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Ïðîâåäåíà âàëèäàöèÿ ñîâðåìåííûõ ñïåêòðîñêîïè÷åñêèõ áàç äàííûõ HITRAN2016, HITRAN2020, 
GEISA2020 è ðàñ÷åòíîãî áàíêà ëèíèé Í2Î W2020 ïî ïàðàìåòðàì ëèíèé ïîãëîùåíèÿ Í2Î â âèäèìîé îáëàñ-
òè 16700–17000 ñì−1. Âûïîëíåíû ìîäåëèðîâàíèå ñïåêòðîâ ïðîïóñêàíèÿ Í2Î ñ èñïîëüçîâàíèåì áàç äàííûõ 
è ñðàâíåíèå ñ ëàáîðàòîðíûìè ñïåêòðàìè ÷èñòîãî âîäÿíîãî ïàðà è ñìåñè H2O–N2 (P = 1 àòì), èçìåðåííûìè 
íà Ôóðüå-ñïåêòðîìåòðå ñî ñâåòîäèîäàìè âûñîêîé ÿðêîñòè. Ïî ðåçóëüòàòàì èçìåðåíèé ñêîððåêòèðîâàíû ïàðà-
ìåòðû 65 ëèíèé ïîãëîùåíèÿ Í2Î, ñîäåðæàùèåñÿ â HITRAN2020. Ó 32 ëèíèé èñïðàâëåíû öåíòðû, ó 51 ëè-
íèè – èíòåíñèâíîñòè, ó 10 ëèíèé – êîýôôèöèåíòû ñàìîóøèðåíèÿ. Îòíîøåíèå êîýôôèöèåíòîâ óøèðåíèÿ 
HITRAN2020 ê ýêñïåðèìåíòàëüíûì çíà÷åíèÿì áëèçêî ê åäèíèöå, â òî âðåìÿ êàê êîýôôèöèåíòû ñäâèãà ëèíèé 
äàâëåíèåì âîçäóõà â áàçàõ äàííûõ â ñðåäíåì â äâà ðàçà ïðåâûøàþò ñîîòâåòñòâóþùèå ýêñïåðèìåíòàëüíûå 
çíà÷åíèÿ, ïîýòîìó äëÿ ìîäåëèðîâàíèÿ ñïåêòðà ïðîïóñêàíèÿ ñìåñè H2O–N2 ïðèìåíÿëèñü ýêñïåðèìåíòàëü-
íûå çíà÷åíèÿ êîýôôèöèåíòîâ ñäâèãà ëèíèé äàâëåíèåì àçîòà, ïîëó÷åííûå íàìè ðàíåå. 

Îòëè÷èå ýêñïåðèìåíòàëüíûõ ñïåêòðîâ ïðîïóñêàíèÿ îò ðàññ÷èòàííûõ ñ èñïîëüçîâàíèåì HITRAN2016, 
HITRAN2020, GEISA2020, W2020 è ñêîððåêòèðîâàííîãî HITRAN2020cor õàðàêòåðèçóåòñÿ ñðåäíåêâàäðà-
òè÷íûìè îòêëîíåíèÿìè RMS = 1,49E-4; 1,64E-4; 3,96E-4; 3,49E-4 è 1,26E-4 äëÿ ÷èñòîé âîäû, RMS = 1,15E-4; 
1,1E-4; 2,23E-4; 2,28E-4 è 0,86E-4 äëÿ H2O–N2 ñîîòâåòñòâåííî. 

 

Êëþ÷åâûå ñëîâà: ñïåêòð ïîãëîùåíèÿ, âîäÿíîé ïàð, ñïåêòðîñêîïè÷åñêèå áàçû äàííûõ, ïàðàìåòðû ëè-
íèé ïîãëîùåíèÿ, ïðîïóñêàíèå; absorption spectrum, water vapor, spectroscopic databases, absorption line pa-
rameters, transmittance. 

 

 

Ââåäåíèå 
 

Âîäÿíîé ïàð ÿâëÿåòñÿ îäíèì èç îñíîâíûõ ãà-
çîâ, ïîãëîùàþùèõ ñîëíå÷íîå èçëó÷åíèå â àòìîñôå-
ðå Çåìëè. Òî÷íîå çíàíèå ñïåêòðàëüíûõ ïàðàìåòðîâ 
ëèíèé ïîãëîùåíèÿ ìîëåêóëû Í2Î â âèäèìîé îáëàñ-
òè íåîáõîäèìî âî ìíîãèõ çàäà÷àõ, ñâÿçàííûõ c äèñ-
òàíöèîííûì çîíäèðîâàíèåì Çåìëè è àòìîñôåðû, 
à òàêæå ìîäåëèðîâàíèåì êëèìàòà. Íåñìîòðÿ íà äîñ-
òàòî÷íî áîëüøîå êîëè÷åñòâî èçìåðåíèé (ñì., íà-
ïðèìåð, [1–4]) è ðàñ÷åòîâ [5, 6] ñïåêòðîâ ïîãëîùå-
íèÿ âîäÿíîãî ïàðà, èìåþòñÿ çíà÷èòåëüíûå ðàçëè÷èÿ 
â ïàðàìåòðàõ ëèíèé ïîãëîùåíèÿ Í2Î â âèäèìîì 
ñïåêòðàëüíîì äèàïàçîíå â ñîâðåìåííûõ ñïåêòðîñêî-
ïè÷åñêèõ áàçàõ äàííûõ (ÁÄ), ÷òî ïðèâîäèò ê íåîï-
ðåäåëåííîñòÿì â ðåçóëüòàòàõ èçìåðåíèÿ ñîäåðæàíèÿ 
ãàçîâ ñïåêòðîñêîïè÷åñêèìè ìåòîäàìè. Â ðàáîòå [3] 
áûëî ïîêàçàíî, ÷òî íàáëþäàþòñÿ çíà÷èìûå ðàñõî-
æäåíèÿ ìåæäó èçìåðåííûìè â ëàáîðàòîðíûõ óñëî-
âèÿõ ñïåêòðàìè ïîãëîùåíèÿ âîäÿíîãî ïàðà è ñïåê-  
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òðàìè, âû÷èñëåííûìè ñ èñïîëüçîâàíèåì ñïåêòðî-
ñêîïè÷åñêîé ÁÄ HITRAN2016 [7] â îáëàñòè 16400–
17000 ñì−1. Â ïóáëèêàöèè [8] àíàëèçèðîâàëèñü ðå-
çóëüòàòû îïðåäåëåíèÿ îáùåãî ñîäåðæàíèÿ âîäÿíîãî 
ïàðà â ñòîëáå àòìîñôåðû ïî äàííûì ñïóòíèêîâîãî 
ñåíñîðà S-5P/TROPOMI â âèäèìîì äèàïàçîíå  
ñ ïîìîùüþ ðàçëè÷íûõ âåðñèé ÁÄ HITRAN (2008, 
2012, 2016). Áûë ñäåëàí âûâîä, ÷òî HITRAN2016 
ñîäåðæèò íåêîððåêòíûå ïàðàìåòðû êîíòóðà è ab ini- 
tio çíà÷åíèÿ èíòåíñèâíîñòåé ëèíèé Í2Î è íàèáîëåå 
àäåêâàòíîé äëÿ ðàññìàòðèâàåìîé çàäà÷è ÿâëÿåòñÿ 
áîëåå ðàííÿÿ âåðñèÿ HITRAN2008. Â 2021 ã. âûøëà 
íîâàÿ âåðñèÿ ÁÄ HITRAN2020 [9]. 

