Nekuma 11.

Tema 8. 3BoAouns bruocohdepbl, UCTOPUS
AHTPOMNOrE€HHbIX KPU3NCOB, IKOAOTUUYECKUIN CAEA.

OKOAOIUA

AMUTPUK eHHaAbeEBUY 3aMOAOAYNKOB
dzamolod@mail.ru

http://ecology.genebee.msu.ru/4_UCHEB/kursy.htm#A.l. 3amoAOAUMKOB
Mouck no Google «kadeppa obuien akorornm MIry»




4.6 MApA. AT Ha3ap - obpa3oBaHue 3eMAU

HebyaspHasa rmnotesa - obpazoBaHue 3BE3AbI U
MAGHETHbIX CUCTEM N3 0ONAKOB MOAEKYAAPHOIO
BOAOPOAA, COAEPXKALLMX TAKKE BKAHOUEHUSA
APYTUX IAEMEHTOB.

[MpoTonnaHeTapHbIn AUCK B TymaHHocTu OpuoHa.



4.6-4.0 MApPA. AT Ha3aA - KaTapxewu
[paBUTaLMOHHaA aAuddepeHUUaUUa 3eMAU

PaspeneHne BHYTPEHHUX CAOEB 3EMAU HA MAHTUIO U
MeTaAAMYECKOE SAPO

BbipaeneHWe ra3oB U3 KOPbl U BYyAKAHUYEeCKas
aKTUBHOCTb MPUBEAU K 0Opa30BaHUIO NEPBUYHOM
atMocoepbl

KOHAEHCALMA BOASHOIO napa npmMBeAa K
06pa30BaHUIO OKEAHOB

3emMHasa aTMmocdhepa CoCTosANa U3 AETKUX SNEMEHTOB:
BOAOPOAA U FreAnst, HO COAEPXKaAa 3HAUYUTEABHO
OoAbLLUE YTAEKUCAOIO rasa




4.0-2.5 MApA. A€T Ha3ap - apxeu.
[lepuop XMMHUYECKOU 3BOAOLUU

dkcnepumeHT CtaHnu Munnepa (1953): obpasoBaHne opraHU4YECKNX MOJSIEKYI
(ammnHOKMCNOTLI, caxapa, nunuabl) 3 HeopraHndeckux sewects (CH,, NH;, H,, CO)
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OPraHIMECKNe COEQNHEHAR ) T ' ) (1 930'2007)
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http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fwebapps.fundp.ac.be%2Fumdb%2Fwiki-bioscope%2Findex.php%2FStanley_L._Miller&ei=XSBjVPCqGYnjO82EgfAD&bvm=bv.79189006,d.ZWU&psig=AFQjCNGiW4T6WH2SjkJF97u89glUv4IGNQ&ust=1415868821833457
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Miller-Urey_experiment-ru.svg

4.0-2.5 MApA. A€T Ha3aA — apxeu.
3.7 MAPA. A€T Ha3aA — BEPOATHOE HAAUUYUE XXU3HM.
[paduUT B ocapouHbIX nopopax peHAaHAUMU

a -
50 nm

Figure 4 | Transmission electron microscopy images of graphite. a, STEM image of graphite in metasediment (sample 6072906), showing dominance of
polygonal and tube-like grains. b, STEM image of secondary graphite (sample 4062002y), showing dominance of sheeted flake grains. ¢, HRTEM image of
graphite in metasediment (sample 6072905). SAED was obtained from area in c. d,e, Magnification of the area marked d and e in ¢. f HRTEM image of
sample 4062002y. SAED was obtained from area in f. g, Magnification of the area marked g in f. Arrows are explained in the main text.

