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Êîìïàêòí³ ãàëàêòèêè ç àêòèâíèì çîðåóòâîðåííÿì 
ç SDSS DR14: òåìïè çîðåóòâîðåííÿ, âèçíà÷åí³ 
çà êîìá³íàö³ÿìè ñâ³òíîñòåé ó ð³çíèõ ä³àïàçîíàõ

Ó ðîáîò³ íàâåäåíî ô³çè÷í³ õàðàêòåðèñòèêè âåëèêî¿ âèá³ðêè êîìïàêò -
íèõ ãàëàêòèê ç àêòèâíèì çîðåóòâîðåííÿì ç îãëÿäó íåáà SDSS DR14.
Âèá³ðêà âêëþ÷àº ïîíàä 30 òèñÿ÷ êîìïàêòíèõ ³çîëüîâàíèõ ãàëàê òèê ç
êóòîâèìè ä³àìåòðàìè ìåíø í³æ 6². Ó ñïåêòðàõ â³ä³áðàíèõ ãàëàêòèê
ñïîñòåð³ãàþòüñÿ åì³ñ³éí³ ë³í³¿ Hb ç åêâ³âàëåíòíèìè øèðèíàìè
EW(Hb) ³ 1 íì. Çîðÿí³ ìàñè ãàëàêòèê âèá³ðêè ðîçïîä³ëåíî ó øèðîêîìó
ä³à ïàçîí³ â³ä 105M� äî 1011M�, ç ìàêñèìóìîì ðîçïîä³ëó íà 109M�.
Âì³ñò êèñíþ 12+ lg(O/H) âèçíà÷åíî â ä³àïàçîí³ 7.8...8.2 äëÿ á³ëüøîñò³
ãàëàêòèê, ç ìàêñèìóìîì ðîçïîä³ëó íà 8.05. Êîìïàêòí³ ãàëàêòèêè õà -
ðàê òåðèçóþòüñÿ âèñîêèì ïèòîìèì òåìïîì çîðåóòâîðåííÿ, ùî ñÿãàº
çíà÷åíü 10–8...10–7 ð³ê–1. Ñïåêòðàëüí³ äàí³ SDSS äëÿ ãàëàêòèê âèá³ðêè
áóëî äîïîâíåíî ôîòîìåòðè÷íèìè äàíèìè ïðî âèïðîì³íþâàííÿ ó
áëèæ íüîìó òà äàëüíüîìó óëüòðàô³îëåòîâîìó ä³àïàçîíàõ ³ ñåðåä -
íüîìó ³íôðà÷åðâîíîìó ä³àïàçîí³ íà 22 ìêì çã³äíî îãëÿä³â íåáà GALEX
òà WISE â³äïîâ³äíî. Äëÿ ãàëàêòèê âèá³ðêè áóëî âèçíà÷åíî òåìïè
çîðåóòâîðåííÿ, ÿê³ äëÿ ñêîðî÷åííÿ íàçâàí³ «êîìïî çèòíèìè», ïðè ðîç -
ðàõóíêàõ ÿêèõ âèêîðèñòàíî êîìá³íàö³¿ äâîõ ç ï’ÿòè ñïîñòåðåæóâàíèõ
ñâ³òíîñòåé: L(Ha ) â åì³ñ³éí³é ë³í³¿ Ha , óëüòðàô³î ëåòîâîìó êîíòè -
íóóì³ L(FUV) òà L(NUV), êîíòèíóóì³ â ñåðåäíüîìó ³íôðà÷åðâîíîìó
ä³àïàçîí³ L(22 ìêì), à òàêîæ ïîâíî¿ ñâ³òíîñò³ â ³í ôðà ÷åðâîíîìó ä³à -
ïàçîí³ L(TIR). Ïðîâåäåíî ïîð³âíÿííÿ «êîìïîçèò íèõ» òåìï³â çîðåóò -
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âîðåííÿ ç òåìïàìè çîðåóòâîðåííÿ, âèçíà÷åíèìè çà ñâ³òíîñòÿìè â
åì³ñ³éí³é ë³í³¿ Hb, ÿê³ âèïðàâëåí³ çà åêñòèíêö³þ ³ ñïåê òðàëüíó àïåð -
òóðó SDSS. Äëÿ âèá³ðêè êîìïàêòíèõ ãàëàêòèê ç àêòèâ íèì çîðåóò -
âîðåííÿì îòðèìàíî çàëåæíîñò³ «êîìïîçèòíèõ» òåìï³â çîðåóòâîðåí -
íÿ â³ä ðîçãëÿíóòèõ ³íäèêàòîð³â, ùî óçãîäæóþòüñÿ ì³æ ñîáîþ òà ç
òåìïàìè çîðåóòâîðåííÿ SFR(Hb), âèçíà÷åíèìè çà ñâ³òíîñ òÿìè â ë³í³¿ 
Hb, â³äêîðèãîâàíèìè çà åêñòèíêö³þ ³ ñïåêòðàëüíó àïåð òóðó.
Êëþ÷îâ³ ñëîâà: êàðëèêîâ³ ãàëàêòèêè ³ç çîðåóòâîðåííÿì, îáëàñò³ ³îí³-
çî âà íîãî âîäíþ, ì³æçîðÿíèé ïèë, óëüòðàô³îëåòîâå òà ³íôðà÷åðâîíå
âèïðîì³íþâàííÿ.

ÂÑÒÓÏ

Òåìï çîðåóòâîðåííÿ (SFR — star for ma tion rate), ÿêèé âèçíà÷àºòüñÿ ÿê
ìàñà ç³ð, óòâîðåíèõ çà îäèíèöþ ÷àñó, º âàæëèâîþ âåëè÷èíîþ, ÿêà õà -
ðàêòåðèçóº øâèäê³ñòü çðîñòàííÿ ìàñè çîðÿíîãî êîìïîíåíòà ãàëàê òè -
êè, çáàãà÷åííÿ ðå÷îâèíè ãàëàêòèêè ïðîäóêòàìè íóêëåîñèíòåçó, òåï ëî -
âèé òà ³îí³çàö³éíèé ñòàí ì³æçîðÿíî¿ ðå÷îâèíè ãàëàêòèêè. 

Çàçâè÷àé â îáëàñòÿõ çîðåóòâîðåííÿ â³äáóâàºòüñÿ ôîðìóâàííÿ ç³ð ó
øèðîêîìó ä³àïàçîí³ ìàñ, ÿêèé âêëþ÷àº ìàñèâí³ çîð³, ùî ³îí³çóþòü
ì³æ çîðÿíå ñåðåäîâèùå, ñòâîðþþ÷è îáëàñò³ ³îí³çîâàíîãî âîäíþ, ó
ñïåê ò ðàõ ÿêèõ ñïîñòåð³ãàþòüñÿ ñèëüí³ ðåêîìá³íàö³éí³ ë³í³¿ âîäíþ.
Ñâ³ò íîñò³ ó ë³í³ÿõ âîäíþ, ÿê ïðàâèëî ó ë³í³ÿõ Ha  òà Hb, äàþòü ìîæ -
ëèâ³ñòü âèçíà÷èòè òåìï çîðåóòâîðåííÿ, ÿêùî çàô³êñîâàíî õàðàêòåð
(³ñ òî ð³þ) çîðåóòâîðåííÿ, íàïðèêëàä íåïåðåðâíå ç ïîñò³éíèì òåìïîì
àáî ñïàëàõîâå çîðåóò âîðåííÿ, ïî÷àòêîâó ôóíêö³þ ìàñ (IMF).

²íøèìè ³íäèêàòîðàìè ïðîöåñó çîðåóòâîðåííÿ ìîæóòü áóòè âèïðî -
ì³íþâàííÿ â óëüòðàô³îëåòîâîìó ä³àïàçîí³, ³íôðà÷åðâîíå âèïðîì³íþ -
âàííÿ ïèëó, ùî íàãð³âàºòüñÿ ìîëîäèì çîðÿíèì íàñåëåííÿì, â³ëüíî-
â³ëü íå (free-free) âèïðîì³íþâàííÿ ó ðàä³îêîíòèíóóì³. Çàëåæíîñò³ òåì -
ïó çîðåóòâîðåííÿ â³ä ñâ³òíîñòåé ãàëàêòèê ó íàçâàíèõ ä³àïàçîíàõ âè -
â÷à ëèñü, íàïðèêëàä, ó ðîáîòàõ [5, 9, 13, 18, 21, 25, 28]. Çàçíà÷èìî, ùî
ñâ³òíîñò³ ó öèõ çàëåæíîñòÿõ, ÿê ïðàâèëî, º ñïîñòåðåæíèìè âåëè÷è -
íàìè. Ëèøå â äåÿêèõ âèïàäêàõ ¿õ âèïðàâëåíî çà åêñòèíêö³þ.

