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Âóëêàí Ýðåáóñ ÿâëÿåòñÿ ñàìûì þæíûì äåéñòâóþùèì âóëêàíîì íà Çåìëå, â ñîñòàâ âûáðîñîâ êîòîðîãî 
âõîäÿò ñîåäèíåíèÿ, èãðàþùèå ñóùåñòâåííóþ ðîëü â êàòàëèòè÷åñêèõ öèêëàõ ðàçðóøåíèÿ ñòðàòîñôåðíîãî 
îçîíà. Âûñîêèå öèêëîíû ñïîñîáñòâóþò ïîäúåìó ãàçîâûõ âûáðîñîâ âóëêàíà Ýðåáóñ (âêëþ÷àÿ HÑl è SO2)  
èç òðîïîñôåðû â âûñîòíûé äèàïàçîí ôîðìèðîâàíèÿ îçîíîâîé äûðû îò 14 äî 22 êì. Ðàññìîòðåíî èíòåãðàëü-
íîå ñîäåðæàíèå HCl è ClONO2 çà 1992–2023 ãã. íàä ðàçíûìè ñòàíöèÿìè, à òàêæå ïðîâåäåí àíàëèç èçìåí-
÷èâîñòè ÷àñòîòû ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ íàä âóëêàíîì Ýðåáóñ çà 1980–2022 ãã. ïî äàííûì ðåàíàëèçà 
ERA5. Âûÿâëåíî, ÷òî ìàêñèìàëüíàÿ ÷àñòîòà ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ íàä âóëêàíîì Ýðåáóñ, êàê ïðà-
âèëî, íàáëþäàåòñÿ â èþëå. Àíàëèç èíòåãðàëüíîãî ñîäåðæàíèÿ HCl íà ðàçíûõ ñòàíöèÿõ ïîêàçàë, ÷òî çíà÷å-
íèÿ íàä Àíòàðêòèêîé çíà÷èòåëüíî ïðåâûøàþò òàêîâûå íàä Àðêòèêîé, à òàêæå ïî÷òè â äâà ðàçà âûøå, ÷åì 
íà ñòàíöèÿõ, ðàñïîëîæåííûõ â ñðåäíèõ øèðîòàõ. Ïîêàçàí ïðåäïîëàãàåìûé ýôôåêò íàêîïëåíèÿ HCl â ñòðà-
òîñôåðå: êîýôôèöèåíò êîððåëÿöèè ìåæäó ïÿòèëåòíèìè ñðåäíèìè çíà÷åíèÿìè ÷àñòîòû ïîÿâëåíèÿ âûñîêèõ 
öèêëîíîâ è ïëîùàäè îçîíîâîé äûðû ñ âðåìåííûì ñäâèãîì ðÿäà íà ÷åòûðå ãîäà âïåðåä îòíîñèòåëüíî ðÿäà 
÷àñòîòû ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ, ðàññ÷èòàííûé ñ 1980 ïî 2022 ã., ñîñòàâèë 0,78. Ïîëó÷åííûå ðåçóëü-
òàòû ìîãóò áûòü èñïîëüçîâàíû äëÿ áîëåå òî÷íîãî ïðîãíîçèðîâàíèÿ è ìîäåëèðîâàíèÿ èçìåíåíèé â àòìîñôå-
ðå, ñâÿçàííûõ ñ äåÿòåëüíîñòüþ âóëêàíîâ. 

 

Êëþ÷åâûå ñëîâà: âûñîêèå öèêëîíû, àíòàðêòè÷åñêèå îçîíîâûå äûðû, âóëêàí Ýðåáóñ, àíòàðêòè÷åñêèé 
ïîëÿðíûé âèõðü; high cyclones, Antarctic ozone hole, Erebus volcano, Antarctic polar vortex. 