Ñîãëàñíî êîäó ññûëîê íà ëèòåðàòóðíûå èñòî÷íè- 
êè â ÁÄ HITRAN2020, îñíîâó ñïèñêà öåíòðîâ ëèíèé 

H2
16O ñîñòàâëÿþò äàííûå èç ñïèñêà W2020 [4, 10] 

(2062 èç 4896 ïåðåõîäîâ), ðàáîòû È.È. Áóáóêèíîé 

ñ ñîàâò. [11] (2645 ïåðåõîäîâ), Ð.Í. Òîë÷åíîâà  
ñ ñîàâò. [12] (188 ïåðåõîäîâ) è Äæ. Òåííèñîíà  
ñ ñîàâò. [13] (1 ïåðåõîä). Îñíîâó ñïèñêà èíòåíñèâ-
íîñòåé ëèíèé ñîñòàâëÿþò ab initio ðàñ÷åòû [6].  
Êîýôôèöèåíòû ñàìîóøèðåíèÿ ëèíèé âçÿòû èç ðå-
çóëüòàòîâ èçìåðåíèé íà Ôóðüå-ñïåêòðîìåòðå [1]  



 

 Àíàëèç ïàðàìåòðîâ ëèíèé ïîãëîùåíèÿ âîäÿíîãî ïàðà â ñîâðåìåííûõ ñïåêòðîñêîïè÷åñêèõ áàçàõ äàííûõ… 755 
 

èëè ïîëó÷åíû ñ ïîìîùüþ ïîëèíîìèàëüíîé ïîäãîí-
êè [14]. Êîýôôèöèåíòû ñäâèãà ëèíèé äàâëåíèåì 
âîçäóõà îïðåäåëåíû ñ èñïîëüçîâàíèåì ïîëóýìïèðè-
÷åñêèõ êîýôôèöèåíòîâ [15] èëè èçìåðåíû íà Ôóðüå-
ñïåêòðîìåòðå [1]. Êîýôôèöèåíòû óøèðåíèÿ ëèíèé 
äàâëåíèåì âîçäóõà ïîëó÷åíû ñ ïîìîùüþ ïîëóýìïè-
ðè÷åñêèõ êîýôôèöèåíòîâ [16] èëè òàêæå èçìåðåíû 
íà Ôóðüå-ñïåêòðîìåòðå [1]. 

Êðîìå òîãî, â 2021 ã. ïîÿâèëàñü íîâàÿ âåðñèÿ 
ñïåêòðîñêîïè÷åñêîé ÁÄ GEISA2020 [17]. Íåäàâíî 
áûëè ñäåëàíû ðàñ÷åòû ñïåêòðà âîäÿíîãî ïàðà 
W2020 [4, 10], óòî÷íÿþùèå ïîëîæåíèÿ öåíòðîâ  
è èíòåíñèâíîñòåé ëèíèé Í2Î â äèàïàçîíå äî 
30000 ñì−1. 
  Öåëü íàñòîÿùåé ðàáîòû – ïðîàíàëèçèðîâàòü 
èíôîðìàöèþ î ïàðàìåòðàõ ëèíèé ïîãëîùåíèÿ Í2Î  
â ñîâðåìåííûõ ñïåêòðîñêîïè÷åñêèõ ÁÄ íà îñíîâå 
èçìåðåííûõ ëàáîðàòîðíûõ ñïåêòðîâ ïîãëîùåíèÿ 

âîäÿíîãî ïàðà â âèäèìîé îáëàñòè 16700–17000 ñì−1 
è ñêîððåêòèðîâàòü äàííûå èç ïîñëåäíåé âåðñèè ÁÄ 
HITRAN2020. 

