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�� ������������ �������������������� �����������.�. �®§«®¢1. �¢¥¤¥¨¥. �¡é ï â¥®à¨ï ¨â¥£à «ìëå ¨¢ à¨ â®¢ á®§¤   �. ǑãÄ ª à¥ ¨ ¨§«®�¥  ¢ III-¬ â®¬¥ \�®¢ëå ¬¥â®¤®¢ ¥¡¥á®© ¬¥å ¨ª¨" [1℄. �ï¤¢ �ëå ¤®¯®«¥¨© á¤¥« ë �. � àâ ®¬ [2℄. � ¯®¬¨¬ á ç «  ®á®¢ë¥®¯à¥¤¥«¥¨ï.Ǒãáâì _x = v(x); x ∈Mn; (1.1){ £« ¤ª ï ¤¨ ¬¨ç¥áª ï á¨áâ¥¬    ¬®£®®¡à §¨¨M . Ǒà®¨§¢®¤ãî�¨ ¢¤®«ì¢¥ªâ®à®£® ¯®«ï v ¡ã¤¥¬ ®¡®§ ç âìLv. Ǒ® ä®à¬ã«¥ £®¬®â®¯¨¨Lv = div + ivd:Ǒãáâì ' { k-ä®à¬ ,  { k-æ¥¯ì, gtv { ä §®¢ë© ¯®â®ª á¨áâ¥¬ë (1.1). �¯à ¢¥¤Ä«¨¢  ¯à®áâ ï ä®à¬ã«  (á¬.,  ¯à¨¬¥à, [3, £«. VII℄):ddt ∣∣∣∣t=0 ∫gt() ' = ∫ Lv':� ª¨¬ ®¡à §®¬, ¥á«¨ Lv' = 0; (1.2)â® ¨â¥£à « I [℄ = ∫ ' (1.3)¡ã¤¥â  ¡á®«îâë¬ ¨â¥£à «ìë¬ ¨¢ à¨ â®¬ ¤«ï á¨áâ¥¬ë (1.1):I[gt()] = I [℄ ∀ t ∈ R: (1.4)�á«¨ Lv' = d ; (1.5)� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à�ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìÄëå ¨áá«¥¤®¢ ¨© (£à â ò 93-013-16244), ISF (MCY000) ¨ INTAS (93-339).© �.�. �®§«®¢ 1995



380 �.�. ������£¤¥  { ¥ª®â®à ï (k − 1)-ä®à¬ , â® à ¢¥áâ¢® (1.4) á¯à ¢¥¤«¨¢® ¤«ï «î¡®£®k-æ¨ª«  : � = 0. � íâ®¬ á«ãç ¥ ¨â¥£à « (1.3)  §ë¢ ¥âáï ®â®á¨â¥«ìë¬¨â¥£à «ìë¬ ¨¢ à¨ â®¬.� §¤¥«¥¨¥ ¨â¥£à «ìëå ¨¢ à¨ â®¢    ¡á®«îâë¥ ¨ ®â®á¨â¥«ìë¥,¯à¥¤«®�¥®¥ Ǒã ª à¥, ¥ ®å¢ âë¢ ¥â ¢á¥ ¨â¥à¥áë¥ á«ãç ¨. � ¯à¨¬¥à,¬®�¥â ®ª § âìáï, çâ® Lv' =  ; d = 0; (1.6)¯à¨ç¥¬ k-ä®à¬   ¥ ï¢«ï¥âáï â®ç®©. � íâ®¬ á«ãç ¥ à ¢¥áâ¢® (1.4) ¨¬¥¥â¬¥áâ® ¤«ï «î¡®£® k-¬¥à®£® æ¨ª« , £®¬®«®£¨ç®£® ã«î. � ª®© ¨â¥£à «ìÄë© ¨¢ à¨ â  §®¢¥¬ ãá«®¢ë¬.Ǒà¨¢¥¤¥¬ ¯à®áâ®© ¯à¨¬¥à «¨¥©®£® ¨â¥£à «ì®£® ¨¢ à¨ â  (k − 1),ª®â®àë© ï¢«ï¥âáï ãá«®¢ë¬, ® ¥ ®â®á¨â¥«ìë¬. ǑãáâìM2 = T × R = {q mod 2�; p};_q = 0; _p = 1; ' = pdq:�®£¤  Lv' = ivd' = dq:�®à¬   = dq § ¬ªãâ , ® ¥ â®ç . Ǒ®íâ®¬ã,_I[gt()] = 2�¤«ï «î¡®£® § ¬ªãâ®£® ª®âãà  , \®å¢ âë¢ îé¥£®" æ¨«¨¤àM ( ¯à¨¬¥à, = {0 6 q < 2�; p = 0}).Ǒãáâì k-ä®à¬  ' ¯®à®�¤ ¥â ãá«®¢ë© ¨«¨ ®â®á¨â¥«ìë© ¨â¥£à «ìë©¨¢ à¨ â. �®£¤  (k + 1)-ä®à¬¥ d', ®ç¥¢¨¤®, ®â¢¥ç ¥â  ¡á®«îâë© ¨¢ à¨Ä â.�¥©áâ¢¨â¥«ì®, Lvd' = dLv' = d = 0:�â® § ¬¥ç ¨¥ ä ªâ¨ç¥áª¨ ¯à¨ ¤«¥�¨â Ǒã ª à¥ [1, ¯. 238℄.Ǒãáâì â¥¯¥àìM2n = T ∗Nn { ä §®¢®¥ ¯à®áâà áâ¢® £ ¬¨«ìâ®®¢®© á¨áâ¥Ä¬ë á ª®ä¨£ãà æ¨®ë¬ ¯à®áâà áâ¢®¬Nn = {x}. �¢¥¤¥¬ ª ®¨ç¥áª¨¥ ¨¬Ä¯ã«ìáë y ∈ T ∗xN ¨ 1-ä®à¬ã ' = ydx = n
∑1 ykdxk:� ª § ¬¥â¨«Ǒã ª à¥ [1, ¯. 255℄, ãà ¢¥¨ï � ¬¨«ìâ® _xk = �H�yk ; _yk = −
�H�xk ; 1 6 k 6 n; (1.7)



�� ������������ ����������� ��������� ���������� 381¤®¯ãáª îâ «¨èì «¨¥©ë© ®â®á¨â¥«ìë© ¨¢ à¨ â
∫ ∑ yk dxk; � = 0: (1.8)�â¥à¥á® ®â¬¥â¨âì, çâ® ¨¢ à¨ â (1.8) ¥ § ¢¨á¨â ®â £ ¬¨«ìâ®¨  H ¢ãà ¢¥¨ïå (1.7). Ǒ®íâ®¬ã (1.8) ¨®£¤   §ë¢ îâ ã¨¢¥àá «ìë¬¨â¥£à «ìÄë¬ ¨¢ à¨ â®¬. � ª ¤®ª § «�¨-�ã -��ã [4℄, ª �¤ë© «¨¥©ë© ã¨¢¥àÄá «ìë© ¨¢ à¨ â ãà ¢¥¨© � ¬¨«ìâ®  ¬®�¥â ®â«¨ç âìáï ®â ¨¢ à¨ â Ǒã ª à¥ (1.8) «¨èì ¯®áâ®ïë¬ ¬®�¨â¥«¥¬. �â®â à¥§ã«ìâ â, ¢¯à®ç¥¬, ®Äá¨â ä®à¬ «ìë© å à ªâ¥à. �£® ¤®ª § â¥«ìáâ¢® ®á®¢ ®     «¨§¥ ¨¢ à¨Ä â®áâ¨ ¨â¥£à «  ®â ®¤®© ¨ â®©�¥ 1-ä®à¬ë' ®â®á¨â¥«ì® ä §®¢ëå¯®â®Äª®¢ £ ¬¨«ìâ®®¢ëå á¨áâ¥¬ á à §ë¬¨ ª®ªà¥âë¬¨ £ ¬¨«ìâ®¨  ¬¨.�â®¨â ¯®¤ç¥àªãâì, çâ® â¥®à¥¬  �¨-�ã -��ã  ¤®ª §   ¤«ï á«ãç ï,ª®£¤  M = R

