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Ñïåêòðû ïîãëîùåíèÿ ìåòàíà â îáëàñòè 11000–11400 ñì–1 çàðåãèñòðèðîâàíû íà ôóðüå-ñïåêòðîìåòðå 

IFS-125M ïðè äàâëåíèè îò 11 äî 100 ìáàð, êîìíàòíîé òåìïåðàòóðå è ñïåêòðàëüíîì ðàçðåøåíèè 0,03 ñì–1. 
Äëÿ èçìåðåíèé èñïîëüçîâàíà ìíîãîõîäîâàÿ êþâåòà äëèíîé 60 ñì, ÷òî ïðè 44 ïðîõîäàõ îáåñïå÷èëî ïîëíóþ 
äëèíó ïîãëîùàþùåãî ñëîÿ 2640 ñì è ïîðîãîâóþ ÷óâñòâèòåëüíîñòü ïî ïîãëîùåíèþ ïîðÿäêà 10–8 ñì–1. Ïîä-
ãîíêîé ïàðàìåòðîâ ôîéãòîâñêîãî êîíòóðà îïðåäåëåíû öåíòðû ëèíèé ìåòàíà, èíòåíñèâíîñòè, êîýôôèöèåíòû 
óøèðåíèÿ è ñäâèãà ñîáñòâåííûì äàâëåíèåì ãàçà. 

 

Êëþ÷åâûå ñëîâà: ìåòàí, ôóðüå-ñïåêòðîìåòð, ïîãëîùåíèå, èíòåíñèâíîñòü, ïîëóøèðèíà, ñäâèã ëèíèè; 
methane, Fourier spectrometer, absorption, line strength, halfwidth, line shift. 

 

Ââåäåíèå 
 

Ìåòàí – íàèáîëåå âàæíûé ïðåäñòàâèòåëü îð-
ãàíè÷åñêèõ âåùåñòâ â àòìîñôåðå Çåìëè è ïëàíåò-
ãèãàíòîâ Þïèòåðà è Ñàòóðíà, èõ ñïóòíèêîâ, ýêçî-
ïëàíåò. Ñïåêòðîñêîïè÷åñêèå äàííûå î ëèíèÿõ ïî-
ãëîùåíèÿ ìîëåêóëû ÑÍ4, à òàêæå åãî èçîòîïè÷å-
ñêèõ ìîäèôèêàöèé ïðåäñòàâëÿþò áîëüøîé èíòåðåñ, 
ïîñêîëüêó îíè íåîáõîäèìû äëÿ ðåøåíèÿ ðàçëè÷íûõ 
çàäà÷ êàê â èññëåäîâàíèÿõ àòìîñôåðû Çåìëè, òàê 
è â àñòðîôèçè÷åñêèõ ïðèëîæåíèÿõ. Óâåëè÷åíèå ñî- 
äåðæàíèÿ ìåòàíà â àòìîñôåðå Çåìëè ñïîñîáñòâóåò 
óñèëåíèþ ïàðíèêîâîãî ýôôåêòà, òàê êàê ìåòàí èí-
òåíñèâíî ïîãëîùàåò òåïëîâîå èçëó÷åíèå ïëàíåòû 
â èíôðàêðàñíîé ÷àñòè ñïåêòðà è, íåñìîòðÿ íà åãî 
ìàëîå ñîäåðæàíèå â àòìîñôåðå, âíîñèò âòîðîé ïî 
âåëè÷èíå âêëàä ïîñëå óãëåêèñëîãî ãàçà â ñîçäàíèå 
ïàðíèêîâîãî ýôôåêòà [1]. Ñðåäè àñòðîôèçè÷åñêèõ 
ïðèëîæåíèé îòìåòèì èññëåäîâàíèÿ àòìîñôåð Þïè-
òåðà è Òèòàíà, ïîãëîùåíèå êîòîðûõ â âèäèìîé  
è áëèæíåé ÈÊ-îáëàñòÿõ â îñíîâíîì îïðåäåëÿåòñÿ 
ïîãëîùåíèåì ìåòàíà [2].  

