
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò4 3������������� � �������������� ��������� 530.145; 530.12:531.51��������� ���������� � ��������� ����������O.�. �¨¬®ä¥¥¢áª ï, O.A. �àãáâ «¥¢, M.�. �¨ç¨ª¨ (ª ä¥¤à  ª¢ â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í¥à£¨©)E-mail: chich@goa.bog.msu.ru�à¥¤áâ ¢«¥  áå¥¬  ª¢ â®¢ ¨ï £à ¢¨â æ¨®®£® ¯®«ï   ª« áá¨ç¥áª®¬ ä®¥ á ¯®¬®éìî£àã¯¯®¢ëå ¯¥à¥¬¥ëå �®£®«î¡®¢ .wWEDENIE�  áâ®ïé¥© à ¡®â¥ ¯à¥¤áâ ¢«¥ ¯®¤å®¤ ª ®¯¨-á ¨î £à ¢¨â æ¨®®£® ¯®«ï á â®çª¨ §à¥¨ï ª¢ -â®¢®© â¥®à¨¨. �ë à áá¬ âà¨¢ ¥¬ ª¢ â®¢ ¨¥ ¢®ªà¥áâ®áâ¨ â®çëå à¥è¥¨© ãà ¢¥¨© �©èâ¥© á ¨á¯®«ì§®¢ ¨¥¬ ¯à¥®¡à §®¢ ¨ï �®£®«î¡®¢  [1].�¥â®¤ £àã¯¯®¢ëå ¯¥à¥¬¥ëå �®£®«î¡®¢  ¨¬¥¥âàï¤ ¯à¥¨¬ãé¥áâ¢ ¯à¨ ª¢ â®¢ ¨¨   ª« áá¨ç¥áª®¬ä®¥ á¨áâ¥¬ á ¥¯à¥àë¢®© á¨¬¬¥âà¨¥©: ¯à¥®¡à -§®¢ ¨¥ �®£®«î¡®¢  ¯®§¢®«ï¥â ¨§¡¥¦ âì ¯à®¡«¥¬ëã«¥¢ëå ¬®¤ ¨ â®ç® ãç¥áâì § ª®ë á®åà ¥¨ï ¯à¨¯®áâà®¥¨¨ â¥®à¨¨ ¢®§¬ãé¥¨©.�á®¢ ï ¨¤¥ï ¬¥â®¤  á®áâ®¨â ¢® ¢¢¥¤¥¨¨ ®¢ëå¯¥à¥¬¥ëå, ª®â®àë¥ ¨¬¥îâ á¬ëá« ¯ à ¬¥âà®¢ £àã¯-¯ë á¨¬¬¥âà¨¨ á¨áâ¥¬ë. �®¢ë¥ ¯¥à¥¬¥ë¥ ®ª §ë-¢ îâáï æ¨ª«¨ç¥áª¨¬¨, ¢ â® ¢à¥¬ï ª ª ª ®¨ç¥áª¨á®¯àï¦¥ë¥ ¨¬ ¢¥«¨ç¨ë á®¢¯ ¤ îâ á ¨â¥£à « -¬¨ ¤¢¨¦¥¨ï. �«¥¤®¢ â¥«ì®, ®¨ ª®¬¬ãâ¨àãîâ á£ ¬¨«ìâ®¨ ®¬, çâ® ®¡¥á¯¥ç¨¢ ¥â  ¢â®¬ â¨ç¥áª®¥¢ë¯®«¥¨¥ § ª®®¢ á®åà ¥¨ï.�¥â®¤ ¯¥à¥¬¥ëå �®£®«î¡®¢  è¨à®ª® ¯à¨¬¥ï-¥âáï [2{7]. �¤ ª® ¨á¯®«ì§®¢ ¨¥ ¥£® ¤«ï á¨áâ¥¬,çì¨ £àã¯¯ë á¨¬¬¥âà¨¨ ¢ª«îç îâ ¯à¥®¡à §®¢ ¨¥¢à¥¬¥¨, § âàã¤¨â¥«ì®, ¯®áª®«ìªã áâàãªâãà  £ -¬¨«ìâ®¨   ª ª £¥¥à â®à  ¢à¥¬¥ëå âà á«ïæ¨©áâ ®¢¨âáï ïá®© â®«ìª® ¯®á«¥ à¥è¥¨ï ãà ¢¥¨©¤¢¨¦¥¨ï, â ª çâ® § ¤ ç  ¯à¥¤áâ ¢«ï¥âáï ¥áª®«ìª®¥®¯à¥¤¥«¥®©.