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Çàäà÷è òåîðèè ãðàâèòàöèè, ðåøàåìûå ñ ïîìîùüþ ïàêåòà GravPerturbations

Ïàêåò GravPerturbations ïîçâîëÿåò âû÷èñëÿòü â àíàëèòè÷åñêîé ôîðìå îñíîâíûå
ãåîìåòðè÷åñêèå îáúåêòû ðåëÿòèâèñòñêîé òåîðèè ãðàâèòàöèè âî âòîðîì ïîðÿäêå ïî
âîçìóùåíèÿì îòíîñèòåëüíî íåâîçìóùåííîãî ãðàâèòàöèîííîãî ïîëÿ: òåíçîð

Ýéíøòåéíà, Gik, òåíçîð Ðè÷÷è, Rik è ñêàëÿðíóþ êðèâèçíó, R. Ïóñòü g0ik(x) �
êîâàðèàíòíûé ìåòðè÷åñêèé òåíçîð íåâîçìóùåííîãî ãðàâèòàöèîííîãî ïîëÿ, ãäå

x = [x1, x2, x3, x4] ≡coords - óïîðÿäî÷åííûé ñïèñîê êîîðäèíàò 4-õ ìåðíîãî ðèìàíîâà

ïðîñòðàíñòâà, à hik(x) = gik(x) − g0ik(x) � ìàëûå âîçìóùåíèÿ ãðàâèòàöèîííîãî ôîíà

g0ik. Òîãäà ñîîòâåòñòâóþùèå òåíçîðíûå âåëè÷èíû ìîãóò áûòü çàïèñàíû â âèäå:

R = R
(0)

+ R
(1)

+ R
(2)

+ . . . , (1)

ãäå R(k) � ñîîòâåòñòâóþùèå òåíçîðíûå âåëè÷èíû, ïðîïîðöèîíàëüíûå k-ûì ñòåïåíÿì
hik è èõ ïðîèçâîäíûõ.
Âû÷èñëåíèå ýòèõ âåëè÷èí, îñîáåííî âî âòîðîì ïîðÿäêå òåîðèè âîçìóùåíèé, ïðèâîäèò
ê íåîáõîäèìîñòè ïðîèçâîäèòü ãðîìîçäêèå àíàëèòè÷åñêèå âû÷èñëåíèÿ, êàæäûé ýëåìåíò
êîòîðûõ ýëåìåíòàðåí, îäíàêî áîëüøîå êîëè÷åñòâî òàêèõ ýëåìåíòîâ ïðèâàîäèò ê
áîëüøèì çàòðàòàì âðåìåíè, à òàêæå íåðåäêî - ê âû÷èñëèòåëüíûì îøèáêàì.
Àâòîðñêèé ïàêåò GravPerturbations ïðåäíàçíà÷åí äëÿ àâòîìàòèçàöèè ýòèõ âû÷èñëåíèé
â ñèñòåìå êîìïüþòåðíîé ìàòåìàòèêå Maple íà îñíîâå åå âíóòðåííåé áèáëèîòåêè
Physics. Äëÿ âû÷èñëåíèÿ óêàçàííûõ ãåîìåòðè÷åñêèõ âåëè÷èí íåîáõîäèìî çàäàòü

êîîðäèíàòû, íåâîçìóùåííóþ ìåòðèêó g0ik(x) è åå êîâàðèàíòíûå âîçìóùåíèÿ hik(x), à
òàêæå óêàçàòü òèï âûâîäèìîé âåëè÷èíû, åå âàëåíòíîñòü è ïîðÿäîê âîçìóùåíèÿ.

Çàìå÷àíèÿ

1. Ïðè ýòîì, êàê íåâîçìóùåííûé ìåòðè÷åñêèé òåíçîð, òàê è åãî âîçìóùåíèÿ ìîæíî
çàäàâàòü â âèäå ôóíêöèîíàëüíîé çàâèñèìîñòè îò íåèçâåñòíûõ ôóíêöèé.
2. Â äàííîì ïàêåòå ïîêà ðåàëèçîâàíà ïðîãðàììà âû÷èñëåíèé âîçìóùåíèé
ãåîìåòðè÷åñêèõ îáúåêòîâ âêëþ÷èòåëüíî äî âòîðîãî ïîðÿäêà ïî ìàëîñòè âîçìóùåíèé.
Îäíàêî, â áëèæàéøåå âðåìÿ Àâòîðû íàìåðåíû îïóáëèêîâàòü ñîîòâåòñòâóþùóþ
ïðîãðàììó äëÿ ëþáîãî ïîðÿäêà òåîðèè âîçìóùåíèé.
3. Îòìåòèì, ÷òî, äàííàÿ ïðîãðàììà ïðèìåíÿëàñü óæå îäíèì èç Àâòîðîâ ïðè
ïîñòðîåíèè ìîäåëè ìàêðîñêîïè÷åñêîé Âñåëåííîé [2].
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Çàãðóçêà ïàêåòà

Äëÿ çàãðóçêè ïàêåòà ôàéë Perturb.m äîëæåí áûòü ïîìåùåí â òó æå ïàïêó, â êîòîðîé
íàõîäèòñÿ ñîõðàíåííûé ðàáî÷èé ôàéë name.mw, ëèáî óêàçàíû àáñîëþòíûå èëè
îòíîñèòåëüíûå ññûëêè íà ýòè ôàéëû, íàïðèìåð, D:/Maple/libraries/Perturb.m.

