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Â ñòàòüå â êà÷åñòâå ïàðàìåòðà, îïèñûâàþùåãî âåðòèêàëüíóþ ñòðàòèôèêàöèþ àýðîçî-
ëÿ, ïðåäñòàâëåíà îïòè÷åñêàÿ õàðàêòåðèñòèêà R(H) � îòíîøåíèå àýðîçîëüíîãî ðàññåÿíèÿ (H
� òåêóùàÿ âûñîòà). Ïî îïðåäåëåíèþ R(H) � îòíîøåíèå ñóììû êîýôôèöèåíòîâ àýðîçîëüíî-
ãî è ìîëåêóëÿðíîãî êîýôôèöèåíòîâ îáðàòíîãî ðàññåÿíèÿ ê ìîëåêóëÿðíîìó êîýôôèöèåíòó
îáðàòíîãî ðàññåÿíèÿ. Äëÿ ïðèìåðà, âûïîëíåíèå óñëîâèé R(H)=1 îçíà÷àåò îòñóòñòâèå íà
äàííûõ âûñîòàõ àýðîçîëÿ, è, íàîáîðîò, òàì, ãäå R(H)≥1, ïîÿâëÿåòñÿ àýðîçîëü. Ïî çíà-
÷åíèþ R(H) îïðåäåëÿåòñÿ âêëàä àýðîçîëüíîãî ðàññåÿíèÿ â îáùåå, è, êîñâåííûì ïóòåì,
îöåíèâàåòñÿ âåëè÷èíà àýðîçîëüíîé êîìïîíåíòû.

Ïî ðåçóëüòàòàì ëèäàðíûõ èçìåðåíèé âûÿâëåíà íåêîòîðàÿ îñîáåííîñòü âåðòèêàëüíîãî
íàïîëíåíèÿ àýðîçîëåì íèæíåé è ñðåäíåé ñòðàòîñôåðû äëÿ 2011ã. Äëÿ ïðåäûäóùèõ ëåò
õàðàêòåðíûì ÿâëÿëîñü ñèòóàöèÿ ñ ìàêñèìàëüíûì àýðîçîëüíûì íàïîëíåíèåì ñòðàòîñôåðû
â ÿíâàðå, óáûâàíèåì â ôåâðàëå, ïðàêòè÷åñêè îòñóòñòâèåì çà ïåðèîä ìàðò- èþëü è íà÷àëîì
ðîñòà íàïîëíåíèÿ ñ àâãóñòà äî ìàêñèìàëüíîãî çíà÷åíèÿ â ÿíâàðå [1].

Â 2011ã. äëÿ çèìíåãî ïåðèîäà âåðòèêàëüíàÿ ñòðàòèôèêàöèÿ àýðîçîëÿ íàïîìèíàëà ñè-
òóàöèþ ñ 2010ã. Îäíàêî â 2011ã. àýðîçîëü â ñòðàòîñôåðå ïðîäîëæàë íàáëþäàòüñÿ â ìàðòå
è àïðåëå è èñ÷åç ëèøü â ìàå (ðèñ.1). Ïðè÷åì íàïîëíåíèå â ìàðòå ðàñïðîñòðàíÿëîñü äî
âûñîò 40êì è ïî èíòåíñèâíîñòè ïðåâîñõîäèëî ôåâðàëüñêîå, à íàïîëíåíèå çà àïðåëü áûëî
ñðàâíèìî ñ ïîñëåäíèì.

Ðèñ. 1. Òèïè÷íîå íàïîëíåíèå àýðîçîëåì ñòðàòîñôåðû â ïåðâîå ïîëóãîäèå 2011ã.

Ñëåäóåò îòìåòèòü, ÷òî â îòëè÷èå îò íàáëþäåíèé 2008-9ãã, äëÿ êîòîðûõ õàðàêòåðíûì
ÿâëÿëîñü äîñòàòî÷íî ÷àñòîå ïîÿâëåíèå àýðîçîëüíûõ ñëîåâ íàä Òîìñêîì, îáðàçîâàâøèõñÿ
â ðåçóëüòàòå âóëêàíè÷åñêèõ âûáðîñîâ, ñòðàòîñôåðà íå áûëà ïîäâåðæåíà âóëêàíè÷åñêîé
àêòèâíîñòè. Èñêëþ÷åíèåì áûëè íàáëþäåíèÿ â èþëå, êîãäà íà âûñîòå 15êì (6 èþëÿ), à
òàêæå âûøå íà 17êì (14 èþëÿ), íà 15 è 17 êì (15 èþëÿ), íà 16êì (25èþëÿ), íà 14êì (30
èþëÿ )áûëè îáíàðóæåíû àýðîçîëüíûå ñëîè (ðèñ. 2).

124



Ðèñ. 2. Âåðòèêàëüíàÿ ñòðóêòóðà àýðîçîëÿ â èþëå 2011ã.

