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ÏÎÑÒ-ÏÎÑÒÍÜÞÒÎÍÎÂÑÊÈÅ Ó�ÀÂÍÅÍÈß ÄÂÈÆÅÍÈßÒÎ×Å×ÍÛÕ ×ÀÑÒÈÖ Â ÎÁÙÅÉ ÒÅÎ�ÈÈÎÒÍÎÑÈÒÅËÜÍÎÑÒÈ×. ßíêåâè÷ *, È. Íîâàê **Èíñòèòóò �èçèêè Æåøóâñêîãî óíèâåðñèòåòàPL 35-310, Æåøóâ, ÏîëüøàÏîñòóïèëà â ðåäàêöèþ 11 èþëÿ 2003 ã.Â ðàáîòå ìåòîäîì Ýéíøòåéíà�Èí�åëüäà��î�ìàíà èç óðàâíåíèé ïîëÿ òÿãîòåíèÿ Ýéíøòåéíà âûâåäåíûïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö. Äëÿ âûâîäà ýòèõ óðàâíåíèé èñïîëüçî-âàí òåíçîð ýíåðãèè-èìïóëüñà, ïðåäëîæåííûé Èí�åëüäîì è Ïëåáàíüñêèì [5; 6℄. Ïîëó÷åííûå óðàâíåíèÿäâèæåíèÿ ñîâïàäàþò ñ óðàâíåíèÿìè, âûâåäåííûìè Êîïåéêèíûì [10℄ ìåòîäîì Ôîêà.PACS: 04.25.-g, 04.25.Nx1. ÂÂÅÄÅÍÈÅÝéíøòåéí, Èí�åëüä è �î�ìàí, à òàêæå íåçàâè�ñèìî Ôîê ðàçðàáîòàëè äâà ìåòîäà âûâîäà íüþòî�íîâñêèõ è ïîñòíüþòîíîâñêèõ óðàâíåíèé äâèæåíèÿòî÷å÷íûõ ÷àñòèö èç óðàâíåíèé ïîëÿ òÿãîòåíèÿ Ýéí�øòåéíà. Ýòè ìåòîäû ïîäðîáíî èçëîæåíû â êíèãå Ôî�êà [1, ãë. 6℄ è â êíèãå Èí�åëüäà è Ïëåáàíüñêîãî [2,ãë. 3℄.Îñíîâíûå ÷åðòû ìåòîäà Ôîêà òàêîâû: èñïîëüçó�þòñÿ óðàâíåíèÿ ïîëÿ ñ òåíçîðîì ýíåðãèè-èìïóëüñàñïëîøíîé ñðåäû; ìåòðè÷åñêèé òåíçîð ðàçëàãàåòñÿ âðÿäû ïî ìàëîìó ïàðàìåòðó, ÷òî �îðìàëüíî ñîîòâåò�ñòâóåò ðàçëîæåíèþ ïî îáðàòíûì ñòåïåíÿì ñêîðîñòèñâåòà; â ãàðìîíè÷åñêèõ êîîðäèíàòàõ ýòè ðàçëîæåíèÿñâîäÿò ïðèáëèæåííûå óðàâíåíèÿ ïîëÿ ê âîëíîâûìóðàâíåíèÿì; â ðåøåíèÿõ ýòèõ âîëíîâûõ óðàâíåíèéó÷èòûâàþòñÿ ïîïðàâêè íà çàïàçäûâàíèå; óðàâíåíèÿäâèæåíèÿ âûâîäÿòñÿ èç óñëîâèé èíòåãðèðóåìîñòèóðàâíåíèé ïîëÿ â âèäå êîâàðèàíòíûõ çàêîíîâ ñîõðà�íåíèÿ òåíçîðà ýíåðãèè-èìïóëüñà, êîòîðûå ñëåäóþòèç òîæäåñòâ Áèàíêè; â ÷àñòíîñòè, òî÷å÷íûå ÷àñòè�öû îïðåäåëÿþòñÿ êàê öåíòðû ìàññ óïðóãèõ ñ�åðè-÷åñêè-ñèììåòðè÷íûõ, íåîáðàùàþùèõñÿ òåë, ðàçìå�ðû êîòîðûõ ìàëû â ñðàâíåíèè ñ ðàññòîÿíèÿìè ìåæ�äó íèìè; êîíå÷íûå çíà÷åíèÿ ìåòðè÷åñêîãî òåíçîðà*E-mail: zjan�univ.rzeszow.pl**E-mail: iwnow�univ.rzeszow.pl

íà ìèðîâûõ ëèíèÿõ öåíòðîâ ìàññ ïîëó÷àþòñÿ ïðè�ìåíåíèåì óðàâíåíèé âíóòðåííåé ñòðóêòóðû òåë. Âïèîíåðñêèõ ðàáîòàõ [3, 4℄ óðàâíåíèÿ äâèæåíèÿ âûâî�äÿòñÿ íå èç êîâàðèàíòíûõ çàêîíîâ ñîõðàíåíèÿ òåí�çîðà ýíåðãèè-èìïóëüñà, à èç óðàâíåíèé, îïðåäåëÿþ�ùèõ ãàðìîíè÷åñêèå êîîðäèíàòû.Â ìåòîäå Ýéíøòåéíà�Èí�åëüäà��î�ìàíà (EIH),êàê è â ìåòîäå Ôîêà, ìåòðè÷åñêèé òåíçîð ðàçëàãà�åòñÿ â ðÿäû ïî îáðàòíûì ñòåïåíÿì ñêîðîñòè ñâå�òà. Äîïîëíèòåëüíî ïðåäïîëàãàåòñÿ, ÷òî ïðîèçâîä�íûå ïî âðåìåíè è ïðîñòðàíñòâåííûì êîîðäèíàòàìîò êîý��èöèåíòîâ ðàçëîæåíèÿ ìåòðè÷åñêîãî òåíçî�ðà íå èçìåíÿþò èõ ïîðÿäêà ìàëîñòè. Ýòî äîáàâî÷�íîå ïðåäïîëîæåíèå, ÿâëÿþùååñÿ ñóòüþ ìåòîäà ïî�ñëåäîâàòåëüíûõ ïðèáëèæåíèé EIH, ïîçâîëÿåò ñâå�ñòè ïðèáëèæåííûå óðàâíåíèÿ ïîëÿ ê óðàâíåíèÿì òè�ïà óðàâíåíèé Ïóàññîíà. Óðàâíåíèÿ äâèæåíèÿ âûâî�äÿòñÿ èç êîâàðèàíòíûõ çàêîíîâ ñîõðàíåíèÿ òåíçîðàýíåðãèè-èìïóëüñà. Â ÷àñòíîñòè, òî÷å÷íûå ÷àñòèöûîïðåäåëÿþòñÿ êàê ñèíãóëÿðíîñòè ìåòðè÷åñêîãî òåí�çîðà, óäîâëåòâîðÿþùåãî óðàâíåíèÿì ïîëÿ ñ òåíçî�ðîì ýíåðãèè-èìïóëüñà, ñîäåðæàùèì Æ̂-�óíêöèè Èí��åëüäà�Ïëåáàíüñêîãî [5, 6℄. Ýòè Æ̂-�óíêöèè îáåñïå�÷èâàþò òàêæå ðåãóëÿðèçàöèþ ìåòðè÷åñêîãî òåíçîðàíà ìèðîâûõ ëèíèÿõ ñèíãóëÿðíîñòåé. Â ïåðâûõ ðà�áîòàõ [7�9℄ Ýéíøòåéí, Èí�åëüä è �î�ìàí óðàâíå�íèÿ äâèæåíèÿ âûâîäÿò íå èç êîâàðèàíòíûõ çàêîíîâñîõðàíåíèÿ òåíçîðà ýíåðãèè-èìïóëüñà, à èç óñëîâèéèíòåãðèðóåìîñòè óðàâíåíèé ïîëÿ â âèäå äâóìåðíûõ963



