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Ïîäðîáíûé êîëåáàòåëüíî-âðàùàòåëüíûé ñïåêòð ïîãëîùåíèÿ ìîëåêóëû H2S ðàññ÷èòàí â äèàïàçîíå 

4400–11400 ñì–1. Íàñòîÿùàÿ êîìïèëÿöèÿ îñíîâàíà íà òåîðåòè÷åñêîì àíàëèçå Ôóðüå-ñïåêòðîâ âûñîêîãî 
ðàçðåøåíèÿ, çàðåãèñòðèðîâàííûõ â Íàöèîíàëüíîé îáñåðâàòîðèè Êèòò Ïèê (ÑØÀ), è âíóòðèðåçîíàòîðíûõ 
ñïåêòðîâ, èçìåðåííûõ â Óíèâåðñèòåòå Äæîçåôà Ôóðüå ã. Ãðåíîáëÿ (Ôðàíöèÿ). Ñïåêòð ñîäåðæèò îêîëî 
29000 ëèíèé ñ èíòåíñèâíîñòÿìè áîëüøå 10–7 ñì–2

 ⋅ àòì–1 äëÿ Ôóðüå-ñïåêòðîâ è áîëüøå 2 ⋅ 10–9 ñì–2
 ⋅ àòì–1 

äëÿ âíóòðèðåçîíàòîðíûõ ñïåêòðîâ. Ýòè ëèíèè ïðèíàäëåæàò 59 êîëåáàòåëüíûì ïîëîñàì ìîëåêóë H2
32S, 

H2
33S, H2

34S, âêëþ÷àÿ íåñêîëüêî «ãîðÿ÷èõ» ïîëîñ, ñîîòâåòñòâóþùèõ ïîãëîùåíèþ èç ñîñòîÿíèÿ (010). Â ñëó-
÷àå Ôóðüå-ñïåêòðîâ (4400–8040 ñì–1) öåíòðû ëèíèé ïðåäñòàâëÿþò ñîáîé âûñîêîòî÷íûå çíà÷åíèÿ (â ïðåäå-
ëàõ 0,0001–0,015 ñì–1), ðàññ÷èòàííûå èç ýêñïåðèìåíòàëüíûõ óðîâíåé ýíåðãèè. Èíòåíñèâíîñòè ëèíèé äëÿ 
Ôóðüå-ñïåêòðîâ áûëè ðàññ÷èòàíû ñ èñïîëüçîâàíèåì ïàðàìåòðîâ ïðåîáðàçîâàííîãî äèïîëüíîãî ìîìåíòà, âîñ-
ñòàíîâëåííûõ èç ïîäãîíêè ê ýêñïåðèìåíòàëüíûì äàííûì äëÿ «õîëîäíûõ» ïîëîñ H2

32S. Òî÷íîñòü ðàñ÷åòà 
èíòåíñèâíîñòåé âàðüèðóåòñÿ îò 3 äî 20%. Äëÿ âíóòðèðåçîíàòîðíûõ ñïåêòðîâ (9400–11400 ñì–1) â áàçå äàí-
íûõ ïðåäñòàâëåíû ýêñïåðèìåíòàëüíûå çíà÷åíèÿ öåíòðîâ è ðàñ÷åòíûå èíòåíñèâíîñòè ëèíèé. Òî÷íîñòü èçìå-
ðåíèÿ äëÿ öåíòðîâ ëèíèé ñîñòàâëÿåò 0,003–0,025 ñì–1 è 20–30% äëÿ èíòåíñèâíîñòåé. 

 

Ââåäåíèå 
 

Èçó÷åíèå ñïåêòðîâ ïîãëîùåíèÿ H2S èìååò 
áîëüøîå çíà÷åíèå, òàê êàê ïîçâîëÿåò îïðåäåëèòü 
íàëè÷èå è êîíöåíòðàöèþ ñåðîâîäîðîäà â îêðóæàþ-
ùåé ñðåäå. Äåòàëüíîå èçó÷åíèå ñïåêòðîâ ïîãëîùå-
íèÿ ñåðîâîäîðîäà ÿâëÿåòñÿ âàæíûì äëÿ ñïåêòðî-
ñêîïè÷åñêîãî îáåñïå÷åíèÿ çàäà÷ çîíäèðîâàíèÿ àò-
ìîñôåðû, à òàêæå äëÿ ïðèëîæåíèé àòìîñôåðíîé 
õèìèè Âåíåðû è äðóãèõ ïëàíåò. 

Ñ òåîðåòè÷åñêîé òî÷êè çðåíèÿ ìîëåêóëà ñåðî-
âîäîðîäà ïðåäñòàâëÿåò áîëüøîé èíòåðåñ, òàê êàê 
ÿâëÿåòñÿ ïðèìåðîì ëåãêîãî àñèììåòðè÷íîãî âîë÷êà, 
äëÿ êîòîðîãî äâèæåíèå ÿäåð ìîæåò âîçìóùàòüñÿ çà 
ñ÷åò ñèëüíûõ âíóòðèìîëåêóëÿðíûõ âçàèìîäåéñò-
âèé, âîçíèêàþùèõ ïðè êîëåáàòåëüíîì è âðàùà-
òåëüíîì âîçáóæäåíèè. Ýíåðãåòè÷åñêèé ñïåêòð H2S 
ìîäåëèðîâàëñÿ â ìíîãî÷èñëåííûõ ðàáîòàõ ñ èñ-
ïîëüçîâàíèåì ðàçëè÷íûõ òåîðåòè÷åñêèõ ïîäõîäîâ, 
÷òîáû ïðîäåìîíñòðèðîâàòü ýôôåêòû ëîêàëèçàöèè 
êîëåáàòåëüíîãî âîçáóæäåíèÿ ëèáî êîëåáàòåëüíî-
âðàùàòåëüíîå âçàèìîäåéñòâèå. Âûñîêèå îáåðòîííûå 
êîëåáàíèÿ â H2S îñóùåñòâëÿþòñÿ ïðàêòè÷åñêè íåçà-
âèñèìî äðóã îò äðóãà, ñîçäàâàÿ âîçìîæíîñòü ëîêàëü-
íîãî êîëåáàòåëüíîãî âîçáóæäåíèÿ îòäåëüíîé ìîëå-
êóëÿðíîé ñâÿçè, ÷òî ÿâëÿåòñÿ êëþ÷îì ê óïðàâëå-
íèþ õèìè÷åñêèìè ðåàêöèÿìè. 

