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Ïðåäñòàâëåíû ðåçóëüòàòû ãëîáàëüíîé ïîäãîíêè ïàðàìåòðîâ ìîäåëè îïåðàòîðà ýôôåêòèâíîãî äèïîëüíî-
ãî ìîìåíòà ê èçìåðåííûì èíòåíñèâíîñòÿì ëèíèé îñíîâíîãî èçîòîïà ìîëåêóëû óãëåêèñëîãî ãàçà 12C16O2, 
âçÿòûõ èç ïóáëèêàöèé. Ñ ïîìîùüþ ìîäåëè ñ 14 ïàðàìåòðàìè óäàëîñü âîñïðîèçâåñòè èíòåíñèâíîñòè îêîëî 
900 ëèíèé, ïðèíàäëåæàùèõ ê 16 ïîëîñàì, ñî ñðåäíåêâàäðàòè÷åñêèì îòêëîíåíèåì (RMS), ðàâíûì 5,6%. Íà 
îñíîâå ýòîé ìîäåëè ñãåíåðèðîâàí ñïèñîê ëèíèé äëÿ òåìïåðàòóðû T = 296 K è îòñå÷êè ïî èíòåíñèâíîñòè 
Icut = 10–27 ñì–1/(ìîëåê ⋅ ñì–2), êîòîðûé âîéäåò ñîñòàâíîé ÷àñòüþ â àòìîñôåðíóþ âåðñèþ áàíêà CDSD. 
Ïðåäñòàâëåíî ñðàâíåíèå ïîëó÷åííûõ ðåçóëüòàòîâ ñ äàííûìè ïî ìîëåêóëå óãëåêèñëîãî ãàçà, ñîäåðæàùèìèñÿ  
â áàíêå ñïåêòðîñêîïè÷åñêîé èíôîðìàöèè HITRAN. 

 

Ââåäåíèå 
 

Çíàíèå ðàäèàöèîííûõ ñâîéñòâ ìîëåêóëû ÑO2  
â äèàïàçîíå 2 ìêì âàæíî íå òîëüêî äëÿ àòìîñôåðíûõ 
ïðèëîæåíèé, íî è äëÿ ìîäåëèðîâàíèÿ ýìèññèîííîãî 
ñïåêòðà àòìîñôåðû òåìíîé ñòîðîíû Âåíåðû [1],  
à òàêæå äëÿ ïîñòðîåíèÿ âûñîêîòåìïåðàòóðíûõ äèîä-
íî-ëàçåðíûõ ñåíñîðîâ [2]. Â 1998–1999 ãã. áûëè 
îïóáëèêîâàíû ãëîáàëüíûå ïîäãîíêè öåíòðîâ [3]  
è èíòåíñèâíîñòåé [4] êîëåáàòåëüíî-âðàùàòåëüíûõ 
ëèíèé 12C16O2 íà îñíîâå ìåòîäîâ òåîðèè ýôôåêòèâ-
íûõ îïåðàòîðîâ. Â ðàáîòå [4] äèàïàçîí 2 ìêì áûë 
ïðåäñòàâëåí èíòåíñèâíîñòÿìè 342 ëèíèé, âçÿòûõ èç 
ïóáëèêàöèé [5–9] è ïðèíàäëåæàùèõ ê 4 ïîëîñàì. 

Èñïîëüçóÿ ìîäåëü îïåðàòîðà ýôôåêòèâíîãî äè-
ïîëüíîãî ìîìåíòà ñ 9 âàðüèðóåìûìè ïàðàìåòðàìè, 
ìû ïîëó÷èëè RMS = 7,8%. 

Â òå÷åíèå ïîñëåäíèõ ëåò ïîÿâèëèñü ðàáîòû [2, 
10–14], â êîòîðûõ áûëè èçìåðåíû èíòåíñèâíîñòè 
íîâûõ ïîëîñ, ïðèíàäëåæàùèõ ê äàííîìó äèàïàçî-
íó. Êðîìå òîãî, äîêòîð Âàòòñîí óêàçàë [15], ÷òî 
èíòåíñèâíîñòè ïîëîñû 31103–00001, ñîäåðæàùèåñÿ 
â HITRAN, òàêæå ÿâëÿþòñÿ èçìåðåííûìè. Â îáùåé 
ñëîæíîñòè â ýòèõ ðàáîòàõ ïðåäñòàâëåíû èíòåíñèâ-
íîñòè áîëåå 500 ëèíèé, ïðèíàäëåæàùèõ ê 12 íîâûì 
ïîëîñàì. Ñðàâíåíèå èçìåðåííûõ èíòåíñèâíîñòåé  
ñ òåìè, êîòîðûå ñîäåðæàòñÿ â áàçå äàííûõ HITRAN 
[16], ïðèâåäåíî íà ðèñ. 1.  