×. ßíêåâè÷, È. Íîâàê ÆÝÒÔ, òîì 125, âûï. 5, 2004ïîâåðõíîñòíûõ èíòåãðàëîâ, îêðóæàþùèõ ñèíãóëÿð�íîñòè.Êîïåéêèí [10℄, ïðîäîëæàÿ ìåòîä Ôîêà, ïîëó÷èëèç óðàâíåíèé ïîëÿ ïîñò-ïîñòíüþòîíîâñêèå óðàâíå�íèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö ñ ðàäèàöèîííûìèïîïðàâêàìè ê ýòèì óðàâíåíèÿì.Â ýòîé ðàáîòå ìû âûâîäèì ïîñò-ïîñòíüþòîíîâ-ñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö èç óðàâ�íåíèé ïîëÿ ñ òåíçîðîì ýíåðãèè-èìïóëüñà Èí�åëü-äà�Ïëåáàíüñêîãî ìåòîäîì ïîñëåäîâàòåëüíûõ ïðè�áëèæåíèé EIH.Óðàâíåíèÿ äâèæåíèÿ, âûâåäåííûå Êîïåéêèíûìè íàìè, ñîâïàäàþò ñ óðàâíåíèÿìè äâèæåíèÿ, ïîëó�÷åííûìè ðàííåå â ðàáîòàõ [11, 12℄, â êîòîðûõ ïðèìå�íÿåòñÿ ìåòîä ðåãóëÿðèçàöèè ¾partie finie¿ Àäàìàðà.Äëÿ ïîëó÷åíèÿ óðàâíåíèé äâèæåíèÿ èñïîëüçóåò�ñÿ òàêæå ìåòîä Àðíîâèòà�Äåñåðà�Ìèñíåðà (ADM)[13, 14℄. Ê ýòîìó íàïðàâëåíèþ ïðèíàäëåæàò, íà�ïðèìåð, ðàáîòû [15, 16℄. Ïîñêîëüêó â ýòîì ìåòîäåãàðìîíè÷åñêèå êîîðäèíàòû, èñïîëüçóåìûå Êîïåéêè�íûì [10℄ è íàìè, íå äîïóñêàþòñÿ, â ðåçóëüòàòå ïî�ëó÷àþòñÿ äðóãèå ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿäâèæåíèÿ.2. ÈÑÕÎÄÍÛÅ ÏÎËÎÆÅÍÈß ÈÎÁÎÇÍÀ×ÅÍÈßÓðàâíåíèÿ ïîëÿ òÿãîòåíèÿ Ýéíøòåéíà çàïèøåìâ âèäå R�� = �8�k2 T ��� ; (2.1)ãäå T ��� = �g�%g�� � 12g��g%��T %�:Â ãàðìîíè÷åñêèõ êîîðäèíàòàõ, îïðåäåëÿåìûõ óðàâ�íåíèÿìè �� �p�gg��� = 0; (2.2)òåíçîð �è÷÷è èìååò âèäR�� = 12g������g�� �� g��g��(�������� + �������� + ��������); (2.3)ãäå ���� = 12(��g�� + ��g�� � ��g��):Äëÿ N òî÷å÷íûõ ÷àñòèö òåíçîð ýíåðãèè-èìïóëü-ñà, ïðåäëîæåííûé Èí�åëüäîì è Ïëåáàíüñêèì [2,ãë. 1℄, åñòü

p�gT �� =XA mAÆ̂(�x� ��A)���g�� d��Adx0 d��Adx0��1=2 d��Adx0 d��Adx0 : (2.4)Èç óðàâíåíèé ïîëÿ (2.1) è òîæäåñòâ Áèàíêè ñëå�äóþò óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö, ðàñ�ñìàòðèâàåìûõ êàê ñèíãóëÿðíîñòè ìåòðè÷åñêîãî òåí�çîðà [2, ãë. 1℄:d2�aA(dx0)2 +� A�a�� �d�aAdx0 A�0��� d��Adx0 d��Adx0 = 0: (2.5)Ìû èñïîëüçóåì ñëåäóþùèå îáîçíà÷åíèÿ: k � ãðà�âèòàöèîííàÿ ïîñòîÿííàÿ;  � ñêîðîñòü ñâåòà; ãðå�÷åñêèå èíäåêñû ïðèíèìàþò çíà÷åíèÿ 0, 1, 2, 3, ëà�òèíñêèå èíäåêñû, åñëè íå óêàçàíî äðóãîå, 1, 2, 3,ïîâòîðåíèå ýòèõ èíäåêñîâ îáîçíà÷àåò ñîîòâåòñòâóþ�ùåå ñóììèðîâàíèå; èíäåêñû A, B, C ïðèíèìàþò çíà�÷åíèÿ 1; 2; : : : ; N , ãäå N � ÷èñëî ÷àñòèö; (�x) = (xa)è x0 = t � ñîîòâåòñòâåííî ïðîñòðàíñòâåííûå èâðåìåííûå êîîðäèíàòû òî÷êè ïîëÿ; (��A) = (�aA) è�0A = x0 � ñîîòâåòñòâåííî ïðîñòðàíñòâåííûå è âðå�ìåííûå êîîðäèíàòû òî÷å÷íûõ ÷àñòèö;j�xj = r; �x� ��A = �rA; j�x� ��Aj = rA;��A � ��B = �rAB ; j��A � ��B j = rAB ;NaA = r�1A (xa � �aA); NaAB = r�1A (�aA � �aB);V aA = d�aAdt ; W aA = d2�aAdt2 ;� = �a�a, �� � ïðîèçâîäíûå ïî êîîðäèíàòàì x�,�Aa � ïðîèçâîäíûå ïî êîîðäèíàòàì �aA, òî÷êà íàä�óíêöèåé îáîçíà÷àåò ïðîèçâîäíóþ ïî âðåìåíè t;ñèãíàòóðà ìåòðè÷åñêîãî òåíçîðà ñîâïàäàåò ñ ñèãíà�òóðîé òåíçîðà Ìèíêîâñêîãî, ðàâíîé (+;�;�;�).Ââåäåííàÿ Èí�åëüäîì è ÏëåáàíüñêèìÆ̂-�óíêöèÿ îáëàäàåò âñåìè ñâîéñòâàìè Æ-�óíêöèèÄèðàêà è äîáàâî÷íûì ñâîéñòâîì (ñì. Ïðèëîæåíèåâ ðàáîòå [2℄)Z Æ̂(�rA)r�pA (d�x) = 0; p = 1; 2; : : : ; L: (2.6)Ìû èñïîëüçóåì òàêæå ñëåäóþùåå îáîçíà÷åíèå:A(: : : )= Z (: : : )Æ̂(�rA)(d�x):Áóäåì èñêàòü ðåøåíèÿ óðàâíåíèé ïîëÿ (2.1) ìå�òîäîì ïîñëåäîâàòåëüíûõ ïðèáëèæåíèé EIH, ïðåäïî�ëàãàÿ, ÷òî964



ÆÝÒÔ, òîì 125, âûï. 5, 2004 Ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö : : :à) ìåòðè÷åñêèé òåíçîð ìîæíî ðàçëîæèòü â ñòå�ïåííûå ðÿäûg00 = 1+�2 h00(2) +�4 h00(4) +�6 h00(6) + : : : ;g0n = �3 h0n(3) +�5 h0n(5) + : : : ;gmn = �Æmn+�2 hmn(2) +�4 hmn(4) + : : : ; (2.7)á) ïðîèçâîäíûå ïî âðåìåíè t è ïî ïðîñòðàíñòâåí�íûì êîîðäèíàòàì xa êîý��èöèåíòîâ ðàçëîæåíèÿìåòðè÷åñêîãî òåíçîðà íå èçìåíÿþò èõ ïîðÿäêà ìà�ëîñòè: h��(i) � ��t h��(i) � ��xa h��(i) : (2.8)Ïðåäïîëîæåíèÿ à è á ïîçâîëÿþò ñâåñòè ïðèáëèæåí�íûå óðàâíåíèÿ ïîëÿ ê óðàâíåíèÿì òèïà Ïóàññîíà,âîîáùå ãîâîðÿ, ñ íåîãðàíè÷åííûì íîñèòåëåì èñòî÷�íèêîâ ïîëÿ.Âìåñòî ðàçëîæåíèÿ (2.7) ìîæíî âçÿòü áîëåå îá�ùåå ðàçëîæåíèåg�� = g��(0) + 1Xi=1 �i h��(i) ; (2.9)îäíàêî â ãàðìîíè÷åñêîé ñèñòåìå êîîðäèíàò [17, 18℄óðàâíåíèÿ ïîëÿ äàþòg��(0) = ��� ;à ðàâåíñòâàh00(2i�1) = 0; h0n(2i) = 0; hmn(2i�1) = 0; i = 1; 2; : : : ;ÿâëÿþòñÿ ïðåäïîëîæåíèÿìè ìåòîäà EIH, ó÷èòûâàþ�ùåãî òîëüêî ñòîÿ÷èå âîëíû [7�9; 19℄.Äëÿ ïðèâåäåíèÿ ïðèáëèæåííûõ óðàâíåíèé ïîëÿê óðàâíåíèÿì Ïóàññîíà ñ îãðàíè÷åííûì íîñèòåëåìèñòî÷íèêîâ ïîëÿ, áóäåì èñïîëüçîâàòü òîæäåñòâà�a(fg) � f�ag + g�af; (2.10)�a�b(fg) � f�a�bg+g�a�bf+�af�bg+�ag�bf: (2.11)Äëÿ ñèíãóëÿðíûõ �óíêöèé f è g ýòè òîæäåñòâàîïðåäåëÿþò ïðîèçâîäíûå ïðîèçâåäåíèÿ �óíêöèé ÷å�ðåç ïðîèçâåäåíèå ïðîèçâîäíûõ ýòèõ �óíêöèé. Òîæ�äåñòâà (2.10) è (2.11) áóäåì ïðèìåíÿòü (ñì. Ïðèëî�æåíèå À) ê ñèíãóëÿðíûì �óíêöèÿìf = r�1A ; r�2A ; : : : ; g = r�1B ; r�2B ; : : :

3. ÏÎÑÒ-ÍÜÞÒÎÍÎÂÑÊÎÅÏ�ÈÁËÈÆÅÍÈÅÈñïîëüçóÿ �îðìóëû (2.3), (2.4), (2.7) è (2.8), èçóðàâíåíèé ïîëÿ (2.1) ïîëó÷àåì� h00(2) = 8�kXA mAÆ̂(�rA);� hmn(2) = 8�kXA mAÆ̂(�rA)Æmn;� h0n(3) = �16�kXA mAÆ̂(�rA)V nA : (3.1)�åøåíèÿìè óðàâíåíèé (3.1) ÿâëÿþòñÿh00(2) = �2�; hmn(2) = �2�Æmn;h0n(3) = 4�n; (3.2)ãäå� = kXA mAr�1A ; �n = kXA mAV nA r�1A : (3.3)Èñïîëüçóÿ (2.3), (2.4), (2.7), (2.8), à òàêæå ðåøå�íèÿ (3.2), èç óðàâíåíèé (2.1) ïîëó÷àåì� h00(4) + 2�� + 4���� 4�k��k� == 16�kXA mAÆ̂(�rA)�34V 2A � 52�� : (3.4)Ó÷èòûâàÿ, ÷òî�� = 12���; � = kXA mArA; (3.5)�� = �4�XA mAÆ̂(�rA); (3.6)è òîæäåñòâî ��2 � 2���+ 2�k��k�;êîòîðîå ñëåäóåò èç (À.5) è (À.6), èìååì� h00(4) + ��� 2�2! == 16�kXA mAÆ̂(�rA)�34V 2A � 12�� : (3.7)Äëÿ ðåøåíèÿ ýòîãî óðàâíåíèÿ, ó÷èòûâàÿ ïåðâóþ�îðìóëó (3.3), ðàññìîòðèì èíòåãðàë965



