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Ñïåêòð ïîãëîùåíèÿ åñòåñòâåííîãî îáðàçöà óãëåêèñëîãî ãàçà â äèàïàçîíå 4350–4550 ñì1 áûë çàðåãèñòðè-
ðîâàí ñ ïîìîùüþ Ôóðüå-ñïåêòðîìåòðà Bruker IFS 125HR, ñîïðÿæåííîãî ñ ìíîãîõîäîâîé 30-ìåòðîâîé ãàçî-
âîé êþâåòîé, îñíàùåííîé îïòè÷åñêîé ñèñòåìîé Óàéòà. Ðåãèñòðàöèÿ ñïåêòðà âûïîëíåíà ñ ðàçðåøåíèåì 0,02 ñì1 
ïðè òåìïåðàòóðå 301,7 Ê, äàâëåíèè ãàçà 306 ìáàð è äëèíå îïòè÷åñêîãî ïóòè â 1058 ì. Äîñòèãíóòà ÷óâñòâè-
òåëüíîñòü, ïîçâîëèâøàÿ çàðåãèñòðèðîâàòü ñïåêòðàëüíûå ëèíèè ñ èíòåíñèâíîñòüþ 1028 ñì1/(ìîë.  ñì2). Èç-
ìåðåíû öåíòðû è èíòåíñèâíîñòè 453 ñïåêòðàëüíûõ ëèíèé 17 ïîëîñ 5 èçîòîïîëîãîâ óãëåêèñëîãî ãàçà: 12C16O2, 
13C16O2, 16Î12C18O, 16Î13C18O è 16Î13C17O. Ïîëîñû 33303–02201, 41104–02201, 41104–10002 îñíîâíîãî èçî-
òîïîëîãà 12C16O2 è ïîëîñû 31103–00001 èçîòîïîëîãîâ 13C16O2 è 16Î12C18O çàðåãèñòðèðîâàíû âïåðâûå. Ïðîâå-
äåíî ñðàâíåíèå èçìåðåííûõ öåíòðîâ è èíòåíñèâíîñòåé ñïåêòðàëüíûõ ëèíèé ñî çíà÷åíèÿìè, ïðåäñòàâëåííûìè 
â áàçå äàííûõ HITRAN2020. 

 

Êëþ÷åâûå ñëîâà: óãëåêèñëûé ãàç, èçîòîïè÷åñêèå ìîäèôèêàöèè, ñïåêòð âûñîêîãî ðàçðåøåíèÿ, ïàðàìåò-
ðû ñïåêòðàëüíûõ ëèíèé, áàçà äàííûõ HITRAN2020; carbon dioxide, isotopologue, high resolution spectra, 
spectral line parameters, HITRAN2020 database. 

 
 

Ââåäåíèå 
 

Ñïåêòðàëüíàÿ îáëàñòü 4350–4550 cì1 â ðàéîíå 
2,3 ìêì ïðèíàäëåæèò îäíîìó èç îêîí ïðîçðà÷íîñòè 
âåíåðèàíñêîé àòìîñôåðû [1]. Ýòî îêíî ïðîçðà÷íîñòè 

èñïîëüçóåòñÿ äëÿ èññëåäîâàíèÿ õèìè÷åñêîãî è èçî-
òîïíîãî ñîñòàâà íèæíåé àòìîñôåðû Âåíåðû (25–
40 êì) íà îñíîâå ñïåêòðîâ, çàðåãèñòðèðîâàííûõ êîñ-
ìè÷åñêèì àïïàðàòîì Venus Express [2] è ñïåêòðî-
ìåòðàìè íàçåìíîãî áàçèðîâàíèÿ [3]. Ïîãëîùåíèå 
óãëåêèñëûì ãàçîì â ýòîé îáëàñòè î÷åíü ñëàáîå [4]. 
Îäíàêî â ñâÿçè ñ òåì, ÷òî Âåíåðà èìååò ïëîòíóþ óã-
ëåêèñëîòíóþ àòìîñôåðó, èíôîðìàöèÿ î ïàðàìåòðàõ 

ñëàáûõ ëèíèé ïîãëîùåíèÿ óãëåêèñëîãî ãàçà î÷åíü 
âàæíà. Ïîýòîìó èññëåäîâàíèþ ñïåêòðîâ ïîãëîùåíèÿ 
ÑÎ2 â îêíå ïðîçðà÷íîñòè 2,3 ìêì ïîñâÿùåíî íåñêîëü-
êî ýêñïåðèìåíòàëüíûõ ðàáîò [5–13]. Â [5, 8–10] 
áûëè îïðåäåëåíû òîëüêî öåíòðû ñïåêòðàëüíûõ ëè-
íèé. Äðóãèå ðàáîòû áûëè ïîñâÿùåíû èññëåäîâàíèþ 