ßê óæå â³äì³÷åíî, êîåô³ö³ºíòè â çàëåæíîñòÿõ, ÿê³ ïîâ’ÿçóþòü ñâ³ò -
íîñò³ ãàëàêòèê òà òåìï çîðåóòâîðåííÿ, çàëåæàòü â³ä íèçêè ôàêòîð³â.
Äåòàëüíèé àíàë³ç âïëèâó òàêèõ ôàêòîð³â, ÿê âì³ñò âàæêèõ åëåìåíò³â,
ïî÷àòêîâà ôóíêö³ÿ ìàñ, ð³çí³ ìîäåë³ åâîëþö³éíîãî ñèíòåçó çîðÿíîãî
íàñåëåííÿ (EPS-ìîäåë³), íà êîåô³ö³ºíòè ó çàëåæíîñòÿõ, ùî ïîâ’ÿçóþòü 
ñâ³òí³ñòü ãàëàêòèêè ó âèáðàíîìó ä³àïàçîí³ äîâæèí õâèëü òà SFR, çðîá -
ëåíî, íàïðèêëàä, ó ðîáîò³ [27]. Ïðè âèçíà÷åíí³ òåìïó çîðåóòâîðåííÿ çà 
ñâ³òí³ñòþ â åì³ñ³éí³é ë³í³¿ Ha  êîåô³ö³ºíò ó â³äïîâ³äí³é ¿é çàëåæíîñò³
ìîæå çì³íþâàòèñü íà 0.43...0.61 dex â³ä çì³íè ïðèéíÿòîãî âì³ñòó
âàæêèõ åëåìåíò³â, ïðè öüîìó â³í ìåíøå çàëåæèòü â³ä âàð³àö³é IMF
(0.06...0.33 dex) òà EPS-ìîäåëåé (~0.2 dex). Ïðè âèçíà÷åíí³ SFR çà
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ñâ³òí³ñòþ â ³íôðà÷åðâîíîìó ä³àïàçîí³ âïëèâ ïðèéíÿòòÿ ð³çíèõ EPS-
ìî äåëåé (~1.2 dex) íà â³äïîâ³äíèé êîåô³ö³ºíò óäâ³÷³ á³ëüøèé, í³æ
âïëèâ ïðèéíÿòòÿ ð³çíèõ çíà÷åíü IMF (£ 0.3 dex) àáî âì³ñòó âàæêèõ
åëåìåíò³â (0.3...0.6 dex). Äëÿ ñâ³òíîñò³ â óëüòðàô³îëåòîâîìó ä³àïàçîí³
ÿê ³íäèêàòîðà òåìïó çîðåóòâîðåííÿ âïëèâ åôåêò³â EPS-ìîäåëåé, IMF
òà âì³ñòó âàæêèõ åëåìåíò³â ïîð³âíÿíî îäíàêîâèé òà ñòàíîâèòü ïðè -
áëèçíî 0.2 dex. Îö³íêè ìàêñèìàëüíîãî âïëèâó, îòðèìàí³ ó ðîáîò³ [27]
äëÿ ÓÔ-ä³àïàçîíó òà ë³í³¿ Ha  ÿê ³íäèêàòîð³â çîðåóòâîðåííÿ, ó äå ê³ëüêà 
ðàç³â âèù³ â³ä àíàëîã³÷íèõ îö³íîê ðîáîòè [13].

Ðàçîì ³ç çàëåæíîñòÿìè, â ÿêèõ SFR âèçíà÷àºòüñÿ çà ñâ³òí³ñòþ â
îäí³é ë³í³¿ ÷è ñìóç³ âèïðîì³íþâàííÿ, ç’ÿâèëèñü òàê³, ÿê³ ïîâ’ÿçóþòü
òåìï çîðåóòâîðåííÿ ç êîìá³íàö³ºþ ñâ³òíîñòåé ó äâîõ ä³àïàçîíàõ
äîâæèí õâèëü, íàïðèêëàä â óëüòðàô³îëåòîâîìó òà ³íôðà÷åðâîíîìó [8], 
â åì³ñ³éí³é ë³í³¿ Ha òà ³íôðà÷åðâîíîìó ä³àïàçîí³ [5, 15]. Ïåðåâàãà
òàêîãî ï³äõîäó ïîëÿãàº ó òîìó, ùî ïðè ðîçðàõóíêó òåìïó çîðå óò âî ðåí -
íÿ âðàõîâóºòüñÿ ïîâíå ³îí³çàö³éíå òà íå³îí³çàö³éíå óëüòðàô³îëåòîâå
âèïðîì³íþâàííÿ — ÿê òå, ùî âèõîäèòü çà ìåæ³ ãàëàêòèêè, òàê ³ òå, ùî
áóëî ïîãëèíóòå ïèëîì ³ ïåðåâèïðîì³íåíå. Ó öèõ çàëåæíîñòÿõ âèêî -
ðèñòîâóºòüñÿ ñïîñòåðåæóâàíà ñâ³òí³ñòü, òîáòî ñâ³òí³ñòü áåç êîðåêö³é
çà åêñòèíêö³þ. Ó ë³òåðàòóð³ ó êîíòåêñò³ îáãîâîðåííÿ ïðîáëåìè âè çíà -
÷åííÿ òåìïó çîðåóòâîðåííÿ â ãàëàêòèêàõ íà îñíîâ³ êîìïîçèö³¿ ³íäèêà -
òîð³â — ñâ³òíîñòåé â ð³çíèõ ä³àïàçîíàõ — ÷àñòî âèêîðèñòîâóºòüñÿ
òåðì³í «êîìïîçèòíèé» (äèâ., íàïðèêëàä, [8, 15]). Òîìó ó ïîäàëüøîìó
äëÿ ñòèñëîñò³ âèêëàäåííÿ òåìï çîðåóòâîðåííÿ â ãàëàêòèêàõ, ÿêèé âè -
çíà÷åíî çà êîìá³íàö³ºþ ñâ³òíîñòåé ãàëàêòèê ó ð³çíèõ ä³àïàçîíàõ,
óìîâ íî íàçèâàòèìåìî «êîìïîçèòíèì» òåìïîì çîðåóòâîðåííÿ.

Â îñòàíí³ äåñÿòèð³÷÷ÿ ç âèêîðèñòàííÿì íàçåìíèõ òà êîñì³÷íèõ òå -
ëåñêîï³â áóëî ïðîâåäåíî ñïîñòåðåæåííÿ äåê³ëüêîõ ñîòåíü íîðìàëüíèõ 
ãàëàêòèê íà íåâåëèêèõ ÷åðâîíèõ çì³ùåííÿõ ó øèðîêîìó ä³àïàçîí³
äîâæèí õâèëü — â³ä óëüòðàô³îëåòîâîãî äî äàëåêîãî ³íôðà÷åðâîíîãî
(íàïðèêëàä, SINGS — SPITZER Nearby Gal ax ies Sur vey, SSGSS —
ñïåêòðàëüíèé îãëÿä SPITZER-SDSS-GALEX), ìåòîþ ÿêèõ áóëî äå -
òàëüíå äîñë³äæåííÿ ðîçïîä³ëó åíåðã³¿ ó ñïåêòðàõ ãàëàêòèê òà îòðè ìàí -
íÿ çàëåæíîñòåé òåìï³â çîðåóòâîðåííÿ â³ä ð³çíèõ ³íäèêàòîð³â, çîêðåìà
«êîìïîçèòíèõ» [6, 14, 17, 19, 23].

Ó ðîáîò³ [10] ïðîâåäåíî äîñë³äæåííÿ âëàñòèâîñòåé êîìïàêòíèõ ãà -
ëàêòèê ç àêòèâíèì çîðåóòâîðåííÿì (CSFG-âèá³ðêà), ³íòåãðàëüí³ õà -
ðàê òå ðèñ òèêè ÿêèõ ñóòòºâî â³äð³çíÿþòüñÿ â³ä õàðàêòåðèñòèê áëèçüêèõ
íîðìàëüíèõ ãàëàêòèê, àëå âîäíî÷àñ áàãàòî ó ÷îìó ñõîæ³ ç õàðàê òå -
ðèñòèêàìè ãàëàêòèê íà âåëèêèõ ÷åðâîíèõ çì³ùåííÿõ z > 2. Ìåòà äàíî¿
ðîáîòè — ïåðåâ³ðèòè ìîæëèâ³ñòü âèêîðèñòàííÿ äëÿ âèá³ðêè êîìïàêò -
íèõ ãàëàêòèê ³ç çîðåóòâîðåííÿì (CSFG) çàëåæíîñòåé ì³æ «êîìïîçèò -
íèìè» òåìïàìè çîðåóòâîðåííÿ òà ð³çíèìè êîìá³íàö³ÿìè ñâ³òíîñòåé,
ÿê³ îòðèìàíî äëÿ áëèçüêèõ íîðìàëüíèõ ãàëàêòèê [5, 8, 15], ³ ó âèïàäêó
¿õ íüî¿ â³äì³ííîñò³ îòðèìàòè íîâ³ çàëåæíîñò³ äëÿ âèçíà÷åííÿ SFR ïî
âèá³ðö³. Ó ðîáîò³ îáãîâîðþþòüñÿ êðèòåð³¿ ñåëåêö³¿ âè á³ðêè CSFG ³ ¿¿
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äåÿê³ õàðàêòåðèñòèêè òà îòðèìàíî îö³íêè «êîìïîçèò íèõ» òåìï³â çîðå -
óòâîðåííÿ äëÿ âèá³ðêè CSFG.

