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�.�. �®«ã¡ç¨ª∗, �.�. �®ª®«®¢∗� ��������� ���������������� �������������« áá¨ç¥áª¨© ¬¥â®¤ ä ªâ®à¨§ æ¨¨ á¢®¤¨â á¨áâ¥¬ã ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ìÄ­ëå ãà ¢­¥­¨© Ut = [U+; U ] ª à¥è¥­¨î  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©. �¤¥áì U(t) ¯à¨Ä­ ¤«¥¦¨â  «£¥¡à¥ �¨ G, ï¢«ïîé¥©áï ¯àï¬®© áã¬¬®© á¢®¨å ¯®¤ «£¥¡à G+ ¨ G−, £¤¥\+" ®§­ ç ¥â ¯à®¥ªæ¨î ­  G+. �ë ®¡®¡é ¥¬ íâ®â ¬¥â®¤ ­  á«ãç © G+ ∩ G− 6= {0}.�®®â¢¥âáâ¢ãîé¨¥ ª¢ ¤à â¨ç­ë¥ á¨áâ¥¬ë á¢®¤ïâáï ª «¨­¥©­ë¬ á¨áâ¥¬ ¬ á ¯¥à¥¬¥­­ëÄ¬¨ ª®íää¨æ¨¥­â ¬¨. Ǳ®ª § ­®, çâ® ®¡®¡é¥­­ ï ¢¥àá¨ï¬¥â®¤ ä ªâ®à¨§ æ¨¨ ¯à¨¬¥­¨Ä¬  â ª¦¥ ª á¨áâ¥¬ ¬ ãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå â¨¯  ãà ¢­¥­¨ï �¨ã¢¨««ï.���������« áá¨ç¥áª ï áå¥¬  ¬¥â®¤  ä ªâ®à¨§ æ¨¨ [1{3] ¯®§¢®«ï¥â ¯à®¨­â¥£à¨à®¢ âì á¨áâ¥Ä¬ã ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© á«¥¤ãîé¥£® á¯¥æ¨ «ì­®£® ¢¨¤ :Ut = [U+; U ]; U(0) = U0: (1)�¤¥áì U(t) { äã­ªæ¨ï á® §­ ç¥­¨ï¬¨ ¢  «£¥¡à¥ �¨ G, ¨¬¥îé¥© à §«®¦¥­¨¥ ¢ ¯àï¬ãîáã¬¬ã ¢¥ªâ®à­ëå ¯®¤¯à®áâà ­áâ¢ G+ ¨ G−, ª ¦¤®¥ ¨§ ª®â®àëå ï¢«ï¥âáï ¯®¤ «£¥¡à®©¢ G. �¥à¥§ U+ ®¡®§­ ç¥­  ¯à®¥ªæ¨ï U ­  G+. �ã¤¥¬ áç¨â âì ¤«ï ¯à®áâ®âë, çâ® G¢«®¦¥­® ¢  «£¥¡àã ¬ âà¨æ.�¥è¥­¨¥ § ¤ ç¨ (1) ¤ ¥âáï ä®à¬ã«®©U(t) = A(t)U0A−1(t): (2)� ä®à¬ã«¥ (2) ¬ âà¨æ  A(t) ®¯à¥¤¥«ï¥âáï ª ª à¥è¥­¨¥ § ¤ ç¨ ä ªâ®à¨§ æ¨¨A−1B = exp(−U0t); A ∈ G+; B ∈ G−; (3)£¤¥ G+ ¨ G− { £àã¯¯ë �¨  «£¥¡à G+ ¨ G−. �á«¨ G− { ¨¤¥ «, § ¤ ç  ä ªâ®à¨§ æ¨¨à¥è ¥âáï ï¢­®: A = exp((U0)+t), B = A exp(−U0t). � á«ãç ¥, ¥á«¨ G+ ¨ G− {  «£¥¡Äà ¨ç¥áª¨¥ £àã¯¯ë, ãá«®¢¨ï A ∈ G+ ¨ A exp(−U0t) ∈ G− ¯à¥¤áâ ¢«ïîâ á®¡®© á¨áâ¥¬ã «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©, ¨§ ª®â®à®© (¯à¨ t ¡«¨§ª¨å ª ­ã«î) ¬ âà¨æ A ­ å®¤¨âáï ®¤Ä­®§­ ç­®.
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340 �.�. ��������, �.�. ��������§ ä®à¬ã«ë (2) ¢¨¤­®, çâ® ¥á«¨ ­ ç «ì­ë¥ ¤ ­­ë¥U0 ¯à¨­ ¤«¥¦ â ¢¥ªâ®à­®¬ã ¯à®Äáâà ­áâ¢ã M , ª®â®à®¥ ï¢«ï¥âáï G+-¬®¤ã«¥¬, â® U(t) ∈ M ¤«ï «î¡®£® t. �®§¬®¦Ä­®áâì â ª¨å à¥¤ãªæ¨© §­ ç¨â¥«ì­® à áè¨àï¥â à ¬ª¨ ¯à¨¬¥­¨¬®áâ¨ ¬¥â®¤  ä ªâ®à¨§ Äæ¨¨ (á¬., ­ ¯à¨¬¥à, [4]).�®«¥¥ ®¡é ï § ¤ ç  ä ªâ®à¨§ æ¨¨A−1B = Z(t); Z(0) = E; A ∈ G+; B ∈ G−; (4)â¥á­® á¢ï§ ­  á ãà ¢­¥­¨ï¬¨ ¢¨¤ Ut = [U+; U ] + F (U); U(0) = U0; (5)£¤¥ F : G → G { ®â®¡à ¦¥­¨¥, ¨­¢ à¨ ­â­®¥ ®â­®á¨â¥«ì­® £àã¯¯ë G+ (¯à®áâ¥©è¥¥ â Äª®¥ ®â®¡à ¦¥­¨¥ { íâ® F (U) = �U , � = const). � ¨¬¥­­®, ¯ãáâì Z ã¤®¢«¥â¢®àï¥â«¨­¥©­®¬ã ãà ¢­¥­¨î Zt = q(t)Z; Z(0) = E:�®£¤  ä®à¬ã«  U(t) = Aq(t)A−1à¥è ¥â ãà ¢­¥­¨¥ (5) ¯à¨ qt = F (q); q(0) = U0: (6)� ª¨¬ ®¡à §®¬, ¥á«¨ ¬ë ã¬¥¥¬ à¥è âì ãà ¢­¥­¨¥ (6), ¬¥â®¤ ä ªâ®à¨§ æ¨¨ ¯®§¢®«ï¥âà¥è¨âì ¨ ãà ¢­¥­¨¥ (5). �®§¬®¦­®áâì ®¯¨á ­­®£® ¢ëè¥ ¯¥à¥å®¤  ®â ãà ¢­¥­¨ï (6) ªãà ¢­¥­¨î (5), ¯®-¢¨¤¨¬®¬ã, ï¢«ï¥âáï ­®¢®©.�¥â®¤ ä ªâ®à¨§ æ¨¨ ¬®¦¥â ¡ëâì â ª¦¥ ¯à¨¬¥­¥­ ª á«¥¤ãîé¥© á¨áâ¥¬¥ ãà ¢­¥­¨© ¢ç áâ­ëå ¯à®¨§¢®¤­ëå:Ut = [U+; U ] + (U+)x; U(x; 0) = U0(x): (7)�á«¨ G { íâ® sl(2),   G+ ¨ G− { ¯®¤ «£¥¡àë ¢¥àå­¥âà¥ã£®«ì­ëå ¬ âà¨æ á ­ã«ï¬¨­  ¤¨ £®­ «¨ ¨ ­¨¦­¥âà¥ã£®«ì­ëå ¬ âà¨æ, â® (7) íª¢¨¢ «¥­â­® ãà ¢­¥­¨î �¨ã¢¨««ïvxy = exp(v).�à ¢­¥­¨¥ (7) á«¥¤ãîé¨¬ ®¡à §®¬ ¬®¦¥â ¡ëâì á¢¥¤¥­® ª § ¤ ç¥ ä ªâ®à¨§ æ¨¨. �¥Äâàã¤­® ¯à®¢¥à¨âì, çâ® ¥á«¨ A(x; t) ∈ G+ { à¥è¥­¨¥ ãà ¢­¥­¨ïAt = (AU0(x)A−1)+A+Ax; A(x; 0) = E; (8)â® U(x; t) = A(x; t)U0(x)A−1(x; t) +Ax(x; t)A−1(x; t) (9)ã¤®¢«¥â¢®àï¥â (7). � ®â«¨ç¨¥ ®â (7) ãà ¢­¥­¨¥ (8) ¬®¦­® á¢¥áâ¨ ª ®¡ëª­®¢¥­­®¬ã ¤¨äÄä¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î á¤¢¨£®¬ �(x; t) = A(x − t; t). Ǳ®«ãç¥­­®¥ ¢ à¥§ã«ìâ â¥ãà ¢­¥­¨¥ �t = (�U0(x− t)�−1)+�; �(x; 0) = E; (10)à¥è ¥âáï á ¯®¬®éìî § ¤ ç¨ ä ªâ®à¨§ æ¨¨�−1� = Z(x; t); � ∈ G+; � ∈ G−; (11)



