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BBEAEHUVE

)KOMorna — ata Hayka, BO3SHMKLUAA CPaBHWUTE/IbHO HeAaBHO, BCEr0 Kakoe-TO
*joui TC Haszag. Ho oHa bbICTPO 3aBOeBasia yMbl YenoBeyecTBa. N 370 NOHATHO, Befb
i pi YECKOIO «OIMKOC /1I0roc» MepeBOAUTCHA KakK «Hayka 0 Hailem gome» (["eKkenb
in pi in N1 N0 HasBaHMe Kak «XUBOTHOE Y ceba fomMa»). OTO YUeHMe 0 MUPE, KOTOPbIA
WM OKPYXaeT, 0 TOM, KakK OH B/IUSIET Ha Hac, a Mbl — Ha Hero. Cobniogaem /M Mbl
iipiuuiiia 06LWEXNTNA B 3TOM MWPE N Yem 4peBaTO WX HapylleHune — BOT 4TO
BOJIHYET KaX[oro u3 Hac.

<>[H/M 13 OCHOBOMOJIOXKHUKOB 3KO/IOTMU N KOHKPETHO y4eHus 0 6uocepe 6bin
"'MH akageMnk Bnagummp VMBaHoBuY BepHagckuii (1863—1945). HeT, He OH nepBbIM
OHp.M'MN BHUMaHWE Ha aHTPOMNOreHHoe, B YaCTHOCTW U BMOreHHOoe, BANSHME BOOGLLEe
HU OKPY>KaloLLyt0 NpUpoAy, HO OH NOCTaBW/ 3TOT BOMPOC BO rnasy yrna. VIMeHHO
EMy NpUHagNexuT gpasa: «Ha 3eMHOW MOBEPXHOCTU HET XMMWUYECKOl cunbl 6onee
NT HHHHO JeACTBYIOLLLER, a NOTOMY 1 60/1€e MOTYLLECTBEHHOW N0 CBOMM KOHEYHbIM
NT asi MWWM, YeM XMBble OpraHu3Mbl, B3ATble B Lefom». OH npegocTeperan, a ero
NT WUrgoBa renn NPU3bIBa/IN HapoAbl U NPaBUTENbCTBA K 3alluTe OKpYXatoLei cpefbl

[OMa, B KOTOPOM Mbl XXMBEM.

MoueMy >Ke 3ra HaykKa He BO3HMK/a paHblUe, OAHOBPEMEHHO C APYrMMuU
| H3 NH MHbIMW gucuunanHamn? [eno B TOM, UYTO 4YenOBeK [AO/Ir0 He 3amevan
in liiiHiiiH.ix nocneacTBWiA cBOeli AeATENbHOCTU, MOKAa OHW He CTaM HAaCTO/IbKO
EOTbIMW, YL APULLIOCL BUTL TpeBory. CerofHsa y4YeHble rOBOPAT BO BCeYC/bILLaHNE,
4yH| "iMpynienne Hamu cpegbl 06UTaHUA — 3TO 60Mba 3aMeasIeHHOro AencTBUA».
11,, ynndl™.kn | He BUPYCbl H HC MHOMJIAHETSHE, &, eC/IN He OCTaHOBUMCS, Mbl caMmu!
Ho. Iyl in innoMHuUTbL 6acHo KpblioBa 0 CBMHbE Mog Ay60M BEKOBbIM,
HA " in ... . n lin KopHn Korga e 3emnst «novyBCTBOBasia» MPUCYTCTBUE Ha Hel
KBbM lyuniin n Korga BO3HUKAW CTOMb $BHble HapyweHus? Korpga&To, B

"iiiiiii.in.il muc! ki nepuog  cywiectBoBaHMA  3emanm  ee  aTtmocdepa  bbina

nin puyTo ouepedb (PoroeHHresvpyrolLIX, n HakonieHMeM Kucnopoga

OHO HapyLwnnocb. B KOHUe KOHUOB aTMocdepa, a 3a Heil u rugpoctepa ctanu
WKW. YHIcabHMMW, a nuTociepa, ce MOBEPXHOCTb — OKWUC/EHHOW. TO ecTb TOraa,
-W ... ABYX Tpex MUNVapoB feT Has3aj, XXMBOe BELLEeCTBO aKTUBHO BK/IOYW/IOCH B
npy 4 .HULWMe «cepbl» M CTaN0 HEOTHEMIEMOWN YaCTbio NPMpPoLbl. 1 B 3TOM HOBOM
in)"" lmln ll. yctaHOBUNOCL paBHOBECKE.

Ho npownn Tc camble MUNMapabl NeT, N rae-1o ¢ cepefmHbl XVIII — Havana
ml4 MCKN HOBOe, Tenepb Y)Xe€ aHTPOMOreHHoe BO3AENCTBME CTasl0 aKTUBHO
LW MPUT bCA' U MPUPOLY— Havasiacb HayuyHO-TeEXHMYeCKas apa 4venoBeyectsa. M onatb
paBHOBecMe Obl/I0 HapyLleHO, a OKpyXawlasa cpefja CTana W3MEeHSATbCH, U, K
I mKaneHunto, HC B Iy4LLYIO CTOPOHY. YenoBek NoTpe6asn, Mano 4To AaBas B3aMeH.

YT0 MbI yCrenn ncnopTuTb BOKPYT 3a 3TW ABa CTOMeTUA?

ATMOC(epa: 030HOBbIE Ablpbl, KMCNOTHbIE AOXAN, CMOTY N NapHUKOBbIE rasbl.



Bopa: 3arpsisHeHve BOAHbIX 6acCeliHOB M NOTepPs MHOMMX UCTOYHMKOB MPECHON
BOfbl, 3BTPOIMKaLMA, T. €. CTapeHue 1 rbenb BOJOEMOB MIKOC CO34aHMe YCOBUIA
[N19 pasBMTUA NaTOreHHOW MUKPOG/IOpPbI.

MouBa: Ge3nyMHble arpOHOMUYECKME MEPONPUATUA NKOC aKTUBHAA XMMU3aLWs
HapOJHOr 0 X03AACTBa, B pe3ynbTaTe—O60/10Ta, COMOHYaKM, MYCTbIHW, 3p03UK PasHbIX
TUNOoB. 3[echb XXe nMTocdepa: TobKo 3a nocnegHue 30 net nnaHeTta notepsna 30%
CBOWX €CTECTBEHHBIX PeCypCOB.

OpraHu3Mbl: HapyLleHWe eCTECTBEHHbIX (YHKUMIA, NOAaBfeHWe WMMYyHUTETa
Kak CO34aHWeM HOBbIX MOPOA, COXpaHeHWeM ocnabneHHbIX (opM, Tak W
NeKapcTBaMm, 0TX0Jamu, «60MbLION XUMUen» — OT YA0BpeHuid 40 A00XMMUKATOB
— 1 NpOCTO AfamMM — XUMUYECKUM OpY>XUeM. A 6aKTepuonornyeckoe, a saepHoe
opy>xune? To ecTb fef10 AOLLO A0 NPAMOro YHUUTOXEHWUS YXXU3HU.

Ho npupoga cTpemuTcs Ccebs  COXpaHUTb, MPOTUBOAEWCTBYS  HaLLIUM
«HOBaUusM». B pesynbtate — HOBble 60M1€3HW W 3NUAeMWU, 3NU300TUM,
ANMAUTOTMM — MaccoBas rnbenb OPraHU3MOB, COKpalleHue cdepbl 06uTaHus,
YBE/IMYEHNE YUCNIEHHOCTU U YCUNEHNE «XULLHMKOB» U Npouee, 1 Mpouee.

B cBA3K CO CKas3aHHbIM TEPMUH «3KONOMMS» MPOHUK BO MHOMME AUCLMMAUHBI,
KaK ecTeCTBEeHHbIe, TaK W rymaHuTapHble. Bce, YTO Mbl TBOpUM cebe 1 nNpupoje Ha
6naro 1 BO Bpef, OKasblBaeTCs B MO/e 3peHUs 3TOW HayKu. ECTb aKonorus Kak
CaMOCTOSTE/IbHOE HanpaB/feHWe B 6GMOMOrMKW, HO €CTb 3KONOrmyeckas (usmka u
3KOMOrMYecKas XvMmus, MPOMbILLNEHHas (MHXEeHepHas), CebCKOX03AACTBEHHaS,
MeAMLMHCKas, BeTeprHapHas 3Koorus 1 ap. He 3a ropamMu Bpems, Korja rosBaTcs
aKonoruyeckas unonorma (Hayka 0 «rpssv» B HalleM $3blke), 3KOormyeckas
mMaTemMaTka U UHgopmaTrka (Hayka 0 CO3faHuM nporpamm — 6apbepoB Ha nyTu
TEOPETUYECKMX Pa3paboTOK, CMOCOOHLIX HAaC YHUYTOXUTb, «BMPYCOB» MPOTUB
HeraTMBHbIX NOCNEACTBUA VIHTepHeTa) U T. .

"nobanbHble NOCNEACTBUSA — KaK MHOr0O CErofHs roBoputcs 06 3aToMm, HO, K
COXA/IEHWIO, [leNaeTcs ropasfo MeHbLLUe.

WM BOT nporHos: rpsgyllee rnobanbHoe MOTeneHWe, a 3a HUM 3aTornfeHue
OFPOMHOM YacTu CyLIM CO BCEMW BbITEKAOLLMMK MOCNEACTBUSAMKU. HO 3TO NnLb
MPOrHo3, a peanbHO? B nocnegHee Bpems Ha MNaHeTe pe3KO YBENYWIOCH
KOMMYECTBO MPUPOAHBIX KaTakM3MOB — LUTOPMOB, LyHaMu, CMepyeid, KoTopble
HecyT paspyLueHue 1 rubenb. Ho Bce v OHW NPUPOAHbIE?

Mo oueHKaM y4yeHbIX, MacluTabHOe BblfeneHne NapHUKOBbIX ra3oB B Pa3BUTLIX
CTpaHax NPUBOAMT K MOBbILLIEHUIO (B MPOMBbILLIEHHBIX U FYCTOHACeNeHHbIX parioHax)
N gucbanaHcy TemnepaTypbl, B YaCTHOCTU, MEXAY CyLUeid n Mopem (Hanpumep, B
CLLA). 3T0 MOXeT cTaTb NPUUMHONM TeX CaMbIX ABUXEHUI FPOMaLHbLIX BO3AYLLIHbIX
Macc, KOTopble MPUBOAAT K LUTOPMaM U CMepyam.

Ho 3konorus — 3To He TONLKO NPo6/ieMa 3arpsASHEHNIA.

OHa BK/MOYaeT B Ccebs noboe BO3AEACTBME OKpYXXaloleid Mpupoabl Ha
OopraHu3mM ¥ HaobopoT. [eM He MeHee rflaBHOE CErofHs — 3TO, KOHEYHO, MOWCK
WCTOYHWMKOB ee HapyLUeHUiA 1 nyTeil u3baBneHWs OT HUX U MX NOCNeACTBUNA, T. .
MOMCK BbIXOfa U3 CO3[aBLUEICS CUTyaumm, Korga Mbl (hakTUYeCcKM noctaBuim cebs
Ha rpaHb CaMOYHWUTOXeHWs. UTO-TO YyXKe BepHYTb Henb3f. 3TO MCHe3HyBLUMe
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6eccneaHo nopofbl pacTeHuid U pblb, XMBOTHBLIX U MTUL — LieNnas «4YepHast KHra».
Ho ecTb ewe «KpacHas KHWra», B KOTOPYH BK/IQYEHO BCE, YTO Ha TpaHu
YHUUTOXEHUS. I Mbl B COCTOSHWW, Mbl JOMKHbI 3TO COXPaHWTb, Nepexoas K HOBOW
>pc — no BepHaackomy, K Hoocdepe, um ctepe pasyma, Korfja 4e/ioBevecTBO
OYyJeT XWTb NO 3aKOHaM NPUPOAbI, & 3HAYUT, B COHO3E C Heil.

OxpaHa npupofbl nNofApa3ymeBaeT COBOKYMHOCTb [OCYAapCTBEHHbIX U
|>)>|LICCTBCHHbLIX MepONpPUATUIA, HamnpaBfeHHbIX Ha COXpaHeHWe aTMocdepsl, BOA,
M-MHbIX Hefp, a TakKXKe pacTeHWi, >XMBOTHbIX W Yenoseka. Bce 3To B uensx
IIPMOHMYHOTO  B3aUMOZEWCTBMS MNPUPOAbl M 06LLeCTBa, BO WMS XKMBYLUMX U
6y ayLLMX MOKOMEHWIA.

B vctopun opMupoBaHms MpUPOLOOXPaHHOM KOHLEMLMU MOXHO BbIAeUTh
lid Konbko 3TanoB:

- BU0Bas 1 3anoBefHas 0XpaHa Npupogsl;

- OXpaHa pecypcos;

- OXpaHa cpefibl 06MTaHUs YeNoBeKa.

OxpaHa OKpy>KatoLLelt cpefipl, 3aLlimMTa OKpY>KatoLLEein NpUpoHOIA cpefbl, OXpaHa
Hoocghepbl, 3KONOrnyeckast 6e30MacHOCTb — BCE 3TV TEPMUHbI 03HAYAKOT XKU3HEHHO
MOMHblE WHTEpEChbl Ye/loBeKa, €ero MnpaBo Ha 6MaronpusTHYHO OKPY>XXaroLLyH

MPUPOAHYIO Cpefy.



MABA 1. OCHOBHBbIE NMOHATUNA 1 KOHLIEMLNIA 3KOU]'IOFI/I‘—IECKOVI
XUMNN. NCTOPUA PASBNTUA SKOJTOTMHYECKOU xnmunnm

1.1.  Xumunyeckast 3K0/10r1s 1 aKonornveckas Xmmms

Xumndeckass 3KOMOrMa — pasfen 3KoNoruu, U3yyarowmin nocneacTsus
NpsMOro 1 NO60YHON0 BO3AEVCTBUSA HAa OKPYXKAIOLLLYHO Cpedy XMMMUUYECKUX BELLECTB U
BO3MOXHbIE MYTU YMEHbLUEHNS1 UX OTPULLATENIBHOTO BAMSHUS.

Y 3TOro TepMuHa €CTb W ApYrue 3HauyeHus: B aHI/IMIACKOW nuTepaType nog
XMMUYECKOI 3KOOrMell MOHMMAOT U3YUYeHUE XUMUUECKUX B3aMMOLEACTBUIA MeXay
Bugamm B skocucteme (en:Chcniical ecology). Xummk 9. I'. PakoB npegnaraet
MOHMMAaTb XUMWYECKYIO 3KOMOTMIO LUMpe, BKIHOYas B HeE U3yyeHMe BCex
XMMUYECKMX NPOLIECCOB B 3KOCUCTEMAX, B TOM YuUCe KPYrOBOPOTOB BELLIECTB.

JKonormyeckas XMMmsi — Hayka 0 XMMUYECKUX MpOLeccax, OnpesenstoLmx
COCTOSIHME M CBOMCTBA OKPYXKatoLLeli cpefibl — aTMocepbl, ruapocdepb! 1 Moys.

Pasgfen XvMuK, MOCBALLEHHLIA U3YYEHNHO XUMUYECKUX OCHOB 3KOOMMYECKMX
SBNEHW A 1 Npo6/neM, a TakXe NPoLeccoB (DOPMMPOBAHWSI XMMUYECKUX CBOMCTB U
COCTaBa 0OLEKTOB OKPYXKAtOLLEl Cpefpl.

JKonornyeckas XMMWUs M3y4yaeT KakK EecTeCTBEHHble XMMUYECKME MPOLECChI,
MPOMCXOAsLLMEe B OKpYXalolleid cpefe, Tak M MpoLecc €8 aHTPOMOreHHOro
3arpsasHeHus. OfHa M3 3afady 3KOMOTMYECKOW XuMUKM — pa3paboTka HOBbIX
XUMUWYECKUX TEXHO/OMWIA, 3HAYUTENIbHO CHMDKAKOLLMX OTpULaTeNbHOEe BO3AENCTBUE
Ha OKpPYXXatoLLyl0 cpedy, TEXHOMOTUA YTUAM3aLMU U 00E3BPEXMBAHNS OTXOLOB,
OYMCTKM BO3yXa W CTOUHbIX BOJ, PEKOMEHALMM (BOCCTAHOB/IEHNST) MOYB.

JKonornyeckas XMMUS — HayKa, 3aHMMaloLLascs M3y4eHUeM MpOLEecCoB,
KOTOpble OMpefenstoT COCTaB, CTPYKTYPY UM XMMUYECKMe CBOMCTBA OKpYXKatoLlei
cpefbl, aaeKBaTHbIe 61MONOrMYeCKOi LIeHHOCTY Cpefbl 06UTaHUS.

JKonormyeckass XUMUA  SBNSETCS  COEAMHEHMEM  HECKOMbKUX — HayuHbIX
OUCUMNAMH — BUOXUMUS, aHaIMTUYECKAs XUMWS, XMMMSt MOBEPXHOCTU 1 copbuuu,
(hoTOXMMMS, KaTau3 1 ap.

ViccnegoBaHue — pacnpocTpaHeHus, MeTabonM3Ma W pacrpefeneHus B
3KOMOrMyeckx O0ObEeKTaX 3arpAsHsIOLMX BELECTB KaK HaTMBHOW, Tak WU
aHTPOMOreHHOM NpUpogbI.

ViccnegoBaHue ponv BCeil COBOKYMHOCTU XXUBbIX OpraHv3MoB (61oThl 3emnu) B
(hOPMMPOBaHUM LMK/IOB 3/1EMEHTOB, €€ BAWSIHME HA YPOBEHb COMHEYHOW paguaumu,
[OCTUraoLLell 3eMHOW MOBEPXHOCTU, Ha KAMMAaT W OKUCIUTEbHYH) EMKOCTb
aTMocgepbl.

Mpo6nemMbl rNOGanbHbIX W PErMOHaNbHbIX WM3MEHEHWUI, MPOUCXOAALLMUX B
pe3y/bTaTe aHTPOMOreHHOr0 HapyLLUEHNS! eCTECTBEHHBIX XMMMWUYECKVX PaBHOBECWIA, B
TOM YUMCNe KKUCMOTHBIX JOXAEl», CMOTr, XUMUSi TPOMOC(EPHOro 1 CTPaTocthepHOro
030Ha, a3P030/IbHAsA COCTaBMANOLLAA aTMOCHepb,

Oc060 oOnacHble 3arps3HSOWME KOMMOHEHTbl —  COEAMHEHMS TKEMbIX
METa/I/10B, PaAMOHYKMbI, OpPraHMYecKe 3KOTOKCWKAHTbI, CTOWKME OpraHuM4veckuie
3arpasHuTenu (CO3 — AMOKCKHbI, X/IOPUPOBaHHbIE AMGeH30¢ypaHbl 1 ap.).



1.2. Llenb 1 3aa41 3KONOrMYECKON XUMUK
(>IHoweHns Mexay 3KOMOrMYeckom XUMUER U XUMUWER OKpyXatoLleli cpefpl

........... [aHHO/ HayKoW M3y4atoTc NpoLEecChbl, B KOHEYHOM CYeTe onpegenstoLme
him CYLLECTBOBAHUS JXMBbIX OPraHuM3MoB (BK/THOYAs YeNOBEKA) Ha Hallei
wiitH v Il none 3peHMst 3KOMOrMYECKON XMMMUK MoMafjatoT Te yacTu reocdep, B
..... ipi.ix HabnoparoTca WM MOryT MPOUCXOAUTL aHTPOMOreHHO O00YCNOBNEHHbIE
HIMCHCHUM XMMWUYECKMX MNPOLECCOB. 3a npedenamy 6Guocgepbl, HO B (OKyce
SMHMUHUH 3KO/IOTMYECKOM XMMWKM HaXOAATCA BEPXHss Tporocgepa u cTpatoctepa
(rMnH,

Il MpaKkTUYeCKOM NnaHe MOXHO BbIAENNTb TPU [NaBHbIe 3a[a4 3KOIOMMUECKONA

EEVH/. OC PELLEHMS] KOTOPbIX 3aBUCUT COXPaHeHWe Cpefbl 06MUTaHWS:

Nimciiciihc CYLLECTBYHOLMX TEXHOMOMMUYECKUX MPOLECCOB, HanpaB/eHHOe Ha
.HIDKEHNC 3HEPro- M PCCYPCOCMKOCTV MNPOW3BOACTB, CBEAEHME K MUHUMYMY
MMBPOCOH Hatmocdepy v rugpocdepy.

Ouunkn BbIGPACbIBaEMbIX B aTMOChepy rasoB M COpachiBaéMbIX B BOAOEMbI
.......... 3X 1of, 0T Hambosee BPeAHbIX BELLECTB.

(Wwenka BO3LENCTBMA Ha OKPYXKAlOLLYIO Cpefy 3arpasHAOLLMX BellecTB(3B).
| M1 HOLWMKAlOT [Ba acnekta: C OAHOM CTOPOHbI, Mpo6sieMa TOKCUYHOCTU
Uw lyMHIOWMX B OKPYXXKAOLLYKO Cpefy BeLlecTB, C Apyrow - murpaums u
......... [TpMiiuim  Bewects  noj  BAMSHMEM  MPUPOAHBLIX  (PaKTOpoB.PoMb
.......... UAMMW  LLIK/IOYAETC B OLEHKe CKOpoCcTWM TpaHcdhopmauun 3B
[/ — . .M HMOpOH cpefpl. KuHeTMueckve napameTpbl MOFYyT 3aTeM
......................... 1 Mm M.1L NYeCKMX MOZAENsX Ans NporHo3MpoBaHWs nosefeHus 3BB
hoi | Min OKpy>KatoLLeli cpegpl.

1.1 MpeameT n3yyeHns 3KOOTUYECKON XUMUN

Upi MMCTOM  MCCNeoBaHUIA  3KOMOTMYECKOW XUMUM  SIBASOTCS  XUMUYECKUE
............. a U OKpyXawoLleli cpefie B CBSI3W C W3MEHEHUSMMW, BHOCUMBbIMUA B HUX
MMH hiHL Mao YenoBeKa.

SMILLH M4, Ke Npo6/ieMbl COBPEMEHHOCTY BO3HWKM B pe3y/ibTaTe aKTUBHOIO
1 1 j"i ac | HyyacH Heo6yMaHHOr0 BMeLLaTeNbCTBA Ye/0BeKa B TECHOE MepensieTeHue
iLilunnlkmy 1 61onorMyeckMx MPOLIECCOB, XapaKTepU3yHLWWX 06K 6roctepsl
|. .in inn 1 negHMKOBOI 3MOXM YETBEPTMYHOrO Mepuoga. MPOHWKHOBEHME B CyTb
vereeeen . PIOLLIEM M WX pELLEHME TPEOYIOT MEXAUCUMNAMHAPHOro noaxopa. Moatomy
...11111111Ka  CMeLyanmMcToB  LUMPOKOrO  Npous, 3HaKOMbIX C  3adavamul
nuinnii'ici KO XMMuK, CTaHOBUTCS B PAL MNaBHbIX MPUOPUTETOB BbICLLIEW LUKO/bI.

[JaHHas Hayka BbICTYNaeT KaK 4acTb XVUMMWK OKpY>Xarolleli cpedbl, TaK Kak
Mivini-1 TOMbKO Te MNPOLECChbl, KOTOpble B KOHEYHOM WTOre OMNpeaenstoT YCnoBus
myLliee |HOBALMA >XMBbIX OPraHvM3MOB (BKKOYas 4esioBeKa) Ha Halleli nnaHete. B
MOHE TPEHWs 3KOMOTMYECKOA XMMUM HaxofaTcs Te uacTu reoctep, B KOTOPbIX
HabM0AAt0TCA UM MOTYT MPOUCXOANTL aHTPOMOTeHHO 06YC/I0B/IEHHbIE U3MEHEHNS

9



XMMUYECKMX MPOLEeCCoB. B LienoM OHM coBNafjatoT C rpaHuuamMm 6uocdepbl. 3a ee
npegenamMn B (DOKyCe BHUMAHWUS 3KOMOTMYECKOA XUMMM HAXOAATCA BePXHss
Tponocepa u cTpatoctepa 3emnu.

BpemeHHble nipefenibl  M3yvaeMblX 3KONOTMYECKOR  XMMMERA  MnpoLeccoB
BapbMPYHOTCA OT J0ONel MUHYTbI O HECKO/IbKUX CTOMETUIA.

3KONormyeckas XMmms MCnosb3yeT BCe MHOroobpasme NpUMEHSEMbIX B XUMUK
MeTOfOoB aHanusa. CreuuduueckuMn [ANS JaHHOW HayKu ABAAKOTCA  METOfbl,
couyeTalolMe BbICOKO3((EKTNBHOE pasfeneHne (Hampumep, Xpomatorpadgus,
MeMOpaHHble MPOLECChl) M KOMMYECTBEHHOE OMNpefeneHue C  OAHOBPEMEHHON
naeHTUdMKaLpeld (Macc-CneKTPOMETpKS, CMEKTPOCKONMS B MH(PaKpacHO obnacTu,
aTOMHO-abCcopbUMOHHas N T. n.).

[na  BbISBNEHUS MEXaHW3MOB MPEBPALLEHNs OTAENMbHbIX 3arpsisHUTENel
OKpY)XaloLLleld cpefibl WM Tpynn COeAWHEHUA Mnoj [LelCTBMEM aHTPOMOreHHbIX
(haKTOpOB B paMKax 3KOMOTMYECKON XUMWUWU LUMPOKO MPUMEHSIOTCS MeTozbl
NabopaTOpHOTO W YUCMEHHOrO  MOJENVPOBAHWUS  XMMMWYECKUX TMPOLECCOB B
reocthepax.

TakM 06pa3oM, 3KOMOTMYECKas XUMWSI M3y4yaeT XMMUYECKUE MPOLECChl,
npoTekarowme B atmocdepe, rugpocdepe, nuTochepe U 6Guochepe; UCTOUHUKK
XUMUYECKMX 3arps3HeHUi, MyTW MX MUFpaLuM, MOCNEACTBMS U KOHTPO/b, a TakkKe
METOAbl aHa13a 3arpsisHEHN, NPeAOTBPALLEHNSI U OUNCTKU OT HUX.

1.4. OCHOBHbIE MOHATUSA 3KO/IOFMHYECKON XMMUK

M3 118 13BECTHBIX XUMUYECKMX 3/IEMEHTOB XMBble OpraH1M3Mbl UCNOMb3ytoT 30
—40. B 3TOM OTHOLLEHWW YeN0BeK M0 CBOeli NPUPOAe YHUKa/IEH, XMN3HECNOCOBHOCTb
yenioBeka 06ecrneymBaeTcs NpUMepHo 40 XUMUYECKUMM 3/IEMEHTaMU, B TO XXe BPemst
B CBOE [eATENbHOCTV OH MOJ/b3yeTCs MOYTW BCEMU WMEHLLMMUCA B MPUPOAE
aNeMeHTaMu.

OCHOBHbIe 3/1eMeHTbI: YIepod, KUCIopoA, BOAOPOL, a30T - Heo6XoauMbl
opraHu3Mam B 60/bLUMX KOIMYECTBAX; UX Ha3blBAOT MakpoasieMeHTamu. [pyrue
(Hanpumep, B, Cu, Mn, Zn, Mo, Co) uWCMOMb3YKTCA B OTHOCWUTENLHO
HE3HaUMTeNbHbIX KOMMYeCTBaX, UX OTHOCAT K MUKPO3NeMeHTaMm. Bce xumuueckue
3NeMeHTbI LUPKYnpYtoT B Grocdepe no onpesfeneHHbIM NyTAM: U3 BHELUHeH cpelpl
B OpraHM3mbl M U3 HUX OMNATb BO BHELUHIOWO cpedy. 3TV MNyTW, B 60MbLIei wn
MeHbLLIE CTENeHN 3aMKHYTbIe, Ha3bIBaOTCH BUOreOXMMUYECKMMUN LKIaMN.

MonnmtotaHTbl (0T natuH. pollutio -mapaHue) — 3TO  3arpsAsHAOLLME
XMMWUYECKME BELLECTBa, MNOCTynawolwWye B MPUPOLHYIO Cpedy W, B OTAe/bHbIX
Cnyyasx, JOCTUraroLye TakuxX KOHLEHTpauuiA, KOTOpble OKa3blBAOTCS BPeLHbLIMU
Kak /15 abMOTMYECKUX COCTaBASIOLMX 3KOCUCTEM, TaK M AN XKMBbIX CYLUIECTB, U
0COGEHHO AN camoro 4esoBeka. K TakvM NpoAyKTam OTHOCATCA XUMWYECKMe
3NleMeHTbl, HeOpraHW4eckne WM OpraHUYeckue COeAWMHEHWS! - CUHTETUYECKWME WK
MPUPOLHOTO MNPOUCXOXKAEHUA. IMUCCHEN Ha3bIBAtOT BbleNeHNe 3arpasHAIOLLEro

BELLECTBA B OKPYXKaloLLto cpeqy.



MMmumcens - HakonneHne opraHn3Mamn Wan 3KOCUCTEMON BPefHbIX BeLLecTB,
iNArpxKMUMXcs B OKpyXKalolleid cpege. BpefHoe BO3AeCTBME XUMMUYECKMX
. "W MWemMnit MOXET UMEeTb Kak OCTPbIi, TaK M XPOHUYECKWIA XapakTep 1 NPOsBAATLCS
ML UI HAKOMNEHWS 3TUX BELLECTB UM NPOAYKTOB MX XUMUYECKMX MpeBpaLleHunid, a
Imixke v pesynbTaTe CUHEPrMYeCKnX NpPoL,EeccoB.

ACCUMUNIALNOHHAA eMKOCTb 3KOCUCTEMbl — nokasaTeslb MaKCUManbHOW
MMIM/HOOKO/ BMECTUMOCTM KO/IMUYECTBa NONNIOTAHTOB, KOTOpPOe MOXeT ObITb 3a
* LWUNWLY BPEMEHW HAaKOMMNEHO, paspyLleHo, TPaHC(HOPMUPOBAHO W BbIBEAEHO 3a
Wit nm 06bCMa IKOCUCTEMbI B3 HapyLLEHMS ee HOPMaslbHON feATeNbHOCTH.

(MrpsasHatoLLMe XMMUYECKNE NPOAYKTbI KNacCUpULUpYIoT:

MO NpYpoje 3arpasHuTeneii (hnsmnyeckne, XMMnYeckne, 6MONOTNYECKIE);
Mo arperaTHOMy COCTOAHMIO (rasbl, XWUAKOCTU, TBepAble 0TX0fpl);
Mo CTOMKOCTW 3arps3HeHWs B eCTeCTBEHHON cpefe (pasnaraemble,
yt roiAumBbIC);
no BWAY WM KayecTBy NPUPOAHOI cpefbl, B KOTOPOW pacnpocTpaHseTcs
Inpsa MK'MUC, (3arpasHatoLLMe BelllecTBa B aTMociepe, rugpoctepe, nutocgepe);
Mo Ccrnocoby nopaxeHWs opraHu3Ma (4epes MuLy, NMPU KOXKHbLIX KOHTaKTax,
npv AbIXaHnm U T. 4.)
HO WCTOYHMKaM MOCTYMNeHus, 06/1acTAM TMNPUMEHEHUS W XapakTepy
en.un lit rHua. 34ecb MOXHO BbILENUTL TPU TPYNMbl BELLECTB.

bmouuabl (K HWM, HanpuMep, OTHOCATCA WHCEKTULMAbI, repouumabl,
(MY[HHUMABI)  ABAAIOTCA  3HAYMMBIMU  XVMUYECKUMU  MPOAYKTaMW,  MOCKOMbKY
....... hi.in BPeMsl MPUMEHSAIOTCA B OKPY>KaloLLeld cpede, a Mo CBOEMY Ha3HauYeHuto
W- in 1. min HanpasneHO NPOTUB >KUBbIX CYLLECTB.

/liiiiiinkn K nuweBbIM MPOAYKTaM W KOCMETUYECKUM CpeacTBam
|..n. ®.Mhiin apomaTu3aTopbl, aHTUOKCUAAHTBI U [ip.), KOTOPbIe HernocpeCTBEHHO
...... MH. iVUHES YeNOBEKOM.

YpobpeHusi, MotoLLMe CPeAcTBa M X/I0pMPOBaHHbIE PacTBOPUTENN, LUMPOKO
........... ni. lycMiac B 60/1bLUINX KONNYECTBaX.

flpyiiiM Tvnom knaccupukauum XMMUYECKUX NPOAYKTOB ABASETCA AefleHne Ux
1| npupogHble N HeCBOWCTBEHHbIE OKpYXXalolleid cpefe BellecTBa (KCEHOBUOTUKM).
... iiiiOniii nKaMn (OT rpey. Xenos —4y>Xoii 1 bios- XM3Hb) Ha3bIBalOT BELLECTBA, M0
inn........ CBOWCTBaM uyXfple 6uoctepe M MOAyYeHHble WCKIOYUTENLHO B
I- “ nlan XUMUYECKOTO CUHTe3a  CTeneHb  «HECBOMCTBEHHOCTU»  TaKUX

U-....Mmot BeLEeCTB pasnnyHa, TaK Kak Mo CBOeli CTPYKTYpe OHW MOryT 6bITb
..................... MMU K NPUPOAHLIM BELLLECTBAM WIN MOMHOCTBIO OT/INYATLCA OT HUX.
litopiiMi p  WIKYNUYHbIE NPUPOAHLIM apoOMaTUYeCcKMUe BeLLecTBa, BblMyCKaeMble
.................. LUMH M.t0, 6AM3KME K NPUPOAHBLIM WHCEKTULWUABI — CUHTETUYECKUue
nop. 114>W[ll 1 NPOTMBOMOMIOXHOCTb COEAMHEHUAM C HOBOW CTPYKTYPOiA, CO34aHHO
1'MHM KoM  OfIHAaKO 3TV KayeCTBEHHble MOKa3aTenu a priori He XapakTepusyroT
MpejHoL. 3TUX BELLeCTB.

Ocobyto rpynmny XMMWYECKUX TMPOAYKTOB COCTaBAAOT PaAM0aKTUBHbIE
*YHU3T MM '>TO XUMWUYECKME 3NeMEHTbI WU WX COEAUMHEHUS — WUCTOUYHUKU
..... TUPYIOLLEr0 W3MyYeHWsl, KOTOPOe BO3HMKAeT NpW WX pacnaje W OKasblBaeT
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CuNlbHOE 6ronormueckoe fAeiicTere. B 3Tom ciyvae 6uonornyeckoe [eicTBue Ha
OKPY>KatoLLYyH0 Cpefly BbI3BaHO HE XMMMWYECKMMU UM BUOOTUYECKUMI CBOVCTBaMM
3TUX BELIeCTB, a WX u3nyyeHWeM. Jlosa U3yyeHWsi U3MEPSIETCS B efuHMLaX,
COOTBETCTBYIOLUMX  OMONOTMYECKOMY  OEACTBMIO  U31y4yeHus, B 63pax
(6buonornyecknx skBMBasieHTax peHTreHa, 1 6sp = 0,01 [k/kr). 4nsi XMMMUYECKOro
BO3/EMCTBS TaKOW eAMHNLIbI UI3MEPEHUS He CYLLIECTBYET.

Bo3gaeiicTBue 13nyyeHUs He crelmguyHo 41 cocTaBa U3/yyatoLLero BeLLeCTBa,
ABMAIOLLEr0cs1 06bEKTOM 06/y4YeHMs, a 3aBUCUT MWL OT BUAA WU3YUYEHUs U ero
3Heprun. CreflyeT yunTbIBaTb XapaKTep pacnpejefieHns paguoaKTUBHbIX BELLECTB B
OKPYXXatoLLein cpefie ¥ opraHusMax, TaK Kak 3TO pacnpefefieHvie KoppenvpyeT c
MOr/IOLLIEHHOI A0301 U3yUeHUs], @ ero XapaKTep 3aBUCUT OT MX NpUpOSbI.

B pesynbTaTe WUCMbITAHUIA SAEPHOTO OPYXUS, NMPU KOTOPbIX B OKPY>XXAHOLLYH
cpedy NocTynuio 60MbLIOE KOMMYECTBO PajuoakrvBHbLIX BELLECTB, M MOBbICUNACH
[03a  MOr/IOWEHHOr0  M3/ly4eHWs,  MpoBefeHbl  MOAPOOHbIE  MCCefoBaHUS
BO3AEMCTBMA M3NyYeHUS Ha aKocucTemy. [1onydveHHble NpY 3TOM pe3ynbTartbl,
BK/HOYasA Ppa3paboTKy HaUMOHANbHBIX U MEXAYHapOAHbIX MPaBUa U COrnalleHuid o
npefenbHbIX  3HAYEHWSIX MapaMeTPOB  M3MyYeHUs”, SABASKOTCA NPUMEPOM  Ans
OpraHu3alUMM aHafornyHbIX paboT no npob6remMaM BO3AEACTBUS  XMMUYECKUX
MPOAYKTOB Ha OKPYXKAIOLLLYHO Cpefy.

3NUAEMMONOTUYECKME UCCNEAO0BAHUA U MHOTOUMCNEHHbIE 3KCMEPUMEHTHLI C
YKMBOTHBIMU MOKAa3a/M, YTO MHOTME XMMWYECKUE BELLECTBA COMPSHKEHbI C BbICOKOM
CTeneHblO pYCKa AN 3[0POBbs YeNOBEKA M MOTYT HAaHECTU HemomnpaBUMbIA Bpef
XKVMBbIM OpraHu3Mam, €eC/M MX KOHLEHTpauus B OKpYXatolell cpefe Oyger
Bo3pacTaTb. K TakuM XMMWYECKMM MPOAYKTaM OTHOCATCS, HampuMmep, COeAUHEHNS
TSKENMbIX  METa//IoB,  AMOKCUHBbI,  AMGeH30ypaHbl,  GeH3aHTpaLeHbl,
MUKOTOKCWHbI, HaTUIaMUHbI U HUTPO30aMUHbI. 1S  MHOTUX  Apyrux
XMMUYECKMX BELLUECTB He UMEETCSl, [OCTATOUHbIX 3KCMEPUMEHTaNbHBIX AaHHbIX 06
abpeKTax X SINTENBHOrO BO3AECTBUSA Ha OpraHv3M, YTO He MO3BOMSIET cAenarb
HUKaKWX BbIBOOB O CTENEHW MOTEHLMAbHOIO PUCKa NPY 1X UCMO/b30BaHNN.

OpVEHTVPOBOYHO, B HacToOsLLEe BPEMsSi BO BCEM MUMpe NMpou3BoauTCs okosio 80
ThICSY BUAOB XMMUYECKUX NPOAYKTOB. KaXXAbIA rof Ha pbIHOK MOCTYNaeT elle 6onee
ThICSUM HOBLIX COeAVHEHWA. OAHAKO MWL HEMHOTWE W3 HUX [eACTBUTENbHO
0GHOBNAKOT MNepeyeHb MPOAYKLWU, TaK YTO [0NS  (DaKTUYECKOro W3MEHeHWs
HOMEHK/1aTypbl MPOAYKTOB COCTaB/ISIET HECKOMbKO MPOLEHTOB B rog. Kpome Toro,
€C/N YYecTb, YTO BO BCEM MMUPe WCMOMb3YeTCA OKONO 250 MAIH T OpraHWYecKmx
XMMUYECKUX MPOAYKTOB, 3HauuMTeNbHass uYacTb KOTOPbIX MOCME MCMOJb30BaHMS
6ECKOHTPOMbHO MONajaeT B OKPYXXAOLLYIO cpefly, TO CTaHOBUTCS OYEBUAHBLIM, YTO
[aHHble COefuHeHUs camy no cebe MOryT W3MEHUTb MaTepuasibHbI COCTaB
OKpY>KatoLLei cpefia BO BCEM MUpe.

MaTepuanbHbIi  COCTaB OKpYXaroLleid cpefbl - 3TO  COfepXaHue
XUMUYECKUX COEAVMHEHWUIA 1 XKMBBLIX OPraHW3MOB B OKpYXaloLlei cpefe, T. e
mMaTepuanbHbI  cocTaB  Guocepbl  (nMToctepbl, ruagpochepbl U atmMocgepbl C
HaXOAAWMMNUCA Ha HMUX DKUBbIMM  CyllecTBaMM). MaTepuanbHbIii  COCTaB
OKPY>KatoLLEen cpefbl B MPUHLMNE YCTaHAB/MBAETCA aHa/IMTUYECKMMMU METOAaMU.
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11oHsATVIE KAYeCTBO MaTepuasibHOM0 COoCcTaBa OKPYXKaloLlel cpedbl BKIOYaeT
TaloKe U OLEHKY 3TOM cpefbl, T. €. NPUHMMAETCA BO BHUMaHWE HenocpeAcTBEHHOe
COCTOSH/E 3KOCUCTEMbI — BOfbl, BO3AYyXa M NOYBbI, & TaKXKe NPOAYKTOB NUTaHWA 1
Nwbs Yenoseka. Mof 6MONOrMYECKMM MCMONB30BAHMEM MOHUMAIOT KOMMYECTBO
BeLLeCTBa, NOCTYMNMBLUEE B OPraHM3M 3a Kakoe-TO BPeMs M yyacTBytoLlee B 0OMeHe
BellecTB. [yTWM NPOHUKHOBEHWS BeLLECTBA B OpraHu3M (4epe3 KOXy, OpraHbl
MaxXaHvs UKW NULLeBapuUTebHbIV TPaKT) COOTBETCTBYIOT Pas/IMyHbIM BO3MOXHOCTAM
M 0 6VONOrMYECKOr0 UCNO/b30BAHUS.

3HaueHVe coCTaBa OKpYXKatoLLel cpefdbl A5 YenoBeka onpeaensieTcs 06bLeMoM
CYTOYHOro notpebneHns — B cpefHeM 0Kono 10 Kr Bo3ayxa, ABYX MUTPOB BOAbI U 1
M TBepabIX NPOAYKTOB NWUTaHUs. ECTECTBEHHO, YTO WM3MEHEHWs MaTepuanbHOro
tocraea, a, CnefoBaTeNlbHO, WM KOHLEHTPaLMWil BELIecTB, a TakkKe W3MEHEHMA KX
BO3MOXHOIO 6MONOrMYeCKOro WCMosb30BaHWUsS MPUBOLAAT K HapyLUEHWI0 KavecTsa
OKpYXXatoLLieli cpefpl.

[na onpegeneHns nokasaTeneil KadecTBa OKpy>alolleld cpedbl  npu-
mMeHuTenbHO K 300POBLIO  NII0fel  paspabaTbiBatoTCs CaHWTapHO-TUrMeHUYeCKme
HopMmaTuBebl, OMNPeAenstolme npefesbHO  A0MyCTUMble  KOH-UeHTpauum  (MAK)
BpeAHbIX BELLECTB; NpefenibHO fgonycTumMble ypoBHY (MAY) BO3aelicTBUS pagualum,
wyma, BUOpaLMK, 3NeKTPOMarHUTHbIX MOMe; NpefenbHO A0MYCTUMblE OCTATOUHbIE
KonuuecTBa BPEAHbIX BELLECTB B MNPOAYKTax NWUTaHWs (HUTpaTbl, repéuumnisl,
mi ruumusl,  MUHEPa/IbHbIE  YA06GpeHUs, COonM B MNUTHLEBOW BOLE), BpPeAHbIX
MUKPOOPraH13MOB W ApYrX 61U0M0rMYecKmnX BeLLECTB.

MpegenbHo gonycTnmas KoHueHTpaumsa (LAK) - akonornyeckuini Hopmatms,
MaKCHMa/ibHasd  KOHLEHTpaumMs — 3arpsasHsIoLero  XMMWYECKOro  BellecTBa B
IMMiioMn 1 «X naHfwadTa, KOTOpas npu MOBCEAHEBHOM B/IMSAHUM B TeYeHue
AmIrlOHJ 0 BpeMeHM HC BbI3bIBaET HEraTWBHbLIX BO3AEWCTBUIA Ha OpraHu3Mm
YenoBeKa WM Apyroro peLentopa.

MpegenbHO fonycTMas KOHLEHTPaUMsA BeLecTB B Boge (aHr/., maximum
IHiitiiv.iMc matter concentration in the water) —KOHUeHTpauys BeLLecTBa B BOJE,
....... KOTOpOM BOfa HenpurogHa pAns OAHOrO WAW  HECKOSbKUX  BWAOB
[>>N10MO/bIOHAHUS.

MpegensbHO AonycTMMas KOHLUEHTpauus 3arpsasHSIoLLEro noysy BellecTBa
|ann maximum permissible matter concentration of soil pollutant) —
Mat0.Nnasi KOHLEeHTpaLusA 3arpsA3HAIOLLEr0 MOYBY BeLLECTBA, HE BbI3bIBAtOLLAs
.............. W., NPAMOr0 WM KOCBEHHOTO BAWSHWA HA NPUPOAHYIO CPedy Y 340pOBbe
L Jam|

|k « MIH gonycTumas KOHUeHTpauus npvmMecu B aTmocdepe (aHrn.,
...................... livable concentration) —makcMManbHas KOHLIEHTpauvsi npuMecn B
UMIUGIP< L HO CUHAA K OMNpefeNneHHOMY BpeMeHW OCpefHeHus, KoTopas npu
in lam fiMiek KOM  BO3AEMCTBUMM WM Ha MNPOTSHKEHUW BCEA XKM3HWM 4enoBeka He
aaminu| Ha neto BpegHOro AeNCTBUS, BKIHOYas OTAANIEHHbIE MOCNEACTBYS.

VipraensHo gonycTumblii Bbibpoc (MAB) (aHrn., maximum permissible
I' "liaigc)  nayumo-rexHUYeckuii HOpMaTyB, YCTaHaBIMBAEMbI U3 YC0BUSA, YTOObI
Y it |bl,||MMC 3arpA3HAOLLMX BELLECTB B NMPU3EMHOM C10€ BO34yXa OT UCTOUHMKA UK
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MX COBOKYMHOCTW He MNPeBbILIaN0 HOPMATMBOB KauyeCcTBa BO3Ayxa AN HaceseHus,
YXMBOTHOIO M PaCTUTENbHOIO MMpa.

MpepensHO AoNyCcTUMBIN cOpoc BellecTBa B BoAHbIV 06beKT (MAC) (aHrn.,
maximum allowable discharge of substances into water body) —macca BewyecTs B
CTOYHbIX BOfaX, MaKCUMa/bHO [AOMYCTWMas K OTBEAEHWI0 C YCTaHOB/IEHHbIM
PEXMMOM B [aHHOM MyHKTe BOAHOIO 00bEKTa B efMHULY BPEMEHM C LEMbH
06ecneyeHnss HOPM Ka4yecTBa B KOHTPOMbHOM MYHKTE.

