
�����������������������������������®¬ 122, ò 2ä¥¢à «ì, 2000
c© 2000 £. �. �®áá-� è«¥∗,�.Ǳ. �à ­áã §∗������������� ������������������� � ����� ���Ǳ������������, ���������������� ������������ ����������áá«¥¤®¢ ­ë á¨áâ¥¬ë á ¤¢ã¬ï áâ¥¯¥­ï¬¨ á¢®¡®¤ë, ¨­â¥£à¨àã¥¬ë¥ ¢ á¬ëá«¥ �¨ãÄ¢¨««ï ¨ ¯®«ãç¥­­ë¥ ª ª ¢¥é¥áâ¢¥­­ ï ¨ ¬­¨¬ ï ç áâ¨ ¯®«¨­®¬¨ «ì­ëå (¨«¨ æ¥«ëå)ª®¬¯«¥ªá­ëåäã­ªæ¨© ¤¢ãå ª®¬¯«¥ªá­ëå ¯¥à¥¬¥­­ëå. Ǳà¥¤«®¦¥­ë®¯à¥¤¥«¥­¨ï ¤¥©áâÄ¢¨© â ª¨å á¨áâ¥¬, ­¥ ®â­®áïé¨åáï ª á¨áâ¥¬ ¬ â¨¯  �à­®«ì¤ {�¨ã¢¨««ï. Ǳà¥¤«®¦¥­¬¥â®¤ ­ å®¦¤¥­¨ï ¤¥©áâ¢¨© ¨§ ª®¬¯«¥ªá­®£® ãà ¢­¥­¨ï � ¬¨«ìâ®­ {�ª®¡¨, ¨ íâ®â ¬¥Äâ®¤ ¯à¨¬¥­¥­ ¤«ï à áá¬®âà¥­¨ï ­¥áª®«ìª¨å ¯à¨¬¥à®¢, ¢ª«îç ï â¥, ª®â®àë¥ ­¥¤ ¢­®à áá¬ âà¨¢ «¨áì ¢ á¢ï§¨ á ¢®§¬ãé¥­¨ï¬¨á¨áâ¥¬ë�î¤¦á¥­  àá {�­ ©¤¥à . Ǳ®áâ ¢Ä«¥­  ¯à®¡«¥¬  ª¢ §¨ª« áá¨ç¥áª®£® ®¯¨á ­¨ï á®®â¢¥âáâ¢ãîé¨å ª¢ ­â®¢ëå á¨áâ¥¬.1. ��������� íâ®© áâ âì¥ ®¡áã¦¤ îâáï á¨áâ¥¬ë á ¤¢ã¬ï áâ¥¯¥­ï¬¨ á¢®¡®¤ë, ¨­â¥£à¨àã¥¬ë¥ ¢á¬ëá«¥ �¨ã¢¨««ï ¨ ¯®«ãç¥­­ë¥ ª ª ¢¥é¥áâ¢¥­­ ï ¨ ¬­¨¬ ï ç áâ¨ ¯®«¨­®¬¨ «ì­ëå(¨«¨ æ¥«ëå) ª®¬¯«¥ªá­ëå äã­ªæ¨© ¤¢ãå ª®¬¯«¥ªá­ëå ¯¥à¥¬¥­­ëå z ¨ p. ǱãáâìH : (z; p) 7→ H(z; p){ â ª ï äã­ªæ¨ï. Ǳ®«®¦¨¬ z = x1 + ix2; p = y1 − iy2 (1.1)¨ H(z; p) = H1(x1; x2; y1; y2) + iH2(x1; x2; y1; y2): (1.2)�®£¤  äã­ªæ¨¨ � ¬¨«ìâ®­ H1 ¨ H2 ¨¬¥îâ à ¢­ãî ­ã«î áª®¡ªã Ǳã áá®­ , ®¯à¥¤¥«ï¥Ä¬ãî á¨¬¯«¥ªâ¨ç¥áª®© ä®à¬®©! = dx1 ∧ dy1 + dx2 ∧ dy2: (1.3)Ǳ®«®¦¨¬M = R

2, ¨ ¯ãáâìR : T ∗M 7→ T ∗M { ®â®¡à ¦¥­¨¥ á«®¥¢, ®¯à¥¤¥«ï¥¬®¥ ä®àÄ¬ã«®© R : (x1; x2; y1; y2) 7→ (x1; x2;−y2; y1): (1.4)
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206 �. ����-�����, �.