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Ñïåêòð êîìåòû C/2009 P1 (Garradd) â îïòè÷åñêîì
äèàïàçîíå äëèí âîëí

Âûïîëíåí àíàëèç ñïåêòðîâ óìåðåííîãî ðàçðåøåíèÿ â äèàïàçîíå ll =
= 380...540 íì, ïîëó÷åííûõ äëÿ êîìåòû C/2009 P1 (Garradd), êîãäà îíà 
íàõîäèëàñü íà ðàññòîÿíèè 1.96 à. å. îò Ñîëíöà è 1.36 à. å. îò Çåìëè.
Íàáëþäåíèÿ ïðîâîäèëèñü â ïåðâè÷íîì ôîêóñå 6-ì òåëåñêîïà ÁÒÀ
(ÑÀÎ ÐÀÍ) ñ èñïîëüçîâàíèåì ôîêàëüíîãî ðåäóêòîðà SCORPIO.
Îòîæ äåñòâëåíû ýìèññèè ìîëåêóë C2, C3, CN, NH2, CH, CH+ è CO+ â
êîìå êîìåòû. Âñåãî çàðåãèñòðèðîâàíî 148 ýìèññèîííûõ äåòàëåé. Ãà -
çîïðîèçâîäèòåëüíîñòü ìîëåêóë îïðåäåëåíà ñ ïîìîùüþ ìîäåëè Õàçå -
ðà. Îòíîøåíèÿ ãàçîïðîèçâîäèòåëüíîñòåé ðàâíû lg[Q(C2)/Q(CN)] =
= 0.26 è lg[Q(C3)/Q(CN)] = -1.09. Ãàçîïðîèçâîäèòåëüíîñòü ìîëåêóëû
Ñ2 ñîñòàâëÿåò 4.84·1026 ìîë/ñ, à Ñ3 — 2.16·1025 ìîë/ñ.

ÑÏÅÊÒÐ ÊÎÌÅÒÈ C/2009 P1(GARRADD) Â ÎÏÒÈ×ÍÎÌÓ Ä²ÀÏÀ ÇÎ -
Í² ÄÎÂÆÈÍ ÕÂÈËÜ, Øóá³íà Î. Ñ., Êîðñóí Ï. Ï., Àôàíàñüºâ Â. Ë. —
Âèêîíàíî àíàë³ç ñïåêòð³â ïîì³ðíîãî ðîçä³ëåííÿ â ä³àïàçîí³ ll =
= 380...540 íì, îòðèìàíèõ äëÿ êîìåòè C/2009 P1 (Gar radd), êîëè âîíà
ïåðåáóâàëà íà â³äñòàí³ 1.96 à. î. â³ä Ñîíöÿ ³ 1.36 à. î. â³ä Çåìë³.
Ñïîñòåðåæåííÿ ïðîâåäåíî ó ïåðâèííîìó ôîêóñ³ 6-ì òåëåñêîïà ÁÒÀ
(ÑÀÎ ÐÀÍ) ç âèêîðèñòàííÿì ôîêàëüíîãî ðåäóêòîðà SCORPIO.
Îòîòîæíåíî åì³ñ³¿ ìîëåêóë C2, C3, CN, NH2, CH, CH+ ³ CO+ ó êîì³
êîìåòè. Óñüîãî çàðåºñòðîâàíî 148 åì³ñ³éíèõ äåòàëåé. Ãàçîïðî -
äóêòèâí³ñòü ìîëåêóë âèçíà÷åíî çà äîïîìîãîþ ìîäåë³ Õàçåðà. Â³äíî -
øåííÿ ãàçîïðîäóêòèâíîñòåé äîð³âíþþòü lg[Q(C2)/Q(CN)] = 0.26 ³
lg[Q(C3)/Q(CN)] = -1.09. Ãàçîïðîäóêòèâí³ñòü ìîëåêóëè Ñ2 ñêëà äàº
4.84·1026 ìîë/ñ, à Ñ3 — 2.16·1025 ìîë/ñ.
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THE SPECTRUM OF COMET C/2009 P1 (GARRADD) IN OPTICAL
WAVELENGTH REGION, by Shubina O. S., Korsun P. P., Afanasiev V. L. –
An analysis of medium resolution spectra with ll =380...540 nm for comet
C/2009 P1 (Garradd) was carried out. The observations of the comet were
made on 21 March 2012, when it was at  heliocentric and geocentric
distances of 1.96 AU and 1.36 AU, respectively. The SCORPIO focal
reducer attached to the prime focus of the 6-m BTA telescope was used.
Emission features of the C2, C3, CN, NH2, CH, CH+, and CO+ species  in the
cometary coma were identified. The total number of the detected emission
features was 148. The gas production rates of the C2, C3, and CN radicals
were derived using the Haser model. The lg[Q(C2)/Q(CN)] and
lg[Q(C3)/Q(CN)] gas production ratio was equal to 0.26 and –1.09,
respectively. The gas production was 4.84·1026 mol/s for C2 molecule and
2.16·1025 mol/s for C3 molecule.

ÂÂÅÄÅÍÈÅ

Êîìåòà C/2009 P1 (Garradd) áûëà îòêðûòà Äæ. Ãàððàääîì (îáñåðâà -
òîðèÿ Ñàéäèíã-Ñïðèíã, Àâñòðàëèÿ) 13 àâãóñòà 2009 ã. [14]. Ýëåìåíòû
îðáèòû êîìåòû, â ÷àñòíîñòè çíà÷åíèå ýêñöåíòðèñèòåòà ðàâíîå 1.001,
ñâèäåòåëüñòâóþò, ÷òî îíà ïðèíàäëåæèò ê ñåìåéñòâó äèíàìè÷åñêè íî -
âûõ êîìåò. Â òå÷åíèå âñåãî âðåìåíè ñ ìîìåíòà îòêðûòèÿ êîìåòà
C/2009 P1 (Garradd) èíòåíñèâíî íàáëþäàëàñü ñ èñïîëüçîâàíèåì ðàç -
íûõ ìåòîäîâ.

Õàäàì÷èê è äð. â ðàáîòå [15] ïðîâîäèëè èññëåäîâàíèÿ ïûëåâîé êî -
ìû êîìåòû ñ ïîìîùüþ ïîëÿðèìåòðè÷åñêèõ ìåòîäîâ. Àíàëèçèðîâà -
ëèñü äàííûå, ïîëó÷åííûå â ðåçóëüòàòå ïÿòè äèñêðåòíûõ íàáëþäåíèé
(21—22, 26 îêòÿáðÿ 2011 ã., 22—25 ÿíâàðÿ, 18—20 ôåâðàëÿ è 17—20
ìàðòà 2012 ã.) ñ èñïîëüçîâàíèåì ñâåòîôèëüòðîâ BC (l 0  = 443 íì, Dl =
= 4 íì), RC (l 0  = 684 íì, Dl = 9 íì), êðàñíîãî (l 0  = 630 íì, Dl =
= 120 íì) è èíôðàêðàñíîãî (l 0  = 900 íì, Dl = 300 íì). Îïðåäåëåíî, ÷òî 
êîìà èìååò ïî÷òè êðóãîâóþ ôîðìó. Åå äèàìåòð ñîñòàâëÿåò 25000 êì
îòíî ñèòåëüíî îïòè÷åñêîãî öåíòðà. Çíà÷åíèå ëèíåéíîé ïîëÿðèçàöèè â
áëè æ íåé ÈÊ-îáëàñòè äëÿ öåíòðàëüíîé ÷àñòè êîìû ñîñòàâëÿëî 4.0 ±
± 0.3 %, äèàìåòð àïåðòóðû ñîñòàâëÿë 12000 êì. Óñòàíîâëåíî, ÷òî íà
ëîêàëüíîì óðîâíå ýòî çíà÷åíèå îñòàåòñÿ ïîñòîÿííûì.

