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[IPSIMOE BJIUSIHUE COJTHEUHON AKTUBHOCTU HA KJIUMAT

- BinsHue Bapuanuii MoJHOTO MOTOKA COJHEYHOTO U3MydeHus! ("'COTHEYHON MOCTOSTHHON") B
UCTOPUYECKUH NeproL

- BiiusiHre BO3MOYXKHBIX U3MEHEHHM COJIHEYHOM MOCTOSIHHOM B OJMKalIINe CTOJIETHS

- 3menenue cocrosiHus crparocdepsl B 11-1eTHEM COTHEYHOM LIUKIIE.

KOCBEHHBIE MEXAHW3MBbI BJIMAHUA BHESEMHBIX ®AKTOPOB HA KIIMMAT

- KocBeHHBIN MexaHM3M, CBSI3aHHBIN C OTKJIMKOM COJIEp)KaHHMs O30Ha B cTparocdepe Ha
BHE3EMHBIE (PaKTOPHI

- MexaHu3Mbl, CBsSI3aHHbIE C BIIMSHUEM BHE3€MHBIX (DAKTOpPOB Ha XapaKTEPUCTUKU

00JIaYHOCTH
BbIBO/IbI

AHHOTaALUS

AHaIM3UPYIOTCS MEXaHU3MBbI BO3JIEHCTBUS COJTHEYHOM aKTUBHOCTHU Ha KJIMMAT U UX BKJIAJ
B KJIMMaTU4ecKue Bapuauuu nociennux cronetuii 1 XXI Beka. [Io coBpeMeHHBIM OLIEHKaM,
BKJIaJ| paJMalMOHHOIO Bo3Mmymatouiero Bo3xaelcTBus (PBB) wu3-3a wuHTerpampHOro mno
CHEKTPY M3MEHEHUS MOTOKA COJTHEYHOM paJualvy B KIMMaTHYECKUE U3MEHEHUS MOCIEIHUX
NECATWIETUH OTHOCUTENBHO Maj. [IpuMBOASTCS OLEHKM €ro BKJIaJa B KIMMAaTUYECKUE
Bapuaruu XXI Beka oTHOocuTenbHO PBB, CBSI3aHHOTrO ¢ aHTPONMOTEHHBIM BO3JEHCTBHEM Ha
kmuMar. B psge  armMocdepHBIX  Moaeneidl  yYMTHIBA€TCS ~ KOCBEHHBIM  MEXaHU3M
KJINMATUYECKOTO  BO3JEHCTBHSI  COJIHEYHOM  AKTUBHOCTH, CBS3aHHBI C  BIHMSHUEM
YABTPA(QHOIETOBOTO M3JIyUYEHHUs] M IMOTOKAa SHEPreTMYECKUX 4YacTHll Ha coxepkanue O3 B
atMocdepe ¢ pazButueM cootrBeTcTByomero PBB. Emé onnn koCBeHHBIN MEXaHW3M CBS3aH C
BO3MOKHBIM BIJIMSIHUEM KOCMHUYECKHUX JIydyel (IIOTOKa KOTOPBIX MOIYIMPYETCS COJIHEUHBIM
BETPOM) Ha YMCIIO siiep KOHIEHcalMu B atMocdepe U, clieoBaTelIbHO, Ha XapaKTePUCTUKU
00JIaYHOCTH.

BBEJEHUE

BHesemHbIe (hakTOphI MOTYTT BIUATH Ha 3eMHYI0 kiumatudeckyto cuctemy (3KC) kak 3a
CYET pa3BHUTHs PaAJAMAIMOHHOTO Bo3MyIaromiero Bo3aeictus (PBB, HassiBaemoro Ttaxke
panuanoHHBIM (POPCUHTOM) U3-32 U3MEHEHHS COTHEUHOW MOCTOSIHHOM S, TaK U 3a CUéT psna
KOCBEHHBIX MEXaHMU3MOB, CBSI3aHHBIX C BJIMSAHHEM IIOTOKAa COJHEYHOM pagualyvyu Ha
(oToXuMHUECKHE MPOLECCH B aTMOc(epe WM ¢ BIUSHUEM MOTOKA TaTaKTUYECKHX YaCTHIL,
MHTEHCUBHOCTh KOTOPOTO MOJYJHPYETCS COJHEYHBIM BETPOM, Ha KIMMAaTooOpasyrouue
npoueccel (puc. 1) [Benestad, 2006; Gray et al., 2010; Russian National Report ..., 2011;
Solanki et al., 2013].

BnusiHue wm3MeHeHHME NapamMeTpoB 3eMHOW OpOWTHI, NMPUBOAAIICE K BO3HUKHOBEHHUIO
JIEIHUKOBBIX LIMKJIOB B JaHHOW paboTe HE paccMaTpUBAETCA.
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Puc. 1: OOmas cxema BIUSHUS BHE3€MHBIX ()aKTOpPOB Ha KiIMMar 0e3 ydé€ra (hakTopos,
CBSI3aHHBIX C M3MEHEHUsIMH mapameTpoB opOuthl 3emiu [Gray etal., 2010]. [Toka3aHb
BIIMSIHAE TIOJHOTO TOTOKa conHeyHoro wimydeHust (TSI), BmustHMe ynbTpadmoieToBOro
u3nydeHus B 3toM noroke (UV), mOTOKa BBICOKOIHEPreTUYECKHX YacTHIL, 00pa3yroIuxcs
npu cosiHeuHbIX Bembikax (SEPs) u ramaktudeckux kocmudeckux jgydert (GCRs). dpyrue
obo3nauenus: ENSO - Onp-Hunbo/lOxHoe konebanune, NAO - CeBepoaTilaHTHUECKOE
konebanue, AO - Apkruueckoe konebanne, QBO - kBazunByxseTHssl MUKIUYHOCTH, QDO -
KBAa3UJECATUICTHAS LMKIWYHOCTh, SST - TemmepaTypa IOBEpXHOCTH OKeaHa, T -
TeMIieparypa.

