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Polar regions are the arears where we can see a strong manifestation of atmosphere-
magnitosphere interactions. Such interactions often occur via energetic particle influence: solar protons
and relyativistic electrons precipitating from radiation belts during geomagnetic storms. Energetic
particles can penetrate below 100 km into the polar atmosphere sometimes reaching the stratospheric
levels wasting its energy and causing strong ionization (each 35 eV gives one pair of ions). It was shown
by the theory (and supported by observations) that the ionization induced by the particles leads to
additional production of NOx and HOx chemical compounds destroying ozone in catalytic cycles. Then
such produced by the paticles amounts of NOx can be transported download in presence of the steady
polar vortex. One of the strongest geomagnetic storms accompained by a strong Solar Proton Eevent
(SPE) occured in October-November 2003. The response of atmospheric chemical composition in both
polar regions was studied with CAO_3D photochemical-transport model.The wind components used in
the advection scheme of the photochemical model have been taken from model runs with GCM
/CAO/COMMA,; Krivolutsky et al., 2006/. GCM was also used to investigate changes in circulation and
temperature caused by particle-induced ozone variations. In order to calculate ionization rates induced
by relyativistic electrons and solar protons during late October-November, corresponding proton and
electron fluxes in different energetic canals from GOES-10/11 and POES-15/16 have been used. The
Atmospheric lonization Module Osnabruck - AMOS /Wissig and Kallenrode, 2009/ was used to calculate
3D fields of ionization rates separately from electrons and protons. Photochemical simulaions showed
that Northern and Southern polar regions have different response in chemical composition to energetic
particles during the period of geomagnetic storms in October-November 2003.

YacTHibl BEICOKMX 3HEPTH MOTYT MPOHUKHYTH HIbke 100 KM B MONSApHON aTMocdepe WHOTA,
Jocturasi cTpaTocepHBIX YPOBHEH, pacXoaysl SHEPTHUIO Ha MOHM3ANWIO (Kakasle 35 3B maeT omHy mapy
noHoB). Teopernuecknii aHanu3 © (POTOXMMHUYECKOE MOJICIIMPOBAHHE TOKa3amu (ceddac 93To
IMOATBEPIKAACTCA Ha6J'IIO,Z[eHI/IHMI/I), qTo HNOHU3aluA, BbI3BAHHAs qacTugamMu, IIPUBOAUT K
JIOTIOJIHUTEILHOMY 00pa3oBaHuio «HedeTHoro azora» (NOX) u «ueuetnoro Bomopoaa» (HOX), manee
pa3pymaromux 030H B KATAJIUTUYCCKUX XUMHUYCCKUX HUKIIAX. I[anee NOX MoxkeT OBITH NEPCHOCHUTCA B
ctparocepy B YCIOBUAX HUCXOISAIIMX JBMKCHUN B CIy4ae YCTOWYHMBOIO MOJIPHOTrO BUXPs. CHIIbHBIC
reoMarHUTHeIE OypH, CONPOBOXIABIIMECS COMHEYHBIM MPOTOHHBIM coObiTHeM (CIIC) nabmoganmuch B
nepuof okTs0pa-Hos0ps 2003 roga. OTKIMK aTMOC()EPHOM XMMHUYECKONH CHUCTEMBI B 00EHMX MOJISIPHBIX
obacTaX WCCIeoBaH C IOMOINBIO TpexMepHoi (doroxumuueckoit momenu ITAO (CAO_3D).
KOMHOHCHTBI BETpa, UCII0JIb30BAHHLBIC B aﬂBeKTHBHOﬁ CXEMe (1)OTOXI/IMI/IT-IGCKOI\/'I MOJCIH, 6I)I.]'II/I B34ATHI U3
pacdeToB MO MoAeNH OO0IIeH NMUpKyIsaiwu. Monxens o0mmeld IUpKyJSauu Oblla TakKe HCIOIh30BaHA,
'—ITOGI)I Huccjaea0BaTb M3MCHCHUA B HUPKYIAIUKW U TEMIICPATypPEC, BbBI3BAHHBIC M3MCHCHHAMH O30HHOI'O
HarpeBa. J{J1s1 BEIYMCIIEHHSI CKOpOCTeH MoHM3anusMu, Bei3BaHHBIX PO u CKJI ObutM gaHHBIE O MOTOKAaX
IMIPOTOHOB M 3JJICKTPOHOB B PA3JIMYHBIX SHCPICTUUYCCKUX KaHaJlaX, U3MCPCHHBLIX Ha CIIYTHHUKaAX GOES-
10/11 u POES- 15/16. Atmospheric lonization Module Osnabruck - AMOC 6b1 KCTIONB30BaH, AJIS
BBIUMCIIEHAS TPEXMEPHOW CTPYKTYpHl OOJIacTell MOHM3AIMH OTIAENBHO ISl JJIEKTPOHOB M IMPOTOHOB.
Pe3yJ’IBTaTLI YUCJICHHOI'O MOACIUPOBAHUA ITOKA3aJIv, YTO CeBepHLIe n HOxwubIe MOJISIPHBIC PCTHUOHBI
HUMCIOT pa3HPI‘lHLII>'I OTKJIMK Ha BOS,Z[GIZCTBI/IG OHCPTUYHBIX YaCTHUL, KaK B XMMHUYCCKOM COCTABC, TaK U B
HUPKYJIAOUU BCICACTBHUE pACHIMPCHUSA IMOJIIPHOrO OBaJia B TCUHECHUEC T'COMAarHMTHOI'O ITOPpMa U B(i)(l)eKTa
IepeHoOCa. Pe3yanaT51 WIUTIOCTPUPYIOT, KaK IOJAPHBIEC PETMOHBI MOT'YT HOBJIMATE Ha COCTaB HU3KUX
LIAPOT.