ÂÈÁ²ÐÊÀ ÊÎÌÏÀÊÒÍÈÕ ÃÀËÀÊÒÈÊ 

Ç ÀÊÒÈÂÍÈÌ ÇÎÐÅÓÒÂÎÐÅÍÍßÌ Ç SDSS DR14

Îá’ºêòè äî âèá³ðêè êîìïàêòíèõ ãàëàêòèê ç àêòèâíèì çîðåóòâîðåííÿì
(CSFG) áóëî â³ä³áðàíî ç 14-ãî âèïóñêó SDSS [1]. Âèá³ðêà âêëþ÷àº
ïðèáëèçíî 30000 ãàëàêòèê íà ÷åðâîíèõ çì³ùåííÿõ z = 0...1. Â³äá³ð
ãàëàêòèê ïðîâîäèâñÿ íà îñíîâ³ êðèòåð³¿â, îïèñàíèõ ó ðîáîò³ [10].
Ïåðåâàæíà ÷àñòèíà â³ä³áðàíèõ ãàëàêòèê — êîìïàêòí³ (ç ä³àìåòðàìè
ìåíøå 6²) ³çîëüîâàí³ îá’ºêòè íà â³äñòàíÿõ, ÿê ïðàâèëî, çíà÷íî á³ëüøèõ 
í³æ 50 Ìïê, íàâêîëî ÿêèõ â³äñóòí³ ³íø³ ãàëàêòèêè. Ó ñïåêòðàõ óñ³õ
â³ä³áðàíèõ ãàëàêòèê ë³í³ÿ Hb ñïîñòåð³ãàºòüñÿ â åì³ñ³¿ ç åêâ³âàëåíòíèìè 
øèðèíàìè EW(Hb) ³ 1 íì, ùî ñâ³ä÷èòü ïðî àêòèâíå çîðåóòâîðåííÿ ³

íàÿâí³ñòü ãàðÿ÷èõ ìàñèâíèõ ç³ð. Ãàëàêòèêè âèá³ðêè íà ä³àãíîñòè÷í³é
ä³àãðàì³ [O III] l 500.7/ Hb — [N II] l 658.4/Ha  [3] ç äåìàðêàö³éíîþ
êðèâîþ ç [12] ëåæàòü â îáëàñò³ ãàëàêòèê ³ç çîðåóòâîðåííÿì, à íå
àêòèâíèõ ãàëàêòè÷íèõ ÿäåð. SDSS-ñïåêòðè ãàëàêòèê âèêîðèñòîâóâà -
ëèñÿ äëÿ âèçíà÷åííÿ äåÿêèõ ³íòåãðàëüíèõ õàðàêòåðèñòèê ãàëàêòèê,
çîêðåìà âì³ñòó êèñíþ 12 + lg(O/H), ñâ³òíîñò³ L(Hb) â åì³ñ³éí³é ë³í³¿
Hb, ìàñè ç³ð M star , òåìïó çîðåóòâîðåííÿ SFR(Hb) ³ ïèòîìîãî òåìïó
çîðåóòâîðåííÿ sSFR = SFR(Hb)/M star . Â³äçíà÷èìî, ùî ñâ³òíîñò³ L(Hb)
â ë³í³¿ Hb äëÿ âèçíà÷åííÿ SFR(Hb) áóëî âèïðàâëåíî çà ïîâíó ì³æçî -
ðÿíó åêñòèíêö³þ, âèçíà÷åíó ÿê ç óðàõóâàííÿì âïëèâó ×óìàöüêîãî
Øëÿõó (çà äàíèìè NED), òàê ³ âëàñíå ãàëàêòèêè çã³äíî ç äàíèìè
ñïîñòåðåæóâàíîãî äåêðåìåíòà åì³ñ³éíèõ ë³í³é âîäíþ ñåð³¿ Áàëüìåðà.
Êîðåêö³¿ çà ñïåêòðàëüíó àïåðòóðó áóëè âíåñåí³ øëÿõîì ïîð³âíÿííÿ
ïîâíî¿ çîðÿíî¿ âåëè÷èíè îá’ºêòà ó ñìóç³ r ³ çîðÿíî¿ âåëè÷èíè ràï âñå -
ðåäè í³ ñïåêòðàëüíî¿ àïåðòóðè (çà äàíèìè SDSS).
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Ðèñ. 1. Ã³ñòîãðàìè ðîçïîä³ë³â êîìïàêòíèõ ãàëàêòèê ç àêòèâíèì çîðåóòâîðåííÿì ç SDSS DR14:
à — ïî çíà÷åííÿõ ìàñè çîðÿíîãî êîìïîíåíòà M star ; á — ïî çíà÷åííÿõ âì³ñòó êèñíþ 12 +
+ lg(O/H)



Âèá³ðêó CSFG òàêîæ áóëî äîïîâíåíî ôîòîìåòðè÷íèìè äàíèìè ó
ï’ÿòè ñìóãàõ u, g, r, i, z îïòè÷íîãî ä³àïàçîíó ç SDSS, ó äâîõ ñìóãàõ
FUV ³ NUV óëüòðàô³îëåòîâîãî ä³àïàçîíó çà ñïîñòåðåæåííÿìè íà
êîñì³÷íîìó òåëåñêîï³ GALEX, à òàêîæ â ÷îòèðüîõ ñìóãàõ 3.4, 4.6, 12 ³
22 ìêì ñåðåäíüîãî ³íôðà÷åðâîíîãî ä³àïàçîíó çà ñïîñòåðåæåííÿìè íà
êîñì³÷íîìó òåëåñêîï³ WISE.

Äåÿê³ õàðàêòåðèñòèêè âèá³ðêè CSFG ãàëàêòèê ç SDSS DR14 íàâå -
äåíî íà ðèñ. 1 ³ 2. Îòðèìàíî, ùî çîðÿí³ ìàñè ãàëàêòèê âèá³ðêè ðîç ïî -
ä³ëåíî â øèðîêîìó ä³àïàçîí³ â³ä 105M8 äî 1011M8 ç ìàêñèìóìîì ðîç -
ïî ä³ëó ïðèáëèçíî íà 109M8 (ðèñ. 1a). Âì³ñò êèñíþ 12 + lg(O/H) íèæ -
÷èé â³ä ñîíÿ÷íîãî ³ ëåæèòü â ä³àïàçîí³ 7.8...8.2 äëÿ á³ëüøîñò³ ãàëàêòèê
ç ìàêñèìóìîì ðîçïîä³ëó íà 8.05 (ðèñ. 1á). 

Òåìï çîðåóòâîðåííÿ ãàëàêòèê SFR(Hb) áóëî âèçíà÷åíî çã³äíî ³ç çà -
ëåæí³ñòþ [13], ÿêó ðîçðàõîâàíî äëÿ ìîäåë³ íåïåðåðâíîãî ç ïîñò³éíèì
òåìïîì çîðåóòâîðåííÿ, ñî íÿ÷íîãî âì³ñòó êèñíþ ³ ïî÷àòêîâî¿ ôóíêö³¿
ìàñ Ñîëï³òåðà [22] (ä³àïà çîí ìàñ ç³ð (0.1...100)M8), àëå ïîìíîæåíî íà
1.5 ïðè âèêîðèñòàíí³ ôóíêö³¿ ìàñ Êðîóïà [16] ç íàõèëîì –2.3 ³ –1.3 äëÿ
ìàñ ç³ð ó ä³àïàçîíàõ (0.5...100)M8 òà (0.1...0.5)M8 â³äïîâ³äíî. Òåìïè
çîðåóòâîðåííÿ ³ åê â³âà ëåíòí³ øèðèíè åì³ñ³éíî¿ ë³í³¿ Hb â êîìïàêòíèõ
ãàëàêòèêàõ ìîæóòü ñÿãàòè âåëèêèõ çíà÷åíü, ïîíàä 100 M8/ð³ê òà á³ëüø 
í³æ 10 íì â³äïîâ³äíî, ùî âêàçóº íà àêòèâíå ïîòî÷íå çîðåóòâîðåííÿ
(ðèñ. 2à). Êîì ïàêòí³ ãàëàêòèêè òàêîæ õàðàêòåðèçóþòüñÿ âèñîêèì
ïèòîìèì òåìïîì çîðåóòâîðåííÿ, ùî ñÿãàº çíà÷åíü sSFR = 10–8...10–7

