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c© 2000 £. �.Ǳ.�¥«®¡¥­ª®∗������������� ������ ����� �W -����������� ��� ��������� ����{�����§«®¦¥­ë ­®¢ë¥  á¯¥ªâë â¥®à¨¨ íªáâà¥¬ «ì­ëå ãà ¢­¥­¨© ­ ¤ á¨¬¬¥âà¨§ã¥¬ë¬¨ «£¥¡à ¬¨ � æ {�ã¤¨. �á®¡®¥ ¢­¨¬ ­¨¥ ã¤¥«ï¥âáï à §¢¨â¨î ­®¢ëå ¬¥â®¤®¢, ¯à¨Ä£®¤­ëå ¤«ï ®¡®¡é¥­¨ï ¨§¢¥áâ­ëå ª®­¥ç­®¬¥à­ëå à¥§ã«ìâ â®¢ ­  ¡¥áª®­¥ç­®¬¥à­ë¥(£« ¢­ë¬®¡à §®¬,  ää¨­­ë¥)  «£¥¡àë�¨. �á­®¢­ë¥ à¥§ã«ìâ âë á¢®¤ïâáï ª ®¯¨á ­¨îá¯¥æ¨ «ì­ëå à áè¨à¥­¨© ã­¨¢¥àá «ì­ëå ®¡¥àâë¢ îé¨å  «£¥¡à, ª ¨§ãç¥­¨î â®­ª®©áâàãªâãàëW -à¥§®«ì¢¥­â,   â ª¦¥ ª ¯à¨¬¥­¥­¨î íâ¨å ¬¥â®¤®¢ ¢ ¨áá«¥¤®¢ ­¨¨ \íªáâÄà¥¬ «ì­ëå ¯à®¥ªâ®à®¢" ­ ¤  «£¥¡à ¬¨ � æ {�ã¤¨.���������¥«ì íâ®© áâ âì¨ { ¤ âì á¨áâ¥¬ â¨ç¥áª®¥ ¨§«®¦¥­¨¥ àï¤  ¢®¯à®á®¢, á¢ï§ ­­ëå á â¥®Äà¨¥© íªáâà¥¬ «ì­ëåãà ¢­¥­¨© ­ ¤  «£¥¡à ¬¨� æ {�ã¤¨, â.¥. ãà ¢­¥­¨© n+x = 0, £¤¥
n+ { ¯®«®¦¨â¥«ì­ ï ç áâì  «£¥¡àë� æ {�ã¤¨ g. � ¨¬¥­­® ¬ë à áá¬ âp¨¢ ¥¬ à §«¨çÄ­ë¥ à áè¨à¥­¨ï (¯®¯®«­¥­¨ï) ã­¨¢¥àá «ì­®© ®¡¥àâë¢ îé¥©  «£¥¡àë U(g), ¨å ¤¥©áâÄ¢¨¥ ¢ ã­¨¢¥àá «ì­®¬ ¬®¤ã«¥ �¥à¬ M(g) ­ ¤  «£¥¡à®© U(g), à¥§®«ì¢¥­âë íªáâà¥¬ «ìÄ­ëå ãà ¢­¥­¨© ¢ ¬®¤ã«¥M(g), ¨å ¤¥©áâ¢¨¥ ¢ áâ ­¤ àâ­ëå ¬®¤ã«ïå �¥à¬  ¨ â.¤. �á­®¢ëíâ¨å ¬¥â®¤®¢ ¡ë«¨ § «®¦¥­ë ¢ à ¡®â å  ¢â®à  ­ ç¨­ ï á 1983 £. [1] ¢ á¢ï§¨ á â¥®à¨¥©£¨¯¥àá¨¬¬¥âà¨© á¨áâ¥¬ íªáâà¥¬ «ì­ëå ãà ¢­¥­¨©. �­ ç¨â¥«ì­ ï ç áâì à¥§ã«ìâ â®¢á¨áâ¥¬ â¨§¨à®¢ ­  ¢ ¬®­®£à ä¨¨ [2], ¯à¨ç¥¬ ­ ¨¡®«¥¥ ¤¥â «ì­® ¤«ï á«ãç ï dim g <∞.�áá«¥¤®¢ ­¨¥ íªáâà¥¬ «ì­ëå ãà ¢­¥­¨© áãé¥áâ¢¥­­® á¢ï§ ­® á à áá¬®âà¥­¨¥¬ ã­¨Ä¢¥àá «ì­®£® ¬®¤ã«ï �¥à¬ , ®¯à¥¤¥«¥­­®£® ¢ [1] ª ª ¥áâ¥áâ¢¥­­ ï ­ ªàë¢ îé ï áâ ­Ä¤ àâ­®£® á¥¬¥©áâ¢  ¬®¤ã«¥© �¥à¬  ­ ¤  «£¥¡à®© U(g). Ǳ®¤®¡­®¥ ­® ¡®«¥¥ ä®à¬ «ìÄ­®¥ ®¯à¥¤¥«¥­¨¥ ¯à¥¤«®¦¥­® ¢ áâ âì¥ � è¨¢ àë [3], £¤¥ ¤«ï á«ãç ï dim g <∞ ¨§«®¦¥­¨­®© ¯®¤å®¤ ª â¥®à¨¨ íªáâà¥¬ «ì­ëå ãà ¢­¥­¨©, ®á­®¢ ­­ë© ­  ¨§ãç¥­¨¨ ª®£®¬®«®£¨©á¯¥æ¨ «ì­®£® á¥¬¥©áâ¢  ¨­¤ãæ¨à®¢ ­­ëå g-¬®¤ã«¥©. � ®â«¨ç¨¥ ®â [3] ­ è ¯®¤å®¤ ª®­Äáâàãªâ¨¢¥­ ¨ ®á­®¢ ­ ­  ¨§ãç¥­¨¨ ­¥ª®â®àëåW -à¥§®«ì¢¥­â,  áá®æ¨¨à®¢ ­­ëå á £àã¯Ä¯®© �¥©«ï  «£¥¡àë g. �ãé¥áâ¢¥­­®, çâ® íâ®â ¬¥â®¤ ¯à¨£®¤¥­ ¨ ¤«ï ¡¥áª®­¥ç­®¬¥à­ëåá¨¬¬¥âà¨§ã¥¬ëå  «£¥¡à � æ {�ã¤¨. � ¤¥©áâ¢¨â¥«ì­®áâ¨ à¥çì ¨¤¥â ® ¤¢ãå ¤ã «ì­ëå¬¥â®¤ å, á¨­â¥§ ª®â®àëå ¯à¨¢®¤¨â, ¢ ç áâ­®áâ¨, ª ª®­áâàãªâ¨¢­®¬ã ®¯¨á ­¨î íªáâà¥Ä¬ «ì­ëå ¯à®¥ªâ®à®¢ ­ ¤  «£¥¡à®© U(g).
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������������� ������ ����� 335�ãé¥áâ¢¥­­ ï ç áâì áâ âì¨ ­®á¨â ®¡§®à­ë© å à ªâ¥à. �¤­ ª® ¢¥áì ¬ â¥à¨ « ¨§« Ä£ ¥âáï ¢ ­®¢®© âà ªâ®¢ª¥, á ã¯à®é¥­¨¥¬ àï¤  ¤®ª § â¥«ìáâ¢ ¨ ¤®¡ ¢«¥­¨¥¬ ­®¢ëå à¥Ä§ã«ìâ â®¢. � à §¤¥« å 1, 2 ¨§«®¦¥­ë ¯à¥¤¢ à¨â¥«ì­ë¥ ª®­áâàãªæ¨¨, á¢ï§ ­­ë¥ á ®¯¨á Ä­¨¥¬ à áè¨à¥­¨©  «£¥¡àëU(g) ¨ ¨å ¤¥©áâ¢¨© ¢ ¬®¤ã«¥M(g). �á­®¢­®© à¥§ã«ìâ â íâ¨åª®­áâàãªæ¨© áä®à¬ã«¨à®¢ ­ ¢ â¥®à¥¬¥ 2.4, £¤¥ ¤ ¥âáï ®¯¨á ­¨¥ à áè¨à¥­¨©  «£¥¡àëU(g) ¢ â¥à¬¨­ å í­¤®¬®àä¨§¬®¢ à æ¨®­ «ì­®© ®¡®«®çª¨ ¬®¤ã«ïM(g). � à §¤¥« å 3, 4¨§« £ îâáï à¥§ã«ìâ âë ®¡ íªáâà¥¬ «ì­ëå ¯à®¥ªâ®à å ­ ¤  «£¥¡à®© U(g). � à §¤¥«¥ 5¨§«®¦¥­  ª®­áâàãªæ¨ïW -à¥§®«ì¢¥­â ¢ ¬®¤ã«¥M(g). �á­®¢­®© â¥å­¨ç¥áª¨© ¬ â¥p¨ «á®¡p ­ ¢ à §¤¥«¥ 6, £¤¥ ¨áá«¥¤ã¥âáï á¢ï§ì ¬¥¦¤ã «¥¢ë¬¨ ¨ ¯p ¢ë¬¨p¥§®«ì¢¥­â ¬¨ ¢ ¬®Ä¤ã«¥M(g). �à¥¤¨ p¥§ã«ìâ â®¢ íâ®£® p §¤¥«  æ¥­âà «ì­®¥ ¬¥áâ® § ­¨¬ ¥â â¥®p¥¬  6.8,®¯¨áë¢ îé ï \â®­ªãî áâpãªâãpã" W -p¥§®«ì¢¥­â. �á¯®«ì§®¢ ­¨¥ íâ®© â¥®p¥¬ë ¯®§Ä¢®«ï¥â, ¢ ç áâ­®áâ¨, ¯®«ãç¨âì ­®¢®¥ ¤®ª § â¥«ìáâ¢® ä ªâ®p¨§ æ¨®­­®© â¥®à¥¬ë 4.5,¯à¨£®¤­®¥ ¤«ï ¢á¥å (­¥ â®«ìª® ª®­¥ç­®¬¥à­ëå) á¨¬¬¥âà¨§ã¥¬ëå  «£¥¡à � æ {�ã¤¨. �à §¤¥«¥ 7 ¨§« £ ¥âáï àï¤ ¤àã£¨å à¥§ã«ìâ â®¢, ¨¬¥îé¨å ®â­®è¥­¨¥ ª â¥®à¥¬¥ 6.8.�­â¥p¥á­® ®â¬¥â¨âì, çâ® ¨á¯®«ì§®¢ ­¨¥W -p¥§®«ì¢¥­â ¯®§¢®«ï¥â áãé¥áâ¢¥­­® ¯p®Äïá­¨âì áâpãªâãpã íªáâp¥¬ «ì­ëå¯p®¥ªâ®p®¢ ­ ¤  «£¥¡p®©U(g), ¢ â®¬ ç¨á«¥ áãé¥áâ¢®Ä¢ ­¨¥ ¨å \­®p¬ «ì­ëå" ä ªâ®p¨§ æ¨© ¨ ¯p ¢¨«  \¯®¤ªpãç¨¢ ­¨ï" ª®íää¨æ¨¥­â®¢ ­ ¤£pã¯¯®© �¥©«ï W . � à §¤¥«¥ 7 ®â¬¥ç¥­ë á¢ï§¨ íâ®£® ¯®¤å®¤  á ¬¥â®¤®¬ ª®¬¯«¥ªá­ëå¯®ª § â¥«¥©, ¯p¥¤«®¦¥­­ë¬ ¢ [4], á p ¡®â®© [3] ¨ â.¤. �â¬¥ç¥­ë â ª¦¥ ¢®§¬®¦­®áâ¨®¡®¡é¥­¨© ­   «£¥¡pë ª pâ ­®¢áª®£® â¨¯  ¢ á¬ëá«¥ [5], ¢ â®¬ ç¨á«¥ ­   «£¥¡pë �p¨­Ää¥«ì¤ {�¦¨¬¡® Uq(g).� áâ âìî ­¥ ¢®è«¨ ¯à¨«®¦¥­¨ï ¨§«®¦¥­­ëå à¥§ã«ìâ â®¢ ª â¥®à¨¨ £¨¯¥àá¨¬¬¥âà¨©íªáâà¥¬ «ì­ëå ãà ¢­¥­¨©. �á­®¢­ ï ¨­ä®à¬ æ¨ï íâ®£® à®¤  á®¤¥à¦¨âáï ¢ [2], £¤¥ à áÄá¬ âà¨¢ îâáï ®¡é¨¥ ¢®¯à®áë áâàãªâãà­®© â¥®à¨¨ ¨ àï¤ ¯à¨«®¦¥­¨©, ¢ â®¬ ç¨á«¥ ª­¥ª®â®àë¬ § ¤ ç ¬ ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨ (á¬. â ª¦¥ [6, 7]). �à¥¤¨ ¤ «ì­¥©è¨å ¤®Äáâ¨¦¥­¨© íâ®© â¥®à¨¨ å®â¥«®áì ¡ë ®â¬¥â¨âì à ¡®âã �®«¥¢  [8], £¤¥ ¯®«ãç¥­® à¥è¥­¨¥áâ à®© § ¤ ç¨ ® ¯®áâà®¥­¨¨ á¯¥æ¨ «ì­ëå ¡ §¨á®¢ ª®­¥ç­®¬¥p­ëå g-¬®¤ã«¥© ( ­ «®£¨¡ §¨á®¢�¥«ìä ­¤ {�¥â«¨­ ) ¤«ï á¨¬¯«¥ªâ¨ç¥áª¨å  «£¥¡à�¨. �­â¥à¥á­ë â ª¦¥ á¢ï§¨íªáâà¥¬ «ì­ëå ¬¥â®¤®¢ á ª®­áâàãªæ¨¥© R-¬ âà¨æ ­ ¤ ¤ã «ì­ë¬¨ ¯ à ¬¨  «£¥¡à �®¯Ää  [9]. 1. ǱP����P�������� ��������1.1. �áî¤ã ¢ íâ®© áâ âì¥ g = g(a) { á¨¬¬¥âà¨§ã¥¬ ï  «£¥¡à  � æ {�ã¤¨ [10], ®¯à¥Ä¤¥«ï¥¬ ï ®¡®¡é¥­­®© ¬ âà¨æ¥© � àâ ­  a = (aij), á í«¥¬¥­â ¬¨aij = 〈hi; �j〉 = 2(�i; �j)(�i; �i) ; (1.1)£¤¥ i; j ∈ I , I { ª®­¥ç­®¥ ¬­®¦¥áâ¢® ¨­¤¥ªá®¢, hi ∈ h, �j ∈ h∗, h { ª àâ ­®¢áª ï ¯®¤ «Ä£¥¡à   «£¥¡àë g, (·; ·) { ª ­®­¨ç¥áª ï ¡¨«¨­¥©­ ï ä®à¬  ¢ g∗.� ¯®¬­¨¬, çâ® g ¥áâì  «£¥¡à  �¨ ­ ¤ ¯®«¥¬ C, ¯®à®¦¤¥­­ ï í«¥¬¥­â ¬¨ h ∈ h ¨ ®¡Äà §ãîé¨¬¨ �¥¢ ««¥ ei, fi (i ∈ I). �âàãªâãà­ë¥ á®®â­®è¥­¨ï  «£¥¡àë g, ®¯à¥¤¥«ïÄ¥¬ë¥ ¬ âà¨æ¥© (1.1), á¢®¤ïâáï ª ãá«®¢¨î ª®¬¬ãâ â¨¢­®áâ¨ ¯®¤ «£¥¡àë h, ª ¢¥á®¢ë¬á®®â­®è¥­¨ï¬, ª á®®â­®è¥­¨ï¬�¥àà  ¤«ï í«¥¬¥­â®¢ ei, fi ¨ ª á«¥¤ãîé¥¬ã â®¦¤¥áâ¢ã:[ei; fj] = Æijhi; (1.2)



