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Õèìè÷åñêèé ñîñòàâ àòìîñôåð è àáñîëþòíûå çâåçäíûå
âåëè÷èíû F- è G-ñâåðõãèãàíòîâ Ìàãåëëàíîâûõ
Îáëàêîâ

Ìåòîäîì ìîäåëåé àòìîñôåð èññëåäîâàí 31 æåëòûé ñâåðõãèãàíò èç
Áîëüøîãî è Ìàëîãî Ìàãåëëàíîâûõ Îáëàêîâ. Èñïîëüçîâàëèñü ñïåêòðû
âûñîêîãî ðàçðåøåíèÿ. Îïðåäåëåíû ñîäåðæàíèÿ 20 õèìè÷åñêèõ ýëå ìåí -
òîâ è ïîêàçàíî, ÷òî a-ýëåìåíòû íàõîäÿòñÿ â íåçíà÷èòåëüíîì èçáûò -
êå, à ýëåìåíòû íåéòðîííîãî çàõâàòà èìåþò èçáûòîê äî 0.60 dex.
Àïðîáèðîâàí íîâûé ìåòîä îïðåäåëåíèÿ àáñîëþòíûõ çâåçäíûõ âåëè÷èí 
ñâåðõãèãàíòîâ ïîçäíèõ ñïåêòðàëüíûõ êëàññîâ, îñíîâàííîãî íà èñïîëü -
çî âàíèè ñïåêòðîñêîïè÷åñêîãî êðèòåðèÿ (îòíîøåíèÿ ãëóáèí ñïåêò -
ðàëü íûõ ëèíèé æåëåçà). Ïî ýòîé ìåòîäèêå ðàññ÷èòàíû àáñîëþòíûå
çâåçäíûå âåëè÷èíû äëÿ äåâÿòè ñâåðõãèãàíòîâ Áîëüøîãî Ìàãåëëàíî -
âîãî Îáëàêà. Äëÿ Áîëüøîãî Ìàãåëëàíîâîãî Îáëàêà ïîëó÷åíà îöåíêà
ìî äóëÿ ðàññòîÿíèÿ: m – M = 18.4 ± 0.3m. 

ÕIÌI×ÍÈÉ ÑÊËÀÄ ÀÒÌÎÑÔÅÐ ÒÀ ÀÁÑÎËÞÒÍI ÇÎÐßÍI ÂÅËÈ×È -
ÍÈ F- ÒÀ G-ÍÀÄÃIÃÀÍÒIÂ ÌÀÃÅËËÀÍÎÂÈÕ ÕÌÀÐ, ×åõîíàäñü -
êèõ Ô. À. — Ìåòîäîì ìîäåëåé àòìîñôåð äîñëiäæåíî 31 æîâòèé
íàä ãiãàíò ç Âåëèêî¿  òà  Ìàëî¿ Ìàãåëëàíîâèõ Õìàð. Âèêîðèñòàíî
ñïåêò ðè âèñîêîãî ðîçäiëåííÿ. Çíàéäåíî âìiñò 20 õiì³÷íèõ åëåìåíòiâ ³
ïîêàçàíî, ùî a-åëåìåíòè ïåðåáóâàþòü ó íåçíà÷íîìó íàäëèøêó, à
åëåìåíòè íåéòðîííîãî çàõîïëåííÿ ìàþòü íàäëèøîê äî 0.60 dex. Àïðî -
áîâàíî íîâèé ìåòîä âèçíà÷åííÿ àáñîëþòíèõ çîðÿíèõ âåëè÷èí íàäãi -
ãàí òiâ ï³çí³õ ñïåêòðàëüíèõ êëàñ³â, â îñíîâi ÿêîãî ëåæèòü âèêî ðè ñ òàí- 
 íÿ ñïåêòðîñêîïi÷íîãî êðèòåðiþ (âiäíîøåííÿ ãëèáèí ñïåêòðàëüíèõ ëi -
íié çàëiçà). Çà öiºþ ìåòîäèêîþ ðîçðàõîâàíi àáñîëþòíi çîðÿíi âåëè÷èíè 
äëÿ äåâ’ÿòè íàäãiãàíòiâ Âåëèêî¿ Ìàãåëëàíîâî¿ Õìàðè. Äëÿ Âåëèêî¿
Ìàãåëëàíîâî¿ Õìàðè îòðèìàíî îöiíêó ìîäóëÿ âiäñòàíi: m – M =
= 18.4 ± 0.3m.
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ABUNDANCES AND ABSOLUTE STELLAR MAGNITUDES FOR F AND
G SUPERGIANTS OF THE MAGELLANIC CLOUDS, by Chekho nads -
kikh F. À. — With the use of high-res o lu tion and high-qual ity spec tra, 31
yel low super giants of the Large (LMC) and Small (SMC) Magellanic
Clouds are in ves ti gated through the method of at mo sphere mod el ing. The 
abun dance val ues for 20 chem i cal el e ments are de ter mined. It is shown that 
al pha-el e ments are in a slight ex cess and neu tron-cap ture el e ments have an 
ex cess up to 0.60 dex. The ap pro ba tion of a new method for the de ter mi na -
tion of ab so lute stel lar mag ni tudes of super giants of late  spec tral types is
per formed. The method is based on the em ploy ment of the spec tro scopic
cri te ria, namely, the depth-line ra tios for iron. Ab so lute stel lar mag ni tudes
of nine LMC super giants are cal cu lated us ing this method. The value of the
LMC dis tance modulus is es ti mated: m - M = 18.4 ± 0.3m.

ÂÂÅÄÅÍÈÅ

Áîëüøîå è Ìàëîå Ìàãåëëàíîâû Îáëàêà (ÁÌÎ è ÌÌÎ) ÿâëÿþòñÿ
íàèáîëüøèìè èç áëèçëåæàùèõ ãàëàêòèê, êîòîðûå îáðàçóþò ïîäãðóï -
ïó ãàëàêòèê Ìëå÷íîãî Ïóòè. Äëèòåëüíîå âðåìÿ áûëî òåõíè÷åñêè ñëî -
æ íî ïîëó÷àòü ñïåêòðû âûñîêîãî ðàçðåøåíèÿ äëÿ äåòàëüíîãî èçó÷åíèÿ
àòìîñôåð çâåçä, âõîäÿùèõ â ÁÌÎ è ÌÌÎ. Òîëüêî ñ ââîäîì â ýêñ -
ïëóàòàöèþ ìîùíûõ ñîâðåìåííûõ èíñòðóìåíòîâ îòêðûëàñü âîçìîæ -
íîñòü äåòàëüíîãî èññëåäîâàíèÿ îñîáåííîñòåé õèìè÷åñêîé ýâîëþöèè
ýòèõ îáúåêòîâ. 