BJINSIHUE COJTHEUHOM AKTUBHOCTU HA KJIMMAT

Brusanue eapuayuii nonnoeo nomoka conneurnozo uznyuenus ("conneunou nocmosnuou”) 6
ucmopuueckuil nepuoo

ITpu n3MeHeHnn 3HaUYEHUs COJIHEYHOM MOCTOSIHHOM Ha 0S pa3BuBatolieecs npsimoe PBB
paBHO Fs =" 6S (1 - ap ), rae a, - mIaHeTapHOe anbben0 3eMin, 3HaueHue KOTOporo OJIM3KO
k 0.3. Ilo ounenke YeTrBEPTOro OIEHOYHOIO OTYETA MEXNPABUTEIBCTBEHHOM TIPYIIIbI
skcrieptoB 1o u3MeHeHnusM kimMmata (IPCC AR4) [Climate Change, 2007] PBB 3a mepuon
1750-2005 rr. paBao 0.12 Bt M2 (¢ WHTEpBaJIOM HeomnpeaenéHHoctu ot -0.06 Br M2 110
+0.18 BrM™®). Dra BennumHa, MO KpaifHeil Mepe, B HECKOIBKO pa3 MEHbINE ITOIHOTO
(Bkmrowast aHTpomoreHHoe BoszeiictBue) PBB  (okono 1.6 Br/M® ¢ UHTEPBAJIOM
HeonpenenéHnoctu ot 0.6 Bt M? g0 2.4Br M'z). OTOT BBIBOJA B IEJIOM OCTAa€TCs
CIpPaBEUIMBbIM U IPH Y4ETE OTHOCHUTENIBHO BBICOKOTO YPOBHS COJHEYHOW AaKTHMBHOCTH B
cepeaune XVIII Beka. B uwactHoctn, PBB 3a C4éT M3MEHEHUs COJIHEUHOW MOCTOSIHHOM B
2005 r. otHocurenpHO Hadaima XVIII Bexa wmim ero xoHma coctraBur 0.24 Bt M2 ¢
UHTEpBaJIOM HeonpenenéHHoctu ot 0.16 Bt M~ 10 0.28 Brm?). ITo ouenkam [Tung et al.,
2008] 4yBCTBHTEIBHOCTH TJIOOAIBHO OCPEIHEHHOW TEMITEpaTyphl TeMIIEpaTyphbl aTMochepbl
y nosepxHocTd T, k u3menenuto S B 11-netneM nukie pasuo k = 0.12-0.17 K m? Br', uto B



tepmunax PBB coorserctayer 0.02-0.03 K m> Br'. COOTBETCTBYIOMIHI CHIHA OTMEYAETCS
Tak)Xe B TOJIIIMHE CIIOsI TeOTIOTEHIMANIa Pa3HbIX CIOEB Tponocdepnl. Ecnu ykaszaHHas olieHka
CIpaBe/UIMBa TaKXK€ Ha MEXACKaJHbIX M BEKOBBIX MaclTabax, TO BKJIAJ H3MEHEHHS
COJTHEYHOU MOCTOSHHOW B MOTEIUJICHHE KIMMAaTa 3a WHAYCTPUATIbHBINA MEPUO]] HE MPEBBILIACT
0.1 K, 1.e. He 6onee 15% naxe ot nmuHenHOro TpeHaa T, B XX Beke. DTO corlacyercs TaKkxKe
¢ smnupuyeckuM oreHkamu [Lean, Rind, 2008; Benestad, Schmidt, 2009], u ¢ MmoaenbHBIMU
pesynbratamu [MoxoB u jp., 2006]. Tlpu stom B [Lean, Rind, 2008] 6su10 0T™MEYECHO, YTO
BKJIaJ] M3MEHEHMSI COJHEYHON TIOCTOSHHON B KIUMaTHUECKHE HW3MEHEHUS [UJIsl BTOpPOM
moJIOBUHBI XX Beka okasbiBaeTcs enié menbine, coctasisas 0.02+0.01 K/cronetne. Kpome
TOTO, PPYNTHUBHBIC BYJIKAHUYECKHE H3BEPKEHUS B XX BEKE YaCTO MPOMCXOAMIU B TOIBI
BOJIM3M MUHUMYyMa COJIHEUHOUM akTuBHOCTH B 1 1-neTHem nmkiie [Rypdal, 2012]. Oto momkHO
MIPUBOJUTH K 3aBBIIICHUIO 3HaueHus K B [Tung et al., 2008].

