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Ïðåäñòàâëåíû ðåçóëüòàòû ñïåêòðîñêîïè÷åñêèõ è ôîòîìåòðè÷åñêèõ íàáëþäåíèé 14
êîìïàêòíûõ ïëàíåòàðíûõ òóìàííîñòåé. Íàáëþäåíèÿ ïðîâîäèëèñü â Àñòðîôèçè÷åñêîì èíñòèòóòå
èì. Â.Ã.Ôåñåíêîâà (Êàçàõñòàí) ñ 1973ã. Öåëü ðàáîòû - ïîëó÷åíèå äàííûõ î ïåðåìåííîñòè
èçó÷àåìûõ îáúåêòîâ íà áîëüøèõ âðåìåííûõ èíòåðâàëàõ. Â êà÷åñòâå êðèòåðèÿ ïðè îïðåäåëåíèè
ñòåïåíè âîçáóæäåíèÿ ãàçà â òóìàííîñòè èñïîëüçîâàëèñü èíòåíñèâíîñòè ëèíèé [OIII], íîð-
ìèðîâàííûå ê èíòåíñèâíîñòè H . Àíàëèç äàííûõ, ïîëó÷åííûõ íà ïðîòÿæåíèè 40-50 ëåò,
ïîêàçàë ñóùåñòâåííûå èçìåíåíèÿ â ñïåêòðàõ áîëüøèíñòâà íàøèõ îáúåêòîâ, ñâÿçàííûå, ñêîðåå
âñåãî, ñ ïîâûøåíèåì òåìïåðàòóðû öåíòðàëüíûõ çâåçä è/èëè ñ èçìåíåíèåì âíóòðåííåé
ñòðóêòóðû îáîëî÷åê.

Êëþ÷åâûå ñëîâà: ïëàíåòàðíûå òóìàííîñòè: ýâîëþöèÿ öåíòðàëüíûõ çâåçä:

      ôîòîìåòðèÿ: ñïåêòðîôîòîìåòðèÿ

1. Ââåäåíèå. Ïëàíåòàðíûå òóìàííîñòè (ÏÒ) ïðåäñòàâëÿþò ñîáîé ïåðå-

õîäíóþ ñòàäèþ ýâîëþöèè çâåçä c ìàññàìè 1-8 M  íà ïóòè îò àñèìïòîòè÷åñêîé

âåòâè êðàñíûõ ãèãàíòîâ (AGB) ê áåëûì êàðëèêàì. Ýòîò êîðîòêèé ýòàï äëèòñÿ

îêîëî 10 000 ëåò, ÷òî íåñðàâíèìî ñ ïðîäîëæèòåëüíîñòüþ æèçíè çâåçä. Òåì

íå ìåíåå, îí èãðàåò âàæíóþ ðîëü â çâåçäíîé ýâîëþöèè. Íà ñòàäèè ÏÒ

ïðîèñõîäÿò ñóùåñòâåííûå èçìåíåíèÿ ôèçè÷åñêèõ ïàðàìåòðîâ çâåçäû (ìàññû,

ðàäèóñà, ñâåòèìîñòè, õèìè÷åñêîãî ñîñòàâà), è îíà ïðèîáðåòàåò êà÷åñòâåííî

èíîé ñòàòóñ. ÏÒ îáîãàùàþò ìåæçâåçäíóþ ñðåäó òÿæåëûìè ýëåìåíòàìè. Îíè

ÿâëÿþòñÿ ýôôåêòèâíûì èíñòðóìåíòîì èçó÷åíèÿ ôèçè÷åñêèõ ñâîéñòâ

èîíèçîâàííîãî ãàçà, ôèçè÷åñêèõ è äèíàìè÷åñêèõ ïðîöåññîâ, ñîïðîâîæäàþùèõ

âçàèìîäåéñòâèå êîìïîíåíòîâ â äâîéíûõ çâåçäíûõ ñèñòåìàõ. Àêòèâíûå èññëå-

äîâàíèÿ ýòèõ îáúåêòîâ âûÿâèëè ìíîãî÷èñëåííûå ïðîÿâëåíèÿ ñïåêòðàëüíîé

è ôîòîìåòðè÷åñêîé ïåðåìåííîñòè. Îñíîâíûìè èñòî÷íèêàìè ôîòîìåòðè÷åñêîé

ïåðåìåííîñòè ìîãóò áûòü ïóëüñàöèè öåíòðàëüíûõ çâåçä [1]. Ýòîé ïðîáëåìå

ïîñâÿùåíà ñåðèÿ ñòàòåé Hrivnak et al., íàïðèìåð, [2]. Èíîãäà êîëåáàíèÿ

áëåñêà îáóñëîâëåíû âðàùåíèåì çâåçäû èëè ïåðåìåííîñòüþ çâåçäíîãî âåòðà

[1,3,4]. Ïî ìåðå èññëåäîâàíèÿ ïëàíåòàðíûõ òóìàííîñòåé óâåëè÷èâàåòñÿ
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êîëè÷åñòâî îáúåêòîâ ñ äâîéíûìè öåíòðàëüíûìè çâåçäàìè. Îáìåí ìàññàìè

ìåæäó êîìïîíåíòàìè äâîéíîãî ÿäðà òàêæå ìîæåò âëèÿòü íà áëåñê îáúåêòà [5-

8]. Â ñïåêòðàõ íåñêîëüêèõ ïëàíåòàðíûõ òóìàííîñòåé áûëè îáíàðóæåíû áûñòðûå

èçìåíåíèÿ èíòåíñèâíîñòåé ýìèññèîííûõ ëèíèé [9-15]. Ëîãè÷íî ïðåäïîëîæèòü,

÷òî îïðåäåëÿþùèì ôàêòîðîì ïðè ýòîì ìîæåò áûòü ïîâûøåíèå ýôôåêòèâíîé

òåìïåðàòóðû öåíòðàëüíîé çâåçäû. Äëÿ îáúÿñíåíèÿ íàáëþäàåìîé ïåðåìåííîñòè

ïîòðåáîâàëèñü íîâûå ìîäåëè óñêîðåííîé ýâîëþöèè öåíòðàëüíûõ çâåçä [16].

Â íåêîòîðûõ ñëó÷àÿõ ïðè÷èíîé ñïåêòðàëüíîé ïåðåìåííîñòè ìîãóò áûòü

èçìåíåíèÿ âíóòðåííåé ñòðóêòóðû òóìàííîñòè, êàê-òî âûáðîñ èç ÿäðà âòîðè÷íîé

îáîëî÷êè èëè îòäåëüíûõ ñãóñòêîâ, ôðàãìåíòîâ ìàòåðèè, êîòîðûå ñïîñîáíû

âëèÿòü íà èîíèçóþùåå èçëó÷åíèå öåíòðàëüíîé çâåçäû [10,15,17].

2. Íàáëþäåíèÿ è îáðàáîòêà. Â Àñòðîôèçè÷åñêîì èíñòèòóòå èì.

Â.Ã.Ôåñåíêîâà (ÀÔÈÔ) èçó÷åíèå ïëàíåòàðíûõ òóìàííîñòåé íà÷èíàëîñü â

70-õ ãîäàõ ïðîøëîãî âåêà. Èñïîëüçîâàëñÿ òåëåñêîï ÀÇÒ-8 (70 ñì), ðàñïîëî-

æåííûé â îáñåðâàòîðèè Êàìåíñêîå Ïëàòî. Ïåðâûå ñïåêòðàëüíûå è ôîòî-

ìåòðè÷åñêèå íàáëþäåíèÿ ïðîâîäèëèñü íà ñïåêòðîãðàôå îðèãèíàëüíîé

êîíñòðóêöèè, èçãîòîâëåííîì â ÀÔÈÔ. Íà âûõîäå ñïåêòðîãðàôà áûë óñòàíîâëåí

òðåõêàñêàäíûé ÝÎÏ ÓÌ-92, èçîáðàæåíèÿ ðåãèñòðèðîâàëèñü íà àñòðîíî-

ìè÷åñêóþ ôîòîïëåíêó À600 è Êîäàê [18]. Ñïåêòðîãðàô áûë îñíàùåí íàáîðîì

äèôðàêöèîííûõ ðåøåòîê è îáúåêòèâîâ êàìåðû äëÿ ðàáîòû â ðàçíûõ ó÷àñòêàõ

äîñòóïíîãî ñïåêòðàëüíîãî äèàïàçîíà, êîòîðûé ñîñòàâëÿë 3700-8000 Å . Íà

êàæäóþ ïëåíêó (24 êàäðà) âïå÷àòûâàëèñü èçîáðàæåíèÿ ïëàòèíîâîãî îñëàáèòåëÿ,

ñòóïåíüêè êîòîðîãî èìåþò íàïûëåíèå ñ èçâåñòíûìè çíà÷åíèÿìè ïðîïóñêàíèÿ.

