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Àíàë³ç âì³ñòó àêòèí³þ â àòìîñôåð³ öåôå¿äè HIP13962

Àêòèí³é, ðàä³îàêòèâíèé åëåìåíò, ùî ìàº ³çîòîï 227Ac ç íàéá³ëüøèì
ïåð³îäîì ï³âðîçïàäó âñüîãî 21.772(3) ðîêè, º òðåò³ì åëåìåíòîì ç ãðó -
ïè àêòèíî¿ä³â, ðàçîì ç òîð³ºì òà óðàíîì, âì³ñò ÿêèõ äîñë³äæóºòüñÿ â 
àòìîñôåðàõ ç³ð. Éîãî íàÿâí³ñòü â àòìîñôåð³ ò³º¿ ÷è ³íøî¿ çîð³ âêàçóº
íà ïåâíèé ìåõàí³çì, â ðåçóëüòàò³ ÿêîãî â³í âèðîáëÿºòüñÿ. ßê ïîêàçàëè
ïåðø³ äîñë³äæåííÿ ë³í³é ïîãëèíàííÿ àêòèí³þ ó ñïåêòðàõ ç³ð, ¿õíÿ
ïîÿâà ó ñïåêòð³ ïîâ’ÿçàíà ç íàÿâí³ñòþ äåôîðìîâàíèõ ë³í³é ïîãëèíàííÿ 
ñèëüíèõ ë³í³é, òàêèõ ÿê ë³í³¿ âîäíþ òà ë³í³¿ äóáëåòó íàòð³þ. Â äåÿêèõ
âèïàäêàõ ïðîô³ë³ öèõ ë³í³é ìàþòü åì³ñ³éíó ñêëàäîâó. Ìè ïðî âåëè
ïîøóê ë³í³é ïîãëèíàííÿ àêòèí³þ ó ñïåêòðàõ ïóëüñóþ÷èõ ç³ð — öå ôå¿ä,
äëÿ ÿêèõ õàðàêòåðíèì º íàÿâí³ñòü äåôîðìîâàíèõ ñèëüíèõ ë³í³é. Â
íàø³é ðîáîò³ äîñë³äæóþòüñÿ ë³í³¿ ïîãëèíàííÿ àêòèí³þ â ³íòåðâàë³ l
= 378.0...887.7 íì ó ñïåêòð³ çîð³-âò³êà÷à (run-away star) HIP 13962,
ÿêà êëàñèô³êóºòüñÿ ÿê öåôå¿äà. Ñïåêòð çîð³ áóëî îòðèìàíî â 2014
ðîö³ íà 1.8-ì òåëåñêîï³ îáñåðâàòîð³¿ Áîõóíñàí, Ï³âäåííà Êîðåÿ (Bo -
huynsan Op ti cal As tro nom i cal Ob ser va tory (BOAO), South Ko rea) ç³
ñïåêò ðàëüíîþ ðîçä³ëüí³ñòþ á³ëüø í³æ R = 80000. Òàêîæ àíàë³çóâàâñÿ 
àðõ³âíèé ñïåêòð HIP 13962 çà 1995 ð³ê â ä³àïàçîí³ äîâæèí õâèëü l =
= 400...680 íì ç³ ñïåêòðàëüíîþ ðîçä³ëüí³ñòþ R = 42 000, îòðèìàíèé
íà 1.93-ì òåëåñêîï³ îáñåðâàòîð³¿ Îò-Ïðîâàíñ (Ôðàíö³ÿ). ßê ïîêàçàëè
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ðîçðàõóíêè, â àòìîñôåð³ çîð³ HIP 13962 âì³ñò àêòèí³þ ñòàíîâèòü
lgN(Ac) = –1.2 â øêàë³ âì³ñòó âîäíþ lgN(Í) = 12, äëÿ ìîäåë³ àòìî -
ñôåðè Tåô = 5930 K, lgg = 1.0, Vmic = 6 êì/ñ. Ïðè åôåêòèâí³é òåìïå -
ðàòóð³ Tåô = 6250K ìè îòðèìàëè lgN(Ac) = –1.0.
Êëþ÷îâ³ ñëîâà: âì³ñò åëåìåíò³â, åâîëþö³ÿ ç³ð, çîðÿ: HIP13962, öå ôå¿ -
äè, ðàä³îêòèâí³ ³çîòîïè.

ÂÑÒÓÏ

Ïðî ïðîáëåìó ïîÿâè àêòèí³þ â àòìîñôåðàõ öåôå¿ä. Öåôå¿äè —
ïóëü ñóþ÷³ æîâò³ íàäã³ãàíòè — âàæëèâà ³ íå äî ê³íöÿ çðîçóì³ëà ôàçà
çî ðÿíî¿ åâîëþö³¿. Ö³ çîð³ ç’ÿâëÿþòüñÿ ï³ñëÿ âèõîäó ç ãîëîâíî¿ ïî -
ñë³äîâíîñò³, ï³ñëÿ ñòàä³¿ ãîð³ííÿ âîäíþ â öåíòð³ çîð³ ³ ñòàþòü ïóëü -
ñóþ÷èìè îá’ºêòàìè, ïîïàäàþ÷è ó ïîëîñó íåñòàá³ëüíîñò³ íà ä³àãðàì³
Ã-Ð [5]. Íåâ³äîìî, ÿêèé ¿õí³é åâîëþö³éíèé øëÿõ íà ñòàä³¿ ãîëîâíî¿ ïî -
ñë³äîâíîñò³ òà ÿêèì ÷èíîì âîíè ïåðåòâîðþþòüñÿ íà ïóëüñóþ÷³ çîð³.
Çã³äíî ç ðîáîòîþ [18] öåôå¿äè — öå ìîëîä³ îá’ºêòè â³ä äåñÿòè äî ê³ëü -
êà ñîòåíü ì³ëüéîí³â ðîê³â. ¯õí³ ìàñè ñòàíîâëÿòü 4...10 ìàñ Ñîíöÿ[5].
Õàðàêòåðèçóþ÷è îñíîâí³ âëàñòèâîñò³ öåôå¿ä, Åíãë [5] ðîçãëÿäàº òàêó
ïðîáëåìó ïîÿâè åì³ñ³éíèõ ë³í³é â îáëàñò³ Ña II ïî ñïîñòåðåæåííÿõ öå -
ôå¿ä, âêàçóþ÷è íà ðîáîòó Êðàôòà 1957 ð. [15]. Â ö³é ðîáîò³ Êðàôò
äîñë³äèâ ñïåêòðè á³ëüø í³æ 20 ÿñêðàâèõ öåôå¿ä â îáëàñò³ åì³ñ³éíèõ
ë³í³é ÑàII H l 396.85 íì ³ K l 393.37 íì. Íà îñíîâ³ öüîãî ìàòåð³àëó â³í
ïðèéøîâ äî âèñíîâêó, ùî íà ôàçàõ 0.8...1.0 åì³ñ³éí³ ë³í³¿ ñïîñòåð³ãà -
þòü ñÿ íàéá³ëüø ñèëüíèìè ïðè íàéìåíøîìó ðàä³óñ³ öåôå¿ä òà ç ìàê ñè -
ìàëüíîþ ñâ³òí³ñòþ, òîáòî âîíè ÷³òêî ïîâ’ÿçàí³ ç ìåõàí³çìîì çì³ííîñò³
öåôå¿ä [5, 15]. Êðàôò ïðèõîäèòü äî âèñíîâêó, ùî ðîçâèòîê åì³ñ³¿ íà
ïðîì³æêó ïåð³îäó â äóáëåò³ êàëüö³þ Í ³ Ê ó êëàñè÷íèõ öåôå¿äàõ
àñîö³þºòüñÿ ç ïîÿâîþ ãàðÿ÷î¿ ìàòåð³¿ â àòìîñôåð³. Öþ ôàçó äåÿêèé ÷àñ
íàçèâàëè ôàçîþ ïîðøíÿ [5]. Òîáòî, åì³ñ³ÿ, õàðàêòåðíà äëÿ ñèëüíèõ
ë³í³é, ÿêèìè º ë³í³¿ Ca II H&K, áóëà íàñë³äêîì ðîñòó òåìïåðàòóðè â
íèæ í³é ÷àñòèí³ àòìîñôåðè íà ïåâíèõ ïðîì³æêàõ ÷àñó. Çíàéäåíà íàìè
êîðåëÿö³ÿ ïîÿâè åì³ñ³éíèõ êîìïîíåíò³â ñèëüíèõ ë³í³é ó ñïåêòðàõ ç³ð ç
ïîÿâîþ ë³í³é ðàä³îàêòèâíèõ åëåìåíò³â, çîêðåìà àêòèí³þ, ó ñïåêòðàõ
ç³ð â ãàëàêòèêàõ ç ð³çíîþ ³ñòîð³ºþ çáàãà÷åííÿ, ÿê-òî â íàø³é Ãàëàêòèö³
(HD101065, [2]), êàðëèêîâ³é ãàëàêòèö³ Ôîðíàêñ (BL138) [11], Âåëèê³é
Ìàãåëëàíîâ³é Õìàð³ (RM_1-667) [9], ìîæóòü áóòè ä³éñíî ïîâ’ÿçàí³ ç
«ãàðÿ÷îþ ìàòåð³ºþ â íèæí³é ÷àñòèí³ àòìîñôåðè», ùî º âàæëèâèì äëÿ
ðîçóì³ííÿ ïðîöåñ³â, ÿê³ ïðîõîäÿòü â íåñòàá³ëüíèõ àòìîñôåðàõ. 