MuHUMYMBl COJTHEYHOM AaKTUBHOCTU (CONPOBOXAAIOIIMECS yMEHbIIEHHEM S) C
JUIUTEIBHOCTBI0O B HECKOJBKO AecsaTuieTuii-cronetue (Munumym Bombda, 1280-1350 rr;
muHumyMm népepa, 1450-1550 rr; muaumym Maynaepa, 1645-1715 rr; MuUHUMYM
HNanerona, 1790-1820 rr.) yacto paccMaTpHBAIOTCS B KadyeCcTBE OJHOMW W3 BO3MOXKHBIX
MIPUYMH MEPUOJIA JUIUTEIBLHOTO MOXO0JIOaHUs CEPEIUHBI BTOPOIO THICSUYENIETUS HAEH ApHI -
Majoro JegHuKoBoro mepuoaa. (OJHAKO CYIIECTBEHHas HEOMpPenelIEHHOCTh  Kak
COOTBETCTBYIOILIETO M3MEHEHUS S B MEPUOJbI MMHUMYMOB COJHEYHON aKTUBHOCTH, TaK U
HeonpeAenéHHOCTh JaHHBIX PEKOHCTPYKIUN KJIMMAaTa STOM SMOXH 3aTPYIHSET ClIenaTh TaKoh
BBIBOJI C IocTaTouHOM gocToBepHOCTHIO [Climate Change, 2007].

B [Cubasch et al., 1997] 6b11 ipenyoxKeH MEXaHU3M BIUSHUS COTHEYHOM aKTUBHOCTH Ha
M3MEHYUBOCTh KJIMMaTa B TPONUYECKOM 00JacTH, CBSI3aHHBIM C yCUJIEHUEM HCIIApEHUs U3-3a
00JIBIIIEr0 MPUTOKA COTHEYHON paguaIii K TOBEPXHOCTH B MEPUO]I COTHEYHBIX MAKCUMYMOB
U COOTBETCTBYIOLIUMM YCWJICHMEM IMPKYISAIUM X3 M Yokepa. OTOT MeEXaHHU3M
MIPOSIBIISIETCS. B pANE TI00aNbHBIX KIMMAaTHYECKUX Mojeneil. Tem He MeHee, 3TOT MEeXaHHU3M
HE MOJKET IOJIHOCTBIO OOBACHUTH HabIrogaeMyto 11-JIeTHIOI0 U3MEHYMBOCTH B TPONHMKax. B
YaCTHOCTH, aHOMAJIMU TeMIIepaTyphl Tporocepbl MEKIY roJjaMid MUHUMyMa M MakCUMyMa
COJTHEYHOTO HHUKIA (Smin U Smax COOTBETCTBEHHO) MPHUBOJAT K OIICHKE aHOMAJIUU MPHUTOKA
SHEpruH K Tporocdepe ot okearna okono 0.5 Br/m® [White et al., 2003], 4To B HECKOIBKO a3
OoJbllle COOTBETCTBYIOIEH aHOMAJMHM MPUTOKA COJHEYHOW paMaluy K IOBEPXHOCTU
(mpumepro 0.15 Br/m?). IlocienHee ykasblBaeT Ha BO3MOXKHOE BIIHSIHHE cTpaTtocdepbl B
pPa3BUTHM YKa3aHHBIX TEMIICPAaTYpPHBIX aHOMaiui. Bo3aMoXHOW (QHU3MUECKOM NPUIMHON
Takoro BiMsiHUS MoxkeT ObITh "downward control principle" [Haynes et al., 1991], cormacao
KOTOPOMY LUPKYJISALIMOHHBIE U TEPMUUYECKHE XAPAKTEPUCTUK HA JTAHHOW BBICOTE 3aBUCST OT
BOJIHOBOTO (pOpcHHra Ha BBILIENIEKAIIUX BBICOTHBIX YpOBHSX. B cBol0 ouepenp, Takoit
¢dopcunr B crparocdepe crocoOeH MOAYIMPOBATHCS COTHEUHOW aKTUBHOCTBIO (CM. HIDKE).
VYkazaHHasi MOZYJSLUS, B NPUHLUIE, MOXKET TaKKe OOBSICHATh CMEIIEHHE PErHOHOB
npeobianaronield GJOKMHIOBON aKTUBHOCTH U XapaKTEPUCTUK OJIOKUPYIOMIMX aHTUIIMKIOHOB
B atmMoc(epe B 11-netnem nukite [Barriopedro et al., 2008].

Brnusnue 603modicnbix usmenenutl CONHeyHol nOCMOAHHOU 6 Oaudcatiuue cmoaemus

B OospmuHCTBE pacdy€ToB ¢ KIMMaTHYeCKUMH MojensmMu it XXI cronmerus
MEXICKaIHbIe U3MEHECHHSI COJIHEYHOW aKTUBHOCTH HE YUYUTBHIBAIOTCS (cM., Harp., [Climate
Change, 2007]). Ognako B [MoxoB u mp., 2008] ¢ uCHOJb30BaHUEM aBTOPETPECCHOHHBIX
Mojienield ObUIM TOCTpOEHBI clieHapuu u3MeHeHust S B XXI Beke. Yka3zaHHbIE CIICHApUU
W3MEHEHUSI COJIHEYHOM MOCTOSHHOM BMECTE CO CIICHAPHUSMHM AHTPOIOTE€HHOI'O BO3ACHCTBUS
SRES (Special Report on Emission Scenarios) ObUTH HCIIONB30BAHBI TS 33/1aHUST BHEITHETO
BO3JICMCTBUS Ha KIIMMAT B pacdyéTax ¢ kimMarndeckoi mojenbio (KM) UDA PAH. Tlpu stom
OBLIO MOJIyYEeHO, YTO BKJIAJ U3MEHEHUS COJHEYHOM MOCTOSIHHON B M3MeHeHHe T,, a Takxke B



