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N3 PABOYEU TETPAIU
UCCJIEJOBATENA

VI3MeHEHHE KAMMaTa [TPOSIBIIAETCS He TONIBKO BOAM3M HOBEPXHOCTHA 3emum, HO U B 3HAYWTEIbHOM IHUaTla-
30He BLICOT aTmMocdepbl. B cTaThe paceMaTpuBaeTCs psifl BAXHCHIINX CBS3AHHbBIX ¢ H3MCHCHHEM KNMMATa
HAMpPABICHII KCCMENOBaHWA JUHAMNEECKUX M XUMPUECKUX NIPOLIECCOB B tponochepe, crparochepe U
mesochepe, OCyIecTRIsIeMbIX B POCCYH ¥ 32 pyDexXOoM.

N3MEHEHWE KJIHMATA 1 CPENHAA ATMOC®EPA —
BOITPOCOB BCE BOJIBIIE

I1.H. Baprun, B.A. IOumxkos, C.M. Xaiikun, H./I. [igeTkoBa, C.B. Koctpeikud, E.M. Bosoaun

B mocnenune 20 16T BO MHOTHX CTpaHax U3MEHE-
Hye KIuMaTa CTAN0 OJHOM N3 OCHOBHBIX TEM CNel-
QIM3UPOBAHHON JIHTEPATYPHL M CPEICTB MAaCCOBOM
uHopManmn. TIPIIMHOIA 3TOrO ABISIIOTCH HE TOJb-
K0 TI06anbHEI XapaKTep U3MeHEHMIt U HX IOCIe]-
CTBUH IS COLHAIBHO-2KOHOMUYECKOW AEATEABHO-
CTH, 310POBBSI YETIOBEKA, COCTOSHUSI (rropbi U ay-
HEI, HO M COXPaHSIOLMECH HEOMPEICITEHHOCTH
npeicKasaHuil B CpelHeCPOYHON U JOIITOCPOYHON
MepClieKTIBE.

Ony6mukosanHei#t B 2007 . 4-i OUEHOYHBIHN A0-
KIan MeXIIpaBUTEIECTREHHOM TPYIIIE 3KCIIEPTOB
o mamenenno kmMata (MIDUK) ofodwuun mo-
c/eHHE NOCTIDKEH S HAyKJ O HA0MIOA4EMBIX # [MPO-
THO3MPYEMBIX H3MEHEHMIX KINMATa B PAMTHYHbLIX
perrodax B TedeHue XXI B., X OCNEACTBUSIX, BO3-
MOXHOCTSX aAaliTalMu U CIIoco0axX CHUXXCHHS aH-
TPOTIOreHHOM HArPY3KYW HA KITMMATUYECKY ) CHCTEMY
3em. B pokiane roBopmTes, UTO HAOIIODagMoe ¢
cepeHBI XX B. NIOBbIMICHNE TNOGATbHOM CpeaHCH
TEMITEPATYPhl BbI3BAHO YBEIHYEHMCM KOHUEHTpa-
L{¥TIf aHTPOIIOTEHHbIX TTAPH MKOBBIX raszoB. O630p Bhi-
BOAOB, KAcalOHMUXCH U3MEHEHUH OCHOBHEIX KyMa-
THYECKUX TTapaMeTpoR aTMochepbt U OKeaHa 1 cylue-
CIBYIOIMX  TpobICM  pasBUTHS ~ pOCCH HcKom

BAPITMH [lasen HukomaeByy — KaHAWJAT (QU3UKO-
MaTeMaTHUECKHUX HAyK, HayaHblil coTpysHMK LlenTpasis-
HOM a3poNOorMucckoi obcepsaropur  Pocrygpomera
(LLAO). FOILIKOB BraauMup ANEKCaHIPOBUY — KaHAN-
mat (u3MKO-MATEMATHUICCKUX HayK, 3aBeNlytOLIHH oTae-
neuneM GpU3UKH BRICOKUX CTIOER aTmochepnt LIAO. XAl -
KHWH Cepreii MuxaiioBuy — KaHanaar GU3nKo-Mare-
MATHYeCKMX Hayk, CTapliWuii HaydHbIH COTPYAHHMK HAO.
LIBETKOBA Harasea IMuTpueBHA — HayuHbI#
corpyaruk LIAO. KOCTPLIKWH Cepreit Brannmupo-
BUY — KAHMMAAT PUIMKO-MaTeMarH4YecKuX Hayk, cTap-
KT HayaHLlil COTPYIHUK MHCTHTYTA BBITHUCINTCIBHOR
Matematnkyn PAH. BOJNIOJAWH Esrevnit MuxaitioBud —
IOKTOP ¢PU3UKO-MATEMATHUCCKIX HayK, BeAYIUMIT HaydHLIH
COTPYAHUK MHCTHTYTA.

KITMMATHIECKOM Hayku, TipencTaBlieH B padote [1]. B
komIie 2008 ©. 6bu1 onyonukoBaH OLEHOYHBIA 210-
knan Pocrupomera, COTEpKAMIK MOApoOHbIM aHa-
M3 PE3YNBTATOB  TIOCASAHUX  WCCIICIOBAHMIA,
KAacAIOW(MXCA PA3AMIHbIX CEKTOPOB  3KOHOMMKH,
hAOpHL M (hayHBI, a TAKKE 300POBLST HACCTICHUS Poc-
CHH.

XOTa BAUSHWE aHTPOIMOTreHHLIX BLIOPOCOB Map-
HMKOBEIX Fa30B Ha KIMMATHUECKYK) CHCTEMY Y
GONBUIMHCTBA YUYEHBIX He BEIZbIBACT COMHEHHIA, OI-
HOll T3 BaXHelIIMx 3amay ABIAETCS 3aBHCAMMH OT
CIleHapveB Pa3BUTHS MUPOBOM KOHOMWKMU IIPOFHO3
WIMEHEHMAA BTUX BLIOPOCcos B Omxaidlme aecaTuae-
Tusg. K apyruM 3amadaM OTHOCUTCS HCCIENOoBarue
BIMSIHMA HA KIWMaT HE 3aBUCAIUMX OT HEJOBEKA
€CTECTBEHHBIX (PAKTOPOB, TAKMX KAK COTHETHAsn aK-
TUBHOCTb, CIJIbHbIE U3BEPKEHUS BYJIKAHOB, (1OJIO-
HNIeHUEe U IMUCCHA NApHUKOBLIX Ta308 MI/IDOBBIM
OKCAaHOM W PacTUTEIBHOCTHIO. HeCMOTPSA Ha 3Ha4u-
TENbHBIH MPOTPEce, COXPAHSIIOTCS HEOIIPEAEIEHHO-
CTH B TIIPOTHO3aX YBEIHYCHMSI YPOBHI Muposoro
OKeaHa, U3MeHEeHHS 00J1aYHOCTH, PEXUMA OCAAKOB,
COKPAILEHHS JIEAHIKOBOIO IIOKPOBA, M3MCHEHUs
PACTHRIENBHOCTH, CTOKA PEK, TASHWs NbIOB, BEIHOM
MEP3JIOTHL U AP.

[Tpu Beei wMpOTE OGCYKIECHUS IPOOAEMEL B 110-
AABIAOWEM OONBIIMHCTEE CIyyaeB €€ paccMoTpe-
HUC OTPAHUYHBACTCA HUXHHAM CA0CM aT'MOCC])Cpbl.
TIpu 3TOM M3BECTHO, YTO, KPOME MOBLIIICHUS TCM-
fepaTyphl MOBePXHOCTH MHpPOBOTO OKeaHa u €ro
ypoBHsi, 60NMbII0E 3HAYEH e IMEI0T U3MEHEHUC TeM-
TepaTypbsl 6onee rnybOKMX CIOEB, KUCIOTHOCTH,
BO3MOXKHAs CMEHA UMPKYJISUKMY OKeaHa U B MepBYyIo
ouepenb €I0 TCPMOXAMMHHON MEPMAMOHANBHOM
UMPKYASILHKA, ONpPEIelIAoNIed KAMMaT 3HAYHATE/1b~
HOW 9aCcTW HAICH NNaHEThI.

HaMHOro MEHbUIC BHUMAHHA YIEIAETCs H3ye-
HUIO B3aHMOCBA3H M3IMEHEHMst KiuMaTa BOIM3u 1Mo~
BCPXHOCTY 3€MIM H CMEHBI MHHAMUATICCKUX M XMMU-
YeCKMX MPOLIECCOB B Bosiee BEICOKMX CIOAX aTMOChe-
ppl, B mwactHocTH, B crpatocdepe — ofmactu ¢
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IYAana3oHOM BhICOT IIPUMEPHO OT 15 110 35 kM. 3a pam-
KaMy JaHHON NyOIMKAUNKM OCTAIOTCA HAMpPABISHUA
UCCNESAOBAHYIt, pa3BMTUE KOTOPHIX MMeeT GosbIoe
3HAaUCHUE U4 VIyYIIeH’S HAalllero TIORMMaHUs U CO-
BEPUICHCTBOBAHWSA NPOTHO3MPOBaAHNA KJUMATHYES-
cKkux nepemMed. K 4yMCIy 3THX HAIpaBICHHMH OTHO-
CHTCS MCCeROBAHME XUMUUYECKHX HPOLECCOB B
cTpatocdepe, reHepalru U pPacripoCcTPaHEHUsA rpa-
BATALIMOHIIBIX BOJIH, MEX- W BHYTPUTOIOBOH U3MEH-
YUBOCTH 30HAJIBHOW ITHPKYIAIIMHM W aKTUBHOCTH
IUTAHCTAPHBIX BOJIH, BIVSIHUS COJTHEYHOI aKTMBHO-
CTHM Ha JMHAMHMYECKHE M XMMUYECKUE TIPOLIECCHI B
cpenHelt atMocdepe, BIMSTHUEC CMEHBI ITHMPKYIAITAH
aTMoc(epbl HA COCTOSIHUE NIENOBOI0 ITOKPOBA B ApK-
THUKE U APYIrUe.

Hccaedosarue cmpamochepsl U UMeHeRue KAuMa-
ma. na uccaenosaHmii crparocdepsl B 1992 . opra-
HU30BAH NPOeKT BCEMUpHON NporpaMmel no Uayye-
Huto u3MeHeHus kiuMata OOH “CrpaTtocdhepHbic
TIPOIICCCH M MX BIMSIHIE HA KMUMaT” — Stratospheric
Processes And their Role in Climates (SPARC).
B paMkax MpoeKTa OCYLLECTRASIOTCA MEXIYHAPOI-
HBIC IPOTPaMMBI UCCACHOBAHUN XUMWISCKUX M TH-
HAMMYECKHUX IIPOLIECCOB B cTpaTochepe u Tponmocde-
pe, UX B3aWMOCBSI3H, CTPATOC(EPHO-TPONOCHEPHO-
ro ofMeHa, H3MECHCHHUS XHUMIIECKOTO COCTaBa
crpatocdepsl, CPABHEHUE W COBEPLISHCTBOBAHME
peaTH3alMK THHAMWUYECKHX H XHMIUECKUX IIPOIICC-
COB B KJIMMATHMMECKIX MOACISIX O0MIeH TUPKYIBIIIHA
arMocheprl. J/IBa pasa B TOI CIICHUMATUCTSL IPOCKTA
PACIPOCTPAHSIIOT MHDOPMALMOHHbIA DHOINETEHD O
MNOCIEOTHNX Pe3yJIbTaTax HCCIeaoBaHuil. BaxkhHeii-
UMK cOOLITUSIMKU CTaM [eHepanbHble accamBen
SPARC, nociegHas W3 KOTOPLIX ¢ ydyacTHeM OoJiee
300 y4€HBIX M3 pa3HBIX cTpaH nponuia B Mramiu
B2008 1.

