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Ïðåäñòàâëåíû êîíñòðóêöèÿ è òåõíè÷åñêèå õàðàêòåðèñòèêè èçìåðèòåëüíîãî êîìïëåêñà íà îñíîâå Ôóðüå-
ñïåêòðîìåòðà IFS-125 HR è 30-ìåòðîâîé ìíîãîõîäîâîé êþâåòû ñ îïòè÷åñêîé ñèñòåìîé Óàéòà, îáåñïå÷èâàþ-
ùåé äëèíó îïòè÷åñêîãî ïóòè ñâûøå 600 ì. Âûïîëíåíû èçìåðåíèÿ ñïåêòðà ïîãëîùåíèÿ àòìîñôåðíîãî âîçäóõà 
ñ ðàçðåøåíèåì 2 ⋅ 10–2 ñì–1 è ÷óâñòâèòåëüíîñòüþ ëó÷øå, ÷åì 10–8 ñì–1. Ïîêàçàíî, ÷òî àïïàðàòóðà óâåðåííî 
ðåãèñòðèðóåò ñïåêòðû ñëàáîãî ïîãëîùåíèÿ, âêëþ÷àÿ ïîëîñû ïîãëîùåíèÿ èçîòîïíûõ ìîäèôèêàöèé àòìîñôåð-
íûõ ìîëåêóë. 

 

Êëþ÷åâûå ñëîâà: Ôóðüå-ñïåêòðîìåòð, ìíîãîõîäîâàÿ êþâåòà, ñïåêòð ïîãëîùåíèÿ; Fourier-spectrometer, 
multipass cell, absorption spectra. 

 

×óâñòâèòåëüíîñòü ñïåêòðîìåòðè÷åñêèõ ìåòîäîâ 
â ìîëåêóëÿðíîé ñïåêòðîñêîïèè ãàçîâûõ ñðåä îïðå-
äåëÿåòñÿ îïòè÷åñêîé òîëùèíîé ïîãëîùàþùåãî ñëîÿ 
D = kL, ãäå k – êîýôôèöèåíò ïîãëîùåíèÿ ãàçà; L –
 äëèíà ïóòè îïòè÷åñêîãî èçëó÷åíèÿ â ïîãëîùàþùåé 
ñðåäå. 

Ïðè èññëåäîâàíèè ñïåêòðîâ ñëàáîãî ïîãëîùåíèÿ, 
òàêèõ êàê, íàïðèìåð, ñïåêòðû ïîãëîùåíèÿ ìîëåêóë 
àòìîñôåðíûõ ãàçîâ â ÈÊ-, âèäèìîì è ÓÔ-äèàïàçî- 
íàõ, äëÿ ïîâûøåíèÿ ÷óâñòâèòåëüíîñòè àïïàðàòóðû 
â ñîñòàâ ëàçåðíûõ èëè Ôóðüå-ñïåêòðîìåòðîâ âêëþ-
÷àþò ìíîãîõîäîâûå ãàçîâûå êþâåòû (ÌÃÊ), îáåñ-
ïå÷èâàþùèå äëèíó îïòè÷åñêîãî õîäà îò íåñêîëüêèõ 
ñîòåí ìåòðîâ äî íåñêîëüêèõ êèëîìåòðîâ [1–4]. 

Íåñìîòðÿ íà òåõíè÷åñêèå ñëîæíîñòè ñîçäàíèÿ 
è ýêñïëóàòàöèè òàêèõ êþâåò, îíè äàþò âîçìîæíîñòü 
èçìåðåíèÿ î÷åíü ñëàáûõ ñïåêòðîâ ïîãëîùåíèÿ ãàçî-
âûõ ñðåä ïðè òî÷íîì êîíòðîëå òåìïåðàòóðû, äàâëå-
íèÿ è ñîñòàâà ãàçîâîé ñìåñè, ÷òî ïðàêòè÷åñêè íåäîñ-
òóïíî íà íàòóðíûõ òðàññàõ. 

Íèæå äàíî îïèñàíèå ñïåêòðîôîòîìåòðè÷åñêîãî 
èçìåðèòåëüíîãî êîìïëåêñà íà áàçå Ôóðüå-ñïåêòðî- 
ìåòðà IFS-125 HR è 30-ìåòðîâîé ìíîãîõîäîâîé êþâå-
òû ñ îïòè÷åñêîé ñèñòåìîé Óàéòà, êîòîðûé ïîçâîëÿåò  

ïîëó÷àòü äëèíó îïòè÷åñêîãî ïóòè ñâûøå 600 ì. Ñõå- 
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ìà Ôóðüå-ñïåêòðîìåòðà ñ ÌÃÊ è îñíîâíûõ åãî óç-
ëîâ ïðèâåäåíà íà ðèñ. 1. 