Íåñìîòðÿ íà òî ÷òî äàííûå ïî ñïåêòðàì ïî-
ãëîùåíèÿ ñåðîâîäîðîäà ïðåäñòàâëÿþò áîëüøîé èíòå-
ðåñ êàê ñ ïðàêòè÷åñêîé, òàê è òåîðåòè÷åñêîé òî÷êè 
çðåíèÿ, âî âñåõ èçâåñòíûõ áàçàõ äàííûõ, òàêèõ êàê 
HITRAN è GEISA, ñïåêòðû ïîãëîùåíèÿ H2S â îá-

ëàñòè âûøå 4300 ñì–1 îòñóòñòâóþò. Ïðîáëåìà ñîçäà-
íèÿ, âåðèôèêàöèè è ñîâåðøåíñòâîâàíèÿ áàç äàííûõ ïî 

ïîãëîùåíèþ íàèáîëåå çíà÷èìûõ àòìîñôåðíûõ è çà-
ãðÿçíÿþùèõ àòìîñôåðó ãàçîâ ÿâëÿåòñÿ î÷åíü îñòðîé  

â íàñòîÿùåå âðåìÿ, ÷òî áûëî îòìå÷åíî, íàïðèìåð,  
â äîêëàäàõ è äèñêóññèÿõ Ðàáî÷åé ãðóïïû ïî àòìî-
ñôåðíîé ñïåêòðîñêîïèè (Atmospheric Spectroscopy 
Applications Work Shop), 2002, Ìîñêâà. Òàê, â äîê-
ëàäå èçâåñòíîãî ñïåöèàëèñòà Ï. Âàðàíàçè èç Èíñòè-
òóòà çåìíîé è ïëàíåòàðíûõ àòìîñôåð (ÑØÀ) óêàçû-
âàëîñü, ÷òî «óñîâåðøåíñòâîâàíèÿ, îñóùåñòâëåííûå  
â áàçàõ äàííûõ â ïîñëåäíèå ÷åòûðå äåñÿòèëåòèÿ, õî-
òÿ è çíà÷èòåëüíûå, ïðåäñòàâëÿþò ñîáîé ëèøü êàïëþ 
â îêåàíå àòìîñôåðíîé ñïåêòðîñêîïèè». 

Ñîâðåìåííûå áàíêè ñïåêòðîñêîïè÷åñêîé èí-
ôîðìàöèè íå ìîãóò áûòü ñîçäàíû áåç àäåêâàòíîãî 
ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ öåíòðîâ è èíòåí-
ñèâíîñòåé ñïåêòðàëüíûõ ëèíèé. Èçâåñòíî, ÷òî âû-
ñîêîòî÷íûå ìàññîâûå èçìåðåíèÿ èíòåíñèâíîñòåé 
ïðåäñòàâëÿþò çíà÷èòåëüíóþ ñëîæíîñòü, îñîáåííî  
â òåõ ñëó÷àÿõ, êîãäà íóæíî ðåãèñòðèðîâàòü ñëàáûå 
ëèíèè ïîãëîùåíèÿ. Âìåñòå ñ òåì ñóììàðíûé âêëàä 
ñëàáûõ ëèíèé â èíòåãðàëüíîå ïîãëîùåíèå ñåðîâî-
äîðîäà ìîæåò áûòü çíà÷èòåëåí äëÿ îòäåëüíûõ ó÷à-
ñòêîâ ñïåêòðà. Â ýòîé ñèòóàöèè î÷åíü âàæíî èìåòü 
âîçìîæíîñòü ðàññ÷èòàòü âûñîêîòî÷íûé è ïîäðîá-
íûé ñèíòåòè÷åñêèé ñïåêòð ïîãëîùåíèÿ. 

Íà îñíîâå âðàùàòåëüíûõ, öåíòðîáåæíûõ, ðå-
çîíàíñíûõ ïàðàìåòðîâ è êîíñòàíò äèïîëüíîãî ìî-
ìåíòà, âîññòàíîâëåííûõ èç àíàëèçà ýêñïåðèìåí-
òàëüíûõ Ôóðüå-ñïåêòðîâ [1–3], íàìè áûëà ñîçäàíà 
áàçà äàííûõ ïî ïîãëîùåíèþ H2S â äèàïàçîíå 



986 Íàóìåíêî Î.Â., Ïîëîâöåâà Å.Ð. 
 

4400–8040 ñì–1. Òàê êàê òî÷íîñòü ðàñ÷åòíûõ ñïåê-
òðîâ, çàíåñåííûõ â áàçó äàííûõ, ÿâëÿåòñÿ âàæíîé 
õàðàêòåðèñòèêîé, îñîáîå âíèìàíèå óäåëÿåòñÿ ìåòî-
äàì è êà÷åñòâó âîññòàíîâëåíèÿ ñïåêòðîñêîïè÷åñêèõ 
ïàðàìåòðîâ, ëåæàùèõ â îñíîâå ðàñ÷åòà. Â äîïîëíå-
íèå ê ñèíòåòè÷åñêîìó ñïåêòðó â îáëàñòè 4400–
8040 ñì–1 â áàçó äàííûõ òàêæå âêëþ÷åíû íåäàâíî 
îïóáëèêîâàííûå [4, 5] ýêñïåðèìåíòàëüíûå âíóòðè-
ðåçîíàòîðíûå ñïåêòðû ïîãëîùåíèÿ ñåðîâîäîðîäà  
â îáëàñòè 9400–11400 ñì–1. 

 

1. Ýêñïåðèìåíòàëüíûå ñïåêòðû  
è èõ èäåíòèôèêàöèÿ 

 

Ñïåêòðû ïîãëîùåíèÿ H2S â îáëàñòè 4500–
7900 ñì–1 áûëè ïîëó÷åíû Ë. Áðàóí íà Ôóðüå-
ñïåêòðîìåòðå, ðàñïîëîæåííîì â îáñåðâàòîðèè Êèòò 
Ïèê, ÑØÀ [1–3, 6], ñî ñïåêòðàëüíûì ðàçðåøåíèåì 
0,006; 0,012 è 0,021 ñì–1. Öåíòðû ëèíèé èìåþò 
õàðàêòåðíóþ äëÿ Ôóðüå-ýêñïåðèìåíòà òî÷íîñòü: 
0,0001–0,015 ñì–1. Äëÿ öåëåé èäåíòèôèêàöèè äëÿ 
êàæäîé ëèíèè áûëè ïðèáëèæåííî îïðåäåëåíû êî-
ýôôèöèåíòû ïîãëîùåíèÿ â ïèêå ëèíèè. Äîïîëíè-
òåëüíî áûëè èçìåðåíû âûñîêîòî÷íûå (2–5%) èíòåí-
ñèâíîñòè 1700 ëèíèé â äèàïàçîíå 4500–5500 ñì–1  
è 1200 ëèíèé â îáëàñòè 5700–6600 ñì–1. 

Âíóòðèðåçîíàòîðíûå ñïåêòðû ïîãëîùåíèÿ H2S 
â îáëàñòè 9400–11400 ñì–1 áûëè èçìåðåíû À. Êàì-
ïàðãîì â Óíèâåðñèòåòå Äæîçåôà Ôóðüå ã. Ãðåíîáëÿ 
(Ôðàíöèÿ) [4, 5]. Òî÷íîñòü öåíòðîâ ëèíèé èçìåíÿ-
ëàñü â ïðåäåëàõ 0,003 – 0,025 ñì–1. Çíà÷åíèÿ èí-
òåíñèâíîñòåé äëÿ ñèëüíûõ è ñðåäíèõ ëèíèé áûëè 
îöåíåíû ñî ñðåäíåé òî÷íîñòüþ 20–30%, ïðè ýòîì 
äîïóñêàëîñü, ÷òî èíòåíñèâíîñòè ñàìûõ ñëàáûõ ëè-
íèé  ìîãóò  áûòü çíà÷èòåëüíî (äî 100%) çàâûøåíû. 