Ohtomo et al., Nature geoscience, 2013




2.8 MApPA. AeT Ha3aA - NoABA€HUE KUCAOPOAHOIo
doTocuHTE3a (LMaHOOaKTEPUH)

OkamMeHenbIi CTPOMAaTONUT — UCKONaeMbli
OCTaTOK LmaHobakTepuansHoro marta

CoBpEMEHHbIE CTPOMATONUTI
(3anagHas AscTpanus)




N3MeHeHUe copepXaHUA KUCAOPOAA U
OCHOBHbIE BE€XWU 3BOAIOLIMUU BUOCPHepbl

Hadean Archean Proterozoic Phanerozoic
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2.5-0.542 mApA. A€T Ha3ap - NPOTEPO30MU
2.4 MApPA. A€T Ha3aA — KUCAOpOAHAA KaTacTpoda

BbiMupaHue AMbo KataCTpoPpUUECKOE
COKpPaALLEHNE YUNCAEHHOCTM aHa3POOHbIX
OpPraHM3moB (NepBUYHON BUochepbl)

N3meHeHne xapakTepa 0bpa3oBaHUS
OCaAOYHbIX NOPOA (OKUCAEHHbIE MOPOAbI)

N3meHeHne cocTaBa atMocdepbl, COKpaLleHne
KOHUeHTpauun metaHa (CH,)

[loxonOpA@HUE KAMMATa, MepBoe OAEAEHEHUE




2.4-2.1 MAPA. A€T Ha3ap — 'YPOHCKOE ONeAEHEHUE
3eMAfl — CHEXHbIU WapuK B TeyeHrne 300 MAH. neT

C0; cycle in ocean stops; CO, Strong greenhouse effect melts
& = oA s " R pl A 3 J
l'."l:llll_r]'r:'tksll}l:-' oy b snowball Earth, " results in

hothouse Larth.

Lowered reflectivity causes
further cooling, ending in

“snowball Earth.”

back into aceans, reducing

Y e e
OeCalse |_.'.|r:.l.‘:' gxtended cold
greenhouse effect to normal.

spell. oceans start freezing.

growing volcanic
polar caps outgassing

© 2006 Pearson Education. Inc.. publishing as Addison Wesley

BbIXo N3 COCTOAHUSI CHEXHOIO LLapuKa:
nocrteneHHoe BbigeneHne CO, MaHTMen 3emnu




[loaBAeHUE AYKAPHUOTOB U MHOTOKAETOHDbIX

Hadean Archean Proterozoic Phanerozoic
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2.0 MApPA. AeT Ha3aA — NoOABAEHUE 3YKapUOTOB

N | mnoTtesa
cumMmounoreHesa

T'unoTernyeckas
NPOTO3yKapuoTa

Apxebakrepun




1.9 MApA. AT Ha3ap - NoABAEHUE

A4

Grypania spiralis
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540 MAH. AeT Ha3ap No HacT. Bpems - paHepo3ou
540 MAH. AeT Ha3ap - KeMOPUUCKUU B3PbIB U CKENETHaA
PEBOAIOLIUA

[loABAEHUE XOPAOBBIX, MOAAKOCKOB,
UAEHUNCTOHOIUX, UTAOKOXKUX

dopmMHUpoBaHME IK30CKENETA B CBSA3U C

PA3BUTUEM OTHOLLUEHUN XULLHUK-XEpPTA

F ol i ; '* &
V] 1 s el -

'.E' AL

Tpunobut Xvonut




Mpu 10% Kucnopopa HaunHaeT popMmUpoBaTbCA
O30HOBbIU CAOM
UK

WENYYEHKE 33 TRaHUUER aTMoChepsl

|~ M3NYYEHUE HA YPOBHE MOPA
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400 MAH. AeT Ha3aA -
MacCOBbIWU BbIXOA )XM3HU Ha CyLly

NxTnocrtera

[McnnodounT nepBUYHbLIN
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360-300 mAH
CunbHbIM AucbanaHc B LUKAe yraepoaa (yrneobpa3soBaHue)




250 MAH. AET Ha3ap - NepMCcKo-TpMacoBoe
BbIMUPaAHUE XUBbIX OPraHU3MOB

Bbimepao 96% mopcknx BUAOB U 7 0% Ha3eMHbIX BUAOB
BepoATHbIEe NPUYNHDI.