M3MEHEHHE TeMITEPaTyphl Pa3IMUHBIX PETHOHOB B ATOM CTOJICTHH OYCHb Mall OTHOCHUTEIHHO
BKJIaJla aHTpONOreHHbIX BosneiictBuil. B [Mokhov etal., 2012] stu pe3ynabTartel ObUIH
pacimmpeHsl Ha ciieHapuu antporioreHHoro BosneicTeust RCP (Representative Concentration
Pathways), oxateiBatomux XXI-XXIII Bexa (puc. 2, 3). IlonoOHbIN pe3yibTaT, HO HpU
WCIOJIb30BaHUU JPYroro cleHapusi u3MeHeHus S (HactymieHue B XXI Beke MHUHMMYyMa

COJIHEYHOW aKTHBHOCTH MMOJ00HOTO MUHMMYMY MayHnuepa) Obl1 Takxke noiydeH B [Feulner,
Rahmstorf, 2010].
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Puc. 2. CueHapun u3MeHEHHUS IOTOKA COTHEYHOH YHEPTUU Ha BEpXHEH TpaHHIie aTMOC(heEpEI,
ucnons3oBanHbie B [Mokhov et al., 2012].
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Puc. 3: Pe3ynbraThl BIUSHUS W3MEHEHHUS MMOTOKA COJHEYHOW SHEPrUU Ha BEpXHEH I'paHuUIe
atMocdepsl Ha pe3ynbraThl pacuéroB ¢ KM MDA PAH npu creHapyuu aHTPONOTE€HHOI'O
Bo3zaeiictBusi RCP 2.6 [Mokhov etal.,, 2012]. IlpeacraBieHO H3MEHEHHE TEMIIEPATYPHI
Bozayxa y mnosepxHoctd oT 1990-2000 rr. x 2090-2100 rr., ocpenHEHHOE MO BCEM
CLICHapUsSM M3MEHEHHUs COJHEYHOM MOCTOSIHHOU S (1), U OTKIOHEHHE TaKOoro U3MEHEHMS OT



1) aist AByX ClEHAapUeB M3MEHEHHs S, MPHUBOASIIUM K HAWOOJBIINM TOJIOKHUTEIBHBIM U
HauOOJBIIUM OTPUIIATENILHBIM OTKJIOHEHUSAM (2 U 3 COOTBETCTBEHHO).

Hzmenenue cocmosinus cmpamocgbepbz 6 11-nemnem conneunom yukie.

B crpatocdepe B TOABI Spax OTHOCHUTENBHO TOHOB S TIO JaHHBIM peananu3a ERA-40
OTMEYaeTCsl YBEIMUCHHE TeMIIepaTypsl cTparocepbl TPOMUKOB, UMEIOIIee BU JUIOIBHON
CTPYKTYPHI C TIOJIFOCAMU B HUKHEHN U BEpXHEU cTpatocdepe, MHTEHCUBHOCTh KOTOPBIX paBHA
1-2 K, a Takke yBeJIMUEHHE TEMIIEPATypbl B HIDKHEH 4YacTH BepxXHEH cTpatocdepsl
CyOIOJIIPHBIX M TOJSPHBIX IIMPOT Ha HECKOJIbKO rpamycoB [Gray et al., 2010]. [TogoOHas
CTPYKTYypa BBISBISECTCS U MO MPSMBIM CITyTHUKOBBIM JaHHBIM TOV'S, HO ¢ mpUMepHO BIBOE
MeHbIIeH MHTEeHCHBHOCTRIO [Gray et al., 2010]. Takast cTpykTypa OTKIHKa CYIIICCTBEHHOTO
OTJIMYaeT €ro OT OTKIWKa TeMIepaTypsl crpaTocdepbl Ha MApHUKOBOE BO3JIEHCTBUE
(oxnaxIeHus Ha BCEX IMIMPOTax). DTO, B MPUHIIMIIE, TO3BOJIIECT BBIIEICHUE MTAPHUKOBOTO U
COJTHEYHOT'O CUTHAJIOB B HA0JII0/IaeMbIX U3MEHEHUSIX TeMIepaTyphl cTpatocdepsl. B cBs3u ¢
MOCJICIHUM, OJIHAKO, CIEeAyeT HWMETh B BHUIY TPAH3UTHUBHBIE OCOOCHHOCTH OTKJIMKA
TeMIeparypsl crpatocepsl Ha 11-1eTHUI UK 1O CPAaBHEHUIO C MOJOOHBIM PaBHOBECHBIM
(YCTaHOBHMBIIMMCS) OTKJIMKOM Ha M3MEHEHHE COJIHEUHOW MOCTOSHHOM, KOTJa TeMmIeparypa
YBEJIMYUBAETCS BO BCel cTpaTocdepe.

