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A-f0.Peretom lepuoduyeckue e03MyueHUs1 cpeodbl,

rnpo2Ho3upoeaHue U niaHupoeaHue

CoBeT No n3y4yeHuto NponssoamTenbHbIx cun PAH

AHHOmMauyusi. B cmambe paccmompeHbl 3hghekmbl enusiHus Ha o0605104Ku  3eMniu  8HEWHUX rnaaHem
CornHeyHoU cucmeMsl, C8si3aHHbIe C UX 8palaroluMUCcCs MagHUMHbIMU nonsimMu. Ha ocHose aHanu3a OnuHHbIX
psidoe ObHapyxeHa 3aKoHOMepHasi nepuoOUYHOCMb pPasfuUYHbIX seneHul & ammocgepe, numocgepe,
eudpocgpepe u buocghepe, CUHXPOHHas C UBMeHeHUsIMU rnosoxeHusi Konumepa, CamypHa u Opyaux rniaHem o
omHoweHuto K ConHuy u 3emne. CywecmeogaHue 3mux Kpamko8pPeMEHHbIX U G01208PEeMEHHbIX UUKIT08
MoXem Cryxump rpednockinkol 051 pa3gepmbi8aHuUsi IPO2HOCMUYECKUX pabom u 8HECeHUs] KOpPeKkmueos 8
rpakmuky nnaHupoeaHusl.

BeoOHbIe 3ameyqyaHus

HapacTtatowas cnoxHocTtb rnobanbHbix npobnem 06sa3biBaeT HayKy pagnkanbHO O6HOBNATb
METOAOMOrMI0  NNaHMPOBaHUSA YenoBevyeckon pfedAtenbHOcTU. CoBpeMeHHble MNporpaMmmel,
obecneuunBatoLme OYHKUMOHMPOBAHNE XO3AWCTBA M €ro pasBuMTME, paccuuTaHbl Ha Hekoe
cpefHee COCTOsIHME OKpY>XatoLLen cpefibl U BEPOATHOCTHbIE OXUAAHUS ee uaMeHeHun. Mexay
TEM NMOTEPU OT IKCTPEMAIbHbIX NMPUPOOHBLIX COOLITUIA, 0BYCNOBMNEHHbIE OTCYTCTBUEM HaLEXHbIX
CpefcTB MpPOrHO3MpPOBaHKWS, MOCTOSHHO PpacTyT WM YyXe conocTaBumbl ¢ obbemamu BBI
€BpONENCKNX CTPaH.

OpHa n3 NpuYvH TPYOHOCTEN, C KOTOPLIMU CTankUBaeTCa TEXHOKpATMYeckas LMBUNIN3auus,
3aKMnyaeTcs B UMHOPUPOBAHWM MNPUPOOHbBIX CTPYKTYp M puTMOB.  HO NepBOMCTOYHUK
O4YeBUAHBIX HECOOTBETCTBUM NeXuT rnybxe. OTO rocnoacreylollee aHTPOMoLeHTpUYecKoe
MMPOBO33peHne. BbipakaeTcs OHO B CBefeHWM pearbHOCTM K CXemam, 4e BCe CBA3N U
OTHOLLEHMS CHOKYCUPOBaHbl Ha UHTepecyloemM obbekTe, JaHHOM CyObLeKTy eule OO onbiTa.
TunuyHbIN Npumep — nNpeactaBneHme o6 aKocMCTEMax Kak HEeKMX MpUpoaHbIX obpa3oBaHusX C
3apaHee M3BECTHbIMW rpaHuuyamu. KMcnonb3oBaHMe 9TUX CXEM, OTKpbIBAKLWMUX MyTb K
nokanbHOMYy aHanuay, BrofiHe OnpaBAaHO, OAHAKO TPaAMUMOHHBIN MeToA nepectaeT ObiTb
3(PEKTUBHBIM NPU HEOOXOAMMOCTM PE3KOr0 PaCLUMPEHUS 3HAHUM M nepexofe K 6onblinm
macLliTabam.

B kayecTBe amnbTepHaTVMBbl MOXET BbICTyMaTb YHMBEpCalbHbIA LEHTPOOEXHbIA Moaxon,
duanyeckn obocHoBaHHbIN O.Maxom 1 Bnepeble NPaKTUYECKN peanu3oBaHHbI H.Tecna B ero
rPaHAMO3HbIX 3KCMEPUMEHTaX C 3EMHbIM 3NEeKTPMYECTBOM. LIeHTpOGEXHbIN Noaxon OTpaXKeH B
TEOpUN HyKreapHbIX cuctem, cornacHo koTtopon BceneHHas npepnctaBnser cobown
COBOKYMHOCTb siiep, 00pa3oBaHHbIX CrycTkamu 3Hepruu, BewecTBa W/unu umHdopMauumn um
obonoyek, Kyga BXOAAT MPSMO M KOCBEHHO 3aBUCUMbIE OT HUX Tena, nnasma, paccesHusi
XUMWNYECKMX INEMEHTOB, NONS 1 curHans [1].

Hwke nomelleHbl amnupuyeckue f[aHHble 06 OTAeNbHbIX SKOHOMUYECKM  BaXKHbIX
nepuoanYecknx SBNeHUsAX, obyCcrnoBneHHbIX KOCMUYECKUMI cunamu. B cBoe Bpemsi cumTanocs,
4YTO WccnefoBaHWE CONMHEYHO-3EMHbLIX CBSA3erM OacT K4 K MPOrHO3MPOBaHWIO MPUPOOHBLIX
npoueccoB [2,3]. Mo 0ObeKTMBHbBIM N CyOBLEKTMBHBIM OBCTOATENBCTBAM 3TWM HageXabl He
cObinucb. Tem He MeHee, ObIIO HaMe4YeHO HOBOE HamnpaslieHVWe ABWXKeHUs Mbicnn. HblHe
CO3penu ycrnoBus Anst nepecMoTpa CNOXMBLUMXCSA B3rNS40B 00 opraHu3aumm 6amnskoro K Ham
NPOCTpaHCTBA W BPEeMEHW. 3HauuT, ecTb MpPednochbiiku A  BBEOEHUS SNEMEHTOB