Ñïåêòðû ìîëåêóëû ÑÍ4 èññëåäîâàíû äîñòàòî÷-
íî ïîäðîáíî â ñïåêòðàëüíîé îáëàñòè λ > 1 ìêì. Äàí-
íûå, ïîëó÷åííûå ïðè îáðàáîòêå âûñîêîòî÷íûõ 
ñïåêòðîâ, çàíåñåíû â èçâåñòíûå áàíêè HITRAN  
è GEISA. Èññëåäîâàíèÿ ïîêàçàëè, ÷òî êîëåáàòåëü-
íî-âðàùàòåëüíûé ñïåêòð ìåòàíà âåñüìà ïëîòíûé  
è ñîñòîèò èç áîëüøîãî êîëè÷åñòâà ëèíèé. Äëÿ åãî 
èíòåðïðåòàöèè íåîáõîäèìî ïðèâëåêàòü òåîðåòè÷å-
ñêèå ìåòîäû, êîòîðûå ó÷èòûâàþò ìíîæåñòâåííûå 
ñëó÷àéíûå ðåçîíàíñû, ñâÿçûâàþùèå ðàçëè÷íûå 
êîëåáàòåëüíî-âðàùàòåëüíûå ñîñòîÿíèÿ.  
____________ 
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Ñïåêòðû ìåòàíà â êîðîòêîâîëíîâîé îáëàñòè 
λ < 1 ìêì èññëåäîâàíû íåäîñòàòî÷íî ïîäðîáíî. Ïðè 
àíàëèçå ýòèõ ñïåêòðîâ èñïîëüçîâàëèñü óïðîùåííûå 
ðàñ÷åòíûå ìîäåëè, â ÷àñòíîñòè òåîðåòè÷åñêèé àíàëèç, 
âêëþ÷àþùèé èíòåðïðåòàöèþ êîëåáàòåëüíî-âðàùà- 
òåëüíûõ ïåðåõîäîâ, îïðåäåëåíèå óðîâíåé ýíåðãèè, 
âðàùàòåëüíûõ, öåíòðîáåæíûõ è ðåçîíàíñíûõ ïî-
ñòîÿííûõ; ðàñ÷åòû öåíòðîâ è èíòåíñèâíîñòåé ëèíèé 
íå ïðîâîäèëèñü [3–6]. 

Îñîáîå çíà÷åíèå èìåþò ïàðàìåòðû óøèðåíèÿ  
è ñäâèãà ñïåêòðàëüíûõ ëèíèé ìåòàíà â îïðåäåëåíèè 
ïðîçðà÷íîñòè àòìîñôåð ïëàíåò è âûáîðå õàðàêòåðè-
ñòè÷åñêèõ ëèíèé äëÿ èõ çîíäèðîâàíèÿ. Óøèðåíèå 
ëèíèé ìåòàíà äàâëåíèåì ðàçëè÷íûõ áóôåðíûõ ãà-
çîâ â îáëàñòè 1,1 ìêì èçó÷àëîñü â íåñêîëüêèõ ðà-
áîòàõ (ñì., íàïðèìåð, [7–9]). Ýêñïåðèìåíòàëüíî èñ- 
ñëåäîâàíî óøèðåíèå ëèíèé ÑÍ4 â îáëàñòè 0,7 ìêì, 
ñîîòâåòñòâóþùåé ïåðåõîäàì â ïîëîñå 4ν1 + ν3 [10]. 
Ïðîâåäåíû èçìåðåíèÿ óøèðåíèÿ ëèíèé âûñîêèõ îáåð- 
òîíîâ âàëåíòíûõ êîëåáàíèé â îáëàñòè 0,68–0,61 ìêì 
ïðè êîìíàòíîé è íèçêîé òåìïåðàòóðàõ ñ ïîìîùüþ 
âíóòðèðåçîíàòîðíûõ ëàçåðíûõ ñïåêòðîìåòðîâ [11–13]. 
Ðàññìàòðèâàåìûé íàìè ñïåêòðàëüíûé äèàïàçîí îêî- 
ëî 0,88 ìêì ÿâëÿåòñÿ ïåðñïåêòèâíûì äëÿ èçó÷åíèÿ 
ñïóòíèêîâ ïëàíåò-ãèãàíòîâ Þïèòåðà è Ñàòóðíà. 
Óøèðåíèå ñïåêòðàëüíûõ ëèíèé ÑÍ4 â íåì ðàíåå íå 
èññëåäîâàëîñü.  

