JleKuuna

bUOTI'EOXUMHNYECKHE

N KJ/IbI
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HunBoe BeLLecTBo

«Ilod umeHem xcusoeo sewecmsaa s 6ydy
nodpasymesams 8Ct0 COBOKYNHOCMb
Op2aHU3MO08, pacmumeibHOCMu u
HCUBOMHbBIX, 8 MOM HUCJIE U Hesl08eKd.

C ceoxumuueckoli mouku 3peHus, ama
COB0KYNHOCMb OP2AHU3MO8 UMeem
3Ha4YeHUe MoJibKo mou maccou
gewecmaeda, Komopdas ee cocmasJisiem, ee
XUMuUu4yeckum coCmaeom U c8a3aHHOU C
Heu 3Hep2uel...»

B. M. BepHagckuii 1919 T.



Ba)kHeliWwmne GYHKLUUN }KUBOTO
BellecTsa B buocodepe:

ra3oBas,

KOHIIeHTPAllMOHHasI,
OKMC/INTE/TLHO-BOCCTAHOBUTE/IbHAS,
OMOXMMHNYECKas,

PYHKIMSI OMOTeOXMMUYeCKOH JesiTe/IbHOCTU

qYe/10BEKa.



[a30Baa GyHKUMA:

OCHOBHBbIE ras3bl aTMOCPephl 3eMJTH, a30T B KMCIOPO,
OHMOTEeHHOTO TPOUCXOXKIEHHUSI.

OcylecTB/sIeTCs 3e/IeHbIMU PACTEHUSIMU,
BBIJIe/ISTIONIMMHU KHUCIOPOJ, B TIpoliecce GOTOCUHTE3], A
TaK)Ke BCEMH PACTEHUSIMU U YKUBOTHBIMH,
BBIJIeISTFOLTMMH YIJIEKHUC/IbIN ra3 B pe3y/IbTaTe AbIXaHHSI.




KoHueHTpauMoHHaa GyHKUMA:

OPraHMW3Mbl HAKATIJIMBAIOT B CBOMX TejlaX
MHOTHE XMMHUYeCKHe dJIeMEeHThI, Cper
KOTOPBIX HA IEPBOM MeCTe CTOUT yIJIEPOZ.

bnaromapst KoHIIeHTpHpYIOIel PYHKIINU
YKUBBIX OPTaHU3MOB 00PA30BaAJINCh 3aJIEXKHU
MeJia, U3BeCTHSKA, Topda, yriei, HepTH,
Cephl, JXeJle3HbIe, MapTraHIleBbIe PY/Ibl.

Ca



KOHLIEHTPATOPAaMU KPEMHUS

ABJIAIOTCA XBOIIH, OCOKH

MOJIQ Y1 KaJAbLIUSI —

BOJIOPOC/IY JITaMUHapUs,
IITaBeIb

bocdopa —
CKeJIeThl TO3BOHOYHBIX

JXUBOTHDBIX



/

OKUCAUTEeIbHO-BOCCTaHOBUTENbHasA
dOYHKUMUA

BbIDAXKAECTCA B XUMHUYECCKHUX

MpeBpallleHUsIX BelleCTB B
MpoLecce YXU3HeAesITeIbHOCTH.

B pesynbraTe 06pasyroTcs comnu,
OKHCJIbI, HOBbIE BellleCTBa.

C maHHOM PyHKIIUEH CBA3aHO
dbopMUpoBaHUe Xee3HbIX U
MapraHLEeBbIX PYZ, 3a/IeXen
Cepbl, U3BECTHSIKOB U T.II.




OKncantTenbHO-BOCCTaHOBUTEIbHAA
MHK“MH nNeTO

22° i
ONUAUMHNOH
>/ 18° ha g

MeTanMuMHKUOH

OpraHu3msbl, OOHTaOIIHe

B BOJl0Oe€MaX, PeTyIUPYIOT
KUCJIOPOAHBIU PEXUM

Y CO3AI0T YCIOBUS M JISI
PAaCTBOPEHUS HJIH JKe
OCaKIeHHUs pssjga MeTasios (V,
Mn, Fe) u HemeTan10B (S)

C TIepeMeHHOU BAJIEHTHOCTLIO.

6

50

TUNONMMHUOH
40

3umMHAA cTarHauyus

3UMA



o =
buoxumunyeckaa pyHKUuUA

Pa3MHOXeHHEe, POCT M MepeMellleHHe B MPOCTPAHCTBeE
(«pacmonsaHue») YKUBOIO BEIIECTBA, YTO IMPUBOAUT K
KPYTrOBOPOTY XMMHNY€CKHX 3JIEMEHTOB B MPUPOJE.




ARy /
buoreoxmmunyeckas AEeATEe/IbHOCTb

Yye/10BEKd

CBsI3aHA C OMOTeHHOM
MUT'Palier aTOMOB,
MHOTOKPATHO
YCUJINBAIOLLeUCA TIO/,
BIUSTHUEM XO35IMCTBEHHOM
oesaTe/IbHOCTU YeJIOBEKaA.

OXBaTbIBAET BCE BelleCcTBa
3€MHOU KOPBbI, B TOM YHUCJIE
TaKre KOHLEHTPATOPhI
yI71epoza, KaK yroib, HeTh,
ras v Jip.




/

A ecmb co80KyNnHOCHb 800bl, KANbUUS U
Op2aHUYEeCKUX MONEKYL,
Ha3vleaemas Kapaom Cazarnom.

Bwvi npedcmasaseme coboti noumu
maky1o xce cucmemy Moaekya ¢ dpyaum
COBOKYNHbIM HA38AHUEM.

H monvko-mo? Heyxcenu 6 Hac Hem
HUYe20, Kpome MONeKYN?

