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Âûïîëíåí êîëè÷åñòâåííûé àíàëèç ñïåêòðîâ çâåçä CQ Tau è UX Ori, ïðèíàäëåæàùèõ
ñåìåéñòâó ìîëîäûõ íåïðàâèëüíûõ ïåðåìåííûõ çâåçä ñ àëãîëåïîäîáíûìè îñëàáëåíèÿìè
áëåñêà. Ñïåêòðû ïîëó÷åíû â îáñåðâàòîðèè Nordic Optical Telescope (NOT) â ìîìåíòû âðåìåíè,
êîãäà îáå çâåçäû íàõîäèëèñü â ÿðêîì ñîñòîÿíèè. Íà èõ îñíîâå îïðåäåëåíû ýêâèâàëåíòíûå
øèðèíû ôîòîñôåðíûõ ëèíèé ïîãëîùåíèÿ è ýìèññèîííîé ëèíèè H . Ïî ýêâèâàëåíòíîé
øèðèíå ýìèññèîííîé ëèíèè ñäåëàíû îöåíêè òåìïà àêêðåöèè ãàçà íà çâåçäû.

Êëþ÷åâûå ñëîâà: ïåðåìåííûå çâåçäû: ñïåêòðû: CQ Tau, UX Ori

1. Ââåäåíèå. Çâåçäû òèïà UX Ori - ýòî ìîëîäûå çâåçäû ïðåèìóùåñòâåííî

ñïåêòðàëüíûõ êëàññîâ A-F, äåìîíñòðèðóþùèå ãëóáîêèå ( m32 V )

íåïåðèîäè÷åñêèå îñëàáëåíèÿ áëåñêà ïðîäîëæèòåëüíîñòüþ îò íåñêîëüêèõ äíåé

äî íåñêîëüêèõ íåäåëü. Ê ÷èñëó èõ âàæíûõ íàáëþäàòåëüíûõ îñîáåííîñòåé

îòíîñèòñÿ íåîáû÷íîå ïîâåäåíèå öâåòîâûõ òðåêîâ íà äèàãðàììàõ öâåò-âåëè÷èíà.

Âïåðâûå ýòîò ýôôåêò íàáëþäàëè â 1968ã. Ãåòö è Âåíöåëü [1] âî âðåìÿ

ìèíèìóìîâ CQ Tau. Ïàäåíèå áëåñêà çâåçäû âíà÷àëå ñîïðîâîæäàëîñü

ïîêðàñíåíèåì, îäíàêî âáëèçè ìèíèìóìà öâåòîâîé òðåê ïîâîðà÷èâàë â ãîëóáóþ

ñòîðîíó. Âñêîðå "ýôôåêò ïîãîëóáåíèÿ" áûë îáíàðóæåí ó äðóãèõ çâåçä ýòîãî

òèïà. Ïåðâîíà÷àëüíî ýòîò ýôôåêò îáúÿñíÿëè óñèëåíèåì âêëàäà ýìèññèîííîãî

ñïåêòðà çâåçä ïðè îñëàáëåíèÿõ áëåñêà (ñì., íàïðèìåð, [2,3]). Ïîçæå âûÿñíèëîñü,

÷òî åãî ïðîèñõîæäåíèå ñâÿçàíî ñ óñèëåíèåì âêëàäà ðàññåÿííîãî èçëó÷åíèÿ

îêîëîçâåçäíûõ äèñêîâ. Äîêàçàòåëüñòâà ýòîãî áûëè ïîëó÷åíû â õîäå ìíîãî-

ëåòíåãî ôîòîïîëÿðèìåòðè÷åñêîãî ìîíèòîðèíãà çâåçä ýòîãî ñåìåéñòâà [4]. Ó

âñåõ èññëåäîâàííûõ çâåçä íàáëþäàëàñü âûñîêàÿ ëèíåéíàÿ ïîëÿðèçàöèÿ â

ìèíèìóìàõ áëåñêà, äîñòèãàþùàÿ 5-8%. Íà îñíîâàíèè ýòîãî â öèòèðîâàííîé

âûøå ðàáîòå áûëî âûñêàçàíî ïðåäïîëîæåíèå, ÷òî îêîëîçâåçäíûå äèñêè çâåçä

òèïà UX Ori íàêëîíåíû ïîä íåáîëüøèì óãëîì ê ëó÷ó çðåíèÿ, ÷òî è ÿâëÿåòñÿ

ãëàâíîé ïðè÷èíîé èõ ñèëüíîé ïåðåìåííîñòè. Ýòî ïðåäïîëîæåíèå â öåëîì

ïîäòâåðäèëîñü ïðè èíòåðôåðîìåòðè÷åñêèõ íàáëþäåíèÿõ îêîëîçâåçäíûõ äèñêîâ
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(ñì., íàïðèìåð, [5]).

Â äàííîé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû êîëè÷åñòâåííîãî àíàëèçà ñïåêòðîâ

äâóõ çâåçä òèïà UX Ori: CQ Tau è ñàìîé UX Ori, ïîëó÷åííûõ â ñòàòüå [6].

Ñïåêòðû ïîëó÷åíû ñ ïîìîùüþ ýøåëüíîãî ñïåêòðîãðàôà íà  2.56-ì òåëåñêîïå

îáñåðâàòîðèè NOT (Nordic Optical Telescope) ñ âûñîêèì ñïåêòðàëüíûì ðàçðå-

øåíèåì (R = 25000). Ñïåêòðàëüíûå íàáëþäåíèÿ ñîïðîâîæäàëèñü ôîòîìåòðè-

÷åñêèìè íàáëþäåíèÿìè â Êðûìñêîé àñòðîôèçè÷åñêîé îáñåðâàòîðèè, êîòîðûå

ïîêàçàëè, ÷òî îáå çâåçäû íàõîäèëèñü â ÿðêîì ñîñòîÿíèè áëåñêà (âíå çàòìåíèé).