Ðèñ. 1. Âèä îêíà Maple ñ çàãðóæåííûì ïàêåòîì.

Ïðåäóïðåæäåíèå î ôîðìàòå âûâîäà òåíçîðíûõ îáúåêòîâ ïðè ðàáîòå ñ ïàêåòîì GravPerturbations

Çàìåòèì, ÷òî ïðè âûâîäå âû÷èñëåííûõ òåíçîðíûõ îáúåêòîâ ñíà÷àëà ïîÿâëÿþòñÿ
êîììåíòàðèè î òèïàõ âûâîäèìûõ âåëè÷èí, ÷òî ÿâëÿåòñÿ ñëåäñòâèåì èñïîëüçîâàíèÿ
ïàêåòå Maple Physics. Â ïðèëàãàåìîì èñïîëíÿåìîì ôàéëå ñì. maple-ôàéë ïîêàçàíî,
êàê îñóùåñòâèòü âûâîä êîìïîíåíò òåíçîðîâ.
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Óíèâåðñàëüíàÿ êîìàíäà àâòîìàòèçèðîâàííîãî âûâîäà

Áèáëèîòåêà GravPerturbations, ñîäåðæàùàÿñÿ â çàãðóæàåìîì ôàéëå Perturb.m,
ñîäåðæèò ìíîãîïàðàìåòðè÷åñêóþ ïðîãðàììíóþ ïðîöåäóðó perturb:
perturb(coords,g0,h,n,mode)
Îáÿçàòåëüíûå ïàðàìåòðû ïðîöåäóðû - ïðèâîäÿòñÿ â ñòðîãîì ïîðÿäêå:
1. coords - [òèï:ñïèñîê] - ñïèñîê êîîðäèíàò;
2. g0 - [òèï:symbol] - ìàòðèöà êîâàðèàíòíûõ êîìïîíåíò íåâîçìóùåííîé ìåòðèêè;
3. h - [òèï:symbol] - ìàòðèöà êîâàðèàíòíûõ êîìïîíåíò âîçìóùåíèé ìåòðè÷åñêîãî
òåíçîðà;
4. n - [òèï:öåëîå] ïîðÿäîê âîçìóùåíèé (â äàííîé ïðîãðàììå ýòà âåëè÷èíà ìîæåò
ïðèíèìàòü òîëüêî çíà÷åíèÿ 0,1,2);a

5. mode - [òèï:symbol] âû÷èñëÿåìàÿ âåëè÷èíà: Einstein - òåíçîð Ýéíøòåéíà; Ricci -
òåíçîð Ðè÷÷è; RicciScalar - ñêàëÿð Ðè÷÷è;
Íåîáÿçàòåëüíûì ïàðàìåòðîì ïðîöåäóðû ÿâëÿåòñÿ âàëåíòíîñòü òåíçîðà, char (äëÿ
òåíçîðà Ýéíøòåéíà è Ðè÷÷è). Ýòîò ïàðàìåòð çàäàåòñÿ â ôîðìàòå
char=[e1,e2], ãäå ei = ±1:
[-1,-1] - äâàæäû êîâàðèíòíûé òåíçîð;
[-1,1] - òåíçîð ñî ñìåøàííûìè êîìïîíåíòàìè;
[1,1] - äâàæäû êîíòðàâàðèíòíûé òåíçîð;
ïî óìîë÷àíèþ char= [-1,-1].
Ïðè èñïîëíåíèè ïðîöåäóðû perturb(coords,g0,h,n,mode) èñêîìûå êîìïîíåíòû òåíçîðà
âûäàþòñÿ â âèäå ìàòðèöû, ïðè÷åì âûâîä ñîïðîâîæäàåòñÿ ñëîâåñíûìè
êîììåíòàðèÿìè. Êðîìå òîãî, áèáëèîòåêà GravPerturbations ñîäåðæèò òðè óïðîùåííûå
ïðîãðàììíûå ïðîöåäóðû, ïîçâîëÿþùèå â áîëåå ïðîñòîì ôîðìàòå âûâîäèòü
âû÷èñëåííûå çíà÷åíèÿ òåíçîðíûõ âåëè÷èí.

a
Â áëèæàéøåì áóäóùåì ìû ðàñøèðèì âîçìîæíîñòü âû÷èñëåíèÿ âîçìóùåíèé íà

áîëåå âûñîêèå ïîðÿäêè
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