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�����������������������������������®¬ 138, ò 1ï­¢ àì, 2004
c© 2004 £. �.�. � â «¨­∗, �.�. �îâ¨­∗����-������������ ������������� � �������� ������������� ��������� �����������  ®á­®¢¥ ä®à¬ã«¨à®¢ª¨ ¯à®¨§¢®¤ïé¨å ãà ¢­¥­¨© ¢ ¤®¯®«­¨â¥«ì­® à áè¨à¥­­®¬ä §®¢®¬ ¯à®áâà ­áâ¢¥ ãáâ ­®¢«¥­  ®¡é ï áâàãªâãà  ����-¨­¢ à¨ ­â­®©  «£¥¡àëá¢ï§¥© ¢ ª®¬¬ãâ â®à­®© ¨  ­â¨áª®¡®ç­®© ä®à¬ å. �®¢ë¥ ¯¥à¥¬¥­­ë¥ £®áâ®¢áª®£® â¨¯ ®¡« ¤ îâ ®â­®á¨â¥«ì­® ª¢ ­â®¢®©  ­â¨áª®¡ª¨ á¢®©áâ¢ ¬¨ ¯®«¥© ¨  ­â¨¯®«¥©. �à¨¢¥Ä¤¥­  ï¢­ ï ä®à¬  ����-¨­¢ à¨ ­â­®© ª «¨¡à®¢®ç­®©  «£¥¡àë ¤«ï â¥®à¨© à ­£  1¤«ï á«ãç ¥¢ ¢¥©«¥¢áª®£® ¨ ¢¨ª®¢áª®£® ã¯®àï¤®ç¥­¨© £®áâ®¢áª®£® á¥ªâ®à . �®áâà®¥­ã­¨â à¨§ãîé¨© £ ¬¨«ìâ®­¨ ­ ¢ ä¨ªá¨à®¢ ­­®© ª «¨¡à®¢ª¥, ¨ ¯®ª § ­®, çâ® à áè¨Äà¥­­ë© ä®à¬ «¨§¬ íª¢¨¢ «¥­â¥­ áâ ­¤ àâ­®¬ã ����{���-¯®¤å®¤ã.�«îç¥¢ë¥ á«®¢ : ����-á¨¬¬¥âà¨ï,  «£¥¡à  á¢ï§¥©, ª¢ ­â®¢ë¥  ­â¨áª®¡ª¨.1. ���������à¨ ª¢ ­â®¢ ­¨¨ ª «¨¡à®¢®ç­ëå â¥®à¨© ®¡é¥£® ¢¨¤  àãª®¢®¤ïé¨© ¯à¨­æ¨¯ á®áâ®Ä¨â ¢ ¯®áâà®¥­¨¨ ä¥à¬¨®­­®£® ®¯¥à â®à  ����-§ àï¤ 
, ª®â®àë© ã¤®¢«¥â¢®àï¥â áâ ­Ä¤ àâ­®© ����- «£¥¡à¥ 
2 ≡ [
;
]=2 = 0, [GC ;
] = i~
, £¤¥GC { ¡®§®­­ë© ®¯¥à â®à£®áâ®¢áª®£® ç¨á«  [1]{[3]. �à¨ à §«®¦¥­¨¨ ¢ àï¤ ¯® áâ¥¯¥­ï¬ ª ­®­¨ç¥áª¨å £®áâ®¢áª¨å¯¥à¥¬¥­­ëå (C�;P�) ®¯¥à â®à 
 ¨¬¥¥â ¢¨¤ 
 = C�T� + O(C2P), £¤¥ T� ¯à¥¤áâ ¢«ïÄîâ á®¡®© ¨áå®¤­ë¥ á¢ï§¨ ¯¥à¢®£® à®¤ , ¤¥©áâ¢ãîé¨¥ ª ª £¥­¥à â®àë ª «¨¡à®¢®ç­®© «£¥¡àë.� ¬¥ç â¥«ì­®, çâ® áãé¥áâ¢ãîâ ����-¨­¢ à¨ ­â­ë¥ ¬®¤¨ä¨æ¨à®¢ ­­ë¥ á¢ï§¨

T� = (i~)−1[
;P�] = T� +O(CP);¯® ¯®áâà®¥­¨î ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨î [
; T�] = 0, ª®â®àë¥, ¯® áãé¥áâ¢ã, § ¤ îâ­®¢ë© ¯à¥¤¯¨áë¢ ¥¬ë©¤¨­ ¬¨ª®© ­ ¡®à £¥­¥à â®à®¢ ª «¨¡à®¢®ç­®©  «£¥¡àë. � ª ª ª
∗�¨§¨ç¥áª¨© ¨­áâ¨âãâ ¨¬. �.�. �¥¡¥¤¥¢  ���, �®áª¢ , �®áá¨ï. E-mail: batalin@lpi.ru,tyutin@lpi.ru 3



4 �.�. �������, �.�. �����íâ¨ £¥­¥à â®àë áãé¥áâ¢¥­­® § ¢¨áïâ ®â £®áâ®¢áª¨å ®¯¥à â®à®¢ (C�;P�), ®­¨ ®¯à¥¤¥«¥Ä­ë ¢ à áè¨à¥­­®¬ ä §®¢®¬ ¯à®áâà ­áâ¢¥, ¢ ¯à®â¨¢®¯®«®¦­®áâì ¨áå®¤­ë¬ á¢ï§ï¬ ¯¥àÄ¢®£® à®¤  T�.�á­®¢­ ï ¨¤¥ï ­ áâ®ïé¥© à ¡®âë á®áâ®¨â ¢ ¯¥à¥ä®à¬ã«¨à®¢ª¥ áâ ­¤ àâ­®© ����{���-áå¥¬ë ª¢ ­â®¢ ­¨ï ­¥¯®áà¥¤áâ¢¥­­® ¢ â¥à¬¨­ å ����-¨­¢ à¨ ­â­ëå á¢ï§¥© T�,à áá¬ âà¨¢ ¥¬ëå ª ª ­®¢ë¥ ¡ §¨á­ë¥ ¨­£à¥¤¨¥­âë, ¯®áà¥¤áâ¢®¬ ¤ «ì­¥©è¥£® à áè¨Äà¥­¨ï ä §®¢®£® ¯à®áâà ­áâ¢ , ª®â®à®¥ ¯à¥¦¤¥ ®¯¨áë¢ «®áì ¨áå®¤­ë¬¨ ä §®¢ë¬¨ ¯¥à¥Ä¬¥­­ë¬¨ ¨ ®¡ëç­ë¬¨ £®áâ ¬¨ (C�;P�). �« ¢­®© ¬®â¨¢ æ¨¥© ¡ë«® ®¦¨¤ ­¨¥ â®£®, çâ®á¢ï§¨ T� ¡ã¤ãâ ¨¬¥âì, ¢®®¡é¥ £®¢®àï, «ãçè¨¥  «£¥¡à ¨ç¥áª¨¥ á¢®©áâ¢ , ç¥¬ ¨áå®¤­ë¥á¢ï§¨ T�. � ç áâ­®áâ¨, ª ª å®à®è® ¨§¢¥áâ­®, íâ® ¯à®¨áå®¤¨â ¢ â¥®à¨¨ ¡®§®­­®© áâàã­ë(á¬. [4] ¨ ¯à¨¢¥¤¥­­ë¥ â ¬ ááë«ª¨), £¤¥  «£¥¡à  ¨áå®¤­ëå £¥­¥à â®à®¢ �¨à á®à® æ¥­âÄà «ì­®-à áè¨à¥­ , ¢ â® ¢à¥¬ï ª ª  «£¥¡à  á®®â¢¥âáâ¢ãîé¨å ����-¨­¢ à¨ ­â­ëå £¥Ä­¥à â®à®¢ á®¢¯ ¤ ¥â á ª« áá¨ç¥áª®©.� à ªâ¥à­ë¬á¢®©áâ¢®¬����-¨­¢ à¨ ­â­ëå £¥­¥à â®à®¢T� ï¢«ï¥âáï â®âä ªâ, çâ®¨å  «£¥¡à  § ¬ª­ãâ  â®«ìª® ¢ â®¬ á«ãç ¥, ª®£¤  ¨áå®¤­ë¥ á¢ï§¨ ¯¥à¢®£® à®¤  ®¡à §ãîâ «£¥¡àã «¨¥¢áª®£® â¨¯  á ¯®áâ®ï­­ë¬¨ áâàãªâãà­ë¬¨ ª®íää¨æ¨¥­â ¬¨. �ª §ë¢ ¥âáï,®¤­ ª®, çâ®  «£¥¡à , ®¡à §ã¥¬ ï £¥­¥à â®à ¬¨ T� ¨ £®áâ®¢áª¨¬¨ ¨¬¯ã«ìá ¬¨ P�, ¢á¥£Ä¤  § ¬ª­ãâ  ¯® ¯®áâà®¥­¨î. �â® ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï¥â áä®à¬ã«¨à®¢ âì § ¬ª­ãÄâãî á¨áâ¥¬ã ¯à®¨§¢®¤ïé¨å ãà ¢­¥­¨© ����-¨­¢ à¨ ­â­®© ª «¨¡à®¢®ç­®©  «£¥¡àë ¢¤®¯®«­¨â¥«ì­® à áè¨à¥­­®¬ ä §®¢®¬ ¯à®áâà ­áâ¢¥. � íâ®© æ¥«ìî ¬ë ¢¢¥¤¥¬ ¤¢  ­ ¡®Äà  ­®¢ëå ª ­®­¨ç¥áª¨å ¯ à £®áâ®¢áª®£® â¨¯  (B�;��) ¨ (B∗�;��∗ ), ª®â®àë¥ ¢¥¤ãâ á¥¡ïª ª ¯®«ï ¨  ­â¨¯®«ï ®â­®á¨â¥«ì­® ª¢ ­â®¢ëå  ­â¨áª®¡®ª.�ª §ë¢ ¥âáï, çâ® ­®¢ë¥ ¯à®¨§¢®¤ïé¨¥ ãà ¢­¥­¨ï ����-¨­¢ à¨ ­â­®© ª «¨¡à®¢®çÄ­®©  «£¥¡àë ¯à¨¢®¤ïâáï ª ä®à¬¥ ®¯¥à â®à­®§­ ç­®£® ¬ áâ¥à-ãà ¢­¥­¨ï [5], áä®à¬ã«¨Äà®¢ ­­®£® ¢ â¥à¬¨­ å ª¢ ­â®¢ëå  ­â¨áª®¡®ª, ¢¢¥¤¥­­ëå ¢ à ¡®â¥ [6]. �â¨ ª¢ ­â®¢ë¥ ­â¨áª®¡ª¨ ¥áâ¥áâ¢¥­­ë¬ ®¡à §®¬ £¥­¥à¨àãîâ ®¯¥à â®à­®§­ ç­ë¥  ­â¨ª ­®­¨ç¥áª¨¥¯à¥®¡à §®¢ ­¨ï. �ë ®¯¨è¥¬ ¨å ®¡é¨© ¢¨¤ ¨ âà ­áä®à¬ æ¨®­­ë¥ á¢®©áâ¢   ­â¨áª®¡®ª,¨á¯®«ì§ãï ¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï ¯® ¢á¯®¬®£ â¥«ì­®© ¯¥à¥¬¥­­®©.� à¥§ã«ìâ â¥ ¬ë¯®«ãç ¥¬ ¤¢  ¤ã «ì­ëå ®¯¨á ­¨ï����-¨­¢ à¨ ­â­®© ª «¨¡à®¢®çÄ­®©  «£¥¡àë ¢ â¥à¬¨­ å áâ ­¤ àâ­ëå ª®¬¬ãâ â®à®¢ ¨ ª¢ ­â®¢ëå  ­â¨áª®¡®ª. �«ï ¨«Ä«îáâà æ¨¨ íâ®£® ¤ã «¨§¬  ¢ â¥å­¨ç¥áª®¬ ®â­®è¥­¨¨ ¯®¤à®¡­® à áá¬®âà¥­ á«ãç © â¥®Äà¨© à ­£  1 á ¢¥©«¥¢áª¨¬ ¨ ¢¨ª®¢áª¨¬ ã¯®àï¤®ç¥­¨¥¬ £®áâ®¢áª®£® á¥ªâ®à .� ª ®¡ëç­®, "(f) ≡ "f ®§­ ç ¥â £à áá¬ ­®¢ã ç¥â­®áâì ¢¥«¨ç¨­ë f , [f; g] ®§­ ç ¥âáâ ­¤ àâ­ë© áã¯¥àª®¬¬ãâ â®à [f; g] ≡ fg − (−1)"f"ggf «î¡ëå ¤¢ãå ®¯¥à â®à®¢ f ¨ g.�­ ã¤®¢«¥â¢®àï¥â áâ ­¤ àâ­®¬ã ¯à ¢¨«ã �¥©¡­¨æ , [fg; h] = f [g; h] + [f; h]g(−1)"g"h ,¨ â®¦¤¥áâ¢ã �ª®¡¨, [f; [g; h]] (−1)"f"h + cycle(f; g; h) = 0. �¬ëá« ¤àã£¨å ®¡®§­ ç¥­¨©ïá¥­ ¨§ ª®­â¥ªáâ . 2. ��������� ����������� ���������������� ���������������¤¥áì ¬ë ­ ¯®¬­¨¬ ®¯à¥¤¥«¥­¨ï ¨ á¢®©áâ¢  ª¢ ­â®¢ëå  ­â¨áª®¡®ª, ¢¢¥¤¥­­ëå ¢ à Ä¡®â å [6], [7]. � â¥¬ ®¯à¥¤¥«¨¬ ®¯¥à â®à­®§­ ç­ë¥  ­â¨ª ­®­¨ç¥áª¨¥ ¯à¥®¡à §®¢ ­¨ï



