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Ïîñòóïèëà 26 ÿíâàðÿ 2025
Ïðèíÿòà ê ïå÷àòè 4 èþíÿ 2025

Ïðåäñòàâëåíû ðåçóëüòàòû àíàëèçà ïðîÿâëåíèé àêòèâíîñòè ÿðêîé çâåçäû ñîëíå÷íîãî
òèïà HD 111395 ñ öåëüþ äàëüíåéøåãî ñîïîñòàâëåíèÿ åå ôîòîñôåðíîé, õðîìîñôåðíîé è
êîðîíàëüíîé àêòèâíîñòè. Óñòàíîâëåíà áîëåå âûñîêàÿ àêòèâíîñòü HD 111395 ïî ñðàâíåíèþ
ñ Ñîëíöåì. Âåëè÷èíû ïåðèîäà âðàùåíèÿ çâåçäû P

rot
 ëåæàò â äèàïàçîíå îò 15.25 äî 18.88

ñóò, ÷òî óêàçûâàåò íà äèôôåðåíöèàëüíûé õàðàêòåð âðàùåíèÿ åå ïîâåðõíîñòè. Ïî äàííûì
ñåêòîðîâ 23 è 49 èç àðõèâà ìèññèè TESS áûëè îöåíåíû âåëè÷èíû ïàðàìåòðà çàïÿòíåííîñòè
çâåçäû è ïëîùàäåé ïÿòåí íà åå ïîâåðõíîñòè (7500 ì.ä.ï. è 8900 ì.ä.ï., äëÿ ñåêòîðîâ 23 è
49, ñîîòâåòñòâåííî), êîòîðûå ïðåâîñõîäÿò ñðåäíèå ñîëíå÷íûå õàðàêòåðèñòèêè, íî ñîïîñòàâèìû
ñ ìàêñèìàëüíûì óðîâíåì ó Ñîëíöà. Ïî äàííûì àðõèâà Kamogata Wide-field Survey (KWS)
áûëè íàéäåíû âåëè÷èíû P

cycl 
, êîòîðûå ñîñòàâëÿþò 930 ñóò (2.5 ãîäà), 1830 ñóò (5.0 ëåò) è

3800 ñóò (10.4 ãîäà), à ïî èçìåðåíèÿì ASAS - 1800 ñóò (4.9 ãîäà). Ïîëó÷åííûå ðåçóëüòàòû
ñîïîñòàâëåíû ñ äàííûìè î öèêëàõ àêòèâíîñòè, êîòîðûå áûëè óñòàíîâëåíû ïî õðîìîñôåðíûì
ïðîÿâëåíèÿì è íàáëþäàåìûì äîëãîñðî÷íûì èçìåíåíèÿì â ïîòîêå ðåíòãåíîâñêîãî èçëó÷åíèÿ.

Êëþ÷åâûå ñëîâà: çâåçäû: ïÿòíà: ôîòîìåòðèÿ: ïåðåìåííîñòü: öèêëû àêòèâíîñòè

1. Ââåäåíèå. Àâòîðû [1] âûïîëíèëè îáøèðíîå èññëåäîâàíèå ïðîÿâëåíèé

àêòèâíîñòè çâåçäû G5V HD 111395 ñ öåëüþ óñòàíîâëåíèÿ èõ öèêëè÷íîñòè.

Áûëè ïðîàíàëèçèðîâàíû äàííûå íàçåìíûõ òåëåñêîïîâ, àðõèâà ìèññèè TESS

è ðåíòãåíîâñêîãî òåëåñêîïà eROSITA íà áîðòó SRG. Àíàëèç äàííûõ óêàçàë

íà âîçìîæíîå íàëè÷èå äîëãîñðî÷íûõ öèêëîâ.

Â ÷àñòíîñòè, ïðè èñïîëüçîâàíèè äîñòóïíûõ ëèòåðàòóðíûõ äàííûõ ïî

èíäåêñó S, â [1] áûëà îöåíåíà âåðîÿòíàÿ ïðîäîëæèòåëüíîñòü ïîòåíöèàëüíûõ

äîëãîñðî÷íûõ öèêëîâ â 12-15 ëåò. Ïî äàííûì î õðîìîñôåðíîé àêòèâíîñòè

áûëè îïðåäåëåíû âåëè÷èíû ïåðèîäîâ âðàùåíèÿ P
rot
 çâåçäû äëÿ êàæäîãî

ñåçîíà íàáëþäåíèé è íàéäåí ñðåäíèé ïåðèîä âðàùåíèÿ, ðàâíûé 16.76 ± 0.36

ñóò, óñðåäíåííûé ïî âñåì ñåçîíàì íàáëþäåíèé è õðîìîñôåðíûì ïîêàçàòåëÿì.

Çíà÷èòåëüíûå ðàçëè÷èÿ ñðåäíèõ âåëè÷èí ïåðèîäîâ âðàùåíèÿ ïî ñåçîíàì

èíòåðïðåòèðîâàíû êàê ïðèçíàê äèôôåðåíöèàëüíîãî âðàùåíèÿ ïîâåðõíîñòè.

Öåëü íàøåãî èññëåäîâàíèÿ ñîñòîèò â óñòàíîâëåíèè ïðîÿâëåíèé àêòèâíîñòè

HD 111395 ïî íàçåìíûì è êîñìè÷åñêèì ôîòîìåòðè÷åñêèì íàáëþäåíèÿì è

â ñîïîñòàâëåíèè èõ ñ ðåçóëüòàòàìè, ïîëó÷åííûìè â [1] èç àíàëèçà õðîìî-
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ñôåðíûõ èíäåêñîâ.

Îñíîâíûå äàííûå î HD 111395 ñîäåðæàòñÿ â ðàáîòå [1] è öèòèðóåìûõ

â íåé ëèòåðàòóðíûõ èñòî÷íèêàõ. Áëåñê çâåçäû ñîñòàâëÿåò 6.29 çâ. âåë. â

ôèëüòðå V è 6.98 - â ôèëüòðå B. Âåëè÷èíà ïåðèîäà îñåâîãî âðàùåíèÿ çâåçäû

P
rot

 = 16 - 17 ñóò. HD 111395 ÿâëÿåòñÿ äîñòàòî÷íî áëèçêî ðàñïîëîæåííûì ê íàì

G êàðëèêîì, ðàññòîÿíèå äî íåãî ñîñòàâëÿåò 17.098 ± 0.009 ïê.

2. Âðàùåíèå HD 111395. Àâòîðû [2] íà îñíîâå ôîòîìåòðè÷åñêèõ

íàáëþäåíèé ñ ðîáîòèçèðîâàííûì òåëåñêîïîì îïðåäåëèëè ïåðèîä âðàùåíèÿ

P
rot
 çâåçäû, êîòîðûé ïî èõ îöåíêå ñîñòàâèë 15.8 ñóò. Â äàëüíåéøåì âåëè÷èíà

P
rot
 òàêæå áûëà èçìåðåíà íà îñíîâå äàííûõ î ïåðåìåííîñòè ëèíèé CaII H

è K, à òàêæå IRT [3], êîòîðàÿ îêàçàëàñü ðàâíîé 16.2 ± 0.1 ñóò; îáà ïðèâåäåííûõ

âûøå çíà÷åíèÿ ïðèìåðíî ñîãëàñóþòñÿ äðóã ñ äðóãîì.

Íàáëþäåíèÿ HD 111395 ñ òåëåñêîïàìè ìèññèè TESS â 2020 è 2022ãã.

áûëè ïðîàíàëèçèðîâàíû â [1]. Ïîäîáíî íàøåìó âûâîäó â [4], àâòîðû [1]

çàêëþ÷èëè, ÷òî îïðåäåëåíèå ïåðèîäà âðàùåíèÿ íà îñíîâå óêàçàííûõ äàííûõ

TESS ÿâëÿåòñÿ ïðîáëåìàòè÷íûì èç-çà ñîîòíîøåíèÿ ìåæäó ïðîäîëæèòåëüíîñòüþ

îæèäàåìîãî ïåðèîäà âðàùåíèÿ è äëèíû âðåìåííîãî ðÿäà, ïîñêîëüêó â êàæäîì

ñåêòîðå ìîæíî íàáëþäàòü òîëüêî îêîëî îäíîãî ïîëíîãî öèêëà âðàùåíèÿ;

êðîìå òîãî, â ñàìèõ èçìåðåíèÿõ ìîãóò ñîäåðæàòüñÿ èíñòðóìåíòàëüíûå ñèñòå-

ìàòè÷åñêèå îòêëîíåíèÿ. Òàêèì îáðàçîì, àâòîðû [1] íå ñî÷ëè âîçìîæíûì

ïðèâåñòè îöåíêè âåëè÷èíû P
rot
, íî óêàçàëè, ÷òî ó HD 111395 íåñîìíåííî

ïðèñóòñòâóåò ïåðåìåííîñòü áëåñêà, õàðàêòåðíàÿ äëÿ çâåçä ñ õîëîäíûìè ïÿòíàìè

íà ïîâåðõíîñòè è àìïëèòóäà ïåðåìåííîñòè áëåñêà ó ýòîé çâåçäû ñîëíå÷íîãî

òèïà íå ìåíåå, ÷åì â 8 ðàç ïðåâîñõîäèò ñîëíå÷íóþ âåëè÷èíó.

Â äàííîé ñòàòüå ðàññìîòðåíû íàáëþäåíèÿ HD 111395 â ñåêòîðàõ 23 è 49

èç àðõèâà ìèññèè TESS (ðèñ.1). Îáðàáîòêà êðèâûõ áëåñêà áûëà àíàëîãè÷íà

Ðèñ.1. Ñëåâà - êðèâûå áëåñêà äëÿ HD 111395, â öåíòðå - ñïåêòðû ìîùíîñòè ïåðåìåííîñòè
áëåñêà, ñïðàâà - ôàçîâûå äèàãðàììû ïåðåìåííîñòè áëåñêà, óñðåäíåííûå ïî 20 ôàçàì. Äàííûå
ïðèâåäåíû äëÿ íàáëþäåíèé â ñåêòîðàõ 23 è 49.
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ïðîâîäèìîé ðàíåå â ñëó÷àå èçìåðåíèé äëÿ äðóãèõ îáúåêòîâ èç àðõèâîâ

êîñìè÷åñêîãî òåëåñêîïà Êåïëåð è ìèññèè TESS (ñì., íàïðèìåð, [5]).

Íà ïîñòðîåííûõ ñïåêòðàõ ìîùíîñòè (ñðåäíèå äèàãðàììû íà ðèñ.1) èìåþòñÿ

õàðàêòåðíûå øèðîêèå ïèêè, ñîîòâåòñòâóþùèå âåëè÷èíàì ïåðèîäà âðàùåíèÿ

Ð
rot
 çâåçäû 15.3 è 16.5 ñóò äëÿ ñåêòîðîâ 23 è 49. Ýòè çíà÷åíèÿ ñîãëàñóþòñÿ

ñ ïðèâåäåííûìè â [2,3], íî îòìåòèì, ÷òî òî÷íîñòü èõ îïðåäåëåíèé íåâûñîêà,

îíè íåñèììåòðè÷íû è èìåþò áîëüøóþ øèðèíó.

Òàêèì îáðàçîì, âûïîëíåííûé íàìè àíàëèç è ðåçóëüòàòû ïðåäûäóùèõ

èññëåäîâàíèé, ïðåæäå âñåãî, [1] (ñì. â ÷àñòíîñòè òàáë.6), ïîçâîëÿþò ïðåäïî-

ëîæèòü, ÷òî èìåþùèåñÿ ðàçëè÷èÿ â îïðåäåëåíèÿõ âåëè÷èíû Ð
rot
 ñâÿçàíû ñ

òåì, ÷òî â ðàçíûå ìîìåíòû íàáëþäåíèé äîìèíèðóþùèìè ÿâëÿþòñÿ ïÿòíà,

ðàñïîëîæåííûå íà ðàçëè÷íûõ øèðîòàõ íà ïîâåðõíîñòè äèôôåðåíöèàëüíî

âðàùàþùåéñÿ çâåçäû.

Ïîëó÷åííûå â [1] âåëè÷èíû P
rot
 ïî èíäåêñàì õðîìîñôåðíîé àêòèâíîñòè,

ñðåäíèå çà ñåçîí íàáëþäåíèé ñ 2014 ïî 2022ãã., ëåæàò â äèàïàçîíå 15.25 ± 0.17

- 18.88 ± 0.08 ñóò. Íàèìåíüøèå âåëè÷èíû P
rot
 äîñòèãàëèñü â 2020 è 2021ãã.,

15.75 ± 0.05 è 15.25 ± 0.17, ñîîòâåòñòâåííî. Èìååòñÿ èõ ïðèìåðíîå ñîãëàñèå

ñ âåëè÷èíàìè ïåðèîäà âðàùåíèÿ Ð
rot
 çâåçäû 15.3 è 16.5 ñóò äëÿ ñåêòîðîâ 23

è 49 äàííûõ àðõèâà TESS, âûïîëíåííûõ, êàê óêàçûâàëîñü, â 2020 è 2022ãã.

Àìïëèòóäà ïåðåìåííîñòè áëåñêà ñîñòàâëÿåò 0.84 è 1.0% îò óðîâíÿ ñðåäíåãî

áëåñêà çâåçäû (äëÿ ñåêòîðîâ 23 è 49, ñîîòâåòñòâåííî). Ïî ñòàíäàðòíîé ìåòîäèêå

íàìè áûëè îöåíåíû âåëè÷èíû ïàðàìåòðà çàïÿòíåííîñòè çâåçäû, êîòîðûå

äîñòèãàþò 1.0 è 1.2% îò ïëîùàäè ïîâåðõíîñòè çâåçäû. Ïðèíèìàÿ îöåíêó

ðàäèóñà çâåçäû R = 0.94 ðàäèóñîâ Ñîëíöà (àðõèâ TESS), ìîæíî ïîëó÷èòü

âåëè÷èíó ïëîùàäè ïîâåðõíîñòè À çâåçäû â àáñîëþòíîé ìåðå (â ìèëëèîííûõ

äîëÿõ âèäèìîé ïîëóñôåðû Ñîëíöà, ì.ä.ï.). Íà Ñîëíöå ñðåäíèå ïî ðàçìåðàì

ïÿòíà èìåþò ïëîùàäü 10-200 ì.ä.ï. (äåòàëè ñì. â [6]). Ïëîùàäü ïÿòåí íà

ïîâåðõíîñòè HD 111395 ñîñòàâëÿåò âåëè÷èíó ïîðÿäêà 7500 ì.ä.ï. è 8900 ì.ä.ï

(äëÿ ñåêòîðîâ 23 è 49, ñîîòâåòñòâåííî). Ïî ýòèì îöåíêàì çàïÿòíåííîñòü çâåçäû

ñòàíîâèòñÿ ñîïîñòàâèìîé ñ ìàêñèìàëüíîé çàïÿòíåííîñòüþ Ñîëíöà (ñì. ïîäðîáíåå

â [7]). Òàê, íàïðèìåð, îáùàÿ ïëîùàäü ñîëíå÷íûõ ïÿòåí äëÿ Ãðèíâè÷åñêîé

ãðóïïû ïÿòåí 14886 ïî íàáëþäåíèÿì 8 àïðåëÿ 1947ã. ñîñòàâèëà 6132 ì.ä.ï. [8].

3. Öèêëû àêòèâíîñòè. Íàøå èññëåäîâàíèå öèêëîâ àêòèâíîñòè çâåçäû

áûëî íà÷àòî ñ äàííûõ ìíîãîëåòíåãî îáçîðà Kamogata Wide-field Survey (KWS)

(http.kws.cetus-net.org). Â îáçîðå ïðåäñòàâëåíû íàáëþäåíèÿ çâåçäû â ôèëüòðàõ

V è Ic, îíè îõâàòûâàþò äëèòåëüíûé èíòåðâàë íàáëþäåíèé ñ äåêàáðÿ 2010ã.

ïî ìàé 2024 ãîäà, îáùåé ïðîäîëæèòåëüíîñòüþ 4887 ñóò, 13.4 ëåò (HJD

2455557.3 - 2460445.0). Âñåãî áûëî ðàññìîòðåíî 1363 îöåíêè áëåñêà çâåçäû â

ôèëüòðå V. Ïðåäñòàâëåííûå íà ðèñ.2 (ââåðõó) äàííûå ñâèäåòåëüñòâóþò î
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ïðèñóòñòâèè âîçìîæíîé öèêëè÷íîñòè åãî èçìåíåíèé. Íà îñíîâå ïîñòðîåííîãî

ñïåêòðà ìîùíîñòè äëÿ áëåñêà HD 111395 ìîæíî ïðåäïîëîæèòü ñóùåñòâîâàíèå

âîçìîæíûõ öèêëîâ àêòèâíîñòè îêîëî 930 ñóò (2.5 ãîäà), 1830 ñóò (5.0 ëåò) è

3800 ñóò (10.4 ãîäà) (âåðîÿòíî, ñóùåñòâóåò êðàòíîñòü èçìåðåííûõ âåëè÷èí)

(ðèñ.2, ñðåäíÿÿ äèàãðàììà). Ñâåòëàÿ ëèíèÿ íà ãðàôèêå ñîîòâåòñòâóåò 365 ñóò

- ñåçîííîé ïåðåìåííîñòè, ïðèñóòñòâóþùåé â äàííûõ. Íà íèæíåé äèàãðàììå

ðèñ.2 ïðèâåäåí ñïåêòð ìîùíîñòè äëÿ èíòåðâàëà 1 - 100 ñóò (îñü àáñöèññ äàíà

â ëîãàðèôìè÷åñêîé øêàëå). Âåðòèêàëüíîé ñâåòëîé ëèíèåé îòìå÷åíî ïîëîæåíèå,

ñîîòâåòñòâóþùåå ïåðèîäó âðàùåíèÿ çâåçäû Ð (16.76 ± 0.36 ñóò [1]). Â ðàññìàò-

ðèâàåìîì èíòåðâàëå ïåðèîäîâ (1-100 ñóò) íå èìååòñÿ äåòàëåé, êîòîðûå ìîãëè

áû óêàçûâàòü íà ïåðèîä âðàùåíèÿ çâåçäû, åäèíñòâåííûé ïèê ñîîòâåòñòâóåò

ñóòî÷íîé ïåðèîäè÷íîñòè íàáëþäåíèé.