Â òàáë.1 ïðèâåäåíû ïàðàìåòðû çâåçä UX Ori è CQ Tau ñîãëàñíî äàííûì

Ðîñòîï÷èíîé [7]. Çàìåòèì, ÷òî â åå ðàáîòå äëÿ ýòîé öåëè èñïîëüçîâàëèñü

ñàìûå ÿðêèå ñîñòîÿíèÿ çâåçä òèïà UX Ori, â êîòîðûõ âëèÿíèå ïåðåìåííîé

îêîëîçâåçäíîé ýêñòèíêöèè íà ðàñïðåäåëåíèå ýíåðãèè â ñïåêòðå çâåçä

ìèíèìàëüíî, ÷òî î÷åíü âàæíî ïðè èçó÷åíèè çâåçä ýòîãî ñåìåéñòâà. Ìû

ñêîððåêòèðîâàëè ðåçóëüòàòû åå ðàáîòû äëÿ UX Ori ñ ó÷åòîì äàííûõ î

ðàññòîÿíèè äî ýòîé çâåçäû ïî íàáëþäåíèÿì GAIA [8].

2. Îáùåå îïèñàíèå ñïåêòðîâ. Â îïòè÷åñêèõ ñïåêòðàõ èññëåäóåìûõ

çâåçä ïðèñóòñòâóþò ìíîãî÷èñëåííûå ëèíèè ïîãëîùåíèÿ íåéòðàëüíûõ è

èîíèçîâàííûõ ìåòàëëîâ (ðèñ.1-6), à òàêæå ýìèññèîííûå ëèíèè âîäîðîäà

Áàëüìåðîâñêîé è Ïàøåíîâñêîé ñåðèé. Áîëüøèíñòâî ôîòîñôåðíûõ ëèíèé

òèïè÷íû äëÿ íîðìàëüíûõ çâåçä áëèçêèõ ñïåêòðàëüíûõ êëàññîâ, íî òàêèå êàê

HeI 5876, NaI D èëè òðèïëåò OI 7774, íå íàáëþäàþòñÿ ñ òàêîé æå èíòåíñèâ-

íîñòüþ ó íîðìàëüíûõ À-çâåçä.  Ìíîãèå ôîòîñôåðíûå ëèíèè áëåíäèðîâàíû

îêîëîçâåçäíûìè ëèíèÿìè ïîãëîùåíèÿ, òàê íàçûâàåìûìè shell êîìïîíåíòàìè.

Êàê ïîêàçàë íàø àíàëèç, íàèáîëåå ñòàáèëüíûìè îêàçàëèñü ëèíèè MgII 4481

è SiII 6347.

Â ðåçîíàíñíûõ ëèíèÿõ NaI íàáëþäàþòñÿ ñïåêòðàëüíûå êîìïîíåíòû ïîãëî-

ùåíèÿ, ñìåùåííûå â êðàñíóþ ñòîðîíó. Ýòè êîìïîíåíòû ìîãóò ïîÿâëÿòüñÿ

è èñ÷åçàòü â òå÷åíèå íåñêîëüêèõ äíåé, óêàçûâàÿ íà ïàäåíèå ãàçîâûõ ñãóñòêîâ

íà çâåçäó. Ïîõîæàÿ êàðòèíà ïàäåíèÿ âåùåñòâà íàáëþäàåòñÿ â ñïåêòðå

Çâåçäà Sp d (ïê) )( MM Âîçðàñò (106
 ã.) )( RR V isinv  (êì/ñ)

UX Ori A3III 325 1.9 4 1.9 3.9 140
CQ Tau F2IV 140 1.5 10 1.9 2.2 90

Òàáëèöà 1

ÏÀÐÀÌÅÒÐÛ ÍÀÁËÞÄÀÅÌÛÕ ÇÂÅÇÄ

Êîììåíòàðèé: Ðàññòîÿíèå äëÿ UX Ori âçÿòî èç ñòàòüè [8], ñêîðîñòè äëÿ UX Ori è CQ
Tau èç ñòàòüè [6], îñòàëüíûå ïàðàìåòðû èç ñòàòüè [7].
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Ðèñ.2. Òî æå ñàìîå, ÷òî íà ðèñ.1 äëÿ 29 ïîðÿäêà.
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Ñïåêòð ïîëó÷åí ñóììèðîâàíèåì òðåõ ñïåêòðîâ, íàáëþäàâøèõñÿ â òå÷åíèå òðåõ íî÷åé

1996ã., êîãäà çâåçäà èìåëà ìàêñèìàëüíûé áëåñê. Ñåðîé ëèíèåé ïîêàçàí ñèíòåòè÷åñêèé
ñïåêòð äëÿ T

eff
 = 7000 K è logg = 3.5. Òîíêàÿ ÷åðíàÿ ëèíèÿ ïîêàçûâàåò òîò æå ñïåêòð ïîñëå

ñâåðòêè ñî ñêîðîñòüþ âðàùåíèÿ çâåçäû 90v  êì/ñ. Âûäåëåíû íàèáîëåå ñèëüíûå ëèíèè.
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  Pictoris â ëèíèÿõ ðåçîíàíñíîãî äóáëåòà ÑàII [9].

Íà ðèñ.1-6 ïîêàçàíû âûáîðî÷íûå ïîðÿäêè ïîëíîãî ñïåêòðà CQ Tau,

ïîëó÷åííîãî ïóòåì óñðåäíåíèÿ ñïåêòðîâ, íàáëþäàâøèõñÿ â òå÷åíèå òðåõ

íî÷åé 1996ã. Íà ðèñóíêàõ ïîêàçàíû òàêæå ñîîòâåòñòâóþùèå ó÷àñòêè

Ðèñ.4. Òî æå ñàìîå, ÷òî íà ðèñ.1 äëÿ 34 ïîðÿäêà.

