«Onruka atMocdepbl U okeana», 37, Ne 7 (2024)
DOI: 10.15372/A0020240712

KPATKUE COOBIIEHUA

YK 551.51

AKTHBHOCTb BBICOKHX IIHKJIOHOB HaJ BYJKaHOM Jpeldyc
no AanHbiM peaHaiansda ERAS

9.A. Macaennuxkosa™, B.B. 3yes, E.C. Caseinena, A.B. Ilasaunckmii*

Hucmumym monumopunea xaumamuueckux u skoaozuveckux cucmem CO PAH
634055, 2. Tomck, np. Axademuuecxuii, 10/3

IMocrymuna B pegaximio 19.03.2024;
nocsie gopa6otku 17.05.2024;
npuHsaTa K medaru 21.05.2024

Byskan Jpebyc sSIBISETCS CaMbIM FOXKHBIM [eHCTBYIONMM BYJIKAHOM Ha 3eMJe, B COCTaB BBIGPOCOB KOTOPOTO
BXOJISIT COEMHEHUs], UTPAIOIIe CYIIECTBEHHYI0 POJb B KAaTATUTHIECKUX IUKJIAX Pa3pyIIeHUsl cTpaTtocepHOro
030Ha. BbICOKUE IUKJIOHBI CMOCOGCTBYIOT TOMbEMY Ta3oBbIX BBIGPOCOB ByJkaHa Jpebyc (Brmouas HCl u SO,)
u3 Tporocdepbl B BBICOTHBIN Anana3oH (popMIpPOBaHHS 030HOBOH ABIPBI OT 14 10 22 kM. PaccMoTpeHO MHTerpab-
Hoe comepxxanne HCl u CIONO; 3a 1992—2023 rr. HaJ pasHbIMU CTaHIUAMM, a TaKKe MPOBeJeH aHAIN3 U3MeH-
YUBOCTH 4aCTOTHI MOSBJIEHUS BBICOKUX IIMKJIOHOB HaJ ByJKaHoM Jpebyc 3a 1980—2022 rr. mo maHHBIM peaHaIu3a
ERAS. BplisiBl€eHO, 4TO MaKCHMaJbHAs YACTOTA TIOSBJIEHUS BBICOKUX IIMKJIOHOB HaJl BYJKaHOM Jpebyc, Kak Tpa-
BIJIO, HaGJTOaeTcs B Miosie. AHau3 MHTerpajibHoro comepskanns HCIl Ha pasHBIX CTaHINSAX TMOKa3a, 4TO 3HaUe-
HUS HaJl AHTAPKTUKOW 3HAYMTEJSHHO IPEBBIIIAIOT TaKOBble HaJl APKTHKOI, a TakyKe IMOYTH B JBa Pasa BbIlIe, YeM
Ha CTAHIIIX, PACMOJIOKEHHBIX B cpeqHuX mmpoTax. [lokasan mpeanosaraeMbiii addexr Hakommrenns HCl B crpa-
tocdepe: K0IDGUIUEHT KOPPETSIIUT MeXKAY MATIIETHIMI CPEIHUMI 3HAYEHUSIMU YacTOTHI MOSIBJEHUS BBICOKUX
[IUKJOHOB U IJIOIIAH O30HOBOI JBIPHI C BPeMEHHBIM CABHUTOM pPsja Ha 4YeThIpe rojia BIlepel OTHOCHTEJIbHO psiia
YaCcTOTHI MOSIBJIEHUST BBICOKUX IUKJIOHOB, paccuuTaHHblil ¢ 1980 mo 2022 r., cocraBusa 0,78. [losydyennbie pesy.ib-
TaThl MOTYT OBbITh HCIOJTH30BaHbI JIs1 60Jiee TOYHOTO IIPOTHO3UPOBAHUS U MOJEJUPOBAHN M3MeHeHUil B aTMocde-
pe, CBI3aHHBIX C JeSITeTbHOCTBIO BYJIKAHOB.

Kntoueswvie croea: BbIcOKHE LUKJIOHDbI, aHTapKTHU4Ye€CKHEe O030HOBbIE AbIPbI, BYJKaH 3pe6yc, aHTapKTI/I‘IECKHﬁ

nostapHbiil BUxpb; high cyclones, Antarctic ozone hole, Erebus volcano, Antarctic polar vortex.

