
ÔÎÒÎÌÅÒÐÈ×ÅÑÊÈÅ È ÑÏÅÊÒÐÀËÜÍÛÅ
ÈÑÑËÅÄÎÂÀÍÈß ÃÐÓÏÏÛ ÃÀËÀÊÒÈ×ÅÑÊÈÕ ÇÂÅÇÄ

ÂÎËÜÔÀ-ÐÀÉÅ. I. WN ÏÎÑËÅÄÎÂÀÒÅËÜÍÎÑÒÜ

Ë.Í.ÊÎÍÄÐÀÒÜÅÂÀ, È.Â.ÐÅÂÀ, Ý.Ê.ÄÅÍÈÑÞÊ,
Ñ.À.ØÎÌØÅÊÎÂÀ, Ã.Ê.ÀÉÌÀÍÎÂÀ

Ïîñòóïèëà 1 ñåíòÿáðÿ 2023
Ïðèíÿòà ê ïå÷àòè 28 íîÿáðÿ 2023

Ôîòîìåòðè÷åñêèå è ñïåêòðàëüíûå íàáëþäåíèÿ 11-òè çâåçä Âîëüôà-Ðàéå WN ïîñëåäîâà-
òåëüíîñòè âûïîëíÿëèñü â ÀÔÈÔ â 2021-2022ãã. Íà îñíîâå ïðîâåäåííûõ íàáëþäåíèé ïîëó-
÷åíû îöåíêè áëåñêà îáúåêòîâ â ôèëüòðàõ BVRc è àáñîëþòíûå ïîòîêè èçëó÷åíèÿ â ýìèññèîííûõ
ëèíèÿõ. Èçìåíåíèÿ áëåñêà â ïðåäåëàõ 0

m
.1 - 0

m
.15 çàðåãèñòðèðîâàíû â çâåçäàõ WR 1, WR 120,

WR 151, WR 152. Èçìåíåíèÿ ýìèññèîííûõ ïîòîêîâ îáíàðóæåíû â ñïåêòðàõ íåñêîëüêèõ
îáúåêòîâ: WR 120, WR 128, WR 145.

Êëþ÷åâûå ñëîâà: ïåðåìåííûå çâåçäû: Âîëüôà-Ðàéå çâåçäû: ôîòîìåòðèÿ:

ñïåêòðîôîòîìåòðèÿ

1. Ââåäåíèå. Çâåçäû Âîëüôà-Ðàéå îáðàçóþòñÿ â ïðîöåññå ýâîëþöèè

ìàññèâíûõ Î-çâåçä, êîòîðûå òåðÿþò ñâîè âîäîðîäíûå îáîëî÷êè, ïîêèäàÿ

Ãëàâíóþ ïîñëåäîâàòåëüíîñòü (ÃÏ). Îñòàòî÷íûå ÿäðà íà÷èíàþò ñæèìàòüñÿ,

âûçûâàÿ â íåäðàõ çâåçäû ïîñëåäîâàòåëüíîñòü ÿäåðíûõ ðåàêöèé, â ïðîöåññå

êîòîðûõ ôîðìèðóþòñÿ òÿæåëûå õèìè÷åñêèå ýëåìåíòû. Øèðîêèå ýìèññèîííûå

ëèíèè, íàáëþäàåìûå â ñïåêòðàõ WR çâåçä, ôîðìèðóþòñÿ â çîíàõ ïëîòíîãî

âûñîêîñêîðîñòíîãî çâåçäíîãî âåòðà [1].

Ñòàäèÿ WR ÿâëÿåòñÿ ïðîìåæóòî÷íûì ýòàïîì íà ýâîëþöèîííîì ïóòè

ìàññèâíûõ çâåçä ê èõ êîíå÷íîìó ñîñòîÿíèþ íåéòðîííîé çâåçäû èëè ÷åðíîé

äûðû. Íåêîòîðûå î÷åíü ìàññèâíûå çâåçäû ïðèîáðåòàþò WR-õàðàêòåðèñòèêè

åùå íà ñòàäèè ÃÏ, ïîýòîìó èõ îáîëî÷êè ìîãóò ñîäåðæàòü íåêîòîðîå êîëè÷åñòâî

âîäîðîäà [2]. Çâåçäû Âîëüôà-Ðàéå èãðàþò âàæíóþ ðîëü â ýâîëþöèè: âî-

ïåðâûõ, îíè îáîãàùàþò ìåæçâåçäíóþ ñðåäó òÿæåëûìè ýëåìåíòàìè, òàêèìè

êàê He, C, N, âî-âòîðûõ, îíè ðàññìàòðèâàþòñÿ êàê ïðåäøåñòâåííèêè

ñâåðõíîâûõ è êàê âîçìîæíûå èñòî÷íèêè ðåíòãåíîâñêèõ âñïûøåê [3-6].

Ñóùåñòâóþò òðè îñíîâíûå êàòåãîðèè çâåçä WR: WN, WC è WO, ñîäåðæàùèå

ñîîòâåòñòâåííî èçáûòêè àçîòà, óãëåðîäà è êèñëîðîäà â èõ ñïåêòðàõ. Ñ÷èòàåòñÿ,

÷òî ïîñëåäîâàòåëüíîñòü WN ÿâëÿåòñÿ ðåçóëüòàòîì öèêëà CNO (ñãîðàíèå H),
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òîãäà êàê çâåçäû ïîñëåäîâàòåëüíîñòåé WC è WO îáðàçóþòñÿ â ðåçóëüòàòå

òðîéíîãî àëüôà-ïðîöåññà.

Çíà÷èòåëüíàÿ ÷àñòü çâåçä WR - äâîéíûå ñèñòåìû. Â òàê íàçûâàåìîé

"ñèñòåìå âñòðå÷íûõ âåòðîâ" (CWB) ôîðìèðóþòñÿ ñèììåòðè÷íûå óäàðíûå âîëíû

[7,8]. Â ýòîì ñëó÷àå ïåðåìåííîñòü ïðîôèëåé ýìèññèîííûõ ëèíèé ìîæåò

íîñèòü ïåðèîäè÷åñêèé õàðàêòåð è áûòü ñâÿçàíà ñ îðáèòàëüíûì äâèæåíèåì

çâåçäíûõ êîìïîíåíòîâ. Íàáëþäàåìàÿ ôîòîìåòðè÷åñêàÿ ïåðåìåííîñòü çâåçä WR

ìîæåò áûòü âûçâàíà îðáèòàëüíûì äâèæåíèåì êîìïîíåíòîâ è/èëè ôëóêòóàöèÿìè

ïîãëîùåíèÿ âäîëü ëó÷à çðåíèÿ èç-çà íåîäíîðîäíîñòè ïûëåâîãî êîìïîíåíòà.

Êðîìå òîãî, ñïåêòðàëüíàÿ ïåðåìåííîñòü â ðÿäå ñëó÷àåâ ñâÿçàíà ñ èçìåíåíèåì

õàðàêòåðèñòèê çâåçäíîãî âåòðà [9]. Â çâåçäàõ WR òèïà CIR (Co-rotating

Interaction Regions) íàáëþäàåòñÿ ïîÿâëåíèå êðóïíîìàñøòàáíûõ äåòàëåé,

íàêëàäûâàþùèõñÿ íà êðûëüÿ ïðîôèëåé øèðîêèõ ýìèññèîííûõ ëèíèé [10,11].

Ôèçè÷åñêèå ñâîéñòâà çâåçä WR èçó÷àþòñÿ â øèðîêîì äèàïàçîíå äëèí âîëí

[12-16]. Â òî æå âðåìÿ ïî ìíîãèì îáúåêòàì ñóùåñòâóåò äåôèöèò ýêñïåðè-

ìåíòàëüíûõ äàííûõ. Â ñâÿçè ñ ýòèì ìû èíèöèèðîâàëè ôîòîìåòðè÷åñêèå è

ñïåêòðàëüíûå íàáëþäåíèÿ ñî ñðåäíèì ðàçðåøåíèåì â ïîèñêàõ ñïåêòðàëüíîé è

ôîòîìåòðè÷åñêîé àêòèâíîñòè ãðóïïû çâåçä WR. Â ïðîãðàììó íàáëþäåíèé

âêëþ÷åíû îáúåêòû óìåðåííîé ÿðêîñòè, îòíîñÿùèåñÿ ê ïîñëåäîâàòåëüíîñòÿì

WN, WC è WO. Áîëüøèíñòâî èç íèõ ñëàáåå 10m â ôèëüòðå V. Â äàííîé

ñòàòüå ðàññìàòðèâàþòñÿ ðåçóëüòàòû, ïîëó÷åííûå äëÿ çâåçä WN ïîñëåäîâà-

òåëüíîñòè. Ðåçóëüòàòû, ïîëó÷åííûå äëÿ WC è WO çâåçä, áóäóò îïóáëèêîâàíû

ïîçäíåå.