Ñîîòíîøåíèå ìåæäó îïòè÷åñêîé ïëîòíîñòüþ èçîáðàæåíèé îñëàáèòåëÿ è

èíòåíñèâíîñòüþ ïðîøåäøåãî ñâåòà èñïîëüçîâàëîñü äëÿ ïîñòðîåíèÿ õàðàêòå-

ðèñòè÷åñêîé êðèâîé. Íà ïëåíêå ðåãèñòðèðîâàëîñü èçîáðàæåíèå ñ ýêðàíà

ÝÎÏà, ïîýòîìó îäíà êðèâàÿ èñïîëüçîâàëàñü äëÿ âñåãî ñïåêòðà. Âñå íåãàòèâû

îöèôðîâûâàëèñü íà àâòîìàòè÷åñêîì ìèêðîäåíñèòîìåòðå. Àâòîðàìè äàííîé

ñòàòüè áûë ðàçðàáîòàí ïàêåò ïðîãðàìì íà ÿçûêå QuickC äëÿ ïîñëåäóþùåé

îáðàáîòêè: ïîñòðîåíèÿ õàðàêòåðèñòè÷åñêîé êðèâîé, ïðåîáðàçîâàíèÿ îïòè÷åñêèõ

ïëîòíîñòåé â ñïåêòðå â èíòåíñèâíîñòè, îïðåäåëåíèÿ èíòåíñèâíîñòåé è ïîòîêîâ

â ýìèññèîííûõ ëèíèÿõ. Äëÿ øêàëû äëèí âîëí èñïîëüçîâàëñÿ ñïåêòð ëàìïû

ÑÃ-3Ñ, êîòîðûé âïå÷àòûâàëñÿ íà êàæäîì êàäðå âûøå è íèæå ñïåêòðà

îáúåêòà. Çàâèñèìîñòü ñïåêòðàëüíîé ÷óâñòâèòåëüíîñòè àïïàðàòóðû îò äëèíû

âîëíû îïðåäåëÿëàñü ïî èçîáðàæåíèÿì ñïåêòðîâ ÿðêèõ ñòàíäàðòíûõ çâåçä ñ

èçâåñòíûì ðàñïðåäåëåíèåì ýíåðãèè. Äëÿ ñïåêòðîâ ÏÒ è ñòàíäàðòîâ ââîäèëèñü

ïîïðàâêè, ó÷èòûâàþùèå àòìîñôåðíîå ïîãëîùåíèå è ñïåêòðàëüíóþ ÷óâñòâè-

òåëüíîñòü àïïàðàòóðû. Ñïåêòðîãðàììû ïîëó÷àëèñü ñ ëèíåéíîé äèñïåðñèåé îò

30 äî 150 Å /ìì. Èñïîëüçóåìûå ôîòîýìóëüñèè èìåëè ðàçðåøàþùóþ ñïî-
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ñîáíîñòü ~110-145 ïàð ëèíèé/ìì. Ñðåäíåå ðàçðåøåíèå ñïåêòðîãðàìì ñîñòàâëÿëî

~4000-800 â îáëàñòè H  è 3000-600 â îáëàñòè H .

Â 2001ã. áûëà ïðîâåäåíà ìîäåðíèçàöèÿ ñïåêòðîãðàôà, ÝÎÏ áûë çàìåíåí íà

ÏÇÑ-êàìåðó ST-8 (1530 õ 1020), à â 2017ã. åå ñìåíèëà ÏÇÑ-êàìåðà STT-3200

(2184 õ 1472). Ñïåêòðîãðàììû ñ äèñïåðñèåé 0.5 è 1.0Å /ïèêñåëü ïîëó÷àëèñü â

äâóõ äèàïàçîíàõ äëèí âîëí: 4400-5400 Å  è 6200-7200Å . Ïðè øèðèíå âõîäíîé

ùåëè ñïåêòðîãðàôà 7"-10" òèïè÷íîå ðàçðåøåíèå R ñîñòàâëÿëî 1400-900 â îáëàñòè

H  è 1000–700 â îáëàñòè H .

Äîïîëíèòåëüíûå ñïåêòðàëüíûå íàáëþäåíèÿ ÏÒ âûïîëíÿëèñü íà 1-ì òåëåñ-

êîïå ôèðìû Êàðë Öåéññ-Éåíà, óñòàíîâëåííîì â îáñåðâàòîðèè Àññû-Òóðãåíü

ÀÔÈÔ. Èñïîëüçîâàëñÿ ñïåêòðîãðàô UAGS ôèðìû Êàðë Öåéñ-Éåíà, êîòîðûé

ïðåäíàçíà÷åí äëÿ ïîëó÷åíèÿ ñïåêòðîâ ñðåäíåé è íèçêîé äèñïåðñèè. Áëàãîäàðÿ

ñâåòîñèëüíûì çåðêàëüíûì êàìåðàì Øìèäòà, îí îñîáåííî ýôôåêòèâåí ïðè

íàáëþäåíèÿõ ñëàáûõ îáúåêòîâ â øèðîêîì äèàïàçîíå äëèí âîëí. Íà âûõîäå

ñïåêòðîãðàôà áûëà óñòàíîâëåíà ÏÇÑ êàìåðà ST-8. Øèðèíà âõîäíîé ùåëè

ñîñòàâëÿëà 3" è 10". Ñïåêòðîãðàììû ñ äèñïåðñèåé 0.7 Å /ïèêñåëü ïîëó÷àëèñü

â òåõ æå äèàïàçîíàõ äëèí âîëí, ÷òî è ïðè íàáëþäåíèÿõ íà òåëåñêîïå ÀÇÒ-

8. Äàííûå âñåõ íàáëþäåíèé îáðàáàòûâàëèñü ñòàíäàðòíûì ñïîñîáîì, ñ èñïîëü-

çîâàíèåì ôàéëîâ Dark è Flat Field. Ñïåêòð ëàìïû ÑÃ-3Ñ ñ ýìèññèîííûìè

ëèíèÿìè He, Ne è Ar ñëóæèë äëÿ êàëèáðîâêè ñïåêòðîâ ïî äëèíàì âîëí. Âñå

ðåçóëüòàòû êîððåêòèðîâàëèñü ñ ó÷åòîì àòìîñôåðíîãî ïîãëîùåíèÿ. Äëÿ

êàëèáðîâêè ïîòîêîâ èçëó÷åíèÿ èñïîëüçîâàëèñü ñïåêòðû ñòàíäàðòíûõ çâåçä èç

êàòàëîãà [19], ïîëó÷àåìûå íåïîñðåäñòâåííî äî èëè ïîñëå ñïåêòðà îáúåêòà.

Äî 2016ã. ôîòîìåòðè÷åñêèå íàáëþäåíèÿ ïðîâîäèëèñü ñ ïîìîùüþ ýòèõ æå

ñïåêòðîãðàôîâ (ÀÇÒ-8 è 1-ì òåëåñêîï). Îíè áûëè îñíàùåíû ñïåöèàëüíûìè

îïòè÷åñêèìè ñèñòåìàìè, ïðîåöèðóþùèìè ó÷àñòîê íåáà íà ÏÇÑ-êàìåðó, è íàáîðàìè

ôèëüòðîâ BVR Äæîíñîíà. Ñ 2016ã. îïòè÷åñêàÿ ôîòîìåòðèÿ ïðîâîäèòñÿ íà

âòîðîì 1-ì òåëåñêîïå, ðàñïîëîæåííîì â Òÿíü-Øàíüñêîé îáñåðâàòîðèè ÀÔÈÔ.

Îí îñíàùåí ÏÇÑ-êàìåðîé Alta F16M (4096 x 4096.9 ìêì) è íàáîðîì ôèëüòðîâ

BVRc. Ïîëå çðåíèÿ 20' õ 20', óãëîâîé ìàñøòàá 0".38 ïèêñåëü-1. Â êà÷åñòâå ñòàíäàðòîâ

äëÿ äèôôåðåíöèàëüíîé ôîòîìåòðèè èñïîëüçîâàëèñü ñîñåäíèå çâåçäû ïîëÿ ñ

èçâåñòíûìè çâåçäíûìè âåëè÷èíàìè BVRc. Äîïîëíèòåëüíûå íàáëþäåíèÿ 40

ñòàíäàðòíûõ çâåçä èç [20] áûëè ïðîâåäåíû äëÿ ïîëó÷åíèÿ óðàâíåíèé ïåðåâîäà

èíñòðóìåíòàëüíûõ çíà÷åíèé çâåçäíûõ âåëè÷èí â ñòàíäàðòíóþ ñèñòåìó Äæîíñîíà.

Â äàííîé ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû íàøèõ íàáëþäåíèé ïëàíåòàðíûõ

òóìàííîñòåé ìàëûõ óãëîâûõ ðàçìåðîâ. Öåëü ðàáîòû - èçó÷åíèå ìíîãîëåòíåé

ïåðåìåííîñòè îáúåêòîâ.

3. Ðåçóëüòàòû íàáëþäåíèé. Â ïðîöåññå îáðàáîòêè íàáëþäàòåëüíûõ

äàííûõ ïîëó÷åíû àáñîëþòíûå ïîòîêè èçëó÷åíèÿ â ýìèññèîííûõ ëèíèÿõ.
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Êðèòåðèÿìè ñòåïåíè âîçáóæäåíèÿ ãàçà â îáîëî÷êàõ ÿâëÿþòñÿ îòíîñèòåëüíûå

èíòåíñèâíîñòè ýìèññèîííûõ ëèíèé [ÎIII] 4959, 5007Å . Â òàáë.1 ïðèâåäåíû

äàííûå äëÿ îáúåêòîâ íèçêîãî âîçáóæäåíèÿ     HI105007I . . Â ïåðâîì ñòîëáöå

äàíû îáîçíà÷åíèÿ ïî êàòàëîãó [19], íàçâàíèÿ îáúåêòà, à òàêæå êîýôôèöèåíòû

ìåæçâåçäíîãî ïîãëîùåíèÿ  HC . Âî âòîðîì ñòîëáöå ïðèâåäåíû äàòû íàáëþäåíèé.

