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BsedeHue

3MeHeHHe KJIHMara — 3TO He axaje-
Mudeckas npobieMa, a cypoBasd peasb-
HOCTb, CTOJIKHYTBCS C KOTOPOH CYXX/€HO
Ka)K/JOMy 4YesIOBeKY, a AJjid MHOI'MX MUI-
JIMOHOB JKMUTeJeld 3emau OoHa TauT B cebe yrposy
JUIsi )KM3HU M 370poBbsi (cM. miaBy 3). Mephl, He-
o6xoauMBle /UTs TIPeJOTBpPalleHUs 3TOH OMacHOCTH,
CBSI3aHBI C HEMaJbIMH 3aTpaTaMu. [loaTomMy Ha KJIH-
MaToJIorax JIeKHT 66Jbiias OTBETCTBEHHOCTh, YeM
Ha NPeCTABUTENAX MHOTHX APYTHUX eCTeCTBEHHBIX
HayK. VIM NpUXOAUTCA TNOCTOAHHO IIE€PENpPOBEPATH
JIOCTOBEPHOCTh MMEIOLIUXCA 3HAHWH M YCTPaHATh
CyIIeCTBYIOIIMe HeTo4yHOCTU. [loaToMy ZaBaiiTe 3a-
AaZuMcA TAKMM BOIIPOCOM: a Ha 4eM BoobIne oCHO-
BaHbI HAIlIK 3HAHUA O KJIUMare?
MHOrH€e CYMUTAIOT, YTO YTpo3a U3MeHEHHA KIH-
MaTa — 3TO YHMCTO TeopeTHYecKas BO3MOXKHOCTh,
npe/icKa3aHHas Mo JOCTATOYHO HeHaZJeXHBIM KOM-
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nbioTepHbIM MogensM. K 1mofo6HbIM pacyeraMm OT-
HOCATCA € NOHATHBIM HeZloBepHeM: B KOHIe KOHIIOB,
A7 HeclelHaJMcTa KIUMaTHYecKHe MOAEIN —
TaliHa 3a CEeMbIO INeYaTsMH, U OLEHHTbh HX JOCTO-
BEPHOCTb OH, KaK IIPaBHJIO, HE B COCTOAHHM. A pa3
KOMITBIOTEPHEIE MOZEJIH TI0/jBepIKeHbl omubKam, 1o,
MOXKeT ObIThb, U OECIOKOUTECA IO TOBOAY H3MeHe-
HUA KIMMAaTa HeT HUKaKUX ITPUYHH?

K coxanenuto, 3T0 He Tak. HaubGosee cyile-
CTBeHHbIE TpeJACTaBleHHus y4eHbIX 06 M3MeHeHHH
KJIMMAaTa OCHOBaHbl Ha JaHHBIX M3MEpeHWH W 3Ha-
HUM QyHAAMEHTANbHBIX QU3NUECKHX 3aKOHOB. Mo-
JeU TakoKe UrParoT B KIIMMATOJIOTHH BXHYIO POJib:
OHH TMO3BOJIAIOT AETaJbHO pacCYuTaTh MHOr0o0pas-
HBIE YaCTHEHIE acleKThl KIMMaTHIeCKUX U3MEeHeHHH.
Ho gaxe eciu 6bl HHKAaKMX KJIMMaTH4YeCKHUX MOJe-
Jlel BOBCe He CyILeCTBOBAJIO, y4eHble BCe PABHO OBl
Hayaiy 6UTh TPEBOTY MO MOBOJY I'PO3AIIETO aHTpO-
MOreHHOr0 U3MeHeHUs KiHMMaTa.

POCT KOHIIEHTpallu¥ MapHUKOBBIX ra3oB B ar-
Mocdepe 3acBHAETEIbCTBOBAH MHOTOYHCIEHHBIMH
U3MEpeHUsAMHA — B 3TOM He COMHEBAITCHA Jaxe
caMble OTbABJEHHBIE CKENTHKU. Tomy, 4TO BHHO-
BHUKOM 3TOrO pOCTa fABIAETCA YEJIOBEK, TaloKe
€CTh 0OBEeKTUBHBIE CBUETENbCTBA: JaHHbIe 00 HUc-
MONAL30BAHUM HMCKONAeMBIX MCTOYHUKOB JHEPTHH
1 — He3aBHCHMO OT HHX — /JaHHble H30TOIHBIX
uaMepeHuit. HacKo/JIBKO pPe3KO NMOBBICHIOCH COAEp-
’KaHWe TIAPHUKOBHIX ra3oB B arMocdepe, MoKasbIBa-
10T pe3y/lbTaThl aHalIu3a KepHa, MOJIy4eHHOro NpH
OypeHHH aHTapKTHYECKHX JIbAOB: Ha MPOTHKEHUH
MouTH MIWUIMOHAa MMHYBIIMX JIeT KOHII@HTpal[uA

8 MoBanbHoe MIMEHEHUe KnumaTa

T i

‘CO, HM pasy Jaxke He NpubIMKanach K TeM Beju-
yuHaM, J0 KOTOPHIX OHAa MOAHsUIACh 3a IOC]e/Hee
cTOJNeTHE.

B cBoOw. ouepeib, MApPHHKOBOE BO3JEHCTBHE
CO, — 310 0buIeHU3BecTHBIN $aKT, yCTaHOBIEHHbIH
y4eHBIMH 6olee cTa JleT ToMy Hasa/l. PaguanuoHHoe
poszeiicteue CO, n3MepeHo 1abopaTOpPHBIMH METO-
JAaMH, a TIepeHOC U3JIy4eHUA B arMocdepe Takxe
ApasgeTcs miyboKo HCCAeJOBaHHBIM acleKToM ¢u-
3MKHM Y MOCTOSIHHO YYWTHIBAETCs IPH NpOBe/IeHUH
CIYTHUKOBBIX M3MepeHuil. OxkulaeMoe yBedyeHne
TIOCTYIIAOIEro K 3€MHOH MOBEPXHOCTHU JJIMHHOBOJI-
HOBOTO H3/1y4eHHs, 00yC/IOBJEHHOE NapHUKOBBIM
adpdextom, 6610 NOATBEP!KAEHO B 2004 T. U3Mepe-
HUAMH, npoBeieHHbiMU [IBeliljapckoli paguanon-
HO-U3MEpHUTEJbHOM ceTbio'. [ToaToMy B TOM, YTO
paauannoHHbIi 6anaHc Hamel rwiaHeTs! 6bUT Hapy-
LIeH YeJIOBEYECKON AeATeIbHOCTbIO, K COXaNICHHIO,
He MPUXOJUTCS COMHEBATHCH.

B KOHEYHOM HTOre pellamlllee 3HaYeHHe TpH-
ofpeTaeT BOMpOC: KaK CWIbBHO pearupyeT KJIMMaTH-
yeckasi CUCTeMa Ha 3TO HapylleHUe pagualiOHHOTro
6ananca? BoT 34echb-TO HaM Ha ITOMOIIb U IPUXOAAT
KOMIbIOTepHBIe Mogenu. OgHako yxxe B 1896 r. BHI-
Jaroiuiicsa wBeJAcKkUil ydeHblii CBaHTe AppeHHYC
JIoKasaj, YTO COOTBETCTBYHOIIHE PacyeThl MOXKHO
cieiaTh ¥ TPaAMLIMOHHBIM CIIOCOOOM, TO ecThb Ka-
paHzanioM Ha 6ymare?, A iefloBble KEPHBI, JOOBITEIE
B AHTapKTHZe, MO3BOJIAIOT BBINOJHUTL HE3aBHCH-
MYIO OLIeHKY YyBCTBHUTEIBHOCTH KJMMaTa IyTeM pe-
IPECCHOHHOTrO aHajlM3a, OCHOBAHHOTO Ha IOAy4eH-
HBIX JaHHBIX®. Kak Mbl BCKOpe YBUAUM, peBHelnas
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UCTOPHA KIMMaTa TaKXe YKasblBaeT Ha 3HAYUTENb-
Hy10 poss CO, B KJIMMAaTHYECKMX NU3MEHEHHUAX.

M3MeHeHMe KIMMara yxxe IporcxoguT. 06 arom
HanpAMYIO CBUAETENBCTBYIOT H3MmepeHus: 1998,
2002, 2003, 2004 1 2001 rr. 65UIH CAMBIMH JKapKH-
MH 3a BCIO HCTOpHIO HabmogeHui ¢ 1861 r. (koraa
HEMELIKOe M3JaHHe 3TOH KHUIM BOT-BOT JOJDKHO
6BUIO OTIPABIATLCA B I€Yarh, MOCTYIMWIO coobie-
uue HACA o Tom, uyto 2005 roz ycTaHOBHJI HOBBIM
TemrnepatypHsbiii pexopa). I[To BceMy 3eMHOMY 1apy
CTPEMHUTEJILHO TAIOT JIEAHUKH (CM. rI1aBy 3), a najueo-
KAMMaTHYeCKUe JaHHbIe NOKA3bIBalOT, YTO KIMMaT
B KoHIle XX B. 6bUT TAKMM TEIUIBIM, KaK HUKOI/A 3a
MOCJIEAHIOIO THICAYY JIET.

Brnarozjaps JeTaabHbIM KOMIbIOTEPHBIM MOJe-
JIAM HALIM 3HaHUA 00 M3MEHeHUM KJIMMaTa CTaHo-
BATCA GoJjiee HAZEKHBIMU, a IPOTHO3bl €ro JAajb-
Heiimero passutus — 6Gonee TouHsiMH. Ho m Ge3
BCAKMX Mojesieii Bce AaHHbIe BIIOJIHE OZHO3HAYHO
YKa3bIBalOT Ha TO, 4YTO, BhIGpackiBasA B armocdepy
ruranTckue obbemel CO, ¥ APYTHX ra3os, YejlOBeK
yxke B Omwkaiiiee BpeMs PEUIMTENbHO H3MEHHT
KJIUMaT 3eMJIH.