Ñïèñîê îáúåêòîâ, îïèñàíèå íàáëþäåíèé è îáðàáîòêè äàííûõ ïðèâåäåíû

â ðàçäåëå 2. Â ðàçäåëå 3 ïðåäñòàâëåíû ñëåäóþùèå ðåçóëüòàòû: îöåíêè BVRc,

ïîòîêîâ èçëó÷åíèÿ â ýìèññèîííûõ ëèíèÿõ è ýêâèâàëåíòíûõ øèðèí ïðîôèëåé

ëèíèé. Îáñóæäåíèå ïîëó÷åííûõ äàííûõ ïðåäñòàâëåíî â ðàçäåëå 3.

2. Íàáëþäåíèÿ è îáðàáîòêà äàííûõ. Ñïåêòðàëüíûå íàáëþäåíèÿ

ïðîâîäèëèñü â 2021-2022ãã. íà 0.7-ì òåëåñêîïå ÀÇÒ-8, óñòàíîâëåííîì â

îáñåðâàòîðèè Êàìåíñêîå Ïëàòî Àñòðîôèçè÷åñêîãî èíñòèòóòà èì. Â.Ã.Ôåñåíêîâà

(ÀÔÈÔ). Èñïîëüçîâàëñÿ ñïåêòðîãðàô ñ äèôðàêöèîííîé ðåøåòêîé 400 øòð/ìì,

øèðèíà âõîäíîé ùåëè 10". Â êà÷åñòâå äåòåêòîðà èñïîëüçîâàëàñü ÏÇÑ-êàìåðà

SBIG STT-3200 (2184 x 1472, 6.8 ìêì). Íàáëþäåíèÿ âûïîëíÿëèñü â äâóõ

ñïåêòðàëüíûõ äèàïàçîíàõ: 4300-5300Å  è 6400-7400Å  ñ äèñïåðñèåé 1.1Å /

ïèêñåëü. Êàëèáðîâêà øêàëû äëèí âîëí ïðîâîäèëàñü ñ ïîìîùüþ ëàìïû, â

ñïåêòðå êîòîðîé ïðåäñòàâëåíû ýìèññèîííûå ëèíèè He-Ne-Ar. Äëÿ îáðàáîòêè

ñïåêòðîãðàìì ïðèìåíÿëàñü ñòàíäàðòíàÿ ïðîöåäóðà: âû÷èòàíèå òåìíîãî

èçîáðàæåíèÿ (dark image) è ïîïðàâêà çà àòìîñôåðíîå ïîãëîùåíèå. Äëÿ êàæäîé

WR-çâåçäû ïîäáèðàëàñü íàèáîëåå áëèçêàÿ ê íåé ñòàíäàðòíàÿ çâåçäà ñ èçâåñòíûì
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ðàñïðåäåëåíèåì ýíåðãèè èç êàòàëîãà [17]. Ó÷åò àòìîñôåðíîãî ïîãëîùåíèÿ

âûïîëíÿëñÿ íåçàâèñèìî äëÿ îáúåêòà è ñòàíäàðòà. Êîýôôèöèåíòû ïðîçðà÷íîñòè

P  áûëè ïîëó÷åííû äëÿ îáñåðâàòîðèè - ìåñòà ðàñïîëîæåíèÿ òåëåñêîïà ÀÇÒ-

8. Èñïðàâëåííûé ñïåêòð ñòàíäàðòíîé çâåçäû èñïîëüçîâàëñÿ äëÿ êðèâîé ñïåêò-

ðàëüíîé ÷óâñòâèòåëüíîñòè àïïàðàòóðû è, ñ ó÷åòîì ðàçíîñòè ýêñïîçèöèé, äëÿ

êàëèáðîâêè ñïåêòðà èññëåäóåìîãî îáúåêòà â ýíåðãåòè÷åñêèõ åäèíèöàõ.

Ôîòîìåòðè÷åñêèå íàáëþäåíèÿ ïðîâîäèëèñü íà 1-ì òåëåñêîïå Carl Zeiss

Jena, ðàñïîëîæåííîì íà Òÿíü-Øàíüñêîé Àñòðîôèçè÷åñêîé îáñåðâàòîðèè

(ÒØÀÎ) ÀÔÈÔ. Èñïîëüçîâàëñÿ íàáîð ôèëüòðîâ Astrodon BVRc è äâå ÏÇÑ-

êàìåðû: ÏÇÑ Alta F16M ( 40964096 , 9 ) èñïîëüçîâàëàñü äî íîÿáðÿ 2021ã.

è áûëà çàìåíåíà íà ÏÇÑ ApogeeU9000D9. Ïîëå çðåíèÿ ñîñòàâëÿëî 0202  ,

à óãëîâîé ìàñøòàá èçîáðàæåíèÿ - 0.38"/ïèêñåëü. Ê ñîæàëåíèþ, â ñåðåäèíå

2022ã. ôîòîìåòðè÷åñêèå íàáëþäåíèÿ áûëè ïðåðâàíû íà 3 ìåñÿöà èç-çà

ïðîáëåì ñ ÏÇÑ-êàìåðîé. Ïåðâè÷íàÿ îáðàáîòêà èçîáðàæåíèé ñîñòîÿëà èç

ñòàíäàðòíûõ îïåðàöèé ñî ñëóæåáíûìè ôàéëàìè Bias, Dark è Flat. Èçìåðåíèÿ

èçîáðàæåíèé ïðîâîäèëèñü ñ èñïîëüçîâàíèåì ñòàíäàðòíûõ ïàêåòîâ ïðîãðàìì

IRAF è MaximDl-6. Ñòàíäàðòàìè ñëóæèëè áëèçêèå ê îáúåêòó ïî ÿðêîñòè

çâåçäû ïîëÿ ñ èçâåñòíûìè çíà÷åíèÿìè BVRc. Óðàâíåíèÿ äëÿ ïåðåâîäà

èíñòðóìåíòàëüíûõ îöåíîê áëåñêà â ñòàíäàðòíóþ ñèñòåìó BVRc áûëè ïîëó÷åíû

ïðè íàáëþäåíèÿõ ñòàíäàðòíûõ ïëîùàäîê [18].

3. Ïîëó÷åííûå ðåçóëüòàòû. Â íàøó ïðîãðàììó èññëåäîâàíèé áûëî

âêëþ÷åíî 18 çâåçä WR: WN (11), WC (6) è WO (1) ïîñëåäîâàòåëüíîñòåé,

áîëüøèíñòâî îáúåêòîâ ñëàáåå 10m (â ôèëüòðå V), íåêîòîðûå èç íèõ ïëîõî

èçó÷åíû. Â äàííîé ñòàòüå ðàññìàòðèâàþòñÿ ðåçóëüòàòû, ïîëó÷åííûå äëÿ çâåçä

Íàçâàíèå Sp  (2000)  (2000) Äðóãîå
îáúåêòà h  m  s o  '  " íàçâàíèå

WR1 WN4 00 43 28 64 45 35 HD 4004
WR 2 WN2b 01 05 23 60 25 19 HD 6327
WR 3 WN3ha 01 38 56 58 09 22 HD 9974

WR 120 WN7 18 41 00 -04 26 14 TH14-4
WR 128 WN4(H)+OB? 19 48 32 18 12 03 HD 187282
WR 141 WN5+O5V-III 20 21 31 36 55 12 HD 193928
WR 145 WN7o/CE+? 20 32 06 40 48 29 EM*AS 422
WR 148 WN8H+B3IV/BH 20 41 :21 52 35 12 HD 197406
WR 151 WN4+OV 22 09 33 57 44 30 CX Cep
WR 152 WN3(h) 22 16 24 55 37 36 HD 211564
WR 153 WN6o/O6 22 18 45 56 07 36 HD 211853

Òàáëèöà 1
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WN ïîñëåäîâàòåëüíîñòè. Íàáëþäåíèÿ ïðîâîäèëèñü â 2021-2022ãã. Â òàáë.2

ïðèâåäåíû ðåçóëüòàòû ôîòîìåòðè÷åñêèõ íàáëþäåíèé çâåçä WN. Â ïåðâîì

ñòîëáöå óêàçàíî íàçâàíèå îáúåêòà, åãî êëàññèôèêàöèÿ è ÿðêîñòü â ôèëüòðàõ

B è V èç àñòðîíîìè÷åñêîé áàçû äàííûõ SIMBAD. Ïîñëåäóþùèå ñòîëáöû

ñîäåðæàò äàòû, þëèàíñêèå äàòû è çíà÷åíèÿ BVRc.