HsmeneHue Temneparypbl cTpatocdepbl — OIHO
M3 BAXHEHIIMX IPOSABACHUH KIMMaTUYeCKAX U3ME-
HeHui (puc. ). OTHOBPCMEHHO C POCTOM TeMIIepa-
Typbl BOAM3M TOBEPXHOCTHM 3eMAu TeMmneparypa
cTpatochepsl CHIDKaeTcs. JaHHbIE paguo30HANPO-
BaHUs, JUAAPHBEIX W CIIYTHHKOBBEIX M3MEpPeHUM 3a
1980—2000 rr. noka3bIBaIOT, YTO B HUXKHEW CTPATO-
cepe TeMieparypa monusmiack Ha .5—1 K, B cpen-
Heli cTpatocdepe ~0.5 K u 6omee yeM Ha 2 K sa 10 1eT
B BepxHei ¢Tpatocdiepe u HUXKHEN Meszocdepe, uTo
3HAYUTEIIBHO MPEBRINIACT YBEMUYCHUE TEMNIEPATYPhL
BOIM3M [IOBEPXHOCTH Hallleif mmaHeTsl: ~0.2 K 3a me-
Kany. [Nocnentue uccnemoBaHUsl CBHEETENBCTBYIOT,
YTO CHUKEHWE rMOGaNbHOM TEeMAEpaTypbl B HUKHEH
crpatocdepe 3a 1979—2007 rr. coctasmio 0.5 K 3a 1e-
Kaay, NPy 5TOM HavOOMbUINI TpeHA HabnoaaeTcsl B
HUXKHEHU cTpatocdepe AHTAPKTHKH B BECCHHHE U
JieTHHE ¢e30HbI: 1—1.5 K.

BaxHCHITAMU TIpoHEcCaMM, OTBEUAIOITUMU 34
U3MEHEHME TEMIEPATYPhLI CTPATOChEDPLI, SIBISIIOTCS
YBEIMYEHNE KOHLEHTPALMM TAapHUKOBLIX ra3oB W
YMEHBIIIEHHE COMEPXKAHMA CTPaToCchEepHOro O30HA.
{lpn nornowenun nM KOPoTkosoiHosoit YD panua-
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Puc. 1. BeprukansHoe pacnpencaclive TeMOSpaTyphl B
armocepe

MK [IPOMCXONUT HArpce crparoctephl U Ha (oHe
YMEHbLUISHWS CONEPXaHMs CTPaToCcHepHOro 030Ha,
nponomkaonierocs nocaennue 30 aeT, CHUXaeTcsa
Harpes, a 3HA4WT, TagacT TeMIepaTypa cTpartocde-
PHL. VBEIMYEHIC CONEPXAHUS NAPHUKOBBIX Ta30B
TaKXke BeNET K CHWXKESHUIO TeMIIepaTyphl cTpaTtocde-
pHl M3-3a YCUIICHMST PAMALUMOHHOIO BbIXONAaXWBa-
HUS. Pe3ynasraTel MOOENTHPOBAHMA THOKa3bIBAIOT, YTO
CHUIDKEHME TeMIIEPATYPbl ONPEeNsieTCst YMEHbIIE-
HHMEM COIEPXaHusl 030Ha, B TO BPEMSL KaK B BEpXHCH
cTparochcepe oba hakTopa BO3HEHCTBYIOT NPUMEPHO
OV HAKOBO.

Kpome nepeumncaeHHBIX (akTOpOB, BAMSHHE HA
TEMIIEPATYPHLIA PEXUM CcTpaTochepbl OKA3blBAEST
M3MEHEHUE CPeoHEH MEPUIMOHANBHOK LIHPKYAS-
LU, COCTOSIINEN U3 BOCXONAIINX IBUXEHUI B TPO-
MMKax, NEPEMELLIEHHUS BO3MYIIHBIX MACC B HallpaBie-
HUH 3UMHETO IMOIOCAa U HUCXOASAIIHUX IBUXeHUl B
CPEeOHUX M BBICOKMX LUMPOTAX. 3a AOCIEIAHUE TOIbl
IOJIYYEHO 3HAYUTEIABHOE KOIUUECTBO PC3YJIBTATOB
MOASANPOBAHUS, CBUACTETCTBYIOLLMX 00 YCWICHUH
CpEeOIHEH MEPHIHOHANLHON HUPKYTAnuH |2). Ouo
BEAET K M3MEHEHMIO NepeHoca ManblX Tra30BBIX CO-
CTaBASIIONIMX M YMEHBIIEHHIO “CpEeAHETO Bozpacra”
BO3ayXa B cTpatocdepe [3]. Yeunenue LupKyasaudu
MOXKeT ObITh BBI3BAHO U3MEHEHHEM 30HANBHOIO BET-
pa, CBA3aHHOTO C IMaJeHUeM TeMIIepaTypbl, KOTOPOE
CIIOCOOCTBYET YCWICHUIO PAcTIpOCTPaHEHNs TAaHC-
TAPHBIX BONH M3 Tpornocdepbl B crpartocdepy n ux
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JUCCHTIALIMK B TPOITMUIECKOM 1 CYOTPOIIMYSCKOM pe-
rroHax. OHOBPEMEHHO C NOXOJIONAHNEM B IIOCICA-
HHe HeCATIIETHS BO BHETPOIIMYECKON cTpaTtocdepe
HabmOIaeTCsl POCT TOMOBOTO X04a TeMIiepaTypm [4].
Pe3ynsrarsl pacy€ToB KIMMATHYECKUX MOJICIICH, UC-
TMOMBL30BAHHEBIX TIPU IIOATOTORKE 4-r0 OLEHOYHOTO
nok/iana, MoKa3eBaloT, YTO B OMKaiiluue aecsTuie-
TS Hanbobluee yBenuueHue CpPeAHEC30HAJIBHOH
TeMIICpaTypsl OYAET B BEPXHEH TPONUYECKO# TPOIIO-
cdepe, a ymMeHpIIEHHC — B cTparochepe. Cremnens
CHHJKEHUWS TeMnepaTypbl 3aBUCUT OT CIICHApHUA aH-
TPOIMOTCHHBIX BBIOPOCOR W OF COCTOSIHMSL CTDATO-
chepHOro 030Ha.

Mis3meHeHHe COTHESYHOU aKTHBHOCTU M M3BEPXKE-
HIIA BYJIKAHOR TAKXKE BAUAIOT HA TeMIIepaTypy cTpa-
Tochephl. YCTAHOBNCHO, UTO B TPONMKAaX BAMSIHWE
M3MEHEHHS CONHEYHON aKTUBHOCTH (OT MaKCUMyMa
o MEHHMyMa ll-neTHero UMKNa) COCTaBIBIET OT
~0.5 K B Hmkueii crparocgepe, no ~1.0 K B BepxHeit
crparoctepe [5]. [NocnenHue CHIBHEHIINE U3BEPKE-
HHS BYJIKAHOB Inb-Yunuou 8 Mekcuke 8 1982« 1 [Tu-
HaTy60 Ha PwmnmnuHax B 199} . npusenn kK pocty
cpeaHerno0anbHOM TeMITepaTyphl HIDKHEH CTpaTo-
cthepH IO AaHHbIM paauo3oHaos Ha 0.4—0.6 K, co-
XPaHABIICTOCS Ha IMPOTSIKCHUHM HECKOQABKMX JIET, K K
3HAYHUTEIbHOMY CHUXKCHHUIO COICPIXaHHs O30HaA.

Ho nmocneaHero BpeMeHd CYUTAIOCE, YTO TOJBKO
TpoIriocepa OKa3plBaeT CYIIECTBEHHOS BAMUSIHUE Ha
MMEIOLLYIO 3HAUWTEI(bHO MEHBIIIVIO IITOTHOCTE CTPa-
Tochepy Uepe3 pacnpocTpaHeHue B Hell TUIAHCTap-
HBIX 1 MHEPUHOHHO-TPABUTAIMOHHBIX BOMH. [lna-
HeTApHbIE BOJIHEI BO3HHKAIOT B Tporocdepe Bened -
CTBHE HEOAHOPOAHOCTEN oporpadmyd W Harpesa
IIOBEPXHOCTH CYIUIX U OKEaHa, a NHEPUMUOHHO-Tpa-
BUTAUMOHHbDIE BOJTHEI — NMPH IBILKCHUH BO3AYILEIbEX
Macc BOIH3H HEOAHOPOANOCTel oporpaduu M IIpHU
obpazoBaHHU KOHBEKTUBHEIX O00JIaKOB.

B reyeHue mocaenyux 10 geT SBUIH NONYYSHBI 10-
Ka3aTefbCTBa, OCHOBAHHbIE HA aHaNU3e HaOMIoNC-
HHUU W HA MOICJBHBIX IKCIIEPHUMEHTAX, CBHACTENE-
CTBYIOLIMC O BIHSHUU IMHAMHYISCKUX TPOLECCOB B
crpatoccepe Ha Tponochepy. Haubonniree BHUMAa-
HHC KCCICIOBATENICH ObII0 YACJSCHO ABYM aCnieKTaM —
COCTOAHMKIO O30HHOTO CIOA U POJH B3aMMOCBA3M
cTparocdepst M Tponocdepsl B HABTIOTACMOM H IIPO-
FHOBUPYEMOM W3IMEHEHUW KIuMata. BaKHCHITHM
3BEHOM, CBA3LIBAIOIIUM Tportochepy u crpatocdepy,
ABRSIETCH O30HHBIN CJIOM, TIOCKOJIBKY CYLIECTBOBA-
HHE CIpaTocdepbl BBI3BAHO HAXONSIMUMCA B HEH
MAKCUMYMOM KOHIICHTpaluu 030Ha. HTepec npex-
CTABJIACT MU3yUeHHE BAUIHKI H3MEHECHHA KJIMMAaTa Ha
BOCCTAHOBJIEHHE cTpaTocdhepHOro 030Ha K YPOBHIO
Havana 1980-x ronos (korza 6110 0O6HAPYXEHO 3Ha-
YHUTENbHOE PA3PYIIEHUE 3TOTO CMIOS B AHTAPDKTHAE),
TaK H o0paTHOro npouecca — BAUAHWA U3MEHEHUs
CJI0S O30HA HA M3MEHEHHUE KIMMaTa BOnHU3H ITOBEPX-
HOCTU 3eMJIH.

Kak u3BecTHO, O30HHDBLA CIIOI MOJHOCTHIO MO-
romaeT Yd-paguanuw obaactu C (100—280 uM) U
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3aMeTHO ocnabmgeT ¢€ B obnactu B (280—315 HM),
KOTOpAsi OKa3LIBAET 3HAUMTEIHHOE BOIMCHCTBME HA
3KOCUCTEMEBI, IIPOTEKAHUE OUOTEOXHMUYECKIX ITHK-
JIOB, KayecTso BO3MyXa, 3MOPOBHE AIONACH M KUBbIE
opranusmel, He6onblune no3el YO-00IyIeHEI MO-
TYT AeCTBOBATh H1arOTBOPHO HA 3A0POBbE YETIOBE-
Ka, popMupyd BuTaMuH D. IToBbIlUEHHbIE AO3EI Be-
OYT K pa3BMTHIO KOXHEIX 3a00eBaHmii ((PoTOKEpaTos,
paK KoxXxu | 1p.}, 3adonesaHui rnas (¢oroxepaTur,
KATAPAKTA, PaK KOHBIOKTHBH WU Ap.), ocAaGICHUIO
WMMYHHOH cucTeMbl. Bapyualtum coxepKaHus 030Ha
MOTYT CIUIEHO BJIWSTH HA ypoBeHb Y@-B-paauanun y
fToBepxHOCTH 3eMmi. B To ke BpeMsi Ha €€ ypOBEHb
BAUAKOT M ApYyTHe GaKTOpE: 00JIaYHOCTD, a3p030b,
aIp0EN0 IMOBEPXHOCTH, HEKOTOPbIE ra3bl (JUOKCHI
cepbl, TUOKCHA a30Ta ¥ Ap.). [lo3ToMy OLIeHKU u3-
MeHYHBOCTH Y®-panvalliiu OyayT CBSI3aHbBI HE TOAb-
KO C BIMSHHEM Bapvalui O30HHOrO CJiosl, HO U C
rnoGaNbHBIMHI KITMMATHICCKIIMH M3MECHEHUSEMM.