Óæå äàâíî óñòàíîâëåííûì ôàêòîì ÿâëÿåòñÿ îáùèé äåôèöèò ìå -
òàë ëîâ â ÁÌÎ, è îñîáåííî â ÌÌÎ. Ýòîò äåôèöèò õàðàêòåðåí íå òîëüêî 
äëÿ ñòàðûõ õîëîäíûõ çâåçä, íî è äëÿ ìîëîäûõ ãîðÿ÷èõ, ÷òî ãîâîðèò î
ìåäëåííîì òåìïå îáîãàùåíèÿ ìåæçâåçäíîé ñðåäû ìåòàëëàìè. Ýâîëþ -
öèÿ Ìàãåëëàíîâûõ Îáëàêîâ (ÌÎ) ïðîõîäèò ïî ñöåíàðèþ, çíà÷èòåëüíî 
îòëè÷àþùåìóñÿ îò ñöåíàðèÿ äëÿ íàøåé Ãàëàêòèêè, è íåìàëóþ ðîëü
òóò èãðàåò íåáîëüøàÿ ìàññà ýòèõ ãàëàêòèê. Âñëåäñòâèå òîãî ÷òî ÁÌÎ è 
ÌÌÎ ìåíåå ìàññèâíû, òåìï çâåçäîîáðàçîâàíèÿ ó íèõ áîëåå ìåäëåí -
íûé, ÷åì â Ãàëàêòèêå. Òàêæå âàæíóþ ðîëü â õèìè÷åñêîé ýâîëþöèè íå -
ïðàâèëüíûõ ãàëàêòèê ìîæåò èãðàòü ãàëàêòè÷åñêèé âåòåð, èíèöèè ðî -
âàí íûé âñïûøêàìè Ñâåðõíîâûõ [22]. Íî ìíîãèå âîïðîñû ïðîäîëæà -
þò îñòàâàòüñÿ îòêðûòûìè, è äëÿ èõ ðåøåíèÿ íåîáõîäèìî íàêîïëåíèå
ýìïèðè÷åñêèõ äàííûõ, ÷òî äåëàåò çàäà÷ó îïðåäåëåíèÿ õèìè÷åñêîãî
ñî ñòàâà äëÿ áîëüøåãî ÷èñëà çâåçä àêòóàëüíîé è ñåãîäíÿ.

Ñóäèòü î õèìè÷åñêîì ñîñòàâå çâåçä â Ìàãåëëàíîâûõ Îáëàêàõ
ìîæ íî ïî ðÿäó ðàáîò. Òàê, èçó÷åíèå ñâåðõãèãàíòîâ ñïåêòðàëüíîãî
êëàñ ñà A â ÌÌÎ [26] ïîêàçàëî íåêîòîðûé èçáûòîê a-ýëåìåíòîâ (Mg,
Si, Ca) è òÿæåëûõ ýëåìåíòîâ s-ïðîöåññà (Zr, Ba) ïî ñðàâíåíèþ ñ æåëå -
çîì. Òàì æå îïðåäåëåíà ìåòàëëè÷íîñòü ÌÌÎ, ðàâíàÿ –0.7 dex. Ýòè
ðåçóëüòàòû ñîãëàñóþòñÿ ñ äàííûìè, ïîëó÷åííûìè ïðè èññëåäîâàíèè
B-ñâåðõãèãàíòîâ è ïîçäíèõ ñâåðõãèãàíòîâ ñïåêòðàëüíûõ êëàññîâ
F—K. 



Â èññëåäîâàíèè [9] ïðèâåäåíû çíà÷åíèÿ ìåòàëëè÷íîñòè ÁÌÎ
[Fe/H] = –0.4 dex è ÌÌÎ [Fe/H] = –0.7 dex, îïðåäåëåííûå ïî ñïåêòðàì
B-ñâåðõãèãàíòîâ. Îòìå÷åíî, ÷òî çâåçäû äâóõ ñêîïëåíèé â ÌÎ íå èìå -
ëè çàìåòíûõ îòëè÷èé â õèìè÷åñêîì ñîñòàâå ïî ñðàâíåíèþ ñî çâåçäàìè
ïîëÿ.

Ïîäðîáíîå è ìàñøòàáíîå èññëåäîâàíèå ñâåðõãèãàíòîâ ñïåêòðàëü -
íûõ êëàññîâ F è K ïðåäñòàâëåíî â ðàáîòå [19]. Íà îñíîâå áîëüøîãî
êîëè÷åñòâà ýëåìåíòîâ ïîëó÷åíû ìåòàëëè÷íîñòè –0.3 dex (ÁÌÎ) è
–0.68 dex (ÌÌÎ), à òàêæå îòìå÷åíû èçáûòêè a- è s-ýëåìåíòîâ. Ýòè âû -
âîäû áûëè ïîäòâåðæäåíû ïîñëåäóþùèìè èññëåäîâàíèÿìè [2, 4].

Íåîáõîäèìî îòìåòèòü, ÷òî çíà÷åíèÿ ìåòàëëè÷íîñòè, ïîëó÷åííûå
èç ôîòîìåòðè÷åñêèõ èññëåäîâàíèé, õîðîøî ñîãëàñóþòñÿ ñî ñïåêòðî -
ñêîïè÷åñêèìè. Òàê, â ðàáîòå [16] ïîëó÷åíû îöåíêè –0.3 dex è –0.65 dex 
äëÿ ÁÌÎ è ÌÌÎ ñîîòâåòñòâåííî. 

Äàëåå áóäóò ïðåäñòàâëåíû ðåçóëüòàòû àíàëèçà õèìè÷åñêîãî ñî -
ñòà âà àòìîñôåð èññëåäîâàííûõ ñâåðõãèãàíòîâ: 21 êëàññè÷åñêîé öåôå -
è äû ÁÌÎ è 10 öåôåèä ÌÌÎ. Âûñîêîå ðàçðåøåíèå ñïåêòðîâ ïîçâîëÿåò 
íàäåæíî èçìåðÿòü ãëóáèíû è ýêâèâàëåíòíûå øèðèíû ñïåêòðàëüíûõ
ëè íèé. Áëàãîäàðÿ ýòîìó ïîÿâëÿåòñÿ âîçìîæíîñòü íåçàâèñèìîé àïðî -
áà öèè íîâîé ìåòîäèêè, ïðåäëîæåííîé â ðàáîòå [11] äëÿ îïðåäåëåíèÿ
àáñîëþòíûõ çâåçäíûõ âåëè÷èí F- è G-ñâåðõãèãàíòîâ ïî ñïåêòðî ñêî -
ïè ÷åñêèì êðèòåðèÿì. 