Íàçâàíèå îáúåêòà Äàòà JD-2400000 B V Rc
íàáëþäåíèé

1 2 3 4 5 6

WR 1 WN4 2022-01-21 59601.10 10.47±0.05 10.32±0.05 10.35±0.06
B=10.72 V=10.14 [19] 2022-01-27 59607.08 10.46±0.05 10.32±0.05 10.35±0.06

2022-02-04 59615.06 10.39±0.05 10.21±0.02 10.28±0.06

2021-11-21 59540.20 11.44±0.07 11.38±0.06 10.98±0.05
2021-12-01 59550.17 11.43±0.08 11.38±0.07 10.98±0.05
2021-12-09 59558.18 11.43±0.07 11.38±0.07 10.98±0.06

WR 2 WN2b 2021-12-20 59578.13 11.44±0.07 11.37±0.07 10.97±0.06
B=11.49 V=11.33 [20] 2022-01-21 59601.12 11.43±0.08 11.38±0.08 10.99±0.05

2022-01-31 59607.09 11.43±0.07 11.37±0.09 10.97±0.07
2022-02-04 59615.08 11.43±0.08 11.37±0.05 10.99±0.05
2022-10-31 59884.37 11.44±0.08 11.38±0.08 10.96±0.07

2021-11-22 59541.27 10.80±0.04 10.70±0.05 10.54±0.02
2021-12-01 59550.18 10.80±0.04 10.71±0.05 10.65±0.09

WR 3 WN3ha 2021-12-09 59558.24 10.81±0.04 10.71±0.05 10.63±0.09
B=10.71 V=10.69 [21] 2021-12-29 59578.14 10.80±0.04 10.70±0.05 10.53±0.02

2022-01-27 59607.10 10.81±0.04 10.71±0.06 10.55±0.02
2022-01-31 59611.10 10.81±0.04 10.71±0.05 10.54±0.03
2022-02-04 59615.09 10.80±0.04 10.68±0.05 10.66±0.09

2021-06-18 59380.32 12.25±0.04 11.85±0.04 11.27±0.07
2021-07-23 59419.20 12.38±0.03 11.90±0.07 11.37±0.07
2021-07-31 59427.16 12.34±0.04 11.90±0.04 11.37±0.08

WR 120 WN7 2021-08-06 59433.17 12.32±0.03 11.89±0.05 11.33±0.06
B=12.93 V=11.67 [22] 2021-08-10 59437.31 12.35±0.03 11.91±0.05 11.28±0.06

2022-04-15 59685.36 12.41±0.03 11.87±0.07 11.40±0.09
2022-04-28 59698.33 12.39±0.03 11.86±0.07 11.43±0.09
2022-05-23 59719.39 12.39±0.04 11.87±0.07 11.43±0.09

WR 128 WN4+OB 2021-09-04 59462.15 10.40±0.03 10.46±0.02 10.56±0.04
B=10.49, V=10.54 [21] 2021-09-06 59464.28 10.40±0.02 10.47±0.02 10.56±0.04

2022-06-05 59736.25 10.42±0.02 10.49±0.01 10.61±0.03

2021-07-24 59420.41 10.58±0.04 9.84±0.03 9.11±0.01
WR 141 WN5+O5V-III 2021-09-03 59461.39 10.59±0.04 9.84±0.05 9.14±0.01
B=10.60 V=9.78 [21] 2021-10-07 59495.11 10.56±0.05 9,85±0.04 9.08±0.01

2021-11-09 59528.10 10.54±0.03 9,84±0.01 9.03±0.06
2022-11-10 59894.05 10.58±0.02 9.86±0.02 9.07±0.04

Òàáëèöà 2

ÎÖÅÍÊÈ ÁËÅÑÊÀ ÈÑÑËÅÄÓÅÌÛÕ ÇÂÅÇÄ WN
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WR 1 (HD 4004). Çâåçäà ïðèíàäëåæèò ê ïîñëåäîâàòåëüíîñòè WN4. Â ðÿäå

ðàáîò îòìå÷åíà ïåðåìåííîñòü åe áëåñêà è ïðîôèëåé ýìèññèîííûõ ëèíèé.

Ôîòîìåòðè÷åñêèé ïåðèîä P = 16.9 äíÿ áûë ïîëó÷åí èç íàáëþäåíèé 2004ã. [24].

Â ñïåêòðå WR 1 íåîäíîêðàòíî íàáëþäàëèñü äîïîëíèòåëüíûå ýìèññèîííûå ïèêè,

ñìåùàþùèåñÿ âäîëü øèðîêîãî ïðîôèëÿ ýìèññèîííûõ ëèíèé [25,26].

Âïå÷àòëÿþùèå èçìåíåíèÿ ýêâèâàëåíòíûõ øèðèí ýìèññèîííûõ ëèíèé (~50%)

â òå÷åíèå íî÷è áûëè çàðåãèñòðèðîâàíû â ðàáîòå [26]. Èññëåäîâàíèÿ íà ïðåäìåò

äâîéñòâåííîñòè îáúåêòà äàëè îòðèöàòåëüíûé ðåçóëüòàò. Ïîýòîìó èñòî÷íèêîì

ñïåêòðàëüíîé ïåðåìåííîé ñ÷èòàåòñÿ âðàùàþùèéñÿ çâåçäíûé âåòåð, íåîäíîðîäíàÿ

ñòðóêòóðà êîòîðîãî ñîçäàåò äîïîëíèòåëüíûå âûáðîñû ôðàãìåíòîâ âåùåñòâà [27].

Âî âðåìÿ íàøèõ íàáëþäåíèé áûëè çàðåãèñòðèðîâàíû èçìåíåíèÿ áëåñêà

äî 0m.1 â ôèëüòðàõ B è V. Ñðàâíåíèå íàøèõ ôîòîìåòðè÷åñêèõ ðåçóëüòàòîâ

1 2 3 4 5 6

2021-07-25 59421.29 13.61±0.11 11.86±0.08 10.58±0.08
WR 145 WN7/O7 2021-08-10 59437.33 13.65±0.11 11.94±0.10 10.46±0.11

B=13.46 V=11.83 [23] 2021-09-03 59461.32 13.64±0.13 11.93±0.11 10.44±0.10
2021-10-07 59495.14 13.65±0.11 11.86±0.07 10.40±0.10

WR 148 WN8H+B3IV/BH 2021-08-10 59437.37 10.86±0.04 10.24±0.06 9.85±0.06
B=10.87 V=10.30 [21] 2021-09-03 59461.33 10.85±0.04 10.23±0.05 9.69±0.03

2022-11-01 59885.34 10.78±0.05 10.17±0.06 9.62±0.03

2021-10-12 59500.23 12.8±0.06 12.08±0.06 11.31±0.01
2021-11-05 59524.13 12.76±0.06 12.06±0.05 11.32±0.04

WR 151 WN4+OV 2021-11-12 59540.04 12.92±0.07 12.09±0.06 11.32±0.01
B=12.95 V=12.078 [20] 2021-12-01 59550.09 12.80±0.06 12.09±0.05 11.31±0.10

2021-12-29 59578.08 12.81±0.06 12.19±0.07 11.31±0.01
2022-01-31 59607.04 12.75±0.05 12.12±0.06 11.25±0.01

2021-10-12 59500.25 11.51±0.10 11.79±0.05 11.36±0.03
2021-11-05 59524.14 11.52±0.09 11.81±0.05 11.38±0.05
2021-11-21 59540.05 11.50±0.10 11.75±0.09 11.27±0.09

