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Ǒà¥¯à¨â Ǒ��� 13/2008
�¨à¨  £àã¯¯ â¨¯  E6 ®â®á¨â¥«ì® ¬®�¥áâ¢ ª®à¥¢ëå í«¥¬¥â®¢

�. �. Ǒ¥¢§¥à
� ªâ-Ǒ¥â¥à¡ãà£áª¨© £®áã¤ àáâ¢¥ë© ã¨¢¥àá¨â¥â� â¥¬ â¨ª®-¬¥å ¨ç¥áª¨© ä ªã«ìâ¥â

�®â æ¨ïǑãáâì K | ¯®«¥, ¢ ª®â®à®¬ «î¡®© ¬®£®ç«¥ áâ¥¯¥¨ ¥ ¢ëè¥ è¥áâ®© ¨¬¥¥â ª®à¥ì,  G | ¯à¨á®¥¤¨¥ ï £àã¯¯  �¥¢ ««¥ â¨¯  E6  ¤ K. � ¬¨ ¯®ª § ®, çâ® «î¡®©í«¥¬¥â £àã¯¯ë G ¥áâì ¯à®¨§¢¥¤¥¨¥ ¥ ¡®«¥¥ ¢®áì¬¨ ª®à¥¢ëå í«¥¬¥â®¢. �® á¨å ¯®à¯®¤®¡ë¥ à¥§ã«ìâ âë ¡ë«¨ ¨§¢¥áâë â®«ìª® ¯à® ª« áá¨ç¥áª¨¥ £àã¯¯ë. � ª ç¥áâ¢¥ ¢á¯®-¬®£ â¥«ìëå ãâ¢¥à�¤¥¨©  ¬¨ ¤®ª § ® ¥áª®«ìª® ¯®«¥§ëå â¥®à¥¬ ¯à® ®¤®á¢ï§ãî£àã¯¯ã �¥¢ ««¥ â¨¯  E6 ¨ ¥ª®â®àë¥ ¥¥ ¯®¤£àã¯¯ë.

� áâ®ïé ï à ¡®â  ¢ë¯®«¥  ¢ à ¬ª å á®¢¬¥áâ®£® ¯à®¥ªâ  DAAD ¨ �¨¨áâ¥àáâ¢  ®¡à §®¢ ¨ï�®áá¨¨ ý�¨å ¨« �®¬®®á®¢þ,   â ª�¥ ¯à®¥ªâ  INTAS 03-51-3251.



�¢¥¤¥¨¥�â  à ¡®â  ï¢«ï¥âáï ¯à®¤®«�¥¨¥¬ áâ âì¨ [20℄. �á®¢®© à¥§ã«ìâ â  áâ®ïé¥© à ¡®-âë | ¤®ª § â¥«ìáâ¢® á«¥¤ãîé¥© â¥®à¥¬ë:�¥®à¥¬ . Ǒà¥¤¯®«®�¨¬, çâ® ¢ ¯®«¥ K «î¡®© ¬®£®ç«¥ áâ¥¯¥¨ ¥ ¢ëè¥ è¥áâ®©¨¬¥¥â ª®à¥ì. �®£¤  «î¡®© í«¥¬¥â £àã¯¯ë Gad(E6, K) ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ ¯à®¨§-¢¥¤¥¨ï ¥ ¡®«¥¥ ¢®áì¬¨ ª®à¥¢ëå í«¥¬¥â®¢.� ¯®¬¨¬, çâ® è¨à¨  £àã¯¯ë G ®â®á¨â¥«ì® ¬®�¥áâ¢  ®¡à §ãîé¨å S | íâ® «¨¡®¬¨¨¬ «ì®¥  âãà «ì®¥ ç¨á«® n, â ª®¥, çâ® «î¡®© í«¥¬¥â £àã¯¯ë G ¯à¥¤áâ ¢«ï¥âáï¢ ¢¨¤¥ ¯à®¨§¢¥¤¥¨ï ¥ ¡®«¥¥ ç¥¬ n í«¥¬¥â®¢ ¨§ S, «¨¡®∞, ¥á«¨ â ª®£® n ¥ áãé¥áâ¢ã¥â.Ǒ®áª®«ìªã ¡®«ìè¨áâ¢® ®¡ê¥ªâ®¢ ¢ £àã¯¯ å ®¯à¥¤¥«ïîâáï á â®ç®áâìî ¤® á®¯àï�¥¨ï,â® ®¡ëç® ¯®« £ îâ, çâ® Sg = S ¤«ï ¢á¥å g ∈ G, â® ¥áâì S á®¢¯ ¤ ¥â á ®¤¨¬ ª« áá®¬á®¯àï�¥®áâ¨ ¨«¨ ®¡ê¥¤¨¥¨¥¬ ¥áª®«ìª¨å.1.�¨à¨  £àã¯¯ë ¢ ª®¬¬ãâ â®à å�¥à®ïâ®, á ¬ë¬ ¨§¢¥áâë¬ ¬®�¥áâ¢®¬ ®¡à §ãîé¨å ¢ íâ®¬ ª®â¥ªáâ¥ ï¢«ï¥âáï ¬®-�¥áâ¢® ª®¬¬ãâ â®à®¢. � íâ®¬ á«ãç ¥, ¤«ï ã¤®¡áâ¢ , è¨à¨ã £àã¯¯ë G, c(G), ç áâ®®¯à¥¤¥«ïîâ ª ª ¬¨¨¬ «ì®¥ æ¥«®¥ ç¨á«® s ≥ 0, â ª®¥, çâ® «î¡®© í«¥¬¥â [G,G℄ ¥áâì¯à®¨§¢¥¤¥¨¥ s ª®¬¬ãâ â®à®¢; â ª®¥ ®¯à¥¤¥«¥¨¥ ¯®§¢®«ï¥â  ¬ ®¡®¡é¨âì ¯®ïâ¨¥ è¨-à¨ë £àã¯¯ë ¢ ª®¬¬ãâ â®à å   £àã¯¯ë, ¥ á®¢¯ ¤ îé¨¥ á® á¢®¨¬ ª®¬¬ãâ â®¬. �ëè¥-ã¯®¬ïãâ ï £¨¯®â¥§  �à¥ ï¢«ï¥âáï, ®ç¥¢¨¤®, ç áâë¬ á«ãç ¥¬ ¯à®¡«¥¬ë  å®�¤¥¨ï
c(G).�¯¥à¢ë¥ ¨§ãç¥¨¥¬ è¨à¨ë £àã¯¯ ¢ ª®¬¬ãâ â®à å § ï«áï �®¤ : ¢ 1936 £®¤ã ®¯®ª § «, çâ® c(GLn(F )) = 1 ¤«ï  «£¥¡à ¨ç¥áª¨ § ¬ªãâ®£® ¯®«ï F . Ǒ®§¤¥¥, ¢ 1951£®¤ã, ® ¯®ª § « â ª�¥, çâ® c(GLn(F )) ≤ n ¤«ï «î¡®£® ¡¥áª®¥ç®£® ¯®«ï F . �®ï¬ ¨ �®â® ¯®ª § «¨, çâ® c(G) = 1 ¤«ï ¢á¥å á¢ï§ëå ª®¬¯ ªâëå ¯®«ã¯à®áâëå £àã¯¯ �¨
G. � 1951 £®¤ã �à¥ ¢ à ¡®â¥ [86℄ ¤®ª § «, çâ® è¨à¨  £àã¯¯ë ¯¥à¥áâ ®¢®ª «î¡®£®(ª®¥ç®£® ¨«¨ ¡¥áª®¥ç®£®) ¬®�¥áâ¢  ¬¥ìè¥ «¨¡® à ¢  1. � ª�¥ ®, ª ª ¬ë ã�¥£®¢®à¨«¨, ¤®ª § «, çâ® c(An) = 1 ¯à¨ n ≥ 5 ¨ ¢ëáª § « £¨¯®â¥§ã, çâ® c(G) ≤ 1 ¤«ï ¢á¥åª®¥çëå ¯à®áâëå £àã¯¯.� 1954-55 £®¤ å �à¨ää¨âá ¨áá«¥¤®¢ « ª®¬¬ãâ â®àë ¢ á¢®¡®¤®¬ ¯à®¨§¢¥¤¥¨¨ G =
G1 ∗G2 ∗ · · · ∗Gn ª®¥ç® ¯à¥¤áâ ¢¨¬ëå £àã¯¯ Gi ¨ ¯®ª § «, çâ® c(G) ≥ n, ¥á«¨ [Gi, Gi℄¥âà¨¢¨ «ì® ¤«ï ¢á¥å i. Ǒ®§¤¥¥ �®«¤áâ¥© ¨ �¥à¥à ¢ [58℄ ¯®ª § «¨, çâ®   á ¬®¬ ¤¥«¥
c(G) ≥ ∑

c(Gi). � 1963 £®¤ã � ª�® «ì¤  ç¨ ¥â ¨§ãç¥¨¥ £àã¯¯ G á æ¨ª«¨ç¥áª¨¬ª®¬¬ãâ â®à®¬ [G,G℄. � [76℄ ® ¯®ª §ë¢ ¥â, çâ® c(G) ≤ m/2, ª®£¤  G ¨«ì¯®â¥â  ¨[G,G℄ | æ¨ª«¨ç¥áª ï ¯®¤£àã¯¯  ¨§ m í«¥¬¥â®¢,   â ª�¥ ¤®ª §ë¢ ¥â áãé¥áâ¢®¢ ¨¥ª®¥çëå £àã¯¯ G á æ¨ª«¨ç¥áª¨¬ ª®¬¬ãâ â®à®¬, ª®â®àë¥ ¨¬¥îâ áª®«ì ã£®¤® ¡®«ìèãîè¨à¨ã. �§ãç¥¨¥ £àã¯¯ á æ¨ª«¨ç¥áª¨¬ ª®¬¬ãâ â®à®¬ ¯à®¤®«�¨«¨ �®¤¥© [87℄, �¨¡¥ª[75℄, �©§¥ªá [69℄, �ãà «ì¨ª [62℄, [63℄, [64℄ ¨ ¬®£¨¥ ¤àã£¨¥. �¨à¨®© £àã¯¯ ®¯¥à â®à®¢§ ¨¬ «¨áì ¢ á¢®¨å à ¡®â å [66℄, [67℄, [68℄ ¤¥ «  �à¯ ¨ �ª ¤ «¨á,   â ª�¥ �à ã ¨ Ǒ¨àá¨[33℄; ª®¬¬ãâ â®àë £àã¯¯ ¤¨ää¥®¬®àä¨§¬®¢ ¨§ãç «¨áì � ª� ää®¬ [83℄, � ¢¥à®¬ [78℄,[79℄, [80℄, [81℄ ¨ �¯áâ¥©®¬ [56℄.�ã¤ ¢ [103℄ ¯®ª § «, çâ® c(G) = ∞, ¥á«¨ £àã¯¯  G ï¢«ï¥âáï ã¨¢¥àá «ì®©  ªàë-¢ îé¥© £àã¯¯ë SLn(R). �àã¯¯  SLn(A) ¤«ï ª®«ìæ  A ¥¯à¥àë¢ëå äãªæ¨©   â®-¯®«®£¨ç¥áª®¬ ¯à®áâà áâ¢¥ ¨§ãç « áì ¢ à ¡®â¥ �¥àáâ®  ¨ � á¥àèâ¥©  [94℄,   â ª�¥¢ à ¡®â å ®¤®£® � á¥àèâ¥©  [95℄, [96℄. � ª®¥æ, £àã¯¯ã SLn(A) ¤«ï «î¡®£® ª®¬-¬ãâ â¨¢®£® ª®«ìæ  £« ¢ëå ¨¤¥ «®¢ ¨§ãç «¨ ¢ á¢®¨å à ¡®â å �ìî¬  [84℄, �¥¨á2



¨ � á¥àèâ¥© [43℄ ¨ � á¥àèâ¥© ¨ �í« ¤ [97℄. �ìî¬  ¢ á¢®¥© à ¡®â¥ ¯®ª § «, çâ®
c(SLn(A)) ≤ (2 logn)/ log 32 + c(SL3(A)) ¤«ï «î¡®£® ª®¬¬ãâ â¨¢®£® ª®«ìæ  £« ¢ëå¨¤¥ «®¢. � ¯à¥¤¯®«®�¨«, çâ® c(SL3(A)) ¢á¥£¤  ª®¥ç®, ®¤ ª® �¥¨á ¨ � á¥àèâ¥©¢ á¢®¥© à ¡®â¥ ¤®ª §ë¢ îâ, çâ® íâ® ¥ â ª, ª®£¤ ,  ¯à¨¬¥à, A = C[x℄. �â¬¥â¨¬, çâ®,ª ª ¯®ª § «¨ ¯®§¤¥¥ ¢ [89℄ �. �. �¨¢ æª¨© ¨ �. �. �â¥¯ ®¢, íâ®â à¥§ã«ìâ â,   á ¬®¬¤¥«¥, á«¥¤ã¥â ¨§ à ¡®âë [73℄ 1982 £®¤ . � ¥© ¢  ¤¥à � ««¥ ¤®ª § «, çâ® è¨à¨ £àã¯¯ë En(C[x℄) ®â®á¨â¥«ì® ¬®�¥áâ¢  ¢á¥å í«¥¬¥â àëå âà á¢¥ªæ¨© ¡¥áª®¥ç ;  �. �. �¨¢ æª¨© ¨ �. �. �â¥¯ ®¢ ¢ 1999 £®¤ã ¯®ª § «¨, çâ® ¬®�¥áâ¢® ¢á¥å ª®¬¬ãâ â®-à®¢ ¢ En(R) ¨¬¥¥â ª®¥çãî è¨à¨ã ¢® ¬®�¥áâ¢¥ ¢á¥å í«¥¬¥â àëå âà á¢¥ªæ¨© ¤«ï«î¡®£® ª®¥ç®¬¥à®£® ª®¬¬ãâ â¨¢®£® ª®«ìæ  R. �¥¨á ¨ � á¥àèâ¥© ¢ [43℄ â ª�¥¤®ª §ë¢ îâ, çâ® c(SLn(A)) ≤ 5 + c(SL3(A)) ¨, ¥á«¨ c(SLn(A)) < ∞, â® c(SLn(A)) ≤ 6¯à¨ ¤®áâ â®ç® ¡®«ìè®¬ n. Ǒ®å®�¨¥ à¥§ã«ìâ âë ¯®«ãç¥ë ¨¬¨ ¨ ¤«ï ¯à®¨§¢®«ì®£®  á-á®æ¨ â¨¢®£® ª®«ìæ  á ª®¥çë¬ áâ ¡¨«ìë¬ à £®¬. � áâ âì¥ � á¥àèâ¥©  ¨ �í« ¤ ¯®«ãç¥® ã«ãçè¥¨¥ íâ®© ®æ¥ª¨, á § ¬¥®© 6   4.2. �¨à¨  £àã¯¯ë ¢ ¨¢®«îæ¨ïå�àã£¨¬ ¨â¥à¥áë¬ ¬®�¥áâ¢®¬ ®¡à §ãîé¨å ï¢«ïîâáï ¨¢®«îæ¨¨. �§¢¥áâ® (á¬., ¯à¨¬¥à, [102℄), çâ® «î¡®© í«¥¬¥â £àã¯¯ë G ¨§®¬¥âà¨© á¨¬¬¥âà¨ç®© ª¢ ¤à â¨ç-®© ä®à¬ë  ¤ ¯®«¥¬ ¥áâì ¯à®¨§¢¥¤¥¨¥ ¥ ¡®«¥¥ ¤¢ãå ¨¢®«îæ¨© ¨§ G. � 1976 £®¤ã�ãáâ äá®, � «¬®è ¨ � ¤� ¢¨ ¢ [65℄ ¯®ª § «¨, çâ® «î¡ ï ¬ âà¨æ  ¨§ GL(n,K) á ®¯à¥-¤¥«¨â¥«¥¬ ±1 ¥áâì ¯à®¨§¢¥¤¥¨¥ ¥ ¡®«¥¥ ç¥âëà¥å ¨¢®«îâ¨¢ëå ¬ âà¨æ (á¬. â ª�¥[32℄). � à ¡®â¥ [74℄ �î¯¥«ì ¨ �¨«ìá¥ ¤®ª § «¨, çâ® «î¡ ï ¬ âà¨æ  ¨§ SL(n,K) ¥áâì¯à®¨§¢¥¤¥¨¥ ¥ ¡®«¥¥ ç¥âëà¥å ¨¢®«îâ¨¢ëå ¬ âà¨æ ¨§ SL(n,K). � 1999 £®¤ã �áâ¨¢ [31℄ ¯®ª § «, çâ® «î¡®© í«¥¬¥â £àã¯¯ë �¥¢ ««¥ G = G(F4, K) ¥áâì ¯à®¨§¢¥¤¥¨¥ ¥¡®«¥¥ ç¥âëà¥å ¨¢®«îæ¨© ¨§ G, ¥á«¨ |K| ≥ 25. � 2000 £®¤ã �««¥àá ¢ [51℄ ¤®ª § «, çâ® ¥á-«¨ G | £àã¯¯  �¥¢ ««¥  ¤ ¯®«¥¬ K, £¤¥ K á®¤¥à�¨â ¤®áâ â®ç® ¬®£® í«¥¬¥â®¢, â®«î¡®© ¥æ¥âà «ìë© í«¥¬¥â G ¥áâì ¯à®¨§¢¥¤¥¨¥ ¥ ¡®«¥¥ ç¥âëà¥å ¨¢®«îæ¨© ¨§ G,  æ¥âà «ìë© | ¥ ¡®«¥¥ ¯ïâ¨. �®£¤  à áá¬ âà¨¢ îâ â ª�¥ ¨¢®«îæ¨¨ ¢ £àã¯¯ å �¥-¢ ««¥  ¤ ª®«ìæ ¬¨; â ª, �¥¯ª¥ [88℄ ¯®ª § «, çâ® ¥á«¨ R | «®ª «ì®¥ ª®«ìæ® á 2 ∈ R∗,
V | á¢®¡®¤ë© R-¬®¤ã«ì à §¬¥à®áâ¨ n, f | à¥£ã«ïà ï á¨¬¬¥âà¨ç ï ¡¨«¨¥© ïä®à¬ ,   £àã¯¯  G ¥áâì £àã¯¯  ¨§®¬¥âà¨© f , â® «î¡®© í«¥¬¥â ¨§ G ¥áâì ¯à®¨§¢¥¤¥¨¥¥ ¡®«¥¥ ç¥âëà¥å ¨¢®«îæ¨© ¨§ G.�  å®�¤¥¨¥¬ è¨à¨ë £àã¯¯ ¢ ¨¢®«îæ¨ïå â¥á® á¢ï§  ¯®¨áª ¬¨¨¬ «ì®£® ª®-«¨ç¥áâ¢  ¨¢®«îæ¨©, ¯®à®�¤ îé¨å âã ¨«¨ ¨ãî £àã¯¯ã; ¥®¡å®¤¨¬® ®â¬¥â¨âì â ª�¥¥áâ¥áâ¢¥ãî á¢ï§ì íâ®£® ¢®¯à®á  á (2, 3)-¯®à®�¤¥¨¥¬ £àã¯¯, ª®â®à®¥ ®¡áã�¤ «®áì çãâìà ìè¥. �ª §ë¢ ¥âáï, ¢¥à  â¥®à¥¬ , çâ® «î¡ ï ª®¥ç ï ¯à®áâ ï ¥ª®¬¬ãâ â¨¢ ï£àã¯¯  G, ¥ à ¢ ï U3(3), ¯®à®�¤ ¥âáï âà¥¬ï ¨¢®«îæ¨ï¬¨ (®â¬¥â¨¬, çâ® ¤¢¥ ¨¢®-«îæ¨¨ ¬®£ãâ ¯®à®¤¨âì â®«ìª® ¤¨í¤à «ìãî £àã¯¯ã). � 1978 £®¤ã � £¥à ¢ [100℄ ¯®ª § «,çâ® ¤«ï ¯®à®�¤¥¨ï £àã¯¯ë U3(3) ¥®¡å®¤¨¬® ç¥âëà¥ ¨¢®«îæ¨¨. �¨««¨® ¨ � ¬¡ãà¨-¨ ¢ [57℄ ¤®ª § «¨ â¥®à¥¬ã ¤«ï § ª®¯¥à¥¬¥ëå ¨ «¨¥©ëå £àã¯¯, á¨¬¯«¥ªâ¨ç¥áª¨å£àã¯¯ à §¬¥à®áâ¨ ¥ ¬¥ìè¥ è¥áâ¨ ¨ £àã¯¯ �ã§ãª¨. � [41℄ ¨ [100℄ â¥®à¥¬  ¤®ª §   ¤«ï£àã¯¯ G = PSp4 ¨ U3(q) ¯à¨ q 6= 3. � ««  �®«ìâ  ¨ � ¬¡ãà¨¨ ¢ [42℄, [39℄, [40℄ ¤®ª § «¨â¥®à¥¬ã ¤«ï ®àâ®£® «ìëå £àã¯¯. �«ï ¯à®áâëå £àã¯¯ �¥¢ ««¥  ¤ ª®¥çë¬ ¯®«¥¬å à ªâ¥à¨áâ¨ª¨ 2, ®â«¨çëå ®â A2, 2A2, A3 ¨ 2A3, â¥®à¥¬  ¡ë«  ¤®ª §   �ã�¨ë¬ ¢[15℄; ¤«ï á¯®à ¤¨ç¥áª¨å £àã¯¯ | � ««  �®«ìâ  ¢ [38℄; ¤«ï ¡®«ìè¨áâ¢  ¨áª«îç¨â¥«ì-ëå £àã¯¯ | �¥©£¥«¥¬ ¢ [101℄. � ª®¥æ, ¢ 1994 £®¤ã � ««¥, � ªá« ¨ �¥©£¥«ì ¢ [77℄¤®ª § «¨ â¥®à¥¬ã áà §ã ¤«ï ¢á¥å ª®¥çëå ¯à®áâëå ¥ª®¬¬ãâ â¨¢ëå £àã¯¯ G.� [11℄ �. �. � §ãà®¢ ¯®áâ ¢¨« ¢®¯à®á: ª ª¨¥ ª®¥çë¥ ¯à®áâë¥ £àã¯¯ë ¯®à®�¤ îâáï3



âà¥¬ï ¨¢®«îæ¨ï¬¨, ¤¢¥ ¨§ ª®â®àëå ª®¬¬ãâ¨àãîâ. �â®â ¢®¯à®á ®ª § «áï â¥á® á¢ï-§  á ¯à®¡«¥¬®© áãé¥áâ¢®¢ ¨ï £ ¬¨«ìâ®®¢  æ¨ª«  ¢ £à ä¥ �í«¨, á®®â¢¥âáâ¢ãîé¥¬¤ ®© £àã¯¯¥. �ã�¨ ¢ à ¡®â å [15℄, [16℄, [17℄, [18℄ ¤ « ®â¢¥â ¤«ï ¯à®áâëå § ª®¯¥-à¥¬¥ëå £àã¯¯ ¨ ¯à®áâëå £àã¯¯ «¨¥¢  â¨¯ . Ǒ®§¤¥¥ �¨¬®ä¥¥ª®, �ã�¨ ¨ ¤àã£¨¥¬ â¥¬ â¨ª¨ ¨áá«¥¤®¢ «¨, ¨á¯®«ì§ãï ª®¬¯ìîâ¥à, á¯®à ¤¨ç¥áª¨¥ £àã¯¯ë: ®ª § «®áì, çâ®á¯®à ¤¨ç¥áª ï £àã¯¯  G ¥ ¯®à®�¤ ¥âáï âà¥¬ï ¨¢®«îæ¨ï¬¨, ¤¢¥ ¨§ ª®â®àëå ª®¬¬ã-â¨àãîâ, â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  G = M11,M22,M23 ¨«¨ McL. � 2003 £®¤ã � §ãà®¢¢ [14℄ ¤ «, ¨á¯®«ì§ãï â ¡«¨æë å à ªâ¥à®¢, ¥¤¨®¥ ¤®ª § â¥«ìáâ¢® íâ®£® ä ªâ  ¤«ï ¢á¥åá¯®à ¤¨ç¥áª¨å £àã¯¯. � ª�¥ çà¥§¢ëç ©® ¨â¥à¥áë¥ à¥§ã«ìâ âë ¯à® ¬ âà¨çë¥ £àã¯-¯ë  ¤ ¯à®¨§¢®«ìë¬¨ ª®¥ç® ¯®à®�¤¥ë¬¨ ª®¬¬ãâ â¨¢ë¬¨ ª®«ìæ ¬¨ ¯®«ãç¥ë ¢à ¡®â¥ � ¬¡ãà¨¨ ¨ �§ãªª  [93℄.3. �¨à¨  £àã¯¯ë �¥¢ ««¥ ¢ ª®à¥¢ëå í«¥¬¥â å�«ï £àã¯¯ �¥¢ ««¥ ¥áâ¥áâ¢¥ë¬ ¬®�¥áâ¢®¬ ®¡à §ãîé¨å ï¢«ï¥âáï â ª�¥ ¬®�¥-áâ¢® ª®à¥¢ëå í«¥¬¥â®¢. Ǒ®áª®«ìªã ª®à¥¢ë¥ í«¥¬¥âë ¢ GP (�, R) ¯®à®�¤ îâ í«¥¬¥-â àãî ¯®¤£àã¯¯ã EP (�, R), ª®â®à ï, ¢®®¡é¥ £®¢®àï, ¥ á®¢¯ ¤ ¥â áGP (�, R), â® ®¡ëç®è¨à¨ã £àã¯¯ë �¥¢ ««¥ ¢® ¬®�¥áâ¢¥ ª®à¥¢ëå í«¥¬¥â®¢ ®¯à¥¤¥«ïîâ ª ª è¨à¨ã ¥¥í«¥¬¥â à®© ¯®¤£àã¯¯ë. �¥çâ® ¯®¤®¡®¥ ¬ë ã�¥  ¡«î¤ «¨ ¢ á«ãç ¥ ª®¬¬ãâ â®à®¢.� § ¬¥ç â¥«ì®© à ¡®â¥ �ì¥¤®¥ [46℄  ©¤¥  è¨à¨  ª« áá¨ç¥áª¨å £àã¯¯ ¢ ª®à¥-¢ëå í«¥¬¥â å. Ǒ®§¤¥¥ à¥§ã«ìâ âë �ì¥¤®¥ ¡ë«¨ à áè¨à¥ë   £àã¯¯ë, á®åà ïî-é¨¥ ª¢ ¤à â¨çãî ä®à¬ã á ¥ã«¥¢ë¬ à ¤¨ª «®¬, á¬.,  ¯à¨¬¥à, [90℄. � ª�¥ ¢ à ¡®â¥�ì¥¤®¥ ¨áá«¥¤ã¥âáï è¨à¨  ª« áá¨ç¥áª¨å £àã¯¯ ¢ á¨¬¬¥âà¨ïå, â® ¥áâì ¢ ¨¢®«îæ¨ïå,®áâ ¢«ïîé¨å ¥¯®¤¢¨�ë¬ ª ªãî-¨¡ã¤ì £¨¯¥à¯«®áª®áâì. �§ãç¥¨¥ á¨¬¬¥âà¨© â¥á®á¢ï§ ® á ¨§ãç¥¨¥¬ ª ª ¨¢®«îæ¨©, â ª ¨ ª®à¥¢ëå í«¥¬¥â®¢; ¯®á«¥ �ì¥¤®¥ á¨¬-¬¥âà¨ï¬¨ § ¨¬ «¨áì �®âæª¨©, �è¨¡ è¨, �««¥àá ¨ ¬®£¨¥ ¤àã£¨¥, á¬. [47℄, [48℄, [49℄,[50℄, [52℄, [53℄, [54℄, [55℄, [60℄, [61℄, [70℄, [71℄, [72℄, [92℄, [104℄, á¬. â ª�¥ [19℄, [85℄.� ®â«¨ç¨¥ ®â ª« áá¨ç¥áª®£® á«ãç ï, ¯à® è¨à¨ã ¢ ª®à¥¢ëå í«¥¬¥â å ¨áª«îç¨â¥«ì-ëå £àã¯¯ ¤® ¥¤ ¢¥£® ¢à¥¬¥¨ ¨ç¥£®, ªà®¬¥ ¥áâ¥áâ¢¥ëå ®æ¥®ª á¨§ã, ¨§¢¥áâ® ¥¡ë«®. Ǒ®ïá¨¬, ®âªã¤  ¯®ï¢«ïîâáï ®æ¥ª¨ á¨§ã. � ¯®¬¨¬, çâ® ¢ëç¥â®¬ ¬ âà¨æë A §ë¢ ¥âáï à £ ¬ âà¨æë A−E. �¥á«®�® ¢¨¤¥âì, çâ® ¢ëç¥â ¥ ¬¥ï¥âáï ¯à¨ á®¯àï�¥-¨¨, ¨ ¢ëç¥â ¯à®¨§¢¥¤¥¨ï ¬¥ìè¥ «¨¡® à ¢¥ áã¬¬¥ ¢ëç¥â®¢. �§ íâ¨å á¢®©áâ¢ ¢ëç¥â «¥£ª® á«¥¤ãîâ ®æ¥ª¨   è¨à¨ã £àã¯¯ �¥¢ ««¥ á¨§ã: ¤«ï ¨â¥à¥áãîé¥©  á £àã¯¯ë
Gs(E6, K),  ¯à¨¬¥à, ¢ ¬¨¨¬ «ì®¬ 27-¬¥à®¬ ¯à¥¤áâ ¢«¥¨¨ ¢ëç¥â ª®à¥¢®£® í«¥-¬¥â  à ¢¥ è¥áâ¨, ®âªã¤ , ¯®áª®«ìªã ¢ Gs(E6, K) áãé¥áâ¢ãîâ í«¥¬¥âë ¢ëç¥â  27,á«¥¤ã¥â, çâ® è¨à¨  £àã¯¯ë Gs(E6, K) ¥ ¬¥ìè¥ 5. �â¥à¥á®, çâ® ¤«ï ª« áá¨ç¥áª¨å£àã¯¯   «®£¨çë¥ ®æ¥ª¨ á®¢¯ ¤ îâ á â®çë¬ § ç¥¨¥¬,  ©¤¥ë¬ ¢ [46℄, ¯®íâ®¬ã¥áâ¥áâ¢¥ë¬ ï¢«ï¥âáï ¯à¥¤¯®«®�¥¨¥, çâ® íâ® â ª ¨ ¤«ï ¨áª«îç¨â¥«ìëå £àã¯¯ (¯®-¢¨¤¨¬®¬ã, ®¤ ª®, è¨à¨  £àã¯¯ â¨¯  E6 à ¢  è¥áâ¨,   ¥ ¯ïâ¨). �¥ â ª ¤ ¢® �®í,�â ©¡ å, �á¨à®¡¨à  ¨ �í«ìá ¯®ª § «¨, çâ® Gs(E6, K) ¯®à®�¤ ¥âáï ¥ª®â®àë¬¨ ¯ï-âìî ª®à¥¢ë¬¨ ¯®¤£àã¯¯ ¬¨. �§ íâ®£® ¬®�® ¢ë¢¥áâ¨, çâ® è¨à¨  £àã¯¯ë Gs(E6, K)¥ ¡®«ìè¥ 10. �àã£¨å ®æ¥®ª   è¨à¨ã ¨áª«îç¨â¥«ìëå £àã¯¯ ¤®  áâ®ïé¥£® ¢à¥¬¥¨¥ áãé¥áâ¢®¢ «®.� §®¢¥¬ ¯®«¥ k-§ ¬ªãâë¬, ¥á«¨ ¢ ¥¬ «î¡®© ¬®£®ç«¥ áâ¥¯¥¨ ¥ ¢ëè¥ k ¨¬¥¥âå®âï ¡ë ®¤¨ ª®à¥ì (ª á®� «¥¨î,  ¬ ¥ ã¤ «®áì  ©â¨ ¢ «¨â¥à âãà¥ ®¡é¥ã¯®âà¥-¡¨â¥«ì®£® â¥à¬¨  ¤«ï â ª¨å ¯®«¥©). Ǒãáâì G = Gad(E6, K), £¤¥ ¯®«¥ K ï¢«ï¥âáï6-§ ¬ªãâë¬. �á®¢®© à¥§ã«ìâ â  áâ®ïé¥© à ¡®âë, ª ª ¬ë ã¯®¬¨ «¨ ¢ á ¬®¬  -ç «¥, íâ® ¤®ª § â¥«ìáâ¢® â®£®, çâ® è¨à¨  £àã¯¯ë G ¥ ¡®«ìè¥ ¢®áì¬¨. �â  ®æ¥ª  ¥ï¢«ï¥âáï â®ç®©, ¨ ¢  è¨ ¡«¨� ©è¨¥ ¯« ë ¢å®¤¨â ã«ãçè¥¨¥ ¥¥ ¤® á¥¬¨,   ¢ ¯¥àá¯¥ª-4



