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Âûïîëíåíû îïòèêî-àêóñòè÷åñêèå èçìåðåíèÿ ñïåêòðîâ ïîãëîùåíèÿ âîäÿíîãî ïàðà ïðè êîìíàòíîé òåìïå-
ðàòóðå â îêíå ïðîçðà÷íîñòè îêîëî 6177 ñì−1 ïðè íåñêîëüêèõ äàâëåíèÿõ. Îïðåäåëåíî ñå÷åíèå êîíòèíóàëüíîãî 
ïîãëîùåíèÿ âîäÿíîãî ïàðà, êîòîðîå ñîñòàâèëî (5,4 ± 0,8) ⋅ 10−24 ñì2

 ⋅ ìîë.−1 ⋅ àòì−1. Ýòà âåëè÷èíà â 4 ðàçà íèæå, 
÷åì äàííûå Ôóðüå-ñïåêòðîìåòðè÷åñêèõ èçìåðåíèé, è â 20 ðàç âûøå, ÷åì ëèòåðàòóðíûå äàííûå CRDS-èçìå- 
ðåíèé â äàííîì îêíå ïðîçðà÷íîñòè. 

 

Êëþ÷åâûå ñëîâà: êîíòèíóàëüíîå ïîãëîùåíèå, âîäÿíîé ïàð, îêíà ïðîçðà÷íîñòè àòìîñôåðû, îïòèêî-àêóñ- 
òè÷åñêèé ñïåêòðîìåòð; continuum absorption, water vapor, atmospheric windows, photoacoustic spectrometer. 
 

Ââåäåíèå 
 

Ñëàáîñåëåêòèâíîå (êîíòèíóàëüíîå) ïîãëîùåíèå 
âîäÿíîãî ïàðà, èëè ïðîñòî êîíòèíóóì, – ôåíîìåí, 
îáñóæäåíèå ïðèðîäû êîòîðîãî ïðîäîëæàåòñÿ óæå áî- 
ëåå 60 ëåò [1, 2]. Ýòî ñëàáîå ïîãëîùåíèå â ñèëó ñâî-
åé ñïåêòðàëüíîé ïðîòÿæåííîñòè îêàçûâàåò áîëüøîå 
âëèÿíèå íà ðàäèàöèîííûé áàëàíñ àòìîñôåðû, óìåíü-
øàÿ óõîäÿùóþ îò Çåìëè ðàäèàöèþ äî 10 Âò/ì2. 
Òàêæå îíî ìîæåò áûòü âàæíîé êîìïîíåíòîé ïðè 
äèñòàíöèîííîì çîíäèðîâàíèè õàðàêòåðèñòèê àòìî-
ñôåðû [3, 4]. 

Â ïðèêëàäíîì àñïåêòå íàèáîëåå âàæíîé ÿâëÿ-
åòñÿ âåëè÷èíà êîíòèíóàëüíîãî ïîãëîùåíèÿ â îêíàõ 
ïðîçðà÷íîñòè àòìîñôåðû, ò.å. ìåæäó ïîëîñàìè ïî-
ãëîùåíèÿ âîäÿíîãî ïàðà. Îäíàêî ââèäó òîãî, ÷òî 
êîíòèíóàëüíîå ïîãëîùåíèå â ýòèõ îêíàõ î÷åíü ñëà-
áîå, èçìåðåíèå åãî âåëè÷èíû â ýòèõ ñïåêòðàëüíûõ 
ó÷àñòêàõ ïðåäñòàâëÿåò ñëîæíóþ òåõíè÷åñêóþ çàäà÷ó. 
Êàê ñëåäñòâèå, èçìåðåíèÿ êîíòèíóóìà â ÷èñòîì âî-
äÿíîì ïàðå â îêíàõ ïðîçðà÷íîñòè 1,6 è 2,1 ìêì, 
âûïîëíåííûå â ïîñëåäíèå ãîäû ðàçíûìè íàó÷íûìè 
ãðóïïàìè ñ èñïîëüçîâàíèåì ðàçíûõ ñïåêòðîñêîïè÷å-
ñêèõ ìåòîäîâ (èíòåðôåðåíöèîííàÿ êàëîðèìåòðèÿ [5], 
Ôóðüå-ñïåêòðîñêîïèÿ (FTS) [6–8] è ñïåêòðîñêîïèÿ 
âíóòðèðåçîíàòîðíîãî çàòóõàíèÿ (CRDS) [9, 10]), äà-
ëè ñîâåðøåííî ðàçíûå ðåçóëüòàòû. Ïðè÷èíû ìîãóò 
êðûòüñÿ êàê â îñîáåííîñòÿõ ðàçíûõ ìåòîäèê èçìå-
ðåíèÿ, òàê è â óñëîâèÿõ ñîäåðæàíèÿ âîäÿíîãî ïàðà 
â ýòèõ ýêñïåðèìåíòàõ. 

