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Êîíòóðû ñïåêòðàëüíûõ ëèíèé äëÿ ìàëûõ ñìåùåííûõ ÷àñòîò èñïîëüçóþòñÿ ïðè îáðàáîòêå ýêñïåðèìåí-
òàëüíûõ ñïåêòðîâ â ðåøåíèè îáðàòíîé çàäà÷è âû÷èñëåíèÿ ñòîëêíîâèòåëüíûõ ïàðàìåòðîâ êîíòóðà [1]. Èõ 
ðàçëè÷èÿ îáóñëîâëåíû ðàçíûìè ôèçè÷åñêèìè óñëîâèÿìè (ñèëüíûå / ñëàáûå ñòîëêíîâåíèÿ, áîëüøèå / ìàëûå 
äàâëåíèÿ è äð.). Ìíîæåñòâî ðàçëè÷íûõ êîíòóðîâ ïðèìåíÿåòñÿ äëÿ èññëåäîâàíèÿ ïàðàìåòðîâ ñïåêòðàëüíûõ 
ëèíèé ìîëåêóë äèîêñèäà óãëåðîäà, ìåòàíà, ìåòèëãàëèäîâ è ò.ä. Ïðè ñèñòåìàòèçàöèè ïàðàìåòðîâ ñïåêòðàëü-
íûõ ëèíèé ðàçíîîáðàçèå êîíòóðîâ ïðèâîäèò ê óñëîæíåíèþ ñòðóêòóð äàííûõ â èíôîðìàöèîííûõ ñèñòåìàõ 
(ÈÑ) è ñòðóêòóð èíäèâèäîâ, èñïîëüçóåìûõ äëÿ îïèñàíèÿ ñâîéñòâ ñïåêòðàëüíûõ äàííûõ, õàðàêòåðèçóþùèõ 
êîíòóð ëèíèè, â îíòîëîãèÿõ ìîëåêóëÿðíîé ñïåêòðîñêîïèè.  

Äàíà êðàòêàÿ êëàññèôèêàöèÿ êîíòóðîâ ëèíèé è èõ ïàðàìåòðîâ, ïðèâåäåíû ðåçóëüòàòû ñèñòåìàòèçàöèè 
ñïåêòðàëüíûõ äàííûõ, îòíîñÿùèõñÿ ê ðàçíûì êîíòóðàì ñïåêòðàëüíûõ ëèíèé, èñïîëüçóåìûõ ïðè îáðàáîòêå 
ñïåêòðîâ ìîëåêóëû äèîêñèäà óãëåðîäà. Äëÿ çàãðóçêè èçìåðåííûõ è ðàññ÷èòàííûõ ïàðàìåòðîâ êîíòóðîâ 
ñïåêòðàëüíûõ ëèíèé, âñòðå÷àþùèõñÿ â öèôðîâîé áèáëèîòåêå ÈÑ W@DIS, ïîñòðîåíà ñèñòåìà èìïîðòà ñîîò-
âåòñòâóþùèõ ñïåêòðàëüíûõ äàííûõ. Ðàçðàáîòàíî ïðîãðàììíîå îáåñïå÷åíèå äëÿ àâòîìàòè÷åñêîãî îïèñàíèÿ 
ñâîéñòâ èìïîðòèðîâàííûõ ðåøåíèé. Îñíîâíûå ñâîéñòâà äàííûõ, ôîðìèðóåìûå â ñèñòåìå ÈÑ W@DIS, ñâÿ-
çàíû ñ îïèñàíèåì ðåçóëüòàòîâ àíàëèçà êà÷åñòâà èìïîðòèðîâàííûõ äàííûõ. 

 

Êëþ÷åâûå ñëîâà: êëàññèôèêàöèÿ êîíòóðîâ ñïåêòðàëüíûõ ëèíèé, ïðîôèëè ñïåêòðàëüíûõ ëèíèé äèîê-
ñèäà óãëåðîäà, èíôîðìàöèîííàÿ ñèñòåìà W@DIS; line shapes classification, carbon dioxide line profiles, 
W@DIS information system. 

 

Ââåäåíèå 

Íàèáîëåå èçâåñòíûå áàçû ýêñïåðòíûõ ñïåêòðàëü-
íûõ äàííûõ, îòíîñÿùèõñÿ ê ìîëåêóëÿðíîé ñïåê-
òðîñêîïèè, âîçíèêëè îêîëî 40 ëåò òîìó íàçàä [2, 3] 
è áûëè îðèåíòèðîâàíû íà èñïîëüçîâàíèå â êà÷åñòâå 
âõîäíûõ äàííûõ â çàäà÷àõ ïåðåíîñà àòìîñôåðíîé 
ðàäèàöèè. Â íåäàâíåì äîêëàäå [4] äåêëàðèðóåòñÿ 
íåêîòîðîå ðàñøèðåíèå èíòåíñèîíàëà áàçû äàííûõ 
Hitran ñ öåëüþ åå èñïîëüçîâàíèÿ äëÿ ðåøåíèÿ çàäà÷ 
ïåðåíîñà ðàäèàöèè â àòìîñôåðå ïëàíåò è ýêçîïëàíåò. 
Òàêîå ðàñøèðåíèå ñâÿçàíî, â ïåðâóþ î÷åðåäü, ñî 
ñòðóêòóðîé ïàðàìåòðîâ ñïåêòðàëüíûõ ëèíèé, îòíî-
ñÿùèõñÿ ê ðàçëè÷íûì àïïðîêñèìàöèÿì êîíòóðîâ 
ýòèõ ëèíèé, ïðè çíà÷èòåëüíîì ðàçíîîáðàçèè òåðìî-
äèíàìè÷åñêèõ óñëîâèé, ðåàëèçóþùèõñÿ íà ýòèõ ïëà-
íåòàõ. Åùå â 2005 ã. äëÿ íåêîòîðûõ ìîëåêóë â áàçå 
äàííûõ Hitran [5] è åå ïîñëåäóþùèõ âåðñèÿõ íàðÿ-
äó ñ ïàðàìåòðàìè ëîðåíöåâñêîãî êîíòóðà ïîÿâèëèñü 
ïàðàìåòðû àñèììåòðè÷íîãî êîíòóðà Ëîðåíöà. 

 

* Àëåêñåé Âèêòîðîâè÷ Êîçîäîåâ; Àëåêñåé Èâàíîâè÷ 
Ïðèâåçåíöåâ; Àëåêñàíäð Çàðèïîâè÷ Ôàçëèåâ (faz@iao.ru); 
Íèêîëàé Íèêîëàåâè÷ Ôèëèïïîâ. 

Èíôîðìàöèîííàÿ ñèñòåìà (ÈÑ) W@DIS áûëà 
ñîçäàíà â 2006–2010 ãã. Ñíà÷àëà îíà èñïîëüçîâà-
ëàñü äëÿ ñèñòåìàòèçàöèè èñòî÷íèêîâ ñïåêòðàëüíûõ 
äàííûõ î ñîñòîÿíèÿõ è ïåðåõîäàõ èçîëèðîâàííûõ 
ìîëåêóë âîäû è ñåðîâîäîðîäà [6]. Â 2007 ã. íà÷à-
ëàñü ðàáîòà ïî èìïîðòó â ÈÑ W@DIS ïàðàìåòðîâ 
ñïåêòðàëüíûõ ëèíèé, õàðàêòåðèçóþùèõ êîíòóð 
Ëîðåíöà. Îòìåòèì, ÷òî â êîëëåêöèþ èñòî÷íèêîâ 
äàííûõ âêëþ÷åíû ïàðàìåòðû êîíòóðîâ äëÿ âñåõ 
óøèðÿþùèõ âåùåñòâ, âñòðå÷àþùèõñÿ â ëèòåðàòóðå. 
Ïîñëå 2010 ã. â W@DIS ïîÿâèëñÿ áîëüøîé íàáîð 
ñïåêòðàëüíûõ äàííûõ, îòíîñÿùèéñÿ ê äåñÿòêó àò-
ìîñôåðíûõ ìîëåêóë, äëÿ íåëîðåíöåâñêèõ êîíòóðîâ 
ñïåêòðàëüíûõ ëèíèé. Ñðåäè ýòèõ ìîëåêóë ìîëåêó-
ëû äèîêñèäà óãëåðîäà [7] âûäåëÿëèñü øèðîêèì 
ðàçíîîáðàçèåì êîíòóðîâ, èñïîëüçóåìûõ äëÿ îïèñà-
íèÿ èõ ñïåêòðàëüíûõ ëèíèé.  