1.
Yemy yuut
NCTopuA Knumara?



JIMMAT Halllel IUIaHeThl HEOZAHOKPaTHO Ipe-
TepreBajl HeBepOATHblE M3MeHeHHudA. Bo
BpemMeHa MesioBoro nepuoga (ot 140 zo
65 MWLUIMOHOB JIeT TOMY Ha3ajl) TMIaHT-
CKMe Aleps! 6poAWIH cpeJit cyOTpOIMYeCcKoM pacTH-
TEeJBHOCTH Jla’ke B apKTHYeCKHX LIUPOTaxX, a CoAep-
waHue CO, B armocdepe 65U10 BO MHOT'O pas BBILIE,
yeM ceiyac. 3areM 3emid Hayasa IIOCTENEHHO OCThI-
BaTh, U TeNepb Ha Hell Kax/ble JBa-TPH MWUIHOHA
JIeT JIeAHUKOBEIE 3IIOXH YePeAyIoTCsA ¢ MEXKIeTHHKO-
BbAMU (MHTepIIALManaMu). B meproab! oseieHeHUA
rMraHTCKHE IVIeTUYephl MPOABUTAINCh JAJEKO Ha 10T,
NOKpBIBAA 3HAYMTEJIBHYIO YacThb COBpeMeHHOM lep-
MaHMH, a Hallu TIPeJKU Hace/sUIH OJIe/IeHEeBIre CTe-
n1 60k 0 60K C MOXHAaTHIMM MaMOHTamH. B pasrap
HBIHEIIHero MeXJIeZIHUKOBbS — IPOAoJLKalonencs
nociegnue 10 000 et snoxu rojgoleHa — BHE3aITHO
BBICOXJIA M MpeBpaTWiIach B nycTeiHIO Caxapa.
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Tonbko Ha GpoOHe MOJOOHBIX JPaMATHYHEIX Nepe-
MeH, 3aCBH/IETEJIbCTBOBAHHBIX NaJ€OKIHMAaTOJI0I'-
ei:l, MOXKHO NOHATH H MMPAaBWIbHO OLUEHHTH HbIHEII-
Hee HM3MeHeHHe Kiumara. B camom Ju aene OHO
BBI3BAHO 4YeJIOBEKOM, WM 3TO BCEro JIHMIIb cl)aaa
€CTEeCTBEHHOr0 KJIMMAaTOJIOTHYecKoro nuina? 4ro-
6B OTBETUTH Ha 3TOT BOINPOC, HaM HeoOXOoAMMO
03HAKOMHUTBCA C OCHOBaAMH NaJEOKJIHMATOJIOI'HH —
Hayku 06 vMcTopuM KiauMara. IToaToMy MBI HaYHEM
KHHTY C MyTEenlecTBUA BO BpeMeHHW. B 3Toii miase
MEI OGCY,ELHM, KaK HM3MEHICA KJIHMaT B pPAa3HBIX
BPEMEHHBLIX Macmrabax: oT IIponeccoB, 3aHABUIHX
COTHH MW/JIHOHOB JIET, [0 PE3KHX KIHMMAaTHYECKHX
CKA4YKOB, 3aHHMAaKIOHX YMbl KJIMMATOJIOTOB B IIO-
ciefHee BpeMs. B mepByro odepezb Hac Oyzer mpH
9TOM HMHTEPEecoBaTh CJiefylolliee: Kakve (aKTOPHI
0TBEYalT 3a U3MEeHeHHe KiHMaTa ¥ KaKHue YpPOKH
MOXXHO M3BJjIe4b, M3y4yas peaKIMHd KIMMaTHYeCKOH
CHCTEMBI, HMEBIIIHE MECTO B ITPOLLIOM.

Knumatuyeckune «apxusbi»

TKyZa MbI BOOOIIIe 94T0-T160 3HaeM O KJIH-

Mare NPOLUILIX 'e0IOTHYECKUX 3110X? He-

KOTOpBle CBHETENH ObUIBIX U3MEHEeHHH

KJIMMaTa BHAHBI HA MECTHOCTH HEBOOpY-
JKEHHBIM B3IVIAZOM — HaNpUMep, KOHeYHbIe Mope-
HEI JaBHBIM-IABHO pacTasaBLIMX [yeTdyepoB. M Bce
JKe HaubosbIIas YacTh HAIUKMX 3HAHUH 06 MCTOPHH
3eMHOro KJiUMata — 3TO pe3y/abTaT CKPYIY/JIe3HBIX
JeTeKTUBHBIX pacciefOBaHWUM, MeTOAbl KOTOPBIX
ydeHble HelpecTaHHO COBEPIIEHCTBYIOT. Besje, rae
Ha NPOTSKEHUU JIOJITOTO BPEMEHH OTKJIaJbIBAIOTCA
Kakue-HMOYZb BellecTBa Wi GOpPMUPYIOTCA KaKHe-
HUOYAB CTPYKTYPHI: OTJIOKEHUA Ha AHE MOpeH, CJIon
CHera Ha JIeJHUKaX, CTaJIaKTUTHI B Nellepax, roauy-
Hble KOJblla Ha Kopa/ulaXx U JIpeBecHBIX CTBOJAX, —
HCCIeOBATENM HM3BICKMBAIOT CIOCOOBI M METO/BI
MoJy4yeHus] KJIMMATOJOTUYecKUX AaHHBIX. Ha npo-
TSOKEHUH MHOTHX JIeT OHU OYypAT MacCHBHBIE T'DeH-
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JIaHZCKUE JIEHUKH, TPOHUKASA [I0 CKATHCTOrO I'PyH-
Ta, BEAYT 0TOOP KePHA OTIOXKEHUH ¢ OKeaHUYECKOT'o
JHAa Ha THICAYEMETPOBBIX IIyOMHAX, IPU TOMOIIHU
BHICOKOYYBCTBHTEIbHBIX TPUOOPOB OHM aHAIU3HU-
PYIOT M30TOIHBIM COCTaB CHEra WM Mecslibl Harpo-
JIET MPOCHYKMBAIOT 32 MHKPOCKOIIOM, PacrosHaBas
U TIOJCYUTHIBAA KpOIeyHble KYCOUKU ANYHBIX CKOP-
JIYTIOK WIH KPYTIMHKH LBETOYHOMH MbUIBLBIY.

OCHOBHOM TIPUHIIUAT PaboTHI yA06HO OOBACHUTD
Ha IpUMepe JIeAAHbIX KepHOB. 'MranTckue rerde-
PbI, JIe/IHUKOBBIE IIUTHI TOIMNHON B HECKOIBLKO ThI-
cA4 MeTpoB, chbopMUpoBaauchk B ['peHaHanu U AH-
TapKTHUZIE — TaM, TAe U3-3a XO0JIOAA CHer, YHaBIIHH
Ha 3eMI0, HUKoTZa He TaeT. CHekHble TOpHl CTa-
HOBATCS BCE BBIIIE M BhILIE, a JIOXKAUIUN MOA HUMHU
CTaphlii CHer TOZA /aBlieHHeM HOBOH CHEXHOW
MAacchl CIpeccoBbiBaeTcs B je[. Ha mnpoTsxeHUH
CTOJIETHM YCTAaHABJIMBAETCSl paBHOBeCHe: JieloBas
Macca TepecTaeT pacTH B BBICOTY, [OCKOJBKY Jiel
HAauMHAEeT CTeKaTh [0 HalpaBJeHHI0 K coOCTBeH-
HBIM KpaaMm W BHM3. U1 nopjep:xaHus OanaHca
@XerofgHo obpasyeTcsi POBHO CTOJBKO € HOBOIO
JIbJla, CKOJIBKO TaeT II0 KpadM JieflHMKa. JTO MO-
JKeT TIPOMCXOAWTH Ha Cyllle, Korja JeHUK CTeKaeT
BHH3, TO €CTb B Oosiee Teruible BBICOTHBIE 30HBI, —
TaK ObIBAaeT C BHICOKOTOPHBIMH IJIeTYEPAMH, TO XKe
caMoe THMIUYHO M JJIA TPEHJAHZACKOro JIeAsHOro
muTa. B Apyrux ciay4asx sieJ cTekaeT B Mope, 06-
pasys TaM IUIaBy4YMil JeAsHOH wieabd, KOTOPHIM
CHH3y MoAgTauBaer noj JeiicrBueMm Oonee Teruioi
MOPCKOW BOJIbI — WUMEHHO 3TO W IPOHUCXOJUT Y Oe-
peroB AHTapKTH/BIL.

16 no6anbHOE U3MEHEHHME KNMMaTa

YeMm ray6rxe Mbl 6YPUM TaKOH JIEASHOM IMT, TEM
crapee TOT Jiej, KOTOPHIi MOXHO OGHapyXMTh Ha
mybuHe. Ecii KOJMYeCTBO OCA/KOB B JaHHOM pe-
rHOHE ZI0CTATOYHO BEIHMKO M CTabWIbHO Ha NpOTA-
JKeHUH MHOTHX JieT (kak, Hanpumep, B I'peHnaauy,
rjle 3a CYEeT BBINAZIeHUA HOBOT'O CHEra €XerofHo Ha-
pacTaeT ABaJLATHCAHTUMETPOBBIH CJIOH JbAA), TO
yceIefioBaTesaM yAaeTcd AaKe pacllio3HaTb OTAENb-
HbI€ FOJOBBIE C/IOH. [leslo B TOM, YTO B MaJIOCHEXK-
HOe BpeMs roza Ha NMOBEPXHOCTH JIEAHHKA oce/jaeT
IbUIb M CJIOH JIbZia moydaercst 6ojee TEMHBIM, a B
CHEXHOe Bpems roja obpasyerca Gosee CBETJIBIH
c1oi. Takue ToAMYHEIe CJIOH HeTPYAHO COCYUTATh —
5TO U €CTh CaMblil TOYHBEI MeTOZ AaTUPOBKH Jbja’.
B ['penianny BO3pacT APEBHEHIINX JIe/IAHBIX CIOEB
jpocturaer npuMepHo 120 000 siet. B AHTapkTHAE,
rfle TOCHOACTBYeT OoJsiee CyXoil KIMMaT M rofAoBOe
KOJIMYECTBO OCaJKOB HIKe, COTPYAHUKAM eBpOIei-
CKOro Hay4HO-HccaejoBaresbckoro npoekra EPICA
B 2003 roay yzanoch M3Bleyb npoby JbAa BO3pac-
TomM Gosiee 800 000 set®.