êîíêðåòíûõ ïîëîñ [6, 7] ëèáî äèàïàçîí äëèí âîëí  

â íèõ îòëè÷àëñÿ îò èññëåäóåìîãî â íàñòîÿùåé ðàáî-
òå [11, 13], ïåðåêðûâàÿñü ëèøü ÷àñòè÷íî. 
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* Àíàñòàñèÿ Àëåêñàíäðîâíà Ìàðèíèíà (lukashevskaya 
@iao.ru); Þðèé Ãåííàäüåâè÷ Áîðêîâ (geo@iao.ru); Òàòüÿ-
íà Ìèõàéëîâíà Ïåòðîâà (tanja@iao.ru); Àëåêñàíäð Ìèõàé- 
ëîâè÷ Ñîëîäîâ (solodov@iao.ru); Àëåêñàíäð Àëåêñàíäðî-
âè÷ Ñîëîäîâ (asolodov@iao.ru); Âàëåðèé Èííîêåíòüåâè÷ 
Ïåðåâàëîâ (vip@iao.ru). 

 Â [12] áûëî ïðîâåäåíî èññëåäîâàíèå ñïåêòðà 
îáðàçöà ÑÎ2, îáîãàùåííîãî èçîòîïîì êèñëîðîäà 17Î. 
Ñïåêòðîñêîïè÷åñêàÿ áàçà äàííûõ HITRAN2020 [4] 

ñîäåðæèò â ñåáå ïîäðîáíóþ èíôîðìàöèþ î ïàðàìåò-
ðàõ ñïåêòðàëüíûõ ëèíèé óãëåêèñëîãî ãàçà è åãî èçî-
òîïè÷åñêèõ ìîäèôèêàöèé â øèðîêîì äèàïàçîíå äëèí 
âîëí, âêëþ÷àÿ äèàïàçîí, èññëåäóåìûé â íàñòîÿùåé 
ðàáîòå. Äàííûå î öåíòðàõ ëèíèé â HITRAN2020 
âçÿòû èç áàíêà äàííûõ CDSD-296 [14], â êîòîðîì 
ïðåäñòàâëåíû çíà÷åíèÿ, ðàññ÷èòàííûå â ðàìêàõ 
ìåòîäà ýôôåêòèâíûõ îïåðàòîðîâ. Èíòåíñèâíîñòè 

ñïåêòðàëüíûõ ëèíèé äëÿ äèàïàçîíà 4350–4550 ñì1
  

â HITRAN2020 âçÿòû ëèáî èç CDSD-296, ãäå îíè 

áûëè ðàññ÷èòàíû â ðàìêàõ ìåòîäà ýôôåêòèâíûõ 

îïåðàòîðîâ, ëèáî èç âàðèàöèîííûõ ðàñ÷åòîâ, áàçè-
ðóþùèõñÿ íà ab initio ðàññ÷èòàííîé ïîâåðõíîñòè 

äèïîëüíîãî ìîìåíòà [15–17]. Ïîëó÷åííûå ïàðàìåò-
ðû ñëàáûõ ñïåêòðàëüíûõ ëèíèé íóæäàþòñÿ â ýêñïå-
ðèìåíòàëüíîé ïðîâåðêå, ÷òî è ñòàëî îäíîé èç öåëåé 
íàñòîÿùåé ðàáîòû. 

Âòîðàÿ öåëü – îáíàðóæåíèå ìàãíèòíî-äèïîëü- 
íîé ïîëîñû 11111–00001 îñíîâíîé èçîòîïè÷åñêîé 

ìîäèôèêàöèè ÑÎ2. Ïîðÿäîê îæèäàåìîé âåëè÷èíû 

èíòåíñèâíîñòåé ñïåêòðàëüíûõ ëèíèé ýòîé ïîëîñû 

ñîñòàâëÿåò 1029 ñì1/(ìîë.  ñì2) ïðè 296 Ê. Íà-
ïîìíèì, ÷òî âïåðâûå ìàãíèòíî-äèïîëüíîå ïîãëîùå-
íèå óãëåêèñëûì ãàçîì (ïîëîñà 01111–00001 îñíîâ- 
íîé èçîòîïè÷åñêîé ìîäèôèêàöèè) áûëî îáíàðóæåíî  



 

850 Ìàðèíèíà À.À., Áîðêîâ Þ.Ã., Ïåòðîâà Ò.Ì. è äð. 
 

 
 
â ñïåêòðàõ ìàðñèàíñêîé àòìîñôåðû [18, 19], à çàòåì 
èññëåäîâàëîñü â ëàáîðàòîðíûõ óñëîâèÿõ [20, 21]. 
 