Öåëü íàøåé ðàáîòû – èçìåðåíèå êîíòèíóàëüíî-
ãî ïîãëîùåíèÿ âîäÿíîãî ïàðà â ìèêðîîêíå ïðîçðà÷-
íîñòè 6300 ñì−1

 (1,6 ìêì) íà îñíîâå ëàçåðíîé îïòèêî-
àêóñòè÷åñêîé (ÎÀ) ñïåêòðîñêîïèè. 

 

____________ 

* Âåíåäèêò Àíäðååâè÷ Êàïèòàíîâ (venedikt@iao.ru); 
Êîíñòàíòèí Þðüåâè÷ Îñèïîâ (îsipov@iao.ru); Èãîðü Âà-
ñèëüåâè÷ Ïòàøíèê (piv@iao.ru). 

Ýêñïåðèìåíò 
 

Áëîê-ñõåìà îïòèêî-àêóñòè÷åñêîãî ñïåêòðîìåòðà 
íà áàçå äèîäíîãî ëàçåðà (ÄËÎÀÑ) ïðåäñòàâëåíà íà 

ðèñ. 1. 
Òåõíè÷åñêèå õàðàêòåðèñòèêè îñíîâíûõ ýëåìåí-

òîâ ñïåêòðîìåòðà (äèîäíîãî ëàçåðà, ÎÀ-äåòåêòîðà, 
èçìåðèòåëÿ äëèí âîëí), à òàêæå ìåòîäèêè è ïðî-
ãðàììû èçìåðåíèé è îáðàáîòêè ñëàáûõ ñïåêòðîâ ïî-
ãëîùåíèÿ áûëè ïîäðîáíî ïðåäñòàâëåíû â [11]. Ðå-
çóëüòàòû èññëåäîâàíèé ñïåêòðîâ H2O â íàñòîÿùåé 
ðàáîòå ïîçâîëèëè îïðåäåëèòü îñíîâíûå òåõíè÷åñêèå 

ïàðàìåòðû èñïîëüçóåìîãî ÄËÎÀÑ: 
 

Ñïåêòðàëüíûé äèàïàçîí . . . . . . . . . . . . . . . 6060–6600 ñì−1 

Ñïåêòðàëüíîå ðàçðåøåíèå. . . . . . . . . . ∼ 3,3 ⋅ 10−6 ñì−1/24 ÷ 

Äèàïàçîí ïëàâíîé ïåðåñòðîéêè . . . . . . (2,8–3) ñì−1/100 Â 
Ïîãðåøíîñòü èçìåðåíèÿ  
àáñîëþòíîãî çíà÷åíèÿ äëèíû âîëíû . . . . 2 ⋅ 10−4 ñì−1/24 ÷ 
Ïîðîãîâàÿ ÷óâñòâèòåëüíîñòü  
ïî êîýôôèöèåíòó ïîãëîùåíèÿ . . . . . . . . . . (1÷3) ⋅ 10−8 ñì−1 
Äèàïàçîí äàâëåíèé . . . . . . . . . . . . . . . . . . . . . 0–1000 ìáàð 
Ïîãðåøíîñòü èçìåðåíèÿ äàâëåíèÿ . . . . . . . . . . . . 0,5 ìáàð 

 

Äëÿ ðåãèñòðàöèè ñïåêòðîâ ïîãëîùåíèÿ èçëó÷å-
íèÿ ïåðåñòðàèâàåìîãî ïî ÷àñòîòå ëàçåðà â äàííîé 