Tenno, Beae/sIEMOe MPU IMOTTICIICHHUA O30HOM
Y®-panguanmy, — OCHOBHOW NCTOYHWK SHEPTHU LA
IIAPKYIIINI cTpaTocthephl. O30H TAXKE BHOCUT BKNAL
B PAaaMALIMOHHOE BLIXOJAKUBAHKE, M3TyYas WTMHHO-
BOJMHOBYIO panyauyio, HO NO Cue BbIXONMKBAHMISA
3HAYMTCIBHO YCTYIIAET IBYOKICH YIJIEPOa.

CoBpeMeHHOC TIPEIICTaRICHUE O ITpolieccax, OT-
BETCTBEHHbIX 34 U3MeHEeHHEe CTpaTOCHhepHOTO 030H4,
0azupyeTcs Ha pPe3yJibTaTax NabopaTOPHBIX UCCACAO-
BAHWH XUMMYECKUX DeakIldif, HEeIIOCPEICTBEHHBIX
HaﬁJ'[}OlISHPIHX N CTTYTHUKOBDIX U3MECPCHMSIX, a TAaKXKE
Ha pe3yJIBTaTax MomeTuposasdus. JocTHxkeHUs! B Uc-
CJIENOBAHMM O30HHOIO CJIOA NOCIYXWIM OCHOBOH
3aknoueHus Benckoit KOHBEHITMH 00 OXpaHE 030H-
HOTo cos B 1986 . 1 MoHpeanbCckoro npoTokosia B
1987 1, orpaHHMYUBIIKX IIPOU3BOICTBO 03CHOPA3Py-
marourx Bediects (OPB) — aHTponoreHHBIX IapHU-
KOBBIX rasoB. brarogapss A€HCTBHIO B TeHEHME NO-~
cnennux 20 JIeT STUX IOTOBOPOB, conepxanne OPB B
crpaToctepe cHuxaeTcs, U ceiiyac, I10 MHECHHUIO He-
KOTOPBIX YYEHBIX, aTMocdepa HaxouuTcss BOIU3N
“TOUKH MepeIoMa” — H3MEHEHUS TPEHAA OT YMEHb-
LIEHMSI O3OHHOIO CJIOS K €TI0 BoccTaHoBIeHuo. Ha-
OMI0JAEMOE CHIDKEHHME TeMNepaTypbl crparochepsl
BAUSET HA BOCCTAHOBIICHUE CIIOS: ¢ OMHOM CTOPOHD,
3aMeAISeTCs CKOPOCTh Pa3pyIEaIoIIUX O30H Ia30-
(ha3HBIX peakiuii B BepxHel crparocdepe, ¢ Ipyroi —
VCWIHBACTCA Pa3pyIUEHHME 030HA B 3UMHE-BCCECHHUE
Ce30HBI B MOJIIPHBIX 00JIACTAX B HUXHE ¢cTpaToche-
Pe B XOAE TeTEPOreHHbIX peakli Ha TacTUIIaX I10-
JASpHBIX CTpaTochepHBIX 001aKOB.

Ha mpeamonaraeMoe BOCCTAHOBAEHUE CIPAaTO-
cepHOro 030Ha, KpOME M3MEHEHMS COASPXKAaHHUSH
MAPHUKOBbLIX razos (BKIOYAS BOAIHOM map), ycune-
HIA MEPMIMOHAIBHONW UMPKYJSILIAW, MOXET TIOBIH-
STBH U HabmogaeMas nmocaeaHue 20 ner TeHaeHumns1 K
YCHASCHMIO XOJOIHbIX 3UM B cTpaTocdepe (a cirenona-
TCIILHO, M Pa3pylIeHus 030Ha) B ApkTuke [6]. Bta
TEHASHUMSE [TONTBCPKIAETCA TToMyIaecMbIMHI B LleH-
TpanbHO asponornyeckoii o6CcCcpraTOPHIL Ha IIPOTA -
Ne 2

ToMm 8 2010



U3MEHEHHUE KIIUMATA 1 CPEJHAA ATMOCOEPA

KeHHH nocaenHux 10 1eT eXeroaHbIMK1 OLIEHKAMM X1~
MUYCCKOTO PaspyHICHUS 030Ha BHYTPU CTpaTochepHo-
ro nojapHoro Buxps B Apktuke {7]|. HMcronreHue
O30HHOTO CJIOf, BBI3BAHHOE aHTPONOreHHbIMU hakro-
pamu, HauboJee 3aMeTHO B APKTUKE ¥ AHTAPKTUKE
BHYTPH ITOJIIPHOFO LIMKJIOHA B 3UMHE-BEeCeHHUIT TIe-
pHOn. 3TOT TIPOTIECC UMEET OONBILIOS 3HAYSHHE AN
COCTOSHUS OKPYXXatolel cpelbl, TAK KaK MOXKET BhI-
3BaThb 3aMETHOE YBEIHYSHUE YpOBHS Y@ pamuaiiiu,
Y10, B CBOIO OYEPEAb, MPUBEAET K HErATHBHBIM IO-
CICICTBUAM [UIE 3MOPOBBS YICNOBEKA M COCTOSHUS
3KOCHCTEMbBI B LUEIOM. Tak, 8 AHTAPKTHIEC BECEHHUNA
MaKCHMYyM Y®-HHICKCOR 3HAYMTE/IbHO MpeBblllaeT
MAKCUMAJIBHEIC 3HAUCHUSA MHICKCOB TPOMHWYECKHX
peruonos. BaxHo OTMETHTh, UTO, B OTJIMMHE OT aH-
TAPKTUYECKOTO TMOJAAPHOr0 UMKIIOHA, apKTHIECKUNA
4acTO CMENIACTCA OT NOAIca B 00JaCTh rycToHace-
JIEHHBIX CPeIHHX IITUPOT, ¥ K KOHITV 3HMHE-BECEHHETO
MepUrona, KOTAa BENIMUNHA XMMMUYECKHX N10Tepb 030HA
BHYTPH TIOTAPHOTO CTPATOCHEPHOIO BUXPS CTAHOBUT-
€5 MAKCUMANLHOIT, OH, KaK TIPaBWIC, PacIioaractesi
waz Esponeiickoii wacrbio Pocenu u CHOHpH.

UHTEHCHBHOCTL OOPA30BAHUSL TIONSIPHBIX CTPATO-
cepupix obmakoB (IICO) B ApKkTHKE U AHTAPKTHKE
OTpeneNisieTcsT TCMICpaTypoil HIDKHEH cTparocde-
PHI: B XOJIQAHBIE 3MMbl BHYTPH CTRATOCKhEPHOro no-
JSIPHOTO BHXpPsT OOpasveTcs 3HAUUTENLHO OONblie
fICO, uem B Gonee Ténuble. Yale Bcero BeRN4MAHY
IICO xapakTepusyoT ux 00béMom. Ha nosepxnocru
qacTUIl [TICO B IpUCYTCTBUM COIHEUHOTO CBETA NPO-
HCXOIUT AKTHURAIINA 030HOPA3PYHIAIONINX BEIISCTB €
MOCJICAYIOUIMM HHTCHCUBHBIM XMMHUESCKUM Da3py-
mIeHWEeM 030Ha. Takum 00pa3oM, B 3SUMHIE CE30HHL C
Dosiee HU3KMMU TEMIlepaTypaMy IMOJIPHOH CTpaTo-
chepol oGpasyercs bosbie ITCO U xuMugeckoe pas-
PYIIICHHE 030HA CIIbHee {puc. 2).

Bonee rounoe 01TMCAHEC B3aUMHOTO BIHSHHUSM H3-
MEHEHUSA O30HHOIO CJOH M KAUMATA SIBASICTCS BaK-
HEeHIIEeH 3amavueii COBEPIIICHCTROBAHUA MOAEIUPOBA-
HU Knumarta. [1pu npoBelieHUM paciEToB C UCIION b~
30BAHUEM KJIUMMATHYECKUX MOomeheii B  pamKax
O0IroTOBKH 4-10 OLIEHOYHOTO JAOKAAAR COCTOSHYE U
H3MEHEHUE O30HHOTO CIIOA 3aTaBaIUCh [IO-Pa3HOMY.
Tak, Upd MOANEAWPOBRAHMKM Oyayllero KiuMara B
OJIHUX MOAEIAX COCTOSHUE O30HHOIO CIOS COXPAHSI-
I0Ch AOCTOMHHBIM, B IPYTHX VUUTBIBATIOCH IIPEIIO-
JAaraeMO€E BOCCTAHOBAEHMWE O30HA K YPOBHIO Hauala
1980-x TonoB, B TPCTLHX CBSI3AHHOE C O30HOM paaua-
HHOHHOES BO3AEHCTBUC HC YUUTLIBANOCh. B Monens-
HbIX pdcyéTax HabmouaeMoro KJiuMaTa, Hau{dHasa C
1979 1., MCTIOAL30BAIUCH PA3NVUHbIE AapaMeTpu3a-
OIM pacnpenesied st 030Ha, COCTaBACHHLIE HA OCHO-
B& aHAJIX3a CIYTHMKOROM WHGOpMaLun.

B Hacrosamiee speMs B pamkax SPARC cosnaéres
8aza eXCMCCAUIHBIX CPEIHE30HATBHBIX JAHHBIX BEP-
THKANbHOTO pacnpeieseHusI 030Ha ¢ 1979 mo 2006 1.,
XOTopas GyIeT IPHMEHATHCS TPU NOLCOTOBKE CICTY-
omero nokitaga MWK misa rcmoab3opaHus Mone-
JMMH, HE UMEKIMMM COBCTBEHHbIX B//0KOB pacucTa
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Puc. 2. Mexrogosas M3MeHInBOCTb 00BEMA TIOMSIPHBIX
crpatocdepubix 081akos ¢ 1972 no 2008 . 1 nojiyyeHHbIE
B [IAO OLICHKM XMMHYCCKOTO Pa3pyYINeHKA OB1IENO CONEp-
XAHWA O30HA B TTOTAPHOM UHKITOHE B ADKTHKC B TEUCHHE
FUMHUX ¢e30H0B ¢ 2000 no 2008 ©. (KRpHBIE TOTKH)

030Ha (B KAYCCTBE BHEIITHETO [TAPaMETPA) U MOJENS -
MW, UMEIOUIWMH TaKUC OJIOKU ¢ LIeJIbI0 BaaWIalMK
PACCUMTBHIBAEMbIX 3HA4EH M, PaceMaTpusartcst Bo3-
MOXHOCTH JaTBHEHIIETO pacIIMPEeHM 3TOi 0a3bl Ha
OCHOBHO# NepHoa moaeabHbiX pacuétos ¢ 1850 mo
2150 ©, omg yiuéra IJOATOTHBIX HEOAHOPOMHOCTEH
pacmpefeneHns 030Ha, a TAKXKC CO3XAHUS Pa3iud-
HBIX BAPUAHTOB 0a3 JaHHbIX, BKJIIOYAKMIMX, HalpU-
MEP, TOJABKO €CTECTREHKHVIO W3MEHYUBOCTb O30HA
(BAMSIHUE COJHEUYHOH AKTHBHOCTH, KBa3uIBYXIET-
HETO 1EMKAa KONEeDAHU I 3KBATOPHANIBHOIO BETPA, W3-
BEPXCHUI BYJIKAHOB} ¥ ONHOBPEMEHHO YUMTHIRAI0-
LIUX €CTECTBCHHYK) M AHTPOIIOTCHHYKY HM3MEHUH-
BOCTb., BepTukanbHOe paspelieHue TaHHBIX O30Ha
OyAET COCTABIATh ~ | KM OT TIOBEPXHOCTH 3EMNHU M A0
BbICOT Me30chephl (~70 Ka).

