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Êîíòèíóàëüíîå ïîãëîùåíèå âîäÿíîãî ïàðà (èëè êîíòèíóóì) èìååò îñîáîå çíà÷åíèå äëÿ ðàäèàöèîííîãî 
áàëàíñà Çåìëè. Èññëåäóåòñÿ îäèí èç ñëàáîèçó÷åííûõ ñïåêòðàëüíûõ äèàïàçîíîâ êîíòèíóóìà – îáëàñòü ñïåê-
òðà îò 8500 äî 12500 ñì–1 (1,17–0,8 ìêì), âêëþ÷àþùàÿ äâå ïîëîñû ïîãëîùåíèÿ âîäÿíîãî ïàðà. Êîíòèíóóì 
îïðåäåëÿëñÿ èç ýêñïåðèìåíòàëüíûõ ñïåêòðîâ ïîãëîùåíèÿ â ÷èñòîì âîäÿíîì ïàðå, ïîëó÷åííûõ ñ ïîìîùüþ 
Ôóðüå-ñïåêòðîìåòðà âûñîêîãî ðàçðåøåíèÿ. Èçìåðåíèÿ ïðîâîäèëèñü ïðè ïîâûøåííûõ òåìïåðàòóðàõ (îò 398 

äî 471 Ê) è äàâëåíèÿõ (îò 1 äî 5 àòì). Â ïîëîñàõ âîññòàíîâëåííîãî êîíòèíóóìà îáíàðóæåíû ÿâíî âûðàæåí-
íûå ñïåêòðàëüíûå ïèêè ïîãëîùåíèÿ, îòñóòñòâóþùèå â øèðîêî èñïîëüçóåìîé ìîäåëè êîíòèíóóìà MT_CKD. 
Îöåíêà ïîëíîé êîíñòàíòû äèìåðèçàöèè äëÿ ñòàáèëüíûõ è ìåòàñòàáèëüíûõ äèìåðîâ ïðè ïîäãîíêå ìîäåëüíîãî 
ñïåêòðà äèìåðîâ ê ýêñïåðèìåíòàëüíîìó êîíòèíóóìó ïðè 400 Ê ñîñòàâèëà 0,028 ñì–1, ÷òî â 2 ðàçà ïðåâûøàåò 
ïðåäñêàçàíèÿ ñîâðåìåííûõ ab initio ðàñ÷åòîâ ýòîé âåëè÷èíû. 

 

Êëþ÷åâûå ñëîâà: êîíòèíóàëüíîå ïîãëîùåíèå, âîäÿíîé ïàð, ïîëîñû ïîãëîùåíèÿ, ìîäåëü êîíòèíóóìà 
MT_CKD; continuum absorption, water vapour, absorption bands, MT_CKD continuum model. 

 

Ââåäåíèå 
 
Âîäÿíîé ïàð îòâå÷àåò ïðèìåðíî çà 70% ïîãëî-

ùàåìîãî àòìîñôåðîé Çåìëè ñîëíå÷íîãî èçëó÷åíèÿ, 
îêàçûâàÿ, òàêèì îáðàçîì, äîìèíèðóþùåå âëèÿíèå íà 
åå ðàäèàöèîííûé áàëàíñ. Íàèìåíåå èçó÷åííûì êîì-
ïîíåíòîì ïîãëîùåíèÿ èçëó÷åíèÿ âîäÿíûì ïàðîì 

ÿâëÿåòñÿ ñëàáî çàâèñÿùåå îò ÷àñòîòû êîíòèíóàëüíîå 
ïîãëîùåíèå (èëè êîíòèíóóì). Â ïîëîñàõ ïîãëîùå-
íèÿ îòíîñèòåëüíûé âêëàä êîíòèíóóìà âåñüìà ñëàá 
ïî ñðàâíåíèþ ñ ñåëåêòèâíûì ïîãëîùåíèåì ëèíèé, 
îäíàêî â îêíàõ ïðîçðà÷íîñòè îí äîìèíèðóåò. Êîí-
òèíóóì âîäÿíîãî ïàðà, ïî ðàçíûì îöåíêàì, ìîæåò 
äàâàòü äî 5% âêëàäà â ïîãëîùåíèå ñîëíå÷íîé ðà-
äèàöèè â àòìîñôåðå Çåìëè. 

