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�.�. � à á®¢∗��������� �����Ǳ������� �������.III. �Ǳ��������� ��������������� ����������áå®¤ï ¨§ âà¥¡®¢ ­¨ï á ¬®á®£« á®¢ ­­®áâ¨ ª¢ ­â®¢®£® ®¯¨á ­¨ï ¤¨áá¨¯ â¨¢­ëå(­¥£ ¬¨«ìâ®­®¢ëå) á¨áâ¥¬, áä®à¬ã«¨à®¢ ­­®£® ª ª ®âáãâáâ¢¨¥ ¯à®â¨¢®à¥ç¨ï ¬¥¦¤ããà ¢­¥­¨ï¬¨ í¢®«îæ¨¨ ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ¨ ª¢ ­â®¢ë¬¨ ª®¬¬ãâ æ¨®­Ä­ë¬¨ á®®â­®è¥­¨ï¬¨, ¬ë ¯®ª § «¨, çâ® ®¯¥à â®à, ®¯¨áë¢ îé¨© í¢®«îæ¨î ª¢ ­â®¢®©¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë, ¤®«¦¥­ ­ àãè âì â®¦¤¥áâ¢® �ª®¡¨. � ª¨¬ ®¡à §®¬, âà¥¡®Ä¢ ­¨¥ á ¬®á®£« á®¢ ­­®áâ¨ ¢¥¤¥â ª ­¥®¡å®¤¨¬®áâ¨ ¢ëå®¤  §  à ¬ª¨  «£¥¡à �¨. �«¥Ä¤®¢ â¥«ì­®, ¤«ï ®¯¨á ­¨ï ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ­¥®¡å®¤¨¬® ¨á¯®«ì§®¢ âì ­â¨ª®¬¬ãâ â¨¢­ë¥ ­¥«¨¥¢ë  «£¥¡àë.1. ���������«ï à¥è¥­¨ï ¯à®¡«¥¬ ª¢ ­â®¢®£® ®¯¨á ­¨ï ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ¢ ¯¥à¢®© ç áâ¨¤ ­­®© à ¡®âë [1] ¡ë«® ¯à¥¤«®¦¥­® ¨á¯®«ì§®¢ âì  ­â¨ª®¬¬ãâ â¨¢­ãî ­¥«¨¥¢ã  «£¥¡Äàã, á®¤¥à¦ éãî  «£¥¡àã �¨ ¢ ª ç¥áâ¢¥ á¢®¥© ¯®¤ «£¥¡àë.�â¬¥â¨¬, çâ® ­¥®¡å®¤¨¬®áâì ¢ëå®¤  §  à ¬ª¨  «£¥¡à �¨ ¯à¨ ®¯¨á ­¨¨ ª¢ ­â®¢ëå¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ®¡ãá«®¢«¥­  ¯à®¡«¥¬ ¬¨, ¢®§­¨ª îé¨¬¨ ¯à¨ ¯®áâà®¥­¨¨ á ¬®Äá®£« á®¢ ­­®£® ®¯¨á ­¨ï â ª¨å á¨áâ¥¬. �¤­  ¨§ ¯à®¡«¥¬ á¢ï§ ­  á ­¥á®¢¬¥áâ­®áâìîª¢ ­â®¢ëåª®¬¬ãâ æ¨®­­ëå á®®â­®è¥­¨©¨ãà ¢­¥­¨©¤¢¨¦¥­¨ïª¢ ­â®¢®©¤¨áá¨¯ â¨¢Ä­®© á¨áâ¥¬ë. Ǳà¨¢¥¤¥¬ ¯à®áâ¥©è¨© ¯à¨¬¥à â ª®© ­¥á®¢¬¥áâ­®áâ¨.�¢ ­â®¢ë¥ ª®¬¬ãâ æ¨®­­ë¥ á®®â­®è¥­¨ï[a; a†] = 1; [a; a] = [a†; a†] = 0­¥á®¢¬¥áâ­ë á ª¢ ­â®¢ë¬¨ ãà ¢­¥­¨ï¬¨ � ­¦¥¢¥­  [2]_a = (−{�− �)a+ f(t); _a† = ({�− �)a† + f(t)†;£¤¥ â®çª®© ®¡®§­ ç¥­  ¯à®¨§¢®¤­ ï ¯® ¢à¥¬¥­¨,   � { ª®íää¨æ¨¥­â, ®¯¨áë¢ îé¨© ¤¨áÄá¨¯ æ¨î (§ âãå ­¨¥) ¢ á¨áâ¥¬¥. �§ï¢ ª®¬¬ãâ â®àë ®â ãà ¢­¥­¨© � ­¦¥¢¥­ , ¯®«ãç ¥¬[ _a; a†] + [a; _a†] = −2�:
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74 �.�. �������� ¤àã£®© áâ®à®­ë, ¯à®¢¥¤ï ¤¨ää¥à¥­æ¨à®¢ ­¨¥ ¯® ¢à¥¬¥­¨ ¯¥à¢®£® ¨§ ª¢ ­â®¢ëå ª®¬Ä¬ãâ æ¨®­­ëå á®®â­®è¥­¨© ¨ ¨á¯®«ì§ãï ¯à ¢¨«® �¥©¡­¨æ , ¯à¨å®¤¨¬ ª â®¦¤¥áâ¢ã[ _a; a†] + [a; _a†] = 0:�¨¤­®, çâ® ª¢ ­â®¢ë¥ ª®¬¬ãâ æ¨®­­ë¥á®®â­®è¥­¨ï¨ ãà ¢­¥­¨ï í¢®«îæ¨¨ á¨áâ¥¬ë á®Ä¢¬¥áâ­ë «¨èì ¯à¨ ãá«®¢¨¨, çâ® á¨áâ¥¬  ­¥ ï¢«ï¥âáï ¤¨áá¨¯ â¨¢­®© (� = 0).�¤¨­¨§ á¯®á®¡®¢à¥è¥­¨ï ¯à®¡«¥¬ª¢ ­â®¢®£® ®¯¨á ­¨ï¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬,¯à¥¤Ä«®¦¥­­ë© ¢ à ¡®â å [1, 3], § ª«îç ¥âáï ¢ ¯®¯®«­¥­¨¨  «£¥¡àë �¥©§¥­¡¥à£ {�¥©«ï ­¥Äª®â®àë¬ ­¥ áá®æ¨ â¨¢­ë¬ ®¯¥à â®à®¬ W . � [1] ¡ë«¨ ¯®«ãç¥­ë ®á­®¢­ë¥ á¢®©áâ¢  ¨ª®¬¬ãâ æ¨®­­ë¥ á®®â­®è¥­¨ï, ª®â®àë¬ ¤®«¦¥­ ã¤®¢«¥â¢®àïâì ®¯¥à â®àW . Ǳà¨ íâ®¬®ª § «®áì, çâ® ¤«ï ¢ë¯®«­¥­¨ï ¢á¥å ¯®«ãç¥­­ëå ª®¬¬ãâ æ¨®­­ëå á®®â­®è¥­¨© ®¯¥à Äâ®àW ¤®«¦¥­ ¡ëâì ­¥ áá®æ¨ â¨¢­ë¬, ­¥«¨¥¢ë¬ (­¥ ã¤®¢«¥â¢®àïîé¨¬ â®¦¤¥áâ¢ã�ª®Ä¡¨) ®¯¥à â®à®¬. �á«¥¤áâ¢¨¥ ­¥ áá®æ¨ â¨¢­®áâ¨ ¨ ­¥«¨¥¢®áâ¨ ®¯¥à â®à W , ®¯¨áë¢ Äîé¥£® í¢®«îæ¨î ª¢ ­â®¢®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë, ¤¥©áâ¢¨¥ ¯®«­®© ¯à®¨§¢®¤­®© ¯®¢à¥¬¥­¨ ­  ¯à®¨§¢¥¤¥­¨¥ ¨ ª®¬¬ãâ â®à  áá®æ¨ â¨¢­ëå ®¯¥à â®à®¢ ­¥ ã¤®¢«¥â¢®àï¥â¯à ¢¨«ã ¯®ç«¥­­®£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï (¯à ¢¨«ã �¥©¡­¨æ ), ¯à¨ íâ®¬ ¯à ¢¨«® �¥©¡Ä­¨æ  ¤¥ä®à¬¨àã¥âáï §  áç¥â ¢®§­¨ª­®¢¥­¨ï  áá®æ¨ â®à  ¨  «£¥¡à ¨ç¥áª®£® ïª®¡¨ ­ ®¯¥à â®à W , á®®â¢¥âáâ¢¥­­®. �â® ¯à¨¢®¤¨â ª á­ïâ¨î ¯à®â¨¢®à¥ç¨ï ¬¥¦¤ã ª¢ ­â®¢ëÄ¬¨ ãà ¢­¥­¨ï¬¨ ¤¢¨¦¥­¨ï ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ¨ ª ­®­¨ç¥áª¨¬¨ ª®¬¬ãâ æ¨®­­ë¬¨á®®â­®è¥­¨ï¬¨  «£¥¡àë �¥©§¥­¡¥à£ {�¥©«ï.�à®¬¥ íâ®£® ¢ à ¡®â å [1, 3] ¯à¥¤«®¦¥­® ®¡®¡é¥­¨¥ ãà ¢­¥­¨ï í¢®«îæ¨¨ á®áâ®ï­¨ïá¨áâ¥¬ë (ãà ¢­¥­¨ï ä®­ �¥©¬ ­ ), ª®â®à®¥ ¢ ®â«¨ç¨¥ ®â ¤àã£¨å ¯à¥¤« £ ¥¬ëå ãà ¢­¥Ä­¨© ï¢«ï¥âáï ª¢ ­â®¢ë¬  ­ «®£®¬ª« áá¨ç¥áª®£® ãà ¢­¥­¨ï�¨ã¢¨««ï ¤«ï ¤¨áá¨¯ â¨¢Ä­ëå á¨áâ¥¬ ¨ â¥¬ á ¬ë¬ ã¤®¢«¥â¢®àï¥â ¯à¨­æ¨¯ã á®®â¢¥âáâ¢¨ï.2. �Ǳ��������������Ǳ������� ��������������������� ������ �� ����� ������ ��� áá¬®âà¨¬ ¡®«¥¥ ¯®¤à®¡­® ¯à¨ç¨­ë, ¯à¨¢®¤ïé¨¥ ª ­¥®¡å®¤¨¬®áâ¨ ¢ëå®¤  §  à ¬ª¨ «£¥¡à �¨ ¯à¨ ¯®áâà®¥­¨¨ ¤¨­ ¬¨ç¥áª®£® ®¯¨á ­¨ï ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬,  ¤«ï íâ®£® ¯®«ãç¨¬ ®¯à¥¤¥«¥­¨¥ ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬.2.1. �« áá¨ç¥áª ï ¤¨áá¨¯ â¨¢­ ï á¨áâ¥¬ . �à ¢­¥­¨¥ í¢®«îæ¨¨ ¤¨­ ¬¨ç¥áÄª®© á¨áâ¥¬ë á ª®­¥ç­ë¬ ç¨á«®¬ áâ¥¯¥­¥© á¢®¡®¤ë ¨¬¥¥â ¢¨¤dXkdt = Fk(X): (1)Ǳà¨ íâ®¬ á¨áâ¥¬  ­ §ë¢ ¥âáï ¤¨áá¨¯ â¨¢­®©, ¥á«¨ å®âï ¡ë ®¤­® ¨§ ¢ëà ¦¥­¨©
kl = @Fk@Xl − @Fl@Xk (2)®â«¨ç­® ®â ­ã«ï, ¨ ª®­á¥à¢ â¨¢­®©, ¥á«¨ ¢á¥ 
kl = 0.Ǳãáâì í¢®«îæ¨ï ¬¥å ­¨ç¥áª®© á¨áâ¥¬ë ¢® ¢à¥¬¥­¨ ¢ ä §®¢®¬¯à®áâà ­áâ¢¥ ®¡®¡é¥­Ä­ëå ª®®à¤¨­ â qk ¨ ¨¬¯ã«ìá®¢ pk § ¤ ¥âáï á¨áâ¥¬®© ¨§ 2n ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨Ä «ì­ëå ãà ¢­¥­¨© ¯¥à¢®£® ¯®àï¤ª , ¨¬¥îé¥© ¢¨¤dqkdt = −Gk(t; q; p); dpkdt = Fk(t; q; p): (3)



