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�����������������������������������®¬ 110, ò 1ï­¢ àì, 1997
�.Ǳ. �¥« ¢ª¨­∗� ����������� ��������� �������������������������� ���������� ­® ®¯¨á ­¨¥ áâ®å áâ¨ç¥áª¨å ®£à ­¨ç¥­­ëå £¥­¥à â®à®¢ ª¢ ­â®¢ëå ­¥®¡à â¨¬ëå¢®«­®¢ëå ãà ¢­¥­¨©. �ª § ­ ®¡é¨© ¢¨¤ ª¢ ­â®¢®© áâ®å áâ¨ç¥áª®© í¢®«îæ¨¨ ®â­®Äá¨â¥«ì­® ¯ã áá®­®¢áª®£® (áª çª®®¡à §­®£®), ¢¨­¥à®¢áª®£® (¤¨ääã§¨®­­®£®) ¨ ®¡é¥£®ª¢ ­â®¢®£® èã¬®¢. �®®â¢¥âáâ¢ãîé ï ­¥®¡à â¨¬ ï £¥©§¥­¡¥à£®¢  í¢®«îæ¨ï ¢ëà ¦¥Ä­  ¢ â¥à¬¨­ å áâ®å áâ¨ç¥áª¨å ¢¯®«­¥ ¯®«®¦¨â¥«ì­ëå ®â®¡à ¦¥­¨©. � ©¤¥­  ®¡é ïä®à¬  áâ®å áâ¨ç¥áª®£® ¢¯®«­¥ ¤¨áá¨¯ â¨¢­®£® ®¯¥à â®à­®£® ãà ¢­¥­¨ï.1. ��������� ª¢ ­â®¢®© â¥®à¨¨ ®âªàëâëå á¨áâ¥¬ ç áâ® ¨á¯®«ì§ã¥âáï ¯à¥¤«®¦¥­­®¥ �¨­¤¡« Ä¤®¬ ª¢ ­â®¢®¥ ­¥®¡à â¨¬®¥ ã¯à ¢«ïîé¥¥ ãà ¢­¥­¨¥ [1]. �â® ¤¥â¥à¬¨­¨áâáª®¥ ãà ¢­¥Ä­¨¥, ª®â®à®¥ ¬®¦¥â ¡ëâì ¯®«ãç¥­® ãáà¥¤­¥­¨¥¬ áâ®å áâ¨ç¥áª®£® ãà ¢­¥­¨ï � ­¦¥¢¥Ä­  ¯® ã¯à ¢«ïîé¨¬ ª¢ ­â®¢ë¬ èã¬ ¬. �à ¢­¥­¨î � ­¦¥¢¥­  ã¤®¢«¥â¢®àï¥â ª¢ ­â®Ä¢ë© áâ®å áâ¨ç¥áª¨© ¯à®æ¥áá ¤¨­ ¬¨ç¥áª¨å ¯à¥¤áâ ¢«¥­¨©. �â¨ ¯à¥¤áâ ¢«¥­¨ï ï¢«ïÄîâáï ¯à¨¬¥à ¬¨ ç¨áâëå ¢¯®«­¥ ¯®«®¦¨â¥«ì­ëå (�Ǳ) ®â®¡à ¦¥­¨©. �¤­ ª® ç¨áâë¥�Ǳ-®â®¡à ¦¥­¨ï ­¥ ®¡ï§ â¥«ì­® ï¢«ïîâáï ¯à¥¤áâ ¢«¥­¨ï¬¨. �«¥¤®¢ â¥«ì­®, ¨¬¥¥âáï¢®§¬®¦­®áâì ¯®áâà®¥­¨ï ç¨áâ®© ­¥®¡à â¨¬®© ª¢ ­â®¢®© áâ®å áâ¨ç¥áª®©�Ǳ-¤¨­ ¬¨ª¨,ª®â®à ï ­¥ ¬®¦¥â ã¯à ¢«ïâìáï ãà ¢­¥­¨¥¬ � ­¦¥¢¥­ .� á«¥¤ãîé¥¬ à §¤¥«¥ ¯à¨¢¥¤¥­ë ¯à¨¬¥àë â ª®© ¤¨­ ¬¨ª¨, ­ è¥¤è¨¥ ä¨§¨ç¥áª¨¥¯à¨¬¥­¥­¨ï. �áâ «ì­ ï ç áâì áâ âì¨ ¯®á¢ïé¥­  ®¯à¥¤¥«¥­¨î áâàãªâãàë ª¢ ­â®¢ëåáâ®å áâ¨ç¥áª¨å í¢®«îæ¨®­­ëå ãà ¢­¥­¨© á ®£à ­¨ç¥­­ë¬¨ ª®íää¨æ¨¥­â ¬¨.� ­ áâ®ïé¥¬ ¢¢¥¤¥­¨¨ ¬ë ®ç¥àâ¨¬ íâã áâàãªâãàã ­  ­¥ä®à¬ «ì­®¬ ãà®¢­¥. � íâ®©æ¥«ìî à á¯à®áâà ­¨¬ â¥®à¥¬ã �ìî¨á {�¢ ­á  ® £¥­¥à â®à å �Ǳ-¤¨­ ¬¨ª¨ [2] ­  á«ãÄç © áâ®å áâ¨ç¥áª¨å ¤¨ää¥à¥­æ¨ «®¢, ¯®à®¦¤ îé¨å ?- «£¥¡àã �â®,d�(t; a)†d�(t; a) = d�(t; a?a); ∑�id�(t; ai) = d�(t;∑�iai);d�(t; a)† = d�(t; a?):�¤¥áì a, a∗, ai { í«¥¬¥­âë ª®­¥ç­®¬¥à­®© ­¥ª®¬¬ãâ â¨¢­®© ?- «£¥¡àë a á á ¬®á®¯àïÄ¦¥­­ë¬ ¯à ¢ë¬  ­­ã«ïâ®à®¬ d â ª¨¬, çâ® d�(t; d) = dt. �  a § ¤ ­ ¯®«®¦¨â¥«ìÄ­ë© «¨­¥©­ë© äã­ªæ¨®­ « l : a → C. �­ á¢ï§ ­ á® áà¥¤­¨¬¨ §­ ç¥­¨ï¬¨ ä®à¬ã«®©〈d�(t; a)〉 = l(a) dt. �§ â®£® çâ® dt = 〈d�(t; d)〉 = l(d) dt, á«¥¤ã¥â l(d) = 1.

∗Mathematics Department, University of Nottingham, NG7 2RD, UK46



� ����������� ��������� �������������� ������������ ��������� 47�ã­ªæ¨®­ « l ®¯à¥¤¥«ï¥â ���-¯à¥¤áâ ¢«¥­¨¥ a 7→ a = (a�� )�=−;•�=+;•  «£¥¡àë a ¢ â¥àÄ¬¨­ å ç¥â¢¥à®ªa•• := j(a); a•+ := k(a); a−• := k∗(a) := k(a?)†; a−+ := l(a):�¤¥áì j { ¬ âà¨ç­®¥ ¯à¥¤áâ ¢«¥­¨¥, j(a?a) = j(a)†j(a) ¨ j(a)†k(a) = k(a?a). �­® ®¯à¥Ä¤¥«¥­® ­  ¯à®áâà ­áâ¢¥ K ª®«¬®£®à®¢áª®£® à §«®¦¥­¨ï l(a?a) = k(a)†k(a) ¢ ¯à®¨§¢¥Ä¤¥­¨¥ a−• a•+ á ª®­¥ç­ë¬ ç¨á«®¬ ª®¬¯®­¥­â (á ¨­¤¥ªá ¬¨, ®¡®§­ ç¥­­ë¬¨ •).�¢ ­â®¢ë¥ áâ®å áâ¨ç¥áª¨¥ ¯à®æ¥ááë t ∈ R+ 7→ �(t; a), a ∈ a, á ­¥§ ¢¨á¨¬ë¬¨ ¯à¨Äà é¥­¨ï¬¨ d�(t; a) = �(t + dt; a) − �(t; a), ®¡à §ãîé¨¬¨ ?- «£¥¡àã �â®, ¬®£ãâ ¡ëâì¯à¥¤áâ ¢«¥­ë ¢ ä®ª®¢áª®¬ ¯à®áâà ­áâ¢¥ F ­ ¤ ¯à®áâà ­áâ¢®¬ K-§­ ç­ëå ª¢ ¤à â¨ç­®¨­â¥£à¨àã¥¬ëå äã­ªæ¨© ­  R+ ª ª ��� (t; a�� ) = a�����(t) [3]. �¤¥áìa�����(t) = a••�•
•(t) + a•+�+• (t) + a−• �•

−(t) + a−+�+−(t){ ª ­®­¨ç¥áª®¥ à §«®¦¥­¨¥ � ­  ®¡¬¥­­ë© �•
•, à®¦¤ îé¨© �+• , ã­¨çâ®¦ îé¨© �•

