
3 �« ¢­ë¥ à áá«®¥­¨ï* ®â¬¥ç¥­ë ¤®ª § â¥«ìáâ¢ , ª®â®àë¥ ¬®�­® ¯à®¯ãáâ¨âì ¯à¨ ¯¥à¢®¬ ¯à®çâ¥­¨¨.3.1 �¥©áâ¢¨¥ £àã¯¯ ­  ¬­®£®®¡à §¨ïå�¯à¥¤¥«¥­¨¥ 3.1. �®¢®àïâ, çâ® £àã¯¯  G ¤¥©áâ¢ã¥â ­  ¬­®�¥áâ¢¥M á«¥¢  (á®®â¢¥âáâ¢¥­­®, á¯à -¢ ), ¥á«¨ § ¤ ­ £®¬®¬®àä¨§¬ (á®®â¢¥âáâ¢¥­­®,  ­â¨£®¬®¬®àä¨§¬) ' íâ®© £àã¯¯ë ¢ £àã¯¯ã GM ¯à¥-®¡à §®¢ ­¨© íâ®£® ¬­®�¥áâ¢ . �â®â £®¬®¬®àä¨§¬ ­ §ë¢ ¥âáï ¯à¥¤áâ ¢«¥­¨¥¬ £àã¯¯ë G ­  ¬­®�¥áâ¢¥M . �á«¨ ' { ¬®­®¬®àä¨§¬ (á®®â¢¥âáâ¢¥­­®,  ­â¨¬®­®¬®àä¨§¬), ¤¥©áâ¢¨¥ ­ §ë¢ ¥âáï íää¥ªâ¨¢­ë¬,  ¯à¥¤áâ ¢«¥­¨¥ { â®ç­ë¬.�á«¨ ®¡®§­ ç¨âì 'g ®¡à § í«¥¬¥­â  g 2 G ¯à¨ ®â®¡à �¥­¨¨ ', â® ' ­ §ë¢ ¥âáï £®¬®¬®àä¨§¬®¬(á®®â¢¥âáâ¢¥­­®,  ­â¨£®¬®¬®àä¨§¬®¬), ¥á«¨ 'gh = 'g Æ 'h (á®®â¢¥âáâ¢¥­­®, 'gh = 'h Æ 'g).� ¤ ­¨¥ ®â®¡à �¥­¨ï ' à ¢­®á¨«ì­® § ¤ ­¨î ®â®¡à �¥­¨ï � : G �M ! M , ­ §ë¢ ¥¬®£® «¥¢ë¬(á®®â¢¥âáâ¢¥­­®, ¯à ¢ë¬) ¤¥©áâ¢¨¥¬, ®¡« ¤ îé¥£® á«¥¤ãîé¨¬¨ á¢®©áâ¢ ¬¨:(1) �(e;m) = m, m 2 M , e { ¥¤¨­¨æ  £àã¯¯ë G;(2) �(g;�(h;m)) = �(gh;m) (á®®â¢¥âáâ¢¥­­®, �(g;�(h;m)) = �(hg;m)), m 2 M , g; h 2 G;(3) 8g 2 G ®â®¡à �¥­¨¥ m ! 'g(m) � �(g;m) { ¯à¥®¡à §®¢ ­¨¥ ¬­®�¥áâ¢  M (â® ¥áâì ¡¨¥ªâ¨¢­®¥®â®¡à �¥­¨¥ ¬­®�¥áâ¢  M ­  á¥¡ï).Ǳà¥¤áâ ¢«¥­¨¥ ' ¨ ¤¥©áâ¢¨¥ � ­ §ë¢ îâáï  áá®æ¨¨à®¢ ­­ë¬¨.� ¤ ç  3.1. �®ª �¨â¥, çâ® £àã¯¯  ¯à¥®¡à §®¢ ­¨©GM ¬­®�¥áâ¢ M ,   §­ ç¨â, ¨ «î¡ ï ¯®¤£àã¯¯ H � GM íâ®© £àã¯¯ë íää¥ªâ¨¢­® ¤¥©áâ¢ã¥â ­  M á«¥¢ . �®«ì £®¬®¬®àä¨§¬  ' ¢ íâ®¬ á«ãç ¥ ¨£à ¥â®â®¡à �¥­¨¥ ¢«®�¥­¨ï i : H � GM . �¥©áâ¢¨¥ � : G � M ! M ¢ íâ®¬ á«ãç ¥ § ¤ ¥âáï ä®à¬ã«®©�(h;m) = h(m).�ç¥¢¨¤­®, ¢áïª®¥ ¤¥©áâ¢¨¥ £àã¯¯ë G ­  ¬­®�¥áâ¢¥ M ¯®à®�¤ ¥â íää¥ªâ¨¢­®¥ ¤¥©áâ¢¨¥ £àã¯¯ëG=ker' ­  íâ®¬ ¬­®�¥áâ¢¥. � ¤àã£®© áâ®à®­ë, ¥á«¨ ¤¥©áâ¢¨¥ íää¥ªâ¨¢­®, â® í«¥¬¥­â g 2 G ¬ë ¡ã¤¥¬ç áâ® ®¡®§­ ç âì gm (á®®â¢¥âáâ¢¥­­®, mg). Ǳà¨ íâ®¬ ãá«®¢¨ï, ®¯à¥¤¥«ïîé¨¥ «¥¢®© (á®®â¢¥âáâ¢¥­­®,¯à ¢®¥) ¤¥©áâ¢¨¥ £àã¯¯ë ­  ¬­®�¥áâ¢¥ § ¯¨èãâáï ¢ ¢¨¤¥g(hm) = (gh)m; m(gh) = (mg)h; g; h 2 G; m 2 M�¯à¥¤¥«¥­¨¥ 3.2. �®¢®àïâ, çâ® £àã¯¯  G ¤¥©áâ¢ã¥â ­  ¬­®�¥áâ¢¥ M âà ­§¨â¨¢­®, ¥á«¨ ¤«ï«î¡ëå í«¥¬¥­â®¢ x; y 2 M áãé¥áâ¢ã¥â í«¥¬¥­â g 2 G â ª®©, çâ® 'g(x) = y.�¯à¥¤¥«¥­¨¥ 3.3. �®¢®àïâ, çâ® £àã¯¯  G ¤¥©áâ¢ã¥â ­  ¬­®�¥áâ¢¥ M á¢®¡®¤­®, ¥á«¨(9m 2 M9g 2 G : 'gm = m) =) g = e£¤¥ e { ¥¤¨­¨æ  £àã¯¯ë G.� ¤ ç  3.2. �®ª �¨â¥, çâ® «î¡®¥ á¢®¡®¤­®¥ ¤¥©áâ¢¨¥ £àã¯¯ë íää¥ªâ¨¢­®.Ǳãáâì £àã¯¯  G ¤¥©áâ¢ã¥â ­  ¬­®�¥áâ¢¥ M . �®£¤  ª �¤ë© í«¥¬¥­â m 2 M ¯®à®�¤ ¥â ®â®¡à -�¥­¨¥ �m : G ! M , á®¯®áâ ¢«ïîé¥¥ í«¥¬¥­âã g 2 G í«¥¬¥­â �m(g) = 'g(m) � �(g;m) 2 M . �¡à §íâ®£® ®â®¡à �¥­¨ï ­ §ë¢ ¥âáï ®à¡¨â®© í«¥¬¥­â  m ¨ ®¡®§­ ç ¥âáï Orbm.� ¤ ç  3.3. �®ª �¨â¥, çâ® ¤¥©áâ¢¨¥ âà ­§¨â¨¢­® â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¤«ï «î¡®£® í«¥-¬¥­â  m 2 M Orbm =M .� ¤ ç  3.4. �®ª �¨â¥, çâ® ¤¥©áâ¢¨¥ á¢®¡®¤­®, â® ®â®¡à �¥­¨¥ �m ï¢«ï¥âáï ¡¨¥ªæ¨¥© £àã¯¯ë G­  á®®â¢¥âáâ¢ãîéãî ®à¡¨âã.�¯à¥¤¥«¥­¨¥ 3.4. �á«¨ G { £àã¯¯  �¨, ' { ¥¥ £®¬®¬®àä¨§¬ (ª ª  ¡áâà ªâ­®© £àã¯¯ë) ¢ £àã¯¯ãDiffM ¤¨ää¥®¬®àä¨§¬®¢ £« ¤ª®£® ¬­®£®®¡à §¨ï M ¨ � { £« ¤ª®¥ ®â®¡à �¥­¨¥, â® £®¢®àïâ, çâ® G£« ¤ª® ¤¥©áâ¢ã¥â ­  ¬­®£®®¡à §¨¨ M .3.2 �ã­¤ ¬¥­â «ì­ë¥ ¢¥ªâ®à­ë¥ ¯®«ïǱãáâì £àã¯¯  �¨ G ¤¥©áâ¢ã¥â £« ¤ª® ­  ¬­®£®®¡à §¨¨ P (¤«ï ®¯à¥¤¥«¥­­®áâ¨ á¯à ¢ ) ¨ ¯ãáâì � :P � G ! P { á®®â¢¥âáâ¢ãîé¥¥ ¤¥©áâ¢¨¥; g {  «£¥¡à  �¨ £àã¯¯ë �¨ G. �®£¤  ¢­ãâà¥­­¨¬ ®¡à §®¬®¯à¥¤¥«¥­® ®â®¡à �¥­¨¥ � : g ! X (P ), £¤¥ ¬­®�¥áâ¢® £« ¤ª¨å ¢¥ªâ®à­ëå ¯®«¥© ­  ¬­®£®®¡à §¨¨P à áá¬ âà¨¢ ¥âáï ª ª ¡¥áª®­¥ç­®¬¥à­®¥ ¢¥ªâ®à­®¥ ¯à®áâà ­áâ¢® ­ ¤ ¯®«¥¬ ¢¥é¥áâ¢¥­­ëå ç¨á¥«.�¬¥­­®, «î¡ ï â®çª  p 2 P ¨­¤ãæ¨àã¥â ®â®¡à �¥­¨¥ �p : G ! P ¯® ä®à¬ã«¥ �p(g) = 'g(p) � pg �1



�(p; g) (®¡à §®¬ ®â®¡à �¥­¨ï �p ï¢«ï¥âáï ®à¡¨â  â®çª¨ p). �á«¨ X 2 g { «¥¢®¨­¢ à¨ ­â­®¥ ¢¥ªâ®à­®¥¯®«¥, g(t) { á®®â¢¥âáâ¢ãîé ï ®¤­®¯ à ¬¥âà¨ç¥áª ï ¯®¤£àã¯¯ , â® ®¯à¥¤¥«¨¬ ®â®¡à �¥­¨¥	(p; t) = �p(exp tX)� �(exp tX;p)�ç¥¢¨¤­®, ®â®¡à �¥­¨¥ 	 ï¢«ï¥âáï ¯®â®ª®¬ ­  ¬­®£®®¡à §¨¨ P , ¯à¨ç¥¬ £«®¡ «ì­ë¬, â ª ª ª ®¤­®-¯ à ¬¥âà¨ç¥áª ï ¯®¤£àã¯¯  «¥¢®¨­¢ à¨ ­â­®£® ¢¥ªâ®à­®£® ¯®«ï ®¯à¥¤¥«¥­  ¤«ï ¢á¥å ¢¥é¥áâ¢¥­­ëå§­ ç¥­¨© t. �â®â £«®¡ «ì­ë© ¯®â®ª ¯®à®�¤ ¥â ¯®«­®¥ ¢¥ªâ®à­®¥ ¯®«¥ X[ ¯® ä®à¬ã«¥(X[)p = ddt jt=0 	(p; t)� ddt jt=0 �p(exp tX)�®£¤  ¯®«®�¨¬ �(X) = X[.� ª ª ª ®â®¡à �¥­¨¥ 	 { £« ¤ª®¥, â® ¢¥ªâ®à­®¥ ¯®«¥ X[ £« ¤ª® § ¢¨á¨â ®â â®çª¨ p ¨, á«¥¤®¢ â¥«ì-­®, ï¢«ï¥âáï £« ¤ª¨¬ ¢¥ªâ®à­ë¬ ¯®«¥¬. �à®¬¥ â®£®, (X[)p = ddt jt=0 �p(exp tX)(�p)� ddt jt=0 exp tX =(�p)�Xe. �âáî¤  á«¥¤ã¥â, çâ® (�(X))p = (�p)�XeǱà¥¤«®�¥­¨¥ 3.1. �â®¡à �¥­¨¥ � ï¢«ï¥âáï £®¬®¬®àä¨§¬®¬ R-«¨­¥©­ëå ¯à®áâà ­áâ¢.�®ª § â¥«ìáâ¢®. � ª ¬ë §­ ¥¬, ¤¨ää¥à¥­æ¨ « ®â®¡à �¥­¨ï ï¢«ï¥âáï R-«¨­¥©­ë¬ ®â®¡à �¥­¨-¥¬, â® ¥áâì (�p)� { R-«¨­¥©­ë¬ ®â®¡à �¥­¨¥¬.2�¥®à¥¬  3.1. �â®¡à �¥­¨¥ � ï¢«ï¥âáï £®¬®¬®àä¨§¬®¬  «£¥¡à �¨, â® ¥áâì �[X;Y ℄ = [�X;�Y ℄.�®ª § â¥«ìáâ¢®.* Ǳãáâì X;Y 2 g, X[ = �(X), Y [ = �(Y ). �®£¤  [X[; Y [℄ = LX[Y [ == limt!0 1t �Y [ � (Ft)�Y [�, £¤¥ Ft { ®¤­®¯ à ¬¥âà¨ç¥áª ï £àã¯¯  ¤¨ää¥®¬®àä¨§¬®¢, á®®â¢¥âáâ¢ãîé ï¢¥ªâ®à­®¬ã ¯®«î X[, â® ¥áâì Ft = 'exptX { ®¤­®¯ à ¬¥âà¨ç¥áª ï ¯®¤£àã¯¯ , ®â¢¥ç îé ï ¯®â®ªã 	,¯®à®�¤¥­­®¬ã ¯®«¥¬ X[. �®£¤  ((Ft)�)Y [)p = ((Ft)��(Y ))p = (Ft)�(�Y )F�1t (p) = (Ft)�(�F�1t (p))�Ye =(Ft Æ �F�1t (p))�Ye. �â ª, ((Ft)�)Y [)p = (Ft Æ �F�1t (p))�Ye�¨ªá¨àã¥¬ g 2 G. �®£¤  â ª ª ª Ft(p) = �(exp tX;p) ¨¬¥¥¬ Ft Æ �F�1t (p)(g) = Ft(�(g;F�1t (p)) =�(exp tX;�(g;�(exp(�tX); p))). � ª ª ª ¤¥©áâ¢¨¥ � { ¯à ¢®¥, �(exp tX;�(g;�(exp(�tX); p))) == �(exp(�tX)gexp(tX); p) = �(Aexp(�tX)g; p) = �p(Aexp(�tX)g. (� ¯®¬­¨¬, çâ® Ag(h) = ghg�1, Ad(g) =((Ag)�)e, ad = Ad� jg ). �â ª, Ft Æ �F�1t (p) = �p ÆAexp(�tX)� ãç¥â®¬ íâ®£® ¯®«ãç ¥¬ (Ft Æ �F�1t (p))� = (�p)� ÆAd(exp(�tX)). �¬¥¥¬ [X[; Y [℄p == limt!0 1t �Y [p � (�p)� ÆAd(exp(�tX))Ye� = limt!0 1t ((�p)�Ye � (�p)� ÆAd(exp(�tX))Ye) == (�p)� �limt!0 1t (Ye � Ad(exp(�tX))Ye)� = �(�p)� �� ddt jt=0 Ad(exp t(�X))�Y �e = �(�p)�(ad�XY )e =(�p)�[X; Y ℄e = (�[X;Y ℄)p = ([X;Y ℄[)p ¤«ï «î¡®© â®çª¨ p 2 P , â® ¥áâì [X[; Y [℄ = [X;Y ℄[. 2�â ª, ¤¥©áâ¢¨¥ £àã¯¯ë �¨ G ­  ¬­®£®®¡à §¨¨ P ¨­¤ãæ¨àã¥â R-£®¬®¬®àä¨§¬ � : g ! X (P ) á®®â-¢¥âáâ¢ãîé¨å  «£¥¡à �¨. �¡à § íâ®£® £®¬®¬®àä¨§¬  ¥áâì ª®­¥ç­®¬¥à­ ï ¯®¤ «£¥¡à  �¨ f � X (P ),í«¥¬¥­âë ª®â®à®© ­ §ë¢ îâáï äã­¤ ¬¥­â «ì­ë¬¨ ¢¥ªâ®à­ë¬¨ ¯®«ï¬¨ ­  ¬­®£®®¡à §¨¨ P . �«£¥¡à �¨ f ­ §ë¢ ¥âáï  «£¥¡à®© �¨ äã­¤ ¬¥­â «ì­ëå ¢¥ªâ®à­ëå ¯®«¥© ­  ¬­®£®®¡à §¨¨ P .� ¬¥â¨¬, çâ®  «£¥¡à  �¨ f ¯®à®�¤ ¥â ¯®¤¬®¤ã«ì F = f
C1(P ) ¬®¤ã«ï X (P ) (¬®¤ã«¨ à áá¬ âà¨-¢ îâáï ­ ¤ ª®«ìæ®¬ C1(P )).Ǳà¥¤«®�¥­¨¥ 3.2. �á«¨ £àã¯¯  G ¤¥©áâ¢ã¥â ­  íää¥ªâ¨¢­® ­  ¬­®£®®¡à §¨¨ P , â® £®¬®¬®àä¨§¬� ï¢«ï¥âáï ¬®­®¬®àä¨§¬®¬, ¢ ç áâ­®áâ¨,  «£¥¡à  �¨ f ¨§®¬®àä­   «£¥¡à¥ �¨ g. �®«¥¥ â®£®, ¥á«¨ G¤¥©áâ¢ã¥â á¢®¡®¤­® ­  P , â® ­¥­ã«¥¢ë¥ äã­¤ ¬¥­â «ì­ë¥ ¢¥ªâ®à­ë¥ ¯®«ï ­¥ ¨¬¥îâ ®á®¡ëå â®ç¥ª, â®¥áâì ­¨£¤¥ ­¥ ®¡à é îâáï ¢ ­ã«ì.�®ª § â¥«ìáâ¢®. 1) Ǳãáâì G ¤¥©áâ¢ã¥â íää¥ªâ¨¢­® ­  ¬­®£®®¡à §¨¨ P . � ¤® ¤®ª § âì, çâ®ker� = f0g. Ǳãáâì X 2 ker�, â® ¥áâì �X = 0. �®£¤  á®®â¢¥âáâ¢ãîé ï «®ª «ì­ ï ®¤­®¯ à ¬¥âà¨ç¥áª ï£àã¯¯  ¤¨ää¥®¬®àä¨§¬®¢, ¯®à®�¤¥­­ ï ¢¥ªâ®à­ë¬ ¯®«¥¬ �X, âà¨¢¨ «ì­ , â® ¥áâì Ft = id ¤«ï «î¡®£®¢¥é¥áâ¢¥­­®£® t. �¬¥¥¬ Ft(p) = 'exp(tX) = id. � â ª ª ª ¤¥©áâ¢¨¥ íää¥ªâ¨¢­®, â® exp(tX) = e ¤«ï«î¡®£® ¢¥é¥áâ¢¥­­®£® t, â® ¥áâì ddt jt=0 exp(tX) = ddt jt=0 e = 0, â® ¥áâì Xe = 0, â® ¥áâì X = 0 (â ª ª ª«¥¢®¨­¢ à¨ ­â­ë¥ ¯®«ï ­¥ ¨¬¥îâ ®á®¡¥­­®áâ¥©). �â ª, ker� = f0g.2