 ²ñòîð³ÿ äîñë³äæåííÿ run-away stars ³ öåôå¿äè HIP13962. Çã³äíî ç 
ðîáîòîþ Òåöëàôà òà ³í. [22], ÍIP 13962 º çîðÿ-óò³êà÷ (a run-away star),
ÿêà ó ìèíóëîìó áóëà êîìïîíåíòîì ïîäâ³éíî¿ ñèñòåìè. Àâòîðè ñòâåðä -
æóþòü, ùî â ðåçóëüòàò³ âèáóõó 3 ìëí ðîê³â òîìó íàäíîâî¿ II òèïó, ÿêà
äî òîãî áóëà á³ëüø ìàñèâíèì á³íàðíèì ïàðòíåðîì ç HIP 13962, ñàìà
HIP 13962 ðîçá³ãëàñü ç íîâîóòâîðåíèì çàëèøêîì íàäíîâî¿ II òèïó,
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ïóëüñàðîì PSRJ0826+2637 ç³ ñêóï÷åííÿ Stoñk7. Äîâåñòè á³íàðíó ïðè -
ðîäó ÍIP 13962 ó ìèíóëîìó ìîæíà ó âèïàäêó, ÿêùî ¿¿ àòìîñôåðà  çà -
áðóä íåíà âàæêèìè åëåìåíòàìè ó ïðîöåñ³ àêðåö³¿ ï³ñëÿ âèáóõó íàä -
íîâî¿ çáà ãà÷åíîþ ðå÷îâèíîþ â ðåçóëüòàò³ íóêëåîñèíòåçó. Çã³äíî ç
ñó÷àñ íîþ òåîð³ºþ åâîëþö³¿ ç³ð òà õ³ì³÷íèõ åëåìåí ò³â ïðè âèáóõó
êîìïîíåíòà ïîäâ³éíî¿ ñèñòåìè, ìàñèâí³øîãî, í³æ Í²Ð 13962 ç ìàñîþ
12M8 [22], ìàþòü ñïîñòåð³ãàòèñü íàäëèøêè ëåãøèõ åëåìåíò³â íåéò -
ðîí íîãî çàõâàòó. Ìè äåòàëüíî äîñë³äèëè ë³í³¿ ïîãëèíàííÿ (òàáë. 1) òà
åì³ñ³éí³ ë³í³¿ ó ñïåêòð³ HIP 13962 â ðîáîòàõ Þùåíêà òà ³í. [27, 28].

Âèêîðèñòîâóâàëèñü ñïåêòðè HIP 13962, ÿê³ ñïîñòåð³ãàëèñü â 2014
ðîö³ íà Áîõóíñàíñüê³é îïòè÷í³é àñòðîíîì³÷í³é îáñåðâàòîð³¿ (BOAO)
çà äîïîìîãîþ 1.8-ì òåëåñêîïà ç³ ñïåêòðàëüíîþ ðîçä³ëüíîþ çäàòí³ñòþ
R = 80000. Â³äíîøåííÿ ñèãíàëó äî øóìó äëÿ âñ³õ ñïåêòðàëüíèõ ñïî -
ñòåðåæåíü ïåðåâèùóº 100 â öåíòð³ åøåëå-ïîðÿäê³â. Ñïåêòðè áóëè îò -
ðèìàí³ â ä³àïàçîí³ äîâæèí õâèëü l = 378.0...887.7 íì. Ïðè ñïîñòåðå -
æåííÿõ 2014 ð. çíà÷íà óâàãà ïðèä³ëÿëàñü ÿê³ñí³é ðåäóêö³¿ ñèíüî¿ îá -
ëàñ ò³ ñïåêòðó, äå ðîçòàøîâàí³ íàéá³ëüø ñèëüí³ ë³í³¿ àêòèí³þ òà ³íøèõ
ë³í³é âàæêèõ åëåìåíò³â. Ïî÷àòêîâó ðåäóêö³þ ñïåêòð³â BOAO âèêî íà -
íî ïðè äîïîìîç³ ñòàíäàðòíîãî ïàêåòó ïðîãðàì IRAF. Ô³íàëüíó ðîáî òó
ç îáðîáêè ñïåêòð³â áóëî âèêîíàíî çà äîïîìîãîþ ïðîãðàìè URAN [26]. 
Öÿ ÷àñòèíà ðîáîòè âêëþ÷àº ïîð³âíÿííÿ ñïåêòð³â äîñë³äæóâàíî¿ çîð³ ç³
ñïåêòðàìè ç³ð ç áëèçüêèìè ïàðàìåòðàìè àòìîñôåð, ÿê³ äîáðå äîñë³ä -
æåí³, äëÿ ÿêèõ º âèñîêîäèñïåðñ³éíèé ñïåêòðàëüíèé ìàòåð³àë òà îäíî -
÷àñíî ïîð³âíÿííÿ ñïåêòð³â äîñë³äæóâàíî¿ çîð³ ç ñèíòåòè÷íèì ñïåêò -
ðîì çîð³. Îö³íêà ïàðàìåòð³â ìîäåë³ àòìîñôåðè HIP 13962 ñïî÷àòêó
âèêîíóâàëàñü ç âèêîðèñòàííÿì ñ³òêè ìîäåëåé àòìîñôåð Êàñòåëë³ òà
Êóðóöà (2003) [4] òà ñïåêòðàëüíîãî ìàòåð³àëó ÿê BOAO, òàê ³ íàéêðà -
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z ²îí DlgN s n

