
22 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò6������������� � �������������� ��������� 514.763.85; 514.763.24�� ������������������ �������� ��� ������������������.�. �¨á¥«¥¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)E-mail: arthemy@mccme.ru�®ª § ­®, çâ® ¬ áèâ ¡­ ï á¨¬¬¥âà¨ï ãà ¢­¥­¨ï �¨ã¢¨««ï ¯®à®¦¤ ¥â ®¤­®¯ à ¬¥âà¨ç¥áª®¥á¥¬¥©áâ¢® ®¤­®¬¥à­ëå ­¥ ¡¥«¥¢ëå ­ ªàëâ¨©, á®®â¢¥âáâ¢ãîé¨å  ¢â®¯à¥®¡à §®¢ ­¨î �¥ª«ã­¤ .�áâ ­®¢«¥­®, çâ® ¨§¬¥­¥­¨¥ ä®à¬ë á¢ï§­®áâ¨ ­ ªàëâ¨ï à ¢­® áª®¡ª¥ �àñ«¨å¥à -�¨©¥­å¥©á ä®à¬ë á¢ï§­®áâ¨ ¨ ¯à®¤®«¦¥­¨ï ¬ áèâ ¡­®© á¨¬¬¥âà¨¨.1. � à ¡®â¥ à áá¬ âà¨¢ îâáï ­®¢ë¥ ª®£®¬®«®£¨-ç¥áª¨¥ ª®­æ¥¯æ¨¨ [1{3] ¢ â¥®à¨¨ ¯à¥®¡à §®¢ ­¨©�¥ª«ã­¤  ¬¥¦¤ã ãà ¢­¥­¨ï¬¨ ¢ ç áâ­ëå ¯à®¨§¢®¤-­ëå (�à��). �à¥¦¤¥ ç¥¬ ¯¥à¥©â¨ ª ãâ¢¥à¦¤¥­¨ï¬,®¯à¥¤¥«¨¬ ®á­®¢­ë¥ ¯®­ïâ¨ï ¨§ £¥®¬¥âà¨¨ �à��[1, 3].�à ¢­¥­¨ï ¨ ¨å á¨¬¬¥âà¨¨. � áá¬®âà¨¬á¨áâ¥¬ã ­¥«¨­¥©­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥-­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå F�(x; u; p) = 0 ,� = 1; : : : ; r , ¯®àï¤ª  k , £¤¥ F� | £« ¤ª¨¥äã­ªæ¨¨, x = (x1; : : : ; xn) | ­¥§ ¢¨á¨¬ë¥ ¯¥à¥-¬¥­­ë¥, u = (u1; : : : ; um) | ­¥¨§¢¥áâ­ë¥ äã­ª-æ¨¨, p = fpj� j pj� = @j�juj=@(x1)i1 : : : @(xn)in ,� = fi1; : : : ; ing , j�j= i1 + : : :+ in 6 kg .� áá¬®âà¨¬ âà¨¢¨ «ì­®¥ m-¬¥à­®¥ à áá«®¥­¨¥� : Rm � Rn ! Rn . �à®áâà ­áâ¢® k -áâàã© Jk(�)à áá«®¥­¨ï � | íâ® ®¡ê¥¤¨­¥­¨¥ Sx Jkx , £¤¥ Jkx |¬­®¦¥áâ¢® ª« áá®¢ [s]kx íª¢¨¢ «¥­â­®áâ¨ á¥ç¥­¨© sà áá«®¥­¨ï � , ª á îé¨åáï á ¯®àï¤ª®¬ k ¢ â®çª¥x 2 Rn .�  ª®®à¤¨­ âë ¢ ¯à®áâà ­áâ¢¥ áâàã© Jk(�) ¯à¨-¬¥¬ ¯¥à¥¬¥­­ë¥ x; u; p ,   ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢-­¥­¨¥ ¯®àï¤ª  k á n ­¥§ ¢¨á¨¬ë¬¨ ¨ m § ¢¨á¨¬ë-¬¨ ¯¥à¥¬¥­­ë¬¨ ¡ã¤¥¬ ¯®­¨¬ âì ª ª ¯®¢¥àå­®áâìE = fF� = 0g ¢ íâ®¬ ¯à®áâà ­áâ¢¥.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1. �«®áª®áâìî � àâ ­ C� = Ck� ¢ â®çª¥ � 2 Jk(�) ­ §ë¢ ¥âáï «¨­¥©­ ï®¡®«®çª  ¢á¥å ª á â¥«ì­ëå ¯«®áª®áâ¥© ª £à ä¨ª ¬�ks k -áâàã© á¥ç¥­¨© s à áá«®¥­¨ï � , ¤«ï ª®â®àëå[s]kx = � .� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2. �¢®«îæ¨®­­®¥ ¤¨ä-ä¥à¥­æ¨à®¢ ­¨¥ | íâ® ®¯¥à â®à ¢¨¤  |' ==Pj;�D�('j) @=@pj� , £¤¥ ' 2 C1(Jk(�)) ¤«ï ­¥ª®â®-à®£® k ,   D� |ª®¬¯®§¨æ¨ï ¯®«­ëå ¯à®¨§¢®¤­ëå Di ,á®®â¢¥âáâ¢ãîé ï ¬ã«ìâ¨¨­¤¥ªáã � . �¯¥à â®à ` ,¤¥©áâ¢ãîé¨© ¯® ¯à ¢¨«ã ` (') = |'( ) , ­ §ë¢ ¥âáï®¯¥à â®à®¬ ã­¨¢¥àá «ì­®© «¨­¥ à¨§ æ¨¨ ­¥«¨­¥©-­®£® ¤¨ää¥à¥­æ¨ «ì­®£® ®¯¥à â®à  � , § ¤ ­­®£®äã­ªæ¨¥©  2C1(Jk(�)) .

� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 3. �®¤¬­®¦¥áâ¢® E (l) == f�k+l = [s]k+lx ; s 2 �(�) j jk(s)(x) ª á ¥âáï E ¢ â®ç-ª¥ �k = [s]kx á ¯®àï¤ª®¬ > lg ¢ Jk+l(�) ­ §ë¢ ¥âáïl -¬ ¯à®¤®«¦¥­¨¥¬ ãà ¢­¥­¨ï E � Jk(�) . �¡à â­ë©¯à¥¤¥« E1 = proj liml!1 E (l) ®â­®á¨â¥«ì­® ¯à®¥ªæ¨©�l+1;l : J l+1(�) ! J l(�) ­ §ë¢ ¥âáï ¡¥áª®­¥ç­ë¬¯à®¤®«¦¥­¨¥¬ ãà ¢­¥­¨ï E .� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 4. �¨¬¬¥âà¨¥© ãà ¢­¥­¨ïE1 ­ §ë¢ ¥âáï � -¢¥àâ¨ª «ì­®¥ ¢¥ªâ®à­®¥ ¯®«¥ X ,á®åà ­ïîé¥¥ à á¯à¥¤¥«¥­¨¥ � àâ ­  C = S�2E1C� :[X; C ]� C .�î¡®¥ ¯®«¥ �¨ X , á®åà ­ïîé¥¥ à á¯à¥¤¥«¥-­¨¥ � àâ ­  C , à §«®¦¨¬® ¢ áã¬¬ã X = |' + Y ,£¤¥ Y 2 C ,   |' | í¢®«îæ¨®­­®¥ ¯®«¥. �î-¡®¥ ¨­ä¨­¨â¥§¨¬ «ì­®¥ ¯à¥®¡à §®¢ ­¨¥ ¯à®áâà ­-áâ¢  J0(�) ¬®¦­® ¯à®¤®«¦¨âì ¤® ¯®«ï �¨.� ª®®à¤¨­ â å ¯à ¢¨«® ¯®¤­ïâ¨ï â ª®¢®: ¯®«îX0 = Pi ai@=@xi +Pj bj@=@uj á®¯®áâ ¢«ï¥âáï ¯®«¥X̂ =Pi aiDi +Pi;j |bj�aipji .� ¥ ® à ¥ ¬   (¨§ à ¡®âë [1]). �á«¨ E � Jk(�) |â ª®¥ ãà ¢­¥­¨¥ fF 1 = 0; : : : ; F r = 0g; çâ®�1;0(E1) = J0(�), â®  «£¥¡à  �¨ á¨¬¬¥â-à¨© sym E1 ¨§®¬®àä­   «£¥¡à¥ �¨ à¥è¥­¨©á¨áâ¥¬ë ®¯à¥¤¥«ïîé¨å ãà ¢­¥­¨© `EF�(') = 0,� = 1; : : : ; r , £¤¥ ' 2 C1(E1); ¢  «£¥¡à¥ à¥è¥-­¨© ' áâàãªâãà   «£¥¡àë �¨ § ¤ ­  áª®¡ª®©f'; gE 1 = (|'( )�| ('))jE1 .� ªàëâ¨ï. �ãáâì E | ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢-­¥­¨¥ ¢ à áá«®¥­¨¨ � : En+m ! Mn , ¨ E1 |¡¥áª®­¥ç­®¥ ¯à®¤®«¦¥­¨¥ ãà ¢­¥­¨ï E . � ª ¦¤®©â®çª¥ � 2 E1 ®¯à¥¤¥«¥­® n-¬¥à­®¥ ¯®¤¯à®áâà ­áâ¢®C � � T�(E1) | ª àâ ­®¢áª ï ¯«®áª®áâì. � á¯à¥¤¥-«¥­¨¥ � àâ ­  C = fC �g�2E1 ­  E1 ï¢«ï¥âáï äà®-¡¥­¨ãá®¢ë¬: [C ; C ] � C ; ¢ «®ª «ì­ëå ª®®à¤¨­ â å®­® § ¤ ­® á¨áâ¥¬®© n ¢¥ªâ®à­ëå ¯®«¥© �D1 , : : : ,�Dn , £¤¥ �Di | ®£à ­¨ç¥­¨¥ ­  E1 ®¯¥à â®à  ¯®«­®©¯à®¨§¢®¤­®© ¯® i-© ­¥§ ¢¨á¨¬®© ¯¥à¥¬¥­­®©.



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò6 23� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 5. �à ¢­¥­¨¥ ~E1 á n-¬¥à-­ë¬ à á¯à¥¤¥«¥­¨¥¬ � àâ ­  ~C ¨ à¥£ã«ïà­®¥ ®â®-¡à ¦¥­¨¥ � ­ §ë¢ îâáï ­ ªàëâ¨¥¬ ­ ¤ ãà ¢­¥­¨¥¬E1 , ¥á«¨ ¤«ï «î¡®© â®çª¨ � 2 ~E1 ª á â¥«ì­®¥®â®¡à ¦¥­¨¥ ��;� ï¢«ï¥âáï ¨§®¬®àä¨§¬®¬ ¯«®áª®áâ¨~C� ­  ª àâ ­®¢áªãî ¯«®áª®áâì C �(�) ãà ¢­¥­¨ï E1¢ â®çª¥ �(�) .� §¬¥à­®áâìî ­ ªàëâ¨ï ­ §®¢¥¬ à §¬¥à­®áâìá«®ï ®â®¡à ¦¥­¨ï � .