â¨¢¥, ¢¥à®ïâ®, ¨ ¤® è¥áâ¨. � ª�¥ ¬ë ¯« ¨àã¥¬ ¤®ª § âì   «®£¨çë© à¥§ã«ìâ â ¯à®®¤®á¢ï§ãî £àã¯¯ã Gs(E6, K) ¨ ®¡®¡é¨âì íâ¨ à¥§ã«ìâ âë   á«ãç © ¯à®¨§¢®«ì®£®¯®«ï. �â¬¥â¨¬, çâ® ¯à¨ ¥áâ¥áâ¢¥®¬ ¯¥à¥®á¥ ¤®ª § â¥«ìáâ¢    á«ãç © 2-§ ¬ªãâ®£®¯®«ï ¢®§¨ªãâ ¥ª®â®àë¥ á«®�®áâ¨ ¢® ¢â®à®¬ ¯ãªâ¥ ¯ïâ®£® ¯ à £à ä  | ¯à¨¤¥âáï,¯®-¢¨¤¨¬®¬ã, § ¬¥ïâì �®à¤ ®¢ã ä®à¬ã ¬ âà¨æ   äà®¡¥¨ãá®¢ã ä®à¬ã. Ǒ¥à¥å®¤ ª¯à®¨§¢®«ì®¬ã ¯®«î ¢ë§®¢¥â ¥é¥ ¡®«ìè¨¥ ¯à®¡«¥¬ë. Ǒ®íâ®¬ã ¢  áâ®ïé¥© à ¡®â¥ ¬ë¥ áâà¥¬¨«¨áì áïâì ®£à ¨ç¥¨¥   ¯®«¥.�â âìï ®à£ ¨§®¢   á«¥¤ãîé¨¬ ®¡à §®¬. � §1 ®¯à¥¤¥«ïîâáï ®á®¢ë¥ ®¡®§ ç¥¨ï.� §2 áä®à¬ã«¨à®¢ ë ¢á¥ ãâ¢¥à�¤¥¨ï ¨§ áâ âì¨ [20℄, ¨á¯®«ì§ã¥¬ë¥ ¢  áâ®ïé¥© à ¡®â¥.� §3 à áá¬ âà¨¢ îâáï ¥ª®â®àë¥ ¯®¤£àã¯¯ë £àã¯¯ë Gs(E6, K). � ¯¥à¢®¬ ¯ãªâ¥ §3 ¬ë¨§ãç ¥¬ ¤¨ £® «ìë¥ ¬ âà¨æë, ¢® ¢â®à®¬ | ¬ âà¨æë ¨§ £àã¯¯ë Dα = 〈Xβ; β ⊥ α〉, ¢âà¥âì¥¬ | ¬ âà¨æë ¨§ ¯ à ¡®«¨ç¥áª®© ¯®¤£àã¯¯ë. � ç¥â¢¥àâ®¬ ¯ãªâ¥ §3 ¬ë à áá¬ â-à¨¢ ¥¬ ¬ âà¨æë ¨§ ¯®¤£àã¯¯ë �¥¢¨ ¨, ¢ â¥®à¥¬¥ 1, ®¯¨áë¢ ¥¬ ¨å ¢¨¤; ¢ ¯ïâ®¬ ¯ãªâ¥¬ë  ç¨ ¥¬ ¨áá«¥¤®¢ ¨¥ ã¨¯®â¥â®£® à ¤¨ª « . � §4 ¬ë ¯à®¤®«� ¥¬ ¨áá«¥¤®¢ ¨¥ã¨¯®â¥â®£® à ¤¨ª «  ¨, ¢ â¥®à¥¬¥ 2, ¯®ª §ë¢ ¥¬, çâ® «î¡®© ã¨¯®â¥â ï¢«ï¥âáï ¯à®-¨§¢¥¤¥¨¥¬ ¥ ¡®«¥¥ âà¥å ª®à¥¢ëå í«¥¬¥â®¢. � §5 ¨áá«¥¤ãîâáï ¯à®¨§¢¥¤¥¨ï ¬ âà¨æ.Ǒãáâì g = {gij}, £¤¥ 1 ≤ i ≤ 6 ¨ 22 ≤ j ≤ 27 | ¬ âà¨æ  6× 6, à á¯®«®�¥ ï ¢ ¯à ¢®¬¢¥àå¥¬ ã£«ã ¬ âà¨æë g ∈ Gs(E6, K). � §5, ¢ ç áâ®áâ¨, ¤®ª §ë¢ ¥âáï, çâ® ¥á«¨ K | «£¥¡à ¨ç¥áª¨ § ¬ªãâ®¥ ¯®«¥ ¨ A ∈ GL(6, K), â® áãé¥áâ¢ã¥â ¬ âà¨æ  g ∈ Gs(E6, K),â ª ï, çâ® g = A, ¨ g ¥áâì ¯à®¨§¢¥¤¥¨¥ ¥ ¡®«¥¥ ç¥¬ ç¥âëà¥å ª®à¥¢ëå í«¥¬¥â®¢ (á«¥¤-áâ¢¨¥ ¨§ â¥®à¥¬ë 5). � §6 ¬ë ¤®ª §ë¢ ¥¬ â¥®à¥¬ã 6: ¤«ï ¯à®¨§¢®«ì®£® ¥æ¥âà «ì®-£® í«¥¬¥â  g ∈ Gs(E6, K) áãé¥áâ¢ã¥â í«¥¬¥â h ∈ Gs(E6, K), â ª®©, çâ® ¯®¤¬ âà¨æ 
hgh−1 ®¡à â¨¬ . � ª®¥æ, ¢ §7 ¬ë ¤®ª §ë¢ ¥¬ ®á®¢®© à¥§ã«ìâ â  áâ®ïé¥© à ¡®âë,â¥®à¥¬ã ® â®¬, çâ® ¤«ï 6-§ ¬ªãâ®£® ¯®«ï K «î¡®© í«¥¬¥â £àã¯¯ë Gad(E6, K) ¥áâì¯à®¨§¢¥¤¥¨¥ ¥ ¡®«¥¥ ¢®áì¬¨ ª®à¥¢ëå í«¥¬¥â®¢.�¢â®à ¢ëà � ¥â ¡« £®¤ à®áâì �¨ª®« î �«¥ªá ¤à®¢¨çã � ¢¨«®¢ã, ¡¥§ ª®â®à®£®íâ  à ¡®â  ¨ª®£¤  ¥ ¡ë«  ¡ë  ¯¨á  ,   â ª�¥ �â®¨ � ªã §  £®áâ¥¯à¨¨¬áâ¢® ¨¢á¥áâ®à®îî ¯®¤¤¥à�ªã.
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§1. �á®¢ë¥ ®¡®§ ç¥¨ï1. �àã¯¯ë �¥¢ ««¥�á¥  è¨ ®¡®§ ç¥¨ï, ®â®áïé¨¥áï ª ª®àï¬, ¢¥á ¬,  «£¥¡à ¬ �¨,  «£¥¡à ¨ç¥áª¨¬£àã¯¯ ¬ ¨ ¯à¥¤áâ ¢«¥¨ï¬ ¢¯®«¥ áâ ¤ àâë ¨ á«¥¤ãîâ [1℄, [2℄, [3℄, [22℄, [23℄, á¬. â ª�¥[4℄, [98℄, £¤¥ ¬®�®  ©â¨ ¬®£® ¤ «ì¥©è¨å ááë«®ª. �ë ¥  ¯®¬¨ ¥¬ ®¯à¥¤¥«¥¨¥£àã¯¯ �¥¢ ««¥ ¨ ®á®¢ëå ¯®¤£àã¯¯ ¢ ¨å, ª®â®àë¥ ¬®�®  ©â¨,  ¯à¨¬¥à, ¢ [1℄,[22℄, [82℄, . . . �  áâ®ïé¥¬ ¯ à £à ä¥ ¬ë «¨èì § ä¨ªá¨àã¥¬ ®á®¢ë¥ ¨á¯®«ì§ã¥¬ë¥ ¢¤ «ì¥©è¥¬ ®¡®§ ç¥¨ï.Ǒà¥�¤¥ ¢á¥£®, ¯ãáâì � | ¯à¨¢¥¤¥ ï ¥¯à¨¢®¤¨¬ ï á¨áâ¥¬  ª®à¥© à £  l, � =
{α1, . . . , αl} | äã¤ ¬¥â «ì ï á¨áâ¥¬  ¢ �, �+ ¨ �− | á®®â¢¥âáâ¢ãîé¨¥ ¬®�¥áâ¢ ¯®«®�¨â¥«ìëå ¨ ®âà¨æ â¥«ìëå ª®à¥©. �«¥¬¥âë �  §ë¢ îâáï ¯à®áâë¬¨ ª®àï¬¨,¨ ¬ë ¢á¥£¤  ¨á¯®«ì§ã¥¬ ¤«ï ¨å âã �¥ ã¬¥à æ¨î, çâ® ¢ [2℄. � ª ª ª  áâ®ïé ï à ¡®â ¯®á¢ïé¥  á¨áâ¥¬¥ � = E6 ¨, ¢ ª ª®©-â® ¬¥à¥, ¥¥ ¯®¤á¨áâ¥¬ ¬, â®  á ¡ã¤¥â ¨â¥à¥-á®¢ âì £« ¢ë¬ ®¡à §®¬ á«ãç ©, ª®£¤  ¢á¥ ª®à¨ � ¨¬¥îâ ®¤¨ ª®¢ãî ¤«¨ã | â ª¨¥á¨áâ¥¬ë ¡ã¤ãâ  §ë¢ âìáï á¨áâ¥¬ ¬¨ á ¯à®áâë¬¨ á¢ï§ï¬¨ = simply-laed, ¢ ¯à®â¨¢®-¯®«®�®áâì á¨áâ¥¬ ¬ á ªà âë¬¨ á¢ï§ï¬¨ = multiply-laed. � ª ®¡ëç®, W =W (�)®¡®§ ç ¥â £àã¯¯ã �¥©«ï á¨áâ¥¬ë �; wα | ®âà �¥¨¥ ®â®á¨â¥«ì® ª®àï α ∈ � ¨
wi = wαi

, 1 ≤ i ≤ l, | äã¤ ¬¥â «ìë¥ ®âà �¥¨ï. �ã¤ ¬¥â «ì ï á¨áâ¥¬  �ä¨ªá¨àã¥â ¥ª®â®àë© ¯®àï¤®ª   �. �¥à¥§ δ ®¡®§ ç¨¬ ¬ ªá¨¬ «ìë© ª®à¥ì á¨áâ¥¬ë� ®â®á¨â¥«ì® íâ®£® ¯®àï¤ª ; ¤«ï ¨â¥à¥áãîé¥£®  á ¢ ¯¥à¢ãî ®ç¥à¥¤ì á«ãç ï � = E6¨¬¥¥¬ δ = 123212 .Ǒ®áâà®¥¨¥ £àã¯¯ �¥¢ ««¥ ®á®¢ ®   ¢ë¡®à¥ ¡ §¨á  �¥¢ ««¥ ¢ ¯à®áâ®© ª®¬¯«¥ªá-®©  «£¥¡à¥ �¨ L â¨¯  �. � ¯®¬¨¬, çâ® ¢ë¡®à ¯®¤ «£¥¡àë � àâ   H ¢ L ®¯à¥¤¥«ï¥âª®à¥¢®¥ à §«®�¥¨¥ L = H
⊕∑

Lα, £¤¥ Lα | ®¤®¬¥àë¥ ª®à¥¢ë¥ ¯®¤¯à®áâà áâ¢ ,¨¢ à¨ âë¥ ¯® ®â®è¥¨î ª H. �«ï ª �¤®£® ª®àï α ∈ �+ ¢ë¡¥à¥¬ ª ª®©-â® ¥ã-«¥¢®© ª®à¥¢®© ¢¥ªâ®à eα ∈ Lα ¨ ®â®�¤¥áâ¢¨¬ ª®à¥ì α á «¨¥©ë¬ äãªæ¨® «®¬  H, ¤«ï ª®â®à®£® [h, eα℄ = α(h)eα. �£à ¨ç¥¨¥ ä®à¬ë �¨««¨£   «£¥¡àë �¨ L  
H ¥¢ëà®�¤¥® ¨, â¥¬ á ¬ë¬, ãáâ  ¢«¨¢ ¥â ª ®¨ç¥áª¨© ¨§®¬®àä¨§¬ H ∼= H∗, â ªçâ® ¬ë ¬®�¥¬ ¤ �¥ áç¨â âì, çâ® α ∈ H. �¯à®ç¥¬, ®¡ëç® ã¤®¡¥¥ à áá¬ âà¨¢ âìª®ª®à¨ hα = 2α/(α, α). � ª¨¬ ®¡à §®¬, «î¡®© ¢ë¡®à ¥ã«¥¢ëå eα ∈ Lα, α ∈ �+,®¤®§ ç® ®¯à¥¤¥«ï¥â e−α ∈ L−α, α ∈ �+, â ª¨¥, çâ® [eα, e−α℄ = hα. �®�¥áâ¢®
{eα, α ∈ �; hα, α ∈ �} ï¢«ï¥âáï ¡ §¨á®¬  «£¥¡àë �¨ L,  §ë¢ ¥¬ë¬ ¡ §¨á®¬ �¥©«ï.Ǒà¨ íâ®¬ [hα, eβ ℄ = Aαβeβ , £¤¥ Aαβ = 2(α, β)/(α, α) ∈ Z ç¨á«  � àâ  . �âàãªâãàë¥ª®áâ âë Nαβ ®¯à¥¤¥«ïîâáï à ¢¥áâ¢®¬ [eα, eβ ℄ = Nαβeα+β . � §¨á �¥©«ï ¬®�® ®à-¬¨à®¢ âì â ª, çâ®¡ë ¢á¥ áâàãªâãàë¥ ª®áâ âë Nαβ ¡ë«¨ æ¥«ë¬¨, ¢ íâ®¬ á«ãç ¥ ® §ë¢ ¥âáï ¡ §¨á®¬ �¥¢ ««¥,   ¬®�¥áâ¢® {eα, α ∈ �}, | á¨áâ¥¬®© �¥¢ ««¥.�«ï á¨áâ¥¬ á ¯à®áâë¬¨ á¢ï§ï¬¨ ¢á¥£¤  Nαβ = 0,±1, â ª çâ®  ¬ ã�® â®«ìª® § ä¨ª-á¨à®¢ âì § ª¨ áâàãªâãàëå ª®áâ â. �ë § ä¨ªá¨àã¥¬ ¯®«®�¨â¥«ìë© ¡ §¨á �¥-¢ ««¥, ª®â®àë© ®¯à¥¤¥«ï¥âáï â¥¬ á¢®©áâ¢®¬, çâ® Nαβ > 0 ¤«ï ¢á¥å íªáâà -á¯¥æ¨ «ìëå¯ à, á¬. [21℄, [24℄, [36℄. �«ï á¨áâ¥¬ á ¯à®áâë¬¨ á¢ï§ï¬¨ íâ® ãá«®¢¨¥ ®§ ç ¥â ¢ â®ç-®áâ¨, çâ® Nαiβ = +1 ª �¤ë© à §, ª ª αi + β ∈ � ®¡« ¤ ¥â â¥¬ á¢®©áâ¢®¬, çâ® ¥á«¨
αj + γ = αi + β ¤«ï ª ª®£®-â® äã¤ ¬¥â «ì®£® ª®àï αj ¨ ª ª®£®-â® ¯®«®�¨â¥«ì®£®ª®àï γ, â® j > i.�¡®§ ç¨¬ ç¥à¥§ Q(�) à¥è¥âªã ª®à¥© á¨áâ¥¬ë �,   ç¥à¥§ P (�) | ¥¥ à¥è¥âªã ¢¥á®¢.� ¯®¬¨¬, çâ® P (�) á®áâ®¨â ¨§ æ¥«®ç¨á«¥ëå «¨¥©ëå ª®¬¡¨ æ¨© äã¤ ¬¥â «ì-ëå ¢¥á®¢ ̟1, . . . , ̟l, ª®â®àë¥ ®¡à §ãîâ ¤¢®©áâ¢¥ë© ¡ §¨á ¯® ®â®è¥¨î ª ¡ §¨áã6



hα1 , . . . , hαl
, £¤¥, ª ª ã�¥ £®¢®à¨«®áì, hα = 2α/(α, α). � ç áâ®áâ¨, Q(�) ⊆ P (�). Ǒãáâì

P | ¥ª®â®à ï à¥è¥âª , «¥� é ï ¬¥�¤ã Q(�) ¨ P (�). � ª ®¡ëç®, P++(�) ®¡®§ ç -¥â ª®ãá ¤®¬¨ âëå æ¥«ëå ¢¥á®¢, ï¢«ïîé¨åáï ¥®âà¨æ â¥«ìë¬¨ æ¥«®ç¨á«¥ë¬¨«¨¥©ë¬¨ ª®¬¡¨ æ¨ï¬¨ äã¤ ¬¥â «ìëå ¢¥á®¢ ̟1, . . . , ̟l.Ǒãáâì, ¤ «¥¥, R { ª®¬¬ãâ â¨¢®¥ ª®«ìæ® á 1. � ª ¨§¢¥áâ®, ¯® íâ¨¬ ¤ ë¬ ¬®�® ¯®-áâà®¨âì £àã¯¯ã �¥¢ ««¥ G = GP (�, R), ï¢«ïîéãîáï £àã¯¯®© â®ç¥ª  ¤ R ¥ª®â®à®© ää¨®© £àã¯¯®¢®© áå¥¬ë G = GP (�,−),  §ë¢ ¥¬®© áå¥¬®© �¥¢ ««¥-�¥¬ §îà .� ¨â¥à¥áãîé¥¬  á á«ãç ¥ � = E6, ª ª å®à®è® ¨§¢¥áâ®, [P (�) : Q(�)℄ = 3, ¯®íâ®¬ã
P à ¢® P (�) ¨«¨ Q(�). � ª¨¬ ®¡à §®¬, ¯à¨ � = E6 áãé¥áâ¢ã¥â ¤¢¥ £àã¯¯ë â®ç¥ª
G = GP (E6, R),   ¨¬¥® ¯à¨á®¥¤¨¥ ï £àã¯¯  Gad(E6, R) = GP (�)(E6, R) ¨ ®¤®-á¢ï§ ï £àã¯¯  Gs(E6, R) = GQ(�)(E6, R). Ǒà¨ íâ®¬ ¢ áå¥¬®¬ á¬ëá«¥ ¯à¨á®¥¤¨¥ ï£àã¯¯®¢ ï áå¥¬  ï¢«ï¥âáï ä ªâ®à®¬ ®¤®á¢ï§®© ¯® áå¥¬¥ µ3. �§ íâ®£®, ¢ ç áâ®áâ¨,á«¥¤ã¥â, çâ® ¥á«¨ ¢ ¯®«¥ K «î¡®© ¬®£®ç«¥ áâ¥¯¥¨ ¥ ¢ëè¥ âà¥å ¨¬¥¥â ª®à¥ì, â® ¯à¨-á®¥¤¨¥ ï £àã¯¯  ï¢«ï¥âáï ä ªâ®à®¬ ®¤®á¢ï§®© ¯® æ¥âàã, ¨§®¬®àä®¬ã £àã¯¯¥ µ3ªã¡¨ç¥áª¨å ª®à¥© ¨§ 1: Gad(E6, K) ∼= Gs(E6, K)/µ3.Ǒãáâì â¥¯¥àì G = G(�, R) ¥áâì £àã¯¯  �¥¢ ««¥ â¨¯  �  ¤ ª®«ìæ®¬ R. �ë¡®à ¡ §¨á �¥¢ ««¥ § ¤ ¥â, ¢ ç áâ®áâ¨, à áé¥¯¨¬ë© ¬ ªá¨¬ «ìë© â®à T = T (�, R) ¢ £àã¯¯¥ G¨ ¯ à ¬¥âà¨§ æ¨î ª®à¥¢ëå ã¨¯®â¥âëå ¯®¤£àã¯¯ Xα, α ∈ �, ®â®á¨â¥«ì® â®à 
T . �¨ªá¨àã¥¬ íâã ¯ à ¬¥âà¨§ æ¨î, ¯ãáâì xα(ξ) | í«¥¬¥â àë© ª®à¥¢®© ã¨¯®â¥â,®â¢¥ç îé¨© α ∈ �, ξ ∈ R. Ǒà¨ íâ®¬

Xα = {xα(ξ) | ξ ∈ R
}
.�«ï í«¥¬¥â®¢ x ¨ y £àã¯¯ë G ç¥à¥§ [x, y℄ ®¡®§ ç ¥âáï ¨å «¥¢®®à¬¨à®¢ ë© ª®¬-¬ãâ â®à xyx−1y−1. �®¬¬ãâ æ¨® ï ä®à¬ã«  �¥¢ ««¥ ãâ¢¥à�¤ ¥â, çâ®[xα(ξ), xβ(η)℄ =∏xiα+jβ(Nαβijξiηj),¤«ï «î¡ëå α, β ∈ � â ª¨å, çâ® α + β 6= 0, ¨ ξ, η ∈ R. Ǒà®¨§¢¥¤¥¨¥ ¢ ¯à ¢®© ç áâ¨ä®à¬ã«ë ¡¥à¥âáï ¯® ¢á¥¬ ª®àï¬ ¢¨¤  iα+jβ ∈ �, i, j ∈ N, ¢ ¥ª®â®à®¬ ä¨ªá¨à®¢ ®¬¯®àï¤ª¥. Ǒà¨ íâ®¬ áâàãªâãàë¥ ª®áâ âë £àã¯¯ë �¥¢ ««¥ Nαβij ¥ § ¢¨áïâ ®â ξ ¨

η. �®«¥¥ â®£®, Nαβ11 = Nαβ áãâì ¢ â®ç®áâ¨ áâàãªâãàë¥ ª®áâ âë  «£¥¡àë �¨ L¢ á®®â¢¥âáâ¢ãîé¥¬ ¡ §¨á¥ �¥¢ ««¥. �«ï á¨áâ¥¬ë á ¯à®áâë¬¨ á¢ï§ï¬¨ ¥¤¨áâ¢¥ ï¯®«®�¨â¥«ì ï «¨¥© ï ª®¬¡¨ æ¨ï ª®à¥© α ¨ β, ª®â®à ï ¬®�¥â ¡ëâì ª®à¥¬, íâ®¨å áã¬¬  α + β. � ª¨¬ ®¡à §®¬ ¢ íâ®¬ á«ãç ¥ ª®¬¬ãâ æ¨® ï ä®à¬ã«  �¥¢ ««¥¯à¨¨¬ ¥â ¢¨¤ [xα(ξ), xβ(η)℄ = e ¢ á«ãç ¥, ¥á«¨ α+ β ¥ ï¢«ï¥âáï ª®à¥¬, ¨ ¢¨¤[xα(ξ), xβ(η)℄ = xα+β(Nαβξη),¥á«¨ α + β ï¢«ï¥âáï ª®à¥¬. �àã¯¯  E(�, R) = 〈Xα, α ∈ �〉, ¯®à®�¤¥ ï ¢á¥¬¨ í«¥-¬¥â àë¬¨ ª®à¥¢ë¬¨ ¯®¤£àã¯¯ ¬¨,  §ë¢ ¥âáï í«¥¬¥â à®© ¯®¤£àã¯¯®© £àã¯-¯ë �¥¢ ««¥ G(�, R). �  áâ®ïé¥© à ¡®â¥  á ¡ã¤¥â ¨â¥à¥á®¢ âì â®«ìª® á«ãç ©, ª®£¤ 
R = K | ¯®«¥. �®à®è® ¨§¢¥áâ®, çâ® ¢ íâ®¬ á«ãç ¥, ¥á«¨ à £ á¨áâ¥¬ë � ¡®«ìè¥ 0, â®
Esc(�, K) = Gsc(�, K).2. �®¤ã«¨ �¥©«ï�¡ëç® ¬ë à áá¬ âà¨¢ ¥¬ £àã¯¯ã �¥¢ ««¥ G = GP (�, R) ¢¬¥áâ¥ á ¤¥©áâ¢¨¥¬   ¬®-¤ã«¥ �¥©«ï V = V (ω) ¤«ï ¥ª®â®à®£® ¤®¬¨ â®£® ¢¥á  ω. �¨ªá¨àã¥¬ ¢¥á ω ∈ P++(�)¨ ¯ãáâì V = V (ω) | ¬®¤ã«ì �¥©«ï £àã¯¯ë G á® áâ àè¨¬ ¢¥á®¬ ω. �®®â¢¥âáâ¢ãîé¥¥7



¯à¥¤áâ ¢«¥¨¥ G −→ GL(V ) ¡ã¤¥â ®¡®§ ç âìáï ç¥à¥§ π = π(ω). �¥à¥§ � = �(ω) ®¡®§ -ç ¥âáï  ¡®à ¢¥á®¢ ¬®¤ã«ï V = V (ω) á ãç¥â®¬ ªà â®áâ¨. �«ï ®¡®§ ç¥¨ï ¬®�¥-áâ¢  ¢¥á®¢, à áá¬ âà¨¢ ¥¬ëå ¡¥§ ªà â®áâ¨, ¬ë ®¡ëç® ¡ã¤¥¬ ¯¨á âì ��(ω). �  áâ®-ïé¥© à ¡®â¥  á ¡ã¤ãâ ¨â¥à¥á®¢ âì, £« ¢ë¬ ®¡à §®¬, â®«ìª® ¬¨ªà®¢¥á®¢ë¥ ¬®¤ã«¨,á¬. [34℄, [37℄, [35℄, [45℄ ¨ á®¤¥à� é¨¥áï â ¬ ááë«ª¨. �«ï ¬¨ªà®¢¥á®¢®£® ¯à¥¤áâ ¢«¥¨ï¢á¥ ¢¥á  íªáâà¥¬ «ìë ¨, § ç¨â, ¨¬¥îâ ªà â®áâì 1, â ª çâ® ¢ íâ®¬ á«ãç ¥ � = ��(ω)á®¢¯ ¤ ¥â á �¥©«¥¢áª®© ®à¡¨â®© áâ àè¥£® ¢¥á , � =Wω.� ¤ «ì¥©è¥¬ ¬ë ä¨ªá¨àã¥¬ ¤®¯ãáâ¨¬ë© ¡ §¨á vλ, λ ∈ �, ¬®¤ã«ï V . � ¯®¬¨¬,çâ® ¡ §¨á  §ë¢ ¥âáï ¤®¯ãáâ¨¬ë¬, ¥á«¨ ¢ë¯®«ïîâáï ¤¢  á«¥¤ãîé¨å ãá«®¢¨ï.
• � �¤ë© ¢¥ªâ®à vλ ¤¥©áâ¢¨â¥«ì® ï¢«ï¥âáï ¢¥ªâ®à®¬ ¢¥á  λ, ¥á«¨ à áá¬ âà¨¢ âì λª ª ¢¥á ¡¥§ ªà â®áâ¨.
• �¥©áâ¢¨¥ ª®à¥¢ëå ã¨¯®â¥â®¢ xα(ξ), α ∈ �, ξ ∈ R ¢ ¡ §¨á¥ vλ, λ ∈ �(ω), § ¤ ¥âáï¬ âà¨æ ¬¨, í«¥¬¥âë ª®â®àëå áãâì ¯®«¨®¬ë ®â ξ á æ¥«ë¬¨ ª®íää¨æ¨¥â ¬¨.�¥¬¬  � æã¬®â®, á¬. [34℄, [37℄, ãâ¢¥à�¤ ¥â, çâ® ¤«ï ¬¨ªà®¢¥á®¢ëå ¯à¥¤áâ ¢«¥¨©¬®�® â ª ®à¬¨à®¢ âì ¤®¯ãáâ¨¬ë© ¡ §¨á, çâ®¡ë

xα(ξ)vλ = vλ + cλ+α,λξvλ+α,£¤¥ ¢á¥ áâàãªâãàë¥ ª®áâ âë ¤¥©áâ¢¨ï cλ+α,λ à ¢ë ±1. �¡ëç® íâ¨ ª®áâ âë ®¡®-§ ç îâáï cλα, ®¤ ª®  ¬ ¡ã¤¥â ã¤®¡¥¥ ¨á¯®«ì§®¢ âì ®¡®§ ç¥¨¥ cλ+α,λ. � ¤ «ì¥©-è¥¬ ¬ë ¢á¥£¤  ¢ë¡¨à ¥¬ ªà¨áâ ««¨ç¥áª¨© ¡ §¨á, ¢ ª®â®à®¬ ¢á¥ áâàãªâãàë¥ ª®áâ -âë cλ+α,λ à ¢ë +1 ¤«ï ¯à®áâëå ¨ ®âà¨æ â¥«ìëå ¯à®áâëå ª®à¥©, â.¥. cλ+α,λ = +1,¥á«¨ α ∈ ±�. Ǒà¨ íâ®¬ cλ+δ,λ ¡ã¤¥â à ¢® +1 ¤«ï ¢á¥å λ, λ+ δ ∈ �. �ãé¥áâ¢®¢ ¨¥ â -ª®£® ¡ §¨á  ¢ëâ¥ª ¥â ¨§ ®¡é¨å à¥§ã«ìâ â®¢ ��.�îáâ¨£  ¨ �.� è¨¢ à , í«¥¬¥â àë¥¤®ª § â¥«ìáâ¢  ¯à¨¢¥¤¥ë ¢ [10℄ ¨ [45℄.�ë ¬ëá«¨¬ ¢¥ªâ®à a ∈ V , a = ∑
vλaλ, ª ª áâ®«¡¥æ ª®®à¤¨ â a = (aλ), λ ∈ �.Ǒà¨ íâ®¬ í«¥¬¥â b ª®âà £à ¤¨¥â®£® ¬®¤ã«ï V ∗ ¥áâ¥áâ¢¥® ¯à¥¤áâ ¢«ïâì á¥¡¥ ª ªáâà®ªã b = (bλ), λ ∈ �. � §ã¬¥¥âáï, ¯® ®â®è¥¨î ª ¢¥á ¬ �∗ ª®âà £à ¤¨¥â®£®¬®¤ã«ï V ∗ ª àâ¨  ®¡à â ï: í«¥¬¥âë V ∗ ¯à¥¤áâ ¢«ïîâáï áâ®«¡æ ¬¨ b = (bλ), λ ∈ �∗,  í«¥¬¥âë V { áâà®ª ¬¨ a = (aλ), λ ∈ �∗. Ǒ®íâ®¬ã ¬ë ¥é¥ à § ®¡à é ¥¬ ¢¨¬ ¨¥  â®, çâ® ¬ë ¨¤¥ªá¨àã¥¬ ª ª áâ®«¡æë, â ª ¨ áâà®ª¨ ¢¥á ¬¨ ¬®¤ã«ï V { ¨¤¥ªáë λ, µ, ν ¨â.¤. ¯à¨ ¤«¥� â �. �ë¬¨ á«®¢ ¬¨,  ¬ ã¤®¡® ã¬¥à®¢ âì ª®®à¤¨ âë ¢¥ªâ®à  ¨§ V ∗¢¥á ¬¨ ¬®¤ã«ï V ¨ § ¯¨áë¢ âì ¨å ª ª áâà®ª¨ | ¢ â® ¢à¥¬ï ª ª ®¡ëç® ®¨ ã¬¥àãîâáï¢¥á ¬¨ á ¬®£® ¬®¤ã«ï V ∗ ¨ § ¯¨áë¢ îâáï ª ª áâ®«¡æë.�¤¨ ¨§ ¯à¨æ¨¯¨ «ìëå â¥å¨ç¥áª¨å ¬®¬¥â®¢ á®áâ®¨â ¢ â®¬, çâ® í«¥¬¥âë íâ¨åáâà®ª ï¢«ïîâáï ¥ «¨¥©® ã¯®àï¤®ç¥ë¬¨,   «¨èì ç áâ¨ç® ã¯®àï¤®ç¥ë¬¨, ¢ á®®â-¢¥âáâ¢¨¨ á ¯®àï¤ª®¬   �, § ¤ ¢ ¥¬ë¬ ¢ë¡®à®¬ á¨áâ¥¬ë ¯à®áâëå ª®à¥© �. � ¨¬¥®,¬ë ¯®« £ ¥¬, çâ® λ ≥ µ, ¥á«¨ λ − µ = ∑

miαi, £¤¥ mi ≥ 0. Ǒà¨ ®¯¨á ®© ¢ëè¥ ¨-â¥à¯à¥â æ¨¨ í«¥¬¥â®¢ ¬®¤ã«ï V í«¥¬¥âë £àã¯¯ë �¥¢ ««¥ ¥áâ¥áâ¢¥® ¬ëá«¨âì ª ª¬ âà¨æë g = (gλµ), λ, µ ∈ �, ¯® ®â®è¥¨î ª ¡ §¨áã vλ. � ª ®¡ëç®, áâ®«¡æ ¬¨ íâ®©¬ âà¨æë ï¢«ïîâáï áâ®«¡æë ª®®à¤¨ â ¢¥ªâ®à®¢ gvµ, µ ∈ �, ¯® ®â®è¥¨î ª ¡ §¨áã vλ,
λ ∈ �. �ë ¡ã¤¥¬ ç áâ® ¯®«ì§®¢ âìáï á«¥¤ãîé¨¬ ®¡®§ ç¥¨¥¬: µ-© áâ®«¡¥æ ¬ âà¨æë g¡ã¤¥â ®¡®§ ç âìáï ç¥à¥§ g∗µ,   λ-ï áâà®ª  { ç¥à¥§ gλ∗.�  áâ®ïé¥© à ¡®â¥ ¬ë à áá¬ âà¨¢ ¥¬ £àã¯¯ã Gs(E6, R) ¢¬¥áâ¥ á ¤¥©áâ¢¨¥¬   27-¬¥à®¬ ¬®¤ã«¥ V = V (̟1). �®®â¢¥âáâ¢ãîé¥¥ ¯à¥¤áâ ¢«¥¨¥ ï¢«ï¥âáï, ª ª å®à®è® ¨§-¢¥áâ®, ¬¨ªà®¢¥á®¢ë¬. � á®� «¥¨î, çãâì ¤ «ìè¥  ¬ ¯®âà¥¡ãîâáï ¥ª®â®àë¥ á¢®©áâ¢ á¨áâ¥¬ë ¢¥á®¢, ¥ á®¢á¥¬ ®ç¥¢¨¤ë¥ ¨§ ¤ ®£® ¢ëè¥ ®¯¨á ¨ï �. Ǒ®íâ®¬ã á¥©ç á ¬ë8



¯à¨¢¥¤¥¬ çãâì ¤àã£ãî ª®áâàãªæ¨î íâ®£® ¬®�¥áâ¢ . � ¨¬¥®, à áá¬®âà¨¬ á¨áâ¥¬ãª®à¥© � = E7. �ç¥¢¨¤®, çâ® ¯®¤á¨áâ¥¬ , á®áâ®ïé ï ¨§ ª®à¥©, ¨¬¥îé¨å ¢ à §«®�¥-¨¨   ¯à®áâë¥ ª®à¨ ª®íää¨æ¨¥â 0 ¯à¨ α7, ª ®¨ç¥áª¨ ¨§®¬®àä  � = E6. Ǒãáâì�1 | ¬®�¥áâ¢® ª®à¥©, ¨¬¥îé¨å ¢ à §«®�¥¨¨   ¯à®áâë¥ ª®à¨ ª®íää¨æ¨¥â 1 ¯à¨
α7. �  ¨å áâ ¤ àâë¬ ®¡à §®¬ ¤¥©áâ¢ã¥â £àã¯¯  W� = 〈wαi

; 1 ≤ i ≤ 6〉. �¥á«®�®¢¨¤¥âì, çâ® íâ® ¤¥©áâ¢¨¥ âà §¨â¨¢®. Ǒãáâì | ®àâ®£® «ì ï ¯à®¥ªæ¨ï   £¨¯¥à-¯«®áª®áâì,  âïãâãî   ª®à¨ αi ¯à¨ 1 ≤ i ≤ 6. � áá¬®âà¨¬ ª®à¥ì α = 2343212 .� ¬¥â¨¬, çâ® α ®àâ®£® «¥ ª®àï¬ αi ¯à¨ 2 ≤ i ≤ 6 ¨ ®¡à §ã¥â ã£®« π/3 á α1. � ç¥£®¢®àï, (α, α1) = 1/2 ¨ (α, αi) = 0 ¯à¨ 2 ≤ i ≤ 6. �âáî¤ , ¯®áª®«ìªã α − α ⊥ αi ¯à¨1 ≤ i ≤ 6, á«¥¤ã¥â, çâ® α = ̟1 | ¯¥à¢ë© äã¤ ¬¥â «ìë© ¢¥á. Ǒ®íâ®¬ã ¯®«ãç ¥¬, çâ®� = W̟1 = Wα = Wα = �1. �¥á«®�® ¢¨¤¥âì, çâ® ¯à®¥ªæ¨ï , ®£à ¨ç¥ ï   �1,ï¢«ï¥âáï ¡¨¥ªæ¨¥©. Ǒà¨ íâ®¬ ® , ¯® ®ç¥¢¨¤ë¬ á®®¡à �¥¨ï¬, á®£« á®¢   á ¤¥©áâ¢¨-¥¬ £àã¯¯ë W ¨ φ+ β = φ+ β ¤«ï ¯à®¨§¢®«ìëå β ∈ � ¨ φ, φ+ β ∈ �1. � ª¨¬ ®¡à §®¬,¬®�® ®â®�¤¥áâ¢¨âì ¬®�¥áâ¢  � ¨ �1. � ¬®£® ¡®«¥¥ ¯®¤à®¡®, ¨   ¥áª®«ìª® ¤àã£®¬ï§ëª¥, íâ  ª®áâàãªæ¨ï ¤   ¢ [7℄. � ¬ �¥ ¬®�®  ©â¨ ¬®£®ç¨á«¥ë¥ ¤ «ì¥©è¨¥ááë«ª¨   «¨â¥à âãàã.�«ï ã¤®¡áâ¢  à ¡®âë á ¨â¥à¥áãîé¨¬  á 27-¬¥àë¬ ¯à¥¤áâ ¢«¥¨¥¬ £àã¯¯ë
Gs(E6, R), áâ®¨â § ã¬¥à®¢ âì ¥£® ¢¥á . � ª ã�¥ £®¢®à¨«®áì,   ¬®�¥áâ¢¥ ¢¥á®¢¥áâ¥áâ¢¥ë¬ ®¡à §®¬ ¢¢®¤¨âáï ç áâ¨çë© ¯®àï¤®ª; à áá¬ âà¨¢ îâ ®¡ëç® â®«ìª® â¥«¨¥©ë¥ ¯®àï¤ª¨, ª®â®àë¥ á®£« á®¢ ë á íâ¨¬ ç áâ¨çë¬. �¤ ª® â ª¨å ¯®àï¤ª®¢¤®¢®«ì® ¬®£®, ¨ ¬ë, çâ®¡ë ¨§¡¥� âì ¯ãâ ¨æë, ¯®¯ëâ «¨áì ª ª ¬®�® ¬¥ìè¥ ¨á-¯®«ì§®¢ âì ª®ªà¥âãî ã¬¥à æ¨î. � ¨¬¥®, ¢áî¤ã, ªà®¬¥ §6,  ¬ ¤®áâ â®ç® â®£®,çâ®¡ë ¯®àï¤®ª ¡ë« á®£« á®¢  á A5-¢¥â¢«¥¨¥¬ (á¬.,  ¯à¨¬¥à, [7℄). �â® ®§ ç ¥â, çâ®
i+ 21 = i− δ ¤«ï ¢á¥å 1 ≤ i ≤ 6 (§¤¥áì ¬ë ¤®¯ãáª ¥¬ ¥ª®â®àãî ¥â®ç®áâì, ¯ãâ ï ¢¥á ¨ ¨å ®¬¥à : ¨¬¥¥âáï ¢ ¢¨¤ã, çâ® ¥á«¨ ª ¢¥áã á ®¬¥à®¬ i + 21 ¯à¨¡ ¢¨âì ª®à¥ì δ, â®¯®«ãç¨âáï ¢¥á á ®¬¥à®¬ i). �â® ãá«®¢¨¥ ®¤®§ ç® ®¯à¥¤¥«ï¥â, ãç¨âë¢ ï ¨¬¥îé¨©áïç áâ¨çë© ¯®àï¤®ª, ¯¥à¢ãî ¨ ¯®á«¥¤îî ¢®áì¬¥àª¨ ¢¥á®¢. � è¥áâ®¬ ¯ à £à ä¥, ª á®-� «¥¨î,  ¬ ¯à¨å®¤¨âáï ¨á¯®«ì§®¢ âì ¢áî ã¬¥à æ¨î. �á¯®«ì§ã¥¬ë©  ¬¨ ¯®àï¤®ª¥áª®«ìª® ®â«¨ç ¥âáï ®â ¯®àï¤ª®¢ ¨§ [7℄; á®®â¢¥âáâ¢ãîé ï ¢¥á®¢ ï ¤¨ £à ¬¬  ¯à¨¢¥¤¥   à¨á.: 11◦1