2) Ǳãáâì £àã¯¯  G ¤¥©áâ¢ã¥â ­  ¬­®£®®¡à §¨¨ P á¢®¡®¤­®. Ǳ® ®¯à¥¤¥«¥­¨î ¨¬¥¥¬, çâ® 9p 2 P :'g(p) = p =) g = e. Ǳãáâì áãé¥áâ¢ã¥â â®çª  p 2 P â ª ï, çâ® X[p = 0. �âáî¤  á«¥¤ã¥â, çâ® pï¢«ï¥âáï ­¥¯®¤¢¨�­®© â®çª®© ®¤­®¯ à ¬¥âà¨ç¥áª®© £àã¯¯ë ¤¨ää¥®¬®àä¨§¬®¢ fFtg, â® ¥áâì Ft(p) ='exp(tX)(p) = p. � ª ª ª ¤¥©áâ¢¨¥ á¢®¡®¤­®, â® exp(tX) = e. �âªã¤  ª ª ¨ ¢ëè¥ ¯®«ãç ¥¬, çâ® X = 0.2 �¥®à¥¬  3.2. Ǳãáâì £àã¯¯  �¨ G £« ¤ª® ¤¥©áâ¢ã¥â á¯à ¢  ­  ¬­®£®®¡à §¨¨ P . �®£¤  ¤«ï «î¡®£®g 2 G á«¥¤ãîé ï ¤¨ £à ¬¬  ª®¬¬ãâ â¨¢­ g Ad(g�1)�! g� # # �f ('g)��! f�®ª § â¥«ìáâ¢®. Ǳãáâì X 2 g { ¯à®¨§¢®«ì­®¥ «¥¢®¨­¢ à¨ ­â­®¥ ¢¥ªâ®à­®¥ ¯®«¥, X[ = �X 2 f{ á®®â¢¥âáâ¢ãîé¥¥ äã­¤ ¬¥­â «ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥ ­  ¬­®£®®¡à §¨¨ P . �­® ¯®à®�¤ ¥â £«®¡ «ì-­ë© ¯®â®ª 	 : P �R ! P ¯® ä®à¬ã«¥ 	(p; t) = 'exp(tX)(p). Ǳãáâì g 2 G { ¯à®¨§¢®«ì­ë© í«¥¬¥­â£àã¯¯ë �¨. �¬ã ®â¢¥ç ¥â ¤¨ää¥®¬®àä¨§¬ 'g : P ! P . � ª ¬ë §­ ¥¬ ¨§ á¢®©áâ¢ «®ª «ì­ëå ¯®â®-ª®¢, ã¢«¥ç¥­­®¬ã ¨¬ ¢¥ªâ®à­®¬ã ¯®«î ('g)�X[ ®â¢¥ç ¥â ¯®â®ª 	('g)�X[(p; t) = 'g Æ 	X[('�1g (p); t) ='g Æ 'exp(tX) Æ '�1g (p) = 'g�1exp(tX)g(p) = 'Ag�1exp(tX)(p).�â ª, ¢¥ªâ®à­®¬ã ¯®«î ('g)�X[ ®â¢¥ç ¥â ¯®â®ª, ¯®à®�¤¥­­ë© ®¤­®¯ à ¬¥âà¨ç¥áª®© ¯®¤£àã¯¯®©Ag�1(exp(tX)). � ç áâ­®áâ¨, ¢¥ªâ®à­®¥ ¯®«¥ ('g)�X[ ¡ã¤¥â äã­¤ ¬¥­â «ì­ë¬, â® ¥áâì ('g)�X[ = �Y ,£¤¥ Y { £¥­¥à â®à íâ®© ¯®¤£àã¯¯ë, â® ¥áâì Ye = ddt jt=0 Ag�1 (exp(tX)) = (Ag�1)� ddt jt=0 exp(tX) =Ad(g�1)Xe. �«¥¤®¢ â¥«ì­®, Y = Ad(g�1)X. �«¥¤®¢ â¥«ì­®, ('g)��(X) = ('g)�X[ = �Y = �(Ad(g�1)X)¤«ï «î¡®£® X 2 g, â® ¥áâì ('g)� Æ � = � ÆAd(g�1). 23.3 �« ¢­ë¥ à áá«®¥­¨ï�¯à¥¤¥«¥­¨¥ 3.5. �« ¢­ë¬ à áá«®¥­¨¥¬ ­ §ë¢ ¥âáï ç¥â¢¥àª  (P;M;G;�), £¤¥ P { £« ¤ª®¥ ¬­®£®-®¡à §¨¥, G { £àã¯¯  �¨, £« ¤ª® ¨ á¢®¡®¤­® á¯à ¢  ¤¥©áâ¢ãîé ï ­  ¬­®£®®¡à §¨¨ P ,M { ¯à®áâà ­áâ¢®®à¡¨â OrbGP , ï¢«ïîé¥¥áï £« ¤ª¨¬ ¬­®£®®¡à §¨¥¬, � : P ! M { £« ¤ª®¥ ®â®¡à �¥­¨¥, á®¯®áâ ¢«ïî-é¥¥ ª �¤®© â®çª¥ p 2 P ¥¥ ®à¡¨âã. Ǳà¨ íâ®¬ ¤®«�­® ¢ë¯®«­ïâìáï â ª ­ §ë¢ ¥¬®¥ á¢®©áâ¢® «®ª «ì­®©âà¨¢¨ «ì­®áâ¨ £« ¢­®£® à áá«®¥­¨ï,   ¨¬¥­­®, ¬­®£®®¡à §¨¥ M ¤®«�­® ¤®¯ãáª âì ®âªàëâ®¥ ¯®ªàë-â¨¥ U , ª®â®à®¥ ­ §ë¢ ¥âáï ¯®ªàëâ¨¥¬ «®ª «ì­®© âà¨¢¨ «ì­®áâ¨, â ª®¥, çâ® 8U 2 U áãé¥áâ¢ã¥â£« ¤ª®¥ ®â®¡à �¥­¨¥ FU : ��1(U)! G, ã¤®¢«¥â¢®àïîé¥¥ á¢®©áâ¢ ¬:(F1) FU(pg) = FU (p)g, p 2 P , g 2 G;(F2) ®â®¡à �¥­¨¥  U : ��1(U)! U � G, ®¯à¥¤¥«¥­­®¥ ä®à¬ã«®©  U (p) = (�(p); FU(p)) ï¢«ï¥âáï ¤¨ä-ä¥®¬®àä¨§¬®¬.�­®£®®¡à §¨¥ P ­ §ë¢ ¥âáï â®â «ì­ë¬ ¯à®áâà ­áâ¢®¬ à áá«®¥­¨ï, £àã¯¯  �¨ G ­ §ë¢ ¥âáï áâàãª-âãà­®© £àã¯¯®©, ¬­®£®®¡à §¨¥M ­ §ë¢ ¥âáï ¡ §®© à áá«®¥­¨ï, ®â®¡à �¥­¨¥ � ­ §ë¢ ¥âáï ¥áâ¥áâ¢¥­-­®© ¯à®¥ªæ¨¥©, ®â®¡à �¥­¨¥  U ­ §ë¢ ¥âáï ¤¨ää¥®¬®àä¨§¬®¬ «®ª «ì­®© âà¨¢¨ «ì­®áâ¨, í«¥¬¥­âëU 2 U ­ §ë¢ îâáï ®¡« áâï¬¨ «®ª «ì­®© âà¨¢¨ «ì­®áâ¨. �«ï «î¡®© â®çª¨ m 2 M ¬­®�¥áâ¢® ��1m­ §ë¢ ¥âáï á«®¥¬ ­ ¤ m.Ǳà¨¬¥à. �à¨¢¨ «ì­ë¥ à áá«®¥­¨ï.� áá¬®âà¨¬ ç¥â¢¥àªã (P;M;G; p1), £¤¥ M ¨ G { £« ¤ª®¥ ¬­®£®®¡à §¨¥ ¨ £àã¯¯  �¨ á®®â¢¥âáâ¢¥­­®,P = M � G { ¤¥ª àâ®¢® ¯à®¨§¢¥¤¥­¨¥ ¬­®£®®¡à §¨©, p1 : M � G ! M { ¯à®¥ªæ¨ï ­  ¯¥à¢ë© á®¬­®-�¨â¥«ì, § ¤ ¢ ¥¬ ï ä®à¬ã«®© p1(m;g) = m. Ǳãáâì £àã¯¯  �¨ ¤¥©áâ¢ã¥â á¯à ¢  ­  P ¯® ä®à¬ã«¥(m; g)h = (m; gh), h 2 G.� ¤ ç  3.5. �®ª �¨â¥, çâ® íâ® £« ¤ª®¥, á¢®¡®¤­®¥, ¯à ¢®¥ ¤¥©áâ¢¨¥.�à¡¨âë íâ®£® ¤¥©áâ¢¨ï ¥áâì ª« ááë ¢¨¤  (m; g)G = Sh2G(m; g)h= Sh2G(m; gh) = Sg2G(m;g) � (m;G).�â®â ª« áá ¬ë ¬®�¥¬ ®â®�¤¥áâ¢¨âì á â®çª®© m 2 M , â® ¥áâì M = OrbGP .� á¨«ã íâ®£® ®â®�¤¥áâ¢«¥­¨ï ¥áâ¥áâ¢¥­­ ï ¯à®¥ªæ¨ï � : P ! M �(p) = OrbGp = (m;G) ª ­®­¨ç¥áª¨®â®�¤¥áâ¢«ï¥âáï á ®â®¡à �¥­¨¥¬ p1.� ª ç¥áâ¢¥ ¯®ªàëâ¨ï «®ª «ì­®© âà¨¢¨ «ì­®áâ¨ ¢ë¡¨à ¥âáï ¯®ªàëâ¨¥, á®áâ®ïé¥¥ ¨§ ¥¤¨­áâ¢¥­­®£®í«¥¬¥­â  U = fMg. Ǳà¨ íâ®¬ FU (p) = FU((m;g)) = g = p2(p) { ¥áâ¥áâ¢¥­­ ï ¯à®¥ªæ¨ï ­  ¢â®à®©á®¬­®�¨â¥«ì. Ǳà¨ íâ®¬ p2(pg) = p2((m; h); g) = p2((m;hg)) = hg = (p2((m; h)))g, â® ¥áâì á¢®©áâ¢® (F1)3



¢ë¯®«­ï¥âáï. Ǳà¨ íâ®¬  (p) = (p1(p); p2(p)) = p, â® ¥áâì  U = id,   §­ ç¨â, ï¢«ï¥âáï ¤¨ää¥®¬®àä¨§-¬®¬.�â ª, ¬ë ¤®ª § «¨, çâ® ç¥â¢¥àª  (P;M; p1; G) ï¢«ï¥âáï £« ¢­ë¬ à áá«®¥­¨¥¬. �­® ­ §ë¢ ¥âáï âà¨-¢¨ «ì­ë¬ £« ¢­ë¬ à áá«®¥­¨¥¬.� ¤ ç  3.6. Ǳãáâì ¤ ­® ¯à®¨§¢®«ì­®¥ £« ¢­®¥ à áá«®¥­¨¥ (P;M; �;G). �®ª �¨â¥, çâ® ¤«ï «î¡®©â®çª¨ m 2M áãé¥áâ¢ã¥â ®ªà¥áâ­®áâì Um â ª ï, çâ® ç¥â¢¥àª  (��1(Um); Um; �j��1(Um); G) { âà¨¢¨ «ì-­®¥ £« ¢­®¥ à áá«®¥­¨¥.�¯à¥¤¥«¥­¨¥ 3.6. Ǳãáâì ¤ ­ë ¤¢  £« ¢­ëå à áá«®¥­¨ï B1 = (P1;M; �1; G1) ¨ B2 = (P2;M; �2; G2).�®¬®¬®àä¨§¬®¬ à áá«®¥­¨ï B1 ¢ à áá«®¥­¨¥ B2 ­ §ë¢ ¥âáï ¯ à  (f; �), £¤¥ f : P1 ! P2 { £« ¤ª®¥®â®¡à �¥­¨¥, � : G1 ! G2 { £®¬®¬®àä¨§¬ £àã¯¯ �¨. Ǳà¨ íâ®¬ ¤®«�­ë ¢ë¯®«­ïâìáï ¤¢  ãá«®¢¨ï:1) ®â®¡à �¥­¨¥ f ¯®á«®©­®, â® ¥áâì �1 = �2 Æ f ;2) ®â®¡à �¥­¨¥ f á®£« á®¢ ­® á ¤¥©áâ¢¨ï¬¨ áâàãªâãà­ëå £àã¯¯, â® ¥áâì ¤«ï «î¡®© p 2 P1 ¨ «î¡®£®í«¥¬¥­â  g 2 G1 ¨¬¥¥¬ f(pg) = f(p)�(g).� ç áâ­®áâ¨, ¥á«¨ (P1; f) { ¯®¤¬­®£®®¡à §¨¥ ¢ P2,   (G1; �) { ¯®¤£àã¯¯  �¨ ¢ G2, â® (P1;M; �1; G1)­ §ë¢ ¥âáï ¯®¤à áá«®¥­¨¥¬ £« ¢­®£® à áá«®¥­¨ï B2 = (P2;M; �2; G2).�á«¨ f { ¤¨ää¥®¬®àä¨§¬, � { ¨§®¬®àä¨§¬ £àã¯¯ �¨, â® ¯ à  (f; �) ­ §ë¢ ¥âáï ¨§®¬®àä¨§¬®¬ ¨«¨íª¢¨¢ «¥­â­®áâìî £« ¢­ëå à áá«®¥­¨© B1 ¨ B2.�¯à¥¤¥«¥­¨¥ 3.7. Ǳãáâì B = (P;M; �;G) { £« ¢­®¥ à áá«®¥­¨¥. �« ¤ª®¥ ®â®¡à �¥­¨¥ s : M ! P­ §ë¢ ¥âáï á¥ç¥­¨¥¬ à áá«®¥­¨ï B, ¥á«¨ � Æ s = id.�¥®à¥¬  3.3. �« ¢­®¥ à áá«®¥­¨¥ B = (P;M; �;G) ¤®¯ãáª ¥â á¥ç¥­¨¥ â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ ®­® íª¢¨¢ «¥­â­® âà¨¢¨ «ì­®¬ã à áá«®¥­¨î.�®ª § â¥«ìáâ¢®. (). Ǳãáâì (f; �) { ¨§®¬®àä¨§¬ ¤ ­­®£® à áá«®¥­¨ï ­  âà¨¢¨ «ì­®¥ à áá«®¥­¨¥B0 = (M �G;M; p1; G). Ǳ®áâà®¨¬ ®â®¡à �¥­¨¥ s :M ! P , ¯®«®�¨¢ s = f�1 Æ i1, £¤¥ i1(m) = (m; e), e{ ¥¤¨­¨æ  £àã¯¯ë G. �ç¥¢¨¤­®, s { £« ¤ª®¥ ®â®¡à �¥­¨¥, ª ª ª®¬¯®§¨æ¨ï â ª®¢ëå. �à®¬¥ â®£®, â ªª ª f ¯®á«®©­®, ¯®«ãç¨¬ � Æ s(m) = �(f�1(m; e)) = p1 Æ f(f�1(m;e)) = m, â® ¥áâì � Æ s = id.)). Ǳãáâì à áá«®¥­¨¥ B ¤®¯ãáª ¥â á¥ç¥­¨¥ s : M ! P . Ǳ®áâà®¨¬ ®â®¡à �¥­¨¥ F : P ! G, ¯®«®�¨¢F (p) = g, £¤¥ g á ­¥®¡å®¤¨¬®áâìî ¥¤¨­áâ¢¥­­ë© í«¥¬¥­â, ¯¥à¥¢®¤ïé¨© s Æ �(p) ¢ p (­ ¯®¬­¨¬, çâ®¤¥©áâ¢¨¥ £àã¯¯ë G á¢®¡®¤­®). � ª¨¬ ®¡à §®¬, g ®¯à¥¤¥«ï¥âáï ª ª ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï�(g; s Æ �(p)) = p, £¤¥ � { ¤¥©áâ¢¨¥ £àã¯¯ë �¨ G ­  ¬­®£®®¡à §¨¨ P . �§ â¥®à¥¬ë ® ­¥ï¢­®© äã­ªæ¨¨¯®«ãç ¥¬, çâ® à¥è¥­¨¥ íâ®£® ãà ¢­¥­¨ï g = F (p) ï¢«ï¥âáï £« ¤ª¨¬.�®ª �¥¬, çâ® ®â®¡à �¥­¨¥ F ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (F1). �¥©áâ¢¨â¥«ì­®, ¯ãáâì F (p) = g, â®¥áâì (s Æ �(p))g = p. �®£¤  ¤«ï «î¡®£® h 2 G ¨¬¥¥¬ (s Æ �(ph))gh = ((s Æ �(p))g)h = ph, â® ¥áâìF (ph) = gh = F (p)h.� ª®­¥æ, ®â®¡à �¥­¨¥  : P ! M �G â ª®¥, çâ®  (p) = (�(p); F (p)) ï¢«ï¥âáï ¤¨ää¥®¬®àä¨§¬®¬. �¥©-áâ¢¨â¥«ì­®, íâ® ®â®¡à �¥­¨¥ £« ¤ª® ª ª ª®¬¯®§¨æ¨ï £« ¤ª¨å ®â®¡à �¥­¨© ¨ «¥£ª® ­ ¯¨á âì ®¡à â­®¥®â®¡à �¥­¨¥  �1(m;g) = �(g; s(m)).� ¤ ç  3.7. �®ª �¨â¥, çâ®  Æ �1 =  �1 Æ  = id.�ë ¢¨¤¨¬, çâ® ®â®¡à �¥­¨¥  �1 â ª�¥ ï¢«ï¥âáï £« ¤ª¨¬,   §­ ç¨â,  ï¢«ï¥âáï ¤¨ää¥®¬®àä¨§¬®¬,á«¥¤®¢ â¥«ì­®, ¯ à  ( ; id) ï¢«ï¥âáï ¨§®¬®àä¨§¬®¬ £« ¢­®£® à áá«®¥­¨ï B ­  âà¨¢¨ «ì­®¥ à áá«®¥­¨¥B0. 2� ¬¥ç ­¨¥. �á«®¢¨ï (F1) ¨ (F2) ®§­ ç îâ, çâ® ¥á«¨ B = (P;M; �;G) { £« ¢­®¥ à áá«®¥­¨¥, U 2 U {®¡« áâì «®ª «ì­®© âà¨¢¨ «ì­®áâ¨,  U { ¤¨ää¥®¬®àä¨§¬ «®ª «ì­®© âà¨¢¨ «ì­®áâ¨, â® ¯ à  ( U ; id)ï¢«ï¥âáï íª¢¨¢ «¥­â­®áâìî £« ¢­®£® à áá«®¥­¨ï (��1(U);U;� �����1(U) ; G) ­  âà¨¢¨ «ì­®¥ à áá«®¥­¨¥B0 = (U � G;U; p1; G). � ç áâ­®áâ¨, ¯®«ãç ¥¬, çâ® «î¡®¥ £« ¢­®¥ à áá«®¥­¨¥ ¤®¯ãáª ¥â «®ª «ì­ë¥á¥ç¥­¨ï,   ¨¬¥­­®, á¥ç¥­¨ï ­ ¤ «î¡®© ®¡« áâìî «®ª «ì­®© âà¨¢¨ «ì­®áâ¨.3.4 �âàãªâãà­ë¥ ãà ¢­¥­¨ï £« ¢­®£® à áá«®¥­¨ï�¯à¥¤¥«¥­¨¥ 3.8. �â®¡à �¥­¨¥ ' :M ! N ­ §ë¢ ¥âáï ¨¬¬¥àá¨¥©, ¥á«¨1) ' { £« ¤ª®¥;2) ker('�)p = f0g, ¤«ï «î¡®© â®çª¨ p 2 N .�¯à¥¤¥«¥­¨¥ 3.9. �« ¤ª®¥ ®â®¡à �¥­¨¥ ' : M ! N ­ §ë¢ ¥âáï áã¡¬¥àá¨¥©, ¥á«¨ ¤«ï «î¡®©â®çª¨ m 2 M ('�)m { ®â®¡à �¥­¨¥ "­ ", â® ¥áâì rg('�)m = dimN .�¥®à¥¬  3.4. Ǳãáâì B = (P;M; �; G) { £« ¢­®¥ à áá«®¥­¨¥. �®£¤  ®â®¡à �¥­¨¥ � : P ! M ¡ã¤¥âáã¡¬¥àá¨¥©. 4