×. ßíêåâè÷, È. Íîâàê ÆÝÒÔ, òîì 125, âûï. 5, 2004Z Æ̂( �x0 � ��A)�0j�x� �x0j�1(d�x0) = kmA Z Æ̂( �x0 � ��A)r0�1A j�x� �x0j�1(d�x0) ++ k XBB 6=A mB Z Æ̂( �x0 � ��A)r0�1B j�x� �x0j�1(d�x0): (3.8)Ïåðâûé èíòåãðàë ñïðàâà äàåò íåíóëåâîé âêëàä òîëüêî äëÿ �x0 � ��A = 0 . Äëÿ åãî âû÷èñëåíèÿ ðàçëàãàåìj�x� �x0j�1 â ðÿä ïî r0A = j �x0 � ��Aj � 0:j�x� �x0j�1 = 1Xm=0Pm(NkAN 0kA )r�(m+1)A r0mA ; (3.9)ãäå Pm(NkAN 0kA ) � ïîëèíîìû Ëåæàíäðà. Ñâîéñòâî (2.6) Æ̂-�óíêöèè ïðèâîäèò ê òîìó, ÷òîZ Æ̂( �x0 � ��A)r0�1A j�x� �x0j�1(d�x0) = Z Æ̂( �x0 � ��A)P1(NkAN 0kA )r�2A (d�x0) = 0; (3.10)ïîñêîëüêó âûðàæåíèå P1(NkAN 0kA ) = NkAN 0kA ÿâëÿåòñÿ íå÷åòíîé �óíêöèåé ïåðåìåííîé �r0A. Âòîðîé èíòåãðàëñïðàâà â (3.8) ëåãêî âû÷èñëÿåòñÿ, òàê êàê ïîäûíòåãðàëüíàÿ �óíêöèÿ ÿâëÿåòñÿ íåïðåðûâíîé äëÿ �x0 = ��A.Òàêèì îáðàçîì, èìååì Z Æ̂( �x0 � ��A)�0j�x� �x0j�1(d�x0) =A� r�1A ; (3.11)ãäå A�= k XBB 6=A mBr�1AB :Ó÷èòûâàÿ (3.10) è (3.11), èç (3.7) ïîëó÷àåìh00(4) = 2�2 � ��+ kXA mA�2 A� �3V 2A� r�1A : (3.12)�åøåíèé (3.2) è (3.12) äîñòàòî÷íî äëÿ âûâîäà ïîñòíüþòîíîâñêèõ óðàâíåíèé äâèæåíèÿ.Èç �îðìóë (2.5) è (2.7) â ïîñòíüþòîíîâñêîì ïðèáëèæåíèè èìååìd2�nAdt2 = FnA(0) + �2 FnA(2) ; (3.13)ãäåFnA(0) = �12 A�n h00(2) ; (3.14)FnA(2) = �12 A�n h00(4) �12 Ahnk(2) �k h00(2) + A_h0n(3) +12 A_h00(2) V nA+ A_hnk(2) V kA �� A�n h0k(3) V kA+ A�k h0n(3) V kA+ A�k h00(2) V kAV nA � 12 A�n hks(2) V kAV sA+ A�k hns(2) V kAV sA: (3.15)Ïîäñòàâëÿÿ ðåøåíèÿ (3.2) è (3.12) â (3.15), ïîëó÷àåì ñëåäóþùèå èíòåãðàëû ñ ñèíãóëÿðíûìè �óíêöèÿìè,êîòîðûå â ðåçóëüòàòå èíòåãðèðîâàíèÿ äàþò:Z Æ̂(�rA)r�2A NkA(d�x) = 0;966



ÆÝÒÔ, òîì 125, âûï. 5, 2004 Ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö : : :Z Æ̂(�rA)r�3A NkAN bANsA(d�x) = 0;Z Æ̂(�rA)r�2A NkAN bA(d�x) = 13Ækb Z Æ(�rA)r�2A (d�x) = 0;Z Æ̂(�rA)r�1A r�2B NkB(d�x) = 0; A 6= B;Z Æ̂(�rA)r�2A r�1B NnA(d�x) = 0; A 6= B:Äâà ïåðâûõ èíòåãðàëà ðàâíû íóëþ âñëåäñòâèå íå÷åòíîñòè ïîäûíòåãðàëüíûõ �óíêöèé, à òðåòèé èíòåãðàëðàâåí íóëþ áëàãîäàðÿ ñâîéñòâó (2.6) Æ̂-�óíêöèè è ÷åòíîñòè ïîäûíòåãðàëüíûõ âûðàæåíèé. Ïîñëåäíèå äâàèíòåãðàëà âû÷èñëÿåì, ðàçëàãàÿ r�MB â ðÿä ïî rA � 0:r�LB = 1Xm=0C 12Lm (NkANkBA) rmArm+LAB ; (3.16)ãäå CLm(NkANkBA) � ïîëèíîìû �åãåíáàóýðà.Òàêèì îáðàçîì, èç (3.2) è (3.12), ó÷èòûâàÿ òàêæå (3.13)�(3.15), ïîëó÷àåìd2�nAdt2 = k XBB 6=A mA�An r�1AB + �28><>:k XBB 6=A mB �12V kBV sB�An �Ak �As rAB + (4V nBV kA � 4V nAV kA�� 4V nBV kB + 3V nAV kB )�Ak r�1AB +�V 2A � 4V kAV kB + 32V 2B� �An r�1AB � k(5mA + 4mB)r�1AB�An r�1AB��� 12k2 XBB 6=AB 6=C XCC 6=A mBmC(�Bk r�1BC�Bk �Bn rAB � 8r�1AB�Bn r�1BC � 2r�1BC�Bn r�1AB � 8r�1AB�Cn r�1AC)9>=>; : (3.17)Äëÿ äâóõ òåë (N = 2) èç (3.17) èìååìd2�n1dt2 = km2�1nr�112 + �2�km2 �12V k2 V s2 �1n�1k�1sr12 + (4V n2 V k1 � 4V n1 V k1 � 4V n2 V k2 + 3V n1 V k2 )�1kr�112 ++ �V 21 � 4V k1 V k2 + 32V 22 � �1nr�112 � k(5m1 + 4m2)r�112 �1nr�112 �� : (3.18)Çàìåíÿÿ èíäåêñ ¾1¿ íà ¾2¿ â (3.18), ïîëó÷àåì óðàâíåíèÿ äâèæåíèÿ äëÿ âòîðîãî òåëà. Óðàâíåíèÿ (3.18)âïåðâûå áûëè âûâåäåíû èç ïîëåâûõ óðàâíåíèé Ýéíøòåéíîì, Èí�åëüäîì, �î�ìàíîì [7℄ â êîîðäèíàòàõ,îïðåäåëÿåìûõ óñëîâèÿìè �mmn = 0; �mm0 � �1 _00 = 0; (3.19)ãäå �� = h�� � 12���h����� ;à òàêæå Ïåòðîâîé ìåòîäîì Ôîêà â ãàðìîíè÷åñêèõ êîîðäèíàòàõ [4℄.4. �ÅØÅÍÈÅ Ó�ÀÂÍÅÍÈÉ ÏÎËß Â ÏÎÑÒ-ÏÎÑÒÍÜÞÒÎÍÎÂÑÊÎÌ Ï�ÈÁËÈÆÅÍÈÈÓ÷èòûâàÿ ðåøåíèÿ (3.2), (3.12), à òàêæå �îðìóëû (2.3), (2.4), (2.7) è (2.8), èç óðàâíåíèÿ (2.1) ïîëó÷àåì�hmn(4) + 4���Æmn + 4�k��k�Æmn � 4�m��n�+ 2��Æmn == 16�kXA mAÆ̂(�rA) �V mA V nA � 14V 2AÆmn � 12�Æmn� : (4.1)967