��
6

@@10◦ 15◦
�� @@ �� @@7◦ 9◦ 14◦ 18◦ 21◦

�� @@ �� @@ �� @@ �� @@ �� @@1◦ 1 2◦ 3 3◦ 4 4◦ 8◦ 13◦ 17◦ 20◦ 24◦ 425◦ 526◦ 627◦5@@ �� @@ 4�� 5@@ 3�� 4@@ �� @@ 3��5◦ 12◦ 16◦ 19◦ 23◦6@@ 2�� 2@@ 1��6◦ 22◦� ª ®¡ëç®, ¢¥àè¨ë ¤¨ £à ¬¬ë á®®â¢¥âáâ¢ãîâ ¢¥á ¬; ¤¢¥ ¢¥àè¨ë á®¥¤¨¥ë à¥¡-à®¬ á ®¬¥à®¬ i, ¥á«¨ à §®áâì á®®â¢¥âáâ¢ãîé¨å ¢¥á®¢ ¥áâì ¯à®áâ®© ª®à¥ì αi; "¯ à «-«¥«ìë¥" à¥¡à  á®®â¢¥âáâ¢ãîâ ®¤¨ ª®¢ë¬ ¯à®áâë¬ ª®àï¬. �®«¥¥ ¯®¤à®¡®¥ ®¯¨á ¨¥¢¥á®¢ëå ¤¨ £à ¬¬ ¢¬¥áâ¥ á ¨áâ®à¨ç¥áª®© á¯à ¢ª®© ¨ ¤ «ì¥©è¨¬¨ ááë«ª ¬¨   «¨â¥à -âãàã ¬®�®  ©â¨ ¢ [7℄. �¥à¥§ ei, £¤¥ i ∈ �, ¢ ¤ «ì¥©è¥¬ ¡ã¤ãâ ®¡®§ ç âìáï ¡ §¨áë¥¢¥ªâ®à  ¯à®áâà áâ¢  V ; á®®â¢¥âáâ¢¥®, ¡ §¨áë¥ ª®¢¥ªâ®à  ¡ã¤ãâ ®¡®§ ç âìáï ç¥à¥§9



ei, £¤¥ i ∈ �.3. �à¨«¨¥© ï ä®à¬  ¨ 3-ä®à¬ Ǒãáâì V = V (̟1) | 27-¬¥àë© ¬®¤ã«ì ¤«ï £àã¯¯ë �¥¢ ««¥ G = Gs(E6, R). �®£¤ áãé¥áâ¢ã¥â âà¨«¨¥© ï ä®à¬  F : V × V × V → R, â ª ï, çâ® G ï¢«ï¥âáï £àã¯¯®©¨§®¬¥âà¨© F , â.¥., ¨ë¬¨ á«®¢ ¬¨, G á®¢¯ ¤ ¥â á £àã¯¯®© ¢á¥å g ∈ GL(V,R), â ª¨å, çâ®
F (gu, gv, gw) = F (u, v, w) ¤«ï ¢á¥å u, v, w ∈ V .�¯¥à¢ë¥ ä®à¬  F ¯®ï¢¨« áì ¢ à ¡®â å �¨ªá®  ¢ 1901 £®¤ã. � ¤ «ì¥©è¥¬ ¥¥  ªâ¨¢-® ¨§ãç «¨ ¨ ¨á¯®«ì§®¢ «¨ �¥¢ ««¥, �à¥©¤¥â «ì, �¯à¨£¥à, �¨âá, �¥«¨£¬ , ��¥-ª®¡á®, �¥«ì¤ª ¬¯, �®í, �ã¯¥àáâ¥© ¨ ¬®£¨¥ ¤àã£¨¥ (á¬. [7℄ ¨ [6℄ ¤«ï ¤ «ì¥©è¨åááë«®ª). � ç «¥ ®  ¨§ãç « áì  ¤ ¯®«ï¬¨ ã«¥¢®© å à ªâ¥à¨áâ¨ª¨,   ¢ ¤ «ì¥©è¥¬¡ë«  ®¡®¡é¥    ¯à®¨§¢®«ìë¥ ¯®«ï á å à ªâ¥à¨áâ¨ª®© ¥ à ¢®© 2 ¨ 3. �¯à¨®à¨ ¯à¨¥®¡à â¨¬ëå 2 ¨«¨ 3 ¬®£ãâ ¢®§¨ª âì ¯à®¡«¥¬ë, ®¤ ª®, ª ª ¯®ª § « �è¡ å¥à [24℄, [25℄,[26℄, [27℄, [28℄, [29℄ íâ®£® ¥ ¯à®¨áå®¤¨â. �®«¥¥ â®£®, ª ª ¯®ª § ® ¢ [187℄, ä®à¬ã F ¬®�®à áá¬ âà¨¢ âì  ¤ ¯à®¨§¢®«ìë¬ ª®¬¬ãâ â¨¢ë¬ ª®«ìæ®¬, ® ¢  áâ®ïé¥© à ¡®â¥  á¨â¥à¥áã¥â â®«ìª® á«ãç © ¯®«ï.� ¤¥©áâ¢¨â¥«ì®áâ¨, �è¡ å¥à ¢ á¢®¨å à ¡®â å ¨á¯®«ì§ã¥â 3-ä®à¬ã F = (T,Q, F ), £¤¥
T | ªã¡¨ç¥áª ï ä®à¬ , Q| ¥¥ ç áâ¨ç ï ¯®«ïà¨§ æ¨ï,   F | ¥¥ ¯®« ï ¯®«ïà¨§ æ¨ï.�®«¥¥ ¯®¤à®¡®, 3-ä®à¬  F | íâ® âà®©ª  (T,Q, F ), â ª ï, çâ®:(1) F | âà¨«¨¥© ï ä®à¬ ;(2) Q : V × V → K «¨¥©® ¯® ¯¥à¢®© ¯¥à¥¬¥®© ¨ ã¤®¢«¥â¢®àï¥â à ¢¥áâ¢ ¬

Q(x, ay) = a2Q(x, y) ¨ Q(x, y+ z) = Q(x, y)+Q(x, z) +F (x, y, z) ¤«ï ¢á¥å a ∈ K ¨
x, y, z ∈ V ;(3) T : V → K ã¤®¢«¥â¢®àï¥â à ¢¥áâ¢ ¬ T (ax) = a3T (x) ¨ T (x+ y) = T (x) + T (y) +
Q(x, y) +Q(y, x) ¤«ï ¢á¥å a ∈ K ¨ x, y ∈ V .� ç áâ®áâ¨, ¢ á¢®¨å à ¡®â å �è¡ å¥à ¯®ª §ë¢ ¥â, çâ®  ¤ ¯à®¨§¢®«ìë¬ ¯®«¥¬ £àã¯-¯  Gs(E6, K) á®¢¯ ¤ ¥â á £àã¯¯®© ¨§®¬¥âà¨© 3-ä®à¬ë F ¨, ªà®¬¥ íâ®£®, á £àã¯¯ ¬¨¨§®¬¥âà¨© ä®à¬ F ¨ Q. �  áâ®ïé¥© à ¡®â¥, ªà®¬¥ âà¨«¨¥©®© ä®à¬ë F , ¬ë ¨á-¯®«ì§ã¥¬, ¢ ®¯à¥¤¥«¥¨¨ á¨£ã«ïàëå ¢¥ªâ®à®¢, ä®à¬ã Q. �â® á¤¥« ® ¤«ï â®£®, çâ®¡ë¥¤¨®®¡à §® à áá¬ âà¨¢ âì ¯®«ï «î¡®© å à ªâ¥à¨áâ¨ª¨.�®çë© ¢¨¤ ä®à¬ë T (¯®ïâ®, çâ® ¯® T ä®à¬ë Q ¨ F «¥£ª® ®¯à¥¤¥«ïîâáï) ¢ëç¨á«¥¢ à ¡®â¥ [7℄, ®¤ ª®, ¯®áª®«ìªã ¢  áâ®ïé¥© à ¡®â¥ çãâì ¤àã£ ï ã¬¥à æ¨ï ¢¥á®¢, ¬ë ¥¥â®�¥ ¯à¨¢¥¤¥¬. � ¨¬¥®,

T (x) = x1x11x27 − x1x15x26 + x1x18x25 − x1x20x24 + x1x21x23
− x2x10x27 + x2x14x26 − x2x17x25 + x2x19x24 − x2x21x22+ x3x9x27 − x3x13x26 + x3x16x25 − x3x19x23 + x3x20x22
− x4x8x27 + x4x12x26 − x4x16x24 + x4x17x23 − x4x18x22+ x5x7x27 − x5x12x25 + x5x13x24 − x5x14x23 + x5x15x22
− x6x7x26 + x6x8x25 − x6x9x24 + x6x10x23 − x6x11x22+ x7x16x21 − x7x17x20 + x7x18x19 − x8x13x21 + x8x14x20
− x8x15x19 + x9x12x21 − x9x14x18 + x9x15x17 − x10x12x20+ x10x13x18 − x10x15x16 + x11x12x19 − x11x13x17 + x11x14x16.�«ï ¡®«ìè¨áâ¢  ¨â¥à¥áãîé¨å  á ¢®¯à®á®¢, ®¤ ª®, ¤®áâ â®ç® § âì, çâ® T (x) =∑±xρxσxτ , £¤¥ áã¬¬  ¡¥à¥âáï ¯® ¢á¥¬ ¥ã¯®àï¤®ç¥ë¬ âà¨ ¤ ¬ {ρ, σ, τ} (âà¨ ¤®©10



 §ë¢ ¥âáï âà®©ª  ¯®¯ à® ¤ «¥ª¨å ¢¥á®¢, á¬. [20, §2℄ ). �®®â¢¥âáâ¢¥®, F (x, y, z) =∑±xρyσzτ , £¤¥ áã¬¬  ¡¥à¥âáï ¯® ¢á¥¬ ã¯®àï¤®ç¥ë¬ âà¨ ¤ ¬ (ρ, σ, τ),   Q(x, y) =∑±xρyσyτ , £¤¥ áã¬¬  ¡¥à¥âáï ¯® ¢á¥¬ âà¨ ¤ ¬ (ρ, {σ, τ}), ¢ ª®â®àëå ¯ à , á®áâ®ïé ï¨§ ¢â®à®£® ¨ âà¥âì¥£® ¢¥á , ¥ã¯®àï¤®ç¥ . �®«¥¥ ¯®¤à®¡® ®¡ íâ®¬ £®¢®à¨âáï ¢ [7℄.� ª®¥æ, ¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® â®ç® â ª ï �¥ ä®à¬  ¤¥©áâ¢ã¥â ¨   ¤¢®©áâ¢¥®¬¬®¤ã«¥ V ∗, í«¥¬¥âë ª®â®à®£® ¬ë ®¡®§ ç ¥¬ áâà®ª ¬¨. �âã ä®à¬ã ¬ë â ª�¥ ¡ã¤¥¬®¡®§ ç âì ç¥à¥§ F = (T,Q, F ).
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§2. �á¯®«ì§ã¥¬ë¥ ãâ¢¥à�¤¥¨ï ¨§ [20℄� áâ®ïé ï áâ âìï ï¢«ï¥âáï ¯à®¤®«�¥¨¥¬ à ¡®âë [20℄, ¨ ¬ë ç áâ® ¡ã¤¥¬ ááë« âìáï  ãâ¢¥à�¤¥¨ï ¨§ â®© à ¡®âë. �«ï ã¤®¡áâ¢  ¬ë ¢ íâ®¬ ¯ à £à ä¥ ¯¥à¥ç¨á«¨¬ ¢á¥¨á¯®«ì§ã¥¬ë¥ ä ªâë ¨ ®¡®§ ç¥¨ï ¨§ [20℄. �â®¨â ®â¬¥â¨âì, çâ® ¢á¥ íâ¨ ä ªâë, ªà®¬¥âà¥å â¥®à¥¬ ¨ «¥¬¬ë 4.2, ï¢«ïîâáï á®¢¥àè¥® í«¥¬¥â àë¬¨ ¨ «¥£ª® ¬®£ãâ ¡ëâì¤®ª § ë á ¬®áâ®ïâ¥«ì®. �áë«ª¨   ãâ¢¥à�¤¥¨ï ¨§ [20℄ ¡ã¤ãâ ¢ ¤ «ì¥©è¥¬ ¨¬¥âì¢¨¤ [ãâ¢. 6℄.1. � ª®àïå ¨ ¢¥á åǑãáâì wα(t) = xα(t)x−α(−t−1)xα(t) ∈ Gs(E6, K),   £àã¯¯  W̃ ,  §ë¢ ¥¬ ï à áè¨à¥-®© £àã¯¯®© �¥©«ï, à ¢  〈wα(1);α ∈ �〉. �®à®è® ¨§¢¥áâ®, çâ® wα(1)xβ(a)wα(1)−1 =
xwαβ(±a) ¤«ï ¢á¥å α, β ∈ � = E6 ¨ a ∈ K. �®£« á® [20℄, ¯®«®�¨¬ Iα1 = {ρ; ρ, ρ− α ∈�}, Iα2 = {ρ; ρ ∈ �, ρ ± α /∈ �} ¨ Iα3 = {ρ; ρ, ρ + α ∈ �}. �¥á«®�® ¢¨¤¥âì, çâ®¯à¨ á®¯àï�¥¨¨ ¯à¨ ¯®¬®é¨ wβ ¬®�¥áâ¢  Iα1 , Iα2 ¨ Iα3 ¯¥à¥å®¤ïâ ¢ I

wβ(α)1 , I
wβ(α)2 ¨

I
wβ(α)3 á®®â¢¥âáâ¢¥®. Ǒ®«®�¨¬ â ª�¥ I1 = Iδ1 , I2 = Iδ2 ¨ I3 = Iδ3 . � ç¥ £®¢®àï,
I1 = {i; 1 ≤ i ≤ 6}, I2 = {i; 6 < i < 22} ¨ I3 = {i; 22 ≤ i ≤ 27}.�¯à¥¤¥«¥¨¥. � ááâ®ï¨¥ ¬¥�¤ã à §«¨çë¬¨ ¢¥á ¬¨ i ¨ j, ®¡®§ ç ¥¬®¥ d(i, j) |íâ® ¬¨¨¬ «ì®¥ ª®«¨ç¥áâ¢® ª®à¥©, áã¬¬  ª®â®àëå à ¢  à §®áâ¨ i − j. �á«¨ ¢¥á á®¢¯ ¤ îâ, â® à ááâ®ï¨¥ ¬¥�¤ã ¨¬¨ áç¨â ¥âáï à ¢ë¬ 0.�«¥¤áâ¢¨¥ ¨§ ãâ¢¥à�¤¥¨ï 2 à ¡®âë [20℄. Ǒãáâì ρ ∈ Iα1 ¨ σ ∈ Iα3 . �®£¤  ¥á«¨
d(ρ, σ) = 1, â® ρ = σ + α.�â¢¥à�¤¥¨¥ 4 à ¡®âë [20℄. Ǒãáâì α, β ∈ � | ¯à®¨§¢®«ìë¥ ª®à¨ ¨ i, j ∈ � |¢¥á , â ª¨¥, çâ® i+ β = j. �®£¤ :(1) �á«®¢¨¥ α = β à ¢®á¨«ì® â®¬ã, çâ® i ∈ Iα3 ,   j ∈ Iα1 .(2) �á«®¢¨¥ ∠(α, β) = π/3 à ¢®á¨«ì® â®¬ã, çâ® «¨¡® i ∈ Iα3 ,   j ∈ Iα2 , «¨¡® i ∈ Iα2 ,  j ∈ Iα1 . Ǒà¨ íâ®¬ ®¡  á«ãç ï ¢áâà¥ç îâáï ¯® âà¨ à § .(3) �á«®¢¨¥ ∠(α, β) = π/2 à ¢®á¨«ì® â®¬ã, çâ® «¨¡® i, j ∈ Iα1 , «¨¡® i, j ∈ Iα2 ,«¨¡® i, j ∈ Iα3 . Ǒà¨ íâ®¬ ¯¥à¢ë© ¨ âà¥â¨© á«ãç ¨ ¢áâà¥ç îâáï ®¤¨ à §,  ¢â®à®© | ç¥âëà¥ à § .(4) �á«®¢¨¥ ∠(α, β) = 2π/3 à ¢®á¨«ì® â®¬ã, çâ® «¨¡® i ∈ Iα2 ,   j ∈ Iα3 , «¨¡® i ∈ Iα1 ,  j ∈ Iα2 . Ǒà¨ íâ®¬ ®¡  á«ãç ï ¢áâà¥ç îâáï ¯® âà¨ à § .(5) �á«®¢¨¥ α = −β à ¢®á¨«ì® â®¬ã, çâ® i ∈ Iα1 ,   j ∈ Iα3 .�â¢¥à�¤¥¨¥ 5 à ¡®âë [20℄.(1) � ¨â¥à¥áãîé¥¬  á 27-¬¥à®¬ ¯à¥¤áâ ¢«¥¨¨ à ááâ®ï¨¥ ¬¥�¤ã ¢¥á ¬¨ ¬®-�¥â ¡ëâì à ¢® â®«ìª® 0, 1 ¨«¨ 2. �«ï «î¡®£® ¢¥á  áãé¥áâ¢ã¥â à®¢® 16 ¢¥á®¢  à ááâ®ï¨¨ 1 ®â ¥£® ¨ 10 ¢¥á®¢   à ááâ®ï¨¨ 2 ®â ¥£®.(2) �«ï ¤¢ãå ¯à®¨§¢®«ìëå ¢¥á®¢   à ááâ®ï¨¨ 2 áãé¥áâ¢ã¥â à®¢® ®¤¨ ¢¥á  à ááâ®ï¨¨ 2 ®â ¨å ®¡®¨å.(3) Ǒãáâì α ∈ � | ¯à®¨§¢®«ìë© ª®à¥ì,   φ1, φ2, φ3 ∈ � | ¯à®¨§¢®«ì ï âà®©-ª  ¢¥á®¢, â ª¨å, çâ® d(φ1, φ2) = d(φ1, φ3) = d(φ2, φ3) = 2. �®£¤  «¨¡® ¢á¥ φi¯à¨ ¤«¥� â Iα2 , «¨¡® ®¤¨ ¨§ ¨å ¯à¨ ¤«¥�¨â Iα1 , ®¤¨ | Iα2 ¨ ®¤¨ | Iα3 .� ¬¥ç ¨¥. �¥á    à ááâ®ï¨¨ 2  §ë¢ îâáï  ¬¨ ¤ «¥ª¨¬¨,     à ááâ®ï¨¨ 1 |¡«¨§ª¨¬¨. �à®©ª¨ ¯®¯ à® ¤ «¥ª¨å ¢¥á®¢ ç áâ®  §ë¢ îâáï âà¨ ¤ ¬¨.12



�â¢¥à�¤¥¨¥ 6 à ¡®âë [20℄. Ǒãáâì α ∈ � | ¯à®¨§¢®«ìë© ª®à¥ì.(1) �«ï ¯à®¨§¢®«ì®£® ª®àï β, ®àâ®£® «ì®£® α, wβ ¯¥à¥áâ ¢«ï¥â ¬¥áâ ¬¨ª ª¨¥-â® ¤¢  ¢¥á  ¨§ Iα1 ,   ¯à®ç¨¥ ¢¥á  ¨§ Iα1 ®áâ ¢«ï¥â ¥¯®¤¢¨�ë¬¨.(2) �«ï ¯à®¨§¢®«ì®£® ¢¥á  ρ ∈ Iα2 áãé¥áâ¢ã¥â à®¢® ¤¢  ¢¥á  ρ1, ρ2 ∈ Iα1 , ¤ «¥ª¨å®â ρ.(3) �á«¨ ¤¢  ¢¥á  ρ ∈ Iα2 ¨ ρ1 ∈ Iα1 ¤ «¥ª¨, â® ¢¥á  ρ ¨ ρ1 − α â ª�¥ ¤ «¥ª¨.(4) �«ï ¯à®¨§¢®«ì®© ¯ àë ¢¥á®¢ ρ1, ρ2 ∈ Iα1 , áãé¥áâ¢ã¥â à®¢® ®¤¨ ¢¥á ρ ∈ Iα2 ,¤ «¥ª¨© ®â ¨å ®¡®¨å.(5) Ǒãáâì ρ, σ ∈ Iα2 | ¯à®¨§¢®«ìë¥ ¢¥á  ¨ {ρ1, ρ2}, {σ1, σ2} | á®®â¢¥âáâ¢ãîé¨¥¨¬, ¯® ¯ãªâã (2), ¯ àë ¢¥á®¢ ¨§ Iα1 . �®£¤  d(ρ, σ) = 2 à ¢®á¨«ì® â®¬ã, çâ®
{ρ1, ρ2} ∩ {σ1, σ2} = ∅.�¥¬¬  2.1 à ¡®âë [20℄.(1) Ǒãáâì α, β ∈ �, ¯à¨ç¥¬ α ⊥ β. � «¥¥, ¯ãáâì ρ| â ª®© ¢¥á, çâ® ρ+α ¨ ρ+β |â ª�¥ ¢¥á . �®£¤ 

cρ,ρ+αcρ+α,ρ+α+β = cρ,ρ+βcρ+β,ρ+α+β .� ç áâ®áâ¨, ρ+ α+ β â®�¥ ï¢«ï¥âáï ¢¥á®¬.(2) Ǒãáâì α, β, γ ∈ �, ¯à¨ç¥¬ α ⊥ β, γ ¨ ∠(β, γ) = 2π/3. � «¥¥, ¯à¥¤¯®«®�¨¬, çâ®áãé¥áâ¢ã¥â â ª®© ¢¥á σ, çâ® σ + α, σ + β, σ + β + γ ∈ �. �®£¤ 
cσ,σ+βcσ,σ+β+γcσ+β,σ+β+γ = cσ+α,σ+α+βcσ+α,σ+α+β+γcσ+α+β,σ+α+β+γ.� ç áâ®áâ¨, ¢á¥ íâ¨ ¢¥á  áãé¥áâ¢ãîâ.2. � á¨£ã«ïà®áâ¨�¯à¥¤¥«¥¨¥. �¥ªâ®à v  §ë¢ ¥âáï á¨£ã«ïàë¬ (®â®á¨â¥«ì® 3-ä®à¬ë F), ¥á«¨ ¤«ï«î¡®£® ¢¥ªâ®à  x ¢ë¯®«ï¥âáï à ¢¥áâ¢® Q(x, v) = 0. Ǒ®¤¯à®áâà áâ¢®  §ë¢ ¥âáï á¨-£ã«ïàë¬, ¥á«¨ «î¡®© ¥£® ¢¥ªâ®à á¨£ã«ïà¥. � ááâ®ï¨¥ ¬¥�¤ã ¤¢ã¬ï à §«¨çë¬¨á¨£ã«ïàë¬¨ ¢¥ªâ®à ¬¨ u ¨ v, ®¡®§ ç ¥¬®¥ d(u, v), ¯®« £ ¥âáï à ¢ë¬ 1, ¥á«¨ ¢¥ªâ®à

u − v á¨£ã«ïà¥, ¨ 2 ¢ ¯à®â¨¢®¬ á«ãç ¥. � ¯¥à¢®¬ á«ãç ¥ ¢¥ªâ®à   §ë¢ îâáï ¡«¨§-ª¨¬¨,   ¢® ¢â®à®¬ ¤ «¥ª¨¬¨. �á«¨ u = v, â® à ááâ®ï¨¥ ¬¥�¤ã ¨¬¨ áç¨â ¥âáï à ¢ë¬0. Ǒ®áª®«ìªã «î¡ ï ¬ âà¨æ  A ∈ Gs(E6, K) á®åà ï¥â ä®à¬ã F , â® ®  á¨£ã«ïàë¥¢¥ªâ®à  ¯¥à¥¢®¤¨â ¢ á¨£ã«ïàë¥,   ¥á¨£ã«ïàë¥ | ¢ ¥á¨£ã«ïàë¥. �«¥¤®¢ â¥«ì®,¬ âà¨æ  A á®åà ï¥â à ááâ®ï¨¥ ¬¥�¤ã ¢¥ªâ®à ¬¨.�â¢¥à�¤¥¨¥ 7 à ¡®âë [20℄.(1) Ǒãáâì u | á¨£ã«ïàë© ¢¥ªâ®à, ¨ ρ| ¥ª®â®àë© ¢¥á. Ǒà¥¤¯®«®�¨¬, çâ® ¤«ï¯à®¨§¢®«ì®£® ¢¥á  σ ∈ �, ¤ «¥ª®£® ®â ρ, ª®íää¨æ¨¥â uσ à ¢¥ 0. �®£¤  ¢¥ªâ®à
u ¡«¨§®ª ª eρ.(2) Ǒãáâì u | á¨£ã«ïàë© ¢¥ªâ®à, ¡«¨§ª¨© ª ¡ §¨á®¬ã ¢¥ªâ®àã eρ, ¨ ¯ãáâì σ ∈� | ¯à®¨§¢®«ìë© ¢¥á, ¤ «¥ª¨© ®â ρ. �®£¤  uσ = 0.�¥¬¬  2.2 à ¡®âë [20℄. Ǒãáâì u ¨ v | ¤¢  ¡«¨§ª¨å á¨£ã«ïàëå ¢¥ªâ®à , ¯à¨ç¥¬

u ∈ V1. �®£¤  uρvσ−δ = uσvρ−δ ¤«ï ¢á¥å ρ, σ ∈ I1.13



�â¢¥à�¤¥¨¥ 13 à ¡®âë [20℄. Ǒãáâì u | á¨£ã«ïàë© ¢¥ªâ®à ¢ V ,   ρ ∈ � |¥ª®â®àë© ¢¥á. Ǒà¥¤¯®«®�¨¬, çâ® uρ 6= 0,   uσ = 0 ¤«ï ¢á¥å ¢¥á®¢ σ, ¡«¨§ª¨å ª ρ.�®£¤  u = uρe
ρ.3. �®à¥¢ë¥ í«¥¬¥âë� [20℄ ®â¬¥ç «®áì, çâ® ¥á«¨ g | ª®à¥¢®© í«¥¬¥â, â® g − e ¯à¨ ¤«¥�¨â  «£¥¡à¥ �¨¨, á«¥¤®¢ â¥«ì®, ¬®�¥â ¡ëâì à §«®�¥® ¯® ¡ §¨áã �¥¢ ««¥. �¢¥¤¥¬, ¤«ï ã¤®¡áâ¢ ,á«¥¤ãîé¥¥ ®¡®§ ç¥¨¥.�¯à¥¤¥«¥¨¥. �ã¤¥¬  §ë¢ âì ª®®à¤¨ â®© ª®à¥¢®£® í«¥¬¥â  g (¨«¨ ¬ âà¨æë

g) ¯à¨ ª®à¥ α ∈ � = E6 ¨ ®¡®§ ç âì ç¥à¥§ (α)g ª®íää¨æ¨¥â ¯à¨ eα ¢ à §«®�¥¨¨í«¥¬¥â  g − e ¯® ¡ §¨áã �¥¢ ««¥.�¥¬¬  3.1 à ¡®âë [20℄. Ǒãáâì g | ª®à¥¢®© í«¥¬¥â. �®£¤ (1) gφψ = 0 ¤«ï «î¡ëå φ, ψ ∈ �, â ª¨å, çâ® d(φ, ψ) = 2;(2) gφψ = cφψ(φ− ψ)g ¤«ï «î¡ëå φ, ψ ∈ �, â ª¨å, çâ® d(φ, ψ) = 1.�¥®à¥¬  1 à ¡®âë [20℄. Ǒãáâì g | ª®à¥¢®© í«¥¬¥â £àã¯¯ë Gs(E6, K), α ∈ � =
E6 | â ª®© ª®à¥ì, çâ® (α)g 6= 0,   λ â ª®© ¢¥á, çâ® λ, λ+ α ∈ �. �®£¤  ¯¥à¥¬¥ë¥:(α)g, ¢á¥ (β)g, â ª¨¥, çâ® ∠(α, β) = π/3 (â ª¨å ª®à¥© β à®¢® 20), ¨ gλλ, ï¢«ïîâáï¥§ ¢¨á¨¬ë¬¨ ¨ ®¤®§ ç® ®¯à¥¤¥«ïîâ g.� ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 1 ¢ à ¡®â¥ [20℄ ¯®ª §ë¢ «®áì, ¢ ç áâ®áâ¨, çâ® ¥á«¨ g |ª®à¥¢®© í«¥¬¥â ¨ (α)g 6= 0, â® g ¬®�¥â ¡ëâì ¯à¥¤áâ ¢«¥ ¢ ¢¨¤¥ fxα((α)g)f−1, £¤¥
f ¥áâì ¯à®¨§¢¥¤¥¨¥ ¥áª®«ìª¨å í«¥¬¥â àëå ª®à¥¢ëå í«¥¬¥â®¢ xβ(a), £¤¥ a ∈ K,  
∠(α, β) ≥ 2π/3.�«ï ª®à¥¢®£® í«¥¬¥â  g ®¡®§ ç¨¬ ç¥à¥§ V g è¥áâ¨¬¥à®¥ ¯®¤¯à®áâà áâ¢® Im(g −
E). � ç¥ £®¢®àï, íâ® ¯®¤¯à®áâà áâ¢®, ¯®à®�¤¥®¥ ¢á¥¬¨ áâ®«¡æ ¬¨ ¬ âà¨æë g − E.� ¤ «ì¥©è¥¬  ¬ â ª�¥ ¯® ¤®¡¨âáï è¥áâ¨¬¥à®¥ ¯®¤¯à®áâà áâ¢® Vg < V ∗, ¯®à®�-¤¥®¥ ¢á¥¬¨ áâà®ª ¬¨ ¬ âà¨æë g − E.�¥¬¬  3.5 à ¡®âë [20℄. Ǒãáâì g | ª®à¥¢®© í«¥¬¥â ¨ α | ¯à®¨§¢®«ìë© ª®à¥ì.�®£¤  á«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï íª¢¨¢ «¥âë:(1) (α)g 6= 0;(2) è¥áâì áâ®«¡æ®¢ (g − E)∗,µi

, £¤¥ µi ∈ Iα3 ¨ 1 ≤ i ≤ 6, ¯®à®�¤ îâ è¥áâ¨¬¥à®¥¯à®áâà áâ¢® V g;(3) ¢ V g áãé¥áâ¢ã¥â ¡ §¨á {vi}6i=1, â ª®©, çâ® viλj
= δi,j, £¤¥ 1 ≤ i ≤ 6, λj ∈ Iα1 ¨1 ≤ j ≤ 6.4. �®à¥¢ë¥ í«¥¬¥âë ¨ á¨£ã«ïàë¥ ¯®¤¯à®áâà áâ¢ �¥¬¬  4.2 à ¡®âë [20℄. Ǒãáâì n = 1, 2, 3, 4 ¨«¨ 6, {ui}ni=1 | ¥ª®â®àë¥ á¨£ã«ïàë¥¢¥ªâ®à , ®¡à §ãîé¨¥ n-¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®áâà áâ¢®. � «¥¥, ¯ãáâì áãé¥áâ¢ã-¥â â ª®© ª®à¥ì α, çâ® uiλj

= cλj ,λj−αδi,j, £¤¥ λj ∈ Iα1 , 1 ≤ i ≤ n, 1 ≤ j ≤ 6. �®£¤ áãé¥áâ¢ã¥â â ª®© ª®à¥¢®© í«¥¬¥â h, çâ® h∗,λi−α = ui.�¥®à¥¬  2 à ¡®âë [20℄. Ǒãáâì n = 1, 2, 3, 4 ¨«¨ 6, {ui}ni=1 | ¥ª®â®àë¥ á¨£ã«ïà-ë¥ ¢¥ªâ®à , ¯®à®�¤ îé¨¥ n-¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®áâà áâ¢®. �«ï ¯à®¨§¢®«ì-®£®  ¡®à  á¨£ã«ïàëå ¢¥ªâ®à®¢ {vi}ni=1, ¯®à®�¤ îé¨å n-¬¥à®¥ á¨£ã«ïà®¥ ¯®¤-¯à®áâà áâ¢®, áãé¥áâ¢ã¥â ¬ âà¨æ  g ∈ Gs(E6, K), â ª ï, çâ® ui = gvi ¯à¨ i ≤ n, 5.�á«¨ n = 6, â® u6 = agv6, £¤¥ a ∈ K∗. 14