Îñîáåííî ÷åòêî âûäåëÿëñÿ ýòîò ñëîé 6-ãî èþëÿ ñ îòíîøåíèåì àýðîçîëüíîãî ðàññåÿíèÿ
R=2, òîãäà êàê äëÿ äðóãèõ îòìå÷åííûõ ñëó÷àåâ R=1.2-1.3. Ïîÿâëåíèå äàííûõ àýðîçîëüíûõ
ñëîåâ âûçâàíî èçâåðæåíèåì âóëêàíà Ãðèìñâîòí â Þæíîé Èñëàíäèè, íà÷àâøåìñÿ 21ìàÿ.

Êàê èíòåðåñíîå ñîáûòèå ïðèâîäèì íàáëþäåíèÿ ñåðåáðèñòûõ îáëàêîâ (ðèñ.3).

Ðèñ. 3. Ëèäàðíûå íàáëþäåíèÿ ñåðåáðèñòûõ îáëàêîâ íàä Òîìñêîì. Ïî îñè àáñöèññ âûñîòà,
ïî ñîè îðäèíàò � ëèäàðíûé ñèãíàë â êîëè÷åñòâå îäíîýëåêòðîííûõ èìïóëüñîâ. Íà êàæäîì
ãðàôèêå ïðèâåäåíî ìåñòíîå âðåìÿ íàáëþäåíèé.

Ýòî áûë åäèíñòâåííûé ñëó÷àé èõ ïîÿâëåíèÿ íàä Òîìñêîì â 2011ã., êîòîðûé ïðîèçîøåë
4 èþëÿ. Èç ðèñóíêà, ãäå ïîêàçàíû ëèäàðíûå ñèãíàëû ñ ñåðèÿìè íàêîïëåíèé ïî 10 ìèí.
âèäíî, ÷òî ñåðåáðèñòûå îáëàêà óñòîé÷èâî ëîêàëèçóþòñÿ íà âûñîòå 80 êì, à èõ òîëùèíà
èçìåíÿåòñÿ îò 2 äî 3êì. Ðàíåå, â 2008ã., ñåðåáðèñòûå îáëàêà â ëèäàðíûõ íàáëþäåíèÿõ
ðåãèñòðèðîâàëèñü íàä Òîìñêîì ïîñòîÿííî äëèòåëüíûé ïåðèîä ñ èþíÿ ïî ñåíòÿáðü. Îíè
èìåëè äâà ìàêñèìóìà àýðîçîëüíîãî ðàññåÿíèÿ, ðàñïîëîæåííûõ íà âûñîòå îêîëî 78 è 88êì.

Ïîâåäåíèå âåðòèêàëüíîãî ðàñïðåäåëåíèÿ àýðîçîëÿ, íàáëþäàåìîãî â àâãóñòå 2011ã., ïðè-
âåäåíî íà ðèñ.4.

Ðèñ. 4. Âåðòèêàëüíàÿ ñòðóêòóðà àýðîçîëÿ â àâãóñòå 2011ã
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Â ïåðâîé ïîëîâèíå àâãóñòà îòìå÷àëîñü àýðîçîëüíîå íàïîëíåíèå â íèæíåé ÷àñòè ñòðà-
òîñôåðû äî âûñîò 25êì. Ìàêñèìóì îòíîøåíèÿ ðàññåÿíèÿ ìîã ïðåâûøàòü âåëè÷èíó 1.2. è
íàõîäèëñÿ íà óðîâíå îêîëî 15êì. Íåáîëüøèå ñëåäû àýðîçîëÿ áûëè çàìåòíû â èíòåðâàëå
âûñîò 25-40êì. Âî âòîðîé ïîëîâèíå ìåñÿöà ïðîèñõîäèëî íåêîòîðîå èçìåíåíèå â ðàñïðå-
äåëåíèè àýðîçîëüíîé êîìïîíåíòû. Òàê, ñ 17 ïî 23 àâãóñòà âûñîòà ìàêñèìà ñíèçèëàñü äî
11êì, à åãî âåëè÷èíà âîçðîñëà äî R≥1.4. ê êîíöó ìåñÿöà âûñîòà ìàêñèìóìà âûøëà íà
ïðåæíèé óðîâåíü 15êì.

Ðåçóëüòàòû íàáëþäåíèé çà àýðîçîëüíîé êîìïîíåíòîé â ñòðàòîñôåðå çà îêòÿáðü ïðåä-
ñòàâëåíû íà ðèñ.5.

Ðèñ. 5. Âåðòèêàëüíàÿ ñòðóêòóðà àýðîçîëÿ â ñåíòÿáðå 2011ã

Êàê è â àâãóñòå, ðåãèñòðèðóåòñÿ çàìåòíîå ïðèñóòñòâèå àýðîçîëüíîé êîìïîíåíòû â íèæ-
íåé ïîëîâèíå ñòðàòîñôåðû ñ îïðåäåëåííîé âðåìåííîé äèíàìèêîé. Èíòåðâàë âûñîò âåðòè-
êàëüíîãî ðàñïðîñòðàíåíèÿ àýðîçîëÿ ìîæåò íåñêîëüêî ðàñøèðÿòüñÿ, îñíîâíîå ñîäåðæàíèå
ñìåùàåòñÿ âíèç. Ïî÷òè â ïîëîâèíå ñëó÷àåâ íàáëþäàåòñÿ äâóõ èëè òðåõñëîéíàÿ ñòðóêòóðà.