Äàííàÿ ðàáîòà ïîñâÿùåíà èçìåðåíèþ ñïåêòðîâ 
ìåòàíà ïðè ðàçëè÷íûõ äàâëåíèÿõ â ñïåêòðàëüíîì 
äèàïàçîíå âûøå 11000 ñì–1, îïðåäåëåíèþ êîýôôè-
öèåíòîâ óøèðåíèÿ è ñäâèãà ëèíèé ñîáñòâåííûì äàâ-
ëåíèåì ãàçà. 

 

1. Ýêñïåðèìåíò 
 

Ñïåêòðû ïîãëîùåíèÿ ìåòàíà â îáëàñòè 11000–
11400 ñì–1 ðåãèñòðèðîâàëèñü íà ôóðüå-ñïåêòðîìåòðå 
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IFS-125M ïðè äàâëåíèÿõ îò 11 äî 100 ìáàð, êîì-
íàòíîé òåìïåðàòóðå è ñïåêòðàëüíîì ðàçðåøåíèè 
0,03 ñì–1. Äëÿ èçìåðåíèé èñïîëüçîâàëàñü âåðòèêàëü- 
íàÿ ìíîãîõîäîâàÿ êþâåòà òèïà Óàéòà äëèíîé 60 ñì. 
Âûñîêàÿ èíòåíñèâíîñòü âõîäÿùåãî â ñïåêòðîìåòð 
èçëó÷åíèÿ ãàëîãåííîé ëàìïû â ðåæèìå ïåðåêàëà 
ïîçâîëèëà ïðîâåñòè èçìåðåíèÿ íà òðàññå äëèíîé 
L = 2640 ñì è îáåñïå÷èòü âûñîêóþ ÷óâñòâèòåëü-
íîñòü ñïåêòðîìåòðà ïî ïîãëîùåíèþ ∼ 5 ⋅ 10–8 ñì–1. 
Îñíîâíûå äàííûå îá óñëîâèÿõ ýêñïåðèìåíòà ïðåä-
ñòàâëåíû â òàáë. 1.  

 
Ò à á ë è ö à  1  

Îñíîâíûå äàííûå èçìåðåíèé ñïåêòðîâ ïîãëîùåíèÿ  
ìåòàíà â îáëàñòè 0,88 ìêì  

Ïàðàìåòð Çíà÷åíèå 

Ðàçðåøåíèå, ñì–1  0,03 
Äèàôðàãìà, ìì 0,85 
Ôóíêöèÿ àïîäèçàöèè  Ïðÿìîóãîëüíàÿ  
Äëèíà îïòè÷åñêîãî ïóòè, ñì 2640  
Òåìïåðàòóðà, °Ñ 24 ± 1  
×èñëî ñêàíîâ 6624 
Ñêîðîñòü ñêàíèðîâàíèÿ, êÃö 10 
Äåëèòåëü Êâàðö 

 
Äëèòåëüíûå èçìåðåíèÿ, ïðè êîòîðûõ ñóììè-

ðóþòñÿ ñïåêòðû, ðåãèñòðèðóåìûå â òå÷åíèå íåñêîëü-
êèõ ñóòîê, òðåáóþò ñòàáèëèçàöèè ìåõàíè÷åñêèõ óç-
ëîâ ñïåêòðîìåòðà. Ýòî óñëîâèå îáåñïå÷èâàëîñü òåì-
ïåðàòóðíîé ñòàáèëèçàöèåé ïîìåùåíèÿ, â êîòîðîì 
ðàçìåùàëñÿ ñïåêòðîìåòð, ñ ïîãðåøíîñòüþ ±1 °C.  

