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Â ðàáîòå ñðàâíèâàþòñÿ îñíîâíûå õàðàêòåðèñòèêè ñòðàòîñôåðíîãî ïîëÿðíîãî âèõðÿ (ïëîùàäü, ñðåäíÿÿ 

ñêîðîñòü âåòðà íà ãðàíèöå, ñðåäíÿÿ òåìïåðàòóðà âíóòðè âèõðÿ) çà 2022/23 ã., êîòîðûå ïîëó÷åíû ìåòîäàìè 
îêîíòóðèâàíèÿ ñ ïîìîùüþ ïîòåíöèàëüíîé çàâèõðåííîñòè (ÏÇ) è ãåîïîòåíöèàëà. Îáà ìåòîäà èñïîëüçóþò 
äàííûå ðåàíàëèçà ERA5. Ñðàâíåíèå îöåíîê â ñðåäíåì ïðîâîäèëîñü ñ íîÿáðÿ ïî ìàðò â Àðêòèêå è ñ ìàÿ ïî 
ñåíòÿáðü â Àíòàðêòèêå íà èçîýíòðîïè÷åñêèõ ïîâåðõíîñòÿõ íà óðîâíÿõ 475, 530 è  600 Ê. Ïëîùàäü àðêòè÷å-
ñêîãî âèõðÿ ïî ãåîïîòåíöèàëó â ñðåäíåì â 1,30 ðàçà áîëüøå ïëîùàäè, ïîëó÷åííîé ñ ïîìîùüþ ÏÇ, à àíòàðê-
òè÷åñêîãî – â 1,14 ðàç. Ñðåäíèå ñêîðîñòè âåòðà ïî äâóì ìåòîäàì î÷åíü áëèçêè: â Àðêòèêå åå çíà÷åíèÿ ïî 
ÏÇ â ñðåäíåì íà 5% áîëüøå, ÷åì ïî ãåîïîòåíöèàëó, à â Àíòàðêòèêå – íà 3%. Ñðåäíÿÿ òåìïåðàòóðà âíóòðè 
âèõðÿ ïî ÏÇ â ñðåäíåì íà 1% íèæå, ÷åì ïî ãåîïîòåíöèàëó, è â Àðêòèêå, è â Àíòàðêòèêå. Íàèáîëüøåå ðàç-
ëè÷èå îöåíîê ïëîùàäåé â Àðêòèêå äîñòèãëî 25,52 ìëí êì2 23.11.2022 ã. íà ïîâåðõíîñòè 600 Ê, à â Àíòàðê-
òèêå – 23,78 ìëí êì2 14.12.2022 ã. íà ïîâåðõíîñòè  475 Ê. Ïðè ýòîì â ñðåäíåì ðàçëè÷èå îöåíîê ðàñòåò  
ñ âûñîòîé: ñ 4,23 ìëí êì2 íà 475 Ê äî 10,24 ìëí êì2 íà 600 Ê â Àðêòèêå, ñ 4,91 ìëí êì2 íà 475 Ê äî 
6,17 ìëí êì2 íà 600 Ê â Àíòàðêòèêå. Çíà÷èìàÿ ðàçíèöà ïëîùàäåé ãîâîðèò î íåîáõîäèìîñòè òùàòåëüíîãî 
âûáîðà ìåòîäà îêîíòóðèâàíèÿ ïðè èññëåäîâàíèè ïîëÿðíûõ âèõðåé. 

 

Êëþ÷åâûå ñëîâà: ñòðàòîñôåðíûé ïîëÿðíûé âèõðü, ìåòîä îêîíòóðèâàíèÿ, ãåîïîòåíöèàë, ïîëÿðíàÿ çà-
âèõðåííîñòü; stratospheric polar vortex, vortex delineation method, geopotential, potential vorticity. 

 

 

