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Â àïðåëå 2011 ã. â ñðåäíèõ øèðîòàõ Ñåâåðíîãî ïîëóøàðèÿ íàä ðÿäîì îáëàñòåé ðåãèñòðèðîâàëîñü äëè-
òåëüíîå àíîìàëüíîå ïîíèæåíèå îáùåãî ñîäåðæàíèÿ îçîíà, êîòîðîå ñâÿçûâàþò ñ îòãîëîñêàìè ìàñøòàáíîé 
àðêòè÷åñêîé îçîíîâîé àíîìàëèè, íàáëþäàâøåéñÿ â ìàðòå. Ïîêàçàíî, ÷òî ðàçðóøåíèå ñòðàòîñôåðíîãî îçîíà 
íàä Òîìñêîì â ýòîò ïåðèîä îáóñëîâëåíî èçâåðæåíèåì èíäîíåçèéñêîãî âóëêàíà Ìåðàïè â íîÿáðå 2010 ã. 
Ïðåäñòàâëåíû ðåçóëüòàòû àíàëèçà äâèæåíèÿ âîçäóøíûõ ìàññ â íèæíåé ñòðàòîñôåðå îò êîîðäèíàò âóëêàíè-
÷åñêîãî âûáðîñà ñ ìîìåíòà èçâåðæåíèÿ äî êîíöà àïðåëÿ, âûïîëíåííîãî ñ èñïîëüçîâàíèåì ìîäåëè NOAA 
HYSPLIT. Óñòàíîâëåíî, ÷òî âîçäóøíûå ìàññû, ñîäåðæàùèå âóëêàíîãåííûé àýðîçîëü, ïðèøëè â ñðåäíèå 
øèðîòû Ñåâåðíîãî ïîëóøàðèÿ â êîíöå ìàðòà 2011 ã., ÷òî ñîãëàñóåòñÿ ñ ðåãèñòðàöèåé â ñòðàòîñôåðå íàä 
Òîìñêîì âûñîêîãî ñîäåðæàíèÿ àýðîçîëÿ â ýòîò ïåðèîä. Íà îñíîâå àíàëèçà òåìïåðàòóðíûõ è îçîíîâûõ àíî-
ìàëèé â ñòðàòîñôåðå íàä Òîìñêîì ïîêàçàíî, ÷òî èõ ïîÿâëåíèå îáóñëîâëåíî íàëè÷èåì â ñîñòàâå àýðîçîëÿ 
âóëêàíîãåííîé ñàæè. 

 

Êëþ÷åâûå ñëîâà: èçâåðæåíèå âëê. Ìåðàïè, âóëêàíîãåííûé ñàæåâûé àýðîçîëü, îçîíîâûå àíîìàëèè; 
eruption of Merapi volcano, volcanic soot aerosol, ozone anomalies. 

 

Ââåäåíèå 

Â ìàðòå 2011 ã. â ñòðàòîñôåðå íàä Àðêòèêîé 
îáðàçîâàëàñü ìàñøòàáíàÿ îçîíîâàÿ àíîìàëèÿ, 
êðóïíåéøàÿ çà 35-ëåòíèé ïåðèîä èíñòðóìåíòàëüíûõ 
íàáëþäåíèé â Ñåâåðíîì ïîëóøàðèè [1–3]. Âñëåä çà 
ýòèì â êîíöå ìàðòà è â àïðåëå â ðàçíûõ îáëàñòÿõ 
Çàïàäíîé Åâðîïû è Ñèáèðè íàáëþäàëîñü àíîìàëü-
íîå ïîíèæåíèå îáùåãî ñîäåðæàíèÿ îçîíà (ÎÑÎ),  
â òîì ÷èñëå â Òîìñêå [4–7]. Íà ðèñ. 1 ïðèâåäåí 
âðåìåííîé õîä ÎÑÎ íàä Òîìñêîì ïî äàííûì ÓÔ-
ðàäèîìåòðà NILU-UV-6T çà ìàðò–àïðåëü 2011 ã. 
Âèäíî, ÷òî àíîìàëüíî íèçêèå äëÿ ýòîãî ïåðèîäà 
çíà÷åíèÿ ÎÑÎ ðåãèñòðèðîâàëèñü ôàêòè÷åñêè 
20 äíåé (ñ 5 ïî 25 àïðåëÿ 2011 ã.).  

