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Â ðàáîòå ïðèâåäåíà äåòàëüíàÿ ñïåêòðàëüíàÿ êëàññèôèêàöèÿ 198 êàíäèäàòîâ â ÀßÃ (àêòèâíûå
ÿäðà ãàëàêòèê) èç îáúåäèíåííîé âûáîðêè HRC/BHRC, êîòîðàÿ ïðåäñòàâëÿåò ñîáîé êîìáèíàöèþ
HRC (Ãàìáóðã-ROSAT Êàòàëîã) è BHRC (Áþðàêàí-Ãàìáóðã-ROSAT Êàòàëîã). Ýòè îáúåêòû
áûëè âûÿâëåíû êàê îïòè÷åñêèå îòîæäåñòâëåíèÿ ðåíòãåíîâñêèõ èñòî÷íèêîâ ROSAT, îäíàêî ñïåêòðû
äëÿ 198 èç íèõ ïðèâåäåíû â SDSS áåç îïðåäåëåííîé ñïåêòðàëüíîé êëàññèôèêàöèè. Äàííûå
îáúåêòû èçó÷åíû ñ èñïîëüçîâàíèåì ñïåêòðîâ SDSS è äëÿ íèõ âûÿâëåíû ïîäðîáíûå òèïû
àêòèâíîñòè. Äëÿ áîëåå óâåðåííîé êëàññèôèêàöèè èñïîëüçîâàëèñü òðè äèàãíîñòè÷åñêèõ äèàãðàììû
è ïðÿìûå èññëåäîâàíèÿ ñïåêòðîâ. Ýòè èñòî÷íèêè áûëè îòîæäåñòâëåíû â äðóãèõ äèàïàçîíàõ
ýëåêòðîìàãíèòíûõ âîëí, à òàêæå ðàññ÷èòàíû èõ ôèçè÷åñêèå ïàðàìåòðû.

Êëþ÷åâûå ñëîâà: AGN: ðåíòãåíîâñêîå èçëó÷åíèå: ñïåêòðàëüíàÿ êëàññèôèêàöèÿ:
     HRC/BHRC: ðåíòãåíîâñêèå AGN:ROSAT: HQS

1. Ââåäåíèå. Â ïåðâîé ÷àñòè äàííîé ðàáîòû [1] áûëè ïðîâåäåíû äåòàëüíûå
ñïåêòðàëüíûå êëàññèôèêàöèè 173 êàíäèäàòîâ AGN èç îáúåäèíåííîé âûáîðêè
HRC/BHRC, êîòîðàÿ ïðåäñòàâëÿåò ñîáîé êîìáèíàöèþ HRC [2] (êàòàëîã Ãàìáóðã-
ROSAT) è BHRC [3] (êàòàëîã Áþðàêàí-Ãàìáóðã-ROSAT). Ýòè îáúåêòû áûëè
âûÿâëåíû êàê îïòè÷åñêèå îòîæäåñòâëåíèÿ ðåíòãåíîâñêèõ èñòî÷íèêîâ ROSAT [4-
7] èç îöèôðîâàííûõ ïëàñòèíîê Ãàìáóðãñêîãî îáçîðà êâàçàðîâ (HQS [8]).

Áûëè èçó÷åíû 173 îáúåêòà ñ èñïîëüçîâàíèåì ñïåêòðîâ SDSS è âûÿâëåíû
äëÿ íèõ ïîäðîáíûå òèïû àêòèâíîñòåé. Äëÿ áîëåå óâåðåííîé êëàññèôèêàöèè
áûëè èñïîëüçîâàíû òðè äèàãíîñòè÷åñêèå äèàãðàììû è âèçóàëüíûå èññëåäîâàíèÿ
ñïåêòðîâ. Ñäåëàíî îòîæäåñòâëåíèå ýòèõ èñòî÷íèêîâ â äðóãèõ äèàïàçîíàõ äëèí
âîëí è âû÷èñëåíû íåêîòîðûå ïàðàìåòðû.

Â ýòîé ðàáîòå èçó÷åíî 198 èñòî÷íèêîâ HRC/BHRC, èç îñòàâøèõñÿ 711,
ó êîòîðûõ áûëè îáíàðóæåíû ñïåêòðû â SDSS. Ñäåëàíà ïîïûòêà ïîäòâåðäèòü
èõ êàê ÀßÃ (äëÿ ïðîâåðêè íà óæå ïîäòâåðæäåííûõ ÀßÃ ïðîâåäåíà êðîññ-
êîððåëÿöèÿ ñ êàòàëîãîì Catalogue of QSOs and Active Nuclei (â äàëüíåéøåì
- VCV-13) [9], è ñ êàòàëîãîì BZCAT [10]) è äàòü äåòàëüíóþ ñïåêòðàëüíóþ
êëàññèôèêàöèþ. Òàêæå ïðîâåäåíà êðîññêîððåëÿöèÿ ñ îáçîðíûìè êàòàëîãàìè
äëÿ èõ èäåíòèôèêàöèè â ðàçíûõ äèàïàçîíàõ ýëåêòðîìàãíèòíûõ âîëí.