WR 152 WN3(h) 2021-12-01 59550.12 11.51±0.10 11.76±0.09 11.27±0.09
B=11.72 V=11.61 [20] 2021-12-29 59578.09 11.51±0.10 11.79±0.06 11.36±0.05

2022-01-14 59594.07 11.52±0.08 11.85±0.05 11.37±0.04
2022-01-21 59601.07 11.58±0.03 11.80±0.06 11.37±0.04
2022-11-01 59885.05 11.62±0.04 11.80±0.05 11.36±0.05
2022-12-02 59916.05 11.62±0.05 11.81±0.05 11.40±0.05

2021-10-12 59500.27 9.43±0.01 9.00±0.02 8.83±0.01
2021-11-05 59524.15 9.38±0.03 8.96±0.00 8.85±0.01

WR 153 WN 6+O6 2021-11-21 59540.07 9.42±0.02 9.00±0.01 8.89±0.01
B=9.39 V=9.01 [21] 2021-12-29 59578.12 9.44±0.02 9.02±0.01 8.91±0.02

2022-01-31 59607.03 9.38±0.01 8.96±0.02 8.44±0.03
2022-12-02 59916.04 9.40±0.02 9.00±0.02 8.89±0.01

Òàáëèöà 2 (Îêîí÷àíèå)
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ñ äàííûìè êàòàëîãà [22] ïîêàçàëî, ÷òî â 2021-2022ãã. WR 1 ñòàë íà 0m.3 ÿð÷å

â ôèëüòðå B è íà 0m.25 ñëàáåå â ôèëüòðå V (òàáë.2). Â ñïåêòðå WR 1

ïðèñóòñòâóþò ýìèññèîííûå ëèíèè HI, HeII, NIV è NV. Â òàáë.3 ïðèâåäåíû

çíà÷åíèÿ èõ ïîòîêîâ â øêàëå 10-12
 ýðã/ñì2

 ñ è ýêâèâàëåíòíûå øèðèíû â

àíãñòðåìàõ. Òî÷íîñòü îïðåäåëåíèÿ ýòèõ ïàðàìåòðîâ ñîñòàâëÿåò 10-15%. Â

îñíîâíîì íàáëþäàåìûå èçìåíåíèÿ ïîòîêîâ ýìèññèîííûõ ëèíèé è ýêâèâà-

ëåíòíûõ øèðèí â ñïåêòðå ýòîãî îáúåêòà íå ïðåâûøàþò 20%.

WR 2 (HD 6327). Îáúåêò îòíîñèòñÿ ê WN-êëàññó è îòëè÷àåòñÿ íèçêèì

òåìïîì ïîòåðè ìàññû è âûñîêîé òåìïåðàòóðîé. Ýìèññèîííûå ëèíèè èìåþò

íåîáû÷íóþ ôîðìó. Äëÿ îáúÿñíåíèÿ ñòðóêòóðû ýìèññèîííûõ ïðîôèëåé

ðàññìàòðèâàëèñü ñëåäóþùèå âàðèàíòû: íàëè÷èå âòîðîãî êîìïîíåíòà, áûñòðîå

âðàùåíèå çâåçäû è ñèëüíîå ìàãíèòíîå ïîëå [28,29]. Ïî íàøèì äàííûì

(òàáë.2) áëåñê çâåçäû â 2021-2022ãã. áûë ñòàáèëüíûì. Ðåçóëüòàòû ñïåêò-

ðàëüíûõ íàáëþäåíèé ïðåäñòàâëåíû â òàáë.4. Àáñîëþòíûå ïîòîêè èçëó÷åíèÿ

âûðàæåíû â øêàëå 10-12
 ýðã/ñì2

 ñ, ýêâèâàëåíòíûå øèðèíû - â àíãñòðåìàõ.

Òî÷íîñòü îïðåäåëåíèÿ ïàðàìåòðîâ ñîñòàâëÿåò 10-15%.

WR 3 (HD 9974). Ýòî îäíà èç ñàìûõ ÿðêèõ çâåçä ðàííåé ïîñëåäîâàòåëüíîñòè

WN. Â åå ñïåêòðå ïðèñóòñòâóþò ýìèññèîííûå è àáñîðáöèîííûå ëèíèè HI,

èíûìè ñëîâàìè, àòìîñôåðà ñîäåðæèò íåêîòîðîå êîëè÷åñòâî âîäîðîäà, è çâåçäà

îòíîñèòñÿ ê òèïó WN3ha [30]. Äâîéñòâåííàÿ ïðèðîäà ýòîãî îáúåêòà íå ïîä-

òâåðæäåíà, ñëåäîâàòåëüíî, âîäîðîä ïðèñóòñòâóåò â ñàìîé àòìîñôåðå WR 3 [31].

Îäíàêî ýòî íå ñîãëàñóåòñÿ ñî ñòàíäàðòíûìè ýâîëþöèîííûìè òðåêàìè äëÿ

WR-çâåçä. Âîçìîæíî, ÷òî áûñòðîå âðàùåíèå çâåçäû, ïîíèæåííàÿ ìåòàëëè÷-

íîñòü Z è íèçêàÿ ñêîðîñòü ïîòåðè ìàññû ïðèâîäÿò ê òîìó, ÷òî âîäîðîä èç

âåðõíèõ ñëîåâ àòìîñôåðû ñìåøèâàåòñÿ ñ ãåëèåì è àçîòîì èç íèæíèõ ñëîåâ,

)Å( Èîíû  2021.12.01    2021.12.10     2022.02.01      2022.09.02    2022.10.06

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

4540  HeII 8.0 30 8.8 28
4619  NIII 14 53 16 52
4685  HeII 92 420 104 385
4859  HeII 8.5 35 10 34
4945  NV 3.3 13 2.5 8.2
5411  HeII 18 71 19 58
6560  HeII 32 126 35 126 29 138
6583  HeII 4.8 20 5.1 16.2 4.3 22
7109  NIV 46 208 50 220 38 229

Òàáëèöà 3

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â ÑÏÅÊÒÐÅ WR 1



527ÈÑÑËÅÄÎÂÀÍÈÅ  ÃÀËÀÊÒÈ×ÅÑÊÈÕ  ÇÂÅÇÄ  WR.  I

â ðåçóëüòàòå ÷åãî âñå ýòè ýëåìåíòû îêàçûâàþòñÿ âìåñòå â àòìîñôåðå [31]. Âî

âðåìÿ íàøèõ íàáëþäåíèé ÿðêîñòü îáúåêòà è ïîòîêè ýìèññèîííûõ ëèíèé â åãî

ñïåêòðå áûëè äîñòàòî÷íî ñòàáèëüíû. Â òàáë.5 ïðèâåäåíû çíà÷åíèÿ ïîòîêîâ

èçëó÷åíèÿ â ýìèññèîííûõ ëèíèÿõ â øêàëå 10-12
 ýðã/ñì2

 ñ è ýêâèâàëåíòíûå

øèðèíû â àíãñòðåìàõ. Òî÷íîñòü îïðåäåëåíèÿ ýòèõ ïàðàìåòðîâ ñîñòàâëÿåò 10-15%.

WR 120. Ýòîò îáúåêò ïðèíàäëåæèò ïîñëåäîâàòåëüíîñòè WN7. Åãî ôîòî-

ìåòðè÷åñêàÿ ïåðåìåííîñòü ñ àìïëèòóäîé 0m.042 è ïåðèîäîì 6 äíåé áûëà

çàðåãèñòðèðîâàíà â ðàáîòå [32]. Îòìå÷åíà ñïåêòðàëüíàÿ ïåðåìåííîñòü òèïà

CIR, íàáëþäàëîñü ïîÿâëåíèå êðóïíîìàñøòàáíûõ äåòàëåé, íàëîæåííûõ íà

øèðîêèå ïðîôèëè ýìèññèîííûõ ëèíèé ( %~ 87  ) [33].