26 Fe I –0.07 0.17 80
Fe II –0.05 0.18 18

29 Cu I –0.52 0.12 3
39 Y II 0.39 0.22 10
40 Zr II 0.28 1
46 Pd I 0.44 1
57 La II 0.61 0.17 16
58 Ce II 0.34 0.19 19
59 Pr II 0.28 0.23 10
60 Nd II 0.39 0.23 50
62 Sm II 0.08 0.19 15
63 Eu II 0.30 1
64 Gd II –0.10 0.24 4
65 Tb II –0.36 0.04 3
66 Dy II 0.15 0.09 3
68 Er II 0.01 0.21 4
82 Pb II 0.23 1

Òàáëèöÿ 1. Õ³ì³÷íèé ñêëàä HIP13962 [27, 28]



ùèõ àðõ³âíèõ ñïåêòð³â. Ç âèêîðèñòàííÿì íåáëåíäîâàíèõ ë³í³é ïîãëè -
íàííÿ çàë³çà áóëè îòðèìàí³ òàê³ çíà÷åííÿ åôåêòèâíî¿ òåìïåðàòóðè,
ïðèñêîðåííÿ â³ëüíîãî ïàä³ííÿ òà ì³êðîòóðáóëåíòíî¿ øâèäêîñò³: Tåô =
= 5930 K, lgg = 1.0, Vmic  = 6 êì/ñ. Àòìîñôåðà çîð³ íåçíà÷íî çáàãà÷åíà
åëåìåíòàìè ïåðøîãî ï³êó íåéòðîííîãî çàõâàòó (Y, Zr) ³ ëåãêèìè
ëàíòàíî¿äàìè äðóãîãî ï³êó íåéòðîííîãî çàõâàòó (òàáë. 1). Âèÿâëåíî
íåçíà÷íèé íàäëèøîê ñâèíöþ, ÿê áà÷èìî â òàáë. 1, çã³äíî ç [27, 28].

Òàêèì ÷èíîì, á³íàðíà ã³ïîòåçà ïðî âõîäæåííÿ HIP 13962 äî ñêëà -
äó ïîäâ³éíî¿ ñèñòåìè ó ìèíóëîìó íå âèêëþ÷àºòüñÿ, ÿêùî áðàòè äî
óâàãè õ³ì³÷íèé ñêëàä àòìîñôåðè çîð³. Çàóâà æèìî, ùî ñèíòåç åëåìåíò³â 
ç ìàñàìè À ³ 120 äëÿ òàêèõ åëåìåíò³â, ÿê Sr, Y àáî Zr ïðîõîäèòü â ðåàê -
ö³ÿõ ñëàáêîãî r-ïðîöåñó. Çã³äíî ç ðîáîòîþ Âàíàéî òà ³í. [25] íàéá³ëüø
ïåðñïåêòèâíèì ì³ñöåì ïðîò³êàííÿ r-ïðî öåñó º íåéòðèíí³ â³òðè, â ÿêèõ
â³ëüí³ íóêëîíè (ïðîòîíè ³ íåéòðîíè) ïðèñêîðþþòüñÿ ³íòåíñèâíèì
íåéòðèííèì ïîòîêîì á³ëÿ ñôåðè ³ç íåéò ðèíî íàâêîëî êîëàïñóþ÷î¿
íàäíîâî¿ ³ îá’ºäíóþòüñÿ ç âàæêèìè ÿäðà ìè.

ÄÎÑË²ÄÆÅÍÍß Ë²Í²É ÏÎÃËÈÍÀÍÍß ÀÊÒÈÍ²Þ 

Ó ÑÏÅÊÒÐ² HIP 13962

Ñèëüí³ ë³í³¿ ó ñïåêòð³ HIP 13962, òàê³ ÿê ë³í³¿ âîäíþ òà äóáëåòó íàò ð³þ, 
ìàþòü äåôîðìîâàí³ ïðîô³ë³, âêëþ÷àþ÷è åì³ñ³éí³ ñêëàäîâ³. Çã³äíî ç
ðîáîòîþ [9] â öüîìó âèïàäêó âàðòî ïðîâåñòè ïîøóê òà äîñë³äæåííÿ
ë³í³é ïîãëèíàííÿ àêòèí³þ. Ç ³íøîãî áîêó, çã³äíî ç âèñëîâëåíîþ ã³ïî -
òåçîþ [1, 8, 10] âïëèâ íåéòðîííî¿ çîð³ (ðàííüîãî ïóëüñàðà) íà çîðþ, ÿêà 
º ó ïàð³ ç íèì, ìîæå ïðèçâåñòè äî óòâîðåííÿ ðàä³îàêòèâíèõ åëåìåíò³â,
ÿê³ áóëè ³äåíòèô³êîâàí³ ó ñïåêòð³ çîð³ Ïøèáèëüñüêîãî [1, 8, 10]. Äëÿ
HIP 13962, ÿêà ùå 3 ìëí ðîê³â òîìó áóëà êîìïîíåíòîì ïîäâ³éíî¿ ç
ïóëüñàðîì, öå íåçíà÷íèé ïðîì³æîê ÷àñó ó ìàñøòàáàõ æèòòÿ ç³ð. 