− ¨á®åà ­ïîé¨© �+− = t I ¯à®æ¥ááë ª¢ ­â®¢®£® áâ®å áâ¨ç¥áª®£® ¨áç¨á«¥­¨ï [3]. �«ï ¨åáà¥¤­¨å ¯® ¢ ªãã¬ã ¢ F ¨¬¥¥¬ 〈���(t)〉 = tÆ�+Æ−� .Ǳ à ¬¥âà¨§®¢ ­­ ï â ª¨¬ ®¡à §®¬  «£¥¡à  a ¬®¦¥â ¡ëâì ®â®¦¤¥áâ¢«¥­  á ?-¯®¤ «-£¥¡à®©  «£¥¡àë ¢á¥å ç¥â¢¥à®ª a = (a�� )�=−;•�=+;• , £¤¥ a�� : K� → K� { «¨­¥©­ë¥ ®¯¥à â®àë¢ K• := K, K+ := C =: K−, ¨¬¥îé¨¥ á®¯àï¦¥­­ë¥ a�∗� K� ⊆ K� , á â ¡«¨æ¥© ã¬­®Ä¦¥­¨ï � ¤á®­ {Ǳ àâ á à â¨ [4]a • b := (a�• b•�)�=−;•�=+;• ; (1)¥¤¨­áâ¢¥­­ë¬  ­­ã«ïâ®à®¬ d := (Æ�−Æ+� )�=−;•�=+;• ¨ ¨­¢®«îæ¨¥© a?�−� := a�∗−�, £¤¥ −(−) =+, −• = •, −(+) = −.�« ¢­ë© à¥§ã«ìâ â ¤ ­­®© áâ âì¨ § ª«îç ¥âáï ¢ â®¬, çâ® ­ ¬¨ ¢ëïá­¥­  ®¡é ïáâàãªâãà  ­¥®£à ­¨ç¥­­ëå £¥­¥à â®à®¢ ��� : B → B «¨­¥©­ëå ª¢ ­â®¢ëå áâ®å áâ¨ç¥áÄª¨å �Ǳ-í¢®«îæ¨© �t ­  B := L(H) ¢ â¥à¬¨­ å ª¢ ­â®¢ëå áâ®å áâ¨ç¥áª¨å ¤¨ää¥à¥­æ¨Ä «®¢ d�t = �t ◦ ���d��� á �0 = {, £¤¥ { { â®¦¤¥áâ¢¥­­®¥ ¯à¥¤áâ ¢«¥­¨¥ B. � ª ¨ ¢ á«ãÄç ¥ ®£à ­¨ç¥­­ëå ®¯¥à â®à®¢ ¨ ª®­¥ç­®¬¥à­®©  «£¥¡àë �â®, £¥­¥à â®à � := (�)�=−;•�=+;•¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­ ¢ \«¨­¤¡« ¤®¢áª®©" ä®à¬¥ �(B) = L†|(B)L − K†B − BK,®¯à¥¤¥«ïîé¥© ª¢ ­â®¢®¥ áâ®å áâ¨ç¥áª®¥ ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥d�t(B) + �t(K†B +BK − L†|(B)L) dt = �t(L•|(B)L• −B ⊗ Æ••)d�•
•++ �t(L•|(B)L−K•B) d�+• + �t(L†|(B)L• −BK•

) d�•
−; (2)£¤¥ | { ®¯¥à â®à­®¥ ¯à¥¤áâ ¢«¥­¨¥ B ¨ Æ•• { â®¦¤¥áâ¢¥­­ë© ®¯¥à â®à ¢K. � ª®¥ à á¯à®Äáâà ­¥­¨¥ ä®à¬ë �¨­¤¡« ¤  ­  ª¢ ­â®¢ë¥ áâ®å áâ¨ç¥áª¨¥ £¥­¥à â®àë ¡ë«® ­ ©¤¥­®­¥¤ ¢­® ¨ ¢ ­¥«¨­¥©­®¬ á«ãç ¥ [5]. �ë ¤®ª ¦¥¬, çâ® íâ  áâàãªâãà  ï¢«ï¥âáï ­¥®¡å®Ä¤¨¬®© ¯® ªà ©­¥© ¬¥à¥ ¢ á«ãç ¥ ®£à ­¨ç¥­­ëå w*-­¥¯à¥àë¢­ëå £¥­¥à â®à®¢ ­   «£¥¡Äà¥ ä®­ �¥©¬ ­  B. �ãé¥áâ¢®¢ ­¨¥ ¬¨­¨¬ «ì­®£® �Ǳ-à¥è¥­¨ï, ª®â®à®¥ ¯®áâà®¥­® ¯à¨®¯à¥¤¥«¥­­ëå ¯à¥¤¯®«®¦¥­¨ïå ® ­¥¯à¥àë¢­®áâ¨, ¤®ª §ë¢ ¥â, çâ® íâ  áâàãªâãà  ï¢«ïÄ¥âáï â ª¦¥ ¤®áâ â®ç­®© ¤«ï ¢¯®«­¥ ¯®«®¦¨â¥«ì­®áâ¨ «î¡®£® à¥è¥­¨ï ãà ¢­¥­¨ï (2).



48 �.Ǳ. ���������«ãç © �ìî¨á {�¢ ­á  �(t; a) := �t I ®¯¨áë¢ ¥âáï á ¯®¬®éìî ¯à®áâ¥©è¥© ®¤­®Ä¬¥à­®©  «£¥¡àë �â® a := Cd á l(a) := � ∈ C ¨ ­¨«ì¯®â¥­â­ë¬ ã¬­®¦¥­¨¥¬ �?� := 0,á®®â¢¥âáâ¢ãîé¨¬ ¤¥â¥à¬¨­¨áâáª®¬ã (­ìîâ®­®¢áª®¬ã) ¨áç¨á«¥­¨î (dt)2 := 0 ¢ K := 0.�â ­¤ àâ­ë© ¢¨­¥à®¢áª¨© ¯à®æ¥áá Q = �•
− + �+• ¢ ä®ª®¢áª®¬ ¯à®áâà ­áâ¢¥ ®¯¨Äáë¢ ¥âáï ­¨«ì¯®â¥­â­®©  «£¥¡à®© ¢â®à®£® ¯®àï¤ª  a, á®áâ®ïé¥© ¨§ ¯ à a = (�; �) á�; � ∈ C. �â   «£¥¡à  ¨¬¥¥â  ­­ã«ïâ®à d = (1; 0). �­  ¯à¥¤áâ ¢«¥­  ç¥â¢¥àª ¬¨a−+ := �, a−• := � =: a•+, a•• := 0 ¢ K := C, á®®â¢¥âáâ¢ãîé¨¬¨ �(t; a) := �t I+�Q(t).�«£¥¡à  C á ®¡ëç­ë¬ ã¬­®¦¥­¨¥¬ �?� = |�|2 ¬®¦¥â ¡ëâì ¢«®¦¥­  ¢ ¤¢ã¬¥à­ãî  «£¥¡Äàã �â® a ¯ à a = (�; �), � = l(a), � ∈ C, á«¥¤ãîé¨¬ ®¡à §®¬: a•• = �, a•+ = +i�,a−• = −i�, a−+ = �. �­  á®®â¢¥âáâ¢ã¥â �(t; a) := �t I+� P(t), £¤¥ P = �•

•+ i(�+• −�•
−) {¯à¥¤áâ ¢«¥­¨¥ áâ ­¤ àâ­®£® ¯ã áá®­®¢áª®£® ¯à®æ¥áá , ª®¬¯¥­á¨à®¢ ­­®£® ¥£® áà¥¤­¨¬¢à¥¬¥­¥¬ t. � ª¨¬ ®¡à §®¬, ­ è¨ à¥§ã«ìâ âë ¯à¨¬¥­¨¬ë â ª¦¥ ª ª« áá¨ç¥áª¨¬ áâ®Äå áâ¨ç¥áª¨¬ ¤¨ää¥à¥­æ¨ « ¬ �Ǳ-¯à®æ¥áá®¢, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ª®¬¬ãâ â¨¢­ë¬ «£¥¡à ¬ �â® ¨ à §«®¦¨¬ë ­  ¢¨­¥à®¢áªãî, ¯ã áá®­®¢áªãî ¨ ­ìîâ®­®¢áªãî ®àâ®£®Ä­ «ì­ë¥ ª®¬¯®­¥­âë.2. �������������������������������� �����������¥®à¨ï ª¢ ­â®¢®© ä¨«ìâà æ¨¨, ­ ¬¥ç¥­­ ï ¢ [6, 7] ¨ § â¥¬ à §¢¨â ï ¢ [8], ¯®§¢®«ï¥â¨áá«¥¤®¢ âì ­®¢ë¥ â¨¯ë ­¥®¡à â¨¬ëå áâ®å áâ¨ç¥áª¨å ãà ¢­¥­¨© ¤«ï ª¢ ­â®¢ëå á®áâ®Äï­¨©, ¤ îé¨å ¤¨­ ¬¨ç¥áª®¥ à¥è¥­¨¥ ¨§¢¥áâ­®© ¯à®¡«¥¬ëª¢ ­â®¢®£® ¨§¬¥à¥­¨ï. �¥ª®Äâ®àë¥ ç áâ­ë¥ â¨¯ë â ª¨å ãà ¢­¥­¨© à áá¬®âà¥­ë ­¥¤ ¢­® ¢ ä¥­®¬¥­®«®£¨ç¥áª¨å â¥®Äà¨ïå ¯¥à¬ ­¥­â­®© ª¢ ­â®¢®© à¥¤ãªæ¨¨ [9, 10], ª®«« ¯á  ¯à¨ ­¥¯à¥àë¢­ëå ¨§¬¥à¥­¨Äïå [11, 12], á¯®­â ­­ëå áª çª®¢ [13, 14], ¤¨ääã§¨© ¨ «®ª «¨§ æ¨© [15, 16]. �â«¨ç¨â¥«ìÄ­ ï ç¥àâ  íâ¨å ¤¨­ ¬¨ª á®áâ®¨â ¢ â®¬, çâ® å à ªâ¥à­ ï ¤«ï ­¨å ­¥®¡à â¨¬ ï í¢®«îæ¨ï¬®¦¥â ¡ëâì ®¯¨á ­  á ¯®¬®éìî «¨­¥©­®£® ¤¨áá¨¯ â¨¢­®£® áâ®å áâ¨ç¥áª®£® ¢®«­®¢®£®ãà ¢­¥­¨ï, à¥è¥­¨ï ª®â®à®£® ­®à¬¨à®¢ ­ë «¨èì ¢ áà¥¤­¥¬ ª¢ ¤à â¨ç­®¬.Ǳà®áâ¥©è ï¤¨­ ¬¨ª  â ª®£® â¨¯  ®¯¨áë¢ ¥âáï ­¥¯à¥àë¢­ë¬¨¯à®¯ £ â®à ¬¨Vt(!),£¤¥ ! ¯à¨­ ¤«¥¦¨â ¯à®áâà ­áâ¢ã 
 ¢á¥å ¡à®ã­®¢áª¨å âà ¥ªâ®à¨©. �â¨ ¯à®¯ £ â®àë¯à¨­¨¬ îâ §­ ç¥­¨ï ¢ ¯à®áâà ­áâ¢¥ ®¯¥à â®à®¢ ­  £¨«ì¡¥àâ®¢®¬ ¯à®áâà ­áâ¢¥ á®áâ®Äï­¨© á¨áâ¥¬ëH. �­¨ ®¡à §ãîâ á®£« á®¢ ­­ë© á ­¥ª®â®àë¬ ¯®â®ª®¬ �- «£¥¡à á«ãç ©Ä­ë© ¯à®æ¥áá ¢H, ã¤®¢«¥â¢®àïîé¨© ãà ¢­¥­¨î �â®dVt +KVt dt = LVt dQ; V0 = I; (3)ª®â®à®¥ ¡ë«® ¢ë¢¥¤¥­® ¢ [17]. �¤¥áì Q(t; !) { áâ ­¤ àâ­ë© ¢¨­¥à®¢áª¨© ¯à®æ¥áá, K { ªªà¥â¨¢­ë© ®¯¥à â®à, K +K† ≥ L†L, ¨ L { «¨­¥©­ë© ®¯¥à â®à D → H. �á¯®«ì§ãïä®à¬ã«ã �â® d(V †t Vt) = dV †t Vt + V †t dVt + dV †t dVt (4)¨ ãáà¥¤­¥­¨¥ ¯® âà ¥ªâ®à¨ï¬ Q, ¯®«ãç ¥¬ d〈V †t Vt〉 ≤ 0 ª ª á«¥¤áâ¢¨¥ â®£®, çâ® L†L ≤K + K†. � ¬¥â¨¬, çâ® ¯à®æ¥áá Vt ã­¨â à¥­, ¥á«¨ ¢ë¯®«­¥­® ãá«®¢¨¥ ä¨«ìâà æ¨¨K† +K = L†L ¨ ¥á«¨ L† = −L.�àã£®© â¨¯ ¯à®¯ £ â®à  Vt(!):  0 ∈ H 7→  t(!) ∈ H ¤ ¥âáï áâ®å áâ¨ç¥áª¨¬ ãà ¢Ä­¥­¨¥¬ dVt +KVt dt = LVt dP; V0 = I; (5)



