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Ïðåäñòàâëåíû îöåíêè èíòåãðàëüíîãî (SFR) è óäåëüíîãî (sSFR) òåìïà çâåçäîîáðàçîâàíèÿ
äëÿ 181 ãàëàêòèêè ïîçäíèõ òèïîâ Sc, Scd, Sd, âèäèìîé ïî÷òè àíôàñ. Çíà÷åíèÿ SFR äëÿ íèõ
ïîëó÷åíû ïî FUV-ïîòîêàì èç îáçîðà GALEX. Ìåäèàííûå âåëè÷èíû sSFR ðàâíû: -10.66 dex
äëÿ Sc, -10.44 dex äëÿ Scd è -10.40 dex äëÿ Sd òèïîâ â åäèíèöàõ (ãîä)-1. Ñðåäíåå çíà÷åíèå
sSFR äëÿ ýòèõ ãàëàêòèê ïëàâíî óìåíüøàåòñÿ îò ìàëîìàññèâíûõ äèñêîâ ê ãèãàíòñêèì äèñêàì.
Ïîñëå ó÷åòà ôîòîìåòðè÷åñêèõ îøèáîê óäåëüíûé òåìï çâåçäîîáðàçîâàíèÿ èìååò ìàëóþ êîñìè-
÷åñêóþ âàðèàöèþ, 0.16 dex. ×òîáû âîñïðîèçâåñòè íàáëþäàåìóþ çâåçäíóþ ìàññó çà êîñìè÷åñêîå
âðåìÿ 

910813 .  ëåò, ãàëàêòèêè áåç áàëäæåé, âèäèìûå àíôàñ, äîëæíû áûëè èìåòü â ïðîøëîì
òåìïû SFR â äâà-òðè ðàçà âûøå, ÷åì íàáëþäàåìûå ñåé÷àñ.

Êëþ÷åâûå ñëîâà: ñïèðàëüíûå ãàëàêòèêè: äèñêè: çâåçäîîáðàçîâàíèå

1. Ââåäåíèå. Îáçîð íåáà â FUV-ïîëîñå äàëåêîãî óëüòðàôèîëåòà
( Å1539ef , Å269FWHM  ) íà êîñìè÷åñêîì òåëåñêîïå GALEX [1,2] ïðèâåë
ê îáíàðóæåíèþ FUV-ïîòîêîâ ó äåñÿòêîâ òûñÿ÷ ãàëàêòèê. Ýòî ïîçâîëèëî
îïðåäåëèòü ñîâðåìåííûé òåìï çâåçäîîáðàçîâàíèÿ â ãàëàêòèêàõ íà õàðàêòåðíîé
øêàëå âðåìåíè ~108 ëåò, ñîîòâåòñòâóþùåé ñðåäíåìó âîçðàñòó ìîëîäûõ ãîëóáûõ
çâåçä. Óäåëüíûé òåìï çâåçäîîáðàçîâàíèÿ, ,SFRsSFR  M  îòíåñåííûé ê
åäèíèöå çâåçäíîé ìàññû ãàëàêòèêè, ìîíîòîííî âîçðàñòàåò âäîëü õàááëîâñêîé
ïîñëåäîâàòåëüíîñòè îò ðàííèõ òèïîâ S0, Sa (T = 0, 1 ïî øêàëå Âîêóëåðà) äî
ïîçäíèõ òèïîâ Sm, Im, Ir (T = 8, 9, 10) [3,4]. Îñíîâíîé ïðè÷èíîé âîçðàñòàíèÿ
sSFR ñ ðîñòîì ìîðôîëîãè÷åñêîãî òèïà T ÿâëÿåòñÿ óìåíüøåíèå äîëè ñòàðîãî
çâåçäíîãî íàñåëåíèÿ, ñîñðåäîòî÷åííîãî ïðåèìóùåñòâåííî â ñôåðîèäàëüíîé
ïîäñèñòåìå (áàëäæå). Îñòàåòñÿ ïîêà íåÿñíûì ïîâåäåíèå sSFR â çàâèñèìîñòè
îò ìîðôîëîãè÷åñêîãî òèïà èëè çâåçäíîé ìàññû ó ãàëàêòèê áåç âèäèìûõ
ïðèçíàêîâ áàëäæà. Ìåëüíèê è äð. [5] ðàññìîòðåëè âûáîðêó ~500 óëüòðàïëîñêèõ
(UF) ñïèðàëüíûõ ãàëàêòèê, îðèåíòèðîâàííûõ ñ ðåáðà [6], ó êîòîðûõ âêëàä
áàëäæà â îáùóþ ñâåòèìîñòü ãàëàêòèêè ïðåíåáðåæèìî ìàë. Àâòîðû ïðèøëè
ê çàêëþ÷åíèþ, ÷òî ïðè ïåðåõîäå îò Sc ê Sd òèïàì óäåëüíûé òåìï çâåçäî-
îáðàçîâàíèÿ âîçðàñòàåò â äâà ðàçà. Îäíàêî ýòîò âûâîä íóæäàåòñÿ â íåçàâèñèìîé
ïðîâåðêå, ïîñêîëüêó â UF-ãàëàêòèêàõ, âèäèìûõ ñ ðåáðà, ñèëåí ýôôåêò
âíóòðåííåãî ïîãëîùåíèÿ, êîòîðûé ñ òðóäîì ïîääàåòñÿ êîëè÷åñòâåííîìó ó÷åòó.
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Â ðàáîòå [7] áûëà ñôîðìèðîâàíà âûáîðêà 220 ñïèðàëüíûõ ãàëàêòèê áåç
áàëäæåé, âèäèìûõ ïî÷òè ñòðîãî àíôàñ. Â íåå âîøëè ãàëàêòèêè ìîðôîëî-
ãè÷åñêèõ òèïîâ Sc, Scd, Sd (T = 5-7) ñ óãëîâûì äèàìåòðîì a > 0'.8, îòíîøåíèåì
îñåé log(a/b) < 0.05, è ëó÷åâîé ñêîðîñòüþ îòíîñèòåëüíî öåíòðîèäà Ìåñòíîé
ãðóïïû VLG < 10000 êì/ñ â çîíå ñêëîíåíèé DEC > -30o. Âíóòðåííåå ïîãëîùåíèå
â ýòèõ îáúåêòàõ íåâåëèêî è ïðàêòè÷åñêè íå âëèÿåò íà âèä ñîîòíîøåíèÿ
sSFR(T ) èëè sSFR(M 

*). Âàæíîé îñîáåííîñòüþ ýòèõ ãàëàêòèê ÿâëÿåòñÿ èõ
ëîêàëèçàöèÿ â îáëàñòÿõ íèçêîé êîñìè÷åñêîé ïëîòíîñòè [8], ãäå íåò çàìåòíûõ
ñëåäîâ âçàèìîäåéñòâèÿ ñ áëèçêèìè ñîñåäÿìè.

Íèæå ìû îöåíèâàåì èíòåãðàëüíûé (SFR) è óäåëüíûé (sSFR) òåìï
çâåçäîîáðàçîâàíèÿ ó ãàëàêòèê áåç áàëäæåé, âèäèìûõ àíôàñ, è ðàññìàòðèâàåì
çàâèñèìîñòü ýòèõ ïàðàìåòðîâ îò çâåçäíîé è âîäîðîäíîé ìàññû ãàëàêòèê.

2. Èñõîäíûå íàáëþäàòåëüíûå äàííûå . Ñðåäè 220 Sc, Scd, Sd-
ãàëàêòèê íàøåé âûáîðêè, âèäèìûõ àíôàñ, âíå çîíû GALEX-îáçîðà îêàçàëîñü
39 ãàëàêòèê. Îñòàëüíûå ãàëàêòèêè áûëè óâåðåííî äåòåêòèðîâàíû â FUV-
ïîëîñå. Äàííûå î íèõ ïðåäñòàâëåíû â òàáë.1. Ñëåäóåò îòìåòèòü, ÷òî â ðÿäå
ñëó÷àåâ FUV-èçîáðàæåíèÿ ãàëàêòèê ðàñïàäàþòñÿ íà íåñêîëüêî ôðàãìåíòîâ.
Ýòî ïîòðåáîâàëî èíäèâèäóàëüíîãî ïîäõîäà ê îïðåäåëåíèþ èíòåãðàëüíîãî
ïîòîêà êàæäîé ãàëàêòèêè.