×òîáû îïðåäåëèòü ïðàâèëüíûé ðàäèóñ ïîèñêà äëÿ êðîññêîððåëÿöèé è
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èçáåæàòü îøèáî÷íûõ èäåíòèôèêàöèé, ïðîâåäåíà ïðåäâàðèòåëüíàÿ êðîññ-
êîððåëÿöèÿ ñ áîëüøèì ðàäèóñîì, à çàòåì ïîñòðîåíî ðàñïðåäåëåíèå ðàäèóñà
èäåíòèôèêàöèè. Ýòî ïîçâîëèëî îïðåäåëèòü ïðàâèëüíûé ðàäèóñ ïîèñêà. Íà
ðèñ.1 ïðèâåäåí ïðèìåð òàêîãî ðàñïðåäåëåíèÿ äëÿ êàòàëîãà AllWISE. Â ýòîì
ñëó÷àå ðàäèóñ ïîèñêà ðàâåí 2 óãë. ñ.

Åñëè âî âðåìÿ èäåíòèôèêàöèé áûëî íåñêîëüêî îáúåêòîâ, ñîîòâåòñòâóþùèõ
äàííîìó èñòî÷íèêó, òî äëÿ íàäåæíîñòè áûë âûáðàí òîò èñòî÷íèê, ó êîòîðîãî
ðàññòîÿíèå äî îáúåêòà â 3 ðàçà ìåíûøå, ÷åì ó âòîðîãî. Åñëè îòíîøåíèå
ðàññòîÿíèé áûëî ìåíüøå, òî ýòîò èñòî÷íèê ïðè÷èñëåí ê íåíàäåæíî èäåíòè-
ôèöèðîâàííûì è îáîçíà÷åí çíàêîì <:> â òàáë.4 (èäåíòèôèêàöèÿ èñòî÷íèêà
ñ îïòè÷åñêèì îáúåêòîì íå îäíîçíà÷íà).

2. Íàáëþäàòåëüíûé ìàòåðèàë. Íàáëþäàòåëüíûé ìàòåðèàë ñîäåðæèò
ñïåêòðû SDSS DR10-15 [11-15] äëÿ 198 îáúåêòîâ èç HRC-BHRC. Äëÿ ýòèõ
îáúåêòîâ äàíû èíòåíñèâíîñòè ñïåêòðàëüíûõ ëèíèé, à òàêæå êðàñíûå ñìåùåíèÿ.

Ïîñêîëüêó â íàáëþäåíèÿõ SDSS èñïîëüçóåòñÿ îäèí è òîò æå ðàçìåð îïòè-
÷åñêîãî âîëîêíà, òî áîëüøèíñòâî ïðîòÿæåííûõ ãàëàêòèê èìåþò êîìïîíåíòû
ïîãëîùåíèÿ, è ëèøü î÷åíü ìàëûé ïðîöåíò ïîêàçûâàåò ñïåêòð ÷èñòîãî ÿäðà.
Íàèáîëåå òèïè÷íûìè ëèíèÿìè ïîãëîùåíèÿ ÿâëÿþòñÿ ëèíèè MgII 5175Å , NaI
5890Å  è ëèíèè ñåðèè Áàëüìåðà, ñðåäè êîòîðûõ íàèáîëåå âàæíîé ÿâëÿåòñÿ
êîìïîíåíòà ïîãëîùåíèÿ H , íàëîæåííàÿ íà êîìïîíåíòó èçëó÷åíèÿ, èñõîäÿùóþ
èç ÿäðà.

×àñòî èçìåðåíèÿ ñïåêòðîâ SDSS ïðîâåäåíû â ëèíèÿõ íà óðîâíå øóìà è
íèçêîãî êà÷åñòâà. Ïîýòîìó àâòîìàòè÷åñêèå èçìåðåíèÿ äàþò íåêîòîðûå èñêóññò-
âåííûå ÷èñëà, êîòîðûå óêàçûâàþò íà íåðåàëüíûå äàííûå. Òàêèì îáðàçîì,

Ðèñ.1. Âû÷èñëåíèå ïðàâèëüíîãî ðàäèóñà èäåíòèôèêàöèé äëÿ êàòàëîãà AllWISE.
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íåîáõîäèìî òùàòåëüíî ïðîâåðèòü ñïåêòðû íà âñåõ äëèíàõ âîëí è ðåøèòü, êàêèå
èçìåðåíèÿ ñëåäóåò èñïîëüçîâàòü äëÿ äàëüíåéøèõ èññëåäîâàíèé. Îñîáåííî âàæíû
òå ëèíèè, êîòîðûå èñïîëüçóþòñÿ â äèàãíîñòè÷åñêèõ äèàãðàììàõ ( H , [OIII]
5007Å , [OI] 6300Å , H , [NII] 6583Å  è [SII] 6716+6731Å ) [16]. Ïðèìåðû
ñïåêòðîâ SDSS DR15 äëÿ ðàçíûõ òèïîâ îáúåêòîâ ïðåäñòàâëåíû íà ðèñ.2.