1. BBenenne
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Briepsble paspylieHue 030Ha B BBICOKMX ILIMPOTaX, BbI3BAHHOE COJHEYHBIMU 3HEPIHYHBIMHU
MPOTOHAMH, ObUTH 3a()UKCHPOBAHBI MO M3MepeHHsM co crmyTtHuka Nimbus-4 [2] mocime BembImKKM Ha
Comnne 4 asrycra 1972. Teoperuueckue HCCIEIOBaHUs, MPOBEACHHBIE TOCIE OOHAPYXKEHHUS ITOTO
a¢dekra [7], mokazanu, 4yro MoHU3ALUS aTMOC(Epbl, BbI3BAHHAS TOPMOKCHHUEM JHEPIHYHBIX YACTHII,
IPUBOIUT B UTOTE K JIONOJIHUTEIHHOMY 00pa30BaHUIO MOJICKYJ OKMCH a3oTa M pagukana OH, kotopsle
JOJDKHBI KaTAJIMTUYECKU pa3pyllaTh 030H. Hanpumep, B TaKuX XMMHUYECKUX IUKIIAX!

NO + 03 - NO2 + 02
NO2 +0O > NO + 02
03+0 - 02+02

OH+O>H+02
H+03 > 0H+02
0+03-> 02+02

[Tpm sTOM Kakmas mapa HOHOB, OOpa3yIOMIMXCS NMPU TOPMOXKEHHH COJIHEYHBIX INPOTOHOB B
atMocdepe, mpuBOAUT K oOpa3oBanuto 1.25 aromoB a3zora u 2.0 mosiekyn panukana OH.

B nmanpheiimiemM, pasnMYHBIME - TpynmmaMd  ObUT  BBINOJHEH IUKJI — paboT 1o
(hOTOXUMHYIECKOMY MOJICTHPOBaHui0 OTKIMKa 030Ha Ha CIIC pasmuunoit MomHoctH [3,5]. O630p pabot
U COCTOSTHHE BOIPOCA MOYKHO HAWTH B IMyOJIMKAIIMAX aBTOPOB TaHHOU cTaThu [1, 4].

B Hacrosmelr paboTe ¢ MOMOIIbIO YHCIEHHOW TpeXMepHOU (POTOXUMUYECKOM
Mojenu, papaborannoii B Jlaboparopun xumun u nuHamuku atmocgepsl LIAO, nuccienoBana
peakiusi TOJSIPHOM o030HOC(epbl HA BO3ACUCTBHE TOTOKOB COJIHEYHBIX TMPOTOHOB U
PENATUBUCTKHX 3JIEKTPOHOB B BO3MYIIIEHHBIN TIEpHO/] OKTAOps-HOs10pst 2003 rona.