ðàáîòå èñïîëüçîâàëàñü ìåòîäèêà ñòóïåí÷àòîãî èçìå-
íåíèÿ äëèíû âîëíû ëàçåðà. Ïðè òàêîì ðåæèìå äëè-
íà âîëíû èçìåíÿåòñÿ ñ ïåðèîäîì Δν, è ïîñëå âðåìåí-
íîé çàäåðæêè Δt = 2πτ (ãäå τ – âðåìÿ íàêîïëåíèÿ 
ñèãíàëà, èëè ïîñòîÿííàÿ äåòåêòèðîâàíèÿ) ðåãèñòðè-
ðóåòñÿ ñèãíàë, ïðîïîðöèîíàëüíûé ñå÷åíèþ ïîãëî-
ùåíèÿ. Ðåãèñòðàöèÿ ñèãíàëà äèôôåðåíöèàëüíîãî 

îïòèêî-àêóñòè÷åñêîãî äåòåêòîðà (ÄÎÀÄ) îñóùåñòâ-
ëÿåòñÿ ìåòîäîì ñèíõðîííîãî äåòåêòèðîâàíèÿ ñ àì-
ïëèòóäíîé ìîäóëÿöèåé ñ èñïîëüçîâàíèåì ñèíõðîí-
íîãî äåòåêòîðà Scitec 420. 

Èçìåðåíèå ñïåêòðîâ ïîãëîùåíèÿ âîäÿíîãî ïàðà 
îñëîæíåíî òåì îáñòîÿòåëüñòâîì, ÷òî ÷àñòü ìîëåêóë 
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Ðèñ. 1. Áëîê-ñõåìà ÄËÎÀÑ ñ äèîäíûì ëàçåðîì: 1 – äèîäíûé ëàçåð TEC-520-1590-030 [12]; 2 – ïüåçîóñèëèòåëü ïåðå-
ñòðîéêè äëèíû âîëíû èçëó÷åíèÿ MLD-1000 [13]; 3 – çåðêàëüíûé ìîäóëÿòîð [14]; 4 – ÄÎÀÄ; 5 – ìèêðîôîíû; 6 – èçìå-
ðèòåëü äëèíû âîëíû èçëó÷åíèÿ WS-UIR [15]; 7 – ôîòîäèîä äëÿ èçìåðåíèÿ ìîùíîñòè; 8 – ñèíõðîííûé äåòåêòîð 
Scitec 420 [16]; 9 – ïëàòà ñáîðà äàííûõ è óïðàâëåíèÿ NIPCI 6251 [17]; 10 – ïåðñîíàëüíûé êîìïüþòåð; 11 – âàêóóìíûé 
  ïîñò; fm – ÷àñòîòà ìîäóëÿöèé; UÄÎÀÄ – íàïðÿæåíèå; W0 – ìîùíîñòü ëàçåðà; Ì1 – çåðêàëî 

 
 

âîäÿíîãî ïàðà àäñîðáèðóåòñÿ âíóòðåííèìè ïîâåðõ-
íîñòÿìè âàêóóìíîãî ïîñòà è ÄÎÀÄ, ïîýòîìó ïåðåä 
íà÷àëîì èçìåðåíèé íåîáõîäèìî íàñûòèòü ïîâåðõíî-
ñòè âîäÿíûì ïàðîì. Ïðîöåäóðà ïðèãîòîâëåíèÿ ïà-
ðîâ H2O â ÿ÷åéêå ÄÎÀÄ âêëþ÷àåò: îòêà÷êó ïîñòà  
è ÄÎÀÄ äî äàâëåíèÿ 0,1–0,2 ìáàð; íàïóñê âîäÿíî-
ãî ïàðà; íàñûùåíèå âíóòðåííèõ ïîâåðõíîñòåé ìîëå-
êóëàìè (ïàäåíèå äàâëåíèÿ âîäÿíîãî ïàðà íà ∼ 5 ÷ 7% 
îò ïåðâîíà÷àëüíîãî çíà÷åíèÿ). Èçìåðåíèå äàâëåíèÿ 
ïðîèçâîäèòñÿ âàêóóììåòðîì PFEIFFER CMR-361 

