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ACTpPOHOMHYECKAS TEOPUS.
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N3meHeHUs anemMeHTOB 3eMHOM OpPOUTbLI Ha3biBaKTCS
BO3MYLLUEHUAMU UIN nepTypGau,vaM.




HaKnoH 3KnNunTuKkm, BpeéMeHa roga v
KITMMaTU4YeCKunue nosca.

HioHb 21

Aerabps 21




BoobpaxaemMbli HaKnoH £ = 0°;"BpemeHa rofia oTCyTCTBYIOT, HO
reorpadgmyeckme 30HbI BblpaXeHbl Pe3Ko



Boobpax
HO reorpadmyeckas 30HanbLHOCTb YMEHbLUEeHa 40 MUHUMYMa.



B TeueHun quBepworo nepuoaa HakJroH
3KNMUNTUKU Bceraa aBarncs B npegenax 21°

39" n 24°36' (coBpemeHHoe ero 3Ha4yeHue 23°
27'). Nepuon KonedGaHUA HaKNMOHA AKNMTNNTUKN
cocTtaBnsaeT npuonuantenbHo 40 000 ner.




JKcUueHTpucuteT opouTtsl. Bropon anemeHT, KonedaHus
KOTOPOro BAUAIOT Ha KOJIMYECTBO paguvaumu, noriy4yaemoe
3emnen ot ConHua, npg@EcraBnaeT cooboun
3KcuyeHmMpucumem Op‘bl. ConHue

HaxoauTcs B
oaHoM choKyce
(F1,)
ANNUNTUYECKON
opounTLI.
PaccTosiHue ot
LeHTpa (c) po
acdhenua unun
nepurenus
paBHO NONIOBUHE
GonbLwon ocun
(a);CF1 —
,»JINHEUHbIN
3KCUEeHTpucurteT
"(l.e)¥
IKCUEHTPUCUTET

on ensercs
no coopmyne e
=/:a.




YemMm MeHblle 3KCLUEeHTPUCUTET, TEM
MEeHblle pa3HULAEB NPOoAOIMKNTENbHOCTH
BpemMeHu roga, n Haooopor. lMepuop

KonebaHus aKCLeHTpUcuTeTa cocTtaBnseT
92 000 ner.




lNMpeueccusa (unu npeaBapeHne) paBHOAEHCTBUN. TPeTbUM 3JIEMEHTOM,
BINUAIOLLMM Ha KOJNIMYECTBO paanauunmn, ABNAETCA rnpeyeccusi pasHodeHcmeauli (1),
T. €. NocTynaTesibHOe ABUXEeHWe YeTbipeX KapauHanbHbIX TOYEeK (BeCeHHero
paBHOOEHCTBMUSA, NIETHEro CosiHue NS, OCEHHero paBHOAEHCTBUSA, 3MMHEro
CONHUECTOSAHUA) no opouTe. 'N

Yron obpa3oBaHHbIN
NPAMOU, coeauHAoLWEeNn
CornHue c nepurenuem, u
NPSAMON, COeANHSAIOLLEN
CornHue ¢ ToOYKOM Ha
opouTe, B KOTOPOMU
HaxoauTca 3eMnsa B
BeceHHee
paBHOAEHCTBME
Ha3blBaeTcA
2esiuoueHmpu4deckou
dosizomou nepgeenusi
(TT) n cayxunT MgpPou
_gg_Meq,‘);-u‘uﬂ Lieccum
paBHOAEHCTBUMN.




Bnaropaps
NPUTAXEHMUIO,
OKa3biBaeMOMYy
ConHuem u JlyHom Ha
3KBaTopMarnbHbIU
nosic 3emMnu, ee ochb
BpalleHus coBepLiaeT
O4YeHb MeaneHHoe
KpyroBoe aBuxeHwue,
ONnuUcbIBas NONHbIN
Kpyr 3a 26000 ner.



NMepuopn npeueccumn coctasnset 26 000 ner.

OaHako, BcneacTBMe ARPUTAXXEHNA APYrux nnaHeT
annunTuyeckas opob MeAasrieHHO BpallaeTca U 3To
ABUXEeHMe NPOTUBOMNOSIOXKHO MO HanpaBreHUKo
npeweccun paBHOOAEHCTBUU. TakKuM oOpa3om, ecnu
NPUHATbL, HaNnpumMep, Nnepuresninn 3a HyneBYyH TOYKY
Ha opbuTe, TO ANSA NPOABUNKEHNA HA NOJSIHbIN 000pPOT
noobon KapauHanbHOU TOYKM noTpedyeTtca He 26 000

ner, a Tonsko 21000 ner.




