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Êîìïàêòí³ ãàëàêòèêè ç àêòèâíèì çîðåóòâîðåííÿì 
³ç 16-ãî âèïóñêó îãëÿäó SDSS: òåìïè çîðåóòâîðåííÿ,
âèçíà÷åí³ çà ñâ³òí³ñòþ â çàáîðîíåíèõ åì³ñ³éíèõ ë³í³ÿõ
îïòè÷íîãî ä³àïàçîíó

Îòðèìàíî âèðàçè äëÿ âèçíà÷åííÿ òåìï³â çîðåóòâîðåííÿ ó ëîêàëüíèõ
êîìïàêòíèõ ãàëàêòèêàõ ³ç çîðåóòâîðåííÿì ³ç 16-ãî âèïóñêó öèôðîâîãî 
îãëÿäó íåáà Ñëîàí ç âèêîðèñòàííÿì ñâ³òíîñòåé ó çàáîðîíåíèõ ë³í³ÿõ
[O II] l 372.7 íì, [Ne III] l 386.8 íì, [O III] l 495.9 íì, [O III]
l 500.7 íì òà ¿õí³õ êîìá³íàö³é. Â îñíîâó ïîêëàäåíî ïðèïóùåííÿ ïðî
ð³âí³ñòü çíà÷åíü òåìï³â çîðåóòâîðåííÿ, âèçíà÷åíèõ çà ñâ³òí³ñòþ â
çàáî ðîíåíèõ ë³í³ÿõ òà â åì³ñ³éí³é ë³í³¿ âîäíþ Hb. Êîðèñí³ñòü òàêîãî
ï³äõîäó ïîëÿãàº ó òîìó, ùî ñïîñòåðåæåííÿ åì³ñ³¿ â ë³í³¿ Hb íå çàâæäè
º ìîæëèâèì. Íàïðèêëàä, ó ãàëàêòèêàõ ç ÷åðâîíèìè çì³ùåííÿìè z > 1
öÿ ë³í³ÿ âèõîäèòü çà ìåæ³ îïòè÷íîãî ä³àïàçîíó, ³ çàì³ñòü íå¿ ìîæóòü
âèêîðèñòîâóâàòèñü ë³í³¿ [O II] l 372.7 íì, [Ne III] l 386.8 íì òà ¿õíÿ
êîìá³íàö³ÿ. Ç ³íøîãî áîêó, º âåëèêà ê³ëüê³ñòü äîñë³äæåíü äóæå ñëàá -
êèõ îá’ºêò³â çà äàíèìè íèçüêîäèñïåðñíèõ ñïåêòð³â, â ÿêèõ ë³í³ÿ Hb

çëèâàºòüñÿ ç ñèëüí³øèìè ë³í³ÿìè [O III] l 495.9 íì, [O III] l 500.7 íì. Ó 
öèõ âèïàäêàõ ë³í³¿ [O III] òà ¿õí³ êîìá³íàö³¿ ìîæóòü áóòè âèêîðèñòàí³ 
äëÿ âèçíà÷åííÿ òåìïó çîðåóòâîðåííÿ. Îòðèìàí³ âèðàçè ìîæóòü
çíàéòè çàñòîñóâàííÿ äëÿ êîìïàêòíèõ ãàëàêòèê ³ç çîðåóòâîðåííÿì ó
øèðîêîìó ä³àïàçîí³ ÷åðâîíèõ çì³ùåíü. 
Êëþ÷îâ³ ñëîâà: êàðëèêîâ³ ãàëàêòèêè ³ç çîðåóòâîðåííÿì, îáëàñò³ ³îí³-
çî âà íîãî âîäíþ, ì³æçîðÿíèé ïèë, ³íôðà÷åðâîíå âèïðîì³íþâàííÿ.
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ÂÑÒÓÏ

Êîìïàêòí³ êàðëèêîâ³ ãàëàêòèêè ³ç çîðåóòâîðåííÿì ÿâëÿþòü ñîáîþ
ö³êà âèé êëàñ îá’ºêò³â, äîñë³äæåííÿ ÿêèõ çíàõîäèòü ñâîº çàñòîñóâàííÿ
äëÿ âèð³øåííÿ ïðîáëåì êîñìîëîã³¿, åâîëþö³¿ õ³ì³÷íèõ åëåìåíò³â ó
Âñåñâ³ò³ ç ÷àñîì òà ³í. Îäí³ºþ ç âàæëèâèõ õàðàêòåðèñòèê öèõ ãàëàêòèê
º àêòèâíå çîðåóòâîðåííÿ, ÿêå â³äáóâàºòüñÿ óïðîäîâæ êîðîòêèõ ïðî -
ì³æê³â ÷àñó — ñïàëàõ³â, òà á³ëüø ïðîòÿæíèõ ïðîì³æê³â ÷àñó ñïîê³é íî -
ãî ñòàíó ç íèçüêèì çîðåóòâîðåííÿì [13]. Ó ïåð³îäè àêòèâíîãî çîðå óò -
âî ðåííÿ â îïòè÷íèõ ñïåêòðàõ öèõ ãàëàêòèê ñïîñòåð³ãàþòüñÿ ³íòåí -
ñèâí³ åì³ñ³éí³ ë³í³¿ âîäíþ, ãåë³þ òà çàáîðîíåí³ ë³í³¿ âàæ÷èõ åëåìåíò³â,
ãîëîâíèì ÷èíîì êèñíþ òà ïîäåêóäè íåîíó. Çà ñâî¿ìè âëàñòèâîñòÿìè
êîìïàêòí³ ãàëàêòèêè ³ç çîðåóòâîðåííÿì º éìîâ³ðíèìè àíàëîãàìè ãà -
ëàê òèê íà âåëèêèõ ÷åðâîíèõ çì³ùåííÿõ z ³ 6, ÿê³ ñâî¿ì âèïðîì³íþ -
âàííÿì ìîãëè ñïðè÷èíèòè âòîðèííó ³îí³çàö³þ Âñåñâ³òó [15].

