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Ñ ïîìîùüþ âíóòðèðåçîíàòîðíîãî ëàçåðíîãî ñïåêòðîìåòðà â îáëàñòè 1,06 ìêì ïðîâåäåíû èññëåäîâàíèÿ 

îêèñëîâ æåëåçà, õðîìà, ìàðãàíöà, öèðêîíèÿ è ïðîìûøëåííîãî ãðàôèòà, âîçáóæäåííûõ ëàçåðíûì ôàêåëîì. 
Ïðîâåäåíà èäåíòèôèêàöèÿ ñïåêòðîâ ïîãëîùåíèÿ ìîëåêóë C2, èíòåðïðåòèðîâàíû âðàùàòåëüíûå ëèíèè ïåðåõî-
äîâ 3–0, 4–1 è 5–2 b3
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Âî âòîðîé ïîëîâèíå ÕÕ â. èíòåíñèâíî íà÷àë 
ðàçâèâàòüñÿ ìåòîä èññëåäîâàíèÿ âåùåñòâ, âîçáóæ-
äåííûõ â ëàçåðíîì ôàêåëå. Îí îñíîâàí íà òîì, ÷òî 
ïîä äåéñòâèåì ëàçåðíîãî èçëó÷åíèÿ íà òâåðäóþ ìè-
øåíü ïðîèñõîäÿò èñïàðåíèå âåùåñòâà ìèøåíè è îá-
ðàçîâàíèå ïëàçìû, èçëó÷åíèå êîòîðîé ðåãèñòðèðóåò-
ñÿ ñïåêòðàëüíîé àïïàðàòóðîé. Â àíãëîÿçû÷íîé ëè-
òåðàòóðå òàêîé ìåòîä íàçûâàþò «laser-induced break-
down spectroscopy» (LIBS). Â ïåðâûõ ýêñïåðèìåí-
òàõ [1] äëÿ âîçáóæäåíèÿ ïëàçìû èñïîëüçîâàëñÿ ðó-
áèíîâûé ëàçåð (694 íì) ñ äëèòåëüíîñòüþ ãåíåðàöèè 
50 íñ. Èç-çà òðóäíîñòè êîíòðîëÿ è ñëîæíîñòè ïî-
ëó÷åíèÿ ñòàáèëüíûõ ïàðàìåòðîâ ãåíåðàöèè îò èì-
ïóëüñà ê èìïóëüñó äàííûé ìåòîä íå ïîëó÷èë â òî 
âðåìÿ øèðîêîãî ðàñïðîñòðàíåíèÿ. 

Áëàãîäàðÿ ñîçäàíèþ ýêñèìåðíûõ è Nd:YAG-ëà- 
çåðîâ è ÷óâñòâèòåëüíûõ ïðèåìíèêîâ èçëó÷åíèÿ LIBS-
ìåòîä íà÷èíàåò áóðíî ðàçâèâàòüñÿ. Îáëàñòè èññëå-
äîâàíèé ðàçíîîáðàçíû – àíàëèç ìàòåðèàëîâ â ðåàëü-
íîì ìàñøòàáå âðåìåíè, äèàãíîñòèêà ïðîöåññîâ ãîðå-
íèÿ, áèîëîãè÷åñêèå ïðèëîæåíèÿ, îáíàðóæåíèå ñëå-
äîâûõ êîíöåíòðàöèé ãàçîâ, êîíòðîëü çàãðÿçíåíèÿ 

