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Ǒ��Ǒ���� Ǒ��� 02/2008�Ǒ������ ������ǑǑ F4 � E6��� ������������� ��������. �. �ã§£ 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 R | ª®¬¬ãâ â¨¢®¥ ª®«ìæ® á ¥¤¨¨æ¥©. �ë ®¯¨áë¢ ¥¬ ¯®¤£àã¯¯ë£àã¯¯ë�¥¢ ««¥ G(E6, R), á®¤¥à� é¨¥ í«¥¬¥â àãî ¯®¤£àã¯¯ã E(F4, R) £àã¯-¯ë �¥¢ ««¥ â¨¯  F4 ¯à¨ ¥áâ¥áâ¢¥®¬ ¢«®�¥¨¨ G(F4, R) ≤ G(E6, R). �«ï «î-¡®© ¯à®¬¥�ãâ®ç®© ¯®¤£àã¯¯ë H áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ë©  ¨¡®«ìè¨© ¨¤¥- « A E R â ª®©, çâ® H á®¤¥à�¨â ®à¬ «ì®¥ § ¬ëª ¨¥ £àã¯¯ë E(E6, A) ¢
E(E6, R), ª®â®à®¥ ¬ë ®¡®§ ç ¥¬ ç¥à¥§ E(E6, R, A), ¨, ªà®¬¥ â®£®, H ®à¬ -«¨§ã¥â £àã¯¯ã EE(F4, R, A) = E(F4, R)E(E6, R, A). �â®â à¥§ã«ìâ â   «®£¨ç¥®¯¨á ¨ï¬  ¤£àã¯¯ ®àâ®£® «ì®©, á¨¬¯«¥ªâ¨ç¥áª®© ¨ ã¨â à®© £àã¯¯ë, ¯®-«ãç¥ë¬ ¢ à ¡®â å � ¢¨«®¢ , Ǒ¥âà®¢  ¨ �® �.

� áâ®ïé ï à ¡®â  ¡ë«  ¢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.Typeset by AMS-TEX1



2 �. �. ��������
§ 1. �¢¥¤¥¨¥� áâ®ïé ï à ¡®â  ¯®á¢ïé¥  ®¯¨á ¨î  ¤£àã¯¯ í«¥¬¥â à®© £àã¯¯ë�¥¢ ««¥ â¨¯  F4 ¢ £àã¯¯¥ �¥¢ ««¥ â¨¯  E6  ¤ ¯à®¨§¢®«ìë¬ ª®¬¬ãâ â¨¢-ë¬ ª®«ìæ®¬. �¨áâ¥¬ â¨ç¥áª®¥ ¨§ãç¥¨¥ ¯®¤®¡ëå ¢®¯à®á®¢ ¤«ï ª« áá¨ç¥-áª¨å £àã¯¯  ¤ ¯®«ï¬¨  ç «®áì ¢ à ¡®â å � ï, �¨£ , �¨ � ç�ë [22{24℄,[29{33℄. �¯¨á ¨¥  ¤£àã¯¯ ®àâ®£® «ì®©, á¨¬¯«¥ªâ¨ç¥áª®© ¨ ã¨â à®©£àã¯¯ë ¢ ¯®«®© «¨¥©®© £àã¯¯¥  ¤ ª®¬¬ãâ â¨¢ë¬ ª®«ìæ®¬ ¯®«ãç¥® ¢à ¡®â å � ¢¨«®¢ , Ǒ¥âà®¢  ([9{11℄, [35℄) ¨ �® � ([27℄, [28℄).� ¯¥à¥ç¨á«¥ëå áâ âìïå ¨§ãç îâáï  ¤£àã¯¯ë ª« áá¨ç¥áª¨å £àã¯¯ ¢ ¨å¥¯à¨¢®¤¨¬ëå ¯à¥¤áâ ¢«¥¨ïå, â® ¥áâì, ¯®¤£àã¯¯ë GL(n, R), á®¤¥à� é¨¥ ¤ -ãî £àã¯¯ã �¥¢ ««¥. �â¥à¥á®© § ¤ ç¥© ï¢«ï¥âáï ¯¥à¥®á íâ¨å à¥§ã«ìâ â®¢  ¨áª«îç¨â¥«ìë¥ £àã¯¯ë  ¤ ª®¬¬ãâ â¨¢ë¬¨ ª®«ìæ ¬¨. � à ¡®â¥ [12℄ ¢â®à ¯à®¤¥« « ¥ª®â®àë¥ è £¨, ¥®¡å®¤¨¬ë¥ ¤«ï ®¯¨á ¨ï  ¤£àã¯¯ £àã¯¯�¥¢ ««¥ â¨¯®¢ E6 ¨ E7 ¢ ¨å ¥¯à¨¢®¤¨¬ëå ¯à¥¤áâ ¢«¥¨ïå.� â® �¥ ¢à¥¬ï, ¢ à ¡®â å [5℄, [8℄ ¡ë«® § ¬¥ç¥®, çâ® ¤«ï ¨§ãç¥¨ï £àã¯¯ë�¥¢ ««¥ â¨¯  F4 ç áâ® ã¤®¡¥¥ à áá¬ âà¨¢ âì ¥ ¬¨¨¬ «ì®¥ ¥¥ ¯à¥¤áâ ¢-«¥¨¥, ¨¬¥îé¥¥ à §¬¥à®áâì 26,   ¯à¨¢®¤¨¬®¥ ¯à¥¤áâ ¢«¥¨¥ à §¬¥à®áâ¨ 27,¢®§¨ª îé¥¥ ¢ à¥§ã«ìâ â¥ áªàãç¨¢ ¨ï ¬¨¨¬ «ì®£® ¬®¤ã«ï £àã¯¯ë â¨¯  E6.� ª¨¬ ®¡à §®¬, ¬ë ¯®«ãç ¥¬ ¢«®�¥¨¥ Gs(F4, R) ≤ Gs(E6, R), ¨ ¥áâ¥áâ¢¥®áâ ¢¨âì ¢®¯à®á ®¡ ®¯¨á ¨¨ ¯à®¬¥�ãâ®çëå ¯®¤£àã¯¯.Ǒà¨ ¯¥à¥®á¥ «®ª «¨§ æ¨®ëå ¤®ª § â¥«ìáâ¢ ¨§ [10℄   ¨áª«îç¨â¥«ìë¥£àã¯¯ë ¢®§¨ª îâ § ¬¥âë¥ â¥å®«®£¨ç¥áª¨¥ ãá«®�¥¨ï, ® ®¡é ï ª ¢ à ááã�¤¥¨© ®áâ ¥âáï ¥¨§¬¥®©, ª ª ¨ ¨â®£®¢ë© à¥§ã«ìâ â: ý¢¥¥à®¥þ à á-¯®«®�¥¨¥ ¯®¤£àã¯¯ ¢ ¤ãå¥ �®à¥¢¨ç . � ¨¬¥®, ¤«ï ¢áïª®© ¯®¤£àã¯¯ë

H, «¥� é¥© ¬¥�¤ã G(F4, R) ¨ G(E6, R) (à áá¬ âà¨¢ ¥¬ëå ª ª ¯®¤£àã¯¯ë ¢GL(27, R)), áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ë© ¨¤¥ « A ª®«ìæ  R â ª®©, çâ® H «¥�¨â¬¥�¤ã EE(F4, R, A) = E(F4, R)E(E6, R, A) ¨ ¥¥ ®à¬ «¨§ â®à®¬ ¢ G(E6, R).�¥®à¥¬  1. Ǒãáâì R | ª®¬¬ãâ â¨¢®¥ ª®«ìæ®. �®£¤  ¤«ï «î¡®© ¯®¤£àã¯¯ë¢ G = G(E6, R), á®¤¥à� é¥© £àã¯¯ã E(F4, R), áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ë©¨¤¥ « A E R â ª®©, çâ®EE(F4, R, A) ≤ H ≤ NG(EE(F4, R, A)).�à®¬¥ â®£®, ¬ë ï¢® ¢ëç¨á«ï¥¬ ®à¬ «¨§ â®à, ä¨£ãà¨àãîé¨© ¢ â¥®à¥¬¥.� áá¬®âà¨¬ à áè¨à¥ãî £àã¯¯ã �¥¢ ««¥
G(F4, R) = G(F4, R) Cent(G(E6, R))(ç¥à¥§ Cent(G) ¬ë ®¡®§ ç ¥¬ æ¥âà £àã¯¯ë G). �«ï ¯®¤£àã¯¯ E ¨ F ¢ £àã¯¯¥

G ®¡®§ ç¨¬ ç¥à¥§ TranG(E, F ) âà á¯®àâ¥à E ¢ F :TranG(E, F ) = {g ∈ G | Eg ≤ F}.�é¥ ®¤¨¬ ®á®¢ë¬ à¥§ã«ìâ â®¬  áâ®ïé¥© à ¡®âë ï¢«ï¥âáï á«¥¤ãîé ï â¥®-à¥¬ .



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 3�¥®à¥¬  2. � ãá«®¢¨ïå â¥®à¥¬ë 1 ¨¬¥¥¬
NG(E(F4, R)) = NG(G(F4, R)) = TranG(E(F4, R), G(F4, R)) = G(F4, R).� áá¬®âà¨¬ â¥¯¥àì £®¬®¬®àä¨§¬ à¥¤ãªæ¨¨ ρE6A : G(E6, R) → G(E6, R/A),¨¤ãæ¨à®¢ ë© £®¬®¬®àä¨§¬®¬ á®®â¢¥âáâ¢ãîé¨å ¯®«ëå «¨¥©ëå £àã¯¯,¨ ®¡®§ ç¨¬ ç¥à¥§ CG(F4, R, A) ¯®«ë© ¯à®®¡à § £àã¯¯ë G(F4, R/A) ®â®á¨-â¥«ì® ρE6A . �é¥ ®¤¨ à¥§ã«ìâ â  áâ®ïé¥© à ¡®âë á®áâ®¨â ¢ á«¥¤ãîé¥¬.�¥®à¥¬  3. � ãá«®¢¨ïå â¥®à¥¬ë 1 ¤«ï «î¡®£® ¨¤¥ «  A E R ¨¬¥¥¬

NG(EE(F4, R, A)) = CG(F4, R, A).�á«®¢¨¥ ¯à¨ ¤«¥�®áâ¨ ¬ âà¨æë CG(F4, R, A) ®¯¨áë¢ ¥âáï áà ¢¥¨ï¬¨(¯® ¬®¤ã«î ¨¤¥ «  A)   ¥¥ ª®íää¨æ¨¥âë. �ë ï¢® ¯à¨¢®¤¨¬ íâ¨ áà ¢¥¨ï¢ ¯à¥¤«®�¥¨¨ 2.� â¥å¨ç¥áª®© â®çª¨ §à¥¨ï  áâ®ïé ï à ¡®â  á®¥¤¨ï¥â ¬¥â®¤ «®ª «¨§ -æ¨¨-¯®¯®«¥¨ï, ¯à¥¤«®�¥ë© � ª®¬ ¢ [19℄ ¨ ¯®§¤¥¥ ã¯à®é¥ë© � §à â®¬¨ � ¢¨«®¢ë¬ ¢ [25℄, [26℄, [10℄, á ï¢ë¬¨ ¢ëç¨á«¥¨ï¬¨ á í«¥¬¥â ¬¨ ¨áª«îç¨-â¥«ìëå £àã¯¯ ¢ ¬¨¨¬ «ìëå ¯à¥¤áâ ¢«¥¨ïå, ®á¢®¥ë¬¨ � ¢¨«®¢ë¬ ¨ ¥£®ãç¥¨ª ¬¨ (á¬. [4{8℄, [12℄).�â âìï ®à£ ¨§®¢   á«¥¤ãîé¨¬ ®¡à §®¬. � § 2 ¨ § 3 ¬ë ¢¢®¤¨¬ ®á®¢-ë¥ ®¡®§ ç¥¨ï, ®â®áïé¨¥áï ª £àã¯¯ ¬ �¥¢ ««¥ â¨¯®¢ E6 ¨ F4 ¢ 27-¬¥à®¬¯à¥¤áâ ¢«¥¨¨. � § 4 ¯à¨¢¥¤¥ë ¥ª®â®àë¥ ä ªâë, ®¡é¨¥ ¤«ï £àã¯¯ �¥¢ ««¥â¨¯®¢ F4 ¨ E6. � § 5 á®¡à ë â¥å¨ç¥áª¨¥ ãâ¢¥à�¤¥¨ï, ®â®áïé¨¥áï ª ãà ¢-¥¨ï¬, § ¤ îé¨¬ £àã¯¯ã G(E6, R), ª®â®àë¥ ¯® ¤®¡ïâáï  ¬ ¢ ¤ «ì¥©è¥¬.� § 6 ®¡áã�¤ ¥âáï ¢¨¤ ã�ëå  ¬ ¯ à ¡®«¨ç¥áª¨å ¯®¤£àã¯¯ ¢ G(E6, R) ¨
G(F4, R) ¨ ¨å ã¨¯®â¥âëå à ¤¨ª «®¢. �¥®à¥¬  2 ¤®ª §ë¢ ¥âáï ¢ § 7 ¢¬¥áâ¥ á®¯¨á ¨¥¬ ãà ¢¥¨ï¬¨ à áè¨à¥®© £àã¯¯ë�¥¢ ««¥ G(F4, R). � § 8 ¢¢®¤¨â-áï ¯®ïâ¨¥ ¨�¥£® ãà®¢ï ¤«ï ª« áá¨ä¨æ¨àã¥¬ëå ¯®¤£àã¯¯. � § 9 ¯à¨¢¥¤¥®¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 3 ¢¬¥áâ¥ á ®¯¨á ¨¥¬ ãà ¢¥¨ï¬¨ ä¨£ãà¨àãîé¥£® ¢¥© ®à¬ «¨§ â®à . �¥å¨ç¥áª¨¬ á¥à¤æ¥¬ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 1 ï¢«ï¥âáï
§ 10, ¢ ª®â®à®¬ á ¯®¬®éìî «®ª «¨§ æ¨¨ ¯à®¨áå®¤¨â § ç¨â¥«ì®¥ ã¯à®é¥¨¥§ ¤ ç¨ ¨§¢«¥ç¥¨ï ª®à¥¢®£® í«¥¬¥â . �«¥¤ãîé¨¥ âà¨ ¯ à £à ä  ¯®á¢ïé¥-ë íâ®¬ã ¨§¢«¥ç¥¨î: ¬ë ¯®ª §ë¢ ¥¬ áãé¥áâ¢®¢ ¨¥ ª®à¥¢®£® í«¥¬¥â  ¯à¨¢á¥ ¡®«¥¥ á« ¡ëå ãá«®¢¨ïå. Ǒ®á«¥ â®£®, ª ª íâ® á¤¥« ®, ¤®ª § â¥«ìáâ¢® â¥®-à¥¬ë 1 «¥£ª® § ¢¥àè ¥âáï ¢ § 14.�¢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.



4 �. �. ��������
§ 2. �àã¯¯  �¥¢ ««¥ â¨¯  E6� íâ®¬ ¯ à £à ä¥ ¬ë ¢ªà âæ¥  ¯®¬¨¬ ®¡®§ ç¥¨ï ¨ ä ªâë, ®â®áïé¨¥áïª £àã¯¯¥ �¥¢ ««¥ â¨¯  E6  ¤ ª®¬¬ãâ â¨¢ë¬ ª®«ìæ®¬. �®«¥¥ ¯®¤à®¡ãî¨ä®à¬ æ¨î,   â ª�¥ ¤ «ì¥©è¨¥ ááë«ª¨ ¬®�®  ©â¨ ¢ [1℄, [13℄, [34℄, [36℄,[15℄, [40{42℄, [4℄, [6℄, [7℄. �®«ìè¥ ¢¨¬ ¨ï ¬ë ã¤¥«¨¬ ¢«®�¥¨î £àã¯¯ë â¨¯ F4 ¢ £àã¯¯ã â¨¯  E6, § ç¨â¥«ì® ¬¥¥¥ ®á¢¥é¥®¬ã ¢ «¨â¥à âãà¥.�ë à áá¬ âà¨¢ ¥¬ á¨áâ¥¬ë ª®à¥© E6 ¨ F4 á ä¨ªá¨à®¢ ë¬¨ ¡ §¨á ¬¨¯à®áâëå ª®à¥© �(E6) ¨ �(F4). � è  ã¬¥à æ¨ï ¯à®áâëå ª®à¥© á®®â¢¥â-áâ¢ã¥â [2℄. � «¥¥ ¢¥§¤¥ R | ª®¬¬ãâ â¨¢®¥ ª®«ìæ® á ¥¤¨¨æ¥©.�ëç¨á«¥¨ï  áâ®ïé¥© à ¡®âë ¯à®¨áå®¤ïâ ¢ 27-¬¥à®¬ ¬®¤ã«¥ V = V (̟1)£àã¯¯ë �¥¢ ««¥ G = G(E6, R) â¨¯  E6 á® áâ àè¨¬ ¢¥á®¬ ω = ̟1. �®�¥áâ¢®¢¥á®¢ íâ®£® ¬®¤ã«ï ®¡®§ ç ¥âáï ç¥à¥§ �. �®¤ã«ì V á ¡�¥ ªà¨áâ ««¨ç¥áª¨¬¡ §¨á®¬ vλ, λ ∈ �. �â® ®§ ç ¥â (á¬. [34℄), çâ® ¢¥ªâ®àë vλ ï¢«ïîâáï ¢¥á®¢ë¬¨¢¥ªâ®à ¬¨ ¨ ¤¥©áâ¢¨¥ í«¥¬¥â àëå ª®à¥¢ëå í«¥¬¥â®¢ xα(ξ) ¤«ï ¢á¥å α ∈ E6¨ ξ ∈ R ®¯¨áë¢ ¥âáï â ª:

xα(ξ)vλ = vλ + cλαξvλ+α,¯à¨ç¥¬ ¢á¥ áâàãªâãàë¥ ª®áâ âë ¤¥©áâ¢¨ï cλα à ¢ë ±1, ¨ cλα = +1, ¥á«¨
α ∈ ±�(E6). �ë ¡ã¤¥¬ ®¡®§ ç âì ç¥à¥§ T (E6, R) ¬ ªá¨¬ «ìë© à áé¥¯¨-¬ë© â®à £àã¯¯ë G(E6, R); ¢  è¥¬ ¯à¥¤áâ ¢«¥¨¨ ¬ âà¨æ  ¨§ G(E6, R) «¥�¨â¢ T (E6, R) â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ®  ¤¨ £® «ì . �àã¯¯  T (E6, R) ª®¬-¬ãâ â¨¢  ¨ ¯®à®�¤ ¥âáï í«¥¬¥â ¬¨ ¢¨¤ 

hα(ε) = e+ ∑

λ,λ+α∈�((ε − 1)eλ+α,λ+α + (ε−1 − 1)eλ,λ)¤«ï ¢á¥å α ∈ �(E6), ε ∈ R∗.�¥£ª® ¢¨¤¥âì, çâ®
hα(ε)xβ(ξ) = xβ(ε〈α,β〉ξ)¤«ï ¢á¥å α ∈ �, β ∈ �, ε ∈ R∗, ξ ∈ R. � ¯®¬¨¬, çâ® 〈α, β〉 = 2(α, β)/(β, β),£¤¥ (·, ·) | W (E6)-¨¢ à¨ â®¥ áª «ïà®¥ ¯à®¨§¢¥¤¥¨¥   P ⊗Z R, ¨ ¢  è¥¬á«ãç ¥ P = Ps | à¥è¥âª  ¢¥á®¢.� ¡®â  [7℄ ¡ë«  ¯®á¢ïé¥  ¤¥â «ì®¬ã ¨§ãç¥¨î ¬®¤ã«ï V ; ¢ ç áâ®áâ¨,â ¬ ¯à¨¢¥¤¥ë ï¢ë¥ â ¡«¨æë § ª®¢ áâàãªâãàëå ª®áâ â ¢ ªà¨áâ ««¨ç¥-áª®¬ ¡ §¨á¥, ª®â®àë¥ ¬ë  ªâ¨¢® ¨á¯®«ì§ã¥¬ ¤«ï ¢ëç¨á«¥¨©. �à®¬¥ íâ®£®,ª ª ®â¬¥ç¥® ¢ à ¡®â å [17℄, [18℄, [6℄, ¥é¥ ®¤¨¬ ¢ �ë¬ ¨áâàã¬¥â®¬ ¤«ïà ¡®âë á ¬®¤ã«¥¬ V ï¢«ï¥âáï ¨¢ à¨ â ï âà¨«¨¥© ï ä®à¬ . �¢ë© ¢¨¤íâ®© ä®à¬ë â ª�¥ ¯à¨¢¥¤¥ ¢ [7℄. �  £àã¯¯ã G(E6, R) ¬®�® á¬®âà¥âì áà §«¨çëå â®ç¥ª §à¥¨ï: á®£« á® ª« áá¨ç¥áª®¬ã ®¯à¥¤¥«¥¨î, íâ® £àã¯¯ â®ç¥ª  ää¨®© £àã¯¯®¢®© áå¥¬ë �¥¢ ««¥{�¥¬ §îà . �¤ ª® ¤«ï ª®ªà¥â-ëå ¬ âà¨çëå ¢ëç¨á«¥¨©   á ¬®¬ ¤¥«¥ ¨á¯®«ì§ã¥âáï â®â ä ªâ, çâ® ¤«ï«î¡®£® ª®«ìæ  R £àã¯¯  G(E6, R) á®¢¯ ¤ ¥â £àã¯¯®© ¨§®¬¥âà¨© âà¨«¨¥©®©