×. ßíêåâè÷, È. Íîâàê ÆÝÒÔ, òîì 125, âûï. 5, 2004Ïðåîáðàçóåì ýòè óðàâíåíèÿ ñ ïîìîùüþ �îðìóë� lnSAB = r�1A r�1B ; SAB = rA + rB + rAB : (4.2)� ln rA = r�2A ; (4.3)�a�br�1A = r�3A (3NaAN bA � Æab)� 43�Æ̂(�rA)Æab; (4.4)à òàêæå òîæäåñòâà, êîòîðîå ñëåäóåò èç (À.3) äëÿ L = 2,�a�br�2A = 2�ar�1A �br�1A + 2r�1A �a�br�1A : (4.5)Èç (4.2)�(4.5) è ïåðâîãî âûðàæåíèÿ èç (3.3), à òàêæå èç (A.13) ïîëó÷àåì�m��n� = �264k2XA XBB 6=A mAmB�Am�Bn lnSAB + 18k2XA m2A(�m�n ln rA + r�2A Æmn)375 ++ 43�k2XA m2AÆ̂(�rA)r�1A Æmn: (4.6)Èñïîëüçóÿ âûðàæåíèÿ (3.5) è (4.6), èç óðàâíåíèÿ (4.1) èìååì�264 hmn(4) + ��Æmn + 2�2Æmn � 4k2XA XBB 6=A mAmB�Am�Bn lnSAB � 12k2XA m2A(�m�n ln rA + r�2A Æmn)375 == 163 �k2XA m2AÆ̂(�rA)r�1A Æmn + 16�kXA mAÆ̂(�rA) �V nAV mA � 14V 2AÆmn � 12�Æmn� : (4.7)Ñ ó÷åòîì �îðìóëû (3.10) ðåøåíèå óðàâíåíèÿ (4.7) èìååò âèähmn(4) = ���Æmn � 2�2Æmn + 4k2XA XBB 6=A mAmB�Am�Bn lnSAB + 12k2XA m2A(�m�n ln rA + r�2A Æmn)�� kXA mA �4r�1A V mA V nA � 2�A� +12V 2A� r�1A Æmn� : (4.8)Èñïîëüçóÿ ðåøåíèå (3.2) è �îðìóëû (2.3), (2.4), (2.7) è (2.8), èç óðàâíåíèÿ (2.1) ïîëó÷àåì�h0n(5) � 4��n + 16�k��n�k + 12 _��n�� 8���n = 16�kXA mAÆ̂(�rA) ��V nA + 2�n � 12V 2AV nA � : (4.9)Àíàëîãè÷íî (4.6) ïðåîáðàçóåì ïîñëåäîâàòåëüíî òðåòüå è ÷åòâåðòîå ñëàãàåìûå â ëåâîé ÷àñòè óðàâíåíèÿ (4.9):�k��n�k = �264k2XA XBB 6=A mAmB�Ak �Bn lnSABV kA + 18k2XA m2A(�k�n ln rA + r�2A Ækn)V kA375++ 43�k2XA m2AÆ̂(�rA)r�1A V nA ; (4.10)_��n� = �264�k2XA XBB 6=A mAmB�Ak �Bn lnSABV kA � 18k2XA m2A(�k�n ln rA + r�2A Ækn)V kA375�� 43�k2XA m2AÆ̂(�rA)r�1A V nA : (4.11)968



ÆÝÒÔ, òîì 125, âûï. 5, 2004 Ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö : : :Êðîìå òîãî, èìååì �n = 12��n; �n = kXA mAV nA rA; (4.12)��n = 12���n: (4.13)Ïîäñòàâëÿÿ âûðàæåíèÿ (4.10), (4.11) è (4.13) â óðàâíåíèå (4.9), ïîëó÷àåì�264 h0n(5) � 2��n + 4k2XA XBB 6=A mAmB�Ak �Bn lnSAB(4V kB � 3V kA) + 12k2XA m2A(�k�n ln rA + r�2A Ækn)V kA375 == �163 �k2XA m2AÆ(�rA)r�1A V nA + 16�kXA mAÆ(�rA) �2�n ��V nA � 12V 2AV nA � : (4.14)Èñïîëüçóÿ �îðìóëó (3.11) è ïîäîáíûå åé äëÿ �n, ïîëó÷àåì ðåøåíèå óðàâíåíèÿ (4.14) â âèäåh0n(5) = 2��n + 2kXA mAr�1A V 2AV nA � 12k2XA m2A(�k�n ln rA + r�2A Ækn)V kA �� 4k2XA XBB 6=A mAmB ��Ak �Bn lnSAB(4V kB � 3V kA)� r�1A r�1AB(V nA � 2V nB )� : (4.15)Íåñêîëüêî òðóäíåå íàéòè h00:(6) Ó÷èòûâàÿ âûðàæåíèÿ (3.2), (3.12), (4.8), (4.15), à òàêæå (2.2), (2.3), (2.4),(2.7), (2.8), èç óðàâíåíèÿ (2.1) ïîëó÷àåì�h00(6) + 12 _� _�� 16�k�s�s�k + 4��� + 16�k�k _�� 4�k��k ��+ 16�k�s�k�s ++ 8��k��k� + (�)���� � 12�2��+ 2����+ 8kXA mAr�1A �k�s�V kAV sA ++ 4kXA mA�2 A� �3V 2A� �k��kr�1A � "kXA mA(2 A� �3V 2A)r�1A #�� ++ 4k3XA m3Ar�5A � 2kXA mA�2 A� �3V 2A���r�1A � 4kXA mA�A� +12V 2A� r�1A ���� k3XA XBB 6=A m2AmB�k�sr�1B �k�s ln rA � 8k2XA XBB 6=A mAmB�k�s��Ak �Bs lnSAB == 16�kXA mAÆ̂(�rA)8><>:254 �2 � 34�V 2A � 54 ��+ 2�kV kA + 716V 4A++ 12k XBB 6=A mB �5 B� �72V 2B� r�1B + 12kmA�5 A� �72V 2A� r�1A + 14k2 XBB 6=A m2Br�2B ++ 12k2m2Ar�2A + 12k2XB XCC 6=B mBmC(r�1B r�1C � r�1B r�1BC � r�1C r�1BC)9>=>; : (4.16)Èñïîëüçóÿ �îðìóëû (4.2)�(4.4), à òàêæå (À.9), (À.13), ìîæíî ïðåîáðàçîâàòü âûðàæåíèÿ, ñòîÿùèå â ëåâîé969



×. ßíêåâè÷, È. Íîâàê ÆÝÒÔ, òîì 125, âûï. 5, 2004÷àñòè óðàâíåíèÿ (4.16). Äåéñòâèòåëüíî, â ïîðÿäêå âîçðàñòàíèÿ íîìåðîâ ñëàãàåìûõ â ëåâîé ÷àñòè óðàâíåíèÿ(4.16) äëÿ âòîðîãî ÷ëåíà èìååì_� _� = �8><>:k2XA XBB 6=A mAmB�Ak �Bs lnSABV kAV sB + 18k2XA m2A(�k�s ln rAV sAV kA + r�2A V 2A)9>=>;++ 43�k2XA m2Ar�1A Æ̂(�rA)V 2A ; (4.17)äëÿ òðåòüåãî ��k�s�s�k = �8><>:k2XA XBB 6=A mAmB�Bk �As lnSABV kAV sB + 18k2XA m2A(�k�s ln rAV kAV sA + r�2A V 2A)9>=>;++ 43�k2XA m2AÆ̂(�rA)V 2Ar�1A ; (4.18)äëÿ ÷åòâåðòîãî ���� = �8><>:k2XA XBB 6=A mAmB ��Bk �Bs lnSABV kBV sB + �Bk lnSABW kB�++ k2 XA m2A �38 ��k�s ln rAV kAV sA � 13r�2A V 2A�� 12�k ln rAW kA�)� 43�k2XA m2AÆ̂(�rA)V 2Ar�1A ; (4.19)äëÿ ïÿòîãî ��k�k _� = �264�k2XA XBB 6=A mAmB�Bk �Bs lnSABV sAV kB � 38k2XA m2A��k�s ln rAV kAV sA � 13r�2A V 2A�375++ 43�k2XA m2AÆ̂(�rA)V 2Ar�1A ; (4.20)äëÿ äâåíàäöàòîãî �kXA mAr�1A �k�s�V kAV sA = �8><>:k2XA XBB 6=A mAmB�Bk �Bs lnSABV kAV sA++ 38k2XA m2A��k�s ln rAV kAV sA � 13r�2A V 2A�9>=>;� 43�k2XA m2AÆ̂(�rA)V 2Ar�1A : (4.21)Øåñòîå, ñåäüìîå, âîñüìîå è òðèíàäöàòîå ñëàãàåìûå, ñòîÿùèå ñëåâà â �îðìóëå (4.16), ïðåîáðàçóåì, ó÷è�òûâàÿ âûðàæåíèÿ (3.5) è (4.12). Ñîãëàñíî �îðìóëàì (À.1)�(À.6), èìååì970



ÆÝÒÔ, òîì 125, âûï. 5, 2004 Ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö : : :�k��k �� = 12�(���)� 12 ����� 12���� = 12�(���)� 12 ��������;�k�s�k�s = 12��2k ��k��k;��k��k� = 16��3 � 12���;kXA mA�2 A� �3V 2A� �k��kr�1A = 12�(kXA mA�2 A� �3V 2A��r�1A )�� 12kXA mA�2 A� �3V 2A� r�1A ��� 12kXA mA�2 A� �3V 2A���r�1A :
(4.22)

Èç �îðìóëû (3.5) äëÿ ÷åòûðíàäöàòîãî ÷ëåíà â ëåâîé ÷àñòè óðàâíåíèÿ (4.16) ïîëó÷àåì"kXA mA�2 A� �3V 2A� r�1A #�� = 12�"kXA mA�2 A� �3V 2A� rA#�� : (4.23)Ñ ó÷åòîì �îðìóëû (À.13) äåâÿòîå è ïÿòíàäöàòîå ñëàãàåìûå ìîæåì çàïèñàòü â âèäå(�)���� = � 112�kXA mA(r3A)����;k3XA m3Ar�5A = 16�k3XA m3Ar�3A + 2�k3XA m3Ar�2A Æ̂(�x� ��A); (4.24)Ñ öåëüþ ïðåîáðàçîâàíèÿ âûðàæåíèÿ (ñì. [12℄)XA XBB 6=A m2AmB�k�sr�1B �k�s ln rAó÷òåì ñíîâà òîæäåñòâî (À.14), à òàêæå çàâèñèìîñòèÆ̂(�rA) ln rB = Æ̂(�rA) ln rAB ; A 6= B;NkANkB = 12(r�1A rB + r�1B rA � r2ABr�1A r�1B ): (4.25)Â ðåçóëüòàòå ïîëó÷àåìXA XBB 6=A m2AmB�k�sr�1B �k�s ln rA = �12�8><>:XA XBB 6=A m2AmB ��Ak �Bk (r�1B ln rA � r�1B ln rAB)��12r�1B r�2A + 12r�2ABr�1B + 12rBr�2A r�2AB�9>=>;+ 4�Æ̂(�rA)r�1A (rBr�2AB � r�1B ): (4.26)971