 
1. Ýêñïåðèìåíò 

 
Ñïåêòð ïîãëîùåíèÿ óãëåêèñëîãî ãàçà áûë çàðå-

ãèñòðèðîâàí â äèàïàçîíå 4350–4550 ñì1
 Ôóðüå-ñïåê- 

òðîìåòðîì Bruker IFS 125HR, ñîïðÿæåííûì ñ ìíî-
ãîõîäîâîé 30-ìåòðîâîé ãàçîâîé êþâåòîé, îñíàùåííîé 

îïòè÷åñêîé ñèñòåìîé Óàéòà [22]. Ðåãèñòðàöèÿ ñïåêòðà 

âûïîëíåíà ñ ðàçðåøåíèåì 0,02 ñì1 ïðè òåìïåðàòó-
ðå 301,7 Ê è äàâëåíèè ãàçà 306 ìáàð. Äëèíà îïòè÷å-
ñêîãî ïóòè ñîñòàâèëà 1058 ì. Èñïîëüçîâàëñÿ åñòåñò-
âåííûé îáðàçåö ÑÎ2 ñ ÷èñòîòîé 99,9%. Ïåðåä íà-
ïóñêîì ãàçà èç ñïåêòðîìåòðà áûë îòêà÷àí âîçäóõ  

äî îñòàòî÷íîãî äàâëåíèÿ 0,02 ìáàð ñ ïîìîùüþ ôîð-
âàêóóìíîãî íàñîñà. Ñïåêòðîìåòð áûë óêîìïëåêòîâàí 

âîëüôðàìîâûì èñòî÷íèêîì èçëó÷åíèÿ, InSb-ïðèåì- 
íèêîì, îõëàæäàåìûì æèäêèì àçîòîì, è CaF2-ñâåòî- 
äåëèòåëåì. Äàâëåíèå óãëåêèñëîãî ãàçà èçìåðÿëîñü 
äàò÷èêîì Vacuubrand DVR-5 capacitance manometer 

(ïîëíàÿ øêàëà 1100 ìáàð) ñ ïîãðåøíîñòüþ 1 ìáàð. 
Òåìïåðàòóðà èçìåðÿëàñü òðåìÿ òåðìîìåòðàìè, ïî-
ìåùåííûìè â ðàçíûõ ÷àñòÿõ êþâåòû. Íåîïðåäåëåí-
íîñòü èçìåðåíèÿ òåìïåðàòóðû îöåíèâàåòñÿ â 0,2 Ê. 
Äëÿ óâåëè÷åíèÿ îòíîøåíèÿ ñèãíàëà ê øóìó áûëî 
ïðîâåäåíî óñðåäíåíèå 9800 èíòåðôåðîãðàìì è èñ-
ïîëüçîâàëñÿ èíòåðôåðåíöèîííûé ôèëüòð ñ óçêîé 
ïîëîñîé ïðîïóñêàíèÿ. Áûëà äîñòèãíóòà ÷óâñòâè-
òåëüíîñòü ïî êîýôôèöèåíòó ïîãëîùåíèÿ íà óðîâíå 
109 ñì1, ÷òî ïîçâîëèëî çàðåãèñòðèðîâàòü ñïåê-
òðàëüíûå ëèíèè ñ èíòåíñèâíîñòüþ íà óðîâíå 
1028 ñì1/(ìîë.  ñì2). 

 
2. Îïðåäåëåíèå ïàðàìåòðîâ 

ñïåêòðàëüíûõ ëèíèé 
 
Äëÿ èäåíòèôèêàöèè ñïåêòðàëüíûõ ëèíèé èñ-

ïîëüçîâàëàñü áàçà äàííûõ HITRAN2020. Êðîìå 

ñïåêòðàëüíûõ ëèíèé óãëåêèñëîãî ãàçà è åãî èçîòî-
ïè÷åñêèõ ìîäèôèêàöèé áûëè èäåíòèôèöèðîâàíû 
ñïåêòðàëüíûå ëèíèè ìîëåêóë âîäÿíîãî ïàðà, ìåòàíà 
è çàêèñè àçîòà. Ñ ïîìîùüþ èíòåíñèâíîñòåé ëèíèé  

èç áàçû äàííûõ HITRAN2020 áûëè îïðåäåëåíû 
îòíîñèòåëüíûå êîíöåíòðàöèè ïðèìåñåé: Í2Î – 

2,8  104%, ÑÍ4 – 1,6  107%, N2O – 2,6  106%. 
Îòìåòèì, ÷òî â èññëåäóåìîì ñïåêòðàëüíîì äèàïà-
çîíå ðàñïîëîæåíà ñèëüíåéøàÿ ïîëîñà 23 ìîëåêóëû 
çàêèñè àçîòà. Íà îñíîâå öåíòðîâ 31 ëèíèè ýòîé ïîëî-
ñû ìîëåêóëû N2O áûëà ïðîèçâåäåíà êàëèáðîâêà çà-
ðåãèñòðèðîâàííîãî ñïåêòðà; òî÷íîñòü êàëèáðîâêè 

îòíîñèòåëüíî ëèíèé N2O áåç ó÷åòà ñäâèãà äàâëåíèåì 

óãëåêèñëîãî ãàçà ñîñòàâèëà 0,00032 ñì1. Ñ ó÷åòîì  
 

 
 