Jo nocienHero BpeMeHU CUHTANOCh, YTO U3MEH-
9UBOCTL CTPAaTOCHEPH OOYCIOBIEHA W3IMEHUMBO-
CTbIO LIPOHUKAIOIINX B He€ IIaHETAPHBIX BOJIH, BO3HH -
Kawuux B Tponocdepe. 3a noc1eTHAC TOIBL YCTAHOB-
JICHO, YTO W3MSHYUBOCTh IIMPKYASILUMU cTpatocthepbl
OKasblBaetT OOABIIOE BAUSHUE Ha PaciipOCTPaHEHUE
FTAHETAPHBEX BOAH. JipyrMMM CiIOBAMU, CYIIICCTBYCT
IVHAMITIECKasl B3aMMOCBA3h Mexay Tponocdepoit u
crpatocdepoil: cTpaTocCpHEIC IIPOIECCH BO3XEHCT-
BYIOT Ha PAcCMpOCTPAHEHUE U3 TPOITOChephl TLTAHC-
TapHLIX BOJH, KOTOPHIE B CBOIQ QYepeAb BAUSAKOT HA
uupkyJaikio crpatocdepnl. Ilpn 3TOM HUsMenieHne
AUHAMMKY crpaTochepbsl MOXCT IEHCTBOBATL Ha
HUPKYIIALIM IO Tponiocepsbl, HaNpUMep, Yepes oTpa-
KeHMe [DIAHCTapHBIX BOJIH U UX IOCEOVIONIEe pac-
IpocTpaHeHue B rponocdepy.

Baxueluinm NprMepoM AMHAMWYECKOIO B3au-
MOJICHCTBHSA CTPATOChe PRI U TPOTIoCthephl ABASIOTCSH
OCHOBHbIE MOJbl KIMMATUUCCKOM HM3MEHYMUBOCTH,
KOTOPBIE OXBATHIBAIOT B 000OMX MOJAYLIAPUX AUalia-
30H BBICOT CTpaTochepH 1 Tporocheps! A0 MOBEPX-
HOCTU 3eMIN, U3MEeHEeHHWe KOTOPLIX XapaKTepHU3veT
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HaOMI0MacMbie PETHOHANIbHBIE KAMMATUYECKHE ME-
pemedbl. Tak, Cepepo-ATHaHTHYSCKOE KoleOaHue
(CAK), onpenensseMoe PasHOCTBIO aTMOCHEepHOro
OaBjicHUsI B 00NacTM MCIAHACKOrO MWHUMYMa H
A30pCKOro aHTMUMKIOHA, (GOPMHPYET KolcOaHMe
WHTEHCUBHOCTH 3amagHoro mcpeHoca. [lonoxun-
TeabvHasa (aza CAK, XapakTepn3yiolasicsi CHbHbIM
M YCTOMUMBEIM CTPATOC()EPHBIM NOASPHBIM BHXPEM
B ApKTuKe, cBA3aHa C CIWIBHBIMU 30HATBHBIMU BeT-
paMu OCOOCHHO Haml ATHIAHTUKOM, YTO MPHUBOJUT K
YCWICHHIC IUKAOHUYECKOH aKTMBHOCTH Hal CEBE-
pom AtnanTuku. B 3To Bpems morona CesepHoii EB-
ponel ¥ GONBICH YacTH AMepuku Gosee Tenaasi u
BNaXkHad, a B JOxmo# Espone 6osee cyxan, uem B Te-
ycHue orpuuatensuoit ¢gaspt CAK. YcraHoBncHa
cBsi3b (haser CAK ¥ IpHU3cMHOM TeMnepaTypsl 60ab-
wei vacty EBporneiickoit Poccun B 3MMHKE MECSILEL.
Ha6monrapuieiicst 8 1960—1990 rr CHIBHLIL TPCHA B
CTOPOHY TIONOXUTEILHONH ha3kl COOTBETCTBOBA
3UMHEMY IIOTEIUICHUIO B Poccuu (¢ MaKCHMYMOM B
EBPOIICHCKON 4acTW) B TNOCIEIHUE IECATWICTHS
XX B. HApyroil n3MeHUMBOCTBIO KIMMATa SIBJsieTCH
TuxookeaHckoe xoncbaHue, KoTopoe B MaciuTadax
OeCATWICTHH XapaKkTepu3yeT CMEHY aTMOC(HEPHLIX
OKeaHUYeCKKX napaMeIpoB B Tuxookeanckom—Ce-
BEPO-AMEPUKAHCKOM PErUOHE.

Hcceaedosanue enesanmvix cimpamochepruix nomen-
aenutl. ObHapyxeHHbIe B 1952 1. BHE3aITHLIE CTpaTO-
ctepiivie noreruieHus (BCI1) asnsioTess oaHUM U3
APKMX MPUMCPOB IMHAMHWYECKOTO B3aHMOICHCTBYA
Tponocdeps n crpatoctepst. IIpOHCXONSIIHNE B Te-
YeHHUe 3MMHEF0 — Hadaje BECCHHETO CE30HA B ApK-
Tuke 1 AHTapktuke BCII xapaktepusyorca GwicT-
DPBIM ¥ 3HAYKUTEJIbHBIM YBEJIMYCHHUEM (32 HECKOIBKO
CYTOK Ha OECSTKH TPaTyCOB) TeMIepaTypbl NOASp-
HOHU crpaTocdepbl, YMEHBUICHUEM CKOPOCTH 30-
HANBHOMO BETPA W U3MEHEHHEM CTO HAIIPaBAEHMUH,
HapyIeHHEeM H30JIMPOBAHHOCTY, OCAxbaeHuemM, a B
HEKOTOPBIX CIVUAsX U pazneneHuemM crpatochepHo-
T0 rmosisipHoro Buxps. Bosuukuonenue BCII cesazano
€ B3aMMOJAEHCTBUEM PACTIPOCTPAHSIONIUXCSH U3 TPO-
nocdepsl B cTpaTochepy NAAHETAPHBLIX BOJH M 30-
HAJIBHOW LUMPKYIAUHW, KOTOPOMY IIPEANISCTBYIOT
Neproibl UHTEHCUBHOTO PACHPOCTPAHEHUS TUTAHE-
TapHBIX BOJIH U3 Tponocdeps! B cTpatochepy B Cpex-
HUX W BbICOKMX inpoTax. Ecin B o0hYHOE BpeMs
SosbuIas YacTh NPOHUKAIOIIMX B ¢TpaTocdepy na-
HETAPHBIX BOJIH B PE3VILTATE B3AUMOACACTBUS C 30-
HAJBHBIMU BETPAMU NEPEHAMPABASETCSA K SKBATOPY,
To nepea BCTI, Gmarogaps oco6bIM YCAOBHSIM LIUP-
KVJBSIIUA B cTpaTocdepe, MAET UX MepeHanparieHue
K TIOTIOCY.

Jonroc BpeMs cumranock, 4to BCIT — uckiouu-
TeNbHO cTpaTocdepHble, He BARAIONIME Ha TPOIIO-
chepy apnenund. OmHako 3a riociaenHue 12 ner 6uu1o
YCTAHOBJIEHO, 9T0 cBsizaHHbie ¢ BCIT u3MeHeHHT a1-
HAMUKU MOTYT PaclIpOCIPaHITECSI M3 CTpaTocdephbl
Ha Tporocoepy [8]. BTU pesynbraThl ObLIM NOATEED-
XKICHbI MOAeJbAbIMU pacuétamy [9]. Bonee 20 et

BECTHHUK POCCHNCKON AKADEMUKW HAYK

Hazan Maklupuk u Jlymac moKasaiH, YTo CBSI32H-
Hele ¢ BCI1 usMeHeHns: AMHAMMKW cEpaTocheps
NPUBOAAT K 3HAYUTE/NbHBIM AHOMAJIUSIM TIOFOILI B
CIHIA B suBape—@eBpale, B TOM 4MCAE PasBUTHIO
CWIBHLIX OJIOKUPYIOIMMX AHTULUKAOHOB U CHUXE-
HUIO Ha 25% UWKIOHWYECKOH aKTHBHOCTH [10].
B nanpHeH1IEM 3TH PE3YIBTaTH MOMTYYILUTH PA3BHUTHE:
HAIIPUMED, IO MHEHHIO TOMIICOHA M APYTUX UCCTE-
gosatenell, 3nu30Abl 3HAYHMTENIBHOIO OCIabIeHUS
cTpaToCHEPHOTO IMMOIAPHOTO BHIXPST B ADKTHKE YACTO
TIPENIIeCTBYIOT AHOMATLHO XOJIOAHBIM TIOTOIHBIM
yCNoBUAM (Ha NepUON IO 2 MECAIIEB) B T'YCTOHACE-
JNIEHHBIX palioHax Ha BocToXe CeBepHOIT AMepUKM, a
takke B CeBepHoit EBporne u Boctounoit Aszuu [11],
B uacrnocty, Kogepa npeXuonoXuI, 9TO IIOCIE
BCIT B ApkTike B MapTe 2007 . MUBMCHEHUe XapaKTe-
pa paclipoCTpaHEHHsT ITIAHETAPHBIX BOAH M WX OTpa-
XeHue n3 crparocdeps! B Tporochepy NMpHBETIH K
3KCTPEMAIbHBIM XOJOMHBIM ITOTOTHBIM YCJIOBUSIM
Haja ceBepo-BocTOKOM CeBepHoii Amepukn [12]. Hc-
CICOOBAHUE CBSI3M CTPATOCHEPHBIX TIPOIECCOB U
AHOMANBHO XOMOAHBIX IOTOKHLIX YCIIOBHI TPOBOIV-
auck U B Poccnu [13].

Bmusnue BCI1 Ha uupkyaauuio cTpatochepsl 1
Tpornoctepbt HE OTPAHMIUBASTCS CPCAHMMA U BbICO-
KUMM IIUPOTaMH. YcTaHoBleHO, uyTo BCIT B ApkTi-
K€ MOFYT BBI3BATh OXJIAXXAEHNN Tponocdiepsl B KB4~
TOPHUAJIbHOM PETMOHE W3-3a VCHICHHUST MEPUHIMIO-
HaJlbHOM UHpKysiuu. AHanui BCII B ApkTuke ¢
1979 50 2003 r. nokasan, YTo M3-3a HUX IIPOUCXOIUT
YMEHbLIEHWUE TEMTIEPATYPB! H YCHIEHHC KOHBCKTHB-
HBbIX MTPOLICCCOB B 3KBATOPHAIBHONM HUXHEH CTparo-
cdepe — BepxHeii Tpomocdepe. DToT 3hdekT ObIA 3a-
¢dukcuposaH u nocne rnasHore BCII B AHTapxTHKe
B cenTaOpe 2002 r [14]. YeraHOoBAEHO, YTO 3HAYM-
TCIIBHBIE U3MEHEHUS CTPATOCHEPHOTO MOJIIPHOTO BIX-
D5t B ADKTUKE MOTYT OIICPEKATL IPHMEPHO HA 2 MECSI LA
U3MEHECHIIS TpOIIOCHEPHOI HUpKyIsiLmy [15].

Bosuankuopenuio BCII 8 nostsipHbIX LUMPOTAX MO-
TYT CIOCOOCTBOBATL OCOObLIE YCAOBMS LIAPKY/BILMA
(HalipuMmep, HM3KOYACTOTHBIC KOJNCOAHHMA 30HAIE-
HOJ HUAPKYASUHT), B3aMMOIeHCTBUE BOAH PA3INY-
HBIX Maclrtabos, B YacTHOCTH, BOJIHOBBIE ITAKETHI,
NOABIEHUE KOTOPHIX MOXKET OBITh CBABAHO C KOHBEK-
TUBHBIMH IIPOLIECCaMU B 3KBATOPHANbHbIX M TPOMM-
HECKMX ITHPOTaX. PaciipocTpaHtsisich B HANPaBISH UM
CPCOHUX WIMPOT, 3TH BOSHOBBIC TTAKEThl MOTYT TIpH-
BECTH K YCUIIEHHIO AaHTUIHKIOHOB H YCUIICHHIO pac-
TEPOCTPAHCHHS TUTAHETAPHbIX BOJH U3 TPOMOCheEphl B
crparocdepy, Kak 3To ObLTO ITOKA3AHO MIPU UCCIETO-
Banuu BCTT 2002 . 3 AxTapkTuke |16]. OTMETHM,
YTO CHIBHEHIIEMY M3 BCcX HAOAKOAABLIWXCH B AH-
TapkTuKe U ApKTHKe BCI1 2002 ¥, nocesilwén psia ue-
CIEUOBAHWI, OCHOBAHHbIX Ha aHAJIH3¢ JAaHHBIX Ha-
OnoaeHMH U pe3yJbTaTax MogeaupoBanust | 17].