 

 
Ðèñ. 1. Ñðàâíåíèå íàáëþäàåìûõ èíòåíñèâíîñòåé ñ HITRAN 
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Âèäíî, ÷òî èìåþòñÿ ñóùåñòâåííûå ðàçëè÷èÿ 
ìåæäó èçìåðåíèÿìè è áàçîé äàííûõ. Òàê, äëÿ ïî-
ëîñû 02221–01101 ñðåäíåå îòêëîíåíèå ïî êðèòåðèþ 
100% ⋅ (Iobs – IHITRAN)/Iobs ñîñòàâëÿåò ∼  70%. Åñëè æå 
ñðàâíèâàòü èíòåíñèâíîñòè ëèíèé íåïîñðåäñòâåííî, òî 
ðàçëè÷èå ìîæåò äîñòèãàòü íåñêîëüêèõ ðàç. Â êà÷åñòâå 
ïðèìåðà âîçüìåì ëèíèþ R-17 óêàçàííîé ïîëîñû  

ñ öåíòðîì 5303,47 ñì–1. Åå èçìåðåííàÿ èíòåíñèâ-
íîñòü ñîñòàâëÿåò 0,391 ⋅ 10–25

 ñì–1/(ìîëåê ⋅ ñì–2),  
â òî âðåìÿ êàê â áàçå äàííûõ HITRAN îíà ðàâíà 

0,132 ⋅ 10–25
 ñì–1/(ìîëåê ⋅ ñì–2). Íåêîòîðûå æå èç 

èçìåðåííûõ ïîëîñ, íàïðèìåð 10021–01101, âîîáùå 
îòñóòñòâóþò â HITRAN. 

Íàëè÷èå áîëüøîãî îáüåìà âíîâü èçìåðåííûõ 
äàííûõ, à òàêæå áîëüøèå ðàçëè÷èÿ ìåæäó èçìå-
ðåííûìè è ñîäåðæàùèìèñÿ â HITRAN èíòåíñèâíî-
ñòÿìè äåëàþò àêòóàëüíûì ïðîâåäåíèå íîâîé ïîä-
ãîíêè. Ïîäîãíàííûå ïàðàìåòðû îïåðàòîðà äèïîëü-
íîãî ìîìåíòà áóäóò èñïîëüçîâàíû äëÿ ãåíåðàöèè íî-
âûõ âåðñèé áàíêà äàííûõ CDSD (Carbon Dioxide 
Spectroscopic Databank) äëÿ àòìîñôåðíûõ è âûñî-
êîòåìïåðàòóðíûõ [17] ïðèëîæåíèé. 

 

Ýêñïåðèìåíòàëüíûå äàííûå 
 

Ýêñïåðèìåíòàëüíûå èíòåíñèâíîñòè ëèíèé áûëè 
ñîáðàíû â ôàéë äàííûõ èç ðàáîò [2, 5–14, 16]. 
Ñâîäêà ýòèõ äàííûõ ñ óêàçàíèåì ïîëîñû, ìàêñè-
ìàëüíîãî çíà÷åíèÿ âðàùàòåëüíîãî êâàíòîâîãî ÷èñëà 
J, ÷èñëà ëèíèé, öåíòðà ïîëîñû, îöåíêè êîëåáàòåëü-
íîé èíòåíñèâíîñòè, à òàêæå ññûëêà íà ïóáëèêàöèè 
ïðèâåäåíû â òàáë. 1.  

 

Ò à á ë è ö à  1  

Íàáëþäàåìûå äàííûå, èñïîëüçîâàííûå â ïîäãîíêå  
èíòåíñèâíîñòåé 

Ïîëîñà Jmax 
×èñëî 
ëèíèé ν0

* S
0

V
** Ññûëêà 

20012–00001 60 194 4978 347,5 [2, 5, 7, 8, 12] 
20011–00001 60 91 5100 109,0 [5, 12] 
20013–00001 59 143 4854 78,1 [5, 6, 12] 
31104–00001 60 51 4416 0,00024 [9] 
32203–01101 36 32 4578 – [10] 
40004–01101 44 12 4530 – [10] 
40002–01101 16 1 4808 – [11] 
21113–01101 16 1 4808 – [11] 
01121–00001 60 84 5315 0,476 [11, 14] 
00031–10002 50 37 5687 0,0068 [13] 
00031–10001 51 29 5584 0,0063 [13] 
30011–10002 43 34 5218 0,0228 [14] 
10022–01101 40 37 5248 0,0136 [14] 
02221–01101 38 88 5291 0,0360 [14] 
10021–01101 34 21 5349 0,0051 [14] 
31103–00001 60 68 4591 0,00289 [16] 

 

* Öåíòð ïîëîñû, ñì–1. ** Êîëåáàòåëüíàÿ èíòåíñèâíîñòü 
ïîëîñû, ñì–1/(ìîëåê ⋅ ñì–2) ⋅ 10–22, ïðè T = 296 K. 

 

Ê ñîæàëåíèþ, â áîëüøèíñòâå ýêñïåðèìåíòàëü-
íûõ ðàáîò îòñóòñòâóåò èíôîðìàöèÿ î òî÷íîñòè èç-
ìåðåíèé. Â òåõ ñëó÷àÿõ, êîãäà òî÷íîñòè áûëè ïðè-
âåäåíû â ïóáëèêàöèÿõ, îíè è áûëè èñïîëüçîâàíû 
ïðè ïîäãîíêå. Â îñòàëüíûõ ñëó÷àÿõ èñïîëüçîâàëèñü 
çíà÷åíèÿ, âçÿòûå èñõîäÿ èç èñïîëüçóåìîãî ýêñïå-
ðèìåíòàëüíîãî îáîðóäîâàíèÿ è âðåìåíè ðåãèñòðà-
öèè ñïåêòðîâ. ßñíî, ÷òî ýòè öèôðû ÿâëÿþòñÿ â îï-

ðåäåëåííîé ñòåïåíè ñóáúåêòèâíûìè. Òî÷íîñòè èç-
ìåðåíèé ïðèâåäåíû â ÷åòâåðòîé êîëîíêå òàáë. 2. 