Â ýêñïåðèìåíòå èñïîëüçîâàëñÿ ìåòàí ôèðìû 
«Èçîòîï» ïðè åñòåñòâåííîé êîíöåíòðàöèè èçîòîïè-
÷åñêèõ ìîäèôèêàöèé ÑÍ4. Äàâëåíèå èçìåðÿëîñü 
âàêóóììåòðîì ÀÈÐ-20Ì â äèàïàçîíå 0–1000 ìáàð 
ñ òî÷íîñòüþ íå õóæå 0,1%. Íàòåêàíèå â êþâåòó ñî-
ñòàâëÿëî íå áîëåå 0,1 ìáàð çà 5 ñóò. Â öåëîì îøèá-
êà îïðåäåëåíèÿ âîëíîâûõ ÷èñåë ðàâíÿëàñü 0,003 ñì–1 
â òå÷åíèå 24 ÷ èçìåðåíèé. 

 

2. Îïðåäåëåíèå ïàðàìåòðîâ 
ñïåêòðàëüíûõ ëèíèé 

 
Â ðàññìàòðèâàåìîì ñïåêòðàëüíîì äèàïàçîíå 

(11000–11400 ñì–1) îáíàðóæåíî íåñêîëüêî ñîòåí 
ëèíèé ìåòàíà. Èç-çà áîëüøîé ïëîòíîñòè êîëåáà-
òåëüíî-âðàùàòåëüíûõ ñîñòîÿíèé ìíîãèå èç íèõ ïå-
ðåêðûâàþòñÿ, ïîýòîìó ñëîæíî âûäåëèòü îòäåëüíûå 
ëèíèè. Â óêàçàííûé äèàïàçîí ïîïàäàþò ïåðåõîäû 
íà ðåçîíàíñíóþ ïîëèàäó, âêëþ÷àþùóþ â îáùåé 
ñëîæíîñòè 40 êîëåáàòåëüíûõ ñîñòîÿíèé, ñîäåðæà-
ùèõ 538 êîìïîíåíò ðàçëè÷íûõ òèïîâ ñèììåòðèè. 
Ñîîòíåñåíèå ýòèõ ëèíèé ñ ïåðåõîäàìè â ìîëåêóëå 
ïðåäñòàâëÿåò çíà÷èòåëüíûå òðóäíîñòè; â íàñòîÿùåå 
âðåìÿ èäåíòèôèêàöèÿ ñïåêòðà íå ïðîâîäèòñÿ. Íå-
îáõîäèìî îòìåòèòü, ÷òî âñëåäñòâèå âûñîêîé ñèì-
ìåòðèè ìîëåêóëû ìåòàíà ÷àñòü íàáëþäàåìûõ ëèíèé 
ïðåäñòàâëÿåò ñîáîé ìóëüòèïëåòû, ñîñòîÿùèå èç íå-
ñêîëüêèõ êîìïîíåíò. Îïðåäåëåíèå ïàðàìåòðîâ òà-
êèõ ñèëüíî ïåðåêðûâàþùèõñÿ ëèíèé – âåñüìà 
ñëîæíàÿ çàäà÷à. 

Ñïåêòðîñêîïè÷åñêèå ïàðàìåòðû ëèíèé îïðåäå-
ëÿëèñü ïîäãîíêîé ïàðàìåòðîâ ôîéãòîâñêîãî êîíòó-
ðà ê èçìåðåííûì çíà÷åíèÿì ïðîïóñêàíèÿ äëÿ äàâ-
ëåíèé 11,7; 20; 50 è 100 ìáàð ñ ïîìîùüþ ðàçðà- 
áîòàííîãî ðàíåå ïàêåòà ïðîãðàìì VXSPE [14],  
èñïîëüçóþùåãî ìåòîäû ðàñïîçíàâàíèÿ îáðàçîâ ïðè 
ïîèñêå ëèíèé è ïîäãîíêå. Ïàðàìåòðû ëèíèé, íàé-
äåííûå èç ñïåêòðîâ, èçìåðåííûõ ïðè ðàçëè÷íûõ 
äàâëåíèÿõ, ïðèìåíÿëèñü äëÿ îïðåäåëåíèÿ êîýôôè-
öèåíòîâ óøèðåíèÿ è ñäâèãà, äëÿ ÷åãî îñóùåñòâëÿ-
ëàñü ëèíåéíàÿ àïïðîêñèìàöèÿ ýòèõ çàâèñèìîñòåé.  