3. Ïðèíöèïû êëàññèôèêàöèè. Ìû èñïîëüçîâàëè íåñêîëüêî ìåòîäîâ
äëÿ êëàññèôèêàöèè íàøèõ ñïåêòðîâ:

- Âèçóàëüíûé ïðîñìîòð ñïåêòðîâ (ñ ó÷åòîì âñåõ òîíêîñòåé è ýôôåêòîâ).
- Äèàãíîñòè÷åñêèèå äèàãðàììû ñ èñïîëüçîâàíèåì ñîîòíîøåíèé   HOIII

è   HOI ,   HOIII  è   HNII ,   HOIII  è   HSII .
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Âèçóàëüíàÿ êëàññèôèêàöèÿ áûëà ñäåëàíà äëÿ äîïîëíåíèÿ êëàññèôèêàöèè
ïî äèàãíîñòè÷åñêèì äèàãðàììàì, ïîòîìó ÷òî íå âñå îáúåêòû ìîæíî íàíîñèòü
íà íèõ. Êðîìå òîãî, íà äèàãíîñòè÷åñêèõ äèàãðàììàõ íå ó÷èòûâàþòñÿ øèðîêèå
êîìïîíåíòû ýìèññèîííûõ ëèíèé, à ýòî ìîæåò èìåòü ðåøàþùåå çíà÷åíèå äëÿ
êëàññèôèêàöèè ïîäêëàññîâ ñåéôåðòîâñêèõ ãàëàêòèê 1.0-1.9. Ñ ïîìîùüþ
äèàãíîñòè÷åñêèõ äèàãðàìì ìû îòëè÷àåì ñåéôåðòîâñêèå ãàëàêòèêè îò Ëàéíåðîâ
ïî   4HOIII  , à ÀßÃ îò HII ïî   32HNII   è   10HOI . .

4. Èçó÷åíèå ñïåêòðîâ è èõ êëàññèôèêàöèÿ . Èçó÷åíèå ñïåêòðîâ
íà÷àëîñü ñ èäåíòèôèêàöèè ñïåêòðàëüíûõ ëèíèé. Áûëè èñïîëüçîâàíû òîëüêî
òå ëèíèè, èíòåíñèâíîñòü êîòîðûõ ïðåâûøàò óðîâåíü øóìà íà 3 . H
ïðîÿâëÿåòñÿ â ïîãëîùåíèè íà áîëüøèíñòâå ýòèõ ñïåêòðîâ. Áûëî èçó÷åíî
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âëèÿíèå àáñîðáöèîííîé êîìïîíåíòû ëèíèè H  íà ýìèññèîííóþ, ÷òî âàæíî
äëÿ èñïîëüçîâàíèÿ ÷èñëåííûõ äàííûõ, ïðèâåäåííûõ â òàáëèöàõ SDSS. Ïîñëå
íàõîæäåíèÿ ýìèññèîííûõ ëèíèé, áûëè îïðåäåëåíû òå, ñ ïîìîùüþ êîòîðûõ
ìîæíî ïîñòðîèòü äèàãíîñòè÷åñêèå äèàãðàììû. Äëÿ 105 îáúåêòîâ ñ ýìèññèîí-
íûìè ëèíèÿìè, èìåÿ 7 ëèíèé äëÿ êàæäîãî èç íèõ (â íàøèõ ñïåêòðàõ
ïîëó÷àåòñÿ âñåãî 735 ñïåêòðàëüíûõ ëèíèé), ìû ñìîãëè èñïîëüçîâàòü òîëüêî
575 ëèíèé (95 H , 95 [OIII] 5007Å , 76 [OI] 6300Å , 79 H , 79 [NII] 6583Å ,
77 [SII] 6717Å , 77 [SII] 6731Å ). Â ðåçóëüòàòå áûëè ïîñòðîåíû äèàãíîñòè÷åñêèå
äèàãðàììû, èñïîëüçóÿ îòíîøåíèÿ   HOIII  è   HNII  äëÿ 35 îáúåêòîâ,
îòíîøåíèå   HOIII  è   HOI  äëÿ 35 îáúåêòîâ è   HOIII  è   HSII  äëÿ
34 îáúåêòîâ.

Êðîìå òîãî èäåíòèôèöèðîâàíû ñëåäóþùèå ñïåêòðàëüíûå ëèíèè, âàæíûå
äëÿ ÀßÃ, êîòîðûå íå ïðèâåäåíû â òàáëèöàõ SDSS: [NeIII] 3869Å , [NeIII]
3968Å , [SII] 4069/76Å , HeI 4471Å , HeII 4686Å , NI 5198/5200Å , [NII]
5755Å , HeI 5876Å , [FeVII] 6087Å , HeI 6678Å , HeI 7065Å , [ArIII] 7136Å ,
[ArIV] 7237Å , [OII] 7319Å , [OII] 7329Å .

Íà ðèñ.3 ïðèâåäåíû äèàãíîñòè÷åñêèå äèàãðàììû: íà 1-é äèàãíîñòè÷åñêîé
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äèàãðàììå èñïîëüçîâàíû îòíîøåíèÿ èíòåíñèâíîñòåé ëèíèé   HOI  è   HOIII ,
íà 2-é -   HNII  è   HOIII , è íà 3-é -   HSII  è   HOIII  [16].