336 �.Ǳ. ���������£¤¥ Æij { á¨¬¢®« �à®­¥ª¥à . �á¯o«ì§®¢ ­¨¥ â®¦¤¥áâ¢  (1.2) ¯à¨¢®¤¨â ª \âà¥ã£®«ì­®¬ãà §«®¦¥­¨î" g = n−⊕h⊕n+ (¯àï¬ ï áã¬¬  ¢¥ªâ®à­ëå ¯à®áâà ­áâ¢), £¤¥ n+ (á®®â¢¥âÄáâ¢¥­­® n−) { ¯®¤ «£¥¡à  �¨, ¯®à®¦¤¥­­ ï í«¥¬¥­â ¬¨ ei (á®®â¢¥âáâ¢¥­­® fi). �®«¥¥â®£®, g ¥áâì áã¬¬  ¢¥á®¢ëå ª®¬¯®­¥­â g0 = h, g� (� ∈ �), £¤¥� { á¨áâ¥¬  ª®à­¥©  «£¥¡Äàë g ®â­®á¨â¥«ì­® h. Ǳ®¤ «£¥¡à  n± ¥áâì áã¬¬  ª®¬¯®­¥­â g� ¯à¨ � ∈ �±, £¤¥ �+ (á®Ä®â¢¥âáâ¢¥­­® �−) { ¯®¤á¨áâ¥¬  ¯®«®¦¨â¥«ì­ëå (á®®â¢¥âáâ¢¥­­® ®âà¨æ â¥«ì­ëå) ª®àÄ­¥©.�«£¥¡à  g ®¡« ¤ ¥â ¨­¢®«îâ¨¢­ë¬ ­â¨ ¢â®¬®àä¨§¬®¬x 7→ x∗ (¨­¢®«îæ¨ï�¥¢ «Ä«¥), ®¯p¥¤¥«ï¥¬ë¬ ­  ®¡à §ãîé¨å ¯® ¯à ¢¨«ã e∗i = fi, f∗i = ei, h∗ = h (i ∈ I , h ∈ h).1.2. ǱãáâìG = U(g) { ã­¨¢¥àá «ì­ ï ®¡¥àâë¢ îé ï «£¥¡à   «£¥¡àë g. � ¯®¬­¨¬,çâ® g ª ­®­¨ç¥áª¨ ¢ª« ¤ë¢ ¥âáï ¢ G (ª ª ¯®¤ «£¥¡à  �¨). �à¥ã£®«ì­®¥ à §«®¦¥­¨¥ «£¥¡àë g ¢«¥ç¥â á«¥¤ãîé¥¥ à §«®¦¥­¨¥  «£¥¡àëG (â ª¦¥ ­ §ë¢ ¥¬®¥ âà¥ã£®«ì­ë¬):G = N− ⊗H ⊗N+; (1.3)£¤¥ H = U(h), N± = U(n±). �®¬­®¦¨â¥«¨ íâ®£® à §«®¦¥­¨ï ¤®¯ãáª îâ ¯à®¨§¢®«ìÄ­ãî ¯¥à¥áâ ­®¢ªã. � ç áâ­®áâ¨,G ¥áâì á¢®¡®¤­ë© «¥¢ë© (¯à ¢ë©)H-¬®¤ã«ì á ¡ §¨á®¬¢¨¤ B−×B+, £¤¥B± { ä¨ªá¨à®¢ ­­ë© ¡ §¨á ¢¥ªâ®à­®£® ¯à®áâà ­áâ¢ N±. � ¯à¨¬¥à,í«¥¬¥­âë g ∈ G ¤®¯ãáª îâ ®¤­®§­ ç­ãî § ¯¨áì á«¥¤ãîé¥£® ¢¨¤ :g = �i;jb−i b+j gij ; (1.4)£¤¥ b±i { í«¥¬¥­âë ¡ §¨á  B± á ª®íää¨æ¨¥­â ¬¨ gij ∈ H . �¤¥áì i, j ¯à®¡¥£ îâ áç¥â­®¥¬­®¦¥áâ¢® ¨­¤¥ªá®¢ (­ ¯à¨¬¥à, Z+).ǱãáâìQ = �iZ�i { ª®à­¥¢ ï à¥è¥âª   «£¥¡àë g. �«£¥¡à G ¤®¯ãáª ¥â ¢¥á®¢ãî £à Ä¤ã¨à®¢ªãG� (� ∈ Q), ®¯à¥¤¥«ï¥¬ãî­ ®¡à §ãîé¨å¯® ¯à ¢¨«ãdeg ei = − deg fi = �i,deg h = 0 (h ∈ h). �«£¥¡à  G ¤®¯ãáª ¥â â ª¦¥ Z-£à ¤ã¨à®¢ªãGn (n ∈ Z), ®¯à¥¤¥«ï¥Ä¬ãî ­  ®¡à §ãîé¨å ¯® ¯à ¢¨«ã deg ei = − deg fi = 1, degh = 0 (h ∈ h). � ¬¥â¨¬, çâ®Q-£à ¤ã¨à®¢ª  â®­ìè¥ Z-£à ¤ã¨à®¢ª¨. � ¨¬¥­­®G� ⊂ Gn ¯à¨ ht� = n, £¤¥ ht� { ¢ëÄá®â  í«¥¬¥­â  � = �ini�i ∈ Q, ®¯à¥¤¥«ï¥¬ ï ¯® ¯à ¢¨«ã ht � = �ini. � ¬¥â¨¬ â ª¦¥,çâ® ¢ ¯®¤ «£¥¡à å N± ¨­¤ãæ¨à®¢ ­­ ï Z-£à ¤ã¨à®¢ª  ®¯à¥¤¥«ï¥âáï  áá®æ¨ â¨¢­ë¬¨áâ¥¯¥­ï¬¨ en, fn (n ∈ Z+), £¤¥ e (á®®â¢¥âáâ¢¥­­® f) { «¨­¥©­ ï ®¡®«®çª  í«¥¬¥­â®¢ ei(á®®â¢¥âáâ¢¥­­® fi). �âáî¤  G = ⊕m;n fmenH: (1.5)1.3. �á«®¢¨¬áï ¨á¯®«ì§®¢ âì á¨¬¢®« whtx (¢¥á í«¥¬¥­â  x) ¢¬¥áâ® Q-degx. �­ ç¥£®¢®àï, á®®â­®è¥­¨¥ whtx = � ®§­ ç ¥â x ∈ G�. � ¬¥â¨¬, çâ® íâ® á®®â­®è¥­¨¥ à ¢­®Äá¨«ì­® á«¥¤ãîé¥¬ã ¢¥á®¢®¬ã ¯à ¢¨«ã:hx = xh�; h ∈ H; (1.6)£¤¥ h 7→ h� {  ¢â®¬®àä¨§¬  «£¥¡àëH , ®¯à¥¤¥«ï¥¬ë© ­  ®¡à §ãîé¨å ¯® ¯à ¢¨«ã h� =h+�(h) (h ∈ H). �á«®¢¨¬áï ®â®¦¤¥áâ¢«ïâì í«¥¬¥­âë h ∈ H c ¯®«¨­®¬ ¬¨ ­ ¤ h∗ (â ª



������������� ������ ����� 337çâ® ®¡à §ãîé¨¥ h ∈ h áãâì «¨­¥©­ë¥ ä®à¬ë ­ ¤ h∗). � íâ¨å â¥à¬¨­ å  ¢â®¬®àä¨§¬h 7→ h� ¯à¨­¨¬ ¥â á«¥¤ãîé¨© ¢¨¤:h�(�) = h(�+ �); (1.7)¤«ï ¢á¥å �; � ∈ h∗.�á«®¢¨¬áï áç¨â âì, çâ®B± { ¢¥á®¢®© ¡ §¨á ¢N±. �¥á®¢ë¥ á®®â­®è¥­¨ï (1.6) ¯®§¢®Ä«ïîâ ¢ íâ®¬ á«ãç ¥ ¯à®¨§¢®¤¨âì ¯¥à¥áâ ­®¢ªã ª®íää¨æ¨¥­â®¢ á ¡ §¨á­ë¬¨ í«¥¬¥­â ¬¨¢ (1.4). �á«®¢¨¬áï, çâ® ¢ (1.4) i; j ∈ Z+ ¨ b±0 = 1. �®®â¢¥âáâ¢ãîé¨© ª®íää¨æ¨¥­â g00­ §ë¢ ¥âáï á¢®¡®¤­ë¬ ç«¥­®¬ í«¥¬¥­â  (1.4).1.4. �¯à¥¤¥«¥­¨¥. Ǳ®«®¦¨¬ J+ = Gn+ (â ª çâ® J+ { «¥¢ë© ¨¤¥ «  «£¥¡àë G).�®®â¢¥âáâ¢ãîé¨© «¥¢ë© G-¬®¤ã«ì M(g) = G=J+ (1.8)­ §ë¢ ¥âáï ã­¨¢¥àá «ì­ë¬ ¬®¤ã«¥¬ �¥à¬  ­ ¤  «£¥¡à®©G [1, 2].� ¬¥â¨¬, çâ®M(g) ¥áâì æ¨ª«¨ç¥áª¨©G-¬®¤ã«ì á ¥¤¨­áâ¢¥­­®© ®¡à §ãîé¥©1+ = 1+J+ (1 { ¥¤¨­¨æ   «£¥¡àëG). �ç¥¢¨¤­®, çâ® n+1+ = 0 (1+ { íªáâà¥¬ «ì­ë© ¢¥ªâ®à ¬®Ä¤ã«ïM(g)). �§ à ¢¥­áâ¢ G = N−H⊕J+ ¢ëâ¥ª ¥â á«¥¤ãîé¨© ¨§®¬®àä¨§¬ ¢¥ªâ®à­ëå¯à®áâà ­áâ¢: M(g) = N−H · 1+ ' N−H = ⊕m fmH; (1.9)£¤¥N−H ®â®¦¤¥áâ¢«ï¥âáï áN−H ·1+. � §«®¦¥­¨¥ (1.9) ®¯à¥¤¥«ï¥âZ-£à ¤ã¨à®¢ªã¬®Ä¤ã«ïM(g) (degx = −m ¯à¨ x ∈ fmH). �®®â­®è¥­¨¥ (1.9) ®¯à¥¤¥«ï¥â â ª¦¥ ¢¥á®¢ãî£à ¤ã¨à®¢ªã ¬®¤ã«ïM(g): M(g) = ⊕"∈Q+ M−"(g); (1.10)£¤¥ Q+ = �iZ+�i, M−"(g) = (N−)−"H .� ¬¥â¨¬, çâ® h ­®à¬ «¨§ã¥ân+. Ǳ®íâ®¬ã¬®¤ã«ìM(g) ­ á«¥¤ã¥â áâàãªâãàã ¯à ¢®£®H-¬®¤ã«ïG. � ª¨¬ ®¡à §®¬,M(g) ­ ¤¥«ï¥âáï áâàãªâãà®©G×H-¡¨¬®¤ã«ï.1.5. �®£« á­® (1.3) ¨¬¥¥¬G = H⊕N , £¤¥ á¨¬¢®«⊕ ®§­ ç ¥â ¯àï¬ãî áã¬¬ã ¢¥ªâ®àÄ­ëå ¯à®áâà ­áâ¢, ¨ N = n−G + Gn+. Ǳãáâì � { ¯à®¥ªæ¨ï G ­  H ¢ íâ®¬ à §«®¦¥­¨¨.�¨«¨­¥©­ ïH-§­ ç­ ï ä®à¬  '(x; y) = �(x′y); (1.11)£¤¥ x; y ∈ G, ­ §ë¢ ¥âáï ä®à¬®© � ¯®¢ «®¢  ¢  «£¥¡à¥G [11, 12].�ç¥¢¨¤­®, çâ® íâ  ä®à¬  á¨¬¬¥âà¨ç­  ¨H-¡¨«¨­¥©­  ®â­®á¨â¥«ì­® áâàãªâãàë ¯à Ä¢®£® H-¬®¤ã«ï G. �á­® â ª¦¥, çâ® ä®à¬  (1.11) ¢ëà®¦¤¥­  ­  ¨¤¥ «¥ J+. Ǳ®íâ®Ä¬ã ¬®¦­® à áá¬ âà¨¢ âì (1.11) ª ª á¨¬¬¥âà¨ç¥áªãî ¡¨«¨­¥©­ãî ä®à¬ã ­  ¯à ¢®¬H-¬®¤ã«¥M(g). �¥âàã¤­® ¢¨¤¥âì, çâ®Q-£à ¤ã¨à®¢ª  ( ­ «®£¨ç­®Z-£à ¤ã¨à®¢ª ) ¬®Ä¤ã«ï M(g) ®àâ®£®­ «ì­  ®â­®á¨â¥«ì­® íâ®© ä®à¬ë. Ǳ®íâ®¬ã ä®à¬  (1.11) ®¤­®§­ çÄ­® ®¯à¥¤¥«ï¥âáï á¢®¨¬¨ ª®­¥ç­®¬¥à­ë¬¨ ª®¬¯®­¥­â ¬¨ '" (" ∈ Q+), £¤¥ '" { áã¦¥­¨¥ä®à¬ë ' ­  (N−)−".�¥â¥à¬¨­ ­âë det'", ¢ëç¨á«¥­­ë¥ ¢ [11] (á¬. â ª¦¥ [12] ¯à¨ dim g < ∞), ®â«¨ç­ë®â ­ã«ï (ª ª í«¥¬¥­âë  «£¥¡àëH). �âáî¤  á«¥¤ã¥â, çâ® ä®à¬ � ¯®¢ «®¢  (1.11) ­¥Ä¢ëà®¦¤¥­  ¢ ¯à®áâà ­áâ¢¥M(g).



338 �.Ǳ. ���������1.6. Ǳãáâì J(�) { «¥¢ë© ¨¤¥ «  «£¥¡àëG, ¯®à®¦¤¥­­ë© í«¥¬¥­â ¬¨ n+ ¨ í«¥¬¥­â Ä¬¨ h − �(h) (h ∈ h), £¤¥ � ∈ h∗. � ªâ®à-¬o¤ã«ìM(�) = G=J(�) ­ §ë¢ ¥âáï ¬®¤ã«¥¬�¥à¬  ­ ¤  «£¥¡à®© G á® áâ àè¨¬ ¢¥á®¬ � [13]. �ç¥¢¨¤­®, çâ® ã­¨¢¥àá «ì­ë© ¬®¤ã«ì�¥à¬  ­ ªàë¢ ¥â á¥¬¥©áâ¢®M(�) (� ∈ h∗).� ¬¥â¨¬ â ª¦¥, çâ®M(g) ' G⊗N+ C, M(�) ' G⊗N+H C�, £¤¥ C+ (á®®â¢¥âáâ¢¥­­®
C�) { ®¤­®¬¥à­ë©N+-¬®¤ã«ì (á®®â¢¥âáâ¢¥­­®N+H-¬®¤ã«ì), ®¯à¥¤¥«ï¥¬ë© ¯® ¯à ¢¨Ä«ã n+C+ = 0 (á®®â¢¥âáâ¢¥­­® n+C� = (h− �(h))C� = 0 ¤«ï ¢á¥å h ∈ h).1.7. Ǳãáâì H ′ = FractH { ¯®«¥ ç áâ­ëå ª®¬¬ãâ â¨¢­®©  «£¥¡àë H , â ª çâ® H ′®â®¦¤¥áâ¢«ï¥âáï á ¯®«¥¬ à æ¨®­ «ì­ëå äã­ªæ¨© ­ ¤ h∗ (á¬. (1.3)). �«ï ª ¦¤®£® ¯à Ä¢®£®H-¬®¤ã«ï V á®®â¢¥âáâ¢ãîé¨© ¯à ¢ë©H ′-¬®¤ã«ì V ′ = V ⊗HH ′ ­ §ë¢ ¥âáï à æ¨Ä®­ «ì­®© ®¡®«®çª®© ¬®¤ã«ï V [2].�á«¨ V ¥áâì á¢®¡®¤­ë© ¯à ¢ë©H-¬®¤ã«ì, â® ®¯¥à æ¨ï V 7→ V ′ á¢®¤¨âáï ª à áè¨à¥Ä­¨î (H ↑ H ′) ®¡« áâ¨ ®¯à¥¤¥«¥­¨ï ª®íää¨æ¨¥­â®¢ ¤«ï ª ¦¤®£® ¡ §¨á H-¬®¤ã«ï V . �íâ®¬ á¬ëá«¥ ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¥ à æ¨®­ «ì­ë¥ ®¡®«®çª¨:G′ = G⊗H H ′; M ′(g) =M(g)⊗H H ′: (1.12)�á¯®«ì§®¢ ­¨¥ ¢¥á®¢ëå á®®â­®è¥­¨© (1.6) ¤«ï í«¥¬¥­â®¢h ∈ H ′ ¯®§¢®«ï¥â ­ ¤¥«¨âìG′ câàãªâãà®©  «£¥¡àë ­ ¤ ¯®«¥¬ C (à áè¨à¥­¨¥  «£¥¡àë G ' G ⊗ 1). �­ «®£¨ç­®M ′(g) ' G′=J ′+, £¤¥ J ′+ = G′n+, ­ ¤¥«ï¥âáï áâàãªâãà®©G′ ⊗H ′-¡¨¬®¤ã«ï.� ¬¥â¨¬, çâ® M ′(g) ®¡« ¤ ¥â Z-£à ¤ã¨à®¢ª®© fmH ′ (m ∈ Z+) ¨ Q-£à ¤ã¨à®¢ª®©M ′

−"(g) = (N−)−"H ′, ®¯à¥¤¥«ï¥¬ë¬¨ ¯®  ­ «®£¨¨ á (1.9), (1.10).2. Ǳ���������� Ǳ������2.1. � §«®¦¥­¨¥ (1.5)¯®§¢®«ï¥â ¥áâ¥áâ¢¥­­® ®¯à¥¤¥«ïâì à §«¨ç­ë¥ à áè¨à¥­¨ï (¯®Ä¯®«­¥­¨ï) ¢¥ªâ®à­®£® ¯à®áâà ­áâ¢ G. � ¯à¨¬¥à, ¯à®áâà ­áâ¢®
{G} = ∧⊕m;n fmenH; (2.1)®¯à¥¤¥«ï¥¬®¥ ª ª ä®à¬ «ì­ ï áã¬¬  (¯àï¬®¥ ¯à®¨§¢¥¤¥­¨¥) ª®¬¯®­¥­â (2.1), ¬®¦­®®â®¦¤¥áâ¢¨âì á ¬­®¦¥áâ¢®¬ ä®à¬ «ì­ëå àï¤®¢ ¢¨¤  (1.4). �£® ¯®¤¯à®áâà ­áâ¢®

|G〉 = ∧⊕n N−Hen = ∧⊕n ⊕m fmenH (2.2)á®áâ®¨â ¨§ àï¤®¢ (1.4), á®¤¥à¦ é¨å «¨èì ª®­¥ç­®¥ ç¨á«® ª®¬¯®­¥­â gmn ∈ fmenH ¤«ïª ¦¤®£® ä¨ªá¨à®¢ ­­®£® n ∈ Z+. Ǳ®¤¯à®áâà ­áâ¢® (2.2) ¥áâ¥áâ¢¥­­® ®â®¦¤¥áâ¢«ï¥âáï(á¬., ­ ¯à¨¬¥à, [14]) á ¯à®¥ªâ¨¢­ë¬ ¯à¥¤¥«®¬ ä ªâ®à-¬®¤ã«¥© �n = G=Jn, £¤¥ Jn =Gen+1 { ã¡ë¢ îé¥¥ á¥¬¥©áâ¢® «¥¢ëå ¨¤¥ «®¢  «£¥¡àë G. �ë ¡ã¤¥¬ à áá¬ âà¨¢ âìâ ª¦¥ á«¥¤ãîéãî æ¥¯®çªã ¯®¤¯à®áâà ­áâ¢:G ⊂ (G) ⊂ [G] ⊂ |G〉 ⊂ {G}; (2.3)£¤¥ [G] (á®®â¢¥âáâ¢¥­­® (G)) { ¯®¤¯à®áâà ­áâ¢® Z-£à ¤ã¨à®¢ ­­ëå (á®®â¢¥âáâ¢¥­­®Q-£à ¤ã¨à®¢ ­­ëå) àï¤®¢ (1.4).