ÑÏÅÊÒÐÀËÜÍÛÉ ÌÀÒÅÐÈÀË È ÅÃÎ ÎÁÐÀÁÎÒÊÀ

Ñïåêòðû ñâåðõãèãàíòîâ áûëè ïîëó÷åíû íà Åâðîïåéñêîé þæíîé îáñåð -
âà òîðèè (ESO, ×èëè) íà ñïåêòðîãðàôå UVES [5], óñòàíîâëåííîì íà 8-ì 
òåëåñêîïå VLT Unit2 (Kueyen). Ðàçðåøåíèå ñïåêòðîâ áëèçêî ê 30000,
ó÷àñòîê äëèí âîëí ll = 480...680 íì, îòíîøåíèå ñèãíàë/øóì ñîñòàâ -
ëÿåò 50—70. Ðåäóöèðîâàííûå ñïåêòðû, ïðîøåäøèå ïåðâè÷íóþ îáðà -
áîò êó, áûëè âçÿòû èç îáùåäîñòóïíîãî ýëåêòðîííîãî àðõèâà ESO
[http://ar chive.eso.org/eso/eso_ar chive_adp.html]. Ýòè ñïåêòðû ðàíåå èñ -
ïîëü çîâàëèñü òîëüêî äëÿ îöåíêè ìåòàëëè÷íîñòè ïðè èññëåäîâàíèè
÷óâ ñòâèòåëüíîñòè çàâèñèìîñòè ïåðèîä — ñâåòèìîñòü öåôåèä ê ýòîìó
ïà ðàìåòðó [23]. Äðóãèå ýëåìåíòû èññëåäîâàíû âïåðâûå.

Äàëüíåéøàÿ îáðàáîòêà ñïåêòðîâ (ïðîâåäåíèå êîíòèíóóìà, îòîæ -
äåñòâëåíèå ñïåêòðàëüíûõ ëèíèé, èçìåðåíèå ãëóáèí è ýêâèâàëåíòíûõ
øèðèí ëèíèé) ïðîâîäèëàñü ïðè èñïîëüçîâàíèè ñòàíäàðòíûõ ïðîöåäóð 
ñ ïîìîùüþ ïðîãðàììû DECH20 [1]. 

ÏÀÐÀÌÅÒÐÛ ÀÒÌÎÑÔÅÐ

Â çíà÷èòåëüíîé ñòåïåíè íàäåæíîñòü îïðåäåëåíèÿ õèìè÷åñêîãî ñîñòà -
âà çàâèñèò îò òî÷íîñòè îïðåäåëåíèÿ ïàðàìåòðîâ àòìîñôåðû, îñîáåííî
ýôôåêòèâíîé òåìïåðàòóðû Týô. 

Çíà÷åíèÿ ýôôåêòèâíûõ òåìïåðàòóð îïðåäåëÿëèñü ñ èñïîëüçîâà íè -
åì ìåòîäà [10], êîòîðûé îñíîâàí íà èñïîëüçîâàíèè îòíîøåíèé ãëóáèí
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ïàð ñïåêòðàëüíûõ ëèíèé, îòîáðàííûõ ïî êðèòåðèþ íàèáîëüøåé ÷óâ -
ñòâèòåëüíîñòè ê òåìïåðàòóðå. Áëàãîäàðÿ áîëüøîìó ÷èñëó êàëèáðîâîê
(áîëåå 130) ýòîò ìåòîä îáåñïå÷èâàåò âíóòðåííþþ òî÷íîñòü îïðåäåëå -
íèÿ Týô ïîðÿäêà 10—30 Ê (îøèáêà ñðåäíåãî). Ïàðàëëåëüíî Týô îöå -
íèâàëàñü èç óñëîâèÿ íåçàâèñèìîñòè ñîäåðæàíèÿ íåéòðàëüíîãî æåëåçà
lg(Fe/H) îò ïîòåíöèàëà âîçáóæäåíèÿ íèæíåãî óðîâíÿ c. È õîòÿ ýòîò
ìåòîä ìåíåå òî÷åí (âëèÿíèå íåËÒÐ-ýôôåêòîâ íà ëèíèè íåéòðàëüíîãî
æåëåçà äîñòàòî÷íî ñóùåñòâåííî [3, 17, 18], è îøèáêà ñîñòàâëÿåò îêîëî 
200 Ê), îäíàêî îí ïîçâîëèë ãðóáî îöåíèòü Týô. Ðàçëè÷èå çíà÷åíèé Týô,
ïîëó÷åííûõ ïî îòíîøåíèþ ãëóáèí ñïåêòðàëüíûõ ëèíèé, ñîñòàâèëî
âñåãî 50—100 Ê, ÷òî ïîçâîëè ëî îêîí÷àòåëüíî îñòàíîâèòüñÿ íà çíà ÷å -
íèÿõ Týô, ïîëó÷åííûõ ïî ñïåêò ðîñêîïè÷åñêîìó êðèòåðèþ.

Âåëè÷èíà ìèêðîòóðáóëåíòíîé ñêîðîñòè V t  îïðåäåëÿëàñü èç óñëî -
âèÿ íåçàâèñèìîñòè ñîäåðæàíèÿ èîíèçèðîâàííîãî æåëåçà Fe II, îïðåäå -
ëÿ åìîãî ïî íàáîðó ëèíèé, îò èõ ýêâèâàëåíòíûõ øèðèí [12]. Òàêîé
ïîä õîä áûë âûçâàí òåì, ÷òî â àòìîñôåðàõ ñâåðõãèãàíòîâ óñëîâèÿ ñèëü -
íî îòêëîíÿþòñÿ îò ëîêàëüíîãî òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ
(ËÒÐ), à ëèíèè Fe I, êàê óæå îòìå÷àëîñü âûøå, ñèëüíî ïîäâåðæåíû
íåËÒÐ-ýôôåêòàì. Â òî æå âðåìÿ ëèíèè Fe II ïðàêòè÷åñêè ñâîáîäíû îò
ýòîãî íåäîñòàòêà [24]. Ïðè îïðåäåëåíèè ìèêðîòóðáóëåíòíîé ñêîðîñòè 
V t  ïî ëèíèÿì Fe II ñîäåðæàíèå Fe I èç-çà âëèÿíèÿ íåËÒÐ-ýôôåêòîâ
ñòàíîâèòñÿ ñèëüíî çàâèñèìûì îò ýêâèâàëåíòíîé øèðèíû Wl. ×åì
ñèëü íåå ëèíèÿ, òåì â ñðåäíåì áîëüøèé äåôèöèò îíà ïîêàçûâàåò ïî îò -
íîøåíèþ ê ñëàáûì ëèíèÿì. Ïîýòîìó ñîäåðæàíèå Fe I îïðåäåëÿëîñü
ïó òåì ëèíåéíîé èíòåðïîëÿöèè íà ëèíèþ ñ Wl = 0 [12]. Óñêîðåíèå
ñâîáîäíîãî ïàäåíèÿ lgg íàõîäèëîñü èç óñëîâèÿ èîíèçàöèîííîãî ðàâ -
íî âåñèÿ äëÿ àòîìîâ Fe I è Fe II. Òàêîé ìîäèôèöèðîâàííûé ïîäõîä ïî -
çâîëÿåò â çíà÷èòåëüíîé ñòåïåíè íèâåëèðîâàòü íåËÒÐ-ýôôåêòû äëÿ
æåëåçà è äàåò âîçìîæíîñòü áîëåå òî÷íî îïðåäåëÿòü ïàðàìåòðû àòìî -
ñôåð è õèìè÷åñêèé ñîñòàâ. 

