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Ïðåäñòàâëåíû ðåçóëüòàòû àíàëèçà ïðîÿâëåíèé àêòèâíîñòè êàðëèêà ñïåêòðàëüíîãî êëàññà
Ê2V HD 189733, îáëàäàþùåãî îäíîé èç íàèáîëåå õîðîøî èçó÷åííûõ ýêçîïëàíåò òèïà
ãîðÿ÷èé Þïèòåð. Ó÷åò àêòèâíîñòè çâåçäû ñóùåñòâåííî óñëîæíÿåò àíàëèç õàðàêòåðèñòèê
ïëàíåòû (â ÷àñòíîñòè, õîëîäíûå ïÿòíà íà ïîâåðõíîñòè çâåçäû âíîñÿò äîïîëíèòåëüíûé ñèãíàë
â ñîîòíîøåíèå ìåæäó ãëóáèíîé òðàíçèòà è ðàçìåðîì ïëàíåòû è ïðåïÿòñòâóþò òî÷íûì îïðåäå-
ëåíèÿì ðàäèóñà ïëàíåòû). Ïðîàíàëèçèðîâàíû ôîòîìåòðè÷åñêèå äàííûå äëÿ HD 189733 èç
àðõèâà ìèññèè TESS è ñäåëàíû çàêëþ÷åíèÿ î çíà÷åíèÿõ âåëè÷èíû ïåðèîäà âðàùåíèÿ Ð

rot

çâåçäû, êîòîðûå ïî íàøåé îöåíêå ñîñòàâèëè 12.5 è 11.3 ñóò äëÿ ñåêòîðîâ 41 è 54, ñîîòâåòñòâåííî.
Èõ ñîïîñòàâëåíèå ñ âûïîëíåííûìè ðàíåå îöåíêàìè ïî ðåçóëüòàòàì ôîòîìåòðè÷åñêèõ íàçåìíûõ
íàáëþäåíèé ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî èìåþùèåñÿ ðàçëè÷èÿ â îïðåäåëåíèÿõ âåëè÷èíû
Ð

rot
 ñâÿçàíû ñ òåì, ÷òî â ðàçíûå ìîìåíòû íàáëþäåíèé äîìèíèðóþùèìè ÿâëÿëèñü ïÿòíà,

ðàñïîëîæåííûå íà ðàçëè÷íûõ øèðîòàõ íà ïîâåðõíîñòè äèôôåðåíöèàëüíî âðàùàþùåéñÿ çâåçäû.
Ïî äàííûì TESS àìïëèòóäà ïåðåìåííîñòè áëåñêà HD 189733 ñîñòàâëÿåò 1.6 è 0.9% îò
óðîâíÿ ñðåäíåãî áëåñêà çâåçäû (äëÿ ñåêòîðîâ 41 è 54, ñîîòâåòñòâåííî). Ïî ñòàíäàðòíîé
ìåòîäèêå áûëè îöåíåíû âåëè÷èíû ïàðàìåòðà çàïÿòíåííîñòè çâåçäû (2.0 è 1.2% îò ïëîùàäè
ïîâåðõíîñòè çâåçäû) è ïîëó÷åíû âåëè÷èíû ïëîùàäè çàïÿòíåííîé ïîâåðõíîñòè À çâåçäû
â àáñîëþòíîé ìåðå (9200 ì.ä.ï. è 5400 ì.ä.ï äëÿ ñåêòîðîâ 41 è 54, ñîîòâåòñòâåííî). Ïî 771
îöåíêå áëåñêà çâåçäû â ôèëüòðå V, ïðåäñòàâëåííîé â îáçîðå Kamogata Wide-field Survey, áûë
ïðîâåäåí àíàëèç ïðîÿâëåíèé äîëãîâðåìåííîé àêòèâíîñòè HD 189733 è íàéäåíû óêàçàíèÿ íà
ñóùåñòâîâàíèå âîçìîæíûõ öèêëîâ àêòèâíîñòè ïðîäîëæèòåëüíîñòüþ â 1140 è 4220 ñóò (3.1 è
11.6 ëåò, ñîîòâåòñòâåííî). Èç àíàëèçà ëèòåðàòóðíûõ äàííûõ ñäåëàí âûâîä î òîì, ÷òî óðîâåíü
õðîìîñôåðíîé àêòèâíîñòè HD 189733 ïðåâîñõîäèò ñðåäíèå âåëè÷èíû, õàðàêòåðíûå äëÿ äðóãèõ
õîëîäíûõ êàðëèêîâ ñ àíàëîãè÷íûìè çíà÷åíèÿìè ïîêàçàòåëÿ öâåòà (B - V ) è âûøå ñîëíå÷íîãî
çíà÷åíèÿ. Ñäåëàíî çàêëþ÷åíèå, ÷òî HD 189733 îáëàäàåò óìåðåííîé (èëè íåìíîãî âûøå
ñðåäíåé) àêòèâíîñòüþ, ïðèñóùåé àíàëîãè÷íûì êàðëèêàì ñïåêòðàëüíîãî êëàññà Ê, íî, òåì íå
ìåíåå, òðåáóþùåé ïðè ìîäåëèðîâàíèè òùàòåëüíîãî ó÷åòà ñâîéñòâ è ýâîëþöèè ïëàíåòû,
îáðàùàþùåéñÿ âîêðóã ýòîé çâåçäû, âíå çàâèñèìîñòè îò òîãî, ïðîâîäÿòñÿ ëè îöåíêè ïî
óïðîùåííîé ìåòîäèêå èëè ïî òî÷íîìó ìàãíèòîãèäðîäèíàìè÷åñêîìó ìîäåëèðîâàíèþ. Òàêæå
ñëåäóåò ïðèíÿòü âî âíèìàíèå, ÷òî àêòèâíîñòü çâåçäû ÿâëÿåòñÿ ïåðåìåííîé ñî âðåìåíåì (íà
øêàëå âðåìåíè, ñîïîñòàâèìîé ñ âåëè÷èíîé Ð