òîãî, ÷òî äàâëåíèå èññëåäóåìîãî îáðàçöà áûëî äîñòà-
òî÷íî âûñîêèì (306 ìáàð), ó ëèíèè ìîæåò áûòü äîñ-
òàòî÷íî áîëüøîé ñäâèã. Ìû íå ðàñïîëàãàåì èíôîð-
ìàöèåé î ñäâèãàõ ëèíèé ïîëîñû 23 ìîëåêóëû çàêè-
ñè àçîòà äàâëåíèåì óãëåêèñëîãî ãàçà. Â HITRAN2020 
ïîêàçàíû ïðèìåðíî îäèíàêîâûå ñäâèãè ëèíèé ïîëî-
ñû 23 ìîëåêóëû N2O è ïîëîñ ÑÎ2 â èññëåäóåìîì 
äèàïàçîíå äàâëåíèåì âîçäóõà. Èñõîäÿ èç ýòîãî,  
ìû ïðåäïîëîæèëè, ÷òî â äèàïàçîíå 4350–4550 ñì1 
ñäâèãè ëèíèé ïîëîñû 23 ìîëåêóëû N2O äàâëåíèåì 
ÑÎ2 è ïîëîñ ÑÎ2 ñîáñòâåííûì äàâëåíèåì ïðèìåðíî 
îäèíàêîâûå. Â ÷àñòíîñòè, èçìåðåííûé êîýôôèöèåíò 
ñäâèãà ëèíèé ñîáñòâåííûì äàâëåíèåì äëÿ ïîëîñû 
20013–00001 óãëåêèñëîãî ãàçà ëåæèò â ïðåäåëàõ 
0,006 è 0,008 ñì1  àòì1 ïðè 296 Ê [23]. Ýòî äàåò 
íàì îñíîâàíèå ïîëàãàòü, ÷òî òî÷íîñòü îïðåäåëåíèÿ 
öåíòðîâ ëèíèé â íàøåì ñëó÷àå íå õóæå 0,003 ñì1. 
  Ïàðàìåòðû ñïåêòðàëüíûõ ëèíèé áûëè îïðåäå-
ëåíû èõ ïîäãîíêîé ê ýêñïåðèìåíòàëüíîìó ñïåêòðó 
êîíòóðîì Ôîéãòà ñ ðàññ÷èòàííûì çíà÷åíèåì äîïëå-
ðîâñêîé ïîëóøèðèíû. Âêëàä â ñïåêòð ïðèìåñåé ìî-
äåëèðîâàëñÿ ñ ïîìîùüþ áàçû äàííûõ HITRAN2020. 
Äëÿ ïåðâè÷íîé îáðàáîòêè ñïåêòðà èñïîëüçîâàëñÿ 

ïàêåò ïðîãðàìì OPUS 6.5 (https://www.bruker. 
com / products / infrared-near-infrared-and-raman-
spectroscopy/opus-spectroscopy-software.html). Îí 
ïîçâîëèë óáðàòü âëèÿíèå ôèëüòðà íà ñïåêòð. Àïî-
äèçàöèÿ áûëà âûïîëíåíà ñ ïîìîùüþ ôóíêöèè 
boxcar. Ëîêàëüíàÿ áàçîâàÿ ëèíèÿ ìîäåëèðîâàëàñü  
ñ ïîìîùüþ ëèíåéíîé ôóíêöèè îò âîëíîâîãî ÷èñëà. 
Â èññëåäóåìîì äèàïàçîíå äëèí âîëí èíòåíñèâíîñòè 
ëèíèé ÑÎ2 íå ïðåâûøàþò 1026 ñì1/(ìîë.  ñì2)  
ïðè 296 Ê. Íåñìîòðÿ íà î÷åíü íèçêóþ îòíîñèòåëü-
íóþ êîíöåíòðàöèþ N2O (2,6  106%), íàõîäÿùåéñÿ  

â îáðàçöå â êà÷åñòâå ïðèìåñè, åå ëèíèè äîìèíèðóþò 
â ñïåêòðå (ðèñ. 1), ÷òî çíà÷èòåëüíî çàòðóäíÿåò îï-
ðåäåëåíèå ïàðàìåòðîâ ñïåêòðàëüíûõ ëèíèé óãëåêè-
ñëîãî ãàçà è âåäåò ê èõ áîëüøîé íåîïðåäåëåííîñòè. 
Âñåãî áûëî èäåíòèôèöèðîâàíî  2400 ëèíèé ðàçëè÷-
íûõ èçîòîïè÷åñêèõ ìîäèôèêàöèé ÑÎ2. Â ñâÿçè  

ñ áîëüøîé íåîïðåäåëåííîñòüþ âîññòàíîâëåííûõ ïà-
ðàìåòðîâ ñëàáûõ ñïåêòðàëüíûõ ëèíèé â íàñòîÿùåé 

ðàáîòå ìû ïóáëèêóåì ðåçóëüòàòû òîëüêî äëÿ íàèáî-
ëåå ñèëüíûõ ëèíèé ñ èíòåíñèâíîñòÿìè îò 1028

  

äî 1026 ñì1//(ìîë.  ñì2) ïðè 296 Ê. 
Â òàáë. 1 äàíà èíôîðìàöèÿ î ïîëîñàõ óãëåêèñ- 