Ðàñøèðåíèå ÷èñëà ôèçè÷åñêèõ âåëè÷èí, èñ-
ïîëüçóåìûõ â àïïðîêñèìàöèè êîíòóðîâ ñïåêòðàëü-
íûõ ëèíèé, ïðèâåëî ê íåîáõîäèìîñòè ñîçäàíèÿ 
óíèâåðñàëüíîé ñèñòåìû èìïîðòà äàííûõ, îòíîñÿ-
ùèõñÿ ê ïàðàìåòðàì ðàçíûõ êîíòóðîâ ñïåêòðàëüíîé 
ëèíèè. Òðåáîâàíèå óíèâåðñàëüíîñòè èíèöèèðîâàëî 
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ôîðìàëèçàöèþ õàðàêòåðèñòèê âñåõ èñïîëüçóåìûõ  
â äîñòóïíîé ëèòåðàòóðå êîíòóðîâ ñïåêòðàëüíûõ 
ëèíèé. Òàêàÿ ôîðìàëèçàöèÿ ïðîâåäåíà â íàñòîÿùåé 
ðàáîòå, è åå ðåçóëüòàòîì ÿâëÿåòñÿ ñèñòåìà îáîçíà-
÷åíèé êîíòóðîâ ñïåêòðàëüíûõ ëèíèé, èñïîëüçóåìàÿ 
â ÈÑ W@DIS, è ñïèñîê ôèçè÷åñêèõ âåëè÷èí ñ èõ 
îáîçíà÷åíèÿìè, ïðèíÿòûìè íàìè ïðè ïðîãðàììíîé 
ðåàëèçàöèè ñèñòåìû èìïîðòà è ïðåäñòàâëåíèÿ ñïåê-
òðàëüíûõ äàííûõ äëÿ ìîëåêóë, íàõîäÿùèõñÿ â ãà-
çîâîé ôàçå. Ýòà ÷àñòü íàøåé ðàáîòû îïèñàíà â ïåð-
âîì ðàçäåëå ñòàòüè.  

Âî âòîðîé ÷àñòè ïðåäñòàâëåíà öèôðîâàÿ áèá-
ëèîòåêà, âêëþ÷àþùàÿ èñòî÷íèêè äàííûõ ïî ïàðà-
ìåòðàì ñïåêòðàëüíûõ ëèíèé ìîëåêóëû äèîêñèäà 
óãëåðîäà. Ïîêàçàíî ÷èñëî ïóáëèêàöèé, ñîäåðæàùèõ 
ïàðàìåòðû êîíòóðîâ ñïåêòðàëüíûõ ëèíèé, è ïåð-
âè÷íûõ è ýêñïåðòíûõ èñòî÷íèêîâ äàííûõ äëÿ èçî-
òîïîëîãîâ ìîëåêóëû äèîêñèäà óãëåðîäà. Ïðèâåäåíû 
 

ïåðå÷åíü êîíòóðîâ è ñâÿçàííûõ ñ íèìè èñòî÷íèêîâ 
äàííûõ äëÿ îñíîâíîãî èçîòîïîëîãà äèîêñèäà óãëå-
ðîäà è ïðèìåð ïðåäñòàâëåíèÿ ñâîéñòâ òàêèõ èñòî÷-
íèêîâ â ÈÑ W@DIS. 

Â òðåòüåì ðàçäåëå êðàòêî õàðàêòåðèçóåòñÿ êîë-
ëåêöèÿ ïåðâè÷íûõ èñòî÷íèêîâ ïàðàìåòðîâ ñïåê-
òðàëüíûõ ëèíèé CO2 è ïðåäñòàâëåíû òàáëèöà, ñî-
äåðæàùàÿ ñâîéñòâà ÷àñòè èñòî÷íèêîâ äàííûõ ýòîé 
êîëëåêöèè äëÿ 11 êîíòóðîâ ñïåêòðàëüíûõ ëèíèé,  
à òàêæå òàáëèöà ïàðàìåòðîâ ñïåêòðàëüíûõ ëèíèé, 
çíà÷åíèÿ êîòîðûõ ñîäåðæàòñÿ â èíôîðìàöèîííîé 
ñèñòåìå.  

1. Êîíòóðû ñïåêòðàëüíûõ ëèíèé 

Â òàáë. 1 ïåðå÷èñëåíû âñå êîíòóðû ñïåêòðàëü-
íûõ ëèíèé, èñïîëüçóåìûå ïðè îáðàáîòêå ñïåê-
òðàëüíûõ äàííûõ ïî ìîëåêóëå CO2.  

Ò à á ë è ö à  1  

Íàçâàíèÿ è àááðåâèàòóðû êîíòóðîâ ñïåêòðàëüíûõ ëèíèé 

Àááðåâèàòóðà Íàçâàíèå Ëèò. 

D Äîïëåðîâñêèé êîíòóð [9] 

L Ëîðåíöåâñêèé êîíòóð [10] 

DL/VGT Ôîéãòîâñêèé êîíòóð (ñâåðòêà äîïëåðîâñêîãî è ëîðåíöåâñêîãî êîíòóðîâ) [9] 

DL/SFT  Ñëàáûå (soft) ñòîëêíîâåíèÿ (êîíòóð Ãàëàòðè) [11] 

DL/HRD  Ñèëüíûå (hard) ñòîëêíîâåíèÿ (êîíòóð Ðàóòèàíà–Ñîáåëüìàíà èëè the Nelkin–Ghatak 
profile) 

 
[12, 13]

DL/VAR  Êîíòóð, îáóñëîâëåííûé ñòîëêíîâåíèÿìè âàðüèðóåìîé ñèëû (hard/soft model) [13, 14]

L-AS Êîíòóð Ðîçåíêðàíöà (àñèììåòðèÿ, ó÷åò ñïåêòðàëüíîãî îáìåíà, line mixing) [15] 

L-AS2 Àñèììåòðè÷íûé êîíòóð Ëîðåíöà âòîðîãî ïîðÿäêà (àñèììåòðèÿ, ó÷åò ñïåêòðàëüíîãî  
îáìåíà âî âòîðîì ïîðÿäêå òåîðèè âîçìóùåíèé) 

 
[17–19]

DL/VGT-AS Àñèììåòðè÷íûé ôîéãòîâñêèé êîíòóð (ó÷åò ñïåêòðàëüíîãî îáìåíà, line mixing) [16] 

DL/SFT-AS Àñèììåòðè÷íûé êîíòóð Ãàëàòðè (ó÷åò ñïåêòðàëüíîãî îáìåíà, line mixing) [16] 

DL/HRD-AS Àñèììåòðè÷íûé êîíòóð Ðàóòèàíà–Ñîáåëüìàíà (ó÷åò ñïåêòðàëüíîãî îáìåíà, line mixing) [16] 

DL/VAR-AS Àñèììåòðè÷íûé êîíòóð, îáóñëîâëåííûé ñòîëêíîâåíèÿìè âàðüèðóåìîé ñèëû   

L-SD Êîíòóð Ëîðåíöà ñ ó÷åòîì «ýôôåêòà âåòðà» â ïðèáëèæåííîé ôîðìå [18, 19]

DL/VGT-SD Êîíòóð Ôîéãòà ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà» [20, 21]

DL/SFT-SD Êîíòóð Ãàëàòðè ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà»  

DL/HRD-SD Êîíòóð Ðàóòèàíà–Ñîáåëüìàíà ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà» [22] 

DL/VAR-SD Êîíòóð, îáóñëîâëåííûé ñòîëêíîâåíèÿìè âàðüèðóåìîé ñèëû, ñ êâàäðàòè÷íûì ïî ñêîðîñòè 
ó÷åòîì «ýôôåêòà âåòðà» 

 
 

L-SD-AS  

Àñèììåòðè÷íûé êîíòóð Ëîðåíöà ñ ó÷åòîì «ýôôåêòà âåòðà» â ïðèáëèæåííîé ôîðìå [18, 19]

DL/ VGT-AS-SD Àñèììåòðè÷íûé êîíòóð Ôîéãòà ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà» [23] 

DL/SFT-AS-SD Àñèììåòðè÷íûé êîíòóð Ãàëàòðè ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà»  

DL/HRD-AS-SD Àñèììåòðè÷íûé êîíòóð Ðàóòèàíà–Ñîáåëüìàíà ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì  
«ýôôåêòà âåòðà» 

 
[23]  

DL/VAR-AS-SD Àñèììåòðè÷íûé êîíòóð, îáóñëîâëåííûé ñòîëêíîâåíèÿìè âàðüèðóåìîé ñèëû, ñ êâàäðà-
òè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà» 

 

DL/VGT-AS-SD-pC Àñèììåòðè÷íûé êîíòóð Ôîéãòà ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà»  
è ÷àñòè÷íîé êîððåëÿöèåé ïîñòóïàòåëüíîãî è âðàùàòåëüíîãî äâèæåíèÿ 

 

DL/SFT-AS-SD-pC Àñèììåòðè÷íûé êîíòóð Ãàëàòðè ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà»  
è ÷àñòè÷íîé êîððåëÿöèåé ïîñòóïàòåëüíîãî è âðàùàòåëüíîãî äâèæåíèÿ 

 

DL/HRD-AS-SD-pC Àñèììåòðè÷íûé êîíòóð Ðàóòèàíà–Ñîáåëüìàíà ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì  
«ýôôåêòà âåòðà» è ÷àñòè÷íîé êîððåëÿöèåé ïîñòóïàòåëüíîãî è âðàùàòåëüíîãî äâèæåíèÿ 

 
[23]  