Íàøè ôîòîìåòðè÷åñêèå äàííûå ïîêàçàëè êîëåáàíèÿ áëåñêà çâåçäû â

ïðåäåëàõ 0m.15 (òàáë.2). Ïî ñðàâíåíèþ ñ äàííûìè êàòàëîãà [22] áëåñê îáúåêòà

)Å( Èîíû  2021.12.01   2021.12.10   2021.12.29   2022.09.02    2022.10.06  2022.10.12

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

4540 HeII 2.0 13 2.1 16
4685 HeII 24 161 24 167 20 166
4859 HeII 1.3 8.5 1.1 8.1 1.7 14
4945 NV 0.7 4.7 0.7 5.1 1.7 14
5411 HeII 4.4 34 4.4 32 4.4 38
6560 HeII 5.0 52 6.3 55 6.1 64
7109 NIV 1.2 13 1.3 18 1.3 21

Òàáëèöà 4

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â ÑÏÅÊÒÐÅ WR 2

)Å( Èîíû  2021.12.01  2021.12.10 2021.12.29  2022.09.01 2022.09.02  2022.10.06 2022.10.12

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

4540 HeII 0.6 2.2 0.6 2.4
4620 NV 7.8 26 7.7 26 9.3 28 7.5 30
4685 HeII 15 62 17 69 15 57 12 55
4859 HeII+HI 0.3 1.4 0.4 1.7 0.3 1.3 0.3 1.5
4940 NV 0.8 3.3 0,8 3.4 0.8 2.9 0.7 3.4
5411 HeII 1.6 8.1 1.6 8.2 1.7 7.9 1.5 8.3
6560 HeII+HI 3.7 31 3.6 22 4.0 32

Òàáëèöà 5

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß Â ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â ÑÏÅÊÒÐÅ WR3



528 Ë.Í.ÊÎÍÄÐÀÒÜÅÂÀ  È  ÄÐ.

â 2021-2022ãã. ïîâûñèëñÿ íà 0m.6 â ôèëüòðå B è óìåíüøèëñÿ íà 0m.25 â

ôèëüòðå V. Ïîòîêè â ýìèññèîííûõ ëèíèÿõ â øêàëå 10-12
 ýðã/ñì2

 ñ è ýêâèâà-

ëåíòíûå øèðèíû WR 120 äëÿ ñèíåé è êðàñíîé îáëàñòåé ñïåêòðà ïðèâåäåíû

â òàáë.6 è 6a. Òî÷íîñòü îïðåäåëåíèÿ ýòèõ ïàðàìåòðîâ ñîñòàâëÿåò 10-15%.

Íàáëþäàþòñÿ âîëíîîáðàçíûå èçìåíåíèÿ ïîòîêîâ ñ àìïëèòóäîé ~20-25%.

WR 128. Ýòîò îáúåêò ïðèíàäëåæèò ïîñëåäîâàòåëüíîñòè WN4. Çàðåãèñòðè-

ðîâàíû ôëóêòóàöèè áëåñêà ìàëîé àìïëèòóäû è ~2-3% èçìåíåíèÿ èíòåíñèâíîñòè

ýìèññèîííûõ ëèíèé. Ïðåäïîëàãàåòñÿ, ÷òî èñòî÷íèêîì ïåðåìåííîñòè ÿâëÿåòñÿ

íåîäíîðîäíàÿ ñòðóêòóðà çâåçäíîãî âåòðà. Ïîèñêè ëó÷åâûõ ñêîðîñòåé, ïîä-

òâåðæäàþùèõ äâîéíóþ ïðèðîäó îáúåêòà, íå äàëè ðåçóëüòàòîâ [34]. Â ïðîöåññå

íàøèõ íàáëþäåíèé ÿðêîñòü îáúåêòà áûëà äîñòàòî÷íî ñòàáèëüíîé. Àáñîëþòíûå

ïîòîêè â ýìèññèîííûõ ëèíèÿõ â øêàëå 10-12
 ýðã/ñì2

 ñ ïðèâåäåíû â òàáë.7 è

7à. Òî÷íîñòü îïðåäåëåíèÿ ýòèõ ïàðàìåòðîâ ñîñòàâëÿåò 10-15%.

)Å( Èîíû   2021.06.13    2021.07.25    2022.05.08    2022.06.29    2022.09.01

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

4514 NIII  1.2 27 0.5 13 0.4 11 0.4 12
4540 HeII 1.2 27 1.2 23 0.9 23 0.9 25 0.9 26
4640 NIII 2.3 54 2.1 57 2.3 54 2.1 58 2.1 53
4686 HeII 2.5 64 2.5 67 2.4 56 2.4 67 2.3 59
4859 HeII 0.4 10 0.4 11 0.3 7.5 0.4 9.4 0.4 8.6

4933-4944 NV 0.4 10 0.3 8.3 0.3 7.9 0.4 9.5 0.4 8.8
5411 HeII 1.0 16 1.1 18 1.0 17 0.9 18 1.0 17

Òàáëèöà 6

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â ÑÏÅÊÒÐÅ WR 120

)Å( Èîíû 2021.06.29  2021.07.31 2021.08.07 2022.04.28  2022.05.07  2022.06.04  2022.06.26  2022.09.02

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

6560 HeII 2.3 27 2.9 38 2.8 33 2.6 36 2.2 26 1.7 31 1.9 28 2.2 28

6683 HeII 3.0 37 2.5 31 3.4 41 3.2 43 3.2 40 2.0 34 2.1 30 2.9 37

7065 HeI 2.8 33 2.1 26 2.2 25 2.1 24 1.4 26 1.1 24 2.2 28

7109+
NIV 4.3 47 4.1 46 5.2 50 3.5 40 3.5 42 2.3 42 1.7 43 2.3 28

7122

7177 NIV 0.3 2.2 0.4 5.0 0.4 4.4 0.2 4.0 0.30 3.6 0.2 3.3 0.4 6.0

Òàáëèöà 6à

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â "ÊÐÀÑÍÎÌ" ÄÈÀÏÀÇÎÍÅ ÄËÈÍ

ÂÎËÍ Â ÑÏÅÊÒÐÅ WR 120
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WR 141 (HD 193928). Ýòà äâîéíàÿ çâåçäíàÿ ñèñòåìà ïðèíàäëåæèò ïîñëåäî-

âàòåëüíîñòè WN5+O5. Ïåðâûå îðáèòàëüíûå ïàðàìåòðû áûëè îïðåäåëåíû ïî

èçìåðåíèÿì ëó÷åâûõ ñêîðîñòåé ýìèññèîííûõ ëèíèé NV, 4604 è HeII, 4684Å

[35]. Ïîçäíåå áûëè ïîëó÷åíû îöåíêè ïåðèîäà P = 21.64 äíÿ, íàêëîíåíèÿ

îðáèòû è ìàññ êîìïîíåíòîâ [36]. Íîâîå çíà÷åíèå îðáèòàëüíîãî ïåðèîäà

ñèñòåìû: P = 21.68 äíÿ ïîëó÷åíî â ðàáîòå [32].

Äàííûå íàøèõ ôîòîìåòðè÷åñêèõ íàáëþäåíèé ïðèâåäåíû â òàáë.2. Â 2021ã.

çíà÷èòåëüíûõ êîëåáàíèé áëåñêà îáúåêòà îáíàðóæåíî íå áûëî. Ðåçóëüòàòû

ñïåêòðàëüíûõ íàáëþäåíèé ïðèâîäÿòñÿ â òàáë.8 è 8à. Ýìèññèîííûå ïîòîêè

âûðàæåíû â øêàëå 10-12
 ýðã/ñì2

 ñ, òî÷íîñòü îïðåäåëåíèÿ ýòèõ ïàðàìåòðîâ

ñîñòàâëÿåò 10-15%. Â ñïåêòðå WR 128 îòìå÷àåòñÿ ïîñòåïåííîå óìåíüøåíèå

ïîòîêîâ â ýìèññèîííûõ ëèíèÿõ ê êîíöó 2022ã., ïðè ýòîì ýêâèâàëåíòíûå

øèðèíû ëèíèé èçìåíÿëèñü íåçíà÷èòåëüíî.

WR 145. Ýòî äâîéíàÿ ñèñòåìà ãèáðèäíîãî òèïà WN7o/CE + O [37,38].