������������� ������ ����� 339Ǳ®ïá­¨¬, çâ® ä ªâ®à-¬®¤ã«ì �N ®â®¦¤¥áâ¢«ï¥âáï á áã¬¬®© ª®¬¯®­¥­â (2.2) ¯à¨ 0 6n 6 N . �«¥¬¥­âë g ∈ G áãâì ä®à¬ «ì­ë¥ àï¤ë á«¥¤ãîé¥£® ¢¨¤ :g = limn gn = ∞∑n=0 Ægn; (2.4)á ª®¬¯®­¥­â ¬¨ Ægn ∈ N−Hen ¨ ç áâ¨ç­ë¬¨ áã¬¬ ¬¨ gn = Æg0 + · · · + Ægn, ¢®§à áâ Äîé¨¬¨ ¢ â®¬ á¬ëá«¥, çâ® gn = �nmgm ¯à¨ n 6 m, £¤¥ �nm { ª ­®­¨ç¥áª ï ¯à®¥ªæ¨ï�m ­  �n, ®¯à¥¤¥«¥­­ ï ¯à¨ n 6 m. �®®â¢¥âáâ¢¥­­® g − gn ∈ J?n, £¤¥ J?n = |G〉en {à áè¨à¥­¨¥ ¨¤¥ «  J ′n (n ∈ Z+).Ǳ®¤¯à®áâà ­áâ¢® [G] (á®®â¢¥âáâ¢¥­­® (G)) ¥áâì áã¬¬  ®¤­®à®¤­ëå ª®¬¯®­¥­â [G]n(á®®â¢¥âáâ¢¥­­® (G)�). Ǳà¨­ ¤«¥¦­®áâì g ∈ [G]n (á®®â¢¥âáâ¢¥­­® g ∈ (G)�) ®§­ ç ¥â,çâ® ¢á¥ ª®¬¯®­¥­âë àï¤  (2.4) á®¤¥à¦ âáï ¢ Gn (á®®â¢¥âáâ¢¥­­® ¢ G�).�­ ç¥ £®¢®àï, ¯à®áâà ­áâ¢® [G] ¥áâì ¬­®¦¥áâ¢® àï¤®¢ (2.4) á ª®¬¯®­¥­â ¬¨ (2.2),ã¤®¢«¥â¢®àïîé¨¬¨ ãá«®¢¨î |m − n| 6 const, á ª®­áâ ­â®©, § ¢¨áïé¥© ®â àï¤  (2.4).�­ «®£¨ç­® ¢ â¥à¬¨­ åQ-£à ¤ã¨à®¢ª¨ ¬®¦­® ®¯à¥¤¥«¨âì ¯à®áâà ­áâ¢® (G).2.2. Ǳà¥¤«®¦¥­¨¥ [14]. �¥ªâ®à­®¥ ¯à®áâà ­áâ¢® |G〉 ¥áâì  «£¥¡à  ®â­®á¨Äâ¥«ì­® ã¬­®¦¥­¨ï ä®à¬ «ì­ëå àï¤®¢ (2.4) (¨«¨ (1.4)). Ǳ®¤¯à®áâp ­áâ¢® [G] (á®Ä®â¢¥âáâ¢¥­­® (G)) ¥áâì Z-£à ¤ã¨à®¢ ­­ ï (á®®â¢¥âáâ¢¥­­® Q-£à ¤ã¨à®¢ ­­ ï) «£¥¡à  á ®¤­®à®¤­ë¬¨ ª®¬¯®­¥­â ¬¨ [G]n (á®®â¢¥âáâ¢¥­­® (G)�).�¥©áâ¢¨â¥«ì­®, ã¬­®¦¥­¨¥ àï¤®¢ f; g ∈ |G〉 á¢®¤¨âáï ª à áá¬®âà¥­¨î á«¥¤ãîé¨å¯à®¨§¢¥¤¥­¨©: fkelfmen; (2.5)£¤¥ áâ¥¯¥­¨ k,m ¯à¨­¨¬ îâ «¨èì ª®­¥ç­®¥ ç¨á«® §­ ç¥­¨© ¤«ï ª ¦¤®© ä¨ªá¨à®¢ ­­®©¯ àë l, n. Ǳà¥®¡à §ãï ¯à®¨§¢¥¤¥­¨¥ elfm ¢ áã¬¬ã ª®¬¯®­¥­â f tes á ª®íää¨æ¨¥­â ¬¨ ¨§H , £¤¥ s− t = l−m, § ¬¥â¨¬, çâ® á®®â¢¥âáâ¢ãîé¨¥ á« £ ¥¬ë¥ ¢ (2.5) ¬®£ãâ ¢­¥áâ¨ ­¥Ä­ã«¥¢®© ¢ª« ¤ ¢ ª®¬¯®­¥­âã fpeq â®«ìª® ¯à¨ k+t = p ¨n+s = q. �âáî¤  n 6 q ¨ â ª¦¥l = s− t+m 6 s+m 6 q+m. Ǳ®íâ®¬ã «¨èì ª®­¥ç­®¥ ç¨á«® ¯à®¨§¢¥¤¥­¨© (2.5) ¢­®á¨â­¥­ã«¥¢®© ¢ª« ¤ ¢ fpeq (p; q ∈ Z+), â.¥. àï¤ fg ª®àà¥ªâ­® ®¯à¥¤¥«¥­. �á­® â ª¦¥, çâ®fg ∈ |G〉.�áâ ¥âáï § ¬¥â¨âì, çâ® áâ ­¤ àâ­®¥ ¯à ¢¨«® £à ¤ã¨à®¢ª¨ ¢¥á®¢, ¯à¨¬¥­¥­­®¥ ª ®¤Ä­®à®¤­ë¬ ª®¬¯®­¥­â ¬ f , g, ®¯à¥¤¥«ï¥â áâàãªâãàã £à ¤ã¨à®¢ ­­ëå  «£¥¡à (G) ⊂ [G]ª ª ¯®¤ «£¥¡à  «£¥¡àë |G〉.2.3. �®­áâàãªæ¨ï ¯à®¥ªâ¨¢­®£® ¯à¥¤¥«  (2.2)¯®§¢®«ï¥âà áá¬ âà¨¢ âì ª ¦¤ë©í«¥Ä¬¥­â g ∈ |G〉 ª ª ®¯¥à â®à ¬®¤ã«ï M(g). �¥©áâ¢¨â¥«ì­®, ¨§ à ¢¥­áâ¢  J∗nfmH = 0¯à¨ n > m ¢ëâ¥ª ¥â ª®àà¥ªâ­®áâì ®¯à¥¤¥«¥­¨ï gx = gnx ¤«ï í«¥¬¥­â®¢ x ∈ fmH ¯à¨n > m. �á­® â ª¦¥, çâ®M(g) ¥áâì «¥¢ë© |G〉-¬®¤ã«ì, ¤¥©áâ¢¨¥ ª®â®à®£® ¯¥à¥áâ ­®¢®çÄ­® á ¯à ¢ë¬ ¤¥©áâ¢¨¥¬  «£¥¡àëH , â.¥. á®¤¥à¦¨âáï ¢  «£¥¡à¥ |E〉 = EndH M(g).Ǳãáâì [E] (á®®â¢¥âáâ¢¥­­® (E)) { ­ ¨¡®«ìè ïZ-£à ¤ã¨à®¢ ­­ ï (Q-£à ¤ã¨à®¢ ­­ ï)¯®¤ «£¥¡à  ¢ |E〉 á ®¤­®à®¤­ë¬¨ ª®¬¯®­¥­â ¬¨ [E]n (á®®â¢¥âáâ¢¥­­® (E)�). Ǳà¨­ ¤Ä«¥¦­®áâì a ∈ [E]n (á®®â¢¥âáâ¢¥­­® a ∈ (E)�) ®§­ ç ¥â, çâ® aM−m(g) ⊂ M−m+n(g)(á®®â¢¥âáâ¢¥­­® aM−�(g) ⊂ M−�+�(g)), £¤¥ M−m(g) = fmH . �ç¥¢¨¤­®, çâ® ¤¥©áâÄ¢¨¥  «£¥¡àë |G〉 ¢ M(g) ®¯à¥¤¥«ï¥â £®¬®¬®àä¨§¬ £à ¤ã¨à®¢ ­­ëå  «£¥¡à [G] 7→ [E],(G) 7→ (E).



340 �.Ǳ. ���������� ª®­¥æ, ¢® ¢á¥å ¨§«®¦¥­­ëå ¢ëè¥ ¯®áâà®¥­¨ïå ¬®¦­® § ¬¥­¨âì  «£¥¡àëG; (G); : : :¨å à æ¨®­ «ì­ë¬¨ ®¡®«®çª ¬¨ G′, (G)′ = (G′) ¨ â.¤. �­ «®£¨ç­® ¤«ï  «£¥¡à í­¤®Ä¬®àä¨§¬®¢ ¬ë ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ®¡®§­ ç¥­¨ï (E)′ = (E′) ¨ â.¤. � ç áâ­®áâ¨, |E′〉 =EndH′ M ′(g).2.4. �¥®à¥¬ . �¥©áâ¢¨¥  «£¥¡àë |G′〉 ¢ M ′(g) ®¯à¥¤¥«ï¥â ¨§®¬®àä¨§¬  «£¥¡à
|G′〉 ' |E′〉 ¨ ¨§®¬®àä¨§¬ë £à ¤ã¨à®¢ ­­ëå  «£¥¡à [G′] ' [E′], (G′) ' (E′).�®ª § â¥«ìáâ¢®. Ǳà®¢¥à¨¬ áîàê¥ªâ¨¢­®áâì ®â®¡à ¦¥­¨ï |G′〉 7→ |E′〉. �¨ªá¨Äàã¥¬ a ∈ |E′〉 ¨ ¯®ª ¦¥¬, çâ® áãé¥áâ¢ã¥â ä®à¬ «ì­ë© àï¤ g ∈ |G′〉, ã¤®¢«¥â¢®àïîé¨©â®¦¤¥áâ¢ã (a− g)M ′(g) = 0. �«ï íâ®£® à áá¬®âà¨¬ ä¨«ìâà æ¨î Fn = Fn−1 ⊕ fnH ′ ¢M ′(g) ¨ ¯®áâà®¨¬ ç áâ¨ç­ë¥ áã¬¬ë gn â ª¨¬ ®¡à §®¬, çâ®¡ë à ¢¥­áâ¢® (a−gn)Fn = 0¢ë¯®«­ï«®áì ¤«ï ¢á¥å n ∈ Z+.Ǳà¥¤¯®«®¦¨¬, çâ®ç áâ¨ç­ ï áã¬¬  gn−1 ã¦¥¯®áâà®¥­ , â ªçâ® (a−gn−1)Fn−1 = 0.� ¬¥â¨¬, çâ® ÆgnFn−1 = 0¤«ï ª ¦¤®£® àï¤  (2.4), ¯®áª®«ìªã enFn−1 = 0. Ǳ®íâ®¬ã ¨áÄª®¬®¥ à ¢¥­áâ¢® (a− gn)Fn = 0 à ¢­®á¨«ì­® á«¥¤ãîé¥¬ã:Ægn = a− gn−1 ­  ª®¬¯®­¥­â¥ fnH ′: (2.6)�¨ªá¨àã¥¬ ¡ §¨á �k (| deg �k| = n) ¯à®áâà ­áâ¢  fn ¨ ¯à¥¤áâ ¢¨¬ í«¥¬¥­âë Ægn ∈N−Hen ¢ ¢¨¤¥ ∑ b−i gij�∗j (gij ∈ H ′). � ¬¥â¨¬, çâ® �∗j �k = !jk ¢ ¯à®áâà ­áâ¢¥M ′(g),£¤¥ !jk = �(�∗j �k) { ¬ âà¨æ  ä®à¬ë � ¯®¢ «®¢ , áã¦¥­­®© ­  fn. �á¯®«ì§ãï íâ® à Ä¢¥­áâ¢®, ­ å®¤¨¬ Ægn�k = ∑i b−i gij!jk: (2.7)� ¯¨è¥¬ â ª¦¥ ¤¥©áâ¢¨¥ ®¯¥à â®à  ~a = a− gn−1 ¢ ¬ âà¨ç­®© ä®à¬¥~a�k = ∑i b−i aik (2.8)á ª®íää¨æ¨¥­â ¬¨aik ∈ H ′. �¯¥à â®àë (2.7)¨ (1.8) á®¢¯ ¤ îâ, ¥á«¨ á¨áâ¥¬ ãà ¢­¥­¨©

∑j gij!jk = aik (2.9)¨¬¥¥â à¥è¥­¨¥(®â­®á¨â¥«ì­® gij). � §à¥è¨¬®áâì á¨áâ¥¬ë (2.9) ¢ëâ¥ª ¥â ¨§ ­¥¢ëà®¦Ä¤¥­­®áâ¨ ä®à¬ë� ¯®¢ «®¢  ¢ fn. � ª¨¬ ®¡à §®¬, (2.6) ®¯à¥¤¥«ï¥â à¥ªãàà¥­â­®¥ ¯à Ä¢¨«® ¯®áâà®¥­¨ï ¨áª®¬®£® àï¤  g ∈ |G′〉.�áâ ¥âáï § ¬¥â¨âì, çâ® à¥è¥­¨¥ ª ¦¤®© á¨áâ¥¬ë (2.9) ¥¤¨­áâ¢¥­­®, ®âªã¤  á«¥¤ã¥â¨­ê¥ªâ¨¢­®áâì ®â®¡à ¦¥­¨ï |G′〉 7→ |E′〉. � ª¨¬ ®¡à §®¬, |G′〉 ' |E′〉. �á­® â ª¦¥, çâ®à¥ªãàà¥­â­®¥ ¯à ¢¨«® (2.6) á®åà ­ï¥â áâ¥¯¥­¨ Z- ¨«¨ Q-®¤­®à®¤­®áâ¨. �âáî¤  ¯®«ãÄç ¥¬ ¨§®¬®àä¨§¬ë £à ¤ã¨à®¢ ­­ëå  «£¥¡à [G′] ' [E′], (G′) ' (E′).2.5. �«¥¤áâ¢¨¥. Ǳ®¤¯à®áâà ­áâ¢® M(g) (á®®â¢¥âáâ¢¥­­® M ′(g)) ¥áâì â®çÄ­ë© |G〉-¬®¤ã«ì (á®®â¢¥âáâ¢¥­­® |G′〉-¬®¤ã«ì). �­ ç¥ £®¢®àï, à ¢¥­áâ¢®gM(g) = 0 (á®®â¢¥âáâ¢¥­­® gM ′(g) = 0) ¢«¥ç¥â §  á®¡®© g = 0.�¥©áâ¢¨â¥«ì­®, à ¢¥­áâ¢® gM(g) = 0¤«ï í«¥¬¥­â®¢ g ∈ |G〉à ¢­®á¨«ì­® gM ′(g) = 0.Ǳ®íâ®¬ã ¨áª®¬®¥ ãâ¢¥à¦¤¥­¨¥ á¢®¤¨âáï ª ¨­ê¥ªâ¨¢­®áâ¨ ¤¥©áâ¢¨ï |G′〉 ¢M ′(g), çâ® ¤®Äª § ­® ¢ ¯. 2.4.