Ãðóïïà Òàíèãàâû â ðàáîòå [28] ïðîâîäèëà ôîòîìåòðè÷åñêèå èññëå -
äîâàíèÿ êîìåòû â øèðîêîïîëîñíûõ BVRI-ïîëîñàõ ñ ñåíòÿáðÿ ïî íî ÿ -
áðü 2011 ã. Ïî èõ äàííûì çâåçäíàÿ âåëè÷èíà â V-ïîëîñå âàðüèðîâàëà â
çàâèñèìîñòè îò äàòû. Ïîêàçàòåëè öâåòà B - V è V - R ñîñòàâèëè 0.88 è
0.55 ñîîòâåòñòâåííî. 

Ñèòêî è äð. â ðàáîòå [27] ïðèâîäÿò ðåçóëüòàòû ñïåêòðîôîòîìåòðèè 
êîìåòû, ïîëó÷åííûå çà òðè äàòû (28—30 èþëÿ, 15 è 18 îêòÿáðÿ 2011 ã., 
27 ìàðòà 2012 ã.), êîòîðûå îõâàòûâàþò øèðîêèé êðóã ãåëèî- è ãåî -
öåíò ðè÷íûõ ðàññòîÿíèé. Îêàçàëîñü, ÷òî çíà÷åíèå àëüáåäî äëÿ äàííîãî 
îáúåêòà ÿâëÿåòñÿ íåìíîãî ìåíüøå, ÷åì ó áîëü øèíñòâà êîìåò íà òàêèõ



æå ôàçîâûõ óãëàõ. Àâòîðû ñâÿçàëè ýòîò ôàêò ñ òåì, ÷òî äèàìåòð äèà -
ôðàã ìû (4.0²) áûë ìåíüøèì, ÷åì â äðóãèõ ïîäîáíûõ èñ ñëå äîâàíèÿõ.

Ñäåëàííûå ñ ïîìîùüþ êîñìè÷åñêîãî òåëåñêîïà Õàááëà óëüòðà ôè -
î ëåòîâûå èññëåäîâàíèÿ êîìåòû Ãàððàää, êîòîðàÿ ïåðåáûâàëà íà ãå -
ëèî öåíòðè÷åñêîì ðàññòîÿíèè 1.59 à. å., àíàëèçèðîâàëè Ôåëäìàí è äð.
â ðàáîòå [12]. Àêöåíòèðîâàëîñü âíèìàíèå íà ñîîòíîøåíèè CO/H2O,
êî òî ðîå ñîñòàâëÿåò ïðèìåðíî 20 % ïðè ãàçîïðîèçâî äè òåëü íîñ òè ñà -
ìîé ìîëåêóëû Q(H2O) » 1029 ìîë/ñ. Ïîñêîëüêó ýòà îöåíêà ñëåãêà ïðå -
âû øàåò îïðåäåëåííîå ðàíåå çíà÷åíèå, äàííóþ êîìåòó ñëåäóåò îòíî -
ñèòü ê êëàññó CO-íàñûùåííûõ.

Èñïîëüçóÿ äàííûå óëüòðàôèîëåòîâûõ øèðîêîïîëîñíûõ íàáëþ äå -
íèé, âûïîëíåííûõ êîñìè÷åñêèì àïïàðàòîì SWIFT, Áîäåâèö è äð. [8]
èçó÷àëè ïðîäîëæèòåëüíóþ àêòèâíîñòü êîìåòû C/2009 P1. Íà ðàñ ñòîÿ -
íèè 8.5 à. å. îò Ñîëíöà ó íå¸ áûëà õîðîøî ðàçâèòà ïûëåâàÿ êîìà, íà
ðàññòîÿíèè 3.5 à. å. âûáðîñ ïûëè è ãàçà ñîñòàâèë íåñêîëüêî òîíí çà ñå -
êóí äó è óâåëè÷èâàëñÿ äî ðàññòîÿíèÿ 2.5 à. å. Òàêæå îòìå÷åíî óâåëè ÷å -
íèå èñòå÷åíèÿ OH èç êîìåòû.

ÌàêÊåé è äð. â ðàáîòå [22] èçó÷àëè ñîäåðæàíèå àòîìîâ êèñëîðîäà
â êîìåòàõ 103P/Hartley è C/2009 P1, ñðàâíèâàÿ ïîòîêè â ïîëîñàõ CO2 è
H2O â ñïåêòðàëüíîì äèàïàçîíå l = 350...1000 íì. Ïîêàçàíî, ÷òî äàí -
íûå êîìåòû åñòü CO2-îáîãàùåííûìè, è ÷òî ïðè óìåíüøåíèè ãåëèî -
öåíò ðè÷åñêîãî ðàññòîÿíèÿ îòíîøåíèå CO2/H2O óìåíüøàåòñÿ, ïî -
ñêîëü êó ñêîðîñòü ñóáëèìàöèè H2O óâåëè÷èâàåòñÿ áûñòðåå, ÷åì ñî îò -
âåò ñòâóþùàÿ ñêîðîñòü äëÿ CO2.

Èíôðàêðàñíûå èññëåäîâàíèÿ êîìåòû C/2009 P1, êîòîðàÿ áûëà íà
ãåî öåíòðè÷åñêîì ðàññòîÿíèè 2.1 à. å., ñ èñïîëüçîâàíèåì ñïåêò ðî ìåò -
ðîâ âûñîêîé ðàçðåøàþùåé ñïîñîáíîñòè ïðîâîäèëè Âèëëàíóýâà è äð. â 
ðàáîòå [29]. Çàðåãèñòðèðîâàíû ñèëüíûå ýìèññèè H2O, CO, CH4 è HCN,
à òàêæå — íà âåðõíåì ïðåäåëå ÷óâñòâèòåëüíîñòè ïðèáîðîâ — ýìèññèè 
C2H6, C2H2, NH3 è HC3N. Ðàññ÷èòàíû ïðîñòðàíñòâåííûå ïðîôèëè äëÿ
ìîëåêóë H2O, CH4 è HCN. Èñõîäÿ èç ýòèõ ðåçóëüòàòîâ, óêàçàíî íà èç -
áû òîê âîäû â íàïðàâëåíèè íà Ñîëíöå.

Ïîõîæèå íà ïðåäûäóùèå ðåçóëüòàòû ïîëó÷èëè Áîèñ è äð. â ðàáîòå 
[7] ïðè íàáëþäåíèÿõ â ÈÊ-äèàïàçîíå. Êîìåòà èçó÷àëàñü ñ ïîìîùüþ
òå ëåñêîïà Êåêà 9 è 10 ÿíâàðÿ, 1 ôåâðàëÿ è 4 àïðåëÿ 2012 ã., êîãäà îíà
ïðî ø ëà ïåðèãåëèé. Áûëè çàðåãèñòðèðîâàíû ñëåäóþùèå ðîäèòåëüñêèå
ìî ëåêóëû: H2O, HCN, C2H2, NH3, H2CO, CH3OH, CH4 è C2H6.

Áèâåð è äð. â ðàáîòå [6] ïðîâîäèëè ìîëåêóëÿðíûå èññëåäîâàíèÿ
êîìåòû â ìèëëèìåòðîâîì è ñóáìèëëèìåòðîâîì äèàïàçîíàõ äëèí âîëí. 
Çàðåãèñòðèðîâàíû ìîëåêóëÿðíûå ýìèññèè CO, CH3OH, H2CO, H2S,
HCN, CS, CH3CN, HNC, HNCO, H13CN, HCO. Â ðåçóëüòàòå àíàëèçà
ðàñ ïðåäåëåíèÿ è ãàçîïðîèçâîäèòåëüíîñòè ìîëåêóë âû÷èñëåíî ñîäåð -
æà íèå äàííûõ âåùåñòâ: H2O : CO : CH3OH : H2CO : H2S : CN : CS :
CH3CN : HNC = 100 : 10 : 1.6 : 0.3 : 0.5 : 0.11 : 0.04 : 0.011 : 0.0025.

