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Íåîáõîäèìîñòü êîíòðîëÿ è ïðåäñêàçàíèÿ äàëüíåéøåãî õîäà ïðîèñõîäÿùèõ êëèìàòè÷åñêèõ èçìåðåíèé 
òðåáóåò ïðîâåäåíèÿ øèðîêîìàñøòàáíûõ èçìåðåíèé êîíöåíòðàöèè àòìîñôåðíûõ ãàçîâ. Òî÷íîñòü ïðîâî
äèìûõ ñïåêòðàëüíûõ èçìåðåíèé ïàðíèêîâûõ ãàçîâ ÷àñòî îãðàíè÷èâàåòñÿ âëèÿíèåì àòìîñôåðíîãî àýðî
çîëÿ, îáëàäàþùåãî êîíòèíóàëüíûì ñïåêòðàëüíûì ïîãëîùåíèåì. Àêòóàëüíîñòü ðàáîò ïî èññëåäîâàíèþ 
àòìîñôåðíîãî àýðîçîëÿ îáúÿñíÿåòñÿ ñóùåñòâåííûì îñëàáëåíèåì ñîëíå÷íîé ðàäèàöèè àýðîçîëüíûì 
ñëîåì àòìîñôåðû. Àòìîñôåðíûé àýðîçîëü ïîãëîùàåò èëè îòðàæàåò îáðàòíî â êîñìîñ ïðèáëèçèòåëüíî 
20 % âñåé ñîëíå÷íîé îïòè÷åñêîé ðàäèàöèè. Áóäó÷è âàæíåéøåé êîìïîíåíòîé àòìîñôåðû, àýðîçîëü êàê 
ôèçè÷åñêèé îáúåêò èññëåäîâàíèÿ îáëàäàåò ïîêàçàòåëÿìè, êîíòðîëèðóåìûìè ñ ïîìîùüþ ðÿäà ìåæäóíà
ðîäíûõ è ëîêàëüíûõ èçìåðèòåëüíûõ ñåòåé. 

Ïðåäìåòîì èññëåäîâàíèÿ âûñòóïèëè èçâåñòíûå ìåòîäèêè, èñïîëüçóåìûå äëÿ îïðåäåëåíèÿ íàçâàí
íûõ ïîêàçàòåëåé. Öåëüþ ïðîâåäåííîãî èññëåäîâàíèÿ ñòàëî óñîâåðøåíñòâîâàíèå ìåòîäèêè ó÷åòà âëè
ÿíèÿ àýðîçîëÿ ïðè ïðîâåäåíèè ñïåêòðàëüíûõ èçìåðåíèé êîíöåíòðàöèè ïàðíèêîâûõ ãàçîâ àòìîñôåðû.

Ðàññìîòðåí âîïðîñ îá ó÷åòå âëèÿíèÿ àýðîçîëÿ ïðè ñîëíå÷íîôîòîìåòðè÷åñêèõ èçìåðåíèÿõ àòìîñ
ôåðíûõ ãàçîâ. Ïîêàçàíî, ÷òî ïðîáëåìà ïîâûøåíèÿ òî÷íîñòè ñîëíå÷íîôîòîìåòðè÷åñêèõ èçìåðåíèé àò
ìîñôåðíûõ ãàçîâ íà äëèíå âîëíû λ

0
 ìîæåò áûòü ïðèâåäåíà ê ïðîáëåìå âû÷èñëåíèÿ è ó÷åòà îïòè÷åñêîé 

òîëùèíû àýðîçîëÿ íà äëèíå âîëíû λ0 ïóòåì ñîñòàâëåíèÿ ñêàëÿðíîé îöåíêè â âèäå k1τ(λ0Δλ1)+k2τ(λ0Δλ2), 
ãäå k

1
+k

2 
= 0. Ïðè ýòîì ñòåïåííîé ïîêàçàòåëü â èçâåñòíîé ôîðìóëå Àíãñòðåìà, íåîáõîäèìûé äëÿ îïðåäå

ëåíèÿ îïòè÷åñêîé òîëùèíû àýðîçîëÿ íà äëèíå âîëíû λ
0
, ìîæåò áûòü íàéäåí èòåðàöèîííûì ïóòåì ñîãëàñ