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 5ä®à¬ë T . �¯¨á ¨¥ íâ®© ä®à¬ë, á¢ï§ ®© á ¥© ªã¡¨ç¥áª®© ä®à¬ë ¨ ¥¥ç áâëå ¯à®¨§¢®¤ëå ¢ à §«¨çëå ¡ §¨á å ¬®�®  ©â¨ ¢ [7℄ (á¬. â ª�¥ [40{42℄, [8℄, [6℄). �ë ¯à¨¢®¤¨¬ ï¢ë© ¢¨¤ ªã¡¨ç¥áª®© ä®à¬ë ¨ ¥¥ ç áâëå ¯à®-¨§¢®¤ëå ¢ § 5. �à®¬¥ â®£®, G(E6, R) á®¢¯ ¤ ¥â á £àã¯¯®© ¨§®¬¥âà¨© ¯ àë,á®áâ®ïé¥© ¨§ ªã¡¨ç¥áª®© ä®à¬ë Q ¨ ¥¥ ç áâ¨ç®© ¯®«ïà¨§ æ¨¨ (¯®¤à®¡¥¥á¬. [18℄) �â® ¥âà¨¢¨ «ìë© à¥§ã«ìâ â (á¬. [17℄), ®á®¡¥® ¥á«¨ ¥ ¯à¥¤¯®« -£ âì ®¡à â¨¬®áâ¨ 2 ¨ 3: § ¬¥â¨¬, çâ® T (u, u, u) = 6Q(u).�¨�¥   à¨áãª¥ ¢®á¯à®¨§¢¥¤¥  ¢¥á®¢ ï ¤¨ £à ¬¬  ¬®¤ã«ï V . �¥ ¢¥àè¨-ë § ã¬¥à®¢ ë ¢¥á ¬¨ ¬®¤ã«ï V ,   à¥¡à  á®¥¤¨ïîâ ¯ àë ¢¥á®¢, à §®áâì¬¥�¤ã ª®â®àë¬¨ ï¢«ï¥âáï ¯à®áâë¬ ª®à¥¬. Ǒà¨ íâ®¬   à¥¡à¥ ãª §ë¢ ¥âáï®¬¥à íâ®£® ¯à®áâ®£® ª®àï, ¨ áâ àè¨© ¢¥á à á¯®«®�¥ á«¥¢ .
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◦
6
−ω
◦5@@ �� @@ �� @@ �� @@ �� @@ 3��◦ ◦ ◦ ◦ ◦6@@ 2�� 2@@ 1��◦ ◦�ë ¨§®¡à � ¥¬ ¢¥ªâ®à a ∈ V , a = ∑

aλvλ ª ª áâ®«¡¥æ ª®®à¤¨ â ¢ ªà¨-áâ ««¨ç¥áª®¬ ¡ §¨á¥: a = (aλ), λ ∈ �. Ǒà¨ íâ®¬ í«¥¬¥â b ª®âà £à ¤¨¥â®£®¬®¤ã«ï V ∗ ¥áâ¥áâ¢¥® ¯à¥¤áâ ¢«ïâì ª ª áâà®ªã b = (bλ), λ ∈ �. � ¬¥â¨¬,çâ® ª®®à¤¨ âë ¢¥ªâ®à  ¨§ V ∗ §¤¥áì § ã¬¥à®¢ ë ¢¥á ¬¨ ¬®¤ã«ï V ; ¨¬¥®¯®íâ®¬ã ®¨ § ¯¨áë¢ îâáï ª ª áâà®ª¨. �«¥¬¥â g ∈ G(E6, R) ®â®�¤¥áâ¢«ï¥â-áï  ¬¨ á ¥£® ®¡à §®¬ ¢ ¯à¥¤áâ ¢«¥¨¨ π ¨ ¨§®¡à � ¥âáï ¬ âà¨æ¥© (gλµ) ¨§GL(V ) ≃ GL(27, R), áâ®«¡æë ¨ áâà®ª¨ ª®â®à®© ¯à®¨¤¥ªá¨à®¢ ë ¢¥á ¬¨ �.�â®«¡¥æ íâ®© ¬ âà¨æë á ®¬¥à®¬ µ ∈ � ¬ë ¡ã¤¥¬ ®¡®§ ç âì ç¥à¥§ g∗µ. � ª¨¬®¡à §®¬, g∗µ = gvµ. � «®£¨ç®, ç¥à¥§ gλ∗ ®¡®§ ç ¥âáï áâà®ª  ¬ âà¨æë g á®¬¥à®¬ λ ∈ �. �«ï í«¥¬¥â®¢ ®¡à â®© ¬ âà¨æë ¬ë ¨á¯®«ì§ã¥¬ ®¡®§ ç¥¨¥
g−1 = (g′

λµ), λ, µ ∈ �.�«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥ ï¢«ï¥âáï ¯à®áâ®© ¯¥à¥ä®à¬ã«¨à®¢ª®© ®¯à¥¤¥«¥-¨ï ªà¨áâ ««¨ç¥áª®£® ¡ §¨á , ¨ ¬ë ¡ã¤¥¬ ¯®«ì§®¢ âìáï ¨¬ ¢® ¢á¥å ¢ëç¨á«¥-¨ïå ¡¥§ á¯¥æ¨ «ì®£® ã¯®¬¨ ¨ï.�¥¬¬  1. �«ï «î¡ëå g ∈ GL(27, R), α ∈ E6, ξ ∈ R ¨¬¥îâ ¬¥áâ® ä®à¬ã«ë(xα(ξ)g)λµ = gλµ + cλ−α,αξgλ−α,µ, (gxα(ξ))λµ = gλµ + cµαξgλ,µ+α.� áâ®  ¬ ¥ âà¥¡ã¥âáï § âì â®çë¥ § ª¨ ª®áâ â cλα, ¢ â ª¨å á«ãç ïå¬ë ¯®«ì§ã¥¬áï ®¡®§ ç¥¨¥¬ ý±þ.



6 �. �. ��������
§ 3. �àã¯¯  �¥¢ ««¥ â¨¯  F4� «¥¥ ¢¥§¤¥, ¥á«¨ ¥ ãª § ® ®¡à â®¥, � = F4, �l | ¬®�¥áâ¢® ¤«¨ëå,�s | ¬®�¥áâ¢® ª®à®âª¨å ª®à¥© �. �ë à áá¬ âà¨¢ ¥¬ á¨áâ¥¬ã ª®à¥© F4ª ª ¯à®¥ªæ¨î á¨áâ¥¬ë ª®à¥© E6   ç¥âëà¥å¬¥à®¥ ¯®¤¯à®áâà áâ¢®, ¯®à®�-¤¥®¥ ¢¥ªâ®à ¬¨ 000001 , 001000 , 010100 , 100010 . Ǒà¨ íâ®¬ ¤«¨ë¥ ª®à¨ F4 |íâ® ¢ â®ç®áâ¨ ª®à¨ E6, «¥� é¨¥ ¢ íâ®¬ ¯®¤¯à®áâà áâ¢¥. � ª®© ª®à¥ì ®¡ï-§ â¥«ì® ¨¬¥¥â ¢¨¤ abcba
d

∈ E6, ¨ á â®çª¨ §à¥¨ï á¨áâ¥¬ë F4 ï¢«ï¥âáï ª®à¥¬
dα1+cα2+2bα3+2aα4 ∈ �l (αi, 1 ≤ i ≤ 4 | äã¤ ¬¥â «ì ï á¨áâ¥¬  ª®à¥©F4). � ª¨¬ ®¡à §®¬, ¬®�® áç¨â âì, çâ® �l ⊂ E6 (§ ¬¥â¨¬, çâ® ¬®�¥áâ¢®�l ï¢«ï¥âáï á¨áâ¥¬®© ª®à¥© â¨¯  D4). �®à®âª¨© �¥ ª®à¥ì F4 ï¢«ï¥âáï ¯à®-¥ªæ¨¥© ¤¢ãå ª®à¥© E6    è¥ ç¥âëà¥å¬¥à®¥ ¯à®áâà áâ¢®: ª®à¨ abcb′a′

d
¨

a′b′cba
d

¯à®¥ªâ¨àãîâáï ¢ ª®à¥ì
dα1 + cα2 + (b+ b′)α3 + (a+ a′)α4 ∈ �s.�¥à¥§ βi, 1 ≤ i ≤ 6 ¬ë ¡ã¤¥¬ ®¡®§ ç âì ¯à®áâë¥ ª®à¨ á¨áâ¥¬ë ª®à¥©E6;  ¯®¬¨¬, çâ®  è  ã¬¥à æ¨ï ¯à®áâëå ª®à¥© á«¥¤ã¥â [2℄. � áá¬®âà¨¬¢¥è¨©  ¢â®¬®àä¨§¬ α 7→ α ¯®àï¤ª  2 á¨áâ¥¬ë E6, ¯¥à¥áâ ¢«ïîé¨© β1 á

β6, β3 á β5 ¨ ®áâ ¢«ïîé¨© β2 ¨ β4   ¬¥áâ¥. �¤®í«¥¬¥âë¥ ®à¡¨âë íâ®£® ¢â®¬®àä¨§¬  á®áâ®ïâ ¢ â®ç®áâ¨ ¨§ ¤«¨ëå ª®à¥© F4,   ¤¢ãåí«¥¬¥âë¥á®¤¥à� â ¯ àë ª®à¥©, ¯à®¥ªâ¨àãîé¨åáï ¢ ª®à®âª¨¥ ª®à¨ F4. � ¬¥â¨¬, çâ®ª®à¨ β 6= β ¤¢ãåí«¥¬¥â®© ®à¡¨âë ®àâ®£® «ìë ¤àã£ ¤àã£ã ¨ ®¡à §ãîâã£«ë π/4 á á®®â¢¥âáâ¢ãîé¨¬ ª®à®âª¨¬ ª®à¥¬ (β + β)/2 ∈ �s. �ë ¡ã¤¥¬®â®�¤¥áâ¢«ïâì ¬®�¥áâ¢® ®à¡¨â á ¬®�¥áâ¢®¬ ª®à¥© F4.�ë ¡ã¤¥¬ ®¡®§ ç âì ç¥à¥§ xβ(ξ) í«¥¬¥â àë¥ ª®à¥¢ë¥ í«¥¬¥âë £àã¯¯ë
G(E6, R),   ç¥à¥§ Xβ(ξ) | í«¥¬¥â àë¥ ª®à¥¢ë¥ í«¥¬¥âë £àã¯¯ë G(F4, R).Ǒà¨ íâ®¬ í«¥¬¥âë Xβ(ξ) ¬®£ãâ ¨¬¥âì ¢¨¤ xβ(ξ) ¤«ï β = β (¤«¨ë¥ ª®à¥¢ë¥í«¥¬¥âë) ¨«¨ ¢¨¤ xβ(ξ)xβ(±ξ) ¤«ï β 6= β (ª®à®âª¨¥ ª®à¥¢ë¥ í«¥¬¥âë). � ¬¯® ¤®¡¨âáï ï¢®¥ § ¨¥ § ª®¢ ¢ ª®à®âª¨å ª®à¥¢ëå í«¥¬¥â å, ¯®íâ®¬ã¯à¨¢¥¤¥¬ ¨å:

X0001(ξ) = x100000 (ξ)x000010 (ξ), X0010(ξ) = x010000 (ξ)x000100 (ξ),
X0011(ξ) = x110000 (ξ)x000110 (−ξ), X0110(ξ) = x011000 (ξ)x001100 (−ξ),
X1110(ξ) = x011001 (ξ)x001101 (−ξ), X0111(ξ) = x111000 (ξ)x001110 (ξ),
X1111(ξ) = x111001 (ξ)x001111 (ξ), X0121(ξ) = x111100 (ξ)x011110 (−ξ),
X1121(ξ) = x111101 (ξ)x011111 (−ξ), X1221(ξ) = x112101 (ξ)x012111 (−ξ),
X1231(ξ) = x122101 (ξ)x012211 (−ξ), X1232(ξ) = x122111 (ξ)x112211 (ξ).



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 7� ªá¨¬ «ìë© à áé¥¯¨¬ë© â®à T (F4, R) £àã¯¯ë G(F4, R) ¯®à®�¤ ¥âáï¤¨ £® «ìë¬¨ í«¥¬¥â ¬¨
H1000(ε) = h000001 (ε), H0100(ε) = h001000 (ε),
H0010(ε) = h010000 (ε)h000100 (ε), H0001(ε) = h100000 (ε)h000010 (ε).Ǒà¨ ®£à ¨ç¥¨¨ ¯à¥¤áâ ¢«¥¨ï π á G(E6, R)   G(F4, R) ¯®«ãç ¥¬ 27-¬¥à®¥ ¯à¥¤áâ ¢«¥¨¥, ¤¨ £à ¬¬  ª®â®à®£® ¯à¨¢¥¤¥  ¨�¥. �¤¥áì ¬¥âª¨  à¥¡à å á®®â¢¥âáâ¢ãîâ ã¬¥à æ¨¨ ¯à®áâëå ª®à¥© F4.13
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◦
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◦4@@ 1�� 1@@ 4��6

◦
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◦�ã¬¥à æ¨ï ¢¥á®¢, ¯à¨¢¥¤¥ ï §¤¥áì, ¡ã¤¥â ¨á¯®«ì§®¢ âìáï ¤«ï ¢á¥å  è¨å¢ëç¨á«¥¨©. �«ï à §®®¡à §¨ï ®  (¨ ¤ �¥ ¥¥ ¯®«®�¨â¥«ì ï ç áâì) ¥ á®£« -á®¢   ¨ á ®¤®© ¨§ âà¥å ã¬¥à æ¨©, ¯à¨¢¥¤¥ëå ¢ [7℄. �ë ¡ã¤¥¬ ®¡®§ ç âì¢¥á, § ã¬¥à®¢ ë©   íâ®© ¤¨ £à ¬¬¥ æ¥«ë¬ ç¨á«®¬ i, ç¥à¥§ λi ¨«¨ (¥á«¨íâ® ¥ ¢ë§ë¢ ¥â ¤¢ãá¬ëá«¥®áâ¥©) ¯à®áâ® i. � ¬¥â¨¬, çâ® ¢ ®£à ¨ç¥¨¨  F4 ¢¥á  13, 14, 15 áâ ®¢ïâáï ã«¥¢ë¬¨.Ǒ®«ãç¥®¥ ¯à¥¤áâ ¢«¥¨¥ (E6, ̟1) ↓ F4 ¯à¨¢®¤¨¬® ¨ ï¢«ï¥âáï ¯àï¬®© áã¬-¬®© 26-¬¥à®£® ¯à¥¤áâ ¢«¥¨ï   ª®à®âª¨å ª®àïå ¨ âà¨¢¨ «ì®£® 1-¬¥à®£®¯à¥¤áâ ¢«¥¨ï. �à®¬¥ â®£®,  ¬ ¯® ¤®¡¨âáï ®£à ¨ç¥¨¥ (E6, ̟1) ↓ D4. �«ï¥£® ¢¨§ã «¨§ æ¨¨ ¤®áâ â®ç® ¢ëç¥àªãâì ¢ ¤¨ £à ¬¬¥ (E6, ̟1) à¥¡à , ¯®¬¥-ç¥ë¥ 1 ¨ 6. Ǒà¨ á®¢¬¥é¥¨¨ ®£à ¨ç¥¨©   F4 ¨   D4 ¬ë ¯®«ãç ¥¬®£à ¨ç¥¨¥   B3, ª®â®à®¥ ¯®«ãç ¥âáï ¨§ ¤¨ £à ¬¬ë (E6, ̟1) ↓ F4 ¢ëà¥§ ¨-¥¬ ¢á¥å à¥¡¥à, ¯®¬¥ç¥ëå 4. � ª ¢¨¤®, à¥§ã«ìâ â®¬ ï¢«ï¥âáï ¯àï¬ ï áã¬¬ âà¥å ®¤®¬¥àëå ¯à¥¤áâ ¢«¥¨©, ®â¢¥ç îé¨å ¢¥á ¬ λ1 = ω, λ−1 = −ω, λ13,¨ âà¥å ¢®áì¬¨¬¥àëå ¯à¥¤áâ ¢«¥¨© (®¤® ¨§ ¨å ¯à¨¢®¤¨¬® ¨ ï¢«ï¥âáï ¯àï-¬®© áã¬¬®© á¥¬¨¬¥à®£® ¨ ®¤®¬¥à®£®). �¡®§ ç¨¬ ç¥à¥§ B, �, � ¬®�¥áâ¢ ¢¥á®¢ íâ¨å ¯à¥¤áâ ¢«¥¨©:B = {2, 3, 4, 5, 7, 8, 9, 10},� = {6, 11, 12, 14, 15,−12,−11,−6},� = {−10,−9,−8,−7,−5,−4,−3,−2}.



8 �. �. ��������� ª ®â¬¥ç¥® ¢ëè¥, G(E6, R) á®¢¯ ¤ ¥â á £àã¯¯®© ¯à¥®¡à §®¢ ¨© á¢®-¡®¤®£® ¯à ¢®£® ¬®¤ã«ï R27, á®åà ïîé¨å ¥ª®â®àãî âà¨«¨¥©ãî ä®à-¬ã T . �¤®¡® à áá¬ âà¨¢ âì G(F4, R) < G(E6, R) ª ª £àã¯¯ã ¯à¥®¡à §®-¢ ¨© ¨§ G(E6, R), áâ ¡¨«¨§¨àãîé¨å ¥ª®â®àë© ¢ë¤¥«¥ë© ¢¥ªâ®à u, ¤«ïª®â®à®£® Q(u) 6= 0. � ¢®á¨«ì®, G(F4, R) | íâ® £àã¯¯  ¯à¥®¡à §®¢ ¨©¨§ G(E6, R), á®åà ïîé¨å ¡¨«¨¥©ãî ä®à¬ã B(x, y), ®¯à¥¤¥«¥ãî à ¢¥-áâ¢®¬ B(x, y) = T (u, x, y). � ª ç¥áâ¢¥ ¢ë¤¥«¥®£® ¢¥ªâ®à  ¬ë ¡ã¤¥¬ ¡à âì
u = v13 − v14 + v15, â®£¤  Q(u) = −1,   ¡¨«¨¥© ï ä®à¬  ¯à¨®¡à¥â¥â ¢¨¤

B(x, y) = 12
∑

i=1(−1)i+1(xiy−i + x−iyi)+x13y14 + x14y13 + x14y15 + x15y14 − x13y15 − x15y13.Ǒãáâì F | ¬ âà¨æ  �à ¬  ¡¨«¨¥©®© ä®à¬ë B. �ë ¯®«ãç¨«¨, çâ® ¬ â-à¨æ  g = (gij) ∈ G(E6, R) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥ ¯à¨ ¤«¥�¨â G(F4, R),ª®£¤  gFgT = F (§¤¥áì ¨ ¤ «¥¥ ç¥à¥§ gT ¬ë ®¡®§ ç ¥¬ ¬ âà¨æã, âà á¯®¨à®-¢ ãî ª g). � ª¨¬ ®¡à §®¬, G(F4,−) ï¢«ï¥âáï ¯®¤áå¥¬®© ¢ G(E6,−); ¬ âà¨æ 
g ∈ G(E6, R) «¥�¨â ¢ G(F4, R) â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  (FgT )ij = (g−1F )ij¤«ï ¢á¥å i, j = 1, . . . ,−1. � ç áâ®áâ¨, ¤«ï i, j = 1, . . . , 12,−12, . . . ,−1 íâ¨ãà ¢¥¨ï ¯à¥¢à é îâáï ¢ g′

ij = εiεjg−j,−i.� ¬ ¯® ¤®¡¨âáï â ª�¥ £àã¯¯  ¯®¤®¡¨© ¡¨«¨¥©®© ä®à¬ë B, â® ¥áâì ¬®-�¥áâ¢® ¯à¥®¡à §®¢ ¨© g ∈ G(E6, R), ¤«ï ª®â®àëå B(gx, gy) = λ(g)B(x, y) ¤«ï¥ª®â®à®£® λ(g) ∈ R∗. � â¥à¬¨ å ¬ âà¨æë �à ¬  íâ® ãá«®¢¨¥ ®§ ç ¥â, çâ®
gFgT = λ(g)F . �ë ¡ã¤¥¬ ®¡®§ ç âì íâã £àã¯¯ã G(F4, R). Ǒãáâì g ∈ G(F4, R).�«ï «î¡ëå x, y ∈ R27 ¨¬¥¥¬

T (u, x, y) = B(x, y) = λ(g)−1B(gx, gy)= λ(g)−1T (u, gx, gy) = λ(g)−1T (g−1u, x, y),®âªã¤  T (λ(g)u − g−1u, x, y) = 0. � ç¨â, g−1u = λ(g)u, â® ¥áâì g ¯¥à¥¢®¤¨â ¢á¥¡ï ®¤®¬¥à®¥ ¯®¤¯à®áâà áâ¢® 〈u〉. �¡à â®¥ â®�¥ ¢¥à®; â ª¨¬ ®¡à §®¬,  G(F4, R) ¬®�® á¬®âà¥âì ª ª   £àã¯¯ã ¬ âà¨æ ¨§ G(E6, R), áâ ¡¨«¨§¨àã-îé¨å 〈u〉.�¥¬¬  2. �á«¨ gu = λu ¤«ï ¥ª®â®àëå g ∈ G(E6, R), λ ∈ R, â® λ3 = 1.�®ª § â¥«ìáâ¢®.
−1 = Q(u) = Q(gu) = Q(λu) = λ3Q(u) = −λ3.Ǒ®«ãç ¥¬, çâ® ¥á«¨ R ¥ á®¤¥à�¨â ¥âà¨¢¨ «ìëå ªã¡¨ç¥áª¨å ª®à¥© ¨§1, â® G(F4, R) = G(F4, R). �á«¨ �¥ λ ∈ R ¨ λ3 = 1, â® ¬ âà¨æ  λI27 «¥�¨â¢ æ¥âà¥ G(E6, R) ¨ ï¢«ï¥âáï í«¥¬¥â®¬ G(F4, R); ªà®¬¥ â®£®, Cent(G(E6, R))



