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[Ipobaema BIUSAHUS Bapuanuil YpoBHs COTHEYHONW aKTUBHOCTU HA KJIUMAT 3eMJIU ITPUBJIE-
KAaeT BHUMAHUE MCC/IeI0BaTe /el HA IPOTIKeHNN O9eHb MHOTHX JieT. KirroueBoe 3HadueHne B 910i
pobJsieMe uMeeT MOHUMAaHKe U ONEHKa POJIM IUHAMHYECKUX TIPOIECCOB B aTMocdepe, MOCKOIb-
KY JIO CHX MOP HeT JOCTATOYHO yJIOBJETBOPUTEILHOTO COTJIACHS MEYKIY Pe3y/IbTaTaMy aHAIN3a
JIAHHBIX HAOIOMEHUN W pe3yIbTaTaMé MOJEJTUPOBAHUS BJIUSHUS COJTHEYHOW AKTHBHOCTH HA
semuyt0 armocdepy [1].

[ToTok KOPOTKOBOJTHOBO#M COJTHEYHO! pajiMaliii Ha BEpXHEH rpaHulie 3eMHOil armMocdepb
UCIBITHIBAET BapHAllU B IIMPOKOM JIMANa30He BPpeMEHHBIX MacmTaboB. Cpenn HEUX — Koeba-
HUs ¢ Tepuogamu okoao 11 srer (11-rernmii muki), 2-2.5 ger (KBasuAByX/aeTHHI THKI) U 27
CYTOK (27-CYyTOYHBIN, WM BPAATEIBHbBINA TUKI). AMILTUTYIa 27-CYTOUYHOTO KA MOKET J0-
crurarb 60% or ammiuTyapl 11-yeTHEr0 nuK/a, B TO BpeMsl KaK KBAa3HIBYXJIETHUE BapHAIAN
MOTOKA COJIHEYHOH pa/Mallii B HECKOJILKO pa3 cjiabee. B moxsiaje mpencTaBienbl pe3y/ibTa-
THI, Kacaromyecss HeKOTOPHIX 3 @eKTOB ITUX TpeX COMHEYHBIX IMUKJIOB B cpefHeil aTMocdepe
3eMJIn.

Banguue 27-CyTOYHOrO COJIHEYHOrO IMUKJIA HA arMocdepy u3ydajgoch HAMH C ITOMOIIHIO
xumuko-KanmaTudeckoit mogesn HAMMONTIA (2, 3]. B 1o Bpemsi Kak TepmMudeckuii u Xu-
MUYecKUil OTKJIWKHA B BepxHeil aTmocdepe OUeHb OTYETIUBBI W IMOCTOAHHBI TPU HEHM3MEHHOM
dopcunre, OTKJIUKA B cTpaTocdepe U Me30cdhepe IMEIOT IepeMerKalIuiicss XapakTep U OUYeHb
M3MEHYUBB BO BpeMenu (puc. 1). OTKIMKE BO BHETPONUIECKUX MIHPOTAX B IEJIOM 3aBUCST OT
Ce30Ha, W UX YYBCTBUTEJIHLHOCTH 3UMOI 4acTo OoJibiie, dem JieToM. MojebHbie pe3ysibTaThl
MOKA3BIBAIOT, YTO BaZKHYIO POJib B OTKJUKE CTpaTochepsbl HA 27-CYTOYHBIN COTHETHBINH UK
MOTYT UT'DATh JUHAMUYIECKHE TTPOIIECCHI.

