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Ðåãèñòðàöèÿ ñïåêòðîâ ïîãëîùåíèÿ ñîëíå÷íîãî èçëó÷åíèÿ, ïðîøåäøåãî ÷åðåç âñþ òîë-
ùó àòìîñôåðû Çåìëè, ïðîâîäèëàñü íà Ôóðüå-ñïåêòðîìåòðå IFS-125M. Ñïåêòðû çàïèñûâà-
ëèñü â 22 ìàÿ 2012 ãîäà. Óñëîâèÿ ðåãèñòðàöèè ñïåêòðîâ - äèàïàçîí 25000 - 8000 ñì−1 (400
� 1250 íì); ôîòîïðèåìíèê - êðåìíèåâûé ôîòîäèîä; äåëèòåëü - êâàðö; ðàçðåøåíèå - 0,05
ñì−1; ñêîðîñòü ñêàíåðà - 20 êÃö; äèàìåòð àïåðòóðû - 0,6 ìì; âðåìÿ îäíîãî èçìåðåíèÿ � 10
ìèíóò.

Èçìåðåíèÿ ïðîâîäèëèñü ïðè äèàìåòðå àïåðòóðû 0,85 ìì (â ýòîì ñëó÷àå îòíîøåíèå
ñèãíàë/øóì (S/N) óâåëè÷èâàëîñü â 2-3 ðàçà), îäíàêî ïðè ýòîì íàáëþäàëàñü êîíâîëþöèÿ
(èñêàæåíèå) ñïåêòðîâ â âûñîêî÷àñòîòíîé îáëàñòè � 400-500 íì. Â îáëàñòè 18000 ñì−1 îòíî-
øåíèå S/N = 100. Ïðè ïîëíîì ïåðåêðûòèè Ñîëíöà îáëàêàìè ðåãèñòðàöèÿ ïðåêðàùàëàñü.
Ïîäðîáíî óñòàíîâêà îïèñàíà â ðàáîòå [1,2].

Ðåçóëüòàòû, ïîëó÷åííûå â õîäå èçìåðåíèé, îáðàáàòûâàëèñü ïðîãðàììîé SFIT v3.92
[3]. Âûáîð êîíêðåòíûõ ñïåêòðîâ äëÿ îáðàáîòêè (22 ìàÿ 2012 â 8:48, 8:59 è 9:09) ñ öå-
ëüþ îïðåäåëåíèÿ îáùåãî ñîäåðæàíèÿ H2O áûë îáóñëîâëåí òåì, ÷òî îíè èçìåðÿëèñü áëèç-
êî ïî âðåìåíè ê çàïóñêó ìåòåîçîíäà è â êà÷åñòâå ïðîôèëåé Ò(z) è P(z) ïðè îáðàáîòêå
èñïîëüçîâàëèñü äàííûå ìåòåîçîíäèðîâàíèÿ íà ñòàíöèè Êîëïàøåâî (ÂÌÎ �29231) â 0
÷àñîâ ïî GMT. Â êà÷åñòâå àïðèîðíûõ ïðîôèëåé êîíöåíòðàöèé ãàçîâ â àòìîñôåðå áû-
ëè èñïîëüçîâàíû ïðîôèëè, ðàññ÷èòàííûå ïðè ïîìîùè êëèìàòè÷åñêîé ìîäåëè WACCM
(Whole Atmosphere Community Climate Model) [4]. Â êà÷åñòâå èñòî÷íèêà èíôîðìàöèè î
ïàðàìåòðàõ òîíêîé ñòðóêòóðû ëèíèé ìîëåêóëÿðíîãî ïîãëîùåíèÿ èñïîëüçîâàëàñü ñïåêòðî-
ñêîïè÷åñêàÿ áàçà äàííûõ HITRAN 2004 (http://www.hitran.com).

