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Â ðàáîòå ïðèâåäåíà äåòàëüíàÿ ñïåêòðàëüíàÿ êëàññèôèêàöèÿ 96 àêòèâíûõ ãàëàêòèê èç
êàòàëîãà Âåðîí-Ñåòòè è Âåðîí (2010, 13-ÿ âåðñèÿ, VCV-13), êîòîðûé ïðåäñòàâëÿåò ñîáîé
êàòàëîã àêòèâíûõ ãàëàêòèê è êâàçàðîâ. Ñ ïîìîùüþ èçâåñòíûõ ðàäèîêàòàëîãîâ ýòè îáúåêòû
èäåíòèôèöèðîâàíû êàê ðàäèîèñòî÷íèêè. Áûëè îòîáðàíû òå ãàëàêòèêè, êîòîðûå èìåëè ðàäèî-
ïîòîêè, ïî êðàéíåé ìåðå, â 6 ðàçíûõ ðàäèîäèàïàçîíàõ è îïòè÷åñêîå ñïåêòðàëüíîå îòîæäåñò-
âëåíèå â SDSS. Èñïîëüçóÿ SDSS ñïåêòðû ýòèõ îáúåêòîâ, îïðåäåëåíû òèïû àêòèâíîñòè. Äëÿ
áîëåå óâåðåííîé êëàññèôèêàöèè èñïîëüçîâàëèñü òðè äèàãíîñòè÷åñêèå äèàãðàììû è ïðÿìîå
èññëåäîâàíèå ñïåêòðîâ. Â ðåçóëüòàòå äëÿ 85% ýòèõ îáúåêòîâ èçìåíèëèñü êëàññèôèêàöèè.
Ðàäèîïîòîêè â ðàçíûõ ðàäèîäèàïàçîíàõ ïîçâîëÿþò ïîñòðîèòü ñïåêòðàëüíîå ðàñïðåäåëåíèå
ýíåðãèè â ðàäèî è ñîïîñòàâëÿòü åå ñ îïòè÷åñêèìè òèïàìè àêòèâíîñòè.

Êëþ÷åâûå ñëîâà: ãàëàêòèêè: àêòèâíûå ãàëàêòè÷åñêèå ÿäðà: ðàäèîãàëàêòèêè:
     ñïåêòðàëüíàÿ êëàññèôèêàöèÿ

1. Ââåäåíèå. Äàííàÿ ðàáîòà ïîñâÿùåíà äåòàëüíîé ñïåêòðàëüíîé êëàññè-
ôèêàöèè 96 àêòèâíûõ ãàëàêòèê. Äëÿ îòáîðà èññëåäóåìûõ îáúåêòîâ èñïîëüçóåòñÿ
êàòàëîã Âåðîí-Ñåòòè è Âåðîíà (äàëåå VCV-13) [1]. Â ýòîì êàòàëîãå èìååòñÿ
34231 àêòèâíàÿ ãàëàêòèêà. Èç íèõ 23258 ãàëàêòèê òèïà Ñåéôåðòà, 907 Ëàéíåðîâ,
167 HII è 9899 íå èìåþò ñïåêòðàëüíîé êëàññèôèêàöèè.

Àêòèâíûå ãàëàêòèêè ÿâëÿþòñÿ îäíèìè èç ñàìûõ èíòåðåñíûõ îáúåêòîâ âî
Âñåëåííîé. Îíè èìåþò áîëåå âûñîêóþ ñâåòèìîñòü, ÷åì îáû÷íûå ãàëàêòèêè.
Âàæíî, ÷òî àêòèâíûå ãàëàêòèêè èìåþò áîëåå ÿðêèå ÿäðà, ÷åì íîðìàëüíûå.
Â ýòèõ ãàëàêòèêàõ áîëüøîå êîëè÷åñòâî ýíåðãèè èçëó÷àåòñÿ èç ÿäåð ãàëàêòèê.
Ñ÷èòàåòñÿ, ÷òî â öåíòðå êàæäîé èç ýòèõ ãàëàêòèê íàõîäèòñÿ ìàññèâíàÿ èëè
ñâåðõìàññèâíàÿ ÷åðíàÿ äûðà (SMBH). Íåêîòîðûå àêòèâíûå ãàëàêòèêè èìåþò
ãèãàíòñêèå äæåòû â ðàäèî è îïòè÷åñêîì äèàïàçîíàõ, â îñíîâíîì â ðàäèî.