JduHaMidcckass B3auMoOCBsidb  Tponocdeps W
crparocdepst B cnydae BCII nposipngeTcs ciaenyo-
LLEMM 00Pa3oM: TPOIoCchEPHEIE IIPOIICCCHI BIMSIIOT HA
crpatocdepy (MOIYT CIIOCOOCTBOBATL BO3HUKHORE-
2010
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Prc. 3. M3MeHEHHE CPCIHE30HLIbHON TeMIICPATYPbl, OCPEIHCHION 110 06macTi 80-~90° c.ur. ma 10 I'Tla (~32 km) (CIUIOLIHAA
JMHUA, K4 CAPaBa), CPEMHEIOHATBHOTO 30Hanbioro BeTpa U (M/c), ocpeIHEHHOro 1o 06IacTy 50—80° ¢.w. wa 10 I'Tla

{NyHKTUP) K CPCOIIE30HAN bHOI0 MCPHAMOHAIBHOTO IIOTOKA TN v (K m/¢), ocpeauéHitoro no oéaactu 50-70° c.ni. Ha
100 [1Ta (~16 xM) (roukn} ¢ 1 ackadpst 2008 1. mo 31 Mapra 2009 . (114 ABYX NOCTETHHUX [APAMEIPOL — WIKAKA CreRa)

nuw BCII), mocie uero cTpaTochepHBIC IIPOLECChI
MOTYT 0Ka3aTh 3HATUTENbHOEC BOJICHCTBME HA THHA-
MUKY Tponocgepsi. B KauecTse nprMepa Ha pUCyHKe 3
[IPEACTABICHO H3MEHEHICE CPEMIIe30HATBHON TeMNe-
paTYPEL B NOJSIPHEIX 1IUPOTAX, CPEMHE30HANLHOTO
peTpa B obnacTy S0—80° c.ir. Ha BicOTE ~32 KM, a
TAKKE CPEAHC3OHATFHOTO MCPUIHAHANBHOrO IIOTO-
Ka TeIUla — MHAMKATOPA PacrnpoCTPAHEHWUA TnaHc-
TAapHbiX BOIH U3 Tponocdepst B cTpaTocdepy B obna-
ctH 50—70° c.ui. Ha BBICOTE ~ |6 KM B TEUEHWE 3UMBL
2008/09 tT. Bunno, yro ¢ 16 no 22 sxaps 2009 r. s
PE3YILTATE OAHOTO U3 cambix CHIBHBIX BCIT B ApK-
TMKE 3a TIOCIeJHKUe TOABI TeMMEepaTypa NOJSpPHOMU
cTpaTocdepsl BbIpocna Soabure yeM Ha 50 K, cko-
POCTE 30HANPHOIOC BETPA W3MEHWTACH OT +45 o
—20 m/c, CMCHHB HanpapJICHUE C 3anaAHoro Ha BO-
crouHoe. B pesynsrate DOMapHbli BUXPb 3SHAYUTENb-
HO ocnab u pazaenmuics Ha IBe yacTH. CToJb CHIbHOE
YBEJIMUEHHE TEMNEPATYPhl NPHUBEIIO K 3HAYMTEIBHO
MeHbIUEMY O0pa3oBaHUIO TOMSIPHBEX CTpatocdep-
HBIX oOnakos U, KaK PEe3yibTaT, — obuee 3a 3uMy
2008 /09 IT. X¥MuYeCKOe pa3pyilieHHe 030HHOTO CIOs
B APKTHKE GBUIO O{HUM W3 CAMbIX MAJIBIX 34 TIOC/IE/ -
Hue ronbl. OTMeTHM, 4To HacTyiuieHuo BCIT mpen-
WEecTBOBATO (Ha ~5—8 CYTOK) XapaKTepHOE Pe3Koe
YBEITMUEHWE PACITPOCTPAHEH U IUIAHETAPHBIX BOMH B
BBICOKHUX CEBEPHbBIX UIUPOTAX U3 TPOTIOCHEPDI B CTPa-
Tocdepy, XapaKTepy3yeMoe CPEAHE30HAIBHEIM MEPH-
TMOHATHHBIM noToKoM Teria Ha 100 T'TTa (~16 k).

HeoGxoaumo orMeTuTh, 470 BCIT Kak B ApKTHKE,
TaK ¥ AHTAPKTHKE PA3JIMYalOTCsA MO HHTEHCHBHOCTH
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U IPOAO/UKMTEIIBHOCTH, d 3HAYKT, 1 TIO fIOCHEeNCTBH -
M IUISE BMHAMITUECKMX W XMMHUUYECKHX NIPOLECCOB B
crpaTocdepe—Tponochepe NONAPHEIX  PEruoHOB.
BaxkHbiM BOIIPOCOM SIBASICTCS HCCReNOBAHUE AMHA-
MuIecknx (hakTopos, onpegessionux cuny BCII,
HANpPKMEp, CNOCOGCTBYIOMIUX pPAcnpoOCTPAHEHUIO
BCTI B rpornochepy. Mcuonb3ys naHHbie EBponeii-
CKOTO LEHTpa TIPOrHo30R [18], ObUI IIPOBEAEH KOM-
No3UTHEIN aHanu3 Habmonasinvxcst BCII B Apktyike
¢ 1957 no 2002 r., nmoka3apllidii, 9TO NPOHUKHOBE-
uio BCIT B Tpomocdepy cnocoGcTByeT Oonbuias
WHTEHCHBHOCTb IHIAHETAPHOHN BOMHEL ¢ 30HATBHbIM
BOTHOBBLIM YHC/IOM & = 2 B nepuon passutisa BCIIno
cpaBHeHuio ¢ TeMu BCII, curnall KOTOpbIX He pac-
NpOCTpaHASTCs B Tpomochepy.

B HacToAuee BpeMs HE Bce KAMMATUIECKUE MO~
IeM OOLICH IMPKYISIIMU OXBaThIBAKT BECH THANa-
30H BBICOT CTPATOCHE P, 3HAUUTCIIBHASA YaCTb MOSC-
neit orpannydeHa yposHeM 10 rTla (~32 kM). Pesysnib-
TaThl cpaBHEHMA BocTiponsBeacHus BCI1 B pacuérax
¢ HCTONB3OBAHUEM KAUMATHISCCKIX MOJelel, OXBa-
THIBAIOLIMX AMAIIA30H BBICOT cTpaToCcheph! ¢ 10CTa-
TOYHBIM pa3pelleHUeM [0 BEpPTUKAIH, IIOKasasu,
yro X0T4 oTHexbHblie BCI1 B G0MbIMHCTBE MOIEIEH
BOCIIPOM3BOJSTCS TOCTAaTOYHO XOPOIHNO, MMEITCA
3HAYUTCABHBIC PACXOXICHHSA B BOCIIPOU3BEICHMWM
yactorsl BCTI nmo cpasHEHUIO ¢ HaGmoacHUAMH [ 19].

Hzyuenue empamocgepro-mponocheproeo obmena
uMeeT GoabliIoe 3HaYeHue TS IIOHHMaHMs1 TPOIIEC-
cOB MEPeHOca M CBA3aHO € TPobneMaMIl KTMMaTnye-
CKMX U3MCHEHMH. Tak, MacCoOOMEH Yepe3 TPOIToIay3y
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OnpeaenseT MepeHoC O30HOPA3PYLIAIOHIMK KOMIIO-
HEHTOB B cTpatochepy W BEPTHKANbHOE paciiperesie-
HHE TaKUX KIIIOEBBIX KIUMAaTO0OPpasylIunX KOMMO-
HEHTOB, KAK 030H B BOAAHOK Tiap. [1oCKOABKY TpO-
nornaysa NPeACTaBaseT cob0M MONYNPOHULAEMbIA
AVHaMHKIeCKUi Oapbep, BAAXKHBIN TponochepHblii
BO3AYX IIPOHUKAET B cTpaTochepy, a Goraroii 030HOM
cTpatocdiepHblid BO3AYX OKA3bIBAETCSI B Tporiocdepe.
B coorBeTCTBHY C ITO0ANBHOR MEPHUANOHAIBHOM LHp-
KyJstimeit BO3IYITHEIC YaCTHIILL W3 TPOTIochepnl IO~
HUMAIOTCA B CTpaTtocdepy B TPONMYECKUX LINPOTAX,
B TO BpeMs Kak cTPaTocepHbIM BO3AYX ONYCKASTCS! B
Tpomocdepy B BEICOKMX MupoTax. OxHako Maccoot-
MCH Uepe3 TPOIIOay3y IIPOUCKXOINT ¥ B PpETHOHAIb-
HOM MacIuTade B CPEIHMX JIUMPOTAX HA IPAHULAX
LHAKJIOHOB M aHTULTHKIIOHOB.

MakcUMATLHEIE TMTOTOKM CHHOITTHYECKOTO Mac-
wrraba HabNBAAIOTES 3UMOM, B NEPHOA HAMOONbLICH
AKTHBHOCTHM NJIaHETAPHBIX BOAH. Pe3yarTaTh Mccie-
IOBAHUA KOPPEIAIMH TpaccCpoB B palioHe TPOITONa-
y3bl CBUAETENIBCTBYIOT O HANWUHM CIIOSI CMCHIMBA-
HHS, XapaKTepU3yIOLLETOCH MTPUCYTCTBUEM BO3MYHE-
HBIX MAacC TPOMOChEpHOro U cTpaTochepHOro
npoucxoxaeHus [20]. AHanun3 opHOBpeMEeHHEIX Oaa-
JIOHHBIX U3MEPEHMIT 030HA ¥ BOASHOIO napa u tpa-
€KTOPHLI aHaIH3 B 00NMACTH HaOMIOMEHUH IoKa3a-
JIH, YTO CEOM CMEIIIMBAHUSI B BHICOKMX IIIMPOTax pac-
NOAOXKEH HaA Tpononays3oi (1o ~2.5 kM) |21]. Ecau
B cTparocdepe ryduHa MaccOOOMEHa He TIPERbIIa-
el TOALIUHY CIIOS1 CMEHIMBAHMSL, TC B Tpollochepe
OHA 3HAYWTENbHO DOAbLLE W3-34 UHTEHCUBHbIX BEep-
THUKANBHBIX ABMXeHUH, KBasuropusoHTanbHbIN 06~
MEH UCPe3 TPOIIOIay3y MIET B MECTax €€ HaK/IOHA.
Pe3ynsraTht TPAeKTOPHOIO MOACAMPOBAHUS! [TOKA3BI-
BAIOT, YTO MAKCMMAaJIbHBIC IIOTOKM YEpe3 TPONonay3y
HabMoua0Tcs 3UMON 1 UMEIOT TIpcobiagaronice Ha-
npasfieHue 13 cTpatocgiepsl B Tponocdepy.

Hccaedosanus eodanozo napa. bnarogapa csoum
PAIVAIIMOHHBIM B XUMITIECKAM CBORCTBAM BOASUION
11ap — BaXXHCHIIMH CCTCCTBCHHBIM ITAapHUKOBLIM ras
atMocdepbl, AHTPONMOreHHbII BKJIAI B €0 COAepXKa-
H¥E COCTaBIsgeT MeHee 1 %. PacipenencHne ROASTHO-
ro Napa HEPABHOMEPHO Kak 110 3eMHOMY IIApY, TaK 1
IO BRICOTE M ONPENENAeTC [AaBHRIM 0Bpa3zoM TeM-
mepaTypol Bo3myxa. BpeMs XX13HU BOOSHOTO Ilapa B
aTMocdepe JOCTATOUHO MaJIo M COCTABISIET IIOpAAKa
10 cytox. OH BHOCHT 3HANUTENbHbIA BKIIAA B TIRPHH-
KOBBIH 2PGEKT, NpU 3TOM C POCTOM TEMIIEPATYPbL
TIPOUCXOIUT VBEITMMCHUE CONEPXAHWA BOISAHOIO [1a-
pa B aTMocdhepe, yCHaAnBaeTCs NapHUKOBbIH 3¢ dexT,
qTO CIIOCOOCTBYET MafABHECHIIEMY YBENNYEHUIO TEM-
mepaTyphi. KpoMe TOTO, BOITHOM Imap RIWSET Ha pa-
AMALMOHHBIA OalaHe atMocdepH (a 3HAUUT, U Ha
KJUMAT) vepe3 U3MeHeHue 0DJAUHOCTH W PCXUMA
OCAaKOB.