ð³ê–1. Ç öèìè çíà÷åííÿìè sSFR ïîâíà çîðÿíà ìàñà ãàëàêòèêè ìîæå áóòè 
ñôîðìîâàíà çà 10...100 ìëí ðîê³â (ðèñ. 2á). 
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Ðèñ. 2. Êîìïàêòí³ ãàëàêòèêè ç àêòèâíèì çîðåóòâîðåííÿì ç SDSS DR14: çàëåæí³ñòü â³ä
åêâ³âàëåíòíî¿ øèðèíè EW(Hb): à — òåìïó çîðåóòâîðåííÿ SFR(Hb); á — ïèòîìîãî òåìïó
çîðåóòâîðåííÿ sSFR = SFR(Hb)/M star



Â³äñòàí³ äî ãàëàêòèê, ùî âèêîðèñòîâóþòüñÿ ïðè ðîçðàõóíêàõ ìàñè 
³ ñâ³òíîñòåé, âèçíà÷åíî ç ÷åðâîíèõ çì³ùåíü, ç êîñìîëîã³÷íèìè ïàðà -
ìåò ðàìè H 0  = 67.1 êì×ñ–1Ìïê–1, W L = 0.682, W m= 0.318 [2].

ÒÅÌÏÈ ÇÎÐÅÓÒÂÎÐÅÍÍß, ÂÈÇÍÀ×ÅÍ² 

ÇÀ ÊÎÌÁ²ÍÀÖ²ßÌÈ ÑÂ²ÒÍÎÑÒÅÉ Ó Ð²ÇÍÈÕ Ä²ÀÏÀÇÎÍÀÕ

Ó ðîáîòàõ [4, 5, 8, 15] íàâåäåíî çàëåæíîñò³ äëÿ âèçíà÷åííÿ òåìï³â çî -
ðå óòâîðåííÿ, â ÿêèõ âèêîðèñòîâóþòüñÿ êîìá³íàö³¿ ñâ³òíîñòåé ãàëàê -
òèê, îòðèìàí³ ç³ ñïîñòåðåæåíü íà êîñì³÷íèõ òåëåñêîïàõ GALEX â
óëüò ðà ô³îëåòîâîìó ä³àïàçîí³ íà äîâæèíàõ õâèëü l = 145.0 íì (FUV) ³
220.0 íì (NUV) òà SPITZER â ³íôðà÷åðâîíîìó ä³àïàçîí³ íà äîâæèíàõ
õâèëü l = 3.6, 8, 24, 70 ³ 160 ìêì. Ö³ çàëåæíîñò³ áóëî îòðèìàíî äëÿ ëî -
êàëüíèõ íîðìàëüíèõ ãàëàêòèê â ðàìêàõ ìîäåë³ íåïåðåðâíîãî ç ïîñò³é -
íèì òåìïîì çîðåóòâî ðåí íÿ, ñîíÿ÷íîãî âì³ñòó êèñíþ òà ïî÷àòêîâî¿
ôóí êö³¿ ìàñ Êðîóïà [16]. Íà ÿâí³ñòü äàíèõ â øèðîêîìó ä³àïàçîí³
³íôðà÷åðâîíîãî ñïåêòðó äîçâî ëèëî àâòîðàì îêð³ì ìîíîõðîìàòè÷íèõ
ñâ³òíîñòåé âèçíà÷èòè ïîâíó ñâ³òí³ñòü â ³íôðà÷åðâîíîìó ä³àïàçîí³
(TIR — to tal in fra red). Êð³ì òîãî, áóëî âèêîðèñòàíî äàí³ ñïåêòðàëüíèõ
ñïîñòåðåæåíü ç øèðîêîþ ù³ëè íîþ äëÿ îòðèìàííÿ ïîâíî¿ ñâ³òíîñò³ â
ë³í³¿ Ha . Ö³ äàí³ ³ áóëî ïîêëà äåíî â îñíîâó çàëåæíîñòåé ì³æ òåìïîì
çîðåóòâîðåííÿ ³ êîìá³íàö³ÿìè ñâ³òíîñòåé. 

Îäíàê äëÿ âèá³ðêè êîìïàêòíèõ ãàëàêòèê ç àêòèâíèì çîðåóòâî ðåí -
íÿì ç SDSS DR14 ïðàêòè÷íî íåìàº äàíèõ ñïîñòåðåæåíü ç òåëåñêîïà
SPITZER. Òîìó çàì³ñòü ñâ³òíîñòåé íà äîâæèí³ õâèë³ l = 24 ìêì ìè âè -
êîðèñòàëè çíà÷åííÿ ñâ³òíîñòåé íà äîâæèí³ õâèë³ l = 22 ìêì çà äàíè ìè
ôîòîìåòðè÷íèõ ñïîñòåðåæåíü íà êîñì³÷íîìó òåëåñêîï³ WISE.

Çàì³íà ïîòîê³â âèïðîì³íþâàííÿ íà äîâæèí³ õâèë³ l = 22 ìêì çà -
ì³ñòü 24 ìêì ó çàëåæíîñòÿõ äëÿ âèçíà÷åííÿ «êîìïîçèòíèõ» òåìï³â çî -
ðåóòâîðåííÿ, îòðèìàíèõ â ðîáîòàõ [4, 5, 8, 15], âèìàãàº îá´ðóí òó âàííÿ
³ ìîæå áóòè çä³éñíåíà ëèøå çà óìîâè áëèçüêîñò³ ïîòîê³â. Ï³ñëÿ îòî -
òîæíåííÿ ãàëàêòèê ç îãëÿäó SPITZER In fra red Nearby Gal ax ies Sur vey
(SINGS) [14] ç äàíèìè ñïîñòåðåæåíü ì³ñ³¿ WISE íà îñíîâ³ äàíèõ ðîá³ò
[5—7, 14, 24, 26] áóëî ðîçãëÿíóòî ñï³ââ³äíîøåííÿ ïîòîê³â âè ïðî -
ì³íþâàííÿ íà äîâæèíàõ õâèëü l = 22 ³ 24 ìêì äëÿ ãàëàêòèê ç ð³çíèì
âì³ñòîì êèñíþ. Íà ðèñ. 3à íàâåäåíî çàëåæí³ñòü ì³æ ïîòîêàìè âèïðî -
ì³íþâàííÿ íà äîâæèíàõ õâèëü l = 22 ³ 24 ìêì â ãàëàêòèêàõ c âèñîêèì
âì³ñòîì êèñíþ 12 + lg(O/H) > 8.2. Âèÿâëåíî, ùî ïîòîêè âèïðîì³íþ -
âàííÿ íà äîâæèí³ õâèë³ l = 24 ìêì ñèñòåìàòè÷íî ïåðåâèùóþòü ïîòîêè
íà l = 22 ìêì, ùî ìîæíà ïîÿñíèòè íèçüêîþ òåìïåðàòóðîþ ïèëó. Ç
³íøîãî áîêó, ö³ ïîòîêè âèïðîì³íþâàííÿ ïðàêòè÷íî îäíàêîâ³ â
ãàëàêòèêàõ ç 12 + lg(O/H) < 8.2 (ðèñ. 3á). Ç îãëÿäó íà òå ùî á³ëüø³ñòü
ãàëàêòèê ó íàø³é âèá³ðö³ ìàº íèçüêèé âì³ñò êèñíþ 12 + lg(O/H) < 8.2
(ðèñ. 1á), ìè ââàæàºìî ïðèéíÿòíèì ðîçãëÿíóòè çàì³íó ïîòîê³â âèïðî -
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ì³íþâàííÿ íà äîâæèí³ õâèë³ 24 ìêì íà ïîòîêè íà äîâæèí³ õâèë³
22 ìêì ó âèðàçàõ äëÿ êîìïîçèòíèõ òåìï³â çîðåóòâîðåííÿ ç [4, 5, 8, 15].