�®ª § â¥«ìáâ¢®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ì­ãî â®çªã p 2 M . �¡®§­ ç¨¬ �(p) = m, � 2 Tm(M) { ¯à®-¨§¢®«ì­ë© ¢¥ªâ®à. Ǳãáâì £« ¤ª ï ªà¨¢ ï 
 { ¯à¥¤áâ ¢¨â¥«ì ª« áá  [
℄ = �. � á¨«ã á¢®©áâ¢  «®ª «ì­®©âà¨¢¨ «ì­®áâ¨ áãé¥áâ¢ã¥â ®ªà¥áâ­®áâì Um ¨ áãé¥áâ¢ã¥â £« ¤ª®¥ á¥ç¥­¨¥ s £« ¢­®£® à áá«®¥­¨ï ­ ¤íâ®© ®ªà¥áâ­®áâìî (â® ¥áâì £« ¤ª®¥ ®â®¡à �¥­¨¥ s : Um! P : � Æ s = id). �¥§ ®£à ­¨ç¥­¨ï ®¡é­®áâ¨¬®�­® áç¨â âì, çâ® s(m) = p. � á ¬®¬ ¤¥«¥, ¥á«¨ íâ® ­¥ â ª, â® ¯ãáâì s(m) = q. �®£¤  áãé¥áâ¢ã¥â¥¤¨­áâ¢¥­­ë© í«¥¬¥­â g 2 G â ª®©, çâ® 'g(q) = p (â ª ª ª £àã¯¯  G ¤¥©áâ¢ã¥â á¢®¡®¤­®,   ­  á«®¥âà ­§¨â¨¢­®). �®£¤  ~s = 'g Æ s á­®¢  á¥ç¥­¨¥, ¯à¨ç¥¬ ~s(m) = 'g(s(m)) = p.�¡®§­ ç¨¬ ~
 = s(
). �â® £« ¤ª¨© ¯ãâì á ­ ç «®¬ ¢ â®çª¥ p. Ǳãáâì � { ª á â¥«ì­ë© ¢¥ªâ®à ~
 ¢ â®çª¥p, â® ¥áâì � = ddt jt=0 ~
(t) = ddt jt=0 sÆ
(t). �«¥¤®¢ â¥«ì­®, ��� = �� ddt jt=0 sÆ
(t) = ddt jt=0 �Æ sÆ
(t) = �(â ª ª ª ¯® ®¯à¥¤¥«¥­¨î á¥ç¥­¨ï � Æ s = id).�â ª, ¬ë ¤®ª § «¨, çâ® ¤«ï «î¡®£® ¢¥ªâ®à  � 2 Tm(M) áãé¥áâ¢ã¥â ¢¥ªâ®à � 2 Tp(P) â ª®©, çâ®��� = �, â® ¥áâì ®â®¡à �¥­¨¥ (��)p áîàê¥ªâ¨¢­® ¤«ï «î¡®© â®çª¨ p 2 P , â® ¥áâì � { áã¡¬¥àá¨ï. 2Ǳãáâì B = (P;M; �;G) { £« ¢­®¥ à áá«®¥­¨¥. �¡®§­ ç¨¬ X�(P ) { «¨­¥©­®¥ ¯à®áâà ­áâ¢® ¢¥ª-â®à­ëå ¯®«¥© ­  P � -á¢ï§ ­­ëå á ¢¥ªâ®à­ë¬¨ ¯®«ï¬¨ ­  M . � ª¨¥ ¢¥ªâ®à­ë¥ ¯®«ï ­ §ë¢ îâáï¯à®¥ªâ¨àã¥¬ë¬¨. X�(P) = fX 2 X (P ) : 9Y 2 X (M) ��X = Y g�ç¥¢¨¤­®, çâ® á®¢®ªã¯­®áâì ¯à®¥ªâ¨àã¥¬ëå ¢¥ªâ®à­ëå ¯®«¥© ¥áâì R-«¨­¥©­®¥ ¯à®áâà ­áâ¢®, â ª ª ª®â®¡à �¥­¨¥ �� «¨­¥©­®.�¡®§­ ç¨¬ ~V = ker��. �®£¤  ­  ¬­®£®®¡à §¨¨ P ¢®§­¨ª ¥â à á¯à¥¤¥«¥­¨¥ V = C1 
 ~V .�¯à¥¤¥«¥­¨¥ 3.10. � á¯à¥¤¥«¥­¨¥ V = C1 
 ~V ­ §ë¢ ¥âáï ¢¥àâ¨ª «ì­ë¬ à á¯à¥¤¥«¥­¨¥¬ ­ ¬­®£®®¡à §¨¨ P .� ¬¥â¨¬, çâ® ¢ á¨«ã ¤®ª § ­­®© â¥®à¥¬ë íâ® ¡ã¤¥â à á¯à¥¤¥«¥­¨¥ ®¯à¥¤¥«¥­­®© à §¬¥à­®áâ¨.�¬¥­­®, ¥á«¨ p 2 P { ¯à®¨§¢®«ì­ ï â®çª , â® dimVp = dim~Vp = dimker�� = dimTpP � rg(��)p =dimP � dimM .Ǳ«®é ¤ª¨ ~V á®áâ®ïâ ¨§ ª á â¥«ì­ëå ¯à®áâà ­áâ¢ ª á«®î. �â ª, ¢¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥§ ¤ ¥âáï dimP � dimM - ¬¥à­ë¬¨ ¢ ª �¤®© â®çª¥ ¨§ p, ¯à¨ç¥¬ íâ¨ ¯«®é ¤ª¨ ¥áâì ­¨ çâ® ¨­®¥ ª ªª á â¥«ì­ë¥ ¯à®áâà ­áâ¢  ª á«®î à áá«®¥­¨ï, ¯à®å®¤ïé¥£® ç¥à¥§ íâã â®çªã. �â®¡ë ¤®ª § âì íâ®,¯®á¬®âà¨¬ ­  ¢¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥ á ¨­®© â®çª¨ §à¥­¨ï. � ¯®¬­¨¬, çâ® £àã¯¯  G ¤¥©áâ¢ã¥âá¯à ¢  ­  ¬­®£®®¡à §¨¨ P ¨ íâ® ¤¥©áâ¢¨¥ ¯®à®�¤ ¥â £®¬®¬®àä¨§¬ � : g ! X (P ). �¡à § íâ®£®£®¬®¬®àä¨§¬  ¬ë ®¡®§­ ç¨«¨ f ¨ ­ §¢ «¨ ¯®¤¯à®áâà ­áâ¢®¬ äã­¤ ¬¥­â «ì­ëå ¢¥ªâ®à­ëå ¯®«¥© ­  P .� ª ª ª £àã¯¯  G ¤¥©áâ¢ã¥â íää¥ªâ¨¢­® (¨ ¡®«¥¥ â®£® á¢®¡®¤­®), dimf = dimg. � ª ª ª G ¤¥©áâ¢ã¥âá¢®¡®¤­®, ­¥­ã«¥¢ë¥ ¢¥ªâ®à­ë¥ ¯®«ï ¢ f ­¥ ¨¬¥îâ ®á®¡¥­­®áâ¥©, â® ¥áâì ­¥ ®¡à é îâáï ¢ ­ã«ì ­¨¢ ®¤­®© â®çª¥ ¬­®£®®¡à §¨ï P . � ç áâ­®áâ¨, ¥á«¨ (X1; : : : ; Xr) { ¡ §¨á g, â® (X[1; : : : ; X[r) { ¡ §¨á ¢f , â ª ª ª £®¬®¬®àä¨§¬ � ï¢«ï¥âáï ¢ íâ®¬ á«ãç ¥ ¨§®¬®àä¨§¬®¬. �®«¥¥ â®£®, â ª ª ª ¢¥ªâ®à­ë¥¯®«ï (X[1; : : : ; X[r) ­¥ ¨¬¥îâ ®á®¡¥­­®áâ¥©, â® ®­¨ �¥ ®¡à §ãîâ ¡ §¨á à á¯à¥¤¥«¥­¨ï F = C1(P )
 f .�¥©áâ¢¨â¥«ì­®, ¯ãáâì Y = PNi=1 f iYi 2 F { ¯à®¨§¢®«ì­ë© í«¥¬¥­â (f i 2 C1(P ), Yi 2 f). � §«®�¨¬ª �¤ë© í«¥¬¥­â Yi ¯® ¡ §¨áã (X[1; : : : ; X[r) ¨ ¯®«ãç¨¬ à §«®�¥­¨¥ ¤«ï Y .�¥®à¥¬  3.5. � á¯à¥¤¥«¥­¨ï V ¨ F ­  ¬­®£®®¡à §¨¨ P á®¢¯ ¤ îâ.�®ª § â¥«ìáâ¢®. �®áâ â®ç­® ¤®ª § âì, çâ® ¤«ï «î¡®© â®çª¨ p 2 P Vp = Fp. �¬¥¥¬ Fp =(C1(P )
 f)p = (C1(P ))p
 fp = R
 fp = fp = Tp(Orbp), â ª ª ª (�X)p = (�p)�Xe ¨ � { ¨§®¬®àä¨§¬. �¤àã£®© áâ®à®­ë, Vp = (C1(P ))p 
 ~Vp = R
 ~Vp = ~Vp = ker(��)p. � ª ª ª � jOrbp = 
onst { ¯®áâ®ï­­®¥®â®¡à �¥­¨¥, â® ¤¨ää¥à¥­æ¨ « íâ®£® ®â®¡à �¥­¨ï ¢ «î¡®© â®çª¥ p 2 Orbp { ­ã«¥¢®¥ ®â®¡à �¥­¨¥,â® ¥áâì Tp(Orbp) � ker(��)p, â® ¥áâì Fp � Vp. � ¤àã£®© áâ®à®­ë, dimFp = dimf = dimg = dimG =dimP � dimM = dim~Vp = dimVp. �®ª �¥¬, çâ® dimP = dimG + dimM . �â® á«¥¤ã¥â ¨§ «®ª «ì­®©âà¨¢¨ «ì­®áâ¨ à áá«®¥­¨ï. �á«¨ U � M { ®¡« áâì «®ª «ì­®© âà¨¢¨ «ì­®áâ¨, â® ¥áâì  U : ��1(U)!U �G, â® â ª ª ª dimM = dimU ¨ dimP = dim��1(U), ¯®«ãç¨¬ dimP = dim��1(U) = dim(U � G) =dimU + dimG = dimM + dimG. �¤¥áì ¬ë ãç«¨, çâ®  U { ¤¨ää¥®¬®àä¨§¬,   §­ ç¨â, á®åà ­ï¥âà §¬¥à­®áâì.�â ª, Fp = Vp ¤«ï «î¡®© â®çª¨ p 2 P , â® ¥áâì F = V. 2�«¥¤áâ¢¨¥. V = C1(P )
 f .� ç áâ­®áâ¨, Vp = (C1(P ))p
 fp = fp = Tp(Orbp).Ǳà¥¤«®�¥­¨¥ 3.3. �¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥ ¨­¢®«îâ¨¢­®,   §­ ç¨â, ¨ ¢¯®«­¥ ¨­â¥£à¨àã¥-¬®. �£® ¨­â¥£à «ì­ë¥ ¬­®£®®¡à §¨ï ¬ ªá¨¬ «ì­®© à §¬¥à­®áâ¨ ï¢«ïîâáï ¯®¤¬­®£®®¡à §¨ï¬¨ ¢¨¤ (G; �p). 5



�®ª § â¥«ìáâ¢®. �­¢®«îâ¨¢­®áâì ¢¥àâ¨ª «ì­®£® à á¯à¥¤¥«¥­¨ï ®ç¥¢¨¤­ . �á«¨ X;Y 2 V, â®��X = 0, ��Y = 0 ¨ ��[X;Y ℄ = [��X; ��Y ℄ = 0, â® ¥áâì [X;Y ℄ 2 V. Ǳ® â¥®à¥¬¥ �à®¡¥­¨ãá  ¢¥à-â¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥ ¢¯®«­¥ ¨­â¥£à¨àã¥¬®. �¯à®ç¥¬ ¢¯®«­¥ ¨­â¥£à¨àã¥¬®áâì á«¥¤ã¥â ¨ ¨§ ¯à¥-¤ë¤ãé¥© â¥®à¥¬ë. � á®®â¢¥âáâ¢¨¨ á ­¥© ¯ àë (G; �p) ï¢«ïîâáï ¨­â¥£à «ì­ë¬¨ ¬­®£®®¡à §¨ï¬¨íâ®£® à á¯à¥¤¥«¥­¨ï, â ª ª ª Fp { ª á â¥«ì­®¥ ¯à®áâà ­áâ¢® ª (G; �p) ¢ â®çª¥ p ¨ Fp = Vp. Ǳà¨-ç¥¬ íâ® ¨­â¥£à «ì­®¥ ¬­®£®®¡à §¨¥ ¡ã¤¥â ¬ ªá¨¬ «ì­®© à §¬¥à­®áâ¨, â ª ª ª ¥£® à §¬¥à­®áâì à ¢­ dimG = dimP � dimM = dimVp. 2Ǳãáâì B = (P;M; �; G) { £« ¢­®¥ à áá«®¥­¨¥, V { ¥£® ¢¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥. �á«®¢¨¬áï, çâ®¨­¤¥ªáë a; b; 
; d; : : := 1; : : : ; r = dimG, i; j; k; : : := r+1; : : : ; r+n (n = dimM), �; �; 
; : : : ;= 1; : : : ; r+n.�¨ªá¨àã¥¬ ¡ §¨á (E1; : : : ; Er)  «£¥¡àë �¨ g. Ǳãáâì (�1; : : : ; �r) { ¤ã «ì­ë© ¡ §¨á. �à ¢­¥­¨ï � ãà¥à -� àâ ­  áâàãªâãà­®© £àã¯¯ë G ¨¬¥îâ ¢¨¤d�a = �12Cab
�b ^ �
� ª ª ª � : g! f { ¨§®¬®àä¨§¬, ¢¥ªâ®à­ë¥ ¯®«ï (E[1; : : : ; E[r) ®¡à §ãîâ ¡ §¨á «¨­¥©­®£® ¯à®áâà ­áâ¢ f äã­¤ ¬¥­â «ì­ëå ¢¥ªâ®à­ëå ¯®«¥©,   â ª�¥ à á¯à¥¤¥«¥­¨ï F = V.�¥¬¬  3.1. Ǳãáâì D { r-¬¥à­®¥ à á¯à¥¤¥«¥­¨¥ ­  £« ¤ª®¬ ¬­®£®®¡à §¨¨ Mn. �®£¤  «î¡®©(«®ª «ì­ë©) ¡ §¨á à á¯à¥¤¥«¥­¨ï D ¬®�­® ¤®¯®«­¨âì ¤® «®ª «ì­®£® ¡ §¨á  ¬®¤ã«ï X (M).�®ª § â¥«ìáâ¢®. �¬¥¥¬ ¤«ï «î¡®© â®çª¨ p 2 M áãé¥áâ¢ã¥â ®ªà¥áâ­®áâì Up ¨ ­ ¡®à ¢¥ªâ®à­ëå¯®«¥© (E1; : : : ; Er) � X (Up), ª®â®àë© á«ã�¨â ¡ §¨á®¬ ¬®¤ã«ï DjUp. �¨ªá¨àã¥¬ â®çªã p 2 M . Ǳãáâì ¢­¥ª®â®à®© ®ªà¥áâ­®áâ¨ U íâ®© â®çª¨ § ¤ ­ ¡ §¨á (E1; : : : ; Er) ¬®¤ã«ï DU . �®£¤  ((E1)p; : : : ; (Er)p) {«¨­¥©­® ­¥§ ¢¨á¨¬ ï á¨áâ¥¬  ¢¥ªâ®à®¢. �®¯®«­¨¬ ¥¥ ¢¥ªâ®à ¬¨ �r+1; : : : ; �n ¤® ¡ §¨á  ¯à®áâà ­áâ¢ Tp(M). �®£¤  áãé¥áâ¢ãîâ ¢¥ªâ®à­ë¥ ¯®«ï (Er+1; : : : ; En) � X (U) â ª¨¥, çâ® ¨å §­ ç¥­¨ï ¢ â®çª¥ pà ¢­ë á®®â¢¥âáâ¢¥­­® ¢¥ªâ®à ¬ �r+1; : : : ; �n. Ǳ® ­¥¯à¥àë¢­®áâ¨ íâ¨ ¢¥ªâ®à­ë¥ ¯®«ï ¡ã¤ãâ «¨­¥©­®­¥§ ¢¨á¨¬ë ¢ ª �¤®© â®çª¥ ®ªà¥áâ­®áâ¨ U (¢ á«ãç ¥ ­¥®¡å®¤¨¬®áâ¨ ¬ë ¬®�¥¬ áã§¨âì ®ªà¥áâ­®áâì U).�®£¤  á¨áâ¥¬  ¢¥ªâ®à­ëå ¯®«¥© (E1; : : : ; En) ¡ã¤¥â ¨áª®¬ë¬ «®ª «ì­ë¬ ¡ §¨á®¬ ¬®¤ã«ï X (M). 2�¥à­¥¬áï ª £« ¢­®¬ã à áá«®¥­¨î. Ǳãáâì V � X (P ) { ¢¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥. Ǳ® ¤®ª § ­­®¬ã®­® ¤®¯ãáª ¥â £«®¡ «ì­ë© ¡ §¨á äã­¤ ¬¥­â «ì­ëå ¢¥ªâ®à­ëå ¯®«¥© (E[1; : : : ; E[r), ª®â®àë© ¬®�­® ¤®-áâà®¨âì ¤® «®ª «ì­®£® ¡ §¨á  ¬®¤ã«ï X (P ) £« ¤ª¨¬¨ ¢¥ªâ®à­ë¬¨ ¯®«ï¬¨ Yr+1; : : : ; Yr+n, â® ¥áâì ¤«ï«î¡®© â®çª¨ p 2 P áãé¥áâ¢ã¥â ®ªà¥áâ­®áâì U ¨ ­ ¡®à £« ¤ª¨å ¢¥ªâ®à­ëå ¯®«¥© Yr+1; : : : ; Yr+n 2 X (U)â ª®©, çâ® (E[1 jU � Y1; : : : ; E[r jU � Yr; Yr+1; : : : ; Yr+n) { ¡ §¨á X (U). Ǳãáâì (!1; : : : ; !r+n) { ¤ã «ì­ë©¡ §¨á. �®£¤  ä®à¬ë f!� ^ !� (� < �)g ®¡à §ãîâ («®ª «ì­ë©) ¡ §¨á 2-ä®à¬. � ç áâ­®áâ¨, 2-ä®à¬ëd!� à áª« ¤ë¢ îâáï ¯® íâ®¬ã ¡ §¨áã,   ¨¬¥­­®,d!� = 12R��
!� ^ !
; R��
 = d!�(Y�; Y
) (1)�¥¬¬  3.2. �®à¬ë f!ig ®¡à §ãîâ á¨áâ¥¬ã Ǳä ää  ¢¥àâ¨ª «ì­®£® à á¯à¥¤¥«¥­¨ï V.�®ª § â¥«ìáâ¢®. �¬¥¥¬ X = X�Y� = XaE[a +XiYi. �®£¤  X 2 V , X = XaE[a , XiYi = 0 ,!i(X) = 0. 2� ª ª ª ¢¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥ ¢¯®«­¥ ¨­â¥£à¨àã¥¬®, áãé¥áâ¢ãîâ («®ª «ì­® ®¯à¥¤¥«¥­­ë¥ 1-ä®à¬ë) !ij â ª¨¥, çâ® d!i = !ij ^ !j (2)� ¤àã£®© áâ®à®­ë, á®£« á­® (1) ¨¬¥¥¬d!i = 12Ri��!� ^!� = 12Riab!a ^!b+ 12Riaj!a ^!j + 12Rija!j ^!a+ 12Rikj!k ^!j. � ª ª ª ¯® ®¯à¥¤¥«¥­¨îR��
 = d!�(Y�; Y
) = �d!�(Y
; Y�) = �R�
�, â® 12Riaj!a ^ !j + 12Rija!j ^ !a = Riaj!a ^ !j. �®£¤ d!i = 12Riab!a ^ !b +Riaj!a ^ !j + 12Rikj!k ^ !j = 12Riab!a ^ !b + (Riaj!a + 12Rikj!k)^ !j. �à ¢­¨¢ ï íâ®á®®â­®è¥­¨¥ á (2) ¯®«ãç¨¬ Riab = 0. �â ª, ¬ë ¯®«ãç¨«¨ á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©d!i = !ij ^ !j � (Riaj!a + 12Rikj!k)^ !j�­¨ ­ §ë¢ îâáï ¯¥à¢®© £àã¯¯®© áâàãªâãà­ëå ãà ¢­¥­¨© £« ¢­®£® à áá«®¥­¨ï.� áá¬®âà¨¬ ä®à¬ë d!a = 12Ra�
 = 12Rab
!b^!
+(Rabk!b+ 12Rajk!j)^!k. �¡®§­ ç¨¬ Rabk!b+ 12Rajk!j =!ak . �®£¤  d!a = 12Rab
!b ^ !
 + !ak ^ !k (3)6