Äèñêóññèÿ î ïðèðîäå êîíòèíóóìà âîäÿíîãî ïà-
ðà íà÷àëàñü ñ ìîìåíòà åãî îáíàðóæåíèÿ â îêíå ïðî-
çðà÷íîñòè àòìîñôåðû 8–12 ìêì â 1918 ã. [1]. Â íà-
ñòîÿùåå âðåìÿ ìîæíî âûäåëèòü äâå îñíîâíûå ãèïî-
òåçû: 1) êîðîòêîæèâóùèå êîìïëåêñû ìîëåêóë âîäû 
 

______________  
 
* Àííà Àíäðååâíà Ñèìîíîâà; Robert McPheat; Èãîðü 

Âàñèëüåâè÷ Ïòàøíèê (piv@iao.ru); Kevin Smith; Kevin 
Shine. 

 (ñòàáèëüíûå/ìåòàñòàáèëüíûå äèìåðû); 2) ñîâîêóï- 
íûé âêëàä äàëüíèõ êðûëüåâ ñèëüíûõ ëèíèé ìîíî-
ìåðîâ âîäû. Îäíàêî äëÿ ïðàêòè÷åñêèõ ïðèëîæåíèé 
ñåãîäíÿ èñïîëüçóåòñÿ ïîëóýìïèðè÷åñêàÿ ìîäåëü êîí-
òèíóóìà MT_CKD [2]. Â åå îñíîâó âõîäèò êîíòóð 
Ëîðåíöà, âèäîèçìåíåííûé ïóòåì óìíîæåíèÿ íà òàê 
íàçûâàåìóþ «χ-ôóíêöèþ», çàâèñÿùóþ îò îòñòðîéêè 
îò öåíòðà ëèíèè, ñ ïàðàìåòðàìè, îïðåäåëÿåìûìè èç 
ïîäãîíêè ê ýêñïåðèìåíòàëüíûì äàííûì â ñðåäíåì  
è áëèæíåì ÈÊ-äèàïàçîíàõ. Ñîãëàñíî àâòîðàì ìîäåëè, 
χ-ôóíêöèÿ ó÷èòûâàåò âêëàä äàëüíèõ êðûëüåâ ñèëü-
íûõ ëèíèé ìîíîìåðîâ âîäû â îêíàõ ïðîçðà÷íîñòè, 
à â ïîëîñàõ – ïîãëîùåíèå êîðîòêîæèâóùèìè ñòîëêíî- 
âèòåëüíûìè êîìïëåêñàìè ìîëåêóë âîäû. Â áëèæíåé 

ÈÊ- è âèäèìîé îáëàñòÿõ ñïåêòðà ìîäåëü MT_CKD 
ÿâëÿåòñÿ ýêñòðàïîëÿöèåé íà îñíîâå ïàðàìåòðîâ, îï-
ðåäåëåííûõ â äëèííîâîëíîâîé îáëàñòè ñïåêòðà. 

Â ïîëîñàõ ïîãëîùåíèÿ âîäÿíîãî ïàðà êîíòèíóóì 
ìåíåå âàæåí äëÿ àòìîñôåðíûõ ïðèëîæåíèé. Îäíàêî 
èìåííî â ïîëîñàõ, â áëèæíåì ÈÊ-äèàïàçîíå, áûëè 
îáíàðóæåíû õàðàêòåðíûå ñïåêòðàëüíûå îñîáåííîñ- 
òè (ïèêè) êîíòèíóàëüíîãî ïîãëîùåíèÿ, êîòîðûå íå 
îïèñûâàþòñÿ ìîäåëüþ MT_CKD è ñâèäåòåëüñòâóþò 

î ïðåèìóùåñòâåííî äèìåðíîé ïðèðîäå êîíòèíóóìà  
â ýòèõ ñïåêòðàëüíûõ ó÷àñòêàõ [3–5]. Ýòè ôàêòû, 
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îäíàêî, íå ïîçâîëÿþò ñóäèòü î ïðèðîäå êîíòèíóóìà 
âîäÿíîãî ïàðà â îêíàõ ïðîçðà÷íîñòè. Äàííàÿ ñòàòüÿ 
ÿâëÿåòñÿ ïðîäîëæåíèåì ýòèõ èññëåäîâàíèé è ïî-
ñâÿùåíà îïðåäåëåíèþ êîíòèíóàëüíîãî ïîãëîùåíèÿ 
÷èñòîãî âîäÿíîãî ïàðà â íåèçó÷åííûõ ðàíåå ïîëî-
ñàõ 8800 è 10600 ñì–1 (1,13 è 0,94 ìêì). Ñïåêòðû 
êîíòèíóóìà âîññòàíàâëèâàëèñü èç ýêñïåðèìåíòàëü-
íûõ ñïåêòðîâ ïîãëîùåíèÿ â ÷èñòîì âîäÿíîì ïàðå 
ïðè ïîâûøåííûõ òåìïåðàòóðàõ. 