rot
) è òðåáóåò îöåíîê, âûïîëíÿåìûõ îäíîâðåìåííî

ñ îñíîâíûìè èññëåäîâàíèÿìè àòìîñôåðû ýêçîïëàíåòû.

Êëþ÷åâûå ñëîâà: çâåçäû: àêòèâíîñòü: ïëàíåòíûå ñèñòåìû: àòìîñôåðû ýêçîïëàíåò

1. Ââåäåíèå. Íà ñåãîäíÿøíèé äåíü HD 189733 b ïðèíàäëåæèò ê ÷èñëó

íàèáîëåå õîðîøî èçó÷åííûõ ýêçîïëàíåò òèïà ãîðÿ÷èé Þïèòåð [1], áëàãîäàðÿ

ðåçóëüòàòàì ìíîãî÷èñëåííûõ íàáëþäåíèé (êàê ñ Çåìëè, òàê è èç êîñìîñà)

ÒÎÌ 67 ÌÀÉ, 2024 ÂÛÏÓÑÊ 2

À Ñ Ò Ð Î Ô È Ç È Ê À

DOI: 10.54503/0571-7132-2024.67.2-151

http://doi.org/10.54503/0571-7132-2024.67.2-151


152 È.Ñ.ÑÀÂÀÍÎÂ

è òåîðåòè÷åñêèì ìîäåëÿì, ïîñòðîåííûì äëÿ èññëåäîâàíèÿ åå àòìîñôåðû, âëèÿíèÿ

ðîäèòåëüñêîé çâåçäû è îêðóæàþùåé ýêçîïëàíåòó ñðåäû. Îáçîð ðåçóëüòàòîâ

ìíîãî÷èñëåííûõ êàìïàíèé ïî íàáëþäåíèþ òðàíçèòîâ HD 189733 b ñ èñïîëü-

çîâàíèåì óíèêàëüíûõ âîçìîæíîñòåé êîñìè÷åñêîãî òåëåñêîïà Õàááëà, à òàêæå

ñîâðåìåííûõ îöåíîê ïàðàìåòðîâ çâåçäû è ïëàíåòû, ìîæíî íàéòè, íàïðèìåð, â

[2-4]. Îáçîð íàçåìíûõ ôîòîìåòðè÷åñêèõ íàáëþäåíèé òðàíçèòîâ HD 189733 b

(â òîì ÷èñëå âûñîêîòî÷íûõ èçìåðåíèé, ïîëó÷åííûõ â òå÷åíèå øåñòè ëåò

(2016-2021ãã.)) ïðåäñòàâëåí â [2,3].

Îñîáîå âíèìàíèå, óäåëÿåìîå ìíîãèìè èññëåäîâàòåëüñêèìè ãðóïïàìè ê

äàííîé ñèñòåìå, ñâÿçàíî ñ òåì, ÷òî äëÿ HD 189733 ïðîâîäèëèñü âûñîêîòî÷íûå

èçìåðåíèÿ ãëóáèíû òðàíçèòîâ íà ìíîãèõ äëèíàõ âîëí â äèàïàçîíå îò 0.3 äî

24 ìêì. Òàêèå èçìåðåíèÿ ïîçâîëÿþò ïîëó÷èòü ïðåäñòàâëåíèå î ñòðóêòóðå è

ñîñòàâå àòìîñôåðû ýêçîïëàíåòû HD 189733 b. Îäíàêî àíàëèç óñëîæíÿåòñÿ

íåîáõîäèìîñòüþ ó÷åòà ïðîÿâëåíèÿ àêòèâíîñòè HD 189733, ó êîòîðîé ïÿòíà

íà ïîâåðõíîñòè âíîñÿò äîïîëíèòåëüíûé ñèãíàë â ñîîòíîøåíèå ìåæäó ãëóáèíîé

òðàíçèòà è ðàçìåðîì ïëàíåòû. Ýòè ïðîáëåìû îáñóæäàþòñÿ â ìíîãî÷èñëåííûõ

ðàáîòàõ (ñì., íàïðèìåð, [4,5]). Î÷åâèäíî, ÷òî ïðîñòîå ñðàâíåíèå äàííûõ î

ïðîõîæäåíèè ïëàíåòû â ðàçëè÷íûõ äèàïàçîíàõ äëèí âîëí íåïðàâîìåðíî, è

äëÿ ïîëó÷åíèÿ ãëîáàëüíîé îöåíêè ñïåêòðà ïðîïóñêàíèÿ îò óëüòðàôèîëåòîâîãî

äî ÈÊ - äèàïàçîíîâ òðåáóåòñÿ äåòàëüíûé êîìáèíèðîâàííûé àíàëèç âñåõ

íàáîðîâ äàííûõ ñ ó÷åòîì ïðîÿâëåíèÿ àêòèâíîñòè çâåçäû.