B nosnsipgoil cTpaTocdepe BOATHOM 1Iap 0CobeH-
HO BAXEH AT XMMHUUYECKUX NPOLECCOB, BIUSIIOIIUX
Ha O30HHBIA ¢TI0, AKTHMBALIMA pa3pyllalomnX 030H
COeMHEHUM IIPOMCXONUT Ha YacTHIIaX IOJBIPHEIX
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cTpatocepHbx obnakoB. CkOpocTh MX obpasosa-
HHS 3aBHCHUT OT TEMITEpaTyphl W BAAXHOCTU. Bos-
MOXHOE YBETHUYEHNE COASPXKAHUS BOAMHOTO IIapa B
TIOTNISIPHOM cTpaTocdepe MOXET IMPUBECTH K YCWIe-
HMIO Pas3pyLieH st 030HA B 3UMHC-BECCHHME CE30HBI
B ApKTHKe 1 AHTapkTHKe. BogsiHoil nap taioke UMceT
3HAYCHHE 1 XMMUUYECKOro coctaBa atMocdeps! B
Ka4eCTBE HCTOUHMKA pagukana OH — BaXHOTO OKMC-
JINTEJIS MTAPHUKOBbIX TA308 (B TOM YHUCIE METAHA).

COI"J'IECHO NMOCACAHUM HUCCIEOIOBAHUAM, KOINYE-
CTBO BOISHOTO Tapa B Tpomocdepe YBeIMIMBaCTCH,
ocobeHHO Han okeaHaMmu: ¢ 1988 mo 2004 rr. ofmice
COAEpXaHUE B BEPTUKANBHOM CTOA0E POCHO CO CKO-
poctbio 1.2 £ 0.3% 3a nexany, 4T0 NPUBOANAO K POCTY
KOAMYECTBA BIATH UTS OCAgKoB. B BepxHEH Tporro-
chepe TOUHO OLUEHUTD JONTOBPEMEHHbIE U3MEHEHHS
SHAYMTEIBHO CHIOXKHES, OONAKQ JaHibie MOATBEp-
KIAIOT III00IBHOE TIOBBHIICHUC COMCPXAHUSE BOIA-
HOTO Mapa 3a NOcASAHME ABa pecsitwieTus. B 3toit
CRA3W DaNOHHOE 30HIMPORBAHWE, CAMOJETHBIE U
CIIYTHHUKOBLIC HCCICIOBAHWS BOISHOTO IIapa HMEIOT
BAaXHOE 3HaA4YeHWe 113 VAYYIUCHNUA NOHUMAHHI KaK
BO3MOXXHOTO M3MEHCIIMS €T0 COMepXaHus B TPOrno-
cepe ¥ cTpatocdepe, Tak U 0OCOOEHHOCTEH TIPOLIEC-
COB ero nepeHoca us tponocdepsl B crparocdepy.
YunTeIBas poiik BOOSHOTO Napa B pa/MallMOHHOM Da-
JIAHCE M XMMMHUYECKOM COCTaBe CTparocdephl, TOYHKIE
LIpeCcKazan s BIHSIHUS MU3MEHCHHM KIMMaTta Ha 3BO-
JIFOIIMIO BOISTHOTO TIapa HEeBO3MOXHEI 0e3 AeTambHOro
TIOHHUMAHMS ITIPOIICCCOB. B TO XKC BpeMs KIMOUCBYIO
POSIb ISt KOPPEKTHOI'O OINMCAHUS lepeHOca BITATH U3
Tponocdiepbl B cTpatocdepy UIpardT BbICOKOTOMHbLIC
M3MEPEHMA KOHLIGHTPAlIMK BOAAHOro napa B obactu
BepxHEi Tporocdephl H HIKHCH crpaTocdepnl. Taxkue
M3MEPEHHA, TIPOBOAUMBIC C BBICOKHM [MPOCTPAHCTBEH-
HBIM pa3pellicHUEM, IIPEACTABITIOT COO0H CIOXHYIO
TEXHUYECKYIO 3ama4y. OTMEeTHM, YT0 CIIYTHUKOBEIC Ha-
BaroagHUA, UMeloUIne r106anbHOE MOKPLITUE, HO HU3-
KOE€ IIPOCTPANCTBEHIIOE PaspelieHNe HE CHOCOGHBI
BOCIIPOU3BOIUTL TOHKYK) BEPTHKAIBIYIO CTPYKTYDY
110151 BAAXKHOCTY B 001ACTH TPOTIOMAY 3B,

B nocaeaHue roasl nporpece B NOHMMaHUU MeXa-
HU3MOB QOPMHPOBAHUS BEPTUKAIBHOTO Pacnipene-
JIEHUSI BORSIHOI'O (1apa MOCTUTHYT Ha OCHOBE Pe3yib-
TATOB U3MEPEHUIt BJIAXXHOCTU BepXHeil Tponocdiepsl
U MIKHEeH crpatocdepsbl ¢ MOMOLIBIG ONTUYECKOro
ayopecienTHOre rurpomerpa Flash, paspaboraH-
Horo B LlenTpanbHoO# aspoiioruueckoil obcepnaro-
puu. Flash zapekomMennonan ceda Hannyuinm obpa-
30M BO BpEMsI MCKIYHAPOIHLIX CAaMONETHBEX H 23p0-
CTATHBLIX NOJACBEIX MCCHCHOBAHMI, HAIIPHUMEP, B
3anaaHow Adpuke B 2006 £, B Kocta-Puke 8 2007 1,
a Takke B Punnauauu B 2008 1 2009 rr. OrMeTHM,
YTO Cceiiiac B MHpE HMCIIONB3YETCS B OCHOBHOM JBa
GannoHHbIX FUTpoMetpa — poccuiickuii Flash [21] u
amepuxaHckuii NOAA,

C [IOMOIILI0 POCCHMCKOrO TMIPOMETPE HaMu
BriepBble ObUTH NOJIYYeHLI HATYPHbIE CBHAETCARCTBA
KOHBEKTUBHOTO YRJIAXHEHUS HUXHEN Tponuueckoi
Ne 2
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crpatocdepsl. MexaHu3M 3T0TO Tpollecca MOXET
FMETH CYHIECTBEHHOE 3HAYEHUE B 100ATLHOM Mac-
mTabe, OAHAKO OIICHKA €T0 OTHOCHUTEJILHOIO BKIIAHA
B CTpaTocdepHblii GIOAXET BNAXKHOCTH TPeOYeT Nah-
HeWImX Uccnenopalmi. M3yueHue 3T0ro A Opyrux
MEXAHU3IMOB TponochepHo-cTpaTochepHoro obme-
Ha OYEHB BaXHO, TAK KAK OT AOCTOBEPHOCTH U TOY-
HOCTH IIApaMeTPH3aLuH MTROLECCOB, ONpeaeIaionX
BILKHOCTE CTPATOCHEPHI, 3aBUCAT Pe3yabraThl MO-
JeJIbHBIX PACYETOB IO TIPEACKA3aHWID KAUMATHYE-
CKMX U3MeHelM i, B HacTosilee BpeMsT B KIIMMaTH e~
CKMX MOJIENISIX TIPOLICCCHI MacITaba MEHbLLIErO, YeM
APOCTPAHCTBEHHOE PA3PeICHUE MOICTH (KOHBEK-
THBHBIA Tepenoc, TypOyaenrdas muddysusa, obpa-
30BaHHe O0JIAKOBR M OCAAKOB), TOMHO He BOCIPOM3-~
BONATCS, 4 IIapaMETPH3YIOTCH € HUCMIOAL30BAHUCM
IMMUPHUHECKUX 3aBUCUMOCTCH, OCHOBAHHLIX HA AaH-
HEIX HaGIIOACHHUIA,

Bzaumocense mponocgeper U cmpamocepni.
Ha 6ostbiimMx BpeMeHHBIX IEpHOIAaX CYLISCTBYIOT He-
CKONBKO AMHAMWYECKHMX NPOLIECCOB B cTpaTocdepe,
B0 Ha Tpomochepy. Cpean Hux OTMCTHM
KBASW/ABYXIICTHYMC XKOJIe0aHHs 30HANBHOTO BETpa B
cTpartocdepe, KOTOPbie U3 TPOITHKOB PacIIpoCcTpaHs -
0TCA Hepes BCio Tponocdepy v BIUAIOT HA HUPKYIId-
10 CTPATOCHEPD CPCAHHX U BBICOKUX [IUPOT.

CrparochepHoe KBasuABYXICTHEE Konebaune
1KIK) cKOpoCTI BeTpa MpOsIBASIETCSA B TOM, YTO Ha
BeIcoTax 20—30 KM B OKPECTHOCTAX 3KBATOpA BETCD
JyeT ¢ 3a11a1a Ha BOCTOK IPUMEPHO B TEYSHUE road,
a 3aTEM NPUMEPHO B T€YEHHE TONA-TIOIyTopa — ¢ BO-
CTOXAa Ha 3aI1afl. DTO ABICHUE JIMIUb B NOCAeAHNE TO-
bl YIATOCh BOCIIPOM3BECTH B MOIEIsEX KityuMara. Ec-
JIM APOaHAJIM3WpPOBaTh AaHHble HAOMIOACHUH 34 I10-
cremaue 50 meT, To okaxeTcs, uto KJK siuusieT Ha
TOTONY V MOBCPXHOCTH 3eMIU. Tak, 3UMOit B 3anan-
#oi daze KJIK B ymepennbix nmporax CeBepHOro
HOIYIIapHus CKOPOCTh 3aIaJiHOTO BETPA Y 110BEPXHO-
CTH 3eMAM B cpeliHeM HCMHOTO OOJIBIIIE, a 3HAUUT, U
yeMmeparypa Ha Gonbluel yacTd PoccHm HEMHOTro
BHIIIE, UEM B BOCTOUHOM hase. Ho ciieltyet ITOMHUTD,
9T0 3TO BIAMSTHHC HC CAUIIKOM CHIBHOE, U NPOrHO-
IMPOBATh, Kakoi Oyaer 3umMa, HaTIpuMep, B Mockse,
HCIIOAL3YA TOJIBKO AaitHeie o haze KK, Henbss.

HpyruM TIpUMEpPOM SRISETCA BbIOPOC W paclipo-
cTpaHeHue 1o crparocdepe a3po30is IIOCE MOLl-
HHX H3BEPKEHMI BYTKAHOB. 3HAYUTCABHOE YBEJM-
geHre COICPXAHHIS a3po30is B cTpatocdepe 110CIe
M3BEPXKEHUN 11PUBCIO K YMEHBIICHMIO JOCTUFAO-
et 3eMIM COTHEYHON PATHAITHYA ¥ CHIXKEHNIO TI0-
DR ThHOI CPEAHETONOBOM TeMnepaTypsl. UMCHHO Ha
aroM 3ddexre GasupyeTcs OOUH H3 METONOB NO
SICPXHMBAHMIO OYJyLIEro rnoGaTbHOTO TIOTEIUICHUA
3eMIIH, COITIACHO KOTOPOMY HEOOXONUMO 3a0pOCHTE
B cTpatocdepy ONPEAcNEHHOS KOAWYECTBO aspo-
301bHBbIX YacTyuu. McenepoBaHusg 110 3TOW TEMAaTHUKE
mpoBonarcsa B MHcTuTyTe nobansHoro KiuMaTa |
3XooTHH PocrunpoMera 1 PAH [22], a Takxke ¢ He-
HOIb30BaHHEM Jiydwinx B PoccHM KIMMATHMECKMX
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mMogeneil — COBMECTHOM MOAENUW obuieil LIMPKYIs-
upy armocdepsl 1 okeada B MHCTHUTYTE BBIYUCIU-
TeIpHOH Matematrukn PAH, Momemu mpoMexXyTou-
HOWM CIOKHOCTH OOIIell HUPKyAsiuué aTMocdephl
Hucturyra pusuku armocdepsl PAH [23] u moagau
ofmmel mupKysiimu atmocheps D1aBHoO reodusu-
yeckoil obcepBaTopun Pocrunpomera [24]. [laHHoe
HaTIpaBNEHUEe WCCICIOBAHMI PAa3BUBASTCA TAKXKE B
CIIIA v TepMaHuK, B TOM Y4HACIC TIOA PYKOBOACTROM
HOGENEBCKOTO Jlaypeara M0 XWMHH IIpodeccopa
1. Kpyruena [25-27].