 

Ýêñïåðèìåíò 
 
Ñïåêòðû ïîãëîùåíèÿ ÷èñòîãî âîäÿíîãî ïàðà, 

ðàññìàòðèâàåìûå â íàñòîÿùåé ñòàòüå, áûëè ïîëó÷å-
íû â Molecular Spectroscopy Facility, Rutherford Ap-
pleton Laboratory (http://www.msf.rl.ac.uk), êàê 

ïðîäîëæåíèå ýêñïåðèìåíòîâ, îïèñàííûõ â [6], ñ èñ-
ïîëüçîâàíèåì òàêîé æå ýêñïåðèìåíòàëüíîé óñòàíîâ-
êè íà îñíîâå Ôóðüå-ñïåêòðîìåòðà Bruker IFS 125HR 
è ìíîãîõîäîâîé êþâåòû, îáåñïå÷èâàþùåé îïòè÷åñêóþ 

äëèíó ïóòè äî 17,7 ì. Îòëè÷èå çàêëþ÷àëîñü òîëüêî  
â èñïîëüçîâàíèè Si-äèîäíîãî äåòåêòîðà äëÿ äàííîãî 
ñïåêòðàëüíîãî äèàïàçîíà âìåñòî In-antimonide â ðà-
áîòå [6] äëÿ îáëàñòè ñïåêòðà 2000–10000 ñì–1. 

Äëÿ ðåãèñòðàöèè ñëàáîãî êîíòèíóàëüíîãî ïî-
ãëîùåíèÿ èçìåðåíèÿ ïðîâîäèëè ïðè ïîâûøåííûõ 
äàâëåíèÿõ âîäÿíîãî ïàðà (îò 1 äî 5 àòì) â äèàïàçî-
íå òåìïåðàòóð îò 398 äî 471 Ê. Îïòè÷åñêèå äëèíû 
ïóòè â ìíîãîõîäîâîé êþâåòå ñîñòàâèëè 9,7 ì äëÿ 
äàâëåíèé âûøå 3 àòì è 17,7 ì äëÿ äàâëåíèé äî 3 àòì. 
×òîáû èçáåæàòü êîíäåíñàöèè âîäÿíîãî ïàðà íà ñòåí-
êàõ êþâåòû, îòíîñèòåëüíóþ âëàæíîñòü çàäàâàëè íå 
áîëåå 80%. Ñïåêòðàëüíîå ðàçðåøåíèå âàðüèðîâàëîñü 
îò 0,1 äî 0,4 ñì–1 â çàâèñèìîñòè îò äàâëåíèÿ è ñîñ- 
 

òàâëÿëî ∼ 0,2–0,25 îò ñðåäíåé øèðèíû ñïåêòðàëü-
íîé ëèíèè. 

Äëÿ óìåíüøåíèÿ ïîãðåøíîñòè îïðåäåëåíèÿ áàçî- 
âîé ëèíèè (ò.å. ëèíèè íóëåâîãî ïîãëîùåíèÿ) êàæ-
äîå èçìåðåíèå ïðîâîäèëîñü â òðè ýòàïà: 1) îïîðíûé 

ñïåêòð ïîãëîùåíèÿ êþâåòû, çàïîëíåííîé ÷èñòûì 

àðãîíîì, ïðè òîì æå äàâëåíèè, ÷òî è ó âîäÿíîãî 
ïàðà íà ýòàïå 2; 2) ñïåêòð ïîãëîùåíèÿ ÷èñòîãî âî-
äÿíîãî ïàðà; 3) ïîâòîðåíèå ýòàïà 1. Îïîðíûå èçìå-
ðåíèÿ ñ àðãîíîì âûïîëíÿëèñü äëÿ èñêëþ÷åíèÿ âëèÿ-
íèÿ âîçìîæíîé äåôîðìàöèè êþâåòû ïðè íàïóñêå ãàçà 
ïîâûøåííîãî äàâëåíèÿ. Áàçîâàÿ ëèíèÿ ïîëó÷àëàñü 
ïóòåì óñðåäíåíèÿ îïîðíûõ ñïåêòðîâ. 