2n. �á«¨ ¯¥à¢®¥ ç¨á«® �¥ââ¨ ä §®¢®£® ¯à®áâà áâ¢  M®â«¨ç® ®â ã«ï, â® íâ  â¥®à¥¬  ã�¥ ¥ á¯à ¢¥¤«¨¢ . � ä®à¬¥ ' ¬®�®¯à¨¡ ¢¨âì § ¬ªãâãî, ® ¥ â®çãî 1-ä®à¬ã. �®£¤  § ç¥¨¥ ¨â¥£à « (1.8)   ¥£®¬®«®£¨çëå ã«î æ¨ª« å ¨§¬¥¨âáï   ¥ª®â®àë¥ ¥ã«¥¢ë¥ ¤¤¨â¨¢ë¥ ¯®áâ®ïë¥. � ®¡é¥¬ á«ãç ¥ â¥®à¥¬  �¨-�ã -��ã  ¨¬¥¥â¬¥áâ® «¨èì ¤«ï ãá«®¢ëå ¨â¥£à «ìëå ¨¢ à¨ â®¢.Ǒã ª à¥ ¯®áâ ¢¨« § ¤ çã ®  «¨ç¨¨ ¤àã£¨å ¨â¥£à «ìëå ¨¢ à¨ â®¢ãà ¢¥¨© ¤¨ ¬¨ª¨, ¢ ç áâ®áâ¨, ¢ § ¤ ç¥ âà¥å â¥«. � [1, ¯. 257℄ ® ¯¨Äè¥â:\�®�® § ¤ âìáï ¢®¯à®á®¬, áãé¥áâ¢ãîâ «¨ ¤àã£¨¥  «£¥¡à ¨ç¥áª¨¥ ¨Äâ¥£à «ìë¥ ¨¢ à¨ âë, ªà®¬¥ â¥å, ª®â®àë¥ ¬ë â®«ìª® çâ® ®¡à §®¢ «¨.�®�® ¡ë«® ¡ë ¯à¨¬¥¨âì «¨¡® ¬¥â®¤ �àãá , «¨¡® ¬¥â®¤, ª®â®àë© ï¨á¯®«ì§®¢ « ¢ £« ¢ å IV ¨ V : : : "Ǒã ª à¥ ¯®¨¬ «, çâ® íâ  § ¤ ç  â¥á® á¢ï§   á ãá«®¢¨ï¬¨ ¨â¥£à¨àã¥Ä¬®áâ¨ ãà ¢¥¨© � ¬¨«ìâ® . �¥ á«ãç ©® ® ã¯®¬¨ ¥â £« ¢ã V, ¢ ª®â®à®©¨¬ ¤®ª §   â¥®à¥¬  ® ¥áãé¥áâ¢®¢ ¨¨ ®¤®§ çëå   «¨â¨ç¥áª¨å ¨â¥£Äà «®¢ ¯à¨ â¨¯¨ç®¬ ¢®§¬ãé¥¨¨ äãªæ¨¨ � ¬¨«ìâ® . Ǒ®ª �¥¬, çâ® ¤¥©áâÄ¢¨â¥«ì® ¢ ®ªà¥áâ®áâ¨ ¨¢ à¨ âëå â®à®¢ ¢¯®«¥ ¨â¥£à¨àã¥¬ë¥ á¨áâ¥¬ë¤®¯ãáª îâ ¥áª®«ìª® à §«¨çëå ®â®á¨â¥«ìëå ¨â¥£à «ìëå ¨¢ à¨ â®¢.� ¯¥à¥¬¥ëå ¤¥©áâ¢¨¥-ã£®« J , ' mod 2� ãà ¢¥¨© ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:_J1 = · · · = _Jn = 0; _'1 = !1; : : : ; _'n = !n: (1.9)�¤¥áì !k { äãªæ¨ï ®â J . � áá¬®âà¨¬ ¥¢ëà®�¤¥ë© á«ãç ©, ª®£¤ �(!1; : : : ; !n)�(J1; : : : ; Jn) 6= 0:�ª §ë¢ ¥âáï, ãà ¢¥¨ï (1.9) ¬®�® ¯à¥¤áâ ¢¨âì ¢ à §«¨çëå¥íª¢¨¢ «¥âÄëå £ ¬¨«ìâ®®¢ëå ä®à¬ å [5℄: á¨¬¯«¥ªâ¨ç¥áª ï áâàãªâãà ! = d'; ' = n
∑1 �K�!k d'k;



382 �.�. ������¨ äãªæ¨ï � ¬¨«ìâ® H à ¢ n
∑1 !k �K�!k −K:�¤¥áìK { ¥¢ëà®�¤¥ ï äãªæ¨ï ®â ç áâ®â !1; : : : ; !n:det∥∥∥

∥
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∥

∥

∥

6= 0:� §«¨çë¥£ ¬¨«ìâ®®¢ë¯à¥¤áâ ¢«¥¨ïãà ¢¥¨©(1.9)\ã¬¥àãîâáï"äãªÄæ¨ï¬¨ K(!). Ǒ®íâ®¬ã, ¯® â¥®à¥¬¥ Ǒã ª à¥, á¨áâ¥¬  (1.9) ¤®¯ãáª ¥â ¨â¥£Äà «ìë¥ ¨¢ à¨ âë
∮ ' = ∮ n

∑1 �K�!k d'k:� ¬ Ǒã ª à¥ ¯ëâ «áï á¢ï§ âì áãé¥áâ¢®¢ ¨¥ ®¢ëå ¨â¥£à «ìëå ¨¢ Äà¨ â®¢ á® á¢®©áâ¢ ¬¨¬ã«ìâ¨¯«¨ª â®à®¢ ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨© ãà ¢¥¨©� ¬¨«ìâ® . � ¯®ª § « [1, ¯. 259℄, çâ® ¥á«¨ ¨¬¥¥âáï p à §«¨çëå ¨â¥£à «ìÄëå ¨¢ à¨ â®¢ (ª®£¤  1-ä®à¬ë' ¥§ ¢¨á¨¬ë), ¯à¨ç¥¬ ª®íää¨æ¨¥âëä®à¬' «¨¥©ë ¯® ª ®¨ç¥áª¨¬ ¯¥à¥¬¥ë¬ (ª ª,  ¯à¨¬¥à, ¢ (1.8)), â® p ¬ã«ìÄâ¨¯«¨ª â®à®¢ ¡ã¤ãâ à ¢ë ¥¤¨¨æ¥. � á®� «¥¨î, ¤«ï ®¡é¥£® á«ãç ï   «¨§§ ¤ ç¨, ¯à®¢¥¤¥ë©Ǒã ª à¥, ¥ ¯à¨¢¥« ª § ª®ç¥ë¬à¥§ã«ìâ â ¬. � á¢ïÄ§¨ á íâ¨¬Ǒã ª à¥ £®¢®à¨â: \�¥à®ïâ®, § ¤ ç  âà¥å â¥« ¥ ¤®¯ãáª ¥â ¨¢ à¨Ä âëå  «£¥¡à ¨ç¥áª¨å á®®â®è¥¨©, ®â«¨çëå ®â â¥å, ª®â®àë¥ ã�¥ ¨§¢¥áâÄë. �¤ ª®, ï ¥é¥ ¥ ¢ á®áâ®ï¨¨ ¤®ª § âì íâ®" [1, ¯. 258℄.� è  æ¥«ì { ¤®ª § âì £¨¯®â¥§ã Ǒã ª à¥ ¤«ï ¥ª®â®àëå ã¯à®é¥ëå¢ à¨ â®¢ § ¤ ç¨ âà¥å â¥«.2. �¥®à¨ï¢®§¬ãé¥¨©¨¨â¥£à «ìë¥¨¢ à¨ âë. �¤¥ïǑã ª Äà¥ ® á¢ï§¨ § ¤ ç¨ ®¡ ¨â¥£à «ìëå ¨¢ à¨ â å á ¯à®¡«¥¬®© ¬ «ëå § ¬¥ Äâ¥«¥© [1, ¯. 257℄ à¥ «¨§®¢   ¢ à ¡®â¥ [6℄. � ¥© à áá¬®âà¥  á¨áâ¥¬  ãà ¢¥Ä¨© á ¬ «ë¬ ¯ à ¬¥âà®¬ ":_x = u0 + "u1 + · · · ; _y = v0 + "v1 + · · · ; _z = "w1 + · · · : (2.1)Ǒà ¢ë¥ ç áâ¨ íâ¨å ãà ¢¥¨© { àï¤ë ¯® ", ª®íää¨æ¨¥âëª®â®àëå {   «¨â¨Äç¥áª¨¥ äãªæ¨¨ x, y, z, 2�-¯¥à¨®¤¨ç¥áª¨¥ ¯® x, y. �®�® áç¨â âì, çâ® ª®íäÄä¨æ¨¥âë ®¯à¥¤¥«¥ë ¨   «¨â¨çë ¢ ¯àï¬®¬ ¯à®¨§¢¥¤¥¨¨�× T
2;£¤¥ � { ¨â¥à¢ « ¢ R = {z},   T