Ðèñ.3. Òî æå ñàìîå, ÷òî íà ðèñ.1 äëÿ 30 ïîðÿäêà.
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ñèíòåòè÷åñêîãî ñïåêòðà ýòîé çâåçäû (T
eff

 = 7000 Ê è logg = 3.5) äî è ïîñëå

ñâåðòêè ñ ïðîåêöèîííîé ñêîðîñòüþ âðàùåíèÿ ( 90sin iv  êì/ñ [6]). Âûáîðî÷íûå

ïîðÿäêè ïîëíîãî ñïåêòðà UX Ori, ñîâìåùåííûå ñ ñèíòåòè÷åñêèì ñïåêòðîì,

Ðèñ.5. Òî æå ñàìîå, ÷òî íà ðèñ.1 äëÿ 39 ïîðÿäêà.

Ðèñ.6. Òî æå ñàìîå, ÷òî íà ðèñ.1 äëÿ 46 ïîðÿäêà.
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ïðèâåäåíû â öèòèðîâàííîé âûøå ñòàòüå, íî ïîêàçàíû â íåé íåáîëüøèìè

ôðàãìåíòàìè.

3. Ñïåêòðàëüíàÿ ïåðåìåííîñòü èññëåäóåìûõ çâåçä â ÿðêîì

ñîñòîÿíèè. Â ñòàòüå [10] àâòîðû èññëåäîâàëè ñòàòèñòèêó ïðîôèëåé ëèíèè

H  â ñïåêòðàõ çâåçä òèïà UX Ori è ïîêàçàëè, ÷òî äâóõêîìïîíåíòíûé

ïðîôèëü ëèíèè ÿâëÿåòñÿ õàðàêòåðíûì äëÿ çâåçä ýòîãî ñåìåéñòâà. Íåäàâíî

ýòîò âûâîä áûë ïîäòâåðæäåí â ñòàòüå [11] íà áîëåå øèðîêîì ñòàòèñòè÷åñêîì

ìàòåðèàëå. Ëèíèÿ H  èìååò øèðîêèå, ïî÷òè ñèììåòðè÷íûå êðûëüÿ â ýìèññèè,

ïðîñòèðàþùåéñÿ äî ±400 êì/ñ. Òèïè÷íûå ëó÷åâûå ñêîðîñòè íà ïîëîâèííîé

èíòåíñèâíîñòè ñîñòàâëÿþò ±200 - 300 êì/ñ. Ïðè çàòìåíèè çâåçäû ýêâèâàëåíòíàÿ

øèðèíà  HEW  óâåëè÷èâàåòñÿ, ïðè ýòîì ïîòîê â ëèíèè óìåíüøàåòñÿ. Òàêàÿ

ïåðåìåííîñòü ýòîé ëèíèè â ñïåêòðàõ çâåçä òèïà UX Ori âïåðâûå íàáëþäàëàñü

Êîëîòèëîâûì [12]. Â ìîìåíòû íàèáîëåå ãëóáîêèõ ìèíèìóìîâ äâóõêîìïî-

íåíòíûé ïðîôèëü ëèíèè H  â ñïåêòðå CQ Tau òðàíñôîðìèðóåòñÿ â îäíî-

êîìïîíåíòíûé ïðîôèëü [13]. Òàêàÿ æå òðàíñôîðìàöèÿ íàáëþäàëàñü âî âðåìÿ

ãëóáîêîãî ìèíèìóìà UX Ori [14].

Îòíîñèòåëüíàÿ èíòåíñèâíîñòü äâóõ ýìèññèîííûõ ïèêîâ H  ñî âðåìåíåì

ìåíÿåòñÿ. Îäíàêî, íåñìîòðÿ íà áîëüøèå âðåìåííûå âàðèàöèè, äëÿ êàæäîé

çâåçäû ñóùåñòâóåò îáùàÿ çàêîíîìåðíîñòü, õàðàêòåðèçóþùàÿ ïðîôèëü H . À

èìåííî, â UX Ori è CQ Tau ñèíèé ïèê ñèñòåìàòè÷åñêè ñèëüíåå êðàñíîãî

(îáðàòíûé ïðîôèëü P Cygni òèïà III).

Ñîãëàñíî èíòåðïðåòàöèè Òàìáîâöåâîé è äð. [15], òàêèå ïðîôèëè îæèäàþòñÿ,

åñëè ëèíèÿ H  ôîðìèðóåòñÿ â àêêðåöèîííîì äèñêå, âèäèìîì ïî÷òè ñ ðåáðà.

Îòíîñèòåëüíàÿ èíòåíñèâíîñòü ñèíåãî è êðàñíîãî ïèêîâ îïðåäåëÿåòñÿ

êîìáèíàöèåé âðàùåíèÿ è äâèæåíèÿ. Åñëè ýòî òàê, òî ïðîôèëü îáðàòíûé

P Cygni III ó çâåçä UX Ori è CQ Tau óêàçûâàåò íà ñèòóàöèþ, êîãäà âàæíóþ

ðîëü â ôîðìèðîâàíèè ëèíèè èãðàåò àêêðåöèÿ.

Äëÿ çâåçä ýòîãî òèïà âîçìîæíû äâà ðàçíûõ èñòî÷íèêà ñïåêòðàëüíîé

ïåðåìåííîñòè [6]. Îäèí èç íèõ õàðàêòåðåí äëÿ ìíîãèõ ìîëîäûõ çâåçä ñ

ãàçîâûìè îáîëî÷êàìè. Â ýòîì ñëó÷àå ïåðåìåííîñòü ýìèññèîííîãî ñïåêòðà

ñâÿçàíà ñ âàðèàöèÿìè òåìïåðàòóðû è ïëîòíîñòè â èçëó÷àþùåé îáëàñòè è íà

ëó÷å çðåíèÿ. Íàáëþäåíèÿ ïîêàçûâàþò, ÷òî òàêèå âàðèàöèè ìîãóò áûòü

äîñòàòî÷íî ñèëüíûìè è ìîãóò ïðèâîäèòü ê ñèëüíîé ïåðåìåííîñòè ñïåêòðàëüíûõ

ëèíèé.