Ïåðèîä îáðàùåíèÿ êîìïîíåíòîâ ñîñòàâëÿåò 22.544 äíÿ [38]. Îáúåêò ÿâëÿåòñÿ

èñòî÷íèêîì ñèëüíîãî ðåíòãåíîâñêîãî èçëó÷åíèÿ. Ïðè÷åì îñíîâíàÿ åãî äîëÿ

)Å( Èîíû   2021.06.13    2021.07.25    2021.08.10    2022.07.15    2022.07.15

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

4514+4540 HeII 2.6 10 3. 9.1 2.5 9.1 2.6 8.7
4640 NIII 6.7 22 7.25 21 5.8 19 6.4 21
4686 HeII 26 96 26 90 29 96 24 83 24 80
4859 HeII 3.1 6.3 3.1 11 3.0 11 3.1 12 3.2 10

4933+4944 NV 1.7 7.6 1.7 6.3 1.8 6.7 1.7 6.6 1.9 7.5
5411 HeII 4.4 19 3.8 25 3.6 14 3.5 15 4.1 14

Òàáëèöà 7

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ ËÈÍÈÉ

Â ÑÏÅÊÒÐÅ WR 128

)Å( Èîíû   2021.06.20    2021.06.30    2021.07.08    2022.06.26    2022.07.21

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

6560 HeII 10 66 9.7 58 9.9 63 10 62 10 61
6683 HeII 0.4 3.0 0.5 3.5 0.5 3.6 0.4 2.5 0.5 3.4
7122 NIV 7.1 57 7.1 60 6.4 56 7.0 65

Òàáëèöà 7à

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â "ÊÐÀÑÍÎÌ" ÄÈÀÏÀÇÎÍÅ ÄËÈÍ

ÂÎËÍ Â ÑÏÅÊÒÐÅ WR 128
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ïðèõîäèò îò Î-çâåçäû [39]. Ìýññè è Ãðîóâ [40] ïðîâåëè èññëåäîâàíèÿ, ÷òîáû

îïðåäåëèòü, ãäå èìåííî ôîðìèðóþòñÿ ëèíèè NIV è CIV: â äâóõ ðàçíûõ

çâåçäàõ èëè â îáúåêòå "ïåðåõîäíîãî" òèïà WN/WC. Áûëî äîêàçàíî, ÷òî

äàííûå ýìèññèîííûå ëèíèè âîçíèêàþò â îäíîì îáúåêòå.

Ñðàâíåíèå íàøèõ ôîòîìåòðè÷åñêèõ ðåçóëüòàòîâ ñ äàííûìè êàòàëîãà [23]

ïîêàçàëî, ÷òî  áëåñê îáúåêòà â 2021ã. ñòàë ñëàáåå íà 0m.2 â ôèëüòðå B è íà

0m.1 â ôèëüòðå V. Ïîòîêè â ýìèññèîííûõ ëèíèÿõ â øêàëå 10-12
 ýðã/ñì2

 ñ è

ýêâèâàëåíòíûå øèðèíû â ñïåêòðå WR 145 äëÿ ñèíåé è êðàñíîé îáëàñòåé

ñïåêòðà ïðèâåäåíû â òàáë.9 è 9à. Òî÷íîñòü îïðåäåëåíèÿ ýòèõ ïàðàìåòðîâ

ñîñòàâëÿåò 15-20%. Ñóùåñòâåííîå óìåíüøåíèå ýìèññèîííûõ ïîòîêîâ çàðå-

ãèñòðèðîâàíî â 2022ã., íî ýêâèâàëåíòíûå øèðèíû èçìåíÿëèñü íåçíà÷èòåëüíî

(òàáë.9 è 9à).

WR 148. Ýòîò îáúåêò îòíîñèòñÿ ê òèïó WN8h+B3IV/BH. Ñîãëàñíî

èçìåðåíèÿì ëó÷åâîé ñêîðîñòè, åãî îðáèòàëüíûé ïåðèîä ñîñòàâëÿåò 4.317 äíÿ

[41,42]. Åñòü ïðåäïîëîæåíèå, ÷òî ñïóòíèêîì çâåçäû WR ÿâëÿåòñÿ êîìïàêòíûé

Òàáëèöà 8

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â ÑÏÅÊÒÐÅ WR 141

)Å( Èîíû   2021.07.25    2021.08.10    2021.09.07    2022.07.15    2022.10.13

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

4514-4540 NIII 5.8 18 6.9 22   4.0   22
4640 NIII 11 34 13 42 11 39 7.5 46
4686 HeII 45 136 49 154 48 141 39 145 25 152
4859 HeII 4.6 14 5.7 18 5.6 16 4.4 15 3.4 18

4933-4944 NV 2.3 7.1 2.6 6.7 2.8 8.0 1.7 5.9 1.4 8.0
5411 HeII 14 30 14 31 13 29 9.3 38

)Å( Èîíû 2021.06.20 2021.06.30 2021.07.08 2021.08.17 2022.07.21 2022.07.25 2022.10.10 2022.11.01 2022.11.13

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

6560 HeII 34 64 35 67 42 66 37 69 37 65 37 64 30 68 30 64 30 62

6683 HeII 5.7 10 5.8 11 6.5 13 7.2 15 7.3 14 7.4 13 6.6 12 6.3 12 6.0 12

7122 NIV,
60 93 64 120 61 117 65 120 58 105 58 106 53 103 46 110 45 105

7177 HeII

Òàáëèöà 8à

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â "ÊÐÀÑÍÎÌ" ÄÈÀÏÀÇÎÍÅ ÄËÈÍ

ÂÎËÍ Â ÑÏÅÊÒÐÅ WR 141
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îáúåêò èëè ÷åðíàÿ äûðà. Â òàáë.10 è 10à ïðèâåäåíû çíà÷åíèÿ àáñîëþòíûõ

ïîòîêîâ â ýìèññèîííûõ ëèíèÿõ è ýêâèâàëåíòíûå øèðèíû. Ïîòîêè âûðàæåíû

â øêàëå 10-12
 ýðã/ñì2

 ñ. Òî÷íîñòü îïðåäåëåíèÿ ýòèõ ïàðàìåòðîâ ñîñòàâëÿåò

15-20%. Èçìåíåíèÿ ïîòîêîâ â ýìèññèîííûõ ëèíèÿõ íå âûõîäÿò çà ïðåäåëû

îøèáîê èçìåðåíèé.

Òàáëèöà 9

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â ÑÏÅÊÒÐÅ WR 145

)Å( Èîíû   2021.07.25    2021.08.10    2022.07.15    2022.07.15    2022.10.12

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

4540 HeII 0.29 21 0.29 21 0.28 20
4640 NIII 1.14 67 0.95 66 0.92 60 0.96 60   1.10 60
4685 HeII 1.34 67 1.40 67 1.04 68 1.05 66 1.08 58
4859 0.25 14 0.26 15 0.26 13
5411 HeII 0.88 16 0.90 13 0.70 12 0.66 11 0.64 12

5801+5811 CIII 6.25 60

Òàáëèöà 9à

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â "ÊÐÀÑÍÎÌ" ÄÈÀÏÀÇÎÍÅ ÄËÈÍ

ÂÎËÍ Â ÑÏÅÊÒÐÅ WR 145

)Å( Èîíû   2021.07.24    2021.08.17    2022.07.20    2022.09.02    2022.10.06

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

6560 HeII 3.4 23 3.3 24 3.1 23 2.9 26 2.6 23
6683 HeII 1.6 11 1.6 10 1.4 10 1.2 10 1.2 10
7065 HeI

11 64 11 70 9.5 66 8.1 61 7.9 60
7109+7122 NIV

Òàáëèöà 10

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â ÑÏÅÊÒÐÅ WR 148

ë(ú) Èîíû   2021.07.25    2022.07.16    2022.07.17    2022.09.01    2022.10.13

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

4634+4640 NIII 2.2 9.0 3.5 15 3.5 15 3.5 15 3.4 16
4685 HeII 5.3 16 6.3 26 6.3 26 6.1 26 5.7 28
4859 HeII 1.2 3.9 1.2 5.2 1.1 4.6 1.1 4.7 1.0 4.9
5411 HeII 0.7 2.1 0.8 3.1 0.8 2.9 0.7 2.8 0.8 3.7
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WR 151. Ýòà äâîéíàÿ ñèñòåìà ñîñòîèò èç çâåçä O5V è WN5 [43].