Äëÿ ñïåêòð³â çà óâåñü ïåð³îä äàò ñïîñòåðåæåíü õàðàêòåðí³ åì³ñ³éí³
ë³í³¿ äåÿêèõ åëåìåíò³â. Ïîð³âíÿííÿ ë³í³é âîäíþ Ha ³ Íb ç ñèíòåòè÷íèì
ñïåêòðîì ïîêàçàëî çíà÷íó çì³íó äåôîðìàö³¿ ¿õí³õ ïðîô³ë³â ç ÷àñîì. Ó
êîðîòêîõâèëüîâîìó êðèë³ ë³í³¿ Ía ñïîñòåð³ãàºòüñÿ åì³ñ³éíèé êîìïî -
íåíò â àðõ³âíèõ ñïåêòðàõ ÅLODI çà 1995 ð. Íà ðèñ. 1 äëÿ ë³í³¿ Na I D2

áà÷èìî ÷³òêèé åì³ñ³éíèé êîìïîíåíò íà âñ³õ íàÿâíèõ ñïåêòðàõ 1995...
2014 ðð.; ãëèáèíà ë³í³é çì³íþâàëàñü. Çàãàëîì ñòðóêòóðà ë³í³¿ ñêëàäíà.
Îêð³ì öüîãî, ñïîñòåð³ãàþòüñÿ åì³ñ³éí³ ë³í³¿ ó ñïåêòðàõ çîð³ HIP 13962
çà ð³çí³ ðîêè, îñîáëèâî â êîðîòêîõâèëüîâ³é ÷àñòèí³ ñïåêòðó, ÿê³ íå
³äåíòèô³êîâàí³ íàìè, íà â³äì³íó â³ä åì³ñ³éíî¿ ë³í³¿ ðàä³îàêòèâíîãî
åëåìåíòó ïðîìåò³þ [27, 28] íà äîâæèí³ õâèë³ l = 555.688 íì, ÿêà, ïðî -
òå, íå º ñèëüíîþ. Â ö³ëîìó äëÿ çîð³ HIP13962 ñïîñòåð³ãàþòüñÿ çíà÷í³
âàð³àö³¿ ñïåêòðàëüíî¿ êàðòèíè [27, 28]. Ñïåêòðè 2003 ³ 2005 ðîê³â â³ä -
ð³çíÿþòüñÿ â³ä ³íøèõ ìåíøîþ ãëèáèíîþ ë³í³é íà âñüîìó ³íòåðâàë³
ñïîñòåðåæíèõ ñïåêòð³â. 

Â íàø³é ðàáîò³ äîñë³äæåíî ë³í³¿ àêòèí³þ â ä³àïàçîí³ äîâæèí õâèëü
l = 378.0...887.7 íì, ùî äîçâîëèëî ³äåíòèô³êóâàòè á³ëüø ñèëüí³ ë³í³¿
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ïîãëèíàííÿ àêòèí³þ, ñïåêòðîñêîï³÷í³ äàí³ äëÿ ÿêèõ áóëè âçÿò³ ç
ðîáîòè [19]. Âì³ñò àêòèí³þ äëÿ ³íäèâ³äóàëüíèõ ë³í³é, âèêîðèñòîâóþ÷è 
ñïåêòðàëüíèé ìàòåð³àë çîð³ HIP13962 çà 1995 ³ 2014 ðîêè, áóâ îòðè -
ìàíèé ÿê çà äîïîìîãîþ ïðîãðàìè Êóðó÷à WIDTH9 (òàáë. 2) ç âèêîðèñ -
òàí íÿì åêâ³âàëåíòíèõ øèðèí, òàê ³ ìåòîäîì ñèíòåòè÷íîãî ñïåêòðó.
Äëÿ ðîçðàõóíêó ñèíòåòè÷íèõ ñïåêòð³â â ðàìêàõ êëàñè÷íèõ íàáëèæåíü
(ËÒÐ, ïëîñêîïàðàëåëüíà ìîäåëü àòìîñôåðè òà ³í.) âèêîðèñòîâóâàëàñü
ïðîãðàìà WITA618 [16]. Âèêîðèñòîâóâàëèñü ñïèñêè àòîìíèõ ë³í³é
VALD3 [21], ïðîô³ë³ êîåô³ö³ºíò³â ïîãëèíàííÿ â ÷àñòîòàõ âñ³õ ë³í³é
âèçíà÷àëèñü ôóíêö³ºþ Ôîéãòà, ñòàë³ ðîçøèðåííÿ áðàëèñü ³ç VALD3
àáî, ïðè ¿õí³é â³äñóòíîñò³, ðîçðàõîâóâàëèñü â ðàìêàõ íàáëèæåíü Óí -
çîëüäà [23]. Ñèëè îñöèëÿòîð³â ë³í³é âçÿòî ç ðîáîòè Êþíå òà ³í. [19].

Ó òàáë. 2 äàºòüñÿ ðåçóëüòàò äîñë³äæåííÿ ÷îòèðüîõ ë³í³é àêòèí³þ ó
ñïåêòð³ çîð³ HIP13962. Âèêîðèñòîâóþ÷è àðõ³âíèé ìàòåð³àë, îòðèìà -
íèé íà îáñåðâàòîð³¿ Îò-Ïðîâàíñ (ELODIE) çà 1995 ð., ïðè âèêîðèñ -
òàíí³ çíà÷åíü ìîäåëüíèõ ïàðàìåòð³â  Tåô = 5930 Ê, lgg = 1.0, Vmic  =
= 6.00 êì/ñ ìè îòðèìàëè âì³ñò àêòèí³þ lgN(Ac) = –13.15. Ðåçóëüòàò
îòðèìàíî ìåòîäîì ìîäåëåé àòìîñôåð ç âèêîðèñòàííÿì åêâ³âàëåíòíèõ
øè ðèí çà äîïîìîãîþ ïðîãðàìè Êóðóöà WIDTH9 (òàáë. 1, 2). ²äåíòè -
ô³êàö³ÿ ñïåêòðàëüíèõ ë³í³é ó ñïîñòåðåæíîìó ñïåêòð³ HIP13962 âèêî -
íó âà ëàñü íà îñíîâ³ ïîð³âíÿííÿ ñèíòåòè÷íîãî ñïåêòðó, ðîçðàõîâàíîãî
äëÿ âñüîãî ä³àïàçîíó ñïîñòåðåæíîãî ñïåêòðó, áåðó÷è äî óâàãè õ³ì³÷ -
íèé ñêëàä àòìîñôåðè, îòðèìàíèé â ðîáîòàõ Þùåíêà òà ³í. [27, 28].
Åêâ³âàëåíòí³ øèðèíè äëÿ ñïåêòð³â HIP13962, îòðèìàíèõ â 2014 ³
1995 ðð., âèçíà÷àëèñü â³äíîñíî ëîêàëüíîãî êîíòèíóóìó. Ó òàáë. 2 äà -
þòüñÿ òàêîæ ñåðåäí³ çíà÷åííÿ âì³ñòó àêòèí³þ. Ïåðøèé ìåòîä âèçíà -
÷åííÿ âì³ñòó àêòèí³þ äàº óÿâëåííÿ ïðî òå, ÿê³ âåëè÷èíè åêâ³âàëåíòíèõ 
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Ðèñ. 1. Ë³í³ÿ ðåçîíàíñíîãî äóáëåòó íàòð³þ Na I D2 l 588.995 íì ó ñïåêòð³ HIP 13962. Òî÷êè —
ñïî ñòåðåæí³ ñïåêòðè (öèôðàìè âêàçàíî ðîêè ñïîñòåðåæåíü), ñóö³ëüíà ë³í³ÿ synt — ñèíòå òè÷ -
íèé ñïåêòð



øèðèí äîñë³äæóþòüñÿ. Ìåòîä ñèíòåòè÷íîãî ñïåêòðó äîçâîëÿº âèçíà -
÷èòè, íàñê³ëüêè òà ÷è ³íøà ë³í³ÿ ÷óòëèâà äî ê³ëüê³ñíîãî çíà÷åííÿ âì³ñ -
òó åëåìåíòó. Íà ðèñ. 2 äàºòüñÿ ïîð³âíÿííÿ ñèíòåòè÷íîãî ñïåêòðó, ðîç -
ðàõîâàíîãî äëÿ ìîäåë³ àòìîñôåðè çîð³ HIP13962, ç³ ñïîñòåðåæíèì â
çàëåæíîñò³ â³ä âì³ñòó àêòèí³þ (lgN(Ac) = –12.5, –13.0 ³ –13.5) äëÿ ë³í³¿
ïîãëèíàííÿ Àñ II l 450.720 íì. Öÿ ë³í³ÿ ÷óòëèâà äî âì³ñòó àêòèí³þ. 