Â ðåçóëüòàòå êëàññèôèêàöèè êàê ïî äèàãíîñòè÷åñêèì äèàãðàììàì, òàê è ïðè
âèçóàëüíîì îñìîòðå âñåõ ñïåêòðîâ 198 îáúåêòîâ ïîëó÷åíû 22 (11.1%) êâàçàðà,
46 (23.3%) ñåéôåðòîâñêèõ ãàëàêòèê, 6 (3.0%) ëàéíåðîâ, 3 (1.5%) îáúåêòà ñ
ñîñòàâíûì (composite) ñïåêòðîì, 10 (5.1%) HII, 1 (0.5%) ÀßÃ, 17 (8.6%) ãàëàêòèê
ñ ëèíèÿìè èçëó÷åíèÿ è 43 (21.7%) ãàëàêòèêè ñ ëèíèÿìè ïîãëîùåíèÿ (âîçìîæíî
ÿâëÿþòñÿ ñêðûòûìè ÀßÃ). 28 îáúåêòîâ îêàçàëèñü çâåçäàìè, à åùå 22 èç-çà
íèçêîãî êà÷åñòâà ñïåêòðîâ îñòàëèñü áåç îïðåäåëåííîé êëàññèôèêàöèè (òàáë.1).

Íàäî îòìåòèòü, ÷òî òîëüêî 128 èç íàøèõ îáúåêòîâ èìåþò êëàññèôèêàöèþ
â NED (NASA/IPAC Extragalactic Database). Â ðåçóëüòàòå êëàññèôèêàöèè
âûÿñíèëîñü, ÷òî òîëüêî 9 èç 128 îáúåêòîâ áûëè êëàññèôèöèðîâàíû ïðàâèëüíî
èëè ïîëíîöåííî. Íàøà êëàññèôèêàöèÿ áîëåå íàäåæíà, òàê êàê ó÷èòûâàëèñü
øèðîêèå êîìïîíåíòû ñïåêòðàëüíûõ ëèíèé, ÷òî íåâîçìîæíî íà äèàãíîñòè÷åñêèõ
äèàãðàììàõ.

Òàáë.2 ñîäåðæèò ïàðàìåòðû îñíîâíûõ ëèíèé èçëó÷åíèÿ èçó÷åííûõ çäåñü
ãàëàêòèê HRC/BHRC. Ïðèâåäåíû òîëüêî òå ëèíèè, êîòîðûå ïðåâûøàþò óðîâåíü
øóìà íà 3 . Äëÿ êàæäîãî îáúåêòà â òàáë.2 ïåðå÷èñëåíû èíòåíñèâíîñòè
ñïåêòðàëüíûõ ëèíèé, äåñÿòè÷íûå ëîãàðèôìû îòíîøåíèé èíòåíñèâíîñòåé
ñïåêòðàëüíûõ ëèíèé   HOIII ,   HOI ,   HNII ,   HSII , òèïû àêòèâíîñòè,
îñíîâàííûå íà ýòèõ îòíîøåíèÿõ èëè íà ïðÿìîé êëàññèôèêàöèè ñïåêòðîâ, à
òàêæå òèïû àêòèâíîñòè, îñíîâàííûå íà NED. Âñå ýòè ïàðàìåòðû ïðèâåäåíû
äëÿ 105 îáúåêòîâ HRC-BHRC, äëÿ êîòîðûõ èçìåðåíû ïàðàìåòðû ëèíèé â

Òèï ×èñëî Òèï ×èñëî
àêòèâíîñòè îáúåêòîâ àêòèâíîñòè îáúåêòîâ

QSO 10 NLS1.8 14
QSO1.2 5 S2.0 1

NLQSO1.2 1 AGN 1
QSO1.5 4 LINER 6

NLQSO1.5 2 LINER/Sy 1
S1.0 3 HII/Sy 2
S1.2 7 HII 10

NLS1.2 6 Em 17
S1.5 8 Abs 43

NLS1.5 5 Star 28
S1.8 2 UnCl 22

Òàáëèöà 1

ÐÀÑÏÐÅÄÅËÅÍÈÅ ÈÇÓ×ÀÅÌÛÕ 198 ÎÁÚÅÊÒÎÂ
ÏÎ ÒÈÏÀÌ ÀÊÒÈÂÍÎÑÒÈ
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SDSS DR10-DR15. Òàáë.2 ïîëíîñòüþ ïðèâåäåíà â ýëåêòðîííîì âèäå â áàçå
äàííûõ àñòðîíîìè÷åñêèõ êàòàëîãîâ Vizier.

Äëÿ ñðàâíåíèÿ, ðàññ÷èòàíû ñðåäíèå çíà÷åíèÿ ôèçè÷åñêèõ ïàðàìåòðîâ äëÿ
ýòèõ îáúåêòîâ.

Íàèìåíüøåå çíà÷åíèå êðàñíîãî ñìåùåíèÿ (èç SDSS, íå âêëþ÷àÿ çâåçä)
ñîñòàâëÿåò 0.002, à íàèáîëüøåå - 4.366. Ñðåäíåå êðàñíîå ñìåùåíèå ñîñòàâëÿåò
0.408. Ðàñïðåäåëåíèå êðàñíûõ ñìåùåíèé ïðèâåäåíî íà ðèñ.4, ãäå êðàñíûå

N 1 2 3 4 5

Èîíû Äëèíà J111316.5 J004949.3 J013051.8 J005617.3 J095427.6
âîëíû +480449 +242707 +012712 +275349 +301917

[OII] 3727 25.31 6.32 55.49 31.7 36.41
H 4862 20.4 5.14 66.87 33.79 25.48

[OIII] 4959 7.26 5.54 36.19 24.09 33.96
[OIII] 5007 13.11 5.84 47.07 33.23 60.58

Âûñîòà [OI] 6300 5.12 6.59 21.4 13.53 14.21
[NII] 6548 9.76 7.47 94.5 43.21 37.97