Â ñòîëáöàõ òàáë.1 ñîäåðæàòñÿ: (1) - èìÿ ãàëàêòèêè; (2) - ìîðôîëîãè÷åñêèé
òèï ïî øêàëå Âîêóëåðà, îïðåäåëåííûé íàìè ïî ìíîãîöâåòíûì èçîáðàæåíèÿì
â îáçîðå PanSTARRS [9]; (3) - èíòåãðàëüíàÿ âèäèìàÿ âåëè÷èíà ãàëàêòèêè â
B-ïîëîñå èç áàçû äàííûõ HyperLEDA [10]; (4) - Ãàëàêòè÷åñêîå ïîãëîùåíèå
ñîãëàñíî [11]; (5) - âèäèìàÿ âåëè÷èíà ãàëàêòèêè â FUV-ïîëîñå; (6) - âèäèìàÿ
âåëè÷èíà â ëèíèè íåéòðàëüíîãî âîäîðîäà 21 ñì ïî äàííûì [10]; (7) - èíòåã-
ðàëüíàÿ âåëè÷èíà ãàëàêòèêè â K-ïîëîñå, âû÷èñëåííàÿ ïî B-âåëè÷èíå è
ìîðôîëîãè÷åñêîìó òèïó êàê

, 6044 .TABK GtB  (1)

(ñîîòíîøåíèå ïîëó÷åíî ïóòåì àïïðîêñèìàöèè äàííûõ, ïðåäñòàâëåííûõ íà
ðèñ.19 â [12]); (8) - ðàññòîÿíèå äî ãàëàêòèêè (â Ìïê), îïðåäåëåííîå ïî ëó÷åâîé
ñêîðîñòè VLG ïðè ïàðàìåòðå Õàááëà H0 = 73 êì/ñ/Ìïê; äëÿ áëèçêèõ ãàëàêòèê
ñ VLG < 2500 êì/ñ îöåíêà ðàññòîÿíèÿ ñäåëàíà ñîãëàñíî ìîäåëè [13], êîòîðàÿ
ó÷èòûâàåò ïàäåíèå ãàëàêòèê ê ñêîïëåíèþ Virgo è ðàñøèðåíèå Ìåñòíîé
êîñìè÷åñêîé ïóñòîòû; äëÿ ñàìûõ áëèçêèõ ãàëàêòèê ïðèâåäåíû èíäèâèäóàëüíûå
ôîòîìåòðè÷åñêèå ðàññòîÿíèÿ èç áàçû äàííûõ ÑÀÎ ÐÀÍ äëÿ ãàëàêòèê Ìåñòíîãî
îáúåìà http://www.sao.ru/lv/lvgdb/ [14]; (9) - ëîãàðèôì èíòåãðàëüíîé ñâåòèìîñòè
ãàëàêòèêè â K-ïîëîñå ïðè àáñîëþòíîé âåëè÷èíå Ñîëíöà 283m.K  ; (10) -
ëîãàðèôì âîäîðîäíîé ìàññû ãàëàêòèêè
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Ãàëàêòèêà T Bt AG mFUV m21 KB D logLK logMHI logSFR logSFR/LK

1 2 3 4 5 6 7 8 9 10 11 12

NGC7816 5 13.91 0.27 16.31 14.58 10.29 74 10.93 10.24 0.204 -10.73
UGC00044 7 16.70 0.15 18.70 17.80 13.70 89 9.73 9.11 -0.685 -10.41
UGC00048 6 15.60 0.58 16.91 14.89 11.92 63 10.14 9.97 0.061 -10.08
NGC7834 6 15.35 0.63 17.22 15.96 11.63 74 10.40 9.68 0.112 -10.29
NGC0039 5 14.34 0.35 16.69 16.02 10.64 70 10.74 9.61 0.061 -10.68
UGC00160 6 16.50 0.21 17.56 15.97 13.19 68 9.70 9.61 -0.416 -10.12
PGC1075005 6 15.57 0.15 17.18 ... 12.32 46 9.71 ... -0.654 -10.36
PGC002257 5 15.41 0.11 17.34 ... 11.95 59 10.07 ... -0.528 -10.60
IC1562 5 13.60 0.05 15.24 15.02 10.20 52 10.66 9.76 0.156 -10.51
NGC0198 5 13.10 0.11 16.12 16.16 9.64 74 11.19 9.60 0.155 -11.04
IC0043 5 13.95 0.29 16.70 15.40 10.31 70 10.88 9.86 0.014 -10.86
NGC0236 5 14.43 0.11 16.08 16.02 10.97 80 10.73 9.73 0.235 -10.49
NGC0255 5 12.41 0.15 14.26 13.51 8.91 21 10.39 9.57 -0.166 -10.56
IC0056 6 15.15 0.12 16.65 16.25 11.93 85 10.40 9.69 0.072 -10.33
UGC00626 5 14.97 0.21 16.96 ... 11.41 80 10.55 ... -0.035 -10.59
ESO412-013 5 15.00 0.09 16.68 ... 11.56 78 10.47 ... -0.037 -10.51
ESO542-004 7 15.00 0.06 16.97 ... 12.10 78 10.26 ... -0.182 -10.44
IC1666 6 14.35 0.27 17.03 16.23 10.98 70 10.61 9.53 -0.134 -10.74
PGC005023 6 15.78 0.14 18.76 18.44 12.54 27 9.16 7.82 -1.754 -10.91
UGC00929 6 14.82 0.15 16.43 16.23 11.57 104 10.72 9.87 0.358 -10.36
NGC0575 5 13.72 0.27 16.11 15.51 10.10 46 10.59 9.45 -0.134 -10.73
NGC0628 5 9.80 0.28 12.20 11.56 6.17 10 10.84 9.71 0.118 -10.73
UGC01148 5 15.45 0.71 18.02 16.48 11.39 68 10.42 9.41 -0.216 -10.64
ESO543-021 5 14.95 0.08 16.63 ... 11.52 79 10.50 ... -0.014 -10.51
UGC01347 5 13.50 0.32 15.97 15.65 9.83 79 11.17 9.86 0.431 -10.74
PGC007210 5 14.97 0.13 16.12 14.88 11.49 112 10.81 10.48 0.527 -10.28
UGC01478 5 14.56 0.47 17.21 16.18 10.74 69 10.69 9.53 -0.066 -10.76
UGC01546 5 14.76 0.33 16.75 15.63 11.08 33 9.92 9.11 -0.628 -10.54
PGC007942 6 15.00 0.12 16.83 16.50 11.78 73 10.32 9.46 -0.137 -10.46
PGC008142 5 14.91 0.10 17.30 ... 11.46 110 10.81 ... 0.021 -10.79
UGC02043 5 14.96 0.52 17.88 ... 11.09 73 10.60 ... -0.243 -10.85
UGC02094 5 13.74 0.28 16.26 15.37 10.12 73 10.99 9.91 0.214 -10.78
ESO479-022 5 15.39 0.13 17.05 ... 11.91 99 10.54 ... 0.053 -10.49
UGC02174 5 15.09 0.57 17.11 14.86 11.17 72 10.56 10.10 0.091 -10.47
ESO546-011 5 14.52 0.15 16.27 15.23 11.02 62 10.49 9.82 -0.031 -10.52
NGC1067 5 14.55 0.82 17.57 16.12 10.38 64 10.77 9.49 -0.005 -10.78
UGC02323 5 15.66 1.08 18.72 16.62 11.23 111 10.91 9.77 0.217 -10.69
PGC012008 5 15.00 0.21 17.33 ... 11.44 129 10.96 ... 0.232 -10.72
UGC02623 7 15.59 1.02 19.07 15.36 11.72 63 10.22 9.78 -0.467 -10.69
UGC02692 5 14.07 0.34 16.06 15.86 10.38 87 11.04 9.87 0.496 -10.54
UGC02712 6 15.50 1.26 20.26 17.58 11.14 97 10.83 9.27 -0.380 -11.21
UGC02721 7 16.40 0.58 18.45 16.67 12.97 89 10.02 9.56 -0.253 -10.28
NGC1325A 7 13.40 0.09 16.03 15.87 10.46 15 9.48 8.33 -1.214 -10.69
ESO548-035 5 13.49 0.27 15.77 14.82 9.87 57 10.88 9.91 0.195 -10.68