Äðóãîé ìåõàíèçì ñïåêòðàëüíîé ïåðåìåííîñòè õàðàêòåðåí òîëüêî äëÿ çâåçä

òèïà UX Ori. Îí ñâÿçàí ñ êîðîíîãðàôè÷åñêèì ýôôåêòîì, ñîçäàâàåìûì

íåïðîçðà÷íûìè ãàçîïûëåâûìè ñòðóêòóðàìè (îáëàêàìè) ïðîòîïëàíåòíîãî äèñêà,

êîòîðûå çàêðûâàþò çâåçäó îò íàáëþäàòåëÿ è âûçûâàþò ãëóáîêèå ìèíèìóìû,

õàðàêòåðíûå äëÿ ýòèõ çâåçä. Íåïðîçðà÷íûå ôðàãìåíòû äèñêà ýêðàíèðóþò îò



475ÀÍÀËÈÇ  ÑÏÅÊÒÐÎÂ  ÇÂÅÇÄ  CQ Tau  È UX Ori

Òàáëèöà 2

ÐÅÇÓËÜÒÀÒÛ ÈÇÌÅÐÅÍÈÉ ÝÊÂÈÂÀËÅÍÒÍÛÕ ØÈÐÈÍ ÄËß UX Ori

Ïîðÿäîê Ýëåìåíò )Å( )Å(EW

                   UX Ori 1994

26 HI (emission) 8598.40 -1.66 (19/11/94)
HI (emission) 8665.02 -1.85 (19/11/94)

34 H  (emission) 6562.80 -7.61 (19/11/94)

                   UX Ori 1995

26 HI (emission) 8598.40 -1.60 (02/12/95)
HI (emission) 8598.40 -1.61 (04/12/95)
HI (emission) 8598.40 -1.76 (06/12/95)

HI+CaII (emission) 8665.02 -2.50 (02/12/95)
H+CaII (emission) 8665.02 -3.09 (04/12/95)
HI+CaII (emission) 8665.02 -2.11 (06/12/95)

34 H  (emission) 6562.80 -13.15 (02/12/95)
H  (emission) 6562.80 -12.77 (04/12/95)
H  (emission) 6562.80 -12.72 (06/12/95)
H  (emission) 6562.80 -10.56 (02/12/95)
H  (emission) 6562.80 -10.50 (04/12/95)
H  (emission) 6562.80 -10.08 (06/12/95)

46 H  (emission) 4861.32 -1.29 (02/12/95)

H  (emission) 4861.32 -1.12 (04/12/95)

H  (emission) 4861.32 -1.30 (06/12/95)
49 TiII 4563.76 0.12
50 MgII 4481.33 0.59
54 TiII 4163.65 0.11
55 H  (emission) 4101.73 -0.29 (02/12/95)
57 CaII 3933.66 2.18

               UX Ori 1996

26 HI (emission) 8598.40 -1.68 (25/11/96)
HI (emission) 8598.40 -1.86 (28/11/96)

HI+CaII (emission) 8665.02 -1.43 (25/11/96)
HI+CaII (emission) 8665.02 -1.40 (28/11/96)

34 H  (emission) 6562.80 -8.46 (25/11/96)
H  (emission) 6562.80 -5.67 (28/11/96)

35(1) H  (emission) 6562.80 -5.52 (28/11/96)
H  (emission) 6562.80 -5.23 (02/12/96)

35(2) SiII 6347.11 0.34
SiII 6371.37 0.22

36 SiII 6347.11 0.33
SiII 6371.37 0.26

39 HeI 5875.61 0.48
NaI 5889.95 0.70
NaI 5895.92 0.54

47 H  (emission) 4861.32 -0.31 (28/11/96)
H  (emission) 4861.32 -0.35 (02/12/96)
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Ïîðÿäîê Ýëåìåíò )Å( )Å(EW

1 2 3 4

                 CQ Tau 1995

26 HI (emission) 8598.40 -0.38 (03/12/95)
HI (emission) 8598.40 -0.35 (05/12/95)

30 FeII 7415.95 0.12
34 H  (emission) 6562.80 -8.45 (03/12/95)

H  (emission) 6562.80 -5.16 (05/12/95)
35 FeI 6393.60 0.12

FeI 6400.00 0.14
CaI 6439.07 0.16
CaI 6449.81 0.16
FeII 6456.38 0.29
CaI 6462.57 0.22

36 NiI, FeI 6191.17, 6191.56 0.10
37 FeI 6065.48 0.14

FeI 6078.49 0.11
39 SiI 5747.67 0.04

FeI, SiI 5753.12, 5753.62 0.15
FeI 5762.99 0.12
CaI 5581.96 0.11

40 CaI, FeI 5594.46, 5594.65 0.20
FeI 5624.54 0.16

41 FeI 5429.70 0.20
FeI, FeI 5455.44, 5455.61 0.25

SiI 5494.24 0.04
FeI 5497.52 0.07
FeI 5501.46 0.17

42 FeI 5302.30 0.10
FeI 5307.36 0.12

43 MgI 5172.68 0.39
MgI 5183.60 0.56
TiII 5188.68 0.08

FeI, FeI 5191.45, 5192.34 0.17
TiII, FeI 5226.54, 5226.86 0.55

44 NiI 5115.39 0.05
45 FeI 4957.60 0.36

FeI 5027.12 0.14
46 H  (emission) 4861.32 -0.20 (03/12/95)