 
 
Âïåðâûå îá îçîíîâîé àíîìàëèè ñòàëî èçâåñòíî 

åùå â êîíöå 1950-õ ãã. [1], îäíàêî ïðîáëåìà îáðà-
çóþùèõñÿ îáëàñòåé ñ íèçêèì ñîäåðæàíèåì îçîíà 
â ïîëÿðíûõ øèðîòàõ àêòóàëüíà è â íàñòîÿùåå âðåìÿ. 
Ïðè ðàçðóøåíèè ñòðàòîñôåðíîãî ïîëÿðíîãî âèõðÿ 
ïðîèñõîäèò ïåðåìåøèâàíèå âîçäóõà ñî ñðåäíåøè-
ðîòíûìè âîçäóøíûìè ìàññàìè, ÷òî ìîæåò âðåìåííî 
ïîíèæàòü ñîäåðæàíèå îçîíà â ñðåäíèõ øèðîòàõ [2]. 
Îäíîé èç ïðè÷èí âîçíèêíîâåíèÿ åæåãîäíûõ îçîíî-
âûõ àíîìàëèé íàä Àíòàðêòèêîé ÿâëÿåòñÿ îáðàçîâà-
íèå ïîëÿðíûõ ñòðàòîñôåðíûõ îáëàêîâ (ÏÑÎ), â êî-
òîðûõ â êà÷åñòâå ÿäåð êîíäåíñàöèè âûñòóïàåò  
ñåðíîêèñëîòíûé àýðîçîëü. Îáðàçîâàíèå ÏÑÎ ñòàíî-
âèòñÿ âîçìîæíûì ïðè âûõîëàæèâàíèòè ñòðàòîñôåðû 
âíóòðè âèõðÿ äî òåìïåðàòóðû íèæå −78 

°Ñ. Ïåðå-
õîä õëîðà èç ñâîèõ ðåçåðâóàðîâ (HCl è ClONO2)  
â ôîòîõèìè÷åñêè àêòèâíûé ìîëåêóëÿðíûé õëîð Cl2 
ïðîèñõîäèò ïðè ïðîòåêàíèè ãåòåðîãåííûõ ðåàêöèé 
íà ïîâåðõíîñòè ÏÑÎ, à ñ ïîÿâëåíèåì ñîëíå÷íîãî 
èçëó÷åíèÿ çàïóñêàåòñÿ õëîðíûé öèêë ðàçðóøåíèÿ 
îçîíà. 
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Îáîãàùåíèå ïîâåðõíîñòè ÏÑÎ çíà÷èòåëüíûì 
êîëè÷åñòâîì õëîðîâîäîðîäà HCl îáóñëîâëåíî ñó-
ùåñòâîâàíèåì â Àíòàðêòèäå ìîùíîãî âóëêàíîãåííî-
ãî èñòî÷íèêà. Âóëêàí Ýðåáóñ, ðàñïîëîæåííûé íà 
îñòðîâå Ðîññà (77,5° þ.ø., 167,2° â.ä.; âûñîòà – 
3794 ì), – îäèí èç ïîñòîÿííî äåéñòâóþùèõ âóëêà-
íîâ íà Çåìëå è íàèáîëåå ÿâíûé èñòî÷íèê çíà÷è-
òåëüíîãî êîëè÷åñòâà HCl â àíòàðêòè÷åñêîé ñòðàòî-
ñôåðå. Åæåãîäíî îí âûáðàñûâàåò â àòìîñôåðó çíà-
÷èòåëüíîå êîëè÷åñòâî HCl è SO2. Êàê èçâåñòíî, 
âóëêàíè÷åñêèå ãàçû âî âðåìÿ äåãàçàöèè äîñòèãàþò 
âûñîòû ïðèìåðíî 1–2 êì íàä æåðëîì âóëêàíà  
è, ñëåäîâàòåëüíî, íå ïîïàäàþò íàïðÿìóþ â ñòðàòî-
ñôåðó [3–5]. Âñëåäñòâèå ïîñòîÿííîé ïàññèâíîé  

è âçðûâíîé äåãàçàöèè âóëêàíà Ýðåáóñ [6–8] HCl  
è äðóãèå ãàçîâûå âûáðîñû ïîïàäàþò â òðîïîñôåðó, 
çàòåì ïåðåíîñÿòñÿ â ñòðàòîñôåðó âîñõîäÿùèìè öè-
êëîíàëüíûìè ïîòîêàìè âîçäóõà â òå÷åíèå âñåãî ãîäà. 
Ïîäîáíûé ïåðåíîñ âîçìîæåí, åñëè íèæíÿÿ ãðàíèöà 

âûñîêîãî öèêëîíà íàõîäèòñÿ íàä âåðøèíîé âóëêàíà 
Ýðåáóñ (∼ 4 êì), à âåðõíÿÿ äîñòèãàåò âûñîòû íèæ-
íåé ñòðàòîñôåðû (∼ 10 êì), ãäå âñòðàèâàåòñÿ â àí-
òàðêòè÷åñêèé ïîëÿðíûé âèõðü [9]. 