Ǳ. ��������Ǳ à  (H1; H2) á®áâ ¢«ï¥â ¡¨£ ¬¨«ìâ®­®¢ã á¨áâ¥¬ã ¢ á¬ëá«¥ ®¯à¥¤¥«¥­¨© à ¡®âë [1] á¤®¢®«ì­® ¯à®áâë¬ à¥ªãàá¨¢­ë¬ ®¯¥à â®à®¬ R, çâ® «¥£ª® ã¢¨¤¥âì á ¯®¬®éìî ãá«®¢¨©�®è¨{�¨¬ ­  (¯®¤à®¡­¥¥ á¬., ­ ¯à¨¬¥à, ¢ [2] ¨ [3]). � áª®«ìª® ­ ¬ ¨§¢¥áâ­®, ¯à®¡«¥¬ ¯®áâà®¥­¨ï ¤¥©áâ¢¨© ¤«ï â ª¨å á¨áâ¥¬ ¥é¥ ­¥ ¨áá«¥¤®¢ « áì. �â¨ á¨áâ¥¬ë ¨ ¨å §­ Äç¥­¨¥ ¤«ï ª¢ ­â®¢®© ä¨§¨ª¨ ¢¯¥à¢ë¥ ®¡áã¦¤ «¨áì �âà®ªª¨ [4]. �ë ¯à¥¤« £ ¥¬ ­ §ëÄ¢ âì íâ¨ á¨áâ¥¬ë á¨áâ¥¬ ¬¨ � «®¤¦¥à®{�âà®ªª¨. �ë ¢¢®¤¨¬ ®¯à¥¤¥«¥­¨¥ ¤¥©áâ¢¨ï¯®  ­ «®£¨¨ á ®¯à¥¤¥«¥­¨¥¬ �à­®«ì¤  [5], ®â­®áïé¨¬áï ª áâ ­¤ àâ­®¬ã á«ãç î, ª®£Ä¤  £« ¤ª¨¥ ¯®¢¥àå­®áâ¨ ãà®¢­ï ¯¥à¢ëå ¨­â¥£à «®¢ ï¢«ïîâáï ¤¢ã¬¥à­ë¬¨ â®à ¬¨. �®¢â®à®¬ à §¤¥«¥ ¬ë ­ ¯®¬¨­ ¥¬ áâ ­¤ àâ­ãî áå¥¬ã ®¯à¥¤¥«¥­¨ï ¤¥©áâ¢¨© ¨ ¯à¨¢®¤¨¬­¥áª®«ìª® ¯à¨¬¥à®¢ ï¢­ëå ¢ëç¨á«¥­¨© ¤¥©áâ¢¨©. �â¨ ¯à¨¬¥àë ¢ª«îç îâ ¢®«ç®ª �®Ä¢ «¥¢áª®©, á¨áâ¥¬ã � «®¤¦¥à®{�®§¥à  ¢® ¢­¥è­¥¬ ¯®«¥ á ª¢ ¤à â¨ç­ë¬ ¯®â¥­æ¨ «®¬¨ ¯à®¡«¥¬ã �¥¯«¥à . � âà¥âì¥¬ à §¤¥«¥ ¬ë ¯à¥¤« £ ¥¬ ®¯à¥¤¥«¥­¨ï ¤¥©áâ¢¨© ¤«ï á¨áÄâ¥¬ �¨¬ ­ {�¨ã¢¨««ï ¨ ¨§« £ ¥¬ ¬¥â®¤ ­ å®¦¤¥­¨ï íâ¨å ¤¥©áâ¢¨© ¨§ ª®¬¯«¥ªá­®£®ãà ¢­¥­¨ï � ¬¨«ìâ®­ {�ª®¡¨. � ç¥â¢¥àâ®¬ à §¤¥«¥ ¬ë ¯à¨¬¥­ï¥¬ íâ®â ¬¥â®¤ ª á«¥¤ãÄîé¨¬ âà¥¬ ¯à¨¬¥à ¬ äã­ªæ¨© � ¬¨«ìâ®­ .Ǳ¥à¢ ï äã­ªæ¨ï � ¬¨«ìâ®­  ¨¬¥¥â ¢¨¤H(z; p) = esp − i
zs : (1.5)�­  ¯®ï¢¨« áì ¢ à ¡®â¥ [6] ¢ á¢ï§¨ á ¢®§¬ãé¥­¨ï¬¨ á¨áâ¥¬ë �ã¤¦¨­ àá {�­ ©¤¥à [2, 6{9], ¨¬¥îé¥© ®à¡¨âë á ®¤­¨¬ ¨ â¥¬ ¦¥ ¯¥à¨®¤®¬. �ë ®£à ­¨ç¨¬áï á«ãç ¥¬, ª®£¤ ¢ (1.5) s = 1.�â®à ï äã­ªæ¨ï � ¬¨«ìâ®­  ¨¬¥¥â ¢¨¤H(z; p) = ezp − i
 ln z: (1.6)�­  ¯®ï¢¨« áì ¢ ­¥¤ ¢­¨å ¨áá«¥¤®¢ ­¨ïå ª¢ ­â®¢ëå á¨áâ¥¬ � «®¤¦¥à®{�âà®ªª¨ [9].�à¥âìï äã­ªæ¨ï � ¬¨«ìâ®­  ¨¬¥¥â ­ìîâ®­®¢ ¢¨¤H(z; p) = 12p2 − i
ez: (1.7)� § ª«îç¨â¥«ì­®¬ ¯ïâ®¬ à §¤¥«¥ ¬ë ®¡áã¦¤ ¥¬  ¤ ¯â æ¨î ¯à ¢¨«  ª¢ ­â®¢ ­¨ï�®à {�®¬¬¥àä¥«ì¤  ª á¨áâ¥¬ ¬ á ¤¢ã¬ï áâ¥¯¥­ï¬¨ á¢®¡®¤ë (1.5){(1.7). � ¬¥â¨¬, çâ® ¢¢ëè¥ã¯®¬ï­ãâëå ¯à¨¬¥à å ¢®§¬®¦­ë â®«ìª® ®à¡¨âë á ®¤­¨¬ ¨ â¥¬ ¦¥ ¯¥à¨®¤®¬. �â®®¡áâ®ïâ¥«ìáâ¢® «¨èì ®â¬¥ç¥­® §¤¥áì,   ¥£® ¨áá«¥¤®¢ ­¨¥ § ¯« ­¨à®¢ ­® ­  ¡«¨¦ ©è¥¥¡ã¤ãé¥¥.2. �������� � �� ���������� � ����������������� ������ ��Ǳ� ��������{���������à âª® ­ ¯®¬­¨¬ ®á­®¢ë ¯®áâà®¥­¨ï ¤¥©áâ¢¨© ¢ á«ãç ¥ á¨áâ¥¬ â¨¯  �à­®«ì¤ {�¨ã-¢¨««ï (¯®¤à®¡­¥¥ á¬., ­ ¯à¨¬¥à, [10]). �ë ®£à ­¨ç¨¬áï à áá¬®âà¥­¨¥¬ á¨áâ¥¬ á ¤¢ã¬ïáâ¥¯¥­ï¬¨ á¢®¡®¤ë, çâ®¡ëã¯à®áâ¨âì ®¡®§­ ç¥­¨ï ¨ áà ¢­¥­¨¥ á á¨áâ¥¬ ¬¨� «®¤¦¥à®{�âà®ªª¨, ª®â®àë¥ â®¦¥ ¨¬¥îâ ¤¢¥ áâ¥¯¥­¨ á¢®¡®¤ë.



������������� �������, �������� � ����������������� Ǳ����� 207�¯à¥¤¥«¥­¨¥ 2.1. Ǳãáâì ¯à®áâà ­áâ¢® R
4 á í«¥¬¥­â ¬¨ (x1; x2; y1; y2) ­ ¤¥«¥­®á¨¬¯«¥ªâ¨ç¥áª®© ä®à¬®© (1.3) ¨ á®®â¢¥âáâ¢ãîé¥© áª®¡ª®© Ǳã áá®­  {·; ·}. Ǳ à  äã­ªÄæ¨© H = (H1; H2) ®¯à¥¤¥«ï¥â á¨áâ¥¬ã, ¨­â¥£à¨àã¥¬ãî ¢ á¬ëá«¥ á¨áâ¥¬ â¨¯  �à­®«ìÄ¤ {�¨ã¢¨««ï, ¥á«¨:1) {H1; H2} = 0;2) ®â®¡à ¦¥­¨¥H = (H1; H2): R4 7→ R

2 ï¢«ï¥âáï áã¡¬¥àá¨¥© ¨ ¥£® £« ¤ª¨¥ á«®¨ ª®¬Ä¯ ªâ­ë.� â ª¨å á¨áâ¥¬ á¢ï§­ë¥ ª®¬¯®­¥­âë £« ¤ª¨å á«®¥¢ ï¢«ïîâáï â®à ¬¨. Ǳà¥¤¯®«®¦¨¬¤«ï ¯à®áâ®âë, çâ® £« ¤ª¨¥ á«®¨ á¢ï§­ë. Ǳà¥¤¯®«®¦¨¬ â ª¦¥, çâ® ®â®¡à ¦¥­¨¥H ¨¬¥Ä¥â ¢á¥ ­¥®¡å®¤¨¬ë¥ á¢®©áâ¢  à¥£ã«ïà­®áâ¨, ­ ¯à¨¬¥à ï¢«ï¥âáï ¢¥é¥áâ¢¥­­®- ­ «¨â¨-ç¥áª¨¬. Ǳãáâì c0 {à¥£ã«ïà­®¥ §­ ç¥­¨¥ ®â®¡à ¦¥­¨ïH . �§ â¥®à¥¬ë�®¬ ®à áá«®¥­¨¨á«¥¤ã¥â áãé¥áâ¢®¢ ­¨¥ á¥¬¥©áâ¢   ­ «¨â¨ç¥áª¨å æ¨ª«®¢ (
1(c); 
2(c)), ª®â®àë¥ ®¯à¥¤¥Ä«¥­ë ¢ ­¥ª®â®à®© ®ªà¥áâ­®áâ¨ c0 ¨ ¯®à®¦¤ îâH1(H−1(c);Z).�¯à¥¤¥«¥­¨¥ 2.2. �¥©áâ¢¨ï¬¨ á¨áâ¥¬ëH ®â­®á¨â¥«ì­® æ¨ª«  (
1(c); 
2(c)) ­ §ëÄ¢ îâáï  ­ «¨â¨ç¥áª¨¥ äã­ªæ¨¨, ®¯à¥¤¥«¥­­ë¥ ¢ ®ªà¥áâ­®áâ¨ ­¥ª®â®à®£® à¥£ã«ïà­®£®§­ ç¥­¨ï c0 à ¢¥­áâ¢ ¬¨ p1 = ∫
1(c) �; p2 = ∫
2(c) �; (2.1)£¤¥ � = x1 dy1 + x2 dy2.� ¬¥ç ­¨¥ 2.1. �¥©áâ¢¨ï ®¯à¥¤¥«¥­ë â®«ìª® «®ª «ì­® ¢ ®ªà¥áâ­®áâ¨ ª ¦¤®£® à¥Ä£ã«ïà­®£® §­ ç¥­¨ïH . �­¨, ¢®®¡é¥ £®¢®àï, ­¥ áãé¥áâ¢ãîâ £«®¡ «ì­® ¨ à §¢¥â¢«ïîâÄáï ¢ â®çª å, á®®â¢¥âáâ¢ãîé¨å ªà¨â¨ç¥áª¨¬ §­ ç¥­¨ï¬. �¥áª®«ìª® ¯à¨¬¥à®¢ ¤¥©áâ¢¨©¯à¨¢¥¤¥­ë ¢ [10].� ¬¥ç ­¨¥ 2.2. � ®¯à¥¤¥«¥­¨¨ ¤¥©áâ¢¨© ¬ë ¨á¯®«ì§®¢ «¨ á¥¬¥©áâ¢®  ­ «¨â¨ç¥áÄª¨å æ¨ª«®¢ (