�«¥¤áâ¢¨¥ ¨§ â¥®à¥¬ë 2 à ¡®âë [20℄. �î¡®¥ è¥áâ¨¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®-áâà áâ¢® á®®â¢¥âáâ¢ã¥â ¥ª®¥¬ã ª®à¥¢®¬ã í«¥¬¥âã. �î¡ë¥ ç¥âëà¥å-, âà¥å-,¤¢ãå- ¨ ®¤®¬¥àë¥ á¨£ã«ïàë¥ ¯®¤¯à®áâà áâ¢  «¥� â ¢ ª ª®¬-â® è¥áâ¨¬¥à®¬,®¤ ª® áãé¥áâ¢ãîâ ¨áª«îç¨â¥«ìë¥ ¯ïâ¨¬¥àë¥ á¨£ã«ïàë¥ ¯®¤¯à®áâà áâ¢ , ¥«¥� é¨¥ ¨ ¢ ®¤®¬ è¥áâ¨¬¥à®¬ á¨£ã«ïà®¬ ¯®¤¯à®áâà áâ¢¥.�¯à¥¤¥«¥¨¥. Ǒãáâì ¯ à  ª®à¥¢ëå í«¥¬¥â®¢ g ¨ h á®¯àï�¥  ¯ à¥ í«¥¬¥â àëåª®à¥¢ëå í«¥¬¥â®¢ xα(·) ¨ xβ(·). �®£¤  ã£«®¬ ¬¥�¤ã ª®à¥¢ë¬¨ í«¥¬¥â ¬¨ g ¨ h §ë¢ ¥âáï ã£®« ¬¥�¤ã ª®àï¬¨ α ¨ β.�â¢¥à�¤¥¨¥ 12 à ¡®âë [20℄. Ǒãáâì ¤ ë ¤¢  ª®à¥¢ëå í«¥¬¥â  g ¨ h. �®£¤ ¯®ïâ¨¥ ã£«  ®¯à¥¤¥«¥® ª®àà¥ªâ® ¨ ¢ë¯®«ï¥âáï à®¢® ®¤¨ ¨§ á«¥¤ãîé¨å á«ãç ¥¢:(1) ¥á«¨ V g = V h, â® ∠(g, h) = 0;(2) ¥á«¨ dim(V g ∩ V h) = 3, â® ∠(g, h) = π/3;(3) ¥á«¨ dim(V g ∩ V h) = 1, â® ∠(g, h) = π/2;(4) ¥á«¨ V g∩V h = 0 ¨ áãé¥áâ¢ã¥â è¥áâ¨¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®áâà áâ¢® W ,â ª®¥, çâ® dim(V g ∩W ) = dim(V h ∩W ) = 3, â® ∠(g, h) = 2π/3;(5) ¥á«¨ V g ∩ V h = 0 ¨ ¤«ï ¯à®¨§¢®«ì®£® ¢¥ªâ®à  v ∈ V g áãé¥áâ¢ã¥â à®¢® ®¤¨,á â®ç®áâìî ¤® ªà â®áâ¨, ¢¥ªâ®à u ∈ V h, â ª®©, çâ® v + u á¨£ã«ïà¥, â®
∠(g, h) = π.�¥®à¥¬  3 à ¡®âë [20℄. �¤ã ¯ àã ª®à¥¢ëå ¯®¤£àã¯¯ ¬®�® ¯¥à¥¢¥áâ¨ á®¯àï�¥¨-¥¬ ¯à¨ ¯®¬®é¨ í«¥¬¥â  ¨§ G(E6, K) ¢ ¤àã£ãî ¯ àã, ¥á«¨ ¨ â®«ìª® ¥á«¨ ã£«ë ¬¥�¤ãí«¥¬¥â ¬¨ ª �¤®© ¯ àë à ¢ë.
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§3. �¥ª®â®àë¥ ¯®¤£àã¯¯ë� íâ®¬ ¯ à £à ä¥ ¬ë à áá¬®âà¨¬ ¥áª®«ìª® ¯®¤£àã¯¯ £àã¯¯ë G = Gs(E6, K), ¨á-¯®«ì§ã¥¬ëå ¢ ¤ «ì¥©è¥¬, ¨ ¯®ª �¥¬ ¥ª®â®àë¥ ®¡é¨¥ á¢®©áâ¢  í«¥¬¥â®¢ íâ¨å ¯®¤-£àã¯¯.1. Ǒ®¤£àã¯¯  ¤¨ £® «ìëå ¬ âà¨æǑãáâì T = {A ∈ Gs(E6, K); i 6= j ⇔ Aij = 0} | ¯®¤£àã¯¯  ¤¨ £® «ìëå ¬ âà¨æ.�¥¬¬  3.1. Ǒãáâì A | ¯à®¨§¢®«ì ï ¤¨ £® «ì ï ¬ âà¨æ  à §¬¥à  27× 27. �®£¤ 
A ∈ T â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¤«ï ª �¤®© âà¨ ¤ë {ρ, σ, τ} ¢ë¯®«ï¥âáï à ¢¥áâ¢®
AρρAσσAττ = 1.�®ª § â¥«ìáâ¢®. � ª ¬ë £®¢®à¨«¨ ¢ §1, £àã¯¯  Gs(E6, K) á®¢¯ ¤ ¥â á £àã¯¯®©¨§®¬¥âà¨© âà¨«¨¥©®© ä®à¬ë F . � ç áâ®áâ¨, ¥á«¨ A ∈ T , â® F (eρ, eσ, eτ ) =
F (Aeρ, Aeσ, Aeτ ) = AρρAσσAττF (eρ, eσ, eτ ), çâ® ¤®ª §ë¢ ¥â ãâ¢¥à�¤¥¨¥ á«¥¢   ¯à -¢®, ¯®áª®«ìªã F (eρ, eσ, eτ ) 6= 0. �«ï ¤®ª § â¥«ìáâ¢  ¢ ®¡à âãî áâ®à®ã  ¤® ¯®ª § âì,çâ® F (x, y, z) = F (Ax,Ay,Az) ¤«ï ¢á¥å x, y ¨ z. Ǒ® «¨¥©®áâ¨, ¤®áâ â®ç® ¯®ª § âì íâ®¤«ï á«ãç ï, ª®£¤  x, y ¨ z | ¡ §¨áë¥ ¢¥ªâ®à . Ǒ® ¯à¥¤¯®«®�¥¨î, âà¥¡ã¥¬®¥ à ¢¥-áâ¢® ¢ë¯®«ï¥âáï, ª®£¤  ¢¥á , á®®â¢¥âáâ¢ãîé¨¥ x, y ¨ z, ®¡à §ãîâ âà¨ ¤ã. � ¯à®â¨¢®¬á«ãç ¥ ¢ ®¡¥¨å ç áâïå à ¢¥áâ¢  áâ®ïâ ã«¨. � ª¨¬ ®¡à §®¬, F (x, y, z) = F (Ax,Ay,Az)¤«ï ¢á¥å x, y ¨ z, çâ® ¨ âà¥¡®¢ «®áì.� ¯®¬¨¬, çâ®, ¯® [ãâ¢. 6℄, ¤«ï ¯à®¨§¢®«ì®£® ¢¥á  ¨§ Iα2 áãé¥áâ¢ã¥â à®¢® ¤¢  ¢¥á ¨§ Iα1 , ¤ «¥ª¨å ®â ¥£®. �  áâ®ïé¥¬ ¯ à £à ä¥ ¤«ï ®¡®§ ç¥¨ï â ª¨å ¢¥á®¢ ¬ë ¡ã¤¥¬¤®¡ ¢«ïâì ª ®¡®§ ç¥¨î ¢¥á  ¨§ Iα2 ¨�¨¥ ¨¤¥ªáë 1 ¨ 2: ¥á«¨ ρ ∈ Iα2 , â® ρ1, ρ2 ∈ Iα1¨ d(ρ, ρ1) = d(ρ, ρ2) = 2.Ǒà¥¤«®�¥¨¥ 1. Ǒãáâì A | ¯à®¨§¢®«ì ï ¤¨ £® «ì ï ¬ âà¨æ  à §¬¥à  27 × 27.�®£¤  A ∈ T ¥á«¨ ¨ â®«ìª® ¥á«¨ áãé¥áâ¢ã¥â dA ∈ K, â ª®¥, çâ®:(1) d3A = ∏

φ∈I1Aφφ,(2) Aφφ = Aφ+δ,φ+δ

dA
, £¤¥ φ ∈ I3, ¨(3) Aφφ = dA

Aφ1,φ1Aφ2,φ2 , £¤¥ φ ∈ I2.�®ª § â¥«ìáâ¢®. �®ª �¥¬, çâ® A ∈ T , ¥á«¨ ¨áª®¬®¥ dA áãé¥áâ¢ã¥â. �«ï íâ®£®, ¯®¯à¥¤ë¤ãé¥© «¥¬¬¥, ¤®áâ â®ç® ¯à®¢¥à¨âì à ¢¥áâ¢® AρρAσσAττ = 1 ¤«ï ¯à®¨§¢®«ì®©âà¨ ¤ë {ρ, σ, τ}. Ǒ® [ãâ¢. 5℄, «¨¡® ρ, σ, τ ∈ I2, «¨¡®, á â®ç®áâìî ¤® ¯¥à¥ã¬¥à æ¨¨,
ρ ∈ I1, σ ∈ I2 ¨ τ ∈ I3. � ¯¥à¢®¬ á«ãç ¥, ¢®á¯®«ì§®¢ ¢è¨áì [ãâ¢. 6℄, ¯®«ãç ¥¬, çâ®

AρρAσσAττ = dA
Aρ1,ρ1Aρ2,ρ2 dA

Aσ1,σ1Aσ2,σ2 dA
Aτ1,τ1Aτ2,τ2 = d3A∏

i∈I1Aii = 1.�«ï ¤®ª § â¥«ìáâ¢  ¢â®à®£® á«ãç ï (ª®£¤  ρ ∈ I1, σ ∈ I2 ¨ τ ∈ I3) ¢á¯®¬¨¬, çâ®, ª ªá«¥¤ã¥â ¨§ [ãâ¢. 6℄, ¢¥á σ ¡ã¤¥â ¤ «¥ª ®â ¢¥á®¢ ρ ¨ τ + δ, ¯®íâ®¬ã, á â®ç®áâìî ¤®¯¥à¥áâ ®¢ª¨, ρ = σ1 ¨ τ + δ = σ2. � ª¨¬ ®¡à §®¬, ¯®«ãç ¥¬:
AρρAσσAττ = Aσ1,σ1 dA

Aσ1,σ1Aσ2,σ2 Aσ2,σ2dA
= 1.16



�®ª �¥¬, çâ® ¥á«¨ A ∈ T , â® ¨áª®¬®¥ dA áãé¥áâ¢ã¥â. � áá¬®âà¨¬ âà¨ ¤ë {ρ, ρ1, ρ2−δ}¨ {ρ, ρ2, ρ1 − δ}, £¤¥ ρ ∈ I2. Ǒ®áª®«ìªã A ∈ T , â®
AρρAρ1ρ1Aρ2−δ,ρ2−δ = AρρAρ2ρ2Aρ1−δ,ρ1−δ = 1. (3.1)�âáî¤ , ¯® [ãâ¢. 6℄, Aφ−δ,φ−δ = kAφφ, £¤¥ k ∈ K ®¤® ¨ â® �¥ ¤«ï ¢á¥å φ ∈ I1. �«¥¤®¢ -â¥«ì®, ¯® (3.1), Aρρ = 1

kAρ1,ρ1Aρ2,ρ2 ¤«ï ¯à®¨§¢®«ì®£® ¢¥á  ρ ∈ I2. � «¥¥, à áá¬®âà¨¬¯à®¨§¢®«ìãî âà¨ ¤ã {ρ, σ, τ}, £¤¥ ρ, σ, τ ∈ I2. �«ï ¥¥
AρρAσσAττ = 1

kAρ1,ρ1Aρ2,ρ2 1
kAσ1,σ1Aσ2,σ2 1

kAτ1,τ1Aτ2,τ2 .Ǒ® [ãâ¢. 6℄ íâ® à ¢® 1
k3∏φ∈I1 Aφφ

. Ǒ®íâ®¬ã dA = 1
k  ¬ ¯®¤å®¤¨â.2. Ǒ®¤£àã¯¯  DαǑãáâì α ∈ � | ¯à®¨§¢®«ìë© ª®à¥ì. � «¥¥, ¯ãáâì Dα = 〈Xβ; β ⊥ α〉. Ǒ® [ãâ¢. 4℄,¯à®áâà áâ¢® à áª« ¤ë¢ ¥âáï ¢ ¯àï¬ãî áã¬¬ã âà¥å ¨¢ à¨ âëå ¯®¤ ¤¥©áâ¢¨¥¬ Dα¯®¤¯à®áâà áâ¢: V αk = 〈eφ;φ ∈ Iαk 〉, £¤¥ 1 ≤ k ≤ 3. � áá¬®âà¨¬ ®£à ¨ç¥¨¥ Dα   V αk .�®¢  ¯® [ãâ¢. 4℄, «î¡®¥ Xβ, ®£à ¨ç¥®¥   V α1 , ï¢«ï¥âáï âà á¢¥ªæ¨¥©, ¯®íâ®¬ã Dα,®£à ¨ç¥®¥   V α1 , á®¢¯ ¤ ¥â á SL(V α1 , K). � «®£¨çë© ä ªâ ¢¥à¥ ¤«ï ®£à ¨ç¥¨ï  V α3 .Ǒà¥¤«®�¥¨¥ 2. Ǒãáâì A ∈ Dα ¨ φ 6= ψ ∈ Iα1 . �®£¤  Aφ−α,φ−α = Aφφ ¨

cφ−α,ψ−αAφ−α,ψ−α = cφψAφψ.�®ª § â¥«ìáâ¢®. Ǒ® ®¯à¥¤¥«¥¨î Dα, ¬ âà¨æ  A ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ n í«¥¬¥-â àëå ª®à¥¢ëå í«¥¬¥â®¢. �ã¤¥¬ ¤®ª §ë¢ âì  áâ®ïé¥¥ ¯à¥¤«®�¥¨¥ ¨¤ãªæ¨¥© ¯®
n. �á«¨ A | ¥¤¨¨ç ï ¬ âà¨æ , â® ¯à¥¤«®�¥¨¥ ®ç¥¢¨¤®. � «¥¥, ã¬®�¨¬ ¬ âà¨æã
A, ¤«ï ª®â®à®© âà¥¡ã¥¬ë¥ à ¢¥áâ¢  ¢ë¯®«ïîâáï,   í«¥¬¥â àë© ª®à¥¢®© í«¥¬¥â
xβ(a), £¤¥ β ⊥ α. Ǒãáâì B = xβ(a)A. �á«¨ φ − β /∈ �, â® ª®íää¨æ¨¥âë ¢ áâà®ª¥ á®¬¥à®¬ φ ¥ ¬¥ïîâáï. Ǒà¨¬¥ïï [ãâ¢. 4℄, ¯®«ãç ¥¬, çâ® φ − α − β /∈ �. Ǒ®íâ®¬ãª®íää¨æ¨¥âë ¢ áâà®ª¥ á ®¬¥à®¬ φ − α ¥ ¬¥ïîâáï â ª�¥. � ª¨¬ ®¡à §®¬, ¬®�®áç¨â âì, çâ® φ− β, φ− α− β ∈ �. �®£¤ 

Bφ−α,φ−α = Aφ−α,φ−α + cφ−α,φ−α−βaAφ−α−β,φ−α.Ǒ® ¯à¥¤¯®«®�¥¨î ¨¤ãªæ¨¨, íâ® à ¢®
Aφφ + cφ−α,φ−α−βa(cφ−α−β,φ−αcφ−β,φAφ−β,φ) = Aφφ + cφ,φ−βaAφ−β,φ = Bφφ.� «¥¥, ¯à¥¤¯®«®�¨¬, çâ® φ− β = ψ. �®£¤ 

Bφ−α,ψ−α = Aφ−α,ψ−α + cφ−α,ψ−αaAψ−α,ψ−α,çâ®, ¯® ¯à¥¤¯®«®�¥¨î ¨¤ãªæ¨¨, à ¢®
cφ−α,ψ−αcφψAφψ + cφ−α,ψ−αaAψψ = cφ−α,ψ−αcφψBφψ,çâ® ¨ âà¥¡®¢ «®áì. 17



Ǒà¥¤¯®«®�¨¬,  ª®¥æ, çâ® φ− β 6= ψ. �®£¤ 
Bφ−α,ψ−α = Aφ−α,ψ−α + cφ−α,φ−α−βaAφ−α−β,ψ−α.Ǒ® ¯à¥¤¯®«®�¥¨î ¨¤ãªæ¨¨, íâ® à ¢®

cφ−α,ψ−αcφψAφψ + cφ−α,φ−α−βa(cφ−α−β,ψ−αcφ−β,ψAφ−β,ψ).� ¤àã£®© áâ®à®ë,
Bφψ = Aφψ + cφ,φ−βaAφ−β,ψ,¯®íâ®¬ã  ¬ ¤®áâ â®ç® ¯®ª § âì, çâ®

cφ−α,ψ−αcφψcφ−α,φ−α−βcφ−α−β,ψ−αcφ−β,ψcφ,φ−β = 1. (3.2)� ¬¥â¨¬, çâ® ψ − φ ∈ � | ª®à¥ì, ®àâ®£® «ìë© α, ¯®íâ®¬ã (3.2) á«¥¤ã¥â ¨§ [«. 2.1℄,¥á«¨ ª®à¥ì γ ¢ ¥© ¯®«®�¨âì à ¢ë¬ ψ − φ,   σ | à ¢ë¬ φ− α− β.� ¤ «ì¥©è¥¬ ã  á ¡ã¤¥â ¨á¯®«ì§®¢ âìáï ¢ ®á®¢®¬ £àã¯¯  Dδ, ª®â®àãî ¬ë ¡ã-¤¥¬ ¤«ï ªà âª®áâ¨ ®¡®§ ç âì ¯à®áâ® D. Ǒà®áâà áâ¢  V δk ¢ ¤ «ì¥©è¥¬ â ª�¥ ¡ã¤ãâ®¡®§ ç âìáï ç¥à¥§ Vk. �«ï £àã¯¯ë D ¯à¥¤ë¤ãé¥¥ ¯à¥¤«®�¥¨¥ ã¯à®áâ¨âáï:�«¥¤áâ¢¨¥. Ǒãáâì A ∈ D ¨ φ, ψ ∈ I1. �®£¤  Aφ−δ,ψ−δ = Aφψ.Ǒà¥¤«®�¥¨¥ 3. Ǒà¥¤¯®«®�¨¬, çâ® A ∈ D ¨ ρ, σ ∈ I2. � «¥¥, ¯ãáâì A1 = A|V1 ¨
A
(ρ,σ)1 | ¯®¤¬ âà¨æ  A1, ¯®«ãç¥ ï ¢ë¡à áë¢ ¨¥¬ áâà®ª ρ1, ρ2 ¨ áâ®«¡æ®¢ σ1, σ2.� ª®¥æ, ¯ãáâì d(ρ,σ)A = detA(ρ,σ)1 . �®£¤  Aρσ = d

(ρ,σ)
A .�®ª § â¥«ìáâ¢®. 1. Ǒ® ®¯à¥¤¥«¥¨î D, ¬ âà¨æ  A ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ n í«¥¬¥-â àëå ª®à¥¢ëå í«¥¬¥â®¢, á®®â¢¥âáâ¢ãîé¨å ¯à®áâë¬ ¨ ®âà¨æ â¥«ìë¬ ¯à®áâë¬ª®àï¬. �ë ¡ã¤¥¬ ¤®ª §ë¢ âì ¯à¥¤«®�¥¨¥ ¨¤ãªæ¨¥© ¯® n. �«ï ¥¤¨¨ç®© ¬ âà¨æëãâ¢¥à�¤¥¨¥ ®ç¥¢¨¤®. Ǒà¥¤¯®«®�¨¬, çâ® ¤«ï ¬ âà¨æë A ¯à¥¤«®�¥¨¥ ¢ë¯®«ï¥â-áï. �¬®�¨¬ A   í«¥¬¥â àë© ª®à¥¢®© í«¥¬¥â xα(a), £¤¥ α ∈ �±, α ⊥ δ, ¨ ¯ãáâì

B = xα(a)A. � ¬¥â¨¬, çâ® ¤«ï ¯à®áâëå ¨ ®âà¨æ â¥«ìëå ¯à®áâëå ª®à¥© áâàãªâãàë¥ª®áâ âë ¤¥©áâ¢¨ï à ¢ë 1. Ǒ®íâ®¬ã, ¥á«¨ ρ−α ∈ �, â® Bρσ = Aρσ + aAρ−α,σ; ¥á«¨ �¥
ρ− α /∈ �, â® Bρσ = Aρσ.2. � áá¬®âà¨¬ á«ãç ©, ª®£¤  ρ−α ∈ �. �®£« á® [ãâ¢. 6℄, ¢ I1 ¥áâì âà¨ ¢¥á , ¡«¨§ª¨åª ρ ¨ ρ − α, ®¤¨ ¢¥á, áª �¥¬ ρ1, ¤ «¥ª¨© ®â ρ ¨ ρ − α, ®¤¨ ¢¥á, ρ2, ¤ «¥ª¨© ®â ρ ¨¡«¨§ª¨© ª ρ−α ¨,  ª®¥æ, ®¤¨ ¢¥á, ρ2+α, ¡«¨§ª¨© ª ρ ¨ ¤ «¥ª¨© ®â ρ−α. Ǒ® [ãâ¢. 4℄,
ρ2 | ¥¤¨áâ¢¥ë© ¢¥á ¢ I1, â ª®©, çâ® ρ2+α ∈ �, ¯®íâ®¬ã ¬ âà¨æ  B1 ¯®«ãç ¥âáï ¨§ A1í«¥¬¥â àë¬ ¯à¥®¡à §®¢ ¨¥¬,   ¨¬¥® ¯à¨¡ ¢«¥¨¥¬ á ª®íää¨æ¨¥â®¬ a áâà®ª¨ á®¬¥à®¬ ρ2 ª áâà®ª¥ á ®¬¥à®¬ ρ2+α. �«¥¤®¢ â¥«ì®, ¬ âà¨æë B

(ρ,σ)1 , A
(ρ,σ)1 ¨ A(ρ−α,σ)1á®¢¯ ¤ îâ ¢ âà¥å áâà®ª å,   áâà®ª  á ®¬¥à®¬ ρ2+α ¬ âà¨æë B

(ρ,σ)1 ¥áâì áã¬¬  áâà®ª¨á ®¬¥à®¬ ρ2 + α ¬ âà¨æë A
(ρ,σ)1 ¨, á ª®íää¨æ¨¥â®¬ a, áâà®ª¨ á ®¬¥à®¬ ρ2 ¬ âà¨æë

A
(ρ−α,σ)1 . � ¬¥â¨¬, çâ®, ¯®áª®«ìªã α | ¯à®áâ®© ª®à¥ì, â® ¢¥á  ρ2 ¨ ρ2 + α ®â«¨ç îâáï¯® ®¬¥àã   1, â® ¥áâì áâà®ª¨ á á ®¬¥à ¬¨ ρ2 ¨ ρ2+α| á®á¥¤¨¥. Ǒ®íâ®¬ã ¢ ¬ âà¨æ å

A
(ρ−α,σ)1 ¨ A

(ρ,σ)1 áâà®ª¨ á ®¬¥à ¬¨ ρ2 ¨ ρ2 + α ®ª §ë¢ îâáï   ®¤¨ ª®¢®© ¯®§¨æ¨¨.�âáî¤ , ¨á¯®«ì§ãï à §«®�¥¨¥ ®¯à¥¤¥«¨â¥«ï ¯® áâà®ª¥, ¯®«ãç ¥¬, çâ® d(ρ,σ)B = d
(ρ,σ)
A +

ad
(ρ−α,σ)
A , çâ® ¨ âà¥¡®¢ «®áì. 18



3. Ǒà¥¤¯®«®�¨¬, çâ® ρ − α /∈ �, ¨ ¯ãáâì φ ∈ I1 | â ª®© ¢¥á, çâ® φ + α ∈ � (¯® [ãâ¢.4℄, â ª®© ¢¥á áãé¥áâ¢ã¥â à®¢® ®¤¨). �®£¤  ¨§ [ãâ¢. 6℄ á«¥¤ã¥â, çâ® «¨¡® φ ¨ φ + α¤ «¥ª¨ ®â ρ, «¨¡® φ ¡«¨§®ª ª ρ,   φ + α ¤ «¥ª, «¨¡® φ ¨ φ + α ¡«¨§ª¨ ª ρ. � ¯¥à¢®¬¨ ¢â®à®¬ á«ãç ïå, ª ª ¥á«®�® ¢¨¤¥âì, B(ρ,σ)1 = A
(ρ,σ)1 , ¯®íâ®¬ã d

(ρ,σ)
B = d

(ρ,σ)
A , çâ®¨ âà¥¡®¢ «®áì. � âà¥âì¥¬ á«ãç ¥ ¬ âà¨æ  B(ρ,σ)1 ¯®«ãç ¥âáï ¨§ A(ρ,σ)1 ¯à¨¡ ¢«¥¨¥¬ áª®íää¨æ¨¥â®¬ a ®¤®© ¨§ áâà®ª ª ¤àã£®©, çâ®, ª ª ¨§¢¥áâ®, ¥ ¬¥ï¥â ®¯à¥¤¥«¨â¥«ï,â® ¥áâì d(ρ,σ)B = d

(ρ,σ)
A ¨ ¢ íâ®¬ á«ãç ¥.�«¥¤áâ¢¨¥. �â®¡à �¥¨¥ ¨§ D ¢ SL(6, K), ¯¥à¥¢®¤ïé¥¥ ¯à®¨§¢®«ìë© í«¥¬¥â A ∈

D ¢ A1 = A|V1, ï¢«ï¥âáï ¨§®¬®àä¨§¬®¬. �®«¥¥ â®£®, ®â®¡à �¥¨¥ ¨§ Dα ¢ SL(6, K),¯¥à¥¢®¤ïé¥¥ ¯à®¨§¢®«ìë© í«¥¬¥â A ∈ Dα ¢ A|V α1 , â ª�¥ ï¢«ï¥âáï ¨§®¬®àä¨§¬®¬.� ç áâ®áâ¨, A|V α2 ®¤®§ ç® § ¤ ¥âáï ¬ âà¨æ¥© A|V a1 .�®ª § â¥«ìáâ¢®. Ǒ¥à¢®¥ ãâ¢¥à�¤¥¨¥ ®ç¥¢¨¤® ¨§ ¯à¥¤«®�¥¨ï 3 ¨ á«¥¤áâ¢¨ï ¨§¯à¥¤«®�¥¨ï 2. � §2 ®â¬¥ç «®áì, çâ® wα(1)xβ(a)wα(1)−1 = xwαβ(±a). �âáî¤ 
wα(1)Dβwα(1)−1 ⊆ Dwαβ. �ç¨âë¢ ï â®, çâ® wα(1)4 = E, ¯®«ãç ¥¬, çâ® á®¯àï�¥¨¥í«¥¬¥â®¬ wα(1) ï¢«ï¥âáï ¨§®¬®àä¨§¬®¬ £àã¯¯ Dβ ¨ Dwαβ . �¥¯¥àì ¢â®à®¥ ãâ¢¥à�¤¥-¨¥ á«¥¤ã¥â ¨§ ¯¥à¢®£® ¨ â®£®, çâ® wα ¯¥à¥¢®¤¨â Iβk ¢ Iwαβ

k ¯à¨ 1 ≤ k ≤ 3. �à¥âì¥ãâ¢¥à�¤¥¨¥ áà §ã á«¥¤ã¥â ¨§ ¢â®à®£®.3. Ǒ à ¡®«¨ç¥áª ï ¯®¤£àã¯¯ Ǒãáâì P = {A ∈ Gs(E6, K);AV1 = V1}, â® ¥áâì P | ¯ à ¡®«¨ç¥áª ï ¯®¤£àã¯¯  â¨¯ 
P2. � ç¥ £®¢®àï, ¢á¥ ¬ âà¨æë ¨§ P ¨¬¥îâ â ªãî ¡«®çãî ä®à¬ã:



A11 A12 A130 A22 A230 A32 A33 ,£¤¥ ¡«®ª¨ A11, A13 ¨ A33 ¨¬¥îâ à §¬¥à 6 × 6, ¡«®ª A22 | 15 × 15, ¡«®ª¨ A12 ¨ A32 |6× 15,   ¡«®ª A23 | 15× 6. �¡®§ ç¨¬ â ª�¥ ç¥à¥§ P− £àã¯¯ã PT = P−2.Ǒà¥¤«®�¥¨¥ 4. �«ï ¯à®¨§¢®«ì®© ¬ âà¨æë A ∈ P ¯®¤¯à®áâà áâ¢® AV2 «¥�¨â ¢

V1 ⊕ V2. � ç¥ £®¢®àï, ¡«®ª A32 ¢ ¢ëè¥ ¯¨á ®© ä®à¬¥ ï¢«ï¥âáï ã«¥¢ë¬.�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ ¬®�¥áâ¢® 
 á¨£ã«ïàëå ¢¥ªâ®à®¢ v ∈ V , ã¤®¢«¥â¢®-àïîé¨å á«¥¤ãîé¥¬ã á¢®©áâ¢ã: ¢ V1 áãé¥áâ¢ã¥â ç¥âëà¥å¬¥à®¥ ¯®¤¯à®áâà áâ¢®, ¢á¥¢¥ªâ®à  ª®â®à®£® ¡«¨§ª¨ ª v. Ǒãáâì V ′ ≤ V | ¯®¤¯à®áâà áâ¢®, ¯®à®�¤¥®¥ ¢¥ªâ®à -¬¨ ¨§ 
. �¥á«®�® ¢¨¤¥âì, çâ® V ′ ⊇ V1 ⊕ V2, ¯®áª®«ìªã ei ¯à¨ i ∈ I1 ∪ I2 ¯à¨ ¤«¥�¨â
. � ¤àã£®© áâ®à®ë, ¨§ [«. 2.2℄ á«¥¤ã¥â, çâ® ¥á«¨ v /∈ V1 ⊕ V2, â® ¢ V1 áãé¥áâ¢ã¥â¬ ªá¨¬ã¬ ®¤¨, á â®ç®áâìî ¤® ªà â®áâ¨, ¢¥ªâ®à, ¡«¨§ª¨© ª v, ®âªã¤  v /∈ 
. � ª¨¬®¡à §®¬, 
 ⊆ V1 ⊕ V2, ¯®íâ®¬ã V ′ = V1 ⊕ V2. � «¥¥, ¯®áª®«ìªã AV1 = V1, â® A
 = 
 ¨,á«¥¤®¢ â¥«ì®, AV ′ = V ′. �âáî¤  ¯®«ãç ¥¬, çâ® AV2 ⊂ V1 ⊕ V2, çâ® ¨ âà¥¡®¢ «®áì.� ¬¥ç ¨¥. �¥á«®�® ¢¨¤¥âì, çâ® ã ¯à¥¤«®�¥¨ï 4 áãé¥áâ¢ãîâ   «®£: ¥á«¨ ã ¬ âà¨æë
A ∈ Gs(E6, K) ¡«®ª¨ A31 ¨ A32 ã«¥¢ë¥, â® A21 â ª�¥ ã«¥¢®©, â® ¥áâì A ∈ P . �à®¬¥íâ®£®, ¨ ¯à¥¤«®�¥¨¥ 4, ¨ â®«ìª® çâ® ®¯¨á ë©   «®£ ¬®�® âà á¯®¨à®¢ âì, ¯®«ã-ç¨¢ ãâ¢¥à�¤¥¨ï ¯à® P−. �   «®£, ¨ âà á¯®¨à®¢ ë¥ ãâ¢¥à�¤¥¨ï ¤®ª §ë¢ îâáïâ®ç® â ª �¥, ª ª ¨ ¯à¥¤«®�¥¨¥ 4.4. Ǒ®¤£àã¯¯  �¥¢¨Ǒãáâì L | ¯®¤£àã¯¯  �¥¢¨, á®®â¢¥âáâ¢ãîé ï ¯ à ¡®«¨ç¥áª®© ¯®¤£àã¯¯¥ P , â® ¥áâì
L = P ∩ P−. Ǒ® ¯à¥¤«®�¥¨î 4 ¨ "âà á¯®¨à®¢ ®¬ã" ¯à¥¤«®�¥¨î 4, L á®áâ®¨â ¨§¢á¥å ¬ âà¨æ ¨§ Gs(E6, K), ¨¬¥îé¨å â ªãî ¡«®çãî ä®à¬ã:19





A 0 00 B 00 0 C


 , (3.3)£¤¥ ¡«®ª¨ A ¨ C ¨¬¥îâ à §¬¥à 6×6,   ¡«®ª B | 15×15. �ç¥¢¨¤®, çâ® ¢ L á®¤¥à� âáï

T ¨ D.Ǒà¥¤«®�¥¨¥ 5. TD = L = DT .Ǒ¥à¥¤ ¤®ª § â¥«ìáâ¢®¬ íâ®£® ¯à¥¤«®�¥¨ï ¤®ª �¥¬ ¢á¯®¬®£ â¥«ìãî «¥¬¬ã.�¥¬¬  3.2. Ǒãáâì C ∈ L ¨ C1 = C|V1 ¤¨ £® «ì . �®£¤  ¢áï ¬ âà¨æ  C â®�¥¤¨ £® «ì .�®ª § â¥«ìáâ¢®. Ǒà¥¤¯®«®�¨¬, çâ® C|V3 ¥¤¨ £® «ì . �®£¤  áãé¥áâ¢ãîâ â ª¨¥ ¢¥á 
ρ 6= σ ∈ I3, çâ® Cρσ 6= 0. � «¥¥, σ ¡«¨§®ª ª σ + δ ∈ I1, ¨«¨, ¨ ç¥ £®¢®àï, ¢¥ªâ®à eσ¡«¨§®ª ª eσ+δ. Ǒ®«®�¨¬ x = �∗σ = �eσ ∈ V3. Ǒ® ¯à¥¤¯®«®�¥¨î, xρ 6= 0. Ǒà¨ íâ®¬
x ¡«¨§®ª ª eσ+δ, ¯®áª®«ìªã �eσ+δ ªà â¥ eσ+δ. �®£¤  ¢¥ªâ®à y = x + eσ+δ á¨£ã«ïà¥.� «¥¥, ¯® [á«. ¨§ ãâ¢. 2℄, ¢¥á ρ ¤ «¥ª ®â ¢¥á  σ + δ. Ǒãáâì τ ∈ I2 | ¢¥á, ¤ «¥ª¨© ®â
ρ ¨ σ + δ. � áá¬®âà¨¬, ç¥¬ã à ¢® Q(eτ , y). � ª ¥á«®�® ¢ë¢¥áâ¨ ¨§ ®¯à¥¤¥«¥¨ï
Q, íâ® à ¢® ∑±yφyψ, £¤¥ áã¬¬  ¡¥à¥âáï ¯® ¢á¥¢®§¬®�ë¬ ¥ã¯®àï¤®ç¥ë¬ ¯ à ¬
{φ, ψ}, ®¡à §ãîé¨¬, ¢¬¥áâ¥ á τ , âà¨ ¤ã. Ǒ® [ãâ¢. 5℄, «¨¡® φ, ψ ∈ I2, «¨¡® ®¤¨ ¨§¢¥á®¢,  ¯à¨¬¥à φ, ¯à¨ ¤«¥�¨â I1,   ¤àã£®© | I3. �á¥ âà¨ ¤ë ¯¥à¢®£® â¨¯   á ¥¨â¥à¥áãîâ, ¯®áª®«ìªã ¥á«¨ φ ∈ I2, â® yφ = 0. �®«¥¥ â®£®, ¯® ®¯à¥¤¥«¥¨î y, ¥á«¨ φ ∈ I1¨ yφ 6= 0, â® φ = σ + δ, ®âªã¤  ψ = ρ. � ª¨¬ ®¡à §®¬, Q(eτ , y) = ±yσ+δyρ = ±yρ, çâ®,¯® ¯à¥¤¯®«®�¥¨î, ¥ à ¢® 0. � ¤àã£®© áâ®à®ë, y á¨£ã«ïà¥, ¯®íâ®¬ã Q(eτ , y) = 0.Ǒ®«ãç¥®¥ ¯à®â¨¢®à¥ç¨¥ ¯®ª §ë¢ ¥â, çâ® ¬ âà¨æ  C|V3 ¤¨ £® «ì .�®, çâ® ¬ âà¨æ  C|V2 ¤¨ £® «ì , ¤®ª §ë¢ ¥âáï   «®£¨ç®. � ¨¬¥®, ¯à¥¤¯®«®-�¨¬ ¯à®â¨¢®¥, â® ¥áâì áãé¥áâ¢ãîâ â ª¨¥ ¢¥á  ρ 6= σ ∈ I2, çâ® Cρσ 6= 0. Ǒ®«®�¨¬
x = �∗σ = �eσ ∈ V2. Ǒ® ¯à¥¤¯®«®�¥¨î, xρ 6= 0. Ǒ® [ãâ¢. 6℄, áãé¥áâ¢ã¥â ¢¥á ρ1 ∈ I1,¡«¨§ª¨© ª σ ¨ ¤ «¥ª¨© ®â ρ, ¨ ¯ãáâì ρ2 − δ ∈ I3 | ¢¥á, ¤ «¥ª¨© ®â ρ ¨ ρ1. Ǒ®«®�¨¬
y = x+ eρ1 ¨ ¯®á¬®âà¨¬, ç¥¬ã à ¢® Q(eρ2−δ, y). � ª ¨ ¢ ¯à¥¤ë¤ãé¥¬  ¡§ æ¥, íâ® à ¢®∑±yφyψ, £¤¥ áã¬¬  ¡¥à¥âáï ¯® ¢á¥¢®§¬®�ë¬ ¥ã¯®àï¤®ç¥ë¬ ¯ à ¬ {φ, ψ}, ®¡à §ã-îé¨¬, ¢¬¥áâ¥ á ρ2 − δ, âà¨ ¤ã. Ǒ® [ãâ¢. 5℄, ®¤¨ ¨§ ¢¥á®¢,  ¯à¨¬¥à φ, ¯à¨ ¤«¥�¨â I1,  ¤àã£®© | I2. �®«¥¥ â®£®, ¯® ®¯à¥¤¥«¥¨î y, ¥á«¨ φ ∈ I1 ¨ yφ 6= 0, â® φ = ρ1, ®âªã¤ 
ψ = ρ. � ª¨¬ ®¡à §®¬, Q(eρ2−δ, y) = ±yρ1yρ = ±yρ, çâ®, ¯® ¯à¥¤¯®«®�¥¨î, ¥ à ¢®0. � ¤àã£®© áâ®à®ë, y á¨£ã«ïà¥, ¯®íâ®¬ã Q(eρ2−δ, y) = 0. Ǒ®«ãç¥®¥ ¯à®â¨¢®à¥ç¨¥¯®ª §ë¢ ¥â, çâ® ¬ âà¨æ  C|V2 â ª�¥ ¤¨ £® «ì , çâ® § ¢¥àè ¥â ¤®ª § â¥«ìáâ¢® «¥¬¬ë.�®ª § â¥«ìáâ¢® ¯à¥¤«®�¥¨ï 5. Ǒãáâì A ∈ L ¨ A1 = A|V1 . � áá¬®âà¨¬ ¬ âà¨æã B1 ∈
SL(V1, K), ¯®«ãç¥ãî ¨§ A1 ¤¥«¥¨¥¬ ¯®á«¥¤¥© áâà®ª¨   detA1. �®£¤  ¬ âà¨æ 
C1 = A1(B1)−1 ï¢«ï¥âáï ¤¨ £® «ì®©. Ǒ® á«¥¤áâ¢¨î ¨§ ¯à¥¤«®�¥¨ï 3, áãé¥áâ¢ã¥âí«¥¬¥â B ∈ D, â ª®©, çâ® B|V1 = B1, ¨ ¯ãáâì C = AB−1. � ª¨¬ ®¡à §®¬, C|V1 = C1.�âáî¤  á«¥¤ã¥â, ¯® «¥¬¬¥ 3.2, çâ® C ¤¨ £® «ì , â® ¥áâì A = CB, £¤¥ B ∈ D,   C ∈ T .�â®à ï ç áâì ¥áâì "âà á¯®¨à®¢  ï" ¯¥à¢ ï.�¥®à¥¬  1. Ǒãáâì A | ¯à®¨§¢®«ì ï ¬ âà¨æ  ¨§ GL(27, K), ®â®á¨â¥«ì® ª®â®à®©¯®¤¯à®áâà áâ¢  V1, V2 ¨ V3 ï¢«ïîâáï ¨¢ à¨ âë¬¨. Ǒãáâì A1 = A|V1,   A(ρ,σ)1¯à¨ ρ, σ ∈ I2 | íâ® ¬ âà¨æ  4 × 4, ¯®«ãç¥ ï ¨§ A1 ¢ëª¨¤ë¢ ¨¥¬ áâà®ª ρ1 ¨ ρ2 ¨20