1.5. CTaHOB/EHME 3KO/IOMMYECKON XUMNM KaK HayKu

3Konorma CBOMMK KOPHSIMW YXOAMT B pdaniekoe npowioe. MoTpe6HOCTL B
3HaHWAX, ONPedensioLLmMX «OTHOLLEHME XKMBOIO K OKPYXatoLLEell ero opraHN4ecKoi u
HeopraHW4eckol cpefie», BO3HWMK/IA O4YeHb [AaBHO. YTOObl Y6eaMTbcs B 3TOM,
[OCTaTOYHO BCMOMHUTb TpyAbl ApuctoTtens (384-322 rr. go Hawei apbl), MavHWS
CrapLuero (23-79 rr. HaLueli apbl), P.boiins (1627-1691 rT), B KOTOPbIX 06CY>XAanmcb
3HayeHne cpedbl OBUTAHUA B JKM3HU OPraHM3MOB U MPUYPOYEHHOCTb UX K
onpegeneHHbIM MeCcTo06UTaHNAM.

B vcTopumn pa3BuTHS 3KOMOTMM MOXHO BbIAeNUTb TPU OCHOBHbIX 3Tana.

MepBbIli 3Tan - 3apoXaeHne 1 CTaHOBNEHWE 3KOMOMMN Kak Hayku (4o 60-X IT.
XIX B.). Ha 3TOM 3Tane HakanmMBaiMCb AaHHble 0 B3aUMOCBSA3M XUBbIX OpraH13MOB
CO Cpejoii Nx 06UTaHNs, Aenainch nepBble HayYHble 0606LLEHNS.

B XVII - XVIII BB. 3Konornyeckue CBefeHWUA COCTaBNANMN 3HAYUTESNbHYIO
[0/ BO MHOTUX 6ronornyeckux onucannsx (A. Peomiop, 1734; A. Tpambne, 1744
W 4p.). 3neMeHTbl 3KOIOrMYECKOro MoAxofa COAEPXanncb B WCCNeLOBaHUAX
pycckux yyeHblx W.W. NenexuHa, A.®. MuggeHgopda, C.M. KpaleHWHHUKOBA,
(hpaHuy3ckoro yuyeHoro XK. BrodoHa, wweeackoro ectectBoucnbitatens K. JIMHHes,
HeMeLKoro yueHoro I". Merepa v ap.

B atoT e nepuog XK. Jlamapk (1744-1829) n T. Manbtyc (1766-1834)
BrepBble NMPefynpeXxxaaloT YeIOBEYECTBO O BO3MOXKHbLIX HEraTuBHbIX MOCNeACTBUAX
BO3JEMCTBUA YeNloBeKa Ha Npuposy.

BTopoli aTan —O(opMAeHe 3KONOTMWN B CAMOCTOATENIbHYHO OTPac/b 3HaHWUNA
(nocne 60-x rr. XIX B.). Havano atoro 3tana 03HaMeHOBA/IOCb BbIXO4OM pPaboT
pycckux yyeHbix K.®. Pynbe (1814 —1858), H.A. Cesepuosa (1827 —1885), B.B.
[JokyyaeBa (1846 - 1903), BnepBble 060CHOBABLUMX Psf MPUHLMMNOB U MOHATWIA
3KOMOrMK, KOTOpble He YTPaTW/IM CBOEr0 3HAaYeHWs M 0O HACTOALLEro BpeMeHW. He
CNy4aliHO MNO3TOMY amepukaHckuidi akonor HO. Opgym (1975) cuutaet B.B.
JoKyyaeBa 0H/M W3 OCHOBOMOJIOXXHWKOB 3Kosornu. B koHue 70-x rogos XIX B.
HemeLkuin rugpobuonor K. Mebuyc (1877) BBOAUT BaXHeillee MOHATUE O
61OLIEHO3€e KaK 0 3aKOHOMEPHOM COYeTaHUK OpraHW3MOoB B OMpefeNneHHbIX YCIoBUSAX
cpegpl.

HeoueHMMbIA BKNaf B pa3BUTME OCHOB 3konoruu BHec Y. JapsuH (1809 -
1882), BCKpbIBLUMIA OCHOBHblE (HaKTOPbI 3BOMKOLMM OpraHW4Yeckoro mupa. To, uTo
[JapBuH HasbiBan «60pb60IA 3a CyLLECTBOBaHMEY, C 3BOMHOLMOHHBIX NO3ULMIA MOXHO
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TPaKTOBaTb KaK B3aMMOOTHOLUEHUS XXMBbIX CYLUECTB C BHELUHelN, abroTUyecKol
cpegoli n mexay coboli, T.e. ¢ 6UOTUYECKON Cpedoin.

Hemeukwnii 6monor-ssontounoHncT 3.Mekkenb (1834 —1919) nepBbIM NOHSAN,
YTO 3TO CamMOCTOsATE/NlbHAsA WM O4YeHb BaXHas 06nacTb 6uonorvu, W HasBal ee
xonorveidi (1866). B cBoeM KanuTanbHOM Tpyde «Bceobwas mopdonorus
opraHusMoB» OH nmcan: «[log 3Konormeld Mbl MOHUMaEM CYMMY  3HaHWIA,
OTHOCALUMXCA K  3KOHOMWKE Mpupofbl:  W3y4eHUe BCE  COBOKYMHOCTU
HbIVMOOTHOLLEHWIA XXMBOTHOTO C OKPYXKatoLLeld ero cpefjoi, Kak opraHU4eckom, Tak
M HEOpraHW4yeckoW, W Npexjae BCEro —ero [APYXXECTBEHHbIX WM BPaXAeOHbIX
OTHOLLUEHW/A C TeMW XXMBOTHbIMWA W PacTeHWAMU, C KOTOPbIMW OH MpSMO WK
KOCBEHHO BCTYMaeT B KOHTaKkT». OfHWM CfIOBOM, 3KONOMMSA - 3TO U3y4YeHUe BCeX
CNOXHbIX ~ B3aMMOOTHOLLUEHWIA, KOTOpble  [lapBUH  Ha3Ban  «YCNOBHbIMM,
NOPOXAKOLLIMMI BOpbOY 3a CYLLECTBOBAHMEY.

Kak camocTosTeNlbHas Hayka 3KOM0r1s OKOHYaTeNbHO 0(hopMunach B Hadasne
XX cTonetvsi. B 3TOT mepuog amepuKkaHckuid yyeHblid Y.Agamc (1913) cosgaeT
MepByt0 CBOAKY MO 3KOMOrMW, Ny6AUKYHOTCA ApYrie BadkHble 0606LLEHNS 1 CBOAKM
(Il Wendopg, 1913, 1929; U.onToH, 1927; P.l'ecce, 1924; K.PayHkep, 1929 n gp.).
KpynHeiwmin -~ pyccknii ~ yyeHblin XX  Beka  B./.BepHagckuini  co3paet
(hyHAamMeHTa/lbHOe yyeHue o brocdepe.

B 30-e n 40-e rogbl 3KOMOrMA NOAHAMNACH HA 60Mee BLICOKYIO CTYMeHb B
pe 'ynstate HOBOFO MOAX0AA K M3YUYeHWO NPUPOAHbIX cucteM. CHavana A.TeHcnu
(1913) BbIABMHYN MOHATME 06 3KOCKCTEME, a HECKONBbKO No3xe B.H.Cykaues (1940)
060CcHOBa/1 6/IM3K0e K 3TOMY MpeAcTaBfeHve 0 6uoreoueHose. CrefyeT OTMETUTS,
*HO YPOBEHb OTEYeCTBEHHOW akonorum B 20-X, 30-X rogax Obll OAHUM W3 CaMblX
NepefoBbIX B MUpe, OCO6EHHO B 0611aCTU (hyHAAMeHTaNbHbIX pa3paboTok. B atoT
nmepuvos B  Halleii cTpaHe paboTaiM Takue BblAAIOWMECH  YYeHble, Kak
Il 1l BepHagckuin u B.H.CykaueB, a Takke KpymnHble 3konorn B.B.CTaHYMHCKWIA,
> [Tayap, I".®.lMay3e, B.H.beknemuwies, A.H.dopmosos, [.H.KaLlikapos u gp.

Ho BTOpoit monoBnHe XX B. B CBA3M C MPOrpeccUpyrowmM 3arpssHeHeM
. PPV.KHOLLEW cpefbl M Pe3KUM YCUNIEHWEM BO3[JECTBUA UYenoBeKa Ha npupomy
o....... OH MPVYOBpeTaeT 0c060e 3HAUEHME.

HaunHaetcs Tpetuii atan (50-e rr. XX B. —/A0 HAcTOALLEr0 BpeMeHU) —
npi NPOLLEHME 3KONOTMM B KOMMJIEKCHYHO HayKy, BK/IHOYalolwyto B cebs Hayku 00

11H' npupoaHoli 1 OKpy>KatoLLeil YenoBeka cpeapl. VI3 cTporoii 6ronornyeckoi
............. I,.MMHUH NpeBpaLLAeTCs B «3HAUUTENbHBIA LMK 3HaHWS, BOGpaB B cebs
................... orpagmu, reonorum, XUmmu, U3MKW, COLMONOrAN, TEOPUUN KYNbTYpbI,
..... . n(L’eiimepc, 1994).

" Uiipi MUHHBIA Nepuog, pasBUTUSA 3KONOTUM B MMUPE CBS3aH C UMEHaMM Takux
- . MpPYONKHbIX Yy4eHblX, Kak +0.Ogym, [DK.M.AHpgepceH, 3.MMuaHKa,
r I Hr||lt. M MoroH, J1.LWBeliuep, A.Xapnep, P.Yuttekep, H.Bopnayr, T.Munnep,
I. MveH H ap.Cpean 0TEYECTBEHHbLIX YYeHbIX CrefyeT Hasgatb W.MM.Iepacnmosa,
\ M | HnmpoHa, B.I".IMopwkoBa, HO.A.M3paans, KO.H.Kypaxckosckoro, K.C.Jlocesa,
I 11Muwm veHa, T1.M.MaymoBa, H.®P.Peiimepca, B.B.PosaHoBa, HO.M.Ceupuxesa,
n | <oHonoea, B.A.®caoposa, C.C.LLBapua, A.B.A6nokoea, A.J1.AHWMHaA 1 ap.
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MepBble NPUPOA0OXPaHHbIE akTbl Ha Pycu n3secTHbl ¢ IX - XII BB. (Hanpuwep,
CBOJ, 3akoHOB HpocnaBa Mygporo «Pycckas [lpaBga», B KOTOPbIX Oblin
YCTaHOB/IEHbI NpaBWIa OXpaHbl OXOTHWUYLUX M BOPTHUULMX yroguid). B XIV —XVII
BB. Ha HOXKHbIX rpaHMLax PyCcCKOro rocyfapcrea CyLLECTBOBa/IM «3aCEYHble flecay,
cBOeo6pasHble  OXpaHHble  TEeppUTOPWMM, HA  KOTOPbIX  OblM  3anpeLyeHsbl
XO03ACTBEHHbIe py6ku. McTopus coxpaHuna 6onee 60 MpUMPOA0OXPaHHbIX YKA30B
MeTpa I. Mpu Hem >Ke Hayanocb W3yyeHWe GoraTemMx MPUPOLHBIX PecypcoB
Poccun. B 1805 rogy B MockBe 6bIfi0 OCHOBaHO 06LIECTBO MCMbITaTenel npupogabl.
B koHue XIX - Hauane XX BB. BO3HWK/IO [BWKEHME 3a OXpaHy PeAKuUX 06BLEKTOB
npupodbl.  Tpygamu  Bblgawowmxcs  yyeHolx B.B.[lokydaeBa, K.M.b3apa,
I.A.KoxesHukoBa, W.M.bopoguHa, A.H.AHyumHa, C.B.3aBafckoro u fp. 6biiu
3a/10)KeHbl OCHOBbI OXPaHbl MPUPOABI.

Hauyano npmpoaooxpaHHoii AesTenbHOCTM COBETCKOrO rocyapcTsa CoBMaso ¢
psAoOM NepBbIX AEKPETOB, HaumHas ¢ «Jekpeta 0 3emne» OT 26 okTabps 1917 r.,
3a/10KMBLLUEr0 OCHOBbI MPUPOLONOb30BaHNA B CTpaHe. VIMEHHO B 3TOT nepuof
3apOXaeTcd UM MOMyvaeT  3aKOHOAATe/lbHOE  BLIP&XKEHWE  OCHOBHOW  BUA
NPUPOA0OXPaHHON eATeNIbHOCTN —oXpaHa Npupogsbl.

B nepuog 30 —40-x IT. B CBA3W C 3KCMIyaTauueil mpupogHbIX 6orarcTs,
BbI3BaHHbIX [flaBHbIM 06pa3oM POCTOM MacLiTaboB WMHAYCTpUanM3auumM B CTpaHe,
OXpaHa Mpupofbl CTafla paccMaTpuBaTbCs Kak «efiMHas CUCTEMAa MepOonpUSATUi,
Hanpas/ieHHas Ha 3aluTy, pasBuUTKe, KauyecTBEHHOe 060ralleHve U paumoHaibHOoe
MCMONb30BaHME  MPUPOAHLIX  (POHAOB  CTpaHbl» (M3 pesonounn  [Mepsoro
Bcepoccuiickoro cbhesga no oxpaHe npupogbl, 1929 r.).

Takum 06pas3om, B PoCCMM BO3HWKAET HOBbIA BWUE NPUPOLOOXPaHHON
[leATeNIbHOCTU —paLoHa/IbHOe UCMO/b30BaHWe NMPUPOAHBIX PECYPCOB.

B 50-e rr. B CBA3X C AalbHEAIMM pa3BUTUEM MPOM3BOAUTENBHBLIX CU B
CTpaHe, YCWIEHMEeM HeraTMBHOIO B/IMSIHWA YefloBEKA Ha MpUpoAy BO3HUKNA
Heob6X0AMMOCTb B CO34aHMM €llle OAHOM (hopMbl, PerynupyoLein BanMogencTamne
obLiecTBa M MpuUpodbl, - OXpaHa cpedbl 0OUTaHUA Yenoseka. B 3TOT nepuop
MPUHUMAIOTCA  pecnyb/MKaHCKMe 3aKOHbl 06 OXpaHe NpUPOAbl,  KOTOpble
MPOBO3rNaWaT KOMMIEKCHbIA MOAXOA He TONMbKO KakK K UCTOYHUKY NPUPOAHBIX
PecypcoB, HO 1 Kak K cpefle 06uTaHus Yenoseka. K coxaneHuto, B 3TOT Nepuog eLue
TOPXKECTBOBa/Nla  /IbICEHKOBCKAsA  MCEBAOHaAyKa, KaHOHW3NPOBa/IUCb  COBa
W.B.MuuypurHa 0 He06X04MMOCTU He XAaTb MUIOCTU OT NPUPOSbL.

B 60 - 80-e IT. NpakTUYeCKN EeXEerofHo MPUHUMANNCL MPaBUTE/IbLCTBEHHbIE
MOCTaHOB/EHU 06 ycuneHun oxpaHbl npupofbl (06 oxpaHe 6GacceiiHa Bonru u
Ypana, A30BCKOro n YepHoro mopeid, JTafjoXcKoro 03epa, NpOMbILLIEHHBIX FOPOA0B
Kysbacca u [oH6acca, ApkTuyeckoro nobepexbs). [pogomkancs npouecc
CO34aHns NMprYPOLOOXPaHHOIO 3aKOHOAATENbCTBA, M3AaBa/ICh 3eMeflbHble, BOAHbIE,
NIECHbIE U VIHbIe KOJEKCbL.

OTV MOCTAHOB/MIEHUSA M 3aKOHbI, KaK MoKasana rnpakTvka ux MpUMeHeHus, He
LA HeobXOAMMbIX pe3y/bTaToB —ryOuTelbHOE aHTPOMOreHHoe BO3LeNCTBME Ha
npupogy npogomkanocb. B 1986 1. Ha UYepHobbinbckoin AIC npousoLna
KpynHeliLlas 3a BCIO UCTOPUIO Pa3BUTMA YenoBeYecTBa IKOOrMyeckas KatacTpoga.
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B HacTosilLiee Bpemsi CTUXWIAHOE pa3BWTME B3aVIMOOTHOLLEHWIA C MPUPOAOIA
npeacTaBnseT OMacHOCTb [N1S1 CYLLEeCTBOBAHMS He TOMbKO OTAENbHbIX O6GBLEKTOB,
TEpPUTOpUIA, CTPaH, HO /151 BCEr0 Ye/ioBeYecTBa. ITO 0OBSCHAETCA TEM, UTO Ye/I0BEK
lectio CBsI3aH C >XMBOI MPUPOAOIH NPOUCXOXAEHNEM, MaTEPUATbHBIMU U LYXOBHLIMY
MOTPe6HOCTAMM, HO B OT/IMYME OT APYrMX OPraHU3MOB 3TW CBS3M AOCTUIIN TaKTe
MacLUTaboB M POPM, UTO MOXET MPOMU30WTY NOMHOE BOBMEYEHWE XKMBOIN 0BOMOUKM
nnaHeTbl (buocteps!) B XKM3HeobecneyeHne COBPEMEHHOMO 06LLeCTBa. A 3TO B CBOO
ouepesb MOXKET MOCTaBUTb YeNI0BEUECTBO Ha MPaHb 3KOIOMMUECKON KaTacTpodbl.

Uenosek, 6narofaps faHHOMY eMy MpUPOZOoiA pasymy, CTPeMUTCS 06ecrneunTb
cebe «KOMGOPTHbIE» YCNOBUA Cpefbl, ObiTb HE3aBUCUMbIM OT €e (HU3NYECKMX
(haKTOpOB, HampuMep, OT KAMMaTa, OT HEXBATKM MWLM, N36aBUTLCSA OT BPeAHbIX 45
HEH XXMBOTHBIX M PacTEHW, HO COBCEM He BPeAHbIX A/ OCTa/IbHOrO XXMBOrO MUpa.
MoaToMy 4enoBeK Mpexpae BCEro OTAMYaeTCa OT Apyrux BWUAOB TEM, 4TO
MLUMMOZENCTBYET C MPUPOAOIA Uepe3 Co3aaBaeMyt0 UM KynbTypy, T.e. YeNI0BEUECTBO
W Lenom, pasBuBasch, CO3faeT Ha 3emsie KynbTYPHYHO cpefy 06uTaHus 6narogaps
nepefaye M3 MOKO/EHWA B MOKONEHWe CBOEro TPYZOBOrO W AYXOBHOrO OMbiTa.
K Mapkc oTmeuan, 4YTO «KynbTypa, €C/M OHa PasBMBAETCA CTUXMIAHO, a He
HanpaB/seTcA CO3HATE/bHO... OCTaB/ISIET MOCNE Cebsl MyCThIHIO.

OCTaHOBUTbL CTUXUIAHOE Pa3BMUTME COBLITUI MOMOTYT ML 3HaHWS O TOM, Kak
VMW YNPaB/IsiTh, W B CMTyYae C 3KO/IOMMEN 3TV 3HaHNS JO/MKHbI «OBMaJeTh Maccamuy,
Mo KpaliHei Mepe, 6O0/MblUeli 4YaCTblO O06LLECTBA, UTO BO3MOXHO /MWL 4epes
mro6LLuee 3KOMOrMyeckoe 06pas3oBaHMe NHOAENA, HauMHas CO LUKOMbHOW CKambu U
LKaHYMBas By30M.

JKONOrMYeckre 3HaHUS HEOOXOAVMbI KaXAOMy YenoBeKy, YT06bl COblIach
MeuTa MHOTUX MOKOMEHWIA MBICIUTENEA O CO34aHWK JOCTOMHON YenoBeka cpefpbl,
LM Yero Hafo MOCTPOMTb MPEKpacHble ropoja, pasBUTb HACTONbKO COBEPLUEHHbIE
MPOU3BOANTENbHbIE CWJIbI, KOTOPLIE CMOMM 6bl 06ECNEUUTb FapMOHUID YenoBeka 1
npupoAbl. Ho 3Ta rapMoHUs HEBO3MOXHA, EC/IN NHOAY BPXKAEOHO HACTPOEHbI APYT K
npyTy 1, rem 6onee, ecnvM WAYT BOMWHbI, UTO, K COXaneHuto, umeeT MmecTo. Kak
| MpaneaMBO OTMETMN aMepuKaHCKWiA 3konor Bb.KommoHep B Havane 70-x IT.,
"MUT KN UCTOKOB Nt06OI NPO6/EMbI, CBS3aHHON C OKPY>KatoLLEen Cpefoi, NpMBOAAT
. MM KOPUMOI MCTWHE, YTO KOPeHHas MpuuuHa Kpusnca 3ak/ioyeHa He B TOM, Kak
' in MbIMMOAEVCTBYIOT C NPUPOAOHA, a B TOM, Kak OHW B3aUMOZENCTBYHOT Apyr C
3pM OM W YTO, HaKOHel, MUpy Mexay /ofbMW W NPUPOJOIA  JOMKEH
npi MHW TOMaTb MUP MEXZY NH0AbMM».

liikiim 00pa3oM, 3KOMOTMYECKMe 3HaHUA MO3BOMAKOT  OCO3HATb  BCHO
MU VUM M. BOVH M pacnpeil MeXoy NioAbMu, Befib 3a 3TUM KPOETCS He MpocTo
......... OTAENbHLIX /Ofei U faxe LMBUAM3ALUMIA, a 3TO NPUBEAET K BCEOOLLei
MU HYH'KY KO KaTacTpode, K rmbenn BCero YenoBeyecTsa. 3HaunT, BaxKHeliLllee 13

m >Hy 11414 HUX YCNOBUIA BEDKMBAHUS YesI0BEKA 1 BCETO XMBOTO —3TO MUPHast XU3Hb
W1 (tMmne. VIMEHHO K 3TOMy [OMKeH W OyfeT CTPeMUTbCS  3KOMOMMYEcKM
nopa 1HR1HHbI uenosex.
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MMABA 2. ATMOC®EPA. SKOXMNYECKWE MNMPOLIECCHI B
ATMOCO®EPE

2.1. T[a30Bbli1 cOCTaB BO3AYLUHOW Cpefbl U OCHOBHbIE
3arpsA3HSAIOLLINE KOMMOHEHTbI

Bosgyx atmocepbl 06ecneymBaeT YenoBeKa, XMBOTHbIX U PACTUTENbHBIA MUP
XXWU3HEHHO HEO6XOAVMbIMM Ta30BbIMMA KOMMOHEHTaMW, OCOOEHHO KUCMOPOAOM WU
YINeKNCbIM rasoM. XUMUYeCKUiA COCTaB YMCTOrO CyXOro BO3AyXa yKasaH B Tabnuue
2.1. Bbe3 Kucnopofa HEBO3MOXHO [bIXaHue, T.e. 3HEPreThka MHOrOKIETOYHbIX
XMBOTHbIX.  Hapagy ¢ obecrieyeHVeM  MPOLECCOB  >KU3HELeATeNbHOCTM
MONEKYNSAPHBIA KNUCNOPOS, UrPaeT UCK/IOUUTENBbHYIO PO/b B NPeLOXPaHeHNN XMBbIX
OpraHvW3mMoB OT BO3[ECTBMA KOPOTKOBOSIHOBOrO Y/NbTPA(PMONETOBOrO U3MyYeHUs
ConHua.

Monekynbl Kucnopoga nornowarnT Y®- nsnyyeHne ¢ AAMHON BOMHbI X <242
HM.

Bosgyx fBNsSeTCA OKUCAWUTENbHOW cpefoi. Hanpumep, ecnm 6bl coaepykaHue
Kucnopoga B atmocgepe 66110 661 He 21, a 25%, To 3T0 NpYBeNo 6bl K BO3ropaHuUto
[epeBa fake Noj NPoAvBHLIM A0XKAEM, T.e. BCe pacTeHWs Ha 3emsie Oblan 6bl JaBHO
YHUUTOXeHbI! A npu 10% cofepXaHnuu K1cnopoga B atMocepe — He MOriu 6bl
ropeThb AaXke COBEPLUEHHO CyXue ApoBa.

Vi3MeHeHWe coaepXaHusi YrieKucnoro rasa B aTMocepe BCero /Milb Ha
ThICAYHbIE A0NM NPOLEHTA MEHSET ee NPOHULAEMOCTb 11 OTPXKEHHbLIX OT 3eMHOM
MOBEPXHOCTM TennoBbIX fyyeil. CnefosaTeibHO, onpefeneHHoe cogepxaHue CCb B
aTMoc(epe OYeHb BaXKHO A/ MOAJEPXaHWA HYXXHOro TeMMepaTypHOro pexuva
NnaHeTbl. YBeNnyeHwe e pJonu yrnekucnoro rasa o 01 % npuBoguT K
3aTPYAHEHMIO [bIXaHus, a Bbille 4% — BbI3bIBAET aBapPUIAHYIO CUTYaLWIO.

O30HOBbI €0 aTMoctepbl 3eMn 06eperaeT BCe XXUBOE OT CMEPTe/bHbIX 03
YNbTPa(roNeToBOro m3nyyeHnss ConHua (030HOBbLIA CNOW MNOr/OWAeT U3NyyeHue ¢
HECKO/IbKO 60/bLUEN A/IMHOW BOMHbLI, YeM Kucnopod, X <320 Hm). B To e Bpems
030H, HaXOAALLMIACA B HMKHMX CNOAX aTMOoctepbl, UTPaeT HeraTuBHYH posib, Tak Kak
SB/ISIETCSA OCHOBHbIM KOMMOHEHTOM (DOTOXMMWYECKOTO CMOra.

O30H (OT rpey,- NaxHyLiMiA) OLLYLLAaeTCA MO 3arnaxy CBEXEeCcTW B rPO30BOM
nepuog, npu paboTe KOMUPOBaIbHLIX WM Na3epHbIX YCTAHOBOK, KBapLEBbLIX namr,
KOrJa ero KOHLEHTpauus yBenny/MBaeTca B 4EeCATKU pa3 MPOTMB 0ObIYHON. BHYTpM
3aKpbITbIX MOMELLEHW A 030H 6bICTPO pearvupyeT ¢ npegMeTaMyi 06CTaHOBKM
MOMELLEHNA W CTEHaMKM, UYTO Pe3KO CHWXKaeT ero cogepxaHue. lMpu 60nbLIMX
KOHLEHTPALMsX OH CMOCOBEH «CXeub» JIETKUE YesloBEKa, 9TO  CU/bHENALLINiA
OKMCUTENb, & MO TOKCMYHOCTU MNPEBOCXOAUT LMAHOBOAOPOAHYI Kucnoty. MAK
030Ha B BO3gyxe paBHa 100 mkr/m3 (npu KoHueHTpauymmn 200 MKr/M3 noseaseTcs
Kawenb 1 xpunota). O30H B NPU3EMHOM C/I0E MOXET CO34aTb 30HY pa3MepoM [0
1000 kM2, KOTOpas PacnpoCTPaHseTCs BETPOM MO NapainensM 3eMHOro Luapa
nogobHo 60MY [pYyromy 3arpssHeHuto. [OCKOMbKY KOHLEHTpaums 030Ha B
MPU3EMHOM Cfl0e HenpepbIBHO Bo3pacTaeT (40 1 % 3a rof), To BO3HMKAET elle OfHa
npo6nema:
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60pbba C 030HOM B HVXXHUX CNOSX aTMOCgepbl.

CnepoBaTenibHO, 415 06ecreyveHns XNU3HU Ha 3emsie JO/MKHO ObiTb COBMOAEHO
OTHOCUTE/IbHO NOCTOSIHHOE COOTHOLLIEHME ra30BOro 6anaHca B atmocdepe. Hambonee
BPedHbIMY BelllecTBamu sBNAOTCA okewpg cepbl (1V), okcuabl asoTa, OKeug
yrnepoga (I1), TBepable BellecTBa W Yyrnesofopofbl. OCHOBHble BpeAHble
BELLECTBA YKa3aHbl B Tabnuue 2.2.

OCHOBHbIMU MX Ha3blBAtOT MOTOMY, YTO OHW MOCTYMAlOT B aTMOC(EPY B OYEHb
60nbLwMX KonnyecTBax. OnpefeneHne Nx Kak BpefHbIX BELLECTB OMpaBAaHo, Tak Kak
OHW B NOK&/IbHLIX WM PervoHafbHbIX MacluTabax 0BHapy>XMBAKOTCA B BO3LyXe B
TaKUX KOHLIEHTpauusX, KOTOpble MPUBOAAT K BPeAHbIM BO3AENCTBMAM Ha OpraHusm
YerloBeka.

Bce mmetoLLmecs Ha 3em/e HeopraHWYecKMe U OpraHuyeckue BeLLecTBa MoryT
nocTynatb B aTMOCepy B BUAe a3po30/eli 1 rasos.

ATMOCepHbI  a3po30/Ib — 3TO reTeporeHHas CKUCTeMa, COCTOALas U3
rBepPAbIX UK XMUAKMX YacTuLl, AMCNeprupoBaHHbIX B rase. K HUM OTHOCUTCA Mbifb,
[bIM, TYMaH, Mria 1 cMor.

Mblnb —3TO CUCTEMA, COCTOALAA M3 TBEPAbIX YacTWL, 06pasyloLyxca npu
[pobneHnn, pasmone, MNeperpyske CbiNyynx Matepuaio. B cocTase nbiiu
npeobnagatoT: S102, AbO3, CaO, MgO, C, KrO, blarO, PbO, ZnO, Fe™Oi, SeCh,
As,O.i. Pa3mepbl TBepAbIX YACTUL, MOMYT BapbUPOBaTLCS B LUMPOKMX Mpeaenax.

Tab6nuua 2.1. KoHueHT paums ra3os B aTmocepe (KOHLEHTpaLns OCHOBHbIX
KOMMOHEHT OB fjaHa B 06beMHbIX %)

BeluecTBO KoHUeHTpauusi B YACTOM CyXOM
BO3JyXe Ha YPOBHE MOopsi
ot (N2) 78.084%
11l-nopog (Or) 20.947%
AproH (Ar) 0.934%
MogyHoii nap (HrO) He yuunTbiBaetcs
Dbl ug yrnepoga IV (COr) 354 cMIMIAMANH_)
lic on (Nc) 18.18 mnH"1
1puHroH (Kr) 1.14 mnH"1
Mrmu (Cl 14) 2 MH"1
11 um (lie) 5.24 mnH"1
111 (Oj) <0.07 mnH"Ynetom)
< 0.02 mnH"(3umoin)
Kemoil (Xc) 0.087 mnH"1
e Tinaszotal (N20) 0.5 mnH"1
«itu ng yrnepoga Il (CO) Cnegpbl
MopopHa (Lb) 0.5 mnH'l
\ mmiiiiik (Nib) Cregpl
1cm o asota IV (NO2) <0.02 mH"1
i>immatora Il (NO) Cnefpbl
10" ng cepbl 1V (SO2) <1 mH"1
| epoHogopog (H2S) Cnegpbl



OblM — 3T0 aucnepcHas cucTema, COCTOAW@AA M3 TBEpPAbIX YacTul,
o6pasytoLumxca B NpoLecce ropeHWs yrns, HegTw, ApeBecuHbl. Takue uvacTuupl
MMeLoT pasmep <1MKM.

Mrna —aT0 cMecb, COCTOALLAA U3 TBEPAbIX YaCTuL, NapoB U BOAbI.

TymaH —3TO [ucnepcHas CUCTeMa, COCTOALLAA M3 Karnenb XMAKOCTM (H20,
H2S03, H2S04, yrnesofoposbl), 06pasytoLLmnxcs Npu KOHAEHcaUn NapoB XMUAKOCTH
WM Npu AUCNEPrupoBaHUM XMAKOCTM B rasze. pu koanecueHUuM MOryT ObITb
MoNyYeHbl KpynHble Kanau (>100MKM), KOTOpble MNOABEPXEHbI AENCTBUIO CWbI
TAKECTU. Mefnkve Kanau MepeoxnaxjarTcs Ao TemnepaTypbl -40°C. TymaHbl
MMEIOT Kak MpUPOLHOE, TaK 1 MPOMbILLIEHHOE NMPOUCXOXAEHNE.

Cwmor (ot aHrn, smoke (gbim) mfog (TymaH)) - 3TO AWcCrepcHast CUCTEMa,
NpeACTaBnAOLLAA COO0M COBOKYMHOCTb AbIMa M TyMaHa, KOTopas MOXET Takxke
cofiepXatb NPOAYKTbl POTOXMMMUYECKMX peakumil. Pasmepbl YacTWL, He NPeBbILLaoT
IMKM.

Tabnuua 2.2. Bugpl 3arpsasHeHuii Bo3ayxa

3arpsisHeHue CopepkaHue B % ro LUAK, mr/m3
OTHOLLEHUIO KO BCEM (cpepHecyTo4YHas)
nprMecsam

YrapHblii ras, CO 485 10
Okcmabl asoTa, NOx 15.0 0.085
Okcmabl cepbl, SOX 8.0 0.05
Yrnesogopofpl 137 0.15
TBepable YacTuLbl 14.8 -

2.2. XUMMYeCKMe peakumm B atmocgepe
2.2.1. Peakuun, NpoTeKAIOLLME B HUXKHUX COSIX aTMocdepbl

O6pasoBaHMe OKCMAOB a30Ta CBA3aHO Mpexgae Bcero C  paboToi
aBTOMOGMNILHOrO TpaHcnopTa. B ycnoBusx paboTbl ABuratenieli BHYTPEHHeEro
cropaHus (Npu Temnepatype Boiwe 1000°C) a30T MOXET COEAMHATLCA C KACI0POA0M
Mo peakumnu:

N2+02—>2140

B MeHbLUeli cTeneHn naeT obpasoBaHue okcuaa asoTa (IV), Tak Kak peakuus
B3avmogelicTus NO ¢ KUCNopoLoM TpebyeT BbICOKOW TeMNepaTypbl, a BbIX/IOMHbIE
rasbl 6bICTPO OCTbIBAKOT:

2NO+02—>2N02

Bonblias 4yacTb OKCUAOB Cepbl MOMafaeT B aTtMocgepy MNpu  CXUraHuu
cepocofepxalumx Bugos Tonamea. CoeAuHsAACb C BOAsHbIM napom, SO2 n BO3
MpeBpaLLatoTCA B CEPHUCTYIO U CEPHYIO KUCMOTbI COOTBETCTBEHHO:

SOZ+H20-+H2S03
S03+H20-+H2S04

90% oOKCcMAOB Cepbl MOXHO YAanuTb, 06pabaTbiBas MPOLYKTbl CropaHvs B
[bIMOXOHBIX Tpy6ax ralueHoli U3BeCTbH UM U3BECTHAKOM:

2Ca(0OH)2+2S02+02-"2CaSOA 2H20
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2CaC03+2S02+0272CaS0” 2C02

PacnblfieHHYl0 € MOMOLUBKO My/lbBepu3aTopa rawleHyt W3BecTb BAYyBalOT B
MOTOK ra3oB, MPOXOAALLMIA Yepe3 AbIMOXOAHYIO TPpYOy.

B HacTosillee BpemMs OCHOBHOW  Yrposoil Ans  ropoxaH sBAseTcs
(POTOXMMMYECKNIA  CMOT  («/10C-aHPKENeCCKOro  Tuna»),  06YCNOBMEHHbIN
MpUCYTCTBUEM B aTMOC(EpPe OKCWAO0B a30Ta:

NOi+hv*NO+O-
Om+02-"03
Os+NO”ANO"Oz
O3+YyrnesofopoAbl  *opraHny. coefuHeHNst
CHsCOOz+NOz-"CHsCOOzNOz (MAH)

[asbl, XapakTepHble A1 (OTOXMMWUYECKOrO CMOra, O030H WM OKCuAbl as30Ta,
YXYALWAKT AbixaHne. O30H ocnabnseT paboTy Nerkmx.

Kucnopogcofepxallye opraHMYeckue COEAMHEHWs, Hampumep anbaerugsl,
BbI3bIBAIOT Pa3fpaXKeHWs rnas, Hoca v ropna, a Takke rofioBHyo 60/b.

A30TCOepXKalliMe BellecTBa, 06pasyloLLMecs B pesy/bTaTe peakunii Mexay
OKCUfaMy a30Ta U Pas3/IMYHbIMU OPraHNYECKUMW COEAVUHEHMAMU [bIMa, TakXKe
BbI3bIBAIOT  pasfpaXeHns CAM3UCTbIX 06onovek. Hanbonee W3BECTHbIA U3
nhreofepxalliyx pasgapaxuTenei - nepokcuaueTunHuTpar (MAH) CH3COO2NO2.

2.2.2. ®OTOXMMUYECKNE peaKyun

BaHelLeiA 0COBEHHOCTBI0  XMMUYECKMX MPOLECCOB, MPOTEKAlOWMX B
Lumocepe, ABNSETCA 06pa3oBaHMe [LONTOXMBYLUMX MeTacTabunbHbIX aTOMOB U
MOSIEKYNl.  AKTMBaUMA  MOSIEKYN MPOUCXOAMT B pesy/bTaTe  MOroLleHus
LUCKTPOMarHUTHOro  M3fyyeHns.  Takoro  pofa  peakuun  HasblBaloTCA
thoTOXMMMYeCKMMU. B pesynbTaTe B3avMOZEWCTBUS BO3HUKAIOLMX B MEPBUYHOM
®KICaKTUBHbIX MOJIEKYN U YaCTWL, NMPOTEKAIOT UX peakLmun ¢ ApYruMu MoJieKynamm
M vacTvuamn. B KauecTBe npumepa MOXHO MPUBECTU MPOLECChl, WUAyLive npu
00pa30oBaHM1 030HOBOIO €105 B CTpaTocdepe:

02+ hv—>0-+0-
0~+02+M-*03, A/l -- FOOKp>K
0 +03->202 AH =-390k/[>k
03+ hv—=>02+0-,
1ac M-N2 nam Or. 3HaunTenbHOE BbldenieHne Tena B AaHHbIX peakuusx o6bscHsAeT
poeT TemMnepaTypbl B cTpaTtocdepe no Mepe YBeNYeHNs BbICOTbI.
OCHOBHbIMU TNaMV POTOXMMUYECKMX PeakLuii B aTMOCtepe SBSAKOTCS:
oTomnoHnzaums (NO+ hv—=*NO-+-e);
thoToanccoumauma (O2+hv—0-+0);
thoToBO36OY>KaeHWe (H(s3 +hv—H(p));
thnroopecuyeHumsa nnn nlommnHecueHunsa (Na(pd —Na(sd+ hv);
pagnaTueHaa pekoMmbuHaums (0*+e—>0-+hv);
hoTooTnmnanmne (0~+ hv—»()-+e);
paguaTuBHoe npununaxue (e+03-+ 0~+hv) n gp.
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2.2.3. XUMUWYecKue peakLun, KOHTPONMPYLOLLME COAep>KaHue BOASHbIX
napos B aTMocepe

BoMbluoe  KOMMYECTBO BOAHLIX MCTOYHMKOB Ha 3EMHOA  MOBEPXHOCTU
06yCnoB/MBaeT [0BO/IbHO BbICOKME KOHLEHTpauuy BOASHOrO Mapa Ha MasbiX
BbicoTax. C yBeNMYEHNEM BbICOTbI 4015 BOAbI YMEHbLLIAETCS.

JokasaTenbCTBOM MPUCYTCTBUA BOAbl B Me3ocdiepe sABMseTCA HabnogeHue
peAKoro Tuna 0611akoB (CepebpucTbIX), KOTOPbIE HAXOAATCA Ha BbiCOTe -80 KM.

Ha BbicoTe —100 KM BOAAHblE Mapbl AUCCOLMMPYIOT MOA AENCTBMEM
COMHEYHOro n3nyyeHns (A <200Hm):

H2+ h\\=+H-+0H-

Hwke npuBefeHbl peakuMnm € y4yacTMeM BOAOPO4a W KUCIOPOAa,

KOHTPOMMPYIOLLME KOHLEHTPaLMIO BOASHbLIX MapoB B aTMocdepe:
OH-+OH—>H20+0-,AH =-69.9 K[>k
H+0z+M—=*ffOz+M, AH =-192 K[]>K
HO.-+ HO2 -+H202+02, AH =-175.7 k[I>K
H-+03—>HO0r+0-,AH =-92 K[>k
OH-+03-> H02-+02 AH =-160.2 k>
OH-+H02—H20+02 AH =-301.7 k[>K

2.2.4. Peakuny cy4acTUeM OKCMAOB a30Ta, OKCWA0BYINeposa u MeTaHa

3TV peakymn Hambonee pasHoo6pasHbl. Huke npuBefeHbl NWLWb HEKOTOPbIE
N3 HUX.

NOr+ hv(A<397.5 HM)—>N0+0-
NO+ hv(A =121.6 HM) —*NO++e
0-+NO2*N0+02 AH =-192 K[>k
NO+0i*N 02+02 AH =-200 x>k
N02+0i-*N(h+02 AH =-105 K>k
NO3+ hv(A =500-700 HM) —>NO+02
N(h+NO0”"2N02 AH =-92 k>
NOf+N()2->N20s, AH =-88 K[>k
N203+H20-+2HNO,, AH =-40 k>
N +02-*NO0+0-,AH =-133 K>k
N-+NO~*N2+0-,AH =-313.8 kI>K
CO0+QH-+C02+H-
CHi+OH—HD+CHr
CH3~+02—CH302
CH302-+NOMCH30zNO
CH30T+NOz-*ch3o o2
CH302-+N02-*H2C0+HNOs
CH30 2+H02"CH300H+02
H2CO+ hv-"Hr+CO
CHKOOH+ hv->CH30-+0H-

MpuMeyaTenbHO, YTO MHOTUE U3 3TUX Peakuuii ABNSIOTCS 3K30TEPMUYECKUMM.
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2.2.5. XuMuueckue peakuuu, npoTeKawLye cyyacTuem
COEAMHEHNIA cepbl

Jo cux nop cucTemMaTUyecKn BeNUCb TOMBKO W3MEPEHUS COAepXaHus
COeAMHEHUIN cepbl B CTpaTocepe, OAHAKO MpOLEecchl UX 06pa30oBaHUs BCe elle
OKOHYaTeNlbHO He fICHbl. Hambonee [OCTOBEPHON MPEACTAaBNSETCA peakuus Mexay
okcugom cepbl (IV) SO2 1 030HOM.

SO2+0-1—=*S0t+02

Heobx0aMmMo TakokKe Y4WTbiBaTb M BO3MOXHOCTb B3aumogelicteus SO2 ¢
pagvkanamu Tuna OH-,

S0zWH-*HS03

[na Tponocdepbl ycTaHOBMEHO 06pa3oBaHMe Cynb(aTOB B pesynbTaTte
peakumm SO2 ¢ pagukanamm OH-, KOTOpble 06pasytoTcs MO LEMHbIM PeakLusm,
COMPOBOXJAOLWMM  )oTOMM3  (pasnoXeHwe nof AenCcTBMEM 3/IEKTPOMArHUTHOIO
n3nyyeHns) o3oHa. CofepxaHve 030Ha B Tponoctepe coctasnsieT 10— 100 mnpa™l
(Mnpg*l—mMunnuapaHble 4OAW, UK YMUCNO YacTell Ha munavapg). Mog aeictariem
cBeTa 030H NpeTepreBaeT MpespalleHnsl, 06pa3yst MO0 aTOMapHbIA Kucnopos B
ocHoBHOM cocTosiHun 0(p3, nnbo BO3BYXKAEHHbIA aTom kucnopoga 0(dl) um
mcractabunbHyt0 Monekyny O2 B CMHIIETHOM COCTOSHUM  (HU3LWMIA  YPOBEHb
BO3OY)KAEHHOrO0 COCTOSIHUA C 3Heprueld, MNpeBOCXOAALLEA 3HEepruid OCHOBHOMO
COCrOsiHMSA BCEro nb Ha 91.1 [x):

oi+ hv—0 2+0-

B036y>)xAeHHbI KUCNOPOS, ¢ aTMOC(epHbIMU MapaMu BoAbl MOXeT 06pa3oBaTb
pagvkanst OH-:

O-+HrO -y OH- + OH-

VICKNtoUnTENbHO BbICOKOPEaKLMOHHOCNOCO6HbIe pagukansl OH- gaioT ¢ SO2
1ePHYHO KNC/OTY:

SO2 +20H- - *HzS04

B 3Ty peakumio BCTYnaeT He TO/bKO SO2 aHTPOMOreHHOro NnpoVCXOXAEHWS,
VO 1 OKCU Cepbl, MONYYEHHbIA U3 BOCCTAHOB/EHHbLIX (POPM MPUPOAHBIX COeAUHEHNI
lepbl, KOTOpble, BMAMMO, OKWUCNAKTCA C rMomowpio pagvkanos OH- B SO2.
IpoHoCthcpHME  a3p030/M  CEpPHOM  KUCMOTbl, B OTAMYME OT CTpaToctepHbIX
®HO30/1el, MOTYT COXPaHATLCA B aTMOCHEPE TONbKO HECKO/IbKO CYTOK — OHU NIMB0
BbINaJatoT B 0CaJKM BMECTE C JOXAAMM, MO0 O0TKNaAbIBAOTCS B TBEPLOM BULE.

B Tponoctepe HeATpanm3aums KUCNOTHBLIX 3arps3HEHW OCYLLECTBASETCA B
MepByr0 Ouepefp MblIEBUAHBIMM HacTULAMM LLEMOYHOrO U LLE/IOYHO3EMENTbHOTO

|wKTepa. B HacToAllee Bpems 3TW MPOLECCHI HE MOMYYWUAN KOMMYECTBEHHOM
....... OHM WrpaloT 60MbLLYH0 POfb B MPOMbILLAEHHBIX palioHaX U 60MbLIMX
opogax.

Mbllb 1 23P030/IM UrPatoT BaXHYHO POJb MPY KOPPO3MOHHBIX MpoLeccax Ha

M [Annax U CUINKATHbIX NOKPLITUAX, TaK KaK OHW 06pasytoT OTIOXEHWA Ha MNagKux
....FopxHOCTAX. MMbi/b, KaK NPasWIo, COAEPXUT TMIPOCKOMMUYHbIE BKIKOYEHUS, K HUM
» MEPBYI0 0Yepesib OTHOCATCA CyNbaThbl Y XI0PUAbI, KOTOPbIE YAEPXKUBAIOT Bary.
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Bo BNaXHO Mn/eHKe NblM PacTBOPSOTCA TakMe KWUCMOTHbIe rasbl, kak SO2 1 HC1.
Okcug cepol (1V), pearmpys ¢ Bogoii, 06pasyeT CEPHUCTYHO KUCMOTY:
SO2+ H20 "HiSOs
KoTopas IM60 Nof KaTanuTUYeCKUM BO3AEACTBMEM BK/THOUEHMIA Pa3/IMUHbBIX TAXENbIX
METas/oB, MB0 MO peakumu ¢ pagukanamm OH, 06pa3oBaHHbIMU (DOTOXMMUYECKUM
MyTeMm, MPeBpaLLaeTcs B CEPHYHO KVCNOTY MO YPaBHEHWIO:
SO2+20H—»H2S04

O6pa3oBaHue Cynb(aT- aHMOHOB MPOUCXOAUT C Y4YacTUeM CEepPHOKUCMOTHbIX

a3po3onel, (HOTOXMMUYECKN 06pa3oBaHHbIX B Tponoctepe:
HSO3+03 SOr +H*+02
HS03+H22->so0f- + H*+H20

OHuM oT/araroTcs Ha MOBEPXHOCTY METa//IOB Y KaMEHHOM 06MLoBKe. Takum
MyTeM BO3HMKAOT OCOBEHHO XapakTepHble [ 6OMbWMX TFOPOJOB W MX
OKPECTHOCTeN TOHYalluMe HaneTbl CyNb(aToB Ha BCEX OTKPbITbIX MOBEPXHOCTSX.
CepHas K1CnoTa, YAepXKaHHas 0CagKamu Mbl U a3p030/1eid, BbI3bIBAET 3HAUYNTENbHO
6oree CUMbHYHD KOpPO3WKO KaMHSl, CTeK/a M MEeTafioB, YeM B OTCYTCTBME 3TUX
3arpasHeHuii B aTMocgepe.

