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Îáùåå ñîäåðæàíèå îçîíà (ÎÑÎ) èãðàåò ñóùåñòâåííóþ ðîëü â ïîíèìàíèè ïðîöåññîâ, ïðîèñõîäÿùèõ â àò-

ìîñôåðå è èçìåíåíèÿõ êëèìàòà. Â âåñåííèé ïåðèîä â ìàðòå–àïðåëå 2011 ã. â ã. Òîìñêå (56,5° ñ.ø., 85,1° â.ä.) 

çàðåãèñòðèðîâàíû àíîìàëüíûå ïîòåðè ÎÑÎ. Ïî ñðàâíåíèþ ñ ìíîãîëåòíèìè ñðåäíèìè çíà÷åíèÿìè îçîíà ïî-
íèæåíèå ÎÑÎ äîñòèãàëî 30–35%. Íà îñíîâå àíàëèçà äàííûõ èçìåðåíèé íàçåìíîãî ñïåêòðîôîòîìåòðà Brewer 
MKIV S/N  049, ñïóòíèêîâûõ è áàëîííûõ äàííûõ çîíäèðîâàíèÿ àòìîñôåðû â ã. Ñàëåõàðäå (66,5° ñ.ø., 
66,7° â.ä.) ïðîâåäåí àíàëèç íàáëþäàâøèõñÿ àíîìàëüíî íèçêèõ çíà÷åíèé ÎÑÎ. Àíàëèç òåìïåðàòóðíûõ äàí-
íûõ íèæíåé ñòðàòîñôåðû ñâèäåòåëüñòâóåò î òîì, ÷òî íàáëþäàâøàÿñÿ îòðèöàòåëüíàÿ àíîìàëèÿ îáùåãî ñî-
äåðæàíèÿ îçîíà â ìàðòå–àïðåëå 2011 ã. íàä ñåâåðíûìè òåððèòîðèÿìè Ðîññèè ñâÿçàíà ñ ïåðåìåùåíèåì âîç-
äóøíûõ ìàññ ñ àíîìàëüíî íèçêèìè çíà÷åíèÿìè îçîíà â ïîëÿðíîé ñòðàòîñôåðå, ïåðåíîñîì è ñìåùåíèåì öèð-
êóìïîëÿðíîãî âèõðÿ èç Àðêòèêè â óìåðåííûå øèðîòû Çàïàäíîé è Öåíòðàëüíîé Ñèáèðè. 

 

Êëþ÷åâûå ñëîâà: àòìîñôåðà, îáùåå ñîäåðæàíèå îçîíà, ñïåêòðîôîòîìåòð, ïîëÿðíûé âèõðü, àíîìàëèÿ; 
atmosphere, total ozone, spectrophotometer, polar vortex, anomaly. 

 
 

Ââåäåíèå 
 
Íàáëþäåíèÿ è îöåíêà ñîñòîÿíèÿ îçîíîâîãî ñëîÿ 

ïðîâîäÿòñÿ ñ ïðèìåíåíèåì ðàçëè÷íûõ íàçåìíûõ, áà- 
ëîííûõ è ñïóòíèêîâûõ ïðèáîðíûõ êîìïëåêñîâ [1]. 
Äëÿ íàçåìíûõ íàáëþäåíèé èñïîëüçóþò ñïåêòðîôîòî- 
ìåòðû Dobson [2–7], Brewer [8–19, 32, 35], ôðàí-
öóçñêèå ñïåêòðîìåòðû SAOZ [20–22] è ôèëüòðîâûå 
îçîíîìåòðû Ì-124 [23, 24, 34]. Äëÿ âûïîëíåíèÿ áà-
ëîííûõ èçìåðåíèé ïðîôèëåé âåðòèêàëüíîãî ðàñïðå-
äåëåíèÿ îçîíà èñïîëüçóþòñÿ ýëåêòðîõèìè÷åñêèå îçî- 
íîçîíäû ECC ðàçíûõ ìîäèôèêàöèé (2Z-ECC, 2Z-V7, 
ECC6A) [25–32]. Ñïóòíèêîâûé ìîíèòîðèíã ïðî-
ñòðàíñòâåííîãî è âûñîòíîãî ðàñïðåäåëåíèÿ ïðîâîäèò-
ñÿ ñ ïîìîùüþ ðàçëè÷íûõ êîìïëåêñîâ àòìîñôåðíî- 
ãî ìîíèòîðèíãà, òàêèõ êàê OMI, TOMS, GOME-2, 
SCIAMACHY è äð. Îáçîð ñïóòíèêîâûõ äàííûõ â íà-
ñòîÿùåé ñòàòüå íå ïðîèçâîäèòñÿ. 