Àêòèâíûå ãàëàêòèêè áûâàþò ðàçíûõ òèïîâ: ðàäèîãàëàêòèêè, ñåéôåðòîâñêèå
ãàëàêòèêè (Sy), êâàçàðû (QSO), áëàçàðû (BL), Ëàéíåðû (LINER) è ò.ä.
Ðàäèîãàëàêòèêè - ýòî ýëëèïòè÷åñêèå ãàëàêòèêè. Âñå ãàëàêòèêè èçëó÷àþò íåêîòîðîå
êîëè÷åñòâî ýíåðãèè â  ðàäèîâîëíàõ, äëÿ íîðìàëüíûõ ãàëàêòèê ðàäèîèçëó÷åíèå
ñîîòâåòñòâóåò ìàëîé äîëå ïîëíîé ýíåðãèè, èçëó÷àåìîé ãàëàêòèêîé.

ÒÎÌ 63 ÀÂÃÓÑÒ, 2020 ÂÛÏÓÑÊ 3

À Ñ Ò Ð Î Ô È Ç È Ê À



364 À.Â.ÀÁÐÀÌßÍ  È  ÄÐ.

Â ýòîé ðàáîòå â êà÷åñòâå îñíîâíîãî êðèòåðèÿ îòáîðà áûëî âçÿòî ðàäèî-
èçëó÷åíèå ãàëàêòèê. Äëÿ ýòîãî áûëà ñäåëàíà êðîññ-êîððåëÿöèÿ ñ êàòàëîãàìè:
FIRST, NVSS, 87GB, GB6, 3C, 4C, 7C, 8C, 9C, 10C, SUMSS, WISH, WENSS,
Molonglo Reference Catalogue of Radio Sources, Texas Survey of radio sources at 365
MHz, Miyun 232 MHz survey, CLASS survey of radio sources, 74 MHz VLA Low-
frequency Sky Survey Redux è The GMRT 150 MHz all-sky radio survey [2-20].

Ýòè êàòàëîãè îõâàòûâàþò äèàïàçîí îò 38 ÌÃö äî 15.7 ÃÃö. Áûëè âçÿòû
òå ãàëàêòèêè, êîòîðûå èìåëè ðàäèîïîòîêè, ïî êðàéíåé ìåðå, â 6 ðàçíûõ
ðàäèîäèàïàçîíàõ è îïòè÷åñêîå ñïåêòðàëüíîå îòîæäåñòâëåíèå â êàòàëîãå SDSS
[21]. Â ðåçóëüòàòå â èçó÷àåìûé ñïèñîê âîøëè 96 àêòèâíûõ ãàëàêòèê, êîòîðûå
èìåþò ñïåêòðû â êàòàëîãå SDSS. Äëÿ ýòèõ ãàëàêòèê áûëà ïðîâåäåíà
ñïåêòðàëüíàÿ êëàññèôèêàöèÿ.

2. Íàáëþäàòåëüíûé ìàòåðèàë. Íàáëþäàòåëüíûé ìàòåðèàë ñîñòîèò
èç ñïåêòðîâ SDSS DR15 [21] 96 îáúåêòîâ èç êàòàëîãà VCV-13. Äëÿ ýòèõ
îáúåêòîâ äàíû èíòåíñèâíîñòè ñïåêòðàëüíûõ ëèíèé, à òàêæå êðàñíûå ñìåùåíèÿ.

Ïîñêîëüêó â íàáëþäåíèÿõ SDSS èñïîëüçóåòñÿ îäèí è òîò æå ðàçìåð
âîëîêíà,  áîëüøèíñòâî ïðîòÿæåííûõ ãàëàêòèê èìååò êîìïîíåíòû ïîãëîùåíèÿ,
è ëèøü î÷åíü ìàëûé ïðîöåíò ïîêàçûâàåò ýìèññèîííûé 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. Äëÿ ðàñ÷åòà êðàñíîãî ñìåùåíèÿ â ñïåêòðàëüíîì äèàïàçîíå SDSS
îáû÷íî èñïîëüçóþòñÿ ñëåäóþùèå ëèíèè èçëó÷åíèÿ: [OII] 3727Å , H , HeI
3889Å , [NeIII] 3968Å , H , [SII] 4069/76Å , H , H , [OIII] 4363Å , H ,
[OIII] 4959Å , [OIII] 5007Å , NI 5198/5200Å , HeI 5876Å , [OI] 6300Å , [OI]
6364Å , [NII] 6548Å , H , [NII] 6583Å , [SII] 6716Å , [SII] 6731Å .

