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c© 1999 £. �.�. �®«ã¡ç¨ª∗, �.�. �®ª®«®¢†���������� ��������� ������������� Z-�������������� �������� ���§ãç¥­ë ¨­â¥£à¨àã¥¬ë¥ á¨áâ¥¬ë â¨¯  ãà ¢­¥­¨ï � ©§¥­¡¥à£ , á®®â¢¥âáâ¢ãîé¨¥à §«¨ç­ë¬ à §«®¦¥­¨ï¬ Z-£à ¤ã¨à®¢ ­­ëå  «£¥¡à �¨ ¢ ¯àï¬ãî áã¬¬ã ¤¢ãå ¯®¤ «Ä£¥¡à. � ©¤¥­ë ­®¢ë¥ ­¥ ¡¥«¥¢ë ®¡®¡é¥­¨ï ­¥ª®â®àëå ¨§¢¥áâ­ëå ¨­â¥£à¨àã¥¬ëå ¬®Ä¤¥«¥©. ���������â ­¤ àâ­ ï ¬®¤¥«ì � ©§¥­¡¥à£  ®¯¨áë¢ ¥âáï â®ç­® ¨­â¥£à¨àã¥¬ë¬ ãà ¢­¥­¨¥¬St = S × Sxx;£¤¥ S { âà¥å¬¥à­ë© ¢¥ªâ®à, «¥¦ é¨© ­  ¥¤¨­¨ç­®© áä¥à¥. �«ï ¨§ãç¥­¨ï «®ª «ì­ëåá¢®©áâ¢ íâ®£® ãà ¢­¥­¨ï ç áâ® ¡ë¢ ¥â ¯®«¥§­® à §à¥è¨âì á¢ï§ì |S|2 = 1 ¨ ¯¥à¥©â¨ ª¤¢ãåª®¬¯®­¥­â­®© á¨áâ¥¬¥. �á«¨ íâ® á¤¥« âì á ¯®¬®éìî áâ¥à¥®£à ä¨ç¥áª®© ¯à®¥ªæ¨¨,â® ¢ à¥§ã«ìâ â¥ ¯®«ãç¨âáï á¨áâ¥¬ Ut = Uxx −