 

 
Ðèñ. 1. Áëîê-ñõåìà îïòè÷åñêîãî èçìåðèòåëüíîãî êîìïëåêñà, 
âêëþ÷àþùåãî: 1, 2 – ïëîñêèå çåðêàëà; 3 – äëèííîôîêóñ-
íîå çåðêàëî; 4 – ôîêóñèðóþùåå çåðêàëî; 5–7 – êþâåòíûå 
ñôåðè÷åñêèå çåðêàëà; 8 – ôîòîïðèåìíèê; 9 – ìíîãîõîäî-
âóþ êþâåòó ñ áàçîé 30 ì; À – âûõîäíîé ïîðò ñïåêòðîìåòðà; 
  B1, B2 – îêíà êþâåòû 

 
Ìíîãîõîäîâàÿ ãàçîâàÿ êþâåòà âûïîëíåíà â âèäå 

öèëèíäðè÷åñêîé òðóáû èç íåðæàâåþùåé ñòàëè ñ âíóò-
ðåííèì äèàìåòðîì 0,7 ì è äëèíîé 30 ì. Îòêà÷êà êþ-
âåòû ïðîèçâîäèòñÿ â 2 ýòàïà: ñ ïîìîùüþ ðîòàöèîí-
íîãî âîäîêîëüöåâîãî íàñîñà ÐÌÊ-4 äî äàâëåíèÿ 
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60 ìì ðò. ñò. è òðåìÿ âàêóóìíûìè íàñîñàìè ÍÂÇ-20 
äî äàâëåíèÿ 5 ⋅ 10–3 ìì ðò. ñò. 

Äëÿ ïðîâåäåíèÿ èññëåäîâàíèé ñïåêòðîâ ïîãëî-
ùåíèÿ â äèàïàçîíå òåìïåðàòóð îò êîìíàòíîé äî 
350 Ê íà íàðóæíîé ïîâåðõíîñòè êþâåòû ðàñïîëî-
æåíû 3 ñåêöèè: ïî òðóáàì ýòèõ ñåêöèé ïðåäóñìîò-
ðåíà öèðêóëÿöèÿ ãîðÿ÷åé âîäû ñ òåìïåðàòóðîé äî 
360 Ê. 

Êþâåòà óêîìïëåêòîâàíà òðåõçåðêàëüíîé îïòè÷å-
ñêîé ñèñòåìîé Óàéòà, ñîñòîÿùåé èç ïðÿìîóãîëüíîãî 
çåðêàëà (ðàçìåðîì 300 × 150 ìì) è äâóõ êðóãëûõ çåðêàë 

îáúåêòèâîâ äèàìåòðîì 150 ìì êàæäîå. 
Ïðè îïòè÷åñêîì ñîãëàñîâàíèè Ôóðüå-ñïåêòðî- 

ìåòðà è ìíîãîõîäîâîé ãàçîâîé êþâåòû íåîáõîäèìî, 
÷òîáû èçëó÷åíèå, âûõîäÿùåå èç ñïåêòðîìåòðà, ôî-
êóñèðîâàëîñü çåðêàëîì 3 â ïëîñêîñòè çåðêàëà 5 íà 
âõîäå ÌÃÊ è çàñâå÷èâàëî ïåðâûé èç îáúåêòèâîâ 
ñèñòåìû 6 ïðèìåðíî íà 90% åãî ïëîùàäè. Ìàòåìà-
òè÷åñêè ýòî óñëîâèå ìîæíî çàïèñàòü â âèäå ïðîñòîé 
ôîðìóëû 

 ,d f d R′=  

ãäå d è d′ – äèàìåòð âûõîäíîãî ïó÷êà ñâåòà Ôóðüå- 
ñïåêòðîìåòðà è äèàìåòð ñâåòîâîãî ïÿòíà íà çåðêàëàõ 
6, 7 ÌÃÊ, ðàâíûå 60 è 140 ìì ñîîòâåòñòâåííî; f – 
ôîêóñíîå ðàññòîÿíèå çåðêàëà 3; R – ðàäèóñ êðèâèç- 
 

íû çåðêàë ÌÃÊ, ðàâíûé 27830 ìì. Êàê ñëåäóåò èç 

ôîðìóëû, ïðè óêàçàííûõ çíà÷åíèÿõ d, d′ è R çíà-
÷åíèå f ðàâíî 11927 ìì. Òàêóþ äëèíó ïóòè ñâåò äîë-
æåí ïðîéòè, ïðåæäå ÷åì îí ñôîêóñèðóåòñÿ â ïëîñ-
êîñòè çåðêàëà 5. Äëÿ óìåíüøåíèÿ ýòîãî ðàññòîÿíèÿ 
íàìè áûë ðàññ÷èòàí äâóõêîìïîíåíòíûé îáúåêòèâ 
(çåðêàëà 2 è 3 íà ðèñ. 1), êîòîðûé ïîçâîëèë çíà÷è-
òåëüíî óìåíüøèòü ýòî ðàññòîÿíèå. 

Ñ ïîìîùüþ ðàçðàáîòàííîé ñèñòåìû ñîãëàñîâà-
íèÿ Ôóðüå-ñïåêòðîìåòðà ñ ÌÃÊ íàì óäàëîñü îñó-
ùåñòâèòü 22 ïðîõîäà ëó÷à âíóòðè ÌÃÊ, ÷òî ïðè 
áàçîâîì ðàññòîÿíèè ìåæäó çåðêàëàìè 27,83 ì ïðè-
âîäèò ê äëèíå ïóòè ëó÷à â êþâåòå, ðàâíîé 612,26 ì. 
Ýòà äëèíà ïóòè áûëà ïîëó÷åíà ïðè èñïîëüçîâàíèè 
â Ôóðüå-ñïåêòðîìåòðå â êà÷åñòâå èñòî÷íèêà ñâåòà 
50-âàòòíîé ãàëîãåíîâîé ëàìïû è äèàôðàãìû, ðàâ-
íîé 0,8 ìì. 