��������� �����Ǳ������� ������� 75�¥å ­¨ç¥áª ï á¨áâ¥¬  ­ §ë¢ ¥âáï £ ¬¨«ìâ®­®¢®©, ¥á«¨ ¯à ¢ë¥ ç áâ¨ ãà ¢­¥­¨© (3)ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ 
skl(t; q; p) = 0; (4)£¤¥ s = 1; 2; 3; k; l = 1; : : : ; n, ¨
1kl = @Gl@pk −
@Gk@pl ; 
2kl = @Gk@ql −

@Fl@pk ; 
3kl = @Fl@qk −
@Fk@ql : (5)� íâ®¬ á«ãç ¥ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï á¨áâ¥¬ë (3) ¯à¥¤áâ ¢¨¬ë ¢ ¢¨¤¥ ª ­®­¨ç¥áª¨å ãà ¢Ä­¥­¨© � ¬¨«ìâ®­  ¨ ¯®«­®áâìî å à ªâ¥à¨§ãîâáï £ ¬¨«ìâ®­¨ ­®¬ á¨áâ¥¬ë h. �à ¢­¥Ä­¨ï (4), (5) ï¢«ïîâáï  ­ «®£®¬ ãá«®¢¨© �¥«ì¬£®«ìæ  [4] ¢ ä §®¢®¬ ¯à®áâà ­áâ¢¥ ¤«ï¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (3).�â¬¥â¨¬, çâ® ãà ¢­¥­¨ï (3) ¬®¦­® ¯®«ãç¨âì ¨§ ¯à¨­æ¨¯  áâ æ¨®­ à­®áâ¨ ¤¥©áâ¢¨ïâ®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¢ë¯®«­ïîâáï ãá«®¢¨ï (4), (5). Ǳà¨ ¢ë¯®«­¥­¨¨ íâ¨å ãá«®Ä¢¨© ãà ¢­¥­¨ï (3) ¤®¯ãáª îâ ¢ à¨ æ¨®­­ãî ä®à¬ã«¨à®¢ªã ¢ ª« áá¥ £®«®­®¬­ëå äã­ªÄæ¨®­ «®¢, ­ §ë¢ ¥¬ëå ¤¥©áâ¢¨¥¬ ¯® � ¬¨«ìâ®­ã, ¬­®¦¥áâ¢® ªà¨â¨ç¥áª¨å â®ç¥ª ª®â®Äà®£® á®¢¯ ¤ ¥â á® ¬­®¦¥áâ¢®¬ à¥è¥­¨© ª ­®­¨ç¥áª¨å ãà ¢­¥­¨© � ¬¨«ìâ®­ . � ª¨¬®¡à §®¬, ãà ¢­¥­¨ï (3) ¤®¯ãáª îâ¢ à¨ æ¨®­­ë©¯à¨­æ¨¯ áâ æ¨®­ à­®áâ¨¤¥©áâ¢¨ï� Ä¬¨«ìâ®­  ¯à¨ ¤®¢®«ì­® ¦¥áâª¨å ®£à ­¨ç¥­¨ïå (4) ­  áâàãªâãàã ¯à ¢®© ç áâ¨.�á«¨ ãà ¢­¥­¨ï í¢®«îæ¨¨ (3) á¨áâ¥¬ë â ª®¢ë, çâ® ¯à ¢ë¥ ç áâ¨ íâ¨å ãà ¢­¥­¨© ­¥ã¤®¢«¥â¢®àïîâ å®âï ¡ë®¤­®¬ã¨§ ãá«®¢¨© (4) (¨ á«¥¤®¢ â¥«ì­®, ãà ¢­¥­¨ï ­¥«ì§ï ¯®«ãÄç¨âì ¨§ ¯à¨­æ¨¯  áâ æ¨®­ à­®áâ¨ £®«®­®¬­®£®äã­ªæ¨®­ « ), â® ¤¨­ ¬¨ç¥áª ï á¨áâ¥¬ ­ §ë¢ ¥âáï ¤¨áá¨¯ â¨¢­®© ¨«¨ ­¥£ ¬¨«ìâ®­®¢®©.�«ï â®£® çâ®¡ë ¯¥à¥­¥áâ¨ ®¯à¥¤¥«¥­¨¥ ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë ¢ ª¢ ­â®¢ãî â¥®à¨î,­¥®¡å®¤¨¬® § ¯¨á âì ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ¨ ãá«®¢¨ï ­¥£ ¬¨«ìâ®­®¢®áâ¨ (¤¨áá¨¯ â¨¢Ä­®áâ¨), ¨á¯®«ì§ãï áª®¡ª¨ Ǳã áá®­ :

{A;B} = @A@qk @B@pk −
@B@qk @A@pk : (6)� áá¬®âà¨¬ ¤¨­ ¬¨ç¥áªãî á¨áâ¥¬ã, ¢ ª®â®à®© ãà ¢­¥­¨ï í¢®«îæ¨¨ ¨¬¥îâ ¢¨¤dqkdt = {qk; h} −Gk(t; q; p); dpkdt = {pk; h}+ Fk(t; q; p): (7)�á¯®«ì§ãï áª®¡ªã Ǳã áá®­  (6), ¢ëà ¦¥­¨ï (5) ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥
1kl = {qk; Gl} − {ql; Gk}; 
2kl = {Gk; pl} − {qk; Fl}; (8)
3kl = {pl; Fk} − {pk; Fl}: (9)� ª¨¬ ®¡à §®¬, ¬®¦­® áä®à¬ã«¨à®¢ âì á«¥¤ãîé¥¥



76 �.�. ��������¯à¥¤¥«¥­¨¥ 2.1. �¨­ ¬¨ç¥áª ï á¨áâ¥¬ , í¢®«îæ¨ï ª®â®à®© § ¤ ¥âáï ãà ¢­¥­¨ïÄ¬¨ (7) ¨«¨ (3), ­ §ë¢ ¥âáï ¤¨áá¨¯ â¨¢­®© (­¥£ ¬¨«ìâ®­®¢®©), ¥á«¨ å®âï ¡ë ®¤­®¨§ ¢ëà ¦¥­¨© (8), (9) ®â«¨ç­® ®â ­ã«ï.�¤®¡­® ®£à ­¨ç¨âìáï à áá¬®âà¥­¨¥¬ ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬, ¤«ï ª®â®àëå Gk = 0.�â® ãá«®¢¨¥ ­¥ â®«ìª® §­ ç¨â¥«ì­® ã¯à®é ¥â ¬­®£¨¥ á®®â­®è¥­¨ï, ­® ¨ ­¥®¡å®¤¨¬® ¯®ä¨§¨ç¥áª¨¬ á®®¡à ¦¥­¨ï¬ ¤«ï \á¢ï§¨ £ ¬¨«ìâ®­¨ ­  h(t; q; p) á í­¥à£¨¥© á¨áâ¥¬ë" [5].�â¬¥â¨¬, çâ® ¢¥«¨ç¨­ë Fk(t; q; p) á ä¨§¨ç¥áª®© â®çª¨ §à¥­¨ï ®¯¨áë¢ îâ ¤¨áá¨¯ â¨¢Ä­ãî á¨«ã, ¤¥©áâ¢ãîéãî ­  ¬¥å ­¨ç¥áªãî á¨áâ¥¬ã. � ¯à®áâ¥©è¥¬ á«ãç ¥, á®®â¢¥âáâ¢ãÄîé¥¬ «¨­¥©­®© § ¢¨á¨¬®áâ¨ ¤¨áá¨¯ â¨¢­ëå á¨« (á¨« á®¯à®â¨¢«¥­¨ï) ®â áª®à®áâ¨, ®­¨¨¬¥îâ ¢¨¤ Fk(t; q; p) = �pk, £¤¥ � { ª®íää¨æ¨¥­â, ®¯¨áë¢ îé¨© ¤¨áá¨¯ æ¨î ¢ á¨áâ¥¬¥.�à ¢­¥­¨¥ í¢®«îæ¨¨ ­ ¡«î¤ ¥¬®© ¢¥«¨ç¨­ë A, ï¢«ïîé¥©áï äã­ªæ¨¥© ®¡®¡é¥­­ëåª®®à¤¨­ â qk ¨ ¨¬¯ã«ìá®¢ pk, ¤«ï ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë ¨¬¥¥â ¢¨¤dAdt = @A@t + {A; h}+D0(A); (10)£¤¥ D0(A) = (Fk @A@pk −
@A@qkGk) :�â¬¥â¨¬, çâ® ¤«ï ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë ®¯¥à â®à D0(A) ­¥«ì§ï ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥

{A; h′}, £¤¥ h′ { ­¥ª®â®à ï äã­ªæ¨ï ®â ®¡®¡é¥­­ëå ª®®à¤¨­ â ¨ ¨¬¯ã«ìá®¢.2.2. �¢ ­â®¢ ï ¤¨áá¨¯ â¨¢­ ï á¨áâ¥¬ . �¢®«îæ¨ï ª¢ ­â®¢®© á¨áâ¥¬ë ¢® ¢à¥Ä¬¥­¨ ®¯à¥¤¥«ï¥âáï á®®â­®è¥­¨¥¬dAdt = @A@t + i
~
[H;A]; (11)£¤¥ H { ­¥ª®â®àë© á ¬®á®¯àï¦¥­­ë©  áá®æ¨ â¨¢­ë© ®¯¥à â®à, ­ §ë¢ ¥¬ë© £ ¬¨«ìâ®Ä­¨ ­®¬,   [A;B] = AB − BA { ª®¬¬ãâ â®à ®¯¥à â®à®¢ A ¨ B. �¢ ­â®¢ë¥ á¨áâ¥¬ë,ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ª®â®àëå ¨¬¥îâ ¢¨¤ (11), ®¡ëç­® ­ §ë¢ îâáï £ ¬¨«ìâ®­®¢ë¬¨á¨áâ¥¬ ¬¨.Ǳãáâì í¢®«îæ¨ï ­ ¡«î¤ ¥¬®© ¢¥«¨ç¨­ëA, ï¢«ïîé¥©áï äã­ªæ¨¥© ®¯¥à â®à®¢ ª®®àÄ¤¨­ â Qk ¨ ¨¬¯ã«ìá®¢ Pk, ®¯¨áë¢ ¥âáï ãà ¢­¥­¨¥¬dAdt = @A@t + i

~
[H;A] +D(A); (12)¢ ª®â®à®¬ ®¯¥à â®à D(A) ­¥«ì§ï ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ i

~
[A;W ], £¤¥ W {  áá®æ¨ â¨¢­ë©íà¬¨â®¢ ®¯¥à â®à. Ǳà¨ íâ®¬ ®¯¥à â®à D(A) ®¡ëç­® ­ §ë¢ îâ ®¯¥à â®à®¬ ¤¨áá¨¯ Äæ¨¨ ¢¥«¨ç¨­ë A. �á«¨ áà¥¤¨ ¤¨­ ¬¨ç¥áª¨å ¯¥à¥¬¥­­ëå á¨áâ¥¬ë ¨¬¥îâáï ¢¥«¨ç¨­ë,¤«ï ª®â®àëå ®¯¥à â®à ¤¨áá¨¯ æ¨¨ ®â«¨ç¥­ ®â ­ã«ï, â® â ª¨¥ á¨áâ¥¬ë ­ §ë¢ îâ ­¥£ Ä¬¨«ìâ®­®¢ë¬¨ ¨«¨ ¤¨áá¨¯ â¨¢­ë¬¨ á¨áâ¥¬ ¬¨.� áá¬®âà¨¬ ª¢ ­â®¢ãî á¨áâ¥¬ã, ¢ ª®â®à®© ãà ¢­¥­¨ï í¢®«îæ¨¨ ®¯¥à â®à®¢ ª®®à¤¨Ä­ âëQk ¨ ¨¬¯ã«ìá  Pk ¨¬¥îâ ¢¨¤dQkdt = i

~
[H;Qk]−Gk(t; Q; P ); dPkdt = i

~
[H;Pk] + Fk(t; Q; P ); (13)£¤¥ Gk(t; Q; P ) = −D(Qk) ¨ Fk(t; Q; P ) = D(Pk): (14)�¡®¡é ï ®¯à¥¤¥«¥­¨¥ 2.1 ª« áá¨ç¥áª®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë, ¯®«ãç ¥¬



��������� �����Ǳ������� ������� 77�¯à¥¤¥«¥­¨¥ 2.2. �¢ ­â®¢ ï á¨áâ¥¬ , í¢®«îæ¨ï ª®â®à®© § ¤ ¥âáï ãà ¢­¥­¨ï¬¨(13), ­ §ë¢ ¥âáï ª¢ ­â®¢®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬®©, ¥á«¨ ¯à ¢ë¥ ç áâ¨ ãà ¢­¥Ä­¨ï (13) ­¥ ã¤®¢«¥â¢®àïîâ å®âï ¡ë ®¤­®¬ã ¨§ ãá«®¢¨©
skl(t; Q; P ) = 0; (15)£¤¥ s = 1; 2; 3; k; l = 1; : : : ; n,
1kl = −
i
~

([Qk; Gl]− [Ql; Gk]); 
2kl = −
i
~

([Gk; Pl]− [Qk; Fl]); (16)
3kl = −
i
~

([Pl; Fk]− [Pk; Fl]): (17)�á«¨ ãà ¢­¥­¨ï í¢®«îæ¨¨ (13) ª¢ ­â®¢®© á¨áâ¥¬ë â ª®¢ë, çâ® ¯à ¢ë¥ ç áâ¨ íâ¨å ãà ¢Ä­¥­¨© ã¤®¢«¥â¢®àïîâ ¢á¥¬ ãá«®¢¨ï¬ (15){(17), â® â ª ï á¨áâ¥¬  ­ §ë¢ ¥âáï £ ¬¨«ìÄâ®­®¢®© á¨áâ¥¬®©.2.3. �¥«¨¥¢ ­¥ áá®æ¨ â¨¢­ë© ®¯¥à â®à. �àã¤­®áâ¨ ª¢ ­â®¢®£® ®¯¨á ­¨ï ¢®¬­®£®¬ ®¡ãá«®¢«¥­ë ­¥¢®§¬®¦­®áâìî ¯à¥¤áâ ¢¨âì ®¯¥à â®à ¤¨áá¨¯ æ¨¨ D(A) ¢ ¢¨¤¥i
~
[A;W ], £¤¥W {  áá®æ¨ â¨¢­ë© ®¯¥à â®à. � à ¡®â¥ [1] ¬ë ¯à¥¤«®¦¨«¨ ®âª § âìáï ®ââà¥¡®¢ ­¨ï  áá®æ¨ â¨¢­®áâ¨ ®¯¥à â®à W ,   á«¥¤®¢ â¥«ì­®, ¨ ®â ¯à¥¤¯®«®¦¥­¨ï ® ¢ëÄ¯®«­¨¬®áâ¨ ¯à ¢¨«  �¥©¡­¨æ  ¨ â®¦¤¥áâ¢  �ª®¡¨ ¤«ï ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áÄâ¥¬.Ǳà¥¤¯®«®¦¨¬, çâ® ®¯¥à â®à ¤¨áá¨¯ æ¨¨ D(A) ¢¥«¨ç¨­ë A ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥D(A) = i

~
[A;W ]. �®£¤  ®¯¥à â®àëGk(t; Q; P ) ¨ Fk(t; Q; P ), § ¤ îé¨¥ í¢®«îæ¨î (13)ª¢ ­â®¢®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë ¨ ®¯à¥¤¥«¥­­ë¥ ¢ (14), ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥Fk(t; Q; P ) = −

i
~
[W;Pk]; Gk(t; Q; P ) = i

~
[W;Qk]: (18)� íâ®¬ á«ãç ¥ ¢¥«¨ç¨­ë (16), (17) ¯à¥¤áâ ¢¨¬ë ¢ ¢¨¤¥
1kl = J [Qk; Ql;W ] = 1

~2 ([ [W;Qk]; Ql] − [ [W;Ql]; Qk]) (k 6≡ l); (19)
2kl = J [Qk; Pl;W ] = 1
~2 ([ [W;Qk]; Pl] − [ [W;Pl]; Qk]); (20)
3kl = J [Pk; Pl;W ] = 1
~2 ([ [W;Pk]; Pl] − [ [W;Pl]; Pk]) (k 6≡ l); (21)£¤¥ J [A;B;C] = 1

~2 ([ [A;B]; C] + [ [B;C]; A] + [ [C;A]; B]){ ïª®¡¨ ­ ®¯¥à â®à®¢A;B;C.� ª¨¬ ®¡à §®¬, ®¯à¥¤¥«¥­¨¥ ª¢ ­â®¢®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë ª ª á¨áâ¥¬ë, ¢ ª®â®Äà®© ­¥ ¢ë¯®«­ï¥âáï å®âï ¡ë ®¤­® ¨§ ãá«®¢¨© (15){(17), ¬®¦¥â ¡ëâì ¯¥à¥ä®à¬ã«¨à®¢ ­®c ¨á¯®«ì§®¢ ­¨¥¬ ïª®¡¨ ­®¢ (19){(21). �¢ ­â®¢ ï á¨áâ¥¬ , ¢ ª®â®à®© í¢®«îæ¨ï ­ ¡«îÄ¤ ¥¬ëå ¢¥«¨ç¨­ A = A(t; Q; P ) ®¯¨áë¢ ¥âáï ãà ¢­¥­¨¥¬dAdt = @A@t + i
~
[H −W;A]; (22)­ §ë¢ ¥âáï ª¢ ­â®¢®© ¤¨áá¨¯ â¨¢­®© (­¥£ ¬¨«ìâ®­®¢®©) á¨áâ¥¬®©, ¥á«¨ å®âï ¡ë ®¤­®¨§ ¢ëà ¦¥­¨© 
skl, ®¯¨áë¢ îé¨å ïª®¡¨ ­ë (19){(21) ®¯¥à â®à®¢Qk, Pk ¨W , ®â«¨ç­®®â ­ã«ï. � ª¨¬ ®¡à §®¬ ¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã ®¯à¥¤¥«¥­¨î.