Òåìï çîðåóòâîðåííÿ (SFR) º îäí³ºþ ç âàãîìèõ õàðàêòåðèñòèê ãà -
ëàê òèê. Çà âèçíà÷åííÿì öå ìàñà ç³ð, ùî óòâîðèëèñü çà îäèí ð³ê. Ç òåì -
ïîì çîðåóòâîðåííÿ ïîâ’ÿçàíà íèçêà âàæëèâèõ ïðîöåñ³â, ùî ïðîò³êà -
þòü ó ãàëàêòèêàõ, çîêðåìà çðîñòàííÿ ¿õíüî¿ çîðÿíî¿ ìàñè, òåïëîâèé òà
³îí³çàö³éíèé ñòàí ì³æçîðÿíîãî ñåðåäîâèùà ³ éîãî çáàãà÷åííÿ ïðîäóê -
òàìè ïðîöåñó íóêëåîñèíòåçó. Ïðè öüîìó â îáëàñòÿõ çîðåóòâîðåííÿ
ôîð ìóþòüñÿ çîð³ ó øèðîêîìó ä³àïàçîí³ ìàñ, çîêðåìà ìàñèâí³ çîð³ ç
ìàñàìè ïîíàä 10M8 ³ â³êîì æèòòÿ ìåíøå 20 ìëí ðîê³â, ÿê³ ðîáëÿòü
îñíîâíèé âíåñîê â ³íòåãðàëüíèé ïîò³ê ³îí³çàö³éíîãî âèïðîì³íþâàííÿ,
ùî ïðèçâîäèòü äî ôîðìóâàííÿ îáëàñòåé H II ³îí³çîâàíîãî âîäíþ, ó
ñïåêòðàõ ÿêèõ ñïîñòåð³ãàºòüñÿ íèçêà ñèëüíèõ åì³ñ³éíèõ ë³í³é, çîêðåìà
ðåêîìá³íàö³éíèõ ë³í³é âîäíþ. ßêùî çàäàíî õàðàêòåð ïðîöåñó çîðå -
óòâîðåííÿ (íåïåðåðâíèé àáî ñïàëàõîâèé), â³ê, ìåòàë³÷í³ñòü (âì³ñò
êèñíþ) òà ïî÷àòêîâó ôóíêö³þ ìàñ ç³ð (IMF), ùî ôîðìóþòüñÿ, òî ç âè -
êîðèñòàííÿì ìîäåëåé åâîëþö³éíîãî ñèíòåçó çîðÿíî¿ ïîïóëÿö³¿ (evolu -
tion population synthesis) òåìï çîðåóòâîðåííÿ SFR âèçíà÷àºòüñÿ ÿê âå -
ëè÷èíà, ïðîïîðö³éíà ñâ³òíîñò³ ïåâíèõ ³íäèêàòîð³â öüîãî ïðîöåñó [17].
Çàçâè÷àé äëÿ âèçíà÷åííÿ òåìïó çîðåóòâîðåííÿ âèêîðèñòîâóþòüñÿ
ñâ³òíîñò³ â ë³í³ÿõ Ha òà Hb. Çà íàÿâíîñò³ äàíèõ ñïîñòåðåæåíü äëÿ
âèçíà÷åííÿ SFR ìîæóòü âèêîðèñòîâóâàòèñü ³íø³ ³íäèêàòîðè ïðîöåñó
çîðåóòâîðåííÿ â ãàëàêòèêàõ, à ñàìå: âèïðîì³íþâàííÿ â êîíòèíóóì³
ÓÔ-ä³àïàçîíó, âèïðîì³íþâàííÿ ïèëó, ùî íàãð³âàºòüñÿ ìîëîäèì çîðÿ -
íèì íàñåëåííÿì, ó ð³çíèõ ñìóãàõ ³íôðà÷åðâîíîãî ä³àïàçîíó, â³ëüíî-
â³ëüíå (free-free) âèïðîì³íþâàííÿ ó ðàä³îêîíòèíóóì³ òà ¿õí³ îêðåì³
êîìá³íàö³¿ (äèâ., íàïðèêëàä, [3, 4, 6—8, 10, 17, 18, 20—23, 29, 32]). Ó
âèêîðèñòàíí³ êîæíîãî ç ³íäèêàòîð³â ÷è ¿õí³õ êîìá³íàö³é äëÿ âèçíà -
÷åííÿ òåìïó çîðåóòâîðåííÿ º ñâî¿ pro òà con: ð³çíà çàëåæí³ñòü â³ä âè -
áðà íèõ ïàðàìåòð³â (³ñòîð³ÿ çîðåóòâîðåííÿ, IMF, ìåòàë³÷í³ñòü) ïðè êà -
ë³áðóâàíí³ SFR äëÿ êîíêðåòíîãî ³íäèêàòîðà çîðåóòâîðåííÿ [31], íåîá -
õ³äí³ñòü òà/÷è ìîæëèâ³ñòü âðàõóâàííÿ åêñòèíêö³¿ òîùî. Äëÿ êîðåêòíî -
ãî âèçíà÷åííÿ òåìïó çîðåóòâîðåííÿ âàæëèâèì º íàëåæíå âðàõóâàííÿ ó 
íåîáõ³äíèõ âèïàäêàõ åêñòèíêö³¿ âèïðîì³íþâàííÿ.
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Ñïîñòåðåæí³ äàí³ ñâ³ä÷àòü ïðî òå, ùî çîðåóòâîðåííÿ ó êîìïàêòíèõ 
ãàëàêòèêàõ ç àêòèâíèì çîðåóòâîðåííÿì â³äáóâàºòüñÿ ïåðåâàæíî ó
ñïàëàõîâîìó ðåæèì³ [13].