����-������������ ������� ������ 5¨ ¢ë¢¥¤¥¬ âà ­áä®à¬ æ¨®­­ë¥ á¢®©áâ¢   ­â¨áª®¡®ª ®â­®á¨â¥«ì­®  ­â¨ª ­®­¨ç¥áª¨å¯à¥®¡à §®¢ ­¨© ¨å  à£ã¬¥­â®¢.�ãáâì Q { ä¥à¬¨®­­ë© ­¨«ì¯®â¥­â­ë© ®¯¥à â®à,"(Q) = 1; Q2 ≡ 12 [Q;Q] = 0: (2.1)�®£¤  ª¢ ­â®¢ ï  ­â¨áª®¡ª  «î¡ëå ¤¢ãå ®¯¥à â®à®¢ f ¨ g ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©(f; g)Q ≡ 12([f; [Q; g]]− [g; [Q; f ]](−1)("f+1)("g+1)): (2.2)�­  ®¡« ¤ ¥â á«¥¤ãîé¨¬¨ á¢®©áâ¢ ¬¨:"((f; g)Q) = "f + "g + 1; (2.3)(f; g)Q = −(g; f)Q(−1)("f+1)("g+1): (2.4)�§ ®¯à¥¤¥«¥­¨ï (2.2) á«¥¤ã¥â, çâ® á¯à ¢¥¤«¨¢ë ¬®¤¨ä¨æ¨à®¢ ­­ë¥ ¯à ¢¨«® �¥©¡­¨æ (fg; h)Q − f(g; h)Q − (f; h)Qg(−1)"g("h+1) == 12([f; h][g;Q](−1)"h("g+1) + [f;Q][g; h](−1)"g) (2.5)¨ â®¦¤¥áâ¢® �ª®¡¨
(f; (g; h)Q)Q(−1)("f+1)("h+1) + cycle(f; g; h) = −12[(f; g; h)Q(−1)("f+1)("h+1); Q];(2.6)£¤¥ à ¢¥­áâ¢®(f; g; h)Q ≡ 13(−1)("f+1)("h+1)([(f; g)Q; h](−1)"h+("f+1)("h+1) + cycle(f; g; h)) == 13(−1)("f+1)("h+1)([f; (g; h)Q](−1)"g+("f+1)("h+1) + cycle(f; g; h)) (2.7)®¯à¥¤¥«ï¥â á«¥¤ãîéãî, 3- ­â¨áª®¡ªã ¤«ï «î¡ëå ®¯¥à â®à®¢ f , g, h.� á¢®î ®ç¥à¥¤ì, 3- ­â¨áª®¡ª  (2.7) ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¥¬ã â®¦¤¥áâ¢ã, ¢ª«îç Äîé¥¬ã á«¥¤ãîéãî, 4- ­â¨áª®¡ªã, ¨ â.¤. � à ¡®â å [7] íâ  ¨¥à àå¨ï ¯®á«¥¤®¢ â¥«ì­ëåª¢ ­â®¢ëå ­â¨áª®¡®ª ¢ëáè¨å¯®àï¤ª®¢ ¯®«­®áâìî®¯à¥¤¥«¥­  á ¯®¬®éìîá®®â¢¥âáâ¢ãÄîé¥£® ¯à®¨§¢®¤ïé¥£® ¬¥å ­¨§¬ .�ãáâì B { ¡®§®­­ë© ®¯¥à â®à ¨ A { ¯à®¨§¢®«ì­ë© ®¯¥à â®à. �§ (2.6) ¯®«ãç ¥¬

(B; (B;A)Q)Q = 12((B;B)Q; A)Q − 14[(B;B;A)Q; Q]; (2.8)(B;B;A)Q = 13(−[A; (B;B)Q]+ 2[(A;B)Q; B]); (2.9)
(B; (B;B)Q)Q = 16[[B; (B;A)Q]; Q]: (2.10)



6 �.�. �������, �.�. ������àã£®¥ ¢ ¦­®¥ á«¥¤áâ¢¨¥ ®¯à¥¤¥«¥­¨ï (2.2) ¨ ãá«®¢¨ï ­¨«ì¯®â¥­â­®áâ¨ (2.1) ¥áâì
[Q; (f; g)Q] = [[Q; f ]; [Q; g]]: (2.11)�¯à¥¤¥«¨¬ ®¯¥à â®à­®§­ ç­®¥  ­â¨ª ­®­¨ç¥áª®¥ ¯à¥®¡à §®¢ ­¨¥ á«¥¤ãîé¨¬ ®¡à Ä§®¬. �ãáâì A0 { ¯à®¨§¢®«ì­ë© ¨áå®¤­ë© ®¯¥à â®à,  X , "(X) = 1, { ä¥à¬¨®­­ë©  ­â¨Äª ­®­¨ç¥áª¨© £¥­¥à â®à. �®£¤  ãà ¢­¥­¨¥dA(�)d� = (X;A(�))Q; A(0) = A0; (2.12)®¯à¥¤¥«ï¥â  ­â¨ª ­®­¨ç¥áª®¥ ¯à¥®¡à §®¢ ­¨¥A0 → A.�§ (2.11), (2.12) á«¥¤ã¥â dd� [Q;A] = [[Q;X ]; [Q;A]]; (2.13)®âªã¤  ¢¨¤­®, çâ® [Q;X ] ¯à¥¤áâ ¢«ï¥â á®¡®© ¡®§®­­ë© £¥­¥à â®à ª ­®­¨ç¥áª®£® ¯à¥®¡Äà §®¢ ­¨ï [Q;A0]. �¡é¥¥ à¥è¥­¨¥ ¯ à ¬¥âà¨ç¥áª®£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï(2.12) ¥áâì A = ~A+ [Q; Y ]; (2.14)£¤¥ ~A ≡ ~A(�) = e�[Q;X]A0e−�[Q;X]; (2.15)Y = −12 ∫ �0 d�′ e(�−�′)[Q;X]=2[X; ~A(�′)]e−(�−�′)[Q;X]=2: (2.16)�ãé¥áâ¢ã¥â ªà á¨¢ ï ¨­â¥à¯à¥â æ¨ï à¥è¥­¨ï (2.14): ¯¥à¢ë© ç«¥­ ¢ ¯à ¢®© ç áâ¨, ~A,¯à¥¤áâ ¢«ï¥â á®¡®© ª ­®­¨ç¥áª®¥ ¯à¥®¡à §®¢ ­¨¥ A0 á £¥­¥à â®à®¬ [Q;X ], ¢ â® ¢à¥¬ïª ª ¢â®à®© ç«¥­, [Q; Y ], ¥áâì \â®ç­ ï" ä®à¬ . �ëç¨á«ïï ¢ëà ¦¥­¨¥ (2.14) ¢ ¯¥à¢®¬¯®àï¤ª¥ ¯®X ,A−A0 = �([[Q;X ]; A0]− 12[Q; [X;A]])+ O(�2) = �(X;A0)Q +O(�2); (2.17)¬ë ¢¨¤¨¬, çâ® ç áâì [[Q;X ]; A0] ª¢ ­â®¢®©  ­â¨áª®¡ª¨ (X;A0)Q ¥áâì ¢ â®ç­®áâ¨ ¨­ä¨Ä­¨â¥§¨¬ «ì­®¥ ª ­®­¨ç¥áª®¥ ¯à¥®¡à §®¢ ­¨¥A0 á ®¯¥à â®à®¬ [Q;X ] ¢ ª ç¥áâ¢¥ £¥­¥à Äâ®à , ¢ â® ¢à¥¬ï ª ª á« £ ¥¬®¥ (−[Q; [X;A]]=2) (\â®ç­ ï" ç áâì) ¯à¥¤áâ ¢«ï¥â á®¡®©®âª«®­¥­¨¥ ®â ã­¨¬®¤ã«ïà­®áâ¨, å à ªâ¥à­®¥ ¤«ï  ­â¨ª ­®­¨ç¥áª¨å ¯à¥®¡à §®¢ ­¨©.�ãáâìA ¨B {  ­â¨ª ­®­¨ç¥áª¨¥ ¯à¥®¡à §®¢ ­¨ïA0 ¨B0 á®£« á­® ãà ¢­¥­¨î (2.12).�®£¤  ª¢ ­â®¢ ï  ­â¨áª®¡ª  (A;B)Q ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨îdd� (A;B)Q = (X; (A;B)Q)Q + 12[(X;A;B)Q; Q]; (2.18)