îêðóæàþùåé ñðåäû è ò.ä. [2–5]. Ñòàòüè, ïîñâÿùåí-
íûå èñïîëüçîâàíèþ LIBS-ìåòîäà, ðåãóëÿðíî ïîÿâ-
ëÿþòñÿ â íàó÷íûõ æóðíàëàõ, íî îíè ïîñâÿùåíû èñ-
ñëåäîâàíèþ ñïåêòðîâ èçëó÷åíèÿ, ïîëó÷àåìûõ, êàê 
ïðàâèëî, ñ íèçêèì ñïåêòðàëüíûì ðàçðåøåíèåì. Íî-
âûå âîçìîæíîñòè îòêðûâàåò â ýòîé îáëàñòè ìåòîä 
âíóòðèðåçîíàòîðíîé (ÂÐ) ñïåêòðîñêîïèè. Áëàãîäàðÿ 
âûñîêîé ÷óâñòâèòåëüíîñòè ïî ïîãëîùåíèþ è âûñî-
êîìó ñïåêòðàëüíîìó ðàçðåøåíèþ ìåòîä ÂÐ-ñïåêòðî- 
ñêîïèè ïîçâîëÿåò èññëåäîâàòü ñëàáûå ñïåêòðû ïî-
ãëîùåíèÿ ìîëåêóë, âîçáóæäåííûõ ñ ïîìîùüþ ëàçåð-
íîãî ôàêåëà. Îäíàêî ê íàñòîÿùåìó âðåìåíè âûïîë-
íåíî êðàéíå ìàëî ðàáîò, â êîòîðûõ ñî÷åòàþòñÿ îä-
íîâðåìåííî ýòè äâà ìåòîäà. Ýòè ðàáîòû ïîñâÿùåíû 
èññëåäîâàíèÿì ïàðàìåòðîâ ïëàçìû ñ ïîìîùüþ ÂÐ-
ñïåêòðîìåòðà â âèäèìîì äèàïàçîíå äëèí âîëí [6, 7]. 
  Â äàííîé ñòàòüå ñîîáùàåòñÿ î ñîçäàíèè ñïåê-
òðîìåòðà, ðàáîòàþùåãî â îáëàñòè 1,06 ìêì, â êîòî-
ðîì èñïîëüçóåòñÿ ÂÐ-ìåòîä ðåãèñòðàöèè ñïåêòðîâ 
ïîãëîùåíèÿ ìîëåêóë, âîçáóæäåííûõ â ëàçåðíîì 
ôàêåëå. Ðàáîòà ñïåêòðîìåòðà ïðîäåìîíñòðèðîâàíà 

íà ïðèìåðå ðåãèñòðàöèè ñïåêòðîâ ïîãëîùåíèÿ îêè-
ñëîâ ìåòàëëîâ è òåõíè÷åñêîãî ãðàôèòà. Çàðåãèñòðè-
ðîâàíî ìíîãî íîâûõ ëèíèé â ñïåêòðå ïîãëîùåíèÿ,  
è ïðîâåäåíà èäåíòèôèêàöèÿ ñïåêòðà ïîãëîùåíèÿ ìî- 
ëåêóëû Ñ2. 

 

Îñíîâû ìåòîäà 
 
Ìåòîä âíóòðèðåçîíàòîðíîé ëàçåðíîé ñïåêòðî-

ñêîïèè îñíîâàí íà ãàøåíèè ñïåêòðà ãåíåðàöèè ëàçå-
ðà â îòäåëüíûõ èíòåðâàëàõ ÷àñòîò, ñîîòâåòñòâóþùèõ 
ëèíèÿì ïîãëîùåíèÿ âåùåñòâà, âíåñåííîãî â ðåçîíà-
òîð [8]. Ñïåêòð èçëó÷åíèÿ ëàçåðà èìååò ðåçêèå ïðî-
âàëû íà ÷àñòîòàõ ëèíèé ïîãëîùåíèÿ, êîòîðûå ìîãóò 

áûòü çàðåãèñòðèðîâàíû îáû÷íîé ñïåêòðàëüíîé àïïà-
ðàòóðîé. Ôîðìóëà, îïèñûâàþùàÿ îñëàáëåíèå èçëó-
÷åíèÿ çà ñ÷åò ïîãëîùåíèÿ âåùåñòâà â ðåçîíàòîðå 

ëàçåðà, èìååò âèä 
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ãäå J(ν, t0) – ñïåêòð èçëó÷åíèÿ ëàçåðà, ñôîðìèðî-
âàííûé ê íà÷àëó èìïóëüñà ãåíåðàöèè; K(ν) – ñïåê-
òðàëüíûé êîýôôèöèåíò ïîãëîùåíèÿ; ñ – ñêîðîñòü 
ñâåòà; t – äëèòåëüíîñòü êâàçèíåïðåðûâíîé ãåíåðàöèè 
ëàçåðà; t0 – äëèòåëüíîñòü ãåíåðàöèè ëàçåðà â íà-
÷àëüíûé ìîìåíò âðåìåíè; Lï – äëèíà ïîãëîùàþùåãî 
ñëîÿ; Lð – äëèíà ðåçîíàòîðà. 

Ëàçåð èìèòèðóåò ìíîãîõîäîâóþ ïîãëîùàþùóþ 
êþâåòó, íî ñî çíà÷èòåëüíî áîëüøåé ýôôåêòèâíîé 
äëèíîé Lýô. Â îòëè÷èå îò ìíîãîõîäîâîé êþâåòû 
óìåíüøåíèå èíòåíñèâíîñòè ëàçåðíîãî èçëó÷åíèÿ çà 
ñ÷åò ïîòåðü êîìïåíñèðóåòñÿ óñèëåíèåì åå ïðè ïðî-
õîæäåíèè èçëó÷åíèÿ ÷åðåç àêòèâíóþ ñðåäó ëàçåðà. 
Ïðè äëèòåëüíîñòè êâàçèíåïðåðûâíîé ãåíåðàöèè 1 ìñ 
è ïîëíîì çàïîëíåíèè ðåçîíàòîðà ïîãëîùàþùèì âå-
ùåñòâîì Lýô ìîæåò äîñòèãàòü 300 êì. 