 

1. Ýêñïåðèìåíòàëüíûå èçìåðåíèÿ 

ñïåêòðîâ ïîãëîùåíèÿ Í2Î 
 

Â êà÷åñòâå ýêñïåðèìåíòàëüíûõ áûëè èñïîëüçî-
âàíû ñïåêòðû ïîãëîùåíèÿ Í2Î â äèàïàçîíå îò 16700 
äî 17000 ñì−1, çàðåãèñòðèðîâàííûå ðàíåå íà Ôóðüå-
ñïåêòðîìåòðå IFS-125M ñ ðàçðåøåíèåì 0,05 ñì−1 
ïðè òåìïåðàòóðå 297 ± 1 Ê è äàâëåíèè 

2H OP  = 
= 17,2 ìáàð, 

2NP  = 0 è 987 ìáàð [2]. Èçìåðåíèÿ 

ïðîâîäèëèñü â òåðìîñòàáèëèçèðîâàííîì ïîìåùåíèè; 
èñïîëüçîâàëàñü êþâåòà ñ áàçîé äëèíîé 60 ñì è ìíî-
ãîïðîõîäíîé îïòè÷åñêîé ñõåìîé Óàéòà ñ äëèíîé 
îïòè÷åñêîãî ïóòè 24 ì. Èñòî÷íèêîì èçëó÷åíèÿ ñëó-
æèë ñâåòîäèîä CREE XPE AMB ñ âûñîêîé ñïåê-
òðàëüíîé ÿðêîñòüþ â ðàéîíå 0,59 ìêì (ñ ìàêñèìó-
ìîì â ñïåêòðàëüíîì äèàïàçîíå 16700–16900 ñì−1), 
êîòîðàÿ ïðåâûøàåò íà äâà ïîðÿäêà ÿðêîñòü ãàëî-
ãåííûõ ëàìï â ýòîé îáëàñòè ñïåêòðà è îáåñïå÷èâàåò 

âûñîêîå îòíîøåíèå ñèãíàë/øóì (S/N) äëÿ ðåãèñò-
ðàöèè ñëàáîãî ïîãëîùåíèÿ. Ýòî ïîçâîëèëî ïîëó-
÷èòü îòíîøåíèå ñèãíàë/øóì îêîëî 10000 è îáíàðó-
æèòü ñëàáûå ëèíèè ïîãëîùåíèÿ ñ èíòåíñèâíîñòüþ 
ïîðÿäêà 10−26 ñì/ìîëåê. Èçìåðåíèÿ ïðîâîäèëèñü  

â òå÷åíèå íåñêîëüêèõ äíåé; êàæäûé ñïåêòð áûë ïî-
ëó÷åí óñðåäíåíèåì ïî 3456 ñêàíàì. Ôóðüå-ñïåê- 
òðîìåòð, èñïîëüçóþùèé ñâåòîèçëó÷àþùèå äèîäû, 
áîëåå ïîäðîáíî îïèñàí â [18]. Äàâëåíèå èçìåðÿëè 

ïðèáîðîì ÀÈÐ-20Ì (äèàïàçîí 0–100 êÏà, òî÷íîñòü 
ïîðÿäêà 0,1%). 

Ïàðàìåòðû ëèíèé îïðåäåëÿëèñü ñ ïîìîùüþ ïà-
êåòà ïðîãðàìì Wxspe, ñïîñîáíîãî âûïîëíÿòü àâòî-
ìàòè÷åñêèé ïîèñê ïèêîâ ñ èñïîëüçîâàíèåì òåîðèè 
ðàñïîçíàâàíèÿ îáðàçîâ [19]. Ñïåêòðû áûëè ïðîàíà-
ëèçèðîâàíû ñ ïîìîùüþ ïðîôèëÿ Ôîéãòà, ïàðàìåò-
ðû àïïàðàòíîé ôóíêöèè áûëè îïðåäåëåíû èç ïîä-
ãîíêè. Ñïåêòðû ïîãëîùåíèÿ ÷èñòîãî è óøèðåííîãî 
àçîòîì âîäÿíîãî ïàðà, çàðåãèñòðèðîâàííûå íà Ôó-
ðüå-ñïåêòðîìåòðå, áûëè ðàíåå [2] èñïîëüçîâàíû äëÿ 
îïðåäåëåíèÿ ïàðàìåòðîâ óøèðåíèÿ ñïåêòðàëüíûõ 

ëèíèé. Â äàííîé ðàáîòå ïðèâîäÿòñÿ çàðåãèñòðèðî-
âàííûå ñïåêòðû ïðîïóñêàíèÿ. Êàëèáðîâêà ÷àñòîòû 
âûïîëíåíà ñ ïîìîùüþ áîëåå òî÷íûõ çíà÷åíèé ïî-
ëîæåíèé öåíòðîâ ëèíèé H2O èç ÁÄ W2020 [10]. 
  Ïîãðåøíîñòü îïðåäåëåíèÿ ïîëîæåíèé öåíòðîâ ëè- 
íèè ñîñòàâëÿåò 0,0008 ñì−1. Ïîãðåøíîñòü îïðåäåëåíèÿ 

êîýôôèöèåíòîâ óøèðåíèÿ è ñäâèãà èçîëèðîâàííûõ 
ëèíèé ñ èíòåíñèâíîñòüþ 3 ⋅ 10−24 ... 5 ⋅ 10−26 ñì/ìîëåê. 
íå ïðåâûøàåò 0,003 è 0,002 ñì−1/àòì ñîîòâåòñòâåííî. 
 

2. Ñðàâíåíèå ìîäåëüíûõ ñïåêòðîâ  

ñ ðåçóëüòàòàìè èçìåðåíèé 
 

2.1. Ñïåêòð ïðîïóñêàíèÿ H2O  
ïðè ñàìîóøèðåíèè ëèíèé 

 