1(c); 
2(c)), ª®â®àë¥ ¯®à®¦¤ îâ H1(H−1(c);Z). �á«¨ ¢¬¥áâ® á¨áâ¥¬ë(
1(c); 
2(c)) ¨á¯®«ì§®¢ âì ¤àã£ãî á¨áâ¥¬ã æ¨ª«®¢ (
′1(c); 
′2(c)), â ª¦¥ ¯®à®¦¤ îéãîH1(H−1(c);Z), â® á®®â¢¥âáâ¢ãîé¨¥ ¤¥©áâ¢¨ï ¡ã¤ãâ «¨­¥©­ë¬¨ ª®¬¡¨­ æ¨ï¬¨ ¤¥©áâÄ¢¨© (2.1) á æ¥«ë¬¨ ª®íää¨æ¨¥­â ¬¨. �á«¨ § ¬¥­¨âì ¢ (2.1) 1-ä®à¬ã � ­  ª ªãî-­¨¡ã¤ì¤àã£ãî 1-ä®à¬ã �′ â ªãî, çâ® d�′ = d� (= !), â® á®®â¢¥âáâ¢ãîé¨¥ ¤¥©áâ¢¨ï ¡ã¤ãâ ®âÄ«¨ç âìáï ®â (2.1) «¨èì ­  ª®­áâ ­âë.Ǳà¨¬¥àë. � áá¬®âà¨¬ à æ¨®­ «ì­ãî á¨áâ¥¬ã � «®¤¦¥à®{�®§¥à  ¢® ¢­¥è­¥¬ ¯®Ä«¥ á ª¢ ¤à â¨ç­ë¬ ¯®â¥­æ¨ «®¬H = 12(y21 + y22) + g2(x1 − x2)−2 + �2(x21 + x22): (2.2)�á¥ ®à¡¨âë íâ®© á¨áâ¥¬ë ¨¬¥îâ ®¤¨­ ¨ â®â ¦¥ ¯¥à¨®¤ ­¥ ¡®«ìè¥ 2�=�. � íâ®¬ á«ãÄç ¥ ¤¥©áâ¢¨ï ï¢«ïîâáï  «£¥¡à ¨ç¥áª¨¬¨ äã­ªæ¨ï¬¨, ®¯à¥¤¥«ï¥¬ë¬¨ ª ª á®¡áâ¢¥­­ë¥§­ ç¥­¨ï ¬ âà¨æë � ªá , í«¥¬¥­âë ª®â®à®© { à æ¨®­ «ì­ë¥ äã­ªæ¨¨ ª®®à¤¨­ â [11].�­®£¤  ¬®¦­® ­ ©â¨ ¤¥©áâ¢¨ï, ¯®áª®«ìªã ¢ á®®â¢¥âáâ¢ãîé¥¬ ãà ¢­¥­¨¨ � ¬¨«ìâ®Ä­ {�ª®¡¨ ¯¥à¥¬¥­­ë¥ à §¤¥«ïîâáï. � ¨¡®«¥¥ ¨§¢¥áâ­ë© ¯à¨¬¥à { á¨áâ¥¬  �¥¯«¥à .�®§¥à ¯®ª § « [4], çâ® íâ  á¨áâ¥¬  íª¢¨¢ «¥­â­  £¥®¤¥§¨ç¥áª®¬ã ¯®â®ªã ­  áä¥à¥. Ǳ¥Äà¨®¤ë®à¡¨â £¥®¤¥§¨ç¥áª®£® ¯®â®ª  ­  áä¥à¥, ¢ ®â«¨ç¨¥ ®â á¨áâ¥¬ë� «®¤¦¥à®{�®§¥à ,



208 �. ����-�����, �.Ǳ. ��������§ ¢¨áïâ ®â í­¥à£¨¨. �®­ªà¥â­®¥ ¢ëç¨á«¥­¨¥ ¤¥©áâ¢¨© ¤«ï á¨áâ¥¬ë �¥¯«¥à  áâ ­¤ àâÄ­® (á¬., ­ ¯à¨¬¥à, [10]).�¬¥¥âáï ­¥áª®«ìª® ¯à¨¬¥à®¢, ¢ ª®â®àëå ¢ëç¨á«¥­¨¥ ¤¥©áâ¢¨© ¢®§¬®¦­®, å®âï ­¥¨§Ä¢¥áâ­®, ª ª à §¤¥«¨âì ¯¥à¥¬¥­­ë¥ ¢ á®®â¢¥âáâ¢ãîé¨å ãà ¢­¥­¨ïå � ¬¨«ìâ®­ {�ª®¡¨.