Ââåäåíèå 
 
Àðêòè÷åñêèé è àíòàðêòè÷åñêèé ñòðàòîñôåðíûå 

ïîëÿðíûå âèõðè èìåþò öèêëîíè÷åñêîå âðàùåíèå, 
ðàñïðîñòðàíÿþòñÿ îò òðîïîïàóçû â ìåçîñôåðó è ñó-
ùåñòâóþò ñ îñåíè ïî âåñíó [1, 2]. Ïðè óñèëåíèè ïî- 
ëÿðíûõ âèõðåé âîçìîæíî óâåëè÷åíèå ñòðàòîñôåðíî-
òðîïîñôåðíîãî îáìåíà [3–5]. Ïðè èññëåäîâàíèè 
äèíàìèêè ñòðàòîñôåðíîãî ïîëÿðíîãî âèõðÿ èñïîëü-
çóþò ðàçëè÷íûå ìåòîäû îêîíòóðèâàíèÿ. Íàèáîëåå 
ðàñïðîñòðàíåííûå îñíîâàíû íà çíà÷åíèÿõ ïîòåíöè-
àëüíîé çàâèõðåííîñòè (ÏÇ) [6–10]. Íàðÿäó ñ íèìè 
ïðèìåíÿþò ìåòîä, â îñíîâå êîòîðîãî ëåæàò çíà÷å-
íèÿ ãåîïîòåíöèàëà [11–15]. Â ðàáîòå [14] ïîêàçàíî, 
÷òî ìåòîä îêîíòóðèâàíèÿ ñ ïîìîùüþ ãåîïîòåíöèàëà 
ëó÷øå îïèñûâàåò ãðàíèöû âèõðÿ. Âàæíûìè õàðàê-
òåðèñòèêàìè ïîëÿðíûõ âèõðåé ÿâëÿþòñÿ ñðåäíÿÿ 
òåìïåðàòóðà âíóòðè âèõðÿ, ñðåäíÿÿ ñêîðîñòü âåòðà 
ïî ãðàíèöå âèõðÿ, ïëîùàäü âèõðÿ. 
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Ìàòåðèàëû è ìåòîäû 
 

Â ðàáîòå èñïîëüçóþòñÿ äàííûå ðåàíàëèçà 
ERA5 [16] ñ ðàçðåøåíèåì 0,5 

×
 0,5° íà èçîýíòðî-

ïèéíûõ ïîâåðõíîñòÿõ íà óðîâíÿõ 475, 530 è 600 Ê. 
Õàðàêòåðèñòèêè âèõðÿ ðàññ÷èòûâàëèñü ïî çîíàëü-
íîé è ìåðèäèîíàëüíîé ñêîðîñòÿì âåòðà, äàâëåíèþ 
è ïîòåíöèàëüíîé çàâèõðåííîñòè. Äëÿ ñîïîñòàâëåíèÿ 
õàðàêòåðèñòèê èñïîëüçîâàëñÿ ãåîïîòåíöèàë íà èçî-
áàðè÷åñêèõ ïîâåðõíîñòÿõ íà óðîâíÿõ 10–100 ãÏà. 
  Íà ãðàíèöå ïîëÿðíîãî âèõðÿ ñêîðîñòü âåòðà, 
êàê ïðàâèëî, ìàêñèìàëüíàÿ. Çà ïåðèîä 1991–
2021 ãã. çà êàæäûé äåíü ñ 01.04 ïî 31.10 äëÿ êàæ-
äîé äîëãîòû ãðàäóñíîé ñåòêè áûëè ïîëó÷åíû çíà-
÷åíèÿ ÏÇ â óçëàõ ñ íàèáîëüøåé ñêîðîñòüþ âåòðà  
â äèàïàçîíå 30–90° þ.ø. Óñðåäíÿÿ çíà÷åíèÿ ÏÇ  
ïî âñåì äîëãîòàì è äíÿì, ïîëó÷àåì îöåíêó ãðàíè÷-
íîãî çíà÷åíèÿ ÏÇ àíòàðêòè÷åñêîãî ïîëÿðíîãî âèõ-
ðÿ. Èñõîäÿ èç îáùåãî õàðàêòåðà äèíàìèêè âèõðÿ  
â Àðêòèêå è Àíòàðêòèêå, ãðàíè÷íîå çíà÷åíèå ÏÇ 
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àðêòè÷åñêîãî âèõðÿ áåðåòñÿ òàêèì æå ïî àáñîëþò-
íîé âåëè÷èíå. Â ðåçóëüòàòå íà ïîâåðõíîñòè 475 Ê 
ãðàíè÷íîå çíà÷åíèå ÏÇ ðàâíî 31,2 PVU (poten- 
tial vorticity unit) (ñðåäíåêâàäðàòè÷íîå îòêëîíåíèå 
σ = 3,4), íà ïîâåðõíîñòè 530 Ê – 55 PVU (σ = 5), 
íà ïîâåðõíîñòè 600 Ê – 101,8 PVU (σ = 9,1), ãäå 
1 PVU = 10−6

 ⋅ ì2
 ⋅ Ê ⋅ ñ−1 ⋅ êã−1. Ïî âû÷èñëåííûì ãðà-

íè÷íûì çíà÷åíèÿì ïðîâåäåíî îêîíòóðèâàíèå. 
Îöåíêè, ïîëó÷åííûå ñ ïîìîùüþ ÏÇ, ñðàâíèâà-