Koe-komy kaxcemcs, ymo amo
YHUXMcaem uenogeueckoe dOCMouHCMaoO.
Jluuno 5 Haxoxcy 800XHO8ASIOWUM MO,
Ymo Haw Mup no3eo.Jisiem
paA3su8ambvCs CmMoJib MOHKUM U
CJIONCHBIM MOJIEKYASAPHBIM MAWUHAM,
KAKUMU 518/11€MCS. Mbl C 8AMU.

Kapn Caran



buoreHHbBIe DJIEeMEeHTHhI
(6uoreHs!)

MakposnemeHTbI MukposneMmeHTbI

Fe, Cl, Na, Zn, V, Mo,
B, Co, Cu, Si, Se, Cr,
Ni, [, F, Sn, As

C,H,N,O,P,S, Ca,
K, Mg



Buoreoxummuueckmii umkn (BrX-umkn)

KPYTOBOPOT XUMHNYECKUX BeleCTB U3
HEOPraHUYeCcKon Cpenbl Yepe3 pacTUTe/NbHble U
)KUBOTHBIE OPraHW3Mbl OOpPAaTHO B HEOPraHHYECKYIO
cpeny C MCIOJAb30BAaHUEM COJTHeYHOU DJHEPrur U

OHEPIMHU XUMHNYECCKHUX peaKuHﬁ.



bI'X-mmkin

DoHBI - COBOKYITHOCTH
BELLEeCTB, COAePXKaLLnX

paccMaTpUBAaeMbIN 37IEMEHT

IloTOKM - 11yTH
B oIlmpezieiIeHHOU popme.

IIpeoOpa30BaHMS DJIeMEHTa,

repeBoAslie ero nu3
omHOTO POHJA B IPYTOH.
OGOmMeHHBbIe Pe3epBHbIe
ammocgepa \ G
2udpocgepa ¥
Hyxner KPYrOBOPOT
ra3oo0pa3HbIX
BelleCcTB

BOJbI

OcagoyHbIe IUKIIbI



CyirecTBOBaHHE NOAOOHBIX KPYTOBOPOTOB CO3/Ia€T

BO3MOXHOCTD JJI51 CAMOPETYVIATNINANA CUCTEMbI

(unu 2comeocmasa), 9To IPUIAET IKOCHCTEME

YCTOUYUBOCTD:

YAUBUTEC/IBHOEC ITIOCTOAHCTBO ITPOLHCHTHOI'O

COACP)XAaHHUA PA3/INIHbIX JJIEMECHTOB.



fomeocTas

(rped. homoios — ofMHAKOBbIH, MOJOOHBIN U Stasis
— COCTOSIHHE, HeIIOABYDKHOCTD)

CII0COGHOCTD OPraHU3Ma MJIM OTKPBITON CUCTEMBI
COXPAHSATh IIOCTOSHCTBO CBOETO BHYTPEHHETO
COCTOSIHUSA NOCPEACTBOM CKOOPAUHHUPOBAHHBIX
peaKLMi, HallpaBIeHHbIX Ha MOAJAePXKaHHe
IMHAMHUY€CKOTO PAaBHOBECHS e - e

B UBMECHSAIOLIKWXCA YCJIOBUAX CPEbI.




/

- TomeocTtas (H.®. PeU\/vnepc)

CocTosiHUE BHYTPpEHHETO
OJUHAMHYEeCKOr'O paBHOBECUs
MIPUPOLHOUN CUCTEMBI,
MOALEePXXHUBaeMOe peryasipHbIM
BO300OHOBJ/IEHHEM OCHOBHBIX €€
CTPYKTYP, BelLeCTBEHHO-
SHEePreTUYeCcKoro COCTaBa

M TIOCTOSTHHOM (PYHKIIMOHATbHOM
caMopery/sien ee KOMIIOHEHTOB.




—

[omeocTas (H.®. Pelimepc)

[omeocTas xapakTepeH M HEOOXOIUM JIJIsI

BCEX ITPUPOAHBIX CUCTEM — OT KOCMHUYECKHX

40 OpraHr3Mad U aTOMa.




s

UCTOUYHUKU sHeprun bl X-uuknos
sHeprus ComHIla, mMpeoOpa3zoBaHHAs
rugpocdepoii u armocPepoii B

TMAPO/IOIrNI€CKOM IMKIIEC,

IHEPIrus COJIHHE[, HaKOIIVIEHHASA B
OpraHHUYECCKHUX BellleCTBaX B XO04¢€

dorocuHTE3];

XTOHHAHYECCKasA JOHEPrus —

MaTepHUHCKAsA JHeprus 3eMIIn.




KpyroBopoT BoAbl —
(2uoponoauyeckul Yyukn)

KPYrOBOPOT BOJBI 3a CYET UCIIAPEHU A, KOHAEeHCAlluu
A OCAaIKOB.

[Tepexos 13 )KMAKOTO B ra3000pa3HoOe U TBepAoe
COCTOSTHHE Y1 OOPAaTHO, - OVH U3 IVITABHBIX
KOMIIOHEHTOB A0MOTHYECKOM ITUPKYASIUH BellleCTB.

[Ipoucxopsar
repepacripezeneHrne 1 OYUCTKa
IJIAHETAPHOTI'O 3aI1aca BOABI.

Kpyz0Bopom Boghb!

Bpemst o60poTa ripecHO BObI
COCTaBJISIET = 1 TO/I.