Íà ðèñ. 1 è 2 ïîêàçàíû ïîëîæåíèÿ öåíòðà  
è ïîëóøèðèíû ëèíèè ìåòàíà 11242,2080 ñì–1 ïðè 
ðàçíûõ äàâëåíèÿõ ñîáñòâåííîãî ãàçà. Âèäíî, ÷òî 
çíà÷åíèÿ öåíòðîâ è ïîëóøèðèí ëèíèé, èçìåðåííûå 
â èíòåðâàëå äàâëåíèé 11–100 ìáàð, õîðîøî ëîæàò-
ñÿ íà ïðÿìûå ëèíèè çàâèñèìîñòåé ýòèõ ïàðàìåòðîâ 
îò äàâëåíèÿ.  

 

 
Ðèñ. 1. Çàâèñèìîñòü öåíòðà ëèíèè 11242,2080 ñì–1 ÑÍ4  
  îò äàâëåíèÿ ñîáñòâåííîãî ãàçà 

 

Ðèñ. 2. Çàâèñèìîñòü ïîëóøèðèíû ëèíèè 11242,2080 ñì–1  
  ÑÍ4 îò äàâëåíèÿ ñîáñòâåííîãî ãàçà 

 
Â ðåçóëüòàòå àíàëèçà îïðåäåëåíû êîýôôèöèåí-

òû óøèðåíèÿ è ñäâèãà ëèíèé ìåòàíà äàâëåíèåì ãàçà 
äëÿ 10 ñèëüíûõ îäèíî÷íûõ ëèíèé ñ èíòåíñèâíîñ- 
òüþ îò 7,93e–25 äî 3,15e–24 ñì/ìîë. (òàáë. 2). Êîí-
òóð ëèíèè ñ öåíòðîì 11254,29 ñì–1 èñêàæåí; îïðå-
äåëåíèå ïîëóøèðèíû ýòîé ëèíèè ñ âûñîêîé òî÷íî-
ñòüþ íåâîçìîæíî. 
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Äàâëåíèå CH4, àòì 



 

 Óøèðåíèå è ñäâèã ñïåêòðàëüíûõ ëèíèé ìåòàíà â îáëàñòè 11000–11400 ñì–1 1025 
 

  

 

Ò à á ë è ö à  2  

Öåíòðû, ïîëóøèðèíû è êîýôôèöèåíòû ñäâèãà íåêîòîðûõ ëèíèé ìåòàíà â îáëàñòè 11217–11319 ñì–1  

Öåíòð ëèíèè, 
ñì–1 

Èíòåíñèâíîñòü, 
ñì/ìîë. 

Êîýôôèöèåíò ñäâèãà,
ñì–1/àòì 

Êîýôôèöèåíò óøèðåíèÿ,
ñì–1/àòì 

Êîýôôèöèåíò óøèðåíèÿ,
HITRAN ñì–1/àòì 

11319,85 1,10e–024 –0,0220 (2) 0,065 (4) 0,081 
11313,46 1,62e–024 –0,0192 (1) 0,077 (1) 0,082 
11272,45 3,15e–024 –0,0269 (14) 0,084 (2) 0,082 
11265,80 1,98e–024 –0,0425 (14) 0,093 (6) 0,081 
11260,76 1,27e–024 –0,0284 (18) 0,116 (6) 0,081 
11254,29 8,80e–025 –0,0282 (16) – – 
11242,20 2,05e–024 –0,0292 (18) 0,079 (1) 0,082 
11231,44 1,17e–024 –0,0302 (5) 0,085 (4) 0,081 
11231,17 1,18e–024 –0,0221 (10) 0,087 (6) 0,081 
11217,90 7,93e–025 –0,0321 (6) 0,080 (1) 0,081 