Äëÿ íàçåìíûõ èçìåðåíèé îáùåãî ñîäåðæàíèÿ 

îçîíà (ÎÑÎ) â Ðîññèè ïðèìåíÿþòñÿ ôèëüòðîâûå îçî-
íîìåòðû Ì-124, ñïåêòðîôîòîìåòðû Brewer è Dobson, 
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ðàçðàáîòàííûå íåäàâíî â Ñàíêò-Ïåòåðáóðãå ñïåê-
òðàëüíûå ïðèáîðû äëÿ íàáëþäåíèé îçîíà è ñîëíå÷-
íîé ÓÔ-ðàäèàöèè. Ñïåêòðîôîòîìåòð Brewer S/N 107 
óñòàíîâëåí â Öåíòðàëüíîé àýðîëîãè÷åñêîé îáñåð- 
âàòîðèè (ã. Äîëãîïðóäíûé), Dobson S/N 108 – íà 
ñò. Âîåéêîâî Ãëàâíîé ãåîôèçè÷åñêîé îáñåðâàòîðèè 

äëÿ îçîííûõ íàáëþäåíèé è ÿâëÿåòñÿ âòîðè÷íûì ýòà-
ëîíîì äëÿ ïðèâÿçêè è îöåíêè êà÷åñòâà äàííûõ èçìå-
ðåíèé ÎÑÎ íà îçîíîìåòðè÷åñêîé ñåòè ñòàíöèé ÐÔ. 
Ôèëüòðîâûå îçîíîìåòðû Ì-124 èñïîëüçóåòñÿ íà íà-
áëþäàòåëüíîé ñåòè ñòàíöèé, ðàáîòó êîòîðûõ îðãà-
íèçóåò è îáåñïå÷èâàåò Ôåäåðàëüíàÿ ñëóæáà ïî ãèä-
ðîìåòåîðîëîãèè è ìîíèòîðèíãó îêðóæàþùåé ñðåäû 
(Ðîñãèäðîìåò). 
  Íàáëþäåíèÿ ÎÑÎ ïðîâîäÿòñÿ ïî ïðÿìîìó Ñîëí-
öó (ïðèåìíàÿ ÷àñòü ñïåêòðîôîòîìåòðà íàïðàâëåíà 
íà ñîëíå÷íûé äèñê) è çåíèòó íåáà. Äàííûå èçìåðå-
íèé ÎÑÎ íà ñòàíöèÿõ Ðîññèéñêîé îçîíîìåòðè÷å-
ñêîé ñåòè ðåãóëÿðíî ïðåäñòàâëÿþòñÿ è îáíîâëÿþòñÿ 
â ìèðîâîé áàçå îçîííûõ äàííûõ WOUDC http:// 
www.woudc.org/index_e.html. Â íàñòîÿùåå âðåìÿ 
íà òåððèòîðèè ÐÔ èñïîëüçóþòñÿ òðè ñïåêòðîôîòî-
ìåòðà Brewer, à íà ìèðîâîé ñåòè – áîëåå 100 ïðè-
áîðîâ Brewer ìîäåëåé MKII, MKIV è èõ ìîäèôè-
êàöèé. Ñåé÷àñ âûïóñêàþòñÿ ïðèáîðû Brewer ìîäåëè 
MKIII ôèðìû Kipp&Zonen (http://www.kippzonen. 
com/). Ñïåêòðîìåòð SAOZ âûïîëíÿåò èçìåðåíèÿ ÎÑÎ  
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Ðèñ. 1. Êàðòà ðàñïîëîæåíèÿ ïðèáîðîâ Brewer (I), SAOZ (II) è ïóíêòîâ ïðîâåäåíèÿ áàëîííûõ èçìåðåíèé ïðîôèëåé âåðòèêàëü- 
  íîãî ðàñïðåäåëåíèÿ îçîíà (III) íà òåððèòîðèè Ðîññèéñêîé Ôåäåðàöèè â 2011 è 2012 ãã. 

 
 

è äâóîêèñè àçîòà NO2 â óëüòðàôèîëåòîâîì è âèäè-
ìîì äèàïàçîíàõ äëèí âîëí. Ðåçóëüòàòû íàáëþäåíèé 
ÎÑÎ è NO2 ñïåêòðîìåòðàìè SAOZ ïðåäñòàâëÿþòñÿ 
â ðåæèìå ðåàëüíîãî âðåìåíè â áàçå äàííûõ NDACC 
(http://saoz.obs.uvsq.fr/SAOZ-RT.html). Ðàñïîëîæå- 
íèå îçîíîìåòðè÷åñêèõ ïðèáîðîâ, äàííûå êîòîðûõ èñ- 
ïîëüçîâàëèñü ïðè íàïèñàíèè íàñòîÿùåé ñòàòüè, ïî-
êàçàíî íà ðèñ. 1. 

Ïåðâûå íàáëþäåíèÿ çíà÷èòåëüíîé îçîíîâîé àíî-
ìàëèè â ïîëÿðíûõ øèðîòàõ íàä òåððèòîðèåé Ðîññèè 
îòíîñÿòñÿ ê 1995 ã. Â çèìíå-âåñåííèé ïåðèîä ýòîãî 
ãîäà íàä òåððèòîðèåé Âîñòî÷íîé Ñèáèðè óðîâåíü 

ÎÑÎ â ôåâðàëå–ìàðòå áûë íà 25–30% íèæå ìíîãî-
ëåòíèõ ñðåäíèõ çíà÷åíèé îáùåãî ñîäåðæàíèÿ îçî- 
íà [17]. Â ýòî æå âðåìÿ â ã. ßêóòñêå áûëî íà÷àòî 
áàëîííîå îçîíîâîå çîíäèðîâàíèå íèæíåé ñòðàòî-
ñôåðû äî âûñîòû 30 êì. Íàáëþäåíèÿ ïàðàìåòðîâ 
îçîíîâîãî ñëîÿ â ïîëÿðíûõ øèðîòàõ Ðîññèéñêîãî 