Â îêðåìèõ âèïàäêàõ âèçíà÷èòè òåìï çîðåóòâîðåííÿ çà ë³í³ÿìè Ha

÷è Hb íåìàº ìîæëèâîñò³. Íàïðèêëàä, ïðè äîñòàòíüî âåëèêîìó ÷åð -
âîíîìó çì³ùåíí³ z > 1 ö³ ë³í³¿ ïåðåì³ùóþòüñÿ ó áëèçüêèé ²×-ä³àïàçîí,
â ÿêîìó ñêëàäí³øå ïðîâîäèòè ñïîñòåðåæåííÿ, çîêðåìà âíàñë³äîê çíà÷ -
íîãî ïîãëèíàííÿ âèïðîì³íþâàííÿ çåìíîþ àòìîñôåðîþ, ÿêå ÷àñîì
ñêëàä íî âðàõóâàòè. Ó öèõ âèïàäêàõ äëÿ âèçíà÷åííÿ òåìïó çîðåóò âî -
ðåí íÿ ìîæóòü âèêîðèñòîâóâàòèñü ñâ³òíîñò³ â ÿñêðàâèõ çàáîðîíåíèõ
ë³í³ÿõ [O II] l 372.7 íì òà [Ne III] l 386.8 íì [17], ÿê³ çàçâè÷àé ñïîñòå -
ð³ãàþòüñÿ â îïòè÷íîìó ä³àïàçîí³ ñïåêòð³â êîìïàêòíèõ ãàëàêòèê ç àê -
òèâ íèì çîðåóòâîðåííÿì, ÿêùî çíà÷åííÿ ¿õí³õ ÷åðâîíèõ çì³ùåíü ìåí -
ø³ â³ä z = 2. Ïðè öüîìó ïåðåâàãó ñë³ä â³ääàòè êîìá³íàö³¿ öèõ ë³í³é ç
ð³çíèìè ïîòåíö³àëàìè ³îí³çàö³¿ äëÿ çìåíøåííÿ çàëåæíîñò³ òåìïó çîðå -
óòâîðåííÿ â³ä ³îí³çàö³éíîãî ïàðàìåòðà. Öå ïîâ’ÿçàíî ç òèì, ùî çàçâè -
÷àé ³íòåíñèâí³ñòü ë³í³¿ ³îíó íèçüêîãî ñòóïåíÿ ³îí³çàö³¿ [O II] l 372.7 íì 
çìåíøóºòüñÿ ç³ çá³ëüøåííÿì ³îí³çàö³éíîãî ïàðàìåòðà, òîä³ ÿê ³íòåí -
ñèâ í³ñòü ë³í³¿ ³îíà [Ne III] l 386.8 íì âèùîãî ñòóïåíÿ ³îí³çàö³¿ —
çá³ëüøóºòüñÿ. Âèêîðèñòàííÿ ñóìè ñâ³òíîñòåé â ë³í³ÿõ [O II] l 372.7 íì
³ [Ne III] l 386.8 íì çíà÷íî ìåíøå çàëåæèòü â³ä ³îí³çà ö³é íîãî ïàðà -
ìåòðà ³ ïðèçâîäèòü äî á³ëüø ò³ñíî¿ êàë³áðóâàëüíî¿ çàëåæíîñ ò³ ì³æ òåì -
ïîì çîðåóòâîðåííÿ ³ ñóìîþ ñâ³òíîñòåé ë³í³é ³îí³â ð³çíîãî ñòóïåíÿ
³îí³çàö³¿.

Ç ³íøîãî áîêó, äî öüîãî ÷àñó ïðîâåäåíî âåëèêó ê³ëüê³ñòü ñïåêò -
ðàëüíèõ ñïîñòåðåæåíü ñëàáêèõ îá’ºêò³â ç íèçüêèì ñïåêòðàëüíèì ðîç -
ä³ëåí íÿì, íàïðèêëàä ïðèçìîâèõ ñïîñòåðåæåíü íà Êîñì³÷íîìó òåëå -
ñêî ï³ Ãàááëà. Îñîáëèâ³ñòü öèõ ñïîñòåðåæåíü ïîëÿãàº â òîìó, ùî âîíè
äîçâîëÿþòü îòðèìóâàòè ñïåêòðè ñëàáê³øèõ îá’ºêò³â. Àëå âîäíî÷àñ
ñèëüí³ ë³í³¿ Hb l 486.1 íì, [O III] l 495.9 íì òà [O III] l 500.7 íì áëåí -
äóþòüñÿ ³ íå ìîæóòü áóòè ðîçä³ëåí³. Ó öèõ âèïàäêàõ äëÿ îòðèìàííÿ
òåìïó çîðåóòâîðåííÿ âèíèêàº ïîòðåáà âèêîðèñòàííÿ ñóìè ñâ³òíîñòåé
öèõ ë³í³é. Äëÿ çìåíøåííÿ âïëèâó ³îí³çàö³éíîãî ïàðàìåòðà ³ îòðèìàííÿ 
ò³ñí³øî¿ çàëåæíîñò³ íåîáõ³äíî òàêîæ äîäàòè ñâ³òí³ñòü â ë³í³¿ [O II]
l 372.7 íì, ÿêùî âîíà º ó òèõ æå ñïåêòðàõ.

Ìåòîþ ö³º¿ ðîáîòè º îòðèìàííÿ êàë³áðóâàëüíèõ çàëåæíîñòåé ì³æ
òåìïîì çîðåóòâîðåííÿ òà çíà÷åííÿìè ñâ³òíîñòåé êîìïàêòíèõ ãàëàêòèê 
ç àêòèâíèì çîðåóòâîðåííÿì (CSFG) â ñèëüíèõ çàáîðîíåíèõ ë³í³ÿõ
îïòè÷ íîãî ä³àïàçîíó òà ¿õí³ìè êîìá³íàö³ÿìè. 

ÂÈÁ²ÐÊÀ ÊÎÌÏÀÊÒÍÈÕ ÃÀËÀÊÒÈÊ ²Ç SDSS

Îá’ºêòè äî âèá³ðêè êîìïàêòíèõ ãàëàêòèê ç àêòèâíèì çîðåóòâîðåííÿì
(CSFG) áóëè â³ä³áðàí³ ç 16-ãî âèïóñêó SDSS [2]. Âèá³ðêà íàë³÷óº
áëèçü êî 25000 ãàëàêòèê íà ÷åðâîíèõ çì³ùåííÿõ z = 0...1. Äëÿ â³äáîðó
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ãàëàêòèê âèêîðèñòîâóâàëèñü êðèòåð³¿, íàâåäåí³ â ðîáîò³ [12]. Ïåðåâàæ -
íà ÷àñòèíà ãàëàêòèê — êîìïàêòí³ îá’ºêòè ç ä³àìåòðàìè, ìåíøèìè â³ä
6². Ó ñïåêòðàõ óñ³õ â³ä³áðàíèõ ãàëàêòèê ë³í³ÿ Hb ñïîñòåð³ãàºòüñÿ â
åì³ñ³¿ òà ìàº åêâ³âàëåíòí³ øèðèíè EW(Hb) ³ 1 íì. Öå ñâ³ä÷èòü ïðî
ïðîöåñ àêòèâíîãî çîðåóòâîðåííÿ â ãàëàêòèêàõ òà íàÿâí³ñòü ãàðÿ÷èõ
ìàñèâíèõ ç³ð. Ó ñïåêòðàõ ãàëàêòèê âèá³ðêè â³äñóòí³ îçíàêè àêòèâíèõ
ãàëàêòè÷íèõ ÿäåð, íàïðèêëàä íåìàº ñèëüíî¿ ñïåêòðàëüíî¿ ë³í³¿ âèñîêî¿ 
³îí³çàö³¿ [Ne V] l 342.6 íì. Óñ³ â³ä³áðàí³ ãàëàêòèêè íà ä³àãíîñòè÷í³é
ä³àãðàì³ [O III] l 500.7/Hb — [N II] l 658.4/Ha ëåæàòü â îáëàñò³ ãà -
ëàêòèê ³ç çîðåóòâîðåííÿì, à íå â îáëàñò³ àêòèâíèõ ãàëàêòè÷íèõ ÿäåð.
Ñïåêòðè ãàëàêòèê ³ç SDSS DR16 áóëî âèêîðèñòàíî äëÿ âèçíà÷åííÿ
íèçêè ³íòåãðàëüíèõ õàðàêòåðèñòèê ãàëàêòèê, çîêðåìà åêâ³âàëåíòíî¿
øèðèíè EW(Hb) òà ñâ³òíîñò³ L(Hb) â ë³í³¿ Hb, ñâ³òíîñò³ â çàáîðîíåíèõ
ë³í³ÿõ L([O II] l 372.7 íì), L([Ne III] l 386.8 íì), L([O III] l 500.7 íì) òà
òåìï³â çîðåóòâîðåííÿ çà íàçâàíèìè ñâ³òíîñòÿìè — SFR(Hb),
SFR([O III]), SFR([O II]) òà SFR([Ne III]). Çàçíà÷èìî, ùî ñâ³òíîñò³ â
óñ³õ íàçâàíèõ ë³í³ÿõ äëÿ âèçíà÷åííÿ òåìïó çîðåóòâîðåííÿ áóëî âè -
ïðàâ ëåíî çà ïîâíó ì³æçîðÿíó åêñòèíêö³þ, ùî ñêëàäàºòüñÿ ç äâîõ êîì -
ïîíåíò³â — åêñòèíêö³¿ â³ä Ìîëî÷íîãî Øëÿõó (âèïðàâëåíî çà äàíèìè
NED), òà åêñòèíêö³¿ âëàñíå â³ä ãàëàêòèêè äîñë³äæåííÿ, ÿêó âðàõîâàíî
çã³äíî ç äàíèìè ñïîñòåðåæíîãî äåêðåìåíòó åì³ñ³éíèõ ë³í³é âîäíþ ñå -
ð³¿ Áàëüìåðà. Òàêîæ øëÿõîì ïîð³âíÿííÿ çîðÿíèõ âåëè÷èí îá’ºêòà —
ïîâíî¿ ó ñìóç³ g òà âåëè÷èíè âñåðåäèí³ àïåðòóðè ñïåêò ðàëüíèõ ñïîñòå -
ðåæåíü (çà äàíèìè SDSS) — áóëî âíåñåíî êîðåêö³¿ çà ñïåêòðàëüíó
àïåðòóðó. 