� ª, ¤¥©áâ¢¨ï ¬®¦­® ¢ëç¨á«¨âì, ª®£¤  á¨áâ¥¬  ï¢«ï¥âáï  «£¥¡à ¨ç¥áª¨ ¨­â¥£à¨àã¥Ä¬®© ¨ ¨§¢¥áâ¥­ ï¢­ë© ¢¨¤ ãà ¢­¥­¨© ¤«ï ¯®â®ª ¯¥à¢ëå ¨­â¥£à «®¢ ¢ â¥à¬¨­ å ¤®¯®«­¨Äâ¥«ì­ëå ¯¥à¥¬¥­­ëåw1 ¨w2, ¯à¨¡ ¢«ï¥¬ëåª¯¥à¢ë¬¨­â¥£à « ¬H1 ¨H2. �¨¬¯«¥ªâ¨Äç¥áª ï ä®à¬  ¢ëà ¦ ¥âáï ç¥à¥§ íâ¨ ¯¥à¥¬¥­­ë¥ ¨ ¯¥à¢ë¥ ¨­â¥£à «ë. � [10] ¤®ª § ­®,çâ® ¢ ¤ ­­®¬ á«ãç ¥ ¬®¦­® ­ ©â¨ ï¢­ë© ¢¨¤ ¬ âà¨æë ¯¥à¨®¤®¢. � ­¥ª®â®àëå ¯à¨¬¥Äà å,  ­ «®£¨ç­ëå ¢®«çªã �®¢ «¥¢áª®©, ¬®¦­® ¯à®¨­â¥£à¨à®¢ âì ¬ âà¨æã ¯¥à¨®¤®¢ ¨¯®«ãç¨âì ¤¥©áâ¢¨ï (á¬. [10, 12]).3. �Ǳ��������� �������� ��� ���������������{�������. ���Ǳ������� �������������������{����� � ���������� ��������Ǳ®¢¥àå­®áâ¨ ãà®¢­ï ¯¥à¢ëå ¨­â¥£à «®¢ (H1; H2) ï¢«ïîâáï  ää¨­­ë¬¨ ç áâï¬¨ à¨Ä¬ ­®¢ëå¯®¢¥àå­®áâ¥©H−1(c). �ëà áá¬®âà¨¬á¥¬¥©áâ¢® à¨¬ ­®¢ëå¯®¢¥àå­®áâ¥©, ¯®Ä«ãç îé¨åáï ª®¬¯ ªâ¨ä¨ª æ¨¥©¯®¢¥àå­®áâ¥© ãà®¢­ï ¯¥à¢ëå ¨­â¥£à «®¢. Ǳãáâì g { à®¤à¨¬ ­®¢ëå ¯®¢¥àå­®áâ¥©H−1(c), £¤¥ c ¨§¬¥­ï¥âáï ¢ ­¥ª®â®à®© ®ªà¥áâ­®áâ¨ ­¥ª®â®à®£®à¥£ã«ïà­®£® §­ ç¥­¨ï c0. Ǳãáâì (
1(c); 
2(c); : : : ; 
2g−1(c); 
2g(c)) { á¨áâ¥¬  £¥­¥à â®Äà®¢ £àã¯¯ë £®¬®«®£¨©H1(H−1(c);Z). �¥©áâ¢¨ï á¨áâ¥¬ë ®¯à¥¤¥«ïîâáï 2g ¨­â¥£à « Ä¬ p̈1 = ∫
1(c) �; p2 = ∫
2(c) �; : : : ; p2g−1 = ∫
2g−1(c) �; p2g = ∫
2g(c) �: (3.1)� ª¨¬ ®¡à §®¬, à áá¬ âà¨¢ ¥¬ë¥ á¨áâ¥¬ë á ¤¢ã¬ï áâ¥¯¥­ï¬¨ á¢®¡®¤ë ¨¬¥îâ áª®«ìã£®¤­® ¬­®£® (¢®§¬®¦­®, ¡¥áª®­¥ç­® ¬­®£®) ¤¥©áâ¢¨©, § ¢¨áïé¨å ®â à®¤  g. Ǳ®íâ®¬ã,¬®¦¥â ¡ëâì, á«¥¤ã¥â ®£à ­¨ç¨âìáï «¨èì ¤¥©áâ¢¨ï¬¨, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ £®¬®«®Ä£¨¨  ää¨­­ëå ªà¨¢ëå, ­® ­  ¤ ­­®¬ íâ ¯¥ ­ è¥£®  ­ «¨§  ¬ë ¥é¥ ­¥ £®â®¢ë ¯à¨­ïâìâ ª®¥ à¥è¥­¨¥. Ǳ® ­ è¥¬ã ¬­¥­¨î, ¢ë¡®à á¥¬¥©áâ¢  ¤¥©áâ¢¨© ¤®«¦¥­ ¡ëâì ¯à®¤¨ªâ®Ä¢ ­ ª¢ ­â®¢ ­¨¥¬ á¨áâ¥¬ë (¥á«¨, ª®­¥ç­®, â ª®¥ ª¢ ­â®¢ ­¨¥ ¢®§¬®¦­®).�á«¨ § ¤ ­  £®«®¬®àä­ ï äã­ªæ¨ïH ¤¢ãå ª®¬¯«¥ªá­ëå ¯¥à¥¬¥­­ëå z ¨ p, â® ¬®¦­®¨áá«¥¤®¢ âì á®®â¢¥âáâ¢ãîé¥¥ ¥© ª®¬¯«¥ªá­®¥ ãà ¢­¥­¨¥ � ¬¨«ìâ®­ {�ª®¡¨H(z; @S@z ) = �: (3.2)�¥®à¥¬  3.1. Ǳ®«®¢¨­  ¤¥©áâ¢¨â¥«ì­®© ç áâ¨ ª®¬¯«¥ªá­®£® à¥è¥­¨ï S ãà ¢Ä­¥­¨ï (3.2) ï¢«ï¥âáï à¥è¥­¨¥¬ ãà ¢­¥­¨ï � ¬¨«ìâ®­ {�ª®¡¨ ¤«ï H1 = ReH ¨¤«ï H2 = ImH.�®ª § â¥«ìáâ¢®. Ǳ®«®¦¨¬S(z) = S1(x1; x2) + iS2(x1; x2): (3.3)