2U2xU + V ; Vt = −Vxx + 2V 2xU + V : (1)�â¬¥â¨¬, çâ® (1) ¤®¯ãáª ¥â ¯®«¨­®¬¨ «ì­ãî § ¯¨áìWt =Wxx + 2(WVxW )x; Vt = −Vxx + 2VxWVx; (2)¥á«¨ ¯¥à¥©â¨ ª ¯¥à¥¬¥­­ë¬ V ¨W = (U + V )−1.�§¢¥áâ­®, çâ® ãà ¢­¥­¨¥ � ©§¥­¡¥à£  ®¡« ¤ ¥â ¨­â¥£à¨àã¥¬ë¬ ¬ âà¨ç­ë¬ ®¡®¡é¥Ä­¨¥¬ St = [S; Sxx]; S2 = E: (3)�à ¢­¥­¨¥ (3) à áá¬ âà¨¢ «®áì ¨ ¤«ï ¯à®áâëå  «£¥¡à �¨. �¤­ ª® ¯à¨ íâ®¬ ¢ ª ç¥áâ¢¥á¢ï§¨ ¢ë¡¨à «®áì á®®â­®è¥­¨¥ 〈S; S〉 = 1, £¤¥ 〈·; ·〉 ®¡®§­ ç ¥âä®à¬ã�¨««¨­£  (á¬. [1]).
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��������� ����������� �� Z-�������������� �������� �� 249�â® á®®â­®è¥­¨¥ ¯à¨­æ¨¯¨ «ì­® ®â«¨ç ¥âáï ®â á¢ï§¨ â¨¯ S2 = E. � ­ áâ®ïé¥© à ¡®â¥¬ë ®¡®¡é ¥¬ á¢ï§ì S2 = E ­  á«ãç ©  «£¥¡à �¨, ­ ª« ¤ë¢ ï ­  S ãá«®¢¨¥(adS)3 = adS; (4)¨ ¢ à¥§ã«ìâ â¥ ¯à¨å®¤¨¬ ª ­¥ª®â®à®¬ãª« ááã ¨­â¥£à¨àã¥¬ëå ãà ¢­¥­¨© ­  3-£à ¤ã¨à®Ä¢ ­­ëå  «£¥¡à å �¨. �á¢®¡®¦¤¥­¨¥ ®â á¢ï§¨ (4) ¢ íâ¨å ãà ¢­¥­¨ïå ¯à¨¢®¤¨â ª ãà ¢­¥Ä­¨î (2) ­  ¯à®¨§¢®«ì­ëå ©®à¤ ­®¢ëå ¯ à å. �â¬¥â¨¬, çâ® ¢ à ¡®â¥ [2] ­  §­ ç¨â¥«ì­®¬¥­¥¥ ®¡é¨© á«ãç © âà®©­ëå ©®à¤ ­®¢ëå á¨áâ¥¬ á ®¡à â¨¬ë¬¨ í«¥¬¥­â ¬¨ ¡ë«® ®¡®¡Äé¥­® ãà ¢­¥­¨¥ (1).� à §¤¥«¥ 1 ¯à¨¢®¤¨âáï ®¡é ï áå¥¬  ¯®áâà®¥­¨ï á¨áâ¥¬ â¨¯  ãà ¢­¥­¨ï � ©§¥­¡¥àÄ£  ¤«ï Z-£à ¤ã¨à®¢ ­­ëå  «£¥¡à �¨, à §«®¦¥­­ëå ¢ ¯àï¬ãî áã¬¬ã ¤¢ãå ¯®¤ «£¥¡à.�â¬¥â¨¬, çâ® ¢ à ¡®â¥ [3] ¬ë à áá¬ âà¨¢ «¨ ­¥áª®«ìª® ¤àã£¨¥ à §«®¦¥­¨ï, á®®â¢¥âÄáâ¢ãîé¨¥ ®¡®¡é¥­­ë¬ á¨áâ¥¬ ¬ â¨¯  ­¥«¨­¥©­®£® ãà ¢­¥­¨ï�à¥¤¨­£¥à , ¬®¤¨ä¨æ¨Äà®¢ ­­®£® ãà ¢­¥­¨ï �®àâ¥¢¥£ {¤¥ �à¨§ , �ãáá¨­¥áª  ¨ �îà£¥àá . �¡¥ ­ è¨ à ¡®âë¤¥¬®­áâà¨àãîâ á¯à ¢¥¤«¨¢®áâì § ¬¥ç ­¨ï �.�. �¥¬¥­®¢ -�ï­-� ­áª®£® ® â®¬, çâ®¯®¤å®¤, á¢ï§ ­­ë© á à §«®¦¥­¨¥¬ Z-£à ¤ã¨à®¢ ­­ëå  «£¥¡à �¨ ¢ áã¬¬ã ¤¢ãå ¯®¤ «Ä£¥¡à,  ¤¥ª¢ â­® ®¯¨áë¢ ¥â ¢á¥ ¬­®£®®¡à §¨¥ ¯à¥¤áâ ¢«¥­¨© � ªá  ¤«ï ¨­â¥£à¨àã¥¬ëåá¨áâ¥¬, ¢ â® ¢à¥¬ï ª ª R-¬ âà¨ç­ë© ¯®¤å®¤ [4], ¨¬¥îé¨© ¤¥«® â®«ìª® á ª®á®á¨¬¬¥âà¨Äç¥áª¨¬¨ à¥è¥­¨ï¬¨ ãà ¢­¥­¨ï �­£ {� ªáâ¥à , ¯à¨¢®¤¨â ª ¯®â¥à¥ ¨­â¥£à¨àã¥¬ëå á«ãÄç ¥¢.� à §¤¥« å 2 ¨ 3 á®¤¥à¦ âáï ­®¢ë¥ ¯à¨¬¥àë à §«®¦¥­¨© Z-£à ¤ã¨à®¢ ­­ëå  «£¥¡à�¨ ¢ áã¬¬ã ¤¢ãå ¯®¤ «£¥¡à ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨­â¥£à¨àã¥¬ë¥ á¨áâ¥¬ë â¨¯  ãà ¢­¥­¨ï� ©§¥­¡¥à£ . 1. ����� �����Ǳãáâì G = ⊕i∈Z
Gi { Z-£à ¤ã¨à®¢ ­­ ï  «£¥¡à  �¨. �¡®§­ ç¨¬ ç¥à¥§ G  «£¥¡àã�¨ {