íî ïðåäëàãàåìîé èòåðàöèîííîé ìåòîäèêå. Äëÿ îïðåäåëåíèÿ âåëè÷èíû êîýôôèöèåíòà ìóòíîñòè àòìîñ
ôåðû β äîñòàòî÷íî ïðîâåñòè ôîòîìåòðè÷åñêèå èçìåðåíèÿ íà äëèíàõ âîëíû λ

0
Δλ

1
 è λ

0
+Δλ

2
 è ïî èçâåñòíûì 

ïîêàçàòåëÿì τ è α îïðåäåëèòü âåëè÷èíó β, èñïîëüçóÿ ôîðìóëó Àíãñòðåìà

Êëþ÷åâûå ñëîâà: àýðîçîëü; îïòè÷åñêàÿ òîëùèíà; ñîëíå÷íûé ôîòîìåòð; ìóòíîñòü àòìîñôåðû; äëèíà âîëíû; èçìåðå
íèÿ; äèñòàíöèîííîå çîíäèðîâàíèå; êëèìàòè÷åñêèå èçìåíåíèÿ; ïîãðåøíîñòü; ïîêàçàòåëü Àíãñòðåìà

The need to monitor and predict the future course of ongoing climate measurements dictates the need for large
scale measurements of the concentration of such gases. However, the accuracy of spectral measurements of 
greenhouse gases is often limited by the influence of atmospheric aerosol, which has a continuous spectral ab
sorption. The relevance of research on atmospheric aerosol is also explained by the significant weakening of so
lar radiation by the aerosol layer of the atmosphere. It is well known that atmospheric aerosol absorbs or reflects 
back into space about 20 % of all solar optical radiation. As the most important component of the atmosphere, 
the aerosol as a physical object of research has a number of important indicators that are controlled by several 
international and local measurement networks. The subject of research in this paper is the wellknown methods 
used to determine these indicators. The purpose of the research is to improve the method of accounting for the 
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influence of aerosol when performing spectral measurements of the concentration of greenhouse gases in the 
atmosphere.

The issue of accounting for the effect of aerosol in solarphotometric measurements of atmospheric gases is 
considered. It is shown that the problem of increasing the accuracy of solarphotometric measurements of atmo
spheric gases at the wavelength λ

0
 can be reduced to the problem of calculating and accounting for the optical 

thickness of the aerosol at the wavelength λ
0
 by compiling a scalar estimate in the form of k

1
τ(λ

0
Δλ

1
)+k

2
τ(λ

0
Δλ

2
), 

where k
1
+k

2
 = 0. In this case, the power factor in the known Angstrom formula required to determine the optical 

thickness of the aerosol at the wavelength λ
0
 can be determined iteratively, according to the proposed iterative 

method. To determine the value of the atmospheric turbidity coefficient β, it is sufficient to perform photometric 
measurements at the wavelengths λ

0
Δλ

1
 and λ

0
+Δλ

2
 and determine the values of β using the Angstrom formula 

using the known values τ and α

Key words: aerosol; optical thickness; solar photometer; atmospheric turbidity; wavelength; measurements; remote sens
ing; climate change; error; Angstrom indicator

Ââåäåíèå. Õîðîøî èçâåñòíî, ÷òî êëèìà
òè÷åñêèå èçìåíåíèÿ, ïðîèñõîäÿùèå â 

íàñòîÿùåå âðåìÿ íà ïëàíåòå ÷àñòè÷íî îáú
ÿñíÿþòñÿ ïàðíèêîâûìè ãàçàìè, âûðàáàòû
âàåìûìè ïðè àíòðîïîãåííîé äåÿòåëüíîñòè 
áûòîâîãî è ïðîèçâîäñòâåííîãî õàðàêòåðà. 
Íåîáõîäèìîñòü êîíòðîëÿ è ïðåäñêàçàíèÿ 
äàëüíåéøåãî õîäà ïðîèñõîäÿùèõ êëèìàòè÷å
ñêèõ èçìåðåíèé îáóñëîâëèâàåò ïðîâåäåíèå 
øèðîêîìàñøòàáíûõ èçìåðåíèé êîíöåíòðà
öèè òàêèõ ãàçîâ. Âìåñòå ñ òåì, òî÷íîñòü ïðî
âîäèìûõ ñïåêòðàëüíûõ èçìåðåíèé ïàðíèêî
âûõ ãàçîâ ÷àñòî îãðàíè÷èâàåòñÿ âëèÿíèåì 
àòìîñôåðíîãî àýðîçîëÿ, îáëàäàþùåãî êîí
òèíóàëüíûì ñïåêòðàëüíûì ïîãëîùåíèåì. 