ëîãî ãàçà, èññëåäîâàííûõ â íàñòîÿùåé ðàáîòå, à òàê- 
æå ïðåäñòàâëåíû èñòî÷íèêè, â êîòîðûõ ðàíåå èçó÷à-
ëèñü íåêîòîðûå èç ýòèõ ïîëîñ. Â òàáë. 2 ïðèâåäåíû 
ïàðàìåòðû ñïåêòðàëüíûõ ëèíèé, êîòîðûå áûëè èç-
ìåðåíû âïåðâûå. Íåîïðåäåëåííîñòè èíòåíñèâíîñòåé 
ñïåêòðàëüíûõ ëèíèé â òàáë. 2 ñâÿçàíû ñ îøèáêàìè 
ìîäåëèðîâàíèÿ. Îøèáêè èçìåðåíèÿ äàâëåíèÿ è òåì-
ïåðàòóðû äàþò âêëàä â íåîïðåäåëåííîñòü èíòåíñèâ-
íîñòè, íå ïðåâûøàþùèé 1%. 
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Ðèñ. 1. Äèàãðàììà èíòåíñèâíîñòåé ëèíèé ìîëåêóëû CO2, èññëåäîâàííûõ â íàñòîÿùåé ðàáîòå, è ëèíèé ìîëåêóëû N2O, 
âçÿòûõ èç áàçû äàííûõ HITRAN2020 [4] (à); ýêñïåðèìåíòàëüíûé ñïåêòð ïîãëîùåíèÿ ìîëåêóëû CO2 â äèàïàçîíå 
  4402–4403,6 ñì1 (á); íåâÿçêè ìîäåëüíîãî è ýêñïåðèìåíòàëüíîãî ñïåêòðîâ (â) 

 
Ò à á ë è ö à  1  

Èäåíòèôèöèðîâàííûå ïîëîñû è öåíòðû ëèíèé ÑÎ2, çàðåãèñòðèðîâàííûõ â íàñòîÿùåé ðàáîòå  
â ñïåêòðàëüíîì äèàïàçîíå 4350–4550 cì1, äëÿ êîòîðûõ îïðåäåëåíû èíòåíñèâíîñòè 

Ïðåäûäóùèå èññëåäîâàíèÿ 
Èçîòîïîëîã Ïîëîñà P* 

Öåíòð  
ïîëîñû**,  

ñì1 

×èñëî 
ëèíèé 

J*** äëÿ ïîëîñ 
P/Q/R öåíòð ëèíèé  

èíòåíñèâíîñòè 
ëèíèé S 

12C16O2 31103–00001 7 4591,12 11 52–72/–/– [5], [6], [11] [6], [11] 
 31104–00001 7 4416,15 83 12–68/4–44/2–68 [5], [7], [10], [13] [7], [13] 
 32203–01101 7 4578,08 21 38–64/–/– [5], [6] [6] 
 32204–01101 7 4379,88 55 19–43/–/6–44 [13] [13] 
 33303–02201 7 4567,58 5 26–36/–/–   
 40004–01101 7 4529,87 44 17–59/8–36/3–25 [5], [6] [6] 
 40005–01101 7 4354,97 24 –/20,26/5–49 [10], [13] [13] 
 41104–02201 7 4495,67 2 –/–/26,28   
 41104–10002 7 4545,39 8 22–42/–/–   
 41105–10002 7 4353,10 10 –/–/14–36   
13C16O2 31103–00001 7 4527,28 20 22–50/–/16–28   
16O12C18O 11111–00001 6 4346,18 9 –/–/7–30   
 31103–00001 7 4504,91 22 28–37/–/11–48   
 31104–00001 7 4339,82 2 –/–/22,27   
16O13C18O 00021–00001 6 4508,75 101 1–53/–/0–55 [5], [9], [12] [12] 
 01121–01101 6 4485,59 10 19–29/–/– [8], [12] [12] 
16O13C17O 00021–00001 6 4524,88 25 9–28/–/8–30 [5], [8], [12] [12] 

______________ 
* P = Pupper  Plower; P = 2V1 + V2 + 3V3, ãäå Vi (i = 1, 2, 3) – ãëàâíûå êîëåáàòåëüíûå êâàíòîâûå ÷èñëà. 
** Ïðèáëèæåííûå çíà÷åíèÿ öåíòðîâ ïîëîñ. 
*** Çíà÷åíèÿ êâàíòîâîãî ÷èñëà ïîëíîãî óãëîâîãî ìîìåíòà äëÿ íàáëþäàâøèõñÿ ëèíèé êàæäîé èç âåòâåé. 
 