����-������������ ������� ������ 7£¤¥ ãçâ¥­® ¬®¤¨ä¨æ¨à®¢ ­­®¥ â®¦¤¥áâ¢® �ª®¡¨ (2.6) ¤«ï f = X , g = A, h = B. �§(2.18) á«¥¤ã¥â, çâ® ®âª«®­¥­¨¥ âà ­áä®à¬ æ¨®­­ëå á¢®©áâ¢  ­â¨áª®¡ª¨ (A;B)Q ®â ª Ä­®­¨ç¥áª¨å (à¥è¥­¨ï ®¤­®à®¤­®© ç áâ¨ ãà ¢­¥­¨ï (2.18)) ¤ ¥âáï \â®ç­®©" ä®à¬®©
[12 ∫ �0 d�′ e(�−�′)[Q;X]=2(X;A;B)Qe−(�−�′)[Q;X]=2; Q]: (2.19)� ª¨¬ ®¡à §®¬, ¬ë ¢¨¤¨¬, çâ® ¯®ï¢«¥­¨¥ ­¥­ã«¥¢®© \â®ç­®©" ä®à¬ë [(f; g; h)Q; Q],ª®â®à ï¤¥ä®à¬¨àã¥â á¨«ì­®¥ â®¦¤¥áâ¢®�ª®¡¨¤®¬®¤¨ä¨æ¨à®¢ ­­®©ä®à¬ë,¯à¨¢®¤¨âª  ­ «®£¨ç­®© ¤¥ä®à¬ æ¨¨ ¨­¢ à¨ ­â­ëå á¢®©áâ¢ ª¢ ­â®¢®©  ­â¨áª®¡ª¨ ®â­®á¨â¥«ì­® ­â¨ª ­®­¨ç¥áª®£® ¯à¥®¡à §®¢ ­¨ï ¥¥  à£ã¬¥­â®¢.3. ����-������������ ������� �������ãáâì 
 { ä¥à¬¨®­­ë© ®¯¥à â®à, ã¤®¢«¥â¢®àïîé¨© áâ ­¤ àâ­®© ����- «£¥¡à¥[
;
] = 0; [GC ;
] = i~
; (3.1)£¤¥ GC { ¡®§®­­ë© ®¯¥à â®à £®áâ®¢áª®£® ç¨á« .�«ï ®¯à¥¤¥«¥­­®áâ¨ ¬ë ¯à¥¤¯®«®¦¨¬, çâ® £®áâ®¢áª¨© á¥ªâ®à á®¤¥à¦¨â ª ­®­¨ç¥áÄª¨¥ ¯ àë (C�;P�), "(C�) = "(P�) = "� + 1, á ­¥­ã«¥¢ë¬¨ ª®¬¬ãâ â®à ¬¨[C�;P� ] = i~��� ; (3.2)¨ ����-®¯¥à â®à 
 CP-ã¯®àï¤®ç¥­. �à®¬¥ â®£®, ¬ë ¯à¨¬¥¬ á«¥¤ãîé¥¥ ¯à¥¤¯¨á ­¨¥¤«ï §­ ç¥­¨© £®áâ®¢áª¨å ç¨á¥«:[GC ; C�] = i~C�; [GC ;P�] = −i~P�; (3.3)çâ® á®®â¢¥âáâ¢ã¥â ­¥¯à¨¢®¤¨¬ë¬ â¥®à¨ï¬. ����-¨­¢ à¨ ­â­ë¥ á¢ï§¨ ®¯à¥¤¥«ïîâáïá«¥¤ãîé¨¬ ®¡à §®¬:

T� = (i~)−1[
;P�]; [
; T�] = 0: (3.4)� â¥à¬¨­ å ª¢ ­â®¢®©  ­â¨áª®¡ª¨ (2.2) á § ¬¥­®©Q ­  
 ¬ë ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®âÄ­®è¥­¨ï: (T�; T�)
 = 0;(P�;P�)
 = (i~)2U
��P
(−1)"�+"�+"
 ;(P�; T�)
 = 12 i~[T�; T� ](−1)"� ; (3.5)£¤¥ ®¯¥à â®à­®§­ ç­ë¥ áâàãªâãà­ë¥ ª®íää¨æ¨¥­âëU
�� = −U
��(−1)"�"� ; (3.6)¢®®¡é¥ £®¢®àï, § ¢¨áïâ ®â £®áâ®¢.



8 �.�. �������, �.�. ������á«¨ ¬ë ¯à¥¤áâ ¢¨¬ ®¯¥à â®à 
 ï¢­® ¢ ¢¨¤¥ CP-ã¯®àï¤®ç¥­­®£® à §«®¦¥­¨ï ¯® áâ¥Ä¯¥­ï¬ £®áâ®¢ á ãç¥â®¬ (3.1), (3.3),
 = C�T� +∑n>1 1n! (n+ 1)!C�n+1 : : : C�1
�n:::�1�1:::�n+1P�1 : : :P�n ; (3.7)â® á®®â¢¥âáâ¢ãîé¨¥ à §«®¦¥­¨ï ®¯¥à â®à®¢ T� ¨ U
�� áãâì
T� = T� +∑n>1 1(n!)2C�n : : : C�1
�n:::�1�1:::�n�P�1 : : :P�n ;U
�� =∑n>0 1n! (n+ 1)!C�n : : : C�1

�n:::�1�1:::�n��P�1 : : :P�n(−1)"�+"
 : (3.8)�á¯®«ì§ãï á¢®©áâ¢® (2.11) ¨ ®¯à¥¤¥«¥­¨¥ (3.4), ¬ë ¯®«ãç ¥¬ á«¥¤ãîéãî ª®¬¬ãâ â®àÄ­ãî  «£¥¡àã: [T�; T� ] = i~U
��T
 − [U
��;
]P
 ;[P�;P� ] = 0;[P�; T� ] = (i~)−1(P�;P�)
: (3.9)� ª¨¬ ®¡à §®¬, ¬ë ¢¨¤¨¬, çâ® ����-¨­¢ à¨ ­â­ë¥ á¢ï§¨ T� ¢¬¥áâ¥ á £®áâ®¢áª¨¬¨ ¨¬Ä¯ã«ìá ¬¨ P� ®¡à §ãîâ ¤¢¥ ¤ã «ì­ë¥ ®¯¥à â®à­ë¥  «£¥¡àë,   ¨¬¥­­® ª¢ ­â®¢®- ­â¨-áª®¡®ç­ãî  «£¥¡àã (3.5) ¨ ª®¬¬ãâ â®à­ãî  «£¥¡àã (3.9).4. ������������ �������������-������������ ������� ������� ªª ª¬ëãáâ ­®¢¨«¨, çâ®T� ¢¬¥áâ¥ áP� ®¡à §ãîâ¤¢¥ ¤ã «ì­ë¥  «£¥¡àë, ª ¦¥âáïá®¢¥àè¥­­® ¥áâ¥áâ¢¥­­ë¬ áä®à¬ã«¨à®¢ âì á®®â¢¥âáâ¢ãîé¨¥ ¯à®¨§¢®¤ïé¨¥ ãà ¢­¥­¨ï¢ ¤ãå¥ ®¡é¥© ¨¤¥®«®£¨¨ ����{���-¯®¤å®¤ . �ë ¬®¦¥¬ à áá¬ âà¨¢ âì T� ¨ P� ª ªá¢ï§¨ ¯¥à¢®£® à®¤ ,   ä®à¬ã«ë (3.9) ª ª ¨å á®®â­®è¥­¨ï ¨­¢®«îæ¨¨. �ë ¬®¦¥¬ ¯®¢®Äà ç¨¢ âì íâ¨ á¢ï§¨ ¯¥à¢®£® à®¤  ­¥á¨­£ã«ïà­ë¬¨ ®¯¥à â®à­ë¬¨ ¬ âà¨æ ¬¨, â ª çâ®ª ¦¥âáï ¥áâ¥áâ¢¥­­ë¬ ­¥áª®«ìª® ®¡®¡é¨âì ®¯à¥¤¥«¥­¨¥ T�.�à¥¦¤¥ ¢á¥£®, ¯®¢¥à­¥¬ P� ¢ á®®â­®è¥­¨¨ (3.4),

P� → X� = ���P� ; (4.1)â ª çâ® ­®¢ë¥ á¢ï§¨ T� áãâì
T� = (i~)−1[
; X�]; [GC ; X�] = −i~X�: (4.2)�â¨ T�, ®¤­ ª®, ®áâ îâáï á¨«ì­® ����-¨­¢ à¨ ­â­ë¬¨, [
; T�] = 0. �â®¡ë ®á« ¡¨âì¨­¢ à¨ ­â­®áâì, ¬ë ¬®¦¥¬ ¥é¥ ¡®«¥¥ ¬®¤¨ä¨æ¨à®¢ âì ®¯à¥¤¥«¥­¨¥ T�:
T� = (i~)−1[
; X�]− V ��X�(−1)"�+"� ; (4.3)



����-������������ ������� ������ 9£¤¥ V �� ¥áâì ¯«®áª ï ����-á¢ï§­®áâì,R�� ≡ (i~)−1[
; V �� ]− V 
� V �
 (−1)"�+"
 = 0: (4.4)� íâ®¬ á«ãç ¥ ¬ë ¨¬¥¥¬ á« ¡ãî ����-¨­¢ à¨ ­â­®áâì,[
; T�] = i~V �� T� ; (4.5)ª®â®à ï á®®â¢¥âáâ¢ã¥â ¯®¢®à®âã
T� → G��T� ; X� → G��X�(−1)"�+"� (4.6)¢ (4.2) ¨ ¢ë¡®àã V �� = (i~)−1[
; G
�]G−1�
 : (4.7)�ë ®¦¨¤ ¥¬, çâ® â ª¨¥ ¯®¢®à®âë (4.1){(4.6) ¡ã¤ãâ ç áâìî ¥áâ¥áâ¢¥­­®£® ¯à®¨§¢®«  ¢®¡é¥¬ à¥è¥­¨¨ ¯à®¨§¢®¤ïé¨å ãà ¢­¥­¨©  «£¥¡àë.�¥à¥©¤¥¬ ­¥¯®áà¥¤áâ¢¥­­® ª ä®à¬ã«¨à®¢ª¥ ­ã¦­ëå ­ ¬ ¯à®¨§¢®¤ïé¨å ãà ¢­¥­¨©.� ç­¥¬ á ­¥ª®â®àëå ®¯¥à â®à®¢ T� ¨X�, ®¯à¥¤¥«¥­­ëå ¢ â®¬¦¥ à áè¨à¥­­®¬ ä §®¢®¬¯à®áâà ­áâ¢¥, çâ® ¨ ����-®¯¥à â®à 
. �å £à áá¬ ­®¢ë ç¥â­®áâ¨ ¨ §­ ç¥­¨ï ¢­ãâà¥­Ä­¨å £®áâ®¢áª¨å ç¨á¥« ¨¬¥îâ ¢¨¤"(T�) = "�; "(X�) = "� + 1; (4.8)[GC ; T�] = 0; [GC ; X�] = −i~X�: (4.9)� â¥¬ ¬ë ¥é¥ à áè¨àï¥¬ ä §®¢®¥ ¯à®áâà ­áâ¢®, ¢¢®¤ï ­®¢ë¥ ª ­®­¨ç¥áª¨¥ ¯ àë £®áÄâ®¢áª®£® â¨¯  ¯®áà¥¤áâ¢®¬ á®®â¢¥âáâ¢¨ï
T� 7→ (B�;��); X� 7→ (B∗�;��∗ ) (4.10)á ­¥­ã«¥¢ë¬¨ ª®¬¬ãâ â®à ¬¨[B�;�� ] = i~��� ; [B∗�;��∗ ] = i~���: (4.11)�å £à áá¬ ­®¢ë ç¥â­®áâ¨ áãâì"(B�) = "(��) = "� + 1; "(B∗�) = "(��∗ ) = "�: (4.12)�á¥ ­®¢ë¥ ®¯¥à â®àë ª®¬¬ãâ¨àãîâ á ®¯¥à â®à®¬ ¢­ãâà¥­­¥£® £®áâ®¢áª®£® ç¨á«  GC .�¤­ ª® ®­¨ ¨¬¥îâ á¢®¨ á®¡áâ¢¥­­ë¥ ®¯¥à â®àë £®áâ®¢áª®£® ç¨á« GB ¨ GB∗ ,[GB ; B�] = i~B�; [GB ;��] = −i~��; (4.13)[GB∗ ; B∗�] = i~B∗�; [GB∗ ;��∗ ] = −i~��∗ ; (4.14)[GB∗ ; B�] = [GB∗ ;��] = [GB ; B∗�] = [GB ;��∗ ] = 0; (4.15)[GB ; GB∗ ] = [GC ; GB ] = [GC ; GB∗ ] = 0: (4.16)