Àáñîëþòíûå ïîòîêè â ëèíèÿõ H  â ýðã ñì-2
 ñ-1 ïðèâåäåíû â òðåòüåì ñòîëáöå.

Ïîñëåäóþùèå ñòîëáöû ñîäåðæàò îòíîñèòåëüíûå èíòåíñèâíîñòè íàèáîëåå ÿðêèõ

ýìèññèîííûõ ëèíèé, èñïðàâëåííûå çà ìåæçâåçäíîå ïîãëîùåíèå è íîðìèðîâàííûå

Îáúåêò Äàòà )F(H [OIII] H [NII] HeI [SII] [SII] HeI [ArIII] [OI]

íàáëþäåíèé 4861 5007 6563 6583 6678 6717 6731 7065 7136 7324

1 2 3 4 5 6 7 8 9 10 11 12

PK232-4.7 1971-1973 (1.3±0.3)E-12 285±35 196±36 1.1±0.4 0.4±0.1 0.9±0.2  -  -  -

M1-11 Jan 16, 1975  - 8.7±1.8 296±32 192±36 0.9±0.3 0.4±0.1 0.8±0.2  -  -  -

1.6)C(H  Oct, 1978 [25]  - 7.0±1.0 294±29 225±22 1.4±0.2  -  - 2.3±0.3 1.3±0.2  -

Dec, 1982 [26] (2.1±0.2)E-12  -  -  -  -  -  -  -  -  -

Apr, 1984 [27] (1.5±0.2)E-12 10±1.1 300±30 195±20  -  -  -  -  -  -

Jan, 1986 [28]  - 7.9±1.0 285±30 188±18 0.9±0.2 0.6±0.1 1.0±0.2  -  -  -

Mar 06, 1989  - 11±1.1 286±30 190±20 1.0±0.2 0.5±0.1 1.0±0.2  - 1.9±0.3

Feb 2007 [29] (1.6±0.2)E-12 16±1.2 280±30 198±22 1.2±0.3 0.4±0.1 0.9±0.2 2.0±0.3 2.1±0.3 20±2.5

Nov 01, 2010  -  - 286±30 200±30 1.4±0.3 0.6±0.1 1.2±0.3  -  -  -

Nov 2013 [30] (1.5±0.2)E-12 23±2  -  -  -  -  -  -  -  -

Jan 15, 2016 (1.6±0.2)E-12 19±2 290±30 203±30 1.2±0.3  -  -  -  -  -

Feb 27, 2022 (1.8±0.2)E-12 21±2  -  -  -  -  -  -  -  -

Feb 28, 2023 (1.9±0.2)E-12 20±2 296±30 186±20 1.4±0.3 0.6±0.1 1.2±0.2  - 1.8±0.4  -

Feb 06, 2024 (2.1±0.2)E-12 21±2 297±30 200±20 1.7±0.3  -  - 3.7±0.8 3.0±0.6 16±1.9

PK 235-3.1 Oct 1978 [25]  - 10±1 300±30 145±18 0.6±0.1 0.6±0.1 1.5±0.3 1.7±0.3 1.2±0.3 15±2.0

M1-12 Feb 15,1979 (1.8±0.2)E-12 10±1 302±30 175±18 1.7±0.3 2.4±0.3 3.7±0.7 2.5±0.5 22±2.8

0.95)C(H  1992-1993 [30] (2.2±0.3)E-12 19±2 138±16 1.0±02 1.1±0.2 2.4±0.5 1.9±0.4 2.0±0.4 24±2.9

Feb 2007 [29] (1.9±0.2)E-12 23±2 286±28 150±16 1.2±0.2 1.2±0.2 6.1±0.9 6.0±1.0 6.1±0.2 15±2.0

Dec 2013 [12] (3.7±0.4)E-12 311±30 145±14 0.6±0.1 0.6±0.1 1.5±0.3 1.7±0.3 1.2±0.3 24±2.6

Dec 05, 2018 (1.8±0.2)E-12 27±3 299±30 156±15 1.2±0.2 1.1±0.3 4.7±0.8  -  -  -

Feb 14, 2021  -  - 290±30 159±15 1.1±0.2 1.9±0.4 3.4±0.7  -  -  -

Feb 27, 2022 (1.8±0.2)E-12 30±3  -  -  -  -  -  -  -  -

Mar 28, 2023 (2.1±0.3)E-12 30±3  -  -  -  -  -  -  -  -

PK 15-3.1 1972 [23] (8.8±1.6)E-14  -  -  -  -  -  -  -  -  -

M1-39 1988-1990 [30] (9.1±0.9)E-14 46±5 343±32 380±37 5.3±0.7 10±1.1  -  -  -

2.4)C(H  Jun 2011 [31] (9.5±1.0)E-14  -  -  -  -  -  -  -  -  -

May 28, 2019 (1.9±0.2)E-13 51±5 300±30 345±35 3.9±0.5 4.4±0.6 7.4±0.9 5.6±1.0 9.1±1.6

Jun 27, 2020 (2.0±0.2)E-13 56±6 299±30 334±35 3.9±0.5 6.2±0.8 11±1.5  -  -  -

Jun 22, 2022  -  -  -  -  - 6.2±0.7 11±1.5  -  -  -

Jul 12, 2023 (2.0±0.2)E-13 59±6  -  -  -  -  -  -  -  -

Òàáëèöà 1

ÀÁÑÎËÞÒÍÛÅ ÏÎÒÎÊÈ È ÎÒÍÎÑÈÒÅËÜÍÛÅ
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63ÏÅÐÅÌÅÍÍÎÑÒÜ  ÏËÀÍÅÒÀÐÍÛÕ  ÒÓÌÀÍÍÎÑÒÅÉ

1 2 3 4 5 6 7 8 9 10 11 12

PK 16-1.1 Aug 12, 1983  -  -  -  - 9.0±1.0 8.0±0.9 13±1.8 4.1±0.7 15±2.0 23±3.5

M1-46 1989 [22] (9.6±1.0)E-13  -  -  -  -  -  -  -  -  -

0.9)C(H  Aug 1993 [32] (1.6±0.2)E-12 37±4 277±27 135±14 3.7±0.4 6.4±0.8 1.1±0.20 5.0±0.7 23±3.0  -

Jun 2003 [33] (2.2±0.2)E-12 71±7 359±35 151±15 8.9±0.9 11±1.2 8.0±1.2 11±1.5 20±3.6  -

Jun 17, 2015 (2.5±0.3)E-12 60±6 300±30 132±14 4.8±0.6 5.1±0.6 9.0±2.0 5.3±0.8 24±3.8  -

Jun 28, 2016 (2.6±0.3)E-12 61±6 300±30 136±14 5.6±0.6 6.2±0.8 8.0±1.4 6.8±1.5 25±4.2  -

May 22, 2017 (2.8±0.3)E-12 63±7 300±30 136±14 4.4±0.7 4.8±0.6 7.6±1.3 4.2±0.7 19±3.0  -

Aug 06, 2019 (2.8±0.3)E-12 - - - - 4.6±0.6 3.5±0.6 16±2.7 -

Sep 20, 2020 (1.4±0.2)E-12 61±7 - - - - - - - -

Jul 12, 2023 (1.6±0.2)E-12 62±7 - - - - 8.0±1.2 - - -

Aug 15, 2023 - - 300±30 134±14 4.5±0.6 4.6±0.6 13±2.2 3.1±0.7 15±2.0 -

PK 43+3.1 1971-1975 (3.8±0.7)E-13 16±3 294±35 - - - - - -

M1-65 Aug 11, 1988 (7.1±0.9)E-13 15±2 300±30 - - - - - - -

1.18)C(H  Jul 07, 2005  -  - 298±30  - 3.2±0.4 5.3±0.7 10±1.5 2.5±0.5 4.5±0.8 15±2.5

Jul 19,2005  -  - 300±30  -  -  -  -  - 4.3±0.6 13±2.5

Sep 20, 2006  -  - 300±30  -  -  -  -  -  -  -

Jun 21, 2007 (4.3E±0.7)E-13 16±2 289±30  - 3.9±0.4 5.8±0.7 11±1.3  -  -  -

Jun 21, 2012 (4.3±0,5)E-13 16±2 300±30  - 3.0±0.4 5.0±0.6 9.3±1.5  -  -  -

Jun 30, 2014 (4.6±0.6)E-13 17±2 300±30  - 3.1±0.4 5.6±0.6 9.6±1.3  -  -  -

May 18, 2015 (4.7±0.7)E-13 20±2 300±30  - 3.5±0.4 5.5±0.6 10±1.2 2.8±0.5  -  -

Jun 28, 2016 (5.5±0.9)E-13 20±2 300±30  - 3.3±0.5 5.4±0.4 10±1.2  -  -  -

Jul 22, 2017 (5.6±0.7)E-13 300±30  -  -  -  -  -  -  -

Jun 05, 2018 (5.6±0.7)E-13 22±2 299±30  - 3.5±0.5 4.8±0.6 9.0±1.0 5.0±0.6  -  -

Aug 05, 2018  -  - 300±30 130±15 3.8±0.5 5.4±0.6 9.2±1.0 3.9±0.5 3.4±0.5 14±1.6

May 28, 2019  -  - 300±30 136±15 3.9±0.5 4.8±0.6 8.2±0.9 2.9±0.5 2.9±0.5 15±1.8

May 23, 2020 (5.8±0.6)E-13 21±2  -  -  -  -  -  -  -  -

Jul 15, 2022 (5.9±0.6)E-13 21±2  -  -  -  -  -  -  -  -

Jun 15, 2023 (5.8±0.6)E-13 21±2  -  -  -  -  -  -  -  -

Aug 14, 2023 (5.8±0.6)E-13 22±2 300±30 134±15 4.4±0.4 5.2±0.6 9.4±1.0 3.6±0.5 4.3±0.6 15±1.8