� ����������� ��������� �������������� ������������ ��������� 49¢ë¢¥¤¥­­ë¬ ¢ [18]. �¤¥áìL = J−I { ®¯¥à â®à áª çª , á®®â¢¥âáâ¢ãîé¨© áâ æ¨®­ à­ë¬à §àë¢­ë¬ í¢®«îæ¨ï¬ J :  t 7→  t+ ¯à¨ t ∈ ! = {t1; t2; : : : } ¨ P(t; !) { áâ ­¤ àâ­ë©¯ã áá®­®¢áª¨© áç¨â îé¨© ¯à®æ¥áá, ª®¬¯¥­á¨à®¢ ­­ë© ¥£® áà¥¤­¨¬ ¢à¥¬¥­¥¬ t. �á¯®«ìÄ§ãï ä®à¬ã«ã �â® (4) á dV †t dVt = V †t L†LVt(dP+dt), ¯®«ãç ¥¬d(V †t Vt) = V †t (L†L−K −K†)Vtdt+ V †t (L† + L+ L†L)Vt dP :�áà¥¤­ïï ¯® âà ¥ªâ®à¨ï¬ P, ¬®¦­® ¯®ª § âì, çâ® d〈V †t Vt〉 ≤ 0 ¯à¨ ãá«®¢¨¨ áã¡ä¨«ìâÄà æ¨¨ L†L ≤ K +K†. � ª ï í¢®«îæ¨ï ã­¨â à­ , ¥á«¨ L†L = K +K† ¨ ¥á«¨ áª çª¨¨§®¬¥âà¨ç­ë, â.¥. J†J = I .�â ª, ¢ ®¡®¨å á«ãç ïå áâ®å áâ¨ç¥áª ï ¢®«­®¢ ï äã­ªæ¨ï  t(!) = Vt(!) 0 ­¥ ­®àÄ¬¨à®¢ ­  ­¨ ¯à¨ ª ª¨å !. �¤­ ª® ®­  ­®à¬¨à®¢ ­  ¢ áà¥¤­¥¬ ª¢ ¤à â¨ç­®¬ á¬ëá«¥ ­ ¢¥à®ïâ­®áâì 〈
‖ t‖2〉 ≤ ‖ 0‖2 = 1 â®£®, çâ® ª¢ ­â®¢ ï á¨áâ¥¬  ­¥ ¡ã¤¥â à §àãè¥­  ¢®¢à¥¬ï ¥¥ ­ ¡«î¤¥­¨ï ¤® ¬®¬¥­â  ¢à¥¬¥­¨ t. �á«¨ 〈

‖ t‖2〉 = 1, â® ¯®«®¦¨â¥«ì­ ï á«ãÄç ©­ ï äã­ªæ¨ï ∥∥ t(!)∥∥2 ¥áâì ¯«®â­®áâì ¢¥à®ïâ­®áâ­®£® à á¯à¥¤¥«¥­¨ï ¤¨ääã§¨®­­®Ä£® ¯à®æ¥áá  Q̂ ¨«¨ ¯à®æ¥áá  ®âáç¥â®¢ ­  ¢ëå®¤¥ P̂ ¤® ¬®¬¥­â  ¢à¥¬¥­¨ t ®â­®á¨â¥«ì­®áâ ­¤ àâ­®£® ¢¨­¥à®¢áª®£® Q ¨«¨ ¯ã áá®­®¢áª®£® P ¯à®æ¥áá®¢ ­  ¢å®¤¥.�á¯®«ì§ãï ä®à¬ã«ã �â® ¤«ï �t(B) = V †t BVt, ¯®«ãç¨¬ áâ®å áâ¨ç¥áª¨¥ ãà ¢­¥­¨ïd�t(B) + �t(K†B +BK − L†BL) dt = �t(L†B +BL) dQ; (6)d�t(B) + �t(K†B +BK − L†BL) dt = �t(J†BJ −B) dP; (7)®¯¨áë¢ îé¨¥ áâ®å áâ¨ç¥áªãî í¢®«îæ¨î Yt = �t(B) ­¥ª®â®à®£® ®£à ­¨ç¥­­®£® ®¯¥Äà â®à  á¨áâ¥¬ë B ∈ L(H) á«¥¤ãîé¨¬ ®¡à §®¬: Yt(!) = Vt(!)†BVt(!). �â®¡à ¦¥Ä­¨ï �t : B 7→ Yt íà¬¨â®¢ë ¢ â®¬ á¬ëá«¥, çâ® Y †t = Yt, ¥á«¨ B† = B, ­® ¢ ®â«¨ç¨¥®â ®¡ëç­®© £ ¬¨«ìâ®­®¢®© ¤¨­ ¬¨ª¨ ®­¨ ­¥ ¬ã«ìâ¨¯«¨ª â¨¢­ë, â ª ª ª �t(B†C) 6=�t(B)†�t(C), ¤ ¦¥ ¥á«¨ ®­¨ ­¥ ãáà¥¤­ïîâáï ¯®!. �®«¥¥ â®£®, ®¡ëç­® ®­¨ ­¥ ­®à¬¨à®¢ Ä­ë, â.¥. Mt(!) := �t(!; I) 6= I , å®âï á«ãç ©­ë¥ ¯®«®¦¨â¥«ì­ë¥ ®¯¥à â®àëMt = V †t Vt¯à¨ ãá«®¢¨¨ ä¨«ìâà æ¨¨ ­®à¬¨à®¢ ­ë ¢ áà¥¤­¥¬, 〈Mt〉 = I , ¨ ¨¬¥îâ ¬ àâ¨­£ «ì­®¥á¢®©áâ¢® �t[Ms] =Mt ¤«ï ¢á¥å s > t, £¤¥ �t { ãá«®¢­®¥ ¬ â¥¬ â¨ç¥áª®¥ ®¦¨¤ ­¨¥ ®â­®Äá¨â¥«ì­® ¨áâ®à¨¨ ¯à®æ¥áá®¢ P ¨«¨ Q ¤® ¬®¬¥­â  ¢à¥¬¥­¨ t.�®âï ãà ¢­¥­¨ï (3), (5) ¢ë£«ï¤ïâ ¯®-à §­®¬ã, ¨å ¬®¦­® ®¡ê¥¤¨­¨âì ¢ ª¢ ­â®¢®¥ áâ®Äå áâ¨ç¥áª®¥ ãà ¢­¥­¨¥dVt +KVt dt+K−Vt d�− = (J − I)Vt d� + L+Vt d�+; (8)£¤¥ �+(t) ¨ �−(t) { ¯à®æ¥ááë à®¦¤¥­¨ï ¨ ã­¨çâ®¦¥­¨ï ­  ¨­â¥à¢ «¥ [0; t) ¨ �(t) { ç¨á«®ª¢ ­â®¢ ­  íâ®¬ ¨­â¥à¢ «¥. � ­®­¨ç¥áª¨¥ ª¢ ­â®¢ë¥ á«ãç ©­ë¥ ¯à®æ¥ááë �+, �−, �¯à¥¤áâ ¢«ïîâ ª¢ ­â®¢ë© èã¬ ¯® ®â­®è¥­¨î ª ¢ ªãã¬­®¬ã á®áâ®ï­¨î |0〉 ä®ª®¢áª®£®¯à®áâà ­áâ¢  F ­ ¤ £¨«ì¡¥àâ®¢ë¬ ¯à®áâà ­áâ¢®¬ á®áâ®ï­¨© ®¤­®£® ª¢ ­â  L2(R+).�­¨ ä®à¬ «ì­® ®¯à¥¤¥«¥­ë ¢ [19] ¨­â¥£à « ¬¨�−(t) = ∫ t0 �r− dr; �+(t) = ∫ t0 �+r dr; �(t) = ∫ t0 �+r �r− dr;