78 �.�. ��������¯à¥¤¥«¥­¨¥ 2.3. Ǳãáâì ¤¨­ ¬¨ç¥áª¨¥ ¯¥à¥¬¥­­ë¥ (­ ¡«î¤ ¥¬ë¥) ª¢ ­â®¢®© á¨áÄâ¥¬ë ®¯¨áë¢ îâáï  áá®æ¨ â¨¢­ë¬¨ á ¬®á®¯àï¦¥­­ë¬¨ ®¯¥à â®à ¬¨A = A(t;X), í¢®Ä«îæ¨ï ª®â®àëå § ¤ ¥âáï ãà ¢­¥­¨¥¬dAdt = @A@t + i
~
[H; A]; (23)£¤¥ H { ­¥ª®â®àë© ®¯¥à â®à, å à ªâ¥à¨§ãîé¨© ¤ ­­ãî á¨áâ¥¬ã (H = H −W ),   X {®¯¥à â®àë ª®®à¤¨­ â Qk ¨ ¨¬¯ã«ìá®¢ Pk. � ª ï ¤¨­ ¬¨ç¥áª ï á¨áâ¥¬  ­ §ë¢ ¥âáïª¢ ­â®¢®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬®©, ¥á«¨ å®âï ¡ë ®¤¨­ ¨§ ïª®¡¨ ­®¢ J [Xk; Xl;H]®¯¥à â®à®¢Qk, Pk ¨H ®â«¨ç¥­ ®â ­ã«ï.� ª¨¬ ®¡à §®¬, ¬ë ¨áå®¤¨«¨ ¨§ âà¥¡®¢ ­¨ï á ¬®á®£« á®¢ ­­®áâ¨ ª¢ ­â®¢®£® ®¯¨á Ä­¨ï ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬, áä®à¬ã«¨à®¢ ­®£® ¢ ¢¨¤¥ ®âáãâáâ¢¨ï ¯à®â¨¢®à¥ç¨ï ¬¥¦¤ããà ¢­¥­¨ï¬¨ í¢®«îæ¨¨ ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ¨ ª¢ ­â®¢ë¬¨ ª®¬¬ãâ æ¨®­Ä­ë¬¨ á®®â­®è¥­¨ï¬¨. �â® ¯à¨¢¥«® ­ á ª â®¬ã, çâ® ®¯¥à â®à, ®¯¨áë¢ îé¨© í¢®«îæ¨îª¢ ­â®¢®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë (®¡®¡é¥­­ë© £ ¬¨«ìâ®­¨ ­ H) ¤®«¦¥­ ­ àãè âìâ®¦¤¥áâ¢® �ª®¡¨. �«¥¤®¢ â¥«ì­®, ¤«ï ®¯¨á ­¨ï ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ­¥®Ä¡å®¤¨¬® ¨á¯®«ì§®¢ âì  ­â¨ª®¬¬ãâ â¨¢­ë¥ ­¥«¨¥¢ë  «£¥¡àë.� ¬¥â¨¬, çâ® ¤«ï ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ¯à ¢¨«® ¯®ç«¥­­®£® ¤¨ää¥à¥­Äæ¨à®¢ ­¨ï ¯® ¢à¥¬¥­¨ (¯à ¢¨«® �¥©¡­¨æ ), ¢®®¡é¥ £®¢®àï, ­¥ ¨¬¥¥â ¬¥áâ  (á¬. ¯à¨«®Ä¦¥­¨¥). �â® ®¤­® ¨§ áãé¥áâ¢¥­­ëå ®â«¨ç¨© ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ®â £ ¬¨«ìâ®­®¢ëå.�á¯®«ì§®¢ ­¨¥­¥«¨¥¢ëå  «£¥¡à ¯à¨¢®¤¨â ª â®¬ã, çâ® ¯à ¢¨«® ¯®ç«¥­­®£® ¤¨ää¥à¥­Äæ¨à®¢ ­¨ï ¤«ï ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ¤¥ä®à¬¨àã¥âáï. � ª, ¤¥©áâ¢¨¥ ¯®«­®©¯à®¨§¢®¤­®© ¯® ¢à¥¬¥­¨ ­  ¯à®¨§¢¥¤¥­¨¥ ®¯¥à â®à®¢ ¤¥ä®à¬¨àã¥â ¯à ¢¨«®�¥©¡­¨æ  § áç¥â ¢®§­¨ª­®¢¥­¨ï  áá®æ¨ â®à®¢D(AB) = D(A)B +AD(B) + Z(A;B); (24)£¤¥ Z(A;B) = (A;B;W )− (A;W;B) + (W;A;B);(x; y; z) ≡ (xy)z−x(yz) {  áá®æ¨ â®à ®¯¥à â®à®¢x, y, z, D = −i~(d=dt) = [H; : ]. �¥©áâÄ¢¨¥ ¯®«­®© ¯à®¨§¢®¤­®© ¯® ¢à¥¬¥­¨ ­  ª®¬¬ãâ â®à ®¯¥à â®à®¢ ¯à¨¢®¤¨â ª ¤¥ä®à¬ æ¨¨¯à ¢¨«  �¥©¡­¨æ  §  áç¥â ¢®§­¨ª­®¢¥­¨ï  «£¥¡à ¨ç¥áª®£® ïª®¡¨ ­  ®¯¥à â®à®¢ A, B¨W : D([A;B]) = [D(A); B] + [A;D(B)] + J(A;B); (25)£¤¥ J(A;B) = ~

2J [A;H; B] = ~
2J [A;B;W ] = Z(A;B)− Z(B;A):�®®â­®è¥­¨ï (24) ¨ (25), ®¡®¡é îé¨¥ ¯à ¢¨«  �¥©¡­¨æ , ¯à¨¢®¤ïâ ª á­ïâ¨î ¯à®â¨¢®Äà¥ç¨ï ¬¥¦¤ã ãà ¢­¥­¨ï¬¨ í¢®«îæ¨¨ ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ (13) ¨ ª¢ ­â®Ä¢ë¬¨ ª®¬¬ãâ æ¨®­­ë¬¨ á®®â­®è¥­¨ï¬¨ (á¬. ãâ¢¥à¦¤¥­¨¥ Ǳ.1 ¯à¨«®¦¥­¨ï).



��������� �����Ǳ������� ������� 792.4. �à ¢­¥­¨¥ í¢®«îæ¨¨ á®áâ®ï­¨ï ª¢ ­â®¢®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë.�§¢¥áâ­®, çâ® ¢ ¦­ë¬ á¢®©áâ¢®¬ ¤¨áá¨¯ â¨¢­ëå ¯à®æ¥áá®¢ ï¢«ï¥âáï ¨§¬¥­¥­¨¥ í­âà®Ä¯¨¨. �¥¬ ­¥ ¬¥­¥¥ ª¢ ­â®¢®¥ ãà ¢­¥­¨¥ í¢®«îæ¨¨ ¤«ï ®¯¥à â®à  ¯«®â­®áâ¨ �(t; Q; P )(ãà ¢­¥­¨¥ ä®­ �¥©¬ ­ ) @@t� = −
i
~
[H; �] (26)á®åà ­ï¥â í­âà®¯¨î

〈S〉 = Sp(� ln �)­¥¨§¬¥­­®©. Ǳ®íâ®¬ã ¤«ï ®¯¨á ­¨ï ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ®¡ëç­® ¨á¯®«ìÄ§ã¥âáï ®¡®¡é¥­¨¥ ãà ¢­¥­¨ï (26), ¨¬¥îé¥¥ ¢¨¤@@t� = −
i
~
[H; �] +K(�): (27)�¯¥à â®àK(�) ®¯¨áë¢ ¥â ¤¨áá¨¯ â¨¢­ãîç áâì í¢®«îæ¨¨ ®¯¥à â®à  ¯«®â­®áâ¨ ¢® ¢à¥Ä¬¥­¨. � §­ë¬¨ ¢â®à ¬¨ [6, 7] à áá¬ âà¨¢ «¨áì à §«¨ç­ë¥ä®à¬ë®¯¥à â®à K(�). �¤Ä­ ª® ¯à¥¤« £ ¥¬ë¥ ®¡®¡é¥­¨ï ãà ¢­¥­¨ï (26) ­¥ á¢ï§ ­ë á ª« áá¨ç¥áª¨¬ ãà ¢­¥­¨¥¬�¨ã¢¨««ï ¤«ï ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ [8, 1]@@t� = −{�; h} −D0(�) + 
�; (28)£¤¥ D0(�) = (Fk @�@pk −

