ ¨  á¨¬¯â®â¨ç¥áª¨¥ á¢®©áâ¢  à¥§®«ì¢¥­âë G(z) ®¯à¥¤¥«ïÄîâáï á¢®©áâ¢ ¬¨ ï¤¥à ¨­â¥£à «ì­ëå ®¯¥à â®à®¢ G�(z)V̂�(z) ¨ á¢®¡®¤­®£® ç«¥­ G�(z)−Gas(z).�¡®§­ ç¨¬ ç¥à¥§ 	�;i ¢®«­®¢ë¥ äã­ªæ¨¨ ­¥¯à¥àë¢­®£® á¯¥ªâà  ®¯¥à â®à  Ĥ , ®âÄ¢¥ç îé¨¥ ¢¥â¢ï¬ [−"�;i;∞). �ã­ªæ¨¨ 	�;i(X; q�) ®¯¨áë¢ îâ ¯à®æ¥ááë à áá¥ï­¨ï(2 → 2) ¨ (2 → 3) á¢ï§ ­­®© ¯ àë � ­  âà¥âì¥© ç áâ¨æ¥, ¤¢¨¦ãé¥©áï á ®â­®á¨â¥«ì­ë¬¨¬¯ã«ìá®¬ q�. �¥à¥§ 	0(X;P ) ¡ã¤¥¬ ®¡®§­ ç âì ¢®«­®¢ë¥ äã­ªæ¨¨, á®®â¢¥âáâ¢ãîé¨¥¢¥â¢¨ [0;∞). �â®â â¨¯ äã­ªæ¨© ®â¢¥ç ¥â ¯à®æ¥áá ¬ à áá¥ï­¨ï (3 → 3) ¨ (3 → 2), ¢ ª®â®Äàëå ­ ç «ì­ë¥ ç áâ¨æë ­¥ á¢ï§ ­ë ¨ ¤¢¨¦ãâáï á ®â­®á¨â¥«ì­ë¬¨ ¨¬¯ã«ìá ¬¨ q�, p�,q� ⊕ p� = P .�ã­ªæ¨¨ 	a, a = 0; {�; i}, � = 1; 2; 3, i = 1; 2; : : : ; N�, ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨î�à¥¤¨­£¥à  ¢® ¢­¥è­¥¬ ª ­ «¥Hex [36]:(Ĥ − E)	a = 0; (20)£¤¥ E = q2� − "�;i ¤«ï 	�;i(X; q�) ¨«¨ E = P 2 ¤«ï 	0(X;P ), N� { ç¨á«® á¢ï§ ­­ëåá®áâ®ï­¨© ¢ ¯ à¥ �.�¯à¥¤¥«¨¬ ª®¬¯®­¥­âë� ¤¤¥¥¢  ¢®«­®¢®© äã­ªæ¨¨ 	a à ¢¥­áâ¢®¬�A� (±) = −Gas(E ± i0)V̂�	a;£¤¥ A = {�; i}, � = 1; 2; 3, i = 1; 2; : : : ; N�. Ǳà¨¬¥­¨¢ ª ­¥¬ã á«¥¢  ®¯¥à â®àHas − E,¯®«ãç¨¬ ®¤­®à®¤­ãî á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¤«ï ª®¬¯®­¥­â �A� (±):(Has + V̂� − E)�A� (±) = −V̂� ∑� 6=��A� (±):�«ï ®¯¨á ­¨ï ¯à®æ¥áá®¢ à áá¥ï­¨ï �p + d á«¥¤ã¥â ¢ë¤¥«¨âì ¢ íâ®© ®¤­®à®¤­®© á¨áâ¥¬¥ãà ¢­¥­¨© ­ ç «ì­®¥ á®áâ®ï­¨¥ �(0)� , ®â¢¥ç îé¥¥  á¨¬¯â®â¨ç¥áª®¬ã ¤¢¨¦¥­¨î  ­â¨-¯à®â®­  ¢ íää¥ªâ¨¢­®¬ ¯®«¥ ¤¥©âà®­ :�A(±)� = Æ���(0)� + �̃A(±)� : (21)�ã­ªæ¨ï�(0)� ¯à¥¤áâ ¢¨¬  [36, 42] ¢ ä ªâ®à¨§®¢ ­­®¬¢¨¤¥�(0)� =  d(x�) e�c (y�), £¤¥ d{ ¢®«­®¢ ï äã­ªæ¨ï ¤¥©âà®­ ,    e�c ã¤®¢«¥â¢®àï¥â ¤¢ãåç áâ¨ç­®¬ã ãà ¢­¥­¨î �à¥Ä¤¨­£¥à  á íää¥ªâ¨¢­ë¬ ªã«®­®¢áª¨¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ n��=|y�|, £¤¥n�� = ∑
 6=� n

|s
� | ;s
� { í«¥¬¥­â ¬ âà¨æë ¯®¢®à®â , á¢ï§ë¢ îé¥© à §«¨ç­ë¥ ïª®¡¨¥¢ë ª®®à¤¨­ âë¢ âà¥åç áâ¨ç­®© á¨áâ¥¬¥. Ǳ®¤áâ ¢«ïï äã­ªæ¨î �A(±)� ¢ ¢¨¤¥ (21) ¢ ®¤­®à®¤­ãî



������ ������ ���������� : : : 83á¨áâ¥¬ã, ¯®«ãç¨¬ ­¥®¤­®à®¤­ãî á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© � ¤¤¥¥¢ ®â­®á¨â¥«ì­® �̃A(±)� :
(
−�X + V�(E ± i0) + ∑
 6=�V (0)
 (X)− E)�̃B(±)� == −V̂�(E ± i0)(Æ���(0)� + ∑
 6=� �̃B(±)
 ); E = q2� + "d: (22)� ª¨¬ ®¡à §®¬, ¬ë ¯®«ãç¨«¨ á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ­  ª®¬¯®­¥­âë¢®«­®¢®© äã­ªæ¨¨. �«ï ¯®áâ ­®¢ª¨ £à ­¨ç­®© § ¤ ç¨ ­¥®¡å®¤¨¬® ¯®«ãç¨âì  á¨¬¯â®Äâ¨ç¥áª¨¥ £à ­¨ç­ë¥ ãá«®¢¨ï. �­¨ ¡ã¤ãâ ¯®áâà®¥­ë ­¨¦¥ á ¯®¬®éìî  á¨¬¯â®â¨ª ï¤¥à¨­â¥£à «ì­ëå ãà ¢­¥­¨© (19).�â¬¥â¨¬, çâ® ¢ ¤ ­­®© à ¡®â¥ ¬ë ¨­â¥à¥áã¥¬áï ¢® ¢­¥è­¥¬ ª ­ «¥ «¨èì ¯à®æ¥áÄá ¬¨ 2 → (2; 3), ®â¢¥ç îé¨¬¨ ­ «¨ç¨î á¢ï§ ­­®£® á®áâ®ï­¨ï ¢® ¢å®¤­®¬ ª ­ «¥. � Äª¨¬ ®¡à §®¬, ­ ¬ ¯®âà¥¡ã¥âáï â®«ìª®  á¨¬¯â®â¨ç¥áª¨© ¢¨¤ ¢®«­®¢ëå äã­ªæ¨© â¨¯ 	�i(X; q�) ¨ ®â¢¥ç îé¨å ¨¬ ª®¬¯®­¥­â � ¤¤¥¥¢  �(�i)� , � = 1; 2; 3, � = 1; 2; 3, i =1; : : : ; N�. 6. �������� ���� G� � Gas ��� ������� �ppnǱà¨¬¥­¨¬ ®¯¨á ­­ãî ¢ëè¥ ª®­áâàãªæ¨î ¤«ï ®¯¨á ­¨ï á¨áâ¥¬ë �ppn. �¢¥¤¥¬ ­ã¬¥Äà æ¨î ¯®¤á¨áâ¥¬ á«¥¤ãîé¨¬ ®¡à §®¬. Ǳãáâì ¨­¤¥ªá � = 1 ­ã¬¥àã¥â ¯®¤á¨áâ¥¬ã �pn,� = 2 ­ã¬¥àã¥â ¯®¤á¨áâ¥¬ã �pp, ­ ª®­¥æ, � = 3 { ¯®¤á¨áâ¥¬ã pn. � íâ¨å ®¡®§­ ç¥­¨ïåV̂1 = V1; V̂2 = V2 + n