Î÷åíü ÷àñòî èçìåðåíèÿ ñïåêòðîâ SDSS îñíîâàíû íà ëèíèÿõ íà óðîâíå
øóìà è íèçêîãî êà÷åñòâà. Èç-çà ýòîãî àâòîìàòè÷åñêèå èçìåðåíèÿ äàþò íåêîòîðûå
èñêóññòâåííûå ÷èñëà, êîòîðûå óêàçûâàþò íà íåðåàëüíûå äàííûå. Òàêèì îáðàçîì,

Òèï àêòèâíîñòè Êîëè÷åñòâî

Seyfert 76
LINER 8

HII 2
AGN 6

Unknown 4
Âñåãî 96

Òàáëèöà 1

ÑÏÅÊÒÐÀËÜÍÛÅ ÊËÀÑÑÛ ÈÑÑËÅÄÓÅÌÛÕ ÎÁÚÅÊÒÎÂ,
ÂÇßÒÛÅ ÈÇ ÐÀÇÍÛÕ ÈÑÒÎ×ÍÈÊÎÂ
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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 ) [22].

Â òàáë.1 ïðèâåäåíû ñïåêòðàëüíûå êëàññû äëÿ èññëåäóåìûõ îáúåêòîâ,
èñïîëüçóÿ ðàçíûå êàòàëîãè (VCV-13, BZCAT v.5 [23], NED, SDSS DR 15).

3. Ñïåêòðàëüíàÿ êëàññèôèêàöèÿ. Â ýòîé ðàáîòå áûëè èñïîëüçîâàíû
íåñêîëüêî ìåòîäîâ äëÿ êëàññèôèêàöèè èññëåäóåìûõ ñïåêòðîâ:

- Âèçóàëüíûé îñìîòð (ñ ó÷åòîì âñåõ òîíêîñòåé è ýôôåêòîâ).
- Ïî äèàãíîñòè÷åñêîé äèàãðàììå ñ èñïîëüçîâàíèåì ñîîòíîøåíèé   HOIII

è   HOI  [24].
- Ïî äèàãíîñòè÷åñêîé äèàãðàììå ñ èñïîëüçîâàíèåì ñîîòíîøåíèé   HOIII

è   HNII  [24].
- Ïî äèàãíîñòè÷åñêîé äèàãðàììå ñ èñïîëüçîâàíèåì ñîîòíîøåíèé   HOIII

è   HSII  [24].
Âèçóàëüíàÿ êëàññèôèêàöèÿ áûëà ïðîâåäåíà äëÿ äîïîëíåíèÿ êëàññèôèêàöèé

ïî äèàãíîñòè÷åñêèì äèàãðàììàì, ïîòîìó ÷òî íå âñå îáúåêòû ìîæíî íàíîñèòü

Ðèñ.1. Ïðèìåðû ñïåêòðîâ SDSS DR15 äëÿ íåêîòîðûõ èç èññëåäóåìûõ îáúåêòîâ è äëÿ
äåìîíñòðàöèè ðàçëè÷íûõ òèïîâ àêòèâíîñòè. a) Sy1.2, b) Sy1.5, c) Sy1.8, d) Sy1.9, e) Sy2.0,
f) LINER, g) HII, h) NLS1.2, i) NLS1.5, j) NLS1.8, k) Sy1.5/LINER l) Sy1.9/LINER, m)
Sy2.0/LINER, n) Sy2.0/HII, o)LINER/HII, p) AGN, q) Em, r) Abs.
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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 èõ ïîìîùüþ,
ìû îòëè÷àåì ñåéôåðòîâñêèå ãàëàêòèêè îò Ëàéíåðîâ ïî êðèòåðèþ   4HOIII  ,

o p

q r
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Ðèñ.1. Îêîí÷àíèå.