YCUAEHNE BYAKAHUUYECKON AEATEABHOCTU B CMbUpU
(M3AMAHKE TPanoB, BbIBPOC XAOPOBOAOPOAA)

CTOAKHOBEHWE 3EMAU C aCTEPOUAOM

MeTaHoBas KatacTpoda (MeTaHIMAPaTHOE PyXbe)
N3MeHeHnsa cocTaBa aTMochepPbl U KAMMaTa




252-66 MAH. AeT Ha3aA - AOMUHUpOBaHUeE
penTUAUU (ME3030U)




OBOAIOLUOHHOE APEBO PENTUAUN




65 MAH. AeT Ha3aA - Men-ManeoreHoBoe
BbIMUPaHUE

Bcero nornbao 16 % cemenctB MOPCKUX
XUBOTHbIX (47 % POAOB MOPCKUX XXUBOTHbIX) U
18 % cemencTB CyxonyTHbIX NMO3BOHOUYHbIX.

B uncae M3BeCTHbIX rpynn: AMHO3aBpPbl,
NTEPO3aBpPbl, aAMMOHUTbI, BEAEMHUTHI.

BenemHut

AMMOHUT


http://www.ammonit.ru/

BepoATHble NPUUYUHBbI MEeA-NaneoreHOBOro
BbIMUPaAHUA

N3meHeHne Kammarta (CMeHa TepMOo3pbl
KPMO3POKn B CBA3U ¢ OpMUPOBaAHUEM DAU3KOIO
K COBPEMEHHOMY NOAOXEHUA MaTEPUKOB)

[TapeHue acteporpa, CTOAKHOBEHUE C KOMETOM

ByAkaHM4Yyeckaa akKTUBHOCTb (USAUAHUE
AEKaHCKUX Tpanmnos)

IBOAOLMA MAEKOMUTAIOLLMX (MOABAEHUE HOPM,
CNOCOOHbIX MOTPEOAATb AMLA AMHO3ABPOB).




2.5 MIMH. NeT Ha3aa — BO3HUKHOBEHWE poaa
Homo (Homo habilis)

200 TbIC. NeT Hasag — BO3SHUKHOBEHUE
BUOa Homo sapiens




AUHaMUWKa HaceneHUAa NAaHEeTbl B FONOLIEHE
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AMHaMUKa HaceneHUs B MOAyAOrapudMUUYECKOU
LLIKaAe
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AMHaMUKa HaceneHUs B MOAyAOrapudMUUYECKOU
LLKaAe
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Bonee 06LMN cAryyan — SKCNOHEHLUUaAbHOE YpaBHEHUE

In(N)i

dN

=N
dt

N(t)=N,e"

t

In(N(t)) = N, +rt

r — yaenbHas CKOPOCTb POCTa, InN(t,)—InN(t,)
BuoTuyecku noteHyman, 11 I 2

ManbTy3VaHCK1In napameTp e




[lepBbiU Nepenom: 5 TbiC. AET AO H.3.
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5 TbIC. A€T AO H.3. - HEOAUTUYUYECKAA PEBOAIOLIUA,

TO €CTb NEPEXOA OT OXOTbl U COBDUPATENBCTBA K
3EMAEAENNTIO N XXMBOTHOBOACTBY
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http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fwww.historie.ru%2Ffoto-i-video%2F34-pervobytnoe-obschestvo-i-ego-vliyanie-na-razvitie-chelovechestva.html&ei=stB0VNqCL4fTaPSTgagI&bvm=bv.80185997,d.bGQ&psig=AFQjCNEfnRa5RVYSqy8S32b11OAuu_sPDA&ust=1417028113409655

JKONOrMyeckKasa UHTepnpetTauusa ABAeHUA

MoanPUKauusa NOTOKOB IHEPTUU B
KOHTPOAUPYEMbBIX (CEAbCKOXO3AUCTBEHHbIX)
9KOCUCTEMAX

PaclumpeHue aHepretmyeckoro basmca cBoero
TPODUUYECKOIrO YPOBHSA, CHATUE AMMUTUPOBAHUSA
Mo SHEepPruu

OKCNOHEHLUMAAbHbIN POCT YUCAEHHOCTU
HaCeAeHUs




Bropou nepenom: 1750 rop
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1750-1800 rr. - npomMbILLUAEHHAsA PEBOAIOLIUA,
BKAIOYAlOLLAA NepexoA Ha UCMOAb30OBaHUE
UCKOMaemMoro TonAuBa Kak OCHOBHOIro UCTOYHUKa
3Hepruu



http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fela.mobi%2Fsekilaxtar%2F%3Ftext%3D%25D0%25BF%25D0%25B0%25D1%2585%25D0%25BE%25D1%2582%25D0%25B0&ei=OtV0VIDMN9TvaMn8gogP&bvm=bv.80185997,d.bGQ&psig=AFQjCNFkkJudNViqfQ4sB9qNdKXnnhOSpQ&ust=1417029290575105