Òàáëèöà 1

ÈÑÕÎÄÍÛÅ ÄÀÍÍÛÅ ÄËß Sc-Sd ÃÀËÀÊÒÈÊ, ÂÈÄÈÌÛÕ ÀÍÔÀÑ
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1 2 3 4 5 6 7 8 9 10 11 12

NGC1376 5 12.85 0.20 15.02 14.62 9.30 57 11.10 9.99 0.438 -10.66
PGC013714 6 15.10 0.35 17.41 ... 11.65 59 10.19 ... -0.371 -10.56
IC0342 5 9.40 2.41 12.80 8.03 3.64 3 10.81 10.07 0.470 -10.34
UGC02859 5 16.00 1.93 19.88 15.29 10.72 77 10.79 9.99 0.084 -10.71
UGC03051 6 16.00 0.97 18.37 16.13 11.94 95 10.49 9.83 0.131 -10.36
NGC1599 5 14.10 0.17 15.38 15.33 10.58 54 10.54 9.66 0.225 -10.32
IC0391 5 12.98 0.56 15.04 14.69 9.07 24 10.44 9.21 -0.046 -10.49
ESO552-047 5 15.26 0.44 17.59 ... 11.47 90 10.63 ... -0.007 -10.64
PGC017323 7 13.49 0.34 14.92 14.59 10.30 30 10.14 9.45 0.024 -10.12
PGC018031 5 14.84 1.09 18.30 16.69 10.40 96 11.11 9.62 0.262 -10.85
IC0441 5 14.40 1.18 17.16 15.16 9.87 30 10.32 9.22 -0.224 -10.54
UGC03574 6 13.20 0.25 14.66 13.74 9.85 24 10.13 9.59 -0.134 -10.26
UGC03701 6 14.80 0.26 16.59 15.29 11.44 42 9.98 9.46 -0.409 -10.39
UGC03806 6 15.26 0.44 18.10 16.61 11.72 74 10.36 9.43 -0.385 -10.74
UGC03825 5 15.06 0.37 16.97 16.21 11.34 114 10.89 9.96 0.394 -10.50
UGC03886 5 16.00 0.27 16.57 15.67 12.38 69 10.04 9.74 0.041 -10.00
UGC03924 7 15.66 0.13 17.54 16.80 12.68 69 9.92 9.29 -0.457 -10.37
UGC04074 5 13.75 0.18 16.54 ... 10.22 99 11.21 ... 0.295 -10.92
NGC2500 7 12.22 0.17 13.80 13.95 9.20 12 9.79 8.91 -0.450 -10.24
NGC2514 5 14.01 0.15 16.17 15.65 10.51 65 10.73 9.70 0.051 -10.68
PGC086610 7 16.40 0.20 18.14 17.45 13.35 65 9.60 8.98 -0.696 -10.29
PGC023378 6 14.49 0.21 17.19 15.59 11.18 60 10.39 9.65 -0.380 -10.77
UGC04380 5 15.05 0.26 17.39 16.43 11.44 104 10.77 9.79 0.058 -10.71
UGC04445 5 15.06 0.29 17.11 15.60 11.42 88 10.63 9.98 0.044 -10.59
IC0509 5 13.83 0.16 15.87 15.49 10.33 74 10.92 9.87 0.290 -10.63
NGC2607 5 14.95 0.18 16.09 15.02 11.42 47 10.09 9.67 -0.173 -10.26
UGC04536 5 15.42 0.41 18.06 ... 11.66 103 10.67 ... -0.101 -10.77
NGC2661 6 13.86 0.13 15.30 15.15 10.63 54 10.52 9.73 0.226 -10.30
UGC04853 6 15.24 0.17 16.34 15.22 11.97 34 9.59 9.30 -0.559 -10.15
PGC026687 6 14.72 0.13 16.40 ... 11.49 46 10.04 ... -0.353 -10.39
UGC05015 6 15.30 0.09 16.69 15.85 12.11 28 9.36 8.88 -0.935 -10.29
UGC05153 5 15.65 0.13 16.82 ... 12.17 110 10.53 ... 0.236 -10.29
UGC05169 7 15.44 0.05 17.41 ... 12.54 106 10.34 ... -0.099 -10.44
NGC2967 5 12.28 0.44 15.26 13.46 8.49 31 10.89 9.93 -0.002 -10.90
UGC05274 6 14.92 0.18 17.01 15.97 11.64 79 10.45 9.74 -0.087 -10.54
ESO566-019 6 13.99 0.21 16.03 15.27 10.68 47 10.38 9.57 -0.125 -10.51
ESO499-011 7 15.01 0.27 17.50 15.80 11.89 38 9.71 9.17 -0.856 -10.57
PGC028556 5 14.84 0.19 17.47 16.07 11.30 98 10.77 9.89 -0.077 -10.85
ESO567-010 6 14.44 0.29 17.09 16.43 11.05 38 10.05 8.92 -0.672 -10.72
PGC029301 5 15.24 0.21 20.14 ... 11.68 125 10.83 ... -0.919 -11.75
UGC05474 6 14.89 0.10 16.16 15.37 11.69 80 10.44 9.99 0.197 -10.24
UGC05483 5 15.13 0.17 17.29 16.42 11.62 82 10.49 9.59 -0.181 -10.67
PGC029882 5 14.54 0.23 17.19 ... 10.96 126 11.13 ... 0.283 -10.84
PGC029929 7 14.30 0.34 16.82 15.08 11.11 44 10.15 9.59 -0.400 -10.55
NGC3184 6 10.41 0.07 12.53 12.89 7.24 11 10.50 9.26 -0.092 -10.59
PGC030452 5 14.78 0.06 16.64 ... 11.37 87 10.64 ... 0.051 -10.59
PGC030830 5 14.91 0.08 17.01 ... 11.48 99 10.71 ... 0.030 -10.68

Òàáëèöà 1 (ïðîäîëæåíèå)
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1 2 3 4 5 6 7 8 9 10 11 12