������������� �������, �������� � ����������������� Ǳ����� 209�®£¤  @S(z)@z = (@S1@x1 + @S2@x2) + i(@S2@x1 −
@S1@x2): (3.4)Ǳ®áª®«ìªã H(z; p) = H1(x1; x2; y1; y2) +H2(x1; x2; y1; y2); (3.5)ª®¬¯«¥ªá­®¥ ãà ¢­¥­¨¥ � ¬¨«ìâ®­ {�ª®¡¨ ¨¬¥¥â ¢¨¤a+ ib = �; (3.6)£¤¥ a = H1(x1; x2; @S1@x1 + @S2@x2 ;−@S2@x1 + @S1@x2); (3.7 )b = H2(x1; x2; @S1@x1 + @S2@x2 ;−@S2@x1 + @S1@x2): (3.7¡)Ǳ®«ì§ãïáì ãá«®¢¨ï¬¨ �®è¨{�¨¬ ­  ¤«ï £®«®¬®àä­®© äã­ªæ¨¨ S@S1@x1 = @S2@x2 ; @S2@x1 = −

@S1@x2 ; (3.8)¯®«ãç ¥¬, çâ® ãà ¢­¥­¨ï (3.7 ) ¨ (3.7¡) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥H1(x1; x2; 2@S1@x1 ; 2@S1@x2) = a; (3.9 )H2(x1; x2; 2@S1@x1 ; 2@S1@x2) = b: (3.9¡)�¥¯¥àì ®ç¥¢¨¤­®, çâ® S1=2 ï¢«ï¥âáï â®ç­ë¬ à¥è¥­¨¥¬ ¤¥©áâ¢¨â¥«ì­ëå ãà ¢­¥­¨© � Ä¬¨«ìâ®­ {�ª®¡¨ ¤«ïH1 ¨H2.�«ï ¨««îáâà æ¨¨ â¥®à¥¬ë 3.1 à áá¬®âà¨¬ ¤¢  ª« áá  äã­ªæ¨© � ¬¨«ìâ®­ . � ¯¥àÄ¢®¬ã ª« ááã ®â­®áïâáï äã­ªæ¨¨ � ¬¨«ìâ®­ , ­ §ë¢ ¥¬ë¥ äã­ªæ¨ï¬¨ � ¬¨«ìâ®­  ­ìîÄâ®­®¢  â¨¯ . �­¨ ¨¬¥îâ ¢¨¤ H(z; p) = p22 + �(z): (3.10)�®®â¢¥âáâ¢ãîé¥¥ ª®¬¯«¥ªá­®¥ ãà ¢­¥­¨¥ � ¬¨«ìâ®­ {�ª®¡¨12 (@S@z )2 +�(z) = � (3.11)¨¬¥¥â £®«®¬®àä­®¥ (¢ ¯«®áª®áâ¨ á à §à¥§ ¬¨) à¥è¥­¨¥S(z) = S0 + 2 ∫ [�− �(z)]1=2dz: (3.12)Ǳà¥¤áâ ¢¨¢ ¯®â¥­æ¨ «ì­ãî ç áâì äã­ªæ¨¨ � ¬¨«ìâ®­  ¢ ¢¨¤¥�(z) = �1(x1; x2) + i�2(x1; x2); (3.13)



210 �. ����-�����, �.Ǳ. ��������¯®«ãç ¥¬, çâ® H1(x1; x2; y1; y2) = 12(y21 − y22) + �1(x1; x2); (3.14 )H2(x1; x2; y1; y2) = −y1y2 +�2(x1; x2): (3.14¡)Ǳ®íâ®¬ã ¤¥©áâ¢¨â¥«ì­ ï ¨ ¬­¨¬ ï ç áâ¨ ª®¬¯«¥ªá­®£® ãà ¢­¥­¨ï � ¬¨«ìâ®­ {�ª®¡¨¨¬¥îâ ¢¨¤ 2 [

(@S1@x1)2
−

(@S1@x2)2]+�1(x1; x2) = a (3.15 )¨