Teopua MunaHkoBMuYa
MwunaHkoBu4 (1913)
pa3paboTan HoBble
MeToAbl pacyerTa.
YuutbiBas Bce Tpu
areMeHTa USMEHEeHUH
3eMHOMU OopOunTbLI OH
NOCTPOUN KPUBbIE
U3MEHEeHUA CONTHEYHOM

pagnauuun B NpoLUioMm
ANA Pa3NNYHbIX

[NaHkoBMY. MOpTpeT
KUCTU I'I WoBaHoBMYa, 1943 rog
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ToICARY NeT Hazan

IHCOJ1IALUUNWOHHbLIE KPUBbIE MunaHkoBuvya,
NOCTPOEHHLIE AJiA PA3HbIX WNPOT.
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3HaYyeHue BpeMeH ropga

Kanorudecrue edunuibs

160 1% 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
molc. sem Hazad om 1800¢.1.3.

(nyHKTUpHaa nuHUA) gna 65° c. w. CoctaBneHo no Tabnuuam
MunaHkoBu4ya (M. Milankowitch, 1930).




IOpyrmne actpoHomMmunyeckme pakTopbl

FanaKTuqecmev’lq’ — Nepuno BPpEMEHHU, 3a
kKoTopbin CorH 9 cucTemMa coBepLUaeT

OAVH O0DOPOT BOKPYT LIEHTpa [[anakTuku..
[[anakTM4eCcKun roa CoCTaBIAET, MO Pa3HbIM
oueHkaMm, oT 225 no 250 MUnNIMoHOB 3eMHbIX

Nnet.




'Mnote3a KOCMUYECKOM NbIiNu

KnnmaTtuyeckune VI3M:!1$I, npuBoauBLUME K
onegeHeHusmMm 3eMnu, OBINY OOYyCrOBNEHbDI
HepaBHOMEPHbLIM pacnpeaesnieHnemM 4yactuvu Nbifiv B
KOoCMuU4yeckom npoctpaHcTBe. [1o ogHoMmy ee
BapuaHTy, TeHOEeHUMNA K NOXOrIog4aHUIo0
yCcTaHaBnMBanachb Torga, korga 3emnsa npoxoaguna
yepe3 0051acTu C NOBLILLEHHOU KOHLUEHTpauueu
KOCMUYECKOM NbISIU U 3HAYNTESIbHaA YacTb 3Heprum
COJIHeYHOU paanaLumn paccemBanacb 3TOU NbISbIO.
flo_ apyromy BapuaHTy TOMU XXe Teopuun, acddekT
BHUSA COJTHEYHOU CUCTEMbI Yepes NnbineBoe

ONED Obin Kak pa3 06 bIM: NbiNb B OFpOMHbﬂ
jgax nonapana'y yem #71. %

, acb APKOCTL €ro cBe4YeHUsi 1 NoBbIWanach
Temnepartypa Ha 3emre.



IOpyrmne actpoHomMmunyeckme pakTopbl

HeoOpaTmbie uaMmeHeHusa opouTanbHbIX
[TapameTpoB 3emr a NPUNUBHBbIX CUI

YMeHbLLUEHNE CKOPOCTU CYTOYHOro BpaLlleHUs
3emMnu u, cnegoBartenbHo, yBennyeHue
NPOOOJTKUTENBHOCTU CYTOK, YMEHbLUEHNE BNUAHUSA
cunbl Kopuonuca
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yBeJ"II/I‘-Ie € HaKJ10Ha GKHVIFITVIKVI K 3KBATOPY,

fpY BO3pacTaHun }



N3MeHeHune cocTtaBa aTtMmocdepbl.

-

CopepxaHue Yyrnekncnoro ra3a odeHb HeBeJIMKO, OHO
coctaBnseT nuuwb okono 0,033% maccbl atMmocdgepbl.
Bce neno B ocobbix cBONCTBaX YrrneKMcnoro rasa:
OyAy4u cpaBHUTENbHO NPO3paYvHbIM ANS
KOPOTKOBOJIHOBOM paanauuun, noctynarwowien ot
CornHua, OH B TO Xe BpeMs Henpo3pa4eH ans
ANMHHOBOITHOBOIO U3IyYeHusl, HanpaBneHHoro ot




B - I3MEHEHMS
MOIIHOCTH
AHTAPKTHYECKOT0
JIGAHMKOBOI0 MMOKPOBA
B paliOHe CTAHIMU
BocTok;

I - ©BMEHEeHHeEe YPOBHS
MupoBoro okeana,
paccYMTAHHOE 110
CBO/IHOI U30TOIHOMI
KPUBOU

MOPCKHX 0CaJKOB
(undpamu
0003HaYeHbI
“Teruibie” MOPCKHeE
U30TOIHBIC CTAINN);
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AHTAPKTHYECKOI0 JICIHMKOBOI0 MOKPOBa 32 mocjenqnne 410 Teic. jger
10 pe3yJbTarTaM H3y4YeHHs JIeATHOro KepHa co cranuuu BocTok
[ IunenxosB u ap., 2003].