TIpuBeaEM ewré HeCKOABKO IIPUMEPOB CTPATO-
c(hepHBIX MPOLECCOS, BAUSIIOUINX Ha Tponocdepy, B
TOM UMCIIE M F1a NPU3EMHYI0 Noroay U KrumMar. Co-
IACHO JAHHLIM HAGIIOACHTI, B nOCAeTHUE TeCaTH-
JIETUA YBEAWUMBACTCS CKOPOCTH 3alafHOTO BETpa B
yMEPEHHLIX WpoTax oboux moiymapuii. UMeHHO
3TUM B OCHOBHOM OOLACHSIOTCS TEIAbIC 3UMMBlI B
Poccuu B nocnesnue 10—20 JICT IO CpaBHEHMIO ©
MIPEIUISCTBYIOUIMMY rogami. B 10XHOM IOAYIIapHu
OMHOI U3 TIPUMHH VCIJICHHSA APU3EMHDbIX 3aITATHEIX
BETPOR B YMEPEHHHKIX MIHPOTAX SIBISIETCS YMEHbLLE-
HHE COISPXKAHMSI 030HA B BLICOKMX mmpoTax. Co-
rnacHo QIICHOTHOMY AOKJIaRyY, B MOAEIHX KIUMaTa,
YYMTBIBAOLIUX UCTOIICHIC O30HOBOIO CJIOA B CTpa-
Tocepe Ham AHTAPKTUKOW B NOCICIHAE OeCATAIS~
THA, YCUJIEHHUC 3allaTHBIX BETPOB B HO>KHOM NOJyLIa-
PHH IOMYYUNOCch OAn3KkuM HabIIOdAEMOMY, a B Te€X
MOIEJISIX, TAES 3TO YUTEHO He ObL10, YCUIICHUE 3ama-
HBIX BETPOB IUTH BOOOLIE HE MTPOMCXONILIO, WU IIPO-
UCXOAMIIO MCIUIEHHEE, YeM TIO JaHHbBIM Habawoae-
Humit. B To ke BpeMs ananoruuHoe siBiieHUe B Cepep-
HOM IHOUIVIIAPHH ITOKA HE IIOIVUMA0 OOBbACHEHUSN.

CoBpeMEHHBIE MOACIA KIIMMAaTa — 3TO He TOJNBKO
MOJIEU AUHAMU KK M TEPMOIMTHAMUKI aTMOCHEPHI M
OKeaHa, Kak Obu1o, ckaxem, 10 ner gazan. OHHA cTa-
HOBSITCS BCE 00JIEE TTOMTHBIMI MOASSIMEH 36MHOM CU-
CTEMbl, YYMTHIBAIOIIUMH MHOTOUUCACHIIBIC [IPOLEC-
CHI B3aMMOACHCTBUA aTMOc(epbl, OKCaHa M TIOXCTH-
Jlarolici mmosepxHocTH. B Hux paccumThiBaorced,
HanpusMep, TeMIEparypa, BIAXHOCTb M NpomMepsa-
HHE MOuYBbI A0 raybunbl 10—50 M, IpoHecchl GOTO-
CHHTE3a U ABIXaHUs PacTeHMH, HAKOIIEHUE X Mac-
Cbl, XMMUYECKIH OalaHc TOYBLE ¥ Macca rymyca, o6-
pasopaHue MeTaHa B OosioTax M €ro NOTOK B
armocdepy, Oanaic yrnepoaa B oKeaHe, KMMHICCKUC
peakuuu B arMocdepe. YToOLI IIpaBUIbHO BOCTIPO-
M3BECTH TAa30BbIi COCTAB M PACIIPCICIICHUAE TEMIIEPa-
TypeI B cTpaTocthepe u Tponocdepc, HCOOXOAUMO
KOPPCKTHO MOAEAHMPOBATE KOHLEHTPAUMKY O30HA,
BOASHOrO Mapa, McTaHa, a3po30JIe U OPYTUX raso-
BBIX COCTaBISAIommX., s 3Toro coBpeMEHHBIC MOJE-
M YYUTHIBAIOT 0OJIEe COTHH XMMWYECKHUX PEAKLIMIH,
VMEIOLIMX OYEHb Pa3MyaiOlIUECs XapaKTepPHbIE
BpeMEHa, NMO3TOMY KOMMNbIOTEPHOEC BpeMs, HE00X0-
NUMOE ST pacyéTa XMMMWYECKWX pPeakuMii, MOXeT
ObITb 3HAYHUTEIILHO OOMILIIE, IEM BPEeM#, 3aTpaynBae-
Moe Ha pacuér aumHamuku arMmocdepnl. OmHako
TOMBLKO TAKME MOACAM MOIYT NpeAcKa3aTs Oyayiue
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HN3MEHEHUA KiuMaTa i Ta30BOro COCTaBa a'I‘MOC(bCDI:I
M DOoKa3aThb WIH OOPOBCPIHYTH 11eJIECOODPAa3HOCTD
TOTO WIH MHOTO HCKYCCTBEHHOI'O BO3JICHCTBUA HA
KJIMMaT.

Puaxemuoe 30n0uposanue cpedueil ammochepor. Ha-
ynHas ¢ cepearnnl 1960-x roaos, 60IbLIUAS YACTE MC-
clenoBaHUIL cpeaHell atMocdepsl OBUIA CBSI3aHA C
MOIYY4EHUEM TaHHBIX METEeOPOJIOrHIecKHX pakeT
MAM ¢ PAaKETHBHIM 3JOHIMPOBAHMEM aTrMocdepsl
(P3A). Bo spemena CCCP P3A ocyuiecTBasinoch €
HazeMHBIX CTAHUMA B ACTpaxaHckoil obnacTu, Ha
octpobe Xe#ca (3emns ®pania-Hocnda), ¢ moau-
roHos B Monronuu, Uunguu, bonrapuu, TJAP 1 AH-
TAPKTHABI, 4 TAKKE € HAyYHO-HCCJIETOBATENbCKUX
CyaOB B pas/iMUHBIX permonax MHpOBOTO OKeaHa.
LleHTpaneHasd asposorideckas obceppaTopusl ObLIa
LUEHTPOM NPOBEICHHA 30HAUPOBaHusi, 06padoTKY H
axama JaHHeiX. 3a 50 ner B Hallleld cTpaHe HaKon-
JIeH YHUKAJIBHbBIN ONBIT UCTIOb30BAHNIA METEOPOJIO-
THUECKHMX PAKET [J/I% UCCISIOBAHMUSI TEPMONMHAMU-
YeCKHX TIApaMeTPoB ¢peaHeil atMmocdephbl (BepTu-
KanbHble TIPOMUIH TEMIIEPATYpbL, AABIICHMS!, BETPA)
H e€ cocTtaBa (030H, BOISHOW nap, OKHCIibI a30Ta,
SICKTPOHHAA U HOHHASA KOHLUEHTPALMs ¥ a3D030/b)
B pa3MUHLIX perMoHax 3emiik B pa3HbiE CE30HBI U
IIPH Pa3AUYHBIX Ie0- A ICO(PU3MUECKUX YCIOBUSIX.

ITonyueHHBIE CREASHMS JIETIIN B OCHOBY CIPABOY-
HbIX Mozesieii aTMocdepsl, UCIIONb3YEMBIX IS pe-
nreHus 3a7a4 gusnku atMochepsl, KNUMaTa Cpeli-
Heit aTMocdepsl U paga MpUKIagHblx 3amga4. bsuia
cosnaHa 0asa JAHHBIX A5 AHAIM3a (pU3HICCKUX Me-
XaHHM3MOB aTMOChEPHBIX TPOLECCOB M NMOCTPOCHUA
TEOPETUYECKHUX M SMITEPIIECKMX MOZIETIEN aTMoche-
pel. OMHHUM M3 BAXKHEHLIMX HAYIHBIX OTKPBITHA, NO-
AYYEHHBIX HA OCHOBE aHAIM3a MHOTOJIETHUX JaHHBIX
P3A, saBasieTcs 00HAPYKEHUE OTPULATEIBHOTO TPEH-
2a TeMIIEpaTypbl B Me3octepe — 1o 5—7 K 3a rexany
[28—30]. [Tpu 3TOM aMITIUTYAA “CHTHaNa” O [I0X0JI0-
JaHuK Me3ocdephl B HECKONBKO pa3 Oonbiue, JEM
3HAUCHHUE TONOXITEITBHOIO TeMIICPaTYPHOTO TPeHIA
Ha NoBEPXHOCTH 3eMIH. Takoil cCHUrHan nerde IeTek-
THPOBATh, 4 3HAYMT, OH MOXET MCTONb30BaThCs B Ka-
YecTBE MHAMKATOPA 106N bHBIX H3MEHEHHH Kinnma-
Ta. OBHapYXEHHbIE OTPULIATEIbHLIE TPSHAbE TEMIIC-
parvpel B Me3ochepe TIONTBEPXKISCHBI APYTHMH
HE3ABUCHMbIMI H3MepeHusaMH. COriIacHO HEKOTO-
PbiM PE3YALTATAM MOAENWUPOBAHMSA, TOOOOHbLA
TPEHA CBSI3aH ¢ YBETTMUECHHEM KOHIICHTPALUU B at-
Mocdepe MapHUKOBBIX ra3oB. TakuM oOpasom, Tep-
MOAMHAMUYECKMIA DEXHM Mesochepbl MOXET fAB-
JIITECS. BAXHBIM NPEAUKTOPOM W3MEHCHMUsI KITUMa-
TUYECKMX XAPAKTEPUCTUK Ha TIOBEPXHOCTH 3eMIIH.
KpoMe MOHUTOPHHTA TEMTIEPATYPhl, CKOPOCTU U Ha-
NpaBR¢HUS BETPa, TaBICHNA, TUIOTHOCTH CTpaTocde-
pHl ¥ Me3ocdhepbl, P3A HCIIONb3yeTCs 1A U3MEPE-
HMS KOHLIEHTPAIIHHU 3JICKTPOHOB B HIDKHEH WOHO-
cdepe U MalbiX Ta30BBIX COCTARIIIOIIMX, a TaKXe
BATHAAUMH CIIYTHUKOBBIX, Ha36MHBIX pajapHbIX M
NUAGPHBIX MW3MEPEHUTN.
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BeIcTpoe pa3suTHe 3a nocieanne 20 JIeT CryTHH-
KOBBIX METOAOB HaGNIOIEHHS 12ET BOSMOXHOCTD 110~
AY4aTh 3HAYMTEILHOS KOINUSCTBO JAHHBIX O CTPYK-
Type, COCTaBe, IMHAM¥Ke cpeaHeil aTMocdepsl Ha
peryJisIpHO# OCHOBE M ¢ TIOOAJIbHbIM TIOKPbITUEM
(4TO ABIAETCS TPEUMYINECTBOM II0 CPABHEHHWIO C
P3A). HecMoTps Ha 9TO, C MOMOLILIO P3A MOXHO
BOCCTAHOBUTE BEPTHKAMbHBIE IPO(MHUAH TIAPAMETPOB
atMocdepbl U €€ ¢OCTaBa C pa3peilleHUeM, KOTOPOe
He crocoOHBl O6ECIEUNTh CITYTHUKOBHIE METOABI.
[T03TOMY, HECMOTPA Ha BBICOKYIO CTOMMOCTB, P3A
pasBHBAlOTCs B CTpaHax EBporeiickoro cowsa, fio-
umn n CLIA, Kanaze, a B nocienHue ronsl U B bpa-
swmy. Cpely o0beKTOB PaKeTHLIX MCC/Ie10BaHuM,
DpoBoIMMBIX B ¢TpaHax EC, — rpaBuTallHOHHBbIC
BOJIHBL M CBSI3aHHYIO ¢ HUMH TYPOYJIEHTHOCTh, BEP-
TUKANBHYIO CTPYKTYPY KOTOPBIX MOXHO M3y4aTb
TONBKO HA OCHORE P3A, a Takxe caMbIe BLICOKHUE 00-
naka 3eMHOM aTMocdepbl, 00pa3yiolHeCsE Ba BBICO-
Tax BepxHel Meszochephl {(~80—85 kM) B CeBepHOM U
HOxHOM noayiuapwsix B ofnacty mmport 50—-70°.
B nodochepe P3A HCIIONbL3YETCS s NCCIEAOBAH A
IDTA3MEHHLIX BOJIH M IIPOILIECCOB HEYCTOMYMBOCTH,
YTO BAXHO N5 WIVIINEHWs KAYECTBa NpUEMa U aHa-

nu3a nomex GPS-Hasuranmum, ocOBCHHO B CEBCPHBIX

WUPOTAX, TAe HWOHOC(HEpHBIE BO3MYIICHUSA BHOCHT
3HAUYMTEINLHBIE OMTHOKY B HABUTALIUIO.