∑∞i=−k gi ∣

∣ k ∈ Z; gi ∈ Gi}. �ã¤¥¬ ­ §ë¢ âì í«¥¬¥­âëG àï¤ ¬¨.� ¯®¬­¨¬, ª ª ¯® à §«®¦¥­¨î G ¢ ¯àï¬ãî áã¬¬ã
G = G+ ⊕ G−; (5)£¤¥

G+ = {

∞
∑i=0 gi; gi ∈ Gi} ; (6) G− { ¯à®¨§¢®«ì­ ï ¯®¤ «£¥¡à , áâà®¨âáï ¨¥à àå¨ï ¨­â¥£à¨àã¥¬ëå á¨áâ¥¬ â¨¯  ãà ¢Ä­¥­¨ï � ©§¥­¡¥à£ .Ǳãáâì ¯®áâ®ï­­ë© í«¥¬¥­â � ∈ G−1 ã¤®¢«¥â¢®àï¥â ãá«®¢¨îKer(ad�) ⊕ Im(ad�) = G: (7)� áá¬®âà¨¬ ®¯¥à â®à L = Dx + q−: (8)



250 �.�. ��������, �.�. ��������¤¥áì q = T�T−1, £¤¥ T { í«¥¬¥­â £àã¯¯ë �¨ G  «£¥¡àë �¨ G0,   §­ ª \−" ®§­ ç ¥â¯à®¥æ¨à®¢ ­¨¥ ­  G− ¯ à ««¥«ì­®G+.�®á¯®«ì§ã¥¬áï á«¥¤ãîé¨¬áâ ­¤ àâ­ë¬á¯®á®¡®¬¯®áâà®¥­¨ï ®¯¥à â®à � ªá A [5].�§¢¥áâ­®, çâ® áãé¥áâ¢ãîâ àï¤ë U ¨ V â ª¨¥, çâ®exp(adU)(L) = Dx + �+ V; U ∈ G+; V ∈ G+ ∩Ker(ad�):�®§ì¬¥¬ ¯à®¨§¢®«ì­ë© í«¥¬¥­â � ¨§ æ¥­âà  Ker(ad�) ¨ ¯®«®¦¨¬A� = exp(− adU)(�):�®£¤  ®¯¥à â®à­®¥ ãà ¢­¥­¨¥ � ªá  Lt = [(A�)−; L] § ¤ ¥â í¢®«îæ¨î í«¥¬¥­â  q−.�§ ä®à¬ã«ë q− = q − q+ á«¥¤ã¥â, çâ® q− ∈
∑∞i=−1Gi, ¯à¨ç¥¬ ¯à®¥ªæ¨ï q− ­  G−1¯ à ««¥«ì­®G+ á®¢¯ ¤ ¥â á q. Ǳ®íâ®¬ã¯à®¥æ¨à®¢ ­¨¥ ãà ¢­¥­¨ï� ªá  ­  ª®¬¯®­¥­âã