ñåêòîðà Àðêòèêè áûëè ïðîäîëæåíû è â ïîñëåäóþùèå 

ãîäû [26, 27]. Àíîìàëèÿ îçîíà â çèìíå-âåñåííèé ïåðè-
îä 2011 ã. âíîâü ïðèâëåêëà âñåîáùåå âíèìàíèå â ñâÿ-
çè ñ ðåêîðäíûì óðîâíåì îçîíîâûõ ïîòåðü è óâåëè÷å-
íèåì óðîâíåé áèîëîãè÷åñêè àêòèâíîé ÓÔ-ðàäèàöèè  

â âåñåííèé ïåðèîä [33]. Â 2011 ã. çàðåãèñòðèðîâàíà 
ìàêñèìàëüíàÿ îòðèöàòåëüíàÿ àíîìàëèÿ îáùåãî ñî-
äåðæàíèÿ îçîíà â Àðêòèêå. Åñëè â ïðåäûäóùèõ 
ñëó÷àÿõ ïîòåðè îçîíà â Àðêòèêå âåñíîé íå ïðåâû-
øàëè 30%, òî â ìàðòå–àïðåëå 2011 ã. îíè äîñòèãëè 
40% [33]. Âåñåííÿÿ àíîìàëèÿ ÎÑÎ â âûñîêèõ øè-
ðîòàõ Àðêòèêè 2011 ã. ÿâëÿåòñÿ íà äàííûé ìîìåíò 

ñàìîé çíà÷èòåëüíîé îçîíîâîé àíîìàëèåé â Ñåâåð-
íîì ïîëóøàðèè çà âñå âðåìÿ áîëåå ÷åì ïîëóâåêîâûõ 
íàáëþäåíèé. Âîçíèêíîâåíèå òàêîé àíîìàëèè â âûñî-
êèõ øèðîòàõ Ñåâåðíîãî ïîëóøàðèÿ â 2011 ã. ñâèäå-
òåëüñòâóåò î òîì, ÷òî ðÿä ìåõàíèçìîâ, îòâåòñòâåííûõ 

çà ïîâåäåíèå îçîíîâîãî ñëîÿ, ïîäâåðæåí çàìåòíûì 
îòêëîíåíèÿì îò ñðåäíèõ óñëîâèé è, ñëåäîâàòåëüíî, 

äîëãîâðåìåííàÿ ýâîëþöèÿ ñîñòîÿíèÿ ýòîãî ñëîÿ 

äîëæíà ðàññìàòðèâàòüñÿ êàê ÷àñòü ìíîãîëåòíåé ýâî-
ëþöèè êëèìàòè÷åñêîé ñèñòåìû Çåìëè â öåëîì. Âåëè-
÷èíà õèìè÷åñêèõ ïîòåðü ÎÑÎ â ãàçîôàçíûõ è ãåòå-
ðîôàçíûõ ðåàêöèÿõ âíóòðè ïîëÿðíîãî öèêëîíà çè-
ìîé 2010/11 ã. ñîñòàâèëà ïî ðàçíûì îöåíêàì 130–
150 å.Ä. – ýòî ðåêîðäíàÿ âåëè÷èíà ïîòåðü îçîíà  
çà âåñü ïåðèîä íàáëþäåíèé â Àðêòèêå. Ïðåäûäóùèé 

ìàêñèìóì ïîòåðü ÎÑÎ íàáëþäàëñÿ â çèìíå-âåñåí- 
íèé ïåðèîä 2005 ã. è ñîñòàâëÿë 116 å.Ä. 

Â íàñòîÿùåé ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû äå- 
ñÿòèëåòíèõ íàáëþäåíèé îáùåãî ñîäåðæàíèÿ àòìî-
ñôåðíîãî îçîíà â ã. Òîìñêå è Îáíèíñêå, ïîëó÷åííûå 

ñ èñïîëüçîâàíèåì ñïåêòðîôîòîìåòðà Brewer MKVI, 
à òàêæå àíàëèçèðóþòñÿ äàííûå èçìåðåíèé ÎÑÎ âî 
âðåìÿ ïîÿâëåíèÿ è ðàçâèòèÿ îòðèöàòåëüíîé àíîìà-
ëèè îçîíà â çèìíå-âåñåííèé ïåðèîä 2011 ã. 

 