êàê âî âðåìÿ ïðèãîòîâëåíèÿ ïàðîâ H2O, òàê è ïðè 
ðåãèñòðàöèè ñïåêòðîâ. Íà ðèñ. 2 ïðèâåäåí ïðèìåð 
ñïåêòðà ïîãëîùåíèÿ è äàâëåíèÿ H2O ïîñëå ïîëóòî-
ðà÷àñîâîãî íàñûùåíèÿ. Âèäíî, ÷òî â õîäå èçìåðåíèÿ 

â òå÷åíèå ñóòîê äàâëåíèå âîäÿíîãî ïàðà ìåíÿëîñü íå 
áîëåå ÷åì íà 1%. 

 

Ìåòîäèêà îïòèêî-àêóñòè÷åñêèõ 

èçìåðåíèé êîíòèíóàëüíîãî 

ïîãëîùåíèÿ 
 

Â ïðèáëèæåíèè îïòè÷åñêè òîíêîãî ïîãëîùàþ-
ùåãî ñëîÿ â ÿ÷åéêå ÄÎÀÄ âûðàæåíèå äëÿ ñèãíàëà íà 
âûõîäå ñèíõðîííîãî äåòåêòîðà èìååò âèä [18, 19]: 

 ÄOAÄ 0 0 con b lock( , ) ( ) ,U W RW k k k U
ν

ν = + + +   (1) 

ãäå UÄÎÀÄ(W0, ν) – ñèãíàë íà âûõîäå ñèíõðîííîãî 
äåòåêòîðà, B; R – ÷óâñòâèòåëüíîñòü ÎÀ-äåòåêòîðà, 
Â ⋅ Âò−1 ⋅ ñì; W0 – ìîùíîñòü èçëó÷åíèÿ äèîäíîãî ëà-
çåðà, Âò; ν – äëèíà âîëíû ëàçåðà, ñì−1; k

ν
 – ëîêàëü-

íûé âêëàä ñïåêòðàëüíûõ ëèíèé, ñì−1; kcon – êîýô- 
ôèöèåíò, îáóñëîâëåííûé êîíòèíóàëüíûì ïîãëîùå-

íèåì, ñì−1; kb – êîýôôèöèåíò, îáóñëîâëåííûé ïîãëî- 
ùåíèåì íà îêíàõ ÄÎÀÄ, ñì−1; Ulock – ïîñòîÿííîå 
ñìåùåíèå íà âûõîäå ñèíõðîííîãî äåòåêòîðà, Â. 

Òàêèì îáðàçîì, ñèãíàë íà âûõîäå ÄÎÀÄ âêëþ-
÷àåò êàê ñèãíàëû, îáóñëîâëåííûå ïîãëîùåíèåì ìî-
ëåêóëàìè ãàçà â ÿ÷åéêå, òàê è ôîíîâûé ñèãíàë, 
ñâÿçàííûé ñ ïîãëîùåíèåì íà îêíàõ ÄÎÀÄ-ÿ÷åéêè  
è ñèãíàëîì ñìåùåíèÿ íà âûõîäå ñèíõðîííîãî äåòåê-
òîðà. Êàê ïîêàçàíî â [19, 20], êîíñòðóêöèÿ ÄÎÀÄ 

ïîçâîëÿåò ïîëíîñòüþ ïîäàâèòü ñèãíàë, îáóñëîâëåí-
íûé ïîãëîùåíèåì îêíàìè, ïîýòîìó ÷ëåíîì kb â ôîð-
ìóëå (1) ìîæíî ïðåíåáðå÷ü. Êðîìå òîãî, ÎÀ-èçìå- 
ðåíèÿ êîíòèíóàëüíîãî ïîãëîùåíèÿ â íàøåì ñëó÷àå 
ïðåäóñìàòðèâàëè êàê ðåãèñòðàöèþ ñïåêòðà ïîãëîùå-
íèÿ ñîãëàñíî ìåòîäèêå, ïðèâåäåííîé â ðàáîòå [11], 
òàê è äîïîëíèòåëüíûå èçìåðåíèÿ ñèãíàëà Ulock ïðè 
îòñóòñòâèè ëàçåðíîãî èçëó÷åíèÿ äëÿ åãî ïîñëåäóþ-
ùåãî âû÷èòàíèÿ èç îáùåãî ÎÀ-ñèãíàëà. Â èòîãå ñèã-
íàë, îáóñëîâëåííûé ïîãëîùåíèåì ìîëåêóëàìè ãàçà 
â ÿ÷åéêå, çàïèøåòñÿ êàê 