|x2|�(x2; y2); V̂3 = vd:�¤¥áì V�(z) { í­¥à£®§ ¢¨áïé¨¥ ¯®â¥­æ¨ «ë, ®¯à¥¤¥«¥­­ë¥ ¢ ¢ëà ¦¥­¨¨ (13), vd { «®Äª «ì­ë© ¯®â¥­æ¨ «, ®¯¨áë¢ îé¨© ¢§ ¨¬®¤¥©áâ¢¨¥ ¢ á¨áâ¥¬¥ pn.�ä®à¬ã«¨àã¥¬ à¥§ã«ìâ âë ®â­®á¨â¥«ì­® ¨­â¥£à «ì­ëå ¯à¥¤áâ ¢«¥­¨© ï¤¥à à¥§®«ìÄ¢¥­â G�, � = 1; 2; 3, ¢ ¢¨¤¥ á«¥¤ãîé¥£® ãâ¢¥à¦¤¥­¨ï.�¥¬¬  2. Ǳà¨ Im√z < 0 ï¤à  G�, � = 1; 2; 3, ¯à¥¤áâ ¢¨¬ë ¢ ¢¨¤¥G1(X;X ′; z) ≈ − 12�i ∫ ∞

−M1 exp{i√z − q |y1 − y′1|}4�|y1 − y′1| ×

×
[ g+0 (x; x′; q)I −�in1 +(q)〈g+0 (q)'1; '1〉 − g−0 (x; x′; q)I −�in1 −(q)〈g−0 (q)'1; '1〉] dq;



84 �.�. ��Ǳ����, �.�. �����G2(X;X ′; z) = − 14�|y2 − y′2| ∞∑k=1 exp{i√z − �k |y2 − y′2|}�(1)k (x; x′)++ i8�2|y2 − y′2| ∫[−M2;∞)=�0 exp{i√z − q |y2 − y′2|}×
×

[ g+c (x; x′; q)I −�in2 +(q)〈g+c (q)'2; '2〉 − g−c (x; x′; q)I −�in2 −(q)〈g−c (q)'2; '2〉] dq;G3(X;X ′; z) =  d(x3) � d(x′3)ge�c(y3 − y′3; z − "d)++ F 03 (X; z)exp{i√z |X −X ′|
}

|X −X ′|5=2 G̃as(X;X ′; z);£¤¥ ge�c (y3 − y′3; z − "d) { à¥§®«ì¢¥­â  ®¯¥à â®à  he� = −�y3 + ṽe�(y3),    ¬¯«¨Äâã¤  F 03 (X; z) ¯®à®¦¤ ¥âáï ª®à®âª®¤¥©áâ¢ãîé¨¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¢ ¯ à¥ ¯à®Äâ®­{­¥©âà®­.�®ª § â¥«ìáâ¢® [36]. �®á¯®«ì§ã¥¬áï ¤«ï ï¤à G1 áâ àè¨¬ ¯®àï¤ª®¬ â¥®à¨¨ ¢®§Ä¬ãé¥­¨© ¯® ªã«®­®¢áª®¬ã ¢§ ¨¬®¤¥©áâ¢¨ï,   â ª¦¥ ¬ «®áâìî à ¤¨ãá  ï¤¥à­®£® ¢§ Ä¨¬®¤¥©áâ¢¨ï ¢ ¯®¤á¨áâ¥¬¥ pn ¯® áà ¢­¥­¨î á ¯¥à¢ë¬ ¡®à®¢áª¨¬ à ¤¨ãá®¬ ¢ �pp-¯®¤á¨á-â¥¬¥ ¤«ï ¯®«ãç¥­¨ï ¯à¥¤áâ ¢«¥­¨ï ï¤à  G3.�«ï ®¯¨á ­¨ï  á¨¬¯â®â¨ç¥áª¨å à¥¦¨¬®¢ ï¤¥à G� ¨ Gas ¢¢¥¤¥¬ [42] àï¤ ®¡« áâ¥© ¢âà¥åç áâ¨ç­®¬ ª®­ä¨£ãà æ¨®­­®¬¯à®áâà ­áâ¢¥, ¢ ª®â®àëå¯®¢¥¤¥­¨¥G� ¨Gas à §«¨çÄ­®. Ǳãáâì 
̃�(b0), � = 1; 2; 3, { ®¡« áâì ¢ R6, £¤¥ à ááâ®ï­¨¥ ¬¥¦¤ã ç áâ¨æ ¬¨ ¯ àë �®£à ­¨ç¥­® ­¥ª®â®à®© ¯®áâ®ï­­®©, 
̃�(b0) = {X : |x�| < b0}. Ǳãáâì ¤ «¥¥ 
̃0�(�′) { ®¡Ä« áâì, £¤¥ ¢ë¯®«­¥­ë ­¥à ¢¥­áâ¢  b0 6 |x�| < |y�|�′ , 0 < �′ < 1=2. �¥à¥§ 
�(�′) ®¡®Ä§­ ç¨¬ ®¡ê¥¤¨­¥­¨¥ ®¡« áâ¥© 
̃�(b0) ¨ 
̃0�(�′), 
�(�′) = 
̃�(b0) ∪ 
̃0�(�′). � ®¡« áâ¨
�(�′) à ááâ®ï­¨¥ ¬¥¦¤ã ç áâ¨æ ¬¨ ¯ àë � ¬­®£® ¬¥­ìè¥ à ááâ®ï­¨ï ¤® âà¥âì¥© ç áÄâ¨æë, ¥á«¨ |X | → ∞. Ǳãáâì, ­ ª®­¥æ, 
0� «¥¦¨â ¢ ®áâ ¢è¥©áï ç áâ¨ ¯à®áâà ­áâ¢  R6;§¤¥áì |x�| > max{|y�|; b0}. Ǳãáâì 
0 = ⋂� 
0�:� ®¡« áâ¨ 
0 ¢á¥ ç áâ¨æë ¤®áâ â®ç­® ¤ «¥ª¨ ®¤­  ®â ¤àã£®©.�á¨¬¯â®â¨ª¨ ï¤¥à G� ¨ Gas ¢ à §«¨ç­ëå ®¡« áâïå âà¥åç áâ¨ç­®£® ª®­ä¨£ãà æ¨®­Ä­®£® ¯à®áâà ­áâ¢  ¨¬¥îâ ¢¨¤ áã¯¥à¯®§¨æ¨¨ âà¥å¬¥à­ëå (¥á«¨ ¢ á®®â¢¥âáâ¢ãîé¥© ¯ Äà¥ ¯à¨áãâáâ¢ãîâ á¢ï§ ­­ë¥ á®áâ®ï­¨ï) ¨ è¥áâ¨¬¥à­ëå à áá¥ï­­ëå ¢®«­. �®«¥¥ â®ç­®,á¯à ¢¥¤«¨¢  á«¥¤ãîé ï «¥¬¬ .�¥¬¬  3 [36]. �á¨¬¯â®â¨ç¥áª¨¥ ¢ëà ¦¥­¨ï ¤«ï ï¤¥à à¥§®«ì¢¥­â G� ¨ Gas¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:1. � ®¡« áâ¨ 
0G1(X;X ′; z) −→
|X′|→∞