Àïïàðàòóðà 
 

Â ã. Òîìñêå (56,5° ñ.ø., 85,1° â.ä.) îñåíüþ â 2003 ã. 
áûë óñòàíîâëåí è íà÷àë ýêñïëóàòèðîâàòüñÿ ñïåê-
òðîôîòîìåòð Brewer MKIV S/N 049. Ïðè èçìåðåíèè 
îáùåé ïðèõîäÿùåé ðàäèàöèè â óëüòðàôèîëåòîâîé 
îáëàñòè ñïåêòðà ñêàíèðîâàíèå ïðîèñõîäèò ñ øàãîì 
0,5 íì â äèàïàçîíå äëèí âîëí 290–325 íì. Çà âðåìÿ, 
ðàâíîå 5 ìèí 25 ñ, ïðîèçâîäèòñÿ ïðîõîä â îáå ñòî- 
ðîíû è ïîëó÷àþòñÿ äâà çíà÷åíèÿ íà êàæäîé äëèíå 
âîëíû. Èòîãîâûì ðåçóëüòàòîì ÿâëÿåòñÿ ñïåêòð, 
ïîëó÷åííûé èç ñðåäíåàðèôìåòè÷åñêèõ çíà÷åíèé. Äëÿ 
îïðåäåëåíèÿ ÎÑÎ èñïîëüçóþòñÿ èçìåðåíèÿ ïî çåíè-
òó èëè ïðÿìîìó ñîëíöó íà ñëåäóþùèõ äëèíàõ âîëí: 
306,3; 310,3; 313,5; 316,8; 320,0 íì. Ðàçðåøåíèå íà 
âñåõ äëèíàõ âîëí 0,6 íì, ñòàáèëüíîñòü ïî âñåé òåì-
ïåðàòóðíîé îáëàñòè èçìåðåíèé ± 0,01 íì. Òî÷íîñòü 
çàäàíèÿ äëèíû âîëíû (0,006 ± 0,002) íì. Ïðîãðàìì-
íîå îáåñïå÷åíèå ïîçâîëÿåò ïîëó÷àòü ñïåêòðàëüíîå 

Êèñëîâîäñê (I) 
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ðàñïðåäåëåíèå ÓÔ-ðàäèàöèè è èíòåãðàëüíûå çíà-
÷åíèÿ â çàäàííîé îáëàñòè ñïåêòðà. Ñïåêòðîôîòîìåòð 
Brewer S/N 049 â 1990–1994 ãã. èñïîëüçîâàëñÿ ñïå-
öèàëèñòàìè ÖÀÎ íà î. Õåéñà, Çåìëÿ Ôðàíöà-Èîñèôà 
äëÿ íàáëþäåíèé ÎÑÎ è äâóîêèñè àçîòà â âûñîêèõ 

ïîëÿðíûõ øèðîòàõ Àðêòèêè. Â ñâÿçè ñ çàêðûòèåì 

ýòîé ñòàíöèè íàáëþäåíèé àòìîñôåðíûõ ïàðàìåòðîâ 

â 1994 ã. ñïåêòðàëüíûé ïðèáîð áûë çàêîíñåðâèðî-
âàí, âûâåçåí â ã. Äîëãîïðóäíûé è âïîñëåäñòâèè 
ïåðåäàí ÈÎÀ ÑÎ ÐÀÍ äëÿ ñîâìåñòíûõ ðàáîò ïî 
íàçåìíûì íàáëþäåíèÿì ïàðàìåòðîâ îçîíîâîãî ñëîÿ 
è ñîëíå÷íîé ÓÔ-ðàäèàöèè. Çà ïåðèîä èçìåðåíèé îá- 
ùåãî ñîäåðæàíèÿ îçîíà â Òîìñêå â 2003–2012 ãã. 
ñïåêòðîôîòîìåòð ïðîõîäèë òåõíè÷åñêîå îáñëóæèâà-
íèå è êàëèáðîâêó ïî âòîðè÷íîìó êàíàäñêîìó ýòàëîí-
íîìó ñïåêòðîôîòîìåòðó Brewer MKII S/N 017 â Èí-
ñòèòóòå ýêñïåðèìåíòàëüíîé ìåòåîðîëîãèè ÍÏÎ «Òàé- 
ôóí» â ã. Îáíèíñêå. 

 

Ðåçóëüòàòû íàáëþäåíèé 
 

Íà ðèñ. 2 ïðèâåäåíû ðåçóëüòàòû èçìåðåíèé 

ÎÑÎ ñïåêòðîôîòîìåòðîì Brewer MKIV 049 â Òîìñêå 
â 2003–2012 ãã. (ðèñ. 2, à) è äàííûå íàáëþäåíèé 
ÎÑÎ ñïåêòðîôîòîìåòðîì Brewer MKII S/N 044  

â ã. Îáíèíñê â 2003–2012 ãã. (ðèñ. 2, á). 
Ñïëîøíàÿ ëèíèÿ íà îáîèõ ãðàôèêàõ ÿâëÿåòñÿ 

ñêîëüçÿùåé ñðåäíåé ñóòî÷íûõ çíà÷åíèé ñ ïåðèîäîì 
îñðåäíåíèÿ â 31 äåíü. Èç ãðàôèêîâ îò÷åòëèâî âèäíî, 
÷òî äëÿ îáîèõ ïóíêòîâ èçìåðåíèé 2011 ã. âûïàäàåò 

èç îáùåé êàðòèíû, ïðè ýòîì îòêëîíåíèÿ äëÿ ã. Òîì-
ñêà áîëåå çíà÷èòåëüíû. Íà ðèñ. 3 ïîêàçàí ãîäîâîé 
õîä (ñïëîøíûå ëèíèè) îáùåãî ñîäåðæàíèÿ îçîíà  
â 2011 ã. ïî äàííûì íàáëþäåíèé ñ ïîìîùüþ äåéñò-
âóþùèõ íà òåððèòîðèè íàøåé ñòðàíû ñïåêòðîôîòî-
ìåòðîâ Brewer, óñòàíîâëåííûõ â ãã. Òîìñêå, Îáíèí-
ñêå (55,1° ñ.ø., 36,3° â.ä.), Êèñëîâîäñêå (43,7° ñ.ø., 
42,7° â.ä.), à òàêæå ñïåêòðîìåòðà SAOZ â ã. Ñàëåõàð-
äå (66,5° ñ.ø., 66,7° â.ä.). 