G−1 ¯à¨¢®¤¨â ª í¢®«îæ¨®­­®¬ã ãà ¢­¥­¨î ¢¨¤ qt = F (q; qx; : : : ; qk); (9)£¤¥ q = T�T−1 ∈ G−1: (10)Ǳ®¤ç¥àª­¥¬, çâ® (9) { ãà ¢­¥­¨¥ ­  ®à¡¨â¥ í«¥¬¥­â �. �¬¥­­® íâ®â ä ªâ ¢ëà ¦ îâä®à¬ã«ë â¨¯  S2 = E ¢ (3).Ǳ®â®ª¨, á®®â¢¥âáâ¢ãîé¨¥ à §­ë¬ í«¥¬¥­â ¬ �; ª®¬¬ãâ¨àãîâ ¬¥¦¤ã á®¡®©. Ǳ®íâ®Ä¬ã á¨áâ¥¬  (9) ®¡« ¤ ¥â ¡¥áª®­¥ç­®© á¥à¨¥© ¢ëáè¨å á¨¬¬¥âà¨©. �à®¬¥ â®£®, ¥á«¨ ­ 
G ¨¬¥¥âáï ¨­¢ à¨ ­â­ ï ä®à¬  〈·; ·〉, â® (9) ®¡« ¤ ¥â ¡¥áª®­¥ç­®© á¥à¨¥© ¢ëáè¨å «®Äª «ì­ëå § ª®­®¢ á®åà ­¥­¨ï ¢¨¤  〈
; V 〉, £¤¥ 
 { ¯à®¨§¢®«ì­ë© ¯®áâ®ï­­ë© í«¥¬¥­â ¨§æ¥­âà  Ker(ad�).2. ��������� ����������� �� ������� ������ áá¬®âà¨¬ á«ãç ©, ª®£¤ G = g[�; �−1], £¤¥ g { ª®­¥ç­®¬¥à­ ï  «£¥¡à  �¨.�«ï ¯à®áâ®âë ¡ã¤¥¬ áç¨â âì, çâ® g ¢«®¦¥­  ¢ ­¥ª®â®àãî ¬ âà¨ç­ãî  «£¥¡àã. �à Ä¤ã¨à®¢ª  ¢ G á®®â¢¥âáâ¢ã¥â áâ¥¯¥­ï¬ �. Ǳ®«®¦¨¬

G− = {

−1
∑i=−n gi; gi ∈ Gi; n ∈ N

} : (11)Ǳãáâì � = a�−1, £¤¥ a { ­¥ª®â®àë© ¯®«ã¯à®áâ®© í«¥¬¥­â. �®£¤  ä®à¬ã«  (8) ¤ ¥âL = Dx + q=�, £¤¥ q = TaT−1.�ë¡¥à¥¬� = f(a)�−2, £¤¥ f { ­¥ª®â®àë©¬­®£®ç«¥­ á ¯®áâ®ï­­ë¬¨ ª®íää¨æ¨¥­â ¬¨.�®®â¢¥âáâ¢ãîé¨© ®¯¥à â®à A� § ¤ ¥âáï ä®à¬ã«®©A� = 1�2 f(q)− 1� (ad q)−1f(q)x;



��������� ����������� �� Z-�������������� �������� �� 251  ãà ¢­¥­¨¥ (9) ¨¬¥¥â ¢¨¤ qt = ((ad q)−1f(q)x)x: (12)Ǳ®áª®«ìªã a { ¯®«ã¯à®áâ®© í«¥¬¥­â, â® (ad q)−1 áãé¥áâ¢ã¥â ­  ®¡à §¥ ad q. �  ï¤à¥ad q ¬ë ¤®®¯à¥¤¥«ï¥¬ ®¯¥à â®à (ad q)−1 ­ã«¥¬. �®®â­®è¥­¨¥ (12) á ¬®á®£« á®¢ ­­®,¯®áª®«ìªã ¨ «¥¢ ï, ¨ ¯à ¢ ï ç áâ¨ «¥¦ â ¢ ®¡à §¥ ad q.�¡é¥¥ ¬ âà¨ç­®¥ ãà ¢­¥­¨¥ � ©§¥­¡¥à£  ¯®«ãç ¥âáï ¢ á«ãç ¥, ª®£¤  g = gl(n). �«ï­¥ª®â®àëå á¯¥æ¨ «ì­ëå ¬ âà¨æ a ®¯¥à â®à (ad q)−1 ¬®¦¥â ¡ëâì ¢ëà ¦¥­ ª ª adP (q),£¤¥ P { ­¥ª®â®àë© ¬­®£®ç«¥­.Ǳà¨¬¥à 1. Eá«¨ a2 = E, â® (ad q)−1 = 14 ad q¨ ¯à¨ b = a ¬ë ¯à¨å®¤¨¬ (¯®á«¥ à áâï¦¥­¨ï t ¨ § ¬¥­ë q ­  S) ª ãà ¢­¥­¨î (3). �á«¨n = 2m, â® ¢ á¨¬¬¥âà¨¨ ãà ¢­¥­¨ï (3), á®®â¢¥âáâ¢ãîé¥© � = a�−3, ¨¬¥¥âáï à¥¤ãªæ¨ïq = ( 0 TT−1 0 ) ; T ∈ gl(m):�®®â¢¥âáâ¢ãîé¥¥ ¬ âà¨ç­®¥ ãà ¢­¥­¨¥Tt = Txxx −
32TxT−1Txx −