� à ¡®â å [8] ¬ë ¯à¥¤«®¦¨«¨ ®¡®©â¨ íâã¯à®¡«¥¬ã ¯ãâ¥¬ ¯ à ««¥«ì®£® à §¢¨â¨ï â¥®à¨¨¢®§¬ãé¥¨© ¨ ãâ®ç¥¨ï ä®à¬ã«ë ¯à¥®¡à §®¢ ¨ï�®£®«î¡®¢ . �â  áå¥¬  ¯à¨¬¥¨¬  ¤«ï «î¡®© á¨áâ¥-¬ë, ¤®¯ãáª îé¥© áãé¥áâ¢®¢ ¨¥ á¨¬¯«¥ªâ¨ç¥áª®©áâàãªâãàë, ¢ â®¬ ç¨á«¥ ¤«ï £à ¢¨â æ¨¨ [9{27].1. �®à¬ «¨§¬ ®¯¨á ¨ï¯à®áâà áâ¢ -¢à¥¬¥¨�«ï ®¯¨á ¨ï £à ¢¨â æ¨®®£® ¯®«ï ¨á¯®«ì§ã¥â-áï (3+1)-¬¥àë© ä®à¬ «¨§¬ (Arnowitt{Deser{Mis-ner, ADM).�¥âà¨ç¥áª¨© â¥§®à ¯à¥¤áâ ¢«ï¥â á®¡®© ¬ âà¨æãg�� = �a2 + btbt btbt st! ;

£¤¥ st | ¬¥âà¨ª  âà¥å¬¥à®£® ¯à®áâà áâ¢ , ¢«®-¦¥®£® ¢ ç¥âëà¥å¬¥à®¥ ¬®£®®¡à §¨¥. � à ¬¥âàëa ¨ bt ¢ë¡à ë â ª¨¬ ®¡à §®¬, çâ® ¢ë¯®«ï¥âáïá®®â®è¥¨¥ g��g� = �� .� ®¨ç¥áª¨ á®¯àï¦¥ë© ¨¬¯ã«ìá �st ®¯à¥¤¥-«ï¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:�st =�p �Kst � stK� ;£¤¥ p =pdet kstk; Ktp =�a�0tp;�stp = 12sp�tlp; �tlp = pl;t + pt;l � tl;p:�ãáâì 4D ¬®£®®¡à §¨¥ á § ¤ ®© ¬¥âà¨ª®© ¤®-¯ãáª ¥â ¢ë¡®à ¯à®áâà áâ¢¥®¯®¤®¡®© £¨¯¥à¯®-¢¥àå®áâ¨ � , ¨   íâ®© £¨¯¥à¯®¢¥àå®áâ¨ ¬®¦®§ ¤ âì ¯®«¥ ®à¬ «¥©. �â¨ ®à¬ «¨ ª á â¥«ìë £¥®-¤¥§¨ç¥áª¨¬ «¨¨ï¬ ¨ ®¯à¥¤¥«ïîâ ¢à¥¬¥ãî ª®-®à¤¨ âã. �®£¤  £¥®¬¥âà¨ï 4D ¬®£®®¡à §¨ï ¬®¦¥â¡ëâì ®¯¨á   ¢ � ãáá®¢ëå ª®®à¤¨ â å:g�� = �a2 00 st! :�¨¯¥à¯®¢¥àå®áâì � ¬®¦¥â ¡ëâì ¢ë¡à   á«¥¤ã-îé¨¬ ®¡à §®¬.�ãáâì ¢ â®çª¥ X , ¯à¨ ¤«¥¦ é¥© £¨¯¥à¯®-¢¥àå®áâ¨ � , § ¤  ¢¥ªâ®à ®à¬ «¨ n . �ë¡¥à¥¬¯à®¨§¢®«ìãî § ¬ªãâãî ªà¨¢ãî K � �; ¯à¨ ¤-«¥¦ éãî £¨¯¥à¯®¢¥àå®áâ¨ ¨ ¯à®å®¤ïéãî ç¥à¥§â®çªã X . �®á«¥ ¯¥à¥¥á¥¨ï ®à¬ «¨ n ¢¤®«ìíâ®© ªà¨¢®© ¥¥  ¯à ¢«¥¨¥ ¤®«¦® á®¢¯ ¤ âì á¯¥à¢® ç «ìë¬ | íâ® ªà¨â¥à¨© ¢ë¡®à  £¨¯¥à-¯®¢¥àå®áâ¨ � . �ë«® ¯®ª § ® (�hoquet-Bruhat),çâ® íâ®â ªà¨â¥à¨© ã¤®¢«¥â¢®àï¥âáï, ¥á«¨  «®¦¨âìãà ¢¥¨ï á¢ï§¨   £ ¬¨«ìâ®¨ :1p ��st�st � 12�2�pR= 0¨ ¨¬¯ã«ìá: �sl;l = 0:�¡é¨¥ ¯à¨æ¨¯ë ª ®¨ç¥áª®£® ä®à¬ «¨§¬ ¤«ï á¨áâ¥¬ á® á¢ï§ï¬¨ ¯à¨¢®¤ïâ ª á«¥¤ãîé¥¬ã2 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò4



4 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò4ãâ¢¥à¦¤¥¨î (Lichnerovitch, Choquet-Bruhat, Dirac,Antrowitt{Deser{Misner):¥á«¨   ®¯¨á ®© ¢ëè¥ £¨¯¥à¯®¢¥àå®áâ¨ ¢ë-¯®«¥ë ãà ¢¥¨ï í¢®«îæ¨¨st;0 = 2ap ��st � 12st��+ bs;t + bt;s;�st;o =�ap �Rst� 12stR�++ a2p ��st�st�12�2� st + a2p ��sl �lt�12�st��++p �slct;l � stcl;l�+ ��stbl�;l � �slbt;l � �ltbs;l;cl = lsa;s;â® ¢ 4D ¬®£®®¡à §¨¨ ¢¥àë ãà ¢¥¨ï �©èâ¥© R�� � 12g��R= 0; �Rnikl;m +Rnimk;l +Rnilm;k = 0� :2. �¥à¥¬¥ë¥ �®£®«î¡®¢ �ãáâì ¯¥à¥¬¥ë¥ x0 á¢ï§ ë á x £àã¯¯®¢ë¬¯à¥®¡à §®¢ ¨¥¬:x0 = f(x; a); x00 = f (f(x; a); b) = f(x; c); c= ' (a; b):� à¨ æ¨¨ ª®®à¤¨ â ¯à¨ ¢ à¨ æ¨¨ ¯ à ¬¥âà®¢ £àã¯-¯ë a : ��x0�i = �is(x0)Bsp(a)�ap;£¤¥ i = 0; 1; 2; 3 | ®¬¥à ª®®à¤¨ âë, p = 1; : : : ; r ¨r | ç¨á«® £¥¥à â®à®¢ £àã¯¯ë, £àã¯¯®¢ë¥ á¢®©áâ¢ ¯à¥®¡à §®¢ ¨ï ®¯à¥¤¥«¥ë â¥§®à®¬ Bsp(a) .� ¬¥â¨¬, çâ® ¢ë¯®«¥¨¥ § ª®®¢ á®åà ¥¨ï ¢¨áªà¨¢«¥®¬ ¯à®áâà áâ¢¥-¢à¥¬¥¨ á¢ï§ ® á áã-é¥áâ¢®¢ ¨¥¬ ¢¥ªâ®à®¢ �¨««¨£  ¨ ¥ ï¢«ï¥âáï¯àï¬ë¬ á«¥¤áâ¢¨¥¬ ¨¢ à¨ â®áâ¨ á¨áâ¥¬ë ®â®-á¨â¥«ì® £àã¯¯®¢ëå ¯à¥®¡à §®¢ ¨©.�  è¥¬ á«ãç ¥ ¯à¥®¡à §®¢ ¨¥ �®£®«î¡®¢  ¢®á-áâ  ¢«¨¢ ¥â ¨¢ à¨ â®áâì á¨áâ¥¬ë ®â®á¨â¥«ì®£àã¯¯®¢ëå ¯à¥®¡à §®¢ ¨©, ª®â®à ï ¡ë«   àãè¥ ï¢ë¬ ¢ë¤¥«¥¨¥¬ ª« áá¨ç¥áª®© ª®¬¯®¥âë.