Êàê èçâåñòíî, ãåòåðîãåííûå ðåàêöèè íà ïîâåðõ-
íîñòè ÏÑÎ ïðîòåêàþò ïðè âçàèìîäåéñòâèè õëîðîâî-
äîðîäà HCl è õëîðíèòðàòà ClONO2 ñ ïîñëåäóþùèì  
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âûñâîáîæäåíèåì ôîòîõèìè÷åñêè àêòèâíîãî ìîëåêó-
ëÿðíîãî õëîðà Cl2 [10]. Íà ðèñ. 1 ïðèâåäåíû ñðåä-
íåìåñÿ÷íûå çíà÷åíèÿ èíòåãðàëüíîãî ñîäåðæàíèÿ 

HCl è ClONO2 íà ÷åòûðåõ ñðåäíå- è âûñîêîøèðîò-
íûõ ñòàíöèÿõ â Ñåâåðíîì (Jungfraujoch, Ny-
Alesund) è Þæíîì (Lauder, Arrival Heights) ïîëó-
øàðèÿõ, ïîëó÷åííûå ïî äàííûì NOAA′s National 
Weather Service Network for the Detection of At-
mospheric Composition Change (NDACC, http:// 
www.ndsc.ncep.noaa.gov) ñ 1992 ïî 2023 ã.  

Èíòåãðàëüíîå ñîäåðæàíèå ClONO2 

íà âñåõ 

ñòàíöèÿõ âàðüèðîâàëîñü ïðèìåðíî îäèíàêîâî çà ðàñ-
ñìàòðèâàåìûé ïåðèîä. Îäíàêî èíòåãðàëüíîå ñîäåð-
æàíèå HCl íà ðàçíûõ ñòàíöèÿõ ðàçëè÷àåòñÿ. Íà 
ñòàíöèè Arrival Heights, ðàñïîëîæåííîé â Àíòàðê-
òèäå, íàáëþäàþòñÿ çíà÷èòåëüíî áîëåå âûñîêèå çíà-
÷åíèÿ ïî ñðàâíåíèþ ñ äðóãèìè ñòàíöèÿìè. Â ñðåä-
íåì çà 1992–2023 ãã. èíòåãðàëüíîå ñîäåðæàíèå HCl 
íà âûñîêîøèðîòíûõ ñòàíöèÿõ Arrival Heights è Ny- 
Alesund ñîñòàâèëî 6,40 ⋅ 1015

 è 5,06 ⋅ 1015
 ìîëåê./ñì2 

ñîîòâåòñòâåííî, à íà ñðåäíåøèðîòíûõ – Lauder  
è Jungfraujoch – 3,60 

⋅
 1015 è 3,63 

⋅
 1015 ìîëåê./ñì2. 

Âèäíî, ÷òî èíòåãðàëüíîå ñîäåðæàíèå HCl íà ñòàí-
öèè Arrival Heights (Àíòàðêòèêà) âûøå â 1,8 ðàçà, 
÷åì íà ñòàíöèÿõ, ðàñïîëîæåííûõ â ñðåäíèõ øèðîòàõ 
(Lauder è Jungfraujoch), è âûøå â 1,3 ðàçà, ÷åì íà 

ñòàíöèè, ðàñïîëîæåííîé â Àðêòèêå (Ny-Alesund). 
Âûñîêîå ñîäåðæàíèå HCl â àòìîñôåðå Àíòàðê-

òèêè, âåðîÿòíåå âñåãî, ñâÿçàíî ñ äåãàçàöèåé âóëêà-
íà Ýðåáóñ [9]. Ïðè ó÷àñòèè âûñîêèõ öèêëîíîâ, 
êîòîðûå âñòðàèâàþòñÿ â àíòàðêòè÷åñêèé ïîëÿðíûé 
âèõðü, HCl ïðîíèêàåò èç òðîïîñôåðû â íèæíþþ 
ñòðàòîñôåðó, ÷òî âïîñëåäñòâèè ìîæåò ñïîñîáñòâî-
âàòü óñèëåíèþ ðàçðóøåíèÿ îçîíà ïðè ôîðìèðîâà-
íèè îçîíîâîé äûðû. Âíóòðè âûñîêèõ öèêëîíîâ, êàê 
èçâåñòíî, ïðîèñõîäèò ïîäúåì âîçäóøíûõ ìàññ â èõ 
ïåðåäíåé è öåíòðàëüíîé ÷àñòÿõ è îïóñêàíèå –  
 