Â ñòàòüÿõ [4–7] ïîíèæåíèå ÎÑÎ â ñðåäíèõ 
øèðîòàõ â ýòîò ïåðèîä òðàêòóåòñÿ êàê îòãîëîñîê 
àðêòè÷åñêîé îçîíîâîé àíîìàëèè, ïðîÿâèâøèéñÿ  
â âûíîñå â ýòè îáëàñòè îáåäíåííûõ îçîíîì âîçäóø-
íûõ ìàññ ïðè ðàçðóøåíèè àðêòè÷åñêîãî öèðêóìïî- 
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ëÿðíîãî âèõðÿ. Îäíàêî òàêàÿ èíòåðïðåòàöèÿ íå ïî-
çâîëÿåò îáúÿñíèòü äëèòåëüíûé ïåðèîä (îêîëî 3 íåä) 
îçîíîâîé àíîìàëèè, ïîñêîëüêó çà ñ÷åò ïðèòîêà îçî-
íà ïî öèðêóëÿöèè Áðþåðà–Äîáñîíà è óñèëåíèÿ  
â àïðåëå åãî ôîòîõèìè÷åñêîãî îáðàçîâàíèÿ ÎÑÎ 
äîëæíî áûëî äîñòàòî÷íî áûñòðî âîññòàíîâèòüñÿ. 
Ñëåäîâàòåëüíî, â ìàðòå–àïðåëå 2011 ã. â ðåãèîíàõ 
ñðåäíèõ øèðîò Ñåâåðíîãî ïîëóøàðèÿ ïîÿâèëñÿ 
èíîé ôàêòîð ðàçðóøåíèÿ ñòðàòîñôåðíîãî îçîíà. 
 

 

Ðèñ. 1. Ñðåäíåñóòî÷íûé õîä ÎÑÎ íàä Òîìñêîì ñ ìàðòà  
 ïî àïðåëü 2011 ã. 
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Èçâåñòíî, ÷òî ðàçðóøåíèå ñòðàòîñôåðíîãî îçî-
íà, â ÷àñòíîñòè, ïðîèñõîäèò ïîñëå êðóïíûõ âóëêà-
íè÷åñêèõ èçâåðæåíèé, ñïîñîáíûõ çàáðîñèòü ïðî-
äóêòû â ñòðàòîñôåðó [8, 9]. Íàèáîëåå ïðîäîëæè-
òåëüíàÿ îçîíîâàÿ äåïðåññèÿ íàáëþäàåòñÿ ïîñëå 
èçâåðæåíèé òðîïè÷åñêèõ âóëêàíîâ. Îáðàçóþùèåñÿ 
ïîñëå èçâåðæåíèÿ àýðîçîëüíûå îáëàêà êóðñèðóþò  
â òðîïè÷åñêîé ñòðàòîñôåðå, à òàêæå ïîäõâàòûâàþòñÿ 
âîçäóøíûìè ïîòîêàìè ñ ñèëüíîé ìåðèäèîíàëüíîé 
ñîñòàâëÿþùåé â çèìíåì ïîëóøàðèè è ïåðåíîñÿòñÿ  
ñ óêëîíîì ê ïîëþñó. Çà ñ÷åò èíòåíñèâíîãî ðàçðó-
øåíèÿ îçîíà â ãåòåðîãåííûõ ðåàêöèÿõ íà ïîâåðõíî-
ñòè âóëêàíîãåííîãî àýðîçîëÿ ïî ìåðå ïåðåìåùåíèÿ 
âóëêàíè÷åñêèõ îáëàêîâ ôîðìèðóþòñÿ ëîêàëüíûå 
îçîíîâûå àíîìàëèè. Ïðè ýòîì ïåðåìåùåíèå àýðî-
çîëüíûõ ñëîåâ ìîæåò áûòü çíà÷èòåëüíî ðàñòÿíóòî 
ïî âðåìåíè, ÷òî îïðåäåëÿåò äëèòåëüíîñòü îçîíîâûõ 
àíîìàëèé.  

Â ïåðèîä ñ 3 ïî 8 íîÿáðÿ 2010 ã., ôàêòè÷åñêè 
çà 5 ìåñ äî ðåãèñòðàöèè àíîìàëüíîãî ïîíèæåíèÿ ÎÑÎ 
â ñðåäíèõ øèðîòàõ Ñåâåðíîãî ïîëóøàðèÿ, ïðîèçîø-
ëî èçâåðæåíèå èíäîíåçèéñêîãî âóëêàíà Ìåðàïè 
(7,5° þ.ø., 110,4° â.ä.), õàðàêòåðèçóþùååñÿ èíäåê-
ñîì âóëêàíè÷åñêîé ýêñïëîçèâíîñòè VEI 4. Â íàñòîÿ-
ùåé ñòàòüå ïðåäñòàâëåíà ñõåìà íàèáîëåå âåðîÿòíîãî 
ïîÿâëåíèÿ ïðîäóêòîâ èçâåðæåíèÿ âëê. Ìåðàïè  
â ñòðàòîñôåðå ñðåäíèõ øèðîò Ñåâåðíîãî ïîëóøà-
ðèÿ, ïðîàíàëèçèðîâàíî âëèÿíèå âóëêàíîãåííîãî 