50 �.Ǳ. ��������£¤¥ �r−, �+r { ®¡®¡é¥­­ë¥ ª¢ ­â®¢ë¥ ®¤­®¬¥à­ë¥ ¯®«ï ¢ F , ã¤®¢«¥â¢®àïîé¨¥ ª ­®­¨Äç¥áª¨¬ ¯¥à¥áâ ­®¢®ç­ë¬ á®®â­®è¥­¨ï¬[�r−;�+s ] = Æ(s− r)I; [�r−;�s−] = 0 = [�+r ;�+s ]:�­¨ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥­ë ¯® ­¥§ ¢¨á¨¬ë¬ ¯à¨à é¥­¨ï¬, ¤«ï ª®â®àëå
〈0|d�−|0〉 = 0; 〈0|d�+|0〉 = 0; 〈0|d�|0〉 = 0¨ á¯à ¢¥¤«¨¢  ­¥ª®¬¬ãâ â¨¢­ ï â ¡«¨æ  ã¬­®¦¥­¨ïd�d� = d�; d�− d� = d�−; d�d�+ = d�+; d�− d�+ = dt I;d�d�− = d�+ d� = d�+ d�− = 0: (9)�â ­¤ àâ­ë© ¯ã áá®­®¢áª¨© ¯à®æ¥áá P ¨ áâ ­¤ àâ­ë© ¢¨­¥à®¢áª¨© ¯à®æ¥áá Q ¬®£ãâ¡ëâì ¯à¥¤áâ ¢«¥­ë ¢ F «¨­¥©­ë¬¨ ª®¬¡¨­ æ¨ï¬¨ [4]P(t) = �(t) + i(�+(t)− �−(t)); Q(t) = �+(t) + �−(t);â ª çâ® ãà ¢­¥­¨¥ (8) ¯¥à¥å®¤¨â ¢ (3) ¯à¨ J = I , L+ = L = −K− ¨ ¢ (5) ¯à¨ J =I +L, L+ = iL = K−. �¢ ­â®¢®¥ áâ®å áâ¨ç¥áª®¥ ãà ¢­¥­¨¥ ¤«ï �t(B) = V †t BVt ¨¬¥¥âá«¥¤ãîé¨© ®¡é¨© ¢¨¤:d�t(B) + �t(K†B +BK − L−BL+) dt = �t(J†BJ −B) d�++ �t(J†BL+ −K+B) + �t(L−BJ −BK−) d�−; (10)£¤¥ L− = L†+ ¨ K†+ = K−. �­® á®¢¯ ¤ ¥â á (6) ¨«¨ á (7) ¢ ç áâ­ëå á«ãç ïå. �à ¢­¥Ä­¨¥ (10) ¯®«ãç ¥âáï ¨§ (8) á ¨á¯®«ì§®¢ ­¨¥¬ä®à¬ã«ë�â® (4) ¨ â ¡«¨æë ã¬­®¦¥­¨ï (9).�á«®¢¨¥ áã¡ä¨«ìâà æ¨¨K +K† ≤ L−L+ ¤«ï ãà ¢­¥­¨ï (8) ®¯à¥¤¥«ï¥â ¢ ®¡®¨å á«ãç Äïå ®¯¥à â®à­®§­ ç­ë© ¯à®æ¥áá Rt = �t(I), ï¢«ïîé¨©áï áã¡¬ àâ¨­£ «®¬ á R0 = I ¨«¨¬ àâ¨­£ «®¬ ¢ á«ãç ¥K +K† = L−L+. � áâ­ë© á«ãç ©J = S; K− = L−S; L+ = SK+; S†S = Iá®£« áã¥âáï á ¯®â®ª®¬ � ¤á®­ {�¢ ­á  ¯à¨ S† = S−1. �á«¨ K ¨ L ®£à ­¨ç¥­ë, â®í¢®«îæ¨ï ¨§®¬¥âà¨ç­  ¨ �t(I) = I .� á«¥¤ãîé¥¬ à §¤¥«¥ ¬ë ®¯à¥¤¥«¨¬ ¬­®£®¬¥à­ë©  ­ «®£ ãà ¢­¥­¨ï (10) ¨ ¯®ª Ä¦¥¬, çâ® ¯à¥¤« £ ¥¬ ï áâàãªâãà  ¥£® £¥­¥à â®à  ¤¥©áâ¢¨â¥«ì­® á«¥¤ã¥â ¨§ á¢®©áâ¢ �Ǳ-®â®¡à ¦¥­¨ï �t ¤«ï ¢á¥å t > 0 ¨ ãá«®¢¨ï ­®à¬¨à®¢ª¨ �t(I) = Mt ­  \ä®à¬®§­ çÄ­ë©" áã¡¬ àâ¨­£ « ®â­®á¨â¥«ì­® ¥áâ¥áâ¢¥­­®© ä¨«ìâà æ¨¨ ª¢ ­â®¢®£® èã¬  ¢ ä®ª®¢Äáª®¬ ¯à®áâà ­áâ¢¥ F.



� ����������� ��������� �������������� ������������ ��������� 513. ��������������������������� �����������¨­ ¬¨ª  ª¢ ­â®¢®© ä¨«ìâà æ¨¨ ­ ¤ ­¥ª®â®à®© ®¯¥à â®à­®©  «£¥¡à®© B ⊆ B(H)®¯¨áë¢ ¥âáï ®¤­®¯ à ¬¥âà¨ç¥áª¨¬¨ ª®æ¨ª« ¬¨ � = (�t)t>0 «¨­¥©­ëå ¢¯®«­¥ ¯®«®¦¨Äâ¥«ì­ëå áâ®å áâ¨ç¥áª¨å ®â®¡à ¦¥­¨© �t(!): B → B. �á«®¢¨¥�s(!) ◦ �r(!s) = �r+s(!) ∀r; s > 0®§­ ç ¥â ¨­¢ à¨ ­â­®áâì ®â­®á¨â¥«ì­® á¤¢¨£  !s = {!(t + s)} áâ®å áâ¨ç¥áª®£® ¯à®Äæ¥áá  ! = {!(t)}. � ª¨¥ ®â®¡à ¦¥­¨ï ®¡ëç­® ­¥ ®£à ­¨ç¥­ë, ­® ­®à¬¨àã¥¬ë ãá«®¢¨¥¬�t(I) =Mt ­  ®¯¥à â®à­®§­ ç­ë© ¬ àâ¨­£ « áM0 = 1 ¨«¨ ­  ¯®«®¦¨â¥«ì­ë© áã¡¬ àÄâ¨­£ «.�¥¯¥àì ¬ë ¤ ¤¨¬ ­¥ª®¬¬ãâ â¨¢­®¥ ®¡®¡é¥­¨¥ ª¢ ­â®¢ëå áâ®å áâ¨ç¥áª¨å �Ǳ-ª®æ¨ª-«®¢, ª®â®à®¥ ¡ë«® ¯à¥¤«®¦¥­® ¢ [5]. �â®å áâ¨ç¥áª¨ ¤¨ää¥à¥­æ¨àã¥¬®¥ á¥¬¥©áâ¢® � ®âÄ­®á¨â¥«ì­® ª¢ ­â®¢®£® áâ æ¨®­ à­®£® ¯à®æ¥áá  á ­¥§ ¢¨á¨¬ë¬¨ ¯à¨à é¥­¨ï¬¨ �s(t) =�(t+ s)− �(s), ¯®à®¦¤ ¥¬®¥ ª®­¥ç­®¬¥à­®©  «£¥¡à®© �â®, ®¯¨áë¢ ¥âáï ãà ¢­¥­¨¥¬d�t(Y ) = �t ◦ ��� (Y )d��� := ∑�;� �t(��� (Y ))d��� ∀Y ∈ B (11)á ­ ç «ì­ë¬ ãá«®¢¨¥¬ �0(Y ) = Y . �¤¥áì ���(t) á � ∈ {−; 1; : : : ; d}, � ∈ {+; 1; : : : ; d}áãâì ®¯¥à â®àë áâ ­¤ àâ­®£® ¢à¥¬¥­¨�+−(t) = tI , ã­¨çâ®¦¥­¨ï�m− (t), à®¦¤¥­¨ï�+n (t)¨ ®¡¬¥­  ç áâ¨æ �mn (t) = Nmn (t) (m;n ∈ {1; : : : ; d}). �­ä¨­¨â¥§¨¬ «ì­ë¥ ¯à¨à é¥Ä­¨ï d��� (t) = �t�� (dt) ä®à¬ «ì­® ®¯à¥¤¥«¥­ë á ¯®¬®éìî â ¡«¨æë ã¬­®¦¥­¨ï � ¤á®Ä­ {Ǳ àâ á à â¨ (1) ¨ [-á¢®©áâ¢  [8]d���d��
 = Æ�
d���; �[ = �;£¤¥ Æ�
 { ®¡ëç­ë© á¨¬¢®« �à®­¥ª¥à  á � ∈ {−; 1; : : : ; d}, 
 ∈ {+; 1; : : : ; d} ¨ �[�−� = ��†−�¯à¨ �; � = + ¨«¨ −.�¨­¥©­ë¥ ®â®¡à ¦¥­¨ï ��� : B → B ¤«ï ∗-ª®æ¨ª«®¢ �∗t = �t, £¤¥ �∗t (Y ) = �t(Y †)†,®ç¥¢¨¤­®, ¤®«¦­ë ã¤®¢«¥â¢®àïâì [-á¢®©áâ¢ã �[ = �, £¤¥ �[�−� = ��∗−� ¨ ��∗� (Y ) =��� (Y †)†. �á«¨ ª®íää¨æ¨¥­âë b�� = ��� (Y ) ­¥ § ¢¨áïâ ®â t, â®£¤  � ã¤®¢«¥â¢®àïîâá¢®©áâ¢ã ª®æ¨ª«®¢ �s ◦ �sr = �s+r , £¤¥ �st { à¥è¥­¨¥ (11) á �s�� (t) ¢¬¥áâ® ��� (t).�¯à¥¤¥«¨¬ (d+2)×(d+2)-¬ âà¨æãa = [a�� ] ¤«ï � = +¨ � = − á«¥¤ãîé¨¬ ®¡à §®¬:�+� (Y ) := 0 =: ��−(Y ) ∀Y ∈ B:�®£¤  ¬®¦­® à á¯à®áâà ­¨âì áã¬¬¨à®¢ ­¨¥ ¢ (11) ­  §­ ç¥­¨ï ¨­¤¥ªá®¢� = +¨ � = −.Ǳà¨ â ª®¬ à áè¨à¥­¨¨ â ¡«¨æ  ã¬­®¦¥­¨ï ¤«ï d�(a) = a�� d��� ¬®¦¥â ¡ëâì § ¯¨á ­ ¢ â¥à¬¨­ å ®¡ëç­®£® ¬ âà¨ç­®£® ¯à®¨§¢¥¤¥­¨ï á«¥¤ãîé¨¬ ®¡à §®¬:d�(a)† d�(a) = d�(a[a):�­¢®«îæ¨î a 7→ a[ = b, b[ = a ¬®¦­® ¯®«ãç¨âì á ¯®¬®éìî ¯á¥¢¤®íà¬¨â®¢  á®¯àïÄ¦¥­¨ï a[�� = g��a�†
 g
� ®â­®á¨â¥«ì­® â¥­§®à  �¨­ª®¢áª®£® (g = [g�� ] ¨ g−1 = [g�� ]).
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 = (
�� )�6=+� 6=− = � + Æ, ­ §ë¢ ¥¬ ï ª¢ ­Äâ®¢ë¬ áâ®å áâ¨ç¥áª¨¬ à®áâª®¬ ¤«ï ¯à¥¤áâ ¢«¥­¨ï Æ : B 7→ (BÆ�� )�6=+� 6=−, ¤®«¦­  ¡ëâì¯®«­®áâìî áâ®å áâ¨ç¥áª¨ ¤¨áá¨¯ â¨¢­  ¤«ï �Ǳ-ª®æ¨ª«  � ¢ á«¥¤ãîé¥¬ á¬ëá«¥.�¥®à¥¬  1. Ǳãáâì ãà ¢­¥­¨¥ (11) á �0(B) = B ¨¬¥¥â �Ǳ-à¥è¥­¨¥ �t; t > 0.�®£¤  ®â®¡à ¦¥­¨¥ 
 = (��� + Æ�� )�=−;•�=+;• ãá«®¢­® ¢¯®«­¥ ¯®«®¦¨â¥«ì­®, â.¥.
∑k �(Bk)�k = 0 ⇒