DL/VAR-AS-SD-pC Àñèììåòðè÷íûé êîíòóð, îáóñëîâëåííûé ñòîëêíîâåíèÿìè âàðüèðóåìîé ñèëû, ñ êâàäðà-
òè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà» è ÷àñòè÷íîé êîððåëÿöèåé ïîñòóïàòåëüíîãî 
è âðàùàòåëüíîãî äâèæåíèÿ 
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Îñíîâíîé ïîäõîä â êëàññèôèêàöèè êîíòóðîâ 
ëèíèé ñîñòîèò â ïîñëåäîâàòåëüíîì ó÷åòå ôèçè÷å-
ñêèõ ìåõàíèçìîâ, âëèÿþùèõ íà ôîðìó êîíòóðà. 
Íàèáîëåå óíèâåðñàëüíûì ìåõàíèçìîì ÿâëÿåòñÿ 
ýôôåêò Äîïëåðà, ïðèâîäÿùèé ïðè òåïëîâîì äâè-
æåíèè ìîëåêóë ê òàê íàçûâàåìîìó äîïëåðîâñêîìó 
êîíòóðó (â íàñòîÿùåé ðàáîòå îáîçíà÷åí D, ðàñøèô-
ðîâêà îáîçíà÷åíèé êîíòóðîâ ñîäåðæèòñÿ â òàáë. 1) 
ãàóññîâîé ôîðìû ñ øèðèíîé, çàâèñÿùåé îò ìàññû 
ìîëåêóëû m è ïðîïîðöèîíàëüíîé êîðíþ êâàäðàò-
íîìó èç àáñîëþòíîé òåìïåðàòóðû T:  

 ( )

2

D

DD

1
exp ,F

⎡ ⎤
⎛ ⎞σ

⎢ ⎥σ = −⎜ ⎟
ΔσπΔσ ⎢ ⎥⎝ ⎠

⎣ ⎦

�

�  

ãäå ,fiσ = σ − σ� σ  – òåêóùåå âîëíîâîå ÷èñëî, fiσ  – 
âîëíîâîå ÷èñëî, ñîîòâåòñòâóþùåå ïåðåõîäó ;f i←   

 D 2

2
,B

fi
k T

mc
Δσ = σ  

DΔσ  – ïîñòîÿííàÿ äîïëåðîâñêîãî êîíòóðà (ñèñòåìà-
òèçèðîâàííûé ïåðå÷åíü ïàðàìåòðîâ êîíòóðîâ ïðè 
âåäåí â òàáë. 2). Òàêèì êîíòóðîì îáëàäàþò ëèíèè  
â ñïåêòðàõ ãàçîâ íèçêîé ïëîòíîñòè. 

Ïðè ïîâûøåíèè ïëîòíîñòè ãàçà íà ôîðìó êîí-
òóðà íà÷èíàþò îêàçûâàòü âëèÿíèå âîçìóùåíèÿ, èñïû-
òûâàåìûå ìîëåêóëàìè ïðè âçàèìíûõ ñòîëêíîâåíèÿõ. 
Âîçìóùåíèÿ âíóòðåííèõ ñòåïåíåé ñâîáîäû ìîëåêó-
ëû, ïðåæäå âñåãî âðàùàòåëüíûõ, ôîðìèðóþò ëîðåí-
öåâñêèé êîíòóð (L) ñ ïîëóøèðèíîé LPγ  è ñäâèãîì 
ìàêñèìóìà L,Pδ  ïðîïîðöèîíàëüíûìè äàâëåíèþ ãàçà P:  

 ( )

( ) ( )

L

L 2 2

L L

1 P
F

P P

γ

σ =

π σ − δ + γ

�

�

 

L(γ  è Lδ  – êîýôôèöèåíòû óøèðåíèÿ è ñäâèãà ëè-
íèè). Êðîìå òîãî, èçìåíåíèå ñêîðîñòè ïîñòóïàòåëü-
íîãî äâèæåíèÿ ìîëåêóë ïðè ñòîëêíîâåíèÿõ ïðèâî-
äèò ê ñóæåíèþ äîïëåðîâñêîãî êîíòóðà, øèðèíà 
êîòîðîãî ñòàíîâèòñÿ îáðàòíî ïðîïîðöèîíàëüíîé 
äàâëåíèþ ãàçà (ýôôåêò Äèêå). Ïîäîáíûå çàêîíî-
ìåðíîñòè ïðèâîäÿò ê òîìó, ÷òî ïðè àòìîñôåðíîì 
 

äàâëåíèè äîïëåðîâñêèé âêëàä â ôîðìèðîâàíèå êîí-
òóðà ñòàíîâèòñÿ ïðåíåáðåæèìî ìàë. 

Íàèáîëåå ñëîæíûé âèä èìåþò êîíòóðû ëèíèé 
ïðè íåáîëüøèõ äàâëåíèÿõ ãàçà, êîãäà øèðèíû äîï-
ëåðîâñêîé è ëîðåíöåâñêîé ñîñòàâëÿþùèõ ñîïîñòà-
âèìû ïî âåëè÷èíå. Ïðîñòåéøåé ìîäåëüþ êîíòóðà, 
ó÷èòûâàþùåé îáà îïèñàííûõ ìåõàíèçìà óøèðåíèÿ, 
ÿâëÿåòñÿ êîíòóð Ôîéãòà – ñâåðòêà ãàóññîâîé è ëî-
ðåíöåâñêîé êðèâûõ (DL/VGT). Ïî ìåðå óâåëè÷å-
íèÿ òî÷íîñòè ýêñïåðèìåíòàëüíûõ äàííûõ áûëî îá-
íàðóæåíî, ÷òî òàêîé êîíòóð íå ñïîñîáåí îïèñàòü 
íàáëþäàåìóþ ôîðìó ëèíèé â ïðåäåëàõ ïîãðåøíî-
ñòè èçìåðåíèé. Ñîâåðøåíñòâîâàíèå ýòîé ìîäåëè 
øëî ïî íåñêîëüêèì íàïðàâëåíèÿì. Âëèÿíèå ñòîëê-
íîâåíèé íà äîïëåðîâñêóþ ñîñòàâëÿþùóþ êîíòóðà 
ðàññìàòðèâàëîñü â ïðåäåëüíûõ ñëó÷àÿõ ñèëüíûõ  
è ñëàáûõ ñòîëêíîâåíèé è äëÿ ñòîëêíîâåíèé âàðüè-
ðóåìîé ñèëû (DL/HRD, DL/SFT, DL/VAR). Ïðè 
ìîäèôèêàöèè ëîðåíöåâñêîãî êîíòóðà ó÷èòûâàëñÿ òàê 
íàçûâàåìûé «ýôôåêò âåòðà» (speed dependence) – 
çàâèñèìîñòü ÷àñòîòû ñòîëêíîâåíèé îò âåëè÷èíû 
ñîáñòâåííîé ñêîðîñòè ìîëåêóëû (-SD â îáîçíà÷å-
íèÿõ êîíòóðà). Ââîäèëñÿ äîïîëíèòåëüíûé ïàðàìåòð 
àñèììåòðèè ëîðåíöåâñêîãî êîíòóðà, âîçíèêàþùåé 
âñëåäñòâèå ýôôåêòà ñïåêòðàëüíîãî îáìåíà (line 
mixing) ìåæäó ëèíèÿìè ïîëîñû (-AS, -AS2 â îáî-
çíà÷åíèÿõ êîíòóðà); ó÷èòûâàëàñü âûçâàííàÿ ñòîëê-
íîâåíèÿìè êîððåëÿöèÿ ïîñòóïàòåëüíîãî è âðàùà-
òåëüíîãî äâèæåíèé ìîëåêóëû (-pC â îáîçíà÷åíèÿõ 
êîíòóðà). Ðàçëè÷íûå ñî÷åòàíèÿ ýòèõ ìîäèôèêàöèé 
ïðèâîäÿò ê áîëüøîìó êîëè÷åñòâó ìîäåëüíûõ êîí-
òóðîâ ëèíèé, èñïîëüçóåìûõ ïðè àíàëèçå ýêñïåðè-
ìåíòàëüíûõ äàííûõ.  