H  (emission) 4861.32 -0.26 (05/12/95)
FeI, FeI 4871.32, 4872.14 1.10

47 TiII 4779.98 0.09
MnI 4783.43 0.09

NiI, FeI 4786.53, 4786.81 0.08

Òàáëèöà 3

ÐÅÇÓËÜÒÀÒÛ ÈÇÌÅÐÅÍÈÉ ÝÊÂÈÂÀËÅÍÒÍÛÕ ØÈÐÈÍ

ÄËß CQ Tau, 1995
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1 2 3 4

48 FeI 4673.16 0.14
MgI 4702.99 0.22

49 TiII 4563.76 0.34
TiII 4571.97 0.26

50 FeI, FeI 4476.02, 4476.08 0.12
TiII 4501.27 0.28
FeII 4508.29 0.23
FeII 4515.34 0.27

52 ScII, TiII 4314.08, 4314.97 1.02
ScII, TiII 4325.00, 4325.76 1.17
H  (emission) 4340.46 -0.05 (03/12/95)
H  (emission) 4340.46 -0.01 (05/12/95)

53 FeI 4260.47 1.07
FeI 4271.15 0.66

54 FeI, FeI 4143.41, 4143.87 1.03
TiII 4161.53 0.32
TiII 4163.65 0.21
MgI 4167.27 0.47

55 FeI 4063.59 1.04
FeI, FeI 4071.52, 4071.74 0.85

H  (emission) 4101.73 -0.05 (05/12/95)

Òàáëèöà 3 (Îêîí÷àíèå)

íàáëþäàòåëÿ íå òîëüêî çâåçäó, íî è òó ÷àñòü ãàçîâîé îáîëî÷êè ïåðåä çâåçäîé,

êîòîðàÿ îòâå÷àåò çà àáñîðáöèîííóþ ñîñòàâëÿþùóþ ïðîôèëÿ ëèíèè. Â ðåçóëüòàòå

öåíòðàëüíîå ïîãëîùåíèå ñíèæàåòñÿ è ìîæåò ïîëíîñòüþ èñ÷åçíóòü [16]. Ýòîò

ýôôåêò íàáëþäàåòñÿ òàêæå â èçìåíåíèÿõ ýêâèâàëåíòíûõ øèðèí ýìèññèîííûõ

ëèíèé, òàêèõ êàê ëèíèÿ H , îáðàçóþùèõñÿ â ïðîòÿæåííîé îáëàñòè, êîòîðàÿ

òîëüêî ÷àñòè÷íî ýêðàíèðóåòñÿ îêîëîçâåçäíûìè îáëàêàìè.

4. Ðåçóëüòàòû. Ðåçóëüòàòû èçìåðåíèé ýêâèâàëåíòíûõ øèðèí çâåçä

UX Ori è CQ Tau ïðèâåäåíû â òàáë.2-4, ãäå â ñòîëáöå 1 óêàçàí ïîðÿäîê

ýøåëüíîãî ñïåêòðà, â ñòîëáöå 2 - õèìè÷åñêèé ýëåìåíò, ïðèíàäëåæàùèé

ëèíèè, â ñòîëáöå 3 - äëèíà âîëíû ñïåêòðàëüíîé ëèíèè (â àíãñòðåìàõ) è â

ñòîëáöå 4 - çíà÷åíèå ýêâèâàëåíòíîé øèðèíû EW (â àíãñòðåìàõ).

Ñëåäóåò îòìåòèòü, ÷òî ýêâèâàëåíòíûå øèðèíû èçìåðÿëèñü ïî óñðåäíåííîìó

ñïåêòðó, íî äëÿ ýìèññèîííûõ âîäîðîäíûõ ëèíèé èçìåðåíèÿ ïðîâîäèëèñü äëÿ

êàæäîãî ìîìåíòà âðåìåíè îòäåëüíî, ïîýòîìó â òàáëèöàõ óêàçûâàëàñü äàòà

íàáëþäåíèÿ ðÿäîì ñî çíà÷åíèåì EW. Îòðèöàòåëüíûå çíà÷åíèÿ EW óêàçûâàþò

íà ýìèññèîííûå ëèíèè. Îïðåäåëåíèå ýêâèâàëåíòíûõ øèðèí ýìèññèîííûõ

ëèíèé ïðîâîäèëîñü ñ ïîìîùüþ ñèíòåòè÷åñêèõ ñïåêòðîâ: ýìèññèåé ñ÷èòàëîñü

âñå, ÷òî ëåæèò âûøå ñèíòåòè÷åñêèõ ïðîôèëåé ëèíèé, ðàñøèðåííûõ âðàùåíèåì
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Ïîðÿäîê Ýëåìåíò )Å( )Å(EW

1 2 3 4

                        CQ Tau 1996

29 KI 7664.91 0.96
KI 7698.97 0.38

OI, OI, OI 7771.94, 7774.17, 7775.39 1.17
30 FeII 7462.41 0.18

SI 7468.59 0.04
FeI 7495.06 0.18

34 H  (emission) 6562.80 -11.99 (21/11/96)
H  (emission) 6562.80 -8.57 (26/11/96)
H  (emission) 6562.80 -7.46 (29/11/96)

35(1) FeII, FeI 6393.60 0.16
FeI 6400.00 0.14
CaI 6439.07 0.21
CaI 6449.81 0.15
CaI 6462.57 0.18

35(2) H  (emission) 6562.80 -7.65 (29/11/96)
H  (emission) 6562.80 -5.97 (02/12/96)