Hapsifly ¢ HakonneHWeM 1 co34aHWeM paspeLuaroLleil peakLMOHHOW cpedbl Ha
TBEPAbIX HEOpraHWuYecKMx MaTepuanax nbUlb W a3po30/iM  MOTYT HaHEeCTM
3HaUUTE/IbHBbIN YLEP6 1 YeNOBEYECKOMY OpraHu3My.

2.3. IKOXMMUYECKHe npoLiecchbl
2.3.1. Kucnopog. Linkn kucnopoja

B nuTocthepe KuCnopod NPUCYTCTBYET UCKIKOUUTENBHO B CBA3aHHOM
COCTOSIHUM, FNlaBHbIM 06pa3oM B COCTaBe CUMIMKATOB W a/IlOMOCW/IMKATOB, a TakXe
KapboHaToB.

MocTynneHue Kucnopofa B aTMOCHepy CBA3aHO B OCHOBHOM C npoLeccamu
(hOTOCKHTE3A B 3€MIEHbIX PacTeHWsiX. PeanbHbll MexaHM3M MpoLecca POTOCMHTE3a
upe3BbIYaliHO CMOXEH M 0 KOHLIA He BbIsICHEH. B 06LLeM Bue 3Ta OTOXMMMYECKas
peakums MOXET 6bITb NpeAcTaBneHa CXeMOiA:

H20 + CO, +hv-+1/6(C6H104 + Oz

Mpouecc peanmsyeTcs BCNeACTBME norfoweHws keaHToB ceeta  (hv)
MofieKynamy  xnopounna.  POTOCUHTETUYECKOe CBfisblBaHWE 1 1 yrnepoga
COMPOBOXAAETCS pacLuernieHneM BoAbl W BbIAENEHWEM OKOMO0 2.7 T MOMEKYNAPHOIO
kucnopoga. O6WMIA MOTOK Kucnopoga cocTaenseT npumepHo 300-350 [T/rog.
YCTaHOB/EHO, YTO OAMH rekTap Ay60BOro neca npogyumpyeT B rog okono 830 Kr
Kucnopoga, 6epesoBoro — 725, cocHoBoro — 540. MpumeyatensHo, Yto noutn 30%
BCEro NoToKa Kucnopoga obecneynBaeTcs (IUTONIAHKTOHOM MOPE 1 OKeaHOB, XOTA
ero 6vomacca HecornocTaBMMO Masa B CPaBHEHUM C OGMOMACCOW pPacTUTEeNbHOCTU
KOHTWHEHTOB. XO035ACTBEHHAsA AeATe/IbHOCTb YefIoBeKa OTPULLATeNbHO CKasanach Ha
BWA0BOM pasHO06pasvu hopbl U ayHbl. Ye ceilvac nnoLaib TPONUYECKKX 1ECOB
—«NErKNX MAaHeTbl», MOCTaBAAIOWMX 3HAUYUTENbHYKD YacTb  Kucnopoga B
aTMmochepy, COCTaBfsieT BCero Aulb 55% OT nepBOHaYaibHOM BENUUMHBL U
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CoKpallaeTcs KaxAplii rog Ha 100 Thic. Kkmr(1%). 370 Oosfblue TeppuTOpUM
onnaHgum v LLiBeiiLapum BMecTe B3ATbIX.

MpucyTcTBYIOLWMIA B aTMOctepe CBOGOAHLIA KMCNOPOS, y4acTBYeT BO MHOTUX
reoXMMuyecknx npoueccax. OB6bIMHO MpY 3TOM NPOUCXOAWUT PE3KOE M3MEHeHWe
MOABWXHOCTU CBA3bIBAIOLLMXCA C HUM aTOMOB. Hampumep, MHOrvMe MeTan/bl Mpu
OKUCMIEHWUW VX MOHOB NEPEXOAT B HEPACTBOPVMOE COCTOSHME:

4Fe2*+302'IFe D3

HanpoTuB, OKWUCNEHWe BOCCTAHOBMIEHHbIX (OPM psga [APYrUx 37eMEeHTOB
(Hanpumep, Cynb(WAHON cepbl) NPUBOAMT K PacTBOPMMbLIM W 605ee MOABUXHbLIM
COeLMHEHVSIM:

SA+2022S 0/

I'iu.2.1 HekoTopble BaXKHeliLIMe 3NeMeHTbI 06anbHOr0 LyKna KUCnopoga
HenonHas 3aMKHYTOCTb r106abHOM0 LUMKAA Yrfiepoda SBASETCS MNPUYUHON
..... 'MHeHMs cBOGOAHOro Kucnopoda B aTMocdepe, 06pa3oBaHMs 030HOCHEPbI W
"HW HMWA COAEPXALLMXCA B ra3oBoi 060/104Ke MaHETbl BOCCTAHOBNEHHbLIX a30B.
U.... . COCTOSIHAW KUCIOPO MUTPUPYET rNaBHbIM 06pa3oM B COCTaBe BOAbI.
(KvoHHble npoLecchl 6UOreoXMMUYECKOTO LMKA KWUCNOPOLa, a Takxe ero
....... | uMKnamu yrnepoja u cepbl NPOLEMOHCTPUPOBaHbI Ha puc.2.1.
OMUHMHO BaXKHOIM 3ajadeil ABMSIETCA COXpaHeHWe 6GanaHca MONEKYSPHOro

Wi...... B BO34YLHOW cpege. CBsi3blBaHWE MOJMEKY/ISIPHOTO  KUCMOPOAA
M.....XOAUT B OCHOBHOM 3a CYET peakuyii OKuc/eHus. Tpy 3TOM OCYLLECTBASETCS
it MOJIEKY/IPHOrO KC/OpPoaa B COCTaB ra3oB aTMOC(epbl, MUHEPanoB, BOAbl,

Bbl*HHurckoro Bewectea ¥ T.4. Tak, WCNOMb30BaHWE OPraHNYecKoro TOnavBa
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€XXEerogHo NpMBOAUT K CBA3bIBAHMIO (B OCHOBHOM Buge C02) okono 10— 12 mnpa T
kncnopofa atMoctepbl.  [MpakTuyeckm Bce CTpaHbl C  BbICOKOPA3BWTOM
MPOMbILLNIEHHOCTLIO  MOTPe6NAOT  Kuciopoda 60nblle, Yem MOMyvaloT ero B
npouecce (POTOCMHTE3a Haf CBOE TeppuToprei. B TO >xe Bpemsi yMeHblUeHue
napuuanbHOro  faefeHWs  Kuciopoga B atmoctepe Ha 13 npefctaBnset
KPUTUYECKUIA Npesien N5 XXM3HW YenoBeka — HacTynaeT KUCMIOPOAHOE rofofaHue.

2.3.2. A3o0T. Uukn azoTa. Okengbl a30Ta u HUTpaThl

OCHOBHOE KO/IMYECTBO as30Ta Ha 3emsie COLEPXKMTCA B MOMEKY/SPHOM
cocTosiHMKM B aTmoctepe — 75,6% (mo macce, 3.87-106I'T) u TonMbko 0,01%
npuXoauTCsl Ha fuToctepy. A30T UMeeTCs B TMOYBE, PACTEHUSIX U XKMBbIX
opraHu3max, 6e3 asoTa He 00pasyroTcs OefKOBble BeELUECTBa, HEOOXOAUMblE AN
MOCTPOEHUs MPOTOMNas3Mbl  KNETOK. XKMBOTHble W GO/bLUMHCTBO  pacTeHui
MOTPeGNAT He CBOOOAHbLIA, a CBfi3aHHbIA a30T, TaK KaK MOJeKynbl asoTa
NpeAcTaBnAloT COBOIA Ype3BbIHAHO MPOYHbIE U XUMWUYECKM WHEPTHbIE YacTuULbl
(«a30T» B rMepeBofe C TFPEYECKOro O3HayaeT «BeKM3HEHHbIM»). B npupoge
3HauMTeNbHbIE KOMMYECTBA MOJIEKYNSIPHOTO a30Ta CBS3bIBAIOTCS B OKCUAbI Mpu
€CTECTBEHHbIX MpOLeCCaXx — rpo3ax, HUTPU(MKALMU MOYUBLI, JIECHBIX MOXapax.
O6LLee KOMMYECTBO OKCMAOB a30Ta, 06pa3ytoLLmMXcs B 3TWMX MPOLECcCax, COCTaB/seT
0K0NO 770 MNH TOHH B rof.

CornacHo CTaTUCTUYECKUM AaHHbIM, B aTMOcepe Kaxfblii rof HabnoaaeTcs
[0 3 Mnpg MosHwiA. Co3aaBaeMble UMK BbICOKME TEMMEPaTypbl B HECKO/bKO ThiCsY
rpagycoB WHWLMMPYHOT MpOLECC B3aMMOAEWACTBMS  MOJEKYMSIPHOro asota U
KVCNOpOZa Mo pagnKaibHO-LENHOMY MEXaHU3MY:

02-m20-
n2+o-->no+n-
02+n -*no +o-

KpaTkoBpemeHHOe [eliCTBME BbLICOKMX TeMMepaTyp M ObICTpOe OXNaXAeHue
npoayKTa peakuum — okcuga asota (1) — npensTcTBYHOT NPOTEKaHUK 06paTHON
peakuum ero pasnoxeHus. B cBow ouepegb okcup asota (lI) okucnsercs
KV1CNopoAoM Bo3ayxa Ao okcuaa asota (1V):

2NO +02—*2N02

Mpn B3aMMoOfelcTBMM C aTMOCHepHO Bnaroli NPoOMCXoAuT 06pa3oBaHUe

a30TMCTOI M a30THOI KUCIOT:
2N02+H2 -*HNO2+HNO3

3TU KUCMOTbI MOTYT BbIMaAaTb Ha MOBEPXHOCTb 3eMAM B BUAE AOXAS, BHOCS
TaKUM eCTeCTBEHHbLIM MyTeM a30T B NOYBY B (DOPME HATPAT- U HUTPUT- aHUOHOB.

B noyBax U BOAHbIX 3KOCMCTEMAaX TakKe MPOUCXOAUT [AOBOSLHO ObICTpas
HUTPUGMKALWS - OKWUCNEHWE VMOHOB aMMOHUS C 06pa3oBaHMeM 60/ee LOCTYMHbIX
PacTEHUAM HUTPUTHBIX M HUTPATHbIX VIOHOB:

4NH/+602"4 N 0 2+8H+H4HD
4N02+202">4N0O3
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B npvpoge MONeKyYNSPHbIA a30T MOXET Takxke (DMKCUPOBATLCS Ky6EeHbKOBLIMU
GakTepsiMM G06OBLIX PaCTEHWIA, APONCKEBLIMU W MMECHEBLIMU TPUOKaMU, CUHE-
3e/eHbIMM - Bogopocnamu.  peBpalleHne MOMEKYNSpHOro asoTa B COCTOsIHME,
yCBaMBaeMOe PacTeHUsiMM, NMPOMCXOAMT 61arofaps BOCCTaHOBMTEIbHOMY MpoLeccy,
B KOTOPOM PELLIAIOLLYHO PO/ib UrPaeT PEPMEHT HUTPOreHasa:

N2+6e+8H+-*2NHS

CTeneHb
OKUCNEeHNs

Puc.2.2. XuMnyeckne coeuHeHus], y4acTBYHLLME B LMKNE a30Ta,
OT/IMYAOLLMECS NO CTENEHN OKNUCIEHUS!
Lidt>am o0603HayeHbl npoueccbl asoTdgukcaumm (1), HuTpudmkaumm (2),
|./To4yeHns B pacTuTeNbHble TKaHu (3), amMMOHuU(MKauumn (4), AeHUTpudmKalmm
i V. cTOKa 13 aTmocthepbl MPU CyXOM U BAa>XKHOM 0Ca>K/eHUM Ha NOBEPXHOCTb (6) 1
", ogKoHakonneHns (7)

Takum 06pa3oM, B NpUPOAE OCYLLECTBASETCA a3oTdumKcaums U nocnegyrollee
MKTOUYEHME aTOMOB a30Ta B HEOpraHuW4eckue Mosekynbl U 6uomonekynbl. Mocne
Imocnn  pacTeHUA U XKMBOTHBIX COAEPXKallye a30T XMMUYECKME COeAVHEHUS
VMUVCPratoTcsl  MUKPOBMOMOTMYECKOMY Pa3fIOKEHNI0 UM, KakK 3TO MOKa3aHO Ha
npumepe rAuLyHa, aMMOHU(MKaLUK:

HNCH2COOH + 1,502-* LI 3+2C02+H20

B He BO3MyLLEHHOV YenoBekoMm 6Guoctepe a3oTduKkcaums U HUTpUQUKaLMS B
HL WTabax MaaHeTbl MOYTU MOMHOCTHIO YPAaBHOBELLUMBAKOTCS MPOTUBOMOMNOXHbLIM
MPOLECCOM, HasbiBaeMbIM AeHUTpUGNKaLmeld. JeHnTpudmkaums - 3To o6pasoBaHue
MUKCKY/IIPHOTO a30Ta M3 OPraHUYecKUX COEAUHEHWA, HWTPATOB U HWUTPUTOB B
n-MA ©n BOAHbIX 3KOCUCTEMAX B ad3p0bHbIX W aHa3pPOOHBIX  YC/OBUSX.
Il HOTU(MKaUMsA He Bcergja NPUBOLUT K BbideneHnio Monekyn N2. OHa MoXeT

LuMepLIaTbC 0Bpa3oBaHMEM OKCMAOB asoTa. Hampumep, B aHa3po6HOM
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OKPYXXEHUM MHOTVe MMKPOOPraHW3Mbl UCMOb3YKT HUTPATbl U HUTPUTBI B Ka4eCTBe
MCTOYHMKA 3HEPT UM 1 aKLIENTOopa 3/IEKTPOHOB MPU AbIXaHNM:

[CH2] + 2NO3 +6H* -> N20+CO2 + H.O,

ICH20] + 4NOi +4H+-» 4NO + CO2 +3HrO

MpuBeaEHHbIE  YpaBHEHWS, OMWCbIBalOWMe B OOWEM BuAe MpPOLEecCh
asoTdmKcaumMM M HUTPUGUKALMW, AEeMOHCTPUPYHOT TECHYHD CBSi3b BUMOTUYECKUX
COCTaB/AOWMX LMKMOB a30Ta W Yyrnepoja: oOkKucneHne Monekyn N2 u
BOCCTaHOB/EHME OKMC/EHHbIX (HOPM a30Ta MPOMCXOAUT C MOTJIOLLEHUEM 3HEpPruu,
BbIAENAOLLENCS NPU OKUCMEHWN OPraHWYeCKUX COEAWHEHWR, BbipabaTbiBaeMbIX
YXMBbLIMM OpraHn3MamMu. Ecim npu aTom okvcneHve (urkcaLms) atMocthepHoro asoTa
MOXeT MpoucXoauTb M 6e3  yuyacTus MUKPOOPraHW3MoB, TO abuoTmyeckas
HUTPUMKALYMS B COBPEMEHHBIX OKUC/TUTENbHBIX YCO0BUAX Ha 3eM/le HEBO3MOXKHA.

B cBfi3biBaHMM aTMOC(EpHOro asoTa 6OMbLUYIO [OMH0  COCTaBASET €ero
MPOMbILLEHHAs (PUKCaLWs B NMpoLecce NpOM3BOACTBA aMMUaKa, a30THOW KUCIOTbI U
a30THbIX yA06peHnii. Ha 3Tu npouecchbl pacxogyeTcs npuMepHo 100 MAH TOHH a3oTa
B rOf.

BaHON 3agaueli ABNSETCA MO3HAHME 3KOMOMMYECKUX acnekToB [eiicTeuns
OfHMX M3 Hanbonee onacHbIX M MaCLUTaBHbIX 3arpsisHUTENER OKpyXKatoLLleli cpefpl
— okengoB azota NO*(NO, NO2). B pesynbTate X03AACTBEHHONM [eATeNbHOCTU
uenoBeka B HacTosilLee Bpemsi obpasyeTcs okofio 60 MAH T/roj OKCMAOB asoTa.
OCHOBHbIM UCTOYHMKOM OKCMOB a30Ta B MPOMBILLJIEHHO Pa3BUTbIX CTpaHax
ABMAKOTCA 3HEPreTMKa M TpaHCnopT, fawowye okono 90% BbIGPOCOB; Ha AOMHO
XMMUYECKOI NPOMBILLIEHHOCTY NPUXOAUTCS MeHee 5%.

Okcnpbl a3oTa 061afat0T BbIPKEHHBIM 0OLLETOKCUYHBIM U Pa3gpaXKaroLLiM
neincteuem. [Mpu KOHTaKTe AMOKCMAA a30Ta C B/IAXKHOW MOBEPXHOCTHHO JIETKUX
npoucxoanT 06pa3oBaHe a30THOWM U a30TWUCTOM KMCNOT, KOTOpble MOpaxatoT
aNbBeO/IbHY0 TKaHb, YTO NPUBOAMT K OTeKy férkux. C [Apyroid CTOpPOHbI, B
opraHu3Me MOXeT MPOMCXOAuTb 06pa3oBaHue Conel 3TUX KUCIOT — HWUTPATOB U
HUTPWUTOB, KOTOPbIE BbI3bIBAIOT 3HAUMTE/IbHbIE M3MEHEHUS B KPOBM U BAWSIOT Ha
CepAeyuHo-CcocyaucTyio crcTeMy. Kpome TOro, HATpaThl, NOCTyNatoLLye B OPraH13M B
MOBBILLEHHBIX [03aX, CMOCO6HbI MOBLILATL YAaCTOTY WH(EKLMOHHbIX 3a60/1eBaHNA,
60one3Hein KOXU 1 NMOAKOXHOW KNeTYaTKu, IOp-0praHoB, 0CnabsitoT UMMYHUTET.

Mpu ©XMraHn NPUPOAHOTO TOM/IMBA OKCUABI a30Ta MOTYT 06Pa30BbIBaTLCA Kak
3a CYeT BbICOKOTEMIEPATYPHOrO OKUC/IEHNS a30Ta BO3AyXa MO pajuKaibHO-LENHOMY
MeXaHuW3My, TaK W B pe3y/lbTaTe B3aUMOLENCTBMA pPafMKaibHbIX —4acTull,
06pasytoLLmMxcs npu Nuponse (NMMPoNN3 — pasnoXKeHe OpPraHUYecKMX CoeauHEHUI
Mpu BbICOKOIA TeMMepaType) C a30TOM BO3ayXa:

n2+hc-->hcn+n-
N-+ OH— <+NO

As30TcOofepXalliMe COefMHeHWs, BXOAslMe B COCTaB ToM/vBa (COeAMHEHUS
OCHOBHOrO XapakTepa — MpPOU3BOAHbIE NUPUAMHA, XUHOMHA, aKpUAMHA, a Takke
pasnnyHble ammufbl, HUTPUIbI, MPOVU3BOAHbLIE NUPPOA, UHAONA, Kapbasona n Apyrue),
TaKXKe ABNAIOTCA UCTOUHMKaMM 06pa30BaHUst OKCWAOB a30Ta Mpu ero CXMraHuu.
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O6pa3oBaHMe NMPOUCXOAUT Yepe3 paf, NPOMEXYTOUHbIX COeAMHEHUA. OQHUM U3
MPOMEXYTOUHbIX MNPOLYKTOB OKWUC/IEHUs a30Ta BO3AyXa W a30TCOAepXalmx
COEAVHEHNA TOMMMBA SIBASETCA Takoe upes3BblyaiiHO $A0BMTOE BELLECTBO, Kak
umaHucThili Bogopod — HCN. O6pasoBaHne HCN OTMeYeHO npu NMponu3e
MUPUAVMHA U NPU OKUCMIEHUN Pa3/IMYHbIX a30TCOAEPXKALLMX COEAVMHEHWI B CMECsX C
TOM/IMBOM MpW HeJOCTaTKe KUcnopoda. HesasncuMo OT Npypofbl a30TCofepiKalliei
pobaskn (NO, NH3 CH3CN wauM nupuanH) CBA3aHHbIA a30T MOYTU MOMHOCTHIO
nepexogut B HCN B peakLMOHHON 30He nniameHu. o mMepe yaaneHnus oT 3TOI 30HbI
KonnyecTBO HCN yMeHbLUaeTcs 3a CYeT npespalleHns B N2 1 NOx. B npogyktax
CropaHusi a3oTcofepyKalllero Tonamea npu HegocTaTKe Kucnopoda, Hapsgy ¢ HCN,
N2 1 NOX, MOXXHO 06HApY>XUTb Takke M aMMmak. OnmncaHHble NpeBpaLleHns MoryT
6bITb NPeACTaBNEHbI CNEAYHOLLEN CXEMOIA:

TonnueHblh a30T —-HCN —NHs—=*NOx

|
N2

OKcuabl a30Ta OKasblBaloT 60/bLLOE BAMSIHUE Ha FN06aNIbHYH0 3KON0TMYECKYIO
CUTYyaLMIO Ha NfaHeTe, a, CNefoBaTeNbHO, U Ha KAMMaT. Hapsgy ¢ AMOKCUAOM cepbl
OHW CMOCO6CTBYIOT 06Pa30BaHNI0 KUCMOTHLIX AOXAeW, HAHOCALLMX OFPOMHbIA Bpes,
XuBo npupoge. Kpome Toro, Kak 6bi10 MOKa3aHO Bbille, OKCWAbI a3oTa MOryT
KaTasm3mMpoBaTb paspyLLeHne 030HOBOr O C/Ios.

M3 [pyrMx OKCWAOB a30Ta, OKasblBAlOLWMX CYLLEeCTBEHHOE BAUSHME Ha
rnobanbHy0 3KOMOrMYeCKyr CUTyaumio, cnefyet Bbiaenutb okeug asota (1) N20.
370 coeiMHEHMe OTHOCMTCA K rasam, YCWIMBAKOLLMM MapHUKOBbIA athidekT. Okeug
asoTa (1) oTnnyaeTcs Ype3BblYaliHOW YCTOMUMBOCTLIO U COXPAHSETCS B aTMocepe A0
170 neT. Ero aHTponoreHHble BbIGPOCHI COCTABAAOT 40 25 MAH T/rog, npuyem 3to
MPOMCXOAUT B OCHOBHOM 3a CYET CBEAEHWS /1ecoB, OXUraHWs 6uomacchl K
pasfoXXeHUs a30THbIX YA06PEHWIA.

Ecnun aHTponoreHHble BbIGPOCHI a30Ta B aTMOCHepy NPOUCXOAAT B OCHOBHOM B
MMoe OKCMAOB, a TakXke aMMuaka, 06paTHOe NOCTYMneHWe a3oTa Ha MOBEPXHOCTb
3eMnn ocyLecTBnseTcs B Buae HuTpaTHoro (NO3) 1 ammoHuiiHoro (NH4+) asoTa.

3arpsi3HeHvie MoYB M MOBEPXHOCTHLIX BOJ COEAMHEHUSMW a30Ta CBA3aHO He
t0/IbKO C UX FN06aNbHbIMM BbINaaeHUsMM 13 aTMOCHEPbI, HO 1 B 3HAYUTENbHON Mepe
€ 6ECKOHTPO/IbHLIM U HENpOoLyMaHHbIM WCMOo/b30BaHUEM a30THbIX yAo6peHuin (B
OCHOBHOM HWTPATOB) B CENbCKOM XO3AKCTBE. MOCKONbKY HWUTPAT- aHWOH OYeHb
MOABVKEH B CTECTBEHHBIX YCNOBUSAX (HUTPaThbI, B OT/IMYME OT Cy/b(haTos, (octaTos
M Apyrux coneii XopoLLo pacTBOPUMbI U He CBA3LIBAKOTCA YacTMLaMmy MOYBbI), OH
CTa/l OCHOBHbIM 3a-TPA3HWUTENEM [PYHTOBbIX BOL W ero KOHLEHTpauus 4acto
MpeBbILLAET HOPMbI, YCTAHOB/IEHHblE BCceMUpHO/ opraHun3aumeil 34paBoOXpaHeHNs.
l"aK, 6b1110 yCcTaHOBMEHO, YTO B EBpone oT 5 o 10% rpyHTOBbIX BOA UMEKOT YPOBEHb
HUTPaTOB Bbille, Yem gonyctMo (45 Mr/n). HWTpaTbl XOpOLIO YCBamBatoTCs
6O/bLLUMHCTBOM pacTeHWid, B TOM 4WCNE MHOTMMMW OBOLUHLIMW  Ky/bTypamu
(kapTodhenem, orypuamu, KanycToi, kabaukamu u gp.), UCNOMb3yEMbIMU YETIOBEKOM
M nuwly. Mo3ToMy OAWMH U3 OCHOBHbIX BOMPOCOB, TPeOYHOLLMIA Ge30TNarateNlbHOro
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PelleHNsl B BWAY €ro BaXHOCTW [/11 3[00POBbS /OAel, — 9TO perynmpyemoe
MCMOMb30BaHME a30THBIX YA06PEHNIA.

2.3.3. Yrnepop. Luknyrnepoga

N3 Hambonee LUMPOKO pacrnpoCTpaHeHHbIX COeAVHEHWIA Yrnepoa MOXHO
BblaenmTb okeug yrnepoga (IV) COr (yrnekucnblii ra3 wuam AUOKCUA yrnepoga),
YrneBofbl, YrneBogopoabl, kapboHatbl. KoHueHTpaums COr B atmocgepe B
HacToslllee Bpems coctasnseT 354 MnH'l uyto cooTBeTcTBYeT macce 750 I'T B
nepecyeTe Ha yrnepod. B 3eMHOM Kope yrnepoj HaxoAuTCs Takxke B COCTaBe
KaMeHHOr 0 Yrns, He(hTw, B BUZE rpauTa n pexxe anvasa.

B npupoge coBepLuaeTcs rpaHAMO3HbIA KpPYroBOPOT Yrepona, CBA3aHHbIA ¢
YM3HBIO PaCTUTENbHbLIX U XXUBOTHBLIX OPraHW3MOB U XO3AACTBEHHOW AesTeNbHOCTLI0
yenoseka (puc.2.3). Yucna Ha pUCcyHKe YKasblBalOT B MUAMAPAAX TOHH NPUXOA UK
yxof yrnepoga (8 hopMe AMOKcmKaa yriepoja) 3a rod Uy ero 3anac B pesepeyape. B
3TUX eCTECTBEHHbIX LMKNAX, OAMH 13 KOTOPbIX «3aMbIKAeTCA» Ha CyLly, a Apyron —
Ha OKeaH, U3 aTMOCHepbl YAanseTcs POBHO CTONLKO AMOKCWAA YINepoaa, CKOMbKO B
Hee noctynaeT. OH 06pasyeTca MpW AbIXaHWU PACTEHWIA, XMBOTHBLIX M YeOoBeKa, B
pesynbTaTe paspylleHns KapboHATHbIX MUHEpanoB M MPOLECCOB  PasfioKeHWs
OpraHMYecKMX OCTaTKOB, BbIOPACchIBAeTCA B aTMOC(epy MpU U3BEPXKEHUUN BY/IKAHOB,
13 ropsuYMX MUHEPa/IbHbIX UCTOYHUKOB U T.4.

KonoccanbHblii BKNag B NpoLecc 06pasoBaHMs AMOKCMAA Yriepoga BHOCWT
XO03AACTBEHHAA [esTeNbHOCTb YeNoBEKa, KOTOpas BbIPAXKAeTCs TMpexae BCEro B
CXKMUFaHUM OFPOMHOTO KOSIMYECTBa PasHOO06PAasHOMo Yr/iepoACcoAepKallero Tonamea
M YHWUUYTOXEHUM JIeCOB B TPOMMUYECKUX 30HAaX. ITO MPUBOAWUT K TOMY, YTO
COZiepyKaHu1e yrnepoa B aTMOCHepe eXerofHo NoBbILLAETCS Ha 3 M/pA, T.

30



2.3.4. Cepa. KpyrosopoT cepbl

[naBHbIMW pe3epByapamu Cepbl Ha Halleli nnaHeTe ABNAIOTCA 3eMHas Kopa
(18.8 108'T) ¥ nokpbiBatoWwMe ee ocagodHble nopoda (51047T). Bbicokas
pacTBOpPUMOCTb U, Kak CNeAcTBue, 60/bLUOIA BKNaL BOLHOW MUrpauum cynbhatos B
rnoGanbHy0 LMPKYNALMIO cepbl 00YCNO0BNMBAKOT ee HaKOM/JeHWe B OKeaHocgepe
(1.3-1068°T1). B nouBax 3anac cepbl OLEHMBAETCA MpuUMepHO B 260 I'T. B >XmBbIX
opraHm3max akkyMynnposaHo okoso 0.76 I'T cepbl. B aTmoctdepe coaepyaHue aToro
3NeMeHTa HeBeMKO - 0kosio 0.00431T.

PacnipeseneHve Macc cepbl B reorpaduueckoli 060104ke, NpeacTaBieHHoe Ha
puc. 2.4, no3BoMseT cudTaTb, 4YTO MOCTYMNSEHUWe ee BO BHELUHWe reocdepsbl
MPOUCX0AMNO FNaBHbIM 06pa3oM B pe3y/bTaTe [erasalny BepxXHeil MaHTUK, a He npu
BbIBETPVBAHUM TOPHBLIX MOPOA. W3 3TOl CXeMbl BUAHO Takke, UYTO Cepa aKTUBHO
BOB/IEKAETCA He TO/IbKO B BOAHYKO MUIPALMIO, HO U B aTMOCHEPHBIN MepeHoc.

OKCAHbI CYLWA
l'vc. 2.4. PacnpegeneHue no pesepsyapam (MT) 1 MUrpaLmoHHble noToku (MT/rog)
cepbl B reorpadmyeckoii 060104ke 3eman

KpyroBopoT cepbl B 6U0ctepe CBA3aH C XM3HEHHbIMW LIMKIaMU XXUBOTHBIX U
pacTeHWn, XUMWUYECKMMU MpoLeccaMu, 3HAOTEHHO-TMMepreHHbIMU  npoLeccaMu
IByNKaHMYecKas [eATeNbHOCTb, BbIBETPMBAHME U T.4.). VI3MeHeHue BaneHTHOro
i OCTOSIHUSA aTOMOB Cepbl, Y4aCTBYIOLMX B rN106a/1bHOM 6MOre0XUMUYECKOM LKIIE,
MpeAcTaBneHo Ha puc. 2.5.

B HacTosllee BpeMsi XO3AMACTBEHHas [AeATENIbHOCTb  YEeNIOBEKA BHOCUT
CYLLECTBEHHbIE U3MEHEHWS1 B €CTECTBEHHbIA KpYroBOpPOT Cepbl B MPUpOZE.
M4cTOUHO-eBPONENCKNIA METEOPOIOrMYECKUIA LIEHTP NPOBOAMT PEry/sipHble pacyeThl
BbIMAfEHNIA COeAMHEHWNIA cepbl (OUOKCcKMA cepbl WU cynbaTtel) B EBpore M Ha
npuneratoLie K EBpone Tepputopmm 1 Mops.



BonbLUYO 3KOMOMMYECKYH0 OMacHOCTb C YYeTOM MacluTabHOCTV [eicTBumA
npeAcTaBnseT AMoKcug cepbl —SO2, aHTPOMOreHHble CyMMapHble BblGPOCHI
KOTOPOro B MMpe COCTaBAAOT 0KoNo 150 MAH T/r.

Hanbonbluee konmuectBo — A0 70% — Bbl6pachiBalOT C AbIMOBbIMW rasamu
TOMMMBHO-3HEPreTUYECKMe YCTaHOBKW, nepepabatbiBalowie yram W MasyTbl C
60NbLUMM  COAePXXaHMEM Cepbl, a Takke MpeanpusaTMA LBETHOR U YepHoW
meTannyprum (15%) npy nepepaboTke CybPUAHBIX Py, Hanpumep:

Cu/l1 +202 —=2Cn0 +S02
4FeS2+UQ2 ->2Fe203 + 8502

Hapagy ¢ MaccoBbIMY 3arpasHsOLLMMI BblIBpocamMn Mefennasu/ibHbIX 3aBOL0B,
MpY MPOW3BOACTBE CEPHOWM KWUCMOTbI, MPWU TPaBMEHUU METINOB, HA JNTEHHbIX
MpPoOW3BOACTBAX, BpeAHOe BAUAHMEe SO2 CKasblBAeTCA Ha HedTeneperoHHbIX,
KOXEBEHHbIX, CynepdoctaTHbIX 1 Ap. 3aBojax, npu fobblye HehTW, B Ky3HULAX U
KOTEfbHbIX.

MpocTpaHCTBEHHOE — pacnpefeneHve  KOHLUEHTpauuu AMoKcuaa cepbl B
aTMoctepe HeOZHOPOLHO. B TeueHue roja—b6o0nee BbICOKME KOHLEHTpaLMu
HabnogalnTca BOMM3M  KPYMHBLIX MPOMbILLIEHHBIX LEHTPOB B 3MMHME MeCALb
(MakcumanbHas — Harpyska —MpeanpusTuiA - aHepreTuku). B 3T0T  nepuog
CpefiHEMECAYHbIE KOHLIEHTpaUMn AMoKcuaa cepbl B 3—06 pa3 NpeBbILaloT NeTHWe

3HaYeHNs 1 CocTaBNSAOT 8— 16 MKr/M3.

CreneHb
OKMCNEHMA

0-

14—

+6u

Puc.2.5. Xumuueckue coeIMHeHYs, y4acTBYIOLLME B LIMK/E Cepbl
MO-—npouecchl, OcyLecTBASEMbIE MUKPOOPraHu3mMmamy,
OM C- gumeTunncynbtpug CH3SCH3

BosgelicTBMe [MOKCMAA CePbl Ha OKPYXaloWylo cpedy MposBNSeTca B
YBENNYEHUN 3a60neBaeMocTu nojei, CHWKEHUU NPOAYKTUBHOCTK
CE/IbCKOXO3ANCTBEHHbIX  YrOAUA, YCKOPEHWM KOPPO3WUM  METa/ISIOKOHCTPYKLWA,
paspyLLEHNN apPXMTEKTYPHbBIX COOPYXXEHWI 1 NAaMSATHUKOB Ky/bTypbl. [0 HEKOTOPbIM
[laHHbIM Of]HA TOHHA BbIOPACbIBAEMOI Cepbl MOXET NMPUUMHUTL YLIEPO B pasmepe
2000 ponnapos.
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MABA 3. TMAPOC®HEPA U EIMO CTPOEHUE,
COCTAB XMMNYECKWX BELWECTB

3.1. CsoiicTBa Bogbl. CocTaB rmapocdepsbl

Boja — eMHCTBEHHOE XUMUWYECKOE COefVHeHWe, KOTOpoe CyLLecTByeT B
NpUpOZE B BUAE Y XXMAKOCTW, Y TBEPAOrO BeLLecTBa (nes), v rasa (napbl Bogbl). Becem
XOPOLLO M3BECTHO, YTO BOAA NPY HOPMasbHBIX YC0BUSX —OECLIBETHAS Npo3payHas
Xugkoctb 6e3 3amaxa. OHa 06/1afjaeT LUenbiM PsAaoM YAUBUTENbHBIX (N3MKO-
XUMUYECKUX CBOMCTB: BbICOKMM MOBEPXHOCTHBLIM HATSHXKEHWEM (C 3TUM CBOWCTBOM
CBS3aHO 3HAuYMTeNbHOE KanwuiisipHoe MOAHATVE BOAbl, YTO CMOCOBCTBYET MUTAHUIO
pacTeHWA MO KOPHEBbIM CUCTEMaM); BbICOKMMW TeMmepaTypamy KWmMeHus u
3aMep3aHust; yAesbHble 3HTabMUM (TEMN0COAEPXKaHME) MaBMEHNS U MCNapeHns
Bbille, YeM Y GO/MbLUMHCTBA BELLECTB; MNIOTHOCTb BOAbI B XMAKOW (hase 6GonbLue
MAOTHOCTU Nbfa, MO3TOMY flef MAaBaeT Ha MOBEPXHOCTW BOAbl, W BOAOEMbI He
3aMep3atoT 0 AHa. Bofly MOXHO paccmaTpuBaTh C XMMUYECKOW TOUKU 3pEHUs Kak
OKCUZ BOAOPOAA WAM  rMApua  Kucnopoga. Bopga sBnsetcs  npeKpacHbIM
pacTBopuTENeM A1 MHOTUX BellecTB. bBnarogaps BbICOKOW —pacTBOpSOLLEN
CMOCOBHOCTY BOAbI B Heli COePXKaTcsl NMPaKTUYECKM BCE XUMUUECKME 3MIEMEHTBI, U3
KOTOpbIX Haubosnee BaKHbI A XUBbIX OpraHu3MoB. [ouTu Bce GUOXMMUYECKME
mpouecchl, 06ecneuMBalOLLIME KM3HEEATENbHOCTb  OPraHM3MOB, CBOAATCA K
peakLmsmM B BOAHbIX pacTBOpax.

MwupoBoii okeaH. CaMbiM 60/bLIMM 3BEHOM ruapocepsl ABnseTcs Muposoii
OKeaH — 3TO COBOKYMHOCTb BCEX OKeaHOB, MOpeW, 3a/MBOB, NMposvBoB. MupoBoii
OKeaH 3aHMMaeT 6onee 70% nosepxHocTU 3eman. OH KOPMUT NIOAENR, faeT um
>NeKTPO3HEPI1I0, B €r0 BOJAX PacTBOPEHO MHOMO LEHHbLIX XMMUYECKUX 31eMEHTOB.
11nyka, M3yyaroLLas OKeaHbl, Ha3bIBAETCA - OKeaHONorus.

OkeaH — 370 60nbLION 06BbEM COMeHOM BoAbl. Bcero Ha 3emHoOM Lwape 4
OKeaHa: CaMblil KpPyMHbIA WM TNy6OKMA — 370 TUXWIA OKeaH, 3aTem WAeT
Jl naHTnYecKunii okeaH, VIHAWIACKWIA 1 CeBepHbIli JTeJOBUTbIN OKeaH.

Mope — 3T0 YacTb OKeaHa, 60/iee MM MeHee 060C06IEHHAs M OT/IYAOLLAsCS
0COGEHHOCTAMM TeMMepaTypbl, CONEHOCTH, XapakTepoM MPWIMBOB U OTIMBOB. [0
MPOVNCXOXAEHWIO MOPS IENATCA Ha TEKTOHUYECKME, 1 06pa30BaBLLUMECS B pe3y/ibTaTe
"nyckaHusi cywm (noyT Bce MNpubpexHble Mops). Mo MEecTOMONOXEHWUIO MOpS
ObIHaKOT: OKpaviHHbIMU (CeBepHoe, BapeHLeBO), Cpean3eMHbIMU
FRnonaralowmmes Mexay — Matepukamum  (CpegusemHoe,  Kapumbekoe),
ioiv [PMMAaTEPUKOBbIE  HAaXOAsALLMECS BHYTpU MaTepukoB (BanTuiickoe, bBenoe,
UepHOB), MEXOCTPOBHbIE ~ PAacMofiOXKEHHble  MeXgy OCTpoBaMM U MOps,
psxnonararoLLmecs B LIEHTPe OKeaHOB.

MponuBbI - Y3KME YacTW OKeaHa, pas3fenstoLye MaTepuKn UM ocTpoBa 6o

coeuHsitoLLme. Hanpumep, BepuHros nponme coefuHseT CeBepHblid SlefoBUTbINA
0 I nxuin oKeaHsl.

Peka - MOXeT HauumHaTbCA C He6GOMbLUOrO POAHMKA, @ MOXET LUMPOKUM

...."KOM M3nMBaTbCs U3 03epa. XKM3Hb pekaMm, HauMHaloLWMMCS B ropax, AatoT Table
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BOAbl NEAHWMKOB, C LUYMOM MpoKnafpisatolme cebe MyTb cpean  KaMeHHbIX
OTIOXEHWi. Ha paBHMHEe B Hayane NyTW pPeK HepefKo Haxoautcs 6GonoTo.
OTaenbHble CTPYW BOAa, CNMBasCh, 06pasyloT pyubMi, KOTOpble B CBOHO Ouvepefpb
COEAVHAIOTCA B PeKW. Peka NMpUHMMAET NPUTOKM, MOCTENEHHO YBE/IMUMBAETCS BHU3
no TedeHuto. Tnowadb Cywu, C KOTOPO/ BOAa CTEKAeT B peKy, Takxe
yBeNMuMBaeTcs. 3Ta MMoWadb Ha3biBaeTcs BOAOCGOPHbIM GacceiiHoM. ManeHbKuiA
pydeii nonyyaeT NWUTaHME C NOLWAAW, PEAKO MPeBbILLAOLIE/ HECKOMbKO ThicaY
KBaZpaTHbIX KWIOMETPOB. GOMbLUME PEKW CTEeKaloT B OKeaHbl, MOps, 03epa Wu
TepsloTcs B 6€3BOAHbLIX MYCThIHAX. BOMbLUME PeKy CO BCEMU BMafatolyiMU B HUX
peKkamu - MpUTOKaMK GOMbLUMMU W ManbiMK - 06pa3yloT peuHyto ceTb. ycToTa
PEYHO CeTM 3aBMCWUT OT MPUPOAHLIX YCNOBWIA. MWTaHWE peK OCYLECTB/SETCS
HECKOMbKUMM  crocoGamu. [MepBblii  croco6 - [AOXAEBOE MNWTaHWe, 3a CueT
aTMOC(hepHbIX 0CafKoB. BTOpoii cnocob cBsizaH C TasHMEM CHera W HasblBaeTcs -
CHEroBbIM MWUTaHMEM. YacTb BOfbl, HaXOAALECS BHYTPU 3EMHON KOpbl, Takke
MUTAIOT PeKn, U Takoli Cnocob HasbIBaeTCs - MOA3EMHbIM. BO3HMKLIME B [JaBHWE
BpeMeHa U3 aTMOC(EPHbIX OCAAKOB - BbIMABLUEFO—EHEra, NeAHUKMA W CHEXHUKM
COXPaHsIIOT BNary M OTAAOT ee BO BPeMs TastHWS (NeAHWKOBOE MTaHue). Peka peaKo
MoNMyyaeT MWTaHWE TONMbLKO OT OAHOrO MCTOYHMKA, TaKoe MUTaHWe HasbIBaeTCs
CMeLLaHHbIM.

Osepa cpefy MOBEPXHOCTHLIX BOZA CYLUM 3aHMMatoT 0co6oe MecTo. OHM
OT/IMYAIOTCA 3aMef/IeHHbIM BOAOOGMEHOM, CBOEO6PA3HbIM TEPMMUYECKUM PEXMMOM,
XUMUYECKMM COCTaBOM, 3HAUMUTENbHBIMA U3MEHEeHUAMI YpoBHS. O3epa o6pasytoTcs
B 3aMKHYTbIX MOHWXEHUSAX Ha CyLle, KOTOpble BO3HWKAIOT B Pe3yNbTaTe NPOSBIEHMS
3H/IOFEHHbIX MPOLIECCOB, MPOTEKAIOWMX BHYTPU 3eMAM U BHELIHUX SK30TEHHbIX
npoueccoB. Mo crocoby 06pasoBaHKst BblAENsOT CBble 70 TUMOB 03ePHbIX
KOTNOBMH. CTpOeHMe 03epHbIX KOTNOBWH, (DOPMa, Be/MUMHA, TNy6uHa U faxe
HEKOTOpPble CBOWCTBA 03ePHbIX BOA BO MHOTOM 3aBUCAT OT MPOMCXOXAEHWs. Yatle
BCEro Ha 3em/e BCTPEYaloTCs 03epa TEKTOHWUYECKOTO MPOUCXOXKAEHMS, NeAHUKOBO-
aKKyMYNSTUBHOMO,  3PO3VWOHHO-aKKYMY/ISITUBHOTO,  MEP3M0THOFO,  KapCTOBOrO,
30/10BOT0 MPOUCXOXKAEHUS. 3HAUYMTENBHO PeXe MOXKHO BCTPETUTH BY/KAHUUECKUE
03epa 1 COBCEM PEfKO - 03epa METEOPUTHbIE.

MogzemMHble Bogbl - K AaHHOMY TUMy ruapoctepbl OTHOCATCS POAHMKMA,
WCTOYHWKMW, KoUMW, TPYHTOBbIE BOfbI, BOAbI, 3a5eraioliye B BEPXHUX U HUDKHUX
cnosix nuTtocdepbl. M0 npeaBapuTeNbHBIM MOACHETaM UX MPUMEPHO B TpU pasa
MeHbLLEe, YeM BoJ, MM1POBOro OKeaHa. HaxoxaeHue Bof, MO 3eM/eit TakKe CBA3aHO ¢
XapaKTepoM BOJOBMELLAIOWMX Mopofd. «Iof3eMHble BOAbI WMEHT  pas/InyHoe
MPOVCXOXAEHNE 1 NOAPA3AenoTCs Ha:

-l0BEHU/bHbIE, 06pa3oBaBluMecs (Mo runoTese M.B. JlomoHOCOBa) Mpw
MarmareHHbIX NMpoLeccax;

-MH(UbTPALMOHHbIE,  CHOPMMPOBABLUMECS 33  CYeT  MPOCAYMBAHUS
aTMOC(epHbIX OCafiIKkoB CKBO3b TO/ILLY MPOHMLUAEMbIX TMOYB W T[PYHTOB W
CKOMMBLUMECS Ha BOAOHEMPOHMLAEMbIX C/OSIX;

-KOH[EHCALMOHHbIE, HAKOM/EHHblE B TOPHbIX MOPOAax Npu nepexone
BOASHOTO Napa B rPYHTOBOV aTMOCHepe B XKMAKOE COCTOSHYE;
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WBO/bl, NOrpe6eHHble 0cajkaMmn B NOBEPXHOCTHbLIX BojoeMax.» [8]

Puc.3.1. MNMopgzemMHble BOAbL.

Bonota - 4rto6bl 06pasoBanoch 6OMOTO  HEO6XOAMMO CKOMMEHWe Ha
MOBEPXHOCTY 3eMAM 6OMbLIOT0 KOAMYeCcTBA CTOAYeil BOAbl. Yalle BCEro atomy
CMoco6CTBYET BNXHBIV KIMMAT, a TakKe Herny6boKo 3aneratoLye rpyHToBble BOAbI.
lMonoTa HepeaKO BO3HUKAKOT Ha MeCTe 3apocLumnx o3ep. Takke 60/10Ta pa3BuBaloOTCs B
paioHax BeYHOW Mep3noTbl. BonoTa pasnuyaroTcs Mno npeobnafatoLleil Ha HUX
pacTUTENbHOCTW, MO  penbedy, MO0 MECTONOMIOKEHUO.  HU3MHHbIE  60M0Ta
pacnonaratoTcs B NOHWKEHUAX penbedia - peyHbIX 4ONMHax, no 6eperam o3ep. K H/m
BAn3ko NoaxoasT rpyHTOBbIE BOAbI, MUTAOLLIME PACTEHUS HEOOXOAUMbLIMU CONAMM,
MO3TOMY PacTUTENbHbIA MOKPOB TakuxX 60MOT MpeAcTaBfeH pasHoobpasHol
pacTUTeNbHOCTLIO. B BEpX0BbIX 60M10Tax PacTUTENBLHOCTL OTAeNeHa OT MOoYBbI C/I0EM
ropa ¥ Nony4vaeT NUTaHWe SMWb C aTMOCKEPHbIMM OCafKaMu, KOTOpble KpaiHe
6esHbl conAmM, HeobXOAMMbIMU pacTeHusAM. HW3UHHbIe 60N10Ta OYeHb MefNEHHO
HakannmearoT TopsHO cnoii (B cpegHeM 1 MM B rof) v MOCTEMEHHO NPeBpPaLLaroTCs
B BepXOBble 60/10Ta.