Konuuectsa Boapbl Bo Bcex poOHAAX M NOTOKaxX (Uuhpbl 8 CKOOKAX)
Bbipa)eHbl B muanmapgax munamapaos (108) rprammos B rog,

BoaaHkie napel B
atuocepe (13)
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Bopna B ocanouHbIX NOpoaax, Nexammx
ONKW3KO K 3eMHON noeepxHoctu (Z210000)



45 T M3
Q ucnap. okean Q ocagxu okeaH
+ +
Q ucmap. cymra Q ocazaxu cymia

+45 T M3




BanAaHUe AeATe/IbHOCTU YesloBeKa Ha
rnobanbHbIU KPYroBoOpoT BOAbI:

CTOK BOABI B OKE€aH YBeIMYUBAETCS, U
nmonojTHeHue (PoHAa TPYHTOBBIX BOJ,
COKpaAlllaeTcs B pe3y/abrare:
MMOKPBITUS 36MHOMW TOBEPXHOCTU
HeIPpOHUIIA€eMbIMH MaTepHaIaMH,
CTPOUTEIBCTBA OPOCUTE/IbHBIX CUCTEM,
YIUIOTHEHHS TTaXOTHBIX 3€MeJib,
YHUUYTOXEHUS JIECOB U T.II.



BavaHue AeAaTenbHOCTb YeNoBEeKa Ha
rnobanbHbIN KPYroBopoT BOAbI:

PocT 00beMa MOBEpXHOCTHOTO CTOKA

MMPUBOJUT K:

yBE€JIMYEHUIO PUCKA HABOSHEHUMH,

YCUJIEHWIO 35PO3UH MOYB,

pe3epByaphl MOJA3eMHbBIX BOJ BRIKAYHUBAIOTCS ObICTpee,
yeM 3aIOJIHSIOTCS

BACCENH OCAJIKOHAKOIJIEHUS ¥
\'I‘l'/
//Zl\\\ s =

ernpeccuOHHbIe BOPOHKHU
IJIOIAIBIO IO 50000 KM 2,
CHI)KeHUE YPOBHS B LIEHTPeE
BOPOHKH 80-130 M

(Mockea, bpstck, Cankm-
[lemepb6ype)

JEITPECCUOHHAA
BOPOHKA
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- Kpyrosopor yrnepoga 3| ==

13 o 14
sis| &1 280855] ]

CaMbIil MHTeHCHUBHBIN OMOTeOXUMUYECKUMN ITUKII
XOTS 00lIlee colep)KaHre TOro dJIeMeHTa B
3eMHOMU KOpe COCTaB/IsIeT BCEro 0KOJIo 0,1%.

B mpupoze yriaepo cylecTByeT B IBYX OCHOBHBIX
dopmax - B KapOoHaTax (M3BECTHSKAX) U
yrnekucaoM rase. CBOOOIHBIM yIIepos
BCTPEYAEeTCs B BU/IE a/iMa3a, rpadpuTa U yIis




OcHOBHas Macca aKKyYMYJIMPOBAaHa:

B KapOOHaTax Ha JHe oKeaHa (1016 T),
B KPUCTAJ/UIMYECKUX IMOpozax (1016 T),

KaMeHHOM yrie 1 HedpTH (1016 T)

M Y4aCTBYeT B OOJIBIIIOM IIMKJIE KPYTOBOPOTA.



Murpauuna yrnekmncnoro ra3a s buocdepe
3eMnun npoTeKaert 2 nytTamu

IlepBbIN IyTH — NOIJIOLEHHE OPTaHUYECKUX

BellleCTB U B MOC/IeAyiolllee 3aXOpOHEeHHe HX B
nutocdepe B Buze Topda, yI/isi, TOPHBIX CIAHIIEB,
paccessHHOM OPTaHUKU, 0CAJOYHBIX TOPHBIX TTIOPOJ,

B Hegpax 3eMiu HaxoAsITCSI OOMbIIIFE CKOTIIEHHS
HepTU, TPECTABIISIONIEN CIOXKHYIO CMeCh
Pa3/IMYHBIX YTTIEPOICO/IePXKALLIMX COeTMHEHUH,
IIperMYyIIeCTBeHHO yI/IeBOJOPO/IOB.



=

Bce 5Tu BelecTBa nnpov3BeeHbl
$GOTOCHHTE3UPYIOITUMU PACTEHHUSIMU 32 Pa3HOe
BpeMSI:

BO3PACT JI€COB - NEeCATKU U COTHU JIET;
TOP(PSHUKOB - THICSYU JIET;
yI71s1, HepTH, ra30B - COTHU MUJITMOHOB JIET.

BTopoii myTh - co3gaHre KapOOHATHOMN CUCTEMBI B
pasaUYHBIX Bogoemax, rae CO2 mepexoauT B
H2CO3, HCO3-, CO32-.

3aTeM C ITOMOIIILI0 PACTBOPEHHOI'O B BOJIE KaJIbIIHS
(peXke MarHus) IMMPOUCXOAUT OCAKAECHUE
kapooHaTtoB CaCO3 6roreHHBIM 1 aOHOTE€HHBIM

Ty TSIMH.



CozeprkaHue yrinepoza
autocdepa / rugpocdepa / armochepa
28 5570 : 57 s 1

Yriexkucsibiii ra3 arMmochepsl U TUAPOCPephI
0OMeHHBAETCSI U OOHOBJISIETCS YKUBBIMH
OpraHU3MaMH 3a 395 JIeT.



ATrAOC e HbLH

YT MEHMC NBIM Fas
r PoToCHMHTE

L J
Aundpdnyrznn
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—
L J
R e Gt e P:a:mumEHH'E ﬁia-;r"“"
doTocHuHTEeS MEpTEBan opraHMea

MEpTEas OpraHMeca,
A ETPMT




NMoTpebneHue yrnekucnoro rasa
n3 Bo3Aayxa:

B Tipoiiecce GOTOCHHTE3A
CO,+H,0—->CH,0+0,

B peaKIUsIX C KApOOHATaMH B OKeaHe
CO, + H,0 +CaCO, — Ca (HCO,),

IIPY BRIBETPUBAHUH TOPHBIX MIOPO/
Fe,S, + 6CO, + 6H,O — 2Fe(HCO,), + 3H,S.