 

3. Ðåçóëüòàòû 
 

Êîýôôèöèåíòû óøèðåíèÿ äëÿ èññëåäîâàííûõ 
ëèíèé íàõîäÿòñÿ â ïðåäåëàõ 0,065–0,110 ñì–1àòì–1, 
à çíà÷åíèÿ êîýôôèöèåíòîâ ñäâèãà – ìåæäó –0,0190 
è –0,0425 ñì–1àòì–1 (òàáë. 2). Â ñïåêòðîñêîïè÷å-
ñêîé áàçå HITRAN ïîãëîùåíèå â îáëàñòè 
11000… 11400 ñì–1 îáðàçóåòñÿ ïåðåõîäàìè íà ñî-
ñòîÿíèÿ âûñîêîé ðåçîíàíñíîé ïîëèàäû, äëÿ êîòî-
ðîé ïðèïèñûâàíèå ïðèáëèæåííûõ êâàíòîâûõ ÷èñåë 
âåñüìà çàòðóäíåíî. Ïîýòîìó äëÿ ëèíèé ýòîé ïîëîñû 
â HITRAN âêëþ÷åíû òîëüêî çíà÷åíèÿ èíòåíñèâíî-
ñòåé è îòíåñåíèå óðîâíåé ýíåðãèè íèæíåãî ñîñòîÿ-
íèÿ ïåðåõîäîâ [15]; â êà÷åñòâå ïàðàìåòðîâ óøèðå-
íèÿ ïðèâåäåíû ðàñ÷åòíûå çíà÷åíèÿ êîýôôèöèåíòîâ 
ñàìîóøèðåíèÿ è óøèðåíèÿ àçîòîì. 

Íà ðèñ. 3 ïîêàçàíû êîýôôèöèåíòû ñàìîóøè-
ðåíèÿ, ïîëó÷åííûå â íàñòîÿùåé ñòàòüå, â ñðàâíåíèè 
ñ äàííûìè HITRAN. Åñëè ðàñ÷åòíûå çíà÷åíèÿ êî-
ýôôèöèåíòîâ â HITRAN ïðàêòè÷åñêè îäèíàêîâû 
(èõ âåëè÷èíà âàðüèðóåò îò 0,081 äî 0,082 ñì–1àòì–1), 
òî èçìåðåííûå íàìè çíà÷åíèÿ ìåíÿþòñÿ â øèðîêîì 
èíòåðâàëå îò 0,065 äî 0,116 ñì–1àòì–1. Èíôîðìàöèÿ 
î êîýôôèöèåíòàõ ñäâèãà äëÿ äàííîé îáëàñòè ñïåê-
òðà â áàçå äàííûõ HITRAN íå ïðèâîäèòñÿ, â ëèòå-
ðàòóðå îíà òàêæå îòñóòñòâóåò. 

 

 
Ðèñ. 3. Êîýôôèöèåíòû ñàìîóøèðåíèÿ (■)  è äàííûå  
  HITRAN (▼) 

 
Ïîëó÷åííûå çíà÷åíèÿ êîýôôèöèåíòîâ óøèðå-

íèÿ è ñäâèãà ñïåêòðàëüíûõ ëèíèé ìîæíî ñðàâíèòü 
ñ èçìåðåííûìè çíà÷åíèÿìè äëÿ ïîëîñ ν2, ν3, 2ν3 

â ðàáîòå [16], ñîãëàñíî êîòîðîé ïîëóøèðèíû ëèíèé 
ìåòàíà ïðè ñàìîóøèðåíèè èìåþò òèïè÷íûå çíà÷å-
íèÿ 0,030–0,075 ñì–1àòì–1, ÷òî íåñêîëüêî íèæå 
íàøèõ çíà÷åíèé è äàííûõ HITRAN. Èçìåðåííûå 
íàìè êîýôôèöèåíòû ñäâèãà ñîáñòâåííûì äàâëåíèåì 
îêàçûâàþòñÿ ïðèìåðíî âäâîå áîëüøå, ÷åì çíà÷å-
íèÿ, èìåþùèåñÿ â ëèòåðàòóðå, è ïî âåëè÷èíå âïîë-
íå ñðàâíèìû ñ êîýôôèöèåíòàìè óøèðåíèÿ. Ýòî 
ðàçëè÷èå ñ ðåçóëüòàòàìè äðóãèõ ïóáëèêàöèé ìîæíî 
îáúÿñíèòü ýôôåêòàìè ñèëüíîãî êîëåáàòåëüíîãî âîç-
áóæäåíèÿ.  