@�@qkGk) ; (29)
 = n
∑k=1
2kk = n

∑k=1({Gk; pk} − {qk; Fk}) = n
∑k=1(@Gk@qk −

@Fk@pk ) : (30)�¢ ­â®¢ë©  ­ «®£ ãà ¢­¥­¨ï �¨ã¢¨««ï (28) ¨¬¥¥â ¢¨¤@@t�(t; Q; P ) = −
i
~
[H; �] +D(�) + 12(
�+ �
); (31)£¤¥ 
(Q;P ) = ∑nk=1
2kk, a 
2kk ®¯à¥¤¥«¥­ë á®®â­®è¥­¨¥¬ (16). �®á¯®«ì§®¢ ¢è¨áì¯à¥¤¯®«®¦¥­¨¥¬, çâ® ®¯¥à â®à ¤¨áá¨¯ æ¨¨ ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ D(�) = i

~
[�;W ], ¯®«ãÄç ¥¬ ª¢ ­â®¢®¥ ãà ¢­¥­¨¥ í¢®«îæ¨¨ ®¯¥à â®à  ¯«®â­®áâ¨ ¤«ï ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë(®¡®¡é¥­¨¥ ãà ¢­¥­¨ï ä®­ �¥©¬ ­ ) ¢ ¢¨¤¥ [1, 3]@@t�(t; Q; P ) = −

i
~
[H −W;�] + 12(
�+ �
); (32)£¤¥ 
(Q;P ) = n

∑k=1
2kk = n
∑k=1J [Qk; Pk;W ]: (33)� ­­®¥ ®¡®¡é¥­¨¥ ãà ¢­¥­¨ï ä®­ �¥©¬ ­ , ¢ ®â«¨ç¨¥ ®â ¤àã£¨å ¯à¥¤« £ ¥¬ëå ãà ¢Ä­¥­¨©, ¯®«ãç¥­® ­¥¯®áà¥¤áâ¢¥­­® ¨§ ãà ¢­¥­¨ï �¨ã¢¨««ï ¤«ï ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬(28){(30) ¨ ï¢«ï¥âáï ª¢ ­â®¢ë¬  ­ «®£®¬ íâ®£® ãà ¢­¥­¨ï.� à¥§ã«ìâ â¥ ¬®¦­® ¢¢¥áâ¨ ®¯à¥¤¥«¥­¨¥ ª¢ ­â®¢®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë, ®á­®¢ ­Ä­®¥ ­¥ ­  ãà ¢­¥­¨ïå í¢®«îæ¨¨ ­ ¡«î¤ ¥¬ëå,   ­  ãà ¢­¥­¨ïå í¢®«îæ¨¨ á®áâ®ï­¨ï ¤¨Ä­ ¬¨ç¥áª®© á¨áâ¥¬ë.



80 �.�. ��������¯à¥¤¥«¥­¨¥ 2.4. Ǳãáâì á®áâ®ï­¨¥ ª¢ ­â®¢®© á¨áâ¥¬ë®¯¨áë¢ ¥âáï á ¬®á®¯àï¦¥­Ä­ë¬®¯¥à â®à®¬¯«®â­®áâ¨ � = �(t; Q; P ), í¢®«îæ¨ïª®â®à®£® ¢® ¢à¥¬¥­¨ § ¤ ¥âáï ãà ¢Ä­¥­¨¥¬ ¢¨¤  @@t�(t; Q; P ) = −
i
~
[H; �] + 12(
�+ �
); (34)£¤¥ H { ­¥ª®â®àë© ®¯¥à â®à, å à ªâ¥à¨§ãîé¨© ¤ ­­ãî á¨áâ¥¬ã. �®£¤  ¤¨­ ¬¨ç¥áª ïá¨áâ¥¬  ­ §ë¢ ¥âáïª¢ ­â®¢®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬®©, ¥á«¨ å®âï ¡ë ®¤¨­ ¨§ ïª®Ä¡¨ ­®¢ J [Qk;H; Ql], J [Qk;H; Pl] ¨«¨ J [Pk;H; Pl] ®â«¨ç¥­ ®â ­ã«ï,   ®¯¥à â®à 
 ¯à¥¤Äáâ ¢¨¬ ¢ ¢¨¤¥ 
(Q;P ) = n

∑k=1 J [Qk;H; Pk]: (35)� ª¨¬®¡à §®¬,¬®¦­®¨áå®¤¨âì ¨§ âà¥¡®¢ ­¨ï á ¬®á®£« á®¢ ­­®áâ¨ª¢ ­â®¢®£® ®¯¨Äá ­¨ï ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬, áä®à¬ã«¨à®¢ ­­®£® ¢ ¢¨¤¥ ¢§ ¨¬®á¢ï§¨ ãà ¢­¥­¨ï í¢®«îÄæ¨¨ á®áâ®ï­¨ï ª¢ ­â®¢®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë á ãà ¢­¥­¨¥¬ �¨ã¢¨««ï ¤«ï ª« áá¨Äç¥áª®© ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë. �â® ¯®-¯à¥¦­¥¬ã ¯à¨¢®¤¨â ª ­ àãè¥­¨î ®¯¥à â®à®¬í¢®«îæ¨¨ â®¦¤¥áâ¢  �ª®¡¨, â.¥. ¤«ï ®¯¨á ­¨ï ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ­¥®¡Äå®¤¨¬® ¨á¯®«ì§®¢ âì  ­â¨ª®¬¬ãâ â¨¢­ë¥ ­¥«¨¥¢ë  «£¥¡àë.3. ����������������� �����������{�����3.1. �«£¥¡à  �¥©§¥­¡¥à£ {�¥©«ï. � ¤ «ì­¥©è¥¬ ¬ë ¡ã¤¥¬ ¨á¯®«ì§®¢ âì á¨áâ¥Ä¬ã ¥¤¨­¨æ, ¢ ª®â®à®© ¯®áâ®ï­­ ï Ǳ« ­ª  à ¢­  ¥¤¨­¨æ¥ ~ = 1, ¨ ¯®« £ âìGk(t; Q; P ) =i[W;Qk] à ¢­ë¬ ­ã«î.� ¯®¬­¨¬, çâ®  «£¥¡à®© �¥©§¥­¡¥à£ {�¥©«ï WN ­ §ë¢ ¥âáï ¢¥é¥áâ¢¥­­ ï(2N + 1)-¯ à ¬¥âà¨ç¥áª ï  «£¥¡à  �¨, § ¤ ¢ ¥¬ ï ¯¥à¥áâ ­®¢®ç­ë¬¨ á®®â­®è¥­¨ï¬¨[e(1); e(2)k ] = [e(1); e(3)k ] = [e(2)k ; e(2)l ] = [e(3)k ; e(3)l ] = 0; [e(2)k ; e(3)l ] = Ækle(1); (36)£¤¥ k; l = 1; 2; : : : ; N . � ª¢ ­â®¢®© â¥®à¨¨ ç áâ® ¨á¯®«ì§ãîâáï ¡ §¨á­ë¥ í«¥¬¥­âëI = ie(1); Qk = ie(2)k ; Pk = ie(3)k ; (37)ª®â®àë¥ ¨­â¥à¯à¥â¨àãîâáï ª ª ¥¤¨­¨ç­ë© ®¯¥à â®à, ®¯¥à â®à ª®®à¤¨­ âë ¨ ®¯¥à â®à¨¬¯ã«ìá , á®®â¢¥âáâ¢¥­­®. � §¨á­ë¥ í«¥¬¥­âë {I;Qk; Pl} ã¤®¢«¥â¢®àïîâ ¯¥à¥áâ ­®Ä¢®ç­ë¬ á®®â­®è¥­¨ï¬[I;Qk] = [I; Pk] = [Qk; Ql] = [Pk; Pl] = 0; [Qk; Pl] = {ÆklI; (38)ª®â®àë¥ ­ §ë¢ îâáï ª ­®­¨ç¥áª¨¬¨ ª®¬¬ãâ æ¨®­­ë¬¨ á®®â­®è¥­¨ï¬¨. �ëà ¦¥­¨ï(38) ®§­ ç îâ, çâ® ®¯¥à â®àë {I;Qi; Pi} ¯®à®¦¤ îâ  «£¥¡àã �¨, ­ §ë¢ ¥¬ãî  «£¥¡Äà®© �¥©§¥­¡¥à£ {�¥©«ï. �¡é¨© í«¥¬¥­â  «£¥¡àë �¥©§¥­¡¥à£ {�¥©«ïWN ¨¬¥¥â ¢¨¤z0 = x(1)k e(1)k + x(2)k e(2)k + x(3)e(3) = sI + xkQk + ykPk:



��������� �����Ǳ������� ������� 813.2. �¡®¡é¥­­ ï  «£¥¡à  �¥©§¥­¡¥à£ {�¥©«ï. �¢¥¤¥¬ á«¥¤ãîé¥¥�¯à¥¤¥«¥­¨¥ 3.1. �¡®¡é¥­­®©  «£¥¡à®© �¥©§¥­¡¥à£ {�¥©«ïW ∗N ­ §®¢¥¬¢¥é¥áâ¢¥­­ãî 2(N + 1)-¯ à ¬¥âà¨ç¥áªãî  «£¥¡àã, § ¤ ¢ ¥¬ãî ¯¥à¥áâ ­®¢®ç­ë¬¨ á®Ä®â­®è¥­¨ï¬¨ (36) ¨ á®®â­®è¥­¨ï¬¨[e(1); e(4)] = [e(2)k ; e(4)] = 0; [e(3)k ; e(4)] = Fk(e(2); e(3)); (39)£¤¥ Fk(; ) { ­¥ª®â®à ï äã­ªæ¨ï ¡ §¨á­ëå í«¥¬¥­â®¢ e(2)k ¨ e(3)k . � ¯à®áâ¥©è¥¬ á«ãç ¥«¨­¥©­®© ®¡®¡é¥­­®©  «£¥¡àë�¥©§¥­¡¥à£ {�¥©«ïLW ∗N ¯®á«¥¤­¥¥ ¨§ á®®â­®è¥­¨© (39)¨¬¥¥â ¢¨¤ [e(3)k ; e(4)] = e(3)k : (40)�á«¨ ¨á¯®«ì§®¢ âì ¡ §¨á­ë¥ í«¥¬¥­âë {I;Qk; Pk;W}, ®¯à¥¤¥«¥­­ë¥ ä®à¬ã« ¬¨ (37) ¨W = ie(2), â® ¯¥à¥áâ ­®¢®ç­ë¥ á®®â­®è¥­¨ï (39) ¯à¨¬ãâ ¢¨¤[I;W ] = [Qk;W ] = 0; [W;Pk] = {Fk(Q;P ): (41)� á®®â­®è¥­¨¨ (41) í«¥¬¥­â Fk(Q;P ) ­¥ ï¢«ï¥âáï ¡ §¨á­ë¬,   ¥áâì ­¥ª®â®à ï äã­ªÄæ¨ï ¡ §¨á­ëå í«¥¬¥­â®¢ Qk; Pk. Ǳ®¤ í«¥¬¥­â®¬ Fk(Q;P ) ¬®¦­® ¯®­¨¬ âì ¬­®£®ç«¥­®â ¡ §¨á­ëå í«¥¬¥­â®¢ Qk; Pk. � ¯à®áâ¥©è¥¬ á«ãç ¥, ¨­â¥à¥á­®¬ á ¯à¨ª« ¤­®© â®çª¨§à¥­¨ï, ¯®á«¥¤­¥¥ ¨§ á®®â­®è¥­¨© (41) ¨¬¥¥â ¢¨¤[W;Pk] = {Pk: (42)�¡®¡é¥­­ ï  «£¥¡à  �¥©§¥­¡¥à£ {�¥©«ïW ∗N á®®â¢¥âáâ¢ã¥â ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬¥áN áâ¥¯¥­ï¬¨ á¢®¡®¤ë. �¨§¨ç¥áª¨© á¬ëá« í«¥¬¥­â Fi(Q;P ) á®áâ®¨â ¢ â®¬, çâ® ®­ ®¯¨Äáë¢ ¥â ¤¨áá¨¯ â¨¢­ãî á¨«ã (á¨«ã âà¥­¨ï), ¤¥©áâ¢ãîéãî ­  ¨§ãç ¥¬ãî á¨áâ¥¬ã. Ǳà¨íâ®¬ á«ãç © (42) á®®â¢¥âáâ¢ã¥â «¨­¥©­®© § ¢¨á¨¬®áâ¨ ¤¨áá¨¯ â¨¢­ëå á¨« ®â áª®à®áâ¨.� ¬¥â¨¬, çâ® á®®â­®è¥­¨¥ [W;Qi] = 0 ®¡ãá«®¢«¥­® ä¨§¨ç¥áª¨¬ âà¥¡®¢ ­¨¥¬ \á¢ï§¨ £ Ä¬¨«ìâ®­¨ ­  á í­¥à£¨¥© á¨áâ¥¬ë" [5, 1].3.3. �®¦¤¥áâ¢  ¤«ï ïª®¡¨ ­®¢. �«¥¤áâ¢¨¥¬ ®¡®¡é¥­­ëå ª®¬¬ãâ æ¨®­­ëå á®®âÄ­®è¥­¨© (38) ¨ (41) ï¢«ïîâáï á«¥¤ãîé¨¥ â®¦¤¥áâ¢  ¤«ï ïª®¡¨ ­®¢:J [Qk; Ql; Qj ] = J [Qk; Ql; Pj ] = J [Qk; Pl; Pj ] = J [Pk; Pl; Pj ] = 0; (43)J [W;W;W ] = J [Qk;W;W ] = J [Pk;W;W ] = J [Qk; Ql;W ] = 0; (44)J [Pk; Pl;W ] = {([Fk; Pl]− [Fl; Pk]); J [Qk; Pl;W ] = −{[Fl; Qk]; (45)£¤¥ J [x; y; z] = [ [x; y]; z]+ [ [y; z]; x]+ [ [z; x]; y] { ïª®¡¨ ­ í«¥¬¥­â®¢ x; y; z.�¨¤­®, çâ® ¢ á¨«ã ¯¥à¥áâ ­®¢®ç­ëå á®®â­®è¥­¨© (41) ­¥ª®â®àë¥ ïª®¡¨ ­ë ¡ §¨á­ëåí«¥¬¥­â®¢ (45) ­¥ à ¢­ë ­ã«î, çâ® ï¢«ï¥âáï ®á­®¢­ë¬ ®â«¨ç¨¥¬ ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬®â ­¥¤¨áá¨¯ â¨¢­ëå. �¥à ¢¥­áâ¢® ­ã«î ïª®¡¨ ­®¢ (45) £®¢®à¨â ® â®¬, çâ® ®¡®¡é¥­­ ï «£¥¡à  �¥©§¥­¡¥à£ {�¥©«ïW ∗N ­¥ ï¢«ï¥âáï  «£¥¡à®© �¨.



82 �.�. �������3.4. �¡é¨©í«¥¬¥­â ®¡®¡é¥­­®©  «£¥¡àë�¥©§¥­¡¥à£ {�¥©«ï. � áá¬®âà¨¬®¡é¨© í«¥¬¥­â z ®¡®¡é¥­­®©  «£¥¡àë �¥©§¥­¡¥à£ {�¥©«ïW ∗N ­ ¤ ¯®«¥¬ ¤¥©áâ¢¨â¥«ìÄ­ëå ¨«¨ ª®¬¯«¥ªá­ëå ç¨á¥« z = sI + xkQk + ykPk + tW; (46)£¤¥ s; xk; yk; t { ç¨á« . �®¬¬ãâ â®à ¤¢ãå í«¥¬¥­â®¢ z1 ¨ z2 ¨¬¥¥â ¢¨¤[z1; z2] = {s3I + {tkFk(Q;P ); (47)£¤¥ s3 = x1ky2k − x2ky1k; tk = t1y2k − t2y1k:�ª®¡¨ ­ ¯à®¨§¢®«ì­ëå âà¥å í«¥¬¥­â®¢ z1, z2 ¨ z3 ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥J [z1; z2; z3] = iskl[Qk; Fl] + itkl([Fk; Pl]− [Fl; Pk]); (48)£¤¥ skl = (x1ky2l − x2ky1l )t3 + (x1ky3l − x3ky1l )t2 + (x2ky3l − x3ky2l )t1;tkl = 2(y2ky3l t1 + y3ky1l t2 + y1ky2l t3):� ¯à®áâ¥©è¥¬ á«ãç ¥, ª®£¤  Fk(Q;P ) = Pk, ª®¬¬ãâ â®à ¤¢ãå í«¥¬¥­â®¢ z1 ¨ z2 ¬®¦Ä­® § ¯¨á âì ¢ ¢¨¤¥ [z1; z2] = {z3; (49)£¤¥ s3 = x1ky2k − x2ky1k; x3k = t3 = 0; y3k = t1y2k − t2y1k; (50)  ïª®¡¨ ­ ¯à®¨§¢®«ì­ëå âà¥å í«¥¬¥­â®¢ z1, z2 ¨ z3 ¨¬¥¥â ¢¨¤J [z1; z2; z3] = z4; (51)£¤¥ s4 = −sklÆkl; x4k = y4k = t4 = 0:4. �����������§¢¥áâ­®, çâ® ¯à¨ ®¯¨á ­¨¨ ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë ¬®¦­® ¨áå®¤¨âì ¨§ à áá¬®âà¥Ä­¨ï § ¬ª­ãâ®© á¨áâ¥¬ë, ç áâìî ª®â®à®© ï¢«ï¥âáï ¨áá«¥¤ã¥¬ ï ¤¨áá¨¯ â¨¢­ ï á¨áâ¥Ä¬ . �¤­ ª® ç áâ® ¢®§­¨ª îâ á¨âã æ¨¨, ª®£¤  âàã¤­® ¨«¨ ¢®®¡é¥ ­¥¢®§¬®¦­® ãª § âì§ ¬ª­ãâãî á¨áâ¥¬ã, ¢ª«îç îéãî ¤ ­­ãî ¤¨áá¨¯ â¨¢­ãî á¨áâ¥¬ãî. � ª, ­ ¯à¨¬¥à,®¡áâ®¨â ¤¥«® ¯à¨ ª¢ ­â®¢ ­¨¨ í«¥ªâà®¬ £­¨â­®£® ¯®«ï ¢ à¥§®­ â®à¥ á ¯®â¥àï¬¨ [2, 9].�â¬¥â¨¬, çâ® ¬®¤¥«¨ ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ¬®£ãâ ¨£à âì ¡®«¥¥ áãé¥áÄâ¢¥­­ãî à®«ì ¢ äã­¤ ¬¥­â «ì­ëå â¥®à¨ïå, ç¥¬ ®â¢®¤¨« áì ¨¬ ¤® á¨å ¯®à. � ª, ­ ¯à¨Ä¬¥à, ¢ ¦­®áâì ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ¢ â¥®à¨¨ áâàã­ ¨ áã¯¥àáâàã­ ®¡ãá«®¢Ä«¥­ , ¢ ç áâ­®áâ¨, á«¥¤ãîé¨¬.1. �âàã­ë ¢ ¯à®áâà ­áâ¢ å á ­¥ªà¨â¨ç¥áª®© à §¬¥à­®áâìî (­ ¯à¨¬¥à, ¢ ç¥âëà¥åÄ¬¥à­®¬ ¯à®áâà ­áâ¢¥) ï¢«ïîâáï ¤¨áá¨¯ â¨¢­ë¬¨ á¨áâ¥¬ ¬¨ ¢ ä §®¢®¬ ¯à®áâà ­áâ¢¥