0Ca/IogHbIe KapOOHATHbBIE TTOPObI

CaCO, + CO2 + H20 — Ca (HCO3)2.



[locTtynneHune yrneKnMcaoro rasa .
B atmocdepy

IpIxaHvie Bcex OpraHnu3MoOB.
MuHepanrszanusa OpraHuYeCKux BelleCTs;

MuHnepanu3auus - pacnad opeaHu4ecko20 gewecmada

do CO, , 800bl U npocmbix conell.

BoeimeneHvie mo TpeliHAM 3€eMHOM KOPBI U3
OCaJIOYHBIX ITOPOZ,.

BrizeneHvie ©3 MaHTUU 3eMJIU TIPU BYTKAHUYECKHX
M3BeP)KEeHUSIX (He3HAYUTe/TbHAs YacTh - 10 0,01 %).

CKuranue APE€BECHUHDBI M TOIJ/IMBA.



Huskoe comepxanue CO, 1 BbICOKHE
KoHIeHTpamu O, B atMocdepe ceiyac Cayxar
aumumupyrowumu akmopamu 0
¢pomocurmesa, a 3e71eHble paCTeHUST U KapOOHATHI
OKeaHa SIBJISIIOTCS Pery/isiTOpaMM 3THUX Ia30B,

MOA e PXKUBAIOIINMU OTHOCHUTETHFHO CTAOUJIBHOE

ux cootHoienue (0,03% u 21 %).



/

Takum o6pa3om, «3eeHbIH MosAC» 3eMJIh U
KapOOHATHAs CHCTeMa OKeaHa SIBISIOTCS
OydpepHOIi cCTeMOii, KOTOpas MoAAep>KUBaeT
OTHOCUTEJIBHO NMOCTOsIHHOe cogepxaHnue CO, B
armocdepe.

IlonararoT, 4TO 5O HACTYILIEHUS
VUHAYCTPUATBHOM 3PbI IOTOKMU YIIIepOAa MEeXAY
atrMocdepoii, MaTepUKAMU U OKeaHamMu 61:1)114

cOaTaHCHPOBAaHBHI. ol




Yenosek Tem unm MHbIM NyTEM U3BJIEKAET 3TU 3anacbl
U3 HeAp U NocTeneHHo ysennumsaet notok CO,

B atmocdepy

I'taBHBIE NIPUYUHBI
yBe/In4eHU s
cogepxanusa CO, B
armocdepe:

COKHUI'aHUE IT'OPHOYHUX
NCKOIIa€eMbIX B
ITPOMBIITJIEHHOCTH,

Ha TPAHCIOPTe,

YHHUYTOXXECHHC JICCOB.

%

KoHueHTtpauua CO2 B atmocdepe

0,034
0,033
0,032
0,031

0,03
0,029
0,028
0,027
0,026

/ —e—Pani

1800

1958 1980 1995

roga




/

[Mpu YHNMUTOXXEeHU necoB cogeprkaHue
YI/IEKUCNI0ro ra3a B atmocdepe yBennymBaeTcs,
T.K. /1eca Ba*KHble HAaKONUTenu yrnepoaa:

B 6uomacce necos npnbnansurtenbHo B 1,5 pasa,
a B IeCHOM rymyce - B 4 pasa > yrnepoaa, Yem B
aTmocdepe.
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BuoTHUECKMA XPYTOROPOT yrnepopa: ) - notpebrense CO,: ) - noaynnenme CO, & amwoccbepy



buoreoxumMumnyeckunii KpyroBopor yriepoza B
6uocdepe B 11eI0OM U B KOHKPETHOM aHamadTe —
u3 CO, B xuBoe BellecTBO 1 ooparHo B CO, —
IIPUBOAUTCS B IeHICTBYE € IMHCTBOM JBYX
IIPOTHUBOMOJIOXXHO HaITpaBIeHHBIX ITPOIIECCOB —
$OTOCHMHTE3a U MUHEPATU3AIIHH.

OOTOCHUHTES3 MHUHEPAJ/IN3ALIUSA

Ho 4acTs yrinepoza nocpeacTBOM MeJJIeHHO
UAYLIUX TAKIUYECKUX ITPOLEeCCOB YAAISIETCH,
OT/IarasiCb B OCaJOYHBIX MMOPOJAX.



bananc atMmocdepHOTrO yriepoza ornpeiensieTcs
OHMOTEeOXHMHUYECKUMU KPYTOBOPOTaMH, B KOKIOM
13 KOTOPBIX OCYILEeCTBASIOTCS ITPUXOJ, U PACXO[

CO

[loyBa CIIY)KUT CBA3YIOLIUM 3B€HOM MEXIY
OHOTeOXMMHUYeCKHUMH KPYTOBOPOTAMH YI/IEPOIA.

2.

B TeyeHue 4x ieT pacTeHUs CYILIU U MOPS
YCBaMBAKOT CTOJIBKO YI/IePOZa, CKOJIbKO €To
COZIEPXXUTCS B aTMocdepe, a B TeueHHe 300 JIET - B

ruapocdepe.



—

- KpyroBopoT a3oTa f

A30T BXOAUT B COCTaB BAYKHEMNIIINX OPraHUYeCKUX
mostekyn - JIHK, 6enkoB, munonportensos, AT,
x1opoduILIa U Jp.