AeTepMyHM3Ma B NPOrHO3MPOBAaHMWE W MNaHUpOBaHUe.
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Honzonepuoduy4yeckue uameHeHus1 cpedbi

Kak n3BecTtHO, MOLLHBIM gecTabunuanpyowmm hakTopoM B 0OLLECTBE BbICTYNaeT HeExXBaTka
3epHa. pu n3ydeHMM mMartepuarnoB CeNbCKOXO3SIMCTBEHHOW CTaTUCTMKM obpaiwiaeT Ha cebs
BHMMaHMe LUMPOKOE pacrnpocTpaHeHue AeduuUTOB B HeypoxanHble roabl o Bcen Poccuu
(pnc. 1). dakT 0gHOBPEMEHHONW NOOBEPXKEHHOCTM HEypoXasiM perMoHoB EBpasuu, umeromx
COBEPLLUEeHHO pa3Hble KrnnMmaTun4veckme pexmmbl, CBMOETENbCTBYET O TOM, YTO Mbl CTalriknBaemcd
C npodasBneHnem rnobanbHbIX CcOBUIoOB.
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Puc. 1. YpoxanHocTb 3epHoBbIX B Poccuu, u/ra
McTouHmMK: pacyeT no AaHHbIM cTaTUcTUYeckoro cbopHuka «PernoHsl Poccumny, 2006

B obnactu npousBoacTBa SHEPrMM LNA TEXHUWYECKMX Lenen Takke oOHapyxuBaeTcs
3(PdeKT CHMKEHUS BbIPAbOTKKN, OXBaTbIBAKOLLErO TEPPUTOPULIO BCEW CTPaHbI (puc. 2).
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Puc. 2. lMpon3BoacTBO aNekTposHeprnm rmapoanekTpoctaHumamm Poceun, mnpa. kBTu.

McToyHuk: no gaHHbiM [fockomcTaTta Poccumn
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OTpuuaTenbHble aHOManuu, oTpaxeHHble Ha puc. 1 n 2, npuwnmcek Ha 1999 n 2003 rr. 310
rogel, korga KOnutep n CaTypH — camble KpynHble U 6nunskue Kk 3emne BHELWHWE NIaHeTbl —
nporneTany Ha MMHMManbLHOM paccTosiHum oT CornHua (3a nepuogpl obpaLleHns, nsmepsieMble
11,86 1 29,46 rogamm COOTBETCTBEHHO).

UTto npoucxoauTt ¢ Hawum HebecHbiM TernoM npu aswxkeHun tOnutepa wnm CatypHa no
ANNMNTUYECKUM opbutam?

MHTerpanbHbiM 1 NPUTOM BeCbMa HarnsagHblM MokasaTenemM COCTOAHMSA 3eMnn MOXeT
CNYXWUTb KOMMYECTBO NPOUCXOAALLMX Ha Hel 3emneTpsiceHuin. OBbHapyXnBaeTcs, YTO BO BpeMS
NPOXOXAEHUS Nepurennsa BHELIHEN NNaHeTon YactoTa 3eMneTpACeHun pasHon MarHuTygbl, B
TOM 4YuCMne CUMbHEWLWMX, 3aKOHOMEPHO YyBenuuuBaeTca U 3aTeM ymeHbliaetcs (puc. 3).
3emMnsa MCNbITbIBAET HerpaBUTauUMOHHbIE Aedopmauun, OOyCroBfeHHble B3anMOLAENCTBUEM
BpaLlalowmnxca MarHuTHeIX nonen ConHua v nraHer.

duanyeckasi ctopoHa adpdekTa B3auModencTBusl cCBoauTca K cneayowemy. Korga BHeLHASA
nnaHeTa coOnmxaeTcsl Co 3Be340M UK yaansieTcd oT Hee MakcumarnbHOe paccTosiHve, y 3emnu
pe3ko MEHSIETCA CKOPOCTb M MAOTHOCTb COMHeYHoro BeTpa. OQHOBPEMEHHO MNPOMCXOAMT
BO3MYLLEHNE €€ MarHUTHOro nons. ATM apdekTbl 0OHApPYXKMBaKOTCHA NpU aHanu3e OaHHbIX
CMYTHUKOBbLIX HabnwaeHuin. BO3HMKHOBEHME yOapHOW BOSHbI 3addMKCUMPOBAHO, Hanpumep, B
MOMEHT nocneaHero npoxoxaeHus nepurenusa KOnutepom B mae 1999 r. (puc. 4).
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Puc. 3. Yucno semneTpsiceHuni knacca M7 Ha nnaHeTe B nepuogbl 40 M NOCIE MPOXOXKAEHNS
nepurenusi CatypHom 26 nonga 2003 r., cobbiTun/mecsy,

McTouHuk: pacyeT no aaHHbIM Incorporated Research Institutions for Seismology
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Puc. 4. CkopocTb COMHEYHOro BeTpa BO BpeMsi npoxoxaeHus nepurenvs Konutepom
B Mae 1999 r., km/c

UcTouHuk: no gaHHbIM Solar Heliospheric Observatory (SOHO)

lMpoxoxgeHne nepurenuss CatypHom 26 wuiona 2003 r. compoBOXOanocb YCUIIEHUEM
CONMHEYHOrO BeTpa [0 3HAa4YEHUN, PEKOPAHbIX 3a BCe BPEMS CMYTHUKOBbIX HabnoaeHun (puc. 5).
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Puc. 5. lNMoTok conHevHOro BeTpa BO BpeMs NpoxoxaeHus nepurenus CatypHom
B ntone 2003 r., NPOTOHOB/KB. CM B CEK.