0 ÄOAÄ 0 0 conlock( , ) ( , ) ( ).U W U W U RW k k
ν

ν = ν − = +  (2) 

Äëÿ ïðåîáðàçîâàíèÿ ñïåêòðà ñèãíàëà, çàðåãè-
ñòðèðîâàííîãî â åäèíèöàõ íàïðÿæåíèÿ (Â), â åäè-
íèöû êîýôôèöèåíòà ïîãëîùåíèÿ (ñì−1) íåîáõîäèìî 
ïðîâåñòè ïðîöåäóðó êàëèáðîâêè è îïðåäåëèòü ïåðå-
äàòî÷íûé êîýôôèöèåíò ïðåîáðàçîâàíèÿ R W0. Ìå-
òîäèêà êàëèáðîâêè è ðàñ÷åòà êîýôôèöèåíòà ïðåîá-
ðàçîâàíèÿ ïðèâåäåíû â [21]. Èñïîëüçóÿ ñïåêòðîñêî-
ïè÷åñêóþ èíôîðìàöèþ îá èíòåíñèâíîñòè ðåïåðíîé 
ëèíèè, íàïðèìåð èç áàçû äàííûõ HITRAN2016 [22], 
ñïåêòð ïîãëîùåíèÿ (k

ν
 + kcon) ìîæíî âû÷èñëèòü ïî 

ñîîòíîøåíèþ 
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Ðèñ. 2. Èçìåíåíèå äàâëåíèÿ âîäÿíîãî ïàðà â ïðîöåññå ðåãèñòðàöèè ñïåêòðà ïîãëîùåíèÿ ïðè äâîéíîì ñêàíèðîâàíèè ñïåêòðàëü- 
  íîãî ó÷àñòêà 

 

 1

con( ) [cì ]k k
−

ν
+ =  

 
HIT

0
3

m

ñì

ìîë.ìîë.( , ) [Â] ,
Â ñì

ñì

S

U W N

S

⎡ ⎤
⎢ ⎥ ⎡ ⎤⎣ ⎦= ν ⋅ ⋅ ⎢ ⎥⎡ ⎤ ⎣ ⎦
⎢ ⎥
⎣ ⎦

   (3) 

ãäå N  – êîíöåíòðàöèÿ ïîãëîùàþùèõ ìîëåêóë;  
SHIT – èçâåñòíàÿ èíòåíñèâíîñòü ñïåêòðàëüíîé ëèíèè 

(íàïðèìåð, èç áàçû äàííûõ HITRAN2016); Sm – 

èíòåíñèâíîñòü ëèíèè, çàðåãèñòðèðîâàííàÿ ñïåêòðî-
ìåòðîì. Èíòåíñèâíîñòü íàèáîëåå ñèëüíîé ëèíèè, 
çàðåãèñòðèðîâàííîé ñïåêòðîìåòðîì Sm (Â/ñì), îï-
ðåäåëÿåòñÿ â ðåçóëüòàòå ïîäãîíêè U(W0, ν) ñîâðå-
ìåííîé ìîäåëüþ êîíòóðà Hartmann–Tran [21, 23]. 
 