Ðèñ.2. Ââåðõó - áëåñê HD 111395 â ôèëüòðå V ïî äàííûì îáçîðà Kamogata Wide-field
Survey (KWS); ñðåäíÿÿ ïàíåëü - ñïåêòð ìîùíîñòè äëÿ èíòåðâàëà 1 - 6000 ñóò. Âåðòèêàëüíûìè

ëèíèÿìè îòìå÷åíû öèêëû ïðîäîëæèòåëüíîñòüþ 365 ñóò (1 ãîä) (ñâåòëàÿ) è 930 ñóò (2.5
ãîäà), 1830 ñóò (5.0 ëåò) è 3800 ñóò (10.4 ãîäà) (òåìíûå) (ñì. òåêñò). Âíèçó - ñïåêòð ìîùíîñòè
äëÿ èíòåðâàëà 1 - 100 ñóò (îñü àáñöèññ äàíà â ëîãàðèôìè÷åñêîé øêàëå). Âåðòèêàëüíîé

ñâåòëîé ëèíèåé îòìå÷åíî ïîëîæåíèå, ñîîòâåòñòâóþùåå ïåðèîäó âðàùåíèÿ çâåçäû Ð (16.76
± 0.36 ñóò (ñì. òåêñò)).
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Íåçàâèñèìàÿ îöåíêà âîçìîæíûõ âåëè÷èí P
cycl

 äëÿ HD 111395 áûëà ïðîâåäåíà

ïî äàííûì èç àðõèâà íàáëþäåíèé îáçîðà All Sky Automated Survey (ASAS). Âñåãî

áûëî ðàññìîòðåíî 290 îöåíîê áëåñêà çâåçäû â ôèëüòðå V. Îäíàêî íàø àíàëèç

ïîêàçàë, ÷òî ÷àñòü íàáëþäåíèé, âûïîëíåííûõ â äàòû ðàíåå JD 2453000, îáëàäàåò

çíà÷èòåëüíûìè ïîãðåøíîñòÿìè. Îíè áûëè èñêëþ÷åíû è â äàëüíåéøåì ðàññìàò-

ðèâàëèñü 222 èçìåðåíèÿ áëåñêà â ôèëüòðå V.

Ïðåäñòàâëåííûå íà ðèñ.3 (ââåðõó) äàííûå ñâèäåòåëüñòâóþò î âîçìîæíîì

ïðèñóòñòâèè öèêëè÷íîñòè â èçìåíåíèè áëåñêà çâåçäû ñ õàðàêòåðíîé

Ðèñ.3. Ââåðõó - áëåñê HD 111395 â ôèëüòðå V ïî äàííûì îáçîðà ASAS-3; ñðåäíÿÿ

äèàãðàììà - ñïåêòð ìîùíîñòè äëÿ èíòåðâàëà 1 - 6000 ñóò. Âåðòèêàëüíûìè ëèíèÿìè îòìå÷åíû
öèêëû ïðîäîëæèòåëüíîñòüþ 365 ñóò (1 ãîä) (ñâåòëàÿ) è 1800 ñóò (4.9 ãîäà) (òåìíàÿ). Âíèçó
- ñïåêòð ìîùíîñòè äëÿ èíòåðâàëà 1 - 100 ñóò (îñü àáñöèññ äàíà â ëîãàðèôìè÷åñêîé øêàëå).

Âåðòèêàëüíîé ñâåòëîé ëèíèåé îòìå÷åíî ïîëîæåíèå, ñîîòâåòñòâóþùåå ïåðèîäó âðàùåíèÿ
çâåçäû Ð

rot
 (16.76 ± 0.36 ñóò, ñì. òåêñò).
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äëèòåëüíîñòüþ îêîëî 1800 ñóò (4.9 ãîäà). Íà ñïåêòðå ìîùíîñòè äëÿ èíòåðâàëà

1 - 100 ñóò (ðèñ.3, âíèçó) íåò äåòàëåé, êîòîðûå ìîãëè áû óêàçûâàòü íà ïåðèîä

âðàùåíèÿ çâåçäû.

Òàêèì îáðàçîì, ìîæíî çàêëþ÷èòü, ÷òî ðåçóëüòàòû àíàëèçà ïåðåìåííîñòè

áëåñêà çâåçäû è èçìåðåíèé íàáîðà èíäåêñîâ, õàðàêòåðèçóþùèõ åå õðîìîñôåðíóþ

àêòèâíîñòü (ñì. â [1]), óêàçûâàþò íà íàëè÷èå äîëãîïåðèîäè÷åñêîé ïåðåìåííîñòè

îáúåêòà. Ïî äàííûì àðõèâà Kamogata Wide-field Survey (KWS) íàéäåííûå

íàìè âåëè÷èíû P
cycl

 ñîñòàâëÿþò 930 ñóò (2.5 ãîäà), 1830 ñóò (5.0 ëåò) è 3800

ñóò (10.4 ãîäà), à ïî èçìåðåíèÿì ASAS - 1800 ñóò (4.9 ãîäà). Àâòîðû [1]

ïðèøëè ê âûâîäó î ñóùåñòâîâàíèè äëÿ ðàññìàòðèâàåìûõ èìè äàííûõ î

õðîìîñôåðíûõ èíäåêñàõ HD 111395 êîðîòêîãî öèêëà àêòèâíîñòè, ðàâíîãî 950

ñóò (ñì ðèñ.3 â [1]). Ýòî õîðîøî ñîãëàñóåòñÿ ñ âåëè÷èíîé öèêëà â 930 ñóò,

óñòàíîâëåííîé íàìè ïî ôîòîìåòðè÷åñêîé ïåðåìåííîñòè çâåçäû. Îòìåòèì, ÷òî

ïåðèîäîãðàììû, ïîñòðîåííûå â [1], òàêæå ñîäåðæàò èíôîðìàöèþ î âîçìîæíûõ

öèêëàõ áîëüøåé äëèòåëüíîñòè (øèðîêèé àñèììåòðè÷íûé ïèê îêîëî 1500 -

1600 ñóò). Íå èñêëþ÷åíà âåðîÿòíîñòü òîãî, ÷òî àìïëèòóäà ýòîãî ïèêà ñòàëà

çàíèæåííîé ïîñëå ñíÿòèÿ òðåíäà â äàííûõ. Èñïîëüçîâàíèå äîïîëíèòåëüíûõ

àðõèâíûõ èçìåðåíèé õðîìîñôåðíîé àêòèâíîñòè HD 111395 ïîçâîëèëî àâòîðàì

[1] íàéòè öèêëû àêòèâíîñòè ïîðÿäêà 12 èëè 15 ëåò. Ó÷èòûâàÿ íåîïðåäåëåííîñòü

(øèðèíó ïèêà) íàéäåííîé íàìè âåëè÷èíû P
cycl

 = 3800 ñóò (10.4 ãîäà), ìîæíî

ãîâîðèòü î åå ïðèìåðíîì ñîãëàñèè ñ ðåçóëüòàòîì â 12 ëåò èç [1].

Êðîìå òîãî, àâòîðû [1] ïîñòàðàëèñü âûÿñíèòü, ìîæíî ëè òàêæå îïðåäåëèòü

öèêë àêòèâíîñòè, ðàññìàòðèâàÿ ïîòîê ðåíòãåíîâñêîãî èçëó÷åíèÿ â êà÷åñòâå

èíäèêàòîðà êîðîíàëüíîé àêòèâíîñòè. Ðåíòãåíîâñêèé òåëåñêîï SRG (Ñïåêòð-

Ðåíòãåí-Ãàììà)/eROSITA îòñêàíèðîâàë ïîëîæåíèå HD 111395 âî âðåìÿ êàæäîãî

èç ÷åòûðåõ îáçîðîâ âñåãî íåáà, ïðîâåäåííûõ ê íàñòîÿùåìó âðåìåíè. Â èòîãå

èìåþòñÿ ÷åòûðå èçìåðåíèÿ ïîòîêà ðåíòãåíîâñêîãî èçëó÷åíèÿ îò îáúåêòà,

âûïîëíåííûå ñ èíòåðâàëîì ïðèìåðíî â 180 äíåé. Îäíàêî ýòè äàííûå íå

ÿâëÿþòñÿ äîñòàòî÷íûìè äëÿ òîãî, ÷òîáû îïðåäåëèòü öèêë àêòèâíîñòè HD

111395 â ðåíòãåíîâñêèõ ëó÷àõ, âèçóàëüíîå ñðàâíåíèå äàííûõ î õðîìîñôåðíîé

àêòèâíîñòè ñ ïîòîêàìè ðåíòãåíîâñêîãî èçëó÷åíèÿ (ðèñ.6 â [1]) ïîçâîëÿåò

ïðåäïîëîæèòü, ÷òî íàáëþäàåìûå äîëãîñðî÷íûå èçìåíåíèÿ â ïîòîêå ðåíòãå-

íîâñêîãî èçëó÷åíèÿ ñîãëàñóþòñÿ ñ ïåðåìåííîñòüþ õðîìîñôåðíîé àêòèâíîñòè

çâåçäû.

Â ðåçóëüòàòå ìîæíî çàêëþ÷èòü, ÷òî èìååòñÿ ñîâïàäåíèå â ïðîÿâëåíèÿõ

àêòèâíîñòè, óñòàíîâëåííîé ïî ôîòîìåòðè÷åñêîé ïåðåìåííîñòè çâåçäû, èç

àíàëèçà äàííûõ î õðîìîñôåðíîé àêòèâíîñòè è, âîçìîæíî, èçìåðåíèé ïîòîêà

ðåíòãåíîâñêîãî èçëó÷åíèÿ.

4. Çàêëþ÷åíèå. Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû àíàëèçà ïðîÿâëåíèé
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àêòèâíîñòè ÿðêîé çâåçäû ñîëíå÷íîãî òèïà HD 111395 ñ öåëüþ äàëüíåéøåãî

ñîïîñòàâëåíèÿ åå ôîòîñôåðíîé, õðîìîñôåðíîé è êîðîíàëüíîé àêòèâíîñòè.

Èññëåäîâàíèÿ ïåðåìåííîñòè áëåñêà çâåçäû óêàçûâàþò íà òî, ÷òî HD

111395 ãîðàçäî áîëåå àêòèâíà, ÷åì Ñîëíöå. Ïî èìåþùèìñÿ îöåíêàì ïåðèîäà

âðàùåíèÿ çâåçäû âåëè÷èíà P
rot
 ëåæèò â äèàïàçîíå îò 15.25 äî 18.88 ñóò.

Èìåþùèåñÿ ðàçëè÷èÿ â îïðåäåëåíèÿõ âåëè÷èíû Ð
rot
 ñâÿçàíû ñ òåì, ÷òî â

ðàçíûå ìîìåíòû íàáëþäåíèé äîìèíèðóþùèìè ÿâëÿþòñÿ ïÿòíà, ðàñïîëîæåííûå

íà ðàçëè÷íûõ øèðîòàõ íà ïîâåðõíîñòè äèôôåðåíöèàëüíî âðàùàþùåéñÿ çâåçäû.

Ïî äàííûì ñåêòîðîâ 23 è 49 èç àðõèâà ìèññèè TESS íàìè áûëè îöåíåíû

âåëè÷èíû ïàðàìåòðà çàïÿòíåííîñòè çâåçäû (1.0 è 1.2% îò ïëîùàäè åå

ïîâåðõíîñòè), à òàêæå ïëîùàäåé ïÿòåí íà ïîâåðõíîñòè HD 111395 (7500

ì.ä.ï. è 8900 ì.ä.ï., äëÿ ñåêòîðîâ 23 è 49, ñîîòâåòñòâåííî). Ïî ýòèì îöåíêàì

çàïÿòíåííîñòü çâåçäû ïðåâîñõîäèò ñîëíå÷íóþ, íî ñîïîñòàâèìà ñ åå ìàêñè-

ìàëüíûì óðîâíåì.

Äëÿ óñòàíîâëåíèÿ äîëãîïåðèîäè÷åñêîé ïåðåìåííîñòè îáúåêòà âûïîëíåíî

èññëåäîâàíèå ëèòåðàòóðíûõ äàííûõ î áëåñêå çâåçäû, êîòîðîå äîïîëíèëî

èçó÷åíèå íàáîðà èíäåêñîâ, õàðàêòåðèçóþùèõ õðîìîñôåðíóþ àêòèâíîñòü HD

111395 (ñì. â [1]). Ïî äàííûì àðõèâà Kamogata Wide-field Survey (KWS)

áûëè íàéäåíû âåëè÷èíû P
cycl

, êîòîðûå ñîñòàâëÿþò 930 ñóò (2.5 ãîäà), 1830

ñóò (5.0 ëåò) è 3800 ñóò (10.4 ãîäà), à ïî èçìåðåíèÿì ASAS - 1800 ñóò (4.9

ãîäà). Àâòîðû [1] ïðèøëè ê âûâîäó î ñóùåñòâîâàíèè äëÿ ðàññìàòðèâàåìûõ

èìè äàííûõ î õðîìîñôåðíûõ èíäåêñàõ çâåçäû êîðîòêîãî öèêëà àêòèâíîñòè,

ðàâíîãî 950 ñóò, ÷òî ñîïîñòàâèìî ñ âåëè÷èíîé öèêëà â 930 ñóò, óñòàíîâëåííîãî

íàìè ïî ôîòîìåòðè÷åñêîé ïåðåìåííîñòè çâåçäû. Ó÷èòûâàÿ íåîïðåäåëåííîñòü

(øèðèíó ïèêà) íàéäåííîé íàìè âåëè÷èíû P
cycl

 = 3800 ñóò (10.4 ãîäà), ìîæíî

ãîâîðèòü î åå ïðèìåðíîì ñîãëàñèè ñ ðåçóëüòàòîì â 12 ëåò èç [1].

Ïðèíèìàÿ âî âíèìàíèå, ÷òî íàáëþäàåìûå äîëãîñðî÷íûå èçìåíåíèÿ â

ïîòîêå ðåíòãåíîâñêîãî èçëó÷åíèÿ ñîãëàñóþòñÿ ñ ïåðåìåííîñòüþ õðîìîñôåðíîé

àêòèâíîñòè HD 111395, ìîæíî ñäåëàòü âûâîä, ÷òî èìååòñÿ ñîâïàäåíèå â

ïðîÿâëåíèÿõ àêòèâíîñòè, óñòàíîâëåííîé ïî ôîòîìåòðè÷åñêîé ïåðåìåííîñòè

çâåçäû, èç àíàëèçà äàííûõ î õðîìîñôåðíîé àêòèâíîñòè è èçìåðåíèé ïîòîêà

ðåíòãåíîâñêîãî èçëó÷åíèÿ.

1 Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò èì. Ì.Â.Ëîìîíîñîâà,

 Ãîñóäàðñòâåííûé àñòðîíîìè÷åñêèé èíñòèòóò èì. Ï.Ê.Øòåðíáåðãà,
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 Ìîñêâà, Ðîññèÿ, e-mail: igs231@mail.ru
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ACTIVITY CYCLES OF SOLAR TYPE STAR HD 111395

E.S.DMITRIENKO1, I.S.SAVANOV2

The results of analysis of the activity of a bright solar-type star HD 111395

are presented in order to compare its photospheric, chromospheric, and coronal

activity. The star HD 111395 has been found to be more active than the Sun.

The values of the stars's rotation period P
rot
 are in the range from 15.25 to 18.88

days indicating the differential nature of the rotation of stellar surface. Based on

data from sectors 23 and 49 from the TESS mission archive the values of the

star's spotting parameter and the areas of spots on the surface of HD 111395 (7500

MSH and 8900 MSH for sectors 23 and 49, respectively) were estimated, which

exceed the average solar characteristics, but are comparable to the maximum solar

level. P
cycl

 values of 930 days (2.5 years), 1830 days (5.0 years) and 3800 days

(10.4 years) were found on the base of the Kamogata Wide-field Survey (KWS)

archive and 1800 days (4.9 years) - according to ASAS measurements. Obtained

results are compared with data on activity cycles determined by chromospheric

manifestations and observed long-term changes in the X-ray flux.

Keywords: stars: spots: photometry: variability: activity cycles
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THE FIRST IN-DEPTH PHOTOMETRIC STUDY OF THE
FOUR   SCUTI STARS USING TESS DATA
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The first in-depth photometric study of four  Scuti stars was performed. We used time series
data from the Transiting Exoplanet Survey Satellite (TESS) that is available in different sectors.
According to the extracted maxima from TESS space-based observations, we calculated an ephem-
eris for each star. We estimated the physical parameters of the target stars based on the Gaia Data
Release 3 (DR3) parallax method. The results obtained for the surface gravity of the stars are
consistent with the reports of the TESS Input Catalog and Gaia DR3. We estimated the pulsating
constant based on the physical parameters and period of the stars. Therefore, we found that the
stars 2MASS 15515693-7759002 and 2MASS 07513202+0526526 belong to the fundamental,
while 2MASS 00044615+4936439 and 2MASS 10215638-3326137 relate to the first overtone. The
Fourier analysis using the Period04 program was done for each star. As we showed in the
Hertzsprung-Russell (H-R) diagram, the stars are located in the instability strip of the  Scuti stars
region. Four target stars were found to be of the low-amplitude  Scuti star type.