��������� �����Ǳ������� ������� 83\ª®­áâ ­â á¢ï§¨". �¨áá¨¯ â¨¢­ ï á¨«  ¢ íâ®¬ á«ãç ¥ ®¯à¥¤¥«ï¥âáï ­¥­ã«¥¢ë¬¨ ¡¥Äâ -äã­ªæ¨ï¬¨ á®®â¢¥âáâ¢ãîé¨å ª®­áâ ­â á¢ï§¨ [10].2. � á¯ ¤ ç¨áâ®£® ª¢ ­â®¢®£® á®áâ®ï­¨ï ¢ á¬¥è ­­®¥ ¬®¦¥â ¯à®¨áå®¤¨âì ­  ãà®¢Ä­¥ áâàã­ë ¨§-§  ª¢ ­â®¢ëå ä«ãªâã æ¨© ¬¥âà¨ª¨, ï¢«ïîé¨åáï ¢¨àâã «ì­ë¬¨ ç¥à­ë¬¨¤ëà ¬¨ ­  ¤¢ã¬¥à­®© ¯®¢¥àå­®áâ¨, § ¬¥â ¥¬®© áâàã­®© ¢ ¯à®æ¥áá¥ ¤¢¨¦¥­¨ï, çâ® ¯à¨Ä¢®¤¨â ª ­¥®¡å®¤¨¬®áâ¨ ­¥ã­¨â à­®£® ®¡®¡é¥­¨ï ãà ¢­¥­¨ï ä®­ �¥©¬ ­  [7].3. � ª®­ á®åà ­¥­¨ï í­¥à£¨¨ ¨ ¨¬¯ã«ìá  ®¡ëç­® ¯®«ãç ¥âáï ª ª á«¥¤áâ¢¨¥  ¯à¨®à­®Ä£® ®£à ­¨ç¥­¨ï ­  á¢®©áâ¢  ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®© £¥®¬¥âà¨¨. �¤­ ª® ¡®«¥¥ ¦¥Ä« â¥«ì­ë¬ ¨ ¯®á«¥¤®¢ â¥«ì­ë¬ ¡ë«® ¡ë ­¥ ¯®áâã«¨à®¢ ­¨¥ £¥®¬¥âà¨¨,   ¯®«ãç¥­¨¥ ª -ª¨å-«¨¡® ®£à ­¨ç¥­¨© ­  £¥®¬¥âà¨î ¢ à ¬ª å ¡®«¥¥ ®¡é¥© â¥®à¨¨. � ¯à¨¬¥à, ¯®«ãÄç¥­¨¥ ®£à ­¨ç¥­¨© ­  á¢®©áâ¢  ¨ áâàãªâãàë ¯à®áâà ­áâ¢ -¢à¥¬¥­¨ ¨§ âà¥¡®¢ ­¨ï á Ä¬®á®£« á®¢ ­­®áâ¨ ª¢ ­â®¢®© â¥®à¨¨  ­ «®£¨ç­® ¯®«ãç¥­¨î ª «¨¡à®¢®ç­®© £àã¯¯ë ¨à §¬¥à­®áâ¨ ¯à®áâà ­áâ¢ -¢à¥¬¥­¨ ¢ â¥®à¨ïå áâàã­ ¨ áã¯¥àáâàã­.4. � ¬ª­ãâ ï ¡®§®­­ ï áâàã­  ¤«ï è¨à®ª®£® ª« áá  ­¥à¨¬ ­®¢ëå £¥®¬¥âà¨©, ­ Ä¯à¨¬¥à ¢ ¨áªà¨¢«¥­­®¬  ää¨­­®-¬¥âà¨ç¥áª®¬ ¯à®áâà ­áâ¢¥-¢à¥¬¥­¨, ï¢«ï¥âáï ¤¨áá¨Ä¯ â¨¢­®© á¨áâ¥¬®© [11{13].� ¤ ­­®© à ¡®â¥ ¯®ª § ­®, çâ® âà¥¡®¢ ­¨¥ á ¬®á®£« á®¢ ­­®áâ¨ ¤¨­ ¬¨ç¥áª®£® ®¯¨Äá ­¨ï ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå (­¥£ ¬¨«ìâ®­®¢ëå) á¨áâ¥¬ ¯à¨¢®¤¨â ª ­¥®¡å®¤¨¬®áâ¨®âª § âìáï ®â â®¦¤¥áâ¢ �ª®¡¨ ¤«ï £¥­¥à â®à®¢ í¢®«îæ¨¨ á¨áâ¥¬ë ¨ ¨á¯®«ì§®¢ âì  ­Äâ¨ª®¬¬ãâ â¨¢­ë¥ ­¥«¨¥¢ë  «£¥¡àë. �¢®©áâ¢  â ª¨å  «£¥¡à ¯à¥¤¯®« £ ¥âáï ®¯¨á âì ¢ç¥â¢¥àâ®© ç áâ¨ ¤ ­­®© à ¡®âë.� ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ Ä­¨©, ¯à®¥ªâ ò96-02-16413-a. Ǳ���������Ǳà ¢¨«® �¥©¡­¨æ  ¨ ¤¨áá¨¯ â¨¢­ë¥ á¨áâ¥¬ë�¥á®¢¬¥áâ­®áâì ª¢ ­â®¢ëå ãà ¢­¥­¨© í¢®«îæ¨¨ ¤¨áá¨¯ â¨¢­®© á¨áâ¥¬ë ¨ ª¢ ­â®Ä¢ëå ª®¬¬ãâ æ¨®­­ëå á®®â­®è¥­¨© ¢¨¤­  ¯à¨ à áá¬®âà¥­¨¨ ¯à®¨§¢®¤­ëå ¯® ¢à¥¬¥­¨ ®âª®¬¬ãâ â®à®¢ ª®®à¤¨­ â¨¨¬¯ã«ìá®¢,¯à¨¨á¯®«ì§®¢ ­¨¨ ¯à ¢¨« �¥©¡­¨æ ¨ â®¦¤¥áâÄ¢  �ª®¡¨. �â  ­¥á®¢¬¥áâ­®áâì ®¡ãá«®¢«¥­  ¯à¥¤¯®«®¦¥­¨¥¬ ® ¢ë¯®«­¨¬®áâ¨ ¯à ¢¨« �¥©¡­¨æ  ¨ â®¦¤¥áâ¢  �ª®¡¨ ¤«ï ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ¨ á¢ï§ ­  á â¥¬, çâ® ãà ¢­¥­¨ïí¢®«îæ¨¨ ¢® ¢à¥¬¥­¨ ¤«ï ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ­ àãè îâ áâàãªâãàã  «£¥¡àë �¨.�â¬¥â¨¬, çâ® ¤«ï ª¢ ­â®¢®© £ ¬¨«ìâ®­®¢®© á¨áâ¥¬ë ¯à ¢¨«® ¯®ç«¥­­®£® ¤¨ää¥à¥­Äæ¨à®¢ ­¨ï ¯® ¢à¥¬¥­¨ (¯à ¢¨«® �¥©¡­¨æ ) D(AB) = D(A)B + AD(B) á¯à ¢¥¤«¨¢®¤«ï ¯à®¨§¢¥¤¥­¨ï «î¡ëå ®¯¥à â®à®¢. �«ï ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ¯à ¢¨«®�¥©¡­¨æ , ¢®®¡é¥ £®¢®àï, ­¥ ¨¬¥¥â ¬¥áâ .�â¢¥à¦¤¥­¨¥Ǳ.1. Ǳà¨¬¥­¥­¨¥ ¯à ¢¨«  ¯®ç«¥­­®£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï ¯® ¢à¥Ä¬¥­¨ (¯à ¢¨«  �¥©¡­¨æ ) ¤«ï ª¢ ­â®¢ëå ª®¬¬ãâ æ¨®­­ëå á®®â­®è¥­¨© ®¯¥à Äâ®à®¢ ª®®à¤¨­ â ¨ ¨¬¯ã«ìá®¢, ®¯¨áë¢ îé¨å ª¢ ­â®¢ãî ¤¨áá¨¯ â¨¢­ãî á¨áâ¥Ä¬ã (13), ¯à¨¢®¤¨â ª ­¥®¡å®¤¨¬®áâ¨ ¢ë¯®«­¥­¨ï ãá«®¢¨© (15){(17) ­  ¯à ¢ë¥ ç áÄâ¨ ãà ¢­¥­¨© (13) ¨, á«¥¤®¢ â¥«ì­®, ª íª¢¨¢ «¥­â­®áâ¨ ãà ¢­¥­¨© ¤¢¨¦¥­¨ï (12)ãà ¢­¥­¨ï¬ í¢®«îæ¨¨ £ ¬¨«ìâ®­®¢®© á¨áâ¥¬ë (11).�®ª § â¥«ìáâ¢®. �¢ ­â®¢ë¥ ª®¬¬ãâ æ¨®­­ë¥ á®®â­®è¥­¨ï ¤«ï ®¯¥à â®à®¢ ª®®àÄ¤¨­ â ¨ ¨¬¯ã«ìá®¢ ¨¬¥îâ ¢¨¤
[Qk(t); Pl(t)] = {~ÆklI; [Qk(t); Ql(t)] = [Pk(t); Pl(t)] = 0: (52)



84 �.�. �������� áá¬ âà¨¢ ï ¯à®¨§¢®¤­ãî ¯® ¢à¥¬¥­¨ ®â ¯¥à¢®£® á®®â­®è¥­¨ï ¨§ (52), ¯®«ãç¨¬ddt [Qk(t); Pl(t)] = 0: (53)Ǳà ¢¨«® �¥©¡­¨æ  ¢ ¤ ­­®¬ á«ãç ¥ ¨¬¥¥â ¢¨¤ddt [Qk(t); Pl(t)] = [ ddtQk(t); Pl(t)] + [Qk(t); ddtPl(t)] : (54)�«¥¤®¢ â¥«ì­®, ¨¬¥¥¬ á®®â­®è¥­¨¥
[ ddtQk(t); Pl(t)] + [Qk(t); ddtPl(t)] = 0: (55)�á¯®«ì§ãï ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï (13), ¯®«ãç ¥¬i

~

(

[ [H;Qk]; Pl]+ [Qk; [H;Pl] ])+ ([Qk; Fl]− [Gk; Pl]) = 0: (56)�®¦¤¥áâ¢® �ª®¡¨ ¤«ï  áá®æ¨ â¨¢­ëå ®¯¥à â®à®¢Qk; Pl; H ¨¬¥¥â ¢¨¤J [Qk; Pl; H ] = 1
~2 ([ [Qk; Pl]; H]+ [ [Pl; H ]; Qk] + [ [H;Qk]; Pl]) = 0;â.¥.