áâ®«¡æ®¢ σ1 ¨ σ2; d(ρ,σ)A = detA(ρ,σ)1 . �®£¤  â®, çâ® A ∈ L, à ¢®á¨«ì® áãé¥áâ¢®¢ ¨îâ ª®£® dA = 3√detA1, çâ® Aρσ = Aρ+δ,σ+δ

dA
¯à¨ ρ, σ ∈ I3 ¨ Aρσ = d

(ρ,σ)
A

d2A ¯à¨ ρ, σ ∈ I2.�®ª § â¥«ìáâ¢®. 1. Ǒ®ª �¥¬, çâ® ¥á«¨ A ∈ L, â® dA, ®¯¨á ®¥ ¢ ãá«®¢¨¨, áãé¥áâ¢ã¥â.Ǒ® ¯à¥¤«®�¥¨î 5, A = BC, £¤¥ B ∈ D ¨ C ∈ T ; ¯ãáâì B1 = B|V1 ¨ C1 = C|V1 . Ǒ®«®-�¨¬ ¨áª®¬®¥ dA à ¢ë¬ dC ¨§ ¯à¥¤«®�¥¨ï 1, ¯à¨¬¥¥®£® ª ¬ âà¨æ¥ C. �ç¥¢¨¤®,¯® ®¯à¥¤¥«¥¨î C, çâ® dA = 3√detA1. Ǒà®¢¥à¨¬, çâ® ¢ë¡à ®¥ dA ã¤®¢«¥â¢®àï¥â ¨®áâ «ìë¬ à ¢¥áâ¢ ¬. Ǒãáâì ρ, σ ∈ I3. �®£¤  Aρσ = BρσCσσ = Bρ+δ,σ+δCσ+δ,σ+δ

dA
¯® ¯à¥¤-«®�¥¨î 1 ¨ á«¥¤áâ¢¨î ¨§ ¯à¥¤«®�¥¨ï 2. �áâ «®áì § ¬¥â¨âì, çâ® íâ® à ¢® Aρ+δ,σ+δ

dA
,çâ® ¨ âà¥¡®¢ «®áì.� «¥¥, ¯ãáâì ρ, σ ∈ I2. �®£¤  Aρσ = BρσCσσ = d

(ρ,σ)
B

dA

Cσ1,σ1Cσ2,σ2 ¯® ¯à¥¤«®�¥¨ï¬ 1 ¨ 3.�¥á«®�® ¢¨¤¥âì, çâ® d(ρ,σ)A = d
(ρ,σ)
B

∏
Cττ , £¤¥ ¯à®¨§¢¥¤¥¨¥ ¡¥à¥âáï ¯® ¢á¥¬ τ ∈ I1,¡«¨§ª¨¬ ª σ. Ǒ®íâ®¬ã d

(ρ,σ)
B dA

Cσ1,σ1Cσ2,σ2 = d
(ρ,σ)
A dA∏
τ∈I1 Cττ

= d
(ρ,σ)
A

d2
A

, çâ® ¨ âà¥¡®¢ «®áì.2. Ǒà¥¤¯®«®�¨¬, çâ® dA, ®¯¨á ®¥ ¢ ãá«®¢¨¨, áãé¥áâ¢ã¥â. Ǒ®ª �¥¬, çâ® â®£¤  A ∈
L. Ǒãáâì C1 ∈ GL(V1, K) | â ª ï ¤¨ £® «ì ï ¬ âà¨æ , çâ® B1 = A1C1 ∈ SL(V1, K).�®£¤ , ª ª ¥á«®�® ¢¨¤¥âì, ¢ ª ç¥áâ¢¥ dC ¨§ ¯à¥¤«®�¥¨ï 1 ¬®�® ¢§ïâì d−1

A . Ǒãáâì
C ∈ T | ¬ âà¨æ , ¯®áâà®¥ ï ¢ ¯à¥¤«®�¥¨¨ 1 ¯® C1 ¨ dC . Ǒãáâì B = AC; â®£¤ 
B|V1 = B1. �¥®¡å®¤¨¬® ¤®ª § âì, çâ® B ∈ D. Ǒ® ¯à¥¤«®�¥¨î 3 ¨ á«¥¤áâ¢¨ï¬ ¨§¯à¥¤«®�¥¨© 2 ¨ 3, ¤«ï íâ®£® ¤®áâ â®ç® ¯®ª § âì, çâ® B|V3 = B|V1 ¨ çâ® Bρσ = d

(ρ,σ)
B¯à¨ ρ, σ ∈ I2. �®ª �¥¬ ¯¥à¢®¥ à ¢¥áâ¢®. Ǒãáâì ρ, σ ∈ I3. �®£¤  Bρσ = AρσCσσ =

Aρ+δ,σ+δ

dA
· Cσ+δ,σ+δ

dC
= Aρ+δ,σ+δCσ+δ,σ+δ = Bρ+δ,σ+δ.�®ª �¥¬ ¢â®à®¥ à ¢¥áâ¢®. Ǒãáâì ρ, σ ∈ I2. �®£¤  Bρσ = AρσCσσ = d

(ρ,σ)
A

d2
A

· dC

Cσ1,σ1Cσ2,σ2 .�¥á«®�® ¢¨¤¥âì, çâ® d(ρ,σ)B = d
(ρ,σ)
A

∏
Cττ , £¤¥ ¯à®¨§¢¥¤¥¨¥ ¡¥à¥âáï ¯® ¢á¥¬ τ ∈ I1,¡«¨§ª¨¬ ª σ. Ǒ®íâ®¬ã d

(ρ,σ)
A

d2A · dC

Cσ1,σ1Cσ2,σ2 = d
(ρ,σ)
B

d3C∏
τ∈I1 Cττ

= d
(ρ,σ)
B , çâ® ¨ âà¥¡®¢ «®áì.5. �¨¯®â¥â ï ¯®¤£àã¯¯ Ǒãáâì U = U+ | ã¨¯®â¥âë© à ¤¨ª « ¯ à ¡®«¨ç¥áª®© ¯®¤£àã¯¯ë P2, â® ¥áâì

U = 〈Xα;∠(α, δ) ≤ π/3〉. � ç¥ £®¢®àï, ¢á¥ ¬ âà¨æë ¨§ U ¨¬¥îâ â ªãî ¡«®çãî ä®à¬ã:


I6 A B0 I15 C0 0 I6 , (3.4)£¤¥ In ®¡®§ ç ¥â ¥¤¨¨çãî ¬ âà¨æã à §¬¥à  n × n. �¡®§ ç¨¬ £àã¯¯ã ¢á¥å ¬ âà¨æ¨§ G(E6, K), ¨¬¥îé¨å ¢ëè¥®¯¨á ë© ¡«®çë© ¢¨¤, ç¥à¥§ U ′. �®à®è® ¨§¢¥áâ®, çâ®

U = U ′, ®¤ ª® ¢  áâ®ïé¥© à ¡®â¥, ª ª ¬ë ã�¥ £®¢®à¨«¨, ¬ë áâ à ¥¬áï ª ª ¬®�®¬¥ìè¥ ¯®«ì§®¢ âìáï ¢¥è¨¬¨ à¥§ã«ìâ â ¬¨. � §5 ¡ã¤¥â ¯®ª § ®, çâ® U = U ′, ® ¢®¢á¥©  áâ®ïé¥© à ¡®â¥  ¬ ¤®áâ â®ç® â®£® ®ç¥¢¨¤®£® ä ªâ , çâ® U ≤ U ′. � «®£¨ç®,
U− = UT = 〈Xα;∠(α,−δ) ≤ π/3〉.�¥á«®�® ¢¨¤¥âì, çâ® ¤«ï ¤¢ãå ª®à¥¢ëå ¯®¤£àã¯¯, «¥� é¨å ¢ U , ¨å ª®¬¬ãâ â«¥�¨â ¢ Xδ, á ¬  �¥ Xδ ª®¬¬ãâ¨àã¥â á® ¢á¥© £àã¯¯®© U . Ǒ®íâ®¬ã ª®íää¨æ¨¥â, áª®â®àë¬ xα, ¯à¨ ∠(α, δ) = π/3, ¢å®¤¨â ¢ à §«®�¥¨¥ ã¨¯®â¥â  g   í«¥¬¥â àë¥ª®à¥¢ë¥ í«¥¬¥âë, ®¯à¥¤¥«¥ ®¤®§ ç®. � ¤ «ì¥©è¥¬ ¬ë ¡ã¤¥¬ ¥£® ®¡®§ ç âì ç¥-à¥§ (α)g. � ¬¥â¨¬, çâ® ¯à¨ ¯¥à¥¬®�¥¨¨ ¤¢ãå ã¨¯®â¥â®¢ ¨å ¡«®ª¨, ®¡®§ ç¥ë¥¢ (3.4) ç¥à¥§ A (á®®â¢¥âáâ¢¥®, C) áª« ¤ë¢ îâáï. Ǒ®íâ®¬ã ¤«ï ¯à®¨§¢®«ì®£® ã¨-21



¯®â¥â  g ¥£® ª®íää¨æ¨¥âë ¢ ¡«®ª¥ A (á®®â¢¥âáâ¢¥®, C) ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬,  «®£¨çë¬ [«. 3.1℄. � ¨¬¥®, ¬ë ¯®ª § «¨ á«¥¤ãîéãî «¥¬¬ã:�¥¬¬  3.3. Ǒãáâì g ∈ U | ã¨¯®â¥â ¨ «¨¡® φ ∈ I1 ¨ ψ ∈ I2, «¨¡® φ ∈ I2 ¨ ψ ∈ I3.�®£¤ :(1) gφψ = 0, ¥á«¨ d(φ, ψ) = 2;(2) gφψ = cφψ(ψ − φ)g, ¥á«¨ d(φ, ψ) = 1.�§ íâ®© «¥¬¬ë, ¢ ç áâ®áâ¨, á«¥¤ã¥â á®£« á®¢ ®áâì áâ à®£®, ¤ ®£® ¢ à ¡®â¥ [20℄,¨ ®¢®£® ®¯à¥¤¥«¥¨© (α)g: â ¬, £¤¥ ã ¨å á®¢¯ ¤ îâ ®¡« áâ¨ ®¯à¥¤¥«¥¨ï, â® ¥áâì ¤«ïª®à¥¢ëå í«¥¬¥â®¢, ï¢«ïîé¨åáï ®¤®¢à¥¬¥® ã¨¯®â¥â ¬¨, ¨ ¯à¨ ª®àïå α, â ª¨å,çâ® ∠(α, δ) = π/3, ¨å § ç¥¨ï â ª�¥ á®¢¯ ¤ îâ.
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§4. �¨¯®â¥âë¥ í«¥¬¥âëǑãáâì g ∈ U | ã¨¯®â¥â,   xα(a), £¤¥ α ⊥ δ | í«¥¬¥â àë© ª®à¥¢®© í«¥¬¥â. �§«¥¬¬ë 3.3 á«¥¤ã¥â, çâ®
g = e+ ∑

β;∠(β,δ)=π/3(β)geβ + ∑

i,j;i∈I1,j∈I3 gij .�®¯àï£ ï íâ® à ¢¥áâ¢® ¯à¨ ¯®¬®é¨ xα(a), ¯®«ãç ¥¬:
xα(a)gxα(−a) = e+ ∑

β;∠(β,δ)=π/3(β)gxα(a)eβxα(−a) + ∑

i∈I1,j∈I3 xα(a)gijxα(−a).Ǒãáâì xα(a)gxα(−a) = g′. Ǒ® [ãâ¢. 4℄, ¥á«®�® ¢¨¤¥âì, çâ® ¢â®à ï áã¬¬  à ¢ ∑
i,j;i∈I1,j∈I3 g′ij. � «¥¥, ¯®á¬®âà¨¬   á« £ ¥¬ë¥ ¨§ ¯¥à¢®© áã¬¬ë. �ç¥¢¨¤®, çâ® ã£®«¬¥�¤ã α ¨ β ¬®�¥â ¡ëâì à ¢¥ π/3, π/2 ¨«¨ 2π/3. �á«¨ ® à ¢¥ π/3 ¨«¨ π/2, â®
xα(a) ª®¬¬ãâ¨àã¥â á xβ(b), ®âªã¤  xα(a)eβxα(−a) = eβ . �á«¨ �¥ ∠(α, β) = 2π/3, â®
xα(a)eβxα(−a) = eβ +Nαβeα+β . �§ íâ®£® áà §ã á«¥¤ã¥â «¥¬¬ :�¥¬¬  4.1. Ǒãáâì g ∈ U | ã¨¯®â¥â, xα(a), £¤¥ α ⊥ δ | í«¥¬¥â àë© ª®à¥¢®©í«¥¬¥â,   g′ = xα(a)gxα(−a). �®£¤  ¥á«¨ ∠(α, β) = π/3, â® (β)g′ = (β)g+Nαβa(β−α)g.� ç¥ (β)g′ = (β)g.�¥¬¬  4.2. Ǒãáâì g ∈ U | ã¨¯®â¥â ¨ áãé¥áâ¢ã¥â ª®à¥ì β, â ª®©, çâ®
∠(β, δ) = π/3 ¨ (β)g 6= 0. �®£¤ , á®¯àï£ ï, ¯à¨ ¥®¡å®¤¨¬®áâ¨, g í«¥¬¥â®¬ ¨§ D,¬®�® áç¨â âì, çâ® (α)g 6= 0, £¤¥ α = 123211 .�®ª § â¥«ìáâ¢®. Ǒ® ®ç¥¢¨¤ë¬ á®®¡à �¥¨ï¬, ª®à¨ α ¨ β ¬®�® á¢ï§ âì æ¥¯®çª®©ª®à¥© β = β0, β1, . . . , βn = α, â ª®©, çâ® ∠(δ, βi) = ∠(βi−1, βi) = π/3 ¤«ï ¢á¥å 1 ≤ i ≤ n.Ǒ®íâ®¬ã ¤®áâ â®ç® ¯®ª § âì, çâ® ¥á«¨ (βi−1)g 6= 0, â®, á®¯àï£ ï g í«¥¬¥â®¬ ¨§ D,¬®�® áç¨â âì, çâ® (βi)g 6= 0. Ǒ®á«¥¤¥¥ �¥ «¥£ª® á«¥¤ã¥â ¨§ «¥¬¬ë 4.1 ¯à¨ α = βi−βi−1.�¥¬¬  4.3. Ǒãáâì g ∈ U | ã¨¯®â¥â ¨ (α)g 6= 0, £¤¥ α = 123211 . �®£¤ , á®¯àï£ ï,¯à¨ ¥®¡å®¤¨¬®áâ¨, g í«¥¬¥â®¬ ¨§ D, ¬®�® áç¨â âì, çâ® (α′)g = 0 ¤«ï ¢á¥å ª®à¥©
α′, â ª¨å, çâ® ∠(α′, δ) = ∠(α′, α) = π/3.�®ª § â¥«ìáâ¢®. Ǒãáâì β | ¯à®¨§¢®«ìë© ª®à¥ì, â ª®©, çâ® ∠(β, δ) = ∠(β, α) = π/3,¨ ¯à¥¤¯®«®�¨¬, çâ® (β)g 6= 0. �®¯àï�¥¬ g í«¥¬¥â®¬ xβ−α(a). Ǒà¨ â ª®¬ á®¯àï�¥¨¨,¯® «¥¬¬¥ 4.1, ¬¥ïîâáï ª®íää¨æ¨¥âë â®«ìª® ¯à¨ ª®àïå, ®¡à §ãîé¨å ã£®« π/3 á β −
α. Ǒ®áª®«ìªã ∠(α, β − α) = 2π/3, â® ¨§ ¢á¥å ª®à¥© α′, â ª¨å, çâ® ∠(α′, α) = π/3,ª®íää¨æ¨¥â ¬¥ï¥âáï â®«ìª® ¯à¨ ª®à¥ β. Ǒ®¤áâ ¢«ïï ¢¬¥áâ® a ¤à®¡ì −Nαβ(β)g(α)g , ¬ë¯®«ãç ¥¬, çâ® (β)g = 0. Ǒ®¢â®àïï íâã ®¯¥à æ¨î ¤«ï ¢á¥å β, â ª¨å, çâ® ∠(β, δ) =
∠(β, α) = π/3, ¯®«ãç¨¬ âà¥¡ã¥¬®¥.� áá¬®âà¨¬ ¬®�¥áâ¢® ª®à¥©, ®¡à §ãîé¨å ã£®« π/3 á ª®à¥¬ δ ¨ ¨å à §«®�¥¨¥  ¯à®áâë¥ ª®à¨. � ¨å ¢á¥å, ª ª ¥á«®�® ¢¨¤¥âì, ª®íää¨æ¨¥â ¯à¨ ª®à¥ α2 à ¢¥ 1.�®�® § ¬¥â¨âì, çâ® ¢ íâ®¬ ¬®�¥áâ¢¥ áãé¥áâ¢ã¥â ®¤¨ ª®à¥ì á ª®íää¨æ¨¥â®¬ 3 ¯à¨ª®à¥ α4,   ¨¬¥® α = 123211 , ¨ ®¤¨ ª®à¥ì á ª®íää¨æ¨¥â®¬ 0,   ¨¬¥® δ−α = 000001 .�á¥ ®áâ «ìë¥ ª®à¨ ¯à¨ α4 ¨¬¥îâ ª®íää¨æ¨¥â «¨¡® 1, «¨¡® 2, ¯® 9 ª®à¥© ª �¤®£®â¨¯ . � ª®¥æ, ®â¬¥â¨¬, çâ® α ®¡à §ã¥â ã£®« π/3 á ª®àï¬¨, ¨¬¥îé¨¬¨ ª®íää¨æ¨¥â2 ¯à¨ α4, ¨ ®àâ®£® «¥ ª®àï¬, ¨¬¥îé¨¬ ª®íää¨æ¨¥â 1 ¯à¨ α4,   δ − α |  ®¡®à®â.23



�¥¬¬  4.4. Ǒãáâì g ∈ U | ã¨¯®â¥â, (α)g 6= 0, £¤¥ α = 123211 . � «¥¥, ¯ãáâì(α′)g = 0 ¤«ï ¢á¥å ª®à¥© α′, â ª¨å, çâ® ∠(α′, δ) = ∠(α′, α) = π/3. Ǒà¥¤¯®«®�¨¬, çâ®áãé¥áâ¢ã¥â ª®à¥ì γ ⊥ α, â ª®©, çâ® ∠(γ, δ) = π/3 ¨ (γ)g 6= 0. �®£¤ , á®¯àï£ ï, ¯à¨¥®¡å®¤¨¬®áâ¨, g í«¥¬¥â®¬ ¨§ D, ¬®�® áç¨â âì, çâ® (β)g 6= 0, £¤¥ β = 111001 .�®ª § â¥«ìáâ¢®. �¥á«®�® ¢¨¤¥âì, çâ® ã£®« ¬¥�¤ã ª®àï¬¨ β ¨ γ à ¢¥ «¨¡® π/3, «¨¡®
π/2. �®«¥¥ â®£®, ¢® ¢â®à®¬ á«ãç ¥ áãé¥áâ¢ã¥â ª®à¥ì γ′, â ª®©, çâ® ∠(γ′, γ) = ∠(γ′, β) =
∠(γ′, δ) = π/3. Ǒ®ª �¥¬, çâ® ¥á«¨ ¥áâì ¤¢  ¢¥á  γ1 ¨ γ2, ¯à¨ç¥¬ ∠(γ1, γ2) = ∠(γi, δ) = π/3¨ ∠(γi, α) = π/2 ¯à¨ i = 1, 2, ¨ (γ1)g 6= 0, â®, á®¯àï£ ï g í«¥¬¥â®¬ ¨§ D, ¬®�® áç¨â âì,çâ® (γ2)g 6= 0. �«ï íâ®£®, ¯® «¥¬¬¥ 4.1, ¤®áâ â®ç® ¯®ª § âì, çâ® ¯®á«¥ á®¯àï�¥¨ï gª®à¥¢ë¬ í«¥¬¥â®¬ xγ2−γ1(a) ¯® ¯à¥�¥¬ã (α)g 6= 0 ¨ (α′)g = 0. � ¬¥â¨¬, çâ® γ2 − γ1¢ à §«®�¥¨¨   ¯à®áâë¥ ª®à¨ ¨¬¥¥â ª®íää¨æ¨¥â 0 ¯à¨ α4. �âáî¤ , ¯® «¥¬¬¥ 4.1,á«¥¤ã¥â âà¥¡ã¥¬®¥.�¥¬¬  4.5. Ǒãáâì g ∈ U | ã¨¯®â¥â, (α)g 6= 0, £¤¥ α = 123211 . � «¥¥, ¯ãáâì(α′)g = 0 ¤«ï ¢á¥å ª®à¥© α′, â ª¨å, çâ® ∠(α′, δ) = ∠(α′, α) = π/3. Ǒà¥¤¯®«®�¨¬,çâ® (β)g 6= 0, £¤¥ β = 111001 . �®£¤ , á®¯àï£ ï, ¯à¨ ¥®¡å®¤¨¬®áâ¨, g í«¥¬¥â®¬ ¨§ D,¬®�® áç¨â âì, çâ® (β′)g = 0 ¤«ï ¢á¥å ª®à¥© β′, â ª¨å, çâ® ∠(β′, δ) = ∠(β′, β) =
π/3.�®ª § â¥«ìáâ¢®. �¥©áâ¢ã¥¬   «®£¨ç® «¥¬¬¥ 4.3. Ǒãáâì γ | ¯à®¨§¢®«ìë© ª®à¥ì,â ª®©, çâ® ∠(γ, δ) = ∠(γ, β) = π/3, ¨ ¯à¥¤¯®«®�¨¬, çâ® (γ)g 6= 0. �®¯àï�¥¬ g í«¥¬¥â®¬
xγ−β(a). � ª ¬ë ¯®ª §ë¢ «¨ ¢ «¥¬¬¥ 4.3, ¯à¨ â ª®¬ á®¯àï�¥¨¨ ª®íää¨æ¨¥âë ¯à¨ª®àïå β′ 6= γ, â ª¨å, çâ® ∠(β′, δ) = ∠(β′, β) = π/3, ¥ ¬¥ïîâáï. � ¬¥â¨¬, çâ® γ − β¢ à §«®�¥¨¨   ¯à®áâë¥ ª®à¨ ¨¬¥¥â ª®íää¨æ¨¥â 0 ¯à¨ α4. �âáî¤ , ¯® «¥¬¬¥ 4.1,á«¥¤ã¥â, çâ® ª®íää¨æ¨¥âë ¯à¨ α ¨ α′ â ª�¥ ¥ ¨§¬¥ïâáï. Ǒ®¤¡¨à ï ª®íää¨æ¨¥â aâ ª, çâ®¡ë (γ)g áâ «® à ¢ë¬ 0, ¨ ¯®¢â®àïï â ªãî ¯à®æ¥¤ãàã ¤«ï ¢á¥å γ, â ª¨å, çâ®
∠(γ, δ) = ∠(γ, β) = π/3 ¨ (γ)g 6= 0, ¯®«ãç ¥¬ âà¥¡ã¥¬®¥.�¥¬¬  4.6. Ǒãáâì g ∈ U | ã¨¯®â¥â. �®£¤ , á®¯àï£ ï, ¯à¨ ¥®¡å®¤¨¬®áâ¨, gí«¥¬¥â®¬ ¨§ D, ¬®�® áç¨â âì, çâ® (γ)g = 0 ¤«ï ¢á¥å ª®à¥© γ 6= 123211 , 111001 ,011101 , 001111 ¨ 000001 , â ª¨å, çâ® ∠(γ, δ) = π/3.�®ª § â¥«ìáâ¢®. Ǒà¨¬¥¨¬ «¥¬¬ë 4.2-4.5. � ¬ ®áâ «®áì, á®¯àï£ ï g í«¥¬¥â®¬ ¨§ D,¤®¡¨âìáï â®£®, çâ®¡ë (011111 )g = (001101 )g = 0 (à §ã¬¥¥âáï, ¥ ¨á¯®àâ¨¢ ¤àã£¨å ª®íää¨-æ¨¥â®¢). Ǒà¥¤¯®«®�¨¬, çâ® ¨«¨ (011111 )g, ¨«¨ (001101 )g ¥ à ¢® 0. �®£¤ , á®¯àï£ ï,¯à¨ ¥®¡å®¤¨¬®áâ¨, g ª®à¥¢ë¬¨ í«¥¬¥â ¬¨ xγ′(a) ¯à¨ γ′ = −000010 ¨«¨ 010000 , ¬®�-® áç¨â âì, çâ® (011101 )g 6= 0. �âáî¤ , á®¯àï£ ï g ª®à¥¢ë¬¨ í«¥¬¥â ¬¨ xγ′(a) ¯à¨
γ′ = 000010 ¨ −010000 , ¬®�® áç¨â âì, çâ® (011111 )g = (001101 )g = 0, çâ® ¨ âà¥¡®¢ «®áì.�¥®à¥¬  2. �î¡®© ã¨¯®â¥â g ∈ U ¬®�® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥¨ï ¥¡®«¥¥ ç¥¬ âà¥å ª®à¥¢ëå í«¥¬¥â®¢.�®ª § â¥«ìáâ¢®. Ǒ® «¥¬¬¥ 4.6, ¬®�® áç¨â âì, çâ® (γ)g = 0 ¤«ï ¢á¥å ª®à¥© γ 6=123211 , 111001 , 011101 , 001111 ¨ 000001 , â ª¨å, çâ® ∠(γ, δ) = π/3. Ǒà¥¤¯®«®�¨¬, çâ®(000001 )g 6= 0. �®£¤ , á®¯àï£ ï g í«¥¬¥â®¬ xγ′(a) ¯à¨ γ′ = 001110 , ¬®�® ¤®¡¨âìáï, çâ®¡ë(001111 )g = 0. Ǒà¨ íâ®¬, ¢®§¬®�®, ¯¥à¥áâ ãâ ¡ëâì ã«ï¬¨ ª®íää¨æ¨¥âë ¯à¨ 11211124



¨ 012211 . � ç¥ £®¢®àï, ã¨¯®â¥â g ã  á ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥¨ï í«¥¬¥-â àëå ª®à¥¢ëå í«¥¬¥â®¢, á®®â¢¥âáâ¢ãîé¨å ª®àï¬ 000001 , 011101 , 111001 , 112111 , 012211¨ 123211 ,   â ª�¥, ¢®§¬®�®, 123212 . � ¬¥â¨¬, çâ® ¯à®¨§¢¥¤¥¨¥ ¤¢ãå ª®à¥¢ëå í«¥¬¥-â®¢, ®¡à §ãîé¨å ã£®« π/3, â ª�¥ ï¢«ï¥âáï ª®à¥¢ë¬ í«¥¬¥â®¬. � á ¬®¬ ¤¥«¥, ¯® [â.3℄, ¬®�® áç¨â âì, çâ® íâ¨ ª®à¥¢ë¥ í«¥¬¥âë | í«¥¬¥â àë¥,   ¤«ï ¨å íâ® ®ç¥¢¨¤-®. Ǒ®íâ®¬ã ¯à®¨§¢¥¤¥¨ï ¯¥à¢®£® ¨ ¢â®à®£®, âà¥âì¥£® ¨ ç¥â¢¥àâ®£®,   â ª�¥ ¯ïâ®£®,è¥áâ®£® ¨ á¥¤ì¬®£® ª®à¥¢ëå í«¥¬¥â®¢ â ª�¥ ï¢«ïîâáï ª®à¥¢ë¬¨ í«¥¬¥â ¬¨, ¨ ¨å¯à®¨§¢¥¤¥¨¥ à ¢® g.�áâ «®áì à áá¬®âà¥âì á«ãç ©, ª®£¤  (000001 )g = 0. �á«¨ å®âì ®¤¨ ¨§ ®áâ ¢è¨åáïª®íää¨æ¨¥â®¢ â ª�¥ à ¢¥ 0, â® ãâ¢¥à�¤¥¨¥ â¥®à¥¬ë ®ç¥¢¨¤®. Ǒà¥¤¯®«®�¨¬, çâ®®áâ ¢è¨¥áï ç¥âëà¥ ª®íää¨æ¨¥â  0 ¥ à ¢ë. �®¯àï�¥¬ g ª®à¥¢ë¬ í«¥¬¥â®¬ xγ′(1)¯à¨ γ′ = −111000 . Ǒà¨ â ª®¬ á®¯àï�¥¨¨ áâ ãâ ¥ã«¥¢ë¬¨ ª®íää¨æ¨¥âë ¯à¨ 000001¨ 012211 . �¥¯¥àì, á®¯àï£ ï g í«¥¬¥â®¬ xγ′(a) ¯à¨ γ′ = 001110 , ¬®�® ¤®¡¨âìáï, çâ®¡ë(001111 )g = 0. Ǒà¨ íâ®¬ ¯¥à¥áâ ¥â ¡ëâì ã«¥¬ ª®íää¨æ¨¥â ¯à¨ 112111 . � ç¥ £®¢®àï,ã¨¯®â¥â g, ª ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç ¥, ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥¨ï í«¥¬¥-â àëå ª®à¥¢ëå í«¥¬¥â®¢, á®®â¢¥âáâ¢ãîé¨å ª®àï¬ 000001 , 011101 , 111001 , 112111 , 012211¨ 123211 ,   â ª�¥, ¢®§¬®�®, 123212 . Ǒ®íâ®¬ã, ª ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç ¥, g ¯à¥¤áâ ¢-«ï¥âáï ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥¨ï âà¥å ª®à¥¢ëå í«¥¬¥â®¢, çâ® ¨ âà¥¡®¢ «®áì.� ¬¥ç ¨¥. �¥á«®�® ¢¨¤¥âì, çâ® ª®à¨ 123211 , 111001 , 011101 , 001111 ¨ 000001 , ¢ë¡à ë¥¢ «¥¬¬ å 4.2-4.6,   â ª�¥ ¬ ªá¨¬ «ìë© ª®à¥ì δ = 123212 , «¥� â ¢ ¯®¤á¨áâ¥¬¥ ª®à¥©â¨¯  D4. �®®â¢¥âáâ¢¥®, ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 2 ¯à®å®¤¨â,   á ¬®¬ ¤¥«¥, ¢ D4.� ¤ «ì¥©è¥¬,  á ¡ã¤¥â ¨â¥à¥á®¢ âì ¯®¤¬ âà¨æ  6× 6 ¬ âà¨æë g, à á¯®«®�¥ ï¢ ¯à ¢®¬ ¢¥àå¥¬ ã£«ã. �¡®§ ç¨¬ íâã ¬ âà¨æã ç¥à¥§ g = {gij}i∈I1,j∈I3 . �â  ¬ âà¨æ ¯¥à¥¢®¤¨â ¯®¤¯à®áâà áâ¢® V3 ¢ V1. �ç¥¢¨¤®, ®¤ ª®, çâ® áãé¥áâ¢ã¥â áâ ¤ àâë©¨§®¬®àä¨§¬ ¨§ V1 ¢ V3, ¯¥à¥¢®¤ïé¨© ei, ¯à¨ i ∈ I1, ¢ ei−δ. �® ¬®£¨å ¤ «ì¥©è¨åãâ¢¥à�¤¥¨ïå, ¤«ï ¯à®áâ®âë ä®à¬ã«¨à®¢®ª, ¬ë ¡ã¤¥¬ £®¢®à¨âì ¯à® á®¯àï�¥¨¥ ¬ â-à¨æë g, ¥¥ �®à¤ ®¢ã ä®à¬ã ¨ â®¬ã ¯®¤®¡®¥, ¯®¤à §ã¬¥¢ ï ¨á¯®«ì§®¢ ¨¥ íâ®£® (¨«¨®¡à â®£® ¥¬ã) áâ ¤ àâ®£® ¨§®¬®àä¨§¬ .Ǒ®á«¥¤ãîé¥¥ ®¯à¥¤¥«¥¨¥ ¬ë ã�¥ ä®à¬ã«¨à®¢ «¨ ¢ ¢¢¥¤¥¨¨.�¯à¥¤¥«¥¨¥. Ǒ®«¥ K  §ë¢ ¥âáï n-§ ¬ªãâë¬, ¥á«¨ ¢ ¥¬ «î¡®© ¬®£®ç«¥ áâ¥¯¥¨¥ ¢ëè¥ n ¨¬¥¥â å®âï ¡ë ®¤¨ ª®à¥ì.�â¢¥à�¤¥¨¥ 1.(1) Ǒãáâì g ∈ U | ã¨¯®â¥â. �®£¤  g á®¯àï�¥® ¬ âà¨æ¥