Â òàáë. 1 ïðåäñòàâëåíû ðåçóëüòàòû îïðåäåëåíèÿ ïàðàìåòðîâ àòìî -
ñôåð. Àíàëèç ïîêàçûâàåò, ÷òî ïàðàìåòðû, ïðèâåäåííûå â äàííîé ðàáî -
òå, õîðîøî ñîãëàñóþòñÿ ñ äàííûìè [23]: ðàçëè÷èå òåìïåðàòóð 100—
200 Ê çíà÷åíèå lgg â ñðåäíåì âûøå íà 0.5—1.0 dex, V t  — íà 1—2 êì/ñ.
Òàêîå ðàçëè÷èå îáúÿñíÿåòñÿ òåì, ÷òî â ðàáîòå [23] ïðèìåíåíà ñòàí -
äàðòíàÿ ïðîöåäóðà îïðåäåëåíèÿ lgg è V t  è èñïîëüçîâàíû óñòàðåâøèå
êàëèáðîâêè ïðè îïðåäåëåíèè Týô. 

ÕÈÌÈ×ÅÑÊÈÉ ÑÎÑÒÀÂ

Ñîäåðæàíèå õèìè÷åñêèõ ýëåìåíòîâ îïðåäåëÿëîñü ìåòîäîì ìîäåëåé
àòìîñôåð ïðè ïîìîùè ïðîãðàììû WIDTH9 [14]. Ìîäåëè àòìîñôåð
èí òåðïîëèðîâàëèñü èç ñåòêè ìîäåëåé Êóðóöà [13]. Òàêæå áûëè èñ -
ïîëüçîâàíû ñîëíå÷íûå ñèëû îñöèëëÿòîðîâ [12], îïðåäåëåííûå íà îñ -
íî âå àòëàñà ñîëíå÷íîãî ñïåêòðà Êóðóöà è äð. [15] è ñîëíå÷íûé õèìè -
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÷åñêèé ñîñòàâ ïî äàííûì [7]. Â òàáë. 2—5 ïðåäñòàâëåíû ñðåäíèå
îòíîñèòåëüíûå (îòíîñèòåëüíî Ñîëíöà) ñîäåðæàíèÿ õèìè÷åñêèõ ýëå -
ìåí òîâ â àòìîñôåðàõ èññëåäîâàííûõ ñâåðõãèãàíòîâ ÁÌÎ è ÌÌÎ. Äëÿ 
íåêîòîðûõ ýëåìåíòîâ (Si, Ti, V, Cr, Fe) ïðèâåäåíû çíà÷åíèÿ, óñðåäíåí -
íûå ïî ëèíèÿì îñíîâíîãî è èîíèçèðîâàííîãî ñîñòîÿíèé, ó÷èòûâàëîñü
÷èñëî ëèíèé. Äëÿ âñåõ èññëåäîâàííûõ çâåçä ïîäðîáíûé àíàëèç õèìè -
÷åñêîãî ñîñòàâà ïðîâåäåí âïåðâûå. 

Èç òàáë. 2—5 âèäíî, ÷òî âñå çâåçäû èìåþò äåôèöèò æåëåçà ïî
ñðàâ íåíèþ ñ ñîëíå÷íûì ñîäåðæàíèåì. Æåëåçî ïî ñðàâíåíèþ ñ äðó -
ãèìè ýëåìåíòàìè ïðåäñòàâëåíî áîëüøèì ÷èñëîì ëèíèé ïîãëî ùå íèÿ,
ïîýòîìó ìîæíî ñ÷èòàòü, ÷òî åãî ñîäåðæàíèå îïðåäåëåíî äîñòàòî÷íî
íàäåæíî. Çíà÷åíèå [Fe/H] äëÿ ñâåðõãèãàíòîâ ÁÌÎ èçìåíÿåòñÿ â ïðåäå -
ëàõ îò –0.06 äî –0.41 dex ïðè îøèáêå îïðåäåëåíèÿ ìåíüøå 0.2 dex, à
ñâåðõãèãàíòû ÌÌÎ ïîêàçûâàþò åùå áîëüøèé äåôèöèò æåëåçà — îò
–0.38 äî –0.66 dex. Ñðåäíÿÿ ìåòàëëè÷íîñòü, ïîëó÷åííàÿ ïî âñåì
èññëåäîâàííûì çâåçäàì, ñîñòàâëÿåò –0.20 dex äëÿ ÁÌÎ è –0.54 dex äëÿ 
ÌÌÎ è íåçíà÷èòåëüíî îòëè÷àåòñÿ îò òðàäèöèîííûõ çíà÷åíèé.

Ñâåðõãèãàíòû ïîçäíèõ ñïåêòðàëüíûõ êëàññîâ ÌÎ îáëàäàþò ðÿ -
äîì îñîáåííîñòåé õèìè÷åñêîãî ñîñòàâà. Îäíèì èç íèõ ÿâëÿåòñÿ ñîäåð -
æàíèå Na, êîòîðîå ïîêàçûâàåò èçáûòîê ó ñâåðõãèãàíòîâ Ãàëàêòèêè [3]. 
Îäíàêî íè äëÿ çâåçä ÁÌÎ, íè äëÿ çâåçä ÌÌÎ çàìåòíîãî èçáûòêà Na
íàéäåíî íå áûëî. Äàííûé ôàêò ïîêà íå ïîëó÷èë äîëæíîãî îáúÿñ íå -
íèÿ.

Òàêæå áîëüøîé èíòåðåñ ïðåäñòàâëÿþò ýëåìåíòû a-ïðîöåññà, â
äàí íîì ñëó÷àå ýòî ýëåìåíòû Mg, Si, S, Ca. Â íàøåé Ãàëàêòèêå íà áëþ -

47

ÕÈÌÈ×ÅÑÊÈÉ ÑÎÑÒÀÂ ÀÒÌÎÑÔÅÐ È ÀÁÑÎËÞÒÍÛÅ ÇÂÅÇÄÍÛÅ ÂÅËÈ×ÈÍÛ

Çâåçäà  Týô, Ê  lgg  Vt  [Fe/H]  Çâåçäà  Týô, Ê  lgg   Vt  [Fe/H] 

Áîëüøîå Ìàãåëëàíîâîå Îáëàêî

HV 877  4831  1.0  6.0  –0.25  HV 2405  5985  1.8  5.0  –0.24
HV 879  5809  1.2  5.3  –0.11  HV 2580  5461  1.2  3.5  –0.06
HV 971  5943  1.9  4.0  –0.36  HV 2733  5473  1.6  5.0  –0.25
HV 997  5782  1.5  6.0  –0.28  HV 2793  5505  1.0  3.5  –0.07
HV 1013  4662  0.3  5.3  –0.40  HV 2827  4892  0.3  4.7  –0.20
HV 1023  5909  1.5  4.5  –0.18  HV 2836  5471  1.1  4.0  –0.13
HV 2260  5898  1.8  4.0  –0.06  HV 2864  5799  1.6  3.7  –0.17
HV 2294  5232  0.9  5.0  –0.16  HV 5497  5206  0.6  6.1  –0.29
HV 2337  5489  1.5  4.5  –0.12  HV 12452  5548  1.5  4.0  –0.16
HV 2352  6300  1.8  5.5  –0.26  HV 12700  5451  1.4  4.1  –0.22
HV 2369  4794  0.2  4.0  –0.11