CzF01(X; z)exp{i√z |X ′|+ iW0(X ′)}
|X ′|5=2 :�¤¥áì  ¬¯«¨âã¤  F01 ¯à¥¤áâ ¢¨¬  ¢ ¢¨¤¥F01(X; z) = − exp {−i〈P;X〉}I −�in1 +(q0)〈g0(q0)'1; '1〉 ;



������ ������ ���������� : : : 85£¤¥ |P | = √z, Cz = −12ei�=4(2�)−5=2z3=4;  g0(z) { à¥§®«ì¢¥­â  ®¯¥à â®à  � ¯« á . �®çª  áâ æ¨®­ à­®© ä §ëq0 = z |x′1|2|X ′|2 :�§-§  ®âáãâáâ¢¨ï á¢ï§ ­­ëå á®áâ®ï­¨© ¢ ¯ à¥ � = 1 ¢® ¢á¥¬ ª®­ä¨£ãà æ¨Ä®­­®¬ ¯à®áâà ­áâ¢¥  á¨¬¯â®â¨ª  ï¤à  G1(X;X ′; z) ã¡ë¢ ¥â ª ª è¥áâ¨¬¥à­ ïáä¥à¨ç¥áª ï ¢®«­  [6].2. �¤à® G2(X;X ′; z) ¯à¨ |X ′| → ∞ ¢ ®¡« áâ¨ 
2 ¡ã¤¥â ¨¬¥âì ¢¨¤G2(X;X ′; z) −→
|X′|→∞

−
∞∑k=1Nk−1∑m=1 ��(k)m (x′2)Fi2(X; z)exp{i√z − �k |y′2|}4�|y′2| :�¤¥áì  ¬¯«¨âã¤  Fi2(X; z) = �(k)m (x2) 0(√z − �ky2), i { ¬ã«ìâ¨¨­¤¥ªá {m; k}, 0(ky) { á®¡áâ¢¥­­ ï äã­ªæ¨ï ®¯¥à â®à  � ¯« á .�¤à® G2(X;X ′; z) ¯à¨ |X ′| → ∞ ¢ ®áâ «ì­ëå ®¡« áâïå ª®­ä¨£ãà æ¨®­­®£® ¯à®Äáâà ­áâ¢  ¡ã¤¥â ¨¬¥âì ¢¨¤G2(X;X ′; z) −→

|X′|→∞
CzF02(X; z)exp{i√z |X ′|+ iW0(X ′)}

|X ′|5=2 :�¬¯«¨âã¤  F02 ¯à¥¤áâ ¢¨¬  á«¥¤ãîé¨¬ ®¡à §®¬:F02(X; z) = −  −c (x2; q0)I −�in2 +(q0)〈gc(q0)'2; '2〉 exp{
−i√z − q0y2};£¤¥ q0 = z |x′2|2|X ′|2 :3. �¤à® à¥§®«ì¢¥­âë G3(X;X ′; E) ¢ ®¡« áâ¨ 
3 ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­® ¢¢¨¤¥G3(X;X ′; E±i0) −→

|X′|→∞
 d(x3) � d(x′3) e�∓c (y3; E−"d)exp{

±i√E − "dy′3 ± iW3(y′3)}4�|y′3| ;£¤¥  e�∓c { ¢®«­®¢ë¥ äã­ªæ¨¨, ®â¢¥ç îé¨¥ â®çª¥ ­¥¯à¥àë¢­®£® á¯¥ªâà  ®¯¥à Äâ®à  he� , ®¯à¥¤¥«¥­­®£® ¢ëè¥.� ®áâ «ì­ëå ®¡« áâïå ª®­ä¨£ãà æ¨®­­®£® ¯à®áâà ­áâ¢  ¯à¥¤áâ ¢«¥­¨¥ ¤«ïG3(X;X ′; z) á«¥¤ãîé¥¥:G3(X;X ′; E ± i0) −→
|X′|→∞

F 03 (X;E)e∓i〈P;X〉 exp{
±i√E |X ′|

}

|X ′|5=2 G̃as(X;X ′; E):