Â ðàáîòå Ôàðíõàì è äð. [11] àíàëèçèðóþòñÿ äàííûå, ïîëó÷åííûå ñ
20 ôåâðàëÿ ïî 7 ìàðòà 2012 ã. ñ äîïîëíèòåëüíûìè íàáëþäåíèÿìè ñ
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25 ìàðòà ïî 8 àïðåëÿ 2012 ã. â øèðîêîïîëîñíîì ôèëüòðå è êîìåòíûõ
ôèëüò ðàõ (CN, OH, C2), êîãäà êîìåòà áûëà íà ðàññòîÿíèè ïîðÿäêà
1.9 à. å. îò Ñîëíöà. Îäíèì èç ðåçóëüòàòîâ ñòàëî îïðåäåëåíèå ôîòî ìåò -
ðè ÷åñêîãî ïàðàìåòðà Afr è ãàçîïðîèçâîäèòåëüíîñòè ìîëåêóë CN è OH. 
Ñðåäíèå çíà÷åíèÿ ãàçîïðîèçâîäèòåëüíîñòè, ïîëó÷åííûå äëÿ àïåðòó -
ðû 50² íà 23 ôåâðàëÿ, 6 ìàðòà, 6 àïðåëÿ, ñîñòàâëÿþò 2.3·1028, 1.9·1028 è
1.4·1028 ìîë/ñ äëÿ OH è 3.2·1026, 2.7·1026 è 1.5·1026 ìîë/ñ äëÿ CN.
Çíà÷åíèÿ ïàðàìåòðà Afr äëÿ ýòèõ äàò ñîñòàâëÿþò 3657, 3270 è 2946 ñì
(±5 %) ñîîòâåòñòâåííî.

Èòàê, èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî êîìåòà C/2009 P1 (Garradd)
îáîãàùåíà ìîëåêóëàìè CO.

ÍÀÁËÞÄÅÍÈß

Íàáëþäåíèÿ êîìåòû C/2009 P1 (Garradd) áûëè ïðîâåäåíû ñ 20 íà
21 ìàðòà 2012 ã. ñ ïîìîùüþ 6-ì òåëåñêîïà ÁÒÀ (Ñïåöèàëüíàÿ àñòðî -
ôè çè÷åñêàÿ îáñåðâàòîðèÿ ÐÀÍ). Íà ìîìåíò íàáëþäåíèé êîìåòà ïðî -
øëà ïåðèãåëèé è íàõîäèëàñü íà ðàññòîÿíèè 1.96 à. å. îò Ñîëíöà è
1.36 à. å. îò Çåìëè, à åå èíòåãðàëüíàÿ çâåçäíàÿ âåëè÷èíà áûëà ðàâíà
10.0m. Äàííûå ïîëó÷åíû ñ ïîìîùüþ óíèâåðñàëüíîãî ðåäóêòîðà ñâå òî -
ñè ëû SCOR PIO [2], óñòàíîâëåííîãî â ïåðâè÷íîì ôîêóñå òåëåñêîïà. Â
êà ÷åñòâå ïðèåìíèêà èñïîëüçîâàëàñü ÏÇÑ-ìàòðèöà EEVCCD42-40.
Ðàç ìåð ìàòðèöû ñîñòàâëÿåò 2048´2048 ïêë, à ðàçìåð îäíîãî ïèêñåëÿ
— 16´16 ìêì (6.1¢´6.1¢ è 0.18²´0.18² ñîîòâåòñòâåííî). Ñïåêòðàëüíûå
íàáëþäåíèÿ êîìåòû áûëè ïðîâåäåíû â ðåæèìå «äëèííàÿ ùåëü». Ïðè
ýòîì øèðèíà ùåëè ñîñòàâëÿëà 0.5². Ñ èñïîëüçîâàíèåì ñïåêòðàëüíîé
ðåøåòêè VPHG 1200B ïîëó÷åíî äåâÿòü äâóìåðíûõ ñïåêòðîâ êîìåòû â
ñïåêòðàëüíîì èíòåðâàëå  l l 380—540 íì. Ðàçðåøàþùàÿ ñïîñîáíîñòü
ïî ëó÷åííûõ ñïåêòðîâ ñîñòàâëÿåò 0.15 íì, ýêñïîçèöèÿ — 300 ñ. Â
òàáë. 1 ïðèâåäåíû äàòû íàáëþäåíèé è çåíèòíûå ðàññòîÿíèÿ.

Íåîáõîäèìî îòìåòèòü, ÷òî â ïåðèîä íàáëþäåíèé ïîãîäíûå óñëî -
âèÿ íå áûëè áåçóïðå÷íî ôîòîìåòðè÷åñêèìè, ïîýòîìó âñå íàøè èçìå -
ðå íèÿ ïðîâîäèëèñü â îòíîñèòåëüíîé øêàëå èíòåíñèâíîñòåé. 
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Íîìåð Äàòà, ìàðò 2012 ã. (UT) z, ãðàä

1 20.9882 36.5
2 20.9922 37.1
3 20.9963 37.7
4 21.0012 38.4
5 21.0060 39.1
6 21.0112 39.8
7 21.0161 40.5
8 21.0205 41.1
9 21.0542 46.0

Òàáëèöà 1. Æóðíàë íàáëþäåíèÿ êîìåòû C/2009 P1 (Garradd)



ÎÁÐÀÁÎÒÊÀ ÄÀÍÍÛÕ

Ïåðâè÷íûå ðåäóêöèè, êîòîðûå âêëþ÷àþò â ñåáÿ âû÷èòàíèå ýëåêòðîí -
íî ãî ñìåùåíèÿ, êîððåêöèþ çà ïëîñêîå ïîëå, êîìïåíñàöèþ ïðî ñòðàí -
ñò âåííîé êðèâèçíû ñïåêòðàëüíûõ ëèíèé, ïðèâÿçêó ê äëèíàì âîëí è
ïðåä ñòàâëåíèå äàííûõ ñ ðàâíîìåðíûì øàãîì ïî øêàëå äëèí âîëí,
ñäå ëàíû ñ ïîìîùüþ ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ, ðàçðà -
áî òàííîãî â Ñïåöèàëüíîé àñòðîôèçè÷åñêîé îáñåðâàòîðèè Ðîññèéñêîé
àêà äåìèè íàóê.

Äëÿ îöåíêè óðîâíÿ ñïåêòðà íî÷íîãî íåáà èñïîëüçîâàí ñïåêòð íåáà, 
êîòîðûé íàáëþäàåòñÿ íà êàäðàõ ñ èçîáðàæåíèåì çâåçäû-ñòàíäàðòà.