Keywords: stars: variables: delta Scuti - stars: fundamental parameters - methods:

      data analysis
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ÏÅÐÂÎÅ ÄÅÒÀËÜÍÎÅ ÔÎÒÎÌÅÒÐÈ×ÅÑÊÎÅ
ÈÑÑËÅÄÎÂÀÍÈÅ ×ÅÒÛÐÅÕ ÇÂÅÇÄ   SCUTI Ñ

ÈÑÏÎËÜÇÎÂÀÍÈÅÌ ÄÀÍÍÛÕ TESS

À.ÏÎÐÎ1,2, Õ.ÀÇÀÐÀÐÀ3, À.ÑÀÐÎÑÒÀÄ4, Í.Ê.ÏÓÐ5, Ð.ÀËÈÀÊÁÀÐÈ6,
Ñ.ÍÀÑÈÐÈÀÍ7, Ñ.ÌÎÌÅÍÈ5

Áûëî ïðîâåäåíî ïåðâîå äåòàëüíîå ôîòîìåòðè÷åñêîå èññëåäîâàíèå ÷åòûðåõ

çâåçä  Scuti. Áûëè èñïîëüçîâàíû äàííûå âðåìåííûõ ðÿäîâ  Transiting

Exoplanet Survey Satellite (TESS), êîòîðûå äîñòóïíû â ðàçíûõ ñåêòîðàõ.

Ðàññ÷èòàíû ýôåìåðèäû äëÿ êàæäîé çâåçäû â ñîîòâåòñòâèè ñ èçâëå÷åííûìè

ìàêñèìóìàìè èç êîñìè÷åñêèõ íàáëþäåíèé TESS, îöåíåíû ôèçè÷åñêèå

ïàðàìåòðû  çâåçä íà îñíîâå ìåòîäà ïàðàëëàêñà Gaia Data Release 3 (DR3).

Ïîëó÷åííûå ðåçóëüòàòû äëÿ  ãðàâèòàöèè  íà ïîâåðõíîñòè çâåçä ñîãëàñóþòñÿ

ñ äàííûìè TESS Input Catalog è Gaia DR3. Íà îñíîâå ôèçè÷åñêèõ ïàðàìåòðîâ

è ïåðèîäà çâåçä îöåíåíû ïîñòîÿííûå ïóëüñàöèè. Òàêèì îáðàçîì, îáíàðóæåíî,

÷òî çâåçäû 2MASS 15515693-7759002 è 2MASS 07513202 0526526 îòíîñÿòñÿ

ê ôóíäàìåíòàëüíîìó, à 2MASS 00044615 4936439 è 2MASS 10215638-3326137

îòíîñÿòñÿ ê ïåðâîìó îáåðòîíó. Äëÿ êàæäîé çâåçäû áûë ïðîâåäåí  Ôóðüå

àíàëèç ñ èñïîëüçîâàíèåì ïðîãðàììû Period04.  Ïîêàçàíî, ÷òî íà äèàãðàììå

Ãåðöøïðóíãà-Ðàññåëà (H-R), çâåçäû ðàñïîëîæåíû â ïîëîñå íåñòàáèëüíîñòè

îáëàñòè çâåçä  Scuti. Áûëî îáíàðóæåíî, ÷òî âñå ÷åòûðå  çâåçäû îòíîñÿòñÿ

ê òèïó çâåçä  Scuti ñ íèçêîé àìïëèòóäîé.

Êëþ÷åâûå ñëîâà: çâåçäû: ïåðåìåííûå: Delta Scuti - çâåçäû: ôóíäàìåíòàëüíûå

ïàðàìåòðû - ìåòîäû: àíàëèç äàííûõ
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ÀÊÒÈÂÍÎÑÒÜ ÇÂÅÇÄÛ TIC 88785435 È ÏÎÒÅÐß
ÌÀÑÑÛ ÀÒÌÎÑÔÅÐÛ ÅÅ ÏËÀÍÅÒÛ

È.Ñ.ÑÀÂÀÍÎÂ
Ïîñòóïèëà 21 ôåâðàëÿ 2025

Ïðèíÿòà ê ïå÷àòè 4 èþíÿ 2025

Ðàññìîòðåíû ïðîÿâëåíèÿ àêòèâíîñòè ìîëîäîé çâåçäû ñïåêòðàëüíîãî êëàññà K7V TIC
88785435, à òàêæå ïîëó÷åíû îöåíêè âåëè÷èíû âîçìîæíîãî îòòîêà âåùåñòâà èç àòìîñôåðû åå
ýêçîïëàíåòû. TIC 88785435 ÿâëÿåòñÿ ÷ëåíîì ïîäãðóïïû  Lup ñ âîçðàñòîì 9.9-17.7 ìëí ëåò,
âîçðàñò ñàìîé çâåçäû ðàâåí 16.0±1.6 ìëí ëåò. Àíàëèç äàííûõ íàáëþäåíèé ìèññèè TESS ïîêàçàë,
÷òî çàïÿòíåííîñòü ïîâåðõíîñòè çâåçäû ñîñòàâëÿåò 6.3 è 10.5% îò âèäèìîé ïëîùàäè åå ïîâåðõíîñòè
èëè â àáñîëþòíîé âåëè÷èíå - 43000 è 71300 ì.ä.ï. äëÿ íàáëþäåíèé TESS â ñåêòîðàõ 38 è 65,
ñîîòâåòñòâåííî. Äëÿ íàèáîëåå äîñòîâåðíîé âñïûøêè áûëà èçìåðåíà èçëó÷åííàÿ ýíåðãèÿ -

33
10031 . ýðã. Ïëàíåòà TIC 88785435 b îòíîñèòñÿ ê òèïó ñóïåð-íåïòóíîâ, îíà îáðàùàåòñÿ ïî

îðáèòå ñ ïåðèîäîì 10.51 ñóò, åå ðàäèóñ ñîñòàâëÿåò 


 R.R
b

035 , à ìàññà 


 M.M
b

020  (ïî íàøåé
îöåíêå ñ èñïîëüçîâàíèåì ýìïèðè÷åñêèõ ñîîòíîøåíèé äëÿ Ì - R). Ñîãëàñíî âûïîëíåííûì
ðàñ÷åòàì ïî ìîäåëè ïîòåðè àòìîñôåðû ñ îãðàíè÷åíèåì ïî ýíåðãèè äëÿ TIC 88785435 b, áûëî
íàéäåíî, ÷òî â çàâèñèìîñòè îò óðîâíÿ àêòèâíîñòè çâåçäû, âåëè÷èíà îòòîêà âåùåñòâà àòìîñôåðû
ýêçîïëàíåòû ìîæåò íàõîäèòüñÿ â èíòåðâàëå 

8
1072 . ã/ñ - 

9
1071 . ã/ñ.

Êëþ÷åâûå ñëîâà: çâåçäû: àêòèâíîñòü: ïÿòíà: ôîòîìåòðèÿ: ïåðåìåííîñòü:

ïëàíåòíûå ñèñòåìû: àòìîñôåðû ýêçîïëàíåò

1. Ââåäåíèå. Â ñòàòüå [1] ñîîáùàåòñÿ îá îáíàðóæåíèè ïëàíåòíîé ñèñòåìû

TIC 88785435, ïðèíàäëåæàùåé îáëàñòè Upper-Centaurus Lupus (UCL) â

àññîöèàöèè Scorpius-Centaurus OB (Sco-Cen). ßâëÿÿñü îäíîé èç êðóïíåéøèõ

áëèçëåæàùèõ îáëàñòåé çâåçäîîáðàçîâàíèÿ, Sco-Cen âêëþ÷àåò â ñåáÿ èäåàëüíûé

íàáîð îáúåêòîâ äëÿ ïîèñêà ìîëîäûõ òðàíçèòíûõ ïëàíåò, êîòîðûå èìåþò

äîñòîâåðíî îïðåäåëåííûé âîçðàñò è îáðàçîâàëèñü â ñõîäíûõ óñëîâèÿõ.

Îáëàñòü Sco-Cen ïðèíÿòî ïîäðàçäåëÿòü íà òðè îòäåëüíûå ïîäãðóïïû â

çàâèñèìîñòè îò èõ ãàëàêòè÷åñêèõ êîîðäèíàò: Upper Scorpius (USco), Upper

Centaurus-Lupus (UCL) è Lower Centaurus-Crux (LCC) ñ âîçðàñòîì îò 8 äî

11 ìëí ëåò (ïåðâàÿ èç íèõ) è îò 15 äî 20 ìëí ëåò (âòîðàÿ è òðåòüÿ). Îäíàêî

òî÷íîñòü ýòîãî äåëåíèÿ óæå äàâíî ÿâëÿåòñÿ ïðåäìåòîì ìíîãî÷èñëåííûõ

èññëåäîâàíèé, ïîñêîëüêó ÷ëåíû êàæäîé ãðóïïû äåìîíñòðèðóþò øèðîêèé

âîçðàñòíîé ðàçáðîñ (ñì. áîëåå ïîäðîáíîå îáñóæäåíèå â [1]). TIC 88785435

ðàññìàòðèâàåòñÿ êàê ÷ëåí ïîäãðóïïû Lup (âîçðàñò 9.9-17.7 ìëí ëåò), ëåæàùåé

âíóòðè ãðàíèö îáëàñòè UCL. Ïëàíåòíàÿ ñèñòåìà TIC 88785435 ñîñòîèò èç
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çâåçäû ñïåêòðàëüíîãî êëàññà K7V è ýêçîïëàíåòû - ñóïåð-íåïòóíà.

Èçó÷åíèå ñâîéñòâ ïëàíåò ìîëîæå 50-100 ìëí ëåò ïîìîãàåò ïðîòåñòèðîâàòü

ðàçëè÷íûå ìîäåëè ôîðìèðîâàíèÿ è ýâîëþöèè ïëàíåò. Íà ôèçè÷åñêèå è

õèìè÷åñêèå ñâîéñòâà ôîðìèðóþùèõñÿ ïëàíåò ìîãóò âëèÿòü êàê ïðîäîëæàþ-

ùèéñÿ ïðîöåññ âûïàäåíèÿ ïëàíåòîçåìàëåé, òàê è ìàãíèòíàÿ àêòèâíîñòü

öåíòðàëüíîé ìîëîäîé çâåçäû (âûðàæàþùàÿñÿ â åå èçáûòî÷íîì ÓÔ, ðåíòãå-

íîâñêîì èçëó÷åíèè, à òàêæå â êîðîíàëüíûõ âûáðîñàõ), êîòîðàÿ ìîæåò èçìåíÿòü

ôèçè÷åñêèå ñâîéñòâà àòìîñôåð áëèçêèõ ïëàíåò è äàæå ïðèâîäèòü ê ïîëíîìó

ðàçðóøåíèþ ýòèõ àòìîñôåð. Î÷åâèäíî, ÷òî ìåõàíèçìû ôîðìèðîâàíèÿ è

ýâîëþöèè, îòâåòñòâåííûå çà ñîçäàíèå ïëàíåò, äåìîíñòðèðóþò ñâîè ñàìûå

áûñòðûå ïðîÿâëåíèÿ â ïåðâûå íåñêîëüêî ñîòåí ìèëëèîíîâ ëåò ïîñëå îáðà-

çîâàíèÿ ïëàíåòíûõ ñèñòåì. Ðåçóëüòàòû âûÿâëåíèÿ è èçó÷åíèÿ ñòàòèñòè÷åñêèõ

ñâîéñòâ ïëàíåòíûõ ñèñòåì â áëèçëåæàùèõ ìîëîäûõ ñêîïëåíèÿõ, îáëàñòÿõ

çâåçäîîáðàçîâàíèÿ è àññîöèàöèé OB, à òàêæå äâèæóùèõñÿ ãðóïï çâåçä, ìîæíî

íàéòè â ïóáëèêàöèÿõ ñîòðóäíè÷åñòâ òèïà - ïîèñê "çîäèàêàëüíûõ ýêçîïëàíåò

âî âðåìåíè (ZEIT)", TESS Hunt for Young and Maturing Exoplanets (THYME)

è äð. (ñì., íàïðèìåð, [1]).

Â ýòîé ñòàòüå ïðèâîäÿòñÿ ðåçóëüòàòû èññëåäîâàíèÿ ïðîÿâëåíèé àêòèâ-

íîñòè ìîëîäîé çâåçäû TIC 88785435, à òàêæå îöåíêè âåëè÷èíû âîçìîæíîãî

îòòîêà âåùåñòâà èç àòìîñôåðû åå ïëàíåòû.

2. Ïðîÿâëåíèÿ àêòèâíîñòè TIC 88785435. Ñîãëàñíî [1], ýôôåê-

òèâíàÿ òåìïåðàòóðà TIC 88785435 (UCAC4 296-080560, 2MASS J14570814-

3052476) ðàâíà 3998±95 Ê, ðàäèóñ 03809110 ..RR   è ìàññà MM

Ðèñ.1. Ñëåâà - êðèâûå áëåñêà TIC 88785435, â öåíòðå - ñïåêòðû ìîùíîñòè ïåðåìåííîñòè

áëåñêà, ñïðàâà - ôàçîâûå äèàãðàììû ïåðåìåííîñòè áëåñêà (ãîðèçîíòàëüíûå ëèíèè õàðàêòå-
ðèçóþò âåëè÷èíó àìïëèòóäû ïåðåìåííîñòè áëåñêà). Äàííûå ïðèâåäåíû äëÿ íàáëþäåíèé â
ñåêòîðàõ 38 è 65.
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01707240 ..  . Îáúåêò TIC 88785435 îòîæäåñòâëåí ñ èñòî÷íèêîì Gaia EDR3

6205812887538362624, åãî ïàðàëëàêñ ñîñòàâëÿåò   (mas) = 8.1908 ± 0.0153.

Íàìè áûëè ïðîàíàëèçèðîâàíû íàáëþäåíèÿ TIC 88785435 èç àðõèâà

êîñìè÷åñêîé ìèññèè TESS. Äàííûå áûëè ïîëó÷åíû äëÿ äâóõ ñåêòîðîâ - 38

è 65 (ðèñ.1). Áûëà îòìå÷åíà ïåðåìåííîñòü áëåñêà, õàðàêòåðíàÿ äëÿ ïðîÿâëåíèé

âðàùàòåëüíîé ìîäóëÿöèåé. Ôîðìà êðèâîé áëåñêà äëÿ ñåêòîðîâ 38 è 65

ðàçëè÷àåòñÿ. Â ïåðâîì ñëó÷àå íà êðèâîé ïðèñóòñòâóþò äâà ìèíèìóìà, âî

âòîðîì - îäèí, íî áîëüøåé ãëóáèíû. Èìåþùèåñÿ ïèêè íà ñïåêòðàõ ìîùíîñòè

ñîîòâåòñòâóþò ïåðèîäàì âðàùåíèÿ 8.7 è 8.9 ñóò (â [1] ïðèâîäèòñÿ áëèçêàÿ

âåëè÷èíà 8.49 ± 0.50 ñóò). Ïðè ýòîì, íà ñïåêòðå ìîùíîñòè äëÿ äàííûõ ñåêòîðà

38 èìååòñÿ ïèê â äèàïàçîíå, ñîîòâåòñòâóþùåì ïîëîâèííîìó ôîòîìåòðè÷åñêîìó

ïåðèîäó âðàùåíèÿ çâåçäû, ÷òî ìîæåò ñâèäåòåëüñòâîâàòü î ïðèñóòñòâèè íà

ïîâåðõíîñòè çâåçäû äâóõ àêòèâíûõ îáëàñòåé, îòñòîÿùèõ äðóã îò äðóãà ïðèìåðíî

íà 180 ãðàäóñîâ.

Äàííûå íàáëþäåíèé ìèññèè TESS ïîçâîëÿþò ñäåëàòü çàêëþ÷åíèÿ î

çàïÿòíåííîñòè ïîâåðõíîñòè çâåçäû. Òàêîé àíàëèç áûë ïðîâåäåí ñ ïîìîùüþ

ìîäèôèöèðîâàííîé ïðîãðàììû activity [2]. Èñïîëüçóÿ ïðèìåíÿåìûé íàìè

ðàíåå ïîäõîä, óñòàíîâëåíî, ÷òî äîëÿ ïîâåðõíîñòè TIC 88785435, çàíèìàåìàÿ

ïÿòíàìè, ðàâíà 6.3 è 10.5% îò âèäèìîé ïëîùàäè ïîâåðõíîñòè çâåçäû, ÷òî ïðè

ïðèíÿòîé èç [1] âåëè÷èíå ðàäèóñà çâåçäû ñîñòàâëÿåò â àáñîëþòíîé âåëè÷èíå

À (âûðàæåííîé â ìèëëèîííûõ äîëÿõ âèäèìîé ïîëóñôåðû Ñîëíöà, ì.ä.ï.)

43000 è 71300 ì.ä.ï. äëÿ ñåêòîðîâ 38 è 65, ñîîòâåòñòâåííî. Ïî íàøåé îöåíêå

ïëîùàäü ïÿòåí íà ïîâåðõíîñòè TIC 88785435 çíà÷èìî ïðåâîñõîäèò âåëè÷èíó

À, õàðàêòåðíóþ äëÿ Ñîëíöà [3].