PK 38+12.1 1970-1973  -  -  -  - 2.7±0.6 5.0±0.9 11±2.8 3.6±0.7 5.0±0.9  -

Cn3-1 1970-1973 [34] (1.2±0.1)E-11 16 289±30 193±20 1.0±0.1 5.0±0.6 12±1.4  -  -  -

0.36)C(H  1977 [36] (8.9±0.1)E-12 17 289±30 195±20 1.4±0.2 4.4±0.6 6.7±0.9  -  -  -

Jun 1988 [12]  -  -  -  -  -  -  -  -  -  -

Aug 2001 [35] (1.1±0.1)E-11 21  -  -  -  -  -  -  -  -

Jul 21, 2006  -  -  -  - 2.1±0.3 6.1±0.7 12±1.5 2.8±0.5 4.6±0.6  -

Jun 17, 2007  -  -  -  - 1.9±0.3 5.8±0.7 12±1.5 3.7±0.5  -  -

Jul 10, 2008 (1.1±0.2)E-11 23 299±30 196±25 2.5±0.3 6.5±0.8 12±1.5 3.5±0.5 12.5±1.6

Aug 06, 2018 (1.1±0.1)E-11 24 300±30 198±20 2.4±0.3 5.9±0.7 12±1.5 3.2±0.5 5.8±0.7 11.9±1.6

Jul 05, 2020 (1.2±0.1)E-11 25 300±30 195±20 2.2±0.3 5.9±0.7 10±1.3 3.2±0.5 5.7±0.7 11.5±1.6

Jul 15, 2022 (1.1±0.1)E-11 25 298±30 184±20 2.2±0.3 5.2±0.7 10±1.3 2.8±0.4 4.6±0.6 11.5

Jun 15, 2023 (1.1±0.1)E-11 26  -  -  -  -  -  -  -  -

May 26, 2024  -  - 300±30 193±20 1.8±0.3 5.3±0.6 11±1.5 2.4±0.4 5.8±0.7  -

PK 55-2.3 1971-1973  -  - 298±35 187±30  - 14±4.2 23±4.5  -  -  -

He1-2 1991 [22] (9.1±1.0)E-14  - 324±32 206±20  - 8.3±0.9 31±3.2  -  -  -

1.3)C(H  Jul 07, 2005 (1.0±0.2)E-13  - 300±30 207±22  - 18±2.5 28±3.0  -  -  -

Jul 21, 2006 (9.9±1.2)E-14  - 290±30 210±22  - 17±3.0 29±3.2  -  -  -

Aug 13, 2007 (1.2±0.1)E-13  - 290±30 189±20  - 17±2.5 32±3.8  -  -  -

May 18, 2015 (1.5±0.2)E-13  - 300±30 187±20  - 18±2.8 33±3.8  -  -  -

Jul 20, 2016 (1.5±0.2)E-13  - 289±30 200±20  - 19±2.0 27±3.5  -  -  -

Òàáëèöà 1 (Ïðîäîëæåíèå)



64 Ë.Í.ÊÎÍÄÐÀÒÜÅÂÀ  È  ÄÐ.

1 2 3 4 5 6 7 8 9 10 11 12

Jul 22, 2018 (1.4±0.2)E-13 - 300±30 197±20 - 12±1.7 25±3.3 - - -

Aug19, 2020 (1.4±0.2)E-13 - 300±30 225±25 - 14±1.7 26±3.3 - - -

Aug 16, 2023  - - - - - 11±1.5 24±3.4 - - -

PK 89-2.1 Jul 21, 1976 (1.2±0.2)E-13 - 299±35 180±20 - - - - - -

M1-77 1983 [36] (2.4±0.3)E-13 - 288±28 72±15 - 9±1.0 10±1.1 - - -

1.05)C(H  1984-1987 [37] (1.3±0.2)E-13 - - - - - - - - -

Nov 25, 1995  - - - - - 11±1.5 16±2.5 - - -

Sep 18, 2004 (4.4±0.60E-13 - 299±30 130±15 - 4.8±0.7 6.2±2.0 - - -

Oct 11, 2005 - - - - - 5.0±0.7 9.8±1.0 - - -

Aug 09, 2007 (5.4±0.7)E-13 - 299±30 107±13 - 5.3±0.6 9.5±1.6 - - -

Sep 01, 2011 (8.1±0.9)E-13 - 300±30 116±13 - 4.6±0/5 7.0±1.0 - - -

Jun 21, 2012 - - 300±30 98±12 - 4.6±0.5 6.7±0.9 - - -

Aug 17, 2015 - - 300±30 96±10 - 4.6±0.6 6.7±0.9 - - -

Jun 09, 2016 (9.3±1.2)E-13 - 300±30 95±10 - 3.9±0.5 7.0±0.9 - - -

Sep 16, 2017 (9.5±0.1)E-13 - 300±30 96±10 - 4.1±0.5 6.2±0.8 - - -

Jul 18, 2018 (8.6±0.9)E-13 - 300±30 96±10 - 4.0±0.6 6.1±0.7 - - -

Oct 19, 2019 (9.6±1.1)E-13 - 299±30 94±10 - 4.2±0.5 7.3±0.9 - - -

Oct 24, 2019 (9.5±1.1)E-13 - 299±30 95±10 - - - - - -

Jul 27, 2020 (9.5±1.0)E-13 - 300±30 94±10 - 3.6±0.5 5.6±0.9 - - -

Jul 31, 2021 (9.6±1.1)0E-13 - 299±30 93±10 - 4.9±0.6 7.3±0.9 - - -

Jul 25, 2023 - - 300±30 94±10 - 3.8±0.5 6.2±0.8 - - -

Oct 10, 2023 - - 300±30 93±10 - 3.6±0.5 5.7±0.8 - - -

Òàáëèöà 1 (Îêîí÷àíèå)

ê èíòåíñèâíîñòè ëèíèè H . Â òàáë.2 ïðèâåäåíû ñïåêòðàëüíûå äàííûå äëÿ

îáúåêòîâ óìåðåííîãî è âûñîêîãî âîçáóæäåíèÿ â òîì æå ôîðìàòå, ÷òî è â

òàáë.1. Ôîòîìåòðè÷åñêèå äàííûå ïðåäñòàâëåíû â òàáë.3.

Îáúåêò Äàòà )F(H HeII [OIII] H [NII] HeI [SII] [SII] [HeI] [ArIII] [OI]

íàáëþäåíèé 4861 4685 5007 6563 6583 6678 6717 6731 7065 7135 7324

1 2 3 4 5 6 7 8 9 10 11 12 13

PK 211-03.1 Mar 03, 1975 (6.3±1.0)E-13  - 93±13 285±30 124±14 2.1±0.4 1.9±0.2 4.1±0.6  -  - -

M1-6 Jan 1986 [12]  -  - 122±13 285±30 140±15 1.1±0.1 2.5±0.3  -  - -

1.8)C(H  Dec 17, 1989  -  - 107±12 290±30 131±15 2.3±0.4 1.5±0.2 2.1±0.4  -  - -

Mar 1996 [38] (6.2±0.7)E-13  - 97±10 285±30 135±14  - 5.0±0.5 7.2±0.8  -  - -

Feb 2007 [29] (4.6±0.6)E-13  - 113±11 298±30 136±14 2.7±0.3 1.2±0.2 2.6±0.4 5.4±0.6  - -

Jan 12, 2016 (5.1±0.6)E-13 2.8±0.4 128±14 289±32 141±16 3.1±0.5 1.2±0.2 2.5±0.4  - 7.2±0.8 -

Feb 19, 2018 (4.9±0.6)E-13  - 129±14 292±35 142±15 3.0±0.5  -  - 6.80.8 4.9±0.7 -

Dec 04, 2018 (5.1±0.6)E-13  - 128±13 278±35 140±15  -  -  - 6.8±0.8 5.0±0.6 -

Òàáëèöà 2

ÀÁÑÎËÞÒÍÛÅ ÏÎÒÎÊÈ È ÎÒÍÎÑÈÒÅËÜÍÛÅ ÈÍÒÅÍÑÈÂÍÎÑÒÈ

ÝÌÈÑÑÈÎÍÍÛÕ ËÈÍÈÉ Â ÑÏÅÊÒÐÀÕ ÎÁÚÅÊÒÎÂ ÓÌÅÐÅÍÍÎÃÎ

È ÂÛÑÎÊÎÃÎ ÂÎÇÁÓÆÄÅÍÈß



65ÏÅÐÅÌÅÍÍÎÑÒÜ  ÏËÀÍÅÒÀÐÍÛÕ  ÒÓÌÀÍÍÎÑÒÅÉ

1 2 3 4 5 6 7 8 9 10 11 12 13

Dec 17, 2020 (4.8±0.6)E-13  - 134±14 300±35 146±16 3.7±0.5 1.0±0.2 2.8±0.4 6.5±0.8 5.6±0.6  -