� ��������� ���������� ������ ������������ 341£¤¥ Z { à¥è¥­¨¥ «¨­¥©­®© § ¤ ç¨Zt(x; t) + U0(x− t)Z(x; t) = 0; Z(x; 0) = E; (12)¢ ª®â®à®© x ¨£à ¥â à®«ì ¯ à ¬¥âà . �á«¨ U0 ­¥ § ¢¨á¨â ®â x, Z(x; t) = exp(−U0t) ¨(11) á®¢¯ ¤ ¥â á (3).� ­ è¥¬ã ã¤¨¢«¥­¨î ¬ë ­¥ ­ è«¨ ã¯®¬ï­ãâ®£® ¢ëè¥ á¯®á®¡  ¨­â¥£à¨à®¢ ­¨ï ãà ¢Ä­¥­¨ï (4) ¢ «¨â¥à âãà¥. �®§¬®¦­®, ¤¥«® ¢ â®¬, çâ® ¢ ª« áá¨ç¥áª®¬ ¬¥â®¤¥ ®¡à â­®©§ ¤ ç¨ à áá¥ï­¨ï (á¬. [3]) äã­ªæ¨î Z ¢ ¯à ¢®© ç áâ¨ á®®â­®è¥­¨ï (11) ®¡ëç­® ¢ë¡¨Äà îâ ¯®-¤àã£®¬ã.� ­ áâ®ïé¥© à ¡®â¥ ¬ë à áá¬ âà¨¢ ¥¬ ®¡®¡é¥­¨¥ ¬¥â®¤  ä ªâ®à¨§ æ¨¨ ­  á«ãç ©,ª®£¤ 
G = V1 ⊕ V2; (13)£¤¥ V1 ¨ V2 { ­¥ª®â®àë¥ ¢¥ªâ®à­ë¥ ¯®¤¯à®áâà ­áâ¢ , ¯à¨­ ¤«¥¦ é¨¥ á®®â¢¥âáâ¢¥­­®¯®¤ «£¥¡à ¬ G+ ¨ G−. �¡®§­ ç¨¬G+ ∩ G− ç¥à¥§ G0. �ª §ë¢ ¥âáï, çâ® ¥á«¨[G0; Vi] ⊂ Vi; i = 1; 2; (14)â® ¨­â¥£à¨à®¢ ­¨¥ ãà ¢­¥­¨ï (1), ¢ ª®â®à®¬ \+" ®§­ ç ¥â ¯à®¥æ¨à®¢ ­¨¥ ­  V1 ¯ à «Ä«¥«ì­® V2, ¬®¦¥â ¡ëâì á¢¥¤¥­® ª à¥è¥­¨î á¨áâ¥¬ë «¨­¥©­ëå ®¡ëª­®¢¥­­ëå ãà ¢­¥­¨©á ¯¥à¥¬¥­­ë¬¨ ª®íää¨æ¨¥­â ¬¨. � íâ®¬ á¬ëá«¥ ãà ¢­¥­¨ï, ª ª®â®àë¬ ¯à¨¬¥­¨¬ ®¡®¡Äé¥­­ë©¬¥â®¤ä ªâ®à¨§ æ¨¨, ­ ¯®¬¨­ îâ ãà ¢­¥­¨¥�¨ªª â¨. �­ «®£¨ç­®¥ ®¡®¡é¥­¨¥¬¥â®¤  ä ªâ®à¨§ æ¨¨ ¯à¥¤« £ ¥âáï ¨ ¤«ï ãà ¢­¥­¨© (5). �â® ª á ¥âáï ãà ¢­¥­¨ï (7), â®¬ë ã¬¥¥¬ á¢®¤¨âì ¥£® ª «¨­¥©­ë¬ § ¤ ç ¬ â®«ìª® ¢ á«ãç ¥, ¥á«¨ V1 ï¢«ï¥âáï ¯®¤ «£¥¡Äà®© �¨ ¨ [G0; V2] ⊂ V2.� ª ç¥áâ¢¥ ®á­®¢­®£® ¯à¨¬¥à  à áá¬ âà¨¢ ¥âáï ãà ¢­¥­¨¥ytt = [yt; y] + c1yt + c2y; (15)£¤¥ y(t) { ­¥¨§¢¥áâ­ ï äã­ªæ¨ï á® §­ ç¥­¨ï¬¨ ¢ ¯à®¨§¢®«ì­®©  «£¥¡à¥ �¨A, ci { ¯®áâ®Äï­­ë¥. � ª­¨£¥ [5] ¤«ï ãà ¢­¥­¨ï (15) c c1 = c2 = 0 ¯®áâà®¥­ àï¤ ¯¥à¢ëå ¨­â¥£à «®¢.�¤­ ª®, ¯®-¢¨¤¨¬®¬ã, ¨å ­¥ å¢ â ¥â ¤«ï ¨­â¥£à¨àã¥¬®áâ¨ íâ®£® ãà ¢­¥­¨ï ¢ ª¢ ¤à âãÄà å. �. �. �¥à ¯®­â®¢ á®®¡é¨« ­ ¬ ç¨áâ® £¥®¬¥âà¨ç¥áª¨© á¯®á®¡ á¢¥¤¥­¨ï ãà ¢­¥­¨ï,á®®â¢¥âáâ¢ãîé¥£®  «£¥¡à¥�¨ sl(2), ª «¨­¥©­®¬ã ãà ¢­¥­¨î\¯ à ¡®«¨ç¥áª®£® æ¨«¨­¤Äà ". � áª®«ìª® ¨§¢¥áâ­®  ¢â®à ¬, ¢®¯à®á ®¡ ¨­â¥£à¨àã¥¬®áâ¨ (15) ¤«ï ¤àã£¨å  «£¥¡à�¨ ®áâ ¢ «áï ®âªàëâë¬.� ­ áâ®ïé¥© à ¡®â¥ ãà ¢­¥­¨¥ (15) á¢¥¤¥­® ª «¨­¥©­®© § ¤ ç¥Yt = Y (Pv1(t) +Qv2(t)); Y (0) = E; (16)£¤¥ P ¨Q { ­¥ª®â®àë¥ ¯®áâ®ï­­ë¥ í«¥¬¥­âëA, ®¯à¥¤¥«ï¥¬ë¥ ­ ç «ì­ë¬¨ ¤ ­­ë¬¨ ¤«ïãà ¢­¥­¨ï (15), v1, v2 { ¡ §¨á ¯à®áâà ­áâ¢  à¥è¥­¨© «¨­¥©­®£® ãà ¢­¥­¨ï á ¯®áâ®ï­­ëÄ¬¨ ª®íää¨æ¨¥­â ¬¨ vtt = c1vt + c2v: (17)