àýðîçîëÿ íà ðàçðóøåíèå ñòðàòîñôåðíîãî îçîíà  
è ðàçîãðåâ ñòðàòîñôåðû íàä Òîìñêîì â àïðåëå 2011 ã. 

Ïåðåíîñ âóëêàíîãåííîãî àýðîçîëÿ  
â ñðåäíèå øèðîòû Ñåâåðíîãî 

ïîëóøàðèÿ 

Ïðè èçâåðæåíèè âëê. Ìåðàïè 4 íîÿáðÿ 2010 ã. 
â 17:05 (UTC) âûñîòà ýðóïòèâíîé êîëîííû äîñòèã-
ëà 18,3 êì [10, 11] ïðè âûñîòå òðîïîïàóçû îêîëî 
16,3 êì [12]. Òðàåêòîðíûé àíàëèç äâèæåíèÿ âîç-
äóøíûõ ìàññ â íèæíåé ñòðàòîñôåðå, ïðîâåäåííûé  
ñ èñïîëüçîâàíèåì ìîäåëè NOAA HYSPLIT [13], îò 
äàòû èçâåðæåíèÿ è êîîðäèíàò âóëêàíà, ïîêàçàë, ÷òî 
îñíîâíàÿ ÷àñòü âûáðîñà âëê. Ìåðàïè ñîõðàíÿëàñü  
â òðîïè÷åñêîé ñòðàòîñôåðå áîëåå ïîëóãîäà ïîñëå 
èçâåðæåíèÿ. Îäíàêî ïðè ñòàðòå îò âûñîòû 17,5 êì 
ðàñ÷åòíàÿ òðàåêòîðèÿ äâèæåíèÿ âîçäóøíûõ ìàññ 
ïîñòåïåííî ñòÿãèâàëàñü â ñåâåðíîì íàïðàâëåíèè.  
 Íà ðèñ. 2 ïîêàçàíà òðàåêòîðèÿ äâèæåíèÿ ñòðà-
òîñôåðíûõ âîçäóøíûõ ìàññ, ðàññ÷èòàííàÿ íà îñíî-
âå àðõèâíûõ äàííûõ NOAA GDAS (1–degree)  
îò êîîðäèíàò âëê. Ìåðàïè (îòìå÷åí çâåçäî÷êîé)  
è âûñîòû 17,5 êì îò ìîìåíòà èçâåðæåíèÿ 4 íîÿáðÿ 
2010 ã. äî êîíöà àïðåëÿ. Âîçäóøíûå ìàññû, ñîäåð-
æàùèå âóëêàíîãåííûé àýðîçîëü, äîñòèãëè ñðåäíèõ 
øèðîò Ñåâåðíîãî ïîëóøàðèÿ â êîíöå ìàðòà 2011 ã., 
à 16 àïðåëÿ 2011 ã. îíè ïðîøëè íàä Òîìñêîì 

 

 
Ðèñ. 2. Ðàññ÷èòàííàÿ ïî ìîäåëè NOAA HYSPLIT òðàåêòîðèÿ ïåðåìåùåíèÿ âîçäóøíûõ ìàññ îò êîîðäèíàò âëê. Ìåðàïè  
 è âûñîòû 17,5 êì îò 4 íîÿáðÿ 2010 ã. 
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(56,5° ñ.ø., 84,9° â.ä.). Íà ðèñ. 2 âèäíî, ÷òî òðàåê-
òîðèÿ èõ äâèæåíèÿ íåîäíîêðàòíî ïðîõîäèëà íàä 
ðàéîíàìè Çàïàäíîé Åâðîïû, ãäå ðåãèñòðèðîâàëîñü 
çíà÷èòåëüíîå ðàçðóøåíèå ñòðàòîñôåðíîãî îçîíà [4]. 