HD 189733 ÿâëÿåòñÿ óìåðåííî àêòèâíûì êàðëèêîì ñïåêòðàëüíîãî êëàññà

K2V ñ õîëîäíûìè ïÿòíàìè íà ïîâåðõíîñòè, êîòîðûå ìîäóëèðóþò îáùèé

áëåñê çâåçäû íà ïðîòÿæåíèè 12-äíåâíîãî ïåðèîäà âðàùåíèÿ çâåçäû [5].

Àìïëèòóäà ìîäóëÿöèè áëåñêà HD 189733 â âèäèìîì äèàïàçîíå ìîæåò ñîñòàâëÿòü

âåëè÷èíó ïîðÿäêà 1-2% [2,6]. Êàê óêàçûâàëîñü, íàëè÷èå çâåçäíûõ ïÿòåí

íóæíî ó÷èòûâàòü êàê ïðè ðàñ÷åòå òðàíñìèññèîííîãî ñïåêòðà ýêçîïëàíåòû, òàê

è ïðè àíàëèçå ãëóáèí êðèâûõ òðàíçèòîâ. Âîïðîñ î ïðîÿâëåíèÿõ ïÿòåííîé

àêòèâíîñòè çâåçäû îñòàåòñÿ àêòóàëüíûì è ïî íàñòîÿùåå âðåìÿ. Íàïðèìåð,

àâòîðû èññëåäîâàíèÿ [5] îáðàòèëèñü ê íåìó íà îñíîâå àíàëèçà äàííûõ

íàáëþäåíèé ìèññèé HST è TESS.

Â íàñòîÿùåé ðàáîòå ïðåäñòàâëåíû íàøè ðåçóëüòàòû èçó÷åíèÿ ïðîÿâëåíèé

àêòèâíîñòè çâåçäû HD 189733 ïî èìåþùèìñÿ äàííûì àðõèâà êîñìè÷åñêîé

ìèññèè TESS.

2. Çâåçäà ïëàíåòíîé ñèñòåìû - HD 189733. Îñíîâíûå ñâåäåíèÿ

î ïàðàìåòðàõ HD 189733 ìîæíî íàéòè â òàáë.1 [2] (ïåðå÷èñëåííûå è

èñïîëüçóåìûå íàìè íèæå ñâîéñòâà çâåçäû ïðèâîäÿòñÿ ñîãëàñíî ýòèì äàííûì).

Îáùåïðèíÿòî (ñì., íàïðèìåð, [2]), ÷òî ýôôåêòèâíàÿ òåìïåðàòóðà çâåçäû

ðàâíà 5050 ± 20 Ê, óñêîðåíèå ñèëû òÿæåñòè logg = 4.563 ± 0.021, ðàäèóñ
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ìîëîæå Ñîëíöà.

Â àðõèâå TESS äëÿ HD 189733 èìåþòñÿ äàííûå äâóõ ñåòîâ íàáëþäåíèé

- ñåêòîðà 41 (23 èþëÿ 2021ã. - 20 àâãóñòà 2021ã.) è ñåêòîðà 54 (9 èþëÿ 2022ã.

- 5 àâãóñòà 2022ã.). Îáðàáîòêà êðèâûõ áëåñêà áûëà àíàëîãè÷íà ïðîâîäèìîé

ðàíåå â ñëó÷àå èçìåðåíèé äëÿ äðóãèõ îáúåêòîâ èç àðõèâîâ êîñìè÷åñêîãî

òåëåñêîïà Êåïëåð è ìèññèè TESS (ñì., íàïðèìåð, [7]).

Êðèâûå áëåñêà çâåçäû, õàðàêòåðèçóþùèåñÿ ïåðåìåííîñòüþ, âûçâàííîé

âðàùàòåëüíîé ìîäóëÿöèåé âñëåäñòâèå íàëè÷èÿ õîëîäíûõ ïÿòåí íà ïîâåðõíîñòè,

ïðåäñòàâëåíû íà ðèñ.1. Äâà ñåòà íàáëþäåíèé áûëè âûïîëíåíû ñ èíòåðâàëîì

ïðèìåðíî â 1 ãîä. Çà ýòî âðåìÿ àìïëèòóäû è ôîðìû êðèâûõ áëåñêà ïðåòåðïåëè

çíà÷èòåëüíûå èçìåíåíèÿ. Áîëåå òîãî, êàæäûé ñåò ïî ïðîäîëæèòåëüíîñòè

ïðèìåðíî ñîîòâåòñòâóåò äâóì ïåðèîäàì âðàùåíèÿ çâåçäû, è â êàæäîì ñëó÷àå

ìîæíî ñäåëàòü çàêëþ÷åíèå î ïåðåìåííîñòè êðèâûõ áëåñêà íà âðåìåíàõ ïîðÿäêà

P
rot
.