342 �.�. ��������, �.�. �������� á«ãç ¥, ª®£¤  ª®­áâ ­âë ci ¢ ãà ¢­¥­¨¨ (15) à ¢­ë ­ã«î, «¨­¥©­®¥ ãà ¢­¥­¨¥ (16)¢ë£«ï¤¨â ®á®¡¥­­® ¯à®áâ®: Yt = Y (P +Qt); Y (0) = E; (18)£¤¥ P = U(0), Q = Ut(0).�ë ­ ¤¥¥¬áï, çâ® à áá¬®âà¥­­®¥ ¢ ­ áâ®ïé¥© áâ âì¥ ®¡®¡é¥­¨¥ ¬¥â®¤  ä ªâ®à¨§ Äæ¨¨ ­ ©¤¥â ¯à¨¬¥­¥­¨¥ ¨ ¢ § ¤ ç å, á¢ï§ ­­ëå á ãà ¢­¥­¨ï¬¨ ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå,¨­â¥£à¨àã¥¬ëå ¬¥â®¤®¬ ®¡à â­®© § ¤ ç¨ à áá¥ï­¨ï.�ë ¡« £®¤ à­ë �. �. �¥à ¯®­â®¢ã ¨ �. �. �à«®¢ã §  ¯®«¥§­ë¥ ®¡áã¦¤¥­¨ï ¨�. �. �¢¨­®«ã¯®¢ã §  ¢­¨¬ ­¨¥ ª à ¡®â¥.�áá«¥¤®¢ ­¨ï ¡ë«¨ ¢ë¯®«­¥­ë ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­Ä¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© (£à ­â 96-01-00382) ¨ INTAS.1. ��������������� ��������������� ���������������������1.1. � ¤ ç¨ ä ªâ®à¨§ æ¨¨ ¤«ï¯ àë ¢¥ªâ®à­ëå ¯à®áâà ­áâ¢. �ëïá­¨¬ á­ Äç « , çâ® ¬®¦­® áª § âì ®¡ ãà ¢­¥­¨¨ (1), ¥á«¨  «£¥¡à �¨G à §«®¦¥­  ¢ ¯àï¬ãî áã¬Ä¬ã ¤¢ãå ¯à®¨§¢®«ì­ëå ¢¥ªâ®à­ëå ¯®¤¯à®áâà ­áâ¢ V1 ¨ V2,   §­ ª \+" ®§­ ç ¥â ¯à®¥æ¨Äà®¢ ­¨¥ ­  V1 ¯ à ««¥«ì­® V2.� áá¬®âà¨¬ á«¥¤ãîéãî § ¤ çã ä ªâ®à¨§ æ¨¨:A−1B = Z(t); AtA−1 ∈ V1; BtB−1 ∈ V2; Z(0) = A(0) = B(0) = E: (1.1)� ¦­¥©è¨¬ ¬®¬¥­â®¬ §¤¥áì ï¢«ï¥âáï â®â ä ªâ, çâ® ¢ (1.1) ä¨£ãà¨àãîâ ¯à ¢ë¥ «®£ Äà¨ä¬¨ç¥áª¨¥ ¯à®¨§¢®¤­ë¥ ®â A ¨ B.Ǳà®¤¨ää¥à¥­æ¨à®¢ ¢ ¯® t á®®â­®è¥­¨¥ (1.1), ¯®«ãç¨¬
−A−1AtA−1B +A−1Bt = Zt¨«¨ AtA−1 −BtB−1 = −AZtZ−1A−1:�¯à®¥æ¨à®¢ ¢ ¯®á«¥¤­¥¥ á®®â­®è¥­¨¥ ­  V1, ¯®«ãç¨¬, çâ® A ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨îAt = (Aq(t)A−1)+A; A(0) = E; (1.2)£¤¥ q(t) = −ZtZ−1. �§ ¥¤¨­áâ¢¥­­®áâ¨ à¥è¥­¨ï ãà ¢­¥­¨ï (1.2) á«¥¤ã¥â ¥¤¨­áâ¢¥­Ä­®áâì à¥è¥­¨ï § ¤ ç¨ ä ªâ®à¨§ æ¨¨ (1.1).Ǳ®«®¦¨¬ U(t) = A(t)q(t)A−1(t): (1.3)�á¯®«ì§ãï (1.2), ­¥âàã¤­® ¯à®¢¥à¨âì, çâ®Ut = [U+; U ] +AqtA−1: (1.4)�á«¨ Z(t) = exp(−U0t) (áà. á (3)), ¨¬¥¥¬ q(t) = U0, qt = 0 ¨ (1.4) á®¢¯ ¤ ¥â á (1).



