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We examined F814W and F606W images of dwarf galaxies from the Hubble Space Telescope
archive, which were obtained under the HST SNAP programs 17159 to 17797. Among 58 observed
dwarfs located outside the Local Group, we found only a few objects that were confidently resolved
into stars. We determined two new distances for the galaxies: dw1252+2215 (5.32 ± 0.20 Mpc) and
dw1234+3952 (4.34 ± 0.16 Mpc) via the Tip of the Red Giant Branch. They turned out to be new
probable dwarf satellites of the nearby luminous spiral galaxies NGC4826 and NGC4736, respec-
tively. We also note that recent SNAP surveys vary in their productivity in measuring new galaxy
distances by more than an order of magnitude.
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ÂÛÁÎÐÊÀ ÃÀËÀÊÒÈÊ ÌÅÑÒÍÎÃÎ ÎÁÚÅÌÀ È
HST SNAP-ÎÁÇÎÐÛ

È.Ä.ÊÀÐÀ×ÅÍÖÅÂ1, Ì.È.×ÀÇÎÂ1, Â.Å.ÊÀÐÀ×ÅÍÖÅÂÀ2

Ìû èçó÷èëè èçîáðàæåíèÿ êàðëèêîâûõ ãàëàêòèê â ôèëüòðàõ F814W è

F606W èç àðõèâà êîñìè÷åñêîãî òåëåñêîïà "Õàááë", ïîëó÷åííûå â ðàìêàõ

ïðîãðàìì HST SNAP 17159 è SNAP 17797. Ñðåäè 58 íàáëþäàâøèõñÿ êàðëèêîâ,

ðàñïîëîæåííûõ çà ïðåäåëàìè Ìåñòíîé ãðóïïû, ìû îáíàðóæèëè ëèøü íåñêîëüêî

îáúåêòîâ, óâåðåííî ðàçðåøåííûõ íà çâåçäû. Ìû îïðåäåëèëè íîâûå ðàññòîÿíèÿ

äî äâóõ ãàëàêòèê: dw1252+2215 (5.32±0.20 Ìïê) è dw1234+3952 (4.34±0.16

Ìïê) ïî âåðøèíå âåòâè çâåçä êðàñíûõ ãèãàíòîâ. Ýòè îáúåêòû îêàçàëèñü

íîâûìè âåðîÿòíûìè êàðëèêîâûìè ñïóòíèêàìè áëèçêèõ ÿðêèõ ñïèðàëüíûõ

ãàëàêòèê, ñîîòâåòñòâåííî, NGC 4826 è NGC 4736. Ìû òàêæå îòìåòèëè, ÷òî

íåäàâíèå HST SNAP îáçîðû ðàçëè÷àþòñÿ ïî ñâîåé ïðîèçâîäèòåëüíîñòè ïðè

èçìåðåíèè íîâûõ ðàññòîÿíèé ãàëàêòèê áîëåå ÷åì íà ïîðÿäîê.

Êëþ÷åâûå ñëîâà: ãàëàêòèêè - êàðëèêîâûå ãàëàêòèêè: ãàëàêòèêè - ðàññòîÿíèÿ
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ÏßÒÅÍÍÀß ÀÊÒÈÂÍÎÑÒÜ ÇÂÅÇÄ ÄÂÈÆÓÙÈÕÑß
ÃÐÓÏÏ ÏÎ ÄÀÍÍÛÌ ÀÐÕÈÂÀ ÌÈÑÑÈÈ TESS

È.Ñ.ÑÀÂÀÍÎÂ, Í.Å.ÊÎÍÄÐÀÒÜÅÂ
Ïîñòóïèëà 12 èþëÿ 2025

Ïðèíÿòà ê ïå÷àòè 17 äåêàáðÿ 2025

Ïî äàííûì àðõèâà òåëåñêîïà TESS âûïîëíåí àíàëèç ïðîÿâëåíèé ïÿòåííîé àêòèâíîñòè
çâåçä ïÿòè âûáðàííûõ äâèæóùèõñÿ ãðóïï, àññîöèàöèé è ñêîïëåíèé ñ âîçðàñòàìè îò 10 äî
425 ìëí ëåò. Ïîëó÷åíû çíà÷åíèÿ ïåðèîäîâ âðàùåíèÿ P, äîëè çàïÿòíåííîñòè S è ïëîùàäè
ïÿòåí A

spot
 äëÿ 704 àíàëèçèðóåìûõ îáúåêòîâ. Íà ïðèìåðå ðàññìîòðåííûõ ñêîïëåíèé,

äâèæóùèõñÿ ãðóïï è çâåçäíûõ àññîöèàöèé ïîëó÷åíû ñâèäåòåëüñòâà ýâîëþöèè àêòèâíîñòè
çâåçä ñî âðåìåíåì. Ïîêàçàíî, ÷òî ñðåäíèé óðîâåíü çàïÿòíåííîñòè áîëåå ñòàðûõ çâåçäíûõ
ãðóïï íèæå ñðåäíåãî óðîâíÿ çàïÿòíåííîñòè áîëåå ìîëîäûõ. Ðàññìîòðåíû è ïðåäñòàâëåíû
êîëè÷åñòâåííûå îöåíêè èçìåíåíèÿ çàïÿòíåííîñòè îáúåêòîâ îäíîãî âîçðàñòà â çàâèñèìîñòè
îò èõ ýôôåêòèâíîé òåìïåðàòóðû. Ïðîâåäåíî ñîïîñòàâëåíèå ïîëó÷åííûõ îöåíîê çàïÿòíåí-
íîñòè çâåçä ñîëíå÷íîãî òèïà ðàçëè÷íîãî âîçðàñòà (10-790 ìëí ëåò) ñ çàïÿòíåííîñòüþ Ñîëíöà.

Êëþ÷åâûå ñëîâà: çâåçäû: àêòèâíîñòü: ïÿòíà: äâèæóùèåñÿ ãðóïïû, àññîöèàöèè

     è ñêîïëåíèÿ

1. Ââåäåíèå. Áëàãîäàðÿ äàííûì âûñîêîé ôîòîìåòðè÷åñêîé òî÷íîñòè,

äîñòóïíûì èç àðõèâà êocìè÷ecêèõ ìèññèé Êåïëåð è TESS, ñòàëè âîçìîæíûìè

êà÷åñòâåííî íîâûå ïîäõîäû ïðè èçó÷åíèè àêòèâíîñòè çâåçä ïîçäíèõ

ñïåêòðàëüíûõ êëàññîâ. Ñðåäè íîâûõ íàó÷íûõ çàäà÷, ðåøàåìûõ ñ ïîìîùüþ

äàííûõ, ïîëó÷åííûõ â õîäå íàáëþäåíèé êîñìè÷åñêèõ ìèññèé, âàæíóþ ðîëü

èãðàþò èññëåäîâàíèÿ âðàùåíèÿ ìîëîäûõ çâåçä, êîòîðûå ñóùåñòâåííî äîïîëíÿþò

âûïîëíåííûå ðàíåå ìíîãî÷èñëåííûå ðàáîòû ïî àíàëèçó ýâîëþöèè óãëîâîãî

ìîìåíòà çâåçä ïîçäíèõ ñïåêòðàëüíûõ êëàññîâ ðàçíîãî âîçðàñòà [1].

Êðîìå òîãî ñòàëî âîçìîæíûì ïîëó÷åíèå äîñòàòî÷íî áîëüøîãî ÷èñëà îöåíîê

ïàðàìåòðà çàïÿòíåííîñòè S (äîëè âèäèìîé ïîâåðõíîñòè çâåçäû, çàíèìàåìîé

ïÿòíàìè), õàðàêòåðèçóþùåãî àêòèâíîñòü çâåçä (â òîì ÷èñëå ñêîïëåíèé), è

èçó÷åíèe åãî èçìåíåíèé â çàâèñèìîñòè îò ïåðèîäà âðàùåíèÿ è äðóãèõ õàðàê-

òåðèñòèê îáúåêòîâ [2-4]. Â èòîãå ýòî ïîçâîëÿåò âûïîëíèòü àíàëèç èíôîðìàöèè

îá èçìåíåíèÿõ ïÿòíîîáðàçîâàòåëüíîé àêòèâíîñòè áîëüøîãî ÷èñëà çâåçä

îäèíàêîâîãî âîçðàñòà - ÷ëåíîâ îäíîãî è òîãî æå ñêîïëåíèÿ. Èõ îáùåå

ðàññìîòðåíèå äàåò âîçìîæíîñòü ñäåëàòü çàêëþ÷åíèå îá ýâîëþöèè àêòèâíîñòè

çâåçä ðàçëè÷íûõ ìàññ ñî âðåìåíåì.
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Ñêîïëåíèÿ íå ÿâëÿþòñÿ åäèíñòâåííûì òèïîì çâåçäíûõ ãðóïï, ÷ëåíû

êîòîðûõ ìîæíî îõàðàêòåðèçîâàòü îäíèì âîçðàñòîì. Ñóùåñòâóþò òàêæå

äâèæóùèåñÿ ãðóïïû è àññîöèàöèè. Çâåçäû â òàêèõ ãðóïïàõ ðàñïîëîæåíû

ìåíåå ïëîòíî, ÷åì ó ñêîïëåíèé, ðàñïðåäåëåíû ïî áîëüøåé íåáåñíîé ïëîùàäè,

ïðè ýòîì îíè òàêæå îáëàäàþò îáùåé êèíåìàòèêîé.

Íà÷àëî ðàáîòû ìèññèè Gaia â 2013ã. îòêðûëî âîçìîæíîñòü ìàññîâîé

èäåíòèôèêàöèè è íàáëþäåíèé òàêèõ äâèæóùèõñÿ ãðóïï. Äàííûå ìèññèè

ñîäåðæàò ñîáñòâåííûå äâèæåíèÿ çâåçä, èçìåðåííûå ñ î÷åíü âûñîêîé òî÷íîñòüþ.

Ýòî ïðèâåëî ê óòî÷íåíèþ ïðèíàäëåæíîñòè ìíîãèõ çâåçä ê èçâåñòíûì ðàíåå

ãðóïïàì, à òàêæå îáíàðóæåíèþ íîâûõ çâåçäíûõ ãðóïï. Èç-çà òîãî, ÷òî

ïèêñåëè ìàòðèöû äåòåêòîðîâ TESS êðóïíåå, ÷åì ó ìàòðèöû òåëåñêîïà Êåïëåð,

âîçíèêàþò òðóäíîñòè ñ èññëåäîâàíèåì îáëàñòåé íåáåñíîé ñôåðû ñ òåñíî

ðàñïîëîæåííûìè çâåçäàìè â ñêîïëåíèÿõ. Òàê êàê â äâèæóùèõñÿ ãðóïïàõ

çâåçäû ðàñïðåäåëåíû ìåíåå ïëîòíî, èõ èçó÷åíèå ñ èñïîëüçîâàíèåì äàííûõ

ìèññèè TESS óïðîùàåòñÿ. Ïîýòîìó â äàëüíåéøåì áóäóò ïðîâîäèòüñÿ

èññëåäîâàíèÿ íå òîëüêî ñêîïëåíèé, íî è äâèæóùèõñÿ ãðóïï è àññîöèàöèé.

2. Âûáîð îáúåêòîâ èññëåäîâàíèÿ. Â äàííîé ðàáîòå ðàññìàòðèâàëèñü

ñëåäóþùèå äâèæóùèåñÿ ãðóïïû, àññîöèàöèè è ñêîïëåíèÿ (òàáë.1):

- Íèæíÿÿ ïîäãðóïïà Öåíòàâðà - Þæíîãî Êðåñòà OB-àññîöèàöèè Ñêîð-

ïèîíà - Öåíòàâðà (Lower Centaurus - Crux, LCC) [5]. Â ñòàòüå ýòà ïîäãðóïïà

íîñèò íàçâàíèå "Musca group". Àâòîðû ïðèâîäÿò äàííûå äëÿ 108 çâåçä è

îöåíèâàþò âîçðàñò ïîäãðóïïû êàê 11 ± 2 ìëí ëåò.

- Äâèæóùàÿñÿ ãðóïïà (àññîöèàöèÿ) Òóêàíà - ×àñîâ (Tucana - Horologium)

[6]. Â ñòàòüå åå âîçðàñò îöåíèâàåòñÿ êàê 61
08538 .
.. 

  ìëí ëåò, â íåé ðàññìàòðèâàþòñÿ

90 çâåçä.

- Ìîëîäîå ðàññåÿííîå çâåçäíîå ñêîïëåíèå Blanco 1 [7] ñ âîçðàñòîì

îêîëî 130 ìëí ëåò. Îíî ñîäåðæèò 603 êàíäèäàòà â ÷ëåíû ñêîïëåíèÿ.

- Çâåçäíàÿ àññîöèàöèÿ MELANGE-5 [8], âîçðàñò êîòîðîé îöåíåí êàê

210 ± 27 ìëí ëåò, ñîäåðæèò 159 êàíäèäàòîâ â ÷ëåíû àññîöèàöèè.

- Äâèæóùàÿñÿ ãðóïïà Áîëüøîé Ìåäâåäèöû (Ursa Major) [9]. Â ñòàòüå

ðàññìàòðèâàåòñÿ 130 êàíäèäàòîâ â ÷ëåíû ãðóïïû, à åå âîçðàñò îöåíèâàåòñÿ

êàê 414 ± 23 ìëí ëåò.

Â öåëîì ðàññìîòðåííûå ñêîïëåíèÿ, äâèæóùèåñÿ ãðóïïû è çâåçäíûå

àññîöèàöèè îõâàòûâàþò äèàïàçîí âîçðàñòîâ îò 10 äî 425 ìëí ëåò. Â îáùåé

ñëîæíîñòè â õîäå èññëåäîâàíèÿ ïðîâåäåí àíàëèç 704 çâåçä. Êðîìå òîãî, äëÿ

ñðàâíåíèÿ èñïîëüçîâàëèñü äàííûå ïî ñêîïëåíèþ ßñëè (Praesepe, M44, Bee-

hive) èç [2]. Îöåíêà âîçðàñòà ýòîãî ñêîïëåíèÿ ñîñòàâëÿåò 790 ìëí ëåò è â

ñòàòüå èññëåäîâàëîñü 674 êàíäèäàòà â åãî ÷ëåíû.

Â ðàáîòå èñïîëüçîâàëèñü êðèâûå áëåñêà èç àðõèâà äàííûõ MAST. Â
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àðõèâå êðèâûå áëåñêà ñóùåñòâóþò íå äëÿ âñåõ çâåçä èç ñïèñêà êàíäèäàòîâ

â ÷ëåíû ãðóïï. Ïîýòîìó ÷èñëî èññëåäîâàííûõ çâåçä äëÿ êàæäîé ãðóïïû

ìåíüøå, ÷åì ÷èñëî èñïîëüçóåìûõ êàíäèäàòîâ â èõ ÷ëåíû.

Îöåíêè ïåðèîäîâ âðàùåíèÿ çâåçä ïîëó÷åíû íà îñíîâå ìåòîäà Ëîìáà-

Ñêàðãëà. Äëÿ îöåíêè ïÿòåííîé àêòèâíîñòè çâåçä ïî àìïëèòóäå áëåñêà

èñïîëüçîâàëàñü âåëè÷èíà äîëè çàïÿòíåííîñòè çâåçäû S (â àíãëèéñêîé ëèòåðàòóðå

"spottedness"), âû÷èñëÿåìàÿ ïî ôîðìóëå:

 , 10111 40

1
4

1
4

m.

star

spot

star

spot

star

spot

T

T

F

F

T

T

A

A
S 























































 (1)

ãäå òåìïåðàòóðà ïÿòåí T
spot

 îöåíèâàëàñü ïî òåìïåðàòóðå çâåçäû T
star

 ïî

ôîðìóëå:

, 808751010583 25  
starstarspot T.T.T

ñì., íàïðèìåð, [10]; m  - ðàçíîñòü çâåçäíûõ âåëè÷èí â ìàêñèìóìå è ìèíèìóìå

   Íàçâàíèå ãðóïïû Âîçðàñò èç ×èñëî ×èñëî çâåçä ñ ×èñëî çâåçä ñ
ñòàòüè, êàíäèäàòîâ êðèâûìè áëåñêà ïîëó÷åííûìè
ìëí ëåò â ÷ëåíû â àðõèâå MAST çíà÷åíèÿìè

çàïÿòíåííîñòè

Íèæíÿÿ ïîäãðóïïà
Öåíòàâðà - Þæíîãî
Êðåñòà OB-àññîöèàöèè 11 ± 2 108 38 35
Ñêîðïèîíà - Öåíòàâðà
(Lower Centaurus -
Crux, LCC) [5]

Äâèæóùàÿñÿ ãðóïïà
(àññîöèàöèÿ) 90 61 53
Òóêàíà - ×àñîâ [6]

Ìîëîäîå ðàññåÿííîå
çâåçäíîå ñêîïëåíèå îêîëî 130 603 476 251
Blanco 1 [7]

Çâåçäíàÿ àññîöèàöèÿ
210 ± 27 159 78 41

MELANGE-5 [8]

Äâèæóùàÿñÿ ãðóïïà
Áîëüøîé Ìåäâåäèöû 414 ± 23 130 51 51
(Ursa Major) [9]

Ñêîïëåíèå ßñëè
(Praesepe, M44, 790 674 - -
Beehive) [2]

Òàáëèöà 1

ÃÐÓÏÏÛ ÇÂÅÇÄ ÐÀÑÑÌÀÒÐÈÂÀÅÌÛÅ Â ÄÀÍÍÎÉ ÐÀÁÎÒÅ
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áëåñêà çâåçäû â âûáðàííîì ñåêòîðå TESS ñ ó÷åòîì òðåíäà. Â êà÷åñòâå òåìïåðàòóð

çâåçä T
star

 èñïîëüçîâàëèñü äàííûå èç âõîäíîãî êàòàëîãà TESS - TIC [11].

Òàêàÿ îöåíêà ÿâëÿåòñÿ íèæíåé ãðàíèöåé äåéñòâèòåëüíîé äîëè çàïÿò-

íåííîñòè çâåçäû â äàííîì ñåêòîðå. Äåéñòâèòåëüíî, äàííàÿ ôîðìóëà ïîëó÷åíà

â ïðåäïîëîæåíèè, ÷òî:

1. Ñóùåñòâóåò ìîìåíò âðåìåíè, êîãäà ìû âèäèì ïîëóñôåðó çâåçäû

ïîëíîñòüþ áåç ïÿòåí (ìàêñèìàëüíàÿ âåëè÷èíà áëåñêà çà èíòåðâàë íàáëþäåíèé).

2. Ïÿòíà èìåþò îäèíàêîâóþ òåìïåðàòóðó, ñîîòâåòñòâóþùóþ ìîäåëè.

Îòñóòñòâóþò ïîëóòåíè è äðóãèå îñîáåííîñòè ïÿòåí.

3. Âñåìè îñòàëüíûìè ýôôåêòàìè, íàïðèìåð, ïîòåìíåíèåì ê êðàþ,

íàëè÷èåì íàêëîíà ê ëó÷ó çðåíèÿ, ìîæíî ïðåíåáðå÷ü.

Â äàëüíåéøåì âûáèðàëàñü ìàêñèìàëüíàÿ âåëè÷èíà äîëè çàïÿòíåííîñòè

çâåçäû ïî âñåì ñåêòîðàì. ×òîáû óìåíüøèòü âëèÿíèå øóìîâ, äëÿ îïðåäåëåíèÿ

ðàçíîñòè m  ïðèìåíÿëàñü ñêîëüçÿùàÿ ìåäèàíà, â êà÷åñòâå âåëè÷èí ìàêñèìóìà

è ìèíèìóìà áëåñêà èñïîëüçîâàëèñü çíà÷åíèÿ ìåäèàíû äëÿ 1% òî÷åê-ìåäèàí

ñ íàèáîëüøèì è íàèìåíüøèì áëåñêîì. Ìåäèàíà áûëà èñïîëüçîâàíà äëÿ

áîðüáû ñ øóìàìè, âîçìîæíûìè âñïûøêàìè íà çâåçäå è âûáðîñàìè, ñâÿçàí-

íûìè ñ èíñòðóìåíòîì è îáðàáîòêîé TESS.

Àíàëîãè÷íàÿ ìåòîäèêà äëÿ îïðåäåëåíèÿ ïàðàìåòðà S ïî ôîòîìåòðè÷åñêèì

íàáëþäåíèÿì (ñì. òàêæå â [12]) óæå ïðèìåíÿëàñü íàìè ðàíåå [2-4]. Âûøå

óêàçûâàëîñü, ÷òî ïàðàìåòð S ðàâåí îòíîøåíèþ ïëîùàäè âñåõ ïÿòåí íà

ïîâåðõíîñòè ê ïëîùàäè âñåé âèäèìîé ïîâåðõíîñòè çâåçäû. Íåñîìíåííîå

ïðåèìóùåñòâî òàêîé ìåòîäèêè ñîñòîèò â âîçìîæíîì åå ïðèìåíåíèè ê äîñòàòî÷íî

áîëüøèì âûáîðêàì îáúåêòîâ äëÿ ïîñëåäóþùåãî ñòàòèñòè÷åñêîãî àíàëèçà è

óñòàíîâëåíèÿ çàâèñèìîñòåé îáùåãî õàðàêòåðà.

Ïëîùàäü ïÿòåí A
spot

 ìîæíî íàéòè, çíàÿ äîëþ çàïÿòíåííîñòè çâåçäû S è

ïëîùàäü çâåçäû A
star

. A
spot

 ïðèíÿòî èçìåðÿòü â ìèëëèîííûõ äîëÿõ ñîëíå÷íîé

ïîëóñôåðû (ì.ä.ï.). Â òàêîé ôîðìå îñîáåííî óäîáíî ñðàâíèâàòü îöåíêè

ðàçìåðà çâåçäíûõ ïÿòåí ñ ðàçìåðîì ïÿòåí íà Ñîëíöå.

Èç ôîðìóëû (1) ñëåäóåò, ÷òî

 м.д.п.10м.д.п.10 6

2

6 











Sun

star

Sun

star
starspot

R

R
S

A

A
SSAA (2)

Âåëè÷èíû ðàäèóñîâ çâåçä R
star

 áûëè âçÿòû èç TIC [11].

Â òàáë.2 ïðèâåäåíû ñðåäíèå óðîâíè çàïÿòíåííîñòè çâåçä äëÿ ðàçëè÷íûõ

ãðóïï ñ øàãîì 400 K.

3. Ïåðèîäû âðàùåíèÿ. Íà ðèñ.1 ïðåäñòàâëåíî ñðàâíåíèå ïîëó÷åííûõ

îöåíîê âåëè÷èí P
rot
 ñ ïåðèîäàìè èç [5-9]. Äëÿ áîëüøèíñòâà çâåçä îíè

ñîâïàäàþò. Äëÿ ðÿäà çâåçä ïîëó÷åííàÿ îöåíêà âåëè÷èíû ïåðèîäà â äâà ðàçà

ïðåâîñõîäèò âåëè÷èíû ïåðèîäà èç [5-9], ÷òî, âåðîÿòíî, ñâÿçàíî ñ òðóäíîñòÿìè
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îïðåäåëåíèÿ êðàòíûõ ïåðèîäîâ.

4. Àêòèâíîñòü çâåçä. Íà ðèñ.2, 3 ïðèâåäåíû çàâèñèìîñòè ïîëó÷åííûõ

âåëè÷èí ïåðèîäîâ âðàùåíèÿ P (â ñóòêàõ), äîëè çàïÿòíåííîñòè S è ïëîùàäè

ïÿòåí A
spot

 (â ìèëëèîííûõ äîëÿõ ñîëíå÷íîé ïîëóñôåðû) îò ýôôåêòèâíûõ

òåìïåðàòóð çâåçä T. Ñðàâíåíèå ïîëó÷åííûõ ðåçóëüòàòîâ ìåæäó ñîáîé è ñ

ðåçóëüòàòàìè ïî ñêîïëåíèþ ßñëè èç [2] ïîçâîëÿåò ñäåëàòü âûâîä î òîì, ÷òî

ïðè ðàâíûõ ìàññàõ (òåìïåðàòóðàõ) áîëåå ìîëîäûå çâåçäû âðàùàþòñÿ áûñòðåå,

à çàïÿòíåííîñòü äëÿ íèõ âûøå, ÷åì äëÿ áîëåå ñòàðûõ çâåçä.

Äîëÿ çàïÿòíåííîñòè äëÿ ìîëîäûõ çâåçä âûøå, ò.å. ïÿòíàìè ïîêðûòà

áîëüøàÿ äîëÿ ïîâåðõíîñòè, ÷åì äëÿ áîëåå ñòàðûõ çâåçä. Ýòî ñâèäåòåëüñòâóåò

î áîëüøåé ìàãíèòíîé àêòèâíîñòè ó ìîëîäûõ çâåçä.

Â ñòàòüå [2] ïðèâîäÿòñÿ óñðåäíåííûå äàííûå äëÿ ðàññìàòðèâàåìûõ çâåçä

ïî èíòåðâàëàì ìàññ â 0.1 M . Â òåêóùåé ðàáîòå ïðîâåäåíî àíàëîãè÷íîå

óñðåäíåíèå, íî ïî èíòåðâàëàì ýôôåêòèâíûõ òåìïåðàòóð çâåçä. Ðåçóëüòàòû

ýòîãî óñðåäíåíèÿ ïðèâåäåíû íà ðèñ.4.

