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1 �¢¥¤¥­¨¥�§¢¥áâ­®, çâ® ®¯¨á ­¨¥ ª¢ ­â®¢ëå á¨áâ¥¬ á ¯®¬®éìî äã­ªæ¨®­ «ì­ëå ¨­â¥£à «®¢ áâ®«ì ¦¥ã¤®¡­®, ª ª ¨ á ¯®¬®éìî ¢¥ªâ®à®¢ £¨«ì¡¥àâ®¢  ¯à®áâà ­áâ¢  ¨ ¤¥©áâ¢ãîé¨å ¢ íâ®¬ ¯à®áâà ­-áâ¢¥ «¨­¥©­ëå ®¯¥à â®à®¢. �®ï¢«¥­¨¥ ¯®­ïâ¨ï "äã­ªæ¨®­ «ì­ë© ¨­â¥£à «", ¯®¢¨¤¨¬®¬ã, ­ ¤®®â­¥áâ¨ ª à ¡®â ¬ �.�¨­¥à  [1] ¤¢ ¤æ âëå £®¤®¢ ¯à®è«®£® ¢¥ª ,   ¯¥à¢ë¥ ä¨§¨ç¥áª¨¥ ¯à¨¬¥-­¥­¨ï ª à ¡®â ¬ �¥©­¬ ­  [2] ¢ á®à®ª®¢ëå £®¤ å ¯à®è«®£® áâ®«¥â¨ï (á¬. â ª¦¥ ¬®­®£à ä¨î[3]). � â¥¬ â¨ç¥áª®¥ ®¡à ¬«¥­¨¥ ¨ à §¢¨â¨¥ ¨¤¥© �¥©­¬ ­  ¡ë«® ®áãé¥áâ¢«¥­® �.� æ¥¬ ¢ª®­æ¥ á®à®ª®¢ëå ­ ç «¥ ¯ïâ¨¤¥áïâëå £®¤®¢ (á¬. [4, 5]). � ¤ «ì­¥©è¥¬ ¬­®£¨¥ ä¨§¨ª¨ ¨ ¬ â¥-¬ â¨ª¨ ¢­¥á«¨ á¢®© ¢ª« ¤ ¢ à §¢¨â¨¥ ¨ ¯à¨«®¦¥­¨ï ¬¥â®¤  äã­ªæ¨®­ «ì­®£® ¨­â¥£à¨à®¢ ­¨ï.�áâ®à¨î ¢®¯à®á  ¨ ¡¨¡«¨®£à ä¨î ¬®¦­® ­ ©â¨ ¢ ®¡§®à¥ �.�.�¥«ìä ­¤  ¨ �.�.�£«®¬  [6],  â ª¦¥ �.�. �®¢ «ìç¨ª  [7]. �ª ¦¥¬ â ª¦¥ ­  à ¡®âë �.�.� ¤¤¥¥¢  [8, 9], �.�. �¥à¥§¨­  [10],�.�. �®¯®¢  [11] ¨ �.�. � á¨«ì¥¢  [12] ¯® ¯à¨¬¥­¥­¨î äã­ªæ¨®­ «ì­®£® ¨­â¥£à «  ¢ ª¢ ­â®¢®©â¥®à¨¨ ¯®«ï ¨ áâ â¨áâ¨ç¥áª®© ä¨§¨ª¥.�â¬¥â¨¬, çâ® ®¡ëç­ë© ¢¨­¥à®¢áª¨© ¨­â¥£à « ï¢«ï¥âáï ¨­â¥£à «®¬ ¯® âà ¥ªâ®à¨ï¬ £ ãáá®¢-áª®£® á«ãç ©­®£® ¯à®æ¥áá , ®¯¨áë¢ îé¥£® ¡à®ã­®¢áª®¥ ¤¢¨¦¥­¨¥ ç áâ¨æë. �â®â £ ãáá®¢áª¨©¯à®æ¥áá ¯®à®¦¤ ¥âáï £ ãáá®¢áª®© ¬¥à®© (­®à¬ «ì­®¥ à á¯à¥¤¥«¥­¨¥ ¢ â¥®à¨¨ ¢¥à®ïâ­®áâ¥©)ï¢«ïîé¥©áï ¬¥à®© ®àâ®£®­ «ì­®áâ¨ ª« áá¨ç¥áª¨å ¯®«¨­®¬®¢ �à¬¨â , ç¥à¥§ ª®â®àë¥ ¢ëà ¦ -îâáï ¢®«­®¢ë¥ äã­ªæ¨¨ ¯à®áâ¥©è¥© ª¢ ­â®¢®© á¨áâ¥¬ë { £ à¬®­¨ç¥áª®£® ®áæ¨««ïâ®à . �â®¯®§¢®«ï¥â ¯à¥¤¯®«®¦¨âì áãé¥áâ¢®¢ ­¨¥ á¢ï§¨ ¬¥¦¤ã ¯®­ïâ¨ï¬¨ "®¡®¡é¥­­®£® ®áæ¨««ïâ®à ",¯®à®¦¤ ¥¬®£® á¨áâ¥¬®© ®àâ®£®­ «ì­ëå ¯®«¨­®¬®¢ ­  ¢¥é¥áâ¢¥­­®© ®á¨, á«ãç ©­®£® ¯àæ¥áá ,¯®à®¦¤ ¥¬®£® ¬¥à®© ®àâ®£®­ «ì­®áâ¨ íâ¨å ¯®«¨­®¬®¢ ¨, ­ ª®­¥æ, äã­ªæ¨®­ «ì­ë¬ ¨­â¥£à -«®¬ ¯® âà ¥ªâ®à¨ï¬ íâ®£® á«ãç ©­®£® ¯à®æ¥áá .� ­ áâ®ïé¥© à ¡®â¥ ¬ë ¯à®¨««îáâà¨àã¥¬ íâã á¢ï§ì ­  áà ¢­¨â¥«ì­® ¯à®áâ®¬ (­® ­¥ âà¨¢¨- «ì­®¬) ¯à¨¬¥à¥ ®¡®¡é¥­­®£® ®áæ¨««ïâ®à , á¢ï§ ­­®£® á ª« áá¨ç¥áª¨¬¨ ¯®«¨­®¬ ¬¨ � £¥àà ,®àâ®£®­ «ì­ë¬¨ ¯® ¬¥à¥, ®¯à¥¤¥«ïîé¥© â ª ­ §ë¢ ¥¬®¥ ¯®ª § â¥«ì­®¥ à á¯à¥¤¥«¥­¨¥ ¢ â¥®-à¨¨ ¢¥à®ïâ­®áâ¥©. �ãé¥áâ¢®¢ ­¨¥ ¬¥àë ¤«ï á®®â¢¥âáâ¢ãîé¥£® (­¥ ¬ àª®¢áª®£®) á«ãç ©­®£®¯à®æ¥áá  á«¥¤ã¥â ¨§ â¥®à¥¬ë �®«¬®£®à®¢ . �®íâ®¬ã à áá¬ âà¨¢ ¥¬ë© ¢ ­ áâ®ïé¥© à ¡®â¥ª®­â¨­ã «ì­ë© ¨­â¥£à « ï¢«ï¥âáï ¨­â¥£à «®¬ �¥¡¥£  ¯® íâ®© ¬¥à¥, ª®â®àãî ¬ë ¢ ¤ «ì­¥©è¥¬¡ã¤¥¬ ­ §ë¢ âì ¬¥à®© � £¥àà . � ª ¦¥ ª ª ¨ ¤«ï ¨­â¥£à «  �¨­¥à  ¢®§¬®¦­® ¤àã£®¥ ®¯à¥¤¥-«¥­¨¥ íâ®£® ¨­â¥£à « . �¬¥­­®, ¥£® ¬®¦­® ¯®­¨¬ âì ª ª ¯à¥¤¥« ª®­¥ç­®ªà â­ëå ¨­â¥£à «®¢,¯®«ãç îé¨åáï ¯à¨ § ¬¥­¥ ¯à®áâà ­áâ¢  äã­ªæ¨© ª®­¥ç­®¬¥à­ë¬ ¯à®áâà ­áâ¢®¬ áâã¯¥­ç âëå3