�â® ®§ ç ¥â á«¥¤ãîé¥¥: ¥á«¨ ¯à®æ¥¤ãà  ª¢ -â®¢ ¨ï ¡ã¤¥â ¯à®¢¥¤¥    ¥ª®â®à®© £¨¯¥à¯®¢¥àå-®áâ¨ � ¢ ®¯à¥¤¥«¥ë© ¬®¬¥â ¢à¥¬¥¨, â® ¨á¯®«ì-§®¢ ¨¥ ¬¥â®¤  �®£®«î¡®¢  ¯®§¢®«ï¥â á¤¢¨£ âì íâã¯®¢¥àå®áâì � ¢ á®®â¢¥âáâ¢¨¨ á £àã¯¯®¢ë¬¨ § ª® -¬¨ (¢ â®¬ ç¨á«¥ ¯à¥®¡à §ãï ¢à¥¬¥ãî ª®®à¤¨ âã).� áá¬®âà¨¬ ¯ àã ¥ª®â®àëå äãªæ¨© fst(x);f stn (x) ¨ ®¯à¥¤¥«¨¬ ¯à¥®¡à §®¢ ¨¥ �®£®«î¡®¢  ª ª¯¥à¥å®¤ ª ¤àã£¨¬ äãªæ¨ï¬ ust(x0) , ustn (x0) ¨ ¯¥à¥-¬¥ë¬ ap :fst(x) = gvst(x0)+ust(x0); f stn (x) = gvstn (x0)+ustn (x0);(1)£¤¥ ¡¥§à §¬¥àë© ¯ à ¬¥âà g ¯à¥¤¯®« £ ¥âáï ¡®«ì-è¨¬, £àã¯¯®¢ë¥ ¯ à ¬¥âàë ap | íâ® ®¢ë¥ ¥-§ ¢¨á¨¬ë¥ ¯¥à¥¬¥ë¥ (¯¥à¥¬¥ë¥ �®£®«î¡®¢ ).�¬ëá« äãªæ¨© vst(x0) ¨ vstn (x0) áâ ¥â ïá¥ ¢¯à®æ¥áá¥ ¯®áâà®¥¨ï â¥®à¨¨ ¢®§¬ãé¥¨©.

� ¬¥  fst(x) ! ust , ap ã¢¥«¨ç¨¢ ¥â ç¨á«® ¥-§ ¢¨á¨¬ëå ¯¥à¥¬¥ëå   r , ¨ ¯®íâ®¬ã ¢®§¨ª -¥â ¯à®¡«¥¬  ä®à¬ã«¨à®¢ª¨ ¤®¯®«¨â¥«ìëå ¨¢ -à¨ âëå ãá«®¢¨©, ª®â®àë¥ á«¥¤ã¥â  «®¦¨âì  äãªæ¨¨ ust(x0) , çâ®¡ë ãà ¢ïâì ç¨á«® ¥§ ¢¨á¨¬ëå¯¥à¥¬¥ëå ¢ ®¡¥¨å ç áâïå ãà ¢¥¨ï (1).�ë à áá¬ âà¨¢ ¥¬ á¨áâ¥¬ë, ¢ ª®â®àëå áãé¥áâ¢ã-îâ ¨¢ à¨ âë¥ á¨¬¯«¥ªâ¨ç¥áª¨¥ ä®à¬ë ¢¨¤ ! �ust; N stp�� Z� (ustn (x0)Npst(x0)� ust(x0)N stpn (x0))d�;£¤¥ � | ¥ª®â®à ï ¯à®áâà áâ¢¥®¯®¤®¡ ï £¨¯¥à-¯®¢¥àå®áâì. � «¥¥ ¢ áâ âì¥ ¢¥§¤¥ ¯®¤à §ã¬¥¢ ¥âáïáã¬¬¨à®¢ ¨¥ ¯® ¢á¥¬ ¨¤¥ªá ¬ s ¨ t:�¥®¡å®¤¨¬ë¥ ¤®¯®«¨â¥«ìë¥ ãá«®¢¨ï, ãà ¢¨-¢ îé¨¥ ç¨á«® ¯¥à¥¬¥ëå ¢ (1), ä®à¬ã«¨àã¥¬ ¢ ¢¨¤¥! �ust; N stp�= 0: (2)�ë ¢ë¡¨à ¥¬ ¥ª®â®àë¥ äãªæ¨¨ Npst(x0) (p == 1; : : : ; r , ç¨á«® äãªæ¨© à ¢® ç¨á«ã ®¢ëå ¥§ -¢¨á¨¬ëå ¯¥à¥¬¥ëå).� ¯®¬®éìî § ¬¥ë ust(x0) ¢ á®®â¢¥âáâ¢¨¨ á (1)¬®¦® ¯®«ãç¨âì ãà ¢¥¨ï, ®¯à¥¤¥«ïîé¨¥ £àã¯¯®-¢ë¥ ¯¥à¥¬¥ë¥ ª ª äãªæ¨® «ë fst(x) ¨ f stn (x)  � .�®áª®«ìªã !