Äëÿ èäåíòèôèêàöèè ýêñïåðèìåíòàëüíûõ ñïåê-
òðîâ èñïîëüçîâàëàñü ñîçäàííàÿ â ÈÎÀ ïðè ïîä-
äåðæêå ÐÔÔÈ ïðîãðàììà äëÿ àâòîìàòè÷åñêîé èí-
òåðïðåòàöèè êîëåáàòåëüíî-âðàùàòåëüíûõ ñïåêòðîâ, 

îñíîâàííàÿ íà òåîðèè ðàñïîçíàâàíèÿ îáðàçîâ [7]. 
Àíàëèç ñïåêòðîâ ìíîãîàòîìíûõ ìîëåêóë, â ÷àñòíî-
ñòè ìîëåêóëû H2S, ÿâëÿåòñÿ ñëîæíîé çàäà÷åé, òðå-
áóþùåé áîëüøèõ çàòðàò âðåìåíè. Èñïîëüçîâàíèå 
äàííîé ïðîãðàììû ïîçâîëÿåò íà ïîðÿäîê óìåíü-
øèòü âðåìÿ èäåíòèôèêàöèè ñïåêòðîâ, èçáåæàòü 
îøèáîê îòíåñåíèÿ ëèíèé, íåèçáåæíûõ ïðè «ðó÷íîé» 
ðàáîòå ñî ñïåêòðîì. Ïðîãðàììà ìîæåò ðàáîòàòü êàê 
â ðåæèìå ðàñïîçíàâàíèÿ íàáîðîâ ëèíèé, óäîâëå-
òâîðÿþùèõ êîìáèíàöèîííîìó ïðàâèëó, òàê è â ðå-
æèìå ðàñïîçíàâàíèÿ îòäåëüíûõ ëèíèé. 

Ïðîöåññ îòíåñåíèÿ ñïåêòðà îñóùåñòâëÿëñÿ ïà-
ðàëëåëüíî ñ âîññòàíîâëåíèåì ñïåêòðîñêîïè÷åñêèõ 
ïîñòîÿííûõ è êîíòðîëèðîâàëñÿ ïðåäñêàçàòåëüíûìè 
ðàñ÷åòàìè öåíòðîâ è èíòåíñèâíîñòåé. Ïîñêîëüêó 
èíòåðïðåòàöèÿ è ìîäåëèðîâàíèå âíóòðèðåçîíàòîð-
íûõ ñïåêòðîâ ïîäðîáíî îïèñàíû â íåäàâíî îïóáëè-
êîâàííûõ ðàáîòàõ [4, 5], îñòàíîâèìñÿ çäåñü è äàëåå 
áîëåå ïîäðîáíî íà àíàëèçå ñïåêòðà â äèàïàçîíå 
4500–7900 ñì–1. 

Â åñòåñòâåííîì èçîòîïè÷åñêîì ñîñòàâå ñåðîâîäî-
ðîäà êðîìå îñíîâíîé èçîòîïíîé ìîäèôèêàöèè ïðè-
ñóòñòâóþò â äîñòàòî÷íîì êîëè÷åñòâå èçîòîïíûå ìî-
äèôèêàöèè H2

33S (0,78%) è H2
34S (4,21%), ÷òî ïîçâî-

ëèëî íàáëþäàòü è èññëåäîâàòü èõ ñïåêòðû. Äëÿ àíà-
ëèçà ïîãëîùåíèÿ H2S â îáëàñòè 7200–7900 ñì–1 áûëè 
èñïîëüçîâàíû äâà ñïåêòðà, çàðåãèñòðèðîâàííûõ ïðè 
ðàçíûõ äàâëåíèÿõ, ÷òî ñïîñîáñòâîâàëî çíà÷èòåëüíî-
ìó óâåëè÷åíèþ ÷èñëà èäåíòèôèöèðîâàííûõ ëèíèé è, 
ñîîòâåòñòâåííî, âîññòàíîâëåííûõ ýêñïåðèìåíòàëüíûõ 
óðîâíåé. Êîìïëåêñíûé ïîäõîä ê èíòåðïðåòàöèè 
ñïåêòðà ïîçâîëèë â êîíå÷íîì èòîãå èäåíòèôèöèðî-
âàòü 90% ëèíèé ïîãëîùåíèÿ H2

32S, H2
33S, H2

34S, ò.å. 
ñâûøå 12 000 ëèíèé. Âûñîêîòî÷íûå ýêñïåðèìåíòàëü-
íûå óðîâíè ýíåðãèè áûëè ïîëó÷åíû ïîñðåäñòâîì äî-
áàâëåíèÿ ê èíòåðïðåòèðîâàííûì ÷àñòîòàì óðîâíåé 
ýíåðãèè íèæíåãî ñîñòîÿíèÿ [8]. Â òàáë. 1 îáîáùåíû 
äàííûå ïî ýêñïåðèìåíòàëüíûì óðîâíÿì ýíåðãèè, âîñ-
ñòàíîâëåííûì èç àíàëèçà ñïåêòðà. 

 
Ò à á ë è ö à  1  

Ýêñïåðèìåíòàëüíûå óðîâíè H2 
32S, H2 

33S, H2 
34S è òî÷íîñòü èõ ðàñ÷åòà  

×èñëî óðîâíåé 
Ïîëèàäà  V1 V2 V3 

H2 
32S 

EV, ñì–1 H2 
32S H2 

34S H2 
33S 

  0 4 0 4661,673 121        
  1 2 0 4932,699 174  62    

1-ÿ ãåêñàäà  0 2 1 4939,104 192 102 44 
  2 0 0 5144,986 229 123 65 
  1 0 1 5147,220 236 158 81 
  0 0 2 5243,101 199 102 36 

Ñóììàðíîå ÷èñëî óðîâíåé 1151 547 226 
×èñëî âàðüèðóåìûõ ïàðàìåòðîâ 130 67 27 
Ñòàíäàðòíîå îòêëîíåíèå, ñì–1 0,0009 0,0011 0,0013 

  0 5 0 5797,235  40        
  1 3 0 6074,581 117  19    

2-ÿ ãåêñàäà  0 3 1 6077,595 129   1    
  2 1 0 6288,146 225 128 46 
  1 1 1 6289,173 246 146 88 
  0 1 2 6385,299  14   1    

Ñóììàðíîå ÷èñëî óðîâíåé 760 285 134 
×èñëî âàðüèðóåìûõ ïàðàìåòðîâ 102 36 16 
Ñòàíäàðòíîå îòêëîíåíèå, ñì–1 0,0019 0,0013 0,0009 
    



 Áàçà äàííûõ ïî ïîãëîùåíèþ ñåðîâîäîðîäà â îáëàñòè 4400–11400 ñì–1 987 
4. Îïòèêà àòìîñôåðû è îêåàíà, ¹ 11. 

 Î ê î í ÷ à í è å  ò à á ë .  1

×èñëî óðîâíåé 
Ïîëèàäà  V1 V2 V3 

H2 
32S 

EV, ñì–1 H2 
32S H2 

34S H2 
33S 

  2 2 0 7419,916  71  14    
  1 2 1 7420,092 122  14  1 

1-ÿ äåêàäà  2 0 1 7526,545 159  85 45 
  1 0 2 7576,381 133  39  9 
  3 0 0 7752,264 141  51    
  0 0 3 7779,319 152  44    

Ñóììàðíîå ÷èñëî óðîâíåé 778 247 55 
×èñëî âàðüèðóåìûõ ïàðàìåòðîâ 111 31 5 
Ñòàíäàðòíîå îòêëîíåíèå, ñì–1 0,0014 0,0016 0,0023 

 
Íà ïîñëåäíåì ýòàïå èäåíòèôèêàöèè ñïåêòðà  

â îáëàñòè 4500– 7900 ñì–1 áûëè îáíàðóæåíû ëèíèè 
ïîãëîùåíèÿ «ãîðÿ÷èõ» ïîëîñ (111)–(010), (210)–
(010), (121)–(010), à òàêæå îòäåëüíûå ïåðåõîäû, 
ïðèíàäëåæàùèå î÷åíü ñëàáûì ïîëîñàì (012)–(000) 
è (220)–(000). 