JKONOTrMYecKasa UHTepnpetauumsa

McnoAb30BaHWE UCKOMAaeMoro TonAMBa
CHUMAET 3HEPreTUYECKNE AMMUTbI, KOTOPbIE
NOCTaBAEHbl 3PpHOEKTUBHOCTbIO UCMOAB30BaAHUA
COAHEYHOMU 3HEPTUU NMpu GOTOCUHTESE.

IHEepreTmyecknm basmc LMBUAUM3aALUN
pacLUMPAETCH, UTO NPUBOAUT K YBEAUYEHMUIO
OTHOCUTEABHOW CKOPOCTU POCTa HAaCEAEHUS.




JKONOTMYeCKUe Ha3BaHUA NepenoOMHbIX
MomeHTOB (no H.®. Peumepcy, 1990)

5 TbIC. A€T AO H.3. - KPU3UC
KOHCYMEHTOB

1750 r. - KpU3nc NPOAYLIEEHTOB
1950 r. - KpU3nc peayLIEHTOB

'“PéMMepc
KPU3UC peAyLEHTOB HE OTpa3uUACA Hukonai

Ha AMHaMUKe pocTa ®enoposn
(1931-1993)
HapPOAOHACEAEHMS.
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CKOAbKO AHOAEU MOXKET )XXUTb Ha nanaHeTe?

10'%

' - 4
0 10 10
B COOTBETCTBUU C SKOAOTUUYECKUMU 3dKOHOMEPHOCTAMMU

- He bonee 5 MUAAMOHOB.




«QKONOTMYECKU AOMYCTUMOE» YUCAO AOAEN ObINO
NnpPeBbILLEHO cpa3y NOCAe HEOAUTUUYECKOU PEBOAIOLIUU
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IKONOTMUYECKHUU CAEA — MOAXOA K UHTETPAAbHOU OLIEHKE
notTpebAeHUusa YyenoBEKOM pecypcoB buocoepbl

KOHLEeNUUIO MPEANOXUA PerynsipHasi akTMBHOCTb MO
B 1992 r. Yunbam Puz  OUEHKE crefa noaaepXxnBaeTcH

(W. Rees)

Bmm‘fﬁ--frepp_mpuu, _
nogAuMecTa .



https://en.wikipedia.org/wiki/File:William_Rees_Oct_2008.jpg

CocTtaBnAaloLLUE IKONOTUUYECKOIrO cAeAfa

Yrnepopublii cneg

ILnotaae 1ecoB, Heobxommman
JLA4 cBA3BIBaHHAA BbiOpocos CO,
OT CKUTAHWA HCKOIIAEMOTC
TOILTUBA, 32 HCKMIOYEHHEM
JIOJTH BHIGPOCOB, TOTACIIAEMOTH
OKEaAHAMH.

IInomazp oyt
CEMbCKOX03AHCTBEHHBIMMA
KY/BTYPAMH, HCIIOB3YEMBIMU
B KAYECTBE HCTOUHIAKA
TIPOFICBOTBLCTBHA 1 BOMOKGH
JLIST 9EIOBeKa, 4 TAKKE TIOT,
KOPMOBBIMH, MACTHIHEIMA

1 KayIyYKOBBIMHA KYABTYDAMH.

Neca

TLnownaas ecoB, HeoGXoAUMAsN
LTS IPOU3BC/ICTBA TIOTPe0AAeMBIX
JECCMATEPHANIOB, [E/LTIONO3BI
U IPOB.

JacTpoeHHbie 3emm

ITn0ma e, 3aHaTas aHTPCIIOTeHHON
HAHGPaCcTPYKTYPOH,
BKJIIOYAA TPAHCIGPTHYIO
AHGPACTPYKTYPY, JKUAYIO 3aCTPOHKY,
[IPOMBILLIEHHEIE COOPYKEeHUSA
1 Bogoxpanunuma I'2C.