Ñîãëàñíî ëèòåðàòóðíûì äàííûì [9] è íàøèì 
íàáëþäåíèÿì, ãåîìåòðè÷åñêèå ðàçìåðû ôàêåëîâ, âîç-
áóæäàåìûõ ëàçåðíûì èçëó÷åíèåì â çàâèñèìîñòè îò 
òèïà ìèøåíè è ìîùíîñòè ëàçåðà, ìîãóò äîñòèãàòü 
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áîëåå 1 ñì â äèàìåòðå. Ñîãëàñíî ôîðìóëå (1) âåëè-
÷èíà Lýô â ýòîì ñëó÷àå ñîñòàâèò 3 êì, ÷òî ïîçâîëèò 
óâåðåííî ðåãèñòðèðîâàòü î÷åíü ñëàáûå ñïåêòðàëü-
íûå ëèíèè ñ êîýôôèöèåíòàìè ïîãëîùåíèÿ, ðàâíûìè 
10–7 ñì–1. 

 

Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà 
 
Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ïðèâåäåíà 

íà ðèñ. 1. Ñïåêòðîìåòð ñîñòîèò èç êàíàëà ðåãèñòðàöèè 

ñïåêòðîâ ïîãëîùåíèÿ âíóòðèðåçîíàòîðíûì ìåòîäîì 
è êàíàëà âîçáóæäåíèÿ ìîëåêóë â ëàçåðíîì ôàêåëå. 
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Ðèñ. 1. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè: 1 è 6 – çåðêà- 
ëà ðåçîíàòîðà ÂÐ-ñïåêòðîìåòðà; 2 – îïòè÷åñêàÿ êþâåòà  
ñ ïàðàìè âîäû; 3 – ìèøåíü; 4 – àêòèâíûé ýëåìåíò; 5 –
ñôåðè÷åñêàÿ ëèíçà; 7 è 9 – çåðêàëà ðåçîíàòîðà âîçáóæ-
äàþùåãî ëàçåðà; 8 – àêòèâíûé ýëåìåíò; 10 è 12 – ïîäæè-
ãè äëÿ îñíîâíîãî è âîçáóæäàþùåãî ëàçåðîâ; 11 – îñöèë-
ëîãðàô; 13 – äèôðàêöèîííûé ñïåêòðîãðàô ÄÔÑ-8; 14 – 
ôîòîñ÷èòûâàòåëü íà îñíîâå ÏÇÑ-ëèíåéêè; 15 – ïåðñî- 
  íàëüíûé êîìïüþòåð 

 
Â êàíàëå ðåãèñòðàöèè ñïåêòðà èñïîëüçîâàëèñü 

ìíîãîìîäîâûé ëàçåð íà ñòåêëå ñ íåîäèìîì ñ ëàìïî-
âîé íàêà÷êîé è ñïåêòðàëüíûé ïðèáîð âûñîêîãî ðàç-
ðåøåíèÿ ñ îïòè÷åñêèì ìíîãîêàíàëüíûì àíàëèçàòîðîì. 
Ëàçåð, ðàáîòàâøèé â ðåæèìå ñâîáîäíîé ãåíåðàöèè, 
èìåë ãëàäêèé øèðîêîïîëîñíûé ñïåêòð â äèàïàçîíå 

9360–9450 ñì–1. Äëèòåëüíîñòü èìïóëüñà ãåíåðàöèè 

ñîñòàâëÿëà 1000 ìêñ. Äëÿ ðåãèñòðàöèè ñïåêòðà èçëó-
÷åíèÿ ëàçåðà èñïîëüçîâàëñÿ äèôðàêöèîííûé ñïåê-
òðîãðàô ÄÔÑ-8 ñ ôîêóñíûì ðàññòîÿíèåì îáúåêòèâà 

2650 ìì è äèôðàêöèîííîé ðåøåòêîé 150 øò./ìì, 
ðàáîòàâøåé â 12-ì ïîðÿäêå äèôðàêöèè. Ñ ïîìîùüþ 
ÂÐ-ìåòîäà ìîæíî èññëåäîâàòü ñëàáûå ëèíèè ïîãëî-
ùåíèÿ ñî ñïåêòðàëüíûì ðàçðåøåíèåì 0,03 ñì–1. Áî-
ëåå ïîäðîáíî ýòà ÷àñòü ñïåêòðîìåòðà îïèñàíà â ðà-
áîòàõ [10, 11]. 