BriepBple 06 030HOBOII aHOMAJINH CTAJIO M3BECTHO
eme B kKoHie 1950-x rr. [1], ogHako mpobieMa ob6pa-
3yomuxcsa obJacTefl ¢ HH3KUM COJEpKaHHEM O30Ha
B MOJIIPHBIX IIPOTAX aKTyaJbHA U B HACTOSIee BpeMs.
IIpu paspymeHun crpaTochepHOTO MOJSIPHOTO BUXPS
IPONCXOAUT IlepeMelllNBaHue BO3/AyXa CO CpeJHeIH-
POTHBIMH BO3IYIIHBIMI MAcCaMU, YTO MOXKET BPeMEHHO
MOHIKATh COJiep:KaHne 030HAa B CPEIHUX IMUpoTax [2].
OpnHoll U3 TPHYNH BO3HUKHOBEHUS €3KETOJIHBIX O30HO-
BBIX aHOMaJuil HaJl AHTAPKTUKON fABJsgeTcsa o6pa3oBa-
HIe TIOJIPHBIX cTpaTocdepHbix o6makos (IICO), B ko-
TOPBIX B KadecTBe g/ep KOHAEHCAIINN BBICTYIIAeT
CEePHOKNCIOTHBIN aspo30sb. O6pasoBanue [ICO crano-
BUTCS BO3MOKHBIM ITPH BBIXOJIAKUBAHUTH CTPATOCQeEPDI
BHYTPH BUXps 10 TeMilepaTypbl Hike —78 °C. Ilepe-
xon xJopa u3 cBoux pesepsyapos (HCl u CIONO,)
B (poToxuMuuecku akTUBHBIN MoJiekyJsapHbIil x10p Cly
TIPOUCXOUT TIPU TPOTEKAHUU TeTePOTEHHBIX PpeaKITHii
Ha noepxHocTu IICO, a ¢ HosABIEHHEM COJHEYHOro
U3TydeHus 3aMyCKaeTcs XJOPHBIH IMKJ pa3pylieHus
030HA.
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Oo6orarmenne mnoBepxHoctn [ICO 3HAYNTETHHBIM
KosimdectBoM xJiopoBojiopoga HCI o6ycioBieno cy-
IIIeCTBOBaHNEM B AHTapKTH/e MOITHOTO BYJKAHOTEHHO-
TO HCTOYHWKA. Bysakan Dpebyc, pacmoJioKeHHBIN Ha
octpoBe Pocca (77,5°10.m., 167,2°B.4.; BbICOTA —
3794 M), — OJIMH U3 TIOCTOSIHHO AeHCTBYIOIUX BYyJKa-
HOB Ha 3eMse W Hambosee SIBHDBII HMCTOYHUK 3HAYM-
tespHOTO KosimdectBa HCI B aHTapkTHveckoil crparto-
cepe. ExxerogHo oH BbI6pachiBaeT B atMocdepy 3HaA-
ypreabHoe KoamdectBo HCl m SO,. Kak wussecrtHo,
ByJKAaHIMYECKHe Ta3bl BO BpeM: Jera3alliil JOCTUTAIOT
BBICOTBI HpuMepHO 1—2 KM HajJ :KepjoM ByJKaHa
U, cJeJoBaTeJbHO, He IOIAJAI0T HAIPSIMYIO B CTPaTo-
chepy [3—5]. BcereactBue TOCTOSIHHOII TacCHBHOM
U B3PBIBHOW Jerasaiun ByJkana Jpebyc [6—8] HCI
U IpyrHe ra3oBble BBIOPOCHI MOMAJaloT B Tpomocdepy,
3aTeM TepeHocAaTcS B cTpaTocdepy BOCXOISAIIIMHA ITH-
KJIOHAJIbHBIMHU TIOTOKAMH BO3/IyXa B TeUeHNe BCETO Toia.
[Tono6uBI TIepeHOC BO3MOXKEH, eC/IN HIDKHSA TpaHHIla
BBICOKOTO ITHKJIOHA HAXOJUTCA HaJ BepUINHOI ByJIKaHa
Ipebyc (~4 KM), a BEPXHAA AOCTUTAET BBICOTHI HUK-
Heit crparocdepsr (~ 10 kM), Te BCTpamBaeTcs B aH-
TapKTUYeCKUil MOSIPHBIH BUXPb [9].