3.2. [noGanbHblii KPYroBopoT BoAbl B reorpagyeckoii 060/10uKe

OfyH U3 BaXKHELIMX NpOLIECCOB B reorpadmyeckoli 060/104Ke — KpyroBopoT
BOAbl. [BVDKEHWS| BOfbl B Pas3MuHbIX (HOPMax COMPOBOXAAKOTCS paspyLLUeHMeM
HEPOBHOCTE 3eMHOM MOBEPXHOCTW, MEPEHOCOM GOMBLIOFO KONMYECTBa TErn/oBoi
BHIPMAM M MUHEPabHBIX BELLECTB. MocTyn/eHne BoAbl C OKeaHoB Ha MOBEPXHOCTb
| ym obecneunBaeT CHOXKMBLLUMECS 3[€Cb  (DM3MKO-reorpagieckue  YCnoBus:
WLLICCTBOBaHME PeK, POCT W PasBUTME PACTEHWIA 1 XKMBOTHBIX, (DOPMMPOBaHME MOYB,
B KOHEYHOM CYEeTe CYLLECTBOBaHWE W HOpMasbHOE Pa3BUTME  MPUPOAHbIX
M>MEKCoB. MMapoctdepa, Kak yXKe roBOpKUIoCh, BO3HUKIA 611arofaps BblaeneHnio
B/ MI M3 MaHTUM MPW FpaBUTALMOHHON AudhepeHLMaLMK BellecTsa 3eMn. SToT
npouecc npogomkaeTcs. CunTaloT, YTO Macca BOAbl Ha 3eMHOW MOBEPXHOCTM
110 MMUMBACTCA Ha MPOTSXKEHUM TEONOMMUECKO MCTOPUM, HECMOTPS Ha HEKOTopble



notepu. YacTb BOAbl (COOTBETCTBYIOLLAA MPUMEPHO CTO COPOKAaMETPOBOMY C/IOH)
BOAbl B OKeaHe) Oblia U3bsATa B MPOLLECCe CO3[4aHMS OpPraHNYecKoro BellecTBa U
3aXOPOHeHNs ero B Hedpax. [pyras yacTb BOAbl MOTEPSHA B NpoOLEcce Auccunauum
COCTaB/IAIOLLMX ee 3/IEMEHTOB, B MePBYIO OYepelb BOAopoaa, B Kocmoc. Ha BbicoTe
70— 100 km HabntogaeTcsa guccoumaums mMonekyn sogbl Ha H+un OH". Bogopog Kak
Hanbonee nerkuii ras 3atem ynetyymsaetcs B Kocmoc. KonuuecTBeHHble OLEHKU
3TOr0 npouecca, NPov3BefeHHbIE PasHbIMU YYEHbIMUW, PasNNyaloTCA Ha HECKOJbKO
MOpPSIAKOB, MO3TOMY OLIEHKAa po/n 3TOro npoLecca B njaaHeTapHOM BOAHOM GanaHce
MoKa 3aTpyfHuTenbHa. B reorpauyeckoil  060/04Ke  MepeMeLleHne  BOAbl
COBepLUaeTCs B pasnuuHbIX hopmax. Bce BOJOeMbI CBA3aHbI MeXay CO60W. B Hux
MPOUCXOAMT NOCTeneHHas CMeHa Bodbl. CKOpoCTb BOJOOOMEHa HeoAuHakoBa. OHa
3aBMCUT OT MHOXECTBA MPUYMH, CPEAN KOTOPbIX BaXHYKO PO/b WrpaeT arperaTtHoe
COCTOsIHME BOJbI U XapaKTep BOAOBMELLAIOLLEN cpesb!.

Han6onee 6bicTpo 06MeH BOAbl NMPOUCXOLUT B OPraHU3Max — 3a HECKOJbKO
yacoB. CMeHa Bnaru B aTMocepe M pycnax PeK OCYLUECTB/ISETCA 33 HECKO/bKO
[Hei. ns cMeHbl BOfbl, HaXOoAsLLelica B 03epax M 6010Tax, TpebyeTcs HeCKONbKO
NneT. B ocTasibHbIX BOAHbLIX CUCTEMAx 3TOT MPOLECC A/MTCA COTHW U ThICAYN JIET.
MpaBaa, B OKeaHax 3a CYET BHYTPEHHEro BOA00OMeHa (OKeaHWYEeCKMX TeyeHWin)
MoNHas CMeHa BOL MNPOWUCXOAWT ropasgo 6bicTpee — 3a 63 roga. OcobeHHOo
Me[/IEHHO MPOLLECC CMEeHbl BOAbI MPOTEKAET B JIEAHUKAX W MOA3EMHbIX NbaX 30HbI
MHOrONeTHell Mep3n10Thbl. B KpyroBopoTe BOAbl MOXHO BbIAeNUTb TPU OCHOBHbIX
3BEHa: MaTepuKOBOe, OKEaHNYECKoe M aTMOCHEpHOE.

MaTeprKoBoe 3BEHO KpyrosopoTa BOAbl. CNOXHYHO Lenb Mepexogos
npeTepneBaeT Boda Ha cylue. NMonagas Ha NOBEPXHOCTb CYLUW B BUAE aTMOCHEPHbIX
0CafKOB, BOAA YaCTUYHO NPOCAYMBAETCA B MOYBOrPYHTHI, YAaCTUYHO CTEKaeT Mo
MOBEPXHOCTW, (POPMUPYET MOBEPXHOCTHBIA WM PEYHO CTOK, a 3aTeM B/IMBAeTCH B
03epa, Mops 1 okeaHbl (puc. 1119). MpocoumBLIasAcA B NOYBOrPYHTbI BOAA YaCTUHHO
NOAHWUMAETCA MO KOPHEBOW CUCTEME U CTeBMAM pacTeHUi, a Takke Mo NOYBEHHbIM
KanunnspaM K MoBepxXHOCTU 1 ucnapsetcs. icnapeHue Bofbl Yepe3 MCTbs pacTeHUi
Ha3blBaeTCA TpaHcnupauuvein. [pyras uacTb MpOCOYMBLUENCS B TPYHT Bnaru
nepemMeLLaeTcs B BUAE BHYTPUMNOYBEHHOIO CTOKA M NOA3eMHbIX BOZ, 6osee r1y6oKmx
ropu3oHToB. OHa BbIXOAWUT HA 3eMHYIO MOBEPXHOCTb Ha CKMOHax (UCTOYHWKM), B
pycnax peKk WM Ha AHe 03ep M Mopeid. lMepemelleHve Bnary B MOYBOrPYHTax
COBEPLUAETCS ropassfo MefseHHee, YeM B aTMOC(epe UK Npu NOBEPXHOCTHOM CTOKE,
Mo3TOMY MOYBOTPYHTbI CrNaXuBalOT pPe3KuMe BCMIECKU MPUTOKOB BOAbl B Buie
aTMochepHbIX 0CaflKOB, KOTOPbIE, KakK M3BECTHO, BbINajatoT HePaBHOMEPHO.

KpyroBopoT Bofbl. OcCO0blii XapakTtep WMeeT [AvHaMuKa nefHVKoB. B
NefHUKax cocpefoTodeHa 60Mbluas YacTb 3anacoB MPECHOR BOAbl 3eMHOO Luapa.
OcobeHHO 6oMblUMe 3anackl BOAbl B MATEPUKOBBIX NeAHUKAX, MOLLHOCTb KOTOPbIX
[0 4 kM. OHM xapakTepHbl Ans AHTapkTuabl W [peHnaHamu. Tog AeicTBrem
COBCTBEHHOM TAXKECTU NeJHUKM pacTekaloTcs no KpasM. B pesynbTaTte cosgaetcs
[JMHaMW4yecKoe paBHOBeCWe: MOCTyrMaloliMe HOBble MOPLUKW CHera MOCTerneHHO B
pesynbTaTe CaMOYMMOTHEHUS MepexoasT B (PUPHOBbIA fef. B utore BO3HMKaeT
M3ObITOK Macchbl MO CPaBHEHWHD C PABHOBECHOW (hMrypoi BA3KOro NefsiHOro Tena.
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HaunHaeTcs iBMXeHWe Nba K KpasiM MOKPOBa, CTPEMSLLEECS BOCCTAHOBUTL (Urypy
paBHoBecKs. CKa/blBaloLMeCs T/bIGbl Jbfa Ha Kpasx NefHUKOBbLIX TMOKPOBOB
06pasytoT aiicGeprn. CKOpOCTb [BWXKEHUs MaTepuUKOBbLIX JIbgoB KoneGreTcs OT
HECKO/bKMX CaHTUMETPOB (B LIEHTPE) 10 HECKOMLKMX KUMOMETPOB (Y Kpas) B rof,

0cafKu APANEQN*T® N 0caoKM

Cxema 6ropkeTa MaTepUKOBOA Macchl /ibAa. [OpHble NeJHUKIN ABVKYTCS OT
0bnact MuTaHMa K 06acTyu  abnAummM B BuUAe N3blkoB. Kpasi nefHMKOB
pacnofnaratoTcsl Ha TakoM YPOBHe, TFAe MOCTYMJieHVe fibfa CBepXYy OKasbiBaeTCs
paBHbIM KO/MYECTBY pacTasBLUErO W WCMapuBLUErocs fbAa. ITOT YPOBEHb
(«OTBETCTBYET CHErOBOMN NMHUW. CKOPOCTb ABUXXEHUS FOPHBIX NIEJHUKOB OT eyHWL
METPOB HEGONbLUMX NEAHUKOB A0 HECKONMbKUX COTEH METPOB B rOf Y KPYMHbIX.
Macca nefHVWKOB Ha 3emfie He OCTaeTcsl MOCTOSHHOW. B TeuyeHWe reosnornyeckoi
ncopuun reorpauyeckas 060/7104Ka Nepexmna HeCKONbKO KPYMHbIX MaTepuKOBbIX
onefieHeHWiA. B nepnofbl BeNMKUX 0neAeHeHN 60bLLIMe Macchl BOAbI U3bIMANCh U3
OKeaHa M CocpefioTauMBaIvCh B BUAE MOJAPHLIX MaTEpPUKOBbIX MOKPOBOB. Mepuofpl
O/IeAEHEHNA CMeHSIMCL  60nee  MPOAO/KUTENbHLIMW  MEpuojamu, B KOTOpble
MOMApHbIE NIEAHUKM  BOOOLLE OTCYTCTBOBaIM Ha 3emne. M3MeHeHMe Macchbl
NeJHVKOBbLIX MOKPOBOB MPUBOAWT K W3MEHEHWKO CTPYKTYpbl Biaroo6opota, K
MLLEHEHMIO COOTHOLLEHWSI MMOWAe CylIM 1 OKeaHa W, eCTECTBEHHO, BNEYeT 3a
| 0601 Uenyt Uenb W3MEHEeHW B NPUMPOAHOM 06/MKe 60MbLUMHCTBA PainioHOB
«'MHOro Lwapa. MoacunTaHo, Hampumep, YTO MOMHOE TasHUE NeAHUKOBLIX LUMTOB
\|[napkTnabl 1 FpeHnaHaMM BbI30BET MOBbILLEHME YPOBHS MUPOBOro okeaHa Ha 60
M, 3ro NpuBedeT K YBEUYEHWIO M/IOLWaAM BOAHOM MOBEPXHOCTM Ha 20 M/H. KM2
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BnvsiHie negHNKOB Ha NPUPOAY 3eMHO MOBEPXHOCTU XOPOLLO U3YYeHO B Mpeaenax
NOCNefHNUX HECKOMbKUX MUIZIMOHOB IET re0/IOrMYeCKoi NCTopun.

OkeaHnueckan UMpKynauusa. OkeaH 6onee ycToinume, Yem atmocgepa. OH
HarpeBaeTCa rfaBHbIM 06Pa3oOM CBEpPXY 3a CUET NOr/OLLEHMA COMHEYHOM pagunaummn u
TEM/J0BOr0  WU3yYeHUss  aTtMocdepbl. [eoTepMuuecKuiA  MOTOK, MAyLWMA K
OKEaHWYeCKOMy [HY W3 3eMHbIX HeAp, He3HauuTesleH W He OKasbiBaeT
CYLLECTBEHHOIO BUAHWS Ha €ro TemsoBOM peXxvM. HarpeBaHue cBepxy fenaet
OKeaH TMAPOCTaTUYECKU YCTOMUMBLIM (BEPXHME CNIOM MPOFPEBAKOTCS, @ HIDKHME
OKa3bIBAOTCS XONMOAHLIMM), NOSTOMY BEPTUKANBbHbIE ABVDKEHWS B OKEaHe BbIPaXKEHbI
ropasgo cnabee, yem B aTMoctepe. Ha 3ameffieHne 06MeHa B OKeaHe OKasblBaeT
BNSHUE W BONee BbICOKas MIOTHOCTb BOAbI (MO CpPaBHEHWMIO C BO3Ayxom). Obuias
COBOKYMHOCTb MEpeMELLEHNA BOAbl B OKeaHe CKMafblBAaeTCa W3 [BVDKEHWA 1
KpYroBOpPOTOB Pa3/IMyHbIX NPOCTPAHCTBEHHBIX M BPEMEHHbIX MacluTaboB. Mepuogbl
[OBWKEHUA KonebnTcs OT CeKyH4 (M MeHee) A0 MHOrMX COTeH feT, a
MPOCTPAHCTBEHHbIE MaclUTabbl TEUEHUI — OT MUSIIMMETPOB A0 ThICAY KWOMETPOB:
TypOyNeHTHOCTb, MOBEPXHOCTHblE W BHYTPEHHWE BOMHbI, MPWIKBLI U OT/IUBSI,
OKEeaHWYecKure MeaHApbl U BUXPW, OKeaHWYecKue TeuyeHWs u ap. B aTom cnektpe
[BVKEHWNIA 0CO6bI MHTEPEC C NO3uLMIA 06LLEro 3eMieBegeHns NpeacTaBseT obLas
LMPKYNSILMA  OKeaHWYeCKUX BOL — YCTONYMBAs KpyrnHoMacliTabHas cucTema
[BWKEHWIA. B COOTBETCTBUM C 30Ha/IbHBIM pacnpefefieHNeM COTHEUHON 3HEPrum no
MOBEPXHOCTW M/aHeTbl M B OKeaHe, M B aTMOC(epe CO34AKTCA OAHOTUMHLIE U
FEHETUYECKU CBSI3aHHbIE LIMPKY/SILMOHHbIE CUCTEMbI. TepemeLleHe U BOAHbIX, U
BO3AYLUHbIX Macc onpefenseTcs o6LUei Ans aTMo-1 rnapocdepbl 3aKOHOMEPHOCTHIO:
HepaBHOMEPHbIM HarpeBaHMEM U OXJlXAeHMeM nosepxHocTu 3emnn. OT 3TOro B
OfHMX palioHaX BO3HMKAKOT BOCXOAALIME TOKM U YOblb Macc, B Apyrux —
HUCXOAALLME TOKM U yBenuyeHwe Macc (BOAbl, BO3fdyxa). PoxaaeTcs vmMnynbc
OBwKeHns..  Cpegn  (HaKTOPOB  BO3HWKHOBEHWS — OKEAHWYECKOW  LMPKYIsaLmu
pasnMyalT MeXaHU4eckne 1 TepMOXaIMHHbIE. BaXHeRLLnin MexaHn4ecKnid thakTop
— BETPOBOE TPEHWe O MOBEPXHOCTb BOAbl, Gnarofaps KOTOpOMY OKeaH Mony4aeT
MEeXaHWYeCKyt0 3Hepru oT aTmoctepbl. BeTep Bbi3biBaeT ApeiidioBble TeueHus,
KOTOpble 06YCMOBAMBAtOT CrOH BOAbl B OAHWX paiioHaX W HaroH B [APYruXx.
BO3HMKAlOT pasHOCT YPOBHE BOAbI M COOTBETCTBYIOLMIA TPAAMEHT AaBMEHUS,
KOTOpbIE BbI3bIBAOT TEUEHNS], HA3bIBAEMblE MPAAMEHTHbIMU (CTOKOBLIE W CTOHHLIE).
Bce TeuyeHWs Takoro pofa HasblBalOT BETPOBLIMK, MOCKO/bKY B OCHOBE WX
BO3HMKHOBEHUS HaXOAMUTCS [ABWXKEHME BO3fdyXa. HekoTopoe 3HayeHWe B KauecTBe
MEXaHU4ecKoro (pakTopa MMeeT HepaBHOMEpHOE pacrpefeseHne aTMoctepHoro
[iaBfieHs, BbI3bIBatOLLEe NOHWKEHWE YPOBHS OKeaHa B 06/1aCTAX BbICOKOI0 aB/eHust
11 MOBbILLIEHME B 06/1aCTAX HU3KOTO [aB/IEHUS.

TepMoxanuHHble (akTopbl (MOyyeHWe M OTAadya Temsa, aTMocqepHble
ocafku, ucnapeHue, MPUTOK BOAbl C MaTepuvKoB) BAMAKOT Ha Temnepatypy W
COMIEHOCTb BOAbl M TEM CaMbIM OMpPEeSenstoT ee M/0THOCTb. Bonee MioTHbIE BOAbI
onyckatoTcs (0CO6eHHO 3(PeKTMBEH MPOLIECC MCNapeHWsl, KOTOPbLIA AenaeT Bogy
60nee XONOAHON N OAHOBPEMEHHO 60/1ee COMEHOIA), YTO NPUBOAUT K BEPTUKA/IbHOMY
nepemellMBaHuiO.  BepTuKaibHble  [OBWDKEHUS  BbI3bIBAOT — FOPU3OHTA/IbHbIE.
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CnefoBaTefibHO, LIMPKYNALUS, BbI3BaHHAS TEPMOXa/IMHHBIMUK (DaKTOpamu, LOMNONHSAET
BETPOBYID. CUCTEMa OKeaHWYeCKMX TeYeHU HamOMUHAET KPOBEHOCHYH CUCTEMY
FUraHTCKOro cylectsa. MHOrvMe yyeHble 06pasHO CPaBHMBANW BOAHble MOTOKM
Uemmm C KpoBblo. W 31O cnpasefnvBO. TeYEHWA MepeHOCAT 3HauWTeNbHOe
KONMMYECTBO TEMSIOBOM 3HEPruW, COMeld, MUTATeNlbHbIX BELECTB, T. €. BbIMNOAHAIOT
MPUMEPHO Te e (YHKUMKU, YTO U KPOBEHOCHas cucTeMa. B HacTosllee Bpems
XOPOLUO M3yYeHa UMPKYNAUMS MOBEPXHOCTHbIX BOL. OHa 3axBaTblBaeT BepxHWe
COTHM METPOB. BHUMaTENbHOE M3Yy4eHUe KapTUHbI MOBEPXHOCTHbIX TeYeHui (puc.
Il. 11) no3sonsieT yBUAETb OOMbLLIOE CXOACTBO CUCTEMbI TEYEHWIA B PasNYHbIX
OKeaHax, HECMOTPS Ha pasnnMuus oyepTaHWin GeperoB OKeaHOB W penbeda UX [Ha.
XapakTepHas 4yepTa CMCTEMbl — 3aMKHYTble LMPKYIAUMOHHbIE 06pa3oBaHus —
KpYroBopoTbl. B ATNaHTUYeCKOM OKeaHe TPOMWYECKWUA KpPYroBOPOT B CEBEPHOM
no/yLiapun BKItOYaeT cnegyrolime TedeHus: CesepHoe [lMaccatHoe, onbeTpum,
CesepoaTtnaHTuyeckoe, KaHapckoe; B HXKHOM nonywapum — HOxHoe lMaccaTHoe,
Bpasunbckoe, KOXHOoaTNnaHTUYeCcKoe, beHrenbckoe. Xapakrep ABMKEHNSA B TEUEHUSAX,
06pa3yroLLMX KpyroBopoThbl B TPOMUYECKMX 06/1aCTAX, aHTULMKIOHWYECKUHA, T. e.
TEUeHUs ABVKYTCS MO YaCOBOI CTPe/IKe B CEBEPHOM MOMYLLIApUU 1 MPOTUB YacOBOIA

B HOXKHOM. TpOMMYECKMNe OKeaHUYeCKMe KpPyroBopoTbl MPMMEPHO COOTBETCTBYIOT
CTaLMOHaPHLIM aTMOCHEPHBIM aHTULMKIIOHaM.

OCHOBHbIe TeYeHUs Ha NMOBEPXHOCTU MMPOBOro okeaHa. B ymepeHHbIX 1
Cy6nonspHbIX WMPOTaX CEBEPHOr0 MoyLlapus TedeHUs 06pasytoT KpyroBOpOThl,
Hanpae/fieHHble MPOTMB  YacOBOM  CTPenku. XapakTep BpalleHMs B HUX
LIMKNOHUYECKUNIA. ITU KPYroBOpOTbl MPUMEPHO COOTBETCTBYIOT K/IMMATUYECKM
MUHUMYMaM aTMOC(EPHOro AasfieHus, T. e. 06/1acTAM, B KOTOPbIX B TEYeHMe rofa
npeobnafaeT LUMKIOHUYECKas LMPKYNAUMA. B HOXKHOM MonyLiapyun cUCTeM TeyeHui
TaKoro pofa Het. Ha 3Tux LmpoTax OKeaHbl B HOXKHOM MOMYLLAPUM He pasfefieHbl
maTepukamy  (TaM  pacnofaraloTcsi  BOfbl,  BblfefnfeMble  HEKOTOPbIMU
nccneposatensMu B HOXHbIA OkeaH). BcnefctBre 3Toro 06pasyeTcs  MOLLHOe
AHTapKTWYeCKOe  LMPKYMMNONsSpHOe TeueHWe (TeyeHWe 3anafHbiX BETPOB),
HanpaBfeHHOe C 3amafja Ha BOCTOK, WM €nabo BbIPAKEHHOE MPOTUBOTEYUEHME,
HanpaefeHHoe BAOMb 6eperoB AHTapKTUAbl B NPOTMBOMONOXHYIO CTOPOHY.
AHTULMKNOHWYECKME W LMK/IOHWUYECKME KPYTOBOPOTbl B Ka&KAOM MO/yLLapun
i B3aHbl MeXay c0ob0ii TakMm 06pa3oM, YTO OfUH M3 MOTOKOB BXOAMT OHOBPEMEHHO
B 06a kpyrosopoTa. Hanpumep, CeBepoaTiaHTUYeCKoe TeUeHMe SBMISIETCA CEeBEPHOM
BETBbIO ~ TPOMMYECKOTO  KPYroBOpoTa U OAHOBPEMEHHO  HOXKHOW  BETBbIO
LIMK/IOHNYECKOTO  KPYroBOPOTa YMEPEHHbIX W CybnonspHbiX LWMpoT. Bnarogaps
MOMY KpYroBOpOThI B3aMMOAEWCTBYIOT MeXay co6oii. KpyroBopoTbl OKeaHNYeCcKmX
toNeHWii ABMISKOTCA OTPaXXEHMEM BCEOOLLEro mpoLecca AMHaMUYECKOr0 paBHOBECUS,
HabMIOAKOLLErocs B OKeaHe: Y6blib MacChl BOAbI B 060 TOUKE KOMMEHCHPYETCS ee
MOCTYM/IEHWEM, M HAo60poT. Takyl NpUpoAY WMeeT OLHO W3 CaMblX BEIMKUX
tONEeHNA 3eMHOro wapa — [onbdcTpum. OHO BO3HMKaeT [NaBHbIM 06pa3oM
a HefCTBME HAKOM/IEHWS BOAHbIX Macc B 3anafHoi 4acTu ATMaHTUYECKOro OKeaHa,
npuHocuMbIX CeBepHbIM [laccatHbiM 1 ['BMAHCKUM TeyeHuamMu. CnegosaresnbHO,
MOBEPXHOCTHasA LMpKynauus MupoBOro OkeaHa npeAcTaBnseT coboil cuctemy
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TMraHTCKnX, Yepenyromxca B MpOoCTpaHcTBe LIMKJTOHNYECKNX n
aHTULMKNOHNYECKUX  KPYrOBOPOTOB, [/1aBHble 3BEHbS  KOTOPbIX  MPUMEPHO
COOTBETCTBYIOT CpefHMM ABWKEHUAM B aTMoc(epe: naccatam, 3anafHbiM BETpam u
Op. 30Ha/lbHble [ABMXXKEHWS B OKeaHe, KaK W B aTMocgepe, [AOMUHUPYHOT,
MepuAanoHanbHble TedeHnsa (MonbheTpum, Kypocuo, KaHapckoe, KanudopHuiickoe,
MepyaHckoe, Bpaswnnbckoe W Ap.) NPeACTaBnAOT COO0M 3amblKatoLiMe 3BEHbs B
YCNOBMAIX  pacyfeHeHWs OKeaHOB MaTepukamu. Kpome cucTem  TeYeHMid,
006pasyolmX UMKNOHWYECKNE W aHTULMK/IOHUMYECKME KPYroBOpPOTbI, Cregyet
Ha3BaTb 3KBATOPUa/IbHbIE MeXnaccaTHble NPOTUBOTeYeHWs. OHW HarpaBneHbl C
3arnafa Ha BOCTOK MeX[y CEBEPHbIMU W KOXKHbIMW MaccaTHbIMW TEYEHUAMU U B
3HAYMTE/IbHON Mepe SABAAKTCA KOMMEHCALMOHHbIMW — MEPEHOCAT YacTb U30bITKa
Macc, CO3[atoLLEerocsi 3a CYeT MOLLUHbIX BOCTOYHO-3anafHbIX MacCaTHbIX TEYEHW B
3aMafHbIX 4acTAX OKeaHoB. [1pOTMBOTEYEHUS LUMPOKO pPacnpocTpaHeHbl B
NOANOBEPXHOCTHBIX U FAYBUHHBIX CMOAX. XOPOLLO OHW M3Y4eHbl B 3KBATOPUA/IbHOM
30He, rAe 3axBaTblBalOT 3HAUUTENbHYK YacTb BogHoro cnos (o1 50 fo 300 m) u
HarpaefeHbl Ha BOCTOK. B TuXoM oOKeaHe 3KBaTOpMasibHOE MOAMOBEPXHOCTHOE
NPOTMBOTEYEHNE ObINIO Ha3BaHO B YECTb ero nccnegosartens T. Kpomeenna TeueHem
Kpomsenna, B ATnaHTM4yecKoM — B 4ecTb- M. B. JlomoHocoBa TeyeHveM
JlomoHOCOBa.

Cxema umpkynsuun sog MnpoBoro okeaHa

MoBEPXHOCTHbIE BOABI CBSA3aHbl C FNYGUHHLIM W BEPTUKATbHBIM OGMEHOM.
XOTS BepTMKaNbHble [BMXEHUS Ha 3—5 MOPSAKOB MeHbLUe FOpU30HTaNbHbIX (B
aTMoc(epe, KaK YKasbiBafioch Bbille, BEPTUKa/bHbIE [BMXKEHUS TaKXe 3HAUYMTENbHO
YCTYNalT MO WHTEHCMBHOCTU TFOPU3OHTaNbHbIM), WX POSib BENKA, MOCKOMbKY
6narogaps UM MpOUCXOAUT OGMEH MOBEPXHOCTHLIX W FNYGUHHBLIX BOf, SHEprueid.
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CONAMW, MWUTaTeNbHLIMM BelecTBaMU. HanGonee WHTEHCUBHBLIA BepTUKa/IbHBbI
06MEH OCYLLECTBNSETC B 30HAX KOHBEpPreHUMM (CXOAMMOCTU) U AUBEpPreHLnM
(pacxoAUmocTi) TOTOKOB BOAHbIX MacC. B 30HaxX KOHBepreHuuy HabnoaaeTcs
MOrpy><eHne BOAHbIX Macc, B 30HaX AMBEPreHLUMM — MOALEM UX K MOBEPXHOCTH,
Ha3blBAaEMbliA  anBE/IMHIOM. 30Hbl AMBEPreHUMM (HOpMUPYIOTCS B 061acTaX
LIMKMOHUYECKUX KPYFOBOPOTOB, Fe LiEHTPOBEXHbIE CUMbl PAa3HOCST BOAb! OT LIEHTpa
K nepudepuu U BO3HWKAET MOAbEM BOA B LEHTPasbHOW YacTy KpyroBopoTa.
[JVBepreHLus BO3HMKAeT Wy Geperos, Tam, rae npeobnagaeT BeTep C CyLM (CroH
MOBEPXHOCTHBIX BOAL). B aHTULIMKIOHUYECKMX CUCTEMAX U B TeX MPUBPEXHbIX 30HaX,
rae npeobnagaeT BeTEp C OKeaHa, MPOWCXOAWT OMyCcKaHWe Bod. PacrmpeaeneHue 30H
KOHBEPreHLMN 1 AUBEPreHLUM OAHOTUMHO B PasnYHbIX OKeaHax. OHO MoKa3aHo Ha
puc. 3.2 AN WO M3MPOBAHHOTO OKeaHa U XapaKTepu3yeTcsl CefytoLmmMm
3aKOHOMEPHOCTAMM. HECKONbKO CeBepHee 9KBaTopa pacrofiaraeTcsl SKBaTopuasbHas
KOHBEPreHLms.

Mo 06e CTOPOHLI OT Hee Mo NOXKOMHAM TPOMMYECKUX LIMKIOHWUYECKUX CUCTEM
MPOTATVBAOTCS TPOMUYECKMe [OMBEPreHuWn, 3aTeM Mo OocsM  CyGTpOMMUEcKUX

AHTULMKIIOHNYECKMX cucTem — cy6Tponmyeckme KOHBEpPreHLUum.
BbICOKOLUMPOTHBIM ~ LIMK/IOHWYECKMM  CUCTEMaM  COOTBETCTBYIOT — MO/SIpHbIE
OVIBEPTeHLMM, TPeGHI0  apKTWYECKOro  KpyroBopoTa BOAbl —  apKTUuecKast

KOHBEPreHUms.. 1aeanu3npoBaHHas cxema LpKysiLuy NOBEPXHOCTHbIX BOJ, OKeaHa
Unpkynaumst  6onee  rnyGoKMX cnoeB  MUpOBOTO OKeaHa M3yueHa  Xyxe.
HenocpeACcTBEHHOE WX W3y4eHWe CBA3AHO C  OMpefeNieHHbIMU  TEXHUYECKUMU
TPYAHOCTAMM, MO3TOMY GOfblLUEe 3HAYEHWE B W3YYEHWUW TNYBUHHOW LMPKYNaL
MpUOGpPETAIOT TEOPeTUYECKMe MeTodbl. Ha rny6uHe WHTEHCUBHOCTb [JBUXKEHWIA
YMEHbLUAETCS, BO3PAaCTaeT 3HauYeHue MepUaMOHaNbHLIX NepeHocoB. OHM Mo
BE/MUMHE CTAHOBATCA PaBHLIMM 30HAMbHbLIM. MacluTab LMPKYNSUMOHHBIX (OpM Ha
My6UHe YMeHbLUAETCs, HampaBieHWe U XapakTep [BMXKEHWI CTaHOBATCS MeHee
YNopsiAoUeHHbIMU. XapaKTepHO, YTO LIMPKYNALMS HKHE ciepbl MUpOBOro okeaHa
(rny6ke4000 M) B pasHbIX OKeaHaxX HEOAMHAKOBA, YTO B 3HAUWUTE/bHOM CTEreHu
0BBACHSETC HAUBUAYANbHBIMI 0COBEHHOCTSMM BOAHBLIX Macc, o4YepTaHuii Geperos
1 penbeha aHa. MpeanonaratoT, YTO GoMblUas YacTb MPUAOHHBLIX BoA MUpOBOro
OKeaHa 06pa3yeTcs MpW OMyCKaHUM BOA4 B CEBEPHOM M  OXKHOM  YacTsx
ATNAHTNYECKOTO OKeaHa (HECKONMbKO oKHee [peHnaHagum W Hedaneko oT
AHTapKTWabl, BOCTOUHEE LIeNb(OBOro NefHWKa JSlapceHa B Mope Yaagensna). 3Tu
XO/0AHbIE BOAbI NOMSPHbIX 0611acTell 3aM0/HSAT HIDKHUE CIOV OKeaHoB, Onpeaensist
X HU3KYIO TeMnepaTypy. B Lienom ¢ rny6uHoii LMpKynsauus Bce MeHblUe CBs3aHa C
rpoLieccamyt, MPOMCXOASLLMMM B 30HE KOHTaKTa OCHOBHLIX reoctep, Nofo6HO ToMy
K/K B aTMOC(epe rMaBHble 0COGEHHOCTY MPOLIECCOB Y 38MHOI MOBEPXHOCTU HAXOAAT
OTPaXKEHWe MWL B Tporocepe. KapThHa OKeaHWMYecKUX TeueHWi mnosydeHa B
pesynbTaTe oCpefHeHMs (Kak W KapTuHa aTMOCHEepHO LMpKynsuuu). PeanbHas
CUTYaLMs TOpa3fo CoXHee, N60 TeYEHWUS! MEHSIHOT CBOKO CKOPOCTb, MHTEHCUBHOCTS,
1 WHOrda W HanpaeneHve. HeKoTopble TeUeHWs BpPEMEHaMM — MCYe3atoT.
OKeaHWYecKVe MOTOKM WMEIOT CNOXKHYIO CTPYKTYpy. [logoGHO pekam OHU
MCaHAPMPYIOT,  MOAOBHO  BO3AYLUHBIM  MOTOKaM  06pasyloT  3aBUXPEHMS.
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OKeaHUYecKMe BUXPW B MNOCMefHME OECATUNETUS aKTMBHO M3yyatoTcs. bonbLuoit
BKNaf B UX U3y4YeHWe, Kak U B U3y4YeHMe BCeX OCHOBHbIX MpoueccoB B MUpoOBOM
OKeaHe, BHOCAT COBeTCKMe uccneposatenn.  CTPyKTypa  MOBEPXHOCTHbIX
OKeaHMYeCKNX TEeYEHWiA, 3axBaTbIBAIOLLMX BEpXHWE COTHW METPOB, B OCHOBHbIX
yepTax COBMajaeT CO CTPYKTYpPOi aTrmMoctepHOin umpkynsumn. WcknodeHve
COCTaBNAT 3anafHble TeYeHWs, 3aMblKatoLlye KPyroBopoTbl W uUAyliMe He
0643aTe/IbHO N0 BETPY, M MeXnaccaTHble MPOTUBOTEUEHUS. BO3HNKAET eCTeCTBEHHOE
XenaHue CBfi3aTb OKeaHW4eckue TeyeHus C BETPOM W CAenaTb BbIBOA O HaMumu
MPOCTOMA NPUYMHHO-CNELCTBEHHOW LN BeTep — OKeaHWYeCKMe TeYeHWs, NpUHSB
MpU 3TOM, 4YTO MOBEPXHOCTHbIE BOAbl CMELIAIOTCA C MecTa Mo [JeicTBreM
KacaTe/lbHOro TPEHWs! O BOAHYK MOBEPXHOCTb. B AeMCTBMTENBHOCTY CYLLECTBYIOT
60ree CnoXHble CBA3WM aTMoctepbl U OkeaHa. ATMoOCHepa BO30YXJaeT OCHOBHble
OKeaHW4eckne TeyeHWsl, HO OO/bLUYI0 YacTb 3HEPrUM OHa MNOJMy4aeT OT OKeaHa
(npuuem 80 % 3a CUET CKPbLITON TEMIOTbl UCMapeHns). PacripegeneHne aHeprum B
3HQUUTENbHOW CTEMEHW 3aBUCUT OT CTPYKTYPbl OKEAHUYECKUX TeuyeHwid (6onbLue
BCEro Ten/oThbl OKeaH nepefaet atmMocdepe B paiioHe onbdcTpuma n Kypocro). B
pesynbTaTe aTMOCHEPHbIE ABVKEHUA BbIHYXAEHbINPUCNOCAbAMBATLCA K CTPYKType
OKeaHMYeCKMNX TeYeHWI, NoITOMY OKeaHU4ecKve U BO3AYyLUHble TeueHus o6pasyroT
eMHYI0 CUCTEMY, BO3HMKAIOLLYIO B pe3y/ibTate MpMcrocobneHus ux apyr K apyry.
CnepyeT TaKKe 0TMETWTb, YTO OKeaH 06/1a4aeT 60/bLLION TENNOBON W ANHAMUYECKON
MHepumeli. Ero peakumu Ha BO3AeACTBMA aTMoc(epbl 3anasgblBaloT U MX
B3aVMMOZENCTBME NPUOOPETaeT CMOXHbIA  XapakTep. OkeaH, Mo 06pasHOMY
BblpaxeHuto A. C. MOHVHa, AIBNSETCA CBOEro poja «3arnoMUHAIOLLMM YCTPONCTBOMY,
XpaHsalWmUM  «OTneyaTkmM»  aTMOC(epHbIX  BO3MYLLEHMIA 33 HEKOTOpbIi
npeaLUecTBYOLWMIA Nepuod. ATMOCHepHOe 3BEHO KpyroBsopoTa Bogbl. Cnegytolee
3BEHO KpYroBopoTa BOAbl Ha 3emne — arMmoctepHoe. CoaepxaHue BOAbl B
aTmocdepe HeBenmKo. Mpu ocaxaeHWUN BCel BOfbI, COAepXKalLelicsi B aTMoctepe, Ha
3eMHYH0 MOBEPXHOCTb 06pasyeTca cnoit Bcero nvwb B25 MM. Ho atmocdepa
BbINO/MHSAET BaXKHble (DYHKLUMM B MHTErpauum BCEX BOAHbLIX Pe3epBYapoB B efuHYHO
cuctemy Bnaroobopota. BakHoe 3HauyeHMe UMMeeT 60nblas  NOABWXHOCTb
atmoctepbl, 6n1arogaps KOTOpPOW WAET WHTEHCUMBHbIA BnaroobmMeH. 3a rop
aTMoc(hepHasl Bfara CMeHsieTcs npumepHo 45 pa3 (T. e. NpYMepHO OAWH pa3 3a 8
[Hell). B pesynbTaTe Ha 3eMHYKO MOBEPXHOCTb BbIMafaeT CNOli OCaAKOB BbLICOTON
npumepHo 1,1m. IMocTynneHWe Bnarn B aTMoCHepy NPOMCXOAUT 3a CYET MUCNapeHus.
EXKerogHo ¢ NOBEPXHOCTM 3eMHOro Lwapa ucnapserca 577-1012 mM3BoAbl, NpUYem
505-1012 mM3u3 HMX McCnapsieTca C MOBEPXHOCTU OKeaHa. B aTtmocdiepe Ha ypoBHe
061aK0B BOLAHON Nap KOHAEHCUPYETCS, NPUYeM 3a4acTyHo 10 3TOro OH NepeHoCUTCs
Ha 60MblUMe paccTosHMA. BmecTe C BOAsHbIM NapoM MEPEHOCUMTCA  3HEprus,
nepeLlesllas B CKpbITY0 hopmy npu ncnapeHun. O6L1as BeNMUMHa 3TOW 3Heprum
coctasnseT 6onee 80 % pagmaumoHHoro 6romketa. BbigeneHvwe B atmocdepy
CKpbITOFO Teraa Npy KOHAEHCAUWW — BaKHEMLWWA 3HEpreTUYECcKUiA UCTOUHKK
aTMocepHbIX ABVDKEHWA. BOT moyemy BOAsHOM Map MHOrAa 06pasHO HasbiBaloT
«OCHOBHbIM TOMN/IMBOM aTMOCHEpbI».
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Bnaroo6opoT B cuctemMe MwupoBoii OKeaH-aTMocepa-cywia. Muposoi
BOAHbIN 6anaHc. Ha noBepxHOCTb MMpOBOro okeaHa BbinafgaeT 458 1012 m3Bogbl, T.
€. Ha 47 1012 M3MeHbLUEe MCnapuBLLECs C Hero Bnaru. 3Ta pasHOCTb B KOHEYHOM
cYeTe MEepeHOCUTCA Ha CyLLY 1 BMECTe C BOAOW, MCnapuBLLelica Ha cyLue, hopMupyeT
aTmocdepHble ocagky (119 102 m3). YacTb BbinaBLUE Haf CyLueli Bnarm CHoBa
BOB/EKaeTcs B ucnapeHne (72 1012 m3, gpyras uvacTb (POpMMpyeT CTOK (pekw,
NefHVKKN, NOA3EMHble BOAbl U Ap.), KOTOPbIA B KOHEYHOM CUEeTe HarpaBnseTcs B
OKeaH, KOMMEHCUpYs MpeBblleHMe aTMOCHepHbIX O0CafKOB Haf MCnapeHueMm.
O6LLYyt0 CXeMy KpyroBopoTa BOAbl Ha MOBEPXHOCTU 3eM/IM MOXHO OnucaTb ABYMS
ypaBHeHWAMW BOAHOIO 6anaHca:

[N NoBepXHOCTM MrpoBOro okeaHa— Eo=Xo + f,

[N NOBEPXHOCTM ¢y — Xc = Ec + f,

roe Eo— mcnapeHvie ¢ NoBepXHOCTU OKeaHa, Ec— ucnapeHne ¢ NOBEPXHOCTU CYLLN,
X,,— aTMocepHble 0CagKu Haf OkeaHoM, XC— aTMOC(epHble 0caakn Hag cyLuei, f
— CTOK C KOHTMHEHTOB (MPUTOK B OKEaH).

OfHaKo He BCIOAY Ha OKeaHax uMcrapeHue MpeBbllaeT 0cafku. B yMepeHHbIX
M NONAPHBIX 0611acTAX, a TakkKe B MPUIKBATOPUAIbHOW 30HE OCaJKOB BbIMALaeT
MOHbIHE, YeM 1cnapseTcs.

Bnaroo6opoT okeaH-aTMocepa. X035/ACTBEHHOE 3BEHO KPYroBOpOTa BOAbI.
| pyroBopoT BOAbl B XO3AWCTBEHHbLIX CUCTEMax MO 06bLeMy MEepeHOCUMON BOAbI
MbIYNTENBHO YCTYNaeT TPpeM OCHOBHbIM 3BEHbAM, HO MMEET BaXHOE 3HayeHue Ans
[ivllica NpecHOl BOAbl BO MHOrMX paiioHax 3eMHOro Lwapa. OCHOBHbIMU
... pPCOUTENAMUN MPECHON BOAbI ABNAKOTCA CEIbCKOE XO3AMCTBO, MPOMbILLIEHHOCTb U
hi» C/iCHWe. B cenbCKOM X0341MCTBE Hanbo/bliiee KOMMYECTBO BOAbI pacxXofyeTcs Ha
opolLeHre (1,9 1012 M3B Havasne ceMUAECATbIX rofoB), npuyeM okono 80% 3Toi
....... 6e3B03BpaTHO MOKWMAAET peyHyr ceTb. be3Bo3BpaTHbIM NOTpebneHueM
MH1L|HIOM Takoe WCNofb3oBaHWe BOAbl, MPU  KOTOPOM OHA CBA3bIBAaETCA B
«OMWYECKUX COEAMHEHUsX WAM  pacxodyeTcsd Ha ucnapeHue. Bce 6orblue
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BO3pacTaloT MOTepy BOAbl Ha MWCMapeHWe C MOBEPXHOCTM BogoXpaHuuL, [lo
OTHOLWIEHWIO K PEYHOMY CTOKY BCE 3eMnM KOMMYECTBO WCMOMb3yeMO BOApb!
HeBenMko. OfHaKo peyHo CTOK pacnpefeneH Mo 3eMHOM MOBEPXHOCTU OYeHb
HepaBHOMEPHO. Takke HepaBHOMEpPHO pacnpefeneHo 1 BogomnoTpeGneHve.
OcoGEHHO OHO BENMMKO B TYCTOHAceNeHHbIX palioHax. [osTomy B Hambornee
IYCTOHACENIeHHbIX paiioHax yXe CyLecTByeT AetMUMT BOAHBLIX PECYpCcOB, W OH
pacTeT ¢ KaxabiM rogom. Mpo6nema AeduunTa BoIHYXK/AAET BCe LUMPE OCYLLECTBAATL
TeppuTopuasbHOE NepepacnpeaeneHme Boja.

OflEVICTBMNE OKeaHa W
cdoepsbl

BbICOKOE HUCXOASLLYIE TOTOKU
[JaBneHvie BO3ayXa

B TeueHue BCEro roga
npeo6naaas! sicHasi noroga

(hopmupyeTcs 30HA NYCTbIHb

cywa

BnnsaHmne xonogHoro teyeHmna Ha Knumar no6epe>Kb;|

3.3. 3arpssHeHve NpUPOAHbIX BOA

Bcskuii BOAIOEM UMW BOAHbIA UCTOUYHMK CBS3aH C OKPYKAOLLEH ero BHELLHel
cpenoii. Ha Hero oKasbIBarOT BAUSIHUE YCNOBUS DOPMUPOBAHMWS NMOBEPXHOCTHOIO W
MOA3EMHOI0 BOAHOIO CTOKA, Pa3HOOGpasHble NPUPOAHbLIE SBMEHUS, WHAYCTPUS,
MPOMbILLAEHHOE U KOMMYH&/IbHOE CTPOWUTENBCTBO, TPAHCMOPT, XO3SANCTBEHHAs W
6bITOBas [1eATeNbHOCTb YeNoBeKa.

MocneAcTBUEM 3TUX BNMSIHUIA SBNSETCS NMPUBHECEHWE B BOAHYHO Cpedy HOBbIX,
HECBOWCTBEHHbLIX €/ BELIeCTB — 3arps3HUTeNel, YXyALWatoWmX KayecTBO BOAbl,
3arpsisHeHnsl, MoCTynalolyie B BOAHYIO Cpedy, KnaccuULMpYHOT Mo-pasHoMY, B
3aBMCMMOCTY OT MOAXOAOB, KPUTEPUEB U 3afauy.
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Tak, 006blMHO BbIAENAIOT XUMWYECKOE, (M3MYeCKoe W BUOMOrnYecKme
3arpsasHeHns.  XMMUYecKoe 3arpsisHeHMe npeAcTaBnseT coboi  M3MeHeHue
€CTECTBEHHbIX XMMUWYECKMX CBOWCTB BOAA 3@ CUET YBENMUEHUS COAEpXaHus B Heil
BpefHbIX MPUMECEA KakK HeopraHW4eckoi (MUHepanbHbIE COMK, KUCMOTHI, LIenouu,
FMVHWCTbIE YacTuLpl), TaK M opraHu4eckoi npupopbl (HedTb U HedTENPOLYKTbI,
OpraHuyeckue 0CTaTKu, MOBEOXHOCTHOAKTMBHbIE BELLECTBA, MECTULADI).