MacTbuwa

TInomazp nacrGumy
JUIS BBINACA JKHBOTHBIX,
BBIPAINMBAEMEIX

B KaUeCTBE HCTOYHUKA
MsCa, MOJIOKA, KOKHA

1 MEPCTH.

Pbi6onpOMbICTI0BbIE 30HbI

PaccunThIBAETCA HA OCHOBE OLEHKH
[IEPBATHOH IPOIYKIIH, HeoOXOAUMOH
LA TIOAIEPKAHTA 7I00bIBAEMOH PRIOT
1 IPYTHAX MOPCKWX OPTAHU3MOB,

€ HCIO/IB30BAHHEM JAAHHBIX O BBLIOBE
MODCKHX H TIPECHOBO/THBIX BH7IOB.



PEOJACTHYECKEHH CiAeD
(ECAMYEeCTEC [IAAHET 3enaa)

AUHaMUKa aKonornyeckoro cnepa B 1961-2008 rr.
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CKOAbKO AHOAEU MOXKET YCTOMUYMBO CYLLLECTBOBATb Ha
3eMAe Npu pa3HOM YPOBHE XXU3HU

YpoBeHb XU3HU (NO CTpaHe)

HaceAneHne, MAPA. YeA.

KyBeuT

0.7

CLLA

1.4

Poccus

1.8

Kutau

3.4

NHAnA

8.2

BocTouHbIt TUMOP

17.2

CpeAHUW MO BCEM CTpaHaMm

4.3




NHAEKC XXMBOU NMAAHeTbl (YMEHbLUUACA Ha 52%)
PaccuutbiBaetca no cocrosHuo 10380 nonynsumu
3038 BMAOB XXUBOTHbIX
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NHAEKC )XKMBOU NMAAHETbI B YMEPEHHOU U
TPONMUUYECKOU 30HAX

YmepeHHas 30Ha:
6569 nonyAauun
1606 B1pAOB
-32%

1970 1980 1990 2000 2010

Tponnyeckasa 30Ha
3811 nonyAaunm
1638 B1pOB

-56%
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JKonornyeckasa Kpupad KysHeua (OKK)
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BBI' Ha oywy HaceneHus




CanmoH Ky3Heu, (1901-1985)

HobeneBckuin naypeat (1971)
Been noHatne BBI1 (1934)

MCcnoAb30BaA KPUBYIO AAA
onncaHua AMHAMUKK
COLUMaNbHOro HepaBeHCTBa
(1955)

IKK BriepBble MNPUMEHEHA K
OMNMUCaHUIO IKOAOTUYECKUX
npoueccos (3arpasHeHue SO,)
[. [poccmaHoM U A. Kprorepom
(1991)




AnHamuka amuccuun SO, B CLLA.
BeAUUUHbI Bblpa)eHbl B OTHOLIEHUU K ypoBHIO 1900 r.
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BBI1 Ha gywy HaceneHWA




COBpeMeHHOQ MOAOXEHUE HEKOTOPDbIX
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BBI' Ha gywy HaceneHus, gonn. CLUA




YcTtonumBoe pa3BuUtUe
(onpepeneHue c seb-canta OOH)

YCTOMUNBOE Pa3BUTHUE OMPEAENTETCH KaK
pa3BuUTUE, OTBEYatoLee NoTpebHOCTAM
HbIHELLHErO NOKOAEHUA 6e3 yepba ANS
BO3MOXHOCTEN OYAYLLIMX NOKOAEHUU
YAOBAETBOPATb MX COOCTBEHHbIE

noTpebHoCTW.

AN AOCTUXKEHUSA YCTOMUYNBOTO Pa3BUTUSA
KpanHe BaXXHO cOrAacoBaTtb TPU OCHOBHbIX

ANEMEHTA — 3KOHOMWYECKNIN POCT,
COLMAAbHYIO UHTErPaLMIO U OXPaHy
OKPYXaloLLEN CPEADI.

http://www.un.org/sustainabledevelopment/ru/about/development-agenda/




Pa3BuTne - ato B Ato6om cayyae U3MEHEHMUeE.
A U3MeHeHne He MoXeT ObiTb YCTOUYUBDLIM!
YcTOMYMBDBIM MOXET ObITb AULLb CYLLLECTBOBaHUE
npu 6anaHce BXOAALLUX-UCXOAALLUX MOTOKOB U
MOCTOAHCTBE CTPYKTYPbl CUCTEMDI.