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 9á®áâ®¨â ¢ â®ç®áâ¨ ¨§ â ª¨å áª «ïàëå ¬ âà¨æ. � ª¨¬ ®¡à §®¬, ¬ë ¤®ª § «¨,çâ®
G(F4, R) = G(F4, R) Cent(G(E6, R)). (1)�®¤¥à� éãîáï ¢ G(F4, R) ¤¨ £® «ìãî ¯®¤£àã¯¯ã ¬ë ¡ã¤¥¬ ®¡®§ ç âìç¥à¥§ T (F4, R). �â  ¯®¤£àã¯¯  ®à¬ «¨§ã¥â E(F4, R), ¯®íâ®¬ã ¬ë ¬®�¥¬ à á-á¬®âà¥âì ¯à®¨§¢¥¤¥¨¥

E(F4, R) = E(F4, R)T (F4, R) = E(F4, R) Cent(G(E6, R)).
§ 4. �¡é¨¥ á¢¥¤¥¨ï ® £àã¯¯ å �¥¢ ««¥� íâ®¬ ¯ à £à ä¥ � = E6 ¨«¨ F4.Ǒãáâì A E R | ¨¤¥ « ¢ R. �¡®§ ç¨¬ ç¥à¥§ E(�, A) £àã¯¯ã, ¯®à®�¤¥ãîª®à¥¢ë¬¨ í«¥¬¥â ¬¨ ãà®¢ï A:

E(�, A) = 〈xα(ξ), α ∈ �, ξ ∈ A〉.� á«ãç ¥ A = R £àã¯¯  E(�, R)  §ë¢ ¥âáï ( ¡á®«îâ®©) í«¥¬¥â à®©£àã¯¯®©. � �ãî à®«ì ¨£à îâ ¨ ®â®á¨â¥«ìë¥ í«¥¬¥â àë¥ £àã¯¯ë
E(�, R, A):

E(�, R, A) = 〈xa(ξ), α ∈ �, ξ ∈ A〉E(�,R).�«¥¤ãîé¨© ¯à®áâ®© ä ªâ å®à®è® ¨§¢¥áâ¥ (á¬,  ¯à¨¬¥à, [36℄, á«¥¤áâ¢¨¥4.4).�¥¬¬  3. Ǒãáâì � = E6 ¨«¨ F4. �®£¤  í«¥¬¥â à ï £àã¯¯  E(�, R) á®¢¥à-è¥ .� áá¬®âà¨¬ £®¬®¬®àä¨§¬ à¥¤ãªæ¨¨ ρ�A : G(�, R)→ G(�, R/A), ï¢«ïîé¨©-áï ®£à ¨ç¥¨¥¬ ®ç¥¢¨¤®£® £®¬®¬®àä¨§¬  GL(27, R)→ GL(27, R/A)   £àã¯-¯ã G(�, R) ≤ GL(27, R). �¡®§ ç¨¬ ç¥à¥§ G(�, R, A) ï¤à® íâ®£® £®¬®¬®àä¨§-¬ ,   ç¥à¥§ C(�, R, A) | ¯à®®¡à § æ¥âà  £àã¯¯ë G(�, R/A).� ¢¥áâ¢  ¨§ á«¥¤ãîé¥£® ãâ¢¥à�¤¥¨ï ®áïâ  §¢ ¨¥ áâ ¤ àâëå ª®¬-¬ãâ æ¨®ëå ä®à¬ã«.�¥¬¬  4. Ǒãáâì � = E6 ¨«¨ F4. �«ï «î¡®£® ¨¤¥ «  A E R ¢ë¯®«ïîâáïà ¢¥áâ¢  [G(�, R), E(�, R, A)℄ = [E(�, R), C(�, R, A)℄ = E(�, R, A)� ç áâ®áâ¨, ¯®¤£àã¯¯  E(�, R, A) ®à¬ «ì  ¢ G(�, R).�«ï ¨â¥à¥áãîé¨å  á ¨áª«îç¨â¥«ìëå á«ãç ¥¢ íâ  «¥¬¬  ¡ë«  ¤®ª §  � ¤¤¥¨ [37℄ ¨ � á¥àèâ¥©®¬ [39℄. � à ¡®â å [40℄, [20℄, [26℄. ¬®�®  ©â¨ ¤àã£¨¥¤®ª § â¥«ìáâ¢  ¨ ¤ «ì¥©è¨¥ ááë«ª¨.Ǒãáâì S | ¬ã«ìâ¨¯«¨ª â¨¢ ï á¨áâ¥¬  ¢ ª®«ìæ¥ R, â® ¥áâì ¬®�¥áâ¢® í«¥-¬¥â®¢ R, á®¤¥à� é¥¥ 1 ¨ § ¬ªãâ®¥ ®â®á¨â¥«ì® ã¬®�¥¨ï. �ë ¡ã¤¥¬



10 �. �. ��������®¡®§ ç âì ç¥à¥§ S−1R «®ª «¨§ æ¨î ª®«ìæ  R ®â®á¨â¥«ì® á¨áâ¥¬ë S ¨ ç¥-à¥§ FS : R → S−1R | ª ®¨ç¥áª¨© £®¬®¬®àä¨§¬. � ¨¡®«¥¥ ¢ �ë¬¨ ¤«ï á ï¢«ïîâáï á«¥¤ãîé¨¥ ç áâë¥ á«ãç ¨:(1) �®ª «¨§ æ¨ï ¢ ¬ ªá¨¬ «ì®¬ ¨¤¥ «¥: S = R \ M , £¤¥ M ∈ Max(R) |¬ ªá¨¬ «ìë© ¨¤¥ « ª®«ìæ  R. � íâ®¬ á«ãç ¥ ¬ë ¯¨è¥¬ (R\M)−1R =
RM , ¨ FM ¢¬¥áâ® FS . �®«ìæ® RM ï¢«ï¥âáï «®ª «ìë¬ á ¬ ªá¨¬ «ìë¬¨¤¥ «®¬ RMFM (M).(2) �« ¢ ï «®ª «¨§ æ¨ï: S = 〈s〉 = {1, s, s2, . . .} |  ¨¬¥ìè ï ¬ã«ìâ¨-¯«¨ª â¨¢ ï á¨áâ¥¬ , á®¤¥à� é ï í«¥¬¥â s ∈ R. �ë ¡ã¤¥¬ ®¡®§ -ç âì 〈s〉−1R ç¥à¥§ Rs, FS ç¥à¥§ Fs.Ǒãáâì X |  ää¨ ï £àã¯¯®¢ ï áå¥¬   ¤ Z. �®¬®¬®àä¨§¬ X(FS) :

X(R) → X(S−1R), ¨¤ãæ¨à®¢ ë© £®¬®¬®àä¨§¬®¬ «®ª «¨§ æ¨¨, ¬ë â ª-�¥ ¡ã¤¥¬ ®¡®§ ç âì ç¥à¥§ FS . � ¬¥â¨¬, çâ® ¥á«¨ X = G(E6, R), G(F4, R),
G(F4, R), â® í«¥¬¥â àë¥ ª®à¥¢ë¥ í«¥¬¥âë ¯¥à¥å®¤ïâ ¢ í«¥¬¥â àë¥ ª®à-¥¢ë¥ í«¥¬¥âë: FS(xα(ξ)) = xα(FS(ξ)). �â® ®§ ç ¥â, çâ®

FS(E(E6, R)) ≤ E(E6, S−1R),
FS(E(F4, R)) ≤ E(F4, S−1R).� ª ª ª ¯à¨ £®¬®¬®àä¨§¬¥ FS â®àë ¯¥à¥å®¤ïâ ¢ â®àë, â® FS(E(F4, R)) ≤

E(F4, S−1R). � ª¨¬ ®¡à §®¬, E(E6,−), E(F4,−), E(F4,−) â ª�¥ ï¢«ïîâáïäãªâ®à ¬¨ ¨§ ª â¥£®à¨¨ ª®¬¬ãâ â¨¢ëå ª®«¥æ ¢ ª â¥£®à¨î £àã¯¯, ®¤ ª®íâ¨ äãªâ®àë ¥ ¯à¥¤áâ ¢¨¬ë.�®à®è® ¨§¢¥áâ®, çâ® ¢á¥ íâ¨ äãªâ®àë ª®¬¬ãâ¨àãîâ á ¨¤ãªâ¨¢ë¬¨ ¯à¥-¤¥« ¬¨. �®ç¥¥, ¥á«¨ Ri, i ∈ I | ¨¤ãªâ¨¢ ï á¨áâ¥¬  ª®«¥æ,   X | ®¤¨¨§ äãªâ®à®¢ G(E6,−), G(F4,−), G(F4,−), E(E6,−), E(F4,−), E(F4,−), â®
X( lim

−→
Ri) = lim

−→
X(Ri).� ç áâ®áâ¨, ¥á«¨ Ri | ¨¤ãªâ¨¢ ï á¨áâ¥¬  ¢á¥å ª®¥ç® ¯®à®�¤¥ëå¯®¤ª®«¥æ ¢ R ¯® ®â®è¥¨î ª ¢«®�¥¨î, â® X(R) = lim

−→
X(Ri), çâ® ¯®§¢®«ï¥â ¬ ®£à ¨ç¨âìáï à áá¬®âà¥¨¥¬ ¥â¥à®¢ëå ª®«¥æ.�à®¬¥ â®£®, ¥á«¨ S | ¬ã«ìâ¨¯«¨ª â¨¢ ï á¨áâ¥¬ , ¬ë ¬®�¥¬ à áá¬®â-à¥âì á¨áâ¥¬ã ª®«¥æ Rs, s ∈ S, ª ª ¨¤ãªâ¨¢ãî á¨áâ¥¬ã ª®«¥æ ¯® ®â®è¥-¨î ª ª ®¨ç¥áª¨¬ £®¬®¬®àä¨§¬ ¬ «®ª «¨§ æ¨¨ Ft : Rs → Rst. �®£¤ 

X(S−1R) = lim
−→

X(Rs). �â® ¯®§¢®«¨â  ¬ á¢®¤¨âì à áá¬®âà¥¨¥ ¯à®¨§¢®«ìëå«®ª «¨§ æ¨© (¢ ç áâ®áâ¨, «®ª «¨§ æ¨¨ ¢ ¬ ªá¨¬ «ì®¬ ¨¤¥ «¥) ª £« ¢ë¬«®ª «¨§ æ¨ï¬. �®ª «¨§ æ¨¨ ¢ ¬ ªá¨¬ «ìëå ¨¤¥ « å ¯à¨¢®¤ïâ  á ª «®ª «ì-ë¬ ª®«ìæ ¬. � ª å®à®è® ¨§¢¥áâ® (á¬.,  ¯à¨¬¥à, [16℄), ¤«ï «®ª «ìëå (¨¤ �¥ ¤«ï ¯®«ã«®ª «ìëå) ª®«¥æ G(E6, R) = E(E6, R), G(F4, R) = E(F4, R),  ¯®íâ®¬ã ¨ G(F4, R) = E(F4, R).
§ 5. �§ãç¥¨¥ ãà ¢¥¨© ¢ G(E6, R)�  áâ®ïé¥¬ ¯ à £à ä¥ á®¡à ë â¥å¨ç¥áª¨¥ à¥§ã«ìâ âë, ª á îé¨¥áï ¬ â-à¨æ ¨§ G(E6, R). �å ¤®ª § â¥«ìáâ¢  ¨á¯®«ì§ãîâ ï¢ë© ¢¨¤ âà¨«¨¥©®© ä®à-



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 11¬ë T , ªã¡¨ç¥áª®© ä®à¬ë Q ¨ ¥¥ ç áâëå ¯à®¨§¢®¤ëå fλ, λ ∈ �. �  è¥©ã¬¥à æ¨¨ ¢¥á®¢ ªã¡¨ç¥áª ï ä®à¬  Q ¢ë£«ï¤¨â â ª:
Q(x) =x1x13x−1 − x1x−10x−2 + x1x−9x−3 − x1x−8x−4 + x1x−5x−7

− x2x10x−1 + x2x14x−2 − x2x−12x−3 + x2x−11x−4 − x2x−6x−7+ x3x9x−1 − x3x12x−2 + x3x15x−3 − x3x−11x−5 + x3x−8x−6
− x4x8x−1 + x4x11x−2 − x4x15x−4 + x4x−12x−5 − x4x−9x−6+ x7x5x−1 − x7x6x−2 + x7x15x−7 − x7x−12x−8 + x7x−9x−11
− x5x11x−3 + x5x12x−4 − x5x14x−5 + x5x−10x−6 + x8x6x−3
− x8x12x−7 + x8x14x−8 − x8x−10x−11 − x6x9x−4 + x6x10x−5
− x6x13x−6 + x9x11x−7 − x9x14x−9 + x9x−10x−12 − x11x10x−8+ x11x13x−11 + x10x12x−9 − x10x15x−10 − x12x13x−12 + x13x14x15.�¨¬¬¥âà¨ç¥áª ï âà¨«¨¥© ï ä®à¬  T ¯®«ãç ¥âáï ®âáî¤  ¯®«ïà¨§ æ¨¥©.�®á¯à®¨§¢¥¤¥¬ ¤«ï ¤ «ì¥©è¨å ááë«®ª ¨ ï¢ë© ¢¨¤ ç áâëå ¯à®¨§¢®¤ëåíâ®© ä®à¬ë ¢ â®© �¥ ã¬¥à æ¨¨:

f1(x) = x13x−1 − x−10x−2 + x−9x−3 − x−8x−4 + x−7x−5
f2(x) = −x10x−1 + x14x−2 − x−12x−3 + x−11x−4 − x−6x−7
f3(x) = x9x−1 − x12x−2 + x15x−3 − x−11x−5 + x−8x−6
f4(x) = −x8x−1 + x11x−2 − x15x−4 + x−12x−5 − x−9x−6
f5(x) = x7x−1 − x11x−3 + x12x−4 − x14x−5 + x−10x−6
f6(x) = −x7x−2 + x8x−3 − x9x−4 + x10x−5 − x13x−6
f7(x) = x5x−1 − x6x−2 + x15x−7 − x−12x−8 + x−9x−11
f8(x) = −x4x−1 + x6x−3 − x12x−7 + x14x−8 − x−10x−11
f9(x) = x3x−1 − x6x−4 + x11x−7 − x14x−9 + x−10x−12
f10(x) = −x2x−1 + x6x−5 − x11x−8 + x12x−9 − x15x−10
f11(x) = x4x−2 − x5x−3 + x9x−7 − x10x−8 + x13x−11
f12(x) = −x3x−2 + x5x−4 − x8x−7 + x10x−9 − x13x−12
f13(x) = x1x−1 − x6x−6 + x11x−11 − x12x−12 + x14x15
f14(x) = x2x−2 − x5x−5 + x8x−8 − x9x−9 + x13x15
f15(x) = x3x−3 − x4x−4 + x7x−7 − x10x−10 + x13x14
f−12(x) = −x2x−3 + x4x−5 − x7x−8 + x9x−10 − x12x13
f−11(x) = x2x−4 − x3x−5 + x7x−9 − x8x−10 + x11x13
f−10(x) = −x1x−2 + x5x−6 − x8x−11 + x9x−12 − x10x15
f−9(x) = x1x−3 − x4x−6 + x7x−11 − x9x14 + x10x12
f−8(x) = −x1x−4 + x3x−6 − x7x−12 + x8x14 − x10x11
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f−7(x) = x1x−5 − x2x−6 + x7x15 − x8x12 + x9x11
f−6(x) = −x2x−7 + x3x−8 − x4x−9 + x5x−10 − x6x13
f−5(x) = x1x−7 − x3x−11 + x4x−12 − x5x14 + x6x10
f−4(x) = −x1x−8 + x2x−11 − x4x15 + x5x12 − x6x9
f−3(x) = x1x−9 − x2x−12 + x3x15 − x5x11 + x6x8
f−2(x) = −x1x−10 + x2x14 − x3x12 + x4x11 − x6x7
f−1(x) = x1x13 − x2x10 + x3x9 − x4x8 + x5x7�ë ç áâ® ¡ã¤¥¬ ¯®«ì§®¢ âìáï â¥¬, çâ® ª �¤ë© áâ®«¡¥æ v ¬ âà¨æë ¨§

G(E6, R) ï¢«ï¥âáï á¨£ã«ïàë¬ ¨, á«¥¤®¢ â¥«ì®, ã¤®¢«¥â¢®àï¥â ª¢ ¤à â¨ç-ë¬ ãà ¢¥¨ï¬ fλ(v) = 0 ¤«ï ¢á¥å λ ∈ �.�¥¬¬  5. Ǒãáâì v ï¢«ï¥âáï áâ®«¡æ®¬ ¬ âà¨æë G(E6, R), ¯à¨ç¥¬ áâà®ª (v2, . . . , v−1) ã¨¬®¤ã«ïà . �á«¨ vj = 0 ¤«ï j = 6, 11, 12, 13,−12, . . . ,−1 ¨
v14 + v15 = 0, â® v14 = v15 = 0.�®ª § â¥«ìáâ¢®. �¡®§ ç¨¬ ξ = v15 = −v14. Ǒ®áª®«ìªã V | áâ®«¡¥æ ¬ âà¨-æë ¨§ G(E6, R), â® fλ(v) = 0 ¤«ï ¢á¥å λ ∈ �. � ç áâ®áâ¨,0 = f−2(v) = v2v14 = −ξv2,0 = f−3(v) = v3v15 = ξv3,0 = f−4(v) = −v4v15 = −ξv4,0 = f−5(v) = −v5v14 = ξv5,0 = f−7(v) = v7v15 = ξv7,0 = f−8(v) = v8v14 = −ξv8,0 = f−9(v) = −v9v14 = ξv9,0 = f−10(v) = −v10v15 = −ξv10,0 = f13(v) = v14v15 = ξv14.�® ¯® ãá«®¢¨î áâà®ª  (v2, v3, v4, v5, v7, v8, v9, v10, v14) ã¨¬®¤ã«ïà , § ç¨â,
ξ = 0, çâ® ¨ âà¥¡®¢ «®áì ¤®ª § âì.

§ 6. Ǒ à ¡®«¨ç¥áª¨¥ ¯®¤£àã¯¯ë� §®¡ì¥¬ ¢á¥ ¢¥á  ¨§ �   âà¨ ¬®�¥áâ¢ : {λ1}, B ∪ � ¨ {λ13, λ−1} ∪� (íâ®à §¡¨¥¨¥ á®®â¢¥âáâ¢ã¥â ¢ëà¥§ ¨î ¨§ ¢¥á®¢®© ¤¨ £à ¬¬ë E6 ¢á¥å à¥¡¥à, ¯®-¬¥ç¥ëå 1). �á«¨ gλ1 = 0 ¤«ï ¢á¥å λ ∈ B ∪ � ¨ í«¥¬¥â g11 ®¡à â¨¬, â® ¨§ãà ¢¥¨©   ¯¥à¢ë© áâ®«¡¥æ á«¥¤ã¥â, çâ® ® á®¢¯ ¤ ¥â á ¯¥à¢ë¬ áâ®«¡æ®¬¥¤¨¨ç®© ¬ âà¨æë. �ë¬¨ á«®¢ ¬¨, â®£¤  g «¥�¨â ¢ ¯ à ¡®«¨ç¥áª®© ¯®¤-£àã¯¯¥ G(E6, R) ¨ ¯® ®â®è¥¨î ª ¯à¨¢¥¤¥®¬ã à §¡¨¥¨î ¢¥á®¢ ¬ âà¨æ  g



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 13¨¬¥¥â á«¥¤ãîéãî ¡«®çãî áâàãªâãàã:
g = 



∗ ∗ ∗0 ∗ ∗0 0 ∗



�¨ £® «ìë¥ ¡«®ª¨ §¤¥áì ¨¬¥îâ à §¬¥àë 1, 16, 10 á®®â¢¥âáâ¢¥®. �ë ¡ã-¤¥¬ ®¡®§ ç âì íâã ¯ à ¡®«¨ç¥áªãî ¯®¤£àã¯¯ã ç¥à¥§ P1(R). �¥ ã¨¯®â¥âë©à ¤¨ª « U1(R) ¢ë£«ï¤¨â â ª:




1 A ∗0 I16 ∗0 0 I10 

�àã¯¯  U1(R)  ¡¥«¥¢  ¨ ¨§®¬®àä  (ª ª  ¡áâà ªâ ï £àã¯¯ ) R16: ¬ë ¬®-�¥¬ ¯à®¨§¢®«ìë¬ ®¡à §®¬ ¢ë¡à âì áâà®ªã A ¤«¨ë 16, á®áâ®ïéãî ¨§ í«¥-¬¥â®¢ ª®«ìæ  R ¨ ¥¤¨áâ¢¥ë¬ ®¡à §®¬ ¯®áâà®¨âì ¯® ¥© ¬ âà¨æã ¨§ ã¨-¯®â¥â®£® à ¤¨ª «  U1(R). Ǒ®ª �¥¬, ª ª íâ® á¤¥« âì ï¢®. �¡®§ ç¨¬ ç¥à¥§�1 ¬®�¥áâ¢® â ª¨å ª®à¥© α ∈ E6, çâ® λ1 − α ∈ �. � ¬¥â¨¬, çâ® ¯à¨ ¢ëç¨-â ¨¨ ¢á¥å â ª¨å α ¨§ λ1 ¬ë ¯®«ãç¨¬ ¢ â®ç®áâ¨ è¥áâ ¤æ âì ¢¥á®¢ ¨§ B∪ �,â® ¥áâì �1 = {λ1 − λ | λ ∈ B ∪ �} = {1∗∗∗∗
∗

∈ E6}.�ë¡¥à¥¬ ¯à®¨§¢®«ìë¥ è¥áâ ¤æ âì í«¥¬¥â®¢ ξα ∈ R, α ∈ �1 ¨ à áá¬®âà¨¬¬ âà¨æã
∏