Jinsa KaXxaoi mpoOBl J1bIa MOXXHO U3MEPUTh MHO-
’xecTBO TapameTpoB. OfHa M3 BaXHEHINMX BeJIH-
YHH — 3TO cofiepxkanue usorona O-18. /liast MHOrHX
bU3HYECKHX, XUMHUYECKHX WIH OHOJIOTHYECKUX T1PO-
L[ECCOB XapaKTEpHO TaK HasbiBaemoe (PaKIUOHM-
poBaHMe: I pa3IM4YHBIX U30TOIOB 3TH HPOLECCHI
NPOTEKAIOT C HEOJMHAKOBOH CKopocThio. Tak, Mo-
JIeKy/ibl BOABI ¢ «HOpMaJbHBIM» O-16 ucnaparoTcs
ObicTpee, YeM HeMHOro 6osiee TAXKeJble MOJIEKYIHI,
cogepxkamme O-18, npuyeM ¢QpaxKuMOHHPOBaHHE
3aBHCUT OT TeMIlepaTypbl. DTO KacaeTcd H ¢pax-
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LMOHMPOBAHUA IpH 00pa3oBaHUMU KPUCTAIUIOB
Jibjla — No3ToMy coAepkaHue O-18 B cHere 3aBUCHT
or Temneparypsl. [Tocie Hagexaneit KatuOpPOBKH
MOXXHO NPUHATH cofepxkanue O-18 B neasHOM Kep-
He B KayecTBe NMpPUOIM3UTENBHOM MepHl (Tak HasbI-
BaeMbIX MPOKCHU-JAHHBIX) JUIS OTIpefie/IeHUs TeMIie-
paTypbl Ha MOMEHT BO3HUKHOBEHHSA CHera.

Jlpyrue BaXHble BETWYHHBI, ONpee/iseMble s
06pasnoB Jbja, — 3TO COAEp)KaHHe MbUIH U COCTAB
BO3/lyXa B KPOIIEYHBIX My3bIpbKaxX, COAEPIKalllMXCs
B TOJILIE JIbJA: TAKUM 00pa3oM HaM yaeTcs OMyIHTh
Aaxe rpo6rI TorauHe armocdepsr. Baarogaps ato-
MY MOJXHO YCTaHOBHUTb KOJIMYECTBO YIIEKMC/IOTO r'a3a,
MeTaHa M JpyTHX rasoB B aTMochepe MHUHYBIIHX
reoJIOTHYECKHX 3M0X. 3aCy)KeHHOH H3BECTHOCTBIO
NOJIb3yeTCA MCCIeA0BaHMe JIEASHOrO KepHa, IMpoBe-
JleHHOe POCCHHCKO-PPaHIy3CKOM 3Kcreauideil Ha
aHTapKTHYECKOH CTaHIMH «BOCTOK», B X0fle KOTOPO-
T'O BIIEPBBIE YAAJIOCh C BHICOKOW TOYHOCTBIO TIpOCIe-
JIUTb UCTOPHIO U3MEHEHUI TeMIepaTyphl M KOHIEH-
Tpauuu CO, 3a nociaeanue 350 000 net (puc. 1.1).

V3 Tex WIM HHBIX KJIMMaTOJOTHYECKHX «ap-
XMBOB» IUIAHETHI C ITOMOINBI0O MHOroo6pasHbIX
METOAOB yZaeTcd IIOJyYHWTb CaMble pa3sIM4YHbIe
NpOKCH-JlaHHble. HeKoToprie M3 HHMX CBUAETENIb-
CTBYIOT O pasMepax JIeZIOBOro IOKpoBa 3eMiH, Apy-
rHe — O COJEpXXaHUHU COJIM B MOPCKOM BoOJZie WIH
0 KOJIMYecTBe aTMOC(epHbIX 0cagxoB. Kaxapii THI
MPOKCH-JaHHBIX MMEEeT CBOM JOCTOMHCTBA U HEJO0-
CTaTKH — TaK, HallpuMep, AaHHbIe IIYOOKOBOAHBIX
MOPCKMX OTJIOXK€HHMH ropasZio MeHee TOYHBI B XpO-
HOJIOTHYECKOM OTHOLLIEHUH, YeM JieJOBble KepHBI,
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Puc. 1.1. lpaduk namerenuit Temneparypet 8 AHTapxTuge (cepas
KPUBan, U3IMEHEHHUA NO OTHOLWEHWIO K HACTOALLEMY BPEMEHH)

1 KoHueHTpauuu CO, B atmochepe (YepHan KPUBAR) Ha NPOTAKEHNM
nocneaHux 350 000 NeT — No AaHHLIM NeAOBOT0 KEPHA CO CTAHLUKU
«Boctok»’. Ha rpadiuke xopoLwo pasnuuynMbl LMKALI NeJHUHOBLIX
nepuogos. B KoHue rpaduka otmeyeH poct koHueHTpauuu CO2, oby-
CNOBAEHHBIA AEATENLHOCTLIO YENOBEHA

Ap én L N om
Paznnua Temnepatyp

350 300 250 200

ToicAdY NeT ToMy Ha3an

3aTO OHHM CcoZepKaT UHGOpMalHIo 0 HaMHOTro Gonee
JPEeBHHUX 3T0XaxX — JI0 COTEH MIUTHOHOB JieT. MHo-
rde INpOKCH-JaHHBIE NMOKa YTO He IOAJAITCH TOY-
HOW /JaTUPOBKe M HaJleXKHOM, OHO3HA4YHOI HMHTep-
nperanuu. [1o3ToMy Ha OCHOBaHMH ofHOro Habopa
JaHHBIX ellle He ClefyeT JeJaTh CAHIIKOM JajeKo
WIYIIHUX BEIBOJOB: AOKA3aTENbHYIO CUITY PE3YIBTATHI
HCCIIeIOBaHUsl MOAYYA0T TOJIBKO TOT/|a, KOrZla OHU
noATBEeP)KAeHbl MHOIOYMCIEHHBIMH He3aBUCHUMBI-
MM HabopaMu AaHHBIX, MOJTYYEeHHBIMH C TOMOINBIO
pasiuYHBEIX MeToZoB. OHaKo B LIEJIOM NaJeoKId-
MaTHYeCKHUe ZaHHBIE YIKe CETro/HA MO3BOJIAIT HaM
BOCCTAHOBUTH HAa YIUBJIEHVE TOYHYIO U TIOAPO6HYIO
KapTHHY 3BOJIIOLUM KIMMaTa.



OT Yyero 3aBUCUT KNUMAT?

LeJIOM KJAMMAT Ha Hallei IUtaHeTe SBJf-

€TCA Ppe3yJbTaTOM I[IPOCTOro 3HEpPreTH-

yeckoro OayaHca: Hanyyaemasa 3emieit

TeIvioBas pajvauysa B CpejHeM Jio/DKHa
PaBHATHCSA IMOMIOLEHHOMY COTHEYHOMY U3/TyYeHHIO.
Eciu aToT 6anaHc HapyllaeTcs, U3MEHAETCA U KIIH-
MmaT. Hampumep, ecld NorJionleHHas dHeprusa 60ib-
1Ie U3/y9eHHOH, KIMMaT HaYMHAET TeIUvIeTh, 0 TeX
TIOp MOKAa BO3pacTalolliee 3a cYeT 3TOro TEIUIOBOe 13-
JydeHHe He ypaBHOBeCHT nocTymnaiouiee ot ConHua
W3JIydeHHe U He yCTaHOBUTCA HOBBIN OanaHc. 3zech
JIeHCTBYeT IIPOCTOM 3aKOH COXPaHEHHA JHEepruH:
mocTymnawiiee K 3emie COJIHEYHOe H3JIyyeHHe 3a
BBIYETOM €ro OTPaYKEHHOIl COCTaB/AIONeHl paBHA-
eTcs UCXOAANEMY OT 3eMJIH TEIUIOBOMY HU3JIY4eHHIO.
(ConHeuHoIlt 3HEpruei, MoroLeHHON pacTeHUAMHA
A Hy¥J GOTOCHHTEe3a, NOTOKAMU TeIUla U3 3eM-
HBbIX HeZp, TEIUIOM CXKUIaeMoro 4eJ0BEKOM TOILIH-
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Bpa U T. Il. B JaHHOM CJIy4ae MOXHO TpeHe6peys.)
OxeaH ¥ atMocdepa paclpefe/AaloT TeIUI0 BHYTPH
KIMMaTHYeCKO! CHUCTEeMBbl M HIPAlOT BaXKHYIO POJb
B GOPMHPOBAaHHH PErHOHAILHOTO KAMMAaTa.