Ðåçóëüòàòû òðàåêòîðíîãî àíàëèçà ñîãëàñóþòñÿ 
ñ äàííûìè ëèäàðíûõ íàáëþäåíèé ñòðàòîñôåðíîãî 
àýðîçîëÿ. Íà ðèñ. 3 ïðèâåäåíû ïðîôèëè îòíîøåíèÿ 
ðàññåÿíèÿ R(H) (îòíîøåíèå ñóììû êîýôôèöèåíòîâ 
îáðàòíîãî àýðîçîëüíîãî è ìîëåêóëÿðíîãî ðàññåÿíèÿ 
ê êîýôôèöèåíòó îáðàòíîãî ìîëåêóëÿðíîãî ðàññåÿ-
íèÿ íà äëèíå âîëíû 532 íì), õàðàêòåðèçóþùèå 
âûñîòíîå ðàñïðåäåëåíèå àýðîçîëüíîãî ñîäåðæàíèÿ 
íàä Òîìñêîì îò 4 ìàðòà è 18 àïðåëÿ (â ñâÿçè ñ îò-
ñóòñòâèåì äàííûõ çà 16 àïðåëÿ). Ïðîôèëü R(H) îò 
4 ìàðòà 2011 ã. ïðåäñòàâëÿåò ñîáîé òèïè÷íîå âû-
ñîòíîå ðàñïðåäåëåíèå ôîíîâîãî ñòðàòîñôåðíîãî 
àýðîçîëÿ íàä Òîìñêîì. Îäíàêî ïðîôèëü R(H) îò 
18 àïðåëÿ ñ âûðàæåííûìè àýðîçîëüíûìè ñëîÿìè óêà-
çûâàåò íà çíà÷èòåëüíîå ïîâûøåíèå àýðîçîëüíîãî íà-
ïîëíåíèÿ ñòðàòîñôåðû äî âûñîòû 20 êì, õàðàêòåðíîå 
äëÿ âñåõ ýïèçîäîâ ëèäàðíîé ðåãèñòðàöèè âóëêàíî-
ãåííûõ àýðîçîëåé â ñòðàòîñôåðå íàä Òîìñêîì ïîñëå 
ìîùíûõ èçâåðæåíèé òðîïè÷åñêèõ âóëêàíîâ [14, 15]. 

 

 
Ðèñ. 3. Ïðîôèëè îòíîøåíèÿ ðàññåÿíèÿ R(H), ïîëó÷åííûå 
íà äëèíå âîëíû 532 íì 4 ìàðòà è 18 àïðåëÿ 2011 ã. íàä 
Òîìñêîì. 1 – âûñîòà òðîïîïàóçû 4 ìàðòà; 2 – âûñîòà  
 òðîïîïàóçû 18 àïðåëÿ 

 

Òàêèì îáðàçîì, ôàêòè÷åñêè â ïåðèîä, ñîãëà-
ñóþùèéñÿ ñ îöåíêàìè òðàåêòîðíîé ìîäåëè NOAA 
HYSPLIT, ïðîôèëü R(H) îò 18 àïðåëÿ îòðàæàåò 
íàëè÷èå â ñòðàòîñôåðå íàä Òîìñêîì âóëêàíîãåííîãî 
àýðîçîëÿ, ïîïàâøåãî â ñòðàòîñôåðó ïðè èçâåðæåíèè 
âëê. Ìåðàïè. Ñëåäóåò îòìåòèòü, ÷òî â äàííîì ñëó-
÷àå íåñîâïàäåíèå ïî äàòàì íà 2 äíÿ ÿâëÿåòñÿ íå-
ïðèíöèïèàëüíûì ñ ó÷åòîì ïîãðåøíîñòåé àíàëèçà 
òðàåêòîðíîãî äâèæåíèÿ âîçäóøíûõ ìàññ äëÿ ñòîëü 
äëèòåëüíîãî (îêîëî ïîëóãîäà) ïåðèîäà. 

Ñîïîñòàâëåíèå ðåçóëüòàòîâ òðàåêòîðíîãî àíàëè-
çà è äàííûõ ëèäàðíûõ èçìåðåíèé äëÿ Òîìñêà äàåò 
îñíîâàíèå ïîëàãàòü, ÷òî ðàçðóøåíèå ñòðàòîñôåðíîãî 
îçîíà, ðåãèñòðèðîâàâøååñÿ íàä äðóãèìè ðåãèîíàìè 
ñðåäíèõ øèðîò Ñåâåðíîãî ïîëóøàðèÿ â ìàðòå–
àïðåëå 2011 ã., ïðåæäå âñåãî îáóñëîâëåíî ïðîõîæ-
äåíèåì âóëêàíîãåííûõ îáëàêîâ, ñôîðìèðîâàâøèõñÿ 
â ñòðàòîñôåðå ïîñëå èçâåðæåíèÿ âëê. Ìåðàïè. 