2 = {x; y mod 2�}. Ǒà¥¤¯®« £ ¥âáï, çâ®äãªæ¨¨ u0, v0 § ¢¨áïâ â®«ìª® ®â z. �®£¤  ¯à¨ " = 0 ¡ã¤¥¬ ¨¬¥âì ¢¯®«¥



�� ������������ ����������� ��������� ���������� 383¨â¥£à¨àã¥¬ãî á¨áâ¥¬ã: ¯®¢¥àå®áâ¨ ãà®¢ï ¨â¥£à «  z = onst áãâì¤¢ã¬¥àë¥ â®àë á ãá«®¢®-¯¥à¨®¤¨ç¥áª¨¬¨ âà ¥ªâ®à¨ï¬¨. �¨áâ¥¬ë ¢¨¤ (2.1) ç áâ® ¢áâà¥ç îâáï ¢ â¥®à¨¨ ¥«¨¥©ëå ª®«¥¡ ¨© (á¬.,  ¯à¨¬¥à, [7℄).� [6℄ à áá¬®âà¥  § ¤ ç  ®¡ ãá«®¢¨ïå áãé¥áâ¢®¢ ¨ï ã á¨áâ¥¬ë (2.1)®â®á¨â¥«ì®£® ¨â¥£à «ì®£® ¨¢ à¨ â 
∮ '"; (2.2)¯à¨ç¥¬ ª®íää¨æ¨¥âë 1-ä®à¬ë '" { ®¤®§ çë¥   «¨â¨ç¥áª¨¥ äãªæ¨¨  � × T

2,   «¨â¨ç¥áª¨ § ¢¨áïé¨¥ ®â ". �®¥ç®, á«¥¤ã¥â ¨áª«îç¨âìâà¨¢¨ «ìë© á«ãç ©, ª®£¤  d'" = 0: (2.3)Ǒà¨ íâ®¬ ãá«®¢¨¨ ¨â¥£à « (2.2) â®�¤¥áâ¢¥® à ¢¥ ã«î ¢ á¨«ã â¥®à¥¬ë�â®ªá .� §«®�¨¬ äãªæ¨îw1 ¢ ¤¢®©®© àï¤ �ãàì¥:w1 = ∑Wmn(z) exp[i(mx+ ny)]:�¢¥¤¥¬ ¬®�¥áâ¢® P ⊂ �, á®áâ®ïé¥¥ ¨§ â®ç¥ª z, â ª¨å, çâ®(1) mu0(z)+nv0(z) = 0¤«ï ¥ª®â®àëåæ¥«ëåm,n, ¥ à ¢ëå ®¤®¢à¥¬¥Ä® ã«î,(2) Wmn(z) 6= 0.� ª¨¥ ¬®�¥áâ¢  ¢¯¥à¢ë¥ à áá¬ âà¨¢ «¨áì Ǒã ª à¥ ¢ á¢ï§¨ á ¯à®¡«¥¬®©¨â¥£à¨àã¥¬®áâ¨ ãà ¢¥¨© � ¬¨«ìâ®  [1, £«. V℄.�¥®à¥¬  1 [6℄. Ǒà¥¤¯®«®�¨¬, çâ®(A) ¬®�¥áâ¢® P ¨¬¥¥â ¯à¥¤¥«ìãî â®çªã z∗ ¢ãâà¨�,(B) u′0v0 − u0v′0|z∗ 6= 0,(C) W00(z) 6≡ 0.�®£¤  á¨áâ¥¬  (2:1) ¥ ¨¬¥¥â¥âà¨¢¨ «ìëå ¨â¥£à «ìëå ¨¢ à¨ â®¢¢¨¤  (2:2).�á«®¢¨¥ (B) ®§ ç ¥â ¥¢ëà®�¤¥®áâì ¥¢®§¬ãé¥®© á¨áâ¥¬ë (ª®£¤ " = 0): ®â®è¥¨¥ ç áâ®â u0=v0 ¥¯®áâ®ï®. �à®¬¥ â®£®, ¨§ (B) ¢ëâ¥ª ¥â,çâ® ¯à¨ z = z∗ ¨ " = 0 ¯à ¢ë¥ ç áâ¨ (2.1) ¥ ®¡à é îâáï ¢ ã«ì. �á«®¢¨ï(A) + (B) £ à â¨àãîâ ®âáãâáâ¢¨¥ ¥¯®áâ®ïëå   «¨â¨ç¥áª¨å ¨â¥£à «®¢¨ ¥âà¨¢¨ «ìëå ¯®«¥© á¨¬¬¥âà¨©,   «¨â¨ç¥áª¨å ¯® " [6℄.�®�® ¯®¯ëâ âìáï ¯à¨¬¥¨âì â¥®à¥¬ã 1 ª £ ¬¨«ìâ®®¢ë¬ á¨áâ¥¬ ¬, ¬ «®®â«¨ç îé¨¬áï ®â ¢¯®«¥ ¨â¥£à¨àã¥¬ëå. �¤¥áì à¥çì ¬®�¥â ¨¤â¨ ® á¨áâ¥¬ åá ¤¢ã¬ï áâ¥¯¥ï¬¨ á¢®¡®¤ë, ¯®àï¤®ª ª®â®àëå ¯®¨�¥   ¥¤¨¨æã á ¯®¬®éìî¨â¥£à «  í¥à£¨¨. Ǒà¨¬¥ïï ¬¥â®¤ �¨ââ¥ª¥à , ¯à¨¢¥¤¥®© á¨áâ¥¬¥ ¬®�®