Ò à á ë è ö à  2  

Ýêñïåðèìåíòàëüíûå çíà÷åíèÿ öåíòðîâ è èíòåíñèâíîñòåé âïåðâûå íàáëþäàâøèõñÿ  
ñïåêòðàëüíûõ ëèíèé ÑÎ2 â äèàïàçîíå 4350–4550 ñì1 

Ëèíèÿ , ñì1 S  1028, ñì1/(ìîë.  ñì2),  
ïðè 296 Ê 

Íåîïðåäåëåííîñòü  
S, % 

1 2 3 4 
12Ñ16Î2 (626) 

33303–02201 P 28e 4546,1212 1,20 10,1 
33303–02201 P 31f 4543,8771 1,37 28,9 
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1 2 3 4 
12Ñ16Î2 (626) 

33303–02201 P 34e 4541,6455 0,652 14,8 
33303–02201 P 35f 4540,9030 0,855 7,9 
33303–02201 P 36e 4540,1578 0,989 12,1 
41104–02201 R 26e 4515,5505 0,72 31,2 
41104–02201 R 28e 4516,9207 0,59 17,1 
41104–10002 P 22e 4528,0068 2,30 21,4 
41104–10002 P 28e 4523,1851 2,11 5,6 
41104–10002 P 30e 4521,5704 2,01 15,0 
41104–10002 P 32e 4519,9521 2,45 3,6 
41104–10002 P 34e 4518,3336 2,35 1,8 
41104–10002 P 38e 4515,0771 2,03 7,6 
41104–10002 P 40e 4513,4438 1,65 3,7 
41104–10002 P 42e 4511,8049 1,33 5,4 

13Ñ16Î2 (636) 
31103–00001 P 22e 4510,0891 2,47 7,4 
31103–00001 P 26e 4506,9598 2,04 3,0 
31103–00001 P 30e 4503,8225 2,30 4,7 
31103–00001 P 32e 4502,2529 2,37 2,5 
31103–00001 P 34e 4500,6806 2,29 2,2 
31103–00001 P 36e 4499,1080 2,12 7,2 
31103–00001 P 38e 4497,5324 1,82 6,4 
31103–00001 P 40e 4495,9590 1,65 3,6 
31103–00001 P 42e 4494,3815 1,36 5,1 
31103–00001 P 46e 4491,2175 0,951 3,0 
31103–00001 P 48e 4489,6307 1,03 5,3 
31103–00001 P 50e 4488,0487 0,692 11,9 
31103–00001 R 6e 4532,7366 0,824 16,6 
31103–00001 R 10e 4535,8615 1,95 13,3 
31103–00001 R 12e 4537,4162 2,73 12,4 
31103–00001 R 14e 4538,9727 3,36 5,9 
31103–00001 R 18e 4542,0868 4,88 5,7 
31103–00001 R 20e 4543,6403 4,42 5,2 
31103–00001 R 22e 4545,1975 6,19 4,8 
31103–00001 R 28e 4549,8407 7,15 7,9 

16O12C18O (628) 
31103–00001 P 28e 4484,0244 0,757 5,2 
31103–00001 P 35e 4478,7194 0,603 5,4 
31103–00001 P 37e 4477,1930 0,642 5,2 
31103–00001 R 11e 4513,6870 0,731 16,0 
31103–00001 R 12e 4514,4172 1,32 10,4 
31103–00001 R 13e 4515,1396 1,12 5,3 
31103–00001 R 18e 4518,7582 2,03 18,7 
31103–00001 R 19e 4519,4809 2,38 10,6 
31103–00001 R 20e 4520,2036 1,91 9,7 
31103–00001 R 23e 4522,3585 2,02 2,8 
31103–00001 R 25e 4523,7882 2,57 8,4 
31103–00001 R 26e 4524,5067 2,16 6,3 
31103–00001 R 28e 4525,9381 2,26 26,1 
31103–00001 R 29e 4526,6450 1,97 5,0 
31103–00001 R 30e 4527,3578 2,09 6,7 
31103–00001 R 34e 4530,1991 2,31 17,0 
31103–00001 R 35e 4530,9031 2,30 12,3 
31103–00001 R 37e 4532,3175 1,61 6,6 
31103–00001 R 39e 4533,7177 1,33 5,6 
31103–00001 R 40e 4534,4229 1,20 5,9 
31103–00001 R 45e 4537,9122 0,926 16,9 
31103–00001 R 48e 4539,9967 0,670 21,8 

 

3. Ñðàâíåíèå ñ áàçîé äàííûõ 
HITRAN2020 

 
Êàê ìû óæå îòìå÷àëè âî ââåäåíèè, ïàðàìåòðû 

ñïåêòðàëüíûõ ëèíèé óãëåêèñëîãî ãàçà, ïðåäñòàâëåí-

íûå â áàçå äàííûõ HITRAN2020 äëÿ èññëåäóåìî- 
ãî äèàïàçîíà, áûëè ïîëó÷åíû ïîëóýìïèðè÷åñêèìè  

è òåîðåòè÷åñêèìè ðàñ÷åòàìè. Íà ðèñ. 2 ïðèâåäåíî 
ñðàâíåíèå èçìåðåííûõ â íàñòîÿùåé ðàáîòå öåíòðîâ 
ñïåêòðàëüíûõ ëèíèé ñî çíà÷åíèÿìè, ïðåäñòàâëåí-
íûìè â HITRAN2020. 
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Ðèñ. 2. Ðàçíîñòè ìåæäó èçìåðåííûìè â íàñòîÿùåé  
ðàáîòå öåíòðàìè ñïåêòðàëüíûõ ëèíèé è çíà÷åíèÿìè  