H 6563 64.29 8.33 130.56 65.08 40.98
[NII] 6583 23.71 9.74 97.17 52.78 44.73
[SII] 6716 12.76 9.24 21.73 19.99 21.48
[SII] 6731 11.92 8.18 20.51 16.67 19.15

Ñîîòíîøåíèå log([OIII]/H) -0.192 0.056 -0.153 -0.007 0.376
log([OI]/H) -1.099 -0.102 -0.785 -0.682 -0.460
log([NII]/H) -0.433 0.068 -0.128 -0.091 0.038
log([SII]/H) -0.416 0.321 -0.490 -0.249 -0.004

Òèï HII LINER NLS1.5 NLSQ1.2 QSO1.2
àêòèâíîñòè

NED n/a n/a n/a n/a n/a

Òàáëèöà 2

ÏÀÐÀÌÅÒÐÛ ÃËÀÂÍÛÕ ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ
ÃÀËÀÊÒÈÊ HRC/BHRC

Íàçâàíèå êàòàëîãà Ðàäèóñ ïîèñêà (arcsec) ×èñëî îáúåêòîâ

GALEX 3 97
2MASS 2 120
AllWISE 2 174

IRAS 60 8
NVSS 10 40
FIRST 3 29

Òàáëèöà 3

ÄÀÍÍÛÅ ÌÍÎÃÎÂÎËÍÎÂÎÉ ÊÐÎÑÑÊÎÐÐÅËßÖÈÈ
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ñìåùåíèÿ áîëüøèíñòâà îáúåêòîâ íàõîäÿòñÿ â äèàïàçîíå îò 0.03 äî 0.50.
Ñðåäíèå çíà÷åíèÿ âåëè÷èí u, g, r, i, z ñîñòàâëÿþò 20.33, 19.12, 18.33, 17.92
è 17.63, ñîîòâåòñòâåííî.

5. Ìíîãîâîëíîâûå äàííûå. Âñå 198 îáúåêòîâ áûëè êðîññêîððåëèðîâàíû
ñ êàòàëîãîì óëüòðàôèîëåòîâîãî äèàïàçîíà GALEX [17], èíôðàêðàñíûìè
êàòàëîãàìè 2MASS [18], AllWISE [19], IRASPSC [20], FSC [21] è IRASPSC/
FSC [22], à òàêæå ñ ðàäèîêàòàëîãàìè NVSS [23] è FIRST [24]. Â òàáë.3
ïðèâåäåíû ðåçóëüòàòû êðîññêîððåëèðîâàíèÿ.

Â òàáë.4 ïðèâåäåíû ðàçëè÷íûå ïàðàìåòðû íàøåé âûáîðêè íà îñíîâå
ðåçóëüòàòîâ êðîññêîððåëèðîâàíèÿ ñ ìíîãîâîëíîâûìè êàòàëîãàìè. Â ïîñëåäóþùèõ
ñòðîêàõ ïåðå÷èñëåíû ñëåäóþùèå äàííûå: ROSAT (íàçâàíèå îáúåêòà ROSAT,
ñêîðîñòü ñ÷åòà, êîýôôèöèåíò æåñòêîñòè ñïåêòðà 1, êîýôôèöèåíò æåñòêîñòè
ñïåêòðà 2, ðåíòãåíîâñêèé ïîòîê), SDSS (RA 2000 è DEG 2000, u, g, r, i,
z âåëè÷èíû, êðàñíîå ñìåùåíèå), GALEX (ðàññòîÿíèå êðîññêîððåëèðîâàíèÿ,
FUV, NUV âåëè÷èíû), 2MASS (ðàññòîÿíèå êðîññêîððåëèðîâàíèÿ, JHK âåëè÷èíû),
IRAS (ðàññòîÿíèå êðîññêîððåëèðîâàíèÿ, ïîòîêè F12, F25, F60, F100 ßí),
ALLWISE (ðàññòîÿíèå êðîññêîððåëèðîâàíèÿ, W1, W2, W3, W4 âåëè÷èíû),
NVSS (ðàññòîÿíèå êðîññêîððåëèðîâàíèÿ, S1.4 ìßí), FIRST (ðàññòîÿíèå êðîññ-
êîððåëèðîâàíèÿ, Fpeak, Fint ìßí), ðàäèàëüíàÿ ñêîðîñòü, ðàññòîÿíèå (ïðè
H = 72 êì/ñ Ìïê), ðåíòãåíîâñêàÿ è îïòè÷åñêàÿ ñâåòèìîñòü, Mr âåëè÷èíà è òèï
àêòèâíîñòè äëÿ êàæäîãî îáúåêòà, âûáðàííûõ íàìè. Òàáë.4 ïîëíîñòüþ ïðèâåäåíà
â ýëåêòðîííîì âèäå â áàçå äàííûõ àñòðîíîìè÷åñêèõ êàòàëîãîâ Vizier.