α∈�1 xα(ξα) ∈ G(E6, R).Ǒ®àï¤®ª, ¢ ª®â®à®¬ §¤¥áì ¯¥à¥¬®� îâáï ª®à¥¢ë¥ í«¥¬¥âë, ¥ ¢ �¥: ¢á¥®¨ ª®¬¬ãâ¨àãîâ ¤àã£ á ¤àã£®¬. �¥âàã¤® ¢¨¤¥âì, çâ® íâ  ¬ âà¨æ  «¥�¨â ¢
U1(R) ¨   ¯¥à¥á¥ç¥¨¨ ¥¥ ¯¥à¢®© áâà®ª¨ á® áâ®«¡æ®¬ vλ, λ ∈ B∪�,  å®¤¨âáïí«¥¬¥â ±ξλ1−λ (§ ª §¤¥áì   á ¬®¬ ¤¥«¥ à ¢¥ § ªã áâàãªâãà®© ª®áâ âë
cλ,λ1−λ). �à®¬¥ â®£®, «î¡ ï ¬ âà¨æ  ¨§ U1(R) ¥¤¨áâ¢¥ë¬ ®¡à §®¬ ¯à¥¤-áâ ¢«ï¥âáï ¢ ¢¨¤¥ â ª®£® ¯à®¨§¢¥¤¥¨ï.� «®£¨çë¬ ®¡à §®¬ ®¯à¥¤¥«ï¥âáï ¯ à ¡®«¨ç¥áª ï ¯®¤£àã¯¯  P6(R) ¨ ¥¥ã¨¯®â¥âë© à ¤¨ª « U6(R). �«ï íâ®£® à áá¬®âà¨¬ à §¡¨¥¨¥ �   âà¨ ¬®-�¥áâ¢  {λ1, λ13} ∪ B, � ∪ � ¨ {λ−1}, á®®â¢¥âáâ¢ãîé¥¥ ¢ëà¥§ ¨î ¨§ ¢¥á®¢®©¤¨ £à ¬¬ë E6 ¢á¥å à¥¡¥à, ¯®¬¥ç¥ëå 6. � âà¨æë ¨§ P6(R) ¨ U6(R) ¨¬¥îâá«¥¤ãîéãî ¡«®çãî áâàãªâãàã ®â®á¨â¥«ì® íâ®£® à §¡¨¥¨ï:





∗ ∗ ∗0 ∗ ∗0 0 ∗



 ∈ P6(R), 



I10 ∗ ∗0 I16 ∗0 0 1

 ∈ U6(R).�àã¯¯  U6(R)  ¡¥«¥¢  ¨ â ª�¥ ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ è¥áâ ¤æ â¨ ¯®¯ à®ª®¬¬ãâ¨àãîé¨å ª®à¥¢ëå ¯®¤£àã¯¯. �¥©áâ¢¨â¥«ì®, ¯ãáâì�6 = {α ∈ E6 | λ−1 + α ∈ �} = {∗∗∗∗1∗ ∈ E6}



14 �. �. ���������®£¤  λ−1 + α ∈ � ∪� ¤«ï α ∈ �6. �ë ¬®�¥¬ ¢ë¡à âì ¯à®¨§¢®«ìë¥ ξα ∈ R,
α ∈ �6 ¨ à áá¬®âà¥âì ¯à®¨§¢¥¤¥¨¥

∏

α∈�6 xα(ξα) ∈ G(E6, R).�® «¥�¨â ¢ U6(R) ¨ «î¡ ï ¬ âà¨æ  ¨§ U6(R) ¯à¥¤áâ ¢«ï¥âáï ¢ â ª®¬ ¢¨¤¥.�¥¯¥àì ¯®á¬®âà¨¬   ¯¥à¥á¥ç¥¨¥ P1(R) ∩ P6(R). �«ï íâ®£® ¥®¡å®¤¨¬®à §¡¨âì �   è¥áâì ¬®�¥áâ¢ ¢¥á®¢:� = {λ1} ∪ B ∪ � ∪ {λ13} ∪� ∪ {λ−1}.�«®ç ï áâàãªâãà  ¬ âà¨æ ¨§ ¯¥à¥á¥ç¥¨ï P1(R)∩P6(R) ¨ ¥£® ã¨¯®â¥â®£®à ¤¨ª «  â ª®¢ :














∗ ∗ ∗ ∗ ∗ ∗0 ∗ ∗ ∗ ∗ ∗0 0 ∗ 0 ∗ ∗0 0 0 ∗ ∗ ∗0 0 0 0 ∗ ∗0 0 0 0 0 ∗















∈ P1(R)∩P6(R), 




1 0 ∗ 0 ∗ ∗0 I8 0 0 ∗ ∗0 0 I8 0 0 ∗0 0 0 1 0 00 0 0 0 I8 00 0 0 0 0 1














∈ U1(R)∩U6(R),�¡®§ ç¨¬ ç¥à¥§ 	16 ¯¥à¥á¥ç¥¨¥ ¬®�¥áâ¢ �1 ∩ �6,   ç¥à¥§ 	1 ¨ 	6 | ¤®-¯®«¥¨ï 	16 ¤® �1 ¨ �6 á®®â¢¥âáâ¢¥®. �¥âàã¤® ¢¨¤¥âì, çâ®	1 = {λ1 − λ | λ ∈ B} = {1∗∗∗0
∗

∈ E6},	6 = {λ − λ−1 | λ ∈ �} = {0∗∗∗1
∗

∈ E6},	16 = {λ1 − λ | λ ∈ �} = {λ − λ−1 | λ ∈ �} = {1∗∗∗1
∗

∈ E6}.� âà¨æ  ¨§ U1(R)∩ U6(R) ¥¤¨áâ¢¥ë¬ ®¡à §®¬ ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ ¯à®-¨§¢¥¤¥¨ï
∏

α∈	16 xα(ξα) ∈ G(E6, R),£¤¥ ξα ∈ R ¤«ï α ∈ 	16.�¥¬¬  6. Ǒãáâì g ∈ G(E6, R) â ª®¢ , çâ® g11 = 1 ¨ gλ1 = 0 ¤«ï λ ∈ (B ∪�) \ {λ15}. �®£¤  gλ1 = 0 ¤«ï ¢á¥å λ /∈ {λ1, λ15}.�®ª § â¥«ìáâ¢®. �¡®§ ç¨¬ g15,1 ç¥à¥§ ξ ¨ à áá¬®âà¨¬ ¬ âà¨æã
h = x

−112211 (ξ)g.� ¬¥â¨¬, çâ® h15,1 = g15,1 − ξg11 = 0. �à®¬¥ â®£®, hλ,1 = gλ,1 ¤«ï ¢á¥å λ ∈B∪� \ {λ15}, ¯®â®¬ã çâ® ¤«ï ¢á¥å â ª¨å λ áã¬¬  λ+112211 ¥ ï¢«ï¥âáï ¢¥á®¬.



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 15�® ¨§ íâ®£® á«¥¤ã¥â, çâ® hλ1 = 0 ¤«ï ¢á¥å λ 6= λ1, â® ¥áâì h ∈ P1(R). �âáî¤ ,¯®áª®«ìªã g = x
−112211 (−ξ)h, ¢¨¤®, çâ®

gλ,1 = hλ,1 = 0 ¤«ï ¢á¥å λ ∈ � \ {λ1}, λ+ 112211 /∈ �.�á«¨ �¥ λ, λ+ 112211 ∈ � ¨ λ 6= λ15, â®
gλ,1 = hλ,1 ± ξh

λ+112211 = hλ,1 = 0.�¥¬¬  7. Ǒãáâì g = ∏

γ∈	16 xγ(ξγ) ∈ G(E6, R), £¤¥ ξγ ∈ R ¤«ï ¢á¥å γ ∈ 	16.� âà¨æ  g «¥�¨â ¢ G(F4, R) â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ξ122111 = ξ112211 .�®ª § â¥«ìáâ¢®. �á«¨ ξ122111 = ξ112211 = ξ, â®
x122111 (ξ122111 )x112211 (ξ112211 ) = X1232(ξ),  ¯®áª®«ìªã ¢á¥ ®áâ «ìë¥ ª®à¨ ¨§ 	16 «¥� â ¢ �l, ¯®«ãç ¥¬ g ∈ E(F4, R).�¡à â®, ¯®áª®«ìªã

g1,13 = 0, g1,14 = −ξ122111 , g1,15 = −ξ112211 ,¨¬¥¥¬ (gu)1 = g1,13 − g1,14 + g1,15 = ξ122111 − ξ112211 .Ǒ® ãá«®¢¨î gu = λu ¤«ï ¥ª®â®à®£® λ ∈ R∗, § ç¨â,
ξ122111 − ξ112211 = (gu)1 = λu1 = 0.�¥¬¬  8. �á«¨ g ∈ P1(R) ∩ G(F4, R), â® g ∈ P6(R).�®ª § â¥«ìáâ¢®. Ǒ® ãá«®¢¨î, g11 ∈ R∗ ¨ gλ,1 = 0 ¤«ï λ 6= λ1. �ë¡¥à¥¬

λ ∈ � ∪ {λ13}. �®£¤ 0 = B(v1, vλ) = B(gv1, gvλ) = g11g−1,λ,¯®íâ®¬ã g−1,λ = 0 ¤«ï ¢á¥å â ª¨å λ. � ¤àã£®© áâ®à®ë, ¤«ï λ ∈ B ∪� ∪ {λ1}â ª�¥ ¨¬¥¥¬ g−1,λ = 0, ¯®áª®«ìªã g ∈ P1(R). � ç¨â, ¯®á«¥¤ïï áâà®ª  g¯à®¯®àæ¨® «ì  ¯®á«¥¤¥© áâà®ª¥ ¥¤¨¨ç®© ¬ âà¨æë, â® ¥áâì, g ∈ P6(R).
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§ 7. �ëç¨á«¥¨¥ ®à¬ «¨§ â®à  E(F4, R) ¢ G(E6, R)�¥®à¥¬  2, £®¢®àï ¥ä®à¬ «ì®, ¯®ª §ë¢ ¥â, çâ® G ï¢«ï¥âáï ®à¬ «¨§ -â®à®¬ F4 ¢ E6 ¥ â®«ìª® ¢ áå¥¬®¬ á¬ëá«¥, ® ¨ ¯®â®ç¥ç®: § ç¥¨¥ íâ®£®äãªâ®à    «î¡®¬ ª®«ìæ¥ ï¢«ï¥âáï  ¡áâà ªâ®-£àã¯¯®¢ë¬ ®à¬ «¨§ â®à®¬á®®â¢¥âáâ¢ãîé¥© £àã¯¯ë. � ¬¥â¨¬, çâ®  è¥ ®¯à¥¤¥«¥¨¥ G(F4, R) á®¢¯ -¤ ¥â á ®¯à¥¤¥«¥¨¥¬ à áè¨à¥®© £àã¯¯ë �¥¢ ««¥, ¤ ë¬ ¢¯¥à¢ë¥ ¢ [14℄¤«ï ¯à¨á®¥¤¨¥ëå £àã¯¯,   ¯®§¤¥¥ ¢ [21℄ ¨ ¤«ï ¨â¥à¥áãîé¥£®  á á«ãç ï®¤®á¢ï§ëå £àã¯¯ (á¬. â ª�¥ [3℄). �ç¥¢¨¤®, çâ® G(F4, R) | ®à¬ «ì ï¯®¤£àã¯¯  ¢ G(F4, R).Ǒ® á ¬®¬ã ®¯à¥¤¥«¥¨î G(F4, R) ï¢«ï¥âáï  ää¨®© áå¥¬®©  ¤ Z. � ªå®à®è® ¨§¢¥áâ®, äãªâ®à â®ç¥ª  ää¨®© áå¥¬ë ¯®«®áâìî ®¯à¥¤¥«ï¥âáïá¢®¨¬¨ § ç¥¨ï¬¨   «®ª «ìëå ª®«ìæ å. � áâë¬ á«ãç ¥¬ íâ®£® ¯à¨æ¨¯ ï¢«ï¥âáï á«¥¤ãîé ï «¥¬¬ .�¥¬¬  9. Ǒãáâì g ∈ G(E6, R), ¯à¨ç¥¬ FM (g) ∈ G(F4, R) ¤«ï ¢á¥å M ∈Max(R). �®£¤  g ∈ G(F4, R).�¥¬¬  10. � âà¨æ  g ∈ G(E6, R) ¯à¨ ¤«¥�¨â G(F4, R) â®£¤  ¨ â®«ìª®â®£¤ , ª®£¤  ®  ã¤®¢«¥â¢®àï¥â ãà ¢¥¨ï¬(FgT )ir(g−1F )js = (g−1F )ir(FgT )js¤«ï ¢á¥å i, j, r, s = 1, . . . ,−1.�®ª § â¥«ìáâ¢®. Ǒãáâì X |  ää¨ ï ¯®¤áå¥¬  ¢ G(E6,−)  ¤ Z, ®¯à¥¤¥-«¥ ï íâ¨¬¨ ãà ¢¥¨ï¬¨. �á®, çâ® G(F4, R) ⊂ X(R). Ǒ® «¥¬¬¥ 9 ®¡-à â®¥ ¢ª«îç¥¨¥ ¤®áâ â®ç® ¤®ª §ë¢ âì ¤«ï «®ª «ì®£® ª®«ìæ  R. Ǒãáâì

M = R \ R∗ | ¬ ªá¨¬ «ìë© ¨¤¥ « R. �«ï  ç «  ¤®ª �¥¬, çâ® ¥á«¨
g ∈ X(R), â®  ©¤ãâáï i, r â ª¨¥, çâ® (FgT )ir(g−1F )ir ∈ R∗. Ǒà¥¤¯®«®�¨¬¯à®â¨¢®¥: ¯ãáâì (FgT )ir(g−1F )ir ∈ M ¤«ï ¢á¥å i, r. � ª ª ª ¬ âà¨æ  FgT ®¡-à â¨¬ , â® ¤«ï «î¡®£® i  ©¤¥âáï â ª®¥ r, çâ® (FgT )ir /∈ M . � ª ª ª ¬ âà¨æ 
g−1F ®¡à â¨¬ , â® ¤«ï «î¡®£® j  ©¤¥âáï â ª®¥ s, çâ® (g−1F )js /∈ M . �®£¤ (FgT )ir(g−1F )js ∈ R∗, ® ¯®  è¥¬ã ¯à¥¤¯®«®�¥¨î (g−1F )ir(FgT )js ∈ M ,çâ® ¯à®â¨¢®à¥ç¨â â®¬ã, çâ® g ∈ X(R).�¥¯¥àì § ä¨ªá¨àã¥¬ i, r â ª¨¥, çâ® (FgT )ir(g−1F )ir ∈ R∗. Ǒ®«®�¨¬

λ = (FgT )ir((g−1F )ir)−1 ∈ R∗.�®£¤  ãà ¢¥¨ï   g ¯à¥¢à é îâáï ¢ (FgT )js = λ(g−1F )js. �® íâ® ®§ ç ¥â,çâ® FgT = λg−1F , â® ¥áâì gFgT = λF , ®âªã¤  g ∈ G(F4, R).�«¥¤ãîé ï â¥®à¥¬  ï¢«ï¥âáï ¥¡®«ìè¨¬ ãá¨«¥¨¥¬ â¥®à¥¬ë � ¤¤¥¨ [37℄.�âà®£® £®¢®àï, ¢ [37℄ ¤®ª §   ®à¬ «ì®áâì E(�, R) «¨èì ¢ £àã¯¯¥ �¥¢ ««¥
G(�, R), ® ¯®§¤¥¥ (á¬.,  ¯à¨¬¥à, [9{11℄) ¡ë«® § ¬¥ç¥®, çâ® G(�, R) ¬®�®§ ¬¥¨âì   G(�, R). �¯à®ç¥¬, ¢ ¨â¥à¥áãîé¥¬  á á«ãç ¥ � = F4 íâ®â ä ªâ®ç¥¢¨¤® á«¥¤ã¥â ¨§ â¥®à¥¬ë � ¤¤¥¨, ¯®áª®«ìªã ¢ë¯®«ï¥âáï (1).



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 17�¥¬¬  11. �«¥¬¥â à ï ¯®¤£àã¯¯  E(F4, R) ®à¬ «ì  ¢ G(F4, R) ¤«ï «î-¡®£® ª®¬¬ãâ â¨¢®£® ª®«ìæ  R.�®ª § â¥«ìáâ¢® â¥®à¥¬ë 2. � ¯®¬¨¬, çâ® ç¥à¥§ G ¬ë ®¡®§ ç ¥¬ £àã¯¯ã
G(E6, R). �ç¥¢¨¤®, çâ® G(F4, R) ≤ NG(G(F4, R)) | íâ® áà §ã ¢ëâ¥ª ¥â ¨§ (1).�§ «¥¬¬ë 11 á«¥¤ã¥â, çâ® G(F4, R) ≤ NG(E(F4, R)). �à®¬¥ â®£®, ®ç¥¢¨¤®, çâ®

NG(E(F4, R)), NG(G(F4, R)) ≤ TranG(E(F4, R), G(F4, R)).�«ï ®ª®ç ¨ï ¤®ª § â¥«ìáâ¢   ¬ ¤®áâ â®ç® ¯à®¢¥à¨âì ¢ª«îç¥¨¥TranG(E(F4, R), G(F4, R)) ≤ G(F4, R).�®§ì¬¥¬ ª ªãî-¨¡ã¤ì ¬ âà¨æã g ∈ TranG(E(F4, R), G(F4, R)). �«ï ¥ª®-â®àëå α ∈ F4, ξ ∈ R à áá¬®âà¨¬ ¬ âà¨æã h = g−1Xα(ξ)g. Ǒ®áª®«ìªã
h ∈ G(F4, R), ¨¬¥¥¬ hu = u, â® ¥áâì g−1Xα(ξ)gu = u. �¡®§ ç¨¬ gu = v,â®£¤  Xα(ξ)v = v. Ǒ®áª®«ìªã Xα(ξ) = e+ ξeα, ¯®«ãç ¥¬, çâ® eαv = 0 ¤«ï ¢á¥å
α ∈ F4. �§ íâ®£® ¥¬¥¤«¥® á«¥¤ã¥â, çâ® ¥á«¨ α ∈ �l ¨ λ ∈ � | â ª®© ¢¥á, çâ®
λ + α ∈ �, â® vλ = 0. � ª¨¬ ®¡à §®¬, ã ¢¥ªâ®à  v áâ®¨â 0 ¢® ¢á¥å ¯®§¨æ¨ïå,ªà®¬¥ 13, 14, 15 (¤«ï ¢á¥å ®áâ «ìëå ¯®§¨æ¨© ¥âàã¤® ¯®¤®¡à âì ã�ë©ª®à¥ì α ∈ �l). Ǒ®¤áâ ¢¨¢ â¥¯¥àì ¢ ª ç¥áâ¢¥ α ª®à®âª¨© ª®à¥ì 0001 ∈ F4,¯®«ãç ¥¬ v13 + v14 = 0,   ¯®¤áâ ¢¨¢ α = 0010 ∈ F4, ¯®«ãç ¥¬ v14 + v15 = 0.� ç¨â, v = λu ¤«ï ¥ª®â®à®£® λ ∈ R ¨ gu = λu, ®âªã¤  ¯® «¥¬¬¥ 2 ¨¬¥¥¬
λ3 = 1 ¨, á«¥¤®¢ â¥«ì®, g ∈ G(F4, R).Ǒà®áâ®¥ â¥®à¥â¨ª®-£àã¯¯®¢®¥ à ááã�¤¥¨¥ ¯®§¢®«ï¥â ãá¨«¨âì à¥§ã«ìâ ââ¥®à¥¬ë 2 á«¥¤ãîé¨¬ ®¡à §®¬.�«¥¤áâ¢¨¥. � ãá«®¢¨ïå â¥®à¥¬ë 2 ¨¬¥¥¬ â ª�¥TranG(E(F4, R), G(F4, R)) = G(F4, R).�®ª § â¥«ìáâ¢®. Ǒãáâì ¤«ï ¥ª®â®à®£® g ∈ G(E6, R) ¢ë¯®«ï¥âáï ¢ª«îç¥¨¥[g, E(F4, R)℄ ≤ G(F4, R). Ǒ® «¥¬¬¥ 11[g, E(F4, R), E(F4, R)℄ ≤ E(F4, R).�® £àã¯¯  E(F4, R) á®¢¥àè¥  («¥¬¬  3), ¯®íâ®¬ã ¨§ «¥¬¬ë ® âà¥å ¯®¤£àã¯-¯ å ¢ëâ¥ª ¥â, çâ® g ∈ NG(E(F4, R)) = G(F4, R).

§ 8. �â®á¨â¥«ìë¥ £àã¯¯ë ¨ ¨�¨© ãà®¢¥ì� ¯®¬¨¬ ®¯à¥¤¥«¥¨¥ ®â®á¨â¥«ì®© í«¥¬¥â à®© £àã¯¯ë. Ǒãáâì R |ª®¬¬ãâ â¨¢®¥ ª®«ìæ®, A E R | ¨¤¥ « ¢ ¥¬, � | ¯à®¨§¢®«ì ï á¨áâ¥¬ ª®à¥©. �®£¤ 
E(�, R, A) = E(�, A)E(�,R).�«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥ ¤®ª § ® �¨âá®¬ [38℄.