äã­ªæ¨© á ä¨ªá¨à®¢ ­­ë¬¨  ¡áæ¨áá ¬¨ ã§«®¢. �§ à¥§ã«ìâ â®¢ à ¡®âë �.�.�®¬¨­  [13] á«¥-¤ã¥â, çâ®, ª ª ¨ ¤«ï ¢¨­¥à®¢áª®£® ¨­â¥£à « , ®¡  ®¯à¥¤¥«¥­¨ï á®¢¯ ¤ îâ ¢® ¢áïª®¬ á«ãç ¥ ¤«ï­¥¯à¥àë¢­ëå ¨ ®£à ­¨ç¥­­ëå äã­ªæ¨®­ «®¢.� ª ç¥áâ¢¥ ¤®áâ â®ç­® ¯à¥¤áâ ¢¨â¥«ì­®£® ¯à¨¬¥à  ¢ëç¨á«¥­¨ï ¯®áâà®¥­­®£® äã­ªæ¨®­ «ì-­®£® ¨­â¥£à «  ¬ë à áá¬®âà¨¬ ¢ ¤ ­­®© à ¡®â¥ ¨­â¥£à «ë ®â äã­ªæ¨®­ «®¢ ¢¨¤ exp�Z t0 V (x(� ))d�� ; (1)£¤¥ V (x) { ­¥ª®â®à ï ®£à ­¨ç¥­­ ï ­¥¯à¥àë¢­ ï ­¥®âà¨æ â¥«ì­ ï äã­ªæ¨ï ­  ¯à®¬¥¦ãâª¥[0;1): � ¬¥â¨¬, çâ® äã­ªæ¨®­ «ë (1) ¨£à îâ ¢ ¦­ãî à®«ì ª ª ¢ â¥®à¨¨ ¢¥à®ïâ­®áâ¥©, â ª ¨¢ ª¢ ­â®¢®© ¬¥å ­¨ª¥. �¥©áâ¢¨â¥«ì­®, ¢ëç¨á«ïï áà¥¤­¥¥ §­ ç¥­¨¥ â ª®£® äã­ªæ¨®­ «  ¬®¦­®­ ©â¨ å à ªâ¥à¨áâ¨ç¥áªãî äã­ªæ¨î,   §­ ç¨â ¨ à á¯à¥¤¥«¥­¨¥ ¢¥à®ïâ­®áâ¥© á«ãç ©­®© ¢¥«¨-ç¨­ë R t0 V (x(� ))d�: �à¥¤­¥¥ §­ ç¥­¨¥ äã­ªæ¨®­ «®¢ ¢¨¤  (1) ç áâ® ®ª §ë¢ ¥âáï á¢ï§ ­­ë¬ á­¥ª®â®àë¬ ¤¨ää¥à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨¥¬ (¨«¨ á¨áâ¥¬®© ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© á¬.[14]). �«ï áà¥¤­¥£® §­ ç¥­¨ï äã­ªæ¨®­ «  (1) ¢ á«ãç ¥ ¢¨­¥à®¢áª®£® ¨­â¥£à «  ­ ¨¡®«¥¥ ïàª¨©¯à¨¬¥à { íâ® á¢ï§ì á ãà ¢­¥­¨¥¬ �à¥¤¨­£¥à  ¢ ª¢ ­â®¢®© ¬¥å ­¨ª¥ (á¬. ¢ë¢®¤ ¢ ª­¨£¥ �. � æ [5]). �à¨ à áá¬®âà¥­¨¨ íâ®£® ¢ ¦­®£® ¨ á®¤¥à¦ â¥«ì­®£® ª« áá  äã­ªæ¨®­ «®¢ ¤®áâ â®ç­® ïá­®¯à®ï¢«ïîâáï à §«¨ç¨ï ¬¥¦¤ã ¨­â¥£à «®¬ ¯® ¬¥à¥ �¨­¥à  ¨ ¯®áâà®¥­­ë¬ ­ ¬¨ ¨­â¥£à «®¬ ¯®¬¥à¥ � £¥àà . �¥©áâ¢¨â¥«ì­®, ¢¨­¥à®¢áª¨© ¨­â¥£à « á¢ï§ ­ á ®¡ëç­ë¬ ¯ à ¡®«¨ç¥áª¨¬ ãà ¢-­¥­¨¥¬ @�@t = a2 @2�@x 2 ; (2)â.¥. á ãà ¢­¥­¨¥¬ ¤¨ääã§¨¨ á ¯®áâ®ï­­ë¬ ª®¥ää¨æ¨¥­â®¬, ¢ â® ¢à¥¬ï ª ª à áá¬ âà¨¢ ¥¬ë©¢ à ¡®â¥ ª®­â¨­ã «ì­ë© ¨­â¥£à « ï¢«ï¥âáï ¨­â¥£à «®¬ ¢ ¯à®áâà ­áâ¢¥ âà ¥ªâ®à¨© ¯® ¬¥à¥á®®â¢¥âáâ¢ãîé¥© ãà ¢­¥­¨î ¤¨ääã§¨@̈�@t = @@x �x @@x��; (3)á ¯¥à¥¬¥­­ë¬ ª®¥ää¨æ¨¥­â®¬, ª®â®à®¥ ï¢«ï¥âáï ¢ëà®¦¤¥­­ë¬ ¯ à ¡®«¨ç¥áª¨¬ ãà ¢­¥­¨¥¬.�®«¥¥ â®£®, ãà ¢­¥­¨¥ (2) à áá¬ âà¨¢ ¥âáï ­  ¢á¥© ¢¥é¥áâ¢¥­­®© ®á¨, â®£¤  ª ª ãà ¢­¥­¨¥ (3)§ ¤ ­® ­  ¯®«ã®á¨ [0;1): �â¬¥â¨¬ â ª¦¥, çâ® ¢ à áá¬ âà¨¢ ¥¬®¬ ­ ¬¨ á«ãç ¥ ­¥ ¯à¨¬¥­¨¬ëà¥§ã«ìâ âë à ¡®âë [14] (â ª ª ª ¯à ¢ ï ç áâì ãà ¢­¥­¨ï (3) ­¥ ï¢«ï¥âáï ®âà¨æ â¥«ì­® ®¯à¥¤¥-«¥­­ë¬ ®¯¥à â®à®¬) ¨ áà¥¤­¥¥ §­ ç¥­¨¥ äã­ªæ¨®­ «  (1) ¯® ¬¥à¥ � £¥àà  á¢ï§ ­® ­¥ á ¯ à ¡®-«¨ç¥áª¨¬ ¤¨ää¥à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨¥¬ 2-£® ¯®àï¤ª ,   â®«ìª® á ­¥ª®â®àë¬ ¨­â¥£à «ì­ë¬4