×. ßíêåâè÷, È. Íîâàê ÆÝÒÔ, òîì 125, âûï. 5, 2004Îñòàëüíûå ÷ëåíû â (4.16), êðîìå äåâÿòíàäöàòîãî, ñîäåðæàò ïîä èíòåãðàëîì Æ̂-�óíêöèþ. Ïîäñòàâëÿÿ(4.17)�(4.24) è (4.26) â (4.16), ïîëó÷àåì îêîí÷àòåëüíîå óðàâíåíèå äëÿ h00(6) â âèäå�( h00(6) + 8�2b + 43�3 � 2���+ 112kXA mA(r3A)���� + 23k3XA m3Ar�3A �� 4k2XA m2A�k ln rAW kA � 12k2XA m2A(�k�s ln rAV kAV sA + r�2A V 2A) ++ 2kXA mA�2 A� �3V 2A��r�1A � 12 "kXA mA�2 A� �3V 2A� rA#�� �� 12k2XA XBB 6=A m2AmB ��Ak �Bk (r�1B ln rA � r�1B ln rAB)� 12r�1B r�2A + 12r�2ABr�1B ++12rBr�2A r�2AB�� k2XA XBB 6=A mAmB [(16V sAV kB � 12V kAV sB)�Ak �Bs lnSAB ++(16V sBV kA � 8V sBV kB � 8V sAV kA)�Bk �Bs lnSAB � 8�Bk lnSABW kB ℄� == 16�kXA mAÆ̂(�rA)�14�2 + 94�V 2A � 14 ��� 2�nV nA + 716V 4A++ 12k XBB 6=A mB(B� �32V 2B)r�1B + 14k2 XBB 6=A m2Br�2B � 2k2 XBB 6=A mAmBr�1B r�1AB ++ 12k2 XBB 6=A XCC 6=AC 6=B mCmB(r�1B r�1C � r�1B r�1BC � r�1C r�1BC) ++ 18k2 XBB 6=A mAmBr�1A (rBr�2AB + 15r�1B � 16r�1AB) + kmA�A� �32V 2A� r�1A ++12k2m2Ar�2A �� 16�XA mA�aÆ̂(�rA) _�a + 163 �k2XA m2AÆ̂(�rA)V 2Ar�1A �� 8�k3XA m3AÆ̂(�rA)r�2A + 8k2XA XBB 6=A mAmB�k�s��Ak �Bs lnSAB : (4.27)Äëÿ ðåøåíèÿ óðàâíåíèÿ (4.27) íåîáõîäèìî ïðîâåñòè ðåãóëÿðèçàöèþ ñëåäóþùèõ èíòåãðàëîâ, ñîäåðæàùèõñèíãóëÿðíûå �óíêöèè:Z Æ̂(�r0A)r0�1A N 0kA N 0sA j�x� �x0j�1(d�x0); Z Æ̂(�r0A)r0�1A r0�1B j�x� �x0j�1(d�x0);Z Æ̂(�r0A)r0�2A j�x� �x0j�1(d�x0): (4.28)Èç ðàçëîæåíèé (3.9) è (3.16), à òàêæå èç ñâîéñòâà (2.6) Æ̂-�óíêöèè, ñëåäóåò, ÷òî èíòåãðàëû (4.28) ðàâíûíóëþ.Òàêèì îáðàçîì, ðåøåíèå óðàâíåíèÿ (4.27) ìîæíî çàïèñàòü â âèäå972



ÆÝÒÔ, òîì 125, âûï. 5, 2004 Ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö : : :h00(6) = 2���� 8�2k � 43�3 � 112kXA mA(r3A)���� � 23k3XA m3Ar�3A �� 74kXA mAV 4Ar�1A � 2kXA mA�2 A� �3V 2A��r�1A + 4k2XA m2A�k ln rAW kA ++ 12k2XA m2A(�k�s ln rAV kAV sA + r�2A V 2A) + 8kXA mA A�k V kAr�1A �� kXA mA A� �A� +9V 2A� r�1A + 12 "kXA mA�2 A� �3V 2A� rA#�� + kXA mA A�� r�1A �� 2k2XA XBB 6=A mAmB �B� �32V 2B� r�1ABr�1A + 4k3XA XBB 6=A m2AmBr�2ABr�1A �� 2k3XA XBB 6=A mAm2Br�2ABr�1A + k2XA XBB 6=A mAmB [(16V sAV kB �� 12V kAV sB)�Ak �Bs lnSAB + (16V sBV kA � 8V sBV kB � 8V sAV kA )�Bk �Bs lnSAB �� 8�Bk lnSABW kB ℄ + 12k3XA XBB 6=A m2AmB ��Ak �Bk (r�1B ln rA � r�1B ln rAB)��12r�1B r�2A + 32r�2ABr�1B + 12rBr�2A r�2AB�+ 4k3XA XBB 6=A XCC 6=AC 6=B mAmBmCr�1ABr�1BCr�1A �� 2k3XA XBB 6=A XCC 6=A mAmBmCr�1ABr�1ACr�1A +H; (4.29)ãäå H ÿâëÿåòñÿ ðåøåíèåì óðàâíåíèÿ�H = 8k2XA XBB 6=A mAmB�k�s��Ak �Bs lnSAB: (4.30)Äàëüíåéøèå ðàñ÷åòû ïðîâåäåì äëÿ ñèñòåìû äâóõ òåë (N = 2). Äëÿ ýòîãî ñëó÷àÿ �óíêöèÿ H èìååò âèä [12℄H = k3m21m2f4�1�1k�2k [(r1 + r12) lnS12℄ + 8�1k lnS12�1kr�112 � 4r2r�21 r�212 + 4r�212 r�11 �� 2r�112 r�21 + 4r22r�31 r�212 + 6r22r�21 r�312 � 4r�31 � 6r�312 g+ (1$ 2): (4.31)Ïðèâåäåííîå âûøå âûðàæåíèå äëÿ äâóõ òåë ïîëó÷åíî ïðè ó÷åòå òîæäåñòâà (A.14), �îðìóë (4.2), (4.3), àòàêæå Æ̂(�r1)r2 = Æ̂(�r1)r12 è çàâèñèìîñòåé �1 lnS12 = r�11 r�112 ;S�112 (1 +Nk1Nk12) = 12(r�12 + r�11 � r12r�1A r�12 );�1k�2k lnS12 = 12(r�11 r�12 � r�11 r�112 � r�12 r�112 ):Îêîí÷àòåëüíî äëÿ äâóõ òåë íàøè ðåøåíèÿ (3.2), (3.12), (4.8), (4.15) è (4.30) ïðèíèìàþò âèäh00(2) = �2km1r�11 � 2km2r�12 ;hmn(2) = �2km1r�11 Æmn � 2km2r�12 Æmn;h0n(3) = 4km1r�11 V n1 + 4km2r�12 V n2 ; (4.32)
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×. ßíêåâè÷, È. Íîâàê ÆÝÒÔ, òîì 125, âûï. 5, 2004h00(4) = km1r�11 [(N1V1)2 � 4V 21 ℄ + 2k2m21r�21 + k2m1m2 �2r�11 r�12 + 12r1r�312 ++ 52r�12 r�112 � 12r21r�12 r�312 �+ (1$ 2); (4.33)hmn(4) = km1r�11 (N1V1)2Æmn � 4km1r�11 V m1 V n1 � k2m21r�21 [Æmn +Nm1 Nn1 ℄ ++ k2m1m2 ��12r1r�312 + 52r�11 r�112 � 2r�11 r�12 � 12r21r�12 r�312 � 4r�112 S�112 � Æmn ++ 4Nm12Nn12(S�212 + r�112 S�112 )� 4S�212 (Nm1 Nn2 +Nn1 Nm2 + 2Nm1 Nn12 + 2Nn1Nm12)�+ (1$ 2); (4.34)h0n(5) = 4km1r�11 V n1 V 21 + k2m21r�21 [(N1V1)Nn1 � V n1 ℄ + k2m1m2fNn1 S�212 [16(N12V1) ++ 16(N2V1)� 12(N12V2)� 12(N2V2)℄ +Nn12[16S�212 (N1V2)� 12S�212 (N1V1)�� 4S�212 (N12V1)� 4S�112 r�112 (N12V1)℄ + V n1 [r22r�11 r�312 + 3r�11 r�112 � 8r�12 r�112 ++ 4r�112 S�112 ℄g � k2m1m2[6(N12V1)2Nn12 + 4r�212 Nn12℄ + k2m1m2V n1 (2r2r�312 � 3r�11 r�312 ℄ + (1$ 2); (4.35)h00(6) = km1r�1 �3(N1V1)2V 21 � 4V 41 � 34(N1V1)4�+ k2m21r�21 [V 21 � 3(N1V1)2℄ ++ k2m1m2�V 21 �38r21r2r�512 � 38r31r�512 + 38r1r22r�512 � 38r32r�512 + 378 r1r�312 �� r21r�12 r�312 � 38r2r�312 � 2r22r�11 r�312 � 6r�11 r�112 + 5r�12 r�112 + 8r12r�11 r�12 S�112 ��16r�112 S�112 �+ (V1V2) �34r31r�512 � 8r�11 r�12 � 34r21r2r�512 � 134 r1r�312 ++2r21r�12 r�312 + 6r�11 r�112 + 16r�11 S�112 + 12r�112 S�112 �+ (N12V1)2 �158 r31r�512 �� 158 r21r2r�512 � 158 r1r22r�512 + 158 r32r�512 � 578 r1r�312 + 34r21r�12 r�312 + 338 r2r�312 �� 74r�12 r�112 + 16S�212 + 16r�112 S�112 �+ (N12V1)(N12V2) �154 r21r2r�512 � 154 r31r�512 ++ 94r1r�312 � 12S�212 � 12r12S�112 �+ (N1V1)2 �34r22r�11 r�312 � 2r�12 r�11 + 14r1r�312 ��74r�11 r�112 + 8S�212 + 8r�11 S�112 �� (N1V1)(N1V2)[r1r�312 + 16S�212 + 16r�11 S�112 ℄ ++ (N1V2)2[8S�212 + 8r�11 S�112 ℄ + (N12V1)(N1V1) �3r21r�412 � 32r22r�412 � 32r�212 � 16S�212 �++ (N12V2)(N1V1) ��3r21r�412 + 32r22r�412 � 132 r�212 + 40S�212 �++ (N12V1)(N1V2) ��32r21r�412 � 4r�212 � 16S�212 �+ (N12V2)(N1V2) �32r21r�412 + 3r�212 � 16S�212 ��� 16S�212 (N1V2)(N2V1) + 12S�212 (N1V1)(N2V2)� 2k3m31r�31 ++ k3m21m2 �14r31r�612 � 4r�31 � 12r�32 � 92r�21 r�12 � 316r41r�12 r�612 + 18r21r2r�612 �974