Ñïåöèôèêà èñïîëüçóåìûõ Ôóðüå-ñïåêòðîìåòðè÷åñêèõ èçìåðåíèé ñîñòîèò â íåñòàíäàðò-
íîñòè äèàïàçîíà èçìåðåíèé (8000-25000 ñì−1). Âûáîð ñïåêòðàëüíîãî èíòåðâàëà äëÿ îáðà-
áîòêè áûë äîïîëíèòåëüíî îáóñëîâëåí òåì, ÷òî ïðîãðàììà SFIT v3.92 èìååò îãðàíè÷åíèå
ïî øêàëå âîëíîâûõ ÷èñåë (íå áîëåå 10000 ñì−1). Áûëè ðàññìîòðåíû äåñÿòü èíòåðâàëîâ
ðàçíîé øèðèíû (îò 35 ñì−1 äî 0.6 ñì-1) â äèàïàçîíå 9900-9999 ñì−1 (íàïðèìåð, 9930-
9965ñì−1, 9943.6-9944.7ñì−1, 9973.5-9974.1 ñì−1 è ò.ä.), ñîäåðæàùèõ ëèíèè âîäÿíîãî ïàðà.
Âûáðàííûå èíòåðâàëû 9979.4-9981.15 ñì−1è 9941-9958 ñì−1 ñðåäè èññëåäîâàííûõ äåñÿòè
õàðàêòåðèçóþòñÿ íàèìåíüøèìè çíà÷åíèÿìè ñëó÷àéíûõ ïîãðåøíîñòåé îïðåäåëåíèÿ îáùåãî
ñîäåðæàíèÿ H2O â àòìîñôåðå.

Ðåçóëüòàòû îïðåäåëåíèÿ îáùåãî ñîäåðæàíèÿ Í2Î ïî ñïåêòðàì 22 ìàÿ 2012 ã. ïðè-
âåäåíû â òàáëèöå 1. Îöåíêà ñëó÷àéíîé ñîñòàâëÿþùåé ïîãðåøíîñòè îïðåäåëåíèÿ îáùåãî
ñîäåðæàíèÿ Í2Î ïî âûáðàííûì èíòåðâàëàìñîñòàâëÿåò 0.5-0.7% (èëè (2-3)*1020ìîëåê./ñì2

(ñì. òàáë.1).
Âèäíî, ÷òî âûáðàííûå äâà èíòåðâàëà, õîòü è äàþò íåìíîãî îòëè÷àþùèåñÿ çíà÷åíèÿ

îáùåãî ñîäåðæàíèÿ, íî ýòè ðàññîãëàñîâàíèÿ ëåæàò â ïðåäåëàõ ïîãðåøíîñòè îïðåäåëåíèÿ
îáùåãî ñîäåðæàíèÿ Í2Î (óæå óïîìÿíóòûå 0.5-0.7%).

Èçìåðåíèÿ îáùåãî âëàãîñîäåðæàíèÿ (ÎÂÑ) è àýðîçîëüíîé îïòè÷åñêîé òîëùè (ÀÎÒ)
àòìîñôåðû â ÈÎÀ ÑÎ ÐÀÍ âûïîëíÿþòñÿ â êðóãëîãîäè÷íîì ìîíèòîðèíãîâîì ðåæèìå ñ
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Òàáëèöà 1. Ðåçóëüòàòû îáðàáîòêè ñïåêòðîâ 22.05.2012 ïðîãðàììîé SFIT v3.92.

Âðåìÿ Çåíèòíûé
óãîë

Èíòåðâàë 9979.4-9981.15
ñì−1

Èíòåðâàë 9941-9958 ñì−1

Îáùåå ñîäåðæà-
íèå Í2Î, *1022

ìîëåê./ñì2

RMS Îáùåå ñîäåðæà-
íèå Í2Î, *1022

ìîëåê./ñì2

RMS

08:48:35 60.40498 4.28±0.02 0.332 4.30±0.02 0.472
08:59:09 58.96158 4.28±0.02 0.398 4.29±0.03 0.453
09:09:43 57.52840 4.34±0.02 0.388 4.33±0.03 0.461

ïîìîùüþ àâòîìàòèçèðîâàííûõ ñîëíå÷íûõ ôîòîìåòðîâ ñåðèè SP [5,6]. Ðåãèñòðàöèÿ ïðîâî-
äèòñÿ ñ èíòåðâàëîì â îäíó ìèíóòó â óñëîâèÿõ, êîãäà Ñîëíöå íå ïåðåêðûòî îáëàêàìè.