TIC 88785435 ìîæíî îòíåñòè ê ÷èñëó îáúåêòîâ ñ ïëàíåòíûìè ñèñòåìàìè,

ó êîòîðûõ áûëè îòêðûòû âñïûøêè (ñì. ðèñ.1 è ðèñ.2). Íà ðèñ.2 ïðèâîäèòñÿ

Ðèñ.2. Ôðàãìåíò êðèâîé áëåñêà TIC 88785435, ñîäåðæàùèé âñïûøêó (ñì. òåêñò).
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ôðàãìåíò êðèâîé ñî âñïûøêîé, êîòîðàÿ îáëàäàåò ñòðóêòóðîé, õàðàêòåðíîé äëÿ

âñïûøåê çâåçä ïîçäíåãî ñïåêòðàëüíîãî êëàññà - ðåçêèé ïîäúåì, ïèê, ñòàäèÿ

çàòóõàíèÿ. Ìû îãðàíè÷èìñÿ ðàññìîòðåíèåì òîëüêî ýòîé, íàèáîëåå äîñòîâåðíîé,

âñïûøêè, êîòîðàÿ ïîçâîëèò äàòü ïðåäñòàâëåíèå î ñâîéñòâàõ âñïûøå÷íîé

àêòèâíîñòè TIC 88785435. Ïðîäîëæèòåëüíîñòü âñïûøêè ðàâíà ïðèìåðíî

0.10 - 0.15 ñóò. Ýíåðãèÿ èçëó÷åíèÿ âñïûøêè áûëà âû÷èñëåíà ïî ñòàíäàðòíîé

ìåòîäèêå, ïðèíÿòîé ïðè àíàëèçå âñïûøå÷íîé àêòèâíîñòè çâåçä ïî íàáëþäåíèÿì

ñ êîñìè÷åñêèì òåëåñêîïîì Êåïëåð èëè ìèññèåé TESS (ñì. â [4,5]). Äàííàÿ

ìåòîäèêà óæå íåîäíîêðàòíî èñïîëüçîâàëàñü äëÿ îïðåäåëåíèé ýíåðãèè âñïûøåê

çâåçä ïî íàáëþäåíèÿì ìèññèè TESS ñ ó÷åòîì èçìåíåíèÿ ïîëîñû ïðîïóñêàíèÿ

äëÿ ýòîé êîñìè÷åñêîé ìèññèè - ñì., íàïðèìåð, îïèñàíèå â [6]. Êàê è â [6],

íàìè ïðèíèìàëîñü, ÷òî âñïûøêà õàðàêòåðèçóåòñÿ ÷åðíîòåëüíûì èçëó÷åíèåì.

Èçìåðåííàÿ îòíîñèòåëüíàÿ ýíåðãèÿ âñïûøêè RE ñîñòàâèëà 103 ñ. Âû÷èñëåííàÿ

ïî ôîðìóëàì èç [6] ýíåðãèÿ, èçëó÷åííàÿ âî âñïûøêå, îêàçàëàñü ðàâíîé -
3310031 .  ýðã. Íàëè÷èå äåôåêòîâ è êà÷åñòâî íàáëþäàòåëüíîãî ìàòåðèàëà íå

ïîçâîëÿþò ñ íàäåæíîñòüþ ðåãèñòðèðîâàòü áîëåå ñëàáûå âñïûøêè (ìåíüøèõ

ýíåðãèé).

Àâòîðû [7] ïðèâåëè ñâåäåíèÿ î âñïûøå÷íîé àêòèâíîñòè çâåçä ñ ïëàíåòíûìè

ñèñòåìàìè ïî íàáëþäåíèÿì òåëåñêîïà Êåïëåð è ìèññèè TESS. Çàâèñèìîñòü

âåëè÷èí ýíåðãèè âñïûøåê çâåçä îò èõ ýôôåêòèâíûõ òåìïåðàòóð ïðåäñòàâëåíà

íà ðèñ.3, íà ýòîé æå äèàãðàììå íàíåñåí ïîëó÷åííûé íàìè ðåçóëüòàò äëÿ TIC

88785435. Èìååòñÿ äîñòàòî÷íî õîðîøåå ñîãëàñèå â ðåçóëüòàòàõ îá ýíåðãèè

âñïûøåê äëÿ TIC 88785435 è çâåçä ñ ïëàíåòíûìè ñèñòåìàìè èç [6], èìåþùèõ

ñîïîñòàâèìûå ýôôåêòèâíûå òåìïåðàòóðû.

Ðèñ.3. Çàâèñèìîñòü âåëè÷èí ýíåðãèè âñïûøåê E îò ýôôåêòèâíûõ òåìïåðàòóð çâåçä.
Ñâåòëûå êðóæêè - äàííûå [7] äëÿ çâåçä ñ ïëàíåòíûìè ñèñòåìàìè. Êðóïíûé òåìíûé êðóæîê
- äàííûå äëÿ TIC 88785435.
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Âîçðàñò ñèñòåìû áûë îöåíåí â [1], îí ñîñòàâèë 16.0 ± 1.6 ìëí ëåò. Ìîæíî

ñäåëàòü çàêëþ÷åíèå, ÷òî TIC 88785435 ïðèíàäëåæèò ê ÷èñëó ñâåðõìîëîäûõ

è àêòèâíûõ çâåçä. Ê ñîæàëåíèþ, àâòîðû [1] íå ïðèâîäÿò èíôîðìàöèþ îá

óðîâíå õðîìîñôåðíîé àêòèâíîñòè TIC 88785435. Îöåíêó âåëè÷èíû èíäåêñà

logR'
HK 

, íåîáõîäèìîãî íàì â äàëüíåéøåì äëÿ îïðåäåëåíèÿ âåëè÷èíû îòòîêà

âåùåñòâà èç àòìîñôåðû ýêçîïëàíåòû (ñì. íèæå), ìû âûïîëíèëè êîñâåííûì

îáðàçîì. Îòìåòèì, ÷òî ñîãëàñíî ðåçóëüòàòàì èç [8], ðàñïðåäåëåíèÿ âåëè÷èí

ïàðàìåòðà õðîìîñôåðíîé àêòèâíîñòè äëÿ çâåçä ñïåêòðàëüíîãî êëàññà G-Ê

òàêæå ìîãóò èìåòü äâà (èëè, âîçìîæíî, äàæå òðè) ïèêà äëÿ Ê çâåçä. Ñêîðåå

âñåãî, çâåçäà ìîæåò îáëàäàòü âûñîêîé àêòèâíîñòüþ, ïîïàäàÿ â ãðóïïó àêòèâíûõ

çâåçä (ìèíèìàëüíûå çíà÷åíèÿ ïàðàìåòðà logR'
HK

). Òåì íå ìåíåå, äàëüíåéøèå

âû÷èñëåíèÿ ìû ïðîâîäèëè, ïðèíèìàÿ òðè çíà÷åíèÿ ïàðàìåòðà logR'
HK 

(-4.94,

-4.74
 
è -4.52), ñîîòâåòñòâóþùèõ ìàêñèìóìàì ðàñïðåäåëåíèé äëÿ Ê êàðëèêîâ

(ñì. òàáë.6 â [8]). Ñâåäåíèÿ î öèêëè÷åñêîé ïåðåìåííîñòè õðîìîñôåðíîé

àêòèâíîñòè çâåçäû îòñóòñòâóþò.

3. Ïîòåðÿ âåùåñòâà àòìîñôåðû TIC 88785435 b. Êàê óêàçûâàëîñü

â [1], TIC 88785435 b ÿâëÿåòñÿ ïëàíåòîé òèïà ñóïåð-íåïòóí ñ ðàäèóñîì

 R..R 210035  è áîëüøîé ïîëóîñüþ îðáèòû 0.08432 ± 0.00068 à.å. Ðàâíîâåñíàÿ

òåìïåðàòóðà ýêçîïëàíåòû ðàâíà 635 ± 16 K.

Äëÿ îöåíêè ìàññû TIC 88785435 b íàìè áûëî èñïîëüçîâàíî ýìïèðè÷åñêîå

ñîîòíîøåíèå Ì - R, ïðåäñòàâëåííîå â [9], êîòîðîå áûëî ïîëó÷åíî íà îñíîâå

òùàòåëüíî îòîáðàííîé âûáîðêè èç 1053 ïîäòâåðæäåííûõ ýêçîïëàíåò. Àâòîðû

[9] ïðèâåëè ýìïèðè÷åñêèå ñîîòíîøåíèÿ ìåæäó ïàðàìåòðàìè: ìàññû, ðàäèóñû

è òåìïåðàòóðû ýêçîïëàíåò (M - R - T ). Àâòîðû [9] ïðåäëîæèëè ìîäåëü, â

êîòîðîé ðåæèì ñêàëèñòûõ ïëàíåò ñîîòâåòñòâóåò ñîîòíîøåíèþ 0.010.34 RM ,

â òî âðåìÿ êàê äëÿ ïëàíåò òèïà íåïòóí 0.020.55 RM . Äëÿ ïëàíåò òèïà

þïèòåð ñîîòíîøåíèå èìååò áîëåå ñëîæíûé âèä 0.020.350.010.00  eqTRM , ãäå T
eq

- ðàâíîâåñíàÿ òåìïåðàòóðà ïëàíåòû. Òàêæå îíè ïîêàçàëè, ÷òî äëÿ ïëàíåò òèïà

íåïòóí ìîæåò áûòü èñïîëüçîâàíî áîëåå ïðîñòîå ñîîòíîøåíèå (ñì. ôîðìóëó

(5) â [9])    MMkRR . Â ýòîì ñëó÷àå ïàðàìåòðû k = 0.53 ± 0.05 è

020680 ..  . Ïðèìåíÿÿ ýòî ñîîòíîøåíèå, ìû ñìîãëè ïîëó÷èòü ìàññó TIC

88785435 b, êîòîðàÿ ñîñòàâëÿåò M20 .

Ýêçîïëàíåòà òèïà ãîðÿ÷åãî íåïòóíà ñ òå÷åíèåì âðåìåíè ìîæåò òåðÿòü

ñâîþ ãåëèåâî-âîäîðîäíóþ àòìîñôåðó. Äëÿ ïîäñ÷åòà ïîòåðè âåùåñòâà

 dtdMM ploss  (áåç äåòàëüíîãî ìîäåëèðîâàíèÿ ïðîöåññîâ â ñèñòåìå çâåçäà

- ïëàíåòà) â íàøåì èññëåäîâàíèè èñïîëüçîâàëàñü ÷àñòî ïðèìåíÿåìàÿ

àïïðîêñèìàöèîííàÿ ôîðìóëà [10,11], èçâåñòíàÿ, êàê ìîäåëü ïîòåðè àòìîñôåðû

ñ îãðàíè÷åíèåì ïî ýíåðãèè.

Â ýòîé ìîäåëè ïðåäïîëàãàåòñÿ, ÷òî ïîòîê æåñòêîãî ÓÔ-èçëó÷åíèÿ
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ïîãëîùàåòñÿ â òîíêîì ñëîå ðàäèóñà R
XUV 

, ãäå îïòè÷åñêàÿ òîëùèíà äëÿ

çâåçäíûõ XUV - ôîòîíîâ ðàâíà åäèíèöå, è âêëþ÷åí ó÷åò ïðèëèâíîãî ýôôåêòà.

Ïîäðîáíîñòè èñïîëüçîâàíèÿ ñîîòíîøåíèÿ (1) ìîæíî íàéòè âî ìíîãèõ

ëèòåðàòóðíûõ èñòî÷íèêàõ, â òîì ÷èñëå â [9-12].

Äëÿ îöåíêè âåëè÷èíû F
XUV

 - (ïîòîêà XUV - ôîòîíîâ) áûëè èñïîëüçîâàíû

àíàëèòè÷åñêèå çàâèñèìîñòè, ïîëó÷åííûå â [13] è ñâÿçûâàþùèå âåëè÷èíó F
XUV

ïîòîêà è ïàðàìåòð logR'
HK

 äëÿ çâåçä ñïåêòðàëüíûõ êëàññîâ îò F äî M.

Ðàñ÷åòû ïîêàçàëè, ÷òî âåëè÷èíû ïîòåðè âåùåñòâà àòìîñôåðû ñîñòàâëÿþò
81072 . ã/ñ, 81046 . ã/ñ è 91071 . ã/ñ äëÿ âåëè÷èí logR'

HK 
=

 
-4.94, -4.74 è 4.52.

4. Çàêëþ÷åíèå. Â ñòàòüå ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ ïðîÿâëåíèé

àêòèâíîñòè ìîëîäîé çâåçäû TIC 88785435 ñïåêòðàëüíîãî êëàññà  K7V, à òàêæå

îöåíêè âåëè÷èíû âîçìîæíîãî îòòîêà âåùåñòâà èç àòìîñôåðû åå ïëàíåòû. TIC

88785435 ÿâëÿåòñÿ ÷ëåíîì ïîäãðóïïû Lup ñ âîçðàñòîì 9.9-17.7 ìëí ëåò,

âîçðàñò ñàìîé çâåçäû ñîñòàâëÿåò 16.0±1.6 ìëí ëåò. Ïî äàííûì íàáëþäåíèé

ìèññèè TESS íàìè ñäåëàíî çàêëþ÷åíèå î çàïÿòíåííîñòè ïîâåðõíîñòè çâåçäû.

Äîëÿ ïîâåðõíîñòè TIC 88785435, çàíèìàåìàÿ ïÿòíàìè, ðàâíà 6.3 è 10.5% îò

âèäèìîé ïëîùàäè åå ïîâåðõíîñòè. Ïðè ïðèíÿòîé âåëè÷èíå ðàäèóñà çâåçäû,

îíà ñîñòàâëÿåò (â àáñîëþòíîé âåëè÷èíå, âûðàæåííîé â ìèëëèîííûõ äîëÿõ

âèäèìîé ïîëóñôåðû Ñîëíöà, ì.ä.ï.) 43000 è 71300 ì.ä.ï. äëÿ íàáëþäåíèé

TESS â ñåêòîðàõ 38 è 65, ñîîòâåòñòâåííî. Ðàññìîòðåíû ñâîéñòâà âñïûøå÷íîé

àêòèâíîñòè TIC 88785435. Äëÿ íàèáîëåå äîñòîâåðíîãî ñîáûòèÿ áûëà èçìåðåíà

îòíîñèòåëüíàÿ ýíåðãèÿ âñïûøêè, êîòîðàÿ ñîñòàâèëà 103 ñ. Èçëó÷åííàÿ âî

âñïûøêå ýíåðãèÿ îêàçàëàñü ðàâíîé 3310031 . ýðã.

Ïëàíåòà TIC 88785435 b îòíîñèòñÿ ê òèïó ñóïåð-íåïòóíîâ, îíà âðàùàåòñÿ

ïî îðáèòå ñ ïåðèîäîì 10.51 ñóò è èìååò ðàâíîâåñíóþ òåìïåðàòóðó T
eq,b 

=
 
635

±
 
16

 
K. Ðàäèóñ ïëàíåòû  R.Rb 035 , à ìàññà  M.Mb 020  (ïîëó÷åíî íàìè

ïî ýìïèðè÷åñêîìó ñîîòíîøåíèþ äëÿ Ì - R èç [9]). Ïî âûïîëíåííûì íàìè

ðàñ÷åòàì ïî ìîäåëè ïîòåðè àòìîñôåðû ñ îãðàíè÷åíèåì ïî ýíåðãèè äëÿ TIC

88785435 b áûëî íàéäåíî, ÷òî â çàâèñèìîñòè îò óðîâíÿ àêòèâíîñòè çâåçäû,

âåëè÷èíà îòòîêà âåùåñòâà àòìîñôåðû ýêçîïëàíåòû ìîæåò íàõîäèòüñÿ â èíòåðâàëå
81072 . ã/ñ - 

91071 . ã/ñ.

Èññëåäîâàíèå âûïîëíåíî â ðàìêàõ ïðîåêòà "Èññëåäîâàíèå çâåçä ñ ýêçî-

ïëàíåòàìè" ïî ãðàíòó Ïðàâèòåëüñòâà ÐÔ äëÿ ïðîâåäåíèÿ íàó÷íûõ èññëåäîâàíèé,

ïðîâîäèìûõ ïîä ðóêîâîäñòâîì âåäóùèõ ó÷åíûõ (ñîãëàøåíèå N 075-15-2019-

1875, 075-15-2022-1109).

Ó÷ðåæäåíèå Ðîññèéñêîé àêàäåìèè íàóê Èíñòèòóò àñòðîíîìèè ÐÀÍ,
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ACTIVITY OF TIC 88785435 AND MASS LOSS OF
ITS PLANET ATMOSPHERE

I.S.SAVANOV

We investigate the activity of a young K7V star TIC 88785435 and estimate

the mass loss from the atmosphere of its exoplanet. TIC 88785435 is a member

of the Lup subgroup with an age of 9.9-17.7 million years. The age of the star

itself is 16.0±1.6 million years. According to the analysis of the observations of

the TESS mission we estimate the spottedness of the star's surface, which is equal

to 6.3 and 10.5% of the surface area of the star, or in absolute values 43000 and

71300 MSH for TESS observations in sectors 38 and 65 respectively. For the most

reliable flare, the energy emitted in the flare was measured as 3310031 . erg. The

planet TIC 88785435 b belongs to the super-neptune type, it orbits with a period

of 10.51 days, its radius is  R.Rb 035 , and its mass  M.Mb 020  (according

to our estimate, using the empirical relations for M - R). On the base of the

calculations performed using the energy-limited atmospheric loss model for TIC

88785435 b, it was found that depending on the star's activity level the amount

of atmospheric mass loss from the exoplanet can be in the range of 81072 . g/s

- 91071 . g/s.

Keywords: stars: activity: spots: photometry: variability: planetary systems: exoplanet

     atmospheres
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INTERSTELLAR POLARISATION TOWARDS A REGION
AROUND THE BOK GLOBULE B5
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We report the results of our spectroscopic and polarimetric observations of 
oo
22   field

around the globule Barnard 5 (B5) belonging to the Perseus cloud complex at the distance
300d pc. Using these data, two-dimensional spectral classification was made for about 45 stars.

Multi-band polarimetry of about 20 of these stars allowed us to find the parameters (P
max

, 
max

 )
of interstellar polarization. Using the Gaia parallaxes and data from the recent photometric surveys,
we estimate the interstellar extinction A

V
 towards the stars. Our analysis of à variations of the

parameters A
V 
, P

max
, 

max
  in the sky plane and with the distance allows us to conclude that in

the considered field (excluding the halo of B5) the main contribution to the extinction and
polarization is provided by an extension of the Taurus cloud complex (TMC) at 150d pc, and
that the derived values of the parameters indicate that the angle between the line of sight and the
magnetic field direction in this part of TMC significantly differs from 90

o
.