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

èìåþòñÿ õàðàêòåðíûå øèðîêèå ïèêè, ñîîòâåòñòâóþùèå âåëè÷èíàì ïåðèîäà

âðàùåíèÿ P
rot
 çâåçäû 12.5 è 11.3 ñóò äëÿ ñåêòîðîâ 41 è 54, ñîîòâåòñòâåííî.

Ïåðâûå èññëåäîâàíèÿ âðàùåíèÿ HD 189733 óêàçàëè íà òî, ÷òî, âåðîÿòíî,

âåëè÷èíà P
rot
 ëåæèò â èíòåðâàëå îò 11 äî 13 ñóò (èõ îáçîð è ññûëêè ñì. â [6]).

Àâòîðû [6] ïîëó÷èëè áîëåå òî÷íóþ îöåíêó P
rot

 = 11.953 ± 0.009 ñóò, êîòîðàÿ áûëà
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41 è 54.
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óñòàíîâëåíà ïî 314 îöåíêàì áëåñêà HD 189733 â èíòåðâàëå îò îêòÿáðÿ 2005

ïî èþëü 2007ãã. ñ T10 0.8-ì àâòîìàòèçèðîâàííûì òåëåñêîïîì APT â Fairborn

Observatory. Àíàëèç áîëåå ïðîäîëæèòåëüíîãî ðÿäà íàáëþäåíèé (6 ëåò) ñ òåì

æå èíñòðóìåíòîì [3] ïðèâåë ê çàêëþ÷åíèþ î âåëè÷èíå P
rot

 = 11.86 ñóò, ïðàêòè÷åñêè

ñîâïàäàþùèì ñ ðåçóëüòàòîì èç [6]. Ïî âûïîëíåííûì ïîçäíåå íàáëþäåíèÿì

HD 189733 ñ òåëåñêîïîì T10 APT â 2017ã. ñòàëî âîçìîæíûì ïîëó÷èòü

îöåíêó P
rot

 = 12.25 ± 0.15 ñóò [2]. Íàêîíåö, àíàëèçèðóÿ äàííûå ìèññèè TESS,

àâòîðû [5] ïðèâîäÿò îöåíêó âåëè÷èíû ïåðèîäà âðàùåíèÿ çâåçäû 11.4 ñóò.

Íàáëþäåíèÿ äâóõ òðàíçèòîâ HD 189733 b áûëè âûïîëíåíû ñî ñïåêòðî-

ãðàôîì ESPRESSO 11 è 31 àâãóñòà 2021ã. [8]. Ïîëó÷åííûå ðåçóëüòàòû

ïðîäåìîíñòðèðîâàëè âûñîêóþ òî÷íîñòü îïðåäåëåíèÿ ëó÷åâûõ ñêîðîñòåé,

íàáëþäàåìûõ âî âðåìÿ òðàíçèòà. Êðîìå òîãî, ïî äàííûì ESPRESSO âûñîêîãî

ðàçðåøåíèÿ áûë óñïåøíî âîññòàíîâëåí òðàíñìèññèîííûé ñïåêòð HD 189733

b. Àâòîðû [8] óñòàíîâèëè, ÷òî ïåðèîä ýêâàòîðèàëüíîãî âðàùåíèÿ çâåçäû

ñîñòàâëÿåò 11.45 ± 0.09 ñóò, à áëèçêîãî ê ïîëÿðíîìó - 14.9 ± 2 ñóò, ò.å. âïåðâûå

íàøëè óêàçàíèÿ íà äèôôåðåíöèàëüíûé õàðàêòåð âðàùåíèÿ.

Íà ðèñ.2 (ââåðõó) ïðåäñòàâëåí ñïåêòð ìîùíîñòè äëÿ îáúåäèíåííûõ äàííûõ

äëÿ ñåêòîðîâ 41 è 54. Âåðòèêàëüíûìè ëèíèÿìè îòìå÷åíû âåëè÷èíû Prot,

ïðåäñòàâëåííûå â ïðåäûäóùèõ ôîòîìåòðè÷åñêèõ èññëåäîâàíèÿõ (ñì. âûøå) è

íàéäåííàÿ íàìè âåëè÷èíà P
rot

 = 11.80 ñóò, êîòîðàÿ ñîâïàäàåò ñ îöåíêàìè [3,6],

óñòàíîâëåííûìè ïî ïðîäîëæèòåëüíûì íàçåìíûì íàáëþäåíèÿì. Íà íèæíåé

äèàãðàììå ïðåäñòàâëåíû ôàçîâûå êðèâûå, ïîëó÷åííûå ïðè ñâåðòêå ñ óïîìÿ-

Ðèñ.2. Ââåðõó - ñïåêòð ìîùíîñòè äëÿ îáúåäèíåííûõ äàííûõ äëÿ ñåêòîðîâ 41 è 54.
Âåðòèêàëüíûìè ëèíèÿìè îòìå÷åíû âåëè÷èíû P

