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Effects of solar proton events (SPEs) of January 2005 on the middle atmosphere circu-
lation of the Southern hemisphere were studied, the NCEP-DOE reanalysis-2 data being
used. It was found that circulation disturbances associated with the studied events reveal alti-
tudinal dependence. In the upper stratosphere (30-10 hPa), where eastern transport of air
masses dominates in the whole hemisphere in summer (December-February), a noticeable
weakening of eastern winds at middle and high latitudes (>40°S) and a strengthening of these
winds at lower latitudes were detected. Unlike the upper stratosphere, circulation of the lower
stratosphere (100-50 hPa) is characterized by a pronounced western flow at middle latitudes
(30-55°S). In the course of the studied SPEs, a weakening of eastern winds in the lower strat-
osphere took place at polar latitudes (>60°S), whereas a maximum of western zonal flow was
found to be shifted about 10 degrees to higher latitudes. A comparative analysis of January
2005 SPE effects on the stratosphere circulation in the Northern and Southern hemispheres is
presented. The circulation disturbances in both hemispheres seem to be caused by changes in
the radiation-thermal balance of the polar middle atmosphere, which may be due to its chem-
ical composition changes (ozone depletion) associated with a considerable ionization in-
crease in the course of the studied SPEs.

DOI: 10.31725/0552-5829-2021-75-78

Conneunsie npoToHHbIe coObITHs (CIIC) mpencraBistor coOoil peskue
BO3pacTaHus NMOTOKA COJIHEUHBIX MPOTOHOB Ha opouTe 3eMii, KOTOPhIE IPUBO-
JAT K 3HAYUTEIbHOMY POCTY CKOPOCTH MOHHU3AIMU B MOJIAPHOW CpeaHEN aTMO-
cdepe. Bricokue ckopocTH HOHU3ALINMHU, B CBOIO OY€pelb, CIIOCOOCTBYIOT pPa3BU-
THUIO 1IEJIOTO psiia reopusnyeckux 3PPEeKToB: YMEHBIICHUIO COJICP)KaHUs 030Ha
B MOJISIPHOM aTMocdepe, BO3MYIICHHUSAM TJIO0IBHON AIEKTPUYECKON IETH, TO0-
TJIOIIEHUIO PAJMOBOJH B MOJISPHBIX Iankax u T.4. [1]. B paGote [2] Obuto 00-
HapyxeHo, uto MouHblie CIIC suBaps 2005 r. conpoBOkAaTuCh 3HAYUTEIbHBIM
YCWJIEHHEM TMOJIIPHOTO BUXpsi B cTparocdepe ceBepHoro mnonymapus. Llenb
JAHHOU pabOThl — UCCIIEI0BAHUE BO3MYILEHUI LIUPKYJSUUUA B CBSI3U C YKa3aH-
HBIMHU COOBITHSIMU B CTpaToc(epe F0KHOTO MOTYyIIapHs.

Cepusi MOILIHBIX MPOTOHHBIX COOBITUM, 0OYCIOBIEHHAs BCIIECKOM BCIIbI-
meyHoi aktuBHOCTH Ha ConHile, nmpousonuia B sHBape 2005 r. Ha daze cnaga
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23-ro comneunoro mukia. B xome CIIC nabmromanwich BO3pacTaHHs MOTOKa
npoToHOB ¢ sHeprusimu >100 M»aB (puc. 1a), nocTuraromux BbICOT cTpatocde-
pbl. Hanbonee momHoe coowitrie 20 sHBaps, B XOJ€ KOTOPOTO PETHCTPUPOBA-
JUCh YacTullbl ¢ s3Heprusmu >500 M»sB, conpoBok1amochk BO3pacTaHUEM CKOPO-
ctu cueta HelTpoHHbIXx MoHHTOPOB (Ground Level Enhancement). Mccnemye-
mbie CIIC mpuBenu K 3HAYUTEIHHOMY YBEITUYEHHUIO CKOPOCTH WOHHU3AINH B
cpeaHeii aTMocdepe BBICOKUX MIHUPOT (puc. 10).
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Puc. 1. a) HTerpanbHble TOTOKH YaCTHIL C SHEPTUAMH >5, >50 u >100 MaB B xoa¢e CIIC sH-
Baps 2005 r. mo manHbM cinytHuka GOES-11; 6) ckopocTh MOHM3anuK B 00JacTH reomar-
HUTHBIX mHPOT 60-90° o manusiM SOLARIS-HEPPA [3].