Ñòîëü íèçêèå çíà÷åíèÿ ÎÑÎ (îáâåäåíû êðóæ-
êàìè) â âåñåííèé ïåðèîä îòìå÷åíû â Öåíòðàëüíîé  
 

Ñèáèðè è íà åâðîïåéñêîé òåððèòîðèè Ðîññèè âïåð-
âûå çà âñå âðåìÿ ïðîâåäåíèÿ íàáëþäåíèé â Òîìñêå 
è Îáíèíñêå â òå÷åíèå 10-ëåòíåãî ïåðèîäà èçìåðåíèé. 
Â Òîìñêå îçîíîâàÿ àíîìàëèÿ íàáëþäàëàñü ïî÷òè 
2 íåä â àïðåëå 2011 ã. (ðèñ. 3, à), â Îáíèíñêå â ýòîò 
æå ìåñÿö (ðèñ. 3, á) ìû âèäèì åå ïðîÿâëåíèå â ìåíü- 
øåé ñòåïåíè è â òå÷åíèå âñåãî íåñêîëüêèõ äíåé. Äëÿ 
ñðàâíåíèÿ ïðèâåäåíû óðîâíè ÎÑÎ â Êèñëîâîäñêå 
(ðèñ. 3, â), êîòîðûé çíà÷èòåëüíî þæíåå äâóõ äðóãèõ 
ïóíêòîâ èçìåðåíèé, è â ã. Ñàëåõàðäå (ðèñ. 3, á), êî-
òîðûé íàõîäèòñÿ ñåâåðíåå Òîìñêà. Çäåñü ìû íå íà-
áëþäàåì ïîíèæåíèÿ ÎÑÎ. Â íà÷àëå ìàÿ 2011 ã. óðîâ-
íè ÎÑÎ â Òîìñêå è Îáíèíñêå âåðíóëèñü ê îáû÷íûì 
çíà÷åíèÿì. 

 

Àíàëèç äàííûõ èçìåðåíèé 
 

Â ìàðòå–àïðåëå 2011 ã. àíîìàëüíîå ïîíèæåíèå 
ÎÑÎ íàä Òîìñêîì çàðåãèñòðèðîâàíî è ôèëüòðîâûì 
îçîíîìåòðîì Ì-124. Ïî ñðàâíåíèþ ñ ìíîãîëåòíèìè 
ñðåäíèìè çíà÷åíèÿìè ÎÑÎ ïîíèæåíèå äîñòèãàëî 30%. 
Ïîíèæåíèå ÎÑÎ íàä ñåâåðíûìè ðàéîíàìè Ðîññèè 
áûëî ñâÿçàíî ñ äåñòðóêöèåé îçîíà â ïîëÿðíîé ñòðà-
òîñôåðå âñëåäñòâèå àíîìàëüíî íèçêèõ òåìïåðàòóð íà 
âûñîòàõ 20–30 êì [36]. Ñòîëü ñóùåñòâåííîå ñíèæå-
íèå óðîâíåé ÎÑÎ îòìå÷åíî íà ðÿäå ñòàíöèé îçîíî-
ìåòðè÷åñêîé ñåòè Ðîññèè, ðàñïîëîæåííûõ â ïîëÿðíûõ 

øèðîòàõ Ñèáèðè è Äàëüíåãî Âîñòîêà [34]. Äàííûå 

îá àíîìàëüíî íèçêèõ âåëè÷èíàõ îáùåãî ñîäåðæàíèÿ 
îçîíà â âûñîêèõ øèðîòàõ ñåâåðíûõ ïîëÿðíûõ ðàé-
îíîâ ïðèâîäÿòñÿ â ìèðîâîé áàçå äàííûõ ÎÑÎ â Òî-
ðîíòî (WOUDC) äëÿ Ôèíëÿíäèè, Íîðâåãèè, Øâå-
öèè, Ãðåíëàíäèè, Êàíàäû, ÑØÀ è äðóãèõ ñòðàí, 
ðàñïîëîæåííûõ è ïðèìûêàþùèõ ê ïîëÿðíûì ðàé-
îíàì Ñåâåðíîãî ïîëóøàðèÿ. 

Îáùåå ñîäåðæàíèå îçîíà íà àðêòè÷åñêîé ñòàí-
öèè Ñàììèò â Ãðåíëàíäèè ñîñòàâèëî 259 å.Ä. 28 ìàð-
òà 2011 ã. ïðè íîðìå 370 å.Ä. â îáû÷íûå ãîäû. Çíà-
÷åíèÿ ÎÑÎ â Ñêàíäèíàâèè âî âòîðîé ïîëîâèíå ìàð-
òà 2011 ã. ñîñòàâëÿëè îò 255 äî 285 å.Ä. íà ïîëÿðíîé 
ñòàíöèè Ñîäàíêóëà íà ñåâåðå Ôèíëÿíäèè, 242 å.Ä. 
 