� ¤ ­¨¥ ­ ªàëâ¨© ¢ ª®®à¤¨­ â å. �­®£®®¡à -§¨¥ ~E ¨ ®â®¡à ¦¥­¨¥ � : ~E ! E1 «®ª «ì­® ¬®¦-­® à¥ «¨§®¢ âì ª ª ¯àï¬®¥ ¯à®¨§¢¥¤¥­¨¥ E1 �W(W � RN | ®âªàëâ®¥ ¬­®¦¥áâ¢®, 0 < N 6 1)¨ ¥áâ¥áâ¢¥­­ãî ¯à®¥ªæ¨î E1 � W ! E1 á®®â-¢¥âáâ¢¥­­®. �®£¤  à á¯à¥¤¥«¥­¨¥ ~C ­  ~E ¬®¦­®«®ª «ì­® § ¤ âì á¨áâ¥¬®© ¢¥ªâ®à­ëå ¯®«¥©~Di = �Di + NXj=1Xij @@wj ; i= 1; : : : ; n;£¤¥ Xij 2 C1( ~E) | ª®íää¨æ¨¥­âë � -¢¥àâ¨ª «ì­ëå¯®«¥© ­  ~E , w1 , : : : , wN | ¤¥ª àâ®¢ë ª®®à¤¨­ âë¢ RN : �à¨ íâ®¬ ãá«®¢¨¥ �à®¡¥­¨ãá  [ ~C; ~C] � ~C¨­â¥£à¨àã¥¬®áâ¨ à á¯à¥¤¥«¥­¨ï ~C íª¢¨¢ «¥­â­® â®-¬ã, çâ® [ ~Di; ~Dj ] = 0 , i; j = 1; : : : ; n; ¨«¨, çâ® à ¢-­®á¨«ì­®, à ¢¥­áâ¢ ¬ ~Di(Xjk) = ~Dj(Xik) ¤«ï ¢á¥åi; j = 1; : : : ; n , 06 k 6N .�®à¤¨­ âë wi ¡ã¤¥¬ ­ §ë¢ âì ­¥«®ª «ì­ë¬¨ ¯¥-à¥¬¥­­ë¬¨. � ª®®à¤¨­ â å xi , uj� , wj ¯à ¢¨« ~Di(wj) = Xij ¤¨ää¥à¥­æ¨à®¢ ­¨ï ­¥«®ª «ì­ëå ¯¥-à¥¬¥­­ëå wj ¢¬¥áâ¥ á ¨áå®¤­ë¬ ãà ¢­¥­¨¥¬ E1§ ¤ îâ ­ ªàë¢ îé¥¥ ãà ¢­¥­¨¥ ~E . �¥«®ª «ì­®©á¨¬¬¥âà¨¥© ãà ¢­¥­¨ï E1 ­ §ë¢ ¥âáï á¨¬¬¥âà¨ï­ ªàë¢ îé¥£® ãà ¢­¥­¨ï ~E . �à¨ n = 2 ­ ªàëâ¨¥­ ¤ ãà ¢­¥­¨¥¬ E1 ­ §ë¢ ¥âáï ­¥ ¡¥«¥¢ë¬, ¥á«¨®­® ­¥ á¢®¤¨âáï ª § ª®­ã á®åà ­¥­¨ï [1] ¤«ï E1 .�ãáâì ¯®«¥ X̂ | á¨¬¬¥âà¨ï ãà ¢­¥­¨ï E1 ,   � :~E ! E1 | ­ ªàëâ¨¥. �®§¬®¦­ë ¤¢  ¯à¨­æ¨¯¨ «ì­®à §­ëå á«ãç ï: 1) á¨¬¬¥âà¨î X̂ ãà ¢­¥­¨ï E1¬®¦­® ¯à®¤®«¦¨âì ¤® á¨¬¬¥âà¨¨ ~X ­ ªàë¢ îé¥£®ãà ¢­¥­¨ï ~E , ¨ 2) ¯à®â¨¢®¯®«®¦­ ï á¨âã æ¨ï, ª®£¤ «î¡®¥ ¯®¤­ïâ¨¥ á¨¬¬¥âà¨¨ X̂ ­¥ ï¢«ï¥âáï á¨¬¬¥â-à¨¥© ­ ªàë¢ îé¥£® ãà ¢­¥­¨ï. �® ¢â®à®¬ á«ãç ¥¯®«¥ X̂ ¯®à®¦¤ ¥â ®¤­®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢®ãà ¢­¥­¨© ~Et , ­ ªàë¢ îé¨å E1 . �«ï ­ ªàëâ¨©,à áá¬ âà¨¢ ¥¬ëå ¢ ¤ ­­®© áâ âì¥, ¤¥«® ®¡áâ®¨â¨¬¥­­® â ª.�ãáâì E i � Jki(�i) , i = 1; 2 , | ¤¢  �à�� ¨�i : ~E ! E1i | ­ ªàëâ¨ï á ¥¤¨­ë¬ â®â «ì­ë¬¯à®áâà ­áâ¢®¬ ~E . �®£¤  ¤¨ £à ¬¬ E11 �1 � ~E �2�! E12 (1)­ §ë¢ ¥âáï ¯à¥®¡à §®¢ ­¨¥¬ �¥ª«ã­¤  B ( ~E ; �i; E i)¬¥¦¤ã ãà ¢­¥­¨ï¬¨ E i . �à¨ E11 = E12 = E1 ¤¨ -

£à ¬¬  (1) ­ §ë¢ ¥âáï  ¢â®¯à¥®¡à §®¢ ­¨¥¬ �¥ª-«ã­¤ .� ª®®à¤¨­ â å ¯à¥®¡à §®¢ ­¨¥ �¥ª«ã­¤  ¬¥¦¤ããà ¢­¥­¨ï¬¨ E ¨ E 0 ¢ à áá¬ âà¨¢ ¥¬®¬ ­¨¦¥ á«ã-ç ¥ ï¢«ï¥âáï á¨áâ¥¬®© ¤¨ää¥à¥­æ¨ «ì­ëå á®®â­®-è¥­¨© ­  ­¥¨§¢¥áâ­ë¥ äã­ªæ¨¨ u ¨ u0 , ª®â®à ï®¡« ¤ ¥â á«¥¤ãîé¨¬ á¢®©áâ¢®¬: ¥á«¨ äã­ªæ¨ï u |à¥è¥­¨¥ ãà ¢­¥­¨ï E ¨ äã­ªæ¨¨ u ¨ u0 ã¤®¢«¥â¢®-àïîâ íâ¨¬ á®®â­®è¥­¨ï¬, â® äã­ªæ¨ï u0 | à¥è¥­¨¥ãà ¢­¥­¨ï E 0 , ¨ ­ ®¡®à®â.