Mouuyk [.B. O6was reoxumma (rp. 326) 2023/2024 yyebHbin roa,

Tema 17. 'eoxnmmna atmocdepbl



ATmMocdrepa — camasa MmaneHbkaa obonodka 3emnun. Ee macca coctaBnsiet
5x10%8 r, yTo coorBeTcTBYET NpMMepHO 0,0001% oT maccbl 3emMHON Kopbl.

B coctaBe Bo3ayxa BblOENAOT TPU rpynibl BELLECTB:

MaKpOKOMMOHEHTHI:
e S 2
% (06beMH.) 78,08 20,94 0,04

MI/IKpOKOMI'IOHeHTbI NMOCTOAHHbIE.

nx10*4 %

MWKPOKOMMOHEHTbI NEPEMEHHbIE:

H,O (0.1 — 2%, B 3aBUCUMOCTUN OT TemmnepaTyphbl)

H,, CH,, CO, SO,, H,S, NH;, NO, - oT 0 o 2x104%. ObLiee CBOMCTBO 3TUX
ra3oB — CMOCODOHOCTL ObICTPO pearnpoBaTtb C KUCNOPOLAOM, NU3-3a YEro OHU
ncyesarT 13 Bo3gyxa. Utobbl 3TK rasbl OKasanucb B BO3gyxe, HeobxoanMbl NX
NCTOYHUKKN. [103TOMY NO NepeMeHHbIM MUKPOKOMMOHEHTaM COCTaB BO3ayxa
Heoa4HOpPOAEH BO BPEMEHU N NPOCTPaHCTBE.
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BepTukanbHas cTpykTypa
aTMocdoepbl

B BepxHeun 4yactu Tponocdepbl
CYLLECTBYIOT CTPYUHbIE TEYEHUS,
HanpaBrieHHble C 3anaja Ha
BOCTOK.

B npegenax ctpatocdoepsl, Ha
BbicoTe 20-25 KM HaxoauTcs
O30HOBbIW CIMOW, MornoLwatLWwnmn
NOYTU NONMHOCTbLIO
yrsTpadononeToBoe N3nyyYeHne B
ananasoHe 100-280 HM.

buocdepa 3emnu
npucnocobneHa K Hann4yno
Takoro akpaHa, u 6e3 Hero
nogsepriackb Obl rydntensHoOMy
nencrtenio YO-ceeta ConHua.



OOpasoBaHne 1 paspyLLleHne 030Ha.

OcHoBHOM npouecc 0bpasoBaHUA N pas3pyLUEHUA 030Ha — UMKN HYanmeHa.
Peakunn obpasosaHusa: O, + hv, — 20:

O,+0: > O
Peakuuu paspyweHuna: Oz + hv, » O, + O:

O;+0: > 20,
O6a npouecca nayT ¢ norfoweHnem ynstpadomorieToBoro U3nyy4eHuns, Ho B pasHbIX
nofiocax crnekTpa. B pesynsrarte BO3HMKAET MakCMMyM coaepXaHnn 030Ha B
cTpaTocdepe Ha BbicoTe 20-25 KM.

[Mbenb 030Ha, NOMMMO UUKIa HanmeHa, naet B UMKINYECKUX npoLeccax,
KaTanm3anpyemblX OKMCnamMu a3oTa, NepPeKNCbI0O Bogopoaa, pTop-xnop-yrnepogamu
(bpeoHamn), a Takke — MeHee 3(PPEKTUBHO — METAHOM, BOAOPOAOM U APYrnMU
BellecTBaMW.

AmepukaHckne xumukn L.Poynanag n M.MonuHa (1974) yctaHoBUNKX, YTO O30H MOXET
KaTannTndeckn paspyLiatbecsa Top-xnop-yrnesogopogamu (dopeoHamu).



[Tpobnema «030HOBbIX AObIP».

N3006parkeHne aHTapKTU4YECKOM
030HOBOWM Ablpbl. CeHTa6pb 2000 T.