Îïòè÷åñêàÿ òîëùà ïîãëîùåíèÿ âîäÿíîãî ïàðà 
τtotal(ν, T) íà ÷àñòîòå ν ïðè òåìïåðàòóðå T îïðåäåëÿ-
ëàñü â âèäå 

 
o

( , )
( , ) –ln ,

( , )
total

I T
T

I T

⎧ ⎫ν
τ ν = ⎨ ⎬

ν⎩ ⎭
 

ãäå ( , )I Tν  è 
o
( , )I Tν  – ñèãíàëû, ïîëó÷åííûå ïðè èç- 

ìåðåíèÿõ ñ âîäÿíûì ïàðîì è àðãîíîì ñîîòâåòñòâåí-
íî. Ïðèìåðû ñèãíàëîâ è èòîãîâàÿ îïòè÷åñêàÿ òîëùà 
ïîêàçàíû íà ðèñ. 1. Îòíîøåíèå ñèãíàëà ê øóìó äëÿ 
îïòè÷åñêîé òîëùè 1,0 ñîñòàâëÿëî 500 : 1. 

Äîïîëíèòåëüíûì èñòî÷íèêîì ïîãðåøíîñòåé ÿâ-
ëÿåòñÿ íåòî÷íîñòü èçìåðåíèÿ äàâëåíèÿ âîäÿíîãî ïà-
ðà â ïîãëîùàþùåé êþâåòå, ïîýòîìó ïðîâîäèëàñü 

òàêæå «ñïåêòðîñêîïè÷åñêàÿ» ïðîâåðêà äàâëåíèÿ ïó-
òåì ñðàâíåíèÿ èíòåíñèâíîñòåé ëèíèé èç êîìïèëÿöèè 
ïàðàìåòðîâ [7] ñ èíòåíñèâíîñòÿìè, îïðåäåëåííûìè 
èç ýêñïåðèìåíòà. Îáû÷íî ðàñõîæäåíèå íå ïðåâûøà-
ëî 3–5%, îäíàêî â íåêîòîðûõ ñëó÷àÿõ «ñïåêòðîñêî-
ïè÷åñêàÿ êîððåêöèÿ» âåëè÷èíû äàâëåíèÿ ïî ñðàâ-
íåíèþ ñ èçìåðåííûì ñîñòàâëÿëà 10%. 

 
 

 

Ðèñ. 1. Ñèãíàëû Ôóðüå-ñïåêòðîìåòðà ïðè èçìåðåíèè â êþâåòå ñ àðãîíîì è âîäÿíûì ïàðîì ïðè äàâëåíèè 5 àòì è òåìïåðà- 
  òóðå 470 Ê; èòîãîâûé ñïåêòð îïòè÷åñêîé òîëùè âîäÿíîãî ïàðà (ïðàâàÿ îñü) 
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êîíòèíóàëüíîãî ïîãëîùåíèÿ  

âîäÿíîãî ïàðà 
 

Îïòè÷åñêàÿ òîëùà êîíòèíóàëüíîãî ïîãëîùåíèÿ 
τcont(ν) îïðåäåëÿëàñü ñëåäóþùèì îáðàçîì: 

 ( ) ( ) – ( – ),cont itotal linesτ ν = τ ν Στ ν ν  

ãäå ( – )ilinesΣτ ν ν  – ñóììàðíûé ñåëåêòèâíûé âêëàä 

ëèíèé ìîíîìåðà âîäû, ðàññ÷èòàííûé â ïðåäåëàõ 

25 ñì–1 îò öåíòðà êàæäîé ëèíèè (áåç ïîñòîÿííîé 
«ïîäêëàäêè») íà îñíîâå line-by-line ïðîãðàììû [8] 
è êîìïèëÿöèè ïàðàìåòðîâ ëèíèé âîäÿíîãî ïàðà [7]. 
Ýòà êîìïèëÿöèÿ â îòëè÷èå îò áàçû äàííûõ HITRAN 
âêëþ÷àåò òàêæå ïàðàìåòðû îòíîñèòåëüíî ñëàáûõ ëè- 
íèé. Êîíòèíóàëüíîå ïîãëîùåíèå îïðåäåëÿëîñü òîëü-
êî â ìèêðîîêíàõ ïðîçðà÷íîñòè ìåæäó ëèíèÿìè, ãäå 
âêëàä ïîãðåøíîñòè çíàíèÿ ïàðàìåòðîâ ëèíèé â âîñ-
ñòàíàâëèâàåìûé êîíòèíóóì ìèíèìàëåí. Íåçàâèñÿ-
ùåå îò äàâëåíèÿ ñå÷åíèå êîíòèíóàëüíîãî ïîãëîùåíèÿ 
(ñì2

 ⋅ ìîëåê.–1
 ⋅ àòì–1) îïðåäåëÿëîñü çàòåì â âèäå 

 
2

( )
( , ) ( ) .cont

s cont

s s s

kT
C T

PL P L

τ ν
ν = ≡ τ ν

ρ
 

Çäåñü ρs è Ps – ïëîòíîñòü ìîëåêóë è äàâëåíèå âî-
äÿíîãî ïàðà ñîîòâåòñòâåííî; k – ïîñòîÿííàÿ Áîëüö-
ìàíà; T – àáñîëþòíàÿ òåìïåðàòóðà; L – îïòè÷åñêàÿ 
äëèíà ïóòè. 