ÆÝÒÔ, òîì 125, âûï. 5, 2004 Ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö : : :� 14r22r1r�612 + 116r32r�612 � 54r1r�412 + 238 r21r�12 r�412 � 438 r2r�412 + 52r22r�11 r�412 ++ 3r�312 � 3r1r�12 r�312 � r2r�11 r�312 + 5r22r�21 r�312 � 4r32r�31 r�312 + 32r�11 r�212 ++ 14r21r�32 r�212 � 316r�12 r�212 � 154 r2r�21 r�212 + 4r22r�31 r�212 � 5r�21 r�112 ��5r�11 r�12 r�112 + 4r2r�31 r�112 + 14r�21 r�32 r212��+ (1$ 2); (4.36)ãäå (NAVA) � NkAV kA ; (NAVB) � NkAV kB ; (NABVB) � NkABV kB ; (VAVB) � V kAV kB :Ïîëó÷åííûå íàìè ðåøåíèÿ (4.32)�(4.36) ñîâïàäàþò ñ ðåøåíèÿìè, ïðèâåäåííûìè â [12℄.5. ÏÎÑÒ-ÏÎÑÒÍÜÞÒÎÍÎÂÑÊÈÅ Ó�ÀÂÍÅÍÈß ÄÂÈÆÅÍÈßÓðàâíåíèÿ äâèæåíèÿ â ïîñò-ïîñòíüþòîíîâñêîì ïðèáëèæåíèè ìîæíî çàïèñàòü â âèäåd2�n1dt2 = Fn1(0) + �2 Fn1(2) + �4 " F 0n1(4) + F 00n1(4) + F 000n1(4) # ; (5.1)ãäå ðàâåíñòâà F 0n1(4) = �12km2 1�n�kr2 W k2(2) ; F 00n1(4) = 4km2 1r�12 Wn2(2) (5.2)ñëåäóþò ñîîòâåòñòâåííî èç âûðàæåíèé äëÿ 1�n h00(4) è 1_h0n(3) , âõîäÿùèõ â Fn1(2) .Äëÿ F 000n1(4) èç óðàâíåíèé (2.5) è (2.7) ïîëó÷àåìF 000n1(4) =� 12 1�n h00(6) �12 1hnk(2) �k h00(4) + 1_h0n(5) +12 1_h00(4) V n1 + 1_hnk(4) V k1 �� 1�n h0k(5) V k1 + 1�k h0n(5) V k1 + 1�k h00(4) V k1 V n1 � 12 1�n hks(4) V k1 V s1 ++ 1�k hns(4) V k1 V s1 � 12 Ah0n(3) _h00(2) + 1hnk(2) _h0k(3) + 1hnk(2) _hks(2) V s1 �� 12 1hnk(4) �k h00(2) �12 1h00(2) _h00(2) V n1 � 12 1h0k(3) �k h00(2) V n1 �� 1h00(2) �k h00(2) V k1 V n1 � 1h0n(3) �k h00(2) V k1 + 1hnk(2) �s h0k(3) V s1 �� 1hnk(2) �k h0s(3) V s1 + 1hna(2) �k has(2) V k1 V s1 + 1�k h0s(3) V s1 V k1 V n1 �� 12 1_hks(2) V k1 V s1 V n1 � 12 1hnk(2) hks(2) �s h00(2) �12 1hna(2) �a hks(2) V k1 V s1 : (5.3)975



×. ßíêåâè÷, È. Íîâàê ÆÝÒÔ, òîì 125, âûï. 5, 2004Èñïîëüçóÿ �îðìóëó (3.18) è ðåãóëÿðèçóÿ ðàñõîäÿùèåñÿ èíòåãðàëû (ñì. Ïðèëîæåíèå B), ïîëó÷àåìF 0n1(4) = �12k2m1m2[3Nn12(N12V1)2 + 4Nn12(N12V2)2 � 7Nn12(N12V1)(N12V2) ++ 4V n1 (N12V2)� 4V n2 (N12V2)� 3V n1 (N12V1) + 3V n2 (N12V1)℄;F 00n1(4) = �16k3m21m2r�412 Nn12 � 20k3m22m1r�412 Nn12 � k2m1m2r�312 [�8Nn12V 21 �� 4Nn12V 22 + 16Nn12(V1V2) + 6Nn12(N12V1)2 + 16V n2 (N12V2)�� 16V n1 (N12V2)� 12V n2 (N12V1) + 12V n1 (N12V1)℄: (5.4)
Äëÿ ðàñ÷åòà F 000n1(4) èñïîëüçóåì ðåøåíèÿ (4.33)�(4.37), à òàêæå �îðìóëó (5.3). Ïîñëå ðåãóëÿðèçàöèè (ñì.Ïðèëîæåíèå B) èìååì12 1�n h00(6) = 3k3m32r�412 Nn12 � 74k3m21m2r�412 Nn12 + 232 k3m22m1r�412 Nn12 + k2m22r�312 [�Nn12V 22 ++ 6Nn12(N12V2)2 � 3V n2 (N12V2)℄ + k2m1m2r�312 �34Nn12V 21 + 354 Nn12V 22 � 52Nn12(V1V2)�� 232 Nn12(N12V1)2 � 372 Nn12(N12V2)2 + 25Nn12(N12V2)(N12V1) ++ 314 V n2 (N12V2)� 394 V n1 (N12V2)� 34V n2 (N12V1) + 314 V n1 (N12V1)�++ km2r�212 ��92Nn12(N12V2)2V 22 + 3V n2 (N12V2)V 22 + 2Nn12V 4A + 158 Nn12(N12V2)4 � 32V n2 (N12V2)3� ;12 1hnk(2) �k h00(4) = 4k3m32r�412 Nn12 + 2k3m22m1r�412 Nn12 + k2m22r�312 [3Nn12(N12V2)2 � 2V n2 (N12V2)� 4Nn12V 22 ℄;12 1hnk(4) �k h00(2) = �2k3m32r�412 Nn12 + 7k3m22m1r�412 Nn12 + k2m22r�312 [Nn12(N12V2)2 � 4V n2 (N12V2)℄;12 1hnm(2) hmb(2) �b h00(2) = 4k3m32r�412 Nn12;1hnk(2) _h0k(3) = 8k3m22m1r�412 Nn12 � 8k2m22r�312 V n2 (N12V2);12 1h0n(3) _h00(2) = �4k2m22r�312 V n2 (N12V2);� 1_h0n(5) =� 14k3m22m1r�412 Nn12 + k2m22r�312 [Nn12V 22 � 4Nn12(N12V2)2 + 3V n2 (N12V2)℄ ++ k2m2m1r�312 [�6Nn12V 22 + 10Nn12(N12V2)2 � 10V n2 (N12V2)� 17Nn12(V2V1)�� 42Nn12(N12V1)2 + 12Nn12V 21 + 46Nn12(N12V2)(N12V1) + 12V n1 (N12V2)�� 21V n2 (N12V1) + 6V n1 (N12V1)℄ + km2r�212 [�8V n2 (N12V2)V 21 + 6V n2 (N12V2)3℄;976