18 �. �. ���������¥¬¬  12. Ǒ®¤£àã¯¯  E(E6, R, A) ¯®à®�¤ ¥âáï ¢á¥¬¨ í«¥¬¥â ¬¨ ¢¨¤ 
zα(ξ, ζ) = x−α(ζ)xα(ξ), ξ ∈ A, ζ ∈ R, α ∈ E6.�¥¬¬  13. �«ï ¨¤¥ «  A E R ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢®

E(E6, A)E(F4,R) = E(E6, R, A).�®ª § â¥«ìáâ¢®. �á®, çâ® «¥¢ ï ç áâì á®¤¥à�¨âáï ¢ ¯à ¢®©. �¡®§ ç¨¬«¥¢ãî ç áâì ç¥à¥§ H. Ǒ® «¥¬¬¥ 12 ¤®áâ â®ç® ¤®ª § âì, çâ® ¥á«¨ α ∈ E6,
ξ ∈ A, ζ ∈ R, â® zα(ξ, ζ) ∈ H. �«ï α ∈ �l íâ® ®ç¥¢¨¤®; ¥á«¨ �¥ α ¥ï¢«ï¥âáï ¤«¨ë¬ ª®à¥¬ F4, § ç¨â, α ¨ α 6= α ¯à®¥ªâ¨àãîâáï ¢ ª®à¥ì β ∈�s. � áá¬®âà¨¬ ¢ H í«¥¬¥â X−β(ζ)xα(ξ) = x−α(±ζ)x

−α(±ζ)xα(ξ). Ǒ®áª®«ìªã
α ®àâ®£® «¥ α, íâ®â í«¥¬¥â à ¢¥ x−α(±ζ)xα(ξ) = zα(ξ,±ζ), çâ® § ¢¥àè ¥â¤®ª § â¥«ìáâ¢®.�¥¬¬  14. Ǒãáâì H | ¯®¤£àã¯¯  ¢ G(E6, R), á®¤¥à� é ï E(F4, R). �«ï
α ∈ E6 \ �l ¯®«®�¨¬ Iα = {ξ ∈ R | xα(ξ) ∈ H}. �®£¤  ¤«ï «î¡®£® β ∈ E6 \ �l¨¬¥¥¬ Iα = Iβ = I, ¯à¨ç¥¬ I E R.�®ª § â¥«ìáâ¢®. �ç¥¢¨¤®, çâ® ª �¤®¥ ¬®�¥áâ¢® Iα ï¢«ï¥âáï  ¤¤¨â¨¢®©¯®¤£àã¯¯®© ¢ R. �®§ì¬¥¬ á ç «  α ∈ E6 \�l ¨ ξ ∈ Iα. �®§ì¬¥¬ â ª�¥ «î¡®¥
ζ ∈ R ¨ β ∈ E6 \ �l â ª®©, çâ® à §®áâì β − α «¥�¨â ¢ �l. �®£¤ 

xβ(±ξζ) = [xα(ξ), xβ−α(ζ)℄ = [xα(ξ), Xβ−α(ζ)℄ ∈ H.� ª¨¬ ®¡à §®¬, IαR ⊂ Iβ . �à®¬¥ â®£®, ¤«ï ¥ª®â®à®£® ¢ë¡®à  § ª®¢
xα(±ξ)xα(±ξ) «¥�¨â ¢ E(F4, R), ®âªã¤  Iα = Iα. � §®¡ì¥¬ ¢á¥ ¯®«®�¨â¥«ìë¥ª®à¨ ¨§ E6 \ �l   âà¨ ¬®�¥áâ¢ :�1 : 100000 , 111100 , 111101 , 112101 , 000010 , 011110 , 011111 , 012111�2 : 110000 , 111000 , 111001 , 122101 , 000110 , 001110 , 001111 , 012211�3 : 010000 , 011000 , 011001 , 122111 , 000100 , 001100 , 001101 , 112211� ª ¥âàã¤® ¢¨¤¥âì, ¢ ª �¤®¬ ¨§ íâ¨å ¬®�¥áâ¢ ã «î¡ëå ¤¢ãå ª®à¥© ¨§¯¥à¢®© ç¥â¢¥àª¨ à §®áâì «¥�¨â ¢ �l,   ¢â®à ï ç¥â¢¥àª  ï¢«ï¥âáï ®¡à §®¬¯¥à¢®© ç¥â¢¥àª  ¯®¤ ¤¥©áâ¢¨¥¬  ¢â®¬®àä¨§¬  α 7→ α. � ç¨â, ¤«ï ª®à¥©
α ¢ ª �¤®¬ ¨§ ¬®�¥áâ¢ �i ¬®�¥áâ¢  Iα á®¢¯ ¤ îâ ¨ ï¢«ïîâáï ¨¤¥ « ¬¨.�¡®§ ç¨¬ ¨¤¥ «ë, á®®â¢¥âáâ¢ãîé¨¥ ª®àï¬ ¨§ �1, �2, �3, á®®â¢¥âáâ¢¥®,
I1, I2, I3. � áá¬®âà¨¬ ª®¬¬ãâ â®à[x100000 (ξ), X0010(ζ)℄ = [x100000 (ξ), x010000 (±ζ)x000100 (±ζ)℄ = x110000 (±ξζ).



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 19Ǒ®«ãç ¥¬, çâ® I1R ⊂ I2. Ǒà®¢¥¤ï ¥é¥ ¤¢    «®£¨çëå ¢ëç¨á«¥¨ï, «¥£ª®ã¡¥¤¨âìáï, çâ® I1 = I2 = I3. � ª¨¬ ®¡à §®¬, ¨¤¥ «ë Iα á®¢¯ ¤ îâ ¤«ï ¢á¥å¯®«®�¨â¥«ìëå α ∈ E6 \�l. �®ç® â ª®¥ �¥ à ááã�¤¥¨¥ ¯®ª §ë¢ ¥â, çâ® ¨¤¥- «ë Iα á®¢¯ ¤ îâ ¤«ï ¢á¥å ®âà¨æ â¥«ìëå α ∈ E6\�l. �áâ «®áì § ¬¥â¨âì, çâ®à §®áâì ª®à¥© 100000 ¨ −011110 ï¢«ï¥âáï ª®à¥¬ ¨§ �l, ¯®íâ®¬ã ¬®�® ¯à¨-¬¥¨âì â ª®¥ �¥ ¢ëç¨á«¥¨¥, ª ª ¢  ç «¥ ¤®ª § â¥«ìáâ¢  «¥¬¬ë, ¨ ¯®«ãç¨âìá®¢¯ ¤¥¨¥ ¨¤¥ «®¢ ¤«ï ¢á¥å ª®à¥© ¨§ E6 \ �l.�ã¬¬¨àãï «¥¬¬ë 13 ¨ 14, ¬ë ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.Ǒà¥¤«®�¥¨¥ 1. Ǒãáâì H | ¯®¤£àã¯¯  ¢ G(E6, R), á®¤¥à� é ï E(F4, R).�®£¤  áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ë©  ¨¡®«ìè¨© ¨¤¥ « A E R â ª®©, çâ®EE(F4, R, A) = E(F4, R)E(E6, R, A) ≤ H.Ǒà¨ íâ®¬, ¥á«¨ xα(ξ) ∈ H ¤«ï ¥ª®â®à®£® α ∈ E6 \ F4, â® ξ ∈ A.�â® ®§ ç ¥â, çâ® ¤«ï ª �¤®© ¯®¤£àã¯¯ë ¬¥�¤ã E(F4, R) ¨ G(E6, R) ¬ë è«¨ â ª  §ë¢ ¥¬ë© ¨�¨© ãà®¢¥ì. �«ï ®ª®ç ¨ï ¤®ª § â¥«ìáâ¢  â¥®-à¥¬ë 1 ®áâ ¥âáï ¯®ª § âì, çâ® ® á®¢¯ ¤ ¥â á ¢¥àå¨¬ ãà®¢¥¬, â® ¥áâì, çâ®EE(F4, R, A) ®à¬ «ì  ¢ H.
§ 9. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 3�¥¬¬  15. Ǒãáâì R | ª®¬¬ãâ â¨¢®¥ ª®«ìæ®, A E R | ¨¤¥ «. �®£¤ £àã¯¯  EE(F4, R, A) á®¢¥àè¥ .�®ª § â¥«ìáâ¢®. �§ «¥¬¬ë 13 á«¥¤ã¥â, çâ® EE(F4, R, A) ¯®à®�¤ ¥âáï ª ª£àã¯¯  ¢á¥¬¨ ª®à¥¢ë¬¨ í«¥¬¥â ¬¨ xα(ζ), α ∈ F4, ζ ∈ R ¨ ª®à¥¢ë¬¨ í«¥-¬¥â ¬¨ xα(ξ), α ∈ E6 \ F4, ξ ∈ A. Ǒ®ª �¥¬, çâ® ¢á¥ íâ¨ ®¡à §ãîé¨¥ «¥� â ¢ª®¬¬ãâ â¥ EE(F4, R, A). �«ï ª®à¥¢ëå í«¥¬¥â®¢ F4 íâ® ¢ëâ¥ª ¥â ¨§ á®¢¥à-è¥®áâ¨  ¡á®«îâ®© í«¥¬¥â à®© £àã¯¯ë («¥¬¬  3). �¥¯¥àì à áá¬®âà¨¬

xα(ξ), £¤¥ α ∈ E6 \ F4 ¨ ξ ∈ A. � ª § ¬¥ç¥® ¢ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 14, ©¤¥âáï ª®à¥ì β ∈ E6 \ F4 â ª®©, çâ® α − β ∈ F4. �® â®£¤ 
xα(ξ) = [xβ(ξ), xα−β(±1)℄,¨ ®¡  ª®à¥¢ëå í«¥¬¥â  ¨§ ¯à ¢®© ç áâ¨ «¥� â ¢ EE(F4, R, A).� áá¬®âà¨¬ £®¬®¬®àä¨§¬ à¥¤ãªæ¨¨ ρE6

A : G(E6, R)→ G(E6, R/A) ¨ ®¡®§ -ç¨¬ ç¥à¥§ CG(F4, R, A) ¯®«ë© ¯à®®¡à § G(F4, R/A) ®â®á¨â¥«ì® íâ®© à¥¤ãª-æ¨¨: CG(F4, R, A) = (ρE6A )−1(G(F4, R/A))� ¯®¬¨¬, çâ® ç¥à¥§ G(E6, R, A) ¬ë ®¡®§ ç¨«¨ ï¤à® £®¬®¬®àä¨§¬  ρE6A . � -¬¥â¨¬, çâ® G(F4, R)G(E6, R, A) ≤ CG(F4, R, A), ®¤ ª® §¤¥áì ¢®§¬®�® ¨ áâà®-£®¥ ¥à ¢¥áâ¢®.�§ «¥¬¬ë 10 ¥¬¥¤«¥® ¢ëâ¥ª ¥â á«¥¤ãîé¥¥ ®¯¨á ¨¥ ¢¢¥¤¥®©  ¬¨£àã¯¯ë CG(F4, R, A).



20 �. �. ��������Ǒà¥¤«®�¥¨¥ 2. � âà¨æ  g ∈ G(E6, R) ¯à¨ ¤«¥�¨â CG(F4, R, A) â®£¤ ¨ â®«ìª® â®£¤ , ª®£¤  ®  ã¤®¢«¥â¢®àï¥â áà ¢¥¨ï¬(FgT )ir(g−1F )js ≡ (g−1F )ir(FgT )js (mod A)¤«ï ¢á¥å i, j, r, s = 1, . . . ,−1.�¥¯¥àì ¢á¥ £®â®¢® ¤«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 3.�®ª § â¥«ìáâ¢® â¥®à¥¬ë 3. � ¯®¬¨¬, çâ® G = G(E6, R). �ç¥¢¨¤®, çâ®
NG(EE(F4, R, A)) ≤ NG(EE(F4, R, A)G(E6, R, A)).�à®¬¥ â®£®, ¨§ â¥®à¥¬ë 2, ¯à¨¬¥¥®© ª ª®«ìæã R/A, ¨ â¥®à¥¬ë ® £®¬®¬®à-ä¨§¬¥ á«¥¤ã¥â, çâ®

NG(EE(F4, R, A)G(E6, R, A)) = CG(F4, R, A).� ç áâ®áâ¨,[CG(F4, R, A),EE(F4, R, A)℄ ≤ EE(F4, R, A)G(E6, R, A).� ¬ ®áâ ¥âáï ¤®ª § âì, çâ® CG(F4, R, A) ®à¬ «¨§ã¥â EE(F4, R, A). � ¬¥â¨¬,çâ® [G(F4, R, A)G(E6, R, A),EE(F4, R, A)℄ ≤ EE(F4, R, A).�¥©áâ¢¨â¥«ì®, à áá¬®âà¨¬ ª®¬¬ãâ â®à ¢¨¤ [xy, hg℄, x ∈ G(F4, R), y ∈ G(E6, R, A), h ∈ E(F4, R), g ∈ E(E6, R, A).�®£¤  [xy, hg℄ = x[y, h℄ · [x, h℄ · h[xy, g℄. Ǒ® «¥¬¬¥ 11 ¢â®à®© ª®¬¬ãâ â®à «¥-�¨â ¢ E(F4, R). Ǒ® «¥¬¬¥ 4 ª®¬¬ãâ â®àë [xy, g℄ ¨ [y, h℄ «¥� â ¢ E(E6, R, A),á«¥¤®¢ â¥«ì®, h[xy, g℄ ∈ EE(F4, R, A) ¨, á®¢  ¯® «¥¬¬¥ 4, x[y, h℄ ∈ E(E6, R, A).�® EE(F4, R, A)G(E6, R, A) á®¤¥à�¨âáï ¢ G(F4, R, A)G(E6, R, A), ¯®íâ®¬ã,â¥¬ ¡®«¥¥, [EE(F4, R, A)G(E6, R, A),EE(F4, R, A)℄ ≤ EE(F4, R, A).�¥§î¬¨àãï áª § ®¥ ¢ëè¥, ¬ë ¢¨¤¨¬, çâ®[[CG(F4, R, A),EE(F4, R, A)℄,EE(F4, R, A)℄ ≤ EE(F4, R, A).�¥¯¥àì ãâ®ç¨¬ íâ®â à¥§ã«ìâ â: ¯®ª �¥¬, çâ®   á ¬®¬ ¤¥«¥[[CG(F4, R, A),EE(F4, R, A)℄, [CG(F4, R, A),EE(F4, R, A)℄℄ ≤ EE(F4, R, A).



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 21� ¬¥â¨¬, çâ® ¯® ã�¥ ¤®ª § ®¬ã «¥¢ ï ç áâì ¯®à®�¤ ¥âáï ª®¬¬ãâ â®à ¬¨¢¨¤  [uv, [z, y℄℄, £¤¥ u, y ∈ EE(F4, R, A), v ∈ G(E6, R, A), z ∈ CG(F4, R, A). �®[uv, [z, y℄℄ = u[v, [z, y℄℄ · [u, [z, y℄℄,¯à¨ç¥¬ ¢â®à®© ª®¬¬ãâ â®à ¯à¨ ¤«¥�¨â EE(F4, R, A),   ¯¥à¢ë© ¯à¨ ¤«¥�¨â[G(E6, R, A), E(E6, R)℄ ≤ E(E6, R, A).�¥¯¥àì ¬ë ¬®�¥¬ § ¢¥àè¨âì ¤®ª § â¥«ìáâ¢®. � ¯®¬¨¬, çâ®  ¬ ®áâ ¥â-áï ¤®ª § âì, çâ® CG(F4, R, A) ®à¬ «¨§ã¥â EE(F4, R, A). Ǒ® «¥¬¬¥ 15 £àã¯-¯  EE(F4, R, A) á®¢¥àè¥ . � ç¨â, ¤®áâ â®ç® ¯®ª § âì, çâ® [z, [x, y℄℄ ∈EE(F4, R, A) ¤«ï «î¡ëå x, y ∈ EE(F4, R, A), z ∈ CG(F4, R, A). �®�¤¥áâ¢®�®«« -�¨ââ  ¤ ¥â[z, [x, y℄℄ = xz[[z−1, x−1℄, y℄ · xy[[y−1, z℄, x−1℄,¯à¨ç¥¬, ¯® ã�¥ ¤®ª § ®¬ã, ¢â®à®© ª®¬¬ãâ â®à «¥�¨â ¢ EE(F4, R, A). �áâ -«®áì § ¬¥â¨âì, çâ®
xz[[z−1, x−1℄, y℄ = x[z[z−1, x−1℄, zy℄ = x[[x−1, z℄, [z, y℄y℄¨ ¤®áâ â®ç® ¤®ª § âì, çâ® [[x−1, z℄, [z, y℄y℄ ∈ EE(F4, R, A). �®[[x−1, z℄, [z, y℄y℄ = [x−1, z℄[z, y℄y[z, x−1℄y−1[y, z℄= [[x−1, z℄, [z, y℄℄ · [z, y℄[x−1, z℄y[z, x−1℄y−1[y, z℄= [[x−1, z℄, [z, y℄℄ · [z,y℄[[x−1, z℄, y℄,¯à¨ç¥¬ ®¡  ª®¬¬ãâ â®à  [[x−1, z℄, [z, y℄℄ ¨ [[x−1, z℄, y℄ ¢ ¯®«ãç¥®¬ ¢ëà �¥-¨¨ ¯à¨ ¤«¥� â EE(F4, R, A),   á®¯àï£ îé¨© í«¥¬¥â [z, y℄ ¯à¨ ¢â®à®¬ª®¬¬ãâ â®à¥ «¥�¨â ¢ EE(F4, R, A)G(E6, R, A) ¨, á«¥¤®¢ â¥«ì®, ®à¬ «¨§ã¥âEE(F4, R, A).

§ 10. �ãªâ®à «®ª «¨§ æ¨¨�«¥¤ãîé¨¥ «¥¬¬ë ¯à¥¤®áâ ¢«ïîâ â¥å¨ç¥áªãî ®á®¢ã ¤«ï ¯à®¢¥¤¥¨ï «®-ª «¨§ æ¨¨. �¥¬¬  16 ï¢«ï¥âáï ç áâë¬ á«ãç ¥¬ â¥®à¥¬ë 5.3 à ¡®âë [26℄.�¥¬¬  16. �«ï «î¡®£® ª®¥ç®£® ç¨á«  í«¥¬¥â®¢ g1, . . . , gn ∈ E(F4, R) ¨«î¡®£® k ≥ 0 áãé¥áâ¢ã¥â â ª®¥ m ≥ 0, çâ®[gi, Fs(G(F4, R, smR))℄ ≤ E(F4, Fs(skR)).



22 �. �. ���������¥¬¬  17. Ǒãáâì H | ¯®¤£àã¯¯  ¢ G(E6, R), á®¤¥à� é ï E(F4, R). Ǒãáâì
X ≤ G(E6,−)| £àã¯¯®¢ ï ¯®¤áå¥¬ . Ǒà¥¤¯®«®�¨¬, çâ® ¤«ï ª ª®£®-â® s ∈ R

Fs(H)G(F4, Rs) ∩ X(Rs) 6⊆ G(F4, Rs).�®£¤   ©¤¥âáï â ª®¥ t ∈ R, çâ® ã�¥
Ft(H)E(F4, Rt) ∩ X(Rt) 6⊆ G(F4, Rt).�®ª § â¥«ìáâ¢®. Ǒãáâì Fs(g)x, £¤¥ g ∈ H, x ∈ G(F4, Rs), â ª®© í«¥¬¥â.Ǒ® «¥¬¬¥ 9  ©¤¥âáï â ª®© ¬ ªá¨¬ «ìë© ¨¤¥ « M ∈ Max(R), çâ® s /∈ M¨ FM (g) /∈ G(F4, RM). � ª ª ª ª®«ìæ® RM «®ª «ì®¥, â® G(F4, RM ) =

E(F4, RM). � ¤àã£®© áâ®à®ë, â ª ª ª E(F4, RM) = lim
−→

E(F4, Rt), £¤¥ ¯à¥¤¥«¡¥à¥âáï ¯® ¢á¥¬ t /∈ M , â®  ©¤¥âáï â ª®¥ t = sq /∈ M , çâ® Fq(x) ∈ E(F4, Rt).�®£¤ 
Fq(Fs(g)x) = Ft(g)Fq(x) ∈ Ft(H)G(F4, Rt) ∩ X(Rt)¨ ¢ á¨«ã  è¥£® ¢ë¡®à  M ¯®-¯à¥�¥¬ã Ft(g) /∈ G(F4, Rt).�¥¬¬  18. �á«¨ ¢ ãá«®¢¨ïå ¯à¥¤ë¤ãé¥© «¥¬¬ë y ∈ Fs(H)E(F4, Rs), â®  ©-¤¥âáï â ª®¥ n ∈ N0, çâ® [y, Xα(sn/1)℄ ∈ Fs(H)¤«ï ¢á¥å α ∈ F4.�®ª § â¥«ìáâ¢®. � ¯¨è¥¬ y ¢ ¢¨¤¥ y = gx, £¤¥ g ∈ Fs(H), x ∈ E(F4, Rs).�®£¤  ¤«ï «î¡®£® n ¨¬¥¥¬[y, Xα(sn/1)℄ = g[x, Xα(sn/1)℄[g, Xα(sn/1)℄.Ǒ® «¥¬¬¥ 16 ¬®�® ¢ë¡à âì n â ª, çâ®¡ë[x, Xα(sn/1)℄ ∈ Fs(E(F4, R)) ⊆ Fs(H)¤«ï ¢á¥å α ∈ F4. �á¥ ®áâ «ìë¥ ¬®�¨â¥«¨ ¢ ¯à ¢®© ç áâ¨ ¯à¨ ¤«¥� â

Fs(H).�«¥¤ãîé¨© ¢á¯®¬®£ â¥«ìë© à¥§ã«ìâ â ¯®§¢®«ï¥â  ¬ ¨§¢«¥ª âì ª®à¥¢®©í«¥¬¥â ¨§ £àã¯¯ë Fs(H) ¯à¨ ¯®¬®é¨ í«¥¬¥â®¢ G(F4, Rs),   ¥ â®«ìª® í«¥-¬¥â®¢ Fs(E(F4, R)). �« £®¤ àï íâ®¬ã ¤ «ì¥©è¥¥ ¤®ª § â¥«ìáâ¢® ã�¥ ¬®�¥â¯à ªâ¨ç¥áª¨ ¥ ãç¨âë¢ âì «®ª «¨§ æ¨î.