������������� ������ ����� 3412.6. �­¢®«îæ¨ï �¥¢ ««¥ x 7→ x∗ (á¬. ¯. 1.1) ®¤­®§­ ç­® ¯à®¤®«¦ ¥âáï á  «£¥¡àë
g ­   áá®æ¨ â¨¢­ë¥  «£¥¡àë G ⊂ (G) ⊂ [G] ¨ ¨å à æ¨®­ «ì­ë¥ ®¡®«®çª¨ G′ ⊂ (G′) ⊂[G′]. � ç áâ­®áâ¨,G∗� = G−� ¨ â.¤.�ë ¡ã¤¥¬ ¨á¯®«ì§®¢ âì á¯¥æ¨ «ì­®¥ ®¡®§­ ç¥­¨¥ F (g) = (G′) ¤«ï  «£¥¡àë, ¯¥à¢®Ä­ ç «ì­® ®¯à¥¤¥«¥­­®© ¢ [1]. �«£¥¡à  F (g) ®¡« ¤ ¥âQ-£à ¤ã¨à®¢ª®©F (g) = ⊕� F�(g); (2.10)£¤¥ F�(g) = (G′)�. � ç áâ­®áâ¨, F0(g) ¥áâì ¯®¤ «£¥¡à  á ¨­¢®«îæ¨¥©, ¨ ª ¦¤ ï ª®¬¯®Ä­¥­â  F�(g) ¥áâì F0(g)-¡¨¬®¤ã«ì.2.7. � ¬¥ç ­¨¥. �¥®à¥¬  2.4, ¯® áãé¥áâ¢ã, ¤®ª § ­  ¢ [15] (á¬. â ª¦¥ [2]), £¤¥ ®áÄ­®¢­®¥ ¢­¨¬ ­¨¥ ã¤¥«ï«®áì  «£¥¡à¥F (g). Z-£à ¤ã¨à®¢ ­­ë¥  ­ «®£¨  «£¥¡àëF (g) (â.¥. «£¥¡àë [G], [G′]) à áá¬ âà¨¢ «¨áì ¢ [5] ¢ ¡®«¥¥ ®¡é¥¬ª®­â¥ªáâ¥ ª®­âà £à¥¤¨¥­â­ëå «Ä£¥¡à ª àâ ­®¢áª®£® â¨¯ . �­ «®£  «£¥¡àë F (g) ¡ë« â ª¦¥ ­¥§ ¢¨á¨¬® ®¯à¥¤¥«¥­ ¢ [16].�§¢¥áâ­®, çâ® ¢¥ªâ®à­ë¥ ¯à®áâà ­áâ¢  {G}, {G′} ­¥ ®¡« ¤ îâ áâàãªâãà®©  «£¥¡Äàë ®â­®á¨â¥«ì­® ã¬­®¦¥­¨ïä®à¬ «ì­ëå àï¤®¢ (1.4). �®®â¢¥âáâ¢ãîé¨¥ ª®­âà¯à¨¬¥àë¤«ï  «£¥¡àë g = sl2 ¯à¨¢¥¤¥­ë ¢ [2, 5].3. ������������� Ǳ��������3.1. �¯à¥¤¥«¥­¨¥. �«ï ª ¦¤®£® g-¬®¤ã«ï V ¯®¤¯à®áâà ­áâ¢® V e = ker e (¯¥à¥á¥Äç¥­¨¥ ï¤¥à ker ei) ­ §ë¢ ¥âáï íªáâà¥¬ «ì­ë¬ (¨«¨ ¢ ªãã¬­ë¬) ¯à®áâà ­áâ¢®¬¬®¤ã«ïV . �®¤ã«ì V ­ §ë¢ ¥âáï ¯à¨¬¨â¨¢­ë¬, ¥á«¨V = ker e⊕ im f; (3.1)£¤¥ im f = fV (áã¬¬  ®¡à §®¢ im fi).� ¯à¨¬¥à, ¢ ª®­¥ç­®¬¥à­®¬ á«ãç ¥ (dim g < ∞) ¢á¥ ª®­¥ç­®¬¥à­ë¥ ¬®¤ã«¨ ¯à¨¬¨Äâ¨¢­ë. �®¤ã«ì �¥à¬ M(�) ¯à¨¬¨â¨¢¥­ «¨èì â®£¤ , ª®£¤  ®­ ¯p®áâ (¢ ¯à®â¨¢­®¬ á«ãÄç ¥ ker e ∩ im f 6= 0).3.2. �¥®à¥¬  [1, 15]. �ãé¥áâ¢ã¥â ¥¤¨­áâ¢¥­­ë© í«¥¬¥­â p ∈ |G′〉, ã¤®¢«¥â¢®Äàïîé¨© á¨áâ¥¬¥ ãà ¢­¥­¨© ep = pf = 0; p00 = 1; (3.2)£¤¥ p00 { á¢®¡®¤­ë© ç«¥­ àï¤  p (¯. 1.3). �®«¥¥ â®£®, p2 = p = p∗, p ∈ F0(g).�¯¥à â®à p ¯à®¥æ¨àã¥â ª ¦¤ë© F (g)-¬®¤ã«ì V ­  ker e ¯ à ««¥«ì­® im f (â ªçâ® ¬®¤ã«ì V ¯à¨¬¨â¨¢¥­).�¥©áâ¢¨â¥«ì­®, ®¡à § p ¯à¨ ¨§®¬®àä¨§¬¥ |G′〉 ' |E′〉 ®¤­®§­ ç­® ®¯à¥¤¥«ï¥âáï ª ª®¯¥à â®à ¯à®¥æ¨à®¢ ­¨ï p0 ­ M ′0(g) = H ′ ¯ à ««¥«ì­® áã¬¬¥ ª®¬¯®­¥­âM ′

−�(g) ¯à¨� 6= 0. � «ì­¥©è¨¥ ¤¥â «¨ ¤®ª § â¥«ìáâ¢  ¬®¦­® ­ ©â¨ ¢ [2], £¤¥ ¢¬¥áâ®  «£¥¡àë |G′〉à áá¬ âà¨¢ ¥âáï F (g).�«¥¬¥­â p ∈ F0(g), ®¯à¥¤¥«ï¥¬ë© ãà ¢­¥­¨ï¬¨ (3.2), ­ §ë¢ ¥âáï íªáâà¥¬ «ì­ë¬¯à®¥ªâ®à®¬  «£¥¡àë g ¨«¨  «£¥¡àë U(g).�®ª § â¥«ìáâ¢® íâ®© â¥®à¥¬ë ¬®¦­® ¢¨¤®¨§¬¥­¨âì â ª¨¬ ®¡à §®¬, çâ®¡ë ¢ëç¨áÄ«¨âì ï¢­ë© ¢¨¤ í«¥¬¥­â  p ∈ F0(g) (á¬. ¯. 3.3{3.6).



342 �.Ǳ. ���������3.3. �¥¬¬ . � ¦¤ë© æ¥­âà «ì­ë© í«¥¬¥­â z ∈ |G〉 ã¤®¢«¥â¢®àï¥â å à ªâ¥Äà¨áâ¨ç¥áª®¬ã ãà ¢­¥­¨î ∏�∈Q+(z − z�) = 0; (3.3)£¤¥ z0 = �(z) (¯. 1.5), z� = (z0)� (¯. 1.3) ¨ «¥¢ ï ç áâì ¯®­¨¬ ¥âáï ª ª limn gn, £¤¥gn { ¯à®¨§¢¥¤¥­¨¥ í«¥¬¥­â®¢ (3.3) ¯à¨ ht " 6 n.�¥©áâ¢¨â¥«ì­®, z1+ = z01+. �âáî¤ , ¨á¯®«ì§ãï æ¥­âà «ì­®áâì í«¥¬¥­â  z ¨ ¢¥á®¢®¥¯à ¢¨«® (1.6) ¤«ï í«¥¬¥­â®¢ x ∈M ′
−�(g), ­ å®¤¨¬zx = xz1+ = xz0 = z�x; (3.4)â.¥. (z − z�)M ′

−�(g) = 0 ¤«ï ¢á¥å � ∈ Q+. Ǳ®íâ®¬ã gnFn = 0 (¢ ®¡®§­ ç¥­¨ïå ¯. 2.4),®âªã¤  á«¥¤ã¥â (3.3) ¤«ï ®¯¥à â®à  z ¢ ¬®¤ã«¥M ′(g).�¥âàã¤­® ¢¨¤¥âì, çâ® ãá«®¢¨¥ gnFn = 0 à ¢­®á¨«ì­® gn ∈ J∗n (¤«ï ¢á¥å n ∈ Z+), ®âÄªã¤  â ª¦¥ á«¥¤ã¥â (3.3) ¤«ï í«¥¬¥­â  z ∈ |G〉. �¬. â ª¦¥ [14], £¤¥ ¢ª«îç¥­¨¥ gn ∈ J∗n¯à®¢¥àï¥âáï ­¥¯®áà¥¤áâ¢¥­­®.3.4. �¯à¥¤¥«¥­¨¥. Ǳãáâì z { æ¥­âà «ì­ë© í«¥¬¥­â� §¨¬¨à  ¢  «£¥¡à¥F (g) (¯¥àÄ¢®­ ç «ì­® ®¯à¥¤¥«¥­­ë© ¢ [10] ª ª ®¯¥à â®à ¢ \®£à ­¨ç¥­­ëå" g-¬®¤ã«ïå). �®£« áÄ­® [10] z = z0 + z+, £¤¥ z0(�) = (�; � + 2�); z+ ∈

∧⊕n6=0fnen: (3.5)�¤¥áì � ∈ h∗ ®¯à¥¤¥«ï¥âáï ¯® ¯à ¢¨«ã �(hi) = 1 ¤«ï ¢á¥å i ∈ I . �á«¨ dim g < ∞, â®z ∈ G, � { ¯®«ãáã¬¬  ¯®«®¦¨â¥«ì­ëå ª®à­¥©  «£¥¡àë g. � ¬¥â¨¬ â ª¦¥, çâ® a� = z�−z0 ¥áâì  ää¨­­ ï äã­ªæ¨ï ­ ¤ h∗:a�(�) = 2(�+ �; �) + (�; �): (3.6)3.5. �¥®à¥¬  [17]. �ªáâà¥¬ «ì­ë© ¯à®¥ªâ®à p ∈ F0(g) ¨¬¥¥â ¢¨¤p = ∏"6=0(1− a−1" z+); (3.7)£¤¥ z { í«¥¬¥­â � §¨¬¨à   «£¥¡àë g ¨ «¥¢ ï ç áâì (3.7) ¯®­¨¬ ¥âáï ª ª limn pn,£¤¥ pn { ¯à®¨§¢¥¤¥­¨¥ í«¥¬¥­â®¢ (3.7) ¯à¨ ht " 6 n.�®ª § â¥«ìáâ¢® ¬®¦­® ¯®«ãç¨âì ­¥¯®áà¥¤áâ¢¥­­® ¨§ «¥¬¬ë 3.3. � ¨¬¥­­® ®¯¥à â®àp0 ∈ |E′〉 (¯. 3.2) á®¢¯ ¤ ¥â ­  ª®¬¯®­¥­â å Fn (á¬. ¯. 2.4) á ¨­â¥à¯®«ïæ¨®­­ë¬ ¯®«¨Ä­®¬®¬ � £à ­¦ , ¯à¨­¨¬ îé¨¬ §­ ç¥­¨¥ 1 ¯à¨ " = 0 ¨ §­ ç¥­¨¥ 0 ¯à¨ " 6= 0. �­ ç¥£®¢®àï, p0 ¥áâì ¯à®¨§¢¥¤¥­¨¥ á®¬­®¦¨â¥«¥©(z0 − z")−1(z − z") = 1− a−1" z+; (3.8)®âªã¤  á«¥¤ã¥â (3.7). �¥â «¨ ¤®ª § â¥«ìáâ¢ , ®â­®áïé¨¥áï ª ®æ¥­ª ¬ p−pn ∈ J∗n, ¬®¦Ä­® ­ ©â¨ ¢ [14, 18].



������������� ������ ����� 3433.6. Ǳà¨¬¥à. Ǳãáâì g = sl2 { ¯à®áâ ï  «£¥¡à �¨ á ¡ §¨á®¬ e, f , h ¨ á®®â­®è¥­¨ï¬¨ª®¬¬ãâ æ¨¨ [e; f ] = h, [h; e] = 2e, [h; f ] = −2f . �«¥¬¥­â (3.7) ¨¬¥¥â ¢¨¤p = ∏n6=0(1− fen(h+ n+ 1)) = ∞∑n=0 (−1)nn! fnen'n; (3.9)£¤¥ 'n = n∏j=1(h+ j + 1)−1: (3.10)� íâ®¬ á«ãç ¥ «¥£ª® ¯à®¢¥à¨âì ­¥¯®áà¥¤áâ¢¥­­®, çâ® ç áâ¨ç­ë¥ ¯à®¨§¢¥¤¥­¨ï á®¢¯ ¤ Äîâ á ç áâ¨ç­ë¬¨ áã¬¬ ¬¨ ¢ (3.9).3.7. � ¬¥ç ­¨¥. �«¥¬¥­âë g ∈ F (g) ¬®¦­® à áá¬ âà¨¢ âì ª ª «®ª «ì­®-à æ¨®-­ «ì­ë¥ ¢¥ªâ®à-äã­ªæ¨¨ ­ ¤ h∗ (á® §­ ç¥­¨ï¬¨ ¢ N− × N+). � ¨¬¥­­® §­ ç¥­¨¥ í«¥Ä¬¥­â  (1.4) ¢ â®çª¥ � ∈ h∗ ®¯à¥¤¥«ï¥âáï ¯® ¯à ¢¨«ãg(�) = ∑i;j b−i b+j gij(�) (3.11)(­ ¯®¬­¨¬, çâ® gij ∈ H ′ { à æ¨®­ «ì­ë¥ äã­ªæ¨¨ ­ ¤ h∗). �áâ¥áâ¢¥­­® à áá¬ âà¨¢ âìâ ª¦¥ ¡®«¥¥ ®¡é¨¥ ¡ §¨áë ¢N−×N+. � íâ®¬ á¬ëá«¥ ¬®¦­® £®¢®à¨âì ®¡ ®á®¡¥­­®áâïå¢¥ªâ®à-äã­ªæ¨© (3.11).� ¯à¨¬¥à, ¨§ â¥®à¥¬ë 3.5 á«¥¤ã¥â, çâ® ®á®¡¥­­®áâ¨ íªáâà¥¬ «ì­®£® ¯à®¥ªâ®à  p ∈F0(g) á®áà¥¤®â®ç¥­ë ¢ ¯¥à¥á¥ç¥­¨¨ £¨¯¥à¯«®áª®áâ¥© a�(�) = 0 (� ∈ Q+).�­ ç¨â¥«ì­® ¡®«¥¥ â®­ª¨© à¥§ã«ìâ â ¯®«ãç¥­ ¢ [17], £¤¥ ¯®ª § ­®, çâ® áãé¥áâ¢¥­­ë¥®á®¡¥­­®áâ¨ í«¥¬¥­â  p á®áà¥¤®â®ç¥­ë ¢ £¨¯¥à¯«®áª®áâïå a�(�) = 0, £¤¥ � = n� { ª¢ Ä§¨ª®à¥­ì (0 6= n ∈ Z+, � ∈ �+).3.8. �¯à¥¤¥«¥­¨¥. �®¤ã«ì V ­ ¤  «£¥¡à®©G (¨«¨G′) ­ §ë¢ ¥âáï«®ª «ì­®-­¨«ì-¯®â¥­â­ë¬ ®â­®á¨â¥«ì­® e, ¥á«¨ enx = 0 (n > n0(x)), ¤«ï ª ¦¤®£® x ∈ V . � â¥£®Äà¨ï â ª¨å ¬®¤ã«¥© ®¡®§­ ç ¥âáïLN(e).� â¥£®à¨ïLN(e) § ¬ª­ãâ  ®â­®á¨â¥«ì­® áâ ­¤ àâ­ëå¬®¤ã«ì­ëå ®¯¥à æ¨© (áã¬¬ë,¯à®¨§¢¥¤¥­¨ï, ¯¥à¥å®¤ ª ¯®¤¬®¤ã«ï¬ ¨ ä ªâ®à-¬®¤ã«ï¬). �á«¨ V 6= 0 ¥áâì ¬®¤ã«ì ª â¥Ä£®à¨¨ LN(e), â® V e 6= 0.�ç¥¢¨¤­®, çâ® ª ¦¤ë© ¬®¤ã«ì V ª â¥£®à¨¨ LN(e) ­ ¤¥«ï¥âáï (¥áâ¥áâ¢¥­­ë¬ ®¡à Ä§®¬) áâàãªâãà®© |G〉-¬®¤ã«ï (¨«¨ |G′〉-¬®¤ã«ï). � ¨¬¥­­® à ¢¥­áâ¢® gx = gnx (n >n0(x)) ª®àà¥ªâ­® ®¯à¥¤¥«ï¥â í«¥¬¥­âë g ∈ |G〉 (¨«¨ g ∈ |G′〉) ª ª ®¯¥à â®àë¬®¤ã«ï V .3.9. Ǳà¥¤«®¦¥­¨¥. � â¥£®à¨ï LN(e) ­ ¤  «£¥¡à®© G′ ¯®«ã¯à®áâ  á ¥¤¨­áâÄ¢¥­­ë¬ ¯à®áâë¬ ®¡ì¥ªâ®¬ M ′(g). �­ ç¥ £®¢®àï, ª ¦¤ë© ¬®¤ã«ì V ª â¥£®à¨¨LN(e) ªà â¥­ ¬®¤ã«î M ′(g).�¥á«®¦­®¥ ¤®ª § â¥«ìáâ¢® íâ®£® ãâ¢¥à¦¤¥­¨ï ¬®¦­® ­ ©â¨ ¢ [5, 14]. �¨âã æ¨ï áå®¤Ä­  á ¨§¢¥áâ­®© â¥®à¥¬®© ¥¤¨­áâ¢¥­­®áâ¨ ¢ ª¢ ­â®¢®© ¬¥å ­¨ª¥ (£¤¥ à®«ì ¬®¤ã«ïM ′(g)¨£à ¥â ¬®¤ã«ì �®ª ).