Êàê îòìå÷àåòñÿ â ðàáîòå «Ñðàâíåíèå àýðî
çîëüíûõ îïòè÷åñêèõ ñâîéñòâ è ðàñïðåäåëåíèÿ 
ïî ðàçìåðàì, ïîëó÷åííîå ñîëíå÷íûì ôîòî
ìåòðîì, ñ èçìåðåíèÿìè íà ñðåäíèõ øèðîòàõ» 
[2], íåîïðåäåëåííîñòü, ââîäèìàÿ àòìîñôåð
íûì àýðîçîëåì â ðåçóëüòàòû àòìîñôåðíûõ 
ñïåêòðàëüíûõ èçìåðåíèé ÷àñòè÷íî îáúÿñíÿ
åòñÿ ýôôåêòîì èõ óâëàæíåíèÿ, ïðèâîäÿùèì 
ê ïî÷òè äâóêðàòíîìó óâåëè÷åíèþ ïîãëîùåíèÿ 
àýðîçîëåì îïòè÷åñêîé ðàäèàöèè ïðè ïîâû
øåíèè îòíîñèòåëüíîé âëàæíîñòè â ïðåäåëàõ 
40…80 %. Àòìîñôåðíûé àýðîçîëü â îñíîâíîì 
ñîñðåäîòî÷åí â íèæíåé òðîïîñôåðå (ñëîé ïå
ðåìåøèâàíèÿ). Âìåñòå ñ òåì, íåêîòîðûå òèïû 
àýðîçîëÿ ìîãóò äîñòèãàòü è âåðõíèõ ñëîåâ àò
ìîñôåðû (íàïðèìåð, ïûëü ïóñòûíü, ìîðñêîé 
àýðîçîëü, âóëêàíè÷åñêèé ïåïåë). 

Àêòóàëüíîñòü ðàáîò ïî èññëåäîâàíèþ àò
ìîñôåðíîãî àýðîçîëÿ îáúÿñíÿåòñÿ òåì, ÷òî 
àýðîçîëüíûé ñëîé àòìîñôåðû ñóùåñòâåííî 
îñëàáëÿåò ñîëíå÷íóþ ðàäèàöèþ. Àòìîñôåð
íûé àýðîçîëü ïîãëîùàåò èëè îòðàæàåò îá
ðàòíî â êîñìîñ ïðèáëèçèòåëüíî 20 % âñåé 
ñîëíå÷íîé îïòè÷åñêîé ðàäèàöèè. 

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ àò
ìîñôåðíûé àýðîçîëü. Áóäó÷è âàæíåéøåé 
êîìïîíåíòîé àòìîñôåðû, àýðîçîëü, êàê ôè
çè÷åñêèé îáúåêò èññëåäîâàíèÿ, îáëàäàåò ðÿ
äîì âàæíåéøèõ ïîêàçàòåëåé, êîíòðîëèðóå
ìûõ ñ ïîìîùüþ ìåæäóíàðîäíûõ è ëîêàëüíûõ 
èçìåðèòåëüíûõ ñåòåé. Öåíòðîì èçó÷åíèÿ ôè
çè÷åñêèõ ïîêàçàòåëåé àòìîñôåðíîãî àýðîçî
ëÿ è åãî âëèÿíèÿ íà íàçåìíûå ñîëíå÷íîôîòî
ìåòðè÷åñêèå èçìåðåíèÿ ÿâëÿåòñÿ Âñåìèðíàÿ 
ñåòü àýðîçîëüíûõ èññëåäîâàíèé AERONET, â 
ñîñòàâ êîòîðîé âõîäèò áîëåå 500 àâòîìàòè
çèðîâàííûõ èçìåðèòåëüíûõ ñòàíöèé [4–6; 9]. 