Îïðåäåëåíèå ÎÂÑ îñóùåñòâëÿåòñÿ ïî ñîîòíîøåíèþ ñèãíàëîâ â äâóõ ñïåêòðàëüíûõ êà-
íàëàõ: â ïîëîñå ïîãëîùåíèÿ âîäÿíîãî ïàðà 0,94 ìêì è âíå ïîëîñû � 0,87 ìêì. Ïîëóøèðèíà
ñâåòîôèëüòðîâ ñîñòàâëÿåò ∼0,01 ìêì. Èñïîëüçóåìûå ïðè âîññòàíîâëåíèè ÎÂÑ çàâèñèìî-
ñòè îòíîøåíèé ïðîïóñêàíèÿ T0.94/T0.87 îò ïîãëîùàþùåé ìàññû ðàññ÷èòûâàþòñÿ ïî ìîäåëè
HITRAN-2000 (http://www.hitran.com) ñ ó÷åòîì àïïàðàòíûõ ôóíêöèé ñïåêòðàëüíûõ êà-
íàëîâ. Áîëåå ïîäðîáíî ìåòîäèêà êàëèáðîâêè ôîòîìåòðà è âîññòàíîâëåíèÿ ÀÎÒ è ÎÂÑ
àòìîñôåðû îïèñàíà â ðàáîòàõ [7,8].

Íà ðèñ.1 ïðåäñòàâëåíû ðåçóëüòàòû èçìåðåíèé ÀÎÒ è ÎÂÑ àòìîñôåðû â ã.Òîìñêå (Àêà-
äåìãîðîäîê) 22 èþíÿ 2012 ã. Ñì. òàêæå òàáëèöó 2.

Ðèñ. 1. Ðåçóëüòàòû èçìåðåíèé ÀÎÒ è ÎÂÑ àòìîñôåðû â ã.Òîìñêà 22.05.2012

Â ïåðâûõ äâóõ êîëîíêàõ òàáëèöû 2 ïðåäñòàâëåíî âðåìÿ èçìåðåíèÿ è ñîäåðæàíèå âîäÿ-
íîãî ïàðà â ã/ñì2, èçìåðåííîå ñîëíå÷íûìè ôîòîìåòðàìè, â ïîñëåäíåé êîëîíêå ñîäåðæàíèå
âîäÿíîãî ïàðà, ïåðåñ÷èòàííîå â ìîëåêóëàõ/ñì2.

Ïîãðåøíîñòü îïðåäåëåíèÿ îáùåãî âëàãîñîäåðæàíèÿ íà ñïåêòðîôîòîìåòðàõ ñîñòàâëÿåò
0,01-0,02 ã/ñì2 ò.å. 0.22-0.47% èëè äî 0.5%, à êàê óêàçûâàëîñü âûøå, îøèáêà îïðåäåëåíèÿ
îáùåãî ñîäåðæàíèÿ íà Ôóðüå-ñïåêòðîìåòðå ñîñòàâëÿåò 0.5-0.7%
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Òàáëèöà 2. Èçìåðåíèÿ îáùåãî ñîäåðæàíèÿ âîäÿíîãî ïàðà ñîëíå÷íûìè ôîòîìåòðàìè

Âðåìÿ Òîìñêîå ãðàìì/ñì2 Îáùåå ñîäåðæàíèå Í2Î,
*1022 ìîëåêóë/ñì2

8:48:21 1.29494 4.33
8:49:21 1.29296 4.33
8:51:17 1.29199 4.32
8:53:08 1.30492 4.37