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 23Ǒà¥¤«®�¥¨¥ 3. Ǒãáâì H | ¯®¤£àã¯¯  ¢ G(E6, R), á®¤¥à� é ï E(F4, R).Ǒà¥¤¯®«®�¨¬, çâ®  ©¤¥âáï â ª®¥ s ∈ R, çâ® Fs(H)G(F4, Rs) á®¤¥à�¨â¥âà¨¢¨ «ìë© í«¥¬¥â àë© ª®à¥¢®© í«¥¬¥â, á®®â¢¥âáâ¢ãîé¨© ª®àî¨§ E6 \ �l. �®£¤  H á®¤¥à�¨â ¥âà¨¢¨ «ìë© ª®à¥¢®© í«¥¬¥â xα(ξ), £¤¥
α ∈ E6 \ �l, ξ ∈ R.�®ª § â¥«ìáâ¢®. Ǒ® «¥¬¬¥ 17 ¬ë ¬®�¥¬ áç¨â âì, çâ®

xα(a/sk) ∈ Fs(H)E(F4, Rs)¤«ï ¥ª®â®àëå α ∈ E6 \ �l, a ∈ R, k ≥ 0, ¯à¨ç¥¬ a/sk 6= 0. �ë¡¥à¥¬ ª®à¥ì
β ∈ �l â ª®©, çâ® α+ β ∈ E6 ¨ à áá¬®âà¨¬ ª®¬¬ãâ â®à[xα(a/sk), xβ(sn+k/1)℄ = xα+β(±sna/1).� á¨«ã «¥¬¬ë 18  ©¤¥âáï n â ª®¥, çâ® xα+β(±sna/1) ∈ Fs(H), â® ¥áâì,  ©-¤¥âáï â ª®¥ g ∈ H, çâ® Fs(g) = xα+β(±sna/1). �à®¬¥ â®£®, Fs(xα+β(±sna)) =
xα+β(±sna/1), ¨ ¯®íâ®¬ã g = xα+β(±sna)y ¤«ï ¥ª®â®à®£® y ∈ Ker(Fs). �«¥-¤®¢ â¥«ì®,  ©¤¥âáï m ∈ N0 â ª®¥, çâ® y ∈ GL(27, R,Ann(sm)). � áá¬®âà¨¬ª®¬¬ãâ â®à z = [g, x−β(sm)℄ ∈ H. � ª ª ª [y, x−β(sm)℄ = e, â®

z = [xα+β(±sna), x−β(sm)℄ = xα(sn+ma).�á«¨ sm+na = 0, â® a ∈ Ker(Fs), çâ® ¥¢®§¬®�®, â ª ª ª ¬ë ¯à¥¤¯®« £ «¨,çâ® a/sk ∈ Rs | ¥ã«¥¢®© í«¥¬¥â. � ç¨â, z = xα(sm+na) ∈ H ¨ ¥áâì¨áª®¬ë© ¥âà¨¢¨ «ìë© ª®à¥¢®© í«¥¬¥â.
§ 11. �§¢«¥ç¥¨¥ ª®à¥¢®£® í«¥¬¥â  ¨§ ã¨¯®â¥âëå à ¤¨ª «®¢� á«¥¤ãîé¨å ¯à¥¤«®�¥¨ïå ¯à®¨áå®¤¨â ¨§¢«¥ç¥¨¥ ª®à¥¢®£® í«¥¬¥â ,  «®£¨ç®¥ ¨§¢«¥ç¥¨î âà á¢¥ªæ¨¨ ¢ ¤®ª § â¥«ìáâ¢ å ®¯¨á ¨ï  ¤£àã¯¯ª« áá¨ç¥áª¨å £àã¯¯ ¢ ¯®«®© «¨¥©®© £àã¯¯¥. � ¯®¬¨¬, çâ® P1(R), P6(R) |¬ ªá¨¬ «ìë¥ ¯ à ¡®«¨ç¥áª¨¥ ¯®¤£àã¯¯ë ¢ G(E6, R), á®®â¢¥âáâ¢ãîé¨¥ ª®à-ï¬ α1 ¨ α6 á®®â¢¥âáâ¢¥®; U1(R), U6(R) | ¨å ( ¡¥«¥¢ë) ã¨¯®â¥âë¥ à -¤¨ª «ë. � íâ®¬ ¯ à £à ä¥ ¬ë ¯®ª §ë¢ ¥¬ áãé¥áâ¢®¢ ¨¥ ª®à¥¢®£® í«¥¬¥â ¯à¨  «¨ç¨¨ ¥âà¨¢¨ «ì®£® í«¥¬¥â  ¢ ¯¥à¥á¥ç¥¨¨ ã¨¯®â¥âëå à ¤¨ª «®¢
U1(Rs) ¨ U6(Rs), § â¥¬| ¢ ¨å ¯à®¨§¢¥¤¥¨¨,   § â¥¬| ¢ ¯à®¨§¢¥¤¥¨¨ U1(Rs),
U6(Rs) ¨ â®à  T (E6, Rs). � ª¨¬ ®¡à §®¬, ¯à®¨áå®¤¨â ¯®áâ¥¯¥®¥ ®á« ¡«¥¨¥ãá«®¢¨©.Ǒà¥¤«®�¥¨¥ 4. Ǒãáâì H | ¯®¤£àã¯¯  ¢ G(E6, R), á®¤¥à� é ï E(F4, R).Ǒà¥¤¯®«®�¨¬, çâ® ¤«ï ¥ª®â®à®£® s ∈ R ¨¬¥¥¬

Fs(H) · G(F4, Rs) ∩ U1(Rs) ∩ U6(Rs) 6⊆ G(F4, Rs).�®£¤  H á®¤¥à�¨â ¥âà¨¢¨ «ìë© ª®à¥¢®© í«¥¬¥â, á®®â¢¥âáâ¢ãîé¨©ª®àî ¨§ E6 \�l.



24 �. �. ���������®ª § â¥«ìáâ¢®. �î¡®© í«¥¬¥â ¨§ U1(Rs)∩U6(Rs) ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ª®à¥¢ëå í«¥¬¥â®¢ xα(ξα), £¤¥ α ¨¬¥¥â ¢¨¤ 1∗∗∗1
∗

. �¥âàã¤® ¢¨¤¥âì, çâ® ¢á¥â ª¨¥ ª®à¨, ªà®¬¥ α = 122111 ¨ α = 112211 , «¥� â ¢ �l. �®¬®� ï   ®¡à âë¥ª íâ¨¬ ª®à¥¢ë¬ í«¥¬¥â ¬, ¯®«ãç ¥¬, çâ®
y = xα(ξα)xα(ξα) ∈ Fs(H) · G(F4, Rs),¯à¨ç¥¬ y /∈ G(F4, Rs). �®à¨ α ¨ α ¯à®¥ªâ¨àãîâáï ¢ ®¤¨ ª®à®âª¨© ª®à¥ì1232 ∈ F4: X1232(ξ) = xα(ξ)xα(ξ). � áá¬®âà¨¬ í«¥¬¥â

z = yX1232(−ξα) = xα(ξα − ξα) ∈ Fs(H) · G(F4, Rs).�ç¥¢¨¤®, çâ® z /∈ G(F4, Rs), ¯®íâ®¬ã ξα − ξα 6= 0 ∈ Rs, ¨ ¯® ¯à¥¤«®�¥¨î 3 ¢
H  ©¤¥âáï ã�ë© ¥âà¨¢¨ «ìë© ª®à¥¢®© í«¥¬¥â.Ǒà¥¤«®�¥¨¥ 5. Ǒãáâì H | ¯®¤£àã¯¯  ¢ G(E6, R), á®¤¥à� é ï E(F4, R).Ǒà¥¤¯®«®�¨¬, çâ® ¤«ï ¥ª®â®à®£® s ∈ R ¨¬¥¥¬

Fs(H) · G(F4, Rs) ∩ U1(Rs) · U6(Rs) 6⊆ G(F4, Rs).�®£¤  H á®¤¥à�¨â ¥âà¨¢¨ «ìë© ª®à¥¢®© í«¥¬¥â, á®®â¢¥âáâ¢ãîé¨©ª®àî ¨§ E6 \�l.�®ª § â¥«ìáâ¢®. �î¡®© í«¥¬¥â y ¯à®¨§¢¥¤¥¨ï ã¨¯®â¥âëå à ¤¨ª «®¢
U1(Rs) · U6(Rs) ¨ â®à  T ¬®�® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

y = ∏

γ∈	6 xγ(ξγ) ∏

γ∈	1 xγ(ξγ) ∏

γ∈	16 xγ(ξγ).� ¬¥â¨¬, çâ® ¥á«¨ ¬ë ¯à¥¤áâ ¢¨¬, ªà®¬¥ íâ®£®, y ¢ ¢¨¤¥
y = ∏

γ∈	1 xγ(ζγ) ∏

γ∈	6 xγ(ζγ) ∏

γ∈	16 xγ(ζγ),â® ξγ = ζγ ¤«ï γ ∈ 	1 ∪	6 (íâ® ¥¯®áà¥¤áâ¢¥® á«¥¤ã¥â ¨§ â®£®, çâ® ¤«ï γ ∈	1, δ ∈ 	6 ¨¬¥¥¬ [xγ(ξ), xδ(ζ)℄ = xγ+δ(±ξζ), ¥á«¨ γ+δ ∈ 	16, ¨ [xγ(ξ), xδ(ζ)℄ = 1¢ ¯à®â¨¢®¬ á«ãç ¥).�«ï ª �¤®£® ª®àï γ ∈ 	6 ¬ë ¬®�¥¬ á®áâ ¢¨âì í«¥¬¥â xγ(−ξγ)xγ(±ξγ) ∈
E(F4, Rs) ¨ ¤®¬®�¨âì á«¥¢  y   ¯à®¨§¢¥¤¥¨¥ ¢á¥å â ª¨å í«¥¬¥â®¢; § ç¨â,¬®�® áç¨â âì, çâ® ξγ = ζγ = 0 ¤«ï ¢á¥å γ ∈ 	6.�ë¡¥à¥¬ ª®à®âª¨© ª®à¥ì α ∈ F4 ¢¨¤  α = ∗∗∗1. �®®â¢¥âáâ¢ãîé¨¥ ¥¬ã ª®à-¨ β, β ∈ E6 ¢ë£«ï¤ïâ â ª: β = 1∗∗∗0

∗
∈ 	1, β = 0∗∗∗1

∗
∈ 	6. Ǒà®ª®¬¬ãâ¨àã¥¬

y á ª®à¥¢ë¬ í«¥¬¥â®¬ Xα(ξ) = xβ(ξ)xβ(±ξ):[Xα(ξ), y℄ = xβ(ξ)[xβ(±ξ), y℄ · [xβ(±ξ), y℄.
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y6 = ∏

γ∈	6 xγ(ξγ), y1 = ∏

γ∈	1 xγ(ξγ), y16 = ∏

γ∈	16 xγ(ξγ).�®£¤  y = y6y1y16. Ǒà¥�¤¥ ¢á¥£® § ¬¥â¨¬, çâ® xβ(ξ) ª®¬¬ãâ¨àã¥â á® ¢á¥¬¨
xγ(ξγ) ¤«ï γ ∈ 	1 ∪	16, ¨, á«¥¤®¢ â¥«ì®, á y1 ¨ y16. � ç¨â,[xβ(±ξ), y℄ = [xβ(±ξ), y6y1y16℄= [xβ(±ξ), y6℄ · y6 [xβ(±ξ), y1℄ · y6y1 [xβ(±ξ), y16℄= [xβ(±ξ), y6℄.� «®£¨ç®, ¥á«¨

z1 = ∏

γ∈	1 xγ(ζγ), z6 = ∏

γ∈	6 xγ(ζγ), z16 = ∏

γ∈	16 xγ(ζγ),â® y = z1z6z16 ¨, á«¥¤®¢ â¥«ì®,[xβ(±ξ), y℄ = [xβ(±ξ), z1℄.�à®¬¥ íâ®£®, y6 ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ ª®¬¬ãâ¨àãîé¨å ¬¥�¤ã á®¡®© ª®à-¥¢ëå í«¥¬¥â®¢ ¢¨¤  xγ(ξγ), γ = 0∗∗∗1
∗

. �¥§ã«ìâ â ª®¬¬ãâ¨à®¢ ¨ï xβ(±ξ)á ®¤¨¬ â ª¨¬ í«¥¬¥â®¬ à ¢¥ «¨¡® e, «¨¡® ª®à¥¢®¬ã í«¥¬¥âã, á®®â¢¥â-áâ¢ãîé¥¬ã ª®àî ¨§ 	16, ¨, á«¥¤®¢ â¥«ì®, ª®¬¬ãâ¨àã¥â á® ¢á¥¬¨ ª®à¥¢ë¬¨í«¥¬¥â ¬¨ xγ(ξγ), γ ∈ 	1 ∪	6 ∪	16. � ª¨¬ ®¡à §®¬,[xβ(±ξ), y6℄ = [xβ(±ξ), ∏

γ∈	6 xγ(ξγ)℄ = ∏

γ∈	6[xβ(±ξ), xγ(ξγ)℄.� «®£¨ç®¥ à ááã�¤¥¨¥ ¯®ª §ë¢ ¥â, çâ®[xβ(±ξ), z1℄ = [xβ(±ξ), ∏

γ∈	1 xγ(ζγ)℄ = ∏

γ∈	1[xβ(±ξ), xγ(ζγ)℄¨, ¯®áª®«ìªã [xβ(±ξ), y℄ = [xβ(±ξ), z1℄ ®ª § «®áì ¯à®¨§¢¥¤¥¨¥¬ ª®à¥¢ëå í«¥-¬¥â®¢, á®®â¢¥âáâ¢ãîé¨å ª®àï¬ ¨§ 	16, ®® ª®¬¬ãâ¨àã¥â á xβ(ξ). � ç¨â,
z = [xα(ξ), y℄ = [xβ(±ξ), y6℄ · [xβ(±ξ), z1℄= ∏

γ∈	6[xβ(±ξ), xγ(ξγ)℄ ∏

γ∈	1[xβ(±ξ), xγ(ζγ)℄� �¤ë© ¨§ ¯®«ãç¨¢è¨åáï ª®¬¬ãâ â®à®¢ ï¢«ï¥âáï ª®à¥¢ë¬ í«¥¬¥â®¬ ¢¨-¤  xγ(∗), γ ∈ 	16, â® ¥áâì ¢á¥ ¯à®¨§¢¥¤¥¨¥ «¥�¨â ¢ U1(Rs) ∩ U6(Rs). �á«¨¬ë ¯®ª �¥¬, çâ® ¬®�® ¯®¤®¡à âì α â ª, çâ® z /∈ G(F4, Rs), â® ¬ë ¯®¯ ¤¥¬ ¢



26 �. �. ��������ãá«®¢¨¥ ¯à¥¤«®�¥¨ï 4 ¨ ¤®ª § â¥«ìáâ¢® ¡ã¤¥â § ª®ç¥®. �¥¯¥àì ¢á¯®¬¨¬,çâ® ξγ = 0 ¤«ï ¢á¥å γ ∈ 	6 ¨ ξγ = ζγ ¤«ï ¢á¥å γ ∈ 	1 ∪	6. � ç¨â,
z = ∏

γ∈	1[xβ(±ξ), xγ(ξγ)℄�® ¯® «¥¬¬¥ 7 í«¥¬¥â z = ∏

γ∈	16 xγ(ηγ) «¥�¨â ¢ G(F4, Rs) â®£¤  ¨ â®«ìª®â®£¤ , ª®£¤  η122111 = η112211 . �¥¯¥àì à áá¬®âà¨¬ ¢á¥ ¢®§¬®�ë¥ α:
α = 0001, β = 000010 , η122111 = ±ξξ122101 , η112211 = 0;
α = 0011, β = 000110 , η122111 = 0, η112211 = ±ξξ112101 ;
α = 0111, β = 001110 , η122111 = 0, η112211 = ±ξξ111101 ;
α = 1111, β = 001111 , η122111 = 0, η112211 = ±ξξ111100 ;
α = 0121, β = 011110 , η122111 = ±ξξ111001 , η112211 = 0;
α = 1121, β = 011111 , η122111 = ±ξξ111000 , η112211 = 0;
α = 1122, β = 012111 , η122111 = ±ξξ110000 , η112211 = 0;
α = 1132, β = 012211 , η122111 = 0, η112211 = ±ξξ100000 ;Ǒ®  è¥¬ã ¯à¥¤¯®«®�¥¨î, ¢á¥ ¯®«ãç îé¨¥áï z «¥� â ¢ G(F4, Rs). � ç¨â,

ξγ = 0 ¤«ï ¢á¥å γ ∈ 	1, çâ® ®§ ç ¥â, çâ® y ∈ U1(Rs) ∩ U6(Rs), ¨ ¬ë ¬®�¥¬¯à¨¬¥¨âì ¯à¥¤«®�¥¨¥ 4.Ǒà¥¤«®�¥¨¥ 6. Ǒãáâì H | ¯®¤£àã¯¯  ¢ G(E6, R), á®¤¥à� é ï E(F4, R).Ǒà¥¤¯®«®�¨¬, çâ® ¤«ï ¥ª®â®à®£® s ∈ R ¨¬¥¥¬
Fs(H) · G(F4, Rs) ∩ U1(Rs) · U6(Rs) · T (E6, Rs) 6⊆ G(F4, Rs).�®£¤  H á®¤¥à�¨â ¥âà¨¢¨ «ìë© ª®à¥¢®© í«¥¬¥â, á®®â¢¥âáâ¢ãîé¨©ª®àî ¨§ E6 \�l.�®ª § â¥«ìáâ¢®. Ǒ®á«¥ ¤®¬®�¥¨ï   ¯®¤å®¤ïé¨© í«¥¬¥â T (F4, Rs) ¬®�®áç¨â âì, çâ® ¬ë  è«¨ í«¥¬¥â y = zd ∈ Fs(H) · G(F4, Rs) \ G(F4, Rs), £¤¥

z ∈ U1(Rs) · U6(Rs), d = h100000 (ε)h010000 (η)¤«ï ¥ª®â®àëå ε, η ∈ R∗
s .



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 27�®§ì¬¥¬ β = 100000 , β = 000010 , α = 0001 ∈ F4 ¨ à áá¬®âà¨¬
g = [Xα(ξ), y℄= Xα(ξ)zdxβ(−ξ)xβ(−ξ)d−1z−1= Xα(ξ)zxβ(−ε2ηξ)xβ(−ξ)z−1Ǒ®á¬®âà¨¬, çâ® ¯à®¨áå®¤¨â ¯à¨ ª®¬¬ãâ¨à®¢ ¨¨ z á ª®à¥¢ë¬ í«¥¬¥â®¬

xβ(∗). z ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ ª®à¥¢ëå í«¥¬¥â®¢ xγ(∗), £¤¥ γ ∈ 	1 ∪	6 ∪ 	16. Ǒ®áª®«ìªã β ∈ 	1, í«¥¬¥â xβ(∗) ª®¬¬ãâ¨àã¥â á xγ(∗) ¯à¨ ¢á¥å
γ â ª¨å, çâ® β + γ /∈ E6. �á«¨ �¥ β + γ ∈ E6, â® γ ∈ 	6, β + γ ∈ 	16 ¨[xβ(∗), xγ(∗)℄ = xβ+γ(∗). � ª¨¬ ®¡à §®¬,[z, xβ(∗)℄ ∈ U1(Rs) ∩ U6(Rs).� «®£¨çë¬¨ à ááã�¤¥¨ï¬¨ ¯®ª §ë¢ ¥âáï, çâ®[z, xβ(∗)℄ ∈ U1(Rs) ∩ U6(Rs).� ç¨â,

g = Xα(ξ)uxβ(−ε2ηξ)xβ(−ξ)zz−1= uxβ((1− ε2η)ξ)¤«ï ¥ª®â®à®£® u ∈ U1(Rs) ∩ U6(Rs).�á«¨ g /∈ G(F4, Rs), ¬ë ¬®�¥¬ ¯à¨¬¥¨âì ¯à¥¤«®�¥¨¥ 5. �¥âàã¤® ¢¨¤¥âì,çâ® g12 = (1− ε2η)ξ ¨ g−2,−1 = 0. �® ¥á«¨ g ∈ G(F4, Rs), â®0 = B(v2, v−1) = B(gv2, gv−1) = g12 − g−2,−1.Ǒ®¤áâ ¢«ïï ξ = 1, ¯®«ãç ¥¬, çâ® ε2η = 1.�¥¯¥àì ¯®¢â®à¨¬ íâ® à ááã�¤¥¨¥ ¤«ï β = 110000 , β = 000110 , α = 0011 ∈ F4.�  íâ®â à §
g = [Xα(ξ), y℄= Xα(ξ)zdxβ(−ξ)xβ(ξ)d−1z−1= Xα(ξ)zxβ(−εηξ)xβ(ξ)z−1Ǒà¨ ª®¬¬ãâ¨à®¢ ¨¨ z á xβ(∗) ¨ xβ(∗) ¢®¢ì ¯®«ãç îâáï í«¥¬¥âë ¨§ U1(Rs)∩

U6(Rs), ¯®íâ®¬ã
g = Xα(ξ)uxβ(−εηξ)xβ(ξ)zz−1= uxβ((1− εη)ξ)



