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Àííîòàöèÿ. Ïðåäëàãàåòñÿ íîâûé ïîäõîä ê âîññòàíîâëåíèþ ôóíêöèè îò-
êëèêà èçëó÷àþùèõ îáëàñòåé àñòðîíîìè÷åñêèõ îáúåêòîâ, ñî÷åòàþùèé â ñåáå êðîññ-
êîððåëÿöèîííûé àíàëèç íåðàâíîìåðíûõ âðåìåííûõ ðÿäîâ íàáëþäåíèé è ìåòîä ðåãó-
ëÿðèçàöèè Òèõîíîâà. Âîññòàíîâëåííóþ ôóíêöèþ îòêëèêà ìîæíî èñïîëüçîâàòü äëÿ
èçó÷åíèÿ ñòðóêòóðû è ôèçè÷åñêèõ ñâîéñòâ îáëàñòè èçëó÷åíèÿ ïóòåì ñðàâíåíèÿ ñ
ôóíêöèÿìè îòêëèêà, ïðåäñêàçàííûìè ðàçëè÷íûìè ìîäåëÿìè.

Êëþ÷åâûå ñëîâà: íåêîððåêòíûå îáðàòíûå çàäà÷è, èíòåãðàëüíîå óðàâíåíèå
Ôðåäãîëüìà 1 ðîäà òèïà ñâåðòêè, ôóíêöèÿ îòêëèêà, íåðàâíîìåðíûå ðÿäû, âíåãà-
ëàêòè÷åñêàÿ àñòðîíîìèÿ, àêòèâíûå ÿäðà ãàëàêòèê, êðîññ-êîððåëÿöèîííûé àíàëèç

NEW APPROACH TO RECONSTRUCTION OF THE RESPONSE
FUNCTION FOR ASTRONOMICAL UNEVENLY SPACED TIME SERIES

Abstract. A new approach to reconstruction of the emitting medium response
function for astronomical objects is suggested. It combines the cross-correlation analysis
of observational unevenly spaced time series and Tikhonov regularization. Reconstructed
response function can be used to investigate the structure and physical properties of
the emitting medium though comparison with response functions, predicted by di�erent
models.

Key words: ill-posed inverse problems, Fredholm integral equation, convolution
equation, response function, unevenly spaced time series, extragalactic astronomy, active
galactic nuclei, reverberation mapping

Â àñòðîôèçèêå äîñòàòî÷íî òèïè÷íîé ÿâëÿåòñÿ ñèòóàöèÿ, êîãäà èç íàáëþäåíèé
îáúåêòà ðåãèñòðèðóþòñÿ äâà ñèãíàëà F1(t) è F2(t), ãäå F2(t) ÿâëÿåòñÿ ðåçóëüòàòîì
ïðåîáðàçîâàíèÿ ñèãíàëà F1(t) â íåêîòîðîé ôèçè÷åñêîé ñðåäå:

F2(t) ∼ const+

∫ +∞

−∞
ψ(τ)F1(τ − t)dτ (1)