Ïîäãîíêà ñïåêòðà ïîãëîùåíèÿ (k
ν
 + kcon) ïðîèç-

âîäèòñÿ ðàçðàáîòàííîé â ñðåäå LabVIEW ïðîãðàì-
ìîé îáðàáîòêè âûñîêîòî÷íûõ ñïåêòðîâ ïîãëîùåíèÿ 
ìîëåêóë àòìîñôåðíûõ ãàçîâ [11, 21]. Â ðåçóëüòàòå 
îïðåäåëÿþòñÿ êàê ñåëåêòèâíàÿ k

ν
 (ñïåêòðîñêîïè÷å-

ñêèå ïàðàìåòðû ëèíèé ïîãëîùåíèÿ – ïîëîæåíèÿ 

öåíòðîâ, èíòåíñèâíîñòåé, ïàðàìåòðîâ óäàðíîãî óøè-
ðåíèÿ è ñóæåíèÿ è äð.), òàê è íåñåëåêòèâíàÿ kcon ñî- 
ñòàâëÿþùèå ìîëåêóëÿðíîãî ïîãëîùåíèÿ è ñîîòâåòñò-
âóþùèå ñðåäíåêâàäðàòè÷íûå ïîãðåøíîñòè èçìåðåíèé. 
  Íà ðèñ. 3 ïðèâåäåí ïðèìåð çàðåãèñòðèðîâàííîãî 

è îáðàáîòàííîãî ñïåêòðîâ ïîãëîùåíèÿ âîäÿíîãî ïàðà 

ïðè äàâëåíèè 24 ìáàð è òåìïåðàòóðå 24 °Ñ âáëèçè 

ëèíèè 6177,272 ñì−1. Ïîêàçàíû ñïåêòð ïîãëîùåíèÿ 
ãàçîì k

ν
 + kcon, ïîäãîíî÷íûé ñïåêòð kfit è âîññòàíîâ-

ëåííûé ñïåêòð êîíòèíóóìà kcon. Äëÿ ñðàâíåíèÿ 
 

 

 

Ðèñ. 3. Ýêñïåðèìåíòàëüíûé ÎÀ-ñïåêòð ïîãëîùåíèÿ âîäÿíîãî ïàðà (kν + kcon) âáëèçè ëèíèè 6177,272 ñì−1
 ïðè äàâëåíèè 24 ìáàð 

  è òåìïåðàòóðå 24 °Ñ è ðåçóëüòàòû åãî îáðàáîòêè 
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òàêæå ïðèâåäåí ñèãíàë Ulock /RW0, èçìåðÿåìûé ïðè 

îòñóòñòâèè ëàçåðíîãî èçëó÷åíèÿ. 
Èíòåíñèâíîñòü ëèíèè 6177,272 ñì−1

 â HITRAN2016 
[22] ðàâíà 2,706 ⋅ 10−25 ñì/ìîë. è ñîîòâåòñòâóåò ðàñ-
÷åòó [24]. Îäíàêî èçìåðåíèÿ ïîñëåäíèõ ëåò ïîêà-
çûâàþò ìåíüøèå çíà÷åíèÿ èíòåíñèâíîñòè äàííîé 
ëèíèè. Íàïðèìåð, â CRDS-ýêñïåðèìåíòàõ [25, 26] 
áûëî ïîëó÷åíî çíà÷åíèå 2,34 ⋅ 10−25

 ñì/ìîë. Íà ðèñ. 4 
ïðèâåäåíû íåàïîäèçèðîâàííûé ñïåêòð ëèíèè âîäû íà 

6177,272 ñì−1, ïîëó÷åííûé èç Ôóðüå-èçìåðåíèé [8], 
è ðàñ÷åòíûé ñïåêòð íà îñíîâå ïàðàìåòðîâ ýòîé ëè-
íèè â HITRAN2016 ïðè åãî ñâåðòêå ñ àïïàðàòíîé 
ôóíêöèåé (sinc-ôóíêöèÿ), ñîîòâåòñòâóþùåé óñëîâè-
ÿì ýêñïåðèìåíòà [8]. Èç ãðàôèêà âèäíî, ÷òî ýêñïå-
ðèìåíò äàåò ìåíüøóþ èíòåíñèâíîñòü ýòîé ëèíèè, ÷åì 
HITRAN2016, à èìåííî (2,35 ± 0,12) ⋅ 10−25 ñì/ìîë., 
÷òî õîðîøî ñîãëàñóåòñÿ ñ äàííûìè èçìåðåíèé [25, 26]. 
Èìåííî ýòî çíà÷åíèå ìû èñïîëüçîâàëè äëÿ êàëèá-
ðîâêè ÎÀ-ñïåêòðîìåòðà. 