Â³äçíà÷èìî, ùî ìóëüòèõâèëüîâèì äîñë³äæåííÿì âèá³ðîê êîì -
ïàêò íèõ ãàëàêòèê ç àêòèâíèì çîðåóòâîðåííÿì ç ð³çíèõ âèïóñê³â îãëÿäó 
íåáà SDSS áóëî ïðèñâÿ÷åíî ö³ëó íèçêó ðîá³ò (äèâ. ðîáîòè [5, 8—16,
21, 22] òà ïîñèëàííÿ â íèõ). Áóëî âñòàíîâëåíî, ùî âì³ñò êèñíþ 12 +
+ lg(O/H) º íèæ÷èì çà ñîíÿ÷íèé òà ëåæèòü ó ìåæàõ 7.8...8.2 (ìàêñèìóì
ðîçïîä³ëó íà 8.05) äëÿ á³ëüøîñò³ ãàëàêòèê, ùî ìàñè çîðÿíîãî êîì ïî -
íåíòà ãàëàêòèê âèá³ðîê ðîçïîä³ëåíî â øèðîêîìó ³íòåðâàë³ â³ä 105M8

äî 1011M8 (ìàêñèìóì ðîçïîä³ëó íà 109M8). Ïîêàçàíî, ùî åêâ³âàëåíòí³ 
øèðèíè ë³í³¿ Hb â êîìïàêòíèõ ãàëàêòèêàõ ìîæóòü ñÿãàòè âèñîêèõ çíà -
÷åíü EW(Hb) > 10 íì, ùî ñâ³ä÷èòü ïðî «ìîëîäèé» ñïàëàõ çîðåóòâîðåí -
íÿ. Òåìïè çîðåóòâîðåííÿ ãàëàêòèê SFR(Hb) áóëè âèçíà÷åí³ çã³äíî ³ç
çàëåæí³ñòþ ç ðîáîòè [17]. Âîíè çì³íþþòüñÿ ó øèðîêîìó ä³àïàçîí³ òà
ìîæóòü ïåðåâèùóâàòè 100M8/ð³ê. Êîìïàêòí³ ãàëàêòèêè òàêîæ õàðàê -
òå ðèçóþòüñÿ âèñîêèì ïèòîìèì òåìïîì çîðåóòâîðåííÿ, ùî ñÿãàº çíà -
÷åíü sSFR = 10...100 Ã³ãàð³ê–1. Ïîâíà çîðÿíà ìàñà ãàëàêòèêè ç òàêèìè
çíà÷åííÿìè sSFR ìîæå ñôîðìóâàòèñÿ çà 10...100 ìëí ðîê³â. Ïðè äî -
ñë³äæåíí³ âèá³ðîê êîìïàêòíèõ ãàëàêòèê ç àêòèâíèì çîðåóòâîðåííÿì
áóëî îòðèìàíî íèçêó ðåãðåñ³éíèõ çàëåæíîñòåé ì³æ ³íòåãðàëüíèìè
õàðàêòåðèñòèêàìè ãàëàêòèê, âèÿâëåíî ãàëàêòèêè ç ãàðÿ÷èì ïèëîì, à
òàêîæ ïîêàçàíî, ùî ôóíêö³ÿ ñâ³òíîñò³ ãàëàêòèê âèá³ðêè íå îïèñóºòüñÿ
ôóíêö³ºþ Schechter [26]. 

40 ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2023. Ò. 39, ¹ 1

². Þ. ²ÇÎÒÎÂÀ, Þ. ². ²ÇÎÒÎÂ



Ç êîñìîëîã³÷íèìè ïàðàìåòðàìè H 0  = 67.1 êì×ñ–1Ìïê–1, W L  = 0.682

òà W m  = 0.318 [1] çà ÷åðâîíèìè çì³ùåííÿìè âèçíà÷åíî â³äñòàí³ äî ãà -
ëàê òèê, ÿê³ âðàõîâóâàëèñü ïðè ðîçðàõóíêàõ ìàñè òà ñâ³òíîñòåé. 