Ïîÿâà àêòèí³þ â àòìîñôåð³ öåôå¿äè HIP 13962 ìàº âàæëèâå çíà -
÷åí íÿ äëÿ ðîçóì³ííÿ ïîÿâè ñàìîãî êëàñó çì³ííèõ ç³ð — öåôå¿ä. Íàðàç³
òåîðåòè÷í³ ðîçðàõóíêè, âèêîíàí³ Ãîð³åë³ [12], âêàçóþòü íà ìîæëèâ³
ô³çè÷í³ àêðåö³éí³ ïðîöåñè, â ðåçóëüòàò³ ÿêèõ ìîæóòü ïîÿâèòèñÿ òàê³
ðàä³îàêòèâí³ åëåìåíòè ç êîðîòêèì ïåð³îäîì ï³âðîç ïàäó. Öåé ïðîöåñ
àêðåö³¿ ïîâèíåí ï³äòðèìóâàòèñü â ÷àñ³ íà ïåâíèõ ïðîì³æêàõ ïåð³îäó
öåôå¿äè. Öå ïîâí³ñòþ ï³äòâåðäæóº âèñíîâêè ðîáîòè [15] ïðî ïîÿâó ãà -
ðÿ÷î¿ ìàòåð³¿ â íèæí³é ÷àñòèí³ àòìîñôåðè. ßê çàçíà÷èëè Åíãë ç³ ñï³â -
ðîá³òíèêàìè [5, 6, 13], º ïðîáëåìà â ðîçóì³íí³ ïðîöåñ³â, ÿê³ ïðèòàìàíí³ 
öåôå¿äàì: “íåçâàæàþ÷è íà òå, ùî äëÿ äåÿêèõ çîðÿíèõ îá’ºêò³â ç³áðàíî
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l, íì Z
EW,
íì

lggf Elow, åÂ
lgN(Ac)

5930/1.0/6.0
WIDTH-9

lgN(Ac)
5930/1.0/6.0

SYNT

lgN(Ac)
6250/1.0/6.0

SYNT

1995 ð.
450.720 89.01 0.87 –1.04 0.00 –1.075
616.475 89.01 0.34 –0.85 0.588 –1.233

Ñåðåäíº çà 1995 ð. –1.15
2014 ð.

416.840 89.01 0.57 –0.46 0.653 –1.167 –1.10
450.720 89.01 0.72 –1.04 0.00 –1.159 –1.20 –1.00
591.085 89.01 –0.60 0.653 –1.30

Ñåðåäíº çà 2014 ð. –1.16 –1.20 –1.00

Òàáëèöÿ 2. Âì³ñò Ac II â àòìîñôåð³ çîð³ HIP 13962 ó 1995 òà 2014 ðð.

Ðèñ. 2. Ñïîñòåðåæóâàíèé ñïåêòð HIP 13962, îòðèìàíèé ó 2014 ð. (øòðèõîâà ë³í³ÿ) òà ñèíòå -
òè÷í³ ñïåêòðè äëÿ ìîäåëåé àòìîñôåðè  Tåô = 5870 K, lgg = 1.2 (ñóö³ëüíà ÷îðíà ë³í³ÿ, Fe = –4.34)
òà  Tåô = 6250 Ê, lgg = 1.0, Vmic  = 6 êì/ñ (ñóö³ëüíà ñ³ðà ë³í³ÿ, Fe = –4.54)



ñïîñòåðåæåííÿ çà á³ëüø í³æ 100 ðîê³â, öåôå¿äè çàëèøàþòüñÿ âñå æ
ñêëàäíèìè ³ àñòðîô³çè÷íî ³íòðèãóþ÷èìè ç òî÷êè çîðó àòìîñôåðíî¿
åíåðãåòèêè”.

ßê ³ ë³ò³é, ÿêèé ìàº êëþ÷îâå çíà÷åííÿ äëÿ ðîçóì³ííÿ ÿâèùà ìàãí³ò -
íî-ïåêóëÿðíèõ ç³ð, àêòèí³é ìîæå ç³ãðàòè âàæëèâó ðîëü äëÿ ðîçóì³ííÿ
ïîÿâè êëàñó öåôå¿ä. Ðîçãëÿäàþ÷è ñïåêòðè öåôå¿ä Ìàãåëëàíîâèõ Õìàð, 
äëÿ äåÿêèõ ç íèõ îòðèìóºìî àíàëîã³÷í³ ðåçóëüòàòè. 

Óòî÷íåííÿ ïàðàìåòð³â àòìîñôåðè. Ó ïåðøîìó íàáëèæåíí³ ìè
âèêîðèñòàëè çíà÷åííÿ ïàðàìåòð³â àòìîñôåðè  Tåô = 5871 ± 130 K, lgg =
= 1.2, Vmic  = 11.5 êì/ñ, îòðèìàí³ Â. Â. Êîâòþõîì â ðîáîò³ Òåöëàôà òà ³í.
[22]. Ðîçðàõîâàíèé ç íèìè ñèíòåòè÷íèé ñïåêòð äîçâîëèâ ³äåíòè ô³êó -
âàòè ë³í³¿ ïîãëèíàííÿ çàë³çà, â³ëüí³ â³ä âêëàäó ³íøèõ åëåìåíò³â, òà
îòðè ìàòè çíà÷åííÿ ïàðàìåòð³â çîð³, ÿê³ âèÿâèëèñÿ áëèçüêèìè äî ïîïå -
ðåäí³õ çíà÷åíü:  Tåô = 5930 K, lgg = 1, Vmic  = 6 êì/ñ. Íà îñíîâ³ íîâèõ
çíà÷åíü ìè îòðèìàëè õ³ì³÷íèé ñêëàä àòìîñôåðè, âèêîðèñòîâóþ÷è
ïðî ãðàìó Êóðóöà WIDTH-9 [27, 28]. Àëå ñèíòåòè÷íèé ñïåêòð, ðîçðà -
õîâàíèé â ä³àïàçîí³ l = 413.6...415.0 íì ç âèçíà÷åíèì âì³ñòîì õ³ì³÷ -
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Ðèñ. 3. Ñèíòåòè÷í³ ñïåêòðè HIP 13962 ïîáëèçó ë³í³¿ ïîãëèíàííÿ àêòèí³þ l 450.720 íì
(W = 0.72 íì), îòðèìàí³ äëÿ ð³çíèõ çíà÷åíü âì³ñòó åëåìåíòó. Ïàðàìåòðè ìîäåë³ àòìîñôåðè 
Tåô = 5930 K, lgg = 1, Vmic  = 6 êì/ñ



íîãî ñêëàäó, êðàùå îïèñóº ñïîñòåðåæíèé ñïåêòð 2014 ð. â ðàéîí³ ë³í³é
íåéòðàëüíîãî òà ³îí³çîâàíîãî çàë³çà ïðè  Tåô » 6250 Ê (ðèñ. 2). Ïðè

çá³ëü øåí³é òåìïåðàòóð³  Tåô = 6250 K âì³ñò àêòèí³þ çì³íèâñÿ íåçíà÷ -
íî, lgN(Ac) = –13.00 dex, ó ìåæàõ ïîõèáîê (±0.5 dex).