 

 
Ðèñ. 4. Íåàïîäèçèðîâàííûé Ôóðüå-ñïåêòð ïîãëîùåíèÿ âî- 
äÿíîãî ïàðà îêîëî ëèíèè 6177,272 ñì–1, ïîëó÷åííûé èç 
èçìåðåíèé [8], è ðàñ÷åòíûé ñïåêòð íà îñíîâå ïàðàìåòðîâ 
  äàííîé ëèíèè â HITRAN2016 [22] 

 

Àíàëèç ðåçóëüòàòîâ 
 

Ïî ðåçóëüòàòàì èçìåðåíèé è îïèñàííîé âûøå îá- 
ðàáîòêè ÎÀ-ñïåêòðîâ áûëè âîññòàíîâëåíû çíà÷åíèÿ 
êîýôôèöèåíòà êîíòèíóàëüíîãî ïîãëîùåíèÿ â ÷èñòîì 
âîäÿíîì ïàðå â ìèêðîîêíàõ ïðîçðà÷íîñòè âáëèçè 
ëèíèè 6177,272 ñì−1 ïðè òåìïåðàòóðå 24 °Ñ è äàâëå-
íèè îò 12 äî 26 ìáàð. Ïîëó÷åííûå êîýôôèöèåíòû 
êîíòèíóàëüíîãî ïîãëîùåíèÿ èìåþò õîðîøî âûðà-
æåííóþ ëèíåéíóþ çàâèñèìîñòü îò êâàäðàòà äàâëå-
íèÿ âîäÿíîãî ïàðà (ðèñ. 5) äî äàâëåíèÿ ∼ 22,5 ìáàð, 
÷òî ñîîòâåòñòâóåò 75% îòíîñèòåëüíîé âëàæíîñòè ïðè 

òåìïåðàòóðå ýêñïåðèìåíòà. Ëèíåéíàÿ àïïðîêñèìà-
öèÿ ïîëó÷åííîé çàâèñèìîñòè äî äàâëåíèÿ 22,5 ìáàð 

äàåò çíà÷åíèå ñå÷åíèÿ êîíòèíóàëüíîãî ïîãëîùåíèÿ 
Ñs = 5,4(3) ⋅ 10−24 ñì2

 ⋅ ìîë.−1 ⋅ àòì−1. Ïðè áîëåå âû-
ñîêîì äàâëåíèè íàáëþäàåòñÿ îòêëîíåíèå îò ëèíåéíîé 

çàâèñèìîñòè, êîòîðîå, ïðåäïîëîæèòåëüíî, ìîæåò áûòü 

 
îáóñëîâëåíî íà÷àëîì àêòèâíîé àäñîðáöèè ìîëåêóë 

âîäû íà ìèêðîôîíàõ è äåòàëÿõ ÎÀ-ÿ÷åéêè ïðè äàí-
íîé âëàæíîñòè. 

 

 
Ðèñ. 5. Çàâèñèìîñòü êîýôôèöèåíòîâ êîíòèíóàëüíîãî ïî-
ãëîùåíèÿ, ïîëó÷åííàÿ â íàøåé ðàáîòå, îò êâàäðàòà äàâëå-
íèÿ âîäÿíîãî ïàðà. Ïóíêòèðíàÿ êðèâàÿ ñîîòâåòñòâóåò 
ëèíåéíîé àïïðîêñèìàöèè ïîëó÷åííûõ çíà÷åíèé, èñêëþ÷àÿ 
çíà÷åíèÿ ïðè äàâëåíèè âûøå 22,5 ìáàð (îòíîñèòåëüíàÿ 
  âëàæíîñòü > 75%) 

 

Íà ðèñ. 6 ïðåäñòàâëåíû ñå÷åíèÿ êîíòèíóàëüíîãî 

ïîãëîùåíèÿ â ÷èñòîì âîäÿíîì ïàðå â îêíå 6300 ñì−1 
(1,6 ìêì) èç ðàçíûõ ðàáîò. 