ãà ¢­¥­¨¥¬ â¨¯  �®«ìâ¥àà f(x; �) =  (x; �) + Z x0 K(x; �) (x; �)d�; (4)£¤¥ K(x; x) =1: �®§¬®¦­®, íâ® ¯®á«¥¤­¥¥ ®¡áâ®ïâ¥«ìáâ¢® ®¡ãá«®¢«¥­® â¥¬, çâ® à áá¬ âà¨¢ ¥-¬ë© ­ ¬¨ á«ãç ©­ë© ¯à®æ¥áá ­¥ ï¢«ï¥âáï ¬ àª®¢áª¨¬ (å®âï ¯¥à¥å®¤­ë¥ ¢¥à®ïâ­®áâ¨ ¨ ã¤®¢«¥-â¢®àïîâ ­¥ª®â®à®¬ã ®¡®¡é¥­­®¬ã ãà ¢­¥­¨î �¬®«ãå®¢áª®£® - � àª®¢  - �í¯¬¥­  - �®«¬®£®-à®¢  [?]).� § ª«îç¥­¨¥ ®â¬¥â¨¬, çâ® ¤ ­­ ï à ¡®â  ­®á¨â ¯à¥¤¢ à¨â¥«ì­ë© å à ªâ¥à. �­®£¨¥ ¢ ¦-­ë¥ ¢®¯à®áë á¢ï§ ­­ë¥ á ¨§ãç¥­¨¥¬ äã­ªæ¨®­ «ì­®£® ¨­â¥£à «  ¯® ¬¥à¥ � £¥àà  (¨áá«¥¤®-¢ ­¨¥ ­®á¨â¥«ï ¬¥àë � £¥àà , ®¯¨á ­¨¥ ª« áá  äã­ªæ¨®­ «®¢ ¨­â¥£à¨àã¥¬ëå ¯® íâ®© ¬¥à¥,¢®§¬®¦­ë¥ ä¨§¨ç¥áª¨¥ ¯à¨«®¦¥­¨ï,   â ª¦¥ ¢®§¬®¦­®áâì § ¯¨á¨ á ¯®¬®éìî â ª¨å ¨­â¥£à -«®¢ à¥è¥­¨© ­¥ª®â®àëå ¢ëà®¦¤¥­­ëå ¯ à ¡®«¨ç¥áª¨å ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©) âà¥¡ã¥â¤®¯®«­¨â¥«ì­ëå ¨áá«¥¤®¢­¨©.2 �¡®¡é¥­­ë© ®áæ¨««ïâ®à�¯¨è¥¬ ¢ªà âæ¥ ­¥ª®â®àë¥ ®á­®¢­ë¥ íâ ¯ë ¯®áâà®¥­¨ï ®áæ¨««ïâ®à®-¯®¤®¡­®© á¨áâ¥¬ë ¯® § -¤ ­­®¬ã á¥¬¥©áâ¢ã ¯®«¨­®¬®¢ f n(x)g1n=0 ; ®àâ®£®­ «ì­ëå ¯® ¯®«®¦¨â¥«ì­®© ¡®à¥«¥¢áª®© ¬¥à¥� ­  ¢¥é¥áâ¢¥­­®© ®á¨ R1, ¤«ï ª®â®à®© ª®­¥ç­ë ¢á¥ ¬®¬¥­âë�n = Z 1�1 xn�(dx); n = 0; 1; : : : ; (5)�¥â «ì­®¥ à áá¬®âà¥­¨¥ íâ®© ª®­áâàãªæ¨¨ ¨ ¤®ª § â¥«ìáâ¢  ¯à¨¢¥¤¥­ë ¢ à ¡®â å [16, 17] ¨¬ë ­¥ ¡ã¤¥¬ ¢®á¯à®¨§¢®¤¨âì ¨å §¤¥áì. �ãáâì ¯®«¨­®¬ë f n(x)g1n=0 ®¯à¥¤¥«ïîâáï á ¯®¬®éìîà¥ªãàà¥­â­®£® á®®â­®è¥­¨ï x n(x) = bn n+1(x) + bn�1 n�1(x); (6)n � 0;  0(x) = 1:ª®â®à®¬ã á®®â¢¥âáâ¢ã¥â ¬ âà¨æ  �ª®¡¨J = 0BBBB@ 0 b0 0 : : :b0 0 b1 : : :0 b1 0 : : :: : : : : : : : : : : : : :1CCCCA ; (7)5



  á®®â­®è¥­¨¥ ®àâ®£®­ «ì­®áâ¨ ¨¬¥¥â ¢¨¤Z 1�1  n(x) k(x)�(dx) = �n;k: (8)�â  á¨áâ¥¬  ®¡à §ã¥â ®àâ®­®à¬¨à®¢ ­­ë© ¡ §¨á ¢ £¨«ì¡¥àâ®¢®¬ ¯à®áâà ­áâ¢¥H� = L2 (R;�(dx)) :�¯à¥¤¥«¨¬ ¢ H�  ­ «®£¨ ®¯¥à â®à®¢ ª®®à¤¨­ âë X�; P�; ¨¬¯ã«ìá  P� ¨ £ ¬¨«ìâ®­¨ ­ H� = X 2� + P 2� (9)§ ¤ ¢ ¨å ¤¥©áâ¢¨¥ ­  ¢¥ªâ®à å ¡ §¨á  áâ ­¤ àâ­ë¬¨ ä®à¬ã« ¬¨8>>><>>>:X� n(x)=bn�1 n�1(x) + bn n+1(x);P� n(x)=i (bn�1 n�1(x)� bn n+1(x)) ;H� n(x)=�n n(x) (10)£¤¥ �n = 2(b 2n�1 + b 2n):�à®áâà ­áâ¢® H� ¬®¦­® à áá¬ âà¨¢ âì ª ª à¥ «¨§ æ¨î ¯à®áâà ­áâ¢  �®ª  F� á «¥áâ­¨ç-­ë¬¨ ®¯¥à â®à ¬¨ à®¦¤¥­¨ï a+� ¨ ã­¨çâ®¦¥­¨ï a��a+� = 1p2 (X� + iP�) ;a�� = 1p2 (X� � iP�) ; (11)¤¥©áâ¢¨¥ ª®â®àëå ­  í«¥¬¥­âë ¡ §¨á  ¨¬¥¥â ¢¨¤a+� n(x) = p2bn n+1(x);a�� n(x) = p2bn�1 n�1(x): (12)�¯à¥¤¥«¨¬ ¢ ¯à®áâà ­áâ¢¥ F� ®¯¥à â®à ç¨á«  N�; ­ã¬¥àãîé¨© í«¥¬¥­âë ¡ §¨á  ( ­ «®£®¯¥à â®à  ç¨á«  ç áâ¨æ) N� n(x) = n n(x) (13)¨ ®¯¥à â®à­ãî äã­ªæ¨î B(N�) ®¯¥à â®à  N� ¯®«®¦¨¢B(N�) n(x) = b 2n�1  n(x): (14)6