Nov 21, 2021  - 135±14 300±35 141±15 3.2±0.5 1.0±0.2 2.5±0.4 5.5±0.7 4.8±0.5 33±5

Jan 18, 2022 (4.9±0.6)E-13 4.0±0.6 138±14 298±33 136±15 2.8±0.4 1.2±0.2 2.6±0.4 5.1±0.7 4.7±0.6 31±4

Mar 21, 2023 (4.6±0.6)E-13  -  - 300±32 141±15 2.7±0.4 1.0±0.2 2.5±0.3 5.1±0.6 5.6±0.7 34±4

Feb 09, 2024 (4.4±0.5)E-13 2.7±0.6 142±15 299±34 147±17 2.9±0.5 1.2±0.2 2.9±0.4 5.3±0.6 5.2±0.6 29±4

PK 212+4.3 1971-1975 (8.2±1.2)E-13  -  - 300±35 68±9 3.7±0.5 2.4±0.5 4.1±0.5 5.5±0.7 5.9±0.7  -

M1-9 Dec 1982 [12] (2.1±0.2)E-12  -  -  -  -  -  -  -  -  -  -

0.46)C(H  1991 [22] (2.2±0.2)E-12  - 530±60  -  -  -  -  -  - 6.8±0.8  -

Jan-Jul 2007 [29] (2.2±0.3)E-12  -  -  - 53±6 3.7±0.5 1.4±0.2 2.6±0.3 7.1±0.8 10±2

Jan 2011 [39] (2.6±0.3)E-12  - 440±48 286±39 52±5  -  -  -  -  -  -

Dec 05, 2018 (2.5±0.3)E-12  - 497±50 300±30 54±7 2.8±0.5 2.3±0.4 7.0±0.8  -

Jan 11, 2021  -  -  - 300±30 52±6 3.3±0.5  -  -  - 5.3±0.6  -

Feb 18, 2022  -  -  - 300±30 54±6 3.1±0.5 1.4±0.3 2.2±0.3 5.6±0.7 5.9±0.7  -

PK 184-2.1 1966-1968 [34] (8.9±0.9)E-13  -  - 310±31  -  -  -  -  -  -  -

M1-5 Apr 1982 [12] (9.1±0.9)E-13  - 338±40 286±29 100±14 2.0±0.3 5.3±0.6 4.3±0.5  -

2.5)C(H  Mar 1997 [40] (9.1±0.9)E-13  -  - 299±30 90±10 4.1±0.4 1.2±0.2 2.2±0.3 9.3±1.0 8.4±0.9  -

Aug 2001 [41]  -  -  - 300±30 90±10 3.8±0.4 1.0±0.2 2.2±0.3 9.3±1.0 8.4±0.9  -

Feb 07, 2008  -  -  - 300±30 85±10  -

Feb 03, 2016 (8.6±0.9)E-13  - 339±40 300±30 89±10 3.0±0.5 0.9±0.2 1.8±0.2 7.2±0.9 6.3±0.8  -

Dec 04, 2018 (8.6±0.9)E-13  - 350±40 298±35 84±9 3.1±0.5 1.2±0.2 2.1±0.3 6.9±0.8 6.4±0.7  -

Jan 15, 2021  -  -  - 300±30 80±9 2.7±0.5 7.3±0.8 5.8±0.7  -

Feb 01, 2022 (8.6±0.9)E-13  - 344±40 310±36 79±9 4.2±0.6 1.0±0.2 2.0±0.3 6.8±0.8 17±3

Dec 20, 2022  -  -  - 298±35 78±8 3.8±0.5 0.7±0.1 2.0±0.3 6.7±0.7 6.2±0.7 16±3

Nov 21, 2023  -  -  - 300±35 82±9 3.7±0.6 1.3±0.2 2.1±0.3 6.8±0.7 5.6±0.7 15±2

Jan 03, 2024  -  -  - 299±35 86±9 3.4±0.5 1.0±0.2 2.0±0.3 6.8±0.7 6.0±0.8 16±2

PK 118-8.1 1982-1983 [12] (3.2±0.4)E-12  -  -  -  -  -  -  -  -  -  -

Vy1-1 1984-1985 [28] (3.0±0.3)E-12  - 600±65  -  -  -  -  -  -  -  -

0.95)C(H  1992 [22] (2.9±0.3)E-12  - 800±90  -  -  -  -  -  -  -  -

Sep 25, 2006 (2.4±0.3)E-12  - 760±85  -  -  -  -  -  -  -  -

Oct 04, 2007 (2.5±0.3)E-12  - 740±80 300±35 2.9±0.4 4.0±0.6  -  -  -  -  -

Oct 06, 2013  - 290±35 3.2±0.5 4.0±0.6  -  - 2.5±0.5 7.6±0.9  -

Dec 15, 2015 (2.7±0.3)E-12  - 740±80 300±35 3.7±0.6 3.7±0.6  -  -  -  -  -

Nov 01,2016 (2.7±0.3)E-12  - 750±80 298±35 2.9±0.5 4.0±0.6  -  -  -  -  -

Sep 15, 2017 (2.9±0.3)E-12  - 740±80  -  -  -  -  -  -  -  -

Aug 16, 2022  -  -  - 298±30 3.5±0.5 3.4±0.5  -  - 2.5±0.3 6.7±0.8  -

PK 19.4-5.3 Apr 1985 [22[  - 2.8±0.3 850±90 310±30 81±8 5.1±0.6 1.8±0.2 3.6±0.4 3.6±0.4 22±2 18±2

M1-61 Jun 1994 [42] (1.8±0.2)E-12  - 844±85 300±30  - 3.6±0.4 1.2±0.3 2.4±0.2 2.4±0.3 14±2 12±2

1.24)C(H  Jun 2010 [43] (2.4±0.3)E-12 5.6±0.6 896±90 285±29 57±6 4.6±0.5 1.4±0.1 3.1±0.3 3.1±0.4 22±2 10±1

Aug 15, 2018 (3.0±0.3)E-12 3.0±0.4 1050±100 300±30 70±7 5.3±0.7 1.5±0.2 4.1±0.5 4.1±0.5 31±3 18±2

Jun 21, 2020 (3.1±0.4)E-12  - 1100 300±30 68±7 4.9±0.6 1.6±0.2 4.1±0.6 4.1±0.6 24±3  -

Jul 20, 2022  -  -  - 300±30 68±8 4.9±0.6 1.6±0.2 4.2±0.5 4.2±0.5 21±3 11±1

Aug 15, 2023 (3.0±0.3)E-12  - 1100±100 300±30 68±7 5.0±0.5 1.9±0.2 5.8±0.6 5.8±0.6 25±3 18±2

PK 119-6.1 1973-1975 20±5 1100±150 289±30 230±35 2.8±0.7 23±4 25±4 2.1±0.6 14±3  -

Hu1-1 1978 [34] (2.0±0.2)E-12 15±2 1195±120 279±28 280±30 3.5±0.4 28±3 39±4 2.2±0.6 8.4±1 19±2

0.67)C(H  1979 [44] (1.9±0.2)E-12 18±2 1174±120 281±28 224±23 3.1±0.3 20±2 26±3 3.9±0.5 20±2  -

1982 [27] (2.3±0.3)E-12  -  -  -  -  -  -  -  -  -  -

Aug 1986 [22] (2.6±0.3)E-12 21±2 1251±120 289±30 194±20  -  -  -  -  -  -

Sep 21, 2007  - 19±4 1215±120 300±30 281±28 3.4±0.4 25±3 35±5 2.9±0.4 14±2  -

Òàáëèöà 2 (Ïðîäîëæåíèå)
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1 2 3 4 5 6 7 8 9 10 11 12 13

Oct 06, 2015  - 17±4 1219±120 300±30 318±35 3.5±0.4 33±4 41±6 2.8±0.3 17±2 -

Dec 20, 2016  - 17±4 1202±120 300±30 299±32 4.1±0.5 31±3 38±5 3.5±0.4 15±2 -

Sep 15, 2017 (1.8±0.2)E-12  -  -  -  - 4.1±0.5 32±4 40±5 3.9±0.4 17±2 -

Aug 16, 2023  -  -  - 300±30 299±30 4.0±0.5 32±4 39±5 3.1±0.4 17±2 -

 PK000.1+17.2 1971 [23] (1.3±0.3)E-12  - 280±30  -  -  -  -  -  -  - -

PC 12 1993 [12] (2.7±0.3)E-12  - 293±30 300±30 96±10 8.3±0.9 5.0±0.6 9.6±2 7.1±0.8 12±2 -

0.20)C(H  1996 [30] (1.5±0.2)E-12  -  -  -  -  -  -  -  -  - -

Jun 17, 2015 (1.4±0.2)E-12  - 293±30 300±30 100±12 3.9±0.5 4.2±0.5 8.0±2 5.2±0.7 10±2 -