Íàáëþäåííûå ñïåêòðû çâåçäû-ñòàíäàðòà BD33d2642 [23] èñïîëü -
çî âà ëèñü äëÿ ó÷åòà âëèÿíèÿ àòìîñôåðû è ÷óâñòâèòåëüíîñòè ïðèåì íè -
êà: 

F F
I

I
pc st

c

st

M= -( )
( )

( )
( )l

l

l
lD , (1)

ãäå Fc è Fst — âíåàòìîñôåðíûå çíà÷åíèÿ ïîòîêîâ îò êîìåòû è çâåç äû-
 ñòàí äàðòà ñîîòâåòñòâåííî, Ic è Ist — íàáëþäåííûå çíà÷åíèÿ îò êîìåòû
è çâåçäû-ñòàíäàðòà ñîîòâåòñòâåííî, ð(l) — ñïåêòðàëüíûé êîýôôè öè -
åíò ïðîïóñêàíèÿ çåìíîé àòìîñôåðû, DM — ðàçíèöà âîçäóøíûõ ìàññ
êî ìåòû è çâåçäû-ñòàíäàðòà. Âî âðåìÿ íàáëþäåíèÿ êîìåòà ñäâèãàëàñü
ïî ùåëè, ïîýòîìó ïîëó ÷å íû ñïåêòðû îò ðàçíûõ ÷àñòåé êîìû. Ñóì ìàð -
íàÿ ïðîåêöèÿ ùåëè íà êî ìó êîìåòû ïîêàçàíà íà ðèñ. 1. Äëÿ ïî âûøåíèÿ 
ñîîòíîøåíèÿ ñèãíàë/øóì è èñêëþ÷åíèÿ ñëåäîâ êîñ ìè÷åñêèõ ÷àñòèö,
êàäðû áûëè ïðîñóììèðîâàíû ñ ïîìîùüþ àëãî ðèò ìà ðîáàñòíîãî óñ -
ðåä íåíèÿ. Îáùèé âèä äâóìåðíîãî ïîäãî òîâ ëåí íî ãî ê àíàëèçó ñïåêòðà
êîìåòû ïðåäñòàâëåí íà ðèñ. 2.

Äëÿ àíàëèçà ðàñïðåäåëåíèÿ ýíåðãèè â ñïåêòðå êîìåòû è ïîèñêà
âîç ìîæíûõ ìîëåêóëÿðíûõ ýìèññèé ïîëó÷åí îäíîìåðíûé ñïåêòð ïó -
òåì ñóììèðîâàíèÿ ïî ïðîñòðàíñòâåííîé êîîðäèíàòå.

Äëÿ âûäåëåíèÿ ýìèññèîííîãî ñïåêòðà êîìåòû áûë êîìïåíñèðîâàí 
íåïðåðûâíûé ñïåêòð êîìåòû ïóòåì âû÷èòàíèÿ ìîäèôèöèðîâàííîãî
ñïåêòðà Ñîëíöà îò êîìåòíîãî ñïåêòðà. Äëÿ îáðàáîòêè áûë âçÿò ñïåêòð
Ñîëíöà âûñîêîãî ðàçðåøåíèÿ èç àòëàñà [19]. Îí áûë ïðèâåäåí ê ðàç ðå -
øå íèþ êîìåòíîãî ñïåêòðà ñ èñïîëüçîâàíèåì ôóíêöèè Ãàóññà, èìå þ -
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Ðèñ. 1. Ïðîåêöèÿ ùåëè ñïåêòðîãðàôà íà êîìåòó



ùåé ñîîòâåòñòâóþùóþ ïîëóøèðèíó ïðîôèëÿ. Ñîëíå÷íûé ñïåêòð ìàñ -
øòàáèðîâàëñÿ òàêèì îáðàçîì, ÷òîáû åãî óðîâåíü áûë êàê ìîæíî áëè -
æå ê íèæíåé ãðàíèöå êîìåòíîãî ñïåêòðà â ñïåêòðàëüíûõ ïðîìå æóò -
êàõ, ãäå ïðåîáëàäàåò êîíòèíóóì. Äîïîëíèòåëüíî áûëà ââåäåíà è ïî -
ïðàâêà çà ýôôåêò ïîêðàñíåíèÿ. Ðåçóëüòàòû îöåíêè êîìåòíîãî êîí òè -
íóóìà ïðåäñòàâëåíû íà ðèñ. 3.

Ïîñëå ýòèõ ìîäèôèêàöèé øêàëà äëèí âîëí áûëà èñïðàâëåíà çà
ýôôåêò Äîïïëåðà (0.07 íì â ñèíåé îáëàñòè è 0.097 íì — â êðàñíîé).

ÀÍÀËÈÇ ÑÏÅÊÒÐÀ ÊÎÌÅÒÛ

Îòîæäåñòâëåíèå ìîëåêóëÿðíûõ ýìèññèé. Äëÿ îòîæäåñòâëåíèÿ
ýìèñ ñèé â ñïåêòðå äàííîé êîìåòû ðàññ÷èòûâàëèñü òåîðåòè÷åñêèå
ñïåê ò ðû êàæäîé îòäåëüíîé ìîëåêóëû, à òàêæå èñïîëüçîâàëèñü ëàáî ðà -
òîð íûå ñïåêòðû ìîëåêóë, íàáëþäàâøèåñÿ ðàíåå â ñïåêòðàõ äðóãèõ êî -
ìåò (ðèñ. 4).

Òåîðåòè÷åñêèå èíòåíñèâíîñòè âðàùàòåëüíûõ ëèíèé ìîëåêóë ðàñ -
ñ÷è òàíû â ïðèáëèæåíèè òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ. Ýòî ïðè -
áëèæåíèå äàåò âîçìîæíîñòü îïèñûâàòü çàñåëåííîñòü âðàùàòåëüíûõ è
êîëåáàòåëüíûõ óðîâíåé ñ ïîìîùüþ ðàñïðåäåëåíèÿ Áîëüöìàíà, èçìå -
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Ðèñ. 2. Äâóìåðíûé ñïåêòð êîìåòû

Ðèñ. 3. Îöåíêà êîìåòíîãî êîíòèíóóìà. Ñïëîøíàÿ êðèâàÿ — íàáëþäåííûé ñïåêòð êîìåòû,
øòðèõîâàÿ êðèâàÿ — ïîäîáðàííûé êîíòèíóóì
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íÿÿ çíà÷åíèå âðàùàòåëüíîé è êîëåáàòåëüíîé òåìïåðàòóð. Äëÿ òàêèõ
ðàñ÷åòîâ âðàùàòåëüíàÿ è êîëåáàòåëüíàÿ òåìïåðàòóðû ÿâëÿþòñÿ ìî -
äåëü íûìè ïàðàìåòðàìè è íå ÿâëÿþòñÿ õàðàêòåðèñòèêîé ôèçè÷åñêîãî
ñîñòîÿíèÿ êîìåòíîãî âåùåñòâà. Íåñìîòðÿ íà ýòî, äàííîå ïðèáëèæåíèå
íå ðàç èñïîëüçîâàëîñü äëÿ îòîæäåñòâëåíèÿ êîìåòíûõ ýìèññèé [4, 5,
18].

Áûëè îòîæäåñòâëåíû ýìèññèè, ïðèíàäëåæàùèå ðÿäó ìîëåêóë
(ðèñ. 5). Íàèáîëåå èíòåíñèâíûìè ÿâëÿþòñÿ ýìèññèè ìîëåêóë CN, C2 è
C3. Ïîäðîáíûé àíàëèç îòîæäåñòâëåíèé ïðèâåäåí íèæå. Îáùàÿ ñòà -
òèñòèêà ýìèññèé îòîæäåñòâëåííûõ â ñïåêòðå êîìåòû ïðåä ñòàâëåíà â
òàáë. 2, à äåòàëüíûé ñïèñîê ýìèññèé — â òàáë. 3. Èçìå ðåí íûå èí òåí -
ñèâíîñòè ìîëåêóëÿðíûõ ýìèññèé ïðèâåäåíû â îòíîñè òåëü íîé øêàëå.