Ñëåäóåò òàêæå îòìåòèòü, ÷òî äîïîëíèòåëüíûå 
ïàðàìåòðû, ââîäèìûå ïðè ìîäèôèêàöèè ëîðåíöåâ-
ñêîãî è äîïëåðîâñêîãî êîíòóðîâ, ÿâëÿþòñÿ ýìïèðè-
÷åñêèìè. Ïîýòîìó èõ çíà÷åíèÿ, êàê è çíà÷åíèÿ îñ-
òàëüíûõ ïàðàìåòðîâ ëèíèé, îïðåäåëÿåìûå íà îñíîâå 
ýêñïåðèìåíòàëüíûõ äàííûõ, èìåþò ñìûñë òîëüêî  
â ñî÷åòàíèè ñ óêàçàíèåì êîíêðåòíîé ìîäåëè èñ-
ïîëüçîâàííîãî ïðè ýòîì êîíòóðà. Òàê, íàïðèìåð, 
ðàçëè÷èÿ â âåëè÷èíå èíòåíñèâíîñòåé ëèíèé CO2,  

Ò à á ë è ö à  2  

Ñîîòâåòñòâèå îáîçíà÷åíèé êîíòóðîâ ñïåêòðàëüíûõ ëèíèé è èõ õàðàêòåðèñòèê  

Àááðåâèàòóðà Ïàðàìåòðû êîíòóðîâ ñïåêòðàëüíûõ ëèíèé 

Äîïïëåðîâñêèé êîíòóð DΔσ�                  

D +                

Ëîðåíöåâñêèé êîíòóð  γL 
,e l

n
γ

  δL 
,e l

n
δ

    γLAS

,

LAS

e l
n γL2 

,

2

e l
n
γ

  δL2 
,

2

e l
n
δ

 

L  + + + +            

L-AS   + + + +     + +      

L-SD-AS  + + + +     + + + + + +  

Ôîéãòîâñêèé êîíòóð  γL 
,e l

n
γ

 δL 
,e l

n
δ

    γLAS

,

LAS

e l
n γL2 

,

2

e l
n
γ

  δL2 
,

2

e l
n
δ

η 

DL/VGT + + + + +            

DL/VGT-AS + + + + +     + +      

DL/VGT-SD  + + + +       + + + +  

DL/VGT-SD-AS  + + + +     + + + + + +  

DL/VGT-SD-AS-pC  + + + +     + + + + + + + 
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Àááðåâèàòóðà Ïàðàìåòð êîíòóðîâ ñïåêòðàëüíûõ ëèíèé 

Ñëàáûå ñòîëêíîâåíèÿ 
(êîíòóð Ãàëàòðè) 

 γL 
,e l

n
γ

δL 
,e l

n
δ

zS γS 
,

S

e l
n  γLAS

,

LAS

e l
n  γL2 

,

2

e l
n
γ

  δL2

,

2

e l
n
δ

η 

DL/SFT  + + + + + + + +         

DL/SFT-AS + + + + + + + +  + +      

DL/SFT-SD  + + + + + + +    + + + +  

DL/SFT-SD-AS  + + + + + + +  + + + + + +  

DL/SFT-SD-AS-pC  + + + + + + +  + + + + + + + 

Ñèëüíûå ñòîëêíîâåíèÿ 
(êîíòóð Ðàóòèàíà–Ñîáåëüìàíà) 

 γL 
,e l

n
γ

δL 
,e l

n
δ

zH γH ,

H

e l
n  γLAS

,

LAS

e l
n  γL2 

,

2

e l
n
γ

  δL2

,

2

e l
n
δ

η 

DL/HRD  + + + + + + + +         

DL/HRD-AS + + + + + + + +  + +      

DL/HRD-SD  + + + + + + +    + + + +  

DL/HRD-SD-AS  + + + + + + +  + + + + + +  

DL/HRD-SD-AS-pC  + + + + + + +  + + + + + + + 

Ñòîëêíîâåíèÿ âàðüèðóåìîé ñèëû  γL 
,e l

n
γ δL 

,e l
n
δ

 zHS γHS

,

HS

e l
n � γLAS

,

LAS

e l
n  γL2 

,

2

e l
n
γ

  δL2

,

2

e l
n
δ

η 

DL/VAR  + + + + + + + + +        

DL/VAR-AS  + + + + + + + + + +      

DL/VAR-SD  + + + + + + + +   + + + +  

DL/VAR-SD-AS  + + + + + + + + + + + + + +  

DL/VAR-SD-AS-pC  + + + + + + + + + + + + + + + 

 
îïðåäåëåííûõ â ðàáîòå [8] ñ èñïîëüçîâàíèåì 

äâóõ ìîäåëåé êîíòóðà (DL/VGT è DL/SFT), äîñ-
òèãàþò 5%, à ðàçëè÷èÿ â çíà÷åíèÿõ êîýôôèöèåíòîâ 
ñàìîóøèðåíèÿ 6%. 

Ïàðàìåòðû êîíòóðîâ ñïåêòðàëüíûõ ëèíèé  
â ÈÑ W@DIS: 

DΔσ�  – ïîñòîÿííàÿ äîïëåðîâñêîé ñîñòàâëÿþùåé 
ëèíèè, ñì–1; 

γL – êîýôôèöèåíò óøèðåíèÿ ëîðåíöåâñêîé ñî-
ñòàâëÿþùåé ëèíèè, ñì–1/àòì; 

,e l
n
γ

 – ïàðàìåòðû òåìïåðàòóðíîé çàâèñèìîñòè 
êîýôôèöèåíòà óøèðåíèÿ; 

δL – êîýôôèöèåíò ñäâèãà ëèíèè, ñì–1/àòì; 
,e l

n
δ

 – ïàðàìåòð òåìïåðàòóðíîé çàâèñèìîñòè êî-
ýôôèöèåíòà ñäâèãà; 

γLAS – êîýôôèöèåíò àñèììåòðèè, àòì–1; 
,

LAS
e l

n  – ïàðàìåòð òåìïåðàòóðíîé çàâèñèìîñòè 
êîýôôèöèåíòà àñèììåòðèè; 

γL2 – ïàðàìåòð, õàðàêòåðèçóþùèé çàâèñèìîñòü 
êîýôôèöèåíòà óøèðåíèÿ îò ñêîðîñòè v ïîãëîùàþ-
ùåé ìîëåêóëû, ñì–1/àòì; 

,
2
e l

n
γ

 – ïàðàìåòð òåìïåðàòóðíîé çàâèñèìîñòè êî-
ýôôèöèåíòà óøèðåíèÿ γL2; 

δL2 – ïàðàìåòð, õàðàêòåðèçóþùèé çàâèñèìîñòü 
êîýôôèöèåíòà ñäâèãà îò ñêîðîñòè v ïîãëîùàþùåé 
ìîëåêóëû, ñì–1/àòì; 

,
2
e l

n
δ

 – ïàðàìåòð òåìïåðàòóðíîé çàâèñèìîñòè êî-
ýôôèöèåíòà ñäâèãà δL2; 

η – êîýôôèöèåíò êîððåëÿöèè ïîñòóïàòåëüíîãî 
è âðàùàòåëüíîãî äâèæåíèé (partially correlation 
coefficient), η ≥ 0;  

S

S

D

;
P

z
γ

=

Δσ

 

γS – ïàðàìåòð, õàðàêòåðèçóþùèé ÷àñòîòó ñëà-
áûõ ñòîëêíîâåíèé, ìåíÿþùèõ ñêîðîñòü ïîãëîùàþ-
ùåé ìîëåêóëû, ñì–1/àòì; 

,
S
e l

n  – ïàðàìåòð òåìïåðàòóðíîé çàâèñèìîñòè 
÷àñòîòû ñëàáûõ ñòîëêíîâåíèé, ìåíÿþùèõ ñêîðîñòü 
ïîãëîùàþùåé ìîëåêóëû, ñì–1/àòì;  

H

H

D

;
P

z
γ

=

Δσ

 

γH – ïàðàìåòð, õàðàêòåðèçóþùèé ÷àñòîòó 
ñèëüíûõ ñòîëêíîâåíèé, ìåíÿþùèõ ñêîðîñòü ïîãëî-
ùàþùåé ìîëåêóëû, ñì–1/àòì; 

,
H
e l

n  – ïàðàìåòð òåìïåðàòóðíîé çàâèñèìîñòè 
÷àñòîòû ñèëüíûõ ñòîëêíîâåíèé, ìåíÿþùèõ ñêî-
ðîñòü ïîãëîùàþùåé ìîëåêóëû, ñì–1/àòì; 

HS

HS

D

;
P

z
γ

=

Δσ

 

γHS – ïàðàìåòð, õàðàêòåðèçóþùèé ïîëíóþ ÷àñ-
òîòó (ñèëüíûõ è ñëàáûõ) ñòîëêíîâåíèé, ñì–1/àòì; 
 ,

HS

e l
n  – ïàðàìåòð òåìïåðàòóðíîé çàâèñèìîñòè 

ïîëíîé ÷àñòîòû (ñèëüíûõ è ñëàáûõ) ñòîëêíîâåíèé, 
ñì–1/àòì;  

ε – äîëÿ ñèëüíûõ ñòîëêíîâåíèé (0 ≤ ε ≤ 1).  
Ïàðàìåòðû òåìïåðàòóðíîé çàâèñèìîñòè ,

,

e l
xn  ãäå 

x = γ, δ, γ2, δ2, LAS, S, H è HS, ïðåäñòàâëÿþò ïà-
ðó ( , )e l

x xn n  êîýôôèöèåíòîâ òåìïåðàòóðíîé çàâèñè-
ìîñòè êîýôôèöèåíòîâ óøèðåíèÿ (γL) è ñäâèãà (δL); 
êîýôôèöèåíòîâ, õàðàêòåðèçóþùèõ çàâèñèìîñòü 
êîýôôèöèåíòîâ óøèðåíèÿ (γL2) è ñäâèãà (δL2) îò 
ñêîðîñòè v ïîãëîùàþùåé ìîëåêóëû; êîýôôèöèåí-
òîâ òåìïåðàòóðíîé çàâèñèìîñòè êîýôôèöèåíòà 
àñèììåòðèè (γLAS); êîýôôèöèåíòîâ òåìïåðàòóðíîé 
çàâèñèìîñòè ÷àñòîòû ñëàáûõ ñòîëêíîâåíèé, ìåíÿþ-
ùèõ ñêîðîñòü ïîãëîùàþùåé ìîëåêóëû (γS); ÷àñòîò 
ñèëüíûõ ñòîëêíîâåíèé, ìåíÿþùèõ ñêîðîñòü ïîãëî-
ùàþùåé ìîëåêóëû (γH); ïîëíîé ÷àñòîòû ñòîëêíîâå-
íèé (ñèëüíûõ è ñëàáûõ) (γH). Âåðõíèå èíäåêñû å  
è l ñîîòâåòñòâóþò ïðèáëèæåíèþ, â êîòîðîì íàéäåí 
êîýôôèöèåíò: e – ýêñïîíåíöèàëüíàÿ çàâèñèìîñòü,  
l – ëèíåéíàÿ çàâèñèìîñòü. 
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2. Öèôðîâàÿ áèáëèîòåêà ïóáëèêàöèé  
è èñòî÷íèêîâ ñïåêòðàëüíûõ äàííûõ  