  èç HITRAN2020 
 
Êàê ñëåäóåò èç ðèñ. 2, àáñîëþòíîå áîëüøèíñò-

âî öåíòðîâ ëèíèé ñîãëàñóåòñÿ â ïðåäåëàõ íåîïðåäå-
ëåííîñòè 0,003 ñì1 èçìåðåííûõ çíà÷åíèé. Â âûñî-
êî÷àñòîòíîé îáëàñòè ñïåêòðà (4480–5550 ñì1) ðàç-
íîñòè äîñòèãàþò 0,006 ñì1. Ýòî ñâÿçàíî ñ òåì, ÷òî 
â óêàçàííîé îáëàñòè ôèëüòð ñèëüíî îñëàáëÿåò èç-
ëó÷åíèå, ïðèâîäÿ ê ðåçêîìó óìåíüøåíèþ îòíîøå-
íèÿ ñèãíàëà ê øóìó. Ïðè ìîäåëèðîâàíèè â ýòîé 
îáëàñòè íåîïðåäåëåííîñòü âîññòàíîâëåííûõ öåíòðîâ 
ëèíèé äëÿ î÷åíü ñëàáûõ ëèíèé äîñòèãàåò 0,003 ñì1. 
Íà ðèñ. 3 ñðàâíèâàþòñÿ èçìåðåííûå èíòåíñèâíîñòè 
ëèíèé ñî çíà÷åíèÿìè, ïðåäñòàâëåííûìè â áàçå äàí-
íûõ HITRAN2020. Âèäíî, ÷òî îòíîñèòåëüíûå ðàç-
íîñòè äîñòèãàþò 40%, îíè êîððåëèðóþò ñ îøèáêàìè 
èçìåðåíèé. 

 

 
Ðèñ. 3. Cðàâíåíèå èçìåðåííûõ â íàñòîÿùåé ðàáîòå  
èíòåíñèâíîñòåé ñïåêòðàëüíûõ ëèíèé ñî çíà÷åíèÿìè 
  èç HITRAN2020 

 
Íà ðèñ. 4 ïðåäñòàâëåíî ñðàâíåíèå èçìåðåííûõ 

èíòåíñèâíîñòåé ëèíèé äëÿ íàèáîëåå ñèëüíîé ïîëî-
ñû èññëåäîâàííîãî äèàïàçîíà äëèí âîëí, à èìåííî 
ïîëîñû 00021–00001, èçîòîïè÷åñêîé ìîäèôèêàöèè  
 

 

 
Ðèñ. 4. Cðàâíåíèå èçìåðåííûõ â íàñòîÿùåé ðàáîòå  
èíòåíñèâíîñòåé ñïåêòðàëüíûõ ëèíèé ñî çíà÷åíèÿìè  
èç HITRAN2020 äëÿ ïîëîñû 00021–00001 èçîòîïè÷åñêîé 
  ìîäèôèêàöèè16O13C18O 

 
16O13C18O. Èç ðèñóíêà ñëåäóåò, ÷òî èçìåðåííûå 
èíòåíñèâíîñòè ëèíèé â ñðåäíåì íà 5% ìåíüøå çíà-
÷åíèé èç HITRAN2020. Îäíàêî îòìåòèì, ÷òî ðå-
àëüíûõ îòíîñèòåëüíûõ êîíöåíòðàöèé ðàçëè÷íûõ 
èçîòîïè÷åñêèõ ìîäèôèêàöèé â èññëåäóåìîì îáðàçöå 
óãëåêèñëîãî ãàçà ìû íå çíàåì. Ìû ïðåäïîëîæèëè, 
÷òî â îáðàçöå ñîäåðæàòñÿ èçîòîïè÷åñêèå ìîäèôèêà-
öèè â åñòåñòâåííûõ êîíöåíòðàöèÿõ. 