384 �.�. ������¯à¨¤ âì ¢¨¤ ¥ ¢â®®¬®© £ ¬¨«ìâ®®¢®© á¨áâ¥¬ëá ¯¥à¨®¤¨ç¥áª¨¬¯® ¢à¥¬¥Ä¨ £ ¬¨«ìâ®¨ ®¬ (á¬. [8, £«. 1℄).�â ª, à áá¬®âà¨¬ ãà ¢¥¨ï � ¬¨«ìâ® _x = 1; _y = �H�z ; _z = −
�H�y ;H" = H0(z) + "H1(x; y; z) + · · · : (2.4)�¤¥áì y mod 2�, z { ª ®¨ç¥áª¨¥ ¯¥à¥¬¥ë¥ ¤¥©áâ¢¨¥-ã£®« ¥¢®§¬ãé¥®©á¨áâ¥¬ë, äãªæ¨ïH áç¨â ¥âáï 2�-¯¥à¨®¤¨ç¥áª®© ¯® \¢à¥¬¥¨" x = t.�«ï á¨áâ¥¬ë (2.4) ¨¬¥¥¬:u0 = 1; v0 = �H0�z ; w1 = −
�H1�y : (2.5)�«¥¤®¢ â¥«ì®, ãá«®¢¨¥ (B) íª¢¨¢ «¥â® ¥¢ëà®�¤¥®áâ¨ ¥¢®§¬ãé¥®£®£ ¬¨«ìâ®¨  : d2H0dz2 6= 0: (2.6)�®�¥áâ¢® P , ®ç¥¢¨¤®, á®¢¯ ¤ ¥â á ¬®�¥áâ¢®¬

{z ∈ � : dH0dz = −
nm; Hmn 6= 0}; (2.7)£¤¥ Hmn { ª®íää¨æ¨¥âë �ãàì¥ ¢®§¬ãé îé¥© äãªæ¨¨ H1. �§ (2.5) ¢ëÄâ¥ª ¥â, çâ® ãá«®¢¨¥ (C) ¤«ï £ ¬¨«ìâ®®¢ëå á¨áâ¥¬ ¨ª®£¤  ¥ ¢ë¯®«ï¥âáï(W00 ≡ 0). �¯à®ç¥¬, íâ® ¥ ã¤¨¢¨â¥«ì®: ãà ¢¥¨ï (2.4) ¨¬¥îâ ¨â¥£à «ìÄë© ¨¢ à¨ â Ǒã ª à¥{� àâ  

∮ z dy −H" dx: (2.8)�ç¥¢¨¤®, íâ®â ¨¢ à¨ â ¥âà¨¢¨ «ìë© (ãá«®¢¨¥ ¢ëà®�¤¥¨ï (2.5) ¥¢ë¯®«ï¥âáï).�ª �¥¬¤®áâ â®çë¥ ãá«®¢¨ï ¥áãé¥áâ¢®¢ ¨ï ¢â®à®£® ¨â¥£à «ì®£® ¨Ä¢ à¨ â . �«ï íâ®£®  ¬ ¯®âà¥¡ã¥âáï�¥¬¬  1 [6℄. Ǒãáâì ¢ë¯®«¥ë ãá«®¢¨ï (A) ¨ (B) â¥®à¥¬ë 1. �®£¤  ©¤¥âáï äãªæ¨ï �" = �0(z) + "�1(z) + · · · ;â ª ï, çâ® d'" = iv(�"
); (2.9)



�� ������������ ����������� ��������� ���������� 385£¤¥ v" { ¢¥ªâ®à®¥ ¯®«¥ (2:1),
 = dx ∧ dy ∧ dz.Ǒ®ª �¥¬, ª ª ®âáî¤  ¢ë¢®¤¨âáï § ª«îç¥¨¥ â¥®à¥¬ë 1. Ǒà®¨â¥£à¨àã¥¬2-ä®à¬ë ¢ ®¡¥¨å ç áâïå (2.9) ¯® ¤¢ã¬¥à®¬ã â®àã z = onst. Ǒ® â¥®à¥¬¥�â®ªá  ¨â¥£à « ®â ä®à¬ë d' à ¢¥ ã«î,   ¨â¥£à « á¯à ¢  à ¢¥�"W00 + o("):Ǒà¨¬¥ïï ãá«®¢¨¥ (C), ¯®«ãç ¥¬, çâ® �" = 0. Ǒ®íâ®¬ã à ¢¥áâ¢® (2.9) ¡ã¤¥âá®¢¯ ¤ âì á ãá«®¢¨¥¬ ¢ëà®�¤¥¨ï (2.3).�¥¬¬  2. �á«¨ ¢ë¯®«¥® (2:9), â® 3-ä®à¬  �
 ¯®à®�¤ ¥â  ¡á®«îâÄë© ¨â¥£à «ìë© ¨¢ à¨ â á¨áâ¥¬ë (2:1).�¥©áâ¢¨â¥«ì®,0 = dd' = div(�
) = div(�
) + ivd(�
) = Lv(�
):�¥¬¬  3. Ǒà¥¤¯®«®�¨¬, çâ® á¨áâ¥¬  (2:1) ¨¬¥¥â ¥é¥ ®¤¨  ¡á®«îâÄë© ¨¢ à¨ â, ¯®à®�¤ ¥¬ë© 3-ä®à¬®© �′
, ¯à¨ç¥¬ �′ 6= 0. �®£¤  ®â®Äè¥¨¥ �=�′ { ¨â¥£à « ãà ¢¥¨© (2:1).Ǒ®«®�¨¬Lv
 = �
. �®£¤ , ¯® ¯à ¢¨«ã �¥©¡¨æ ,Lv(�
) = (Lv�)
 + �Lv
 = ( _�+ ��)
 = 0:� ª ª ª 
 6= 0, â® _�+ �� = 0: (2.10)� «®£¨ç®, _�′ + ��′ = 0: (2.11)�«¥¤®¢ â¥«ì®,
( ��′)· = 0¢ á¨«ã (2.10) ¨ (2.11). �â® ¨ âà¥¡®¢ «®áì.�®à®è® ¨§¢¥áâ®, çâ® ä §®¢ë© ¯®â®ª ãà ¢¥¨© � ¬¨«ìâ®  (2.4) á®åà ïÄ¥â \áâ ¤ àâãî" 3-ä®à¬ã ®¡ê¥¬  
. �®«¥¥ â®£®, ¤«ï 1-ä®à¬ë \í¥à£¨¨-¨¬Ä¯ã«ìá " ¨§ (2.8) á¯à ¢¥¤«¨¢® à ¢¥áâ¢® (2.9), ¯à¨ç¥¬ �" = 1.�¥®à¥¬  2. Ǒãáâì ¢ë¯®«¥® ãá«®¢¨¥ (2:5),   ¬®�¥áâ¢® (2:7) ¨¬¥¥â¯à¥¤¥«ìãî â®çªã ¢ãâà¨ ¨â¥à¢ « �. �®£¤  «î¡®© ãá«®¢ë© ¨â¥£à «ìÄë© ¨¢ à¨ â (2:2) £ ¬¨«ìâ®®¢®© á¨áâ¥¬ë (2:4) ®â«¨ç ¥âáï ®â¨¢ à¨Ä â  Ǒã ª à¥{� àâ   (2:8) ¯®áâ®ïë¬¬®�¨â¥«¥¬ ".