�¥¬¬  3.3. Rab
 = �Cab
, £¤¥ Cab
 { áâàãªâãà­ë¥ ª®­áâ ­âë £àã¯¯ë �¨ G.�®ª § â¥«ìáâ¢®. Ǳãáâì (Ea) { ¡ §¨á  «£¥¡àë �¨ g, (�a) { ¤ã «ì­ë© ª®¡ §¨á, (E[a) { ¡ §¨á f ,(Ei) { ¤®¯®«­¥­¨¥ ¡ §¨á  f ¤® «®ª «ì­®£® ¡ §¨á  X (P ), (!a; !i) { ¤ã «ì­ë© ª®¡ §¨á «®ª «ì­®£® ¡ §¨-á  X (P ). �¯à¥¤¥«¨¬ ®â®¡à �¥­¨¥ �� : f� ! g� ä®à¬ã«®© ��(!)(X) = !(�X) ¤«ï 8! 2 f�, 8X 2 g.�®ª �¥¬, çâ® ��(!a) = �a. �¥©áâ¢¨â¥«ì­®, ��(!a)(Eb) = !a(�Eb) = !a(E[b) = Æab . � ãç¥â®¬ íâ®£® ¯®-«ãç¨¬ Rab
 = d!a(E[b; E[
) = E[b(!a(E[
))� E[
(!a(E[b))� !a([E[b; E[
℄) = �!a([E[b; E[
℄) = �!a([�Eb; �E
℄) =�!a(�[Eb; E
℄) = ���!a([Eb; E
℄) = ��a([Eb; E
℄) = ��a(Chb
Eh) = �Chb
Æah = �Cab
. 2 �â ª, ¨§ (3)¯®«ãç ¥¬ d!a = �12Cab
!b ^ !
 + !ak ^ !k�â  á¨áâ¥¬  ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ­ §ë¢ ¥âáï ¢â®à®© £àã¯¯®© áâàãªâãà­ëå ãà ¢­¥­¨© £« ¢-­®£® à áá«®¥­¨ï. �¡ê¥¤¨­ïï ¯¥à¢ãî ¨ ¢â®àãî £àã¯¯ë áâàãªâãà­ëå ãà ¢­¥­¨©, ¯®«ãç¨¬ ¯®«­ãî £àã¯-¯ã áâàãªâãà­ëå ãà ¢­¥­¨© £« ¢­®£® à áá«®¥­¨ï:( d!i = !ij ^ !jd!a = �12Cab
!b ^ !
 + !ak ^ !k3.5 �¢ï§­®áâ¨ ¢ £« ¢­ëå à áá«®¥­¨ïåǱãáâì B = (P;M; �;G) { £« ¢­®¥ à áá«®¥­¨¥, V � X (P ) { ¥£® ¢¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥.� ¯®¬­¨¬, çâ® ¯à®¥ªâ®à®¬ K-¬®¤ã«ï V ­ §ë¢ ¥âáï K-«¨­¥©­®¥ ®â®¡à �¥­¨¥ P : V ! V â ª®¥,çâ® P 2 = P . �â®¡à �¥­¨¥ Q = id � P â ª�¥ ï¢«ï¥âáï ¯à®¥ªâ®à®¬ ¨ ­ §ë¢ ¥âáï ¤®¯®«­¨â¥«ì­ë¬¯à®¥ªâ®à®¬. � ¤ ­¨¥ ­  K-¬®¤ã«¥ V ¯à®¥ªâ®à  P à ¢­®á¨«ì­® à á¯ ¤¥­¨î íâ®£® ¬®¤ã«ï ¢ ¯àï¬ãîáã¬¬ã ï¤à  ¨ ®¡à §  ¯à®¥ªâ®à  P , â® ¥áâì V = kerP � ImP .�¯à¥¤¥«¥­¨¥ 3.11. Ǳà®¥ªâ®à C1(P )-¬®¤ã«ï X (P ) ­  ¯®¤¬®¤ã«ì V ­ §ë¢ ¥âáï ¢¥àâ¨ª «ì­ë¬¯à®¥ªâ®à®¬.�¯à¥¤¥«¥­¨¥ 3.12. �®¢®àïâ, çâ® í­¤®¬®àä¨§¬ (â® ¥áâì C1(P )-«¨­¥©­®¥ ®â®¡à �¥­¨¥) F ¬®¤ã«ïX (P ) ¨­¢ à¨ ­â¥­ ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë à áá«®¥­¨ï, ¥á«¨ ¤«ï «î¡®£® g 2 G¨¬¥¥¬ ('g)� Æ F = F Æ ('g)�.� ª ª ª ¯® ®¯à¥¤¥«¥­¨î £« ¢­®£® à áá«®¥­¨ï £àã¯¯  G ¤¥©áâ¢ã¥â á¯à ¢  ­  ¬­®£®®¡à §¨¨ P ¢¤ «ì­¥©è¥¬ ¡ã¤¥¬ ®¡®§­ ç âì 'g = Rg. � ª¨¬ ®¡à §®¬, Rg(p) = 'g(p) = pg = �(g; p).�¥¬¬  3.4. �¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥ ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯-¯ë, â® ¥áâì (Rg)�V � V ¤«ï «î¡®£® g 2 G. � ç áâ­®áâ¨, äã­¤ ¬¥­â «ì­ë¥ ¢¥ªâ®à­ë¥ ¯®«ï ¨­¢ à¨- ­â­ë ®â­®á¨â¥«ì­® ã¢«¥ç¥­¨©, ¯®à®�¤ ¥¬ëå ¤¥©áâ¢¨¥¬ áâàãªâãà­®© £àã¯¯ë.�®ª § â¥«ìáâ¢®. � ¯®¬­¨¬, çâ® ¢¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥ ¬®�­® à áá¬ âà¨¢ âì ª ª â¥­§®à-­®¥ ¯à®¨§¢¥¤¥­¨¥ V = C1(P )
 �(g), £¤¥ (�X)p = (�p)�Xe, p 2 P , X 2 g. �®£¤  ¤«ï ¯à®¨§¢®«ì­®£®äã­¤ ¬¥­â «ì­®£® ¢¥ªâ®à­®£® ¯®«ï �X = X[ ¨¬¥¥¬ (Rg)�X[ = (Rg)�(�X) = �(Ad(g�1)X) 2 V. � ªª ª ¢¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥ ¤®¯ãáª ¥â £«®¡ «ì­ë© ¡ §¨á ¨§ äã­¤ ¬¥­â «ì­ëå ¢¥ªâ®à­ëå ¯®«¥©,â® ¤«ï «î¡®£® ¢¥ªâ®à­®¥ ¯®«ï X 2 V ¨¬¥¥¬ (Rg)�X 2 V. 2�¯à¥¤¥«¥­¨¥ 3.13. �¢ï§­®áâìî ¢ £« ¢­®¬ à áá«®¥­¨¨ B ­ §ë¢ ¥âáï ¢¥àâ¨ª «ì­ë© ¯à®¥ªâ®à,¨­¢ à¨ ­â­ë© ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë.� ª¨¬ ®¡à §®¬, ®â®¡à �¥­¨¥ � 2 End(X (P )) ­ §ë¢ ¥âáï á¢ï§­®áâìî, ¥á«¨1) �2 = �;2) Im� = V;3) 8g 2 G) (Rg)� Æ� = � Æ (Rg)�.Ǳãáâì �V { ¢¥àâ¨ª «ì­ë© ¯à®¥ªâ®à, �H = id � �V { ¤®¯®«­¨â¥«ì­ë© ¯à®¥ªâ®à. � á¯à¥¤¥«¥­¨¥H = ker�V = Im�H ­ §®¢¥¬ ¯á¥¢¤®£®à¨§®­â «ì­ë¬ à á¯à¥¤¥«¥­¨¥¬,   ¯à®¥ªâ®à �H { ¯á¥¢¤®£®à¨§®­-â «ì­ë¬ ¯à®¥ªâ®à®¬.� ç áâ­®áâ¨, ¯ãáâì �V ï¢«ï¥âáï á¢ï§­®áâìî, â® ¥áâì ¯à®¥ªâ®à �V ¨­¢ à¨ ­â¥­ ®â­®á¨â¥«ì­®¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë G. �®£¤  ¤®¯®«­¨â¥«ì­ë© ¯à®¥ªâ®à â ª�¥ ¨­¢ à¨ ­â¥­ ®â­®á¨â¥«ì­®¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë.� ¤ ç  3.8. �®ª �¨â¥.�«¥¤®¢ â¥«ì­®, à á¯à¥¤¥«¥­¨¥ H = Im�H â ª�¥ ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï G. � á ¬®¬¤¥«¥, ¯ãáâì X 2 H, g 2 G { ¯à®¨§¢®«ì­ë¥ í«¥¬¥­âë. �®£¤  �H ((Rg)�X) = (Rg)�(�HX) = (Rg)�X 2Im�H = H. 7



�â ª, ¯á¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ á¢ï§­®áâ¨ ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà-­®© £àã¯¯ë G.�¡à â­®, ¯ãáâì ¬®¤ã«ì X (P ) = V �H à á¯ ¤ ¥âáï ¢ ¯àï¬ãî áã¬¬ã ¢¥àâ¨ª «ì­®£® à á¯à¥¤¥«¥­¨ï¨ ­¥ª®â®à®£® à á¯à¥¤¥«¥­¨ï H, ¨­¢ à¨ ­â­®£® ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï £àã¯¯ë �¨ G, â® ¥áâì (Rg)�H �H, g 2 G. �¡®§­ ç¨¬ �V , �H { ¯à®¥ªâ®àë ­  à á¯à¥¤¥«¥­¨ï V ¨ H, á®®â¢¥âáâ¢¥­­®. �®ª �¥¬, çâ®íâ¨ ¯à®¥ªâ®àë ¨­¢ à¨ ­â­ë ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë, ¢ ç áâ­®áâ¨, ¯à®¥ªâ®à �Vï¢«ï¥âáï á¢ï§­®áâìî.� á ¬®¬ ¤¥«¥, ¯ãáâì X 2 X (P ) { ¯à®¨§¢®«ì­ë© í«¥¬¥­â. �®£¤  X = XV +XH , XV 2 V, XH 2 H. Ǳ®ãá«®¢¨î ¤«ï «î¡®£® í«¥¬¥­â  g 2 G ¨¬¥¥¬ (Rg)�XH 2 H, â® ¥áâì �V ((Rg)�XH) = 0. �«¥¤®¢ â¥«ì­®,�V Æ (Rg)�X = �V ((Rg)�XV + (Rg)�XH) = �V ((Rg)�XV ) = (Rg)�XV = (Rg)� Æ �V (XV ) = (Rg)� Æ�V (XV +XH) = (Rg)� Æ�V (X), 8X 2 X (P ). �«¥¤®¢ â¥«ì­®, �V Æ (Rg)� = (Rg)� Æ�V , â® ¥áâì ¯à®¥ªâ®à�V ¨­¢ à¨ ­â¥­ ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë, ¢ ç áâ­®áâ¨, á¢ï§­®áâì. �¥¬ á ¬ë¬¤®ª § ­ �¥®à¥¬  3.6. � ¤ ­¨¥ á¢ï§­®áâ¨ ¢ £« ¢­®¬ à áá«®¥­¨¨ à áá«®¥­¨¨ B = (P;M; �;G) à ¢­®á¨«ì­®§ ¤ ­¨î à á¯à¥¤¥«¥­¨ï H � X (P ) â ª®£®, çâ®1) X (P ) = V �H;2) 8g 2 G) (Rg)�H � H. 2�¯à¥¤¥«¥­¨¥ 3.14. � á¯à¥¤¥«¥­¨¥ H � X (P ), ®¡« ¤ îé¥¥ á¢®©áâ¢ ¬¨1) X (P ) = V �H;2) 8g 2 G) (Rg)�H � H ­ §ë¢ ¥âáï £®à¨§®­â «ì­ë¬ à á¯à¥¤¥«¥­¨¥¬.�àã£¨¬¨ á«®¢ ¬¨, £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ { íâ® ¯á¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥, ¨­-¢ à¨ ­â­®¥ ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë. �ë ¤®ª § «¨, çâ® § ¤ ­¨¥ á¢ï§­®áâ¨ à ¢­®-á¨«ì­® § ¤ ­¨î £®à¨§®­â «ì­®£® à á¯à¥¤¥«¥­¨ï.�ª §ë¢ ¥âáï á¢ï§­®áâì ¤®¯ãáª ¥â ¥é¥ ®¤­® ®¯à¥¤¥«¥­¨¥. � ¬¥â¨¬, çâ® ¨§®¬®àä¨§¬ � : g ! f¨­¤ãæ¨àã¥â ¨§®¬®àä¨§¬ C1(P )- ¬®¤ã«¥©� = id
 � : C1(P )
 g! C1(P )
 f = F = Vª®â®àë© § ¤ ¥âáï ä®à¬ã«®© �(1
X) = �(X) ¨«¨ ¢ ¤àã£®© ä®à¬¥ § ¯¨á¨ �(PNk=1 fkXk) =PNk=1 fk�(Xk),fk 2 C1(P ), Xk 2 g.�®£¤  ®¯à¥¤¥«¥­ £®¬®¬®àä¨§¬ C1(P )-¬®¤ã«¥© � = ��1 Æ�, £¤¥ � { á¢ï§­®áâì ¢ £« ¢­®¬ à áá«®¥­¨¨ B.�¯à¥¤¥«¥­¨¥ 3.15. �®¬®¬®àä¨§¬ � : X (P )! C1(P )
 g ­ §ë¢ ¥âáï ä®à¬®© á¢ï§­®áâ¨.�á«¨ ä¨ªá¨à®¢ âì â®çªã p 2 P , â® �p : Tp(P )! g. Ǳ®íâ®¬ã ä®à¬ã � ­ §ë¢ îâ ä®à¬®© á® §­ ç¥­¨ï¬¨¢ g. � áá¬®âà¨¬ ®á­®¢­ë¥ á¢®©áâ¢  ä®à¬ë á¢ï§­®áâ¨.Ǳà¥¤«®�¥­¨¥ 3.4. �® ¢¢¥¤¥­­ëå ®¡®§­ ç¥­¨ïå � Æ � = id. � ç áâ­®áâ¨, � Æ � = 1
 id.�®ª § â¥«ìáâ¢®. � ª ª ª �(X) 2 V ¤«ï «î¡®£® X 2 g ¨¬¥¥¬ � Æ �(1
 X) = ��1 Æ � Æ Æ�(X) =��1Æ�(X) = ��1Æ�(1
X) = 1
X. �«¥¤®¢ â¥«ì­®, ¤«ï «î¡®© äã­ªæ¨¨ f 2 C1(P ) ¨¬¥¥¬ �Æ�(f
X) =f 
X, â® ¥áâì � Æ� = id. �à®¬¥ â®£®, � Æ�(X) = � Æ�(1
X) = 1
X, 8X 2 g, â® ¥áâì � Æ� = 1
 id. 2�«¥¤áâ¢¨¥. �(fX[) = f 
X, £¤¥ X 2 g, X[ = �(X).�®ª § â¥«ìáâ¢®. �(fX[) = �(f�(X)) = f(� Æ �)(X) = f 
 X. 2Ǳà¨á®¥¤¨­¥­­®¥ ¯à¥¤áâ ¢«¥­¨¥ Ad áâàãªâãà­®© £àã¯¯ë ¯®  «£¥¡à¥ �¨ g ¨­¤ãæ¨àã¥â ¯à¥¤áâ ¢«¥­¨¥íâ®© £àã¯¯ë ­  C1(P )-¬®¤ã«¥ C1(P )
g, ª®â®à®¥ ¬ë ¡ã¤¥¬ ®¡®§­ ç âì â¥¬ �¥ á¨¬¢®«®¬ Ad. �¬¥­­®,Ad(g)(f �X) = (f ÆRg)
Ad(g)Xg 2 G, f 2 C1(P ), X 2 g. � á ¬®¬ ¤¥«¥, Ad(g1g2)(f 
 X) = (f ÆRg1g2) 
 Ad(g1g2)(X) = ((f ÆRg1) ÆRg2)
 (Ad(g1) ÆAd(g2)X = Ad(g1) ÆAd(g2)(f 
X), â® ¥áâì Ad(g1g2) = Ad(g1) ÆAd(g2). �«¥¤®¢ â¥«ì­®,Ad { ¯à¥¤áâ ¢«¥­¨¥. 2�¥®à¥¬  3.7. Ǳãáâì B = (P;M; �;G) { £« ¢­®¥ à áá«®¥­¨¥, � { ä®à¬  á¢ï§­®áâ¨ ­  B. �®£¤ á«¥¤ãîé ï ¤¨ £à ¬¬  ª®¬¬ãâ â¨¢­ X (P ) (Rg)��! X (P )� # # �C1(P )
 g Ad(g�1)�! C1(P )
 g¨«¨ Ad(g�1) Æ � = � Æ (Rg)�. �â® á¢®©áâ¢® ­ §ë¢ ¥âáï íª¢¨¢ à¨ ­â­®áâìî ä®à¬ë á¢ï§­®áâ¨.8