 

 
 à á 

Ðèñ. 2. Ðåçóëüòàòû èçìåðåíèé ÎÑÎ ñïåêòðîôîòîìåòðàìè Brewer MKIV S/N 049 â ã. Òîìñêå (à) è Brewer MKII S/N 044 
  â ã. Îáíèíñêå (á) â 2003–2012 ãã. 
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Ðèñ. 3. Äàííûå èçìåðåíèé ÎÑÎ (ñïëîøíûå ëèíèè), ïîëó÷åííûå ñïåêòðîôîòîìåòðîì Brewer MKIV S/N 049 â Òîìñêå (à), 
Brewer KII S/N 044 â Îáíèíñêå (á), Brewer MKII S/N 043 â Êèñëîâîäñêå (â) è ñïåêòðîìåòðîì SAOZ â Ñàëåõàðäå (ã). 
Ñðåäíÿÿ øòðèõîâàÿ ëèíèÿ – ñðåäíèå ìíîãîëåòíèå çíà÷åíèÿ ÎÑÎ äëÿ äàííîãî ðåãèîíà, âåðõíèå è íèæíèå øòðèõîâûå 
ëèíèè – îòêëîíåíèÿ îò ñðåäíåãî çíà÷åíèÿ ± 2σ. Ìàòåðèàë è äàííûå âçÿòû ñ ñàéòîâ http://woudc.ec.gc.ca, 
  http://saoz.obs.uvsq.fr 

 

1 àïðåëÿ 2011 ã. íà ñò. Ñàëåõàðä íà Ñåâåðíîì ïî-
ëÿðíîì êðóãå. Èçìåðåíèÿ ÎÑÎ ñïåêòðîôîòîìåòðîì 

Brewer â ã. Òîìñêå ïîêàçàëè ñòàáèëüíî íèçêèå çíà-
÷åíèÿ ÎÑÎ íà óðîâíå 270–288 å.Ä. ñ 8 ïî 15 àïðå-
ëÿ 2011 ã. 

Äëÿ îöåíêè âûñîòíîãî ïðîôèëÿ ïîòåðü îçîíà  
â çèìíå-âåñåííèå ïåðèîäû 2011 è 2012 ãã. ïðîâåäåíû 
ñïåöèàëüíûå çàïóñêè ýëåêòðîõèìè÷åñêèõ îçîíîçîíäîâ 

ìîäåëè 2Z-ECC. Íà ðèñ. 4 (öâ. âêëåéêà) ïîêàçàíî 

ðàñïîëîæåíèå îçîíîâîé äåïðåññèè â ñåðåäèíå àïðåëÿ 

2011 ã., êîãäà ðàñïàäàþùèéñÿ ïîëÿðíûé öèêëîí ðàñ-
ïîëàãàëñÿ íàä ñåâåðíûìè òåððèòîðèÿìè Çàïàäíîé  
è Öåíòðàëüíîé Ñèáèðè. 

Íà ðèñ. 4, à ïðåäñòàâëåíà êàðòà ðàñïîëîæåíèÿ 
îáëàñòè íèçêèõ çíà÷åíèé ÎÑÎ â Ñåâåðíîì ïîëó-
øàðèè äëÿ 13 àïðåëÿ 2011 ã., êîãäà ïîëÿðíûé âèõðü 
ðàñïîëàãàëñÿ íàä çàïàäíîé ÷àñòüþ àçèàòñêîé òåððè-
òîðèè íàøåé ñòðàíû è ñïåêòðîôîòîìåòð Brewer S/N 
049 ðåãèñòðèðîâàë íèçêèå çíà÷åíèÿ ÎÑÎ íàä Òîì-
ñêîì. Â íàñòîÿùåå âðåìÿ àýðîëîãè÷åñêàÿ ñòàíöèÿ 

Ñàëåõàðä ÿâëÿåòñÿ åäèíñòâåííûì ìåñòîì â Ðîññèè, 
ãäå âûïîëíÿþòñÿ ïóñêè îçîíîçîíäîâ (â 2013 ã. ïëà-
íèðóåòñÿ îñóùåñòâèòü çàïóñê 30 îçîíîçîíäîâ ñ ïî-
ëÿðíîé ñòàíöèè ÑÏ-40), ïðîâîäÿòñÿ íàáëþäåíèÿ  

è èçó÷àþòñÿ ïðîöåññû èçìåíåíèÿ îçîíîâîãî ñëîÿ  
â ïîëÿðíûõ ðàéîíàõ íàøåé ñòðàíû. 