386 �.�. �������®ª § â¥«ìáâ¢®. Ǒà¥¤¯®«®�¨¬, çâ® ¨¬¥¥âáï ¨â¥£à «ìë© ¨¢ à¨ â¢¨¤  (2.2) á¨áâ¥¬ë (2.4). � ª ª ª ¢ë¯®«¥ë ãá«®¢¨ï (A) ¨ (B) â¥®à¥¬ë 1, â®á¯à ¢¥¤«¨¢® à ¢¥áâ¢® (2.9). �çâ¥¬ â¥¯¥àì, çâ®Lv
 = 0. �®£¤ , ¯® «¥¬¬ ¬ 2¨ 3, ¬®�¨â¥«ì �" ¢ (2.9) { ¨â¥£à « á¨áâ¥¬ë (2.4). �¤ ª®, ¯à¨ ãá«®¢¨ïåâ¥®à¥¬ë 2, �" = " = onst [8, £«. 1℄. �â ª,d'" = "d(zdy −H"dx):�âáî¤  ¢ëâ¥ª ¥â, çâ® § ç¥¨ï ¨â¥£à «®¢ (2.2) ¨ (2.8)   £®¬®«®£¨çëåã«îæ¨ª« å ®â«¨ç îâáï ¬®�¨â¥«¥¬ ". �â® ¨ âà¥¡®¢ «®áì.� ¬¥ç ¨¥. Ǒà¥¤¯®«®�¨¬, çâ®1) u′0v0 − u0v′0 6= 0,2) P ¢áî¤ã ¯«®â® ¢ �,3) á¨áâ¥¬  (2.1) ¤®¯ãáª ¥â ¥âà¨¢¨ «ìë© ¨¢ à¨ â (2.2).�®�® ¯®ª § âì, çâ® â®£¤  «î¡®© ¤àã£®© ãá«®¢ë© ¨â¥£à «ìë© ¨¢ à¨ âá¨áâ¥¬ë (2.1) ®â«¨ç ¥âáï ®â (2.2) ¯®áâ®ïë¬ ¬®�¨â¥«¥¬,   «¨â¨ç¥áª¨§ ¢¨áïé¨¬ ®â ".�¥®à¥¬ã 2 ¬®�® ¯à¨¬¥¨âì ª ¯«®áª®© ªàã£®¢®© ®£à ¨ç¥®© § ¤ ç¥ âà¥åâ¥«. � «ë¬ ¯ à ¬¥âà®¬ " §¤¥áì á«ã�¨â ®â®è¥¨¥ ¬ ááë �¯¨â¥à  ª ¬ áá¥�®«æ . �¨ ¬¨ª  âà¥âì¥£® â¥«  ¨çâ®�® ¬ «®© ¬ ááë ( áâ¥à®¨¤ ) ¢® ¢à Äé îé¥©áï á¨áâ¥¬¥ ®âáç¥â  (£¤¥ �®«æ¥ ¨ �¯¨â¥à ¥¯®¤¢¨�ë) ®¯¨áë¢ ¥âáïãà ¢¥¨ï¬¨ � ¬¨«ìâ®  [9℄_qk = �H�pk ; _pk = −
�H�qk ; k = 1; 2;H = H0 + "H1 + · · · ; H0 = −

12p21 − p2: (2.12)� §«®�¥¨¥ ¢®§¬ãé îé¥© äãªæ¨¨ ¢ ¤¢®©®© àï¤ �ãàì¥ ¡ë«®  ©¤¥® �¥¢¥Äàì¥. �® ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:H1 = ∞
∑u=−∞

∞
∑v=−∞

huv os[uq1 − v(q1 + q2)]:�®íää¨æ¨¥âë huv , § ¢¨áïé¨¥ ®â p1, p2, ¢®®¡é¥ £®¢®àï, ®â«¨çë ®â ã«ï.Ǒà¨¨¬ ï ã£«®¢ãî ¯¥à¥¬¥ãî q2 §  ®¢®¥ \¢à¥¬ï" ¨ ¯à¨¬¥ïï ¯à®æ¥¤ãàã¯®¨�¥¨ï ¯®àï¤ª �¨ââ¥ª¥à , ¯à¨å®¤¨¬ ª ãà ¢¥¨ï¬� ¬¨«ìâ®  ¢¨¤  (2.4).Ǒà¨ íâ®¬ H0(z) = −
1z2 :� ªçâ®ãá«®¢¨¥ (2.6) ¢ë¯®«¥®  ¢â®¬ â¨ç¥áª¨. �®�®¯®ª § âì, çâ®¬®�¥áÄâ¢® P § ¢¥¤®¬® ¢áî¤ã ¯«®â®   ¯®«ã®á¨ z > 0. � ª¨¬ ®¡à §®¬, ¯à¨¢¥¤¥ë¥ãà ¢¥¨ï � ¬¨«ìâ®  ®£à ¨ç¥®© § ¤ ç¨ âà¥å â¥« ¥ ¨¬¥îâ ®¢ëå ®â®á¨Äâ¥«ìëå ¨â¥£à «ìëå ¨¢ à¨ â®¢,   «¨â¨ç¥áª¨å ¯® ¯ à ¬¥âàã " ¨ ¥§ ¢¨Äá¨¬ëå ®â ¨¢ à¨ â  Ǒã ª à¥{� àâ  .



�� ������������ ����������� ��������� ���������� 3873. �â¥£à «ìë¥ ¨¢ à¨ âë ¨ á¨¬¬¥âà¨¨. �¥à¥¬áï ¢®¢ì ª á¨áâ¥Ä¬¥ (1.1) ¨ ¡ã¤¥¬ áç¨â âì, çâ®M { âà¥å¬¥à®¥ ¬®£®®¡à §¨¥, v { £« ¤ª®¥ ª á Äâ¥«ì®¥ ¢¥ªâ®à®¥ ¯®«¥ ¡¥§ ®á®¡ëåâ®ç¥ª. �®«¥¥ â®£®, ¯à¥¤¯®«®�¨¬, çâ® á¨áâ¥Ä¬  (1.1) ¤®¯ãáª ¥â ¨¢ à¨ âãî ä®à¬ã ®¡ê¥¬  
:Lv
 = 0:�®à¬  ®¡ê¥¬  § ¤ ¥â ª ®¨ç¥áªãî ®à¨¥â æ¨î M . �á«¨ M ª®¬¯ ªâ®, â®¬®�® áç¨â âì, çâ®
∫M 
 > 0:� ç áâ®áâ¨, ä®à¬  
 ®¯à¥¤¥«ï¥â £« ¤ªãî ¨¢ à¨ âãî ¬¥àã á¨áâ¥¬ë (1.1).� ¨¡®«¥¥ ¢ �ë© ¯à¨¬¥à á¨áâ¥¬ ãª § ®£® ¢¨¤  ¤ îâ £ ¬¨«ìâ®®¢ë á¨áÄâ¥¬ë á ¤¢ã¬ï áâ¥¯¥ï¬¨ á¢®¡®¤ë. �¤¥áìM3 { á¢ï§ ï ª®¬¯®¥â  ¥®á®¡®© ¯®Ä¢¥àå®áâ¨ ãà®¢ï äãªæ¨¨ � ¬¨«ìâ® , v { ®£à ¨ç¥¨¥ £ ¬¨«ìâ®®¢  ¯®«ï  M , ä®à¬ ®¡ê¥¬ ®¯à¥¤¥«ï¥âáï¨¢ à¨ â®©4-ä®à¬®©�¨ã¢¨««ï (¯®¤à®¡®áÄâ¨ á¬.,  ¯à¨¬¥à, ¢ [10℄).�¥¬¬  4 (� àâ  [2, ¯. 91℄). Ǒà¨ á¤¥« ëå ¯à¥¤¯®«®�¥¨ïå 2-ä®à¬ � = iv
 (3.1)§ ¬ªãâ  ¨ ¯®à®�¤ ¥â  ¡á®«îâë© ¨â¥£à «ìë© ¨¢ à¨ â á¨áâ¥¬ë(1:1).�¥©áâ¢¨â¥«ì®, d� = div
 = Lv
− ivd
 = 0;Lv� = Lviv
 = ivLv
 = 0:� ª ª ª ä®à¬  (3.1) § ¬ªãâ , â® «®ª «ì®� = d':Ǒ®áª®«ìªã iv� = 0, â® Lv' = ivd'+ div' = d(iv'):�«¥¤®¢ â¥«ì®, 1-ä®à¬¥ ' ®â¢¥ç ¥â \«®ª «ìë©" ®â®á¨â¥«ìë© ¨â¥£à «ìÄë© ¨¢ à¨ â.�á«¨ ª« áá ª®£®¬®«®£¨© 2-ä®à¬ë � à ¢¥ ã«î, â® 1-ä®à¬  ' ª®àà¥ªâ®®¯à¥¤¥«¥  ¢ æ¥«®¬. � ç áâ®áâ¨, íâ® § ¢¥¤®¬® â ª, ¥á«¨H2(M;R) = 0: (3.2)�â¨ à ááã�¤¥¨ï ä ªâ¨ç¥áª¨ á®¤¥à� âáï ¢ [2, ¯. 91℄. Ǒà ¢¤ , â ¬ ®¡áã�¤ Ä¥âáï á«ãç ©, ª®£¤ M = R

3.� ¤ «ì¥©è¥¬ ¢áî¤ã ¯à¥¤¯®« £ ¥âáï, çâ® ¤«ï ¬®£®®¡à §¨ïM3 á¯à ¢¥¤«¨Ä¢ â¥®à¥¬ ®à §¡¨¥¨¨¥¤¨¨æë. �ç áâ®áâ¨, áî¤ ®â®áïâáïª®¬¯ ªâë¥¬®Ä£®®¡à §¨ï.