�¯¥à â®àë a+� ; a�� ; ¨ N� ã¤®¢«¥â¢®àïîâ ¯¥à¥áâ ­®¢®ç­ë¬ á®®â­®è¥­¨ï¬�a�� ; a+� � = 2 (B(N� + I�)� B(N�)) ;�N�; a�� � = �a�� : (15)�áá®æ¨ â¨¢­ãî  «£¥¡àã A�; ¯®à®¦¤ ¥¬ãî £¥­¥à â®à ¬¨ a�� ; N�; ã¤®¢«¥â¢®àïîé¨¬¨ ãª § ­-­ë¬ ¯¥à¥áâ ­®¢®ç­ë¬ á®®â­®è¥­¨ï¬, ¡ã¤¥¬ ­ §ë¢ âì ®¡®¡é¥­­ë¬ ®áæ¨««ïâ®à®¬, á®®â-¢¥âáâ¢ãîé¨¬ á¥¬¥©áâ¢ã ®àâ®£®­ «ì­ëå ¯®«¨­®¬®¢ f n(x)g1n=0 :�«£¥¡à  A� ¨¬¥¥â ­¥âà¨¢¨ «ì­ë© æ¥­âà, ¯®à®¦¤ ¥¬ë© í«¥¬¥­â®¬C = 2B(N�)� a+� a�� ; (16)â ª çâ® ®­ , ¢ ®â«¨ç¨¨ ®â  «£¥¡àë áâ ­¤ àâ­®£® ¡®§®­­®£® ®áæ¨««ïâ®à , ¨¬¥¥â ¨ ­¥ä®ª®¢áª¨¥¯à¥¤áâ ¢«¥­¨ï. � ªâ®à- «£¥¡àã  «£¥¡àë A� ¯® ¥¥ æ¥­âàã ¡ã¤¥¬ ­ §ë¢ âì ®¡®¡é¥­­®©  «£¥¡à®©�¥©§¥­¡¥à£ .�¬¥¥âáï ¤¢  á«ãç ï ª®£¤   «£¥¡à  ®¡®¡é¥­­®£® ®áæ¨««ïâ®à  ®¯à¥¤¥«ï¥âáï ª®àà¥ªâ­® (¨ ¡¥§¤®¯®«­¨â¥«ì­ëå ãá¨«¨©).1. B(N�) - ¬­®£®ç«¥­ ®â N� (íâ®â á«ãç © ¢ª«îç ¥â ¢á¥ ®¡®¡é¥­­ë¥ ®áæ¨««ïâ®àë á¢ï§ ­­ë¥á ª« áá¨ç¥áª¨¬¨ ®àâ®£®­ «ì­ë¬¨ ¬­®£®ç«¥­ ¬¨ ­¥¯à¥àë¢­®£®  à£ã¬¥­â );2. B(N�) ­¥ ï¢«ï¥âáï ¬­®£®ç«¥­®¬ ®â N� ­® ã¤®¢«¥â¢®àï¥â à¥ªãàà¥­â­®¬ã á®®â­®è¥­¨î�B(N� + I�) + B(N�) + 
B(N� � I�) = 0 (17)¤«ï ­¥ª®â®àëå ç¨á¥« � ¨ 
: �®®â¢¥âáâ¢ãîé¨© ®áæ¨««ïâ®à ¥áâ¥áâ¢¥­­® ­ §¢ âì ®¡®¡é¥­­ë¬®áæ¨««ïâ®à®¬ �¨¡®­ çç¨. (�¯à¥¤¥«ï¥¬ë© â ª¨¬¨ á®®â­®è¥­¨ï¬¨ ª« áá ®¡®¡é¥­­ëå ®áæ¨««ï-â®à®¢ ¢ª«îç ¥â ¯à ªâ¨ç¥áª¨ ¢á¥ ¢ à¨ ­âë ¤¥ä®à¬¨à®¢ ­­ëå ®áæ¨««ïâ®à®¢, ¨áá«¥¤®¢ ­­ëå ª­ áâ®ïé¥¬ã ¢à¥¬¥­¨).3 �®«¨­®¬ë � £¥àà  ¨ ®áæ¨««ïâ®à � £¥àà �®«¨­®¬ë � £¥àà  ®¯à¥¤¥«ïîâáï á®®â­®è¥­¨¥¬L�n(x) = (� + 1)nn! 1F1� �n�+1 ����x� = nX�=0 �n+ �n� ��(�x)��! ; (18)7



£¤¥ á¨¬¢®« �®å£ ¬¬¥à  ®¯à¥¤¥«ï¥âáï á®®â­®è¥­¨ï¬¨(a)n = a(a+ 1)(a+ 2) � � � (a+ n� 1); (a)0 = 1;  ®¡®¡é¥­­ë¥ ¡¨­®¬¨ «ì­ë¥ ª®íää¨æ¨¥­âë ¢ëç¨áïîâáï ¯® ä®à¬ã«¥�n+ �n� �� = �(n+ � + 1)�(n� � + 1)�(�+ � + 1)� £¨«ì¡¥àâ®¢®¬ ¯à®áâà ­áâ¢¥ HL� = L2 �R1+; x�e�xdx� (19)äã­ªæ¨¨  n(x) =s n!�(n+ � + 1) L�n(x) (20)®¡à §ãîâ ®àâ®­®à¬¨à®¢ ­­ë© ¡ §¨á.�¥ªãàà¥­â­ë¥ á®®â­®è¥­¨ï ¤«ï íâ¨å äã­ªæ¨© ¨¬¥îâ ¢¨¤x n(x) = bn n+1(x) + (2n + � + 1) n(x) + bn�1 n�1(x); n � 0; (21)á ­ ç «ì­ë¬ ãá«®¢¨¥¬  0(x) = 1;£¤¥ bn = �p(n+ 1)(n+ � + 1): (22)�¤¥áì ¬ âà¨æ  �ª®¡¨ ¨¬¥¥â ­¥­ã«¥¢ãî ¤¨ £®­ «ì ¨ ¤«ï ¯®áâà®¥­¨ï ®¡®¡é¥­­®£® ®áæ¨««ï-â®à  á«¥¤ã¥â ¯¥à¥©â¨ ª ¤àã£¨¬ ®¯¥à â®à ¬ ª®®à¤¨­ âë ¨ ¨¬¯ã«ìá eX� = Re(X� � P�); eP� = �iIm(X� � P�) (23)¨ £ ¬¨«ìâ®­¨ ­ã eH� = eX 2� + eP 2� ; (24)ª®â®àë¥ ­  í«¥¬¥­â å ¡ §¨á  f n(x)g1n=0 ¤¥©áâ¢ãîâ ¯® â¥¬ ¦¥ ä®à¬ã« ¬ (10).�á¯®«ì§ãï ¤¨ää¥à¥­æ¨ «ì­ë© ®¯¥à â®àK = x ddx;8



â ª®© çâ® K n(x) = bn�1 n�1(x) + n n(x) (25)¤«ï ®¯¥à â®à®¢ eX�; eP� ¨ eH� ¯®«ãç ¥¬ ¢ëà ¦¥­¨ï8>>>>>><>>>>>>: eX� = 2(K� N�) + [N�;X�];eP� = �i[N�;X�];eH� = 4(N 2� �K2) + 2((K� N�)X�++X�(K� N�)) + 4(� + 1)(N� � K): (26)�à ¢­¥­¨¥ ­  á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï ¤«ï £ ¬¨«ìâ®­¨ ­ eH� n(x) = �n n(x); �n = 4�n2 + (� + 1)n + � + 12 � ; n � 0; (27)íª¢¨¢ «¥­â­® ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î ¤«ï ¯®«¨­®¬®¢ � £¥àà x (L�n(x))00 + (� + 1� x) (L�n(x))0 + n (L�n(x)) = 