Kaxk n3BecTHO, TeTeporeHHble pPeaKIUU Ha MOBEPX-
Hoct IICO mpoTekaioT Ipu B3aNMO/IeHiCTBIH XJIOPOBO-
nmopona HCI u xmopuurpara CIONO; ¢ nocieayonium
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BBICBOOOK/IeHIEM (POTOXMMUYECKH aKTHBHOTO MOJEKY-
ssphoro xjopa Cl, [10]. Ha puc. 1 npuBeeHbl cpej-
HeMecdUHble 3HAYeHHS WHTETPAJbHOTO COJEPyKAHUS
HCI u CIONO, Ha 4eTbIpex cpeiHe- U BBICOKOUTHPOT-
upix crannuax B CesepuoM (Jungfraujoch, Ny-
Alesund) u IOxuom (Lauder, Arrival Heights) mouy-
mapusx, mnojydexnbie o ganHbiM NOAA’s National
Weather Service Network for the Detection of At-
mospheric Composition Change (NDACC, http://
www.ndsc.ncep.noaa.gov) ¢ 1992 mo 2023 r.
Wurterpanpioe coaepskanne CIONQO, Ha Bcex
CTAHITIAX BapbUPOBAJIOCH IPUMEPHO OJIMHAKOBO 32 Pac-
cMaTpuBaeMbIil epuo/i. OHAKO WHTETPAJbHOE COJlep-
skarne HCl Ha pasHbpIX cTaHiugax pasiandaercs. Ha
crannuu Arrival Heights, pacmososkenHoit B AHTapK-
THIle, HAOTIOAAI0TCS 3HAUUTENbHO GoJiee BBICOKHE 3HA-
YeHNS MO CPaBHEHWIO ¢ JAPYTUMHU cTaHiusaMu. B cpen-
HeM 3a 1992—2023 rr. unrerpanbHoe cojgepskanne HCI
Ha BBICOKOMMPOTHBIX cTaHImsax Arrival Heights u Ny-
Alesund cocrasmio 6,40-10" u 5,06- 10" Mosek. /cm>
COOTBETCTBEHHO, a Ha cpeaHemupoTHbIx — Lauder
u Jungfraujoch — 3,60 - 10" u 3,63 - 10" monex./cM?.
Bunno, yro murerpasbHoe cojgepskanne HCIl na cran-
mun Arrival Heights (AnTtapkTuka) bme B 1,8 pasa,
YeM Ha CTAHIIAX, PACIOJIOKEHHBIX B CPETHUX IITHPOTAX
(Lauder u Jungfraujoch), u Boimie B 1,3 pasa, ueM Ha
craHiuH, pacnojoxkenHoit B Apkruke (Ny-Alesund).
Boicokoe comepskanne HCl B atMocdepe AHTapK-
THKHU, BepOsITHEe BCETO, CBI3aHO C Jerasalmeil ByJIKa-
Ha IJpebyc [9]. Ilpu ydvacTuu BBICOKHX I[MKJOHOB,
KOTOpBIE BCTPAUMBAIOTCS B QHTAPKTUYECKUIl TOJISPHBII
Buxpb, HCIl mponukaer u3 Ttpomocdepbl B HIDKHIO
cTpatocdepy, UYTO BIOCJEJCTBUN MOKET CIOCOGCTBO-
BaThb YCUJIEHUIO pa3pyIleHHs 030Ha Tpu (opMupoBa-
HUU 030HOBOI IbIpbI. BHYTPH BBICOKUX IMKJOHOB, KaK
U3BECTHO, TPOUCXOJNT TIObeM BO3YITHBIX MacC B WX
nepeJHell M IEHTpPaJbHOH YacTdX M OIyCKaHuHe —

B TbuioBoil. CorsiacHo omenkaM [9], m omyckanme —
B ThuIOBOM. CormacHo omeHKaM [9], BeposTHOCTbH
nmoJbeMa BO3AYITHBIX Macc B cTpaTocdepy MOCpecT-
BOM IHKJOHOB, MPOXOAAIMNX HaJ ByJKaHOM IJpebyc,
cocraBuIa 72%.