10 �.�. �������, �.�. ������®«­ë© ®¯¥à â®à £®áâ®¢áª®£® ç¨á«  à ¢¥­G = GC +GB − 2GB∗ = GCB∗ +GBB∗ ; (4.17)£¤¥ GCB∗ = GC −GB∗ ; GBB∗ = GB −GB∗ : (4.18)�ãáâì A { ¯à®¨§¢®«ì­ë© ®¯¥à â®à. �¯à¥¤¥«¨¬ §­ ç¥­¨ï ¯®«­®£® £®áâ®¢áª®£® ç¨á« ,gh(A), ¨ ¯®«­®© áâ¥¯¥­¨, deg(A), á«¥¤ãîé¨¬ ®¡à §®¬:[G;A] = i~ gh(A)A; [GBB∗ ; A] = i~ deg(A)A; (4.19)â ª çâ® [GCB∗ ; A] = i~(gh(A)− deg(A))A: (4.20)� ç áâ­®áâ¨, ¬ë ¨¬¥¥¬ "(
) = 1; gh(
) = 1; deg(
) = 0: (4.21)�«ï ¤ «ì­¥©è¥£® à áá¬®âà¥­¨ï ã¤®¡­® ¢¢¥áâ¨ ª®­¤¥­á¨à®¢ ­­ë¥ ®¡®§­ ç¥­¨ïTA ≡ {T�;−X�}; (4.22)CA ≡ {B�; ��∗ (−1)"�+1}; PA ≡ {��;B∗�}; [CA;PB ] = i~�AB : (4.23)�¬¥¥¬ "(TA) = {"�; "� + 1}; gh(TA) = {0;−1}; deg(TA) = {0; 0}; (4.24)"(CA) = {"� + 1; "�}; gh(CA) = {1; 2}; deg(CA) = {1; 1}; (4.25)"(TA) ≡ "A; "(PA) = "(CA) = "A + 1; (4.26)gh(PA) = − gh(CA); deg(PA) = − deg(CA): (4.27)� ­®¢®¬ à áè¨à¥­­®¬ ä §®¢®¬ ¯à®áâà ­áâ¢¥, ª®®à¤¨­ â ¬¨ ª®â®à®£® ï¢«ïîâáï ¨áÄå®¤­ë¥ ä §®¢ë¥ ¯¥à¥¬¥­­ë¥, ®¡ëç­ë¥ £®áâë ¨ ­®¢ë¥ ¯¥à¥¬¥­­ë¥ (4.10), ¬ë à áá¬®âà¨¬á«¥¤ãîéãî á¨áâ¥¬ã ãà ¢­¥­¨©:[�1;�1] = 0; [�;�] = 0; [�;�1] = 0; (4.28)"(�1) = 1; gh(�1) = 1; deg(�1) = 1; (4.29)"(�) = 1; gh(�) = 1; deg(�) = 0; (4.30)¢¬¥áâ¥ á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨�1 = CATA + · · · ; � = 
+ · · · ; (4.31)



����-������������ ������� ������ 11£¤¥ ¬­®£®â®ç¨¥¬ ®¡®§­ ç¥­ë ¢á¥ ¢®§¬®¦­ë¥ ç«¥­ë ¢ëáè¥£® ¯®àï¤ª  ¯® (CA;PA), á®¢Ä¬¥áâ­ë¥ á (4.29), (4.30). �ë â ª¦¥ ¯®âà¥¡ã¥¬, çâ®¡ë ®¯¥à â®à � ã¤®¢«¥â¢®àï« ¤®¯®«Ä­¨â¥«ì­®¬ã ãá«®¢¨î: ¬ âà¨æ  �- ­â¨áª®¡®ª (B�; B∗�)� ¤®«¦­  ¡ëâì ®¡à â¨¬ .�ë ãâ¢¥à¦¤ ¥¬, çâ® ãà ¢­¥­¨ï (4.28){(4.31), à §«®¦¥­­ë¥ ¢ àï¤ ¯® (CA;PA), £¥­¥Äà¨àãîâ����-¨­¢ à¨ ­â­ãî «£¥¡àã á¢ï§¥©. �â®¡ëã¢¨¤¥âì íâ®, à áá¬®âà¨¬CP-ã¯®-àï¤®ç¥­­®¥ à §«®¦¥­¨¥ �1 ¨ �,�1 = CATA + 12CBCAUCABPC(−1)"B+"C + · · · ; (4.32)� = 
+ CAV BA PB(−1)"B + 14CBCAV CDAB PDPC(−1)"B+"D + · · · : (4.33)�®¤áâ ¢«ïï (4.32) ¢ ¯¥à¢®¥ ãà ¢­¥­¨¥ (4.28), ¬ë ¯®«ãç ¥¬ ¢® ¢â®à®¬ ¯®àï¤ª¥ ¯® CAáâ ­¤ àâ­ë¥ á®®â­®è¥­¨ï ¨­¢®«îæ¨¨[TA; TB ] = i~UCABTC : (4.34)� «¥¥ ¯®á«¥ ¯®¤áâ ­®¢ª¨ (4.33) ¢® ¢â®à®¥ ãà ¢­¥­¨¥ (4.28) ¨¬¥¥¬ ¢ ­ã«¥¢®¬ ¨ ¯¥à¢®¬¯®àï¤ª å ¯® CA [
;
] = 0 (4.35)¨ [V BA ;
](−1)"B = i~V CA V BC : (4.36)�­ «®£¨ç­®, ¯®¤áâ ¢«ïï (4.32), (4.33) ¢ âà¥âì¥ ãà ¢­¥­¨¥ (4.28), ¬ë ¯®«ãç ¥¬ ¢ ¯¥à¢®¬¯®àï¤ª¥ ¯® CA [TA;
] = −i~V BA TB : (4.37)� ãà ¢­¥­¨¨ (4.35) ¬ëã§­ ¥¬ ãá«®¢¨¥ ­¨«ì¯®â¥­â­®áâ¨ ¤«ï 
. � ¬¥ç â¥«ì­®, çâ® ãà ¢Ä­¥­¨¥ (4.36) ¥áâì ­¥ çâ® ¨­®¥, ª ª ãá«®¢¨¥ ­¨«ì¯®â¥­â­®áâ¨ ¬ âà¨ç­®-à áè¨à¥­­®£® 
,
̂BA , 
̂CA
̂BC = 0; 
̂BA ≡ (−1)"A�BA
− i~V BA : (4.38)�®®â­®è¥­¨ï ¨­¢®«îæ¨¨ (4.37) ¯® á¢®¥© áãâ¨ ®§­ ç îâ ����-¨­¢ à¨ ­â­®áâì á¢ï§¥©TA ¢ ­ ¨¡®«¥¥ ®¡é¥© (á« ¡®©) ä®à¬¥.�¥âàã¤­® ¢¨¤¥âì, çâ® ¯à¨¢¥¤¥­­ë¥ ¢ëè¥ (ç áâ­ë¥) ¯à¥¤áâ ¢«¥­¨ï (4.2), (4.3), (4.5)­¥¬¥¤«¥­­® ¢ëâ¥ª îâ ¨§ (4.37), ¥á«¨ V BA ¢ë¡à âì ¢ ¢¨¤¥V BA = (V �� (−1)"� 0���(−1)"� −V �� (−1)"� ) : (4.39)� áá¬®âà¨¬ â¥¯¥àì ¢â®à®¥ ãà ¢­¥­¨¥ (4.28) ¢® ¢â®à®¬ ¯®àï¤ª¥ ¯® CA. �ë ¨¬¥¥¬[V CA ; V DB ](−1)("B+1)("C+1) − (A↔ B)(−1)"A"B == i~(V EA V CDEB (−1)"B − (A↔ B)(−1)"A"B)++ i~(V CEAB V DE (−1)"C − (C ↔ D)(−1)"C"D)−
− [V CDAB ;
](−1)"C+"D − 12(i~)2V EFAB V CDFE : (4.40)



12 �.�. �������, �.�. ������ â®¬ ¦¥ á ¬®¬ ¯®àï¤ª¥ ¯® CA âà¥âì¥ ãà ¢­¥­¨¥ (4.28) ¤ ¥â
([TA; V CB ]− (A↔ B)(−1)"A"B)− i~UDABV CD ++ i~(V DA UCDB(−1)"B − (A↔ B)(−1)"A"B)++ [UCAB ;
](−1)"C + 12 i~V EDAB ZCDE = 0; (4.41)£¤¥ ZCAB ≡ TA�CB − TB�CA(−1)"A"B − i~UCAB ; (4.42)ZCABTC = 0: (4.43)�¬­®¦ ï (4.41) ­  TC á¯à ¢ , ¬ë ¯®«ãç ¥¬ â®¦¤¥áâ¢¥­­ë© ­®«ì ¡« £®¤ àï á®®â­®è¥Ä­¨ï¬ (4.34), (4.37).� à §«®¦¥­¨¨ (4.28) á â®ç­®áâìî ¤® âà¥âì¥£® ¯®àï¤ª  ¯® CA ¤àã£¨å ãà ¢­¥­¨© ­¥¢®§­¨ª ¥â.�á«¨ § ¤ ­ë á¢ï§¨ ¯¥à¢®£® à®¤  TA, ¨§ ãà ¢­¥­¨ï (4.34) ®¯à¥¤¥«ïîâáï UCAB . � «¥¥ãà ¢­¥­¨ï (4.36), (4.37) ®¯à¥¤¥«ïîâ V AB . � â¥¬ ãà ¢­¥­¨ï (4.40), (4.41) ®¯à¥¤¥«ïîâV CDAB ¨ â.¤.�á«¨ ¯à®¨§¢®¤ïé¨¥ ãà ¢­¥­¨ï (4.28) ¤®¯ãáª îâ à¥è¥­¨¥ ¤«ï �, «¨­¥©­®¥ ¯® CA,� = 
+ CAV BA PB(−1)"B ; (4.44)çâ® ¢ á®®â¢¥âáâ¢¨¨ á (4.40), (4.41) ¯®¤à §ã¬¥¢ ¥â[V CA ; V DB ](−1)("B+1)("C+1) − (A↔ B)(−1)"A"B = 0 (4.45)