�®ª § â¥«ìáâ¢®. 1) Ǳãáâì XH 2 H. �®£¤  � Æ (Rg)�(XH) = ��1 Æ � Æ (Rg)�(XH) = 0, â ª ª ª(Rg)�(XH) 2 H, H = ker�. � ¤àã£®© áâ®à®­ë, Ad(g�1) Æ �(XH) = Ad(g�1) Æ ��1 Æ�(XH) = 0.2) Ǳãáâì XV 2 V. �®£¤  ä¨ªá¨àã¥¬ ¡ §¨á (E1; : : : ; Er)  «£¥¡àë �¨ g. �­ ¯®à®�¤ ¥â ¡ §¨á (E[1; : : : ; E[r)à á¯à¥¤¥«¥­¨ï F = V. �«¥¤®¢ â¥«ì­®, «î¡®¥ ¢¥àâ¨ª «ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥ à áª« ¤ë¢ ¥âáï ¯® íâ®¬ã¡ §¨áã XV = faE[a, fa 2 C1(P ), a = 1; : : : ; r.� ¬¥â¨¬, çâ® ((Rg)�(fX))(p) = (Rg)�(fX)Rg�1(p) = (Rg)� �f(Rg�1(p))(Rg)�XRg�1(p)� == f(Rg�1(p))(Rg)�XRg�1(p) = f(Rg�1(p))((Rg)�X)(p) ¤«ï «î¡®© â®çª¨ p 2 P , â® ¥áâì(Rg)�(fX) = (f ÆRg�1)(Rg)�X� ãç¥â®¬ íâ®£® ¯®«ãç¨¬ � Æ (Rg)�XV = � Æ (Rg)�(faE[a) = � �(fa ÆRg�1)(Rg)�E[a� == � �(fa ÆRg�1)((Rg)��(Ea))� = � �(fa ÆRg�1)(� ÆAd(g�1)(Ea))�. �¤¥áì ¬ë ¨á¯®«ì§®¢ «¨ á¢®©áâ¢® ¨§®-¬®àä¨§¬  �,   ¨¬¥­­®, (Rg)� Æ � = � Æ Ad(g�1). �®á¯®«ì§ã¥¬áï «¨­¥©­®áâìî ä®à¬ë á¢ï§­®áâ¨ � ¨¢ë­¥á¥¬ äã­ªæ¨¨ (fa Æ Rg�1) §  §­ ª �. � ª ª ª � Æ � = 1
 id, ¯®«ãç¨¬, ¯à®¤®«� ï ¯à¥à¢ ­­ë¥ ¢ë-ª« ¤ª¨ = (fa ÆRg�1)Ad(g�1)(Ea) = (Ad(g�1)(fa
Ea) = Ad(g�1)Æ � Æ�(fa
Ea) = Ad(g�1)Æ �(faE[a) =Ad(g�1) Æ �(XV ).3) Ǳãáâì X 2 X (P ) { ¯à®¨§¢®«ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥. �®£¤  � Æ (Rg)�X = � Æ (Rg)�(XV + XH) =� Æ (Rg)�(XV ) + � Æ (Rg)�(XH) = Ad(g�1) Æ �(XV ) + Ad(g�1) Æ �(XH) = Ad(g�1) Æ �(X). 2�¥®à¥¬  3.8. � ¤ ­¨¥ á¢ï§­®áâ¨ ¢ £« ¢­®¬ à áá«®¥­¨¨ B = (P;M; �;G) à ¢­®á¨«ì­® § ¤ ­¨î1-ä®à¬ë � ­  ¯à®áâà ­áâ¢¥ à áá«®¥­¨ï á® §­ ç¥­¨ï¬¨ ¢  «£¥¡à¥ �¨ áâàãªâãà­®© £àã¯¯ë, ®¡« ¤ îé¥©á¢®©áâ¢ ¬¨1) � Æ � = id; ¢ ç áâ­®áâ¨, �(fX[) = f 
X;2) Ad(g�1) Æ � = � Æ (Rg)�, £¤¥ f 2 C1(P ), X 2 g, g 2 G.�®ª § â¥«ìáâ¢®. 1) �á«¨ � { á¢ï§­®áâì ­  B, â® ¯® ¤®ª § ­­®¬ã 1-ä®à¬  � = ��1 Æ� ®¡« ¤ ¥ââà¥¡ã¥¬ë¬¨ á¢®©áâ¢ ¬¨.2) �¡à â­®, ¯ãáâì ä®à¬  �, § ¤ ­­ ï ­  ¬­®£®®¡à §¨¨ P ®¡« ¤ ¥â ãª § ­­ë¬¨ á¢®©áâ¢ ¬¨. Ǳ®-áâà®¨¬ ®â®¡à �¥­¨¥ � : X (P )! V ¯® ä®à¬ã«¥ � = � Æ �.�®£¤  �2 = (� Æ �) Æ (� Æ �) = � Æ � = �.� á¨«ã 1) ¯®«ãç ¥¬, çâ® ¤«ï «î¡®£® X 2 C1(P ) 
 g ¨¬¥¥¬ �(�X) = X, â® ¥áâì ¤«ï «î¡®£®X 2 C1(P )
 g áãé¥áâ¢ã¥â ¯à®®¡à § (�X) ¯à¨ ®â®¡à �¥­¨¨ �, â® ¥áâì � { í¯¨¬®àä¨§¬,   §­ ç¨â,®â®¡à �¥­¨¥ � â ª�¥ ï¢«ï¥âáï í¯¨¬®àä¨§¬®¬, â® ¥áâì ®â®¡à �¥­¨¥¬ "­ ". �â ª, ®â®¡à �¥­¨¥ �ï¢«ï¥âáï ¯à®¥ªâ®à®¬ ­  V. � ¬ ®áâ «®áì ¯®ª § âì, çâ® íâ®â ¯à®¥ªâ®à ¨­¢ à¨ ­â¥­ ®â­®á¨â¥«ì­®¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë. �«ï íâ®£® ¤®áâ â®ç­® ¤®ª § âì, çâ® ¥£® ¯á¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥-¤¥«¥­¨¥ H = ker� ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë. Ǳãáâì XH 2 H, g 2 G.�®£¤  � Æ (Rg)�XH = � Æ � Æ (Rg)�XH = � Æ Ad(g�1) Æ �(XH) = 0, â ª ª ª ker� = ker� (¤®ª �¨â¥!).�«¥¤®¢ â¥«ì­®, � Æ (Rg)�XH 2 ker� = H. �­ ç¨â, � { á¢ï§­®áâì. Ǳà¨ íâ®¬ ¥¥ ä®à¬  á¢ï§­®áâ¨��1 Æ� = ��1 Æ � Æ � = � á®¢¯ ¤ ¥â á ¨áå®¤­®© ä®à¬®© �. 23.6 �®à¨§®­â «ì­ë© «¨äâ (£®à¨§®­â «ì­®¥ ¯®¤­ïâ¨¥)Ǳà¥¤«®�¥­¨¥ 3.5. Ǳãáâì �V { ¢¥àâ¨ª «ì­ë© ¯à®¥ªâ®à ¢ £« ¢­®¬ à áá«®¥­¨¨ B = (P;M; �;G), H{ á®®â¢¥âáâ¢ãîé¥¥ ¯á¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥. �®£¤  ¤«ï «î¡®© â®çª¨ p 2 P ®â®¡à �¥­¨¥(��)p ��Hp : Hp ! T�(p)(M) ï¢«ï¥âáï ¨§®¬®àä¨§¬®¬ «¨­¥©­ëå ¯à®áâà ­áâ¢.�®ª § â¥«ìáâ¢®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ì­ãî â®çªã p 2 P . � ª ª ª ¤«ï £« ¢­®£® à áá«®¥­¨ï ®â®-¡à �¥­¨¥ pi ï¢«ï¥âáï áã¡¬¥àá¨¥©, â® ®â®¡à �¥­¨¥ (��)p : Tp(P )! T�(p)(M) ï¢«ï¥âáï í¯¨¬®àä¨§¬®¬.�à®¬¥ â®£®, ¯® ®¯à¥¤¥«¥­¨î Vp = ker(��)p. Ǳãáâì �H { £®à¨§®­â «ì­ë© ¯à®¥ªâ®à, â® ¥áâì ¯à®¥ªâ®à­  à á¯à¥¤¥«¥­¨¥ H. �®£¤  �V + �H = id, á«¥¤®¢ â¥«ì­®, (��)p = (��)p Æ (�V )p + (��)p Æ (�H )p =(��)p Æ (�H )p, â ª ª ª (��)p Æ (�V )p = 0. �â ª,(��)p = (��)p Æ (�H)p� ç áâ­®áâ¨, (��)p ��Hp { í¯¨¬®àä¨§¬. � á ¬®¬ ¤¥«¥, ¯ãáâì X 2 Tm(M). � ª ª ª (��)p { í¯¨¬®àä¨§¬,áãé¥áâ¢ã¥â ¢¥ªâ®à Y 2 Tp(P ) â ª®©, çâ® (��)pY = X. �®£¤  X = (��)pY = (��)p Æ (�H )pY = (��)pZ,£¤¥ Z = (�H)pY 2 Hp.� ª®­¥æ, ker((��)p ��Hp ) = ker(��)p \ Hp = Vp \ Hp = f0g. �«¥¤®¢ â¥«ì­®, ®â®¡à �¥­¨¥ (��)p ��Hp {¬®­®¬®àä¨§¬,   §­ ç¨â, ¨ ¨§®¬®àä¨§¬. 2 9



�¥®à¥¬  3.9. Ǳãáâì B = (P;M; �;G) { £« ¢­®¥ à áá«®¥­¨¥, H � X (P ) { (¯á¥¢¤®)£®à¨§®­â «ì­®¥à á¯à¥¤¥«¥­¨¥ ­  P . �®£¤  ¤«ï «î¡®£® ¢¥ªâ®à­®£® ¯®«ï X 2 X (M) áãé¥áâ¢ã¥â ¥¤¨­áâ¢¥­­®¥ ¢¥ªâ®à-­®¥ ¯®«¥ Y 2 H â ª®¥, çâ® ��Y = X.�®ª § â¥«ìáâ¢®. Ǳãáâì X 2 X (M) { ¯à®¨§¢®«ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥. �®£« á­® ¤®ª § ­­®¬ã ¯à¥¤-«®�¥­¨î ¤«ï «î¡®© â®çª¨ p 2 P áãé¥áâ¢ã¥â ¥¤¨­áâ¢¥­­ë© ¢¥ªâ®à Yp 2 Hp â ª®©, çâ® (��)pYp = X�(p).�«¥¤®¢ â¥«ì­®, ­  ¬­®£®®¡à §¨¨ P ®¤­®§­ ç­® ®¯à¥¤¥«¥­® á¥¬¥©áâ¢® ¢¥ªâ®à®¢ Y = fYp : p 2 Pg. Ǳ®-ª �¥¬, çâ® íâ® á¥¬¥©áâ¢® ¢¥ªâ®à®¢ ®¯à¥¤¥«ï¥â ­  ¬­®£®®¡à §¨¨ P £« ¤ª®¥ ¢¥ªâ®à­®¥ ¯®«¥. Ǳãáâìp 2 P { ¯à®¨§¢®«ì­ ï â®çª , m = �(p), U � M { ®¡« áâì «®ª «ì­®© âà¨¢¨ «ì­®áâ¨, á®¤¥à� é ïâ®çªã m. Ǳãáâì  U : ��1(U) ! U � G { ¤¨ää¥®¬®àä¨§¬ «®ª «ì­®© âà¨¢¨ «ì­®áâ¨. �®£¤  ­  ®â-ªàëâ®¬ ¯®¤¬­®£®®¡à §¨¨ ��1(U) � P ®¯à¥¤¥«¥­® £« ¤ª®¥ ¢¥ªâ®à­®¥ ¯®«¥ Z = ( U )�1� (X jU ; 0) 2X (��1(U)). �â¢¥à�¤ ¥âáï, çâ® �H(Z) = Y �����1(U) . � á ¬®¬ ¤¥«¥, (��)p(�H)pZp = (��)pZp = (��)p Æ( �1U )�) U(p)(Xm; 0) = ((�Æ �1U )�) U(p)(Xm; 0). � ª ª ª �Æ �1U = p1 { ¯à®¥ªæ¨ï ­  ¯¥à¢ë© á®¬­®�¨â¥«ì,¯®«ãç¨¬ (��)p(�H)pZp = p1(Xm; 0) = Xm = (��)pYp. �â ª,(��)p(�HZp) = (��)pYp� ª ª ª �HZp; Yp 2 Hp, â® ¢ á¨«ã ¨§®¬®àä­®áâ¨ ®â®¡à �¥­¨ï (��)p ­  ¯«®é ¤ª¥ Hp, ¯®«ãç¨¬ �HZp =Yp, â® ¥áâì �HZ �����1(U) = Y �����1(U) . � ª ª ª �HZ { £« ¤ª®¥ ¢¥ªâ®à­®¥ ¯®«¥ ­  ��1(U), â® ¢¥ªâ®à­®¥¯®«¥ Y �����1(U) â ª�¥ ï¢«ï¥âáï £« ¤ª¨¬. � ª ª ª U ¯®ªàë¢ ¥â M , â® ��1(U) ¯®ªàë¢ ¥â ¬­®£®®¡à §¨¥P ,   §­ ç¨â, ¢¥ªâ®à­®¥ ¯®«¥ Y £« ¤ª® ­  ¬­®£®®¡à §¨¨ P , â® ¥áâì Y 2 X (P ). 2�¯à¥¤¥«¥­¨¥ 3.16. Ǳãáâì H { ¯á¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ ­  ¬­®£®®¡à §¨¨ P , X { ¯à®-¨§¢®«ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥ ­  ¬­®£®®¡à §¨¨ M . �¥ªâ®à­®¥ ¯®«¥ Y 2 X (P ) ®¤­®§­ ç­® ®¯à¥¤¥«ï¥¬®¥ãá«®¢¨ï¬¨1) ��Y = X2) Y 2 H­ §ë¢ ¥âáï £®à¨§®­â «ì­ë¬ «¨äâ®¬ ¨«¨ £®à¨§®­â «ì­ë¬ ¯®¤­ïâ¨¥¬ ¢¥ªâ®à­®£® ¯®«ï X ¨ ®¡®§­ ç -¥âáï X℄.� �­®¥ § ¬¥ç ­¨¥. �§ ®¯à¥¤¥«¥­¨ï £« ¢­®£® à áá«®¥­¨ï á«¥¤ã¥â, çâ® ¤«ï «î¡®£® í«¥¬¥­â  g 2 G� ÆRg = �,   §­ ç¨â, �� Æ (Rg)� = ���âáî¤  á«¥¤ã¥â, çâ® ¥á«¨ H { £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥, â® £®à¨§®­â «ì­ë¥ «¨äâë ¢¥ªâ®à­ëå¯®«¥© ¡ §ë ¨­¢ à¨ ­â­ë ®â­®á¨â¥«ì­® ®â®¡à �¥­¨© ã¢«¥ç¥­¨©, ¯®à®�¤¥­­ëå ¤¥©áâ¢¨¥¬ áâàãªâãà­®©£àã¯¯ë, â® ¥áâì 8g 2 G; 8X 2 X (M)) (Rg)�X℄ = X℄�¥©áâ¢¨â¥«ì­®, (�)�((Rg)�X℄) = (� Æ Rg)�X℄ = ��X℄ = X. � á¨«ã ¥¤¨­áâ¢¥­­®áâ¨ £®à¨§®­â «ì­®£®«¨äâ  ¯®«ãç¨¬ âà¥¡ã¥¬®¥ à ¢¥­áâ¢®.�â ª, ¯à¨ ä¨ªá æ¨¨ á¢ï§­®áâ¨ ¢ £« ¢­®¬ à áá«®¥­¨¨ B ¥áâ¥áâ¢¥­­® ¢®§­¨ª ¥â £®¬®¬®àä¨§¬ R-«¨­¥©­ëå ¯à®áâà ­áâ¢ ℄ : X (M)! X (P ), á®¯®áâ ¢«ïîé¨© ¢¥ªâ®à­®¬ã ¯®«î X 2 X (M) ¥£® £®à¨§®­-â «ì­ë© «¨äâ X℄.� ¤ ç  3.9. �®ª �¨â¥, çâ® ℄ { £®¬®¬®àä¨§¬, â® ¥áâì ¤«ï «î¡ëå ¢¥ªâ®à­ëå ¯®«¥© X;Y 2 X (M) ¨«î¡ëå ¢¥é¥áâ¢¥­­ëå ç¨á¥« �; � ¨¬¥¥â ¬¥áâ® á®®â­®è¥­¨¥ (�X +�Y )℄ = �X℄+ �Y ℄. (�®á¯®«ì§ã©â¥áì®â®¡à �¥­¨¥¬ �� ¨ ¥¤¨­áâ¢¥­­®áâìî £®à¨§®­â «ì­®£® «¨äâ .)�¥®à¥¬  3.10. �® ¢¢¥¤¥­­ëå ®¡®§­ ç¥­¨ïå £®¬®¬®àä¨§¬ ℄ : X (M) ! X (P ) ®¡« ¤ ¥â á¢®©áâ¢®¬�H ([X℄; Y ℄℄) = [X;Y ℄℄, £¤¥ �H { £®à¨§®­â «ì­ë© ¯à®¥ªâ®à, X; Y 2 X (M).�®ª § â¥«ìáâ¢®. �ç¥¢¨¤­®, çâ® ¢ ®¡¥¨å ç áâïå à ¢¥­áâ¢  áâ®ïâ £®à¨§®­â «ì­ë¥ ¢¥ªâ®à­ë¥¯®«ï. �áâ «®áì ¤®ª § âì, çâ® ®­¨ ï¢«ïîâáï £®à¨§®­â «ì­ë¬¨ «¨äâ ¬¨ ®¤­®£® ¨ â®£® �¥ ¢¥ªâ®à­®£®¯®«ï [X;Y ℄, â® ¥áâì �� Æ�H ([X℄; Y ℄℄) = [X; Y ℄. �¬¥¥¬, �� Æ �H([X℄; Y ℄℄) = �� Æ (id � �V )([X℄; Y ℄℄) =��([X℄; Y ℄℄) = [��X℄; ��Y ℄℄ = [X;Y ℄. �¤¥áì ¬ë ãç«¨, çâ® �V ([X℄; Y ℄℄) 2 V = ker�� ¨ äã­ªâ®à¨ «ì­®áâì®â®¡à �¥­¨ï ��. 2� ª ª ª ℄ : X (M) ! X (P ) { £®¬®¬®àä¨§¬ R-«¨­¥©­ëå ¯à®áâà ­áâ¢, ®­ ®¤­®§­ ç­® à áè¨àï¥âáï¤® £®¬®¬®àä¨§¬  C1(P )- ¬®¤ã«¥© \ : C1(P )
X (M)! X (P ) ¯® ä®à¬ã«¥ \(f 
X) = fX℄, f 2 C1(P ).�§ ¤®ª § ­­®£® á«¥¤ã¥â, çâ® � Æ \(1
X) = X, � Æ ℄ = id.Ǳà¥¤«®�¥­¨¥ 3.6. �®¬®¬®àä¨§¬ ℄ ï¢«ï¥âáï ¬®­®¬®àä¨§¬®¬.�®ª § â¥«ìáâ¢®. Ǳãáâì X 2 ker℄, â® ¥áâì ℄X = 0. �«¥¤®¢ â¥«ì­®, � Æ ℄(X) = 0, â® ¥áâì X = 0. 210