B cBoto ouepenb, n3MEHEHHUST TeMIepaTypsl B 11-1eTHEM HUKIIE MPUBOIAT K U3MEHEHHIO
mojis BeTpa U, CIEAOBaTelbHO, K HM3MEHEHHUIO XapaKTEepPUCTUK pacIpOCTPaHEHUS
CTAIllMOHAPHBIX IUIAHETAPHBIX BOJMH m3 Tpomochepsl B crpatochepy [Kodera, 1995;
van Loon, Labitzke, 2000]. B nienom, B roasl Sp,x BO3MYIIEHHE 3UMHUHN MOJSIPHBIA BUXPb U
mUpKyJsnust bprospa-JloOcona ociiabeBaroT, MmojsipHas cTparocdepa XOoJogHee OOBIYHOM,
TpOIUYEcKas - Teriee OOBIYHONW. ITO MPUBOJUT K POCTY COAEPKAHMS 030HA B CTpaTocdepe
TPOIIHMKOB U, CJIEIOBATEIILHO, TOTIOJTHUTEILHOMY HarpeBy cTparocdepsl. B roasl comHedHOTro
MUHUMYyMa CHUTyallds MEHsSEeTCsl Ha OO0paTHyr0. ODTO CIY>KUT IOJIOKHUTEIbHOM OOpaTHOMN
CBSI3BIO JIJISl Pa3BUTHS OTKIIUKA B cTpaTtocdepe Ha 11-TeTHUI COMHEUHBIH IUKIT.

Kpome Toro, ormedanoch BIMSHUE COJIHEYHOM AKTUBHOCTH B |l-meTHeM nukie Ha
¢azoBble 0ocobeHHOCTH KBa3uaByxieTHel mukinynoctu (K/IL) BeTpa B mpusKkBaTOpHanbHON
HKHen ctpatocdepe [bespepxuuit, ['py3nes, 2007]. B cBs3u ¢ mocieaHuM cienyeT uMeTh B
Buny, uro K/II[ cama cmocoOHa MOAynIHpoBaTh IOJIE BeTpa B HIDKHUK cTpaTochepe
[van Loon, Labitzke, 2000; Labitzke, 2006]. ITocnegnee 3a cu€T MOIYJIAINH XapaKTEPUCTHK
pacrpocTpaHeHHsT BOJTH W3 Tporocdepsl B cTparocdepy Takke CIIOCOOHO MOIYTUPOBAThH
COCTOSIHME O30Ha B cTpaTocepe, NMpUBOAS K OCOOEHHOCTSM B MPOSBICHUH MEXaHHU3Ma
[Kodera, 1995]. Kpome Toro, 3T0 MOXET NMPUBOJUTH K Pa3IMYMI0 WHTCHCUBHOCTH OOMeHa
MeXay Tpornocdepoil u crparochepoil B TpPONHUKaX HAa COJHEYHBIM NHHKJI. B wacTHOCTH, B
[Labitzke, 2006] oTmedanoch, YTO B TOIABI Spyax M ITOT OOMEH M, COOTBETCTBEHHO,
nupkyssiius bprospa-Jlo6cona ocnmabeBator, ecnu KJII[ B mpuskBaTopuanbHONW HWKHEH
cTpaTtocepe HaXOAUTCS B BOCTOYHOHN (aze, a ecnmu B 3amajHON - ycuiamBaroTcs. Takoit
OTKJIMK YaCTHUYHO BOCHPOM3BOAMTCS COBPEMEHHBIMHM KIUMaTHUeCKMMHM Mojeismu [Rind
et al., 2008].

KOCBEHHBIE MEXAHW3MBbI BJIMAHNA BHESEMHBIX ®AKTOPOB HA KIIMMAT

Koceennviii mexanusm, C6A3GHHGIL ¢ OMKIUKOM COOEPHCAHUA O30HA & cmpamocepe Ha
gHe3eMHble hakmopul

3 KOCBEHHBIX MEXAHHU3MOB BJIHUAHUI COJHEYHOW akTUBHOCTH HaA coctosHue 3KC B



HacTosIIee BpeMsi HanOoJiee TOCTOBEPHO YCTAHOBJICHBI MEXaHU3MBbI, CBSI3aHHBIC C BIUSHHEM
Ha cojaepkaHHe o30Ha B armocdepe (ocobeHHo - B crpatocdepe). B wactHOoCTH, ecnu
m3menenne S B 1l-netHem paBHbl 0.07%, TO COOTBETCTBYIOLIEE H3MEHEHHE IOTOKA
yIbTpauOJIETOBONM pagualliy COCTAaBIIAET HECKOIBKO MPOIEHTOB. JTO CHOCOOHO 3aMETHO
MHTEHCUUIMPOBATH (DOTOXMMUYECKHE MPOIECCH 030HHOTO HUKJA. Tak, MO CITyTHUKOBBIM
naHHbiM SAGE II gna 1985-2003 rr. u o JaHHBIM HAa3€MHBIX WU3MEPEHHUM B TOABI Spmax
OTHOCHUTEIIFHO TO/IOB Spin HAOIOJACTCA CTATUCTHYECKH 3HAYMMBIH POCT CONEp)KaHHs 030HA
Ha 2-4% B BepxHell cTpaTochepe TPOMMKOB, a TAK)KE B HWXKHEH M cpeHel cTpaTocdepe Ha
oompmmHacTBe IMpOT [Soukharev, Hood, 2006; I'py3nes, bezepxuwuii, 2007] (puc. 4). [1pu
3TOM OKOJIO OTKJIHMK HpPOSIBISIETCS U B PErHOHaX, IJI€ 030H HE HAaXOJUTCA B XMMHUYECKOM
pPaBHOBECHH, yKa3blBasi Ha BAXHOCTh JMHAMHYECKHX MEXAHH3MOB €ro oTkiuka [Ipys3nes,
bessepxnuii, 2007].