�   ¬ ¥ ç   ­ ¨ ¥ 1. �ãáâì �j : ~Ej ! E1j ,j = 1; 2 , | ¤¢  ­ ªàëâ¨ï ¨ � : ~E1 ! ~E2 | ¤¨ä-ä¥®¬®àä¨§¬, ®â®¡à ¦ îé¨© à á¯à¥¤¥«¥­¨¥ � à-â ­  C �1D( ~E1) ¢ C �2D( ~E2) . �®£¤  ¤¨ £à ¬¬ B( ~Ej ; �1; �2 ��; E j) â ª¦¥ ï¢«ï¥âáï ¯à¥®¡à §®¢ ­¨¥¬�¥ª«ã­¤  ¬¥¦¤ã ãà ¢­¥­¨ï¬¨ E j ,   ­ ªàëâ¨ï �1 ¨�2 � � ­ §ë¢ îâáï íª¢¨¢ «¥­â­ë¬¨.�   ¬ ¥ ç   ­ ¨ ¥ 2. �ãáâì � : ~E ! E1 | ­ ªàë-â¨¥ ¨ � | ­¥âà¨¢¨ «ì­ë© ¤¨ää¥®¬®àä¨§¬ ¬­®£®-®¡à §¨©, á®åà ­ïîé¨© à á¯à¥¤¥«¥­¨¥ � àâ ­ ; ­ -¯à¨¬¥à � | ¤¨áªà¥â­ ï á¨¬¬¥âà¨ï, ª®â®àãî ­¥«ì§ï®£à ­¨ç¨âì ­  E1 . �®£¤  ¤¨ £à ¬¬ E1 � � ~E ��! ~E ��! E1 (2)â ª¦¥ ï¢«ï¥âáï  ¢â®¯à¥®¡à §®¢ ­¨¥¬ �¥ª«ã­¤ ¤«ï E . �¨¦¥ ¬ë ¯à¨¬¥­¨¬ ãª § ­­ãî ª®­áâàãªæ¨î¤«ï ¯®áâà®¥­¨ï  ¢â®¯à¥®¡à §®¢ ­¨© �¥ª«ã­¤  ¤«ïãà ¢­¥­¨ï �¨ã¢¨««ï.2. �¨¯¥à¡®«¨ç¥áª®¥ ãà ¢­¥­¨¥ �¨ã¢¨««ï E ¨¬¥¥â¢¨¤ E = fF � uxy � exp(2u) = 0g: (3)� áá¬®âà¨¬ áâàãªâãàã ­ ªàëâ¨ï �t : ~Et ! E1 , § -¤ ­­ãî ¯à®¤®«¦¥­­ë¬¨ ¯®«­ë¬¨ ¯à®¨§¢®¤­ë¬¨~Dx = �Dx+~ux@=@~u; ~Dy = �Dy+~uy@=@~u; [ ~Dx; ~Dy] = 0;(4)¢ á«ãç ¥, ª®£¤  ç áâ­ë¥ ¯à®¨§¢®¤­ë¥ ¯® x ¨ y­¥«®ª «ì­®© ¯¥à¥¬¥­­®© ~u § ¤ ­ë á®®â­®è¥­¨ï¬¨~ux = ux+e�t exp(~u+u); ~uy =�uy+et sh(~u�u): (5)�à¨¬¥¬, çâ® ¤¨ää¥®¬®àä¨§¬ � ¯¥à¥áâ ¢«ï¥â ¯¥-à¥¬¥­­ãî u ¢¤®«ì á«®ï à áá«®¥­¨ï áâàã© ¨ ­¥«®-ª «ì­ãî ¯¥à¥¬¥­­ãî ~u : u $ ~u , | ¨ ®â®¡à ¦ ¥âx 7! �x , y 7! �y . �®£¤  ¤¨ £à ¬¬  (2) ®¯à¥¤¥«ï¥â ¢â®¯à¥®¡à §®¢ ­¨¥ �¥ª«ã­¤  B ( ~Et; �t; �t ��; E ) ¤«ïãà ¢­¥­¨ï (3); ãà ¢­¥­¨ï ~Et  ¢â®¯à¥®¡à §®¢ ­¨ï�¥ª«ã­¤  [4] ¤«ï ãà ¢­¥­¨ï �¨ã¢¨««ï â ª®¢ë:(~u� u)x = exp(�t) exp(~u+ u); (6)(~u+ u)y = 2 exp(t) sh(~u� u): (7)�¡®§­ ç¨¬ uk � @ku=@xk , uk � @ku=@yk 8k 2 N .� áá¬®âà¨¬ ¬ áèâ ¡­ãî á¨¬¬¥âà¨î X0 ª®®à¤¨­ â¡ §ë: X0 =�x@=@x+ y@=@y . �¥ ¬®¦­® ¯à®¤®«¦¨âì­  ¢á¥ E1 :X̂ =�x @@x + y @@y +Xk>1 kuk @@uk �Xk>1 kuk @@uk : (8)12 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò6



24 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò6�   ¬ ¥ ç   ­ ¨ ¥ 3. �¨ää¥®¬®àä¨§¬ë At == exp(tX̂) ®¡à §ãîâ  ¡¥«¥¢ã £àã¯¯ã. �¥©áâ¢¨â¥«ì­®,x(t) = exp(�t)x(0) , y(t) = exp(t)y(0) , u(t) = u(0) ,uk(t) = exp(kt)uk(0) , uk(t) = exp(�kt)uk(0) , k > 1 .�ç¥¢¨¤­®, A0 = id ¨ At1 �At2 =At2 �At1 =At1+t2 .� â ¢ ¥ à ¦ ¤ ¥ ­ ¨ ¥ 1. �¨¬¬¥âà¨î X̂ ­¥«ì§ï¯à®¤®«¦¨âì ¤® á¨¬¬¥âà¨¨ ­ ªàë¢ îé¥£® ãà ¢-­¥­¨ï ~Et .