388 �.�. �������¥¬¬  5. Ǒãáâì 	 { £« ¤ª ï 2-ä®à¬   M . � ©¤¥âáï ¢¥ªâ®à®¥ ¯®«¥x → u(x)â ª®¥, çâ® 	 = iu
: (3.3)�¥©áâ¢¨â¥«ì®, ¯ãáâì {��(x)} { à §¡¨¥¨¥ ¥¤¨¨æë, ¯®¤ç¨¥®¥ ¥ª®â®à®Ä¬ã ®âªàëâ®¬ã ¯®ªàëâ¨îM . �ç¨â ¥âáï, çâ® ¢ ®¡« áâïå supp�� ¬®�® ¢¢¥áÄâ¨ ª®®à¤¨ âë \¢ æ¥«®¬". �¥£ª® ¯à®¢¥à¨âì, çâ® ¢ ®¡« áâ¨ supp�� ¤«ï 2-ä®àÄ¬ë ��	  «£¥¡à ¨ç¥áª®¥ ãà ¢¥¨¥ (3.3) ¨¬¥¥â ¥¤¨áâ¢¥®¥ £« ¤ª®¥ à¥è¥¨¥u� â ª®¥, çâ® suppu� ⊂ supp��:�áâ ¥âáï ¯®«®�¨âì u(x) = ∑� u�(x):� ¬¥ç ¨¥. �   «¨â¨ç¥áª®¬ á«ãç ¥ ¯®«¥ u, ª®¥ç®, ¡ã¤¥â   «¨â¨ç¥áÄª¨¬.�¥¬¬  6. Ǒà¥¤¯®«®�¨¬, çâ® á¨áâ¥¬  (1:1) ¨¬¥¥â ãá«®¢ë© ¨â¥£Äà «ìë© ¨¢ à¨ â
∮ ':Ǒ®«®�¨¬ d' = iu
: (3.4)�®£¤  ¢¥ªâ®à®¥ ¯®«¥ u ï¢«ï¥âáï ¯®«¥¬ á¨¬¬¥âà¨©: [u; v℄ = 0.�®ª § â¥«ìáâ¢®. Ǒ® ®¯à¥¤¥«¥¨î ãá«®¢®£® ¨¢ à¨ â Lv' =  ; d = 0:�«¥¤®¢ â¥«ì®, 0 = dLv' = Lvd' = Lviu
= (Lviu − iuLv)
 = i[v;u℄
:� ª ª ª ä®à¬  ®¡ê¥¬  ¥¢ëà®�¤¥ , â® ¯®«ï u, v ª®¬¬ãâ¨àãîâ. �â® ¨âà¥¡®¢ «®áì.



�� ������������ ����������� ��������� ���������� 389� ¬¥ç ¨¥. �¥¬¬ 6 ®áâ ¥âáï á¯à ¢¥¤«¨¢®©, ¥á«¨ ¢ (3.4) § ¬¥¨âìä®à¬ãd' «î¡®© § ¬ªãâ®© 2-ä®à¬®©. �á«®¢¨ï áãé¥áâ¢®¢ ¨ï ¥âà¨¢¨ «ìëå ¯®«¥©á¨¬¬¥âà¨© (ª®£¤  ¢¥ªâ®àë u(x) ¨ v(x) ¥§ ¢¨á¨¬ë ¯®çâ¨ ¢áî¤ã) ãà ¢¥¨©� ¬¨«ìâ®  ¯®«ãç¥ë ¢ [11℄.�¥¬¬  6 ¨¬¥¥â ¢ �ë¥ ¯à¨«®�¥¨ï ª £ ¬¨«ìâ®®¢®© ¬¥å ¨ª¥. � ª ç¥áâ¢¥¯à¨¬¥à  à áá¬®âà¨¬ £¥®¤¥§¨ç¥áª¨© ¯®â®ª   § ¬ªãâ®© ¤¢ã¬¥à®© ¯®¢¥àå®áÄâ¨�. �®¯à¥¤¥«ï¥âáï§ ¤ ¨¥¬à¨¬ ®¢®©¬¥âà¨ª¨. �à ¢¥¨ï£¥®¤¥§¨ç¥áª¨å  � ®¯¨áë¢ îâáï ãà ¢¥¨ï¬¨ � ¬¨«ìâ® , ¯à¨ç¥¬ £ ¬¨«ìâ®¨ ®¬ H á«ãÄ�¨â à¨¬ ®¢  ¬¥âà¨ª , ¯à¥¤áâ ¢«¥ ï ¢ ª ®¨ç¥áª¨å ª®®à¤¨ â å   T ∗�.�®à®è®¨§¢¥áâ®, çâ® ¯à¨ ¯®«®�¨â¥«ìëå § ç¥¨ïå ¯®«®© í¥à£¨¨h £ ¬¨«ìÄâ®®¢ë á¨áâ¥¬ë   âà¥å¬¥àëå í¥à£¥â¨ç¥áª¨å ¯®¢¥àå®áâïå
{x ∈ T ∗� : H(x) = h} (3.5)¨§®¬®àäë. �¡ëç® ¯®« £ îâh = 1; á®®â¢¥âáâ¢ãîé ï¤¨ ¬¨ç¥áª ï á¨áâ¥¬  §ë¢ ¥âáï £¥®¤¥§¨ç¥áª¨¬ ¯®â®ª®¬   �. �á®, çâ® £¥®¤¥§¨ç¥áª¨© ¯®â®ª ¨¬¥¥â®â®á¨â¥«ìë© ¨â¥£à «ìë© ¨¢ à¨ â Ǒã ª à¥{� àâ  .�¥®à¥¬  3. Ǒãáâì � {   «¨â¨ç¥áª ï ¯®¢¥àå®áâì à®¤  > 1 á   «¨â¨Äç¥áª®© à¨¬ ®¢®© ¬¥âà¨ª®©. �î¡®© ãá«®¢ë© ¨¢ à¨ â £¥®¤¥§¨ç¥áª®£®¯®â®ª   �, ®¯à¥¤¥«ï¥¬ë©   «¨â¨ç¥áª®© 1-ä®à¬®©  (3:5), ¯à®¯®àæ¨® Ä«¥ ¨¢ à¨ âã Ǒã ª à¥{� àâ  .�®ª § â¥«ìáâ¢®. Ǒãáâì 
 { ¨¢ à¨ â ï   «¨â¨ç¥áª ï 3-ä®à¬  ®¡êÄ¥¬    (3.5). �á«¨ £¥®¤¥§¨ç¥áª¨© ¯®â®ª ¨¬¥¥â ãá«®¢ë© ¨â¥£à «ìë© ¨¢ à¨Ä â, ®¯à¥¤¥«ï¥¬ë©   «¨â¨ç¥áª®© 1-ä®à¬®©', â® (¯® «¥¬¬¥ 6)  ©¤¥âáï   «¨Äâ¨ç¥áª®¥ ¯®«¥ á¨¬¬¥âà¨©u. �¤ ª®, £¥®¤¥§¨ç¥áª¨© ¯®â®ª     «¨â¨ç¥áª®© ¯®Ä¢¥àå®áâ¨ ¥ ¨¬¥¥â ¥âà¨¢¨ «ìëå á¨¬¬¥âà¨© [12℄:u = v;  = onst :�® â®£¤ , á®£« á® (3.4) d' = iv
:�«¥¤®¢ â¥«ì®, à áá¬ âà¨¢ ¥¬ë©ãá«®¢ë© ¨â¥£à «ìë© ¨¢ à¨ â ®â«¨ç Ä¥âáï ®â ¨¢ à¨ â  Ǒã ª à¥{� àâ   ¯®áâ®ïë¬ ¬®�¨â¥«¥¬ .�¥®à¥¬  ¤®ª §  .� § ª«îç¥¨¥ íâ®£® ¯ãªâ  ãª �¥¬ ¥é¥   ®¤® ¯à¨«®�¥¨¥ ¯®«ãç¥ëåà¥Ä§ã«ìâ â®¢ª®¤®¬ã¨§®£à ¨ç¥ëå¢ à¨ â®¢ § ¤ ç¨âà¥åâ¥«. Ǒãáâì¤¢ ¬ áÄá¨¢ëå â¥«  ®¤¨ ª®¢®© ¬ ááë ®¡à é îâáï ¢®ªàã£ ¨å ®¡é¥£® æ¥âà  ¬ áá ¯®í««¨¯â¨ç¥áª¨¬®à¡¨â ¬ á ¥ã«¥¢ë¬íªáæ¥âà¨á¨â¥â®¬,   âà¥âì¥ â¥«® ¨çâ®�Ä® ¬ «®© ¬ ááë ¢á¥ ¢à¥¬ï ¤¢¨�¥âáï ¯® ¯àï¬®©, ®àâ®£® «ì®© ¯«®áª®áâ¨ ¬ áÄá¨¢ëå â¥« (¯®¤à®¡®áâ¨ á¬. ¢ [13℄). �â  § ¤ ç  ¯à¥¤«®�¥  �.�. �®«¬®£®à®Ä¢ë¬ ¤«ï ¯à®¢¥àª¨ ¢®§¬®�®áâ¨ ª®¬¡¨ æ¨© ä¨ «ìëå ¤¢¨�¥¨© âà¥å â¥« ¯®ª« áá¨ä¨ª æ¨¨� §¨.