HeopraHunyeckoe 3arpsiHeHue. OCHOBHbIMK HEOopraHU4eCKMM
(MVHepanbHbIMKM)  3arpASHUTENSIMU  MPECHBIX M MOPCKUX  BOfA, ~ SIBNAOTCA
pasHoo6pa3Hble XMMWUYECKUE COeAMHEHUs, TOKCUYHblE AN obuTaTteneli BOAHOW
cpefbl. ATO COEAMHEHMS MbIlbsKa, CBUHLA, Kaamus, pTyTW, Xpoma, Meau, ¢ropa
BonbINMHCTBO M3 HUX NOMajaeT B BOAY B pe3y/ibTaTe Ye/loBEUYECKON AeATeNbHOCTU.
TspKenble MeTan/ibl MOr/IOWATC (MTONNAHKTOHOM, a 3aTeM MepejatoTcsl Mo
MWLLEBOI Lienn 60/1ee BbICOKOOPraHW30BaHHLIM OpraHu3MaM. TOKCUYECKMIA SddeKT
HEKOTOpbIX ~ Haubosiee  pacrpoCTpa-HEHHbIX  3arpsisHUTeneid  ruapocdepsb
MPeACTaB/ieH B Tabnuue:

BeLecTtso [naHKTOH PakoobpasHble Monntocku Pbi6bl
Megb -H+ -H+ -H+ -H+
(nHK 1 -H- -H- -H-
CauHey, L + -H-+
PTyTb 111 -H+ -H-+ -H4
Kagmwii -1 -1 -H~H-
Xnop +++ -H- -H+
PopaHuTt -H- + ++++
1(vaHng +H- ++ f-f+f
dTop +
Cynbdug 4b f++

| 'rcneHb TOKCMYHOCTY (MprMeyaHie)
- OTCYTCTBOET

| - oueHb cnabas

I't - cnabas

n f - cunbHas

1M +- 04yeHb cunbHaA

Kpome nepeumncneHHbIX B TabnuLe BELECTB, K ONacHbIM 3apasuTensM BOAHON
| pcabl MOXXHO OTHECTW HeopraHW4ecKue KUCNOTbl U OCHOBaHWS, 06yCnaBnmBatoLLme
LUIMPOKMIA Apano3oH pH NpombILLIeHHbIX CTOKOB (1,0 —11,0) 1 cNOCOBHbIX U3MEHATb
pi | BogHOM cpeapl A0 3HadveHwid 5,0 nam Bbiwe 8,0, Torga kak pbiba B MPEcHOR m
MOPCKOW BOfle MOXET CYLLECTBOBATb TO/bKO B MHTepBasie pH 5,0 —8,5.

Cpean OCHOBHbIX WCTOYHMKOB 3arpsAsHeHUs rugpoctepbl MUHEpPaIbHbIMU
ArwrcteaMy UM GUOTEHHbIMM  3N1EMEHTaMK  CrefyeT YMNOMSHYTb  MPeanpuaTus
MULLEBOM MPOMBILLIEHHOCTA W CebCKoe XO03alicTBO. C  OpoLUaeMbiX 3eMeflb
* 1110HO BbIMbIBAETCS OKOMO 6. MAH. T. coneid. K 2000 rofy BO3MOXHO yBeMYeHWe
W Maccbl 40 12 MuH. T./rog,

OTx0fbl, CoAepxaliye pTyTb, CBUHEL, Mefb /IOKaNM30BaHbl B OTAEMbHbIX
I HAWax y 6eperos, OfIHAKO HEKOTOpas WX YaCTb BbIHOCUTCA [afieko 3a npefensbl
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TepPUTOPUA/IbHLIX BOA. 3arps3HeHue PTYTbi0 3HAYUTENbHO CHUDKAET MEepBUYHYHO
MPOLYKLUMIO MOPCKMX 3KOCUCTEM, MOAABNAA pas3BUTUE (DUTOMMAHKTOHA. OTX0Abl,
cofiepxalime pTyTb, 0ObIYHO CKanaMBalOTCSH B AOHHbLIX OTMIOXEHUSX 3a&/IMBOB WU
3CTyapuax pek.

[JanbHeiwas ee myurpaums conpoBOXAAETCA HAKOMMEHWEM METUNO0BOWA pTyTU
M ee BKIOYEHVWEM B TPO(MYECKME Lenn BOAHLIX OpPraHuM3MoB. Tak, MeyasbHYyH
M3BECTHOCTb Npuobpena 60ne3Hb MuHamaTa, Bnepsble 06HAPYXKEHHYIO SMOHCKMMM
YUYEHbIMW Y NlOfei, YnoTpebnsBlIMX B MUY pblOy, BbUIOB/EHHYIO B 3a1MBe
MwvHamaTa, B KOTOpbIi GECKOHTPOMbHO COPAacbiBanM MPOMbILLNIEHHbIE CTOKWA C
TEXHOrEHHOW PTYTbIO.

OpraHuyeckoe 3arpsisHeHve. Cpeoy BHOCUMbIX B OKeaH C  Cylum
pacTBOPUMbIX BeLLecTB, GO/bLLOE 3HaYeHWe 41 obuTaTeneil BOAHONM cpefbl UMeT
He TONIbKO MUHepasibHble, BUOreHHbIe 31IEMHTbI, HO Y OpraHuyYeckune ocTaTku. BblHOC
B OKeaH OpraHun4eckoro BellecTBa oueHusaetcs B 300 —380 nwH. T./rog. CTouHblE
BOfbl, COAEPXaLLye CYCMNeH3NN OPraHNYeckoro NpPOMCXOXAEHNs NN PacTBOPEHHOE
OpraHnyecKoe BeLLEeCTBO, NarybHOBNMUAKOTHa COCTOSHWE BOJOEMOB.

Ocaxgasncb, CyCMeH3WM 3anMBatOT [HO W 33flepXUBalOT passBuTve Wm
MO/IHOCTbIO  MPEKPalLatoT  XM3HeLEeATeNbHOCTb-  AaHHbIX  MUKPOOPraHM3MOB,
Yy4yacTBYIOLLMX B MNpOLECCEcamMoouuLLeHns BOA. [py THUEHWU [aHHbIX O0CafKOoB
MOryT 06pa30BbIBaTbCA BPefHbIE COeAVMHEHNS U OTPaBNAOLLME BELLECTBA, TaKMe Kak
CepoBoAopOA, KOTOpble MPUBOrAAT K 3arps3HEHWIO BCel BOAbl B peke. Hanunuwve
CyCreH3uii 3aTPyAHAIOT TakkKe MPOHUKHOBEHWE CBeTa B y6b BOAbI U 3aMeanseT
npoecchl HOTOCUHTE3A.

OfHUM M3 OCHOBHbIX CaHUTApHbIX TPe6oBaHW, NpeabsBASEMbIX K KayecTBy
BOfbl, SIBNSETCS COLepXKaHue B Heil He0BX0AMMOro KonmyecTsa Kucnopoga. BpeaHoe
[elicTBMe OKa3blBAlOT BCE 3arps3HEHWs, KOTOpble TaK WAM WMHaye COLEWCTBYHOT
CHVXXEHWIO COAepXaHus Kucnopoga B Boge. 0oBepXHOCTHOAKTMBHbIE BeLLecTBa —
YXMPbI, Mac/na, CMa3ouHble MaTepuanbl - 06pasytoT Ha MOBEPXHOCTU BOAbI MAEHKY,
KOTOpass MpensTCTBYeT rasoobMeHy MeXay BOZOA M aTMocepold, YTo CHUXKaeT
CTeneHb HAaCbILLEHHOCTUN BOAbI KUCMIOPOAOM.

3HaunTeNbHbIN 06BHEM OpPraHUYecKMX BELLECTB, GOBLUMHCTBO M3 KOTOPbIX He
CBOIACTBEHHO MPUPOAHLIM BOAAM, COPachbIBAeTCA B PEKV BMECTE C NMPOMbILLIEHHBIMM
M 6bITOBbIMM CTOKamW. HapacTatollee 3arpssHeHVe BOAOEMOB 1 BOLOCTOKOB
HabnofaeTcd BO BCeX MPOMbILWAEHHbIX CTpaHax. VHgopmauus o cogepyxaHum
HEKOTOPbIX ~ OPraHWYecKUX BELLECTB B MPOMbILLIEHHbIX  CTOYHbIX — BOAAX
NpefoCTaB/eHa HIDKE:

B cBA3M C ObICTPbIMM Temmamu ypbaHM3auMmM U HECKObKO 3aMed/IeHHbIM
CTPOUTENbCTBOM ~ OYUCTHBIX  COOPYXXEHWIA  WAM  UX  HeyLOBMETBOPUTENbHOM
aKcnnyataumeil BoAHble 6GacceiHbl M MouyBa 3arpsA3HAIOTCA ObITOBLIMUA OTXOAAMM.
OcC06eHHO OLLYTUMO 3arps3HeHWMe B BOJOEMax C 3amef/IeHHbIM TeYeHMEM Wm
HenpoTOYHbIX (BOJOXpaHUNWLLA, 03epa). Pasnarascb B BOAHOW Cpefde, opraHuyeckue
OTXOAbl MOTYT CTaTb CPeLoii AN NaTOreHHbIX OpPraH13MOB.

Boga, 3arpsi3HeHHas OpraHWYecKMMW OTXOLAamu, CTaHOBUTCA MNPAKTUYECKU
HENpPUrogHoM Ans MUTbS WU APYruX Hafo6HOCTeld. BbITOBble OTXOAbl OMACHbl He
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utiii, Ko rem, YTo ABNAOTCA UCTOYHMKOM HEKOTOPbIX G0Ne3Hein YyenoBeka (6pHOLLHONM
1111 AM3eHTepUs, X0Nepa), HO U TeM, YTO TPeOYHOT AHS CBOEr0 PasnoXKeHUs MHOro
MU Mopoa.

Mcnm 6bITOBble CTOYHbIE BOAbI MOCTYMAlOT B BOZOEM B O4YeHb 6OMLLUMX
KONMYecTBax, TO COAEPXKaHWe PacTBOPUMOrO KMCAOPOAa MOXET MOHU3NTCA HUKe
YPOBHS, HEOBXOAMMOTO A/151 XXM3HWU MOPCKUX U NPECHOBOAHbIX OPraH/U3moB.

HethTe w1  HeTenpogykTbl. HedTb npeacTaBnsieT Cco60A  BS3KYHO
MTASAHUCTYIO JKUAKOCTb, MMEIOLLYI0 TEMHO-KOPUYHEBLIA LBET M 06/1a4atoLLyto
, MHOVW dpnyopucueHuped. HedTb COCTOMT NPEMMYLLECTBEHHO T HACbILEHHbIX
OL(haTNUCCKMX M THAPOAPOMATUYECKUX YIIeBOAOPOAOB. OCHOBHbIE KOMMOHEHTbI
X yrnesogopogs! (40 98%) —noapasfenatoTes Ha 4 knacca:

a) MapaduHbl (ankeHbl). — (a0 90% OT 06LWIEro coctaBa) - YCTOWYMBbIE
IMHLECTBA, MONEKY/Tbl KOTOPbIX BbIPAXEHbI MPSAMOI 1 Pa3BETB/IEHHON LieNbH0 aTOMOB
yrnepoga. [flerkue napagvHbl  06M13falOT  MAaKCUMabHOW  NIETYYeCTblo U
pin FBOPUMOCTLIO B BOJE.

6) LUuknonapadmHbl, - (30 - 60% oOT o06Lwero cocraBa) HacblWEHHbIE
LIMK/IMYECKMe CoeIMHEHMA C 5-6 aTomMamu yriepoja B KonbLe. Kpome LyikioneHTaHa
M UMKNOreKcaHa B He(TWM BCTPevaloTcs OULMKNMYECKME W MOMMUMKINYECKME
WTAVHCHUS 3TOW rpynnbl. 3TW COEAMHEHNS 0YeHb YCTOMUMBLI U MIOXO MOAJA0TCA
HMOPA3/IOXKEHMIO.

B) Aponratnyeckue yrnesogopofbl. —(20 —40% oT o6uwero coctasa) -
HEHACBILLEHHbIEe LMK/IMYECKMe COefMHEHUs paaa 6eH30Ma, CofepKalline B KonbLe Ha
| hiOMOB yriepoja MeHblUe, YeM LiskonapaguHbl. B HepTy NpucyTCTBYIOT NleTyume
,"H t0NeHns C MOJIEKYNION B BUAE OAMHapHOro Konbua (6eH30/, TONyon, Kcunon),
m.HeM 6MUMKNnYeckue (HaTanuH), NoayuuKnydeckme (NMMpeH).

r) OneduHbl (ankeHbl). —(4o 10% oOT 06LIero coctaBa) - HEHaCbILEHHbIE
HELMKINYECKME COEAMHEHWS C OLHWUM WU ABYMS aTOMamu BOLOPOJR Y Kaxaoro
"sHMIyrneposa B MOSIEKy/e, UMELOLLE NPAMYHO UK Pa3BeTB/IEHHYIO LieMb.

HethTb M He(hTenpofyKTbl SBASIOTCA Haubonee  pacnpoCTpaHeHHbIMM
' NpA3MAIOLWLMMKN BellecTBaMy B MupoBom okeaHe. K Hayany 80-bIX rofoB B OkeaH
* 1'TogHO NoCTynano oKoMo 6 M/H. T. HedTw, yTo cocTaBnsno 0,23% MMpoBO
|u(tmun. HanbonbLume noTepn HedhT, CBA3aHbI C €e TPaHCMOPTUPOBKON M3 paiioHOB
M(blun.  ABapuiiHble cWTyauuu, CAMB 3a 6OPT TaHKepamy MNPOMBIBOYHBIX U
"3UUMCTHBbIX BOJ, - BCe 3TO 06YyCnaBnvBaeT MPUCYTCTBUE MOCTOSAHHBLIX MOMei
mi pu LLIEHUS! Ha Tpaccax MOPCKUX MyTeA.

60/blUMe Maccbl He(TU MOCTynalwT B MOpS MO pekam, C O6bITOBbIMK U
NULLEBbIMU cTOKaMKU. O6beM 3arpsa3HeHUA M3 3TOr0 UCTOYHMKA COCTaBNseT 2,0 MH.
| 'og. Co cTOKaMU MPOMBbILLNEHHOCTU €XerogHo nonafgaet 0,5 MAH. T. HeTw.
MHNHZES B MOPCKYHO Cpedy, HepTb CHauana pacTekaeTcs B BUAe NeHKW, obpasys

LW Pa3/IMYHON MOLLHOCTW. [0 LBETY M/IEHKN MOXHO OMPeSenTb ee TONLMHY.

HedbTAHan nneHka UM3MeHseT CcOCTaB  CMeKTpa S WHTEHCUMBHOCTb
"|[[llmkHOBCHMS B BO@Y CcBeTa. lMponyckaHwWe cBeTa TOHKUMMW MEHKaMK CbIpOii
urgptn coctasnset 11-10% (280 Hm), 60-70% (400HM). MneHka TonwmHoli 30-40
MKM MOSIHOCTbIO MOMMOLLAeT WH(pakpacHoe u3nyyeHve. CMelumBasicb C BOJOW,
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He(hTb 06pa3yeT aMy/bCUIO ABYX TWUMOB: NPAMYHO “"He(hTb B BOAE" M 06paTHyHO "Bofa
B HehTi".

MpsiMble 3MyNbCUK, COCTaBfIEHHbIE Kanenbkamu HedTu Auametrpom Ao 0,5
MKM, MeHee YCTOMUYMBbLI W XapaKTepHbl 41 HedhTei, coaepxaliyx NoBepXHOCTHO-
aKTUBHble BellecTBa. [py yganeHWn netyumx pakumid, HedTb 06pa3yeT Bs3KMe
obpaTHble 3MYNbCUM, KOTOPbIE MOTFYT COXPaHATLCS Ha MOBEPXHOCTU, NepeHOCUTLCA
TeyeHveM, BblbpachbiBaTbCA Ha beper 1 ocefiaTb Ha AHO.

MecTuungpl. MecTyumMabl COCTaBNAKOT TPYMNY WCKYCCTBEHHO CO34aHHbIX
BELLIECTB, UCMO/b3YeMbIX /151 60pbbbl C BPeaUTENsSMU 1 60E3HAMU PaCTEHNIA.

MecTyumabl AENATCA Ha CNeaytoLLme rpynmbi:

* IHCEKTULMABI —A/19 60pb6bl C BPeAHBIMU HACEKOMbIMU,

* yHrULMabl M GakTepuumabl —aia 60pbbbl C 6akTepUaibHbIMK 60ME3HAMM
pacTeHwiA,

mrep6uuUmMabl —IPOTYB COPHOrO pPacTeHms.

YCTaHOBNEHO, YTO NECTULLMALI YHUUTOXAA BpeauTeNeld, HAaHOCAT Bpes MHOMMM
None3HbIM opraH13MamM 1 NoApbIBatOT 340P0BbEe OMOLEHO30B. B cenbckom Xo3aiicTBe
[aBHO yXe CTOWUT npobnema nepexofa 0T XMMUUYECKMX (3arpA3HSIOLLMX CPeacTB K
61onornueckum (3KOMOTMYECKU 4YMCTbIM) MeTodam 60pbbbl € BpeguTensmu. U
HacTosiliee BpeMs 60fiee 3 M/H. T. NECTULMAOB MOCTYMaeT Ha MUPOBOM PbIHOK
Okono 1,5 MAH. T. 3TUX BELLECTB YXXe BOLIIO B COCTaB Ha3eMHbIX WM MOPCKHY
3KOCMCTEM 30/10BbIM M BOAHbLIM MyTeM.

MpoMbILLNEHHOE NPOU3BOACTBO MECTULMA0B COMPOBOXAAETCA MOSABEHNEM
60/bLLIOr0 KONMYECTBA MOGOYHLIX MPOAYKTOB, 3arpA3HAOLLMX CTOYHblEe BOAbl. I
BOAHON cpefe uJalle Apyrux BCTPeyaroTcsa NpefcTaBUTeNy  MHCEKTULMAOB
(hyHreuBaoB 1 repouLma0B.

CUHTE3UPOBaHHbIE MHCEKTULMABI [JenaTcs Ha TPU  OCHOBHbIX FpynMibl
XN0poopraHuyeckme, hocopoopraHTecKme 1 KapboHaTbI.

XnopoopraHMYeckne — WHCEKTMUMAbI  NOAYy4YatoT  MyTEM  X/I0POMPOBAHUM
apoOMaTUYECKMX U TeTePOLMKINYECKMX XMAKUX YrNeBofopoaoB. K HUM OTHOCATCA
OUT un ero npoun3sogHble, B MOMEKYNax KOTOPbIX YCTOWYMBOCTb a/iM(aTUUHECKUX 1
apoMaTWYecKmMx rpynn B COBMECTHOM MNPUCYTCTBMM BO3pacTaeT, BCEBO3MOXHbI!
XNOPUPOBaHHbIE NPOU3BOAHBIE X/10POAMEHA (3N1APWH).

3T BeLLecTBa MMEIOT Mepuof, nonypacnaga A0 HeCKOMbKUX AeCATKOB Ner un
OYeHb YCTOWUMBLI K 6uoferpajaumn. B BogHoli cpefe 4acTo BcTpedaroT!
nonuxnopbudeHunsl — npoussogHble [A. LT 6e3 anmdarnyeckoit  yacTu,
HacuuTbIBatoLMe 210 romMonoros 1 U3oMepoB. 3a nocnegHue 40 neT UCMob30BaHo
6onee 1,2 MH. T. NOAUXNOPOUEHNNIOB B MPOM3BOACTBE NnacTMacc, KpacuTenei,
TpaHc(opMaTopoB, KoHAeHcaTopoB. [Monmxnop6udeHnnsl (MXB) nonagatoT U
OKPY>KaloLLyt0 cpefly B pe3ynbTaTe COpPOCOB MPOMbILLIEHHBIX CTOYHbIX BOA W
OKMUraH1sa TBepAbIX 0TX0AaX Ha CBa/IKaX.

MocnegHnin  mcTouHMK nocTtaenseT MBX B armocdepy, OTKyda OHWM C
aTMocepHbIMY 0CafikamMu BbIMaaloT BO BCEX palioHax 3eMHOro Lwapa. Tak B npobax
CHera, B3aTbIX B AHTapKTuge, cogepxadme MNbX cocrtasuno 0,03 —1,2 Kr/n.
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('HHreTU4YecKMe  MOBEPXHOCTHO-aKTUBHbIE  BellecTBa.  [leTepreHTbl
(( NN) oTHOCATCA K OBLUMPHOI rpynne BeLEeCTB, MOBbILLAIOLLMX MOBEPXHOCTHOE
1L CHAC Bogbl. OHM BXOAAT B COCTaB CUHTETMYECKMX Morowmx cpeacts (CMC),
LUMPOKO MPUMEHSIEMbIX B ObITY W MPOMbILL/IEHHOCTU. BMeCTe CO CTOUHbIMU BOAaMU
« /I nonagatoT B MaTepuyKoBbIE BOAbLI U MOPCKYHO Cpeay.

CMC cogepxaT nonugocatbl HATPUSA, B KOTOPbIX PacTBOPEHb! AeTePreHThbl, a
Ix0oKe pAf [06ABOYHBLIX WMHIPEAUEHTOB, TOKCUYHBIX AN BOAHbIX OpraHuW3moB:
apomaTu3vpyioLiMe  BellecTBa,  OTOGenuBatolme  peareHTbl  (MepcynbdaThbl,
w pbopaThbl), KabLIMHMPOBaHHAs COAa, KapOOKCUMETLIENNI0N03], CUINKATbI HATPUS.

B 3aBMCUMMOCTU OT NpUpOabl U CTPYKTYPbl MMAPOUILHOW YacTU MONEKY bl
CWIB penAtcs Na aHWOHOAKTVBHbIE, KATMOHOAKTMBHbIE, aMqoTepHble W”
MrMoHoreHHble. MocnegHue He 06pasytoT MOHOB B BOJE.

Havbonee pacnpoctpaHeHHbIMU cpean CMAB SBNSKOTCA aHMOHOAKTUBHbIE
newiccTea. Ha ux gonto npuxogutcsa 6onee 50% Bcex nNpovn3BoguMbix B Mupe CIMAB.
Mpucytctere CMAB B CTOYHbIX BOZAX  MPOMBILJIEHHOCTW  CBSI3aHO C
1CMOMb30BaHWEM KX B TakKuMxX Mpoueccax, Kak (ioTaumoHHoe oboralleHune pyi,
pasgefieHve NPOAYKTOB  XMMMWYECKUX TEXHOMOrUiA, Mo/yyeHWe MOAUMEPOB,
\ 3yuLLenve ycnoBumin 6ypeHns HeTsHbIX K ra3oBbIX CKBaXXWH, 6opbba C Koppo3sueit
"OopypgoBaHust. B cenbckom xo3siictee CMAB npumMeHseTCs B cocTaBe NecTULMAOB.

KaHugeporeHHble  BewjectBa.  XMMWYECKM  OAHOPOAHblE  COEAVHEHWS,
NPOSBNSAIOLLME  TPAHCHOPMUPYIOLLYIO  aKTMBHOCTb WM CMOCOGHOCTb  BbI3blBATb
K.LLLIepOreHHble, TepaToreHHble (HapyLLeHne NpoLeccoB 3MOPUOHANBHOTO Pa3BUTSA)
WM  MyTareHHble W3MEHEHUS B oOpraHusMax. B 3aBMCMMOCTM OT YCNOBWiA
MO (ZEACTBMS OHWM MOTYT — MPUBOAWUTL K WHIMOMPOBAHMKO POCTa, YCKOPEHUIO
| NpeHWs, HapyLEeHWUIO WHAMBWUAYabHOTO pasBUTUA WM U3MEHEHWO reHoqoHAa
"|H aH13moB. K BelLecTBaM, 06/12at0LLMM KaHLLepOreHHbIMW CBOMCTBaMM, OTHOCATCA
Y30pUPOBaHHbIE  anudaTnyeckue YrieBoLOpOAbl, BUHWAXIOPUL, W OCOBEHHO,
No/MUMKIMYecKe — apomatuyeckve  yrnesogopogsl  (MAY).  MakcumanbHoe
Konmuectso MAY B COBPEMEHHbIX JaHHbIX ocagkax Muposoro okeaHa (6onee 100
MM/KM MacCbl CyXOro BeLLecTBa) OOHapyXeHO B TEHTOHMYECKM aKTUBHbIX 30HaXx,
NOABEpPXKEHHbIM rNy6uHHOMY  TepMUYecKOMY  BO3AeiCTBMIO.  OCHOBHble
MMPOMOreHHble  UCTOUHVMKU TTAY B OKpyXalolleil cpefje — 370  NWPOM3
OPraHNYecKuX BELLECTB MPU CKUMaHUM PasINyHbIX MaTepuanos, [PEBECUHbI U
ronnvea.

Tsokenble MeTasnbl. TaXenble MeTanbl (PTyTb, CBMHEL, KagMWUMA, LWHK,
m W, MbIWbAK) OTHOCATCA K YMC/Y PacnpocTpaHeHHbIX W BecbMa TOKCUYHbIX
| pU3HAIOLLMX BelecrB. OHM LUMPOKO NMPUMEHSOTCA B Pa3/INUHbIX MPOMbILLIEHHBIX
MPOV3BOACTBAX, MO3TOMY, HECMOTPS HA OYMCTHbIE MEpONpPUATWSA, COAepXaHue
MH (MHEHWS TXKENbIX MET//I0B B MPOMbILLIEHHbIX CTOYHbIX BOAAX [AOBOSIbHO
WW10KOC. BOMbINuC Macchl 3TUX COeAMHEHMIA NOCTYNAlOT B OKeaH Yepe3 aTMmocgepy.

[na mopckux 61oLEeHO30B Hanbonee onacHbl PTyTh, CBUHEL, U KaaMuid. PTyTb
MepeHoCUTCS B OKeaH C MaTepuKoBbIM CTOKOM W Yepe3 aTtMocdepy. [pu
L me IpKBaHUM 0Caf0YHbIX M U3BEPXKEHHbIX MOPOS EXXErofHO Bbigensercs 3,5 ToiC. T.
[M\ hi W cocTaBe aTMOCKEPHON MbIAN COAEPXKMTCA OKOMO 12 ThIC. T. PTYTW, NPUYEM
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3HauuTeNbHas 4acTb — AHTPOMOreHHOro MpoUCXOXKAeHUs. OKOM0  MOMOBUHBI
rofoBOro MpOMbILLNEHHOrO npoussoacTBa atoro metanna (910 Teic. T./rog)
pasNYHbIMK NYTAMU MONajaeT B OKeaH.

B palioHax, 3arpsasHseMblX NPOMbILLIEHHbIMW BOAAMW, KOHLEHTpaUus pTyTu B
pacTBope W B3BECAX CWIbHO MOBbIWa@eTcs. [Mpu 3ToM HekoTopble 6akTepuu
MepeBOAAT X/I0PULbI B BbICOKOTOKCUYHYIO METWU/ PTYTb. 3apaykeHne MOPenpoLyKToB
HEOLHOKPATHO MPUBOAWMAO K PTYTHOMY OTpaBfieHMIO NpUBpexHoro HaceneHus. K
7977 rogy HacuuTtbiBanocb 2800 >epTB 60/€3HM MuHOMaTa, NPUYMHON KOTOPOW
MOCAYXWN OTXOAbl NPEANPUATUIA NO NPOVU3BOACTBY X/IOPBUHWMA U aueTanbaernaa,
Ha KOTOpbIX B KauyeCTBe KaTa/im3aTopa WCMOMb3oBasaChb X/OpUCTas  PTyTb.
HefocTaTOYHO OYMLLEHHbIE CTOYHbIE BOAbI MPEANpPUATWIA MOCTymanM B 3anvB
MwHamara.

CBMHeL, — TUMWYHBIA PacCesHHbIA 3M1EMEHT, cofepXalumiicA BO BCeX
KOMMOHEHTaX OKpYXXatoLLeli cpedbl: B FOPHbIX MOpoJax, Nousax, NPUPOAHbIX BOAAX,
aTMociepe, XMBbIX OpraHusMax. HakoHel, CBMHEL, aKTMBHO paccevBaeTcsd B
OKPY>KatoLLYHO Cpefly B NpoLecce X03aACTBEHHOW AeATeIbHOCTY YenoBeka.

370 BbLIGPOCHI C NPOMbILLIEHHBIMUA 1 6bITOBLIMWA CTOKAMM, C AbIMOM U Mbl/bO
MPOMbILLAEHHBIX MPEANPUATURA, C BbIX/JIOMHBIMA rasamu ABUrateneil BHYTPEHHEro
cropaHus. MurpauyoHHbIi MOTOK CBUHLA C KOHTMHEHTA B OKeaH WAET He TO/bKO C
peyYHbIMU CTOKaMu, HO K 4epe3 atmoctepy. C KOHTMHEHTANIbHOM NblIbKO OKeaH
nonyyaet (20-30) *103T. cBMHLA B rog,

C6poc 0TX040B B MOpe C Lieflto 3aX0pPOHeHMs. MHOrve CTpaHbl, UMeoLLme
BbIXOL K MOpPIO, NPOW3BOAAT MOPCKOE 3aXOPOHEeHWe pas/MYHbIX MaTepuasioB U
BELLUECTB, B YAaCTHOCTW T[PYHTa, BbIHYTOTO NpWU AHOYrNyOUTENbHBIX paboTax,
6YpOBOro Lufiaka, OTXOA0B MNPOMbILLAEHHOCTA, CTPOUTENbHOIO Mycopa TBepAblX
OTXOZ0B, B3PbIBYATLIX W XMMWUYECKUX BELLECTB, PaAMOAaKTUBHbLIX OTXOA0B. O6beM
3aX0poHeHUii cocTaBun okono 10% OT Bceil MacChbl 3arpsi3HsOLLMX BELLECTB,
nocTynatoLmx B MMpOBOiA OKeaH.

OCHOBaHVEM An1s JaMMWHIA B MOPE C/YXXMT BO3MOXHOCTb MOPCKOW cpefbl K
nepepaboTke GO/MbLLOIO KOMMYECTBa OPraHMYecKNX U HeopraHUYecKnx BellecTs 6e3
ocoboro yuwepba Bogbl. OfHako 3Ta CMNOCOGHOCTb He 6GecnpefenbHa. [loaTomy
[JAMMWHE  paccMaTpmMBaeTC Kak BbIHYXAEHHas Mepa, BpeMeHHas AaHb 06LlecTsBa
HECOBEPLLUEHCTBY TEXHO/OM M.

B wnakax MpOMbILLIEHHBIX MPOW3BOACTB MPUCYTCTBYIOT pa3sHO06pasHble
OpraHMYecKue BeLLECTBA W COEAMHEHUS TXKeNbIX MeTanfioB. BbITOBOA Mycop B
CpefHeM COZEPXMUT (Ha Maccy Cyxoro BellecTBa) 32-40% OpraHM4ecKMX BELLECTB;
0,56% asoTa; 0,44% doctopa; 0,155% umHka; 0,085% ceuHUa; 0,001% pTyTK;
0,001% kagmus. Bo Bpems cbpoca MPOXOXAeHUM MaTepuana CKBo3b CTON6 BOAbI,
YacTb 3arpsA3HAOWMX BELLECTB MEepexofuT B PacTBOp, M3MEHSS KayecTBO BOAbI,
Apyras copbupyeTcs 4yacTuLamy B3BECUM W MEPEXOAUT B AOHHbIE OT/IOXKEHUS.
OfHOBPEMEHHO MOBbILLAETCA MYTHOCTb BOZbI.

Hannuve  opraHMueckMx  BeWecTB  4YMCTO  MNPUBOAWUT K GbICTpOMY
pacxofoBaHWIO KMCopofa B BOAE WM He eAKO K ero rojHOMY WCUYE3HOBEHMIO,
PacTBOPEHWIO B3BECEW, HAKOM/IEHUIO MET/IIOB B PacTBOPEHHOW (opme, MOSBNEHUIO
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'. m.nogopoga. MpucyTcTBME GOMBLLIONO  KOMMYECTBa OpPraHMYecKMX BeLLEeCTB
...... mi B FPyHTax yCTOWYMBYH) BOCCTaHOBUTE/IbHYHO Cpefy, B KOTOPO BO3HMKAeT

..... hi IMA WNOBbLIX BOA - COLEPXKallMX CepOBOAOPOL, aMMUaK, MOHbI MEeTasfioB.
W.....db rHmo c6pacbiBaeMblX MaTepuasnoB B pasHOW CTemeHW MOABEpratoTcs
M|H MHX MM 6eHTOCA.

W cnyvae 06pa3oBaHWsi MOBEPXHOCTHbLIX MMIEHOK, COLEPXKAlUX He(TAHble
zlinnogopogm n CMAB, HapyllaeTcsi ra3oo6mMeH Ha rpaHule BO34yX — BOJA.
| MW hiTowMe BellecTBa, MOCTyNaroLiMe B pacTBOP, MOrYT akKyMynupoBaTbCs B

. MopraHax ruapo6roHTOB 1 0Ka3blBaTb TOKCUYECKOE BO3LENCTBYE HA HUX.

<Opoc MaTepuanoB faMnuHra Ha. AHO W AWTeNbHas MOBbILIEHHas MYTHOCTb
¢} MHHOM BOZbI NPUBOAUT K FM6enn OT YAyLLbS MasoNoABUXKHbIE POPMbI BGeHTOCa,

MM | HMLLKX pbIB, MOMOCKOB 1 pakoobpasHbIX COKpalLaeTcsi CKOpOCTb pocTa 3a
mni | viyganeHus ycnoBui nuTaHua W AbiXaHusi. Hepeako W3MeHsieTcst BWA0BOWA
in JaHHoro coobLLecTBa.

Mpn opraHM3aumMyM CUCTEMbI KOHTPONA 3a cbpocamy OTXOAOB B MOpe
I» MMIOLLee 3HAYeHVWe WMeeT OnpedefieHWe paiioHOB [JaMMUHra, OnpeaeneHve
MuMMIKA 3arpsisHeHWst MOPCKOW BOAbl W [OHHbLIX OTIOXEHWA. [N BbIABNEHMS
....mi' IMbIX 06beMOB cbpoca B MOpe HEOOXOAMMO MNPOBOAWTL pacyeTbl BCeX
B ......TOLIMX BELLECTB B COCTaBE MaTepuanbHOro copoca.

IriuioHoe 3arpsisHeHWe. TennoBoe 3arps3HeHWe MOBEPXHOCTW BOLOEMOB U
MW/UMMKTBIX  MOPCKMX aKBaTOpPWMIA BO3HWKAeT B pesy/bTaTe cbpoca HarpetbixX

...... .4  BOL  3NEKTPOCTaHUMAMW U HEKOTOPbIMA  MPOMbILLIEHHLIMU
u||"|| viogeTBuMM.  CBpOC HArpeTbiX BOA BO MHOTMX Ciyyasx 06ycnaBivBaer
VLY ..... WA TemrepaTypbl BOAbl B BOfoeMax Ha 6-8 rpagycos Lienbcus.

11am|aaab NATeH HarpeTbiX BOA, B NPUOPEXHBIX palioHaX MOXET gocturatb 30
W uMm  Oonee ycToMuMBas TemnepaTypHas CTpaTugukauus nNpensTcTByeT
......... OwvaHy MOBEPXHOCTHbIM W [OHHbIM CfloeM. - PacTBOPMMOCTb KuMciopoga
»mi Urinit-res. a noTpebneHne ero BO3pacTaeT, MOCKOMbKY C POCTOM TeMmeparypbl
........... rres akTMBHOCTb aspobHbIX 6GakTepuii, pasnaratolyx OpraHuyeckoe
... Ho YCWIMBAeTCS BMA0BOE PasHOOGpasvie (UTOMMAHKTOHA W BCel (opbl
ML

Mo ocHoBaHWM 0600LLEHNS MaTepuaia MOXHO CAenaTb BbiBOf, YTO 3(eKTbl
ini|MiiiomiHOro Bo3aeicTBUSA Ha BOAHYHO Cpedy MPOSBASIOTCA Ha MHAMBUAYaIbHOM
H  MOWYHALMOHHO-OMOLIEHOTMYECKOM — YPOBHSIX, W /IUTENbHOe  [elicTBME
W' ... OLLMX BELLECTB NPUBOAMT K YNPOLLEHNIO IKOCUCTEMBI.

*U. I. Kuonormnyeckoe n 6aKTEpI/IOI'IOFI/Il—I€CKOG 3arps3HeHne Boj

bronornyeckoe 3arpsisHeHe BOAOEMOB 3aK/IHOYAETCA B MOCTYMN/IEHUN B HUX CO

wereen . BOZaMM pasHbIX MMUKPOOPraHM3MOoB (6aKTepwii, BUPYCOB), CMOpP FPUOKOB,

B . |f[*HMKOB, 1 TaK Aasiee, MHOr0 13 KOTOPbIX SBMSAOTCA 60NE3HETBOPHLIMU A/1S
W.NWWN XKMBOTHBIX W pacTeHuid. Cpegu OGMONOTMYECKMX 3arpsisHUTENeli nepBoe
n..... . KOMMYHa/IbHO-6bITOBblE CTOKM (0COBEHHO, €CIM OHW HEOULLLIEHbI
1Mo, HEe[0CTaTOYHO), a TaKXe CTOKWM MpeanpusaTuii caxapHbiX 3aBOAOB,
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MsICOKOMBUHATOB, 3aB0J0B, KOTOpble 06pabatbIBatoT KOXY,
[lepeBoobpabaTbIBaOLLMX KOMOMHATOB.

Brionormyeckoe 3arpsisHeHre - CTOKM, cofiepxkallye GeKaium, Mody, MuLLeBble
0TXO0fbl, CTOKV BOeH, NMMBOBAPEHHbIX, MOJIOYHbIX U CaXapHbIX 3aBOAOB, CbIPOBApEH,
0TXOfbl LE//HN03HO-0YMaXXHOV NPOMBILL/IEHHOCTH, KOXEBEHHbIX MPOU3BOACTB U
4p. Takue BOAbl ABASKOTCA GAKTEPUONONMUYECKU 3aPaXKEHHLIMW WU MOTYT Bbi3bIBaTh
[OM3EHTEPUIO, KULLEYHbIe MHA(EKUMK, TUD 1 Apyrve MHPEKUMOHHbIe 3a60neBaHmns. K
naToreHaMm OTHOCATCA: 6aKTepuu, BUPYCbl, MPOCTENLIMEe OpraHu3Mbl, rpubKoBble
06pa30BaHus, Yepay 1 ap.

Bronoruyeckoe —3arpsisHeHWe BOAbl OT/IMYAETCS  OT  XMMMWYECKOrO U
(h3MYECKOr0 3arps3HEHNS CeAYHOLLIM 06pa3oM:

- NaToreHbl UMEKOT ANCKPETHBIN XapakKTep;

- MaToreHbl COGMPAOTCA B CrYCTKU 1 0CEAAl0T Ha TBEPAbIX 4acTuLax, TO eCTb
He UMEIOT CPefiHeN KOHLEHTpaLMK B BOLE;

- BEPOAITHOCTb PYCKA 3apaXKeHWs 3aBUCUT OT ero 61Mon0rnyeckoii onacHoCTK, a
TaKXe OT BO3pacTa, Beca, Nnona v UMMyHWUTETa NOTPebUTeNs Boabl, T.e. HaMBO/bLLYHO
0MacHOCTb NaToreHbl NPeACTaBANOT /19 MaEHbKMX AeTeli U nMpecTapebIX Ntofel;

- NaToreHbl Pa3MHOXAKOTCA B OpPraHU3Me Xo03fiMHa He TO/bKO Mocne
NOTPe6eHNs BOAbI, HO 1 B MULLEBBIX NMPOAYKTAaX U HanUTKax;

MaToreHbl He HaKan/MBAKOTCS B OpraHn3me

Brionoruyeckoe 3arpsisHeHvie MOA3EMHBbIX BOJ BbI3bIBaETCH
MUKPOOpraHM3mMaMy, — NoCTynalowWwmMMm — Mpu  UHOUALTPaUUM  peKabHbIX U
KOMMYH&/IbHO-6bITOBbIX CTOYHbIX BOf, M3 BbIrPEOHbLIX M, KaHaIM3aLWMOHHOW CceTu,
CKOTHbIX ABOPOB, MOMei (ubTpaLmK, a Takxke Mpu WUCMOMb30BaHUM GeperoBbiMU
BOA03a60pamyi 3arpsisHEHHbIX PeYHbIX BOA. 3 MenKoBOAHLIX BOAOXPAHUAWLLY Y
NpyLoB-0XNaguTenet ¢ Tennol BOAOM MOMYyT MPOHWUKATb CUHE-3e/1eHble BOAOPOCN U
fpyras MuKpodiopa Mo BOLOHOCHOMY FOPU3OHTY B BOJ03a00pHbIE CKBaXVHbI,
HaxofslMecs Ha pacCTOSHWM [eCTKOB MeTpoB U 6onee oOT Gepera. 31w
MUKpOOPraHnW3Mbl — BbI3bIBaOT — 06pacTaHWsi TpybGOMpOBOAOB, pe3epByapoB U
YXY[ALIAKT Ka4yecTBO BOJbI.

OpraHudeckvie ¥ 6MOMOrMYecKMe 3arpsisHEHUs BOAbl, KakK MpaBWo, He
MOHN30BaHbl, MO3TOMY WMOHHLIA OB6MEH MMEEeT BeCbMa OrpaHWYeHHOe MpPYMEHeHUe
Mpu X aHanuse.

BrionormyeckoMy 3arpsisHEHUIO MOABEPXKEHbI MPEUMYLLECTBEHHO FPYHTOBbLIE
BOAbl, Kak Hambonee 6/1M3KO 3aneraroliMe K MOBEPXHOCTM U HE UMEHOLLMe
BOZIOYMOPHOW KPOB/U.

KaTeropuu 6GM0MOrMYECKMX 3arpsisHEHUIA CTOYHLIX BOA4 M WX 3HAYeHWe ANs
OLIEHKV 3MUAEMMOIOTMYECKO/ OMacHOCTM CTOYHbIX BoA. [lepefaya HEKOTOPbIX
MHAEKUMIA BOAHBIM MyTeM MpuMoBpeTaeT 0COBYH0 aKTya/lbHOCTb  BCEACTBYE
BCEBO3pacTaloleli  ponnM  BOJOEMOB B XKWM3HW  JtOAeA.  YBenuyeHue
MMKPOOMOOrMYeCKOro 3arps3HeHnsi BOLOEMOB CBSI3aHO C MOCTYMAeHUeM 60/bLLIOro
KOMMYeCTBa CTOYHbLIX BOA, BO3pacTaHWEM BOAOMOMb30BaHWUSA, MUCMOMb30BaHMEM WX
09 KyMaHUs U MPOBEAEHMs CMOPTMBHBIX MEeponpuATWiA. Psp 6akTepuaibHbIX
MHeKUMA (BPHOLWHON TN, AN3EHTEPUS, XOonepa, TYNAPEMIS) UMEKOT BOAHbIA NyTb
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t>|H upun. 1S BUPYCHBIX MHA(EKUMI (MONMOMUENMTa) TOXe [OKa3aHa BO3MOXHOCTb
LU |-auun Yepe3 BOAHYIO Cpedy.

1lon BAMAHMEM  BUOMOFMYECKUX  3arps3HEHWA  MPOMCXOAWT  KOppo3us,
in|||.b>.1HQuasca B 06pa3oBaHUM OTAENbHbIX MUTTUHIOB WM OTCMOEHWUA OT CTEHOK
MUTLMOHHBIX TOM/IMBHLIX 6aKOB CM/aBa altOMWHUS WAWM YUCTOTO a/lOMUHUS, U3
...... ipi.ix MX M3roTaBnMBatoT.

OueHka 0OnacHOCTM BMONOTMYECKOro 3arps3HEHUs MNOA3EMHbLIX BOL U
....INLUNOPOB MMeEET 6OMbLLOE 3HAYEHWE He TOMbKO A 060CHOBaHUS pa3MepoB 30H
. NOMNapHOIA OXpaHbl, HO 1 ANs BbIGopa MeToAa CKNaAMpPOBaHNA OTXOAOB Y YHaCTKOB
| 11M'1LieHns  )KMBOTHOBOAYECKMX (hepM, CBafioK, MOnel unbTpauum, nonei
E>HT-MVSt  CTOYHbIMW  BOAaMK, MpPW  BbIAICHEHUM 6e30MacHbIX PacCTosHUA  OT
TUKOB 6aKTepuabHOro 3arps3HeHus 40 BOLO3abOPOB, MPU WCKYCCTBEHHOM

3anacoB MoA3eMHbIX BOZ, MOBEPXHOCTHLIMU 1 CTOYHBIMW BOAAMU.
Hanbonee pacnpocTpaHEHO XMMWYECKOe W GMONOTMYECKOE 3arpsi3HeHusl, B
..... MMeli CTeNeHUN PafMoaKTUBHOE, MEXaHUYECKOE 1 TEM/OBOE.

Jcobo  omacHbIM  cuMTaeTcsi  GUOMOTMYEcKoe — 3arpsisHeHWEe  Cpefbl
...... . OMNensiMM UHMEKLMOHHBIX 1 NapasnTapHbIX 60/e3HeN YenoBeKa U XMBOTHBIX,
mi n.hi BPeAMTENSAMM 1 KOHKYPEHTaMM CEIbCKOXO03AWCTBEHHbIX PACTEHNIA.

Uto e KacaeTcsi GMONOrMYECKOro 3arpsi3HEHMs, TO ero UCTOYHMKaMM Yalle
............. 3acTosBLUAsACA BOAA, MaTepuasibl, MPOMUTaHHbIE BOAOM, BbIX/IOMbI 1
"y\ nogo6HOe, a TakKe HeJOCTaTOUHOE UM NJIOX0e 06CyXMBaHME 060pYA0BaHUS,
..... BIMMLIETO 3a BNKHOCTb M OX/IX/EHNE BO3AYXa.

Mepoli  60pbbbl  C  OMONOrMYECKUM  3arpsi3HEHMEM  MOXET  C/YXXUTb
L.D)UN111011(0 BOAbI, MOCTYNAtoLLel B CUCTEMY BOAOBOAOB M KOHAEHCATOPbI. X/op
..... Uni UM VHAC XUAKOCTH, Fasa Uau X/I0pHOI M3BECTM

M HanopHble BOAOHOCHbIE FOPU30HTLI BMONOTrMYECKME 3arpsA3HEHUs NonajatoT
Mp1 hi MU-pOACTBEHHOM COPOCE CTOYHbIX BOJ Yepe3 MOr/IOLLAIOLLIME-CKBXMHBI WA
npu  MOCTYMIEHWN  3arps3HEHHbIX TPYHTOBbIX W CTOYHBIX  BOA — Yepes
mp|....MpWMaiiHble  TpyGbl 1M 3aTpy6HOEe MPOCTPAHCTBO  AEACTBYHOLUMX UM
........... . MHbIX BOJ03a60PHbIX 1 Pa3BeAOUHbIX CKBKUH.