Keywords: interstellar polarisation: polarimetric observations: cosmic dust
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ÌÅÆÇÂÅÇÄÍÀß ÏÎËßÐÈÇÀÖÈß Â ÍÀÏÐÀÂËÅÍÈÈ
ÎÁËÀÑÒÈ ÂÎÊÐÓÃ ÃËÎÁÓËÛ ÁÎÊÀ B5

Õ.À.ÊÐÀßÍÈ1,2, Â.Á.ÈËÜÈÍ1,3

Ìû ïðåäñòàâëÿåì ðåçóëüòàòû íàøèõ ñïåêòðîñêîïè÷åñêèõ è ïîëÿðèìåòðè-

÷åñêèõ íàáëþäåíèé çâåçä â ïîëå 
оо 22   âîêðóã ãëîáóëû Áàðíàðäà 5 (B5),

ïðèíàäëåæàùåé êîìïëåêñó îáëàêîâ Ïåðñåÿ, íà ðàññòîÿíèè 300d  ïê.

Èñïîëüçóÿ ýòè äàííûå, áûëà ïðîâåäåíà äâóìåðíàÿ ñïåêòðàëüíàÿ êëàññèôèêàöèÿ

ïðèìåðíî 45-òè çâåçä. Ìíîãîïîëîñíàÿ ïîëÿðèìåòðèÿ ïðèìåðíî 20-òè èç ýòèõ

çâåçä ïîçâîëèëà íàéòè ïàðàìåòðû ìåæçâåçäíîé ïîëÿðèçàöèè (P
max

, max ).

Èñïîëüçóÿ ïàðàëëàêñû Gaia è äàííûå íåäàâíèõ ôîòîìåòðè÷åñêèõ îáçîðîâ

íåáà, ìû îöåíèëè ìåæçâåçäíîå ïîãëîùåíèå A
V
 â íàïðàâëåíèè çâåçä. Íàø

àíàëèç âàðèàöèé ïàðàìåòðîâ A
V 
, P

max
, max  â êàðòèííîé ïëîñêîñòè è ñ

óâåëè÷åíèåì ðàññòîÿíèÿ ïîçâîëèë çàêëþ÷èòü, ÷òî â ðàññìàòðèâàåìîì ïîëå (çà

èñêëþ÷åíèåì ãàëî Â5) îñíîâíîé âêëàä â îñëàáëåíèå è ïîëÿðèçàöèþ âíîñèò

÷àñòü êîìïëåêñà îáëàêîâ Òåëüöà (TMC) íà 150d  ïê, è ïîëó÷åííûå çíà÷åíèÿ

ýòèõ ïàðàìåòðîâ óêàçûâàþò íà òî, ÷òî óãîë ìåæäó ëó÷îì çðåíèÿ è íàïðàâëåíèåì

ìàãíèòíîãî ïîëÿ â ýòîé ÷àñòè TMC çíà÷èòåëüíî îòëè÷àåòñÿ îò 90o.

Êëþ÷åâûå ñëîâà: ìåæçâåçäíàÿ ïîëÿðèçàöèÿ: ïîëÿðèìåòðè÷åñêèå íàáëþäåíèÿ:

     êîñìè÷åñêàÿ ïûëü
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 ÏÐÈÁËÈÆÅÍÍÀß ÀÍÀËÈÒÈ×ÅÑÊÀß ÌÎÄÅËÜ
ÏÎÃÐÀÍÈ×ÍÎÃÎ ÑËÎß ÂÎÊÐÓÃ ÍÅÉÒÐÎÍÍÎÉ

ÇÂÅÇÄÛ ÑÎ ÑËÀÁÛÌ ÌÀÃÍÈÒÍÛÌ ÏÎËÅÌ ÏÐÈ
ÄÈÑÊÎÂÎÉ ÀÊÊÐÅÖÈÈ

Ã.Ñ.ÁÈÑÍÎÂÀÒÛÉ-ÊÎÃÀÍ
Ïîñòóïèëà 19 ìàðòà 2025

Ïîñòðîåíà ïðèáëèæåííàÿ àíàëèòè÷åñêàÿ îäíîìåðíàÿ ìîäåëü ïîãðàíè÷íîãî ñëîÿ äëÿ
àêêðåöèîííîãî äèñêà âîêðóã íåéòðîííîé çâåçäû, â êîòîðîé ìàëîå ìàãíèòíîå ïîëå íå âëèÿåò
íà ïðîöåññ àêêðåöèè. Ðàññìàòðèâàåòñÿ ñëó÷àé áîëüøîé ñâåòèìîñòè, êîãäà âî âíóòðåííåé
îáëàñòè äèñêà ïðåîáëàäàåò äàâëåíèå èçëó÷åíèÿ.

Êëþ÷åâûå ñëîâà: íåéòðîííûå çâåçäû: äèñêîâàÿ àêêðåöèÿ: ïîãðàíè÷íûé ñëîé

1. Ââåäåíèå. Àêêðåöèÿ íà íåéòðîííûå çâåçäû (ÍÇ) è ÷åðíûå äûðû (×Ä)

ÿâëÿåòñÿ îñíîâíûì èñòî÷íèêîì ýíåðãèè èçëó÷åíèÿ ãàëàêòè÷åñêèõ ðåíòãå-

íîâñêèõ èñòî÷íèêîâ. Êàê ñëåäóåò èç íàáëþäåíèé, ýòè îáúåêòû, â ïîäàâëÿþùåì

áîëüøèíñòâå, ÿâëÿþòñÿ òåñíûìè äâîéíûìè ñèñòåìàìè, â êîòîðûõ èìååò

ìåñòî àêêðåöèÿ âåùåñòâà îò çâåçäíîãî êîìïîíåíòà íà ÍÇ èëè ×Ä [1,2].

Ïåðåòåêàíèå âåùåñòâà íà ÍÇ èëè ×Ä ïðîèñõîäèò â âèäå äèñêîâîé àêêðåöèè,

ââèäó áîëüøîãî óãëîâîãî ìîìåíòà àêêðåöèðóþùåãî âåùåñòâà â äâîéíîé

ñèñòåìå. Ïðè àêêðåöèè íà ×Ä âåùåñòâî â äèñêå äîñòèãàåò ðàäèóñà ïîñëåäíåé

óñòîé÷èâîé îðáèòû è ïî÷òè ñâîáîäíî ïàäàåò íà ×Ä. Îñíîâíûå îñîáåííîñòè

äèñêîâîé àêêðåöèè íà ×Ä îòðàæåíû â ïðèáëèæåííûõ ìîäåëÿõ èç ðàáîò [3-7].

Ìîäåëè âíåøíèõ îáëàñòåé àêêðåöèîííûõ äèñêîâ âîêðóã ÍÇ, â îñíîâíîì,

ñîâïàäàþò ñ ìîäåëÿìè íà ×Ä. Ñóùåñòâåííûå îòëè÷èÿ âîçíèêàþò, êîãäà

àêêðåöèîííûé äèñê îñòàíàâëèâàåòñÿ ñèëüíûì ìàãíèòíûì ïîëåì íåéòðîííîé

çâåçäû [2,8], ëèáî äîñòèãàåò ïîâåðõíîñòè ÍÇ ñî ñëàáûì ìàãíèòíûì ïîëåì.

Â ïîñëåäíåì ñëó÷àå ó ïîâåðõíîñòè íåéòðîííîé çâåçäû ôîðìèðóåòñÿ

ïîãðàíè÷íûé ñëîé (ÏÑ), â êîòîðîì ñêîðîñòü âðàùåíèÿ àêêðåöèðóþùåãî

âåùåñòâà áûñòðî ïàäàåò îò êåïëåðîâñêîé óãëîâîé ñêîðîñòè âðàùåíèÿ äèñêà

äî óãëîâîé ñêîðîñòè âðàùåíèÿ ÍÇ, êîòîðàÿ ìîæåò áûòü íàìíîãî ìåíüøå.

Ïàäåíèå óãëîâîé ñêîðîñòè ïðîèñõîäèò â ÏÑ, ðàäèàëüíàÿ òîëùèíà êîòîðîãî

îêàçûâàåòñÿ ìåíüøå åãî âåðòèêàëüíîãî ðàçìåðà.
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Áûñòðîå ïàäåíèå óãëîâîé ñêîðîñòè è ìàëàÿ òîëùèíà ÏÑ âîêðóã ÍÇ

ñîçäàþò áîëüøèå òðóäíîñòè ïðè ïîñòðîåíèè êîìïüþòåðíîé ìîäåëè òàêîãî

ÏÑ, êîòîðûå íå ïðåîäîëåíû äî ñèõ ïîð. Ïîñòðîåíèþ ïðèáëèæåííûõ àíàëèòè-

÷åñêèõ ìîäåëåé ÏÑ âîêðóã ÍÇ áûë ïîñâÿùåí ðÿä ðàáîò, â êîòîðûõ èñïîëü-

çîâàëèñü ðàçëè÷íîãî âèäà ïðèáëèæåíèÿ, ðåçóëüòàòû êîòîðûõ èíîãäà

ñóùåñòâåííî îòëè÷àëèñü äðóã îò äðóãà [9-17].

Â íàñòîÿùåé ðàáîòå ïîñòðîåíà ïðèáëèæåííàÿ ìîäåëü ÏÑ âîêðóã ñëàáî

çàìàãíè÷åííîé ÍÇ áîëüøîé ñâåòèìîñòè, êîãäà âî âíóòðåííèõ îáëàñòÿõ

àêêðåöèîííîãî äèñêà è â ÏÑ äàâëåíèå îïðåäåëÿåòñÿ èçëó÷åíèåì, òàê ÷òî

âûðàæåíèÿ äëÿ äàâëåíèÿ P, ýíåðãèè åäèíèöû ìàññû E, è ýíòðîïèè S

ïðèáëèæåííî èìåþò âèä

. 
3

4
, , 

3

344







aT
S

aT
E

aT
P (1)

Ïðè ïîëó÷åíèè ïðèáëèæåííîãî ðåøåíèÿ äëÿ àêêðåöèîííîãî äèñêà ñ ÏÑ

èñïîëüçîâàíû áîëåå ãðóáûå óïðîùàþùèå ïðåäïîëîæåíèÿ, ïî ñðàâíåíèþ ñ

ïðåäûäóùèìè ðàáîòàìè, ÷òî ïîçâîëèëî ïîëó÷èòü àíàëèòè÷åñêèå âûðàæåíèÿ

äëÿ ðàñïðåäåëåíèÿ P,  , T,  , h âíóòðè ÏÑ. Ñøèâêà ðåøåíèé äëÿ äèñêà

è ÏÑ ñäåëàíà â òî÷êå, êîòîðàÿ îòñòîèò îò ïîâåðõíîñòè ÍÇ íà ðàññòîÿíèè,

ðàâíîì âåðòèêàëüíîé òîëùèíå ÏÑ â ýòîé òî÷êå. Îáñóæäàåòñÿ ïðîöåññ èñ÷åç-

íîâåíèÿ ÏÑ ïðè ïðèáëèæåíèè ñêîðîñòè âðàùåíèÿ ÍÇ ê åå êðèòè÷åñêîìó

çíà÷åíèþ, ïðè êîòîðîì ãðàâèòàöèîííîå ïðèòÿæåíèå íà ïîâåðõíîñòè ÍÇ

óðàâíîâåøèâàåòñÿ öåíòðîáåæíîé ñèëîé êåïëåðîâñêîãî âðàùåíèÿ.

2. Îäíîìåðíàÿ ìîäåëü àêêðåöèîííîãî äèñêà. Ðàññìîòðèì îäíîìåðíóþ

ìîäåëü [3,4], â êîòîðîé ïðèáëèæåííî ó÷èòûâàþòñÿ çàâèñèìîñòè ïàðàìåòðîâ

âäîëü îñè z . Ýòà ìîäåëü èñïîëüçóåò òàêæå ïðèáëèæåííóþ ôîðìóëó äëÿ

âÿçêîé êîìïîíåíòû òåíçîðà ýíåðãèè - èìïóëüñà â òóðáóëåíòíîì äèñêå â âèäå

. 2 Pt sr  v (2)

Êâàäðàò ñðåäíåé òóðáóëåíòíîé ñêîðîñòè ïðîïîðöèîíàëåí êâàäðàòó ñêîðîñòè

çâóêà  Pst
22 vv , ãäå êîýôôèöèåíò 1  â ñðåäå ñ äîçâóêîâîé

òóðáóëåíòíîñòüþ. Â ïðèáëèæåííîé ìîäåëè ðàññìàòðèâàåòñÿ èçîòåðìè÷åñêàÿ

ñêîðîñòü çâóêà è íå ó÷èòûâàåòñÿ çàâèñèìîñòü îò ïîêàçàòåëÿ àäèàáàòû. Ýòî æå

îïèñàíèå âÿçêîñòè èñïîëüçóåòñÿ çäåñü äëÿ ìîäåëåé äèñêà è ÏÑ. Â ïðè-

áëèæåííîé îäíîìåðíîé ìîäåëè òîíêîãî äèñêà ïðèíèìàåòñÿ êåïëåðîâñêàÿ óãëîâàÿ

ñêîðîñòü âðàùåíèÿ è ðàññìàòðèâàåòñÿ ñòàöèîíàðíûé àêêðåöèîííûé äèñê, â

êîòîðîì ïîòîê óãëîâîãî ìîìåíòà ê íåéòðîííîé çâåçäå ïðè äèñêîâîé àêêðåöèè

óðàâíîâåøèâàåòñÿ ïîòîêîì óãëîâîãî ìîìåíòà íàðóæó çà ñ÷åò òóðáóëåíòíîé

âÿçêîñòè:
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Çäåñü M  - çàäàâàåìûé àêêðåöèîííûé ïîòîê ìàññû, 
2rrj  v  - óäåëüíûé

óãëîâîé ìîìåíò âåùåñòâà â äèñêå, à j
in
 îòíîñèòñÿ ê âåùåñòâó íà îðáèòå ñ

ðàäèóñîì íåéòðîííîé çâåçäû r , ê êîòîðîé îíî ïðèñîåäèíÿåòñÿ; h(r) -

ïîëóòîëùèíà äèñêà, îïðåäåëÿåìàÿ ïðèáëèæåííî èç óðàâíåíèÿ ðàâíîâåñèÿ

äèñêà ïî îñè z . Îáà âûðàæåíèÿ äëÿ rt  â (3) ñîâïàäàþò ïðè KP  32 ,

íî ïðè ÷èñëåííûõ ðàñ÷åòàõ ìåòîäèêè ñ÷åòà ñóùåñòâåííî ðàçëè÷àþòñÿ.

Äëÿ ïðèáëèæåííîãî îïðåäåëåíèÿ ñòðóêòóðû ñòàöèîíàðíîãî îäíîìåðíîãî

àêêðåöèîííîãî äèñêà, ïðèâåäåííûå âûøå óðàâíåíèÿ äèíàìè÷åñêîãî ðàâíîâåñèÿ

ñëåäóåò äîïîëíèòü óðàâíåíèÿìè òåïëîâîãî ðàâíîâåñèÿ. Â ðàáîòå [3] ïðè

ïîñòðîåíèè òàêîé ìîäåëè ïðåäïîëàãàëîñü, ÷òî òåïëî, âûäåëÿåìîå çà ñ÷åò

âÿçêîñòè Q , öåëèêîì óíîñèòñÿ ÷åðåç ïîâåðõíîñòü äèñêà ëó÷èñòîé òåïëî-

ïðîâîäíîñòüþ,   QQ . Èìååì
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Çäåñü   - íåïðîçðà÷íîñòü, 0 , T
0
 - ïëîòíîñòü è òåìïåðàòóðà âåùåñòâà äèñêà

â ýêâàòîðèàëüíîé ïëîñêîñòè.

Ïðè óñëîâèè   QQ , èç (4) ñëåäóåò

. 
3

16
1

2

3 4
02















acT

j

j
M in

(5)

Â öåíòðàëüíîé îáëàñòè àêêðåöèîííîãî äèñêà âîêðóã ÷åðíîé äûðû ïðåîáëàäàåò

äàâëåíèå èçëó÷åíèÿ 34aTPr  , à íåïðîçðà÷íîñòü îïðåäåëÿåòñÿ, â îñíîâíîì,

ðàññåÿíèåì íà ýëåêòðîíàõ 40.T   ñì2/ã (äëÿ âîäîðîäíîé ïëàçìû). Â

ýòîì ñëó÷àå èç (3)-(5) ïîëó÷àåì äëÿ çàâèñèìîñòåé îò ðàäèóñà, ïðè  rr

âûðàæåíèÿ äëÿ ïîëóòîëùèíû äèñêà h(r), äàâëåíèÿ P
0
(r), ïëîòíîñòè  r0  è

òåìïåðàòóðû T
0
(r), ðàäèàëüíîé ñêîðîñòè 0rv  â ïëîñêîñòè ñèììåòðèè äèñêà,

à òàêæå ïîâåðõíîñòíîé ïëîòíîñòè  r0 , âûðàæåíèÿ â âèäå [18]
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Ñ ïîïðàâêàìè â îáëàñòè, ïðèìûêàþùåé ê ÏÑ, ýòî ðåøåíèå ìîæåò èñïîëü-

çîâàòüñÿ äëÿ ðàñ÷åòà àêêðåöèè íà ÍÇ. Âñå ÷èñëåííûå âåëè÷èíû âûðàæåíû

â åäèíèöàõ CGSE,  rr  - ðàäèóñ íåéòðîííîé çâåçäû, è èñïîëüçîâàíû
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Óãëîâîé ìîìåíò, ïðèîáðåòàåìûé ÍÇ ïðè ñòàöèîíàðíîé àêêðåöèè, ñîîòâåòñòâóåò

òî÷êå ìàêñèìóìà óãëîâîé ñêîðîñòè âíóòðè ïîãðàíè÷íîãî ñëîÿ. Ââèäó ìàëîé

òîëùèíû ÏÑ ðàäèóñ âñåõ åãî âíóòðåííèõ òî÷åê ïðèíèìàåòñÿ ðàâíûì r . Â

äàëüíåéøåì áóäåì ïðåäïîëàãàòü, ÷òî âåñü ïîòîê ìîìåíòà âåùåñòâà, ïàäàþùåãî

íà ÍÇ, ïîãëîùàåòñÿ åþ. Óãëîâîé ìîìåíò ïàäàþùåãî âåùåñòâà îïðåäåëÿåòñÿ

êåïëeðîâñêîé ñêîðîñòüþ âðàùåíèÿ íà ïîâåðõíîñòè íåéòðîííîé çâåçäû, ÷òî

îïðåäåëÿåò çíà÷åíèå 1 .