�§ íâ®£® á«¥¤ã¥â, çâ® ker\ = f0g, â ª ª ª ker\ = C1(P )
 ker℄,   §­ ç¨â, £®¬®¬®àä¨§¬ \ ï¢«ï¥âáï¬®­®¬®àä¨§¬®¬.Ǳà¥¤«®�¥­¨¥ 3.7. Ǳãáâì B = (P;M; �;G) { £« ¢­®¥ à áá«®¥­¨¥ á ä¨ªá¨à®¢ ­­®© ¢ ­¥¬ á¢ï§­®áâìî¨ H { á®®â¢¥âáâ¢ãîé¥¥ £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥. �®£¤  ®â®¡à �¥­¨¥ ℄ : X (M) ! X (P )� \ Hï¢«ï¥âáï ¨§®¬®àä¨§¬®¬ R-¢¥ªâ®à­ëå ¯à®áâà ­áâ¢ (X (P)� { ¬®¤ã«ì ¯à®¥ªâ¨àã¬ëå ¢¥ªâ®à­ëå ¯®«¥©).� ç áâ­®áâ¨, Im℄ = X (P )� \H.�®ª § â¥«ìáâ¢®. � ª ¬ë ã�¥ §­ ¥¬, �� Æ ℄ = id. �®«¥¥ â®£®, ®ç¥¢¨¤­®, ℄ Æ �� jH = id. � á ¬®¬¤¥«¥, ¯ãáâì Y 2 H�, â® ¥áâì £®à¨§®­â «ì­®¥ ¯à®¥ªâ¨àã¥¬®¥ ¢¥ªâ®à­®¥ ¯®«¥. �¡®§­ ç¨¬ X = ��Y .�®£¤  X℄ = Y ¯® ®¯à¥¤¥«¥­¨î £®à¨§®­â «ì­®£® «¨äâ .� ª ª ª £®à¨§®­â «ì­ë© «¨äâ ï¢«ï¥âáï ¯à®¥ªâ¨àã¥¬ë¬ ¢¥ªâ®à­ë¬ ¯®«¥¬ (X℄  ¢â®¬ â¨ç¥áª¨ ¯à®¥ª-â¨àã¥¬®), â® ℄�1 = �� jH , â® ¥áâì ®â®¡à �¥­¨¥ ℄ { «¨­¥©­®¥ ¨ ¤®¯ãáª ¥â ®¡à â­®¥, â® ¥áâì ï¢«ï¥âáï¨§®¬®àä¨§¬®¬ R-«¨­¥©­ëå ¯à®áâà ­áâ¢. 2�¥®à¥¬  3.11. Ǳãáâì X { £®à¨§®­â «ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥. �®£¤  á«¥¤ãîé¨¥ ãâ¢¥à�¤¥­¨ï íª¢¨-¢ «¥­â­ë:1) X { £®à¨§®­â «ì­ë© «¨äâ ­¥ªâ®à®£® ¢¥ªâ®à­®£® ¯®«ï á ¡ §ë à áá«®¥­¨ï;2) X { ¯à®¥ªâ¨àã¥¬®;3) X ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë.�®ª § â¥«ìáâ¢®. 1) Ǳãáâì X { «¨äâ ­¥ª®â®à®£® ¢¥ªâ®à­®£® ¯®«ï Y á ¡ §ë, â® ¥áâì X = Y ℄. Ǳ®®¯à¥¤¥«¥­¨î ®­® ¯à®¥ªâ¨àã¥¬®, â ª ª ª ��X = Y ,   ¢ á®®â¢¥âáâ¢¨¨ á § ¬¥ç ­¨¥¬ ®­® ¨­¢ à¨ ­â­®®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë. �â ª, ¨§ 1) á«¥¤ãîâ 2) ¨ 3).2) Ǳãáâì X { ¯à®¥ªâ¨àã¥¬®. �®£¤  X 2 Im℄ (â ª ª ª ¯® ãá«®¢¨î X { £®à¨§®­â «ì­®), â® ¥áâìáãé¥áâ¢ã¥â ¢¥ªâ®à­®¥ ¯®«¥ Y 2 X (M) â ª®¥, çâ® X = Y ℄. �®£¤  ¯® ¤®ª § ­­®¬ã X ¨­¢ à¨ ­â­®®â®­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë. �â ª, ¨§ 2) á«¥¤ãîâ 1) ¨ 3).3) Ǳãáâì X ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë. Ǳãáâì p; q 2 P { ¯à®¨§¢®«ì­ë¥â®çª¨, â ª¨¥, çâ® �(p) = �(q). �®£¤  ¯® ®¯à¥¤¥«¥­¨î £« ¢­®£® à áá«®¥­¨ï áãé¥áâ¢ã¥â í«¥¬¥­â g 2 Gâ ª®©, çâ® q = pg,   §­ ç¨â, (��)qXq = (��)q((Rg)�Xp) = (� Æ Rg)�Xp = (��)pXp, á«¥¤®¢ â¥«ì­®,¢¥ªâ®à­®¥ ¯®«¥ X ¯à®¥ªâ¨àã¥¬®,   §­ ç¨â, ï¢«ï¥âáï £®à¨§®­â «ì­ë¬ «¨äâ®¬ (¯® ¤®ª § ­­®¬ã). 2�¥¬¬  3.5. Ǳãáâì B = (P;M; �;G) { £« ¢­®¥ à áá«®¥­¨¥ á ä¨ªá¨à®¢ ­­®© á¢ï§­®áâìî, H { á®®â-¢¥âáâ¢ãîé¥¥ £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥. �®£¤  ¤«ï «î¡®© £®à¨§®­â «ì­ë© ¢¥ªâ®à Xp 2 Hp ¬®�­®¤®áâà®¨âì ¤® £®à¨§®­â «ì­®£® «¨äâ  ­¥ª®â®à®£® ¯®«ï á ¡ §ë à áá«®¥­¨ï.�®ª § â¥«ìáâ¢®. �¡®§­ ç¨¬ m = �(p), Ym = (��)pXp. �®áâà®¨¬ ¢¥ªâ®à Ym ¤® ¢¥ªâ®à­®£® ¯®«ïY 2 X (M). �®£¤  Y ℄ ¡ã¤¥â ¨áª®¬ë¬ ¢¥ªâ®à­ë¬ ¯®«¥¬. � á¨«ã ¥¤¨­áâ¢¥­­®áâ¨ £®à¨§®­â «ì­®£®«¨äâ  (Y ℄)p = Xp. 2Ǳà¥¤«®�¥­¨¥ 3.8. Ǳãáâì B = (P;M; �;G) { £« ¢­®¥ à áá«®¥­¨¥ á ä¨ªá¨à®¢ ­­®© á¢ï§­®áâìî, H {á®®â¢¥âáâ¢ãîé¥¥ £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥. �®£¤  £®¬®¬®àä¨§¬ \ : C1(P )
X (M)! H ï¢ï¥âáï¨§®¬®àä¨§¬®¬ C1(P )- ¬®¤ã«¥©.�®ª § â¥«ìáâ¢®. � ª ã�¥ ®â¬¥ç «®áì, ®â®¡à �¥­¨¥ \ ï¢«ï¥âáï ¬®­®¬®àä¨§¬®¬. � «¥¥, ¨§ «¥¬¬ëá«¥¤ã¥â, çâ® à á¯à¥¤¥«¥­¨¥ ­  P , ï¢«ïîé¥¥áï ®¡à §®¬ £®¬®¬®àä¨§¬  \, ®¯à¥¤¥«ï¥â ¢ «î¡®© â®çª¥ p 2 P¯«®é ¤ªã, á®¢¯ ¤ îéãî á Hp. �® à á¯à¥¤¥«¥­¨¥ H â ª�¥ ®¡à §ã¥â ¢ «î¡®© â®çª¥ p 2 P â ªãî �¥¯«®é ¤ªã. �«¥¤®¢ â¥«ì­®, Im\ = H. � ª ª ª ®â®¡à �¥­¨¥ \ ï¢«ï¥âáï ¬®­®¬®àä¨§¬®¬, â® ®­® ¡ã¤¥â¨§®¬®àä¨§¬®¬. 2�¥®à¥¬  3.12. Ǳãáâì B = (P;M; �;G) { £« ¢­®¥ à áá«®¥­¨¥. �®£¤  X (P ) = C1(P )
X�(P ) ¨«¨,ª ª £®¢®àïâ, C1(P )-¬®¤ã«ì X (P ) ï¢«ï¥âáï C1(P )-à áè¨à¥­¨¥¬ «¨­¥©­®£® ¯à®áâà ­áâ¢  X�(P ).�®ª § â¥«ìáâ¢®. �¨ªá¨àã¥¬ á¢ï§­®áâì ¢ £« ¢­®¬ à áá«®¥­¨¨ B. Ǳãáâì H { ¥¥ £®à¨§®­â «ì­®¥à á¯à¥¤¥«¥­¨¥. �ç¥¢¨¤­®, çâ® à §«®�¥­¨¥ X (P ) = V � H ¨­¤ãæ¨àã¥â à §«®�¥­¨¥ X�(P) = V � H�.�«¥¤®¢ â¥«ì­®, C1(P )
X�(P ) = C1(P )
(V�H�) = C1(P )
V�C1(P )
H� = V�C1(P )
H�, â ªª ª à á¯à¥¤¥«¥­¨¥ V ï¢«ï¥âáï C1(P)-¬®¤ã«¥¬. �®£« á­® ¤®ª § ­­®¬ã ¢ëè¥, £®¬®¬®àä¨§¬ ℄ : X (M)!H� ï¢«ï¥âáï ¨§®¬®àä¨§¬®¬ «¨­¥©­ëå ¯à®áâà ­áâ¢,   §­ ç¨â, £®¬®¬®àä¨§¬ \ : C1(P ) 
 X (M) !C1(P )
H� { ¨§®¬®àä¨§¬ C1(P )-¬®¤ã«¥©. Ǳ® ¯à¥¤«®�¥­¨î 3.6 ®¡à §®¬ íâ®£® ¨§®¬®àä¨§¬  ï¢«ï¥âáïà á¯à¥¤¥«¥­¨¥ H ¨, §­ ç¨â, C1(P )
 H� = H. �®£¤  C1(P )
X�(P) = V � H = X (P ). 2�«¥¤áâ¢¨¥. �®¬®¬®àä¨§¬ R-«¨­¥©­ëå ¯à®áâà ­áâ¢ �� : X�(P ) ! X (M) ¨­¤ãæ¨àã¥â £®¬®¬®à-ä¨§¬ C1(P )-¬®¤ã«¥© $ = id 
 �� : X (P ) = C1(P )
 X�(P ) ! C1(P )
 X (M). �â®â £®¬®¬®àä¨§¬®¤­®§­ ç­® ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© $(PNk=1 fk 
 Xk) = PNk=1 fk 
 ��Xk, fk 2 C1(P), Xk 2 X�(P ) ¨«¨ä®à¬ã«®© $(1
 X) = 1
 ��X.� ¯®¬­¨¬, çâ® �� Æ ℄ = id. �®£¤  $ Æ \ = id. 11



�¥©áâ¢¨â¥«ì­®, $ Æ \(1
X) = '(1
X℄) = 1
 ��X℄ = 1
 X. 2�âáî¤ , ¢ ç áâ­®áâ¨, á«¥¤ã¥â, çâ® \ { ¬®­®¬®àä¨§¬, $ { í¯¨¬®àä¨§¬.�¥©áâ¢¨â¥«ì­®, ¯ãáâì X 2 ker\, â® ¥áâì \(X) = 0. �®£¤  0 = ' Æ \(X) = id(X) = X, â® ¥áâì \{ ¬®­®¬®àä¨§¬. � «¥¥, ¤«ï «î¡®£® ¢¥ªâ®à­®£® ¯®«ï X 2 X (M) ¨¬¥¥¬ ' Æ \(X) = X. �¡®§­ ç¨¬\(X) = Y . �âáî¤  á«¥¤ã¥â, çâ® ¤«ï «î¡®£® X 2 X (M) áãé¥áâ¢ã¥â ¢¥ªâ®à­®¥ ¯®«¥ Y = \(X) â ª®¥,çâ® $(Y ) = X, â® ¥áâì $ { í¯¨¬®àä¨§¬. 2�®«¥¥ â®£®, ker' = C1(P )
 ker�� = C1(P )
 V = V.� ¬¥ç ­¨¥. � ¯®¬­¨¬, çâ® ¯®á«¥¤®¢ â¥«ì­®áâìî K-¬®¤ã«¥© (Vk)k2Z ­ §ë¢ ¥âáï á¥¬¥©áâ¢® £®¬®-¬®àä¨§¬®¢ (fk) : : : fk�1�! Vk�1 fk�! Vk fk+1�! Vk+1 ! : : :¯à¨ íâ®¬ ¤«ï «î¡®£® æ¥«®£® k ¨¬¥¥¬ Imfk � kerfk+1. Ǳ®á«¥¤®¢ â¥«ì­®áâì ¬®¤ã«¥© ­ §ë¢ ¥âáï â®ç-­®© ¢ ç«¥­¥ Vk, ¥á«¨ Imfk = kerfk+1. Ǳ®á«¥¤®¢ â¥«ì­®áâì â®ç­ ï ¢ ª �¤®¬ ç«¥­¥ ­ §ë¢ ¥âáï â®ç­®©¯®á«¥¤®¢ â¥«ì­®áâìî.Ǳ®á«¥¤®¢ â¥«ì­®áâì ¬®¤ã«¥©, á®áâ®ïé ï ¨§ âà¥å ­¥­ã«¥¢ëå ç«¥­®¢ ­ §ë¢ ¥âáï ª®à®âª®© ¯®á«¥¤®¢ -â¥«ì­®áâìî: 0 0�! A f1�! B f2�! C 0�! 0�¥ â®ç­®áâì ®§­ ç ¥â, çâ® 0 = Im0 = kerf1, â® ¥áâì ®â®¡à �¥­¨¥ f1 ï¢«ï¥âáï ¬®­®¬®àä¨§¬®¬. � -«¥¥, Imf2 = ker0 = C, â® ¥áâì ®â®¡à �¥­¨¥ f2 ï¢«ï¥âáï í¯¨¬®àä¨§¬®¬. �à®¬¥ â®£®, Imf1 = kerf2(â®ç­®áâì ¢® ¢â®à®¬ ç«¥­¥). 2�¥à­¥¬áï ª ­ è¨¬ ®â®¡à �¥­¨ï¬. �§ ­¨å ¬ë ¬®�¥¬ á®áâ ¢¨âì ª®à®âªãî ¯®á«¥¤®¢ â¥«ì­®áâì:0! C1(P )
 g ��! X (P ) $�! C1(P )
 X (M)! 0� ¤ ç  3.10. �®ª �¨â¥, çâ® íâ  ¯®á«¥¤®¢ â¥«ì­®áâì â®ç­ ï.�¯à¥¤¥«¥­¨¥ 3.17. �®¢®àïâ, çâ® ª®à®âª ï â®ç­ ï ¯®á«¥¤®¢ â¥«ì­®áâì 0 0�! A f1�! B f2�! C 0�! 0à áé¥¯«ï¥âáï, ¥á«¨ § ¤ ­ £®¬®¬®àä¨§¬ g : C ! B â ª®©, çâ® f2 Æ g = id. �®¬®¬®àä¨§¬ g ­ §ë¢ ¥âáïà áé¥¯«ïîé¨¬ £®¬®¬®àä¨§¬®¬.� ¤ ç  3.11. �®ª �¨â¥, çâ® £®¬®¬®àä¨§¬ g ï¢«ï¥âáï ¬®­®¬®àä¨§¬®¬.�®§¢à é ïáì ª äã­¤ ¬¥­â «ì­®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ à áá«®¥­¨ï, § ¬¥ç ¥¬, çâ® ®­  à áé¥¯«ï¥âáï.� ª ç¥áâ¢¥ à áé¥¯«ïîé¥£® £®¬®¬®àä¨§¬  ¬®�­® ¢§ïâì £®¬®¬®àä¨§¬ \ : C1(P)
X (M)! X (P ), â ªª ª ¯® ¤®ª § ­­®¬ã $ Æ \ = id. �â ª, ¬ë ¯®«ãç¨«¨Ǳà¥¤«®�¥­¨¥ 3.9. �¨ªá æ¨ï á¢ï§­®áâ¨ ¢ £« ¢­®¬ à áá«®¥­¨¨ ¨­¤ãæ¨àã¥â à áé¥¯«¥­¨¥ äã­¤ -¬¥­â «ì­®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ £« ¢­®£® à áá«®¥­¨ï á ¯®¬®éìî £®¬®¬®àä¨§¬  \. 2�®«¥¥ â®£®, á¯à ¢¥¤«¨¢® ¨ ®¡à â­®¥�¥®à¥¬  3.13. � ¤ ­¨¥ á¢ï§­®áâ¨ ¢ £« ¢­®¬ à áá«®¥­¨¨ B = (P;M; �;G) à ¢­®á¨«ì­® § ¤ ­¨îà áé¥¯«ïîé¥£® £®¬®¬®àä¨§¬  iH äã­¤ ¬¥­â «ì­®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ â ª®£®, çâ® (Rg)� Æ iH = iH¤«ï «î¡®£® í«¥¬¥­â  g 2 G.�®ª § â¥«ìáâ¢®. 1) �á«¨ ¢ à áá«®¥­¨¨ B ä¨ªá¨à®¢ ­  á¢ï§­®áâì, â® ¯® ¤®ª § ­­®¬ã ¢ëè¥ £®¬®-¬®àä¨§¬ \ ï¢«ï¥âáï à áé¥¯«ïîé¨¬.2) �¡à â­®, ¯ãáâì § ¤ ­ iH : C1(P ) 
 X (M) ! X (P ) £®¬®¬®àä¨§¬ C1(P )-¬®¤ã«¥© â ª®©, çâ®$ Æ iH = id ¨ (Rg)� Æ iH = iH . � á¨«ã íâ®£® iH { ¬®­®¬®àä¨§¬,   §­ ç¨â, à á¯à¥¤¥«¥­¨¥ H = ImiHï¢«ï¥âáï n-¬¥à­ë¬ à á¯à¥¤¥«¥­¨¥¬ ­  ¬­®£®®¡à §¨¨ P , £¤¥ n = dimM . Ǳ®ª �¥¬, çâ® H { ¯á¥¢¤®-£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥, â® ¥áâì X (P ) = V � H. � áá¬®âà¨¬ £®¬®¬®àä¨§¬ pH = iH Æ $. �­ï¢«ï¥âáï ¯à®¥ªâ®à®¬, â ª ª ª p2H = iH Æ$Æ iH Æ$ = pH . � ª ª ª $ { í¯¨¬®àä¨§¬, ®¡à § ¯à®¥ªâ®à  pHá®¢¯ ¤ ¥â á à á¯à¥¤¥«¥­¨¥¬ H. �à®¬¥ â®£®, ¥á«¨ pV { ¤®¯®«­¨â¥«ì­ë© ¯à®¥ªâ®à, â® ¥áâì pV = id�pH ,â® á ãç¥â®¬ â®£®, çâ® iH { ¬®­®¬®àä¨§¬ ¨ â®ç­®áâìî ª®à®âª®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ à áá«®¥­¨ï ¨¬¥¥¬ImpV = ker pH = ker$ = Im� = F = V. �â ª, ¬ë ¯®«ãç¨«¨ ¯à®¥ªâ®à pV â ª®©, çâ® ImpV = V, â®¥áâì pV { ¯à®¥ªâ®à ­  V. �­ ç¨â, X (P ) = V � H, â® ¥áâì H { ¯á¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥.�®ª �¥¬, çâ® H ¨­¢ à¨ ­â­® ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë. Ǳãáâì g 2 G { ¯à®¨§¢®«ì-­ë© í«¥¬¥­â. �®£¤  pH Æ (Rg)� = iH Æ $ Æ (Rg)� = iH Æ (id 
 (�� Æ (Rg)�) = iH Æ �� = pH . � ¤àã£®©áâ®à®­ë, (Rg)� Æ pH = (Rg)� Æ iH Æ$ = iH Æ$ = pH . �«¥¤®¢ â¥«ì­®, pH Æ (Rg)� = (Rg)� Æ pH ,   §­ ç¨â,pV Æ (Rg)� = (Rg)�ÆpV , â® ¥áâì pV { á¢ï§­®áâì,   H { ¥¥ £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥. �ç¥¢¨¤­®, çâ®¥¥ à áé¥¯«ïîé¨© £®¬®¬®àä¨§¬ ¥áâì \. 2 12