Òèï àêòèâíîñòè      Ñòàðàÿ êëàññèôèêàöèÿ      Íîâàÿ êëàññèôèêàöèÿ

Êîëè÷åñòâî % Êîëè÷åñòâî %

Seyfert 1.0, 1.2, 1.5 33 34.38 12 12.50
Seyfert 1.8, 1.9, 2.0 39 40.63 12 12.50

Seyfert/Seyfert? 4 4.17 - -
NLS1 (all subclasses) - - 7 7.29

LINER 8 8.33 30 31.25
HII 2 2.08 6 6.25

Composite (AGN) - - 18 18.75
Composite (AGN/HII) - - 3 3.13

AGN 6 6.25 2 2.08
Em - - 5 5.21
Abs - - 1 1.04

Unknown 4 4.17 - -
Âñåãî 96 100.00 96 100.00

Òàáëèöà 2

ÑÏÅÊÒÐÀËÜÍÛÅ ÊËÀÑÑÛ ÈÑÑËÅÄÓÅÌÛÕ ÎÁÚÅÊÒÎÂ
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à AGN îò HII ïî êðèòåðèÿì   32HNII   è   10HOI . .
Íà ðèñ.1 ïðèâåäåíû ïðèìåðû ñïåêòðîâ äëÿ ðàçëè÷íûõ òèïîâ àêòèâíîñòè.
Èñïîëüçóÿ äàííûå èç ñïåêòðîâ, áûëè ïîñòðîåíû äèàãíîñòè÷åñêèå

äèàãðàììû äëÿ èññëåäóåìûõ îáúåêòîâ (ðèñ.2).
Ñðåäè èññëåäóåìûõ îáúåêòîâ ïðîÿâëÿþòñÿ ñëåäóþùèå òèïû àêòèâíîñòè:

Sy1.0, NLS1.0, Sy1.2, NLS1.2, Sy1.5, NLS1.5, Sy1.8, Sy1.9, Sy2.0, LINER,
HII, Ñîñòàâíûå, AGN, Em è Abs,  êîòîðûå áûëè ïîäðîáíî îïèñàíû àâòîðàìè
Ìèêàåëÿí è äð. [25,29], Àáðàìÿí è äð. [26,28], Ïàðîíÿí è äð. [27]:

Èñïîëüçóÿ ñïåêòðû èç SDSS DR15 è äèàãíîñòè÷åñêèå äèàãðàììû (ðèñ.2),
ïðîâåäåíà êëàññèôèêàöèÿ äëÿ 96 îáúåêòîâ. Â ðåçóëüòàòå äëÿ 85% èç ýòèõ
îáúåêòîâ èçìåíèëàñü êëàññèôèêàöèÿ (òàáë.2).

Èìåÿ êëàññèôèêàöèþ èññëåäóåìûõ îáúåêòîâ (òàáë.2 è 3), ìû ïîñòðîèëè
ðàñïðåäåëåíèå êðàñíîãî ñìåùåíèÿ (ðèñ.3).

Èç ðèñ.3 âèäíî, ÷òî èññëåäóåìûå îáúåêòû èìåþò êðàñíîå ñìåùåíèå äî
0.42. Ñ ïîìîùüþ äàííûõ îá àáñîëþòíûõ çâåçäíûõ âåëè÷èíàõ [30] áûëà
ïîñòðîåíà çàâèñèìîñòü ìåæäó êðàñíûì ñìåùåíèåì è àáñîëþòíîé çâåçäíîé
âåëè÷èíîé (ðèñ.4.)

Èç ðèñ.4 âèäíî, ÷òî èññëåäóåìûå îáúåêòû â äèàïàçîíå äî 0.42 êðàñíîãî
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ñìåùåíèÿ èìåþò àáñîëþòíûå çâåçäíûå âåëè÷èíû îò -17.4 äî -23.6.
Â òàáë.3 ïðèâîäèòñÿ äåòàëüíàÿ èíôîðìàöèÿ î ñòàðîé è íîâîé êëàññè-

ôèêàöèÿõ.
Ïîä ñòàðîé êëàññèôèêàöèåé ìû èìååì â âèäó êëàññèôèêàöèþ, êîòîðàÿ

áûëà âçÿòà èç VCV-13, à íîâàÿ êëàññèôèêàöèÿ - ýòî íàøà êëàññèôèêàöèÿ.

Ðèñ.3. Ðàñïðåäåëåíèå îáúåêòîâ ïî êðàñíûì ñìåùåíèÿì.