344 �.Ǳ. ���������� â¥£®à¨ï LN(e) ­ ¤  «£¥¡à®©G ãáâà®¥­  §­ ç¨â¥«ì­® ¡®«¥¥ á«®¦­®. �¡ëç­® à áÄá¬ âà¨¢ ¥âáï ¯®¤ª â¥£®à¨ï O(e) ⊂ LN(e), á®áâ®ïé ï ¨§ H-£à ¤ã¨à®¢ ­­ëå ¬®¤ã«¥©ª â¥£®à¨¨ LN(e).�á¯®«ì§ãï íªáâà¥¬ «ì­ë© ¯à®¥ªâ®à p ∈ F0(g), ­¥âàã¤­® ¯®«ãç¨âì ªà¨â¥à¨¨ ¯®«ãÄ¯à®áâ®âë ¢ ª â¥£®à¨¨ LN(e). � ¯à¨¬¥à, íâ®â ¬¥â®¤ ¯®§¢®«ï¥â ¯®«ãç¨âì ¯à®áâ®¥ ¤®ª Ä§ â¥«ìáâ¢® â¥®à¥¬ë �¥©«ï ® ¯®«ã¯à®áâ®â¥ ª®­¥ç­®¬¥à­ëå g-¬®¤ã«¥© (á«ãç © dim g <
∞) [5, 14].3.10. � ¬¥ç ­¨¥. Ǳà®¥ªâ®à (3.7) { ­¥ ¥¤¨­áâ¢¥­­ë© ®¡ê¥ªâ, ª®â®àë© ¬®¦­® ¯®Äáâà®¨âì ­  ®á­®¢¥ å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï (3.3). � ¯à¨¬¥à, ¤«ï ª ¦¤®£® � ∈Q+ í«¥¬¥­â p� = ∏�6=�(z� − z�)−1(z − z�) (3.12)ª®àà¥ªâ­® ®¯à¥¤¥«¥­ ¢ F (g) ¨ ¯à®¥æ¨àã¥â ¬®¤ã«ì M ′(g) ­  ¥£® ¢¥á®¢ãî ª®¬¯®­¥­âãM ′

−�(g). �¥âàã¤­® ¯à®¢¥à¨âì, çâ® í«¥¬¥­âë (3.12) ®¡à §ãîâ áç¥â­®¥ à §«®¦¥­¨¥ ¥¤¨Ä­¨æë ¢  «£¥¡à¥ F (g). 4. ACT-������������4.1. � áá¬®âà¨¬ ¡®«¥¥ ¤¥â «ì­® ª« áá¨ç¥áª¨© á«ãç © dim g < ∞. � íâ®¬ á«ãç ¥ª®à­¥¢ë¥ ¯®¤¯à®áâà ­áâ¢  g� ®¤­®¬¥à­ë: g� = Ce�, £¤¥ e� (� ∈ �){ª®à­¥¢ë¥ ¢¥ªâ®àë «£¥¡àë g.� ¯®¬­¨¬, çâ® h� = [e�; e−�] ¥áâì í«¥¬¥­â ª àâ ­®¢áª®© ¯®¤ «£¥¡àë h. �®à­¥¢ë¥¢¥ªâ®àë e� ­®à¬¨àãîâáï ãá«®¢¨¥¬ �(h�) = 2 ¤«ï ¢á¥å � ∈ �. Ǳ®«®¦¨¬�� = 〈h�; �〉 = 2(�; �)(�; �) (4.1)¤«ï ¢á¥å � ∈ h∗ ¨ ¢á¥å � ∈ �. �á«®¢¨¬áï áç¨â âì, çâ® ei = e�i (i ∈ I), ¨ ¯®«®¦¨¬ hi =h�i , �i = ��i (ç¨á«  �i ­ §ë¢ îâáï ®¡ëç­® ç¨á«®¢ë¬¨ ®â¬¥âª ¬¨ ¢¥ªâ®à  �).Ǳãáâì � ∈ h∗ { ¯®«ãáã¬¬  ¯®«®¦¨â¥«ì­ëå ª®à­¥©  «£¥¡àë g, �i = 1 ¤«ï ¢á¥å i ∈ I .4.2. � ¯®¬­¨¬ ®¯à¥¤¥«¥­¨¥ £àã¯¯ë �¥©«ïW ,  áá®æ¨¨à®¢ ­­®© á ¯ à®© (g; h). �àã¯Ä¯  W ¯®à®¦¤ ¥âáï á¨áâ¥¬®© ®¡à §ãîé¨å ri (i ∈ I), £¤¥ ri ∈ End h∗ { ®âà ¦¥­¨¥ ¯®­ ¯à ¢«¥­¨î ª®à­ï �i: ri� = �− �i�i: (4.2)�àã¯¯  W á®åà ­ï¥â ª®à­¥¢ãî á¨áâ¥¬ã � (®âªã¤  á«¥¤ã¥â, çâ® W { ª®­¥ç­ ï £àã¯¯ )¨ ª ­®­¨ç¥áªãî ¡¨«¨­¥©­ãî ä®à¬ã ¢ h∗: (w�;w�) = (�; �) ¤«ï ¢á¥å w ∈ W ¨ ¢á¥å�; � ∈ h∗.� §«®¦¥­¨¥w = ri1 : : : rin ¢ £àã¯¯¥W ­ §ë¢ ¥âáï ¯à¨¢¥¤¥­­ë¬, ¥á«¨ ®­® ¨¬¥¥â ¬¨Ä­¨¬ «ì­® ¢®§¬®¦­ãî ¤«¨­ã n = l(w). Ǳ®«®¦¨¬�w = {� ∈ �+ : w−1� < 0}: (4.3)� ª ¨§¢¥áâ­® (á¬., ­ ¯à¨¬¥à, [2]), l(w) = card�w. � ç áâ­®áâ¨, l(1) = 0, l(ri) = 1 ¤«ï¢á¥å i ∈ I (1 { ¥¤¨­¨æ  £àã¯¯ëW ).



������������� ������ ����� 345�ãé¥áâ¢ã¥â ¥¤¨­áâ¢¥­­ë© í«¥¬¥­â s0 ∈ W ¬ ªá¨¬ «ì­® ¢®§¬®¦­®© ¤«¨­ë m =card�+ (  ¨¬¥­­®�s0 = �+). � ¯®¬­¨¬ â ª¦¥, çâ® £àã¯¯ W á®¤¥à¦¨â ª ¦¤®¥ ®âà Ä¦¥­¨¥ r� ¯® ­ ¯à ¢«¥­¨î ª®à­ï � ∈ �.�àã£®¥ ®¯à¥¤¥«¥­¨¥ £àã¯¯ë �¥©«ï ¤ ­® ­¨¦¥ ¢ ¯. 5.1. �§¢¥áâ­® â ª¦¥  ¡áâà ªâ­®¥®¯à¥¤¥«¥­¨¥ £àã¯¯ë �¥©«ï ¢ â¥à¬¨­ å ®¡à §ãîé¨å ¨ á®®â­®è¥­¨© ¬¥¦¤ã ­¨¬¨ (á¬.,­ ¯à¨¬¥à, [10]).4.3. Ǳ®àï¤®ª �+ = {
1; : : : ; 
m} ­ §ë¢ ¥âáï ­®à¬ «ì­ë¬ [19], ¥á«¨ ¤«ï ª ¦¤®£®à §«®¦¥­¨ï 
j = 
i + 
k áã¬¬ à­ë© ª®à¥­ì 
j à á¯®«®¦¥­ ¬¥¦¤ã á¢®¨¬¨ á®áâ ¢«ïîÄé¨¬¨ 
i, 
k (â.¥. i < j < k «¨¡® k < j < i).�¥âàã¤­® ã¡¥¤¨âìáï, çâ® ­®à¬ «ì­ë¥ ¯®àï¤ª¨ áãé¥áâ¢ãîâ. � ª ¯®ª § ­® ¢ [20] (á¬.â ª¦¥ [2]), áãé¥áâ¢ã¥â ¡¨¥ªæ¨ï ¬¥¦¤ã ¬­®¦¥áâ¢®¬NO(�+) ¢á¥å ­®à¬ «ì­ëå ¯®àï¤ª®¢¢ á¨áâ¥¬¥ �+ ¨ ¬­®¦¥áâ¢®¬ ¯à¨¢¥¤¥­­ëå à §«®¦¥­¨© s0 = ri1 : : : rim (á¬. ¯. 4.2). �¨¬¥­­® á ª ¦¤ë¬ â ª¨¬ à §«®¦¥­¨¥¬ á¢ï§ ­ ­®à¬ «ì­ë© ¯®àï¤®ª
n = wn−1�in ; (4.4)£¤¥ wn = ri1 : : : rin (â ª çâ® w0 = 1), ¨ ¢á¥ ­®à¬ «ì­ë¥ ¯®àï¤ª¨ ¢ �+ ¨áç¥à¯ë¢ îâáïæ¥¯®çª ¬¨ (4.4). �®«¥¥ â®£®, ¤«ï ª ¦¤®£® w = wn ª®à­¨ 
k (1 6 k 6 n) ®¯à¥¤¥«ïîâ¨­¤ãæ¨à®¢ ­­ë© ­®à¬ «ì­ë© ¯®àï¤®ª ¢ �w.�®®â­®è¥­¨¥ (4.4) ¯®§¢®«ï¥â ¤ âì £¥®¬¥âà¨ç¥áªãî ¨­â¥à¯à¥â æ¨î ­®à¬ «ì­ëå ¯®Äàï¤ª®¢ � ∈ NO(�+) ¢ â¥à¬¨­ å ª ¬¥à �¥©«ï ¢ h∗. � ¨¬¥­­® ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®s0 = r
m : : : r
1 ; (4.5)®âªã¤  á«¥¤ã¥â, çâ® ¯®àï¤®ª � ®¯à¥¤¥«ï¥â \®¯â¨¬ «ì­ë© ¯ãâì" ®â ¤®¬¨­ ­â­®© ª ¬¥àë�¥©«ï C+ ª  ­â¨¤®¬¨­ ­â­®© ª ¬¥à¥ C− = −C+ á ¯¥à¥á¥ç¥­¨¥¬ à®¢­® m áâ¥­®ª ¯à®Ä¬¥¦ãâ®ç­ëå ª ¬¥à �¥©«ï [2].4.4. �¯à¥¤¥«¥­¨¥. � áá¬®âà¨¬ (¯®  ­ «®£¨¨ á ¯. 3.6) á«¥¤ãîé¥¥ á¥¬¥©áâ¢® í«¥Ä¬¥­â®¢  «£¥¡àë F (g): p�(t) = ∞∑n=0 (−1)nn! fn�en�'�;n(t); (4.6)£¤¥ � ∈ �+, t ∈ C, f� = e−� ¨ ª®íää¨æ¨¥­âë '�;n(t) ∈ H ′ ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬®¡à §®¬: '�;n(t) = n∏j=1(h+ j + t)−1: (4.7)� ¬¥â¨¬, çâ® p�(t) ∈ F (g�) ⊂ F (g), £¤¥ g� ' sl2 { ¯à®áâ ï  «£¥¡à �¨ á ®¡à §ãîé¨Ä¬¨ e�, f�, h�. � ¬¥â¨¬ â ª¦¥, çâ® e∗� = ��f� ¤«ï ¢á¥å � ∈ �, £¤¥ ���−� = 1. �âáî¤ p�(t)∗ = p�(t) ¤«ï ¢á¥å �, t. �®£« á­® ¯. 3.6 í«¥¬¥­â p� = p�(1) ¥áâì íªáâà¥¬ «ì­ë©¯à®¥ªâ®à  «£¥¡àë F (g�).Ǳ®«®¦¨¬ p�(�) = p�(��) ¤«ï ¢á¥å � ∈ h∗. �«ï ª ¦¤®£® ­®à¬ «ì­®£® ¯®àï¤ª  � ∈NO(�+), ®¯à¥¤¥«¥­­®£® à ¢¥­áâ¢®¬ (4.4), ¯®«®¦¨¬p� = p
1 : : : p
m ; (4.8)£¤¥ p� = p�(�).



346 �.Ǳ. ���������4.5. �¥®à¥¬  [1, 15]. �«¥¬¥­â (4.8) ­¥ § ¢¨á¨â ®â ¢ë¡®à  ­®à¬ «ì­®£® ¯®àï¤ª � ∈ NO(�+) ¨ á®¢¯ ¤ ¥â á íªáâà¥¬ «ì­ë¬ ¯à®¥ªâ®à®¬ p ∈ F (g).� ª¨¬ ®¡à §®¬, íªáâà¥¬ «ì­ë© ¯à®¥ªâ®à p ∈ F (g) ¤®¯ãáª ¥â á¥¬¥©áâ¢® ä ªâ®à¨§ Äæ¨© (4.8), á¢ï§ ­­ëå á ­®à¬ «ì­ë¬¨ ¯®àï¤ª ¬¨ � ∈ NO(�+).4.6. Ǳà¨¬¥à. �á«¨ g {  «£¥¡à à ­£  2 (â.¥.  «£¥¡à  ®¤­®£® ¨§ â¨¯®¢A1×A1,A2,B2,G2), â® á¨áâ¥¬  �+ ¨¬¥¥â à®¢­® 2 ­®à¬ «ì­ëå ¯®àï¤ª , ®¯à¥¤¥«ï¥¬ëå á â®ç­®áâìî ¤®¨­¢¥àá¨¨. � íâ®¬ á«ãç ¥ à ¢¥­áâ¢® p = p∗ à ¢­®á¨«ì­® ­¥§ ¢¨á¨¬®áâ¨ í«¥¬¥­â  (4.8)®â ¯®àï¤ª  � ∈ NO(�+).� ¯à¨¬¥à, ¤«ï  «£¥¡àë â¨¯  A2 á ¯à®áâë¬¨ ª®à­ï¬¨ � ¨ � á®®â­®è¥­¨¥ p = p∗ á¢®Ä¤¨âáï ª à ¢¥­áâ¢ã p� p�+� p� = p� p�+� p�. �áâ «ì­ë¥  «£¥¡àë à ­£  2 à áá¬ âà¨¢ Äîâáï  ­ «®£¨ç­® (á¬., ­ ¯à¨¬¥à, [2]).4.7. � ¬¥ç ­¨¥. � ªâ®à¨§ æ¨®­­ ï â¥®à¥¬  4.5 ¨¬¥¥â ¤®¢®«ì­® ¤«¨­­ãî ¨áâ®Äà¨î. �ãé¥áâ¢®¢ ­¨¥ ä ªâ®à¨§ æ¨¨ (4.8) ¡ë«® ®¡­ àã¦¥­® ¢ [21], £¤¥ à áá¬ âà¨¢ «¨áì®¯¥à â®àë ¢ ª®­¥ç­®¬¥à­ëå g-¬®¤ã«ïå ¨ ª®­ªà¥â­ë¥ ¯®àï¤ª¨ ¢ �+ (®¯à¥¤¥«ï¥¬ë¥ ®âá«ãç ï ª á«ãç î ¤«ï ª ¦¤®© ¯à®áâ®©  «£¥¡àë�¨ g). �¯à¥¤¥«¥­¨¥ ­®à¬ «ì­®£® ¯®àï¤Äª , ¯à¥¤«®¦¥­­®¥ ¢ [19], ¡ë«® ¨á¯®«ì§®¢ ­® ¢ [22] ¤«ï ¤®ª § â¥«ìáâ¢  ­¥áâà®£®© ¢¥àá¨¨â¥®à¥¬ë 4.5 ¡¥§ ï¢­®£® ®¯¨á ­¨ï ®¡ê¥¬«îé¥©  «£¥¡àëF (g). �«¥¤ã¥â ®â¬¥â¨âì, çâ® ª®Äíää¨æ¨¥­âë (4.7) ®¯à¥¤¥«ïîâáï ¢ [21, 22] ¢ ¢¨¤¥ ®â­®è¥­¨© £ ¬¬ -äã­ªæ¨©, çâ® áãé¥áÄâ¢¥­­® ¤«ï ¯®£ è¥­¨ï ®á®¡¥­­®áâ¥© íâ¨å ª®íää¨æ¨¥­â®¢ ¢ ª®­¥ç­®¬¥à­ëå g-¬®¤ã«ïå.�¢ï§ì ­®à¬ «ì­ëå ¯®àï¤ª®¢ á £àã¯¯®© �¥©«ï ®â¬¥ç¥­  ¢ [20]. �âà®£ ï ä®à¬ã«¨à®¢ª â¥®à¥¬ë 4.5 ¯®«ãç¥­  ¢ [1], ¤¥â «ì­®¥ ¤®ª § â¥«ìáâ¢® ¨§«®¦¥­® ¢ [15] (á¬. â ª¦¥ [2]).�ç¨âë¢ ï §­ ç¥­¨¥ ¯¨®­¥àáª¨å à ¡®â [21, 22], ¬ë ­ §ë¢ ¥¬ à §«®¦¥­¨¥ (4.8) AC�-ä ªâ®à¨§ æ¨¥© íªáâà¥¬ «ì­®£® ¯à®¥ªâ®à  p ∈ F (g). �àã£®¥ ¤®ª § â¥«ìáâ¢® â¥®à¥Ä¬ë 4.5 ¡ã¤¥â ¨§«®¦¥­® ­¨¦¥ ¢ ¯. 6.11.4.8. � ¬¥â¨¬, çâ® e�x ≡ (ad e�)xmod J+ ¤«ï í«¥¬¥­â®¢ � ∈ �+, x ∈ G. � íâ®¬á¬ëá«¥ í«¥¬¥­âë (4.6) á¢®¤ïâáï ª ®¯¥à â®à ¬p�(t) = ∞∑n=0 (−1)nn! '�;n(t)fn� (ad e�)nx; (4.9)£¤¥ ad e� = (ad e�)⊗1 ¢ ¯à®áâà ­áâ¢¥M ′(g). �®«¥¥ â®£®, ®¯¥à â®àë(4.9) ¯®¤­¨¬ îâáï­  ¯à®áâà ­áâ¢®G′ = G⊗H H ′ ' H ′ ⊗H G.� ¯®¬­¨¬, çâ® ¯®á«¥¤­¨© ¨§®¬®àä¨§¬ ®¯à¥¤¥«ï¥âáï ¯à¨ ¯®¬®é¨ ¢¥á®¢ëå á®®â­®è¥Ä­¨© (1.6). � ¯à¨¬¥à, ¤«ï ®¤­®à®¤­ëå í«¥¬¥­â®¢ x ∈ G� ¨¬¥¥¬p(hx) = p(xh�) ≡ (px)h� = h(px) (4.10)¤«ï ¢á¥å h ∈ H , £¤¥≡ ®§­ ç ¥â áà ¢­¥­¨¥ modJ ′+. � íâ®¬ á¬ëá«¥ ®¯¥à â®à p = p� ¥áâìí­¤®¬®àä¨§¬ «¥¢®£® (¯à ¢®£®)H ′-¬®¤ã«ïM ′(g).