2. YucaeHHoe poToxuMnuyecKkoe Mo/ieJIMpoOBaHue
2.1 Kpatkoe onucaHue MoeJ Il
YpaBHEHHE HEPA3PHIBHOCTHU IJIs1 XUMUYECKOM IPUMECH 3aIIMChIBAETCS B BUAE:
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IJie L - OTHOIIEHHE CMECH KAaKOW-IMOO XUMHUECKONW KOMITIOHEHTBI, A - oarora, O - mmpora, Z -
BeicoTa (H - BbicoTa ogHOpoaHoi atmMoctdepsl), P - naBienue u Py = 1013 M6, a - paanyc 3emin; Pap -
(doToxMMHYECKHE WMCTOYHHMKH, 3allUCaHHble B aJBeKTHBHOW ¢Qopme, L - XapaKTepUCTUKU
¢doroxummudeckux ctokoB; U, V u W - KOMIIOHEHTHI CKOPOCTH B HampaBieHunn A , 0 ,u Z.
Hns pemeruss (HOTOXMMHYECKOW YacTH cuUCTeMbl ypaBHeHuil (1) Obul mcnonb3oBan wmeron /6/
XUMUYECKUX  “CEeMEHCTB”, MO3BOJLSIIOUIMI  yBENIWYUTh IIAr HMHTECPUPOBAHUS IO  BPEMEHHU.
CoOOTBETCTBYOIIINE XUMUYIECKHE “CeMeicTBa” ObLIHM BBIOPAHBI CISAYIONIMM 00pa3oM //:

Ox=0O('D) + O(3P) + O

HOx=H + OH+ HO, + 2H,0,

NOy =N+ NO + NOz + 2N,05 + HNO; + CLNO;

Cly =CL + CLO +HOCL + HCL + CLNO;

IToMuMO XMMHUYECKMX KOMITOHEHT, BXOJIAIIUX B ‘“‘cemeiicTBa”, Momenb [5] comepur Tak
Ha3bIBaeMble «McTOUHMKOBBIEY» ra3el: H2, N20, CH4, H20, CL4, CF2CL2, CFCL3, CH3CL, O2. Kpome
TOTO, B MOJIENM 3aJaHO BEPTUKAJIHHOE pACIpEeIeHHE KOHILIEHTPAIMM MOJIEKYJ BO31yXa, KOTOpoe
OmpeeAeT CKOPOCTh peaklui TPOHHBIX coyaapeHuid. Bcero, Takumu o0pa3oMm, B (pOTOXUMHUECKOM
0/loKe MOZETH OIUCHIBACTCS B3aUMOJECHCTBHE MEXKAY 30-F0 XUMHYECKHMMU KOMIIOHEHTaMH,
y4acTBYIOIIMMH B 73 ra3zoda3HbIX XMMHUYECKHX pekanusx u 38 peakuumsx (oroamccoumanuu. Ilpu
pelliCHHH YpaBHEHWH MepeHoca Ui XMUMUYECKUX “CeMEHCTB” W Ta30B-HCTOYHHUKOB HCIOJIH30BAIHCH
¢uKcupoBaHHbIE (HE3aBUCAILINE OT BPEMEHN) IPaHUYHBIE YCIOBHSI.

Hns pemenus ypaBHeHWi mnepeHoca (1) Obur peanmmzoBan merton [lparepa, mcmomnb3oBaHue
KOTOpPOTO TIPH TECTOBBIX pacyeTax, IOKa3ajlo, YTO OIMMOKa 3TOr0 METoJa IO OTHOLICHHIO K
aHAIMTHYECKOMY PEILICHHIO He npeBbiiaet 1%. HeoOxomumbie riobaiibHbIe pacipee/ieHusl KOMIIOHEHT
BETpa U MOJIsl TEMIEpaTyphl MPeIBAPUTENILHO PACCUUTHIBAINCH C TOMOIIBIO MOAETH OOLIeH IUPKYISALUHI

[5]
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2.2 Pe3yabTaThl (JOTOXHMHYECKOTO MOIETUPOBAHUS

[ToTOKM TIPOTOHOB W DJIEKTPOHOB B PA3NIMYHBIX JHEPreTHYCCKUX KaHallaX, W3MEPEHHBIX Ha
cinytaukax GOES- 10/11 u POES- 15/16. Atmospheric lonization Module Osnabruck - AMOC [8] 6pun
WCTIOJIb30BaHbl JJIsl BBIYHMCIICHUS TPEXMEPHOW CTPYKTYphl oOJacTedl HOHHM3aLWU OTACIBHO IS
JJIEKTPOHOB W TMPOTOHOB B TIEPHOJI TEOMAarHWTHBIX BO3MYIIEHHH OKTIOps-HOsOps 2003 rona.
PaccunTaHHBIE CKOPOCTH WOHHM3AlMU WCIONB30BATMCh B MOJENH JUIs pacdera JJOTOITHUTEIbHBIX
WCTOYHUKOB OOpa30BaHUSI «HEYETHOIO» BOJOPOAa M «HeueTHOro» aszora. Ha Puc. 1,2 mpuBenenst
pe3yIbTaThl PACUETOB CKOPOCTH MOHHU3AINU MPOTOHAMU U DIICKTPOHAMU B pacCMaTPUBACMBINA TIEPHOJ B
BBICOKHUX IMUPOTAX FOXKHOTO MOTyIIApHSI.
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hours after 27 october
Puc. 1 Ckopoctn wmoHmzamum (pacder mo HaHHEIM Puc. 2 CkopocTH HWOHHM3amuHM (pacdeT MO JaHHBIM
CIIyTHUKOBBIX U3MepeHuil) FO’KHOM NOJIAPHOM  CILyTHMKOBBIX U3MepeHuil) F0’KHOM MOJIIPHOM
aTMOC(epbl IEKTPOHAMH. aTMoc(epbl IPOTOHAMH.