Ðèñ.4. Çàâèñèìîñòü àáñîëþòíîé çâåçäíîé âåëè÷èíû îò êðàñíîãî ñìåùåíèÿ.
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Òàáëèöà 3

ÄÅÒÀËÜÍÀß ÊËÀÑÑÈÔÈÊÀÖÈß ÈÑÑËÅÄÓÅÌÛÕ ÎÁÚÅÊÒÎÂ

N        VCV-13   SDSS ôîòîìåòðèÿ        Êëàññèôèêàöèÿ

RAJ2000 DEJ2000 u g r i z Êðàñíîå ñòàðàÿ íîâàÿ

ñìåùåíèå

1 2 3 4 5 6 7 8 9 10 11

1 7.139167 0.919444 19.528 17.879 17.214 16.808 16.66 0.10429 Sy2 Sy2.0/LINER

2 15.523750 14.723611 20.125 18.334 17.166 16.654 16.296 0.18817 Sy2 Sy2.0/LINER

3 25.579167 13.462778 18.578 18.249 17.867 17.775 17.338 0.26685 Sy1 Sy1.5

4 27.067917 0.329167 18.492 16.909 16.009 15.526 15.212 0.092 Sy1 Sy1.9/LINER

5 117.150833 24.006667 19.792 19.188 18.558 18.15 18.153 0.40972 BZQ Em

6 118.184167 45.949444 17.154 15.372 14.429 13.946 13.608 0.05145 Sy1.9 Sy1.9/LINER

7 121.395833 24.164167 18.118 16.231 15.371 14.879 14.563 0.05968 Sy2 LINER

8 123.349167 7.568056 18.754 16.759 15.735 15.204 14.863 0.11239 Sy1 LINER

9 124.480000 31.473889 19.412 17.627 16.805 16.28 16.007 0.12376 - Sy2.0/LINER

10 125.390417 47.043333 19.315 17.859 16.894 16.37 16.095 0.12825 Sy1 Sy1.5/LINER

11 125.539583 47.098056 18.429 17.207 15.683 15.135 14.852 0.12708 Sy1.5 LINER

12 125.752083 6.891667 18.994 18.742 18.347 18.091 17.818 0.25224 Sy1 NLS1.8

13 129.470000 44.840556 20.307 18.498 17.144 16.615 16.309 0.20657 Sy2 Sy2.0

14 135.224167 38.937778 21.701 19.733 18.416 18.003 17.703 0.22828 AGN Sy2.0

15 135.272083 29.029444 20.488 18.639 17.629 17.193 16.923 0.19405 Sy2 LINER

16 137.891250 44.380556 18.571 18.412 17.918 17.68 17.134 0.29753 Sy1 Sy1.2

18 138.006667 53.343333 19.102 16.964 15.939 15.495 15.2 0.10173 Sy2/BZG LINER

19 140.285833 45.649444 19.299 17.905 16.805 16.285 16.101 0.17456 Sy1.9 Sy1.9/LINER

20 143.965417 61.353333 16.584 14.887 14.081 13.594 13.143 0.03939 Sy1 LINER

21 144.970000 35.899444 19.414 17.872 16.763 16.337 16.119 0.13657 Sy2 Sy2.0/LINER