32TxxT−1Tx + 32TxT−1TxT−1Tx¢®§­¨ª «® ¢ à ¡®â¥ [6].Ǳà¨¬¥à 2. � á«ãç ¥ a3 = E ¨¬¥¥¬(ad q)−1 = 13 ad(q2):Ǳà¨ b = a2 ¯®«ãç ¥âáï á«¥¤ãîé¥¥ «î¡®¯ëâ­®¥ ãà ¢­¥­¨¥:qt = [q2; (q2)xx]; q3 = E:� á«ãç ¥ g = gl(3m) à¥¤ãªæ¨ï q = 



0 T 00 0 SS−1T−1 0 0 

 ;£¤¥ T; S ∈ gl(m), ¤ ¥â á¨áâ¥¬ãTt = TS(S−1)xx − (TS)xxS−1; St = T−1(TS)xx − (T−1)xxTS:� áª «ïà­®¬ á«ãç ¥ íâ® ãà ¢­¥­¨¥ â®ç¥ç­®-íª¢¨¢ «¥­â­® ¨§¢¥áâ­®© á¨áâ¥¬¥ut = uxx + v2x; vt = −vxx − u2x:



252 �.�. ��������, �.�. �������Ǳà¨¬¥à 3. �áâ¥áâ¢¥­­®¥ ®¡®¡é¥­¨¥ ¯à¨¬¥à  1 á®áâ®¨â ¢ â®¬, çâ® q ¯à¨­ ¤«¥¦¨â¯à®¨§¢®«ì­®©  «£¥¡à¥ �¨ g, ¢ ª®â®à®© áãé¥áâ¢ã¥â í«¥¬¥­â a â ª®©, çâ®(ad a)3 = ada:�á­®, çâ® â®£¤  ¨ ­¥¨§¢¥áâ­ ï äã­ªæ¨ï q = TaT−1 ã¤®¢«¥â¢®àï¥â ãá«®¢¨î(ad q)3 = ad q: (13)� ª ¨ ¢ ¯à¨¬¥à¥ 1, ¨¬¥¥¬ ãà ¢­¥­¨¥ qt = [q; qxx]: (14)�á¢®¡®¤¨¬áï ®â á¢ï§¨ (13) ¢ íâ®¬ ãà ¢­¥­¨¨. �«¥¬¥­â a § ¤ ¥â ­  g áâàãªâãàã 3-£à ¤ãÄ¨à®¢ ­­®©  «£¥¡àë�¨: g = g−1⊕g0⊕g1, £¤¥ gi = {p | [p; a] = ip}. �®¦­® ¯®ª § âì, çâ®¢áïª¨© í«¥¬¥­â q, ã¤®¢«¥â¢®àïîé¨© á®®â­®è¥­¨î (13), ¥¤¨­áâ¢¥­­ë¬ ®¡à §®¬ ¯à¥¤Äáâ ¢¨¬ ¢ ¢¨¤¥ q = eadV eadW (a); W ∈ g−1; V ∈ g1:�¥£ª® ¯à®¢¥à¨âì, çâ® V ¨W ã¤®¢«¥â¢®àïîâ á¨áâ¥¬¥Wt =Wxx − [W; [Vx;W ]]x; Vt = −Vxx − [Vx; [W;Vx]]: (15)� ª ¨§¢¥áâ­® [7], ¨¬¥¥âáï ¢§ ¨¬­® ®¤­®§­ ç­®¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã 3-£à ¤ã¨à®¢ ­-­ë¬¨  «£¥¡à ¬¨ �¨ ¨ § ¤ ­­ë¬¨ ­  ¯ à¥ ¯à®áâà ­áâ¢ g1 ¨ g−1 ©®à¤ ­®¢ë¬¨ ¯ à ¬¨.Ǳà¨ íâ®¬ âà®©­ë¥ ª®¬¬ãâ â®àëí«¥¬¥­â®¢ íâ¨å ¯à®áâà ­áâ¢ § ¤ îâ á®®â¢¥âáâ¢ãîé¨¥âà®©­ë¥ ©®à¤ ­®¢ë ã¬­®¦¥­¨ï. Ǳ®íâ®¬ã ãà ¢­¥­¨¥ (15) ï¢«ï¥âáï ©®à¤ ­®¢ë¬  ­ «®Ä£®¬ ãà ¢­¥­¨ï (2). � ¨¡®«¥¥ ¨­â¥à¥á­ë¥ ¯à¨¬¥àë ¢®§­¨ª îâ ¯à¨ à áá¬®âà¥­¨¨ ¬ âÄà¨ç­®© ¨ ¤¢ãå à §«¨ç­ëå ¢¥ªâ®à­ëå âà®©­ëå ©®à¤ ­®¢ëå ¯ à (á¬. [6, 8]). � ¯¥à¢®¬á«ãç ¥ ¢®§­¨ª ¥â ¬ âà¨ç­®¥ ãà ¢­¥­¨¥ (2). �¥ªâ®à­ë¥ ¯à¨¬¥àë ¨¬¥îâ ¢¨¤Wt =Wxx − 2(〈W;Vx〉W )x;Vt = −Vxx − 2〈Vx;W 〉Vx;Wt =Wxx − 2(〈W;Vx〉W )x + (〈W;W 〉Vx)x;Vt = −Vxx − 2〈Vx;W 〉Vx + 〈Vx; Vx〉W:�¤¥áìW ¨ V { ¢¥ªâ®àë ¢ N -¬¥à­®¬ ¯à®áâà ­áâ¢¥,   〈·; ·〉 { áâ ­¤ àâ­®¥ áª «ïà­®¥ ¯à®Ä¨§¢¥¤¥­¨¥.