5. Çâåçäû ñîëíå÷íîãî òèïà. Îñîáûé èíòåðåñ ïðåäñòàâëÿþò çâåçäû,

áëèçêèå ïî ñâîèì ïàðàìåòðàì ê Ñîëíöó. Èññëåäîâàíèå òàêèõ çâåçä ïîçâîëÿåò

ñäåëàòü çàêëþ÷åíèå îá ýâîëþöèè èõ õàðàêòåðèñòèê ñî âðåìåíåì, à òàêæå äàåò

ïðåäñòàâëåíèå î ìîëîäîì Ñîëíöå. ×àñòî â êà÷åñòâå òàêèõ çâåçä ïðèíÿòî ðàñ-

ñìàòðèâàòü çâåçäû ãëàâíîé ïîñëåäîâàòåëüíîñòè â äèàïàçîíå òåìïåðàòóð 5700-

Ðèñ.1. Ñðàâíåíèå ïîëó÷åííûõ â äàííîé ðàáîòå âåëè÷èí ïåðèîäîâ âðàùåíèÿ çâåçä è
ïåðèîäîâ èç ñòàòåé [5-9]. Ñïëîøíàÿ ëèíèÿ ñîîòâåòñòâóåò ðàâåíñòâó ïåðèîäîâ, øòðèõîâàÿ -
ñîîòâåòñòâóåò óäâîåííîìó çíà÷åíèþ ïåðèîäà.

Ïåðèîä èç ñòàòåé, ñóò.
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5900 Ê. Îäíàêî â èñïîëüçóåìûõ äàííûõ êîëè÷åñòâî çâåçä â ýòîì äèàïàçîíå

ìàëî. Ïîýòîìó â íàøåé ðàáîòå ðàññìàòðèâàëèñü çâåçäû, ýôôåêòèâíàÿ òåìïåðàòóðà

êîòîðûõ íàõîäèòñÿ â áîëåå øèðîêîì äèàïàçîíå: îò 5500 K äî 6100 Ê. Çàïÿò-

íåííîñòü ýòèõ çâåçä ïðèâåäåíà â òàáë.3.

Íà ðèñ.5 ïðåäñòàâëåí ãðàôèê çàâèñèìîñòè ñðåäíåãî ïåðèîäà P îò âîçðàñòà

Ðèñ.2. Çàâèñèìîñòè ïîëó÷åííûõ âåëè÷èí äîëè çàïÿòíåííîñòè S îò ýôôåêòèâíûõ
òåìïåðàòóð çâåçä T äëÿ ðàçëè÷íûõ ãðóïï.
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äëÿ çâåçä, áëèçêèõ ïî ñâîèì ïàðàìåòðàì ê Ñîëíöó. Ýìïèðè÷åñêàÿ çàâèñèìîñòü

èç [13] ïëîõî îïèñûâàåò çâåçäû ìîëîæå 500 ìëí ëåò, ÷òî è íàáëþäàåòñÿ íà

ãðàôèêå.

Íà ðèñ.6 ïðèâåäåíû ãðàôèêè çàâèñèìîñòè äîëè çàïÿòíåííîñòè S è ïëîùàäè

Ðèñ.3. Çàâèñèìîñòè ïîëó÷åííûõ âåëè÷èí ïëîùàäè ïÿòåí A îò ýôôåêòèâíûõ òåìïåðàòóð

T çâåçä äëÿ ðàçëè÷íûõ ãðóïï.
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ïÿòåí A îò âîçðàñòà çâåçä, áëèçêèõ ïî ñâîèì ïàðàìåòðàì ê Ñîëíöó. Íà

êàæäîì ãðàôèêå ñðåäíèå çíà÷åíèÿ çàïÿòíåííîñòè äëÿ ãðóïï àïïðîêñèìèðóþòñÿ

ëèíåéíîé çàâèñèìîñòüþ. Äàííûå äëÿ Ñîëíöà òàêæå ñîãëàñóþòñÿ ñ óêàçàííûìè

çàâèñèìîñòÿìè.

6. Çàêëþ÷åíèå. Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû àíàëèçà ïðîÿâëåíèé

ïÿòåííîé àêòèâíîñòè çâåçä, ïîëó÷åííûå ñ èñïîëüçîâàíèåì êðèâûõ áëåñêà

(äàííûå àðõèâà òåëåñêîïà TESS) çâåçä ïÿòè âûáðàííûõ äâèæóùèõñÿ ãðóïï,

àññîöèàöèé è ñêîïëåíèé ñ âîçðàñòàìè îò 10 äî 425 ìëí ëåò.

Ïîëó÷åíû çíà÷åíèÿ ïåðèîäîâ âðàùåíèÿ P, äîëè çàïÿòíåííîñòè S è

ïëîùàäè ïÿòåí A äëÿ 704 àíàëèçèðóåìûõ çâåçä. Íàéäåííûå çíà÷åíèÿ ïåðèîäîâ

ñîãëàñóþòñÿ ñî çíà÷åíèÿìè ïåðèîäîâ èç ëèòåðàòóðíûõ èñòî÷íèêîâ.

Íà ïðèìåðå ðàññìîòðåííûõ ñêîïëåíèé, äâèæóùèõñÿ ãðóïï è çâåçäíûõ

àññîöèàöèé ïîëó÷åíû ñâèäåòåëüñòâà ýâîëþöèè àêòèâíîñòè çâåçä ñî âðåìåíåì.

Ïîêàçàíî, ÷òî ñðåäíèé óðîâåíü çàïÿòíåííîñòè áîëåå ñòàðûõ çâåçäíûõ ãðóïï

     Musca [5]  Tuc-Hor [6] Blanco 1 [7] Melange-5 [8]   UMa [9]   Beehive [2]

T, K S A, S A, S A, S A, S A, S A,
ì.ä.ï. ì.ä.ï. ì.ä.ï. ì.ä.ï. ì.ä.ï. ì.ä.ï.

2200 - - - - - - - - - - 0.013 500
2600 - - - - - - - - - - 0.015 500
3000 0.258 35000 0.078 10000 0.197 16500 0.057 2500 0.042 2000 0.012 1000
3400 0.093 49000 0.082 19000 0.127 19000 0.062 7500 0.052 6000 0.013 1500
3800 0.209 227500 0.080 42500 0.074 25000 0.075 28000 0.030 9000 0.017 3000
4200 0.133 211500 0.053 43000 0.061 24500 0.038 17000 0.037 16000 0.013 4000
4600 0.038 69500 0.063 45500 0.044 26000 0.008 4000 0.025 12500 0.015 6000
5000 0.079 163500 0.029 21000 0.052 36000 0.017 13000 0.021 11500 0.012 7000
5400 0.051 163000 0.088 77000 0.032 25500 - - 0.030 20000 0.012 9000
5800 - - - - 0.025 24000 0.028 24500 0.020 18000 0.014
15000
6200 - - 0.019 24500 0.017 19000 0.003 4500 0.010 11500 0.013
17500
6600 - - 0.005 8000 0.006 9500 0.004 6500 0.002 3500 0.011
19000
7000 0.010 27500 0.001 1500 0.018 36000 - - 0.027 62000 0.012
25000
7400 - - - - 0.011 25000 - - - - - -

Òàáëèöà 2

ÑÐÅÄÍÈÉ ÓÐÎÂÅÍÜ ÇÀÏßÒÍÅÍÍÎÑÒÈ ÇÂÅÇÄ ÄËß ÐÀÇËÈ×ÍÛÕ

ÃÐÓÏÏ ÏÎ ÒÅÌÏÅÐÀÒÓÐÀÌ Ñ ØÀÃÎÌ 400 Ê.

Â ïåðâîì ñòîëáöå ïðèâåäåíà ñðåäíÿÿ òåìïåðàòóðà äëÿ äèàïàçîíà óñðåäíåíèÿ. Âåëè÷èíà
À âûðàæåíà â ìèëëèîííûõ äîëÿõ ñîëíå÷íîé ïîëóñôåðû.
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Ðèñ.4. Ñðåäíèé óðîâåíü çàïÿòíåííîñòè çâåçä äëÿ ðàçëè÷íûõ ãðóïï ïî ýôôåêòèâíûì

òåìïåðàòóðàì ñ øàãîì 400 Ê. Îáîçíà÷åíèÿ äëÿ ñêîïëåíèé: Musca - òðåóãîëüíèê îñòðèåì
ââåðõ, Tuc

Hor
 - òðåóãîëüíèê îñòðèåì íàëåâî, Blanco 1 - êâàäðàò, Melange 5 - òåìíûé êðóæîê,

UMa - òðåóãîëüíèê îñòðèåì âíèç, ßñëè - ñâåòëûé êðóæîê, Ñîëíöå - çâåçäà.
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Ðèñ.5. Ãðàôèê çàâèñèìîñòè ñðåäíåãî ïåðèîäà P îò âîçðàñòà äëÿ çâåçä, áëèçêèõ ïî ñâîèì
ïàðàìåòðàì ê Ñîëíöó. Ñåðûìè òî÷êàìè íàíåñåíû äàííûå äëÿ èíäèâèäóàëüíûõ çâåçä, ÷åðíûìè
- ñðåäíèå ïî ãðóïïå. Çâåçäî÷êîé îòìå÷åíî ïîëîæåíèå Ñîëíöà [14]. Ïðÿìàÿ ïðîâåäåíà ïî

äàííûì äëÿ ãðóïï ñ âîçðàñòîì ñòàðøå 100 ìëí ëåò. Íàêëîí çàôèêñèðîâàí è ðàâåí 0.5 â
ñîîòâåòñòâèè ñ çàâèñèìîñòüþ èç [13].

Âîçðàñò, ìëí ëåò
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íèæå ñðåäíåãî óðîâíÿ çàïÿòíåííîñòè áîëåå ìîëîäûõ. Ðàññìîòðåíû è

ïðåäñòàâëåíû êîëè÷åñòâåííûå îöåíêè èçìåíåíèÿ çàïÿòíåííîñòè îáúåêòîâ

îäíîãî âîçðàñòà â çàâèñèìîñòè îò èõ ýôôåêòèâíîé òåìïåðàòóðû.
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Ïðîâåäåíî ñîïîñòàâëåíèå ïîëó÷åííûõ îöåíîê çàïÿòíåííîñòè çâåçä ñîëíå÷íîãî

òèïà ðàçëè÷íîãî âîçðàñòà (10-790 ìëí ëåò) ñ çàïÿòíåííîñòüþ Ñîëíöà.

Ó÷ðåæäåíèå Ðîññèéñêîé àêàäåìèè íàóê Èíñòèòóò àñòðîíîìèè ÐÀÍ,

Ìîñêâà, Ðîññèÿ, e-mail: igs231@mail.ru

Èññëåäóåìàÿ ãðóïïà Âîçðàñò, Ïåðèîä Äîëÿ çàïÿò- Ïëîùàäü
ìëí ëåò âðàùåíèÿ íåííîñòè S ïÿòåí A,

P, ñóò ì.ä.ï.

LCC, Musca group [5] 11 5.158 0.051 163200
Tucana - Horologium 38.5 3.246 0.049 40600
Blanco 1 [6] 100 3.823 0.028 25400
MELANGE-5 [7] 210 3.793 0.028 24300
Ursa Major [8] 400 6.802 0.019 17300
ßñëè (Praesepe, Beehive) [2] 790 9.073 0.014 14100
Ñîëíöå [14] 4500 29.5 0.006 6132

Òàáëèöà 3

ÇÀÏßÒÍÅÍÍÎÑÒÜ ÇÂÅÇÄ, ÁËÈÇÊÈÕ ÏÎ ÒÅÌÏÅÐÀÒÓÐÅ

Ê ÑÎËÍÖÓ, ÄËß ÐÀÇËÈ×ÍÛÕ ÈÑÑËÅÄÓÅÌÛÕ

Â ÄÀÍÍÎÉ ÐÀÁÎÒÅ ÃÐÓÏÏ

Ðèñ.6. Ãðàôèêè çàâèñèìîñòè äîëè çàïÿòíåííîñòè S è ïëîùàäè ïÿòåí A îò âîçðàñòà äëÿ

çâåçä, áëèçêèõ ïî ñâîèì ïàðàìåòðàì ê Ñîëíöó. Ñåðûìè òî÷êàìè íàíåñåíû äàííûå äëÿ
èíäèâèäóàëüíûõ çâåçä, ÷åðíûìè - ñðåäíèå ïî ãðóïïå. Çâåçäî÷êîé îòìå÷åíî ïîëîæåíèå
Ñîëíöà [14].
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SPOT ACTIVITY OF STARS OF MOVING GROUPS
FROM TESS MISSION ARCHIVE

I.S.SAVANOV, N.E.KONDRATEV

On the base of TESS telescope archive data an analysis of the spot activity

of stars of five selected moving groups, associations and clusters with ages from

10 to 425 million years was performed. The values of the rotation periods P,

spottedness S, and the area of spots A
spot

 for 704 analyzed objects were obtained.

Using the data under consideration evidence of the evolution of stellar activity over

time was carried out. It is shown that the average level of spottedness of older

stellar groups is lower than the average level of spottedness of younger ones.

Quantitative estimates of the change in S of objects of the same age depending

on their effective temperature are considered and presented. The obtained estimates

of the S of solar-type stars of various ages (10-790 million years) with the

spottedness of the Sun are compared.

Keywords: stars: activity: stars: activity: spots: moving groups, associations and

clusters
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ÌÅÆÇÂÅÇÄÍÀß ÏÎËßÐÈÇÀÖÈß Â ÎÁËÀÑÒÈ
ÃËÎÁÓËÛ CB67

Ì.Ñ.ÏÐÎÊÎÏÜÅÂÀ1, Õ.À.ÊÐÀßÍÈ1,2, Â.Á.ÈËÜÈÍ1,3,
Ò.ÊÎÍÄÐÀÒÜÅÂÀ4, À.Ê.ÑÅÍ5, Ð.ÃÓÏÒÀ6

Ïîñòóïèëà 20 àâãóñòà 2025
Ïðèíÿòà ê ïå÷àòè 17 äåêàáðÿ 2025

Ðàññìîòðåíû äàííûå îðèãèíàëüíûõ ïîëÿðèìåòðè÷åñêèõ íàáëþäåíèé çâåçä â îêðåñòíîñòè
ãëîáóëû CB67, íàõîäÿùåéñÿ íà ïåðèôåðèè áëèçêîé îáëàñòè çâåçäîîáðàçîâàíèÿ  Oph.
Èñïîëüçóÿ ðàçëè÷íûå èñòî÷íèêè, ïðîàíàëèçèðîâàíû âàðèàöèè âèäèìîãî ïîãëîùåíèÿ A

V
 â

êàðòèííîé ïëîñêîñòè è ñ ðàññòîÿíèåì d. Íàéäåíî, ÷òî ñêà÷îê A
V
 íà 0

m
.8 íà 140d ïê ñâÿçàí

ñ íåéòðàëüíûì âåòðîì Upper-Sco ÷àñòè àññîöèàöèè Sco-Cen OB. Âî âíåøíèõ ñëîÿõ CB67
(d = 140 ïê) ïðîèñõîäèò óâåëè÷åíèå ýòîãî ñêà÷êà íà áîëåå ÷åì 0.5-1

m
. Ïîëó÷åííûå ïàðàìåòðû

ìåæçâåçäíîé ïîëÿðèçàöèè äëÿ 66 çâåçä îêîëî CB67 äîïîëíåíû ñîâðåìåííûìè äàííûìè î
ðàññòîÿíèè äî íèõ è î ìåæçâåçäíîì ïîãëîùåíèè. Íàéäåíî, ÷òî íàïðàâëåíèå ìàãíèòíîãî
ïîëÿ â áëèçêîé (íåñêîëüêî óãëîâûõ ìèíóò) îêðåñòíîñòè CB67 èìååò ïîçèöèîííûé óãîë

o
2090 

B , ÷òî ñóùåñòâåííî îòëè÷àåòñÿ îò ñðåäíåãî íàïðàâëåíèÿ â áîëåå øèðîêîé
(íåñêîëüêî ãðàäóñîâ) îáëàñòè: 

o
60 . Çàìå÷åíî, ÷òî äëÿ CB67 çíà÷åíèå 

B
  ëó÷øå, ÷åì

 , ñîãëàñóåòñÿ ñ îáû÷íûìè êîððåëÿöèÿìè íàïðàâëåíèÿ ìàãíèòíîãî ïîëÿ (ïîëÿðèçàöèè) ñ
íàïðàâëåíèÿìè íàèáîëüøåé âûòÿíóòîñòè îáëàêîâ è îñåé èõ âðàùåíèÿ - äëÿ CB67 ïîñëåäíèå
õàðàêòåðèçóþòñÿ âåëè÷èíàìè 

o
107

L
 è 

o
112

R
, ñîîòâåòñòâåííî. Çà èñêëþ÷åíèåì

íåñêîëüêèõ çâåçä ñòåïåíü íàáëþäàåìîé ïîëÿðèçàöèè P äîñòàòî÷íî õîðîøî êîððåëèðóåò ñ
âåëè÷èíîé A

V
 , à ïîëó÷åííûå îòíîøåíèÿ P/A

V
 = 0.5 - 2%/çâ. âåë. ÿâëÿþòñÿ òèïè÷íûìè äëÿ

äèôôóçíîé ìåæçâåçäíîé ñðåäû.

Êëþ÷åâûå ñëîâà: ìåæçâåçäíàÿ ïîëÿðèçàöèÿ: ìåæçâåçäíîå ïîãëîùåíèå: îáëàñòè -

     çâåçäîîáðàçîâàíèÿ

1. Ââåäåíèå. Ìåæçâåçäíàÿ ïîëÿðèçàöèÿ èçëó÷åíèÿ çâåçä, êàê èçâåñòíî,

ìîæåò äàòü ñâåäåíèÿ êàê î íàïðàâëåíèè è ñèëå ìàãíèòíîãî ïîëÿ, òàê è î

ðàñïðåäåëåíèè âåùåñòâà è ñâîéñòâàõ ìåæçâåçäíûõ ïûëèíîê [1,2]. Äëÿ áîëåå

ïîëíîãî èñïîëüçîâàíèÿ ïîëÿðèçàöèîííûå äàííûå äîëæíû áûòü äîïîëíåíû

ñâåäåíèÿìè î ìåæçâåçäíîì ïîãëîùåíèè è ðàññòîÿíèÿõ äî íàáëþäàâøèõñÿ

çâåçä, êîòîðûå ñåãîäíÿ äîñòóïíû ñ õîðîøåé òî÷íîñòüþ äëÿ ìíîãèõ çâåçä â

îêðåñòíîñòè 2-3 êïê áëàãîäàðÿ ìèññèè Gaia [3].

Êàê íè ñòðàííî, íàáëþäåíèÿ ìåæçâåçäíîé ïîëÿðèçàöèè âñå åùå íå

ìíîãî÷èñëåííû [4], íåñìîòðÿ äàæå íà òî, ÷òî òàêèå ñâåäåíèÿ íåîáõîäèìû äëÿ

ïîñòðîåíèÿ ïåðâîé ãëîáàëüíîé ìîäåëè ãàëàêòè÷åñêîãî ìàãíèòíîãî ïîëÿ [5].

Èìåþùèåñÿ äàííûå ïîêà èñïîëüçóþòñÿ äëÿ áîëåå ãëóáîêîãî ðàññìîòðåíèÿ
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îáùèõ çàêîíîìåðíîñòåé ñâÿçè ìåæçâåçäíîãî ïîãëîùåíèÿ è ïîëÿðèçàöèè â

Ãàëàêòèêå (íàïðèìåð, [6,7]). Èíîãäà íàáëþäåíèÿ ìåæçâåçäíîé ïîëÿðèçàöèè

ïðèìåíÿþòñÿ äëÿ àíàëèçà ïðèðîäû íåáîëüøèõ îáëàñòåé ìåæçâåçäíîé ñðåäû,

íàïðèìåð, âîêðóã ãëîáóë [8,9].

Íåñìîòðÿ íà çíà÷èòåëüíûé ïðîãðåññ ïîäîáíûõ èññëåäîâàíèé â ïîñëåäíèå

ãîäû, ìíîãèå çàòðîíóòûå âîïðîñû îñòàþòñÿ íåÿñíûìè. Îíè êàñàþòñÿ êàê

êðóïíîìàñøòàáíîãî ðàñïðåäåëåíèÿ ïûëè (ãàçà) è ìàãíèòíûõ ïîëåé â Ãàëàêòèêå,

òàê è èõ ìåëêîìàñøòàáíîãî ðàñïðåäåëåíèÿ â áëèæíåé îêðåñòíîñòè îòäåëüíûõ

îáëàêîâ (âêëþ÷àÿ ñòðóêòóðó êîíêðåòíûõ îáëàñòåé çâåçäîîáðàçîâàíèÿ), à òàêæå

ñâîéñòâ ïûëè, ýôôåêòèâíîñòè ìåõàíèçìîâ åå îðèåíòàöèè è ò.ä. Ïîýòîìó

ñåðüåçíûå óñèëèÿ ïðèêëàäûâàþòñÿ ïðåæäå âñåãî äëÿ ñóùåñòâåííîãî ðàñøèðåíèÿ

áàçû äàííûõ î ìåæçâåçäíîé ïîëÿðèçàöèè [10-12].

Îäíèì èç èññëåäîâàíèé ìåæçâåçäíîé ïîëÿðèçàöèè áûëè ïîëÿðèìåòðè÷åñêèå

íàáëþäåíèÿ çâåçä â îáëàñòè âîêðóã ãëîáóëû CB67, âûïîëíåííûå íàìè â

ðàáîòå [13]. Îäíàêî, êàê âûÿñíèëîñü ïîçäíåå, îáðàáîòêà ïîëó÷åííûõ äàííûõ

â [13] áûëà ïðîâåäåíà ïî íåâåðíîìó àëãîðèòìó (è âðó÷íóþ).

Â äàííîé ðàáîòå èñõîäíûå ïîëÿðèìåòðè÷åñêèå äàííûå èç [13] îáðàáîòàíû,

èñïîëüçóÿ èíîé àëãîðèòì îáðàáîòêè. Ïàðàìåòðû ìåæçâåçäíîé ïîëÿðèçàöèè,

ïîëó÷åííûå äëÿ 66 çâåçä â áëèæíåé îêðåñòíîñòè ãëîáóëû CB67, âõîäÿùåé â

îáëàñòü çâåçäîîáðàçîâàíèÿ Oph, äîïîëíåíû íàäåæíûìè äàííûìè î ðàññòîÿíèÿõ

è ìåæçâåçäíîì ïîãëîùåíèè äëÿ íàáëþäàâøèõñÿ çâåçä, íåäîñòóïíûìè âî âðåìÿ

ïîäãîòîâêè è âûïîëíåíèÿ ðàáîòû [13]. Ïðîâîäèòñÿ äåòàëüíûé àíàëèç ìåæ-

çâåçäíîãî ïîãëîùåíèÿ â ðàññìàòðèâàåìîé îáëàñòè, è íà åãî îñíîâå îáñóæäàåòñÿ

ñâÿçü ìåæçâåçäíîé ïîëÿðèçàöèè è ïîãëîùåíèÿ äëÿ çâåçä îêîëî CB67, à òàêæå

îðèåíòàöèÿ ôîðìû è îñè âðàùåíèÿ ýòîé âûòÿíóòîé ãëîáóëû îòíîñèòåëüíî

íàïðàâëåíèÿ ëîêàëüíîãî ìàãíèòíîãî ïîëÿ, îòëè÷íîãî îò êðóïíîìàñøòàáíîãî

(ñðåäíåãî) ãàëàêòè÷åñêîãî ïîëÿ â äàííîé îáëàñòè çâåçäîîáðàçîâàíèÿ.

2. Íàáëþäàòåëüíûå äàííûå. Ïîëÿðèìåòðè÷åñêèå íàáëþäåíèÿ çâåçä

â îêðåñòíîñòè ãëîáóëû CB671 (l = 1o.0, b = +15o.9) áûëè ïðîâåäåíû íà

2-ì òåëåñêîïå îáñåðâàòîðèè Ãèðàâàëè (IUCAA) â Ïóíå (Èíäèÿ) 12-14 ìàðòà

2013ã. Èñïîëüçîâàëèñü ñïåêòðîãðàô è êàìåðà äëÿ ñëàáûõ îáúåêòîâ IUCAA

(IFOSC) è ïîëÿðèìåòð IMPOL [14,15]. Ïîëå çðåíèÿ ñîñòàâëÿëî â äèàìåòðå

4', äèàïàçîí äëèí âîëí - 0.35-0.8 m . Äîïîëíèòåëüíûå äåòàëè è ññûëêè íà

îïèñàíèå ðàáîòû êàìåðû â ðåæèìå ïîëÿðèìåòðèè ìîæíî íàéòè â [16].

Äëÿ ïîëÿðèìåòðè÷åñêèõ ñòàíäàðòîâ HD 94851 è HD 43384 áûëè ïðîâåäåíû

íàáëþäåíèÿ â ïîëîñàõ B è V è ïîëó÷åíû ñëåäóþùèå çíà÷åíèÿ ñòåïåíè

ïîëÿðèçàöèè: P
B

 = 0.065 ± 0.05% äëÿ ïåðâîé çâåçäû è P
V

 = 2.936 ± 0.019% (ñ

1 Ñâåäåíèÿ î ñâîéñòâàõ CB67 (L31) ðåçþìèðîâàíû â [13].
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ïîãðåøíîñòüþ ïîçèöèîííîãî óãëà 0o.2) äëÿ âòîðîé çâåçäû. Ýòè çíà÷åíèÿ

õîðîøî ñîãëàñóþòñÿ ñ äàííûìè èç ëèòåðàòóðû: P
B

 = 0.057 ± 0.18% äëÿ HD

94851 [17] è P
V

 = 2.947 ± 0.04% äëÿ HD 43384 [18]. Ïîçèöèîííûé óãîë

ïîñëåäíåãî ñòàíäàðòà ( 708169 oo ..V  ) èñïîëüçîâàëñÿ äëÿ êàëèáðîâêè

ïîçèöèîííûõ óãëîâ íàáëþäàåìîé ïîëÿðèçàöèè.