 

Ò à á ë è ö à  2  

Ðåçóëüòàòû ïîäãîíêè, óïîðÿäî÷åííûå ïî ïîëîñàì 

Ïîëîñà Âåòâü Jmax 
×èñëî 
ëèíèé 

RMS, % MR, %

00031–10001 P 35 8 5,1 –2,8 
00031–10001 R 39 14 3,9 0,3 
00031–10002 P 51 23 2,7 –0,1 
00031–10002 R 37 14 1,4 0,5 
01121–00001 P 61 24 6,9 –5,0 
01121–00001 Q 61 29 2,5 1,0 
01121–00001 R 57 28 5,4 5,1 
02221–01101 P 36 24 8,3 4,9 
02221–01101 Q 40 31 3,0 –0,5 
02221–01101 R 38 31 7,0 –3,8 
10021–01101 P 32 9 9,0 7,9 
10021–01101 Q 35 12 6,6 –2,9 
10022–01101 P 18 6 13,7 8,9 
10022–01101 Q 41 14 4,5 –1,3 
10022–01101 R 38 15 7,6 –1,5 
20011–00001 P 47 41 4,8 1,2 
20011–00001 R 45 39 4,2 1,5 
20012–00001 P 61 91 3,8 –1,1 
20012–00001 R 59 93 2,8 –0,4 
20013–00001 P 51 61 4,8 –1,8 
20013–00001 R 59 71 6,0 –1,7 
21113–01101 R 16 1 8,0 –8,0 
30011–10002 P 37 15 5,0 –3,4 
30011–10002 R 43 19 2,9 –0,9 
31104–00001 P 55 22 10,2  0,2 
31104–00001 R 61 29 6,3  1,0 
31103–00001 P 57 22 4,1 1,0 
31103–00001 Q 35 16 1,0 0,8 
31103–00001 R 61 30 3,6 0,0 
32203–01101 P 38 13 10,4 –2,7 
32203–01101 R 33 17 12,4 –7,1 
40002–01101 R 16 1 0,3 –0,3 
40004–01101 R 44 10 10,3 9,3 

 

Ïîäãîíêà èíòåíñèâíîñòåé 
 
Èíòåíñèâíîñòü Sb ← a(T) [ñì–1/(ìîëåê ⋅ ñì–2)] 

êîëåáàòåëüíî-âðàùàòåëüíîãî ïåðåõîäà b ← a â óñ-
ëîâèÿõ ëîêàëüíîãî òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ 
îïðåäåëÿåòñÿ õîðîøî èçâåñòíûì âûðàæåíèåì 

 

38 exp( / )
( )

3 ( )

(1 exp ( / )] ,

a
b a b a

b a b a

hcE kT
S T C

hc Q T

hc kT W

← ←

← ←

π −= σ ×

× − − σ

 

(1)

 

ãäå T – òåìïåðàòóðà; Ñ – äîëåâîå ñîäåðæàíèå äàí-
íîãî èçîòîïà; σb ← a – ÷àñòîòà ïåðåõîäà èç íèæíåãî 
ñîñòîÿíèÿ a â âåðõíåå ñîñòîÿíèå b; Ea – ýíåðãèÿ 
íèæíåãî ñîñòîÿíèÿ; k – ïîñòîÿííàÿ Áîëüöìàíà; Q(T) 
– ñòàòèñòè÷åñêàÿ ñóììà; c – ñêîðîñòü ñâåòà; h – ïî-
ñòîÿííàÿ Ïëàíêà; Wb ← a – âåðîÿòíîñòü ïåðåõîäà èç 
ñîñòîÿíèÿ a â ñîñòîÿíèå b. 

Â äàííîé ñòàòüå èñïîëüçóåòñÿ ôåíîìåíîëîãè÷å-
ñêàÿ ìîäåëü îïåðàòîðà ýôôåêòèâíîãî äèïîëüíîãî 
ìîìåíòà. Îïåðàòîð ïðåäñòàâëÿåò ñîáîé ëèíåéíóþ 
êîìáèíàöèþ ðàçðåøåííûõ ïî ñèììåòðèè ýëåìåí-
òàðíûõ êîëåáàòåëüíûõ è âðàùàòåëüíûõ áàçèñíûõ 
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îïåðàòîðîâ, âûïèñàííûõ äî çàäàííîãî ïîðÿäêà òåî-
ðèè âîçìóùåíèé. Êîýôôèöèåíòû ëèíåéíîé êîìáè-
íàöèè îáúÿâëÿþòñÿ âàðüèðóåìûìè ïàðàìåòðàìè. 
Ýòà ìîäåëü âåäåò ê ñåðèàëüíîìó ïîäõîäó, â êîòî-
ðîì âñå êîëåáàòåëüíûå ïîëîñû ðàñïàäàþòñÿ íà íå-
ïåðåñåêàþùèåñÿ ñåðèè. Êàæäàÿ ñåðèÿ îïðåäåëÿåòñÿ 
ðàçíîñòüþ 