Ñîñòàâ âóëêàíîãåííîãî àýðîçîëÿ  
è åãî ðîëü â ôîðìèðîâàíèè 

òåìïåðàòóðíûõ è îçîíîâûõ àíîìàëèé 
â ñòðàòîñôåðå íàä Òîìñêîì 

Ïðåîáëàäàþùèìè êîìïîíåíòàìè â ñîñòàâå âóë-
êàíè÷åñêîãî âûáðîñà ñðåäè òâåðäûõ ÷àñòèö ÿâëÿåò-
ñÿ ïåïåë, à ñðåäè ãàçîâ – âîäÿíîé ïàð è äèîêñèä 
ñåðû SO2. Ïåïåë, â çàâèñèìîñòè îò ìèíåðàëüíîãî 
ñîñòàâà ïðåäñòàâëÿþùèé ñîáîé òâåðäûå ÷àñòèöû 
ðàçìåðàìè îò 1 äî 2 ìì è ïëîòíîñòüþ îò 700 äî 
3300 êã/ì3, ìîæåò èãðàòü çíà÷èìóþ ðîëü â ïðîöåñ-
ñå ðàçðóøåíèÿ ñòðàòîñôåðíîãî îçîíà [16]. Êàê ïðà-
âèëî, îñíîâíîå êîëè÷åñòâî ïåïëà ñîñòîèò èç äèîê-
ñèäà êðåìíèÿ SiO2 (> 50%) è îêñèäà àëþìèíèÿ 
Al2O3 (îêîëî 20%) [17]. Ïîñêîëüêó Al2O3 õàðàêòå-
ðèçóåòñÿ âûñîêîé êîíñòàíòîé âçàèìîäåéñòâèÿ  
ñ îçîíîì γ = 1,2 ∙ 10–4 [18], ïðèñóòñòâèå â ñîñòàâå 
âóëêàíîãåííûõ îáëàêîâ ïåïëîâûõ ÷àñòèö îêñèäà àëþ-
ìèíèÿ èãðàåò çíà÷èìóþ ðîëü â ðàçðóøåíèè ñòðàòî-
ñôåðíîãî îçîíà. Ïîìèìî ïåïëà âàæíûì êîìïîíåíòîì 
âóëêàíè÷åñêîãî âûáðîñà, ó÷àñòâóþùèì â îáðàçîâà-
íèè îçîíîâûõ àíîìàëèé, ÿâëÿåòñÿ íàíîäèñïåðñíûé 
ñàæåâûé àýðîçîëü [19–21], äëÿ êîòîðîãî êîíñòàíòà 
âçàèìîäåéñòâèÿ ñ îçîíîì γ = 2 ∙ 10–3 [22]. 

Îñíîâíàÿ ÷àñòü SO2 â òå÷åíèå 1–2 íåä îêèñëÿ-
åòñÿ äî ñåðíîêèñëîòíîãî àýðîçîëÿ, ñðåäíèé ðàäèóñ 
r ÷àñòèö êîòîðîãî ñî âðåìåíåì óâåëè÷èâàåòñÿ âñëåä-
ñòâèå èõ êîàãóëÿöèè ïðèìåðíî îò 0,15 äî 0,55 ìêì 
[23]. Äëÿ ñåðíîêèñëîòíîãî àýðîçîëÿ, îñîáåííî äëÿ 
óêðóïíåííûõ ÷àñòèö, õàðàêòåðíû êðàéíå íèçêèå 
çíà÷åíèÿ êîíñòàíòû âçàèìîäåéñòâèÿ ñ îçîíîì (â óñ-
ëîâèÿõ ñòðàòîñôåðû êîýôôèöèåíò àêêîìîäàöèè 
α < 10–8 [24, 25]), ïîýòîìó åãî ðîëü â ðàçðóøåíèè 
ñòðàòîñôåðíîãî îçîíà íå ìîæåò áûòü çíà÷èìîé.  