22 145.015833 51.072500 20.531 18.871 17.632 17.058 16.75 0.20661 Sy1 LINER

23 145.350000 39.745000 18.657 17.08 16.113 15.646 15.322 0.1075 Sy2 Sy2.0

24 145.436667 57.856667 18.48 17.744 16.858 16.41 16.117 0.15855 Sy1 Sy1.8

25 146.357917 35.350833 19.074 18.324 17.633 17.34 17.209 0.20777 Sy? Sy1.8

26 146.937917 7.422222 17.345 16.636 16.123 15.396 15.387 0.08556 Sy1.5 Sy1.5

27 148.737083 9.498611 18.145 18.054 17.698 17.819 17.183 0.29825 Sy1.5 Sy1.5

28 150.456250 28.786111 18.548 17.955 16.828 16.627 16.811 0.1849 Sy1.9 Sy1.9

29 150.493750 55.680556 13.723 12.155 11.249 10.719 10.31 0.00393 Sy2 Em

30 151.507083 34.903056 17.799 16.108 15.088 14.625 14.267 0.09936 LINER LINER

31 157.931250 52.426389 19.999 18.489 17.338 16.797 16.492 0.16651 AGN Sy1.9/LINER

32 163.751667 52.033333 19.272 18.606 17.726 17.228 17.168 0.18753 AGN Sy1.5

33 167.189583 2.044444 18.989 17.608 16.618 16.134 15.819 0.15764 Sy1/BZG Sy1.9/LINER

34 168.636667 10.842778 20.121 18.65 17.414 16.893 16.568 0.19327 Sy1 Sy1.9

35 168.662083 32.692500 21.219 18.949 17.133 16.096 15.805 0.18758 Sy1n NLS1.8

36 169.779167 60.075000 19.11 18.091 17.458 17.143 16.621 0.26428 Sy2 LINER

37 170.114583 58.936944 19.535 18.111 17.039 16.631 16.338 0.15875 Sy2 LINER

38 171.158750 37.377778 18.796 18.548 17.722 17.23 17.088 0.22689 Sy1 Sy1.5

39 171.494583 20.098333 18.376 17.355 16.617 16.193 15.907 0.13297 - LINER

40 172.131667 58.562222 13.977 13.161 12.643 12.347 12.023 0.00999 HII HII

41 172.589167 0.972778 18.454 17.153 16.208 15.749 15.54 0.13258 Sy1.8 Sy1.9

42 174.338750 61.333611 19.258 17.82 16.879 16.347 16.096 0.11114 Sy2 LINER
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1 2 3 4 5 6 7 8 9 10 11

43 175.200000 46.368056 16.01 15.802 15.628 15.249 15.259 0.11452 Sy1/BZQ NLS1.2

44 175.745000 1.906111 19.453 18.322 17.638 17.259 16.969 0.13244 Sy2 LINER

45 175.915000 46.355556 18.508 16.455 15.382 14.895 14.578 0.11603 Sy LINER

46 176.410417 44.339167 19.309 18.599 17.808 17.392 17.033 0.29974 Sy2 LINER

47 176.842083 35.018889 17.101 15.474 14.589 14.112 13.838 0.06289 Sy2/BZG Sy1.9/LINER

48 178.586250 45.391389 19.149 18.229 17.31 16.905 16.736 0.1915 Sy1 Sy1.9/LINER

49 179.078333 31.468056 19.236 18.898 18.585 17.979 17.742 0.41743 Sy2 HII

50 179.365000 43.301389 18.177 18.056 17.582 17.245 17.254 0.23033 Sy1 NLS1.2

51 180.764583 60.521667 17.268 16.015 15.251 14.824 14.546 0.0653 LINER/BZB Em

52 183.540417 54.526389 14.445 13.728 13.234 13.146 12.759 0.00818 HII HII

53 184.707917 50.438056 19.723 18.382 17.176 16.883 16.675 0.1992 Sy2 Sy2.0/HII

54 185.805000 54.151944 17.357 16.959 16.574 16.179 16.13 0.15579 Sy1.5 Sy1.5

55 186.304167 32.233889 16.69 14.803 13.892 13.413 13.069 0.05923 Sy2 LINER

56 188.567917 50.907222 19.696 18.144 16.993 16.46 16.133 0.17248 Sy? AGN

57 188.626250 41.159444 19.747 18.448 17.203 16.952 16.775 0.19093 Sy2 Sy2.0

58 193.550000 27.625556 18.477 16.544 15.613 15.157 14.871 0.08582 Sy2 LINER

59 195.997917 3.658889 20.544 18.74 17.504 16.983 16.67 0.18392 Sy1 Sy1.9

60 197.769583 27.468611 19.976 18.692 17.452 16.989 16.708 0.23992 Sy2 HII

61 200.555833 21.789167 17.203 16.617 16.25 15.78 15.744 0.08519 - Sy1.8

62 203.222083 2.012500 18.856 18.374 17.631 17.096 16.942 0.21582 Sy1 Sy1.5/LINER