 1 1 2 2 3 32( ) ( ) 3( )P ′ ′ ′∆ = ν − ν + ν − ν + ν − ν ,  

ãäå 1 2 3, ,′ ′ ′ν ν ν  è 1 2 3, ,ν ν ν  ïðåäñòàâëÿþò ñîáîé èíäåêñû 

íîðìàëüíûõ ìîä âåðõíåãî è íèæíåãî ñîñòîÿíèé 
ïîëîñû. Âñå ïîëîñû, ðàññìàòðèâàåìûå â ýòîé ðàáîòå, 
èìåþò ∆P = 7. Â ðàìêàõ äàííîãî ïîäõîäà âûðàæå-
íèå äëÿ âåðîÿòíîñòè ïåðåõîäà Wb ← a = WN′J′ε′  ← NJε 
ìåæäó ñîñòîÿíèÿìè, èäåíòèôèöèðóåìûìè êîëåáà-
òåëüíûì èíäåêñîì N, âðàùàòåëüíûì êâàíòîâûì ÷èñ-
ëîì J è ÷åòíîñòüþ ε = ± 1, èìååò ñëåäóþùèé âèä [4]: 
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ν ν ν
ε  – êîýôôèöèåíòû ñìåøèâàíèÿ, 

îïðåäåëÿþùèå ðàçëîæåíèå ñîáñòâåííîé ôóíêöèè 
ýôôåêòèâíîãî ãàìèëüòîíèàíà íèæíåãî ñîñòîÿíèÿ ïî 
áàçèñíûì ôóíêöèÿì 

 1 2 2 3

1 2 2 3

, , , ,
1 2 2 3,

| , , | |, , , ,eff J l
NJM N

l

C l J Mν ν ν
ε ε

ν ν ν

Ψ = ν ν ν ε >∑ , 

ãäå M – ìàãíèòíîå êâàíòîâîå ÷èñëî. Àíàëîãè÷íûì 
îáðàçîì îïðåäåëÿþòñÿ è êîýôôèöèåíòû ñìåøèâà-

íèÿ 1 2 2 3, , , ,

,

J l
NC

′ ′ν ν ν
′ ′ε  âåðõíåãî ñîñòîÿíèÿ. Ôàêòè÷åñêè êî-

ýôôèöèåíòû ñìåøèâàíèÿ ïðåäñòàâëÿþò ñîáîé êîìïî-
íåíòû íîðìèðîâàííûõ ñîáñòâåííûõ âåêòîðîâ, îòâå-
÷àþùèõ ñîîòâåòñòâóþùèì óðîâíÿì ýíåðãèè ìîäåëè 
ýôôåêòèâíîãî ãàìèëüòîíèàíà, èñïîëüçóåìîãî äëÿ 
âû÷èñëåíèÿ âåðîÿòíîñòåé ïåðåõîäîâ. Â äàííîé ñòàòüå 
â êà÷åñòâå ìîäåëè ýôôåêòèâíîãî ãàìèëüòîíèàíà áûëà 
âçÿòà ìîäåëü, ïîëó÷åííàÿ èç ãëîáàëüíîé ïîäãîíêè 
öåíòðîâ ëèíèé è ïðåäñòàâëåííàÿ â ðàáîòå [3]. 

Çíà÷åíèÿ ôóíêöèè 
2

1 2 3
1 2 2 3, ,

( , , , )lf l∆
∆ν ∆ν ∆ν ν ν ν  äëÿ ìà-

ëûõ ∆ν1, ∆ν2 è ∆ν3 ïðèâåäåíû â [18]. 2 2 2(1, , , ,l J l J l′∆ + 

+ 2)l∆  – êîýôôèöèåíò Êëåáøå–Ãîðäîíà. Ôóíêöèÿ 

1 2 3

2

, ,
2( , )

l
F l J∆ν ∆ν ∆ν

∆  çàâèñèò îò òèïîâ ïîëîñû è âåòâè. 

Äëÿ ïàðàëëåëüíûõ ïîëîñ (∆l2 = 0) îíà èìååò âèä 
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ãäå m = –J, 0, J + 1 äëÿ P-, Q-, R-âåòâåé ñîîòâåò-
ñòâåííî. Äëÿ ïåðïåíäèêóëÿðíûõ ïîëîñ (∆l2 ≠ 0) 
çíà÷åíèÿ ýòîé ôóíêöèè çàâèñÿò îò âåòâè. Äëÿ Q-
âåòâè îíà ìîæåò áûòü ïðåäñòàâëåíà â âèäå 

 

1 2 3 1 2 3

2

1 2 3

, , , ,
2 2 2

, , 2 2
2 2 2

1
( , ) (2 1)

2

( 1) ( ),
2

Jl

JQ

F l J b l l

l
d J J l l l

∆ν ∆ν ∆ν ∆ν ∆ν ∆ν
∆

∆ν ∆ν ∆ν

= − ∆ + +

∆+ + − − ∆ +

  

(4)

 

à â ñëó÷àå P- è R-âåòâåé – â âèäå 
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Ïàðàìåòðû 2

1 2 3

| |
, ,

l
M

∆
∆ν ∆ν ∆ν , 1 2 3, ,

i

∆ν ∆ν ∆νκ , 1 2 3, ,

J
b

∆ν ∆ν ∆ν , 1 2 3, ,

J
d

∆ν ∆ν ∆ν  

è 1 2 3, ,

JQd
∆ν ∆ν ∆ν  ÿâëÿþòñÿ âàðüèðóåìûìè. Èõ çíà÷åíèÿ 

îïðåäåëÿþòñÿ èç ïîäãîíêè ðàñ÷åòíûõ èíòåíñèâíî-
ñòåé ê ýêñïåðèìåíòàëüíûì. 