86 �.�. ��Ǳ����, �.�. �����4. �¥§®«ì¢¥­â  Gas ¨¬¥¥â  á¨¬¯â®â¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ ¯à¨ |X −X ′| → ∞¢® ¢á¥¬ ª®­ä¨£ãà æ¨®­­®¬ ¯à®áâà ­áâ¢¥ ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥­¨ï á¢®¡®¤­®© äã­ªæ¨¨�à¨­  ­  ªã«®­®¢áª¨© ä §®¢ë© ¬­®¦¨â¥«ì [43]Gas(X;X ′; z) = Cz exp{i√z |X −X ′|}
|X −X ′|5=2 G̃as(X;X ′; z);£¤¥ z ¯à¨­ ¤«¥¦¨â ª®¬¯«¥ªá­®© ¯«®áª®áâ¨ �0 á à §à¥§®¬ [0;∞).�«¥¤ãîé¨¬ íâ ¯®¬ ¨áá«¥¤®¢ ­¨ï á¨áâ¥¬ë ãà ¢­¥­¨© (19) ¤«ï ª®¬¯®­¥­âG�� ¤®«¦Ä­® ¡ëâì á®£« á­® ®¡é¥© áå¥¬¥ [42] ¨§ãç¥­¨¥ ¯®¢¥¤¥­¨ï ¨â¥à æ¨© G(n)�� , n > 1, ï¤¥à á¨áÄâ¥¬ë (19). �¥ ¢®á¯à®¨§¢®¤ï £à®¬®§¤ª¨å ¢ëç¨á«¥­¨© G(n)�� ¢¯«®âì ¤® n = 8, ¬ë ¨§ãç¨¬§¤¥áì «¨èì ¯¥à¢ãî ¨â¥à æ¨î ï¤¥à G�� ¨ ¯®ª ¦¥¬, çâ® ¤«ï ¨§ãç ¥¬ëå í­¥à£®§ ¢¨áïÄé¨å ¢§ ¨¬®¤¥©áâ¢¨© ¯¥à¢ ï ¨â¥à æ¨ï ï¤¥à G�� ®¡« ¤ ¥â â¥¬¨ ¦¥ äã­ªæ¨®­ «ì­ë¬¨á¢®©áâ¢ ¬¨, çâ® ¨ ¤«ï ¡¥ááâàãªâãà­ëå § àï¦¥­­ëå ç áâ¨æ [42],   íää¥ªâ í­¥à£®§ ¢¨Äá¨¬®áâ¨ ¨ ­¥«®ª «ì­®áâ¨ ¯® ¯¥à¥¬¥­­®© y� ∈ R3y� ®¯¥à â®à®¢ V�(z) áª §ë¢ ¥âáï «¨èì­  á¢®©áâ¢ å á®®â¢¥âáâ¢ãîé¨å  ¬¯«¨âã¤. �  íâ®¬ ¯ãâ¨ ¬ë ­¥ â®«ìª® ¨§ãç¨¬ á¢®©áâ¢ £« ¤ª®áâ¨ ¨â¥à æ¨© G(n)�� , ­® ¨ ¯®«ãç¨¬ ï¢­ë¥ ¯à¥¤áâ ¢«¥­¨ï ¤«ï ¯¥à¢®£® ¡®à­®¢áª®£®¯à¨¡«¨¦¥­¨ï  ¬¯«¨âã¤ ã¯àã£®£® à áá¥ï­¨ï ¨ à §¢ «  ¢ ­ãª«®­­®¬ ª ­ «¥.Ǳ®áâà®¨¬ ¯¥à¢ë¥ ¨â¥à æ¨¨ ï¤¥à ¨­â¥£à «ì­ëå ãà ¢­¥­¨© (19) ¢ á®â¢¥âáâ¢¨¨ á® á«¥Ä¤ãîé¨¬ ¯à¥¤áâ ¢«¥­¨¥¬: G13 ∼ −G1V̂1(G3 −Gas);G23 ∼ −G2V̂2(G3 −Gas);G33 ∼ −G3V̂3(G13 +G23): (23)�ë ¯à¨¢¥¤¥¬ «¨èì  á¨¬¯â®â¨ª¨ ¨â¥à æ¨©G13 ¨G23. �á¨¬¯â®â¨ª G33 ¬®¦¥â ¡ëâì¯®áâà®¥­  ¢ à ¬ª å â®© ¦¥ â¥å­¨ª¨, çâ® ¨ G13, G23, ¨ ¨§-§  ­¥¤®áâ âª  ¬¥áâ  §¤¥áì ­¥¯à¨¢®¤¨âáï. �ëç¨á«¨¬ ï¤à® ®¯¥à â®à  G1V1G3 ¢ ®¡« áâ¨ ª®­ä¨£ãà æ¨®­­®£® ¯à®áÄâà ­áâ¢  
0 ¨ ¯¥à¥©¤¥¬ ª ¯à¥¤¥«ã |X ′| → ∞,   § â¥¬ ª ¯à¥¤¥«ã |X | → ∞:G1V1G3(X;X ′; E ± i0) −→

|X|;|X′|→∞
F 3±13 (q0)exp{

±i√E |X | ± iW0(X)}
|X |5=2 ×

× exp{
±i√E − "d |y′3| ± iW3(y′3)}4�|y′3|  d(x′3); (24)£¤¥ W3(y′3) { ªã«®­®¢áª ï ä §  [42], ®â¢¥ç îé ï íää¥ªâ¨¢­®¬ã ªã«®­®¢áª®¬ã ¢§ ¨¬®Ä¤¥©áâ¢¨î  ­â¨¯à®â®­  á ¤¥©âà®­®¬,F 313±(q0) = i CE4�2√E +M1�′1(−M1) (M21 + �21)�±1 (q0) 〈 ∓0 (q0); '1〉〈'1;  d〉×

×
∫R3 dy′′1  ∓0 (√E |y1|

|X | ; y′′1)
×

×
∫R6 dX ′′′  ∓c e�(√E − "d y′′′3 )exp{

±i√E +M1 |y′′1 − y′′′1 |
}

|y′′1 − y′′′1 |2 ;



������ ������ ���������� : : : 87£¤¥  ∓c e� { ¢®«­®¢ë¥ äã­ªæ¨¨ ªã«®­®¢áª®£® ®¯¥à â®à  he� . �¤¥áì�±1 (q0) = 11−�in1 ±(q0)〈g±0 (q0)'1; '1〉 :� ¬¥â¨¬, çâ® ¨­â¥£à «ì­ë© ¬­®¦¨â¥«ì ¢ ¯à¥¤áâ ¢«¥­¨¨ ¤«ï  ¬¯«¨âã¤ë F 313±(q0)
∫R3 dy′′1  ∓0 (√E |y1|

|X | ; y′′1) ∫R6 dX ′′′  ∓c e�(√E − "d y′′′3 )
×

× exp{
±i√E +M1 |y′′1 − y′′′1 |

}

|y′′1 − y′′′1 |2 (25)¯®à®¦¤ ¥âáï á¯¥æ¨ «ì­ë¬ \á¢¥àâ®ç­ë¬" ¯® ¯¥à¥¬¥­­®© y� å à ªâ¥à®¬ í­¥à£®§ ¢¨áïÄé¥£® ¯®â¥­æ¨ «  V�(z). � ª®­¥æ, ª®­áâ ­â CE = −12ei�=4(2�)−3=2E3=4:Ǳà¨ ®âáãâáâ¢¨¨ á¢ï§ ­­ëå á®áâ®ï­¨© ¢ ¯ à¥ �  á¨¬¯â®â¨ª  ï¤à  G� ã¡ë¢ ¥â ª ªè¥áâ¨¬¥à­ ï áä¥à¨ç¥áª ï ¢®«­  ¢® ¢á¥¬ ¯à®áâà ­áâ¢¥.� ®¡« áâ¨ 
1  á¨¬¯â®â¨ª  ï¤à  G1V1G3(X;X ′; E ± i0) ã¡ë¢ ¥â ª ª è¥áâ¨¬¥à­ ïáä¥à¨ç¥áª ï ¢®«­ , ¯®áª®«ìªã ¢ ¯ à¥ � = 1 ­¥â á¢ï§ ­­ëå á®áâ®ï­¨©.�®á¯®«ì§®¢ ¢è¨áì ¯à¥¤áâ ¢«¥­¨¥¬ ¤«ï ï¤à  G3, ­ ©¤¥¬  á¨¬¯â®â¨ªã ï¤à G2V2G3(X;X ′; E ± i0) ¢ ®¡« áâ¨ 
0:G2V2G3(X;X ′; E ± i0) −→
|X|;|X′|→∞

F 323±(q0)exp{
±i√E |X | ± iW0(X)}

|X |5=2 ×

× exp{
±i√E − "d |y′3| ± iW3(y′3)}4�|y′3|  d(x′3); (26)£¤¥ F 323±(q0) = i CE4�2√E +M2�′2(−M2) (M22 + �22)�±2 (q0) 〈 ∓c (q0); '2〉〈'2;  d〉×