������������� ������ ����� 3475. W -�����������5.1. � ª ¨§¢¥áâ­®, £àã¯¯ W ¤¥©áâ¢ã¥â ¯à®¥ªâ¨¢­ë¬¨  ¢â®¬®àä¨§¬ ¬¨  «£¥¡àë G(á¬., ­ ¯à¨¬¥à, [10]). � ¨¬¥­­® ª ¦¤®¬ã ®âà ¦¥­¨î ri (i ∈ I) ¬®¦­® ¯®áâ ¢¨âì ¢ á®®âÄ¢¥âáâ¢¨¥  ¢â®¬®àä¨§¬ ri = e ~fie−~eie ~fi ; (5.1)£¤¥ ~x = adx (¢ ¯à®áâà ­áâ¢¥ g). �®£¤  ¨¬¥¥¬W = W̃=A, £¤¥ W̃ ⊂ Aut g { ¯®¤£àã¯¯ ,¯®à®¦¤¥­­ ï ®¯¥à â®à ¬¨ (5.1), A {  ¡¥«¥¢  ¯®¤£àã¯¯ , ¯®à®¦¤¥­­ ï ®¯¥à â®à ¬¨ r2i(i ∈ I).� ª¨¬ ®¡à §®¬, £àã¯¯  W̃ ­ ªàë¢ ¥â £àã¯¯ã W . �¥£ª® ¯à®¢¥à¨âì, çâ® wh = h,wg� = gw� ¤«ï í«¥¬¥­â®¢ w ∈ W̃ , ¯à¨ç¥¬ ¤¥©áâ¢¨¥ W̃ ¢ ¯®¤ «£¥¡à¥ h âà¨¢¨ «ì­® ­ ¯®¤£àã¯¯¥ A ¨ á®¯àï¦¥­® ¨áå®¤­®¬ã ¤¥©áâ¢¨îW ¢ h∗:
〈wh;w�〉 = 〈h; �〉; (5.2)¤«ï ¢á¥å w ∈ W , h ∈ h, � ∈ h∗. �á¯®«ì§ãï áâ ­¤ àâ­®¥ ¢«®¦¥­¨¥ Aut g ⊂ Aut G, ¬ë¬®¦¥¬ à áá¬ âà¨¢ âì W̃ ª ª £àã¯¯ã  ¢â®¬®àä¨§¬®¢  «£¥¡à G, G′ ¨ ¨å ¯à®¥ªâ¨¢­ëå¯à¥¤¥«®¢, ®¯à¥¤¥«¥­­ëå ¢ à §¤¥«¥ 2.� ¬¥â¨¬, çâ®we� = ��ew� ¤«ï ¢á¥åw ∈W , � ∈ �, £¤¥���−� = 1. �âáî¤  á«¥¤ã¥â,çâ® ®¯¥à â®àë (4.6) á¢ï§ ­ë á®®â­®è¥­¨ï¬¨ wp�(t) = pw�(t), £¤¥ � ∈ �+, w� ∈ �+.5.2. �¯à¥¤¥«¥­¨¥. Ǳ®«®¦¨¬M =M ′(g). � ¬¥â¨¬, çâ® ¤¥©áâ¢¨¥ J ′+ 7→ r�J ′+ § Ä¢¨á¨â â®«ìª® ®â ª« áá  í«¥¬¥­â  r� ¢ £àã¯¯¥W , ¯®íâ®¬ã ¤¥©áâ¢¨¥ J ′+ 7→ wJ ′+ ª®àà¥ªâ­®®¯à¥¤¥«¥­® ¤«ï ¢á¥å w ∈W . Ǳ®«®¦¨¬Mw = G′=wJ ′+.� áá¬®âà¨¬ á«¥¤ãîé¥¥ á¥¬¥©áâ¢® ®¯¥à â®à®¢ q� : G 7→ G′, £¤¥ � ∈ �+:q�x = ∞∑n=0 (−1)nn! [(ad e�)nx]fn� �;n; (5.3)á ª®íää¨æ¨¥­â ¬¨  �;n = n∏j=1(h� − j + 1)−1: (5.4)�¥£ª® ¯à®¢¥à¨âì [20] (á¬. â ª¦¥ [2]), çâ® q�(r�J+) = J+, ¯®íâ®¬ã q� ¬®¦­® à áÄá¬ âà¨¢ âì ª ª ®¯¥à â®à G=r�J+ 7→ M . �®®â­®è¥­¨¥ «¨­¥©­®áâ¨ (4.10) § ¬¥­ï¥âáïá«¥¤ãîé¨¬ ¯à ¢¨«®¬ \¯®¤ªàãç¨¢ ­¨ï":q�(x') = (q�x)'�; (5.5)¤«ï ¢á¥å ' ∈ H , £¤¥ '�(�) = '(� + �). Ǳà¨¬¥­ïï ¯à ¢¨«® (5.5) ª í«¥¬¥­â ¬ ' ∈ H ′,¯®«ãç ¥¬ ª®àà¥ªâ­®¥ ¯à®¤®«¦¥­¨¥ q� ¤® ®¯¥à â®à M� 7→ M , £¤¥M� = G′=r�J ′+. �íâ®¬ á¬ëá«¥ ®¯¥à â®à q� ¬®¦¥â ¡ëâì § ¯¨á ­ á«¥¤ãîé¨¬ ®¡à §®¬:q� = ∞∑n=0 (−1)nn! �fn� (ad e�)n ⊗  �;nr∗�; (5.6)



348 �.Ǳ. ���������£¤¥ �ax = xa { ®¯¥à â®à ¯à ¢®£® ã¬­®¦¥­¨ï ¨ r∗�' = '� ¢ ®¡®§­ ç¥­¨ïå (5.5). �¥£ª®¯à®¢¥à¨âì, çâ® ®¯¥à â®à q� ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨ï¬e�q� = q�e� = 0; (5.7)£¤¥ e� { ®¯¥à â®à «¥¢®£® ã¬­®¦¥­¨ï ¢M� ¨«¨M .� ª¨¬ ®¡à §®¬, ®¯¥à â®àë (5.6) ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ­ë (­ àï¤ã á (4.9)) ¤«ï à¥è¥Ä­¨ï íªáâà¥¬ «ì­ëå ãà ¢­¥­¨© ¢ ¬®¤ã«¥M .5.3. Ǳà¨¬¥­ïï  ¢â®¬®àä¨§¬ w ª ®¯¥à â®àã q� : M� 7→ M ¯à¨ ãá«®¢¨¨ 
 = w� ∈�+, ¯®«ãç ¥¬ q
 : Mwr� 7→ Mw á á®åà ­¥­¨¥¬ á®®â­®è¥­¨© (5.5), (5.7) ¤«ï ®¯¥à â®Äà  q
 .Ǳà¨¬¥­ïï íâ® ¯à ¢¨«® ª ­®à¬ «ì­®¬ã¯®àï¤ªã (4.4), ¯®«ãç ¥¬ á«¥¤ãîé¥¥ á¥¬¥©áâ¢®®¯¥à â®à®¢, ®¯à¥¤¥«¥­­ëå ¯à¨ � 6 � (®â­®á¨â¥«ì­® ¯®àï¤ª  �):q�� = q
a : : : q
b ; (5.8)£¤¥ � = 
a, � = 
b (a 6 b). �¤¥áì q
j : Mwj 7→ Mwj−1 (a 6 j 6 b), â ª çâ® q�� :Mwb 7→Mwa−1 . � ç áâ­®áâ¨, ¤«ï ª ¦¤®£® w = wn ∈ W ¯à®¨§¢¥¤¥­¨¥qw = q
1 : : : q
n (5.9)ª®àà¥ªâ­® ®¯à¥¤¥«¥­® ª ª ®¯¥à â®àMw 7→M . �¯¥à â®à qw ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¥Ä¬ã ¯à ¢¨«ã \¯®¤ªàãç¨¢ ­¨ï": qw(xh) = (qwx)hw; (5.10)¤«ï ¢á¥å h ∈ H ′, £¤¥ h 7→ hw {  ¢â®¬®àä¨§¬¯®«ïH ′, ®¯à¥¤¥«ï¥¬ë© ¯® ¯à ¢¨«ã hw(�) =h(�+ �− w�), ¤«ï ¢á¥å w ∈ W . �¯¥à â®à qw ã¤®¢«¥â¢®àï¥â á®®â­®è¥­¨ï¬e�qw = qwe� = 0 ¯à¨ � ∈ �w ; e�qw = qwe� ; (5.11)£¤¥ � = 
n+1 ¢ ®¡®§­ ç¥­¨ïå (4.4).5.4. �¥®à¥¬  [20]. �¯¥à â®à (5.9) ­¥ § ¢¨á¨â ®â ¢ë¡®à  ­®à¬ «ì­®£® ¯®àï¤ª � ∈ NO(�+) ¨ ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¨¬ á®®â­®è¥­¨ï¬:ker qw = Nw; (5:12′)im qw = Tw; (5:12′′)£¤¥ Nw { áã¬¬  ¯®¤¯à®áâà ­áâ¢ e�Mw (� ∈ �w), Tw { ¯®¤¯à®áâà ­áâ¢® ¢á¥åà¥è¥­¨© á¨áâ¥¬ë ãà ¢­¥­¨© e�x = 0 (� ∈ �w) ¢ ¯à®áâà ­áâ¢¥ M .� ª¨¬ ®¡à §®¬, ®¯¥à â®à qw ®¯à¥¤¥«ï¥â ®¡é¥¥ à¥è¥­¨¥ á¨áâ¥¬ë ãà ¢­¥­¨©Ew : e�x= 0 (� ∈ �w). � ç áâ­®áâ¨, ®¯¥à â®à q = qs0 ®¯à¥¤¥«ï¥â ®¡é¥¥ à¥è¥­¨¥ á¨áâ¥¬ë ãà ¢Ä­¥­¨© E+ : e�x = 0 (� ∈ �+).�«¥¤ãï [20], ¬ë ­ §ë¢ ¥¬ qw (á®®â¢¥âáâ¢¥­­® q) ¯à ¢®© à¥§®«ì¢¥­â®© á¨áâ¥¬ë Ew(á®®â¢¥âáâ¢¥­­® E+).



������������� ������ ����� 3495.5. �«¥¤áâ¢¨¥ [20]. �¯¥à â®à qw ®¯à¥¤¥«ï¥â \¯®¤ªàãç¥­­ë©" (¯® ¯à ¢¨«ã(5.10)) ¨§®¬®àä¨§¬ ¯à ¢ëå H ′-¬®¤ã«¥© Lw ' Tw, £¤¥ Lw { H ′-®¡®«®çª  ®¤­®ç«¥­®¢fkm
m : : : fkn+1
n+1 (á®¤¥à¦ é¨å f� ¯à¨ � =∈ �w).�¥©áâ¢¨â¥«ì­®, íâ® á«¥¤ã¥â ¨§ â¥®à¥¬ë 5.4 ¨ «¥£ª® ¯à®¢¥àï¥¬®£® à ¢¥­áâ¢ w�+ = −�w ∪�′w; (5.13)£¤¥ �′w = �+ \�w , ®âªã¤ Mw = Nw ⊕ Lw.5.6. � §«®¦¥­¨¥ w = uv ¢ £àã¯¯¥ W ­ §ë¢ ¥âáï ¯à¨¢¥¤¥­­ë¬, ¥á«¨ l(w) = l(u) +l(v). � ¬¥â¨¬, çâ® ¢ íâ®¬ á«ãç ¥ �w = �u ∪
(u�w); (5.14)®âªã¤  ¢ëâ¥ª ¥â á«¥¤ãîé¥¥ ¯à ¢¨«® ª®æ¨ª«  ¤«ï ®¯¥à â®à®¢ qw:qw = qu(uqv): (5.15)� ç áâ­®áâ¨, ¤«ï ª ¦¤®£® w ∈ W ¨¬¥¥â ¬¥áâ® ¯à¨¢¥¤¥­­®¥ à §«®¦¥­¨¥ s0 = ww′.�âáî¤  q = qwq′w, £¤¥ q′w = wqw′ = q
n+1 : : : q
m (5.16)¢ ®¡®§­ ç¥­¨ïå (4.4). � ¬¥â¨¬, çâ® q′w : M 7→Mw, £¤¥M =Ms0 .Ǳà¨¬¥­ïï  ¢â®¬®àä¨§¬w ª á®®â­®è¥­¨ï¬ (5.5) ¤«ï ®¯¥à â®à  qw′ , ¯®«ãç ¥¬  ­ «®Ä£¨ç­ë¥ á®®â­®è¥­¨ï ¤«ï ®¯¥à â®à  q′w. � ç áâ­®áâ¨, ¨¬¥¥¬e�q′w = q′we� = 0 ¯à¨ � ∈ �′w: (5.17)5.7. � ¬¥ç ­¨¥. �¥§®«ì¢¥­âë qw ¨áá«¥¤®¢ «¨áì ¢ [20] (á¬. â ª¦¥ [2]) ¢ ¡®«¥¥ ®¡é¥©á¨âã æ¨¨, ¤«ï ¬®¤ã«¥©,  áá®æ¨¨à®¢ ­­ëå á à¥¤ãªâ¨¢­ë¬¨ ¢«®¦¥­¨ï¬¨ g ⊂ ~g, £¤¥ ~g {ª®­¥ç­®¬¥à­ ï  «£¥¡à  �¨. � íâ®¬ á«ãç ¥ T = Ts0 ¥áâì âà ­á«ïâ®à­ ï  «£¥¡à  (¨«¨ «£¥¡à  �¨ª¥«ìá®­ ) ¤«ï á¨áâ¥¬ë E+,  áá®æ¨¨à®¢ ­­®© á ¯®¤ «£¥¡à®© g. �®¤¥à¦ ­¨¥¤ ­­®£® à §¤¥«  á¢®¤¨âáï ª ç áâ­®¬ã á«ãç î à¥§ã«ìâ â®¢ [20] ¯à¨ g = ~g.6. Ǳ������ ��������6.1. �íâ®¬à §¤¥«¥ãáâ ­ ¢«¨¢ ¥âáï á¢ï§ì ¬¥¦¤ã«¥¢ë¬¨à¥§®«ì¢¥­â ¬¨ p�, p ¨ ¯à Ä¢ë¬¨ à¥§®«ì¢¥­â ¬¨ q�, q ¢ ¬®¤ã«¥M . �á­®¢­o¥ ¯à ¢¨«o à¥¤ãªæ¨¨ áä®à¬ã«¨p®¢ ­® ¢¯p¥¤«®¦¥­¨¨ 6.6. �á¯®«ì§®¢ ­¨¥ íâ®£® ¯à ¢¨«  ¢ëï¢«ï¥â ®¡éãî á¢ï§ì ¬¥¦¤ã ®âà¥§Äª ¬¨ p�� , q�� ®¯¥à â®à®¢ p, q (â¥®p¥¬  6.8). �âáî¤ , ¢ ç áâ­®áâ¨, ¢ëâ¥ª ¥â ¤®ª § Äâ¥«ìáâ¢® â¥®à¥¬ë 4.5 ®¡ íªáâà¥¬ «ì­ëå ¯à®¥ªâ®à å p ∈ F (g) (¯. 6.11).Ǳà¥¤¯®«®¦¨¬ ¢­ ç «¥, çâ® V ¥áâì g�-¡¨¬®¤ã«ì, «®ª «ì­®-ª®­¥ç­ë© ®â­®á¨â¥«ì­®ad g�, â.¥. ¯à¥¤áâ ¢¨¬ë© ¢ ¢¨¤¥ áã¬¬ë ¯à®áâëå ª®­¥ç­®¬¥à­ëå ad g�-¬®¤ã«¥©. � íâ®¬á«ãç ¥ ®¯¥à â®àë p�, q� ®¯à¥¤¥«¥­ë ¢ à æ¨®­ «ì­®© ®¡®«®çª¥ V ′ ¡¨¬®¤ã«ï V .