Ó çâ’ÿçêó ç òèì ùî äëÿ ïåðåâàæíî¿ á³ëüøîñò³ êîìïàêòíèõ ãàëàêòèê
³ç çîðåóòâîðåííÿì â³äñóòí³ äàí³ ïðî âèïðîì³íþâàííÿ íà äîâæèíàõ
õâèëü l > 22 ìêì, äëÿ âèçíà÷åííÿ ñâ³òíîñòåé â ³íôðà÷åðâîíîìó ä³àïà -
çîí³ íà 60, 100 ìêì áóëî âèêîðèñòàíî êîðåëÿö³éí³ çàëåæíîñò³ â³äíî -
øåííÿ ñâ³òíîñòåé L(l > 22 ìêì)/L(l = 22 ìêì) â³ä ïîêàçíèêà êîëüîðó
m(3.4 ìêì) – m(22 ìêì) ç ðîáîòè [11] äëÿ ãàëàêòèê äàíîãî òèïó. Äëÿ
âèçíà÷åííÿ ïîòîê³â âèïðîì³íþâàííÿ íà á³ëüøèõ äîâæèíàõ õâèëü áóëî 
âèêîðèñòàíî êîðåëÿö³éí³ çàëåæíîñò³ ç ðîáîòè [20]. Òàêèì ÷èíîì, ïîâ -
í³ TIR-ñâ³òíîñò³ âèïðîì³íþâàííÿ CSFG-ãàëàêòèê â ³íôðà÷åðâîíîìó
ä³à ïàçîí³ äîâæèí õâèëü l = 8...500 ìêì áóëî îòðèìàíî ç âèêîðèñòàí -
íÿì ïîòîê³â âèïðîì³íþâàííÿ â ñåðåäíüîìó ²×-ä³àïàçîí³ çà äàíèìè
WISE, à òàêîæ çãàäàíèõ êîðåëÿö³éíèõ çàëåæíîñòåé.

Çàëåæíîñò³ äëÿ âèçíà÷åííÿ «êîìïîçèòíèõ» òåìï³â çîðåóòâîðåííÿ
ç ðîá³ò [5, 8, 15], ÿê³ ï³äñóìîâàíî â ðîáîò³ [4], ç óðàõóâàííÿì çàçíà -
÷åíèõ â³äì³ííîñòåé áóëî âèêîðèñòàíî â òàêîìó âèãëÿä³:

     lgSFR(FUV, 22 ìêì) = lg[L(FUV)obs + 3.89×L(22 ìêì)] – 43.35, (1)

     lgSFR(NUV, 22 ìêì) = lg[L(NUV)obs + 2.26×L(22 ìêì)] – 43.17, (2)

     lgSFR(Ha , 22 ìêì) = lg[L(Ha )obs + 0.031×L(22 ìêì)] – 41.27, (3)

     lgSFR(FUV, TIR) = lg[L(FUV)obs + 0.46×L(TIR)] – 43.35, (4)

     lgSFR(NUV, TIR) = lg[L(NUV)obs + 0.27×L(TIR)] – 43.17, (5)

     lgSFR(Ha , TIR) = lg[L(Ha )obs + 0.0024×L(TIR)] — 41.27, (6)

äå L(FUV) = l lL  = (145 íì)×L145, L(NUV) = l lL  = (220 íì)×L220,

L(22 ìêì) = l lL  = (22 ìêì)×L22, à Ll — ìîíîõðîìàòè÷í³ ñâ³òíîñò³ â
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Ðèñ. 3. Êî ðå ëÿ òèâ íà çà ëåæí³ñòü ì³æ ïîòîêàìè âèïðîì³íþâàííÿ íà 24 ìêì (äàí³ SINGS) òà 22
ìêì (äàí³ WISE) äëÿ ãàëàêòèê ç âì³ñòîì êèñíþ: à — 12 + lg(O/H) > 8.2, á — 12 + lg (O/H) < 8.2



îäèíèöÿõ åðã×ñ–1íì–1 äëÿ FUV ³ NUV òà â åðã×ñ–1ìêì–1 äëÿ 22 ìêì. Â³ä -
çíà÷èìî, ùî ñâ³òíîñò³ â ÓÔ-ä³àïàçîí³ òà â ë³í³¿ Ha â ð³âíÿííÿõ (1)—(6)
íå âèïðàâëåíî çà åêñòèíêö³þ, òîä³ ÿê â ³íôðà÷åðâîíîìó ä³àïàçîí³ åêñ -
òèíêö³ÿ íåçíà÷íà, ³ íåìàº íåîáõ³äíîñò³ ¿¿ âðàõîâóâàòè.

Íà ðèñ. 4à—4â äëÿ âèá³ðêè êîì ïàê òíèõ ãà ëàê òèê ç SDSS íà âå äå íî
çà ëåæ íîñò³ «êîì ïî çèò íèõ» òåìï³â çî ðå óò âî ðåí íÿ, îò ðè ìà íèõ ç âè êî -
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Ðèñ. 4. Ë³âîðó÷ — êî ðå ëÿ òèâí³ çà ëåæ íîñò³ «êîì ïî çèò íèõ» òåìï³â çî ðå óò âî ðåí íÿ SFR(FUVobs,
22 ìêì), SFR(NUVobs, 22 ìêì) òà SFR(Haobs, 22 ìêì), ðîç ðà õî âà íèõ çà ôîð ìó ëà ìè (1)—(3), â³ä
òåìï³â çî ðå óò âî ðåí íÿ SFR(Hb), îò ðè ìà íèõ çà ñâ³òíîñ òÿ ìè â ë³í³¿ Hb, ç íà ëåæ íèì âðà õó âàí íÿì
åê ñòèíêö³¿ òà ñïåê ò ðàëü íî¿ àïåð òó ðè, äëÿ CSFG-ãà ëàê òèê ç SDSS DR14. Ïðàâîðó÷ — çà ëåæ -
íîñò³ â³ä SFR(Hb) «êîì ïî çèò íèõ» òåìï³â çî ðå óò âî ðåí íÿ SFR(FUVobs, 22 ìêì)cor, SFR(NUVobs,
22 ìêì)cor ³ SFR(Haobs, 22 ìêì)cor, ðîç ðà õî âàíèõ çà ôîð ìó ëà ìè (7)—(9) òà â³äêî ðè ãî âà íèõ òà -
êèì ÷è íîì, ùîá âîíè äîð³âíþ âà ëè òåì ïàì çî ðå óò âî ðåí íÿ, îò ðè ìà íèì çà ñâ³òí³ñòþ â ë³í³¿ Hb

(ñóö³ëüí³ ë³í³¿ — ë³í³¿ ð³âíèõ çíà ÷åíü) 



ðèñ òàí íÿì ð³âíÿíü (1)—(3), â³ä òåì ïó çî ðå óò âî ðåí íÿ SFR(Hb), îò ðè -
ìà íî ãî çà ñâ³òí³ñòþ â ë³í³¿ Hb. ßê óæå çà çíà ÷à ëî ñÿ, ñâ³òíîñò³ L(Hb)
âèï ðàâ ëå íî çà åê ñòèíêö³þ òà ñïåê òðàëü íó àïåð òó ðó SDSS. Òåìï çî ðå -
óò âî ðåí íÿ SFR(Hb) â ë³í³¿ Hb áó ëî îòðèìàíî çã³äíî ç ðîáîòîþ [13] ç
óðà õó âàí íÿì â³äíî øåí íÿ L(Ha )/L(Hb) = 2.8 ³ êî ðåêö³éíî ãî ìíîæ íè êà
çà ñïåê òðàëü íó àïåð òó ðó 25. r ràï - , äå ràï  — çî ðÿí³ âå ëè ÷è íè âñå ðå äèí³
ñïåê òðàëü íî¿ àïåð òó ðè, r — ïî âí³ çî ðÿí³ âå ëè ÷è íè, íà âå äåí³ ó áàç³ äà -
íèõ SDSS. Íà ðèñ. 4à—4â ñóö³ëüíà ïðÿ ìà — ë³í³ÿ ð³âíèõ çíà ÷åíü.

Êîì ïàêòí³ ãà ëàê òè êè ç SDSS íà ðèñ. 4à—4â ðîç òà øî âàí³ íè æ÷å
ë³í³¿ ð³âíèõ çíà ÷åíü òåìï³â çî ðå óò âî ðåí íÿ, âèç íà ÷å íèõ çà êîìá³íàö³ºþ 
ñïîñ òå ðå æó âà íèõ ñâ³òíîñ òåé ãà ëàê òèê, òà òåìï³â çî ðå óò âî ðåí íÿ, âè ç -
íà ÷å íèõ çà ñâ³òí³ñòþ â ë³í³¿ Hb. Ïðè ÷è íîþ öüî ãî, éìîâ³ðíî, ìî æóòü
áó òè â³äì³ííîñò³ ô³çè÷ íèõ õà ðàê òå ðèñ òèê áëèçü êèõ ãà ëàê òèê, äëÿ ÿêèõ 
â ðî áî òàõ [4, 5, 8, 15] îò ðè ìà íî çà ëåæ íîñò³ äëÿ ðîç ðà õóí êó «êîì ïî çèò -
íèõ» òåìï³â çî ðå óò âî ðåí íÿ, òà êîì ïàê òíèõ ãà ëàê òèê ç SDSS. Ó ïåð øî -
ìó âè ïàä êó ãà ëàê òè êè ìà þòü âå ëè êó ìà ñó ç³ð M star  = (1010...1011)M8,
âè ñî êèé âì³ñò êèñ íþ 12 + lg(O/H) = 8.3...8.6, à òî ìó ³ âå ëè êó ê³ëüê³ñòü
ïè ëó, à òà êîæ â³äíîñ íî íå âè ñîê³ òåì ïè çî ðå óò âî ðåí íÿ [4]. Ç ³íøî ãî áî -
êó, êîì ïàêòí³ ãà ëàê òè êè ç SDSS ðîç ïîä³ëåí³ â øè ðî êî ìó ä³àïà çîí³ 
M star  = (105...1011)M8 (ðèñ. 1a), ç õà ðàê òåð íèì âì³ñòîì êèñ íþ 12 +
+ lg(O/H) = 8.0 (ðèñ. 1á), âè ñî êè ìè òåì ïà ìè çî ðå óò âî ðåí íÿ SFR =
= 10...100 M8×ð³ê–1 òà âåëèêèìè  çíà÷åííÿìè åêâ³âàëåíòíî¿ øèðèíè