×
∫R3 dy′′2  ∓0 (√E |y2|

|X | ; y′′2)
×

×
∫R6 dX ′′′  ∓c e�(√E − "d y′′′3 )exp{

±i√E +M2 |y′′2 − y′′′2 |
}

|y′′2 − y′′′2 |2 ;§¤¥áì �±2 (q0) = 11−�in2 ±(q0)〈g±c (q0)'2; '2〉 :� ¬¥â¨¬, çâ® ï¤à® G2 ¨¬¥¥â ¤¨áªà¥â­ãî ¨ ­¥¯à¥àë¢­ãî ç áâ¨, ®¤­ ª® ¤¨áªà¥â­ ïç áâìG2 ­¥ ¢­®á¨â ¢ª« ¤  ¢ ï¤à®G2V2, ¯®áª®«ìªã ¯®â¥­æ¨ « V2 ¯à®¯®àæ¨®­ «¥­ ¯à®¥ªÄâ®àã ­  á®áâ®ï­¨ï, ¯®à®¦¤ îé¨¥ à¥§®­ ­áë ¢ ¯ à¥ � = 2 ¨ ®àâ®£®­ «ì­ë¥ á¢ï§ ­­ë¬á®áâ®ï­¨ï¬ [36]. � ª¨¬ ®¡à §®¬, ¯à®æ¥áá ®¡à §®¢ ­¨ï á¢ï§ ­­ëå á®áâ®ï­¨© ï¢«ï¥âáï



88 �.�. ��Ǳ����, �.�. �����§ ¯à¥é¥­­ë¬. �«¥¤®¢ â¥«ì­®, ¢® ¢á¥¬ ª®­ä¨£ãà æ¨®­­®¬ ¯à®áâà ­áâ¢¥  á¨¬¯â®â¨ª ï¤à  G2V2G3(X;X ′; E ± i0) ã¡ë¢ ¥â ª ª è¥áâ¨¬¥à­ ï áä¥à¨ç¥áª ï ¢®«­ .� ª¨¬ ®¡à §®¬, ¢ á®®â¢¥âáâ¢¨¨ á ¯à¥¤áâ ¢«¥­¨¥¬ (23) ¬ë ¢ëç¨á«¨«¨ ¯¥à¢ãî ¨â¥à Äæ¨îG(1)�� ï¤¥à ¨­â¥£à «ì­ëå ãà ¢­¥­¨© (19). �  ®á­®¢ ­¨¨ ¯®«ãç¥­­ëå ¯à¥¤áâ ¢«¥­¨©ã¡¥¦¤ ¥¬áï, çâ® äã­ªæ¨®­ «ì­ë¥ á¢®©áâ¢  ¯¥à¢®© ¨â¥à æ¨¨ ï¤¥à ¤«ï ¨áá«¥¤ã¥¬®© ¬®Ä¤¥«¨ ­¥ ¨§¬¥­¨«¨áì ¯® áà ¢­¥­¨î á® á¢®©áâ¢ ¬¨ ¨â¥à æ¨© ï¤¥à ¤«ï á¨áâ¥¬ë âà¥å ç áâ¨æá ªã«®­®¢áª¨¬ ¨ ª®à®âª®¤¥©áâ¢ãîé¨¬ ¢§ ¨¬®¤¥©áâ¢¨ï¬¨, ¨áá«¥¤®¢ ­­®© ¢ [42]. Ǳ®«ãÄç¥­­ë¥ ä®à¬ã«ë ¯®ª §ë¢ îâ, çâ® ­ «¨ç¨¥ ¢ á¨áâ¥¬¥ ¬®¤¥«ì­®£® í­¥à£®§ ¢¨áïé¥£® ¢§ Ä¨¬®¤¥©áâ¢¨ï ­¥ ¢«¨ï¥â ­  áª®à®áâì  á¨¬¯â®â¨ç¥áª®£® ã¡ë¢ ­¨ï ¯¥à¢®© ¨â¥à æ¨¨ ï¤¥à,  «¨èì ¯®à®¦¤ ¥â ¤®¯®«­¨â¥«ì­ë© ¬­®¦¨â¥«ì ¢¨¤  (25) ¢  ¬¯«¨âã¤¥ à áá¥ï­¨ï. � Äª¨¬ ®¡à §®¬, á¯¥æ¨ä¨ª  í­¥à£®§ ¢¨áïé¨å ¢§ ¨¬®¤¥©áâ¢¨© ­¥ ¬¥­ï¥â äã­ªæ¨®­ «ì­ëåª« áá®¢, ¢ ª®â®àëå áâà®ïâáï à¥è¥­¨ï ¨­â¥£à «ì­ëå ãà ¢­¥­¨© � ¤¤¥¥¢  [42]. �«ï ¯®Ä«ãç¥­¨ï â®ç­®£® ãâ¢¥à¦¤¥­¨ï ¬ë ¢®á¯®«ì§ã¥¬áï â¥¬¨ ¦¥ äã­ªæ¨®­ «ì­ë¬¨ ª« áá ¬¨
B̂�� ¨ B(�′; "′), ª®â®àë¥ ¡ë«¨ ¨á¯®«ì§®¢ ­ë ¯à¨ ¨§ãç¥­¨¨ âà¥å ¡¥ááâàãªâãà­ëå § àïÄ¦¥­­ëå ç áâ¨æ [42, 43].�  ®á­®¢ ­¨¨ ¯à¨¢¥¤¥­­ëå ¢ëè¥  á¨¬¯â®â¨ª ¨â¥à æ¨© ï¤¥à G�� ¬®¦­® áä®à¬ã«¨Äà®¢ âì [42] á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥­¨¥.�¥®à¥¬  1. �¤à  ®¯¥à â®à®¢ G(n−1)�1�2:::�n ¯à¨ ¤®áâ â®ç­® ¡®«ìè®¬ n, n > 8,ï¢«ïîâáï ï¤à ¬¨ ª« áá  B̂��. � âà¨ç­ë¥ í«¥¬¥­âë A(n)�� n-© áâ¥¯¥­¨ ï¤à  ¨­Äâ¥£à «ì­ëå ãà ¢­¥­¨© (19) ¢ëà ¦ îâáï ¢ â¥à¬¨­ å ®¯¥à â®à®¢ G(n−1)�1�2:::�n á ¯®Ä¬®éìî á®®â­®è¥­¨ï [43]A(n)�� = ∑�2:::�n−1(−1)n+1(G(n)��2:::�n−1 V̂� −G(n−1)��2:::�n−1 V̂�):�¤à  ®¯¥à â®à®¢ A(n)�� ¯à¨ n > 8 ¬®£ãâ ¡ëâì ¯à¥¤áâ ¢«¥­ë ¢ ¢¨¤¥A(n)�� (X;X ′; z) = ∫R6 dX ′′ Ã(n)�� (X;X ′′; z)V̂�(X ′′; X ′):�­â¥£à¨à®¢ ­¨¥ ¯® ¢­ãâà¥­­¥© ¯¥à¥¬¥­­®© X ′′ ¯à¨¢®¤¨â ª ¯à¥¤áâ ¢«¥­¨îA(n)�� (X;X ′; z) = Â(n)�� (X;X ′; z)V̂ 0� (X ′);£¤¥ Ã(n)�� { ï¤à® ª« áá  B̂��,   äã­ªæ¨ï V̂ 0� (X ′) ¯®à®¦¤ ¥âáï ï¤à®¬ V̂�(X ′′; X ′).�  ®á­®¢ ­¨¨ â¥å ¦¥  à£ã¬¥­â®¢, ª®â®àë¥ ¡ë«¨ ¨á¯®«ì§®¢ ­ë ¯à¨ ¨§ãç¥­¨¨  á¨¬Ä¯â®â¨ª ¯¥à¢ëå ¨â¥à æ¨© ï¤¥à G�� , ¬®¦­® ¯®ª § âì [36], çâ® ï¤à® Â(n)�� , ¯®«ãç¥­­®¥á ¯®¬®éìî á¢¥àâª¨ ï¤¥à Ã(n)�� ¨ V̂� ¯® ¢­ãâà¥­­¥© ¯¥à¥¬¥­­®©, â ª¦¥ ï¢«ï¥âáï ï¤à®¬ª« áá  B̂�� .� ¯®¬®éìî â¥®à¥¬ë 1 ãà ¢­¥­¨¥ (19) á¢®¤¨âáï ª ¨­â¥£à «ì­®¬ã ãà ¢­¥­¨î¢â®à®£® à®¤  á® ¢¯®«­¥ ­¥¯à¥àë¢­ë¬ ï¤à®¬ ¢ ¡ ­ å®¢®¬ ¯à®áâà ­áâ¢¥ ¢¥ªâ®à-äã­ªæ¨©
B(�′; "′) [36].