Â êàíàëå âîçáóæäåíèÿ ìîëåêóë èñïîëüçîâàëñÿ 
òàêîé æå íåîäèìîâûé ëàçåð ñ äëèòåëüíîñòüþ èìïóëüñà 

èçëó÷åíèÿ ïî îñíîâàíèþ 1000 ìêñ è ýíåðãèåé 1 Äæ. 
Èçëó÷åíèå ëàçåðà íà ñòåêëå ñ íåîäèìîì, ñôîêóñè-
ðîâàííîå (ôîêóñíîå ðàññòîÿíèå ëèíçû 150 ìì) íà 

ìèøåíè, ñîçäàâàëî ôàêåë, êîòîðûé ðàñïîëàãàëñÿ íà 

îñè ðåçîíàòîðà ðåãèñòðèðóþùåãî ëàçåðà. Ñõåìà ñèí-
õðîíèçàöèè ïîçâîëÿëà ìåíÿòü çàäåðæêó ìåæäó èì-
ïóëüñàìè ãåíåðàöèè âîçáóæäàþùåãî ëàçåðà è îñíîâ-
íîãî ëàçåðà ÂÐ-ñïåêòðîìåòðà â äèàïàçîíå 0–2000 ìêñ. 

Îáëó÷åíèå ïðîâîäèëîñü â âîçäóõå ïðè êîìíàòíîé 
òåìïåðàòóðå. Èññëåäîâàíèå ðàçëè÷íûõ ÷àñòåé ôàêå-
ëà îñóùåñòâëÿëîñü ïóòåì ñìåùåíèÿ ìèøåíè â íà-
ïðàâëåíèè, ïåðïåíäèêóëÿðíîì îïòè÷åñêîé îñè ðå-
çîíàòîðà. 

 

Ðåçóëüòàòû èçìåðåíèé 
 
Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ èñïîëüçîâà-

ëèñü ðàçëè÷íûå îêèñëû ýëåìåíòîâ 4-ãî ðÿäà Ïåðèî-
äè÷åñêîé òàáëèöû Ìåíäåëååâà – îêèñëû æåëåçà, 
õðîìà, ìàðãàíöà, öèðêîíèÿ è ïðîìûøëåííûé ãðàôèò. 
  1. Îêèñëû ìåòàëëîâ. Ïðè âîçáóæäåíèè îêè-
ñëîâ â ëàçåðíîì ôàêåëå â ñïåêòðå èçëó÷åíèÿ ëàçåðà 
íàáëþäàþòñÿ èíòåíñèâíûå ëèíèè ïîãëîùåíèÿ, ïðè-
÷åì ïðè èñïîëüçîâàíèè ðàçíûõ îêèñëîâ îäíîãî è òîãî 
æå õèìè÷åñêîãî ýëåìåíòà íàáëþäàëèñü îäèíàêîâûå 
ñïåêòðû ïîãëîùåíèÿ (ðèñ. 2). 
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Ðèñ. 2. ÂÐ-ñïåêòð îêèñëîâ õðîìà, âîçáóæäåííûõ ëàçåðíûì 
  ôàêåëîì, â îáëàñòè 9403–9412 ñì–1 

 

Àíàëîãè÷íûå ðåçóëüòàòû ïîëó÷åíû àâòîðàìè 

ðàáîòû [12], â êîòîðîé ñ ïîìîùüþ ÂÐ-ñïåêòðîìåòðà 
íà îñíîâå ëàçåðà íà êðàñèòåëå èññëåäîâàëèñü ïðî-
äóêòû ãàçîôàçíûõ ðåàêöèé, ïðîòåêàþùèõ â êîíòðî-
ëèðóåìûõ óñëîâèÿõ ðàçðÿäà. Áûëà èçó÷åíà êèíåòè-
êà îáðàçîâàíèÿ ìîíîîêñèäîâ è ìîíîíèòðèäîâ ïåðå-
õîäíûõ ìåòàëëîâ, îáíàðóæåíû è çàðåãèñòðèðîâàíû 
íîâûå ïîëîñû â èõ ýëåêòðîííî-êîëåáàòåëüíî-âðàùà- 
òåëüíûõ ñïåêòðàõ. 