a 0 0 kx 0 00 a 0 0 ky 00 0 a 0 0 kz
yz 0 0 b 0 00 xz 0 0 b 00 0 xy 0 0 b


¤«ï ¥ª®â®àëå a, b, k, x, y, z ∈ K.25



(2) Ǒà¥¤¯®«®�¨¬, çâ® ¯®«¥ K ï¢«ï¥âáï 2-§ ¬ªãâë¬. Ǒãáâì g ∈ U | ã¨¯®-â¥â. �®£¤  g ¨¬¥¥â ®¤ã ¨§ á«¥¤ãîé¨å �®à¤ ®¢ëå ä®à¬:



a 0 0 0 0 00 a 0 0 0 00 0 a 0 0 00 0 0 a 0 00 0 0 0 a 00 0 0 0 0 a



,




a 1 0 0 0 00 a 0 0 0 00 0 a 0 0 00 0 0 a 0 00 0 0 0 a 00 0 0 0 0 a



,




a 1 0 0 0 00 a 0 0 0 00 0 a 1 0 00 0 0 a 0 00 0 0 0 a 10 0 0 0 0 a


¨«¨, ¯à¨ a 6= b ∈ K, 



a 0 0 0 0 00 a 0 0 0 00 0 a 0 0 00 0 0 b 0 00 0 0 0 b 00 0 0 0 0 b



.(3) Ǒà¥¤¯®«®�¨¬, çâ® ¯®«¥ K ï¢«ï¥âáï 2-§ ¬ªãâë¬. Ǒãáâì A ∈ GL(6, K) |¯à®¨§¢®«ì ï ¬ âà¨æ , �®à¤ ®¢  ä®à¬  ª®â®à®© | ®¤  ¨§ ¯¥à¥ç¨á«¥ëå ¢¯à¥¤ë¤ãé¥¬ ¯ãªâ¥. �®£¤  áãé¥áâ¢ã¥â ã¨¯®â¥â g ∈ U , â ª®©, çâ® g = A.� ¤ «ì¥©è¥¬, ª®£¤   ¬ ¡ã¤¥â ¢áâà¥ç âìáï ¬ âà¨æ  A ∈ GL(6, K), á®¯àï�¥ ï¬ âà¨æ¥ ¢¨¤ , ãª § ®£® ¢ ¯ãªâ¥ (1), ¬ë ¡ã¤¥¬ £®¢®à¨âì, çâ® A ¨¬¥¥â ¢¨¤ †.�®ª § â¥«ìáâ¢®. � ª ¥á«®�® ¢¨¤¥âì, ¯à¨ á®¯àï�¥¨¨ g í«¥¬¥â®¬ f ∈ D ¬ âà¨æ  gã¬®� ¥âáï á«¥¢    f |V1 ,   á¯à ¢    f−1|V3 . Ǒ®áª®«ìªã f−1 ∈ D, â® f−1|V3 = f−1|V1 =(f |V1)−1, ¯®íâ®¬ã á®¯àï�¥¨¥ g ¬ âà¨æ¥© f á®®â¢¥âáâ¢ã¥â á®¯àï�¥¨î g ¬ âà¨æ¥© f |V1 .Ǒà¨¬¥¨¬ «¥¬¬ã 4.6. �«ï ¤®ª § â¥«ìáâ¢  ¯¥à¢®£® ¯ãªâ   ¬ ®áâ «®áì ¯®ª § âì, çâ®¥á«¨ g ¢ë£«ï¤¨â, ª ª ¢ «¥¬¬¥ 4.6, â® g ¨¬¥¥â âà¥¡ã¥¬ë© ¢¨¤. Ǒãáâì i ∈ I1, j ∈ I3 ¨ i 6=

j+δ. Ǒ®áª®«ìªã ¢¥ªâ®à g∗j á¨£ã«ïà¥, â® Q(ek, g∗j) à ¢® 0 ¯à¨ ¢¥á¥ k ∈ I2, ¤ «¥ª®¬ ®â i¨ j. � ¤àã£®© áâ®à®ë, ¨§ ¢¨¤  ä®à¬ëQ á«¥¤ã¥â, çâ®Q(ek, g∗j) = ±gijgjj+±gi−δ,jgj+δ,j+∑±gljgmj . Ǒà¨ íâ®¬, ¯® [ãâ¢. 6℄, ¯®á«¥¤ïï áã¬¬  á®áâ®¨â ¨§ âà¥å á« £ ¥¬ëå ¨ l,m ∈ I2;ªà®¬¥ íâ®£®, gjj = 1,   gi−δ,j = 0. �âáî¤  ¥á«®�® ¯®«ãç¨âì ¯àï¬ë¬ ¢ëç¨á«¥¨¥¬,çâ® gij ¯à¨ i 6= j + δ ¯à¨¨¬ ¥â ã�®¥ § ç¥¨¥. �à¥¡ã¥¬ë¥ á®®â®è¥¨ï ¬¥�¤ã¤¨ £® «ìë¬¨ í«¥¬¥â ¬¨ g, áª �¥¬, gi,i−δ ¨ gj,j−δ, ¬®�® ¯®«ãç¨âì   «®£¨çë¬¢ëç¨á«¥¨¥¬ ¨§ â®£®, çâ® Q(ek, g∗,i−δ + g∗,j−δ) = 0, £¤¥ k ∈ I2 ¨ d(k, i) = d(k, j) = 2.�â®à®© ¯ãªâ áà §ã á«¥¤ã¥â ¨§ ¯¥à¢®£®. �®ª �¥¬ âà¥â¨© ¯ãªâ. �¥á«®�® ¢¨¤¥âì,çâ® áãé¥áâ¢ãîâ ã¨¯®â¥âë g, â ª¨¥, çâ® g ¨¬¥¥â â ªãî �¥ �®à¤ ®¢ã ä®à¬ã, çâ® ¨
A. �®«¥¥ â®£®, ª ª ¬ë £®¢®à¨«¨ ¢ ¯à¥¤ë¤ãé¥¬  ¡§ æ¥, ¯à¨ á®¯àï�¥¨¨ g í«¥¬¥â®¬
f ∈ D ¯®¤¬ âà¨æ  g á®¯àï£ ¥âáï ¬ âà¨æ¥© f |V1 ∈ SL(6, K). �  ®¡®à®â, ¯® á«¥¤áâ¢¨î¨§ ¯à¥¤«®�¥¨ï 3, ¤«ï ¯à®¨§¢®«ì®© ¬ âà¨æë B ∈ SL(6, K) áãé¥áâ¢ã¥â ¬ âà¨æ  f ∈
D, â ª ï, çâ® f |V1 = B. � ª¨¬ ®¡à §®¬,  ¬ ¤®áâ â®ç® ¯®ª § âì, çâ® A á®¯àï�¥ ¥ª®â®à®© ¬ âà¨æ¥ ¨§ ¯ãªâ  (2) ¯à¨ ¯®¬®é¨ ¬ âà¨æ ¨§ SL(6, K). �â®, ¢ á¢®î ®ç¥à¥¤ì,áà §ã á«¥¤ã¥â ¨§ â®£®, çâ® ¯®«¥ K | 2-§ ¬ªãâ®¥ ¨ ¬¨¨¬ «ìë© à §¬¥à �®à¤ ®¢ ¡«®ª  ¢ ¬ âà¨æ å ¨§ (2) à ¢¥ 1 ¨«¨ 2. 26



§5. Ǒà®¨§¢¥¤¥¨ï1. �¢¥¤¥¨¥ ¯à®¨§¢¥¤¥¨ï ¬ âà¨æ ¨§ Gs(E6, K) ª ¯à®¨§¢¥¤¥¨î ¬ âà¨æ ¨§
GL(6, K) ¨ ã¨¯®â¥âë¬ í«¥¬¥â ¬.Ǒãáâì g ∈ U | ã¨¯®â¥â. Ǒ®á«¥¤¨¥ è¥áâì áâ®«¡æ®¢ g ®¡à §ãîâ è¥áâ¨¬¥à®¥ á¨-£ã«ïà®¥ ¯®¤¯à®áâà áâ¢® W . �®£¤  ¯® [â. 2℄ áãé¥áâ¢ã¥â ª®à¥¢®© í«¥¬¥â h, â ª®©, çâ®
V h =W . �®«¥¥ â®£®, ¯® [«. 3.5℄ (−δ)h 6= 0. � ª¨¬ ®¡à §®¬, ¬ë ¯®«ãç¨«¨ ®â®¡à �¥¨¥ θ¨§ U ¢ ¬®�¥áâ¢® ª®à¥¢ëå í«¥¬¥â®¢ RootEl−δ = {h;h− ª®à¥¢®© í«¥¬¥â, (−δ)h = 1}.� ¬¥â¨¬, çâ®, ¯® «¥¬¬¥ 3.3, è¥áâ¨¬¥àë¬ á¨£ã«ïàë¬ ¯®¤¯à®áâà áâ¢®¬W ã¨¯®â¥â
g ®¯à¥¤¥«ï¥âáï ®¤®§ ç®, ¯®íâ®¬ã θ ï¢«ï¥âáï ¨ê¥ªæ¨¥©. �¥£ª® ¢¨¤¥âì â ª�¥, çâ® ¥á-«¨ g ∈ U ¨ h = θ(g) ∈ RootEl−δ, â® ¯¥à¢ë¥ è¥áâì áâ®«¡æ®¢ ¬ âà¨æë h − e á®¢¯ ¤ îâá ¯®á«¥¤¨¬¨ è¥áâìî áâ®«¡æ ¬¨ ¬ âà¨æë g. � ç¥ £®¢®àï, hρσ − δρ,σ = gρσ−δ ¯à¨
ρ ∈ � ¨ σ ∈ I1. � ç áâ®áâ¨, (γ)g = ±(γ − δ)h ¤«ï ¯à®¨§¢®«ì®£® ª®àï γ, â ª®£®, çâ®
∠(γ, δ) = π/3.Ǒà¨¬¥¨¬ ª ¨â¥à¥áãîé¥¬ã  á á«ãç î α = −δ [â. 1℄. � ¥© ¬ë ¯®ª § «¨, çâ® «î¡®©í«¥¬¥â ¨§ RootEl−δ ¯®«ãç ¥âáï á®¯àï�¥¨¥¬ í«¥¬¥â à®£® ª®à¥¢®£® í«¥¬¥â  x−δ(1)ª®à¥¢ë¬¨ í«¥¬¥â ¬¨ xβ+δ(·), β, β + δ ∈ � ¨ xδ(·). � ç¥ £®¢®àï, ¤«ï ¯à®¨§¢®«ì®£®
h ∈ RootEl−δ ¬ë ¯®«ãç ¥¬, çâ® h = gx−δ(1)g−1 ¤«ï ¥ª®â®à®£® g ∈ U . � ª¨¬ ®¡à -§®¬, ¯®«ãç¨«®áì ®â®¡à �¥¨¥ η ¨§ RootEl−δ ¢ U , ¯¥à¥¢®¤ïé¥¥ h ¢ g. �à ¢¨¢ ï heλá gx−δ(1)g−1eλ, ®¡ àã�¨¢ ¥¬, çâ® η ï¢«ï¥âáï ®¡à âë¬ ª θ ¨, ¯®íâ®¬ã, θ | ¡¨¥ªæ¨ï.�®«¥¥ â®£®, ¬®�® § ¬¥â¨âì, çâ® η ¨, á«¥¤®¢ â¥«ì®, θ á®åà ïîâáï ¯à¨ á®¯àï�¥¨¨ U ¨
RootEl−δ í«¥¬¥â ¬¨ ¨§ D. Ǒ®ïâ®, çâ® ªà®¬¥ ¢ëè¥®¯¨á ®© ¡¨¥ªæ¨¨ θ, áãé¥áâ¢ãîâ¥é¥ âà¨ ¯®¤®¡ë¥ ¡¨¥ªæ¨¨. �®-¯¥à¢ëå, íâ® ¡¨¥ªæ¨ï ¨§ U ¢ RootEl−δ, ¯¥à¥¢®¤ïé ï ã¨-¯®â¥â g ¢ ª®à¥¢®© í«¥¬¥â h, â ª®©, çâ® Vh = 〈gi∗; i ∈ I1〉. �®-¢â®àëå, ¡¨¥ªæ¨ï ¨§ U−¢ RootElδ, ¯¥à¥¢®¤ïé ï ã¨¯®â¥â g ¢ ª®à¥¢®© í«¥¬¥â h, â ª®©, çâ® V h = 〈g∗i; i ∈ I1〉.�-âà¥âì¨å, ¡¨¥ªæ¨ï ¨§ U− ¢ RootElδ, ¯¥à¥¢®¤ïé ï ã¨¯®â¥â g ¢ ª®à¥¢®© í«¥¬¥â h,â ª®©, çâ® Vh = 〈gi∗; i ∈ I3〉. � ª¨¬ ®¡à §®¬, ¬ë ¤®ª § «¨ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.�â¢¥à�¤¥¨¥ 2.(1) �«ï ¯à®¨§¢®«ì®£® ª®à¥¢®£® í«¥¬¥â  h, â ª®£®, çâ® (−δ)h 6= 0, áãé¥áâ¢ã¥âã¨¯®â¥â g ∈ U , â ª®©, çâ® V h = 〈g∗i; i ∈ I3〉.(2) �«ï ¯à®¨§¢®«ì®£® ª®à¥¢®£® í«¥¬¥â  h, â ª®£®, çâ® (−δ)h 6= 0, áãé¥áâ¢ã¥âã¨¯®â¥â g ∈ U , â ª®©, çâ® Vh = 〈gi∗; i ∈ I1〉.(3) �«ï ¯à®¨§¢®«ì®£® ª®à¥¢®£® í«¥¬¥â  h, â ª®£®, çâ® (δ)h 6= 0, áãé¥áâ¢ã¥âã¨¯®â¥â g ∈ U−, â ª®©, çâ® V h = 〈g∗i; i ∈ I1〉.(4) �«ï ¯à®¨§¢®«ì®£® ª®à¥¢®£® í«¥¬¥â  h, â ª®£®, çâ® (δ)h 6= 0, áãé¥áâ¢ã¥âã¨¯®â¥â g ∈ U−, â ª®©, çâ® Vh = 〈gi∗; i ∈ I3〉.�«¥¤áâ¢¨¥.(1) Ǒãáâì g | ª®à¥¢®© í«¥¬¥â ¨ «¨¡® (δ)g, «¨¡® (−δ)g ¥ à ¢® 0. �®£¤  ¬ âà¨æë

{gij}6i,j=1 ¨ {gij}27i,j=22 ¨¬¥¥â ¢¨¤ †.(2) Ǒà¥¤¯®«®�¨¬, çâ® ¯®«¥ K ï¢«ï¥âáï 2-§ ¬ªãâë¬. �®£¤  ¤«ï ¯à®¨§¢®«ì®©¬ âà¨æë A, ¨¬¥îé¥© ¢¨¤ †, áãé¥áâ¢ãîâ ª®à¥¢ë¥ í«¥¬¥âë g ¨ h, â ª¨¥,çâ® (δ)g 6= 0, (δ)h 6= 0, {gij}6i,j=1 = A ¨ {hij}27i,j=22 = A.�®ª § â¥«ìáâ¢®. �¡  ¯ãªâ  á«¥¤ã¥â ¨§ ãâ¢¥à�¤¥¨© 1 ¨ 2.� ¬¥ç ¨¥. �ç¥¢¨¤®, çâ® ¢® ¢â®à®¬ ¯ãªâ¥ ãá«®¢¨ï (δ)g 6= 0 ¨ (δ)h 6= 0 ¬®�® § ¬¥¨âì  (−δ)g 6= 0 ¨ (−δ)h 6= 0. 27



� §3 ¬ë à áá¬ âà¨¢ «¨ £àã¯¯ë U ¨ U ′. � ¬ ¬ë § ¬¥â¨«¨, çâ® U ≤ U ′. �¥©ç á ¬ë«¥£ª® á¬®�¥¬ ¤®ª § âì ¨å à ¢¥áâ¢®.�â¢¥à�¤¥¨¥ 3. U ′ = U .�®ª § â¥«ìáâ¢®. �®áâ â®ç® ¯®ª § âì, çâ® U ′ ≤ U . Ǒãáâì g′ ∈ U ′. �®£¤  ¯®á«¥¤¨¥è¥áâì áâ®«¡æ®¢ ¬ âà¨æë g′ ®¡à §ãîâ è¥áâ¨¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®áâà áâ¢® V ′. Ǒ®[á«. ¨§ â. 2℄, áãé¥áâ¢ã¥â ª®à¥¢®© í«¥¬¥â h ∈ RootEl−δ, â ª®©, çâ® V h = V ′. �®£¤ , ¯®ãâ¢¥à�¤¥¨î 2, áãé¥áâ¢ã¥â í«¥¬¥â g ∈ U , â ª®©, çâ® ¯®¤¯à®áâà áâ¢®, ¯®à®�¤¥®¥¯®á«¥¤¨¬¨ è¥áâìî áâà®ª ¬¨ ¬ âà¨æë g, á®¢¯ ¤ ¥â á V ′. � ç¥ £®¢®àï, gV1 = g′V1 =
V ′. Ǒ®íâ®¬ã ¬ âà¨æ  g−1g′ ®áâ ¢«ï¥â V1   ¬¥áâ¥, â® ¥áâì g−1g′ ∈ P−. �¥¯¥àì ¨§¯à¥¤«®�¥¨ï 4 (â®ç¥¥ £®¢®àï, ¨§ ¥£® âà á¯®¨à®¢ ®£®   «®£ , á¬. § ¬¥ç ¨¥ ¯®á«¥¯à¥¤«®�¥¨ï 4) ¨ ®¯à¥¤¥«¥¨ï U ′ á«¥¤ã¥â, çâ® g−1g′ = E, çâ® ¨ âà¥¡®¢ «®áì.Ǒãáâì J ∈ Gs(E6, K) | ¬ âà¨æ , à ¢ ï wδ(1) = xδ(1)x−δ(−1)xδ(1). � áá¬®âà¨¬¬®�¥áâ¢® L′, ¯®«ãç ¥¬®¥ ¨§ ¯®¤£àã¯¯ë �¥¢¨ L ã¬®�¥¨¥¬ á¯à ¢    J : L′ = {AJ ;A ∈
L}.� ¬¥ç ¨¥. �ë ¨á¯®«ì§ã¥¬ ®¢®¥ ®¡®§ ç¥¨¥ ¤«ï wδ(1), çâ®¡ë ¥ ¯ãâ âì ã¬®�¥¨¥  ¥£® ¨ á®¯àï�¥¨¥ ¨¬. � ª ¨ ¯à¥�¤¥, £®¢®àï ¯à® "¤¥©áâ¢¨¥ í«¥¬¥â®¬ wδ(1)", ¬ë¯®¤à §ã¬¥¢ ¥¬ á®¯àï�¥¨¥ íâ¨¬ í«¥¬¥â®¬.�¥®à¥¬  3. Ǒãáâì g ∈ Gs(E6, K) | ¯à®¨§¢®«ìë© í«¥¬¥â á det(g) 6= 0. �®£¤  g =
vdw, £¤¥ v, w ∈ U−,   d ∈ L′.�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ è¥áâ¨¬¥à®¥ ¯®¤¯à®áâà áâ¢® W , ¯®à®�¤¥®¥ ¯®á«¥¤-¨¬¨ è¥áâìî áâ®«¡æ ¬¨ ¬ âà¨æë g. Ǒãáâì h | ª®à¥¢®© í«¥¬¥â, â ª®©, çâ® V h = W .Ǒ®áª®«ìªã ¯® ãá«®¢¨î det(g) 6= 0, â®, ¯® [«. 3.5℄, (δ)h 6= 0. �«ï ¥ª®â®à®£® a ∈ K, ¯®-íâ®¬ã, ah ∈ RootElδ. �®£¤  áãé¥áâ¢ã¥â ã¨¯®â¥â v ∈ U−, â ª®©, çâ® ¯®¤¯à®áâà áâ¢®,¯®à®�¤¥®¥ ¯¥à¢ë¬¨ è¥áâìî áâ®«¡æ ¬¨ v, á®¢¯ ¤ ¥â á V ah = V h =W . � «¥¥, à áá¬®â-à¨¬ è¥áâ¨¬¥à®¥ ¯®¤¯à®áâà áâ¢® W ′ < V ∗, ¯®à®�¤¥®¥ ¯¥à¢ë¬¨ è¥áâìî áâà®ª ¬¨¬ âà¨æë g. "�à á¯®¨àãï" ¯à¥¤ë¤ãé¨¥ á®®¡à �¥¨ï, ¯®«ãç ¥¬, çâ® áãé¥áâ¢ã¥â ã¨-¯®â¥â w ∈ U−, â ª®©, çâ® ¯®¤¯à®áâà áâ¢®, ¯®à®�¤¥®¥ ¯®á«¥¤¨¬¨ è¥áâìî áâà®ª ¬¨
w, á®¢¯ ¤ ¥â á W ′.�¥¯¥àì ¯®«®�¨¬ d = v−1gw−1. � áá¬®âà¨¬ ¯®¤¯à®áâà áâ¢® V ′, ¯®à®�¤¥®¥ ¯®á«¥¤-¨¬¨ è¥áâìî áâ®«¡æ ¬¨ ¬ âà¨æë d. Ǒà¨ íâ®¬ w−1V3 = V3, ¯®íâ®¬ã V ′ = v−1gw−1V3 =
v−1V . � «¥¥, ¨§ ¢ë¡®à  v á«¥¤ã¥â, çâ® V = vV1, ¯®íâ®¬ã V ′ = V1. � ç¥ £®¢®àï, dij = 0¯à¨ 7 ≤ i ≤ 27, 22 ≤ j ≤ 27. � «®£¨ç®, "âà á¯®¨àãï" ¢ëè¥®¯¨á ë¥ à ááã�¤¥¨ï,¬®�® ¯®«ãç¨âì, çâ® dij = 0 ¯à¨ 1 ≤ i ≤ 6, 1 ≤ j ≤ 21. � ª®¥æ, à áá¬®âà¨¬ ¬ â-à¨æã dJ−1. �¥á«®�® § ¬¥â¨âì, çâ® ®  «¥�¨â ¢ ¯ à ¡®«¨ç¥áª¨å ¯®¤£àã¯¯ å P ¨ P−,á«¥¤®¢ â¥«ì®, dJ−1 ∈ L, â® ¥áâì d ∈ L′, çâ® ¨ âà¥¡®¢ «®áì.Ǒà¥¤«®�¥¨¥ 6. Ǒãáâì g1, g2 | ¤¢  ª®à¥¢ëå í«¥¬¥â , â ª¨¥, çâ® (δ)g1 ¨ (δ)g2 ¥à ¢ë 0.(1) � âà¨æ  g1g2 ¨¬¥¥â ¢¨¤ †.(2) Ǒà¥¤¯®«®�¨¬, çâ® ¯®«¥ K ï¢«ï¥âáï 2-§ ¬ªãâë¬. � ä¨ªá¨àã¥¬ ª®à¥¢®© í«¥-¬¥â g1. �®£¤  ¤«ï ¯à®¨§¢®«ì®© ¬ âà¨æë A ¢¨¤  † áãé¥áâ¢ã¥â â ª®© ª®à¥-¢®© í«¥¬¥â g2, çâ® g1g2 = A.�®ª § â¥«ìáâ¢®. �®ª �¥¬ ¯¥à¢ë© ¯ãªâ. � ª ¬ë  ¯®¬¨ «¨ ¢ §2, ¨§ ¤®ª § â¥«ìáâ¢ [â. 1℄ á«¥¤ã¥â, çâ® g1 = fxδ(a)f−1, £¤¥ f ∈ U−. � «¥¥, ¥á«®�® ¢¨¤¥âì, çâ® ¤«ï28



¯à®¨§¢®«ì®£® í«¥¬¥â  g ∈ G(E6, K) ¨ ¯à®¨§¢®«ì®£® ã¨¯®â¥â  u ∈ U− ¬ âà¨æ  gà ¢  ug ¨ gu. � ç áâ®áâ¨, g1g2 = f−1g1g2f = xδ(a)(f−1g2f). � «¥¥, xδ(a)(f−1g2f) =
f−1g2f + a{(f−1g2f)ij}i,j∈I3 . Ǒ®áª®«ìªã g2 | ª®à¥¢®© í«¥¬¥â, â® ¬ âà¨æ  f−1g2f =
g2 | áª «ïà ï ¨ ¥ à ¢  0. Ǒ® á«¥¤áâ¢¨î ¨§ ãâ¢¥à�¤¥¨ï 2, ¬ âà¨æ  {(f−1g2f)ij}i,j∈I3¨¬¥¥â ¢¨¤ †, ¯®íâ®¬ã ¨ g1g2 ¨¬¥¥â ¢¨¤ †.�®ª �¥¬ ¢â®à®© ¯ãªâ. � ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ ¯ãªâ¥, ¨¬¥¥¬ g1g2 = xδ(a)(f−1g2f) =
f−1g2f + a{(f−1g2f)ij}i,j∈I3 , ¯à¨ íâ®¬ f ¨ a § ¢¨áïâ â®«ìª® ®â g1. Ǒãáâì h = f−1g2f ,â®£¤  g1g2 = h+ a{hij}i,j∈I3 . Ǒà¨ íâ®¬ h ¬®�¥â ¡ëâì ¯à®¨§¢®«ìë¬ ª®à¥¢ë¬ í«¥¬¥-â®¬,   ¯®áª®«ìªã (δ)h = (δ)g2 , â® ãá«®¢¨¥, çâ® (δ)g2 6= 0, ¯¥à¥å®¤¨â ¢ ãá«®¢¨¥ (δ)h 6= 0.�âáî¤ , ¨á¯®«ì§ãï á«¥¤áâ¢¨¥ ¨§ ãâ¢¥à�¤¥¨ï 2, ¯®«ãç ¥¬ âà¥¡ã¥¬®¥.�¥®à¥¬  4.(1) Ǒãáâì g1 ¨ g2 | ¤¢  ¯à®¨§¢®«ìëå í«¥¬¥â  £àã¯¯ë Gs(E6, K), â ª¨¥, çâ®det g1 ¨ det g2 ¥ à ¢ë 0. �®£¤  g1g2 = g1Ag2, £¤¥ A | ¥ª®â®à ï ¬ âà¨æ  ¢¨¤ 

†. � ç áâ®áâ¨, ¥á«¨ g2 | ª®à¥¢®© í«¥¬¥â, â® g1g2 = g1A.(2) Ǒà¥¤¯®«®�¨¬, çâ® ¯®«¥ K ï¢«ï¥âáï 2-§ ¬ªãâë¬. � ä¨ªá¨àã¥¬ í«¥¬¥â
g1 ∈ Gs(E6, K). �®£¤  ¤«ï ¯à®¨§¢®«ì®© ¬ âà¨æë A ¢¨¤  † áãé¥áâ¢ã¥â â -ª®© ª®à¥¢®© í«¥¬¥â g2, çâ® g1g2 = g1A.�®ª § â¥«ìáâ¢®. Ǒãáâì f1 | ª®à¥¢®© í«¥¬¥â, â ª®©, çâ® 〈{f1}i∗; i ∈ I1〉 = 〈{g1}i∗; i ∈

I1〉 ¨ (δ)f1 = 1. � ç¥ £®¢®àï, ¥á«¨ W = 〈{g1}i∗; i ∈ I1〉 ¨ h1 | ª®à¥¢®© í«¥¬¥â,â ª®©, çâ® V h1 = W ¨ (δ)h1 = 1, â® f1 = x−δ(1)h1x−δ(−1). � «®£¨ç®, ¯ãáâì f2 |ª®à¥¢®© í«¥¬¥â, â ª®©, çâ® 〈{f2}∗i; i ∈ I3〉 = 〈{g2}∗i; i ∈ I3〉 ¨ (δ)f2 = 1. �®£¤  ¯à¨
i ∈ I1, j ∈ I3 ¨ k ∈ � ¨¬¥¥¬ {g1}ik = ∑

l∈I1{g1}i,l−δ{f1}lk, ¯®áª®«ìªã áâà®ª  ¬ âà¨æë g1 á®¬¥à®¬ i ¥áâì áã¬¬  áâà®ª f1 á ®¬¥à ¬¨ l á ª®íää¨æ¨¥â ¬¨ {g1}i,l−δ;   «®£¨ç®,
{g2}kj = ∑

m∈I3{g2}m+δ,j{f2}km. Ǒ®íâ®¬ã
{g1g2}ij =∑

k∈�{g1}ik{g2}kj=∑
k∈�(∑l∈I1{g1}i,l−δ{f1}lk)(∑m∈I3{g2}m+δ,j{f2}km)=∑
l∈I1 ∑m∈I3({g1}i,l−δ{g2}m+δ,j (∑

k∈�{f1}lk{f2}km))=∑
l∈I1 ∑m∈I3({g1}i,l−δ{f1f2}lm{g2}m+δ,j).�â® ¢ëà �¥¨¥, ãç¨âë¢ ï ã¯®¬¨ ¥¬ë© ¢ ¯à¥¤ë¤ãé¥¬ ¯ à £à ä¥ ¥ï¢® ¨á¯®«ì§ã¥-¬ë©  ¬¨ áâ ¤ àâë© ¨§®¬®àä¨§¬ V3 → V1, ¥áâì ¢ â®ç®áâ¨ â®, çâ® âà¥¡ã¥âáï ¢ ¯¥à¢®¬¯ãªâ¥. �â®à®© ¯ãªâ á«¥¤ã¥â ¨§ ¯à¥¤ë¤ãé¨å ¢ëª« ¤®ª ¨ ¯à¥¤«®�¥¨ï 6.2.Ǒà®¨§¢¥¤¥¨ï ¬ âà¨æ ¨§ GL(6, K).� íâ®¬ ¯ãªâ¥  ¬ ¯à¨¤¥âáï ¤®¢®«ì® ¬®£® à ¡®â âì á �®à¤ ®¢ë¬¨ ä®à¬ ¬¨ à §-¬¥à®¬ 6×6. �«ï ªà âª®áâ¨, ¡ã¤¥¬ ®¡®§ ç âì ç¥à¥§D(B1, · · · , Bk) ¡«®ç®-¤¨ £® «ìãî¬ âà¨æã á ¡«®ª ¬¨ B1, · · · , Bk; �®à¤ ®¢ë ¡«®ª¨ ¬ë ¡ã¤¥¬ ®¡®§ ç âì ª ª (a, · · · , a),£¤¥ a | á®®â¢¥âáâ¢ãîé¥¥ á®¡áâ¢¥®¥ ç¨á«®,   ¨å ª®«¨ç¥áâ¢® | à §¬¥à ª«¥âª¨. �á«¨29



á®¡áâ¢¥ë¥ ç¨á«  ®¡®§ ç îâáï à §«¨çë¬¨ ¡ãª¢ ¬¨, â® ®¨ ¥ à ¢ë. � ¯à¨¬¥à,§ ¯¨áì D(a, a, (b, b), b) ®¡®§ ç ¥â ¬ âà¨æã  a 0 0 0 00 a 0 0 00 0 b 1 00 0 0 b 00 0 0 0 b


.� ¥¥ ¬ë ç áâ® ¨á¯®«ì§®¢ «¨ ¢ëà �¥¨¥ "¬ âà¨æë ¢¨¤  †". �¥¯¥àì  ¬ ¯® ¤®¡¨âáïãâ®ç¨âì íâ®â â¥à¬¨. �ã¤¥¬  §ë¢ âì A ∈ GL(6, K) ¬ âà¨æ¥© ¢¨¤  ‡, ¥á«¨ ®  á®-¯àï�¥  ¬ âà¨æ¥ D(a, a, a, b, b, b) ¯à¨ ¥ª®â®àëå a, b 6= 0. � ç áâ®áâ¨, ¬ âà¨æ  ¢¨¤  ‡ï¢«ï¥âáï ¬ âà¨æ¥© ¢¨¤  †.�¥¬¬  5.1. Ǒà¥¤¯®«®�¨¬, çâ® ¯®«¥ K ï¢«ï¥âáï 2-§ ¬ªãâë¬.(1) Ǒãáâì A = ( a 00 b

) ¨ B = ( c 00 d

) | ¤¢¥ ¯à®¨§¢®«ìë¥ ¥áª «ïàë¥ ¬ âà¨æë¨§ GL(2, K). �®£¤  «î¡ ï ¥áª «ïà ï ¬ âà¨æ  ¨§ GL(2, K) á ®¯à¥¤¥«¨â¥«¥¬
abcd ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥¨ï ¬ âà¨æ A′ ¨ B′, £¤¥ A′ á®¯àï�¥  A,  B′ | B.(2) Ǒãáâì A ∈ GL(6, K) | ¡«®ç®-¤¨ £® «ì ï ¬ âà¨æ  á âà¥¬ï ¥áª «ïàë¬¨¡«®ª ¬¨ 2 × 2, ¯à¨ç¥¬ ®¯à¥¤¥«¨â¥«¨ íâ¨å ¡«®ª®¢ à ¢ë. �®£¤  ®  ï¢«ï¥âáï¯à®¨§¢¥¤¥¨¥¬ ¤¢ãå ¬ âà¨æ ¢¨¤  ‡.(3) Ǒãáâì ¬ âà¨æ  B ∈ GL(6, K) ¨¬¥¥â ¢ ¯®«¥ K á®¡áâ¢¥ë¥ ç¨á«  x, 1x , y, 1y ¨
z, 1

z
, ¯à¨ç¥¬ ¢á¥ ®¨ à §«¨çë. �®£¤  B ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ ¤¢ãå ¬ âà¨æ¢¨¤  ‡.�®ª § â¥«ìáâ¢®. �¥á«®�® ¢¨¤¥âì, çâ® ¤«ï ¤®ª § â¥«ìáâ¢  ¯¥à¢®£® ¯ãªâ  ¤®áâ â®ç®¯®ª § âì, çâ® ã ¯à®¨§¢¥¤¥¨ï A′B′ ¬®�¥â ¡ëâì ¯à®¨§¢®«ìë© á«¥¤. Ǒãáâì A′ = A ¨