ïî ìîëåêóëå äèîêñèäà óãëåðîäà  
â ÈÑ W@DIS 

Öèôðîâàÿ áèáëèîòåêà ïóáëèêàöèé ÈÑ W@DIS 
âêëþ÷àåò 820 ïóáëèêàöèé, ñîäåðæàùèõ ñïåêòðàëü-
íûå õàðàêòåðèñòèêè èçîòîïîëîãîâ ìîëåêóëû äèîê-
ñèäà óãëåðîäà. Îêîëî ÷åòâåðòè ýòèõ ïóáëèêàöèé 
ñîäåðæàò ôèçè÷åñêèå âåëè÷èíû, îïèñûâàþùèå ïà-
ðàìåòðû 11 êîíòóðîâ ñïåêòðàëüíûõ ëèíèé äëÿ 
8 èçîòîïîëîãîâ CO2. Ïàðàìåòðû ýòèõ êîíòóðîâ âû-
÷èñëÿþòñÿ ïðè ðåøåíèè çàäà÷ T3 è T5 [1]. Ðàñïðå-
äåëåíèå ïóáëèêàöèé è èñòî÷íèêîâ ñïåêòðàëüíûõ 
äàííûõ î ïàðàìåòðàõ êîíòóðà äëÿ èçîòîïîëîãîâ 
CO2 ïðèâåäåíî â òàáë. 3.  

 

Ò à á ë è ö à  3  

Êîëè÷åñòâî ïóáëèêàöèé, ñîäåðæàùèõ ðåøåíèÿ  
çàäà÷ (T3 è T5) äëÿ ïðîöåññà ïîãëîùåíèÿ,  

à òàêæå ïåðâè÷íûõ è ýêñïåðòíûõ èñòî÷íèêîâ äàííûõ  
äëÿ èçîòîïîëîãîâ ìîëåêóëû äèîêñèäà óãëåðîäà,  

âêëþ÷åííûõ â ÈÑ W@DIS 

Ìîëå-
êóëà 

Êîë-âî 
ïóáëèêà-

öèé 

Êîë-âî 
èñòî÷íè-
êîâ äàí-

íûõ 

Ìîëå-
êóëà 

Êîë-âî 
ïóáëèêà-

öèé 

Êîë-âî 
èñòî÷íè-
êîâ äàí-

íûõ 

CO2 115 401 C17O18O 3 6 

CO17O 10 19 C18O2 5 12 

CO18O 15 24 13CO2 17 36 

C17O2 1 2 13CO17O 1 3 

 

Â íàøåé ðàáîòå èñòî÷íèêîì ñïåêòðàëüíûõ 
äàííûõ, èçâëå÷åííûõ èç ïóáëèêàöèè (äàëåå ïðîñòî 
èñòî÷íèêîì äàííûõ), íàçûâàåòñÿ íàáîð çíà÷åíèé 
ôèçè÷åñêèõ âåëè÷èí, îòíîñÿùèõñÿ ê ðåøåíèþ ëèáî 
çàäà÷è Ò3, ëèáî çàäà÷è Ò5. Åñëè ðåøåíèå çàäà÷è 
ïîëó÷åíî îäíèì ìåòîäîì äëÿ îäíîé ìîëåêóëû îä-
íîãî òèïà êîíòóðà îäíîãî óøèðÿþùåãî âåùåñòâà 
ïðè îäíèõ è òåõ æå òåðìîäèíàìè÷åñêèõ óñëîâèÿõ  
è îïóáëèêîâàíî â îäíîé ïóáëèêàöèè, òî òàêîé èñ-
òî÷íèê äàííûõ íàçûâàåòñÿ ïåðâè÷íûì. Ïåðå÷èñëåí-
íûå â ïðåäøåñòâóþùåì ïðåäëîæåíèè ìåòîä, çàäà÷à, 
òèï êîíòóðà è ò.ä. ÿâëÿþòñÿ îïðåäåëÿþùèìè èñ-
òî÷íèê äàííûõ. Â îäíîé ïóáëèêàöèè ìîæåò áûòü 
íåñêîëüêî ïåðâè÷íûõ èñòî÷íèêîâ äàííûõ. Âñå ïðî-
÷èå íàçûâàþòñÿ ñîñòàâíûìè. Ñðåäè ñîñòàâíûõ èñ-
òî÷íèêîâ äàííûõ âûäåëèì ýêñïåðòíûå – äëÿ îäíîé 
ìîëåêóëû, îòíîñÿùèåñÿ ê ðåøåíèÿì çàäà÷ T3 èëè 
T5, îäíîìó òèïó êîíòóðà, îäíîìó óøèðÿþùåìó 
âåùåñòâó, ïîëó÷åííûå ïðè îäíèõ è òåõ æå òåðìîäè-
íàìè÷åñêèõ óñëîâèÿõ è ñîäåðæàùèå äàííûå èç îä-
íîé ïóáëèêàöèè, íî îïóáëèêîâàííûå ðàíåå íå â íåé. 
Ïåðâè÷íûå è ýêñïåðòíûå èñòî÷íèêè äàííûõ ÿâëÿ-
þòñÿ ïðåäìåòîì ñèñòåìàòèçàöèè â íàñòîÿùåé ñòàòüå. 
 

Â òàáë. 4 äàíû áèáëèîãðàôè÷åñêèå ññûëêè íà 
ïóáëèêàöèè, èç êîòîðûõ èçâëå÷åíû èñòî÷íèêè äàí-
íûõ äëÿ êàæäîãî èç 11 òèïîâ êîíòóðîâ äëÿ îñíîâ-
íîãî èçîòîïîëîãà äèîêñèäà óãëåðîäà, è êîëè÷åñòâî 
èñòî÷íèêîâ äàííûõ n äëÿ ñîîòâåòñòâóþùåãî òèïà 
êîíòóðà ñïåêòðàëüíîé ëèíèè. 

  

Ò à á ë è ö à  4  

Êîíòóðû è áèáëèîãðàôè÷åñêèå ññûëêè íà ñòàòüè,  
èç êîòîðûõ èçâëå÷åíû èñòî÷íèêè äàííûõ 

Òèï êîíòóðà Áèáëèîãðàôè÷åñêèå ññûëêè 

L [24–71] 

L-AS [19, 72] 

L-AS-SD [19] 

DL/VGT [62, 72–94] 

DL/VGT-AS [19, 60, 72, 95–97]  

DL/VGT-SD [72, 84, 85, 88, 93, 97, 104]  

DL/VGT-AS-SD [94, 95, 98–100] 

DL/SFT [8, 74, 84, 101]  

DL/HRD [60, 82, 84, 96, 105] 

DL/HRD-AS [19, 102] 

DL/HRD-SD-pC [103] 

 

Äëÿ êàæäîãî èñòî÷íèêà äàííûõ âû÷èñëÿþòñÿ 
çíà÷åíèÿ äâóõ ãðóïï ñâîéñòâ. Ê ïåðâîé ãðóïïå îò-
íîñÿòñÿ èíäèâèäóàëüíûå ñâîéñòâà ñïåêòðàëüíûõ 
äàííûõ òîëüêî ýòîãî èñòî÷íèêà. Êî âòîðîé ãðóïïå – 
îòíîñèòåëüíûå (íàïðèìåð, ÑÊÎ èëè ìàêñèìàëüíàÿ 
ðàçíîñòü âîëíîâûõ ÷èñåë èäåíòè÷íûõ ïåðåõîäîâ èç 
ïàðû èñòî÷íèêîâ äàííûõ), îïèñûâàþùèå îòíîøå-
íèÿ ìåæäó ýòèì èñòî÷íèêîì è âñåìè ïðî÷èìè èñ-
òî÷íèêàìè. Èìåííî ïî ñâîéñòâàì èç ýòèõ äâóõ 
ãðóïï ïðîâîäèòñÿ ñèñòåìàòèçàöèÿ èñòî÷íèêîâ äàí-
íûõ. Íàáîðû èíäèâèäóàëüíûõ è îòíîñèòåëüíûõ 
ñâîéñòâ èñòî÷íèêà äàííûõ íàçûâàþòñÿ èíôîðìàöè-
îííûìè èñòî÷íèêàìè, õàðàêòåðèçóþùèìè ñâÿçàí-
íûé ñ íèìè èñòî÷íèê äàííûõ. 