∑k;l 〈�k|
(B†kBl)�l〉 ≥ 0;£¤¥ � ∈ H ⊕ H•, H• = H ⊗ Cd ¨ � = (��� )�=−;•�=+;• { ¢ëà®¦¤¥­­®¥ ¯à¥¤áâ ¢«¥­¨¥��� (B) = BÆ+� Æ�−. � ¬ âà¨ç­®© ä®à¬¥
 = ( 
 
•
• 
•• ) ; �(B) = ( B 00 0 ) ; (12)£¤¥ 
 = �−+ , 
m = �m+ , 
n = �−n , 
mn = Æmn + �mn á Æmn (B) = BÆmn â ª®¢ë, çâ®
(B†) = 
(B)†; 
n(B†) = 
n(B)†; 
mn (B†) = 
nm(B)†: (13)�®ª § â¥«ìáâ¢®. �¡®§­ ç¨¬ á¨¬¢®«®¬D H-®¡®«®çªã
{∑f �f ⊗ f⊗ ∣∣∣∣ �f ∈ H; f• ∈ C

d ⊗ L2(R+)}äã­ªæ¨© f⊗(�) = ⊗t∈� f•(t), § ¤ ­­ëå ¤«ï ª ¦¤®£® ª®­¥ç­®£® ¯®¤¬­®¦¥áâ¢  � =
{t1; : : : ; tn} ⊆ R+ á ¯®¬®éìî â¥­§®à­®£® ¯à®¨§¢¥¤¥­¨ï fn1;:::;nN (�) = fn1(t1) : : :: : : fnN (tN ), £¤¥ fn; n = 1; : : : ; d, { ª¢ ¤à â¨ç­®-¨­â¥£à¨àã¥¬ë¥ ª®¬¯«¥ªá­ë¥ äã­ªæ¨¨­ R+ ¨ �f = 0 ¤«ï ¯®çâ¨ ¢á¥å f• = (fn). �®¨§®¬¥âà¨ç­ë© á¤¢¨£ Ts, á¯«¥â îé¨©As(t)áA(t) = TsAs(t)T †s , ®¯à¥¤¥«¥­ ­ D à ¢¥­áâ¢®¬ Ts(�⊗f⊗)(�) = �⊗f⊗(� +s). �á«®¢¨¥�Ǳ-®â®¡à ¦¥­¨ï �t → 〈�|�t(B) 〉 á �;  ∈ D ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥

∑X;Z ∑f;h〈�fX |�t(f•; X†Z; h•)�hZ〉
≥ 0; (14)£¤¥

〈�|�t(f•; B; h•)�〉 := 〈� ⊗ f⊗|�t(B)� ⊗ h⊗〉e− R∞t f•(s)†h•(s) ds¨ �fB 6= 0 «¨èì ¤«ï ª®­¥ç­®£® ç¨á«  Bk ∈ B, f•l = (f1l ; : : : ; fdl ). �á«¨ D-ä®à¬  �t(B)ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î (11), â®H-ä®à¬  �t(f•; B; h•) ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨îddt�t(f•; B; h•) = f•(t)†h•(t)�t(f•; B; h•) + �t(f•; �−+(B); h•)++ d∑m=1 fm(t)∗�t(f•; �m+ (B); h•)+ d∑n=1hn(t)�t(f•; �−n (B); h•)++ d∑m;n=1 fm(t)∗hn(t)�t(f•; �mn (B); h•);



� ����������� ��������� �������������� ������������ ��������� 53£¤¥ f•(t)†h•(t) = ∑dn=1 fn(t)∗hn(t). Ǳ®«®¦¨â¥«ì­ ï ®¯à¥¤¥«¥­­®áâì (ãà ¢­¥­¨¥ (14))®¡¥á¯¥ç¨¢ ¥â ãá«®¢­ãî ¯®«®¦¨â¥«ì­®áâì
∑f ∑B B�fB = 0⇒

∑X;Z∑f;h〈�fX |
(f•; X†Z; h•)�hZ〉
≥ 0ä®à¬ë 
t(f•; B; h•) = 1t (�t(f•; B; h•) − B) ¯à¨ ª ¦¤®¬ t > 0 ¨ ¯à¥¤¥«  
0 ¯à¨ t ↓ 0,á®¢¯ ¤ îé¥£® á ª¢ ¤à â¨ç­®© ä®à¬®©ddt�t(f•; B; h•)∣∣∣∣t=0 = ∑m;n �am
mn (B)cn +∑m �am
m(B) +∑n 
n(B)cn + 
(B);£¤¥ a• = f•(0), c• = h•(0) ¨ 
 ®¯à¥¤¥«¥­ë ¢ (12). �«¥¤®¢ â¥«ì­®, ä®à¬ 

∑X;Z ∑�;�〈��X |
�� (X†Z)��Z〉 := ∑X;Z ∑m;n〈�mX |
mn (X†Z)�nZ〉++ ∑X;Z( ∑n 〈�X |
n(X†Z)�nZ〉+∑m 〈�mX |
m(X†Z)�Z〉+ 〈�X |
(X†Z)|�Z〉)á � = ∑f �f , �• = ∑f �f ⊗ a•f , £¤¥ a•f = f•(0), ¯®«®¦¨â¥«ì­ , ¥á«¨ ∑B B�B = 0.�®¬¯®­¥­âë � ¨ �• íâ¨å ¢¥ªâ®à®¢ ­¥§ ¢¨á¨¬ë, â ª ª ª ¤«ï «î¡ëå � ∈ H ¨ �• =(�1; : : : ; �d) ∈ H ⊗ C
d áãé¥áâ¢ã¥â â ª ï äã­ªæ¨ï a• 7→ �a ­  C

d á ª®­¥ç­ë¬ ­®á¨â¥Ä«¥¬, çâ®∑a �a = �, ∑a �a⊗ a• = �•. �â  äã­ªæ¨ï ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:�a = 0 ¯à¨ ¢á¥å a• ∈ Cd, §  ¨áª«îç¥­¨¥¬ ¤¢ãå á«ãç ¥¢,   ¨¬¥­­®: a• = 0, ¤«ï ª®â®Äà®£® �a = � −
∑dn=1 �n, ¨ á«ãç ï, ª®£¤  a• à ¢­® n-¬ã ¡ §¨á­®¬ã í«¥¬¥­âã e•n ¢ Cd,¤«ï ª®â®à®£® �a = �n. �â® ¤®ª §ë¢ ¥â ¢¯®«­¥ ¯®«®¦¨â¥«ì­®áâì ¬ âà¨ç­®© ä®à¬ë 
®â­®á¨â¥«ì­® ¬ âà¨ç­®£® ¯à¥¤áâ ¢«¥­¨ï �. �4. ������� ������������� ����-������������á«®¢­ ï ¯®«®¦¨â¥«ì­®áâì ®â®¡à ¦¥­¨ï 
 ®â­®á¨â¥«ì­® ¢ëà®¦¤¥­­®£® ¯à¥¤áâ ¢«¥Ä­¨ï �, § ¯¨á ­­®£® ¢ ¬ âà¨ç­®© ä®à¬¥ (13), ®ç¥¢¨¤­®, ¢«¥ç¥â ¯®«®¦¨â¥«ì­®áâì ¤¨áá¨Ä¯ â¨¢­®© ä®à¬ë

∑X;Z〈�X |�(X;Z)�Z〉 := ∑k;l ∑�;�〈��k |��� (Bk; Bl)��l 〉; (15)£¤¥ �− = � = �+ ¨ �k = �Bk ¤«ï «î¡®£® ª®­¥ç­®£® ­ ¡®à  í«¥¬¥­â®¢ Bk ∈ B, á®®â¢¥âÄáâ¢ãîé¨å ­¥­ã«¥¢ë¬ �B = �B ⊕ �•B , �B ∈ H, �•B ∈ H•. � (15) � = (��� )�=−;•�=+;• {¬ âà¨æ  �(X;Z) = 
(X†Z)− �(X)†
(Z)− 
(X)†�(Z) + �(X)†
(I)�(Z)á í«¥¬¥­â ¬¨ �mn (X;Z) = �mn (X†Z) +X†ZÆmn ;�−n (X;Z) = �−n (X†Z)−X†�−n (Z) = �n+(Z;X)†;�−+(X;Z) = �−+(X†Z)−X†�−+(Z)− �−+(X†)Z +X†DZ;