3.7 �âàãªâãà­ë¥ ãà ¢­¥­¨ï á¢ï§­®áâ¨. �¥®à¥¬  � àâ ­ -� ¯â¥¢ .�¥®à¥¬  3.14. Ǳãáâì B = (P;M; �;G) { £« ¢­®¥ à áá«®¥­¨¥ á® á¢ï§­®© áâàãªâãà­®© £àã¯¯®©. �®£¤ ¯á¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ H � X (P ) ï¢«ï¥âáï £®à¨§®­â «ì­ë¬ â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ [�g;H℄� H.�®ª § â¥«ìáâ¢®.* 1) Ǳ® ãá«®¢¨î X (P ) = V � H, H { £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥. ǱãáâìX 2 g, Y 2 H { ¯à®¨§¢®«ì­ë¥ ¢¥ªâ®à­ë¥ ¯®«ï. � ª ®¡ëç­®, X[ = �(X), � { ¤¥©áâ¢¨¥ áâàãªâãà­®©£àã¯¯ë, 	 { ¯®â®ª ­  P , ¯®à®�¤¥­­ë© äã­¤ ¬¥­â «ì­ë¬ ¢¥ªâ®à­ë¬ ¯®«¥¬ X[. � ¯®¬­¨¬, çâ® íâ®£«®¡ «ì­ë© ¯®â®ª, â ª ª ª ¢¥ªâ®à­®¥ ¯®«¥ X[ ¯®«­®¥. Ǳ® ®¯à¥¤¥«¥­¨î ¨¬¥¥¬ 	(p; t) = �(exp tX;p).Ǳãáâì Ft = Rexp tX { ®¤­®¯ à ¬¥âà¨ç¥áª ï £àã¯¯  ¤¨ää¥®¬®àä¨§¬®¢, ¯®à®�¤¥­­ ï ¯®«¥¬ X[. �®£¤ [X[; Y ℄ = LX[Y = limt!0 1t (Y � (Ft)�Y ) 2 H.2) �¡à â­®, ¯ãáâì H � X (P ) { ¯á¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ â ª®¥, çâ® [�g;H℄ � H. Ǳãáâì �{ ¢¥àâ¨ª «ì­ë© ¯à®¥ªâ®à, ï¤à® ª®â®à®£® á®¢¯ ¤ ¥â á H, â® ¥áâì ker� = H, â® ¥áâì ¯à®¥ªâ®à, ¤®¯®«-­¨â¥«ì­ë© ¯à®¥ªâ®àã ­  à á¯à¥¤¥«¥­¨¥ H. Ǳ®ª �¥¬, çâ® ¤«ï «î¡®£® � 2 f = �g á«¥¤ã¥â L�(�) = 0.Ǳãáâì Y 2 X (P ) { ¯à®¨§¢®«ì­ë© í«¥¬¥­â. �ë ¬®�¥¬ à §«®�¨âì ¥£® ­  ¢¥àâ¨ª «ì­ãî ¨ £®à¨§®­â «ì-­ãî á®áâ ¢«ïîéãî: Y = YV + YH , £¤¥ YV = �(Y ), YH = Y � �(Y ). �®£¤  �(YV ) = YV , �(YH) = 0,®âªã¤  ¯®«ãç¨¬ L�(�)(Y ) = L�(�Y ) � �(L�Y ) = [�;�Y ℄ � �[�; Y ℄ = [�; YV ℄ � �[�; YV ℄ � �[�; YH℄ =[�; YV ℄��[�; YV ℄ = 0.�â ª, ¬ë ¤®ª § «¨, çâ® L�(�) = 0,   §­ ç¨â, ¯® ®¯à¥¤¥«¥­¨î ¯à®¨§¢®¤­®© �¨ limt!0 1t (�� (Ft)��) = 0,â® ¥áâì ddt jt=0 (Ft)�� = 0.� «¥¥, ¤«ï «î¡®£® ¢¥é¥áâ¢¥­­®£® s 2 R ¨¬¥¥¬ ddt jt=s (Ft)�� = ddt j�=0 (F�+s)��d�dt jt=s = ddt j�=0 (Fs)� Æ(F�)�(�) = ((Fs)�)� ddt j�=0 (F�)�� = 0. �â ª, ¤«ï «î¡®£® ¢¥é¥áâ¢¥­­®£® s 2 R ¯®«ãç ¥¬ ddt jt=s (Ft)�� =0, â® ¥áâì (Fs)�� = �, 8s 2R.Ǳãáâì â¥¯¥àì g 2 U , £¤¥ U = Ue { ­®à¬ «ì­ ï ®ªà¥áâ­®áâì ¥¤¨­¨æë e 2 G. �®£¤  (Rg)�(�) =(RexpX )�(�) = (F1)�(�) = �. Ǳãáâì, ­ ª®­¥æ, g 2 G { ¯à®¨§¢®«ì­ë© í«¥¬¥­â. � ª ª ª G á¢ï§­ , ®­ ¯®à®�¤ ¥âáï «î¡®© ®ªà¥áâ­®áâìî ¥¤¨­¨æë, ¢ ç áâ­®áâ¨, áãé¥áâ¢ãîâ í«¥¬¥­âë g1; g2; : : : ; gN 2 U , çâ®g = gN � : : : � g1. �®£¤  (Rg)�(�) = (Rg1 Æ : : :RgN )�(�) = (Rg1)� Æ (RgN )�(�) = �.�â ª, ¤«ï «î¡®£® g 2 G ¯®«ãç ¥¬ (Rg)�(�) = �. �áâ «®áì § ¬¥â¨âì, çâ® ((Rg)�(�) = (Rg)�Æ�Æ(Rg)�1� .� á ¬®¬ ¤¥«¥, ¤«ï «î¡ëå X 2 X (P ), u 2 X �(P ) ¨¬¥¥¬ (Rg)�(�)(X;u) = �((Rg)�X; (Rg)�u) Æ R�1g =((Rg)�u)(�((Rg)�X) Æ R�1g = u((Rg)��((Rg)�X)) Æ Rg Æ R�1g = u((Rg)� Æ � Æ (Rg)�1� X) = (Rg)� Æ � Æ(Rg)�1� (X;u).�ë¢®¤: 8g 2 G ¨¬¥¥¬ � = (Rg)�(�) = (Rg)� Æ� Æ (Rg)�1� , â® ¥áâì (Rg)� Æ� = � Æ (Rg)�. �«¥¤®¢ â¥«ì­®,� { ¢¥àâ¨ª «ì­ë© ¯à®¥ªâ®à, ¨­¢ à¨ ­â­ë© ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë, â® ¥áâìá¢ï§­®áâì. �®£¤  H ï¢ï¥âáï £®à¨§®­â «ì­ë¬ à á¯à¥¤¥«¥­¨¥¬ íâ®© á¢ï§­®áâ¨. 2�¥à­¥¬áï ª ¨§ãç¥­¨î áâàãªâãà­ëå ãà ¢­¥­¨© £« ¢­®£® à áá«®¥­¨ï. � ¯®¬­¨¬, çâ® ¥á«¨ ä¨ª-á¨à®¢ âì ¡ §¨á (E1; : : : ; Er)  «£¥¡àë �¨ g, â® ¢¥ªâ®à­ë¥ ¯®«ï (E[1; : : : ; E[r) ®¡à §ãîâ ¡ §¨á «¨­¥©­®-£® ¯à®áâà ­áâ¢  f ,   â ª�¥ ¡ §¨á à á¯à¥¤¥«¥­¨ï C1(P ) 
 f = F = V. �â®â ¡ §¨á ¬®�­® ¤®¯®«-­¨âì ¤® «®ª «ì­®£® ¡ §¨á  ¬®¤ã«ï X (P ) ¢¥ªâ®à­ë¬¨ ¯®«ï¬¨ (Er+1; : : : ; Er+n). �á«¨ ­  ¬­®£®®¡à §¨¨P ä¨ªá¨à®¢ ­® ¯á¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥, ­ ¯à¨¬¥à, ä¨ªá¨à®¢ ­  á¢ï§­®áâì, â® ¢ ª ç¥-áâ¢¥ ¯®á«¥¤­¨å n ¢¥ªâ®à®¢ ¬®�­® ¢ë¡à âì £®à¨§®­â «ì­ë¥ «¨äâë ¢¥ªâ®à­ëå ¯®«¥© ¡ §ë, ®¡à §ã-îé¨å «®ª «ì­ë© ¡ §¨á ¬®¤ã«ï X (M). � ¯à¨¬¥à, ¬®�­® ¢§ïâì ¢¥ªâ®à­ë¥ ¯®«ï Xr+1 = ��x1 , : : :,Xr+n = ��xn . �®£¤  ¯®«®�¨¬ Er+1 = � ��x1 �℄, : : :, Er+n = � ��xn�℄. � §®¢¥¬ ¯®áâà®¥­­ë© ¡ §¨á(E[1; : : : ; E[r; Er+1; : : : ; Er+n) ­ §ë¢ ¥âáï ¡ §¨á®¬,  ¤ ¯â¨à®¢ ­­ë¬ á¢ï§­®áâ¨ ¨«¨, ¡®«¥¥ ®¡é¥, ¯á¥¢¤®-£®à¨§®­â «ì­®¬ã à á¯à¥¤¥«¥­¨î, ª®à®ç¥, CA-¡ §¨á®¬. Ǳãáâì (!1; : : : ; !r+n) { ¤ã «ì­ë© ¡ §¨á. �®£¤ 1-ä®à¬ë (!1; : : : ; !r) ®¡à §ãîâ á¨áâ¥¬ã Ǳä ää  à á¯à¥¤¥«¥­¨ï H. � á ¬®¬ ¤¥«¥, ¤«ï «î¡®£®X 2 X (P )¨¬¥¥¬ X = XaE[a +XiEi = !a(X)E[a+ !i(X)Ei. �®£¤  X 2 H , !a(X) = 0, a = 1; : : : ; r.� ª ¬ë §­ ¥¬ ¢â®à ï £àã¯¯  áâàãªâãà­ëå ãà ¢­¥­¨© £« ¢­®£® à áá«®¥­¨ï ¨¬¥îâ ¢¨¤d!a = �12Cab
!b ^ !
 + !aj ^ !j£¤¥ !aj = Rabj!b + 12Rakj!k. � ãç¥â®¬ ¤®ª § ­­®© ¢ëè¥ â¥®à¥¬ë (¤«ï á¢ï§­®© áâàãªâãà­®© £àã¯¯ë),¥á«¨ H { £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥, ¯®«ãç¨¬Rabj = d!a(E[b; Ej) = E[b!a(Ej) � Ej!a(E[b)� !a([E[b; Ej℄) = 0, â ª ª ª ¯® ¤®ª § ­­®¬ã [E[b; Ej℄ 2 H, â®¥áâì d!a = �12Cab
!b ^ !
 + 12Raij!i ^ !j13



�¡à â­®, ¥á«¨ Rabj = 0, â® ¤«ï «î¡®£® ¢¥ªâ®à­®£® ¯®«ï X[ 2 f , «î¡®£® £®à¨§®­â «ì­®£® ¢¥ªâ®à-­®£® ¯®«ï YH 2 H ¨¬¥¥¬ !a(X[) 2 R, â ª ª ª äã­¤ ¬¥­â «ì­ë¥ ¢¥ªâ®à­ë¥ ¯®«ï ®¡à §ãîâ «¨-­¥©­®¥ ¯à®áâà ­áâ¢® f , á«¥¤®¢ â¥«ì­®, ª®íää¨æ¨¥­â ¬¨ à §«®�¥­¨ï ¢¥ªâ®à  ¯® ¡ §¨áã ¡ã¤ãâ ¢¥é¥-áâ¢¥­­ë¥ ç¨á« . �­ ç¨â, !a([X[; YH℄) = d!a(X[; YH) � X[(!a(YH)) + YH(!a(X[)) = d!a(X[; YH) =�12Cab
!b ^ !
(X[; YH) + 12Raij!i ^ !j(X[; YH) = 0, â® ¥áâì !a([X[; YH℄) = 0, â® ¥áâì [X[; YH℄ 2 H. Ǳ®¤®ª § ­­®¬ã H ï¢«ï¥âáï £®à¨§®­â «ì­ë¬ à á¯à¥¤¥«¥­¨¥¬ ­¥ª®â®à®© á¢ï§­®áâ¨. �¥¬ á ¬ë¬ ¤®ª § ­ á«¥¤ãîé ï â¥®à¥¬ �¥®à¥¬  3.15. (� àâ ­ -� ¯â¥¢ )Ǳá¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ ­  ¯à®áâà ­áâ¢¥ £« ¢­®£® à áá«®¥­¨ï B = (P;M; �;G) ï¢«ï¥âáï£®à¨§®­â «ì­ë¬ (á«¥¤®¢ â¥«ì­®, ®¯à¥¤¥«ï¥â á¢ï§­®áâì) â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¥£® á¯¥æ¨ «ì­ ïá¨áâ¥¬  Ǳä ää  (!a) ã¤®¢«¥â¢®àï¥â á®®â­®è¥­¨ï¬d!a = �12Cab
!b ^ !
 + 12Raij!i ^ !j 2� ¬¥ç ­¨¥. � â¥®à¥¬¥ � àâ ­ -� ¯â¥¢  áâàãªâãà­ ï £àã¯¯  G ¯à¥¤¯®« £ ¥âáï á¢ï§­®©, ¨­ ç¥ ¡¥-à¥âáï áã�¥­¨¥ à áá«®¥­¨ï ­  á¢ï§­ãî ª®¬¯®­¥­âã £àã¯¯ë G.�¯à¥¤¥«¥­¨¥ 3.18. �®®â­®è¥­¨ïd!i = !ij ^ !jd!a = �12Cab
!b ^ !
 + 12Raij!i ^ !j­ §ë¢ îâáï áâàãªâãà­ë¬¨ ãà ¢­¥­¨ï¬¨ � àâ ­  ¨«¨ áâàãªâãà­ë¬¨ ãà ¢­¥­¨ï¬¨ á¢ï§­®áâ¨ (¯¥à-¢®© ¨ ¢â®à®© £àã¯¯®©, á®®â¢¥âáâ¢¥­­®).� ¬¥ç ­¨¥. Ǳãáâì X 2 X (P ). �®£¤  X = XaE[a + XiEi. Ǳãáâì � { ä®à¬  á¢ï§­®áâ¨ ­  B. �®£¤ �(X) = ��1 Æ�(XaE[a +XiEi) = ��1(XaE[a) = Xa 
Ea = !a(X)
Ea � !a 
 Ea(X). �â ª,� = !a 
Ea�®£¤  d� = d!a 
 Ea. � ãç¥â®¬ áâàãªâãà­ëå ãà ¢­¥­¨© ¨ á®®â­®è¥­¨ï ¤«ï áâàãªâãà­ëå ª®­áâ ­âCab 
Ea = [Eb; E
℄ ¯®«ãç¨¬ d� = �12Cab
!b^!

Ea+12Raij!i^!j
Ea = �12!b^!

[Eb; E
℄+12Raij!i^!j
Ea.�¡®§­ ç¨¬ !b^!