BriepBble 06r1acTb NOHUXEHHBIX COAEP>KaHUM
030Ha 3adukcupoBaHa Hag AHTapkTnaom B 1985 .
OHa cyuiecTByeT TaM Ce30HHO C aBrycra no
AHBapb («aHTapKTU4YecKas» 3MmMa-BecHa).
AHanornyHble Obipbl MEHbLLErO pasmMepa,
KOPOTKOXUBYLLME, N HE C TaKUM HU3KUM
coaepaHnem o3oHa obpasytoTcs B ApKTUKE
OCEHbIO N 3UMOMW.

[MnoTtesa PoynaHga n MonuHbl 0 TEXHOrEHHOU
npupoae paspyLleHna 030HOBOIO Cros nocne
AnUTenbHOW obLecTBeHHOU komnaHnn B CMI
npuBena K nognucaHnio BeHCKon KOHBEHLNK 00
oxpaHe 030HoBoro cnos (1985) n MoHpeanbcKoro
NpOTOKOSAa NO BeLlecTBaMm, paspyLlaoLLnum
030HOBbLIV cnoun (1987).

LU.Poynana, M.MonuHa n IN.KpytueH B 1995 .
nony4ynnun Hobenesckyo npemuio 3a
aKCcrnepuMeHTanbHoe AoKa3aTenbCTBO
KaTannTn4ecKkoro paspyLueHnsa o3oHa opeoHamMu.




MoHpeanbLCK1Uu NpOTOKON NO BellecTBaM, paspyLlarowmm O30HOBbLIU CIIOU
(The Montreal Protocol on Substances That Deplete the Ozone Layer)

MoOHpeanbCkMn  MPOTOKOS —  MeXOyHapoAdHbI  OOKYMEHT, peanusyloLlium
nosioxxeHnss BeHCKOW KOHBeHLMM OO oxpaHe 030HOBOro cnogd. Bcectynun B cuny
01.01.1989 r. PatndounumposaH 191 rocynapcteom, B TOM yucrne PO.

[lepBoHa4anbHbIM TeKCT MoHpeanbLCKoro NpoToKosia perynuposarn nocTteneHHoe
COKpalleHMe Npon3BoacTBa orpaHNYeHHOro Habopa coeanHeHuUn n3 rpynnbl PpPeoHoOB
(8 BewecTB). B nocrnegyrowmx gononHeHnsax K MoHpeanbCKoMy NPOTOKOIY, MPUHATLIX
B 1990-1999 rr., nepeyeHb perynmpyemMbix COegnHEHNN BbIN CUNLHO PacCLUNPEH.

Poccunckaa denepaumsa BbINOMHAET cBou obsizaTenbctBa nNo MoOHpeanbCKoMy
npotokony — B 1991 — 2003 . npekpawleHO NpPoM3BOACTBO perynupyemMbiX O30H-
paspywatowmx sewects (OPB).

Heobxogumo OTMETUTb, 4YTO perynupyrowas gesatenbHocTe MoHpearnbckoro
NPOTOKOMa rnpueena K BeCbMa NpoTUBOPEYMBbBIM NPaKTUYECKUM pe3ynbTaTtam. 3anper
nponssBoAdcTBa TOP-XI10P-yrineBogopoaoB, KOTOpble MPUHATO cyYuTatb Haubonee
aktmeHbimMn OPB, npuBen k OypHOMY pOCTYy npousBoACTBa rMApo-PTOPO-XI1op-
yrrneBoaopoaoB  (perynumpoBaHMe  KOTOpbIX OTHeceHO Ha 2010-2030 ) B
pasBMBaloOLLMXCS CTpaHax, B T.4. — B Haum n Kutae.



AnbTepHaTUBHbIE KOHLienuum

[MnoTe3a 0 TeXHOreHHbIX PpeoHax, paspyLlarLmMX 030HOBbLIW 3KpaH, NoABepraeTcs
KPUTUKE Ha NMPOTAXXEHUN BCETO BPEMEHU €€ CYLLECTBOBaAHUA.
[ NaBHble ee OCHOBaHUA:

1.

OTcyTCcTBME BPEMEHHOM N NPOCTPAHCTBEHHOW KOPPENALUUN MeXay
HabnogaeMmbIMyU MUHUMYMaMM O30HA N LLEHTPaAMU TEXHOFEHHOW 3MUCCUn
dpeoHOB. [MaBHbIE 030HOBbLIE Ablpbl HADNKAATCS HAaA NPaKTUYECKU
HeobuTaembiMn panoHamu 3emMnu.