−4@S1@x1 @S1@x2 = b: (3.15¡)�® ¢â®à®¬ã ª« ááã ®â­®áïâáï äã­ªæ¨¨ � ¬¨«ìâ®­ H(z; p) = ep − f(z): (3.16)� íâ®¬ á«ãç ¥ ª®¬¯«¥ªá­®¥ ãà ¢­¥­¨¥ � ¬¨«ìâ®­ {�ª®¡¨ ¨¬¥¥â £®«®¬®àä­®¥ (¢ ¯«®áÄª®áâ¨ á à §à¥§ ¬¨) à¥è¥­¨¥ S(z) = ∫ [ln(�+ f(z))] dz: (3.17)�â ª, ¬ë¯®ª § «¨, çâ® ãà ¢­¥­¨¥� ¬¨«ìâ®­ {�ª®¡¨á¨áâ¥¬ë� «®¤¦¥à®{�âà®ªª¨¬®¦­® à¥è¨âì. � ¬¥â¨¬, çâ®, ¢®®¡é¥ £®¢®àï, ¢ íâ®¬ ãà ¢­¥­¨¨ ¯¥à¥¬¥­­ë¥ ­¥ à §¤¥«ïÄîâáï. �ëç¨á«¥­¨¥ ¤¥©áâ¢¨© áâ ­¤ àâ­®.4. Ǳ������ �������������� ���Ǳ����������������� ����������{����� � ������������������. ��������� � ���������� ���������� íâ®¬ à §¤¥«¥ ¬ë à áá¬®âà¨¬ á¨áâ¥¬ë � «®¤¦¥à®{�âà®ªª¨ á äã­ªæ¨ï¬¨ � ¬¨«ìÄâ®­  (1.5), (1.6) ¨ (1.7). � ¯¥à¢®¬ á«ãç ¥ ª®¬¯«¥ªá­®¥ ãà ¢­¥­¨¥ � ¬¨«ìâ®­ {�ª®¡¨¨¬¥¥â à¥è¥­¨¥ (á¬. (3.17)) S(z) = S0 + ∫ [ln(�+ i
z)] dz; (4.1)â.¥. S(z) = S0 + [ �i
 + z] ln(�+ i
z)− z: (4.2)� á«ãç ¥ (1.6) à¥è¥­¨¥ ¨¬¥¥â ¢¨¤S(z) = S0 + ∫ [ln(�+ i
 ln z]dzz ; (4.3)â.¥. S(z) = S0 + 1i
{[�+ i
 ln z] ln[�+ i
 ln z]− [�+ i
 ln z]}: (4.4)



������������� �������, �������� � ����������������� Ǳ����� 211� ¯®á«¥¤­¥¬ á«ãç ¥ (1.7) ­ å®¤¨¬S(z) = ∫
[2(�2 + i
ez)]1=2dz; (4.5)®âªã¤  S(z) = 2u− �1=2 ln �1=2 + u�1=2 − u; (4.6)£¤¥ u = [2(�2 + i
ez)]1=2: (4.7)5. �����������â ª, ¢® ¢á¥å âà¥å á«ãç ïå (1.5), (1.6) ¨ (1.7) ¬ë ¬®¦¥¬ à¥è¨âì ª®¬¯«¥ªá­®¥ ãà ¢­¥Ä­¨¥ � ¬¨«ìâ®­ {�ª®¡¨ ¨ § â¥¬, ¯à¨¬¥­¨¢ â¥®à¥¬ã 3.1, ­ ©â¨ à¥è¥­¨ï ¤¥©áâ¢¨â¥«ì­ëåãà ¢­¥­¨© � ¬¨«ìâ®­ {�ª®¡¨ ¤«ï ¤¥©áâ¢¨â¥«ì­®© ¨ ¬­¨¬®© ç áâ¥© H . �¥©áâ¢¨ï ¨­Äâ¥£à¨àã¥¬ëå á¨áâ¥¬ ®¯à¥¤¥«ïîâáï ¯¥à¨®¤ ¬¨ ¬­®£®§­ ç­®© ª®¬¯«¥ªá­®© äã­ªæ¨¨ S,áã¦¥­­®© ­  æ¨ª«ë 
j(�). �áâ¥áâ¢¥­­ë¬ ®¡®¡é¥­¨¥¬ ª¢ §¨ª« áá¨ç¥áª®£® ¯à¨¡«¨¦¥Ä­¨ï ¡ë«® ¡ë ¯à¨à ¢­¨¢ ­¨¥ ¤¥©áâ¢¨© ¯®«ãæ¥«ë¬ ªà â­ë¬ ¯®áâ®ï­­®© Ǳ« ­ª . � â¥¬¬®¦­® ¡ë«® ¡ë áà ¢­¨âì à¥ «ì­ë© í­¥à£¥â¨ç¥áª¨© á¯¥ªâà á ¢ëç¨á«¥­­ë¬ (¥á«¨ ¢ëÄç¨á«¥­¨¥ ¢®§¬®¦­®). �¨áâ¥¬ë (1.5) ¨ (1.6) ¨¬¥îâ â® ®¡é¥¥ á¢®©áâ¢®, çâ® ¯¥à¨®¤ë ¨å®à¡¨â ®¤¨­ ª®¢ë. �¦¨¤ ¥âáï, çâ® á®®â¢¥âáâ¢ãîé¨¥ ª¢ ­â®¢ë¥ ¬®¤¥«¨ ¨¬¥îâ íª¢¨Ä¤¨áâ ­â­ë¥ í­¥à£¥â¨ç¥áª¨¥ á¯¥ªâàë [9], ¨ íâ® á«¥¤ã¥â áà ¢­¨âì á ª¢ §¨ª« áá¨ç¥áª¨¬¯à¨¡«¨¦¥­¨¥¬.