Îðáèòàëüíûé ïåðèîä P = 2.12691 äåíü áûë îïðåäåëåí ïî ëó÷åâûì ñêîðîñòÿì

êîìïîíåíòîâ [43]. Âî âðåìÿ ãëàâíîãî çàòìåíèÿ, êîãäà âïåðåäè ðàñïîëàãàåòñÿ

Òàáëèöà 10à

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ Â

ÑÏÅÊÒÐÅ WR 148

)Å( Èîíû   2021.07.24   2021.08.17    2022.09.02   2022.10.06   2022.10.10  2022.11.01

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

6560 HeII 7.4 27 7.5 26 6.1 28 6.0 29 6.6 28 6.7 28
6583 HeII 1.6 5.9 1.5 5.5 1.1 5.1 1.0 5.0 1.4 5.8 1.4 5.4
7065 HeI 1.1 4.3 1.2 4.5 0.9 5.0 1.0 5.5 1.0 4.7 1.1 5.1
7109

NIV 1.1 4.1 1.1 4.3 1.2 5.5 1.2 5.4 1.1 4.7 1.1 5.1
7122

)Å( Èîíû     2021.08.10        2021.09.07         2022.07.25       2022.10.12

Fabs EW Fabs EW Fabs EW Fabs EW

4640 NIII 0.7 25
4686 HeII 3.1 78 2.9 99 3.0 100 3.2 82
4859 HeII 0.4 12 0.4 10.3 0.3 10 0.4 9.7
4933

NV 0.2 4.9 0.2 5.5 0.2 6.5
4944
5411 HeII 1.0 21 1.1 19 0.9 16

Òàáëèöà 11

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â ÑÏÅÊÒÐÅ WR 151

Òàáëèöà 11à

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â "ÊÐÀÑÍÎÌ" ÄÈÀÏÀÇÎÍÅ ÄËÈÍ

ÂÎËÍ Â ÑÏÅÊÒÐÅ WR 151

)Å( Èîíû  2021.08.17   2021.09.04   2021.12.01   2022.09.02   2022.09.25  2022.10.06

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

6560 HeII 2.1 41 2.1 45 1.9 35 2.2 36 2.8 36 2.2 37

6683 HeI 0.6 12 0.6 12 0.4 8.3 0.6 9.9 0.5 7.0 0.5 9.3

7109
NIV 2.6 52 2.5 47 3.2 48

7122 2.8 53 2.7 52 2.8 51

7177 HeII 0.3 5.0 0.2 4.5 0.1 2.1
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çâåçäà WR, ÿðêîñòü ìåíÿåòñÿ íåçíà÷èòåëüíî, íà 0m.1. Âî âðåìÿ íàøèõ

íàáëþäåíèé êîëåáàíèÿ áëåñêà çâåçäû ñîñòàâëÿëè  0m.15 â ôèëüòðàõ B è V.

Çíà÷åíèÿ àáñîëþòíûõ ïîòîêîâ â øêàëå 10-12
 ýðã/ñì2

 ñ è ýêâèâàëåíòíûå øèðèíû

ýìèññèîííûõ ëèíèé ïðèâåäåíû â òàáë.11 è 11à. Òî÷íîñòü îïðåäåëåíèÿ ýòèõ

ïàðàìåòðîâ ñîñòàâëÿåò 15-20%. Èçìåíåíèÿ ýìèññèîííûõ ïîòîêîâ ðåãèñòðè-

ðîâàëèñü â ïðåäåëàõ 20%.

WR 152 (HD 211564). Çâåçäà ïðèíàäëåæèò ê òèïó WN3h. Îíà îêðóæåíà

äâîéíîé ãàçîâîé îáîëî÷êîé. Âíóòðåííÿÿ çîíà èìååò äèàìåòð îêîëî 17', à

âíåøíÿÿ - 36'. Îáîëî÷êè, ñóäÿ ïî õèìè÷åñêîìó ñîñòàâó, â îñíîâíîì ñîñòîÿò

èç ìåæçâåçäíîãî ãàçà [44].

Â ïðîöåññå íàøèõ íàáëþäåíèé ðåãèñòðèðîâàëèñü èçìåíåíèÿ áëåñêà â

ïðåäåëàõ 0m.1 (òàáë.2). Ýòè èçìåíåíèÿ ìîãóò áûòü âûçâàíû êîëåáàíèÿìè

ïîãëîùåíèÿ â îáîëî÷êàõ. Ïî ñðàâíåíèþ ñ äàííûìè êàòàëîãà [20] áëåñê

îáúåêòà â 2021-2022ãã. âûðîñ íà 0m.2 â ôèëüòðå B è îñëàáåë íà 0m.15 â

ôèëüòðå V. Â òàáë.12 è 12à ïðèâåäåíû çíà÷åíèÿ àáñîëþòíûõ ïîòîêîâ â

ýìèññèîííûõ ëèíèÿõ è ýêâèâàëåíòíûå øèðèíû. Ïîòîêè âûðàæåíû â øêàëå

10-12
 ýðã/ñì2

 ñ. Òî÷íîñòü îïðåäåëåíèÿ ýòèõ ïàðàìåòðîâ ñîñòàâëÿåò 10-15%.

Òàáëèöà 12

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â ÑÏÅÊÒÐÅ WR 152

)Å( Èîíû    2021.08.10         2022.07.16         2022.07.17       2022.10.12

Fabs EW Fabs EW Fabs EW Fabs EW

4540 1.0 10
4620 HeII 3.2 29 3.0 30 3.3 30
4686 HeII 10 107 9.8 92 9.6 92 10 98
4859 HeII 1.0 11 1.0 10 1,0 11 1.0 9.7

4933-4944 NV 0.5 6.0 0.5 5.2 0.4 5.2 0.5 4.8
5411 HeII 1.4 15 1.3 15 1.3 17 1.3 14

Òàáëèöà 12à

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â "ÊÐÀÑÍÎÌ" ÄÈÀÏÀÇÎÍÅ ÄËÈÍ

ÂÎËÍ Â ÑÏÅÊÒÐÅ WR 152

)Å( Èîíû 2021.08.17  2021.09.04 2021.11.11  2021.07.18  2022.07.18   2022.07.21  2022.09.25  2022.11.01

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

6560 HeII 4.8 72 4.4 72 4.6 72 4.6 63 5.1 72 5.1 71 5.3 64 5.0 65

6683 HeII 0.3 4,0 0.3 4.9 0.3 3.4 0.3 3.7 0.3 4.4 0.2 3.4 0.3 2.7 0.2 3.0

7109
NIV 1.4 27 1.4 28 1.5 27 1.5 25 1.0 17 1.2 19 1.2  16 1.2 21

7122
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WR 153 (GP Cep). Îáúåêò ñîñòîèò èç äâóõ ïàð çâåçä (WR+O è WR+O).

Êðèâàÿ áëåñêà èìååò äâà îðáèòàëüíûõ ïåðèîäà: 6.68 äíÿ è 3.46 äíÿ. Â ïåðâîé

ïàðå çâåçäà êëàññà Î èìååò áîëüøóþ ìàññó, à âî âòîðîé ïàðå áîëåå ìàññèâåí

êîìïîíåíò WR [45]. Ðåçóëüòàòû íàøèõ íàáëþäåíèé - çíà÷åíèÿ àáñîëþòíûõ

ïîòîêîâ â øêàëå 10-12
 ýðã/ñì2 è ýêâèâàëåíòíûå øèðèíû ýìèññèîííûõ ëèíèé

ïðèâåäåíû â òàáë.13. Òî÷íîñòü îïðåäåëåíèÿ ýòèõ ïàðàìåòðîâ ñîñòàâëÿåò 15-20%.

Ïî íàøèì äàííûì ñóùåñòâåííûõ èçìåíåíèé ôîòîìåòðè÷åñêèõ è ñïåêòðàëüíûõ

ïàðàìåòðîâ ýòîé çâåçäû íå îáíàðóæåíî.

Ôðàãìåíòû ñïåêòðîãðàìì èññëåäóåìûõ çâåçä WN ïîñëåäîâàòåëüíîñòè

ïðèâåäåíû íà ðèñ.1.

4. Îáñóæäåíèå ðåçóëüòàòîâ . Ïðîâåäåíû ôîòîìåòðè÷åñêèå è

ñïåêòðàëüíûå íàáëþäåíèÿ ãðóïïû çâåçä Âîëüôà-Ðàéå WN-ïîñëåäîâàòåëüíîñòè.