390 �.�. �������¨ ¬¨ª  ¯ë«¨ª¨ ®¯¨áë¢ ¥âáï ¥ ¢â®®¬®© £ ¬¨«ìâ®®¢®© á¨áâ¥¬®© ¢¨Ä¤  (2.4) á ¯¥à¨®¤¨ç¥áª¨¬ £ ¬¨«ìâ®¨ ®¬. � áè¨à¥®¥ä §®¢®¥¯à®áâà áâ¢®á®¢¯ ¤ ¥â á ¯àï¬ë¬ ¯à®¨§¢¥¤¥¨¥¬
T × R

2 = {x mod 2�; y; z}:� §ã¬¥¥âáï, íâ  á¨áâ¥¬  ¨¬¥¥â ¨¢ à¨ â Ǒã ª à¥{� àâ   (2.8).� ¤ ç  �.�. �®«¬®£®à®¢  ¥¨â¥£à¨àã¥¬ : ®  ¥ ¤®¯ãáª ¥â ¥¯®áâ®ïëå  «¨â¨ç¥áª¨å ¨â¥£à «®¢ [13℄. Ǒà¨ç¨  § ª«îç ¥âáï ¢ ª¢ §¨á«ãç ©®¬ å Äà ªâ¥à¥ ¯®¢¥¤¥¨ï ¥¥ âà ¥ªâ®à¨©. � ç áâ®áâ¨, ¨¬¥¥âáï ¡¥áª®¥ç®¥ ç¨á«® ¥Ä¢ëà®�¤¥ëå ¤®«£®¯¥à¨®¤¨ç¥áª¨å âà ¥ªâ®à¨©. � ª ¯®ª § ® ¢ [11℄, ®âáî¤ ¢ëâ¥ª ¥â ®âáãâáâ¢¨¥ ¥âà¨¢¨ «ìëå   «¨â¨ç¥áª¨å ¯®«¥© á¨¬¬¥âà¨©: u = v, = onst. Ǒà¨¬¥ïï «¥¬¬ã 6, ¯®«ãç ¥¬, çâ® ãà ¢¥¨ï à áá¬ âà¨¢ ¥¬®© § Ä¤ ç¨ ¥ ¤®¯ãáª îâ ®¢ëå ãá«®¢ëå ¨â¥£à «ìëå ¨¢ à¨ â®¢. � «®£¨ç®¤®ª §ë¢ ¥âáï ®âáãâáâ¢¨¥ ®¢ëå   «¨â¨ç¥áª¨å ¨¢ à¨ â®¢   ä¨ªá¨à®¢ Äëå í¥à£¥â¨ç¥áª¨å ¬®£®®¡à §¨ïå á ¡®«ìè®© ®âà¨æ â¥«ì®© í¥à£¨¥© ¯«®áÄª®© ªàã£®¢®© ®£à ¨ç¥®© § ¤ ç¨ âà¥å â¥«. �¥®¡å®¤¨¬ë¥ ¯®¤£®â®¢¨â¥«ìë¥à¥§ã«ìâ âë ® áâàãªâãà¥ ¬®�¥áâ¢  ¤®«£®¯¥à¨®¤¨ç¥áª¨å ¥¢ëà®�¤¥ëå âà Ä¥ªâ®à¨© ãáâ ®¢«¥ë ¢ [14℄ ¬¥â®¤ ¬¨ á¨¬¢®«¨ç¥áª®© ¤¨ ¬¨ª¨.4. �¢ à¨ âë ¢ëáè¨å ¯®àï¤ª®¢. � ¯.¯. 2 ¨ 3 à áá¬®âà¥  § ¤ ç  ®¡ãá«®¢¨ïå áãé¥áâ¢®¢ ¨ï«¨¥©ëå¨â¥£à «ìëå¨¢ à¨ â®¢. �¥¯¥àì¨§ãç¨¬¢®¯à®á ®¡ ãá«®¢ëå ¨¢ à¨ â å ¢â®à®£® ¯®àï¤ª :
∫D �: (4.1)�¤¥áì D { ¤¢ã¬¥àë© æ¨ª« ¢ M3, � { 2-ä®à¬ . �á«®¢¨¥ ¨¢ à¨ â®áâ¨¨â¥£à «  (4.1) ¨¬¥¥â ¢¨¤ Lv� = 	; d	 = 0: (4.2)�«ï ®â®á¨â¥«ìëå ¨¢ à¨ â®¢ 2-ä®à¬ 	 â®ç ,   ¤«ï  ¡á®«îâëå ¨¢ à¨Ä â®¢ 	 = 0.� ª ª ª ¨¢ à¨ â ï 3-ä®à¬  ®¡ê¥¬  
 ¥¢ëà®�¤¥ , â®d� = f
; f :M3 → R: (4.3)