 

2. Ìîäåëèðîâàíèå öåíòðîâ  
è èíòåíñèâíîñòåé ëèíèé  

ïîãëîùåíèÿ H2S 
 

Ïðè ìîäåëèðîâàíèè ýêñïåðèìåíòàëüíûõ óðîâ-
íåé ýíåðãèè H2

32S ïðèìåíÿëñÿ ýôôåêòèâíûé âðà-
ùàòåëüíûé ãàìèëüòîíèàí â ôîðìå Óîòñîíà. Â ðåçî-
íàíñíûõ áëîêàõ áûëè ó÷òåíû âçàèìîäåéñòâèÿ òèïà 
Êîðèîëèñà, Äàðëèíãà–Äåííèñîíà è ñëàáûé ðåçî-
íàíñ Ôåðìè. Ñïåêòð ïîãëîùåíèÿ H2S èìååò äîñòà-
òî÷íî ÷åòêî âûðàæåííóþ ïîëèàäíóþ ñòðóêòóðó. 
Ñïåêòðû â îáëàñòè 4500–5500 ñì–1 îáðàçîâàíû ïå-
ðåõîäàìè íà ñîñòîÿíèÿ (101), (021), (120), (040), 
(200) è (002), âõîäÿùèå â 1-þ ãåêñàäó âçàèìîäåéñò-
âóþùèõ ñîñòîÿíèé. Ïåðåõîäû íà ñîñòîÿíèÿ 2-é 
ãåêñàäû: (111), (031), (130), (210), (012), (050), 
îáðàçóþò ñïåêòð â îáëàñòè 5700–6600 ñì–1. Íàêî-
íåö, ïîãëîùåíèå â îáëàñòè 7200– 7900 ñì–1 îáó-
ñëîâëåíî ïåðåõîäàìè íà âðàùàòåëüíûå ïîäóðîâíè 
ñîñòîÿíèé 1-é äåêàäû: (003), (201), (121), (102), 
(300), (220), (041), (022), (140), (060). Èç âñåõ 
ïåðå÷èñëåííûõ êîëåáàòåëüíûõ ñîñòîÿíèé (012), 
(041), (022), (140), (060) ÿâëÿþòñÿ «òåìíûìè», ò.å. 
ïåðåõîäû íà íèõ ëèáî íå íàáëþäàþòñÿ ââèäó ìàëîé 
èíòåíñèâíîñòè, ëèáî ïðîÿâëÿþòñÿ êàê íåìíîãî÷èñ-

ëåííûå ëèíèè, çàèìñòâóþùèå èíòåíñèâíîñòü îò 
ñèëüíûõ ëèíèé – ðåçîíàíñíûõ ïàðòíåðîâ. 

Ïðè âîññòàíîâëåíèè âðàùàòåëüíûõ, öåíòðîáåæ-
íûõ, ðåçîíàíñíûõ ïàðàìåòðîâ ãàìèëüòîíèàíà âñå 
ñîñòîÿíèÿ ïîëèàäû ðàññìàòðèâàëèñü îäíîâðåìåííî. 
Ïðè íåîáõîäèìîñòè ó÷èòûâàëîñü òàêæå âëèÿíèå 
«òåìíûõ» ñîñòîÿíèé. Â èòîãå áûëè ïîëó÷åíû íàáîðû 
ïàðàìåòðîâ, ïîçâîëÿþùèõ ñ âûñîêîé òî÷íîñòüþ 
(0,0009–0,0023 ñì–1) âîñïðîèçâîäèòü èñõîäíûå ýêñ-
ïåðèìåíòàëüíûå óðîâíè. Ïðè ýòîì îòíîøåíèå ÷èñëà 
óðîâíåé ê ÷èñëó âàðüèðóåìûõ ïàðàìåòðîâ ñîñòàâèëî 
íå ìåíåå 7 äëÿ âñåõ ðàññìîòðåííûõ ïîëèàä. Â òàáë. 1 
ïðèâåäåíî ñóììàðíîå ÷èñëî âíåñåííûõ â ïîäãîíêó 
óðîâíåé è âàðüèðóåìûõ ïàðàìåòðîâ äëÿ êàæäîé ïî-
ëèàäû, à òàêæå ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå 
ðàñ÷åòíûõ è ýêñïåðèìåíòàëüíûõ óðîâíåé. 

Êîððåêòíîñòü îñóùåñòâëåííîé ïîäãîíêè ïîä-
òâåðæäàåòñÿ òàêæå òåì, ÷òî ïîëó÷åííàÿ â ðàáîòå íî-
âàÿ îöåíêà êîëåáàòåëüíîé ýíåðãèè EV = 6385,299 ñì–1

 

äëÿ òåìíîãî ñîñòîÿíèÿ (012) î÷åíü õîðîøî ñîãëàñó-
åòñÿ ñ äâóìÿ íåçàâèñèìûìè ðàñ÷åòàìè [9, 10] â îò-
ëè÷èå îò çíà÷åíèÿ EV = 6388,73 ñì–1 èç ðàáîòû  [11]. 

Âîëíîâûå ôóíêöèè, ïîëó÷åííûå èç ðåøåíèÿ îá-
ðàòíîé çàäà÷è äëÿ óðîâíåé ýíåðãèè, áûëè äàëåå èñ-
ïîëüçîâàíû äëÿ âîññòàíîâëåíèÿ ïàðàìåòðîâ ïðåîáðà-
çîâàííîãî äèïîëüíîãî ìîìåíòà àíàëèçèðóåìûõ êîëå-
áàòåëüíûõ ñîñòîÿíèé H2

32S ïî ìåòîäó, ðàçðàáîòàííî-
ìó â [12]. Ýòè ïàðàìåòðû, îïðåäåëåííûå èç ïîäãîíêè 
ê âûñîêîòî÷íûì ýêñïåðèìåíòàëüíûì èíòåíñèâíîñòÿì, 
ïðèâåäåíû â òàáë. 2 äëÿ 1-é ãåêñàäû è â òàáë. 3 äëÿ 2-é. 
Ïîëó÷åííûå ñðåäíåêâàäðàòè÷åñêèå îòêëîíåíèÿ ðàñ-
÷åòíûõ âåëè÷èí îò èçìåðåííûõ èíòåíñèâíîñòåé 
(3,10% äëÿ 1-é è 3,35% äëÿ 2-é ãåêñàäû) áëèçêè  
ê  ýêñïåðèìåíòàëüíîé  òî÷íîñòè  èñõîäíûõ äàííûõ. 