Âîäÿíîé ïàð ÿâëÿåòñÿ î÷åíü èçìåí÷èâîé ãàçîâîé êîìïîíåíòîé àòìîñôåðû, ïîýòîìó ïðè
ñðàâíåíèè ðåçóëüòàòîâ ðàçëè÷íûõ ñèñòåì èçìåðåíèé, íåîáõîäèìî ñîáëþäåíèå îäíîâðåìåí-
íîñòè íàáëþäåíèé. Èçìåðåíèÿ ñîëíå÷íîãî ôîòîìåòðà â 8:48:21 è 8:49:21 ìîæíî ñðàâíèòü
ñ Ôóðüå- èçìåðåíèÿìè â 08:48:35. Ðàçíèöà ñ ïåðâûì äèàïàçîíîì (9979.4-9981.15 ñì−1) ñî-
ñòàâèò 1.2% à ñî âòîðûì (9941-9958 ñì−1) 0.75%. Åñëè æå ñðàâíèòü èçìåðåíèÿ ñîëíå÷íîãî
ôîòîìåòðà â 8:53:08 ñ Ôóðüå-èçìåðåíèÿìè 08:59:09, ÷òî íå ñîâñåì êîððåêòíî, ðàçíèöà ñ
ïåðâûì äèàïàçîíîì (9979.4-9981.15 ñì−1) ñîñòàâèò 1.96% à ñî âòîðûì 1.73%. Ò.å. ðàçíèöà
â èçìåðåíèÿõ îáùåãî ñîäåðæàíèÿ âîäÿíîãî ïàðà íå ïðåâûøàåò 2 %.

Òàêèì îáðàçîì, ðàññîãëàñîâàíèå, ïîëó÷åííîå ïðè ñðàâíåíèè îäíîâðåìåííûõ èçìåðåíèé
îáùåãî ñîäåðæàíèÿ Í2Î (â ïåðèîä 8:48 - 8:50), ñîñòàâèëî 0.75-1.2%. Ýòî çíà÷åíèå ëåæèò â
ïðåäåëàõ ñóììàðíîé ïîãðåøíîñòè (∼1.2%) èñïîëüçóåìûõ ìåòîäîâ è àïïàðàòóðû (Ôóðüå-
ñïåêòðîìåòðà è ñîëíå÷íîãî ôîòîìåòðà).

Ðàáîòà ïîääåðæàíà ãðàíòàìè ÐÔÔÈ, ïðîãðàììîé ÎÔÍ ÐÀÍ 3.9.
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Measurements of water vapor total content in the solar spectrum of
the atmosphere
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Registration of absorption spectra of solar radiation, passed through the the Earth’s at-
mosphere, was carried out by the Fourier spectrometer IFS-125M. All spectra were recorded
during the period of May 17-23, 2012. Conditions of spectrum registration: spectral range is
25,000 - 8000 cm−1 (400 - 1250 nm); photodetector is silicon photodiode; the splitter is quartz;
resolution is 0.05 cm−1; scanner speed is 20 kHz; the diameter of the aperture is 0.6 mm; time
of one measurement is 10 minutes. The measurements were carried out with the diameter of
the aperture of 0.85 mm (in this case, the signal to noise ratio (S/N) is increased by 2-3 times),
however, spectrum distortion was observed in the high-frequency range of 400-500 nm. In the
area of 18000 cm−1 S/N = 100. Spectrum registration during the mentioned period was carried
out from 8-30 till 18-00. During the experiment, solar radiation was often covered by clouds.
The results, obtained during the measurements, were processed by SFIT v3.92 program . In
the result, the data on water vapor total content were obtained during the processing of ex-
perimental data in the range of 9900-10000 cm−1. Some intervals were selected: 9979.4-9981.15
cm−1 and 9941-9958 cm−1 – in this case, the results of calculations of water vapor total content
were the most stable.

H2O total content = 4.28x1022 mol/cm2

Measurements of the Fourier-spectrometer were compared with the measurements of sun
photometer. The difference with the first range (9979.4-9981.15 cm−1) was 1.2 percent.

The work is partly supported by the Rusian Fund for Basic Research Grants, RAS Program
3.9.
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