Íà ðèñ. 1 ïðèâåäåí çàðåãèñòðèðîâàííûé ñïåêòð 
ïîãëîùåíèÿ H2O ïðè äàâëåíèè 17 ìáàð. Ñïåêòð  
â ýòîé îáëàñòè î÷åíü ñëàáûé, ïðîïóñêàíèå â öåíòðå 
íàèáîëåå ñèëüíûõ ëèíèé îñòàåòñÿ âûøå 0,964. Ìî-
äåëüíûå ñïåêòðû ïðîïóñêàíèÿ ðàññ÷èòàíû ñ èñïîëü-
çîâàíèåì ïàðàìåòðîâ ëèíèé ïîãëîùåíèÿ âîäÿíîãî 
ïàðà èç ÁÄ HITRAN2020, 2016, GEISA2020, W2020, 
ïðîâåäåíî ñðàâíåíèå ñ èçìåðåííûì ñïåêòðîì â äèà-
ïàçîíå 16700–17000 ñì−1 [2]. Ìîäåëüíûå ñïåêòðû 
âû÷èñëÿëèñü ïîëèíåéíûì ìåòîäîì line-by-line [20] 
ñî ñïåêòðàëüíûì ðàçðåøåíèåì 0,05 ñì−1 ñ êîíòóðîì 
ëèíèé Ôîéãòà ñ ïðÿìîóãîëüíîé àïïàðàòíîé ôóíê-
öèåé. Â ðàñ÷åòå W2020 îòñóòñòâóþò ïàðàìåòðû 
óøèðåíèÿ ëèíèé è êîýôôèöèåíò òåìïåðàòóðíîé 
çàâèñèìîñòè, íåîáõîäèìûå äëÿ ìîäåëèðîâàíèÿ ïðî-
ïóñêàíèÿ. Äëÿ îöåíêè ïàðàìåòðîâ óøèðåíèÿ ëèíèé 
ïðèìåíÿëàñü ìåòîäèêà ñ èñïîëüçîâàíèåì J′J′′-
çàâèñèìîñòè [21]. 

Áûëà ðàññ÷èòàíà ðàçíîñòü ïðîïóñêàíèÿ dT = 
= Texp − Tcalc, ãäå Texp – ýêñïåðèìåíòàëüíî çàðåãè-
ñòðèðîâàííûé ñïåêòð ïðîïóñêàíèÿ, à Tcalc – ìîäåëü-
íûé ñïåêòð, âû÷èñëåííûé ñ ïîìîùüþ ñïåêòðîñêîïè-
÷åñêîé ÁÄ. Ìàêñèìàëüíûå ðàçëè÷èÿ â ïðîïóñêàíèè 
ìåæäó èçìåðåííûì ñïåêòðîì è ñïåêòðàìè, âû÷èñ-
ëåííûìè ñ ÁÄ HITRAN2016, HITRAN2020, 
GEISA2020 è W2020 â îáëàñòè 16700–17000 ñì−1 
(ðèñ. 1), äîñòèãàþò 0,0025; 0,0029; 0,009 è 0,0055 
ñîîòâåòñòâåííî. 

Ïðèìåð ðàçëè÷èÿ â ïðîïóñêàíèè ìåæäó óêà-
çàííûìè ñïåêòðàìè â îáëàñòè îäíîé ñïåêòðàëüíîé 
ëèíèè 16779,7–16780,0 ñì−1 ïðèâåäåí íà ðèñ. 2. 

Ïðè èñïîëüçîâàíèè HITRAN2016 è HITRAN2020 
ìàêñèìàëüíîå çíà÷åíèå dTmax = 0,003, äëÿ 

GEISA2020 dTmax = 0,01, äëÿ W2020 dTmax = 0,006. 
Îøèáêè â ìîäåëèðîâàíèè ñïåêòðà ïðîïóñêàíèÿ ÷èñ-
òîé âîäû âîçíèêàþò èç-çà íåïðàâèëüíûõ çíà÷åíèé 

÷àñòîò, èíòåíñèâíîñòåé èëè êîýôôèöèåíòîâ ñàìî-
óøèðåíèÿ ëèíèé H2O â áàçàõ äàííûõ. Íà ðèñ. 3. 
ïðèâåäåíû dT â ñëó÷àå íåïðàâèëüíûõ çíà÷åíèé 
èíòåíñèâíîñòè, öåíòðà è ïîëóøèðèíû îòäåëüíûõ 
ëèíèé ïîãëîùåíèÿ â HITRAN2020. 

Ìîäåëèðîâàíèå ñïåêòðà ïðîïóñêàíèÿ Í2Î ïî-
êàçàëî, ÷òî íàèëó÷øóþ òî÷íîñòü îïèñàíèÿ ýêñïå-
ðèìåíòàëüíûõ äàííûõ â ýòîé îáëàñòè äàåò 
HITRAN2016 (RMS = 1,49E-4), êîòîðîìó íåìíîãî 
óñòóïàåò HITRAN2020 (RMS = 1,64E-4). 
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Ðèñ. 1. Èçìåðåííûé ñïåêòð H2O (Texp) è ðàçíîñòü ïðîïóñêàíèÿ ìåæäó íèì è ñïåêòðàìè, âû÷èñëåííûìè ñ ïîìîùüþ 
  ðàçëè÷íûõ ñïåêòðîñêîïè÷åñêèõ ÁÄ; RMS – ñðåäíåêâàäðàòè÷íîå îòêëîíåíèå èçìåðåííûõ ñïåêòðîâ îò ìîäåëüíûõ 

 

 
Ðèñ. 2. Ðàçëè÷èå â ïðîïóñêàíèè ìåæäó èçìåðåííûì ñïåêòðîì 

è ñïåêòðàìè, âû÷èñëåííûìè ñ ïîìîùüþ HITRAN2016 (1), 
HITRAN2020 (2), GEISA2020 (3), W2020 (4)  
 è HITRAN2020cor (5) â îáëàñòè 16779,7–16780,0 ñì−1 

Äàëåå áûëà ïðîâåäåíà êîððåêöèÿ ÁÄ 

HITRAN2020, èñïðàâëåíû çíà÷åíèÿ èíòåíñèâíî-
ñòåé, ÷àñòîò è êîýôôèöèåíòîâ ñàìîóøèðåíèÿ äëÿ 
65 ëèíèé, äëÿ êîòîðûõ èìåëî ìåñòî áîëüøîå îò-
êëîíåíèå Tcalc îò Texp. 