 
Ò à á ë è ö à  2  

Ïàðàìåòðû ïðåîáðàçîâàííîãî äèïîëüíîãî ìîìåíòà äëÿ êîëåáàòåëüíûõ ñîñòîÿíèé 1-é ãåêñàäû H2 
32S (â Ä⋅⋅⋅⋅Ì) 

N M (101) (021) (120) (040) (200) (002) 
1 ⋅ 10–3  –3,03999(474)   0,90134 (133)   0,46750 (122)  –0,155112(626)   2,09359(220)   0,89228(274)
2 ⋅ 10–6 –0,6858(283)  –0,2055(124) –0,09422(849)  –0,4338(326) 
3 ⋅ 10–5  0,25476(781)  0,06507(467)   0,1358(127) 
4 ⋅ 10–4  0,21448(377) –0,18493(203) 0,22597(158) –0,20906(831) –0,36962(214)   0,09279(417)
5 ⋅ 10–5   0,9466(104) 0,0454(500) –2,3671(224) 3,1235(269) 
6 ⋅ 10–4 –0,45782(300)  0,14272(163)      –0,013862(690)
7 ⋅ 10–6 –0,3572(342)  –0,4066(208) –0,1250(129)  –0,1532(407) 
8 ⋅ 10–6 –0,7200(273)      
ÑÊÎ, % 2,51 2,99 3,45 4,60 3,36 3,25 

×èñëî ëèíèé 470 291 154 92 355 134 
 

Ï ð è ì å ÷ à í è å .  ÑÊÎ – ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå, %. Â ñêîáêàõ ïðèâåäåíû 68%-å äîâåðèòåëüíûå 
èíòåðâàëû. 



988 Íàóìåíêî Î.Â., Ïîëîâöåâà Å.Ð. 
 

Ò à á ë è ö à  3  

Ïàðàìåòðû ïðåîáðàçîâàííîãî  äèïîëüíîãî ìîìåíòà äëÿ êîëåáàòåëüíûõ ñîñòîÿíèé 2-é ãåêñàäû H2 
32S (â Ä⋅⋅⋅⋅Ì) 

N Ì (111) (031) (130) (210) (050) (012) 

1 ⋅ 10–3 –1,87165(220) –0,166157(640) 0,211757(780) 0,81564(210) –0,060859(350)  

2 ⋅ 10–7   –0,493(110) –0,576(140)   

3 ⋅ 10–6 0,3205(440) –0,1888(200) –0,3033(380) 0,1635(260) –0,1245(250)  

4 ⋅ 10–5 –0,2692(260) –0,2371(110) –0,4678(140) 0,3190(140) 0,10009(570)  

5 ⋅ 10–6   –0,3457(880) 12,055(140) 0,1004(230)  

6 ⋅ 10–4 –0,11209(170) –0,010139(800)     

7 ⋅ 10–7   –0,703(147)  –0,8890(770)  

8 ⋅ 10–6 –0,1705(170) –0,22317(900) –0,0663(150) 0,1002(180) 0,0916(110)  

ÑÊÎ, % 2,98 4,63 3,83 3,13 4,07 4,98 
×èñëî ëèíèé 497 102 138 284 60 7 

 

Ñì. ïðèìå÷àíèå ê òàáë. 2.  

 

Àäåêâàòíîñòü âîëíîâûõ ôóíêöèé äëÿ «òåìíî-
ãî» ñîñòîÿíèÿ (012) ïîäòâåðæäàåòñÿ òåì, ÷òî èíòåí-
ñèâíîñòè ïåðåõîäîâ ïîëîñû (012)–(000) óäîâëåòâî-
ðèòåëüíî ðàññ÷èòûâàþòñÿ, íåñìîòðÿ íà òî ÷òî âñå 
ïàðàìåòðû ìîìåíòà ïåðåõîäà äëÿ ñîñòîÿíèÿ (012) 
ðàâíû íóëþ. Õîðîøåå ñîãëàñèå ýêñïåðèìåíòàëüíûõ 
è ðàñ÷åòíûõ ñïåêòðîâ â öåëîì äëÿ îáåèõ ãåêñàä 
î÷åâèäíî òàêæå èç ðèñ. 1.  

 
 

4500 5000 5500 6000 6500
0,000

0,002

0,004

0,006

0,008

0,010

4500 5000 5500 6000 6500
0,000

0,002

0,004

0,006

0,008

0,010

2-ÿ  ãåêñàäà

1-ÿ  ãåêñàäà Ðàñ÷åò

 

2-ÿ  ãåêñàäà

1-ÿ  ãåêñàäà
Ýêñïåðèìåíò

 
 ×àñòîòà, ñì–1 

Ðèñ. 1. Ýêñïåðèìåíòàëüíûé è ðàñ÷åòíûé ñïåêòðû 
ïîãëîùåíèÿ H2

32S â îáëàñòè 1-é è 2-é ãåêñàä 

Âìåñòå ñ òåì íåîáõîäèìî îòìåòèòü, ÷òî ïîëó-
÷åííûé íàáîð ïàðàìåòðîâ (òàáë. 3) íå âîñïðîèçâîäèò 
íà óðîâíå ýêñïåðèìåíòàëüíîé òî÷íîñòè èíòåíñèâíî-
ñòè îòäåëüíûõ ïåðåõîäîâ íà ñîñòîÿíèå (210) (îò-
êëîíåíèÿ äîñòèãàþò 10–20%). 

Õîòÿ â ñëó÷àå ïåðåõîäîâ íà ñîñòîÿíèÿ 1-é äå-
êàäû èíòåíñèâíîñòè áûëè èçâåñòíû ïðèáëèæåííî,  
ñ òî÷íîñòüþ íå âûøå 15–20%, è â ýòîì ñëó÷àå áûëè 
âîññòàíîâëåíû ïàðàìåòðû ïðåîáðàçîâàííîãî ìîìåíòà 
ïåðåõîäà äëÿ ñîñòîÿíèé äåêàäû èç ïîäãîíêè ê 931 
íàèëó÷øåé èçìåðåííîé âåëè÷èíå. Ýòè ïàðàìåòðû 
âìåñòå ñî ñðåäíåêâàäðàòè÷åñêèìè îòêëîíåíèÿìè äëÿ 
êàæäîãî èññëåäîâàííîãî ñîñòîÿíèÿ ïðåäñòàâëåíû  
â òàáë. 4. Îòìåòèì, ÷òî äëÿ ñîñòîÿíèÿ (220) âàðüè-
ðîâàëñÿ òîëüêî îäèí ïàðàìåòð. Ýòî îáóñëîâëåíî òåì, 
÷òî ëèíèè ïîëîñû (220)–(000) â áîëüøîé ñòåïåíè 
çàèìñòâóþò èíòåíñèâíîñòü îò ëèíèé – ðåçîíàíñíûõ 
ïàðòíåðîâ áîëåå ñèëüíîé ïîëîñû (121)–(000) çà ñ÷åò 
ïåðåìåøèâàíèÿ âîëíîâûõ ôóíêöèé. Ñîãëàñèå ýêñïå-
ðèìåíòàëüíîãî è ðàñ÷åòíîãî ñïåêòðîâ â îáëàñòè 1-é 
äåêàäû ïðîäåìîíñòðèðîâàíî íà ðèñ. 2. 