Â òàáë.5 ïðèâåäåíû ñðåäíèå ïàðàìåòðû äëÿ íàøèõ 148 îáúåêòîâ, èìåþùèõ
îïðåäåëåííûå òèïû àêòèâíîñòè. Â ïîñëåäóþùèõ ñòîëáöàõ ïåðå÷èñëåíû òèïû
àêòèâíîñòè, ÷èñëî îáúåêòîâ, ñðåäíåå êðàñíîå ñìåùåíèå, ñðåäíÿÿ àáñîëþòíàÿ

Ðèñ.4. Ðàñïðåäåëåíèå êðàñíûõ ñìåùåíèé äëÿ 198 ðåíòãåíîâñêèõ èñòî÷íèêîâ.
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N 1 2 3 4 5 6

1RXS J011143.1 J003455.6 J004014.6 J095246.6 J095427.6 J001740.9
+165238 +300043 +012625 +515338 +301917 +082756

CR 0.0446 0.0461 0.0553 0.24 0.0479 0.0493
HR1 0.85 0.7 0.39 0.2 -0.25 1
HR2 -0.17 0.56 0.27 0.18 -0.19 0.16

Fx (ìÂò/ì2) 5.72E-13 5.54E-13 5.74E-13 2.25E-12 3.35E-13 6.71E-13
RA 17.93848 8.74895 10.05634 148.19684 148.61592 4.42273

DEG 16.88632 30.02102 1.42953 51.88536 30.32027 8.46548
u 17.861 20.137 19.119 18.695 17.778 20.209
g 15.742 18.137 18.281 17.285 17.459 19.423
r 14.772 16.645 17.321 16.737 17.619 19.272
i 14.308 16.077 16.841 16.568 17.531 19.156
z 13.979 15.673 16.537 16.480 17.591 18.940
z 0.063254 0.230529 0.226316 0.215194 0.533459 0.678406

GALEX r" 2.666 1.473 0.709 1.823 0.15 0.857
FUV 21.97 20.847 18.985
NUV 21.423 22.16 20.198 22.25 18.188 20.418

2MASS r" 0.324 0.671 0.362 0.172 0.522 0.358
J 14.338 16.225 16.046 15.591 16.988 17.053
H 13.459 14.836 15.107 15.12 15.975 16.325
K 13.152 14.681 14.33 14.938 15.463 15.527

IRAS r" 53.6
F12 (ßí) 0.0885
F25 (ßí) 0.1548
F60 (ßí) 0.2171
F100 (ßí) 1.14
WISE r" 0.176 0.279 0.202 0.302 0.155 0.25

W1 12.08 13.72 13.25 14.97 13.39 13.82
W2 12.16 13.45 12.36 14.89 12.32 12.59
W3 11.32 12.00 9.38 12.29 9.85 10.21
W4 8.99 8.70 7.25 8.87 7.70 7.75

NVSS r" 2.76 1.08 3.09
S1400 (ìßí) 12.1 16.2 208.1

FIRST r" 0.308 0.133 0.392
Fpeak (ìßí) 135.19 23.11 32.17
Fint (ìßí) 150.83 23.06 33.44
v_r (êì/ñ) 18377 61355 60369 57741 120975 142810
D (Ìïê) 263 922 906 864 1978 2424
Lx (Âò) 5.36E+35 8.55E+36 8.49E+36 2.97E+37 3.69E+37 1.33E+38
Lr (Âò) 1.78E+37 5.21E+37 2.68E+37 4.10E+37 1.52E+38 5.95E+37

Mr -22.37 -23.41 -22.69 -23.17 -24.31 -23.17
Òèï àêòèâíîñòè Abs AGN HII LINER QSO1.2 S1.5

Òàáëèöà 4

ÐÀÇËÈ×ÍÛÅ ÏÀÐÀÌÅÒÐÛ ÍÀØÅÉ ÂÛÁÎÐÊÈ, ÎÑÍÎÂÀÍÍÛÅ
ÍÀ ÐÅÇÓËÜÒÀÒÀÕ ÊÐÎÑÑÊÎÐÐÅËÈÐÎÂÀÍÈß Ñ

ÌÍÎÃÎÂÎËÍÎÂÛÌÈ ÊÀÒÀËÎÃÀÌÈ
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âåëè÷èíà Mr, ñðåäíèå u - g è g - r öâåòà, è X-ray/opt îòíîøåíèÿ ïîòîêîâ äëÿ
ÀßÃ (QSO+Sy+LINER), ãàëàêòèê ñ ñîñòàâíûìè ñïåêòðàìè, HII, Em è Abs
ãàëàêòèê.

Âñå ÀßÃ è ãàëàêòèêè ñ ñîñòàâíûìè ñïåêòðàìè âìåñòå â ñðåäíåì èìåþò
êðàñíîå ñìåùåíèå 0.298, ÷òî â 1.75 ðàçà áîëüøå, ÷åì ó ãàëàêòèê HII. Ñðåäíÿÿ
àáñîëþòíàÿ âåëè÷èíà âñåõ ÀßÃ è ãàëàêòèê ñ ñîñòàâíûìè ñïåêòðàìè âìåñòå
ðàâíà Mr = -22.05, ÷òî áîëüøå, ÷åì ó ãàëàêòèê HII íà 1.44. Ñðåäíèé öâåò u
- g äëÿ âñåõ ÀßÃ è ãàëàêòèê ñ ñîñòàâíûìè ñïåêòðàìè ñîñòàâëÿåò 0m.87 à äëÿ
HII - 0m.69. Ñðåäíèé öâåò g - r äëÿ âñåõ ÀßÃ è ãàëàêòèê ñ ñîñòàâíûìè
ñïåêòðàìè ñîñòàâëÿåò 0m.36, à äëÿ HII- 0m.37.