 

 
Ðèñ. 6. Ñðàâíåíèå ñå÷åíèé êîíòèíóàëüíîãî ïîãëîùåíèÿ  
â ÷èñòîì âîäÿíîì ïàðå â îêíå 6300 ñì−1 (1,6 ìêì) èç ðàç-
íûõ ðàáîò: îöåíêà self-êîíòèíóóìà èç èçìåðåíèé [5] ïîë-
íîãî êîíòèíóóìà; [9], [8], äàííàÿ ðàáîòà, à òàêæå – 
  ìîäåëü êîíòèíóóìà MTCKD-2.5 [27] 

 

Ïîëíàÿ ïîãðåøíîñòü èçìåðåíèé ñîñòàâëÿåò ïðè- 
ìåðíî ± 0,8 ⋅ 10−24 ñì2

 ⋅ ìîë.−1 ⋅ àòì−1, èëè ∼ 15% îò 
âåëè÷èíû ïîëó÷åííîãî ñå÷åíèÿ êîíòèíóàëüíîãî ïî-
ãëîùåíèÿ. Îñíîâíîé âêëàä â ýòó ïîãðåøíîñòü äàåò 
ïîãðåøíîñòü øóìà ïðèåìíèêà (∼ 10%) è êàëèáðîâêè 
(∼ 5%). 



 

 Îïòèêî-àêóñòè÷åñêèå èçìåðåíèÿ êîíòèíóàëüíîãî ïîãëîùåíèÿ âîäÿíîãî ïàðà â îêíå ïðîçðà÷íîñòè 1,6 ìêì 999 
 

Çàêëþ÷åíèå 
 

Âûïîëíåíû îïòèêî-àêóñòè÷åñêèå èçìåðåíèÿ ñïåê-
òðîâ ïîãëîùåíèÿ ÷èñòîãî âîäÿíîãî ïàðà ïðè êîì-
íàòíîé òåìïåðàòóðå è íåñêîëüêèõ äàâëåíèÿõ â îêíå 
ïðîçðà÷íîñòè îêîëî 6177 ñì−1. Âîññòàíîâëåííûå êî-
ýôôèöèåíòû êîíòèíóàëüíîãî ïîãëîùåíèÿ èìåþò õî- 
ðîøî âûðàæåííóþ êâàäðàòè÷íóþ çàâèñèìîñòü îò 

äàâëåíèÿ âîäÿíîãî ïàðà. Îïðåäåëåíî ñå÷åíèå êîíòè-
íóàëüíîãî ïîãëîùåíèÿ âîäÿíîãî ïàðà, êîòîðîå ñîñòà-
âèëî (5,4 ± 0,8) ⋅ 10−24 ñì2

 ⋅ ìîë.−1 ⋅ àòì−1. Ýòà âåëè÷èíà 

â 4 ðàçà íèæå, ÷åì äàííûå Ôóðüå-ñïåêòðîìåòðè÷åñ- 
êèõ èçìåðåíèé, è â 20 ðàç âûøå, ÷åì ëèòåðàòóðíûå 
äàííûå CRDS-èçìåðåíèé â äàííîì îêíå ïðîçðà÷íî-
ñòè. Òàêèì îáðàçîì, âîïðîñ î âåëè÷èíå êîíòèíóàëü-
íîãî ïîãëîùåíèÿ â äàííîì îêíå ïðîçðà÷íîñòè îñòà-
åòñÿ îòêðûòûì.  

Àâòîðû ïðèçíàòåëüíû Ñ.Í. Ìèõàéëåíêî çà äå-
òàëüíóþ èíôîðìàöèþ î ñîâðåìåííûõ äàííûõ ïî 
èíòåíñèâíîñòè ëèíèè âîäû 6177,272 ñì−1. 
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V.A. Kapitanov, K.Y. Osipov, I.V. Ptashnik. Photoacoustic measurements of the water vapor contin-

uum absorption in the 1.6 m window. 
The pure water vapor absorption spectra have been measured by the photoacoustic method in transparency 

microwindows near 6177 cm1 at several pressures at a room temperature. Cross section of the water vapor con- 
tinuum absorption has been determined to be (5.4 ± 0.8)  1024  cm2  mol.1  atm1. This value is 4 times lower 
than the data known from FTS measurements and 20 times higher than the results obtained from CRDS 
measurements in this transparency window. 
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