� ® ª   §   â ¥ « ì á â ¢ ®. �à¥¤¯®«®¦¨¬ ¯à®â¨¢-­®¥. �¡®§­ ç¨¬ ç¥à¥§ ~|' í¢®«îæ¨®­­®¥ ¢¥ªâ®à­®¥¯®«¥ P� ~D�(')@=@u� ­  ~Et , £¤¥ ' 2 C1( ~Et) ,  ~̀F (') = ~|'(F ) ; ¯ãáâì â ª¦¥ x1 � x , x2 � y . �â ª,¯ãáâì áãé¥áâ¢ã¥â äã­ªæ¨ï a 2 C1( ~Et) , ã¤®¢«¥â¢®-àïîé ï «¨­¥ à¨§®¢ ­­®© á¨áâ¥¬¥~̀F (') = 0;~Dxi(a) = ~|';a(~uxi)� �~|'+ a@=@~u� (~uxi): (9)�â® §­ ç¨â, çâ® ¯®«¥ ~|';a ¥áâì «®ª «ì­ ï á¨¬¬¥âà¨ï­ ªàë¢ îé¥£® ãà ¢­¥­¨ï ~Et , ¨ X̂ ª®­áâàãªâ¨¢­®¯à®¤®«¦¥­  ­  ~Et . �¤­ ª® á¨áâ¥¬  (9) ­¥á®¢¬¥áâ­ ,¯®áª®«ìªã ~Dx � ~Dy(a) 6= ~Dy � ~Dx(a) . � á ¬®¬ ¤¥«¥,~Dx � ~Dy(a)� ~Dy � ~Dx(a) ­¥ § ¢¨á¨â ®â a ¨ à ¢­ï¥âáïxu2x et+u�~u+uxyuy et+~u�u�xux e2~u�uxyuy et+u�~u��2yuy e2t+~u+u+2xux e2t+~u+u�xu2x et+~u�u+x e2u ux��y e2u uy +2 et xu2x + yuy e2~u�2 et yuyux 6= 0:�â¢¥à¦¤¥­¨¥ ¤®ª § ­®.� ª¨¬ ®¡à §®¬, ¬ áèâ ¡­ ï á¨¬¬¥âà¨ï X̂ ï¢-«ï¥âáï «¨èì �t -â¥­ìî (â. ¥. à¥è¥­¨¥¬ ãà ¢­¥­¨ï~̀F (') = 0 , á¬. (9)) ¨ ¯®à®¦¤ ¥â á¥¬¥©áâ¢® ­ ªàë¢ -îé¨å E1 ãà ¢­¥­¨© ~Et , ¯ à ¬¥âà¨§®¢ ­­ëå t 2 R .3. � «®ª «ì­ëå ª®®à¤¨­ â å ä®à¬  á¢ï§­®áâ¨ Ut­ ªàë¢ îé¥£® ¬­®£®®¡à §¨ï ~Et á à á¯à¥¤¥«¥­¨¥¬� àâ ­  ~Ct ¨¬¥¥â ¢¨¤Ut =X� dC(u�)
 @@u� ++ (d~u� (ux + exp(~u+ u� t))dx++ (uy � 2 exp(t) sh(~u� u))dy)
 @@~u; (10)£¤¥ dC | ¤¨ää¥à¥­æ¨ « � àâ ­ : dCu� = du� ��Pi u�+1i dxi .� §®¢¥¬ � áâ¥¯¥­ìî ¤¨ää¥à¥­æ¨à®¢ ­¨ï
 , ¥á«¨ 
 2 D(��( ~E)) . �¥à¥§ [[�; �]]FN ®¡®-§­ ç¨¬ áª®¡ªã �àñ«¨å¥à {�¨©¥­å¥©á  [2, 3]:[[
;�]]FN(f) = L
(�(f)) � (�1)�� � L�(
(f)) , £¤¥
;� 2 D(��(E )) | ¤¨ää¥à¥­æ¨à®¢ ­¨ï á® §­ ç¥-­¨ï¬¨ ¢ ä®à¬ å, f 2 C1(E ) , ¨ áâ¥¯¥­¨ � = deg
 ,� = deg� ; L
 = [i
;d] : �k(E ) ! �k+deg
(E ) |¯à®¨§¢®¤­ ï �¨, i
 : �k(E ) ! �k+deg
�1(E ) |¢­ãâà¥­­¥¥ ¯à®¨§¢¥¤¥­¨¥ (¯®¤áâ ­®¢ª ).

� ¥ ® à ¥ ¬   (¨§ à ¡®âë [2]). �ãáâì � :~E ! E1 | ­ ªàëâ¨¥ ¨ At : ~E ! ~E | £« ¤ª®¥á¥¬¥©áâ¢® ¤¨ää¥®¬®àä¨§¬®¢, ¯à¨ç¥¬ A0 = id ¨�t = � �At : ~E ! E1 ï¢«ï¥âáï ­ ªàëâ¨¥¬ 8t 2 R .�®£¤  ¨§¬¥­¥­¨¥ ä®à¬ë á¢ï§­®áâ¨ Ut ®¯¨áë¢ ¥â-áï á®®â­®è¥­¨¥¬dUtdt = [[X̂t; Ut]]FN; (11)£¤¥ X̂t ï¢«ï¥âáï �t -â¥­ìî 8t 2 R .� á«ãç ¥ ª®£¤  ~E | ª®­¥ç­®¬¥à­®¥ ¬­®£®®¡à -§¨¥, áãé¥áâ¢ã¥â ¨§®¬®àä¨§¬ D(��( ~E)) ' ��( ~E) 

D( ~E) ; â ª¨¬ ®¡à §®¬, ¢áïª®¥ ¤¨ää¥à¥­æ¨à®¢ ­¨¥
 2 D(��( ~E)) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ ª®­¥ç­®© áã¬¬ëá« £ ¥¬ëå 
 = ! 
X , £¤¥ ! 2 ��( ~E) ¨ X 2 D( ~E) .�ª®¡ª  �àñ«¨å¥à -�¨©¥­å¥©á  â ª¨å í«¥¬¥­â®¢[[!
X; �
 Y ]]FN = ! ^ �
 [X;Y ] + ! ^LX(�)
 (Y ) ++(�1)i d! ^ (X �)
 Y � (�1)ij� ^LY (!)
X ��(�1)(i+1)j d� ^ (Y !)
X; (12)¥á«¨ X , Y 2 D( ~E) , ! 2 �i( ~E) ¨ � 2 �j( ~E) . �«ï ¯à®-¨§¢®«ì­®£® ~E áãé¥áâ¢ã¥â ¢«®¦¥­¨¥ ��( ~E)
D( ~E) ��D(��( ~E)) , § ¤ ­­®¥ ¯à ¢¨«®¬ (!