36 FeI 6200.31 0.11
FeI 6219.28 0.12

FeI, FeI 6230.73, 6232.64 0.21
37 FeI 6008.55 0.20

MnI, MnI 6013.51, 6016.67 0.21
FeI 6065.48 0.12
FeI 6078.49 0.13

39 SiI 5747.67 0.11
FeI, SiI 5753.12, 5753.62 0.16

FeI 5762.99 0.16
40 CaI 5581.96 0.12

FeI, FeI, FeI 5615.30, 5615.64, 5618.63 0.32
41 TiII 5418.12 0.18

FeI, FeII 5424.64, 5425.26 0.28
FeI 5429.70 0.22

FeII, FeI 5432.97, 5434.52 0.40
FeI, FeI 5445.04, 5446.92 0.40
FeI, FeI 5455.44, 5455.61 0.26

FeI 5497.52 0.19
43 MgI 5183.60 0.79

TiII 5188.68 0.21
FeI, FeI 5191.45, 5192.34 0.39

CrI, CrI, CrI 5204.51, 5206.04, 5208.42 0.91
FeI, FeI, FeI 5215.18, 5216.27, 5217.39 0.43

TiII, FeI 5226.54, 5226.86 0.70

Òàáëèöà 4

ÐÅÇÓËÜÒÀÒÛ ÈÇÌÅÐÅÍÈÉ ÝÊÂÈÂÀËÅÍÒÍÛÕ ØÈÐÈÍ

ÄËß CQ Tau, 1996
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çâåçäû è ñìåùåííûõ â ñèñòåìó êîîðäèíàò çâåçäû. Òî÷íîñòü èçìåðåíèÿ EW

ìîæíî îöåíèòü ïî óðîâíþ øóìîâ â êîíòèíóóìå, îïðåäåëÿåìûõ îòíîøåíèåì

S/N. Âáëèçè ëèíèè H  100NS   [6], ÷òî îáåñïå÷èâàåò òî÷íîñòü îïðåäåëåíèÿ

 HEW  â íåñêîëüêî ïðîöåíòîâ.

Ñëåäóþùèé âàæíûé ïàðàìåòð, êîòîðûé ìû îïðåäåëèëè, ýòî òåìï àêêðåöèè.

Îí ïðåäñòàâëåí â òàáë.5. Çâåçäû àêêðåöèðóþò îêîëîçâåçäíîå âåùåñòâî â

ñîîòâåòñòâèè ñ ìàãíèòîñôåðíîé ìîäåëüþ àêêðåöèè (ñì. íàïðèìåð, Íàòòà è

äð. [17]), êîòîðàÿ îáúÿñíÿåò íàáëþäàåìûå èçáûòî÷íûå ïîòîêè â ñïåêòðàõ

çâåçä Õåðáèãà. Ïàäàþùèé ìàòåðèàë, íàõîäÿùèéñÿ â îêðóæåíèè çâåçäû,

âçàèìîäåéñòâóÿ ñ ôîòîñôåðîé, âûçûâàåò èçáûòî÷íîå ÓÔ-èçëó÷åíèå, ñâåòèìîñòü

êîòîðîãî çàâèñèò îò ïàðàìåòðîâ çâåçäû è òåìïà àêêðåöèè. Çíàíèå àêêðåöèîííîé

ñâåòèìîñòè ïîçâîëÿåò îïðåäåëèòü òåìï àêêðåöèè (ñì. íèæå). Òàêèì îáðàçîì,

òåìï àêêðåöèè ÿâëÿåòñÿ âàæíûì ïàðàìåòðîì ìîëîäûõ çâåçä, ïîêàçûâàþùèì

êîëè÷åñòâî âåùåñòâà (â åäèíèöàõ ìàññ Ñîëíöà â ãîä) ïåðåòåêàþùåãî èç

îêîëîçâåçäíîãî äèñêà íà ïîâåðõíîñòü çâåçäû. Ó ìîëîäûõ çâåçä âàæíóþ ðîëü

â ïðîöåññå àêêðåöèè èãðàåò âçàèìîäåéñòâèå âåùåñòâà ïðîòîïëàíåòíîãî äèñêà

ñ ìàãíèòîñôåðîé çâåçäû.

Äëÿ îïðåäåëåíèÿ àêêðåöèîííîé ñâåòèìîñòè ìû âûáðàëè ýìèññèîííóþ

ëèíèþ H , òàê êàê ýòà ëèíèÿ ÿâëÿåòñÿ íàèáîëåå ñèëüíîé èç ïðèñóòñòâóþùèõ

â îïòè÷åñêèõ ñïåêòðàõ ìîëîäûõ çâåçä. Ñâåòèìîñòü çâåçäû â ýòîé ëèíèè

âû÷èñëÿëàñü ñ èñïîëüçîâàíèåì çâåçäíîãî ïîòîêà f  íà äëèíå âîëíû ëèíèè,

ðàññ÷èòàííîãî ïî ìîäåëÿì Êóðó÷à [18] ñ ó÷åòîì ðàññòîÿíèÿ äî çâåçäû (1).

1 2 3 4

44 FeI, FeI 5049.82, 5051.63 0.51
FeI 5065.01 0.56
FeI 5068.76 0.41

TiII, FeI 5072.28, 5074.75 0.64
FeI, FeI 5107.64, 5110.41 0.42

NiI 5115.39 0.12
45 FeI 4957.60 0.37
46 H  (emission) 4861.32 -0.67 (21/11/96)

H  (emission) 4861.32 -0.53 (26/11/96)

H  (emission) 4861.32 -0.26 (29/11/96)
47 H  (emission) 4861.32 -0.29 (29/11/96)
52 H  (emission) 4340.46 -0.14 (21/11/96)

TiII, H  (emission) 4340.46 -0.14 (26/11/96)
55 H  (emission) 4101.73 -0.08 (21/11/96)

H  (emission) 4101.73 -0.08 (26/11/96)

H  (emission) 4101.73 -0.02 (29/11/96)

Òàáëèöà 4 (Îêîí÷àíèå)
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. EW4 H
2

H   fdL (1)

Èñïîëüçîâàëîñü ñëåäóþùåå ñîîòíîøåíèå ìåæäó àêêðåöèîííîé ñâåòèìîñòüþ

è ñâåòèìîñòüþ â ëèíèè [8]:

, loglog
 L

L
BA

L

L lineacc  (2)

ãäå A è B - êîýôôèöèåíòû, ñîîòâåòñòâóþùèå òî÷êå ïåðåñå÷åíèÿ è ãðàäèåíòó

ñîîòíîøåíèÿ ìåæäó  LLacclog  è  LLlinelog , ñîîòâåòñòâåííî.