Çàìåòèì, ÷òî HD 43384 ÿâëÿåòñÿ ïåðåìåííîé òèïà  Cyg (àìïëèòóäà

èçìåíåíèé çâåçäíîé âåëè÷èíû îêîëî 0m.1) è èìååò äîëãîïåðèîäè÷åñêèå

âàðèàöèè ñòåïåíè ïîëÿðèçàöèè (àìïëèòóäà %250.P  ), êîðîòêî è äîëãî-

ïåðèîäè÷åñêèå èçìåíåíèÿ ïîçèöèîííîãî óãëà ( 0.8  è ~2o, ñîîòâåòñòâåííî)

è èçìåíåíèå ýòîãî óãëà ñ äëèííîé âîëíû 3  ãðàä/ìêì [19]. Âñå ýòî

äàåò íåòî÷íîñòü ïîçèöèîííîãî óãëà HD 43384, íå ïðåâîñõîäÿùóþ 2-3o, òîãäà

êàê äëÿ íàøåãî àíàëèçà äîñòàòî÷íà ïîãðåøíîñòü îêîëî 5o.

Èíñòðóìåíòàëüíàÿ ïîëÿðèçàöèÿ IFOSC+IMPOL íà 2-ì òåëåñêîïå Ãèðàâàëè

îòñëåæèâàëàñü â òå÷åíèå ìíîãèõ ëåò è ñîñòàâëÿëà ìåíåå 0.05% (ñì., íàïðèìåð,

[20]), ÷òî òàêæå ïîäòâåðæäàåòñÿ ðåçóëüòàòîì, ïîëó÷åííûì äëÿ

íåïîëÿðèçîâàííîãî ñòàíäàðòà. Ïîñêîëüêó èíñòðóìåíòàëüíàÿ ïîëÿðèçàöèÿ ñòîëü

ìàëà è íå âåäåò ñåáÿ êàê ñèñòåìàòè÷åñêàÿ îøèáêà, îíà íå âû÷èòàëàñü.

Îòìåòèì òàêæå, ÷òî íàøè âûâîäû áóäóò îñíîâàíû íà äàííûõ ñ %1P , ò.å.

íåîïðåäåëåííîñòü ïîçèöèîííîãî óãëà, âûçâàííàÿ èíñòðóìåíòàëüíîé

ïîëÿðèçàöèåé, áóäåò ìåíåå 1o.5.

Ïîëÿðèìåòðè÷åñêèå íàáëþäåíèÿ òðåõ êðóãëûõ ïîëåé äèàìåòðîì 4'

ïðîâîäèëèñü áåç èñïîëüçîâàíèÿ êàêèõ-ëèáî ôèëüòðîâ. Êîîðäèíàòû (ýïîõà

2000) öåíòðîâ ïîëåé: 1) smh 185016 , 4019o  , 2) smh 425016 ,

4019o  , 3) smh 275016 , 027019o  . Ïîëå 3 íàêëàäûâàåòñÿ íà öåíòð

ãëîáóëû CB67 ( 0275016 smh . , 817019o  ), à ïîëÿ 1 è 2 ðàñïîëàãàþòñÿ

íåñêîëüêî âûøå ãëîáóëû (ñì. ðèñ.1).

Îáðàáîòêà ðåçóëüòàòîâ îïèñàííûõ ïîëÿðèìåòðè÷åñêèõ íàáëþäåíèé

ïðîâîäèëàñü â äàííîé ðàáîòå ñ èñïîëüçîâàíèåì ñèñòåìû IRAF ïî ìåòîäèêå,

ïðèìåíÿåìîé â Íàöèîíàëüíîì èíñòèòóòå êîñìè÷åñêèõ èññëåäîâàíèé (INPE,

Áðàçèëèÿ). Ýòà ìåòîäèêà äåòàëüíî îïèñàíà íàìè â ðàáîòå [21]2, è â íåé

îáðàáîòêà ïðîèñõîäèò àâòîìàòè÷åñêè â îòëè÷èå îò ïîäõîäà, èñïîëüçîâàííîãî

â [13], â êîòîðîì îáðàáîòêà äåëàëàñü âðó÷íóþ (è ñîîòâåòñòâåííî â çíà÷èòåëüíîé

ñòåïåíè ñóáúåêòèâíî). Ïîëó÷åííûå ðåçóëüòàòû (ñòåïåíü ïîëÿðèçàöèè ñ îøèáêîé

è ïîçèöèîííûé óãîë) äëÿ 66 çâåçä ïðèâåäåíû â òàáë.1, à òàêæå ïîêàçàíû

íà ðèñ.1. Ñðàâíåíèå ðåçóëüòàòîâ äàííîé ðàáîòû (ðèñ.1) è ðàáîòû [13] (ñì.

ðèñ.2) ïîêàçûâàåò èõ ñóùåñòâåííîå ðàçëè÷èå êàê â ñòåïåíè ïîëÿðèçàöèè, òàê

è â ïîçèöèîííîì óãëå (êðîìå åãî ïîâîðîòà â ñðåäíåì íà 90o). Êñòàòè,

êîîðäèíàòû çâåçä â [13] (ñì. òàáë.1) òàêæå ïðèâåäåíû ñ íåêîòîðûì ñìåùåíèåì.

2 Äîñòóïíà ïî àäðåñó https://disk.yandex.ru/d/3L-W2CBiT8_qfQ.
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3. Îáñóæäåíèå ðåçóëüòàòîâ. Êàê îòìå÷àëîñü âûøå, äàííûå î

ìåæçâåçäíîé ïîëÿðèçàöèè çâåçä îêàçûâàþòñÿ îñîáåííî ïîëåçíûìè ïðè èõ

Ðèñ.1. Èññëåäóåìàÿ îáëàñòü îêîëî ãëîáóëû CB67. Ïîêàçàíû âåêòîðà èçìåðåííîé ïîëÿ-
ðèçàöèè èçëó÷åíèÿ çâåçä â ïîëå 1 (âåêòîðû ñïðàâà), ïîëå 2 (âåêòîðû ñëåâà), ïîëå 3 (âåêòîðû

íèæå â öåíòðå). Äëèíà âåêòîðîâ ïðîïîðöèîíàëüíà ñòåïåíè ïîëÿðèçàöèè. Öåíòð ãëîáóëû
îáîçíà÷åí êðåñòîì.

Òàáëèöà 1

ÐÅÇÓËÜÒÀÒ ÏÎËßÐÈÌÅÒÐÈ×ÅÑÊÈÕ ÍÀÁËÞÄÅÍÈÉ ÇÂÅÇÄ Â

ÎÊÐÅÑÒÍÎÑÒÈ ÃËÎÁÓËÛ CB67

Star RA (2000) DEC (2000) P P 
N (h:m:s) (deg:m:s) (%) (%) (deg)

1 2 3 4 5 6

01 16:50:09.15 -19:03:40.82 7.51 2.26 126.67
02 16:50:09.60 -19:02:47.63 6.91 1.82 12.84
03 16:50:09.67 -19:03:37.31 1.22 0.17 99.96
04 16:50:11.03 -19:04:38.71 2.73 0.03 85.97
05 16:50:12.79 -19:04:44.80 6.76 0.13 31.54
06 16:50:12.90 -19:03:57.64 1.27 0.09 89.57
07 16:50:12.98 -19:03:11.37 2.38 0.09 75.43
08 16:50:13.28 -19:03:28.91 4.84 0.24 115.43
09 16:50:13.51 -19:02:59.77 2.19 0.05 82.43
10 16:50:14.02 -19:02:45.19 3.26 0.04 82.43
11 16:50:14.44 -19:03:35.30 1.68 0.06 95.11
12 16:50:15.73 -19:02:26.83 5.12 0.23 102.73
13 16:50:15.89 -19:02:25.44 2.18 0.06 77.75
14 16:50:16.29 -19:02:39.54 2.47 0.35 73.28
15 16:50:16.88 -19:04:07.75 3.39 0.6 83.34
16 16:50:19.04 -19:07:12.97 1.61 0.02 75.21
17 16:50:19.99 -19:04:07.02 1.76 0.01 84.67
18 16:50:20.01 -19:07:32.59 3.09 0.18 63.92
19 16:50:20.02 -19:02:32.52 1.45 0.16 43.21
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1 2 3 4 5 6

20 16:50:20.20 -19:02:48.18 1.12 0.17 167.08
21 16:50:20.90 -19:04:56.48 1.8 0.19 174.97
22 16:50:21.13 -19:02:42.24 5.33 0.27 29.9
23 16:50:21.24 -19:07:50.33 3.99 0.03 105.57
24 16:50:22.37 -19:03:00.23 1.25 0.02 75.67
25 16:50:23.33 -19:03:55.14 0.42 0.01 114.3
26 16:50:24.12 -19:04:58.30 6.82 1.69 33.27
27 16:50:24.45 -19:04:01.45 0.94 0.01 71
28 16:50:24.54 -19:03:39.16 3.21 0.41 18.97
29 16:50:25.03 -19:03:30.02 2.31 0.12 139.45
30 16:50:27.90 -19:08:30.94 1.48 0.01 91.91
31 16:50:28.30 -19:08:41.69 1.37 0.02 84.38
32 16:50:29.27 -19:08:43.22 3.31 0.05 59.24
33 16:50:32.25 -19:05:00.18 5.47 0.14 117.44
34 16:50:34.34 -19:04:17.81 2.51 0.02 114.05
35 16:50:35.56 -19:04:06.00 5.34 0.02 139.37
36 16:50:35.68 -19:03:18.95 0.4 0.03 118.07
37 16:50:36.09 -19:04:48.59 1.16 0.09 167.18
38 16:50:36.36 -19:03:40.55 2.88 0.08 92.63
39 16:50:37.10 -19:05:59.73 6.47 2.15 16.4
40 16:50:37.11 -19:05:23.52 0.68 0 92.95
41 16:50:38.08 -19:05:37.04 1.16 0.03 136.29
42 16:50:38.11 -19:05:16.68 1.77 0.22 160.43
43 16:50:38.24 -19:04:00.81 6.63 0.15 113.18
44 16:50:39.45 -19:04:35.64 0.53 0.02 93.42
45 16:50:39.60 -19:05:35.04 2.26 0.05 156.68
46 16:50:40.28 -19:04:44.82 0.37 0.08 163.5
47 16:50:40.90 -19:03:27.06 3.45 0.84 35.27
48 16:50:42.04 -19:03:16.80 6.08 0.13 122.62
49 16:50:42.19 -19:05:29.64 2.8 0.1 79.38
50 16:50:42.35 -19:05:36.66 0.94 0.1 48.15
51 16:50:43.87 -19:04:56.11 4.27 0.19 23.2
52 16:50:43.87 -19:03:37.75 1.93 0.01 92.99
53 16:50:43.95 -19:03:30.30 3.43 0.09 76.62
54 16:50:44.04 -19:04:46.77 2.02 0.11 174.86
55 16:50:44.09 -19:03:37.18 1.49 0.01 93.18
56 16:50:44.62 -19:04:24.55 2.53 0.05 108.18
57 16:50:44.72 -19:04:19.98 1.77 0.02 106.23
58 16:50:45.33 -19:04:22.26 0.71 0.01 100.33
59 16:50:46.06 -19:04:45.99 3.84 0.2 101.86
60 16:50:46.15 -19:03:18.96 2.12 0.35 112.42
61 16:50:46.82 -19:03:05.93 1.45 0.02 89.53
62 16:50:46.97 -19:04:12.27 2.4 0.77 88.35
63 16:50:48.12 -19:03:07.61 0.65 0.01 88.62
64 16:50:48.28 -19:03:38.14 1.78 0.21 107.81
65 16:50:48.91 -19:04:17.98 2.9 0.89 12.93
66 16:50:49.50 -19:03:35.83 1.09 0.18 100.02

Òàáëèöà 1 (Îêîí÷àíèå)
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îáúåäèíåíèè ñ äàííûìè î ìåæçâåçäíîì ïîãëîùåíèè è ðàññòîÿíèè äî çâåçä.

Â ðàáîòå [13] èñïîëüçîâàëèñü êðàéíå ïðèáëèæåííûå çíà÷åíèÿ âèäèìîãî

ïîãëîùåíèÿ A
V
 è ðàññòîÿíèÿ d äî çâåçä, îïðåäåëåííûå ïî 2MASS JHKs-

ôîòîìåòðèè ëèøü äëÿ 18 çâåçä. Â äàííîé ðàáîòå ìû ïðèìåíÿåì ðàññòîÿíèÿ,

íàéäåííûå â [22] ïî äàííûì Gaia, è âèäèìîå ïîãëîùåíèå, îöåíåííîå â [23]

ïî Gaia-ïàðàëëàêñàì è ôîòîìåòðèè èç íåñêîëüêèõ îáçîðîâ íåáà äëÿ áîëüøåé

÷àñòè èç íàøèõ 66 çâåçä. Ïðèìåíåíèå óêàçàííûõ äàííûõ ïîçâîëèëî íàì

èñïîëüçîâàòü ïîëó÷åííûå ïîëÿðèìåòðè÷åñêèå äàííûå â ñóùåñòâåííî áîëåå

øèðîêîì êîíòåêñòå, ÷åì â [13].

Çàâèñèìîñòü ïîãëîùåíèÿ îò ðàññòîÿíèÿ. Âàðèàöèè âèäèìîãî ïîãëîùåíèÿ

A
V
 ñ ðàññòîÿíèåì d â ðàññìàòðèâàåìîé îáëàñòè îêîëî CB67 ñðàâíèòåëüíî

ïðîñòû. Ñòàíäàðòíûé èñòî÷íèê ñâåäåíèé î òàêèõ çàâèñèìîñòÿõ - òðåõìåðíûå

(3D) êàðòû èç [24] ïîêàçûâàþò äëÿ íàïðàâëåíèÿ íà öåíòð ãëîáóëû ðåçêèé

ðîñò E(g - r) îò 0 äî 0m.57 íà d = 0.18 - 0.21 êïê è áîëåå ïëàâíûé ðîñò äî 0m.68

íà d = 0.22 - 0.27 êïê, ïðè÷åì îáà èçìåíåíèÿ E(g - r) íàõîäÿòñÿ â çîíå "NO

STARS", ò.å. äàííûå îöåíêè d íå î÷åíü íàäåæíû. Íà ðàññòîÿíèÿõ îò 0.65

äî 8 êïê E(g - r) íå ìåíÿåòñÿ, è äëÿ ñòàíäàðòíîãî îòíîøåíèÿ ïîëíîãî ïîãëîùåíèÿ

ê ñåëåêòèâíîìó R
V

 = A
V

 /E(B - V ) = 3.1 ìàêñèìàëüíîå çíà÷åíèå A
V
, ñîîòâåòñòâåííî

ðàâíî 2m.17 (+0.06/-0m.09) ïðè ñîîòíîøåíèè E(B - V ) = 1.02E(g - r) èç [25].

Ýòî óäîâëåòâîðèòåëüíî ñîãëàñóåòñÿ ñî çíà÷åíèÿìè ïîãëîùåíèÿ íà áåñêîíå÷íîñòè

Ðèñ.2. Çàâèñèìîñòü ìåæçâåçäíîãî ïîãëîùåíèÿ A
V
 (ïî äàííûì èç [23]) îò ðàññòîÿíèÿ

d (ñîãëàñíî [22]) äëÿ çâåçä â ïîëå 4 - îêðåñòíîñòè ðàäèóñîì 20' âîêðóã CB67 (ëåâàÿ ïàíåëü)

è òîëüêî äëÿ çâåçä, íàáëþäàâøèõñÿ íàìè â ïîëÿõ 1, 2 è 3 è îáîçíà÷åííûõ òðåóãîëüíèêàìè,
íàïðàâëåííûìè âïðàâî, âëåâî è ââåðõ, ñîîòâåòñòâåííî (ïðàâàÿ ïàíåëü). Ïîãðåøíîñòè A

V
,

ïðèâåäåííûå â [23] äëÿ äàííûõ çâåçä, ìåíüøå 0
m
.03, ïîãðåøíîñòè d èç [22] äëÿ çâåçä

áëèæå 2 êïê ìàëû, íî äëÿ áîëåå äàëåêèõ ñîñòàâëÿþò ïîðÿäêà 1 êïê (÷òî íå âàæíî, ïîñêîëüêó
íà òàêîì ðàññòîÿíèè ïûëè ïðàêòè÷åñêè íåò).
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( d ) 272.AV   è 1m.88, êîòîðûå äàþò äâóìåðíûå êàðòû ìåæçâåçäíîãî

ïîãëîùåíèÿ, ïîñòðîåííûå ïî äàííûì î íàáëþäàåìîì òåïëîâîì èçëó÷åíèè

ïûëè è ïðèâîäèìûå â [26,27], ñîîòâåòñòâåííî.

Äðóãèå 3D-êàðòû ïîãëîùåíèÿ ïîçâîëÿþò ïî-äðóãîìó âçãëÿíóòü íà ðàñïðå-

äåëåíèå âåùåñòâà âäîëü ëó÷à çðåíèÿ â ðàññìàòðèâàåìîé îáëàñòè. Â ÷àñòíîñòè,

â ðàáîòå [28] ïîêàçàíî íàëè÷èå ïîãëîùàþùåãî ìàòåðèàëà â îñíîâíîì íà

d = 100 - 200 ïê (âîçìîæíî, ñ íåêîòîðîé äîáàâêîé íà 300d  ïê) â íàïðàâëåíèè

CB67 (òî÷íåå äëÿ l = 0o, b = 16o) è îòñóòñòâèå çíà÷èìîãî ïîãëîùåíèÿ íà d > 1

êïê, ÷òî îæèäàåìî, ïîñêîëüêó ïðè o16b  ëó÷ çðåíèÿ ïðîõîäèò íàä ñëåäóþùèì

ðóêàâîì (íà 21.d   êïê) íà âûñîòå 350z  ïê, ÷òî ñóùåñòâåííî áîëüøå

âûñîòû âíóòðåííèõ ðóêàâîâ ( 100z  ïê) [29]. Íåñêîëüêî èíûå ñâåäåíèÿ ñîîáùàåò

3D êàðòà â [30]: îñíîâíîé âêëàä â A
V
 òàêæå äàåò ïûëü íà 200100 d  ïê,

íî äîïîëíèòåëüíûé âêëàä, âîçìîæíî, âíîñèò ìàòåðèàë íà 600d  ïê. Îòñóòñòâèå

çíà÷èìîãî ïîãëîùåíèÿ íà d < 100 ïê ïîêàçûâàþò è èíûå íàáëþäåíèÿ [31].

Ïîëîæåíèå îñíîâíîãî ïîãëîùàþùåãî ñëîÿ ìîæíî óòî÷íèòü, åñëè ïðåä-

ïîëîæèòü, ÷òî íàáëþäàåìûé ñêà÷îê A
V
 ïî÷òè íà 1m ñâÿçàí ñ áëèçêèìè ê

ãëîáóëå CB67 ìåæçâåçäíûìè îáëàêàìè ðàçíûõ òèïîâ. Îöåíêè ðàññòîÿíèÿ äî

íàèáîëüøèõ îáëàêîâ ñîñòàâëÿåò 140d  ïê [32-34].

Åùå îäèí èñòî÷íèê ñîâðåìåííûõ ñâåäåíèé îá èçìåíåíèè ïîãëîùåíèÿ ñ

ðàññòîÿíèåì - êàòàëîã [23], êîòîðûé èñïîëüçóåò Gaia-ïàðàëëàêñû çâåçä è èõ

ôîòîìåòðèþ èç íåñêîëüêèõ îáçîðîâ è äàåò îöåíêè âèäèìîãî ïîãëîùåíèÿ è

íåêîòîðóþ äðóãóþ èíôîðìàöèþ äëÿ ïðèìåðíî 360 ìëí çâåçä. Ìû ðàññìîòðåëè

äàííûå îá A
V
 èç ýòîãî èñòî÷íèêà äëÿ íåñêîëüêèõ òûñÿ÷ çâåçä â îòíîñèòåëüíî

øèðîêîé îêðåñòíîñòè (ðàäèóñîì 20' - íèæå ïîëå 4) âîêðóã öåíòðà CB67 (ñì.

ëåâóþ ïàíåëü ðèñ.2). Î÷åâèäíî, ÷òî ìû òàêæå, êàê è â [24], èìååì ñëèøêîì

ìàëî áëèçêèõ çâåçä (d < 250 ïê) äëÿ íàäåæíûõ âûâîäîâ, è ìîæíî ëèøü

çàìåòèòü, ÷òî äàííûå íà ðèñ.2 íå ïðîòèâîðå÷àò íàëè÷èþ ïåðâîãî ïîãëîùàþùåãî

ñëîÿ ïûëè íà 200150 d  ïê. Íà ðàññòîÿíèè 250d  ïê 80m.AV   è íà

d > 0.5 êïê ñðåäíåå ïîãëîùåíèå ðàâíî A
V

 = 1.1 ± 0m.3, è çíà÷åíèÿ ïîãëîùåíèÿ

áîëüøå 1m.5, î÷åâèäíî, ìîãóò áûòü ñâÿçàíû ñî çâåçäàìè, âèäèìûìè ñêâîçü

îòíîñèòåëüíî ïëîòíûå ñëîè îáëàêîâ â äàííîé îáëàñòè. Ñëåäóåò èìåòü â âèäó,

÷òî áîëüøàÿ ÷àñòü èñïîëüçîâàííûõ íàìè çâåçä â ïîëå 4 ðàñïîëîæåíà íåñêîëüêî

â ñòîðîíå îò CB67, ÷òî ñóùåñòâåííî ïîâëèÿëî íà ñðåäíåå çíà÷åíèå A
V
 (ñíèçèâ

åãî).

Îñíîâûâàÿñü íà äàííûõ [23], ìû òàêæå ðàññìîòðåëè ïðîòÿæåííóþ îáëàñòü

(íèæå ïîëå 5) âäàëè îò ÑB67 (ñ öåíòðîì â l = 16h59m30s, b = -19o30'), êîòîðàÿ

èìååò ðàçìåð íåñêîëüêî äåñÿòêîâ óãëîâûõ ìèíóò è õàðàêòåðèçóåòñÿ íèçêèì

ïîãëîùåíèåì êàê íà êàðòàõ [32,35], òàê è ñîãëàñíî äàííûì [24]. Äëÿ ýòîãî

ïîëÿ 5 ìû ïîëó÷èëè ñðåäíåå çíà÷åíèå 80m.AV   (ðàáîòû [26,27] äàþò áîëåå

âûñîêèå çíà÷åíèÿ: 1.0 è 1m.2, ñîîòâåòñòâåííî). Ýòî áëèçêî ê íèæíåé ãðàíèöå
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çíà÷åíèé A
V
 íà ëåâîé ïàíåëè ðèñ.2. Òàêèì îáðàçîì, íàáëþäàåòñÿ îïðåäåëåííîå

ñîãëàñèå ðàçëè÷íûõ èñòî÷íèêîâ ñâåäåíèé î ïîãëîùåíèè â îáëàñòè CB67, ÷òî

âàæíî, ïîñêîëüêó ïðè èíòåðïðåòàöèè ïîëÿðèìåòðè÷åñêèõ äàííûõ ñëåäóåò

ïðèìåíÿòü íå ñðåäíèå îöåíêè A
V

 , à îöåíêè, ïîëó÷åííûå äëÿ îòäåëüíûõ

(ñîîòâåòñòâóþùèõ) çâåçä, íàïðèìåð, â [23].

Çíà÷åíèÿ A
V 
, êîòîðûå äàåò [23] äëÿ çâåçä, íàáëþäàâøèõñÿ íàìè ïîëÿðè-

ìåòðè÷åñêè, ïîêàçàíû3 íà ïðàâîé ïàíåëè ðèñ.2. Êàê âèäíî èç ðèñóíêà, äëÿ

ïîëÿ 2 èìååì A
V
 â äèàïàçîíå 0.8-1m.6 â õîðîøåì ñîãëàñèè ñî ñðåäíèì

çíà÷åíèåì äëÿ øèðîêîé îáëàñòè ðàäèóñîì 20'  - ïîëÿ 4 (ñì. ëåâóþ ïàíåëü

ðèñóíêà).

Îäíàêî äëÿ ïîëåé 1 è 3 ñèòóàöèÿ èíàÿ: A
V

 > 1m.6. Äëÿ ïîëÿ 3,

ïðîåêòèðóþùåãîñÿ íà öåíòð ãëîáóëû CB67, òàêèå çíà÷åíèÿ ïîãëîùåíèÿ â

îáùåì îáúÿñíèìû, îäíàêî äëÿ çâåçä â ïîëå 1, ëèøü ÷óòü ìåíåå äàëåêîì îò

CB67, ÷åì ïîëå 2 (ñì. ðèñ.2 ñ èçîôîòàìè ýìèññèè â ëèíèè 13CO â [13]),

ñòîëü âûñîêîå ïîãëîùåíèå (A
V

 > 1m.7) íåïîíÿòíî. Äëÿ îáñóæäåíèÿ ïðè÷èí

ýòîãî íà ðèñ.3 ìû ïðèâîäèì èçìåíåíèÿ A
V
 ñ ðàññòîÿíèåì äëÿ âñåõ  çâåçä

(áëèæå 6 êïê), ïðèâåäåííûõ â êàòàëîãå [23] è ïîïàâøèõ â íàøè ïîëÿ 1, 2

è 3. Èç ðèñóíêà âèäíî, ÷òî â ïîëå 2 (ëåâàÿ ïàíåëü) A
V

 = 0.8 - 1m.8, â ïîëå

3 (öåíòðàëüíàÿ ïàíåëü) A
V

 = 1.1 - 2m.2 è â ïîëå 1 (ïðàâàÿ ïàíåëü) A
V

 = 1.4 -

2m.5. Îæèäàåìî, ÷òî ïîëå 2 èìååò ïîãëîùåíèå, äîñòàòî÷íî áëèçêîå ê ñðåäíåìó

äëÿ îêðåñòíîñòåé CB67 A
V

 = 0.8 - 1m.4 (ñì. ëåâóþ ïàíåëü ðèñ.2), à â ïîëå 3

ïðèñóòñòâóåò ïîãëîùåíèå âûøå ñðåäíåãî èç-çà âêëàäà áîëåå ïëîòíûõ ñëîåâ

äàííîé ãëîáóëû. Ñ äðóãîé ñòîðîíû, â ïîëå 1 ïîãëîùåíèå ñèñòåìàòè÷åñêè,

áîëåå ÷åì íà 0m.5, âûøå ñðåäíåãî. Ðèñ.2 â [13] ïîêàçûâàåò, ÷òî âñå

íàáëþäàâøèåñÿ íàìè çâåçäû â ïîëå 1 (è ñîîòâåòñòâåííî ñàìî ýòî ïîëå)

ïðîåêòèðóþòñÿ íà îáëàñòü ãëîáóëû, ðàñïîëîæåííóþ ïî÷òè ìåæäó åå ÿäðàìè

(ñì. ðèñ.8k â [36]), è ýìèññèÿ â ëèíèè 13CO â ýòîé îáëàñòè â ñðåäíåì â

2 ðàçà áîëüøå, ÷åì â ïîëå 2. Ýòî ñâèäåòåëüñòâóåò î òîì, ÷òî çâåçäû ïîëÿ

1 ïðîñâå÷èâàþò ñèñòåìàòè÷åñêè áîëåå ïëîòíûå ñëîè CB67, ÷òî è ïðîÿâëÿåòñÿ

íà ðèñ.3 è íà ïðàâîé ïàíåëè ðèñ.2.