% change in SAGE ozone (Smax—Smin) 1985-2003
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Puc. 4: N3menenus comepkanus o3oHa B 11-netHem comreunom mwmkie [Soukharev, Hood,
2006]. Cepoit IITPUXOBKOM MOKa3aHa 00J1acTh, TJ€ 3TU PA3IUYHUSI 3HAUUMbI Ha ypoBHE <5%.

B nepuonbl MHTEHCHBHBIX BBIOpPOCOB COJIHIIEM SHEPreTHYECKMX 4YacTHLl (IPOTOHHBIX
BCIIBIIIEK) OTMEYAETCsl 3aMeTHass WHTeHcu(pukanus ¢popmupoBanus psna coeauneHuit (HOy
u NOy), paspymaromux o30H [Krivolutsky etal., 2005; Jackman etal., 2008]. Ilo
CITyTHUKOBBIM JaHHBIM BiusiHue HOx MOXET MpUBOANUTH K YMEHBILIEHHUIO COACPIKAHUSA 030HA
B TOJIsIpHOI BepxHeil ctparocepe Ha 50% 1 IIUThCA 10 HECKOJIBKUX CYTOK, a BiusHue NOy
- MPUBOAMUTH K YMEHBIICHUIO COAEPKAaHUS 030HA B 3TOM ke pernoHe Ha 10% u JuyuThes 10
HeckonbkuX MecsimeB [Jackman etal., 2008]. B obGmactu 3MMHET0O MOJSPHOTO BHXPS
BEIIIECTBA, pa3pyLIAIONIHe 030H MOTYT OIYCKAaThCS TaKKe B HUKHIOIO cTpaTtocdepy, MPUBOAS
K pa3pyllIEHUIO 030Ha B 00JaCTU €ro MakCHMyMa IO BBICOTE. B 4acTHOCTH, CTaTHCTUYECKH
3HaYMMas KOpPpeJsLMs COAEp)KaHMs O030Ha C (a30ii TIE€OMAarHUTHOM aKTUBHOCTBIO
OTMEYaeTcsl, 10 KpaitHeil Mepe, BeCHOW B MOJsipHbIX mupoTax KOkHoro nomymapus. OHako
3TOT MEXaHU3M OrpaHWYeH O00JacTbl0 3MMHEr0 MOJSPHOTO BUXPS, 3aHHUMAIOIIETO
OTHOCHUTEJIBHO HEOOJNBINYI0 IUIOMIAab 3€MJIM M CYIIECTBYIOIIETO B YCJIOBHAX Majol
uHcosinuu. Kak crneactBue, BKiIaJ 3TOro MexaHumsMa B oblee kiuMatudeckoe PBB, mo-
BUJIUMOMY, MaJl.

B HacTosimiee Bpemst psa aTMoc(epHbIX Mojienel BKIIOYAaeT B ceOs MEXaHUCTHUYECKOe
ONHCaHUE O30HOBOIO IMKJIa. B paMkax mpoekrta cpaBHEHHMs Takux mozenel [Austin et al.,
2008] 6bU10 MOTYYEHO, UTO MPH yUETE MPSAMOTO BIUSHUSI U3MEHEHUS COJIHEYHOTO CIEKTpa B



l1-nerHeM nMKJIE M COOTBETCTBYIOUIETO BIUSHUSA Ha (POTOXMMHYECKHE IPOLECCHl B
cTpatocdepe, a Takxke yd€Te STOro BIMSAHMA 4Yepe3 COOTBETCTBYIOIIME BapHalUU
TEMIIEpaTypbl MOBEPXHOCTU OKEaHa, MOJEIM B II€JIOM BOCIHPOHU3BOASIT OCOOEHHOCTH
U3MEHEeHHMs o30Ha M Temmneparypbl. COOTBETCTBYIOIIME pacd€Thl C KIMMATHYECKUMHU
MOJENSAMU (BKJIIOUAIOIIMMU HMHTEPAKTUBHYIO MOJIEJIb OKE€aHa) B HACTOSIIEEe BpeMs elé
3aTPyAHUTENIbHBI U3-3a BBIYMCIUTEIbHBIX OTPAaHUYEHUI.

B armocdepnoit mozmenu SOCOL B Hacrosimiee BpeMs YUHUTHIBACTCS BIMSHHE
MHTEHCUBHOCTH TaJaKTMYECKUX Jy4yel Ha creneHb MOHM3auuu B atMocepe [Calisto et al.,
2011]. B uenom Takast MoJieJIb BOCIPOU3BOAUT YMEHBIICHUE COACPKAHUSI O30HA B MOJISPHON
cTpaTtocdepe MpU COJHEUHBIX BCIBIIIKAX.