X)(f) =X(f)!¤«ï «î¡®© f 2C1( ~E) .�á«¨ ­ ªàëâ¨ï �t á®®â¢¥âáâ¢ãîâ  ¢â®¯à¥®¡à -§®¢ ­¨î �¥ª«ã­¤  (6{7) ¤«ï ãà ¢­¥­¨ï �¨ã¢¨««ï(3), â®dUtdt = (exp(~u+ u� t) dx� 2 exp(t) sh(~u� u) dy)
 @@~u:(13)�â¢¥à¦¤ ¥âáï, çâ® ¬ áèâ ¡­ ï á¨¬¬¥âà¨ï X̂ ¨ï¢«ï¥âáï â®© �t -â¥­ìî, ¤«ï ª®â®à®© ¨§¬¥­¥­¨¥ ä®à-¬ë á¢ï§­®áâ¨ Ut (10) ­ ªàëâ¨ï �t (4) § ¤ ­® ä®à¬ã-«®© (13) ¢ á¨«ã ãà ¢­¥­¨ï (11). �«ï ¤®ª § â¥«ìáâ¢ íâ®£® ãâ¢¥à¦¤¥­¨ï ­¥®¡å®¤¨¬ë «¥¬¬ë 1{4.� ¥ ¬ ¬   1. [[X̂; Ut]]FN d~u= (dUt=dt) d~u .� ¥ ¬ ¬   2. [[X̂; Ut]]FN dx = [[X̂; Ut]]FN dy == [[X̂; Ut]]FN du= 0 .� ® ª   §   â ¥ « ì á â ¢ ®. �®ª § â¥«ìáâ¢® «¥¬¬1 ¨ 2 § ª«îç ¥âáï ¢ ¯®á«¥¤®¢ â¥«ì­®¬ ¯à¨¬¥­¥-­¨¨ (12).�¥¬ ­¥ ¬¥­¥¥ ¢ëç¨á«¥­¨¥ ª®íää¨æ¨¥­â®¢[[X̂; Ut]]FN ¯à¨ @=@uk ¨«¨ @=@uk ­¥âà¨¢¨ «ì­® ¯à¨k > 1 .�   ¬ ¥ ç   ­ ¨ ¥ 4. �ãáâì u(x) , f(u) | £« ¤ª¨¥äã­ªæ¨¨, Dx | ¯®«­ ï ¯à®¨§¢®¤­ ï ¯® x , ­ âãà «ì-­®¥ n > 0 ¨ ­ âãà «ì­®¥ ç¨á«® l 6 n� 1 . �®£¤ Dx� @@ulDn�1x (f(u))�== @@ulDnx(f(u))� @@ul�1Dn�1x (f(u)): (14)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò6 25� « ¥ ¤ á â ¢ ¨ ¥ 1. �à¨ â¥å ¦¥ ãá«®¢¨ïå(n+1)un+1 @@un+1Dn+1x (f(u)) == (n+1)un+1 @@unDnx(f(u)) = (n+ 1)un+1f 0(u):(15)� ¥ ¬ ¬   3. �ãáâì u(x), f(u) | £« ¤-ª¨¥ äã­ªæ¨¨, Dx | ¯®«­ ï ¯à®¨§¢®¤­ ï ¯® x,uk �Dkx(u(x)), k > 0, u0 � u . �®£¤ nDnx(f(u)) = nXm=1mum @@umDnx(f(u)) (16)¢ë¯®«­¥­® ¯à¨ «î¡®¬ æ¥«®¬ n> 0 .� ® ª   §   â ¥ « ì á â ¢ ®. �®ª ¦¥¬ (16) ¨­¤ãªæ¨-¥© ¯® n á ¡ §®© n= 0 . �à¨ n> 0 ¨¬¥¥¬(n+ 1)Dn+1x (f(u)) =Dx(nDnx(f(u)) +Dnx(f(u))) =¯® ¯à¥¤¯®«®¦¥­¨î ¨­¤ãªæ¨¨,=Dx nXm=1mum @@umDnx(f(u)) +Dnx(f(u))!=¯® ¯à ¢¨«ã �¥©¡­¨æ ,= nXm=1mum+1 @@umDnx(f(u)) ++ nXm=1mumDx @@umDnx(f(u)) +DxDnx(f(u)) =¯à¨¬¥­ïï (14) ª® ¢â®à®© áã¬¬¥,= nXm=1mum @@umDn+1x (f(u)) ++ nXm=1mum+1 @@umDnx(f(u))�� nXm=1mum @@um�1Dnx(f(u)) +DxDnx(f(u)) =¨á¯®«ì§ãï ®¯à¥¤¥«¥­¨¥ Dx ¨ á¤¢¨£ ï ¨­¤¥ªá ¢ ¯®-á«¥¤­¥© áã¬¬¥,= nXm=1mum @@umDn+1x (f(u)) ++ nXm=0(m+ 1)um+1 @@umDnx(f(u))�� n�1Xm=0(m+ 1)um+1 @@umDnx(f(u)) =¯®áª®«ìªã ¯®çâ¨ ¢á¥ á« £ ¥¬ë¥ ¢ ¯®á«¥¤­¨å ¤¢ãåáã¬¬ å á®¢¯ ¤ îâ,= nXm=1mum @@umDn+1x (f(u)) ++ (n+ 1)un+1 @@unDnx(f(u)) =

¢ á¨«ã (15),= nXm=1mum @@umDn+1x (f(u)) ++ (n+ 1)un+1 @@un+1Dn+1x (f(u)) ==n+1Xm=1mum @@umDn+1x (f(u)):� ¥ ¬ ¬   4. [[X̂; Ut]]FN duk = [[X̂; Ut]]FN duk == 0 , k > 1 .� ® ª   §   â ¥ « ì á â ¢ ®. �ãáâì k 2 N . �á¯®«ì§ãï(12), à áá¬®âà¨¬ 1-ä®à¬ã[[X̂; Ut]]FN duk == (k� 1) �Dyuk � k�1Xl=1 lul @@ul �Dk�1x (exp(2u))! dy;¬ë ¢¨¤¨¬, çâ® ª®íää¨æ¨¥­âë ¯à¨ dx , du , dul ,dul âà¨¢¨ «ì­ë 8l > 1 . � ¬¥â¨¬ â ª¦¥, çâ®�Dyuk = �Dk�1x (exp(2u)) . �® «¥¬¬¥ 3, ª®íää¨æ¨¥­â¯à¨ dy à ¢¥­ ­ã«î. �­ «®£¨ç­ë¥ à ááã¦¤¥­¨ï ¯®-ª §ë¢ îâ, çâ® [[X̂; Ut]]FN duk = 0 . �¥¬¬  ¤®ª § ­ .� ¥ ® à ¥ ¬   1. �t -â¥­ì (8) ã¤®¢«¥â¢®àï¥â á®-®â­®è¥­¨î[[X̂; Ut]]FN == (exp(~u+ u� t)dx� 2 exp(t) sh(~u� u)dy)