Â òàáëèöå ïðèâîäÿòñÿ èíòåíñèâíîñòè ëèíèé, íå 
èçìåðåííûå â îáû÷íîì ïîíèìàíèè, êîãäà ïðîèçâî-
äèòñÿ ïîäãîíêà çàðåãèñòðèðîâàííîãî êîíòóðà ñïåê-
òðàëüíîé ëèíèè ê ìîäåëüíîìó, à ïîëó÷åííûå êîð-
ðåêöèåé èíòåíñèâíîñòåé ïî ðàçíîñòè dT, ïðîÿâëÿþ-
ùåéñÿ â ñïåêòðå. ×àñòü ñëó÷àéíûõ ïîãðåøíîñòåé 
èñêëþ÷àåòñÿ, è äàííàÿ ïðîöåäóðà ìîæåò îáåñïå÷èòü 
áîëåå âûñîêóþ òî÷íîñòü îïðåäåëåíèÿ ïàðàìåòðîâ 
ëèíèè. Òàêàÿ ïðîöåäóðà ïðèìåíÿåòñÿ â ïðèêëàäíûõ 
àòìîñôåðíûõ çàäà÷àõ, êîãäà ñîçäàþòñÿ ñïåöèàëè-
çèðîâàííûå ÁÄ, ïðåäñòàâëÿþùèå ñîáîé êîìïèëÿöèþ 
ëèòåðàòóðíûõ äàííûõ ïî ïàðàìåòðàì ëèíèé ïîãëî-
ùåíèÿ è äàííûõ, ñêîððåêòèðîâàííûõ ïî àòìîñôåð-
íûì èçìåðåíèÿì (íàïðèìåð, [22–24]). 
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Ðèñ. 3. Ðàçíîñòü ïðîïóñêàíèÿ â ñëó÷àå íåïðàâèëüíûõ çíà÷åíèé èíòåíñèâíîñòè (à), öåíòðà (á) è ïîëóøèðèíû (â) ëèíèé 
  ïîãëîùåíèÿ 

 

Öåíòðû (ν), èíòåíñèâíîñòè (S) è êîýôôèöèåíòà ñàìîóøèðåíèÿ (γself) ëèíèé ïîãëîùåíèÿ Í2Î  
â ÁÄ HITRAN2020 è èñïðàâëåííûå çíà÷åíèÿ (HITRAN2020cor) 

HITRAN2020  HITRAN2020cor 

ν, ñì−1 S, ñì/ìîëåê. γself, ñì
−1/àòì ν, ñì−1 S, ñì/ìîëåê. γself, ñì

−1/àòì 

1 2 3 4 5 6 

16701,851047 4,08E-26    4,975E-26  
16723,498683 1,15E-25    1,310E-25  
16723,743908 1,67E-25    1,835E-25  
16723,946677 6,25E-25  16723,947410* 6,480E-25  
16745,629987 7,44E-25    7,670E-25  
16750,638798 1,19E-24 0,893 16750,642698 1,220E-24 0,600 
16751,871807 1,03E-24    1,070E-24  
16755,157192 1,03E-24  16755,158172*   
16756,470775 1,52E-25  16756,467962** 2,000E-25**  
16766,957642 4,58E-25   3,980E-25  
16766,965942 1,56E-25   1,060E-25  
16774,740400 2,49E-27   6,220E-26*  
16778,804117 5,67E-25  16778,800590*   
16779,846550 9,33E-25 1,190 16779,840318* 9,272E-25 0,839 
16779,879421 7,47E-25   6,340E-25  
16792,274800 1,30E-26   2,110E-25*  
16801,127712 5,73E-25   6,540E-25**  
16804,418222 1,87E-24  16804,419455*   
16810,351002 3,59E-25    3,900E-25  
16810,404046 1,59E-24 0,412    0,400 
16810,985187 1,00E-24  16810,983544*   
16813,366800 2,20E-24  16813,367394*   
16816,971194 9,10E-25  16816,964963*   
16818,163997 9,98E-25  16818,163412** 1,060E-24  
16823,102814 2,27E-24 0,432  2,370E-24 0,400 
16823,481865 7,01E-25   5,810E-25  
16823,549400 6,64E-25  16823,546035** 8,070E-25**  
16825,752440 1,81E-24  16825,754340   
16827,296805 2,56E-24  16827,299000 2,590E-24  
16863,606099 1,04E-24 0,639  1,060E-24 0,500 
16863,665323 1,45E-25  16863,662803** 1,900E-25  
16864,460236 6,22E-27   5,910E-27*  
16872,911717 3,81E-25   2,400E-25  
16873,008285 7,78E-25   7,944E-25  
16876,195811 2,11E-25   2,680E-26  
16876,283330 3,10E-25   3,000E-25  
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1 2 3 4 5 6 

16876,317455 1,09E-24 0,758   0,500 
16888,239913 2,70E-24 0,585 16888,238100 2,630E-24 0,539 
16888,310799 2,54E-25    2,740E-25  
16907,236184 1,09E-24  16907,237680 1,150E-24  
16918,665234 1,05E-24 0,906   1,020E-24 0,600 
16918,701448 4,42E-25    4,150E-25**  
16938,319771  2,91E-25    2,790E-25  
16938,341960 4,49E-25  16938,343915** 3,791E-25  
16940,264106 2,75E-24  16940,267100 2,721E-24  
16944,360828 1,96E-24  16944,363600 1,953E-24  
16947,315152 8,49E-25    6,966E-25  
16947,371671 2,40E-25  16947,373360** 4,503E-25  
16949,028266 1,55E-25  16949,024900* 1,990E-25  
16949,760221 2,05E-24  16949,761448* 2,010E-24  
16951,712162 2,04E-25    1,540E-25  
16951,776427 3,66E-25    4,350E-25  
16960,601491 4,85E-25  16960,603277*   
16968,465666 2,02E-24  16968,466366 1,990E-24  
16973,006423 1,35E-24  16973,008815*   
16976,967935 8,06E-25   8,378E-25  
16979,984290 1,30E-24  16979,985464*   
16981,248899 1,72E-24  16981,249874*   
16984,842318 1,99E-24  16984,843820 2,020E-24  
16990,839529 1,12E-24   1,148E-24  
16991,143957 2,19E-25   2,301E-25  
16995,250526 9,79E-26   1,070E-25  
16996,671110 2,91E-25   2,070E-25  
16996,743477 3,19E-25   4,210E-25  
16999,518279 1,97E-25   2,045E-25  
_____________  

* Çíà÷åíèå âçÿòî èç [7]. 
** Çíà÷åíèå âçÿòî èç [10]. 