Ïðåäìåòîì èññëåäîâàíèÿ ñòàëè èçâåñò
íûå ìåòîäèêè, èñïîëüçóåìûå äëÿ îïðåäåëå
íèÿ íàçâàííûõ ïîêàçàòåëåé.

Öåëü èññëåäîâàíèÿ – óñîâåðøåíñòâî
âàíèå ìåòîäèêè ó÷åòà âëèÿíèÿ àýðîçîëÿ ïðè 
ïðîâåäåíèè ñïåêòðàëüíûõ èçìåðåíèé êîí
öåíòðàöèè ïàðíèêîâûõ ãàçîâ àòìîñôåðû.

Êàê ïîêàçàíî â ðàáîòå Î. Äóáîâèêà è 
Ì. Ä. Êèíãà [3], ïðè âåëè÷èíå îïòè÷åñêîé òîë
ùèíû àýðîçîëÿ (AOD) â äèàïàçîíå 0,05…1,0, 
ïîãðåøíîñòü â èçìåðåíèè AOD íà óðîâíå 
±0,01 ïðè äëèíå âîëíû 440 íì ìîæåò ïðèâå
ñòè ê ïîãðåøíîñòè ñîëíå÷íîôîòîìåòðè÷å
ñêèõ èçìåðåíèé ãàçîâ âåëè÷èíîé 15…35 %.

Ïî ìíåíèþ ðÿäà àâòîðîâ, àýðîçîëüíûå 
èçìåðåíèÿ AOD, îñóùåñòâëÿåìûå ñ ïîìîùüþ 
ñïåêòðîðàäèîìåòðà MODIS, èìåþò òî÷íîñòü 
5…15 % [8]. Ïðè ýòîì íàçåìíûé ñîëíå÷íûé 
ôîòîìåòð òèïà PFR, îñóùåñòâëÿþùèé èçìå
ðåíèÿ íà äëèíàõ âîëí 368, 412, 500, 862 íì, 
èìååò ïîãðåøíîñòü 1…2 %. Ïðèáëèçèòåëüíî 
òàêóþ æå òî÷íîñòü èìåþò ñîëíå÷íûå ôîòî
ìåòðû CIMEL, èñïîëüçóåìûå â ñåòè AERONET.

Â ðàáîòå À. Àíãñòðîìà [1] ïðåäëîæåíà 
ôîðìóëà äëÿ âû÷èñëåíèÿ çàâèñèìîñòè AOD 
îò äëèíû âîëíû 
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                                  ,                                                                                            (1)

ãäå τaer(λ) ÿâëÿåòñÿ îïòè÷åñêîé òîëùèíîé àýðî
çîëÿ [10];

β – êîýôôèöèåíò îáùåé ìóòíîñòè àòìîñ
ôåðû, íàçûâàåìûé òàêæå êîýôôèöèåíòîì 
ìóòíîñòè àòìîñôåðû Àíãñòðåìà;

α – ïîêàçàòåëü Àíãñòðåìà.

Ñëåäóåò îòìåòèòü íàëè÷èå îáðàòíîé 
âçàèìîñâÿçè ìåæäó ïîêàçàòåëÿìè AOD è 
α. Òàê, ïðè áîëüøèõ âåëè÷èíàõ α (≈ 1,5), ÷òî 
ñîîòâåòñòâóåò ìåëêîäèñïåðñíîé àýðîçîëè, 
çíà÷åíèå AOD ñ áîëüøîé âåðîÿòíîñòüþ ìà
ëî, à ïðè ìàëûõ çíà÷åíèÿõ α (≈ 0,5), çíà÷åíèå 
AOD ñ áîëüøîé âåðîÿòíîñòüþ âåëèêî, ÷òî èë
ëþñòðèðóåòñÿ íà ðèñ. 1.