ë³í³¿ Hb äëÿ çíà÷ íî¿ ÷àñ òè íè ãà ëàê òèê (ðèñ. 2à). Íà ðèñ. 2á ïî êà çà íî çà -
ëåæí³ñòü ïè òî ìî ãî òåì ïó çî ðå óò âî ðåí íÿ sSFR â³ä EW(Hb) äëÿ êîì ïàê -
òíèõ ãà ëàê òèê ç SDSS. Ñå ðåäíº çíà ÷åí íÿ ðîç ïîä³ëó ñòàíîâèòü áëèçü êî
10–8 ð³ê–1 , ùî íà äâà ïî ðÿä êè âè ùå, í³æ õà ðàê òåðí³ sSFR ~ 10–10 ð³ê–1

äëÿ ãà ëàê òèê, ÿê³ ðîç ãëÿ äà þòü ñÿ â ðî áî òàõ [4, 5, 8, 15]. Ö³ â³äì³ííîñò³
ïðè çâî äÿòü äî ð³çíèõ ðîç ïîä³ë³â ñïîñ òå ðå æó âà íèõ ñâ³òíîñ òåé íà ð³ç -
íèõ äîâ æè íàõ õâèëü â öèõ äâîõ òè ïàõ ãà ëàê òèê, íà ïðèê ëàä ÷å ðåç á³ëü -
øå ïî ãëè íàí íÿ ïè ëîì óëüòðàô³îëå òî âî ãî âèï ðîì³íþ âàí íÿ â íîð ìàëü -
íèõ ãà ëàê òè êàõ ³ á³ëüøó òåì ïå ðà òó ðó ïè ëó â êîì ïàê òíèõ ãà ëàê òè êàõ
÷å ðåç ³íòåí ñèâí³øå óëüòðàô³îëå òî âå âèï ðîì³íþ âàí íÿ.

Ïðèâåðòàº óâàãó òîé ôàêò, ùî ãàëàêòèêè íà ðèñ. 4â ðîçòàøîâàí³
äó æå áëèçüêî äî ë³í³¿ ð³âíèõ çíà÷åíü ç äóæå ìàëèì ðîçêèäîì. Öå ìîæå
áóòè çóìîâëåíî äâîìà ïðè÷èíàìè: 1) íà îáîõ îñÿõ â³äêëàäåíî âåëè ÷è -
íè, ïîâ’ÿçàí³ ç³ ñâ³òíîñòÿìè ó ë³í³ÿõ âîäíþ; 2) åêñòèíêö³ÿ â ãàëàêòèêàõ 
ç íàøî¿ âèá³ðêè ìàëà, òîìó êîðåêö³ÿ çà íå¿ ïðèçâîäèòü äî íåçíà÷íèõ
çì³í ñâ³òíîñò³ ë³í³é âîäíþ.

Ó äàí³é ðîáîò³ øëÿõîì ì³í³ì³çàö³¿ â³äõèëåíü â³ä ë³í³é ð³âíèõ
çíà÷åíü òåìï³â çîðåóòâîðåííÿ ââåäåíî ïîïðàâêè äî ð³âíÿíü (1)—(3),
ÿê³ áàçóþòüñÿ íà çàëåæíîñòÿõ, îòðèìàíèõ ó [4, 5, 8, 15], òàêèì ÷èíîì,
ùîá â êîìïàêòíèõ ãàëàêòèêàõ ç SDSS «êîìïîçèòí³» òåìïè çî ðå óò âî -
ðåí íÿ, ÿê³ âèçíà÷åíî ç óðàõóâàííÿì ñâ³òíîñò³ íà äîâæèí³ õâèë³ 22 ìêì, 
áóëè ð³âíèìè çíà÷åííÿì òåìï³â çîðåóòâîðåííÿ, îòðèìàíèì çà ñâ³òíîñ -
òÿ ìè â ë³í³¿ Hb, âèïðàâëåíèìè çà åêñòèíêö³þ ³ ñïåêòðàëüíó àïåðòóðó.
Â³äêîðèãîâàí³ çàëåæíîñò³ (1)—(3) îòðèìàíî ó âèãëÿä³:
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  lgSFR(FUV, 22 ìêì)cor = lg[L( FUV)obs + 3.89L(22 ìêì)] – 42.70, (7)

  lgSFR(NUV, 22 ìêì)cor = lg[L( NUV)obs + 2.26L(22 ìêì)] – 42.66, (8)

  lgSFR(Ha , 22 ìêì)cor= 1.01×lg[L(Ha )obs+ 0.031L(22 ìêì)] – 41.25. (9)

Íà ðèñ. 4ã—4å íàâåäåíî ðîçïîä³ëè êîìïàêòíèõ ãàëàêòèê ç SDSS
DR14 íà çàëåæíîñòÿõ «êîìïîçèòíèé» òåìï çîðåóòâîðåííÿ — òåìï
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Ðèñ. 5. Ë³âîðó÷ — êî ðå ëÿ òèâ í³ çà ëåæíîñò³ «êîìïîçèòíèõ» òåìï³â çîðåóòâîðåííÿ SFR(FUVobs,
TIR), SFR(NUVobs, TIR) ³ SFR(Haobs, TIR), ðîçðàõîâàíèõ çà ôîðìóëàìè (4)—(6), â³ä òåìï³â
çîðåóòâîðåííÿ SFR(Hb), îòðèìàíèõ çà ñâ³òíîñòÿìè â ë³í³¿ Hb, ç íàëåæíèì âðàõóâàííÿì
åêñ òèíêö³¿ òà ñïåêòðàëüíî¿ àïåðòóðè, äëÿ CSFG-ãàëàêòèê ç SDSS DR14. Ïðà âîðó÷ —
çàëåæíîñò³ â³ä SFR(Hb) «êîìïîçèòíèõ» òåìï³â çîðåóòâîðåííÿ SFR(FUVobs, TIR)cor,
SFR(NUVobs, TIR)cor ³ SFR(Haobs, TIR)cor, ðîçðàõîâàíèõ çà ôîðìóëàìè (10)—(12) ³
â³äêîðèãîâàíèõ òàêèì ÷èíîì, ùîá áóòè ð³âíèìè òåìïàì çîðåóòâîðåííÿ â ë³í³¿ Hb  (ñóö³ëüí³
ë³í³¿ — ë³í³¿ ð³âíèõ çíà ÷åíü)



çîðåóòâîðåííÿ SFR(Hb) ç óðàõóâàííÿì â³äêîðèãîâàíèõ ð³âíÿíü. Ñïî -
ñòå ð³ãàºòüñÿ äîáðå óçãîäæåííÿ òåìï³â çîðåóòâîðåííÿ, âèçíà÷åíèõ çà
ð³çíèìè ³íäèêàòîðàìè — ìîíîõðîìàòè÷íèì òà êîìïîçèòíèìè.

Ïîä³áí³ ðîç ïîä³ëè «êîì ïî çèò íèõ» òåìï³â çî ðå óò âî ðåí íÿ, âèç íà ÷å -
íèõ ç âè êî ðèñ òàí íÿì ïî âíî¿ ñâ³òíîñò³ â ³íôðà ÷åð âî íî ìó ä³àïà çîí³
L(TIR) çã³äíî ç ð³âíÿí íÿ ìè (4)—(6), ÿê³ áà çó þòü ñÿ íà çà ëåæ íîñ òÿõ [4,
5, 8, 15], íà âå äå íî íà ðèñ. 5à—5â, äå ñâ³òíîñò³ â ë³í³¿ Hb òà êîæ âèï ðàâ -
ëå íî çà åê ñòèíêö³þ ³ ñïåê òðàëü íó àïåð òó ðó. ßê ³ ó âè ïàä êó «êîì ïî çèò -
íèõ» òåìï³â çî ðå óò âî ðåí íÿ, âèç íà ÷å íèõ ç óðà õó âàí íÿì ñâ³òíîñò³ íà
äîâ æèí³ õâèë³ 22 ìêì (ðèñ. 4à—4â), ñïîñ òåð³ãàºòüñÿ ñèñ òå ìà òè÷ íå
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Ðèñ. 6. Çàëåæíîñò³ â³äêîðèãîâàíèõ «êîìïîçèòíèõ» òåìï³â çîðåóòâîðåííÿ SFR(FUVobs,
22 ìêì)cor â³ä òåìï³â çîðåóòâîðåííÿ SFR(Hb) äëÿ CSFG-ãàëàêòèê â ð³çíèõ ä³àïàçîíàõ ÷åðâîíèõ 
çì³ùåíü



çì³ùåí íÿ ïî ëî æåíü êîì ïàê òíèõ ãà ëàê òèê ç SDSS â³äíîñ íî ë³í³é ð³â -
íèõ çíà ÷åíü òåìï³â çî ðå óò âî ðåí íÿ, ïî çíà ÷å íèõ ñóö³ëüíè ìè ïðÿ ìè ìè.