��������� ����������� �� Z-�������������� �������� �� 2533. ��������� �����������, ���������������������������� ��Ǳ����������� Ǳ����������� ®¡é¥© ¯®áâ ­®¢ª¥ § ¤ ç  ª« áá¨ä¨ª æ¨¨ ¢á¥å ¢®§¬®¦­ëå à §«®¦¥­¨© (5) ¤® á¨å¯®à ­¥ à¥è¥­ . Ǳà¨ ­¥ª®â®àëå ®£à ­¨ç¥­¨ïå á¢®©áâ¢  ¤®¯®«­¨â¥«ì­ëå ¯®¤ «£¥¡à G−¨§ãç «¨áì ¢ à ¡®â å [9, 10].Ǳ®áâà®¨¬ ­¥ª®â®àë¥ ¯à¨¬¥àë â ª¨å à §«®¦¥­¨©, ®á­®¢ë¢ ïáì ­  ®¯¥à â®à­®¬ ãà ¢Ä­¥­¨¨ �­£ {� ªáâ¥à [R(a); R(b)] = R([R(a); b]− [R(b); a] + [a; b]); (16)£¤¥ R { ¨áª®¬ë© «¨­¥©­ë© ®¯¥à â®à ¨§
G
(−) = {−1

∑

−n gi; gi ∈ Gi; n ∈ N

}¢ G0, a ¨ b { ¯à®¨§¢®«ì­ë¥ í«¥¬¥­âë G(−). �®âï ¯® ä®à¬¥ á®®â­®è¥­¨¥ (16) á®¢¯ ¤ ¥âá ¬®¤¨ä¨æ¨à®¢ ­­ë¬ ãà ¢­¥­¨¥¬ �­£ {� ªáâ¥à  ¤«ï ª®­áâ ­â ¨§ à ¡®âë [11], ¢ ®â«¨Äç¨¥ ®â íâ®© à ¡®âë ¢ ­ è¥¬ à áá¬®âà¥­¨¨ ®¯¥à â®à R ¤¥©áâ¢ã¥â ¨§ ¡¥áª®­¥ç­®¬¥à­®©¢ ª®­¥ç­®¬¥à­ãî  «£¥¡àã �¨.�á«¨ ¨¬¥¥âáï ­¥ª®â®à®¥ à¥è¥­¨¥ R ãà ¢­¥­¨ï (16), â® ¯®¤ «£¥¡à  G− ¨§ à §«®¦¥Ä­¨ï (5) áâà®¨âáï á ¯®¬®éìî áâ ­¤ àâ­®© ä®à¬ã«ë
G− = {a+R(a) | a ∈ G