 
â òûëîâîé. Ñîãëàñíî îöåíêàì [9], è îïóñêàíèå –   
â òûëîâîé. Ñîãëàñíî îöåíêàì [9], âåðîÿòíîñòü 
ïîäúåìà âîçäóøíûõ ìàññ â ñòðàòîñôåðó ïîñðåäñò-
âîì öèêëîíîâ, ïðîõîäÿùèõ íàä âóëêàíîì Ýðåáóñ, 
ñîñòàâèëà 72%. 

Äëÿ îïðåäåëåíèÿ ÷àñòîòû ïîÿâëåíèÿ âûñîêèõ 
öèêëîíîâ íàä âóëêàíîì Ýðåáóñ â êàæäûé ìåñÿö 
èñïîëüçîâàëèñü ïîëÿ ãåîïîòåíöèàëà ïî åæåäíåâíûì 
äàííûì ðåàíàëèçà ERA5 [11] çà 1980–2022 ãã. äëÿ 
óðîâíåé 600 è 250 ãÏà, ñîîòâåòñòâóþùèõ âûñîòàì 
âåðøèíû âóëêàíà Ýðåáóñ è íèæíåé ñòðàòîñôåðå. 
Íà îñíîâå àíàëèçà ÷àñòîòû ïîÿâëåíèÿ âûñîêèõ öè-
êëîíîâ ñóììàðíî çà ìåñÿö äëÿ êàæäîãî ãîäà áûëè 
ïîëó÷åíû ìåñÿöû ñ íàèáîëåå âûñîêèìè è íèçêèìè 
çíà÷åíèÿìè, à òàêæå ñóììàðíàÿ äëÿ êàæäîãî ìåñÿ-
öà ÷àñòîòà ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ ñ 1980 ïî 
2022 ã. (ðèñ. 2). Âèäíî, ÷òî ìàêñèìàëüíàÿ ÷àñòîòà 
ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ íàä âóëêàíîì Ýðåáóñ, 
êàê ïðàâèëî, íàáëþäàåòñÿ â èþëå, â òî âðåìÿ êàê â 
àâãóñòå è äåêàáðå íå çàôèêñèðîâàíî íè îäíîãî 
âíóòðèãîäîâîãî ìàêñèìóìà. Îäíàêî ñóììàðíàÿ ÷àñ-
òîòà ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ â àâãóñòå çà 
1980–2022 ãã. ñîñòàâëÿåò 106% îò ñðåäíåé çà âñå 
ìåñÿöû, ÷òî ñâèäåòåëüñòâóåò î åå íåçíà÷èòåëüíîé 
ìåæãîäîâîé èçìåí÷èâîñòè â àâãóñòå. Ìèíèìàëüíàÿ 
÷àñòîòà ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ â áîëüøèíñò-
âå ñëó÷àåâ íàáëþäàåòñÿ â äåêàáðå, ïðè ýòîì ñóì-
ìàðíàÿ ÷àñòîòà ñîñòàâëÿåò 49% îò ñðåäíåé, ÷òî ñâè-
äåòåëüñòâóåò î íèçêîé âåðîÿòíîñòè ïîÿâëåíèÿ âû-
ñîêèõ öèêëîíîâ â ýòîì ìåñÿöå. Â ÿíâàðå 2000, 2012 
è 2021 ãã. íàáëþäàëàñü ìàêñèìàëüíàÿ ÷àñòîòà ïîÿâ-
ëåíèÿ âûñîêèõ öèêëîíîâ íàä âóëêàíîì Ýðåáóñ, ÷òî 
îáóñëîâëåíî âûñîêîé óñòîé÷èâîñòüþ àíòàðêòè÷å-
ñêîãî ïîëÿðíîãî âèõðÿ â êîíöå âåñíû è íà÷àëå ëåòà 
1999, 2011 è 2020 ãã. [12], êîòîðàÿ, âåðîÿòíî, ñïî-
ñîáñòâîâàëà óñèëåíèþ àêòèâíîñòè òðîïîñôåðíûõ 
âûñîêèõ öèêëîíîâ â ÿíâàðå. 