Wnnbonee onacHble MOCNEACTBMS BbI3bIBAET OMOMOMMYECKOe 3arpsisHeHue
(12t 1 MAMX BOJ aNNOXTOHHBIMU MWKPOOpraHu3Mamu, BbI3bIBaEMOE

U/ [HOPHLIMKM  GAKTEPUAMM, KULLEYHBIMW BUpYyCamu, SALAMU  TeIlbMUHTOB.
........... HA KOTOPbIX CBA3aHO C >KM3HEAEATENbHOCTBIO YeNoBEKA U OKMBOTHbIX.
................ ac MMKpOOPraHM3mbl MOCTYMatT B MOA3EMHblE BOAbI NpU (PUALTPALMM

" 'niiiiv 1 X039MCTBEHHO-ObITOBLIX CTOYHbIX BOA U3 MHAMBMAYATbHbIX CUCTEM
........ Mblunmn  (BbIrpebHble SIMbl, CEMTUKW), M3 [AeEKTHbIX KOMOALEB W CeTel
...... pii'HiHiimiiiiofl kaHanM3aumn, ¢ y4acTKOB pa3MELLEHUS >KMBOTHOBOAUECKMX
I ' M KOMMNNEKCOB, CKNafUPOBaHUS HaB033, OPOLUEHUS HEOUMLLEHHbIMU
«iniM iiii iiHO-6bITOBBIMM ~ CTOYHBIMW ~ BOAAMW, C  JIMBHEBbIMWM  CTOKaMM C
....... M TPOUMHHBIX W CENIbCKOXO03AMCTBEHHbIX TEPPUTOPUIA.

«*'(oMHH BOAHBIX PECYPCOB 3aK/oYaeTcs B 3anpeLleHnn copoca B BOLOEMbI U

....... . HEeouMWEeHHbIX BOJ, CO3JaHMM BOAOOXPAHHbIX 30H, COLENCTBUM
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npoLeccaMm CamMmOOUULLIEHNS B BOAHbIX 06BEKTaX, COXPaHEHUN U YNYYLLIEHWW YCNOBUIA
(hopMMPOBaHMA MOBEPXHOCTHOIO M NOA3EMHOr0 CTOKa Ha Bogocbopax.

HecKonbKo AecATUNETUIA Hasal peku bnarofaps camoOuMLLatoLLER PYHKLMK
CMpaBAsINCh C OUMLLEHNEM BOZ. Tenepb e B Haubosee 06XMTbIX palioHax CTpaHsbl
B pesy/bTaTe CTPOWUTENLCTBA HOBbIX FOPOAOB W MPOMBIL/IEHHBIX MPeAnpUATUi
CTBOPbI BOAONO/b30BaHUSA PacnofioXeHbl CTOMb NAOTHO, YTO HepeaKo MecTa copoca
CTOYHbIX BOJ, ¥ BOA03a60pbl HAXOAATCA NMPaKTUYECKN PsAJOM, NO3TOMY pa3paboTke v
BHEPEHNIO 3(PEKTUBHBIX METOA0B OYMCTKM U JOOUUCTKU CTOYHBIX BOZ, OUUCTKM U
06e3BpeXMBaHNA BOJOMNPOBOAHON BOAbI yAenseTcs Bce 60Mblle BHUMaHMsA. Ha
HEKOTOPbIX MPeAnpUATMAX OMepauuu, CB3aHHbIE C BOAHLIM XO3SACTBOM, WrpatoT
BCe 60/bLY pofib. OCOBEHHO BbLICOKM 3aTpaTbl Ha BOAOCHAGXEHWE, OYUCTKY W
OTBeZlEHNEe  CTOKOB B Le/UIONI03HO-OYMaXKHOW,  FOpPHOAOOLIBAOLIEA U
HelTEXUMINYECKOI NMPOMBILLIEHHOCTU. [ocnesoBaTeNibHast 0UMCTKA CTOYHbIX BOA Ha
COBPEMEHHBIX NPeANPUATUAX NPeAnoaraeT NpoBefeHNe NePBUYHOM, MeXaHNUeCKO
ounMCTKN (YOAnsloTCA JIerko OCaXJalolyecs W BCN/blBalolye BellecTBa) U
BTOPUYHOW,  Buonornyecko  (ygansoTcd  6MONOrMYeCKM  paspyLuarolymecs
opraHuM4eckume BeLlecTsa). [Mpu 3TOM OCYLLECTBASIOTCA KOArynsaums - Ans ocaxaeHus
B3BELLUEHHbIX W KOMMOMAHBIX BELLECTB, a Takxke ocdopa, agcopbuns - ¢ Lenbio
yaneHNs pacTBOPEHHbIX OPraHUYecKUX BELLECTB W 3MEKTPOMU3 - NS CHUXEHUS
COflEPXXaHNA PACTBOPEHHbIX  BELUECTB  OPraHUW4Yeckoro WM MUHEpPaIbHOro
npovcxoxaeHns. Obe33apaknBaHWe CTOYHLIX BOZ MPOBOAMTCA MOCPEACTBOM UX
XNOPUPOBaHMA U 030HUPOBaHUS. BaXkHbIiA 3/1EMEHT TEXHONOrMYecKoro mnpolecca
OUMCTKW - yfaneHue U o6e33apaxvBaHue o6pasytoLlerocs ocagka. B HeKoTopbIxX
CNyyYasx 3aKrUNTeNbHON onepaluein ABNSeTcs AUCTUANALMS BOLbI.

Hanbonee  COBepLUEHHble ~ COBPEMEHHble  OYUCTHblE  COOPY>KEeHUs
o6ecneynBatoT 0CBOGOX/EHME CTOUHBIX BOA OT OpPraHUYecKMX 3arpsi3HEHWI TOMbKO
Ha 85-90% u nuwb B OTAENbHbLIX cnydasx - Ha 95%. lMoaTtoMy ¥ nocnie OYUCTKU
Heobxoammo 6 -12-KpaTHoe, a 4acTo M 60/bluee pa3daB/ieHe MX YMCTON BOAON ANd
COXPaHeHWUs HOPMa/IbHOW XXW3HeAeATeIbHOCTM BOAHbIX 3KOCUCTeM. [leno B TOM, YTO
€CTeCTBEHHasi CaMOOYMLLAIOLLAACA CMOCOOHOCTb BOLOEMOB W BOLOTOKOB OYeHb
HesHauuTeNbHa. ECnm e B BOJOEMbl U BOAOTOKM CTOYHble BOAbI MOCTYMalT B
60nblIOM 06beMe, a Tem 60/7ee U HEOUMLLEHHbIMW, MOCTENEHHO TepseTcs
YCTONYMBOE NPUPOSHOE PAaBHOBECME BOAHbLIX 3KOCUCTEM, HapyLLaeTcsd  UX
HOpMa/IbHOEe (hYHKLMOHMPOBaHMeE.

B nocnefHee Bpems paspabaTbiBatOTCA UM BHeApawTcA  Bce  Gonee
3heKTUBHbIE METOAbl OYUCTKM U [OOYMCTKM CTOYHbIX BOJ MNOCNe KX
6M0N0rMYeCKOn OYMCTKM C MPUMEHEHMEM HOBEMLUMX CNOCO60B 06paboTKM CTOKOB:
pafvauMoHHbIX,  3NEKTPOXUMUYECKMX,  COPOLMOHHBIX,  MarHWTHbIX K [Ap.
COBEPLLEHCTBOBAHNE TEXHOMOMMM OUYUCTKM CTOYHBIX BOfA, AanbHelillee NOBbILIEHWE
CTEMeHW OUNCTKU - BaXKHENLLMe 3afa4n B 061aCTV 0XpaHbl BOA OT 3arpsi3HEHNS.

3HaunTeNbHO LWKpe cneayeT NPUMEHSTb AOOUUCTKY OUMLLEHHBIX CTOYHbIX BOA
Ha 3emMrefeNlbiyecknx nonsx opowleHus (3MO). Mpy [LOOYNUCTKE CTOYHLIX BOA Ha
3MNO He 3aTpauMBalOTCs CPeACTBA HA MX WMHAYCTPUaIbHYIO AOOYUCTKY, CO3LaeTcs
BO3MOXHOCTb MO/yYaTb [JOMNOMHUTENIbHYKO CeMbCKOXO3ANCTBEHHYIO MPOAYKLMIO.
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........ Igjii.ho 3KOHOMMTCA BOfA, TaK KakK YMeHbLUaeTcs 3abop CBeXeil BoAbl Ans
[>)oujrHna n oTnagaeT HeO6XOAMMOCTb B PacxXofoBaHWWM BOAbl ANA pa3baBneHus
mMDKiXBog. Mpu ncrnonsb3osaHUn Ha 3MO ropoACcKMX CTOYHbLIX BOA COAepKalLmecs
........ nuTaTeNbHble BeELLECTBA M MWKPO3MEMEHTLI YCBAMBAKOTCA PacTEHUAMU
i4.ii I]MT 1 nonHee, YeM UCKYCCTBEHHbIE MUHEPA/bHBIE YA0OPEHNS.

K uncny BakHbIX 3aja4y OTHOCUTCH Takke MpefoTBpalleHVe 3arps3HeHus
....... eMOK MecTvuMaaMu W sgoxumukatamu. [ns aToro TpebyeTcs YCKOpUTb
MMAK U'MUC NPOTMBO3PO3NOHHBLIX MEPOMNPUSATUIA, C€O3L4aTb MNECTULMAbI, KOTOpble
ohim3mcb 6bl B TedeHne 1-3 Hedenb 6e3 COXpaHeHWs SA0BUTbIX OCTaTKOB B
*%n.lypc. [0 peweHWs e 3TMX BOMPOCOB  HEOOXOAMMO  OrpaHUYUTbL
* K, KNX039ACTBEHHOE WMCMO/b30BaHWe MNPUOPEXHBIX 30H BAOb BOAOTOKOB WM He
MPUMEHATb B HUX NecTUumabl. Bonbluero BHWMaHWe TpebyeT W co3daHue
|KKHIOX parHbIX 30H.

Il WWMTC BOAHLIX WCTOYHWKOB OT 3arpsi3HEHUs BaXKHOE 3HAYeHWe uMeeT
... HUC MnaThbl 3a COPOC CTOUHbIX BOJ, CO3AaHUE KOMMIEKCHBLIX PaiOHHBIX CXEM
....HUHNPCONCHUS, BOAOOTBEAEHWUS W OUYUCTKM CTOYHbIX BOL, aBTOMAaTW3aLMS
........ 3a KauyecTBOM BOAbl B BOJOMCTOMHMKAX W pa3paboTka MEeTOA0B
| KPIOKW-MMH  KauecTBOM. CrieflyeT OTMETUTb, YTO KOMM/IEKCHbIE PaliOHHbIE CXEMbl
...... "HfHA MepelT! K MOBTOPHOMY M MHOFOKPaTHOMY MWCMOMb30BaHWIO BOAbl,
Muwunlngum - obWMX  ANA  palioHa  OUYMCTHBIX  COOPYXKEHWI, a  TaKxke
....... InwpoBars npoueccsl yrpasneHns paboToll BOAONPOBOAA U KaHaM3aLUun.

Il nNpemoTBpalLeHNN 3arpa3HeHWs MPUPOAHbLIX BOJ, BeMKa Pofb OXpaHbl
hi U'kM||rpbl, MOCKONMbKY NpUOGpeTeHHble ruapoctepoin oTpuuaTenbHble CBOWCTBA
........... .KO BUOOM3MEHSIOT BOAHYHO 3KOCUCTEMY W YrHeTatolle [eliCTBYIOT Ha ee

LI MUKHUYECKUE PEeCYpPCbl, HO W pa3pyllaloT 3KOCWUCTEMbI CyLlW, ee
"UK...... cucTemMbl, a TaKke nuToctepy. HeobXoAMMO NOAYEpKHYTb, UTO
e in pagukanbHbIX Mep 60pbObl C 3arpsA3HEHWEM CAYXWT MPecfoseHne
oo nnMeics  Tpaguuuy  paccMmaTpuBaTb  BOAHble O00bEKTbl B KauyecTse
... CTOYHbIX BOA. TaM, rfe 3T0 BO3MOXHO, CNnefyeT UCKIOUNTL B OAHUX U

>« ' MAUI0TKax, U Bofoemax mbo 3abop BoAbl, TM60 COPOC CTOUHBIX BOA,

Ons NMKBMAALNN 6aKTeprasbHOro 3arpsisHeHust MpUMeHsieTCA
........ MbIULUIHME, WM Ae3VHAEKUNS, CTOYHbIX BOA. CYLUHOCTH MEeXaHW4YecKoro
.............. MOYaeTCs B TOM, YTO U3 CTOYHbIX BOZ, NyTeM OTCTaMBaHWS U UbTPaLmm
............. 4 MexaHW4ecKue nprmecy. B 3aBUCMOCTM OT pa3MepoB rpyboaucnepcHble
"m KUb1 ynaBnMBatOTCA pelleTkamyM W CUTaMM  Pas/MuHbIX KOHCTPYKLWA, a
e WK 3ATPASHEHMA  —  He(TENOBYLUKaMK,  Mac/oy/oBUTENSMU,
....... .nwuensmm M T, A MexaHU4ecKol OYUCTKOM MOXHO AOCTUTHYTb
*EPK......HV in ObITOBbIX CTOYHbIX BOA A0 60% HepacTBOPUMbIX MpUMECER, a u3
K|.KLeeonen o BEHHbIX — 0 95%.

®u WHN-XMMUYECKast 04YMCTKa COCTOMT B [0GaBMEHMM K CTOYHbIM BOfaM
...... K®HW peareHToB, BCTYMaOLLMX B PeaKLMIO C 3arpsasHAIOLIMMU BeLlecTBamu 1
.............. . HOWLLX BbINAAEHNI0 HEPACTBOPMUMbIX U YACTUYHO PacTBOPUMBIX BELLECTB.
a/icOP6EHTOB MPUMEHSIOT eCTECTBEHHbIE U UCKYCCTBEHHbIE MaTepuasibl.

3TO [/IMHbI, TOP(, @ UCKYCCTBEHHbIE — aKTUBMPOBaHHbIE yraun. 3
v «. |HMHUCCKMX METOMOB LUMPOKO MpPUMEHSIETCA OYMCTKA BOAbl OT
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3arpsisHUTeneid. Xnop — Hamnbonee ahheKTMBHOE CPeACTBO A/ 06e33apaXkmMBaHus
BoAbl. OH y6MBaeT MMKPOOPraHuM3Mbl W BCTYNaeT B peakuMio C aMMUaKOM.
OcTaBLuMiics B M36bITKE X/I0P PacTBOPSIETCA B BOAE, 3aLUMLLAs TEM CambiM BOAY OT
Nt060ro HOBOr0 UCTOYHMKA 3arps3HeHUs. PUNKO-XUMUYECKNA METOL OUNCTKN faeT
BO3MOXHOCTb YMEHbLUNTb KO/MNYECTBO HEPACTBOPEHHBIX 3arpAsHAOLLMX BELLECTB
CTOYHBIX BOA A0 95% 1 pacTBOpPEHHbIX 10 25%.

3arpsA3HeHHble CTOYHbIE BOAbl OUMLLAKOT TAKXE S/1IEKTPO/IMTUYECKUM METOLOM
(nponyckaHWeM 31eKTPUYECKOro TOKa 4epe3 3arpsi3HeHHble BOAbl), C MOMOLLLIO
yNbTpasByka,  030Ha, MOHOOOMEHHbIX  CMOA UM BbICOKOrO  [JaBfieHus.
MexaHUYeCKMiA 1 (IN3NKO-XUMUYECKUIA MeTOfbl ABMAKOTCA MNEePBbIMU - 3Tanamm
OUMCTKM CTOYHbIX BOJ, MOC/IE Yero OHW HanpaBAsTCA Ha BUONOMMYECKYIO OUUCTKY.

MeToa  OMONMOrMYEeCKOM  OUMCTKM  3aK/OYaeTcs B MUHepanuMsauuu
OpraHWYecKnX 3arps3HeHWiA CTOUHbIX BOZ, MPY MOMOLLYM a3pO6HBIX BUOXUMUYECKUX
npoueccoB. llocne 6MOMOrMYecKOl OUMCTKM BOAA CTaHOBMTCA MPO3payvHol, He
3arHyBatoLLeld, cofepXalleil pacTBOPEHHbIA KUCOPO4 U HUTPaTbl. ECTb HECKONbKO
TUNOB OGMOMOTMYECKMX YCTPOMCTB MO OYMCTKE CTOYHbIX BOA: 6UODUIBLTPLI,
a3pOTeHKU 1 Broniormyeckme npyabl. B 6uodmnbTpax CTOUHbIE BOAbI NPOMYCKatoTCs
yepe3 CNO KPYyNHO3epHWCTOrO MaTepuana MOKPbITOro TOHKOW 6GaKTepuanbHoOi
MeHKON. 3Ta M/eHKa ABNSETCA AeNCTBYIOLMM Havanom B 6uodmnbtpax. bnarogaps
e/l NIHTEHCMBHO MPOTEKAOT NPOLLECChI BUOXMMMUYECKOTO OKUCIEHMS.

A3pOTEHKM — 3TO KeNie306eTOHHbIE  pe3epByapbl, 06bIYHO  6OMLLIMX
pa3mMepoB, 4epe3 KOTOpble MeA/IEHHO TMPOTEeKalT MOABEPratoLmecs aspaumn
CTOYHbIE BOAbI, CMELUaHHbIE C aKTUBHBLIM U1I0M. OuuLlaroLLiee Hauyaio a3poTeHKOB —
aKTUBHbIA 1N 13 6aKTepWiA 1 MUKPOCKOMUYECKMX XXUBOTHbIX. VICTOYHNKAMU NMUTaHNS
1 6YpHOro pasBUTUSA OPraH13MOB aKTUBHOIO W/a CMYXKaT 3arpsA3HEHNS CTOUHbLIX BOJ,
OpraHuyecKMy BelLecTBaMu 1 M30bITOK KUCN0POAa, NOCTYNAtOLWEro B COOPYXeHMe
MOTOKOM MNOAaBaeMoro BO3Ayxa. bakTepuu CknemBarOTCA B X/IONbA W BbIAENAOT
(hepMeHTbI, MUHepa/IM3YIoLLye OpraHUyeckue 3arpasHeHns. Un ¢ xnonbsamm 6bICcTpo
0CefaeT, OTAensAcb OT OYWLLEeHHOW BoAbl. Mefbyaiilume XMUBOTHble (MHY30puK,
XIYTUKOBbIE, amebbl, KONOBPaTKM U Ap.), NOXupas 6akTepuun, He caunarolimecs B
X/0Mbs, OMONIAKUBAIOT GaKTepuasbHYl0 Maccy una. Crefyer OTMETUTb, YUTO YXe
yepe3 HECKONbKO MWHYT MOCMe KOHTaKkTa Wna CO CTOYHOM BOAOW 06bIYHO
KOHLEHTpaLMA B Hell OpraHMYecKMX BeLLECTB CHUDKAETCA 60/ee YeM HamonoBuHy. B
Lie/IoM COZiepXKaHne OpraHMYeckoro BeLLECTBA B CTOKAX B pe3ynbTaTe MpoXoXAeHus
yepes aspoTeHKM cokpawaetcs Ha 90%. B  eCTeCTBEHHbIX YCNOBMAX [OA
610N0rNyYecKolii [OOUMCTKM CTOYHLIX BOZ WCMOMb3YHOT 6MONOrMyeckme npygbl U
MONs OPOLLEHNS WK Nons ubTpaumun. buonormyeckune Npyabl — 3T0 Herny6okume
3eMsHble pe3epByapbl, 06bI4HO 0,5— 1 M, B KOTOPbIX MPOUCXOLAT T Xe MPOLEecehl,
4TO M MpU CamoouuLLieHMN BoLoeMOB. OHM paboTaloT npu TemnepaType He MeHee
6°C. O6bIYHO MX yCTpamBatoT B BuAe 4—>5 cepuil Ha MECTHOCTY, UMEIOLLIENA YKIIOH.
Pacnonaratot CTyrneHsMu Tak, 4TO BOfA W3 BEpPXHEro npyga CaMOTEKOM
HanpaBnSeTCa B HWDKEPACTNONOKEHHbIN. Mons (hunbTpauuy npegHasHaveHbl TObKO
AN 6UMONOrMYECKOn [00YMCTKM (OUMCTKM) CTOYHBbIX BOA. Ha nonsax opolueHus
OJHOBPEMEHHO C O4YMCTKOM BOA MPOM3BOAMTCA  BblpallivMBaHMWe  KOPMOBbIX
CeNbCKOX03ANCTBEHHbIX KYNLTYP UK TPaB.

56



I 11N 4 XUMWNYECKWVE BELLECTBA, 3AIMPA3HANOLLVE BVOCDEPY
4.1.1. O6uyee noHATKME - Bruochepbl

|/|6yKBaan0M nepesoge TepMunH “6unocthepa” ob6osHavaeT chepy XU3HU N B
| 'um cmbicne OH BrnepBble 6bI1 BBefeH B HayKy B 1875 r. aBCTPUWCKUM reonorom un
OHW ynTtonorom 3pyappaom 3wccom (1831 — 1914). OpgHako 3a40Nro A0 3TOro nop
|IM1iMn Ha3BaHMAMMK, B YHACTHOCTU "MPOCTPAHCTBO XWU3HWU", "KapTuHa npupopabl",

emim o6onoyka 3emnu" wn T.N., €ro cojepxaHune paccmaTpMBasioCb MHOTUMMU
|lo Inmn ecTtecTBOMCNbBITATENAMMU.

MepBoHayanbHO MNoJj BCEMW 3TUMMU TepMUHaMKU nojpasymeBasnacb TONbKO
...... VHHOCTb XWVBbIX OpPraHn3MoB, o6UTal W MX Ha Hawel nnaHeTe, XOTA UHOrAa u
....... nanacb MUX CBA3b C reorpauyeckumMu, reosorMYecKMMM U KOCMUYECKUMU
nln.uncamun, Ho Npun 3ToM cKopee obpauwianocb BHUMaHUE Ha 3aBUCUMOCTb XWUBOW
iipupoitki oT cun un BewecTB HeopraHM4yeckow npupogabl. [axe aBTOp camoro
O'pPMHHN "6uoctepa” 3. 3wcc B cBoell kKHure "Jink 3emnun", ony6nmkoBaHHON
MW 1n noytum TpuAauaTb neT nocne BBedeHuA TepmuHa (1909 r.), He 3ameuvan
> |noro Bo3gencTena 6uocdepbl 1 onpefensan ee Kak "COBOKYNHOCTb OpraHnM3MosB,
I |4|HUUCHIlyl0O B MNpPOCTPaHCTBE M BO BPEMEHW N ob6uTalLWy Ha MNOBEPXHOCTU
6 MM,

MepBbiM ©3 6MOMOroB, KOTOPbIA SACHO yKasasn Ha OrFPOMHYI PO/b >XUBbIX

........... Moun B o6pa3oBaHUN 3eMHOW Kopbl, 6bln X.B. lamapk (1744 - 1829). OH

I'mihiui, 4YTO BCe BelecTBa, HaxojsuU Mecss Ha MOBEPXHOCTU 3eMHOro wWwapa un
< (,(lyl<Humc ero Kopy, cdopmupoBanncb 6Gnarogapa A[eATENbHOCTU >XUBbIX
w5 UMW IMON

®akTbl U MNonoXeHUss o 6uocepe HakanaMBanuUCb MNOCTENEHHO B CBA3M C
| O HeMm 60TaHNKNM, noysoBefeHUs, reorpagumn pacTeHuit " LPYTUX
“pi HM\ |Uy IneHHO 6MONOrMYeckMX Hayk, a TakXe reoslormyeckmx gmcumnnuH. Te
............. 3HaHWA, KOTOpble cTanun Heo6XoAUMbIMU ANA MOHUMAaHUA 6uocdepbl B
M 3MM  OKasa/MCb CBSA3aHHbIMW C BO3HUKHOBEHWEM 3KONOIMMW, Hayku, KoTopas
<" "» | UMHMOOTHOL EHNSA OPraHN3MOB 1 OKpYy>Xatlouieil cpefbl. Buocthepa asnsaetcsa
~ " atnHOli nNpupoaHON cuctemoli, a ee cyuwecTBoBaHWe B MNepBYyH ovepeab
‘'Il' M KKNKPYroBopoTe aHEPTNUN N BELWECTB NPUN YHACTUMN XXNBbIX OPraHM3mMoB.
1"n hi. BaXHbIM ANA MOHUMaHUS 6uocdepbl 6bI/I0 YCTAHOBMIEHWE HEMEeLKUM

........... nrom 1ldecdepom (1845 — 1920) Tpex CNOCOGOB MNUTAHUA XUBbIX
(11 HIO IMOII

e aBTOTpodHOe - MocCTpoeHuWe opraHMsma 3a cHeT MUCMNONb30BAHUA Bel, ecTB
N oot KOl npupogbl;

e 11N pOFpOd)HOC - CTpOeHume opraHmMsaMa 3a CYET WCNO/1b30BaHUA

0...... MOT KyMapHbIX OPraHUYecKnx CoOeANHEHUIA;
e MWUKCOTpodHOEe - CMelWaHHbIW TN nocTpoeHnsa opraHnama (aBTOTPOPHO-
[=un [i"1 [L][|16H).
Jtic'i ¢'1'(1 (B coBpeMEHHOM MOHWMaHUK) - CcBOeobpasHas 060/104Ka 3emnu,
Y s W in 10 COBOKYMHOCTb XKMBbIX OPraH13MOB U Ty YacTb BeLLecTBa NiaHeThbl,
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KOTOpas HaxoAuTcA B HemnpepbiBHOM 06MeHe C 3TWMM opraHu3Mamu. Buocdepa
OXBaTblBaET HWKHIOK 4acTb aTMocepbl, rugpocepy U BEPXHIO  YacTb
nuTtocdepbl.

e ATMoctepa —Hanbonee nerkas 060n04ka 3emnun, Kotopas rpaHuUuuT C
KOCMUYeCK/M NPOCTPaHCTBOM; Yepe3 aTMOC(epy OCYLLECTBASETCA 0OMeH BeLLecTBa
N 3Heprum ¢ KOCMOCOM.

ATMOC(hepa MMeeT HECKOMbKO CrI0eB:

* Tponoctepa - HWKHWIA CNOW, NPUMbIKAKOWMIA K MOBEPXHOCTU 3eM/in
(BbicoTa 9-17 KM). B Hem cocTpefoToyeHO 0Koso 80% ra3oBOro cocrtasa aTMoC(epbl
1 BeCb BOAAHON Map;

* cTpatocgepa;

* moHocepa - Tam ‘“YKMBOE BELECTBO” OTCYTCTBYeT. [lpeobnagatolme
3NeMeHTbI XMMUYecKoro cocTasa atmocdepbl: N2 (78%), 02 (21%), C02 (0,03%).

e [ugpocthepa — BoAHass o6onoyka 3emnn. B cneacTBue  BbICOKOWA
MOABWMXXHOCTU  BOAA MPOHUKaeT MOBCEMECTHO B  pasfiMyHble  MNPUPOAHbIe
06pa3oBaHus, faxe Havwbonee umncTble aTMOCepHble BoAbl cogepxar ot 10 fo 50
Mrp/n pacTBOPMMbIX BeLlecTB. [peobnafatolime aneMeHTbl XMMUYECKOTO COCTaBa

rmgpocgepbl; Na+, Mg2+, Ca2+, CI“, S, C. KoHLEeHTpauus TOoro Wan WHOro
aNeMeHTa B BOfE elle HWYero He rOBOPUT O TOM, HACKONbKO OH BaXeH A1
pacTUTENbHBLIX W XXMBOTHbLIX OPraH13MoB, 0OMTAIOWMX B Hed. B 3TOM OTHOLUEHUM
BeaylWwas ponb npuHagnexut N, P, Si, KoOTopble YCBauMBalOTCA XKMBLIMU
opraHu3mamu. [NnaBHOW OCOBEHHOCTbHO OKeaHWYEeCKOW BOAbl SBMSETCH TO, YTO
OCHOBHbIE MOHbI XapakTepu3yoTCs MOCTOSAHHbIM COOTHOLLUEHWEM BO BCEM 06beMe
MVPOBOr0O OKeaHa.

e Jlutocthepa — BHelHAA TBepgas o6ono4vka 3emnu, CcOCToAWas W3
0CaflOYHbIX Y MarMaTuyeckux nopof. B HacTosllee Bpems 3eMHOV KOpOW NPUHATO
cuuTaTb BEPXHWI CnoW TBepAoro Tefna MNMaHeTbl, PAacrofIOKEHHbIA  BblLLe
ceiicMMYeckoin rpaHuubl MoxopoBuunya. [OBEPXHOCTHLIA cniol utocdepsl, B
KOTOPOM OCYLLECTB/ISIETCA B3aMMOLENCTBUE >KMBOW MaTepuM C MUHepasbHOM
(HeopraHuyeckoil), npeacTaBnseT co6oil nousy. OcCTaTKM OpPraHW3MOB MNocne
pasfoxXeHUs nepexoasT B rymyc (NAOAOPOAHYK YacTb MouYBbl). COCTaBHbIMM
YacTAMU MOYBbI CNYXXAT MUHEpanbl, OpraHUYecKue BelLecTBa, YKMBbIE OpPraHu3Mbl,
Bofa, rasbl. MpeobnajatoLye aneMeHTbl XMMUYECKOro cocTasa nutocgepsl: O, Si,
Al, Fe, Ca, Mg, Na, K.

Begyllyto ponb BbINOAHAET KWUCAOPOA, Ha AOMK0 KOTOPOro MpUXOAMTCS
MON0BKHA MaccChl 3eMHOI Kopbl U 92% ee 06bemMa, 04HAKO KMCMOPOJ, MPOYHO CBSA3aH
C ApYrUMWM 3feMeHTamy B [/1aBHbIX MOPOA006pasytomMX MuHepaiax. T.0. B
KOMMYECTBEHHOM OTHOLLUEHWM 3eMHas Kopa —a3T0 “LapcTBO” KWUC/OPOAA, XUMUYECKM
CBSI3aHHOTO B XOZ€ Fe0I0rMyYeckoro pa3BuTHS 3eMHOI Kopbl.

MocTeneHHO wnAaes O TECHOM B3aMMOCBS3M MEXAY >XMBOW U  HEXMBONA
NpUpoAoi, 06 06paTHOM BO3AEACTBUM >KUBbLIX OPraHW3MOB W WX CUCTEM Ha
OKpy>Xalolye UnX (U3NYecKne, XMMUYECKME W Treoformyeckne (akTopbl BCe
HacTouMBee MNPOHMKANa B CO3HAHWE Y4YeHbIX W HaxoAwna peaimsaumio B UX
KOHKPETHbIX MUCCMeL0BaHNAX. STOMY CMOCOOCTBOBAN U MEPEMEHI, MPOM30LLEALLINE
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........ KM rogxofe ecTeCTBOMCMbITATENEA K M3yyeHUtO npupogbl. OHW Bce 6osblue
. bJamcb B TOM, 4TO 060COBGMEHHOE MWCCNefOBaHWe SBMAEHWA W MPOLECCOB
NpUpPoabl C NO3ULMIA OTAENBHBIX HAYYHbIX AUCLMM/IMH OKa3biBAETCS HeafeKBaTHbIM.
Honomy na py6exe XIX — XX BB. B HayKy BCe LUMpe MPOHWUKAKT uaemn
*OKMCIUYCCKOro, UM LENOCTHOrO, NOAXO0AA K U3YYEeHWIO NPUPO/b!, KOTOPbIE B Halle
npl M1 CHOPMUPOBAIUCH B CUCTEMHBbIA METOZ, €€ U3YUeHNS.

PesynbTaTbl TaKOro NOAX0Aa He3aMeMTEeNIbHO CKasanucb NpU UCCNefoBaHNN
WMMHAX  nNpobnem  BO3LENCTBUS  OUOTMYECKMX, WAN  XMBbIX, (HAaKTOPOB Ha
WOVOrUUCCKYE, UMW (I13MYeCcKMe, YCnoBums. Tak, OKasanocb, Hampumep, 4TO COCTaB
Mnpi ko/i BOAbI BO MHOrOM OMpedensieTcsl aKTUBHOCTbIO MOPCKUX OpraHu3moB,
r nHWMs, XMBYLLME Ha MecyaHoW MouYBe, 3HAUMTENbHO M3MEHSHOT ee CTPYKTYpY.
|.imiil- opraHM3mbl KOHTPOAMPYIOT [aXke COCTaB Halleir atmoctepbl. Ywucno
..... onnmMX MPUMEPOB NErKO YBEMUUTb, U BCE OHW CBUAETENLCTBYIOT O Ha/Muum
"OpT Nou CBSA3W MEXAY XXMBOW 1 HEXMBOI NPUPOLONA, B pesynbTate KOTOPOI XMNBOE
H Mn iBO B 3HauMTE/IbHOM, Mepe MeHSieT /MK Hawein 3emnn. Takum 06pasom,
'mLLIMOPY HEeNb3s paccMaTpuBaTh B OTPbIBE OT HEXMBOW NPUPOAbI, OT KOTOPOIA OHa,

muinli CTOpPOHbLI 3aBUCUT, a C APYroil —cama BO3AeCTBYET Ha Hee. [osTomy nepeq,
inoucnbITaTeENAMY BO3HMKaET 3afjadya - KOHKPETHO WCCNefoBaTh, KakuM
>M W B Kakol Mepe >XMBOE BELLECTBO BMSET HA (PU3UKO-XUMUYECKME U
........ . MUCCKUC MPOLIECChI, MPOMCXOALLME HA MNOBEPXHOCTM 3eMN 1 B 3eMHOW Kope.
' uun NOJOGHLIA NOAXOA MOXET AaTb fCHOe W TNyboKoe npefcTaBleHWe O
LI 6uoctepbl. Takyt 3afjady kak pa3 W nocTtaBun nepes coboit
....... M4umMiAca poccuiickuiA ydeHblli Bnagmmup VeaHoBuu BepHafckuin (1863 —
1<ML)

oo™

4.1.2. B.W. BepHapackwii o 6uocthepe
YKMBOW OpraHvam
LicHabHbIM B 3TOW KOHLEMUMK SBMISIETCA MOHATME O XXMBOM BELLECTBE,
(H1**n 1l N.BepHaackuii onpegensieT, Kak COBOKYMHOCTb KMBbIX OpraHvM3MOB.
| |w»y pacTeHWin 1 XMBOTHbIX, B..BepHaackuii BKOYaeT Clofa 1 YenoBeyecTBo,

I KOTOPOro Ha reoXMMUYECKME NPOLECChbl OTAMYaeTCA OT BO3LENCTBMA
m4blMmY  XuBbIX CYLLIECTB, BO-MepBbIX, cBoel WHTEHCUBHOCTbIO,
» MatoLLencas € XOAOM  reONOrMYeckoro BPEMEHW; BO-BTOPbIX, TeM

& ... iliiu-m, Kakoe [edaTeNbHOCTb /HOfEe OKasbiBa€T Ha OCTa/lbHOE >KMBOE

AHH» | 1 HY

Wn BO3geliCTBME CKa3blBaeTCs, MPeXae BCEro, B CO3AaHUM MHOMOYUCIEHHbIX
UM VHHAH KyNbTYPHbIX PacTeHuid M [OMaLLUHUX XMBOTHbIX. Takue Buibl He
»uy | IHiBijiH paHblie ¥ 6e3 nomowm 4enoeeka nM6o nornbatwoT, NGO
| I mull »n pgukve nopogel. [MosTtomy BepHafgckuiA  paccmaTpuBaeT
|| kvio paboTy >KMBOro BellecTBa B HepaspblBHOM CBA3M KUBOTHOIO,
l e WM "not Lape3Ba M Ky/bTYPHOrO YeNoBeYecTBa kak paboTy eMHOro Lenoro.

V., MHeHunio B./1.BepHagckoro, B NpOLLIOM He Mpuiasan 3HaveHus OBYM
................ |'M Wwpam, KOTOpble XapakTepu3yloT >XUBble Tena W MPOAYKTbl WX
MUM UBINKTU:
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OTKpbITMIO [lacTepa 0 npeobfiafaHUM OMTUYECKM aKTUBHBLIX COEAVHEHWIA,
CBSAI3aHHbIX C AWCUMMETPUYHOCTBIO MPOCTPAHCTBEHHON CTPYKTYPbl MOJSEKYN, Kak
OTNNYMTENbHO 0COBEHHOCTY XMBbIX TS,

SBHO Hef0OLeHMBANCS BKAL XXMBbIX OPraHU3MOB B 3HEPreTuky 6uoctepsl v
NX BMUSHWE Ha HeXUBble Tena. Befp B cocTaB 6uocepbl BXOLUT He TOMbKO YXUBOE
BELLIECTBO, HO M Pa3HOO6pa3Hble HEXMBLIE Tena, KoTopble B.W.BepHaackuii HasbiBaeT
KOCHbIMM (aTMOchepa, ropHble NOpoAabl, MUHepanbl U T. 4.), a Takke U BUOKOCHbIE
Tena, 006pa3’oBaHHble W3 Pa3HOPOAHLIX XKMBbIX W KOCHbIX Ten  (MouyBbl,
MOBEPXHOCTHbIE BOAbI U T. N.). XOTS XMBOe BeLeCcTBO M0 06beMy U BECY COCTaBNSAET
He3HauMTeNbHYIO YacTb 6MOCHEPbI, HO OHO UIPaeT OCHOBHYHO POJib B FE0NOMMYECKMX
npoveccax, CBA3aHHbIX C U3MeHeHMeM 06/1MKa HaLlel MiaHeTbl.

MockonbKy >KMBOE BELUECTBO SBASIETCA  ONpedenstowyM  KOMMOHEHTOM
6uoctepbl, NOCTOMbKY MOXHO YTBEPXAaTb, UYTO OHO MOXET CYLIecTBOBaTb M
pasBuBaTbCs TO/bKO B pamKax LEenoCTHOM cucTeMbl 6uocdepbl. He cnyyaitHo
noatomy B./.BepHaickuii CUMTaeT, YTO XMBble OpPraHv3Mbl SBAAIOTCH PYHKLeER
6rocepbl M TECHEALWNM 06pa3oM MaTepuanbHO M 3HEPreTUYECKU C Heil CBA3aHbI,
ABMAKOTCA OrPOMHOIA re0N10rMYecKoi CUMON, ee ONpeaenstoLLE.

VICX04HON OCHOBOW CyLUECTBOBaHWUA 6MOCtepbl M MPOMCXOAAMX B Hei
6MOreOXMMNYECKNX MNPOLIECCOB ABMSETCA aCTPOHOMUYECKOE MOMOXKEHUE Hallei
MaaHeTbl U B MEPBYHO Ouepedb ee paccTosiHMe OoT COMHUA UM HaK/OH 3eMHOM 0cU K
3KIMMTVKE, WM K TMAOCKOCTM 3eMHON  0pbuTbl. 3TO  MPOCTPAHCTBEHHOE
pacrosnoxeHue 3emMnun onpegensieT B OCHOBHOM KNVMMaT Ha M/aHeTe, a nocnegHuii B
CBOK 0Yepedb - >KM3HEHHbIe LMK/bl BCEX CYLLECTBYHOLIMX Ha Helk OpraHu3MOB.
CornHue SBNSETCH OCHOBHLIM MCTOYHUKOM 3HEPTUMM BMocepbl U perynsaTopoM BCex
reosIorMyecKmx, XMMUYECKUX U BMONOTMYECKNX MPOLECCOB Ha Halleli nniaHeTe. 3Ty
ee posb 00pa3HO BbIPA3WI OAWMH M3 aBTOPOB 3aKOHa COXPaHeHWsi 1 MpeBpaLleHus
aHeprum HOnumyc Maitep (1814 - 1878), OTMETMBLUMIA, YTO XXU3Hb €CTb CO3AaHWE
COMTHEYHOT O Nyya.

Peluatolllee OT/IMUME DHKMBOFO BeLLECTBA OT KOCHOrO 3aKk/lo4yaeTcs B
Cleaytowem:

M3MEHEHNS W MPOLECChl B XXMBOM BELLECTBE MPOUCXOAAT 3HAUUTENbHO
ObICTpee, YeM B KOCHbIX Tenax. MoaTomy [ XapakKTepUCTUKN U3MEHEHUI B XXMBOM
BELLECTBE WCMONb3YETCH TMOHATWE WCTOPMYECKOro, a B KOCHbIX Tenax -
reofiorMyeckoro BpemeHW. [ CpaBHEHWs OTMETY, UYTO CEeKyHJa reofiorMyeckoro
BPEMeHW COOTBETCTBYET NPUMEPHO CTa ThiCAYaM /IET UCTOPUYECKOTO;

B XO0fe reolorn4yeckoro BpeMeHN BO3PacTatoT MOLLb XXMBOrO BellecTsa M ero
BO3/EWCTBME Ha KOCHOe BellecTBO 6uoctepbl. ITO BO3felCTBUe, YKasbliBaeT B.U.
BepHazckuiA, NposBNSeTCA Npexae BCero "B HenpepbIBHOM 6MOreHHOM TOKE aTOMOB
13 XXVBOTO BeLLeCTBa B KOCHOE BELLECTBO 6rochepbl 1 06paTHO™,

TOMbKO B )KMBOM BELLECTBE MPOMCXOLAT  KayeCTBEHHble W3MEHeHWs
OpraH13MOB B XOfe re0/orMyeckoro BpemeHW. [lpouecc M MexXaHM3Mbl 3TUX
M3MEeHeHUIA BMepBble HALIM OOBSCHEHWE B TEOPUM MPOWUCXOXAEHUSA BULOB MyTEM
ecTecTBeHHoro otbopa Y.[apsuHa (1859 r.);
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NUHblE OPraHn3mMbl U3MEHSIOTCA B 3aBUCUMOCTU OT U3MEHEHWUS OKPYXKatoLLel
w" 111 afanTMpylOTCA K Held 1, COrmacHo Teopun [lapBuHa, UMEHHO MOCTENeHHOe
W ......NEHVIE TAKNX U3MEHEHUIA CNYXXUT UCTOUHMUKOM 3BOJTHOLIMN.

Il VI BepHafcKuiA BbICKA3bIBAeT MPEANONOXKEHNE, UYTO XKMBOE BELLECTBO,
....MOXHO, VIMEeT M CBOI MpOLECC 3BOMOLMM, MPOABAAIOLLMIACH B U3MEHEHUU C
*mLM 1COMOrMYecKoro BpeMeHu, BHe 3aBUCUMOCTM OT U3MEHEHUS Cpefbl.

[na noaTBepXKAEHNS CBOE MbIC/IM OH CCbIIAeTCA Ha HenpepbiBHbIA POCT
in U ||1w|bItoiA HEPBHOW CUCTEMbI XKMBOTHBIX M e 3HaYeHne B buocdepe, a Takke Ha
...... yul OpraHn3oBaHHOCTb camMoit 6uocdepbl. 10 ero MHeHuo, B YMPOLLEHHOM
w1 hi 3Ty OpraHM30BaHHOCTb MOXHO BbIPa3UTb TakK, YTO HW 0OfHA M3 TOueK
M (hepM "HC MonagaeT B TO XKe MEeCTO, B Ty e TOUKY 6uocdepbl, B Kakoin Korfa-
..... . 0 6blna paHbLLe”. B coBpeMeHHbIX TEPMUHAX 3TO AIB/IEHWE MOXHO ONUcaTh Kak
..... [l[[HHMOCTb WM3MeHeHMIA, KOTOpble NMPUCYLLW NIFOBOMY MPOLIECCY 3BOMOLMU K
[H1wAA

11rnpcpbIBHMIA NPOLIECC 3BOIOLMK, COMPOBOXAAOLLMIACS NOABIEHNEM HOBbIX
..... VB OpPraH13MOB, OKa3blBaeT BO3AEWCTBYMe Ha BCO Groctepy B LIENIOM, B TOM Yucre
...... npupoaHble BUOKOCHBIE Tena, Hanpymep, NoyBbl, Ha3eMHble U NOA3EMHbIe BOAbI
M. N >10 NOATBEPXAAETCA TeM, YTO MOYBbI U PEKN AEeBOHA COBCEM ApYrue, Yem
V' 1IVMDA u, Tem 6Gonee Haweil 3noxu. Takum 06pa3om, 3BOMOUMS BUAOB
....... MEHHO PacnpoCTPaHsEeTCa U NePeXoanT Ha BCo brocdepy.

MocKOMbKY  3BOMIOLUMA U BO3HWKHOBEHME HOBbIX BWAOB NpeanonaraloT

M. |KOBaHMe CBOEro Havana, NocToMbKY 3aKOHOMEPHO BO3HMKaET BOMPOC: a eCTb
...... TUC Hayano y Xu3HW? Ecnu ecTb, TO, rAe ero uckaTtb —Ha 3emne unv B
r..NT ¢? MOXEeT 1 BO3HUKHYTb XXUBOE 13 HEXXUBOT0?

My 3TUMKM BONpPOCaMW Ha MPOTSHXKEHUW CTONETUI 3a4yMbIBAINCL MHOTUeE
| VNHOYHble [JeATenu, MpeACTaBUTENN WCKYCCTBa, (UIOCOMbI U YYeHble,
1 M HrpnHAckuii Nogpo6bHO paccmaTpuBaeT Hambonee MHTEPECHbIE TOUKU 3peHus,
mNNpi.ii BbIABUIINCH BbIAAIOLWMMUCS MbICAUTENSMM Pa3HbIX 3M0X, U NPUXOAUT K
iNLLW |y. UTO HUKAKOTO Y6eaMTENIbHOrO OTBETA HAa 3TU BONPOCHI MOKA HE CYLLECTBYET.
" LW -in BYK YYeHbll BHaYane NpuaepXmBasIca aMIUMPUYECKOro Noaxoaa K peLleHuno
........ MHbIX BOMPOCOB, KOrja YTBePXAas, UTO MHOFOYMC/EHHbIE  MOMbITKA
JWBpY XWUTb B APEBHUX Fe0NOrMYECKMX CNosSX 3eMun cnedbl MPUCYTCTBUS KakuMx-
...... MepexodHbIX (OPM >KU3HW HE YBEHYanucb ycrexoMm. Bo Bcskom crydvae
.......... PMC OCTaHKU XM3HWU Oblin 06HApYXKeHbl faXe B AOKEMOPWIACKMX CrosiX,
nm ...... Talowmx 600 MWUANMOHOB fiET. ITU  OTpuLaTeNbHble pe3ynbTaThbl, MO
..... inn. V1 V.BepHazckoro, Aal0T BO3MOXHOCTb BbICKa3aTb MPEANOSIOKEHUE, YTO
* e | 1 MaTepysi M 3Heprus CyLlecTBYeT BO BceneHHOW BEYHO M MO3TOMY He
mvmm | l«ocro Hayana. Ho Takoe npeanonioxeHne ecTb He 6o/blue, Yem
...... puunekoe o6ob6uweHne, OCHOBaAHHOE Ha TOM, 4YTO Cnefbl XXMUBOrFO Bew,ecTBa A0
........ P iN O6Hapy>eHbl B 3eMHbIX C0sIX. UT06bI CTaTb Hay4HOM TUMOTE30M, OHO
inn I'mi hi.in. cornacoBaHo ¢ Apyrumun pesy/bTaTamy Hay4yHOro Mo3HaHus, B TOM
HA 1 1 | 6onee LWIMPOKUMKM KOHLEMUMAMM eCcTecTBO3HaHUA u ¢unocopum. Bo
d ... I I ayyac Henb3s He cUMTATLCA CO B3rNIALAMU TeX HaTypasMCcTOB U (Mnocodos,
» Wpin MWMLANK Te3UC O BO3HUKHOBEHUM XXMBOW MaTepun U3 HEXUBOW, a B
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HacTosLLee BpeMs [aXe BblABMUraroT 4OCTATOHYHO 060CHOBAHHbIE TMMNOTe3bl Y MOAENN
MPOUCXOXKAEHNSA YKU3HW.