Äëÿ èññëåäîâàòåëÿ èíäèâèäóàëüíûå è îòíîñè-
òåëüíûå ñâîéñòâà, îïðåäåëÿþùèå èñòî÷íèê äàííûõ, 
ïðåäñòàâëÿþòñÿ â ÈÑ W@DIS â òàáëè÷íîì âèäå. 
Ïðèìåð òàêîé òàáëèöû ïîêàçàí íà ðèñóíêå. Çíà÷å-
íèÿ îòíîñèòåëüíûõ ñâîéñòâ ðàçìåùåíû â ðàçäåëå 
òàáëèöû «Ñâîéñòâà ïàð èñòî÷íèêîâ äàííûõ»; çíà-
÷åíèÿ äðóãèõ ñâîéñòâ – â ðàçäåëå «Ñâîéñòâà ôèçè-
÷åñêèõ âåëè÷èí» è âíå ðàçäåëîâ (Âåùåñòâî, Ìåòîä 
è Ïóáëèêàöèÿ). Çàìåòèì, ÷òî íåíóëåâûå çíà÷åíèÿ 
îòíîñèòåëüíûõ ñâîéñòâ âîçìîæíû òîëüêî â òîì ñëó-
÷àå, åñëè ïàðà èñòî÷íèêîâ äàííûõ âêëþ÷àåò èäåí-
òè÷íûå ïåðåõîäû (ïåðåõîäû, õàðàêòåðèçóþùèåñÿ 
ïîïàðíî îäèíàêîâûìè êâàíòîâûìè ÷èñëàìè).  

Èñïîëüçîâàííûå îáîçíà÷åíèÿ êâàíòîâûõ ÷èñåë 
(TAbDinf-1, TVAbDinf-1 è TVAbDinf-1_1) ïðèâå-
äåíû â ñëîâàðå ÈÑ W@DIS (http://www.saga. 
iao.ru/ glossary/?catalog=9). Áîëåå äåòàëüíîå îïè-
ñàíèå ñâîéñòâ ïðèâåäåíî â ðàáîòå [106].  
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Ïðèìåð òàáëè÷íîãî ïðåäñòàâëåíèÿ ñâîéñòâ èñòî÷íèêà äàííûõ 2004_PrMaViDr_CO2_T5_CO2_VGT-AS_296K [19] 
 
  



 Ñèñòåìàòèçàöèÿ èñòî÷íèêîâ ñïåêòðàëüíûõ äàííûõ, ñîäåðæàùèõ ïàðàìåòðû ñïåêòðàëüíûõ ëèíèé… 335 
 

3. Îïèñàíèå èñòî÷íèêîâ äàííûõ  
äëÿ îñíîâíîãî èçîòîïîëîãà  

äèîêñèäà óãëåðîäà 

Â òàáë. 5 ïðèâåäåíû ÷àñòü èñòî÷íèêîâ äàííûõ 
ñ óêàçàíèåì íà ïóáëèêàöèþ, îòêóäà êàæäûé èñòî÷-
íèê áûë âçÿò, êîëè÷åñòâî èñòî÷íèêîâ äàííûõ, èç-
âëå÷åííûõ èç ïóáëèêàöèè è èìïîðòèðîâàííûõ  
â ÈÑ W@DIS, à òàêæå íåêîòîðûå ñâîéñòâà èñòî÷íè-
êîâ ïàðàìåòðîâ ñïåêòðàëüíûõ ëèíèé. Â ÷àñòíîñòè, 
â êîëîíêå «ÏÑË, óøèðÿþùåå âåùåñòâî è òåìïåðà-
òóðà» ïåðå÷èñëåíû ïàðàìåòðû ñïåêòðàëüíûõ ëèíèé 
(ÏÑË), óøèðÿþùåå âåùåñòâî è çíà÷åíèÿ òåìïåðà-
òóðû, ïðè êîòîðûõ ïðîâîäèëèñü ðàñ÷åòû èëè èçìå-
ðåíèÿ. Èñïîëüçîâàíû ñëåäóþùèå îáîçíà÷åíèÿ: m – 
÷èñëî èñòî÷íèêîâ äàííûõ, èçâëå÷åííûõ èç ïóáëè-
êàöèè; k – ÷èñëî ïåðåõîäîâ â èñòî÷íèêå äàííûõ  
è òèï ñïåêòðîñêîïè÷åñêîé çàäà÷è [1]; p – èíòåðâàë 
èçìåíåíèÿ âîëíîâûõ ÷èñåë, ñì–1.  

 

Ïîëíàÿ êîëëåêöèÿ èñòî÷íèêîâ äàííûõ ïî ìî-
ëåêóëå äèîêñèäà óãëåðîäà äîñòóïíà ïî àäðåñó 
http://wadis.saga.iao.ru/co2/lineprof/. Â êîëëåê-
öèþ âîøëè ðàáîòû, â êîòîðûõ â êà÷åñòâå óøèðÿþ-
ùèõ âåùåñòâ âûñòóïàëè ìîëåêóëû CO2, Air, N2, 
O2, 

3He, CH4, CO, H2, N2O, NH3, NO, Fumarolic 
acid è àòîìû He, Xe, Ar, Kr. 

Ñòîèò îòìåòèòü, ÷òî ñóììàðíîå ÷èñëî ïàðàìåò-
ðîâ êîíòóðà â ðàçíûõ ôèçè÷åñêèõ ìîäåëÿõ ñîñòàâ-
ëÿåò íåñêîëüêî äåñÿòêîâ (ñì. òàáë. 2). Ïðè ôîðìè-
ðîâàíèè êîëëåêöèè èñòî÷íèêîâ äàííûõ ïî ïàðàìåò-
ðàì êîíòóðîâ ñïåêòðàëüíûõ ëèíèé äëÿ äèîêñèäà 
óãëåðîäà âûÿñíèëîñü, ÷òî áîëüøàÿ ÷àñòü çíà÷åíèé 
ýòèõ ïàðàìåòðîâ äî ñèõ ïîð íå îïóáëèêîâàíà. 
Íåëüçÿ óòâåðæäàòü, ÷òî îíè íå èçó÷àëèñü, íî ÿñíî, 
÷òî çàêîí÷åííûõ èññëåäîâàíèé êîíòóðîâ äëÿ äèîê-
ñèäà óãëåðîäà íåò (çà èñêëþ÷åíèåì ëîðåíöåâñêîãî  
è ôîéãòîâñêîãî êîíòóðîâ).  

Â òàáë. 6 óêàçàíî (çíàêîì «+»), çíà÷åíèÿ êà-
êèõ ïàðàìåòðîâ êîíòóðîâ ñïåêòðàëüíûõ ëèíèé áûëè  
 

Ò à á ë è ö à  5  

Èñòî÷íèêè äàííûõ è íåêîòîðûå èõ ñâîéñòâà (êëàññèôèêàöèÿ ïî òèïàì êîíòóðà)  

Áèáëèîãðàôè÷åñêàÿ 
ññûëêà 

m k p 
ÏÑË, óøèðÿþùåå âåùåñòâî  

è òåìïåðàòóðà 
Èíòåíñèâíîñòü, 

ñì–1/àòì–1 

1. Ëîðåíöåâñêèé êîíòóð (L) 

1964_Pinter [24] 1 3 (T5) 2365,38–2371,42 γL; N2; T = 296 K  
1972_YoBeCh [27] 1 3 (T5) 929,01–932,96 γL; Ar; T = 300 K  

1974_BoIsAr [28]  1 38 (T5) 924,97–986,56 γL; Ar; T = 300 K  

1975_MeRhHa [29] 15 5 (T5) 651,934712 γL; 
3He, Ar, CH4, CO, H2, He, Kr, 

CO2, N2, N2O, Ne, NH3, NO, O2, 
Xe; T = 296 K 

 

1979_VaSuBo [35] 6 (49, 51, 57) (T5),  
(49, 51, 57) (T3) 

4811,42–4886,56 γL; CO2; T = 197, 233, 294 K 2,690e-24–3,980e-22

1980_TePl [36] 1 21 (T5) 683,80–708,21 γL, nL; CO2 T = 300 K 2,220e-21–1,470e-19 

1984_DeFrJoSn [38] 3 (10, 16, 6) (T5) 2373,05–2388,63 γL; CO2, N2; T = 296 K, 300 K 2,88e-22–1,87e-18 

1986_AbSh [39] 1 5 (T5) 938,68–947,74  γL; CO2 T = 296 K  

1987_GrGr [42] 2 29 (T5) 
70 (T3) 

  942,38–1078,59
   927,00–1089,003

γL; nγ; CO2; T = 296 K  

1988_HuLaLe [45] 1 18 (T5), 18 (T3) 718,41–720,75 γL; CO2 T = 296 K 2,05e-22–3,64e-21 

1988_MaDaHeVa [46] 5 (6, 15, 21, 13, 20) 
(T5) 

2349,91–3745,34 γL; CO2, N2, O2; T = 198; 296 K  

1989_DaVaHaRo [49] 3 (20, 19, 18) (T5) 774,24–823,39 
772,68–821,83 
774,24–812,48 