CN. Â ñèíåé ÷àñòè ñïåêòðà ìû îòîæäåñòâèëè êîëåáàòåëüíóþ ïî -
ëîñó ôèîëåòîâîé ñèñòåìû ìîëåêóëû CN. Ñèñòåìà ñîîòâåòñòâóåò ýëåê -
ò ðîííîìó ïåðåõîäó B2S+ - X2S+. Äëÿ ýòîé ìîëåêóëû òåîðå òè ÷åñêèé
ñïåêòð áûë ïîñòðîåí ñ ïîìîùüþ ïðîãðàììû LIFBASE [21], êî òî ðàÿ
èññïîëüçóåòñÿ äëÿ ðàñ÷åòà ñïåêòðîâ íåêîòîðûõ äâóõàòîìíûõ ìî ëåêóë. 
Äàííûé ñïåêòð èìåë íåäîñòàòî÷íîå ðàçðåøåíèå, ÷òîáû ðàç äå ëèòü âðà -
ùàòåëüíóþ ñòðóêòóðó ïîëîñû, è ìû ñìîãëè îïðåäåëèòü òîëü êî äëèíû
âîëí êàíòîâ ïîëîñ (0-0) è (0-1). 

CH. Ýìèññèè ìîëåêóëû CH îòîæäåñòâëåíû â ñèíåé ÷àñòè ñïåêòðà.
Âûäåëåíû øåñòü ýìèññèîííûõ äåòàëåé, ïðèíàäëåæàùèõ ýëåêòðîí íî -
ìó ïåðåõîäó A2P – X2D. Îòîæäåñòâëåíèå ïðîâîäèëîñü íà îñíîâå ðàíåå
îïóáëèêîâàííûõ ñïåêòðîâ èç ðàáîòû [1].

Ðèñ. 4. Ðàññ÷èòàííûå ñïåêòðû íàáëþäåííûõ ìîëåêóë (ïóíêòèðíûå êðèâûå) è ñóììàðíûé
ðàññ÷èòàííûé ìîëåêóëÿðíûé ñïåêòð (ñïëîøíàÿ êðèâàÿ)



CH+. Îòîæäåñòâëåíà îäíà ýìèññèÿ ýëåêòðîííîãî ïåðåõîäà A1P–
X1S+ èîíà CH+. Ñïåêòð áûë ðàññ÷èòàí ïî äàííûì [9].

C3. Â îêðåñòíîñòè l = 400 íì íàìè áûëà îòîæäåñòâëåíà ãðóïïà
ýìèñ ñèé C3. Ñòðóêòóðà ïîëîñû — ñëîæíàÿ, è ïðè ìîäåëèðîâàíèè
ñèëü íî çàâèñèò îò íà÷àëüíûõ óñëîâèé. Âûäåëåíî 15 ñïåêòðàëüíûõ äå -
òà ëåé. Äëÿ îòîæäåñòâëåíèÿ èñïîëüçîâàëèñü äàííûå [1, 13].

Ñ2. Ìû âûäåëèëè òðè êîëåáàòåëüíûå ñèñòåìû ïîëîñ Ñâàíà ìîëå -
êó ëû Ñ2 (Dv = +1, Dv = 0 è Dv = -1). Âñå îíè ïðèíàäëåæàò ýëåêòðîííîìó 
ïå ðå õîäó À3Pg — Õ3Pu. Ñïåêòðàëüíîå ðàçðåøåíèå íàáëþäåííûõ äàí -
íûõ íå äàåò âîçìîæíîñòü ïîëíîñòüþ ðàçäåëèòü âðàùàòåëüíóþ ñòðóê -
òó ðó ïîëîñ, ïîýòîìó îòîæäåñòâëåíî ÷àñòü ýìèññèîííûõ äåòàëåé è êàí -
òû êîëåáàòåëüíûõ ïîëîñ. Òåîðåòè÷åñêèé ñïåêòð äëÿ äàííîé ñèñòåìû
ïî ëîñ áûë ðàññ÷èòàí ñ èñïîëüçîâàíèåì ëàáîðàòîðíîãî ñïèñêà ëèíèé
èç ðàáîòû [24]. Îáùåå êîëè÷åñòâî îòîæäåñòâëåííûõ ñïåêòðàëüíûõ äå -
òà ëåé — 74.

ÑÎ+. Â ñïåêòðå êîìåòû áûëè çàðåãèñòðèðîâàíû ýìèññèè èîíà ÑÎ+. 
Îíè ñîîòâåòñòâóþò êîëåáàòåëüíûì ïåðåõîäàì 4-2, 3-2, 3-0, 2-0, 1-0,
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Ìîëåêóëà Êîëè÷åñòâî ýìèññèé

Ñ2 74
Ñ3 15

NH2 31
CO+ 14

Ìîëåêóëà Êîëè÷åñòâî ýìèññèé

CH 6
CH+ 1
CN 4

Âñåãî 148

Òàáëèöà 2. Îáùàÿ ñòàòèñòèêà îòîæäåñòâëåííûõ ìîëåêóë

Ðèñ. 5. Ñïåêòðàëüíûå äåòàëè, îòîæäåñòâëåííûå â ñïåêòðå êîìåòû C/2009 P1 (Garradd).
Âåðõíÿÿ êðèâàÿ — íàáëþäåííûé ñïåêòð êîìåòû, âíèçó — âû÷èñëåííûé ñïåêòð
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lobs, íì Iobs lcal, íì Ìîëåêóëà
Êîëåáàòåëüíûé 

ïåðåõîä
Åëåêòðîííûé

ïåðåõîä

386.97 1247.28 387.00 CN 0-0 B2S+ - X2S+

388.00 1852.18 387.95 CN 0-0 B2S+ - X2S+

397.25 20.53 397.25 C3 A1Pu - X1S1
g

397.97 9.26 397.95 C3 A1Pu - X1S1
g

398.80 14.33 398.70 C3 A1Pu- X1S1
g

399.25 21.49 399.25 C3 A1Pu - X1S1
g

400.10 44.52 400.15 CO+
3-0 A2P - X2S

401.45 32.42 401.30 C3 A1Pu - X1S1
g

402.00 98.76 401.95 C3 A1Pu - X1S1
g

402.10 CO+
3-0 A2P – X2S

403.35 19.78 403.30 C3 A1Pu - X1S1
g

404.05 92.62 403.95 C3 A1Pu - X1S1
g

404.35 92.62 404.35 C3 A1Pu - X1S1
g

405.20 164.63 405.20 C3 A1Pu - X1S1
g

406.50 44.98 406.45 C3 A1Pu - X1S1
g

407.44 89.6 407.45 C3 A1Pu - X1S1
g

409.10 16.61 409.00 C3 A1Pu - X1S1
g

410.00 43.99 409.90 C3 A1Pu - X1S1
g

410.90 9.98 410.90 C3 A1Pu - X1S1
g

420.25 59.74 420.30 CN 0-1 B2S+ - X2S+

421.40 104.7 421.35 CN 0-1 B2S+ - X2S+

423.25 15.47 423.25 CH+
0-0 1P - 1S

425.35 3961 425.30 CO+
2-0 A2P - X2S

427.60 32.59 427.50 CO+
2-0 A2P - X2S

429.80 25.94 429.73 CH 0-0 A2D - X2P
430.15 28.04 430.02 CH 0-0 A2D - X2P
430.50 33.34 430.39 CH 0-0 A2D - X2P
431.44 23.53 431.32 CH 0-0 A2D - X2P
433.00 17.82 432.90 CH 0-0 A2D - X2P
433.65 24.09 433.92 Ëèíèÿ íåáà
434.91 24.64 434.79 Ëèíèÿ íåáà
435.90 99.41 435.88 Ëèíèÿ íåáà
436.45 36.58 436.40 C2 4-2 A3Pg – X2Pu