3. Îäíîìåðíàÿ ìîäåëü ïîãðàíè÷íîãî ñëîÿ. Ðàññìîòðèì óðàâíåíèÿ

äëÿ ïîãðàíè÷íîãî ñëîÿ, â êîòîðîì óãëîâàÿ ñêîðîñòü óìåíüøàåòñÿ ñ ïðèáëæåíèåì

ê ÍÇ. Èçìåíåíèå ðàäèóñà â ÏÑ ñòîëü ìàëî, ÷òî â àëãåáðàè÷åñêèõ âûðàæåíèÿõ,

ãäå íåò äèôôåðåíöèðîâàíèÿ,  rr . Óñðåäíåííûå ïî îñè z  ïðèáëèæåííûå

óðàâíåíèÿ äâèæåíèÿ áûëè çàïèñàíû â âèäå [12,13]
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r

dr

dP
K (14)

  , 
1

4
1

4 2
0 bsb

K

b Hr

M

rh

M

dr

d

v


















(15)

ãäå

. , 
3

2












r

GM
K

K
(16)

Çäåñü îñòàâëåíû òîëüêî îñíîâíûå ÷ëåíû â óðàâíåíèè äâèæåíèÿ; 
2


 rj Kin ,

òàê ÷òî ïîòîê óãëîâîãî ìîìåíòà â ÍÇ ñîîòâåòñòâóåò (13). Âåçäå, ïðè âû÷èñëåíèè

ïðîèçâîäíûõ, âíóòðè ÏÑ ðàäèóñ r ïðèíèìàåòñÿ ðàâíûì r  [13,19]. Â

àêêðåöèîííîì äèñêå êîýôôèöèåíò òóðáóëåíòíîé âÿçêîñòè èñïîëüçîâàëñÿ â

âèäå

, 
3

2

3

2

3

2 2

h
P

s
s v
v








 (17)

ãäå â êà÷åñòâå ìèíèìàëüíîãî ìàñøòàáà ïðèíèìàåòñÿ ïîëóòîëùèíà äèñêà h.

Â ÏÑ ìèíèìàëüíûì ìàñøòàáîì ÿâëÿåòñÿ åãî òîëùèíà, ïîýòîìó êîýôôèöèåíò

òóðáóëåíòíîé âÿçêîñòè â ÏÑ ñóùåñòâåííî ìåíüøå è ïðèíèìàåòñÿ â âèäå

. bsbb H~ v (18)

Çäåñü  , 1b .

4. Òåïëîâûå ïðîöåññû â ïîãðàíè÷íîì ñëîå. Áûñòðîå ïàäåíèå óãëîâîé

ñêîðîñòè â ïîãðàíè÷íîì ñëîå ïðè àêêðåöèè íà ìåäëåííî âðàùàþùóþñÿ

çâåçäó ïðèâîäèò ê áîëüøîìó âûäåëåíèþ òåïëîâîé ýíåðãèè èç-çà âÿçêîñòè

è ñèëüíîìó íàãðåâó âåùåñòâà â ÏÑ. Â òîíêîì ïîãðàíè÷íîì ñëîå ðàäèàëüíûé

ïîòîê òåïëà ïðåâûøàåò ïîòåðè òåïëà ÷åðåç ñòåíêè äèñêà, òàê ÷òî ñ ó÷åòîì

óðàâíåíèÿ ñîõðàíåíèÿ óãëîâîãî ìîìåíòà (3) âûðàæåíèå äëÿ ñêîðîñòè âÿçêîãî

íàãðåâà ïîëóòîëùèíû ïîãðàíè÷íîãî ñëîÿ Q  (ýðã/ñì2/ñ), ñ ó÷åòîì (13), (15)

èìååò âèä

  . 1
4 2

2

dr

d

r

MGM

dr

d
rh

dr

d
rhtQ r













 










(19)

Â ïîãðàíè÷íîì ñëîå óäîáíî ââåñòè âåëè÷èíó Q
t
 (ýðã/ñì/ñ)

  , 144
dr

d

r

MGM
QrrQQt








(20)

îïðåäåëÿþùóþ ñêîðîñòü âÿçêîãî íàãðåâà êîëüöà â ÏÑ íà åäèíèöó ðàäèàëüíîé

òîëùèíû àêêðåöèîííîãî äèñêà. Âäîëü ðàäèóñà òåïëî ïåðåíîñèòñÿ ëó÷èñòîé

òåïëîïðîâîäíîñòüþ, òàê ÷òî âûðàæåíèå äëÿ ðàäèàëüíîãî òåïëîâîãî ïîòîêà â

äèñêå   (ýðã/ñ) çàïèñûâàåòñÿ â âèäå
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. 4
3

4 3

hr
dr

dTacT



 (21)

Óðàâíåíèå òåïëîâîãî áàëàíñà âíóòðè ÏÑ èìååò âèä

  . 1
dr

d

r

MGM
Q

dr

d
t









(22)

Èíòåãðèðóÿ ýòî óðàâíåíèå ñ ãðàíè÷íûì óñëîâèåì   0   (îòñóòñòâèå

òåïëîâîãî ïîòîêà â ÍÇ), ïîëó÷àåì

  . 2
222

22




















 





r

MGM

r

MGM 
(23)

Ââåäÿ 1 , ïîëó÷àåì çíà÷åíèå âÿçêîãî òåïëîâîãî ïîòîêà, âûõîäÿùåãî èç

ÏÑ b  (ýðã/ñ), â âèäå [14]

  . 1
2

2





r

MGM
b


(24)

Çäåñü ïðåíåáðåãàåòñÿ òåïëîâûì ïîòîêîì, íàãðåâàþùèì ÍÇ, êîòîðàÿ ìîæåò

áûòü ñóùåñòâåííî õîëîäíîé ÍÇ.

5. Ãëîáàëüíàÿ ìîäåëü àêêðåöèîííîãî äèñêà ñ ïîãðàíè÷íûì ñëîåì.

Äëÿ îïèñàíèÿ ÏÑ èñïîëüçîâàëèñü óðàâíåíèÿ äâèæåíèÿ â âèäå (14), (15), â

êîòîðûõ êîìïîíåíòà rt  îïðåäåëÿëàñü ãðàäèåíòîì óãëîâîé ñêîðîñòè drd

è êîýôôèöèåíòîì âÿçêîñòè b  èç (18). Â ðàáîòå [16] èñïîëüçîâàëàñü ôîðìóëà

ñ íåïðåðûâíûì óìåíüøåíèåì êîýôôèöèåíòà âÿçêîñòè ïðè ïåðåõîäå èç äèñêà

â ÏÑ ââèäó óìåíüøåíèÿ õàðàêòåðíîãî ìàñøòàáà îò h â äèñêå ê H
b
 â ÏÑ,

êîòîðàÿ â [19] áûëà çàïèñàíà â âèäå

 
 
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






P

drdP

h b

sv
(25)

äëÿ ñîâïàäåíèÿ ñ ïðåäåëüíûìè çíà÷åíèÿìè (17) äëÿ äèñêà è (18) äëÿ ÏÑ,

ñîîòâåòñòâåííî. Ïðè ýòîì 
drdP

P
Hh b

0

0  â äèñêå, è bHh   â ÏÑ.

Â óðàâíåíèè òåïëîâîãî áàëàíñà ñëåäóåò ó÷åñòü ëó÷èñòûé ïåðåíîñ òåïëà

  âäîëü ðàäèóñà èç (21), êîòîðûé áîëüøå, ÷åì ïåðåíîñ òåïëà âäîëü îñè

äèñêà. Â ÏÑ óãëîâàÿ ñêîðîñòü ìîæåò ñóùåñòâåííî îòëè÷àòüñÿ îò êåïëåðîâñêîé,

ïîýòîìó ñëåäóåò âûðàæàòü èñêîìîå óðàâíåíèå ÷åðåç ãðàäèåíò ëîêàëüíîé

óãëîâîé ñêîðîñòè. Ñ ó÷åòîì àäâåêòèâíîãî ïåðåíîñà òåïëà ïî ðàäèóñó [7]

, 
2 dr

dS
T
r

M
Qadv





(26)

(S - ýíòðîïèÿ), óðàâíåíèå áàëàíñà ýíåðãèè âíóòðè ÏÑ ïðè ëîêàëüíîì
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íàãðåâå âÿçêîñòüþ Q  è ëó÷èñòîì ðàäèàëüíîì ïîòîêå Q , çàïèñûâàåòñÿ â

âèäå [19]

. 
4

1

dr

d

r
QQQ adv




  (27)

Çäåñü èñïîëüçóåòñÿ   èç ñîîòíîøåíèÿ (21). Ïîäñòàâëÿÿ âûðàæåíèÿ äëÿ Q

è Q , ïîëó÷àåì ýòî óðàâíåíèå â âèäå

  . 4
3

2

0

4
0 r
h

caT

dr

d
jjM

dr

d

dr

dS
TM in 








 

(28)

Òîëùèíà äèñêà, âêëþ÷àÿ ÏÑ, îïðåäåëÿåòñÿ ïðèáëèæåííî (3) èç óðàâíåíèÿ

âåðòèêàëüíîãî ðàâíîâåñèÿ. Â ðàáîòå [16] ÷èñëåííîå ðåøåíèå óðàâíåíèé äëÿ

äèñêà ñ ÏÑ âîêðóã áåëîãî êàðëèêà áûëî ïîëó÷åíî ïðè ãðàíè÷íûõ óñëîâèÿõ

íà ðàäèóñå çâåçäû r
s
, ãäå â ñèëó óñëîâèÿ ïðèëèïàíèÿ óãëîâàÿ ñêîðîñòü íà

âíóòðåííåé ãðàíèöå ÏÑ ðàâíÿëàñü ñêîðîñòè âðàùåíèÿ çâåçäû   ssb r  . Íà

âíåøíåé ãðàíèöå äèñêà ïðè  rrout 100  ïðèíèìàëàñü êåïëåðîâñêàÿ ñêîðîñòü

âðàùåíèÿ  outKout r .

Ìû ðàññìàòðèâàåì ãðàíè÷íîå óñëîâèå äëÿ âÿçêîãî ïîòîêà óãëîâîãî ìîìåíòà

â âèäå ñâîáîäíîãî âòåêàíèÿ è ïîãëîùåíèÿ åãî çâåçäîé, è ïðåíåáðåãàåì

íàãðåâîì çâåçäû âÿçêèì ïîòîêîì òåïëà. ×èñëåííîå ðåøåíèå ãëîáàëüíûõ

óðàíåíèé äëÿ çâåçäû ïëþñ ÏÑ áûëè ïîëó÷åíû â [16] äëÿ êàòàêëèçìè÷åñêèõ

ïåðåìåííûõ çâåçä ñ ÏÑ, ãäå àêêðåöèîííûé äèñê âñòðå÷àåòñÿ ñ àêêðåöèðóþùèì

áåëûì êàðëèêîì. Ïîäîáíîå ãëîáàëüíîå ÷èñëåííîå ðåøåíèå äëÿ íåéòðîííîé

çâåçäû ïîëó÷åíî íå áûëî.

Ïîñòðîåíèå ãëîáàëüíîé ìîäåëè äëÿ àêêðåöèè íà íåéòðîííóþ çâåçäó ñ ÏÑ

áûëî âûïîëíåíî â ðàáîòå [13] ñ èñïîëüçîâàíèåì ìåòîäà ñøèâêè àñèìïòî-

òè÷åñêèõ ðåøåíèé ÌÀÅ [20]. Ïîëó÷åíèå ïðÿìîãî ÷èñëåííîãî ðåøåíèÿ

îñëîæíÿåòñÿ íàëè÷èåì î÷åíü ìàëîãî ïàðàìåòðà, ïðåäñòàâëÿþùåãî îòíîøåíèå

òîëùèíû ñëîÿ ê ðàäèóñó è ê òîëùèíå àêêðåöèîííîãî äèñêà. Ðåøåíèå,

ó÷èòûâàþùåå òåïëîâûå ïðîöåññû, áûëî ïîñòðîåíî ÷èñëåííî â [13] ïðè

ôèçè÷åñêè íåîïðàâäàííîì ïîòîêå óãëîâîãî ìîìåíòà íàðóæó, âäîëü ðàäèóñà

äèñêà. Ýòî ìîæåò óêàçûâàòü íà ïëîõóþ ïðèìåíèìîñòü ÌÀÅ ìåòîäà â ýòîé

ìîäåëè [19]. Äëÿ ïîëèòðîïíîé ìîäåëè àêêðåöèîííîãî äèñêà ñ ÏÑ ãëîáàëüíîå

ðåøåíèå ìåòîäîì ÌÀÅ áûëî ïîñòðîåíî â ðàáîòå [21].

6. Àíàëèòè÷åñêàÿ ìîäåëü àêêðåöèîííîãî äèñêà ñ ïîãðàíè÷íûì

ñëîåì âîêðóã ÍÇ. Ó÷åò òåïëîâûõ ïðîöåññîâ â äèñêå ñ óðàâíåíèåì ñîñòîÿíèÿ

 TP  ,  ñäåëàë çàäà÷ó íàñòîëüêî óñëîæíåííîé, ÷òî äî ñèõ ïîð íå ïîçâîëèë

ïîëó÷èòü äàæå ïðèáëèæåííîå àíàëèòè÷åñêîå ðåøåíèå. Ìû ïîëó÷èëè ïðèáëè-

æåííîå àíàëèòè÷åñêîå ðåøåíèå äëÿ ìîäåëè äèñêà ñ ÏÑ, â âàæíîì ÷àñòíîì

ñëó÷àå áîëüøîé ñâåòèìîñòè, êîãäà âî âíóòðåííåé îáëàñòè äèñêà ïðåîáëàäàåò

äàâëåíèå èçëó÷åíèÿ. Èñïîëüçîâàëñÿ ìåòîä ñøèâêè âíåøíåãî (äèñê) è âíóò-
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ðåííåãî (ÏÑ) ðåøåíèé ñ ãðàíè÷íûìè óñëîâèÿìè, îòëè÷íûìè îò èñïîëüçóåìûõ

â ðàáîòàõ [13,16], ïðè çàìåíå ïåðåìåííûõ äëÿ íàõîæäåíèÿ âíóòðåííåãî

ðåøåíèÿ â ÏÑ.

Â êà÷åñòâå ðàâíîâåñíîãî ðåøåíèÿ äëÿ àêêðåöèîííîãî äèñêà, ãäå âëèÿíèå

ÏÑ íå ÷óâñòâóåòñÿ, èñïîëüçîâàëîñü ñòàíäàðòíîå ïðèáëèæåííîå ðåøåíèå, ãäå

K , âûïèñàííîå â (6)-(10).

Êàê ñëåäóåò èç (19), âáëèçè ðàäèóñà ÍÇ, ãäå óãëîâàÿ ñêîðîñòü äîñòèãàåò

ñâîåãî ìàêñèìóìà 1 , âûäåëåíèå âÿçêîãî òåïëà çàíóëÿåòñÿ, íàïðàâëåíèå

âÿçêîãî ïîòîêà óãëîâîãî ìîìåíòà ìåíÿåò çíàê. Â ñòàöèîíàðíîì ñîñòîÿíèè

ïîòîê óãëîâîãî ìîìåíòà íà ÍÇ ðàâåí 
2


 rj Kin . Çíà÷åíèå ïîòîêà óãëîâîãî

ìîìåíòà â ÍÇ ðåçêî óìåíüøàåòñÿ ïî äîñòèæåíèè ìàêñèìàëüíî äîïóñòèìîé

óãëîâîé ñêîðîñòè c  òâåðäîòåëüíî âðàùàþùåéñÿ ÍÇ. Ïðè ýòîì ñîîòâåòñòâåííî

âîçðàñòàåò ïîòîê óãëîâîãî ìîìåíòà íàðóæó âäîëü àêêðåöèîííîãî äèñêà è åãî

ñâåòèìîñòü [22].

Âûäåëåíèå òåïëà âÿçêîñòüþ î÷åíü ñóùåñòâåííî â ÏÑ èç-çà áîëüøîãî

ãðàäèåíòà óãëîâîé ñêîðîñòè. Óðàâíåíèÿ òåïëîâîãî áàëàíñà (28), (21) ðåøàþòñÿ

ñîâìåñòíî ñ óðàâíåíèÿìè ðàíîâåñèÿ ïî ðàäèóñó è óðàâíåíèåì, îïðåäåëÿþùèì

áàëàíñ óãëîâîãî ìîìåíòà (14)-(16). Â ÏÑ íà ìàëîé òîëùèíå H
b
 ïðîèñõîäèò

ñèëüíîå èçìåíåíèå ïàðàìåòðîâ T,  , P,  . Èñïîëüçóåì óðàâíåíèå (15) äëÿ

çàìåíû íåçàâèñèìîé ïåðåìåííîé r íà  , òàê ÷òî

, 
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0 
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Ñ ó÷åòîì (29), çàïèøåì (14) â âèäå
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v
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












  (30)

Èñïîëüçóåìîå çäåñü ïðèáëèæåíèå íåïðèìåíèìî äëÿ ñêîðîñòåé âðàùåíèÿ

íåéòðîííîé çâåçäû âáëèçè c , êîãäà ÍÇ ñòàíîâèòñÿ ñïëþñíóòîé èç-çà

áîëüøîé öåíòðîáåæíîé ñèëû, òîëùèíà ÏÑ ñòàíîâèòñÿ ñðàâíèìîé ñ òîëùèíîé

àêêðåöèîííîãî äèñêà è ÏÑ èñ÷åçàåò ïðè äîñòèæåíèè c   [22].