Áûëè çàðåãèñòðèðîâàíû èçìåíåíèÿ áëåñêà îáúåêòîâ WR 1 ( 10V m. ), WR

120, WR 151 ( 150B m. , 150V m. ), WR 152 ( 10B m . ). Íàøè ðåçóëüòàòû

ñðàâíèâàëèñü ñ äàííûìè, ïîëó÷åííûìè â 2000-2014ãã. â ôèëüòðàõ B è V â

êàòàëîãàõ [19-23]. Çàðåãèñòðèðîâàíî óâåëè÷åíèå áëåñêà WR 1 è WR 152 íà

~0m.2 - 0m.3 â ôèëüòðå B è íà 0m.1 - 0m.15 â ôèëüòðå V. Äëÿ WR 120 ïîëó÷åíû

çíà÷èòåëüíûå ðàñõîæäåíèÿ ñ êàòàëîæíûìè äàííûìè ( 50B m. ).

Ñïåêòðàëüíûå íàáëþäåíèÿ â îñíîâíîì âûïîëíÿëèñü ñî ñïåêòðàëüíûì

ðàçðåøåíèåì 1.1Å /ïèêñåëü, ïîýòîìó èññëåäîâàíèå ïðîôèëåé ýìèññèîííûõ

ëèíèé íå ïðîâîäèëîñü. Îñíîâíîé öåëüþ ïðîåêòà áûëî îïðåäåëåíèå ïîòîêîâ

èçëó÷åíèÿ â ýìèññèîííûõ ëèíèÿõ. Äëÿ áîëüøèíñòâà èññëåäîâàííûõ çâåçä

íàáëþäàåìûå èçìåíåíèÿ ïîòîêîâ â ýìèññèîííûõ ëèíèÿõ íå âûõîäèëè çà

ïðåäåëû îøèáîê èçìåðåíèé. Äîâîëüíî âûñîêèå çíà÷åíèÿ ïîãðåøíîñòåé

Òàáëèöà 13

ÏÎÒÎÊÈ ÈÇËÓ×ÅÍÈß È ÝÊÂÈÂÀËÅÍÒÍÛÅ ØÈÐÈÍÛ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â ÑÏÅÊÒÐÅ WR 153

)Å( Èîíû 2021.08.17 2021.11.28 2021.12.01 2022.07.17 2022.07.18  2022.07.21 2022.10.12 2022.10.13 2022.11.12

Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW Fabs EW

4540 HeII 7.5 7.1 7.6 6.0 7.3 7.0

4640 NIII 17 17 15 16 14 15

4686 HeII 61 55 61 58 65 70

4859 HeII 2.1 2.1 2.4 2.2 1.9 2.3

4933
NV 4.0 4.0 4.3 3.9 4.4 5.7

4944

5411 HeII 10 8.4 8.9 8.6 9.0 9.0 9.0 9.0

6560 HeII 16 20 17 20 16 20 17 20 19 23 20 26
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(15-20%) îáóñëîâëåíû òåì, ÷òî â ðÿäå îáúåêòîâ (WR148, WR 151) ñïåêòð

áóêâàëüíî çàïîëíåí ìíîæåñòâîì ñëàáûõ ýìèññèîííûõ ëèíèé, è îïðåäåëèòü

èñòèííûé óðîâåíü íåïðåðûâíîãî ñïåêòðà äîâîëüíî òðóäíî. Øèðîêèå êðûëüÿ

Ðèñ.1. Ñïåêòðîãðàììû çâåçä WN ïîñëåäîâàòåëüíîñòè. Îñü X - øêàëà äëèí âîëí, îñü

Y - ïîòîêè èçëó÷åíèÿ â øêàëå 10
-12
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ýìèññèîííûõ ëèíèé â äðóãîé ãðóïïå çâåçä (WR145, WR154) òàêæå ñîêðàùàþò

ó÷àñòêè ñâîáîäíîãî êîíòèíóóìà è ïðèâîäÿò ê áîëüøèì îøèáêàì ïðè

îïðåäåëåíèè ïîòîêîâ èçëó÷åíèÿ. Â ñïåêòðå WR 120 çàðåãèñòðèðîâàíû çíà÷è-

òåëüíûå âîëíîîáðàçíûå âàðèàöèè ïîòîêîâ â ýìèññèîííûõ ëèíèÿõ (äî 30%).

Â ñïåêòðàõ WR 128 è WR 145 èçìåíåíèÿ ïîòîêîâ â ýìèññèîííûõ ëèíèÿõ

íåíàìíîãî ïðåâûøàþò äèàïàçîí îøèáîê, íî ÷åòêî ïðîñëåæèâàåòñÿ òåíäåíöèÿ

èõ îñëàáëåíèÿ â êîíöå 2022ã. Ê ñîæàëåíèþ, íàøè ñïåêòðàëüíûå è ôîòî-

ìåòðè÷åñêèå íàáëþäåíèÿ ïðîâîäèëèñü íå ñèíõðîííî, òàê êàê ñîîòâåòñòâóþùèå

òåëåñêîïû ðàñïîëîæåíû â ðàçíûõ îáñåðâàòîðèÿõ ñ ðàçíûìè ïîãîäíûìè

óñëîâèÿìè. Ýòî çàòðóäíÿåò âûáîð èñòî÷íèêîâ ïåðåìåííîñòè: èçìåíåíèÿ ïîãëî-

ùåíèÿ íà ëó÷å çðåíèÿ, óâåëè÷åíèå ïëîòíîñòè çâåçäíîãî âåòðà, ôëóêòóàöèÿ

ñêîðîñòè ïîòåðè ìàññû èëè ãîðÿ÷èå ïÿòíà íà ïîâåðõíîñòè çâåçäû. Îäèí èç

âêëþ÷åííûõ â íàøó ïðîãðàììó îáúåêòîâ, WR 120, âîøåë â ñïèñîê îäèíî÷íûõ

çâåçä ñ ïåðåìåííîñòüþ òèïà CIR. Áûñòðî âðàùàþùååñÿ ÿäðî òàêîé çâåçäû

âçàèìîäåéñòâóåò ñî ñòðóêòóðîé äâèæóùåãîñÿ âåòðà, îáðàçóÿ çîíû ñîâìåñòíîãî

âðàùåíèÿ, â êîòîðûõ ôîðìèðóþòñÿ çàêðó÷åííûå ñïèðàëüíûå íåîäíîðîäíîñòè.

Ýâîëþöèÿ áûñòðî âðàùàþùåãîñÿ ÿäðà ñâÿçàíà ñ âîçìîæíûì êîëëàïñîì

çâåçäû íà ñòàäèè äî ñâåðõíîâîé è ñ ìÿãêèìè ãàììà-âñïëåñêàìè. Â õîäå

íàøèõ íàáëþäåíèé áûëè çàðåãèñòðèðîâàíû íåðåãóëÿðíûå êîëåáàíèÿ áëåñêà

îáúåêòà è ïîòîêîâ èçëó÷åíèÿ â ëèíèÿõ. Ê çâåçäàì òèïà WR ñ ïåðåìåííîñòüþ

CIR îòíîñèòñÿ òàêæå îáúåêò WR 1.

Áîëåå ïîäðîáíîå îáñóæäåíèå ðåçóëüòàòîâ áóäåò âûïîëíåíî âî âòîðîé

÷àñòè äàííîé ðàáîòû.

Èññëåäîâàíèå ôèíàíñèðóåòñÿ Êîìèòåòîì íàóêè Ìèíèñòåðñòâà îáðàçîâàíèÿ

è íàóêè Ðåñïóáëèêè Êàçàõñòàí (ïðîãðàììà ¹ BR20280974).

Àñòðîôèçè÷åñêèé èíñòèòóò èì. Â.Ã.Ôåñåíêîâà, Àëìàòû,
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PHOTOMETRIC AND SPECTRAL STUDY OF THE
GROUP OF GALACTIC WOLF-RAYET STARS. I.

WN SEQUENCE

L.N.KONDRATYEVA, I.V.REVA, E.K.DENISSYUK,
S.A.SHOMSHEKOVA, G.K.AIMANOVA

Photometric and spectral observations of 11 W-R stars were carried out at the

FAI in 2021-2022. The studied group included representatives of the WN, WC,
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and WO sequences. Based on the observations estimates of the brightness of objects

in the B V Rc filters and absolute fluxes of radiation in the emission lines were

obtained. Changes in brightness within 0m.1 - 0m.15 were detected in the stars WR

1, WR 120, WR 151, and WR 152. Changes in the emission fluxes were detected

in the spectra of several objects: WR 120, WR 128, and WR 145.

Keywords: variable stars: W-R stars: photometry: spectrophotometry
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