NGC3344 5 10.50 0.14 12.60 12.20 7.01 10 10.51 9.45 -0.149 -10.66
PGC031979 7 14.05 0.16 14.97 14.61 11.04 31 9.88 9.47 -0.103 -9.98
PGC032091 6 14.45 0.17 16.00 14.92 11.18 37 9.97 9.50 -0.353 -10.33
NGC3433 5 13.30 0.15 15.14 14.26 9.80 35 10.48 9.71 -0.069 -10.55
PGC032817 6 15.28 0.17 17.06 ... 12.01 110 10.59 ... 0.167 -10.42
NGC3506 5 13.16 0.13 15.73 15.34 9.68 86 11.31 10.06 0.458 -10.85
UGC06130 5 15.02 0.16 17.20 16.11 11.51 112 10.80 9.99 0.119 -10.68
UGC06194 6 14.62 0.07 15.92 15.43 11.45 35 9.82 9.25 -0.444 -10.26
PGC034006 5 14.13 0.27 16.46 15.30 10.51 103 11.13 10.24 0.429 -10.70
UGC06335 6 14.91 0.02 16.64 15.26 11.79 41 9.82 9.45 -0.634 -10.45
UGC06429 5 13.78 0.05 15.74 15.14 10.38 53 10.61 9.72 -0.033 -10.64
IC0696 6 14.50 0.22 16.83 15.58 11.19 84 10.69 9.95 0.062 -10.62
UGC06528 5 14.12 0.05 16.19 16.31 10.72 46 10.35 9.13 -0.336 -10.68
PGC036269 5 15.59 0.12 17.94 17.10 12.12 88 10.35 9.38 -0.415 -10.77
PGC036353 5 14.14 0.32 16.51 ... 10.47 39 10.31 ... -0.394 -10.70
NGC3938 5 10.87 0.09 13.05 13.08 7.43 18 10.85 9.61 0.140 -10.71
ESO573-002 5 15.50 0.31 17.16 15.86 11.84 76 10.34 9.75 -0.081 -10.42
NGC4136 5 11.70 0.08 13.70 13.70 8.27 17 10.46 9.31 -0.178 -10.64
NGC4195 6 15.29 0.08 16.54 15.82 12.11 61 10.04 9.57 -0.205 -10.24
NGC4303 5 10.16 0.11 12.24 12.82 6.70 15 10.98 9.56 0.322 -10.66
NGC4303A 6 13.53 0.16 14.82 14.61 10.28 15 9.55 8.84 -0.677 -10.23
IC3267 5 14.12 0.09 16.96 16.79 10.68 38 10.20 8.77 -0.774 -10.97
IC3271 5 14.57 0.14 16.81 16.17 11.08 97 10.85 9.84 0.137 -10.72
NGC4411B 6 12.98 0.12 14.95 14.67 9.76 28 10.30 9.36 -0.210 -10.51
NGC4535 5 10.56 0.13 13.46 12.91 7.08 16 10.89 9.57 -0.099 -10.98
NGC4571 6 11.92 0.22 15.18 14.94 8.60 15 10.22 8.71 -0.771 -10.99
NGC4653 5 12.77 0.14 14.86 14.30 9.28 40 10.80 9.81 0.150 -10.65
PGC042868 7 13.03 0.13 14.91 13.88 10.05 17 9.75 9.24 -0.623 -10.37
ESO574-029 5 13.67 0.26 16.58 ... 10.06 83 11.13 ... 0.188 -10.94
NGC4688 7 12.60 0.10 14.80 13.60 9.65 7 9.14 8.58 -1.371 -10.51
NGC4900 5 11.89 0.10 13.82 14.49 8.44 16 10.34 8.94 -0.264 -10.61
UGC08153 6 14.49 0.13 16.07 15.24 11.26 38 9.97 9.39 -0.387 -10.35
PGC045690 5 15.86 0.07 17.53 ... 12.44 67 9.99 ... -0.524 -10.51
NGC5068 6 10.50 0.44 12.80 12.36 6.96 5 9.92 8.78 -0.605 -10.53
UGC08436 7 15.03 0.11 16.60 16.09 12.07 41 9.71 9.12 -0.548 -10.26
NGC5154 5 14.73 0.07 16.35 15.61 11.31 77 10.56 9.86 0.064 -10.49
PGC048087 7 14.45 0.32 16.70 15.17 11.28 34 9.86 9.33 -0.591 -10.45
ESO445-076 7 14.73 0.29 16.65 15.51 11.59 34 9.74 9.19 -0.591 -10.33
UGC08877 7 15.18 0.02 17.37 16.82 12.31 37 9.52 8.74 -1.014 -10.54
NGC5405 5 14.52 0.14 16.42 15.58 11.03 94 10.85 10.05 0.269 -10.58
PGC049982 5 16.00 0.09 17.62 ... 12.56 126 10.49 ... 0.004 -10.48
NGC5457 5 8.30 0.05 10.00 10.41 4.90 7 11.04 9.86 0.510 -10.53
UGC09008 6 15.29 0.09 17.19 16.34 12.10 73 10.20 9.52 -0.298 -10.50
NGC5468 5 12.94 0.12 13.90 13.94 9.47 37 10.66 9.89 0.449 -10.21
NGC5476 6 13.34 0.14 15.71 14.86 10.10 34 10.34 9.45 -0.330 -10.67
NGC5494 5 13.30 0.36 15.13 14.40 9.59 30 10.43 9.53 -0.039 -10.47
UGC09144 6 15.95 0.06 17.56 ... 12.79 108 10.26 ... -0.134 -10.39

Òàáëèöà 1 (ïðîäîëæåíèå)
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Dm..M HI log2403312log 21 (2)

â åäèíèöàõ ìàññû Ñîëíöà; (11) - ëîãàðèôì èíòåãðàëüíîãî òåìïà çâåçäî-

1 2 3 4 5 6 7 8 9 10 11 12

UGC09216 5 14.51 0.08 16.78 15.88 11.08 77 10.65 9.75 -0.097 -10.75
NGC5660 5 12.38 0.10 14.22 14.34 8.93 36 10.85 9.71 0.284 -10.57
UGC09317 6 15.00 0.06 16.22 15.58 11.84 61 10.15 9.67 -0.088 -10.23
ESO580-014 6 14.55 0.39 16.64 16.18 11.06 82 10.71 9.69 0.254 -10.46
UGC09837 5 13.81 0.09 15.47 15.10 10.37 39 10.35 9.47 -0.154 -10.50
UGC09945 5 14.19 0.25 16.42 15.32 10.59 94 11.02 10.15 0.354 -10.67
NGC5989 6 13.56 0.10 16.02 16.24 10.36 42 10.41 9.08 -0.305 -10.72
UGC10020 7 14.44 0.22 15.86 15.25 11.38 31 9.74 9.21 -0.416 -10.16
PGC056010 6 15.42 0.13 17.48 17.46 12.19 63 10.03 8.94 -0.514 -10.55
PGC056318 5 15.33 0.08 17.35 ... 11.90 82 10.38 ... -0.269 -10.65
PGC056639 6 15.77 0.10 20.37 ... 11.67 115 10.76 ... -0.480 -11.24
NGC6143 5 13.92 0.10 16.18 15.38 10.47 76 10.88 9.94 0.147 -10.74
PGC058201 5 15.69 0.23 17.38 15.76 12.11 117 10.60 10.16 0.139 -10.46
UGC10427 5 15.19 0.06 16.88 16.47 11.78 124 10.78 9.93 0.260 -10.53
IC1221 6 14.59 0.05 15.58 15.75 11.44 78 10.52 9.81 0.371 -10.15
UGC10590 6 14.06 0.13 16.42 ... 10.83 45 10.28 ... -0.385 -10.67
IC1236 5 14.23 0.35 17.02 16.22 10.53 85 10.96 9.70 0.097 -10.86
UGC10956 5 15.64 1.19 19.81 ... 11.10 94 10.82 ... -0.280 -11.10
NGC6493 6 15.44 0.17 16.63 ... 12.17 85 10.30 ... 0.115 -10.19
UGC11214 6 15.00 1.01 18.62 15.61 10.89 39 10.14 9.27 -0.710 -10.85
NGC6711 5 13.71 0.37 16.72 16.44 9.99 68 10.98 9.42 0.045 -10.94
NGC6821 7 13.62 1.39 17.71 14.52 9.38 18 10.07 9.03 -0.726 -10.79
NGC6946 5 9.60 1.48 13.20 10.00 4.77 8 11.21 10.14 0.446 -10.76
PGC902799 5 16.30 0.20 17.16 15.44 12.75 49 9.59 9.53 -0.547 -10.14
NGC7137 5 13.05 0.60 15.89 15.32 9.10 23 10.39 8.93 -0.392 -10.79
UGC11816 5 14.83 0.61 17.20 15.28 10.87 68 10.63 9.88 0.032 -10.59
ESO532-008 5 15.29 0.14 17.26 ... 11.80 87 10.47 ... -0.136 -10.61
PGC068549 5 14.23 0.43 17.01 ... 10.45 71 10.83 ... 0.011 -10.82
ESO602-027 5 14.48 0.19 16.62 16.06 10.95 80 10.74 9.71 0.081 -10.66
NGC7309 5 13.04 0.25 15.78 15.43 9.44 57 11.05 9.67 0.174 -10.87
ESO603-011 5 15.01 0.21 17.18 ... 11.45 114 10.85 ... 0.185 -10.66
UGC12192 7 16.50 0.53 18.24 16.44 13.13 93 10.00 9.69 -0.175 -10.17
IC5261 6 13.88 0.19 15.84 15.47 10.59 46 10.40 9.47 -0.086 -10.48
NGC7495 5 13.76 0.42 16.44 14.64 9.99 70 11.01 10.17 0.220 -10.79
NGC7535 6 14.28 0.29 16.63 15.34 10.89 67 10.61 9.85 0.005 -10.60
UGC12522 7 15.41 0.46 18.07 15.62 12.10 42 9.72 9.33 -0.850 -10.57
UGC12585 7 14.63 0.31 16.64 15.52 11.47 53 10.17 9.57 -0.188 -10.36
UGC12635 6 15.31 0.21 17.71 16.62 12.00 74 10.25 9.42 -0.401 -10.65
PGC071751 5 14.74 0.28 17.47 16.33 11.11 115 10.99 9.92 0.128 -10.86
ESO605-016 5 13.23 0.14 15.99 15.70 9.74 110 11.50 10.13 0.575 -10.92
PGC072738 5 14.82 0.23 17.25 16.71 11.24 83 10.65 9.48 -0.106 -10.76
UGC12838 5 14.86 0.19 16.73 16.18 11.32 101 10.79 9.87 0.241 -10.55
NGC7798 5 12.95 0.28 15.56 16.03 9.32 36 10.70 9.03 -0.113 -10.81