VameHeHUs KIMMaTa ABIAIOTCA CJIeACTBUEM H3-
MEHEHHMH OIIMCAHHOTrO 3HepreTHyeckoro OajaHca.
OHH MOTYT OBITH BBI3BaHBI TPeMS OCHOBHBIMH IIPHU-
yyHaMH. Bo-TiepBBIX, MOXKET BapbHPOBATLCA WHTEH-
CHBHOCTb COJHEYHOTO H3JIy4eHHA — BCJEACTBHE
U3MeHEeHUA 3eMHOI OpOMTBI WIM IIpOLIeCcoB, Ipo-
rexaromux Ha camoM ConHile. Bo-BTOPHIX, MOXKET
MEHATHCA NPOLEHT U3JIy4eHHA, OTPAXKAaeMoro B KOC-
Moc. OTa BeJIMYMHA — abbeZlo — B YCJIOBHUAX COBpe-
MeHHOro kiauMara cocrasiseT 30%. OHa 3aBHCHUT
0T 00JaYHOCTH, IPKOCTH 3€MHOH NOBEPXHOCTH, TO
€CTh OT Pa3MepOoB JIeJOBOTO NTOKPOBa, 06'beMOB 3eM-
JIENIONb30BAHMA U OT reorpadpu4ecKoro pacnpesese-
HHA KOHTUHEHTOB. HakoHell, B-TPeTbHX, HCXOJALIee
TEIUIOBOE U3JIydeHHe 3aBHCHUT OT CO/IePIKaHus B aT-
Mocdepe TEIUIONOINIOMAIONIMX ra3oB (4acTo HMe-
HYeMBIX NMAapHUKOBBIMH rasaMi) M asposojei (To
€CThb B3BEIIEHHBIX B BO3/lyXe MEJIKHUX YaCTHI]) — CM.
rmaBy 2. Bce 3T $akTOpEl UrpailoT HEMAIYI0 POJIb
B MCTOPHH MOTEIUIEHUH U noxonoAaHuu. IIpu sTom
B OZHY 3MOXy Mnpeobsajamrollee 3HaYeHHE MOXKET
HUMETh OJMH M3 HUX, a B IpyTyio — Apyroi. Kaxoi
UMeHHO GaKTOp HeceT OTBETCTBEHHOCTb 3a TO WIH
HMHOe H3MeHeHHe, IPHXOJUTCA BEIACHATD B KaXKJ0M
KOHKPEeTHOM cjy4yae. YHHMBEpPCaJlbHOIO OTBeTa Ha
Bce ciyyau (Hampumep, 6yaTo 6B M3MeHeHUe KIH-
MaTa BCerAa 3aBHCUT OT COJIHIIA WJIH OT COAepKaHus
CO,) He cylecTByeT.
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[lo cyacThiO, BBIYHCIATH KJIHMMAaTOJIOTHMYECKHe
BeJIMYMHEL (2 3TO BCerja ycpeAHeHHble 3HAUEHMA)
ropasjo npoine, 4eM COCTaB/ATh POTHO3 MOTOABI:
[Orofia CTOXaCTHYHA M CWIBHO 3aBUCHUT OT CJIydaii-
HBIX KoiebaHuWi, a KIMMAT — TNPaKTUYECKH HET.
Jlapaiite npezcTaBuM cebe KacTpromo ¢ Oypisium
KUMATKOM: IIPOTHO3 IOTOABI MOA0OEH MOMBITKE
OIpEAEIUTh, B KAKOM MeCTe MOABUTCA CJIEAYIOIHH
Iy3bIPb. 3aTO KJIMMATOJIOT CcKa3as Obl, YTO CPeAHsis
TeMrepaTypa KMIALled BOAbI NMPH HOPMaJbHOM
nasnenuu cocrasisger 100 °C, a B ropax Ha BBICO-
Te 2500 M B ywioBMAX Gojee HU3KOrO AaBJ€HHA
(TO ecTh NPH U3MEHMBIIMXCS KPAEBBIX YCIOBHAX) —
tonbko 90 °C. TToaToMy KO/MMYecTBEHHOe IIOHHMa-
HUe U3MEeHeHUH KIMMaTa B POLUIOM (WX MpocyeT
cueHapues B GyayiieM) — /ie10 BoBce He 6e3Hazex-
HOe, U 3a Ioc/IelHue rogs! B 3TOH ob61acTH yaanoch
IO0OHUTHLCA HEMAJIBIX YCIIeXOB. )

PaHHAA ncTopua 3emnu

eThIpe C MOJIOBUHOW MWUIHAapAa JIeT TOMY
Hasaa Ha nepudepuu Mieunoro [Tyt u3
Mexx3Be3JJHOro rasza chopmuposanace Coi-
HeyHas CUCTeMa, a BMecTe ¢ Hel U 3eMd.
Lentp ConHiua npezcrapiaseT coboii HEUTO Bpoae
TEPMOSAJEPHOr0 PeaKTopa: 3Heprus, Muaaydaemas
HallUM CBETHWJIOM, BO3HHUKAeT B pesyiabTaTe sjaep-
HOH peakuuu, IpU KOTOPOif JZBa Azpa BOAOPOAA
cuBaloTed, obpasya renuil. Vcropus passBuTHA
APYTMX 3B€3/] U NMPHHIMIb QU3MKH AZAEPHBIX peak-
UM MokasbiBaoT, 4To CoJHIIE IIPU 3TOM AOJDKHO
NOCTENEHHO YBEIWYHBATHCA B 0OBbEMe M CBETUTH
BCe sipye U Apue. B 1950-€ rojisl M3BeCTHBIit GpUTaH-
cKkuii actporoM ®Ppex Xoitn moAacyMTaN, YTO B Haya-
Je uctopuu 3emnu ConHue cBeTwrio Ha 25—30%
cnabee, yem ceiyac®.
ComocTaBUB 3TH JaHHBIE C TEM, YTO MBI 3HAEM
06 omMcaHHOM Bblllle 3HEpPreTHYecKoM OasaHce,
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HETPYAHO INPUHTH K 3aKII0YEHUIO, YTO TIPU TaKOM
tyckiaom CoJHIE KIMMaT Ha 3emse ZO/DKEH OBITh
npuMepHo Ha 20 °C xosoAHee HbIHENIHero, nHaye
roBOpA, cpe/Hss TeMmeparypa Obuia Obl ropasio
HIKe TOYKH 3aMep3aHus — IIPU YCIOBHH, 4TO BCe
npoune dakrtops (anbbeso, conepxraHue NapHUKO-
BBIX Ta30B) ocTaBaauch 6e3 namMeHeHui. OAHAKO NMpU
XOJIOAHOM KauMaTte anbbeso 3aMeTHO BO3PAcTaer:
Be/lb TIPH YBEIM4YeHUH IUIOLIa/IU JIEZI0BOTO MOKPOBa
YBeJIMYMBAETCS U JIONA OTPAXKAeMOTro COMHEYHOro
uaydenus. Kpome Toro, B 9THX yCIOBHAX B aTMOcde-
pe CHIDKAeTCsd COfiepkaHue BOJSIHOrO napa — BaX-
HeiflIero NapHUKOBOTO rasa. I1o Bo3aeicTBHeM 3THX
ABYX $GaKTOpPOB KJIMMAT 3eMIH B ZIPEBHEHLIYIO IIOXY
JoJDKeH ObUI CZielaThCsA ellle XoJo[Hee. PacyeTsl 1o-
Kas3BIBaIOT, YTO IEpBble TPU MWLUIMApAa JIeT CBOEro
cymecTBOBaHusl 3eMis AO/DKHA Gbula OBITH MOJHO-
CTBIO MOKpBITA ©I0eM Jibja. OAHAKO MHOTrOYHMC/IEH-
Hble TeoJIOTMYEeCcKHe JaHHbIe CBHIETENIBCTBYIOT O TOM,
4TO GOJBIIYIO YacTh 3TOrO BPEMEHH HA 3emie HMe-
nack xuzakasg Boga. Cpenu CHElMaIMCTOB 3TO KaXy-
mieecs MPOTUBOpPEYNE H3BECTHO Kak «faint young sun
paradox» — mapaziokc cnaboro monozoro ConHua.

Kak paspemuTb 3TO MpoTHBOpeuHe? Ecand Mbl
NPUMHAIM BCce NepedHCIEeHHble BBIIE JONYyLIeHHS
M apryMeHTHI, Y HaC OCTaeTCsi TOIBKO O/fHAa BO3MOX-
HOCTB: JOIyCTUTb, YTO B PaHHEH MCTOPUH 3eMIH
napHuKoBbId 3¢ dexT (cM. masy 2) GbUI 3HAUUTENb-
HO CHIbHEEe M TEM CaMbiM KOMIIEHCHPOBas c1abocThb
COJIHEYHOT'O UBNYYEeHHS.

Kakue rassl Mo obecreduTh yCHaeHue map-
HukoBoro 3ddexra? Ilpexe Bcero, 3To0 YIJIEKHC-
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sbIA ras U Meran®. BuzMMo, B ApeBHEHIIYIO 310Xy
coflepXaHHe 3THX /IByX ra3oB B 3eMHO# aTMocdepe
6puU10 ropa3ao Beiwie. K coxanenuro, npobamMu cTosb
JpeBHero Bosayxa (3HauMTeIbHO ApeBHee, YeM B Jle-
JIOBBIX KePHAX) MbI He pacriojiaraeM, TaK YTO Hallu
npeACTaBleHHA O PaHHHUX cTaauAXx GOPMHPOBAHUA
aTrmocdepsl OCHOBaHBI 1O TPEHUMYILIECTBY Ha KOC-
BEHHBIX CBM/IETE/IbCTBAX M MaTeMaTH4eCKHUX Moje-
nax. SIcHO ofiHO: HanuyKe B aTMocdepe Ha3BaHHBIX
ra3oB CIOCOOHO pa3pelUTs Hamy mnpobiemy, npH-
yeM Jle/laTh HenpapJonoAoOHble AOMYIEHHS OTHO-
CUTEJIBHO UX KOHLIEHTPALMK HaM JyIfd 3TOTO He TpU-
aetcsa. C Zpyroit CTOPOHBI, MaJlOBEPOSATHO, YTOOEI
[0 YMCTOH CJIy4alHOCTH B TeYeHHe MUJUIHAPZOB
JIeT KOHIIeHTpaluA ITapHUKOBBIX I'a30B MTOCTOAHHO
yMeHbIlIaNach B «IIPaBWJIBHON» NPOIOPIUHU — POB-
HO HACTOJIBKO, YTOOBI KOMIIEHCUPOBATh HapacTaHHe
COJIHEYHOT'O M3JTyYyeHHs.