� ��������� ���������� ������ ������������ 343� ®¡é¥¬ á«ãç ¥ ¯à¥¤¯®«®¦¨¬, çâ® q(t) ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î (6). �®£¤  ¨§ ¨­Ä¢ à¨ ­â­®áâ¨ ®â®¡à ¦¥­¨ï F ®â­®á¨â¥«ì­®G+ á«¥¤ã¥â, çâ® (1.4) á®¢¯ ¤ ¥â á (5).� ª¨¬ ®¡à §®¬, ãà ¢­¥­¨¥ (5) á¢®¤¨âáï ª § ¤ ç¥ ä ªâ®à¨§ æ¨¨ (1.1) á ¤¢ã¬ï ¯à ¢ë¬¨«®£ à¨ä¬¨ç¥áª¨¬¨ ¯à®¨§¢®¤­ë¬¨. �¥§ ¤®¯®«­¨â¥«ì­ëå ãá«®¢¨© ­  V1, V2  ¡á®«îâ­®­¥¯®­ïâ­®, ª ª ¥¥ à¥è âì.� áá¬®âà¨¬ â¥¯¥àì § ¤ çã ä ªâ®à¨§ æ¨¨�−1� = Z(t); �−1�t ∈ V1; �−1�t ∈ V2; Z(0) = �(0) = �(0) = E; (1.5)¢ ª®â®à®© ®¡¥ ä¨£ãà¨àãîé¨¥ «®£ à¨ä¬¨ç¥áª¨¥ ¯à®¨§¢®¤­ë¥ ï¢«ïîâáï «¥¢ë¬¨. �®âïíâ  § ¤ ç  ­ ¯àï¬ãî ­¥ á¢ï§ ­  ­¨ á ­¥«¨­¥©­ë¬¨ ãà ¢­¥­¨ï¬¨ â¨¯  (1), (5) ­   «£¥¡à¥�¨, ­¨ á ­¥«¨­¥©­ë¬¨ ãà ¢­¥­¨ï¬¨ â¨¯  (1.2), (8) ­  £àã¯¯¥ �¨, ®­  ®¡« ¤ ¥â ®¤­¨¬­¥á®¬­¥­­ë¬ ¤®áâ®¨­áâ¢®¬. � ¨¬¥­­®, íâ  § ¤ ç  ä ªâ®à¨§ æ¨¨ ¬®¦¥â ¡ëâì á¢¥¤¥­  ª«¨­¥©­®¬ã ãà ¢­¥­¨î á ¯¥à¥¬¥­­ë¬¨ ª®íää¨æ¨¥­â ¬¨.�¯à¥¤¥«¨¬ «¨­¥©­®¥ ®â®¡à ¦¥­¨¥ L(t): V1 → V1 ä®à¬ã«®©L(t)(v) = (Z−1(t)vZ(t))+:Ǳ®áª®«ìªã L(0) { â®¦¤¥áâ¢¥­­®¥ ®â®¡à ¦¥­¨e, L(t) ®¡à â¨¬® ¯à¨ ¬ «ëå t. �¯à¥¤¥«¨¬� ª ª à¥è¥­¨¥ «¨­¥©­®£® ãà ¢­¥­¨ï�t = −�L−1(t)((Z−1Zt)+) (1.6)á ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨ �(0) = E. Ǳ®«®¦¨¬� = �Z(t) (1.7)¨ ¯®ª ¦¥¬, çâ® ¯ à  �, � ï¢«ï¥âáï ¥¤¨­áâ¢¥­­ë¬ à¥è¥­¨¥¬ § ¤ ç¨ ä ªâ®à¨§ æ¨¨ (1.5).�«ï íâ®£® ­ ¤® ¯à®¢¥à¨âì, çâ® �−1�t ∈ V2.� á¨«ã (1.5), (1.7)�−1�t = Z−1Zt − Z−1(t)L−1(t)((Z−1Zt)+)Z(t): (1.8)�¯à®¥æ¨àã¥¬ «¥¢ãî ¨ ¯à ¢ãî ç áâ¨ à ¢¥­áâ¢  (1.8) ­  V1. �¯à ¢  á®£« á­® ®¯à¥¤¥«¥Ä­¨î ®¯¥à â®à  L(t) ¯®«ãç¨âáï ­ã«ì. Ǳ®íâ®¬ã (�−1�t)+ = 0, ¨ ãá«®¢¨ï § ¤ ç¨ (1.5)¢ë¯®«­¥­ë.�«ï â®£® çâ®¡ë ¤®ª § âì ¥¤¨­áâ¢¥­­®áâì à¥è¥­¨ï, § ¬¥â¨¬, çâ® ¨§ (1.7) á«¥¤ã¥â�−1�t = Z−1Zt + Z−1(t)�−1�tZ(t):Ǳà®¥æ¨àãï íâ® á®®â­®è¥­¨¥ ­  V1, ¯®«ãç ¥¬ (1.6).� ¤ ç  ä ªâ®à¨§ æ¨¨, ¢ ª®â®à®© ä¨£ãà¨àã¥â ®¤­  ¯à ¢ ï ¨ ®¤­ «¥¢ ï «®£ à¨ä¬¨Äç¥áª¨¥ ¯à®¨§¢®¤­ë¥, â®¦¥ ¯à¥¤áâ ¢«ï¥â ®¯à¥¤¥«¥­­ë© ¨­â¥à¥á. � ¨¬¥­­®, ¯ãáâì A(t) ¨B(t) ã¤®¢«¥â¢®àïîâ § ¤ ç¥A−1B = Z(t); A−1At ∈ V1; BtB−1 ∈ V2; A(0) = A0; B(0) = E: (1.9)



344 �.�. ��������, �.�. �������Ǳ®«®¦¨¬ q(t) = −ZtZ−1. �¯à¥¤¥«¨¬ «¨­¥©­®¥ ®â®¡à ¦¥­¨¥ TA(t): V2 → V2 ä®à¬ã«®©TA(v) = (A−1vA)

−
;£¤¥ \−" ®§­ ç ¥â ®¯¥à æ¨î ¯à®¥æ¨à®¢ ­¨ï ­  V2 ¯ à ««¥«ì­® V1. �á«¨ TA(0) { ®¡à Äâ¨¬®¥ ®â®¡à ¦¥­¨e, TA(t) ®¡à â¨¬® ¯à¨ ¬ «ëå t. �®£¤  äã­ªæ¨ï A(t) ã¤®¢«¥â¢®àï¥âá«¥¤ãîé¥¬ã ®¡®¡é¥­¨î ãà ¢­¥­¨ï (1.2):At = Aq − T−1A ((q)−)A; A(0) = A0; (1.10)�¥©áâ¢¨â¥«ì­®, ¤¨ää¥à¥­æ¨àãï (1.9) ¯® t, ¯®«ãç¨¬

−AtA−1 +BtB−1 = −AqA−1:Ǳà®¥æ¨àãï íâ® à ¢¥­áâ¢® ­  V1, ¯®«ãç¨¬(AtA−1)+ = (AqA−1)+: (1.11)�§ (1.9) ¨ (1.11) á«¥¤ã¥â, çâ® AtA−1 = AqA−1 + v; (1.12)£¤¥ v ∈ V2. Ǳ¥à¥¯¨è¥¬ á®®â­®è¥­¨¥ (1.12) ¢ ¢¨¤¥A−1At = q +A−1vA:Ǳà®¥æ¨àãï ­  V2, ¯®«ãç ¥¬, çâ® q− + (A−1vA)− = 0 ¨«¨v = −T−1A (q−):Ǳ®¤áâ ¢«ïï íâ® ¢ëà ¦¥­¨¥ ¤«ï v ¢ (1.12), ¯à¨å®¤¨¬ ª (1.10). �¤¨­áâ¢¥­­®áâì à¥è¥­¨ï§ ¤ ç¨ ä ªâ®à¨§ æ¨¨ ¢ëâ¥ª ¥â ¨§ ¥¤¨­áâ¢¥­­®áâ¨ à¥è¥­¨ï ãà ¢­¥­¨ï (1.10).�á­®, çâ® ª®£¤  ¢¥ªâ®à­ë¥ ¯à®áâà ­áâ¢  V1 ¨ V2 ï¢«ïîâáï ¯®¤ «£¥¡à ¬¨�¨, ¢á¥ âà¨à áá¬®âà¥­­ë¥ ¢ëè¥ § ¤ ç¨ ä ªâ®à¨§ æ¨¨ á®¢¯ ¤ îâ. �®à¬ã«  (1.6) ¯®ª §ë¢ ¥â, çâ®ª« áá¨ç¥áª ï § ¤ ç  ä ªâ®à¨§ æ¨¨ ¢ á«ãç ¥, ¥á«¨ á®®â¢¥âáâ¢ãîé¨¥ £àã¯¯ë �¨ ­¥ ï¢Ä«ïîâáï  «£¥¡à ¨ç¥áª¨¬¨ (á¬. ¢¢¥¤¥­¨¥), ¬®¦¥â ¡ëâì á¢¥¤¥­  ª «¨­¥©­®¬ã ãà ¢­¥­¨î á¯¥à¥¬¥­­ë¬¨ ª®íää¨æ¨¥­â ¬¨.�á«¨ V2 { ¯®¤ «£¥¡à �¨, § ¤ ç¨ (1.9) ¨ (1.5) á®¢¯ ¤ îâ ¨, á«¥¤®¢ â¥«ì­®, ãà ¢­¥­¨¥(1.10) á¢®¤¨âáï ª «¨­¥©­®¬ã ãà ¢­¥­¨î (1.6) á ¯¥à¥¬¥­­ë¬¨ ª®íää¨æ¨¥­â ¬¨.�á­®, çâ® ¤«ï «î¡®©  «£¥¡àë �¨ G ¨ ¥¥ ¯®¤ «£¥¡àë V2 ¬®¦­® ¢ë¡à âì (¬­®£¨¬¨á¯®á®¡ ¬¨) ¤®¯®«­¨â¥«ì­®¥ ¯®¤¯à®áâà ­áâ¢® V1 ¨ ¯®áâà®¨âì á®®â¢¥âáâ¢ãîé¥¥ «¨­¥ Äà¨§ã¥¬®¥ ãà ¢­¥­¨¥ (1.10) ­  £àã¯¯¥ G. � áá¬®âà¨¬ ¯à®áâ¥©è¨© á«ãç ©G = sl(2):V2 = {(�; 00; −�)} ; V1 = {(