Â îáëàñòè 1 ìêì ñïåêòðû îêèñëîâ ìåòàëëîâ çà-
ðåãèñòðèðîâàíû íàìè âïåðâûå, à òàê êàê â ëèòåðà-
òóðå îòñóòñòâóþò òî÷íûå çíà÷åíèÿ êîëåáàòåëüíûõ 
ïîñòîÿííûõ äëÿ îñíîâíîãî è âîçáóæäåííîãî ñî-
ñòîÿíèé ýòèõ ìîëåêóë, òî èäåíòèôèêàöèþ çàðåãèñò-
ðèðîâàííûõ ñïåêòðîâ â íàñòîÿùèé ìîìåíò ïðîâåñòè 
íåâîçìîæíî. 

2. Ãðàôèòîâàÿ ìèøåíü. Èññëåäîâàíèÿì ñïåê-
òðîâ èçëó÷åíèÿ è ïîãëîùåíèÿ ìîëåêóë C2 ïîñâÿùå-
íî ìíîãî ðàáîò, íàïðèìåð [13, 14]. Ìîëåêóëû C2 ÿâ-
ëÿþòñÿ îñíîâíûìè êîìïîíåíòàìè â óãëåâîäîðîäíîì 
ïëàìåíè è äðóãèõ ñàæåîáðàçóþùèõ ñèñòåìàõ. Ñ÷è-
òàåòñÿ, ÷òî îíè ÿâëÿþòñÿ ïðîìåæóòî÷íûìè ýëåìåí-
òàìè â ïðîöåññàõ, ïðîòåêàþùèõ ïðè ïîëó÷åíèè  
àëìàçíûõ è àëìàçîïîäîáíûõ ïëåíîê. Ñïåêòðû Ñ2  
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íàáëþäàëèñü â èçëó÷åíèè óãëåðîäíûõ çâåçä, êîìåò, 
ìåæçâåçäíûõ êîñìè÷åñêèõ îáëàêîâ. 

C2 – îäíà èç íåìíîãèõ äâóõàòîìíûõ ìîëåêóë  
ñ äâóìÿ íèçêîëåæàùèìè ýëåêòðîííûìè ñîñòîÿíèÿìè 
– îñíîâíûì ýëåêòðîííûì ñîñòîÿíèåì X1

Σ
+
g è ïåð-

âûì òðèïëåòíûì ñîñòîÿíèåì a3
Πu (ðèñ. 3). 
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Ðèñ. 3. Äèàãðàììà íèçêîëåæàùèõ ýëåêòðîííûõ óðîâíåé 
  ìîëåêóëû C2 

 
Ýòè ñîñòîÿíèÿ îòäåëÿþòñÿ äðóã îò äðóãà âñåãî 

íà 630 ñì–1, è èõ çàñåëåííîñòè ìîãóò áûòü ñðàâíèìû 

ïî âåëè÷èíå. Äîïîëíèòåëüíî èçâåñòíû äâà íèçêî-
ëåæàùèõ ýëåêòðîííûõ ñîñòîÿíèÿ: b3

Σ
–
g ñ öåíòðîì 

∼ 6434 ñì–1
 è A1

Πu ñ öåíòðîì 8391 ñì–1. 
Êðîìå ýòèõ íèçêîëåæàùèõ ýëåêòðîííûõ ñîñòîÿ-

íèé íàáëþäàþòñÿ åùå áîëåå 14 ýëåêòðîííûõ ñî-
ñòîÿíèé ðàäèêàëà Ñ2 [14], êîòîðûé ÷àùå âñåãî ïðî-
ÿâëÿåòñÿ â ñïåêòðàõ èñïóñêàíèÿ. Ñóùåñòâóåò ìíîãî 
ñèñòåì âèáðîííûõ ïîëîñ, íàèáîëåå èçâåñòíû èç íèõ 
òðè: ñèñòåìû ïîëîñ Ñâàíà (d3

Πg – a1
Πu), ñ öåíòðîì 

ïîëîñû ∼ 19400 ñì–1, Ôèëëèïñà (A1
Πu – X1

Σ
+
g), öåíòð 

ïîëîñû ∼ 8268 ñì–1, Ìóëëèêåíà (D1
Σ

+
u – X1

Σ
+
g), öåíòð 

ïîëîñû ∼ 43227 ñì–1. 
Ñïåêòðàëüíàÿ îáëàñòü 1 ìêì îêàçàëàñü èññëåäî-

âàííîé íåäîñòàòî÷íî ïîäðîáíî [15–18], ìíîãèå ëè-
íèè âñëåäñòâèå ìàëîé èíòåíñèâíîñòè, îòíîñÿùèåñÿ 
ê ñèñòåìå ïîëîñ Áàëëèêà–Ðàìçåÿ, íå áûëè çàðåãè-
ñòðèðîâàíû è èäåíòèôèöèðîâàíû. Îöåíêè ïîêàçàëè, 
÷òî â äàííóþ îáëàñòü ìîãóò ïîïàäàòü îäíîâðåìåííî 