Ïîñêîëüêó îáðàòíûå çàäà÷è äëÿ öåíòðîâ è èí-
òåíñèâíîñòåé îñíîâíîé èçîòîïíîé ìîäèôèêàöèè 
H2

32S áûëè ðåøåíû, ðàññìîòðåíèå èçîòîïîìåðîâ 
H2

33S è H2
34S çíà÷èòåëüíî óïðîñòèëîñü. Íà÷àëüíûå 

âðàùàòåëüíûå è öåíòðîáåæíûå ïîñòîÿííûå ãàìèëü-
òîíèàíà äëÿ èçîòîïíûõ ìîäèôèêàöèé áûëè ðàññ÷è-
òàíû èç ïàðàìåòðîâ äëÿ îñíîâíîãî èçîòîïà ïðè ïî-
ìîùè èçîòîïè÷åñêèõ ñîîòíîøåíèé: 

 1 2 3 1 2 3

000

iso

iso main 000

main

VVV VVV A
A A

A
= , 

à íà÷àëüíûå çíà÷åíèÿ ðåçîíàíñíûõ êîíñòàíò áûëè 
ïðîñòî ïðèðàâíåíû ê ñîîòâåòñòâóþùèì âåëè÷èíàì 
äëÿ îñíîâíîãî èçîòîïà. Çàòåì íåêîòîðûå ïàðàìåòðû 
èçîòîïîìåðîâ H2

33S è H2
34S áûëè óòî÷íåíû èç ïîä-

ãîíêè ê ýêñïåðèìåíòàëüíûì óðîâíÿì. 
Èíòåíñèâíîñòè èçîòîïíûõ ëèíèé ïîãëîùåíèÿ 

H2S áûëè ðàññ÷èòàíû ñ èñïîëüçîâàíèåì ïàðàìåòðîâ 
äèïîëüíîãî ìîìåíòà îñíîâíîé ìîäèôèêàöèè è íîð-
ìèðîâàíû íà èçîòîïíîå ñîäåðæàíèå. Íàêîíåö, èí-
òåíñèâíîñòè ëèíèé «ãîðÿ÷èõ» ïîëîñ áûëè ðàññ÷è-
òàíû ñ èñïîëüçîâàíèåì ïàðàìåòðîâ ìîìåíòà ïåðå-
õîäà äëÿ ñîîòâåòñòâóþùèõ «õîëîäíûõ» ïîëîñ. 



 

 Áàçà äàííûõ ïî ïîãëîùåíèþ ñåðîâîäîðîäà â îáëàñòè 4400–11400 ñì–1 989 
4.* 

Ò à á ë è ö à  4  

Ïàðàìåòðû ïðåîáðàçîâàííîãî äèïîëüíîãî ìîìåíòà äëÿ êîëåáàòåëüíûõ ñîñòîÿíèé 1-é äåêàäû H2
32S (â 10–5 Ä) 

N (003) (201) (121) (102) (300) (220) 
1 –19,0429(230) 46,994(190) –21,593(220) 18,006(310) –26,628(140)  
2 –0,01490(210)   –0,02299(330)   
3 –0,03002(780)    0,0594(100)   
4  0,5192(370)  0,4846(300) –0,4223(320)   
5   –0,4114(390)  0,5752(210) –0,5469(180) –0,9538(490)
6  1,6779(330)    0,03457(560)  
7   –0,10112(100)  –0,02743(390)  
8   –0,04484(430)    

ÑÊÎ, % 13,6863934 10,0060154 13,8226205 11,8127993 12,8431081 13,5276369 
×èñëî ëèíèé 148 289 135 141 198 20 

 

Ñì. ïðèìå÷àíèå ê òàáë. 2. 
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×àñòîòà, ñì–1 

Ðèñ. 2. Ýêñïåðèìåíòàëüíûé è ðàñ÷åòíûé ñïåêòðû 
ïîãëîùåíèÿ Í2

32S â îáëàñòè 1-é äåêàäû 

3. Áàçà äàííûõ ïî ïîãëîùåíèþ H2S  

â äèàïàçîíå 4400–11400 ñì
–1 

 

Äëÿ ñîñòàâëåíèÿ ïîäðîáíîé è âûñîêîòî÷íîé 
áàçû äàííûõ ïî ïîãëîùåíèþ ñåðîâîäîðîäà â äèàïà-
çîíå 4470–8040 ñì–1 áûëè ðàññ÷èòàíû ñèíòåòè÷å-
ñêèå ñïåêòðû H2

32S, H2
33S, H2

34S, âêëþ÷àÿ «ãîðÿ÷èå 
ïîëîñû». Äëÿ äîñòèæåíèÿ âûñîêîé òî÷íîñòè äàííûõ 
öåíòðû ëèíèé ïîãëîùåíèÿ ðàññ÷èòûâàëèñü òîëüêî èç 
ýêñïåðèìåíòàëüíûõ âåðõíèõ óðîâíåé. Â ñîîòâåòñòâèè 
ñ ýòèì ìû îöåíèâàåì òî÷íîñòü öåíòðîâ ëèíèé â áàçå 
äàííûõ â äèàïàçîíå 4470–8040 ñì–1 íà óðîâíå 
0,0001–0,015 ñì–1. Èíòåíñèâíîñòè âñåõ ëèíèé ïî-
ãëîùåíèÿ áûëè ðàññ÷èòàíû íà îñíîâå âîññòàíîâ-
ëåííûõ ïàðàìåòðîâ äèïîëüíîãî ìîìåíòà. Â áàçó 
äàííûõ âêëþ÷àëèñü âñå ëèíèè ïîãëîùåíèÿ ñ èíòåí-
ñèâíîñòüþ ≥ 10–7 ñì–2 ⋅ àòì–1. 

Èñõîäÿ èç ïðîòåñòèðîâàííîé ïðåäñêàçàòåëüíîé 
ñïîñîáíîñòè ïàðàìåòðîâ ìîìåíòà ïåðåõîäà îñóùåñò-
âëåíà îöåíêà òî÷íîñòè ðàñ÷åòíûõ èíòåíñèâíîñòåé 
äëÿ «õîëîäíûõ» ïîëîñ âñåõ èññëåäîâàííûõ èçîòî-
ïîìåðîâ H2S â äèàïàçîíå 4470–8040 ñì–1. Ïîãðåø-
íîñòü ðàñ÷åòíûõ èíòåíñèâíîñòåé ∆I âàðüèðóåòñÿ îò 
< 5 äî ≥ 20% (òàáë. 5). ×òî êàñàåòñÿ ëèíèé «ãîðÿ-
÷èõ» ïîëîñ â ýòîì äèàïàçîíå, òî, ñ ó÷åòîì èñïîëü-
çîâàíèÿ óïðîùåííîé ôîðìóëû äëÿ èõ ðàñ÷åòà, ïî-
ãðåøíîñòü ∆I ≥ 20%. 

Ïîñêîëüêó òî÷íûå èçìåðåíèÿ èíòåíñèâíîñòåé 
äëÿ Ôóðüå-ñïåêòðà â îáëàñòè 7200–7900 ñì–1 íå 
ïðîâîäèëèñü, ðàñ÷åòíûå äàííûå áûëè ïîëó÷åíû íà 
îñíîâå ïàðàìåòðîâ ìîìåíòà ïåðåõîäà, âîññòàíîâ-
ëåííûõ èç ïîäãîíêè ê 931 ïðèáëèæåííîìó ýêñïå-
ðèìåíòàëüíîìó çíà÷åíèþ (ñì. òàáë. 4). Ïðè ýòîì 
âàðüèðîâàíèåì 21 ïàðàìåòðà áûëî äîñòèãíóòî âîñ-
ñòàíîâëåíèå èñõîäíûõ äàííûõ íà óðîâíå 12%. 
 