McTounumk: Pacuet no gaHHbim Solar Heliospheric Observatory (SOHO)

OT marHuToccepbl MMMNYNbC MOMy4YaloT MOHOCdEPa M BEPXHAS aTMocdepa, rae BO3HUKaT
MOLLHbIE TEPMOANHAMNYECKNE BO3MYLLIEHWS], CBA3aHHbIE C 06pa3oBaHMeEM 030Ha (puc. 6).
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Puc. 6. Obwee copgepxxaHue o3oHa B aTmocdepe CeBepHOro nonyLiapus BO Bpems
npoxoxaeHusa nepurenua CatypHom B 2003 r. B CpaBHEHUN CO CPEOHUMM 3HAYEHUAMM 3a
nepuog 1990-2005 rr., egmHuy, [lobcoHa

UcTouHuk: pacyeT no aaHHeiM Ozone Processing Team — NASA/GSFC

[nsi co3gaHns Hay4HbIX NPEArnochINioK NPOrHO3MPOBAHMS U NIMaHMPOBAHNS UCKITHOUYMTENBHO BaXKeH
dhakT BNmAHMS konebaHui BENMUYUHBI SHEPIN, NepeaBaeMon BpaLLALLMMUACS MarHUTHbIMM NMOMSMU
TUFAHTCKMX BHELLHWX MMaHeT, Ha obpalleHe 3emnn BOKPYr OCM U ee OpVEHTaLMN B MPOCTPAHCTBE.
OT0 0OBACHSETCA, Kak OyOeT Moka3aHo HWKe, 3aBUCUMOCTBIO ABWKEHWS MacC BO3dyxa, Bogpbl,
MVHEPArIoB, a TaKKe XXMBOIO BELLIECTBA OT U3MEHEHWIN YTTOBOW CKOPOCTU HaLLero HebecHoro Tena.

lMpoxoxgeHne nepurenusa BHELIHEN NNaHeToW MNPUMBOAWUT K BPEMEHHBIM HapyLleHUsM B
paBHOMEPHOM KpyroobpasHom nepemetlleHmm ocn 3emnu (puc. 7). MNpu ocpegHeHnn gaHHbIX MO
ONUTENBbHOCTU CYTOK 3@ HECKOMbKO NMaHeTapHbIX LMWKIOB YyOaeTcs BbISBUTb (heHOMEH
nepruoanYeckoro yCcKopeHus u saameaneHus spaileHns 3emnu (puc. 8).
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Puc. 7. Pe3koe nameHeHune koopamHaT CeBepHOro nosoca BO BPEMS MPOXOXAEHMS
nepurenus tOnutepomM B mae 1999 r. (MOMEHT yKasaH CTPEerikown), Cek.

McTouHuk: no gaHHbIM International Earth Rotation and Reference Systems Service

439L



A.I0.PeTtetom
[

FeononuTuka n aKkoreogMHammka
pernoHoB. 2008. Bein.1-2. C. 35-54

al
Iy

= [lepyrervm
— AdEervm

\

Y/

A~ 54

T
pus
Q

-0, 3<

0.2 1
0,1

0-02
;0L

@}

T
-
o

T
Nn
o

T
0
o

04 -

\> 54

Jorm roga or MOMeHTa nepurervs wm acpermsi

Puc. 8. nuTeneHOCTb CYyTOK Ha 3emrie B Neprofbl MakCMMarbHOro NpubnmKeHns n
yaaneHus KOnutepa ot ConHua 3a nepuog 1903-2005 rr., cek.

McTouHuk: pacyeT no aaHHbiM International Earth Rotation and Reference Systems Service

Pasnnuns B konuyecTtee aHeprnu, nonyvyaemon 3emnen yepes MarHUTHbIE NOMS OT BHELLHUX
nnaHeT W COMHEYHbIN BeTep npu Haumbonbliem conmkeHun ¢ ConHuem M HaubornbLieM
yaaneHun OT Hero, npefonpeaenstoT 0COBEeHHOCTN COCTOSHUA reocdep B COOTBETCTBYOLLMNE

roabl.

aKTUBHOCTb MOJIAPHOIo  BUXpA,

T.C.

3aTem ocnabesaerT, korga oH yganeH ot ConHua (puc. 9).

OT aTux nepuoamyeckux koneGaHuii B aTtMocdepe HEenocpeACTBEHHO 3aBUCUT

Hanpsa>XeHHOCTb 30HanbHom LUPKYyNALnun.
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Puc. 9. 3aBucumocTb cpefHen NOBTOPSIEMOCTM 30HamnbHOW Umpkynaumn B CeBepHOM
nonywapuun 3emnu ot opbutansHoro asvxeHus Konutepa B nepuog 1904-2006 rr. (9 umknoB), AHU

WcTouHmk: pacyeT no gaHHbeiM B.J1.[03epaseesckoro u H.K.KoHoHOBOWM
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ATmoOcdbepHble BMXpPU CRNeayloLero UuepapxvMyeckoro YpOBHS — UMKIOHbI — Takke
UCNbITbIBalOT Ha cebe Bo3gencTBue konedaHum HanpsHKEHHOCTM MarHUTHOTO MOJIA M CKOPOCTM
BpaweHusa 3emnu. [lpaktnyeckn Haubonee akTyanbHO 3HaHME MOBEAEHUS TPOMUYECKUX
LUUKIMOHOB, BblAENAOWMXCA MacwTtabamyn npuumHaemoro Bpeda (ywepb OT OOQHOro TOMbKO
yparaHa KaTtpuHa oueHmBaeTca B 86 mnpg. gonn. B ueHax 2007 r.). Kak BbIACHUNOCH npwu
N3yYyeHnn ONUTenbHbIX PAgoB nNo 6accenHy ATNaHTUKW, MOLHOCTb yparaHoB, AJIMTENbHOCTb UX
XU3HN N 4YacToTa BO3HUKHOBEHUA €CTb ClieaACTBUA CMeLleHUA POnMTepa n CaTypHa no
oTHoweHuto kK ConHuy (puc. 10).
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Puc. 10. CpegHsas rogosas aHeprns aTnaHTUYECKUX yparaHoB BO BPEMS NPOXOXAEeHUS
nepurenus n adenua FOnutepom 3a 14 umknos B nepuog 1851-2007 rr., eanHny, ACE
(akkymyrnmpoBaHHas aHeprus LMKIOHOB)