������ ������ ���������� : : : 897. ��������� ������ ��� �������� �������� ���Ǳ����� ������������������������� ��������� íâ®¬ à §¤¥«¥ ­  ®á­®¢ ­¨¨ ¯®«ãç¥­­ëå ¢ëè¥ à¥§ã«ìâ â®¢ ä®à¬ã«¨àãîâáï £à ­¨çÄ­ë¥ § ¤ ç¨ ¤«ï ¢®«­®¢ëå äã­ªæ¨© ¨ ¨å ª®¬¯®­¥­â � ¤¤¥¥¢ .� ª ¦¥ ª ª ¨ ¢ à §¤¥«¥ 5, äã­ªæ¨¨ �0� ¨ �B� ¬®¦­® ®â®¦¤¥áâ¢¨âì á ª®¬¯®­¥­â ¬¨� ¤¤¥¥¢  ¢®«­®¢ëåäã­ªæ¨©	(±)0 ¨	(±)B , ®â¢¥ç îé¨å¯à®æ¥áá ¬3→ (3; 2) ¨ 2 → (3; 2),á®®â¢¥âáâ¢¥­­®.�®«­®¢ë¥ äã­ªæ¨¨ § ¯¨áë¢ îâáï ¢ ¢¨¤¥	(±)0 (X;P ) = ∑� �0�(±)(X;P ); (27)	(±)B (X; pB) = ∑� �B� (±)(X; qB): (28)�«¥¤ãï [42], ¯®«ãç¨¬ ª®¬¯ ªâ­ë¥ ãà ¢­¥­¨ï, ª®â®àë¬ ¯®¤ç¨­ïîâáï ª®¬¯®­¥­âë�B� (±), ®â¢¥ç îé¨¥ ¯à®æ¥áá ¬ 2 → (2; 3) ¢® ¢­¥è­¥¬ ª ­ «¥. �â¨ ãà ¢­¥­¨ï ¯®«ãç Äîâáï ¨§ ¨­â¥£à «ì­ëå ãà ¢­¥­¨© (19) ¤«ï ï¤¥à Ĝ��(X;X ′; E ± i0) ¯®á«¥ ¯¥à¥å®¤  ª¯à¥¤¥«ã |X ′| → ∞. � «¥¥ ­¥®¡å®¤¨¬® ¯à¨à ¢­ïâì á®®â¢¥âáâ¢ãîé¨¥  á¨¬¯â®â¨ç¥áª¨¥ç«¥­ë ¢ «¥¢®© ¨ ¯à ¢®© ç áâïå ¨ § â¥¬ ®â¡à®á¨âì ¨áª ¦¥­­ë¥ áä¥à¨ç¥áª¨¥ ¨«¨ ª« áÄâ¥à­ë¥ ¢®«­ë. �  íâ®¬ ¯ãâ¨ ¯à¨å®¤¨¬ ª á¨áâ¥¬¥ ¨­â¥£à «ì­ëå ãà ¢­¥­¨©�B� (±) = Æ��LBc −G�(E ± i0)V̂�(E ± i0) ∑
 6=��B
 (±);B = {�; i}; � = 1; 2; 3; i = 1; :::; N�; (29)£¤¥ LBc ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î�à¥¤¨­£¥à  (H� − E)LBc = 0.�®®â¢¥âáâ¢ãîé¨¥ ­¥®¤­®à®¤­ë¥¤¨ää¥à¥­æ¨ «ì­ë¥ãà ¢­¥­¨ï ¡ë«¨¯®«ãç¥­ë¢ ¯à¥Ä¤ë¤ãé¥¬ à §¤¥«¥.�¯¨è¥¬ â¥¯¥àì, á«¥¤ãï [42],  á¨¬¯â®â¨ªã ª®¬¯®­¥­â ��� (±) ¢ à §«¨ç­ëå ®¡« áâïåª®­ä¨£ãà æ¨®­­®£® ¯à®áâà ­áâ¢ .�á«¨ |X | → ∞, ®áâ ¢ ïáì ¢ ®¡« áâ¨ 
�, £¤¥ ç áâ¨æë ¯ àë � ¤®áâ â®ç­® ¡«¨§ª¨ ®¤Ä­  ª ¤àã£®©, â® ª®®à¤¨­ â­ ï  á¨¬¯â®â¨ª  ���(±) á®¤¥à¦¨â «¨èì ç«¥­ë, ®â¢¥ç îé¨¥¯ ¤ îé¨¬ ¨ ã¯àã£®à áá¥ï­­ë¬ ç áâ¨æ ¬. �á«¨ ¯à¨ íâ®¬ ®â­®á¨â¥«ì­ ï ª®®à¤¨­ â y� âà¥âì¥© ç áâ¨æë ­¥ ¯ à ««¥«ì­  ¨¬¯ã«ìáã q�, â®  á¨¬¯â®â¨ª  ���(±) ®¯¨áë¢ ¥âáïä®à¬ã« ¬¨���(±)(X; q�) =  �(x�)[exp{i(q�; y�) + iW (0)� } (1 + o(1))++ F��(ŷ�; q�)exp{i|q�||y�|+ iW�}
|y�| (1 + o(1))];£¤¥W (0)� ¨W� { ªã«®­®¢áª¨¥ ä §ë, ¨áª ¦ îé¨¥ ¯«®áªãî ¨ áä¥à¨ç¥áªãî ¢®«­ë. �¢ ¤Äà â ¬®¤ã«ï  ¬¯«¨âã¤ë F�� ¯à®¯®àæ¨®­ «¥­ ¤¨ää¥à¥­æ¨ «ì­®¬ã á¥ç¥­¨î  ¡á®«îâ­®