CrienuanbHO ClIeyeT OTMETUTh, YTO M3MEpPEHMs] MPHUOOPOM BBICOKOM TOYHOCTH
SORCE/SIM, nHaumnas c¢ 2003 r., mpuBeIu K OLIEHKaM HM3MEHEHHUS CIIEKTPa COJHEYHOIOo
n3iydeHus B 11-1eTHEM IIUKIIE B HECKOJIBKO pa3 OOJIBIINM, YEM CUYUTAIOCH paHee (CM. BBIIIE)
[Haigh et al., 2010]. OTo npMHIMIHATBEHO MOJU(PHIHUPYET OTKJIMK O30HA U, CIEI0BATEIbHO,
TEMIIEpaTypbl Ha COJHEYHYI0 aKTUBHOCTb. OJHAKO CYIIECTBEHHBIE OTIMYUS MOCIEAHEN
YacTU COJIHEYHOTO LUKJIa 23 1O CpaBHEHMIO C MOAOOHBIMM MepuojaMu 0Oojee paHHUX
COJIHEYHBIX LIUKIIOB HE [TO3BOJISIFOT YTBEPK1aTh, HACKOJIBKO TAKOE MOBEACHNUE CIIEKTPAIbHOTO
U3IYYEeHUs] TUIIUYHO 7Sl IPYTUX BPEMEHHBIX IIEPUOJIOB.

Mexanuzmoi, c8sa3aHHbLIE C  GIUAHUEM BHE3eMHbIX (DAKMOPO8 HA  XAPaAKmMepucmuKu
obnaunocmu

MexaHu3Mbl, CBSI3aHHBIE C BJIMSHHUEM COJHEYHOW AKTMBHOCTH Ha KJIUMAaT 3a CUéT
M3MEHEHHUS XapaKTEePUCTUK TI0OATBHOM ANEKTPUYECKON Lenu paccMaTpuBanuch B [Marsh,
Svensmark, 2003; Xepebtos u ap., 2008]. B wactHocTH, B [Marsh, Svensmark, 2003] (cwm.
TaK)X€ CCBUIKM B 3TOH paboTe) C MCHOJIB30BaHUEM CIyTHHUKOBBIX JAHHBIX IJI O0JaYyHOCTU
ISCCP D2 ormeuanach BBICOKas KOPpEJSIMSA KOJWYECTBA HIDKHUX OOJAKOB U UX
TEMIIEpaTypbl C MHTEHCUBHOCTBIO IOTOKA KOCMHYECKHMX Jy4yel, NpPEeHMYIIECTBEHHO B
TPONMKAX W CpPemHUX MmupoTax. [Ipu 3TOM OBLT MPEATIOKEH MEXaHW3M TaKOTO BIIMSHUSA,
CBSI3aHHBIN C JIOTIOJIHUTEIILHOW MOHU3AIMEH HIDKHEH Tpormocdepsl MOTOKOM TalaKTHIECKUX
yacTul. HTEHCUBHOCTH O5TOM HWOHM3AaLHUU MOIYJIHUPYETCS COJIHEYHOM aKTUBHOCTBIO.
OO6pa3yronecss TakuM 00pa3oM HOHBI CIOCOOHBI TMOJHUMATHCS 3a CYET BIUSHUA
ANEKTPOMATHUTHOTO TIOJISI 3€MIIH U CIYXKUTh JTOTMOTHUTEILHBIMHE SIIPAMH KOHJICHCAITUH IS
00JauHBIX Kamelb U KpUcTauioB. [Ipy 3TOM MEHSAIOTCS Takue XapaKTepUCTHKH 00JaKOB, KaK
WX KOJMYECTBO, ainbbeno u BomHocTh. OxgHako B [Sun, Bradley, 2002] otmedanoch, 4to s
ucxoaubix naHHbIX [SCCP D2 Takas koppensduusi MpOSIBISAETCS TOJBKO ISl COJTHEYHOTO
IMKIa 22 ¥ CTAHOBHUTCS HE3HAUYMMOM I cojiHeuHoro 1mkia 23. Ilociennee, B 4aCTHOCTH,
MOXKET OBITh CBSI3aHO C BJIMSHHEM BYJIKAaHMYECKHX HM3BEP)KEHUH Ha COJAEpKaHHE CEPHOUN
kucinotel H,SO4 B crparocdepe, yBenmuuuBamomux e€ 3(PGEKTUBHOE 3IIEKTPHUECKOE
conporuBnenue [Tinsley, 2000]. B memom conepxanue H,SOs B cTparochepe ObLI0
CYILIECTBEHHO BBIIIE B IEPUO]I COJIHEUHOT'O IIUKJIAa 22, YeM B MEPUO]I COJTHEUHOTO 1UKJIIa 23.

B [Kazil etal., 2006] ¢ ucnons3oBanueMm umcieHHOW atMmochepnort momenun CCM3,
nononHeHHoi cxemoit PLOTINUS mis pacuéra moToka oOpa3oBaHUSI BTOPHUYHBIX YACTHIL
MIPU COJTHEYHBIX BCIIBIIIKAX, CIeJIaHa OLEHKAa KIMMAaTU4YeCKOW 3((EKTUBHOCTH yKa3aHHOTO
MexaHusma. lIpu 3TOM pacyér npoBOAWICS IPU psf€ YHPOLIAOIIMX IPEAIONI0KECHUH,
MPUBOJAIIMX K 3aBbIIICHUIO Takod s¢dektuBHOCTH. OOHAKO Jake B TaKOM Clydyae
YBEJIMUEHUE KOHIIGHTPAIMHU YaCTHUIl C Pa3MEPOM, TOCTATOUYHBIM JUIsI TOTO, YTOOBI CITYKHUTh
siIpaMy KOHJIeHcanuu (MoJia AWTKeHa U 0oJiee KpyIHbIe) B HIKHEH Tporochepe TPOITUKOB B
TOJbl Spax OTHOCUTENBHO TOJOB Spin HE MpeBbIIIaeT 1 eM™. Dro CYLIECTBEHHO MEHBIIIE
THINYHON (pOHOBOM KoHIeHTparmu Takux suep 10°-10% em™ [Kondratyev et al., 2006]. Boxee
3HAYUMBIC 3HAYCHUS YBEIMUCHUS KOHIICHTPAIWH sAep KOHACHCAIUMA OTMEYECHBI B HIDKHEH