 

Ðåçóëüòàòû è îáñóæäåíèå 
 

Âîññòàíîâëåííûå ñïåêòðû ñå÷åíèÿ êîíòèíóàëü-
íîãî ïîãëîùåíèÿ âîäÿíîãî ïàðà, ïîëó÷åííûå íàìè, 
ïðèâåäåíû íà ðèñ. 2. Ïîãðåøíîñòü, ïîêàçàííàÿ äëÿ  
 

äàííûõ ïðè òåìïåðàòóðå 398 Ê, âêëþ÷àåò â ñåáÿ øóì 
äåòåêòîðà, ïîãðåøíîñòü áàçîâîé ëèíèè è ïîãðåø-
íîñòü îïðåäåëåíèÿ äàâëåíèÿ âîäÿíîãî ïàðà. Ðèñ. 2 
äåìîíñòðèðóåò õàðàêòåðíóþ äëÿ êîíòèíóóìà âîäû 
îòðèöàòåëüíóþ òåìïåðàòóðíóþ çàâèñèìîñòü. Â ïîëî-
ñàõ ïîãëîùåíèÿ 8800 è 10600 ñì–1 âèäíû òàêæå ÿâ-
íûå ñïåêòðàëüíûå îñîáåííîñòè (ïèêè ïîãëîùåíèÿ), 
êîòîðûå îòñóòñòâóþò â ìîäåëè MT_CKD [2], õîòÿ 
äàííàÿ ìîäåëü íåïëîõî îïèñûâàåò îáùåå ñïåêòðàëü-
íîå ïîâåäåíèå êîíòèíóóìà. Àíàëîãè÷íûå ïèêè áû-
ëè îáíàðóæåíû ðàíåå â áîëåå èíòåíñèâíûõ ïîëîñàõ 
áëèæíåãî ÈÊ-äèàïàçîíà [3–5] è èäåíòèôèöèðîâàíû 

êàê ñóáïîëîñû ïîãëîùåíèÿ äèìåðîâ âîäû. Âèäíî 
òàêæå, ÷òî ìîäåëü MT_CKD çàíèæàåò çíà÷åíèÿ êîí-
òèíóóìà ïðè ïîâûøåíèè òåìïåðàòóðû. Îáà ýòèõ ôàê-
òà ñâèäåòåëüñòâóþò î òîì, ÷òî ìîäåëü MT_CKD íå 

îïèñûâàåò âñåõ îñîáåííîñòåé êîíòèíóàëüíîãî ïî-
ãëîùåíèÿ âîäÿíîãî ïàðà â èññëåäóåìîé îáëàñòè. 

Â ðàáîòå [5] áûëî âûñêàçàíî ïðåäïîëîæåíèå, 
÷òî îòäåëüíûå ñïåêòðàëüíûå îñîáåííîñòè êîíòèíóóìà 

÷èñòîãî âîäÿíîãî ïàðà â ïîëîñàõ ïîãëîùåíèÿ ìîãóò 

áûòü îáóñëîâëåíû âêëàäîì ìåòàñòàáèëüíûõ (êâàçèñ-
âÿçàííûõ) äèìåðîâ (ì-äèìåðîâ), ò.å. äèìåðîâ, ïîë-
íàÿ êîëåáàòåëüíî-âðàùàòåëüíàÿ âíóòðåííÿÿ ýíåðãèÿ 
êîòîðûõ áîëüøå ýíåðãèè äèññîöèàöèè äèìåðà [9]. 
Èõ ñïåêòð (â ïåðâîì ïðèáëèæåíèè) áûëî ïðåäëîæå-
íî ìîäåëèðîâàòü â [5] êàê ñîâîêóïíîñòü ñèëüíî óøè-
ðåííûõ ëèíèé ìîíîìåðà (ó÷èòûâàÿ êîðîòêîå âðåìÿ 
æèçíè ì-äèìåðà) ñ óäâîåííîé èíòåíñèâíîñòüþ (äâà 
ìîíîìåðà â äèìåðå), ò.å. ðàññìàòðèâàÿ êîëåáàíèÿ  
â ì-äèìåðå êàê ñîâîêóïíîñòü ñëàáîâîçìóùåííûõ êî- 
ëåáàíèé â ìîíîìåðå. Íà ðèñ. 3 ïðåäñòàâëåí ðåçóëü-
òàò òàêîãî ìîäåëèðîâàíèÿ äëÿ ïîëîñû 10600 ñì–1. 
Ñïåêòð ñòàáèëüíûõ äèìåðîâ (ñ-äèìåðîâ) ïðè ýòîì 
ìîäåëèðîâàëñÿ íà îñíîâå àb initio ðàñ÷åòîâ èíòåí-
ñèâíîñòåé è öåíòðîâ ñóáïîëîñ äèìåðîâ [10] (ìîäåëü 
VPT2) è èçìåðåíèé àáñîëþòíûõ èíòåíñèâíîñòåé 
 