(̈[TA; V CB ]− (A↔ B)(−1)"A"B)− i~UDABV CD ++ i~(V DA UCDB(−1)"B − (A↔ B)(−1)"A"B)+ [UCAB ;
](−1)"C = 0; (4.46)â® ¤«ï «î¡ëå ¢¥«¨ç¨­ f , g, h, § ¢¨áïé¨å â®«ìª® ®âB�,B∗�, ¨å �- ­â¨áª®¡ª¨ ®¡« ¤ îâá¢®©áâ¢®¬ [(f; g)�; h] = 0; (4.47)â ª çâ® ¨å 3- ­â¨áª®¡ª¨ ¨áç¥§ îâ, (f; g; h)� = 0; (4.48)¨ ¯®íâ®¬ã â®¦¤¥áâ¢® �ª®¡¨ áâ ­®¢¨âáï á¨«ì­ë¬. �®áª®«ìªã f , g, h ª®¬¬ãâ¨àãîâ ¬¥¦Ä¤ã á®¡®©, ¯à ¢¨«® �¥©¡­¨æ  (2.5) â ª¦¥ áâ ­®¢¨âáï á¨«ì­ë¬. �à®¬¥ â®£®, á®£« á­®¯à¥¤¯¨á ­¨î (4.12){(4.15) ¬ë ¨¬¥¥¬"(B�) + "(B∗�) = 1; (4.49)gh(B�) + gh(B∗�) = −1; (4.50)deg(B�) + deg(B∗�) = 0: (4.51)



����-������������ ������� ������ 13� ª¨¬ ®¡à §®¬, ¨§ ãà ¢­¥­¨© (4.48){(4.51) á«¥¤ã¥â, çâ® ¯¥à¥¬¥­­ë¥B� ¨B∗� ¢¥¤ãâ á¥¡ïª ª ­®à¬ «ì­ë¥ ¯®«ï ¨  ­â¨¯®«ï ®â­®á¨â¥«ì­® �- ­â¨áª®¡ª¨ ¯à¨ ãá«®¢¨¨, çâ® á®®â­®Äè¥­¨ï (4.45), (4.46) ã¤®¢«¥â¢®à¥­ë.�®¤ç¥àª­¥¬, ®¤­ ª®, çâ® ­¥ âà¥¡ã¥âáï, çâ®¡ë ãá«®¢¨ï (4.45), (4.46) ®¡ï§ â¥«ì­® ¢ëÄ¯®«­ï«¨áì. �­¨ â®«ìª® ¢ë¤¥«ïîâ ®¯à¥¤¥«¥­­ë© ¡ §¨á á¢ï§¥© TA ¨ ¢¥«¨ç¨­ V BA , ¢ ª®Äâ®à®¬ ¯¥à¥¬¥­­ë¥ B�, B∗� ¤®¯ãáª îâ ¯à®áâãî ¨­â¥à¯à¥â æ¨î. � ®¡é¥¬ á«ãç ¥ ª®íäÄä¨æ¨¥­âë V CDAB ®â«¨ç­ë ®â ­ã«ï ¨ à §«®¦¥­¨ï (4.32), (4.33) ¢ª«îç îâ ¢á¥ ¢ëáè¨¥ ¯®Äàï¤ª¨ ¯® £®áâ ¬. �®íâ®¬ã, ¢®®¡é¥ £®¢®àï, �- ­â¨áª®¡ª¨ ­¥ ã¤®¢«¥â¢®àïîâ á¨«ì­®¬ãâ®¦¤¥áâ¢ã �ª®¡¨, ¤ ¦¥ ¥á«¨ ¨å  à£ã¬¥­âë § ¢¨áïâ â®«ìª® ®â B�, B∗�.� ¯à¨­æ¨¯¥ á®®â­®è¥­¨ï ¨­¢®«îæ¨¨ (4.34){(4.37) ï¢«ïîâáï ¥¤¨­áâ¢¥­­ë¬¨ ãáÄ«®¢¨ï¬¨, ª®â®àë¬ ¤®«¦­ë ã¤®¢«¥â¢®àïâì ç«¥­ë ­¨§è¨å ¯®àï¤ª®¢ ¢ (4.32), (4.33).�¤­ ª® ¬ë âà¥¡ã¥¬ ¤®¯®«­¨â¥«ì­®, çâ®¡ë ¯à ¢ ï ç áâì (4.37) ¡ë«  à §à¥è¨¬ ®â­®á¨â¥«ì­® T�: íâ® ¥áâì ¢ â®ç­®áâ¨ ¤®¯®«­¨â¥«ì­®¥ ãá«®¢¨¥, áä®à¬ã«¨à®¢ ­­®¥­¨¦¥ ä®à¬ã« (4.31). �â® ãá«®¢¨¥ ®§­ ç ¥â, çâ® «î¡ë¥ á¢ï§¨ TA, ã¤®¢«¥â¢®àïîé¨¥á®®â­®è¥­¨ï¬ ¨­¢®«îæ¨¨, ¬®£ãâ ¡ëâì ¯®¢¥à­ãâë ­¥á¨­£ã«ïà­®© ¬ âà¨æ¥© ª ä®à¬¥TA = {(i~)−1[
;P�];−P�}.5. ������������ ��������� ������������� �������� ª ¬ë ¢¨¤¥«¨ ¢ëè¥, ¯¥à¥¬¥­­ë¥ B� ¨ B∗� ¢¥¤ãâ á¥¡ï ª ª ¯®«ï ¨  ­â¨¯®«ï ®â­®á¨Äâ¥«ì­® �- ­â¨áª®¡ª¨. � ¦¥âáï á®¢¥àè¥­­® ¥áâ¥áâ¢¥­­ë¬ ®¦¨¤ âì ¯®¤®¡­®£® ¯®¢¥¤¥Ä­¨ï ¨¬¯ã«ìá®¢ ��∗ ¨ �� ®â­®á¨â¥«ì­® ­¥ª®â®à®© \¤ã «ì­®©"  ­â¨áª®¡ª¨.�«ï à¥ «¨§ æ¨¨ íâ®© ¨¤¥¨ ®¯à¥¤¥«¨¬ à¥§®«ì¢¥­â­ë© ®¯¥à â®à �� ª ª à¥è¥­¨¥ ¯à®Ä¨§¢®¤ïé¨å ãà ¢­¥­¨© [ ��; ��] = 0; [�; ��] = i~GBB∗ ; (5.1)"( ��) = 1; gh( ��) = −1; deg( ��) = 0; (5.2)á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨ �� = 
 + · · · ; (5.3)£¤¥ ¬­®£®â®ç¨¥¬ ®¡®§­ ç¥­ë ¢á¥ ç«¥­ë ¢ëáè¨å ¯®àï¤ª®¢ ¯® ¯¥à¥¬¥­­ë¬ (CA;PA), ¤®Ä¯ãáª ¥¬ë¥ á¢®©áâ¢ ¬¨ (5.2),   
 ï¢«ï¥âáï ç«¥­®¬ ­ã«¥¢®£® ¯®àï¤ª .� áá¬®âà¨¬ CP-ã¯®àï¤®ç¥­­®¥ à §«®¦¥­¨¥ �� ¢ áâ¥¯¥­­®© àï¤�� = 
 + CAV BAPB(−1)"B + 14CBCAV CDAB PDPC(−1)"B+"D + · · · ; (5.4) ­ «®£¨ç­®¥ (4.33). �§ ãà ¢­¥­¨© (5.1), (5.2) ¬ë ¯®«ãç ¥¬ á«¥¤ãîé¨¥ ãà ¢­¥­¨ï ­¨§Äè¨å ¯®àï¤ª®¢ ¤«ï ®¯¥à â®à­ëå ª®íää¨æ¨¥­â®¢:[
;
] = 0; (5.5)[V BA ;
](−1)"B = i~V CA V BC ; (5.6)[
;
] = 0; (5.7)[V BA ;
](−1)"B + [V BA ;
](−1)"B + i~�BA = i~V CA V BC + i~V CA V BC : (5.8)



14 �.�. �������, �.�. ������ â¥à¬¨­ å ®¯¥à â®à­®§­ ç­®© ¬ âà¨æë (4.38) ¨  ­ «®£¨ç­®© ¬ âà¨æë ¤«ï 
,
̂BA ≡ (−1)"A�BA
− i~V BA ; (5.9)ãà ¢­¥­¨ï (5.5){(5.8) ¯¥à¥¯¨áë¢ îâáï ¢ ¢¨¤¥
̂CA
̂BC = 0; (5.10)
̂CA
̂BC + 
̂CA
̂BC = i~�BA : (5.11)�¨«ì¯®â¥­â­ë© ®¯¥à â®à 
 ®¯à¥¤¥«¥­ ¢ â®¬ ¦¥ á ¬®¬ ¯à®áâà ­áâ¢¥, çâ® ¨ 
, ¨ ¥£® à §Ä«®¦¥­¨¥ ¢ àï¤ ¯® ®¡ëç­ë¬ £®áâ ¬ (C�;P�) ­ ç¨­ ¥âáï á ç«¥­  T �
P�(−1)"� , £¤¥ T �¯à¥¤áâ ¢«ïîâ á®¡®© «¨­¥©­ë¥ ª®¬¡¨­ æ¨¨ á¢ï§¥© T�, ¤ã «ì­ë¥ ª T�, T �T� = 0.�­ «®£¨ç­® á¨âã æ¨¨ á ®¯¥à â®à®¬�, ¥á«¨ ¯à®¨§¢®¤ïé¨¥ ãà ¢­¥­¨ï ¤®¯ãáª îâ à¥Äè¥­¨¥ ¤«ï ��, «¨­¥©­®¥ ¯® CA, â® ¤«ï «î¡ëå ¢¥«¨ç¨­, § ¢¨áïé¨å â®«ìª® ®â ��∗ , ��,��- ­â¨áª®¡ª  ã¤®¢«¥â¢®àï¥â á¨«ì­®¬ã â®¦¤¥áâ¢ã �ª®¡¨.�¤­ ª® á®£« á­® ­ è¥¬ã ¯à¥¤¯¨á ­¨î  ­ «®£ á®®â­®è¥­¨© (4.49){(4.51) â¥¯¥àì ¨¬¥Ä¥â ¢¨¤ "(��∗ ) + "(��) = 1; (5.12)gh(��∗ ) + gh(��) = 1; (5.13)deg(��∗ ) + deg(��) = 0: (5.14)�ë¢¨¤¨¬, çâ® §­ ª¨ ¢ ¯à ¢ëåç áâïå á®®â­®è¥­¨© (4.50)¨ (5.13) ¯à®â¨¢®¯®«®¦­ë. �â®®§­ ç ¥â, çâ® ¨¬¯ã«ìáë ��∗ ¨ ��, ¢ ®â«¨ç¨¥ ®â B�, B∗�, ¢¥¤ãâ á¥¡ï ª ª \áªàãç¥­­ë¥"¯®«ï ¨  ­â¨¯®«ï [8].�¤ «ì­¥©è¥¬¬ë¯®¤à §ã¬¥¢ ¥¬,çâ®à¥è¥­¨¥ ¯à®¨§¢®¤ïé¨åãà ¢­¥­¨© (4.28){(4.31)¨ (5.1){(5.3) ¤¥©áâ¢¨â¥«ì­® áãé¥áâ¢ã¥â.�®¬¬ãâ¨àãï �� á âà¥âì¨¬ ãà ¢­¥­¨¥¬ ¢ (4.28) ¨ ¨á¯®«ì§ãï âà¥âì¥ ãá«®¢¨¥ ¢ (4.29) ¨¢â®à®¥ ãà ¢­¥­¨¥ ¢ (5.1), ¯®«ãç ¥¬�1 = (i~)−1[�; S1]; (5.15)£¤¥ S1 = (i~)−1[ ��;�1] + (i~)−1[�; Y1]; (5.16)Y1 { ¯à®¨§¢®«ì­ë© ä¥à¬¨®­­ë© ®¯¥à â®à á gh(Y1) = −1, deg(Y1) = 1. �«ïS1 ¬ë ¨¬¥¥¬"(S1) = 0; gh(S1) = 0; deg(S1) = 1: (5.17)�®¤áâ ¢«ïï ¯à¥¤áâ ¢«¥­¨¥ (5.15) ¢ ¯¥à¢®¥ ¨§ ãà ¢­¥­¨© (4.28) ¨ ¨á¯®«ì§ãï á¢®©áâÄ¢® (2.11), ¯®«ãç ¥¬ [�; (S1; S1)�] = 0: (5.18)