T'opaszo ybeaurenbHee 6610 661 OOBICHUATD 3TO
ABJIEHUe JeHCTBHEM KaKoro-HUOyAb IobaabHOro
MeXaHH3Ma, MOXOXero Ha OTOIHTEIbHBIA TepMo-
CTaT, KOTOPHIH U ynpassin 6bl KOHHEHTpaluuel nap-
HUKOBBIX raszos. Kiimmarosioru cMorii o6HapyXHThb
HECKOJIbKO KaH/JHJaTOB Ha POJIb TAKOTO peryaaropa.
BaxkHeHIIUM M3 HUX ABIAETCA AOJITOCPOYHBIN KpPY-
rOBOPOT yI/iepojia, KOTOPBIi yIpaBisieT KOHLEH-
TpalMel yIJIeKUcaoro ra3a B arMmocdepe Ha npoTs-
’KEHHUU BPEMEHHBIX OTPE3KOB JJIMHOW B MWUIMOHBI
JeT. B npoliecce BIBETPUBAHHUA Ie0JOTHYECKHUX I10-
poj Ha cyuie (MpeMMYyIIeCTBEHHO B ropax) aTMocC-
bepupiit CO, CBA3BIBAETCA U 3a CYET OCAK/CHHUA Ya-
CTHUYHO BO3BpallaeTcs B 3eMHYy10 Kopy. Eciin 651 He
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CyLIECTBOBAIO APYroro MeXaHH3Ma, AeHCTBYrolie-
ro B 06paTHOM HarnpapJIeHUH, TO Yepe3 HEeCKOIbKO
MWUIMOHOB JjieT Hukakoro CO, B arMocdepe Monpo-
CTy He ocranoch G5l U Ha Hameil raHere cGopmu-
poBasica OBl OYeHb XOJIOJHBIMH, HEIpPUTOAHBIH A
JKM3HHM KJuMaT. K cuacThio, CyIIeCTBYeT MyThb, IO
kotopomy CO, MOXeT CHOBa BepHYThCA B armocde-
py. Ilo Mepe Toro Kak Ape#dyroT KOHTHHEHTHI, He-
KOTOpBIE Y4acTKM MOPCKOIO /lHa BMeCTe C IOKOA-
MKYMCS Ha HEM (JIOEM OTIOXKEHMH BJaBIMBAIOTCHA
B 1y6b 3eMHbIX Heap. TaM 1104 AeHCTBHEM BEICOKHX
temnepatyp 4 Aasnenus CO, BeicBoGOX/1aeTcs U ve-
pe3 jkepna By/IKaHOB BeiGpaceiBaeTcsi B atMochepy.
A TIOCKONIBKY CKOPOCTH BBHIBETPMBAHHA B G0JbIION
CTeNeH! 3aBUCHUT OT KJIMMaTHIeCKHX YCIoBHiA, Gop-
MHDYeTCs PeryIALHOHHBIH MEXaHHU3M: [pH IoTe-
IUIEHMH KJIMMATa YCKOPATCA XMMHUYECKHE DeaKLIUH,
NPUBOAAIIYE K BbIBETPHBAHUIO, — 32 CYET ITOTO u3
aTMocdeps! BeiBoauTcst CO,, YTO MPOTHBOAEHUCTBYET
JanpHelleMy MOTeIUIEHHIO KIHMaTa.
CyliecTBOBaHHE ITOrO MeXaHHM3Ma OOBACHAET,
1OYeMy, HECMOTPS Ha CWIbHOEe M3MeHeHUE WHTEeH-
CHBHOCTHM COJIHEYHOI'O M3JTy4eHHs, 3eMHOH Kiumar
BCe-TAKM OCTAJICS TIPUTOAHLIM JUIA )KU3HKU®. 3eMHas
Kopa (ropHBIE M OCajlouHBIe TOPOABI) COAEpPAT
OKo0JI0 66 MWUIMOHOB ruraToHH (1 ruraToHHa pas-
HA MWUIMap/y TOHH) YIJIEKHCIIOro rasa — 370 60-
Jiee yeM B CTO THICSY pa3 6osbiie, 4eM B aTMochepe
(B Hacroswee Bpemsa 800 rUraToHH), TaKk 4TO pery-
JAMUOHHBINM MeXaHu3Mm obrajjaeT NMOYTH HEOTPAHHM-
yeHHBIM 3aracoM yraepoga. OfHaKo OH He cnocobeH
CMArYUTH pe3KHe MU3MeHeHHa Kaumara — oOMeH
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yIJIEPOAOM MEXAY 3€MHOM KOpoii u aTmocdepoit
TIPOMCXOAUT CIMLIKOM Me/UIEHHO. ;
3aro ynoMsaHyTas Bbllle oOpaTHasA CBA3b MEXAY
IUTOLIA/IBIO JIEIAHOTO NTOKPOBa U ayibbeso AeiicTByeT
o4eHb OBICTPO, U B MOCJIEAHUE TOAbI ObUTH HaleHbI
ybenuTenbHBle JOKa3aTelbCTBA TOTO, YTO B HCTO-
pu¥ 3eMIM OHa He pa3 NPHUBOJWIA K MOAIHHHON
KaTactpode: IOYTH MOJHOMY OJIEAEHEHHIO Hallei
wiaHetsl’. IlocyiegHuit W3 IMOJOOHBIX 3IIH30/I0B,
nmpo3BaHHBIX «Snowball Earth», umen mMecto okono
600 MHUIMOHOB JIeT TOMY Ha3aZ. KOHTHHEHTHI Jaxe
B TPOIMHYECKUX IMHUPOTAX OBUTH MOKPHITHI JeATHBIM
TaHI[MpeM, a OKeaHbl CKOBBIBaJI CJIOU JibAa TOJILIH-
HOU BO MHOTHe COTHU MeTpoB. HakoHel] MexaHu3M,
00yC/IOBNIeHHBIH M3MEeHEeHHEeM KOHLIEHTpalLUH yrie-
KHWIOro rasa, BhIBEJ 3eMJII0 U3 COCTOSIHUA Iy0o-
KOTO 3aMep3aHudA: MOoJ JeJsHbIM MOKPOBOM BHIBE-
TpuBaHHWe Ipekpamjaercs, Tak yro CO, repecraer
BBIBOAUTBCA M3 aTMocdeprl, OAHAKO NPOJOJDKAET
[IOCTYIIaThk B Hee 3a CYET BYJIKAHUYECKOU AesTesb-
HocTH. Brarozapa atoMmy koHueHtpauus CO, B aT-
Mochepe HeyAepKHMO HapacTaeT, YBEIHYHUBAasAChH
B HecKoneko pa3 (M, Bo3MOxHO, gocturad 10%),
[OKa TAapHUKOBHIA 3b¢deKT He AOCTUTHET TaKoit
CHJIBI, UTO JIeZIOBBIE MACChl HAYUHAIOT TaATh (XOTd
OHM OTPAXKaIOT OOMBILYIO YacTh CONMHEYHOrO CBETA).
Kax Toneko niex ucdesaeT, 3eMss TYT e Iomnaja-
eT «M3 MOPO3WIbHOro mkada B AYXOBKy»: KpailHe
BeIcOKas koHUeHTpauus CO, BefleT K NOTEIUIEHHEO
wimmMara go 50 °C, ¥ Jullb 3aTeM KOHIEHTpalus
CO, u TemmnepaTypa Ha4MHAlOT MOCTENEHHO TNOHHU-
xartbed. U gelicTBUTENBHO, reosorudeckye JaHHbIe
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CBH/IETEbCTBYIOT, YTO 3a TMEPUOaMH II06asbHOro
onegeHeHus: caefoBanu $asbl ¢ Ype3BbIYAMHO JKap-
KMM KJIuMaToM. HekoTopsle 610/10TH yCMaTpHUBAIOT
B 3TMX KaTacTpodax NpUYHHY, NMPHBEAUYIO K BO3-
HUKHOBEHHIO 3BOJIIOIMH M COBPEMEHHOMY MHOro-
06pasuio pasnuyHbIX GOpM JKM3HM: JO 3TOr0 Ha
MPOTAHKEHUH MWUIHAPAOB JIET XM3Hb Ha 3emie Cy-
[IleCTBOBasIa TOJNBKO B BUJE MPHUMUTHBHBIX MHKPO-

OpPraHM3MOB.

N3meHeHuna Knumara
33 MUNIUOHBI 1eT

GpaTHMcs Terepb K 310Xe, MOC/Ie0BaB-
LIeH 3a 3TUMHU KaTacTpodaMHu: K 1ocies-
HeMy IOMYMILIHApAY jeT. YeM 6mmmke
K COBPEMEHHOCTH, TeM Gobieit uadop-
Maruel 0 KIMMATHYeCKUX YCIOBUAX HA 3eMie MbI
pacnonaraem. HaM H3BECTHO pacrojoXeHHe KOH-
THHEHTOB U OKeaHOB 3a nocaegHue 500 MHLUTHOHOB
JIeT, a 10 ZIaHHBIM OCa/IOYHBIX TIOPOJ HaM YAAeTCA
X0Ts1 6Bl B OGIIMX YepTax PeKOHCTPYMPOBATH M W3-
MEHEHHA KIMMaTa, NPOUCXOAUBIIME B 3TO BpPeMS.
XoNoAHbIE KIMMaTHYeckre (asbl ¢ OJefeHeHHeM
U€peAoBAUCh B 3TO BPEMA C TEIUIBIMH, IIPH KOTO-
PbIX 3eMJIA 0cBOOOKAANACH OT JIEATHOrO IIOKpOBa.
Ha ocHOBaHMH MMeOUMXCH AAHHBIX MOMKHO
NPUOJIH3UTELHO BOCCTAHOBHTh M TpaduK WH3aMe-
HeHHil KoHueHTpanun CO, B aTMocdepe 3a 3ToT
neprog (puc. 1.2). YyeHble MCXOAAT U3 TOTO, 4YTO
KoneGaHus 3TOif BeNMYMHBI GBUIM OGYCIOBJIEHEI
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Puc. 1.2. luHamuKa KoHueHTpaumun CO, W KNUMaTa Ha NPOTAMEHUN
nocnegHux 600 MUANWUOHOB NeT. YepHan KPUBAA NOKa3biBaeT PeKOH-
CTPYKUMIO, CAENAHHYIO HA OCHOBAHMM YEThipex He3aBMCUMBIX ApYr OT
ApYra TMNOB NaneoKNMMaTHYecKux AaHHbix. Cepan kpueas (c cepoit
30HOM HEONpeAeneHHOCTH) OTPaMAET Pe3yNbTaThl MaTeMaTUYECKOro -
MOAENUPOBaHWUA KPYrosopoTa yrnepoaa. HuwHAR Yactb rpaduka —

B Ka4ecTse MHAMKATOPa KNMMata — NOKa3biBaeT WWPOTHYIO rpaHuuy
pacnpocTpaHeHUA KOHTUHEHTANbHOrO NbAa. Pa3bl HU3KOTO Copepma-
Hua CO, B atmocdepe coenaaaior ¢ hazamu onepeHenua. (McTouruk:
Royer et al. 2004*)