B′ = (x y
z t

). �®, çâ® B′ á®¯àï�¥® B, à ¢®á¨«ì® â®¬ã, çâ® x+t = c+d ¨ xt−yz = cd.� «¥¥, á«¥¤ ¬ âà¨æë A′B′ à ¢¥ ax + bt. Ǒ®áª®«ìªã a 6= b, â® á¨áâ¥¬   x+ t = c+ d

ax+ bt = k

xt− yz = cdà §à¥è¨¬  ¯à¨ «î¡®¬ k. �âáî¤  á«¥¤ã¥â âà¥¡ã¥¬®¥ ãâ¢¥à�¤¥¨¥. �â®à®© ¯ãªâ áà §ãá«¥¤ã¥â ¨§ ¯¥à¢®£®,   âà¥â¨© | ¨§ ¢â®à®£®.�¥¬¬  5.2. Ǒà¥¤¯®«®�¨¬, çâ® ¯®«¥ K ï¢«ï¥âáï 2-§ ¬ªãâë¬, ¨ ¯ãáâì ¬ âà¨æ 
A ∈ SL(6, K) ï¢«ï¥âáï ¡«®ç®-¢¥àå¥âà¥ã£®«ì®© á âà¥¬ï ¡«®ª ¬¨ 2×2   ¤¨ £® «¨.� «¥¥, ¯à¥¤¯®«®�¨¬, çâ®:(1) ¢á¥ ¡«®ª¨   ¤¨ £® «¨ ¥ ï¢«ïîâáï áª «ïàë¬¨, ¨«¨(2) ¨§ âà¥å ¡«®ª®¢   ¤¨ £® «¨ à®¢® ®¤¨ ï¢«ï¥âáï áª «ïàë¬.�®£¤  A ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ âà¥å ¬ âà¨æ ¢¨¤  ‡.�®ª § â¥«ìáâ¢®. 1. Ǒãáâì ®¯à¥¤¥«¨â¥«ì ¯¥à¢®£® ¡«®ª  à ¢¥ a, ¢â®à®£® | b,   âà¥âì¥-£® | c, £¤¥ abc = 1. � «¥¥, ¥á«®�® ¢¨¤¥âì, çâ® «î¡®¥ 2-§ ¬ªãâ®¥ ¯®«¥ ¡¥áª®¥ç®.�«ï ¤®ª § â¥«ìáâ¢  ¯¥à¢®£® ¯ãªâ  à áá¬®âà¨¬ ¯à®¨§¢®«ìãî ¥áª «ïàãî ¬ âà¨æã
P = D(p, 1

p
, p, 1

p
, p, 1

p
), â® ¥áâì p 6= ±1. �®£¤ , ¯® ¯¥à¢®¬ã ¯ãªâã «¥¬¬ë 5.1, P ¬®�®â ª á®¯àïçì ¡«®ç®-¤¨ £® «ì®© ¬ âà¨æ¥© Q ∈ GL(6, K) á ¡«®ª ¬¨ 2 × 2, çâ® ¬ âà¨-æ  AQPQ−1 ¡ã¤¥â ¨¬¥âì, ¢ á®®â¢¥âáâ¢ãîé¨å ¤¨ £® «ìëå ¡«®ª å, á®¡áâ¢¥ë¥ ç¨á« 

{x, ax}, {y, by} ¨ {z, cz} ¤«ï ¯à®¨§¢®«ìëå x, y, z ∈ K∗, â ª¨å, çâ® x 6= a
x , y 6= b

y ¨ z 6= c
z . �ë30



å®â¨¬ â ª ¯®¤®¡à âì x, y ¨ z, çâ®¡ë ¬ âà¨æ  AQPQ−1 ã¤®¢«¥â¢®àï«  ãá«®¢¨î ¯ãªâ (3) «¥¬¬ë 5.1.2. Ǒà¥¤¯®«®�¨¬, çâ® a, b ¨ c ¥ à ¢ë 1. �®£¤  ¯®«®�¨¬ y = x
a ¨ z = y

b = cx. Ǒà¨íâ®¬ ¬ âà¨æ  AQPQ−1 ¨¬¥¥â á®¡áâ¢¥ë¥ ç¨á«  x, 1
y
, y, 1

z
, z, 1

x
. �«ï â®£®, çâ®¡ë ¬ âà¨æ 

AQPQ−1 ã¤®¢«¥â¢®àï«  ãá«®¢¨î ¯ãªâ  (3) «¥¬¬ë 5.1, ã�® â ª ¯®¤®¡à âì x ∈ K∗,çâ®¡ë ¢á¥ ¥¥ á®¡áâ¢¥ë¥ ç¨á«  ¡ë«¨ à §«¨çë; íâ®  ¬ ¤ ¥â á¨áâ¥¬ã ¨§ 15 ¥à ¢¥áâ¢  x. �¥á«®�® ¢¨¤¥âì, çâ® ¢á¥ ¥à ¢¥áâ¢  ï¢«ïîâáï ¬®£®ç«¥ ¬¨ ¨«¨ á¢®¤ïâáï ª¨¬ ã¬®�¥¨¥¬   x. Ǒ®áª®«ìªã ¯®«¥ K ¡¥áª®¥ç®,   ¥à ¢¥áâ¢ | ª®¥ç®¥ ç¨á«®,â® ¤«ï ¤®ª § â¥«ìáâ¢  áãé¥áâ¢®¢ ¨ï x ¤®áâ â®ç® ¯®ª § âì, çâ® ¢ ¯®«ãç¥®© á¨áâ¥¬¥¥â ¥à ¢¥áâ¢ áâ¥¯¥¨ −∞, â® ¥áâì á¢®¤ïé¨åáï ª ¢¨¤ã 0 6= 0. � ¬¥â¨¬, çâ® ¥à ¢¥áâ¢áâ¥¯¥¨ ¥ ¢ëè¥ ã«¥¢®© ã  á à®¢® 6. Ǒà¨ íâ®¬ ¥à ¢¥áâ¢  ® â®¬, çâ® x, y = x
a¨ z = cx ¥à ¢ë ¤àã£ ¤àã£ã, á«¥¤ãîâ ¨§ â®£®, çâ® a, b, c 6= 1 (â ª �¥, à §ã¬¥¥âáï,ã�® ¯®¬¨âì, çâ® x 6= 0);   «®£¨çë¥ ¥à ¢¥áâ¢  ¯à® 1

x , 1
y ¨ 1

z á«¥¤ãîâ ¨§ â®£®�¥. � ª¨¬ ®¡à §®¬, ¢á¥ ¥à ¢¥áâ¢  ¨¬¥îâ áâ¥¯¥ì ¥ ¬¥ìè¥ ã«ï, ¯®íâ®¬ã ¨áª®¬ë©
x ∈ K∗ áãé¥áâ¢ã¥â. �§ï¢ íâ®â x, ¬ë ¯®«ãç ¥¬, çâ® ¬ âà¨æ  AQPQ−1 ã¤®¢«¥â¢®àï¥âãá«®¢¨î ¯ãªâ  (3) «¥¬¬ë 5.1 ¨, á«¥¤®¢ â¥«ì®, ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ ¤¢ãå ¬ âà¨æ¢¨¤  ‡. � ª¨¬ ®¡à §®¬, A ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ âà¥å ¬ âà¨æ ¢¨¤  ‡.3. �áâ «®áì à áá¬®âà¥âì ¤¢  á«ãç ï: ª®£¤  a = 1,   b ¨ c ¥ à ¢ë 1, ¨ ª®£¤ 
a = b = c = 1. Ǒ®« £ ï ¢ ¯¥à¢®¬ ¨§ íâ¨å á«ãç ¥¢ z = y

b , ¯®«ãç ¥¬ ¢ ®¡®¨å á«ãç ïå,çâ® ¬ âà¨æ  AQPQ−1 ¨¬¥¥â á®¡áâ¢¥ë¥ ç¨á«  x, 1x , y, 1y , z ¨ 1
z . �«ï â®£®, çâ®¡ë íâ ¬ âà¨æ  ã¤®¢«¥â¢®àï«  ãá«®¢¨î ¯ãªâ  (3) «¥¬¬ë 5.1, âà¥¡ã¥âáï ¢ë¯®«¥¨¥ â¥å �¥ 15¥à ¢¥áâ¢, ®¤ ª® ¢ à áá¬ âà¨¢ ¥¬ëå á«ãç ïå | ®â ¤¢ãå, ¢ ¯¥à¢®¬ á«ãç ¥, ¨«¨ âà¥å,¢® ¢â®à®¬, ¯¥à¥¬¥ëå. �¥á«®�® ã¡¥¤¨âìáï, çâ®, ª ª ¨ à ¥¥, ¯®«ãç¥ ï á¨áâ¥¬  ¥á®¤¥à�¨â ¥à ¢¥áâ¢ áâ¥¯¥¨ −∞, â® ¥áâì ¨¬¥¥â à¥è¥¨¥. �§ íâ®£®, â ª �¥ ª ª ¨ ¢¯à¥¤ë¤ãé¥¬ ¯ãªâ¥, ¯®«ãç ¥¬, çâ® A ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ âà¥å ¬ âà¨æ ¢¨¤  ‡, çâ®¤®ª §ë¢ ¥â ¯¥à¢ë© ¯ãªâ «¥¬¬ë.4. �®ª �¥¬ ¢â®à®© ¯ãªâ. Ǒ®«®�¨¬, ¤«ï ®¯à¥¤¥«¥®áâ¨, çâ® áª «ïàë¬ ¡«®ª®¬

D(d, d) ï¢«ï¥âáï ¯¥à¢ë©, ¨ d2 = a. �¥á«®�® ¢¨¤¥âì, çâ® ¤«ï ¯®«ãç¥¨ï â ª®© �¥, ª ª¨ ¢ ¯¥à¢®¬ ¯ãªâ¥, ¬ âà¨æë AQPQ−1 ¤®áâ â®ç® ¢§ïâì ¬ âà¨æã P ¥ ¯à®¨§¢®«ìãî,  á p = x
d
(¯®áª®«ìªã x, y ¨ z ®â p ¥ § ¢¨áïâ, â® p ¬®�® ¢ë¡¨à âì ¯®á«¥ ¢ë¡®à  x, y ¨ z).� íâ®¬ á«ãç ¥, ¯®áª®«ìªã p 6= ±1, ¬ë ¯®«ãç ¥¬ ¤¢  ¤®¯®«¨â¥«ìëå ¥à ¢¥áâ¢    x,  ¨¬¥® x 6= ±d. Ǒ®áª®«ìªã íâ® ¥à ¢¥áâ¢  ¯¥à¢®© áâ¥¯¥¨, â® ¤ «¥¥ ¤®ª § â¥«ìáâ¢®¯¥à¢®£® ¯ãªâ  ¯à®å®¤¨â ¡¥§ ¨§¬¥¥¨©.�¥®à¥¬  5. Ǒà¥¤¯®«®�¨¬, çâ® ¯®«¥ K ï¢«ï¥âáï 6-§ ¬ªãâë¬. �®£¤  ¯à®¨§¢®«ì ï¬ âà¨æ  A ∈ GL(6, K) ¥áâì ¯à®¨§¢¥¤¥¨¥ ¥ ¡®«¥¥ ç¥¬ ç¥âëà¥å ¬ âà¨æ ¢¨¤  †.�®ª § â¥«ìáâ¢®. Ǒ®áª®«ìªã ¯®«¥ K 6-§ ¬ªãâ®, â® ¢á¥ á®¡áâ¢¥ë¥ ç¨á«  ¬ âà¨æë A«¥� â ¢ K. Ǒ®íâ®¬ã �®à¤ ®¢  ä®à¬  ¬ âà¨æë A «¥�¨â ¢ GL(6, K), ¨ A ¥© á®¯àï�¥ .� «¥¥, ¯®áª®«ìªã ¬ âà¨æë ¢¨¤  † ®¯à¥¤¥«¥ë á â®ç®áâìî ¤® á®¯àï�¥¨ï, â® ¬®�®áç¨â âì, çâ® A á®¢¯ ¤ ¥â á® á¢®¥© �®à¤ ®¢®© ä®à¬®©. Ǒ¥à¥ç¨á«¨¬ ¢á¥ �®à¤ ®¢ëä®à¬ë ¤«ï ¬ âà¨æ ¨§ GL(6, K). �«ï ã¤®¡áâ¢ , ®¨ à §¡¨âë  ¬¨   £àã¯¯ë ¯®  ¡®à ¬á®¡áâ¢¥ëå ç¨á¥«.I D(a, b, c, d, e, f);II a) D(a, b, c, d, e, e), b) D(a, b, c, d, (e, e));III a) D(a, b, c, d, d, d), b) D(a, b, c, d, (d, d)), ) D(a, b, c, (d, d, d));IV a) D(a, b, c, c, d, d), b) D(a, b, c, c, (d, d)), ) D(a, b, (c, c), (d, d));31



V a) D(a, b, c, c, c, c), b) D(a, b, c, c, (c, c)), ) D(a, b, c, (c, c, c)), d) D(a, b, (c, c), (c, c)),e) D(a, b, (c, c, c, c));VI a) D(a, b, b, c, c, c), b) D(a, b, b, c, (c, c)), ) D(a, b, b, (c, c, c)), d) D(a, (b, b), c, c, c),e) D(a, (b, b), c, (c, c)), f) D(a, (b, b), (c, c, c));VII a) D(a, a, b, b, c, c), b) D(a, a, b, b, (c, c)), ) D(a, a, (b, b), (c, c)), d) D((a, a), (b, b), (c, c));VIII a) D(a, b, b, b, b, b), b) D(a, b, b, b, (b, b)), ) D(a, b, b, (b, b, b)), d) D(a, b, (b, b), (b, b)),e) D(a, b, (b, b, b, b)), f) D(a, (b, b), (b, b, b)), g) D(a, (b, b, b, b, b));IX a) D(a, a, b, b, b, b), b) D(a, a, b, b, (b, b)), ) D(a, a, b, (b, b, b)), d) D(a, a, (b, b), (b, b)),e) D(a, a, (b, b, b, b)), f) D((a, a), b, b, b, b), g) D((a, a), b, b, (b, b)), h) D((a, a), b, (b, b, b)),i) D((a, a), (b, b), (b, b)), j) D((a, a), (b, b, b, b));X a) D(a, a, a, b, b, b), b) D(a, a, a, b, (b, b)), ) D(a, a, a, (b, b, b)), d) D(a, (a, a), b, (b, b)),e) D(a, (a, a), (b, b, b)), f) D((a, a, a), (b, b, b));XI a) D(a, a, a, a, a, a), b) D(a, a, a, a, (a, a)), ) D(a, a, a, (a, a, a)), d) D(a, a, (a, a), (a, a)),e) D(a, a, (a, a, a, a)), f) D(a, (a, a), (a, a, a)), g) D(a, (a, a, a, a, a)),h) D((a, a), (a, a), (a, a)), i) D((a, a), (a, a, a, a)), j) D((a, a, a), (a, a, a)),k) D((a, a, a, a, a, a)).Ǒ®áª®«ìªã ¬ âà¨æë ¢¨¤  † ¬®�® ã¬®� âì   áª «ïà, â® ¬®�® áç¨â âì, çâ® detA =1; ¢ á«ãç ¥ XI, ¡®«¥¥ â®£®, ¡ã¤¥¬ ¯®« £ âì, çâ® a = 1.�â¬¥â¨¬, çâ® ¯®¤ ãá«®¢¨¥ ¯ãªâ  (1) «¥¬¬ë 5.2 ¯®¤¯ ¤ îâ á«ãç ¨ I, II, III, IV, V¡¥§ ¯®¤á«ãç ï a), VI, VII, VIII ¡¥§ ¯®¤á«ãç ¥¢ a), b) ¨ ), IX ¡¥§ ¯®¤á«ãç ¥¢ a) ¨ f), X¨ ¯®¤á«ãç ¨ h), i) ¨ k) ¢ XI. Ǒ®íâ®¬ã ¢ íâ¨å á«ãç ïå â¥®à¥¬  ã�¥ ¤®ª §  . � «¥¥, ¨§®áâ ¢è¨åáï á«ãç ¥¢ ¯®¤ ãá«®¢¨¥ ¯ãªâ  (2) «¥¬¬ë 5.2 ¯®¤¯ ¤ îâ á«ãç ¨ V a), VIII b)¨ ), IX a) ¨ f), ¨ XI d)-g) ¨ j). � ª¨¬ ®¡à §®¬, ã  á ®áâ «®áì à áá¬®âà¥âì ¢ à¨ âëVIII a) ¨ XI a)-). � «¥¥, ¥á«®�® ¢¨¤¥âì, çâ® ¤«ï á«ãç ï XI ) å¢ â ¥â ¤¢ãå, ¤«ïXI b) | ®¤®©,   ¤«ï XI a), ¢ ¥ª®â®à®¬ á¬ëá«¥, ã«ï ¬ âà¨æ á �®à¤ ®¢®© ä®à¬®©
D(1, 1, 1, 1, (1, 1)). �«ï ®áâ ¢è¥£®áï á«ãç ï VIII a), ®ç¥¢¨¤®, å¢ â¨â ç¥âëà¥å ¬ âà¨æ¢¨¤  †.�«¥¤áâ¢¨¥. Ǒãáâì K |  «£¥¡à ¨ç¥áª¨ § ¬ªãâ®¥ ¯®«¥ ¨ A ∈ GL(6, K). �®£¤  áãé¥-áâ¢ã¥â g ∈ Gs(E6, K), â ª®©, çâ® g = A ¨ g ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ ¯ïâ¨ ª®à¥¢ëåí«¥¬¥â®¢.�®ª § â¥«ìáâ¢®. �®£« á® ¯à¥¤ë¤ãé¥© â¥®à¥¬¥, A ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ ç¥âëà¥å¬ âà¨æ ¢¨¤  †;  §®¢¥¬ ¨å A1, A2, A3 ¨ A4. �®§ì¬¥¬ ª®à¥¢®© í«¥¬¥â g0 = xδ(1). Ǒ®¯ãªâã (2) â¥®à¥¬ë 4, áãé¥áâ¢ã¥â â ª®© ª®à¥¢®© í«¥¬¥â g1, çâ® g0g1 = g0A1 = A1.Ǒà¨¬¥ïï ¯ãªâ (2) â¥®à¥¬ë 4 ¥é¥ âà¨ à § , ¯®«ãç ¥¬ g0g1g2g3g4 = A1A2A3A4 = A, çâ®¨ âà¥¡®¢ «®áì.
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§6. �¥®à¥¬  ® ¥¢ëà®�¤¥®áâ¨�¥«ì íâ®£® ¯ à £à ä  | ¤®ª § âì â¥®à¥¬ã:�¥®à¥¬  6. �«ï ¯à®¨§¢®«ì®£® ¥æ¥âà «ì®£® í«¥¬¥â  g ∈ Gs(E6, K) áãé¥áâ¢ã-¥â í«¥¬¥â h ∈ Gs(E6, K), â ª®©, çâ® ¯®¤¬ âà¨æ  {hgh−1}ij, £¤¥ i ∈ I1 ¨ j ∈ I3,®¡à â¨¬ .� ¯®¬¨¬, çâ® ¯®¤¬ âà¨æã {gij}i∈I1,j∈I3 ¬ âà¨æë g ∈ Gs(E6, K) ¬ë ®¡®§ ç ¥¬ ç¥-à¥§ g.�®ª �¥¬ ¥áª®«ìª® ¢á¯®¬®£ â¥«ìëå (å®âï ¯à¥¤áâ ¢«ïîé¨å ¨ á ¬®áâ®ïâ¥«ìë© ¨-â¥à¥á) ãâ¢¥à�¤¥¨©.�¥¬¬  6.1. Ǒãáâì u ¨ v | ¤¢  á¨£ã«ïàëå ¢¥ªâ®à .(1) �á«¨ v = au, â® áãé¥áâ¢ã¥â ¬ âà¨æ  h ∈ Gs(E6, K), â ª ï, çâ® hu = e1,  
hv = ae1.(2) �á«¨ 〈u, v〉 |¤¢ã¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®áâà áâ¢®, â® áãé¥áâ¢ã¥â ¬ âà¨-æ  h ∈ Gs(E6, K), â ª ï, çâ® hu = e1,   hv = e22.(3) �á«¨ ¯®¤¯à®áâà áâ¢® 〈u, v〉 ¥á¨£ã«ïà®, â® áãé¥áâ¢ã¥â ¬ âà¨æ  h ∈
Gs(E6, K), â ª ï, çâ® hu = e1,   hv = e23.�®ª § â¥«ìáâ¢®. Ǒ¥à¢ë© ¨ ¢â®à®© ¯ãªâë áà §ã á«¥¤ãîâ ¨§ [â. 2℄. �®ª �¥¬ âà¥â¨©¯ãªâ. Ǒ® â®© �¥ â¥®à¥¬¥, ¬®�® áç¨â âì, çâ® u = e1. Ǒ®áª®«ìªã ¯®¤¯à®áâà áâ¢®

〈u, v〉 ¥á¨£ã«ïà®, â®, ¯® [ãâ¢. 7℄, áãé¥áâ¢ã¥â ¢¥á k, ¤ «¥ª¨© ®â ¯¥à¢®£® ¢¥á , â ª®©,çâ® vk 6= 0.� «¥¥, ¯ãáâì l | ¯à®¨§¢®«ìë© ¢¥á, ¡«¨§ª¨© ª k ¨ â ª®©, çâ® vl 6= 0. �¬®�¨¬ v  ª®à¥¢®© í«¥¬¥â h1 = xl−k

(
−clk vl

vk

). �¥á«®�® ¢¨¤¥âì, çâ® ¯®á«¥ íâ®£® ª®®à¤¨ â  vláâ ®¢¨âáï à ¢®© 0. Ǒà¨ íâ®¬, ¯® [á«. ¨§ ãâ¢. 2℄, ª®®à¤¨ âë ¢¥ªâ®à  v ¯à¨ ¤àã£¨å¢¥á å, ¡«¨§ª¨å ª k, ¥ ¬¥ïîâáï. � ª�¥ ¥ ¬¥ï¥âáï ª®®à¤¨ â  ¨ ¯à¨ á ¬®¬ k. � ª®¥æ,§ ¬¥â¨¬, çâ® ¤«ï â®£®, çâ®¡ë h1e1 6= e1, ¥®¡å®¤¨¬®, çâ®¡ë ¢ à §«®�¥¨¨ l − k  ¯à®áâë¥ ª®à¨ ª®íää¨æ¨¥â ¯à¨ α1 ¡ë« à ¢¥ -1. �¤ ª®, ª ª ¥á«®�® ¢¨¤¥âì, íâ®âª®íää¨æ¨¥â ¬®�¥â ¡ëâì à ¢¥ â®«ìª® 0 ¨«¨ 1, ¯®íâ®¬ã ¢¥ªâ®à u = e1 ¯à¨ ã¬®�¥¨¨  h1 ®áâ ¥âáï ¥¯®¤¢¨�ë¬. Ǒà¨¬¥ïï   «®£¨çãî ¯à®æ¥¤ãàã ª® ¢á¥¢®§¬®�ë¬ l,¬®�® á¤¥« âì ª®®à¤¨ âë ¢¥ªâ®à  v ¯à¨ ¢á¥å ¢¥á å, ¡«¨§ª¨å ª k, ¯à¨ íâ®¬ ¯®-¯à¥�¥¬ã
vk 6= 0 ¨ u = e1. Ǒà¨¬¥ïï [ãâ¢. 13℄, ¯®«ãç ¥¬, çâ® v = vke

k.�áâ «®áì ¤®ª § âì, çâ® ¨§ ¯ àë (u, v) = (e1, aek), ¥á«¨ d(1, k) = 2, ¬®�® ¯®«ãç¨âì¯ àã (e1, e23). �«ï íâ®£®, ®ç¥¢¨¤®, ¤®áâ â®ç® ¯®ª § âì, çâ® ¨§ ¯ àë (u, v) = (e1, aek)¬®�® ¯®«ãç¨âì ¯ àã (e1, el) ¤«ï ¯à®¨§¢®«ì®£® ¢¥á  l, ¡«¨§ª®£® ª k ¨ ¤ «¥ª®£® ®â 1.�«ï íâ®£®, ¢ á¢®î ®ç¥à¥¤ì, ¤®áâ â®ç® ¨§ ¯ àë (u, v) = (e1, aek)  ãç¨âìáï ¯®«ãç âì¯ àã (e1, aek+ bel), £¤¥ l â®â �¥ á ¬ë© ¢¥á,   b ∈ K | ¯à®¨§¢®«ì®¥. �áâ «®áì § ¬¥â¨âì,çâ® íâ®£® «¥£ª® ¤®¡¨âìáï, ã¬®� ï u ¨ v   xl−k(clk ba ).�¥¬¬  6.2. Ǒãáâì A ∈ GL(6, K).(1) �á«¨ rkA = 1, â® áãé¥áâ¢ã¥â ¬ âà¨æ  B ∈ SL(6, K), â ª ï, çâ®
{BAB−1}ij = 0 ¯à¨ 1 ≤ i ≤ 6 ¨ 1 < j ≤ 6;(2) �á«¨ rkA = 3, â® áãé¥áâ¢ã¥â ¬ âà¨æ  B ∈ SL(6, K), â ª ï, çâ®
{BAB−1}ij = 0 ¯à¨ 1 ≤ i ≤ 6 ¨ 4 ≤ j ≤ 6,   ¯®¤¬ âà¨æ  {BAB−1}ij ¯à¨4 ≤ i ≤ 6 ¨ 1 ≤ j ≤ 3 ®¡à â¨¬ .�®ª § â¥«ìáâ¢®. �ç¥¢¨¤®. 33



�â¢¥à�¤¥¨¥ 4.(1) Ǒãáâì v | á¨£ã«ïàë© ¢¥ªâ®à, ¯à¨ç¥¬ v22 6= 0,   vi = 0 ¯à¨ 22 < i ≤ 27. �®£¤ 
v ¡«¨§®ª ª e1.(2) Ǒãáâì u, v | ¤¢  á¨£ã«ïàëå ¢¥ªâ®à , ¯à¨ç¥¬ u ∈ V1,   v /∈ V1 ⊕ V2. Ǒà¥¤¯®-«®�¨¬, çâ® uivj−δ = ujvi−δ ¤«ï ¢á¥å i, j ∈ I1. �®£¤  ¢¥ªâ®à  u ¨ v ¡«¨§ª¨.�®ª § â¥«ìáâ¢®. �®ª �¥¬ ¯¥à¢ë© ¯ãªâ. Ǒ®ª �¥¬, çâ® ¤«ï ¯à®¨§¢®«ì®£® k ∈ I2,¤ «¥ª®£® ®â 22-£® ¢¥á , vk = 0. Ǒà¥¤¯®«®�¨¬ ¯à®â¨¢®¥ | ¯ãáâì áãé¥áâ¢ã¥â â ª®¥

k ∈ I2, ¤ «¥ª®¥ ®â 22-£® ¢¥á , çâ® vk 6= 0. Ǒãáâì j ∈ I1 | ¢¥á, ¤ «¥ª¨© ®â k ¨ 22-£® ¢¥á . Ǒ® ®¯à¥¤¥«¥¨î, Q(ej , v) = ∑±vlvm, £¤¥ d(j, l) = d(j,m) = d(l,m) = 2 ¨¯ à  {l,m} ¥ã¯®àï¤®ç¥ . � ¬¥â¨¬, çâ® ¯® [ãâ¢. 5℄ ¢ ª �¤®© ¯ à¥ {l,m} ®¤¨ ¨§¢¥á®¢ ¯à¨ ¤«¥�¨â I3. �âáî¤ , ¯® ãá«®¢¨î, ¢á¥ á« £ ¥¬ë¥, ªà®¬¥ ±vkv22, ®ª §ë¢ îâáïã«¥¢ë¬¨. Ǒà¨ íâ®¬, ¨§ á¨£ã«ïà®áâ¨ v á«¥¤ã¥â, çâ® Q(ej , v) = 0, ®âªã¤  vk = 0 |¯à®â¨¢®à¥ç¨¥. � «¥¥, ¯® [á«. ¨§ ãâ¢. 2℄ ¨ [ãâ¢. 6℄, ¢¥á , ¤ «¥ª¨¥ ®â ¯¥à¢®£® ¢¥á  | íâ®¢á¥ 22 < j ≤ 27,   â ª�¥ k ∈ I2, ¤ «¥ª¨¥ ®â 22-£® ¢¥á . � ª¨¬ ®¡à §®¬, ª®íää¨æ¨¥âë¢¥ªâ®à  v ¯à¨ ¨å ¢á¥å à ¢ë 0. �§ íâ®£®,   â ª�¥ ¨§ ¢¨¤  F , á«¥¤ã¥â, çâ® F (v, e1, x) = 0,¯®íâ®¬ã ¢¥ªâ®à  v ¨ e1 ¡«¨§ª¨.�®ª �¥¬ ¢â®à®© ¯ãªâ. Ǒãáâì A1 | ¬ âà¨æ  ¨§ SL(V1, K), ¯¥à¥¢®¤ïé ï ¢¥ªâ®à u ¢
e1. �®£¤ , ª ª ¬ë ã�¥ ã¯®¬¨ «¨, áãé¥áâ¢ã¥â ¬ âà¨æ  A ∈ D, â ª ï, çâ® A|V1 = A1.Ǒãáâì v′ = Av. Ǒ®áª®«ìªã AV1 = AV3 ¨ ãç¨âë¢ ï, çâ® uivj−δ = ujvi−δ ¤«ï ¢á¥å i, j ∈ I1,¯®«ãç ¥¬, çâ® v′i = 0 ¯à¨ 22 < i ≤ 27. Ǒ®áª®«ìªã v /∈ V1 ⊕ V2, â® v′ /∈ V1 ⊕ V2, ®âªã¤ 
v′22 6= 0. �á¯®«ì§ãï ¯¥à¢ë© ¯ãªâ, ¯®«ãç ¥¬ âà¥¡ã¥¬®¥.�¥¬¬  6.3. Ǒãáâì g ∈ Gs(E6, K), ¯à¨ç¥¬ gij = 0 ¯à¨ 1 ≤ i ≤ 6 ¨ 22 < j ≤ 27, ®áãé¥áâ¢ã¥â i, â ª®¥, çâ® gi,22 6= 0. �®£¤  áãé¥áâ¢ã¥â h ∈ Gs(E6, K), â ª®¥, çâ®(hgh−1)i∗ = e22.�®ª § â¥«ìáâ¢®. Ǒãáâì i = 1. Ǒà¨¬¥ïï ¯¥à¢ë© ¯ãªâ "âà á¯®¨à®¢ ®£®" ãâ¢¥à-�¤¥¨ï 4 ¯à¨ v = gi∗, ¯®«ãç ¥¬, çâ® ª®¢¥ªâ®à  gi∗ ¨ e1 ¡«¨§ª¨. � íâ®¬ á«ãç ¥, ¬®�®¯à¨¬¥¨âì ¢â®à®© ¯ãªâ "âà á¯®¨à®¢ ®©" «¥¬¬ë 6.1. Ǒ® ¥¬ã, áãé¥áâ¢ã¥â ¬ âà¨æ 
f ∈ Gs(E6, K), â ª ï, çâ® e1f = e1,   g1∗f = e22. �âáî¤  á«¥¤ã¥â, çâ® e1f−1gf = e22.� ª¨¬ ®¡à §®¬, ¢ ª ç¥áâ¢¥ ¨áª®¬®£® h ¬®�® ¢§ïâì f−1.Ǒãáâì i 6= 1. Ǒà¨¬¥ïï "âà á¯®¨à®¢ ãî" [«. 2.2℄ ¯à¨ v = gi∗ ¨ u = ei, ¯®«ãç ¥¬,çâ® ª®¢¥ªâ®à  gi∗ ¨ ei ¤ «¥ª¨. � íâ®¬ á«ãç ¥, ¬®�® ¯à¨¬¥¨âì âà¥â¨© ¯ãªâ "âà á-¯®¨à®¢ ®©" «¥¬¬ë 6.1. �§ ¥£® á«¥¤ã¥â, çâ® áãé¥áâ¢ã¥â ¬ âà¨æ  f ∈ Gs(E6, K),â ª ï, çâ® eif = ei,   gi∗f = e22. �âáî¤ , eif−1gf = e22. � ª¨¬ ®¡à §®¬, ¢ ª ç¥áâ¢¥¨áª®¬®£® h ¬®�® ¢§ïâì f−1.�¥¬¬  6.4. Ǒãáâì rk g = 1, ¯à¨ç¥¬ {g}ij = 0 ¤«ï «î¡ëå 1 ≤ i ≤ 6, 22 < j ≤ 27 ¨áãé¥áâ¢ã¥â â ª®¥ 1 ≤ i ≤ 6, çâ® gi,22 6= 0. �®£¤  áãé¥áâ¢ãîâ ¢¥á  6 < k < 22 ¨22 < j ≤ 27, â ª¨¥, çâ® d(i, k) = 1, j 6= i− δ ¨ gkj 6= 0.�®ª § â¥«ìáâ¢®. Ǒà¥¤¯®«®�¨¬, çâ® â ª¨å k ¨ j ¥ áãé¥áâ¢ã¥â. � áá¬®âà¨¬ ¯à®¨§¢®«ì-ë© ¢¥á 22 < j ≤ 27, ¥ à ¢ë© i− δ. �®£¤ , ¯® ¯à¥¤¯®«®�¥¨î, gkj = 0 ¤«ï ¢á¥å k ∈ I2,â ª¨å, çâ® d(i, k) = 1. Ǒãáâì l ∈ I2 ¨ d(i, l) = 2. � «¥¥, ¯ãáâì m ∈ I3 | â ª®© ¢¥á, çâ®
d(i,m) = d(l,m) = 2. � áá¬®âà¨¬ ¯ àã á¨£ã«ïàëå ¢¥ªâ®à®¢ ge22 ¨ gej. �¨ ¤®«�ë®¡à §®¢ë¢ âì ¤¢ã¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®áâà áâ¢® ¢ V , ¯®íâ®¬ã F (ge22, gej, em) = 0.�¥¢ ï ç áâì, ¯® ®¯à¥¤¥«¥¨î ä®à¬ë F , à ¢  ∑±(ge22)s(gej)t, £¤¥ áã¬¬  ¡¥à¥âáï ¯®¢á¥¬ ã¯®àï¤®ç¥ë¬ ¯ à ¬ ¢¥á®¢ s ¨ t, ¤ «¥ª¨¬ ¤àã£ ®â ¤àã£  ¨ ®â m. � ¬¥â¨¬, çâ® ¢¥á
t, ¤ «¥ª¨© ®â m, «¨¡® ¤ «¥ª ¨ ®â i, â® ¥áâì, ¯® [ãâ¢. 6℄, à ¢¥ l, «¨¡® ¡«¨§®ª ª i, «¨¡®34



à ¢¥ i. �¤ ª®, ¯® ¯à¥¤¯®«®�¥¨î, gtj = 0 ¤«ï ¢á¥å t 6= i − δ, â ª¨å, çâ® d(i, t) ≤ 1.Ǒ®áª®«ìªã ¢¥á  i − δ ¨ m ¡«¨§ª¨, â® ¢á¥ á« £ ¥¬ë¥ ¢ áã¬¬¥, ªà®¬¥ ±gi,22glj , à ¢ë 0.�âáî¤  á«¥¤ã¥â, çâ® glj = 0 ¤«ï ¢á¥å l < 22.� ª¨¬ ®¡à §®¬, gej ∈ V3 = 〈e22, e23, e24, e25, e26, e27〉 ¤«ï ¢á¥å j, â ª¨å, çâ® 22 < j ≤ 27,
j 6= i − δ. �à®¬¥ íâ®£®, à §ã¬¥¥âáï, gej ∈ gV3. Ǒ® [ãâ¢. 12℄, ¤¢  è¥áâ¨¬¥àëå á¨£ã-«ïàëå ¯®¤¯à®áâà áâ¢ , çì¥ ¯¥à¥á¥ç¥¨¥ á®¤¥à�¨â ç¥âëà¥å¬¥à®¥ ¯®¤¯à®áâà áâ¢®,á®¢¯ ¤ îâ. Ǒ®íâ®¬ã V3 = gV3, ®âªã¤  ge22 ∈ V3. � ç áâ®áâ¨, gi,22 = 0, çâ® ¯à®â¨¢®à¥-ç¨â ¯à¥¤¯®«®�¥¨î.�¥¬¬  6.5. Ǒãáâì g ∈ Gs(E6, K), i1, i2, i3 ∈ I1 ¨ gij = 0 ¯à¨ 1 ≤ i ≤ 6 ¨ 25 ≤ j ≤27. Ǒà¥¤¯®«®�¨¬ â ª�¥, çâ® det{gij} 6= 0, £¤¥ i = i1, i2, i3,   22 ≤ j ≤ 24. �®£¤ áãé¥áâ¢ã¥â h ∈ Gs(E6, K), â ª®¥, çâ® (hgh−1)ij = 0 ¯à¨ i = i1, i2, i3 ¨ j 6= 22, 23, 24.�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ âà¥å¬¥à®¥ ¯®¤¯à®áâà áâ¢®W = 〈gi∗; i = i1, i2, i3〉 < V ∗.Ǒ® ãá«®¢¨î, áãé¥áâ¢ã¥â ¡ §¨á íâ®£® ¯®¤¯à®áâà áâ¢  l1, l2, l3, â ª®©, çâ® lts = δt,s+δ ¯à¨
s ∈ I3. W á¨£ã«ïà®, ¯®íâ®¬ã, ¯® "âà á¯®¨à®¢ ®©" [«. 4.2℄, áãé¥áâ¢ã¥â ª®à¥¢®©í«¥¬¥â f , â ª®©, çâ® fi∗ = li ¯à¨ 1 ≤ i ≤ 3. Ǒà¨ íâ®¬ (δ)f = 1. � «¥¥, ¯®«®�¨¬
f ′ = x−δ(−1)fx−δ(1). �®£¤  V f ′ = 〈fi∗; i ∈ I1〉 ¨ f ′

ij = fij + δi,j ¯à¨ i ∈ I1. �âáî¤ ,¯® ¯ãªâã (4) ãâ¢¥à�¤¥¨ï 2, á«¥¤ã¥â áãé¥áâ¢®¢ ¨¥ ã¨¯®â¥â  h ∈ U−, â ª®£®, çâ®
V f