Íà êîæí³é ³òåðàö³¿ ðîçðàõóíê³â âèêîðèñòîâóâàëèñü ðîçðàõîâàí³
³íäèâ³äóàëüí³ ìîäåë³ çîð³ [17]. Íà ðèñ. 3 äàþòüñÿ ñèíòåòè÷í³ ñïåêòðè,
ðîçðàõîâàí³ ïðè ð³çíèõ çíà÷åííÿõ âì³ñòó, ÿê³ ïîêàçóþòü, ùî âèáðàíà
ë³í³ÿ l 450.720 íì ä³éñíî ÷óòëèâà äî çì³íè âì³ñòó àêòèí³þ. Â öèõ ðîç -
ðàõóíêàõ âèêîðèñòîâóâàëèñü íîâ³ àòîìí³ äàí³, çîêðåìà ïåðøèé ïîòåí -
ö³àë ³îí³çàö³¿ äëÿ àêòèí³þ [19] òà còàòèñòè÷í³ ñóìè [20].

Ðåçóëüòàòè äîñë³äæåííÿ âì³ñòó àêòèí³þ â àòìîñôåð³ HIP 13962 ó
1995 òà 2014 ðð. ïîäàþòüñÿ ó òàáë. 2 äëÿ ³íäèâ³äóàëüíèõ ë³í³é â ðàìêàõ 
ð³çíèõ ìîäåëåé. Òóò W — åêâ³âàëåíòí³ øèðèíè, lggf — ñèëè îñöèëÿ -
òîð³â ³îí³çîâàíîãî àêòèí³þ, âçÿò³ ³ç ðîáîòè [19], Elow — åíåðã³ÿ íèæ -
íüî ãî ð³âíÿ; âì³ñò àêòèí³þ lgN(Ac) — ó øêàë³ âîäíþ lgN(Í) = 12.

ÂÈÑÍÎÂÊÈ ÒÀ ÎÁÃÎÂÎÐÅÍÍß ÐÅÇÓËÜÒÀÒ²Â

Àêòèí³é º òðåò³ì åëåìåíòîì, ïîðÿä ç òîð³ºì òà óðàíîì, ÿêèé íàëåæèòü
äî ãðóïè àêòèíî¿ä³â ³ ÿêèé äîñë³äæóºòüñÿ â àòìîñôåðàõ ç³ð. Íàãàäàºìî, 
ùî àêòèí³é — ðàä³îàêòèâíèé åëåìåíò, ó ÿêîãî ³çîòîï ç íàéá³ëüøèì
ïåð³îäîì ï³âðîçïàäó ñòàíîâèòü âñüîãî 21.772(3) ðîêè, óòâîðþºòüñÿ
ïðè ðîçïàä³ ðàä³îàêòèâíîãî ðÿäó óðàíó 235U. Ë³í³¿ ïîãëèíàííÿ àêòèí³þ 
íà äîâæèíàõ õâèëü l 591.085 íì ³ l 616.475 íì, îòîòîæíåí³ ó ñïåêòðàõ
÷åðâîíîãî íàäã³ãàíòà RM_1-667, ùî íàëåæèòü Âåëèê³é Ìàãåëëàíîâ³é
Õìàð³ [9] òà ó ñïåêòð³ ÷åðâîíîãî ã³ãàíòà BL138 [11], ùî íàëåæèòü
ñôåðî¿äàëüí³é êàðëèêîâ³é ãàëàêòèö³ Ôîðíàêñ, ìàþòü àíîìàëüíèé ïðî -
ô³ëü âîäíþ ³ (àáî) ³íøèõ ñèëüíèõ ë³í³é. Äîñë³äæåííÿ ë³í³é àêòè í³þ â
îïòè÷í³é îáëàñò³ ñïåêòðó ç³ð RM_1-667 òà BL138 (Ôîðíàêñ), ÿê³ íå íà -
ëåæàòü äî íàéñèëüí³øèõ, ñïîíóêàëî íàñ çâåðíóòèñÿ äî ë³í³é àêòèí³þ ó 
êîðîòêîõâèëüîâ³é ÷àñòèí³ ñïåêòðó, äå, çã³äíî ç ëàáîðàòîð íèìè
äîñë³äæåííÿìè, ë³í³¿ àêòèí³þ º á³ëüø ³íòåíñèâíèìè. Çã³äíî ç ðîáîòîþ
[19] ë³í³¿ àêòèí³þ â êîðîòêîõâèëüîâ³é ÷àñòèí³ ñïåêò ðó ìàþòü â³äíîñíó
³íòåíñèâí³ñòü ïîðÿäêó 700 (l 416.840 ³ l 450.720 íì), íà â³ä ì³íó â³ä
ë³í³é ó âèäèì³é îáëàñò³ ñïåêòðó l 598.985 ³ l 614.675 íì, ÿê³ â ëàáî -
ðàòîðíèõ óìîâàõ ìàþòü ³íòåíñèâíîñò³ ïîðÿäêó 300 ³ 200 (ìàê ñè ìàëüíà 
³íòåíñèâí³ñòü 1000). 

Òàêèì ÷èíîì, â îòðèìàíèõ ñïåêòðàõ HIP 13962 çà 2014 ð³ê ìè
³äåíòè ô³êóâàëè ë³í³¿ ³îí³çîâàíîãî àêòèí³þ â ñèí³é îáëàñò³ ñïåêòðó
(l 598.985 ³ l 614.675 íì). Öåé ðåçóëüòàò ï³äòâåðäæóºòüñÿ äîñë³ä æåí -
íÿì ñïåêòðó çîð³ çà 1995 ð³ê, ÿêèé ïîêàçóº åì³ñ³éíó ñêëàäîâó â êðè ë³
ë³í³¿ Ía. Âïåðøå ó ñïåêòðàõ öåôå¿äè ³äåíòèô³êîâàíî ë³í³¿ ïîãëè íàííÿ
³îí³çîâàíîãî àêòèí³þ. Äëÿ ³äåíòèô³êàö³¿ âèêîðèñòîâóâàëèñü ñèí òå òè÷ -
í³ ñïåêòðè, â³äáèðàëèñü äëÿ àíàë³çó ë³í³¿, â³ëüí³ â³ä âêëàäó ³íøèõ åëå -

70 ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2022. Ò. 38, ¹ 2

Â. Ô. ÃÎÏÊÀ òà ³í.