−c1� − c2
; �
; c1� + c2
 )} ;£¤¥ ci { ä¨ªá¨à®¢ ­­ë¥ ¯®áâ®ï­­ë¥. �®£¤  ¤«ï ¬ âà¨æëA = ( a; bc; d) ; ad− bc = 1;á¨áâ¥¬  (1.10) ¯à¨­¨¬ ¥â ¢¨¤At = A( f1; f2f3; −f1)

−

(�; 00; −�)A;§¤¥áì fi(t) { ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨ ®â t ¨� = f1 + c1f2 + c2f3ad+ bc+ 2c1bd− 2c2ac :� ª ¢ à áá¬®âà¥­­®¬ ¯à¨¬¥à¥, â ª ¨ ¢ á«ãç ¥ ®¡é¥£® ãà ¢­¥­¨ï (1.10) ¯¥à¢®¥ á« £ ¥¬®¥¢ ¯à ¢®© ç áâ¨ «¨­¥©­®,   ¢â®à®¥ à æ¨®­ «ì­® § ¢¨á¨â ®â í«¥¬¥­â®¢ ¬ âà¨æëA.



� ��������� ���������� ������ ������������ 3451.2. �«ãç © ¯¥à¥á¥ª îé¨åáï ¯®¤ «£¥¡à. �«ï â®£® çâ®¡ë á¢ï§ âì ¬¥¦¤ã á®¡®©à áá¬®âà¥­­ë¥ ¢ëè¥ § ¤ ç¨ ä ªâ®à¨§ æ¨¨, ¯à¥¤¯®«®¦¨¬, çâ® V1 ⊂ G+, V2 ⊂ G−, £¤¥
G+ ¨G− { ­¥ª®â®àë¥ ¯®¤ «£¥¡àë�¨ ¢ G. �®£¤  à¥è¥­¨ï § ¤ ç (1.1) ¨ (1.5) ã¤®¢«¥â¢®Äàïîâ â ª¦¥ ¨ á«¥¤ãîé¥© § ¤ ç¥ ä ªâ®à¨§ æ¨¨:A−1B = Z(t); A ∈ G+; B ∈ G−; A(0) = B(0) = E; (1.13)£¤¥ G+ ¨ G− { £àã¯¯ë �¨  «£¥¡à G+ ¨ G−. Ǳ®áª®«ìªã G0 = G+ ∩ G− 6= {0}, à¥è¥Ä­¨¥ § ¤ ç¨ (1.13) ­¥¥¤¨­áâ¢¥­­®. �á«¨ A1, B1 ¨ A2, B2 { ¤¢  à¥è¥­¨ï § ¤ ç¨ (1.13), â®A2A−11 = B2B−11 = H , £¤¥H «¥¦¨â ¢ £àã¯¯¥�¨G0  «£¥¡àëG0. � ç áâ­®áâ¨, à¥è¥­¨ïA, B ¨ �, � § ¤ ç (1.1) ¨ (1.5) á¢ï§ ­ë á®®â­®è¥­¨¥¬A = H�; B = H�; H(0) = E¤«ï ­¥ª®â®à®£®H(t) ∈ G0. �á«®¢¨ï § ¤ ç¨ (1.1) íª¢¨¢ «¥­â­ë âà¥¡®¢ ­¨ï¬HtH−1 +H�t�−1H−1 ∈ V1; (1.14)HtH−1 +H�t�−1H−1 ∈ V2: (1.15)�«ï â®£® çâ®¡ë íää¥ªâ¨¢­® ¢®á¯®«ì§®¢ âìáï ãá«®¢¨ï¬¨ (1.14), (1.15) ¤«ï ­ å®¦¤¥Ä­¨ïH , ¬ë ­ ª« ¤ë¢ ¥¬ ãá«®¢¨¥ (14). � ¨¬¥­­®, ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® [G0; Vi] ⊂ Vi,i = 1; 2. �á­®, çâ® ¢ ç áâ­®¬ á«ãç ¥, ª®£¤  V1 = G+ { ¯®¤ «£¥¡à , ¨§ ¤¢ãå ãá«®¢¨© (14)®áâ ¥âáï â®«ìª® ®¤­®: [G0; V2] ⊂ V2: (1.16)�â¬¥â¨¬ â ª¦¥, çâ® ¥á«¨ G− = G, â® G0 = G+ ¨ ¨§ (14) á«¥¤ã¥â, çâ® V1 { ¯®¤ «£¥¡à �¨ ¢ G. �®£¤  ¡¥§ ®£à ­¨ç¥­¨ï ®¡é­®áâ¨ ¬®¦­® áç¨â âì, çâ® G+ = V1. Ǳà¨ íâ®¬(14) íª¢¨¢ «¥­â­® ãá«®¢¨î, çâ® V2 ï¢«ï¥âáï V1-¬®¤ã«¥¬. � ª¨¬ ®¡à §®¬, ­ è  áå¥¬ ¢ª«îç ¥â á«ãç ©, ª®£¤  £àã¯¯ G ï¢«ï¥âáï à¥¤ãªâ¨¢­ë¬ ®¤­®à®¤­ë¬ ¯à®áâà ­áâ¢®¬.Ǳ®ª ¦¥¬, çâ® ¯à¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (14) ¤«ï ®¯à¥¤¥«¥­¨ï H , ã¤®¢«¥â¢®àïîé¥£®(1.14), (1.15), ¤®áâ â®ç­® à¥è¨âì «¨­¥©­®¥ ãà ¢­¥­¨¥ á ¯¥à¥¬¥­­ë¬¨ ª®íää¨æ¨¥­â ¬¨.�¥©áâ¢¨â¥«ì­®, ¢ á¨«ã (14) ãá«®¢¨ï (1.14) ¨ (1.15) ¬®¦­® ¯¥à¥¯¨á âì ¢ ¢¨¤¥h+ �t�−1 ∈ V1; (1.17)h+ �t�−1 ∈ V2; (1.18)£¤¥ h = H−1Ht ∈ G0, ®âáî¤  á«¥¤ã¥âh− = −(�t�−1)−; h+ = −(�t�−1)+¨ h = −(�t�−1)− − (�t�−1)+:�¥¯¥àì ¤«ï ®¯à¥¤¥«¥­¨ï ¨áª®¬®© äã­ªæ¨¨H ­ã¦­® à¥è¨âì «¨­¥©­®¥ ãà ¢­¥­¨¥Ht = −H((�t�−1)− + (�t�−1)+); H(0) = E: (1.19)� ¬¥ç ­¨¥. �«ï â®£® çâ®¡ë ­ ©â¨ à¥è¥­¨¥ § ¤ ç¨ ä ªâ®à¨§ æ¨¨ (1.1), ­ ¬ ­¥ ®¡ïÄ§ â¥«ì­® ¡ë«® ­ ç¨­ âì á à¥è¥­¨ï �, � § ¤ ç¨ (1.5). Ǳà¨ ¢ë¯®«­¥­¨¨ ãá«®¢¨© (14) ¢ª ç¥áâ¢¥ �, � ¬®¦­® ¢§ïâì ¨ «î¡®¥ ¤àã£®¥ à¥è¥­¨¥ § ¤ ç¨ (1.13). � ¯à¨¬¥à¥, ª®â®àë©¡ã¤¥â à áá¬ âà¨¢ âìáï ¢ à §¤¥«¥ 2, ¬ë â ª ¨ ¯®áâã¯¨¬.