Òàêèì îáðàçîì, ìû çàêëþ÷àåì, ÷òî â øèðîêîé (ïðîòÿæåííîñòüþ áîëåå 1o)

îêðåñòíîñòè ãëîáóëû CB67 íà ðàññòîÿíèè 140d  ïê ìåæçâåçäíîå ïîãëîùåíèå

A
V
 ðåçêî âîçðàñòàåò ïðèìåðíî îò 0 äî 0m.8. Ïðèðîäà ýòîãî ïîãëîùåíèÿ,

âåðîÿòíî, ñâÿçàíà ñ íåéòðàëüíûì ãàëî âñåé îáëàñòè çâåçäîîáðàçîâàíèÿ Oph.

Äëÿ ôîíîâûõ çâåçä, ðàñïîëîæåííûõ ìåíåå ÷åì â 4' îò ñèëüíî âûòÿíóòîé

ãëîáóëû CB67 (ïîëóøèðèíà åå èçîáðàæåíèÿ 2'), ò.å. ïðîñâå÷èâàþùèõ åå ãàëî

è ñàìûå âíåøíèå ñëîè, A
V
 óâåëè÷èâàåòñÿ åùå íà 0.5 - 1m. Èç-çà ìåëêî-

ìàñøòàáíûõ íåîäíîðîäíîñòåé ýòèõ ñëîåâ (íå ðàçðåøèìûõ íà èìåþùèõñÿ

3 Îøèáêè ýòèõ çíà÷åíèé â [23] ìàëû.
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êàðòàõ îáëàñòè) ïîãëîùåíèå A
V
 äëÿ íåêîòîðûõ çâåçä ôîíà ìîæåò äîñòèãàòü

2-3m. Ïîñêîëüêó ãëîáóëà CB67 ðàñïîëîæåíà íà êðàþ îáëàñòè Oph, ñêà÷îê

A
V
 â ãàëî (îáîëî÷êå) ýòîé îáëàñòè è ïîãëîùåíèå â ãëîáóëå ìîãóò áûòü íà

ñõîäíîì ðàññòîÿíèè d.

Âûïîëíåííîå ðàññìîòðåíèå ïîëîæåíèÿ d è íåïðîçðà÷íîñòè A
V
 ñëîåâ ïûëè

â ðàññìàòðèâàåìîé îáëàñòè âîêðóã CB67 íåîáõîäèìî äëÿ îáîñíîâàííîãî

èñïîëüçîâàíèÿ ýòèõ äàííûõ ïðè îáñóæäåíèè ïîëó÷åííûõ ïîëÿðèìåòðè÷åñêèõ

äàííûõ. Ïðè ýòîì ïîíàäîáÿòñÿ òàêæå ñâåäåíèÿ î ðàñïðåäåëåíèè ïûëè è ãàçà

â êàðòèííîé ïëîñêîñòè âî âñåé îáëàñòè çâåçäîîáðàçîâàíèÿ Oph, î÷åíü

ìàëîé ÷àñòüþ êîòîðîé ÿâëÿåòñÿ CB67.

Ñîâðåìåííûå èññëåäîâàíèÿ (ñì., íàïðèìåð, îáçîð â [35]) ïîêàçûâàþò, ÷òî

îáëàñòü Oph ñîñòîèò èç íåñêîëüêèõ êðóïíûõ âîëîêîí: B44-ñòðèìåð (îñíîâíîå

âîëîêíî, âêëþ÷àþùåå îáëàêà L1689, ..., L65), B45-ñòðèìåð (îòõîäèò îò Oph

ïîä íåáîëüøèì óãëîì ê îñíîâíîìó âîëîêíó, âêëþ÷àåò L1709 è äðóãèå

îáëàêà), B40-ñòðèìåð (ïàðàëëåëüíî îñíîâíîìó âîëîêíó, íî âûøå íåãî, âêëþ÷àåò

B40, L1719, ..., L1782), L240-ñòðèìåð (ïåðïåíäèêóëÿðíî îñíîâíîìó âîëîêíó,

Ðèñ.3. Ìåæçâåçäíîå ïîãëîùåíèå A
V

(ïî äàííûì èç [23]) äëÿ çâåçä â íàáëþ-

äàâøèõñÿ ïîëÿõ 2 (ñëåâà), 3 (â öåíòðå) è
1 (ñïðàâà) â çàâèñèìîñòè îò ðàññòîÿíèÿ
d, (ñîãëàñíî [22]).
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íî âûøå è ëåâåå åãî, âêëþ÷àåò L240, ..., CB68 è L137, L62). Íàáëþäàþòñÿ

òàêæå íåñêîëüêî ìåëêèõ âîëîêîí, îáû÷íî ïàðàëëåëüíûõ îñíîâíîìó è ðàñïî-

ëîæåííûõ âûøå B40-ñòðèìåðà (íàïðèìåð, L43). Ãëîáóëà CB67 íàõîäèòñÿ

âáëèçè îêîí÷àíèé B40 è L240-ñòðèìåðîâ, ïî÷òè ïðè èõ ïåðåñå÷åíèè.

Â ñâîþ î÷åðåäü îáëàñòü Oph ÿâëÿåòñÿ, êàê òåïåðü ïîëàãàþò, ÷àñòüþ

àññîöèàöèè Sco-Cen OB, â êîòîðîé îáðàçîâàëîñü îêîëî 13000 çâåçä èç åäèíîãî

ãèãàíòñêîãî ìîëåêóëÿðíîãî îáëàêà [35]. Áîëüøèíñòâî çâåçä ñôîðìèðîâàëîñü

îêîëî 15 ìëí ëåò íàçàä [37], íî â Upper-Sco ÷àñòè àññîöèàöèè, âêëþ÷àþùåé

îáëàñòü Oph, ñåãîäíÿ íàáëþäàåòñÿ ïðèìåðíî 20 ìàññèâíûõ çâåçä, âîçðàñò

êîòîðûõ ìåíüøå 10 ìëí ëåò. Îíè, ïî-âèäèìîìó, è îïðåäåëÿþò ñîâðåìåííûé

âèä ýòîé îáëàñòè, îðèåíòèðóÿ âîëîêíà â îñíîâíîì íà öåíòð ñêîïëåíèÿ ýòèõ

çâåçä ( o13l , o21b ) è âëèÿÿ íà ñòðóêòóðó îáëàêîâ, îáðàçóþùèõ âîëîêíà

[35]. Àññîöèàöèÿ Sco-Cen òàêæå ïîðîæäàåò ñóùåñòâåííûé âåòåð (òå÷åíèå),

íàáëþäàåìûé â àòîìàðíûõ ëèíèÿõ íà ñêîðîñòÿõ îêîëî -20 êì/ñ, êîððåëèðóþùèõ

ñî ñêîðîñòüþ ÷àñòè HI-ãàçà [38].

Êàðòû ïîëÿðèçîâàííîé ýìèññèè ïûëè, ïîëó÷åííûå íà Planck [39], ïîçâî-

ëÿþò ñäåëàòü íåêîòîðûå âûâîäû è î ñðåäíåé (èç-çà ïëîõîãî óãëîâîãî ðàç-

ðåøåíèÿ) îðèåíòàöèè ìàãíèòíîãî ïîëÿ â îáëàñòè Oph: óñðåäíåííûé ïîçè-

öèîííûé óãîë4 ïðîåêöèè åãî íàïðàâëåíèÿ íà êàðòèííóþ ïëîñêîñòü äëÿ B44-

ñòðèìåðà 
o30B  (â ñðåäíåì ïîçèöèîííûé óãîë âîëîêíà 

o80L ), äëÿ B45-

ñòðèìåðà 
o60B  (

o60L ), äëÿ B40-ñòðèìåðà 
o85~B  (

o85~L )5, äëÿ

L240-ñòðèìåðà 
o70B  (

o0L ). Íàïðàâëåíèå ïëîñêîñòè Ãàëàêòèêè (îáû÷íî

áëèçêîå ê ñðåäíåìó íàïðàâëåíèþ ìàãíèòíîãî ïîëÿ â åå äèñêå) õàðàêòåðèçóåòñÿ

óãëîì 
o40B . Äëÿ îêðåñòíîñòè CB67 äàííûå Planck äàþò 

o50B
( o110L ), íî óãëîâîå ðàçðåøåíèå ÿâëÿåòñÿ íåäîñòàòî÷íî õîðîøèì. Çàìåòèì,

÷òî îáùàÿ êàðòèíà â îáëàñòè Oph ïðîòèâîðå÷èò óñòàíîâëåííîé òåíäåíöèè,

ñîñòîÿùåé â òîì, ÷òî ïî äàííûì ñ Planck ìàññèâíûå âîëîêíà îáû÷íî

ïåðïåíäèêóëÿðíû ìàãíèòíîìó ïîëþ, à ìàëîìàññèâíûå - ïàðàëëåëüíû [40].

Âàðèàöèè íàïðàâëåíèÿ ïîëÿðèçàöèè. Êàê èçâåñòíî, ïîçèöèîííûé óãîë

ìåæçâåçäíîé ïîëÿðèçàöèè ïîêàçûâàåò óñðåäíåííîå íàïðàâëåíèå ïðîåêöèè

ìàãíèòíîãî ïîëÿ íà êàðòèííóþ ïëîñêîñòü, à äèñïåðñèÿ ýòîãî óãëà â íåêîòîðîé

îáëàñòè íåáà ïîçâîëÿåò îöåíèòü íàïðÿæåííîñòü ïîëÿ â íåé (ñì., íàïðèìåð,

[41]). Íàïðàâëåíèå ïîëÿ îáû÷íî êîððåëèðóåò ñ íåêîòîðûìè õàðàêòåðèñòèêàìè

îáëàêîâ è äëÿ îáëàêîâ â ãàëàêòè÷åñêîì äèñêå ÷àñòî ïàðàëëåëüíî åãî ñðåäíåé

ïëîñêîñòè.

Ðåçóëüòàòû íàøèõ èçìåðåíèé ïîçèöèîííîãî óãëà ïîëÿðèçàöèè èçëó÷åíèÿ

çâåçä îêîëî CB67 ïðèâåäåíû íà ðèñ.4. Åãî ëåâàÿ ïàíåëü ïîêàçûâàåò, ÷òî äëÿ

4 Çäåñü è íèæå ïîçèöèîííûå óãëû äàíû â ýêâàòîðèàëüíîé ñèñòåìå êîîðäèíàò.
5 Ýòî âîëîêíî ñèëüíî èñêðèâëåíî: èL âàðüèðóåòñÿ ìåæäó 40 è 130 

o
.
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îòíîñèòåëüíî áëèçêèõ çâåçä (d < 1 êïê) ïîçèöèîííûé óãîë   ñîñòàâëÿåò 90-

110o, ïðèìåðíî òàêæå äëÿ çâåçä â ïîëå 3 - o10560  . Îäíàêî äëÿ çâåçä

íà d > 1 êïê â ïîëÿõ 1 è 2 íàáëþäàåòñÿ áîëüøîé ðàçáðîñ çíà÷åíèé  . Ïðàâàÿ

ïàíåëü ðèñ.4 ïîçâîëÿåò óâèäåòü íåêîòîðûå äåòàëè ýòîãî ýôôåêòà. Â ÷àñòíîñòè,

âèäíî, ÷òî o4010   èìåþò çâåçäû ñî ñðàâíèòåëüíî áîëüøîé ñòåïåíüþ

ïîëÿðèçàöèè P > 3%, à äëÿ çâåçä ñ o140110   ñòåïåíü îáû÷íî åùå áîëüøå

P > 4%. Èñõîäÿ èç ýòîãî, ìîæíî áûëî áû ïðåäïîëîæèòü, ÷òî ïîçèöèîííûå

óãëû âíå äèàïàçîíà o11575   ÿâëÿþòñÿ ñëåäñòâèåì îøèáîê àâòîìàòè÷åñêîé

îáðàáîòêè äàííûõ. Îäíàêî ýòî îáúÿñíåíèå ïëîõî ñîîòâåòñòâóåò òîìó ôàêòó,

÷òî áîëüøèå çíà÷åíèÿ ñòåïåíè ïîëÿðèçàöèè â ñðåäíåì êîððåëèðóþò ñ áîëüøèìè

âåëè÷èíàìè ìåæçâåçäíîãî ïîãëîùåíèÿ (ñì. íèæå).

Òàêèì îáðàçîì, íàïðàâëåíèå íàáëþäàåìîé ïîëÿðèçàöèè, ò.å. íàïðàâëåíèå

ïðîåêöèè ìàãíèòíîãî ïîëÿ íà êàðòèííóþ ïëîñêîñòü B , èìååò ïèê ïðè

ïîçèöèîííîì óãëå o2090 B  è øèðîêîå îòíîñèòåëüíî íèçêîå ïëàòî â

ðàñïðåäåëåíèè çâåçä ïî  . Çàìåòèì, ÷òî äëÿ ïîëÿ 1 ïîëîæåíèå ïèêà ñêîðåå

âñåãî o80B , äëÿ ïîëÿ 2 - o100B .

Ñðàâíèì íàéäåííîå ñðåäíåå íàïðàâëåíèå ïîëÿðèçàöèè ñ äðóãèìè èìåþ-

ùèìèñÿ äàííûìè. Íàïðàâëåíèå ïîëÿðèçàöèè çâåçä â îêðåñòíîñòè ðàäèóñîì

7o âîêðóã CB676 áûëî ðàññìîòðåíî â [13] ïî äàííûì êàòàëîãà [42] è áûëî

Ðèñ.4. Ïîçèöèîííûé óãîë   íàáëþäàâøåéñÿ íàìè ïîëÿðèçàöèè çâåçä â îáëàñòè îêîëî
CB67 â çàâèñèìîñòè îò ðàññòîÿíèÿ d äî íèõ ñîãëàñíî [22] (ëåâàÿ ïàíåëü) è ñòåïåíü P
ïîëÿðèçàöèè â çàâèñèìîñòè îò ïîçèöèîííîãî óãëà (ïðàâàÿ ïàíåëü). Çâåçäû â ïîëÿõ 1, 2

è 3 îáîçíà÷åíû òðåóãîëüíèêàìè, íàïðàâëåííûìè âïðàâî, âëåâî è ââåðõ, ñîîòâåòñòâåííî.
Óãîë   äàí â ýêâàòîðèàëüíîé ñèñòåìå êîîðäèíàò.
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ïîëó÷åíî, ÷òî o1560  . Èñïîëüçóÿ òîò æå èñòî÷íèê, â [43] áûëî ðàññìîòðåíî

ñõîäíîå ïîëå (l = [350, 10o], b = [7, 27o]), âêëþ÷àþùåå îáëàñòü çâåçäîîáðàçîâàíèÿ

Oph è áûëî íàéäåíî, ÷òî íàïðàâëåíèå ïîëÿðèçàöèè ( o2662 ) ïðèìåðíî

ñîâïàäàåò ñ îðèåíòàöèåé "îñíîâíîãî âîëîêíà îáëàñòè" (B44-ñòðèìåðà).

Ãëîáóëà CB67 ðàñïîëîæåíà âáëèçè ïîãðàíè÷íîé îáëàñòè ìåæäó Local

Bubble è Loop I Bubble (l = [280, 30o], b = [-40, 50o]), íàõîäÿùåéñÿ íà

ðàññòîÿíèè 70-280 ïê [44] è èìåþùåé â ïðîåêöèè íà êàðòèííóþ ïëîñêîñòü

ôîðìó, ïîõîæóþ íà ãèãàíòñêîå êîëüöî, âêëþ÷àþùåå àññîöèàöèþ Sco-Cen

OB. Ïîëÿðèçàöèÿ çâåçä â ýòîé îáëàñòè èçó÷àëàñü Ñàíòîñ è äð. [45]. Îíè

îáíàðóæèëè, ÷òî ïîçèöèîííûé óãîë â èõ ïîëå A2 (l = 355 - 15o, b = 20 - 35o)

ìåíÿåòñÿ ïðèìåðíî îò 50 äî 150o, ïðè ýòîì â ÷àñòè îáëàñòè, íàèáîëåå

áëèçêîé ê CB67 (l = 355 - 10o, b = 17 - 20o), ïðåîáëàäàþùåå íàïðàâëåíèå
o65 .

Ñóììèðóÿ, ìîæíî ñäåëàòü âûâîä, ÷òî ñðåäíåå íàïðàâëåíèå ïîëÿðèçàöèè

çâåçä â øèðîêîé (ðàçìåðîì íåñêîëüêî ãðàäóñîâ) îêðåñòíîñòè CB67 ñîñòàâëÿåò
o60  è ñóùåñòâåííî îòëè÷àåòñÿ îò íàïðàâëåíèÿ ïîëÿðèçàöèè, íàáëþäàåìîé

íàìè ó çâåçä â ìàëîé (íåñêîëüêî óãëîâûõ ìèíóò) îêðåñòíîñòè CB67 (ïîëÿ

1-3): o2090 B . Ïðîÿñíèòü ýòî ðàñõîæäåíèå ïîçâîëÿþò äàííûå, ïîëó÷åííûå

íà Planck. Ðèñ.17 â [39] ïîêàçûâàåò íàïðàâëåíèÿ ñóáìèëëèìåòðîâîé ïîëÿðèçàöèè

â îáëàñòè Oph, ãäå âèäíî, ÷òî ýòà îáëàñòü èìååò ñëîæíóþ ñòðóêòóðó è

ñîîòâåòñòâåííî ðàçíîîáðàçíûå íàïðàâëåíèÿ ñóáìèëëèìåòðîâîé ïîëÿðèçàöèè:

  ìåíÿåòñÿ îò 0 äî 180o äàæå ïðè ïëîõîì ðàçðåøåíèè Planck. Îäíàêî â

ñðåäíåì íàïðàâëåíèå ìàãíèòíîãî ïîëÿ (ïîëÿðèçàöèè) ñîñòàâëÿåò o60 , ò.å.

ïî÷òè ñõîäíî ñ îðèåíòàöèåé ïëîñêîñòè Ãàëàêòèêè, ÷òî õàðàêòåðíî äëÿ ìíîãèõ

áëèçêèõ îáëàêîâ â ãàëàêòè÷åñêîì äèñêå. Ñ äðóãîé ñòîðîíû, ãëîáóëà CB67

îðèåíòèðîâàíà íå ñòàíäàðòíî ( o110L ) è íàïðàâëåíèå ìàãíèòíîãî ïîëÿ

îêîëî íåå ìîæåò òàêæå îòêëîíÿòüñÿ îò ñðåäíåãî, ÷òî îïÿòü-òàêè òèïè÷íî äëÿ

êîìïëåêñîâ ìîëåêóëÿðíûõ îáëàêîâ.

Òåïåðü ñðàâíèì îöåíêó íàïðàâëåíèÿ ìàãíèòíîãî ïîëÿ îêîëî CB67, ïîëó-

÷åííóþ ïî íàøèì äàííûì, ñ õàðàêòåðèñòèêàìè ýòîé ãëîáóëû, ñâÿçàííûìè ñ

åå ôîðìîé è êèíåìàòèêîé. Íàïðàâëåíèÿ íàèáîëüøåé ïðîòÿæåííîñòè

èçîáðàæåíèé CB67 â âèäèìîì è ñóáìèëëèìåòðîâîì äèàïàçîíàõ, à òàêæå íà

êàðòàõ ýìèññèè â ëèíèè 13CO èìåþò ñõîäíûå ïîçèöèîííûå óãëû o110105 L
(ñì. îáñóæäåíèå â [13]). Ïîëó÷àåì ðàçíîñòü o20 BL . Êàê èçâåñòíî, äëÿ

ïðîòÿæåííûõ ìîëåêóëÿðíûõ îáëàêîâ ýòà ðàçíîñòü â îñíîâíîì ëèáî ìåíåå 10o,

ëèáî áîëåå 70o [43,46]. Ðàçíîñòü, ïîëó÷åííàÿ íàìè ëèøü íåìíîãî íå ñîîò-

âåòñòâóåò ýòîìó ïðàâèëó.

Ìíîãèå çâåçäû, íàáëþäàåìûå íàìè, ðàñïîëîæåíû â îáëàñòè CB67, êîòîðóþ

ðàññìàòðèâàëè Êåéí, Êëåìåíñ [47] ïðè èññëåäîâàíèè âðàùåíèÿ ýòîé ãëîáóëû

(ñì. ðèñ.3 â [13]). Îíè íàøëè, ÷òî âðàùåíèå CB67 ÿâëÿåòñÿ îòíîñèòåëüíî
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áûñòðûì (ãðàäèåíò ñêîðîñòè áîëåå 0.1 êì/c/óãë. ìèí.) ñ íàïðàâëåíèåì îñè

âðàùåíèÿ o1112 R . Ïðè ýòîì âðàùåíèå ãëîáóëû ÿâëÿåòñÿ äèôôåðåí-

öèàëüíûì: íàáëþäàåòñÿ áîëüøîé ãðàäèåíò ñêîðîñòè â öåíòðå è áîëåå ïîëîãèé

íà îáîèõ êîíöàõ; òàêæå íàáëþäàåòñÿ ñäâèãîâîå èëè òóðáóëåíòíîå äâèæåíèå.

Èòàê, ìû ïîëó÷àåì ðàçíîñòü o20 BR . Â [47] ðàññìàòðèâàëîñü âðàùåíèå

íåñêîëüêèõ ãëîáóë è áûëî íàéäåíî, ÷òî ó 5 èç 6 èññëåäîâàííûõ ãëîáóë

îñíîâíîå íàïðàâëåíèå ìàãíèòíîãî ïîëÿ ñîâïàäàëî ñ îñüþ âðàùåíèÿ (ðàçíèöà

BR   ñîñòàâèëà ìåíåå 20o). Ýòè 5 ãëîáóë âêëþ÷àëè êàê îáëàêà ñ

îäíîðîäíûìè ïîëÿìè, ïî÷òè ïàðàëëåëüíûìè ãàëàêòè÷åñêîé ïëîñêîñòè, òàê è

îáëàêà ñ áèìîäàëüíûì è áîëåå ñëîæíûì ðàñïðåäåëåíèåì ïîçèöèîííûõ óãëîâ

ïîëÿðèçàöèè. Â [47] áûëî âûñêàçàíî ïðåäïîëîæåíèå î òîì, ÷òî â òàêèõ

ñëó÷àÿõ ïîëÿðèçàöèÿ ëèøü ÷àñòè÷íî îïðåäåëÿåòñÿ ëîêàëüíûì ìàãíèòíûì

ïîëåì ãëîáóë è ñâîé âêëàä â ïîëÿðèçàöèþ âíîñèò ïîëå íà íåêîòîðîì

ðàññòîÿíèè îò îáëàêîâ, ïðè÷åì ýòîò âêëàä îáû÷íî ñâÿçàí ñ îðèåíòàöèåé

ãàëàêòè÷åñêîé ïëîñêîñòè.

Âîçâðàùàÿñü ê ðàçëè÷èþ ïîçèöèîííûõ óãëîâ ïîëÿðèçàöèè â øèðîêîé

îêðåñòíîñòè CB67 ( o60~ ) è íàøèõ îöåíîê ( o2090 B ), ìîæíî çàìåòèòü,

÷òî ïîëó÷åííîå íàìè B  îòëè÷àåòñÿ òîëüêî íà 20-25o îò íàïðàâëåíèé

âòÿíóòîñòè ýòîé ãëîáóëû è îñè åå âðàùåíèÿ ( o110 ). Òàêàÿ ðàçíîñòü

äîñòàòî÷íî òèïè÷íà äëÿ ãëîáóë è äðóãèõ ìåæçâåçäíûõ îáëàêîâ, òîãäà êàê

ðàçíîñòü â ~50o (ñîãëàñíî [13]) ÿâëÿåòñÿ êðàéíå ðåäêîé.

Íàêîíåö, çàìåòèì, ÷òî â ôóíäàìåíòàëüíîé ðàáîòå [35] áûëî ïîêàçàíî, ÷òî

îáëàêà â îáëàñòè Oph ìîæíî ðàçäåëèòü íà 2 òèïà: R (ðàäèàëüíûå âîëîêíà)

è T (òàíãåíöèàëüíûå âîëîêíà). Âîëîêíà R-òèïà íàïðàâëåíû ïðèìåðíî íà

ìàññèâíûå çâåçäû â îáëàñòè è èìåþò àñèììåòðè÷íûå ïðîäîëüíûå ïðîôèëè

ðàñïðåäåëåíèÿ âåùåñòâà ñ ìàêñèìóìîì, ñìåùåííûì â ñòîðîíó ýòèõ çâåçä.