28 �. �. ��������¤«ï ¥ª®â®à®£® u ∈ U1(Rs) ∩ U6(Rs).�á«¨ g /∈ G(F4, Rs), ¬ë ¬®�¥¬ ¯à¨¬¥¨âì ¯à¥¤«®�¥¨¥ 5. � ª ¨ ¢ ¯à¥¤ë-¤ãé¥¬ à ááã�¤¥¨¨, ¥âàã¤® ¢¨¤¥âì, çâ® g13 = (1−εη)ξ, g−3,−1 = g−2,−1 = 0.�® ¥á«¨ g ∈ G(F4, Rs), â®0 = B(v3, v−1) = B(gv3, gv−1) = g13 + g−2,−1.Ǒ®¤áâ ¢«ïï ξ = 1, ¯®«ãç ¥¬, çâ® εη = 1. �§ à ¢¥áâ¢ εη = ε2η = 1 ¯®«ãç ¥¬,çâ® ε = η = 1. �® íâ® ®§ ç ¥â, çâ® d = 1, y ∈ U1(Rs) · U6(Rs) ¨ ¬ë ¬®£«¨ áá ¬®£®  ç «  ¯à¨¬¥¨âì ¯à¥¤«®�¥¨¥ 5
§ 12. �§¢«¥ç¥¨¥ ª®à¥¢®£® í«¥¬¥â  ¨§ ¯ à ¡®«¨ç¥áª¨å ¯®¤£àã¯¯�á« ¡«¥¨¥ ãá«®¢¨© ¯à®¤®«� ¥âáï: ¢ íâ®¬ ¯ à £à ä¥ ¬ë ¨§¢«¥ª ¥¬ ª®à-¥¢®© í«¥¬¥â ¨§ ¯ à ¡®«¨ç¥áª¨å ¯®¤£àã¯¯ (á ç «  ¨§ ¯¥à¥á¥ç¥¨ï P1(Rs)¨ P6(Rs),   ¯®â®¬ ¨§ P1(Rs)), ä ªâ¨ç¥áª¨ á¢®¤ï § ¤ çã ª ã�¥ ¯à®¢¥¤¥®-¬ã ¨§¢«¥ç¥¨î ¨§ ã¨¯®â¥âëå à ¤¨ª «®¢. �¥ä®à¬ «ì® £®¢®àï, §¤¥áì ¬ë¨§¡ ¢«ï¥¬áï ®â ä ªâ®à®¢ �¥¢¨.Ǒà¥¤«®�¥¨¥ 7. Ǒãáâì H | ¯®¤£àã¯¯  ¢ G(E6, R), á®¤¥à� é ï E(F4, R).Ǒà¥¤¯®«®�¨¬, çâ® ¤«ï ¥ª®â®à®£® s ∈ R ¨¬¥¥¬

Fs(H) · G(F4, Rs) ∩ P1(Rs) ∩ P6(Rs) 6⊆ G(F4, Rs).�®£¤  H á®¤¥à�¨â ¥âà¨¢¨ «ìë© ª®à¥¢®© í«¥¬¥â, á®®â¢¥âáâ¢ãîé¨©ª®àî ¨§ E6 \�l.�®ª § â¥«ìáâ¢®. Ǒãáâì y ∈ Fs(H) ·G(F4, Rs)∩P1(Rs)∩P6(Rs) ¨ y /∈ G(F4, Rs)�ë¡¥à¥¬ α ∈ �1 ∩ �l, â® ¥áâì ¤«¨ë© ª®à¥ì F4 â ª®©, çâ® ω − α ∈ � ¨à áá¬®âà¨¬ z = y−1Xα(1)y. � ¬¥â¨¬, çâ® ω−α ∈ B. �¥âàã¤® ¢¨¤¥âì, çâ® z ∈
U1(Rs) ∩ U6(Rs), ¨, ¥á«¨ z /∈ G(F4, Rs), â® ¬ë ¬®�¥¬ ¯à¨¬¥¨âì ¯à¥¤«®�¥¨¥4. �¥¯¥àì ¬®�® áç¨â âì, çâ® z ∈ G(F4, Rs), ® â®£¤  z ∈ G(F4, Rs). �«ï«î¡®£® j ∈ �

z1j = ∑

λ,λ+α∈� cλ,αy′1,λ+αyλ,j = cω−α,αy′11yω−α,j,¯®áª®«ìªã ¤«ï ¯ïâ¨ ®áâ «ìëå á« £ ¥¬ëå ¬®�¨â¥«ì yλ,j ®¡à é ¥âáï ¢ 0: ¤¥©-áâ¢¨â¥«ì®, ã ç¥âëà¥å ¨§ ®áâ «ìëå á« £ ¥¬ëå λ ∈ �, ® y�,� = 0; ã ¯ïâ®£®�¥ λ = −ω, ® y−1,� = 0. �à®¬¥ íâ®£®,
z1,13 = ∑

λ,λ+α∈� cλ,αy′1,λ+αyλ,13 = cω−α,αy′11yω−α,13 = 0,¯®áª®«ìªã y�,13 = 0, y−1,13 = 0 ¨ yB,13 = 0. Ǒ®  è¥¬ã ¯à¥¤¯®«®�¥¨î
z ∈ G(F4, Rs), â® ¥áâì zu = u, ®âªã¤  z1,13 − z1,14 + z1,15 = 0. �â® ®§ ç ¥â,



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 29çâ® cω−α,αξy′11(−yω−α,14 + yω−α,15) = 0. Ǒ®áª®«ìªã cω−α,α = ±1 ¨ y′11 ∈ R∗,¬ë ¯®«ãç ¥¬ −yω−α,14 + yω−α,15 = 0. � â® �¥ ¢à¥¬ï, yω−α,13 = 0, ¯®áª®«ìªã
ω−α ∈ B. � àì¨àãï α, ¬ë ¯®«ãç ¥¬, çâ® ¤«ï ¢á¥å λ ∈ �\{14, 15} ¢ë¯®«ï¥âáï
yλ,13 − yλ,14 + yλ,15 = 0.�¥¯¥àì ¢®§ì¬¥¬ α = 1232 ∈ �s, β = 122111 ∈ E6, β = 112211 ∈ E6 ¨ à áá¬®â-à¨¬

z = y−1Xα(1)y = y−1xβ(1)xβ(1)y.� «®£¨ç®, z ∈ U1(Rs) ∩ U6(Rs), ¨ ¬®�® áç¨â âì, çâ® z ∈ G(F4, Rs). �«ï«î¡®£® j ∈ �
z1j = ∑

λ,λ+β∈� cλ,βy′1,λ+βyλ,j + ∑

λ,λ+β∈� cλ,βy′1,λ+β
yλ,j= cω−β,βy′11yω−β,j + cω−β,βy′11yω−β,j = −y′11(y14,j + y15,j),¯®áª®«ìªã cω−β,β = cω−β,β = −1. � «¥¥,

z1,13 = ∑

λ,λ+β∈� cλ,βy′1,λ+βyλ,13 + ∑

λ,λ+β∈� cλ,βy′1,λ+β
yλ,13= cω−β,βy′11yω−β,13 + cω−β,βy′11yω−β,13 = 0.Ǒ®  è¥¬ã ¯à¥¤¯®«®�¥¨î z ∈ G(F4, Rs), ®âªã¤  z1,13 − z1,14 + z1,15 = 0 ¨

y′11(y14,14+y15,14−y14,15−y15,15) = 0. �¡®§ ç¨¬ −y15,14+y15,15 = ξ, y13,13 = ζ,â®£¤  −y14,14 + y14,15 = −ξ. �à®¬¥ â®£®, y14,13 = y15,13 = 0.� áá¬®âà¨¬ ¡«®ç®-¤¨ £® «ìãî ¬ âà¨æã g, ®¡à §®¢ ãî ¯®¤¬ âà¨æ ¬¨
y11, yBB, y��, y13,13, y��, y−1,−1. Ǒ®áª®«ìªã g | ç áâì �¥¢¨ ¬ âà¨æë y ®â-®á¨â¥«ì® à §«®�¥¨ï �¥¢¨ ¤«ï ¯ à ¡®«¨ç¥áª®© ¯®¤£àã¯¯ë P1(Rs)∩P6(Rs),¨¬¥¥¬ g ∈ G(E6, Rs).�¥©ç á ¬ë ¯®ª �¥¬, çâ® ¬®�® ¤®¬®�¨âì g   ¥ª®â®àãî ¤¨ £® «ìãî¬ âà¨æã ¨§ G(E6, Rs) â ª, çâ®¡ë à¥§ã«ìâ â ®ª § «áï ¢ G(F4, Rs). Ǒ®á¬®âà¨¬  ¢¥ªâ®à gu. Ǒ® ¯®áâà®¥¨î ¬ âà¨æë g ¨¬¥¥¬(gu)λ = gλ,13 − gλ,14 + gλ,15 = 0 ¤«ï λ ∈ B ∪� ∪ {1,−1}.�à®¬¥ â®£®,(gu)λ = gλ,13− gλ,14+ gλ,15 = yλ,13− yλ,14+ yλ,15 = 0 = ruλ ¤«ï λ ∈ � \ {14, 15}.� ª®¥æ, (gu)13 = g13,13 − g13,14 + g13,15 = y13,13 = ζ(gu)14 = g14,13 − g14,14 + g14,15 = y14,13 − y14,14 + y14,15 = −ξ(gu)15 = g15,13 − g15,14 + g15,15 = y15,13 − y15,14 + y15,15 = ξ



30 �. �. ��������� ¬¥â¨¬, çâ® ζ ∈ R∗
s . Ǒ®á¬®âà¨¬ ¢¨¬ â¥«ì¥¥   ®¡à â¨¬ãî ¬ âà¨æã

g�� = y��. �ëçâ¥¬ ¨§ áâ®«¡æ  y�,15 áâ®«¡¥æ y�,14. Ǒ®«ãç¥ ï ¬ âà¨æ  â®�¥®¡à â¨¬ , ¨ ¢ ¥¥ áâ®«¡æ¥ á ®¬¥à®¬ 15 ¢á¥ í«¥¬¥âë à ¢ë 0, ªà®¬¥ ¤¢ãå: −ξ  ¯®§¨æ¨¨ 14 ¨ ξ   ¯®§¨æ¨¨ 15. � ç¨â, ξ ∈ R∗
s .�â ª, ¬ë ¯®ª § «¨, çâ®

gu = ζv13 − ξv14 + ξv15, £¤¥ ξ, ζ ∈ R∗
s .�¥¯¥àì ã�¥ ¥âàã¤® ý¯®¤¯à ¢¨âìþ g   ¤¨ £® «ìãî ¬ âà¨æã ¨§ G(E6, Rs)â ª, çâ®¡ë ®  ¯®¯ «  ¢ G(F4, Rs). � ¬¥â¨¬ á ç « , çâ®

−1 = Q(u) = Q(gu) = −ζξ2,®âªã¤  ζ = ξ−2. � áá¬®âà¨¬ â¥¯¥àì ¯à®¨§¢¥¤¥¨¥ ¢¥á®¢ëå í«¥¬¥â®¢
h = hβ6(ξ2)hβ5(ξ).�¥âàã¤® ¢¨¤¥âì, çâ® hgu = u, â® ¥áâì hg ∈ G(F4, Rs). � áá¬®âà¨¬ ¯à®¨§¢¥¤¥-¨¥ y(hg)−1 �à®¬¥ â®£®, ¯à®¨§¢¥¤¥¨¥ y(hg)−1 «¥�¨â ¢ T · U1(Rs) · U6(Rs), ¨¢ â® �¥ ¢à¥¬ï y(hg)−1 ∈ Fs(H) · G(F4, Rs) ¨ y(hg)−1 /∈ G(F4, Rs). � ç¨â, ¬ë¬®�¥¬ ¯à¨¬¥¨âì ¯à¥¤«®�¥¨¥ 6; ¤®ª § â¥«ìáâ¢® ®ª®ç¥®.Ǒà¥¤«®�¥¨¥ 8. Ǒãáâì H | ¯®¤£àã¯¯  ¢ G(E6, R), á®¤¥à� é ï E(F4, R).Ǒà¥¤¯®«®�¨¬, çâ® ¤«ï ¥ª®â®à®£® s ∈ R ¨¬¥¥¬

Fs(H) · G(F4, Rs) ∩ P1(Rs) 6⊆ G(F4, Rs).�®£¤  H á®¤¥à�¨â ¥âà¨¢¨ «ìë© ª®à¥¢®© í«¥¬¥â, á®®â¢¥âáâ¢ãîé¨©ª®àî ¨§ E6 \�l.�®ª § â¥«ìáâ¢®. Ǒãáâì y ∈ Fs(H)·G(F4, Rs)∩P1(Rs) ¨ y /∈ G(F4, Rs). � ª ¨ ¢¤®ª § â¥«ìáâ¢¥ ¯à¥¤ë¤ãé¥£® ¯à¥¤«®�¥¨ï, ¢ë¡¥à¥¬ α ∈ �1∩�l, â® ¥áâì ¤«¨-ë© ª®à¥ì F4 â ª®©, çâ® ω − α ∈ � ¨ à áá¬®âà¨¬ z = y−1Xα(1)y. �¥âàã¤®¢¨¤¥âì, çâ® z ∈ U1. �á«¨ z /∈ G(F4, Rs), â® ¬ë ¬®�¥¬ ¯à¨¬¥¨âì ¯à¥¤«®�¥¨¥5. �á«¨ �¥ z ∈ G(F4, Rs), â®   á ¬®¬ ¤¥«¥ z ∈ G(F4, Rs). � â ª®¬ á«ãç ¥
B(zvi, zvj) = B(vi, vj) ¤«ï ¢á¥å i, j ∈ �. � ç áâ®áâ¨, ¤«ï i ∈ B ¨ j = −ω ¬ë¯®«ãç ¥¬, çâ® B(z∗i, z∗,−1) = 0. �â® ®§ ç ¥â, çâ® z1iz−1,−1+ ziiz−i,−1 = 0. �®
z−1,−1 = 1 ¨ z−i,−1 = 0, ¯®áª®«ìªã −i ∈ �. Ǒ®«ãç ¥¬, çâ® z1i = 0. �®

z1i = ∑

λ,λ+α∈�±y′1,λ+αyλ,i�¥âàã¤® ¢¨¤¥âì, çâ® «î¡®© ª®à¥ì α ∈ �1∩�l á®¢¥àè ¥â ®¤® ¯à¨¡ ¢«¥¨¥ ®â¢¥á  ω −α ∈ � ª ¢¥áã ω, ç¥âëà¥ ¯à¨¡ ¢«¥¨ï ®â ª ª¨å-â® ¢¥á®¢ ¨§ £àã¯¯ë � ¨®¤® ¯à¨¡ ¢«¥¨¥ ®â −ω Ǒ®áª®«ìªã y «¥�¨â ¢ P1, ¯®á«¥¤¨¥ ¯ïâì ¯à¨¡ ¢«¥¨©



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 31¨ç¥£® ¥ ¤ îâ: ¤«ï ¨å yλ,i = 0, ¨ z1i = ±y′11yω−α,i. �à®¬¥ íâ®£®, í«¥¬¥â
y′11 ®¡à â¨¬. �âáî¤  yω−α,i = 0.�¥¯¥àì à áá¬®âà¨¬ ª®à®âª¨© ª®à¥ì α = 1232. �®à¥¢®© í«¥¬¥â Xα(1)ï¢«ï¥âáï ¯à®¨§¢¥¤¥¨¥¬ ¤¢ãå ª®à¥¢ëå í«¥¬¥â®¢ E6,   ¨¬¥®, Xα(1) =
x112211 (1)x122111 (1), ®¡  ¨§ ª®â®àëå «¥� â ¢ U1. Ǒ®íâ®¬ã ª ¥¬ã ¯à¨¬¥¨¬ëâ ª¨¥ �¥ à ááã�¤¥¨ï, ¨ ¬ë ¯®«ãç ¥¬ y14,i + y15,i = 0 ¤«ï ¢á¥å i ∈ B.Ǒ®«ãç ¥¬, çâ® ¥á«¨ v = y∗i | áâ®«¡¥æ ¬ âà¨æë y á ®¬¥à®¬ i ∈ B, â®¬ë  å®¤¨¬áï ¢ ãá«®¢¨ïå «¥¬¬ë 5 ¨, á«¥¤®¢ â¥«ì®, v14 = v15 = 0. � ª¨¬®¡à §®¬, yij = 0 ¤«ï ¢á¥å i ∈ �, j ∈ B.�®§ì¬¥¬ i ∈ �, j ∈ � ¨ ¯à¨¬¥¨¬ ãà ¢¥¨ï   ¬ âà¨æã z ª áâà®ª ¬ zi∗ ¨
z−j,∗. �â¨ ãà ¢¥¨ï ®§ ç îâ, çâ® B(zi∗, z−j,∗) = 0. � ª ª ª ¢ áâà®ª¥ z−j,∗ ¢á¥ª®íää¨æ¨¥âë   ¯®§¨æ¨ïå ¨§ B∪�∪{λ13}, ªà®¬¥ z−j,−j = 1, à ¢ë ã«î, íâ®ãà ¢¥¨¥ ¯à¥¢à é ¥âáï ¢ zij = 0. �® zij = ∑

±y′
i,λ+αyλ,j = ±y′

i,−ω+αy−ω,j,¯®áª®«ìªã ¬ë ã�¥ § ¥¬, çâ® y′
i,λ+α = 0 ¤«ï i ∈ �, λ + α ∈ {ω} ∪ B. �®

−ω + α ∈ �, ¨ áâà®ª  y′
i,λ−1+α (i ¯à®¡¥£ ¥â �) ï¢«ï¥âáï áâà®ª®© ®¡à â¨¬®©¬ âà¨æë y′��, ¯®íâ®¬ã y−1,j = 0.�¥¯¥àì ¯®á¬®âà¨¬   áâ®«¡¥æ z∗,13. �«ï i ∈ {6, 11, 12,−12,−11,−6} ¨¬¥-¥¬ B(z∗,13, z∗,−i) = 0, ®âªã¤  zi,13 = 0. � ª®¥æ, B(z∗,13, z∗,14) = 1, ®âªã¤ 

z13,13 + z15,13 = 1, § ç¨â, z15,13 = 0. � «®£¨ç®, B(z∗,13, z∗,15) = −1, ®âªã¤ 
−z13,13 + z14,13 = −1, § ç¨â, z14,13 = 0. �ë ¤®ª § «¨, çâ® zi,13 = 0 ¤«ï ¢á¥å
i ∈ B. �¥¯¥àì ¬®�® ¯®¢â®à¨âì ¢ëç¨á«¥¨¥ ¨§ ¯à¥¤ë¤ãé¥£®  ¡§ æ , ¯®«®�¨¢
j = 13: ¯®«ãç¨¬, çâ® y−1,13 = 0. � ç¨â, ¯®á«¥¤ïï áâà®ª  ¬ âà¨æë y ¯à®-¯®àæ¨® «ì  ¯®á«¥¤¥© áâà®ª¥ ¥¤¨¨ç®© ¬ âà¨æë, ®âªã¤  y ∈ P1 ∩P6, ¨ ¬ë¬®�¥¬ ¯à¨¬¥¨âì ¯à¥¤«®�¥¨¥ 7.

§ 13. �§¢«¥ç¥¨¥ ª®à¥¢®£® í«¥¬¥â : ®ª®ç ¨¥� ¬ ®áâ «®áì ¯®¯ áâì ¢ ¯ à ¡®«¨ç¥áªãî ¯®¤£àã¯¯ã; ®  ¤ «®ª «ìë¬ª®«ìæ®¬ ®à¡¨âë ¤¥©áâ¢¨ï G(F4, R) ¨ G(E6, R) ¥ á®¢¯ ¤ îâ (¯®áª®«ìªã à á-á¬ âà¨¢ ¥¬®¥ ¯à¥¤áâ ¢«¥¨¥ F4 ¯à¨¢®¤¨¬®), ¯®íâ®¬ã á ç «   ¬ ¯à¨å®¤¨âáï¯à®¢¥áâ¨ ¥é¥ ®¤® ®á« ¡«¥¨¥ ãá«®¢¨© ¨ ¯®âà¥¡®¢ âì  «¨ç¨¥ ¥âà¨¢¨ «ì®£®í«¥¬¥â  ¢ ¯à®¨§¢¥¤¥¨¨ ¯ à ¡®«¨ç¥áª®© ¯®¤£àã¯¯ë   ¥ª®â®àë© ª®à¥¢®©í«¥¬¥â E6.Ǒà¥¤«®�¥¨¥ 9. Ǒãáâì H | ¯®¤£àã¯¯  ¢ G(E6, R), á®¤¥à� é ï E(F4, R).Ǒà¥¤¯®«®�¨¬, çâ® ¤«ï ¥ª®â®à®£® s ∈ R  ©¤¥âáï í«¥¬¥â g ∈ Fs(H) ·
G(F4, Rs) â ª®©, çâ® g /∈ G(F4, Rs) ¨ ¯¥à¢ë© áâ®«¡¥æ g á®¢¯ ¤ ¥â á ¯¥à-¢ë¬ áâ®«¡æ®¬ ¥¤¨¨ç®© ¬ âà¨æë ¢® ¢á¥å ¯®§¨æ¨ïå, ªà®¬¥, ¡ëâì ¬®�¥â,
λ15. �®£¤  H á®¤¥à�¨â ¥âà¨¢¨ «ìë© ª®à¥¢®© í«¥¬¥â, á®®â¢¥âáâ¢ãî-é¨© ª®àî ¨§ E6 \ �l.�®ª § â¥«ìáâ¢®. �¡®§ ç¨¬ a = g15,1 ¨ à áá¬®âà¨¬ h = x

−112211 (a)g. �¥âàã¤-® ¢¨¤¥âì, çâ® h «¥�¨â ¢ ¯ à ¡®«¨ç¥áª®© ¯®¤£àã¯¯¥ P1(Rs). �ë¡¥à¥¬ α ∈ F4,
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ξ ∈ R ¨ à áá¬®âà¨¬

z = Xα(ξ)g = g−1Xα(ξ)g = h−1x
−112211 (a)Xα(ξ)x−112211 (−a)h.Ǒà¥¤¯®«®�¨¬ â ª�¥, çâ® α = ∗∗∗1 ∈ �s; â®£¤  Xα(ξ) = xα′(ξ)xα′′(±ξ), £¤¥

α′ = 1∗∗∗0
∗

, α′′ = 0∗∗∗1
∗

| ª®à¨ E6. Ǒ®âà¥¡ã¥¬ ¤®¯®«¨â¥«ì® α′−112211 ∈ E6¨ α′′ − 112211 /∈ E6 (  á ¬®¬ ¤¥«¥ íâ¨ ¤¢  ãá«®¢¨ï à ¢®á¨«ìë). �®£¤ 
x
−112211 (a)Xα(ξ)x−112211 (−a) = x