[lpnmep ycTon4mBou
CUCTEMbI —
KNnMMaKkcHas
aKoCcuUcTeMa
KOPEHHOIOo
TPOMNUYECKOoro reca




Ana obecneyeHUss yCTOMUYMBOro CyLLLeCTBOBAaHUA Ha
3emMmae yenoBevectsy Heob6XxoANMMO:

obecneuyntb bBanaHC UCNOAB30BaHUA U
BO30OHOBAEHUSA MPUPOAHbBIX PECYPCOB, B TOM
ynucae cTabuAbHOCTb BUOrEOXUMUYECKUX
LUKAOB;

M3MEHUTb aHTPOMOLEHTPUYHOCTb CO3HAHUS,
NMPU3HAaTb NPaBO NMPUPOAHBIX OObEKTOB
(BMOAOTMYECKNX BUAOB, S9KOCUCTEM) Ha
CYLLECTBOBAHWE U COXPAHEHUE;

BEPOATHO, MNPUAETCA CTabUAM3UPOBATD
UUCAEHHOCTb HaCEeAeHUS.




MeccupXx Kypca

9Konormyeckue npobaembl, Kak NpaBUAO, BO3HUKAIOT
HEe B 9KCTPEHHOM MOPAAKE, @ CO3AaOTCA PYTUHHOM
AEATEABHOCTbHO MHAUBUAOB.

[TpuBEeAEHWE aHTPOMNOreHHOro Npecca B COOTBETCTBUE
C KOMMEHCALUUOHHbIM MOTEHUMANOM BUoCcHepbI
CAEAYET CUMTaTb IaBHEULLEN 3aAaYEN COBPEMEHHOTO
3Tana pa3BUTUS YENOBEYECTBA.

OCcO3HaHHbIN BbIOOP «3KOAOTMUYHOCTM» 0OpPa3a XUIHU
KaXXAbIM UHAUBUAOM — 3TO Ba)XXHOE YCAOBUE
AOCTUXEHUA YCTOMUYMBOCTU CYLLECTBOBAHMUSA
yeAoBeYyecTBa B buocoepe.

Atobble MHAMBUAYaAbHbIE AENCTBUSA, CBA3AHHbIE C
OrpaHUYEHMEM UCNOAB30BAHUSA PECYPCOB, KpanHe
Ba)XHbl Ha 3TOM MYTMW.
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	При 10% кислорода начинает формироваться озоновый слой
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	250 млн. лет назад – пермско-триасовое вымирание живых организмов
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	Динамика населения в полулогарифмической шкале
	Более общий случай – экспоненциальное уравнение
	Первый перелом: 5 тыс. лет до н.э.�
	5 тыс. лет до н.э. – неолитическая революция,
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	Экологическая интерпретация
	Экологические названия переломных моментов (по Н.Ф. Реймерсу, 1990)
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	«Экологически допустимое» число людей было превышено сразу после неолитической революции
	Экологический след – подход к интегральной оценке потребления человеком ресурсов биосферы
	Составляющие экологического следа
	Динамика экологического следа в 1961-2008 гг.
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	Сколько людей может устойчиво существовать на Земле при разном уровне жизни
	Индекс живой планеты (уменьшился на 52%)�Рассчитывается по состоянию 10380 популяций 3038 видов животных
	Индекс живой планеты в умеренной и тропической зонах
	Экологическая кривая Кузнеца (ЭКК)
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	Динамика эмиссий SO2 в США.�Величины выражены в отношении к уровню 1900 г.
	Современное положение некоторых стран на ЭКК
	Устойчивое развитие �(определение с веб-сайта ООН)
	Развитие – это в любом случае изменение.�А изменение не может быть устойчивым!�Устойчивым может быть лишь существование при балансе входящих-исходящих потоков и постоянстве структуры системы.
	Для обеспечения устойчивого существования на Земле человечеству необходимо:
	Мессидж курса 