 

Âûñîêîå îòíîøåíèå S/N = 10000, äîñòèãíóòîå 
â ñïåêòðîìåòðå çà ñ÷åò èñïîëüçîâàíèÿ ñâåòîäèîäîâ 

âûñîêîé ÿðêîñòè â êà÷åñòâå èñòî÷íèêà èçëó÷åíèÿ, 
ïîçâîëÿåò óâåðåííî ðåãèñòðèðîâàòü èçìåíåíèå ïðî-
ïóñêàíèÿ íà 0,1%. Òàêîå èçìåíåíèå ñïåêòðàëüíîãî 
ïðîïóñêàíèÿ ñîîòâåòñòâóåò èçìåíåíèþ èíòåíñèâíî-
ñòè ëèíèé âîäÿíîãî ïàðà íà 5 ⋅ 10−26 ñì/ìîëåê. ïðè 

äàííûõ óñëîâèÿõ ðåãèñòðàöèè. Êàê âèäíî èç ðèñ. 1, 
ïàðàìåòðû íåêîòîðûõ ëèíèé èç ÁÄ HITRAN2016 
áîëåå àäåêâàòíî îïèñûâàþò çàðåãèñòðèðîâàííûé 
ñïåêòð, ïîýòîìó ïðè êîððåêöèè HITRAN2020 ÷àñòü 
ïàðàìåòðîâ ëèíèé âçÿòà èç HITRAN2016, à ÷àñòü – 
èç W2020. Îñòàëüíûå ïàðàìåòðû ëèíèé óòî÷íåíû 
ýêñïåðèìåíòàëüíî. 

×àñòîòû áûëè èñïðàâëåíû ó 32 ëèíèé, èíòåí-
ñèâíîñòè – ó 51 ëèíèè, à êîýôôèöèåíòû ñàìîóøè-
ðåíèÿ – ó 10. Â òàáëèöå ïðèâåäåíû ñêîððåêòèðî-
âàííûå çíà÷åíèÿ ïîëîæåíèÿ öåíòðà, èíòåíñèâíîñòè 

è êîýôôèöèåíòîâ ñàìîóøèðåíèÿ ëèíèé ïîãëîùåíèÿ 
Í2Î (HITRAN2020cor). 

Â ðåçóëüòàòå èñïîëüçîâàíèÿ ñêîððåêòèðî- 
âàííûõ äàííûõ HITRAN2020cor ìàêñèìàëüíîå dT 
íå ïðåâûøàåò 0,001, à çíà÷åíèå RMS ïðè ìîäåëè-
ðîâàíèè ñ HITRAN2020cor óìåíüøèëîñü â 1,2 ðàçà 
è áûëî íàèìåíüøèì (RMS = 1,26E-4) ñðåäè âñåõ 
ðàññìîòðåííûõ ÁÄ (ñì. ðèñ. 1). 

2.2. Ñïåêòð ïðîïóñêàíèÿ H2O  
ïðè óøèðåíèè ëèíèé äàâëåíèåì N2 
 
Íà ñëåäóþùåì ýòàïå âàëèäàöèè ñîâðåìåííûõ 

ñïåêòðîñêîïè÷åñêèõ ÁÄ áûë ïðîàíàëèçèðîâàí ñïåêòð 
ïîãëîùåíèÿ H2O–N2 ïðè äàâëåíèè 1 àòì è ïðîâå-
äåíî åãî ìîäåëèðîâàíèå ñ ïîìîùüþ HITRAN2016, 
HITRAN2020, GEISA2020, W2020 è HITRAN2020cor. 
Ðåçóëüòàòû ìîäåëèðîâàíèÿ ïðèâåäåíû íà ðèñ. 4. 
Ìàêñèìàëüíûå ðàçëè÷èÿ â ïðîïóñêàíèè ìåæäó èç-
ìåðåííûì ñïåêòðîì è ñïåêòðàìè, âû÷èñëåííûìè íà 
îñíîâå ñ ÁÄ HITRAN2016, HITRAN2020, GEISA2020 

è W2020, äîñòèãàþò 0,0015; 0,0014; 0,0039 è 0,0025 
ñîîòâåòñòâåííî. 

Ìîäåëèðîâàíèå ñïåêòðà ïðîïóñêàíèÿ Í2Î–N2 
ïîêàçàëî, ÷òî íàèëó÷øóþ òî÷íîñòü îïèñàíèÿ ýêñïå-
ðèìåíòàëüíûõ äàííûõ â ýòîé îáëàñòè îáåñïå÷èâàåò 
HITRAN2020, ïðè èñïîëüçîâàíèè êîòîðîãî cðåäíå- 
êâàäðàòè÷íàÿ ðàçíèöà (RMS = 1,10E-4) ïîëó÷èëàñü 

ìåíüøå, ÷åì ïðè èñïîëüçîâàíèè HITRAN2016. Ýòî 

ãîâîðèò î òîì, ÷òî â ïîñëåäíåé âåðñèè HITRAN 
ïàðàìåòðû ëèíèé, ñâÿçàííûå ñ óøèðåíèåì ëèíèé 
äàâëåíèåì áóôåðíîãî ãàçà, èãðàþò áîëüøóþ ðîëü  
â ìîäåëèðîâàíèè àòìîñôåðíîãî ïðîïóñêàíèÿ, à èõ 

çíà÷åíèÿ òî÷íåå, ÷åì â ïðåäûäóùåé âåðñèè. Èñ-
ïîëüçîâàíèå ñêîððåêòèðîâàííîãî ñïèñêà ëèíèé Í2Î 
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Ðèñ. 4. Èçìåðåííûé ñïåêòð H2O ïðè óøèðåíèè N2 è ðàçíîñòü ïðîïóñêàíèÿ ìåæäó íèì è ñïåêòðàìè, âû÷èñëåííûìè 
  ñ ïîìîùüþ ðàçëè÷íûõ ñïåêòðîñêîïè÷åñêèõ ÁÄ 