WcTouHuk: pacyeT no aaHHeIM National Oceanic and Atmospheric Administration

Mmetowmecs MaTepuanbl MeTEOporiormyeckux HabnwogeHun pgawT  ybeguTenbHble
cBMOeTenbCTBa TOroO, YTO CKa3aHHOE Bbille CMpaBeAsiMBO M AN JNOKamnbHbIX aTMOCKepHbIX
Buxpen. B uacTtHocTM, Hambonee nonHasa cratucTMka No TOpHago, Bepywascs B CLUA,
NMoKasblBaeT KapTMHY 3HAYMTENBHOrO yBenuyeHus vmcna codbitun B 2003 r. npy NpoxoxaeHnn
nepurenunst CatypHom (puc. 11).

lMnaHeTapHble konebaHwWs 3agaloT CBOW pUTM TypOyneHTHbIM BUXPSM B aTtMocdepe.
'po30Bas akTMBHOCTL Ha OBLLMPHBIX TEPPUTOPUSX BO3pacTaeT A0 MaKCUMaribHbIX 3Ha4YeHW BO
BPEMS MPOXOXOEHUS Mepurenus BHeWHenW nnaHeTon (puc. 12). lNokasatenbHo, 4TO  rog
nocrniegHero nepurenua CartypHa cTan pekopaHbiM no uucny rpo3 B CLIA. Pocty
SHepreTMyeckoro noteHunana 3emMny COOTBETCTBYET YCUIEHUE ONeKTPUYECKUX TOKOB Mexay
atmocdepon n nTocepon.

Takum o6pa3om, 3eMHble aTMOCHEpPHbIE BUXPU BCEX YPOBHEW — OT MNNaHeTapHbIX A0
rnoKanbHbIX — IBHO pearvpyloT Ha npubnmwkenne Kk ConHuy 1 yaaneHme oT Hero BpallatoLmxcs
MarHWTHbIX MONEeN BHELWHUX NnaHeT. AP deKT MHAYKLUN NogaepxuBaeTca bnarogapsi BAINSHUIO
3TVMX MnaHeT Ha 3Be3dy, KOTOPOe pacKpbiBaeTCA MpU aHanv3e PsSAOB CYTOYHbIX 3HAYeHWUn
yncen Bonbda ¢ nomoLpo meToga HanoXXeHHbIx anox. ConHeyHble NATHA Nog BO34EeNCTBMEM
CatypHa yBenuuuBaloTCA Mpy MPOXOXKOEHWM MNaHeTon adpennst M yMEHbLUATCA BO BpEMS
nepurenus (puc. 13 n 14).
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Puc. 11. Pacnpegenenune TopHago B 1999-2007 rr. Ha TeppuTtopumn CLUA oTHOCUTENLHO
roga npoxoxaeHust nepurenusa CatypHoM, cobbITuIA/roa

McTouHuk: pacyeT no aaHHeIM National Climatic Data Center/ U.S. Department of Commerce

/’—f

Puc. 12. Yucno rpos Ha TeppuTtopun CLLA Bo BpeMsi npoxoxaeHus nepurenusa CatypHoMm B
none 2003 r., cobbITUn/CyTKM

NcTounuk: Ibid.
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Puc. 13. BnusHme CaTypHa Ha COSTHEYHy akTUBHOCTb. CyTouHble Yncna Bonbda Bo Bpems
00 1 nocne nNpoxoxaeHus nnaHeton acdenund 3a 5 uuknos B nepuog 1865-1993 rr.

VcrouHnk: no aaHHbIM the Royal Observatory of Belgium's Solar Influences Data Analysis Center
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Puc. 14. Bnvanue CaTtypHa Ha CONMHEYHy akTMBHOCTb. CyTouHbIe Yncna Bonbda Bo Bpemsi
00 ¥ nocne NpoxXoXaeHust NraHeTon nepurenus 3a 5 umknos B nepuopg 1856-2007 rr.

NcTouHuk: Ibid.
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B nutoccepe 3emnu uHTepdepeHUMs nonen npu ABuxXeHuM nnaHet Bokpyr ConHua
BbI3bIBAET MEPUOOVNYECKUE HaMPSPKEHUS,, MPOSBMAIOLMECS B 3EMIIETPSICEHMSX, BYIKAHUHECKNX
N3BEPXKEHUSAX 1 CMELLIEHNSX 3EMHOM KOpbI.

YacToTta 3emneTpsiceHnn Bo3pacrtaet B rogbl nepurenvsa CatypHa, B rogbl adhenvsi — yMeHbLIaeTcs
(puc. 15).

HaobopoT, BynkaHuWdeckass OesTensHOCTb 3aTyXaeT B rogpl NpoxoxaeHuns nepurenuns CaTtypHoMm
(puc. 16). Peakums 3emnu Ha gewikeHue HOnutepa cxogHa, cyas no vHdopmauum, cobpaHHOW 3a
nocnegHve 45 ner.
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Puc. 15. 3aBncnmocTb yncna 3emneTpsiceHmi knacca M7 oT nonoxeHus Ha opbute
CartypHa 3a nepuog 1898-2007 rr., cobbiTuin/roq

UcTouHuk: pacyeT no gaHHbiM U.S. Geological Survey, IN.E.Kotngap. B.U.Kum «lMonoxenne
nomntca u cencmMmmyeckas aktuBHocTb 3emnuy (HoBocubupck, 1994) u Incorporated Research
Institutions for Seismology

40
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Noobi ot JaTsLI nepurerms

Puc. 16. KonnyecTBoO HauyaBLUMXCS U3BEPXKEHMI BYIIKAHOB Ha 3emMne BO BpeMs 0 1 nocne
npoxoxaeHus nepurenusa CatypHom B 2003 r., cobbiTuin/rog

WNcTouHmk: pacdeT no gaHHeiMm Global Volcanism Program/Smithsonian National Museum of