Âîëîêíà T-òèïà îðèåíòèðîâàíû òðàíñâåðñàëüíî ïî îòíîøåíèþ ê ìàññèâíûì

çâåçäàì è èìåþò íåñêîëüêî ìàêñèìóìîâ ïðîäîëüíîãî ðàñïðåäåëåíèÿ âåùåñòâà.

Â ýòîì àñïåêòå CB67 ïðåäñòàâëÿåò ñîáîé ïðîòèâîðå÷èâûé ñëó÷àé. Ñ îäíîé

ñòîðîíû, ýòà âûòÿíóòàÿ ãëîáóëà íàïðàâëåíà íà ìàññèâíûå çâåçäû, è â

÷àñòíîñòè, íà áëèæàéøóþ B2-çâåçäó Oph [35]. Ñ äðóãîé ñòîðîíû, ãëîáóëà

èìååò, êàê ìèíèìóì, 2 ÿäðà, ïðè÷åì îáà ñèëüíî ñìåùåíû â ñòîðîíó îò

ìàññèâíûõ çâåçä [36]. Îäíàêî, åñëè ñ÷èòàòü, ÷òî Î9-çâåçäà Oph, èìåþùàÿ

àíîìàëüíî âûñîêóþ ñêîðîñòü, îïðåäåëÿåò ïðèðîäó CB67 (ýòîò ñöåíàðèé íå

ðàññìàòðèâàëñÿ), òî ïðîòèâîðå÷èå ðàçðåøàåòñÿ - ãëîáóëà ñîîòâåòñòâóåò ïðèçíàêàì

âîëîêîí T-òèïà.

Âàðèàöèè ñòåïåíè ïîëÿðèçàöèè è ïîëÿðèçóþùàÿ ñïîñîáíîñòü ñðåäû. Ñòåïåíü

P ìåæçâåçäíîé ïîëÿðèçàöèè èçëó÷åíèÿ çâåçä îáû÷íî îïðåäåëåííûì îáðàçîì

êîððåëèðóåò ñ âåëè÷èíîé ìåæçâåçäíîãî ïîãëîùåíèÿ A
V 
, ÷òî ïîçâîëÿåò

îöåíèâàòü åãî ïðè ìàëûõ è ñëåäîâàòåëüíî íåòî÷íûõ çíà÷åíèÿõ A
V 
. Îòíîøåíèå
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P/A
V
 ïîçâîëÿåò äåëàòü âûâîäû î ïîëÿðèçóþùåé ñïîñîáíîñòè ñðåäû. Ïîñêîëüêó

íåêîòîðûå íåèçâåñòíûå âåëè÷èíû â ýòîì îòíîøåíèè ñîêðàùàþòñÿ, îíî óäîáíî

äëÿ ñðàâíåíèÿ ñ ìîäåëüíûìè ðàñ÷åòàìè. Ïîñëåäíèå ïîêàçûâàþò, ÷òî â

ïåðâóþ î÷åðåäü P/A
V
 îïðåäåëÿåòñÿ óãëîì ìåæäó ëó÷îì çðåíèÿ è íàïðàâëåíèåì

ìàãíèòíîãî ïîëÿ [48], ïîýòîìó P/A
V
 è   âìåñòå ìîãóò äàòü èíôîðìàöèþ 3D

îðèåíòàöèè ìàãíèòíîãî ïîëÿ.

Íà ðèñ.5 ïðèâåäåíû ïîëó÷åííûå íàìè îöåíêè ñòåïåíè ïîëÿðèçàöèè â

çàâèñèìîñòè îò ðàññòîÿíèÿ äî çâåçä è âèäèìîãî ïîãëîùåíèÿ. Ïåðåä ñëîåì

ïûëè, âêëþ÷àþùåì CB67, íàìè íàáëþäàëàñü, âåðîÿòíî, òîëüêî îäíà çâåçäà

(P
 
=

 
0.65%, A

V 
=

 
0m.1). Çàìåòèì, ÷òî ïîëÿðèìåòðèÿ çâåçä â áîëåå øèðîêîé

îáëàñòè I2, âêëþ÷àþùåé CB67, áûëà âûïîëíåíà â [45] è áûëî íàéäåíî, ÷òî

äëÿ ïðèìåðíî 10 çâåçä íà d
 
<

 
100

 
ïê P

 
<

 
0.05%, à äëÿ çâåçä íà d

 
>

 
120

 
ïê

P
 
=

 
0

 
-

 
2%.

Çà ñëîåì ïûëè íà 150d  ïê íàìè íàáëþäàëèñü êàê P = 0.5 - 3%, òàê è

P = 5 - 7%. Òàêèå áîëüøèå çíà÷åíèÿ ñòåïåíè êîððåëèðóþò ñ A
V

 > 2m, è ýòî,

âîçìîæíî, íå ÿâëÿåòñÿ îøèáêîé íàáëþäåíèé. Íå ñîâñåì ïðèâû÷íûå äëÿ

ãàëàêòè÷åñêîãî äèñêà áîëüøèå çíà÷åíèÿ ñòåïåíè ìåæçâåçäíîé ïîëÿðèçàöèè

(P > 5%) íà áîëüøèõ ðàññòîÿíèÿõ (d > 6 êïê) îáúÿñíÿþòñÿ òåì, ÷òî CB67

ÿâëÿåòñÿ äîñòàòî÷íî âûñîêîøèðîòíîé äëÿ òîãî, ÷òîáû ëó÷ çðåíèÿ çà íåé

(íà÷èíàÿ ñ d > 1 êïê) íå ïåðåñåêàë ïîñëåäóþùèå ñëîè ïûëè è íå ïðîèñõîäèëî

îáû÷íîé íàáëþäàåìîé äåïîëÿðèçàöèè.

Ðèñ.5. Ñòåïåíü ïîëÿðèçàöèè P èçëó÷åíèÿ çâåçä îêîëî CB67 â çàâèñèìîñòè îò ðàññòîÿíèÿ
d äî íèõ, ñîãëàñíî [22] (ëåâàÿ ïàíåëü) è âèäèìîãî ïîãëîùåíèÿ A

V
 , ñîãëàñíî [23] (ïðàâàÿ

ïàíåëü). Çâåçäû â ïîëÿõ 1, 2 è 3 îáîçíà÷åíû òðåóãîëüíèêàìè, íàïðàâëåííûìè âïðàâî,

âëåâî è ââåðõ, ñîîòâåòñòâåííî. Ïîãðåøíîñòè A
V

 , ïðèâåäåííûå â [23] äëÿ äàííûõ çâåçä,
ìåíüøå 0

m
.03, ïîãðåøíîñòè d èç [22] äëÿ çâåçä áëèæå 2 êïê âåñüìà ìàëû, à äëÿ áîëåå

äàëåêèõ ñîñòàâëÿþò ïîðÿäêà 1 êïê.
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Ïîëó÷åííûå íàìè îòíîøåíèÿ P/A
V
 â çàâèñèìîñòè îò A

V
 ïðèâåäåíû íà

ðèñ.6. Çàìåòèì, ÷òî íà ðèñóíêå íå ïðèâåäåíî ñëèøêîì áîëüøîå îòíîøåíèå

P/A
V

 = 6.8%/çâ. âåë. äëÿ çâåçäû N40 (ñì. òàáë.1), âûçâàííîå, ïî-âèäèìîìó,

íåòî÷íîñòüþ çíà÷åíèÿ A
V

 = 0m.1 â êàòàëîãå [23], îøèáêè êîòîðîãî èìåþò

ïðèìåðíî òàêîé ïîðÿäîê âåëè÷èíû è â êîòîðîì ïîãðåøíîñòü çíà÷åíèÿ P äëÿ

ýòîé çâåçäû íå ïðèâåäåíà. Äëÿ çâåçäû N48 îáúÿñíèòü òàêæå âûäåëÿþùååñÿ

çíà÷åíèå P/A
V

 = 5.1%/çâ. âåë. íå ïðîñòî: ïîãëîùåíèå äëÿ íåå A
V

 = 1m.18

õàðàêòåðíî äëÿ ïîëÿ 2, â êîòîðîì îíà íàõîäèòñÿ (ñì. ïðàâóþ ïàíåëü ðèñ.3),

ïîãðåøíîñòè P è A
V
  ìàëû, à çíà÷åíèå P = 6.1% íåñêîëüêî áîëüøå òèïè÷íîé

ñîáñòâåííîé ïîëÿðèçàöèè.

Â öåëîì íàøà çàâèñèìîñòü P/A
V
 îò A

V 
, ïðèâåäåííàÿ íà ðèñ.6, ñðàâíèòåëüíî

òèïè÷íà - óáûâàíèå b
VV AAP  , ãäå 50.b  , ñ ðîñòîì A

V
 îò 3VAP %/çâ.

âåë. ïðè A
V

 = 1m äî 1VAP %/çâ. âåë. ïðè A
V

 = 3m è äàëåå (ñ ñóùåñòâåííûì

ðàçáðîñîì çíà÷åíèé P/A
V 
) [49]. Äëÿ ñðàâíåíèÿ, ðàííèå ðàáîòû, ðàññìàòðèâàâøèå

òàêóþ çàâèñèìîñòü â îêðåñòíîñòè ìîëåêóëÿðíûõ îáëàêîâ (íàïðèìåð, [20,50])

è â äèôôóçíîé ìåæçâåçäíîé ñðåäå (íàïðèìåð, [51]), îñíîâûâàëèñü íà îöåíêàõ

A
V

 , ñäåëàííûõ ÷àñòî ïî JHK-ôîòîìåòðèè è íå î÷åíü íàäåæíûõ ïðè A
V

 < 1

- 2m, à ñîâðåìåííûå ðàáîòû íå ìíîãî÷èñëåííû è ðàññìàòðèâàþò îáû÷íî

ñïåöèôè÷åñêèå îáëàñòè (íàïðèìåð, ñòàòüÿ [7], ïîñâÿùåííàÿ ðàññåÿííûì

Ðèñ.6. Îòíîøåíèå ñòåïåíè ïîëÿðèçàöèè ê ïîãëîùåíèþ P/A
V
 äëÿ çâåçä îêîëî CB67 â

çàâèñèìîñòè îò âèäèìîãî ïîãëîùåíèÿ A
V 
, ïðèâåäåííîãî â [23]. Çâåçäû â ïîëÿõ 1, 2 è 3

îáîçíà÷åíû òðåóãîëüíèêàìè, íàïðàâëåííûìè âïðàâî, âëåâî è ââåðõ, ñîîòâåòñòâåííî. Ïîãðåø-
íîñòè A

V 
, ïðèâåäåííûå â [23] äëÿ äàííûõ çâåçä, ìåíüøå 0

m
.03, ïîãðåøíîñòè P îáû÷íî

òàêæå ìàëû (ñì. òàáë.1).
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ñêîïëåíèÿì, ðàñïîëîæåííûì â íàïðàâëåíèè àíòè-öåíòðà Ãàëàêòèêè). Îäíàêî

íåêîòîðûå îáùèå ìîìåíòû ðåçóëüòàòîâ ýòèõ ðàáîò, íåñìîòðÿ íà îïðåäåëåííîå

ðàçëè÷èå ðàññìîòðåííûõ îáëàñòåé, ìîæíî âûäåëèòü: 1) ïðè m150  .AV
îòíîøåíèå P/A

V
 ìîæåò äîñòèãàòü 4%/çâ. âåë.; 2) ïðè 51m.AV   èìååì

12 VAP %/çâ. âåë.; 3) ïðè 52m.AV   èìååì 7051 ..AP V  %/çâ. âåë., ÷òî

íàõîäèòñÿ â ñîãëàñèè ñ íàøèìè ðåçóëüòàòàìè. Òàêèì îáðàçîì, íåëüçÿ äåëàòü

âûâîäû î êàêîé-ëèáî îñîáåííîé 3D-îðèåíòàöèè ìàãíèòíîãî ïîëÿ â îáëàñòè

CB67, èñïîëüçóÿ ìîäåëüíûå ðàñ÷åòû, ïîäîáíûå [48].

4. Çàêëþ÷åíèå. Âûïîëíåíà îáðàáîòêà ðåçóëüòàòîâ ïîëÿðèìåòðè÷åñêèõ

íàáëþäåíèé çâåçä â òðåõ ïîëÿõ äèàìåòðîì 4' âáëèçè ãëîáóëû CB67. Ïîëó÷åííûå

ñâåäåíèÿ î ïàðàìåòðàõ ìåæçâåçäíîé ïîëÿðèçàöèè èçëó÷åíèÿ 66 çâåçä

ïðîàíàëèçèðîâàíû ñîâìåñòíî ñ äàííûìè î ðàññòîÿíèÿõ äî íèõ èç [22] è î

ìåæçâåçäíîì ïîãëîùåíèè èç [23].

Àíàëèç îñíîâàí íà ðàññìîòðåíèè, èñïîëüçóÿ ðàçëè÷íûå èñòî÷íèêè,

èçìåíåíèé ìåæçâåçäíîãî ïîãëîùåíèÿ A
V
 ñ ðàññòîÿíèåì d â èññëåäóåìîé

îáëàñòè âîêðóã CB67. Ïðè ýòîì íàéäåíî, ÷òî ïîãëîùåíèå â îñíîâíîì

ïðîèñõîäèò â ñëîÿõ ïûëè, ðàñïîëîæåííûõ íà d ~ 150 ïê, ãäå ê ïîãëîùåíèþ

â ãàëî îáëàñòè Oph ( 80m.AV  ) äîáàâëÿåòñÿ ïîãëîùåíèå âî âíåøíèõ ñëîÿõ

CB67 (A
V

 > 0.5 - 1m).

Ðàñïðåäåëåíèå ïîëó÷åííûõ ïîçèöèîííûõ óãëîâ ìåæçâåçäíîé ïîëÿðèçàöèè,

ñâÿçûâàåìûõ ñ íàïðàâëåíèåì ìàãíèòíîãî ïîëÿ, èìååò ìàêñèìóì íà o90B
ñ î÷åíü ïðîòÿæåííûìè êðûëüÿìè. Ðàññìîòðåíû ñâåäåíèÿ î ìåæçâåçäíîé

ïîëÿðèçàöèè â øèðîêîé (ðàäèóñîì íåñêîëüêî ãðàäóñîâ) îáëàñòè íåáà âîêðóã

CB67 è íàéäåíî, ÷òî ïðåèìóùåñòâåííîå åå íàïðàâëåíèå èìååò o60 .

Ïðè÷èíîé çíà÷èòåëüíîãî îòëè÷èÿ ýòîãî çíà÷åíèÿ îò B , âåðîÿòíî, ÿâëÿåòñÿ

ñëîæíàÿ ñòðóêòóðà îáëàñòè çâåçäîîáðàçîâàíèÿ Oph, íà êðàþ êîòîðîé

íàõîäèòñÿ CB67, è çíà÷èòåëüíîå îòêëîíåíèå íàïðàâëåíèÿ ýòîé ãëîáóëû îò

íàïðàâëåíèÿ îñíîâíîãî âîëîêíà äàííîé îáëàñòè.

Îòìå÷åíî, ÷òî âûòÿíóòûå èçîáðàæåíèÿ CB67, íàáëþäàåìûå â ðàçíûõ

äèàïàçîíàõ, èìåþò íàïðàâëåíèå, õàðàêòåðèçóåìîå óãëîì o107L , è, ÷òî,

ñîãëàñíî ðàáîòå [47], äàííàÿ ãëîáóëà èñïûòûâàåò áûñòðîå äèôôåðåíöèàëüíîå

âðàùåíèå ñ íàïðàâëåíèåì îñè âðàùåíèÿ o112R . Áëèçîñòü íàïðàâëåíèé

ëîêàëüíîãî ìàãíèòíîãî ïîëÿ îêîëî îáëàêà CB67, ïî íàøèì îöåíêàì, è

ìîìåíòà åãî âðàùåíèÿ ( o25 RB ) ÿâëÿåòñÿ òèïè÷íîé äëÿ âðàùàþùèõñÿ

ãëîáóë [47]. Âûòÿíóòîñòü âîëîêîí è îáëàêîâ âäîëü ìàãíèòíîãî ïîëÿ, êàê

ïîëó÷åíî íàìè äëÿ CB67 ( o20 LB ), òàêæå õàðàêòåðíà äëÿ ìåæçâåçäíûõ

îáëàêîâ.

Íàéäåíî, ÷òî èçìåíåíèÿ ïîëÿðèçóþùåé ñïîñîáíîñòè (P/A
V 
) ãàëî è âíåøíèõ

ñëîåâ CB67 ñ ðîñòîì A
V
 ÿâëÿþòñÿ òèïè÷íûìè äëÿ äèôôóçíîé ìåæçâåçäíîé
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ñðåäû, åñëè ó÷èòûâàòü îñîáåííîñòè äàííîãî íàïðàâëåíèÿ: êîìïàêòíûé ïî

òîëùèíå îñíîâíîé ïûëåâîé ñëîé íà 140d  ïê è îòñóòñòâèå çíà÷èìîãî

ïîãëîùåíèÿ è, ñëåäîâàòåëüíî, îáû÷íîé äåïîëÿðèçàöèè íà áóëüøèõ ðàññòîÿíèÿõ.

Àâòîðû áëàãîäàðÿò ðåöåíçåíòà çà âíèìàòåëüíîå ïðî÷òåíèå ñòàòüè è öåííûå

çàìå÷àíèÿ.
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 INTERSTELLAR POLARIZATION IN THE REGION OF
THE GLOBULE CB67

M.S.PROKOPJEVA1, H.KRAYANI1,2, V.B.IL'IN1,3,
T.E.KONDRATIEVA4, A.SEN5, R.GUPTA6

Data from original polarimetric observations of stars in the vicinity of the

globule CB67, located on the periphery of the nearby star-forming region Oph,

are considered. Using various sources, variations in the visual extinction A
V
 in the

sky plane and with distance d are analyzed. It is found that a jump in A
V
 of

0m.8 at 140d  pc is associated with the neutral wind of the Upper-Sco part of

the Sco-Cen OB association, and in the outer layers of CB67 (d = 140 pc), this

jump increases by more than 0.5-1m. The obtained parameters of interstellar

polarization for 66 stars near CB67 are supplemented with modern data on their

distances and interstellar absorption. It is found that the direction of the magnetic

field in the immediate (a few arcminutes) vicinity of CB67 has a position angle

of 
o2090 B , which differs significantly from the average direction in the

broader (a few degrees) area: o60 . It is noted that for CB67, the value of

B  agrees better with the conventional correlations of the magnetic field (polar-

ization) direction with the directions of the greatest elongation of clouds and their

rotation axes than   does - for CB67, the latter are characterized by values of
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o107L  and o112R , respectively. With the exception of a few stars, the

observed degree of polarization P correlates quite well with the A
V
 value, and the

obtained ratios of P/A
V

 = 0.5 - 3%/mag are typical for the diffuse interstellar

medium.

Keywords: interstellar polarization: interstellar extinction: star-formation regions
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NEW M-TYPE PERIODIC VARIABLES OF CATALINA
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In this paper we continue spectral class determinations for optically faint periodic variables
from Catalina Sky Survey (CSS) database for which 10P  days. Based on Gaia Data Release
3 (DR3) BP/RP spectroscopic data base 169 objects are confirmed as G and K-type stars, 78
objects are confirmed as M-type stars. We have constructed the color-absolute M(G) magnitude
(CaMD) diagram and 2MASS data J-H versus H-Ks color-color diagram for new 78 M type stars.
By analyzing the two diagrams and Transiting Exoplanet Survey Satellite (TESS) data, we can
conclude that 74 objects are M giants and 4 objects are M dwarfs. The ASAS-SN phase dependence
light curves analysis confirms 47 stars as Mira-type variables, 25 as Semi-Regulars (SR), two objects
as Irregular (IR)-type variables and 4 as Rotating variables (ROT). Two M type dwarfs and 34
giants, show Spectral Energy Distribution (SED) with infrared excess, indicating the existence of
circumstellar envelope around them.
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ÍÎÂÛÅ ÏÅÐÈÎÄÈ×ÅÑÊÈÅ ÏÅÐÅÌÅÍÍÛÅ
M ÊËÀÑÑÀ ÈÇ ÁÀÇ ÄÀÍÍÛÕ CATALINA

Ã.Ð.ÊÎÑÒÀÍÄßÍ

Â íàñòîÿùåé ñòàòüå ïðîäîëæàþòñÿ ðàáîòû ïî îïðåäåëåíèþ ñïåêòðàëüíûõ

êëàññîâ îïòè÷åñêè ñëàáûõ ïåðèîäè÷åñêèõ ïåðåìåííûõ èç áàç äàííûõ Catalina

Sky Survey (CSS), äëÿ êîòîðûõ 10P  äíåé. Íà îñíîâå ñïåêòðîñêîïè÷åñêèõ

áàç äàííûõ Gaia Data Release 3 (DR3) BP/RP 169 îáúåêòîâ ïîäòâåðæäåíû

êàê çâåçäû G è K ñïåêðàëüíûõ êëàññîâ, 78 îáúåêòîâ - êàê çâåçäû M êëàññà.

Ïîñòðîåíû äèàãðàììà öâåò-àáñîëþòíàÿ âåëè÷èíà M(G) (CaMD) è 2MASS

öâåò-öâåò äèàãðàììà äëÿ íîâûõ 78 çâåçä M êëàññà. Àíàëèç äâóõ äèàãðàìì

è TESS äàííûõ ïîêàçàë, ÷òî 74 îáúåêòà ÿâëÿþòñÿ ãèãàíòàìè M êëàññà, à 4

îáúåêòà - êàðëèêàìè M êëàññà. Àíàëèç êðèâûõ áëåñêà ASAS-SN ïîäòâåðæäàåò,

÷òî 47 çâåçä ÿâëÿþòñÿ ïåðåìåííûìè òèïà Ìèðû, 25 çâåçä - ïîëóðåãóëÿðíûìè

(SR), 2 îáúåêòà - íåðåãóëÿðíûìè (IR) è 4 - âðàùàþùèìèñÿ ïåðåìåííûìè

(ROT). Ó äâóõ êàðëèêîâ è 34 ãèãàíòîâ êëàññà Ì íàáëþäàåòñÿ Ñïåêòðàëüíîå

Ðàñïðåäåëåíèå Ýíåðãèè (SED) ñ èçáûòêîì èíôðàêðàñíîãî èçëó÷åíèÿ, ÷òî

óêàçûâàåò íà ïðèñóòñòâèå âîêðóã íèõ îêîëîçâåçäíîé îáîëî÷êè.

Êëþ÷åâûå ñëîâà: çâåçäû ïîçäíèõ ñïåêòðàëüíûõ êëàññîâ: àñòðîíîìè÷åñêèå

      áàçû äàííûõ-îáçîðû
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We present phase-dependent ASAS-SN light curves, periods and spectral classes for seven
Mira-type variables, based on Gaia DR3 BP/RP low-resolution spectra. We also present their
spectral energy distributions (SEDs), mass ranges, mass-loss rates, Galactic plane positions, and
other important astrophysical parameters. These stars are included in the "Value-Added Catalogue
of Late-Type Stars Found in the Digitized First Byurakan Survey Database" (Third Edition).
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ÌÈÐÈÄÛ Â DFBS ÊÀÒÀËÎÃÅ ÇÂÅÇÄ ÏÎÇÄÍÈÕ
ÑÏÅÊÒÐÀËÜÍÛÕ ÊËÀÑÑÎÂ

Ê.Ê.ÃÈÃÎßÍ1, Ê.Ñ.ÃÈÃÎßÍ1,  À.ÑÀÐÊÈÑÑÈÀÍ2, Ì.ÌÅÔÒÀ2,
Ô.ÊÅÊÓÒ2, Ã.ÏÀÐÎÍßÍ1, Ô.ÐÀÕÌÀÒÓËËÀÅÂÀ3

Àâòîðû ïðèâîäÿò ASAS-SN êðèâûå áëåñêà, ïåðèîäû, ñïåêòðàëüíûå êëàññû,

îñíîâàííûå íà Gaia DR3 BP/RP ñïåêòðàõ íèçêîãî ðàçðåøåíèÿ, ðàñïðåäåëåíèè

ñïåêòðàëüíîé ýíåðãèè (SED), à òàêæå äèàïàçîí ìàññ, ñêîðîñòè ïîòåðèè ìàññ,

âûñîòó (âûøå/íèæå) îò ãàëàêòè÷åñêîé ïëîñêîñòè, è äðóãèå î÷åíü âàæíûå

àñòðîôèçè÷åñêèå ïàðàìåòðû äëÿ ñåìè Ìèðèä. Âñå îíè áûëè âêëþ÷åíû â

"Äîïîëíåííûé êàòàëîã çâåçä ïîçäíåãî òèïà, íàéäåííûõ â áàçå äàííûõ Îöèô-

ðîâàííîãî Ïåðâîãî Áþðàêàíñêîãî Îáçîðà. Òðåòüå èçäàíèå".