Ïðèìåð çàïèñè ñïåêòðà ïîãëîùåíèÿ àòìîñôåð-
íîãî âîçäóõà ñ ðàçðåøåíèåì 0,02 ñì–1 â îáëàñòè îò 
4000 äî 12000 ñì–1, ïîëó÷åííîãî ñ èñïîëüçîâàíèåì 
ìíîãîõîäîâîé êþâåòû ñ áàçîé 30 ì (äëèíà ïóòè ëó-
÷à â êþâåòå 612,26 ì), ïðèâåäåí íà ðèñ. 2, á. 

Äàííûé ñïåêòð áûë ïîëó÷åí ïóòåì ñòûêîâêè 
äâóõ ñïåêòðàëüíûõ ó÷àñòêîâ, çàðåãèñòðèðîâàííûõ  
ñ ïîìîùüþ Si- è InSB-äåòåêòîðîâ. Äëÿ ñðàâíåíèÿ 
íà ðèñ. 2, à ïðèâåäåí ñïåêòð ïîãëîùåíèÿ àòìîñôåðû 
 

 

 
à 

 
á 

Ðèñ. 2. Ñïåêòð ïîãëîùåíèÿ àòìîñôåðíîãî âîçäóõà â îáëàñòè îò 12000 äî 4000 ñì–1, çàðåãèñòðèðîâàííûé ïðè äëèíå ïóòè 
  ëó÷à, ðàâíîé 10 (à) è 612,26 ì (á) 
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ïðè äëèíå ïóòè ñâåòà â êþâåòå 10 ì. Ñðàâíåíèå çàðå-
ãèñòðèðîâàííîãî íàìè ñïåêòðà ñ äàííûìè HITRAN 
[5] ïîêàçàëî, ÷òî ñèëüíûå ïîëîñû ïîãëîùåíèÿ ïðè-
íàäëåæàò âîäÿíîìó ïàðó. Â îáëàñòè 7800–8000 ñì–1 
óâåðåííî ðåãèñòðèðóåòñÿ ïîëîñà ïîãëîùåíèÿ êèñëîðîäà 

(ñì. ðèñ. 2, á, ôðàãìåíò 1). Â îáëàñòè 5900–6200 ñì–1
 

ðàñïîëîæåí ñïåêòð ïîãëîùåíèÿ ìåòàíà (ñì. ðèñ. 2, á, 
ôðàãìåíò 2). Èñïîëüçóÿ èçâåñòíûå â [5] çíà÷åíèÿ 
èíòåíñèâíîñòåé ëèíèé ïîãëîùåíèÿ ìåòàíà è äëèíó 

ïóòè ëó÷à, ìû îïðåäåëèëè êîíöåíòðàöèþ ìåòàíà, êî-
òîðàÿ ñîñòàâèëà 2 ppm. Áîëüøàÿ äëèíà òðàññû ïî-
çâîëèëà çàðåãèñòðèðîâàòü â îáëàñòè îêîëî 4900 ñì–1 
ñïåêòð ïîãëîùåíèÿ 

13C16O2 (ñì. ðèñ. 2, á, ôðàã-
ìåíò 3), åãî êîíöåíòðàöèÿ ïî îòíîøåíèþ ê îñíîâ-
íîìó èçîòîïó ñîñòàâëÿåò ïðèáëèçèòåëüíî 1%. Ïîëó-
÷åííûå ðåçóëüòàòû ãîâîðÿò î âûñîêîé ÷óâñòâèòåëü-
íîñòè èçìåðèòåëüíîãî êîìïëåêñà. 

Ïðèâåäåíèå ýêñïåðèìåíòîâ ÷àñòè÷íî ïîääåðæàíî 

ãðàíòîì ÐÔÔÈ, ïðîåêò ¹ 10-05-92603-ÊÎ è Ïðî-
ãðàììîé ÎÔÍ ÐÀÍ, ïðîåêò III.9.4. 
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Yu.N. Ponomarev, T.M. Petrova, A.M. Solodov, A.A. Solodov, S.A. Sulakshin. Fourier-spectrometer 
with 30-meter base length multipass cell for study of weak absorption spectra of atmospheric gases. 

The design and specifications of experimental set-up, consisting of Fourier-spectrometer IFS-125 HR and 
30-meter base length multipass cell with a White optical system, are described. The optical path length of more 
than 600 meters is obtained. The results of the measurements of atmospheric air spectra with a spectral resolu-
tion of 2 ⋅ 10–2 ñm–1 and a sensitivity of less than 10–8 ñm–1 are presented. It is shown that very weak absorp-
tion spectra of atmospheric molecules including their isotopic modifications could be detected certainly. 

 