Natural History
44
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Uto kacaeTcs nNepeMeLLEHUn KOHTMHEHTOB, pe3ynbTaTbl OMUTENbHLIX  U3MEepPeHUi
PacCTOSIHUIA C TOYHOCTLIO 40 COTbIX AONEeN MUNNUMETPA, BbINONHEHHbIX B CeBepHoi AMepuke
n Adpurke, MOXHO UHTEPNPETUPOBATL Kak MOATBEPKAEHWE TEOopUU Mynbcauuii nnaHeTb! (puc.
17). TlopoxaeHHass pPOTAUMOHHBIMKM CUJlaMM CMEHa CXaTus paclmpeHmeM un obpaTHo,
O4YEeBMOHO, NMPOUCXOAMT NOA BO3OEWCTBUEM KOCMUYECKMX (paKTOPOB M MOTOMY MpUypoyeHa K
MomMeHTaM adenusa n nepurenus CatypHa (1988 r. n 2003 r. COOTBETCTBEHHO).
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lNogbi

Puc. 17. lameHeHne paccTosiHusa mexay 6eperamu ATNaHTUYECKOro okeaHa,
3adpmkcmpoBaHHoe paguoTeneckonamm Ha obcepsatopusax Westford (CLUA, wrat
Maccauycetc) n HARTRAO (KOxHast Adppurka) u ero annpokcMmMauus, Mm/rog

McTouHumk: pacyeT no ganHHbiM International Very Long Baseline Interferometry (VLBI)
Service for Geodesy and Astrometry

BepTukanbHble gucrokauunm 3eMHON Kopbl B rnobanbHOM macwTabe, KOTopble MOXHO
npocnexusate ¢ 2002 r. no martepuanam rpaBUMETPUYECKUX U3MEPEHUA CO CNYyTHUKOB-
onmaHeuoB GRACE, o4yeB/MAOHO MpOSBMAOT onpefesnieHHyo CBs3b C OpOuTanbHbIM ABUKEHUEM
CatypHa. B okBaTopuanbHOM nofce HallenW nraHeTbl OTHOCUTEMbHbIE MpeBblleHNs
NMOBEPXHOCTM reovaa Haj CpedHMM YPOBHEM B MOMEHT MpoxoxaeHuss CaTypHOM nepurenus
yBenu4yumeatotcs (puc. 18).

B 3emHoOI Kope, B OkeaHe U B aTMOC(epe KOCMUYECKME BO3AENCTBUS MPOSIBNSAIOTCSA TaKKe
onocpefoBaHHO 4epe3 MpunMBbl Onarogaps CUHXPOHM3aUuMM OBWXKEHWUA JlyHbl U nnaHeT-
ruraHToB (puc. 19).
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OHun oT parbinepurerms

Puc. 18. CpegHee npeBbILLEHE NOBEPXHOCTM reovaa Ha akBaTtope 3emnu (£1°) Hag
CTaTU4YECKNM YPOBHEM BO Bpems npoxoxaeHus nepurenmsa CatypHom B 2003 1., cm

McTouHmk: pacyet no gaHHeiM GRACE Solutions, CNES/GRGS product

7 6 54 3210123456 7

OHn ot paTbl nepyrervisi

Puc. 19. CnHxpoHn3aums MOMeHTOB nepures u anores JlyHol ¢ asmxkeHnem KOnuTtepa B
nepvog 1702-1999 rr., gHK

McTouHuK: pacyeT no actpoHomumnyeckon nporpamme Alcyone Ephemeris

OoHMM U3 caMblx MHAOPMAaTUMBHBLIX MoKasaTenen cocTosiHuS rmapocdepbl cyMTaeTcs
nHgekc Global SST- ENSO, oTpaxatoLmin NpOCTPaHCTBEHHbIE pa3nnyns TeMnepaTtypbl BoAbl B
Tuxom okeaHe. N3yyeHne atoro vHaukaTopa 3a nepwog 1841-2007 rr. npMBOAUT K BbIBOAY O
CYLLIECTBEHHOIN 3aBUCUMOCTW AMHAMUKN OKeaHa OT MONIOXKEHUs Grivkailumnx K 3emne BHELLHUX
nnaHeT Ha ux opbutax (puc. 19).
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| Adermin

KOnurep H

-2

Puc. 20. OcpeaHeHHble rogoBble 3HayeHust nHaekca Global SST- ENSO 3a nepuog 1841-
2007 rr. BO BpeMsi NPpOXOXAeHUs nepurenns n acdenus BHeWwHnMy nnaHetamu rpag. C x 100

McTouHmk: pacyeT no gaHHeiM Joint Institute for the Study of the Atmosphere and Ocean
OAHOBPEMEHHO UCMbITLIBAET MHOroNeTHUE KonebaHusi ypoBeHb OkeaHa, MOHWXKaACh B rogpl
nepurenus KOnutepa u nogHMMascs B roasl acdpenus (puc. 21).
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Puc. 21. PacnpegeneHne rogoBbiX 3Ha4eHUN ypPOBHA OkeaHa Ha cTaHuun Onanac (LWseums)
3a nepuog 1892-2005 rr. Bo BpeMs npoxoxaeHus Konutepom nepurenus n adpenus, My

McTouyHuk: no gaHHbiM Permanent Service for Mean Sea Level

ObbeM cBegeHWn, HeoOXOOMMbIA AN 3aKMYEHUMIA O peakuun XMBOFO BeLLecTBa Ha
KOCMMUYECKME BO3MYLLEHWUS cpefbl, aeT AeHapoxpoHornorus. Mexay npovmMMm, ocobeHHOo
ONUHHbIE psabl NO3BONSAT OTBETUTbL HA BONPOC O GMocdepHon ponu nepudepuinHbix nnaHeT
ConHeyHoln cuctembl. HecMoTpsi Ha yaaneHHOCTb M CKPOMHbIE pas3Mepbl, OHW Takke BHOCHAT
CBOW BKnaj B JONTOBPEMEHHbIE konebaHus COCTOsIHUA opraHvM3mMoB. Bo Bcsikom cnydvae, Takoe
00bsACHEHWE NpeAcTaBnsieTCsl AOCTAaTOMHO OBOCHOBAHHLIM B cryyae o6paboTkM AaHHbLIX O
pocTe octucton cocHbl (Pinus aristata), »xuBwwen B ropax Kanudophun 6onee 2600 net (puc.
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20). Mpwn ncnonb3oBaHWM METOAA HaNOXEHHbIX 3MNoX 0OHAPY>XMBAETCHA NONOXUTENbHbIA TPEHA,
npvpocTa B NepBYH TPETb LMKNa obpalleHns YpaHa; XOpoLlo BbIpaXeH 3peKT yrHeTeHus B
cepeauHe LMKna, nocre Yero NpupocT UMEeeT TEHAEHLMIO K CHUDKEHWIO.