Bakueiimuii KOMIOHEHT aTMOChEpHONl MUPKYJIAIUA — KBa3UJABYXJIETHHE KOJebaHusd 30-
HAJIBHON CKOPOCTH 9KBATOPHAJIHHOT'O CTPATOCHEPHOTO BeTPa, OKa3bIBAIOIINE 3HAYUTEIHLHOE BJIH-
SIHUE M HA JITHAMUKY aTMOCGhEPbl CPeIHUX U TOASIPHBIX HpoT [1]. TTo naHHbIM u3MepeHuil HaMu
oOHapyzKeHa BbICOKas KONePEHTHOCTb KBA3UIBYXJIETHUX KOJieOaHMiT 30HAJIbHON CKOPOCTH SKBa-
TOPHUAJIBHOIO CTPATOCHEPHOrO BeTpa C AHAJOTMYHBIMHU BapHUalMsSIMH YIbTPapr0IeTOBO COJI-
HewyHoil paanannu [4, 5|. Konebanusi ckopocTn BeTpa B OKPECTHOCTH CJI0si cTparonay3sbi (~50
KM) OPOUCXOIAT B haze ¢ COMHEUHBIMU KBa3UIBYXJIeTHUME Bapuanusivu (Kpusas 1 Ha puc. 2).
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DyHKIMSA 0O30HHOI'O HAI'DEBaHUs aTMOChePbl UMeeT MAKCUMYM B OKPECTHOCTH CTPATOLAY3bl, &
MePUUOHAJIBHBII T'Pa/IMeHT KOHIEHTPAIIUA O30HA B 3TOM CJIoe B OKPECTHOCTH 3KBaTOPa UCIIHI-
THIBAET KBA3U/BYXJIETHUE BapUAIMK, IPOTHBOTOJJIOXKHBIE 110 (pa3e KBA3U/IBYXJIETHUM BapHAIlU-
M YJIBTPagHOIETOBON COTHEYHON paaualui. BeI3BaHHbIE STUM BapUaIlUU O30HHBIX IIPUTOKOB
Tell1a MOTJIA ObI, B COOTBETCTBUU C YPaBHEHHEM TEPMUIECKOTO BeTpa, CAYKUTH MPUINHON CHH-
XPOHU3AINN KBAZUIBYXJIETHUX KOJEOAHUI CKOPOCTH BETPa ¢ COJTHEUHBIME Bapuarmusamu [5].
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Puc. 1. Jlorapudm cnekrpaJibHOM IJIOTHOCTH OTHOIIEHHSI CMECH O30HA B 3aBUCHMOCTH OT Bpe-

MeHH Ha BbicoTax 35 kM u 100 KM Ha sKkBarope (a, 6) u Ha mupore 50° c.mr. (B, r). Exunuis

CHEKTPAIbHOMN IJIOTHOCTH: MJIH 2CyT.
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Puc. 2. 3amazjpiBanne KBa3uIByXJIETHUX KOJI€OAHUN 30HAIBHON CKOPOCTH IKBATOPHUAIBLHOIO
Berpa (1) W MEepUIHOHAJIBLHOIO IpajMeHTa OTHOIIEHHST CMeCH 030HA Ha SKBaTope (2) oTHOCH-
TeJbHO KBAa3WBYXJETHUX BapHallnil MOTOKa cojiHedHoi pajuaruu. [IITpuxoBsle yyacTkun Kpu-
BBIX COOTBETCTBYIOT KOJIeOaHUAM, CABHHYTHIM 110 (ha3e Ha MOJIEPUO/Ia OTHOCUTEIbHO UCTUHHBIX
KoJiebaHuil, CIJIONIHBIE YIYACTKH — BapualusaM 6e3 (ha30BOro CIBUrA, IIYHKTUP — UHTEPIIOJIAIIHS
MeXKIY 3TUMU YIACTKAMU.

[To jaHHBIM HA3eMHBIX U3MEDEHUil HaMu OOHAPYZKEHO BjusiHue 11-JieTHero muk/ia CoJIHed-
HOI aKTHBHOCTH Ha 06Iee comepKaHue IBYOKHCH a30Ta (COCPeIOTOYeHa B OCHOBHOM B CTPATO-
cdepe) B cpenuux u nogpubix mmporax [6, 7|. Cogep:kanne NOgy B cpeHuX 1MHpOTaxX CEBEp-
HOTO U F0XKHOTO IIOJIyINApHii YMEHbIIAETCS PH W3MEHEHUH YPOBHS COJIHEYHOH aKTHBHOCTH OT
MUHUMYMa K MakcuMymy (puc. 3). Biugnue 11-1€THEr0 cOJHETHOrO MUKIA HA cTpaTocdepHoe
cogepzkanne NOg HPOTHBOIOJIOKHO 1O 3HAKY BJIUSIHUIO HA CTPATOCHEPHOE COJAEPKAHUE 030HA
(TpeyroaprukE Ha puc. 3). AMmumTyaa HabaomaemMbx u3MeHeHuil comepkanus NOg MHOTO-
kparno npesbnmaer oTkauk NOo Ha 11-seTHuil COMHEUHBIA UKJI, ONEHeHHBIH B YHCACHHBIX
pacyerax ¢ JBYMEPHOH MOJEJIbI0 (POTOXMMUIECKUX, PAJUANMOHHBIX U JUHAMHYECKUX IIPOIEC-
coB SOCRATES [6] (kpuBas na puc. 3).