Öåëüþ ïîäãîíêè èíòåíñèâíîñòåé ÿâëÿåòñÿ ìè-
íèìèçàöèÿ áåçðàçìåðíîãî ñòàíäàðòíîãî îòêëîíåíèÿ 
χ, îïðåäåëåííîãî ñëåäóþùèì âûðàæåíèåì: 

 ( )
2

1

/
lN obs calc

i i
l

ii

S S
N n

=

 −χ = −  δ 
∑ , (6) 

â êîòîðîì obs
iS  è calc

iS  ÿâëÿþòñÿ ñîîòâåòñòâåííî 

ýêñïåðèìåíòàëüíîé è ðàñ÷åòíîé èíòåíñèâíîñòüþ i-é 

ëèíèè; /100%
obs

i i iSδ = σ , ãäå σi – îøèáêà èçìåðåíèÿ 

i-é ëèíèè, %; Nl – ÷èñëî ïîäãîíÿåìûõ ëèíèé; n – 
÷èñëî âàðüèðóåìûõ ïàðàìåòðîâ ìîäåëè.  

Äëÿ õàðàêòåðèñòèêè êà÷åñòâà ïîäãîíêè â ñëó÷à-
ÿõ, êîãäà èíôîðìàöèè îá îøèáêàõ èçìåðåíèÿ íåäîñ-
òàòî÷íî, áîëåå óäîáíûì ÿâëÿåòñÿ èñïîëüçîâàíèå 
ñðåäíåêâàäðàòè÷íîãî îòêëîíåíèÿ, êîòîðîå îïðåäåëÿ-
åòñÿ òàê: 

 

2

1
RMS

lN
obs calc
i i

obs
ii

l

S S

S

N

=

 −
 
 =

∑
 ⋅ 100%.  (7) 

Òðåòüåé ñòàòèñòè÷åñêîé õàðàêòåðèñòèêîé, èñïîëü-
çóåìîé â äàííîé ñòàòüå äëÿ àíàëèçà ðåçóëüòàòîâ 
ïîäãîíêè, ÿâëÿåòñÿ âåëè÷èíà ñðåäíåãî îñòàòêà (MR) 
äëÿ äàííîé âåòâè, êîòîðàÿ îïðåäåëÿåòñÿ ñîãëàñíî 
âûðàæåíèþ 

 
1

1
MR 100%

bN obs calc
i i

obs
b ii

S S

N S=

 −= ⋅  
 

∑ ,  (8) 

â êîòîðîì Nb ïðåäñòàâëÿåò ñîáîé ÷èñëî ëèíèé âåòâè. 
Äëÿ èäåàëüíî ïîäîãíàííîé âåòâè MR ðàâíî 0. Áîëü-
øèå ïîëîæèòåëüíûå èëè îòðèöàòåëüíûå çíà÷åíèÿ 
MR ãîâîðÿò î òîì, ÷òî ëèáî âû÷èñëåííûå çíà÷åíèÿ 

(2)
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èíòåíñèâíîñòåé ñèñòåìàòè÷åñêè ñìåùåíû îòíîñèòåëü-
íî ýêñïåðèìåíòàëüíûõ, ëèáî ïîäãîíÿåìûå äàííûå 
ñîäåðæàò çíà÷èòåëüíûå îøèáêè. 

Ðåçóëüòàòû ïîäãîíêè ïî ïîëîñàì ïðåäñòàâëåíû 
â òàáë. 2, RMS äëÿ êàæäîé èç èñïîëüçóåìûõ ïóá-
ëèêàöèé – â òàáë. 3, à ïîäîãíàííûå ïàðàìåòðû 
îïåðàòîðà äèïîëüíîãî ìîìåíòà âìåñòå ñî ñòàíäàðò-
íûìè îøèáêàìè – â òàáë. 4. Ñëåäóåò îòìåòèòü, ÷òî 
äëÿ äîñòèæåíèÿ RMS = 5,6% íàì ïðèøëîñü óäà-
ëèòü èç ïîäãîíêè 50 ëèíèé, êîòîðûå ñòàòèñòè÷åñêè 
áûëè èäåíòèôèöèðîâàíû êàê âûáðîñû. 

 

Ò à á ë è ö à  3  

Ðåçóëüòàòû ïîäãîíêè èíòåíñèâíîñòåé, óïîðÿäî÷åííûå  
ïî ññûëêàì 

Ññûëêà 
×èñëî 
ëèíèé 

×èñëî 
ïîëîñ 

σ*, % RMS, % 

[2] 3 1 3 2,5 
[5] 108 3 6 6,2 
[6] 54 1 1–30 5,0 
[7] 55 1 1–5 1,5 
[8] 33 1 7 1,4 
[9] 51 1 10 8,2 
[10] 40 2 10 11,3 
[11] 7 3 10 6,0 
[12] 143 2 1–20 3,8 
[13] 58 2 2–10 3,3 
[14] 252 5 2 6,1 
[16] 68 1 5 3,4 

 

* Èñïîëüçóåìûå ïîãðåøíîñòè èçìåðåíèé. 