 
HITRAN2020cor (ñîãëàñíî òàáëèöå) óìåíüøèëî 

RMS äî 1,04E-4. 
Ïðîâåäåííûå ðàíåå èññëåäîâàíèÿ [2] ïàðàìåò-

ðîâ óøèðåíèÿ ñïåêòðàëüíûõ ëèíèé âîäÿíîãî ïàðà 
äàâëåíèåì àçîòà ïîêàçàëè, ÷òî â îáëàñòè 16700–
17000 ñì−1

 çíà÷åíèÿ ïàðàìåòðîâ óøèðåíèÿ àòìîñôåð- 
íûì âîçäóõîì ñóùåñòâåííî îòëè÷àþòñÿ îò èìåþ-
ùèõñÿ â ñïåêòðîñêîïè÷åñêèõ ÁÄ çíà÷åíèé. 

Íà ðèñ. 5 ïðèâåäåíî îòíîøåíèå êîýôôèöèåí-
òîâ óøèðåíèÿ ëèíèé äàâëåíèåì âîçäóõà (D = 
= γHITRAN/γexp), à òàêæå îòíîøåíèå êîýôôèöèåíòîâ 
ñäâèãà ëèíèé äàâëåíèåì âîçäóõà (d = δHITRAN/δexp) 

â èññëåäóåìîé îáëàñòè (γexp, δexp 

– ýêñïåðèìåíòàëüíûå 
çíà÷åíèÿ êîýôôèöèåíòîâ óøèðåíèÿ è ñäâèãà; γHITRAN 
è δHITRAN – ñîîòâåòñòâóþùèå çíà÷åíèÿ êîýôôè- 
öèåíòîâ óøèðåíèÿ è ñäâèãà èç ÁÄ HITRAN2020).  
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Ðèñ. 5. Ñðàâíåíèå êîýôôèöèåíòîâ óøèðåíèÿ (à) è ñäâèãà (á) 
  ëèíèé H2O äàâëåíèåì âîçäóõà 

 
Ïî îñè àáñöèññ îòëîæåíû èíòåíñèâíîñòè (S) çàðåãè-
ñòðèðîâàííûõ ëèíèé. Ïîñêîëüêó óøèðåíèå ëèíèé âî-
äÿíîãî ïàðà êèñëîðîäîì H2O–O2 çíà÷èòåëüíî ìåíü-
øå óøèðåíèÿ àçîòîì H2O–N2, äëÿ ñìåñè H2O–
âîçäóõ ïðè ñðàâíåíèè èñïîëüçîâàëèñü ñîîòíîøåíèÿ 

γ(H2O–âîçäóõ) = 0,89γ(H2O–N2) è δ(H2O–âîçäóõ) = 
0,88δ(H2O–N2) [25]. Ðèñ. 5 ïîêàçûâàåò ðàçëè÷íóþ 

òî÷íîñòü, êîòîðóþ îáåñïå÷èâàåò ÁÄ HITRAN2020 
äëÿ êîýôôèöèåíòîâ óøèðåíèÿ è ñäâèãà ëèíèé äàâ-
ëåíèåì âîçäóõà. Äëÿ êîýôôèöèåíòîâ óøèðåíèÿ íà 
áîëüøîì èíòåðâàëå èíòåíñèâíîñòåé îòíîøåíèå D 
îñòàåòñÿ ïîñòîÿííûì, à îøèáêà âîçðàñòàåò äëÿ ñëà-
áûõ ëèíèé. Äëÿ êîýôôèöèåíòîâ ñäâèãà ëèíèé äàâ-
ëåíèåì àçîòà îòíîøåíèå d âàðüèðóåòñÿ â øèðîêîì 
äèàïàçîíå (îò 0 äî 8) è íå çàâèñèò îò èíòåíñèâíî-
ñòè ëèíèé. 

Êàê âèäíî èç ðèñ. 5, îòíîøåíèå êîýôôèöèåí-
òîâ óøèðåíèÿ HITRAN2020 è ýêñïåðèìåíòàëüíûõ 
çíà÷åíèé áëèçêî ê åäèíèöå, â òî âðåìÿ êàê êîýôôè-
öèåíò ñäâèãà ëèíèé äàâëåíèåì âîçäóõà â ñðåäíåì  
â äâà ðàçà ïðåâûøàåò ñîîòâåòñòâóþùèå ýêñïåðèìåí-
òàëüíûå çíà÷åíèÿ. Â ñâÿçè ñ ýòèì äàëüíåéøàÿ êîð-
ðåêöèÿ ýòîé ÁÄ ïðîâåäåíà ñëåäóþùèì îáðàçîì. Êî-
ýôôèöèåíòû óøèðåíèÿ H2O äàâëåíèåì âîçäóõà îñ-
òàâëåíû áåç èçìåíåíèÿ, à êîýôôèöèåíòû ñäâèãà 
ëèíèé âçÿòû èç ðàáîòû [2], ïðè÷åì êîýôôèöèåíòû 
ñäâèãà îñòàëüíûõ ëèíèé H2O èç HITRAN2020, íå 
èçìåðåííûå â [2], óìåíüøåíû â äâà ðàçà. Â ðåçóëü-
òàòå èñïîëüçîâàíèÿ òàêèõ ñêîððåêòèðîâàííûõ äàííûõ, 
óñëîâíî îáîçíà÷åííûõ HITRAN2020corsh, ìàêñè-
ìàëüíîå dT íå ïðåâûøàåò 0,001 (ñì. ðèñ. 4), à RMS 
ïðè ìîäåëèðîâàíèè ñ íàøèìè çíà÷åíèÿìè  ïàðà-
ìåòðîâ ëèíèé ïîãëîùåíèÿ H2O–N2 óìåíüøèëîñü äî 
0,86E-4, ÷òî çíà÷èòåëüíî ìåíüøå RMS, ïîëó÷åííûõ 
ïðè èñïîëüçîâàíèè ðàññìîòðåííûõ ÁÄ. 