346 �.�. ��������, �.�. �������2. Ǳ�����. ��������� ���������������¨â â¥«ì, ª®â®àë© ¨­â¥à¥áã¥âáï â®«ìª® ª®­¥ç­®© ä®à¬ã«®©, ®¯¨áë¢ îé¥© à¥è¥­¨ïãà ¢­¥­¨ï (15), ¬®¦¥â ®£à ­¨ç¨âìáï ®¡áã¦¤¥­¨¥¬ ®â¢¥â , á®¤¥à¦ é¨¬áï ¢ ª®­æ¥ íâ®£®à §¤¥« .� ¯¨è¥¬ ãà ¢­¥­¨¥ (15) ¢ ¢¨¤¥ (1). �«ï íâ®£® à áá¬®âà¨¬ ¢¥ªâ®à­®¥ ¯à®áâà ­áâ¢®
G = A ⊕ A ⊕ A ⊕ gl(2): (2.1)�¥âàã¤­® ¯à®¢¥à¨âì, çâ® G ¯à¥¢à é ¥âáï ¢  «£¥¡àã �¨, ¥á«¨ ¢¢¥áâ¨ áª®¡ªã ä®à¬ã«®©[(a1; b1; c1;m1); (a2; b2; c2;m2)] = ([a1; a2]; [a1; b2]− [a2; b1]; [a1; c2]−

− [a2; c1]; [m1;m2])+ (0; p; q; 0); (2.2)£¤¥ p ¨ q ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬ ®¡à §®¬. Ǳãáâì m1 = (�1; �1
1; Æ1 ), m2 =
(�2; �2
2; Æ2 ), ®âáî¤  ¨¬¥¥¬p = �1b2 + �1c2 − �2b1 − �2c1; q = 
1b2 + Æ1c2 − 
2b1 − Æ2c1: (2.3)Ǳ®«®¦¨¬ G+ = V1 = {(∗; 0; 0; ∗)}, G− = {(∗; ∗; ∗; 0)}, V2 = {(a; a; c; 0)}, â®£¤ 
G0 = G+ ∩ G− = {(∗; 0; 0; 0)} ¨ ¨§ (2.2) á«¥¤ã¥â, çâ® [G0; V2] ⊂ V2. � ª¨¬ ®¡à §®¬,¢ë¯®«­¥­ë ãá«®¢¨ï (14), ¨ ¬ë ­ å®¤¨¬áï ¢ à ¬ª å áå¥¬ë ¯ã­ªâ  1.2. �á¯®«ì§ãï (2.2) ¨(2.3), ­¥âàã¤­® ¯à®¢¥à¨âì, çâ® ãà ¢­¥­¨¥ (1) ¤«ï U = (a; b; c;m), m = (�; �
; Æ ) íª¢¨Ä¢ «¥­â­® á¨áâ¥¬¥at = [a; b]; bt = [a; b] + �b+ �c; ct = [a− b; c] + 
b+ Æc; mt = 0: (2.4)C¨áâ¥¬  (2.4) ¤®¯ãáª ¥â à¥¤ãªæ¨î a = 0. �«£¥¡à ¨ç¥áª®¥ ®¡êïá­¥­¨¥ íâ®£® ä ªâ  á®Äáâ®¨â ¢ â®¬, çâ® {(0; ∗; ∗; ∗)} { ¨¤¥ « ¢ G. Ǳà¨ â ª®© à¥¤ãªæ¨¨, ¥á«¨ � 6= 0, äã­ªæ¨ïy = b ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î (15), £¤¥c1 = trm; c2 = − detm: (2.5)�«¥¤ãï ®¡é¥© áå¥¬¥ ¯ã­ªâ  1.2, á­ ç «  ¬ë ¤®«¦­ë ­ ©â¨ ª ª®¥-­¨¡ã¤ì à¥è¥­¨¥ § Ä¤ ç¨ ä ªâ®à¨§ æ¨¨ (1.13) á Z(t) = exp(−U0t). � ¬¥â¨¬, çâ®

G = G+ ⊕ V ′2 ; (2.6)£¤¥ V ′2 = {(0; ∗; ∗; 0)}. Ǳ®áª®«ìªã V ′2 { ¨¤¥ « ¢ G, § ¤ ç  ä ªâ®à¨§ æ¨¨, á®®â¢¥âáâ¢ãîÄé ï à §«®¦¥­¨î (2.6), à¥è ¥âáï ï¢­® (á¬. ¢¢¥¤¥­¨¥). �¥è¥­¨¥ ¨¬¥¥â ¢¨¤A1 = exp(W0t); B1 = A1 exp(−U0t);£¤¥ U0 = (0; b0; c0;m), W0 = (0; 0; 0;m). � ª ª ª V ′2 ⊂ G−, â® A1, B1 ã¤®¢«¥â¢®àïîâ§ ¤ ç¥ (1.13).