350 �.Ǳ. ���������6.2. Ǳà¥¤«®¦¥­¨¥ (¯¥à¢®¥ ¯à ¢¨«® à¥¤ãªæ¨¨). Ǳãáâì x { ¢¥á®¢®© í«¥¬¥­â,¯à¨­ ¤«¥¦ é¨© ¯à®áâ®© ª®¬¯®­¥­â¥ ad g�-¬®¤ã«ï V . Ǳ®«®¦¨¬ n = max{k :(ad e�)kx 6= 0}. �®£¤  ¨¬¥¥¬ ��;n(p�x) ≡ (q�x)���;n; (6.1)£¤¥ p� = p�(1), ≡ ®§­ ç ¥â áà ¢­¥­¨¥ modV e�, ��;n (á®®â¢¥âáâ¢¥­­® ���;n) {¯à®¨§¢¥¤¥­¨¥ í«¥¬¥­â®¢ h� + j + 1 (á®®â¢¥âáâ¢¥­­® h� − j + 1) ¯® j = 1; : : : ; n.�¥©áâ¢¨â¥«ì­®, ¨á¯®«ì§ãï â¥®à¨î ¯à¥¤áâ ¢«¥­¨©  «£¥¡àë g� ' sl(2), «¥£ª® ¯à®¢¥Äà¨âì, çâ® ¯à ¢ ï ç áâì (6.1) ¨¬¥¥â ¢¨¤ y = x� + z, £¤¥ � ∈ H , z ∈ f�V . � ¨¬¥­­® ¤«ïª ¦¤®£® á« £ ¥¬®£® ¢ (5.3) ¨¬¥¥¬[(ad e�)k]fk� ≈ (−1)k(ad f�)k(ad e�)kx = (−1)k�kx; (6.2)£¤¥ �k ∈ Z+ (0 6 k 6 n), �0 = 1, ≈ ®§­ ç ¥â áà ¢­¥­¨¥ mod f�V . �âáî¤  ¢ëâ¥ª ¥â¨áª®¬®¥ ¯p¥¤áâ ¢«¥­¨¥ á ª®íää¨æ¨¥­â®¬� = ( n∑k=0(k!)−1�k �;k)���;n; (6.3)â ª çâ® � { ¯®«¨­®¬ áâ¥¯¥­¨ n ®â h� á® áâ àè¨¬ ª®íää¨æ¨¥­â®¬ 1. � ¯®¬­¨¬ â ª¦¥,çâ® y ¥áâì íªáâp¥¬ «ì­ë© ¢¥ªâ®p ¬®¤ã«ï V (modV e�). Ǳ®íâ®¬ã y ≡ p�y ≡ p�(x�) ≡(p�x)�.�¬¥áâ® ï¢­®£® ¢ëç¨á«¥­¨ï ¯®«¨­®¬  � ¤®áâ â®ç­® § ¬¥â¨âì, çâ® áãé¥áâ¢ãîâ ¡¨¬®Ä¤ã«¨ V , ¤«ï ª®â®àëå á« £ ¥¬ë¥ (4.9) «¨­¥©­® ­¥§ ¢¨á¨¬ë ¯à¨ 0 6 k 6 n. �âáî¤  ïá­®,çâ® � ¤¥«¨âáï ­ � = (��;n)", £¤¥ " { ¢¥á í«¥¬¥­â x (®â­®á¨â¥«ì­® ad h�). �§ áà ¢­¥­¨ïáâ àè¨å áâ¥¯¥­¥© ¯®«¨­®¬®¢ � ¨ � ¯®«ãç ¥¬ � = �.�á­® â ª¦¥, çâ® à ¢¥­áâ¢® (6.1) á®åà ­ï¥âáï ¤«ï ä ªâ®à-¬®¤ã«¥© ¬®¤ã«ï V ¨ ¨å à Äæ¨®­ «ì­ëå ®¡®«®ç¥ª ¯à¨ ãá«®¢¨¨, çâ® ®¡¥ ç áâ¨ (6.1) ª®àà¥ªâ­® ®¯à¥¤¥«¥­ë.�¤ «ì­¥©è¥¬¯®« £ ¥¬V = G. �á«®¢¨¬áï¨á¯®«ì§®¢ âì ®¡®§­ ç¥­¨¥ ade� = ad e�⊗1 ¤«ï ®¯¥à â®à®¢, ®¯à¥¤¥«¥­­ëå ¢G′=G′e� (á § ¬¥­®© e� ­  f� ¯à¨ � < 0).6.3. �¥¬¬ . Ǳà¥¤¯®«®¦¨¬, çâ® � < � (®â­®á¨â¥«ì­® � ∈ NO(�+)). �®£¤ ¨¬¥¥¬ [f�; q� ] = ∑
 6=�;� q��
 ; (6.4)£¤¥ q��
 = q′��
 ·ad f
 ¯à¨ 
 < �, q��
 = �f
 ·q′��
 ¯à¨ � < 
 < �, q��
 = q′��
 ad e
¯à¨ � < 
 (á ®¯¥à â®à­ë¬¨ ª®íää¨æ¨¥­â ¬¨ q′��
).�¥©áâ¢¨â¥«ì­®, ¯®ç«¥­­®¥ ¯à¨¬¥­¥­¨¥ ad f� ª í«¥¬¥­â ¬ àï¤  (5.6) (á § ¬¥­®© � ­ �) á¢®¤¨âáï ª ¢ëç¨á«¥­¨î ª®¬¬ãâ â®à®¢ [f�; zn] ¯à¨ z = �f� , ad e�. � ¯à¨¬¥à, ¯à¨z = ad e� ¨¬¥¥¬ [f�; zn] = �nzn−1 ad e
 + �n(n− 1)zn−2 ad e
′ + · · · ; (6.5)£¤¥ �, � { áâàãªâãà­ë¥ ª®­áâ ­âë  «£¥¡àë g, 
 = −�+ �, 
′ = 
 + � ¨ â.¤. �ç¥¢¨¤­®,çâ®−
 < � «¨¡® � < 
 (®â­®á¨â¥«ì­® �). Ǳ®« £ ï ¢ ¯¥à¢®¬ á«ãç ¥ �′ = −
, ¯à¨¬¥­ï¥¬



������������� ������ ����� 351â® ¦¥ à ááã¦¤¥­¨¥ ª ª®à­î 
′ = −�′ + � ¨ â.¤. � à¥§ã«ìâ â¥ ¯®«ãç ¥¬ á« £ ¥¬ë¥ (6.4)¯à¨ 
 < � «¨¡® � < 
. �­ «®£¨ç­® ¯à¨ z = �f
 ¯®«ãç ¥¬ á« £ ¥¬ë¥ (6.4) ¯à¨ � < 
 < �.� ¬¥â¨¬â ª¦¥, çâ® ®¯¥à â®àë q��
 ¯à¨ 
 < � ¨«¨� < 
 ¯®«ãç îâáï ¨§ q� ä®à¬ «ìÄ­ë¬ ¤¨ää¥à¥­æ¨à®¢ ­¨¥¬ ¯® ¯ à ¬¥âàã z = ad e� . �âáî¤  á«¥¤ã¥â ¯à¨ � = 
k, çâ® íâ¨®¯¥à â®àë ã¤®¢«¥â¢®àïîâ á®®â­®è¥­¨ï¬ q��
(wJ ′+) ∈ wJ ′+ (w = wk, w = wk−1), â.¥.¬®£ãâ à áá¬ âà¨¢ âìáï ª ª ®¯¥à â®àë q��
 :Mw 7→Mw [20].6.4. �¥¬¬ . Ǳà¥¤¯®«®¦¨¬, çâ® x0 ∈ G′ ã¤®¢«¥â¢®àï¥â á®®â­®è¥­¨ï¬(ad f
)x0 ∈ s0J ′+¤«ï ¢á¥å 
 ∈ �+. �®£¤  ¯à¨ � 6 
k (®â­®á¨â¥«ì­® �) ¨ w = wk ¨¬¥¥¬(ad f�)tq′wx0 ∈ wJ ′+ (6.6)¤«ï ¢á¥å 0 6= t ∈ Z+.Ǳà¥¤¯®«®¦¨¬ ¢­ ç «¥, çâ® t = 1, ¨ ¯ãáâì (6.6) ã¦¥ ¤®ª § ­® ¯à¨ w = wk. � ¬¥­ïïw­  w = wk−1, § ¬¥â¨¬, çâ® q′w = q�q′w, £¤¥ � = 
k. �âáî¤ [f�; q′wx0] = [f�; q� ]q′wx0 + q� [f�; q′wx0]: (6.7)� ¯®¬­¨¬, çâ® q�(wJ ′+) ∈ wJ ′+, ¯®íâ®¬ã ¢â®à®¥ á« £ ¥¬®¥ ¢ (6.7) á®¤¥à¦¨âáï ¢ wJ ′+.�­ «®£¨ç­®, ¨á¯®«ì§ãï (6.4), ­ å®¤¨¬ (á¬. â ª¦¥ § ¬¥ç ­¨¥ ¢ ª®­æ¥ ¯. 6.3), çâ® á« £ ¥Ä¬ë¥ (6.7) á ª®¬¯®­¥­â ¬¨ q��
(
 < �) á®¤¥à¦ âáï ¢ wJ ′+. �®¬¯®­¥­âë q��
 (� < 
 <�) ­¥¯®áà¥¤áâ¢¥­­® ¢­®áïâ ¢ª« ¤ ¢ wJ ′+. � ª®­¥æ, ¨á¯®«ì§ãï (5.11), ­ å®¤¨¬, çâ® ª®¬Ä¯®­¥­âë q��
 (� < 
)  ­­ã«¨àãîâ q′wx0 ¢ ¯à®áâà ­áâ¢¥Mw, â.¥. â ª¦¥ ¢­®áïâ ¢ª« ¤ ¢wJ ′+.�áâ ¥âáï § ¬¥â¨âì, çâ® ¯®¢â®à­®¥ ¯à¨¬¥­¥­¨¥ ®¯¥à â®à  ad f� á®åà ­ï¥â áâàãªâãÄàã ª®¬¯®­¥­â (6.4). Ǳ®¢â®àïï ¯à¨¢¥¤¥­­ë¥ ¢ëè¥ à ááã¦¤¥­¨ï, ¯®«ãç ¥¬ (6.6) ¢ ®¡é¥¬á«ãç ¥ 0 6= t ∈ Z+.6.5. �¥¬¬ . Ǳ®«®¦¨¬ � = 
n, w = wn, ¨ ¯ãáâì x ∈ wJ ′+ { ¢¥á®¢®© í«¥¬¥­â®â­®á¨â¥«ì­® h�, ¯à¨­ ¤«¥¦ é¨© ¯à®áâ®© ª®¬¯®­¥­â¥ ad g�-¬®¤ã«ï G′. �®£¤ ¨¬¥¥¬ (ad e�)sx ∈ wJ ′+ (6.8)¤«ï ¢á¥å s ∈ Z+, £¤¥ w = wn−1 ¯à¨ w = wn.�¥©áâ¢¨â¥«ì­®, q�x = 0 ¢Mw, â.¥. q�x ∈ wJ ′+. � ¬¥â¨¬, çâ® e� ∈ wJ ′+ ¨ í«¥¬¥­âëp�x, q�x ª®««¨­¥ à­ë(modG′e�) ­ ¤H ′ (á¬. ¯. 6.1). Ǳ®íâ®¬ã p�x ∈ wJ ′+. �­ «®£¨ç­®p�ek�x ∈ wJ ′+ ¤«ï ¢á¥å k ∈ Z+. �á¯®«ì§ãï (4.9), à¥ªãàà¥­â­® ­ å®¤¨¬, çâ® x ¥áâì «¨­¥©Ä­ ï ª®¬¡¨­ æ¨ï (­ ¤H ′) í«¥¬¥­â®¢ fk�p�ek�x ∈ wJ ′+. � à¥§ã«ìâ â¥ x ∈ wJ ′+. �áâ ¥âáï§ ¬¥â¨âì, çâ® ¨¤¥ « wJ ′+ ¨­¢ à¨ ­â¥­ ®â­®á¨â¥«ì­® ad e�, ®âªã¤  á«¥¤ã¥â (6.8).



352 �.Ǳ. ���������6.6. Ǳà¥¤«®¦¥­¨¥ (¢â®à®¥ ¯à ¢¨«® à¥¤ãªæ¨¨). Ǳà¥¤¯®«®¦¨¬, çâ® x0 ∈ G′
−�ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ «¥¬¬ë 6.4. �®£¤  í«¥¬¥­â x = q′wx0 ã¤®¢«¥â¢®àï¥âá®®â­®è¥­¨î (6.1) ¯à¨ � = 
k, n = ��.�¥©áâ¢¨â¥«ì­®, ¯ãáâì xn { ¯à¨¬¨â¨¢­ ï ª®¬¯®­¥­â  í«¥¬¥­â  x á® áâ àè¨¬ ¢¥á®¬n ∈ Z+ ®â­®á¨â¥«ì­® ad g�-¬®¤ã«ïG′. Ǳ®áª®«ìªã x ∈ G′

−�, ª®¬¯®­¥­â xn ¬®¦¥â ¡ëâì®â«¨ç­®© ®â ­ã«ï â®«ìª® ¯à¨ n > ��. Ǳãáâì n { ¬ ªá¨¬ «ì­ë© áâ àè¨© ¢¥á, ¤«ï ª®â®Äà®£® xn 6= 0 ¢Mw. Ǳà¥¤¯®«®¦¨¬, çâ® n 6= ��. �®£¤  ¨¬¥¥¬xn = �n(ad e�)t · (ad f�)t x; (6.9)£¤¥ �n ∈ Z+, t = n − ��. � ¬¥â¨¬, çâ® y = (ad f�)tx { ¬« ¤è¨© ¢¥ªâ®à ¯à®áâ®Ä£® ad g�-¬®¤ã«ï V á® áâ àè¨¬ ¢¥á®¬ n. Ǳà¨¬¥­ïï «¥¬¬ã 6.5 ª í«¥¬¥­âã y, ¯®«ãç Ä¥¬ V ⊂ wJ ′+. � ç áâ­®áâ¨, xn ∈ wJ ′+. Ǳ®«ãç¥­­®¥ ¯à®â¨¢®à¥ç¨¥ ®§­ ç ¥â, çâ® ª®¬Ä¯®­¥­â  xn ¬®¦¥â ¡ëâì ®â«¨ç­  ®â ­ã«ï (¢ Mw) â®«ìª® ¯à¨ n = ��. �®«¥¥ â®£®,p�xn = q�xn = 0 ¯à¨ n 6= ��. � à¥§ã«ìâ â¥ ­ å®¤¨¬p�x = p�x�� ; q�x = q�x�� ; (6.10)¨ ¯à ¢¨«® à¥¤ãªæ¨¨ (6.1), ¯à¨¬¥­¥­­®¥ ª x�� , á¢®¤¨âáï ª â®¬ã ¦¥ ¯à ¢¨«ã ¤«ï í«¥¬¥­Äâ  x.� ¬¥â¨¬, çâ® x�� = 0 ¯à¨ �� < 0. �®®â­®è¥­¨¥ (6.10) ¢ íâ®¬ á«ãç ¥ ®§­ ç ¥â, çâ®p�x = q�x = 0.6.7. Ǳ¥à¥©¤¥¬ ª à áá¬®âà¥­¨î ®âà¥§ª®¢ q�� (� 6 �), ®¯à¥¤¥«¥­­ëå ¢ ¯. 5.3, £¤¥ � =
a, � = 
b (a 6 b). Ǳ®«®¦¨¬ p�� = ~p
a : : : ~p
b ; (6.11)£¤¥ ~p
 ¯®«ãç ¥âáï ¨§ p
 ¯® ¯à ¢¨«ã \¯®¤ªàãç¨¢ ­¨ï" ª®íää¨æ¨¥­â®¢h
 7→ h
+(�−s�)
¯à¨ s = ria : : : rik−1 . �«ï ª ¦¤®£® x ∈ G′
−� ¯®«®¦¨¬P��x = ~���(p��x); Q��x = (q��x)���� ; (6.12)£¤¥ ~��� (á®®â¢¥âáâ¢¥­­® ����) { ¯à®¨§¢¥¤¥­¨¥ á®¬­®¦¨â¥«¥© ~�
;�
 (á®®â¢¥âáâ¢¥­­®��
;�
 ) ¯® 
 = 
k (a 6 k 6 b) ¨ ~�
;n ¯®«ãç ¥âáï ¨§�
;n ¯®¤áâ ­®¢ª®©h
 7→ h
+(�−s�)
.6.8. �¥®à¥¬ . Ǳà¥¤¯®«®¦¨¬, çâ® x0 ∈ G′

−� ã¤®¢«¥â¢®àï¥â á®®â­®è¥­¨ï¬(ad e
)x0 ∈ sJ ′+ ¤«ï ¢á¥å 
 ∈ s�+ ¯à¨ s = wb. �®£¤  ¨¬¥¥¬P��x0 = Q��x0 (6.13)¯à¨ � 6 � (®â­®á¨â¥«ì­® �). � ç áâ­®áâ¨, ¯ãáâì x0 ∈ G′
−� ã¤®¢«¥â¢®àï¥â ãáÄ«®¢¨ï¬ «¥¬¬ë 6.4. �®£¤  ¨¬¥¥¬ P ′wx0 = Q′wx0; (6.14)£¤¥ P ′w (á®®â¢¥âáâ¢¥­­® Q′w) { ç áâ­ë© á«ãç © P�� (á®®â¢¥âáâ¢¥­­® Q��) ¯à¨w = wn, � = 
n+1, � = 
m (á¬. ¯. 5.3).�®áâ â®ç­® § ¬¥â¨âì, çâ® (6.13) ¯®«ãç ¥âáï ¨§ (6.14) ¯à¨¬¥­¥­¨¥¬  ¢â®¬®ä¨§¬ £àã¯¯ë W . � â® ¦¥ ¢à¥¬ï (6.14) ¯®«ãç ¥âáï ¯®á«¥¤®¢ â¥«ì­ë¬ ¯à¨¬¥­¥­¨¥¬ ¢â®à®£®¯à ¢¨«  à¥¤ãªæ¨¨ (¯à¥¤«®¦¥­¨¥ 6.6) ª ª®à­ï¬ 
k (n + 1 6 k 6 m). Ǳp¨ íâ®¬ ¯p ¢¨«®\¯®¤ªpãç¨¢ ­¨ï" ª®íää¨æ¨¥­â®¢ ®¯p¥¤¥«ï¥âáï ®¯¥p â®p ¬¨ r∗�, ¢å®¤ïé¨¬¨ ¢ (5.6).