 [Eb; E
℄ = [�; �℄ ¨ 12Raij!i^!j
Ea = �. �®£¤  á ãç¥â®¬ íâ¨å ®¡®§­ ç¥­¨© ¯®á«¥¤­¥¥¢ëà �¥­¨¥ § ¯¨è¥âáï ¢ ¢¨¤¥ d� = �12[�; �℄+ ��¤¥áì � = 12Raij!i^!j
Ea { 2-ä®à¬  ­  ¬­®£®®¡à §¨¨ P á® §­ ç¥­¨ï¬¨ ¢  «£¥¡à¥ �¨ g. �­  ­ §ë¢ ¥âáïä®à¬®© ªà¨¢¨§­ë á¢ï§­®áâ¨.�â  ä®à¬  ®¯à¥¤¥«¥­  ¢­ãâà¥­­¨¬ ®¡à §®¬, â ª ª ª � = d� + 12 [�; �℄.�¯à¥¤¥«¥­¨¥ 3.19. �¢ï§­®áâì ¢ £« ¢­®¬ à áá«®¥­¨¨ ­ §ë¢ ¥âáï ¯«®áª®©, ¥á«¨ � � 0.�®£« á­® áâàãªâãà­ë¬ ãà ¢­¥­¨ï¬ � àâ ­  á¢ï§­®áâì ­  £« ¢­®¬ à áá«®¥­¨¨ ï¢«ï¥âáï ¯«®áª®©â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  d!a = �12Cab
!b ^ !
, â® ¥áâì à á¯à¥¤¥«¥­¨¥, á¨áâ¥¬®© Ǳä ää  ª®â®à®£®ï¢«ï¥âáï á¨áâ¥¬  (!a), ï¢«ï¥âáï ¢¯®«­¥ ¨­â¥£à¨àã¥¬ë¬, â® ¥áâì £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ H¢¯®«­¥ ¨­â¥£à¨àã¥¬®. �â ª,Ǳà¥¤«®�¥­¨¥ 3.10. �¢ï§­®áâì ­  £« ¢­®¬ à áá«®¥­¨¨ ï¢«ï¥âáï ¯«®áª®© â®£¤  ¨ â®«ìª® â®£¤ ,ª®£¤  ¥¥ £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ H ¢¯®«­¥ ¨­â¥£à¨àã¥¬®. 2�¯à¥¤¥«¥­¨¥ 3.20. r-ä®à¬  ! 2 �(P ) ­  ¬­®£®®¡à §¨¨ P ­ §ë¢ ¥âáï £®à¨§®­â «ì­®©, ¥á«¨ ®­ ®¡à é ¥âáï ¢ ­ã«ì, ¥á«¨ å®âï ¡ë ®¤¨­ ¨§ ¥¥  à£ã¬¥­â®¢ ¢¥àâ¨ª «¥­ ¨«¨, çâ® à ¢­®á¨«ì­® ��H! = !,£¤¥ �H { ¯à®¥ªâ®à ­  ¯á¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥.�®ª § â¥«ìáâ¢®. � ¯®¬­¨¬, çâ® ¯® ®¯à¥¤¥«¥­¨î ��H!(X1; : : : ; Xr) = !(�X1; : : : ;�Xr). �®£¤ ¯ãáâì r-ä®à¬  ! ®¡à é ¥âáï ¢ ­ã«ì, ¥á«¨ ¢¥àâ¨ª «¥­ å®âï ¡ë ®¤¨­ ¨§ ¥¥  à£ã¬¥­â®¢. �®£¤  ¤«ï «î¡ëå¢¥ªâ®à­ëå ¯®«¥© X1; : : : ; Xr ¨¬¥¥¬ ��H!(X1; : : : ; Xr) = !(�HX1; : : : ;�HXr) = !(�HX1; : : : ;�HXr) +!(�VX1;�HX2; : : : ;�HXr) + : : :. �ë ¤®¯®«­¨«¨ ¢ëà �¥­¨¥ ­ã«¥¢ë¬¨ á« £ ¥¬ë¬¨, £¤¥ �V { ¢¥àâ¨-ª «ì­ë© ¯à®¥ªâ®à, ¤®¯®«­¨â¥«ì­ë© ª �H . Ǳà®¤®«� ï æ¥¯®çªã à ¢¥­áâ¢ ¯®«ãç¨¬ ��H!(X1; : : : ; Xr) =!(X1; : : : ; Xr), â® ¥áâì ��H! = !.�¡à â­®, ¯ãáâì ��H! = !. Ǳãáâì X1; : : : ; Xr { ¢¥ªâ®à­ë¥ ¯®«ï, X1 { ¢¥àâ¨ª «ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥. �®-£¤  !(X1; : : : ; Xr) = ��H!(X1; X2 : : : ; Xr) = !(�HX1;�HX2; : : : ;�HXr) = !(0;�HX2; : : : ;�HXr) = 0. 214



�¯à¥¤¥«¥­¨¥ 3.21. Ǳãáâì ­  £« ¢­®¬ à áá«®¥­¨¨ B = (P;M; �;G) ä¨ªá¨à®¢ ­  á¢ï§­®áâì. r-ä®à¬  ! ­ §ë¢ ¥âáï ¢¥àâ¨ª «ì­®©, ¥á«¨ ®­  ®¡à é¥âáï ¢ ­ã«ì, ¥á«¨ å®âï ¡ë ®¤¨­ ¨§ ¥¥  à£ã¬¥­â®¢£®à¨§®­â «¥­.� ¤ ç  3.12. �®ª �¨â¥, çâ® r-ä®à¬  ! ï¢«ï¥âáï ¢¥àâ¨ª «ì­®© â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ ��H! = 0.� ¬¥ç ­¨¥. �¢®©áâ¢® ä®à¬ë ¡ëâì £®à¨§®­â «ì­®© { ¢­ãâà¥­­¥¥ á¢®©áâ¢® £« ¢­®£® à áá«®¥­¨ï, â®£¤ ª ª ¢¥àâ¨ª «ì­®áâì ä®à¬ë (â® ¥áâì ®¡à é¥­¨¥ ¢ ­ã«ì, ¥á«¨ å®âï ¡ë ®¤¨­ ¨§  à£ã¬¥­â®¢ £®à¨§®­â «¥­)§ ¢¨á¨â ®â ¢ë¡®à  á¢ï§­®áâ¨.�¥¬¬  3.6. q-ä®à¬  ! ­  ¬­®£®®¡à §¨¨ P £®à¨§®­â «ì­  â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¢ CA-¡ §¨á¥! = ai1 :::iq!i1 ^ : : :^ !iq (4)�®ª § â¥«ìáâ¢®. �á«¨ ä®à¬  ! ¨¬¥¥â ¢¨¤ (4), â® ¥¥ ª®¬¯®­¥­âë ¢ ¤ ­­®¬ ¡ §¨á¥, áà¥¤¨ ¨­¤¥ªá®¢ª®â®àëå å®âï ¡ë ®¤¨­ ¯à¨­¨¬ ¥â §­ ç¥­¨ï ®â 1 ¤® r, à ¢­ë ­ã«î, â ª ª ª ª®¬¯®­¥­âë ä®à¬ë áâ®ç­®áâìî ¤® ¯®áâ®ï­­®£® ¬­®�¨â¥«ï á®¢¯ ¤ îâ á ¥¥ ª®®à¤¨­ â ¬¨. �®£¤  !(X1; : : : ; Xq) = 0, ¥á«¨å®âï ¡ë ®¤¨­ ¨§  à£ã¬¥­â®¢ ¢¥àâ¨ª «¥­.�¡à â­®, ¥á«¨ ä®à¬  ! £®à¨§®­â «ì­ , â® a�1 :::�q = 1q!!(E�1; : : : ; E�q) = 0, ¥á«¨ å®âï ¡ë ®¤¨­ ¨§¢¥ªâ®à®¢ ¢¥àâ¨ª «¥­, â® ¥áâì å®âï ¡ë ®¤¨­ ¨§ ¨­¤¥ªá®¢ ¯à¨­¨¬ ¥â §­ ç¥­¨ï ®â 1 ¤® r. 2Ǳà¨¬¥à. �®à¬  ªà¨¢¨§­ë á¢ï§­®áâ¨ ï¢«ï¥âáï £®à¨§®­â «ì­®©.� ¤ ç  3.13. �®ª �¨â¥, çâ® ä®à¬  á¢ï§­®áâ¨ � ï¢«ï¥âáï £®à¨§®­â «ì­®© ä®à¬®©.�  «£¥¡à¥ �à áá¬ ­  �(P) ¢­ãâà¥­­¨¬ ®¡à §®¬ ®¯à¥¤¥«¥­ ®¯¥à â®à D = ��H Æ d. �­ ­ §ë¢ ¥âáï®¯¥à â®à®¬ ¢­¥è­¥£® ª®¢ à¨ ­â­®£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï.Ǳà¥¤«®�¥­¨¥ 3.11. �«ï ä®à¬ë ªà¨¢¨§­ë á¢ï§­®áâ¨� = D��®ª § â¥«ìáâ¢®. D� = ��H Æ d� = ��H(�12 [�; �℄+ �) = �12��H [�; �℄ + ��H� = 0 + � = �. 2� ¤ ç  3.14. �®ª �¨â¥, çâ® ��H [�; �℄, ¨á¯®«ì§ãï ®¯à¥¤¥«¥­¨¥ [�; �℄ = Cab
!b ^ !
 
 Ea.�«¥¤áâ¢¨¥. �âàãªâãà­®¥ ãà ¢­¥­¨¥ á¢ï§­®áâ¨ ¬®�­® § ¯¨á âì ¢ ¢¨¤¥D� = d� + 12[�; �℄Ǳà¥¤«®�¥­¨¥ 3.12. (â®�¤¥áâ¢® �¨ ­ª¨) D� = 0.�®ª § â¥«ìáâ¢®. �§ áâàãªâãà­ëå ãà ¢­¥­¨© á¢ï§­®áâ¨ ¨¬¥¥¬ � = d� + 12!b ^ !
 
 [Eb; E
℄.Ǳà¨¬¥­¨¬ ®¯¥à â®à ¢­¥è­¥£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï d ¨ ®¯¥à â®à ��H : ��H Æ d� = 12(��H Æ d!b ^��H!
 ���H!b ^��H Æ d!
)
 [Eb; E
℄ = 0, â ª ª ª ��H!b = 0 ¢ á¨«ã ¢¥àâ¨ª «ì­®áâ¨ ä®à¬ !b. 23.8 �ãé¥áâ¢®¢ ­¨¥ á¢ï§­®áâ¥©.� áá¬®âà¨¬ âà¨¢¨ «ì­®¥ £« ¢­®¥ à áá«®¥­¨¥ B = (P;M; p1; G) á ¯à®áâà ­áâ¢®¬ à áá«®¥­¨ï P = M �G, £¤¥ p1 { ¯à®¥ªæ¨ï ­  ¯¥à¢ë© á®¬­®�¨â¥«ì. � ¬¥â¨¬, çâ® ¤«ï ª �¤®© â®çª¨ p0 = (m0; g0) 2 P¥áâ¥áâ¢¥­­® ®¯à¥¤¥«¥­ë £« ¤ª¨¥ à¥£ã«ïà­ë¥ ®â®¡à �¥­¨ïip0 :M ! P ; ip0(m) = (m;g0);jp0 : G! P ; jp0(g) = (m0; g);�ç¥¢¨¤­®, (M; ip) ¨ (G; jp) { ¯®¤¬­®£®®¡à §¨ï ¢ P , ¯à®å®¤ïé¨¥ ç¥à¥§ â®çªã p 2 P . �­¨ ï¢«ïîâáï¬ ªá¨¬ «ì­ë¬¨ ¨­â¥£à «ì­ë¬¨ ¬­®£®®¡à §¨ï¬¨ ­¥ª®â®àëå ¢¯®«­¥ ¨â¥£à¨àã¥¬ëå à á¯à¥¤¥«¥­¨© H¨ V. �ç¥¢¨¤­®, çâ® X (P ) = H�V, ¯à¨ç¥¬ ¬ ªá¨¬ «ì­ë¥ ¨­â¥£à «ì­ë¥ ¬­®£®®¡à §¨ï à á¯à¥¤¥«¥­¨ïV ¥áâì ­¨ çâ® ¨­®¥, ª ª á«®¨ à áá«®¥­¨ï B, ®âªã¤  ¢ëâ¥ª ¥â, çâ® V { ¢¥àâ¨ª «ì­®¥ à á¯à¥¤¥«¥­¨¥,  §­ ç¨â, H { ¯á¥¢¤®£®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥. � «¥¥, Rg(m;a) = (m;ga), a; g 2 G. �­ ç¨â,(Rg)�(X;Y ) = (X; (Rg)�Y ) (5)X 2 H, Y 2 V. �âáî¤  á«¥¤ã¥â, çâ® ¥á«¨ X 2 g, â® ¢ â®çª¥ p = (m; g)(�X)p = ddt jt=0 Rexp tX(m; g) = ddt jt=0 (m;g exp tX) = (0; ddt jt=0 g exp tX) = (0; (Lg)�Xe) = (0; Yg). � ª¨¬®¡à §®¬, �X = X[, £¤¥ X[p = (0;Xg), ¢ ç áâ­®áâ¨, (p2)� Æ � = id.15



� «¥¥, ¯ãáâì X 2 X (M). �ç¥¢¨¤­®, ip Æ � = id,   §­ ç¨â, ¢¥ªâ®à­®¥ ¯®«¥ X℄ ®¯à¥¤¥«¥­® ¢¥ªâ®à ¬¨X℄p = (ip)�Xm = (Xm; 0). � á¨«ã (5) (Rg)�X℄ = X℄, g 2 G.� ç áâ­®áâ¨, «¨­¥©­®¥ ¯à®áâà ­áâ¢® H� â ª¨å ¢¥ªâ®à­ëå ¯®«¥©,   á«¥¤®¢ â¥«ì­®, ¨ ¬®¤ã«ì C1(P )
H� = H, ¨­¢ à¨ ­â­ë ®â­®á¨â¥«ì­® ¤¥©áâ¢¨ï áâàãªâãà­®© £àã¯¯ë. � ª¨¬ ®¡à §®¬, H { £®à¨§®­-â «ì­®¥ à á¯à¥¤¥«¥­¨¥ ­¥ª®â®à®© á¢ï§­®áâ¨ ­  âà¨¢¨ «ì­®¬ £« ¢­®¬ à áá«®¥­¨¨ B. � §®¢¥¬ íâãá¢ï§­®áâì âà¨¢¨ «ì­®©. � ¬¥â¨¬, çâ® £®à¨§®­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ âà¨¢¨ «ì­®© á¢ï§­®áâ¨ ¨­¢®-«îâ¨¢­®,   §­ ç¨â, íâ  á¢ï§­®áâì ¯«®áª ï. � §ã¬¥¥âáï, ¯«®áª ï á¢ï§­®áâì ¨­¤ãæ¨àã¥â á¢ï§­®áâì ¨ ­ «î¡®¬ £« ¢­®¬ à áá«®¥­¨¨ (P;M; �;G), íª¢¨¢ «¥­â­®¬ âà¨¢¨ «ì­®¬ã £« ¢­®¬ã à áá«®¥­¨î, ¯®áà¥¤-áâ¢®¬ âà¨¢¨ «¨§¨àãîé¥£® ¤¨ää¥®¬®àä¨§¬   : P ! M�G. �âã á¢ï§­®áâì ¬ë â ª�¥ ¡ã¤¥¬ ­ §ë¢ âìâà¨¢¨ «ì­®©.�¯¨à ïáì ­  ä ªâ áãé¥áâ¢®¢ ­¨ï á¢ï§­®áâ¥© ã âà¨¢¨ «ì­®£® £« ¢­®£® à áá«®¥­¨ï, ¬ë ¯®«ãç¨¬á«¥¤ãîé¨© ¯à¨­æ¨¯¨ «ì­ë© à¥§ã«ìâ â.�¥®à¥¬  3.16. �  ¢áïª®¬ £« ¢­®¬ à áá«®¥­¨¨ áãé¥áâ¢ã¥â á¢ï§­®áâì.�®ª § â¥«ìáâ¢®.* Ǳãáâì B = (P;M; �;G) { ¯à®¨§¢®«ì­®¥ £« ¢­®¥ à áá«®¥­¨¥. � á¨«ã á¢®©áâ¢ «®ª «ì­®© âà¨¢¨ «ì­®áâ¨, ¬­®£®®¡à §¨¥ M ¤®¯ãáª ¥â ®âªàëâ®¥ ¯®ªàëâ¨¥ A = fU�g�2A, â ª®¥, çâ®8� 2 A ¨¬¥¥¬ (��1(U�); U�; � jU� ; G) { £« ¢­®¥ à áá«®¥­¨¥, íª¢¨¢ «¥­â­®¥ âà¨¢¨ «ì­®¬ã. Ǳãáâì ��{ ä®à¬  âà¨¢¨ «ì­®© á¢ï§­®áâ¨ â ª®£® £« ¢­®£® à áá«®¥­¨ï. Ǳãáâì f �g�2A { à §¡¨¥­¨¥ ¥¤¨­¨æë,¯®¤ç¨­¥­­®¥ ¯®ªàëâ¨î A. �®£¤  ­  ¬­®£®®¡à §¨¨ P ª®àà¥ªâ­® ®¯à¥¤¥«¥­  ä®à¬  � = P�2A( �Æ�)��á® §­ ç¥­¨ï¬¨ ¢  «£¥¡à¥ �¨ g áâàãªâãà­®© £àã¯¯ë. Ǳà®¢¥à¨¬, çâ® � { ä®à¬  á¢ï§­®áâ¨. � ¬¥â¨¬,çâ® P�2A �(m) = 1 ¢ ª �¤®© â®çª¥ m 2 M ,   §­ ç¨â, P�2A( � Æ �)(p) = 1 ¢ ª �¤®© â®çª¥ p 2 P , ¨,â ª¨¬ ®¡à §®¬, X�2A( � Æ �) = 1�®£¤  � Æ � = P�2A( � Æ �)(�� Æ �) = id, â ª ª ª �� Æ� = id.� «¥¥, ¥á«¨ X = XV + XH = faE[a + XH { ¯à®¨§¢®«ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥ ­  P , â® ¯®«ãç¨¬ Ad(g�1) Æ�(X) = Ad(g�1) Æ �P�2A( � Æ �)��(faE[a)� = P�2AAd(g�1)((( � Æ �)fa)
 Ea) = P�2A((( � Æ �)fa) ÆRg�1)
 Ad(g�1)Ea.� ¤àã£®© áâ®à®­ë, � Æ (Rg)�(X) = �(XH+(Rg)�(faE[a)) = �((fa ÆRg�1)(Rg)�E[a) =P�2A( � Æ�)��((fa ÆRg�1)(�((Ad(g�1)Ea))) = P�2A( �Æ�)(faÆRg�1)
Ad(g�1)Ea = P�2A((( �Æ�)fa)ÆRg�1)
Ad(g�1)Ea.� ª¨¬ ®¡à §®¬, Ad(g�1) Æ � = � Æ (Rg)�. �®£¤  ¯® ªà¨â¥à¨î ä®à¬  � ®¯à¥¤¥«ï¥â á¢ï§­®áâì ­  £« ¢­®¬à áá«®¥­¨¨ B. 2
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