90 �.�. ��Ǳ����, �.�. �����ã¯àã£®£® à áá¥ï­¨ï. �®£¤  ­ ¯à ¢«¥­¨¥ ¢¥ªâ®à  y� áâ ­®¢¨âáï ¡«¨§ª¨¬ ª ­ ¯à ¢«¥Ä­¨î ®â­®á¨â¥«ì­®£® ¨¬¯ã«ìá  q�,  á¨¬¯â®â¨ª  ���(±) áâ ­®¢¨âáï ¡®«¥¥ á«®¦­®© [42].� ®¡« áâ¨ 
0, £¤¥ ¢á¥ ç áâ¨æë ¤ «¥ª¨ ®¤­  ®â ¤àã£®©,  á¨¬¯â®â¨ª  ��� (±) ®¯¨áë¢ Ä¥âáï ¨áª ¦¥­­®© áä¥à¨ç¥áª®© ¢®«­®©��� (±)(X; q�) = exp{i√E |X |+ iW0}
|X |5=2 (F�0(X̂; q�) + o(1)):� ª®­¥æ, ¥á«¨ |X | → ∞, ®áâ ¢ ïáì ¢ ®¡« áâ¨
� , � 6= �, â®  á¨¬¯â®â¨ª ��� (±) ®¯à¥Ä¤¥«ï¥âáï ç«¥­ ¬¨, ®¯¨áë¢ îé¨¬¨ ­¥ã¯àã£¨¥ ¯à®æ¥ááë ¯¥à¥à á¯à¥¤¥«¥­¨ï ç áâ¨æ á ®¡Äà §®¢ ­¨¥¬ á¢ï§ ­­ëå ¯ à �, � 6= �:��� (±)(X; q�) =  �(x�)exp{i√E� |y�|+ iW��}

|y� | F��(ŷ� ; q�)(1 + o(1));£¤¥ E� = q2� + "� − "�,   ªã«®­®¢áª ï ä §  ¤ ¥âáï à ¢¥­áâ¢®¬W�� = −
∑
 6=� n
2|s
� |√E� ln 2√E� |y� |:�¢ ¤à â¬®¤ã«ï  ¬¯«¨âã¤ëF�� ¯à®¯®àæ¨®­ «¥­ ¤¨ää¥à¥­æ¨ «ì­®¬ã á¥ç¥­¨îà¥ ªæ¨¨®¡à §®¢ ­¨ï á¢ï§ ­­®© ¯ àë �. � ¬¥â¨¬, çâ® ¢ á«ãç ¥ ­¥áª®«ìª¨å á¢ï§ ­­ëå á®áâ®ï­¨©¢ ¯ à¥ ­¥®¡å®¤¨¬® ¯à®¢¥áâ¨ áã¬¬¨à®¢ ­¨¥ ¯® ¢á¥¬ á¢ï§ ­­ë¬ á®áâ®ï­¨ï¬.Ǳà¨¢¥¤¥­­ë¥ ¢ëè¥  á¨¬¯â®â¨ª¨ ®â¢¥ç îâ ¯à®æ¥áá ¬ à áá¥ï­¨ï 2 → (2; 3) ¢® ¢­¥èÄ­¥¬ ª ­ «¥ ¨  ­­¨£¨«ïæ¨¨ ¢® ¢­ãâà¥­­¨å ª ­ « å ¢ á¨áâ¥¬¥ �pd.Ǳà¨á®¥¤¨­ïï ª ãà ¢­¥­¨î �à¥¤¨­£¥à  ¯®«ãç¥­­ë¥ ¢ëè¥  á¨¬¯â®â¨ª¨ ¢®«­®¢ëåäã­ªæ¨© 	(±)�;i = ∑� ��;i� (±);¬®¦­® ¯®ª § âì [36], çâ® á®®â¢¥âáâ¢ãîé ï £à ­¨ç­ ï § ¤ ç  ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥Ä­¨¥. 8. ��������������� �������������������������������� ����������������� �� ������� ������ Ǳ��������������� ���������� � ����� �������� ¯à¥¤ë¤ãé¥¬ à §¤¥«¥ ¡ë«® ¯®ª § ­®, çâ® £à ­¨ç­ë¥ § ¤ ç¨ ¤«ï ¢®«­®¢ëå äã­ªæ¨©	(±)A ¨ ¨å ª®¬¯®­¥­â � ¤¤¥¥¢  �A� (±) ®¤­®§­ ç­® à §à¥è¨¬ë ¢ á¯¥æ¨ «ì­ëå ¡ ­ å®¢ëåª« áá å äã­ªæ¨©, ¨, ¢ ç áâ­®áâ¨, ¡ë«® ¯®ª § ­®, çâ® äã­ªæ¨ï	(±)A = ∑� �A� (±)



������ ������ ���������� : : : 91ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î�à¥¤¨­£¥à  ¢® ¢­¥è­¥¬ ª ­ «¥ Fex:
(
−�X +∑
 V
(E ± i0)− E)	(±)A = 0 (30)á ®¡®¡é¥­­ë¬¨ í­¥à£®§ ¢¨áïé¨¬¨ ¯®â¥­æ¨ « ¬¨ V
(E ± i0), § ¤ ­­ë¬¨ ¢ëà ¦¥­¨ïÄ¬¨ (15).�­ ï ¢®«­®¢ãîäã­ªæ¨î	(±)A á¨áâ¥¬ë ¢® ¢­¥è­¥¬ (­ãª«®­­®¬) ª ­ «¥, ¢®ááâ ­®¢¨¬¢®«­®¢ãî äã­ªæ¨î ¢® ¢­ãâà¥­­¨å (¬¥§®­­ëå) ª ­ « å. � ª¨¬ ®¡à §®¬, ¬ë ¯®«ãç¨¬¯®«­ãî ¢®«­®¢ãî äã­ªæ¨î á¨áâ¥¬ë âà¥å § àï¦¥­­ëå ç áâ¨æ ¢ áã¬¬¥