Ïîä³áíî äî ïîïðàâîê äî «êîìïîçèòíèõ» òåìï³â çîðåóòâîðåííÿ,
îòðèìàíèõ ç âèêîðèñòàííÿì ñâ³òíîñòåé íà äîâæèí³ 22 ìêì, ââåäåíî
ïîïðàâêè äî «êîìïîçèòíèõ» òåìï³â çîðåóòâîðåííÿ, âèçíà÷åíèõ ç âèêî -
ðè ñòàííÿì ïîâíî¿ ñâ³òíîñò³ L(TIR) â ³íôðà÷åðâîíîìó ä³àïàçîí³. Â ðå -
çóëüòàò³ îòðèìàíî òàê³ çàëåæíîñò³ äëÿ âèçíà÷åííÿ â³äêîðèãîâàíèõ
«êîì ïîçèòíèõ» òåìï³â çîðåóòâîðåííÿ:

    lgSFR(FUV, TIR)cor = 0.98lg[L(FUV)obs + 0.10×L(TIR)] – 42.81, (10)

   lgSFR(NUV, TIR)cor = 0.99lg[L(NUV)obs + 0.02×L(TIR)] – 42.66, (11)

   lgSFR(Ha , TIR)cor = 0.98lg[L(Ha )obs + 0.0024×L(TIR)] – 41.33. (12)

Äëÿ â³äêîðèãîâàíèõ âèçíà÷åíü «êîìïîçèòíèõ» òåìï³â çîðåóòâî -
ðåí íÿ ðîçïîä³ë CSFG-ãàëàêòèê íà çàëåæíîñòÿõ «êîìïîçèòíèé» òåìï
çîðåóòâîðåííÿ — òåìï çîðåóòâîðåííÿ SFR(Hb) íàâåäåíî íà ðèñ. 5ã—
5å. Ïîëîæåííÿ CSFG-ãàëàêòèê äîáðå îïèñóºòüñÿ ë³í³ÿìè ð³âíèõ çíà -
÷åíü «êîìïîçèòíèõ» òåìï³â çîðåóòâîðåííÿ ³ òåìï³â çîðåóòâîðåííÿ,
îòðè ìàíèõ ç âèêîðèñòàííÿì ñâ³òíîñò³ â ë³í³¿ Hb.

Â ïðèíöèï³ ñïîñòåðåæóâàí³ ìîíîõðîìàòè÷í³ ñâ³òíîñò³ â FUV,
NUV ³ íà äîâæèí³ õâèë³ 22 ìêì ïîâèíí³ çàëåæàòè â³ä ÷åðâîíîãî çì³-
ùåííÿ, îñê³ëüêè â öüîìó âèïàäêó â ñìóãè ïðîïóñêàííÿ çàçíà÷åíèõ ä³à -
ïà çîí³â ïîòðàïëÿþòü ³íø³ ä³ëÿíêè ñïåêòðà â ñèñòåì³ ñïîêîþ. Íàïðè -
êëàä, ó ðîáîò³ [4] â³äçíà÷åíî, ùî öåé åôåêò â ñåðåäíüîìó ³íôðà÷åð -
âîíîìó ä³àïàçîí³ ìîæå ñÿãàòè äî 30 %. Íåõòóâàííÿ çàëåæíîñò³ ñïî -
ñòåðåæóâàíèõ ìîíîõðîìàòè÷íèõ ñâ³òíîñòåé â³ä ÷åðâîíîãî çì³ùåííÿ
ìîæå âïëèíóòè ÿê íà ñàìó âåëè÷èíó, òàê ³ ðîçêèä çíà÷åíü îá÷èñ ëþ -
âàíèõ òåìï³â çîðåóòâîðåííÿ.

Êîìïàêòí³ ãàëàêòèêè ç SDSS, äîñë³äæóâàí³ â ö³é ðîáîò³, ìàþòü
÷åð âîí³ çì³ùåííÿ ó ä³àïàçîí³ z = 0...1. Ùîá ç’ÿñóâàòè âïëèâ ÷åðâîíèõ
çì³ùåíü íà âèçíà÷åííÿ «êîìïîçèòíèõ» òåìï³â çîðåóòâîðåííÿ, ðîçãëÿ -
íåìî ðîçïîä³ë ãàëàêòèê íà çàëåæíîñò³ SFR(FUV, 22 ìêì)cor —
SFR(Hb), ïîä³ëèâøè âèá³ðêó íà òðè ï³äâèá³ðêè íà ÷åðâîíèõ çì³ùåí -
íÿõ z < 0.1, z = 0.1...0.3 òà z = 0.3...0.5 (ðèñ. 6). ßê âèäíî, íåìàº ñèñ òå -
ìàòè÷íîãî â³äõèëåííÿ ïîëîæåííÿ CSFG-ãàëàêòèê â³ä ë³í³¿ ð³âíèõ
çíà÷åíü òåìï³â çîðåóòâîðåííÿ â óñ³õ ³íòåðâàëàõ ÷åðâîíîãî çì³ùåííÿ
â³ä z = 0.0 äî 0.5. Öå ñâ³ä÷èòü ïðî íåâåëèêèé âïëèâ ÷åðâîíîãî çì³ùåí -
íÿ íà âèçíà÷åííÿ «êîìïîçèòíèõ» òåìï³â çîðåóòâîðåííÿ äëÿ ãàëàêòèê
âèá³ðêè. Îäíàê íà á³ëüøèõ ÷åðâîíèõ çì³ùåííÿõ åôåêò ìîæå áóòè ñóò -
òºâèì. Íà æàëü, ìè íå ìîæåìî öüîãî ïåðåâ³ðèòè ÷åðåç íåçíà÷íó ê³ëü -
ê³ñòü êîìïàêòíèõ ãàëàêòèê íà z > 0.5.

ÂÈÑÍÎÂÊÈ

Ó ðîáîò³ íàâåäåíî ô³çè÷í³ õàðàêòåðèñòèêè âåëèêî¿ âèá³ðêè êîìïàêò -
íèõ ãàëàêòèê ç àêòèâíèì çîðåóòâîðåííÿì ç 14-ãî âèïóñêó îãëÿäó íåáà
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SDSS òà âèçíà÷åíî òåìïè çîðåóòâîðåííÿ, íàçâàí³ äëÿ ñòèñëîñò³ «êîì -
ïîçèòíèìè», ïðè ðîçðàõóíêàõ ÿêèõ âèêîðèñòàíî êîìá³íàö³¿ äâîõ ç
ï’ÿòè ñïîñòåðåæóâàíèõ ñâ³òíîñòåé: L(Ha ) â åì³ñ³éí³é ë³í³¿ Ha , óëüò ðà -
ô³îëåòîâîìó êîíòèíóóì³ L(FUV) òà L(NUV), êîíòèíóóì³ â ñåðåä íüîìó 
³íôðà÷åðâîíîìó ä³àïàçîí³ L(22 ìêì), à òàêîæ ïîâíî¿ ñâ³òíîñò³ â
³íôðà÷åðâîíîìó ä³àïàçîí³ L(TIR). Ïðîâåäåíî ïîð³âíÿííÿ «êîìïîçèò -
íèõ» òåìï³â çîðåóòâîðåííÿ ç òåìïàìè çîðåóòâîðåííÿ, âèçíà÷åíèìè çà
ñâ³òíîñòÿìè â åì³ñ³éí³é ë³í³¿ Hb, âèïðàâëåíèìè çà åêñòèíêö³þ ³ ñïåêò -
ðàëüíó àïåðòóðó SDSS.