Âðåìÿ æèçíè âóëêàíîãåííîãî àýðîçîëÿ â ñòðà-
òîñôåðå ìîæíî îöåíèòü ïî ñêîðîñòè åãî ñåäèìåíòà-
öèè, ðàññ÷èòàííîé ïî ôîðìóëå [26]: 

( )
2

2
2 g

,
Kn 0,310Kn

8 1
Kn 0,619 Kn 1,152Kn 0,785

RT
r

M
u

P

π ρ
=

⎛ ⎞
+ π +⎜ ⎟+ + +⎝ ⎠

 

  (1) 
ãäå r – ðàäèóñ ÷àñòèö; ρ – ïëîòíîñòü ÷àñòèö; g – 
óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ; R – óíèâåðñàëüíàÿ 
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âûñîòå; M – ìîëÿðíàÿ ìàññà âîçäóõà; P – äàâëå-
íèå íà çàäàííîé âûñîòå; Kn – ÷èñëî Êíóäñåíà; 
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λ  – ñðåäíÿÿ äëèíà ñâîáîäíîãî ïðîáåãà ìî-

ëåêóë âîçäóõà; k – ïîñòîÿííàÿ Áîëüöìàíà; d – 
ýôôåêòèâíûé äèàìåòð ìîëåêóë âîçäóõà. 

Ïîñëå èçâåðæåíèÿ âëê. Ìåðàïè âóëêàíîãåííûé 
àýðîçîëü íàõîäèëñÿ â ñòðàòîñôåðå òðîïè÷åñêîé çî-
íû îêîëî 3 ìåñ (ñì. ðèñ. 2). Ïîýòîìó ïðè âû÷èñëå-
íèè ñêîðîñòè ñåäèìåíòàöèè çíà÷åíèÿ òåìïåðàòóðû 
îïðåäåëÿëèñü â ñîîòâåòñòâèè ñ 30-ëåòíèì ñðåäíèì 
òåìïåðàòóðíûì ïðîôèëåì íàä ñòàíöèåé Hilo 
(19,7° ñ.ø., 155,1° ç.ä.), êîòîðûé, ïî ñóòè, îòðàæà-
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åò èçìåíåíèå òåìïåðàòóðû ñ âûñîòîé â òðîïè÷åñêèõ 
øèðîòàõ. Âåëè÷èíà äàâëåíèÿ ðàññ÷èòûâàëàñü ïî 
áàðîìåòðè÷åñêîé ôîðìóëå. Â ðàñ÷åòàõ ó÷èòûâàëñÿ 
ïîäúåì òðàåêòîðèè äî âûñîòû 19,5 êì. Îöåíêè, 
ïðîâåäåííûå ñ ïîìîùüþ ôîðìóëû (1), ïîêàçàëè, 
÷òî îñíîâíàÿ ÷àñòü ïåïëà áûëà âûâåäåíà èç ñòðàòî-
ñôåðû ÷åðåç 1,5–2 ìåñ áëàãîäàðÿ ãðàâèòàöèîííîìó 
îñàæäåíèþ. Òàêèì îáðàçîì, âóëêàíîãåííûå àýðî-
çîëüíûå ñëîè, çàðåãèñòðèðîâàííûå â ñòðàòîñôåðå 
íàä Òîìñêîì â àïðåëå 2011 ã. (ñì. ðèñ. 3), âåðîÿò-
íåå âñåãî, ñîñòîÿëè, ãëàâíûì îáðàçîì, èç ÷àñòèö 
ñàæåâîãî è ñåðíîêèñëîòíîãî àýðîçîëÿ. 

Èíäèêàòîðîì ïðèñóòñòâèÿ ýòèõ ÷àñòèö â ñòðà-
òîñôåðå ìîæåò ñëóæèòü åå âðåìåííûé ðàçîãðåâ. 
×àñòèöû ñàæè ìîæíî ðàññìàòðèâàòü êàê àáñîëþòíî 
÷åðíîå òåëî, ÷òî ïîçâîëÿåò èì àêòèâíî ó÷àñòâîâàòü 
â ðàäèàöèîííîì íàãðåâå ñòðàòîñôåðíîãî âîçäóõà. 
Ñåðíîêèñëîòíûé àýðîçîëü èìååò ïîëîñû ïîãëîùå-
íèÿ â òåïëîâîì ÈÊ-äèàïàçîíå ñïåêòðà. Ïîãëîùàÿ 
âîñõîäÿùóþ ñ ïîâåðõíîñòè Çåìëè äëèííîâîëíîâóþ 
ðàäèàöèþ, îí òàêæå ñïîñîáåí íàãðåòü îêðóæàþùèé 
åãî ñòðàòîñôåðíûé âîçäóõ. Ïî ñóòè, òåìïåðàòóðíûå 
ýôôåêòû ñàæåâîãî è ñåðíîêèñëîòíîãî àýðîçîëÿ ñóì-
ìèðóþòñÿ. 