-Ч=aer

Ðèñ. 1. Ðàñïðåäåëåíèå ÷àñòîòíîñòè ïîÿâëåíèÿ çíà÷åíèé ïîêàçàòåëåé α è AOD [10] / Fig. 1. Distribution of values 
occurancó frequencies of α and AOD [10]

Âàæíûìè ñâîéñòâàìè àòìîñôåðíîãî 
àýðîçîëÿ ÿâëÿþòñÿ åãî ñóòî÷íàÿ è ñåçîííàÿ 
èçìåí÷èâîñòü è ìíîãîìîäàëüíîñòü. Â êà÷å
ñòâå ïðèìåðà íà ðèñ. 2 ïðèâåäåíû ãðàôèêè 

èçìåíåíèÿ AOD â òå÷åíèå ñóòîê, ïîñòðîåí
íûå íà îñíîâå ýêñïåðèìåíòàëüíûõ èññëåäî
âàíèé, ïðîâåäåííûõ â 2009–2010 ãã. â ã. Çåí
äæàí (Èðàí) [7].

Ðèñ. 2. Ãðàôèêè ñóòî÷íûõ èçìåíåíèé AOD íà ðàçëè÷íûõ äëèíàõ âîëí, ïîñòðîåííûå íà îñíîâå èçìåðåíèé 
â ã. Çåíäæàí (Èðàí) â 2009–2010 ãã. [7] / Fig. 2. Graphs of daytime changes of AOD at different wavelengths measured

 in Zenjan city (Iran) during 2009–2010 years [7] 

Â îòíîøåíèè ìíîãîìîäàëüíîñòè ðàñ
ïðåäåëåíèÿ àýðîçîëüíûõ ÷àñòèö ìîæíî ñêà
çàòü, ÷òî ýòî ñâîéñòâî òðàêòóåòñÿ êàê íàëè÷èå 

äâóõ ìàêñèìóìîâ â êðèâîé ðàñïðåäåëåíèÿ 
àýðîçîëüíûõ ÷àñòèö ïî âåëè÷èíå èõ ðàäèóñà. 
Ïðè ýòîì íàáëþäàåòñÿ ñóùåñòâåííîå èçìå
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Ñóùåñòâóþùèå ìåòîäû èçìåðåíèÿ îï
òè÷åñêèõ ïîêàçàòåëåé àýðîçîëÿ α è β. 

Ìåòîä Âîëüöà. Ìåòîä áàçèðóåòñÿ íà 
ïðåäïîëîæåíèè î òîì, ÷òî α è β íå çàâèñÿò îò 
äëèíû âîëíû. Çàïèøåì ôîðìóëó Àíãñòðåìà 
(1) äëÿ îïîðíîé äëèíû âîëíû λr è äëèíû âîë
íû λi, ni ,1=

                                  ;                                                                           (2)

.                                                                        (3)

Âû÷èñëèâ íàòóðàëüíûå ëîãàðèôìû (2) è 
(3) ìîæíî ïîëó÷èòü ëèíåéíóþ ñèñòåìó óðàâ
íåíèé, èç êîòîðûõ íàõîäèì

 .                                             .                                                              (4)

Ïðÿìîé ìåòîä. Ïðåäïîëàãàåòñÿ, ÷òî äëÿ 
âû÷èñëåíèÿ çíà÷åíèé α è β ìîæíî âîñïîëü
çîâàòüñÿ ìèíèìàëüíûì íàáîðîì ýêñïåðè
ìåíòàëüíûõ äàííûõ, ïîëó÷åííûõ ïðè îïðå
äåëåííîé äëèíå âîëíû. Âû÷èñëåííûå íà ýòîé 
îñíîâå çíà÷åíèÿ α è β ðàñïðîñòðàíÿþòñÿ íà 
âåñü èññëåäóåìûé äèàïàçîí λ

min
…λ

max
.

Ìåòîä ëèíåéíîé ïîäãîíêè. Â ýòîì ìåòî
äå ïðèìåíÿåòñÿ ëîãàðèôìèðîâàíèå óðàâíå
íèÿ (3)

.                                                        (5)

íåíèå ôîðìû ýòèõ äâóõãîðáîâûõ êðèâûõ ðàñ
ïðåäåëåíèÿ ïî ñåçîíàì. Â êà÷åñòâå ïðèìåðà 
íà ðèñ. 3 ïðèâåäåíû äâóõìîäàëüíûå êðèâûå 

ðàñïðåäåëåíèÿ àòìîñôåðíîãî àýðîçîëÿ â 
Øàíõàå (Êèòàé) â 2011 ã. [10].