ÒÅÌÏÈ ÇÎÐÅÓÒÂÎÐÅÍÍß ÇÀ ÑÂ²ÒÍÎÑÒßÌÈ 

Â ÇÀÁÎÐÎÍÅÍÈÕ Ë²Í²ßÕ ÎÏÒÈ×ÍÎÃÎ Ä²ÀÏÀÇÎÍÓ

Ó ðîáîò³ [17] ç ìîäåëåé åâîëþö³éíîãî ñèíòåçó çîðÿíî¿ ïîïóëÿö³¿ äëÿ
óìîâ ñòàëîãî çîðåóòâîðåííÿ, ñîíÿ÷íîãî âì³ñòó êèñíþ ³ ïî÷àòêîâî¿
ôóí ê ö³¿ ìàñ [25] (ä³àïàçîí ìàñ ç³ð (0.1...100)M8) áóëî îòðèìàíî êàë³á -
ðó âàííÿ òåìïó çîðåóòâîðåííÿ ãàëàêòèê (SFR, M8/ð³ê) ÿê ôóíêö³¿ ñâ³ò -
íîñò³ â ë³í³¿ Ha (L(Ha) , åðã/ñ):

SFR L= × -79 10 42. ( )Ha . (1)

Ç ð³âíÿííÿ (1) çà â³äíîøåííÿìè ñâ³òíîñòåé L([O II])/L(Ha), âèçíà -
÷åíèìè äëÿ äâîõ âèá³ðîê ãàëàêòèê (75 áëàêèòíèõ ³ððåãóëÿðíèõ òà
90 íîð ìàëüíèõ ³ ïåêóëÿðíèõ), áóëî îòðèìàíî êàë³áðóâàííÿ äëÿ òåìïó
çîðåóòâîðåííÿ SFR([O II]) çà ñâ³òí³ñòþ L([O II]) â çàáîðîíåí³é ë³í³¿
[O II] l 372.7:

SFR L= ± × -( . . ) ([ ])14 0 4 10 41 O II . (2)

Ó ðîáîò³ [19] íà îñíîâ³ çàëåæíîñò³ (1) áóëî îòðèìàíî âèðàç äëÿ
âèçíà÷åííÿ òåìïó çîðåóòâîðåííÿ SFR([O II] 372.7) ç óðàõóâàííÿì ìå -
òà ë³÷íîñò³ (äëÿ ãàëàêòèê ç 12 + lg(O/H) ³ 8.5).

Íà îñíîâ³ ñïåêòðàëüíèõ äàíèõ ç SDSS DR4 ó ðîáîò³ [30] äîñë³äæó -
âàâñÿ çâ’ÿçîê ì³æ äâîìà åì³ñ³éíèìè ë³í³ÿìè, ÿê³ âèêîðèñòîâóþòüñÿ ÿê
³íäèêàòîðè ïðîöåñó çîðåóòâîðåííÿ, — Ha òà [O II]. Çîêðåìà, áóëî âè -
ÿâëåíî ñèëüíó á³ìîäàëüí³ñòü â³äíîøåííÿ [O II]/Ha, ÿêà â³äïîâ³äàº ð³ç -
íèì çíà÷åííÿì ïîêàçíèêà êîëüîðó g – r ãàëàêòèê ó ñèñòåì³ ñïîêîþ.

À ó ðîáîò³ [24] ïðîàíàë³çîâàíî «ñòàíäàðòí³» ìåòîäè îö³íîê òåìïó
çîðåóòâîðåííÿ SFR(Ha), SFR([O II]) (çã³äíî ç äàíèìè [17]), SFR(UV) òà
SFR(FIR). Çîêðåìà ïîêàçàíî, ùî ïðè ãàðí³é óçãîäæåíîñò³ òåìï³â
SFR(Ha) òà SFR(FIR), ÿêèé âèçíà÷åíî çà âèïðîì³íþâàííÿì ó ²×-ä³àïà -
çîí³, òåìïè SFR([O II]) òà SFR(UV), ÿê³ âèçíà÷åí³ â³äïîâ³äíî çà ñâ³ò í³ñ -
òþ ó çàáîðîíåí³é ë³í³¿ [O II] òà ÓÔ-ä³àïàçîí³, ñèñòåìàòè÷íî ïåðåâè ùó -
þòü çíà÷åííÿ SFR(FIR). Àâòîðè ïîÿñíþþòü öå åôåêòàìè, ïîâ’ÿçàíèìè 
ç âðàõóâàííÿì àáñîðáö³¿ ó åì³ñ³éíèõ ë³í³ÿõ. 

 Äîñë³äæåííÿ óí³êàëüíî¿ âèá³ðêè ç 10 ãàëàêòèê íà âåëèêèõ ÷åðâî -
íèõ çì³ùåííÿõ z ~ 4.5 ç ë³í³ºþ [O II] l 372.7 â ¿õí³õ ñïåêòðàõ ïðîâåäåíî
ó ðîáîò³ [28]. Ïîêàçàíî, ùî çàëåæí³ñòü ì³æ ñâ³òí³ñòþ L([O II]), ñêî -
ðèãîâàíîþ çà åêñòèíêö³þ, òà òåìïîì çîðåóòâîðåííÿ SFR([O II]) íàé -
êðà ùå îïèñóºòüñÿ çàëåæí³ñòþ, îòðèìàíîþ ó ðîáîò³ [19] äëÿ ìîäåë³ ç
âì³ñòîì êèñíþ, ùî ñòàíîâèòü ïðèáëèçíî 50 % â³ä ñîíÿ÷íîãî. 

Ó ö³é ðîáîò³ äëÿ âèá³ðêè êîìïàêòíèõ ãàëàêòèê ç àêòèâíèì çîðåóò -
âî ðåííÿì (CSFG) â îñíîâó îòðèìàííÿ âèðàç³â äëÿ êàë³áðóâàëüíèõ çà -

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2023. Ò. 39, ¹ 1 41

ÊÎÌÏÀÊÒÍ² ÃÀËÀÊÒÈÊÈ Ç ÀÊÒÈÂÍÈÌ ÇÎÐÅÓÒÂÎÐÅÍÍßÌ



ëåæíîñòåé òåìïó çîðåóòâîðåííÿ ïîêëàäåíî ïðèïóùåííÿ, ùî çíà÷åííÿ
SFR, îòðèìàí³ ç öèõ êàë³áðóâàíü çà ñâ³òí³ñòþ â çàáîðîíåíèõ ë³í³ÿõ,
ïîâèíí³ äîð³âíþâàòè òåìïó çîðåóòâîðåííÿ, âèçíà÷åíîìó çà ñâ³òí³ñòþ
â ë³í³¿ Hb. Òàêèì ÷èíîì, îòðèìóþ÷è ðåãðåñ³¿ ì³æ ñâ³òíîñòÿìè â ë³í³¿ Hb

³ ñâ³òíîñòÿìè â çàáîðîíåíèõ ë³í³ÿõ òà ¿õí³õ êîìá³íàö³ÿõ, ìè îäðàçó
çíàõîäèìî âèðàçè äëÿ òåìï³â çîðåóòâîðåííÿ â çàáîðîíåíèõ ë³í³ÿõ, îñ -
ê³ëüêè çã³äíî ç [17] òåìï çîðåóòâîðåííÿ â ë³í³¿ Hb º ïðîïîðö³éíèì ñâ³ò -
íîñò³ â ö³é ë³í³¿ (ïðèéíÿòî L(Ha)/L(Hb) = 2.8). 