437.15 25.05 437.05 C2 3-1 A3Pg – X2Pu

438.15 23.54 438.10 C2 2-0 A3Pg – X2Pu

449.45 5.19 449.45 CO+
4-2 A2P - X2S

451.15 5.53 451.15 NH2 15-0 A2A1 – X2B1

452.34 16.03 452.11 CO+
4-2 A2P - X2S

452.15 NH2 15-0 A2A1 – X2B1

454.00 11.64 454.15 NH2 15-0 A2A1 – X2B1

454.49 25.84 454.50 CO+
1-0 A2P - X2S

457.05 23.79 457.00 CO+
1-0 A2P - X2S

457.30 C2 Dv = +1 A3Pg – X2Pu

459.00 21.05 458.78 NH2 15-0 A2A1 – X2B1

458.80 C2 Dv = +1 A3Pg – X2Pu

459.46 20.81 459.30 NH2 15-0 A2A1 – X2B1

459.35 C2 Dv = +1 A3Pg – X2Pu

459.90 20.84 460.00 NH2 15-0 A2A1 – X2B1

460.05 C2 Dv = +1 A3Pg – X2Pu

Òàáëèöà 3. Ñïåêòðàëüíûå ëèíèè, îòîæäåñòâëåííûå â ñïåêòðå êîìåòû Ñ/2009 Ð1
(Garradd)
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lobs, íì Iobs lcal, íì Ìîëåêóëà
Êîëåáàòåëüíûé 

ïåðåõîä
Åëåêòðîííûé

ïåðåõîä

467.80 99.70 467.85 C2 5-4 A3Pg – X2Pu

468.45 102.59 468.40 C2 4-3 A3Pg – X2Pu

469.70 123.07 469.65 C2 3-2 A3Pg – X2Pu

471.45 133.76 471.40 C2 2-1 A3Pg – X2Pu

473.65 108.18 473.60 C2 1-0 A3Pg – X2Pu

474.42 9.05 474.50 NH2 14-0 A2A1 – X2B1

475.26 6.17 475.20 NH2 14-0 A2A1 – X2B1

476.00 6.33 476.05 NH2 14-0 A2A1 – X2B1

478.60 4.41 478.60 C2 Dv = 0 A3Pg – X2Pu

479.70 6.23 479.85 C2 Dv = 0 A3Pg – X2Pu

480.45 6.57 480.45 C2 Dv = 0 A3Pg – X2Pu

480.90 4.89 480.95 C2 Dv = 0 A3Pg – X2Pu

481.70 6.26 481.55 C2 Dv = 0 A3Pg – X2Pu

482.10 8.25 482.10 C2 Dv = 0 A3Pg – X2Pu

482.80 10.15 482.65 C2 Dv = 0 A3Pg – X2Pu

483.35 9.38 483.20 C2 Dv = 0 A3Pg – X2Pu

483.90 19.35 483.80 NH2 14-0 A2A1 – X2B1

483.80 C2 Dv = 0 A3Pg – X2Pu

484.25 14.50 484.30 C2 Dv = 0 A3Pg – X2Pu

484.15 CO+ 0-0 A2P - X2S
486.95 19.39 487.05 CO+ 0-0 A2P - X2S

487.05 C2 Dv = 0 A3Pg – X2Pu

487.65 12.95 487.55 C2 Dv = 0 A3Pg – X2Pu

488.10 15.71 488.10 C2 Dv = 0 A3Pg – X2Pu

488.55 17.16 488.60 C2 Dv = 0 A3Pg – X2Pu

488.50 CO+ 3-2 A2P - X2S
489.65 12.83 489.65 C2 Dv = 0 A3Pg – X2Pu

490.20 13.75 490.20 C2 Dv = 0 A3Pg – X2Pu

490.70 15.71 490.65 C2 Dv = 0 A3Pg – X2Pu

491.60 25.03 491.50 CO+
3-2 A2P - X2S

491.70 C2 Dv = 0 A3Pg – X2Pu

492.64 23.11 492.70 C2 Dv = 0 A3Pg – X2Pu

492.55 NH2 13-0 A2A1 – X2B1

493.25 24.79 493.25 C2 Dv = 0 A3Pg – X2Pu

493.10 NH2 13-0 A2A1 – X2B1

493.70 24.22 493.70 C2 Dv = 0 A3Pg – X2Pu

493.80 NH2 13-0 A2A1 – X2B1

494.25 21.52 494.20 C2 Dv = 0 A3Pg – X2Pu

494.65 20.62 494.60 C2 Dv = 0 A3Pg – X2Pu

495.20 30.49 495.15 C2 Dv = 0 A3Pg – X2Pu

495.40 NH2 13-0 A2A1 – X2B1

495.55 33.15 495.55 C2 Dv = 0 A3Pg – X2Pu

495.40 NH2 13-0 A2A1 – X2B1

496.20 29.33 496.10 C2 Dv = 0 A3Pg – X2Pu

496.55 29.24 496.50 C2 Dv = 0 A3Pg – X2Pu

497.10 28.69 497.05 C2 Dv = 0 A3Pg – X2Pu

497.55 36.38 497.45 C2 Dv = 0 A3Pg – X2Pu

497.95 43.98 497.95 C2 Dv = 0 A3Pg – X2Pu

498.05 NH2 13-0 A2A1 – X2B1

498.40 34.42 498.30 C2 Dv = 0 A3Pg – X2Pu

Ïðîäîëæåíèå òàáë. 3
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lobs, íì Iobs lcal, íì Ìîëåêóëà
Êîëåáàòåëüíûé 