Ñëåäóÿ [8], ìû èñïîëüçîâàëè ñëåäóþùèå çíà÷åíèÿ: A = 2.09 ± 0.06 è

B =1.00 ± 0.05. Òåìï àêêðåöèè îïðåäåëÿëñÿ èç àêêðåöèîííîé ñâåòèìîñòè,

çâåçäíîãî ðàäèóñà è çâåçäíîé ìàññû ïî ôîðìóëå [19]:

 
, 

1 c

acc

rRGM

RL
M






 (3)

ãäå ðàäèóñ êîðîòàöèè

. 

31

2 













 vR

GM

R

rc
(4)

Çâåçäà )Å(EW Äàòà L
acc

 ( L )
710M ( M /ã.)

710M ( M /ã.)

UX Ori 7.610 19/11/94 1.33 0.75 0.93 ± 0.11
13.150 02/12/95 2.41 1.36
12.772 04/12/95 2.33 1.32
12.719 06/12/95 2.32 1.31
10.555 02/12/95 1.89 1.07
10.502 04/12/95 1.88 1.06
10.084 06/12/95 1.80 1.02
8.457 25/11/96 1.49 0.84
5.672 28/11/96 0.96 0.54
5.524 28/11/96 0.93 0.53
5.229 02/12/96 0.88 0.50

CQ Tau 8.445 03/12/95 0.67 0.42 0.39 ± 0.01
5.161 05/12/95 0.40 0.24
11.992 21/11/96 0.99 0.61
8.566 26/11/96 0.68 0.42
7.459 29/11/96 0.59 0.37
7.649 29/11/96 0.60 0.37
5.971 02/12/96 0.46 0.28

Òàáëèöà 5

ÎÖÅÍÊÈ ÒÅÌÏÀ ÀÊÊÐÅÖÈÈ ÄËß ÇÂÅÇÄ UX Ori È

CQ Tau ÏÎ ËÈÍÈÈ H
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Äëÿ UX Ori  R.rc 172 , äëÿ CQ Tau  R.rc 692 . Â òàáë.5 çàíåñåíû

çíà÷åíèÿ òåìïà àêêðåöèè, ðàññ÷èòàííûå ïî ôîðìóëàì 2, 3. Â ñòîëáöå 1

óêàçàíî íàçâàíèå çâåçäû, â ñòîëáöå 2 - ýêâèâàëåíòíàÿ øèðèíà ëèíèè H ,

â ñòîëáöå 3 - äàòà íàáëþäåíèÿ, â ñòîëáöå 4 - àêêðåöèîííàÿ ñâåòèìîñòü, â

ñòîëáöå 5 - òåìï àêêðåöèè, â ñòîëáöå 6 - ñðåäíåå çíà÷åíèå òåìïà àêêðåöèè.

Êàê âèäíî, ïðè îäíîì è òîì æå óðîâíå áëåñêà çâåçäû ïðîñëåæèâàåòñÿ

íåñòàáèëüíîñòü òåìïà àêêðåöèè, çíà÷åíèÿ êîòîðîãî ìîãóò îòëè÷àòüñÿ â 2 ðàçà.

Íåîäíîðîäíîñòü àêêðåöèðóþùåãî ìàòåðèàëà ÿâëÿåòñÿ îäíèì èç èñòî÷íèêîâ

êàê ôîòîìåòðè÷åñêîé, òàê è ñïåêòðàëüíîé ïåðåìåííîñòè èññëåäóåìûõ çâåçä

[20].

Ñîãëàñíî Ãóçìàí-Äèàç è äð. [21], òåìï àêêðåöèè èññëåäóåìûõ çâåçä

ñîñòàâëÿåò 007log .Macc   äëÿ UX Ori è 187log .Macc   äëÿ CQ Tau, ÷òî

â öåëîì ñîãëàñóåòñÿ ñ íàøèìè ðåçóëüòàòàìè è ïîêàçûâàåò ïðàâèëüíîñòü

ìåòîäà ðàñ÷åòà òåìïà àêêðåöèè è âîçìîæíîñòè åãî ïðèìåíåíèÿ äëÿ èññëåäîâàíèé

äðóãèõ çâåçä òèïà UX Ori.

5. Îáñóæäåíèå è çàêëþ÷åíèå. Â ðàáîòå áûëè îïðåäåëåíû ýêâèâàëåíòíûå

øèðèíû ðÿäà èíäèâèäóàëüíûõ ëèíèé ïî ñïåêòðàì çâåçä UX Ori è CQ Tau,

ïîëó÷åííûì â ìîìåíòû âðåìåíè, êîãäà îáà îáúåêòà íàõîäèëèñü â ÿðêîì

ñîñòîÿíèè (âíå çàòìåíèé). Çíà÷åíèÿ ýêâèâàëåíòíûõ øèðèí îòðàæàþò

ñïåêòðàëüíûå õàðàêòåðèñòèêè çâåçä è ìîãóò èñïîëüçîâàòüñÿ â êà÷åñòâå îïîðíûõ

ëèíèé, õàðàêòåðèçóþùèõ ñîñòîÿíèå çâåçäíûõ àòìîñôåð. Â ñïåêòðàõ çâåçä UX

Ori è CQ Tau íàáëþäàþòñÿ ìíîãî÷èñëåííûå ôîòîñôåðíûå ëèíèè ìåòàëëîâ

(MgI, FeI, Ti, SiI è äð.), äóáëåò íàòðèÿ è ñèëüíàÿ ýìèññèÿ â âîäîðîäíûõ

ëèíèÿõ.