 

 

Ðèñ. 1. Ñðåäíåìåñÿ÷íîå èíòåãðàëüíîå ñîäåðæàíèå HCl è ClONO2 íà ñòàíöèÿõ Arrival Heights, Ny-Alesund, Lauder è Jung- 
  fraujoch ñ 1992 ïî 2023 ã. (ñì. öâåòíûå ðèñ. 1–3 íà ñàéòå http://iao.ru/ru/content/vol.37-2024/iss.07) 
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Ðèñ. 2. Ñóììàðíàÿ äëÿ êàæäîãî ìåñÿöà ÷àñòîòà ïîÿâëåíèÿ 
âûñîêèõ öèêëîíîâ íàä âóëêàíîì Ýðåáóñ, à òàêæå ñóììà 
ëåò äëÿ êàæäîãî ìåñÿöà, êîãäà ÷àñòîòà ïîÿâëåíèÿ öèêëî-
íîâ â òå÷åíèå ìåñÿöà áûëà ìàêñèìàëüíîé èëè ìèíèìàëü- 
  íîé ïî äàííûì çà ãîä ñ 1980 ïî 2022 ã. 

 

Äëÿ îöåíêè âëèÿíèÿ ÷àñòîòû ïîÿâëåíèÿ âûñî-
êèõ öèêëîíîâ íà ïëîùàäü îçîíîâîé äûðû îñóùåñò-
âëåí êîððåëÿöèîííûé àíàëèç äàííûõ çà ïåðèîä  
ñ 1980 ïî 2022 ã. Êîýôôèöèåíò êîððåëÿöèè ðàññ÷è-
òûâàëñÿ ìåæäó ÷àñòîòîé ïîÿâëåíèÿ âûñîêèõ öè-
êëîíîâ ñóììàðíî ñ ìàÿ ïî àâãóñò (ïî äàííûì ðå- 
àíàëèçà ERA5) è óñðåäíåííûìè ñ ñåíòÿáðÿ ïî íîÿáðü 
çíà÷åíèÿìè ïëîùàäè îçîíîâîé äûðû (ïî äàííûì 
NASA Goddard Space Flight Center) è ñîñòàâèë 
0,26. Âåðîÿòíîñòü P, õàðàêòåðèçóþùàÿ âîçìîæ-
íîñòü íàëè÷èÿ èëè îòñóòñòâèÿ â ãåíåðàëüíîé ñîâî-
êóïíîñòè ñâÿçè ìåæäó èññëåäóåìûìè ïàðàìåòðàìè, 
ñîñòàâèëà 0,09 (> 10−4), ÷òî óêàçûâàåò íà îòñóòñòâèå 
ñâÿçè. 

Îñíîâûâàÿñü íà ðåçóëüòàòàõ, ïðèâåäåííûõ  

â ðàáîòå [9], áûëî ïðåäïîëîæåíî íàëè÷èå ýôôåêòà 
íàêîïëåíèÿ HCl â àíòàðêòè÷åñêîé ñòðàòîñôåðå. 
Êîýôôèöèåíò êîððåëÿöèè R ìåæäó ïÿòèëåòíèìè 
ñðåäíèìè ÷àñòîòîé ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ  
è ïëîùàäüþ îçîíîâîé äûðû ñ âðåìåííûì ñäâèãîì 
ðÿäà íà ÷åòûðå ãîäà âïåðåä îòíîñèòåëüíî ðÿäà ÷àñ-
òîòû ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ, ðàññ÷èòàííûé 
çà ïåðèîä ñ 1980 ïî 2022 ã., ñîñòàâèë 0,78 ïðè P = 
= 4,57 

⋅
 10−8, ÷òî îïðåäåëÿåò âûñîêóþ ñòàòèñòè÷å-

ñêóþ çíà÷èìîñòü ïîëó÷åííûõ ðåçóëüòàòîâ (ðèñ. 3). 
Òàêèì îáðàçîì, âåðîÿòíî, ïðîÿâëÿåòñÿ ýôôåêò íà-
êîïëåíèÿ HCl â àíòàðêòè÷åñêîé ñòðàòîñôåðå. 