Paccmotpum addextsr CIIC B auHammke cpenHelt aTMoc@epbl I0KHOTO
nosymapusi. XapakTepHoil 0COOEHHOCTBIO HUPKYISIUU CTpaTochepsbl B JIETHUI
NEPHUOJT SIBISETCS BOCTOUYHBIA MEPEHOC, 00YCIOBICHHBIM HANPABICHHUEM MEpH-
JUMOHAJIBHOTO TpaJueHTa TeMIlepaTypbl OT ToJiloca K 3KBartopy. B BepxHei
ctpatocdepe (30-10 rlla) BocTouHBIH MEPeHOC HAOMIOACTCS Ha BCEX MIMPOTaX.
Tewm He MeHee, B HkHel cTpaTtocdepe (100-50 rlla) B ob6aactu mupoT 30-50°S
oOHapyXMBAETCs 3aMagHbld MOTOK, CBSA3aHHBIN, MO-BUIUMOMY, C MMOCTOSHHBIM
KOHTPAaCTOM TeMIIepaTypbl MEXKIY JIEAHUKOBOW MOBEPXHOCTHIO AHTapKTHIBI U
0oJiee TeIIbIM OKEaHOM YMEPEHHBIX IIHPOT.

Ha puc. 2 npeacraBieHo pacnpenenenue ckopoctu Berpa (U-KOMIOHEHTHI,
UMEIONIEH MOJIOKUTETIFHOE HaMpaBlIeHUE ¢ 3amaja Ha BOCTOK) B BEpXHEH CTpa-
tocdepe (10 rlla) 3a 2 nHg mo Havana u Ha 4-i J€HB MOCE Havajga Ucciemye-
Mol cepun CIIC. Buano, uro B xoae CIIC mpou3onuio ycuieHue BOCTOUHBIX
BETPOB Ha HH3KMX IIMPOTax (pacmmpenue odnactu BerpoB ¢ U<-20 m-c’). B
YMEPEHHBIX W BBICOKMX IHpoTax >40°S Habmomanoch 3aMeTHOe OcialdieHue
BOCTOYHBIX BETPOB (yMEHBIIEHHE 00JacTH, rae ckopocTs Berpa —20 < U < -15
M-c’, M yBenmueHHE OGNACTH C MEHBIIMMH CKOPOCTAMH BOCTOYHOTrO BETpa
~15 < U < -10 m-c™). B HmxHeit crpatochepe (puc. 3) ociaabIeHne BOCTOYHBIX
BETPOB OTPAaHUUYCHO MOJIApHOM oOjacThio >60°S, mpu ATOM 3amagHbId MOTOK
pacnpocTpaHsieTcs Ha Oojiee BhICOKHE MUPOTHI. JlaHHbIe Ha puc. 4 (M3MEHEHUS
30HaJIbHBIX 3Ha4YeHMM ckopocTH BeTpa Uzon B cBsizu ¢ CIIC) moka3siBaroT, 4TO
MaKCUMYM 30HAJBHOT'O 3alaJIHOTO MOTOKAa B HUXHEHN cTpaTocdepe cMmemaercs
Ha ~10° B CTOPOHY F0’KHOTO MOJIIOCA.
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Wind velocity (U). Level 10 hPa. 13.01.2005 Wind velocity (U). Level 10 hPa. 18.01.2005

-20

-25

-30

-35

-40

Puc. 2. Ckopocth BeTpa (mch)B BepxHel ctparocdepe (yposenb 10 rlla) 3a 2 nHs 10 Hava-
na cepun CIIC (a) u Ha 4-i1 neHp mocie Havana (0) mo qanHbM peananusa-2 NCEP-DOE [4].
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Wind velocity (U). Leyel 50 hPa. 13.01.2005 i U). Level 50 hPa. 18.01.2005

Puc. 3. To ke, 4T0 Ha puC. 2, HO I HWKHEH cTparocdepsl (ypoBeHs S0 rlla).
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Puc.4. 3onansnas ckopocts BeTpa (Uzon) B BepxHeii (a) u HkHE#H (0) cTparocdepe
1o Havana cepuu CIIC (13 saBapst) u Ha 4-i AeHb nocie Havaa (18 suBaps).