����-������������ ������� ������ 15�®¬¬ãâ¨àãï ¤ «¥¥ �� á ãà ¢­¥­¨¥¬ (5.18), ­ å®¤¨¬,  ­ «®£¨ç­® (5.15),(S1; S1)� = i~[�; S2]; (5.19)£¤¥ S2 = 12(i~)−3[ ��; (S1; S1)�]+ (i~)−1[�; Y2]; (5.20)Y2 { ¯à®¨§¢®«ì­ë© ä¥à¬¨®­­ë© ®¯¥à â®à á gh(Y2) = −1, deg(Y2) = 2. �«ïS2 ¬ë ¨¬¥¥¬"(S2) = 0; gh(S2) = 0; deg(S2) = 2: (5.21)� áá¬®âà¨¬ â¥¯¥àì ¬ áâ¥à-ãà ¢­¥­¨¥(S; S)� = i~[�; S] (5.22)¤«ï ¡®§®­­®£® ®¯¥à â®à  S ¢¨¤ S =∑k>0Sk; S0 = GCB∗ ; "(Sk) = 0; gh(Sk) = 0; deg(Sk) = k: (5.23)�¬¥¥¬ [S0;�] = i~�; [S0; Sk] = −i~kSk: (5.24)�®¤áâ ¢«ïï à §«®¦¥­¨¥ (5.23) ¢ ãà ¢­¥­¨¥ (5.22) ¨ ¨á¯®«ì§ãï á®®â­®è¥­¨ï (5.24), ¬ë¯®«ãç ¥¬ á«¥¤ãîéãî æ¥¯®çªã ãà ¢­¥­¨©:Fk = 0; k > 2; (5.25)£¤¥ Fk ≡ Rk − i~(k − 1)[�; Sk]; (5.26)Rk ≡ k−1∑j=1(Sj ; Sk−j)�: (5.27)�à¨ k = 2 ãà ¢­¥­¨¥ (5.25) â®ç­® á®¢¯ ¤ ¥â á (5.19), â ª çâ® ¬ë ¬®¦¥¬ ¨¤¥­â¨ä¨æ¨à®Ä¢ âì S1 ¨ S2 ¢ à §«®¦¥­¨¨ (5.23) á á®®â¢¥âáâ¢ãîé¨¬¨ ®¯¥à â®à ¬¨ ¢ ä®à¬ã« å (5.16)¨ (5.20). �á¯®«ì§ãï â®¦¤¥áâ¢® (2.10) ¤«ïQ = �, B = S, ­¥âàã¤­® ¢ë¢¥áâ¨ à ¢¥­áâ¢ [�; Rk] = 0 (5.28)¯à¨ ãá«®¢¨¨, çâ® ¢ë¯®«­¥­ë ãà ¢­¥­¨ïFm = 0; m = 2; : : : ; k − 1: (5.29)



16 �.�. �������, �.�. ������¬¥­­®, ¨§ (2.10) á«¥¤ã¥â6(S; F )� − [[S; F ];�] = 4i~[�; F ]; (5.30)£¤¥ F ≡ (S; S)� − i~[�; S]: (5.31)�à¥¤¯®«®¦¨¬, çâ® ãà ¢­¥­¨ï (5.29) ¢ë¯®«­ïîâáï. � áá¬ âà¨¢ ï â®¦¤¥áâ¢® (5.30) ¢á¥ªâ®à¥ á deg = k, ­ å®¤¨¬6(S0; Fk)� − [[S0; Fk];�] = 4i~[�; Fk]; (5.32)®âªã¤  á«¥¤ã¥â à ¢¥­áâ¢® (k − 2)[�; Rk] = 0: (5.33)� ª®­¥æ, ª®¬¬ãâ¨àãï �� á ãà ¢­¥­¨ï¬¨ (5.28), ¬ë ¯®«ãç ¥¬ ãà ¢­¥­¨¥ (5.25) ¤«ïm = k c Sk = 1k(k − 1)(i~)−3[ ��; Rk] + (i~)−1[�; Yk]; (5.34)"(Yk) = 1; gh(Yk) = −1; deg(Yk) = k: (5.35)� ª¨¬ ®¡à §®¬, ¬ë ¯®ª § «¨, çâ® ¢á¥ ®¯¥à â®àë Sk ¢ à §«®¦¥­¨¨ (5.23) áãé¥áâ¢ãîâ.�¥¬ á ¬ë¬ ãáâ ­®¢«¥­®, çâ® ¬ áâ¥à-ãà ¢­¥­¨¥ (5.22) ¨¬¥¥â à¥è¥­¨¥, £¥­¥à¨àã¥¬®¥ ®¯¥Äà â®à®¬ �1 ¯®áà¥¤áâ¢®¬ á®®â­®è¥­¨© (5.15), (5.19). �â® à¥è¥­¨¥ ®¯¨áë¢ ¥â  ­â¨áª®Ä¡®ç­ãî  «£¥¡àã, £¥­¥à¨àã¥¬ãî ����-¨­¢ à¨ ­â­ë¬¨ á¢ï§ï¬¨.� áá¬®âà¨¬ ¯à®áâ¥©è¨© á«ãç © â¥®à¨¨ à ­£  1 á  «£¥¡à®© «¨¥¢áª®£® â¨¯  á ¯®áâ®ï­Ä­ë¬¨ áâàãªâãà­ë¬¨ ª®íää¨æ¨¥­â ¬¨. �ë¡¨à ï CP-ã¯®àï¤®ç¥­¨¥ ¢ £®áâ®¢áª®¬ á¥ªâ®Äà¥, ¬ë ¨¬¥¥¬ á«¥¤ãîé¨© ����-®¯¥à â®à 
:
 = C�T� + 12C�C�U
��P
(−1)"�+"
 ; (5.36)á ¯®áâ®ï­­ë¬¨ U
�� . �ë¡¥à¥¬ ¯à®áâ¥©èãî ¢®§¬®¦­ãî ä®à¬ã ®¯¥à â®à  �:� = 
+��∗��(−1)"�+1; (5.37)â ª çâ® á®®â¢¥âáâ¢ãîé¨© à¥§®«ì¢¥­â­ë© ®¯¥à â®à �� ¥áâì�� = 
−B�B∗�: (5.38)�«ï ®¯¥à â®à  �, ¢ë¡à ­­®£® ¢ ä®à¬¥ (5.37), ãà ¢­¥­¨¥ (5.19) ¨¬¥¥â à¥è¥­¨¥ ¢¨¤ S1 = P�B� + 12B�B�U
��B∗
(−1)"� ; (5.39)(S1; S1)� = 0; S2 = 0; (5.40)



����-������������ ������� ������ 17  ­¨«ì¯®â¥­â­ë© ®¯¥à â®à �1 ¢ à ¢¥­áâ¢¥ (5.15) ¤ ¥âáï ä®à¬ã«®©�1 = (i~)−1[�; S1] = B�T� + 12B�B�U
���
(−1)"�+"
 ++��∗P�(−1)"� −��∗B�U
��B∗
(−1)"� ; (5.41)£¤¥ T� ¥áâì CP-ã¯®àï¤®ç¥­­ë¥ ����-¨­¢ à¨ ­â­ë¥ á¢ï§¨,
T� = (i~)−1[
;P�] = T� + C�U
��P
(−1)"�+"
 : (5.42)� ®¡é¥¬ á«ãç ¥ ¬®¦­® ¯®ª § âì, çâ® ¯®ï¢«¥­¨¥ ­¥­ã«¥¢ëå Sk, k > 2, ¢ à §«®¦¥Ä­¨¨ (5.23) ï¢«ï¥âáï á«¥¤áâ¢¨¥¬  ­â¨ª ­®­¨ç¥áª®£® ¯à¥®¡à §®¢ ­¨ï (2.14){(2.16), ¯à¨Ä¬¥­¥­­®£® ª ®¯¥à â®àã S1, ã¤®¢«¥â¢®àïîé¥¬ã ®¤­®à®¤­®¬ã ¬ áâ¥à-ãà ¢­¥­¨î (5.40).�á«®¢­® ¬®¦­® áª § âì, çâ® ¯à ¢ ï ç áâì ãà ¢­¥­¨ï (5.19) ¢®§­¨ª ¥â ¨§ ¤¥ä®à¬ æ¨®­Ä­®£® ç«¥­  (2.19).�â¬¥â¨¬ â ª¦¥, çâ® à¥è¥­¨¥ ¢¨¤  (5.39), (5.40) ®áâ ¥âáï á¯à ¢¥¤«¨¢ë¬ ¨ ¢ á«ãç ¥,ª®£¤  áâàãªâãà­ë¥ ª®íää¨æ¨¥­âëU
�� ¢ (5.36) ­¥ ¯®áâ®ï­­ë, ­® ã¤®¢«¥â¢®àïîâ ª¢ §¨Ä£àã¯¯®¢ë¬ ãá«®¢¨ï¬ [U
�� ; U��� ] = 0; [[T�; U��
 ]; U���] = 0: (5.43)6. ����-������������ ������������� � ������� ����� 1�¤¥áì ¬ë ¯à¨¢¥¤¥¬ ï¢­ë¥ ä®à¬ã«ë, ª®â®àë¥ ¬®£ãâ ®ª § âìáï ¯®«¥§­ë¬¨ ¤«ï ¯à¨¬¥Ä­¥­¨© ¢ â¥®à¨ïå à ­£  1. �ë à áá¬®âà¨¬ ����-¨­¢ à¨ ­â­ãî  «£¥¡àã ¢ ª®¬¬ãâ â®àÄ­®© ¨  ­â¨áª®¡®ç­®©ä®à¬ å ¤«ï ­ ¨¡®«¥¥ ¯®¯ã«ïà­ëå á«ãç ¥¢ ¢¥©«¥¢áª®£® ¨ ¢¨ª®¢áª®Ä£® ã¯®àï¤®ç¥­¨© £®áâ®¢áª®£® á¥ªâ®à .6.1. �¥©«¥¢áª¨ ã¯®àï¤®ç¥­­ë© £®áâ®¢áª¨© á¥ªâ®à. � á«ãç ¥ ¢¥©«¥¢áª¨ ã¯®Äàï¤®ç¥­­®£® £®áâ®¢áª®£® á¥ªâ®à  â¥®à¨ï à ­£  1 ®¯¨áë¢ ¥âáï á«¥¤ãîé¨¬����-®¯¥à -â®à®¬, «¨­¥©­ë¬ ¯® £®áâ®¢áª®¬ã ¨¬¯ã«ìáã [9]:
 = C�T� + 16C�C�U
��P
(−1)"�+"
 + 16C�U
��P
C�(−1)"�+"
 ++ 16P
U
��C�C�(−1)"�+"
+("�+"�)("
+1): (6.1)�áå®¤­ ï  «£¥¡à  á¢ï§¥© § ¤ ¥âáï á®®â­®è¥­¨ï¬¨ \¨­¢®«îæ¨¨" [9][T�; T�] = i~2 (U
��T
 + T
U
��(−1)("�+"�+1)"
 )+ ( i~2 )2 [U
��; U�
� ](−1)"�("�+1):(6.2)