������������� ������ ����� 3536.9. �«¥¤áâ¢¨¥. Ǳãáâì x0 ∈ G′
−� ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ «¥¬¬ë 6.4. �®£¤ ¨¬¥¥¬ ��(p�x0) = (qx0)���; (6.15)£¤¥ �� (á®®â¢¥âáâ¢¥­­® ���) { ¯à®¨§¢¥¤¥­¨¥ í«¥¬¥­â®¢ h� + �(h�) + j (á®®â¢¥âÄáâ¢¥­­® h� − j + 1) ¯® � ∈ �+, j = 1; : : : ; ��.�¥©áâ¢¨â¥«ì­®, ¯®«®¦¨¬ ¢ (6.14) a = 1, b = m ¨ § ¬¥â¨¬, çâ® ¢ íâ®¬ á«ãç ¥ s =wn−1 ¢ ¯®§¨æ¨¨ 
 = 
n = s�, £¤¥ � { ¯à®áâ®© ª®à¥­ì. �âáî¤  (s�)
 = �� = 1 ¨ ¯à Ä¢¨«® \¯®¤ªàãç¨¢ ­¨ï" ¨§ ¯. 6.7 á¢®¤¨âáï ª § ¬¥­¥ h
 ­  h
 + �
 − 1, â.¥. p1m = p� ¢®¡®§­ ç¥­¨ïå (4.8). � ª¨¬ ®¡à §®¬, (6.15) ¥áâì ç áâ­ë© á«ãç © (6.14) ¯à¨ w = 1.6.10. �«¥¤áâ¢¨¥. �¡¥ ç áâ¨ (6.15) á¢®¤ïâáï ª ��(px0), £¤¥ p { íªáâà¥¬ «ì­ë©¯à®¥ªâ®à  «£¥¡àë F (g).�¥©áâ¢¨â¥«ì­®, p á®åà ­ï¥â á®®â­®è¥­¨¥ (6.15) ¨  ­­ã«¨àã¥â im f , ®âªã¤  á«¥¤ã¥â,çâ® «¥¢ ï ç áâì (6.10) á¢®¤¨âáï ª ��(px0).6.11. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 4.5. �®áâ â®ç­® § ¬¥â¨âì, çâ® í«¥¬¥­âë x0 ∈N−H ′ ' M ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ «¥¬¬ë 6.4. �âáî¤ , ¨á¯®«ì§ãï á«¥¤áâ¢¨¥ 6.10,­ å®¤¨¬ px0 = p�x0 ¤«ï ¢á¥å x0 ∈M , â.¥. p = p� ¤«ï ¢á¥å � ∈ NO(�+).6.12. � ¬¥ç ­¨¥. �àã£®¥ ¤®ª § â¥«ìáâ¢® (6.15) ¬®¦­® ¢ë¢¥áâ¨ ¨§ [3] (á«ãç ©dim g < ∞) «¨¡® ¨§ [17] (®¡é¨© á«ãç ©). �á¯®«ì§ãï (6.15) ¨ ¥¤¨­áâ¢¥­­®áâì íªáâà¥Ä¬ «ì­®£® ¯à®¥ªâ®à  p ∈ F (g), ¯®«ãç ¥¬ â ª¦¥ ­®¢®¥ ¤®ª § â¥«ìáâ¢® ­¥§ ¢¨á¨¬®áâ¨®¯¥à â®à  q ®â ¢ë¡®à  ­®à¬ «ì­®£® ¯®àï¤ª  � ∈ NO(�+).7. ������ ����������7.1. Ǳà¥¤«®¦¥­¨¥. Ǳãáâì x0 ∈ G ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨ï¬ ad e�x0 = 0,ad f�x0 = nx0, £¤¥ � ∈ �+, n ∈ Z+. �®£¤  ¨¬¥¥¬ ¢ ®¡®§­ ç¥­¨ïå ¯. 6.1[��;n p�r�x0]t−1 = fn−t� x0f t�; (7.1)£¤¥ [x]t { ª« áá í«¥¬¥­â  x ¢ G=G(h� − t) ¨ ¯à ¢ ï ç áâì (7.1) ¥áâì ¯®«¨­®¬®â ª®¬¯«¥ªá­®£® ¯ à ¬¥âà  t, ¯à¨­¨¬ îé¨© ¯à¨ t ∈ Z+ ãª § ­­ë¥ §­ ç¥­¨ï ¢ «£¥¡à¥ G.�®áâ â®ç­® à áá¬ âà¨¢ âì á«ãç © x0 6= 0. � íâ®¬ á«ãç ¥ x0 ¥áâì áâ àè¨© ¢¥ªâ®à(¢¥á  n) ad g�-¬®¤ã«ï G. � ¬¥â¨¬, çâ® �f� = f� − ad f� ¨ ®¯¥à â®àë ¢ ¯à ¢®© ç áâ¨¢§ ¨¬­® ¯¥à¥áâ ­®¢®ç­ë. �âáî¤  ¯à¨ 0 6 n 6 t ¯®«ãç ¥¬x0f t� = n∑k=0(−1)kCkt f t−k� xk; (7.2)£¤¥ xk = (ad f�)kx0 { ¡ §¨á­ë¥ ¢¥ªâ®àë ¯à®áâ®£® ad g�-¬®¤ã«ï U(g�)x0. �§ â¥®à¨¨¯à¥¤áâ ¢«¥­¨©  «£¥¡àë sl(2) á«¥¤ã¥âxn−k = (n− k)!n!k! xn = (n− k)!k! (−1)kr�x0; (7.3)2 �¥®à¥â¨ç¥áª ï ¨ ¬ â¥¬ â¨ç¥áª ï ä¨§¨ª , â. 122, ò 3, 2000 £.



354 �.Ǳ. ���������£¤¥ xn = (−1)nn!r�x0 { ¬« ¤è¨© ¢¥ªâ®à ¬®¤ã«ï U(g)�x0. � ¬¥­ïï ¢ (7.2) k ­  n − k,¯®«ãç ¥¬x0f t� = f t−n� [ t!(t− n)!] n∑k=0 (−1)kk! [ (t− n)!(t− n+ k)!]fk� (ad e�)k(r�x0) == f t−n� [��;np�(r�x0)]t−1;çâ® á®¢¯ ¤ ¥â á (7.1) ¯à¨ ã¬­®¦¥­¨¨ ­  fn−t� .Ǳ®«ãç¥­­®¥ à ¢¥­áâ¢® (7.1) ¬®¦­® à áá¬ âà¨¢ âì ª ª ï¢­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¯à ¢®©ç áâ¨ (7.1) ¢ ¢¨¤¥ ¯®«¨­®¬  (áâ¥¯¥­¨ n) ®â ¯ à ¬¥âà  t.7.2. �¢¥¤¥¬ ®¡®§­ ç¥­¨¥ R�(t)x0 ¤«ï ¯à ¢®© ç áâ¨ (7.1). Ǳ®ª ¦¥¬, çâ® ¯à¥®¡à §®Ä¢ ­¨¥ (7.1) ®¡« ¤ ¥â ¥¤¨­áâ¢¥­­ë¬ ¯à®¤®«¦¥­¨¥¬ ¤® ®¯¥à â®à  R�(t) ∈ EndG, á®åà Ä­ïîé¥£® ¯à¨¬¨â¨¢­ë¥ ª®¬¯®­¥­âë ad g�-¬®¤ã«ï G ¨ ¯¥à¥áâ ­®¢®ç­®£® á ®¯¥à â®à®¬ad f�. � ¨¬¥­­® à ¢¥­áâ¢® R�(t)xk = (ad f�)k [R�(t)x0] (7.4)®¯à¥¤¥«ï¥â ®¯¥à â®à R�(t) ­  ¡ §¨á­ëå í«¥¬¥­â å ad g�-¬®¤ã«ï U(g�)x0 (¯. 7.1). �¯¥Äà â®à R�(t) ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¥¬ã ¯à ¢¨«ã \¯®¤ªàãç¨¢ ­¨ï":R�(t)(x') = (R�(t)x)'−t�; (7.5)¤«ï ¢á¥å ' ∈ H . �®®â¢¥âáâ¢¥­­® (7.5) ¯®§¢®«ï¥â ¯à®¤®«¦¨âìR�(t) ¤® ®¯¥à â®à R�(t)
∈ EndG′. Ǳà¨ íâ®¬ R�(t)x ¥áâì ¯®«¨­®¬ ®â t ¤«ï ¢á¥å x ∈ G. �®®â¢¥âáâ¢¥­­® R�(t)x¥áâì à æ¨®­ «ì­ ï äã­ªæ¨ï ®â t ¤«ï í«¥¬¥­â®¢ x ∈ G′.�á¯®«ì§ãï (6.1), § ¯¨è¥¬ (7.1) á«¥¤ãîé¨¬ ®¡à §®¬:R�(t)x0 = [��;n (p�r�x0)]t−1 = [(q�r�x0)���;n]t−1: (7.6)Ǳ®«®¦¨¬ â ª¦¥ Ri(�) = R�i(�i) ¤«ï ¢á¥å i ∈ I , � ∈ h∗. �«ï ª ¦¤®© ¯ àë � 6 �(®â­®á¨â¥«ì­® �) ¯®«®¦¨¬R��(�) = Ria(�(a)) : : : Rib(�(b)); (7.7)£¤¥ �(k) = ri1 : : : rik−1� (a 6 k 6 b) ¢ ®¡®§­ ç¥­¨ïå ¯. 6.7.7.3. �¥®à¥¬ . Ǳãáâì x0 ∈ G−� ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ â¥®à¥¬ë 6.8 ¨ ¯ãáâìx0 = sy0, £¤¥ s = ria : : : rib . �®£¤  ¨¬¥¥¬P��x0 ≡ Q��x0 ≡ R��(�)y0; (7.8)£¤¥ ≡ ®§­ ç ¥â áà ¢­¥­¨¥ modJ(� − �).�®ª § â¥«ìáâ¢® á¢®¤¨âáï ª ¯®á«¥¤®¢ â¥«ì­®¬ã ¢ëç¨á«¥­¨î ¯à ¢®© ç áâ¨ (7.7), ¯® ­ «®£¨¨ á â®¦¤¥áâ¢®¬ (6.14), á ¨á¯®«ì§®¢ ­¨¥¬ ¯à ¢¨« à¥¤ãªæ¨¨ (7.6). � ¬¥â¨¬, çâ®¨§¢¥áâ­®¥ â®¦¤¥áâ¢® [ei; f tj ] = tÆijf t−1j (hj − t+ 1) (7.9)



������������� ������ ����� 355á®åà ­ï¥â á¨«ã ¤«ï ª®¬¯«¥ªá­ëå ¯®ª § â¥«¥©, ¢å®¤ïé¨å ¢ (7.1). �âáî¤  á«¥¤ã¥âR�(�)(J+) ⊂ J(�− �) (7.10)¤«ï ¢á¥å � ∈ h∗. �á¯®«ì§ãï (7.9), ¯®«ãç ¥¬  ­ «®£ ¯à ¢¨«  (6.10)R�(�)x = R�(�)x�� : (7.11)� «ì­¥©è¥¥ ¤®ª § â¥«ìáâ¢®  ­ «®£¨ç­® ¨§«®¦¥­­®¬ã ¢ ¯. 6.8.�á­® â ª¦¥, çâ®  ­ «®£¨ (7.7) ¢ë¯®«­ïîâáï ¤«ï ¢á¥å ®âà¥§ª®¢ p�� , q�� (� 6 �).�®«¥¥ â®£®, á«¥¤áâ¢¨¥ 6.9 ¬®¦¥â ¡ëâì ¢ë¢¥¤¥­® ¨§ ¯à ¢¨« à¥¤ãªæ¨¨ (7.6).7.4. Ǳà¨¬¥à. Ǳãáâì 
 = w�i ∈ �+, £¤¥ �i { ¯à®áâ®© ª®à¥­ì. �®£¤  ¤«ï «î¡®£®­®à¬ «ì­®£® ¯®àï¤ª  � ∈ NO(�+) ¨¬¥¥¬ ¯à¨ 
 = 
k, i = ik, n ∈ Z+Pw(fn
 ) ≡ Qw(fn
 ) ≡ Rw(�)fni ; (7.12)£¤¥ á¨¬¢®«ëPw,Qw,Rw(�) § ¬¥­ïîâ (á®®â¢¥âáâ¢¥­­®)P�;�,Q�;�,R�;�(�) ¯à¨� = 
1,� = 
k, w = wk.�á¯®«ì§ãï ¯à ¢¨«® (7.9), «¥£ª® ¯à®¢¥à¨âì, çâ® í«¥¬¥­â (7.10) ¯¥à¥¢®¤¨â æ¨ª«¨ç¥áÄª¨© ¢¥ªâ®à 1�−� ∈ M(� − �) ¢ ®á®¡ë© (íªáâà¥¬ «ì­ë©) ¢¥ªâ®à ¢¥á  � − n
 − � ¯à¨�
 = n. �­ ç¥ £®¢®àï, í«¥¬¥­â (7.10) ®¯à¥¤¥«ï¥â ¢«®¦¥­¨¥M(�−n
−�) 7→M(�−�).7.5. � ¬¥ç ­¨¥. �¯¨á ­¨¥ ®á®¡ëå ¢¥ªâ®à®¢ ¬®¤ã«¥© �¥à¬  ¯®áà¥¤áâ¢®¬ à¥§®«ìÄ¢¥­â Pw,Qw ¯®«ãç¥­® ¢ [1] (á¬. â ª¦¥ [2]). �¥§®«ì¢¥­âëRw(�) ¢¢¥¤¥­ë á â®© ¦¥ æ¥«ìî¢ [4] (¤«ï  «£¥¡à ª®­¥ç­®£® ¨«¨  ää¨­­®£® â¨¯®¢). �®®â­®è¥­¨¥ (7.12) ®â¬¥ç¥­® (¡¥§¤¥â «ì­®£® ¤®ª § â¥«ìáâ¢ ) ¢ [2].8. ����������8.1. �¥§ã«ìâ âë íâ®© áâ âì¨ ¤®¯ãáª îâ ¥áâ¥áâ¢¥­­ãî ¨­â¥à¯à¥â æ¨î ¢ â¥à¬¨­ å¨­¤ãæ¨à®¢ ­­ëå G-¬®¤ã«¥© ¢¨¤  VF = IndN+ F , £¤¥ F { H-£à ¤ã¨à®¢ ­­ë© N+-¬®-¤ã«ì. � ¯à¨¬¥à, á®®â­®è¥­¨¥ (6.15) ¯®§¢®«ï¥â ®¯¨á âì ¢á¥ ®á®¡ë¥ ¢¥ªâ®àë ¬®¤ã«¥©VF , â.¥. ¢á¥ ¢«®¦¥­¨ïM 7→ VF [1{3]. �âáî¤  â ª¦¥ ­¥âpã¤­® ¢ë¢¥áâ¨ à¥§ã«ìâ âë à Ä¡®âë [3].�­â¥à¥á­® ®â¬¥â¨âì, çâ® §­ ¬¥­ â¥«¨ ��, ��� ¢ëç¨á«ïîâáï ¢ [3] ª®£®¬®«®£¨ç¥áª¨¬¨¬¥â®¤ ¬¨ ¡¥§ ¨á¯®«ì§®¢ ­¨ï à¥§®«ì¢¥­â p, q. �­â¥à¥á­® â ª¦¥, çâ® áâàãªâãà­ ï â¥®à¨ï «£¥¡à�¨ª¥«ìá®­  á¢®¤¨âáï ª â¥®à¨¨ ¬®¤ã«¥©VF , ¯®à®¦¤¥­­ëå à¥¤ãªâ¨¢­ë¬¨ ¯ à ¬¨
g ⊂ ~g (á¬., ­ ¯à¨¬¥à, [2]).8.2. �®­áâàãªæ¨ï W -à¥§®«ì¢¥­â ¯¥à¥­®á¨âáï ¡¥§ ®á®¡ëå á«®¦­®áâ¥© ­  á«ãç ©dim g =∞. �âáî¤  ­¥âàã¤­® ¢ë¢¥áâ¨ (¯® ªà ©­¥© ¬¥à¥, ¤«ï  ää¨­­ëå  «£¥¡à �¨)  ­ Ä«®£¨ â¥®à¥¬ 4.5, 6.8 ¨ 7.3. �­ «®£ â¥®à¥¬ë 4.5 ¤«ï  ää¨­­ëå  «£¥¡à �¨  ­®­á¨à®¢ ­¢ [23]. �«¥¤ã¥â ®â¬¥â¨âì, çâ® ä®à¬ã«¨à®¢ª  íâ®£® à¥§ã«ìâ â , ¯à¨¢¥¤¥­­ ï ¢ [23] ¤«ï\ª®­âà £à¥¤¨¥­â­ëå (áã¯¥à) «£¥¡à�¨ª®­¥ç­®£®à®áâ ", âà¥¡ã¥â ª®àà¥ªæ¨¨, á¢ï§ ­­®©á ãá«®¢¨¥¬ ­¥¢ëà®¦¤¥­­®áâ¨ ä®à¬ë � ¯®¢ «®¢  (¢ ¬®¤ã«¥M). � ¯à¨¬¥à, íâ® ãá«®Ä¢¨¥ ¢ë¯®«­ï¥âáï ¤«ï  «£¥¡à g(a), ­® ­¥ ¢ë¯®«­ï¥âáï ¤«ï g(a)=Cκ, £¤¥ κ { ª ­®­¨ç¥áª¨©æ¥­âà «ì­ë© í«¥¬¥­â  «£¥¡àë g(a) [10]. �ää¨­­ë¥  «£¥¡àë �¨ ¯à¥¤¯®« £ ¥âáï à áÄá¬®âà¥âì ¢ ®â¤¥«ì­®© áâ âì¥. 2∗
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