[ [H;Qk]; Pl]+ [Qk; [H;Pl] ] = 0:� à¥§ã«ìâ â¥ ¯®«ãç ¥¬ â®¦¤¥áâ¢®
2kl = −
i
~

([Gk; Pl]− [Qk; Fl]) = 0: (57)�­ «®£¨ç­®, à áá¬ âà¨¢ ï ¤àã£¨¥ ª¢ ­â®¢ë¥ ª®¬¬ãâ æ¨®­­ë¥ á®®â­®è¥­¨ï (52), ¬®¦Ä­® ¯®«ãç¨âì ¢á¥ â®¦¤¥áâ¢  (15){(17).� ª¨¬ ®¡à §®¬, ãâ¢¥à¦¤¥­¨¥ ® ¯à¨¬¥­¨¬®áâ¨ ¯à ¢¨« �¥©¡­¨æ  ¤«ï ª¢ ­â®¢ëå ¤¨áÄá¨¯ â¨¢­ëå á¨áâ¥¬ (13) íª¢¨¢ «¥­â­® âà¥¡®¢ ­¨î ¢ë¯®«­¥­¨ï ãá«®¢¨© (15){(17), â.¥.¢ë¯®«­¥­¨î ãá«®¢¨© £ ¬¨«ìâ®­®¢®áâ¨ (­¥¤¨áá¨¯ â¨¢­®áâ¨) á¨áâ¥¬ë [14].�«¥¤®¢ â¥«ì­®, ¤«ï ª¢ ­â®¢ëå ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬ ¯à ¢¨«® ¯®ç«¥­­®£® ¤¨ää¥Äà¥­æ¨à®¢ ­¨ï ¯® ¢à¥¬¥­¨ (¯à ¢¨«® �¥©¡­¨æ ), ¢®®¡é¥ £®¢®àï, ­¥ ¨¬¥¥â ¬¥áâ . � íâ®¬¯à®ï¢«ï¥âáï áãé¥áâ¢¥­­®¥ ®â«¨ç¨¥ ¤¨áá¨¯ â¨¢­ëå á¨áâ¥¬®â £ ¬¨«ìâ®­®¢ëå. �®âä ªâ,çâ® ®¯¥à â®à ¯à®¨§¢®¤­®© ¯® ¢à¥¬¥­¨ ¨ ®¯¥à â®à í¢®«îæ¨¨ ­¥ ã¤®¢«¥â¢®àïîâ ¯à ¢¨«ã�¥©¡­¨æ  ®§­ ç ¥â, çâ® íâ¨ ®¯¥à â®àë ­¥ ï¢«ïîâáï ®¯¥à â®à ¬¨ ¤¨ää¥à¥­æ¨à®¢ ­¨ï á¬ â¥¬ â¨ç¥áª®© â®çª¨ §à¥­¨ï. � ª¨¥ ®¯¥à â®àë ®¡ëç­® ­ §ë¢ îâáï ¤¨áá¨¯ â¨¢­ë¬¨®¯¥à â®à ¬¨. Ǳà¨¢¥¤¥¬ ¨å ®¯à¥¤¥«¥­¨¥:



��������� �����Ǳ������� ������� 85�¯à¥¤¥«¥­¨¥ Ǳ.1. �¯¥à â®àD ­ §ë¢ ¥âáï ¤¨áá¨¯ â¨¢­ë¬ ®¯¥à â®à®¬, ¥á«¨¤«ï ­¥£® ¢ë¯®«­ï¥âáï ®¡®¡é¥­­®¥ ¯à ¢¨«® �¥©¡­¨æ D(AB) = D(A)B +AD(B) + Z(A;B)¨ ¢ë¯®«­ïîâáï ãá«®¢¨ï D(A+B) = D(A) +D(B)¨ D(�A) = �D(A); � ∈ R;Z(A;B) { ­¥ª®â®àë© ­¥­ã«¥¢®© ®¯¥à â®à, § ¢¨áïé¨© ®â ¢¨¤  ®¯¥à â®à®¢ A ¨ B.� ª¨¬ ®¡à §®¬, ®¯¥à â®à ¤¨áá¨¯ æ¨¨, ®¯¨áë¢ îé¨© í¢®«îæ¨î (12) ª¢ ­â®¢®© ¤¨áÄá¨¯ â¨¢­®© á¨áâ¥¬ë,   á«¥¤®¢ â¥«ì­®, ¨ ®¯¥à â®à ¯à®¨§¢®¤­®© ¯® ¢à¥¬¥­¨, ï¢«ïîâáï¤¨áá¨¯ â¨¢­ë¬¨ ®¯¥à â®à ¬¨.�â¬¥â¨¬, çâ® ­ àãè¥­¨¥ ¯à ¢¨«  �¥©¡­¨æ  ¨ ¯®ï¢«¥­¨¥ ¤¨áá¨¯ â¨¢­ëå ®¯¥à â®à®¢¢ ª ç¥áâ¢¥ ®¯¥à â®à®¢ í¢®«îæ¨¨ å®à®è® ¨§¢¥áâ­ë ¢ â¥®à¨¨ ª¢ ­â®¢ëå ¤¨­ ¬¨ç¥áª¨å¯®«ã£àã¯¯ [15], ¨á¯®«ì§ã¥¬®© ¤«ï ®¯¨á ­¨ï ®âªàëâëå á¨áâ¥¬.�¯¨á®ª «¨â¥à âãàë[1] �.�. � à á®¢. ���. 1994. �. 100. ò 3. �. 402{417.[2] �. � ª¥­. � §¥à­ ï á¢¥â®¤¨­ ¬¨ª . �.: �¨à, 1988. �. 255{274.[3] V.E. Tarasov . Dissipative quantummechanics: the generalization of the canonical quantizationand von Neumann equation: Preprint ICTP. IC-94-192. Trieste, 1994. (hep-th/9410025).[4] �.�. �¨««¨¯®¢, �.�. � ¢ç¨­, �.�. �®à®å®¢. � à¨ æ¨®­­ë¥ ¯à¨­æ¨¯ë ¤«ï ­¥¯®â¥­æ¨Ä «ì­ëå ®¯¥à â®à®¢. � ª­.: �®¢à. ¯à®¡«. ¬ â¥¬. �.: ������, 1992. �. 3{178.[5] I.K. Edwards. Amer. J. Phys. Rev. 1979. V. 47. ò 2. P. 153{155.[6] M. Hensel, H. J. Korsch. J. Phys. 1992. V. A25. ò 7. P. 2043{2064.[7] J. Ellis, J. S. Hagelin, D.V. Nanopoulos, M. Srednicki. Nucl. Phys. B. 1984. V. B242. ò 3.P. 381{395.[8] V.H. Steeb. Physica A. 1979. V. 95. ò 1. P. 181{190.[9] �.�. � èª¥¢¨ç. �¨­¥â¨ç¥áª ï â¥®à¨ï « §¥à®¢. �.: � ãª , 1971. �. 22{29.[10] J. Ellis, N.E. Mavromatos, D.V. Nanopoulos. Phys. Lett. B. 1992. V. B293. ò 1. P. 37{48.[11] �.�. � à á®¢. ���. 1994. �. 101. ò 1. �. 38{46.[12] V.E. Tarasov. Phys. Lett. B. 1994. V. 323. ò 2/3. P. 296{304.[13] V.E. Tarasov. Mod. Phys. Lett. A. 1994. V. 9. ò 26. P. 2411{2419.[14] S.A. Hojman, L.C. Shepley. J. Math. Phys. 1991. V. 32. ò 1. P. 142{146.[15] �. �à â¥««¨. � ¤¨­ ¬¨ç¥áª¨å ¯®«ã£àã¯¯ å ¨ ¤¥©áâ¢¨ïå ª®¬¯ ªâ­ëå £àã¯¯. � ª­.: �¢ ­â®Ä¢ë¥ á«ãç ©­ë¥ ¯à®æ¥ááë ¨ ®âªàëâë¥ á¨áâ¥¬ë. �.: �¨à, 1988. �.180{196.Ǳ®áâã¯¨«  ¢ à¥¤ ªæ¨î 30.IV.1996 £.V.E. TarasovQUANTUM DISSIPATIVE SYSTEMS.III. DEFINITION AND ALGEBRAIC STRUCTUREIn this paper we start from the requirement of consistent quantum description of dissipative (non-Hamiltonian) systems, which is formulated as absence of contradictions between evolution equationsfor quantum dissipative systems and quantum commutations relations. This leads to the fact thatJacoby identity is not satis�ed. So, the consistent quantumdescription requirement leads to necessityto be beyond Lie algebra and group. In order to describe dissipative (non-Hamiltonian) systems inquantum theory we need to use anti-commutative non-Lie algebra.