ëèñü ñ îöåíêàìè ïî ìåòîäó îêîíòóðèâàíèÿ ñ ïîìî-
ùüþ ãåîïîòåíöèàëà íà èçîýíòðîïè÷åñêèõ ïîâåðõíî-
ñòÿõ. Äëÿ ýòîãî áûë ðàçðàáîòàí àëãîðèòì ïðîåöèðî-
âàíèÿ ãðàíèö âèõðÿ ñ èçîáàðè÷åñêèõ ïîâåðõíîñòåé. 
Ïðåäâàðèòåëüíî áûëè ïîëó÷åíû îöåíêè ãåîïîòåí-
öèàëüíîé âûñîòû â óçëàõ ñåòêè íà èçîýíòðîïè÷å-
ñêîé ïîâåðõíîñòè. Âû÷èñëåíèå ãåîïîòåíöèàëüíîé 

âûñîòû â êàæäîé òî÷êå èçîýíòðîïè÷åñêîé ïîâåðõ-
íîñòè âûïîëíÿåòñÿ ñ ïîìîùüþ ëèíåéíîé èíòåðïî-
ëÿöèè ñ èçîáàðè÷åñêèõ ïîâåðõíîñòåé. Àòìîñôåðíîå 

äàâëåíèå â ýòîé òî÷êå ñðàâíèâàåòñÿ ñ äàâëåíèåì  
â ýòîé æå òî÷êå íà èçîáàðè÷åñêèõ ïîâåðõíîñòÿõ. 
Âûáèðàþòñÿ âûøå- è íèæåëåæàùèå áëèæàéøèå ïî 
äàâëåíèþ ïîâåðõíîñòè è ðàññ÷èòûâàþòñÿ ëèíåéíûå 
êîýôôèöèåíòû (ïðîïîðöèîíàëüíî ðàçíèöå äàâëåíèé), 
ñ ïîìîùüþ êîòîðûõ íà èçîýíòðîïè÷åñêóþ ïîâåðõ-
íîñòü èíòåðïîëèðóåòñÿ çíà÷åíèå ãåîïîòåíöèàëà  

 

ñ èçîáàðè÷åñêèõ ïîâåðõíîñòåé. Â ðåçóëüòàòå áûëè 
ïîëó÷åíû ïîëÿ ãåîïîòåíöèàëüíîé âûñîòû íà èçî- 
ýíòðîïè÷åñêèõ ïîâåðõíîñòÿõ. Íà èçîáàðè÷åñêèõ  

ïîâåðõíîñòÿõ âèõðü áûë îêîíòóðåí ñ ïîìîùüþ ãåî-
ïîòåíöèàëà [12–14]. Äàëåå ãðàíèöû âèõðÿ ñ èçîáà-
ðè÷åñêèõ ïîâåðõíîñòåé áûëè ñïðîåöèðîâàíû íà 
èçîýíòðîïè÷åñêèå. Â èòîãå áûëè ïîëó÷åíû îöåíêè 
ãðàíèöû âèõðÿ ïî ãåîïîòåíöèàëó íà ðàññìàòðèâàå-
ìûõ èçîýíòðîïè÷åñêèõ ïîâåðõíîñòÿõ. 

 

Ðåçóëüòàòû è îáñóæäåíèå 
 

Íà ðèñóíêå ïðèâåäåíà âíóòðèãîäîâàÿ ðàçíîñòü 
îöåíîê ïëîùàäè âèõðÿ ïî ÏÇ (SPV) è ïî ãåîïî- 
òåíöèàëó (SGPT), åå ìîäóëü è ñðåäíåå ìîäóëÿ  
íà óðîâíå 530 Ê â Àðêòèêå è àíàëîãè÷íî â Àíòàðê-
òèêå. Âèäíî, ÷òî çèìîé ïëîùàäü, âû÷èñëåííàÿ  
ïî ãåîïîòåíöèàëó, áîëüøå, ÷åì ïî ÏÇ. Îäíàêî âåñ-
íîé, êîãäà âèõðü ñëàáååò è ðàçðóøàåòñÿ, ïëîùàäü 
ïî ÏÇ áîëüøå – ýòî îñîáåííî õîðîøî âèäíî äëÿ 
Àíòàðêòèêè. 