Òàêèì îáðàçîì, íà îñíîâå äàííûõ NDACC ïî-
êàçàíî, ÷òî èíòåãðàëüíîå ñîäåðæàíèå HCl íà ñòàí-
öèè Arrival Heights (Àíòàðêòèêà) âûøå, ÷åì íà ñòàí-
öèÿõ, ðàñïîëîæåííûõ â ñðåäíèõ øèðîòàõ â 1,8 ðàçà 
è ïðåâûøàåò çíà÷åíèÿ íàä Àðêòèêîé â 1,3 ðàçà. 
Âûÿâëåíî, ÷òî â áîëüøèíñòâå ñëó÷àåâ ìàêñèìàëü-
íàÿ ÷àñòîòà ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ íàä âóë-
êàíîì Ýðåáóñ íàáëþäàåòñÿ â èþëå, â òî âðåìÿ êàê  
â àâãóñòå è äåêàáðå íå çàôèêñèðîâàíî íè îäíîãî 
âíóòðèãîäîâîãî ìàêñèìóìà çà ðàññìàòðèâàåìûé  
 

 

Ðèñ. 3. Äèàãðàììà ðàññåÿíèÿ ñóììàðíîé ñ ìàÿ ïî àâãóñò 
÷àñòîòû ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ è óñðåäíåííûõ  
ñ ñåíòÿáðÿ ïî íîÿáðü çíà÷åíèé ïëîùàäè îçîíîâîé äûðû 
äëÿ ïÿòèëåòíèõ ñðåäíèõ çíà÷åíèé ïðè âðåìåííîì ñäâèãå 
  íà ÷åòûðå ãîäà çà 1980–2022 ãã. 

 
ïåðèîä, ÷òî îáóñëîâëåíî íåçíà÷èòåëüíîé ìåæãîäî-
âîé èçìåí÷èâîñòüþ ÷àñòîòû ïîÿâëåíèÿ âûñîêèõ öè-
êëîíîâ â àâãóñòå. Ïîêàçàí ïðåäïîëàãàåìûé ýôôåêò 
íàêîïëåíèÿ HCl â ñòðàòîñôåðå, ïîïàäàþùåãî òóäà 
ñ âîñõîäÿùèìè ïîòîêàìè âíóòðè âûñîêèõ öèêëîíîâ 
â ðåçóëüòàòå àêòèâíîñòè âóëêàíà Ýðåáóñ. Êîýôôè-
öèåíò êîððåëÿöèè ìåæäó ïÿòèëåòíèìè ñðåäíèìè 
çíà÷åíèÿìè ÷àñòîòû ïîÿâëåíèÿ âûñîêèõ öèêëîíîâ  

è ïëîùàäüþ îçîíîâîé äûðû (ñ âðåìåííûì ñäâèãîì 
íà ÷åòûðå ãîäà) ñîñòàâèë 0,78. 

 

Ôèíàíñèðîâàíèå. Èññëåäîâàíèå âûïîëíåíî  
â ðàìêàõ ãîñáþäæåòíîé òåìû ¹ 121031300156-5. 
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E.A. Maslennikova, V.V. Zuev, E.S. Savelieva, A.V. Pavlinsky. Activity of high cyclones above Erebus 
volcano according to ERA5 reanalysis data. 

Erebus volcano is the southernmost active volcano on Earth, whose volcanogenic emissions include compo-
nents that play a significant role in catalytic cycles of stratospheric ozone depletion. High cyclones contribute 
to the rise of gas emissions from Erebus volcano (including HCl and SO2) from the troposphere to the altitud-
inal range of ozone hole formation, from 14 to 22 km in the stratosphere. The paper considers the integral con-
tent of HCl and ClONO2 for the period 1992–2023 and analyzes the variability of the frequency of high cy-
clone occurrence for the period 1980–2022 based on the ERA5 reanalysis data. It is revealed that the maximal 
frequency of occurrence of high cyclones over Erebus volcano is usually observed in July. The analysis of the 
integrated HCl content at different stations showed that the values over the Antarctic are much higher than 
over the Arctic and approximately twice as high as at midlatitude stations. The effect of HCl accumulation in 
the stratosphere is shown: the correlation coefficient between 5-year average frequencies of occurrence of high 
cyclones and 5-year average values of ozone hole area with a 4-year shift of the series of the ozone hole area 
ahead relative to the series of the frequency of occurrence of high cyclones, calculated for the period from 1980 
to 2022, amounts 0.78. 

 
 