 @@~u;â. ¥. £àã¯¯  ¤¨ää¥®¬®àä¨§¬®¢ At = exp(tX̂) ¯®-à®¦¤ ¥â £« ¤ª®¥ ®¤­®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ-¢® (5) íª¢¨¢ «¥­â­ëå ®¤­®¬¥à­ëå ­¥ ¡¥«¥¢ëå­ ªàëâ¨© ­ ¤ ãà ¢­¥­¨¥¬ �¨ã¢¨««ï (3). �â¨­ ªàëâ¨ï á®®â¢¥âáâ¢ãîâ  ¢â®¯à¥®¡à §®¢ ­¨ï¬�¥ª«ã­¤  ¤«ï ãà ¢­¥­¨ï �¨ã¢¨««ï, § ¤ ­­ë¬ ¤¨ -£à ¬¬®© (2). �§¬¥­¥­¨¥ ä®à¬ë á¢ï§­®áâ¨ § ¤ ­®ä®à¬ã«®© (13).� ª«îç¨â¥«ì­®¥ § ¬¥ç ­¨¥.�¥âàã¤­® ¤®ª § âìá¯à ¢¥¤«¨¢®áâì  ­ «®£¨ç­ëå â¥®à¥¬ ¤«ï ¯à¥®¡à §®-¢ ­¨ï �¥ª«ã­¤  ¬¥¦¤ã ãà ¢­¥­¨¥¬ �¨ã¢¨««ï (3) ¨¢®«­®¢ë¬ ãà ¢­¥­¨¥¬ vxy = 0 :(v � u)x = exp(�t) exp(u+ v);(v + u)y =� exp(t) exp(u� v); t 2 R;  â ª¦¥ ¯à¥®¡à §®¢ ­¨ï �¥ª«ã­¤  ¬¥¦¤ã ãà ¢-­¥­¨¥¬ �¨ã¢¨««ï ¨ scal+ -ãà ¢­¥­¨¥¬ �¨ã¢¨««ï�xy = exp(�2�) :(�� u)x = 2 exp(�t) ch(�+ u);(�+ u)y =� exp(t) exp(u��); t 2 R:� áèâ ¡­ ï á¨¬¬¥âà¨ï (8) ï¢«ï¥âáï ­¥®¡å®¤¨¬®©�t -â¥­ìî ¢ ®¡®¨å á«ãç ïå,   â®¦¤¥áâ¢® (16) ¢ ¯®«-­ëå ¯à®¨§¢®¤­ëå ¯®§¢®«ï¥â ãá¯¥è­® ¤®ª § âì íâ¨â¥®à¥¬ë.13 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò6



26 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò6�¥§ã«ìâ âë ¤ ­­®© à ¡®âë ¯®§¢®«ïîâ à¥è¨âì [5]§ ¤ çã ¨­â¥£à¨à®¢ ­¨ï ( ¢â®)¯à¥®¡à §®¢ ­¨© �¥ª-«ã­¤  ¤«ï ãà ¢­¥­¨ï (3) ¢ ­¥«®ª «ì­ëå ¯¥à¥¬¥­­ëå,  â ª¦¥ ¯®áâà®¨âì ­¥«®ª «ì­ë¥ § ª®­ë á®åà ­¥­¨ï¨ á¨¬¬¥âà¨¨ ãà ¢­¥­¨ï �¨ã¢¨««ï.�¢â®à ¡« £®¤ à¥­ �.�. �¥à¡®¢¥æª®¬ã, �.�. �à -á¨«ìé¨ªã, �.�. �¢ç¨­­¨ª®¢ã ¨ �.�. �àãèª®¢ã §  ¯®-«¥§­ë¥ § ¬¥ç ­¨ï ¨ ª®­áâàãªâ¨¢­ãî ªà¨â¨ªã. � ¡®-â  ¢ë¯®«­¥­  ¯à¨ ç áâ¨ç­®© ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥INTAS, £à ­â YS 2001/2-33.�¨â¥à âãà 1. �®ç à®¢ �.�., �¥à¡®¢¥æª¨© �.�., �¨­®£à ¤®¢ �.�. ¨ ¤à.�¨¬¬¥âà¨¨ ¨ § ª®­ë á®åà ­¥­¨ï ãà ¢­¥­¨© ¬ â¥¬ â¨ç¥áª®©

ä¨§¨ª¨ / �®¤ à¥¤. �.�. �¨­®£à ¤®¢ , �.�. �à á¨«ìé¨ª .�.: � ªâ®à¨ «, 1997.2. Igonin S., Krasil'shchik I.S. // Adv. Studies in Pure Math.,Math. Soc. of Japan, 2002 (¢ ¯¥ç â¨).3. Krasil'shchik I.S., Kersten P.H.M. Symmetries and recursionoperators for classical and supersymmetric differentialequations. Kluwer Acad. Publ., Dordrecht etc., 2000.4. Dodd R.K., Bullough R.K. // Proc. Roy. Soc. London, 1976,A351. C. 499.5. �¨á¥«¥¢ �.�. // �¡. <�®¬®­®á®¢-2002>. �¥ª. <�¨§¨ª >.2002. �.: �§¤-¢® �®áª. ã­-â . �. 35. �®áâã¯¨«  ¢ p¥¤ ªæ¨î21.12.01��� 517.55 ��������� 1=N ���������� � ������� � �����������������.