rot
, ïðåäñòàâëåííûå â ïðåäûäóùèõ ôîòî-

ìåòðè÷åñêèõ èññëåäîâàíèÿõ (ñì. òåêñò), è íàéäåííàÿ íàìè âåëè÷èíà P
rot

 = 11.80 ñóò. Íà
íèæíåé äèàãðàììå ïðåäñòàâëåíû ôàçîâûå êðèâûå äëÿ P

rot
 = 11.80 ñóò.
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íóòûì âûøå çíà÷åíèåì Prot.

Òàêèì îáðàçîì, âûïîëíåííûé íàìè àíàëèç è ðåçóëüòàòû ïðåäûäóùèõ

èññëåäîâàíèé ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî èìåþùèåñÿ ðàçëè÷èÿ â îïðåäåëå-

íèÿõ âåëè÷èíû Ðrot ñâÿçàíû ñ òåì, ÷òî â ðàçíûå ìîìåíòû íàáëþäåíèé

äîìèíèðóþùèìè ÿâëÿþòñÿ ïÿòíà, ðàñïîëîæåííûå íà ðàçëè÷íûõ øèðîòàõ íà

ïîâåðõíîñòè äèôôåðåíöèàëüíî âðàùàþùåéñÿ çâåçäû.

Àìïëèòóäà ïåðåìåííîñòè áëåñêà ñîñòàâëÿåò 1.6 è 0.9% îò óðîâíÿ ñðåäíåãî

áëåñêà çâåçäû (äëÿ ñåêòîðîâ 41 è 54, ñîîòâåòñòâåííî). Ïî ñòàíäàðòíîé

ìåòîäèêå íàìè áûëè îöåíåíû âåëè÷èíû ïàðàìåòðà çàïÿòíåííîñòè çâåçäû,

êîòîðûå äîñòèãàþò 2.0 è 1.2% îò ïëîùàäè ïîâåðõíîñòè çâåçäû. Ïðèíèìàÿ

îöåíêó ðàäèóñà çâåçäû R = 0.765 ± 0.019 ðàäèóñîâ Ñîëíöà èç [2], ìîæíî

ïîëó÷èòü âåëè÷èíó ïëîùàäè ïîâåðõíîñòè çàïÿòíåííîñòè 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 [9]). Ïëîùàäü ïÿòåí íà ïîâåðõíîñòè HD 189733 ñîñòàâëÿåò âåëè÷èíó

ïîðÿäêà 9200 ì.ä.ï. è 5400 ì.ä.ï (äëÿ ñåêòîðîâ 41 è 54, ñîîòâåòñòâåííî). Ïî

ýòèì îöåíêàì çàïÿòíåííîñòü çâåçäû ñòàíîâèòñÿ ñîïîñòàâèìîé ñ ìàêñèìàëüíîé

çàïÿòíåííîñòüþ Ñîëíöà. Òàê, íàïðèìåð, îáùàÿ ïëîùàäü ñîëíå÷íûõ ïÿòåí

äëÿ Ãðèíâè÷ñêîé ãðóïïû ñîëíå÷íûõ ïÿòåí 14886 ïî íàáëþäåíèÿì 8 àïðåëÿ

1947ã. ñîñòàâèëà 6132 ì.ä.ï. [10]. Ñðàâíåíèå ñ çàïÿòíåííîñòüþ çâåçä äðóãèõ

ñïåêòðàëüíûõ êëàññîâ, â òîì ÷èñëå Ê, ìîæíî íàéòè â [11].

3. Öèêëû àêòèâíîñòè. Ïî äàííûì ìíîãîëåòíåãî îáçîðà Kamogata

Wide-field Survey (KWS) (http:kws.cetus-net.org) íàìè áûë ïðîâåäåí àíàëèç

ïðîÿâëåíèé äîëãîâðåìåííîé àêòèâíîñòè HD 189733. Â îáçîðå ïðåäñòàâëåíû

íàáëþäåíèÿ çâåçäû â ôèëüòðàõ V è Ic. Â ïåðâóþ î÷åðåäü ìû ïðîâåëè àíàëèç

äàííûõ äëÿ ôèëüòðà V, îáëàäàþùèõ áîëåå äëèòåëüíûì èíòåðâàëîì íàáëþäåíèé

â 4486 ñóò (12.3 ëåò) (HJD 2455700 - 2460186). Áûëà ðàññìîòðåíà 771 îöåíêà

áëåñêà çâåçäû â ôèëüòðå V. Ïðåäñòàâëåííûå íà ðèñ.3 (ââåðõó) äàííûå

ñâèäåòåëüñòâóþò î ïðèñóòñòâèè öèêëè÷íîñòè â èçìåíåíèè åå áëåñêà. Íà îñíîâå

ïîñòðîåííîãî ñïåêòðà ìîùíîñòè äëÿ áëåñêà HD 189733 ìîæíî ïðåäïîëîæèòü

ñóùåñòâîâàíèå âîçìîæíûõ öèêëîâ àêòèâíîñòè 1140 ñóò è 4220 ñóò (3.1 è 11.6

ëåò, ñîîòâåòñòâåííî) (ñðåäíÿÿ äèàãðàììà). Âåðòèêàëüíîé ñâåòëîé ëèíèåé

ïðåäñòàâëåí ïåðèîä, ñîîòâåòñòâóþùèé ãîäè÷íîé ïåðåìåííîñòè.