Ïîñêîëüêó øàð-çîíäîâûå èçìåðåíèÿ íàä Òîì-
ñêîì íå ïðîâîäÿòñÿ, äëÿ àíàëèçà áûëè èñïîëüçîâàíû 
òåìïåðàòóðíûå ïðîôèëè àïðåëÿ 2011 ã., ïîñòðîåí-
íûå ïî äàííûì, ïðåäñòàâëåííûì íà ñàéòå Óíèâåðñè-
òåòà Âàéîìèíãà [12], äëÿ ìåòåîñòàíöèè ã. Íîâî- 
ñèáèðñêà (55,0° ñ.ø., 82,9° â.ä.). Äîñòàòî÷íî áëèç-
êîå ðàñïîëîæåíèå ãîðîäîâ Íîâîñèáèðñêà è Òîìñêà 
ïîçâîëÿåò ãîâîðèòü îá îáùíîñòè ïðîöåññîâ, ïðîòå-
êàþùèõ â ñòðàòîñôåðå íàä íèìè. Âûðàæåííîå ïî-
òåïëåíèå íèæíåé ñòðàòîñôåðû íàä Íîâîñèáèðñêîì 
íà÷àëî ôîðìèðîâàòüñÿ 7 àïðåëÿ è 18 àïðåëÿ äîñ-
òèãëî ìàêñèìóìà. Íà ðèñ. 4 ïðèâåäåíû òåìïåðà-
òóðíûå ïðîôèëè íà 6, 7 è 18 àïðåëÿ 2011 ã.  

 

 
Ðèñ. 4. Òåìïåðàòóðíûå ïðîôèëè íàä Íîâîñèáèðñêîì íà 6, 
7 è 18 àïðåëÿ 2011 ã. (âðåìÿ â ëåãåíäå ñîîòâåòñòâóåò  
 ìåñòíîìó – UTC+6) 

 

Âèäíî, ÷òî îñíîâíîå ïîòåïëåíèå íàáëþäàëîñü  
â âûñîòíîì äèàïàçîíå îò 10 äî 16 êì, ãäå ðîñò òåì-
ïåðàòóðû ñîñòàâèë îêîëî 10 °Ñ. Ôàêòè÷åñêè â ýòîò 
æå ïåðèîä (15 è 16 àïðåëÿ) ðåãèñòðèðîâàëèñü àíî-

ìàëüíî íèçêèå çíà÷åíèÿ ÎÑÎ íàä Òîìñêîì (ñì. 
ðèñ. 1). Ïîñêîëüêó â ýòè ñóòêè ëèäàðíûå èçìåðå-
íèÿ â Òîìñêå íå ïðîâîäèëèñü, àýðîçîëüíûå ñëîè  
â ñòðàòîñôåðå íàä Òîìñêîì 18 àïðåëÿ (ñì. ðèñ. 3), 
âåðîÿòíî, áûëè çàðåãèñòðèðîâàíû ïðè ïðîõîæäå-
íèè íå îñíîâíîé, à çàäíåé ïåðèôåðèéíîé ÷àñòè 
âóëêàíîãåííîãî îáëàêà. Îñíîâûâàÿñü íà ãåîãðàôèè 
îçîíîâûõ àíîìàëèé, íàáëþäàâøèõñÿ â ìàðòå–
àïðåëå 2011 ã. â Çàïàäíîé Åâðîïå è Ñèáèðè, ìîæíî 
óòâåðæäàòü, ÷òî ïåðåìåùàþùèåñÿ èç òðîïè÷åñêîé 
ñòðàòîñôåðû àýðîçîëüíûå ñëîè, ñîäåðæàùèå íàíî-
äèñïåðñíûå ÷àñòèöû âóëêàíîãåííîãî ñàæåâîãî  
è ñåðíîêèñëîòíîãî àýðîçîëÿ, îõâàòûâàëè äîñòàòî÷-
íî áîëüøèå òåððèòîðèè. 