ÆÝÒÔ, òîì 125, âûï. 5, 2004 Ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö : : :� 12 1_h00(4) V n1 = k2m1m2r�312 V n1 (N12V1)� 2k2m22r�312 V n1 (N12V2) + km2r�212 �3V n1 V 22 (N12V2)2 + 32V n1 (N12V2)� ;12 1h00(2) _h00(2) V n1 = 2k2m22r�312 V n1 (N12V2); 12 1h0k(3) �k h00(2) V n1 = 4k2m22r�312 V n1 (N12V2);Ah0n(3) �k h00(2) V k1 = 8k2m22r�312 V n2 (N12V1); � 1hnb(2) �k h0b(3) V k1 = �8k2m22r�312 V n2 (N12V1);1hnb(2) �b h0k(3) V k1 = 8k2m22r�312 Nn12(V1V2); � 1hnk(2) _hkb(2) V b1 = �4k2m22r�312 V n1 (N12V2);� 1_hnk(4) V k1 = k2m22r�312 [�V n2 (N12V1)�Nn12(V1V2) + 4Nn12(N12V2)(N12V1) + 2V n1 (N12V2)℄ ++ k2m1m2r�312 [�5Nn12V 21 + 12Nn12(V1V2) + 24Nn12(N12V1)2 � 32Nn12(N12V2)(N12V1)��7V n1 (N12V1)+12V n2 (N12V1)℄+km2r�212 [�3V n1 (N12V2)3+2V n1 (N12V2)V 22 +4V n2 (N12V2)(V1V2)℄; (5.5)1�n h0k(5) V k1 � 1�k h0n(5) V k1 = k2m22r�312 [�V n2 (N12V1) +Nn12(V1V2)℄ + k2m1m2r�312 [7Nn12V 21 �� 6Nn12(V2V1)� 7V n1 (N12V1) + 6V n2 (N12V1)℄ + km2r�212 [4V n2 (N12V1)V 22 �� 4Nn12V 22 (V1V2)� 6Nn12(N12V2)(V1V2)� 6V n2 (N12V1)(N12V2)� 2Nn12V 22 (V1V2)℄;� 1�k h00(4) V k1 V n1 = km2r�212 [�4V n1 (N12V1)V 22 � 2V n1 (N12V2)(V1V2) ++ 3V n1 (N12V1)(N12V2)2℄ + 4k2m22r�312 V n1 (N12V1) + 2k2m2m1r�312 V n1 (N12V1);1h00(2) �k h00(2) V k1 V n1 = �4k2m2m1r�312 V n1 (N12V1);12 1�n hmk(4) V k1 V m1 = k2m22r�312 [�V n1 (N12V1) +Nn12V 21 + 2Nn12(N12V1)2℄ + k2m1m2r�312 [�4Nn12(N12V1)2 ++ 3V n1 (N12V1)℄ + km2r�212 �V n2 (N12V2)V 21 � 32Nn12(N12V2)2V 21 + 2Nn12(V1V2)2� ;� 1�b hnk(4) V k1 V b1 = k2m22r�312 [�V n1 (N12V1) +Nn12V 21 � 4Nn12(N12V1)2℄ + k2m1m2r�312 [8Nn12(N12V1)2 �� 3V n1 (N12V1)� 3Nn12V 21 ℄ + km2r�212 [3V n1 (N12V2)2(N12V1)�� 4V n2 (N12V1)(V1V2)� 2V n1 (V1V2)(N12V2)℄;12 1hns(2) �s hkb(2) V k1 V b1 = �2k2m22r�312 Nn12V 21 ; � 1hns(2) �m hks(2) V k1 V m1 = 4k2m22r�312 V n1 (N12V1);� 1�s h0b(3) V b1 V s1 V n1 = 4km2r�212 (V1V2)V n1 (N12V1); �12 1_hmk(2) V m1 V n1 V k1 = �km2r�212 V 21 V n1 (N12V2);2 ÆÝÒÔ, âûï. 5 977



×. ßíêåâè÷, È. Íîâàê ÆÝÒÔ, òîì 125, âûï. 5, 2004Ïðè ýòîì íàìè ââåäåíû ñëåäóþùèå îáîçíà÷åíèÿ:(N12V2) � Nk12V k2 ; (V1V2) � V k1 V k2 :Èç âûðàæåíèé (3.18), (5.1) è (5.4), (5.5) ïîëó÷àåì ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ äëÿ äâóõòî÷å÷íûõ ÷àñòèö:d2�n1dt2 = �km2r�212 Nn12 + �2�km2r�212 �32Nn12(N12V2)2 � 2Nn12V 22 + 4Nn12(V1V2)��Nn12V 21 + 3V n2 (N12V2)� 4V n2 (N12V1) + 4V n1 (N12V1)� 3V n1 (N12V2)�++k2m2(5m1 + 4m2)r�312 Nn12�+ �4�km2r�212 �4Nn12V 22 (V k1 V k2 )� 2Nn12V 42 �� 2Nn12(V k1 V k2 )2 + 32Nn12V 21 (N12V2)2 + 92Nn12V 22 (N12V2)2 � 6Nn12(V k1 V k2 )(N12V2)2 �� 158 Nn12(N12V2)4 +�5V n1 V 22 (N12V2)� 3V n2 V 21 (N12V2) + V n1 V 21 (N12V2) ++ 4V n1 V 22 (N12V1)� 4V n2 V 22 (N12V1) + 5V n2 V 22 (N12V2)� 4V n1 (V k1 V k2 )(N12V1) ++ 4V n2 (V k1 V k2 )(N12V1) + 4V n1 (V k1 V k2 )(N12V2)� 4V n1 (V k1 V k2 )(N12V2) ++6V n2 (N12V1)(N12V2)2 � 6V n1 (N12V1)(N12V2)2 + 92V n1 (N12V2)3 � 92V n2 (N12V2)3�++ k2m1m2r�312 ��154 Nn12V 21 + 54Nn12V 22 � 52Nn12V k2 V k1 + 392 Nn12(N12V1)2++ 172 Nn12(N12V2)2 � 39Nn12(N12V2)(N12V1)� 554 V n2 (N12V2) ++ 554 V n1 (N12V2) + 634 V n2 (N12V1)� 634 V n1 (N12V1)�++ k2m22r�312 [4Nn12V 22 � 8Nn12(V1V2)� 6Nn12(N12V2)2 + 2Nn12(N12V1)2 �� 4Nn12(N12V2)(N12V1) + 2V n2 (N12V2)� 2V n1 (N12V2) + 2V n2 (N12V1)��2V n1 (N12V1)℄� 9k3m32r�412 Nn12 � 574 k3m21m2r�412 Nn12 � 692 k3m22m1r�412 Nn12� : (5.6)Óðàâíåíèÿ äâèæåíèÿ äëÿ âòîðîé ÷àñòèöû ïîëó÷àåì, çàìåíÿÿ íèæíèå èíäåêñû ¾1¿ íà ¾2¿.6. ÇÀÊËÞ×ÅÍÈÅÓðàâíåíèÿ äâèæåíèÿ (5.6), ïîëó÷åííûå íàìè ìåòîäîì EIH, ñîâïàäàþò ñ óðàâíåíèÿìè, ïîëó÷åííûìè Êî�ïåéêèíûì [10℄ ìåòîäîì Ôîêà. Òåì ñàìûì ìû äîêàçàëè, ÷òî îáà ìåòîäà, ìåòîä EIH è ìåòîä Ôîêà, êîòîðûåìîæíî óæå ñ÷èòàòü êëàññè÷åñêèìè, äàþò â ãàðìîíè÷åñêèõ êîîðäèíàòàõ îäèíàêîâûå íå òîëüêî ïîñòíüþòî�íîâñêèå, íî òàêæå è ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö.Íåîáõîäèìî çàìåòèòü, ÷òî â ìåòîäå Ôîêà îïðåäåëåíèå òî÷å÷íûõ ÷àñòèö �èçè÷åñêè î÷åíü íàãëÿäíî. Âìåòîäå EIH ýòà íàãëÿäíîñòü òåðÿåòñÿ, çàòî óïðîùàþòñÿ ìàòåìàòè÷åñêèå âûêëàäêè. Â ðàáîòå ìû ïðèâîäèìïî÷òè âñå âû÷èñëåíèÿ, êðîìå ñàìûõ ïðîñòûõ.Åñëè â ðàçëîæåíèÿõ ìåòðè÷åñêîãî òåíçîðà (2.9) âìåñòî ñòîÿ÷èõ âîëí âçÿòü çàïàçäûâàþùèå âîëíû, òîïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö íå èçìåíÿòñÿ, ðàçëè÷èå ïîÿâèòñÿ òîëüêî âäàëüíåéøèõ ïðèáëèæåíèÿõ. 978