18 �.�. �������, �.�. ���������-¨­¢ à¨ ­â­ë¥ á¢ï§¨ à ¢­ë
T� = (i~)−1[
;P�] == T� + 12(C�U
��P
(−1)"�+"
 + P
U
��C�(−1)"�+("�+"�+1)"
 ): (6.3)�å ª®¬¬ãâ â®à­ ï  «£¥¡à  ¥áâì[T�; T� ] = i~2 (U
��T
 + T
U
��(−1)("�+"�+1)"
 )++ 12([
; U
��]P
(−1)"�+"�+"
 − P
 [
; U
�� ](−1)("�+"�)"
 ); (6.4)[P�;P� ] = 0; [P�; T� ] = i~U
��P
(−1)"�+"�+"
 : (6.5)�¨¤­®, çâ® à áè¨à¥­¨¥, £¥­¥à¨àã¥¬®¥ âà¥âì¨¬ ç«¥­®¬ ¢ ¯à ¢®© ç áâ¨ á®®â­®è¥­¨ï(6.2), ®âáãâáâ¢ã¥â ¢ ä®à¬ã«¥ (6.4),   ¢¬¥áâ® íâ®£® ¢ (6.4) ¯à¨áãâáâ¢ã¥â ¯à¨¬¥áì £®áâ®¢Äáª¨å ¨¬¯ã«ìá®¢ P�.�­â¨áª®¡®ç­ ï  «£¥¡à , á®®â¢¥âáâ¢ãîé ï ª®¬¬ãâ â®à­®©  «£¥¡à¥ (6.4), (6.5), ¥áâì(T�; T�)
 = 0; (P�;P�)
 = (i~)2U
��P
(−1)"�+"�+"
 ; (6.6)(P�; T�)
 = 12 i~[T�; T� ](−1)"� : (6.7)6.2. �¨ª®¢áª¨ ã¯®àï¤®ç¥­­ë© £®áâ®¢áª¨© á¥ªâ®à. � ª ®¡ëç­®, ¢¨ª®¢áª¨©£®áâ®¢áª¨© á¥ªâ®à ®¯¨áë¢ ¥âáï ¤¢ã¬ï ­ ¡®à ¬¨ ¢¨ª®¢áª¨å ¯ à, (C�; C †�) ¨ (C�; C†�),á ­¥­ã«¥¢ë¬¨ ª®¬¬ãâ â®à ¬¨[C�; C†� ] = ��� ; [C�; C†� ] = ���: (6.8)� â¥®à¨¨ à ­£  1 ¢¨ª®¢áª¨ ã¯®àï¤®ç¥­­ë© ����-®¯¥à â®à à ¢¥­ [9]
 = T †�C� + C†�T� +(12C†
U†
��C�C� + 12C†�C†�U
��C
 ++ C†�U
��C
C� + C†�C†
U†
��C�)(−1)"� : (6.9)�áå®¤­ ï  «£¥¡à  á¢ï§¥© § ¤ ¥âáï á®®â­®è¥­¨ï¬¨ \¨­¢®«îæ¨¨" [9][T�; T� ] = U
��T
 ; [T †� ; T †�] = T †
U†
�� ; (6.10)[T�; T †� ] = U 
��T
 + T †
U†
�� + U 
��U†��
(−1)"
"� : (6.11)����-¨­¢ à¨ ­â­ë¥ á¢ï§¨ à ¢­ë

T� = [C�;
] = T� + C†�U
��C
(−1)"� + U 
��C
C�(−1)"� + C†
U†
��C�(−1)"� ;
T †� = [
; C†�] = T †� + C†
U†
��C�(−1)"� + C†�C†
U†
��(−1)"� + C†�U 
��C
(−1)"� :



����-������������ ������� ������ 19�¥­ã«¥¢ë¥ á®®â­®è¥­¨ï ¨å ª®¬¬ãâ â®à­®©  «£¥¡àë áãâì[T�; T� ] = U
��T
 + [
; U
�� ]C
(−1)"�+"� ; (6.12)[T †� ; T †� ] = T †
 U†
�� + C†
 [U†
�� ;
](−1)"�+"� ; (6.13)[T�; T †� ] = U 
��T
 + T †
 U†
�� + [
; U 
�� ]C
(−1)"�+"� ++ C†
 [U†
��;
](−1)"�+"� ; (6.14)[C�; T� ] = U
��C
(−1)"� ; [T †� ; C†�] = C†
U†
��(−1)"� ; (6.15)[T�; C†� ] = U 
��C
(−1)"� + C†
U†
��(−1)"� ; (6.16)[C� ; T †� ] = C†
U†
��(−1)"� + U 
��C
(−1)"� : (6.17)� ª ¨ ¢ á«ãç ¥ ¢¥©«¥¢áª¨ ã¯®àï¤®ç¥­­®£® £®áâ®¢áª®£® á¥ªâ®à , ¢¨¤­®, çâ® à áè¨à¥­¨¥,£¥­¥à¨àã¥¬®¥ âà¥âì¨¬ ç«¥­®¬ ¢ ¯à ¢®© ç áâ¨ á®®â­®è¥­¨ï (6.11), ®âáãâáâ¢ã¥â ¢ ä®à¬ãÄ«¥ (6.14),   ¢¬¥áâ® íâ®£® ¢ (6.14) ¯à¨áãâáâ¢ã¥â ¯à¨¬¥áì £®áâ®¢áª¨å ¨¬¯ã«ìá®¢ C� ¨ C†�.�­â¨áª®¡®ç­ ï  «£¥¡à , á®®â¢¥âáâ¢ãîé ïª®¬¬ãâ â®à­®©  «£¥¡à¥ (6.12){(6.17), ¥áâì(T�; T�)
 = 0; (T †� ; T †� )
 = 0; (T�; T †� )
 = 0;(C�; C�)
 = U
��C
 ; (C†�; C†�)
 = C†
U†
��;(C�; C†�)
 = U 
��C
(−1)"� + C†
U†
��(−1)"� ;(C�; T�)
 = 12[T�; T� ]; (T †� ; C†�)
 = 12[T †� ; T †� ];(C�; T †� )
 = 12[T�; T †� ]; (T� ; C†�)
 = 12[T� ; T †� ]:�¢­ë¥ ä®à¬ã«ë, ¯à¨¢¥¤¥­­ë¥ ¢ ¯.6.1 ¨ 6.2, ­ £«ï¤­® ¤¥¬®­áâà¨àãîâ áãé¥áâ¢®¢ ­¨¥®ç¥¢¨¤­®£® ¤ã «¨§¬ ¬¥¦¤ã¤¢ã¬ï «ìâ¥à­ â¨¢­ë¬¨ä®à¬ ¬¨����-¨­¢ à¨ ­â­®©  «Ä£¥¡àë á¢ï§¥©, ®¯¨áë¢ ¥¬®£® ®¡é¨¬ á®®â¢¥âáâ¢¨¥¬
T ; P; [·; ·] ⇐⇒ P ; T ; (·; ·)
:7. ����������� ª¨¬ ®¡à §®¬, áä®à¬ã«¨à®¢ ­ ­®¢ë© ¯®¤å®¤ ª ª¢ ­â®¢ ­¨î ª «¨¡à®¢®ç­®-¨­¢ à¨- ­â­ëå ¤¨­ ¬¨ç¥áª¨å á¨áâ¥¬, ª®â®àë©, ¯® áãé¥áâ¢ã, ®á­®¢ ­ ­  ª®­æ¥¯æ¨¨ ����-¨­-¢ à¨ ­â­ëå á¢ï§¥©. � ®á­®¢¥ ¢á¥© ª®­áâàãªæ¨¨ «¥¦¨â ­®¢ë© ­¨«ì¯®â¥­â­ë© \����-§ àï¤" �1, ª®â®àë© ®¯à¥¤¥«¥­ ¢ ¤®¯®«­¨â¥«ì­® à áè¨à¥­­®¬ ä §®¢®¬ ¯à®áâà ­áâ¢¥.�à¥¦­¥¥ à áè¨à¥­­®¥ ä §®¢®¥ ¯à®áâà ­áâ¢®, ª®®à¤¨­ â ¬¨ ª®â®à®£® ï¢«ïîâáï ¨áå®¤Ä­ë¥ ä §®¢ë¥ ¯¥à¥¬¥­­ë¥ ¨ ®¡ëç­ë¥ £®áâë, â¥¯¥àì áâ ­®¢¨âáï ­®¢ë¬ \¨áå®¤­ë¬" ¯à®áÄâà ­áâ¢®¬. �®¢ë¥ ª ­®­¨ç¥áª¨¥ ¯ àë (CA;PA) (4.23), (4.10) ¨£à îâ à®«ì ­®¢ëå \¬¨Ä­¨¬ «ì­ëå" £®áâ®¢, ¢ â® ¢à¥¬ï ª ª ­®¢®¥ ª¢ ­â®¢®¥ ç¨á«®, áâ¥¯¥­ì (deg), ¨£à ¥â à®«ì­®¢®£® £®áâ®¢áª®£® ç¨á« . � áá¬ âà¨¢ ï íâ¨ ­®¢ë¥ ª ­®­¨ç¥áª¨¥ ¯ àë ª ª \¬¨­¨¬ «ìÄ­ë¥" £®áâë, ¬ë ¬®¦¥¬ ¢¢¥áâ¨ ­®¢ë¥  ­â¨£®áâë (PA; CA), "(PA) = "(CA) = "A + 1,