4. Õðîìîñôåðíàÿ àêòèâíîñòü HD 189733. Ñîãëàñíî ðåçóëüòàòàì

íàáëþäåíèé HD 189733 ñî ñïåêòðîãðàôîì HARPS [12], âåëè÷èíû ïàðàìåòðà

õðîìîñôåðíîé àêòèâíîñòè S çâåçäû íàõîäÿòñÿ â èíòåðâàëå 0.461-0.508, à

ñîîòâåòñòâóþùèå èì âåëè÷èíû ïàðàìåòðà õðîìîñôåðíîé àêòèâíîñòè logR'
HK

- â äèàïàçîíå îò -4.55 äî -4.50. Ïðè ýòîì, äëÿ HD 189733 àâòîðû [12]

îáíàðóæèëè èçáûòî÷íîå ïîãëîùåíèå â ëèíèÿõ CaII H è K âî âðåìÿ òðàíçèòîâ,
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à òàêæå èçáûòî÷íîå ïîãëîùåíèå â ëèíèè H . Îíè èçó÷èëè ïîâåäåíèå

âðåìåííûõ ðÿäîâ ïàðàìåòðîâ êàæäîé ëèíèè âî âðåìÿ òðåõ òðàíçèòîâ è

îáíàðóæèëè, ÷òî ñïåêòðàëüíûå äåòàëè, ñîîòâåòñòâóþùèå èçáûòî÷íîìó ïîãëî-

ùåíèþ, íàõîäÿòñÿ â çâåçäíîé ñèñòåìå îòñ÷åòà. Òàêèì îáðàçîì, îíè ïðèøëè

ê ïðåäïîëîæåíèþ, ÷òî õðîìîñôåðà HD 189733 ÿâëÿåòñÿ îñíîâíûì èñòî÷íèêîì

Ðèñ.3. Âåðõíÿÿ ïàíåëü - ôîòîìåòðè÷åñêèå íàáëþäåíèÿ HD 189733 â ôèëüòðå V ïî
äàííûì îáçîðà Kamogata Wide-field Survey (KWS). Ñðåäíÿÿ ïàíåëü - ñïåêòð ìîùíîñòè äëÿ

ýòèõ äàííûõ, âåðòèêàëüíûå ëèíèè îòíîñÿòñÿ ê öèêëàì àêòèâíîñòè 1140 ñóò è 4220 ñóò (3.1 è
11.6 ëåò, ñîîòâåòñòâåííî). Ñâåòëàÿ ëèíèÿ - ïèê, ñîîòâåòñòâóþùèé ñåçîííîìó (îêîëî 365 ñóò)
ïåðèîäó. Âíèçó - ôàçîâàÿ äèàãðàììà äëÿ öèêëà â 4220 ñóò.

Ïåðèîä, ñóò.
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èçáûòî÷íîãî òðàíçèòíîãî ïîãëîùåíèÿ è îòâåòñòâåííà çà åãî ïåðåìåííûé

õàðàêòåð.

Íà ðèñ.4 ïðèâîäèòñÿ äèàãðàììà çàâèñèìîñòè ïàðàìåòðà logR'
HK 

îò ïîêàçàòåëÿ

öâåòà (B - V ). ×åðíûì êðóæêîì îòìå÷åíû äàííûå äëÿ HD 189733 (logR'
HK

= (-4.55, -4,50)), ñâåòëûìè - äàííûå êàòàëîãà [13]. Ãîðèçîíòàëüíàÿ ëèíèÿ

ñîîòâåòñòâóåò çíà÷åíèþ ïàðàìåòðà logR'
HK

 äëÿ Ñîëíöà â ñïîêîéíîì ñîñòîÿíèè.

Ìîæíî ñäåëàòü âûâîä î òîì, ÷òî óðîâåíü õðîìîñôåðíîé àêòèâíîñòè HD

189733 ïðåâîñõîäèò ñðåäíþþ âåëè÷èíó, õàðàêòåðíóþ äëÿ äðóãèõ õîëîäíûõ

êàðëèêîâ ñ àíàëîãè÷íûìè çíà÷åíèÿìè ïîêàçàòåëÿ öâåòà (B - V ) è âûøå

ñîëíå÷íîãî: äëÿ Ñîëíöà - logR'
HK

 = -5.021 [13].