54 �.Ǳ. ��������£¤¥ D = �−+(I) ≤ 0 (D = 0 ¢ á«ãç ¥ ¬ àâ¨­£ «  Mt). �â® ®§­ ç ¥â, çâ® ¬ âà¨ç-­®-§­ ç­®¥ ®â®¡à ¦¥­¨¥ 
•• = [
mn ] ¢¯®«­¥ ¯®«®¦¨â¥«ì­® ¨, ª ª ¢ëâ¥ª ¥â ¨§ á«¥¤ãîé¥©â¥®à¥¬ë, ¯® ªà ©­¥© ¬¥à¥ ¤«ï  «£¥¡àë B = B(H) ®â®¡à ¦¥­¨ï 
, 
m, 
n ¨¬¥îâ ä®à¬ã
m(B) = 'm(B)−K†mB; 
n(B) = 'n(B)−BKn;
(B) = '(B)−K†B −BK; '(I) ≤ K +K†; (16)£¤¥ ' = ('�� )�6=+� 6=− { �Ǳ ®£à ­¨ç¥­­®¥ ®â®¡à ¦¥­¨¥ ¨§ B ¢ ¬ âà¨æë ®¯¥à â®à®¢ á í«¥¬¥­Äâ ¬¨ 'mn = 
mn , 'm+ = 'm, '−n = 'n, '−+ = ': B → B.�«ï â®£® çâ®¡ë áä®à¬ã«¨à®¢ âì â¥®à¥¬ã ® à áè¨à¥­¨¨, ­ ¬ ¯®âà¥¡ã¥âáï ¯®­ïâ¨¥[-¯à¥¤áâ ¢«¥­¨ï  «£¥¡àëB ¢  «£¥¡à¥ ®¯¥à â®à®¢A(E) ¯á¥¢¤®£¨«ì¡¥àâ®¢  ¯à®áâà ­áâ¢ 
E = H⊕H◦ ⊕H á ¨­¤¥ä¨­¨â­®© ¬¥âà¨ª®©(� | �) = 2Re(�− | �+) + ‖�◦‖2 + ‖�+‖2D (17)­  âà®©ª å � = (��)�=−;◦;+ ∈ E . �¤¥áì �−; �+ ∈ H, �◦ ∈ H◦, H◦ { ¯à¥¤£¨«ì¡¥àâ®¢®¯à®áâà ­áâ¢®, ¨ ‖�‖2D = 〈� | D�〉.� ¦¤ë© ®¯¥à â®à A ∈ A(E) § ¤ ­ ¡«®ç­®© ¬ âà¨æ¥© [A�� ]�=−;◦;+�=−;◦;+ à §¬¥à  3× 3.Ǳá¥¢¤®íà¬¨â®¢® á®¯àï¦¥­­ë¥ ®¯¥à â®àë (� | A[�) = (A� | �) ®¯à¥¤¥«ïîâáïç¥à¥§ íàÄ¬¨â®¢® á®¯àï¦¥­­ë¥ A†�� = A�†� ª ª A[ = G−1A†G á ¯®¬®éìî ¨­¤¥ä¨­¨â­®£® ¬¥âà¨Äç¥áª®£® â¥­§®à  G = [G�� ] ¨ ®¡à â­®£® ¥¬ã G−1 = [G�� ], § ¤ ­­ëå á«¥¤ãîé¨¬ ®¡à Ä§®¬: G = 


0 0 I0 I◦◦ 0I 0 D 

 ; G−1 = 


−D 0 I0 I◦◦ 0I 0 0 

 ;£¤¥ D { ¯à®¨§¢®«ì­ë© ¨ I◦◦ { â®¦¤¥áâ¢¥­­ë© ®¯¥à â®àë ¢ H◦; I•• = [IÆmn ]m=1;:::;dn=1;:::;d ¢á«ãç ¥H◦ = H⊗ Cd = H•.�¥®à¥¬  2. �«¥¤ãîé¨¥ ãâ¢¥à¦¤¥­¨ï íª¢¨¢ «¥­â­ë:(i) �®à¬  (15), ®¯à¥¤¥«¥­­ ï ¯®áà¥¤áâ¢®¬ [-®â®¡à ¦¥­¨ï � á �−+(I) = D, ¯®Ä«®¦¨â¥«ì­® ®¯à¥¤¥«¥­ :
∑X;Z〈�X |�(X;Z)�Z〉 ≥ 0:(ii) �ãé¥áâ¢ãîâ

• ¯à¥¤£¨«ì¡¥àâ®¢® ¯à®áâà ­áâ¢® H◦,
• ã­¨â «ì­®¥ †-¯à¥¤áâ ¢«¥­¨¥ j  «£¥¡àë B ¢ B(H◦),j(B†B) = j(B)†j(B); j(I) = I;
• ®â®¡à ¦¥­¨¥ k á® á¢®©áâ¢®¬k(B†B) = j(B)†k(B) + k(B†)B



� ����������� ��������� �������������� ������������ ��������� 55(j; i)-¤¨ää¥à¥­æ¨à®¢ ­¨ï ¢ ª« áá¥ ®¯¥à â®à®¢ H → H◦,
• á®¯àï¦¥­­®¥ ®â®¡à ¦¥­¨¥ k∗(B) = k(B†)† á® á¢®©áâ¢®¬k∗(B†B) = B†k∗(B) + k∗(B†)j(B)(i; j)-¤¨ää¥à¥­æ¨à®¢ ­¨ï ¢  «£¥¡à¥ ®¯¥à â®à®¢ H◦ → H,
• ®â®¡à ¦¥­¨¥ l : B → B, ¨¬¥îé¥¥ á¢®©áâ¢® ª®®£à ­¨ç¥­­®áâ¨l(B†B) = B†l(B) + l(B†)B + k∗(B†)k(B); (18)á á®¯àï¦¥­­ë¬ l∗(B) = l(B) + [D;B]â ª¨¥, çâ® 
(B) = l(B) +DB;
n(B†) = k(B)†L◦n +B†L−n = 
n(B)†;¨ 
mn (B) = L◦†m j(B)L◦n¤«ï ­¥ª®â®àëå ®¯¥à â®à®¢ L◦n : H → H◦, ¨¬¥îé¨å á®¯àï¦¥­­ë¥ L◦†n ­  H◦¨ L−n ∈ B.(iii) �ãé¥áâ¢ãîâ ¯à¥¤£¨«ì¡¥àâ®¢® ¯à®áâà ­áâ¢® E, ã­¨â à­®¥ [-¯à¥¤áâ ¢«¥-­¨¥ | : B → A(E) ¨ «¨­¥©­ë© ®¯¥à â®à L : H⊕H• → E â ª¨¥, çâ®L[|(B)L = 
(B) ∀B ∈ B:(iv) �â®¡à ¦¥­¨¥ 
 = �+Æ ãá«®¢­® �Ǳ ®â­®á¨â¥«ì­® ¬ âà¨ç­®£® ¯à¥¤áâ ¢«¥-­¨ï � (12).�®ª § â¥«ìáâ¢®. �â¢¥à¦¤¥­¨¥ (i)⇒(ii) ®¡®¡é ¥â â¥®à¥¬ã �ìî¨á {�¢ ­á  [2], ¨¥£® ¤®ª § â¥«ìáâ¢® ¯®¤®¡­® ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë ® à áè¨à¥­¨¨ [20]. Ǳãáâì H◦ {¯à¥¤£¨«ì¡¥àâ®¢® ¯à®áâà ­áâ¢® ª®«¬®£®à®¢áª®£® à §«®¦¥­¨ï �(X;Z) = k(X)†k(Z).�­® ®¯à¥¤¥«¥­® ª ª ä ªâ®à-¯à®áâà ­áâ¢®H◦ = K=I H-®¡®«®çª¨K = {(�B)B∈B

} ¢¥ªÄâ®à®¢, £¤¥ �B ∈ H⊕H• ­¥ à ¢­® ­ã«î â®«ìª® ¤«ï ª®­¥ç­®£® ç¨á« B ∈ B, ®â­®á¨â¥«ì­®ï¤à 
I = {(�B)B∈B ∈ K

∣∣∣∣
∑X;Z〈�X |�(X;Z)�Z〉 = 0}¯®«®¦¨â¥«ì­® ®¯à¥¤¥«¥­­®© ä®à¬ë (15).�¯à¥¤¥«¨¬ ®¯¥à â®àë k(B)† :H◦ → H⊕H• ­  ª« áá å �◦ (�X)X∈B ∈ K ª ª á®¯àïÄ¦¥­­ë¥ 〈k(B)†�◦|�〉 = ∑X 〈�X |�(X;B)�〉ª ®£à ­¨ç¥­­ë¬ ®¯¥à â®à ¬ k(B): H ⊕ H• → H◦, ®â®¡à ¦ îé¨¬ ¯ àë � = � ⊕ �•¢ ª« ááë íª¢¨¢ «¥­â­®áâ¨ �◦(B) = k(B)� + k•(B)�• í«¥¬¥­â®¢ (ÆZ(B)�)Z∈B , £¤¥ÆZ(B) = 1, ¥á«¨ B = Z, ¨ ÆZ(B) = 0 ¢ ¯à®â¨¢­®¬ á«ãç ¥.