OTcyTCcTBME OOKa3aTenbCTB O BO3MOXHOCTU rnepeHoca dopeoHOoB B aTMocdepe oT
LEHTPOB TEXHOFEHHOM SMUCCUN K NONAPHBLIM «O30HOBbLIM AblpamMy.

Xopoluasi Koppensuusa Mmexay «030HOBbIMU AblpaMn» N TEKTOHUYECKU U
BYITIKAHMYECKN aKTUBHbIMU LEHTPAMMN €CTECTBEHHOW 3MNCCUN BELLIECTB,
paspyLlaroLmx 030H (Bogopoaa, MeTaHa u ap.).

[1oka3zaHHaga B nocrneaHue rogbl nepeoLeHKka BPEMEHMN XN3HU (PpEOHOB B
aTmocdepe OT OeCATKOB-COTEH neT (KoHuenuua PoynaHga-MonuHbl) 0o meHee 2
net (MexnpaBuUTe/IbCTBEHHOW IPynrbl 3KCNEPTOB MO KIMMaTYy).

OTcyTCcTBME AOKa3aTenbCTB aPPeKTUBHOCTU MOHpeanbCcKOoro npoTokona rno
AaHHbIM MOHUTOPUHIa 030Ha B TedeHue 30 ner.



ApdekTnBHOCTbL MOHpPEanbCcKOro NPOToKona, Kak MexaHn3ama
BOCCTAHOBJIEHNS «O30HOBbLIX ObIP», OCTAETCA HEACHOMN.

Deviations (%) / Ecarts (%), 2020/10/06 HecmoTpsa Ha BbINOSIHEHME MEP NO COKPALLEHMNIO
| npon3BoacTBa opeoHOB, NEPUOANYHOCTb U pasmMepbl

O30HOBbIX MMHUMYMOB HE MEHSIOTCS.

[TpoBOAMMBLIN MOHUTOPUHT NOKa3bIBAET, YTO

perynspHblie 030HOBble MUHUMYMbl (QOPMUPYIOTCA B

0 NONSAPHLIX obnacTax 6e3 Kakon-nmbdo TeHAEHUUN K

0 YMEHbLUEHNO CO BPEMEHEM.

19 Mean deviation (%), 2020/03/01-2020/03/31
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BBepxy - nsobpaxxeHue
aHTapKTN4YeCKon 030HOBOW Ablpbl. 6
okTabpsa 2020 .

CnpaBa — aHOManusi 03oHa B
CeBepHom nonywapuu — mapt 2020 .
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Deviations (%) / Ecarts (%), 2005/09/16
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B CeBepHOM nonyLuapun 030HOBbLIE Ablpbl HE
0OHapyXnBatoT HUKaKOW NPOCTPaHCTBEHHOM
Koppenaummn ¢ NNOTHOCTLIO HACENeHUd u
NPOMBbILLNIEHHOCTM.

Beepxy - aHoOMannu o3oHa no
COCTOSIHMIO Ha 16 ceHTabpa 2005 .
CnpaBa — aHOMarnumu o3oHa B
CeBepHOM nonyLwapum no COCTOSHUIO
Ha 19 anpenga 2012 roga.

Deviations (%) / Ecarts (%), 2012/04/19
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[1IponcxoxgeHne atmocdepsl

Tpy BO3MOXHbIX BapMaHTa NPOUCX0XAEHUS aTMocdepbl 3eMIu:

1.

2.

«lepBuyHasa» atmocdepa, obpasoBaBLLaAACA OAHOBPEMEHHO C
NIaHETON B XOA4e aKKpeLun BeLecTBa NpoTonfIaHETHOrO obnaka.
«BTopunyHasa» atmocdepa, obpasoBaBLUAACS B pe3yrbrarte
anpdepeHumaumm BHyTPEHHUX 000SI04EK NNaHeTbl U NpeTepneBLUas
AanbHenwne npeobpasoBaHUs B Xoae ee NCTOPUN.