Îñíîâí³ ðå çóëü òàòè ïðîâåäåíîãî äîñë³äæåííÿ òàê³.
1. Ïîêàçàíî, ùî ó êîìïàêòíèõ ãàëàêòèêàõ ç àêòèâíèì çîðåóòâî ðåí -

íÿì â ðàç³ âèêîðèñòàííÿ äëÿ âèçíà÷åííÿ «êîìïîçèòíèõ» òåìï³â çîðå -
óòâîðåííÿ çàëåæíîñòåé ç [4, 5, 8, 15], îòðèìàíèõ äëÿ ëîêàëüíèõ íîð ì -
àëüíèõ ãàëàêòèê, íà çàëåæíîñòÿõ «êîìïîçèòíèé» òåìï çîðåóòâîðåííÿ 
— òåìï çîðåóòâîðåííÿ SFR(Hb), äå SFR(Hb) ðîçðàõîâàíî çà ñâ³òí³ñòþ
â ë³í³¿ Hb ç óðàõóâàííÿì êîðåêö³é çà åêñòèíêö³þ ³ ñïåêòðàëüíó àïåð -
òóðó, ïîëîæåííÿ êîìïàêòíèõ ãàëàêòèê ñèñòåìàòè÷íî çì³ùåí³ â³äíîñ -
íî ë³í³¿ ð³âíèõ çíà÷åíü SFR ó á³ê ìåíøèõ çíà÷åíü «êîìïîçèòíèõ»
òåìï³â çîðåóòâîðåííÿ ïðè ô³êñîâàíîìó çíà÷åíí³ òåìïó çîðåóòâîðåí -
íÿ, âèçíà ÷åíîãî çà ñâ³òí³ñòþ â ë³í³¿ Hb. Çðîáëåíî âèñíîâîê, ùî òàêå
çì³ùåííÿ ìîæå áóòè ïîâ’ÿçàíå ç â³äì³ííîñòÿìè ó ô³çè÷íèõ õàðàêòå -
ðèñòèêàõ áëèçü êèõ íîðìàëüíèõ ãàëàêòèê, ÿêèì ïðèòàìàíí³ âåëèê³ ìà -
ñè, âèñî êèé âì³ñò êèñíþ, à òàêîæ íèçüê³ òåìï ³ åôåêòèâí³ñòü çîðåóòâî -
ðåííÿ, ³ êîìïàêòíèõ ãàëàêòèê ç SDSS, ó ÿêèõ ìàñè íà ïîðÿäîê ìåíø³,
âì³ñò êèñíþ 12 + lg(O/H) íà 0.3...0.5 íèæ÷èé, à åôåêòèâíîñò³ çîðåóòâî -
ðåííÿ íà äâà ïîðÿäêè âèù³.

2. Äëÿ âèá³ðêè êîìïàêòíèõ ãàëàêòèê ç àêòèâíèì çîðåóòâîðåííÿì
íà îñíîâ³ âèðàç³â ç ðîá³ò [4, 5, 8, 15] îòðèìàíî çàëåæíîñò³ äëÿ ðîç ðà -
õóí êó «êîìïîçèòíèõ» òåìï³â çîðåóòâîðåííÿ SFR(FUV, 22 ìêì)cor,
SFR(NUV, 22 ìêì)cor, SFR(Ha , 22 ìêì)cor, SFR(FUV, TIR)cor,
SFR(NUV, TIR)cor, SFR( Ha  , TIR)cor, ÿê³ óçãîäæóþòüñÿ ì³æ ñîáîþ òà ç
òåìïàìè çîðåóòâîðåííÿ SFR(Hb), âèçíà÷åíèìè çà ñâ³òíîñòÿìè â ë³í³¿  
Hb, â³äêîðèãîâàíèìè çà åêñòèíêö³þ ³ ñïåêòðàëüíó àïåðòóðó.

Ô²ÍÀÍÑÓÂÀÍÍß ÐÎÁÎÒÈ

².². âèêîíóâàëà ðîáîòó ó ðàìêàõ ïðîãðàìè “Àñòðîíîì³ÿ òà ô³çèêà êîñ -
ìî ñó” Êè¿âñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ Òàðàñà Øåâ÷åíêà
(òåìà 19ÁÔ023-01). Ó ïóáë³êàö³¿ âèêîðèñòàíî äàí³ ñïîñòåðåæåíü
Wide-field In fra red Sur vey Ex plorer (WISE), ÿêèé º ñï³ëüíèì ïðîºêòîì
Uni ver sity of Cal i for nia, Los An geles, ³ the Jet Pro pul sion Lab o ra tory/Cal i -
for nia In sti tute of Tech nol ogy, ùî ô³íàíñóºòüñÿ Na tional Aero nau tics and
Space Ad min is tra tion. Â ðîáîò³ âèêîðèñòàíî äàí³ NASA/IPAC Extra -
galactic Da ta base (NED), ÿêà àäì³í³ñòðóºòüñÿ the Jet Pro pul sion Lab o ra -
tory, Cal i for nia In sti tute of Tech nol ogy, ó êîíòðàêò³ ç the Na tional Aero -
nau tics and Space Ad min is tra tion.
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GALEX º ì³ñ³ºþ NASA, ÿêà àäì³í³ñòðóºòüñÿ the Jet Pro pul sion Lab -
o ra tory.

Ô³íàíñîâó ï³äòðèìêó ïðîºêòó SDSS-III* íàäàëè Al fred P. Sloan
Foun da tion, the Par tic i pat ing In sti tu tions, the Na tional Sci ence Foun da tion, 
³ the U.S. De part ment of En ergy Of fice of Sci ence. SDSS-III àäì³í³ -
ñòðóºòüñÿ the As tro phys i cal Re search Con sor tium for the Par tic i pat ing In -
sti tu tions of the SDSS-III Col lab o ra tion, ÿêèé âêëþ÷àº the Uni ver sity of
Ar i zona, the Bra zil ian Par tic i pa tion Group, Brookhaven Na tional Lab o ra -
tory, Uni ver sity of Cam bridge, Car ne gie Mellon Uni ver sity, Uni ver sity of
Florida, the French Par tic i pa tion Group, the Ger man Par tic i pa tion Group,
Har vard Uni ver sity, the Instituto de Astrofisica de Canarias, the Mich i gan
State/No tre Dame/JINA Par tic i pa tion Group, Johns Hopkins Uni ver sity,
Law rence Berke ley Na tional Lab o ra tory, Max Planck In sti tute for As tro -
phys ics, Max Planck In sti tute for Ex tra ter res trial Phys ics, New Mex ico
State Uni ver sity, New York Uni ver sity, Ohio State Uni ver sity, Penn syl va -
nia State Uni ver sity, Uni ver sity of Portsmouth, Prince ton Uni ver sity, the
Span ish Par tic i pa tion Group, Uni ver sity of To kyo, University of Utah,
Vanderbilt University, University of Virginia, University of Washington,
Yale University.
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COM PACT GAL AX IES WITH AC TIVE STAR FOR MA TION FROM SDSS DR14:
 STAR FOR MA TION RATES DE RIVED FROM COMBINATIONS 
OF  LUMINOSITIES IN DIF FER ENT WAVE LENGTH RANGES

Phys i cal char ac ter is tics of large sam ple of com pact gal ax ies with ac tive star for ma tion
from the SDSS DR14 are de rived. The sam ple in cludes about 30000 com pact iso lated
gal ax ies with an gu lar di am e ters £ 6². The emis sion lines Hb with equiv a lent widths
EW(Hb) ³ 1 nm are ob served in the spec tra of se lected gal ax ies. The stel lar masses of
com pact gal ax ies are dis trib uted in the wide range from 105M� to 1011M� with a max i mum 
at ~109M�. The ox y gen abun dances for the bulk of com pact gal ax ies are dis trib uted in the
range 7.8...8.2 with a max i mum at ~8.05. Com pact gal ax ies are char ac ter ized with high
spe cific star for ma tion rates of 10...100 Gyr–1. The SDSS spec tro scopic data were
sup ple mented by pho to met ric data in the far- and near-ul tra vi o let ranges from the GALEX
and in the mid-in fra red range at 22 mm from the WISE all-sky sur veys. We de ter mine the
star for ma tion rate, con cisely named “com pos ite” one, us ing com bi na tions of two out of
five ob served luminosities: lu mi nos ity L(Ha ) in the emis sion line Ha , mono chro matic
luminosities in the ul tra vi o let con tin uum L(FUV) and L(NUV) and in the mid-in fra red
con tin uum L(22 mm), as well as the to tal luminosities in the in fra red range L(TIR).
“Com pos ite” star for ma tion rates in com pact gal ax ies with ac tive star for ma tion are
com pared with those de ter mined from the ex tinc tion- and spec tral ap er ture-cor rected
luminosities of gal ax ies in the hy dro gen emis sion line Hb. We ob tain re la tions for
“com pos ite” star for ma tion rates with dif fer ent com bi na tions of in di ca tors, which are
mu tu ally con sis tent and cor re spond to star for ma tion rates de rived from the luminosities of
gal ax ies in the hy dro gen emis sion line Hb cor rected for ex tinc tion and spec tral ap er ture. 
Key words: dwarf star-forming galaxies, galaxy H II regions, interstellar dust, ultraviolet
and infrared emission.
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