63 203.656250 56.530000 18.397 18.382 18.342 18.371 17.832 0.34262 Sy1/BZQ Sy1.2

64 204.572083 48.276111 15.78 14.429 13.836 13.443 13.115 0.02758 Sy2 HII

65 204.574167 48.277778 15.773 14.488 13.839 13.537 13.289 0.0277 LINER LINER

66 205.395417 53.745278 19.325 17.723 16.673 16.182 15.864 0.14094 AGN Sy1.9/LINER

67 205.681667 5.075833 18.52 17.367 16.432 15.987 15.648 0.13648 Sy1 LINER

68 206.175417 55.886944 16.584 14.98 14.304 13.845 13.704 0.03734 Sy2 LINER

69 206.182500 55.050000 19.151 17.123 15.961 15.48 15.167 0.15291 AGN Sy2.0/LINER

70 206.438333 53.547500 18.082 17.651 17.011 16.471 16.322 0.13561 Sy1 NLS1.2

71 206.573333 62.346111 17.137 16.877 16.497 15.978 15.961 0.11618 Sy1 Sy1.5

72 208.075000 31.446111 16.857 15.056 14.125 13.615 13.261 0.04519 LINER LINER

73 208.213333 65.686944 17.921 17.173 16.356 16.08 16.117 0.20644 Sy2 Sy2.0/HII

74 210.631667 2.262778 19.443 17.906 16.942 16.556 16.299 0.17965 Sy2.0 Sy2.0

75 218.166250 36.302500 15.445 13.564 12.485 11.975 11.545 0.01325 LINER Em

76 220.761250 52.026944 18.549 17.572 16.671 16.104 15.901 0.14121 Sy1.5 Sy1.5/LINER

77 222.340000 63.270556 16.118 14.281 13.523 13.118 12.859 0.04168 Sy2 LINER

78 225.914583 10.267500 19.863 17.859 16.891 16.396 16.087 0.09511 Sy2 LINER/HII

79 228.065833 2.054444 19.123 18.436 17.645 17.196 16.897 0.21985 Sy1/BZG Sy1.9/LINER

80 228.416667 26.124167 20.004 17.872 16.83 16.394 16.013 0.10853 Sy2 Abs

81 229.167500 0.250556 17.229 15.679 14.801 14.332 14 0.05259 LINER/BZG LINER

82 229.185417 7.021389 15.717 13.656 12.76 12.332 12.007 0.03453 Sy2 LINER

83 229.288333 33.890000 18.68 16.887 15.753 15.191 15.054 0.13515 Sy2 LINER

84 229.525833 42.745278 16.278 15.298 14.757 14.318 14.013 0.04027 LINER HII

85 231.525417 41.670833 15.442 13.759 12.894 12.659 12.168 0.00829 LINER LINER

86 232.425833 35.147500 18.37 18.565 18.058 17.891 16.966 0.28712 - Sy1.2

87 233.418333 35.739167 18.63 18.515 18.228 17.777 17.783 0.15637 Sy1 Sy1.5

88 239.865417 53.515000 20.42 18.626 17.54 17.172 16.879 0.17921 Sy2 LINER

89 240.693333 52.732778 18.272 16.62 15.694 15.148 14.857 0.10569 Sy1 AGN

Òàáëèöà 3 (Ïðîäîëæåíèå)
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Èç òàáë.1 è 2 âèäíî, ÷òî 4 îáúåêòà ðàíåå íå èìåëè êëàññèôèêàöèþ. Ñ
ïîìîùüþ ñïåêòðîâ SDSS DR15 ìû âïåðâûå êëàññèôèöèðîâàëè ýòè îáúåêòû.

4. Çàêëþ÷åíèe. Â ýòîé ðàáîòå ïðèâåäåíà äåòàëüíàÿ ñïåêòðàëüíàÿ êëàññè-
ôèêàöèÿ 96 àêòèâíûõ ãàëàêòèê èç êàòàëîãà VCV-13. Ñ ïîìîùüþ èçâåñòíûõ
ðàäèîêàòàëîãîâ ýòè îáúåêòû èäåíòèôèöèðîâàíû êàê ðàäèîèñòî÷íèêè. Áûëè
îòîáðàíû òå ãàëàêòèêè, êîòîðûå èìåëè ðàäèîïîòîêè, ïî êðàéíåé ìåðå, â 6
ðàçíûõ ðàäèîäèàïàçîíàõ è îïòè÷åñêîå ñïåêòðàëüíîå îòîæäåñòâëåíèå â SDSS.
Èñïîëüçóÿ SDSS ñïåêòðû ýòèõ îáúåêòîâ, äëÿ íèõ îïðåäåëåíû òèïû àêòèâíîñòè.
Äëÿ áîëåå óâåðåííîé êëàññèôèêàöèè èñïîëüçîâàëèñü òðè äèàãíîñòè÷åñêèå
äèàãðàììû (ðèñ.2) è ïðÿìîå èññëåäîâàíèå ñïåêòðîâ. Â ðåçóëüòàòå äëÿ 85%
èç ýòèõ îáúåêòîâ èçìåíèëèñü êëàññèôèêàöèè (òàáë.2, 3).