ÆÝÒÔ, òîì 125, âûï. 5, 2004 Ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö : : :Ï�ÈËÎÆÅÍÈÅ AÏðîèçâîäíûå ïðîèçâåäåíèé ñèíãóëÿðíûõ �óíêöèéÏðèìåíèì òîæäåñòâà (2.10), (2.11) ê ñèíãóëÿðíûì �óíêöèÿì r�LA , r�MB , L = 1; 2; 3; : : : , M = 1; 2; 3 : : :Ïîäñòàâëÿÿ â (2.10) f = r�1A è ïîñëåäîâàòåëüíî g = r�1A ; r�2A ; : : : , ïîëó÷àåì�ar�LA � Lr�L+1A �ar�1A : (À.1)Ïîäñòàâëÿÿ r�1A ; r�MB â (2.10) è èñïîëüçóÿ (À.1), èìååì�a(r�LA r�MB ) � Lr�MB r�L+1A �ar�1A +Mr�LA r�M+1B �ar�1B : (À.2)Ïîäîáíàÿ ïîäñòàíîâêà �óíêöèé f = r�LA , g = r�1A ; r�2A ; : : : â (A.1) äàåò�a�br�LA � L(L� 1)r�L+2A �ar�1A �br�1A + Lr�L+1A �a�br�1A : (À.3)Èç (2.11) è (A.3) ïîëó÷àåì äëÿ r�LA , r�MB�a�b(r�LA r�MB ) � Lr�MB r�L+1A �a�br�1A +Mr�LA r�M+1B �a�br�1B + L(L� 1)r�MB r�L+2A �ar�1A �br�1A ++M(M � 1)r�LA r�M+2B �ar�1B �br�1B + LMr�L+1A r�M+1B [�ar�1A �br�1B + �ar�1B �br�1A ℄: (À.4)Â ÷àñòíîñòè, �îðìóëû (A.3) è (A.4) äàþò�r�LA � L(L� 1)r�L+2A �ar�1A �ar�1A + Lr�L+1A �r�1A ; (À.5)�(r�LA r�MB ) � Lr�MB r�L+1A �r�1A +Mr�LA r�M+1B �r�1B + L(L� 1)r�MB r�L+2A �ar�1A �ar�1A ++M(M � 1)r�LA r�M+2B �ar�1B �ar�1B + 2LMr�L+1A r�M+1B �ar�1A �ar�1B : (À.6)Ïîäñòàâëÿÿ â (A.1)�(A.6) �îðìóëû �ar�1A = �r�2A NaA; (À.7)�a�br�1A = r�3A [3NaAN bA � Æab℄� 43�Æ(�rA)Æab (À.8)(êîòîðûå, êàê è â ðàáîòàõ [10, 16℄, çàèìñòâîâàíû èç òåîðèè îáîáùåííûõ �óíêöèé [20℄), ïîëó÷àåì �îðìó�ëû, îïðåäåëÿþùèå ïðîèçâîäíûå ïðîèçâåäåíèé �óíêöèé r�LA ; r�MB ÷åðåç ïðîèçâåäåíèÿ ïðîèçâîäíûõ ýòèõ�óíêöèé: �ar�LA = �Lr�L�1A NaA; (À.9)�a(r�LA r�MB ) = �Lr�MB r�L�1A NaA �Mr�LA r�M�1B NaB ; (À.10)�a�br�LA = Lr�L�2A [(L+ 2)NaAN bA � Æab℄� 43�Lr�L+1A Æ(�rA)Æab; (À.11)�a�b(r�LA r�MB ) = LMr�L�1A r�M�1B (NaAN bB +N bANaB) +Mr�LA r�M�2B [(M + 2)NaBN bB � Æab℄ ++ Lr�MB r�L�2A [(L+ 2)NaAN bA � Æab℄� 43�Mr�LA r�M+1B Æ(�rB)Æab � 43�Lr�MB r�L+1A Æ(�rA)Æab; (À.12)�r�LA = L(L� 1)r�L�2A � 4�Lr�L+1A Æ(�rA); (À.13)�(r�LA r�MB ) = L(L�1)r�MB r�L�2A +M(M�1)r�LA r�M�2B �4�Lr�MB r�L+1A Æ(�rA)�4�Mr�LA r�M+1B Æ(�rB): (À.14)979 2*



×. ßíêåâè÷, È. Íîâàê ÆÝÒÔ, òîì 125, âûï. 5, 2004Ï�ÈËÎÆÅÍÈÅ B�åãóëÿðèçàöèÿ ðàñõîäÿùèõñÿ èíòåãðàëîâÄëÿ ïîëó÷åíèÿ óðàâíåíèé äâèæåíèÿ (5.6) íåîáõîäèìî âû÷èñëèòü ñëåäóþùèå ðàñõîäÿùèåñÿ èíòåãðàëû â(5.2), (5.3):Z Æ̂(�rA)rKA rMB d(�x); Z Æ̂(�rA)rKA rMB NnAd(�x); Z Æ̂(�rA)rKA rMB NnBd(�x);Z Æ̂(�rA)rKA rMB NnANkAd(�x); Z Æ̂(�rA)rKA rMB NnANkBd(�x); Z Æ̂(�rA)rKA rMB NnBNkBd(�x);Z Æ̂(�rA)rKA rMB NnANkANsAd(�x); Z Æ̂(�rA)rKA rMB NnANkANsBd(�x); Z Æ̂(�rA)rKA rMB NnANkBNsBd(�x);Z Æ̂(�rA)rKA rMB NnBNkBNsBd(�x); Z Æ̂(�rA)�n�Ab lnSAB(d�x); Z Æ̂(�rA)�n�Bb lnSAB(d�x);Z Æ̂(�rA)�n�Ak �Bb lnSAB(d�x); Z Æ̂(�rA)�Bn �Ak �Ab lnSAB(d�x); Z Æ̂(�rA)�Bn �Bk �Ab lnSAB(d�x);Z Æ̂(�rA)r�2A NaA�Bn �Aa lnSAB(d�x); Z Æ̂(�rA)r�2B NaB�Bn �Aa lnSAB(d�x);Z Æ̂(�rA)r�2A NaA�An �Ba lnSAB(d�x); Z Æ̂(�rA)r�2B NaA�An �Ba lnSAB(d�x):
(B.1)

äëÿ K = �4;�3;�2;�1; 0; 1, M = �4;�3;�2;�1; 0; 1: Ó÷èòûâàÿ (3.16), ïîëó÷àåì ðàçëîæåíèå rKBNaB è SMABâ ñòåïåííûå ðÿäû ïî rA � 0:rKBNaB = rKABNaAB + fr(K�1)AB NA + (K � 1)r(K�1)AB NaABN bABN bAgrA ++�(K � 1)r(K�2)AB N bABNaAN bA + 12(K � 1)(K � 3)r(K�2)AB NaABN bABNsABN bANsA + 12(K � 1)r(K�2)AB NaAB� r2A ++�16(K � 1)(K � 3)(K � 5)r(K�3)AB NaABN bABNsABN jABN bANsAN jA + 12(K � 1)(K � 3)r(K�3)AB NaABN bABN bA++ 12(K � 1)r(K�3)AB NaAB + 12(K � 1)(K � 3)r(K�3)AB N bABNsABN bANsANaA� r3A +O(r4A); (B.2)SMAB = (2rAB)M +M(2rAB)M�1(1 +NKABNkA)rA + 12fM(M � 1)(2rAB)M�2(1 + 2NkABNkA ++NkABNsABNkANsA) +M(2rAB)M�1(r�1AB � r�1ABNkABNsABNkANsA)gr2A ++�16M(M � 1)(M � 2)(2rAB)M�3(1 +NkABNsABN bABNkANsAN bA+ 3NkABNkA + 3NkABNkABNsANsA) ++ 12M(M � 1)(2rAB)M�2(r�1AB + r�1ABNkABNkA � r�2ABNkABNsABNkANsA � r�1ABNkABNsABN bABNkANsAN bA) ++ 12(2rAB)M�1(r�2ABNkABNsABN bABNkANsAN bA � r�2ABNkABNkA)� r3A +O(r4A): (B.3)Èñïîëüçóÿ �îðìóëû [1℄ Z Æ̂(�r0A)(NkAN 0kA )2p(d �x0) = 12p+ 1 ; p = 1; 2; : : : ;Z Æ̂(�r0A)(NkAN 0kA )2p�1(d �x0) = 0; p = 1; 2; : : : ;980



ÆÝÒÔ, òîì 125, âûï. 5, 2004 Ïîñò-ïîñòíüþòîíîâñêèå óðàâíåíèÿ äâèæåíèÿ òî÷å÷íûõ ÷àñòèö : : :è ñâîéñòâà (2.6) Æ̂-�óíêöèè, ïîëó÷àåì èíòåãðàëû, äàþùèå íåíóëåâîé âêëàä â óðàâíåíèÿ äâèæåíèÿ (5.6):Z Æ̂(�rA)r�1A r�2B NnAN bANsA(d�x) = � 215r�3AB [NnABÆbs +N bABÆns +NsABÆnb℄;Z Æ̂(�rA)r�2A NnB(d�x) = �13r�2ABNnAB ; Z Æ̂(�rA)r�3A rBNnA(d�x) = � 115r�2ABNnAB ;Z Æ̂(�rA)r�3A r�3B NnA(d�x) = �r�6ABNnAB ; Z Æ̂(�rA)r�2A r�4B NnB(d�x) = 53r�6ABNnAB;Z Æ̂(�rA)�n�Ab lnSAB(d�x) = �14Ænb � 14NnABN bAB� r�2AB ;Z Æ̂(�rA)�n�Bb lnSAB(d�x) = �NnABN bAB � 12Ænb� r�2AB ;Z Æ̂(�rA)�n�Aa �Bb lnSAB(d�x) = �12N bABÆan + 14NnABÆab + 14NaABÆnb �NnABNaABN bAB� r�3AB ;Z Æ̂(�rA)�Bn �Aa �Ab lnSAB(d�x) = �34N bABÆan + 34NaABÆbn + 12NnABÆab � 3NnABNaABN bAB� r�3AB ;Z Æ̂(�rA)�Bn �Bb �Aa lnSAB(d�x) = ��N bABÆan �NnABÆab �NaABÆnb + 4NnABNaABN bAB� r�3AB ;Z Æ̂(�rA)r�2B NaB�Bn �Aa lnSAB(d�x) = 12r�4ABNnAB; Z Æ̂(�rA)r�2B NaA�An �Ba lnSAB(d�x) = 12r�4ABNnAB :
(B.4)
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