Jun 29, 2016 (1.5±0.2)E-12  - 310±35 300±30 105±12 4.1±0.5 4.7±0.5 8.6±2 5.6±0.7 9.2±1 -

Òàáëèöà 2 (Îêîí÷àíèå)

Îáúåêò Äàòà íàáëþäåíèé B V Rc

1 2 3 4 5

PK211-03.1 Nov 1985 [13] 15.7±0.05   - 12.2±0.04
M1-6 Dec 1990 [22] 15.68±0.04   - 12.36±0.04

Jan 2014 [45] 16.28±0.04 15.14±0.04 13.59±0.04
Jan 05, 2019 16.27±0.02 15.25±0.01 13.40±0.02
Sep 25, 2019 16.25±0.01 15.19±0.01 13.40±0.02
Jan 26, 2022 16.24±0.01 15.24±0.01 13.39±0.01
Feb 22, 2022 16.26±0.01 15.24±0.01 13.39±0.01
Mar 01, 2023 16.27±0.01 15.24±0.01 13.39±0.01
Nov 13, 2023 16.24±0.01 15.21±0.01 13.38±0.04
Jan 03, 2024 16.28±0.02 15.24±0.01 13.39±0.01

PK 232-4.1 1984-1985 [27] 14.81±0.01 14.07±0.02    -
M1-11 1984-1987 [37] 14.7±0.10 13.83±0.10    -

Jan 04, 2021 14.56±0.01 13.77±0.08    -
Jan 26, 2022 14.53±0.02 13.73±0.07 12.51±0.01
Feb 22, 2022 14.54±0.01 13.77±0.04 12.53±0.01
Jan 24, 2024 14.53±0.01 13.73±0.04 12.52±0.01

PK 235-3.1 Jul 1985 [38] 14.44±0.04 14.08±0.04   -
M1-12 Jan 17, 2021 14.00±0.01 13.95±0.08 12.56±0.01

Jan 26, 2023 14.0±0.01 13.90±0.08 12.49±0.01

PK 15+3.1 May 07, 2018 17.62±0.01 16.4±0.01 13.74±0.02
M1-39 Jul 27, 2019 17.85±0.02 16.47±0.01 13.70±0.02

Jun19, 2020 17.61±0.02 16.38±0.02 13.73±0.01

PK 16-1.1 1984-1987 [37] 13.14±0.05 12.83±0.05   -
M1-46 Jul 18, 2015 13.28±0.02 12.85±0.01 12.82±.0.01

Jul 15, 2019 13.36±0.01 12.89±0.01 12.06±0.04
Jun 19, 2020 13.30±0.02 12.91±0.01 12.12±0.04

Òàáëèöà 3

ÎÖÅÍÊÈ ÁËÅÑÊÀ ÏËÀÍÅÒÀÐÍÛÕ ÒÓÌÀÍÍÎÑÒÅÉ

Â ÔÈËÜÒÐÀÕ BVRc
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4. Àíàëèç äàííûõ ïî îòäåëüíûì îáúåêòàì. Íà ðèñ.1-3 ïðåäñòàâëåíû

àáñîëþòíûå ïîòîêè â ýìèññèîííûõ ëèíèÿõ H  è èíòåíñèâíîñòè ýìèññèîííûõ

ëèíèé [OIII] 5007 Å , íîðìèðîâàííûå ê   100H I . Îáúåêòû â òàáëèöå ðàñïî-

ëîæåíû â ïîðÿäêå âîçðàñòàíèÿ ñòåïåíè âîçáóæäåíèÿ èõ ñïåêòðîâ.

Ïëàíåòàðíûå òóìàííîñòè Ì1-11 è Ì1-12 îòíîñÿòñÿ ê îáúåêòàì ñ íàè-

ìåíüøåé ñòåïåíüþ âîçáóæäåíèÿ. Â ñïåêòðàõ öåíòðàëüíûõ çâåçä ïðèñóòñòâóþò

ñëàáûå ýìèññèîííûå ëèíèè. Òåìïåðàòóðû öåíòðàëüíûõ çâåçä îïðåäåëåíû ïî

ìåòîäó Çàíñòðà: T (HI) = 28000 - 29000 Ê, ýëåêòðîííàÿ ïëîòíîñòü ãàçà â òóìàí-

íîñòÿõ,     4109272SII  ..ne ñì.. Çà âðåìÿ íàáëþäåíèé ïðîèçîøëî çíà÷è-

òåëüíîå (â 3-4 ðàçà) óñèëåíèå ëèíèé [OIII]. Çíà÷åíèÿ  HF , ïîëó÷åííûå â

ðàííèé ïåðèîä ðàçíûìè àâòîðàìè, èìåþò áîëüøîé ðàçáðîñ (ðèñ.1) è òåíäåíöèÿ

èõ èçìåíåíèÿ ïëîõî ïðîñìàòðèâàåòñÿ. Íàáëþäàåòñÿ íåáîëüøîå óñèëåíèå ëèíèé

1 2 3 4 5

PK 43+3.1 Jul 1985 [18] 15.06±0.08 14.24±0.02 -
M1-65 Jul 30, 2014 15.20±0.01 14.58±0.01 -

May 15, 2015 15.12±0.09 14.50±0.01 -
Sep 2016 [27] 15.06±0.07 14.41±0.02 -
May 07, 2018 15.09±0.01 14.21±0.03 -
Jul 19, 2019 15.14±0.01 14.22±0.02 -

May 25, 2020 15.08±0.01 14.21±0.03 -
Jun 14, 2021 15.03±0.04 14.19±0.04 -
Aug 10, 2021 15.07±0.01 14.18±0.01 -
Aug 09, 2023 15.00±0.01 14.12±0.01 -

PK 38+12.1 1984-1987 [37] 12.30±0.05 12.49±0.05 -
Cn3-1 Jun 09, 2016 12.38±0.02 12.16±0.02 11.33±0.01

May 07, 2018 12.30±0.01 12.24±0.01 11.01±0.01
Aug 05, 2019 12.28±0.01 12.25±0.01 11.02±0.01
Apr 01, 2024 12.26±0.01 12.21±0.01 11.00±0.01

PK 55+2.3 1984-1987 [37] 17.70±0.35 16.70±0.35    -
He1-2 Aug 12, 2007 16.70±0.05 15.80±0.05 14.19±0.04

Sep 14, 2018 16.60±0.02 15.58±0.02 14.18±0.01
Jun 04, 2019 16.58±0.02 15.53±0.01 14.15±0.02
Sep 22, 2019 16.56±0.01 15.53±0.02 14.13±0.02

PK 89-2.1 1983 [36] 12.75±0.05 12.15±0.01 -
M1-77 1984-1985 [37] 12.70±0.05 12.10±0.01 -

Aug 09, 2007 12.94±0.03 12.15±0.01 11.29±0.01
Jun 21, 2012 12.65±0.02 11.83±0.02 11.17±0.01
Oct 03, 2013 12.84±0.01 12.11±0.01 11.34±0.01
Sep 01, 2014 12.96±0.01 12.23±0.01 11.40±0.01
Jul 15, 2015 12.91±0.01 12.23±0.01 11.38±0.01

Jul 08, 2018 12.81±0.01 12.10±0.01    -

Òàáëèöà 3 (Îêîí÷àíèå)
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HeI, â òî æå âðåìÿ ýìèññèîííûå ëèíèè [NII] è [SII] îñòàâàëèñü ñòàáèëüíûìè

â ïðåäåëàõ îøèáîê èçìåðåíèé.

Ïëàíåòàðíûå òóìàííîñòè Ì1-65 è Ñï3-1. Ýòè îáúåêòû òàêæå èìåþò

ñïåêòðû íèçêîãî âîçáóæäåíèÿ. Òåìïåðàòóðû öåíòðàëüíûõ çâåçä ðàâíû T (HI) =

35000 Ê è 28000 Ê, ñîîòâåòñòâåííî. Â ñïåêòðàõ Ì1-65 íàáëþäàåòñÿ óñèëåíèå

ïîòîêîâ èçëó÷åíèÿ âî âñåõ ýìèññèîííûõ ëèíèÿõ è óâåðåííîå óâåëè÷åíèå îòíî-

ñèòåëüíûõ èíòåíñèâíîñòåé ëèíèé [ÎIII]. Çíà÷åíèÿ  HF  â ñïåêòðå Cn 3-1

èìåþò áîëüøîé ðàçáðîñ (ðèñ.1) è òåíäåíöèÿ èõ èçìåíåíèé íå ïðîñìàòðèâàåòñÿ.

Â îáçîðå [12] íå îáíàðóæåíî èçìåíåíèé îòíîñèòåëüíûõ èíòåíñèâíîñòåé ëèíèé

[OIII]. Îäíàêî èõ ïîñòåïåííîå óâåëè÷åíèå (îò 20 äî 30) çàìåòíî íà ðèñ1.

Îáúåêò Ì1-77 ïðèíàäëåæèò ê òèïó "cool variable central star" Â ñïåêòðå

ïðèñóòñòâóþò ýìèññèîííûå ëèíèè HI, [OII], [NII], [SII], íàëîæåííûå íà

ñèëüíûé êîíòèíóóì. Ëèíèè HeI è [OIII] îòñóòñòâóþò èç-çà íèçêîé òåìïåðàòóðû

öåíòðàëüíîé çâåçäû (18000-20000Ê). Íàáëþäàåòñÿ çíà÷èòåëüíîå óâåëè÷åíèå

ïîòîêîâ èçëó÷åíèÿ. Çà 40 ëåò íàáëþäåíèé (1976-2016ãã.) ïîòîê èçëó÷åíèÿ â

ëèíèè H  óâåëè÷èëñÿ â 8 ðàç è ñòàáèëèçèðîâàëñÿ ëèøü â ïîñëåäíèå ãîäû.