HenmocraTok a3oTa 9acTto siBaseTcst paKTopow,
JTUMUTHPYIOITUM OMOIOTUYECKYI0 MTPOAYKITUIO.

OTHoLIEeHUe 001Iero KoJn4yecTBa a3oTa K
KOJIMYECTBY yI/Iepo/ia B OMoOMacce COCTaBIsIeT

16 : 106.



Kpyrosopor asoTta -

MosnekynsipHbIHM a30T aTMOCPpepbl HEAOCTYIIEH PACTEHHUSIM,
ACCUMMUISLUS €r0 UMM BO3MOXXHA TOJIBKO U3 CBSI3aHHbBIX
dbopM — ammuaka, HUMpPAmMos, Mo4eguUHbl.

[loaTOMY KPpYTrOBOPOT Q30Ta LIeTMKOM NOAAEePXXHUBAETCS
nesTeJIbHOCTHIO a3zom@ukcupyrowux bakmeputi.

AmmoHuguuupyrowue 6akmepuu, pasnaras
OpPraHUYeCcKoe BelleCTBO, MTEPEBOAST a30T B AMMHUAYHYIO
dbopMy, a MpoIo/HKAIOIIUeE 3TOT MPOILeCC HUMpu@dukamopvl
OKUCJISIIOT €ro 0 HUTPUTOB U HUTPATOB.

Jlenumpuguuupyrowue ="
6akmepuu 3aBeplIalOT UUKJ, [ X 2
0CBOOOXKJAst a30T U3 HUTPATOB
1 IIepeBO/s €0 BHOBD B

MOJIEKY/ISIPHYIO pOpMY.

Puc. 2.9. KnyoeHbKOBBIe 0aKTepHH poJa Rizobium



AzoThuMKCaumMa

A30T
B

0000,

AcCUMUNALMA

NIO0/O

ATMOCSEPE

BEKU PACTEHWH
“
MWKPOBOB

KODHAMMW

HanpuMep

g

Fmbens

MEPTBAA OPIFAHHKA
-+
3KCKPETHI

NH3, AMMMAK

> NH;, AMMOHWAHBIE

BecacsisaHue,

NO3z HUTPATGI

OeruTprd nkaums
floeaarvel  wBOTHBIA
ﬁ.\l

BEJIOK

Fubens, akcxpelwnd
[HanpumMep, MOYEBMHEB ),
Jederalus

PaznoxeHue peayueHTamm
{canpoTpotHeiMK BakTepusMmn u rpubann)

COEOUHEHS
~
Hanpumen,
Nitrosomonas
~ Hutpudwrkauwns
NO5, HUTPWUTHI > HATPUEMUMPYID L MI
: BakTepunamm
Hanpwmep,
Nitrobacfer
S

~

BewecTea
—p  [|pOLECCH

C yqacTuem

OpraHuamos

flpouecck azoTduKkcauny
B MOpaake YOLIBAHMA X DO

®. NPOMLILUNEHHES,

Hanpumep metog Mabepa
MYTYRNHUCTHHECKMM A LWMAHO-
M APYTrAMM BakTepuamMu,

Hanpwmep Rhizobium
B kKnyGeHskay SoboaLix

CBOBOOHOMWEYWMMK LLMaHo-
W APYTMMKU GakTepuamMi,
Hanpumep Azotobacter,
Clostridium

armocdepHas —

®
ofpazopaHue OKCUO0B
A30Ta NPW BCNbiLLKEX

MOMHKWA 1 T. N.

JdenuTpudrkauma
BakTepuaMuy, HanpuMep
Thiobacillus denitrificans,
Pseudomonas denitrificans



AMmmoHuPunKauma _
AMvonuduKanus - pasioxeHue, O ()
rHUeHMe Ge/IKOB C 06pasoBaHVeM [/ uep N .
aMMHaKa. Q.

AMMOHMPUKALIMS OCYILIECTBISIETCS peaylleHTaMHU.

Amunoxkuciaorsl (RCHNH COOH) pasnaratooTcs
O6aKTepUSMH, aAKTHHOMUIIETAMH, TPUOAMU KaK B a3POOHBIX,
TaK ¥ B QHA3POOHBIX YC/IOBUSIX:

RCHNH,COOH + O, - RCOOH + NH; +CO,
RCHNH,COOH + H,0 - RCHOHCOOH + NH,

B pesynbprare 6GenmkoBOro ooOMeHa B XMBOTHBIX OPraHU3Max
Bbigensercss MoueBHa CO(NH2)2, KoTopast ToXe CITy)>KUT
nctoyHrkoM NH,

CO(NH2), + H,O » 2 NH, + CO,



Nitrobacter winogradskyi

Hutpndukauus -
- Ipolecc npeBpalleHus

a30TOCOZEePIKATITUX

BelllecTB B popmy,

IIPUTOIHYIO /11 YCBOEHUS

BBICIITUMHU PACTEHHUSIMU:

Avmmuak - Hutputsl - Hurparsl

IIpOTEKaeT B Ipollecce XU3HeIesATe TbHOCTU
HUmMpuguuupyrowux 6akmeputi B 1Be $pa3bl.

B nepeoti ¢haze aMmMHaK OKHUCISIETCS 10 a30THUCTOM
KMCJIOTHI (MJIM HUTPUTOB):

2NH3 + 302 —» 2HNO2 + 2H20 + Qv

Bo emopoli ¢haze a30THCTAsA KUCTOTA OKHUCISAETCS 70
a30THOMU (M/IH A0 HUTPATOB):

2HNO2 + O2 - 2HNO3+ Q



—HAeHutpudunkKauums

- pa3pylleHue Irpymnmnou
IMMOYBEHHBIX ¥ BOAHBIX OaKTepuid

2 i Pseudomonas
COJI€ENA A30THOM KNCJIOThbI aeruginosa (cuHerHoOMHas

I1aJI0YKA)

(HUTpPATOB) O HUTPUTOB,
MOJIEKY/IAPHOTO a30Ta M aMMHaKa.