Anayius nanubIX HAOMOAEHUHE U MOJIE/IbHBIE DACYETHI TOKa3a/d, 910 11-j1eTHUil COTHeIHbI
IIMKJT OKA3bIBAeT CYIIECTBEHHOE BIMSHUE HA MEPHUINOHAIBHBIN MePeHOC CTPaTocdhepHOro 030Ha
B 3UMHHU [IepHOJT, 0COGEHHO 3HAYUTENBHOE B ceBepHOM Toaryiaput [§]. IIpurok o30Ha B cpeiHue

73



1x10"

Fastms Oy =oeang e

= | === Fasorms Dy, wneeid s -
P e
E Faosotm 'l.l:-:l_: pin- HFARS BIUE ¥ l,lr
z L Pamzes A0 '. d

= gxid o] == 1, dyn s BRI TALR A

'_‘ f

= S e

e - L.
=] - O *

R0 R

5, ’ -

I R

5] #
(= '

e Iy
o1 0 ——— . T

-al 60 -0 20 0 20 40 &0 &0
Lk paTa

Puc. 3. zmenenne copepxkanust NO2 B BepTUKAJIHLHOM CTO/10€ cTparocdepsl 0T (hra3bl MEHIMY-
Ma K paze MaKCHMyMa COJTHEIHON aKTHBHOCTH B 3aBUCUMOCTH OT MMHAPOTHI IO TAHHBIM YTPEHHUX
u3Mepenuii (KpyKku) u no pacderam ¢ momornsio Mogesn SOCRATES (kpupasi). Beprukannb-
HBIE OTPE3KHU COOTBETCTBYIOT 95%-M J0BEpUTEIbHBIM HHTEPBAIAM. T peyroJbHIKAMI OKA3AHbI
AHAJIOTUYHBIE W3MEHEHUs OOIIEero COMePKAHUS 030HA.

MU POTHI BO3PACTAET MPHU BBICOKOM YPOBHE COJTHEYHON aKTUBHOCTH IO CPABHEHUIO ¢ IPUTOKOM B
Nepuo], MUHIMYMa COJHEYHOW aKTUBHOCTH. [lo MaHHBIM MOIETNpOBAHUS STOT MEXAHU3M 00eC-
neanBaet 10 30% 3UMHEr0 yBeJIHUIeHHs COJEePIKAHMSI 030HA B CJI0€ 030HHOTO MAKCHMYMa (OKOJIO
22 KM) B CPeJHHX IIHPOTAX HOXKHOTO MOJIyIIApHsi B YCJIOBUSX MAKCHMyMa COJTHEYHON aKTHB-
Hoctu (puc. 4). B cpeHUX MMPOTax CEBEPHOIO MOJIYIIAPHS ITOT MEXaHH3M BHOCHT OCHOBHOI
BKJIQJI B U3MEHCHUA COJICPKAHAA O30HA B 9TOM CJIOC BO BTOPOI MOJOBUHE 3UMbBI IIPDU BApHAIUAX
VPOBHA COJTHCYHON aKTHBHOCTH.
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Puc. 4. JlokaabHasg KOTepeHTHOCTH MKy HHAEKCOM COJTHETHON aKTUBHOCTH [ 7 M CKOPOCTHIO
9KBATOPHUAIBLHOTO cTparocdhepHOro Berpa Ha m3obapumdaeckoit nmosepxuoctu 15 rlla. Obmactu
MOJIOKUTETbHBIX 3HAYEHNH OKOHTYPEHbI. SHAYEHW, 10 MOAY/II0 MeHbImne (.6, He TOKA3aHbI.

BrimeieHa TakzKe KBa3HIECATUIETHsISI KOMIIOHEHTa U3MEHIUBOCTH CKOPOCTH IKBATOPUAIb-
Horo crparocdeproro Berpa [4]. Jlokambuast (0 BpeMeHH) KOTEPEHTHOCTh MKy CKOPOCTHIO
BETpa WU YypOBHEM COJIHEYHOM aKTUBHOCTHU B OKpeCTHOCTH IIepuoJa COJIHCYHOI'O INHUKJIa IIPpUHI-
MaeT BBICOKHE 3HaYCHUA IJId 60ﬂleI/IHCTBa COJIHEYHBbIX HUKJIOB, 3a HCKJIOYCHHEM KOPOTKOI'O
HHTEPBAJIA UINTETHHOCTBIO B HECKOJIBKO JIeT, IIOC/TeI0BABIIEr0 3a N3Bep:KeHneM By iKaHa IInna-
ty60 B 1991 1. (puc. 5). 11-neTHue KoxebaHusi CKOPOCTH BeTpa Ha U300apUIeCKOil TIOBEPXHOCTH
15 rlla (~30 kM) g0 1992 r. npoucxoIuiu npuMepHo B dase (¢ 3ana3apiBaHeM 0KoJIo 1 roma),
a B nepuoj, ¢ 1997 r. no 2007 r. — upumepHo B npoTuBodaze ¢ COJIHETHbIM UKJIOM.