BBILIIEONMCAHHBIM KPYTOBOPOTOM yryiepoza. Jleno
B TOM, YTO CKOPOCTb, C KOTOPOH ApeHdyIoT KOHTH-
HEHTBI, HEMOCTOSIHHA: Yepe3 HeperyaspHule MpoMe-
JKYTKHA BPEMEHM OHM CTAJIKUBAIOTCA JAPYT C APYyroMm,
obpa3ya HarpoOMOXAEHHA FOpHbIX MaccuBos. [Ipu
3TOM MHTEHCHBHOCTb BHIBETPHMBAHMA Pe3KO BO3pac-
TaeT. 3a cyeT 3Toro Kosuebiaercsa U CKOpPOCTh, C KOTO-
poii CO, BEIAE/IAETCS U3 3€MHO# KOphbI B aTMOchepy
¥ 3aTeM CHOBa momiomaerca u3 armocdepsl. Tem
caMbIM MeHseTcs U KoHnenTpauusa CO, B Bo3ayxe.
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Hamm faHHbIe CBHAETENbCTBYIOT O ABYX (a3zax
¢ HU3KMM coziepykanueM CO,: 3TO HOBeimas 31oxa

B HCTOPHH KJIMMaTa NpPOTAXEHHOCTHIO B HECKOJIBKO
MMWUIHOHOB JIET, a TaKKe Mepuoj okono 300 mui-
JIMOHOB JIeT TOMy Hasaj. B ocranbHOe Bpems co-
aepkanue CO, 6bU10, KaK NMPaBWIO, CYIIECTBEHHO
6onee BricOkuM — 6onee 1000 ppm (ppm o3Ha4aeT
OAHYy MWUIMOHHyIO fomio). Ha rpaduke 1.2 mpea-
CTaBJIEHO TaKXKe IHUPOTHOE MPOABHIKEHHE JIeJAHOTO
MOKpPOBa 3e€MJIH, PeKOHCTPYHUpyeMOoe Ha OCHOBaHWH
reoJIOrMYECKHX JaHHBIX. [lepHozbl pocTa JeJHHKOB
coBnazaioT ¢ pasamu HHM3KOH KoHUeHTpauuu CO,.
B mepuoasl ¢ BeicOKO#M KoHHeHTpauuei CO, 3emus
B 3HAYMTEJIbHOM cTerneHH ocBoboXAanace OT JeAs-
HOTr'O NOKpOBAa.

OaHoOM U3 MoA6HBIX TerwibiX ¢a3 6sU1 MeJoBOH
nepuoz (ot 140 g0 65 MWITHOHOB JIeT Ha3an). B To
BpeMsA JMHO3aBphl XWIH JiaXe B MOJIAPHBIX HIMPO-
Tax — 3TO MOKA3BIBAIOT MaJIEOHTOJOrHYECKHe Ha-
XO/IKH, c/le/laHHBle, Hanpumep, Ha [lInunbepreHe
u Ansacke'’. C Tex nop cozepxanue CO, B armochepe
MeZJIEHHO, HO BEPHO CHIDKAJIOCh, ITOKa ZiBa WM TPH
MW/UIMOHA JIeT TOMy Ha3ajJ Ha 3emie He HavaucA
HOBBIN JIEIHUKOBBINA TIEPHOJ, B YCJIOBHAX KOTOPOroO
MBIl ¥ XuBeM. [laxke B camble Teluible ¢asbl 3TOro
JIEIHUKOBOT'O NIEPHO/A, KaK, HalpuMep, HbIHEeIIHHH
roJIOIIEH, Jie/l TIOJIHOCTBIO He UcYe3aeT: MM M ceifyac
NOKpHITH 06a nosmoca. Bo Bpemst XonoAHbIX das nej-
HMKOBOIO IepHOja 'MIaHTCKUH JIeASHOH MaHIMPb
CKOBBIBAJI 3HAYUTENbHYIO YacTh KOHTHHEHTOB Ce-
BEPHOTO NOJIylIapus.



da3a BHe3anHoro nortensieHns

JHAKO TIOCTEIIEHHOE TIOXOJIOZaHHue I10-

cnegaux 100 MWUIMOHOB JIET IUIO HeE

MOHOTOHHO M He paBHOMepHO. Oxo-

JI0 55 MWUIMOHOB JIeT TOMY Hasaji OHO
6BLIO IPEpPBAHO ApaMaTHYeCKUM coObITHEM — TaK
Ha3bIBa€MbIM TI03/HENaJleOleHOBbIM TepMalbHbIM
MakCHMyMOM Ha rpaHMlle MNajeoleHa M 30leHa
(B aHIOA3KLIYHBIX CTPaHaX Ha MpodeccHoOHaIbHOM
»aprose ero HasbiBaioT PETM — Paleocene-Eocene
Thermal Maximum)'?. B nociesiHue roAbl KJIHMarTo-
JIOTM aKTMBHO 0OCYXXJAIOT 3TO ABJIEHHE, OCKONbKY
B HEM MOXKHO 0OHapPY)KUTh ONpe/ie/leHHbIe Napasie-
JI C TEMH M3MEHEHHsIMH KIMMaTa, KOTopble B Hallle
BpeMsi BEI3BIBAET JeATEbHOCTh YelOBeKa.

YTo HaM M3BeCTHO 00 3TOM coObTHH? Mckonae-
Mble pAKOBHHBI M3 OCaZIOYHbIX NOPO/] CBUAETENLCTBY-
10T O TOM, 4TO, BO-IIEPBBIX, 32 KOPOTKOE BpeMs B aT-
mocdepy 6but0 BbIOpOIIEHO 6ONBLIOE KOJHYECTBO
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YrIepoZia M, BO-BTOPHIX, YTO TeMIlepaTypa BO3poc-
Jia npuMepHo Ha 5—6 °C (puc. 1.3). O BEIIENIEHHH
yriepoZa MOXET CBHAETEIbCTBOBATH H3MEHEHHE
M30TOITHOT'O COCTaBa 3TOrO 3jleMeHTa B aTMocdepe.
Jleno B TOM, 9TO CKa4KooOpa3HOE CHM)KEHHWe KOH-
HeHTpanuu usorona C-13 mMoxeT 6HITH 0OBACHEHO
TOJIBKO T€M, 4YTO B armocdepy ObUTH BHIGPOIIEHE!
3HauMTeNbHBIE MacChl yIViepoZia ¢ HH3KMM COAep-
xaHueMm C-13. B3TO MPOM30LUIO B TEYEHHE THICAYU
JeT Wik MeHee (onpezenuTh 3TO Gojee TOYHO He
yAaeTcd M3-3a HEZOCTaTOYHOTrO BPEMEHHOro paspe-
IIE€HKA JJAHHBIX, TOJIy9€HHBIX U3 0CaJOYHBIX TOPOJ).
VIcTOYHMKOM 3TOTrO yrieposa MOmIM ObITh 3amackl

Temneparypa, °C

56 55,5 55 54,5 54
MunnuoHoB neT Tomy Hasag

Puc. 1.3. Pe3xoe noTennexne KMMarta 55 MUNNUOHOB NeT TOMY Ha3aj.
BepxHue KpuBbie (COCTaBNEHbI HA OCHOBAHWM MHOFMX CEAMMEHT-

HbIX KEPHOB) NOKA3bIBAIOT HEOKMAAHHOR CHUKEHWE A0AW M30Tona
C13 B atMocdepe, HUKHUE KPUBLIE — OAHOBPEMEHHBIA POCT TEMNe-
patypsl. (Mcrounmk: Zachos 2001%)
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MEeTaHOBOTO Jib/Ia Ha IHe MOpS — TaK Ha3bIBaeMble
MeTaHTHApaTH. JTO KOHIJIOMepaT, COCTOALIMH W3
rasa ¥ 3amep3iiei Bojsl, 110 BH/y HallOMHHAIOIHA
0OBLIKHOBEHHEIN Jie[. MeTaHuruapar crabwieH ToJb-
KO IIpY BEICOKOM JaBJIeHMH M HU3KHX TeMIlepaTypax.
He HCK/IIOYEHO, YTO OAHO M3 MECTOPOXAEHUH Me-
TaHTUApaTa NoTepsIo CTabWILHOCTh, a BEI3BAHHOE
9THM IOTeIUIeHHe, KaK B LIE[THOM peaKlMH, MpuBe-
JIO K BBICBOOOXK/IEHHIO elije GONbIIMX MacC METaHIH-
Apara. BopoueMm, He cIeflyeT MCKJIKYaTh U APYryio
BO3MOXXHOCTb: BbIIJIEHWE YIJIEKMCIOro rasa u3
3eMHOM KOPbI BCJIEACTBHE CWIBHOM BYJKaHHYECKOH
aKTUBHOCTH WIH ylapa METEOpHTa.

Ecu 6B1 HaM yAa10Ch Y3HaTh, HACKOJIBKO CHIbHO
TIOBJIMSUI 3TOT BEIOPOC yIiepoja Ha KOHIEHTPAlUIo
NAapHUKOBBIX Tra3oB B arMocdepe, Mbl O6bl CMOTIH
Jydile MOHATh, HACKONbKO CHIBHBEIM ObUI 06yCc/I0B-
JIeHHBIIt UM ITapHUKOBBIH addexT. B mpuHLMNe, 3TO
MOXXHO 6bUIO 6Bl BHIYMCINUTD HAa OCHOBAHMM UMEIO-
IMXCA JaHHBIX U30TOIMHBIX U3MEPEHHIt, OZIHAKO /1A
9TOro HaM roTpeboBanioch OBl 3HATH COZEpXKaHHe
C-13 B BeiGpowenHoM B aTMocdepy yriepoge. K co-
JKQJIEHHUIO, JUIA KaXZO0ro W3 TpeX Tepeyrc/JeHHBIX
NOTeHIMaIbHEIX HCTOYHUKOB: METAHOBBIH Jiell, BYJI-
KaHWYeCKUH YIiepofl, METEOPUThl — XapaKTepeH
CBOI COGCTBEHHBIM H30TONHBIH COCTaB yIJIepoja.
[TosToMy caenaTh Kakue-1M60 KOJIUYecTBEeHHbIE BbI-
BOJIbI TPY HbIHEITHEM YPOBHE Pa3BUTHA HAyKH [10Ka
YTO He INpPEACTAB/IAETCS BO3MOXHBIM — HOHMCK HO-
BBIX UCTOYHHUKOB MHGOpMalLHK NPOAOKaeTCA.