0; (28)� ª®­¥æ ¯¥à¥áâ ­®¢®ç­ë¥ á®®â­®è¥­¨ï ®¯¥à â®à®¢ à®¦¤¥­¨ï ¨ ã­¨çâ®¦¥­¨ï ®áæ¨««ïâ®à � £¥àà  ¨¬¥îâ ¢¨¤ [ea�� ;ea+� ] = 2N� + (�+ 1)I�: (29)4 �ã­ªæ¨®­ «ì­ë© ¨­â¥£à « ¤«ï ®áæ¨««ïâ®à  � £¥àà 4.1 �®áâà®¥­¨¥ á«ãç ©­®£® ¯à®æ¥áá  XL(t) á¢ï§ ­­®£® á ¯®«¨­®¬ ¬¨� £¥àà �à¨¢¥¤¥¬ ­¥ª®â®àë¥ ®¡®§­ ç¥­¨ï ¨ à¥§ã«ìâ âë ®â­®áïé¨¥áï ª á«ãç ©­ë¬ ¯à®æ¥áá ¬. �¡®§­ -ç¨¬ fn(xn; tn; : : : x2; t2; x1; t1); n � 1; (30)n-â®ç¥ç­ãî ¯«®â­®áâì á«ãç ©­®£® ¯à®æ¥áá  x(t); £¤¥ xk = x(tk): �®£¤ fn(xn; tn; : : : x2; t2; x1; t1) = pn(xn; tnjxn�1; tn�1; : : : x2; t2; x1; t1)fn�1(xn�1; tn�1; : : : x2; t2; x1; t1);(31)9



£¤¥ pn(xn; tnjxn�1; tn�1; : : : x2; t2; x1; t1) ®¡®§­ ç ¥â ãá«®¢­ãî ¯«®â­®áâì ¢¥à®ïâ­®áâ¨. � ¬¥â¨¬,çâ® ¢ á«ãç ¥ ¬ àª®¢áª®£® ¯à®æ¥áá pn(xn; tnjxn�1; tn�1; : : : x2; t2; x1; t1) = p2(xn; tnjxn�1; tn�1); n � 3: (32)� à ¡®â¥ [15] ¯®ª § ­®, çâ®p2(x3; t3jx2; t2) = R1�1 p3(x3; t3; x2; t2; x1; t1)p2(x2; t2; x1; t1)f1(x1; t1)dx1R1�1 p2(x2; t2; x1; t1)f1(x1; t1)dx1 : (33)�à ¢­¥­¨¥ �¬®«ãå®¢áª®£® - � àª®¢  - �í¯¬¥­  - �®«¬®£®à®¢  ¨¬¥¥â ¢¨¤p2(x3; t3jx1; t1; u) = Z 1�1 p2(x3; t3jx2; t2; u)p2(x2; t2jx1; t1; u)dx2; (34)¯à¨ ãá«®¢¨¨ p2(x; tjy; t) = �(x � y): (35)�¥à¥©¤¥¬ ª ¯®áâà®¥­¨î á«ãç ©­®£® ¯à®æ¥áá  á¢ï§ ­­®£® á ¯®«¨­®¬ ¬¨ � £¥àà . �ë ¡ã-¤¥¬ à áá¬ âà¨¢ âì á«ãç © ¯®«¨­®¬®¢ � £¥àà  á � = 0; Ln(x) = L0n(x): �¨áâ¥¬  fLn(x)g1n=0®àâ®­®à¬¨à®¢ ­  ¯® ¬¥à¥ d�L(x) = fL(x)dx (36)á ¯«®â­®áâìî fL(x) = 8<: e�x x � 0;0 x � 0;á®®â¢¥âáâ¢ãîé¥© ¯®ª § â¥«ì­®¬ã § ª®­ã à á¯à¥¤¥«¥­¨ï ¢ â¥®à¨¨ ¢¥à®ïâ­®áâ¥©.�«ãç ©­ë© ¯à®æ¥ááXL(t); ®â¢¥ç îé¨© d�L; ®¯à¥¤¥«ï¥âáï ¯®á«¥¤®¢ â¥«ì­®áâìî n-â®ç¥ç­ëå¯«®â­®áâ¥© à á¯à¥¤¥«¥­¨ï ¢¥à®ïâ­®áâ¥©�fLn (xn; tn; : : : x2; t2; x1; t1)	1n=1 ; (37)£¤¥ fL1 (x1; t1) = 8<: 1t1 e�x1t1 x1 � 0;0 x1 < 0: : (38)�«ï n � 2 ¯à¨ t = tn > tn�1 > : : : > t1 � 0¨ x = xn > xn�1 > : : : > x1 � 0; (x(0) = 0)10



¨¬¥¥¬fLn (xn; tn; : : : x2; t2; x1; t1) =e�x1=t1t1 � e�(x2�x1)=(t2�t1)t2 � t1 � : : : � e�(xn�xn�1)=(tn�tn�1)tn � tn�1 : (39)�¡®§­ ç¨¢ �k = (tk � tk�1)�1 ¨ áç¨â ï t0 = 0; x0 = 0 ¨¬¥¥¬fLn (xn; tn; : : : x1; t1) =  nYi=1 �i! � exp � nXk=1 �k(xk � xk�1)!: (40)£¤¥ tn > tn�1 > : : : > t1 � 0 ¨ xn > xn�1 > : : : > x1 � 0:�®¬¨¬® ®¡ëç­ëå á¢®©áâ¢ ¯«®â­®áâ¥© ¢¥à®ïâ­®áâ¨, ¤«ï â®£® çâ® ¡ë ¯®á«¥¤®¢ â¥«ì­®áâì�fLn 	1n=1 ®¤­®§­ ç­® ®¯à¥¤¥«ï«  á«ãç ©­ë© ¯à®æ¥áá XL(t) ¤®áâ â®ç­® ¯à®¢¥à¨âì ¢ë¯®«­¥­¨¥á«¥¤ãîé¨å á¢®©áâ¢.1) �¢®©áâ¢® ¨­¢ à¨ ­â­®áâ¨ �ãáâì�n = (i1; i2; : : : ; in) | ­¥ª®â®à ï ¯¥à¥áâ ­®¢ª  ­ ¡®à  �0 = (1; 2; : : : ; n): �¡®§­ ç¨¬fLn (�n) = fLn (xin ; tin ; xin�1 ; tin�1 : : : xi1 ; ti1); (41)�à¨ tin > tin�1 > : : : > ti1 � 0 ¨¬¥¥¬fLn (xin ; tin ; xin�1 ; tin�1 : : : xi1 ; ti1) =  nYk=1 �ik! � exp � nXk=1 �ik(xik � xik�1)!; (42)¨ fLn (�n) = 0 ¢ ®áâ «ì­ëå á«ãç ïå. �®£¤  ¤«ï «î¡®© ¯¥à¥áâ ­®¢ª¨ � ¨¬¥¥¬fLn (�n) = fLn (�0): (43)2) �á«®¢¨ï á®£« á®¢ ­¨ï �«ï «î¡®£® m (1 � m � n� 1) á¯à ¢¥¤«¨¢ë ãá«®¢¨ïZ 1xmd xm+1 Z 1xm+1d xm+2 : : : : : : Z 1xn�1d xnfLn (xn; tn; : : : x1; t1) = fLm(xm; tm; : : : x1; t1): (44)�®£¤  ¯® â¥®à¥¬¥ �®«¬®£®à®¢  ¯à¥¤¥«ì­ë© ¯à®æ¥áá XL(t) ®¤­®§­ ç­® ®¯à¥¤¥«¥­ ¨ áãé¥-áâ¢ã¥â ¬¥à , ï¢«ïîé ïáï ¯à¥¤¥«®¬ ¯®á«¥¤®¢ â¥«ì­®áâ¨ ¬¥à�Ln = fLn dx1 : : : d xn: (45)11



�®¢¨¤¨¬®¬ã. ­®á¨â¥«¥¬ ¬¥àë �L ï¢«ï¥âáï ª« áá ®£à ­¨ç¥­­ëå äã­ªæ¨© ¬®­®â®­­® ¢®§à -áâ îé¨å ­  ®âà¥§ª¥ [0; t] ¨ â ª¨å, çâ® X(0) = 0:�¥á¬®âàï ­  â®, çâ® ¯à®æ¥ááXL(t) ­¥ ï¢«ï¥âáï ¬ àª®¢áª¨¬, ¤«ï ­¥£® ¢ë¯®«­ï¥âáï ãà ¢­¥­¨¥�¬®«ãå®¢áª®£® - � àª®¢  - �í¯¬¥­  - �®«¬®£®à®¢  ª®â®à®¥ ¢ íâ®¬ á«ãç ¥ ¨¬¥¥â ¢¨¤p2(y; tjx; 0) = Z yx p2(y; tjz; � )p2(z; � jx; 0)dz; (46)£¤¥ p2(z; � jx; 0) = 1� e�(z�x)=� ; (0 < x < z; � > 0) (47)p2(y; tjz; � ) = t � 2�t(t� � ) � e�(y�x)=te�(y�x)=(t�� ) � e�(y�x)=(� ) � �e�(y�z)=(t�� ): (48)¯à¨ 0 < z < y; 0 < � < t:4.2 �®áâà®¥­¨¥ äã­ªæ¨®­ «ì­®£® ¨­â¥£à « � ª ª ª ¤«ï ¢¥à®ïâ­®áâ¥© á«ãç ©­®£® ¯à®æ¥áá  xL(t); â ª®£® çâ® x(t = 0) = 0 ¯à¨ tn > tn�1 >: : : > t1 > 0 ¨ xn > xn�1 > : : : > x1 > 0 á¯à ¢¥¤«¨¢® á®®â­®è¥­¨¥P (a1 < x(t1) < b1; : : : an < x(tn) < bn) =Z b1a1 � � �Z bnan fLn (xn; tn; : : : x2; t2; x1; t1)dx1 : : : dxn; (49)â® ¯à¨ (x0 = 0) ¨¬¥¥¬P (a1 < x(t1) < b1; : : : an < x(tn) < bn) =Z b1a1 � � �Z bnan �1 : : : �n � exp � nXk=1 �k(xk � xk�1)!dx1 : : : dxn; (50)�¯à¥¤¥«¨¬ á®®â¢¥âáâ¢ãîé¨© ¯à®æ¥ááã XL(t) äã­ªæ¨®­ «ì­ë© ¨­â¥£à « ®â äã­ªæ¨®­ « F (x(� )) ¯® ¬¥à¥ �L ä®à¬ã«®© (x0 = 0)ZM F (x(� ))dLx = limn!1 Z 10 d x1 Z 1x1 dx2 : : : Z 1xn�1dxnF (x1; x2; : : : ; xn) nYi=1 �i! exp � nXk=1 �k(xk � xk�1)!: (51)12



(ª®­¥ç­®, ¯®¤à §ã¬¥¢ ¥âáï, çâ® ¯à¨ íâ®¬ max1�k�n(xk � xk�1)! 0; ¯à¨ n!1)� ©¤¥¬ ¬ â¥¬ â¨ç¥áª®¥ ®¦¨¤ ­¨¥ á«ãç ©­®£® ¯à®æ¥áá  XL(t): �¬¥¥¬,mL(t) = limn!1 Z 10 x1d x1 Z 1x1d x2 � � �Z 1xn�1d xn nYi=1 �i! exp � nXk=1 �k(xk � xk�1)!: (52)�ç¨âë¢ ï ãá«®¢¨¥ á®£« á®¢ ­¨ï, ¯®«ãç¨¬mL(t) = limn!1 Z 10 x1t e�x1t dx1 = t (53)�­ «®£¨ç­® ¤«ï ª®àà¥«ïæ¨®­­®© äã­ªæ¨¨KL(t1; t2) = ZM x(t1)x(t2)dLx =limn!1 Z 10 x1dx1 Z 1x1 x2dx2 Z 1x2 dx3 � � �Z 1xn�1dxn nYi=1 �i! exp � nXk=1 �k(xk � xk�1)! =Z 10 x1d x1 Z 1x1x2 fL2 (x2; t2; x1; t1; 0; 0)d x2 =Z 10 x1dx1 Z 1x1 x2�1�2 e��1x1��2(x2�x1)d x2; (54)â ª çâ® ®ª®­ç â¥«ì­® ¯®«ãç ¥¬KL(t1; t2) = 2�21 + 1�1�2 = t1(t1 + t2); 0 < t� 2 < t1: (55)� ¯®¬­¨¬, çâ® ¯à¨ t1 > t2 > 0 KL(t1; t2) = KL(t2; t1):�ë ­¥ ¡ã¤¥¬ ¢ë¯¨áë¢ âì ¤®¢®«ì­® £à®¬®§¤ª®¥ ¢ëà ¦¥­¨¥ ¤«ï ¬®¬¥­â  ¯à®¨§¢®«ì­®£® ¯®àï¤ª ZM x(t1)x(t2) : : : x(tn)dLx =Z 10 x1dx1 Z 1x1 x2dx2 : : : Z 1xn�1 xn nYi=1 �i! � exp � nXk=1 �k(xk � xk�1)!dxn: (56)5 �ëç¨á«¥­¨¥ EL hexp�� R t0 V (x(� ))d��i� ª¢ ­â®¢®© ¬¥å ­¨ª¥ ¢ëç¨á«¥­¨¥ áâ âáã¬¬ë E �e� R t0 V d�� (¨­â¥£à « ¡¥à¥âáï ¯® ¬¥à¥ �¨­¥à )¬®¦­® á¢¥áâ¨ ª à¥è¥­¨î ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï �à¥¤¨­£¥à . �®§­¨ª ¥â ¥áâ¥áâ¢¥­-13



­ë© ¢®¯à®á ® ¢®§¬®¦­®áâ¨ ¯®«ãç¥­¨ï  ­ «®£¨ç­®£® à¥§ã«ìâ â  ¤«ï ¯®áâà®¥­­®£® ¢ëè¥ äã­ª-æ¨®­ «ì­®£® ¨­â¥£à «  ¯® ¬¥à¥ �L: �à¨ ®¡áã¦¤¥­¨¨ íâ®© § ¤ ç¨ ¬ë ¡ã¤¥¬ á«¥¤®¢ âì áå¥¬¥¯à¥¤«®¦¥­­®© ¢ à ¡®â¥ �.� æ  (1954£.) ¨§«®¦¥­¨¥ ª®â®à®© ¨¬¥¥âáï ¢ ¬®­®£à ä¨¨ [5].�ª § ­­ ï áå¥¬  á®áâ®¨â ¨§ âà¥å íâ ¯®¢:1. �â âáã¬¬  ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ ¨­â¥£à «  ®â ­¥ª®â®à®© ¢á¯®¬®£ â¥«ì­®© äã­ªæ¨¨E �e� R t0 V d�� = Z 1�1Q(x; t)dx:2. � å®¤¨âáï ®á­®¢­®¥ ¨­â¥£à «ì­®¥ ãà ¢­¥­¨¥ ¤«ï äã­ªæ¨¨ Q(x; t):3. �­â¥£à «ì­®¬ã ãà ¢­¥­¨î á®¯®áâ ¢«ï¥âáï ­¥ª®â®à®¥ ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥, ª®-â®àë¬, ¢ áâ ­¤ àâ­®¬ á«ãç ¥ ¢¨­¥à®¢áª®© ¬¥àë, ï¢«ï¥âáï ãà ¢­¥­¨¥ �à¥¤¨­£¥à .� á«ãç ¥ à áá¬ âà¨¢ ¥¬®£® äã­ªæ¨®­ «ì­®£® ¨­â¥£à « , á¢ï§ ­­®£® á ¯®«¨­®¬ ¬¨ � £¥àà ã¤ «®áì ®áãé¥áâ¢¨âì â®«ìª® ¯¥à¢ë¥ ¤¢  íâ ¯ .�â ª, ¯ãáâì V (x) ­¥¯à¥àë¢­ ï, ®£à ­¨ç¥­­ ï äã­ªæ¨ï § ¤ ­­ ï ­  ®âà¥§ª¥ [0;1)0 � V (x) < B ) 0 < Z t0 V (x(� ))d� < Bt: (57)� ¯¨á ¢ exp�� Z t0 V (x(� ))d�� = 1Xk=0 (�1)kk! �Z t0 V (x(� ))d��k ; (58)¯®«ãç¨¬ EL �exp�� Z t0 V (x(� ))d��� = 1Xk=0 (�1)kk! �k(t) (59)£¤¥ (60)�k(t) = EL "�Z t0 V (x(� ))d��k# : (61)�á¯®«ì§ãï ®¯à¥¤¥«¥­¨¥ äã­ªæ¨®­ «ì­®£® ¨­â¥£à «  ¨¬¥¥¬�k(t) = k! Z t0 d�n Z �n0 d�n�1 : : : Z �20 �1 Z 10 d�1V (�1)fL1 (�1; �1)�� Z 10 d�2V (�2)fL1 (�2 � �1; �2 � �1) : : :: : : Z 10 d�nV (�n)fL1 (�n � �n�1; �n � �n�1): (62)14



�¡®§­ ç¨¬ Q0(x; t) = 1t e�xt ; (x > 0; t > 0; (63)Qn+1(x; t) = Z t0 d� Z 10 V (�)Qn(�; � )fL1 (x� �; t� � )d � (64)�®¦­® ¯®ª § âì, çâ® �n(t) = n! Z 10 Qn(x; t)dx: (65)�® ¨­¤ãªæ¨¨ ¯®«ãç ¥¬ 0 < Qn(x; t) < (Bt)nn! Q0(x; t): (66)�®£¤  àï¤ Q(x; t) = 1Xn=0(�1)nQn(x; t) (67)áå®¤¨âáï ¨ jQ(x; t)j < eBtQ0(x; t):�¬­®¦ ï (64) ­  (�1)n+1; áã¬¬¨àãï ¯® n ¨ ¤®¡ ¢«ïï Q0(x; t) ¯®«ãç ¥¬ ¨­â¥£à «ì­®¥ ãà ¢-­¥­¨¥ ¤«ï äã­ªæ¨¨ Q(x; t)Q(x; t) + Z t0 d� Z 10 V (�)Q(�; � )fL1 (x� �; t� � )d � = Q0(x; t): (68)�«ï áà ¢­¥­¨ï ¯à¨¢¥¤¥¬  ­ «®£¨ç­®¥ ãà ¢­¥­¨¥ ¨§ à ¡®âë �.