Ðèñ.1. Àáñîëþòíûå ïîòîêè èçëó÷åíèÿ â ëèíèè H  è îòíîñèòåëüíûå èíòåíñèâíîñòè
ëèíèè [OIII], 5007 Å  â ñïåêòðàõ îáúåêòîâ íèçêîãî âîçáóæäåíèÿ. Îñü X - äàòà íàáëþäåíèé
â ãîäàõ, îñü Y - ïîòîê â øêàëå ýðã/ñì

2
ñ. Ðåçóëüòàòû, ïîëó÷åííûå â ÀÔÈÔ, îáîçíà÷åíû

êâàäðàòèêàìè. Òðåóãîëüíèêàìè îáîçíà÷åíû äàííûå äðóãèõ àâòîðîâ.
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Ñêîðåå âñåãî, óâåëè÷åíèå ïîòîêîâ áûëî âûçâàíî ïîñòåïåííûì ðàñøèðåíèåì

çîíû èîíèçîâàííîãî ãàçà. Ïðîöåññ ïðåêðàòèëñÿ, êîãäà îáîëî÷êà ñòàëà ïîëíîñòüþ

èîíèçîâàííîé.

Ïëàíåòàðíàÿ òóìàííîñòü He1-2. Åå ñïåêòð àíàëîãè÷åí ñïåêòðó ïðåäûäóùåãî

îáúåêòà. Òåìïåðàòóðà öåíòðàëüíîé çâåçäû T (HI) = 20000 K. Ýìèññèîííûå

ëèíèè [OIII] îòñóòñòâóþò. Èçìåíåíèÿ äðóãèõ ýìèññèîííûõ ëèíèé (â 1.5 ðàçà

çà ïåðèîä 1991-2018ãã.) íå ñòîëü âïå÷àòëÿþùèå, åñëè ñðàâíèâàòü ñ Ì1-77.

Ïîñëåäíèå ãîäû, íà÷èíàÿ ñ 2015ã., ïîòîêè îñòàâàëèñü íåèçìåííûìè.

Ïëàíåòàðíûå òóìàííîñòè Ì1-39 è Ì1-46. Îò÷åòëèâîå óñèëåíèå ïîòîêîâ

â ëèíèè H  âèäíî íà ðèñ.2. Â òî æå âðåìÿ èíòåíñèâíîñòè ïî÷òè âñåõ

ýìèññèîííûõ ëèíèé, íîðìèðîâàííûõ ê H , ìåíÿþòñÿ íåçíà÷èòåëüíî. Èíûìè

ñëîâàìè èçìåíåíèÿ ïîòîêîâ â ýòèõ ëèíèÿõ ïðîèñõîäÿò ñèíõðîííî ñ ïîòîêàìè

â H , òîëüêî ëèíèè [OIII] óñèëèâàþòñÿ áûñòðåå.

Ðèñ.2. Àáñîëþòíûå ïîòîêè èçëó÷åíèÿ â ëèíèè H  è îòíîñèòåëüíûå èíòåíñèâíîñòè

ëèíèè [OIII], 5007 Å  â ñïåêòðàõ îáúåêòîâ óìåðåííîãî âîçáóæäåíèÿ. Îñü X - äàòà íàáëþäåíèé
â ãîäàõ, îñü Y - ïîòîê â øêàëå ýðã/ñì

2
ñ. Îáîçíà÷åíèÿ òàêèå æå êàê íà ðèñ.1.
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Ïëàíåòàðíàÿ òóìàííîñòü Ì1-6. Ýòîò îáúåêò òàêæå îòíîñèòñÿ ê îáúåêòàì

íèçêîãî âîçáóæäåíèÿ. Öåíòðàëüíàÿ çâåçäà èìååò â ñïåêòðå ñëàáûå ýìèññèîííûå

ëèíèè [21]. Íàáëþäåíèÿ Ì1-6 íà÷àëèñü â 70-õ ãîäàõ ïðîøëîãî ñòîëåòèÿ. Íà

ïðîòÿæåíèè áîëåå 40 ëåò ðåãèñòðèðîâàëîñü íåïðåðûâíîå óâåëè÷åíèå îòíîñè-

òåëüíûõ èíòåíñèâíîñòåé ëèíèé [OIII]. Â 2014-2016ãã. ïðîèçîøëî îñëàáëåíèå

âñåõ ýìèññèîííûõ ëèíèé, â òîì ÷èñëå ëèíèé âîäîðîäà (ðèñ.2) è íåáîëüøîå

ïîíèæåíèå áëåñêà îáúåêòà (òàáë.3).

Ïëàíåòàðíûå òóìàííîñòè Ì1-61 è Ì1-9. Â ñïåêòðå Ì1-61 íàáëþäàþòñÿ

íåáîëüøèå èçìåíåíèÿ ïîòîêà â ëèíèè H  è èíòåíñèâíîñòè 5007 Å ,

íîðìèðîâàííîé ê H . Â ñïåêòðå Ì1-9 ïîòîêè â ëèíèè H  íåçíà÷èòåëüíî

óñèëèâàþòñÿ, à îòíîñèòåëüíûå èíòåíñèâíîñòè îñòàëüíûõ ýìèññèîííûõ ëèíèé

íå ìåíÿþòñÿ.

Ñïåêòðû îñòàëüíûõ îáúåêòîâ íå ïîêàçàëè íèêàêèõ èçìåíåíèé íà ïðîòÿ-

æåíèè âñåãî ïåðèîäà íàáëþäåíèé.

5. Îáñóæäåíèå. Îñíîâíûå õàðàêòåðèñòèêè îáúåêòîâ ïðèâåäåíû â òàáë.4:

óãëîâûå ðàçìåðû èç ðàáîòû [22], ðàññòîÿíèÿ [23], ýëåêòðîííûå ïëîòíîñòè,

Ðèñ.3. Àáñîëþòíûå ïîòîêè èçëó÷åíèÿ â ëèíèè H  è îòíîñèòåëüíûå èíòåíñèâíîñòè
ëèíèè [OIII], 5007 Å  â ñïåêòðàõ îáúåêòîâ âûñîêîãî âîçáóæäåíèÿ. Îñü X - äàòà íàáëþäåíèé

â ãîäàõ, îñü Y - ïîòîê â øêàëå ýðã/ñì
2
ñ. Îáîçíà÷åíèÿ òàêèå æå êàê íà ðèñ.1.
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ðàññ÷èòàííûå ïî îòíîøåíèÿì èíòåíñèâíîñòåé ëèíèé [SII] 6717, 6731 Å .

Ýôôåêòèâíûå òåìïåðàòóðû öåíòðàëüíûõ çâåçä îöåíèâàëèñü ìåòîäîì Çàíñòðà

äëÿ ëèíèé HI è ýìïèðè÷åñêèì ìåòîäîì Êàëåðà [24]. Ñîäåðæàíèå îñòàëüíûõ

ñòîëáöîâ îòíîñèòñÿ ê ìîäåëÿì è áóäåò îïèñàíî íèæå. Â ñïåêòðàõ áîëüøèíñòâà

îáúåêòîâ íàáëþäàåòñÿ ïîñòåïåííîå óâåëè÷åíèå èíòåíñèâíîñòè ëèíèè 5007 Å

(ðèñ.1-3). Áîëüøîé ðàçáðîñ äàííûõ, âçÿòûõ èç ëèòåðàòóðû, ìîæåò áûòü ñâÿçàí

ñ ðàçëè÷íîé øèðèíîé âõîäíîé ùåëè (îò 2" äî 8"), èñïîëüçóåìîé ðàçíûìè

Ðèñ.4. Ñêîðîñòü èçìåíåíèÿ ñòåïåíè âîçáóæäåíèÿ òóìàííîñòåé â çàâèñèìîñòè îò òåìïå-
ðàòóðû öåíòðàëüíîé çâåçäû. Îñü X - ïàðàìåòð P, îñü Y - logT.

P

0.00
4.4 4.5 4.6 4.7 4.8 4.9

logT

0.01

0.02
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íàáëþäàòåëÿìè. Ìû ðàññ÷èòàëè ïàðàìåòð P - ñêîðîñòü èçìåíåíèÿ íîðìèðîâàííîé

èíòåíñèâíîñòè ëèíèè 5007 Å  â îáúåêòàõ ðàçëè÷íîé ñòåïåíè âîçáóæäåíèÿ.