Ho ofHO SCHO yke ceifyac: Mo3jHenaJeoneHo-
BBIIA TepMaJIbHbIIA MaKCHMyM IIOKa3bIBaeT, YTO MO-
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* JKET CJIy9MThCsA, €I B aTMocdepy nonazer 60mbuioe

KOJIMYECTBO yInepoza. Kiumar MoXeT cTpeMuTes-
HO NOTEIUIeTh HA HECKOILKO IPaZlycoB, PHYEM, KaK
O0XXMJAETCA, MPHMEPHO K 3TOMY H JO/DKHO TIPUBECTH
BbIAE/IEHHE YIIepOAa 13 3EMHOM KOPBI, IIPOMCXOZAS-
1ee ceHyac B pe3ynbTaTe JesTeIbHOCTH Yel0BeKa.



JlepHMKOBbIE LUKAbI

ereph Mbl ofpaTumca K GirokaiiiieMy 1po-
[UIOMY M PacCMOTPUM HCTOPHIO KIHMara
3a mocjeAHMe JBa MIUIMOHA Jer. [eorpa-
¢us Haleil IIAHEeTHl K 9TOMY BPEMEHH YiKe
npuo6Gpesa TIPUBBIYHEINA /U1 HAc OGIMK: NOMOKe-
HUe KOHTUHEHTOB M OKeaHOB, BBICOTA MOPHBIX Ile-
feif He OTIMYAOTCA OT HBIHELIHHUX. PacTUTeNbHbIN
M JKMBOTHBIM MHpP TaloKe Majo OTIHYaeTcsd OT CO-
BPEMEHHOT0, XOTA HEKOTOPbIE U3 CYIeCTBOBABIIMX
Torga GUONOrMYECKHX BHAOB K HauleMy BpPEMEHH
BhIMep/IM (HampuMep, MaMOHTHI). “enoBex yxke
OBJIaZie]l UCKYCCTBOM TPAMOXOX/IEHHsA. Y4eHble Ha-
XOAAT ciefsl ipebbiBanusas Homo erectus B Adpuxke
u I0ro-BocTouyHoit Asum 1,6 MWUIMOHA JieT TOMY
Haszaz. 400 000 sier Tomy Hasajl Ha 3emie, U B 4acT-
HocTH B EBpoIIe, COCYLIeCTBOBAIU PasiMYHbIe BH/Ib]
TOMMHM/IOB, B TOM YHCJIe HeaHepTaJbilbl U MPeAKH

Homo sapiens.
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Kynvmar 31oi 310Xy XapakTepusyeTcs IUKIHYe-
CKY TTOBTOPAIOIMMHCSH OJE/IeHEHUAMH, KOTOphIe Ha-
yaluch 2—3 MWIIHOHA JIeT TOMY Ha3ajJ — BechbMa
BEPOATHO, YTO OHU OBbUIM BBI3BaHBI ME/UIEHHBIM, HO
CTaGWIbHBIM CHIXKEHHWeM KoHUeHTpauuu CO,, Ha-
4aBIIMMCA €llle B MeIoBoM nepuoge (puc. 1.2). IMTo-
ClefiHee M3 3THX OJIeIcHEHHH JIOCTUIVIO CBOETO MUKa
npubmuanTesHo 20 000 JieT ToMy Hazaz — K 3TOMy
BPEMEHH HalllM MPeAKH yxke NPHHAZJIeKANH K COBpe-
MEHHOMY BHJy ueyioBeKa, Homo sapiens, OHU H3ro-
TaB/IMBAIH OPYAMA TPYZA M CO3JaBali HaCKaJbHbIE
u3obpaxkenus (kak, HanpuMep, B 3HaMEHUTOH (paH-
IIy3CKOH Ieliepe Jlacko), OHU MBICIWIH M 06IATNCh
AAPYT € APYTOM NPUMEPHO TaK ke, KaK M Mbl. OHAKO
MM NPUXOAWIOCh GOPOTHCA 32 BBUKUBAHHME B YCIOBH-
sx 6osee CypoBOro ¥ HENOCTOSHHOTO KJINMATa, 9eM
TOT, YTO HPUBBIYEH /IS COBPEMEHHOTO YeJIOBEKA.,

B Hacrosiee Bpems NpHYMHA, TpUBOAAMIAN
K IUKJIAYECKUM OJIe[EHeHHUAM, CYMTaeTcd B 3Ha-
YUTENbHOM CTeNeHN OOBACHEHHOW: OHa 3aKJiroYa-
€TCH B NEPUOAUYECKHX HM3MEHEHUAX OpOUTHI, 1o
KOTOpOii 3emia BpamiaeTcss Bokpyr COJHIA, — TaK
HaspIBaeMbIX LMKIax Munankosuya (puc. 1.4). Ha-

Puc. 1.4. Nepuoguyeckue
U3MEHEHWA OKONOCONHEYHOM
Op6UTLI 3eMNn ABAAIOTCA
NPUYUHONA NEAHUHOBBIX
UMKNOB.

E — BapbupoBaHue 3KcueH-
TPUCHTETA 38MHOW OPBUTHI.
N — Bapbuposauue yrna
HaKNoHa 3EMHOI oCK.

P — npeueccun pasHogen-
CTBUA.
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ynHas ¢ pabot Gesbruiickoro Maremaruka JKoseda
Aznemapa, nossuBuIMxca B 1840-e rogsl, ucciaesosa-
TeJIM PacCyXKAATH O BO3MOXKHON CBA3M KOMeGaHNH
3eMHOM OpOMTE M OOYC/IOBIEHHBIX MMH H3MeHe-
HUIA JOCTUraoIEero 3eMIn COTHEYHOro M3JydyeHHs
€ POCTOM M TasHWEM KOHTHHEHTAJIbHBIX JIE/HUKOB.
B Hauane XX B. ata Teopus Gbuta 6osee AeTaNbHO
paspaboraHa cepGCKUM acTpOHOMOM MIUTYTHHOM
MuaukopuuyeM!®., JIoMHMHaHTHBIE TIEPUOABI B LH-
Kiax KonebaHuii 3emHo# opbuthl (23 000, 41 000,
100 000 u 400000 ser) OTYETAMBO IMPOCTYIAIOT
B GONBUIMHCTBE JUTMTENIbHBIX BPEMEHHBIX PAAOB
KJIMMATOJOTrMYECKMX JIaHHBIX .

Ha npoTsKeHHH NoC/IeJHHUX JIEAHUKOBBIX LIKJIOB
xonoAHbIe a3l 6bUTH, Kak IPaBWIo, ropaszio 6onee
npopomkurensHeiMu (~ 90 000 net), vem Teruibie
dasnr (~ 10 000 nert). Eciu 651 9Ta 3aKOHOMEPHOCTD
Kacasach M Halllero MeXJIEJHUKOBbf TOJIOLEHa, TO
ero KoHel| 6su1 661 y3Ke 61m30K. OiHaKo B HacTosALlee
BpeMsl MpeArnosaraercs, YTo HBIHEIIHHWH MeXxJieIH!-
KOBBII TIEPHOJ TIPOAEPXKUTCA ellie Aoro. OcobeHHO
JOJTHMHU MEXJIeIHUKOBbS OBIBAIOT TOIZA, KOI/A 3eM-
Has opbuTa MMeeT MMUHHMAIbHbIM SKCIEHTPHCUTET
(To ecTs npubmwKaeTcs Mo GopMe K Kpyry), KaK 3T0
B mocaeAHMi pa3 cayuwwiock 400 000 ner ToMy Ha-
3az. TakuM o6pa3om, CIeyIONUii JIeHUKOBBIN Ie-
PHOJ, BEPOSTHO, JIOJDKEH HACTYNMTh TOJIBLKO 4epe3
50 000 sier. Ecit paccudTaTh UHMKIBI MWIaHKOBHYA
NPUMEHUTENBHO K OyAylIieMy, OKaXETCs, YTO UMEHHO
TOrZia MHTEHCHBHOCTD COJIHEYHOro usnydyenus B Ce-
BEPHOM TMOJIYLIIapUM OITyCTUTCA HIDKE KPHUTHYECKO-
ro mopora*. ToT nporHo3 Gasupyerca Ha MPOCTOH
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. MaTeMaTU4ecKO MOZesH, KOTOpas Ha OCHOBaHHUM
[MKJIOB MIIaHKOBHYA I103BOJIMA TPABWIBHO BbI-
YUCIUTh BpeMA HACTYIUIEHUS JAECATH NOCTeHUX JIel-
HHUKOBBIX IIepHOA0BY. OfHAKO Tenepb MHOTHE y4e-
Hble BCepbe3 COMHEBAIOTCA B TOM, YTO CJIEAYIOIHM
JIeJHUKOBBHIM 1eproz Boobuie HacTymur. MHOro4uc-
JIEHHBIE MaTeMaTH4YeCKHe MOJENH NpeACKa3bIBaloT,
4TO BBI3BAHHOE YEJIOBEKOM IIOBbIIIEHHE KOHLIEHTpa-
muu CO, MOXKET MMEThb HACTONBKO JOJATOCPOYHBIN
a¢deKT, YTO eCTECTBEHHBI XO0/1 JIeIHUKOBbIX ITUKJIOB
OK&KeTCA HapylIeHHOH Ha MHOTHE COTHH ThICAY JIET
sriepes. ECiM 3TO AeHCTBUTENLHO TaK, TO BCIeA 3a
HoGesieBckuM JiaypearoMm Ilaynem KpyrueHom Ham
TIPUJETCA NMPU3HATH, YTO B HICTOPHUM 3€MHOT0 KJIMMa-
Ta HaCTyIHIa HOBas 3110Xa — aHTPOMOLEH",