Òàáëèöà 1 (îêîí÷àíèå)

Karachentseva.pmd 4/10/2020, 2:49 PM182



183ÇÂÅÇÄÎÎÁÐÀÇÎÂÀÍÈÅ  Â  ÑÏÈÐÀËÜÍÛÕ  ÃÀËÀÊÒÈÊÀÕ

îáðàçîâàíèÿ â годM , êîòîðûé, ñîãëàñíî [3], âûðàæàåòñÿ êàê

    ; log293140782SFRlog FUV DA.m.. G  (3)

(12) - ëîãàðèôì óäåëüíîãî òåìïà çâåçäîîáðàçîâàíèÿ â åäèíèöàõ (ãîä)-1 â
ïðåäïîëîæåíèè  LMLM K  1  [15].

Ðàñïðåäåëåíèå ñïèðàëüíûõ ãàëàêòèê íàøåé âûáîðêè ïî èíòåãðàëüíîìó òåìïó
çâåçäîîáðàçîâàíèÿ è K-ñâåòèìîñòè ïðåäñòàâëåíî íà ðèñ.1. Ãàëàêòèêè òèïîâ Sc,
Scd è Sd èçîáðàæåíû, ñîîòâåòñòâåííî, êâàäðàòàìè, òðåóãîëüíèêàìè è êðóæêàìè.
Ãàëàêòèêè íà äèàãðàììå ïîêàçûâàþò ìîðôîëîãè÷åñêóþ ñåãðåãàöèþ: ìàêñèìàëüíûå
çíà÷åíèÿ год3~SFR M  ñîîòâåòñòâóþò ìàññèâíûì Sc ãàëàêòèêàì òèïà Ì101,
ìèíèìàëüíûå çíà÷åíèÿ год0.1SFR M  õàðàêòåðíû äëÿ êàðëèêîâûõ ñïèðàëåé
Scd, Sd.

Ðèñ.2 âîñïðîèçâîäèò ðàñïðåäåëåíèå ãàëàêòèê ïî èíòåãðàëüíîìó òåìïó çâåçäî-
îáðàçîâàíèÿ è âîäîðîäíîé ìàññå. Âåëè÷èíà SFR â äèñêàõ ñïèðàëåé ïîçäíèõ
òèïîâ ïîêàçûâàåò áîëåå òåñíóþ êîððåëÿöèþ ñ HIM , ÷åì ñ M , èìåÿ íàêëîí
0.86 ± 0.04. Ýòîò íàêëîí îêàçûâàåòñÿ çíà÷èòåëüíî ìåíüøå íàêëîíà 1.4 ± 0.1,
êîòîðûé îïèñûâàåò ñîîòíîøåíèå log(SFR) vs logMHI äëÿ îòäåëüíûõ î÷àãîâ
çâåçäîîáðàçîâàíèÿ (çàêîí Øìèäòà-Êåííèêàòà [16]).

Ñîîòíîøåíèÿ ìåæäó âîäîðîäíîé ìàññîé è çâåçäíîé ìàññîé (K-ñâåòè-
ìîñòüþ) äëÿ 146 ãàëàêòèê ðàññìàòðèâàåìîé âûáîðêè ïîêàçàíû íà ðèñ.3.
Îáîçíà÷åíèÿ ìîðôîëîãè÷åñêèõ òèïîâ òå æå, ÷òî íà ïðåäûäóùèõ ðèñóíêàõ.
Òðè äèàãîíàëüíûõ ïðÿìûõ ñîîòâåòñòâóþò çíà÷åíèÿì KHI LM , ðàâíûì 1, 0.1
è 0.01. Ìåäèàíà ýòîãî îòíîøåíèÿ ñîñòàâëÿåò 0.15, òîãäà êàê äëÿ îòäåëüíûõ
òèïîâ ãàëàêòèê ìåäèàííîå îòíîøåíèå ðàâíî: 0.10 (Sc), 0.17 (Scd) è 0.28 (Sd).

Ðèñ.1. Òåìï çâåçäîîáðàçîâàíèÿ è K-ñâåòèìîñòü ó ãàëàêòèê ïîçäíèõ òèïîâ (T = 5, 6, 7),
âèäèìûõ àíôàñ.
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Äàííûå ðèñ.3 îòðàæàþò èçâåñòíûé ôàêò, ÷òî îòíîñèòåëüíîå ñîäåðæàíèå
íåéòðàëüíîãî âîäîðîäà â äèñêàõ ñïèðàëüíûõ ãàëàêòèê ïàäàåò ñ óâåëè÷åíèåì
ìàññû (ñâåòèìîñòè) ãàëàêòèêè. Ýòî â ñâîþ î÷åðåäü îçíà÷àåò, ÷òî ïðîöåññ
ïðåîáðàçîâàíèÿ ãàçà â çâåçäû ïðîèñõîäèë â ìàññèâíûõ ãàëàêòèêàõ áîëåå
èíòåíñèâíî, ÷åì â îáúåêòàõ íèçêîé ñâåòèìîñòè.

Ñðåäè 181 ãàëàêòèêè íàøåé âûáîðêè èìåþòñÿ 13 ñëó÷àåâ, êîãäà òåìï
çâåçäîîáðàçîâàíèÿ áûë îïðåäåëåí ïî H -ïîòîêó,  HF . Ñîãëàñíî [16],
èíòåãðàëüíûé òåìï çâåçäîîáðàçîâàíèÿ âûðàæàåòñÿ ñîîòíîøåíèåì

Ðèñ.2. Òåìï çâåçäîîáðàçîâàíèÿ è âîäîðîäíàÿ ìàññà ó ãàëàêòèê ïîçäíèõ òèïîâ, îðèåíòè-
ðîâàííûõ àíôàñ.