5CH,O+4H* + 4NO,” ->2N,+5C0O,+7H,0
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KpyroBopoT a30Ta

He3aBucuMbIi OT )XU3HEAEITeTbHOCTU OaKTepUit
MeXaHW3M BOBJIEYEHUSI MOJIEKY/IIPHOTO a30Ta B
OMoIOTUYEeCKHEe [TUKJIBI — Pa3psiibl MOTHHH,
CITOCOOCTBYIOIIVIE BOSBHUKHOBEHUIO aMMHUaKa U
HUTpAaTa.

N,+ O2 + H,O - NH, + NO,

O HAKO 3TU MPOLIECChI He BOCIIOTHSIIOT IOTEPh IPH
IeHUTPUPUKAINH.



/

[MoTpebneHne a3otTa NPOUCXOAMUT:

B Ipoiiecce ononornueckou pukcanuu N, n3
BO3JlyXa - a30T(UKcalMU Oarogaps JesITeIbHOCTH
a30T(OUKCUPYIOIINX MUKPOOPraHU3MOB;

B PE3YJIbTaTe €CTECTBEHHBIX (DM3UYECKHUX
npoueccoB ¢pukcanuu N, B atmMmocepe u
npeBpaueHus ero B okcnasl NOy u NH; (tipu
I'PO30BBIX IEKTPUUYECCKUX pPa3psIaax);

npu (HOTOCHHTE3E MUHEPAJIbHBIC COCTUHCHHUS
azota (NH,*, NO,, NO,;) norpebnstorcs
pPACTCHUSIMU;

B IPOLECCE MPOMBILIIEHHOTO cuHTE3a NHa.



/

[locTynneHue a3ora NPOUCXoAUT:

B ammocgepy:

B IIpPOIIecce MUHEepPa/TU3aluU a30TCOAePIKAIIX
OpraHUYeCcKHX BelleCcTB 0 OKCHU/IOB a30Ta U
nocjaeaymwulei 1eHUTpUuPUKAIINH, T.e.
BOCCTAHOBJIEHHUS UX JI0 MOJIEKY/ISTpHOTO Ta3a N,

C BYIKAHUYECCKHMH I'a3dMU,
C AbIMOM, BbIXJIOITHBIMH I'a3aMH.

B 8odoembi:

CO CTOKaMHU C TOPOJCKUX U CeJIbCKUX TEPPUTOPUH,

C TOPpO4CKHUMMH, ITPOMBILIJICHHBIMH U
Ce/IbCKOXO35IMCTBEHHBIMU CTOYHBIMU BOOdaMMH.



Kpyrosoport ¢pocdopa

®ocdop - 01MH 13 OCHOBHBIX KOMIIOHEHTOB YKUBOTO

BeIlleCTBA ¥ BXOAMUT B COCTAB HYK/JIEMHOBBIX KHCJIOT
(IHK u PHK), x1eTounbix MeMOpaH,

ageHosunTpudocdara (ATP) u agerHosunaudpocdara

(AI®), >xupoB, KocTei 1 3yOOB.

Kpyrosoport pocdopa, Kak 1 Ipyrux OMOTe€HHBIX
37IeMeHTOB, COBEepPIIAeTCS MO OOIBIIOMY U MaJIOMY

IIMKJIAM.



[TpecoBOMHBIE H OKeaHHYeCKHe

PenyueHTH! OTOKEHHA
00COOP XIBLIX no%%%%on GOCOATH
OPI‘AHMBMO? ' BOIIE,’ OKEAHE ['OPHBIX TTOPO/
[Tormoltyexue KOPHAMH H MOCTEAYIOLIAA Iposua

ACCHMUALMA (MCTIONb3OBAHKE B
06MeHe BeLLecTB)



Ocob6eHHOCTh OMOTEOXHMHYECKOTO ITUKJIa
docdopa 3aKII09aeTCA B TOM, YTO, B OTIIUYHE OT
a30Ta 1 YIVIEKHCJIOTO ra3a, pe3epBHBIM POHAOM
ero sIB/IsIeTCsI He arMocdepa, a TOpHbIe ITOPObI U
OT/IO)KE€HHSI, 00pa30BaBIIHECs B IIPOILIbIE
reoJI0rHYeCKHe DITOXH.

Pochop oueHb MeIJIEHHO ITepeMellaeTCs U3
docdaTHBIX MOPOJ, Ha CYyIlle K )KMBbIM OpraHu3MaM
1 0OpaTHO.




=

3aracel pocdopa, AOCTYITHBIE YKUBBIM CYIIeCTBaM,
TIOJTHOCTBHIO COCPeIOTOYEeHBI B TUTOChEpE.

OcHOBHbIE NICTOYHUKH HeopraHmveckoro ¢pocdopa
— U3Bep)KeHHbIe WJIN 0CaJ0YHbIe TOPO/IbI.

PocdaTel pacTBOPHUMEI B BOZie, HO He 1eTy4Hd. B
3eMHOM Kope comepkaHue pocdopa He ITpeBhIIIaeT
1%, YTO TUMHUTHUPYET MPOAYKTUBHOCTH SKOCHCTEM.



=

M3 mopoj 3eMHOM KOpbl HeopraHu4ecKuit pocdop
BOBJ/IEKAETCS B IIUPKY/ISIINI0O KOHTUHEHTAIbHBIMU
BogamMu. OH MOT/IOLIAeTCS PACTEHUSIMHU, KOTOPbIE
IIPU €r0 y4aCTUH CHHTEe3HUPYIOT Pa3/InYHbIe
OpraHHUYeCcKHe COeTUHEeHHUs M, TAKUM 00pa3om,
BKJTIOYAIOTCS B TpOpUUecKye IelH.