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

àêòèâíîñòè HD 189733, îáëàäàþùåé îäíîé èç íàèáîëåå õîðîøî èçó÷åííûõ

ýêçîïëàíåò òèïà ãîðÿ÷èé Þïèòåð. Àêòèâíàÿ ïðèðîäà çâåçäû áûëà îòìå÷åíà

â ñòàòüÿõ ìíîãî÷èñëåííûõ èññëåäîâàíèé. Åå ó÷åò ñóùåñòâåííî óñëîæíÿåò

ñîîòâåòñòâóþùèé àíàëèç õàðàêòåðèñòèê ïëàíåòû. Òàê, íàïðèìåð, àíàëèç ïðîÿâ-

ëåíèé àêòèâíîñòè ÿâëÿåòñÿ íåîáõîäèìûì äëÿ îïðåäåëåíèÿ çàïÿòíåííîñòè HD

189733, õîëîäíûå ïÿòíà íà ïîâåðõíîñòè êîòîðîé âíîñÿò äîïîëíèòåëüíûé

âêëàä â ñîîòíîøåíèå ìåæäó ãëóáèíîé òðàíçèòà è ðàçìåðîì ïëàíåòû è

ïðåïÿòñòâóþò òî÷íûì îïðåäåëåíèÿì ðàäèóñà ïëàíåòû.

Íàìè áûëè ïðîàíàëèçèðîâàíû äàííûå äëÿ HD 189733 èç àðõèâà êîñìè-

÷åñêîé ìèññèè TESS è ñäåëàíû çàêëþ÷åíèÿ î âåëè÷èíàõ ïåðèîäà âðàùåíèÿ

çâåçäû Ð
rot
, êîòîðûå ïî íàøåé îöåíêå ñîñòàâèëè 12.5 è 11.3 ñóò äëÿ ñåêòîðîâ

41 è 54, ñîîòâåòñòâåííî. Èõ ñîïîñòàâëåíèå ñ âûïîëíåííûìè ðàíåå îöåíêàìè

Ðèñ.4. Äèàãðàììà logR'
HK

 - ïîêàçàòåëü öâåòà (B - V ). Òåìíûé ñèìâîë - äàííûå äëÿ HD

189733, ñâåòëûå ñèìâîëû - äàííûå êàòàëîãà [13], ãîðèçîíòàëüíàÿ ëèíèÿ ñîîòâåòñòâóåò çíà÷åíèþ
ïàðàìåòðà logR'

HK
 äëÿ Ñîëíöà â ñïîêîéíîì ñîñòîÿíèè (ñì. òåêñò).
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ïî ðåçóëüòàòàì ôîòîìåòðè÷åñêèõ íàçåìíûõ íàáëþäåíèé ïîçâîëÿåò ïðåäïîëîæèòü,

÷òî èìåþùèåñÿ ðàçëè÷èÿ â ïðèâîäèìûõ â ëèòåðàòóðå îïðåäåëåíèÿõ âåëè÷èíû

Ð
rot
 ñâÿçàíû ñ òåì, ÷òî â ðàçíûå ìîìåíòû íàáëþäåíèé äîìèíèðóþùèìè ÿâëÿëèñü

ïÿòíà, ðàñïîëîæåííûå íà ðàçëè÷íûõ øèðîòàõ íà ïîâåðõíîñòè äèôôåðåíöèàëüíî

âðàùàþùåéñÿ çâåçäû (óêàçàíèÿ íà äèôôåðåíöèàëüíûé õàðàêòåð âðàùåíèÿ áûëè

ïîëó÷åíû ïî íàáëþäåíèÿì ñî ñïåêòðîãðàôîì ESPRESSO).

Ïî äàííûì TESS, àìïëèòóäà ïåðåìåííîñòè áëåñêà HD 189733 ñîñòàâëÿåò

1.6 è 0.9% îò óðîâíÿ ñðåäíåãî áëåñêà çâåçäû (äëÿ ñåêòîðîâ 41 è 54,

ñîîòâåòñòâåííî). Ïî ñòàíäàðòíîé ìåòîäèêå íàìè áûëè îöåíåíû âåëè÷èíû

ïàðàìåòðà çàïÿòíåííîñòè çâåçäû, êîòîðûå äîñòèãàþò 2.0 è 1.2% îò ïëîùàäè

ïîâåðõíîñòè çâåçäû è ïîëó÷åíû âåëè÷èíû ïëîùàäè çàïÿòíåííîé ïîâåðõíîñòè

À çâåçäû â àáñîëþòíîé ìåðå, êîòîðûå ñîñòàâèëè 9200 ì.ä.ï. è 5400 ì.ä.ï (äëÿ

ñåêòîðîâ 41 è 54, ñîîòâåòñòâåííî) è óæå ñòàíîâÿòñÿ ñîïîñòàâèìûìè ñ äàííûìè

î ìàêñèìàëüíîé çàïÿòíåííîñòè Ñîëíöà.