Çàêëþ÷åíèå 

Èçâåðæåíèå èíäîíåçèéñêîãî âóëêàíà Ìåðàïè, 
ïðîèçîøåäøåå â íîÿáðå 2010 ã., ñòàëî ïðè÷èíîé 
ãëîáàëüíîãî âîçìóùåíèÿ ñòðàòîñôåðíîãî àýðîçîëü-
íîãî ñëîÿ. Àíàëèç äâèæåíèÿ âîçäóøíûõ ìàññ, ïðî-
âåäåííûé ñ èñïîëüçîâàíèåì òðàåêòîðíîé ìîäåëè 
NOAA HYSPLIT, ïîêàçàë, ÷òî âóëêàíîãåííûé àýðî-
çîëü äîñòèã ñðåäíåøèðîòíîé ñòðàòîñôåðû Ñåâåðíîãî 
ïîëóøàðèÿ ê êîíöó ìàðòà 2011 ã., ò.å. ôàêòè÷åñêè 
÷åðåç 5 ìåñ ïîñëå èçâåðæåíèÿ. Îöåíêè ñêîðîñòè 
ãðàâèòàöèîííîãî îñåäàíèÿ ïåïåëüíûõ ÷àñòèö ïîêà-
çàëè, ÷òî çà ýòî âðåìÿ âîçäóøíûå ìàññû ïî÷òè 
ïîëíîñòüþ îñâîáîäèëèñü îò ïåïëà. Óäîâëåòâîðèòåëü-
íîå ïðîñòðàíñòâåííîå è âðåìåííîå ñîâïàäåíèå ðå-
çóëüòàòîâ òðàåêòîðíîãî àíàëèçà ñ äàííûìè íàáëþäå-
íèé àýðîçîëüíûõ, òåìïåðàòóðíûõ è îçîíîâûõ àíî-
ìàëèé â ñòðàòîñôåðå íàä Òîìñêîì ñâèäåòåëüñòâóåò 
î ïîÿâëåíèè â ñðåäíèõ øèðîòàõ àýðîçîëüíûõ îáëà-
êîâ, ñîäåðæàùèõ âóëêàíîãåííóþ ñàæó. Õàðàêòåðíû-
ìè ñâîéñòâàìè ñàæè ÿâëÿþòñÿ âûñîêàÿ ýôôåêòèâ-
íîñòü ïîãëîùåíèÿ ñîëíå÷íîé è òåïëîâîé ðàäèàöèè, 
îáåñïå÷èâàþùàÿ ðàçîãðåâ ñòðàòîñôåðíîãî âîçäóõà, 
ñïîñîáíîñòü àêòèâíî ðàçðóøàòü îçîí â õîäå ãåòåðî-
ãåííûõ ðåàêöèé è äëèòåëüíîå âðåìÿ æèçíè â ñòðà-
òîñôåðå. Äàííûå ìîíèòîðèíãà ïîêàçàëè, ÷òî â ðàç-
íûõ îáëàñòÿõ ñðåäíèõ øèðîò Ñåâåðíîãî ïîëóøàðèÿ, 
îõâà÷åííûõ òðàåêòîðèåé ïåðåìåùåíèÿ àýðîçîëüíûõ 
îáëàêîâ, â àïðåëå 2011 ã. â òå÷åíèå äëèòåëüíîãî 
âðåìåíè ðåãèñòðèðîâàëîñü àíîìàëüíîå ðàçðóøåíèå 
îçîíà, íàèáîëåå âåðîÿòíîé ïðè÷èíîé êîòîðîãî ñòàëî 
íàëè÷èå íàíîäèñïåðñíîãî ñàæåâîãî àýðîçîëÿ, ïîïàâ-
øåãî â ñòðàòîñôåðó ïðè èçâåðæåíèè âëê. Ìåðàïè.  
 Àâòîðû âûðàæàþò áëàãîäàðíîñòü ê.ô.-ì.í. 
Ñ.Â. Ñìèðíîâó çà ëþáåçíî ïðåäîñòàâëåííûå äàí-
íûå íàáëþäåíèé ÎÑÎ â Òîìñêå, ïîëó÷åííûå ñ ïî-
ìîùüþ ÓÔ-ðàäèîìåòðà NILU-UV-6T â ìàðòå–
àïðåëå 2011 ã. 
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V.V. Zuev, N.E. Zueva, E.S. Savelieva, O.E. Bazhenov, A.V. Nevzorov. On the role of eruption of 
Merapi volcano in anomalous total ozone decrease over Tomsk in April, 2011. 

In April, 2011, at Northern Hemisphere midlatitudes, a long-term anomalous decrease of the total ozone 
content was recorded over a number of regions, attributed to echoes of large-scale Arctic ozone anomaly, ob-
served in March. In this paper, we showed that stratospheric ozone destruction over Tomsk during that period 
was caused by eruption of Indonesian volcano Merapi in November 2010. NOAA HYSPLIT model was used to 
analyze the motion of air masses in the lower stratosphere on the way from coordinates of volcanic ejection 
from the moment of eruption until late April. It was found that air masses, containing volcanic aerosol, came to 
the Northern Hemisphere midlatitudes in late March 2011, in agreement with high aerosol content recorded in 
the stratosphere over Tomsk during that period. Based on analysis of temperature and ozone anomalies in the 
stratosphere over Tomsk, we showed that they manifested themselves by the volcanic soot present in aerosol 
composition. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