−112211 (a)xα′(ξ)xα′′(±ξ)x
−112211 (−a)= x

−112211 (a)xα′(ξ)x
−112211 (−a)xα′′(±ξ)= xα′(ξ)[xα′(−ξ), x

−112211 (a)℄xα′′(±ξ)= xα′(ξ)x
α′−112211 (±aξ)xα′′(±ξ).Ǒ®áª®«ìªã α′ − 112211 ¨¬¥¥â ¢¨¤ −0∗∗∗∗

∗
, ¢á¥ ¯à®¨§¢¥¤¥¨¥ «¥�¨â ¢ P1(Rs).� ç¨â, z ∈ P1(Rs) ¨, ¥á«¨ z /∈ G(F4, Rs), ¬®�® ¯à¨¬¥¨âì ¯à¥¤«®�¥¨¥ 8.�á«¨ �¥ z ∈ G(F4, Rs), â® z ∈ G(F4, Rs) ¨ ¯® «¥¬¬¥ 8   á ¬®¬ ¤¥-«¥ z ∈ P1(Rs) ∩ P6(Rs). �à®¬¥ â®£®, z11 = z−1,−1 = 1. � ç¨â, ¯®á«¥¤-ïï áâà®ª  z á®¢¯ ¤ ¥â á ¯®á«¥¤¥© áâà®ª®© ¥¤¨¨ç®© ¬ âà¨æë. Ǒãáâì

w = h′
−1,∗ ∈ 27R | ¯®á«¥¤ïï áâà®ª  ¬ âà¨æë h−1. �¬¥¥â ¬¥áâ® à ¢¥-áâ¢® zh−1 = h−1xα′(ξ)x

α′−112211 (±aξ)xα′′(±ξ). � «¥¢®© ç áâ¨ ¥£® áâ®¨â ¬ â-à¨æ , ¯®á«¥¤ïï áâà®ª  ª®â®à®© á®¢¯ ¤ ¥â á w. � ¯à ¢®© �¥ ç áâ¨ áâ®¨â¬ âà¨æ  h−1(e+ ξeα′ ±aξe
α′−112211 ± ξeα′′). � ç¨â, ¯®á«¥¤ïï áâà®ª  ¬ âà¨æë

h−1(ξeα′±aξe
α′−112211 ±ξeα′′) | ã«¥¢ ï, â® ¥áâì w(ξeα′±aξe

α′−112211 ±ξeα′′) = 0.�¥¯¥àì ¢®á¯®«ì§ã¥¬áï ï¢ë¬¨ ä®à¬ã« ¬¨: (weγ)λ = ±wλ+γ , ¥á«¨ λ + γ ∈ �;(weγ)λ = 0, ¥á«¨ λ + γ /∈ �. Ǒ®¤áâ ¢«ïï ξ = 1, α = 0001, 0121, 1121, 1221 ¨à áá¬ âà¨¢ ï w(ξeα′ ± aξe
α′−112211 ± ξeα′′)λ ¤«ï λ = λ−1 ¨ λ = λ−10, ¯®«ãç ¥¬,çâ® w−1 = w−5 = w−8 = w−9 = w13 = 0. �à®¬¥ íâ®£®, ¯®¤áâ ¢«ïï ξ = 1,

α = 1221, λ = λ−3, ¯®«ãç ¥¬, çâ® aw−1 = 0�¥¯¥àì ¢ë¡¥à¥¬ α = ∗∗∗0 ∈ �l ¨ ¯à®¢¥¤¥¬   «®£¨ç®¥ à ááã�¤¥¨¥: á¥©ç á
Xα(ξ) = xα(ξ), £¤¥ α = 0∗∗∗0

∗
∈ E6. Ǒà¨ íâ®¬  ¢â®¬ â¨ç¥áª¨ α − 112211 /∈E6. �®£¤  x

−112211 (a)Xα(ξ)x−112211 (−a) = xα(ξ) ¨ ¬ âà¨æ  z á®¢  «¥�¨â ¢
P1(Rs). �á«¨ z /∈ G(F4, Rs), â® ¬®�® ¯à¨¬¥¨âì ¯à¥¤«®�¥¨¥ 8. �á«¨ �¥
z ∈ G(F4, Rs), â® z ∈ G(F4, Rs) ¨ (¯® «¥¬¬¥ 8) z ∈ P1(Rs) ∩ P6(Rs), ¯à¨ç¥¬
z11 = z−1,−1 = 1, â® ¥áâì ¯®á«¥¤ïï áâà®ª  z á®¢¯ ¤ ¥â á ¯®á«¥¤¥© áâà®ª®©¥¤¨¨ç®© ¬ âà¨æë. Ǒ®áª®«ìªã zh−1 = h−1xα(ξ), ¬ë ¨¬¥¥¬ w = wxα(ξ) ¨,á«¥¤®¢ â¥«ì®, weα = 0 (¬®�® ¯®¤áâ ¢¨âì ξ = 1). � ç¨â, wλ+α = 0, ¥á«¨
λ, λ + α ∈ �. Ǒ®¤áâ ¢«ïï α = ±1000, ±0100, ±0120, ¯®«ãç ¥¬, çâ® w−3 =
w−4 = w−7 = w−10 = 0.



�Ǒ������ ������ǑǑ F4 � E6 ��� ������������� ������� 33�â ª, ¬ë ¯®«ãç¨«¨, çâ® ¢á¥ í«¥¬¥âë ¯®á«¥¤¥© áâà®ª¨ w ¬ âà¨æë h−1à ¢ë 0, ªà®¬¥ h′
−1,−1 ¨, ªà®¬¥ íâ®£®, ah′

−1,−1 = 0. �® ¬ âà¨æ  h−1 ®¡à â¨¬ ,¯®íâ®¬ã h′
−1,−1 ∈ R∗, ®âªã¤  a = 0 ¨, § ç¨â, ¬ë á á ¬®£®  ç «  ¡ë«¨ ¢ãá«®¢¨ïå ¯à¥¤«®�¥¨ï 8.�á«¨ R | «®ª «ì®¥ ª®«ìæ®, â® á¨£ã«ïàë¥ ¢¥ªâ®àë ¨§ R27 ®¡à §ãîâ®¤ã ®à¡¨âã ¯®¤ ¤¥©áâ¢¨¥¬ E(E6, R). �«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥ ä ªâ¨ç¥áª¨®¯¨áë¢ ¥â ®à¡¨âë,   ª®â®àë¥ ®  à á¯ ¤ ¥âáï ¯à¨ áã�¥¨¨ £àã¯¯ë ¤¥©áâ¢¨ï¤® E(F4, R).Ǒà¥¤«®�¥¨¥ 10. Ǒãáâì R | «®ª «ì®¥ ª®«ìæ® ¨ g ∈ G(E6, R). �®£¤   ©-¤¥âáï í«¥¬¥â x ∈ E(F4, R) â ª®©, çâ® ¯¥à¢ë© áâ®«¡¥æ ¬ âà¨æë xg á®¢¯ -¤ ¥â á ¯¥à¢ë¬ áâ®«¡æ®¬ ¥¤¨¨ç®© ¬ âà¨æë ¢® ¢á¥å ¯®§¨æ¨ïå, ªà®¬¥, ¡ëâì¬®�¥â, λ15.�®ª § â¥«ìáâ¢®. Ǒãáâì M | ¬ ªá¨¬ «ìë© ¨¤¥ « ª®«ìæ  R. Ǒ®ª �¥¬ á -ç « , çâ®  ©¤¥âáï x1 ∈ E(F4, R) â ª®©, çâ® (x1g)11 = 1Ǒ®áª®«ìªã R «®ª «ì®,  ©¤¥âáï λ ∈ � â ª®©, çâ® gλ1 ®¡à â¨¬. � áá¬®âà¨¬¥áª®«ìª® á«ãç ¥¢:(1) λ ∈ B. �¡®§ ç¨¬ α = ω − λ ∈ �s ¨ à áá¬®âà¨¬ í«¥¬¥â

h = Xα((1− g11)g−1
λ1 )g.Ǒà¨ íâ®¬ Xα(ξ) = xα′(ξ)xα′′(±ξ), £¤¥ α′ = 1∗∗∗0

∗
, α′′ = 0∗∗∗1

∗
. �®£¤ 

h11 = g11± (1− g11)g−1
λ1 gλ1. � ¬¥ïï § ª ¢  à£ã¬¥â¥ Xα, ¥á«¨ ¥®¡å®-¤¨¬®, ¬®�® ¤®¡¨âìáï h11 = 1.(2) λ ∈ � \ {λ14, λ15}. �®ç® â ª �¥ ®¡®§ ç¨¬ α = ω − λ (â¥¯¥àì α ∈ �l)¨ à áá¬®âà¨¬ í«¥¬¥â h = Xα((1 − g11)g−1

λ1 )g. � ª ¨ ¢ ¯à¥¤ë¤ãé¥¬á«ãç ¥, ¯à¨ ¥®¡å®¤¨¬®áâ¨ ¬¥ïï § ª  à£ã¬¥â  Xα, ¯®«ãç ¥¬ h11 =1.(3) λ = λ1. � ç «  ¯®«ãç¨¬ 1 ¢ ¯®§¨æ¨¨ 10 ¯¥à¢®£® áâ®«¡æ : ¯®«®�¨¬
α = λ10−λ1 = 1231 ∈ �s ¨ h = Xα((1− g10,1)g−111 )g. Ǒà¨ ¥®¡å®¤¨¬®áâ¨¬¥ïï § ª  à£ã¬¥â , ¯®«ãç ¥¬ h10,1 = 1, ¨ ¬®�® ¢®á¯®«ì§®¢ âìáïã�¥ à áá¬®âà¥ë¬ á«ãç ¥¬ (1).(4) λ = λ−1. �¥©ç á ¥âàã¤® ¯®«ãç¨âì 1 ¢ ¯®§¨æ¨¨ −6: ¯®«®�¨¬ α =
λ−6−λ−1 = 0122 ∈ �l, h = Xα((1−g−6,1)g−1

−1,1)g, ¨, á ¢®§¬®�®© § ¬¥®©§ ª , ¯®«ãç ¥¬ h−6,1 = 1, çâ® ¯à¨¢®¤¨â  á ª ã�¥ à áá¬®âà¥®¬ãá«ãç î (2).(5) λ ∈ �. � «®£¨ç®, ¥âàã¤® ¯®¤®¡à âì α ∈ �l â ª®©, çâ® λ + α ∈ B; ¯à¨¬¥à, ¬®�® ¢§ïâì α = 0122 ¤«ï λ ∈ {λ−10, λ−9, λ−8, λ−7} ¨ α =2342 ¤«ï λ ∈ {λ−5, λ−4, λ−3, λ−2}. � áá¬®âà¨¬ ¯®á«¥ íâ®£® h = Xα((1−
gλ+α,1)g−1

λ,1)g. � ¬¥¨¢ ¯à¨ ¥®¡å®¤¨¬®áâ¨ § ª, ¯®«ãç ¥¬ hλ+α,1 = 1,¨ ¬®�® ¢®á¯®«ì§®¢ âìáï á«ãç ¥¬ (1).(6) �¥¯¥àì ¬®�® áç¨â âì, çâ® gλ,1 ∈ M ¤«ï ¢á¥å λ ∈ � \ {λ13, λ14, λ15}.� ¬¥â¨¬, çâ® í«¥¬¥âë g13,1, g14,1, g15,1 ¥ ¬®£ãâ ¡ëâì ®¤®¢à¥¬¥®



34 �. �. ��������®¡à â¨¬ë¬¨: ¨ ç¥ Q(g∗1) áà ¢¨¬® á ±g13,1g14,1g15,1 ¯® ¬®¤ã«î M , â®¥áâì, ®¡à â¨¬®; ®, á ¤àã£®© áâ®à®ë, áâ®«¡¥æ g∗1 á¨£ã«ïà¥, ¯®íâ®¬ã
Q(g∗1) = 0. Ǒà¥¤¯®«®�¨¬, çâ® g14,1 ∈ R∗. � ¬ ¨§¢¥áâ®, çâ® å®âï ¡ë®¤¨ ¨§ í«¥¬¥â®¢ g13,1, g15,1 «¥�¨â ¢ M . Ǒãáâì,  ¯à¨¬¥à, g13,1 ∈ M .� áá¬®âà¨¬ α = 0001 ∈ �s, ξ = (1− g10,1)g−114,1 ¨ h = Xα(ξ). Ǒ®áª®«ìªã
Xα(ξ) = x100000 (ξ)x000010 (±ξ), ¬ë ¨¬¥¥¬ h10,1 = g10,1 ± ξg14,1 ± ξg13,1 =
g10,1 ± (1 − g10,1) ± ξg13,1. Ǒà¨ ¥®¡å®¤¨¬®áâ¨ ¬¥ïï § ª ã ξ, ¬®�®¤®¡¨âìáï â®£®, çâ® h10,1 = 1 ± ξg13,1 ∈ R∗, ¯®áª®«ìªã g13,1 ∈ M , ¨¬ë ¬®�¥¬ ¯®¯ «¨ ¢ ãá«®¢¨ï á«ãç ï (1). � «®£¨ç®, ¥á«¨ g15,1 ∈ M ,¤®áâ â®ç® ¢§ïâì α = 0010 ∈ �s ¨ ξ = (1− g12,1)g−114,1; â®£¤  h12,1 ∈ R∗,£¤¥ h = Xα(±ξ)g, ¨ ¬ë ¯®¯ «¨ ¢ ãá«®¢¨ï á«ãç ï (2). �®¢¥àè¥® â ª�¥ à áá¬ âà¨¢ ¥âáï á«ãç © g14,1 ∈ M , ¨¡® å®âï ¡ë ®¤¨ ¨§ í«¥¬¥â®¢
g13,1, g15.1 ®¡à â¨¬.�â ª, â¥¯¥àì ã  á ¥áâì x1 ∈ E(F4, R) ¨ y = x1g â ª®©, çâ® y11 = 1. Ǒ®ª -�¥¬, çâ® ¬®�® ®áãé¥áâ¢¨âì ¯à¨¡ ¢«¥¨ï ®â ¯¥à¢®£® í«¥¬¥â  ¯¥à¢®£® áâ®«¡-æ  ¢¨§ â ª, çâ®¡ë ¯®áâ ¢¨âì 0 ¢® ¢á¥ ¯®§¨æ¨¨ ªà®¬¥, ¡ëâì ¬®�¥â, λ15. � -ç «  ¯®«ãç¨¬ 0 ¢ ¯®§¨æ¨ïå ¨§ B: ¯®«®�¨¬ x2 = ∏

λ∈B Xλ−ω(±yλ1) ¨ z = x2y.� ª¨ §¤¥áì á«¥¤ã¥â ¢ë¡à âì â ª, çâ®¡ë í«¥¬¥â Xλ−ω(±yλ1) ®áãé¥áâ¢«ï«¢ëç¨â ¨¥ á ª®íää¨æ¨¥â®¬ yλ1 ¯¥à¢®© áâà®çª¨ ¨§ áâà®çª¨ á ®¬¥à®¬ λ ¯à¨¤¥©áâ¢¨¨   ¬ âà¨æ å á«¥¢ . �àã£¨¬¨ á«®¢ ¬¨,  ¬ ã�®, çâ®¡ë ¬ âà¨çë©í«¥¬¥â (Xλ−ω(±yλ1))λ1 à ¢ï«áï −yλ1,   ¥ yλ1. �¥£ª® ¢¨¤¥âì, çâ® zλ1 = 0¤«ï ¢á¥å λ ∈ B.�¥¯¥àì ¬®�® ¯®áâ ¢¨âì 0 ¢® ¢á¥ ¯®§¨æ¨¨ ¨§ �, ªà®¬¥ λ14 ¨ λ15: à áá¬®âà¨¬
x3 = ∏

λ∈� Xλ−ω(±zλ1) ¨ u = x3z á   «®£¨çë¬ ¢ë¡®à®¬ § ª®¢.�á«¨ â¥¯¥àì u14,1 6= 0, à áá¬®âà¨¬ x4 = X1232(±u14,1) ¨ v = x4u. �®�®¢ë¡à âì § ª â ª, çâ® v14,1 = 0.� ª¨¬ ®¡à §®¬, ¬ë  è«¨ x â ª®©, çâ® (xg)11 = 1 ¨ (xg)λ1 = 0 ¤«ï λ ∈(B ∪ �) \ {λ15}. Ǒ® «¥¬¬¥ 6 ¨§ íâ®£® á«¥¤ã¥â, çâ® ¨   ®áâ «ìëå ¬¥áâ å¯¥à¢®£® áâ®«¡æ  áâ®ïâ ã«¨.
§ 14. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 1�«¥¤ãîé ï «¥¬¬  à¥§î¬¨àã¥â ¯à®¢¥¤¥®¥ ¢ëè¥ ¨§¢«¥ç¥¨¥ ª®à¥¢®£®í«¥¬¥â .�á®¢ ï «¥¬¬ . Ǒãáâì H | ¯®¤£àã¯¯  ¢ G(E6, R), á®¤¥à� é ï E(F4, R).�®£¤  «¨¡® H ≤ G(F4, R), «¨¡® H á®¤¥à�¨â ¥âà¨¢¨ «ìë© í«¥¬¥â àë©ª®à¥¢®© í«¥¬¥â xα(ξ), £¤¥ α ∈ E6 \ �l, ξ ∈ R.�®ª § â¥«ìáâ¢®. Ǒãáâì g ∈ H, ® g /∈ G(F4, R). �®£¤  ¯® «¥¬¬¥ 9  ©-¤¥âáï ¬ ªá¨¬ «ìë© ¨¤¥ « M ∈ Max(R) â ª®©, çâ® FM (g) /∈ G(F4, RM ).Ǒ®áª®«ìªã RM | «®ª «ì®¥ ª®«ìæ®, ¯® ¯à¥¤«®�¥¨î 10  ©¤¥âáï í«¥¬¥â

x ∈ E(F4, RM) â ª®©, çâ® ¯¥à¢ë© áâ®«¡¥æ ¬ âà¨æë xFM (g) á®¢¯ ¤ ¥â á ¯¥à-¢ë¬ áâ®«¡æ®¬ ¥¤¨¨ç®© ¬ âà¨æë ¢® ¢á¥å ¯®§¨æ¨ïå, ªà®¬¥ λ15. � ª ª ª
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E(F4, RM) = lim

−→
E(F4, Rs) ¯® ¢á¥¬ s /∈ M ,  ©¤¥âáï â ª®¥ s ∈ M ¨ â ª®©í«¥¬¥â x ∈ E(F4, Rs), çâ® ¯¥à¢ë© áâ®«¡¥æ ¬ âà¨æë y = xFs(g) á®¢¯ ¤ ¥â á¯¥à¢ë¬ áâ®«¡æ®¬ ¥¤¨¨ç®© ¬ âà¨æë ¢® ¢á¥å ¯®§¨æ¨ïå, ªà®¬¥ λ15 ¨, ª®¥ç®,

y /∈ G(F4, Rs). �¥¯¥àì ¬®�® ¢®á¯®«ì§®¢ âìáï ¯à¥¤«®�¥¨¥¬ 9 ¨ § ¢¥àè¨âì¤®ª § â¥«ìáâ¢®.�®ª § â¥«ìáâ¢® â¥®à¥¬ë 1. Ǒãáâì, ª ª ¨ ¢ ¯à¥¤«®�¥¨¨ 1, A |  ¨¡®«ìè¨©¨¤¥ «, ¤«ï ª®â®à®£® E(F4, R, A) ≤ H. Ǒãáâì H = ρE6A (H) | ®¡à § £àã¯¯ë H¯®¤ ¤¥©áâ¢¨¥¬ £®¬®¬®àä¨§¬  à¥¤ãªæ¨¨ ρE6A : G(E6, R) → G(E6, R/A). �á®,çâ® £àã¯¯  H á®¤¥à�¨â E(F4, R/A), ¨, ¯à¨¬¥ïï ª ¥© ®á®¢ãî «¥¬¬ã, ¢¨¤¨¬,çâ® «¨¡® H ≤ G(F4, R, A), «¨¡® H á®¤¥à�¨â ¥âà¨¢¨ «ìë© í«¥¬¥â àë©ª®à¥¢®© í«¥¬¥â xα(ξ + A), £¤¥ α ∈ E6 \ F4, ξ ∈ R. Ǒ®ª �¥¬, çâ® ¢â®à®©á«ãç © ¥¢®§¬®�¥. �¥©áâ¢¨â¥«ì®, ¯à¥¤áâ ¢¨¬ xα(ξ) ∈ H G(F4, R, A) ¢ ¢¨¤¥
xα(ξ) = ab, £¤¥ a ∈ H, b ∈ G(F4, R, A). � ©¤¥âáï ª®à¥ì β ∈ E6 \ F4 â ª®©, çâ®
β − α ∈ F4. � áá¬®âà¨¬ ª®¬¬ãâ â®à[xα(ξ), xβ−α(1)℄ = xβ(±ξ).Ǒ®¤áâ ¢«ïï áî¤  ¢ëà �¥¨¥ xα(ξ) = ab, ¯®«ãç ¥¬

xβ(±ξ) = [ab, xβ−α(1)℄ = a[b, xβ−α(1)℄[a, xβ−α(1)℄.Ǒ¥à¢ë© ¨§ ª®¬¬ãâ â®à®¢ ¢ ¯à ¢®© ç áâ¨ ¯à¨ ¤«¥�¨â E(E6, R, A) ¢ á¨«ã áâ -¤ àâ®© ª®¬¬ãâ æ¨®®© ä®à¬ã«ë,   ¢â®à®© «¥�¨â ¢ H. � ç¨â, xβ(±ξ) ∈ H,¨ ξ /∈ A, çâ® ¯à®â¨¢®à¥ç¨â ¬ ªá¨¬ «ì®áâ¨ A. � ª¨¬ ®¡à §®¬, ¢á¥£¤ 
H ≤ G(F4, R/A), ® â®£¤  ¨§ â¥®à¥¬ë 3 á«¥¤ã¥â ¢ª«îç¥¨¥
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