Ðèñ.3. Ñîîòíîøåíèå ìåæäó âîäîðîäíîé ìàññîé è K-ñâåòèìîñòüþ ó ãàëàêòèê ïîçäíèõ
òèïîâ Sc, Scd, Sd, âèäèìûõ àíôàñ.
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     , 988log22440HlogHSFRlog .DA.F G  (4)

ãäå ïîòîê â ëèíèè H  èçìåðåí â åäèíèöàõ (ýðã/ñì2
 ñ), à ðàññòîÿíèå D -

â Ìïê. Äàííûå îá ýòèõ ãàëàêòèêàõ, âçÿòûå èç áàçû äàííûõ NASA Extragalactic
Database = NED (http://ned.ipac.caltech.edu), ïðåäñòàâëåíû â òàáë.2. Îöåíêè
ïîòîêà  HF  äëÿ íèõ ñäåëàíû ðàçíûìè àâòîðàìè íà ðàçíûõ òåëåñêîïàõ. Òåì
íå ìåíåå, ñîãëàñèå çíà÷åíèé SFR ïî H -ïîòîêó è FUV-ïîòîêó îêàçûâàåòñÿ

âïîëíå óäîâëåòâîðèòåëüíûì. Ñðåäíÿÿ ðàçíîñòü      FUVSFRlogHSFRlog 
ñîñòàâëÿåò 0.08 ± 0.04 ïðè äèñïåðñèè ðàçíîñòè 0.12. Ðåçóëüòàò ýòîãî ñðàâíåíèÿ
ïîêàçûâàåò, ÷òî íóëü-ïóíêòû èñïîëüçóåìûõ ýìïèðè÷åñêèõ ñîîòíîøåíèé (3)
è (4) ñîãëàñóþòñÿ äðóã ñ äðóãîì â ïðåäåëàõ òèïè÷íîé ïîãðåøíîñòè èçìåðåíèÿ
ïîòîêîâ ~0.1 dex.

3. Óäåëüíûé òåìï çâåçäîîáðàçîâàíèÿ â òîíêèõ äèñêàõ ãàëàêòèê .
Êàê áûëî îòìå÷åíî âûøå, òîíêèå ñïèðàëüíûå ãàëàêòèêè ïîçäíèõ òèïîâ áåç
áàëäæåé ÿâëÿþòñÿ äîâîëüíî îáîñîáëåííûìè îáúåêòàìè, ýâîëþöèÿ êîòîðûõ
ìàëî ïîäâåðæåíà âíåøíåìó âëèÿíèþ: âñïûøêàì çâåçäîîáðàçîâàíèÿ èç-çà
ïðèëèâíîãî âîçìóùåíèÿ ìàññèâíîãî ñîñåäà èëè æå ïîãëîùåíèÿ ñïóòíèêà ïðè
ñëèÿíèè. Ïî ýòîé ïðè÷èíå òàêèå ãàëàêòèêè âåñüìà óäîáíû äëÿ èçó÷åíèÿ
àâòîíîìíîé ýâîëþöèè ñïèðàëüíûõ äèñêîâ. Íàèáîëåå âàæíîé õàðàêòåðèñòèêîé
ãëîáàëüíîé ýâîëþöèè ãàëàêòèêè ÿâëÿåòñÿ óäåëüíûé òåìï çâåçäîîáðàçîâàíèÿ,
îòíåñåííûé ê åäèíèöå çâåçäíîé ìàññû,  MSFRsSFR . Äëÿ îöåíêè M  ìû
èñïîëüçîâàëè ñîîòíîøåíèå  LM~LM K  1  [15], ãäå ñâåòèìîñòü LK îïðå-
äåëÿëàñü ïî âèäèìîé B-âåëè÷èíå è ñðåäíåìó ïîêàçàòåëþ öâåòà KB ,
çàâèñÿùåìó îò ìîðôîëîãè÷åñêîãî òèïà T.

Ãàëàêòèêà D, Mpc AG log[SFR(FUV)] logF(H) log[SFR(H)]

NGC628 10.2 0.28 0.12 -10.84 0.22
NGC2500 12.4 0.17 -0.45 -11.60 -0.39
NGC3184 11.1 0.07 -0.09 -11.12 -0.04
NGC3344 9.8 0.14 -0.15 -11.09 -0.10
NGC4136 17.0 0.08 -0.18 -11.82 -0.36
NGC4303 15.0 0.11 0.32 -11.03 0.32
NGC4688 7.0 0.10 -1.37 -11.90 -1.21
NGC4900 16.0 0.10 -0.26 -11.68 -0.27
NGC5068 5.1 0.44 -0.60 -10.83 -0.34
NGC5457 7.0 0.05 0.51 -10.22 0.45
NGC6946 7.7 1.48 0.45 -10.47 0.63
NGC7137 23.0 0.60 -0.39 -11.95 -0.11
NGC7798 36.0 0.28 -0.11 -12.13 0.03

Òàáëèöà 2
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Ðèñ.4 ïðåäñòàâëÿåò ðàñïðåäåëåíèå ñïèðàëüíûõ äèñêîâ ãàëàêòèê áåç áàëäæåé,
îðèåíòèðîâàííûõ àíôàñ, ïî óäåëüíîìó òåìïó çâåçäîîáðàçîâàíèÿ è çâåçäíîé
ìàññå. Ïóíêòèðíàÿ ãîðèçîíòàëüíàÿ ëèíèÿ ñîîòâåòñòâóåò ïàðàìåòðó Õàááëà
H0 = (13.8 x 109

 ëåò)-1, êîãäà ãàëàêòèêà óñïåâàåò âîñïðîèçâåñòè íàáëþäàåìóþ
ìàññó ñ íàáëþäàåìûì òåìïîì SFR çà êîñìîëîãè÷åñêîå âðåìÿ 13.8 ìëðä. ëåò.
Êàê ïîêàçûâàåò ëèíèÿ êâàäðàòè÷íîé ðåãðåññèè (ñïëîøíàÿ ëèíèÿ), ñðåäíèé
óäåëüíûé òåìï çâåçäîîáðàçîâàíèÿ â òîíêèõ äèñêàõ óìåíüøàåòñÿ ñ ðîñòîì
ñâåòèìîñòè ãàëàêòèêè. Èç ýòèõ äàííûõ ñëåäóåò, ÷òî â ïðîøëîì ñðåäíèé òåìï
çâåçäîîîáðàçîâàíèÿ ó ìàëîìàññèâíûõ ãàëàêòèê áûë â äâà ðàçà âûøå íàáëþäàåìîãî
ñåé÷àñ, à äëÿ ñàìûõ ìàññèâíûõ ãàëàêòèê ïðåæíèé òåìï áûë â 3-4 ðàçà
èíòåíñèâíåå.

Ðàçáðîñ ãàëàêòèê îòíîñèòåëüíî ëèíèè ðåãðåññèè ðàâåí 0.20 â ëîãàðèôìè-
÷åñêîé øêàëå. Ñðåäíÿÿ ïîãðåøíîñòü K-ñâåòèìîñòè èç-çà îøèáîê èçìåðåíèÿ
B-âåëè÷èíû (0m.25) è ìîðôîëîãè÷åñêîãî òèïà (0m.18) ñîñòàâëÿåò 0m.31. Ñäåëàâ
êâàäðàòè÷íîå âû÷èòàíèå îøèáîê, ìû ïîëó÷àåì äëÿ èñòèííîé (êîñìè÷åñêîé)
âàðèàöèè SFR âåëè÷èíó 0.16 dex. Ýòî îçíà÷àåò, ÷òî ïðåîáðàçîâàíèå ãàçà â
çâåçäû â òîíêèõ äèñêàõ ñïèðàëüíûõ ãàëàêòèê âûãëÿäèò äîâîëüíî åäèíîîáðàçíûì
ïðîöåññîì.