ApxuBbl naneoreorpadgpunyeckon u
narieoOKriumMmaTu4eckou nHgopmaumm

e JleAHUKHU

e Mopckue ocagkm

 Pa3nunyHble TMNbI cybapeanbHbIX OTIIOXEHUN

 Konbua gepeBbeB




UHpgukaTopsbl (proxy) naneoreorpaduyeckoun u
narieoOKriumMmaTu4eckou nHgopmaumm

Major category

Indicator

Paleoclimate/ paleoenvironment parameter(s)

Lithological /mineralogical

Banded iron formations

Bauxite
Beachrock

Bedded chert (marine)
Carbonates, cool water

Chalk
Clays (vanous)
Coal

Eolian dust (ice cores: ocean seds.)
Eolianite (carbonate-rich)

Eskers

Evapontes

Dunes

Duricrusts
Glendonite /ikaite
Ice-rafted debris
Kames and kettles

Lacustrine sediments

Laterite
Loess deposits

Moraines
Outwash plains
Paleosols
Patterned ground
Pingo

Phosphates

Red beds

Roche moutonnée
Sapropels
Speleothems

Tills, tillites
Varved sediments

Atmospheric evolution; ocean paleochemistry

Tropical, humid climates; paleogeographic reconstructions

Sea level indicator

QOcean paleoproductivity

Cool ocean paleotemperatures

Qcean paleoproductivity, carbonate compensation depth

Chemical weathering (humid vs. arid climates)

Humid to pethumid climate

Wind strength and direction

Arid, high wind and wave energy, low relief coasts; interglacial high
sea-level stands

Gilaciation

Arid climate

Arid climate; wind direction and strength, atmospheric circulation

Warm, seasonally wet/dry climates, semi-and climates (calcrete)

Cold climate

Glaciation

Glaciation

Temperature, precipitation, salinify

Tropical, humid climates; paleogeographic reconstructions

Periglacial, desert environments, glacial-interglacial vanations in wind
direction and strength, atmospheric circulation

Glaciation

Glaciation

Precipitation, (temperature—warm, cold), pCO»

Periglacial environment

Periglacial environment

Qcean paleoproductivity, wind-driven upwelling zones

Warm, seasonally wet/dry climates

Glaciation

Anoxic conditions and/or high paleocean productivity

Paleotemperature (8'%0 ratios), vegetation change (8"C ratios),
paleoprecipitation

Glaciation

Seasonal variations in rainfall or streamflow, glacial or non-glacial
sediments; annual dating




UHpgukaTopsbl (proxy) naneoreorpaduyeckoun u
narieoOKriumMmaTu4eckou nHgopmaumm

Geochemical
Isot opes
'Be Solar variability, dating
5''B Paleo-ocean pH
e pCOs, Cy versus C,; plant distributions, ocean paleoproductivity, global
organic carbon bural/weathering
g B Solar vanability, dating
31‘14-" 'Il Paleohydrology, paleotemperature
400 Local atmospheric temperature (in ice), ice volume or sea level (air bubbles
: in polar ice; benthic foraminifera), paleoprecipitation
N/VIN Rapid tempemture fluctuations (air bubbles in polar ice), stratification in
h lakes, oceans
:‘Qr:":;r Continental weathering, river runoff o o
T Ocean paleochemistry—changes in sulfate precipitation (evaporites) or
sedimentary sulfide burial
Oreanic matier
Alkenones Ocean paleotemperature
Carbon accumulation rates Ocean paleoproductivity
Trace elemenis
Barium (barite) Ocean paleoproductivity
Boron (as B(OH)jy) Paleo-ocean pH
Cadmium Ocean nutrients (in planktonic forams, coccoliths), proxy for PO}
Magnesium Ocean paleotemperature
Phosphorms Ocean paleoproductivity
Tron QOcean nutrient
Mn, Co, N1, Zn, Cu Ocean nutrients
Strontium QOcean paleotemperature




Geophysical

Paleontological

UHpgukaTopsbl (proxy) naneoreorpaduyeckoun u
narieoOKriumMmaTu4eckou nHgopmaumm

Electrical conductivity

Paleomagnetism

Animals, invertebrates
Animals, vertebrates

Beetles
Coccoliths
Corals, coral reefs
Diatoms
Dinoflagellates
Foraminifera
Benthic
Planktonic
Ostracodes
Plants
Leaf morphology
Stomatal index
Tree nings
Plant assemblages
Pollen
Treeline fluctuations
Radiolaria

Variations in ice core acidity, volcanic activity, rapid climate oscillations
Paleolatitude, dating

Marine facies, cool versus warm climate, paleolatitude
Paleotemperature, biogeogsraphy

Paleotemperature

Ocean paleoproductivity, biostratigraphy

Tropical to subtropical shallow water temperatures

Ocean paleoproductivity, temperature, salinity, pH

Ocean paleotemperature, salinity, productivity, sea-ice cover extent

=18 . s .4
Ice volume, sea level (6 O ratios), ocean paleoproductivity
Ocean paleotemperature, paleoproductivity
Ocean and lacustrine paleotemperature, salinity, precipitaiton

Paleoaltitude, seasonal and mean annual temperature, precipitation
pCO,, temperature, moisture availability

Temperature, precipitation, interannual variability, annual dating
Paleoecology, paleoclimate

Paleoecology, paleotemperature, paleoprecipitation

Growing season temperature vanations

Paleocean temperature, ocean paleoproductivity













Konbua gepeBbeB
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