 

Çàêëþ÷åíèå 
 

Â ðàáîòå âïåðâûå îïðåäåëåíû çíà÷åíèÿ êîýô-
ôèöèåíòîâ óøèðåíèÿ è ñäâèãà ñïåêòðàëüíûõ ëèíèé 
ìåòàíà â îáëàñòè 0,88 ìêì. Íàéäåííûå çíà÷åíèÿ 
êîýôôèöèåíòîâ ñàìîóøèðåíèÿ õîðîøî ñîãëàñóþòñÿ 
ñ îöåíî÷íûìè çíà÷åíèÿìè ñïåêòðîñêîïè÷åñêîé áàçû 
HITRAN â ýòîé îáëàñòè, îäíàêî èìåþò áîëüøóþ 
âàðèàáåëüíîñòü. 

Èññëåäîâàíèå âûïîëíåíî ïðè ôèíàíñîâîé ïîä-
äåðæêå ÐÍÔ (ãðàíò ¹ 17-17-01170).  

 

1. Sussmann R., Forster F., Rettinger M., Jones N. Stra- 
tegy for high-accuracy-and-precision retrieval of atmos-
pheric methane from the mid-infrared FTIR network // 
Atmos. Meas. Tech. 2011. V. 4. P. 1943–1064. 

2. Karkoschka E., Tomasko M.G. Methane absorption co-
efficients for the jovian planets from laboratory, Huy-
gens, and HST data // Icarus. 2010. V. 205. P. 674–
694. 

3. Voth G.A., Marcus R.A., Zewail A.H. The highly ex-
cited C-H stretching states of CHD3, CHT3, CH3D // 
J. Chem. Phys. 1984. V. 81. P. 5494–5507.  

4. Perry J.W., Moll D.J., Kuppermann A., Zewail A.H. 
High-energy overtone spectroscopy of some methanes // 
J. Chem. Phys. 1985. V. 82. P. 1195–1211. 

5. Soraas K., Lin Z., Reilly J.P. High resolution study of 
methane's 3ν1 + ν3 vibrational overtone band // J. Chem. 
Phys. 1994. V. 100. P. 7916–7926.  

6. Margolis J.S., Fox K. Infrared absorption spectrum of 
CH4 at 9050 cm–1 // J. Chem. Phys. 1968. V. 49. 
P. 2451–2452. 

7. Fox K., Jennings D.E. Measurements of nitrogen-, hy-
drogen- and helium broadened widths of methane lines 
at 9030−9120 cm−1

 // J. Quant. Spectrosc. Radiat. Trans-
fer. 1985. V. 33, N 3. P. 275–280.  

0 2 4 6 8 10
0,00 

0,02 

0,04 

0,06 

0,08 

0,10 

0,12 

Íîìåð ëèíèè 

Ê
î
ýô

ô
è
ö
è
åí

ò 
ñà

ì
î
ó
ø

è
ð
åí

è
ÿ
, 

ñì
–
1
/
àò

ì
 



 

1026 Ñåðäþêîâ Â.È., Ñèíèöà Ë.Í., Áûêîâ À.Ä., Ùåðáàêîâ À.Ï. 
 

8. Fox K., Jennings D.E., Stern E.A., Hubbard R. Mea- 
surements of argon-, helium-, hydrogen-, and nitrogen-
broadened widths of methane lines near 9000 cm−1 //  
J. Quant. Spectrosc. Radiat. Transfer. 1988. V. 39, N 6. 
P. 473–476.  