3aTeM opraHuveckue pocdaTbl BMeCTe C Tpylamu,
OTXOIAMH U BbI/Ie/IEeHUSIMU YKUBBIX CYIIIECTB
BO3BPANIAIOTCS B 3€MJTIO, T7ie CHOBA IMOIBEPTAIOTCS
BO3JE€UCTBUI0 MUKPOOPTraHU3MOB U
IpeBpalaloTCs B MUHEpaJIbHbIe POPMHI,
ynoTpeoOsieMble 3e/IEHBIMUA PACTEHHUSIMH.



=

B sxocuctreme okeaHa ¢pochop MpUHOCHUTCS
TeKY4YHMH BOJAMU, YTO CIIOCOOCTBYET Pa3BUTUIO
GUTOIUIAaHKTOHA M YKUBBIX OPraHU3MOB.
OpHOBpeMeHHO ITPOUCXOIUT ITOCTOSIHHOE
ocefaHue (ceIMMeHTALVI) OPTaHUYECKHUX
BeIleCTB.

OceBiIvii Ha HeOOJIBIION IITyOHHe OpraHUYeCKU
docdop Bo3BpalllaeTcsi B KpyroBOpoOT.

Pocdarsi, oTIOXKEHHBIE Ha OOJIBIITNX MOPCKHX
rTyOMHAaX He Y9aCTBYIOT B MaJIOM KPyTroBOPOTe.
OaHAaKO TeEKTOHUYeCKYe TBIKEHHUS CITIOCOOCTBYIOT
MOABEMY OCAAOYHBIX TOPOJ, K TOBEPXHOCTH.



B HazeMHBIX crcTeMax KpyroBopot ¢pocdopa
IIPOXOIUT B ONTUMAaJIbHBIX €CTEeCTBEHHBIX
YCJIOBHUSIX C MUHHMYMOM IIOTEPb.

[To mumieBsIM 1IeTIsIM PoCcPOp ITePEXOaUT OT
pacTeHUM KO BCeM ITPOYUM OpraHMU3MaM
skocucTemsl. [ Ipu KaxzoM nepexose Benanka
BepPOSITHOCTh OKUCJIEHHUS cofiepykairero ¢pocdop
CoeITHEHUS B TIPOIlecce KJIeTOYHOTO AbIXaHUS IS
MOTyYeHHS] OPTAHU3MOM DHEPTHH.

Korma aTo mpoucxogut, pocdaT B cocTaBe MOUH
WJIU €€ AaHAJIOTa BHOBB MMOCTYMAET B OKPY)KAIOLILYIO
cpefy, Mocjie Yero CHOBA MOYKeT MOT/IOAThCS
PACTeHUSIMU U HQUUHATh HOBBIN ITUKJI.



—

[Tortagast B Bogoembl, pocdop HaChIIIaeT, a MHOTAA
M TIepeHaChIIIaeT SKOCHUCTEMBI.

YTO-TO MOXET BepHYTbCA Ha CyLIy C IOMOLLIBIO
PBIOOSITHBIX MITULL, HO 3TO OYeHb HeOO/TbIIAst YaCTh
00111ero KOJIM4YeCTBa, OKa3bIBAIOIIASICS K TOMY JKe
BOJIM3U TTOOEpeXbs.

OxeaHnYecKkue OTI0XKeHUs pocdara co BpeMeHeM
IMOAHUMAIOTCS HaJl TIOBEPXHOCTHIO BOJIBI B
pe3y/ibTaTe reoJIOTUIeCKHUX MPOIeccoB, HO 3TO
IIPOMCXOAUT B TeYeHHe MUJIJIMOHOB JIET.

docdaTsl TUPKYIUPYIOT B 9KOCHCTEeMe JIUIIb B TOM
c/iyyae, eCjIv CoAepXKaliue UX OTXOZbI
)KHU3HeAesITe/JIbHOCTU OTKJIAJIbIBAIOTCSI B MeCTax
ITOIJIOLIeHH Sl JAHHOTO dJieMeHTa. B ecTecTBeHHBIX
3KOCHCTEeMaX TaK B OCHOBHOM Y ITPOUCXOAUT.



=

PocPop KOHIIEHTPHUPYETCS KUBBIM BEIeCTBOM,
I7ie ero cofepkaHre MpuMepHO B 10 pa3 OoJIblile,
YyeM B 3€MHOM Kope.

BcnencrBue sterkoit okucasseMocTu pocdop B
CBOOOTHOM COCTOSTHHH B IIPUPOJie He BCTPeYaeTCs.

M3 npupoaHbix coegrHeHNN pocdopa caMbIM
BAKHBIM SIBJIsieTCst OpTOdOoCcPaT KaabIUs
Ca,(PO,),, KoTopsIii B Buje MUHEpasa
dochopuTa nHOTAA 0O6paA3yeT OOIbIIHE 3a/TEXKHU.

B pactenusix ¢pochop comepXUTCA TTaBHBIM
0Opa3oM B OeTKax ceMsiH, B YKUBOTHBIX
opraHu3Max - B 6eJIKkax MOJIOKa, KpOBH, MO3TOBOM
Y HEPBHOM TKaHeW.



Opraau3mbl ycBauBaioT $pochop M3 MOYB, BOJHBIX
PacTBOPOB.

JlesiTe TbHOCTH Ye/I0BeKa B HACTOsIIIee BpeMs
HaIlpaB/ieHa Ha yBeJIMYeHHe COJleP)KaHHS
docdopa B okpyxKaroiieit cpege (pocaruzarius
CYIIIH).