Êëþ÷åâûå ñëîâà: êàòàëîãè-çâåçäû: çâåçäû-îáçîðû: Mèðà -ïåðåìåííûå: Gaia

     äàííûå
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 ARE SOME CHEMICALLY PECULIAR STARS THAT
SHOW STRONG OVERABUNDANCES OF VERY HEAVY

ELEMENTS RELATED TO SUPERNOVAE?
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For many years, detailed observational and statistical study of the chemically peculiar stars
showed that the presence of heavy radioactive chemical elements overabundances in their atmo-
spheres are not well understood. We try to explain the overabundance of a few of them by the
explosion of the possible supernovae in binary or multiple stellar system, i.e. to search for a
chemically peculiar star and pulsar pair by traceback motion study in the Galaxy. We analyzed
trajectories of 529 chemically peculiar stars of our sample and 28 pulsars from ATNF catalogue,
which ages do not exceed 100 Myr, and obtained several possible candidate pairs (CP star plus
pulsar), which may have been at the same place at the same time. Moreover, our traceback study
of them with the young stellar clusters (Hunt and Reffert, 2023) led to the identification of several,
possibly, parental stellar groups. Furthermore, more detailed studies are needed to estimate the ages
of chemically peculiar stars and detect their locations of formation, as well as use statistical methods
to assess whether the possible supernova ejection is the result of coincidence or not. Obviously,
modeling of the best chemically peculiar star-pulsar pairs will also allow us to explain the processes
occurring in these stars.
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ÑÂßÇÀÍÛ ËÈ ÍÅÊÎÒÎÐÛÅ ÕÈÌÈ×ÅÑÊÈ
ÏÅÊÓËßÐÍÛÅ ÇÂÅÇÄÛ, ÏÎÊÀÇÛÂÀÞÙÈÅ

ÇÍÀ×ÈÒÅËÜÍÛÉ ÈÇÁÛÒÎÊ Î×ÅÍÜ ÒßÆÅËÛÕ
ÝËÅÌÅÍÒÎÂ, ÑÎ ÑÂÅÐÕÍÎÂÛÌÈ?

Ñ.ÊÀÇÀÐßÍ1, Æ.ÀËÅÑßÍ2

Íà ïðîòÿæåíèè ìíîãèõ ëåò äåòàëüíûå íàáëþäàòåëüíûå è ñòàòèñòè÷åñêèå

èññëåäîâàíèÿ õèìè÷åñêè ïåêóëÿðíûõ çâåçä ïîêàçàëè, ÷òî íàëè÷èå èçáûòêà

òÿæåëûõ ðàäèîàêòèâíûõ õèìè÷åñêèõ ýëåìåíòîâ â èõ àòìîñôåðàõ íåäîñòàòî÷íî

èçó÷åíî. Â äàííîé ðàáîòå, ñ öåëüþ îáúÿñíåíèÿ èçáûòêà òÿæåëûõ ðàäèîàêòèâíûõ

õèìè÷åñêèõ ýëåìåíòîâ, íàáëþäàåìîãî â íåêîòîðûõ çâåçäàõ â ðåçóëüòàòå âçðûâà

âîçìîæíûõ ñâåðõíîâûõ â äâîéíûõ èëè ìíîãîêðàòíûõ çâåçäíûõ ñèñòåìàõ, áûë

ïðîâåäåí ïîèñê ïàð õèìè÷åñêè ïåêóëÿðíûõ  çâåçä è ïóëüñàðîâ ñ èçó÷åíèåì

èõ äâèæåíèÿ ïî òðàåêòîðèè â Ãàëàêòèêå. Ïðîàíàëèçèðîâàíû  òðàåêòîðèè 529

õèìè÷åñêè ïåêóëÿðíûõ çâåçä èç íàøåé âûáîðêè è 28 ïóëüñàðîâ èç êàòàëîãà

ATNF, âîçðàñò êîòîðûõ íå ïðåâûøàåò 100 ìëí ëåò, è âûäåëåíî íåñêîëüêî

âîçìîæíûõ ïàð êàíäèäàòîâ (CP-çâåçäà ïëþñ ïóëüñàð), êîòîðûå ìîãëè íàõîäèòüñÿ

â îäíîì è òîì æå ìåñòå â îäíî è òî æå âðåìÿ. Áîëåå òîãî, ïðîñëåæèâàíèå

òðåàêòîðèé, îáðàùåííûõ íàçàä âî âðåìåíè,  âûÿâèëî íåñêîëüêî âîçìîæíûõ

ðîäèòåëüñêèõ ãðóïï çâåçä â ìîëîäûõ çâåçäíûõ ñêîïëåíèÿõ. Îäíàêî, äëÿ

ñòàòèñòè÷åñêîé îöåíêè äîñòîâåðíîñòè âûÿâëåííûõ  ñîâïàäåíèé, à òàêæå äëÿ

îöåíêè âîçðàñòà õèìè÷åñêè ïåêóëÿðíûõ çâåçä è îïðåäåëåíèÿ ìåñò èõ ôîðìè-

ðîâàíèÿ, íåîáõîäèìû áîëåå äåòàëüíûå èññëåäîâàíèÿ. Âîçìîæíî, ÷òî ìîäåëè-

ðîâàíèå îïèñàííîãî ïðîöåññà äëÿ íàèáîëåå õèìè÷åñêè ïåêóëÿðíûõ ïàð çâåçäà-

ïóëüñàð ïîçâîëèò ñóùåñòâåííî ïðîÿñíèòü íàáëþäàåìóþ êàðòèíó ïðîèñõîäÿùåãî

â ýòèõ çâåçäàõ.

Êëþ÷åâûå ñëîâà: õèìè÷åñêè ïåêóëÿðíûå çâåçäû: ïóëüñàðû: ñâåðõíîâûå: àíàëèç

     òðàåêòîðèé
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ÎÏÐÅÄÅËÅÍÈÅ ÇÀÏßÒÍÅÍÍÎÑÒÈ ÇÂÅÇÄ
ÑÎËÍÅ×ÍÎÃÎ ÒÈÏÀ ÑÎ ÑÂÅÐÕÌÎÙÍÛÌÈ

ÂÑÏÛØÊÀÌÈ

À.À.ÀÊÎÏßÍ
Ïîñòóïèëà 12 íîÿáðÿ 2025

Â ðàáîòå ðàññìîòðåíà çàäà÷à îïðåäåëåíèÿ ñòåïåíè çàïÿòíåííîñòè çâåçä ñîëíå÷íîãî òèïà
ñî ñâåðõìîùíûìè âñïûøêàìè, ñïîñîáîì, ðàíåå ðàçðàáîòàííûì àâòîðîì äëÿ îöåíêè çàïÿò-
íåííîñòè âñïûõèâàþùèõ çâåçä ïî õðîíîëîãèè çàðåãèñòðèðîâàííûõ âñïûøåê. Ìåòîä áàçèðóåòñÿ
íà îïðåäåëåíèè ïåðèîäè÷åñêîé ôóíêöèè ÷àñòîòû âñïûøåê íà îñíîâå ñòàòèñòè÷åñêîãî àíàëèçà
âðåìåííîãî ðÿäà âñïûøåê, èíòåðïðåòèðóåìîãî êàê ïóàññîíîâñêèé ïðîöåññ ñ öèêëè÷åñêèì
ïàðàìåòðîì, ñâÿçàííûì ñ ïåðèîäîì îñåâîãî âðàùåíèÿ çâåçäû. Òðàíñôîðìàöèÿ ýòîé ôóíêöèè
â ôóíêöèþ ïëîòíîñòè êðóãîâîãî ðàñïðåäåëåíèÿ ôîí Ìèçåñà ïîçâîëÿåò ïåðåéòè îò ÷àñòîòû
âñïûøåê ê îöåíêå óãëîâîãî ðàñïðåäåëåíèÿ çâåçäíûõ ïÿòåí è îïðåäåëèòü ýôôåêòèâíóþ ïëîùàäü
ïîêðûòèÿ ïîâåðõíîñòè ïÿòíàìè. Èññëåäîâàíû äåâÿòü íàèáîëåå àêòèâíûõ çâåçä ñîëíå÷íîãî
òèïà èç êàòàëîãà ðàáîòû Îêàìîòî è äð., äëÿ êîòîðûõ âû÷èñëåíû ïåðèîäû îñåâîãî âðàùåíèÿ
ñ ïîìîùüþ õðîíîëîãèè çàðåãèñòðèðîâàííûõ âñïûøåê, êîýôôèöèåíòû êîíöåíòðàöèè ðàñïðå-
äåëåíèÿ âñïûøåê, ïîëó÷åíû óãëîâûå ðàñïðåäåëåíèÿ çàïÿòíåííîñòè. Çíà÷åíèÿ ñòåïåíè çàïÿò-
íåííîñòè îöåíêè âàðüèðóþòñÿ îò 1-4% äëÿ ìèíèìàëüíî çàïÿòíåííûõ è äî 10% äëÿ ìàêñè-
ìàëüíî çàïÿòíåííûõ ïîëóøàðèé, ÷òî ñóùåñòâåííî ïðåâûøàåò çíà÷åíèÿ äëÿ Ñîëíöà. Ñðàâ-
íåíèå ñ ðåçóëüòàòàìè ðàáîòû Îêàìîòî è äð. ïîêàçàëî âûñîêóþ ñòåïåíü ñîãëàñîâàííîñòè -
êîýôôèöèåíò êîððåëÿöèè r = 0.896. Ðàçðàáîòàííûé ïîäõîä äåìîíñòðèðóåò âîçìîæíîñòü
îïðåäåëåíèÿ çàïÿòíåííîñòè çâåçä íà îñíîâå âðåìåííûõ ðÿäîâ âñïûøå÷íîé àêòèâíîñòè áåç
ïðèâëå÷åíèÿ ôîòîìåòðè÷åñêèõ èëè ñïåêòðîñêîïè÷åñêèõ äàííûõ âûñîêîãî ðàçðåøåíèÿ, ÷òî
äåëàåò åãî öåííûì èíñòðóìåíòîì äëÿ ñòàòèñòè÷åñêèõ èññëåäîâàíèé ìàãíèòíîé àêòèâíîñòè
çâåçä ñîëíå÷íîãî òèïà, äåìîíñòðèðóþùèõ ñâåðõìîùíûå âñïûøêè.

Êëþ÷åâûå ñëîâà: ñâåðõìîùíûå âñïûøêè: çàïÿòíåííîñòü

1. Ââåäåíèå. Çâåçäíûå ïÿòíà, àíàëîãè÷íûå ñîëíå÷íûì ïÿòíàì, ïðåä-

ñòàâëÿþò ñîáîé îáëàñòè ìàãíèòíîé àêòèâíîñòè íà ïîâåðõíîñòè çâåçä, òåñíî

ñâÿçàííûå ñ âðàùàòåëüíîé ïåðåìåííîñòüþ, âñïûøå÷íîé àêòèâíîñòüþ è

âíóòðåííèì ñòðîåíèåì çâåçä. Èçó÷åíèå èõ ïðèðîäû è èõ ôèçè÷åñêèõ/

ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê ðàñïðåäåëåíèÿ èìååò âàæíîå çíà÷åíèå äëÿ

ïîíèìàíèÿ ìåõàíèçìîâ çâåçäíûõ äèíàìî è öèêëîâ àêòèâíîñòè. Áëàãîäàðÿ

ðàçâèòèÿì ìåòîäîâ äîïëåðîâñêîé âèçóàëèçàöèè è ôîòîìåòðè÷åñêîãî àíàëèçà,

à òàêæå äàííûì íàáëþäåíèé êîñìè÷åñêèõ îáñåðâàòîðèé Kepler è TESS,  â

ýòîé îáëàñòè äîñòèãíóò ñåðüåçíûé ïðîãðåññ, íî îñòàþòñÿ ïðîáëåìû, â ÷àñòíîñòè,

ñî âñïûøå÷íî-àêòèâíûìè çâåçäàìè.
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Ýòà ðàáîòà ÿâëÿåòñÿ ïðîäîëæåíèåì ðàáîò [1,2], ãäå áûëè îïðåäåëåíû

ïåðèîäè÷íîñòü âñïûøåê è çàïÿòíåííîñòü âñïûøå÷íî-àêòèâíûõ (âñïûõè-

âàþùèõ) çâåçä ñ ïåðèîäè÷íûìè êðèâûìè áëåñêà, îáíàðóæåííûõ Kepler è

TESS. Ïåðèîäè÷íîñòü êðèâûõ áëåñêà ýòèõ çâåçä îáóñëîâëåíà èõ îñåâûì

âðàùåíèåì è íåðàâíîìåðíûì ðàñïðåäåëåíèåì çâåçäíûõ ïÿòåí. Â ðàáîòàõ [3,4]

áûëî ïðåäïîëîæåíî è ïîêàçàíî, ÷òî è ÷àñòîòà âñïûøåê ìîäóëèðóåòñÿ îñåâûì

âðàùåíèåì çâåçä. Ïðè ýòîì, âðåìåííîé ðÿä âñïûøåê ðàññìàòðèâàëñÿ êàê

ðåàëèçàöèÿ ïóàññîíîâñêîãî ïðîöåññà ñ öèêëè÷åñêèì ïàðàìåòðîì, ñ ïåðèîäîì

áëèçêèì ê ïåðèîäó îñåâîãî âðàùåíèÿ.

Â ðàáîòå [1] áûë ïðåäëîæåí íîâûé ñïîñîá îöåíêè ïëîùàäè ïîêðûòèÿ

çâåçäíûìè ïÿòíàìè äëÿ âñïûøå÷ío-àêòèâíûõ çâåçä (íàïðèìåð, âñïûõèâàþùèå

çâåçäû, çâåçäû òèïa BY Äðàêîíà è RS Ãîí÷èõ Ïñîâ). Óãëîâîå ðàñïðåäåëåíèå

çâåçäíûõ ïÿòåí óäàëîñü âûðàçèòü ÷åðåç êðóãîâîå (óãëîâîå) ðàñïðåäåëåíèe

ôîí Ìèçåñà ñ èñïîëüçîâàíèåì ïàðàìåòðîâ  ïåðèîäè÷åñêîé ôóíêöèè ÷àñòîòû

çâåçäíûõ âñïûøåê. Äëÿ âñïûõèâàþùèõ çâåçä, èññëåäîâàííûõ â [1,2], áûëè

ïîëó÷åíû îöåíêè ïëîùàäè ïîêðûòîé ïÿòíàìè, êîòîðûå çíà÷èòåëüíî ïðåâû-

øàþò ñîîòâåòñòâóþùèå îöåíêè äëÿ Ñîëíöà, ñîñòàâëÿÿ îò 2 äî 30% çâåçäíîé

ïîâåðõíîñòè. Õîòÿ ïðåäëîæåííûé ñïîñîá èìååò îãðàíè÷åííóþ îáëàñòü

ïðèìåíåíèÿ (ïðèìåíèì òîëüêî ê âñïûøå÷íî-àêòèâíûì çâåçäàì ñ äîñòàòî÷íûì

êîëè÷åñòâîì ðåãèñòðèðîâàííûõ âñïûøåê), îí ïðåäñòàâëÿåòñÿ äîñòàòî÷íî

ïåðñïåêòèâíûì è ìîæåò äîïîëíèòü ñóùåñòâóþùèå ìåòîäû îïðåäåëåíèÿ

çàïÿòíåííîñòè çâåçä.

Â äàííîé ñòàòüå ýòîò ñïîñîá ïðèìåíÿåòñÿ äëÿ îïðåäåëåíèÿ çàïÿòíåííîñòè

çâåçä ñîëíå÷íîãî òèïà (çâåçäû ãëàâíîé ïîñëåäîâàòåëüíîñòè ñïåêòðàëüíîãî

òèïà G, ýôôåêòèâíàÿ òåìïåðàòóðà 5100-6000 K), äåìîíñòðèðóþùèõ ñâåðõ-

ìîùíûå âñïûøêè (ñâåðõâñïûøêè). Çà ïîñëåäíèå äåñÿòèëåòèÿ, íàáëþäåíèÿ ñ

ïîìîùüþ êîñìè÷åñêèõ îáñåðâàòîðèé Kepler [5-13] è TESS [14,15], à òàêæå

ðåíòãåíîâñêèõ (íàïðèìåð, [16]) è óëüòðàôèîëåòîâûõ êîñìè÷åñêèõ òåëåñêîïîâ

(íàïðèìåð, [17] âûÿâèëè íàëè÷èå ñâåðõìîùíûõ âñïûøåê ó ìíîæåñòâà çâåçä

ñîëíå÷íîãî òèïà. Ýíåðãèÿ ýòèõ âñïûøåê íà íåñêîëüêî ïîðÿäêîâ ïðåâûøàåò

ýíåðãèþ ñîëíå÷íûõ âñïûøåê.

Â ðàáîòå [18] ïðèâîäèòñÿ ñòàòèñòè÷åñêèé àíàëèç ñâåðõâñïûøåê íà çâåçäàõ

ñîëíå÷íîãî òèïà ñ èñïîëüçîâàíèåì âñåõ äàííûõ îñíîâíîé ìèññèè Kepler è

êàòàëîãà Gaia Data Release 2. Â ñâîåì îáíîâëåííîì èññëåäîâàíèè àâòîðû [18]

îáíàðóæèëè 2341 ñâåðõâñïûøêó ó 265 çâåçä ñîëíå÷íîãî òèïà è 26 ñâåðõâñïûøåê

ó 15 ñîëíöåïîäîáíûõ çâåçä (ýôôåêòèâíàÿ òåìïåðàòóðà 5600-6000 K è ïåðèîä

âðàùåíèÿ áîëåå 20 äíåé). Â ðàáîòå [18] ïðèâîäÿòñÿ òàêæå îöåíêè çàïÿòíåííîñòè

ýòèõ çâåçä, ïîëó÷åííûå ñïîñîáîì, ïðåäñòàâëåííûì â ðàáîòàõ [19,20]. Ó

íåêîòîðûõ èç ýòèõ çâåçä îáíàðóæåíî íåñêîëüêî äåñÿòêîâ ñâåðõìîùíûõ

âñïûøåê.
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Â ïðåäñòàâëåííîé ðàáîòå îòîáðàíû íàèáîëåå ÷àñòî âñïûõíóâøèå çâåçäû

ñîëíå÷íîãî òèïà, äëÿ îïðåäåëåíèÿ ïåðèîäè÷íîñòè ÷àñòîòû èõ âñïûøåê è

çàïÿòíåííîñòè ñïîñîáîì  ïðèìåíåííûì â ðàáîòàõ [1,2]. Âî âòîðîì ðàçäåëå

ñòàòüè ïðåäñòàâëåíû äàííûå, êîòîðûå áûëè èñïîëüçîâàíû â èññëåäîâàíèè.

Â ðàçäåëå 3 äàåòñÿ êðàòêîå èçëîæåíèå ìåòîäîëîãèè. Ïîëó÷åííûå ðåçóëüòàòû,

ïîñëåäóþùåå îáñóæäåíèå è âûâîäû ïðåäñòàâëåíû â ðàçäåëàõ 4 è 5. Â

Ïðèëîæåíèè ïðèâîäèòñÿ èëëþñòðàòèâíûé ìàòåðèàë.

2. Èñïîëüçîâàííûå äàííûå. Â òàáë.1 ïðèâåäåíû îñíîâíûå äàííûå î

ðàññìîòðåííûõ â ðàáîòå çâåçäàõ, âçÿòûå èç êàòàëîãà [18]1. Â äâóõ ïåðâûõ

ñòîëáöàõ ïðèâîäÿòñÿ îáîçíà÷åíèÿ çâåçä. Â îñòàëüíûõ ñòîëáöàõ ïðèâîäÿòñÿ:

÷èñëî ðåãèñòðèðîâàííûõ ñâåðõìîùíûõ âñïûøåê N, ýôôåêòèâíàÿ òåìïåðàòóðà

T
eff
, ïåðèîä îñåâîãî âðàùåíèÿ, ðàäèóñ çâåçäû â åäèíèöàõ Ñîëíöà, îòíîøåíèå

ïëîùàäè ïîêðûòèÿ ïÿòåí ê ïëîùàäè ïîëóøàðèÿ Ñîëíöà 22 RSA spsp  . Â

ýòîì æå êàòàëîãå ïðèâîäèòñÿ õðîíîëîãèÿ âñïûøåê, íåîáõîäèìàÿ äëÿ âûïîë-

íåíèÿ äàííîé ðàáîòû.

Ïåðèîäû îñåâîãî âðàùåíèÿ çâåçä, ïðèâåäåííûå â êàòàëîãå [18], âçÿòû èç

ðàçíûõ èñòî÷íèêîâ, â ÷àñòíîñòè, ïåðèîäû âñåõ çâåçä, ðàññìîòðåííûõ â äàííîé

KIC Äðóãèå îáîçíà÷åíèÿ N T
eff

P
rot
 [21] RR / A

sp

3728906 2MASS J19011219+3849255 55 5640 3.627 0.974 0.04
DR3 2100137238499702016

4142137 2MASS J19075743+3912461 68 5638 1.933 1.017 0.05
DR3 2100395035319632256

4249702 ZTF J191132.51+391925.3 66 5432 4.712 0.810 0.05
DR3 2099740658399587328

6865416 2MASS J19300381+4219595 86 5426 3.302 1.138 0.09
DR3 2125738679559600384

7532880 2MASS J19331778+4306178 78 5809 2.187 1.004 0.06
DR3 2077840791959700992

9150539 ZTF J192042.49+453005.1 71 5598 3.320 1.319 0.09
DR3 2127088261362283648

10537061 2MASS J19304196+4746014 77 5242 1.279 0.984 0.05
DR3 2128505050814308864

10861194 2MASS J19270528+4814035 77 5248 1.277 1.055 0.09
DR3 2129278213646198784

12354328 2MASS J19194240+5111562 58 5251 0.809 0.809 0.05
DR3 2133193059155056512

Òàáëèöà 1

ÎÑÍÎÂÍÛÅ ÄÀÍÍÛÅ Î ÐÀÑÑÌÎÒÐÅÍÍÛÕ ÇÂÅÇÄÀÕ

 1 cds.vizier/j/apj/906/72.
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ðàáîòå, îïðåäåëåíû â ðàáîòå [21].

Íåîáõîäèìûå (ñì. íèæå) äàííûå îá îòíîøåíèè ìàêñèìàëüíîé ñâåòèìîñòè

çâåçä ê ìèíèìàëüíîé èçâëå÷åíû èç êðèâûõ áëåñêà. Âî âñåõ ñëó÷àÿõ áûëè

èñïîëüçîâàíû äàííûå 3-ãî êâàðòàëà íàáëþäåíèé. Ýòè æå êðèâûå áûëè èñïîëü-

çîâàíû äëÿ ïðîâåðêè ïåðèîäîâ îñåâîãî âðàùåíèÿ, ïðèâåäåííûõ â òàáëèöå.

3. Ñïîñîá îöåíêè çàïÿòíåííîñòè çâåçä ÷åðåç õðîíîëîãèþ ðåãèñ-

òðèðîâàííûõ âñïûøåê. Äåòàëüíîå îïèñàíèå èñïîëüçîâàííîãî ñïîñîáà ñ

òåõíè÷åñêèìè ïîäðîáíîñòÿìè ïðèâåäåíî â ðàáîòå [1]. Â ýòîé ðàáîòå äëÿ

îïðåäåëåíèÿ çàïÿòíåííîñòè çâåçä ñîëíå÷íîãî òèïà ñî ñâåðõìîùíûìè âñïûø-

êàìè èñïîëüçîâàíû ïðåäïîëîæåíèÿ è ïðåäïîñûëêè àíàëîãè÷íûå òåì, êîòîðûå

áûëè ïðèíÿòû ðàííåå äëÿ îïðåäåëåíèÿ çàïÿòíåííîñòè âñïûõèâàþùèõ çâåçä

[1,2]:

• Çâåçäû ñîëíå÷íîãî òèïà ñî ñâåðõìîùíûìè âñïûøêàìè îáëàäàþò

âðàùàòåëüíîé ïåðåìåííîñòüþ, îáóñëîâëåííîé èõ âðàùåíèåì è íåðàâíîìåðíûì

ðàñïðåäåëåíèåì ïÿòåí ïî ïîâåðõíîñòè çâåçäû.

• Ñëåäóÿ Àìáàðöóìÿíó [22], âðåìåííàÿ ïîñëåäîâàòåëüíîñòü ñîáûòèé

(âñïûøêè çâåçäû) ïðåäñòàâëåíà êàê ïóàññîíîâñêèé ïðîöåññ, íî ñ öèêëè÷åñêèì/

ïåðèîäè÷åñêèì ïàðàìåòðîì, ïðåäëîæåííûì Êóòîÿíöîì [23,24]:

    
 

  , 0  ,20  ,0  ,0
sinexp

0
0

0 


 k
kI

tk
t (1)

ãäå â äàííîì ñëó÷àå 0  - öèêëè÷åñêàÿ ÷àñòîòà îñåâîãî âðàùåíèÿ çâåçäû, k,  ,

  - ïîñòîÿííûå, êîòîðûå íàäëåæàò îïðåäåëåíèþ, à    



2

00 sin duukkI  -

ìîäèôèöèðîâàííàÿ ôóíêöèÿ Áåññåëÿ íóëåâîãî ïîðÿäêà ïåðâîãî ðîäà.

• Âñïûøå÷íàÿ àêòèâíîñòü çâåçä ïîëîæèòåëüíî êîððåëèðóåò ñ ðàçìåðàìè

ïÿòåí, ÷òî äàåò îñíîâàíèå ïðåäïîëîæèòü (ñì. íàïð. [25]), ÷òî òàêàÿ æå

êîððåëÿöèÿ èìååò ìåñòî ìåæäó ðàçìåðàìè ïÿòåí è ÷èñëîì âñïûøåê. Èç ýòîãî

ñëåäóåò ïðèíöèïèàëüíàÿ âîçìîæíîñòü îïðåäåëåíèÿ ïàðàìåòðà çàïÿòíåííîñòè

çâåçä ÷åðåç îïðåäåëåíèå ïàðàìåòðà  t .

• Ôóíêöèþ  t  ìîæíî òðàíñôîðìèðîâàòü (ñì. [1]) â ôóíêöèþ ïëîòíîñòè

ðàñïðåäåëåíèÿ ôîí Ìèçåñà:

    
 

, 
2

cosexp
 ,

0 kI

xk
kxM




 (2)

ãäå   - ñðåäíåå (îäíîâðåìåííî ìîäà è ìåäèàíà) íàïðàâëåíèå ðàñïðåäåëåíèÿ,

k - ìåðà êîíöåíòðàöèè.