� ��������� ���������� ������ ������������ 347�®£« á­® ®¡é¥© áå¥¬¥ ¨é¥¬ à¥è¥­¨¥ § ¤ ç¨ (1.1) ¢ ¢¨¤¥ A = HA1, B = HB1, £¤¥H ∈ G0. �®à¬ã«  (1.19) ¢ ­ è¥¬ á«ãç ¥ ®§­ ç ¥â, çâ®Ht = −H((B1)tB−11 )+:Ǳà¨ íâ®¬ (−B1)tB−11 ¨¬¥¥â ¢¨¤ (0; p; q; 0),   ((B1)tB−11 )+ = (p; 0; 0; 0).Ǳ®«ì§ãïáì ä®à¬ã«®© B1 = exp(W0t) exp(−U0t);­ å®¤¨¬ (0; p; q; 0) = −(B1)tB−11 = −W0 + exp(W0t)U0 exp(−W0t) == exp(W0t)(0; b0; c0; 0) exp(−W0t):� ¯®¬®éìî ä®à¬ã«ë (2.2) ­ å®¤¨¬ p = �11(t)b0+�12(t)c0, £¤¥ �ij { í«¥¬¥­âë ¬ âà¨æëexp(mt). �â ª, ¨¬¥¥¬ Ht = −H(�11(t)b0 + �12(t)c0; 0; 0; 0): (2.7)� ¯®¬­¨¬, çâ® à¥è¥­¨¥ ¨­â¥à¥áãîé¥£® ­ á ãà ¢­¥­¨ï (15) { íâ® ¢â®à ï ¨«¨, çâ®â® ¦¥ á ¬®¥, ¯¥à¢ ï ª®¬¯®­¥­â  í«¥¬¥­â  BtB−1. �¬¥¥¬ BtB−1 = HtH−1 +H(B1)tB−11 H−1. �â®à®¥ á« £ ¥¬®¥ «¥¦¨â ¢ ¨¤¥ «¥ V ′2 , ¨ ¯®íâ®¬ã ¥£® ¯¥à¢ ï ª®¬¯®Ä­¥­â  à ¢­  ­ã«î. �«¥¤®¢ â¥«ì­®, ¢ á®®â¢¥âáâ¢¨¨ á (2.7) à¥è¥­¨¥ y = b ãà ¢­¥­¨ï (15)¨¬¥¥â ¢¨¤ y = YtY −1 = −Y (�11(t)b0 + �12(t)c0)Y −1;£¤¥ Yt = −Y (�11(t)b0 + �12(t)c0); Y (0) = E:�ç¥¢¨¤­®, çâ® Y «¥¦¨â ¢ £àã¯¯¥ �¨ ¨áå®¤­®©  «£¥¡àë �¨ A.�¡áã¤¨¬ ¨ ®¡®¡é¨¬ ¯®«ãç¥­­ë© ­ ¬¨ ã¤¨¢¨â¥«ì­® ¯à®áâ®© ®â¢¥â. ǱãáâìYt = Y Q(t); Y (0) = E;£¤¥Q(t) ¯à¨­ ¤«¥¦¨â ­¥ª®â®à®©  «£¥¡à¥�¨G,   Y (t) { á®®â¢¥âáâ¢ãîé¥© £àã¯¯¥�¨G.Ǳ®«®¦¨¬ y = YtY −1 = Y Q(t)Y −1. �¨ää¥à¥­æ¨àãï ¯® t íâ® á®®â­®è¥­¨¥, ¯®«ãç¨¬Y QtY −1 = yt; Y QttY −1 = ytt − [y; yt]; : : : ; Y Q(i)Y −1 = Pi(y; yt; : : : ; y(i));£¤¥ Pi+1 = (Pi)t − [y; Pi]:�á­®, çâ® ¥á«¨Q(t) { ¬­®£®ç«¥­ áâ¥¯¥­¨ n, â® y ã¤®¢«¥â¢®àï¥â ­¥«¨­¥©­®¬ã ãà ¢­¥­¨îPn+1(y; yt; : : : ; y(n+1)) = 0 ¯®àï¤ª n+1. � ç áâ­®áâ¨, ¥á«¨n = 1, â®−y ã¤®¢«¥â¢®àï¥âãà ¢­¥­¨î (15) á c1 = c2 = 0,   ¯à¨ n = 2 ¨¬¥¥¬yttt = 2[y; ytt]− [y; [y; yt]]:



348 �.�. ��������, �.�. �������� áá¬®âà¥­­ë© ¢ëè¥ ¯®«¨­®¬¨ «ì­ë© ¯®â¥­æ¨ « Q ã¤®¢«¥â¢®àï« ãà ¢­¥­¨îQ(n+1) = 0. �á­®, çâ® ¢¬¥áâ® íâ®£® ãà ¢­¥­¨ï ¬®¦­® à áá¬®âà¥âì ¡®«¥¥ ®¡é¥¥ ãà ¢­¥Ä­¨¥ Q(n+1) = F (Q;Qt; : : : ; Q(n)); (2.8)£¤¥ F { ¯à®¨§¢®«ì­®¥ G-¨­¢ à¨ ­â­®¥ ®â®¡à ¦¥­¨¥ ¨§ G ¢ G. �®£¤  äã­ªæ¨ï y ¡ã¤¥âã¤®¢«¥â¢®àïâì ­¥«¨­¥©­®¬ã ãà ¢­¥­¨î (áà. á (5))Pn+1(y; yt; : : : ; y(n+1)) = F (y; yt; P2; : : : ; P(n)):� è¥ ®¡é¥¥ ãà ¢­¥­¨¥ (15) á®®â¢¥âáâ¢ã¥â á«ãç î n = 1, Qtt = c1Qt + c2Q.3. ��������������� ��������������� ����������������� Ǳ����������3.1. �¡é ï áå¥¬ . � ®â«¨ç¨¥ ®â ãà ¢­¥­¨ï (1), ª®â®à®¥ ¬ë «¨­¥ à¨§®¢ «¨ ¯à¨¯à¥¤¯®«®¦¥­¨ïå (13), (14), ¤«ï ãà ¢­¥­¨ï (7) ¬ë ¤®¯®«­¨â¥«ì­® ¯à¥¤¯®« £ ¥¬, çâ®V1 = G+ ï¢«ï¥âáï ¯®¤ «£¥¡à®© �¨.�¯à¥¤¥«¨¬ A(x; t) ∈ G+ ª ª à¥è¥­¨¥ ãà ¢­¥­¨ïAt = U+A; A(x; 0) = E; (3.1)£¤¥U(x; t) ã¤®¢«¥â¢®àï¥â (7). �¥âàã¤­® ¯à®¢¥à¨âì, çâ®A(x; t) ¨U(x; t) á¢ï§ ­ëä®à¬ãÄ«®© (9). Ǳ®¤áâ ¢«ïï (9) ¢ (3.1) ¨ ¯®«ì§ãïáì â¥¬, çâ® V1 = G+ { ¯®¤ «£¥¡à , ¯®«ãç ¥¬,çâ® A(x; t) ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î (8). Ǳ®á«¥¤­¥¥ ãà ¢­¥­¨¥ íª¢¨¢ «¥­â­® ®¡ëª­®Ä¢¥­­®¬ã ¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î (10) ¤«ï äã­ªæ¨¨ �(x; t) = A(x− t; t).Ǳ®ª ¦¥¬, çâ® ¥á«¨ � ¨ � ã¤®¢«¥â¢®àïîâ § ¤ ç¥ ä ªâ®à¨§ æ¨¨�−1� = Z(x; t); �t�−1 ∈ G+; �t�−1 ∈ V2; �(x; 0) = E; �(x; 0) = E; (3.2)£¤¥ Zt(x; t) + U0(x− t)Z(x; t) = 0; Z(x; 0) = E; (3.3)â® �(x; t) à¥è ¥â (10). �¨ää¥à¥­æ¨àãï á®®â­®è¥­¨¥ �−1� = Z(x; t) ¯® t, ¬ë ¯®«ãç¨¬
−�−1�t�−1� + �−1�t = Zt: (3.4)�á¯®«ì§ãï (3.2) ¨ (3.3), ­ å®¤¨¬, çâ® Zt = −U0(x − t)�−1�. �¥¯¥àì, ¯¥à¥¯¨áë¢ ï (3.4)¢ ¢¨¤¥ �t�−1 − �t�−1 + �U0(x− t)�−1 = 0 (3.5)¨ ¯à®¥æ¨àãï ¯®á«¥¤­¥¥ á®®â­®è¥­¨¥ ­  G+, ¯®«ãç ¥¬ (10).�ç¥¢¨¤­®, çâ® (3.5) íª¢¨¢ «¥­â­® á®®â­®è¥­¨î�−1�t − Z−1�−1�tZ + Z−1U0(x− t)Z = 0: (3.6)Ǳà®¥æ¨àãï (3.6) ­  G+, ¬ë ¢¨¤¨¬, çâ® ¤«ï â®£® çâ®¡ë ­ ©â¨ à¥è¥­¨¥ § ¤ ç¨ ä ªâ®à¨Ä§ æ¨¨�−1� = Z(x; t); �−1�t ∈ G+; �−1�t ∈ N; �(x; 0) = E; �(x; 0) = E; (3.7)