Fex ⊕ ∑� F in�ª ­ «®¢ à áá¥ï­¨ï, çâ® ä ªâ¨ç¥áª¨ ¨ ï¢«ï¥âáï ª®­¥ç­®© æ¥«ìî ¨áá«¥¤®¢ ­¨ï.�¡®§­ ç¨¢ ç¥à¥§ 	ex ≡ 	(±)A ¢®«­®¢ãî äã­ªæ¨î ª ­ « Fex, ã¡¥¦¤ ¥¬áï ¢ á¨«ã ãáÄ«®¢¨© (10), çâ® 	ex ã¤®¢«¥â¢®àï¥â ­  ¯®¢¥àå­®áâ¨ �� á®®â­®è¥­¨ï¬�+� (y�) = 〈	ex; '�〉(y�) = ∫S�r0 dx�	ex(X) �'�(x�); (31)[@n	ex]|�� = −�−� (y�)'�(x�); (32)¨, ªà®¬¥ â®£®, ¨¬¥¥â ¬¥áâ® á¢ï§ì [24{27, 36]�−� (y�) = −Q�(E ± i0)�+� (y�): (33)�à ªâãï (31) ª ª ®¯à¥¤¥«¥­¨¥ �+� (y�) ¢ â¥à¬¨­ å 	ex, á ¯®¬®éìî (33) ­ å®¤¨¬ �−� (y�).Ǳ® ­ ©¤¥­­ë¬ �±� (y�) { ª®íää¨æ¨¥­â ¬ à §«®¦¥­¨ï ¢®«­®¢®© äã­ªæ¨¨ 	in� ¢­ãâà¥­­¨åª ­ «®¢F in� { ¢®ááâ ­ ¢«¨¢ ¥âáï ¤¥ä¥ªâ­ ï ç áâì �−�w−�+�+�w+� ¢®«­®¢®©äã­ªæ¨¨	in� .�« ¤ª ï ç áâì 	̃in� ¢ ¯à¥¤áâ ¢«¥­¨¨	in� = 	̃in� + �−� w−� + �+�w+� (34)¬®¦¥â ¡ëâì ­ ©¤¥­  ­  ®á­®¢¥ á«¥¤ãîé¨å ¯®áâà®¥­¨©.�«¥¤ãï [26], ¬®¦­® ¯®ª § âì, çâ® 	ex ∈ W 22 (R6\�) ¯à¨ z = E ± i0, E > −M , £¤¥M = max�{M�}. �«¥¤®¢ â¥«ì­®, 〈	ex; '�〉 ∈ W 22 (R3y�), ¨, â ª¨¬ ®¡à §®¬, ª ª �+� , â ª¨ �−� ¯à¨­ ¤«¥¦ âW 22 (R3y�).�âáî¤  ¨ ¨§ (34) á«¥¤ã¥â, çâ® ¢¥ªâ®à-äã­ªæ¨ï 	 = (	ex; {	in� }), � = 1; 2; 3, ¯à¨­ ¤Ä«¥¦¨â ®¡« áâ¨ ®¯à¥¤¥«¥­¨ïD(H) [36] ¯®«­®£® á ¬®á®¯àï¦¥­­®£® ®¯¥à â®à  í­¥à£¨¨H¨ ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î�à¥¤¨­£¥à  ¢ áã¬¬¥ ª ­ «®¢ Fex ⊕ ∑
 ⊕F in
 :H	 = E	: (35)Ǳ®áª®«ìªã á®£« á­® ãá«®¢¨ï¬ (9), (10) ¤¥©áâ¢¨¥ ®¯¥à â®à H ¢ ¯à®áâà ­áâ¢¥ D(H)§ ¤ ¥âáï ¢ëà ¦¥­¨¥¬H	 = { Hex	ex;
−�y�	in� + hin� 	̃in� − �−� w+� + �+�w−� ; (36)



92 �.�. ��Ǳ����, �.�. �����¨§ (35) § ª«îç ¥¬, çâ® 	̃in� ¯®¤ç¨­ï¥âáï ãà ¢­¥­¨î(−�y� + hin� − E)	̃in� (y�) = �−� (y�)w+� − �+� (y�)w−�−
− (−�y� − E)(�−� (y�)w−� + �+� (y�)w+� ): (37)�ª®­ç â¥«ì­® ¨§ (37) ­ å®¤¨¬ á«¥¤ãîé¥¥ ¯à¥¤áâ ¢«¥­¨¥ ¤«ï £« ¤ª®© ç áâ¨ 	̃in� :	̃in� = Rin� {�−� w+� − �+�w+� + (�y� +E)(�−� w−� + �+�w+� )}; (38)£¤¥ à¥§®«ì¢¥­â  Rin� (z) = [−�y� + hin� − z]−1 § ¤ ¥âáï ¯à¨ z = E ± i0 ï¤à®¬Rin� = 12�i ∮ rin� (q)exp{

±i√E − q |y� − y′�|}4�|y� − y′�| dq: (39)�â ª, ¯® ¢®«­®¢®© äã­ªæ¨¨	ex ¢­¥è­¥£® ª ­ «  ¢®ááâ ­®¢«¥­  ¢¥ªâ®à-äã­ªæ¨ï	 =(	ex; {	in� }), � = 1; 2; 3, ¢ áã¬¬¥ ª ­ «®¢ ¨ ¯®ª § ­®, çâ® äã­ªæ¨ï 	 ã¤®¢«¥â¢®àï¥âãà ¢­¥­¨î �à¥¤¨­£¥à  (35). �¤­®§­ ç­®áâì ¯à¥¤áâ ¢«¥­¨ï (38) ¤«ï 	in� ¬®¦¥â ¡ëâì¯®«ãç¥­  ¯à¨á®¥¤¨­¥­¨¥¬ ª ãà ¢­¥­¨î (37)  á¨¬¯â®â¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨© ¯à¨
|y�| → ∞. Ǳ®áª®«ìªã ¬ë ­¥ ãç¨âë¢ ¥¬ ¢ª« ¤  ¢  á¨¬¯â®â¨ªã ¢®«­®¢®© äã­ªæ¨¨ 	exá¢ï§ ­­ëå á®áâ®ï­¨© ¢ ¯ à å � = 1; 2, ¢ ª®â®àëå ¨¬¥îâáï í­¥à£®§ ¢¨áïé¨¥ ¢§ ¨¬®Ä¤¥©áâ¢¨ï, â®, ãáâà¥¬«ïï |y�| ª ¡¥áª®­¥ç­®áâ¨ ¢ ¢ëà ¦¥­¨¨ (31) ¨ á®åà ­ïï ®£à ­¨ç¥­Ä­ë¬¨ |x�|, ¯®«ãç ¥¬, çâ® �+� (y�) −→

|y�|→∞
o(|y�|−1): (40)�®£« á­® á®®â­®è¥­¨î (33) ¬¥â®¤®¬ áâ æ¨®­ à­®© ä §ë ¨§ ¯à¥¤áâ ¢«¥­¨ï (14) ¯®«ã-ç ¥¬ �−� (y�) −→

|y�|→∞
o(|y�|−1): (41)� «¥¥, ¯à¨¬¥­ïï ¬¥â®¤ ª®­âãà­®£® ¨­â¥£à¨à®¢ ­¨ï ¨ ¬¥â®¤ áâ æ¨®­ à­®© ä §ë, ¨§¯à¥¤áâ ¢«¥­¨ï (39) ¡ã¤¥¬ ¨¬¥âìRin� (y�; y′�; E ± i0) −→

|y�|→∞

12P in� (−M�)exp{
±i√E +M� |y�|}4�|y�|  ∓0 (√E +M�y′�);(42)§¤¥áì P in� (q) ≡ 12i [rin� (q + i0)− rin� (q − i0)] ; ∓0 { á®¡áâ¢¥­­ ï äã­ªæ¨ï ®¯¥à â®à −�y� .� ¬ ¯®âà¥¡ãîâáï á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï:w̃±� ≡ 12P in� (−M�)w±� ; �̃±� ≡ (−�y� − E)�±� :� íâ¨å ®¡®§­ ç¥­¨ïå á®£« á­® á®®â­®è¥­¨ï¬ (34) ¨ (38), (39) ¯®«ãç ¥¬ ®ª®­ç â¥«ì­®á«¥¤ãîé¨¥  á¨¬¯â®â¨ç¥áª¨¥ £à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï ª®¬¯®­¥­â	in�± ¢­ãâà¥­­¨å ª ­ Ä«®¢: 	in�± −→

|y�|→∞

exp{
±i√E +M� |y�|}4�|y�| D̂±� (E); (43)



������ ������ ���������� : : : 93£¤¥ D̂±� (E) = ∫R3  ∓0 (√E +M�y′�)
×

×
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