 
 

 

Ðèñ. 2. Ñå÷åíèå êîíòèíóóìà âîäÿíîãî ïàðà äëÿ òåìïåðàòóð 398, 431 è 470 Ê â ñðàâíåíèè ñ ìîäåëüþ êîíòèíóóìà MT_CKD. 
  Äëÿ 398 Ê ïîêàçàíà ïîãðåøíîñòü âîññòàíîâëåííîãî êîíòèíóóìà 



 

870 Ñèìîíîâà À.À., McPheat R., Ïòàøíèê È.Â. è äð. 
 

 
Ðèñ. 3. Ýêñïåðèìåíòàëüíûé ñïåêòð ïîãëîùåíèÿ âûñîêîãî ðàçðåøåíèÿ â âîäÿíîì ïàðå ïðè äàâëåíèè 1000 ìáàð, òåìïåðàòó-
ðå 400 Ê è äëèíå ïóòè 17,7 ì; ñïåêòð âîññòàíîâëåííîãî êîíòèíóóìà, ìîäåëü êîíòèíóóìà MT_CKD-2.5 [2]. Ìîäåëüíûå 
  ñïåêòðû ñ-äèìåðîâ, ì-äèìåðîâ è èõ ñóììàðíûé ñïåêòð 

 

ôóíäàìåíòàëüíûõ âàëåíòíûõ ïîëîñ äèìåðà â ìèêðî-
êàïëÿõ æèäêîãî ãåëèÿ [11]. Èòîãîâûé ñïåêòð äèìå-
ðîâ («c-äèìåðû + ì-äèìåðû» íà ðèñ. 3) ñòðîèëñÿ êàê 

ñóììà: 

 ( ) ( , ) ( , ),s s s s m m m m
s eq i i i eq i i i

i i

C K S f K S fν = Δν γ + Δν γ∑ ∑  

ãäå 
s

eqK  è 
m

eqK  – êîíñòàíòà äèìåðèçàöèè ñòàáèëüíûõ 
è ìåòàñòàáèëüíûõ äèìåðîâ, êîòîðûå áûëè îïðåäåëå-
íû èç ïîäãîíêè ê ýêñïåðèìåíòàëüíîìó ñïåêòðó êîí-
òèíóóìà (ðèñ. 3) è ñîñòàâèëè 0,003 è 0,025 àòì–1 
ñîîòâåòñòâåííî äëÿ 400 Ê; s

iS  – èíòåíñèâíîñòè ñóá-
ïîëîñ ñ-äèìåðîâ [10, 11]; m

iS  – èíòåíñèâíîñòè ëè-
íèé ìåòàñòàáèëüíûõ äèìåðîâ, ïîëàãàåìûå ðàâíûìè 
2 × 

2H O
,

i
S  ãäå 

2H O

i
S  áðàëàñü íà îñíîâå äàííûõ äëÿ  

ïàðàìåòðîâ ëèíèé âîäÿíîãî ïàðà [7]; ( , )s s

i if Δν γ   

è ( , )m m

i if Δν γ  – ôîéãòîâñêèå ïðîôèëè äëÿ ìîäåëè-
ðîâàíèÿ êàê ñóáïîëîñ ñ-äèìåðîâ, òàê è ëèíèé ì-
äèìåðîâ ñ âåëè÷èíàìè ñîîòâåòñòâåííî γs = 60 ñì–1  
è γm = 20 ñì–1 [5]; Δν – îòñòðîéêà îò öåíòðà ñóáïî-
ëîñû/ëèíèè. 