(−)}: (17)�¯¥à â®à L = Dx + q−, § ¤ ­­ë© ä®à¬ã«®© (8), ¨¬¥¥â ¢ íâ®¬ á«ãç ¥ ¢¨¤L = Dx + q +R(q); (18)¯®áª®«ìªã q = q +R(q)−R(q) ¨ R(q) = q+.� á«ãç ¥  «£¥¡àë â®ª®¢ (á¬. à §¤¥« 2) ®¡®¡é¥­¨¥ ãà ¢­¥­¨ï (12) ¢ë£«ï¤¨â á«¥¤ãîÄé¨¬ ®¡à §®¬: qt = −
((ad q)−1(C))x + [(ad q)−1(C); R( q�)]+ [R(B); q];£¤¥ C = (−f(q))x + [f(q); R( q�)];B = f(q)�2 + (ad q)−1(C� ):�¯¥à â®à A § ¤ ¥âáï ä®à¬ã«®©A = B +R(B).�¥âàã¤­® ¯®áâà®¨âì ¯à¨¬¥àë à¥è¥­¨© ãà ¢­¥­¨ï (16) ¨áå®¤ï ¨§ à¥è¥­¨© ãà ¢­¥­¨ï�­£ {� ªáâ¥à  ­  ª®­¥ç­®¬¥à­ëå «£¥¡à å�¨. �¤­ ª® áãé¥áâ¢ãîâ ¨ ¤àã£¨¥ ¯à¨¬¥àë.ǱãáâìA { ¯à®¨§¢®«ì­ ï  áá®æ¨ â¨¢­ ï  «£¥¡à ,A− { ¥¥ ¯à¨á®¥¤¨­¥­­ ï  «£¥¡à �¨,

G = A
−[�; �−1]. �¥âàã¤­® ¯à®¢¥à¨âì, çâ® ®¯¥à â®à R, § ¤ ¢ ¥¬ë© ä®à¬ã«®©R(�−ia) = −ri · a, £¤¥ r { ¯à®¨§¢®«ì­ë© ¯®áâ®ï­­ë© í«¥¬¥­â A, ã¤®¢«¥â¢®àï¥â ãà ¢Ä­¥­¨î (16).