Ìàëîå Ìàãåëëàíîâîå Îáëàêî

HV 817  5940  1.4  4.7  –0.61  HV 847  4817  0.4  4.5  –0.66
HV 824  5333  1.1  4.5  –0.54  HV 1954  5974  1.6  5.2  –0.61
HV 829  5350  1.0  7.0  –0.62  HV 2064  5832  1.5  5.3  –0.39
HV 834  6016  1.6  6.0  –0.38  HV 2195  6211  1.6  6.8  –0.47
HV 837  5355  1.0  4.6  –0.55  HV 11211  5067  0.8  4.0  –0.58

Òàáëèöà 1. Ôóíäàìåíòàëüíûå ïàðàìåòðû àòìîñôåð
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Çâåçäà  [V/H]  [Cr/H]  [Fe/H]  [Co/H]  [Ni/H]  [Y/H]  [Nd/H]  [Sm/H]  [Eu/H]

HV 877 –0.40 –0.29 –0.25 –0.58 –0.54 –0.11 0.06 ¾ 0.06

HV 879 –0.24 –0.10 –0.12   0.12 –0.2    0.01 0.18 0.21 0.19

HV 971 –0.17 –0.31 –0.36   0.25 –0.51 –0.32 0.06 0.04 –0.06 

HV 997 –0.22 –0.24 –0.28   0.21 –0.43 –0.16 0.09 0.13 0.01

HV 1013 –0.64 –0.67 –0.41 –1.00 –0.67 –0.61 –0.20 –1.01  –0.17 

HV 1023   0.52 –0.09 –0.18 –0.38 –0.32 –0.01 0.14 0.17 0.08

HV 2260 –0.22   0.07 –0.06   0.30 –0.19   0.00 0.30 0.36 0.24

HV 2294 –0.12 –0.1  –0.16 –0.29 –0.35 –0.11 0.07 ¾ 0.16

HV 2337   0.24 –0.24 –0.12 –0.27 –0.4  –0.21 0.09 –0.21 0.31

HV 2352   0.04 –0.24 –0.26 –0.20 –0.38 –0.21 0.03 0.01 0.28

HV 2369 –0.73 –0.11 –0.11 –0.65 –0.46 –0.18 0.02 ¾ 0.00

HV 2405   0.07 –0.51 –0.24 –0.12 –0.29 –0.18 0.27 ¾ 0.46

HV 2580 –0.08   0.04 –0.06   0.16 –0.26 –0.03 0.21 0.51 0.29

HV 2733 –0.03 –0.20 –0.25 –0.34 –0.47 –0.19 0.15 0.00 0.14

HV 2793 –0.10 –0.13 –0.07 –0.09 –0.21   0.01 0.22 0.52 0.21

HV 2827 –0.34 –0.25 –0.2  –0.43 –0.49 –0.21 0.01 ¾ 0.11

HV 2836 –0.11 –0.15 –0.13 –0.47 –0.38 –0.11 0.12 0.26 0.13

HV 2864   0.15 –0.14 –0.17 –0.36 –0.28 –0.13 0.18 0.25 0.29

HV 5497 –0.51 –0.17 –0.29 –0.49 –0.42 –0.19 0.03 ¾ ¾

HV 12452 –0.10 –0.17 –0.16 –0.15 –0.31 –0.14 0.09 0.12 0.13

HV 12700 –0.04 –0.13 –0.22 –0.34 –0.39 –0.17 0.15 0.26 0.19

Òàáëèöà 3. Õèìè÷åñêèé ñîñòàâ ñâåðõãèãàíòîâ ÁÌÎ (ýëåìåíòû îò V äî Eu)

Çâåçäà  [C/H]  [O/H]  [Na/H]  [Mg/H]  [Al/H]  [Si/H]  [S/H]  [Ca/H]  [Sc/H]  [Ti/H]

HV 877 ¾ –0.07 –0.38 ¾ –0.21 –0.33 –0.37   0.16 –0.43 –0.15

HV 879 –0.43 –0.04 –0.07 –0.31 –0.16   0.06 –0.01 –0.23   0.27 –0.08

HV 971 –0.21 –0.11 –0.39 –0.38 ¾ –0.32 –0.03 –0.38 –0.03 –0.47

HV 997 –0.33 –0.33 –0.27 –0.40 ¾ –0.22 –0.18 –0.34 –0.41 –0.36

HV 1013 ¾ ¾ ¾ ¾ –0.5 –0.28 –0.32 –0.68 –0.53 –0.30

HV 1023 –0.50 ¾ –0.36 –0.25   0.00 –0.11 –0.03 –0.10 –0.31 –0.26

HV 2260 –0.73 0.21 –0.16 –0.13 –0.08   0.00 0.08    0.03 –0.09   0.05

HV 2294 –0.09 0.05 –0.36 –0.28 –0.07 –0.18 –0.01 –0.26 –0.39 –0.17

HV 2337   0.08 –0.04 –0.22 –0.2  –0.52 –0.11 0.08 –0.22 –0.06 –0.18

HV 2352 –0.22 ¾ –0.30 –0.25 ¾ –0.17 –0.15 –0.24 –0.32 –0.18

HV 2369 –0.59 ¾ –0.32 ¾ –0.36 –0.13 –0.22   0.02 –0.41 –0.11

HV 2405 –0.45 ¾ ¾ –0.32 ¾ –0.05 0.36 –0.14 –0.18 –0.23

HV 2580 –0.26 –0.09 –0.19 –0.11   0.04 –0.09 0.08 –0.03 –0.13 –0.04

HV 2733 –0.45 –0.65 –0.42 –0.42 –0.19 –0.24 0.12 –0.37 –0.10 –0.14

HV 2793 –0.30 –0.67 –0.29   0.00   0.00   0.02 0.07 –0.04 –0.35   0.06

HV 2827 –0.20 –0.22 –0.29 ¾ –0.17 –0.13 0.00 –0.24 –0.47 –0.21

HV 2836 –0.32   0.11 ¾ –0.35   0.09 –0.09 0.02 –0.14 –0.31 –0.08

HV 2864 –0.53 –0.34 –0.31 –0.09 –0.11 –0.12 0.00 –0.13 –0.09 –0.04

HV 5497 –0.61 –0.26 –0.31 ¾ –0.09 –0.21 –0.12 –0.31 –0.34 –0.17

HV 12452 –0.35 –0.06 –0.27 –0.11 –0.02 –0.02 0.08 –0.21 –0.31 –0.07

HV 12700 –0.29 0.05 –0.37 –0.33 –0.32 –0.19 –0.10 –0.23 –0.32 –0.13

Òàáëèöà 2. Õèìè÷åñêèé ñîñòàâ ñâåðõãèãàíòîâ ÁÌÎ (ýëåìåíòû îò C äî Ti)



äàåòñÿ èçáûòîê ýòèõ ýëåìåíòîâ â àòìîñôåðàõ çâåçä ñ äåôèöèòîì ìå -
òàëëîâ. Îäíàêî è â ÁÌÎ, è â ÌÌÎ íåáîëüøîé èçáûòîê ïîêàçàëè ëèøü
Si è S — äî 0.2 dex. 