Àíàëèçèðóÿ äàííûé ïðåäâàðèòåëüíûé ðåçóëüòàò, 
ìîæíî îòìåòèòü ñëåäóþùåå. Âåëè÷èíà 

s

eqK (400 Ê) = 
= 0,003 àòì–1 ïðèìåðíî â 2 ðàçà íèæå, ÷åì ïîëó÷åí-
íàÿ èç àb initio ðàñ÷åòîâ â ðàáîòå [12] (0,0063 àòì–1). 
Ýòîò ôàêò, îäíàêî, õîðîøî ñîãëàñóåòñÿ ñ ðåçóëüòà-
òîì âîññòàíîâëåíèÿ ñîäåðæàíèÿ ñ-äèìåðîâ â [13] íà 
óðîâíå 0,65 îò çíà÷åíèé Scribano et al. [12] èç ýêñ-
ïåðèìåíòàëüíûõ ñïåêòðîâ ïîãëîùåíèÿ âîäÿíîãî ïà-
ðà â ãèãàãåðöîâîé îáëàñòè ñïåêòðà. Çíà÷åíèå ïîë-
íîé êîíñòàíòû äèìåðèçàöèè, ïîëó÷åííîé èç ïîäãîí-
êè ê ñïåêòðó êîíòèíóóìà ïðè 400 Ê, ñîñòàâèëî 

s m

eq eqK K+  = 0,028 àòì–1, îíî ïðèìåðíî â 2 ðàçà ïðåâû- 
øàåò âåëè÷èíó, ïîëó÷åííóþ èç àb initio ðàñ÷åòîâ [13], 

êîòîðàÿ ñîñòàâëÿåò ∼ 0,013 àòì–1. Ýòî ìîæåò ñâèäå-
òåëüñòâîâàòü ëèáî î íå âïîëíå òî÷íîé îöåíêå äîëè 
ì-äèìåðîâ èç âòîðîãî âèðèàëüíîãî êîýôôèöèåíòà [13], 
ëèáî î âêëàäå êàêîãî-òî äîïîëíèòåëüíîãî (èíîãî, ÷åì 
äèìåðû) ìåõàíèçìà â êîíòèíóàëüíîå ïîãëîùåíèå  
â ðàññìîòðåííûõ íàìè ïîëîñàõ. 

 

Çàêëþ÷åíèå 
 

Â íàñòîÿùåé ñòàòüå ïðåäñòàâëåíû ïåðâûå ðåçóëü-
òàòû âîññòàíîâëåíèÿ êîíòèíóàëüíîãî ïîãëîùåíèÿ 
÷èñòîãî âîäÿíîãî ïàðà â ïîëîñàõ ÈÊ-äèàïàçîíà 8800 
è 10600 ñì–1 ïðè ïîâûøåííûõ äàâëåíèÿõ (1–5 àòì) 
è òåìïåðàòóðàõ èç Ôóðüå-ñïåêòðîâ âûñîêîãî ðàçðå-
øåíèÿ. Ïîêàçàíî, ÷òî øèðîêî èñïîëüçóåìàÿ ìîäåëü 
êîíòèíóóìà MT_CKD íóæäàåòñÿ â óòî÷íåíèè. Îá-
íàðóæåííûå â ïîëîñàõ ïèêè ïîãëîùåíèÿ ìîãóò ñâè-
äåòåëüñòâîâàòü î «äèìåðíîé» ïðèðîäå êîíòèíóóìà  
â äàííûõ ïîëîñàõ ïîãëîùåíèÿ. Îöåíêè ïîëíîé êîí-
ñòàíòû äèìåðèçàöèè, ïîëó÷åííîé èç ïîäãîíêè ê ýêñ-
ïåðèìåíòàëüíîìó ñïåêòðó êîíòèíóóìà ïðè 400 Ê, 
ìîãóò ñâèäåòåëüñòâîâàòü î íàëè÷èè äîïîëíèòåëüíîãî 
ê äèìåðíîìó ìåõàíèçìà âêëàäà â êîíòèíóóì â èñ-
ñëåäîâàííûõ ïîëîñàõ ïîãëîùåíèÿ. 

Ýêñïåðèìåíòàëüíàÿ ÷àñòü ðàáîòû âûïîëíåíà  
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ñëåäîâàíèé II.10.3.8 (ïðîåêò ÔÍÈ ¹ 01201354620). 
 

1. Shine K.P., Ptashnik I.V., Rädel G. The water vapour 
continuum: Brief history and recent developments // 
Surv. Geophys. 2012. V. 33. Ð. 535–555. 

2. Mlawer E.J., Payne V.H., Moncet J.-L., Delamere J.S., 
Alvarado M.J., Tobin D.D. Development and recent 



 

 Îñîáåííîñòè êîíòèíóàëüíîãî ïîãëîùåíèÿ âîäÿíîãî ïàðà â ïîëîñàõ 0,94 è 1,13 ìêì 871 
 

evaluation of the MT_CKD model of continuum absorp-
tion // Phil. Trans. Roy. Soc. A. 2012. V. 370. Ð. 2520–
2556. DOI: 10.1098/rsta.2011.0295. 