 

Ò à á ë è ö à  4  

Çíà÷åíèÿ ïàðàìåòðîâ îïåðàòîðà ýôôåêòèâíîãî  
äèïîëüíîãî ìîìåíòà

Ïàðàìåòð* Çíà÷åíèå Ïîðÿäîê 

M 

0

2,0,1 –0,37516(33)** 10–2 

M 

0

1,2,1 0,2746(16) 10–3 

M 

0

0,4,1 –0,827(38) 10–5 

M 

0

–1,0,3 
–0,281(80) 10–5 

M 

0

0,–2,3 
–0,12540(42) 10–3 

M 

1

3,1,0 
–0,4553(59) 10–5 

b 

3,1,0

J  
1,263(14) 10–2 

M 

1

0,1,2 –0,7596(11) 10–4 

b 

0,1,2

J  0,1529(80) 10–2 

M 

1

1,–1,2 –0,1661(25) 10–4 

b 

1,–1,2

J  1,75(12) 10–1 

d 

1,–1,2

J  –0,82(42) 10–3 

M 

1

1,5,0 0,157(28) 10–6 

b 

1,5,0

J  3,21(43) 10–2 
 

* Ïàðàìåòðû M äàíû â Ä, ïàðàìåòðû b – áåçðàç-
ìåðíû. ** Íåîïðåäåëåííîñòü â ñêîáêàõ ïðåäñòàâëÿåò îäíî 
ñòàíäàðòíîå îòêëîíåíèå â åäèíèöàõ ïîñëåäíåé öèôðû 
çíà÷åíèÿ ïàðàìåòðà. 

 

Ðåçóëüòàòû è îáñóæäåíèÿ 
 
Ïîëó÷åííîå çíà÷åíèå ïîäãîíêè RMS = 5,6% ïî-

êàçûâàåò, ÷òî èñïîëüçóåìàÿ ìîäåëü îïåðàòîðà äè-
ïîëüíîãî ìîìåíòà àäåêâàòíà â öåëîì ýêñïåðèìåí-
òàëüíûì äàííûì. Àíàëèç òàáë. 2 ïîêàçûâàåò òàêæå, 
÷òî íàèáîëüøèå îòêëîíåíèÿ ìåæäó èçìåðåíèÿìè  

è ðàñ÷åòàìè íàáëþäàþòñÿ äëÿ ñëàáûõ ïîëîñ. Ýòî 
âïîëíå ïîíÿòíî, ïîñêîëüêó ñëàáûå ïîëîñû, êàê 
ïðàâèëî, ðåãèñòðèðóþòñÿ ñ áóëüøèìè ïîãðåøíî-
ñòÿìè, ÷åì ñèëüíûå. Èç òàáë. 3 ñëåäóåò òàêæå, ÷òî 
ïî÷òè äëÿ âñåõ ýêñïåðèìåíòàëüíûõ èñòî÷íèêîâ âå-
ëè÷èíà RMS áëèçêà ê òî÷íîñòè èçìåðåíèé. Èñêëþ-
÷åíèåì ÿâëÿåòñÿ ëèøü èñòî÷íèê [14], äëÿ êîòîðîãî 
èñïîëüçóåìàÿ îöåíêà òî÷íîñòè, ðàâíàÿ 2%, ÿâëÿåò-
ñÿ, ïî-âèäèìîìó, ñëèøêîì îïòèìèñòè÷íîé. 

Ñ ïîìîùüþ ïîëó÷åííûõ ïàðàìåòðîâ äëÿ äèàïà-
çîíà 4381–5703 ñì–1 òåìïåðàòóðû 296 K è îòñå÷êè ïî 
èíòåíñèâíîñòÿì 10–27 ñì–1/(ìîëåê ⋅ ñì–2) áûë ñãåíå-
ðèðîâàí ñïèñîê ëèíèé, íàçûâàåìûé äàëåå CDSD, êî-
òîðûé áóäåí âêëþ÷åí â áóäóùóþ àòìîñôåðíóþ âåð-
ñèþ áàíêà CDSD [17]. Íèæå ïðèâåäåíî ñðàâíåíèå 
CDSD ñ äàííûìè ïî 12C16O2, ñîäåðæàùèìèñÿ  
â áàíêå HITRAN. Â óêàçàííîì äèàïàçîíå HITRAN 
ñîäåðæèò 3542 ëèíèè, â òî âðåìÿ êàê CDSD – 5584. 
Ïðè ýòîì êàæäàÿ ëèíèÿ èç HITRAN òàêæå ïðèñóò-
ñòâóåò è â CDSD. Êðîìå òîãî, CDSD ñîäåðæèò 30 
ïîëîñ, êîòîðûõ íåò â HITRAN. Îíè äàíû â òàáë. 5.  
 