Ðàñïðåäåëåíèå ôîí Ìèçåñà øèðîêî ïðèìåíÿåòñÿ ïðè ñòàòèñòè÷åñêîé

îáðàáîòêå óãëîâûõ (êðóãîâûõ) äàííûõ è ÿâëÿåòñÿ õîðîøèì ïðèáëèæåíèåì ê

íàìîòàííîìó íîðìàëüíîìó ðàñïðåäåëåíèþ (êðóãîâîé àíàëîã íîðìàëüíîãî

ðàñïðåäåëåíèÿ), ÷òî äåëàåò åãî âåñüìà ïðèâëåêàòåëüíûì è ïåðñïåêòèâíûì äëÿ
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ïðèìåíåíèÿ â çàäà÷àõ, ñâÿçàííûõ ñ âðàùåíèåì çâåçä. Íåìàëîâàæíî, ÷òî

ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè ðàñïðåäåëåíèÿ ôîí Ìèçåñà õîðîøî èçâåñòíû.

Òàêèì îáðàçîì, çàäà÷à îïðåäåëåíèÿ ðàñïðåäåëåíèÿ çàïÿòíåííîñòè, îáðà-

ùåííîé ê íàáëþäàòåëþ ïîëóñôåðû çâåçäû, ñâîäèòñÿ ê îïðåäåëåíèþ ïåðèî-

äè÷åñêîé ôóíêöèè ÷àñòîòû âñïûøåê  t  (1) ÷åðåç õðîíîëîãèþ çàðåãèñò-

ðèðîâàííûõ âñïûøåê è åå ïðåäñòàâëåíèþ â âèäå ôóíêöèè ïëîòíîñòè ðàñïðå-

äåëåíèÿ ôîí Ìèçåñà. Ó÷èòûâàÿ ïîëîæèòåëüíóþ êîððåëÿöèþ âñïûøå÷íîé

àêòèâíîñòè ñ ðàçìåðàìè ïÿòåí, ìîæíî îïðåäåëèòü ýôôåêòèâíóþ ïëîùàäü

ïÿòåí. Ïðàêòè÷åñêè ýòî ìîæíî ñäåëàòü, èñïîëüçóÿ ìèíèìóìû è ìàêñèìóìû

ïåðèîäè÷åñêîé ôóíêöèè ÷àñòîòû âñïûøåê è êðèâîé áëåñêà. Ïðè ìàêñèìóìå

êðèâîé áëåñêà íàáëþäàåòñÿ ìèíèìàëüíî çàïÿòíåííàÿ (èç âñåõ âîçìîæíûõ)

ïîëóñôåðà ñ ìèíèìàëüíîé âñïûøå÷íîé àêòèâíîñòüþ è, íàîáîðîò, ïðè

ìèíèìóìå áëåñêà íàáëþäàåòñÿ ìàêñèìàëüíî çàïÿòíåííàÿ ïîëóñôåðà ñ ìàêñè-

ìàëüíîé âñïûøå÷íîé àêòèâíîñòüþ. Ïðè áîëüøèõ íàêëîíàõ îñè ( oo 9060  )

âðàùåíèÿ çâåçäû ê ëó÷ó çðåíèÿ ýòè ïîëóñôåðû, ó÷èòûâàÿ ñèììåòðè÷íîñòü

âûøåïðèâåäåííûõ ôóíêöèé, ìîæíî ñ÷èòàòü äèàìåòðàëüíî ïðîòèâîïîëîæíûìè,

÷òî äàåò âîçìîæíîñòü îöåíèòü çàïÿòíåííîñòü çâåçäû â öåëîì.

Â ðàáîòå [1] äëÿ âåëè÷èíû îòíîøåíèÿ ïëîùàäè ïîâåðõíîñòè ïÿòåí ê

ïëîùàäè ïîâåðõíîñòè ìèíèìàëüíî çàïÿòíåííîé ïîëóñôåðû çâåçäû â ïðîåêöèè

ïîëó÷åíî ñëåäóþùåå âûðàæåíèå:

  
, 

1

1

2
rr

k

r

LFe

F
A






ãäå k - ìåðà êîíöåíòðàöèè, F
r
 - îòíîøåíèå ìèíèìàëüíîé ñâåòèìîñòè çâåçä

ê ìàêñèìàëüíîé, èçâëå÷åííûå èç êðèâûõ áëåñêà, L
r
 - îòíîøåíèå ñðåäíèõ

ïîâåðõíîñòíûõ ÿðêîñòåé çâåçäíûõ ïÿòåí è íåçàïÿòíåííîé ïîâåðõíîñòè çâåçäû.

Â ñëó÷àå ïðåíåáðåæåíèÿ èçëó÷åíèåì ïÿòåí L
r
 = 0, ñîîòâåòñòâåííî

. 
1
2

r
k

r

Fe

F
A






Â ýòîì ñëó÷àå äëÿ ïàðàìåòðà çàïÿòíåííîñòè ìîæíî ïîëó÷èòü òîëüêî

îöåíêó ñíèçó. Â ïðèáëèæåíèè ÷åðíîòåëüíîãî èçëó÷åíèÿ ïî àíàëîãèè ñ

Ñîëíöåì ìîæíî ïðèíÿòü 3020 ..Lr  , ÷òî ïðèâîäèò ê óâåëè÷åíèþ îöåíêè

íà 4025  %. Ê íåêîòîðîìó óâåëè÷åíèþ ìîæåò ïðèâåñòè òàêæå ó÷åò êðàåâûõ

ýôôåêòîâ, â ÷àñòíîñòè, ïîòåìíåíèå çâåçäû ê êðàþ.

Ïî îïðåäåëåíèþ âåëè÷èíà À ÿâëÿåòñÿ îòíîøåíèåì ïëîùàäè ïîâåðõíîñòè

ïÿòåí ê ïëîùàäè ïîâåðõíîñòè ìèíèìàëüíî çàïÿòíåííîé ïîëóñôåðû çâåçäû

â ïðîåêöèè. Äëÿ ìàêñèìàëüíî çàïÿòíåííîé ïîëóñôåðû îíî áîëüøå íà ke2

ðàçà. Çàïÿòíåííîñòü çâåçäû â öåëîì ìîæíî îöåíèòü òîëüêî â òîì ñëó÷àå,

åñëè ñ÷èòàòü, ÷òî ýòè ïîëóñôåðû ïðîòèâîïîëîæíû äðóã äðóãó, ÷òî ïðèáëèæåííî

èìååò ìåñòî ïðè íàêëîíå îñè âðàùåíèÿ çâåçäû íà ~60o
 - 90o. Â ýòîì ñëó÷àå
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ïàðàìåòð çàïÿòíåííîñòè
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Äåòàëüíîå îïèñàíèå èñïîëüçîâàííîãî ñïîñîáà ñ òåõíè÷åñêèìè ïîäðîá-

íîñòÿìè ïðèâåäåíî â ðàáîòå [1].

4. Îöåíêè çàïÿòíåííîñòè çâåçä. Â òàáë.2 è íà ðèñ.1-3 ïðèâåäåíû

îñíîâíûå ðåçóëüòàòû, ïîëó÷åííûå â äàííîé ðàáîòå. Â òàáë.2 ïðèâåäåíû -

îáîçíà÷åíèå çâåçäû; ïåðèîä îáðàùåíèÿ çâåçäû P
f 
, îïðåäåëåííîé ïî õðîíîëîãèè

ðåãèñòðèðîâàííûõ âñïûøåê; âû÷èñëåííîå çíà÷åíèå êîýôôèöèåíòà êîíöåíò-

ðàöèè k â (1) è (2); îòíîøåíèå ìèíèìàëüíîé ñâåòèìîñòè çâåçä ê ìàêñè-

ìàëüíîìó F
r
; çàïÿòíåííîñòü ìèíèìàëüíî çàïÿòíåííîé ïîëóñôåðû çâåçäû A;

çàïÿòíåííîñòü ìàêñèìàëüíî çàïÿòíåííîé ïîëóñôåðû çâåçäû kAe2 ; çàïÿò-

íåííîñòü ìàêñèìàëüíî çàïÿòíåííîé ïîëóñôåðû â åäèíèöàõ êâàäðàòà ðàäèóñà

Ñîëíöà 222
RRAe k , äëÿ ñðàâíåíèÿ ñ ðåçóëüòàòàìè ðàáîòû Îêàìîòî è äð.

[18]; îáùàÿ çàïÿòíåííîñòü çâåçäû A
total

, åñëè òîëüêî óãîë íàêëîíåíèÿ çâåçäû

ñðàâíèòåëüíî áîëüøîé (60o
 - 90o), à òàæå ïàðàìåòðû 0̂ , ̂ . Âåëè÷èíà 0̂ ,

êîòîðàÿ íå ôèãóðèðóåò â (2), èìååò ÷èñòî òåõíè÷åñêîå ïðîèñõîæäåíèå è

ñâÿçàíà ñ âûáîðîì â êà÷åñòâå íóëåâîãî ìîìåíòà âðåìåíè ìîìåíò ïåðâîé

ðåãèñòðèðîâàííîé âñïûøêè äàííîé çâåçäû, è ñîîòâåòñòâóåò íà÷àëó ïåðâîãî

áèíà êðóãîâîãî ðàñïðåäåëåíèÿ [1].

Îïðåäåëåíèå ïåðèîäîâ îñåâîãî âðàùåíèÿ çâåçä ÷åðåç õðîíîëîãèþ çâåçäíûõ

âñïûøåê P
f
 áûëî âûïîëíåíî ðîâíî òàê, êàê â ðàáîòàõ [1-4], çà îäíèì

èñêëþ÷åíèåì. Äëÿ áîëüøåé äîñòîâåðíîñòè ïîëó÷åííûõ îöåíîê, áûëà ïðîâåäåíà

äîïîëíèòåëüíàÿ ïðîâåðêà ñ ïðèâëå÷åíèåì íåïàðàìåòðè÷åñêîãî, áàéåñîâñêîãî

ìåòîäà Ãðåãîðè-Ëîðåäî. Êàê âèäíî èç òàáë.1 è 2, ïîëó÷åííûå ïåðèîäû

âðàùåíèÿ çâåçä P
f
 õîðîøî ñîãëàñóþòñÿ ñ ïåðèîäàìè P

rot
. Îäíîâðåìåííî ñ

ïåðèîäîì îïðåäåëåíû òàêæå ïîñòîÿííûå k,  ,  , íàèáîëåå âàæíûé èç

KIC P
f

k F
r

A
kAe2 222 / RRAe k

A
total

̂ 0̂

3728906 3.581 0.50081 0.973 0.015 0.041 0.039 0.028 5.4845 5.9409
4142137 1.924 0.43875 0.970 0.021 0.050 0.051 0.035 1.1378 2.2051
4249702 4.914 0.51191 0.942 0.031 0.087 0.057 0.059 0.1408 0.9298
6865416 3.447 0.42558 0.949 0.036 0.085 0.110 0.061 4.6353 0.9480
7532880 2.162 0.45166 0.973 0.018 0.044 0.044 0.031 3.4455 3.3793
9150539 3.245 0.42489 0.974 0.019 0.044 0.077 0.031 1.3991 1.5490
10537061 1.288 0.55355 0.963 0.018 0.054 0.052 0.036 3.2135 3.6601
10861194 1.275 0.51974 0.938 0.033 0.093 0.103 0.063 4.0195 5.5933
12354328 0.799 0.60536 0.975 0.011 0.035 0.033 0.023 3.5844 2.8347

Òàáëèöà 2

ÎÑÍÎÂÍÛÅ ÏÎËÓ×ÅÍÍÛÅ ÐÅÇÓËÜÒÀÒÛ
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êîòîðûõ, ïðèìåíèòåëüíî ê äàííîé çàäà÷å, ÿâëÿåòñÿ êîýôôèöèåíò êîíöåíòðàöèè

k. Ñ îïðåäåëåíèåì ýòèõ êîíñòàíò, îêîí÷àòåëüíî îïðåäåëÿåòñÿ ïåðèîäè÷åñêèé

ïàðàìåòð ïóàññîíîâñêîãî ïðîöåññà (1) è ñòðîÿòñÿ ôàçîâûå ðàñïðåäåëåíèÿ

âñïûøåê.

Äëÿ íàãëÿäíîñòè, íà ðèñ.1 ïðèâîäÿòñÿ ôàçîâûå ðàñïðåäåëåíèÿ âñïûøåê

(âû÷èñëåííîå-áàðû è íàáëþäàåìîå-òî÷êè, íèæíÿÿ ïàíåëü,) äëÿ çâåçäû KIC

4142137 è èõ ïðåäñòàâëåíèå â âèäå êðóãîâîãî ðàñïðåäåëåíèÿ ôîí Ìèçåñà

(âåðõíÿÿ ïàíåëü), ãäå íà÷àëîì ïåðâîãî áèíà êðóãîâîãî ðàñïðåäåëåíèÿ â

äàííîì ñëó÷àå ÿâëÿåòñÿ 205120 .ˆ   ðàä (ñîîòâåòñòâóåò óãëó ~126o, îòìå÷åí

÷åðíûì òðåóãîëüíèêîì). Ïåðâûé áèí êðóãîâîãî ðàñïðåäåëåíèÿ ñîîòâåòñòâóåò

ïåðâîìó áèíó ôàçîâîãî ðàñïðåäåëåíèÿ ñëåâà. Ñëåäóþùèå áèíû ïî ÷àñîâîé

ñòðåëêe ñîâïàäàþò ñ áèíàìè ôàçîâîãî ðàñïðåäåëåíèÿ ñëåâà íàïðàâî. Òî÷êà ñ

ëèíèåé â ïðåäïîñëåäíåì áèíå êðóãîâîé äèàãðàììû ýòî ñðåäíåå (ñðåäíåå

íàïðàâëåíèå) êðóãîâîãî ðàñïðåäåëåíèÿ ôîí Ìèçåñà 13781.ˆ   ðàä (ñîîò-

âåòñòâóåò óãëó ~65o). Â ðàìêàõ ïðèâåäåííûõ âûøå ïðåäïîëîæåíèé è ïðåä-

ïîñûëîê (ðàçäåë 3), ïîëó÷åííîå êðóãîâîå ðàñïðåäåëåíèå ôîí Ìèçåñà îäíî-

âðåìåííî ïðåäñòàâëÿåò ñîáîé ïëîòíîñòü ðàñïðåäåëåíèÿ çàïÿòíåííîñòè ïîëó-

ñôåðû çâåçäû, îáðàùåííîé ê íàáëþäàòåëþ. Ñîîòâåòñòâåííî, ëèíèÿ, ñîåäè-

íÿþùàÿ öåíòð êðóãà ñ íóëåâûì óãëîì, ÿâëÿåòñÿ àáñöèññîé ïëîòíîñòè ðàñïðå-

äåëåíèÿ çàïÿòíåííîñòè îáðàùåííîé ê íàáëþäàòåëþ ïîëóñôåðû çâåçäû.

Êðóãîâûå äèàãðàììû äëÿ äðóãèõ çâåçä ïðèâåäåíû â Ïðèëîæåíèè.

Íà äèàãðàììå (ðèñ.2) ïðèâîäèòñÿ ñðàâíåíèå ïîëó÷åííûõ â äàííîé ðàáîòå

Ðèñ.1. Ôàçîâîå ðàñïðåäåëåíèå âñïûøåê (âû÷èñëåííîå-áàðû è íàáëþäàåìîå-òî÷êè, íèæíÿÿ
ïàíåëü) è åãî ïðåäñòàâëåíèå â âèäå êðóãîâîãî ðàñïðåäåëåíèÿ ôîí Ìèçåñà äëÿ çâåçäû KIC

4142137.

Ôàçà

0
0

0.2 0.4 0.6 0.8

5

10

15

20

KIC 4142137
13781. , 205120 . (rad)
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çíà÷åíèé çàïÿòíåííîñòè çâåçä ñ ðåçóëüòàòàìè ðàáîòû Îêàìîòî è äð. [18].

Âèäíî, ÷òî íàáëþäàåòñÿ ñòàòèñòè÷åñêè çíà÷èìàÿ êîððåëÿöèÿ ñ êîýôôèöèåíòîì

êîððåëÿöèè r = 0.8959, è p-óðîâíåì çíà÷èìîñòè p = 0.0011 ìåæäó 222 / RRAe k

çàïÿòíåííîñòüþ ìàêñèìàëüíî çàïÿòíåííîé ïîëóñôåðû (äàííàÿ ðàáîòà) è

çàïÿòíåííîñòüþ A
sp
 èç [18]. Øòðèõ-ëèíèÿ íà äèàãðàììå ñîîòâåòñòâóåò ðàâåíñòâó

ðàññìîòðåííûõ çíà÷åíèé.

5. Çàêëþ÷åíèå. Ïðîâåäåííûé àíàëèç ïîêàçàë, ÷òî ìåòîä îöåíêè çàïÿòíåí-

íîñòè âñïûõèâàþùèõ çâåçä ïî õðîíîëîãèè âñïûøåê ìîæåò óñïåøíî ïðè-

ìåíÿòüñÿ è ê çâåçäàì ñîëíå÷íîãî òèïà, äåìîíñòðèðóþùèõ ñâåðõìîùíûå

âñïûøêè. Ïîëó÷åííûå ðåçóëüòàòû ïîäòâåðæäàþò íàëè÷èå òåñíîé êîððåëÿöèè

ìåæäó ðàñïðåäåëåíèåì âñïûøå÷íîé àêòèâíîñòè è óãëîâûì ðàñïðåäåëåíèåì

çâåçäíûõ ïÿòåí, à òàêæå äåìîíñòðèðóþò âîçìîæíîñòü êîëè÷åñòâåííîé îöåíêè

ïëîùàäè ïîêðûòèÿ ïîâåðõíîñòè ïÿòíàìè. Ïîëó÷åíî, ÷òî çàïÿòíåííîñòü

íàèáîëåå àêòèâíûõ çâåçä ñîëíå÷íîãî òèïà äîñòèãàåò äî 10% ïîâåðõíîñòè, ÷òî

áîëåå ÷åì íà ïîðÿäîê âûøå ñîëíå÷íûõ çíà÷åíèé. Ýòîò ôàêò ñîãëàñóåòñÿ ñ

íàáëþäàåìûìè âûñîêèìè ýíåðãèÿìè ñâåðõâñïûøåê è ïîäòâåðæäàåò ïðåäïî-

ëîæåíèå î ñâÿçè ìåæäó êðóïíûìè ïÿòíàìè è óñèëåííîé ìàãíèòíîé àêòèâ-

íîñòüþ. Ñîâïàäåíèå ïîëó÷åííûõ îöåíîê ñ íåçàâèñèìûìè ðåçóëüòàòàìè, îñíî-

âàííûìè íà äðóãèõ ìåòîäàõ, ñâèäåòåëüñòâóåò î íàäåæíîñòè è ôèçè÷åñêîé

îáîñíîâàííîñòè ïðåäëîæåííîãî ïîäõîäà.

Ïðåäëîæåííûé ñïîñîá îáëàäàåò ïîòåíöèàëîì äëÿ äàëüíåéøåãî ïðèìåíåíèÿ

â èçó÷åíèè âñïûøå÷íî-àêòèâíûõ îáëàñòåé è öèêëîâ àêòèâíîñòè ó çâåçä ðàçëè÷íûõ

ñïåêòðàëüíûõ òèïîâ. Îí ìîæåò ïðèìåíÿòüñÿ ê áîëüøèì âûáîðêàì äàííûõ

êîñìè÷åñêèõ ìèññèé Kepler, TESS è, â áëèæàéøåì áóäóùåì, PLATO, ÷òî

Ðèñ.2. Kîððåëÿöèÿ (ñïëîøíàÿ ëèíèÿ) ìåæäó îöåíêàìè çàïÿòíåííîñòè äëÿ èññëåäîâàííûõ

çâåçä ðåçóëüòàòàìè äàííîé ðàáîòû è ðàáîòû Îêàìîòî è äð. [18]. Øòðèõ-ëèíèÿ íà äèàãðàììå
ñîîòâåòñòâóåò ðàâåíñòâó ðàññìîòðåííûõ çíà÷åíèé.
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ïîçâîëèò ðàñøèðèòü ñòàòèñòèêó è èññëåäîâàòü çàâèñèìîñòè çàïÿòíåííîñòè îò

âîçðàñòà, ñêîðîñòè âðàùåíèÿ è óðîâíÿ âñïûøå÷íîé àêòèâíîñòè çâåçä. Â

÷àñòíîñòè, â ïîñëåäóþùèõ ðàáîòàõ ïëàíèðóåòñÿ ðàçäåëüíîå èññëåäîâàíèå

ìîùíûõ, óìåðåííûõ è ñëàáûõ âñïûøåê ó âñïûõèâàþùèõ çâåçä, ñ öåëüþ

âûÿâëåíèÿ âîçìîæíûõ îòëè÷èé ïðîñòðàíñòâåííîãî ðàñïðåäåëåíèÿ îáëàñòåé

ãåíåðèðóþùèõ ýòè âñïûøêè.

Áþðàêàíñêàÿ àñòðîôèçè÷åñêàÿ îáñåðâàòîðèÿ èì. Â.À.Àìáàðöóìÿíà,

e-mail: aakopian57@gmail.com

ÏÐÈËÎÆÅÍÈÅ

Â Ïðèëîæåíèè ïðèâîäÿòñÿ êðóãîâûå ðàñïðåäåëåíèÿ çâåçäíûõ ñâåðõâñïûøåê

èññëåäîâàííûõ çâåçä, êîòîðûå îäíîâðåìåííî ïðåäñòàâëÿþò ñîáîé ïëîòíîñòè

ðàñïðåäåëåíèÿ çàïÿòíåííîñòè ïîëóñôåðû çâåçäû, îáðàùåííîé ê íàáëþäàòåëþ,

ãäå íà÷àëî ïåðâîãî îòìå÷åíî ÷åðíûì òðåóãîëüíèêîì, à òî÷êà ñ ëèíèåé -

ñðåäíåå (ñðåäíåå íàïðàâëåíèå) êðóãîâîãî ðàñïðåäåëåíèÿ ôîí Ìèçåñà. Ëèíèÿ,

ñîåäèíÿþùàÿ öåíòð êðóãà ñ íóëåâûì óãëîì, ÿâëÿåòñÿ àáñöèññîé ïëîòíîñòè

ðàñïðåäåëåíèÿ çàïÿòíåííîñòè îáðàùåííîé ê íàáëþäàòåëþ ïîëóñôåðû çâåçäû.

Áèíû ïðîíóìåðîâàíû ïî ÷àñîâîé ñòðåëêå.

KIC 3728906
48455. , 940950 . (rad)

KIC 4249702
14080. , 929800 . (rad)

Ðèñ.3. Ðàñïðåäåëåíèå çàïÿòíåííîñòè èññëåäîâàííûõ çâåçä.



380 À.À.ÀÊÎÏßÍ

KIC 9150539
39911. , 549010 . (rad)

KIC 10537061
21353. , 660130 . (rad)

KIC 6865416
63534. , 94800 . (rad)

KIC 7532880
44553. , 379330 . (rad)

KIC 10861194
01954. , 593350 . (rad)

KIC 12354328
58443. , 834720 . (rad)

Ðèñ.3. (Îêîí÷àíèå)
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DETERMINING THE SPOTTEDNESS OF SOLAR-TYPE
STARS WITH SUPERFLARES

A.A.AKOPIAN

This paper considers the problem of determining the degree of spottedness of

solar-type stars with superflares. The main focus is on the application of a method

previously developed by the author for estimating the spotiness of flaring stars based

on the chronology of recorded flares. The method is based on determining the

periodic function of flare frequency based on statistical analysis of time series of

flares, interpreted as a Poisson process with a cyclic parameter related to the period

of the star's axial rotation. Converting this function into a von Mises distribution

density function allows us to move from the frequency of flares to estimating the

angular distribution of stellar spots and determine the effective surface area covered

by spots. Nine of the most active solar-type stars from the Okamoto et al. catalog

were studied, for which the axial rotation periods were calculated based on the

chronology of recorded flares, and the flare distribution concentration coefficients

and angular distributions of spots were obtained. The estimated values of spot

coverage range from 1-4% for the least spotted to 10% for the most spotted

hemispheres, which significantly exceeds the values for the Sun. Comparison with

the results of Okamoto et al. showed a high degree of agreement - the correlation

coefficient r = 0.896. The developed approach demonstrates the possibility of

determining the spotting of stars based on the time series of flare activity without

the use of high-resolution photometric or spectroscopic data, which makes it a

valuable tool for statistical studies of the magnetic activity of solar-type stars

exhibiting super-powerful flares.

Keywords: superflares: spottedness of stars
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ASTEROID ROTATION PERIODS: STATISTICAL
ANALYSIS IN THE DIAMETER-SPIN DISTRIBUTION

M.NASTARAN1, A.PORO2,3,4, R.HOSSEINI5, M.NAJARZADEH2,6

Received 2 August 2025
Accepted 17 December 2025

This study examines the rotational characteristics of asteroids through statistical modeling of
the diameter-period relationship. A statistical evaluation of the diameter-period relationship was
conducted using a dataset of 34326 asteroids. Clustering identified three main groups, including a
dense cluster below the spin barrier, a population of small, fast-rotating asteroids, and a more
diffuse group. Geometric and density-based analyses showed that the densest region consists of
objects with diameters from 3 to 10 km and rotation periods between 3 and 9 hours, some of which
extend beyond the spin barrier. Polynomial modeling demonstrated that a third-degree fit provides
the most stable representation of the overall trend without overfitting. Additionally, an empirical
lower boundary was identified and proposed, below which no asteroid was found in either the main
sample or the selected targets.
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ÏÅÐÈÎÄÛ ÂÐÀÙÅÍÈß ÀÑÒÅÐÎÈÄÎÂ:
ÑÒÀÒÈÑÒÈ×ÅÑÊÈÉ ÀÍÀËÈÇ ÐÀÑÏÐÅÄÅËÅÍÈß

ÄÈÀÌÅÒÐ-ÑÏÈÍ

Ì.ÍÀÑÒÀÐÀÍ1, À.ÏÎÐÎ2,3,4, Ð.ÕÎÑÑÅÉÍÈ5, Ì.ÍÀÄÆÀÐÇÀÄÅ2,6

Â ýòîì èññëåäîâàíèè èçó÷åíû õàðàêòåðèñòèêè âðàùåíèÿ àñòåðîèäîâ

ïîñðåäñòâîì ñòàòèñòè÷åñêîãî ìîäåëèðîâàíèÿ çàâèñèìîñòè äèàìåòð-ïåðèîä.