Ñïî÷àòêó ðîçãëÿíåìî çàëåæíîñò³ ì³æ ñâ³òíîñòÿìè â ë³í³¿ Hb òà îê -
ðå ìèõ çàáîðîíåíèõ ë³í³ÿõ [O II] l 372.7 íì, [Ne III] l 386.8 ³ [O III]
l 500.7 íì, ñêîðèãîâàíèìè çà åêñòèíêö³þ. Ö³ çàëåæíîñò³ íàâåäåíî íà
ðèñ. 1. Ñâ³òëî- òà òåìíî-ñ³ðèìè òî÷êàìè ïîçíà÷åíî êîìïàêòí³ ãàëàêòè -
êè ç çîðåóòâîðåííÿì ç îãëÿäó Ñëîàíà, ÿê³ ìàþòü â³äïîâ³äíî åêâ³âà -
ëåíò í³ øèðèíè åì³ñ³éíî¿ ë³í³¿ Hb EW(Hb) < 10 íì òà EW(Hb) ³ 10 íì. Íà 
öüîìó ðèñóíêó ðåãðåñ³¿ äëÿ óñ³º¿ âèá³ðêè çîáðàæåíî íåïåðåðâíèìè
ë³í³ÿìè, à ðåãðåñ³¿ äëÿ ãàëàêòèê ç EW(Hb) < 10 íì òà EW(Hb) ³ 10 íì —
â³äïîâ³äíî ïóíêòèðíèìè òà øòðèõîâèìè ë³í³ÿìè.

Äëÿ ïîð³âíÿííÿ çàëåæíîñò³ â ë³í³¿ [O II] (ðèñ. 1a), îòðèìàíî¿ äëÿ
ïîâíî¿ âèá³ðêè CSFG, ç àíàëîã³÷íèìè çàëåæíîñòÿìè ðîá³ò [17, 19],
ïðèé ìåìî, ùî òåìïè çîðåóòâîðåííÿ, ÿê³ âèçíà÷àþòüñÿ çà ñâ³òí³ñòþ â
ë³í³¿ [O II] çã³äíî ç êàë³áðóâàííÿì [17] (âèðàç (2)) òà [19], äîð³âíþþòü
òåì ïó çîðåóòâîðåííÿ, âèçíà÷åíîìó çà ñâ³òí³ñòþ â ë³í³¿ Hb çã³äíî ç
êàë³áðóâàííÿì [17] (ð³âíÿííÿ (1) ç â³äíîøåííÿì L(Ha)/L(Hb) = 2.8). Íà
ðèñ. 2 çàëåæí³ñòü äëÿ âñ³º¿ âèá³ðêè CSFG ïðèâåäåíà íåïåðåðâíîþ
ë³í³ºþ, øòðèõîâîþ òà ïóíêòèðíîþ ë³í³ÿìè — çàëåæíîñò³ çã³äíî ðîá³ò
[17] òà [19] â³äïîâ³äíî. Áóëî çíàéäåíî äîáðå óçãîäæåííÿ ì³æ çàëåæ -
í³ñòþ, îòðèìàíîþ äëÿ ãàëàêòèê âèá³ðêè CSFG ç íèçüêèìè ñâ³òíîñòÿìè 
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Ðèñ. 1. Çàëåæíîñò³ ì³æ ñâ³òíîñòÿìè â îêðåìèõ 
çàáîðîíåíèõ ë³í³ÿõ [O II] l 372.7 (à), [Ne III]
l 386.8 (á), [O III] l 500.7 (â) òà ñâ³òí³ñòþ â
ë³í³¿ Hb. Íåïåðåðâí³ ë³í³¿ — àïðîêñèìàö³ÿ äëÿ 
ïîâíî¿ âèá³ðêè, ïóíêòèðè òà ñâ³òë³ òî÷êè —
äëÿ ãàëàêòèê ç EW(Hb) < 10 íì, øòðèõîâ³ ë³í³¿
òà òåìí³ òî÷êè — äëÿ ãàëàêòèê ç EW(Hb) ³
³10 íì çà äàíèìè îãëÿäó Ñëîàíà. (Óñ³ çíà ÷åí -
íÿ ñâ³òíîñòåé òóò ³ íèæ÷å — ó åðã/ñ)



ó ë³í³¿ Hb, òà àíàëîã³÷íîþ çã³äíî [17]. Óçãîäæåííÿ ïîã³ðøóºòüñÿ äëÿ
ãàëàêòèê ç âåëèêèìè ñâ³òíîñòÿìè. Ïðîòèëåæíà òåíäåíö³ÿ ñïîñòåð³ãà -
ºòü ñÿ ïðè ïîð³âíÿíí³ çàëåæíîñò³, îòðèìàíî¿ äëÿ ãàëàêòèê CSFG, ç çà -
ëåæí³ñòþ çã³äíî ç ðîáîòîþ [19]. Àëå çàãàëîì óçãîäæåííÿ îòðèìàíîãî
ðåçóëüòàòó äëÿ ë³í³¿ [O II] ç çàëåæí³ñòþ ç ðîáîòè [19] ã³ðøå, í³æ ïðè ïî -
ð³âíÿíí³ ç çàëåæí³ñòþ çã³äíî [17].

Ç ðèñ. 1 âèäíî, ùî äèñïåðñ³ÿ ñïîñòåðåæíèõ äàíèõ âåëèêà (îñîáëè -
âî íà ðèñ. 1a òà ðèñ. 1á), à ãàëàêòèêè ç âåëèêèìè çíà÷åííÿìè EW(Hb)
(òåìíî-ñ³ð³ òî÷êè) çì³ùåí³ â³äíîñíî ãàëàêòèê ç ìàëèìè çíà÷åííÿìè
EW(Hb) (ñâ³òëî-ñ³ð³ òî÷êè). Ö³ çì³ùåííÿ ïîâ’ÿçàí³ ç çàëåæí³ñòþ â³ä -
íîøåííÿ ³íòåíñèâíîñòåé çàáîðîíåíèõ ë³í³é äî ³íòåíñèâíîñò³ ë³í³¿ Hb