Ò à á ë è ö à  5  

Òî÷íîñòü ðàñ÷åòíûõ èíòåíñèâíîñòåé â áàçå äàííûõ ïî ïîãëîùåíèþ ñåðîâîäîðîäà 

Èíòåíñèâíîñòü, ñì–2 ⋅ àòì–1 Èçîòîï Òèï ïîëîñû Ïîãðåøíîñòü, % Äèàïàçîí, ñì–1 

I > 10–4 32 «õîëîäíàÿ» < 5 
5 ⋅ 10–6 < I ≤ 10–4 32 » ≤ 10 
10–6 < I ≤ 5 ⋅ 10–6 32 » < 20 

I ≤ 10–6 32 » ≥ 20 
Âñå èíòåíñèâíîñòè 32 «ãîðÿ÷àÿ» ≥ 20 

I > 5 ⋅ 10–5 33,34 «õîëîäíàÿ» ≤ 10 
5 ⋅ 10–6 < I ≤ 5 ⋅ 10–5 33,34 » < 20 

I ≤ 5 ⋅ 10–6 33,34 » ≥ 20 

4470–6700 

Âñå èíòåíñèâíîñòè 32,33,34 «õîëîäíàÿ» ≥ 20 7050–8040 
 



 

990 Íàóìåíêî Î.Â., Ïîëîâöåâà Å.Ð. 
 

Îäíàêî ñ ó÷åòîì áîëüøîé äèñïåðñèè îòêëîíåíèé 
ðàñ÷åòíûõ äàííûõ îò ýêñïåðèìåíòà (îò 1 äî 30%)  
è âîçìîæíîé àáñîëþòíîé ïîãðåøíîñòè ∆I äëÿ âñåõ 
ðàñ÷åòíûõ èíòåíñèâíîñòåé â ýòîì äèàïàçîíå ðàâíà 
èëè áîëüøå 20%. 

Äëÿ âíóòðèðåçîíàòîðíûõ ñïåêòðîâ â äèàïà- 
çîíå 9400–11400 ñì–1 â áàçó äàííûõ áûëè çàíåñå- 
íû ýêñïåðèìåíòàëüíûå öåíòðû ëèíèé ïîãëîùåíèÿ  
è ðàñ÷åòíûå èíòåíñèâíîñòè, áîëüøå èëè ðàâíûå 
2 ⋅ 10–9 ñì–2

 ⋅ àòì–1. Òî÷íîñòü ýòèõ äàííûõ ïîäðîáíî 
îáñóæäàåòñÿ â ðàáîòàõ [4, 5]. Îòìåòèì òîëüêî, ÷òî 
ñðåäíÿÿ ïîãðåøíîñòü öåíòðîâ ëèíèé âî âíóòðèðåçî-
íàòîðíûõ ñïåêòðàõ ñîñòàâëÿåò 0,003–0,006 ñì–1, åñëè 
ñóäèòü ïî òî÷íîñòè âûïîëíåíèÿ êîìáèíàöèîííîãî 
ïðàâèëà. Íî ñ ó÷åòîì âîçìîæíîé àáñîëþòíîé îøèáêè 
êàëèáðîâêè ñðåäíÿÿ ïîãðåøíîñòü öåíòðîâ ëèíèé ñî-
ñòàâëÿåò ìåíåå 0,01 ñì–1. Èíòåíñèâíîñòè äëÿ âíóòðè-
ðåçîíàòîðíûõ ñïåêòðîâ áûëè ãðóáî îöåíåíû èç ïî-
ãëîùåíèÿ â ïèêàõ ëèíèé è çàòåì íîðìèðîâàíû íà 
Ôóðüå-äàííûå [6], êîòîðûå òàêæå ïðåäñòàâëÿëè ñî-
áîé ïðèáëèæåííûå îöåíêè. Òî÷íîñòü ðàñ÷åòíûõ èí-
òåíñèâíîñòåé äëÿ âíóòðèðåçîíàòîðíûõ èçìåðåíèé 
ìîæåò áûòü îöåíåíà 20–30% äëÿ ñèëüíûõ è ñðåäíèõ 
ëèíèé è äî 100% äëÿ ñëàáûõ ëèíèé, ïðè÷åì èíòåí-
ñèâíîñòü ïîñëåäíèõ ïðåäñòàâëÿåòñÿ çàâûøåííîé. 

Ñîäåðæàíèå áàçû äàííûõ ãðàôè÷åñêè ïðåä-
ñòàâëåíî íà ðèñ. 3. Áàçà äàííûõ âêëþ÷àåò îêîëî 
29 000 êîëåáàòåëüíî-âðàùàòåëüíûõ ïåðåõîäîâ H2

32S, 
H2

33S, H2
34S íà 59 âåðõíèõ êîëåáàòåëüíûõ ñîñòîÿ-

íèé. Â òàáë. 6 ïðèâîäÿòñÿ öåíòðû è èíòåãðàëüíûå 
èíòåíñèâíîñòè ïîëîñ, âêëþ÷åííûõ â áàçó, à òàêæå 
êîëè÷åñòâî ëèíèé äëÿ ýòèõ ïîëîñ. Îòìåòèì, ÷òî 

èíòåãðàëüíûå èíòåíñèâíîñòè ñëàáûõ ïîëîñ (042)–
(000), (240)–(000), (231)–(000), (132)–(000) H2

32S, 
îáðàçîâàííûõ ïåðåõîäàìè íà «òåìíûå» ñîñòîÿíèÿ, 
îöåíåíû êàê ñóììà îòäåëüíûõ ëèíèé, çàèìñòâóþ-
ùèõ ñâîþ èíòåíñèâíîñòü îò áîëåå ñèëüíûõ ëèíèé – 
ðåçîíàíñíûõ ïàðòíåðîâ. 
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Ðèñ. 3. Ñèíòåòè÷åñêèé ñïåêòð ïîãëîùåíèÿ ñåðîâîäîðîâîäà 
â äèàïàçîíå 4400–11400 ñì–1: à – ëîãàðèôìè÷åñêàÿ øêàëà; 
 á – ëèíåéíàÿ øêàëà 

 