Â òàáë. 1 óêàçàíû ìàêñèìóì è ñðåäíåå ìîäóëÿ 
ðàçíîñòè íà ðàçíûõ óðîâíÿõ. Íàèáîëüøåå ðàçëè÷èå 
îöåíîê ïëîùàäåé â Àðêòèêå äîñòèãëî 25,52 ìëí êì2 

23.11.2022 ã. íà ïîâåðõíîñòè 600 Ê, à â Àíòàðêòè- 
êå – 23,78 ìëí êì2

 14.12.2022 ã. íà ïîâåðõíîñòè 475 Ê.  
 

 
Ðàçíîñòè îöåíîê ïëîùàäè âèõðÿ ïî ÏÇ è ãåîïåòåíöèàëó íà ïîâåðõíîñòè 530 Ê â Àðêòèêå (a) è Àíòàðêòèêå (á) 
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Ò à á ë è ö à  1  

Ïàðàìåòðû ìîäóëÿ ðàçíîñòè ïëîùàäåé  
âèõðÿ ïî ÏÇ è ãåîïîòåíöèàëó íà ðàçíûõ óðîâíÿõ 

Óðîâåíü, Ê Ìàêñèìóì, ìëí êì2 Ñðåäíåå, ìëí êì2 

Àðêòèêà 

475 12,98 4,23 
530 18,79 6,53 
600 25,52 10,24 

Àíòàðêòèêà 

475 23,78 4,91 
530 17,54 5,28 
600 12,68 6,17 

 

Ïðè ýòîì â ñðåäíåì ðàçëè÷èå îöåíîê ðàñòåò ñ âûñî-
òîé: ñ 4,23 ìëí êì2 íà 475 Ê äî 10,24 ìëí êì2  
íà 600 Ê â Àðêòèêå; ñ 4,91 ìëí êì2 íà 475 Ê äî 
6,17 ìëí êì2 íà 600 Ê â Àíòàðêòèêå. 

Â òàáë. 2 ïðèâåäåíû ñðåäíèå õàðàêòåðèñòèêè 
ïîëÿðíûõ âèõðåé, ïîëó÷åííûå ñ ïîìîùüþ äâóõ 
ìåòîäîâ îêîíòóðèâàíèÿ, íà óðîâíå 530 Ê. Ïî äàí-
íûì òàáëèöû ìîæíî âèäåòü, ÷òî â ñðåäíåì çà ðàñ-
ñìàòðèâàåìûé ïåðèîä ñêîðîñòè âåòðà íà ãðàíèöå  
è òåìïåðàòóðà âíóòðè âèõðÿ ïî äâóì ìåòîäàì ðàç-
ëè÷àþòñÿ íåçíà÷èòåëüíî. Îäíàêî îöåíêè ïëîùàäè 
âèõðÿ ñèëüíî ðàçëè÷àþòñÿ. Ïî âñåì óðîâíÿì çà 
ïåðèîä, óêàçàííûé â òàáëèöå, ïëîùàäü àðêòè÷åñêî-
ãî âèõðÿ ïî ãåîïîòåíöèàëó â ñðåäíåì â 1,3 ðàçà 
áîëüøå, ÷åì ïî ÏÇ, à àíòàðêòè÷åñêîãî – â 1,14 ðàç. 
Ìåòîäû äàëè áëèçêèå çíà÷åíèÿ ñðåäíåé ñêîðîñòè 
âåòðà íà ãðàíèöå âèõðÿ – â Àðêòèêå åå çíà÷åíèÿ  
ïî ÏÇ â ñðåäíåì íà 5% áîëüøå, ÷åì ïî ãåîïîòåí-
öèàëó, à â Àíòàðêòèêå – íà 3%. Ïîõîæàÿ ñèòóàöèÿ 
ñî ñðåäíåé òåìïåðàòóðîé âíóòðè âèõðÿ: ïî ÏÇ òåì-
ïåðàòóðà â ñðåäíåì íà 1% íèæå, ÷åì ïî ãåîïîòåí-
öèàëó, è â Àðêòèêå, è â Àíòàðêòèêå. 