Ýëåìåíòû «æåëåçíîãî ïèêà», êîòîðûå ïðåäñòàâëåíû ýëåìåíòàìè
Sc, Ti, V, Cr, Co, íå ïîêàçûâàþò çàìåòíûõ àíîìàëèé. Âîçìîæíûé äå -
ôè öèò ïîêàçûâàþò Ni (–0.18 dex äëÿ ÁÌÎ è –0.19 dex äëÿ ÌÌÎ) è
V äëÿ ÌÌÎ ñî çíà÷åíèåì –0.18 dex. Âåðîÿòíî, ýòî âûçâàíî íåËÒÐ- ýô -
ôåê òàìè, êîòîðûå â äîñòàòî÷íîé ìåðå êîìïåíñèðóþòñÿ òîëü êî äëÿ
íåéòðàëüíîãî æåëåçà, íî ýòè ýôôåêòû íå ìîãóò áûòü âûÿâ ëåíû äëÿ îñ -
òàëüíûõ ýëåìåíòîâ èç-çà íåäîñòàòî÷íîãî êîëè÷åñòâà ëè íèé.

Îòäåëüíûé èíòåðåñ ïðåäñòàâëÿþò áîëåå òÿæåëûå ýëåìåíòû, îáðà -
çó þùèåñÿ â ðåçóëüòàòå íåéòðîííîãî çàõâàòà, ïðåäñòàâëåííûå çäåñü
s-ýëåìåíòàìè Y, La, Nd, Sm è r-ýëåìåíòîì Eu. Ýòè ýëåìåíòû ïîêàçû -
âàþò ñóùåñòâåííûé èçáûòîê ïî îòíîøåíèþ ê æåëåçó (äî 0.6 dex) â õî -
ðî øåì ñîãëàñèè ñ äàííûìè èç äðóãèõ èñòî÷íèêîâ.

Íà pèñóíêå ïðèâåäåíû óñðåäíåííûå ïî âñåì îáúåêòàì çíà÷åíèÿ
ñîäåðæàíèé ýëåìåíòîâ äëÿ ÁÌÎ è ÌÌÎ. Ìîæíî îòìåòèòü îáùåå õî -
ðî øåå ñîãëàñèå äàííûõ, à íåáîëüøèå îòêëîíåíèÿ ëåãêî îáúÿñíèòü ðàç -
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Çâåçäà [V/H] [Cr/H] [Fe/H] [Co/H] [Ni/H] [Y/H] [La/H] [Nd/H] [Sm/H] [Eu/H]

HV 817 — –0.76 –0.61 — –0.72 –0.62   0.13 –0.26 –0.37 –0.17

HV 824 –0.70 –0.58 –0.54 –0.61 –0.78 –0.51 –0.12 –0.22   0.17   0.18

HV 829 — –0.69 –0.62 –0.66 –0.68 –0.48 –0.03 –0.21 — –0.04

HV 834 — –0.39 –0.38 –0.4 –0.56 –0.18   0.23   0.11   0.26   0.23

HV 837 –0.76 –0.67 –0.55 –0.76 –0.85 –0.59   0.00 –0.23 –0.07   0.14

HV 847 –0.82 –0.66 –0.66 –0.91 –0.95 –0.77 –0.35 –0.5 –0.17 –0.32

HV 1954 — –0.66 –0.61 –0.61 –0.74 –0.77 — –0.27 –0.23 –0.19

HV 2064 –0.56 –0.44 –0.39 –0.53 –0.49 –0.30   0.13   0.04   0.08   0.23

HV 2195 –0.69 –0.67 –0.47 — –0.67 –0.40   0.35   0.00   0.19   0.25

HV 11211 –0.85 –0.63 –0.58 –0.94 –0.85 –0.68 –0.29 –0.29 –0.05 –0.17

Òàáëèöà 5. Õèìè÷åñêèé ñîñòàâ ñâåðõãèãàíòîâ ÌÌÎ (ýëåìåíòû îò V äî Eu)

Çâåçäà [C/H] [O/H] [Na/H] [Mg/H] [Al/H] [Si/H] [S/H] [Ca/H] [Sc/H] [Ti/H]

HV 817 –0.76 — –0.75 –0.67 — –0.56 –0.56 –0.58 –0.75 –0.56

HV 824 –0.66 –0.25 –0.76 –0.57 — –0.45 –0.24 –0.58 –0.65 –0.48

HV 829 — –0.21 –0.74 –0.55 — –0.49 –0.42 –0.55 –0.56 –0.45

HV 834 –1.01 –0.38 — –0.43 — –0.28 –0.38 –0.41 –0.39 –0.19

HV 837 –0.55 — –0.37 –0.65 –0.50 –0.38 –0.36 –0.6 –0.6 –0.58

HV 847 –0.70 –0.69 — –0.81 –0.75 –0.46 — –0.83 –0.74 –0.57

HV 1954 — — –0.68 –0.68 — –0.41 –0.59 –0.56 –0.75 –0.61

HV 2064 — — — –0.50 — –0.26 –0.17 –0.39 –0.32 –0.31

HV 2195 — — –0.60 –0.50 — –0.40 –0.45 –0.53 –0.55 –0.47

HV 11211 — — — –0.76 –0.51 –0.52 –0.36 –0.65 –0.81 –0.60

Òàáëèöà 4. Õèìè÷åñêèé ñîñòàâ ñâåðõãèãàíòîâ ÌÌÎ (ýëåìåíòû îò C äî Ti)



ëè ÷èåì ìåòîäîëîãè÷åñêèõ ïîäõîäîâ, òàê êàê â ðàçíûõ ðàáîòàõ èñïîëü -
çîâàëèñü ðàçíûå ìåòîäû îïðåäåëåíèÿ ïàðàìåòðîâ àòìîñôåð, ðàçíûå
ñèëû îñöèëëÿòîðîâ, è óñðåäíåíèå ïðîâîäèëîñü ïî ðàçëè÷íîìó êîëè -
÷åñò âó èññëåäîâàííûõ çâåçä.