MpeanonoXeHNs  OTHOCUTENBHO  abWOTeHHOro, WM HEOPraHWM4eckoro,
MPOUCXOXKAEHNN XKWU3HU  [LENaMCb HEOLHOKPATHO elle B aHTUYHYHO  3roXy,
Hanpumep, ApUCToTeNeM, KOTOPbIA JOMYCKan BO3MOXHOCTb BO3HUKHOBEHUS MEKMX
OpraHv3moB 3 HeopraHM4eckoro BeLLeCTBa. C BO3HMKHOBEHUEM
3KCMEPUMEHTA/IbHOTO EeCTECTBO3HaHUA W TMOABNEHMEM TakKuMX HayK, KaK reosorus,
NafieoHTONOrMA U BUOMOrKS, Takasd TOYKa 3peHUs NOABeprfiacb KPUTUKE KakK He
060CHOBaHHas aMnupuyeckumn haktamn. Euwe Bo BTOpoit nmonoBmHe XVII B.
LUMPOKOE pacrnpocTpaHeHne MoayyYna MPUHLMMA, MNPOBO3MAAEHHbIA U3BECTHBLIM
(hNIOPEHTUIACKMM BpayoM U HaTypanuctom ®.Pefn, 4TO BCe XXMBOE BO3HMKAET U3
XXMBOr0.  YTBEPXAEHWIO  3TOr0  MpUHLUMNA  COAEICTBOBAIM  UCCNE0BaHUS
3HAMEHWTOrO aHrMcKoro cusnonora Yunbsama Mapeest (1578 —1657), KOTOpbIi
CuMTan, YTO BCAKOE >KVMBOTHOE MPOMCXOAMT M3 fiiUa, XOTA OH W JOMycKan
BO3MOXHOCTb BO3HVKHOBEHUS YXKU3HW aBUOTeHHbIM MyTEM.

B panbHelileM, no mepe NPOHWKHOBEHWA (DU3UKO-XMMUYECKUX METOLOB B
61onormyeckne WCcnefoBaHNs CHOBA jj BCE HACTOWYMBEE CTaiM BblgBUraThCs
runoTesbl 06 abuMOreHHOM MPOUCXOXAEHUN XM3HW. Bbille Mbl y)XKe roBopunn o
XUMMWYECKON 3BOMOLMM KaK NPeanocblike BO3HUKHOBEHMS NPeAbroTUYECKOW, Wam
npea6ronornyecKom, cTafuy BO3HUKHOBEHUS XM3HWU. C yKa3aHHbIMK pesy/ibTatamu
He MOr He cunTaTbea B.W. BepHaackuii, 1 NoaToMy ero B3rfisfbl N0 3TMM BOMPOCaM
He OCTaBa/IMCb HEW3MEHHbIMW, HO, OMUPasCb Ha MOYBY TOYHO YCTAHOB/IEHHbLIX
(haKTOB, OH He [OnycKas HW OOXECTBEHHOr0 BMELLATENbCTBA, HW  3eMHOro
MPONCXOXAEHNA >N3HN. OH NepeHec BO3HWKHOBEHWE >KU3HW 3a Mpejenbl 3emun, a
TakXe [OMNycKas BO3MOXHOCTb €e MosBfieHun B 6uocdepe npu onpegeneHHbIX
ycnosusax. OH nucan: “lMpuHumn  Pefu... He YykasblBaeT Ha HEBO3MOXHOCTb
abvoreHesa BHe 6MOCtepbl WM MpU YCTaHOBNEHUM Hannumsi B 6uocepe (Tenepb
WM paHblue) (PU3NKO-XUMUYECKUX SABMEHWIA, He MPUHATLIX MpU  Hay4yHOM
onpefeneHun 3Toli opMbl OPraHM30BaHHOCTM 3eMHO 060104KN.”

HecmoTpsi Ha HeKOTOpble NPOTMBOPeYXs, yyeHne BepHagckoro o 6uoctepe
npeacTaBnseT COO0A HOBbLIA KPYMHbLIA LWar B MOHMMAHWM He TO/bKO XKMBOW
npupogpl, HO U €e HepaspbiBHOW CBA3M C UCTOPUYECKON [AeATeNbHOCTbIO
YesiIoBeYeCTBa.

4.2. Bwupabl 3arpsa3HeHmnin buocgepsbl

PasfnyaloT fiBa OCHOBHbIX BWAA 3arpsisHEHWiA: NPUPOAHOE U aHTPONOreHHoe
3arpssHeHns. MpupogHoe 3arpsisHeHWe BO3HMKAeT B pe3y/bTaTe ecTecTBEeHHbIX
MPUYMH - N3BEPXKEHUS BY/IKAHOB, 3eM/IETPSCEHNIA, KaTaCTPONUECKMX HaBOAHEHWIA 1
MOXapoB. AHTPOMOreHHOe 3arpsisHeHVe - Pe3yNbTaT AesTeNlbHOCTY YeoBeka.

PaccCMOTPVUM HEKOTOpble YepTbl COBPEMEHHOrO COCTOsHWS 6Guochepbl U
MpoLeccsl, Npoucxoasiume B Heid. MnobaibHble NPOLECChl 06pa3oBaHNs 1 ABUKEHUS
XMBOTO BellecTBa B 6uocepe CBA3aHbl W COMPOBOXAAKOTCS  KPYrOBOPOTOM
OTPOMHbIX MacC BeLIeCTBA U SHEPruW. B OTAMuMe OT UKUCTO Teonorvueckux
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||[>ollcccoB  6UOreoxXmMmmyeckme LMKAbI C Y4YaCTMEM XXMBOTO BELLECTBA WMEKT
MbluMTENbHO  60Niee  BLICOKME  WMHTEHCMBHOCTb, CKOPOCTb W KOMMYECTBO
...... CYEHHOro B 060POT BeLLecTBa.

Kak yxe rosopunoch, C NOSBEHWEM W pa3BMTMEM YefloBeYecTBa MNpoLiecc
....... 3aMeTHO BUAOM3MEHUNCS. Ha paHHUX cTaausax UMBUAM3aLMM BbIpyOKa K1
<UAWLLHWE NIeCOB AN 3eM/efens, BbiMac CKOTa, MPOMbICE/T M 0XOTa Ha AMKKX
..... OTHbIX, BOWHbI OMYyCTOL&M Lefble PervoHbl, MPUBOAWAN K paspyLUEHWo
C'e LWWN/IbHBLIX COO6LLECTB, MUCTPEONEHNIO OTAE/NbHbLIX BUAOB XXUBOTHbIX. 10 Mepe
Cunon M UMBUAM3ALMKN, OCOBEHHO OGYPHOrO MNOc/ie MPOMbILLIEHHOR pPeBooLMU
* "Mbl CpefHUX BEKOB, Ye/I0BEYECTBO OBMaJ€Bali0 BCe 6OMbLUe/i MOLLBO, BCe
....... LUeii CMOCOGHOCTLIO BOB/EKATb M MCMOMb30BaTh /11 YAOBNETBOPEHNUS CBOUX
rc | wyx noTpe6HOCTel OrPOMHbIE MacChl BELLLECTBA - KaK OPraH14ecKoro, Xu1Boro,
1/ M MUHEpanbHOro, KOCHOT 0.

[OCT HaceneHWss U pacLUMpsIlOLLeecs pasBUTME CeNIbCKOro  XO3ANCTBA,
""1"IMbIHUICHHOCTM, CTPOWUTE/NLCTBA, TPAHCMOPTA BbI3BA/IM MacCOBOE YHUUTOXEHMe
nerm n Espone, CeepHoil AMepuke, Bbinac ckota B 60MblUMX MacluTabax
ml....MoH K rubenn NnecoB M TPaBAHOIO MOKPOBa, K 3po3vm (paspyLLEHMIO)
Mmn.....oro cnosa (CpegHsas Asusi, CesepHas Adpuka, tor Esponbl n CLLA).
B CHbI JieCATKM BUAOB XMBOTHbIX B EBpone, Amepuke, Adpuke.

YueHble NpeanoniaraloT, YTO WCTOLLUEHME MOYB HAa TEPPUTOPUM LPEBHErO
...... 1'| LIKLIMEepPMKaHCKOrO rocyfapctsa Malis B pesy/ibTate MofCceqHO-OrHeBoro
n 1u ii MHMW MHAIOCH OAHOW M3 MPUYMH TGN 3TOIN BbICOKOPA3BMTOM LBUIN3ALIN.
. Hi0 B [lpeBHeii pelinn ncyesnu obLUMpHLIe fieca B pe3y/bTaTe BbIpyoKu 1

............. BblMaca CKOTa. 3TO YCWAWMO 3PO3WH0 MOYBbI M MPUBENIO K
........... HO MOYBEHHOrO MOKPOBa Ha MHOMMX FOPHLIC CK/IOHAX, MOBbLICMNIO
e hoi Ib KNMaTa 1 yXyALLIUO0 YCN0BUS BEAEHUS CENIbCKOr0 X034MCTBa.

* |ponrcabCTBO U 3KCMyaTauysi MPOMbILLIEHHBIX MNPeAnputTUi, [o6blba
W .. MCKOMaeMblX MPUBEM K  CEPbe3HbIM  HapyLUeHUAM  MPUPOLHbIX
SBU HMH(DIOH.  bIFPA3HEHWIO NOYBbI, BOAbI, BO34YXa Pa3IMUHbIMU OTXOLaMU.

11H (Hnwpe casurn B GrocepHbIX NpoLeccax Hadanueb B XX B. B pesy/bTare
W), e[H MpPOMbILLMEHHOM peBOMOLMKA. BypHOe pasBUTUE  3HEPreTUKY,

nwm....... iporiiiiM.  xuMuwn, TpaHcnopTa nNpuBeno K TOMY, 4TO YesioBevecKas
(o} S i LWna cpaBHMMa HO MacluTabam C eCTECTBEHHbLIMW 3HEPreTUUYECKUMU
W BMH |NWLLHbIMMA MpoOLeccaMy, Npoucxoaswymm B 6rocdepe. HTEHCUBHOCTb
[ CNOBEYECTBOM 3HEPIMUM U MaTepuasibHbIX PECYpPCOB  pacTeT

HovvPu...... Nii.n0 YMCNEHHOCTY HaceneHUs 1 faxe OnepeXxaeT ero NpupocT.

Wo* uyMpOHOMM O BO3MOXHbIX MOC/EACTBMAX PACLUMPSIOLLErOCA BTOPXKEHUA
Ama* *¢ % npupody, ewe nonBeka Ha3afd akagemuk B. V. BepHagckuidi nmcan:
N [ WHTU UH TeONOr1YeCcKO CU/OA, CMOCOBHOW W3MEHUTL MUK 3eMan”.
#H e * " *uMMr npopodecku onpasganocb. [MocneAcTBust aHTPOMOreHHOM
VipHM ... MH/ 4eN0BEKOM) AeATE/IbHOCTY NPOSBAAKTCA B UCTOLLEHUN NPUPOAHBIX
.......... W....TMMH 6Buoctepbl OTXOZamu NPOU3BOACTBA,  paspyLLeHUn
IpgpMid". WM UF U M, U3MEHEHWUM CTPYKTYpbl MOBEPXHOCTU 3eMAW, W3MEHEHWUU
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KnMmaTta. AHTPOMOreHHble BO3AENCTBUS NMPUBOAAT K HApYLLEHWUHO NPaKTUYECKM BCEX
NPUPOAHbLIX BUOreoXMMUYECKNX LIMKIIOB.

B pesynbTaTe CKUraHWs pasnMyHOro TOM/AMBA B aTMOCHEPY €XEerogHo
BblbpacbiBaeTca Okono 20 MApA T YI/IEKUCNONO rasa W Mor/oLLaeTcs
COOTBETCTBYIOLLEE KOMMYeCTBO Kucniopoga. IMpupoaHblii 3anac C02 B aTmocdepe
cocTaBnsAeT BeNMUMHy nopsgka 50 000 Mapa T. 3Ta BennumnHa KonebneTcs v 3aBucHT,
B YaCTHOCTM, OT BY/IKAHWUYECKOM aKTMBHOCTW. OfHaKO aHTPOMOreHHble BbIGPOCHI
YINEKNCNIOro rasa NpeBbILIAKT eCTeCTBEHHbIE U COCTAB/ANOT B HacTOsiLLee Bpems
60/bLLYIO 00 ero 06LLEero KonM4ecTsa. YBennyeHne KOHLEHTPaLumn yrieKucnoro
rasa B arMmocgepe, CONPOBOXAAIOLLEECS POCTOM KOMAMYecTBa aspo3onisi (Menkmx
4acTuL, MblaKn, CaKW, B3BECEA PACTBOPOB HEKOTOPLIX XUMWUYECKMUX COEAVHEHWIA),
MOXeT MNPUBECTM K 3aMeTHbIM W3MEHEHUAM KIMMaTta W COOTBETCTBEHHO K
HapyLUEHNIO CKNaJbIBaBLUMXCS B TEYEHME MWJIMOHOB NIET PaBHOBECHbLIX CBsi3eli B
6uocgepe.

VTOoroMm HapylleHUs Mpo3payHoOCTU aTtMmocdepbl, a, ChnejosaTesibHo, WU
TennoBoro 6anaHca MOXeT SBUTbCA BO3HWKHOBEHME “NapHMKOBOro agekTa”, To
€CTb YBE/IMYEHMS CcpefHeli TeMnepaTypbl aTMoctepbl Ha HECKO/bKO rpagycoB. 310
CMOCOGHO BbI3BATL TasHWE NEAHWKOB MOMSPHLIX 06/11aCTel, MOBbILEHNE YPOBHS
MupoBOro OKeaHa, W3MEeHeHWe €ero COMeHOCTW, TeMmnepaTypbl, nobanbHble
HapyLLeHUsl KMmaTa, 3aTonieHue NpUOpeXXHbIX HUMEHHOCTel M MHOrve Apyrue
HebnaronpusTHbIE NOCNEACTBUS.

Bblibpoc B aTMoctepy MPOMbILLIEHHBIX [a30B, BKIHOYAlOWMX — Takue
coefviHeHWs, Kak okuch yrinepoga CO (yrapHblii ras), OKMC/bI a30Ta, Cepbl, aMmmaKa
W APYrvX 3arpasHUTenei, NpUBOAUT K YTHETEHUIO XU3HELEATEIbHOCTU PAaCTEHWIA 1
XXVBOTHBIX, HapyLUeHUSM O0O6MEHHbIX MPOLECCOB, K OTPABNEHWUIO U rMBen XMBbIX
OpraHy3moB.

3arpsisHeHVe npupogHol cpedbl. [MosiBNeHWe B NPUPOAHON Cpede HOBbIX
KOMMOHEHTOB,  BbI3BaHHOE  [EATENbHOCTBIO  YenoBeka WAM  KaKuMU-nn6o
rpaHAVo3HbIMU MPUPOAHbLIMUA  IBAEHMAMU  (Hanpumep, BY/IKAHWYECKOIA
[eATeNbHOCTbIO), XapakKTepusyloT TEePMUHOM 3arpsi3HeHHOCTb. B o6uem Buge
3arpA3HEHHOCTb — 3TO HaAMuMe B OKPYXXKaloLLeil cpefe BpefHbIX BELUECTB,
HapyLlalowWmx (PYHKLUMOHUPOBaHME 3KONOMMYECKUX CUCTEM WAM UX OTAENbHbIX
3/IEMEHTOB N CHUDKAIOLLMX KAYeCTBO Cpefbl C TOUKWN 3PEHWS MPOXMBAHUS YeNoBeKa
WAV BELEHVS! UM XO3SNCTBEHHOM LeATENbHOCTA. STM TEPMUHOM XapaKTepu3yoTcs
BCE Tefa, BELLEeCTBa, SIBMEHMSA, MPOLECChl, KOTOpble B AaHHOM MeCTe, HO He B TO
BPeMs U He B TOM KO/IMYECTBE, KakOe ecTeCTBEHHO [ NPUPOAbl, MOSBASIOTCS B
OKpY>KatoLLeli cpefie M MOTYT BbIBOAWTb €€ CUCTEMbI 13 COCTOSIHUS PaBHOBECUS.

OKOMOrMYeckoe [AeiCTBMe 3arpA3HAIOLLMX areHTOB MOXET MpOSBAATLCA MO-
pasHOMY; OHO MOXET 3aTparueaTb IM60 OTAeNbHble OpraHu3Mbl (NMPOABAATLCA Ha
OpraHM3MEeHHOM YpPOBHe, NIM60 NonynAuMKu, 6GUOLEHO3bI, 3KOCUCTEMbI W [ake
6uocepy B LEeOM.

Ha opraHu3MeHHOM YpOBHE MOXET MPOUCXOAWTb HapyLlueHue OTAeNbHbIX
thnsmonormyeckne (QYHKLWA OpraHW3mMoB, W3MEHEHWe WX MOBELEHUS, CHWXKEHWe
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MWMHOA pOCTa W pasBUTUS, CHIDKEHWE YCTOWUMBOCTM K BO3LEACTBUAM MHbIX
H. iN.HONPWATHbIX PaKTOPOB BHELLHEN Cpefpl.

H1 ypoBHe mMOMNynAuUMiA 3arpsi3HEHME MOXET BbI3blBaTb W3MEHEHME KX
........... OCTW M 6GuoMacchl, POXAAeMOCTM, CMEPTHOCTW, W3MEHEHUs CTPYKTYpbl,
L, min,ix LUMKIOB MUrpauuii v psga apyrmx yHKUMOHaIbHbIX CBOWCTB.

Ha 61OLeHOTNYECKOM YPOBHE 3arpsi3HEHMEe CKasblBaeTCsi Ha CTPYKType U
|, HUTAX coobLiecTB. OfHU 1 Te XXe 3arpsi3HAILLME BELLECTBa N0-pasHOMY BMSIOT

JTHOLEHW B GMOLIEHO3e, BMIOTb A0 MO/IHOTO WMCYE3HOBEHWSI OfHUX (HOpM U
LWHAMIEHNS apyruX. VI3meHsieTcs NpPOCTpaHCTBEHHas CTPYKTypa COOOLLECTB, Lenu
| ......cnua (ACTPUTHBIE) HAYMHAKOT NpeobnagaTh Hag NacTOULLHLIMU, OTMUPaHKe -
Hm npogykupeii. B KOHEYHOM cUeTe MPOMCXOAMT [erpajaums 3KOCUCTEM,

, VILLICHUC UX KaK 3/IEMEHTOB Cpefibl Ye/0BEKA, CHYDKEHVE MONOXUTENbHON ponn B
|||u|iMmrpoBLLIMM Brocthepbl, 06ecLeHeHNEe B XO3AACTBEHHOM OTHOLLIEHUN.

lupAsusioliMe  BELLECTBa, BO3HUKILME B pe3y/bTaTe  XO3ANCTBEHHON
W ... L.MOCTU Ye/ioBeKa, M WX BAMSHWE Ha Cpefy O4eHb PpasHOo06pasHbl. K HuM
Minusres COeAUHEHWS Yr/iepofa, Cepbl, a30Ta, TSHKENble MeTa/bl, pPas/IMyHbIe
W LUIHYEEKMe BELLECTBa, MCKYCCTBEHHO CO3AaHHble MaTepuasnbl, PauoaKTUBHbLIE
. Mniinu 1 MHOroe Apyroe.

liih, MO OLleHKaM 3KCMepTOB, B OKeaH EXerogHo nomagaet okono 10 MaH T
inililn HedTb Ha Boge 06pa3yeT TOHKYH NAEHKY, NPEensTCTBYHOLYHO ra3o06mMeHy
nil wmogoi n Bosgyxom. Ocegast Ha AHO, He(hTb NMOMAAAET B AOHHbIE OT/IOXKEHWS,
WU HYPYLLACT eCTECTBEHHbIE MPOLECChI XMU3HEAEATETbHOCTU AOHHBIX XMBOTHBIX U

|....plLillIKMOB. Kpome HethTi, 3HaUMTENbHO BO3POC BbIGPOC B OKeaH 6GbITOBLIX U1
S . CTOYHbIX BOA, COAEPXALIMX, B YacTHOCTW, TaKuWe OnacHble
LM nim H-I11, KaK CBUHEL, PTYTb, MbIWbAK, 0611afat0LLIMe CUNBbHBIM TOKCUYECKUM
. W MMM POHOBblE KOHLEHTPaLUMWM TakuX BeLEeCTB BO MHOTMX MecTaxX YiKe
H|H |" fiiiciii.i B gecaTKu pas.

| wKOpIA  3arps3HUTENb  OKa3blBaeT  OMpedenieHHOe  OTpuuaTebHOe
MHHA U. MH- Ha NpYpogy, NO3TOMY MX NMOCTYMAEHVE B OKPYXXAIOLLLYH Cpedy AO/MKHO

ilium kuw poTpoBaTbCA. 3aKOHOAATENbCTBO YCTaHAaBMBAET [Nl KaKAOro

Hl......... Lero BelyecTBa npefensHo gonycTuMblid cépoc (MAC) m npegenbHoO
mu . Iumyu; KoHUeHTpauwmio (M, K) ero s nprpogHoii cpege.
MpegenbHo gonycTumblin cbpoc (MAC) — 3T0 Macca 3arps3HsHOLWEro

H|..1j1] Bbl6pACLIBAEMOrO OTAENbHLIMU WCTOUHUKAMM 33 eUHWLY BpPEMEHM,
| inuMMHe KOTOPO MpUBOAMT K  HEGMAarompusTHLIM  MOCNeACTBUSM B

o W v cpege vnn OMACHO A8 300POBLA YenoBeka. MpedensHO AonycTUMas
..... W inpuund  (MCLOK) MOHMMaeTcsl Kak KONMWMYECTBO BPEJHOr0 BellecTsa B
XP . ..WN cpefe, KOTOPoe He OKasblBaeT OTPULIATENbHOTO BO3AEWCTBMS Ha

|[PHPM...... ¥ MOUCKA UK ero NMOTOMCTBO MPK NOCTOSHHOM WA BPEMEHHOM KOHTaKTe
....... 1 UM rosiLiee BpeMsi npu onpeaeneHnm MAK yunTbiBaeTcs He TOMbKO CTeneHb
................ psi KMTeNeld Ha 300pOBbE YeNoBEKa, HO 1 BO3AEICTBME UX Ha XKMBOTHbIX,
1. HM IpubM, MMKPOOPraHK3Mbl, a TAKXKE Ha NMPUPOLHOE COOBLLECTBO B LIEOM.
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CneyuanbHble Cny>X6bl MOHMUTOpPUHra (HabMAeHNsA) OKpYXKatoLwel cpegpl
OCYLLECTB/IAIOT KOHTPO/b 3a COGMIOAEHMEM YCTaHOBNEHHbIX HopMatusoB MAC un
IIAK BpeaHbIX BellecTB. Takme cnyxObl CO3f4aHbl BO BCEX paiioHaxX CTpaHbl.
Oc06eHHO BaXKHA VX PO/ib B KPYMHbIX ropofax, BOMM3N XMMUYECKUX MPOU3BOLACTB,
aTOMHbIX ~ 3/1IEKTPOCTaHUMIA M APYrMX MNPOMBbILWAEHHbIX 06beKTOB.  CryxXobl
MOHWUTOPWHIa UMEIOT NPaBO MPUMEHATL NPeLyCMOTPEHHbIE 3aKOHOM Mepbl, BM/IOTb
[0 NpUOCTaHOBKM MNPOM3BOACTBA M /H0ObIX paboT, ecnn HapyLlarTcs HOPMbI
OXpaHbl OKPY>KatoLLLei cpefbl.

Kpome 3arpsisHeHWs cpefdbl, aHTPOMOreHHOe BO3LENCTBME BbIPAXKaeTCa B
MCTOLLLEHWN NPUPOLHBIX pecypcoB 6uoctepbl. OrpoMHble MacLluTabbl MCNOb30BaHNS
MPUPOAHLIX PECcYpPCcOB MNpWBENM K 3HAYUTENbHOMY W3MEHEHWUH0 faHAWafToB B
HEKOTOPbIX pervMoHax (Hampumep, B YrofbHbIX 6acceiiHax). Ecnn Ha  3ape
LMBUIN3ALMM YENOBEK MCMO/Mb30Ba /11 CBOMX HYXX[, BCEro OK0/0 20 XMMWUYECKNX
3M1eMeHTOB, B Hayane XX BTekano 60, To ceityac 6onee 100 - NoYTU BCHO Tabauuy
MeHgeneeBa. ExxerogHo fo6biBaeTcs (M3BneKaeTca U3 reocdepsl) okono 100 mapg T
pyabl, TONAKUBA, MAHEPa/bHbIX YA0OPEHWIA.

BbICTpbI pocT NOTpebHOCTeN B TONMBE, MeTasl1aX, MUHEP&IbHOM CbIpbe U X
[06bl4e NPUBEN K UCTOLLEHWIO 3TUX PecypcoB. Tak, MO OLEHKaM CheLyanucTos,
Mpy COXpaHeHUWM COBPEMEHHBbIX TEMMOB [06blYM M MOTPebneHns passefaHHble
3anacbl He(hTn 6yayT ucyepnaHbl yxe depes 30 fieT, rasa - yepes 50 neT, yrng - uepes
200. AHanornyHasa cuTyauus CNoXuiacb He TOMIbKO C 3HEPTeTUYECKUMIU pecypcamu,
HO M C MeTanamMn (MCTOLLIEHME 3aMacoB alOMUHUS OXmpaaeTca vepes 500-600 ner,
xenesa - 250 neT, UMHKa - 25 neT, cBUHUA - 20 N1IET) U MUHEPa/IbHBIMK pecypcamu,
Kak, Hanpumep, acbecT, cnoga, rpajut, cepa.

BoT faneko He NofHas KapTUHA 3KOMOMMYECKOWM CUTYaUMK Ha Halleli nnaHeTe
B HacToslLLee Bpems. [laxe OTAeNbHbIe YCNeXW MPUPOLOOXPaHHON AeATeNbHOCTM He
MOryT 3aMeTHbIM 006pa3oM M3MEeHUTb O6LUMIA X0f npouecca NarybHOro BAMAHUSA
LIMBMIN3ALMU Ha COCTOsSIHME Broctepsl.

4.2.1. Xunmunyeckoe 3arpsisHeHune 6rocepsbl

B OCHOBHOM CYLLECTBYIOT TPM OCHOBHbIX WCTOYHMKA 3arpsi3HeHUs
aTMoc(hepbl: NMPOMbILLAEHHOCTb, GbITOBbIE KOTE/bHbIE, TPAHCMOPT. [0S KaXaoro 13
3TUX UCTOYHWMKOB B OGLIEM 3arps3HeHWM BO3fyXa CWUMbHO pasnnyaeTcs B
3aBUCMMOCTY OT MecTa. Ceituac 06LLENPU3HAHHO, UTO Hanbosee CUMLHO 3arpsisHseT
BO3/lyX NPOMbILLAEHHOE NPOU3BOACTBO.

VICTOUHWKY 3arpsisHeHMiA - TeM03NeKTPOCTaHLMM, KOTOpPbIE BMECTE C [bIMOM
BbIGPAcLIBAOT B BO3[AyX CEPHUCTbI U YINEKUC/bIid Fas; MeTannypruyeckue
MPeAnpUsTUs, 0COGEHHO LIBETHOW METanNyprum, KoTo pble BblBpachiBaloT B BO3AyX
OKCMabl a30Ta, CepoBOAOPOA, X/10p, PTOP, aMMMakK, CoeAMHeHNs octopa, YacTyLb
1 COBAVNHEHUS PTYTU U MbILLILSKA; XUMUYECKME U LEMEHTHbIE 3aB0fbl. BpeaHble rasbl
rona JatoT B BO3AyX B Pe3y/bTaTe CKUraH1s TOMIMBA AN HYX. NPOMbILLNEHHOCTH,
OTOM/IEHUS XWUNWLL, PaboTbl TPAHCMOPTa, CXWUraHUs W NepepaboTKU BbITOBLIX W
MPOMBILLNEHHbIX OTXOf0B. ATMOCHEPHbIE 3arps3HUTENN PA3aENsioT Ha NepBUYHbIE.
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....IVMatoLLe  HemocpefCcTBeHHO B atMoctepy, W BTOPUYHbIE, SBASHOLLMECA
I» 0 hi.laToMm npeBpaileHus nocnefHUX. OCHOBHLIM UCTOYHWKOM MMPOFeHHOro
SLLPULLIENWS Ha NaHeTe SBNAIOTCSA TEMN/OBble 3MEKTPOCTaHLMK, MeTaniypruyeckune
" XMMWYecKMe MPeanpusaTUs, KOTe/bHble YCTAHOBKW, MOTpebnstowme 6onee 70%
Il logHo po6bIBaeMOro TBEPAOr0 M XMAKOro TonaveBa. OCHOBHbIMU BpeHbIMU
H|.MMLVAMM MUPOrEHHOT0 NMPOUCXOXAEHUA ABNAKOTCA CrefytoLLme:

1) Okcng yrnepoga. lMonyyaetcsd NpyM HEMOMHOM CropaHuu YriepoamcTbIX
(Hmy'w B BO3ayx OH nonagaeT B pe3ynbTaTe CXMraHWs TBEPAbIX OTX0A0B, C
hi I MHUMbIMA Fa3amMy U BbIBpOCaMM MPOMbILLNEHHBIX NPEANPUATUIA.

6) CepHuCTbIi  aHrugpui.  Bblgensetca B npouecce  cropaHus
11'\.'mepxallero Tonamea U nepepaboTKn CEPHUCTBIX PYL

1) CepHblii aHruapug. O6pasyeTcs Npy OKUCNEHUW CEPHUCTOrO aHrmapuia.
| in'I/bMnNpPOAYKTOM peakuumn sBASeTCA aapo30/b UM PacTBOP CEPHON KUCMOTbI B
'm'MHO  BOAe, KOTOPbIA noAgKUCAseT nousy, obocTpseT 3abosneBaHWs
Nix m-nbHbIX NyTel Yenoseka. MNMMpomeTannypruyeckne NpeanpuATAS LBETHON W
n|....n MeTanypruy, a Takke TOC exeroHo Bbl6packiBaloT B aTMOCHepY LeCATKU
nH HHIUIAHTOHH cepHOro aHrngpuaa.

1) (‘epoBogopog v cepoyrnepod. MocTynaloT B aTMoctepy pasfenbHO Wm
......... N PYrux coefyHeHUsX cepbl. OCHOBHbIMM UCTOYHMKAMU Bbl6pOCa SBAAKOTCS
W" MNpumMrusg - N0 U3rOTOB/IEHUIO  WUCKYCCTBEHHOrO  BOJMIOKHA,  Caxapa,
By NXUMUYECKUE, HedhTenepepabaTbiBatoLLye, aTakxke HeTeNnPOMbICHbL.

H  Oxucnbl asoTa. OCHOBHbIMW  MCTOYHMKaMW  BbiGpoca  ABMSKOTCS
UL 1n]|1ms, NpomsBoAALLMe a30THble YA0OPEHWs, a30THYK0 KUCMOTY WM HUTPaThI,
........ nimble Kpacutenu, HUTPOCOEAMHEHUS, BUCKO3HbINA LESK, Lennynons.

c) CoeanHeHus ¢ropa. MCTOUHMKAMU 3arpsA3HEHUs SBASAOTCANPEANPUATMA
nH uMi/iinoaCTBY allOMMHKSA, 3Maneid, CTeKna, Kepamuku, CTanu, (oCqOpHbIX

m"in kuH  Propocofepxalle BellecTBa MOCTYMalOT B aTmocepy B BuAe
In......ini iiii.rx coegMHEHNI - PTOPOBOAOPOAA MW NbINW PTOPUAA HATPUS U KaNbLUS.
| in limn NHA XapaKTepu3yoTCA TOKCUYECKM 3(hEKTOM.

*| (oeguHeHus xnopa. [locTynatoT B aTtMocdepy OT  XMMUYECKUX
W . LumYlvii, NPOM3BOAALLMX CONSHYIO KWUCMOTY, X/10pOCOAepallue necTuumibl,
H|" .uni'll. kur KpacuTenu, ruaponunsHbIiA CNUpT, XJIO0PHYHO U3BECTb, COAY.

4.2.2. A3p030/1bHOE 3arps3HeHme

I>pouTn — 370 TBepAble WM >XUAKME YacTuLpl, Haxojsluecs BO
............. .'M cocTosiHMM B BO3fyXe. TBepfble KOMMOHEHTbI a3po30/fiel B psje
Iw T1 ux iilicniio OMACHbI A1 OPraHW3MOB, a Y J0fel BbI3bIBAKOT CrieLutmyecke
itiii . 1 mum Il aTMocthepe aspo3o/ibHble 3arpsi3HEHWs1 BOCMPUHUMAKOTCA B BUAE
TUX.. ' MTa MIbl UM AbIMKWA. 3HauYMTeNbHas 4YacTb aspo3oneli o6pasyetcs B
esMin I- " npy B3aUMOAEWACTBMM TBEPABIX W XUAKUX YacTWL, Mexay coboi um c
*UK-.....* MPOM, 6OMbLLIOE KOMMYECTBO MblIEBbIX YACTUL, 06pa3yeTcs TAKKe B XOAe
Lip/MI»" ™ | MIOHHOW AesTeNbHOCTY NHOLEN.
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OCHOBHbIMW ~ UCTOYHMKAMU  UCKYCCTBEHHbIX ~ a3PO030/bHbLIX — 3arpsi3HeHWi
Bo3dyxa sBnsioTcs TIC, KOTOpble NOTPE6ASIOT Yrofb BbICOKOW 30/bHOCTH,
oboraTuTeNbHble (habpuKK, MeTaNypriyeckve, LEMEHTHbIE, MarHe3uToBble W
caeBble 3aBOfbl. TOCTOSIHHBIMM  UCTOYHMKAMW  a3p030/IbHOFO  3arpsi3HeHUs
SBNAIOTCA NPOMbILL/IEHHbIE OTBa/bI - UCKYCCTBEHHbIE HACKIMM W3 NEPEOTIOKEHHOTO
MaTepuana, NpeuMyLLeCTBEHHO BCKPbILUHBLIX MOPOA. VICTOUHUKOM NbIAN 1 AA0BUTLIX
rasoB C/y)XaT MaccoBble B3pbIBHbIE PaboTbl.

Mpn HEKOTOPbIX MOFOAHbIX YCMOBUSX MOTYT 06pa30BbIBATLCS 0COG0 GONbLUIME
CKOMMEHNs! BPeAHbIX ra3000pasHbIX U aspo30sbHbIX MPUMECE B MPU3EMHOM Crioe
BO3AyXa.

OGbIYHO 3TO MPOUCXOAMT B TeX C/ydyasX, Korja B Cloe Bo3dyxa
HEeNoCpPeACTBEHHO Haf MCTOYHWMKAMU Fa30MblfeBOM 3MUCCUN CYLLLECTBYET MHBEPCUS -
pacnonoXeHuss cosi 6osee XOMOAHOTO BO3AyXa Mof TeM/bIM, YTO MPEnsTCTBYET
BO3AYLUHbIX MacC v 3aepXMBaeT nepeHoc NpuMeceil BBepX. B pesynbTaTe BpeaHble
BbIGPOCHI COCPEAOTAUMBAOTCS NOZ CMIOEM VHBEPCUM, COAEPXKAHME NX Y 3EMIN PE3KO
BO3pacTaeT, YTO CTAHOBMTCA OfHOI U3 NMPUUMH 06Pa30BaHMUs paHee HEeU3BECTHOrO B
npupoge POTOXMMMYECKOr0 TyMaHa.

4.2.3. DOTOXMMMYECKNIA TymaH (CMor)

POoTOXUMUYECKUIA TYMaH MpeAcTaBnseT CO60/ MHOFOKOMMOHEHTHYKO CMeCb
rasoB 1 a3po30/bHbIX YacTUL, NEPBUYHOIO U BTOPUYHOIO NPOUCXOXAEHUSA. B cocTa
OCHOBHbIX ~KOMMOHEHTOB CMOra BXOAAT 030H, OKCMAbl a30Ta W  Cepbl,
MHOTOY/C/IEHHbIE OPraHUYECKMe COeaVHEHNs NePEKUCHON NPUPOAbI, Ha3biBaeMble B
COBOKYMHOCTU (hoTOOKCMAaHTaMu. POTOXMMUYECKMIA CMOT BO3HUKAET B pe3y/nbTaTte
(hOTOXUMMYECKMX peakuuii Npu onpefeneHHbIX YCN0BUAX: HaluuMm B aTMocdepe
BbICOKOI KOHLIEHTpaLmMy OKCMAOB a30Ta, Yr/1eBOAOPOA0B U APYruX 3arpsasHUTeNed,
WHTEHCVBHOW COMTHEYHON pagmaumm n 6e3BeTpus nnnyeHb cnaboro obmeHa Bo3gyxa
B MPW3EMHOM C/I0€ MNPU MOLLHOMN W B TeYeHWe He MeHee CYTOK MOBbILIEHHOW
nHBepcun. CMOrM - Hepeakoe sBneHWe Hag JIoHZoHOM, [lapwkem, Jloc-
AHIKenecom, Hbm-l7lopKOM n gpyrumun ropofamu Esponbl n AmMepuknu. o csoemy
(h3MONOTNYECKOMY BO3ZEWCTBIIO HA OpPraHW3M YesioBeKa OHW KpaiiHe OmnacHbl A
[bIXaTeNbHOM U KPOBEHOCHOW  CUCTEMBI M 4acTO  6blBAlOT  MPUYMHON
MpeXeBPEMEHHO CMepTY FOPOACKMX XWUTeseld ¢ 0CNabneHHbIM 300POBbEM.

Bcsakuii BofOeM MM BOAHbIA UCTOUHMK CBSA3aH C OKPYXKatoLLell ero BHeLUHel
cpefoii. Ha Hero okasbIBatoT BAMSIHWE YCOBUS (HOPMUPOBAHUS NOBEPXHOCTHOIO UK
NOA3eMHOr0 BOAHOIO CTOKA, pasHO06pasHble MNPUPOLHbIE ABMEHWS, WHAYCTPUS,
MPOMbILLNIEHHOE U KOMMYH&/IbHOE CTPOUTENLCTBO, TPAHCMOPT, XO3AWCTBEHHas M
6biTOBas [eATeNbHOCTb  YenoBeka. [locnefcTBuveM 3TUX  BAWSIHWIA  ABNseTCA
MpuMBHECEHWe B BOAHYIO Cpedy HOBbIX, HECBOWCTBEHHbIX eli BelecTB -
3arpsasHUTeNel, YXyAlWatoLWmx KayecTBO BOAbl. 3arpsA3HeHMs, nocTynawouwye B
BOLHYIO Cpefy, KnaccuuuupytoT MNo-pasHOMY, B 3aBMCMMOCTM OT MOAXOA0B,
KpuTepueB U 3agady. Tak, OObIMHO BbIAENAIOT XUMUYECKOE, (DU3NYECKOE U
6ronornyeckme 3arpssHeHNs, Kak HeopraHW4eckol (MUHepaibHble COMKU, KUCMOTbI,
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M idih. TAMHUCTblE 4YacTWUbl), TaK W OpraHU4Yeckoin npupoabl (HepTb W
" (M NPOAYKTbI, OpraHn4yeckme OCTaTKW, MOBEPXHOCTHOAKTUBHbIE BELLECTBA,
w | wnuupt).

HeopraHuyeckoe 3arpsasHeHve. OCHOBHbIMU HeopraHM4eckuMu
| ....TPWIbHBIMK) ~ 3arPA3HUTENAMU  MPECHbIX W MOPCKMX  BOA  SBASKOTCA
| . HMOGpasHble XUMWYECKME COeAVHEHWS, TOKCWYHble Ans obuTaTeneli BOLHOW
*|n ul )ro coegMHeHVs MbllbsKa, CBUHLA, KagMWs, pTyTW, Xpoma, meau, qropa.
IN>IMA/HCTBO 13 HMX nonafaeT B BOAY B pe3y/bTaTe YeNl0BEYECKON AeATeNlbHOCTH.
| niMHBIM 3arps3HATENsM BOAHON Cpefbl MOXHO OTHECTWM HeopraHuyeckue
PN HOTbI 11 OCHOBaHMs, 06yCNaBMBatOLLIME LUMPOKUIA Anana3oH pH NpoMbILLIEHHbIX
tviHn (11,0 - 11,0). Cpean OCHOBHbIX WCTOYHWMKOB 3arpsisHeHWst rugpocdepsl
MIl |M H.HbIMM BelleCTBaMMU M OWMOFEHHLIMW 3M1EMEHTaMK  CleAyeT YMNOMsHYTb
ML, HHPWATUA MULLEBOM MPOMBILLNEHHOCTM W CebCKOe XO3AWCTBO. 3arpsisHeHue
. 1110 Wa4nTeNbHO CHWXKaeT MepBUYHYIO MPOAYKLUMIO MOPCKUX 3KOCUCTEM,
n. v passute uTonNaHKTOHa. OTX0fbl, CoAepxawye PpTyTb, O0ObIMHO
MAHUMMNAIOTCS B [JOHHbIX OT/I0XKEHWAX 3a/IMBOB UM 3CTyapusxX pek. JanbHelilwas ee

el |u/'Hikve uenn BoAHbIX OpraHu3MoB. Tak, NeyasbHyH M3BECTHOCTL Npuobpena
diiii MN. MuHamaTa, BriepBble OBHApPYXXEHHYIO SIMOHCKUMM YYeHbIMW Y Jtofeid,
... |IMMNSBIUIMX B MULLY PbiBY, BLINOBMEHHYIO B 3anBe MuHamaTa, B KOTOpbiid
......... in posibHO CHpackIBaNM NPOMbILLEHHBIE CTOKM C TEXHOTEHHOM PTYThIO.
OpraHuyeckoe 3arpsisHeHne. Cpeay BHOCUMBIX B OKEaH C CyLUW pacTBOPUMbIX

£ Wbl .HUMC CYCMEH3UWN OPraHW4eckoro MPOUCXOXKAEHWUA WM PacTBOPEHHOe
HM MULL-CKOC BeLLecTBO, MarybHO BAMSIOT Ha COCTOSHWME BOAOEMOB. Ocaxaasch,
r inuvwy 3a11BaloT AHO U 3afepXXMBalOT pa3BMTME WA NOMIHOCTLIO MPeKpalatoT
*VJIM L, «30/IbHOCTb ~ AAHHbIX ~ MWKPOOPraHM3MOB, Y4aCTBYHLLMX B MpoLecce
oo WIDHA Bog. TpU THUMEHWM [aHHBIX OCaAKOB MOryT 00pa3oBbiBaTbCA
yw iiiuil coeamHeHVs N OTpaBNAIOLME BELLECTBA, TaKue Kak CepoBOA0POA, KOTopble
........ .| K 3arpssHeHvto Bceli BOAbl B peke. Hamume cycneHswid 3aTpyaHAOT
W13. MPOHVKHOBEHWE CBeTa B rNy6b BOAbl WU 3aMef/IfieT MpoLecchl OTOCMHTE3A.
1' TOM M3 OCHOBHbIX CaHUTapHbIX TPEGOBaHWIA, NPeLbABAAEMbIX K KaueCTBY BOAb,
....... M K COAepXaHWe B Hell HeobXoAMMOro KonmuyecTBa kucnopoga. BpegHoe
. 1L 11111, OKa3blBAlOT BCE 3arpsi3HeHUsl, KOTOpble TaK WU WHaye COAENCTBYHOT
*UM*TMUH) CcOofiepXXaHus Kucnopoga B Bojde. [OBEPXHOCTHO aKTMBHbIE BeLLEeCTBa -
*uln | WK Mg, CMa3oyHble MaTepuanbl - 06pasyroT Ha MOBEPXHOCTU BOAbl MMEHKY,
kiH.piiN npensTcTBYeT ra3o0bmMeHy MexAy BOAON M aTMOCHEPOi, YTO CHUXKaeT
..... in. HacCbILLEHHOCTU BOAbI KMUCNOPOLOM. 3HAUMTENbHbIA 06LEM OpraHUYecKux
* U4 *in  OOMbLIMHCTBO W3 KOTOPbIX He CBOWCTBEHHO MPUPOAHLIM BOJAM,
7 [ Ica H peky BMeCTe € NPOMBbILLNEHHBIMU U BbITOBbIMW CTOKAMU.
| NNMYCCTBO B MMPOBOM CTOKE 3arpA3HAIOLLMX BELLECTB, MAH.T./rog;
| 1100 FEMPOAYKTB.eceieeeeierereeeeieneresteee s senesesee e e seseeee e 26,563
BT o 1) O 0,460



3. OTX0fbl NPOW3BOACTB CUHTETUYECKMX BOTOKOH................ 5,500
4. PacTuUTE/bHbIE OPraHNYECKME OCTATKM. .....ceveenrereieieeerienes 0,170

B cBAi3W ¢ ObICTPbIMM TemMnamu yp6aHM3alyMn U HECKObKO 3aMefjiIeHHbIM
CTPOMTENBCTBOM ~ OYWCTHbIX  COOPYXEHWA WAM  UX  HEY[OB/ETBOPUTE/NLHON
3KcnyaTaumeil BoAHble 6acceliHbl U MOYBa 3arpsi3HSOTCS ObITOBLIMU OTXOZAMU.
BbITOBblE OTXOAbl OMAacHbl He TOMbKO TeM, YTO SBASKOTCA UCTOYHWUKOM HEKOTOPbIX
60ne3Hein YenoBeka (OPIOLIHON TU(, AN3EHTEPUSs, X0nepa), HO 1 TeM, YTO TpebytoT
[N151 CBOEr0 PasfioXeHUss MHOFO KUCMOPOJa.

4.2.4. TIpUopuTeTHbIE 3arpsA3HUTENN: TA>KEeNble MeTanbl

TsxKenble MeTa/l/lbl OTHOCATCA K MPUOPUTETHBLIM 3arpA3HSAIOWMM BeLlecTBaM,
Hab/oeHNs 3a KOTOPbIMU 0653aTe/bHbI BO BCEX Cpeaax.