Ðèñ. 3. Êðèâûå ðàñïðåäåëåíèÿ óñðåäíåííîãî îáúåìíîãî ðàçìåðà ïî ñåçîíàì â Øàíõàå (Êèòàé) 
â òå÷åíèå 2011 ã. [10] / Fig. 3. Graphs of averaged volume sizes distribution measured seasonally in Shanghai (China) 

during 2011 year [10]

Äàëåå ñòðîèòñÿ êðèâàÿ çàâèñèìîñòè 
lnτ(λ) îò lnλ â âèäå ëèíåéíîé êðèâîé ñ êðóòèç
íîé α. Âû÷èñëåííîå çíà÷åíèå α èìååò íàè
áîëüøóþ ïîãðåøíîñòü â óëüòðàôèîëåòîâîì 
äèàïàçîíå [7].

Â äâóõâîëíîâûõ ìåòîäàõ (ìåòîä Âîëüöà, 
ïðÿìîé ìåòîä) ïðè âûáîðå äëèí âîëí λ

r
 è λ

i
 íå 

ó÷èòûâàþòñÿ çíà÷åíèÿ τ(λ) è èõ âåñ ïðè ôîð
ìèðîâàíèè òîãî èëè èíîãî èñêîìîãî ïàðàìå
òðà. Ïðè ïðèìåíåíèè îäíîâîëíîâîãî ìåòîäà 
(ìåòîä ëèíåéíîé ïîäãîíêè) âûïîëíÿåìûå 
ïðîöåäóðû ëîãàðèôìèðîâàíèÿ è ãåîìåòðè
÷åñêîãî ïîñòðîåíèÿ ïðèâîäÿò ê ïîÿâëåíèþ 
äîïîëíèòåëüíîé ïîãðåøíîñòè ðàñ÷åòà.

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæ
äåíèå. Ïðåäëàãàåìûé ìåòîä. Â ïðåäëàãàå
ìîì ìåòîäå ñòàâèòñÿ çàäà÷à îïðåäåëåíèÿ 
îïòè÷åñêèõ ïîêàçàòåëåé àýðîçîëÿ ïðè äëèíå 
âîëíû (1 + δ) ìêì íà îñíîâå èçìåðåííûõ âå
ëè÷èí τ

aer
 ñ äëèíàìè âîëí λ

1
 è λ

2
 (äàëåå îáî

çíà÷åíèå ìêì îïóñêàåòñÿ), íå ñîâïàäàþùèõ 
ñ äëèíàìè âîëí ïîãëîùåíèÿ èññëåäóåìûõ 
ãàçîâ, ãäå

11 )1( D--= ;                                                          (6)

22 )1( D+-= .                                                         (7)

Äîïóñòèì, ÷òî â ðåçóëüòàòå ïðîâîäèìûõ 
èçìåðåíèé íà äëèíàõ âîëí λ

1
 è λ

2
 ïîëó÷åíû 
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çíà÷åíèÿ îïòè÷åñêèõ òîëùèí àýðîçîëÿ τ
aer

(λ
1
) 

è τ
aer

(λ
2
) (ðèñ. 4), ãäå

)1()( 11 D--= aeraer
;                                                        (8)

)1()( 22 D+-= aeraer .                                                (10)

Âûðàæåíèÿ (11) è (15) èëè (11) è (16) ñî
ñòàâëÿþò ñèñòåìó ëèíåéíûõ óðàâíåíèè îòíî
ñèòåëüíî k1 è k2 ïðè èçâåñòíîì α.

Âûðàæåíèå (16) ïðèâåäåì ê ñëåäóþùå
ìó âèäó: 

a-a- Ч+Ч= 22111 zkzk ,                                                                    (17)

ãäå 

d-

lD-d-
=

1

1 1
1z ;                                                                                   (18)

d-

lD+d-
=

1

1 2
2z .                                                                             (19)

Ïðåäëàãàåìàÿ èòåðàöèîííàÿ ìåòîäèêà 
îïðåäåëåíèÿ α çàêëþ÷àåòñÿ â ñëåäóþùåì.