Ôóíêöèÿ îòêëèêà ψ(τ) îïðåäåëÿåòñÿ ãåîìåòðèåé è ôèçè÷åñêèìè ñâîéñòâàìè ýòîé
ñðåäû. Êàê ïðàâèëî, ýòè îñîáåííîñòè ÿâëÿþòñÿ êëþ÷åâûìè äëÿ ìîäåëåé èññëåäóå-
ìûõ îáúåêòîâ. Ïðèìåðàìè òàêèõ çàäà÷ ÿâëÿþòñÿ èññëåäîâàíèÿ ñâÿçè ïåðåìåííîñòè
êîíòèíóóìà è øèðîêèõ ýìèññèîííûõ ëèíèé â àêòèâíûõ ãàëàêòè÷åñêèõ ÿäðàõ, ïåðå-
ìåííîñòè êîíòèíóóìà â îïòè÷åñêîì è ÈÊ äèàïàçîíàõ. Â ïåðâîì ñëó÷àå èçëó÷åíèå
öåíòðàëüíîãî èñòî÷íèêà ïåðåèçëó÷àåòñÿ ïëîòíûìè îáëàêàìè â ýìèññèîííûõ ëèíè-
ÿõ. Âî âòîðîì ñëó÷àå ïåðåìåííîå êîðîòêîâîëíîâîå èçëó÷åíèå öåíòðàëüíîãî èñòî÷íè-
êà ïåðåèçëó÷àåòñÿ ïûëåâûìè îáëàêàìè. Â îáîèõ ñëó÷àÿõ äëÿ ïîíèìàíèÿ ôèçèêè è
ãåîìåòðèè îáúåêòîâ âàæíî ïîëó÷èòü èç íàáëþäåíèé ôóíêöèþ ψ(τ), êîòîðóþ çàòåì
ìîæíî ñðàâíèòü ñ ôóíêöèÿìè îòêëèêà, ïðåäñêàçàííûìè ðàçëè÷íûìè ìîäåëÿìè.
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Òèïè÷íîé ïðîáëåìîé àñòðîíîìè÷åñêèõ íàáëþäåíèé ÿâëÿåòñÿ èõ íåðàâíîìåð-
íîñòü ðàñïðåäåëåíèÿ âî âðåìåíè. Ýòà îñîáåííîñòü íå ïîçâîëÿåò ïðèìåíÿòü ìàòåìàòè-
÷åñêèå ìåòîäû äëÿ ïîëó÷åíèÿ ψ(τ) íåïîñðåäñòâåííî èç ñîîòíîøåíèÿ (1). Ñóùåñòâóåò
ðÿä ìåòîäîâ êðîññ-êîððåëÿöèîííîãî àíàëèçà íåðàâíîìåðíûõ âðåìåííûõ ðÿäîâ, ïîç-
âîëÿþùèõ ïîëó÷èòü êðîññ-êîððåëÿöèîííóþ ôóíêöèþ äâóõ êðèâûõ áëåñêà íà ðàâíî-
ìåðíîé ñåòêå. Ïðè ýòîì ëåãêî ïîêàçàòü, ÷òî êðîññ-êîððåëÿöèîííàÿ ôóíêöèÿ CCFF1,F2

ÿâëÿåòñÿ ñâåðòêîé àâòî-êîððåëÿöèîííîé ôóíêöèè ACFF1 ñ ôóíêöèåé îòêëèêà ψ:

CCFF1,F2(t) ∼
∫ +∞

−∞
ψ(τ)ACFF1(τ − t))dτ (2)

Îòíîñèòåëüíî ψ(τ) óðàâíåíèå (2) ïðåäñòàâëÿåò ñîáîé èíòåãðàëüíîå óðàâíåíèå Ôðåä-
ãîëüìà 1 ðîäà òèïà ñâåðòêè, ÿâëÿþùååñÿ êëàññè÷åñêîé íåêîððåêòíî-ïîñòàâëåííîé
îáðàòíîé çàäà÷åé. Äëÿ åå ðåøåíèÿ ìîæíî ïðèìåíèòü ìåòîä ðåãóëÿðèçàöèè Òèõî-
íîâà. Ðåøåíèå, ïîëó÷åííîå íà ïðîñòðàíñòâå ôóíêöèé, èíòåãðèðóåìûõ ñ êâàäðàòîì,
ïðåäñòàâëåíî íà ðèñ. 1. Èñïîëüçóÿ àïðèîðíóþ èíôîðìàöèþ, ìîæíî ïîëó÷èòü ôóíê-
öèþ îòêëèêà ñ äðóãèìè ñâîéñòâàìè ãëàäêîñòè. Íàëè÷èå äâóõ ìàêñèìóìîâ â ôóíêöèè
îòêëèêà õàðàêòåðíî äëÿ íåêîòîðûõ ìîäåëåé.
Ðàáîòà ïîääåðæàíà ãðàíòîì ÐÔÔÈ 14-02-01274

Ðèñ. 1: Ôóíêöèÿ îòêëèêà, ïîëó÷åííàÿ èç íàáëþäåíèé NGC 7469 ñ ïîìîùüþ ïðåäëà-
ãàåìîãî ïîäõîäà (ñëåâà); êðîññ-êîððåëÿöèîííàÿ ôóíêöèÿ CCFFV ,FK

äëÿ NGC 7469
(ñïðàâà), ñïëîøíàÿ ëèíèÿ ñîîòâåòñòâóåò íàéäåííîé ôóíêöèè îòêëèêà
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