Ha puc. 6 npuBegeHo BepTUKaIbHOE paciupenenenne ¢dasbl 11-JIeTHHX BapHaIUil CKOPOCTH
9KBATOPHAIBLHOTO BeTpa OTHOCHUTEILHO (pa3bl 11-TeTHero IMuK/Ia COJHEYHOH aKTHBHOCTH IIJIsI
BpeMennoro uaTepsasa 1953-1989 rr. Ormerum jBe 0COGEHHOCTH ITOrO pacnpejenenus. Bo-
NepBHIX, KOTeOaHs CKODOCTH BeTpa Bbile i Hizke 30 KM HOYTH TPOTHBOMAZHBI (CP. CILIONTHY O
W MITPUXOBYIO 9aCTH KPUBOIA). Bo-BTOPHIX, BRICOTHBI X011 basbl 11-eTHIX BapuaIiii CKOPOCTH
BeTpa MPUMEPHO cJiefyer (¢ yaeroM nporuBoda3sHOCTH Bbile H HuKe 30 KM) BBICOTHOMY XOIY
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Puc. 5. ®a3oBag 3agep:KKa BapHaluil 30HAJLHON CKOPOCTH dKBATOPHAJILHOTO BETPa OTHOCH-
TeJIbHO Bapuanuii mHaeKca conHednoii akrusroctu F10.7 wa macimrabax 11-ternero mukia (1)
u KBasuaByxjeTHell mukanarocTr (2). IIITpUxoBoil y4acTOK COOTBETCTBYET JONOJTHUTETHHOMY
caBUrY pa3bl HA MOJIOBHHY ITEPHOJIA COJTHEYHOTO IUKJIA.

dazbl KBa3UABYXJIETHUX KOJIeOaHUN CKOPOCTH BeTpa, 10 KpaitHeil Mepe, Ha BblcOTaxX 25-33 KM.
Pabora Boimosaena npu ¢gpunancopoit noguep:xkke PODU (npoektor Ne 12-05-00938 u 13-05-
00187), mporpamm PAH u Hemernkoro nayunoro obmiectsa (Deutsche Forschungsgemeinschaft).
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Effect of variations in short wave solar radiation on atmosphere
composition and dynamics according to observations and modeling
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Short wave solar radiation flux at the top of the Earth’s atmosphere undergoes variations
within a broad range of time scales. Among them are the oscillations with periods of about
11 years (11-year cycle), 2-2.5 years (quasi-biennial cycle), and 27 days (27-day or rotational
cycle). The amplitude of the 27-day cycle may approach 60% of the amplitude of the 11-year
cycle, while the quasi-biennial variations of the solar radiation flux are several times weaker.
In this report, we present the results, concerning some effects of the three solar cycles on the
Earth’s middle atmosphere.

The effect of the 27-day solar cycle on the atmosphere was studied by the HAMMONIA
chemistry climate model. While the thermal and chemical responses are very distinct and per-
manent in the upper atmosphere under a constant forcing, the responses in the stratosphere and
mesosphere have intermittent character and vary considerably in time. In the extratropics the
responses are, in general, seasonally dependent with frequently stronger sensitivities in winter
than in summer. The model results show, that dynamical processes may play an important role
in the stratospheric response to the 27-day solar cycle.

The most important component of the atmospheric circulation is the quasi-biennial oscilla-
tions in zonal velocity of equatorial stratospheric wind, which affect considerably the dynamics
of the atmosphere in the middle and polar latitudes. We found a high coherence of quasi-
biennial oscillations in stratospheric wind velocity with similar variations in short wave solar
radiation. The oscillations in wind velocity near the stratopause layer are in phase with the
quasi-biennial solar variations. We show, that the meridional gradient of ozone concentration in
this layer undergoes quasi-biennial variations which, according to the thermal wind equation,
could bring about the synchronization of quasi-biennial oscillations in the wind velocity with
solar variations.

Using the measurement data, we found the effect of the 11-year cycle in solar activity on
stratospheric nitrogen dioxide in the middle and polar latitudes. It is opposite in sign to the
effect of the 11-year cycle on stratospheric ozone. Analysis of observational data and model
calculations show, that the 11-year solar cycle affect significantly the meridional transport of
stratospheric ozone in winter time, especially in the northern hemisphere. We also found an 11-
year cycle in the velocity of the equatorial stratospheric wind. The vertical profile of the phase
of the 11-year oscillations in wind velocity is similar to the profile of the phase of quasi-biennial
oscillations. Additionally, we revealed an 11-year modulation of the period and amplitude of
quasi-biennial oscillations in wind velocity themselves.
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