ëèíèè, ïðèíàäëåæàùèå ðàçëè÷íûì âðàùàòåëüíûì 
âåòâÿì íåñêîëüêèõ âèáðîííûõ ïåðåõîäîâ. Ýòî ïå-
ðåõîäû A1

Πu – X1
Σ

+
g (ñèñòåìà ïîëîñ Ôèëëèïñà)  

è B′
1
Σ

+
g – A′Πu, ýëåêòðîííûå ñîñòîÿíèÿ êîòîðûõ ÿâ-

ëÿþòñÿ ñèíãëåòíûìè, è ïåðåõîä b3
Σ

–
g  – a3

Πu (ñèñòåìà 

ïîëîñ Áàëëèêà–Ðàìçåÿ). Äëÿ ðàñ÷åòà ñïåêòðà ìîëå-
êóëû C2 èñïîëüçîâàëèñü îáû÷íûå ôîðìóëû äëÿ óðîâ-
íåé ýíåðãèè äâóõàòîìíûõ ìîëåêóë è ñïåêòðîñêîïè-
÷åñêèå ïîñòîÿííûå, ïîëó÷åííûå â [15–18]. 

Íà ðèñ. 4 ïðèâåäåí ÂÐ-ñïåêòð èçëó÷åíèÿ ëàçå-
ðà ñ ôàêåëîì íà ãðàôèòîâîé ìèøåíè. Ïðè îòñóòñò-
âèè çàäåðæêè ìåæäó èìïóëüñàìè îñíîâíîãî è âîç-
áóæäàþùåãî ëàçåðîâ íàáëþäàëîñü ïðàêòè÷åñêè ïîë-
íîå ïîãëîùåíèå (íà ðèñ. 4 ýòîò ñëó÷àé ñîîòâåòñòâóåò 

τ = 0 ìêñ). Ïðè óâåëè÷åíèè çàäåðæêè ïîãëîùåíèå 
íà÷èíàëî óìåíüøàòüñÿ, è ïðè çàäåðæêå ∼ 600 ìêñ 
ëèíèè ïîãëîùåíèÿ íàèáîëåå îò÷åòëèâî ïðîÿâëÿëèñü 
â ñïåêòðå èçëó÷åíèÿ ëàçåðà. Ïðè äàëüíåéøåì óâå-
ëè÷åíèè çàäåðæêè (τ > 800 ìêñ) â ñïåêòðå ãåíåðà-
öèè íàáëþäàëèñü òîëüêî ëèíèè ïîãëîùåíèÿ àòìî-
ñôåðíîãî âîçäóõà. 
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Ðèñ. 4. ÂÐ-ñïåêòð ðàäèêàëîâ C2, âîçáóæäåííûõ ëàçåðíûì 
  ôàêåëîì, â îáëàñòè 9405–9410 ñì–1 

 
Â ðåçóëüòàòå ïðîâåäåííîãî àíàëèçà èç 147 ëèíèé 

ïîãëîùåíèÿ, çàðåãèñòðèðîâàííûõ â îáëàñòè 9360–
9460 ñì–1, ê ðàäèêàëó Ñ2 îòíåñåíû 88 ëèíèé (òàáëèöà). 
 

×àñòîòû öåíòðîâ ñïåêòðàëüíûõ ëèíèé ïîãëîùåíèÿ C2  
â îáëàñòè 9385–9450 ñì–1 

×àñòîòà,  
ñì–1 

×àñòîòà, ñì–1 
[15] 

Ýëåêòðîííàÿ 
è êîëåáàòåëüíàÿ 

ïîëîñû 

Âðàùà- 
òåëüíàÿ 
ëèíèÿ 

1 2 3 4 
9387,848(8) 7,8221(114) b–a 5–2 Q1(17) 
9388,244(9) 8,2372(463) b–a 5–2 R2(26) 
9390,305(9) 0,3133(193) b–a 5–2 R1(26) 
9390,521(10) 0,5302(133) b–a 4–1 Q3(39) 
9391,292(7) 1,2678ð b–a 4–1 P3(32) 
9391,736(8)* 1,7843ð b–a 5–2 P2(10) 
9392,168(12) 2,1346ð b–a 3–0 Q2(53) 
9392,311(11)* 2,2760ð b–a 3–0 Q1(53) 
9392,429(10)* 2,4100(299) b–a 4–1 P2(32) 
9392,576(9)* 2,5663(107) b–a 4–1 Q2(39) 
9393,132(10) 3,1173(81) b–a 4–1 Q1(39) 
9393,501(10) 3,4898(64) b–a 5–2 Q3(15) 
9394,073(9) 4,0682(154) b–a 4–1 P1(32) 
9397,031(11)* 7,0160ð  b–a 5–2 P1(10) 
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1 2 3 4 