Äëÿ óìåðåííûõ ñêîðîñòåé âðàùåíèÿ, êîãäà îòêëîíåíèÿìè îò ñôåðè÷íîñòè

ìîæíî ïðåíåáðå÷ü, çíà÷åíèå H
b
 â ÏÑ ïðèíèìàåì (25) ðàâíûì õàðàêòåðíîé

äëèíå èçìåíåíèÿ äàâëåíèÿ [16]. Èñïîëüçóÿ, ïî îïðåäåëåíèþ, äëÿ äàâëåíèÿ

âûðàæåíèå 2
00 sP v , ïîëó÷àåì èç (30), (14)
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Çäåñü âûðàæåíèå äëÿ H
b
 ïðèìåíèìî äëÿ H

b
 < h, 22 1 bKs r 

v . Ìåñòî,

ãäå h = H
b
, ìîæíî ðàññìàòðèâàòü êàê ãðàíèöó, îòäåëÿþùóþ àêêðåöèîííûé

äèñê îò ÏÑ. Âíóòðè ÏÑ èç (32) ïîëó÷àåì óðàâíåíèå äëÿ ïîâåäåíèÿ äàâëåíèÿ

â ÏÑ â âèäå
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êîòîðîå èìååò ðåøåíèå
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Èñïîëüçóÿ ãðàíè÷íîå óñëîâèå ïðèëèïàíèÿ,   íà ïîâåðõíîñòè çâåçäû,

âûðàçèì êîíñòàíòó èíòåãðèðîâàíèÿ D ÷åðåç äàâëåíèå íà ïîâåðõíîñòè çâåçäû P
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Äëÿ âû÷èñëåíèÿ äàâëåíèÿ íà âíóòðåííåé ãðàíèöå ÏÑ P , èñïîëüçóåì óñëîâèå

ñøèâêè ðåøåíèÿ äëÿ ÏÑ (36) è äèñêà (7) íà ãðàíèöå b , ãäå P
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Äëÿ ñêîðîñòè âðàùåíèÿ ÍÇ, ïðèáëèæàþùåéñÿ ê êðèòè÷åñêîé, òîëùèíà ÏÑ

ðàñòåò è ñîâïàäàåò ñ òîëùèíîé äèñêà ïðè 
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ïðåâûøåíèè ýòîãî çíà÷åíèÿ óãëîâîé ñêîðîñòè ÍÇ ïðîèñõîäèò ðàçìûâàíèå è

èñ÷åçíîâåíèå ÏÑ. Âûøåèçëîæåííûå ðåçóëüòàòû ñïðàâåäëèâû äëÿ âñåõ
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óðàâíåíèé ñîñòîÿíèÿ â àêêðåöèîííûõ äèñêàõ.

Äëÿ ðàäèàöèîííî-äîìèíèðîâàííîé ïëàçìû ñ ïðåîáëàäàíèåì äàâëåíèÿ

èçëó÷åíèÿ, òåìïåðàòóðà âíóòðè ÏÑ T
0
 è íà åãî ãðàíèöàõ T
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Âû÷èñëèì ïðèáëèæåííî çàâèñèìîñòü âåðòèêàëüíîé òîëùèíû ÏÑ h îò  ,

èñïîëüçóÿ óðàâíåíèå (15).
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Ñ ó÷åòîì âûðàæåíèÿ äëÿ H
b
 èç (31), ýòî óðàâíåíèå çàïèøåòñÿ â âèäå

       . 
1

4
11; 

11

4 22
0

12

22
0

2

h

M

dr

d

h

M

dr

d

sb

K

sb

K

vv 






















(42)
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âòîðîãî óðàâíåíèÿ èíòåãðèðîâîíèå âíóòðè ÏÑ ïðèáëèæåííî çàìåíÿåòñÿ
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Ïðåíåáðåãàÿ âòîðûì, ëîãàðèôìè÷åñêèì, ÷ëåíîì ñëåâà, êîòîðûé íà âñåì

èíòåðâàëå (  1, ) íàìíîãî ìåíüøå ïåðâîãî, çàâèñèìîñòü  2h  çàïèøåòñÿ â

âèäå
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Äëÿ ðàäèàöèîííî-äîìèíèðîâàííîãî äèñêà â òî÷êå ñøèâêè b  òîëùèíà

äèñêà çàäàåòñÿ ôîðìóëîé, ñëåäóþùåé èç (6) â âèäå
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Ñ÷èòàåì ñêîðîñòü çâóêà íåïðåðûâíîé íà âíåøíåé ãðàíèöå ÏÑ è ðàâíîé

ñêîðîñòè çâóêà íà âíóòðåííåé ãðàíèöå äèñêà sdbsb vv  , ãäå
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Çäåñü äëÿ äàâëåíèÿ è ïëîòíîñòè íà âíóòðåííåé ãðàíèöå äèñêà èñïîëüçîâàíû

ôîðìóëû (7) è (8), ñîîòâåòñòâåííî. Èñïîëüçóÿ (47) â (46), ïîëó÷àåì ôîðìóëó
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Ó÷òåì òàêæå, ÷òî ðàäèóñû áîëüøèíñòâà íåéòðîííûõ çâåçä ïðèìåðíî ðàâíû
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äëÿ 0.1 . Êàê ñëåäóåò èç âûøåèçëîæåííîãî, âåëè÷èíà 0  ïðèíèìàåòñÿ

ïîñòîÿííîé âíóòðè ÏÑ è ñîîòâåòñòâóåò ñðåäíåé ïëîòíîñòè âíóòðè ÏÑ.
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Ïîýòîìó åå ìàëîñòü ïî ñðàâíåíèþ ñ ïëîòíîñòüþ â äèñêå ìîæåò áûòü ñâÿçàíà

ñ óìåíüøåíèåì ïëîòíîñòè âíóòðè ÏÑ èç-çà ðîñòà òåìïåðàòóðû è ñèëüíîãî

ðàñøèðåíèÿ â âåðòèêàëüíîì íàïðàâëåíèè. Ìîæíî îæèäàòü, ÷òî ïðè ïðèáëè-

æåíèè ñâåòèìîñòè àêêðåöèîííîãî äèñêà ê êðèòè÷åñêîé, âåðòèêàëüíîå ðàñøè-

ðåíèå ÏÑ ïðèâåäåò ê ôîðìèðîâàíèþ íàïðàâëåííîãî âûáðîñà, ïåðïåíäè-

êóëÿðíîãî ïëîñêîñòè äèñêà (ðèñ.1). Äëÿ èññëåäîâàíèÿ òàêèõ âûáðîñîâ

íåîáõîäèìî ïðîâåäåíèå ÷èñëåííûõ ðàñ÷åòîâ ÏÑ âîêðóã ÍÇ â äâóõ- èëè

òðåõìåðíîé ìîäåëè, ñëèøêîì ñëîæíûõ ïîêà äëÿ ñîâðåìåííûõ êîìïüþòåðîâ.

7. Çàêëþ÷åíèå. Ñóùåñòâåííûå óïðîùåíèÿ è èñïîëüçîâàííûå ïðèáëèæåíèÿ

ïîçâîëèëè íàì ïîñòðîèòü ïîëóêà÷åñòâåííóþ ìîäåëü ïîãðàíè÷íîãî ñëîÿ âîêðóã

âðàùàþùåéñÿ ÍÇ ñî ñëàáûì ìàãíèòíûì ïîëåì, íå âëèÿþùèì íà äàíàìèêó

ÏÑ. Ðàññìîòðåíà ñèëüíàÿ àêêðåöèÿ íà ÍÇ, êîãäà âî âíóòðåííèõ îáëàñòÿõ

äèñêà è ÏÑ ïðåîáëàäàåò äàâëåíèå èçëó÷åíèÿ. Ñäåëàí ïðîñòîé âûâîä ôîðìóëû

äëÿ ïîëíîé ñâåòèìîñòè ÏÑ (24) â çàâèñèìîñòè îò óãëîâîé ñêîðîñòè ÍÇ.

Ðèñ.1. Êà÷åñòâåííàÿ êàðòèíà àêêðåöèè íà íåéòðîííóþ çâåçäó ñî ñëàáûì ìàãíèòíûì
ïîëåì â îáëàñòè ôîðìèðîâàíèÿ ïîãðàíè÷íîãî ñëîÿ. Âî âíóòðåííåé îáëàñòè äèñêà ïëàçìà

ñ÷èòàåòñÿ ðàäèàöèîííî-äîìèíèðîâàííîé, ÷òî ñîîòâåòñòâóåò áîëüøîé ñâåòèìîñòè ïðè àêêðåöèè.
Ñòðåëêè óêàçûâàþò íàïðàâëåíèå äâèæåíèÿ ãàçà â ïîãðàíè÷íîì ñëîå, ãäå ÷àñòü âåùåñòâà
ïðèñîåäèíÿåòñÿ ê íåéòðîííîé çâåçäå. Ïðè áîëüøîé ñâåòèìîñòè ðàäèàöèîííàÿ ñèëà óñêîðÿåò

÷àñòü ïëàçìû â âåðòèêàëüíîì íàïðàâëåíèè, ïðèâîäÿ ê ôîðìèðîâàíèþ íàïðàâëåííûõ âûáðîñîâ
- äæåòîâ. Óñëîâíàÿ ãðàíèöà ïîãðàíè÷íîãî ñëîÿ ðàñïîëîæåíà òàì, ãäå õàðàêòåðíàÿ òîëùèíà
ÏÑ èç (31) cðàâíèâàåòñÿ ñ âåðòèêàëüíîé òîëùèíîé äèñêà.

Óñëîâíàÿ
ãðàíèöà ÏÑ
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Ïîëó÷åíà ôîðìóëà (44) äëÿ çàâèñèìîñòè âåðòèêàëüíîé òîëùèíû ÏÑ îò

ðàäèóñà (óãëîâîé ñêîðîñòè), êîòîðàÿ ðàñòåò     11~h ,   ïðè

ïðèáëèæåíèè ê ÍÇ, è íåïðåðûâíà íà âíåøíåé ãðàíèöå ÏÑ ñ àêêðåöèîííûì

äèñêîì, ñì. (44) è (45). Ôîðìóëû (39) è (40) îïðåäåëÿþò ðàñïðåäåëåíèå äàâëåíèÿ

è òåìïåðåòóðó âíóòðè ÏÑ, ñîîòâåòñòâåííî. Ïðèâåäåííûå ôîðìóëû ñîîòâåòñòâóþò

íåïðåðûâíîìó ïåðåõîäó ïàðàìåòðîâ ÷åðåç ãðàíèöó àêêðåöèîííîãî äèñêà ñ ÏÑ.

Äëÿ ôîðìàëüíîé ëîêàëèçàöèè ãðàíèöû ìåæäó äèñêîì è ÏÑ ïðåäëîæåíà

òî÷êà íà ðàäèóñå, â êîòîðîé ðàäèàëüíàÿ òîëùèíà ÏÑ ñòàíîâèòñÿ ðàâíîé åãî

âåðòèêàëüíîé òîëùèíå, ÏÑ ïðè ýòîì ðàñïîëàãàåòñÿ ìåæäó ýòîé òî÷êîé è

ïîâåðõíîñòüþ ÍÇ. Àíàëîãè÷íûé êðèòåðèé ïðèìåíèì äëÿ íàõîæäåíèÿ ñîñòîÿíèÿ

çâåçäû ñ àêêðåöèîííûì äèñêîì, â êîòîðîì ÏÑ èñ÷åçàåò ïðè óâåëè÷åíèè

óãëîâîé ñêîðîñòè çâåçäû. Ñêîðîñòü âðàùåíèÿ ÍÇ â ýòîì ñîñòîÿíèè áëèçêà

ê êðèòè÷åñêîé è ìåíüøå åå íà ìàëóþ, íî êîíå÷íóþ âåëè÷èíó.

Ïîñòðîåííàÿ çäåñü ìîäåëü ÏÑ ïðåäñòàâëÿåòñÿ êà÷åñòâåííî ñïðàâåäëèâîé,

íåñìîòðÿ íà íåêîòîðûå ãðóáûå ïðèáëèæåíèÿ è óïðîùåíèÿ ïðè åå ïîñòðîåíèè.

Îá ýòîì ñâèäåòåëüñòâóåò òî, ÷òî ïðèìåíÿÿ åå äëÿ çâåçäû ñ êðèòè÷åñêîé

ýääèíãòîíîâñêîé ñâåòèìîñòüþ, ìû ïîëó÷àåì, ÷òî çíà÷åíèÿ âñåõ ïàðàìåòðîâ

íàõîäÿòñÿ â ñîîòâåòñòâèè ñ îáùèìè ïðåäñòàâëåíèÿìè î ìîäåëè, êîãäà ìû

ïîëüçóåìñÿ ïðè èõ ïîëó÷åíèè íåçàâèñèìûìè îöåíêàìè äëÿ ìàññû ÍÇ è 

- ê.ï.ä. âûäåëåíèÿ ýíåðãèè ïðè àêêðåöèè.

Äàííàÿ ðàáîòà ïîääåðæàíà ãðàíòîì ÐÍÔ 23-12-00198.

Èíñòèòóò êîñìè÷åñêèõ èññëåäîâàíèé ÐÀÍ, Ìîñêâà

Íàöèîíàëüíûé èññëåäîâàòåëüñêèé ÿäåðíûé óíèâåðñèòåò ÌÈÔÈ,
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APPROXIMATE ANALYTIC MODEL OF THE BOUNDARY
LAYER ARROUND A LOW MAGNETIC FIELD
NEUTRON STAR AT THE DISK ACCRETION

G.S.BISNOVATYI-KOGAN

We have constructed an approximate one-dimensional model of the boundary

layer for the disk accretion around the neutron star with a low enough magnetic

field, not influencing the accretion process. We consider the high luminosity

model with radiation dominated equation of state.

Keywords: neutron stars: disk accretion: boundary layer
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SCALAR-TENSOR THEORIES OF GRAVITY
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We consider general scalar-tensor theories in (D +1)-dimensional spacetime. The interplay
between the Jordan and Einstein frame representations is explored. As a specific illustration of the
general framework, we examine higher-dimensional generalizations of the Jordan-Brans-Dicke theory,
theories with non-minimally coupled scalar fields, f (R) gravity and low-energy string effective
gravity. The properties of the Einstein frame scalar field effective potentials are discussed.
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ÝÔÔÅÊÒÈÂÍÛÅ ÏÎÒÅÍÖÈÀËÛ Â ÎÁÙÈÕ
ÑÊÀËßÐÍÎ-ÒÅÍÇÎÐÍÛÕ ÒÅÎÐÈßÕ ÃÐÀÂÈÒÀÖÈÈ

À.À.ÑÀÀÐßÍ1, Ã.Ã.ÀÐÓÒÞÍßÍ1, Ð.Ê.ÒÅÐßÍ1, Ð.Ì.ÀÂÀÊßÍ1,2

Èññëåäîâàíû îáùèå ñêàëÿðíî-òåíçîðíûå òåîðèè â (D + 1)-ìåðíîì ïðîñò-

ðàíñòâå-âðåìåíè. Îáñóæäàþòñÿ ñîîòíîøåíèÿ ìåæäó ôèçè÷åñêèìè õàðàêòå-

ðèñòèêàìè â  ïðåäñòàâëåíèÿõ Éîðäàíà è Ýéíøòåéíà. Â êà÷åñòâå ïðèìåðîâ

îáùåé ñõåìû ðàññìîòðåíû îáîáùåíèå òåîðèè Éîðäàíà-Áðàíñà-Äèêêå íà áîëåå

âûñîêèå ðàçìåðíîñòè ïðîñòðàíñòâà, òåîðèè ñ íåìèíèìàëüíî ñâÿçàííûìè

ñêàëÿðíûìè ïîëÿìè,  Rf -ãðàâèòàöèÿ è íèçêîýíåðãåòè÷åñêàÿ ñòðóííàÿ

ýôôåêòèâíàÿ ãðàâèòàöèÿ. Îáñóæäàþòñÿ ñâîéñòâà ýôôåêòèâíûõ ïîòåíöèàëîâ

ñêàëÿðíîãî ïîëÿ â ïðåäñòàâëåíèè Ýéíøòåéíà.

Êëþ÷åâûå ñëîâà: ñêàëÿðíî-òåíçîðíàÿ ãðàâèòàöèÿ: ïðåäñòàâëåíèå Éîðäàíà

       è Ýèíøòåéíà: ýôôåêòèâíûé ïîòåíöèàë ñêàëÿðíîãî ïîëÿ
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A STUDY ON GEODESICS AND LIFESPAN OF THE
RINDLER-MODIFIED SCHWARZSCHILD BLACK HOLE. II.

NULL GEODESICS AND BLACK HOLE LIFESPAN
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This paper is the second part of "A study on geodesics and lifespan of the Rindler-modified
Schwarzschild black hole" [1] where we have investigated the time-like geodesics in the Rindler-
modified Schwarzschild black hole (RMSBH) spacetime. In this part, we continue to study the null
geodesics around the RMSBH. Based on this, we further explore the lifespan of the black hole.
For the radial null geodesics, the relationship between the coordinate distance and the coordinate
time is obtained. In addition, the expressions for the radius of the circular orbit formed by photons
around the RMSBH and the impact parameter of the null geodesics are also derived. Meanwhile,
we calculate the deflection angle of light rays grazing around the RMSBH and find that the
cosmological constant does not affect the deflection angle of photons passing by the black hole,
but the Rindler acceleration will reduce the deflection angle. In the thermodynamics part, our
primary focus is on the radiation lifespan of the black hole. Our calculations reveal that both the
Rindler acceleration and the cosmological constant can reduce the lifespan of the black hole.