Òèï ×èñëî Êðàñíîå HR1 Mr u - g g - r log(Fx/Fopt)
àêòèâíîñòè îáúåêòîâ ñìåùåíèå

QSO+Sy1 51 0.556 0.117 -23.08 0.463 0.255 -0.20
Sy2+LINER 24 0.263 0.182 -22.27 0.936 0.532 -0.35
Composite 3 0.131 -0.137 -21.24 1.130 0.455 -0.57

HII 10 0.170 0.164 -20.61 0.690 0.580 -0.53
Em 17 0.292 0.292 -21.96 1.790 0.328 -0.15
Abs 43 0.216 0.485 -22.05 1.574 0.392 -0.47

Òàáëèöà 5

ÑÐÅÄÍÈÅ ÔÈÇÈ×ÅÑÊÈÅ ÏÀÐÀÌÅÒÐÛ ÎÁÚÅÊÒÎÂ HRC-BHRC
ÐÀÇËÈ×ÍÛÕ ÒÈÏÎÂ ÀÊÒÈÂÍÎÑÒÈ

Ðèñ.5. Çàâèñèìîñòü ñóììû ñêîðîñòè ñ÷åòà ðåíòãåíîâñêèõ ëó÷åé (â ëîãàðèôìè÷åñêîì
ìàñøòàáå) è âåëè÷èíû 0.4r SDSS, îò âåëè÷èíû r SDSS.
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Ðàäèàëüíûå ñêîðîñòè îáúåêòîâ íàøåé âûáîðêè íàõîäÿòñÿ â èíòåðâàëå
2798597200  êì/ñ, ðàññòîÿíèÿ - 7388102  Ìïê, à àáñîëþòíûå âåëè÷èíû Mr -

33298515 ..  .
Íà ðèñ.5 ïðèâåäåíà çàâèñèìîñòü îáúåêòîâ ïî lîg(CR)+0.4r îò r. Îñîáåííî

èíòåðåñíî ðàññìîòðåòü ýòî ñîîòíîøåíèå äëÿ ãàëàêòèê ñ ëèíèÿìè ïîãëîùåíèÿ,
÷òîáû ïîíÿòü, ÿâëÿþòñÿ ëè îíè ñêðûòûìè ÀßÃ, èëè èìåþò ðåíòãåíîâñêîå
èçëó÷åíèå èç-çà èíòåãðàëüíîãî èçëó÷åíèÿ ãàëàêòè÷åñêîãî íàñåëåíèÿ.
Ðàñïðåäåëåíèå ÀßÃ íàõîäèòñÿ â äèñêðåòíîé îáëàñòè ìåæäó ëèíèÿìè A
(log(CR) + 0.4r = 4.9) è B (log(CR) + 0.4r = 6.4) [25].

Òàêèì îáðàçîì, íàéäåíû 30 (ìåæäó ëèíèÿìè A è B) îáúåêòîâ, êîòîðûå
ÿâëÿþòñÿ êàíäèäàòàìè â ñêðûòûå ÀßÃ.

6. Çàêëþ÷åíèe. Íà îñíîâå îäíîðîäíîãî êàòàëîãà îòîáðàííûõ ðåíòãå-
íîâñêèõ ÀßÃ ïðîâåäåíî ñïåêòðîñêîïè÷åñêîå èññëåäîâàíèå äëÿ òåõ îáúåêòîâ,
êîòîðûå èìåþò ñïåêòðû SDSS. 198 îáúåêòîâ âõîäÿò â ýòîò ñïèñîê, è îíè
êëàññèôèöèðîâàíû ïî òèïàì àêòèâíîñòè ñ èñïîëüçîâàíèåì òðåõ äèàãíîñòè÷åñêèõ
äèàãðàìì è òùàòåëüíîãî èññëåäîâàíèÿ ñïåêòðîâ (äëÿ ïîëíîé êëàññèôèêàöèè
øèðîêèõ ëèíèé ÀßÃ). Ñäåëàíà òîíêàÿ êëàññèôèêàöèÿ ñïåêòðîâ, ÷òîáû îòäåëèòü
óçêèå è êëàññè÷åñêèå øèðîêèå ëèíèè ñåéôåðòîâñêèõ ãàëàêòèê è îïðåäåëèòü
ïîäòèïû ñåéôåðòîâñêèõ ãàëàêòèê. Ïðèäàâàÿ áîëüøîå çíà÷åíèå ýòèì äåòàëÿì,
íàéäåíû ïîäòèïû NLS1, à èìåííî: NLS1.0, NLS1.2, NLS1.5 è NLS1.8.
Äàëüíåéøåå íàêîïëåíèå ñòàòèñòèêè ìîæåò äàòü âîçìîæíîñòü ïîíÿòü èõ
ôèçè÷åñêèå ðàçëè÷èÿ. Ðàññ÷èòàíû âñå âîçìîæíûå ôèçè÷åñêèå ïàðàìåòðû
èññëåäóåìûõ îáúåêòîâ: ëó÷åâûå ñêîðîñòè, ðàññòîÿíèÿ, àáñîëþòíûå âåëè÷èíû,
ñâåòèìîñòè è ò.ä.