Â ìàðòå–àïðåëå 2011 ã. áûëà ïðîâåäåíà ñåðèÿ òà-
êèõ ñêîîðäèíèðîâàííûõ çàïóñêîâ îçîíîçîíäîâ 2Z-ECC 

íà àýðîëîãè÷åñêîé ñòàíöèè Ñàëåõàðä (ðèñ. 5, à). 
Ïîëó÷åííûå äàííûå ñ ïîìîùüþ îçîíîçîíäîâ â ïå-
ðèîä 15 ìàðòà – 19 àïðåëÿ 2011 ã. ñâèäåòåëüñòâóþò 
î òîì, ÷òî çäåñü ïðîèçîøëî àíîìàëüíîå ïîíèæåíèå 
êîíöåíòðàöèè àòìîñôåðíîãî îçîíà. Èç ïîëó÷åííûõ 
äàííûõ î âåðòèêàëüíûõ ïðîôèëÿõ îçîíà îò÷åòëèâî 
âèäíî, ÷òî ïðîèçîøëè ïîòåðè îçîíà â íèæíåé ñòðà-
òîñôåðå íà âûñîòå 17–21 êì. Ìàêñèìàëüíûå ïîòåðè 
îçîíà ïðîèçîøëè íà âûñîòå 18–20 êì, à ñàìè ïîòå-
ðè íà ýòîì äîñòàòî÷íî óçêîì âûñîòíîì ó÷àñòêå ñî-
ñòàâèëè 60–70%. 

Ðåçóëüòàòû áàëîííîãî çîíäèðîâàíèÿ âåðòèêàëü-
íîãî ðàñïðåäåëåíèÿ îçîíà (ÂÐÎ) íàä Ñàëåõàðäîì  
â ôåâðàëå 2012 ã. (ðèñ. 5, á) íå ïîêàçàëè çàìåòíûõ 
èçìåíåíèé ïðîôèëåé îçîíà ïî ñðàâíåíèþ ñ åãî îáû÷-
íûì ðàñïðåäåëåíèåì. Äàííûå èçìåðåíèé ÎÑÎ ñïåê-
òðîôîòîìåòðîì Brewer S/N 049 â çèìíå-âåñåííèé 
ïåðèîä ýòîãî ãîäà â ã. Òîìñêå ñîîòâåòñòâîâàëè êëè-
ìàòè÷åñêîé íîðìå, è êàêèõ-ëèáî îòêëîíåíèé íàìè íå 
íàáëþäàëîñü. Âñå äàííûå ïóñêîâ ýëåêòðîõèìè÷åñêèõ 
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Ðèñ. 4. Êàðòà çíà÷åíèé OCO â Ñåâåðíîì ïîëóøàðèè äëÿ 13 àïðåëÿ 2011 ã. (à); êàðòà îòêëîíåíèé ÎÑÎ îò êëèìàòè÷åñêîé 
íîðìû ñ óêàçàíèåì ìåñòà ðàñïîëîæåíèÿ ñïåêòðîôîòîìåòðà Brewer MKIV S/N 049 â Òîìñêå è ìåñòî ðàñïîëîæåíèÿ àýðîëî-
ãè÷åñêîé ñòàíöèè ã. Ñàëåõàðä (á). (Èñõîäíûå êàðòû ÎÑÎ è åãî îòêëîíåíèé îò êëèìàòè÷åñêîé íîðìû ñì. íà ñàéòå 
  WOUDC ïî àäðåñó http://www.woudc.org/data_e.html) 

 

Òîìñê

Ñàëåõàðä

Òîìñê
Ñàëåõàðä
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îçîíîçîíäîâ 2Z-ECC â Ñàëåõàðäå â çèìíå-âåñåííèå 
ïåðèîäû 2005–2012 ãã. äîñòóïíû â áàçå äàííûõ Net- 
work for the Detection of Atmospheric Composition 

Change (NDACC) ïî àäðåñó ftp://ftp.cpc.ncep.noaa. 
gov/ndacc/station/salekhar/ames/o3sonde/. 
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Ðèñ. 5. Ïðîôèëè âåðòèêàëüíîãî ðàñïðåäåëåíèÿ îçîíà íàä 
àýðîëîãè÷åñêîé ñòàíöèåé Ñàëåõàðä ïî äàííûì âûïóñêîâ 
ýëåêòðîõèìè÷åñêîãî îçîíîçîíäà 2Z-ECC 13 àïðåëÿ 2011 ã. 
(à) è 26 ôåâðàëÿ 2012 ã. (á) (äîñòóïíû â áàçå äàííûõ 
NDACC ftp://ftp.cpc.ncep.noaa.gov/ndacc/station/salekhar/ 
  ames/o3sonde/) 

 

Çàêëþ÷åíèå 
 

Â õîäå ïðîâåäåííîãî ìîíèòîðèíãà ïîëó÷åí äåñÿ-
òèëåòíèé ðÿä âûñîêîòî÷íûõ ñïåêòðàëüíûõ äàííûõ ïî 
îáùåìó ñîäåðæàíèþ îçîíà íà òåððèòîðè Çàïàäíîé 
Ñèáèðè â ã. Òîìñêå ñ èñïîëüçîâàíèåì ñïåêòðîôîòî-
ìåòðà Brewer S/N 049, îòêàëèáðîâàííîãî ïî âòîðè÷-
íîìó ýòàëîííîìó ïðèáîðó Brewer. Ðåçóëüòàòû èçìå-
ðåíèé ÎÑÎ âíåñåíû ÖÀÎ â áàçó äàííûõ Ìèðîâîé 
ñåòè ñòàíöèé íàáëþäåíèÿ îçîíà WOUDC. 