«KocmoreHHasa» atmocdepa, npuHeceHHasa Ha 3eMnto Npu nageHnn
KOMET N acTepOoMIOB CYLLLIECTBEHHO NO3Xe nepuoaa ee
doopmMmupoBaHuA.



'MnoTte3e «nepBMYHON» aTMmocdepbl NPOTUBOPEYNT Marioe KOSIMYEeCTBO
brnaropogHbIx ra3oB B cocTaBe atMocdepbl 3eMIn, HE COOTBETCTBYIOLLEE
NX KOCMWUYECKOWN pacnpoCcTpaHeHHOCTH.

CnegyeTt OTMETUTb, YTO CNEKTP KOCMOreHHbIX N30TOMNOB BnaropoaHbIX
ra3oB (°He, nsotonbl Ne, KocMoreHHble n3oTtonbl Ar n Kr) no
OTHOCUTENBLHOW pacnpoCTPaHEHHOCTWN MOBTOPAIOT COMNMHEYHbIN CMNEKTP.
PacuyeTbl NoKa3bIBatOT, YTO AOSA ra3oB NpoToniaHeTHoro obnaka B
atmocdepe 3emnu He npeBocxoant 0,001%.

KoHTpacToM Ansa 3eMHolr atMmocdepbl Cry»aT nnaHeTbl-rimraHTbl, COCTaB
aTMocdep KOTOPbIX B OCHOBHOM KOCMOTEHHHbIN.



«BTopuyHaa» atmocdepa nnaHeTbl JOMKHA bbina bl ObITb MOXOXEN Ha
BynkaHuyeckue rassl (H,O, CO,, H,, SO,, H,S, HCI ...). B 3HaunTtenbHOM

Mepe 3ToMy cooTBeTcTByeT atMmocepa BeHepnl (70 6ap CO, + SO,).
[MpoBeAeHHbIE pacyeTbl NoKasanu, YTo ecnm nepeBecTn Bce kKapboHaTb!
ocagoyHoun obornoykm 3emnu B atmocdepy, To nonydntca 100 6ap CO.,.

Takon chritong nocne oxnaXxaeHus u KoHgeHcaumn Boabl OyaeT akTUBHO
pearnposaTb C nopogamMmm 3eMHOU Kopbl 1 HeNTpanunaoBaTtbcsa. OgHako OH
COXpPaHUT BOCCTAHOBUTESbHbLIN XapaKkTep. [1o coBpeMeHHbIM
npeacraBrneHnsamMmn, atmocdepa 3emMsnn no NosIBNEHMS
POTOCUMHTE3NPYIOLLIUX OPraHM3MOB Dblila UMEHHO TaKOoMW.

[Tocne nosiBneHna 6uoriorndeckoro potocuHTesa atmocdepa 3emnu
npmnobpenia CoBpEMEHHbLIN COCTaB.

Takmm obpasom, atmocdepa 3eMnu SABNSIETCA «BTOPUYHOUY, XEMOIE€HHO
M bMoreHHo nNpeobpasoBaHHON.

B coBpeMeHHOMN reoXxumMmum OTCYTCTBYIOT AaHHblE, KOTOPbIE
NPOTUBOPEUUSIN Obl 3TON KOHLUEMNLINN.




'MnoTe3a «kKOCMOreHHOu» atMmocdepbl HE ONMPAaETCHd HMU Ha Kakue
reoxmmMmmnyeckmne gaHHole. OHa basnpyeTcst Ha HECKOMNbKUX
KOCMOXUMWUYECKMNX TNNoTe3ax, B CBOK o4Yepeb SBMAILWNXCS OO0 CUX Nop
OVUCKYCCUOHHBIMU (runoTesa rnobaribHoro uMnakTta, runotesa «no3gHemn
METEeopUTHON BombapanpoBKMNY, TMNOTE3a KOCMOIEHHOIO MPOUCXOXOEHUS
«KCEHOHOBOro geduunta» n ap.).