9397,278(10) 7,2735(107) b–a 5–2 Q2(15) 
9399,648(10) 9,6413(113) b–a 5–2 R3(24) 
9399,810(11)* 9,8082ð b–a 5–2 P3(8) 
9400,181(11) 0,1695(107) b–a 5–2 Q1(15) 
9401,258(9) 1,2537(64) b–a 5–2 R2(24) 
9403,520(8)* 3,5086(114) b–a 5–2 R1(24) 
 3,5526ð b–a 5–2 Q3(13) 
9404,076(10) 4,1010ð b–a 5–2 P2(8) 
9405,090(9) 5,1019(82) A–X 2–1  P(22) 
9407,419(8)  7,4163(35) A–X 2–1  Q(28) 
9407,701(15)* 7,6623(150) b–a 5–2 Q2(13) 
9407,827(10)* 7,8303(18)  A–X 1–0  P(38) 
9409,041(12)  9,0612(60) A–X 2–1 R(36) 
9409,544(10)* 9,5841ð b–a 5–2 P3(6) 
9410,462(8) 0,4412ð b–a 5–2 P1(8) 
9411,032(10)* 1,0378(146) b–a 5–2 R3(22) 
9411,147(7)* 1,1464(90) b–a 5–2 Q1(13) 
9412,014(9) 2,0096(147) b–a 5–2 Q3(11) 
9412,416(10) 2,4204(438) b–a 4–1 R3(46) 
9412,816(8) 2,7814(225) b–a 5–2 R2(22) 
9413,061(9) 3,0725(223) b–a 4–1 R2(46) 
9414,165(8) 4,2021ð b–a 4–1 R1(46) 
9414,820(15) 4,8510ð b–a 5–2 P2(6) 
9415,256(11)* 5,2250(124) b–a 5–2 R1(22) 
9415,568(9) 5,5844ð b–a 3–0 R2(60) 
9416,420(11) 6,3943ð b–a 3–0 R3(60) 
9416,624(9) 6,6152(101) b–a 5–2 Q2(11) 
9418,400(9) 8,3906(119) b–a 4–1 Q3(37) 
9418,890(15)* 8,8560(13) A–X 1–0 Q(44) 
9419,689(10) 9,6662ð b–a 4–1 P3(30) 
9419,824(12) 9,811ð b–a 5–2 Q3(9) 
9420,520(8) 0,4902(157) b–a 4–1 Q2(37) 
9420,800(11)* 0,7906(57) b–a 5–2 Q1(11) 
9420,905(10)* 0,8985(127) b–a 4–1 P2(30) 
9421,168(10) 1,1433(98) b–a 4–1 Q1(37) 
9422,702(12)* 2,6868(126) b–a 4–1 P1(30) 
9422,787(10)* 2,7765ð b–a 5–2 P1(6) 
9422,860(12)* 2,8446(252) b–a 5–2 R2(20) 
9423,054(10) 3,082ð b–a 5–2 Q3(7) 
9423,843(9)  3,8082ð b–a 5–2  Q3(7) 
9424,030(8) 4,0183ð b–a 5–2 Q2(9) 
9425,032(9) 5,0224ð b–a 3–0 P3(44) 
9425,555(11) 5,5435(144) b–a 5–2 R1(20) 
9425,756(10) 5,7440ð b–a 3–0 P2(44) 
9426,766(11) 6,7694ð b–a 5–2 Q3(5) 
9426,926(12) 6,9233ð b–a 3–0 P1(44) 
9428,464(9)* 8,4773ð b–a 3–0 Q3(51) 
9429,282(8) 9,2816(141) b–a 5–2 R3(18) 
9429,836(7) 9,8575ð b–a 5–2 Q2(7) 
9430,129(9)* 0,1204(67) A–X 2–1 P(20) 
9430,197(12)* 0,1890ð b–a 3–0 Q2(51) 
9430,361(11) 0,3741ð b–a 3–0 Q1(51) 
9432,412(10)* 1,4123(35) A–X 2–1 Q(26) 
9433,910(11) 3,8912(74)  A–X 2–1 R(34)  
9434,088(13) 4,0746ð b–a 5–2 Q2(5) 
9434,421(10) 4,4160(173) b–a 5–2 R1(18) 
9436,150(12) 6,1365(117) b–a 5–2 R3(16) 
9436,444(11)* 6,4199ð b–a 5–2 Q1(7) 
9438,540(9) 8,5414(137) b–a 5–2 R2(16) 
9440,014(10) 0,0374(398) b–a 4–1  R3(44) 
9440,754(7) 0,7613(255) b–a 4–1 R2(44) 
9441,465(11) 1,4346ð  b–a 5–2 R3(14) 
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1 2 3 4 