3. Ptashnik I.V., Smith K.M., Shine K.P., Newnham D.A. 
Laboratory measurements of water vapour continuum 
absorption in spectral region 5000–5600 cm–1: Evidence 
for water dimmers // Quant. J. Roy. Meteorol. Soc. 2004. 
V. 130. P. 2391–2408. 

4. Paynter D.J., Ptashnik I.V., Shine K.P., Smith K.M. 
Pure water vapor continuum measurements between 3100 
and 4400 cm–1: Evidence for water dimer absorption  
in near atmospheric conditions // Geophys. Res. Lett. 
2007. V. 34. P. L12808-1–L12808-5. 

5. Ptashnik I.V., Shine K.P., Vigasin A.A. Water vapour 
self-continuum and water dimers. 1. Review and analy-
sis of recent work // J. Quant. Spectrosc. Radiat. Trans-
fer. 2011. V. 112. P. 1286–1303. 

6. Ptashnik I.V., McPheat R.A., Shine K.P., Smith K.M., 
Williams R.G. Water vapor self-continuum absorption 
in near-infrared windows derived from laboratory measu- 
rements // J. Geophys. Res. 2011. V. 116. P. D16305-1– 
D16305-16. 

7. Shillings A.J., Ball S.M., Barber M.J., Tennyson J., Jo- 
nes R.L. An upper limit for water dimer absorption in the 
750 nm spectral region and a revised water line list // 
Atmos. Chem. Phys. 2011. V. 10. P. 23345–23380. 

8. Ìèöåëü À.À., Ïòàøíèê È.Â., Ôèðñîâ Ê.Ì., Ôîìèí Á.À. 
Ýôôåêòèâíûé ìåòîä ïîëèíåéíîãî ñ÷åòà ïðîïóñêàíèÿ 
ïîãëîùàþùåé àòìîñôåðû // Îïòèêà àòìîñô. è îêåàíà. 
1995. Ò. 8, ¹ 10. Ñ. 1547–1551. 

9. Vigasin A.A. Bimolecular absorption in atmospheric ga- 
ses // Weakly interacting molecular pairs: Unconven-
tional absorbers of radiation in the atmosphere / Ed. by 
C. Camy-Peyret, A.A. Vigasin. Boston; Dordrecht; Lon-
don: Kluwer Academic Publishers, 2003. Ð. 23–47. 

10. Kjaergaard H.G., Garden A.L., Chaban G.M., Ger-
ber R.B., Matthews D.A., Stanton J.F. Calculation of 
vibrational transition frequencies and intensities in water 
dimer: Comparison of different vibrational approaches // 
J. Phys. Chem. A. 2008. V. 112. P. 4324–4335. 

11. Kuyanov-Prozument K., Choi M.Y., Vilesov A.F. Spec-
trum and infrared intensities of OH-stretching bands  
of water dimmers // J. Chem. Phys. 2010. V. 132. 
P. 014304-1–014304-7. 

12. Scribano Y., Goldman N., Saykally R.J., Leforestier C. 
Water dimers in atmosphere III; equilibrium constant 
from flexible potential // J. Phys. Chem. A. 2006. 
V. 110. P. 5411–5419. 

13. Serov E.A., Koshelev M.A., Odintsova T.A., Parshin V.V., 
Tretyakov M.Yu. Rotationally resolved water dimer 
spectra in atmospheric air and pure water vapour in the 
188–258 GHz range // Phys. Chem. Chem. Phys. 
2014. V. 16, N 47. P. 26221–26233. 

 
 

A.A. Simonova, R. McPheat, I.V. Ptashnik, K. Shine, K. Smith. Features of the water vapour contin-
uum absorption in 0.94 and 1.13 µm bands. 

The water vapour continuum absorption (or continuum) has a special importance for radiation balance of the 
Earth. In this paper one of the poorly studied spectral regions of the continuum absorption 8500–12500 cm–1 
(1.17–0.8 µm) is investigated, focusing on two absorption bands of water vapour. The continuum was derived 

from experimental pure water vapour absorption spectra obtained using a high resolution Fourier transform spec-
trometer. Measurements were carried out at elevated temperatures (from 398 to 471 K) and pressures (from 1 to 
5 atm). Well-pronounced spectral absorption peaks were found within absorption bands, that are absent in the 
widely used MT_CKD model. Estimation of the total dimerization equilibrium constant for stable and metasta-
ble dimers, derived by fitting a simulated water dimer spectrum to the experimental continuum at 400 K, 
amounted of 0.028 atm–1, which is twice higher than the modern ab initio prediction of this value. 
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