(Nast; ust) ¨¢ à¨ â® ®â®á¨â¥«ì®¢ à¨ æ¨© ap , ¨¬¥¥¬�Z� d� ��fst(x)N stkn (x0)� �f stn (x)Nkst(x0)���gBsp(a)�ap �Brp(a)�apRsr = 0; (3)£¤¥Rkr = Z� d��ir(x0)�N stkni (x0)ust(x0)�Nksti(x0)ustn (x0)� :�®«¥§® áä®à¬ã«¨à®¢ âì ãà ¢¥¨¥ (3) ¢ ¤¨ää¥-à¥æ¨ «ì®© ä®à¬¥:�ap�fst(x) =�1gApk(a)N stkn (x0)�1g �aq�fst(x)Brq (a)RsrAps(a);�ap�f stn (x) = 1gApk(a)Nkst(x0)� 1g �aq�f stn (x)Brq (a)RsrAps(a);Aps(a) | ¬ âà¨æ , ®¡à â ï Bsq(a) :Bsq(a)Aps(a) = �pq :�¡®§ ç¨¬ Nkst(x0)T lk =Dlst(x0);£¤¥ T ls | à¥è¥¨¥ ãà ¢¥¨ï:T ls = �ls � 1gT rsRlr:� ª¨¬ ®¡à §®¬,�ap�fst(x) = 1gApl (a)Dstln (x0);



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò4 5�ap�f stn (x) =�1gApl (a)Dlst(x0):�«¥¤áâ¢¨¥¬ ãà ¢¥¨ï (3) ï¢«ï¥âáï «¨¥© ï § -¢¨á¨¬®áâì ¬¥¦¤ã ¯à®¨§¢®¤ë¬¨ ¯® ust(x0) ¨ ustn (x0) :Z� d��Mstr(x0) ��ust(x0) +M stnr(x0) ��ustn (x0)�= 0;£¤¥ �ir(x0)vsti(x0) =Mstr(x0);�ir(x0)vstni(x0) =M stnr(x0):�à¨ ¢ë¢®¤¥ íâ®© § ¢¨á¨¬®áâ¨ ¬ë âà¥¡®¢ «¨ ¢ë¯®«-¥¨ï ãá«®¢¨ï ! �MstaN stk�= �ka :�àï¬ë¥ ¢ëç¨á«¥¨ï ¯®§¢®«ïîâ ¢ëà §¨âì fst(x) ¨f stn (x) ¢ â¥à¬¨ å ®¢ëå ¯¥à¥¬¥ëå:��fst(x) = ��ust(x0) +Bpq (a) �aq�fst(x) �Sp +Arp(a) @@ar� ;��f stn (x) = ��ustn (x0)+Bpq (a) �aq�f stn (x) �Sp +Arp(a) @@ar� ;£¤¥ Sp ¥áâì ¢ëà ¦¥¨¥�Z� d��ip(x0)�usti(x0) ��ust(x0) + ustni(x0) ��ustn (x0)�== Sp:�®«ãç¥ë¥ ¢ëà ¦¥¨ï ¯®§¢®«ïâ ¢ á«¥¤ãîé¨åáâ âìïå à §¢¨âì â¥®à¨î ¢®§¬ãé¥¨© ¢ â¥à¬¨ å®¢ëå ¯¥à¥¬¥ëå.� ª«îç¥¨¥�®«ãç¥  ¢®§¬®¦®áâì ®¯¨á âì £à ¢¨â æ¨®®¥¯®«¥ ¢ â¥à¬¨ å £àã¯¯®¢ëå ¯¥à¥¬¥ëå. �¥¯¥àì§ ¤ ç¥© ï¢«ï¥âáï ¯®áâà®¥¨¥ à¥£ã«ïà®© â¥®à¨¨ ¢®§-¬ãé¥¨© ¨ ¯à®áâà áâ¢  á®áâ®ï¨© á¨áâ¥¬ë, çâ®¡ã¤¥â ¢ë¯®«¥® ¢ ¤¢ãå ¯®á«¥¤ãîé¨å áâ âìïå.
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