Ïî 771 îöåíêå áëåñêà çâåçäû â ôèëüòðå V, ïðåäñòàâëåííîé â îáçîðå

Kamogata Wide-field Survey, áûë ïðîâåäåí àíàëèç ïðîÿâëåíèé äîëãîâðåìåííîé

àêòèâíîñòè HD 189733 è íàéäåíû óêàçàíèÿ íà ñóùåñòâîâàíèå öèêëîâ àêòèâíîñòè

ïðîäîëæèòåëüíîñòüþ â 1140 è 4220 ñóò (3.1 è 11.6 ëåò, ñîîòâåòñòâåííî).

Ïî ëèòåðàòóðíûì äàííûì ñäåëàí âûâîä î òîì, ÷òî óðîâåíü õðîìîñôåðíîé

àêòèâíîñòè HD 189733 ïðåâîñõîäèò ñðåäíþþ âåëè÷èíó, õàðàêòåðíóþ äëÿ äðóãèõ

õîëîäíûõ êàðëèêîâ ñ àíàëîãè÷íûìè çíà÷åíèÿìè ïîêàçàòåëÿ öâåòà (B - V ), è

âûøå ñîëíå÷íîé. Ìîæíî çàêëþ÷èòü, ÷òî HD 189733 îáëàäàåò óìåðåííîé (èëè

íåìíîãî âûøå ñðåäíåé) àêòèâíîñòüþ, õàðàêòåðíîé äëÿ àíàëîãè÷íûõ êàðëèêîâ

ñïåêòðàëüíîãî êëàññà Ê, íî òåì íå ìåíåå, òðåáóþùåé ïðè ìîäåëèðîâàíèè

òùàòåëüíîãî ó÷åòà ñâîéñòâ è ýâîëþöèè ïëàíåòû, îáðàùàþùåéñÿ âîêðóã ýòîé

çâåçäû, âíå çàâèñèìîñòè îò òîãî, ïðîâîäÿòñÿ ëè îöåíêè ïî óïðîùåííîé ìåòîäèêå

(íàïðèìåð, àïïðîêñèìàöèîííàÿ ôîðìóëà, ñîîòâåòñòâóþùàÿ ìîäåëè ïîòåðè

àòìîñôåðû ñ îãðàíè÷åíèåì ïî ýíåðãèè) èëè ïî òî÷íîìó ìàãíèòîãèäðîäè-

íàìè÷åñêîìó ìîäåëèðîâàíèþ [14]. Ê ÷èñëó âîçíèêàþùèõ ïðè ýòîì óñëîæíÿþùèõ

îáñòîÿòåëüñòâ, ñëåäóåò îòíåñòè òîò ôàêò, ÷òî àêòèâíîñòü çâåçäû ÿâëÿåòñÿ

ïåðåìåííîé è òðåáóåò îöåíîê, âûïîëíÿåìûõ îäíîâðåìåííî ñ îñíîâíûìè

èññëåäîâàíèÿìè àòìîñôåðû ýêçîïëàíåòû.

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 THE HOT JUPITER PLANET
HOSTING K2V DWARF HD 189733

I.S.SAVANOV

The results of the analysis of activity of the K dwarf HD 189733, which has

one of the most well-studied exoplanets of the hot Jupiter type, are presented. Stellar

activity significantly complicates the analysis of the characteristics of the planet (in

particular, cool spots on the surface of the star add an additional signal to the ratio

between the depth of transit and the size of the planet and prevent accurate

determination of the radius of the planet). We analyzed photometric data for HD

189733 from the TESS mission archive and made conclusions about the values of

the rotation period P
rot
 of the star which is about 12.5 and 11.3 days for sectors

41 and 54, respectively. The comparison with previously performed estimates based

on the results of photometric ground-based observations suggests that the differences

in the values of P
rot
 are due to the fact that during observations cool spots were

located at different latitudes on the surface of a differentially rotating star. According

to TESS data the amplitude of the brightness variability of HD 189733 is 1.6 and

0.9% of the average brightness level of the star (for sectors 41 and 54, respectively).

According to the standard methodology we estimated the values of the star's

spottedness parameter (2.0 and 1.2% of the surface area of the star) and obtained

the values of the spotted surface area of the star in absolute measure (9200 MSH

and 5400 MSH for sectors 41 and 54, respectively). According to 771 estimates of

the brightness of the star in the V filter presented in the Kamogata Wide-field

Survey the long-term activity of HD 189733 was analyzed and indications were

found for the existence of possible activity cycles of 1140 and 4220 days (3.1 and

11.6 years). According to the literature data it is concluded that the level of

chromospheric activity of HD 189733 exceeds the average values typical for other

cool dwarfs with similar values of the color index (B - V ) and is above the solar

value. It is concluded that HD 189733 has a moderate (or slightly above average)

activity characteristic of similar dwarfs of spectral class K, but nevertheless requiring

consideration when modeling the properties and evolution of a planet orbiting this

star regardless of whether estimates are carried out using a simplified methodology

or accurate magnetohydrodynamic modeling. It should also be taken into account

that the activity of a star is variable over time (on a time scale comparable to the

value of P
rot
) and requires estimates performed simultaneously with the main studies

of the exoplanet's atmosphere.

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

      atmosheres
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