 

Ò à á ë è ö à  2  

Ñðåäíèå çíà÷åíèÿ ïàðàìåòðîâ, ðàññ÷èòàííûå íà óðîâíå 
530 Ê ìåòîäàìè îêîíòóðèâàíèÿ ñ ïîìîùüþ ÏÇ  

è ãåîïîòåíöèàëà 

Ïàðàìåòð 

S, ìëí êì2 V, ì/ñ T, °Ñ Ìåñÿö 

PV GPT PV GPT PV GPT 

 Àðêòèêà 

XI 17,72 24,08 25,66 27,19 −71,06 −70,58 
XII 24,05 35,89 34,37 31,27 −76,63 −74,73 
I 28,23 41,67 43,45 38,19 −77,38 −74,56 
II 23,32 27,47 38,71 37,42 −63,40 −62,49 
III 8,58 9,10 22,73 24,19 −55,41 −54,52 
XI–III 20,34 27,67 32,92 31,57 −68,87 −67,45 

 Àíòàðêòèêà 

V 25,59 32,59 39,97 38,96 −78,39 −77,15 
VI 36,20 44,85 49,92 49,09 −84,02 −82,62 
VII 43,79 50,10 64,84 63,57 −85,66 −84,61 
VIII 45,91 50,74 70,66 68,41 −84,09 −83,30 
IX 42,19 44,69 72,48 70,92 −77,93 −77,48 
V–IX 38,73 44,59 59,55 58,17 −82,03 −81,04 ____________ 

Ï ð è ì å ÷ à í è å. S – ïëîùàäü âèõðÿ; V – ñðåäíÿÿ 
ñêîðîñòü âåòðà íà ãðàíèöå âèõðÿ; T – ñðåäíÿÿ òåìïåðàòó-
ðà âíóòðè âèõðÿ. 

Çàêëþ÷åíèå 
 

Îáà ìåòîäà ïîêàçûâàþò ñõîæèå çíà÷åíèÿ 
ñðåäíåé ñêîðîñòè âåòðà íà ãðàíèöå âèõðÿ è ñðåäíåé 
òåìïåðàòóðû âíóòðè âèõðÿ, íî èìåþò çíà÷èòåëüíûå 
îòëè÷èÿ ïî ïëîùàäè. Ýòî ñâÿçàíî ñ òåì, ÷òî ïîãðà-
íè÷íûé ñëîé ìåæäó òåëîì âèõðÿ è âíåøíåé ñðåäîé 
èìååò áîëüøóþ øèðèíó. Â òî âðåìÿ êàê ãðàíèöà ïî 
ãåîïîòåíöèàëó ëåæèò áëèæå ê âíåøíåìó êðàþ ñëîÿ, 
êîíòóð ïî ÏÇ ïîëó÷àåòñÿ áëèæå ê òåëó âèõðÿ. 
Îöåíêè ïëîùàäè âèõðÿ áîëåå êîððåêòíûå ïðè îêîí-
òóðèâàíèè ñ ïîìîùüþ ãåîïîòåíöèàëà, ÷åì ïðè îêîí-
òóðèâàíèè ñ ïîìîùüþ ïîòåíöèàëüíîé çàâèõðåííî-
ñòè, ÷òî ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè ðàáîòû [14]. 

 

Ôèíàíñèðîâàíèå. Èññëåäîâàíèå âûïîëíåíî  
â ðàìêàõ ãîñáþäæåòíîé òåìû ¹ 121031300156-5. 
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V.V. Zuev, E.A. Sidorovski, A.V. Pavlinsky. Dynamics of the stratospheric polar vortex in 2022/2023 

by vortex delineation methods using geopotential and potential vorticity. 
Two methods of delineation of the stratospheric polar vortex were compared by the main characteristics of 

the vortex they provide – vortex area, average wind speed at the edge, mean temperature inside the vortex. 
Both methods use the ERA5 reanalysis data for isobaric and isentropic surfaces, one of them is based on the 
geopotential and another one – on the potential vorticity (PV). Geopotential method gives higher vortex area 
than the PV method: 1.3 times higher for Arctic and 1.14 for Antarctic. The estimates of the average wind 
speed at the edge are very similar: the wind speed by PV method is 5% higher than by geopotential for the Arc-
tic, and 3% higher in the Antarctic. Mean temperature inside the vortex by PV method is 1% lower in both the 
Arctic and Antarctic. The largest difference in the estimates of vortex area in the Arctic was 25.52 million km2, 
which was reached on November 23, 2022 at the 600 K isentropic surface; and in the Antarctic it reached  
a value of 23.78 million km2 on December 14.2. The significant difference in area demonstrates the need for 
careful selection of the delineation method when studying polar vortices. The significant difference in area 
demonstrates the need for careful selection of the delineation method when studying polar vortices.022 at the 
475 K surface. The differences of vortex area are increasing with height: from 4.23 million km2 at the 475 K 
surface to 10.24 million km2 at the 600 K surface in the Arctic, from 4.91 million km2 at the 475 K surface  
to 6.17 million km2 at the 600 K surface in the Antarctic. The significant difference in areas demonstrates the 
necessity for careful selection of the delineation method when studying polar vortices. 

 
 