Ïî ýêâèâàëåíòíîé øèðèíå ýìèññèîííîé ëèíèè H  ñäåëàíû îöåíêè

òåìïà àêêðåöèè íà çâåçäû UX Ori è CQ Tau. Äëÿ çâåçäû UX Ori ñðåäíèé

òåìï àêêðåöèè ñîñòàâèë  год10930 7
M.  , äëÿ çâåçäû CQ Tau -

 год10390 7
M.  . Ñëåäóåò ïîä÷åðêíóòü, ÷òî äëÿ îïðåäåëåíèÿ òåìïà àêêðåöèè

íà èññëåäóåìûå çâåçäû áûëà èñïîëüçîâàíà àíàëîãèÿ ñ ìàãíèòîñôåðíîé ìîäåëüþ

àêêðåöèè, ðàçðàáîòàííîé äëÿ çâåçä òèïà Ò Òåëüöà. Ýìèññèîííûå ñïåêòðû

çâåçä ýòîãî òèïà îáðàçóþòñÿ ïðåèìóùåñòâåííî â ìàãíèòîñôåðàõ çâåçä. Âêëàä

äèñêîâîãî âåòðà â ýìèññèþ â ëèíèè H  â ñïåêòðàõ ýòèõ çâåçä íåçíà÷èòåëåí

(çà èñêëþ÷åíèåì çâåçä ñ èíòåíñèâíîé àêêðåöèåé). Â ñëó÷àå çâåçä òèïà UX

Ori, áîëüøèíñòâî êîòîðûõ îòíîñèòñÿ ê ñåìåéñòâó çâåçä ÀåÂå Õåðáèãà, âêëàä

ìàãíèòîñôåðû çíà÷èòåëüíî ìåíüøå, ÷åì ó çâåçä Ò Òåëüöà. Îñíîâíîé âêëàä

â ýìèññèþ ó íèõ äàåò äèñêîâûé âåòåð [22]. Êðîìå òîãî, çâåçäû òèïà UX

Ori âðàùàþòñÿ çíà÷èòåëüíî áûñòðåå ïî ñðàâíåíèþ ñî çâåçäàìè Ò Òåëüöà, ÷òî

òàêæå çàòðóäíÿåò ïðèìåíåíèå ê íèì ìàãíèòîñôåðíîé ìîäåëè àêêðåöèè.

Ó÷èòûâàÿ ýòî, ïîëó÷åííûå âûøå îöåíêè òåìïà àêêðåöèè ñëåäóåò ðàññìàòðèâàòü
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ñêîðåå êàê âåðõíèå ïðåäåëû.

Ñëåäóåò îòìåòèòü, ÷òî òåìï àêêðåöèè äëÿ èññëåäóåìûõ çâåçä îïðåäåëÿëñÿ

â ïîñëåäíåå âðåìÿ ðÿäîì àâòîðîâ [8,20,23]. Íàøè ðåçóëüòàòû ëó÷øå âñåãî

ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè Ãóçìàí-Äèàç è äð. [21], ïîëó÷åííûìè íà îñíîâå

íîâîé ýìïèðè÷åñêîé êîððåëÿöèè ìåæäó ñâåòèìîñòüþ è ìàññîé çâåçäû.

Â ðåçóëüòàòàõ ïðîñëåæèâàåòñÿ íåñòàáèëüíîñòü òåìïà àêêðåöèè, çíà÷åíèÿ

êîòîðîãî ìîãóò îòëè÷àòüñÿ â 2 ðàçà ïðè îäíîì è òîì æå óðîâíå áëåñêà çâåçäû.

Ýòà íåñòàáèëüíîñòü àêêðåöèè íàáëþäàëàñü ïî ñïåêòðàì, ïîëó÷åííûì âíå

çàòìåíèé, è ñâèäåòåëüñòâóåò î ñèëüíûõ ôëóêòóàöèÿõ ïëîòíîñòè ãàçà âî

âíóòðåííèõ îáëàñòÿõ îêîëîçâåçäíûõ äèñêîâ èññëåäóåìûõ çâåçä. Ó÷èòûâàÿ èõ

ìîëîäîñòü, ïðè÷èíîé òàêèõ ôëóêòóàöèé ìîãóò áûòü âîçìóùåíèÿ â äèñêàõ,

âûçâàííûå ôîðìèðîâàíèåì ïëàíåòíûõ ñèñòåì.

Àâòîðû âûðàæàþò èñêðåííþþ áëàãîäàðíîñòü Â.Ï.Ãðèíèíó çà ïîìîùü â

ïîäãîòîâêå è íàïèñàíèè ñòàòüè, à òàêæå ðåöåíçåíòó Ë.Â.Òàìáîâöåâîé çà

ïîëåçíûå çàìå÷àíèÿ.
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QUANTITATIVE ANALYSIS OF THE SPECTRA OF
CQ Tau AND UX Ori STARS OUTSIDE ECLIPSES

ACCORDING TO THE NORDIC OPTICAL TELESCOPE

P.DIMITRIEVA1, O.V.KOZLOVA2

A quantitative analysis of the spectra of CQ Tau and UX Ori stars belonging

to the family of young irregular variable stars with Algol-like decrease in brightness

has been performed. The spectra were obtained at the Nordic Optical Telescope

(NOT) observatory at times when the stars were in a bright state. On their basis,

the equivalent widths of the photospheric absorption lines, as well as the emission

line H , are determined. The equivalent width of the latter is used to estimate

the gas accretion rate on the stars.

Keywords: variable stars: spectra: CQ Tau, UX Ori
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