1. Ïðè çàäàííûõ çíà÷åíèÿõ δ, Δλ
1
, Δλ

2
, à 

òàêæå ïðè ïðåäïîëàãàåìîì çíà÷åíèè α
ïð

=α
i
; 

,,1 ni =  ïóòåì âû÷èñëåíèÿ ñèñòåìû óðàâíåíèé 
((12), (18)) îïðåäåëÿþòñÿ çíà÷åíèÿ k

1
 è k

2
.

2. Ñ ïîìîùüþ âû÷èñëåííûõ âåëè÷èí k1, 
k2, à òàêæå âûðàæåíèÿ (17) îïðåäåëÿåòñÿ ðàñ
÷åòíîå çíà÷åíèå α

p
.

Èç âûðàæåíèÿ (17) ÿñíî, ÷òî ïðè

1

2
1

k

k
z =

a- ,                                                                                                (20)

2

1
2

k

k
z =

a-
                      ,                                                                                        (21)

óñëîâèå (10) âûïîëíÿåòñÿ.
Èç (20) íàõîäèì

.                                                                                        (22)

Èç (21) íàõîäèì

 .                                                                                       (23)

Ñ ó÷åòîì (22) è (23) ïîëó÷èì 

.                                                                                   (24)

èëè

   .                                                                                              (25)

Ñ ó÷åòîì (17) è (25) ïîëó÷àåì òðàíñöåí
äåíòíîå óðàâíåíèå 

a-a += 22211 zkzk .                                                                           (26)

Íà îñíîâå (26) ïðèõîäèì ê âûâîäó, ÷òî

,                                                                                          (27)

Ðèñ. 4. Âûáîð äëèí âîëí λ
1
 è λ

2
 ñ ó÷åòîì çàäàííûõ δ, Δλ

1
 

è Δλ
2
 / Fig. 4. Choosing of wavelengths λ

1
 and λ

2
 taking into 

account δ, Δλ
1
 and Δλ

2

22 1 lD+d-tЧ+ aerk

.               (16)

Íà îñíîâå âû÷èñëåííûõ âåëè÷èí τ
aer

(λ
1
) 

è τ
aer

(λ
2
) îïòè÷åñêóþ òîëùèíó àýðîçîëÿ ïðè 

äëèíå âîëíû (1
ìêì

δ), ò. å. τ
aer

 (1
ìêì

δ) îïðåäå
ëèì êàê

11 )1()1( +lD-d-tЧ=d-t aeraer k

                              
,                                                               (10)

ãäå k
1
 è k

2
 – âåñîâûå êîýôôèöèåíòû τ

aer
(λ

1
) è 

τ
aer

(λ
2
), ãäå 

121 =+ kk .                                                 (11)

Ñ ó÷åòîì ðàâåíñòâ (2) è (3) èìååì
                                   

                                                (13)

    ;                               (13)

.                                   (14)

Ñ ó÷åòîì (10), (12), (13), (14) ïîëó÷èì

a-a-a- lD+d-+lD-d-=d- 2211 1)1()1( kk             (15)

Åñëè èñêîìóþ òî÷êó äëèíû âîëíû ïîãëî
ùåíèÿ èññëåäóåìîãî ãàçà âûáðàòü ñïðàâà 
äëèíû âîëíû 1 ìêì, âûðàæåíèå (15) ïðèíè
ìàåò âèä 

a-a-a- lD+d++lD-d+=d+ 2211 1)1()1( kk

2

1

1

z
z =

1

2
2

k

k
z =

a

(9)

(12)
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2

1
2

k

k
z =

a-
.                                                                                  (28)

Ñëåäîâàòåëüíî, ïîëó÷èì

 (29)

Ïðè ñîâïàäåíèè α
ïð

 = α
ð
 ïðîöåññ âû÷èñ

ëåíèÿ α îñòàíàâëèâàåòñÿ, à ïðè íåñîâïàäåíèè 
îñóùåñòâëÿåòñÿ ïåðåõîä íà öèêë 1+= ij , ïðî
öåññ ïîâòîðÿåòñÿ âïëîòü äî ïîëó÷åíèÿ ïîë
íîãî ñîâïàäåíèÿ α