Ò à á ë è ö à  5  

Ïîëîñû, îòñóòñòâóþùèå â áàçå äàííûõ HITRAN 

  Ïîëîñà 
×èñëî  
ëèíèé 

Èíòåíñèâíîñòü,  
ñì–1/(ìîëåê⋅ñì–2)* 

32201–01101 118 3,817 ⋅ 10–24 
31101–00001 72 2,469 ⋅ 10–24 
40001–01101 53 7,889 ⋅ 10–25 
10021–01101 70 6,511 ⋅ 10–25 
24412–04401 56 1,008 ⋅ 10–25 
32212–12201 67 1,631 ⋅ 10–25 
11122–10002 48 1,391 ⋅ 10–25 
32203–01101 54 1,299 ⋅ 10–25 
03321–02201 80 1,796 ⋅ 10–25 
13311–01101 58 1,033 ⋅ 10–25 
13312–01101 56 9,472 ⋅ 10–26 
41101–10001 34 8,046 ⋅ 10–26 
32212–12202 51 8,110 ⋅ 10–26 
01131–11102 51 8,508 ⋅ 10–26 
31111–11102 47 7,132 ⋅ 10–26 
32211–12201 43 7,259 ⋅ 10–26 
40014–20002 32 6,470 ⋅ 10–26 
33302–02201 43 6,278 ⋅ 10–26 
40012–20002 29 5,663 ⋅ 10–26 
40011–20001 28 5,095 ⋅ 10–26 
11121–10001 32 5,002 ⋅ 10–26 
01131–11101 43 5,947 ⋅ 10–26 
32202–01101 26 4,083 ⋅ 10–26 
40013–20003 26 4,240 ⋅ 10–26 
24411–04401 31 3,728 ⋅ 10–26 
40004–01101 17 3,726 ⋅ 10–26 
41102–10002 19 2,412 ⋅ 10–26 
11122–02201 19 2,030 ⋅ 10–26 
22213–10002 7 7,777 ⋅ 10–27 
21122–01111  6 6,258 ⋅ 10–27 

 

* Ñóììà èíòåíñèâíîñòåé ëèíèé ïîëîñû ïðè T = 296 K. 
 

Ýòà ñèòóàöèÿ àíàëîãè÷íà ïðèâåäåííîé â [19], ãäå 
äëÿ èçîòîïà 13C16O2 áûë òàêæå îáíàðóæåí ðÿä ïî-
ëîñ, îòñóòñòâóþùèõ â HITRAN. Íà ðèñ. 2 ïðåä-
ñòàâëåíî ñðàâíåíèå CDSD è HITRAN. Â êà÷åñòâå 
êðèòåðèÿ ñðàâíåíèÿ èíòåíñèâíîñòåé èñïîëüçîâàíà 
âåëè÷èíà 



 Ìîäåëèðîâàíèå èíòåíñèâíîñòåé 12C16O2 â äèàïàçîíå 4377–5703 ñì–1 679 
 

 100% ⋅ (IHITRAN – ICDSD)/ICDSD,  

ãäå IHITRAN 

è
 

ICDSD – èíòåíñèâíîñòè HITRAN  
è CDSD, âçÿòûå ïðè T = 296 K. Âèäíî, ÷òî èìåþò-
ñÿ ñóùåñòâåííûå ðàçëè÷èÿ, äîñòèãàþùèå 90%. Ìû 
ïîëàãàåì, ÷òî íàøå ìîäåëèðîâàíèå èíòåíñèâíîñòåé 
áîëåå ïîëíîå è òî÷íîå. Ïîýòîìó äàííûå ïî 12C16O2, 
ïðåäñòàâëåííûå â áàíêå HITRAN, íóæäàþòñÿ â îá-
íîâëåíèè. 
 

 
Ðèñ. 2. Ñðàâíåíèå CDSD- è HITRAN-èíòåíñèâíîñòåé 

 
Àâòîð âûðàæàåò áëàãîäàðíîñòü ä.ô.-ì.í. Â.È. Ïå-

ðåâàëîâó çà ïîëåçíûå îáñóæäåíèÿ ðåçóëüòàòîâ, 
ïðåäñòàâëåííûõ â äàííîé ñòàòüå. 

 

1. Pollack J.B., Dalton J.B., Grinspoon D., Wattson R.B., 
Freedman R., Crisp D., Allen D.A., Bezard B., De-
Bergh C., Giver L.P., Ma Q., Tipping R. Near-infrared 
light from Venus’ nightside: a spectroscopic analysis // 
Icarus. 1993. V. 103. P. 1–42. 

2. Mihalcea R.M., Baer D.S., Hanson R.K. Diode-laser 
absorption measurements of CO2 near 2.0 µm at elevated 
temperatures // Appl. Opt. 1998. V. 37. P. 8341–8347.

3. Tashkun S.A., Perevalov V.I., Teffo J.-L., Rothman L.S., 
Tyuterev Vl.G. Global fitting of 12C16O2 vibrational-
rotational line positions using the effective Hamiltonian 
approach // J. Quant. Spectrosc. and Radiat. Transfer. 
1998. V. 60. P. 785–801. 

4. Tashkun S.A., Perevalov V.I., Teffo J.-L., Tyuterev Vl.G. 
Global fit of 12C16O2 vibrational-rotational line intensi-
ties using the effective operator approach // J. Quant. 
Spectrosc. and Radiat. Transfer. 1999. V. 62. P. 571–598.