ïåðåõîä
Åëåêòðîííûé

ïåðåõîä

498.85 43.19 498.80 C2 Dv = 0 A3Pg – X2Pu

499.30 45.91 499.20 C2 Dv = 0 A3Pg – X2Pu

499.30 NH2 13-0 A2A1 – X2B1

499.75 48.53 499.70 C2 Dv = 0 A3Pg – X2Pu

500.11 50.05 50.10 C2 Dv = 0 A3Pg – X2Pu

500.60 55.75 500.60 C2 Dv = 0 A3Pg – X2Pu

500.70 NH2 13-0 A2A1 – X2B1

500.95 61.97 500.95 C2 Dv = 0 A3Pg – X2Pu

500.70 NH2 13-0 A2A1 – X2B1

501.40 60.93 501.40 C2 Dv = 0 A3Pg – X2Pu

501.45 NH2 13-0 A2A1 – X2B1

501.80 51.64 501.70 C2 Dv = 0 A3Pg – X2Pu

502.25 56.24 502.20 C2 Dv = 0 A3Pg – X2Pu

502.60 60.11 502.55 C2 Dv = 0 A3Pg – X2Pu

503.05 67.78 503.05 C2 Dv = 0 A3Pg – X2Pu

503.40 72.82 503.40 C2 Dv = 0 A3Pg – X2Pu

503.80 79.76 503.80 C2 Dv = 0 A3Pg – X2Pu

504.55 103.13 504.75 C2 Dv = 0 A3Pg – X2Pu

504.50 CO+
1-1 A2P - X2S

506.30 104.56 506.30 C2 Dv = 0 A3Pg – X2Pu

507.05 122.41 507.00 C2 Dv = 0 A3Pg – X2Pu

507.70 127.49 507.65 C2 Dv = 0 A3Pg – X2Pu

507.70 CO+
1-1 A2P - X2S

508.35 125.84 508.30 C2 Dv = 0 A3Pg – X2Pu

509.60 161.19 509.65 C2 Dv = 0 A3Pg – X2Pu

512.10 183.25 512.20 C2 Dv = 0 A3Pg – X2Pu

512.85 251.45 512.85 C2 Dv = 0 A3Pg – X2Pu

515.60 194.36 515.55 C2 Dv = 0 A3Pg – X2Pu

516.45 436.08 516.40 C2 Dv = 0 A3Pg – X2Pu

517.85 22.43 517.70 NH2 12-0 A2A1 – X2B1

518.65 53.38 518.60 NH2 12-0 A2A1 – X2B1

519.40 17.03 519.40 NH2 12-0 A2A1 – X2B1

520.30 15.43 520.35 NH2 12-0 A2A1 – X2B1

520.70 8.07 520.75 NH2 12-0 A2A1 – X2B1

522.26 13.35 522.25 NH2 12-0 A2A1 – X2B1

523.15 12.95 523.15 NH2 12-0 A2A1 – X2B1

523.90 10.58 523.95 NH2 12-0 A2A1 – X2B1

525.95 15.88 526.10 NH2 12-0 A2A1 – X2B1

526.75 9.61 526.60 NH2 12-0 A2A1 – X2B1

532.05 22.58 532.10 C2 Dv = -1 A3Pg – X2Pu

532.65 23.27 532.70 C2 Dv = -1 A3Pg – X2Pu

533.30 29.92 533.25 C2 Dv = -1 A3Pg – X2Pu

533.70 22.02 533.80 C2 Dv = -1 A3Pg – X2Pu

536.10 24.59 536.10 C2 Dv = -1 A3Pg – X2Pu

536.65 28.49 536.70 C2 Dv = -1 A3Pg – X2Pu

537.20 22.24 537.20 C2 Dv = -1 A3Pg – X2Pu

537.75 26.99 537.75 C2 Dv = -1 A3Pg – X2Pu

538.40 29.45 538.35 C2 Dv = -1 A3Pg – X2Pu

Îêîí÷àíèå òàáë. 3



1-1 è 0-0 ýëåêòðîííîãî ïåðåõîäà À2S – Õ2P. Îáíàðóæåíî 14 ýìèññèé.
Â êà÷åñòâå îïîðíîãî ëàáîðàòîðíîãî ñïåêòðà èñïîëüçîâàëèñü äàííûå
[17].

NH2. Îòîæäåñòâëåíî ýìèññèè ìîëåêóëû NH2 â íàáëþäåííîì
ñïåêò ðå êîìåòû. Ýëåêòðîííûé ïåðåõîä, êîòîðîìó ñîîòâåòñòâóåò äàí -
íàÿ ñèñòåìà ïîëîñ, — A2A1 - X2B1. Îòîæäåñòâëåíèå ýìèññèé îïèðà -
ëîñü íà ëàáîðàòîðíûå èçìåðåíèÿ [10]. Äàííûå ýìèññèè ìîëåêóëû ïðè -
íàä ëåæàò êîëåáàòåëüíûì ïîëîñàì (0,15,0), (0,14,0), (0,13,0) è (0,12,0).
Âñå ãî áûëà âûäåëåíà 31 ýìèññèþ.

Ëèíèè íåáà. êðîìå ìîëåêóëÿðíûõ ýìèññèé, ïðèíàäëåæàùèõ êîìå -
òå â íàáëþäàåìîì ñïåêòðå, âèäíû àòìîñôåðíûå ýìèññèè íî÷íîãî íå -
áà. Îáíàðóæåíû òðè òàêèõ ñïåêòðàëüíûå äåòàëè, êîòîðûå ïðèíàä ëå -
æàò Hg è Na.

Îöåíêà ãàçîïðîèçâîäèòåëüíîñòè ìîëåêóë. Äëÿ îöåíêè ãàçî ïðî -
èç âî äèòåëüíîñòè íàìè áûëà èñïîëüçîâàíà ìîäåëü Õàçåðà, îïèñàííàÿ â 
ðà áîòå [16]. Â ìîäåëè äåëàåòñÿ ïðåäïîëîæåíèå, ÷òî ÿäðî êîìåòû ¾ òî -
÷å÷ íûé èñòî÷íèê âåùåñòâà, êîòîðîå ïîñòóïàåò â êîìó ðàâíîâåðîÿòíî
âî âñåõ íàïðàâëåíèÿõ è ñ ïîñòîÿííîé ñêîðîñòüþ. Â ðàìêàõ äàííîé ìî -
äå ëè êîëè÷åñòâî ìîëåêóë íà ëó÷å çðåíèÿ â ñòîëáå ñ åäèíè÷íûì ñå÷å -
íè åì âûðàæàåòñÿ ôîðìóëîé
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ãäå Q ¾ ãàçîïðîèçâîäèòåëüíîñòü èçëó÷àåìîãî âåùåñòâà, v ¾ ñêîðîñòü 
åãî èñòå÷åíèÿ, lp, ld ¾ õàðàêòåðíûå ìàñøòàáû äëÿ ðîäèòåëüñêèõ è äî -
÷åð íèõ ìîëåêóë, x ¾ ðàññòîÿíèå îò ÿäðà êîìåòû â ïðîåêöèè íà íå áåñ -
íóþ ñôåðó, z ¾ ðàññòîÿíèå âäîëü ëó÷à çðåíèÿ.

Èç íàáëþäåíèé èçâåñòíû ïîòîêè ýíåðãèè â ñòîëáå íà ëó÷å çðåíèÿ.
Ïî ñêîëüêó ïðåîáëàäàþùèì ìåõàíèçìîì èçëó÷åíèÿ ìîëåêóëÿðíûõ
ýìèñ ñèé åñòü ðåçîíàíñíàÿ ôëóîðåñöåíöèÿ, òî äëÿ òîãî ÷òîáû ïåðå âåñ -
òè íàáëþäàòåëüíûå ïîòîêè F(x) (1) â ÷èñëî ìîëåêóë íà ëó÷å çðåíèÿ â
ñòîëáå ñ åäèíè÷íûì ñå÷åíèåì N(x) (2), ìîæíî èñïîëüçîâàòü èç âåñò íîå
çíà÷åíèå ýôôåêòèâíîñòè ôëóîðåñöåíöèè (g-ôàêòîð) äëÿ ñîîòâåò ñò -
âåííûõ ñïåêòðàëüíûõ ïåðåõîäîâ. Â ýòîì ñëó÷àå êîððåêòíûì áóäåò
ñîîòíîøåíèå

N x
g

F x
( )

( )
=

4p

W
 . (3)

Ìíîæèòåëü g/4p ñîîòâåòñòâóåò êîëè÷åñòâó ýíåðãèè, ïåðå èç ëó ÷åí íîé
îäíîé ìîëåêóëîé çà ñåêóíäó â òåëåñíûé óãîë, êîòîðûé ðàâåí îä íî ìó
ñòåðàäèàíó, W — òåëåñíûé óãîë, êîòîðûé îïðåäåëÿåò ïðîåêöèþ åäè -
íè÷ íîãî ýëåìåíòà ïðèåìíèêà èçëó÷åíèÿ íà íåáåñíóþ ñôåðó.

Ïîëó÷èâ çíà÷åíèå àáñîëþòíûõ ïîòîêîâ îò êîìåòû è îïðåäåëèâ êî -
ëè ÷åñòâî ìîëåêóë íà ëó÷å çðåíèÿ â ñòîëáå ñ åäèíè÷íûì ñå÷åíèåì ïî
ôîð ìóëå (3), ìîæíî îïðåäåëèòü èñêîìóþ âåëè÷èíó ãàçîïðî èç âî äè -
òåëü íîñòè, ñðàâíèâàÿ íàáëþäàòåëüíîå êîëè÷åñòâî ìîëåêóë ñ ñîîòâåò -
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ñò âó þùèìè çíà÷åíèÿìè, ðàññ÷èòàííûìè ïî ìîäåëè Õàçåðà.
Îöåíèâàåìûå çíà÷åíèÿ ãàçîïðîèçâîäèòåëüíîñòè â çíà÷èòåëüíîé

ñòå ïåíè çàâèñÿò îò èñïîëüçóåìûõ ìîäåëüíûõ ïàðàìåòðîâ. Ìû èñ ïîëü -
çî âàëè íàáîð ìîäåëüíûõ ïàðàìåòðîâ (òàáë. 4), êîòîðûé îñíîâûâàåòñÿ
íà ðåçóëüòàòå íåäàâíåãî òùàòåëüíîãî àíàëèçà äëèííîùåëåâûõ ñïåêò -
ðîâ 26 êîìåò, ïðèíàäëåæàùèõ ê ðàçëè÷íûì äèíàìè÷åñêèì ãðóïïàì,
èç ðàáîòû [20].