ïð
 è α

ð
, ò. å. äî äîñòèæåíèÿ 

ðàâåíñòâà 

Äàëåå äëÿ ïîëó÷åíèÿ çíà÷åíèÿ τ
aer

(1δ) 
ïðîâîäÿòñÿ èçìåðåíèÿ β = τ

aer
(λ = 1

ìêì
) è 

τ
aer

(1δ) îïðåäåëÿåòñÿ â âèäå

                .
Ñëåäîâàòåëüíî, ïðåäëàãàåìûé ìåòîä 

ïîçâîëÿåò îïðåäåëèòü òàêèå îñíîâíûå ïîêà
çàòåëè àòìîñôåðíîãî àýðîçîëÿ, êàê ïîêàçà
òåëü Àíãñòðåìà êîýôôèöèåíò àýðîçîëüíîé 
ìóòíîñòè àòìîñôåðû.

Ïðîâåäåííûå èññëåäîâàíèÿ, â òîì ÷èñ
ëå ñ ïðèìåíåíèåì ïðåäëîæåííîãî ìåòîäà, 
ïîêàçàëè, ÷òî ïðîáëåìà ïîâûøåíèÿ òî÷íî
ñòè ñîëíå÷íîôîòîìåòðè÷åñêèõ èçìåðåíèé 

011
a

d-Чb=d-taer

àòìîñôåðíûõ ãàçîâ ïðè äëèíå âîëíû λ
0
 ìî

æåò áûòü ïðèâåäåíà ê ïðîáëåìå âû÷èñëåíèÿ 
è ó÷åòà îïòè÷åñêîé òîëùèíû àýðîçîëÿ ïðè 
äëèíå âîëíû λ

0
 ïóòåì ñîñòàâëåíèÿ ñêàëÿð

íîé îöåíêè â âèäå k1τ(λ
0
–Δλ

1
)+k2τ(λ

0
–Δλ

2
), ãäå 

k1+k2 = 0.
Ïðåäëîæåííûé ìåòîä îïðåäåëåíèÿ 

îïòè÷åñêèõ õàðàêòåðèñòèê àòìîñôåðíîãî 
àýðîçîëÿ íà áàçå ôîðìóëû Àíãñòðåìà, â îò
ëè÷èå îò ìåòîäà Âîëüöà è äðóãèõ èçâåñòíûõ 
ìåòîäîâ, ïîçâîëÿåò îïðåäåëèòü âçâåøåííóþ 
îöåíêó èñêîìîé âåëè÷èíû. Äëÿ ýòîãî èñïîëü
çóåòñÿ àïïðîêñèìàöèÿ îïòè÷åñêîé òîëùè
íû àýðîçîëÿ ñðåäíåâçâåøåííîé ñêàëÿðíîé 
ñâåðêîé îïòè÷åñêèõ ïëîòíîñòåé àýðîçîëÿ 
ñòîÿùèõ ñëåâà è ñïðàâà âûáðàííîé äëèíû 
âîëíû.

Çàêëþ÷åíèå. Ïîêàçàòåëü Àíãñòðåìà â 
èçâåñòíîé ôîðìóëå Àíãñòðåìà, íåîáõîäè
ìûé äëÿ îïðåäåëåíèÿ îïòè÷åñêîé òîëùèíû 
àýðîçîëÿ ïðè äëèíå âîëíû λ

0
, ìîæåò áûòü 

ðàññ÷èòàí íà îñíîâå ïðåäëîæåííîãî ìåòîäà 
èòåðàöèîííûì ïóòåì ñîãëàñíî ïðåäëàãàåìîé 
èòåðàöèîííîé ìåòîäèêå. 

Äëÿ îïðåäåëåíèÿ âåëè÷èíû êîýôôè
öèåíòà ìóòíîñòè àòìîñôåðû β äîñòàòî÷íî 
ïðîâåñòè ôîòîìåòðè÷åñêèå èçìåðåíèÿ ïðè 
äëèíàõ âîëíû λ

0
–Δλ

1
 è λ

0
+Δλ

2
 è ïî èçâåñòíûì 

ïîêàçàòåëÿì τ è α îïðåäåëèòü âåëè÷èíó β.
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