9. Fox K., Jennings D.E. Spectral shifts of methane lines 
in collisions with hydrogen, helium, nitrogen and argon 

// J. Quant. Spectrosc. Radiat. Transfer. 1989. V. 42, 
N 3. P. 201–206. 

10. Singh K., O’Brien J.J. Measurement of pressure-broa-
dening and lineshift coefficients at 77 and 296 K of 
methane lines in the 727 nm band using intracavity laser 
spectroscopy // J. Quant. Spectrosc. Radiat. Transfer. 
1994. V. 52, N 1. P. 75–87. 

11. Keffer C.E., Conner C.P., Smith W.H. Pressure broad-
ening of methane lines in the 6190 Å and 6825 Å bands 
at room and low temperatures // J. Quant. Spectrosc. 
Radiat. Transfer. 1986. V. 35, N 6. P. 495–499.  

12. Radak B.B., Lunine J.I., Hunten D.M., Atkinson G.H. 
The intensity and pressure broadening of the 681.884 nm 
methane absorption line at low temperatures determined 
by intracavity laser spectroscopy // J. Quant. Spec-
trosc. Radiat. Transfer. 1994. V. 52, N 6. P. 809–818. 

13. Cvijin P.V., Wells W.K., Mendas I., Delaney J.K., 
Lunine J.I., Hunten D.M., Atkinson G.H. Determina- 
tion of the intensity and pressure broadening of the 
619.68 nm methane overtone absorption line at low tem- 
 

peratures using intracavity laser spectroscopy //  
J. Quant. Spectrosc. Radiat. Transfer. 1993. V. 49, N 6. 
P. 639–650. 

14. Bykov A.D., Naumenko O.V., Pshenichnikov A.M., Si- 
nitsa L.N., Shcherbakov A.P. An expert system for iden-
tification of lines in vibrational-rotational spectra // 

Opt. Spectrosc. 2003. V. 94. P. 528–537. 
15. Rothman L.S., Gordon I.E., Babikov Y., Barbe A., 

Benner D.C., Bernath P.F., Birk M., Bizzocchi L., 
Boudon V., Brown L.R., Campargue A., Chance K., 
Cohen E.A., Coudert L.H., Devi V.M., Drouin B.J., 
Fayt A., Flaud J.-M., Gamache R.R., Harrison J.J., 
Hartmann J.-M., Hill C., Hodges J.T., Jacquemart D., 
Jolly A., Lamouroux J., Le Roy R.J., Li G., Long D.A., 
Lyulin O.M., Mackie C.J., Massie S.T., Mikhailen- 
ko S., Müller H.S.P., Naumenko O.V., Nikitin A.V., 
Orphal J., Perevalov V., Perrin A., Polovtseva E.R., 
Richard C., Smith M.A.H., Starikova E., Sung K., 
Tashkun S., Tennyson J., Toon G.C., Tyuterev Vl.G., 
Wagner G. The HITRAN 2012 molecular spectroscopic 
database // J. Quant. Spectrosc. Radiat. Transfer. 2013. 
V. 130. P. 4–50. 

16. Boussin C., Regalia L., Plateaux J.-J., Barbenb A. 
Line intensities and self-broadening coefficients for me- 
thane lines between 5500 and 6180 cm–1. Retrieved with 
a multispectrum fitting technique // J. Mol. Spectrosc. 
1998. V. 191. P. 381–383. 

 
 

V.I. Serdyukov, L.N. Sinitsa, A.D. Bykov, A.P. Shcherbakov. Broadening and shift of the methane 
absorption lines in the 11000–11400 cm–1 region. 

Absorption spectra of methane in the 11000–11400 cm–1 region were recorded at a IFS–125M Fourier 
spectrometer at pressures from 11 to 100 mbar, room temperature, and spectral resolution of 0.03 cm–1. A multi-
pass cell 60 cm long and 44 passes were used, which provided a total path length of 2640 cm and threshold  
sensitivity to absorption on an order of 10–8 cm–1. Voight contour parameters (line center, intensity, self-
broadening and self-shift coefficients) were determined. 
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