[1aHHble MO KOMETHOMY BELLIECTBY, NOSTY4YEHHbIE K HACTOSILLLEMY BPEMEHMN,
He NoATBepXaatoT 3Ty rMnoTesy, U No HECKOSbKUM IMaBHbIM 3f1IeMEHTaM
(H, N, Ar) BKnag KOMETHOro BellecTsa He MOXeT npesbiwaTtb 1%.



[MpoLeccbl 06pa3zoBaHUa U pacxogoBaHUS rMaBHbIX

ra3oB atmocdrepbl

[@3 |CTOYHMKM [ToTpebutenu
O, |PoToCuHTES [bixaHue, eopeHue
doTtonus + guccmnayma OKuncneHne ropHbIX nopoa
CO, |BynkaHunyeckune rasbl doTocuHTES
[bixaHne, 2opeHue BbiBeTpMBaHue
N, |BynkaHundeckue rasbi OriekTpuyeckue paspaabl
PasnoxeHne opraHmndeckux | KnybeHokoBble bakTepun
BELLECTB [lpbou3zso0cmeo yoobpeHuu
Ar |BynkaHun4eckue rasbol HeT
PaccesdHHasa rasoBas
amMuccua




doTonNTUYECKN NCTOYHUK KUCNopoaa B aTMocdepe
(poTtonma + gmuccunauns)

B BepXHMX cnoax atMocdepbl NPONUCXO4UT pacLUenneHne MosreKkyn Boabl
nog Aenucrtemem ynerpadpunoneTtoBoro n3nyyeHus:

Peakuns nget Hanpaso 3HOOTEPMUYECKM — C NOrSoWEHNEM KBaHTa CBETa, B
obpaTHOM HanpasneHun — camonpounsBonbHO. CyMMapHbIY 9@ EKT OOIKEH
6bITb HYyNeBbIM. OgHako HeboNbLUAsA YacTb MoslyvatoLleroca Bogopoaa
ycneBaeT AUCCUNMPOBATb U3 BEPXHUX CNOEB aTMOCMeEpPY B KOCMUNYECKOE
NPOCTPaHCTBO. B pesynkrate B atMmocepe octaeTca HeDONbLLION U30bITOK
Kncnopoaa.

[1o nmerLwmmcs oLeHKaM, BKIiag 3TOro npoLecca cenvac coctaBndeT
HecKonbko npoueHToB (1 — 4 %) oT buonornyeckoro potocmHtesda. OgHako
00 NosABNEHUA POTOCUHTE3UPYIOLWMX OPraHM3mMoB poTonus+anccunauyms
Obin1 rmMaBHbIM (€AUHCTBEHHbLIM) UCTOYHMKOM KMUCIiopoda Ha 3eMrie.



HenonHas 3aMKHYTOCTb BnoxmMmMmmn4eckoro Lukna yrnepoaa

Mpoaykuma (100%)

CO, + H,0

_/

Aectpykuma (99%)

Buoxumuyeckulli Yuksn

BbiBeTpmnBaHue
[opeHue

CH,O + 0,

N3 obwen npoayKumm poTtocuHTE3a 0K0/10 99%

OpraHUYEeCcKOro BeLLLEeCTBA pacxoayeTca B 6MON0OrnyecKmx
npoLeccax, n okoso 1% 3axopoHAETCA B BUAE PACCEAHHOTO
OpraHUYEeCcKOro BELLLECTBA OCaAKOB. JKBUBAJIEHTHOE KOJIMYECTBO
cBobogHOro KnMcnopoaa ocTaHeTcA B atTmocdepe.

PaccesHHoe
MecTopoxaeHusa _
0.001 Oopr. B-BO
nmtocdepbl

ATmocoepa

PacceaHHOe opraHM4YecKoe BeLLecTBO BKAOYaeTCs B
reoN0rMYeckuim UMK 1 B KOHEYHOM UTOre oKucaseTca
KMCNOPOAOM BO34yXa B NPOLLECcCaxX BbIBETPUBAHMA N FOPEHUS.

M3 3TOro cnepyer, YTo 3anac KNCA0pPoAa B BO3AyXe
obecneynBaeTca 3anacom OpraHUYecKoro yrnepoja B aMtocdepe.