254 �.�. ��������, �.�. �������Ǳà¨¬¥à 4. Ǳà¨¢¥¤¥¬ãà ¢­¥­¨¥� ©§¥­¡¥à£ , á®®â¢¥âáâ¢ãîé¥¥ â ª®¬ã®¯¥à â®àãR.�®à¬ã«  (18) ¤ ¥â ­ ¬ L = Dx + q� − rq;£¤¥ q = T�T−1. �¯¥à â®à A, á®®â¢¥âáâ¢ãîé¨© � = ��−2, § ¤ ¥âáï ä®à¬ã«®©A = q�2 −
p� − r2q + rp;£¤¥ p = (ad q)−1(qx + [q; rq]). �®®â¢¥âáâ¢ãîé¥¥ ãà ¢­¥­¨¥ � ©§¥­¡¥à£  ¨¬¥¥â ¢¨¤qt = px + [q; r2q − rp] + [p; rq]:� ¯®¬­¨¬, çâ® q ¯à¨­ ¤«¥¦¨â ¯à®¨§¢®«ì­®©  áá®æ¨ â¨¢­®©  «£¥¡à¥, r { ¯à®¨§¢®«ì­ë©¯®áâ®ï­­ë© í«¥¬¥­â íâ®©  «£¥¡àë. � á«ãç ¥, ª®£¤  q ã¤®¢«¥â¢®àï¥â á®®â­®è¥­¨î q2 =E ¨«¨ q3 = E, ®¯¥à â®à ad q ¬®¦¥â ¡ëâì ®¡à é¥­ á ¯®¬®éìî «®ª «ì­ëå ä®à¬ã«, ª ª ¢¯à¨¬¥à å 1 ¨ 2.�«¥¤ãîé¨©è¨à®ª¨© ª« áá à¥è¥­¨© ãà ¢­¥­¨ï (16)¬ë áâà®¨¬ ¨áå®¤ï ¨§ à §«®¦¥­¨ï­¥ª®â®à®© ª®­¥ç­®¬¥à­®© ä ªâ®à- «£¥¡àë �¨ ¢ ¯àï¬ãî áã¬¬ã ¤¢ãå ¯®¤ «£¥¡à. ǱãáâìI { ¨¤¥ « ¢  «£¥¡à¥ �¨ G(−) ⊕ G0 ª®­¥ç­®© ª®à §¬¥à­®áâ¨ â ª®©, çâ® I ∩ G0 = {0}.�¡®§­ ç¨¬ ç¥à¥§ A ä ªâ®à- «£¥¡àãG(−) ⊕G0=I . Ǳãáâì A = A+ ⊕A− { ¯àï¬ ï áã¬¬ ¯®¤¯à®áâà ­áâ¢ A+ ¨ A−, ï¢«ïîé¨åáï ¯®¤ «£¥¡à ¬¨ �¨, ¯à¨ç¥¬ A− ⊂ G0 (¬ë ®â®¦Ä¤¥áâ¢«ï¥¬ G0 c G0=I).�®£¤  «¥£ª® ¯à®¢¥à¨âì, çâ® ®¯¥à â®à R : G(−) → G0, ®¯à¥¤¥«ï¥¬ë© ä®à¬ã«®©R(a) = −�(a+ I); (19)£¤¥ �: A → A { ®¯¥à â®à ¯à®¥æ¨à®¢ ­¨ï ­ A− ¯ à ««¥«ì­®A+, ã¤®¢«¥â¢®àï¥â ãà ¢­¥Ä­¨î (16). Ǳ®¤ «£¥¡à  G− ¢ à §«®¦¥­¨¨ (5) ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© (17). � ç áâ­®áâ¨,¥á«¨ A− = G0, â® G− á®¢¯ ¤ ¥â á ¯®«­ë¬ ¯à®®¡à §®¬ A+ ¯à¨ ª ­®­¨ç¥áª®¬ £®¬®¬®àÄä¨§¬¥ ¢ ä ªâ®à- «£¥¡àãA.� á«¥¤ãîé¨å âà¥å ¯à¨¬¥à å, á¢ï§ ­­ëå á  «£¥¡à®© â®ª®¢, ¬ë ¯à¨¢®¤¨¬ â®«ìª® ï¢­ë©¢¨¤ ®¯¥à â®à  L. �®®â¢¥âáâ¢ãîé¨¥ ®¯¥à â®àë A ¨ ãà ¢­¥­¨ï ¤«ï q ­¥âàã¤­® ¯®áâà®Ä¨âì, ¨á¯®«ì§ãï ®¡éãî áå¥¬ã ¨§ à §¤¥«  1.�â¬¥â¨¬, çâ® ¢ á«ãç ¥  «£¥¡àëâ®ª®¢ á®®â¢¥âáâ¢ãîé¨¥¨¤¥ «ë¯®«ãç îâáï¨§ g[�−1]ã¬­®¦¥­¨¥¬ ­  �−2, �−2 − �−1 ¨ �−2 − 1.Ǳà¨¬¥à 5. Ǳãáâì r ã¤®¢«¥â¢®àï¥â áâ ­¤ àâ­®¬ã ãà ¢­¥­¨î�­£ {� ªáâ¥à  [11, 12][r(a); r(b)] = r([r(a); b] − [r(b); a])­  ª®­¥ç­®¬¥à­®©  «£¥¡à¥ �¨ g. Ǳ®«®¦¨¬ I = �−2g[�−1]. �®®â¢¥âáâ¢ãîé¥¥ à¥è¥­¨¥R ãà ¢­¥­¨ï (16) § ¤ ¥âáï ä®à¬ã« ¬¨R(q�−1) = r(q) ¨ R(q�−i) = 0 ¯à¨ i > 1. �¯¥à Äâ®à L ¨¬¥¥â ¢¨¤ L = Dx + q� + r(q): (20)� á«ãç ¥ ª®á®á¨¬¬¥âà¨ç¥áª¨å à¥è¥­¨© r â ª®© ®¯¥à â®à å®à®è® ¨§¢¥áâ¥­. �â¬¥â¨¬,çâ® ¯à¨¬¥à 5 «¥£ª® ®¡®¡é ¥âáï ­  ¯à®¨§¢®«ì­ãî Z-£à ¤ã¨à®¢ ­­ãî  «£¥¡àã �¨.
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