�. � «ëè¥¢(ª ä¥¤à  ª¢ ­â®¢®© áâ â¨áâ¨ª¨ ¨ â¥®à¨¨ ¯®«ï)E-mail: malyshev@gate.itep.ru�¥©­¬ ­®¢áª¨¥ ¤¨ £à ¬¬ë ¢ â¥®à¨ïå á ¬ âà¨ç­ë¬¨ ¯®«ï¬¨ � 2Mat(N;N) ï¢«ïîâáï«¥­â®ç­ë¬¨ £à ä ¬¨. �áâì ¢§ ¨¬­®®¤­®§­ ç­®¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã «¥­â®ç­ë¬¨ £à ä ¬¨ ¨¯®¢¥àå­®áâï¬¨ á £à ­¨æ¥© ¨ á ª«¥â®ç­ë¬ à §¡¨¥­¨¥¬. �â¥¯¥­ì N ¢ ä¥©­¬ ­®¢áª¨å ¨­â¥£à « å§ ¢¨á¨â â®«ìª® ®â â®¯®«®£¨¨ á®®â¢¥âáâ¢ãîé¥© ¯®¢¥àå­®áâ¨. � à ¡®â¥ ¯®ª § ­®, çâ® íâ® ¢¥à­®¨ ¤«ï ®¡®¡é¥­­ëå «¥­â®ç­ëå £à ä®¢. � ª¨¥ £à äë á®®â¢¥âáâ¢ãîâ ¯®¢¥àå­®áâï¬ á à §¡¨¥­¨¥¬­  áä¥àë á ®â¢¥àáâ¨ï¬¨.�¢¥¤¥­¨¥�á­®¢­®© ¬¥â®¤ ¢ëç¨á«¥­¨© ¢ ª¢ ­â®¢®© â¥®à¨¨¯®«ï | à §«®¦¥­¨¥ ¢ àï¤ ¯® ª®­áâ ­â¥ á¢ï§¨. � â¥-®à¨ïå á ¬ âà¨ç­ë¬¨ ¯®«ï¬¨ � 2 Mat(N;N) ¥áâì­®¢ë© ¯ à ¬¥âà 1=N , ¯® ª®â®à®¬ã ¬®¦­® ¯à®¢®¤¨âìà §«®¦¥­¨¥ [1]. � ¯®á«¥¤­¥¥ ¢à¥¬ï ¨­â¥à¥á ª 1=Nà §«®¦¥­¨î á¨«ì­® ¢®§à®á ¢ á¢ï§¨ á â ª ­ §ë¢ ¥¬ë¬AdS/CFT á®®â¢¥âáâ¢¨¥¬ [2{6], â ª¦¥ 1=N à §«®-¦¥­¨¥ ¨£à ¥â ¢ ¦­ãî à®«ì ¢ ­¥ª®¬¬ãâ â¨¢­ëå ¨ ¢¬ âà¨ç­ëå â¥®à¨ïå [7, 8].1=N à §«®¦¥­¨¥ ¡ë«® áä®à¬ã«¨à®¢ ­® â'�®äâ®¬¤«ï â¥®à¨©, ¢ ª®â®àëå ¢§ ¨¬®¤¥©áâ¢¨¥ ¨¬¥¥â ¢¨¤á«¥¤  ®â ¯à®¨§¢¥¤¥­¨ï ¬ âà¨æ [1]. � ç áâ­®áâ¨,â ª ãáâà®¥­ë â¥®à¨¨ �­£ {�¨««á , ®¯¨áë¢ îé¨¥í«¥ªâà®á« ¡ë¥ ¨ á¨«ì­ë¥ ¢§ ¨¬®¤¥©áâ¢¨ï. �á«¥¤áâ-¢¨¥ â®¦¤¥áâ¢ �« ¢­®¢ {�¥©«®à  ¯¥à¥­®à¬¨à®¢ª¨ ¢â¥®à¨ïå �­£ {�¨««á  ­¥ ¬¥­ïîâ ¢¨¤ ¢§ ¨¬®¤¥©áâ-¢¨ï [9]. �â® ­¥¢¥à­® ¢ á«ãç ¥ ¯à®¨§¢®«ì­ëå â¥®à¨©á ¬ âà¨ç­ë¬¨ ¯®«ï¬¨, £¤¥ ¯¥à¥­®à¬¨à®¢ª¨ ¯à¨¢®¤ïâª ¯®ï¢«¥­¨î ¢ « £à ­¦¨ ­¥ ¢§ ¨¬®¤¥©áâ¢¨ï ¯à®¨§-¢¥¤¥­¨© á«¥¤®¢ ¬ âà¨æ [10]. � ¯à¨¬¥à, ¢ â¥®à¨¨ áª®¬¯«¥ªá­ë¬ ¯®«¥¬ � ¨ § âà ¢®ç­ë¬ ¢§ ¨¬®¤¥©áâ-¢¨¥¬ Lint = gTr[(��+)2] ¯¥à¥­®à¬¨à®¢ª¨ ¯à¨¢®¤ïâª ¯®ï¢«¥­¨î ¢§ ¨¬®¤¥©áâ¢¨ï eLint = eg(Tr[��+])2 .� ¤àã£®© áâ®à®­ë, ¬ã«ìâ¨á«¥¤®¢ë¥ ¢§ ¨¬®¤¥©áâ¢¨ï

¬®¦­® ¢¢®¤¨âì, çâ®¡ë ­ àãè¨âì áã¯¥àá¨¬¬¥âà¨î[11, 12], ¯®íâ®¬ã ¤®¢®«ì­® è¨à®ª® ®¡áã¦¤ ¥âáïà®«ì ¬ã«ìâ¨á«¥¤®¢ëå ®¯¥à â®à®¢ ¢ AdS/CFT á®®â-¢¥âáâ¢¨¨ [11{14].� ­ áâ®ïé¥© à ¡®â¥ ä®à¬ã«¨àã¥âáï ®¡®¡é¥­¨¥1=N à §«®¦¥­¨ï ¤«ï â¥®à¨© á ¬ã«ìâ¨á«¥¤®¢ë¬¨¢§ ¨¬®¤¥©áâ¢¨ï¬¨. �­® ®á­®¢ ­® ­  á®®â¢¥âáâ¢¨¨¬¥¦¤ã ä¥©­¬ ­®¢áª¨¬¨ ¤¨ £à ¬¬ ¬¨ ¢ â ª¨å â¥®-à¨ïå ¨ ¯®¢¥àå­®áâï¬¨.1. �¥­â®ç­ë¥ £à äë ¨ 1=N à §«®¦¥­¨¥�¥©­¬ ­®¢áª¨¥ ¤¨ £à ¬¬ë ¢ â¥®à¨ïå á ¬ âà¨ç-­ë¬¨ ¯®«ï¬¨ ¨§®¡à ¦ îâáï «¥­â®ç­ë¬¨ £à ä ¬¨.�á«¨ ¢§ ¨¬®¤¥©áâ¢¨¥ ¨¬¥¥â ¢¨¤ á«¥¤  ®â ¯à®¨§¢¥¤¥-­¨ï ¯®«¥© Lint = gTr(�1 : : :�n) , â® ¢ á®®â¢¥âáâ¢ãî-é¥© ¢¥àè¨­¥ £à ä  à §à¥è¥­ë â®«ìª® æ¨ª«¨ç¥áª¨¥¯¥à¥áâ ­®¢ª¨ à¥¡¥à. �àã£¨¥ ¯¥à¥áâ ­®¢ª¨, ¢®®¡é¥£®¢®àï, § ¯à¥é¥­ë.�ãáâì � 2Mat(N;N) | ª®¬¯«¥ªá­®¥ ¯®«¥. � ª -ç¥áâ¢¥ ¯à¨¬¥à  à áá¬®âà¨¬ «¥­â®ç­ë¥ £à äë ¢ â¥®-à¨¨ á « £à ­¦¨ ­®¬L= L0 + gTr[(�+�)2];£¤¥ á¢®¡®¤­ë© « £à ­¦¨ ­ ¢ë¡¥à¥¬ ¢ ¢¨¤¥L0 =Tr(@��+@��+m2�+�):