Teopus eAHUKOBBIX NIEPUOJIOB JO/DKHA aBaTh
TaKXXe ¥ KONHUYeCTBEHHOE OOBACHEHHE TOro, Io-
yeMy OOyCIOBJIeHHOe LUMKIaMM MWIaHKOBHMYA H3-
MeHEeHHe paZHvallMoHHOro 6asaHca 3eMIu BHI3BAJIO
OJIeZICHEHHA HMMEHHO JaHHOro MaciuTaba, UMeHHOo
B JaHHBIX PErMOHax ¥ HMEHHO B JaHHOU BpeMeH-
HOH mociefoBaTeNbHOCTH. CJeNaTb 3TO HEJIErko,
OJHAKO B 3HAYMTEJILHOHM CTeleHH OKa3alioch BO3-
MOXHBIM. OfIHa U3 TPYAHOCTeH 3aK/II04YaeTcs B TOM,
4TO LMKJIB MuiaHKOBHYA IOYTH He BO3ZAEHCTBYIOT
Ha ofllee KOMMYECTBO MPHXOAALIETO COJHEYHOTO
H3Ny4YeHUs — OHM M3MEHAIOT TOIBKO ero pacrnpeje-
JIeHHE B 3aBUCHMMOCTH OT reorpaguyeckoii INMpOTHI
¥ BpeMeHH roza. YTo6r o6bsACHUTD 0blee oXoso-
JlaHHe 3eMHOro KIMMara Ha HabmogaeMsble 4—7 °C,
HEobXOAUMO JIONMYCTHTh BO3JAEHCTBHE MEXaHH3MOB
obparHoii cBA3M.
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HccnenoBaHua TOKa3ald, YTO OCHOBHYHO POJib
B IaHHOM CJIy4ae Urpaet cHer. JlesiHOH YT HaYMHA-
eT pacTH TOIAA, KOTAA JIETOM COJHEYHOe U3IydYeHHe
HaJ KOHTMHeHTaMU CeBepHOTo MOJyIIapHUsa CTAHOBUT-
CSl HACTOJIBKO C¢/1abBIM, YTO BHINABILIMI 3@ 3UMY CHeEr
He ycrieBaeT pactasath. Toraa obpasyercs 3aMKHYTHIH
KpyT: CHer oTpaXkaeT 3HAaYUTEIbHYIO YaCTh COJTHEYHO-
ro H3Jy4eHHd, YTO BeJET K AajibHeleMy MoXoaoaa-
HHIO KJIMMATa, JeIOBbIi LIUT IIOCTEITeHHO HapacTaeT,
JIOCTUTrasi MHOTHMX THICAY METPOB B TOJIIHHY.

Ho ecin Consie cnabo CBETHT Ha ceBepe, TO
B IOXHOM mnonymapud OHO JO/KHO CBeTHThL Ha-
CTONBKO e cwibHee. [louyemy ke ToTAa MOX0JA04a-
HHE KJIUMAaTa OZHOBPeMEeHHO MPOUCXOIUT U B HOx-
HOM TOJyIIapyuu? Pasrazika Kpoercs B MeJibyaillux
My3LIPbKAX BO3/yXa, 3aCTHIBIIMX B aHTAaPKTUYECKHX
JbAax: yriaekuciaslii ras. [Ipobsl U3 neoBOro Kep-
Ha, TMOMy4YeHHbIe Ha CTAHIUM «BOCTOK», MOKa3aiH,
yTo cogepanue CO, B atMocdepe 3a mocsiefHue
350 000 neT xKone6asoch CHHXPOHHO C PUTMOM OJle-
JIeHeHUH B TipefiesiaX oT nmpubmusutensHo 190 ppm
Ha IIHKe JeJHUKOBLIX [TepHoZAoB 40 280 ppm B MeX-
nepuaukoBbe (puc. 1.1). CO, ABaseTcA NapHUKOBEIM
razoM (cm. maBy 2). C yueToM ero BO3ZeHCTBUA Ha
pagvaluoHHbIi GajlaHCc MOXKHO TIOCTPOUTHL peanb-
HbIE MOJEIH KJIUMAT JIEAHUKOBBIX NepuooBY. A mo-
ckonbKy CO, B cuiny cBoeil yCTOMYHMBOCTH PpaBHO-
MEpHO pacrpefiefiieTci B aTMocdepe ¥ TeM CaMbIM
OKasbIBaeT robanbHOe BO3eHCTBUE Ha KJIUMAT, TO
C ero ImoMolIbI0 yAaeTcs 06BACHHUTL U 3araZiouHoe
TI0X0JI0JAaHHe, UMeBlllee MecTO B AHTapKTHJE B Jie/l-
HUKOBBII MepUoj.
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B aanHoM ciaydae CO, ABiAeTCA OAHMM M3 CO-
CTaBHBIX 3JIEMEHTOB B e MEXaHU3MOB obpaTHOi
cpasy. TIpy NMOHWKEHHUH TeMIIepaTypbl CHHXKAeTCs
u cogepxaune CO, B BO3JlyxXe, a 9TO, B CBOIO OYe-
pefb, BEJIET K AAIbHeH1eMy YCWIEHHIO U mo6anu-
3alMM MMOXOJOJaHuA. B oTnuyue or BTOPOi 4acTH
onmUCaHHOK 00paTHOIi cBA3M (TO eCcTh BO3/AEHCTBUA
CO, Ha TeMnepaTypy) nepBa: ee 4acTb Bce eliie He
JI0 KOHIIa ICHA YYeHBIM: I04eMY YMEeHbIlaeTcA COo-
aepxanne CO,, Korza temneparypa nagaer? Buau-
Mo, CO, morioiujaercsi MUPOBBIM OKEaHOM, OJHA-
KO Kakue MMEHHO MeXaHM3MbI OKa3bIBAIOTCS TIPH
9TOM 33JE€HCTBOBAHBI M KAaKOBAa POIb KAXKAOTO M3
HHX, HaM TIOKa HeU3BeCTHO. fIcHO ogHo: obpaTHas
cBsI3b QYHKIMOHUPYET. 3a u3BMEeHEHUEM TeMIiepaTy-
pel (HampuMep, 1oJ Bo3AelcTBUEM IIMKIOB MuiaH-
KOBHYA) ¢ HeOOJIbIION 3alep)KKOM, XapaKTepHOI
A1 KPYTOBOpPOTA yIViepoAa, IociefyeT U3MeHeHHe
xoHueHTpauuu CO,. 1 HaobopoT: e U3MeHsIET-
cs xoHeHTpauusa CO, (Kak 3TO MIPOUCXOAUT ceiyac
B pesyJIbTaTe 1eATeIbHOCTH YeJloBeKa), O4eHb CKOPO
HM3MEHHUTCA U TeMIlepaTypa.



Pe3Kue nsmeHeHus Knumara

HMCTOPUH KJIMMaTa Mopoil o6HapyKHUBaIOT-
CA M COBEpLIeHHO OLIeOMIAIONIHE CHOp-
npu3bl. Tak, Ha MPOTMKEHUH TTOCTIETHEr0
JIEAHUKOBOTO Nepuoza kimMar 6onee gBaj-
LlaTH pa3 MpeTepreBa BHe3allHbIe U BecbMa JipaMa-
TUYeckre uameHenus'® (puc. 1.5). 3a kakue-HHOYAD
JlecaTh — ABaALATh JIeT TeMmnepatypa B I'pernaH-
JWH Morvia nogHATheA 0 12 °C u ocTraBaThCs Ha J0-
CTAaTOYHO BBICOKOM YPOBHE B TeYeHHe HECKOJbKHX
BeKoB'” 2, [TocseAcTBHA 3THX TaK Ha3bIBAEMBIX «CO-
6erTuit  JlaHcraapga—3mrepa» (ymorpeburenbHoe
aHrmHiickoe cokpauieHHe — DO-events) oniymaaiych
Ha Bcell 3emse: HENaBHO MeXAyHApoAHas pyTa
y4eHbIX, MpPOaHaJIM3UPOBAB MNaJleoKJIHMMaTHYecKue
JAaHHble U3 183 pasnuyHBIX paiioHOB 3emaH, 0OHa-
PYKWiIa B HUX CHHXPOHHbIE U3BMEHeHHs KIMMaTa’l.
Ha ocHOBaHMH MaTeMaTHMYeCKHX MOJeei ¢ Hc-
I0JIb30BAHHEM 3THUX JAAHHBIX B ITOCTAEAHHE roAs! 6pU1a
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Puc. 1.5. luHamuKa uameHeHnn Knumara B [peHnaHauu 3a nocnegHve
50 000 net. MocnegHue 10 000 NeT (ronoueH) oTAMYAKTCA CTabune-
HbIM, TENAbIM KNMMaToM. Knumar npejjliecTBoBasLuero ronoueHy
NeHMKOBOTO Nep1oAa npepbiBanca Gasamu BHe3anHoro norenne-
HUA — TaK Ha3bleaembimu cobbitnamu flancraappa—3wrepa (Ha rpa-
tuKe NPOHYMepoBaHbl). BepTuKansHbie NWHUW MapPKUPYIOT UHTepBans
NPOACMIKMTENLHOCTBIO 1470 NeT. [locneaHan xonoaHas dasa NeHKUKo-
BOrO NEpUOAa Ha3blBaeTca «paHHuiA gpuac» (YD). B Hayane ronouena,
8200 NeT TOMy Ha3afl, MMeno MecTo HeGonbLoe NOXONOAHKE — TaK
Ha3sbiBaemoe cobbimue 8k. (Mcrounuk: Rahmstorf 2002%)

paspaboTaHa Teopus cobbITHI JlaHcraapAa—oiurepa,
criocobHas y6eauTebHO 00bACHUTD 6OBIIYIO YacTh
MOJIy4eHHBIX JAHHBIX, B TOM YWCJE XapaKTepHYIO
BpEMEeHHYI0 IMHAMUKY M crieluduyecKoe MpocTpaH-
CTBEHHOE pacnpe/ie/ieH’e 30H NOTeIUIeHHsA U N0X0JI0-
nauus®. CornacHo 3Toi TeopuH, NpU4YHHa obcyxae-
MBIX HAMM pe3KHX KoleGaHMi KIMMaTa 3aKio4anach
B CKAYKOOOPa3HBIX M3MEHEHUAX MOPCKMX TeYeHWH
B CeBepHO¥H ATIaHTHKe, KOTOpble NMPHHOCAT B STOT
PEeruoH KoJoccalibHble Macchl Teria U — Hapaay
¢ apyrumu ¢dakropamu — obecreyMBaloT MATKHe
KIMMaTUyeckue ycoropua B 3anajgHod Espone. [lo
Bcell BEPOATHOCTH, /Il U3MEHEHHUA 3THX MOPCKHX
TeYeHHi JOCTATOYHO OYeHb HeOOJBLIOro TONYKA.
[lo kpaiiHeli Mepe, MMEHHO K TAKOMY BBIBOJAY IpH-

1. YeMy y4uT UCTOPHA KNumara? 43
































































































































































































































































































































