Keywords: Rindler-modified Schwarzschild black hole: null geodesics: black hole

      lifespan
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ÈÑÑËÅÄÎÂÀÍÈÅ ÃÅÎÄÅÇÈ×ÅÑÊÈÕ ËÈÍÈÉ È
ÂÐÅÌÅÍÈ ÑÓÙÅÑÒÂÎÂÀÍÈß ÌÎÄÈÔÈÖÈÐÎÂÀÍÍÎÉ

ÐÈÍÄËÅÐÎÌ ×ÅÐÍÎÉ ÄÛÐÛ ØÂÀÐÖØÈËÜÄÀ. II.
ÍÓËÅÂÛÅ ÃÅÎÄÅÇÈ×ÅÑÊÈÅ ËÈÍÈÈ È ÂÐÅÌß

ÆÈÇÍÈ ×ÅÐÍÎÉ ÄÛÐÛ

Ò.ÕÎ, ×.ËÞ

Ýòà ñòàòüÿ ÿâëÿåòñÿ âòîðîé ÷àñòüþ ñòàòüè "Èññëåäîâàíèÿ ãåîäåçè÷åñêèõ

ëèíèé è âðåìåíè ñóùåñòâîâàíèÿ ìîäèôèöèðîâàííîé Ðèíäëåðîì ÷åðíîé äûðû

Øâàðöøèëüäà". Â ýòîé ÷àñòè ïðîäîëæàåòñÿ èçó÷åíèå íóëåâûõ ãåîäåçè÷èñêèõ

ëèíèé âîêðóã ìîäèôèöèðîâàííîé Ðèíäëåðîì ÷åðíîé äûðû Øâàðöøèëüäà

(RMSBH). Íà ýòîé îñíîâå ðàññìîòðåíà ïðîáëåìà ïðîäîëæèòåëüíîñòè ñóùåñò-

âîâàíèÿ (æèçíè) ÷åðíîé äûðû. Äëÿ ðàäèàëüíûõ íóëåâûõ ãåîäåçè÷åñêèõ

ëèíèé ïîëó÷åíà ñâÿçü ìåæäó êîîðäèíàòíûì ðàññòîÿíèåì è êîîðäèíàòíûì

âðåìåíåì. Êðîìå òîãî, òàêæå âûâåäåíû âûðàæåíèÿ äëÿ ðàäèóñà êðóãîâîé

îðáèòû, îáðàçîâàííîé ôîòîíàìè âîêðóã RMSBH, è ïàðàìåòðà âëèÿíèÿ íóëåâûõ

ãåîäåçè÷åñêèõ ëèíèé. Âû÷èñëåí òàêæå óãîë îòêëîíåíèÿ ñâåòîâûõ ëó÷åé

âîêðóã RMSBH è îáíàðóæåíî, ÷òî êîñìîëîãè÷åñêàÿ ïîñòîÿííàÿ íå âëèÿåò íà

óãîë îòêëîíåíèÿ ôîòîíîâ, ïðîõîäÿùèõ ìèìî ÷åðíîé äûðû, íî óñêîðåíèå

Ðèíäëåðà óìåíüøàåò óãîë îòêëîíåíèÿ. Â òåðìîäèíàìè÷åñêîé ÷àñòè îñíîâíîå

âíèìàíèå ñîñðåäîòî÷åíî íà ïðîäîëæèòåëüíîñòè æèçíè èçëó÷åíèÿ ÷åðíîé

äûðû. Ðàñ÷åòû ïîêàçûâàþò, ÷òî êàê óñêîðåíèå Ðèíäëåðà, òàê è êîñìîëîãè÷åñêàÿ

ïîñòîÿííàÿ ìîãóò ñîêðàòèòü ïðîäîëæèòåëüíîñòü æèçíè ÷åðíîé äûðû.

Êëþ÷åâûå ñëîâà: ìîäèôèöèðîâàííàÿ Ðèíäëåðîì ÷åðíàÿ äûðà Øâàðöøèëüäà:

    íóëåâàÿ ãåîäåçè÷åñêàÿ ëèíèÿ: ïðîäîëæèòåëüíîñòü æèçíè

     ÷åðíîé äûðû
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Finding a completely promising theory of gravitation that urges us to go beyond the general
theory of relativity. One such approach is an extended class of symmetric teleparallel theory of
gravity, namely f (Q, T ) gravity. In this work, we have explored the cosmological background of
the flat FLRW universe within the framework of this theory. The cosmic transit phenomenon of
the deceleration parameter is studied by employing periodic varying deceleration parameter and
obtaining the exact solution of the highly non-linear field equations. The periodic scenario of
cosmological models with two different Lagrangian forms of f (Q, T ) is analyzed, where the first
form is linear and the second one is non-linear dependent on Q. The dynamical features of both
the models, including the periodic behavior of the equation of state parameter are discussed. The
self-stability and self-consistency of the derived models are tested by studying energy conditions.
Additionally, the geometrical diagnostic validation of the model is also checked.

Keywords:  TQf  ,  gravity theory: FLRW space-time: periodic deceleration
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ÈÇÓ×ÅÍÈÅ ÏÅÐÈÎÄÈ×ÅÑÊÎÉ ÊÎÑÌÈ×ÅÑÊÎÉ
ÝÂÎËÞÖÈÈ Â ÌÎÄÈÔÈÖÈÐÎÂÀÍÍÎÉ f(Q, T)

ÒÅÎÐÈÈ ÃÐÀÂÈÒÀÖÈÈ

À.Ð.ËÀËÊÅ1,2, Ã.Ï.ÑÈÍÃÕ1, Á.Ê.ÁÈØÈ3,4

Ïîèñê íàäåæíîé òåîðèè ãðàâèòàöèè, êîòîðûé ïîáóæäàåò âûéòè çà ðàìêè

îáùåé òåîðèè îòíîñèòåëüíîñòè, ïðèâåë ê èññëåäîâàíèþ ðàñøèðåííîãî êëàññà

ñèììåòðè÷íûõ òåëåïàðàëëåëüíûõ òåîðèé ãðàâèòàöèè, â ÷àñòíîñòè, ãðàâèòàöèè

 TQf  , . Â ýòîé ðàáîòå èçó÷åíû êîñìîëîãè÷åñêèå ïðåäïîñûëêè ïëîñêîé

Âñåëåííîé Ôðèäìàíà-Ëåìåòðà-Ðîáåðòñîíà-Óîêåðà (FLRW) â ðàìêàõ ýòîé

òåîðèè. ßâëåíèå êîñìè÷åñêîãî òðàíçèòà ïàðàìåòðà çàìåäëåíèÿ èçó÷åíî ïóòåì

èñïîëüçîâàíèÿ ïåðèîäè÷åñêîãî èçìåíåíèÿ ïàðàìåòðà çàìåäëåíèÿ è ïîëó÷åíèÿ

òî÷íîãî ðåøåíèÿ ñèëüíî íåëèíåéíûõ óðàâíåíèé ïîëÿ. Àíàëèçèðîâàí ïåðèî-

äè÷åñêèé ñöåíàðèé êîñìîëîãè÷åñêèõ ìîäåëåé ñ äâóìÿ ðàçëè÷íûìè ëàãðàíæåâûìè

ôîðìàìè  TQf  , , ãäå ïåðâàÿ ôîðìà ëèíåéíà, à âòîðàÿ íåëèíåéíà è çàâèñèò

îò Q. Îáñóæäåíû äèíàìè÷åñêèå îñîáåííîñòè îáåèõ ìîäåëåé, âêëþ÷àÿ ïåðèî-

äè÷åñêîå ïîâåäåíèå ïàðàìåòðà óðàâíåíèÿ ñîñòîÿíèÿ. Ñàìîóñòîé÷èâîñòü è

ñàìîñîãëàñîâàííîñòü ïîëó÷åííûõ ìîäåëåé ïðîâåðÿþòñÿ ïóòåì èçó÷åíèÿ ýíåðãå-

òè÷åñêèõ óñëîâèé. Ìîäåëü òàêæå áûëà ïðîâåðåíà ñ ïîìîùüþ ãåîìåòðè÷åñêîé

äèàãíîñòèêè.

Êëþ÷åâûå ñëîâà:  TQf  ,  òåîðèÿ ãðàâèòàöèè: FLRW ïðîñòðàíñòâî-âðåìÿ:

      ïåðèîäè÷åñêèé ïàðàìåòð çàìåäëåíèÿ: ýíåðãåòè÷åñêèå óñëî-

      âèÿ è ãåîìåòðè÷åñêàÿ äèàãíîñòèêà
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This manuscript's primary object is to investigate and study the anisotropic universe in terms
of )(Gf  gravity. Kantowski-Sachs spacetime is considered for this evolution,  in a modified theory
of gravity. The exact solutions of modified theory field equations are investigated using a viable

)(Gf  model choice. We considered two bouncing scenarios described by exponential and power
law scale factors, these non-singular bouncing models also accommodate a transition cosmic accel-
eration phenomenon. Specific significant cosmological parameters are estimated and discussed for the
obtained models.
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ÄÈÍÀÌÈÊÀ ÎÒÑÊÀÊÈÂÀÞÙÅÉ (ÖÈÊËÈ×ÅÑÊÎÉ)
ÂÑÅËÅÍÍÎÉ Â ÒÅÎÐÈÈ ÃÐÀÂÈÒÀÖÈÈ ÃÀÓÑÑÀ-ÁÎÍÍÅ

Ì.Â.ÑÀÍÒÈ, Ê.Ñ.ÐÓÏÀ

Îñíîâíîé öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ èññëåäîâàíèå è èçó÷åíèå

àíèçîòðîïíîé Âñåëåííîé â òåðìèíàõ ãðàâèòàöèè  Gf . Â ìîäèôèöèðîâàííîé

òåîðèè ãðàâèòàöèè äëÿ ýâîëþöèè ðàññìàòðèâàåòñÿ ïðîñòðàíñòâî-âðåìÿ

Êàíòîâñêîãî-Ñàêñà. Òî÷íûå ðåøåíèÿ óðàâíåíèé ìîäèôèöèðîâàííîé òåîðèè

ïîëÿ èññëåäóþòñÿ ñ èñïîëüçîâàíèåì ïðèåìëåìîãî âûáîðà ìîäåëè  Gf .

Ðàññìîòðåíû äâà ñöåíàðèÿ îòñêàêèâàíèÿ, îïèñàííûå ìàñøòàáíûìè êîýôôè-

öèåíòàìè ýêñïîíåíöèàëüíîãî è ñòåïåííîãî çàêîíîâ. Ýòè íåñèíãóëÿðíûå ìîäåëè

îòñêàêèâàíèÿ  ó÷èòûâàþò òàêæå ÿâëåíèå ïåðåõîäíîãî êîñìè÷åñêîãî óñêîðåíèÿ.

Äëÿ ïîëó÷åííûõ ìîäåëåé îöåíèâàþòñÿ è îáñóæäàþòñÿ ñïåöèôè÷åñêè çíà÷èìûå

êîñìîëîãè÷åñêèå ïàðàìåòðû.

Êëþ÷åâûå ñëîâà: ìåòðèêà Êàíòîâñêîãî-Ñàêñà: òåîðèÿ ãðàâèòàöèè f(G):

       êîñìîëîãèÿ îòñêàêèâàíèÿ: ïàðàìåòð çàìåäëåíèÿ
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In this study, we considered plane-symmetric space-time in the presence of string clouds
coupled with perfect fluid in f (R, T ) theory of gravitation. Here, R is the Ricci scalar and T is the
torsion scalar of space-time. The simple functional forms of the function f (T ), such f (R, T ) = R
+ 2f (T ) is chosen for the investigation. Exact solutions of the field equations were obtained by
considering the average scale factor. Different types of strings are discussed. Different forms of energy
conditions are considered to obtain the exact solution of the nonlinear field equation. The following

parameters were studied: i) average scale factor 



1/22

)/(t  ii) shear scalar  , iii) expansion scalar

  and iv) deceleration parameter q. Some of the physical and geometrical features of the model are
represented using graphs.
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ÏËÎÑÊÎ-ÑÈÌÌÅÒÐÈ×ÍÀß ÂÑÅËÅÍÍÀß Â
ÏÐÈÑÓÒÑÒÂÈÈ ÑÒÐÓÍÍÛÕ ÎÁËÀÊÎÂ, ÑÂßÇÀÍÍÛÕ Ñ

ÈÄÅÀËÜÍÎÉ ÆÈÄÊÎÑÒÜÞ Â f(R,T) ÃÐÀÂÈÒÀÖÈÈ

Ð.Ã.ÊÀÍÄÀÐÊÀÐ, Â.À.ÒÀÊÀÐÅ

Â ðàáîòå ðàññìîòðåíî ïëîñêî-ñèììåòðè÷íîå ïðîñòðàíñòâî-âðåìÿ â ïðè-

ñóòñòâèè ñòðóííûõ îáëàêîâ, ñâÿçàííûõ ñ èäåàëüíîé æèäêîñòüþ â  TRf  ,

òåîðèè ãðàâèòàöèè. Çäåñü R - ñêàëÿð Ðè÷÷è, T - ñêàëÿð êðó÷åíèÿ ïðîñòðàíñòâà-

âðåìåíè. Äëÿ èññëåäîâàíèÿ âûáðàíû äâå ôóíêöèîíàëüíûå ôîðìû ôóíêöèè

 Tf , òàêèå êàê    TfRTRf 2 ,  . Òî÷íûå ðåøåíèÿ óðàâíåíèé ïîëÿ áûëè

ïîëó÷åíû ïóòåì ðàññìîòðåíèÿ ñðåäíåãî ìàñøòàáíîãî ôàêòîðà. Îáñóæäàþòñÿ

ðàçëè÷íûå òèïû ñòðóí. Ðàññìîòðåíû ðàçëè÷íûå ôîðìû ýíåðãåòè÷åñêèõ óñëîâèé

äëÿ ïîëó÷åíèÿ òî÷íîãî ðåøåíèÿ íåëèíåéíîãî óðàâíåíèÿ ïîëÿ. Áûëè èçó÷åíû

ñëåäóþùèå ïàðàìåòðû: i) ñðåäíèé ìàñøòàáíûé ôàêòîð   


212t , ii) ñêàëÿð

ñäâèãà  , iii) ñêàëÿð ðàñøèðåíèÿ   è iv) ïàðàìåòð çàìåäëåíèÿ q. Íåêîòîðûå

ôèçè÷åñêèå è ãåîìåòðè÷åñêèå õàðàêòåðèñòèêè ïðåäñòàâëåíû ñ ïîìîùüþ

ãðàôèêîâ.

Êëþ÷åâûå ñëîâà: ïëîñêî-ñèììåòðè÷íàÿ Âñåëåííàÿ: ñòðóíà: èäåàëüíàÿ

       æèäêîñòü:  TRf  ,  ãðàâèòàöèÿ
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LIE SERIES SOLUTION FOR PHOTOGRAVITATIONAL
ELLIPTIC RESTRICTED THREE BODY PROBLEM
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In this paper we have undertaken the study of systems with both radiating primaries in the
frame work of elliptic restricted three body problem where the orbits of the two massive bodies
about each other is assumed to be elliptic and the mass of the third body is negligible. In order
to determine the problem's solution, we expand the formulation of the iterative expression for the
Lie series terms. The impact of the primaries' radiation pressure on the orbit is depicted graphically
in the Lie series solution of triangular equilibrium point L

4
.

Keywords: restricted three body problem: Lie series: photogravitational: binary

system
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ÐÅØÅÍÈÅ ÔÎÒÎÃÐÀÂÈÒÀÖÈÎÍÍÎÉ
ÝËËÈÏÒÈ×ÅÑÊÎÉ ÎÃÐÀÍÈ×ÅÍÍÎÉ ÇÀÄÀ×È ÒÐÅÕ

ÒÅË Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ ÐßÄÎÂ ËÈ

À.×ÀÊÐÀÁÎÐÒÈ, Ð.Ð.ÄÅÂÀÍÃÀÍ, Ì.Ä.ÏÀÍÄÅÉ

Â ýòîé ñòàòüå  ïðîâåäåíî èññëåäîâàíèå ñèñòåì ñ îáîèìè èçëó÷àþùèìè

ïåðâè÷íûìè òåëàìè â ðàìêàõ ýëëèïòè÷åñêîé îãðàíè÷åííîé çàäà÷è òðåõ òåë,

ãäå îðáèòû äâóõ ìàññèâíûõ òåë îòíîñèòåëüíî äðóã äðóãà ïðåäïîëàãàþòñÿ

ýëëèïòè÷åñêèìè, à ìàññà òðåòüåãî òåëà ïðåíåáðåæèìî ìàëà. Äëÿ ðåøåíèÿ

çàäà÷è áûëà ðàñøèðåíà  ôîðìóëèðîâêà èòåðàöèîííîãî âûðàæåíèÿ äëÿ ÷ëåíîâ

ðÿäà Ëè. Âëèÿíèå äàâëåíèÿ èçëó÷åíèÿ ïåðâè÷íûõ òåë íà îðáèòó ãðàôè÷åñêè

îòîáðàæåíî â ðåøåíèè ðÿäà Ëè äëÿ òî÷êè ðàâíîâåñèÿ L
4
.

Êëþ÷åâûå ñëîâà: îãðàíè÷åííàÿ çàäà÷à òðåõ òåë: ðÿä Ëè: ôîòîãðàâèòàöèîííûé:

     äâîéíàÿ ñèñòåìà
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