JIs1 ompeiesieHusT JacTOThI TOSIBJIEHUST BBICOKHUX
IUKJOHOB HaJl BYJKAHOM Opebyc B KaXKIbII Mecsiy
HCIIOJIb30BAJIACH II0JII TeOIOTEeHI[HAIA 10 €)KeJHEBHBIM
naHabM peaHaanda ERAS [11] 3a 1980—2022 rr. mis
ypoBHeit 600 u 250 rlla, cooTBeTCTBYIOIIUX BbICOTAM
BepIIUHBI ByJKana OJpebyc U HUXKHell cTpaTocdepe.
Ha ocnoBe amamimsa 4acTOTbI NMOSBJIEHUS BBICOKUX I[H-
KJIOHOB CYMMapHO 3a MECSIl JJisI KaXKIO0T0 rofa ObLIn
TOJTy9eHbl MecAIbl ¢ HamboJiee BBICOKIMU W HU3KUMH
3HAUEHUSIMH, a TakKKe CyMMapHas JJsI KaXJO0TO Mecs-
I[a YacToTa IIOABJIEHNI BBICOKHX IUKJIOHOB ¢ 1980 1o
2022 r. (puc. 2). BugHo, uTO MaKCHMa/JbHas 4acToTa
MTOSABJIEHNUST BBICOKUX ITMKJOHOB HaJ BYJKaHOM Jpebyc,
KaK TpaBujo, HabJIoaeTcss B UIoJe, B TO BpeMs Kak B
aprycte u Jekabpe He 3adUKCHPOBAHO HH OJHOTO
BHYTPHUTO/I0BOTO MakcumyMa. OnHaKO cyMMapHas dac-
TOTa TOSBJEHUS BBICOKUX IMKJIOHOB B aBTyCTe 3a
1980—2022 rr. cocraBasier 106% ot cpeaHeii 3a Bce
MeCSIIIbI, YTO CBU/ETEJIbCTBYET O ee He3HAUUTEJbHOI
ME’KTOJIOBOM M3MEHYMBOCTH B aBrycTe. MUHHUMATbHAS
YacTOTa IMOSBJIEHUS BBICOKUX IMKJJIOHOB B OOJIBIIMHCT-
Be caydyaeB Habm0faeTcsa B Jekabpe, TPH ITOM CyM-
MapHasl 4acToTa cocTaBjsieT 49% OT cpefHei, 4To CBH-
JIETEJIbCTBYEeT O HU3KOU BEPOSITHOCTU MOSIBIEHUS BbI-
COKMX IIMKJIOHOB B 3TOM Mecdile. B auBape 2000, 2012
u 2021 rr. HabmOgaIACh MaKCHMaJIbHAsd YacTOTa IOSIB-
JIEHUsT BBICOKMX ITMKJOHOB HaJl ByJKaHOM JDpebyc, 4TO
006YCJIOBJIEHO BBICOKOH YCTOIYMBOCTBIO aHTapKTHYe-
CKOTO TIOJIIPHOTO BUXPS B KOHIIE BEeCHBI U Havase Jera
1999, 2011 u 2020 rr. [12], KoTOpas, BEpPOSATHO, CIIO-
cOOCTBOBAJIa YCUJIEHHI0 aKTUBHOCTU TPOMocGhepHbIX
BBICOKUX TIMKJOHOB B SHBape.
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Puc. 1. Cpeznnemecsranoe unrerpaabtoe cogepykanne HCl n CIONO,; na crannmax Arrival Heights, Ny-Alesund, Lauder u Jung-
fraujoch ¢ 1992 mo 2023 r. (cM. uBernsie puc. 1—3 Ha cafire http://iao.ru/ru/content/vol.37-2024/iss.07)
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Puc. 2. CymMMapHas IS KaXKIOTO MecsIa 4acToTa TOSIBIEHUS

BBICOKHX IMKJIOHOB HaJ BYJKaHOM Jpefyc, a TaKike cyMMa

JIeT IS KasKJOTO Mecsiia, KOTJa 4acToTa MOSBJIEHUS IUKJIO-

HOB B TeueHHe Mecdlja Oblla MaKCHMaJbHON WHJIN MUHHMAaJb-
HoIl mo maHHbBIM 3a rog ¢ 1980 mo 2022 r.

JlJIsT OlleHKW BJIMSIHUSI 9acTOTBI TOSIBJIEHUS BBICO-
KUX IIMKJIOHOB Ha IUIONAJb O30HOBOH ABIPBHI OCYIIECT-
BJIEH KOPPEJSAINOHHBIH aHAIW3 [JaHHBIX 32 Mepuoj
¢ 1980 mo 2022 r. KoadduimeHT KOppeTaIuy paccan-
TBIBAJICS MEK/Y YaCTOTOH MOSIBJIEHUS BBICOKUX IIH-
KJOHOB CyMMapHO ¢ Mas 1o aBrycT (1o JaHHBIM pe-
anamza ERAS) U ycpeiHEHHBIMU ¢ CEHTAOPS 10 HOSAGPb
3HAYEHHMSAMHU ILIOMIAAN O30HOBOH ABIpbI (110 [MaHHBIM
NASA Goddard Space Flight Center) u cocraBua
0,26. Beposaraoctp P, xapakTepusyiomas BO3MOX-
HOCTh HAIUYUsI WJIN OTCYTCTBUS B Te€HepPaJbHON COBO-
KYITHOCTH CBSI3U M€Ky HMCCIAEAyeMbIMU HapaMeTpaMH,
coctaBma 0,09 (> 107™), u4To ykasbiBaeT Ha OTCYTCTBUE
CBSI3W.