5. Vasilevskii K.P., Danilochkina L.E., Kazbanov V.A. 
Intensities and halfwidths of CO2 lines in the vibra-
tional-rotational bands at 2.0 µm // Opt. Spectrosc. 
1975. V. 38. P. 499–500. 

6. Valero F.P.J., Suarez C.B., Boese R.W. Intensities and 
half-widths at different temperatures for the 200III←000 

band of CO2 at 4854 cm–1 // J. Quant. Spectrosc. 
Radiat. Transfer. 1979. V. 22. P. 93–99. 

7. Valero F.P.J., Suarez C.B., Boese R.W. Absolute in-
tensities and pressure broadening coefficients measured 
at different temperatures for the 201II←000 band of 
12C16O2 at 4978 cm–1// J. Quant. Spectrosc. and 
Radiat. Transfer. 1980. V. 23. P. 337–341. 

8. Suarez C.B., Valero F.P.J. Line intensities of CO2 at 
different temperatures // J. Mol. Spectrosc. 1990. 
V. 140. P. 407–411. 

9. Giver L.P., Charkerian Jr. C. Rovibrational intensities 
for the (3110)IV←(0000) band of 12C16O2 at 4416 cm

–1 
// J. Mol. Spectrosc. 1991. V. 148. P. 80–85. 

10. Giver L.P., Kshirsagar R.J., Freedman R.S., Chacke-
rian Jr. C., Wattson R.B., Brown L.R. Line intensity 
and position measurements and derived band parameters 
of the 31103–00001 12C16O2 band and its two nearby hot 
bands // 5th Biennial HITRAN Conference. Bedford, 
MA. 1998. P. 30.

11. Wattson R.B., Giver L.R., Kshirsagar R.J., Freed-
man R.S., Chackerian Jr. C. Direct numerical diago-
nalization line-by-line calculations compared to line pa-
rameters in several weak interacting CO2 bands near 
7901 cm–1 // 5th Biennial HITRAN Conference. Bedford, 
MA. 1998. P. 29.

12. Fukabori M., Aoki T.A., Aoki T.E., Ishida H., Watana-
be T. Line strenghts and half-widths of CO2 in the 
2.0 µm region // 5th Biennial HITRAN Conference. 
Bedford, MA. 1998. P. 32.

13. Kshirsagar R.J., Giver L.P., Chackerian Jr.C. Rovi-
brational intensities of the (0003) ←(1000) dyad absorp-
tion bands of 12C16O2 // J. Mol. Spectrosc. 2000. 
V. 199. P. 230–235.

14. Giver L.P., Brown L.R., Chackerian Jr. C., Freed-
man R.S. The rovibrational intensities of five absorption 
bands of 12C16O2 between 5218 and 5349 cm–1 // J. 
Quant. Spectrosc. and Radiat. Transfer. 2003. V. 78. 
P. 417–436.

15. Wattson R.B. ×àñòíîå ñîîáùåíèå, 1998.
16. Rothman L.S., Rinsland C.P., Goldman A., Massie S.T., 

Edwards D.P., Flaud J.-M., Perrin A., Camy-Peyret C., 
Dana V., Mandin J.-Y., Schroeder J., McCann A., Ga-
mache R.R., Wattson R.B., Yoshino K., Chance K.V., 
Jucks K.W., Brown L.R., Nemtchinov V., Varanasi P. 
The HITRAN molecular spectroscopic database and 
HAWKS (HITRAN Atmospheric Workstation): 1996 
edition // J. Quant. Spectrosc. and Radiat. Transfer. 
1998. V. 60. P. 665–710.

17. Tashkun S.A., Perevalov V.I., Teffo J.-L., Bykov A.D., 
Lavrentieva N.N. CDSD–1000, the high-temperature 
carbon dioxide spectroscopic databank // J. Quant. 
Spectrosc. and Radiat. Transfer. 2003. (Â ïå÷àòè).

18. Perevalov V.I., Lobodenko E.I., Lulin O.M., Teffo J.-L. 
// J. Mol. Spectrosc. 1995. V. 171. P. 435–452.

19. Tashkun S.A., Perevalov V.I., Teffo J.-L., Lecoutre M., 
Huet T.R., Campargue A., Bailly D., Esplin M.P. 
13C16O2: Global treatment of vibration-rotation spectra and 
first observation of the 2ν1+5ν3 and ν1+ 2ν2+5ν3 absorption 
bands // J. Mol. Spectrosc. 2000. V. 200. P. 162–176. 

 
S.A. Tashkun. Modeling of 12C16O2 line intensities in the region from 4377 to 5703 cm–1. 
Results of global fitting of parameters of the effective dipole moment operator to measured intensities of 

the principal isotopic species 12C16O2 collected from the literature are presented. Using a model with 14 parame-
ters, we were able to reproduce the intensities of almost 900 lines belonging to 16 bands with RMS = 5,6%. 
With the help of the fitted model à linelist for temperature T = 296 K and intensity cutoff Icut =  
+ 10–27 cm–1/molecule cm–2 was generated. The linelist will be a part of the future atmospheric version of the 
CDSD databank. The comparison of the linelist with the HITRAN CO2 data is given as well. 