19

18,5

18

17,5 - h i i

17 4

16,5

16

15,5 | '

15 ¥

14,5

14 T T T T T T
1 5 91317212520 33 37 41 4549 53 57 61 65 69 73 77 81

Noabi or acbenus

Puc. 20. CpeaHuii npupocT cocHbl MWK231 n3 KanndopHum 3a 31 umkn YpaHa B nepuog c
681 r. A0 H.3. N0 1957 ., MM

McTouHuk: pacyeT no aaHHbIM International Tree-Ring Data Bank

HenTyH oOkasbiBaeT aHanornyHoe no XapakTepy BRUSHUE Ha OONTrOXUBYLUME pacTeHus, a
3HauuT, U Ha Bruocdepy B Lenom (puc. 21)

19

11

1 9 17 25 33 41 49 57 65 73 81 89 97 105 113 121 129 137 145 153 161

lNopgsi or aderiis

Puc. 210. CpegHui npupoct cocHbl MWK231 n3 KanudopHum 3a 13 umknos HenTyHa B
nepvog ¢ 678 r. 4o H.9. No 1957 r., Mm

MctouHuk: Ibid.
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CenbCKOXO3ANCTBEHHAss CTaTUCTMKA MO ypoXasM Ha rnobanbHOM YpOBHE Takke
npenocTaBnsieT BO3MOXHOCTb yoeamTbes B peanbHOCTM adddpekTa BIUAHUS BHELUHWUX MNAaHeT
Ha ©uocdepy 3emnu. B rog nocnegHero nepurenusa CaTtypHa ypoXXalHOCTb MeHuubl Obina
MUHMMarnbHON (puc. 24). Bece rogbl nepurenusa KOnutepa Bo BTOPON NonoBuHe XX Beka (1963,
1975, 1987 n 1999) GbINM OTMEYEHBI CHUKEHNEM YPOXKAEB 3E€PHOBBLIX Ha NIlaHeTe.

640

2000 2001 2002 2003 2004 2005 2006
FNoapl

Puc. 24. MupoBoe npon3BoACTBO MLLEHULbI U €ero nageHune B rog nepurenusa CaTypHa, MITH.T

McTouHuk: no gaHHbiM FAOSTAT

100

95
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85 |
) :I I I
75 | ‘

1997 1998 1999 2000 2001

Puc. 25. MnpoBoWi akcnopT pblObl 1 €ro CHWXKEHWE B rofbl NPOXOXAEHUS Nepurenns
KOnuTepom, MIH. T
WctouHmk: no ganHbim FAO - Fisheries and Aquaculture Information and Statistics Service

JL



A.10.PeTeiom FeononuTukKa u akoreoguHaMmmuka
pernoHoB. 2008. Bein.1-2. C. 35-54

Pbiboxo3sanicTBeHHas CTaTUCTUKa, MO MHEHWIO 9JKCMEepTOB, HeHadexHa. [JoCToBepHyto
KapTUHy [OMHaMWKW YrOBOB B OKeaHe [aeT cTaTucTMka MMPOBOW TOProBNnW, KOTopas
nokasbiBaeT, 4YTo B rogpl, korga KOnutep npubnwmxaetca k ComHUy M NpoxoauT Mepurenun,
NPOMCXOAMT 3aMeTHOE CHWKeHMe 3anacoB pbibbl, OCOBEHHO 3amMeTHOe Ha oHe
NONOXUTENbHOIO Tperaa (puc. 25).

Bbiwe Obinv paccMOTpeHbl HEKOTOpbLIE MokasaTenu peakumm 3emnu n ee Guocdepbl Ha
KOCMMYeCKMe BO3OENCTBMSA B MOMEHTbI MPOXOXAEHWS MiiaHeTaMu-ruraHTaMum To4YeK nepurenms
n adenusa. N3mMeHeHus COCTOSHWS 3eMHOW Mpupoabl B Mepuoabl Mexay 3TUMU KparHUMU
NONOXEHNAMN 3TUX HEBECHBIX Ten Ha OpbuTax HOCAT CNOXHLIN XapakTep. [N ero BbisiBNEHUsS
Hy>kHa 06paboTka AaHHbIX MO ANUHHBIM PsifaM C UCMOfb30BaHNMEM MEeToAa HaroXeHHbIX 3MOoX.
Mo HeKkoTOpbIM WMHAOMKATOpaM BedyTCs [OCTAaTOMHO NPOAOIKMTENbHble HabnwoaeHus,
nosponsolwme caenatb Heobxoaummble BbiBoAbl. OAMH M3 HUX — TemnepaTypa BO3AyXa,
KOTOPYIO MOXHO oOnpegenute [Afs  Uenoro nonywapuss WM BCEro 3eMHOro Lapa.
CooTBETCTBYIOLLME pacyeThl yKa3blBalOT Ha 3HAYUTENbHBIN BKNag addeKkTa BAUAHUS BHELLIHUX
nnaHeT B U3MEHeHUs knumara (puc. 26).

0,05

0\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
1 3 &5 7 9 M1 13/1%17192123252729

-0_00:5 /\ P/\/ \ A

N
-0,15 -
A A\
0,2 u v
-0,25 -
0,3 v
0,35

lNoob1 or pats1 acdbermst

Pwuc. 26. MmobanbHble aHoManum TemnepaTypbl BO34yxa, OCPELHEHHbIE MO rogaM Lumkna
CartypHa (nepuog 1856-2005 rr., naTe uuknos), rpag. C

NcTouHuk: pacyeT no gaHHeiM P. D. Jones, D. E. Parker, T. J. Osborn, and K. R. Briffa
«Global and hemispheric temperature anomalies--land and marine instrumental records». In
Trends: A Compendium of Data on Global Change. Carbon Dioxide Information Analysis
Center, Oak Ridge National Laboratory, U.S. Department of Energy, Oak Ridge, Tenn., U.S.A.