Ñ ïîìîùüþ ñïåêòðîâ SDSS DR15 è äèàãíîñòè÷åñêèõ äèàãðàìì âïåðâûå
áûëè êëàññèôèöèðîâàíû ÷åòûðå îáúåêòà.

Ðàäèîïîòîêè â ðàçíûõ ðàäèîäèàïàçîíàõ ïîçâîëÿþò ïîñòðîèòü ñïåêòðàëüíîå
ðàñïðåäåëåíèå ýíåðãèè â ðàäèî è ñîïîñòàâëÿòü ñ îïòè÷åñêèìè òèïàìè àêòèâ-
íîñòè (38 ÌÃö äî 15.7 ÃÃö). È äëÿ ýòèõ îáúåêòîâ áûëè ïîëó÷åíû ðàäèî-
ñïåêòðàëüíûå èíäåêñû: 05606090 ..  , 02706010 ..sy  , LINER

02505960 ..  , 03906670HII ..  , 04307130Comp. ..   [30].
Ñïåêòðàëüíàÿ êëàññèôèêàöèÿ ðàçëè÷íûõ âûáîðîê àêòèâíûõ ãàëàêòèê

ïðèâîäèò ê íàêîïëåíèþ äàííûõ ïî áîëüøîìó êîëè÷åñòâó îáúåêòîâ, ÷òî
ïîçâîëèëî ðàçâèòü äåòàëüíóþ êëàññèôèêàöèþ ïî òèïàì àêòèâíîñòè ñ
èñïîëüçîâàíèåì ïîäêëàññîâ îáúåêòîâ ñ øèðîêèìè è óçêèìè ðàçðåøåííûìè
ëèíèÿìè è îáúåêòîâ ñ ñîñòàâíûì ñïåêòðîì [25-29].

ÍÀÍ ÐÀ Áþðàêàíñêàÿ àñòðîôèçè÷åñêàÿ îáñåðâàòîðèÿ èì. Â.Àìáàðöóìÿíà
(ÁAO), Àðìåíèÿ, e-mail: abrahamyanhayk@gmail.com

Òàáëèöà 3 (Îêîí÷àíèå)

1 2 3 4 5 6 7 8 9 10 11

90 241.327083 37.948056 17.308 17.192 17.063 16.829 16.932 0.20096 Sy1n/AGN NLS1.5

91 243.582083 50.465556 17.439 15.475 14.456 14.003 13.705 0.06026 Sy2 LINER

92 244.427917 32.376111 18.249 17.498 16.81 16.072 16.119 0.151 Sy1 Sy1.5

93 250.952500 17.263333 18.704 17.272 16.138 15.647 15.245 0.163 Sy2 LINER

94 258.344167 32.941111 17.901 17.224 16.641 16.145 15.927 0.10158 Sy1 NLS1.5

95 263.099167 55.414722 18.153 16.107 15.139 14.682 14.341 0.06187 Sy? Em

96 353.305000 0.820000 19.454 18.07 17.121 16.661 16.486 0.1699 Sy2 Sy2.0/LINER
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CLASSIFICATION BY ACTIVITY TYPE OF A SAMPLE
OF GALAXIES WITH RADIO EMISSION

H.V.ABRAHAMYAN, A.M.MICKAELIAN, G.M.PARONYAN,
G.A.MIKAYELYAN

This work provides a detailed spectral classification of 96 active galaxies from
the Véron-Cetty and Véron catalog (2010, 13th version, VCV-13), which is a
catalog of active galaxies and quasars. These objects were identified as radio sources
using different radio catalogs in different radio bands. Having data from radio
catalogs, we took those galaxies that had radio streams in at least 6 different radio
bands and optical spectral identification from the SDSS catalog. Using the spectra
from the SDSS catalog, these 96 objects were studied and detailed types of activity
for them. For a more confident classification wå used three diagnostic charts and
a direct study of the spectra. As a result, we have changed classification for 85%
of these objects. Radio radiation in different radio bands allows us to build the
spectral energy distribution in the radio and compare with the optical types of
activity.

Keywords: galaxies: active galactic nuclei: radio galaxies: spectral classification
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