 
Çàêëþ÷åíèå 

 
Â íàñòîÿùåé ðàáîòå ïðîâåäåíî ýêñïåðèìåíòàëü-

íîå èññëåäîâàíèå ñïåêòðà åñòåñòâåííîãî îáðàçöà óã-
ëåêèñëîãî ãàçà â äèàïàçîíå 4350–4550 ñì1. ×óâñò-
âèòåëüíîñòü ñïåêòðîìåòðà ïî êîýôôèöèåíòó ïîãëî-
ùåíèÿ ñîñòàâèëà 109 ñì1. Áûëè èçìåðåíû öåíòðû 
è èíòåíñèâíîñòè 453 ñïåêòðàëüíûõ ëèíèé 17 ïîëîñ 
5 èçîòîïè÷åñêèõ ìîäèôèêàöèé óãëåêèñëîãî ãàçà  
ñ èíòåíñèâíîñòÿìè, áëèçêèìè èëè ïðåâûøàþùèìè 
1028 ñì1/(ìîë.  ñì2) ïðè 296 Ê. Öåíòðû è èíòåí-
ñèâíîñòè ïÿòè ïîëîñ ïîãëîùåíèÿ ýòîé ìîëåêóëû 
ïóáëèêóþòñÿ âïåðâûå. Ñðàâíåíèå èçìåðåííûõ öåí-
òðîâ ëèíèé ñî çíà÷åíèÿìè, ïðåäñòàâëåííûìè â áàçå 
äàííûõ HITRAN2020, ïîêàçûâàåò, ÷òî áîëüøèíñò-
âî èç íèõ ñîâïàäàåò â ïðåäåëàõ íåîïðåäåëåííîñòè 
èçìåðåíèé (0,003 ñì1). Â ñâÿçè ñ òåì, ÷òî èçìå-
ðåííûå èíòåíñèâíîñòè ëèíèé î÷åíü ìàëû (ìåíüøå, 
÷åì 1026 ñì1/(ìîë.  ñì2) ïðè 296 Ê) è ïåðåêðû-
âàíèåì èññëåäóåìûõ ëèíèé êàê ñ î÷åíü ñèëüíûìè 
ëèíèÿìè çàêèñè àçîòà, ïðèñóòñòâóþùåé â îáðàçöå  
â êà÷åñòâå ïðèìåñè, òàê è ñ áîëåå ñèëüíûìè ëèíèÿ-
ìè óãëåêèñëîãî ãàçà, ýòè èíòåíñèâíîñòè èìåþò 
áîëüøóþ íåîïðåäåëåííîñòü, âïëîòü äî 30%. Ðàçíî-
ñòè èçìåðåííûõ èíòåíñèâíîñòåé ëèíèé è çíà÷åíèé 
èç HITRAN2020, ëåæàò ïðàêòè÷åñêè â ïðåäåëàõ 
ýêñïåðèìåíòàëüíîé íåîïðåäåëåííîñòè. Òàêèì îáðà-
çîì, ñóùåñòâåííûõ ïðîòèâîðå÷èé ìåæäó äàííûìè 
HITRAN2020 è èçìåðåíèÿìè, ïðîâåäåííûìè â íà-
ñòîÿùåé ðàáîòå, íå îáíàðóæåíî. 
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Îòìåòèì, ÷òî ëèíèè ìàãíèòíî-äèïîëüíîé ïîëî-
ñû 11111–00001 îñíîâíîãî èçîòîïîëîãà óãëåêèñëîãî 
ãàçà â íàñòîÿùåé ðàáîòå íå îáíàðóæåíû. Ïî íàøèì 
îöåíêàì, ýòè ëèíèè î÷åíü ñëàáûå, ñ èíòåíñèâíî-
ñòÿìè íà óðîâíå 1029 ñì1/(ìîë.  ñì2) è ìåíüøå 
ïðè 296 Ê. Ïðàêòè÷åñêè âñå ïðåäñêàçàííûå öåíòðû 
ëèíèé ýòîé ìàãíèòíî-äèïîëüíîé ïîëîñû íàõîäÿòñÿ 
ïîä êîíòóðàìè î÷åíü ñèëüíûõ ëèíèé ïîëîñû 23 
ìîëåêóëû çàêèñè àçîòà èëè ïåðåêðûòû áîëåå ñèëü-
íûìè ëèíèÿìè ýëåêòðî-äèïîëüíûõ ïåðåõîäîâ óãëå-
êèñëîãî ãàçà. 

Ðàáîòà âûïîëíåíà â ðàìêàõ ãîñóäàðñòâåííîãî 
çàäàíèÿ ÈÎÀ ÑÎ ÐÀÍ. 
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A.A. Marinina, Yu.G. Borkov, T.M. Petrova, A.M. Solodov, A.A. Solodov, V.I. Perevalov. Carbon 

dioxide absorption spectrum in the 4350–4550 cm1 region. 
The absorption spectrum of a natural sample of carbon dioxide has been recorded in the 4350–4550 cm1 

wavenumber range with a Bruker IFS 125HR spectrometer and a 30 m multipass gas cell with a White-type op-
tical system. The spectrum was recorded with a spectral resolution of 0.02 cm1 at a pressure of 306 mbar,  
a temperature of  301.7 K, and a path length of about 1058 m. That, along with 9800 interferograms, allowed  
attaining a sensitivity of 109 cm1. The positions and intensities of 453 spectral lines of 17 bands of 5 carbon 
dioxide isotopologues (12C16O2, 13C16O2, 16Î12C18O, 16Î13C18O, and 16Î13C17O) were measured. The 33303–
02201, 41104–02201, and 41104–10002 bands of the principal isotopologue 12C16O2 and the 31103–00001 band 
of both 13C16O2 and 16Î12C18O isotopologues were recorded for the first time. The measured line positions and 
intensities are compared with the values from the HITRAN2020 database. 

 
 