Ñëåäóåò îòìåòèòü, ÷òî áàçà äàííûõ HyperLEDA [10] ñîäåðæèò îöåíêè
èíòåãðàëüíîé âåëè÷èíû Kt äëÿ áîëüøèíñòâà îáúåêòîâ íàøåé âûáîðêè. Îöåíêè
Kt áûëè ïîëó÷åíû â îñíîâíîì èç îáçîðà 2MASS [12]. Îäíàêî èç-çà êîðîòêîãî
âðåìåíè ýêñïîçèöèé (~8 ñ) 2MASS îáçîð ñèñòåìàòè÷åñêè íåäîó÷èòûâàåò âêëàä
ïåðèôåðèéíûõ îáëàñòåé â èíòåãðàëüíóþ ñâåòèìîñòü ãàëàêòèê, îñîáåííî äëÿ
îáúåêòîâ ãîëóáîãî öâåòà. Ðèñ.5 âîñïðîèçâîäèò ñîîòíîøåíèå ìåæäó KB è Kt
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Ðèñ.4. Ðàñïðåäåëåíèå ãàëàêòèê ïîçäíèõ òèïîâ, íàáëþäàåìûõ àíôàñ, ïî óäåëüíîìó
òåìïó çâåçäîîáðàçîâàíèÿ è çâåçäíîé ìàññå.
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âåëè÷èíàìè äëÿ 159 ãàëàêòèê ðàññìàòðèâàåìîé âûáîðêè. Ëèíèÿ ðåãðåññèè
äëÿ íèõ âûðàæàåòñÿ êàê Kt = 0.58 + 0.99KB. Ñðåäíÿÿ ðàçíîñòü çâåçäíûõ âåëè÷èí
ñîñòàâëÿåò 490m.KK Bt  , âîçðàñòàÿ â ñòîðîíó ñàìûõ ñëàáûõ ãàëàêòèê. Ñðåäíåå
êâàäðàòè÷íîå îòêëîíåíèå îò ëèíèè ðåãðåññèè ðàâíî 0m.59, òàêæå óâåëè÷èâàÿñü
îò ÿðêèõ ê ñëàáûì ãàëàêòèêàì. Ïîñêîëüêó ïî íàøåé îöåíêå ñðåäíÿÿ êâàäðàòè÷íàÿ
ïîãðåøíîñòü KB -âåëè÷èíû ñîñòàâëÿåò 0m.31, òî íà äîëþ íåçàâèñèìî èçìåðÿåìîé
Kt -âåëè÷èíû ïðèõîäèòñÿ îñíîâíàÿ ïîãðåøíîñòü,   500m.K t  .
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Ðèñ.5. Ñîîòíîøåíèå ìåæäó èíòåãðàëüíîé K-âåëè÷èíîé èç HyperLEDA è âèäèìîé K-
âåëè÷èíîé, îïðåäåëåííîé ïî ïîêàçàòåëþ öâåòà (B - K) è ìîðôîëîãè÷åñêîìó òèïó, äëÿ Sc,
Scd, Sd ãàëàêòèê, âèäèìûõ àíôàñ.
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Ðèñ.6. Ðàñïðåäåëåíèå ãàëàêòèê ïîçäíèõ òèïîâ, âèäèìûõ àíôàñ, ïî óäåëüíîìó òåìïó
çâåçäîîáðàçîâàíèÿ è K-ñâåòèìîñòè ïî äàííûì HyperLEDA.

Karachentseva.pmd 4/10/2020, 2:51 PM187



188 Â.Å.ÊÀÐÀ×ÅÍÖÅÂÀ  È  ÄÐ.

Â ôîòîìåòðè÷åñêîé ñèñòåìå Kt ñîîòíîøåíèå ìåæäó óäåëüíûì òåìïîì
çâåçäîîáðàçîâàíèÿ è Kt-ñâåòèìîñòüþ ïðèîáðåòàåò âèä, ïîêàçàííûé íà ðèñ.6.
Êàê ñëåäóåò èç ýòèõ äàííûõ, ïåðåõîä îò KB ê Kt çíà÷èòåëüíî óâåëè÷èâàåò ÷èñëî
ìàëîìàññèâíûõ ãàëàêòèê, ðàñïîëàãàþùèõñÿ âûøå ïðåäåëà sSFR = H0. Äèñïåðñèÿ
ãàëàêòèê îòíîñèòåëüíî ëèíèè ðåãðåññèè òàêæå âîçðàñòàåò,   260sSFR .  dex.
Ýòî çíà÷åíèå ñîãëàñóåòñÿ ñî ñäåëàííîé îöåíêîé   500m.K t   èëè   200.LK 
dex, åñëè èñòèííàÿ âàðèàöèÿ óäåëüíîãî òåìïà çâåçäîîáðàçîâàíèÿ ðàâíà 0.16
dex. Äàííûé ïðèìåð ïîêàçûâàåò, ÷òî ôîðìàëüíîå èñïîëüçîâàíèå øêàëû Kt-
âåëè÷èí ìîæåò ïðèâîäèòü ê ñèñòåìàòè÷åñêîìó èñêàæåíèþ êàðòèíû
çâåçäîîáðàçîâàíèÿ â äèñêàõ ñïèðàëüíûõ ãàëàêòèê, îñîáåííî â îáëàñòè èõ
íèçêèõ ñâåòèìîñòåé.

4. Óäåëüíûé áàðèîííûé òåìï çâåçäîîáðàçîâàíèÿ . Êàê õîðîøî
èçâåñòíî, ÷åì ìåíüøå ñâåòèìîñòü ãàëàêòèêè ïîçäíåãî òèïà, òåì áóëüøàÿ äîëÿ
åå ìàññû ïðåáûâàåò â ãàçîîáðàçíîì ñîñòîÿíèè. Òàêàÿ çàêîíîìåðíîñòü âèäíà
è äëÿ òîíêèõ ñïèðàëüíûõ äèñêîâ (ñì. ðèñ.3). Ýòî ñâèäåòåëüñòâóåò î òîì, ÷òî
ïðîöåññ ïðåîáðàçîâàíèÿ ãàçà â çâåçäû ó ìàëîìàññèâíûõ ãàëàêòèê ìåíåå
ýôôåêòèâåí, ÷åì â ãàëàêòèêàõ âûñîêîé ñâåòèìîñòè. Â òå÷åíèå âåêîâîé
ýâîëþöèè çâåçäíàÿ ìàññà ãàëàêòèêè âîçðàñòàåò, íî ñóììàðíàÿ áàðèîííàÿ
ìàññà çâåçä è ãàçà îñòàåòñÿ ïîñòîÿííîé, åñëè ãàëàêòèêà èçîëèðîâàíà è íå
ïîäïèòûâàåòñÿ ìåæãàëàêòè÷åñêèì ãàçîì. Â ýòîì ñëó÷àå ìîæíî ââåñòè ïîíÿòèå
óäåëüíîãî áàðèîííîãî òåìïà çâåçäîîáðàçîâàíèÿ sbSFR = SFR/Mbar, ãäå

. HIKKgasbar MLMMM   U (5)

Äî ñèõ ïîð ìû ïîëàãàëè, ÷òî 1
KU  [15]. Îäíàêî Ìàêãàóê è Øîìáåðò [17]

ïðèâåëè âåñêèå àðãóìåíòû â ïîëüçó ìåíüøåãî çíà÷åíèÿ, 60.U . Ñîãëàñíî
[18], äðóãîé ïàðàìåòð,  , ðàâåí 1.85, ó÷èòûâàÿ âêëàä ãåëèÿ è ìîëåêóëÿðíîãî
âîäîðîäà â ïîëíóþ ìàññó ãàçà. Â äåéñòâèòåëüíîñòè, âåëè÷èíà ïàðàìåòðà 
îñòàåòñÿ ïîêà íå âïîëíå îïðåäåëåííîé, ïîñêîëüêó äîëÿ ìîëåêóëÿðíîãî ãàçà
íå ïîñòîÿííà, à ïàäàåò â ñòîðîíó ìàëîìàññèâíûõ ãàëàêòèê. Ñ äðóãîé ñòîðîíû,
åñòü óêàçàíèÿ íà òî, ÷òî äèñêè ãàëàêòèê ìîãóò áûòü îêðóæåíû çíà÷èòåëüíûìè
ìàññàìè òåïëîãî èîíèçîâàííîãî ãàçà.