γL; CO2 T = 194 K  
N2; T = 194 K  
O2 T = 194,8 K  

  5,64e-24–2,722e-23

1990_SuVa [50] 16 (32, 32, 34, 32, 32, 
32, 32, 36) (T3)  

(32, 32, 34, 32, 32, 
32, 32, 36) (T5) 

4949,22–4999,43 γL; CO2, N2; T = 165, 188, 219, 
239, 245, 255, 279, 300 K 

 

1992_DeBeRiSm [52] 2 (34, 34) (T5) 2313,15–2375,80  δL, γL; N2; T = 293,7; 296 K  

1994_MaDaBaBa [53] 1 17 (T5) 2032,41–2073,73 γL, δL; N2; T = 295 K  

1995_MaDaAlRe [54] 1 26 (T5) 2187,16–2247,32 γL; CO2 T = 295 K 6,02e-25–4,38e-24 

1998_DeBeSmRi [55] 2 92 (T5), 92 (T5) 918,718–1092,00 γL, δL; Air, N2 T = 296 K  

1999_RoCoGaDa [57] 4 (5, 5, 10, 5) (T5) 6330,82–6346,28
6332,65–6339,70

γL, δL; CO2, N2, O2, Air T = 294 K  

2000_CoDARoMo [58] 1 9 (T5) 4994,05–4998,91 γL; CO2; T = 296 K  

2006_ToBrMiDe [64] 1 811 (T5) 4755,97–6988,45 γL, δL, CO2; T = 296 K   

2011_ArDuLaNe [69] 2 11 (T5) 
41 (T3) 

967,70–986,56 
4961,73–1002,83

γL, nL; N2O; T = 300 K,  
T = 296 K 

 

2014_NgLaPaM [70] 1 41 (T5) 2313,15–2375,80 γL; CO2; T = 296 K  

2015_PeSoSoLy [71] 1 322 (T5)   9271,01–10855,65 γL; CO2; T = 296 K 5,421e-29–8,549e-26



336 Êîçîäîåâ À.Â., Ïðèâåçåíöåâ À.È., Ôàçëèåâ À.Ç., Ôèëèïïîâ Í.Í. 
 

Î ê î í ÷ à í è å  ò à á ë .  5  

Áèáëèîãðàôè÷åñêàÿ 
ññûëêà 

m k p 
ÏÑË, óøèðÿþùåå âåùåñòâî  

è òåìïåðàòóðà 
Èíòåíñèâíîñòü 
(ñì–1/àòì–1) 

2. Êîíòóð Ðîçåíêðàíöà (àñèììåòðèÿ, ó÷åò ñïåêòðàëüíîãî îáìåíà, line mixing) (L-AS) 

1987_GeSt [41] 2 9 (T5) 2076,86–2077,23 γL; CO2, N2 T = 296 K 3,86e-23–1,49e-22 

2004_PrMaViDr [19] 1 (35, 35) (T5) 2093,34–2093,94 γL; CO2; T = 296 K 5,800e-25–7,450e-24 

3. Àñèììåòðè÷íûé êîíòóð Ëîðåíöà ñ ó÷åòîì «ýôôåêòà âåòðà» â ïðèáëèæåííîé ôîðìå (L-AS-SD) 

2004_PrMaViDr [19] 2 (35, 35) (T5) 2093,34–2093,94 γL; CO2; T = 296 K 5,800e-25–7,450e-24 

4. Ôîéãòîâñêèé êîíòóð (ñâåðòêà äîïëåðîâñêîãî è ëîðåíöåâñêîãî êîíòóðîâ) (DL/VGT ) 

1992_ThBoLeBo [73] 4 (27, 28, 25, 26) (T5) 6917,63–6978,77 γL, δL; CO2, N2, He, Ar T = 296 K   

1998_OzBoRoHa [74] 4 (11, 11, 11, 11) (T5) 720,27–720,79 γL; He, N2 T = 296 K  

2003_DeBeSmRi [75] 1 44 (T5) 2309,02–2376,83 γL, δL; N2; T = 296 K  

2004_PoZePaDu [62] 3 (5, 5, 5) (T5) 6233,18–6248,57
6237,42–6242,67

γL; N2, O2, Air; T = 296 K  9,35e-24–1,771e-23

2005_HiYaFuAo [8] 2 (11, 11) (T5) 6203,40–6247,45 γL, δL; CO2; T = 296 K 3,382e-24–1,687e-23 

2006_NaKaFuEn [76] 7 (10, 5, 5, 1, 15, 5, 
1) (T5) 

6186,85–6252,76 γL, nγ; Air, N2, O2, He, Xe, Ar, Kr 
T = 298 K 

 

2007_ToMiDeBe [80] 1 479 (T5) 4767,37–6988,59 γL, δL; CO2; T = 296 K   

2008_FaJeHa [81] 1 2 (T5) 3633,08–3645,56 γL, nγ; Ar, CO2; T = 296 K   2,841e-24–2,472e-20

2009_CaWeCaFa [84] 3 (9, 9, 9) (T5) 4980,13–4991,25 γL; CO2; T = 296 K 3,780e-22–1,295e-21 

2010_CaGaGaCh [85] 8 (2, 2, 2, 2, 2, 2, 2, 
2) (T5) 

6357,31–6361,25 γL; T = 300, 400, 500, 600, 700, 
800, 900, 1000 K 

  

2011_SoDuCoJo [87] 5 8 (T5) 4870,43–4879,53 γL; air T = 291,80, 271,25, 252,75, 
239,65, 218,05 K 

  

2012_LiDuCoJo [91] 5 5(8) (T5) 4870,43–4879,53 δL, nδ; CO2; T = 219, 243, 259, 
272, 291 K 

 

2013_LuLiLiWa [93] 1 55 (T5) 12683,05–12784,05 γL, δL; CO2; T = 296 K 3,700e-29–3,320e-27 

5. Àñèììåòðè÷íûé ôîéãòîâñêèé êîíòóð (ó÷åò ñïåêòðàëüíîãî îáìåíà, line mixing) (DL//VGT-AS ) 

2000_PrLuBeDr [60]  2 (19, 19) (T5) 2128,88–2129,75 γL; CO2; T = 298 K 1,96e-24–7,99e-24 

2004_PrMaViDr [19] 2 (35, 35) (T5) 2093,34–2093,94 γL; CO2; T = 296 K 5,800e-25–7,450e-24 

2007_PrLiHoUn [94]  2 113 (T5) 6173,16–6379,44  γL, δL, YLAS; Air; T = 298 K  

2010_PrLiMuPo [95] 1 112 (T5) 6173,16–6379,44 γL, δL; CO2; T = 296 K  

2014_DaFoBuAu [97] 1 5 (T5) 3291,948–3387,58  γL, δL, γLAS; CO2; T = 296 K 1,034e-25 –5,037e-24

6. Êîíòóð Ôîéãòà ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà» (DL/VGT-SD) 

2009_CaWeCaFa [84] 3 (9, 9, 9) (T5) 4980,13–4991,25 γL; CO2; T = 296 K 3,780e-22–1,295e-21 

2010_DeBeMiPr [104] 2 112 (T5) 6173,16–6380,19  γL, δL, γL2; O2 T = 296 K  

2013_HaRoIbPr [92] 8 48 (T5) 920,82–992,48 γL, δγL; δL, δδL; air, CO2; 
T = 296 K 

 

7. Àñèììåòðè÷íûé êîíòóð Ôîéãòà ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà» (DL//VGT-AS-SD) 

2007_PrUnLiSc [100]  2 113 (T5) 6173,16–6379,44 γL, δL; CO2 T = 296 K  

2010_PrLiMuPo [95] 2 112 (T5) 6173,16–6379,44 γL, δL; CO2; T = 296 K  

8. Ñëàáûå (soft) ñòîëêíîâåíèÿ (the Galatry profile) (DL/SFT) 

1998_OzBoRoHa [74] 4 (11, 11, 11, 11) (T5) 720,27–720,79 γL; He, N2 T = 296 K  

2006_HiYa [102] 3 (10, 10, 10) (T5) 6203,40–6247,45 γL; N2, O2, Air; T = 296 K  

2009_CaWeCaFa [84]  (9, 9, 9) (T5) 4980,13–4991,25 γL; CO2; T = 296 K 3,780e-22–1,295e-21 

9. Ñèëüíûå (hard) ñòîëêíîâåíèÿ (êîíòóð Ðàóòèàíà–Ñîáåëüìàíà èëè the Nelkin–Ghatak) (DL/HRD) 

2000_PrLuBeDr [105]  2 (19, 19) (T5) 2128,88–2129,75 γL; CO2; T = 298 K 1,96e-24–7,99e-24 

2008_JoGiGrGr [82] 4 3 (T5) 4843,99–4847,26 γL; Air, CO2 T = 296 K 1,839e-22–2,343e-22 

2009_CaWeCaFa [84]  (9, 9, 9) (T5) 4980,13–4991,25 γL; CO2; T = 296, 294 K 3,780e-22–1,295e-21 

2012_DeFiLe [96] 2 15 (T5) 931,00–987,62 γL; CO2; T = 296 K 4,070e-24–2,320e-23 

10. Àñèììåòðè÷íûé êîíòóð Ðàóòèàíà–Ñîáåëüìàíà (ó÷åò ñïåêòðàëüíîãî îáìåíà, line mixing) (DL/HDR-AS) 