Mo umetowMmMca cBeaeHusaM, BENMUMHA M3MeHeHun B Buocdepe, BbidbiBaeMbIx HOnutepom
n CaTypHOM, MakcumaribHa BO BpeMsi NPOXoXaeHus nepurenud. bonee otoaneHHas BHeLLHAS
nnaHeta YpaH, HageneHHasl O4eHb CUIbHbIM W CITOXHbIM MarHWTHbIM MofieM, Haumbonbluee
BNUSIHNE OKa3blBaeT BO BPeEMS NpPOXoXAeHus adpenus. I3To cobbliTue nocnegHun pas
cnyyunocb B 1925 r. 1 conpoBOXAanoch LenbiM psagom rnobanbHbIX BO3MYLLEHUIA, BKAOYas
MOHMXEHNE YPOBHSA MHOIMMX KpynHbix o3ep (B Tom uucne barikana u Kacnust) n peskyto
aKTMBM3aLMI0 TedeHus Onb-HWHBO, cuMTalrowerocs fyywyMM  MHOUKAaTOPOM  COCTOSIHUS
MwupoBoro okeaHa.
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Kopomkonepuodu4eckue usmeHeHUs1 cpeodbl

ExerogHo BHELUHWE nnaHeTbl MPOXOAAT TOYKM MPOTMBOCTOSIHUSI U COEOMHEHUs), KOrda OHM
npubnnxarTca K 3eMne Ha MVHMManbHoe PacCTOsiHUE U MaKCUMarbHO yaanstooTcs OT Hee. B atn
MOMEHTbI HaLLia MriaHeTa UCMbITbIBAET AeopMaLIm, BbIPaXKaOLLIMXCA B aKTUBU3ALWMWN BYSIKAHNYECKOM
OEATeNnbHOCTY, 3eMMeTpsCeHNsX, KonebaHusax aTtMocepHoro AaBneHvss U Opyrux  SBREHUsIX,
TpebyoLLMX CBOEBPEMEHHOIO NpeackasaHmsi.

O6obLweHne matepuanos rnobanbHONM cencmornornyeckon cetn 3a nepwog 1998-2007 rr.
NPMBOOUT K 3aKIIOYEHMIO O 33aKOHOMEPHOM MOBBILEHUN YacTOTbl 3eMIIETPACEHUA Mpu
conwxeHun nnaxer (puc. 27).

16
15 |
14 |
13 |
12
11
10 |

2 98 QgL PO OLR QY8 QY

JAH1 oT MOMEHTa NPOTMBOCTOAHUA

Puc. 27. Obuwee 4ncno 3emneTpsiceHnin knacca M5 3a nepuog 1998-2007 rr. B 4HM OO U
nocne npoTnBocTosHusA KOnutepa

McTouHuk: pacyeT no gaHHbIM Incorporated Research Institutions for Seismology

109 87 6543219012 3 4 56 7 8 91

Puc. 28. Obuee YMcno HayaBLUMXCA BYFIKAHUYECKMX N3BEpXKeHun 3a nepuog 1960-2005 rr.
B AHW [0 ¥ nocre npoTueocTosHus Konutepa

WcTouHmk: pacdeT no gaHHeiM Global Volcanism Program/Smithsonian National Museum of

Natural History
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[aBHO nogMeyveHo, 4YTO akTMBU3aUMSA BYIIKAHWYECKOW LEeATENbHOCTM COMpOBOXAAETCA
CHWXEHNEM CENCMWUYHOCTU. DTOMY MpaBuIly BMOSIHE COOTBETCTBYET (DEHOMEH MPOBYXAEHUS
BYJIKAHOB HEMOCPEACTBEHHO B Nepuog npoTtueocTosiHus Konutepa (puc. 28).

B aTtmocdepe 3emMnum B AHM NpOTUBOCTOSIHMSA HOnuTepa CyLeCTBEHHO YMEHbLIaeTCs
WHTEHCMBHOCTb MEpUANOHANbLHOIO nepeHoca, B 0COOEHHOCTU B HaMNpaBneHnn C tora Ha ceBep
(pwnc. 29).
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MpoTrBOCTOAHMA CoeapHeHsi

Puc. 29. Yucno aHen ¢ umMpKynsaumen XXHOro Tuna B MecsiLibl NPOTUBOCTOSIHUA U
coeanHeHus KOnutepa (1899-2006 rr.)

WcTouHmk: pacyeT no gaHHeiM B.J1.[3epaseesckoro u H.K.KoHoHOBOW

BO3D,eI7ICTBI/Ie MarHMUTHOrO MOJSi BHELLHMX NaHeT Ha 3emnto nepenaeTcd 4Yepe3 naMmeHeHund
KoHUeHTpauun o3oHa (puc. 30).
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Puc. 30. U3ameHeHus copgepxaHusa o3oHa B atmocdepe HOxXHOro nonywapusi B 4HM 4o u

nocne npotueocTtosHus CatypHa B 2000 r., eamHuubl JobcoHa
52

UctouHuk: pacyeT no gaHHbiM Ozone Processing Team — NASA/GSFC
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KpaTkoBpeMeHHOe BMMsIHWE BHELLIHUX NMaHeT NPOSABNAETCA €XerofHo M NOBCEMECTHO B [HW,
npeaLecTByHOLLME NEPUrenvaM U NPOTUBOCTOSHNAM BHELLHUX MIAHET U criegyowme 3a HUMK. OTK
adohekTbl 3ameTHEE TaMm, rOe OTHOCUTENBHO HM3Ka MHTEHCUBHOCTL 30HarbLHOMO NnepeHoca Tenna u
BMaru, T.e. BO BHYTPEHHUX YacTsIX KOHTUHEHTOB, B APKTUKE M B TPOMUYECKMX LLUMPOTaX.