CpaBuutenbnbiii ananu3 3¢dexto CIIC suBaps 2005 r. B HUpKyIALUAUA
cTpaTocgepbl CEBEPHOTO U F0KHOTO MOIYIIApUd TPUBOIUTCS B TAOJIHIIE.
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CeBepHoe nosyniapue IOxHO€e monymapue
Ce30H 3UMa JIETO
XapakTtepHas LHp- CrparochepHblil MONISAPHBIA Bepxnsist ctpatocdepa: BOCTOUHBIN
KYJISALUS BUXDb (3aMagHblil EPEHOC B 00- | MepeHoc Ha BceX mupoTax. Huxk-
nactu 50-80°N Ha Bcex ypoBHSX | Hsis cTpaTocdepa: 3anaaHblii nepe-
cTparochepsbr) HOC B o0sacT mupot 30-55°S
Dddexts CIIC Bepxnss crpatocdepa:
WnuTencuukaius monspHoro OcnabneHne BOCTOUHBIX BETPOB B
BUXPS Ha BCEX YPOBHSX CTPATO- obiactu mmpot >40°S.
cepsl Hwxnsas ctpatocdepa:

OcabieHue BOCTOYHBIX BETPOB B
noJisipHoOi obxactu >60°S;
CMEILICHUEe MaKCUMyMa 3aITaHOTO
HOTOKA K BBICOKUM IITHPOTAM.

Bo3MoxHBI  Me- Pazpymenue o30Ha B Me3ochepe u BepxHeit crparocdepe

XaHMU3M VYmMensmienue nornoiennsa B UK | YMmennmenue nornoienus B YD
obsactu (mosoca 9.6 MKkM) obmactu (mosoca XapTin)
OxunaxaeHue nojsipHoi cpequeil | OxuaxaeHue NOJSpHOM cpeaHen
aTMochepsl aTMocdepsl
VBenuueHne MepuANOHAIBHOTO YMeHbIlIeHHE MEPUIUOHAIBHOTO
IrpaIuEeHTA TEMIIEPATYPbI IPaJIueHTa TEMIIEPATypPbl
Ycunenue 3anajHoro BeTpa OcnabneHne BOCTOYHOTO BETpa

Bo3moxHoi#t puunnoit HaOmoaaembix 3ddexroB CIIC sBiseTcss uaMeHe-
HUE XMUMHUYECKOT0 COCTaBa MOJISIpHOM atMocdephl. POCT CKOpOCTH HOHU3ALMH
CIoCcoOCTBYET 00pa30BaHUIO OKKMCIIOB a30Ta U BOJOPOA, YUACTBYIOLIUX B KaTa-
JUTUYECKUX LHKIAX PAa3pyLIEHUs 030HA. 3aMETHOE YMEHBLIEHUE COJEp KaHUS
o3oHa B xoxe CIIC suBapst 2005 r. otmeudeHo B [5]. O30H MOXET MOIJIOIATH
Y® wuznyuenne ConHua B mupokoi monoce Xapmiu (200-320 uM), a Takxe
yXojsiiee Uu3NydeHue 3emid U atMocepl B psnge  KoJeOaTelbHO-
BpamiatenbHbix nonoc B MK oGnactu (Hambosee cuibHasi monoca 9,6 Mim).
YMeHblIeHHEe COepKaHus 030HAa CIIOCOOCTBYET M3MEHEHUIO TEMIIEPATypHOIO
pexumMa MoJIspHON cpeHel atMocdephl, 4TO B CBOIO OYEPEb MOKET IPUBECTH
K M3MeHEeHUsIM uupkyssiuu. O6napyxeHHble 3¢ dextsl CIIC cormacyrorcs ¢
pe3yJibTaTaMu YMCICHHOTO MOJIEIMpOoBaHus [6].

Takum 00pa3om, MPOBEACHHOE UccieaoBaHue nokazano, uro CIIC sHBaps
2005 roma compoBOXKIAMMCh BO3MYIICHUSIMH CTPaTOChHEepHON IUPKYISIUU HE
TOJILKO B CEBEPHOM (3UMHEM), HO U B F0’)KHOM (JIETHEM ) TTOJTYIIIAPHH.
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