â³ä ³îí³çàö³éíîãî ïàðàìåòðà. Õàðàêòåðèñòèêàìè ³îí³çàö³éíîãî ïàðà -
ìåò ðà â îïòè÷íîìó ä³àïàçîí³ ìîæóòü ñëóãóâàòè ÿê EW(Hb), òàê ³ â³ä -
íîøåííÿ ³íòåíñèâíîñòåé ë³í³é [O III]500.7/[O II]372.7, ÿêå ïîçíà÷àºòü -
ñÿ ÿê O32 . Ì³æ íèìè ñïîñòåð³ãàºòüñÿ ìàéæå ë³í³éíà çàëåæí³ñòü (ðèñ. 3). 
Â³äïîâ³äí³ çàëåæíîñò³ â³äíîøåíü ³íòåíñèâíîñòåé îêðåìèõ çàáîðîíå -
íèõ ë³í³é äî ³íòåíñèâíîñò³ ë³í³¿ Hb â³ä O32  çîáðàæåíî íà âåðõí³é ïàíåë³
ðèñ. 4, äå ³íòåíñèâí³ñòü ë³í³¿ [O II] l372.7 ³îíà íèçüêîãî ñòóïåíÿ
³îí³çàö³¿ çìåíøóºòüñÿ (ðèñ. 4a), à ³íòåí ñèâíîñò³ ë³í³é [Ne III] l 386.8 òà
[O III] l 500.7 âèñîêîãî ñòóïåíÿ ³îí³çàö³¿ çá³ëüøóþòüñÿ ç³ çá³ëüøåííÿì 
O32  (ðèñ. 4á òà ðèñ. 4â â³äïîâ³äíî).

Êîìïåíñóâàòè çàëåæí³ñòü â³ä ³îí³çàö³éíîãî ïàðàìåòðà ìîæíà,
ÿêùî ðîçãëÿíóòè çàëåæí³ñòü ì³æ ñâ³òí³ñòþ â ë³í³¿ Hb òà ñóìîþ ñâ³ò -
íîñòåé çàáîðîíåíèõ ë³í³é äâîõ ³îí³â ð³çíèõ ñòóïåí³â ³îí³çàö³¿. Íà íèæ -
í³é ïàíåë³ ðèñ. 4 çîáðàæåíî çàëåæíîñò³ â³äíîøåíü ñóì ³íòåíñèâíîñòåé
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Ðèñ. 2. Ïîð³âíÿííÿ çàëåæíîñòåé ì³æ ñâ³ò -
í³ñòþ â [O II] l 372.7 òà ñâ³òí³ñòþ â ë³í³¿ Hb.
×îðíà ñóö³ëüíà ïðÿìà — çàëåæí³ñòü, îòðè -
ìàíà ó ö³é ðîáîò³ äëÿ ïîâíî¿ âèá³ðêè CSFG, 
øòðèõîâà òà ïóíêòèðíà — â³äïî â³äíî çà -
ëåæ íîñò³ ç ðîá³ò [17] òà [19]. Äëÿ ãàëàêòèê
âèá³ðêè ïîçíà÷åííÿ ñâ³òëî- òà òåìíî-ñ³ðè -
ìè òî÷êàìè òå æ ñàìå, ùî ³ íà ðèñ. 1

Ðèñ. 3. Çàëåæí³ñòü ì³æ â³äíîøåííÿì ³í -
òåí ñèâíîñòåé ë³í³é O32 = [O III] l 500.7 :
: [O II] l 372.7 òà åêâ³âàëåíòíîþ øèðèíîþ
EW(Hb) ë³í³¿ Hb. Äëÿ ãàëàêòèê âèá³ðêè ïî -
çíà÷åííÿ ñâ³òëî- òà òåìíî-ñ³ðèìè òî÷êàìè
òå æ ñàìå, ùî ³ íà ðèñ. 1
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Ðèñ. 4. Çàëåæíîñò³ â³äíîøåíü ³íòåíñèâíîñòåé îêðåìèõ çàáîðîíåíèõ ë³í³é (à — â) òà ¿õí³õ
êîìá³íàö³é äî ³íòåíñèâíîñò³ ë³í³¿ Hb  (ã — å) â³ä âåëè÷èíè O32 = [O III]500.7/[O II]372.7. Äëÿ
ãàëàêòèê âèá³ðêè ïîçíà÷åííÿ ñâ³òëî- òà òåìíî-ñ³ðèìè òî÷êàìè òå æ ñàìå, ùî ³ íà ðèñ. 1

Ðèñ. 5. Òå æ ñàìå, ùî ³ íà ðèñ. 1, àëå äëÿ
êîìá³íàö³é ñâ³òíîñòåé çàáîðîíåíèõ ë³í³é
³îí³â ç ð³çíèì ñòóïåíåì ³îí³çàö³¿. Äëÿ ãà -
ëàê òèê âèá³ðêè ïîçíà÷åííÿ ñâ³òëî- òà òåì -
íî-ñ³ðèìè òî÷êàìè òå æ, ùî ³ íà ðèñ. 1



ë³í³é ³îí³â ç ð³çíèìè ñòóïåíÿìè ³îí³çàö³¿ äî ³íòåíñèâíîñò³ ë³í³¿ Hb  â³ä 
O32  (ðèñ. 4ã—å), ÿê³ º íå òàêèìè ñòð³ìêèìè, çíà÷íî ñëàáøèìè, í³æ çà -
ëåæíîñò³ äëÿ îêðåìèõ ë³í³é (ðèñ. 4a—â). Â³äïîâ³äí³ çàëåæíîñò³ äëÿ
êîì á³íàö³é ñâ³òíîñòåé çàáîðîíåíèõ ë³í³é â³ä ñâ³òíîñò³ â ë³í³¿ Hb íàâå -
äåíî íà ðèñ. 5. ßê ³ î÷³êóâàëîñü, äèñïåðñ³¿ ñïîñòåðåæíèõ äàíèõ âèÿ -
âèëèñü çíà÷íî ìåíøèìè, à ðåãðåñ³¿ äëÿ ãàëàêòèê ç íèçüêèìè òà âåëè -
êèìè EW(Hb) (ïóíêòèðí³ òà øòðèõîâ³ ë³í³¿) — áëèæ÷èìè çà ñâî¿ìè
çíà÷åííÿìè, í³æ äèñïåðñ³¿ òà ðåãðåñ³¿ íà ðèñ. 1. Âèðàçè äëÿ ðåãðåñ³é,
îòðèìàí³ äëÿ äàíèõ ðèñ. 1 òà 5 òà äëÿ äåÿ êèõ ³íøèõ êîì á³íàö³é ë³í³é
îïòè÷íîãî ä³àïàçîíó, íàâåäåíî â òàáëèö³.