Ïî äàííûì èçìåðåíèé ÎÑÎ ñïåêòðîôîòîìåòðîì 
Brewer S/N 049 ïðîâåäåíî ñðàâíåíèå ñïóòíèêîâûõ 
äàííûõ è íàçåìíûõ íàáëþäåíèé îáùåãî ñîäåðæàíèÿ 
îçîíà â ã. Òîìñêå. Äëÿ èíòåðïðåòàöèè ïîëó÷åííûõ 
äàííûõ îá èçìåíåíèè îçîíà â 2011–2012 ãã. ïðè-
âëå÷åíû ðåçóëüòàòû èçìåðåíèé îçîíà ñïåêòðîìåòðà-
ìè SAOZ è äàííûå áàëîííîãî çîíäèðîâàíèÿ àòìî-
ñôåðû íà àýðîëîãè÷åñêîé ñòàíöèè Ñàëåõàðä. Ðàáîòû 
âûïîëíåíû ïî ïðîãðàììå ìåæäóíàðîäíîãî ñîòðóä-
íè÷åñòâà â ðàìêàõ ïðîåêòà Match ïî áàëîííîìó çîí-
äèðîâàíèþ â íèæíåé ñòðàòîñôåðå â Àðêòèêå ñîâìå-
ñòíî ñ ÿïîíñêèìè ó÷åíûìè èç National Institute for 
Environmental Studies (Tsukuba, Japan) è íåìåöêèìè 

ñïåöèàëèñòàìè èç Alfred Wegener Institute for Polar 
and Marine Research (Potsdam, Germany). Ðåçóëü-

òàòû ýòèõ íàáëþäåíèé ïðåäñòàâëåíû â áàçå äàííûõ 
NDACC. 

Àíàëèç òåìïåðàòóðíûõ äàííûõ íèæíåé ñòðàòî-
ñôåðû ñâèäåòåëüñòâóåò î òîì, ÷òî íàáëþäàâøàÿñÿ 
îòðèöàòåëüíàÿ àíîìàëèÿ îáùåãî ñîäåðæàíèÿ îçîíà 
â ìàðòå–àïðåëå 2011 ã. íàä ñåâåðíûìè òåððèòîðèÿ-
ìè Ðîññèè ñâÿçàíà ñ ïåðåìåùåíèåì âîçäóøíûõ ìàññ 
ñ àíîìàëüíî íèçêèìè çíà÷åíèÿìè îçîíà â ïîëÿðíîé 
ñòðàòîñôåðå, ïåðåíîñîì è ñìåùåíèåì öèðêóìïîëÿð-
íîãî âèõðÿ èç Àðêòèêè â óìåðåííûå øèðîòû Öåí-
òðàëüíîé è Âîñòî÷íîé Ñèáèðè. Ïî ñðàâíåíèþ ñ ìíî-
ãîëåòíèìè ñðåäíèìè çíà÷åíèÿìè îçîíà ïîíèæåíèå 
ÎÑÎ â ã. Òîìñêå äîñòèãàëî 30–35% â òå÷åíèå 2 íåä 
ñ 5 ïî 20 àïðåëÿ 2011 ã. 

Àâòîðû âûðàæàþò áëàãîäàðíîñòü ñïåöèàëèñòàì 
International Ozone Servisies Incorporated, Òîðîíòî, 
Êàíàäà çà î÷åðåäíóþ êàëèáðîâêó ñïåêòðîôîòîìåò-
ðîâ Brewer MKIV S/N 043, 044, 049 ïî ïåðåäâèæ-
íîìó âòîðè÷íîìó ýòàëîííîìó ïðèáîðó Brewer, ïðî-
âåäåííóþ â ã. Îáíèíñêå 13–18 ñåíòÿáðÿ 2012 ã. 

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ïðîãðàììû 
Ïðåçèäèóìà ÐÀÍ ¹ 4, ïðîãðàììû ÎÍÇ ÐÀÍ ¹ 5, 
ìåæäèñöèïëèíàðíûõ èíòåãðàöèîííûõ ïðîåêòîâ ÑÎ 
ÐÀÍ ¹ 35, 70 è 131, ãðàíòîâ ÐÔÔÈ ¹ 11-05-00470, 
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è 8325, Äîãîâîðà î íàó÷íî-òåõíè÷åñêîì ñîòðóäíè-
÷åñòâå ìåæäó ÈÎÀ ÑÎ ÐÀÍ è ÖÀÎ. 
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G.À. Ivlev, B.D. Belan, V.M. Dorokhov, N.V. Tereb. Spectral observations of the total ozone content 
variation in Obninsk and Tomsk in 2011 and 2012. 

The total ozone plays an important role in understanding the processes occurring in the atmosphere and 
climate changes. In the spring, between March and April 2011 in the city of Tomsk (56.5°N, 85.1°E) reported 
anomalous ozone losses. In comparison with the long-term mean values of ozone reduction the ozone losses 
reached 30–35%. Based on the analysis of measurements of a ground-based spectrophotometer Brewer MKIV 
S/N 049, satellite and balloon data of ozone sounding in Salekhard (66.5°N, 66.7°E), the analysis of the 
observed anomalously low values of the total ozone was given. Analysis of the temperature data of the lower 
stratosphere indicates that the observed negative anomaly of total ozone in March–April 2011 over the northern 
parts of Russia was connected with the movement of air masses with abnormally low values of ozone in the 
polar stratosphere, relocation and displacement of the polar vortex from the Arctic to midlatitudes in Western 
and Central Siberia. 
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