ÀÁÑÎËÞÒÍÛÅ ÇÂÅÇÄÍÛÅ ÂÅËÈ×ÈÍÛ ÄËß ÑÂÅÐÕÃÈÃÀÍÒÎÂ  

ÁÎËÜØÎÃÎ ÌÀÃÅËËÀÍÎÂÎÃÎ ÎÁËÀÊÀ

Â ðàáîòå [11] áûëà ïðåäëîæåíà ìåòîäèêà îöåíêè àáñîëþòíûõ çâåçä -
íûõ âåëè÷èí (M V ) ñâåðõãèãàíòîâ ïîçäíèõ ñïåêòðàëüíûõ êëàññîâ ïðè
ïîìîùè êàëèáðîâî÷íûõ ñîîòíîøåíèé ìåæäó M V , Týô è îòíîøåíèÿìè
ãëóáèí ñïåêòðàëüíûõ ëèíèé àòîìîâ æåëåçà, íàõîäÿùèõñÿ â îñíîâíîì
è èîíèçèðîâàííîì ñîñòîÿíèÿõ. Êàëèáðîâêè ïîëó÷åíû ïî ñâåðõãèãàí -
òàì Ãàëàêòèêè, è âñëåäñòâèå ýòîãî èõ ïðèìåíåíèå èìååò ðÿä îãðà -
íè÷åíèé: çâåçäû äîëæíû èìåòü íîðìàëüíûé õèìè÷åñêèé ñîñòàâ, ïðè -
íàäëåæàòü ê ñïåêòðàëüíûì êëàññàì F2—G8 è èìåòü çíà÷åíèÿ M V  îò
–0.5 äî –8m . Ïðè àïðîáàöèè ìåòîäèêè íà ãàëàêòè÷åñêèõ öåôåèäàõ
áûëî âûÿâëåíî, ÷òî ìåòîäèêà ïðèìåíèìà äëÿ äèàïàçîíà ôàç èçìåíå -
íèÿ áëåñêà 0.2—0.5, â äðóãèõ æå ôàçàõ ïîëó÷àþòñÿ ìåíåå íàäåæíûå
çíà÷åíèÿ. Âîçìîæíî, ýòî ñâÿçàíî ñ äèíàìè÷åñêèìè ýôôåêòàìè â àò -
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Ñðåäíèå îòíîñèòåëüíûå ñîäåðæàíèÿ ýëåìåíòîâ: âåðõíèé ôðàãìåíò — äëÿ ÁÌÎ (òî÷êè — íà -
øè äàííûå, êðóæêè — äàííûå [19], êâàäðàòèêè è òðåóãîëüíèêè — äàííûå [21] äëÿ ñâåðõ ãè -
ãàíòîâ ñêîïëåíèÿ NGC 1866 è äëÿ ñâåðõãèãàíòîâ ïîëÿ ñîîòâåòñòâåííî); íèæíèé ôðàãìåíò — 
äëÿ ÌÌÎ (òî÷êè — íàøè äàííûå, êðóæêè — äàííûå [19],  êâàäðàòèêè — äàííûå [2], òðå -
óãîëü íèêè — äàííûå [4]



ìîñôåðàõ êëàññè÷åñêèõ öåôåèä. Ó÷èòûâàÿ ýòè ìîìåíòû è òî, ÷òî
ñâåðõ ãèãàíòû ÌÎ èìåþò çàìåòíûé äåôèöèò ìåòàëëîâ, áûëî ðåøåíî
äîïîëíèòåëüíî ïðîòåñòèðîâàòü ìåòîäèêó îïðåäåëåíèÿ ñâåòèìîñòè íà
ñâåðõãèãàíòàõ ÌÎ, ìîäóëè ðàññòîÿíèé äî êîòîðûõ äîñòàòî÷íî íàäåæ -
íî èçâåñòíû, äëÿ âûÿâëåíèÿ ãðàíèöû ïðèìåíèìîñòè ýòîé ìåòîäèêè
ïðè íèçêèõ ìåòàëëè÷íîñòÿõ. 

Ñïåêòðîñêîïè÷åñêèå äàííûå (ãëóáèíû ëèíèé) è ýôôåêòèâíûå
òåì ïå ðàòóðû, íåîáõîäèìûå äëÿ âû÷èñëåíèÿ M V , áûëè ïîëó÷åíû â
õîäå îïðåäåëåíèÿ õèìè÷åñêîãî ñîñòàâà àòìîñôåð. Â òàáë. 6 ïðåäñòàâ -
ëåíû äàííûå ïî öåôåèäàì ÁÌÎ èç ðàçëè÷íûõ èñòî÷íèêîâ: íàçâàíèå
çâåç äû, ìîäèôèöèðîâàííàÿ þëèàíñêàÿ äàòà, ýôôåêòèâíàÿ òåìïåðàòó -
ðà, ïåðèîä, ôàçà, âèäèìàÿ çâåçäíàÿ âåëè÷èíà, ñîîòâåòñòâóþùàÿ ðàñ -
ñ÷è òàííîé ôàçå. Â ïÿòîé è ïîñëåäíåé ãðàôå ïðèâåäåíû èñòî÷íèêè
êðè âûõ áëåñêà è çíà÷åíèé ïåðèîäà P è íà÷àëüíîãî ìîìåíòà ìàêñèìó -
ìà T0 , ïî êîòîðûì è îïðåäåëÿëàñü ôàçà j íà ìîìåíò âðåìåíè íà -
áëþäåíèé êàæäîé èç çâåçä MJD. 

Èç 21 èññëåäîâàííîé â ðàáîòå öåôåèäû ÁÌÎ ëèøü äëÿ 17 áûëè
ïîñòðîåíû äîñòàòî÷íî íàäåæíûå êðèâûå áëåñêà, èç íèõ ïÿòü öåôåèä
îêàçàëèñü â íåîáõîäèìîì äèàïàçîíå ôàçû ïóëüñàöèè, äëÿ íèõ è áûëè
ðàñ÷èòàíû M V . Ê ýòîìó áûëè äîáàâëåíû äàííûå èç [4], ÷òî ïîçâîëèëî
îïðåäåëèòü M V  åùå äëÿ ÷åòûðåõ íåïåðåìåííûõ ñâåðõãèãàíòîâ ÁÌÎ.
Â òàáë. 7 ïðåäñòàâëåíû íàáëþäàåìûå çíà÷åíèÿ M V  (äëÿ íåïåðåìåí -
íûõ ñâåðõãèãàíòîâ îíè âçÿòû èç ðàáîòû [4], à äëÿ öåôåèä âû÷èñëåíû
ïðè ïîìîùè çàâèñèìîñòè ïåðèîä — ñâåòèìîñòü [6]), âû÷èñëåííûå ïî
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Çâåçäà  MJD  Týô, Ê  P, ñóò
 Èñòî÷íèêè 