Àíàëîã³÷íèì ÷èíîì áóëî ðîçãëÿíóòî çàëåæíîñò³ ì³æ ñïîñòå -
ðåæíèìè ñâ³òíîñòÿìè, òîáòî ì³æ ñâ³òíîñòÿìè, ÿê³ íå âèïðàâëÿëèñü çà
åêñòèíêö³þ. Âíàñë³äîê íåâåëèêî¿ åêñòèíêö³¿ â êîìïàêòíèõ ãàëàêòèê ³ç
çîðåóòâîðåííÿì ö³ çàëåæíîñò³ íå äóæå â³äð³çíÿþòüñÿ â³ä íàâåäåíèõ
âèùå. Â³äïîâ³äí³ âèðàçè äëÿ òåìï³â çîðåóòâîðåííÿ ó âèïàäêó ñïî ñòå -
ðåæíèõ ñâ³òíîñòåé òàêîæ íàâåäåíî â òàáëèö³.

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2023. Ò. 39, ¹ 1 45

ÊÎÌÏÀÊÒÍ² ÃÀËÀÊÒÈÊÈ Ç ÀÊÒÈÂÍÈÌ ÇÎÐÅÓÒÂÎÐÅÍÍßÌ

Ïàðàìåòð Âèðàç

SFR(Hb) 2.21× -10 41L(Hb) [17]

ÇÀËÅÆÍÎÑÒ² ÄËß ÑÂ²ÒÍÎÑÒÅÉ, ÑÊÎÐÈÃÎÂÀÍÈÕ ÇÀ ÅÊÑÒÈÍÊÖ²Þ

SFR([O II] l 372.7) (3.36±2.02)× -10 40 L([O II] l 372.7)0.96

SFR([Ne III] l 386.8) (1.04±0.75)× -10 37 L([Ne III] l 386.8)0.92

SFR([O III] l 500.7) (2.30±1.03)× -10 40 L([O III] l 500 7 0 96. ) .

SFR([O II] l 372.7 + [Ne III] l 386.8) (3.85±1.49)× -10 41L([O II]l 372.7 +
+ [Ne III] l 386 8 0 98. ) .

SFR([O II] l 372.7 + [O III] l 495.9 +
+ [O III] l 500.7)

(9.77±2.24)× -10 42 L([O II] l 372.7 +
+ [O III] l 495.9 + [O III] l 500.7)0.99

SFR(Hb + [O II] l 372.7 + [O III] l 495.9 +
+ [O III] l 500.7)

(1.53±0.29)× -10 41L(Hb + [O II] l 372.7 +
+ [O III] l 495.9 + [O III] l 500.7)0.98

ÇÀËÅÆÍÎÑÒ² ÄËß ÑÏÎÑÒÅÐÅÆÍÈÕ ÑÂ²ÒÍÎÑÒÅÉ

SFR([O II] l 372.7) (6.38±4.01)× -10 41L([O II] l 372 7 0 98. ) .

SFR([Ne III] l 386.8) (7.38±6.44)× -10 37 L([Ne III] l 386 8 0 90. ) .

SFR([O III] l 500.7) (8.41±5.06)× -10 40 L([O III] l 500 7 0 95. ) .

SFR([O II] l 372.7 + [Ne III] l 386.8) (1.01±0.40)× -10 42 L([O II] l 372.7 +
+ [Ne III] l 386 8 1 00. ) .

SFR([O II] l 372.7 + [O III] l 495.9 +
+ [O III] l 500.7)

(2.48±0.63)× -10 41L([O II] l 372.7 +
+ [O III] l 495.9 + [O III] l 500.7)0.98

SFR(Hb + [O II] l 372.7 + [O III] l 495.9 +
+ [O III] l 500.7)

(1.48±0.32)× -10 41L(Hb + [O II] l 372.7 +
+ [O III] l 495.9 + [O III] l 500.7)0.98

Âèðàçè äëÿ òåìï³â çîðåóòâîðåííÿ (SFR — â M
8

/ð³ê, L — â åðã/ñ)



ÂÈÑÍÎÂÊÈ

Ó ö³é ðîáîò³ ç âèêîðèñòàííÿì âåëèêî¿ âèá³ðêè êîìïàêòíèõ ãàëàêòèê ³ç
çîðåóòâîðåííÿì ³ç 16-ãî âèïóñêó îãëÿäó Ñëîàíà îòðèìàíî âèðàçè äëÿ
âèçíà÷åííÿ òåìï³â çîðåóòâîðåííÿ ç âèêîðèñòàííÿì ñâ³òíîñòåé ñèëü -
íèõ çàáîðîíåíèõ åì³ñ³éíèõ ë³í³é îïòè÷íîãî ä³àïàçîíó. Ö³ âèðàçè ìîæ -
íà âèêîðèñòîâóâàòè äëÿ âèçíà÷åííÿ òåìï³â çîðåóòâîðåííÿ â øèðîêîìó 
ä³àïàçîí³ ÷åðâîíèõ çì³ùåíü ÿê íà äîïîâíåííÿ äî òåìï³â çîðåóòâî -
ðåííÿ, îòðèìàíèõ ³ç ñâ³òíîñòåé ë³í³é Hb òà/àáî Ha âîäíþ, òàê ³ ó âè -
ïàäêàõ, êîëè âèêîðèñòàííÿ ë³í³é âîäíþ íåìîæëèâå.
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COMPACT GALAXIES WITH ACTIVE STAR FORMATION 
FROM THE SDSS DATA RELEASE 16: STAR FORMATION RATES 
BASED ON THE LUMINOSITIES OF FORBIDDEN EMISSION LINES 
IN THE OPTICAL RANGE

We obtained expressions for star formation rates in local compact star-forming galaxies
from the SDSS Data Release 16 using luminosities in forbidden emission lines [O II]
l 372.7 nm, [Ne III] l 386.8 nm, [O III] l 495.9 nm, [O III] l 500.7 nm and their
combinations. For this purpose the star formation rates derived from forbidden lines are
assumed to be equal to those derived from the Hb emission line. The reason for such
approach is that the observations of Hb emission are not always possible. For example, this
line appears outside the spectrum in the optical range in galaxies with redshifts z > 1. [O II] 
l 372.7 nm, [Ne III] l 386.8 nm emission lines and their combination can be used in this
case to derive star formation rates. On the other hand, there is a large number of studies of
very faint objects with the use of the low-resolution spectra, in which Hb emission line is
blended with stronger [O III] l 495.9 nm, [O III] l 500.7 nm emission lines. In these cases
[O III] lines and their combination can be used for the determination of the star formation
rate. Obtained expressions can be applied for compact star-forming galaxies in a broad
range of redshifts.
Key words: dwarf star-forming galaxies, galaxy H II regions, interstellar dust, infrared
emission.
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