Íà ñëåäóþùåì ðèñ.6. ïîêàçàíû äàííûå ëèäàðíûõ èçìåðåíèé àýðîçîëÿ â îêòÿáðå 2011ã.

Ðèñ. 6. Âåðòèêàëüíàÿ ñòðóêòóðà àýðîçîëÿ â îêòÿáðå 2011ã

Èç ðèñ.6. âèäíî, ÷òî â öåëîì ïðîäîëæàåòñÿ âîçðàñòàíèå àýðîçîëüíîãî íàïîëíåíèÿ ñòðà-
òîñôåðû. ×åòêî îòìå÷àåòñÿ èíòåðâàë ðàñïðîñòðàíåíèÿ àýðîçîëÿ â ñòðàòîñôåðå äî âûñîòû
30êì; âûøå àýðîçîëü ïðàêòè÷åñêè îòñóòñòâóåò. Îòìå÷àåòñÿ óñòîé÷èâàÿ òåíäåíöèÿ ðîñòà
îòíîøåíèÿ ðàññåÿíèÿ äî çíà÷åíèÿ R=1.6. è âûñîòíîãî ñìåùåíèÿ åãî ìàêñèìóìà ñ 15 êì
äî 17.5.

Äëÿ íîÿáðÿ 2011ã. (ðèñ.7) õàðàêòåðíà ñèëüíàÿ äèíàìèêà àýðîçîëüíîé ñòðàòèôèêàöèè
íèæíåé ñòðàòîñôåðû. Òàê, åñëè 7 íîÿáðÿ îòìå÷àåòñÿ ñëàáîå àýðîçîëüíîå íàïîëíåíèå â
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Ðèñ. 7. Âåðòèêàëüíàÿ ñòðóêòóðà àýðîçîëÿ â íîÿáðå 2011ã.

èíòåðâàëå âûñîò 10-25 êì., òî 15 íîÿáðÿ ïðîèñõîäèò åãî ðåçêîå âîçðàñòàíèå êàê ïî âåëè÷èíå
äî R=1.8 íà âûñîòå 12.5êì., òàê è ïî ïðîòÿæåííîñòè äî 35êì. Â 20-õ ÷èñëàõ èíòåðâàë
ðàñïðîñòðàíåíèÿ àýðîçîëüíîé êîìïîíåíòû ñîõðàíÿåòñÿ, è äàæå óâåëè÷èâàåòñÿ äî âûñîò
îêîëî 40êì, à èíòåãðàëüíîå ñîäåðæàíèå àýðîçîëÿ íåñêîëüêî óìåíüøàåòñÿ.

Ðèñ. 8. Âåðòèêàëüíàÿ ñòðóêòóðà àýðîçîëÿ â äåêàáðå 2011ã.

Â äåêàáðå àýðîçîëüíàÿ êîìïîíåíòà çàïîëíÿåò ïðàêòè÷åñêè âñþ ñòðàòîñôåðó, è èí-
òåãðàëüíîå ñîäåðæàíèå àýðîçîëÿ â íåé çàìåòíî âîçðàñòàåò (ðèñ.8). Íåñêîëüêî ìåíüøåå
ñîäåðæàíèå àýðîçîëÿ îòìå÷àåòñÿ íà ãðàôèêàõ çà 18 è 26 äåêàáðÿ, íî îíî êîìïåíñèðóåòñÿ
ìîùíûì ñëîåì íà âûñîòå îêîëî 10êì. Åñëè ñðàâíèâàòü àýðîçîëüíîå íàïîëíåíèå ñòðàòî-
ñôåðû çà íîÿáðü-äåêàáðü 2010 è 2011ãã., òî çàìåòíî ñóùåñòâåííîå óâåëè÷åíèå ñîäåðæàíèÿ
àýðîçîëÿ â 2011ã.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå èíòåãðàöèîííîãî ïðîåêòà ÑÎ ÐÀÍ�106,
ÐÔÔÈ (ïðîåêò 13-05-01036à) è Ìèíîáðíàóêè ÐÔ (ÃÊ � 14.518.11.7053,
ñîãëàøåíèå � 14.Â37.21.0612 ).
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The paper analyzes experimental data on variations of vertical-temporal structure of aerosol,
which were obtained using a lidar complex of the station of high-altitude atmospheric sensing
(SHAS) IAO SB RAS for the period 2010-2011. A characteristic feature of this period was
almost no volcanic activity with emissions to the stratosphere. This made it possible to study
the behavior of the vertical structure of the background aerosol in the stratosphere on a monthly
basis for certain nights during two years. The analysis of the results revealed di�erences in the
vertical strati�cation of aerosol between 2010 and 2011. For 2010, the aerosol loading was
maximal in January up to heights of 30 km, it diminished starting from February until almost
no decrease in March-August, and showed a steady growth since September. In 2011, the aerosol
loading of the stratosphere was more intense and longer-term. For instance, the height of the
extension of the aerosol component reached 40 km in January-March, and the aerosol was
absent in the stratosphere within three months (May-July).
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