   
 

, 
5007

50075007 0

tI

II
P

aver

n






ãäå  nI 5007  è  05007I  - èíòåíñèâíîñòè ëèíèè 5007Å  â êîíöå è â íà÷àëå

íàáëþäåíèé,  averI 5007  - ñðåäíåå çíà÷åíèå èíòåíñèâíîñòè çà ïåðèîä íàáëþ-

äåíèé, t  -êîëè÷åñòâî ëåò. Íà ðèñ.4 îñü Y ïðåäñòàâëÿåò ïàðàìåòð P, îñü X -

log(T ). Ìàêñèìàëüíûå èçìåíåíèÿ ïàðàìåòðà P, ò.å. ñòåïåíè âîçáóæäåíèÿ ãàçà,

ïðîèñõîäÿò â îáúåêòàõ ñ íèçêèìè òåìïåðàòóðàìè öåíòðàëüíûõ çâåçä - ãðóïïà

îáúåêòîâ, ðàñïîëîæåííûõ â âåðõíåì ëåâîì óãëó ãðàôèêà (ðèñ.4). Ýòî íàèáîëåå

ìîëîäûå ïëàíåòàðíûå òóìàííîñòè â íàøåé ãðóïïå ñ ðàçìåðàìè ìåíüøå 0.07 ïê,

âåðîÿòíî, îíè ýâîëþöèîíèðóþò áûñòðåå ïî ñðàâíåíèþ ñ áîëåå âîçðàñòíûìè

ïðåäñòàâèòåëÿìè ýòîãî êëàññà. Ìû âîñïîëüçîâàëèñü ðåçóëüòàòàìè ðàñ÷åòîâ ðàáîòû

[16]. Ìîäåëè äëÿ íàøèõ îáúåêòîâ âûáèðàëèñü ïî íà÷àëüíûì è êîíå÷íûì

çíà÷åíèÿì òåìïåðàòóðû çâåçäû è âðåìåíè íàáëþäåíèé â ãîäàõ (7-9 ñòîëáöû

òàáë.4). Â 10-ì ñòîëáöå ïðèâîäÿòñÿ ñîîòâåòñòâóþùèå âðåìåííûå ïðîìåæóòêè,

ðàññ÷èòàííûå â ìîäåëÿõ. Èõ íîìåðà óêàçàíû â ñòîëáöå 11. Äëÿ íàøèõ íàèáîëåå

ìîëîäûõ îáúåêòîâ: Ì1-5, Ì1-6, Ì1-11, Ì1-12, Ì1-39, ïîäîøëè ìîäåëè ñ

íà÷àëüíîé ìàññîé çâåçäû 1.0-1.25 M . Åùå îäíà ìîëîäàÿ òóìàííîñòü Ì1-61

ïðè òîé æå ñêîðîñòè èçìåíåíèÿ ñòåïåíè âîçáóæäåíèÿ äîñòèãëà áîëåå âûñîêèõ

Îáúåêò 2R D 2R   Ne[SII] T(HI) T
0
 [OIII] T

1 
[OIII]

obs
t

omod
t   Model Age

(") (kpc) (pc) 10-4 10-4 10-4 (years) (years) [16] year

M1-6 5 2.65 0.06 (3.5±0.5)x104 3.3±0.06 2.95±0.07 3.10±0.07 35 30 ¹2


M.M 251 525

M1-11 St 2.12 <0.01 (2.7±0.3)x104 2.7±0.01 2.69±0.07 2.71±0.07 32 32 ¹3


M.M 251 2160

M1-12 St 3.75 <0.01 (2.9±0.7)x104 2.7±0.03 2.71±0.03 2.75±0.03 45 43 ¹3


M.M 251 2170

M1-39 5 2.69 0.07 (2.9±0.2)x104 2.8±0.03 2.80±0.03 2.84±0.03 34 36 ¹3


M.M 251 2250

M1-46 11 3.78 0.20 (3.3±0.2)x104 2.8±0.03 2.78±0.02 2.85±0.02 31 34 ¹1


MM 1 1000

M1-65 3.6 6.54 0.11 (2.1±0.1)x104 3.0±0.05 2.71±0.01 2.73±0.01 50 39 ¹4


MM 1 5060

Cn3-1 4.5 3.58 0.08 (2.4±0.1)x104 2.7±0.01 2.71±0.01 2.73±0.01 51 63 ¹4


MM 1 5060

He1-2 5.4 6.17 0.16 (2.2±0.5)x104 2.0±0.02   -   - - -    - -

M1-77 7.0 5.50 0.18 (1.0±0.1)x104 1.8±0.03   -   - - -    - -

M1-9 4.8 4.88 0.11 (4.3±0.3)x103 4.1±0.02 4.32±0.04 4.39±0.04 40 -    - -

M1-5 2.5 2.92 0.03 (2.9±0.6)x104 4.0±0.01 3.74±0.02 3.78±0.02 37 36 ¹4


MM 1 7500

Vy1-1 5.2 6.19 0.16 (3.4±0.6)x103 3.0±0.03 4.64±0.06 5.10±0.06 37 35 ¹2


M.M 71 550

M1-61 St 2.37 <0.01 (1.0±0.1)x105 3.8±0.01 5.49±0.02 6.11±0.02 38 38 ¹4


M.M 22 300

Hu1-1 5.0 4.70 0.11 (4.0±0.5)x103 4.0±0.01 6.40±0.02 6.44±0.02 40 33 ¹3


MM 2 730

PC 12 4.6 6.22 0.14 (4.3±0.5)x103 4.0±0.03 3.55±0.05 3.65±0.05 45 46 ¹1


MM 1 1380

Òàáëèöà 4

ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÈÑÑËÅÄÓÅÌÛÕ ÏËÀÍÅÒÀÐÍÛÕ

ÒÓÌÀÍÍÎÑÒÅÉ
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òåìïåðàòóð. Ýòî âîçìîæíî, åñëè åå çâåçäà èìååò áîëüøóþ íà÷àëüíóþ ìàññó

(òàáë.4).

Òàêèì îáðàçîì, ìîæíî ñäåëàòü âûâîä î òîì, ÷òî óñêîðåííàÿ ýâîëþöèÿ

öåíòðàëüíûõ çâåçä â öåëîì íåïëîõî îáúÿñíÿåò íàáëþäàåìûå äàííûå. Èíûìè

ñëîâàìè îñíîâíûì èñòî÷íèêîì ñïåêòðàëüíûõ èçìåíåíèé ÿâëÿåòñÿ ïîâûøåíèå

òåìïåðàòóðû öåíòðàëüíûõ çâåçä. Åñëè ýëåêòðîííàÿ ïëîòíîñòü â çîíàõ ôîðìè-

ðîâàíèÿ ëèíèé [OIII] áëèçêà ê êðèòè÷åñêîìó çíà÷åíèþ ( 65 10105 ~ ñì-3), òî

íåáîëüøèå èçìåíåíèÿ ïëîòíîñòè, ñâÿçàííûå ñ ðàñøèðåíèåì îáîëî÷êè, ìîãóò

ïðèâåñòè ê äîïîëíèòåëüíîìó óñèëåíèþ ýòèõ ëèíèé.

 Íåêîòîðûå ïëàíåòàðíûå òóìàííîñòè èç íàøåãî ñïèñêà äåìîíñòðèðóþò

íåñêîëüêî íåîáû÷íîå ïîâåäåíèå ýìèññèîííûõ ëèíèé. Òàê, â ñïåêòðå Ì1-6

ñ 2014ã. èçëó÷åíèå îñëàáåâàåò âî âñåõ ëèíèÿõ, âêëþ÷àÿ ëèíèè HI (ðèñ.2).

Ïîòîêè èçëó÷åíèÿ â ëèíèÿõ [OIII] òàêæå óìåíüøàëèñü, íî ìåäëåííåå, ÷åì

â H , ïîýòîìó òåíäåíöèÿ ê óâåëè÷åíèþ íîðìèðîâàííûõ çíà÷åíèé ñîõðàíÿëàñü.

Ïðè ýòîì íàáëþäàëîñü ïîíèæåíèå ÿðêîñòè îáúåêòà â îïòè÷åñêèõ ôèëüòðàõ.

Âîçìîæíî, âñå ýòè ýôôåêòû ñâÿçàíû ñ îñëàáëåíèåì èîíèçóþùåãî ïîòîêà

öåíòðàëüíîé çâåçäû, âûçâàííûì åå ÷àñòè÷íûì ýêðàíèðîâàíèåì êàêèì-òî

ïëîòíûì ôðàãìåíòîì ãàçà â îáîëî÷êå.

Èññëåäîâàíèå ôèíàíñèðóåòñÿ Êîìèòåòîì íàóêè Ìèíèñòåðñòâà íàóêè è

âûñøåãî îáðàçîâàíèÿ Ðåñïóáëèêè Êàçàõñòàí (ïðîãðàììà ¹ BR20280974).

Àñòðîôèçè÷åñêèé Èíñòèòóò èì. Â.Ã.Ôåñåíêîâà, Àëìàòû, Êàçàõñòàí,

e-mail: lu_kondr@mail.ru

VARIABILITY OF PLANETARY NEBULAE. RESULTS OF
THE LONG-TERM OBSERVATIONS

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

The results of spectroscopic and photometric observations of 14 compact

planetary nebulae are presented. The observations were carried out at the Fesenkov

Astrophysical Institute (Republic of Kazakhstan) since 1973 Our goal was to obtain

data on the variability of our objects over long-time intervals. The intensities of

the [OIII] lines normalized to H  intensity were used as a criterion for

determining the excitation degree of gas in the nebula. Analysis of data obtained

over 40-50 years showed significant changes in the spectra of the most of our
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objects, most likely associated with an increase of the temperature of the central

stars and/or with a change in the internal structure of the envelopes.

Keywords: planetary nebulae: evolution of the central stars: photometry: spectro-

     photometry
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