B Hallei cTpasHe OCHOBHbIE NCCHeA0BAHMS IMHA-
MITJECKIX MPOIIECCOR U XMMHMYIECKOro COCTara cpell-
Heil arMocdepbi 1UTH ITaBHBIM 00PAa30M B JIBYX MH-
cTuTyTax Pocrumpomera — B LleHTpanbHO#i a3pono-

ruveckoi obeepparopui, B MUHCTUTYTE IPUKNATHONA

reodU3UKN, a Takke B THCTHTYTE (hrsnku aTMOChe-

pbl PAH. B cBasm ¢ npekpamiesneM GUHaHCUPOBA-
uust B 1995 . pakeTHOC 301 aAMpoBanue B Poccun Obi-

710 TIOJIHOCTHEO OCTaHOBNEHO. ITepectani hyHKLUMO-
HUpOBATL M CTaHIIMKM 30HAMpOBaHWA B Boarapum,
TAP u Moxronuu. ToIeKO B 1[OCAENHWE [ONBl B
Pocruopomete BosoGHoBICHO P3A. Tlocne nepephl-

Ba BoJbiie yem 10 neT npoulia cepyusa 3aIMyCKOB Ha !
ocTpore Xeiica. Ceityac B LIAO paspabarbiBaeTcs :

HOBBIH METEOPOJIOTHUECKU M PAKETHbIH KOMIUIEKC C

BLICOTOM NOIBbEMA HAyIHOM annapatypsi Ao 100 k.

TTpeanonaraeTcsl HU3MEpeHUE KOHUEHTPAITM 3/EK-
TPOHOB, TEMIICPATYPHI, AaBfeHMsI, IUIOTHOCTH, CKOPO-

CTU M HanpaBlcHus BeTpa. B ranbHelilieM BO3MOXHBE |
NOFIOTHUTENbHEIE U3MEPEeHHS TIOTOKOB IIPOTOHOB C

sHeprusiMi oT | 1o 10 MaB, 51eKTpoHOB ¢ SHEpIua-
mu oT 30 10 500 k3B, peHTreHOBCKMX TydeH B AUara-
30He AnuH BOJH oT 1 10 10 HM, BEPTHKAABHOTO pac-
nipeneIeHust 030Ha (C MOMOUbI0 YP-CTIEKTPOMET-
pa), a3p0o30Jis, BOMSHOrO 11apa U HEKOTOPHIX APYIUX
MaJIbIX FA30BBIX COCTABIIAIOUNX.

B paMkax BO3pOXICHMS POCCHHCKMX DAKETHbIX
uccIIenoBaH it cpeaHeil aTMoc@epbl MPEIYCMOTPEHO
co3gaHue 6olee IKOHOMMYHbIX MOOHIbHBIX HCC/Ie-
NOBATEAbCKHMX PAKETHbLIX KOMILIEKCOB ¢ MaAbIMHU 30-
HaMy OITACHOCTH TaneHus 0TpaboTaBiuuX paKeTHBIX
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HU3IMEHEHUE KIIMMATA U CPEJHAA ATMOC®EPA

IBuraTeneii. 910 no3BOJAUT BECTH PaKETHBIC MCCIE-
IOBAHMS B JIIOObIX PEFMOHAX.

Habnionaemble 1 nporHO3UpyeMble KJIMMaTHYE-
CKHE U3MCHCHHSA BIMSAIOT Ha BCE KOMNOHEHThI KM~
MATHYECKOM CHCTEMBI 3eMJIH, H 3TO BIUSHUE B OJin-
Xadwue gecatunerus 6yneT ycwnupaTkesa. Ceitvac
OCHOBHBIM HHCTPYMEHTOM, MO3BOJAHIOLIMM UCCIE-
JoBaTh KIMMATHUYECKHUE M3MEHCHHS, ABNSIETCA YHC-
JeHHOe MOgesINpOBaHHE ¢ MCIIOJIb30BAHUEM IJIO-
0anbHBIX KTUMAaTHYECKUX Moaeneil ob1eil HupKysis-
miH aTMocepel M oxeaHa. MIMEHHO pe3yabTaThl
MOAE/IMPOBAHUS JIETJIH B OCHOBY IUIAHUPOBAHUS MEP
10 CHHKEHUI aHTPONOreHH oM Harpy3KH Ha KIIUMa-
THYECKYIO CUCTEMY 3eMIM U pa3paboTky agantaum-
OHHbIX MEPOIIPUSATHI K MOCIELCTBUAM MEHRIOLIETO-
¢ KJIMMATA.

INpousolueninee 3a MOCAEIHUE TOAbl PA3BUTHE
KIHMaTHYECKUX MOAENEH MO3BONWIO CYIIECTBEHHO
VIYUIIUTL BOCTPOM3BEASCHHUE Pa3iM4HbIX B3aUMO-
CBA3aHHbIX AMHAMMYECKUX U XUMMWYECKHX TIPOLIEC-
COB B aTMOC(epe, Ha MOBEPXHOCTU CYHIU U B OKeaHe,
YTOYHHTL POMAb €CTECTBEHHBIX M AHTPOMOTEHHbIX
$aKkTOpoB B HABMIOAACMBIX KTUMaTU4YE€CKHX H3MEHE -
auax. OgHAKO psa BONPOCOB MO-TIPEXHEMY TpeOYeT
MOBBILICHHOIO BHUMAHHUR YYEHbIX. BaxHeWHlIum
Cpedyd HHUX SABISETCA COBEPILICHCTBOBAHWE MOJE/IU-
POBAHUSI €CTECTBEHHON U3MEHYHUBOCTU TPOTNOCHEPHI
H CTpaToChEphl, MHOTHE AMHAMMYECKHE U XUMUYe-
CKME TIPOLIECCH B KOTOPEIX B3aMMOCBSA3aHbl, U MX W3-
MEHUMBOCTH, O0YCJIOBIEHHOU H3MEHEHHAMMU KJIMMATA.

flo HalleMy MHEHUIO, K YHCITY aKTyalbHbIX 3a1a4
HCCNEOOBAHNH, PEILIEHHE KOTOPBIX OVAET CIocos6-
CTBOBAaThb COBEPIIECHCTROBAHUKD  MOIE/IMPOBAHUNH
Kn¥mara, HeoOXOAMMO OTHECTH M3YYEHHE OUHAMU-
4eCKOM B3aMMOCBS3M MPOLECCOB B Tpomocdepe U
cTpatocepe, cTpatochepe u Meszocdepe U UX BlIU-
HMSl HA XMMMUYECKIE TTPOLIECCH B ITHX 0ONACTSX aT-
mMoctepnl. Pesynbrarbl UCCIeIOBAHUN MHOTHX yu€-
HbIX B pa3HbIX CTpaHax 3a nociaeaHue 10 ner mon-
TBEPXKIAIOT BaXXHOCTb HM3YYEHMS M yu€Ta mnpu
MOJEJAMPOBAHUM KIIUMATa XUMUMECKHX U JHHAMUYE-
CKHX NMPOIIECCOB B TPOIO-, CTPATO- U Me3ochepe.

ITponcxoasiime U3MEHEHU B CpeliHel aTMocde-
pe SIBASIOTCS OTPaKeHUEeM HaDTI0AaeMblX KAUMATH -
YECKUX W3MEHEHMIT BONM3U MOBEPXHOCTH 3eMnU H
TAKXE CBS3aHbl ¢ YBENHUEHHEM KOHUEHTPAIIUHU T1ap-
HUKOBBIX ra3oB. TakuM o0pa3omM, U3yYEeHUE ITUX U3-
MEHCHUU (aHATTOTUUHO HUCCIEOOBAHHUAM U3MECHEHMM
KiuMara BOAM3M TOBEPXHOCTH 3emiu) OyOeT CIo-
cOOCTBOBATH PAaCLUMPEHUKD HALIMX 3HAHME O Habmo-
naeMbIX U OXHIAESMBIX B OYIYIIIEM N3MEHEHUSAX TJI0-
BanbHoro knumarta. Cpennsas atMocdepa ¢ pacnono-
KEHHBIM BHYTPHW He€ O30HOBBIM ClI0EeM JOJ/XHA CTaTh
OMHUM U3 BAXHEHIINX O0BEKTOB HCCASAOBAH WM POC-
CUMCKUX YUEHDBIX U MOXET PACCMATPUBATLCA KaK HH~
JIHXATOP TIPOLIECCOB U3MEHEHUH KJIMMATA.

PaBoTa BhinonxeHa npn puHaHcoBoi noaaepxke POGU
09-05-13551-ocu_11.
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B cratpe paccmatpuBaeTea MeXIyHApoaHoe COTpyaHUYecTBO Poccun v 27 crpad Eponciickoro cowo3a B
OBJIACTH ECTCCTREHHBIX ¥ COLIMA/IBHLIX HayK. BBoguTCa KOMDDULUKMEHT CBSI3M MEKIY CTPaHAMU, OCHOBAH-
b1} 112 CPABHEHMM PEATHHOTO HWUCHA COBMECTHBIX ITyOIIMK AL Ui ARYX CTPAH C TEOPETUYECK MM, PACCYUTAH-
HbiM B [IPEIITOTIOXKEHUM CTATUCTHYECKOU HE3aBHCUMOLTH NX COBMECTHBIX TIYBJIMKanmi,

HAYYHOE COTPYJIHNYECTBO POCCHH CO CTPAHAMMH EC:
BUBJIMOMETPUYECKHUI AHAJIN3

.B. Mapmagosa-IIaiikesuy

MexXnyHapoaHoe COTPYIHRICCYBO CTPAH STBISET-
€3 BaXXHOH YacThlo OUONMOMETPUYESCKOIO U BeOO-
METPHYIECKOTO aHANN3d HAyKK ¥ NIHPOKO 06Cyxna-
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¢ MAPIIAKOBA-IITAMKEBUY
HWpuna BnanuMHpoBHa — 10KTOp
(huaocopCcKUX HayK, BEUYiIMI
HAYYHBIW COTPYIHUK MHCTUTYTH
duaocodru PAH.
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BECTHUK POCCHUHCKOH AKANEMWU HAVK

€TCA B paMKax €XErOoMHBIX MeXIYHAPOMIBIX (opy-
MoB “Infernational Conference on Webometrics,
Informetrics and Scicntometrics & COLLNET Mcet-
ing” [1—4]. O6BEeKTOM HACTOSIWEFQ VCCACHOBAHUAL
CTaJIM COBMECTHBIE HyOIHKaIIH asTopos U3 Poccuu
U APYTUX CTpaH, npexae BceTo crpadH EC, B pasnimi-
HBIX O0IACTAX ECTECTRO3HAHUS M COLMAIbHbBIX HAYK.
MarepuaaoM I HCCe a0 BaH U CITYKIAIT 6a351 A2H-
HEIX [SI/Thomson Reuters Web of Science: 2006 SClex
u 6a3a sanubix SSCI; 2006 CDE. Tocyaapctra pac-
CMAaTPUBAJINChH KAK YUACTHHUKHY MEXYHAPOAHOTO CO-
TPYIHUYUCCTBA, U €CMV NMYOIHKAIIAS MMENa ABYX WK
6osiee aBTOPOB M3 Pa3sHbIX CTPAH, OHA BKIIIOYANACH B
MATEPUATT HACTOAIICHO HCCAEI0BANS.
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