ìåíò³â ³ ÷óòëèâ³ äî çì³íè õ³ì³÷íîãî ñêëàäó àêòèí³þ, ùî âèä íî ³ç ðè -
ñóíê³â. 

Ìè âèçíà÷èëè âì³ñò àêòèí³þ (lgN(Ac) = –1.20) â àòìîñôåð³ öå -
ôå¿äè HIP 13962, ÿêèé íå â³äð³çíÿºòüñÿ çíà÷íî â³ä âì³ñòó öüîãî åëå -
ìåí òó â àòìîñôåð³ ÷åðâîíîãî íàäã³ãàíòà RM_1-667 Âåëèêèõ Ìàãåëëà -
íîâèõ Õìàð (lgN(Ac) = –1.30 [8]) ³ â àòìîñôåð³ ÷åðâîíîãî ã³ãàíòà
BL138 (lgN(Ac) = –1.60 [11]). Àëå â àòìîñôåð³ çîð³ Ïøèáèëüñüêîãî
âì³ñò àêòèí³þ á³ëüø í³æ íà äâà ïîðÿäêè âèùèé: lgN(Ac) = 0.94 ± 0.09 â
øêàë³ lgN(H) = 12 [2]. Çàäëÿ ïîð³âíÿííÿ ñàìîãî çíà÷åííÿ àêòèí³þ â
àáñîëþòí³é øêàë³ lgN(Ac) = –1.20 äëÿ HIP13962 ïðèâåäåìî çíà÷åííÿ
âì³ñòó òîð³þ ³ óðàíó ÿê àêòèíî¿ä³â äëÿ àòìîñôåðè Àðêòóðà: lgN(Th) =
= –0.35 ³ lgN(U) = –1.05 ó øêàë³ âîäíþ lgN(H) = 12 ïðè äåô³ öè ò³ çàë³çà
DlgN(Ac) = –0.58 [7]. Â àòìîñôåð³ Ñîíöÿ lgN(Th) = 0.02 ± 0.10, à ó
ìåòåîðèòí³é ðå÷îâèí³ lgN(U) = –0.54 ± 0.20 ïðè lgN(H) = 12.0 [3]. Â
ðîáîò³ Þùåíêà [2] ïðèâåäåíî çíà÷åííÿ lgN(Th) = –1.50 äëÿ àòìî ñôåðè 
çîð³ ãàëî HD 221170 ³ lgN(U) < –2.02 ± 0.20. Äëÿ ö³º¿ çîð³ ïî ñïåêò -
ðàëüíîìó ìàòåð³àëó, ÿêèé áóëî îòðèìàíî íà 10-ì òà 2.7-ì òåëå ñêîïàõ,
â ðîáîò³ [14] îòðèìàíî âì³ñò òîð³þ lgN(Th) = –1.48 ± 0.05. 

REFERENCES

1. Gopka V. F., Ulyanov O. M. (2008) About the hypothesis explaining the phe nom e non of 
Przybylski’s star. Izvestiya Crimean. Astrophys. Observ. 104(2). 225—226.

2. Yushchenko A. V. (2017) Heavy el e ments in the at mo spheres of peculiar stars. PhD
(Phys. and Math.). Odesa. (In Ukrainian).

3. Asplund M., Grevesse N., Sauval A., Scott P. (2003) The chem i cal com po si tion of the
Sun. Annu. Rev. Astron. and Astrophys. 2009. 47. 481—522.

4. Castelli F., Kurucz R. L. (2003) New grids of ATLAS9 model at mo spheres. Proc.
210-th Symp. IAU Mod el ling of Stel lar At mo spheres. Uppsala, Swe den, Eds N.
Piskunov, W. W. Weiss, D. F. Gray. posterA20. 

5. Engle S. C. (2014) The secret lives of Cepheids. A multi-wavelength study of the
atmospheres and real-time evolution of classical Cepheids. PhD (Phys). James Cook
Univ., Australia.

6. Engle S., Guinan E., Heintz W., Car ton J., Hernandez A. (2005) The se cret lives of
Cepheids II: More sur prises as we ex tend the pe riod/lu mi nos ity range of our sam ple.
Bull. Amer. Astron. Soc. 37. 1169.

7. Gopka V. F., Yushchenko A. V., Shavrina A. V., Perekhod A. V. (1999) Tho rium and
Ura nium in the at mo sphere of Arcturus. Ki ne mat ics and Phys. Ce les tial Bod ies. 
15(5). 332—337. 

8. Gopka V., Ulyanov O., Andrievsky S. (2008) Neu tron stars as a source of the short-lived 
nuclides in Ap-stars. OMEG07: The 10-th Inter. Symp. on Or i gin of Mat ter and Evo -
lu tion of Gal ax ies: From the Dawn of Uni verse to the For ma tion of So lar Sys tem.
Amer. Inst. Phys. Conf. Ser. Ja pan. 1016. 460—462.

9. Gopka V. F., Shavrina A. V., Yushchenko V. A., Yushchenko A. V., Pavlenko Ya. V., et 
al. (2018) Ac tin ium abun dance in the at mo spheres of three red super giants in the
Magellanic Clouds. Ki ne mat ics and Phys. Ce les tial Bod ies. 34. 123—133.

10. Gopka V. F., Ulyanov O. M., Yushchenko A. V., Shavrina A. V., Andrievsky S. M.
(2010) The na ture of mag netic chem i cally peculiary stars through the prism of in ex -
pli ca ble facts. OMEG10: Or i gin of mat ter and evo lu tion of Gal ax ies. Amer. Inst.
Phys. Conf. Ser. Eds Tanihara I. et al. — RCNP. Ja pan. 1269. 454—455.

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2022. Ò. 38, ¹ 2 71

ÀÍÀË²Ç ÂÌ²ÑÒÓ ÀÊÒÈÍ²Þ Â ÀÒÌÎÑÔÅÐ² ÖÅÔÅ¯ÄÈ HIP13962



11. Gopka V. F., Yushchenko A. V., Yushchenko V. A., Shavrina A. V., Andrievsky S. M., 
Jeong Y., Shereta E. P. (2018) The abun dances of heavy el e ments in BL138 — red
gi ant of lo cal group Fornax dwarf sphe roi dal gal axy. Phys. Sci. and Technol. 5(1).
ISSN2409-6121. 70—78.

12. Goriely S. (2007) Nucleosynthesis by ac cel er ated par ti cles to ac count for the sur face
com po si tion of HD101065 (Przybylski’sstar). Astron. and Astrophys. 466(1).
619—631.

13. Guinan E., Engle S., Ev ans N., Harper G., Harp G.  M. (2007) The se cret IR lives of
Cepheids: Spitzer IR spectroscop of circumstellar en ve lopes, windsand chro mo -
spheric emis sions in nearby Cepheids. Spitzer Pro posal ID 40968 May 2007.