OHa MPOMCXOIMT 3a CYET BHUJIOBA ITPOAYKTOB
Mopsi, 6oraTerx pochopom, U rIIaBHBIM 00pa3oM B
pe3yibraTe u3BIedeHUs pocdopa ass
nmpou3BoAcTBa GpochOopHBIX yaoOpeHUH,
pa3mUIHBIX PpocPopCopepIKallX MPEapaToB.



Kpyrosopor
docPpopa

Mukopwusa - CHMOUOTHUYEeCKOoe
oOuTaHue rpu0OB HAa KOPHSAX U
B TKAHSX KOPHEeM BhICIIUX
pacrenwuii. B Mukopuse rpus
MO/Ty4aeT OT KOPHEH yIIeBOgbI
¥ CHaO)KaeT pacTeHue BOAOM U
MHHEPAIbHBIMH 3JIEMEHTAMH
NMUTAHUs/

THEaHK M
IKCKPpEMEHTBI
HHBOTHBIX

PacTeHue ¢
MHUKOPK30NA

PacTBOpUMBIE
q:'“q"'a'rh"q’-._ OecTRpY KT opbl
B no4ee \ {CaKTepH U rpUBbI)

NoTep U3-3a
CTOKA MuH epanl

PacT EopHUMBIE
thochaTel B Bone\
HeCcTRPY KTO pEl

TKAHK PACTeHMHA M (&aKTepiid 1 rpHokl)
BOAOR OCIEeN

THEAHW K

OKeaHMYeCcKHH Tk JKCKpEeMEHTbI
anBerfAMHT \L - WHMBOTHbIX

- . 3
CEA3bIBAHHE w'fﬁ:}
MY 6 OKOB OAHLIMK :
oCaAKAMM



[Torpe6aserca pocdop:

PacTeHUSIMU Y YKUBOTHBIMHU JIJISI IIOCTPOEHUsI OeJIKOB
IIPOTOIIA3MBblI

B IIPOMBIIIJIEHHOM TTPOU3BOZCTBE YAOOPEHMIH,
MOIOIIIMX CPEeJICTB M PhIOOTIPOIYKTOB.

[MToctynuienne ¢pocdopa B 6MoTUYeCKUi
KPYTOBOPOT ITPOUCXO/IHT:

B ITporiecce 3po3uu GpocPaTHBIX MTOPO/T

BCJ/IeICTBUE MUHEPAJIN3aLUU MPOLYKTOB
XU3HEAeATeTbHOCTU U OPTaHUYEeCKUX OCTAaTKOB
pPaCcTeHUUN U JKUBOTHBIX.



/

UcTouHMKKU noctynneHmna pocdopa
B OKEeaHbl

OBITOBBIE CTOYHBIE BOJIbI, 0OOTall[eHHbIE
dochopcomeprKalIMU MOIOIIMMH CpeCTBAMU;

MIPOMBIIIJIEHHbBIE CTOYHbBIE BOABI OT MPeATIPUSTHH,
POU3BOIAIINX YIOOPEHMS;

TMMOBEPXHOCTHBIN CTOK C CETbCKOXO35IUCTBEHHBIX
yrOOouu;

1ocjie OMOJIOTUIeCKON OYHNCTKH CTOYHBIE BOIBI
o0OorairaTcss MUHepaabHBIM pochopom
BC/IeICTBHE MHTeHCUPHUKALTUY MUHEPATHU3AIUN
OPraHUYeCKUX BelleCTB Ha OYUCTHBIX
COOPYXXEHUSAX.



OO6pasymoluecst Mpyu MUHepPa/IH3auu
OpraHUYecKuXx BellecTB GpocdaThl MOCTYIIAIOT C
OTXOZAMHU Yl CTOYHBIMH BOZIAMHU B Ha3eMHbIe U
BOZHbBIE DKOCHCTEMBI, Ilie BHOBb MOTYT
noTpeb/ISITHCSI PACTEHUSIMU B ITpoLiecce
doTocuHTE3Aa.

BeiHOC pocdaToB Ha CylTy OCyIIeCTBISAETCS B
OCHOBHOM ¢ pbi0oii. Ho 3TO He KoMmeHcUpyeT ux

MOTOK C CYILIX B MOPe.

MexaHu3MbI Bo3BpalleHUs1 ¢ochopa B KPyTOBOPOT
B IIPHUPO/ie HeJJOCTATOYHO 3P PEeKTUBHBI U He
BO3MELLLAIOT TON €ro 4aCTH, KOTOpast
3aXOPAaHWBAETCS B OCAKaX.



JloOBIBaeTCst €XKerogHO OKOJIO 2 MJTH. T
dochopcomepKalIxX IMOPO/I.

Bosbiast 4acth 3Toro pocdopa momazaer B Mope C
MowumMu cpedcmeamu, B IpOU3BOICTBE KOTOPBIX

OH UCMOIb3yeTcs, U ¢ ydobpeHusMmu, T. e.
BBIKJTFOYAETCS U3 KPYTOBOPOTa.

lleATe IbHOCTH YeJI0OBEKA MPUBOIUT K IIOTEPAM
docdopa u3 Kpyropopora: N30bITOTHOE
IMMOCTYIUIEHHE B BOJAOEMbI U3 aHTPOIIOT€HHBIX
NCTOYHUKOB U MOCIeayolee 3aXOpOHeHe B
ITyOOKOBOJZHBIX OK€EaHUYECKHUX OCATKaX.
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Puc. 4.7. Buotueckui kpyrosopot choccbopa: -) - notpebnenne chocchopa; - - noctynnenme choccopa