20 �.�. �������, �.�. �����gh(PA) = − gh(CA) = {1; 2}, deg(PA) = − deg(CA) = {1; 1}, ¨ « £à ­¦¥¢ë ¬­®¦¨â¥Ä«¨ (�A; �A), "(�A) = "(�A) = "A, gh(�A) = − gh(�A) = {0; 1}, deg(�A) = − deg(�A) =
{0; 0}, á ­¥­ã«¥¢ë¬¨ ª®¬¬ãâ â®à ¬¨[PA; CB ] = i~�AB; [�A; �B ] = i~�AB (7.1)¨ § â¥¬ ®¡ëç­ë¬ ®¡à §®¬ ¯®áâà®¨âì ­®¢ë© ª«¨¡à®¢®ç­®-ä¨ªá¨à®¢ ­­ë© ã­¨â à¨§ãîÄé¨© £ ¬¨«ìâ®­¨ ­.�â®¡ë à¥ «¨§®¢ âì íâã ¯à®£à ¬¬ã, ¬ë ¤®«¦­ë á­ ç «  ¯®áâà®¨âì \¬¨­¨¬ «ì­ë©"£ ¬¨«ìâ®­¨ ­ �, ª®â®àë© ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨ï¬[�1;�] = 0; (7.2)"(�) = 0; gh(�) = 0; deg(�) = 0; (7.3)¨ £à ­¨ç­®¬ã ãá«®¢¨î � = H + · · · ; [H;
] = 0: (7.4)� â¥¬ ¬ë ¯®áâà®¨¬ ¯®«­ë© ã­¨â à¨§ãîé¨© £ ¬¨«ìâ®­¨ ­ ¢ áâ ­¤ àâ­®© ä®à¬¥,H = � + (i~)−1[�;	]; (7.5)"(	) = 1; gh(	) = −1; deg(	) = −1; (7.6)£¤¥ � = �1 + �APA; 	 = CA�A + PA�A (7.7)¨ �A ¥áâì ®¯¥à â®à, ä¨ªá¨àãîé¨© ª «¨¡à®¢ªã. �áå®¤­ë© £ ¬¨«ìâ®­¨ ­ ¨ á¢ï§¨ ¯¥àÄ¢®£® à®¤  á®¤¥à¦ âáï ¢H ¨ 
, á®®â¢¥âáâ¢¥­­®, ¢ ç«¥­ å ­¨§è¥£® ¯®àï¤ª  à §«®¦¥­¨ï ¢àï¤ ¯® áâ¥¯¥­ï¬ ®¯¥à â®à®¢ ®¡ëç­ëå £®áâ®¢ (C�;P�).�¨§¨ç¥áª¨¥ ­ ¡«î¤ ¥¬ë¥ª®¬¬ãâ¨àãîâ á�,   ä¨§¨ç¥áª¨¥ á®áâ®ï­¨ï  ­­¨£¨«¨àãîâÄáï íâ¨¬ ®¯¥à â®à®¬. �á«¨ ¯®¤å®¤ïé¨¬ ®¡à §®¬ ®¯à¥¤¥«¨âì ä¨§¨ç¥áª®¥ áª «ïà­®¥ ¯à®Ä¨§¢¥¤¥­¨¥, â® ä¨§¨ç¥áª¨¥ ¬ âà¨ç­ë¥ í«¥¬¥­âë ä¨§¨ç¥áª¨å ®¯¥à â®à®¢ ­¥ ¡ã¤ãâ § ¢¨Äá¥âì ®â ª «¨¡à®¢ª¨. �®£¤  ¬®¦­® ¯¥à¥©â¨ ª ã­¨â à­®¬ã ¯à¥¤¥«ã, ¢ë¡¨à ï ã­¨â à­ãîª «¨¡à®¢ªã ¢¨¤  �A = 0; �A ≡ {��;C�}; (7.8)£¤¥ �� { ®¡ëç­ ï ª «¨¡à®¢ª  ¯® ®â­®è¥­¨î ª ¨áå®¤­ë¬ á¢ï§ï¬ T�, ¨ ãáâ ­®¢¨âì á®¢Ä¯ ¤¥­¨¥ ä¨§¨ç¥áª¨å  ¬¯«¨âã¤ ¯¥à¥å®¤®¢ (S-¬ âà¨æë) á ä¨§¨ç¥áª¨¬¨  ¬¯«¨âã¤ ¬¨ ¯¥Äà¥å®¤®¢ ¢ áâ ­¤ àâ­®¬ ����{���-¯®¤å®¤¥. �¤­ ª® ¯à¨ ¨á¯®«ì§®¢ ­¨¨ ®¡é¨å à¥«ïÄâ¨¢¨áâáª¨å ª «¨¡à®¢®ª à áè¨à¥­­ë© ä®à¬ «¨§¬ áãé¥áâ¢¥­­® ®¡®¡é ¥â áâ ­¤ àâ­ë©,á®åà ­ïï ¡®«¥¥ ï¢­®© ����-á¨¬¬¥âà¨î ¯à®¨§¢®¤ïé¥£® ¬¥å ­¨§¬  ª «¨¡à®¢®ç­®©  «Ä£¥¡àë.� § ª«îç¥­¨¥ á¤¥« ¥¬ á«¥¤ãîé¥¥ § ¬¥ç ­¨¥. � áá¬®âà¨¬ áâ ­¤ àâ­ãî ä®à¬ã [2]ã­¨â à¨§ãîé¥£® £ ¬¨«ìâ®­¨ ­  ¢ ����{���-¯®¤å®¤¥H = H+ (i~)−1[Q;	]; (7.9)
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+ ��P�; 	 = C��� + P���; (7.10)[
;
] = 0; [H;
] = 0; (7.11)
 { ¬¨­¨¬ «ì­ë© ����-®¯¥à â®à, 	 { ª «¨¡à®¢®ç­ë© ä¥à¬¨®­. �ë ¨¬¥¥¬H = H + (i~)−1[
;P�]�� + P�P� + ���� + C�(i~)−1[��;
]: (7.12)�® ¢â®à®¬ ¨ âà¥âì¥¬ ç«¥­ å ¢ ¯à ¢®© ç áâ¨ ¬ë ã§­ ¥¬ á¢ï§¨ T� ¨ X� ¢ ¨å ¯à®áâ¥©è¥©¢®§¬®¦­®© ä®à¬¥,
T� = (i~)−1[
;P�]; −X� = P�; (7.13)á �� ¨ −P� ¢ ª ç¥áâ¢¥ á®®â¢¥âáâ¢ãîé¨å « £à ­¦¥¢ëå ¬­®¦¨â¥«¥©. �¥â¢¥àâë© ¨ ¯ïÄâë© ç«¥­ë ä¨ªá¨àãîâ ª «¨¡à®¢ªã, ¯à¨ç¥¬ �� ¨ (i~)−1[��;
] ï¢«ïîâáï ®¯¥à â®à ¬¨,ä¨ªá¨àãîé¨¬¨ ª «¨¡à®¢ªã T� ¨X�, á®®â¢¥âáâ¢¥­­®,   ��, C� { á®®â¢¥âáâ¢ãîé¨¥ « Ä£à ­¦¥¢ë ¬­®¦¨â¥«¨.� ª¨¬ ®¡à §®¬, ¢ëïá­ï¥âáï, çâ® ä ªâ¨ç¥áª¨ áâ ­¤ àâ­ë© £ ¬¨«ìâ®­¨ ­ (7.9), (7.10)¯®áâà®¥­ ¨¬¥­­® ¢ â¥à¬¨­ å \áâ ­¤ àâ­ëå" ����-¨­¢ à¨ ­â­ëå á¢ï§¥© (7.13) ¨ á®®âÄ¢¥âáâ¢ãîé¨å ä¨ªá¨àãîé¨å ª «¨¡à®¢ªã ®¯¥à â®à®¢. �¤­ ª® ¯® áà ¢­¥­¨î á ®¯¥à Äâ®à ¬¨ TA ¢ ®¡é¥¬ ¯®«®¦¥­¨¨, ª®â®àë¥ ã¤®¢«¥â¢®àïîâ â®«ìª® á®®â­®è¥­¨ï¬ (4.34),(4.37), á¢ï§¨ (7.13) ï¢«ïîâáï ¤®¢®«ì­® á¯¥æ¨ «ì­ë¬¨ ¢ â®¬ á¬ëá«¥, çâ® à áá¬ âà¨¢ ¥Ä¬ë¥ ª ª ®¡ê¥ªâë «¨­¥©­®£® ª®¬¡¨­¨à®¢ ­¨ï, ®­¨ á®®â¢¥âáâ¢ãîâ ¢ë¡®àã á¯¥æ¨ «ì­®£®¡ §¨á .� ¯à®â¨¢®¯®«®¦­®áâì á¨âã æ¨¨ á® áâ ­¤ àâ­ë¬ £ ¬¨«ìâ®­¨ ­®¬, ­®¢ë© £ ¬¨«ìÄâ®­¨ ­ (7.12), ®¯à¥¤¥«¥­­ë© ¢ ¤®¯®«­¨â¥«ì­® à áè¨à¥­­®¬ ä §®¢®¬ ¯à®áâà ­áâ¢¥,¯®áâà®¥­ ¯àï¬® ¢ â¥à¬¨­ å ®¡é¨å ®¯¥à â®à®¢ TA, ¯®¤ç¨­¥­­ëå â®«ìª® ãá«®¢¨ï¬(4.34), (4.37). � ª¨¬ ®¡à §®¬, ¢¢¥¤¥­¨¥ ­®¢ëå ¯¥à¥¬¥­­ëå (CA;PA), (PA; CA),(�A; �A) ¥áâì æ¥­  ¢®§¬®¦­®áâ¨ ¯à®¨§¢®«ì­® ¢ë¡¨à âì ¡ §¨á ����-¨­¢ à¨ ­â­ëåá¢ï§¥© TA ®¡é¥£® ¯®«®¦¥­¨ï.� ª®­¥æ, á«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯¥à¥å®¤ ®â ä®à¬ «¨§¬ , ®¯¨áë¢ ¥¬®£® ä®à¬ã« ¬¨(7.9){(7.11), ª ä®à¬ «¨§¬ã, ®¯¨áë¢ ¥¬®¬ãä®à¬ã« ¬¨ (7.2){(7.7), ¯à¥¤áâ ¢«ï¥âáï â®«ìÄª® ¯¥à¢ë¬ è £®¬ ¢, ¢®§¬®¦­® ¡¥áª®­¥ç­®©, ¨¥à àå¨¨ £ ¬¨«ìâ®­¨ ­®¢.�« £®¤ à­®áâ¨. �¢â®àë ¯à¨§­ â¥«ì­ë �. �à¨£®àì¥¢ã ¨ �. �¥¬¨å â®¢ã § ¯«®¤®â¢®à­ë¥ ¤¨áªãáá¨¨. �. �. � â «¨­ ¡« £®¤ à¥­ �. � à­¥«¨ãáã §  ¢ ¦­ë¥®¡áã¦¤¥­¨ï  á¯¥ªâ®¢, á¢ï§ ­­ëå á ª¢ ­â®¢ë¬¨  ­â¨áª®¡ª ¬¨ ¨ ®¯¥à â®à­®§­ ç­ë¬¬ áâ¥à-ãà ¢­¥­¨¥¬. � ¡®â  �. �. � â «¨­  ç áâ¨ç­® ¯®¤¤¥à¦ ­  �à¥§¨¤¥­âáª¨¬£à ­â®¬ ò 00-15-96566, £à ­â®¬ ���� ò 02-01-00930 ¨ £à ­â®¬ INTAS ò 00-00262.� ¡®â  �. �. �îâ¨­  ç áâ¨ç­® ¯®¤¤¥à¦ ­  �à¥§¨¤¥­âáª¨¬ £à ­â®¬ ò 00-15-96566,£à ­â®¬ ���� ò 02-02-16944 ¨ £à ­â®¬ INTAS ò 00-00262.
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