Îäíèì èç íàèáîëåå èíòåðåñíûõ êëàññîâ îáúåêòîâ ñðåäè èñòî÷íèêîâ
ðåíòãåíîâñêîãî èçëó÷åíèÿ ÿâëÿþòñÿ ãàëàêòèêè ñ ëèíèÿìè ïîãëîùåíèÿ. Ñàìûå
ÿðêèå èç íèõ ìîãóò âîéòè â êàòàëîã èç-çà èõ âûñîêîé èíòåãðàëüíîé ÿðêîñòè,
îäíàêî ìíîãèå òàêèå îáúåêòû, èìåÿ íèçêóþ ÿðêîñòü, âñå æå íàáëþäàþòñÿ êàê
ñèëüíûå èñòî÷íèêè ðåíòãåíîâñêîãî èçëó÷åíèÿ. Ìû ðàññìàòðèâàåì ýòè îáúåêòû
êàê âîçìîæíûå ñêðûòûå ÀßÃ, ó êîòîðûõ îïòè÷åñêèå ñïåêòðû íå ïîêàçûâàþò
íèêàêèõ ïðèçíàêîâ ýìèññèè.

Ñïåêòðîñêîïè÷åñêàÿ êëàññèôèêàöèÿ è èññëåäîâàíèå ïðèâåëè ê îòêðûòèþ
ìíîãèõ íîâûõ ÀßÃ è Starburst. Â ðåçóëüòàòå íàø êàòàëîã, ñ ó÷åòîì ðàíåå
èçâåñòíûõ îáúåêòîâ, ñîáðàííûõ èç NED, ñòàë áîëåå ïîëíûì. Èç 4253
îáúåêòîâ HRC-BHRC, 3542 èñòî÷íèêà ðàíåå áûëè ïîäòâåðæäåíû êàê ÀßÃ â
ïðåäûäóùèõ ñïåêòðîñêîïè÷åñêèõ íàáëþäåíèÿõ, è ìû äîáàâèëè ê íèì 198
íîâûõ (õîòÿ íåêîòîðûå áûëè ïåðåêëàññèôèöèðîâàíû).

×òîáû ðàçëè÷èòü ñèëüíûå èñòî÷íèêè ðåíòãåíîâñêîãî èçëó÷åíèÿ è íàéòè
êàíäèäàòû â ñêðûòûå ÀßÃ, ïîñòðîåíû äèàãðàììû îòíîøåíèé X-ray/opt
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ïîòîêîâ. 30 îáúåêòîâ âîçìîæíî ÿâëÿþòñÿ ñêðûòûìè ÀßÃ èç-çà èõ ñèëüíîãî
ðåíòãåíîâñêîãî èçëó÷åíèÿ îòíîñèòåëüíî ê ñëàáîìó îïòè÷åñêîìó ïîòîêó è
îòñóòñòâèÿ êàêèõ-ëèáî îñîáåííîñòåé ëèíèé èçëó÷åíèÿ â îïòè÷åñêèõ ñïåêòðàõ.
Âûïîëíåíî òàêæå ìíîãîâîëíîâîå êðîññêîððåëèðîâàíèå äëÿ ïîñòðîåíèÿ SED
ýòèõ îáúåêòîâ è èçó÷åíèÿ èõ ïîâåäåíèÿ â äðóãèõ äèàïàçîíàõ ýëåêòðîìàã-
íèòíûõ âîëí.

Â ðàáîòå áûëè èñïîëüçîâàíû äàííûå èç NASA/IPAC Extragalactic Database
(NED), à òàêæå äàííûå èç SDSS-III http://www.sdss3.org/.

Àâòîðû âûðàæàþò áëàãîäàðíîñòü àíîíèìíîìó ðåöåíçåíòó ñòàòüè çà öåííûå
çàìå÷àíèÿ è ïðåäëîæåíèÿ, êîòîðûå ñïîñîáñòâîâàëè åå óëó÷øåíèþ.

1 ÍÀÍ ÐÀ, Áþðàêàíñêàÿ àñòðîôèçè÷åñêàÿ îáñåðâàòîðèÿ
 èì. Â.À.Àìáàðöóìÿíà (ÁAO), Àðìåíèÿ, e-mail: gurgen_paronyan@yahoo.com

ACTIVITY TYPES OF GALAXIES SELECTED FROM
HRC/BHRC SAMPLE. II

G.M.PARONYAN1, A.M.MICKAELIAN1, H.V.ABRAHAMYAN1,
G.A.MIKAYELYAN1

In this study we carry out detailed spectral classification of 198 AGN
candidates from the Joint HRC/BHRC sample, which is a combination of HRC
(Hamburg-ROSAT Catalogue) and BHRC (Byurakan-Hamburg-ROSAT Catalogue).
These objects were revealed as optical counterparts for ROSAT X-ray sources,
however spectra for 198 of them are given in SDSS without definite spectral
classification. We studied these 198 objects using the SDSS spectra and revealed
the detailed activity types for them. Three diagnostic diagrams and direct examination
of the spectra were used to have more confident classification. We also made
identification of these sources in other wavelength ranges and calculated some of
their parameters.

Keywords: AGN: X-ray: spectral classification: activity type: HRC/BHRC: X-ray
AGN: ROSAT: HQS
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