� æ QW (x; t) + 1p2� Z t0 d� Z 1�1 V (�)QW (�; � ) 1pt� � exp��(x� �)22(t � � )� d� = QW0 (x; t); (69)£¤¥ QW0 (x; t) = 1p2�t exp��x22t�QWn+1(x; t) = Z t0 d� Z 1�1 V (�)QWn (�; � ) 1p2�(t � � ) exp��(x� �)22(t � � )� d�: (70)�ëç¨á«ïï ¯à®¨§¢®¤­ë¥ @QW@t ; @QW@x ; @2QW@x 2 ; ¬®¦­® ¯®ª § âì, çâ® äã­ªæ¨ï QW ã¤®¢«¥â¢®àï¥âãà ¢­¥­¨î �à¥¤¨­£¥à . � ­ è¥¬ á«ãç ¥ íâ®â ¯à¨¥¬ ­¥ ¯à¨¬¥­¨¬ â ª ª ª ¯à®¨§¢®¤­ ï @Q@x ­¥áãé¥áâ¢ã¥â. �¥¬ á ¬ë¬ ¬ë ¯®«ãç¨«¨ ®âà¨æ â¥«ì­ë© ®â¢¥â ­  ­  3-¨© ¢®¯à®á ¯®áâ ¢«¥­­ë© ¢­ ç «¥ íâ®£® à §¤¥« . �¬¥­­®, ¢ ­ è¥¬ á«ãç ¥ ¢ëç¨á«¥­¨¥ áâ âáã¬¬ë ­¥«ì§ï á¢¥áâ¨ ª à¥è¥­¨î¤¨ää¥à¥­æ¨ «ì®£® ãà ¢­¥­¨ï ¨ á«¥¤ã¥â ¨á¯®«ì§®¢ âì ¨­â¥£à «ì­®¥ ãà ¢­¥­¨¥ (68) ¨«¨ íª¢¨¢ -«¥­â­®¥ ¥¬ã ãà ¢­¥­¨¥, ª®â®à®¥ ¯®«ãç ¥âáï ¨§ (68) ¯à¨¬¥­¥­¨¥¬ ¯à¥®¡à §®¢ ­¨ï � ¯« á .15



�à¨¬¥­¨¬ ª (68) ¯à¥®¡à §®¢ ­¨¥ � ¯« á  L ¯® ¯¥à¥¬¥­­®© t: �¡®§­ ç¨¢ L[Q(x; t)] = 	(x; �)¨ ¨á¯®«ì§ãï ä®à¬ã«ã (3.471.9) ¨§ [18]L[Q0(x; t)] = Z 10 e�t e�x=tt d t = 2K0(2px�); Rex > 0; Re� > 0; (71)£¤¥ K0 - ¬®¤¨ä¨æ¨à®¢ ­­ ï äã­ªæ¨ï �¥áá¥«ï 3-£® à®¤  (äã­ªæ¨ï � ª¤®­ «ì¤ ), ¯®«ãç ¥¬	(x; �) + Z 10 V (�)u(x� �)	(x; �)2K0(2p(x� �)�)d � = 2K0(2px�); (72)£¤¥ u(x � �) - äã­ªæ¨ï ¥¤¨­¨ç­®£® áª çª u(x� �) = 8<: 1 ¯à¨ x � �0 ¯à¨ x < � : (73)� ¬¥â¨¬, çâ® ª ª ¨ ãà ¢­¥­¨¥ (68), ¯®«ãç¥­­®¥ ãà ¢­¥­¨¥ (72) ï¢«ï¥âáï ãà ¢­¥­¨¥¬ �®«ì-â¥àà .� § ª«îç¥­¨¥ à ¡®âë ¯®«ãç¨¬ ®¤­® ãâ¢¥à¦¤¥­¨¥ ®â­®á¨â¥«ì­® ï¤à  ¨­â¥£à «ì­®£® ãà ¢-­¥­¨ï (68).�¥®à¥¬  5.1. �¡®§­ ç¨¬K(x; �; t) = V (�) u(x� �) Z t0 d�Q0(x� �; t� � ) (74)ï¤à® ¨­â¥£à «ì­®£® ãà ¢­¥­¨ï (68). �®£¤  ¯à¨ p � 1; t > 0; V (�) 2 Lp(R1+); V � 0K(x; �; t) 2 Lp(R1+ � R1+): (75)�®ª § â¥«ìáâ¢®. �¬¥¥¬jjKjjpp = Z 10 Z 10 dxd�jK(x; �; t)jp = Z 10 d�V (�)p Z 10 dxu(x � �)�Z t0 d�Q0(x� �; t� � )�p : (76)� ª ª ª Z t0 d�Q0(x� �; t� � ) = Z t0 d� exp ��x��t�� �t� � = Z t0 d�� e�x��� ;â® ¤¥« ï § ¬¥­ã y = x � � ¨ ãç¨âë¢ ï (72) ¨¬¥¥¬jjKjjpp == jjV jjpp = Z 10 dy�Z t0 d�� e� y��p :16



�à¨ � = t� ¨ y = zt ¯®«ãç ¥¬Z 10 dy�Z t0 d�� e� y��p = Z 10 dz�Z 10 d�� e�z=��p :¨«¨ ãç¨âë¢ ï ä®à¬ã«ë (3.471.2) ¨ (9.236) ¨§ [18]Z 10 dy�Z t0 d�� e� y��p == t Z 10 dz �li(e�z)�pAp; (77)£¤¥ li(z) | ¨­â¥£à «ì­ë© «®£ à¨ä¬. �®¦­® ¯®ª § âì, çâ® ¨­â¥£à « ¢ ¯à ¢®© ç áâ¨ (77) áå®-¤¨âáï. �¡®§­ ç¨¢ íâ®â ¨­â¥£à « Ap ¨¬¥¥¬jjKjjpp = t jjV jjppAp (78)�®¦­® ¯®ª § âì, çâ® ï¤à® K(x; �; t) ­¥ ¯à¨­ ¤«¥¦¨â L1(R1+ � R1+):�§ ¤®ª § ­­®© â¥®à¥¬ë ¨ â¥®à¨¨ ¨­â¥£à «ì­ëå ãà ¢­¥­¨© [19] á«¥¤ã¥â, çâ® ¨­â¥£à «ì­®¥ãà ¢­¥­¨¥ (68) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ Q(x; t) ¯à¨jjV jjp < 1t1=p 1A 1=pp :� ¬¥â¨¬, çâ® ¥á«¨ à áá¬ âà¨¢ âì à¥è¥­¨ï Q(x; t) ­  [0;1] ¯à¨ x 2 R1+; â® ¢¬¥áâ® äã­ªæ¨-®­ «  exp�� R t0 d�V (x(� ))� á«¥¤ã¥â ¢§ïâì äã­ªæ¨®­ «exp�� 1t1=p Z t0 d�V (x(� ))� :
17
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