56 �.Ǳ. ���������¯à¥¤¥«¨¬ «¨­¥©­ë© ®¯¥à â®à j(B) ­ H◦ ¯®áà¥¤áâ¢®¬ á®®â­®è¥­¨ïj(B)∑Z (k(Z)� + k•(Z)�•) = ∑Z (k(BZ)� − k(B)Z� + k•(BZ)�•):�ç¥¢¨¤­®, çâ® j(XB) = j(X)j(B) ¨ j(I) = I , ¯®áª®«ìªã k(I) = 0. �à®¬¥ â®£®, ¨§®¯à¥¤¥«¥­¨ï ¤¨áá¨¯ â¨¢­®© ä®à¬ë á«¥¤ã¥â, çâ® j(B)† = j(B†) ¤«ï ¢á¥å B ∈ B. � ª¨¬®¡à §®¬, j { ã­¨â «ì­®¥ †-¯à¥¤áâ ¢«¥­¨¥, k { (j; i)-ª®æ¨ª« ¨ k•(B) = j(B)L◦
•, £¤¥ L◦

• =k•(I). Ǳà¨ íâ®¬
(B†B) +B†
(I)B = B†
(B) + 
(B†)B + k(B)†k(B);
••(B†B) = k•(B)†k•(B);
•(B†B)−B†
•(B) = k(B)†k•(B) = 
•(B†B)† − 
•(B)†B;á¢®©áâ¢® (18) ¢ë¯®«­¥­®,L•
◦j(B)L◦

• = 
••(B) ¯à¨ L•
◦ = k∗•(I) = L◦†

• , ¨
•(B†) = k(B)†L◦
• +B†L−

• = 
•(B)†;£¤¥ L−
• = 
•(I) ¨ L•+ = 
•(I) = L−†

• .�®ª § â¥«ìáâ¢® ãâ¢¥à¦¤¥­¨ï (ii)⇒(iii) ¬®¦­® ¯®«ãç¨âì â ª ¦¥, ª ª ¢ [20], á ¯®¬®Äéìî ï¢­®£® ¯®áâà®¥­¨ï E ¢ ¢¨¤¥ H ⊕ H◦ ⊕ H á ¨­¤¥ä¨­¨â­ë¬ ¬¥âà¨ç¥áª¨¬ â¥­§®à®¬G = [G�� ], § ¤ ­­ë¬ ¢ëè¥ ¤«ï �; � = −; ◦;+, ¨D = 
(I).�­¨â «ì­®¥ [-®â®¡à ¦¥­¨¥ | = [|�� ]�=−;◦;+�=−;◦;+  «£¥¡àë B ­  E , ¤«ï ª®â®à®£®|(X†Z) = |(X)[|(Z); |(I) = Iá |(B)[ = G−1|(B)†G = |(B†), ®¯à¥¤¥«ï¥âáï ª®¬¯®­¥­â ¬¨, ¨§ ª®â®àëå|◦◦ = j; |◦+ = k; |−◦ = k∗; |−+ = l; |−− = i = |++;  ¢á¥ ®áâ «ì­ë¥ à ¢­ë ­ã«î.�¨­¥©­ë© ®¯¥à â®à L:H⊕H• → E , £¤¥H• = H⊗ Cd, ¬®¦­® ®¯à¥¤¥«¨âì ç¥à¥§ ¥£®ª®¬¯®­¥­âë (L�; L�• ) á«¥¤ãîé¨¬ ®¡à §®¬:L− = 0; L◦ = 0; L+ = I; L−
• = (L−n ); L◦

• = (L◦n); L+• = 0¨ L[ = ( I 0 D0 L•
◦ L•+ ) = L†G;£¤¥ L•

◦ = L◦†
• , L•+ = L−†

• . �®£¤ L[|L = 


0 L−

•0 L◦
•1 0 


[ 


i k∗ l0 j k0 0 i 






0 L−

•0 L◦
•1 0 

 = ( l +Di k∗L◦
• + iL−

•L•
◦k + L•+i L•

◦jL◦
•

) = 
:�â®¡ë ¤®ª § âì ãâ¢¥à¦¤¥­¨¥ (iii)⇒(iv), ¤®áâ â®ç­® ¯®ª § âì, çâ® ¢¥ªâ®àë � =∑B |(B)L�B ¯®«®¦¨â¥«ì­ë, ¥á«¨ ∑B �(B)�B = ∑B B�B = 0. �â® ­¥¬¥¤«¥­­® á«¥Ä¤ã¥â ¨§ â®£®, çâ® �+ = ∑B |(B)L+�B = ∑B B�B = 0, â.¥. ¨­¤¥ä¨­¨â­ ï ¬¥âà¨ª  (17)¢ íâ®¬ á«ãç ¥ ¯®«®¦¨â¥«ì­ .Ǳ®á«¥¤­¥¥ ãâ¢¥à¦¤¥­¨¥ (iv)⇒(i) ¯®«ãç ¥âáï ª ª ç áâ­ë© á«ãç © à ¢¥­áâ¢ ∑B B�B = 0 ¯à¨ �I = −
∑B 6=I B�B . �



� ����������� ��������� �������������� ������������ ��������� 575. ��������� ����������������������� ������������âàãªâãà  (16) ä®à¬-£¥­¥à â®à®¢ ¤«ï �Ǳ-ª®æ¨ª«®¢ ­  B = B(H) ¥áâì á«¥¤áâ¢¨¥ å®Äà®è® ¨§¢¥áâ­®£® ä ªâ , çâ® ¤¨ää¥à¥­æ¨à®¢ ­¨ï k; k∗  «£¥¡àë B(H) ¢á¥å ®£à ­¨ç¥­Ä­ëå ®¯¥à â®à®¢ ¢ £¨«ì¡¥àâ®¢®¬ ¯à®áâà ­áâ¢¥ H â ª®¢ë, çâ® k(B) = j(B)L − LB,k∗(B) = L†j(B)−BL†. Ǳ®íâ®¬ãl(B) = 12(L†k(B) + k∗(B)L+ [B;D]) + i[H;B]; (19)£¤¥ H† = H { íà¬¨â®¢ ®¯¥à â®à ¢ H. �â®¡à ¦¥­¨¥ 
, çì¨ ª®¬¯®­¥­âë á®¡à ­ë (ª ª¢ (16)) ¢ áã¬¬ã ª®¬¯®­¥­â'�� �Ǳ-¬ âà¨æë ®â®¡à ¦¥­¨ï ': B → B⊗M(Cd+1),   â ª¦¥«¥¢®¥ ¨ ¯à ¢®¥ ã¬­®¦¥­¨ï, ®ç¥¢¨¤­®, ãá«®¢­® �Ǳ ®â­®á¨â¥«ì­® â®¦¤¥áâ¢¥­­®£® ¯à¥¤Äáâ ¢«¥­¨ï �. � ª á«¥¤ã¥â ¨§ â¥®à¥¬ë® à áè¨à¥­¨¨,¢ íâ®¬ á«ãç ¥ áãé¥áâ¢ã¥â á¥¬¥©áâ¢®L− = L = L+, Ln = L◦n, n = 1; : : : ; d, «¨­¥©­ëå ®¯¥à â®à®¢ L� :H → H◦, ¨¬¥îé¨åá®¯àï¦¥­­ë¥ L†� :H◦ → H ¨ â ª¨å, çâ® '�� (B) = L†�j(B)L� .�«¥¤ãîé ï â¥®à¥¬ ãâ¢¥à¦¤ ¥â, çâ® ãá«®¢¨ï, ¤®áâ â®ç­ë¥ ¤«ï ¯®«­®© ¯®«®¦¨â¥«ìÄ­®áâ¨ ª®æ¨ª«®¢, § ¤ ­­ë¥ ãà ¢­¥­¨¥¬ (11), ­¥®¡å®¤¨¬ë, ¥á«¨ ®â®¡à ¦¥­¨¥ 
 w∗-­¥¯à¥-àë¢­® ¢  «£¥¡à¥ ®¯¥à â®à®¢ B. �«¥¤®¢ â¥«ì­®, ãà ¢­¥­¨¥ (11) ¤«ï �Ǳ ª¢ ­â®¢®£® ª®Äæ¨ª«  á ®£à ­¨ç¥­­ë¬¨ áâ®å áâ¨ç¥áª¨¬¨ ¯à®¨§¢®¤­ë¬¨ ¨¬¥¥â á«¥¤ãîéãî ®¡éãîä®àÄ¬ã: d�t(B) + �t(K†B +BK − L†j(B)L) dt = d∑m;n=1�t(L†mj(B)Ln −BÆmn ) d�nm++ d∑m=1�t(L†mj(B)L−K†mB) d�+m + d∑n=1�t(L†j(B)Ln −BKn) d�n−; (20)®¡®¡é îéãî ãà ¢­¥­¨¥ �¨­¤¡« ¤  [1] ¤«ï ­¥¯à¥àë¢­ëå ¯® ­®à¬¥ ¯®«ã£àã¯¯ �Ǳ-®â®-¡à ¦¥­¨©. �¢ ­â®¢ë© áâ®å áâ¨ç¥áª¨© áã¡¬ àâ¨­£ «Mt = �t(I) ®¯à¥¤¥«ï¥âáï à ¢¥­Äáâ¢®¬ Mt + ∫ t0 �s(D) ds = I + ∫ t0 d∑m;n�s(L†nLm − Ænm) d�mn ++ ∫ t0 d∑m=1�s(L†mL−K†m) d�+m + ∫ t0 d∑n=1�s(L†Ln −Kn) d�n−: (21)�á«¨ ¯à®áâà ­áâ¢®K¬®¦¥â ¡ëâì ¢«®¦¥­® ¢ ¯àï¬ãî áã¬¬ãH⊗Cd = H⊕· · ·⊕H d-ª®-¯¨© ¨áå®¤­®£® £¨«ì¡¥àâ®¢  ¯à®áâà ­áâ¢  H â ª, çâ® j(B) = (BÆmn ), â® ãà ¢­¥­¨¥ (21)¨¬¥¥â à¥è¥­¨¥ �t(B) = F †t BFt, £¤¥ F = (Ft)t>0 { ­¥®£à ­¨ç¥­­ë© ª®æ¨ª« ¢ H ⊗ F ¨
F { ä®ª®¢áª®¥ ¯à®áâà ­áâ¢® ­ ¤ £¨«ì¡¥àâ®¢ë¬ ¯à®áâà ­áâ¢®¬Cd⊗L2(R+) ª¢ ­â®¢®£®èã¬  à §¬¥à­®áâ¨ d. �®æ¨ª« F ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨îdFt +KFt dt = d∑i;n=1(Lin − IÆin)Ft d�ni + d∑i=1LiFt d�+i −

d∑n=1KnFt d�n−;