tpomochepe cpexnnux mupor (xo ~10% eMm™). OpHako crmibHOE HachimeHHe 3ddexTta
UHTeHCUpUKAMU (QOopMHUpOBaHUS OONAYHBIX Kameidb IPH POCTE KOHLEHTPALUU sAep
KOHJICHCAIIUU TIPUBOJUT K TOMY, YTO POCT KOHIICHTPAIMHU OOJIAYHBIX Kareidb B TOABI Spax
OTHOCHUTENIFHO TOJOB Spin cOcTaBisieT He Oonee 28%, Tak yTo pa3BuBatoiieecs PBB He
MpeBbIIaeT no abcomotHol Benuuune 0.24 Bt M. DTa BEIMYMHA HAMHOTO MEHBIIE OLICHOK
nonHoro PBB 1y1si coBpemMeHHOro meprofa OTHOCHUTENbHO HHAYCTPUATBLHOTO COCTOSHUS.
Kpome Ttoro, BpemeHHO#l MacmTa® 3Toro BozjaedcTBUs (11 J1IeT) KOPOTOK OTHOCUTEIBHO
BPEMEHHOI0 MacIiiTtaba OeHCTBUS IPYTUX pPaaUAllMOHHBIX BO3ACUCTBUN (IECATUIECTUS U
crosietus). M3-3a MHEPIIMOHHOCTH KJIMMAaTa TO JIOMOJIHUTEIFHO YMEHBIIACT KITUMATHYECKUMA
oTkJIMK Ha 3To PBB no cpaBHeHHIo ¢ anTponoreHHbIMU Bo3aeiicTBusIMU Ha 3KC.

B [KepebuoB u ap., 2008] paccMOTpeH MeXaHHM3M BIIMSHUS COJHEYHOW aKTUBHOCTHU Ha
COCTOSIHME KiuMaTa, MoJo0HbI MexaHusmy [Marsh, Svensmark, 2003], HO cBsi3aHHBII C
YBEIIMYECHUEM KOJUYECTBA O0JIAKOB B TMOJIAPHBIX O0JACTIX 3UMOM B MEPUObI MOBBIIICHHON
COJTHEYHON aKTUBHOCTH. V3MeHEeHHe KIMMAaTHUYECKOTO COCTOSHHUS MpPHU 3TOM OOYCIOBICHO
MPEHMYIICCTBCHHO BJIMSSHHEM KOJIMYECTBA OOJIAKOB Ha IEPEHOC TEIUIOBOW paaualdu B
Tporocdepe. DTOT MEXaHU3M COTJIaCyeTcs C TeM, YTO MOMAYJISIHS AIIEKTPUYECKOM
MIPOBOJAMMOCTH COJTHEYHBIMH BCIBIITKAMH HanOoJiee 3HaYMMa HMEHHO B TIOJIIPHBIX 001aCTIX
[Tinsley, 2000]. ITo MoneNnbHBIM OLIEHKaM TaKOW MEXaHH3M CIOCOOEH MEHSATHh COCTOSHHE
MIPHUITOJISIPHOM aTMoc(hephl Ha CHHONTHYECKAX BPEMEHAX, HO Ha BPEMEHHBIX MacIiTabax oT
HECKOJIbKUX MECSIEB €ro BIUSHUE OKa3biBaeTcs o4eHb MaibiM [Domenko, KypOarkas,
2006].

BbIBO/IbI

B mnactosiiee BpeMsi yCTaHOBJEHBI M TOJATBEPKACHBI IKCICPUMEHTAIBHO MEXaHU3MBbI
BIUsAHUS conHeuHoM akTuBHOCTU Ha 3KC, cBsizanHble ¢ npsMbiM PBB 3a cuér uamenenus
COJTHEYHOU TMOCTOSITHHONM W C BIMSHUEM Ha COJEp)KaHHWe O30Ha B aTMocdepe M3MEHEHUS
CIIEKTPaJIbHOTO COCTaBa COJIHEYHOTO M3JIYYEHHS] U MHTCHCUBHOCTHU MOTOKA TATAKTUYECKUX
YacTUI. DTH MEXaHU3MBbI UM YK€ YUUTHIBAIOTCS B pacy€Tax ¢ KIMMATUYECKUMH MOJCISIMU
WM BKJIIOYCHHE WX y4€Ta MOXHO OXHAATh B OmkaiimeM Oymymem. C Ipyroil CTOpPOHBI,
MPEAJIOKEHHBIE MEXaHU3MbI, CBS3aHHBIE C BO3JCHCTBUEM COJIHEUHOM AaKTUBHOCTH Ha
XapaKTEPUCTHUKUA OOJAYHOCTH, TPEOYIOT Oosiee MeTaabHOW SMIMPUYECKOW W MOJEITBbHON
apryMeHTaluu.
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