′ = 〈hj∗; j ∈ I3〉. � ª ã�¥ £®¢®à¨«®áì, íâ® ®§ ç ¥â, çâ® fij = f ′
ij − δi,j = hi−δ,j ¤«ï

i ∈ I1, ®âªã¤  W = 〈hi−δ,∗; 1 ≤ i ≤ 3〉. � ç¥ £®¢®àï, h ¯¥à¥¢®¤¨â ¯®¤¯à®áâà áâ¢®
〈e22, e23, e24〉 < V ∗ ¢ W ,   ¯®¤¯à®áâà áâ¢® 〈ei; i = i1, i2, i3〉 < V ∗ ®áâ ¢«ï¥â   ¬¥áâ¥,¯®áª®«ìªã h ∈ U−. � ª¨¬ ®¡à §®¬, ¯à¨ i = i1, i2 ¨«¨ i3 ¯®«ãç ¥¬ eihgh

−1 = eigh
−1 =

gi∗h
−1 ∈ 〈e22, e23, e24〉, çâ® ¨ âà¥¡®¢ «®áì.�®ª § â¥«ìáâ¢® â¥®à¥¬ë 6. 1. Ǒ® [â. 3℄, ¯ àã ª®à¥¢ëå ¯®¤£àã¯¯ ¬®�® ¯¥à¥¢¥áâ¨á®¯àï�¥¨¥¬ ¢ «î¡ãî ¤àã£ãî ¯ àã á â¥¬ �¥ ã£«®¬ ¬¥�¤ã ¨¬¨. � ¬¥â¨¬, çâ® á®-¯àï�¥¨¥ ª®à¥¢®£® í«¥¬¥â  X ¥ª®â®àë¬ f ∈ Gs(E6, K) á®®â¢¥âáâ¢ã¥â ã¬®�¥¨î¯®¤¯à®áâà áâ¢  V X   f , â® ¥áâì fV X = V fXf

−1 . �á¯®«ì§ãï [á«. ¨§ â. 2℄, ¯®«ãç ¥¬,çâ® ¯ àã è¥áâ¨¬¥àëå á¨£ã«ïàëå ¯®¤¯à®áâà áâ¢ ¬®�® ã¬®�¥¨¥¬ ( = ¨§¬¥¥¨-¥¬ ¡ §¨á ) ¯¥à¥¢¥áâ¨ ¢ «î¡ãî ¤àã£ãî á â¥¬ �¥ ã£«®¬ ¬¥�¤ã ¨¬¨ ( = ã£«®¬ ¬¥�¤ãá®®â¢¥âáâ¢ãîé¨¬¨ ª®à¥¢ë¬¨ ¯®¤£àã¯¯ ¬¨). �®�® áª § âì, çâ® ¢§ ¨¬®¥ à á¯®«®�¥-¨¥ ¤¢ãå è¥áâ¨¬¥àëå á¨£ã«ïàëå ¯®¤¯à®áâà áâ¢ ®¯à¥¤¥«ï¥âáï ã£«®¬ ¬¥�¤ã ¨¬¨.� áá¬®âà¨¬ è¥áâ¨¬¥àë¥ á¨£ã«ïàë¥ ¯®¤¯à®áâà áâ¢  V3 ¨ gV3. �®£« á® ¢ëè¥-áª § ®¬ã, áãé¥áâ¢ã¥â í«¥¬¥â f ∈ Gs(E6, K), â ª®©, çâ® fV3 = V3,   fgV3 à ¢®
V X−δ = V3, V X−α2 , V Xα1 , V Xα2 ¨«¨ V Xδ = V1. Ǒ®áª®«ìªã f(gV3) = (fgf−1)(fV3), â®á®¯àï£ ï, ¯à¨ ¥®¡å®¤¨¬®áâ¨, ¬ âà¨æã g, ¬®�® áç¨â âì, çâ® gV3 | ®¤® ¨§ ¯ïâ¨ ¯¥à¥-ç¨á«¥ëå ¢ ¯à¥¤ë¤ãé¥¬ ¯à¥¤«®�¥¨¨ ¯®¤¯à®áâà áâ¢. �®«¥¥ â®£®, à § fV3 = V3, â®
f ∈ P−. Ǒ®íâ®¬ã rk g = rk fgf−1. �áâ «®áì § ¬¥â¨âì, çâ® íâ®â à £ ®¯à¥¤¥«ï¥âáï ã£«®¬¬¥�¤ã ¯®¤¯à®áâà áâ¢ ¬¨ V3 ¨ gV3: ¥á«¨ gV3 = V3 ¨«¨ V X−α2 , â® ¥áâì ∠(V3, gV3) = 0¨«¨ π/3, â® ¬ âà¨æ  g ã«¥¢ ï; ¥á«¨ gV3 = V Xα1 , â® ¥áâì ∠(V3, gV3) = π/2, â® rk g = 1;¥á«¨ gV3 = V Xα2 , â® ¥áâì ∠(V3, gV3) = 2π/3, â® rk g = 3;  ª®¥æ, ¥á«¨ gV3 = V1, â® ¥áâì
∠(V3, gV3) = π, â® rk g = 6. Ǒãáâì W | ¯à®¨§¢®«ì®¥ è¥áâ¨¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®-áâà áâ¢®, â ª®¥, çâ® ∠(W, gW ) = π, ¨ fW = V3, £¤¥ f ∈ Gs(E6, K). �®£¤  ã£®« ¬¥�¤ã
W ¨ gW à ¢¥ ã£«ã ¬¥�¤ã V3 = fW ¨ f(gW ) = fgf−1V3. � ª¨¬ ®¡à §®¬, ãâ¢¥à�¤¥¨¥â¥®à¥¬ë à ¢®á¨«ì® áãé¥áâ¢®¢ ¨î è¥áâ¨¬¥à®£® á¨£ã«ïà®£® ¯®¤¯à®áâà áâ¢  W ,®¡à §ãîé¥£® ã£®« π á gW .Ǒ®áª®«ìªã ¬ âà¨æ  g ¥æ¥âà «ì ï, â® áãé¥áâ¢ã¥â á¨£ã«ïàë© ¢¥ªâ®à, ç¥© ®¡à §¥ ªà â¥ ¥¬ã. �®£¤  ¯® «¥¬¬¥ 6.1 ¬®�® ¯¥à¥¢¥áâ¨ á ¬ ¢¥ªâ®à ¢ e22 ¨«¨ e23,   ¥£® ®¡à §35



¢ e1 ¨, â ª¨¬ ®¡à §®¬, ¯®«ãç¨âì ã£®« ¬¥�¤ã V3 ¨ gV3 ¥ ¬¥¥¥ π/2. � ¬ ã�® á¤¥« âìíâ®â ã£®«, á®¯àï£ ï ¬ âà¨æã g, à ¢ë¬ π; ¤«ï íâ®£® ¬ë à §¡¥à¥¬ á«ãç ¨ ã£« , à ¢®£®
π/2 ¨ 2π/3, ¨ ¯®ª �¥¬, çâ® ¨å ¬®�® ã¢¥«¨ç¨âì. � ¯®¬¨¬, çâ® ª ª ã�¥ ã¯®¬¨ «®áì¢ §4, á®¯àï�¥¨¥ g ¬ âà¨æ¥© A ∈ D á®®â¢¥âáâ¢ã¥â á®¯àï�¥¨î g ¬ âà¨æ¥© A1 = A|V1 .Ǒ®áª®«ìªã A1 ¬®�¥â ¡ëâì ¯à®¨§¢®«ì®© ¬ âà¨æ¥© ¨§ SL(6, K), â® ¢ ®¡®¨å á«ãç ïå, â®¥áâì ¯à¨ ã£«¥, à ¢®¬ π/2 ¨ 2π/3, ¬®�® ¯à¨¬¥¨âì «¥¬¬ã 6.2.2. Ǒãáâì ã£®« ¬¥�¤ã V3 ¨ gV3 à ¢¥ π/2. Ǒà¨¢¥¤¥¬ ¬ âà¨æã g ª ¢¨¤ã ¨§ «¥¬¬ë6.2. �ç¥¢¨¤®, çâ® áãé¥áâ¢ã¥â â ª®¥ i ∈ I1, çâ® gi,22 6= 0, ¯®áª®«ìªã rk g = 1. Ǒ®«¥¬¬¥ 6.3 ¬®�® áç¨â âì, çâ® git = 0 ¯à¨ t 6= 22. �á«¨ ¯®á«¥ íâ®£® gkj áâ «® ¥ à ¢®0 ¯à¨ ¥ª®â®àëå 1 ≤ k ≤ 6, 22 < j ≤ 27, â® rk g > 1, çâ® ¨ âà¥¡®¢ «®áì (ª ª ¬ë ã�¥£®¢®à¨«¨, ¥á«¨ rk g > 1, â® ã£®« ¬¥�¤ã V3 ¨ gV3 ¡®«ìè¥ π/2). � ç¥, ¢ë¡¨à ¥¬ ¢¥á  k ¨
j á®£« á® «¥¬¬¥ 6.4. Ǒãáâì i1 = i, i2, i3 | âà¨ ¢¥á  ¨§ ¯¥à¢ëå è¥áâ¨, ¡«¨§ª¨å ª ¢¥áã k ¨¥ á®¢¯ ¤ îé¨å á j+δ (¥á«¨ d(k, j) = 1, â® â ª¨å ¢¥á®¢ à®¢® âà¨; ¨ ç¥ ¨å ç¥âëà¥ ¨ ¬ë¢ë¡¨à ¥¬ ª ª¨¥-â® âà¨ ¨§ ¨å),   i4, i5, i6 | ®áâ ¢è¨¥áï âà¨ ¢¥á , ¯à¨ç¥¬ d(k, i4) = 1.Ǒ®«®�¨¬ α = i4 − k ∈ �. Ǒ® [ãâ¢. 4℄, ∠(α, δ) = π/3. Ǒ®á¬®âà¨¬, ª ª ¨§¬¥¨âáï¬ âà¨æ  g ¯à¨ á®¯àï�¥¨¨ ¥¥ ª®à¥¢ë¬ í«¥¬¥â®¬ xα(a). � ¬¥â¨¬, çâ® ¯à¨ ã¬®�¥¨¨
g   xα(a) á«¥¢ , â® ¥áâì § ¬¥¥ g   xα(a)g, ª áâà®ª ¬ á ®¬¥à ¬¨ ρl, â ª¨¬¨, çâ®
ρl−α ∈ �, ¯à¨¡ ¢«ïîâáï, á ª®íää¨æ¨¥â®¬ ±a, áâà®ª¨ á ®¬¥à ¬¨ ρl−α. � ç áâ®áâ¨,ª áâà®ª¥ á ®¬¥à®¬ i4 ¯à¨¡ ¢«ï¥âáï, á ª®íää¨æ¨¥â®¬ ±a, áâà®ª  á ®¬¥à®¬ k. �®£« á®[á«. ¨§ ãâ¢. 2℄, ¢¥á  ρl, ¥ à ¢ë¥ i4, ¤ «¥ª¨ ®â k. Ǒ®áª®«ìªã, ¯® [ãâ¢. 4℄, áãé¥áâ¢ã¥âà®¢® âà¨ ¢¥á  ρl, ¯à¨ ¤«¥� é¨å I1, â® íâ® ¢¥á  i4, i5 ¨ i6. � «¥¥, ¯à¨ ã¬®�¥¨¨ g  xα(−a) á¯à ¢ , â® ¥áâì § ¬¥¥ g   gxα(−a), ª áâ®«¡æ ¬ á ®¬¥à ¬¨ σl, â ª¨¬¨, çâ®
σl+α ∈ �, ¯à¨¡ ¢«ïîâáï, á ª®íää¨æ¨¥â®¬ ±a, áâ®«¡æë á ®¬¥à ¬¨ σl+α. � ç áâ®áâ¨,ª áâ®«¡æã á ®¬¥à®¬ k ¯à¨¡ ¢«ï¥âáï, á ª®íää¨æ¨¥â®¬ ±a, áâ®«¡¥æ á ®¬¥à®¬ i4. �á¥¢¥á  σl, ¥ à ¢ë¥ k, ¤®«�ë ¡ëâì, ¯® [á«. ¨§ ãâ¢. 2℄, ¡«¨§ª¨ ª k ¨ ¤ «¥ª¨ ®â i4.Ǒ®áª®«ìªã, á®£« á® [ãâ¢. 4℄, áãé¥áâ¢ã¥â à®¢® âà¨ ¢¥á  σl, ¯à¨ ¤«¥� é¨å I3, â®, ¯®[ãâ¢. 6℄, íâ® ¢¥á  i1 − δ, i2 − δ ¨ i3 − δ.� áá¬®âà¨¬, ª ª ¢«¨ï¥â   g á®¯àï�¥¨¥ ¬ âà¨æë g ¯à¨ ¯®¬®é¨ xα(a). � ç «¥ çâ®-â® ¯à¨¡ ¢«ï¥âáï ª áâà®ª ¬ á ®¬¥à ¬¨ i4, i5 ¨ i6, ¯à¨ç¥¬ ª ¯¥à¢®© ¨§ ¨å ¯à¨¡ ¢«ï¥âáï,á ª®íää¨æ¨¥â®¬ ±a, áâà®ª  á ®¬¥à®¬ k. Ǒ®á«¥ íâ®£® ¯à¨¡ ¢«¥¨ï gi4,j áâ ®¢¨âáïà ¢ë¬ ±agkj 6= 0 (¯® ¢ë¡®àã k ¨ j); ¯®-¯à¥�¥¬ã git = 0 ¯à¨ t 6= 22. � «¥¥ çâ®-â®¯à¨¡ ¢«ï¥âáï ª áâ®«¡æ ¬ á ®¬¥à ¬¨ i1 − δ, i2 − δ ¨ i3 − δ. � ª¨¬ ®¡à §®¬, gi4,j 6= 0(¯®áª®«ìªã j 6= i1− δ, i2− δ, i3− δ) ¨ ¯®-¯à¥�¥¬ã git = 0 ¯à¨ t 6= 22. �áâ «®áì § ¬¥â¨âì,çâ® à £ ¯®«ãç¥®© ¬ âà¨æë ¡®«ìè¥ 1.3. Ǒãáâì ã£®« ¬¥�¤ã V3 ¨ gV3 à ¢¥ 2π/3. Ǒà¨¢¥¤¥¬ ¬ âà¨æã g ª ¢¨¤ã ¨§ «¥¬¬ë6.2. Ǒà¥¤¯®«®�¨¬, çâ® ¬ âà¨æ  {gij} ¯à¨ 1 ≤ i ≤ 3 ¨ 22 ≤ j ≤ 24 ®¡à â¨¬ . �®£¤ , ¯®«¥¬¬¥ 6.5, ¬®�® â ª á®¯àïçì g, çâ®¡ë gij áâ «® à ¢® 0 ¯à¨ 1 ≤ i ≤ 3 ¨ j 6= 22, 23, 24.�á«¨ áãé¥áâ¢ãîâ â ª¨¥ i ∈ I1 ¨ 25 ≤ j ≤ 27, çâ® gij áâ «® ¥ à ¢® 0, â® rk g > 3,çâ® ¨ âà¥¡®¢ «®áì. � ç¥, ¯®áª®«ìªã ¬ âà¨æ  g ®¡à â¨¬ , â® áãé¥áâ¢ãîâ ª®¢¥ªâ®à 
x1, x2 ¨ x3, â ª¨¥, çâ® xig = ei+24 ¯à¨ 1 ≤ i ≤ 3. �¨ á¨£ã«ïàë, ¯®áª®«ìªã ¨å ®¡à §ëá¨£ã«ïàë, ¨ ¯®à®�¤ îâ ¢¬¥áâ¥ á e1, e2 ¨ e3 è¥áâ¨¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®áâà áâ¢®¢ V ∗.Ǒà¨¬¥ïï ¥áª®«ìª® à § "âà á¯®¨à®¢ ®¥" [ãâ¢. 7℄, ¯®«ãç ¥¬, çâ® ª®¢¥ªâ®à  x1, x2¨ x3 ¬®£ãâ ¨¬¥âì ¥ã«¥¢ë¥ ª®íää¨æ¨¥âë â®«ìª® ¯à¨ ¢¥á å á ®¬¥à ¬¨ 1 { 8 ¨ 12. �§íâ®£®, ¯® ®¯à¥¤¥«¥¨î xi, ¯®«ãç ¥¬, çâ®, ¯®áª®«ìªã gij = 0 ¯à¨ 1 ≤ i ≤ 6 ¨ 25 ≤ j ≤ 27,â® ¬ âà¨æ  3× 3, «¥� é ï   ¯¥à¥á¥ç¥¨¨ áâà®ª á ®¬¥à ¬¨ 7, 8 ¨ 12 ¨ ¯®á«¥¤¨å âà¥åáâ®«¡æ®¢, ®¡à â¨¬ . 36



�®¯àï�¥¬ g í«¥¬¥â àë¬ ª®à¥¢ë¬ í«¥¬¥â®¬ xα2(1). Ǒà¨ ã¬®�¥¨¨ g   xα2(1)á«¥¢ , â® ¥áâì § ¬¥¥ g   xα(1)g, áâà®ª¨ á ®¬¥à ¬¨ 7, 8 ¨ 12 ¯à¨¡ ¢«ïîâáï ª ç¥â¢¥àâ®©,¯ïâ®© ¨ è¥áâ®© áâà®ª ¬ á®®â¢¥âáâ¢¥® ( á ¨â¥à¥áãîâ â®«ìª® ¨§¬¥¥¨ï ¢ ¬ âà¨æ¥ g).Ǒ®íâ®¬ã ¯®á«¥ â ª®£® ã¬®�¥¨ï ¯®-¯à¥�¥¬ã det{gij} 6= 0 ¯à¨ 1 ≤ i ≤ 3 ¨ 22 ≤ j ≤ 24¨ gij = 0 ¯à¨ 1 ≤ i ≤ 3 ¨ 25 ≤ j ≤ 27, ® ¯à¨ íâ®¬ det{gij} 6= 0 ¯à¨ 4 ≤ i ≤ 6¨ 25 ≤ j ≤ 27. �áâ «®áì § ¬¥â¨âì, çâ® ¯à¨ ã¬®�¥¨¨ xα2(1)g   xα2(−1) á¯à ¢ ¤¢ ¤æ âì ¯ïâë©, ¤¢ ¤æ âì è¥áâ®© ¨ ¤¢ ¤æ âì á¥¤ì¬®© áâ®«¡æë ®áâ îâáï ¯à¥�¨¬¨,   ¨§¤¢ ¤æ âì ¢â®à®£®, ¤¢ ¤æ âì âà¥âì¥£® ¨ ¤¢ ¤æ âì ç¥â¢¥àâ®£® ¢ëç¨â îâáï ¤¥¢ïâ ¤æ âë©,¤¢ ¤æ âë© ¨ ¤¢ ¤æ âì ¯¥à¢ë© áâ®«¡æë á®®â¢¥âáâ¢¥®. Ǒ®ïâ®, çâ® ¯®á«¥ íâ®£® ¯®-¯à¥�¥¬ã det{gij} 6= 0 ¯à¨ 1 ≤ i ≤ 3 ¨ 22 ≤ j ≤ 24, gij = 0 ¯à¨ 1 ≤ i ≤ 3 ¨ 25 ≤ j ≤ 27,¨ det{gij} 6= 0 ¯à¨ 4 ≤ i ≤ 6 ¨ 25 ≤ j ≤ 27. �ç¥¢¨¤®, çâ® à £ ¯®«ãç¥®© ¬ âà¨æëà ¢¥ 6, çâ® ¨ âà¥¡®¢ «®áì.4. �áâ «®áì à áá¬®âà¥âì á«ãç ©, ª®£¤  ã£®« ¬¥�¤ã V3 ¨ gV3 à ¢¥ 2π/3 ¨ ¬ âà¨æ 
{gij} ¯à¨ 1 ≤ i ≤ 3 ¨ 22 ≤ j ≤ 24 ¥®¡à â¨¬ . � ¯®¬¨¬, çâ® ¬ âà¨æ  {gij} ¯à¨4 ≤ i ≤ 6 ¨ 22 ≤ j ≤ 24 ®¡à â¨¬  ¯® «¥¬¬¥ 6.2. Ǒ® «¥¬¬¥ 6.5, ¬®�® áç¨â âì, çâ® gij = 0¯à¨ 4 ≤ i ≤ 6 ¨ j 6= 22, 23, 24. � áá¬®âà¨¬ ¯®¤£àã¯¯ã D′ = 〈Xα;α ⊥ δ, α2〉. Ǒ®ïâ®,çâ® D′ < D ¨ D′ ∼= SL(3, K) × SL(3, K), ¯®áª®«ìªã SL(3, K) = Gs(A2, K) á®¢¯ ¤ ¥â,ª ª ¬ë ã¯®¬¨ «¨ ¢ ¢¢¥¤¥¨¨, á Esc(A2, K), â® ¥áâì ¯®à®�¤ ¥âáï âà á¢¥ªæ¨ï¬¨. Ǒãáâì
A ∈ D′ ¨ A1 = A|V1 . �®£¤  A1 = (A11 00 A21), £¤¥ A11 ¨ A21 | ¬ âà¨æë ¨§ SL(3, K). Ǒãáâì
g = (X1 X3

X2 X4), £¤¥ X i | ¬ âà¨æë à §¬¥à  3× 3. �®£¤  ¯à¨ á®¯àï�¥¨¨ g ¬ âà¨æ¥©
A ¯®¤¬ âà¨æ  X1 á®¯àï£ ¥âáï ¯®¤¬ âà¨æ¥© A11,   X4 | A21. Ǒà¨ íâ®¬ ¯®¤¬ âà¨æ 
X2 ã¬®� ¥âáï á«¥¢    A2,   á¯à ¢    (A11)−1;  ª®¥æ, ¯®¤¬ âà¨æ  X3 ã¬®� ¥âáïá«¥¢    A11,   á¯à ¢    (A21)−1. � ¨â¥à¥áãîé¥¬  á á«ãç ¥ X3 = X4 = 0, detX2 6=0,   detX1 = 0. �®£¤ , ª ª å®à®è® ¨§¢¥áâ®, áãé¥áâ¢ã¥â A11 ∈ SL(3, K), â ª ï, çâ®¯¥à¢ ï áâà®ª  ¬ âà¨æë X1 áâ ®¢¨âáï ã«¥¢®©. � áá¬®âà¨¬ ¯¥à¢ë¥ è¥áâì ¡ §¨áëåª®¢¥ªâ®à®¢. �¨ ¯®à®�¤ îâ è¥áâ¨¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®áâà áâ¢® ¢ V ∗, ¯®íâ®¬ã¨å ®¡à §ë â ª�¥ ¯®à®�¤ îâ è¥áâ¨¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®áâà áâ¢®. �á¯®«ì§ãï¥áª®«ìª® à § [ãâ¢. 7℄, ¯®«ãç ¥¬, çâ® ¥á«¨ ª®¢¥ªâ®à ¡«¨§®ª ª e22, e23 ¨ e24, â® ¥ã«¥¢ë¥ª®®à¤¨ âë ® ¬®�¥â ¨¬¥âì â®«ìª® ¯à¨ á¥¤ì¬®¬, ¢®áì¬®¬, ¤¢¥ ¤æ â®¬ ¨ ¯®á«¥¤¨åè¥áâ¨ ¢¥á å. � ç áâ®áâ¨, g1j = 0 ¯à¨ j 6= 7, 8, 12. � «¥¥, ¯ãáâì X5 | íâ® ¬ âà¨æ  {gij},£¤¥ 1 ≤ i ≤ 3, j = 7, 8, 12. �®£¤  ¯à¨ á®¯àï�¥¨¨ g â®© �¥ ¬ âà¨æ¥© A ¯®¤¬ âà¨æ  X5ã¬®� ¥âáï á«¥¢    A11,   á¯à ¢    (A21)−1. �¥á«®�® ¢¨¤¥âì, çâ® ¬®�® ¯®¤®¡à âì
A11 ¨ A21 â ª, çâ®¡ë:(1) ¯¥à¢ ï áâà®ª  ¬ âà¨æë X1 ®áâ « áì ã«¥¢®©;(2) ¬ âà¨æ  X2 áâ «  ¤¨ £® «ì®©;(3) ª®íää¨æ¨¥â g1,7 áâ « ¥à ¢¥ 0.� áá¬®âà¨¬ è¥áâ¨¬¥à®¥ á¨£ã«ïà®¥ ¯®¤¯à®áâà áâ¢® W = 〈e1, e5, e6, e16, e17, e19〉 <
V ∗ ¨ ¥£® ®¡à §. Ǒãáâì e1g = ae7 + be8 + ce12; ¯®  è¥© ª®áâàãªæ¨¨, e5g = ke23 ¨
e6g = le24. Ǒ® ¢ëè¥áª § ®¬ã, e19g ¬®�¥â ¨¬¥âì ¥ã«¥¢ë¥ ª®®à¤¨ âë ¯à¨ 7, 8, 12¨ ¯®á«¥¤¨å è¥áâ¨ ¢¥á å; ¯à¨ íâ®¬, ¯® ®¡à â¨¬®áâ¨ g, å®âï ¡ë ®¤  ¨§ ª®®à¤¨ â ¯à¨¯®á«¥¤¨å âà¥å ¢¥á å | ¥ã«¥¢ ï. � ¬¥â¨¬, çâ® ¯¥à¢ë© ¨ ¤¥¢ïâ ¤æ âë© ¢¥á  ¡«¨§ª¨,¯®íâ®¬ã e19g ¡«¨§ª® ª e1g = ae7 + be8 + ce12. �á¯®«ì§ãï ¢¨¤ ä®à¬ë F , ¯®«ãç ¥¬, çâ®

e19g = m(ae7 + be8 + ce12) + n(ae25 + be26 + ce27) + g19,22e22 + g19,23e23 + g19,24e24.Ǒà¨ íâ®¬ n 6= 0. � ¬¥â¨¬, çâ®, ¯® [ãâ¢. 7℄, áãé¥áâ¢ã¥â à®¢® ®¤¨, á â®ç®áâìî37



¤® ã¬®�¥¨ï   ª®áâ âã, ª®¢¥ªâ®à ¢ W , ¡«¨§ª¨© ª e23;   «®£¨ç®¥ ãâ¢¥à�¤¥-¨¥ ¢¥à® ¯à® e24. �®«¥¥ â®£®, ¬®�® ã¡¥¤¨âìáï, çâ® íâ® ãâ¢¥à�¤¥¨¥ ¢¥à® ¤«ï
ae7 + be8 + ce12 ¨ ¤«ï eT19g. � ¯®á«¥¤¥¬ á«ãç ¥, ¢¯à®ç¥¬, ¯à®é¥ íâ® ¯à®¢¥àïâì ¤«ïª®¢¥ªâ®à  n(ae25 + be26 + ce27) + g19,22e22, â ª�¥ «¥� é¥£® ¢ ¯®¤¯à®áâà áâ¢¥ Wg. �â-áî¤ , ¯® "âà á¯®¨à®¢ ®¬ã" [ãâ¢. 12℄, á«¥¤ã¥â, çâ® ¯®¤¯à®áâà áâ¢  W ¨ Wg ¯à®-â¨¢®¯®«®�ë, ¨«¨, çâ® â®�¥ á ¬®¥, ã£®« ¬¥�¤ã ¨¬¨ à ¢¥ π. �§ íâ®£®, á®£« á®"âà á¯®¨à®¢ ë¬" à ááã�¤¥¨ï¬ ¨§ ¯ãªâ  1, á«¥¤ã¥â âà¥¡ã¥¬®¥.

38



§10. �á®¢ ï â¥®à¥¬ � íâ®¬ ¯ à £à ä¥ ¬ë ¤®ª �¥¬ ®á®¢ãî â¥®à¥¬ã  áâ®ïé¥© à ¡®âë:�á®¢ ï â¥®à¥¬ . Ǒà¥¤¯®«®�¨¬, çâ® ¯®«¥ K 6-§ ¬ªãâ®, â® ¥áâì ¢ K «î¡®© ¬®-£®ç«¥ áâ¥¯¥¨ ¥ ¢ëè¥ è¥áâ¨ ¨¬¥¥â ª®à¥ì. �®£¤  «î¡®© í«¥¬¥â £àã¯¯ë Gad(E6, K)¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥¨ï ¥ ¡®«¥¥ ¢®áì¬¨ ª®à¥¢ëå í«¥¬¥â®¢.�®ª § â¥«ìáâ¢®. 1. � ª ¬ë £®¢®à¨«¨ ¢ §1, Gad(E6, L) = Gs(E6, L)/µ3 ¤«ï ¯à®¨§¢®«ì-®£® 3-§ ¬ªãâ®£® ¯®«ï L. � ª¨¬ ®¡à §®¬, «î¡®¬ã í«¥¬¥âã £àã¯¯ë Gad(E6, K) á®®â-¢¥âáâ¢ãîâ âà¨ í«¥¬¥â  £àã¯¯ë Gs(E6, K), ¯®«ãç îé¨¥áï ¤àã£ ¨§ ¤àã£  ã¬®�¥¨¥¬  3√1. Ǒãáâì g ∈ Gs(E6, K) | ¯à®¨§¢®«ìë© í«¥¬¥â, á®®â¢¥âáâ¢ãîé¨© ¨â¥à¥áãî-é¥¬ã  á í«¥¬¥âã ¨§ Gad(E6, K). �®£« á® â¥®à¥¬¥ 6, ¬®�® áç¨â âì, çâ® det g 6= 0.� «¥¥, ¯® á«¥¤áâ¢¨î ¨§ â¥®à¥¬ë 5, áãé¥áâ¢ã¥â í«¥¬¥â h, ï¢«ïîé¨©áï ¯à®¨§¢¥¤¥¨¥¬¯ïâ¨ ª®à¥¢ëå í«¥¬¥â®¢ ¨ â ª®©, çâ® h = g. Ǒ® â¥®à¥¬¥ 3, g = v1A′w1 ¨ h = v2B′w2,£¤¥ v1, w1, v2, w2 ∈ U−,   A′, B′ ∈ L′. � «¥¥, ª ª ¥á«®�® ¢¨¤¥âì, A′ = g = h = B′.2. Ǒãáâì A = A′J−1 ¨ B = B′J−1, £¤¥ J = xδ(1)x−δ(−1)xδ(1). �®£¤ , ¯® ®¯à¥¤¥«¥¨î,
A ¨ B ¯à¨ ¤«¥� â L. Ǒà¨ íâ®¬, ¯® ®¯à¥¤¥«¥¨î L, ¬ âà¨æ  A (á®®â¢¥âáâ¢¥®, B)ï¢«ï¥âáï ¡«®ç®-¤¨ £® «ì®© á âà¥¬ï ¡«®ª ¬¨: A1 = A|V1 (á®®â¢¥âáâ¢¥®, B1 = B|V1),
A2 = A|V2 (B2 = B|V2) ¨ A3 = A|V3 (B3 = B|V3). Ǒ®íâ®¬ã A′ ¨ B′ á®áâ®ïâ ¨§ âà¥å¡«®ª®¢, à á¯®«®�¥ëå   ¯®¡®ç®© ¤¨ £® «¨, ¯à¨ íâ®¬ A1 = A′ = B′ = B1 (§¤¥áì ¬ë,ª ª ¨ à ìè¥, ¤®¯ãáª ¥¬ ¥ª®â®àãî ¢®«ì®áâì à¥ç¨, ¥ï¢® ¨á¯®«ì§ãï áâ ¤ àâë©¨§®¬®àä¨§¬ V3 → V1, á¬. §4). �á¯®«ì§ãï â¥®à¥¬ã 1, ¯®«ãç ¥¬, çâ® «¨¡® A = B, ¨,á«¥¤®¢ â¥«ì®, A′ = B′, «¨¡® áãé¥áâ¢ã¥â â ª®© ξ = 3√1, çâ® B2 = ξA2 ¨ B3 = ξ2A3.Ǒà¥¤¯®«®�¨¬, çâ® A′ 6= B′. �®¯àï�¥¬ h ¤¨ £® «ì®© ¬ âà¨æ¥© f , â ª®©, çâ® fρρ = ξ2¯à¨ ρ ∈ I1, fρρ = 1 ¯à¨ ρ ∈ I2 ¨ fρρ = ξ ¯à¨ ρ ∈ I3. � ¬¥â¨¬, çâ® f ¯à¨ ¤«¥�¨â
Gs(E6, K) ¯® «¥¬¬¥ 3.1 ¨ [ãâ¢. 5℄. �¥á«®�® ¢¨¤¥âì, çâ® v3 = fv2f−1 ¨ w3 = fw2f−1¯®-¯à¥�¥¬ã ¯à¨ ¤«¥� â U−,   C′ = fB′f−1 | L′. Ǒãáâì C = C′J−1. �®£¤ , ª ª¥á«®�® ¯®ïâì, C1 = C|V1 = ξB1 = ξA1, C2 = C|V2 = B2 = ξA2 ¨ C3 = C|V3 = ξ2B3 =
ξA3. �âáî¤  C = ξA ¨ C′ = ξA′. � «¥¥, ¯®áª®«ìªã  á ¨â¥à¥áã¥â í«¥¬¥â ¨§ £àã¯¯ë
Gad(E6, K), â® ¬®�® g § ¬¥¨âì   ξg = v1(ξA′)w1 = v1C′w1. � ª¨¬ ®¡à §®¬, ¬®�®áç¨â âì, çâ® A′ = B′.3. �§ ¯¥à¢®£® ¨ ¢â®à®£® ¯ãªâ®¢ ¤®ª § â¥«ìáâ¢  á«¥¤ã¥â, çâ® g = v1A′w1 ¨ h =
v2B′w2 = v2A′w2, ¯à¨ç¥¬ h, ¯®-¯à¥�¥¬ã, ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ ¯ïâ¨ ª®à¥¢ëå í«¥-¬¥â®¢. �®¯àï£ ï g ã¨¯®â¥â®¬ w1,   h | ã¨¯®â¥â®¬ w2, ¬®�® áç¨â âì, çâ®
g = v1A′,   h = v2A′. �®£¤  gh−1 = v1v−12 ∈ U−, â® ¥áâì, ¯® â¥®à¥¬¥ 2, ï¢«ï¥âáï¯à®¨§¢¥¤¥¨¥¬ âà¥å ª®à¥¢ëå í«¥¬¥â®¢. Ǒ®íâ®¬ã g ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ ¢®áì¬¨ª®à¥¢ëå í«¥¬¥â®¢, çâ® ¨ âà¥¡®¢ «®áì.
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