B kauecTBe npumepa Ha puc. 31 npuBeneH rpadmk pacnpeaeneHms atMocepHbIX 0CaakoB
BO Bpems npoxoxaeHuns KOnntepom TOYKM MPOTUBOCTOSIHUSA, COCTABIIEHHBIN MO MaTepuanam
AnuTenbHbIX HabnogeHun Ha ctaHuun Manamu, wTat dnopuaga. XapakTepHo HacTynneHue
OBYX MaKCMMYMOB B MOMEHTbI BXOAbl M BbiXO4a 3eMnu B 30HY MOBbLILLIEHHON HAMpPsPKEHHOCTU
MarHuTocgepbl BHELLIHEN NNaHEeThI.
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39

OHn oT MOMeHTa MPOTUBOCTOSHUA

Puc. 31. CpegHue cyTOYHbIE CyMMbl aTMOC(EpPHbIX OCaAKoB B NEPUOA NPOTUBOCTOSHUSA
KOnuTepa Ha ctaHummn Manamm 3a 1960-2007 rr.

UcTouHuk: pacyeT no aaHHeiMm Weather Underground

Apko BbIpaXeHbl MeTeoponorMvyeckme nocneacTBUs KOHTakTa MarHuTocdep B nepuos
NPOXOXAEHNS1 BHELIHEN NnaHeTon nepurenns (puc. 32).

Kak npepgcraBnsieTcs, UMEKTCS Cepbe3Hble JoKa3aTenbCTBa B MOMb3y CYLLECTBOBAHUS He
TONMbKO [ONTOBPEMEHHbIX, HO U KpPaTKOBPEMEHHbIX 3(MEKTOB BNUSHUA BHELLUHUX MMaHeT Ha
39KOHOMMYECKM N COoLMarnbHO BaXKHbIE KOMMOHEHThI OKPYXKatoLLEn cpeapl.

3a pamkamn cTtaTbi ocTanacb TemMa MHTepdepeHLMn BO3AENCTBMIA pasHbixX nnaHeT. EcTtb
OCHOBaHug nonaratb, YTO UMEHHO Pa3nnyns B NPOAOIDKUTENBHOCTY LIMKIOB UX OBWXEHNUS MO
opbutaMm BO MHOrom OOycCrnoBnuBalT Habnwgaemble M3MeHeHusa knumata. OpgHako ans
BbISICHEHMS 3TOr0 BONPOCA HYXHbl AONONMHUTENbHbIE UCCINESOBAHMS.

3aknroyeHue

B 1888 r. H.Tecna 3anateHToBanm HOBbIA MOTOP MNEPEMEHHOr0 TOKa, B KOTOPOM
Ucnonb3oBaHa ero peBOSILMOHHAA Maesd reHepauumn SHeprum BpallaloWMMUCA MarHUTHbIMU
nonsmu. 3a uctekwune 120 NeT aTa maesd CoBEpLUEHHO npeobpasunna TexHuky. K coxanenuto,
OHa He 3aTpoHyna Hayku o 3emre 1 KocMmoce.

lMpuBEeaEHHbIE apryMEHTbl — UX YUCIIO FErko YMHOXUTb — FOBOPAT O TOM, YTO BO3L4ENCTBUE
BHELUHMX MMaHeT €eCTb HEeOoMpOBEPXUMBIA akT. OTO HABMEeHWe, C KOTOpbIM criegyer
COrnacoBbIBaTb AONTOCPOYHbIE NMaHbl YeNoBeYeCckon gesTensHocTu. [pakTnyeckn 6e3ycrnoBHO
npuoputeTHa npobrnema yyeta BnusaHus KOnuTtepa, KOTOpbIA NPOMAET nepurenuin B mMapTe
2011 r. OcraeTca HekoTOpoe BpeMs NS OeTanbHOro pPeTpoCneKTUBHOIO aHanu3a ero

3(PHEKTOB U MPOrHO3MPOBAHNSI.
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JOHM ot paTtbI nepurenus

Puc. 32. CpegHune cyTouHble cyMMbl aTMocdepHbix ocaakos 3a 1951-1999 rr. Bo Bpemsi
npoxoxaennsi nepurenusi KONMTepoB Ha cTaHummM Masamm

McTounuk: Ibid.

Ocobas Tema uccnegoBaHus — MOCNeAcTBUSA cOObITUS NMpoxoxaeHus adenust YpaHom B
deBpane 2009 r., Ha KOTOpoe, Kak MoAcKasbiBaeT OMbIT MNpOLoro, 3emns  AorhkHa
oTpearmpoBaTb CePbe3HbIMU U3MEHEHUSIMM KNUMaTa.

ManoxeHHoe Bbllle yKka3blBaeT Ha HeobXoAMMOCTb BHECEHMST KOPPEKTUBOB B METOAOMNOMMI0
pa3BepHYBLUMXCS HblHE MCCredoBaHui No rnobanbHbiM npobnemam. AKUeHT crnegoBano Obl
nepeHecT C Moucka B MPOU3BONIbHO WM3OpaHHbLIX NPOCTPaHCTBEHHO-BPEMEHHBLIX paMKax
TPEHOOB M MEepUOAMYHOCTEN HEW3BECTHOMO WM HEOOCTaTOYHO SICHOrO MPOUCXOXOEHMST Ha
nsyveHne adppeKkToB BNUSHUSA 0O BEKTMBHO CYLLIECTBYIOLLIMX KOCMUYECKMX hakTopoB. B nepsyto
odyepeab B 3TOM acrekTe [JOSKHbl OblTb M3ydeHbl OMacHble CTUXWUM, O 3aKOHOMEPHOM
NOBTOPSEMOCTWN KOTOPLIX NOOW [OrafblBanucb €ele B OPEBHOCTM, NPUAYMAaB LUKIMYECKME
KaneHgapw.

OrpomHble MaTepuasbHble U MHTENNEKTyanbHble NoTepy obLecTBa B 3HAYMTENbHOW Mepe
ABMNAOTCA CNEACTBUEM Heoy4veTa NPUPOAHbLIX CUIT, YNPaBsoLWMX BCeEMU YneHamm ConHeYHow
cucteMbl. MNopa 3To oco3HaTb M AeNCcTBOBaTb B COOTBETCTBUM C 3aKOHaMM NpMpoabi.
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