Ñòàòèñòè÷åñêàÿ îöåíêà çàâèñèìîñòè äèàìåòð-ïåðèîä áûëà ïðîâåäåíà ñ

èñïîëüçîâàíèåì âûáîðêè äàííûõ èç 34326 àñòåðîèäîâ. Êëàñòåðèçàöèÿ âûÿâèëà

òðè îñíîâíûå ãðóïïû, â òîì ÷èñëå ïëîòíîå ñêîïëåíèå íèæå ñïèíîâîãî

áàðüåðà, ïîïóëÿöèþ íåáîëüøèõ, áûñòðî âðàùàþùèõñÿ àñòåðîèäîâ è áîëåå

äèôôóçíóþ ãðóïïó. Ãåîìåòðè÷åñêèé àíàëèç è àíàëèç ïëîòíîñòè ïîêàçàëè,

÷òî ñàìàÿ ïëîòíàÿ îáëàñòü ñîñòîèò èç îáúåêòîâ äèàìåòðîì îò 3 äî 10 êì è

ïåðèîäàìè âðàùåíèÿ îò 3 äî 9 ÷àñîâ, íåêîòîðûå èç êîòîðûõ âûõîäÿò çà

ïðåäåëû ñïèíîâîãî áàðüåðà. Ïîëèíîìèàëüíîå ìîäåëèðîâàíèå ïîêàçàëî, ÷òî

àïïðîêñèìàöèÿ òðåòüåé ñòåïåíè îáåñïå÷èâàåò íàèáîëåå ñòàáèëüíîå

ïðåäñòàâëåíèå îáùåãî òðåíäà. Êðîìå òîãî, áûëà îïðåäåëåíà è ïðåäëîæåíà

ýìïèðè÷åñêàÿ íèæíÿÿ ãðàíèöà, íèæå êîòîðîé íå áûëî îáíàðóæåíî íè îäíîãî

àñòåðîèäà.

Êëþ÷åâûå ñëîâà: àñòåðîèä - àíàëèç äàííûõ - ïåðèîä âðàùåíèÿ
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 ON THE ORIGIN OF EMISSION IN THE
WHITE-LIGHT CONTINUUM IN POWERFUL

STELLAR AND SOLAR FLARES

E.S.MORCHENKO
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In this study, attention is drawn to some observable manifestations of the existence of two
separate regions with different temporal development during powerful flares on dMe stars and on
the Sun. I propose a theoretical interpretation of the origin of the white-light continuum in powerful
stellar flares with classical light curves and discuss it in the context of observations of the white-
light flares of the first type on the Sun.

Keywords: red dwarfs: Sun: flares: light curves: models of flares: white-light

     continuum
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Î ÏÐÎÈÑÕÎÆÄÅÍÈÈ ÈÇËÓ×ÅÍÈß Â ÁÅËÎÌ ÑÂÅÒÅ
ÌÎÙÍÛÕ ÇÂÅÇÄÍÛÕ È ÑÎËÍÅ×ÍÛÕ ÂÑÏÛØÅÊ

Å.Ñ.ÌÎÐ×ÅÍÊÎ

Â ýòîé ñòàòüå îáðàùàåòñÿ âíèìàíèå íà íåêîòîðûå íàáëþäàåìûå ïðîÿâëåíèÿ

ñóùåñòâîâàíèÿ äâóõ îòäåëüíûõ îáëàñòåé ñ ðàçëè÷íûì âðåìåííûì ðàçâèòèåì

âî âðåìÿ ìîùíûõ âñïûøåê íà dMe çâåçäàõ è íà Ñîëíöå. Àâòîð ïðåäëàãàåò

òåîðåòè÷åñêóþ èíòåðïðåòàöèþ ïðîèñõîæäåíèÿ êîíòèíóóìà áåëîãî ñâåòà ìîùíûõ

çâåçäíûõ âñïûøåê ñ êëàññè÷åñêèìè êðèâûìè áëåñêà è îáñóæäàåò åå â

êîíòåêñòå íàáëþäåíèé áåëûõ âñïûøåê ïåðâîãî òèïà íà Ñîëíöå.

Êëþ÷åâûå ñëîâà: êðàñíûå êàðëèêè: Ñîëíöå: Âñïûøêè: êðèâûå áëåñêà: Ìîäåëè

      âñïûøåê: êîíòèíóóì áåëîãî ñâåòà
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NONLINEAR RADIATIVE TRANSFER IN RESONANCE
LINES WITH NONCOHERENT SCATTERING

A.Kh.KHACHATRYAN
Received 10 November 2025

 This paper addresses to the solving of the nonlinear radiative transfer equation in resonance
lines under partial frequency redistribution. The existence of a constructive solution to the two-
dimensional integral equation is proven for the general case of nonlinearity with non-coherent
scattering. Special attention is focused to different kinds of nonlinear dependencies of the source
function on the mean intensity. Along with nonlinearity, we also separately consider the cases of
coherent, complete, and general frequency redistribution. Based on the theoretical results, numerical
simulations are implemented to demonstrate the qualitative and quantitative differences between the
linear and nonlinear solutions. Numerical calculations are carried out for the different  spectral lines
arising in masers, as well as in solar and stellar chromospheres.

Keywords: transfer equation: nonlinearity: noncoherent scattering: iteration: con-

      vergence: resonance lines
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ÍÅËÈÍÅÉÍÛÉ ÏÅÐÅÍÎÑ ÈÇËÓ×ÅÍÈß Â
ÐÅÇÎÍÀÍÑÍÛÕ ËÈÍÈßÕ Ñ ÍÅÊÎÃÅÐÅÍÒÍÛÌ

ÐÀÑÑÅßÍÈÅÌ

À.Õ.ÕÀ×ÀÒÐßÍ

Â äàííîé ñòàòüå ðàññìàòðèâàåòñÿ ðåøåíèå óðàâíåíèÿ íåëèíåéíîãî  ïåðåíîñà

èçëó÷åíèÿ â ðåçîíàíñíûõ ëèíèÿõ ïðè ÷àñòè÷íîì ïåðåðàñïðåäåëåíèè ÷àñòîòû.

Ñóùåñòâîâàíèå êîíñòðóêòèâíîãî ðåøåíèÿ äâóìåðíîãî èíòåãðàëüíîãî óðàâíåíèÿ

äîêàçàíî äëÿ îáùåãî ñëó÷àÿ íåëèíåéíîñòè ñ íåêîãåðåíòíûì ðàññåÿíèåì.

Îñîáîå âíèìàíèå óäåëåíî ðàçëè÷íûì âèäàì íåëèíåéíûõ çàâèñèìîñòåé ôóíêöèè

èñòî÷íèêà îò ñðåäíåé èíòåíñèâíîñòè. Ïîìèìî íåëèíåéíîñòè, îòäåëüíî ðàññìîò-

ðåíû òàêæå ñëó÷àè êîãåðåíòíîãî, ïîëíîãî è îáùåãî ÷àñòîòíîãî ïåðåðàñïðå-

äåëåíèÿ. Íà îñíîâå òåîðåòè÷åñêèõ ðåçóëüòàòîâ ïðîâåäåíû  ÷èñëåííûå ñèìóëÿöèè

äëÿ äåìîíñòðàöèè êà÷åñòâåííûõ è êîëè÷åñòâåííûõ ðàçëè÷èé ìåæäó ëèíåéíûìè

è íåëèíåéíûìè ðåøåíèÿìè. ×èñëåííûå ðàñ÷åòû âûïîëíåíû äëÿ ðàçëè÷íûõ

ñïåêòðàëüíûõ ëèíèé, âîçíèêàþùèõ â ìàçåðàõ, à òàêæå äëÿ ñîëíå÷íûõ è

çâåçäíûõ õðîìîñôåð.

Êëþ÷åâûå ñëîâà: óðàâíåíèå ïåðåíîñà: íåëèíåéíîñòü: íåêîãåðåíòíîå ðàññåÿíèå:

      èòåðàöèÿ: ñõîäèìîñòü: ðåçîíàíñíûå ëèíèè
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In this paper, we employ the Variable Phase Approach (VPA) to obtain the scattering phase
shifts ) ,( rE , amplitude function A(r), and radial wavefunction u(r) for various channels involved

in the astrophysical reaction B) ,Be(
87

p . Using the extracted phase shifts, we compute the total
and partial cross sections. It is observed that the peaks in the partial cross section correspond to
resonant states in the compound nucleus 8B, which also manifest as enhancements in the astrophysi-
cal S-factor. These resonances significantly increase the reaction probability at certain energies,
particularly in the low-energy regime relevant to stellar nucleosynthesis. The VPA thus serves as a
reliable and efficient method for calculating scattering phase shifts and, in turn, extracting the
resonance energies of different partial waves. These resonance energies can provide valuable insight
into the energy region where the astrophysical S-factor is likely to peak.
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ÂÛ×ÈÑËÈÒÅËÜÍÛÉ ÀÍÀËÈÇ ÐÅÇÎÍÀÍÑÍÛÕ
ÑÒÐÓÊÒÓÐ Â ÐÀÑÑÅßÍÈÈ p7Be È ÈÕ ÊÎÐÐÅËßÖÈß Ñ

ÀÑÒÐÎÔÈÇÈ×ÅÑÊÈÌ S-ÔÀÊÒÎÐÎÌ

À.ÕÀ×È1, Â.ÄÂÈÂÅÄÈ2, Ø.ÀÂÀÑÒÈ3

Â äàííîé ðàáîòå èñïîëüçoâàí ïîäõîä ñ ïåðåìåííîé ôàçîé (VPA) äëÿ

ïîëó÷åíèÿ ñäâèãîâ ôàçû ðàññåÿíèÿ  rE ,  , ôóíêöèè àìïëèòóäû A(r) è

ðàäèàëüíîé âîëíîâîé ôóíêöèè u(r) äëÿ ðàçëè÷íûõ êàíàëîâ, ó÷àñòâóþùèõ â

àñòðîôèçè÷åñêîé ðåàêöèè   B ,Be 87 p . Èñïîëüçóÿ èçâëå÷åííûå ôàçîâûå ñäâèãè,

âû÷èñëåíû ïîëíûå è ÷àñòè÷íûå ñå÷åíèÿ. Íàáëþäàåòñÿ, ÷òî ïèêè â ÷àñòè÷íîì

ñå÷åíèè ñîîòâåòñòâóþò ðåçîíàíñíûì ñîñòîÿíèÿì â ñîñòàâíîì ÿäðå 8B, êîòîðûå

òàêæå ïðîÿâëÿþòñÿ â âèäå óñèëåíèÿ àñòðîôèçè÷åñêîãî S-ôàêòîðà. Ýòè ðåçî-

íàíñû çíà÷èòåëüíî óâåëè÷èâàþò âåðîÿòíîñòü ðåàêöèè ïðè îïðåäåëåííûõ

ýíåðãèÿõ, îñîáåííî â ðåæèìå íèçêèõ ýíåðãèé, èìåþùåì îòíîøåíèå ê çâåçäíîé

íóêëåîñèíòåçå. Òàêèì îáðàçîì, VPA ñëóæèò íàäåæíûì è ýôôåêòèâíûì

ìåòîäîì äëÿ ðàñ÷åòà ôàçîâûõ ñäâèãîâ ðàññåÿíèÿ è, â ñâîþ î÷åðåäü, èçâëå÷åíèÿ

ýíåðãèé ðåçîíàíñà ðàçëè÷íûõ ÷àñòè÷íûõ âîëí. Ýòè ýíåðãèè ðåçîíàíñà ìîãóò

äàòü öåííóþ èíôîðìàöèþ îá îáëàñòè ýíåðãèé, â êîòîðîé àñòðîôèçè÷åñêèé

S-ôàêòîð, âåðîÿòíî, äîñòèãàåò ìàêñèìóìà.

Êëþ÷åâûå ñëîâà: ðàññåÿíèå: ïîäõîä ñ ïåðåìåííîé ôàçîé: ôàçîâûé ñäâèã:

       ôóíêöèÿ àìïëèòóäû: âîëíîâàÿ ôóíêöèÿ: ðåçîíàíñ: S-ôàêòîð
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We examine bouncing cosmology in the anisotropic Bianchi type-III framework within Brans-
Dicke gravity, incorporating Kaniadakis holographic dark energy with Hubble and Granda-Oliveros
radii as infrared cutoff. We reconstruct bouncing model through correspondence scheme utilizing
power-law form of the scalar field in terms of average scale factor. The natural anisotropy in Bianchi
type-III model modifies expansion dynamics, offering a broader perspective on early-universe
evolution beyond standard isotropic models. We analyze key cosmological parameters, including
deceleration, jerk, equation of state 

de
 , energy conditions, squared sound speed 2

s
v  and dede


plane. Models are exhibiting oscillatory transitions across the phantom divide and evolves smoothly
toward 1

de  at late times. The stability analysis based on the squared sound speed 2

s
v  reveals

that models remain dynamically stable over most of the cosmic history and admit instabilities near
the bounce. A dynamical phase-space study in the dede

  plane shows that both models evolve
predominantly in the thawing region, implying an asymptotic approach to a cosmological constant.
The energy condition analysis further confirms that the violation of the null and strong energy
conditions is a necessary feature for the realization of the bounce.

Keywords: bouncing cosmology: Brans-Dicke gravity: Bianchi type model: Kaniadakis

      holographic dark energy: cosmology: scalar-tensor theory
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ÄÈÍÀÌÈÊÀ ÊÎÑÌÎËÎÃÈÈ ÎÒÑÊÎÊÀ Â
ÃÐÀÂÈÒÀÖÈÈ ÁÐÀÍÑÀ-ÄÈÊÅ Ñ ÃÎËÎÃÐÀÔÈ×ÅÑÊÎÉ

ÒÅÌÍÎÉ ÝÍÅÐÃÈÅÉ ÊÀÍÈÀÄÀÊÈÑÀ

Ê.ÌÓÐÀËÈ1, É.ÀÄÈÒÜß2, Ñ.Ê.ÂÀËÈ3

Ìû èññëåäóåì êîñìîëîãèþ îòñêîêà â àíèçîòðîïíîé ìîäåëè òèïà III

Áüÿíêè â ðàìêàõ ãðàâèòàöèè Áðàíñà-Äèêå, âêëþ÷àÿ ãîëîãðàôè÷åñêóþ òåìíóþ

ýíåðãèþ Êàíèàäàêèñà ñ ðàäèóñàìè Õàááëà è Ãðàíäà-Îëèâåðîñ â êà÷åñòâå

èíôðàêðàñíîãî îòñå÷åíèÿ. Ìû ðåêîíñòðóèðóåì ìîäåëü îòñêîêà ñ ïîìîùüþ

ñõåìû ñîîòâåòñòâèé, èñïîëüçóÿ ñòåïåííóþ ôîðìó ñêàëÿðíîãî ïîëÿ â òåðìèíàõ

ñðåäíåãî ìàñøòàáíîãî êîýôôèöèåíòà. Åñòåñòâåííàÿ àíèçîòðîïèÿ â ìîäåëè

òèïà III Áüÿíêè ìîäèôèöèðóåò äèíàìèêó ðàñøèðåíèÿ, ïðåäëàãàÿ áîëåå

øèðîêóþ ïåðñïåêòèâó ýâîëþöèè ðàííåé Âñåëåííîé çà ïðåäåëàìè ñòàíäàðòíûõ

èçîòðîïíûõ ìîäåëåé. Ìû àíàëèçèðóåì êëþ÷åâûå êîñìîëîãè÷åñêèå ïàðàìåòðû,

âêëþ÷àÿ çàìåäëåíèå, ðûâîê, óðàâíåíèå ñîñòîÿíèÿ de , óñëîâèÿ ýíåðãèè,

êâàäðàò ñêîðîñòè çâóêà 
2
sv  è ïëîñêîñòü dede  . Ìîäåëè äåìîíñòðèðóþò

êîëåáàòåëüíûå ïåðåõîäû ÷åðåç ôàíòîìíûé ðàçðûâ è ïëàâíî ýâîëþöèîíèðóþò

ê 1de  â ïîçäíèå âðåìåíà. Àíàëèç óñòîé÷èâîñòè, îñíîâàííûé íà êâàäðàòå

ñêîðîñòè çâóêà 
2
sv , ïîêàçûâàåò, ÷òî ìîäåëè îñòàþòñÿ äèíàìè÷åñêè óñòîé÷èâûìè

íà ïðîòÿæåíèè áîëüøåé ÷àñòè êîñìè÷åñêîé èñòîðèè è äîïóñêàþò

íåóñòîé÷èâîñòè âáëèçè îòñêîêà. Äèíàìè÷åñêîå èññëåäîâàíèå ôàçîâîãî

ïðîñòðàíñòâà â ïëîñêîñòè dede   ïîêàçûâàåò, ÷òî îáå ìîäåëè ýâîëþ-

öèîíèðóþò ïðåèìóùåñòâåííî â îáëàñòè îòòàèâàíèÿ, ÷òî ïîäðàçóìåâàåò àñèìï-

òîòè÷åñêèé ïîäõîä ê êîñìîëîãè÷åñêîé ïîñòîÿííîé. Àíàëèç ýíåðãåòè÷åñêèõ

óñëîâèé äîïîëíèòåëüíî ïîäòâåðæäàåò, ÷òî íàðóøåíèå íóëåâûõ è ñèëüíûõ

ýíåðãåòè÷åñêèõ óñëîâèé ÿâëÿåòñÿ íåîáõîäèìîé õàðàêòåðèñòèêîé äëÿ ðåàëèçàöèè

îòñêîêà.

Êëþ÷åâûå ñëîâà: êîñìîëîãèÿ îòñêîêà: ãðàâèòàöèÿ Áðàíñà-Äèêå: ìîäåëü òèïà
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 THEORETICAL INVESTIGATION OF DARK STARS
ADMITTING THE CHAPLYGIN EQUATION OF STATE
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This study investigates the internal structure of compact stars models using the Chaplygin
equation of state, a notable candidate for describing exotic matter due to its ability to manifest
dark energy through an inverse pressure-density relationship. By integrating this equation of state
into the framework of general relativity, we derive solutions that describe stable and physically
realistic stellar configurations. The spacetime geometry within the stellar interior is governed by the
Buchdahl metric potential, facilitating the construction of analytic models applicable to observed
compact objects such as PSRJ1903 + 327, CenX - 3, and VelaX - 1, with respective masses of

1.667


M , 1.49


M , and 1.77


M , and corresponding radii of 9.438 km, 9.178 km, and 9.56 km.
To visualize the behavior of thermodynamic variables, two-dimensional contour plots are employed
to illustrate the spatial variation of matter density and radial pressure, revealing centrally peaked
distributions that decrease smoothly toward the boundary-consistent with expected stellar behavior.
The model's validity is further examined using standard physical checks, including the satisfaction
of energy conditions, causality constraints, and dynamical stability via the adiabatic index. The
results support the Chaplygin gas as a compelling equation of state for describing compact astro-
physical bodies and demonstrate the effectiveness of combining analytic methods with advanced
graphical analysis in modeling relativistic stars.
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ÒÅÎÐÅÒÈ×ÅÑÊÎÅ ÈÑÑËÅÄÎÂÀÍÈÅ ÒÅÌÍÛÕ ÇÂÅÇÄ
Ñ Ó×ÅÒÎÌ ÓÐÀÂÍÅÍÈß ÑÎÑÒÎßÍÈß ×ÀÏËÛÃÈÍÀ

 Ï.ÒÀÌÒÀ, Ï.ÔÓËÎÐÈß

Â äàííîì èññëåäîâàíèè èçó÷àåòñÿ âíóòðåííÿÿ ñòðóêòóðà ìîäåëåé

êîìïàêòíûõ çâåçä ñ èñïîëüçîâàíèåì óðàâíåíèÿ ñîñòîÿíèÿ ×àïëûãèíà, êîòîðîå

ÿâëÿåòñÿ îäíèì èç íàèáîëåå ïîäõîäÿùèõ äëÿ îïèñàíèÿ ýêçîòè÷åñêîé ìàòåðèè

áëàãîäàðÿ ñâîåé ñïîñîáíîñòè ïðîÿâëÿòü òåìíóþ ýíåðãèþ ÷åðåç îáðàòíóþ

çàâèñèìîñòü äàâëåíèÿ îò ïëîòíîñòè. Èíòåãðèðóÿ ýòî óðàâíåíèå ñîñòîÿíèÿ â

ðàìêè îáùåé òåîðèè îòíîñèòåëüíîñòè,  ïîëó÷åíû ðåøåíèÿ, îïèñûâàþùèå

ñòàáèëüíûå è ôèçè÷åñêè ðåàëèñòè÷íûå êîíôèãóðàöèè çâåçä. Ãåîìåòðèÿ

ïðîñòðàíñòâà-âðåìåíè âíóòðè çâåçäû îïðåäåëÿåòñÿ ìåòðè÷åñêèì ïîòåíöèàëîì

Áóõäàëÿ, ÷òî îáëåã÷àåò ïîñòðîåíèå àíàëèòè÷åñêèõ ìîäåëåé, ïðèìåíèìûõ ê

íàáëþäàåìûì êîìïàêòíûì îáúåêòàì, òàêèì êàê PSRJ1903 + 327, CenX - 3 è

VelaX - 1, ñ ñîîòâåòñòâóþùèìè ìàññàìè 1.667 M , 1.49 M  è 1.77 M , à

òàêæå ñîîòâåòñòâóþùèìè ðàäèóñàìè 9.438 êì, 9.178 êì è 9.56 êì. Äëÿ âèçóà-

ëèçàöèè ïîâåäåíèÿ òåðìîäèíàìè÷åñêèõ ïåðåìåííûõ èñïîëüçóþòñÿ äâóìåðíûå

êîíòóðíûå ãðàôèêè, èëëþñòðèðóþùèå ïðîñòðàíñòâåííîå èçìåíåíèå ïëîòíîñòè

âåùåñòâà è ðàäèàëüíîãî äàâëåíèÿ, êîòîðûå ïîêàçûâàþò ðàñïðåäåëåíèå ñ

ïèêîì â öåíòðå, ïëàâíî óìåíüøàþùååñÿ ê ãðàíèöå, ÷òî ñîîòâåòñòâóåò îæè-

äàåìîìó ïîâåäåíèþ çâåçä. Äîñòîâåðíîñòü ìîäåëè äîïîëíèòåëüíî ïðîâåðÿåòñÿ

ñ ïîìîùüþ ñòàíäàðòíûõ ôèçè÷åñêèõ ïðîâåðîê, âêëþ÷àÿ ñîáëþäåíèå ýíåðãå-

òè÷åñêèõ óñëîâèé, îãðàíè÷åíèé ïðè÷èííîñòè è äèíàìè÷åñêîé ñòàáèëüíîñòè

ñ ïîìîùüþ àäèàáàòè÷åñêîãî èíäåêñà. Ðåçóëüòàòû ïîäòâåðæäàþò, ÷òî ãàç

×àïëûãèíà ÿâëÿåòñÿ ïðèâëåêàòåëüíûì óðàâíåíèåì ñîñòîÿíèÿ äëÿ îïèñàíèÿ

êîìïàêòíûõ àñòðîôèçè÷åñêèõ òåë, è äåìîíñòðèðóþò ýôôåêòèâíîñòü ñî÷åòàíèÿ

àíàëèòè÷åñêèõ ìåòîäîâ ñ ïåðåäîâûì ãðàôè÷åñêèì àíàëèçîì ïðè ìîäåëèðîâàíèè

ðåëÿòèâèñòñêèõ çâåçä.

Êëþ÷åâûå ñëîâà: òåìíûå çâåçäû: óðàâíåíèÿ ×àïëûãèíà
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äîëæíû èìåòü îäíó îáùóþ íóìåðàöèþ ñòðàíèö. Ñóììàðíûé îáúåì íå

äîëæåí ïðåâûøàòü 16 ñòàíäàðòíûõ ñòðàíèö. Îáúåì êðàòêîãî ñîîáùåíèÿ - íå

áîëåå 4 ñòðàíèö.

Ñòàòüÿ ñîñòîèò èç ïðîíóìåðîâàííûõ ðàçäåëîâ, íà÷èíàÿ ñ "1. Ââåäåíèå".

Íàçâàíèÿ ðàçäåëîâ ïå÷àòàþòñÿ êóðñèâîì â ñòðîêå, îíè äîëæíû áûòü êðàòêèìè

è ñîäåðæàòåëüíûìè. Ïîäðàçäåëû ìîãóò áûòü ïðîíóìåðîâàíû êàê 2.1, 2.2 è

ò.ä. Íåîáõîäèìûå ñîêðàùåíèÿ òåðìèíîâ èëè íàçâàíèé ìîãóò áûòü èñïîëü-

çîâàíû âî âñåé ñòàòüå, îäíàêî èõ îáúÿñíåíèå äàåòñÿ ëèøü îäèí ðàç ïðè

ïåðâîì óïîìèíàíèè.

7. Â ñëó÷àå ïðåäñòàâëåíèÿ äâóõ èëè áîëåå ñòàòåé îäíîâðåìåííî íåîáõîäèìî

óêàçàòü æåëàòåëüíûé ïîðÿäîê èõ ïóáëèêàöèè.

8. Ðóêîïèñè àâòîðàì íå âîçâðàùàþòñÿ.

9. Àâòîðàì ñòàòüè (íåçàâèñèìî îò èõ êîëè÷åñòâà) ïðåäñòàâëÿåòñÿ 10

îòòèñêîâ áåñïëàòíî.
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