�« £®¤ à­®áâ¨. � ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦ª¥ CNRS ¢ à ¬ª å ¯à®¥ªâ  Projet\G�eom�etrie Di��erentielle, Syst�emes Dynamiques et Applications" de l'UMR 7586.�¯¨á®ª «¨â¥à âãàë[1] F. Magri . Ageometrical approach toNonlinear solvableEquations. In: LectureNotes inPhysics.V. 120. Nonlinear Evolution Equations and Dynamical Systems. Proc. of the Meeting Held atthe University of Lecce June 20{23, 1979. Eds. M. Boiti, F. Pempinelli, and G. Soliani. Berlin:Springer, 1980. P. 233{263.[2] F. Calogero. J. Math. Phys. 1998. V. 39. P. 5268{5291.[3] H. Flaschka. Phys. Lett. A. 1988. V. 131. P. 505{508.[4] F. Strocchi. Rev. Mod. Phys. 1966. V. 38. ò 1. P. 36{43.[5] V. I. Arnol'd, A. Avez . Probl�emes ergodiques de la m�ecanique classique. Paris: GauthiÄer-Villars, 1967.[6] F. Calogero, J.-P. Fran�coise. Solution of certain integrable dynamical systems of RuijseÄnaars{Schneider type with completely periodic trajectories (¢ à ¡®â¥).[7] F. Calogero. J. Math. Phys. 1997. V. 38. P. 5711{5719.[8] F. Calogero. Tricks of the trade: relating and deriving solvable and integrable dynamical sysÄtems. In: Proceedings of the International Workshop on Calogero{Moser{Sutherland typemodels, held at the Centre de Recherches Math�ematiques de l'Universit�e de Montr�eal, Canada,inMarch 1997 (¢ ¯¥ç â¨).[9] F. Calogero. Solution of two quantum problems in the plane (¢ à ¡®â¥).[10] J.-P. Fran�coise. S�eminaire de Maths. Sup�erieures de Montr�eal. 1986. V. 102. P. 101{120.[11] J.-P. Fran�coise. Commun.Math. Phys. 1988. V. 117. P. 37{47.[12] �. �®«¤áâ¥©­. �« áá¨ç¥áª ï ¬¥å ­¨ª . �.: �®áâ¥å¨§¤ â, 1957.