Ha puc. 3 npezacraBieHsl pe3yabTaThl pacueTa OTKIMKA COAepKaHus 030Ha (%) MO CPaBHEHMIO C
HEBO3MYIIEHHBIMU ycnoBusiMH (26 oktsOpst 2003 roma). BumHO, 9TO 030H CHIIBHO pa3pylieH B
Me3ocdepe U BepxHel cTpaTocdepe B NEPHON YCHICHUS MOHU3ALMU. DTO pa3pylieHue oOyCIOBICHO B
HEePBYIO OUYepeb JOMOJIHUTENILHBIM 00pa30BaHHEM «HEYEeTHOro» Bogopoza. Ilocnenytomee paspylieHue,
B TOM YHCJlie M Ha 0ojee HU3KUX BBICOTAX, BBI3BAHO KATAIUTHYECKHM pPa3pyLICHHEM B XMMHUYECKOM
LIUKJIE C YYACTHEM MOJIEKYJI CEMECTBA «HEUETHOTO» a30Ta.
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Puc. 3. H3menenne o30Ha (%) B BBICOKMX INHPOTaX FOKHOTO MOJYIIAPHS, BBI3BAaHHBIC BO3JCHCTBHEM

AJIEKTPOHOM W TIPOTOHOB B MEPHOJI TEOMAarHUTHBIX BO3MYIIEHUH OKTAOps-HOs0ps 2003 roma (pacuer mo

TpEeXMEpHOH (POTOXMMHUIECKON MOIEIH)

3. 3akiouenue
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IIpencrarneHHble MOACIBHBIC pacdeThl JACMOHCTPUPYIOT (POTOXMMHYECKHH OTKIIHK IOJISIPHOM
030HOC(EphI Ha BO3CHCTBHE KOPITYCKY/ISIPHBIX IIOTOKOB (3JIEKTPOHOB U MPOTOHOB). COBMECTHBIN aHAIIN3
pe3yabTaTOB MOJCIMPOBAHUS M CIYTHUKOBBIX HaOmojeHuil [6] mokazanm gocTatoyHo Xopoiee
COOTBEeTCTBHE. B TOXE BpemMsi MOJAENbHBIC pacyeThl JAlOT HECKOJbKO 3aBHIICHHOEC W3MEHEHHE
COJIep’KaHUsl a30THBIX OKHCIIOB, YTO TpeOyeT, BEpOsITHO, YTOYHEHWs 3HaueHWil 3((EeKTHBHOCTH HX
o0pa3oBaHHMS Ha KAKAYI0 Tapy HOHOB, OOpa3ylOIMIUXCS MPH TOPMOXXEHHHM YaCTHI] KOCMHYECKOTO
MIPOUCXOXKJIEHUS B aTMOchepe 3emitn.

Pabora BemonHena mpu mopaepkke Poccuiickoro @onma ®ynmameHTanbHBIX VccnemoBanuit
(mpoekt Ne 09-05-009949) u B pamkax koHtpakta Ne 1-6-08 ¢ AAHWU Pocruapomera (moamporpamMma
"N3yuenue u UccnenoBanue Autapkruku' OLIT «MupoBoii okean»).

Jlureparypa

1. KpuBonyuxuii A.A., Kymunos A.A., PenneB A.J. BimsiHne kocMu4eckux Jtydeil Ha 030HOChepy 3emin
(0030p)// 'eomaruneTusm u asponomus, T.39. Ne3. C. 243-252. 1999.

2. Heath D. F., Krueger A. J., Crutzen P. J., Solar proton event: Influence on stratospheric ozone,

/Il Science, V. 197. P. 886. 1977.