OcCHOBBIBasICb Ha pe3yJbTaTaX, IIPHUBeJIeHHBIX
B pa6ote [9], 6bL10 TpeamosokeHo Hammune 3¢ dekrra
nakorienust HCl B antapktmueckoit crpatocdepe.
Koaddurment xoppesmiiun R Mexay TATHIETHUMI
CPEeTHIMHU YaCTOTOW TIOSIBIE€HUS BBICOKUX LUKJIOHOB
7 TUIOMAJBI0 O30HOBOH ABIPBI C BPEMEHHBIM CIABUTOM
psila Ha YeThIpe To/a BIepe]] OTHOCUTEIbHO psa dac-
TOTHI TMOSIBJIEHUSI BBICOKUX IMKJOHOB, PacCYNTAHHBIN
3a nepuoj ¢ 1980 mo 2022 r., cocrasua 0,78 npu P =
= 4,57-107%, uTo ompejesseT BBHICOKYIO CTATHCTHYE-
CKYI0 3HAUUMOCTb TIOJYYEHHBIX pe3y/bratoB (puc. 3).
TaxkuMm o6pa3oM, BepodTHO, TposiBasgercs addeKT Ha-
komienusi HCl B aHtapkTHveckoit crpatocdepe.

Taxkum o6pasom, Ha ocHoBe mAaHHBIX NDACC mo-
Ka3aHo, YTo mHTerpajsbHoe cojepsxkanne HCI Ha cran-
mun Arrival Heights (AnTapkTnka) Bblle, 4eM Ha CTaH-
IUSX, PACIONOKEHHBIX B cpefHuX muporax B 1,8 pasa
¥ TIpeBbIIaeT 3HaueHUs HaJ ApkTukoii B 1,3 pasa.
BboisiBjieHO, 4TO B GOJIBITHHCTBE CJIYYaeB MaKCHMAJIb-
Hasl 4acToTa IOSIBJIEHHUS] BBICOKUX IUKJIOHOB HAJ[ BY.JI-
KaHoM Jpebyc HabJIOaeTcsl B MIOJe, B TO BpeMsl Kak
B aBrycTe U JAekabpe He 3a(UKCHPOBAHO HU OJHOTO
BHYTPHUTOJIOBOTO MaKCHUMyMa 3a paccMaTpUBaeMBbIil
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Puc. 3. [luarpamMMa paccessHUsT CyMMapHOH € Masi [0 aBTYCT

YacTOTbI IOSIBJIEHHS BBICOKUX I[MKJIOHOB ¥ YCPEIHEHHBIX

¢ CeHTAOPS Mo HOSAOPb 3HAUEHUIl ILUTONAAU O30HOBOH [IBIPBI

JUIS TATUIETHUX CPeJHUX 3HAUeHH NMPU BPEMEHHOM C/BHTe
Ha veThIpe roxa 3a 1980—2022 rr.

1epuoi, 4to oGYCJIOBIEHO HE3HAUUTETBHON MeKroJo-
BOI M3MEHYMBOCTBIO YACTOTHI MOSIBJIEHUSI BBICOKUX ITH-
kJoHOB B aBrycre. [lokazan mpeamosiaraeMblii agpdexr
nakomenust HCl B cTpatocdepe, momagaioriero tyaa
€ BOCXO/SIIMUMH TOTOKAMH BHYTPH BBICOKHX I[HKJIOHOB
B pe3yJbTaTe aKTHBHOCTH ByJKaHa Jpebyc. Koaddu-
IUEHT KOPPEJSAIUN MeXAy ISTHIETHUMU CPeJIHUMI
3HAYEHUSIMU YACTOTHI TIOSIBJIEHHS BBICOKUX IHKJIOHOB
U [UIOI[AJbI0 030HOBOI ABIPbI (C BPEMEHHBIM CABUIOM
Ha 4eTbIpe rofga) cocrasmi 0,78.

Mdunancuposanue. llccieoBanue  BbITIOJHEHO
B paMKkax roc6iozkeTHoit TeMbl Ne 121031300156-5.
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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 HCI and SO,) 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 HCIl and CIONO, 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 ERAS 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 HCI 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 HCI 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.

AKTHBHOCTb BbICOKHMX IMKJIOHOB Ha/l BYJIKaHOM Jpebyc no jaHHbIM peanaauza ERAS
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