Ïîñêîëüêó g-ôàêòîð äëÿ ïîëîñû CN (0-0) çàâèñèò åùå è îò ãåëèî -
öåíò ðè÷åñêîé ñêîðîñòè, òî åãî çíà÷åíèå íà ìîìåíò íàáëþäåíèÿ óòî÷ -
íÿ ëîñü ñ èñïîëüçîâàíèåì ðàñ÷åòîâ, âûïîëíåííûõ â ðàáîòå [25]. Äëÿ
ñêî ðîñòè èñòå÷åíèÿ ãàçà ïðèíèìàëîñü çíà÷åíèå 1 êì/ñ, êîòîðîå èñ -
ïîëü çóåòñÿ â áîëüøèíñòâå ïîäîáíûõ ðàñ÷åòîâ.

Ïîñêîëüêó èçìåðåíèÿ ïðîâîäèëèñü â îòíîñèòåëüíîé ýíåðãå òè ÷å -
ñêîé øêàëå, òî îòíîøåíèå ãàçîïðîèçâîäèòåëüíîñòåé íå çàâèñÿò îò
íóëü- ïóíêòà â øêàëå èíòåíñèâíîñòåé. Ìû îïðåäåëèëè îòíîøåíèå
Q(X)/Q(CN). Ïîëó÷åíû ñëåäóþùèå çíà÷åíèÿ ñîîòíîøåíèé ãàçî ïðî èç -
âî äèòåëüíîñòåé çàðåãèñòðèðîâàííûõ ìîëåêóë äëÿ r = 1.96 à. å. (lgr =
= 0.29): lg[Q(C3)/Q(CN)] = –1.09 è lg[Q(C2)/Q(CN)] = 0.26.

ÂÛÂÎÄÛ

Íà îñíîâå íàáëþäàòåëüíûõ äàííûõ êîìåòû C/2009 P1 (Garradd) è òåî -
ðå òè÷åñêèõ ñïåêòðîâ ìîëåêóë ïðîâåäåíî îòîæäåñòâëåíèå ýìèññèé â
êî ìåòíîì ñïåêòðå. Çàðåãèñòðèðîâàíî 148 ñïåêòðàëüíûõ äåòàëåé, ïðè -
íàä ëåæàùèõ ìîëåêóëàì CN, C2, C3, CH, CH+, NH2 è CO+. Íàèáîëåå âû -
ðà æåíû ïî èíòåíñèâíîñòè ïîëîñû CN è C2. Âûäåëåíèå äîñòàòî÷íî çà -
ìåòíûõ ýìèññèé ÑÎ+ ñëóæèò ïîäòâåðæäåíèåì, ÷òî êîìåòà ÿâëÿåòñÿ
ÑÎ-îáîãàùåííîé, íà ÷òî óêàçûâàþò ðåçóëüòàòû äðóãèõ èññëå äîâà òå -
ëåé.

Â ðåçóëüòàòå àíàëèçà ïîëó÷åííûõ ñïåêòðîâ èçìåðåíû ïîòîêè â çà -
ðå ãèñòðèðîâàííûõ ýìèññèÿõ. Ñ ïîìîùüþ ìîäåëè Õàçåðà îöåíåíî ñî -
îò íîøåíèå ãàçîïðîèçâîäèòåëüíîñòåé ìîëåêóë Q(C2)/Q(CN) è
Q(C3)/Q(CN). Ñðàâíèâàÿ íàøè ðåçóëüòàòû ñ äàííûìè èññëåäîâàíèé èç 
ðà áîòû [20], ìîæíî ñäåëàòü âûâîä, ÷òî ïîëó÷åííûå íàìè ñîîò íî øå -
íèÿ ãàçîïðîèçâîäèòåëüíîñòåé íàèáîëåå áëèçêè ê äàííûì äëÿ ñåìåéñò -
âà äèíàìè÷åñêè íîâûõ êîìåò, ÷òî ñîîòâåòñòâóåò êëàññèôè êà öèè äàí -
íîé êîìåòû. 
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Ìîëåêóëà g, 10-20 Äæ·ñ-1ìîë-1 lp, 104 êì ld, 104 êì

CN (0-0) 4.9·r-2 3.0·r1.3 19.9·r0.6

C3 10·r-2 0.6·r0.8 8.9·r2.8

C2(0-0) 2.2·r-2 3.5·r1.4 4.2·r2.0

Òàáëèöà 4. Ïàðàìåòðû, êîòîðûå èñïîëüçîâàëèñü äëÿ îïðåäåëåíèÿ ãà çî ïðîèç âîäè òåëü -
íîñòè (äëÿ r = 1 à. å.), è èõ çàâèñèìîñòü îò ãåëèîöåíòðè÷åñêîãî ðàñ ñòîÿíèÿ



Ñîãëàñíî ðåçóëüòàòàì [20] äëÿ äèíàìè÷åñêè íîâûõ êîìåò õà -
ðàêòåðíû ñðåäíèå çíà÷åíèÿ lg[Q(C3)/Q(CN)] = -0.9 è lg[Q(C2)/Q(CN)]= 
 = 0.2. Íàøà îöåíêà  lg[Q(C3)/Q(CN)] = -1.09 õîðîøî ñîãëàñóþòñÿ ñ
ýòèìè äàííûìè, à îöåíêà lg[Q(C2)/Q(CN)] = 0.26 íå ñêîëüêî âûøå, ÷åì
îöåíêè, ïîëó÷åííûå â ðàáîòå [3] èç àíàëèçà ôî òî ìåò ðè÷åñêèõ íàáëþ -
äå íèé 85 êîìåò. Ýòè ðàñõîæäåíèÿ âïîëíå îáúÿñ íè ìû, ïîñêîëüêó âû -
÷èñ ëåííûå ãàçîïðîèçâîäèòåëüíîñòè — ìîäåëüíî çà âè ñèìûå âåëè -
÷èíû, ÷òî ïîêàçàíî â ðàáîòå [26].

Â óïîìÿíóòîé âûøå ðàáîòå [11] íà îñíîâå ôîòîìåòðè÷åñêèõ äàí -
íûõ îöåíåíà ãàçîïðîèçâîäèòåëüíîñòü ìîëåêóëû CN èìåííî â òîò ïå -
ðè îä, êîãäà áûëè ïîëó÷åíû íàøè äàííûå. Èìåÿ äàííûå íà 6 ìàðòà è
6 àï ðåëÿ 2012 ã., ìû ïðîèíòåðïîëèðîâàëè ýòè öèôðû íà ìîìåíò íàøèõ 
íàáëþäåíèé è ïîëó÷èëè îöåíêó ãàçîïðîèçâîäèòåëüíîñòè ìîëåêóëû
CN, êîòîðàÿ ñîñòàâèëà 2.66×1026 ìîë/ñ. Èñïîëüçóÿ ïîëó÷åííûå ñî îòíî -
øå íèÿ ãàçîïðîèçâîäèòåëüíîñòåé, ìû îöåíèëè ãàçîïðîèçâî äèòåëü íîñ -
òè è äëÿ ìîëåêóë Ñ2 è Ñ3 – 4.84×1026 è 2.16×1025 ìîë/ñ ñîîòâåòñòâåííî.
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