Ò à á ë è ö à  6  

Ñîäåðæàíèå áàçû äàííûõ ïî ïîãëîùåíèþ H2S â äèàïàçîíå 4400–11400 ñì–1 

Ñîñòîÿíèå 
âåðõíåå íèæíåå H2 

32S H2H2 
33S H2 

34S 

 V1 V2 V3  V1 V2 V3 
Öåíòð 

ïîëîñû, 
ñì–1 

Èíòåãðàëüíàÿ 
èíòåíñèâíîñòü, 

ñì ⋅ ìîë–1 

×èñëî 
ëèíèé 

Èíòåãðàëüíàÿ 
èíòåíñèâíîñòü, 

ñì ⋅ ìîë–1 

×èñëî 
ëèíèé 

Èíòåãðàëüíàÿ 
èíòåíñèâíîñòü, 

ñì ⋅ ìîë–1 

×èñëî 
ëèíèé 

 0 4 0  0 0 0 4661,673 4,92 ⋅ 10–23 535     
 1 2 0  0 0 0 4932,699 5,19 ⋅ 10–22 844   1,64 ⋅ 10–23 216 
 0 2 1  0 0 0 4939,104 1,58 ⋅ 10–21 1169 7,94 ⋅ 10–24 166 6,55 ⋅ 10–23 454 
 2 1 0  0 1 0 5105,569 2,64 ⋅ 10–23 326     
 1 1 1  0 1 0 5106,596 6,13 ⋅ 10–23 403     
 2 0 0  0 0 0 5144,986 8,81 ⋅ 10–21 1636 5,58 ⋅ 10–23 298 3,61 ⋅ 10–22 627 
 1 0 1  0 0 0 5147,220 1,86 ⋅ 10–20 1886 1,21 ⋅ 10–22 392 8,17 ⋅ 10–22 915 
 0 0 2  0 0 0 5243,101 1,76 ⋅ 10–21 1220 7,32 ⋅ 10–24 143 7,01 ⋅ 10–23 448 
 0 5 0  0 0 0 5797,235 6,39 ⋅ 10–24 203     
 1 3 0  0 0 0 6074,581 9,03 ⋅ 10–23 566   1,87 ⋅ 10–24 80 
 0 3 1  0 0 0 6077,595 8,32 ⋅ 10–23 541   4,41 ⋅ 10–25 17 
 2 2 0  0 1 0 6237,339 1,04 ⋅ 10–23 248     
 1 2 1  0 1 0 6237,515 3,49 ⋅ 10–23 380     
 2 1 0  0 0 0 6288,146 2,23 ⋅ 10–21 1484 1,33 ⋅ 10–23 229 9,74 ⋅ 10–23 567 
 1 1 1  0 0 0 6289,173 7,96 ⋅ 10–21 1423 6,09 ⋅ 10–23 432 3,47 ⋅ 10–22 743 
 0 1 2  0 0 0 6385,299 4,99 ⋅ 10–23 127 2,17 ⋅ 10–25 6 1,86 ⋅ 10–24 21 
 2 2 0  0 0 0 7419,916 2,04 ⋅ 10–23 198     
 1 2 1  0 0 0 7420,092 1,28 ⋅ 10–22 539     
 2 0 1  0 0 0 7526,545 6,40 ⋅ 10–22 794     
 1 0 2  0 0 0 7576,381 1,86 ⋅ 10–22 601     
 3 0 0  0 0 0 7752,264 2,09 ⋅ 10–22 601     
 0 0 3  0 0 0 7779,319 1,33 ⋅ 10–22 560     
 0 4 2  0 0 0 9647,774 5,31 ⋅ 10–26 17     



 Áàçà äàííûõ ïî ïîãëîùåíèþ ñåðîâîäîðîäà â îáëàñòè 4400–11400 ñì–1 991 
 

      Î ê î í ÷ à í è å  ò à á ë .  6

Ñîñòîÿíèå 
âåðõíåå íèæíåå H2 

32S H2H2 
33S H2 

34S 

 V1 V2 V3  V1 V2 V3 
Öåíòð 

ïîëîñû, 
ñì–1 

Èíòåãðàëüíàÿ 
èíòåíñèâíîñòü,

ñì ⋅ ìîë–1 

×èñëî 
ëèíèé 

Èíòåãðàëüíàÿ 
èíòåíñèâíîñòü, 

ñì ⋅ ìîë–1 

×èñëî 
ëèíèé 

Èíòåãðàëüíàÿ 
èíòåíñèâíîñòü, 

ñì ⋅ ìîë–1 

×èñëî 
ëèíèé 

 2 4 0  0 0 0 9744,888 2,77 ⋅ 10–27 6     
 2 2 1  0 0 0 9806,667 3,45 ⋅ 10–24 656   7,19 ⋅ 10–26 111 
 1 2 2  0 0 0 9806,733 1,50 ⋅ 10–24 492   1,23 ⋅ 10–26 24 
 1 4 1  0 0 0 9847,167 4,68 ⋅ 10–25 385     
 2 0 2  0 0 0 9911,023 5,91 ⋅ 10–24 840 5,53 ⋅ 10–27 16 1,37 ⋅ 10–25 122 
 3 0 1  0 0 0 9911,023 2,01 ⋅ 10–23 1074     
 2 3 1  0 0 0 10905,790 1,48 ⋅ 10–26 11     
 1 3 2  0 0 0 10905,790 1,33 ⋅ 10–26 10     

 3 1 1  0 0 0 11008,652 1,42 ⋅ 10–23 902 3,68 ⋅ 10–26 54 5,80 ⋅ 10–25 352 
 2 1 2  0 0 0 11008,680 8,44 ⋅ 10–24 996 1,91 ⋅ 10–26 33 3,34 ⋅ 10–25 287 
 3 3 0  0 0 0 11097,161 2,23 ⋅ 10–25 232     

 

Ï ð è ì å ÷ à í è å .  Ñóììàðíîå ÷èñëî ëèíèé â áàçå äàííûõ ðàâíî 28992. 
 

Çàêëþ÷åíèå 

 
Ñîçäàííàÿ ïîäðîáíàÿ âûñîêîòî÷íàÿ áàçà äàííûõ 

ïî ïîãëîùåíèþ H2S â äèàïàçîíå 4400–11400 ñì–1 
ñîäåðæèò îêîëî 29 000 êîëåáàòåëüíî-âðàùàòåëüíûõ 
ïåðåõîäîâ íà 59 âåðõíèõ êîëåáàòåëüíûõ ñîñòîÿíèé 
H2

32S, H2
33S, H2

34S. Ýòà èíôîðìàöèÿ ìîæåò áûòü 
èñïîëüçîâàíà â ïðèêëàäíûõ çàäà÷àõ ïî äåòåêòèðî-
âàíèþ ñåðîâîäîðîäà. Ñîçäàííûé ñèíòåòè÷åñêèé 
ñïåêòð H2

32S çàïèñàí â óäîáíîì ôîðìàòå è ìîæåò 
áûòü âêëþ÷åí â èìåþùèåñÿ áàíêè ñïåêòðîñêîïè÷å-
ñêîé èíôîðìàöèè, òàêèå êàê HITRAN è GEISA. 

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå 
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O.V. Naumenko, E.R. Polovtseva. Database on the hydrogen sulfide absorption in the 4400–11400 cm–1 

region. 
A detailed rovibrational absorption spectrum of the H2S molecule is calculated in the 4400– 11400 cm–1 

spectral region. The present compilation is based on the theoretical analysis of the Fourier-Transform high-
resolution spectra recorded in Kitt Peak National Observatory (USA) and intracavity spectra measured in Josef 
Fourier University (Grenoble, France). The spectrum contains about 29 000 lines with intensities greater than 
10–7 cm–2

 ⋅ atm–1 for FT spectra and greater than 2 ⋅ 10–9 cm–2
 ⋅ atm–1 for intracavity spectra. These lines belong 

to 59 vibrational bands of the H2
32S, H2

33S, and H2
34S molecules including some «hot» bands originating from 

the (010) state. In case of FT spectra (4400–8040 cm–1), line positions are accurate (within 0.0001–0.015 cm–1) 
values calculated from the experimental upper energy levels. Line intensities for FT spectra were calculated  
using the transformed transition moment parameters retrieved from the fitting to experimental data for the «cold» 
bands of the H2

32S molecule. The accuracy of line intensities calculation varies from 3 to 20%. The experimental 
positions and calculated intensities are presented in the database for intracavity spectra (9400–11400 cm–1); the 
measurement accuracy is 0.003–0.025 cm–1 for line positions and 20–30% for line intensities. 