 

Çàêëþ÷åíèå 
 

Ïðîâåäåííûé àíàëèç ñîâðåìåííûõ ñïåêòðî- 
ñêîïè÷åñêèõ ÁÄ HITRAN2016, HITRAN2020, 

GEISA2020, W2020 ñ èñïîëüçîâàíèåì çàðåãèñòðè-
ðîâàííûõ ñïåêòðîâ ïîãëîùåíèÿ H2O è H2O–N2  
â âèäèìîé îáëàñòè ñïåêòðà 16700–17000 ñì−1 âû-
ÿâèë èõ íåäîñòàòêè è ïîçâîëèë èñïðàâèòü çíà÷åíèÿ 
èíòåíñèâíîñòåé, ÷àñòîò è êîýôôèöèåíòîâ ñàìîóøè-
ðåíèÿ ëèíèé, êîýôôèöèåíòîâ ñäâèãà ëèíèé äàâëåíè-
åì àòìîñôåðíîãî âîçäóõà. Ìîäåëèðîâàíèå ñïåêòðà 

ïðîïóñêàíèÿ Í2Î ïîêàçàëî, ÷òî íàèëó÷øóþ òî÷-
íîñòü îïèñàíèÿ ýêñïåðèìåíòàëüíûõ äàííûõ â ýòîé 
îáëàñòè îáåñïå÷èâàåò HITRAN2016 (RMS = 1,49E-4), 
êîòîðîé íåìíîãî óñòóïàåò HITRAN2020 (RMS = 
= 1,64E-4). Ìîäåëèðîâàíèå ñïåêòðà ïðîïóñêàíèÿ 
Í2Î–N2 ïîêàçàëî, ÷òî íàèëó÷øóþ òî÷íîñòü îáåñ-
ïå÷èâàåò ÁÄ HITRAN2020, ïðè èñïîëüçîâàíèè êîòî-
ðîé cðåäíåêâàäðàòè÷íàÿ ðàçíèöà (RMS = 1,10E-4) 
ïîëó÷èëàñü ìåíüøå, ÷åì ïðè èñïîëüçîâàíèè  
HITRAN2016 (RMS = 1,15E-4). 

Â ðåçóëüòàòå èñïîëüçîâàíèÿ ñêîððåêòèðîâàí-
íîé áàçû HITRAN2020cor ìàêñèìàëüíîå ðàçëè÷èå  
â ïðîïóñêàíèè ìîäåëüíîãî è ýêñïåðèìåíòàëüíîãî 
ñïåêòðîâ dT äëÿ ñïåêòðà ÷èñòîé âîäû íå ïðåâûøàåò 
0,001, à RMS ïðè ìîäåëèðîâàíèè ñ íàøèìè ïàðà-
ìåòðàìè ëèíèé ïîãëîùåíèÿ H2O óìåíüøèëîñü  

â 1,2 ðàçà è áûëî íàèìåíüøèì (RMS = 1,26E-4). 
Äëÿ ñïåêòðà H2O–N2 çíà÷åíèå dT íå ïðåâûøàåò 
0,001, à çíà÷åíèå RMS ïðè ìîäåëèðîâàíèè ñ íàøè-
ìè ïàðàìåòðàìè ëèíèé ïîãëîùåíèÿ H2O óìåíüøè-
ëîñü â 1,3 ðàçà è îêàçàëîñü íàèìåíüøèì (RMS = 
= 0,86E-4) ñðåäè âñåõ ðàññìîòðåííûõ áàç. 

Ïîëíàÿ âåðñèÿ ñêîððåêòèðîâàííûõ äàííûõ 
HITRAN2020corsh ïî ëèíèÿì ïîãëîùåíèÿ âîäÿíîãî 
ïàðà â äèàïàçîíå 16700–17000 ñì−1 ìîæåò áûòü 
ïðåäîñòàâëåíà àâòîðàìè ñòàòüè ïî çàïðîñó. 

 

Ôèíàíñèðîâàíèå. Ðàáîòà âûïîëíåíà ïðè ôè-
íàíñîâîé ïîääåðæêå ÐÍÔ (ãðàíò ¹ 23-23-00184). 
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L.N. Sinitsa, T.Yu. Chesnokova. Analysis of water vapor absorption lines in the modern spectroscopic 

databases in the 16700–17000 cm−1 region. 
The validation of H2O absorption lines parameters in the modern spectroscopic databases such as  

HITRAN2016, HITRAN2020, GEISA2020, and W2020 database of H2O lines is carried out in the visible re-
gion 16700–17000 cm−1. The H2O transmission spectra were simulated with the spectroscopic databases and 
compared with laboratory spectra of pure water vapor and H2O–N2 mixture (P = 1 atm), recorded using a Fou-
rier spectrometer with light-emitting diodes of high luminance. The parameters of 65 H2O absorption lines from 
HITRAN2020 database were corrected on the basis of the measurements. The positions of 32 lines, intensities of 
51 lines, and self-broadening coefficients of 10 lines were improved. The ratio of the HITRAN2020 broadening 
coefficients to the experimental values is close to 1, whereas the air pressure-induced line shift coefficients in 
the spectroscopic databases are, on average, two times higher than the experimental values, and therefore, our 
previously obtained experimental values of N2 pressure-induced line shift coefficients were used to simulate the 
transmission spectra of H2O–N2 mixture. 

The difference of the experimental spectra from the spectra calculated with HITRAN2016,  
HITRAN2020, GEISA2020, and W2020 spectroscopic databases and corrected HITRAN2020cor gives root-
mean-square deviations RMS = 1.49E-4, 1.64E-4, 3.96E-4, 3.49E-4, and 1.26E-4 in the case of pure water vapor 
and RMS = 1.15E-4, 1.1E-4, 2.23E-4, 2.28E-4, and 0.86E-4 for H2O–N2 mixture, respectively. 

 
 