9441,933(10) 1,9183(219) b–a 4–1 R1(44) 
9442,670(11)* 2,6626ð b–a 5–2 Q1(5) 
9444,175(10)* 4,1587ð b–a 5–2 R2(14) 
9444,823(10) 4,8040(75) b–a 4–1 Q3(35) 
9445,171(10) 5,1711ð b–a 5–2 R3(12) 
9446,230(10) 6,2070ð b–a 5–2 R3(6) 
9446,618(10) 6,6341(120) b–a 4–1 P3(28) 
9446,987(10) 6,9758(96) b–a 4–1 Q2(35)  
9447,281(7) 7,2829ð b–a 5–2 R3(10) 
9447,720(10) 7,6958(101) b–a 4–1 Q1(35) 
9447,972(6) 7,9676(120) b–a 4–1 P2(28) 
 7,9846ð b–a 5–2 R1(14) 
9448,350(7) 8,2830ð b–a 5–2 R2(12) 
9449,927(15) 9,8842(116) b–a 4–1 P1(28) 

 

Ï ð è ì å ÷ à í è å .  ×àñòîòû öåíòðîâ ëèíèé, ïîìå÷åí-
íûå «*», îïðåäåëåíû èç äóáëåòíûõ ëèíèé; ëèíèè, ïîìå-
÷åííûå «ð», ðàññ÷èòàíû â äàííîé ðàáîòå. 

 

Ìàêñèìàëüíîå êîëè÷åñòâî ñïåêòðàëüíûõ ëèíèé 
íàáëþäàëîñü äëÿ ïåðåõîäîâ ìåæäó ýëåêòðîííûìè 
ñîñòîÿíèÿìè b3

Σ
–
g è a3

Πu, èäåíòèôèöèðîâàíû âðà-
ùàòåëüíûå ëèíèè ïåðåõîäîâ 3–0, 4–1 è 5–2. Äëÿ 
ïîñëåäíåé êîëåáàòåëüíîé ïîëîñû áîëüøèíñòâî ëè-
íèé îïðåäåëåíî âïåðâûå. Êðîìå ïåðåõîäîâ ñ ïåðâî-
ãî âîçáóæäåííîãî ýëåêòðîííîãî ñîñòîÿíèÿ â ñïåêòðå 
ïðîÿâëÿëèñü ëèíèè ïîãëîùåíèÿ ñ îñíîâíîãî ñî-
ñòîÿíèÿ X1

Σ
+
g â âîçáóæäåííîå A1

Πu. 
Ïðîâåäåííûå èññëåäîâàíèÿ ïîêàçàëè âûñîêóþ 

ýôôåêòèâíîñòü ìåòîäà âíóòðèðåçîíàòîðíîé ëàçåðíîé 
ñïåêòðîñêîïèè äëÿ èññëåäîâàíèÿ ñïåêòðîâ ïîãëî-
ùåíèÿ ìîëåêóë, âîçáóæäåííûõ ëàçåðíûì ôàêåëîì. 
  Àâòîðû âûðàæàþò áëàãîäàðíîñòü ÷ë.-êîð. ÐÀÍ 
Ñ.Ä. Òâîðîãîâó çà ïîääåðæêó è âíèìàíèå ê äàííîé 
ðàáîòå. 

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ðîññèéñêîãî 
ôîíäà ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ãðàíò ¹ 05-
03-32782) è Ïðîãðàììû 2.10 «Îïòè÷åñêàÿ ñïåêòðî-
ñêîïèÿ è ñòàíäàðòû ÷àñòîòû».  
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laser spark. 

An intracavity laser spectrometer operating in the 1.06 micron region have been used to investigate the  
absorption spectra of iron, chrome, manganese and zirconium oxides, and the industrial graphite, excited by  
laser spark. The identification of the C2 absorption spectra has been done and rotational lines of transitions 3–0, 
4–1, and 5–2 b3Σ

–

g – a3Πu and 2–1, 1–0 A1Πu – X1Σ
+

g have been determined. 
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