1997_BeDuSiMa [102] 1 16 (T5) 2052,09–2075,29 γL, γLAS; CO2; T = 301 K    

2014_DaFoBuAu [19] 2 75 (T5)  3291,94–3387,58 γL, δL, γLAS, γH; CO2; T = 296 K 1,036e-25–5,042e-24 

11. Êîíòóð Ðàóòèàíà–Ñîáåëüìàíà ñ êâàäðàòè÷íûì ïî ñêîðîñòè ó÷åòîì «ýôôåêòà âåòðà»  
è ÷àñòè÷íîé êîððåëÿöèåé ïîñòóïàòåëüíîãî è âðàùàòåëüíîãî äâèæåíèÿ (DL/HRD- SD-pC) 

2015_LaLaScTr [103] 1 4 (T5) 6236,037–6313,00  γL, γL2, δL2, η; CO2; T = 296 K  
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Ò à á ë è ö à  6  

Íàëè÷èå èçìåðåííûõ ïàðàìåòðîâ êîíòóðîâ ñïåêòðàëüíûõ ëèíèé â èñòî÷íèêàõ äàííûõ, èìïîðòèðîâàííûõ â ÈÑ W@DIS 

Àááðåâèàòóðà êîíòóðà Ïàðàìåòð êîíòóðîâ ñïåêòðàëüíûõ ëèíèé 

Ëîðåíöåâñêèé êîíòóð DΔσ�  γL 
,e l

n
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 δL 
,e l

n
δ

   γLAS

,
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e l
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2

e l
n
γ

  δL2 
,

2
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n
δ

 

L  + + + +           

L–AS   + – + –    – –      

L–SD–AS  + – – –    – – – – – –  

Ôîéãòîâñêèé êîíòóð  γL 
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n
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 δL 
,e l
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δ
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  δL2 
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n
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DL/VGT + + + + +           

DL/VGT–AS + + – + –    + –      

DL/VGT–SD  + – + –      + – – –  

DL/VGT–SD–AS  + – + –    + – – – – –  

Êîíòóð Ãàëàòðè  γL 
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n
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 δL 
,e l

n
δ

zS γS 
,

S

e l
n        

DL/SFT  + + – – – – – –        

Êîíòóð Ðàóòèàíà  γL 
,e l

n
γ

 δL 
,e l

n
δ

zH γH ,

H

e l
n γLAS

,

LAS

e l
n γL2 

,

2

e l
n
γ

  δL2 
,

2

e l
n
δ

η 

DL/HRD  + + + – – – + –        

DL/HRD–AS + + – + – – + – + –      

DL/HRD–SD–pC  + – – – – – –   + – + – + 

 
èçâëå÷åíû èç ïóáëèêàöèé. Ïàðàìåòðû ñ íåîïóáëè-
êîâàííûìè çíà÷åíèÿìè îòìå÷åíû çíàêîì «–». 

Â ÈÑ W@DIS ñâîéñòâà èñòî÷íèêîâ ñïåêòðàëü-
íûõ äàííûõ ìîãóò èìåòü ðàçíûå ïðåäñòàâëåíèÿ, 
îðèåíòèðîâàííûå íà èññëåäîâàòåëåé è ïðîãðàììíûõ 
àãåíòîâ. Ïðèìåð ïðåäñòàâëåíèÿ äëÿ èññëåäîâàòåëÿ 
ïðèâåäåí íà ðèñóíêå. Â îñíîâå ïðåäñòàâëåíèÿ äëÿ 
ïðîãðàììíûõ àãåíòîâ (èëè ïîëüçîâàòåëåé, çíàêîìûõ 
ñ ÿçûêîì ðàçìåòêè OWL 2 DL) ëåæàò îíòîëîãèÿ 
èíôîðìàöèîííûõ ðåñóðñîâ ïî ìîëåêóëå äèîêñèäà 
óãëåðîäà [107] è îíòîëîãèÿ ïàðàìåòðîâ êîíòóðîâ 
ñïåêòðàëüíûõ ëèíèé äëÿ ýòîé æå ìîëåêóëû [108]. 
Îíòîëîãè÷åñêîå ïðåäñòàâëåíèå ñîäåðæèò âñå èíôîð-
ìàöèîííûå èñòî÷íèêè, îòíîñÿùèåñÿ ê èñòî÷íèêàì 
äàííûõ ïàðàìåòðîâ êîíòóðîâ èçîòîïîëîãîâ ìîëåêó-
ëû äèîêñèäà óãëåðîäà, ïðåäîñòàâëÿåìûå èññëåäîâà-
òåëÿì â òàáëè÷íîì âèäå, è ðåçóëüòàòû êëàññèôèêà-
öèé ñîñòîÿíèé, ïåðåõîäîâ, ïîëîñ ñïåêòðàëüíûõ ëè-
íèé è èíôîðìàöèîííûõ ðåñóðñîâ ïî ïàðàìåòðàì 
êîíòóðîâ ñïåêòðàëüíûõ ëèíèé.  

Çàêëþ÷åíèå 

Â ðàáîòå ñèñòåìàòèçèðîâàíû ðåøåíèÿ çàäà÷ 
ñïåêòðîñêîïèè Ò3 è Ò5, ñîäåðæàùèå ïàðàìåòðû 
êîíòóðîâ ñïåêòðàëüíûõ ëèíèé. Ïðåäëîæåíû àááðå-
âèàòóðû íàçâàíèé êîíòóðîâ ñïåêòðàëüíûõ ëèíèé 
äëÿ ñîñòàâëåíèÿ îíòîëîãèé èíôîðìàöèîííûõ ðåñóð-
ñîâ è ïåðåõîäîâ. Ïðèâåäåíû ïðèìåðû äâóõ âèäîâ 
ñèñòåìàòèçàöèè. Ïîëó÷åíû îíòîëîãèè èñòî÷íèêîâ 
äàííûõ î êîíòóðàõ ñïåêòðàëüíûõ ëèíèé ìîëåêóëû 
äèîêñèäà óãëåðîäà è ïåðåõîäîâ íåèçîëèðîâàííîé 
ìîëåêóëû. Â îíòîëîãèè âõîäÿò îïèñàíèÿ âñåõ èñ-
ïîëüçóåìûõ â ïóáëèêàöèÿõ 11 ìîäåëåé ñòîëêíîâè-
òåëüíîãî êîíòóðà. Ñîçäàíû ïðîãðàììíîå îáåñïå÷å-
íèå äëÿ àâòîìàòè÷åñêîãî ôîðìèðîâàíèÿ ôàêòîëîãè-
÷åñêîé ÷àñòè îíòîëîãèè è ñèñòåìà èìïîðòà ðåøåíèé 
çàäà÷ ñïåêòðîñêîïèè Ò3 è Ò5 â ÈÑ W@DIS [109]. 
Ñôîðìèðîâàííàÿ êëàññèôèêàöèÿ êîíòóðîâ ñïåê-
òðàëüíûõ ëèíèé ìîëåêóëû äèîêñèäà óãëåðîäà â äàëü-

íåéøåì áóäåò ïðèìåíåíà äëÿ ñèñòåìàòèçàöèè ÏÑË 
äðóãèõ àòìîñôåðíûõ ìîëåêóë.  

Àâòîðû áëàãîäàðíû ÐÔÔÈ çà ôèíàíñèðîâà-
íèå ðàáîòû (ãðàíò ¹ 13-07-00411 «A Semantic Web 
Expert System for Spectral Data Quality Control in 
Molecular Spectroscopy via Internet»). Ðàáîòà ÷àñ-
òè÷íî ïîääåðæàíà Ñàíêò-Ïåòåðáóðãñêèì ãîñóäàðñò-
âåííûì óíèâåðñèòåòîì (ãðàíò ¹ 11.38.265.2014). 
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A.V. Kozodoev, A.I. Privezentsev, A.Z. Fazliev, N.N. Filippov. Systematization of data sources with 
spectral line parameters for the carbon dioxide molecule and its isotopologues in the W@DIS information 
system. 

Spectral line shapes are used to process experimental spectra when solving the inverse task of computing 
the collisional parameters of the line profiles. The difference in the shapes is due to different physical condi-
tions (strong/weak collisions, large/small pressures, etc.). Numerous different line shapes are used in the study 
of the spectral line parameters of carbon dioxide, methane, methyl halides, and other molecules. The diversity 
of the line shapes used in the systematization of spectral line parameters adds complexity to the structures of 
data available in information systems and to the structures of individuals involved in ontological descriptions of 
the spectral line properties characterizing the line profiles. 

A brief classification of spectral line shapes and parameters is given, and the results of the systematization 
of spectral data relating to different line shapes used in processing of carbon dioxide spectra are presented. The 
line shapes available in the library are described, and an import system for spectral line parameters obtained 
from the solution of the direct and inverse tasks is built. Computer software for an automatic description of the 
properties of imported solutions was developed. The basic properties of the spectral data compiled in the 
W@DIS information system provide a description of the outcome of the imported data quality assessment 
analysis. 