58 �.Ǳ. ��������£¤¥ Lin ¨ Li { ®¯¥à â®àë ¢H, ¤«ï ª®â®àëå'mn (B) = d∑i=1Li†mBLin; '(B) = d∑i=1Li†BLi;'m(B) = d∑i=1Li†mBLi; 'n(B) = d∑i=1Li†BLiná ∑di=1 Li†Li = K +K†, ¥á«¨Mt { ¬ àâ¨­£ « (≤ K +K†, ¥á«¨Mt { áã¡¬ àâ¨­£ «).�¥®à¥¬  3. Ǳãáâì ®â®¡à ¦¥­¨¥ 
 ª¢ ­â®¢®£® áâ®å áâ¨ç¥áª®£® ª®æ¨ª«  � ­ ¤ «£¥¡à®© ä®­ �¥©¬ ­  B w∗-­¥¯à¥àë¢­® ¨ ®£à ­¨ç¥­®:
‖
‖ <∞; ‖
•‖ = ( d∑n=1 ‖
n‖2) 12 = ‖
•‖ <∞; ‖
••‖ = ∥∥
••(I)∥∥ <∞;£¤¥ ‖
‖ = sup{‖
(B)‖ : ‖B‖ < 1}, ∥∥
••(I)∥∥ = sup{〈�•; 
••(I)�•〉 ∣∣ ‖�•‖ < 1} ¨ �t {�Ǳ-ª®æ¨ª«, ã¤®¢«¥â¢®àïîé¨© ãà ¢­¥­¨î (11) á �0(B) = B ¨ ­®à¬¨à®¢ ­­ë© ­ áã¡¬ àâ¨­£ « (¬ àâ¨­£ «). �®£¤  á¯à ¢¥¤«¨¢ë à ¢¥­áâ¢  (16) ¢ ä®à¬¥
(B) = '(B)− �(B)K −K†�(B); (22)£¤¥ ' = '−+ , 'm = 'm+ , 'n = '−n ¨ 'mn = 
mn ®¡à §ãîâ ®£à ­¨ç¥­­®¥ �Ǳ-®â®¡à ¦¥-­¨¥ ' = ( ' '•'• '•

•

) ; K = ( K K•K• K•
•

)á ¯à®¨§¢®«ì­ë¬¨ K•, K•
• ¨ K +K† ≥ '(I). �à ¢­¥­¨¥ (20) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥�Ǳ-à¥è¥­¨¥, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨î �s(I) ≤ �s[�t(I)] ¯à¨ ¢á¥å s < t (�s(I) =�s[�t(I)], ¥á«¨ K +K† = '(I)).�®ª § â¥«ìáâ¢®. Ǳà¥¤áâ ¢«¥­¨¥ (22) ¤«ï �Ǳ-ª®¬¯®­¥­âë 
•• ¡ë«® ¯®«ãç¥­® ª ªç áâì â¥®à¥¬ë ® à áè¨à¥­¨¨ ¢ ä®à¬¥�â ©­è¯à¨­£  
••(B) = L†

•j(B)L• = '•
•(B), £¤¥L• = L◦

•. �â®¡ë ¯®«ãç¨âì (22) ¤«ï ®£à ­¨ç¥­­ëå 
• ¨ 
•, ¬ë ¤®«¦­ë ãç¥áâì ¯à®áÄâà ­áâ¢¥­­ãî áâàãªâãàã k(B) = j(B)L−LB ®£à ­¨ç¥­­®£® (j; i)-¤¨ää¥à¥­æ¨à®¢ ­¨ï¤«ï  «£¥¡àë ä®­ �¥©¬ ­  B ®â­®á¨â¥«ì­® ­®à¬ «ì­®£® ¯à¥¤áâ ¢«¥­¨ï j  «£¥¡àë B ¨i(B) = B. �®£¤ 
•(B) = k∗(B)L◦
• +BL−

• = L†j(B)L◦
• − B(L†L◦

• − L−
• ) = L†+j(B)L• −BK•;£¤¥L+ = L, K• = L†L◦

•−L−
• . �«¥¤®¢ â¥«ì­®, 
•(B) = '•(B)−BK•, 
•(B) = '•(B)−K•B = 
∗•(B), £¤¥ K• = K†

•, '•(B) = L†
•j(B)L = '∗

•(B), ¯à¨ç¥¬ ®â®¡à ¦¥­¨¥'(B) = (L�j(B)L�)�=−;•�=+;• á L− = L†, L• = L†
• ï¢«ï¥âáï �Ǳ. Ǳà¨­¨¬ ï ¢® ¢­¨Ä¬ ­¨¥ ä®à¬ã (19) ª®£à ­¨æë l(B) = 
(B) − DB, ®¡ãá«®¢«¥­­ãî ¢¨¤®¬ [iH + 12D;B]



� ����������� ��������� �������������� ������������ ��������� 59®£à ­¨ç¥­­®£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï l(B) − 12(L†k(B) + k∗(B)L) ¢ B, ¬®¦­® ¯®«ãç¨âì¯à¥¤áâ ¢«¥­¨¥
(B) = 12(L†k(B) + k∗(B)L+DB +BD) + i[H;B] = '(B)−BK −K†B;£¤¥ '(B) = L†j(B)L ¨K = iH + 12 (L†L−D).�ãé¥áâ¢®¢ ­¨¥ ¨ ¥¤¨­áâ¢¥­­®áâì à¥è¥­¨© �t(B) ª¢ ­â®¢ëå áâ®å áâ¨ç¥áª¨å ãà ¢­¥Ä­¨© (11) á ®£à ­¨ç¥­­ë¬¨ £¥­¥à â®à ¬¨��� (B) = 
�� (B)−BÆ�� ¨ ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨�0(B) = B ¢  «£¥¡à¥ ®¯¥à â®à®¢ B ¡ë«¨ ¤®ª § ­ë ¢ [3]. Ǳ®«®¦¨â¥«ì­®áâì à¥è¥­¨© ¢á«ãç ¥ ãà ¢­¥­¨ï (20), á®®â¢¥âáâ¢ãîé ï ãá«®¢­® ¯®«®¦¨â¥«ì­®© äã­ªæ¨¨ (22), ¬®¦¥â¡ëâì ¤®ª § ­  á ¯®¬®éìî ¨â¥à æ¨©�(n+1)t (B) = V †t BVt + ∫ t0 �(n)s (��� (V †t (s)BVt(s)))d���; �(0)t (B) = Bª¢ ­â®¢®£® áâ®å áâ¨ç¥áª®£® ¨­â¥£à «ì­®£® ãà ¢­¥­¨ï�t(B) = V †t BVt + ∫ t0 �s(��� (V †t (s)BVt(s)))d��� (23)á ��� (B) = '�� (B) − BÆ�� . �¤¥áì Vt = Vt(s)Vs á Vt(s) = T †sVt−sTs ¥áâì ¢¥ªâ®à­ë©ª®æ¨ª«, ï¢«ïîé¨©áï à¥è¥­¨¥¬ ª¢ ­â®¢®£® áâ®å áâ¨ç¥áª®£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢Ä­¥­¨ï dVt +KVt dt+ d∑m=1KmVt d�m− = 0 (24)á ­ ç «ì­ë¬ ãá«®¢¨¥¬ V0 = I ¢ H. �ª¢¨¢ «¥­â­®áâì ãà ¢­¥­¨© (20) ¨ (23), (24) ®¡­ Äàã¦¨¢ ¥âáï ¯à¨ ­¥¯®áà¥¤áâ¢¥­­®¬ ¤¨ää¥à¥­æ¨à®¢ ­¨¨ (23). �â®¡ë ¤®ª § âì�Ǳ à¥è¥Ä­¨ï, ­ ¯¨è¥¬ á®®â¢¥âáâ¢ãîé¨¥ ¨â¥à æ¨¨�(n+1)t (f•; B; h•) = V †t BVt + ∫ t0 f(s)†�(n)s (f•; '(V †t (s)BVt(s)); h•)h(s) ds®¡ëª­®¢¥­­®£® ¨­â¥£à «ì­®£® ãà ¢­¥­¨ï¤«ï ®¯¥à â®à­®§­ ç­ëåï¤¥àª®£¥à¥­â­ëå ¢¥ªÄâ®à®¢, ®¯à¥¤¥«¥­­ëå ¢ (14). �¤¥áì g(s) = 1⊕ g•(s) â ª®¢®, çâ®
∑X;Z ∑f;h〈�fX ∣∣�t(f•; X†Z; h•)�hZ〉 = ∑X;Z〈XVt�X |ZVt�Z〉++ ∫ t0 ∑X;Z∑f;h〈�fX(s)∣∣�s(f•; '(X†Z); h•)�hZ(s)〉;£¤¥ �B = ∑g �gB , �gB(s) = ∑g(s) �gB ⊗ g(s). �¥¯¥àì �Ǳ-á¢®©áâ¢® ¤«ï �(n)t ­¥¬¥¤«¥­­®á«¥¤ã¥â ¨§ �Ǳ-á¢®©áâ¢  �(n−1)s , s < t, ¨ '. Ǳàï¬ ï ¨â¥à æ¨ï íâ®£® ¨­â¥£à «ì­®£® á®Ä®â­®è¥­¨ï á ­ ç «ì­ë¬ �Ǳ-ãá«®¢¨¥¬ �(0)t (B) = B ¤ ¥â ¢ ¯à¥¤¥«¥ n→ ∞ ¬¨­¨¬ «ì­®¥�Ǳ-à¥è¥­¨¥ ¢ ä®à¬¥ áã¬¬ë n-ªà â­ëå �Ǳ-¨­â¥£à «®¢ ¯® ¨­â¥à¢ «ã [0; t]. �
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