3. Jackman, C., R. D. McPeters, G.J. Labow, and E.L. Fleming, Northern Hemisphere atmospheric effects due to the
July 2000 solar proton event // Geophys. Res. Lett., V. 28, Nel5. P. 2883-2886. 2001.

4. Krivolutsky A.A., History of cosmic ray influence on ozone layer of the Earth — key steps // Adv. in Space Res.,
V. 31, P. 2127-2138. 2003.

5. Krivolutsky, A.A., Klyuchnikova A.V., Zakharov G.R., Vyushkova T.Yu., Kuminov A.A. Dynamical response of
the middle atmosphere to slar proton event of July 2000: Three-dimensional model simulations // Adv. in
Space Res., V.37. P. 1602-1613. 2006.

6. Lopez-Puertas, M., Funke, B., Gil-Lopez, S., et al., Observation of NOx enhancement and ozone depletion in the
Northern and Southern Hemispheres after the October-November 2003 solar proton events // J. Geophys.
Res., V.110. A09S43. doi:10.1029/2005JA01 1050/ 2005.

7. Porter, H.S., C. Jackman, and A.E.S. Green, Efficiences for production of atomic nitrogen and oxygen by
relativitic proton impact in air // J. Chem. Phys., V.65. P.154. 1976.

8. Wissing J.M., Kallenrode M.-B., Atmospheric lonization Module Osnabruck (AIMOS): A 3-D model to
determine atmospheric ionization by energetic charged particles from different populations. J. Geophys.
Res., V.114. A06104. doi:10.1029/2008JA013884. 2009.

BJUSIHUE COJTHEYHOM AKTUBHOCTH HA OBJJIAYHOCTD B CEBEPO-BOCTOUYHOM
A3NUHn
INFLUENCE OF SOLAR ACTIVITY ON CLOUD COVER IN NORTH-EASTERN ASIA
B.C. ComoBbeeB, B.U. Koznos, M.C. Bacunbes
HuctutyT KocModusndeckux uccnenoBannii u asponomun uM. F0.I'. llladepa CO PAH, . SAxyrck
E-mail: v.kozlov@ikfia.ysn.ru

Influence of solar-terrestrial relationships on spatial-temporal dynamics of cloudiness in north-
eastern Asia in IKFIA SB RAS.

NOAA satellite data (1997-2009) are processed. Summary maps of low, high and total cloud
cover with resolution 1x1 degree are constructed. Variation cloud cover depending on phases of
minimum (1997-1998, 2008-2009) and maximum (2000-2002) of 23rd solar cycle is studied.

A noticeable influence of solar activity on spatial-temporal dynamics of cloudiness is shown.

[lo mamabM cnytHUKOB NOAA paccMOTpeHBI OO0IIas, HHM3Kash W BBICOKAas OOJAYHOCTh HAJ
teppuropueii CeBepo-Bocroka Asum (80°-170° B.1. m 40°-80° c.m.) 3a mepuon 1997-2009 rr. Anamus
00JIaYHOCTH HAMU MPOBOAMJICS 110 JaHHBIM clyTHUKOB NOAA, mony4eHHbIM Ha cTanimu B SIkyrcke [1-3].

@aza pocta 23-T0 COJIHEYHOTO IHKJIAa Hayamack B 1997 r., a mocnegHWii MUK MakCUMyMa
npunrencs Ha 2001 r. PerynspHeiii mpuem cryTHHKOBOH uH(popMmanuu 1o obrmadHoctd B UKDOUA
Hayvazucs ¢ 1997 1.

[TocTpoenst 0000mIEHHBIE KapThl IJIOTHOCTH OONAaYHOTO MOKPHITUS JUIs OOIIeH, HU3KOM M
BBICOKOW 00JIauHOCTH ¢ paspelieHueM B 1° kak 3a Bech nepuoz 1997-2009 rr., tak ¥ i MEpHOAOB
muaumyma CA (1997) u (2007-2008) u makcumyma CA (2001-2004 rr.) B 23-eM COJHEYHOM IHKJIC U
KapTa OTHOCHUTENBHBIX H3MEHEHUH 00J1auHOCTH B 3aBHcHMOcTH OT CA. O6iagHOCTh B MacmTabax coTeH
KAJIOMETPOB BeAET ce0sl M0-pa3HOMY, B 3aBUCMOCTHU OT MIMPOTHI M OpOrpaduu MECTHOCTH, ONIPENEIssCh
M3MEHEHHEM TPAEeKTOPHHA LIMKJIOHOB U aHTULHKIIOHOB.
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