14. Ivans I. I., Simmerer J., Sneden C., Cow an J. J., Gallino R., Bisterzo S. (2006) Lawler
near-ul tra vi o let ob ser va tions of HD221170: New in sights into the na ture of r-pro -
cess-rich stars. Astrophys. J. 645(1). 613—633. 

15. Kraft R. P. (1957) Ca II emis sion in clas si cal Ceph eid vari ables. Astrophys. J. 125.
336—349.

16. Pavlenko Ya. V. (1997) A “lith ium test” and mod el ing of lith ium lines in late-type M
dwarfs: Teide1. Astron. Repts. 41. 537—542.

17. Pavlenko Ya. V. (2003) Model at mo spheres of red gi ants. Astron. Repts. 47. 59—67.
18. Proxauf B., da Silva R., Kovtyukh V. V., et al. (2018)  A new and ho mo ge neous me -

tallicity scale for Ga lac tic metallicity scale for Ga lac tic clas si cal Cepheids. I. Phys i -
cal pa ram e ters. Astron. and Astrophys. 616. 82—95.

19. Quinet P., Argante C., Fivet V., Terranova C., Yushchenko A. V., BiJmont I. (2007)
Atomic data for ra dio ac tive el e ments Ra I, Ra II, Ac I and Ac II and ap pli ca tion to
their de tec tion in HD 101065 and HR 465. Astron. and Astrophys. 474. 307—314.

20. Ro8nagel J., Raeder S., Hakimi A., Ferrer R., Trautmann N., Wendt K. (2012)
Determination of the first ionization potential of actinium. Phys. Rev. Astron. and
Astro phys. 85. 125—150. 

21. Ryabchikova T. A., Pakhomov Yu. V., Piskunov N. E. (2011) New release of Vienna
atomic line database (VALD-3) and its integration in virtual atomic and molecular
data centre (VAMDC). Uchenye zapiski Kazanskogo universiteta. 153(2). 61—66.

22. Tetzlaff N., Dincel B., Neuhauser R., Kovtyukh V. V. (2014) The or i gin of the young
PSRJ0826 +2637 and pos si ble for mer com pan ion HIP 13962. Mon. Notic. Roy.
Astron. Soc. 438. 3587—3593.

23. Un sold A. (1955) Physik der Sternatmospharen, MIT besonderer Berucksichtigung
der Sonne. https://ui.adsabs.har vard.edu/abs/1955psmb.book.....U

24. Urer G., Ozdemir L. (2012) The level struc ture of sin gly-ion ized ac tin ium. J. Ko rean
Phys. Soc. 61. 353—358.

25. Wanajo S., Itoh N., Ishimaru Y., Nozawa Y., Beers T. (2002) The r-pro cess in the neu -
trino wind of core-col lapse su per nova and U-Th cosmochronology. Astrophys. J.
577. 853—865.

26. Yushchenko A. V. (1998) URAN: a software system for the analysis of stellar spectra.
Proc. 20th Stellar Conf. Czech and Slovak Astron. Inst. (5-7 November, 1997, Brno,
Czech Republic). Ed. J. Dusek. ISBN 80-85882-08-6.

27. Yushchenko V., Yushchenko A., Gopka V., Shavrina A., Kovtyukh V., Hong K. S.,
Mkrtichian D. I. (2016) HIP 13962 — The possible former member of binary system
with supernova. Presentation at the Conf. Stars on the run — a meeting on the run
away and hyper-velosity stars. (16—19, August, Bamberg, Germany). 
URL: http://www.blackhole.eu/media/hvs2016/PDFs/Yushchenko.pdf.

28. Yushchenko V., Yushchenko A., Gopka V., Shavrina A., Kovtyukh V., Hong K. S.,
Mkrtichian D. (2016) HIP 13962 — The pos si ble for mer mem ber of bi nary sys tem
with su per nova. Odessa Astron. Publs. 29. 229—232. 
DOI: http://dx.doi.org/10.18524/1810-4215.2016.29.8523

72 ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2022. Ò. 38, ¹ 2

Â. Ô. ÃÎÏÊÀ òà ³í.



V. F. Gopka1, A. V. Shavrina2, V. À. Yushchenko2,4, 
Ya. V. Pavlenko2, A. V. Yushchenko3, L. V. Glazunova5 

1Scientific Research Institute “Astronomical Observatory” 
  of I. I. Mechnikov Odesa National University, Odesa, Ukraine
2Main As tro nom i cal Ob ser va tory of the Na tional Acad emy of Sci ences of Ukraine, 
 Kyiv, Ukraine
3Astrocamp Con tents Re search In sti tute,  Goyang, Re pub lic of Ko rea
4Odessa Mar i time Uni ver sity, Odesa, Ukraine
5Odessa National Academy of Telecommunications, Odesa, Ukraine

ANAL Y SIS OF AC TIN IUM ABUN DANCES IN THE AT MO SPHERE 
OF CEPH EID HIP13962 

Ac tin ium is ra dio ac tive el e ment, which has an iso tope 227Ac with the lon gest half-live of
21.772(3) years. It is the third el e ment of a group of actinoids, abun dance of which can be
stud ied in the at mo spheres of stars. Its pres ence in the at mo sphere of a par tic u lar star
pri mar ily in di cates some mech a nism in which it is pro duced. The first stud ies of the
ab sorp tion lines of ac tin ium in the spec tra of cer tain stars showed that the ap pear ance of
ac tin ium in their spec trum is as so ci ated with the pres ence of de for ma tion of strong lines, in
some cases with emis sion com po nents. To search for ab sorp tion lines of ac tin ium in the
spec tra of stars we at tracted at ten tion to such class of stars as Cepheids, which are
char ac ter ized by de for ma tion of strong lines due to pul sa tions. The ab sorp tion lines of
ac tin ium were stud ied in the spec tral in ter val of 378.0...887.7 nm for the run away star and
Ceph eid HIP13962 us ing the spec tra, ob tained in 2014 with a 1.8-me ter tele scope at
Bohunsan Op ti cal As tro nom i cal Ob ser va tory (BOAO, South Ko rea) with a spec tral
res o lu tion greater than R = 80,000. Us ing the ar chived HIP 13962 spec trum for 1995 in the
wave length range of 400.0...680.0 nm with a spec tral res o lu tion of R = 42,000, which
ob tained with the 1.93-m tele scope of the Haute Pro vence ob ser va tory (France). The
mod el ling are shown that the abun dance of ac tin ium in the at mo sphere of HIP 13962
logN(Ac) = –1.2 on the scale logN(H) = 12.0, when us ing the model at mo sphere with Teff =
= 5930 K, logg = 1.0, Vmicro = 6 km/s. This value turns out to be 0.2 more at an in crease in
the ef fec tive tem per a ture Teff  = 6250K: logN(Ac) = –1.0 on the hydrogen scales logN(H) =
= 12.0.
Keywords: abundances, stellar evolution, star: HIP 13962, Cepheids, radioactive isotopes.
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