�� ������������ ����������� ��������� ���������� 391�¥¬¬  7. �ãªæ¨ï f { ¨â¥£à « á¨áâ¥¬ë (1:1)  M3.�¥©áâ¢¨â¥«ì®, ¯à¨¬¥ïï (4.2) ¨ (4.3), ¯®«ãç¨¬:0 = d	 = dLv� = Lvd� = Lv(f
)= (Lvf)
 + fLv
 = _f
:�«¥¤®¢ â¥«ì®, _f = 0. �â® ¨ âà¥¡®¢ «®áì.Ǒ® «¥¬¬¥ 4 á¨áâ¥¬  (1.1) ¨¬¥¥â  ¡á®«îâë© ¨¢ à¨ â iv
. � ª çâ® à¥çì¬®�¥â ¨¤â¨ ® áãé¥áâ¢®¢ ¨¨ ¥é¥ ®¤®£® ¨â¥£à «ì®£® ¨¢ à¨ â .�«ï¤ «ì¥©è¥£® ¯®«¥§® ¢¢¥áâ¨ ¯®ïâ¨¥¬®£®§ ç®£® ¨â¥£à «  á¨áâ¥¬ë(1.1). �â® § ¬ªãâ ï 1-ä®à¬  #, â ª ï, çâ®iv# = 0: (4.4)�®ª «ì® # = dg, ¯à¨ç¥¬ _g = ivdg = 0á®£« á® (4.4). � ª¨¬ ®¡à §®¬, «®ª «ì® äãªæ¨ï g ï¢«ï¥âáï ®¡ëçë¬ ¨â¥£Äà «®¬ á¨áâ¥¬ë (1.1). �á«¨ H1(M;R) = 0; (4.5)â® äãªæ¨ï g ®¯à¥¤¥«¥  ¢ æ¥«®¬, ¨ ¬®£®§ çë© ¨â¥£à « ¯à¥¢à é ¥âáï¢ ®¡ëçë© ¨â¥£à « á¨áâ¥¬ë (1.1). � ª ª ª dimM = 3, â® ¯® â¥®à¥¬¥¤¢®©áâ¢¥®áâ¨ Ǒã ª à¥ ãá«®¢¨ï (3.2) ¨ (4.5) íª¢¨¢ «¥âë.�áî¤ã¨�¥à áá¬ âà¨¢ ¥¬ë¥ ®¡ê¥ªâë (M ,v, 
, �) áç¨â îâáï   «¨â¨ç¥áÄª¨¬¨.�¥®à¥¬  4. ǑãáâìM3 ª®¬¯ ªâ® ¨ á¨áâ¥¬  (1:1) ¤®¯ãáª ¥â ãá«®¢ë©¨â¥£à «ìë© ¨¢ à¨ â (4:1), ¯à¨ç¥¬� 6= iv
;  = onst : (4.6)�®£¤  á¨áâ¥¬  (1:1) ¨¬¥¥â ¥âà¨¢¨ «ìë©¬®£®§ çë© ¨â¥£à « # 6= 0.�®ª § â¥«ìáâ¢®. Ǒ® «¥¬¬¥ 7, äãªæ¨ï f ¨§ à ¢¥áâ¢  (4.3) { ¨â¥£à «á¨áâ¥¬ë (1.1). �á«¨ f 6= onst, â® â¥®à¥¬  4 ¤®ª §  . Ǒãáâì f = � = onst.�â¥£à¨àãï ®¡¥ ç áâ¨ à ¢¥áâ¢  d� = �
 (4.7)¯® ª®¬¯ ªâ®¬ã¬®£®®¡à §¨îM ¨ ¯à¨¬¥ïï â¥®à¥¬ã �â®ªá , ¯®«ãç ¥¬� ∫M 
 = 0:



392 �.�. ������� ªª ª3-ä®à¬ 
¥áâìä®à¬ ®¡ê¥¬ , â®�= 0. �«¥¤®¢ â¥«ì®, á®£« á® (4.6),ä®à¬  � § ¬ªãâ .Ǒ®«®�¨¬ («¥¬¬  5) � = iu
:� ª ª ª 2-ä®à¬  � § ¬ªãâ , â® ¯® «¥¬¬¥ 6, ¯®«¥ u ª®¬¬ãâ¨àã¥â á ¯®«¥¬ v.�®§¬®�ë¤¢  á«ãç ï: 1) ¢¥ªâ®àëu(x) ¨ v(x) «¨¥©® § ¢¨á¨¬ë ¢® ¢á¥å â®çª åx ∈ M , 2) íâ¨ ¢¥ªâ®àë ¯®çâ¨ ¢áî¤ã ¥§ ¢¨á¨¬ë. � ª ª ª v 6= 0, â® ¢ ¯¥à¢®¬á«ãç ¥ u(x) = �(x)v(x); �:M → R:Ǒ®áª®«ìªã u { ¯®«¥ á¨¬¬¥âà¨©, â® � { ¨â¥£à « á¨áâ¥¬ë (1.1) [11℄. �á«¨� 6= onst, â® â¥®à¥¬  ¤®ª §  . �«ãç © � = onst ¥¢®§¬®�¥ ¢¢¨¤ã ãá«®¢¨ï(4.6). �® ¢â®à®¬ á«ãç ¥, ª ª¤®ª § ®¢ [15℄,  «¨ç¨¥ ¥âà¨¢¨ «ì®£®   «¨â¨Äç¥áª®£® ¯®«ï á¨¬¬¥âà¨© ¢«¥ç¥â áãé¥áâ¢®¢ ¨¥   «¨â¨ç¥áª®£® ¬®£®§ ç®£®¨â¥£à «  # 6= 0. Ǒà¨ íâ®¬ ¨á¯®«ì§ã¥âáï âà¥å¬¥à®áâì ä §®¢®£® ¯à®áâà áâ¢ M ¨  «¨ç¨¥ ¨¢ à¨ â®© 3-ä®à¬ë ®¡ê¥¬ .�¥®à¥¬  ¤®ª §  .�«¥¤áâ¢¨¥. � ¯à¥¤¯®«®�¥¨ïå â¥®à¥¬ë 4 ãà ¢¥¨¥ (1:1) ï¢® ¨â¥£Äà¨àã¥âáï á ¯®¬®éìî ª®¥ç®£® ç¨á«   «£¥¡à ¨ç¥áª¨å ®¯¥à æ¨©, ¤¨ää¥à¥æ¨Äà®¢ ¨© ¨ ª¢ ¤à âãà.�®¯®«¨â¥«ìë¥ ¤¨ää¥à¥æ¨à®¢ ¨ï âà¥¡ãîâáï ¤«ï ®âëáª ¨ï¬®£®§ çÄ®£® ¨â¥£à «  (á¬. â ª�¥ [15℄).� ¬¥ç ¨¥. �¥®à¥¬  4 á¯à ¢¥¤«¨¢  ¨ ¢ á«ãç ¥, ª®£¤  ¨¬¥¥âáï «¨¥©ë©¨â¥£à «ìë© ¨¢ à¨ â
∮ ':�à¥¡ã¥âáï â®«ìª®, çâ®¡ë 2-ä®à¬ � = d' ã¤®¢«¥â¢®àï«  ãá«®¢¨î (4.6).Ǒ®áª®«ìªã¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï ãª § ëå ¢ëè¥ à §«¨çëå ¢ à¨Ä â®¢ § ¤ ç¨ âà¥å â¥« ¥ ¤®¯ãáª îâ ¥âà¨¢¨ «ìëå ¯®«¥© á¨¬¬¥âà¨© ¨ ¬®£®Ä§ çëå ¨â¥£à «®¢, â® «î¡®© ãá«®¢ë© ¨â¥£à «ìë© ¨¢ à¨ â íâ¨å ãà ¢Ä¥¨© ¢¨¤  (4.1) ¬®�¥â ®â«¨ç âìáï â®«ìª® ¯®áâ®ïë¬¬®�¨â¥«¥¬ ®â ¨¢ à¨Ä â 

∫D dz ∧ dy − dH ∧ dx:� ªª ªdimM = 3, â® ¨¬¥¥â á¬ëá«à áá¬ âà¨¢ âì«¨èì ¡á®«îâë¥¨â¥£Äà «ìë¥ ¨¢ à¨ âë âà¥âì¥£® ¯®àï¤ª . �®®â¢¥âáâ¢ãîé ï 3-ä®à¬  ¨¬¥¥â ¢¨¤f
¨ ¯® «¥¬¬¥ 3äãªæ¨ï f { ¨â¥£à « ãà ¢¥¨© (1.1). �«ï à áá¬®âà¥ëå¢ëÄè¥ ãà ¢¥¨© ¤¨ ¬¨ª¨ f = onst.
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