� ��������� ���������� ������ ������������ 349¤®áâ â®ç­® à¥è¨âì «¨­¥©­®¥ ãà ¢­¥­¨¥ (áà. c (1.6)) ¤«ï ��t = −�L−1((Z−1U0(x− t)Z)+); �(0) = E;£¤¥ «¨­¥©­®¥ ®â®¡à ¦¥­¨¥ L: G+ → G+ ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© L(v) = (Z−1vZ)+.� ª®­¥æ, ¯ãáâì �1, �1 ã¤®¢«¥â¢®àïîâ (3.7). � ª ª ª (�1)t�−11 ∈ G−, ¬ë ¬®¦¥¬ ¯à¥¤Äáâ ¢¨âì (�1)t�−11 ¢ ¢¨¤¥ �+v, £¤¥ � ∈ G+∩G−, v ∈ V2. �¯à¥¤¥«¨¬H(x; t) ª ª à¥è¥­¨¥«¨­¥©­®£® ãà ¢­¥­¨ï Ht = −H�, H(x; 0) = E. �®£¤  � = H�1, � = H�1 ã¤®¢«¥â¢®Äàïîâ (3.2). �¥©áâ¢¨â¥«ì­®, ¨¬¥¥¬�t�−1 = HtH−1 +H(�1)t�−11 H−1 = −H�H−1 +H(� + v)H−1 = HvH−1:�®£« á­® (1.16)HvH−1 ∈ V1.� ª¨¬ ®¡à §®¬, ¬ë á¢¥«¨ § ¤ çã ä ªâ®à¨§ æ¨¨ (3.2) ª à¥è¥­¨î ­¥áª®«ìª¨å «¨­¥©Ä­ëå ãà ¢­¥­¨© á ¯¥à¥¬¥­­ë¬¨ ª®íää¨æ¨¥­â ¬¨, ª®â®àë¥, ªà®¬¥ ®á­®¢­®© ¯¥à¥¬¥­­®© t,§ ¢¨áïâ ®â x ª ª ®â ¯ à ¬¥âà .3.2. Ǳà¨¬¥àë ¬ âà¨ç­ëå á¨áâ¥¬ â¨¯  ãà ¢­¥­¨ï �¨ã¢¨««ï. �¤¥áì ¬ë ¯®Äª §ë¢ ¥¬, ª ª á¨áâ¥¬ë ãà ¢­¥­¨©ut = ux + vu; vt = uv (3.8)¨ ut = ux + uv + wu; vt = vu+ wu; wt = uv + uw; (3.9)£¤¥ u; v; w {¬ âà¨æëà §¬¥à m×m, ¬®£ãâ ¡ëâì § ¯¨á ­ë¢ ¢¨¤¥ (7). �â¬¥â¨¬, çâ® (3.8)¯à¨ m = 1 íª¢¨¢ «¥­â­® ãà ¢­¥­¨î ftx = exp(f)ft. �¢­ë¥ ä®à¬ã«ë, «¨­¥ à¨§ãîé¨¥ãà ¢­¥­¨ï (3.8), (3.9), ¬®¦­® ¨§¢«¥çì ¨§ ®¡é¥© áå¥¬ë ¯ã­ªâ  3.1.Ǳà¨¬¥à 1. � áá¬®âà¨¬ ¢ ª ç¥áâ¢¥  «£¥¡àë �¨ G ¬­®¦¥áâ¢® ¢á¥å ¡«®ç­ëå ¬ âà¨æ¢¨¤  ( a; b0; 0), £¤¥ a, b { ­¥ª®â®àë¥ ¬ âà¨æë à §¬¥à m×m. �¥âàã¤­® ¯à®¢¥à¨âì, çâ®
G+ = {( a; 00; 0)} ; G− = {( b; b0; 0)}{ ¯®¤ «£¥¡àë �¨ ¢ G, ¯à¨ç¥¬ G = G+ ⊕ G−. �à ¢­¥­¨¥ (7) ­  G, £¤¥U = (u− v; −v0; 0 ) ;á®¢¯ ¤ ¥â á (3.8).Ǳà¨¬¥à 2. Ǳãáâì

G = {( a; b0; c)} ; V1 = {( a; a0; −a)} ;
G+ = {( a+ c; a0; −a+ c)} ; V2 = G− = {( a; 00; c)} ;â®£¤  G0 = {( c; 00; c)} ¨, ª ª «¥£ª® ¯à®¢¥à¨âì, [G0; V1] ⊂ V1. �à ¢­¥­¨¥ (7) ¤«ïU = (u− w; u0; v − u)á®¢¯ ¤ ¥â á (3.9).



350 �.�. ��������, �.�. ��������¯¨á®ª «¨â¥à âãàë[1] B. Konstant. Lect. Notes. 1979. Ser. 34. P. 287{316.[2] M.A. �¥¬¥­®¢-�ï­-� ­áª¨©. �ã­ªæ.  ­ «¨§ ¨ ¥£® ¯à¨«®¦. 1983. �. 17(4). �. 17{33.[3] �.�.� åâ ¤¦ï­, �.�. � ¤¤¥¥¢. � ¬¨«ìâ®­®¢ ¯®¤å®¤ ¢ â¥®à¨¨ á®«¨â®­®¢. �.: � ãª , 1986.[4] I.Z.Golubchik, V.V.Sokolov, S.I.Svinolupov . A new class of nonassociative algebras and a genÄeralized factorization method: Preprint ESI 53. Wien (Austria), 1993.[5] �.�. �®£®ï¢«¥­áª¨©. �¯à®ª¨¤ë¢ îé¨¥áï á®«¨â®­ë. �.: � ãª , 1991.Ǳ®áâã¯¨«  ¢ à¥¤ ªæ¨î 1.VIII.1996 £.I.Z. Golubchik, V.V. SokolovON SOME GENERALIZATIONSOF FACTORIZATION METHODThe classical factorizationmethod reduces the systemof di�erential equationsUt = [U+; U ] to theproblem of solving algebraic equations. Here U(t) belongs to a Lie algebra G which is the direct sumof subalgebras G+ and G−, where \+" denotes the projection on G+. This method is generalizedto the case G+ ∩ G− 6= {0}. The corresponding quadratic systems are reduced to linear systemswith varying coeÆcients. It is shown that the generalized version of the factorization method is alsoapplicable to systems of partial di�erential equations of the Liouville type equation.