P è T0

 f  V
 Êðèâûå
áëåñêà

HV 877  51828.17333  4831  45.160  [25]  0.65  13.6  OGLE
HV 879  51828.19063  5809  36.813  OGLE, [20]  0.55  13.5  [20]
HV 971  51858.19867  5943    5.175  OGLE  0.56  15.7  OGLE
HV 997  51858.30846  5782  13.143  OGLE  0.87  14.7  OGLE
HV 1023  51861.25453  5909  26.540  [8]  0.97  13.3  OGLE
HV 2260  51828.21202  5898  12.988  OGLE  0.93  14.7  OGLE
HV 2337  51860.15590  5489    6.863  OGLE  0.23  15.0  OGLE
HV 2352  51861.19069  6300  13.614  OGLE  0.86  14.2  OGLE
HV 2405  51859.19892  5985    6.924  OGLE  0.90  15.0  OGLE
HV 2580  51860.21278  5461  16.923  [25]  0.10  13.7  [25]
HV 2733  51827.32419  5473    8.722  OGLE, [20]  0.09  14.5  [20]
HV 2793  51860.27376  5505  19.222  OGLE  0.83  14.3  OGLE
HV 2827  51883.09222  4892  78.860  [20]  0.43  12.1  [20]
HV 2836  51860.31137  5471  17.530  [8]  0.04  14.1  [8]
HV 2864  51862.11220  5799  10.990  OGLE, [20]  0.77  14.8  [20]
HV 5497  51828.16668  5206  99.312  OGLE, [25]  0.69  12.2  [20]
HV 12452  51828.29756  5548    8.739  OGLE  0.48  15.0  OGLE

Òàáëèöà 6. Çíà÷åíèÿ ïàðàìåòðîâ öåôåèä Áîëüøîãî Ìàãåëëàíîâîãî Îáëàêà



ïðåäëîæåííîé ìåòîäèêå çíà÷åíèÿ M V , êîëè÷åñòâî N èñïîëüçîâàííûõ
êàëèáðîâî÷íûõ ñîîòíîøåíèé, âèäèìûå çâåçäíûå âåëè÷èíû V è âû -
÷èñ ëåííûå ìîäóëè ðàññòîÿíèÿ m – M äëÿ êàæäîé çâåçäû. Ïðè óñðåä -
íåíèè äàííûõ èç ïîñëåäíåãî ñòîëáöà áûëî ïîëó÷åíî çíà÷åíèå ìîäóëÿ
ðàññòîÿíèÿ äëÿ ÁÌÎ, ðàâíîå m – M = 18.4 ± 0.3m. Ýòî çíà÷åíèå íåïëîõî 
ñîãëàñóåòñÿ ñ äðóãèìè îöåíêàìè [6]. 

Äëÿ ÌÌÎ ÷èñëî îáúåêòîâ îêàçàëîñü íåäîñòàòî÷íûì äëÿ ïîëó -
÷åíèÿ ñêîëüêî-íèáóäü îïðåäåëåííûõ âûâîäîâ. 

ÇÀÊËÞ×ÅÍÈÅ

Íà îñíîâå âûñîêîêà÷åñòâåííûõ ñïåêòðîâ ïðîâåäåí àíàëèç õèìè÷åñ -
êîãî ñîñòàâà àòìîñôåð æåëòûõ ñâåðõãèãàíòîâ Ìàãåëëàíîâûõ Îáëàêîâ. 
Óòî÷íåíû ïàðàìåòðû àòìîñôåð è âïåðâûå ïîëó÷åíî ñîäåðæàíèå
20 õèìè÷åñêèõ ýëåìåíòîâ. Ïî èññëåäîâàííûì â ðàáîòå çâåçäàì ÁÌÎ
ïîëó÷åíî çíà÷åíèå ìåòàëëè÷íîñòè –0.20 dex è –0.54 dex äëÿ ÌÌÎ.
Ýòè çíà÷åíèÿ íåñêîëüêî âûøå òðàäèöèîííûõ, ÷òî ìîæåò áûòü îáúÿñ -
íåíî âûáîðêîé èññëåäîâàííûõ îáúåêòîâ. Èç îñîáåííîñòåé õèìè÷åñ -
êîãî ñîñòàâà íåîáõîäèìî îòìåòèòü, ÷òî Na íå ïîêàçûâàåò èçáûòêà,
îäíàêî íåáîëüøîé èçáûòîê íàéäåí äëÿ íåêîòîðûõ a-ýëåìåíòîâ (Si è
S), à òàêæå îòìå÷åí çàìåòíûé èçáûòîê ïî îòíîøåíèþ ê æåëåçó ýëå -
ìåí òîâ íåéòðîííîãî çàõâàòà. Ïîëó÷åííûå ðåçóëüòàòû â öåëîì õîðîøî
ñîãëàñóþòñÿ ñ ðàíåå îïóáëèêîâàííûìè äàííûìè.

Íàðÿäó ñ àíàëèçîì õèìè÷åñêîãî ñîñòàâà áûë ïðîèçâåäåí ðàñ÷åò
àáñîëþòíûõ çâåçäíûõ âåëè÷èí äëÿ îòäåëüíûõ îáúåêòîâ ÁÌÎ ïî ìåòî -
äèêå, ïðåäëîæåííîé â ðàáîòå [11]. Îöåíêà ìîäóëÿ ðàññòîÿíèÿ (m – M = 
= 18.4 ± 0.3m) äëÿ ÁÌÎ õîðîøî ñîãëàñóåòñÿ ñ îïóáëè êîâàííûìè
äàííûìè. Èç ýòîãî ìîæíî ñäåëàòü âûâîä, ÷òî ìåòîäèêà îïðåäåëåíèÿ
ñâåòèìîñòè âïîëíå ïðèìåíèìà äëÿ îáúåêòîâ èç áëèçëå æàùèõ ãàëàêòèê 
ñ íåáîëüøèì äåôèöèòîì ìåòàëëè÷íîñòè. Ïîãðåøíîñòü îïðåäåëåíèÿ
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Çâåçäà  MV
obs  MV

calc  N  V  m – M

G 244  –7.4  –7.6  14  11.2  18.8
G 258  –7.7  –7.7  32  10.9  18.6
G 396  –7.0  –6.5  36  11.6  18.1
G 406  –6.7  –6.2  45  11.9  18.1
HV 879  –5.5  –4.9  48  13.5  18.4
HV 971  –3.9  –3.0  48  15.7  18.7
HV 2337  –3.5  –3.2  27  15.0  18.2
HV 2827  –6.4  –6.0    7  12.1  18.1
HV 12452  –3.8  –3.7  56  15.0  18.7

Òàáëèöà 7. Âû÷èñëåííûå äàííûå äëÿ ñâåðõãèãàíòîâ Áîëüøîãî Ìàãåëëàíîâîãî Îáëàêà
(N — ÷èñëî êàëèáðîâîê)



íà ñåãîäíÿøíèé äåíü õîòÿ è äîñòàòî÷íî âåëèêà, íî ñîïîñòàâèìà ñ
òî÷íîñòüþ àëüòåðíàòèâíûõ ìåòîäîâ îïðåäåëåíèÿ M V  è íàïðÿìóþ çà -
âè ñèò îò êà÷åñòâà ñïåêòðàëüíîãî ìàòåðèàëà. Îäíàêî ìîæíî îòìåòèòü,
÷òî äëÿ óäàëåííûõ íåïåðåìåííûõ ñâåðõãèãàíòîâ ïðåäëîæåííàÿ ìåòî -
äè êà â íàøå âðåìÿ ÿâëÿåòñÿ åäèíñòâåííûì ñïîñîáîì îöåíêè èõ ñâåòè -
ìîñòè.
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