[laxKe NoNHOEe CKUraHme Bcex
MECTOPOKAEHNIN rOPHOYNX NOSIE3HbIX
MCKOMAaeMbIX He NpuBeaeT K
3aMETHOMY M3MEHEHMUIO COAEPKAHUSA
Kucnopoaa B atmocdepe, a USMEHUT
Tonbko aonto CO,.

OAaHaKo, yBennyeHue pesepsyapa
paccesHHOro opraHMYecKkoro yrnepoaa
B 0Caf04HOM 060104Ke
HenocpeacTBEHHO OTPA3UTCA Ha
YPOBHE KMCNOPOAa B BO3AyXeE.



AHTpOMoreHHoe BnnudaHMe Ha atmocdepy
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[oooBasi UMKITMYHOCTL — CreacTBUe N3MEHEHUS B
npoTmBodrase dnomacchl NMMcCTonagHbIX pacTeHUN
B CeBepHoM 1 KOXXKHOM nonyLiapusix.



AHTpOMoreHHoe BnnudaHMe Ha atmocdepy

Bbibpocbl B aTMOCHEPY NPOAYKTOB CKUraHMA 8000
nckonaemoro Tonamea (MaH. T C B roa)
7000
- Bcero
"""" —— HedTenpoaykThl R —
— YTronb
------- —— [lpUpoaHbIA ras . e [e L, 1.1
—— [IpOW3BOACTEO LEMEHTA
1800 1850 1900 1950 2004

Ha 2021 r. cymmapHsble
BbIOPOCHI OT CXUraHua Tonnmnea

gocturnm 10 mnipa. T (B pacyete
Ha C).

Okono 1/2 obwen maccel CO,
OT TEXHOr€HHON 3MUCCUU
OCTaeTcHa B atMmocdepe.
OcTarnbHOon B NPUMEPHO
PaBHbIX KONM4YecTBax
PACTBOPSAETCA B OKeaHe U
NornoLwaeTcsa pacTeHNAMU

(no gaHHbIM Global Carbon Project 2022).



BO3HMKHOBEHME U 3BOMIOLIUA KUCITOPOAHOU aTMocdepbl 3eMIu.
Great Oxydation Event
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Time (Gyr before present)
GOE : Great Oxidation Event = Oxygen Level

NOE : Neoproterozoic Oxygenation Event Snowball Earth Event



CTpomartonuTbl — NpU3HaKk NosABNeHnss GOTOCUHTETUNYECKNX
OpraHU3MoOB.

Cameble gpeBHMe
OobOHapyXeHHble JOCTOBEPHbIE
CTpOMaTOSINTbl UMEIOT BO3pacT
OKono 2.8 mnpA. ner.

CoBpeMeHHble cTpoMaTonnTbl 3akasdHuka Hamelin Pool
(ABcTpanud). Ha Bpeske BuaHa cneumndmyeckas MMKpocrionctad
TEKCTypa KapboHaTHOro BewecTBa cTpomMaronura.
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[NaTtnpoeaHue Great Oxidation Event

® >2450 Ma
0 2200-2450Ma
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[lns onpeneneHnss MOMeHTa nepexoja
atMocdepbl B KNCITOPOOHOE COCTOSIHME B
reoxXmmMun npeanaranncb pasHble Nogxodbl, B
OONbLIMHCTBE OKasaBLUMECHA HEAOCTOBEPHbLIMMU.

Hanbonee HagexHbIM nuankatopom GOE B
HacToslLLlee BpEMA CHMTAIOT UCYE3HOBEHME
Macc-He3aBucumoro gpakumnoHnposaHusa (MIF)
N30TOMNOB S B 0cafouHbIX cynbdartax (Farkuhar
et al., 2000).

HenocpencteeHHOW NPUYMHOWM MCYE3HOBEHUSA
MIF B ocafouvHbIX cyrnbdarax cymTaroT
GrioknposaHue POTOXUMNYECKOTO
dpakynoHupoBaHua SO, B atmocgepe 13-3a
nosiBfeHna 030HOBOIO CroS.

OTOT a(pdeKT aaTmpyetcs nHtepsanom 2,20 —
2,45 mnpa. net Hasag. (Mo Lowenstein et al.,
2014)
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