Ïðèíèìàÿ ñîîòíîøåíèå HIKbar M.L.M 85160  , ìû âû÷èñëèëè óäåëüíûé
áàðèîííûé òåìï çâåçäîîáðàçîâàíèÿ äëÿ ãàëàêòèê íàøåé âûáîðêè. Ðåçóëüòàòû
ïðåäñòàâëåíû íà ðèñ.7. Êàê ñëåäóåò èç ýòèõ äàííûõ, äèñïåðñèÿ ãàëàêòèê
îòíîñèòåëüíî ëèíèè ðåãðåññèè óìåíüøàåòñÿ äî âåëè÷èíû êîñìè÷åñêîé âàðèàöèè,
  150sbSFR .  dex. Ñ òî÷íîñòüþ äî îøèáîê ôîòîìåòðèè âñå ãàëàêòèêè òèïîâ

Sc, Scd, Sd ëåæàò ïîä ãîðèçîíòàëüíîé ëèíèåé sbSFR = H0, ïîêàçûâàÿ, ÷òî
ñîâðåìåííûå òåìïû çâåçäîîáðàçîâàíèÿ ýòèõ ãàëàêòèê íåäîñòàòî÷íû äëÿ
ïðåîáðàçîâàíèÿ èñõîäíîé ìàññû ãàçà â çâåçäû çà êîñìîëîãè÷åñêîå âðåìÿ 1

0
H .
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5. Çàêëþ÷èòåëüíûå çàìå÷àíèÿ. Ìû ðàññìîòðåëè âûáîðêó 220 ñïèðàëü-
íûõ ãàëàêòèê áåç áàëäæåé, îðèåíòèðîâàííûõ àíôàñ. Èç íèõ äëÿ 181 ãàëàêòèêè
îïðåäåëåíû èíòåãðàëüíûå è óäåëüíûå òåìïû çâåçäîîáðàçîâàíèÿ ïî FUV-
ïîòîêàì èç îáçîðà GALEX. Ñðåäè ýòèõ ãàëàêòèê 106 îòíîñÿòñÿ ê òèïó Sc,
51 - ê òèïó Scd è 24 - ê òèïó Sd. Ïîëó÷åííûå ìåäèàííûå çíà÷åíèÿ óäåëüíîãî
òåìïà çâåçäîîáðàçîâàíèÿ äëÿ íèõ ñîñòàâëÿþò, ñîîòâåòñòâåííî, -10.66 dex, -10.44
dex è -10.40 dex â åäèíèöàõ (ãîä)-1. Çà êîñìîëîãè÷åñêîå âðåìÿ 13.8 ìëðä. ëåò
ïðè ñîâðåìåííîì òåìïå çâåçäîîáðàçîâàíèÿ òèïè÷íàÿ ñïèðàëüíàÿ ãàëàêòèêà
ïîçäíåãî òèïà óñïåâàåò âîñïðîèçâåñòè òîëüêî (1/3-1/2) ñâîåé íàáëþäàåìîé
çâåçäíîé ìàññû. Ñëåäîâàòåëüíî, â ïðîøëîì èõ ñðåäíèé òåìï çâåçäîîáðàçîâàíèÿ
äîëæåí áûë áûòü â 2-3 ðàçà âûøå íàáëþäàåìîãî ñåé÷àñ. Íåîáõîäèìî îòìåòèòü,
÷òî ïðè ôàêòîðå 60.K U  â ñîîòíîøåíèè (5), âìåñòî èñïîëüçîâàííîãî íàìè
çíà÷åíèÿ 1.0, ðàçëè÷èå ìåæäó ïðîøëûì è ñîâðåìåííûì SFR ñòàíîâèòñÿ â 1.7
ðàçà ìåíüøå.

Ñîâðåìåííûé óäåëüíûé òåìï çâåçäîîáðàçîâàíèÿ òåì íèæå, ÷åì áîëüøå
çâåçäíàÿ ìàññà ñïèðàëüíîé ãàëàêòèêè. Îäíàêî ó áîëåå ìàññèâíûõ Sc-ãàëàêòèê
íàáëþäàåìîå îòíîøåíèå ìàññû ãàçà ê çâåçäíîé ìàññå (0.10) çàìåòíî ìåíüøå,
÷åì â Scd (0.17) è Sd (0.28) ãàëàêòèêàõ. Ñëåäîâàòåëüíî, ýôôåêòèâíîñòü
ïðîöåññà ïðåîáðàçîâàíèÿ ãàçà â çâåçäû áûëà òåì âûøå, ÷åì áîëüøå ìàññà
ñïèðàëüíîãî äèñêà.

Èñêëþ÷àÿ âêëàä ôîòîìåòðè÷åñêèõ îøèáîê, ìû ïîëó÷èëè äëÿ äèñïåðñèè
sSFR ïðè ôèêñèðîâàííîé ìàññå çíà÷åíèå 0.16 dex. Ìàëûé ðàçáðîñ ãàëàêòèê
îòíîñèòåëüíî ëèíèè ðåãðåññèè sSFR(M 

*) óêàçûâàåò íà åäèíîîáðàçèå ïðîöåññà

Ðèñ.7. Ðàñïðåäåëåíèå ãàëàêòèê Sc, Scd, Sd-òèïîâ, âèäèìûõ àíôàñ, ïî óäåëüíîìó
áàðèîííîìó òåìïó çâåçäîîáðàçîâàíèÿ è áàðèîííîé ìàññå.
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çâåçäîîáðàçîâàíèÿ â äèñêàõ òîíêèõ ñïèðàëüíûõ ãàëàêòèê, ðàñïîëîæåííûõ â
îáëàñòÿõ íèçêîé êîñìè÷åñêîé ïëîòíîñòè.

Òåìï çâåçäîîáðàçîâàíèÿ è îòíîñèòåëüíîå ñîäåðæàíèå âîäîðîäà â äèñêàõ
Sc, Scd, Sd ãàëàêòèê, îðèåíòèðîâàííûõ ñ ðåáðà [5,19], õîðîøî ñîãëàñóþòñÿ
ñ ïàðàìåòðàìè, ïîëó÷åííûìè â íàñòîÿùåé ðàáîòå äëÿ ñïèðàëüíûõ ãàëàêòèê
áåç áàëäæåé, âèäèìûõ àíôàñ. Èç ýòîãî ñîãëàñèÿ, â ÷àñòíîñòè, ñëåäóåò, ÷òî
òîíêèå äèñêè Sc-Sd ãàëàêòèê ïðàêòè÷åñêè ïðîçðà÷íû â ëèíèè 21 ñì ïðè
ëþáûõ óãëàõ íàêëîíà äèñêà ê ëó÷ó çðåíèÿ.

Äàííàÿ ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòà ÐÍÔ 19-12-00145. Â
ðàáîòå èñïîëüçîâàíû áàçû äàííûõ HyperLEDA è NED, à òàêæå äàííûå
ñïóòíèêà GALEX è îáçîðà íåáà PanSTARRS.

1 Ãëàâíàÿ àñòðîíîìè÷åñêàÿ îáñåðâàòîðèÿ Íàöèîíàëüíîé Àêàäåìèè íàóê,
 Óêðàèíà,
2 Ñïåöèàëüíàÿ àñòðîôèçè÷åñêàÿ îáñåðâàòîðèÿ ÐÀÍ, Íèæíèé Àðõûç,
 Êàðà÷àåâî-×åðêåññêàÿ Ðåñïóáëèêà, Ðîññèÿ, e-mail: ikar@sao.ru

STAR FORMATION IN THIN DISCS OF SPIRAL
GALAXIES SEEN FACE-ON

V.E.KARACHENTSEVA1, I.D.KARACHENTSEV2, O.G.KASHIBADZE2

We present estimates of integrated (SFR) and specific (sSFR) star formation rate
for 181 late-type Sc, Scd, Sd galaxies seen almost face-on. Their SFRs are derived
via FUV-flux from GALEX survey. The median values of sSFR are: -10.66 dex
for Sc, -10.44 dex for Scd and -10.40 dex for Sd types in units of (yr)-1. The average
sSFR of the galaxies decreases smoothly from low-mass to giant discs. Being
corrected for photometric errors, the sSFR for them has a low cosmic variance of
0.16 dex. To reproduce the observed stellar mass over the cosmic time of 13.8 Gyr,
the bulge-less face-on galaxies need to have in the past 2-3 times higher SFR than
their present rates.

Keywords: spiral galaxies: discs: star formation
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