TepMuH  TsDKeNble MeTaNbl, XapakKTepusylowWWid  LUKPOKYD  rpynny
3arpAsHAOWMX  BEWecTB, MOMy4YuMn B MOCAefHee  Bpems  3HauuTeNbHoe
pacnpocTpaHeHue. B pasnnuHbIX Hay4HbIX M NPUKIaAHbIX paboTax aBTopbl Mo-
pasHOMY TPaKTYIOT 3HaueHuWe 3TOro MOHATMA. B CBA3M C 3TUM  KOMMYECTBO
3/IleMEHTOB, OTHOCWMbIX K Tpymnne TsXEeNbIX MeTanloB, W3MEHSETCS B LUMPOKUX
npegenax. B  KayecTBe  KpWUTepWMeB  MNPUHAL/IEXHOCTU  WCMOMb3YHOTCA
MHOIOYMCNEHHbIE XapaKTepUCTUKW: aTOMHas Macca, MIOTHOCTb, TOKCUMYHOCTD,
pacnpocTpaHeHHOCTb B MPUPOAHON Cpeje, CTeneHb BOB/IEYEHHOCTW B NPUPOAHbIE Y
TEXHOrEeHHble LUMK/bl. B HEKOTOPbIX Cny4yasx Nof onpefefieHue TSHKENbIX MeTansioB
nonajalT 3N1eMeHTbl, OTHOCALUMECA K XPYNKUM (Hanpumep, BUCMYT) WM
MeTaniongam (Hanpumep, MbibsK).

B pa6oTax, NOCBALLEHHbIX NPO6/1eMaM 3arps3HeHUs OKPYXatoLLeld NpupoaHON
cpefbl Y 3KONOTMYEeCKOro MOHUTOPUHIA, Ha CErOAHAWHWUA fAeHb K TSHKeNbIM
MeTas1/1aM OTHOCAT 60nee 40 MeTaI0B Nepuoanyeckoii cuctembl .M. MeHgeneesa
C aTOMHO Maccoli cBbiwe 50 aTtomHbix eguHuy; V, Cr, Mn, Fe, Co, Ni, Cn, Zn,
Mo, Cd, Sn, Hg, Pb, Bi 1 gp. MNMpn 3TOM HeManoBaXKHYO poO/b B KaTeropypoBaHum
TAXKE/bIX METa/IOB UrPatoT CledytoLine YCMoBUSA: UX BbICOKAsA TOKCUMYHOCTb AN
XKMBbIX OPraHW3mMOoB B OTHOCUTENbHO HU3KMX KOHLEHTpaLMAX, a TakKe cnocobHoe! b
K 610aKKyMynsaLmm 1 buomarHmgurkaumm. NpakTuyeckn Bce MeTasbl, nonagatoLye
nog 3To onpegeneHve (3a WUCKMKOYEHWEM CBUMHUA, PTYTWU, KagMuUs W BUCMYTa,
61onormyeckas posib KOTOPbIX Ha HACTOALLMIA MOMEHT He fICHA), aKTUBHO y4acTByHo!
B 6UONOrMYecKnx npoueccax, BXOAAT B COCTaB MHOMMX (DepMeHTOB. Mn
Knaccugpukaumy H.Pelivepca, TXenbiMK cnegyeT cumtaTb MeTan/lbl C MAOTHOCTBIO
6onee 8 r/cm3. Takum 06pasom, K THKeNbIM MeTannam oTHocATea Pb, Cu, Zn, N
Cd, Co, Sb, Sn, Bi, Hg.

dopMa/ibHO  OMpefieNleHNo  Tskenble MeTasl/ibl  COOTBETCTBYET 60/bLLIOE
KOMMYeCTBO  3neMeHToB. OfHako, MO MHEHWIO WCCnefoBaTenei, 3aumsan.u
MpaKTUYeCKOl [AeATeNbHOCTLIO, CBA3aHHOW C opraHusauuveli HabnwogeHuii W
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COCTOSHMEM 1 3arpsi3HEHWEM OKpYXKatoLLeli cpedbl, COeAMHEHUs 3TUX 31EeMEHTOB
MIEKO HEe paBHO3HaYHbl KaK 3arpssHslowye BellecTBa. [103TOMy BO MHOMMX
I'.morax NPOMCXOAUT CY>KEHNE PaMOK IPYNMbl TAXKe/bIX MeTaN/10B, B COOTBETCTBUM C
|bn cepusimm  NproOpUTETHOCTW, OBYCMOBNEHHBIMW HanpPaBneHUEM W CMELMGNKONR
pll6oT. Tak, B CTaBLMX YXXe Knaccuyeckummn pabotax HO.A. W3pasns B nepeyHe
»OMUYECKUX BELLECTB, MOAMIEXALLUMX OMPeAeNeHnt0 B NPUPOAHBLIX Cpejax Ha
(hPHHOAMX CTaHUMAX B OMOCHEPHbIX 3anoBefHUKaX, B pasfene TsHKefble MeTasbl

m/veHoBaHbl Pb, Hg, Cd, As. C apyroi cTopoHbl, COrflacHO peLueHunto Llenesoii
11'M>Kbl HO BbIGpPOCAM TSDKeNbIX METaNIoB, paboTatoLlein nog arugoii Esponelickoi
..... tomuyeckoi  Komuccmn OOH  # 3aHMMaroLLelics cO0poM, M aHaIu3oM
MH(hopMaLMK O BbIGpOCcax 3arpAa3HAKLLMX BELLECTB B €BPOMENCKUX CTpaHax, TOMbKo
/n. J», Se n Sb 6blM OTHECEHbI K TshkenbiM MeTainam. o onpefeneHuto H.
| . HMrpra OTAeNbHO OT TAXENbIX METa/1I0B CTOAT 61aropogHble U pefKue MeTabl,

elurrcreeHHo, octarotes TonMbko Pb, Cw, Zn, Ni, Cd, Co, Sb, Sn, Bi, Hg. B
HaiH nagHbIX paboTax K umcny TsKenbiX MeTan/ioB ualle Bcero gobasnstoT Pt, Ag,
V Im JIn, Mn.

Ib..... METa/IIOB  ABMAIOTCH  HEMPEMEHHbIMU  KOMMOHEHTaMU  MPUPOLHBIX
....... Mo B 3aBucumocTM  OT  ycnosuid  cpeabl  (pH,  okucnauTenbHO-
........ TOMUTENbHBIA MNOTEHLMAN, Ha/MuKe NNFraHA0B) OHU CYLLECTBYIOT B pasHbIX
0 0. HAY OKMCMEHUS W BXOOAT B COCTaB pPasHOO6Pa3sHbIX HEOpraHW4veckmx u

BB L} IHUYECKMX COEAUHEHWIA, KOTOPbIE MOTYT ObITb UCTUHHO PaCcTBOPEHHbLIMMU,
A o HIO-AMCMEPCHBIMA MW BXOAUTH B COCTAB MUHEPAbHbIX M OpraHWYecKmx

H iMND pacTBOpeHHble (DOpPMblI MeTannoB, B CBOK O4epefb, BecbMa
(*0.....[MOHX. 4YTO CBf3aHO C Mpoueccamy TUAPONU3a, UAPONUTUYECKON

Ho... |tHmiupm (06pazoBaHMEM  NOAUSAEPHLIX  FAPOKCOKOMIJ/IEKCOB) U
MWo........ HPM30BaHWS C  pa3nYHbIMKA  iuraHgamMu. COOTBETCTBEHHO,  Kak
Mu....ionimy- cBoiicTBa MeTannoB, TaK W  [OCTYNHOCTb [ANS  BOAHbIX
M 1" on IMOB 3aBUCAT OT (hOpM CYLL,ECTBOBaHWUSA MX B BOAHOI 3KOCKUCTEME.

MHLU Ur MeTannbl 06pasytoT AOBOMLHO NMPOYHbIE KOMMEKChI C OPraHWKoi; 3Tu
[HM>e © M YHMMIOTCA OfHOW M3 BaKHEMWMX (OpM MUrpauuyM 31eMEHTOB B
1" OH b> MofHX. BOMBLUMHCTBO OpPraHMYecKMX KOMMAEKCOB 06pasytoTca Mo
(M1 UMKNY W ABNAKOTCS  YCTOMuMBbIMW.  KOMMnekcbl, 06pasyemble
[N1** KUCNOTaMK C CONAMU Xenes3a, alloMUHUA, TUTaHa, ypaHa, BaHaaus,
[M" oo MASMHM W ApYTUX  TSXKENbIX METaI0B, OTHOCUTENIbHO —XOPOLLO
MI* |WMH W yCNOBMSX HEeNTpanbHOW, Cnabokucnoli u cnaboLLenoyHoli cpep.
WMF -, -1 LMNOPraHnYeckue KOMMAEKChbl CNOCO6HbI MUIPUPOBaTh B MPUPOAHBIX
| HM W..| MM 3HauMTeNbHble paccTosiHuA. OCOBEHHO BaXHO 3TO 414
PPVH™ |. «in .MVHHbIX 1 B MEPBYHD OYepefb MOBEPXHOCTHLIX BOf, B KOTOPbIX
IMWwMi....... in"' VX KOMMN/IEKCOB HEBO3MOXHO.
/I % H VHMMHHA (DaKTOPOB, KOTOPblE PEryvpyloT KOHLEHTpauuio MeTaina B
............... . WX XUMWYECKYIO PEeaKLMOHHYH CrocO6HOCTb, GMONOrMyecKyto
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[JOCTYMHOCTb U TOKCUYHOCTb, HEOOXOAMMO 3HATb HE TO/bKO BaslOBOE COAEPXKaHwue,
HO 1 A0/1H0 CBOBOAHBIX U CBA3aHHbIX (hopM MeTana.
Mepexof MeTannoB B BOAHOM Cpefie B MeTa/IIOKOMMNEKCHYIO OpPMY MMEET Tpu
CleLiCTBMA:
1. MOXeT NponCXo4nTb YBENNYeHe CyMMapHO/ KOHLEHTpaLMn NOHOB MeTana
3a CYeT Mepexoja ero B pacTBOp M3 JOHHbIX OT/IOXEHWIA;
2. MembpaHHasi MPOHMLAEMOCTb KOMIMIEKCHbIX WOHOB MOXET CYLLECTBEHHO
OTNYATLCA OT MPOHULAEMOCTUN MMAPATUPOBaHHbIX NOHOB;
3. TOKCMYHOCTb MeTa/lfia B pesy/ibTaTe KOMM/IEKCO06pa3oBaHUA MOXET CUbHO
N3MEHUTBLCA.
Bnoreoxmmumyeckme cBoMCTBa TAXKENbIX MeTannos
CBoiicTBO Cd Cv Hy Ni Pb Zn
broxnmmnyeckas akTMBHOCTb B B B B B
ToKCcUYHOCTL B Yy B B Yy
KaHLeporeHHoOCTb — — —
OoboraleHve aspo3onei B -
MwuHepanbHas opma
pacnpocTpaHeHus
OpraHunyeckas hopma
pacnpocTpaHeHus
MoaBMXHOCTb
TeHaeHUMA K
6VOKOHLEHTPMPOBaHNIO
AheKTUBHOCTb HAKOMNEHNS
KomnnekcoobpasytoLas
CMNocobHOCTb
CKNOHHOCTb K ruaponusy
PacTBOPUMOCTb COEANHEHNIA
Bpems XusHu
B — BbICOKas, Y — ymepeHHasd, H — Hu3Kas
Tak, xenatHble opmbl Cu, Cd, Hg MeHee TOKCWYHbI, HeXenn CBOGOAHbLIE
NOHbI. A NOHMMaHUA (hakTOpOoB, KOTOPbIE PErynpyoT KOHLEHTPaLUO MeTaina B
NPUPOAHBIX BOAAX, UX XMMWYECKYID PeakLMOHHYH CMOCO6HOCTb, BGMOMOrMYeckyto
[LOCTYMHOCTb M TOKCUYHOCTb, HE06XOAMMO 3HATb He TO/IbKO Ba/lOBOE COAEPXKaHME,
HO WM [AOMK0 CBA3AaHHLIX W CBOGOAHBLIX (HOPM. VICTOUHMKAMKM 3arpsi3HEHUs BOA
TSOKENbIMU MeTa//laMU CYXKaT CTOYHble BOAbI Fa/lbBaHNYECKMX LIEXOB, NPeanpuUsTuii
ropHOA06bIBAIOWIEN, YEPHOA W LBETHON MeTanlyprum, MallMHOCTPOUTENbHbIX
3aBOf0B. TshKefble MeTa/ibl BXOAAT B COCTaB YA06peHWin 1 necTuyngoB U moryT
nomagatb B BOAOEMbl BMECTe CO CTOKOM C Ce/lbCKOXO3SIMICTBEHHbLIX YrOA4MIA.
MoBbILEHNe KOHLUEHTpaUUn TAXesNbIX MET/IIOB B MPUPOAHLIX BOJAX YacTO CBA3aHO
C ApYTUMY BUAAMW 3arpsA3HEHUs, HanpumMep, ¢ 3akucieHneM. BoinageHne KMCNOTHbIX
0CafIKOB CMOCOOCTBYET CHWXEHWUKO 3HadeHuss pH u nepexogy MeTanioB u3
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W|>i>itpoRaHHoro Ha MUHEPAIbHBIX W OPraHUYeCKMX BELUECTBaX COCTOSHUS B
....... Mpexxae BCEro NpefCcTaBMslOT MHTEpeC Te MeTal/bl, KOTOpble B
MHVUGOMMMWEIA CTEMEHM 3arpssHAOT  aTMocqepy BBUAY WCMOMb30BaHUS UX B
...... UWNbHBIX 06beMax B NPOM3BOACTBEHHON [eATeNbHOCTU U B pesynbTare
HV*iniMeHUst BO BHELLHE Cpede MPEACTABMSOT CEPbE3HYH OMacHOCTb C TOYKM
o' M UX GMOMOTUYECKON aKTUBHOCTM M TOKCMYECKMX CBOWCTB. K HWUM OTHOCST
WAT-L, PTYTb, KagMWiA, UMHK, BUCMYT, KOGanbT, HUKeNb, Medb, ON0BO, CYpbMY,
MUUANIA, MapraHel, Xpom, MOMMGAEH U MbILLbSIK.

4.3. JKOXMMMYecKMe npoLecchbl B 6uocthepe
4.3.1. HekoTopble 0cobeHHOCTU Buoctepbl

| 6uocdepa —3aKOHOMEpPHbI MPOAYT 3BOMOLMY MAHETHI 3eMS.
' 6uoctepa 3emnn —o6onbLuas (rnobanbHas) OTKPbITasA CUCTEMa, Y KOTOPOI Ha
. MOTOK CO/THEYHOTO M3/TyUeHUsl, a Ha BbIXOfe —MWHepasnbl (BELLECTBA),
IF»MVpBABLLMECA B MPOLIECCE XKU3HEAEATENIbHOCTM OpPraHn3MOB W BbiMaBlUve W3
........ iPXMMUYECKUX LMK/OB (61Ore0XMMmMUYeckoro KpyrosopoTta). Hanpumep, yrons,
Topd He(Tb, roproUMe CNaHubl 1 T.N.
CpeaHuiA XMMUYECKUiA cocTaB 060/104EK MIAHETbI

*(MonoyKa naHeThl CocTas, mMae. %
Atimocgepa 0-23,15 % ,N -75,52%
1napocdepa O- 88,8%,H—112%
/6uocepa 0-50%, Si-26%

6>xH thepa (6buoTa) 0-70%, C -18%

I» Ununin 31EMEHTHBIA XUMUYECKUIA COCTaB XXMBOTO BellecTBa CyLun

(uemeHT  CopfepaHue, 2nemeHT CopepxaHue,
% OT >KMBOI Macchbl % OT XXMBOI Macchl

) 70 Mg 4*10-2

18 Cl 21072

105 Na 2 *10-2

5-10-' Fe MO'2
1 77102 Mn 12103

5%10"2 B 12103

1 6roctepy 3eM/IM MOXHO paccmMaTpuBaTb Kak KWGEPHETMUECKYHD CUCTEMY,
K. .. CBOWICTBOM CaMOpPEry/IMPOBaHns, 4To O06EcrneuMBaeTCs KUBLIMU
WH...... UMM  [TpUMEPOM MOXET CMYXMTb MPaKTUYECKU MOCTOSIHHBINA CO/EeBOA

MUPOBOrO OKeaHa, XOTs PEKW €XerogHo HecyT B Hero 3HauuTeSlbHoe
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KOMMYECTBO Pa3/IMUHbIX XUMUYECKUX COEAMHEHWIA, B TOM YWCNe OKOMO 2,5 MAH.T
KapboHaTa KanbLms.

4. OrpoMHoe BHYTpeHHe pas3Hoob6pasve 6uoctepbl  onpefenser  eé
YCTOWUMBOCTb, OBGecrneymBarolLlyto 6/10KMpoBaHMe (HETPan3aumMio) BHELLHUX 1
BHYTPEHHWX BO3MYLLUEHWIA, BMMOTb A0 BO3MYLLEHWIA, HOCALLMX KaTacTpoQUUecKuii
XapakTep.

5. buoctepy kak 0cobyto AMHAMUYECKYIO CUCTEMY OT/IMYAET HePaBHOBECHOCTD,
onpefensiemMas npuHUMnom bayapa (NpYHLMNOM YCTONYMBOIO HEPABHOBECUS YKUBbIX
CUCTEM).

6. Buoctepa - 3TO He TOHKas HempepbiBHas “NfieHKa” XXMBOrO BeELLECTBa
MMaHeTbl, @ e4MHAasA CNOXHas OpraHu3aums, co3faHHas CoobLIecTBaMU AUCKPETHbIX
opraHv3moB.

7. OBOLHEHHOCTb 6uocdepsl - elle 0AHa U3 eé OTINYUTENbHBIX OCODEHHOCTEN.
B 6uocepe npakTuyecku HeT BoAbl 6€3 XXU3HW (MCKKOYeHWe - BOAbl BYNKaHOB U
HEKOTOpPbIE Paccosbl) K, YTO 6ONee MOHATHO, XN3HM 6e3 BOApbI.

8. Xnmunyeckume npouecchl B 6uoctepe NPOTEKaOT UAN NPU HenocpeACTBEHHOM
Y4acTVM XXUBbIX OpraHW3MoB, M60 B cpefle, YbW (PU3MKO-XMMUYECKME CBOICTBA B
3HaUYUTENbHOM Mepe OMNpedenstoTes AeATe/lbHOCTbI0 PasfMYHbIX OPraHM3MOB Ha
MPOTSHXKEHNN L/IUTENBHOrO BPEMEHW Te0norMyeckoid uctopum 3emnu. Hanpuimep,
KUCNOpOoS, atmMocepbl, ABNAIOLWMIACA NPOAYKTOM (HOTOCUHTE3a, OOHOBASETCA MNpu
yyacTn X10poduana pacTeHuii Kaxxable 2 ThICAYN NIET.

9. buoctepa crnocobHa K 3BOMOLMK, K MEPEXOY B BbICLLYHO CTaAUIO Pa3BUTUSA,
Ha3blBaeMyo HOOC(EepOWi - Chepoit pasyma.

4.3.2. Tlpouecchbl B 6roctepe

Cneuymndmyeckoli yepToil 6uocdepbl Kak 0CO60/ 060M104KM 3eMnn ABNSETCA
MPOUCXOAALLMIA B HEl KPYrOoBOPOT BELLECTB, PEryNpYeMbIi AesTeNbHOCTbIO XKMBbIX
opraHusmoB. )KnMBOe  BeLLECTBO  BbIMOMHSIET B 6Guocdepe  cnefytolme
61oreoXuMmYecKme QyHKLUK:

—Fa30ByH0 (MOr/IOLLAET 1 BbIAENSAET rasbl);

— OKUC/NTE/IbHO-BOCCTaHOBUTENbHYIO (OKWUCASET, Hampumep, Yrnesofbl [0
YINIEKMCIOTO rasa 1 BOCCTaHaB/IMBAET €ro A0 Yr/IeBOAOB);

— KOHLIEHTPALMOHHYIO  (OpraHU3Mbl-KOHLEHTPATOPbl HAaKamn/MBaKT B CBOMX
Tenax u ckenetax asoT, (octop, KPEMHUA, KasbLMIA, MarHuil u fpyrue nemeHTbl).

KpyroBopoT BeLLeCTB—3TO MHOrOKpaTHOEe YyvacTue BeLLeCTB B npoueccax,
mpoTekaloWwmMx B aTmoctepe, rugpocepe u  auTocdepe. e0n0rnyecKH.
(6onbLUOA) KpPYroBOPOT BELLECTB CBA3aH C 00pa3oBaHMEM W paspyLUeHVeM
pa3nMuHbIX (HopM penbeda B pesynbTaTe rec/ornMyeckmx MpoLeccoB Mmpu yyactul
3Heprun ConHua (ropoobpasoBaHue, BbIBETPMBAHME FOPHBLIX MOPOA, MOALEM HOBbIX
MaTepukoB). [eonoryyeckuii  KpyroBOpOT MpPOTeKaeT 6e3  y4yaCTus  XKVBbIX
OpraH13MoB 1 OXBaTbIBaeT O6LLUMPHBIE 061aCTL 3a Npegenamu 6uochepsbl.
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/(HWKyLWwei  cunoii 6ruonornyeckoro (6UOreoXMMMYECKOro WAM  Masioro)
minionopoTa BeLLECTB SBNAETCH AEATENbHOCTb KVBbIX OPraHW3MOB, a [/1aBHbIM
H< |OYHKOM 3HEPTUK SBASIETCA COIHEeYHas paavauuns. OH coBepLUaeTcs B npedenax
........ [>Cpbl, @ ero MHTEHCMBHOCTbL OMNpefenseTcs B MepBy0 oyepefb TeMmepaTypoi
OKpY)KatoLLelil cpefibl M KOMMYECTBOM BOAblI (B TPOMMKaxX CKOPOCTb KpyroBopoTa
BbilLie, YeM B TYHZPE).

/(HWKyLWed  cunoli  aHTPOMOreHHOro  KpPyroBopoTa  BELUECTB SIBMSETCH
*OLUNCTBEHHAs [eATe/IbHOCTb Ye/loBEeKa, KOTOpas MNPUBOAMT K  UCTOLLEHUIO
opupoAHbIX PECYPCOB W 3arpsi3HEHMIO MPUPOAHOM cpefpl, 4TO 06YCNOBIMBaET
I» LUMKNyTOCTb aHTPONOreHHOro KpyroeopoTa (obmeHa) BELLIECTB.
1. HCX XMMWYECKUX 3/1EMEHTOB Hanbo/ee BaXKHbIMU A1 OPraHM3MOB M Hambonee
HMUMMMMK NS 6uocepbl  SBASIOTCA  KPYrOBOPOTbl  OCHOBHBIX — 3/1EMEHTOB,
" ml*nx B COCTaB >XMBOrO BeLUECTBa: Yriepofa, kucnopofa, asoTa, occopa v
Wi I MOCKOMbKY OHW ABAAKOTCA KOMMOHEHTaMu [A1S MOCTPOEHWSt OCHOBHbIX
MU Xyn XKUBOrO BeLLECTBA -YT/IEBOAOB, IUNIAOB, GENKOB 1 HYKIEUHOBBIX KWUC/IOT.
*in KPYroBOpOTbI CO3AAH0TCS XKMBbIM BELLECTBOM U OfHOBPEMEHHO MOAAEPXKMBAKOT
#MNVH K-UTE/IbHOCTb CaMKX XMBbIX OpraHM3mMoB. B mpouecce hoTocuHTE3a 3a rof
** UHUMU pacTeHusMU noTpebnseTcs 480 mMapA, T BELLECTBa, YXOAMT B aTMochepy

" Mapg, T CBOBOAHOrO KMCMOPOAa; Mpu 3TOM co3faeTcs 240 MAPA, T XKMBOrO
........ mu. B KpyroBOpOT BOB/ieKaeTca 1,0 MapA, T asoTa, 260 MAH. T ¢ocdopa, 200
w1 | cepbl.

OCHOBHble (hyHKLMM XXMBOrO BeLLecTBa B 6rochepe
®YHKLMM KpaTkast xapakTeprcTuKa npoLeccos

LLirprermyeckas lMornoweHe COMHEYHOW 3Heprum npu OTOCMHTE3E,
XMMUYECKON 3HepruM B pe3y/bTaTe  PasnoXeHus
3HEProHacChILLEHHbIX BELLECTB; Mepefada SHeprum no
MULLIEBOIA LiENM pa3HOPOAHOIO XXMBOTO BELLECTBA.

KiwynirpaunoHHas — M136upatensHoe HakoneHue B xope
XN3HELEATEIbHOCTU OMNpefeNeHHbIX BUAOB BELLECTBa,
NCMoNb3yeMbiX A1 MOCTPOEHMSt Tena OpraHuma u
yAaNAeMbIX U3 HEro npu MeTabonmsme.

Oy dhykrusHas MwHepanusauus 61Mo- n He6OUreHHOro OpraHUYeckKoro
BELLECTBA; Pa3NOKeHNe HEXMUBOrO HeOpraHMyecKoro
BELLECTBa; BOB/IEYEH/E 06pPa30BABLUMXCA BELLECTB B
610M0rNYeCKniA KpyroBopoT.

' pi e<t>pytowas  MpeobpasoBaHue  (PU3MKO-XMMUYECKMX — MapamMeTpoB
cpegsl.

MepeHoC BeuwlecTBa MPOTMB CUbl TSKECTM U B
rOPU3OHT/ILHOM HanpaB/IEHNN.
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3a Bpems CyLlecTBOBaHMA 6uoctepbl CBOGOAHBLIA KUCMOPOL aTMoctepsbl
06HOB/ANCA He MeHee MWMOHA pa3, a BoAbl MMpOBOro OKeaHa MPOLUM Yepes
OMOreHHbI LMK He MeHee 300 pas.

KpyroBopoT BOfbl SBNSIETCA  OAHUM M3 FPaHAMO3HbIX MPOLECCOB  Ha
MOBEPXHOCTW 3eMHOro wwapa. OH WrpaeT [aBHYH0 pPoOAb B  CBA3bIBAHUM
reofiormyeckoro 1 6UOTUYECKOrO KpyroBopoToB. B 6uoctepe Boga coBepLuaet
60/bLIOK M Manblii KPYyroBOpOThI, HEMPEPbIBHO MEPEXOAs M3 OAHOTO COCTOSHWS B
Apyroe. McnapeHue Bofbl C NOBEPXHOCTW OKeaHa, NepeHoc 1 KOHAeHcauus BOASHOr0
napa B aTMoc(epe, BbiNajeHWe OCafKOB Ha MOBEPXHOCTb OKeaHa WM Ha Cylly ¢
nocnefyrowym BO3BpallleHMeM BOfbl B OKEaH C PeYHbIM W MOA3eMHbIM CTOKOM
06pa3ytoT 60/bLUO KpyroBopoT. B3avmopgelicTByst ¢ nutocepoir, aTMmocepoin n
XXVBbIM BELLLECTBOM, KPYrOBOPOT BOAbl CBA3bIBAET BOEAMHO BCE YacTu ruapoceepsb!:
OKeaH, PeKu, MOYBEHHYIO Bnary, noA3eMHble BOAbI M aTMOC(HEPHYIO BRary.

Manbliii KpyroBopoT BOfbl OT/IMYAETCA TEM, UYTO OH MPOUCXOAMT B mpefenax
3KOCUCTEMbI, MPeACTaBnas CO6O/  KPYroByl — LMPKYNAUMIO  BOAbl  MeXay
rmgpocgepoi, MoYBoiA, aTMocepoi, pacTeHusIMu, XXMBOTHbIMU n
MWKPOOPraHM3mamm.

KpyrosopoT yrnepoga B 6uoctepe HaumHaeTcsi C nornowexHms COrnpu
(DOTOCMHTE3e 3efIeHbIMU  PacTEHMAMU U POTOCUHTE3UPYIOLLMMM  BOAOPOCAMM,
BK/IHOYAET NPOXOX/AeHWe yriepoja no LensM MnuMTaHua B COCTaBe pasHOO6pasHbIX
OpraHMyYeckux CoeMHEHNN 1 3aKaHUYMBAETCS BbldeneHneM yriepoga B coctase COr.
06pasytoLLerocs Npu OKUCAEHUM OpraHNYecKUX BELLLECTB B MPOLECCe AbIXaHWs BCEX
BWOOB OPraHW3MOB WM WX Pas3noXeHWs nocne rubenn. Yactb yrnepoja MOXET
BbIBOAMTCA W3 KpYroBopota W MNpu MOCMeAyHLWeM 3axOpPOHEHUW AeTpuTa
HakannueatbCsl B fiMTocdepe B Buae Topda, Yrns, ropHbIX CNaHLeB, paccesHHOW
OpraHnKM WAN 0Caf0uHbIX TOPHbIX Nopod. Terepb 4YeNOBEYECTBO B OrpPOMHbLIX
KoMm4ecTBax [06bIBaET UCKOMaeMoe TOMAMBO Ans obecnedeHws notpebHocTeli B
3HEPrun 1, CXMUras ero, B ONnpeseNeHHOM CMbIC/e 3aBepLUaeT KpyroBOpoT Yr/eposa,
BO3BpaLLas B aTMOCHepy Yrnekucblii ras.

Opyroii nyTb yrnepoja cBs3aH C CO34aHWeM Kap6oHaTHOW CUCTeMbl B
pasnnuHbIX Bogoemax, rge COr nepexogut B H2CO3, HCO31'm CO32 a 3atem C
MOMOLLbKO PAaCTBOPEHHOIO B BOZE KasbUma (pexKe MarHus) NpoMCXOAMUT OCaaeHue
Kap6oHaToB CaCO3 GMOreHHbIM 11 abMOreHHbIM NYTAMM C 0OPa30BaHMEM 3a/IEXKEN
M3BECTHAKOB.

KpyroBopoT yrnepoga HepaspbiBHO CBfi3aH C KPYyroBopoTOM Kucnopoga -
OJHOr0 U3 Hambosee aKTUBHbIX a30B, 3aHMMAIOLLLEr0 B COCTaBE 3eMHOM aTMocdepbl
BTOPOE MeCTO noc/e asoTa. KpyroBopoT KMCNOpoa BeCbMa CI0XEH, MOCKO/bKY OH
BXOOUT B COCTaB MHOXECTBA XUMUYECKMX COEAVWHEHUA MWHEPAbHOTo 1
OpraH1YecKoro MUPOB, HO OLHMM U3 K/IHOUEBBLIX 3BEHEB €ro Takke ssnsetca COr B
TeyeHWe reosiormyeckoi uctopum 3emnn cogepxanne CO2B aTmoctepe Bce Bpems
CHWXa/10Ch, COCTaBNAA Korga-1o 60%, Ho 3a nocnefHve 100 NeT ero KOHUeHTpauus
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«H..in. iiana Bo3pacTaTb W, yBenmMumnacb Ha 25%, 4TO, NpU COXPaHEHUW 3TOW
it ninin(HW, N0 MHEHMIO MHOTMX, MOXET MPUBECTU K F106a/1bHOMY MOTEMN/IEHUIO.

HvpurkoBbIM  3(h(heKTOM (T.e.  CMOCOBHOCTLIO  3aflePXKMBaTb  TensoBoe
n. N ii iilic 3eMaM B KOCMOC) 06/1a4at0T MHOMME rasbl: PPeoHbl (XNopdTopyrnepoasbl,
..npumep - CCI2F2), metaH CH4, okcuabl a30Ta, napbl BOfAbl U Apyrue, Of4HaKo
| Hi obecneunBaeT okono 60% 3Toro ahekra, NOCNEACTBMSIMI KOTOPOIO MOXET

inn. noBblleHVe YPOBHA MMPOBOTO OKeaHa W 3aTOMNfeHWe MpUBPEXHbLIX
|ilin topuia, n3MeHeHWe KAMmaTa WU yCWNeHne LUTOPMOBOW aKTUBHOCTMW, CMeELLEHNne
. TUNUYECKUX 30H, TasHWe MHOroneTHeli Mep3noTbl U T.4. C UMPKyNALUWel
*H W.pofa CBsA3aHa Takke npobnieMa paspyLUeHUst 030HOBOr0 €nos aTMocdepsbl, Kyaa
« ["* lyluTaTe 4enoBeyveckoi AesTeNbHOCTY MOMafatoT COTHM BELIeCTB, MHOTME U3
o ...ULiX ABNAIOTCA NapHMKOBLIMW rasamMy W paspyLUMTENsMKU 030Ha: Hanpumep,
WMH-HYe xnopa u 6pomMa, OKcuabl asoTa W cepbl M T.4. Mo nporHosam npu
"UMMHTUMAN  osonosoro cnos Ha 5% MNOTOK YNbTPaghMoNeToBOrO M3My4veHus
.. MALHTCA HA 10%, a KONMYECTBO 3a00/1eBaHMIA pakom Ko —Ha 20-30%.

KPYyroBopoT a30Ta fIBNSETCA NPUMEPOM CaMOpPeryauMpyrowerocs LUukna ¢
. */lumv pesepBHbIM (HOHAOM B aTMocgepe, B KOTOPbIA a30T cocTaBiseT 78%.
LiinMiiyio ponb B 3TOM LUMKNe WrpardT MMKPOOPraHvW3mbl - a30TqUKCaTOopbI
N 1>lnumkoBble GakTepun 6060BbIX PacTEHMIA, HEKOTOPble BOAOPOCM W Tpubb),
W Mnmnawpme N2B HUTpaThbl, LOCTYMHbIE OCTa/lbHbIM PACTEHWSIM, OT KOTOPbIX MO
MU......  LensaMm OH MnepefaeTca APYrMM opraHvW3mam 3KOCWUCTEMbl. TMpoayKTbl MX
°« . W MepTBble Tena, pasnarascb C MOMOLWBK GakTepui,
= /|U|UaroT a30T B MO4YBY, NaBHbIM 06pa3oM B amMMoOHuiiHOW (NHi”) dopwme,
i N)i) wwm HutpatHyto dopmy (NOC), ycBavBaemble NtOBLIMKA  pacTEHUAMN.
<. .TOMSIEHME CBA3BHHOMO a30Ta [0 ra3o000pasHoOro N2 WM OKCWUAOB as30Ta
N.H wmyulecTBnseTcs 6aKTepusaMu - LeHUTpUnKaTopamu.

Mpobnembl, cBA3aHHbIE C KPYrOBOPOTOM a30Ta, 3aK/loyatoTcs B TOM, YTO 414
....... MHEHWS MPOAYKTUBHOCTU arpoLeHO30B, YefioBeK BHOCUT B MOYBY a30THble
........ MVH. KOTOpble ycBamBaroTca He 6osee YyeM Ha 50%. CMbITble B peKy HATpaThI
[|[tHu|ga r K (BrpodmpoBaHMio BOJOEMOB, a HAKOM/EHHbIE B OBOLLAX MOrYT Bbl3BaTb

n.ini. MHe. OKcuabl a3oTa, KOTopble 06pa3ytoTcs B ABUraTensx BHYTPEHHero

1 BXOZAT B COCTaB (DOTOXMMMYECKOr0 CMOra, B3aMMOZEiCTBYS Ha CBETY C

Wereenenn LUETbIO CropeBLUVMY YI1eBOAOPOLAMM TONMBA, 06Pa3yOT S40BUTLIE 030H U

MAN (nepokcmaueTUnHUTpaT). KpoMe TOro, OKUC/bl a30Ta B HEKOTOPbIX palioHax

««.U Ho 40% KUCMOTHbIX JOX[EN, Noj BO3LENCTBMEM KOTOPbIX HE TO/IbKO TMOHYT
nl.|||-'n|||ble coobuyecTBa, HO 1 pa3pyLUAOTCA NAMSTHUKK apXUTEKTYPbI.

| CNOTHbIE AOXAM CBA3aHbI U C KPYTOBOPOTOM Cepbl, KOTOPbI MMEeT CBOU
X ..in MHOCTU. Cepa - BMOreHHbIN 3NEMEHT, KOTOPbIV NOYTK He OblBaeT B AedumumTe,
m ... VPHbIIi pe3epBHbI (JOHA, B MOYBE B BUAE Cy/b(haToB 1 06pa3ys cBbille 420
....... puwioB. B kpyroBopoTe  cepbl  Hapsgy C  FEOXUMWYECKAMM  W©
M ..pyTM nYecK1MK NpoLeccaMu 60/bLUYIO POMb UTPaKOT MUKPOOPraHU3MbI, OfHM
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13 KOTOPbIX BbINOIHSOT (YHKLMIO OKUCNEHMs (Hanpumep, aspobHoe okucieHue H2S
[0 SO4Z cepo- U TUODaKTepusMM) a Apyrue BOCCTaHOBMeHMS (aHa3pobHoe
BOCCTaHOBMEHMe SO42 1o H2S cynbthaTpeayumpyowmmmn baktepuamn). Cynbgat
S04 - 3TO OCHOBHas [OCTYMHas A5 >XMBbIX OpPraHWM3MOB (hopmMa Cepbl, KOTopas
BOCCTaHaB/IMBAETCS aBTOTPO(PAMM U BKIOUAETCSA B GEKM.

KpyroBopoT ¢hocthopa 3To nprmep 0Caf04HOro LMKA C pe3epBHbIM (HOHAOM B
3eMHoli Kope, rfe, BXOAS B COCTaB pa3/IMUHbIX MUHepanoB, octop COAepKUTCS B
BUAE HeopraHW4eckoro gocgar-moHa PO43, KOTOPbLIA MOFNOWAT pacTeHus,
BK/tOYas (hoctop B COCTaB Pas/INUHBIX OPraHUYECKUX COeAVMHEHUIA, nepeaBaeMblxX
HO MULLIEBLIM LEMNsM BCEM MPOYMM OpraHusMam 3KocucTembl. B mpouecce
KNeTOYHOro AbixaHus ocaTbl BHOBL MOCTYMAOT B OKPYXXAlOLLyH cpefy, nocne
Yero MOryT CHOBa MOMMOWATLCA PacTEHWSIMU UM HauMHATb  HOBbIA LKA
B oTAnume OT YrieKkucoro rasa, KOTOpbli CBOGOAHO MEPEHOCMTCS BO3AYLUHbIMU
noTokamu, y ocdopa HeT ra3oBoi (hasbl W, Monagas B BOAOEMbl, OH
aKKyMy/MpyeTcs TaM, Hacblllas, a WHOrja W MepeHachillas UX 3KOCUCTEMbI.
docthop 1 apyrve MMHepanbHble GUOreLy1 LMPKYAMPYHOT B 3KOCUCTEME /LLb B TOM
CMyyae, eCv cogepXalime X "OTXOAbl" XKM3HeLeATeNbHOCTU OTK/IAAbIBAlOTCA B
MecTax MOr/IOLIEHUs] JAHHOTO 3/1EMEHTa, KaK 3TO U MPOWUCXOAUT B €CTECTBEHHBIX
JKocuCTEMax, HO Korga B WX (PYHKLUMOHMPOBaHME BMELUMBAETCS YesOBEK, OH
HapyLUaeT eCcTeCTBEHHbI KPYroBOPOT, MepeBo3s Hanpumep, yA06peHns unm ypoxai
BMECTE C aKKyMy/MpOBaHHbIMM  6GUOreHaMum Ha 6o/bluMe  paccTosiHuA K
noTpeduTensm.

CBA3YHOLUMM 1 BaXXHENLIMM COCTaBHbIM 3/1EMEHTOM 6Kocepbl 1 BCEX APYrux

060/104€eK MNaHeTbl ABNSETCA Kncnopoa:
Fuapocepa

HecMOTps Ha To, UTO B COCTaB XMBbIX OPraHNU3MOB BXOAAT T e XUMUUECKM
3MEMEHTBI, COEJUHEHVS1 KOTOPbLIX 06pa3ytoT aTMochepy, riapocdepy v nutocdepy,
OpraHu3Mbl He NMOBTOPSIOT MOMIHOCTLIO XMMUYECKOr0 COCTaBa Cpefbl.

4.3J. Xrimn4eckue npoueccbl B 6rochepe

NS XMMMYecKMx  MpPoLeccoB 6uoctepe  XapakTepHbl
0COBEHHOCTH:

- yyacTMe B XMMMWYECKMX W OBUOXMMUYECKMX peakuusiX 6O/bLIOro umcna
OPraHNYecKMX U HEOPraHNYECKNX BELLECTB;

— TpoTeKaHMe XUMUYECKMX peakUWid CMellaHHOro Tuma, u4acto 6e3
HErMoCcpeACTBEHHOrO  KOHTaKTa  B3aMMOAEWCTBYHOLMX  BelecTB  (HampuMep,
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..... KWTefb U BOCCTAHOBUTENb B XKMBbIX OpraHuMsMax B 6OMbLUMHCTBE CryvaeB
HVHOATCA B pasHbIX YacTax Tena);
HCPaBHOBECHOCTb MPOLIECCOB;
yyacTue B XUMUYECKNX PeaKLAaX XXMBbIX OPraH1M3MOB.
MpumMepbl XMMUYECKMX M (HOTOXMMMUYECKNX NPOLLECCOB B 6roctepe
doTOCKHTES:

6COr *eH20  CsHROG + 60r
ObixaHye:
<.11n06 + 602 —4 6CO2 + 6H20
11pcBpalligHrie coneii B opraHu3mMe Yenoseka Ha npumMepe PbCOs:
PMHKO3 + 2HCL = PbCh + H2CO3
(c KvCnOTO XenyA04HOro CoKa)
PMu)s + 2NaOH = [Pb(OH)]2CO3 + Ne 2CO3
(HWwenoYHol cpefie KMLLEYHMKA)
PMHO3 + HZS = PbS + H2CO3 (B TONCTOW KULLIKE)
(PKpasoBaHue «3y6HOr0 KaMHS»:
KV +2P043 = Ca3(Po 42



FNABA 5. CTPYKTYPA JINTOC®EPBI. B/Abl 3ArPA3HEHUI
5.1. CTtpykTypa nmtochepbl

Nntocthepa —3TO BHELIHAS 060/M104KA «TBEPAOA» 3eM/N, PacrioNoXKeHHas
HWKe aTmoctepbl W rugpocdepsl Hag acteHocdepoid. MolHocTb nuTocdepsbl
n3mveHseTcs ot 50 km (nog okeaHamm) go 100 km (nog maTtepukamu). B eé cocTase -
3eMHasl Kopa M cybcTpat, BXOAALMIA B COCTaB BEPXHEN MaHTUW. [paHuuel Mexay
3eMHO KOpOM W cybCTpaTtoM CAYXMT MOBEPXHOCTb MoXopoBuumya, npu
MepeceyeHUn KOTOpO CBepXy BHU3 CKauykoobpasHO YBENMYMBAETCS CKOpPOCTb
MPOJONbHbLIX  CEMCMUYECKMX BOMH. JluTocdepa He ecTb  eAuHOe  Liefoe.
MpocTpaHCTBEHHOE (TOPU3OHT&IbHOE) CTPOEHWE NUTOCHEPbl MpeSCcTaBleHo eé
KPYMHbIMW 6/10KaMW —TaK Ha3blBaeMbIMU JIMTOCHEPHBIMU MAMTaMW, OTAENEHHBIMM
Opyr oT gpyra ryO6uMHHbIMKU TEKTOHUYECKMMM pasnomamu. Ceilyac nmtocdepa
3emMnn cocToMT M3 ceMu 6OMbLIMX MAAT WM HECKONbKMX 0onee MefKUX MuT.
JnTocthepHble NAUTLI CKOMb3AT B OMPeLeNeHHbIX HanpaBneHWaX, Hae3xas npu aTom
Apyr Ha apyra.

B rpaHuuax nutoctepbl NepUoANYecK NMPOUCXOLUAN Y NPOUCXOAAT rpo3HbIe
3KOMormyeckme npoueccbl (capuru, cenu, 06Basibl, 3p03Ks), KOTOPblE UMEKT
OrPOMHOE 3HaueHue 411 POPMUPOBAHNS 3KOMOTUYECKUX CUTYaLMiA B ONpeaeieHHOM
pervoHe nnaHeTbl, a MHOT4a NPUBOAAT K rN106a/1bHbIM 3KOMI0MMUYECKM KaTacTpodam.

MpnbnmanTensHo 5,5 MAapg, NeT Hasaj U3 XON0AHOr0 MIaHeTHOro BeLLecTBa
BO3HVK/IN NepBble MaHETbl, B TOW Yucne U nepeuyHas 3emns. B aTo Bpems oHa bblna
KOCMMYECKMM TENIOM, HO eLLe He CTana NfiaHeToi, aTMocdepbl 1 ruapoctepsl Torga
He CYLLeCTBOBaIO, MOBEPXHOCTb MMaHeTbl Oblna COBEPLUEHHO 6e3XU3HEHHa.
MpoTosemns npeAcTaBnsna coboil X0NoAHOe CKOM/EHWE KOCMMYECKOro BELLECTBa.
Mog BAWAHMEM [PaBUTALMOHHOIO YMNJIOTHEHMSA, HarpeBaHWs OT 6GecrnpepbiBHbIX
YOApoB  KOCMUYeCcKUX Tenl (KOMET W MEeTEeOpuTOB) W BbiAeNeHWM Tenna
pafMoaKTUBHLIMU 31eMeHTamMM NOBEPXHOCTL NpoTe3emnu cTana HarpesaTbes. Korga
TemnepaTypa HeAp [OCTUINA YPOBHS MMaBMEHUS OKWUCNOB XKenesa W Apyrux
COEAMHEHWIA, HaYanUCb aKTMBHblE MPOLEcChl (HOPMMUPOBAHUA SApa U OCHOBHbIX
060/104eK NNaHeTbI.

O6wmm npoueccoM (hopmMupoBaHus 060/104eK 3emsn, COrfacHo runoTese
akagemvka A.I1. BuHorpagosa, MOCNYXWO 30HHOE MfIaB/eHWe B  MaHTU,
pacnonaratoLLelica BOKpYr sigpa. Mpu 3TOM TyronnaBkue U TsHKeNble 3MeMEHTbI
NOrpy>anuncb BHM3, 06pasys 1 HapalluBas s4po, a erkoniaBkMe 1 erkue no macce
3NleMeHTbI NOAHUMaIUCL BBEPX, 06pasys 3eMHYHO KOpY 1 UToctepy.

3eMHasl Kopa — KameHuCTas 0060/104Ka, CNOXEHHas TBepAbIM BELEeCTBOM C
M30bITKOM KpeMHe3ema, LLenoyn, BOAbl U HeAOoCTaTOUHbIM KONMYECTBOM MarHus u
Xenesa. OHa OTAensieTcs OT BEpPXHE MaHTUKM rpaHuuein Moxoposuumya (Cnoem
Mox0), Ha KOTOpO MNPOWCXOAMUT CKauOK CKOpPOCTel MPOAOSbHBLIX CEACMMUYECKMX
BOJIH MPUMEPHO A0 8 Km/C. ITOT py6ex, YCTaHOB/EHHbIN B 1909 . OrocnaBCKUM
yyeHbIM A. MOXOpOBMYMYEM, KaK CUMATAOT, COBMAAAeT C BHELUHeN NepuaoTUTOBON
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.MH,HOYKON BepxXHEn MaHTMW. MoOLLHOCTL 3eMHO Kopbl (1% OT o6Lieli Macchl
' OHW) COCTaBnseT B cpegHeM 35 KM: Mof MOSIOAbIMM CKMagyaTbiMKM ropaMu Ha
* .nocTax OHa yBenuumBaetcad A0 80 KM, a MOA CPeAMHHO-OKEaHNYeCKUMM
*|H iinilVH ymeHbLUaeTcs A0 6 — 7 KM (CUMTas OT NOBEPXHOCTM OKEaHCKOro fHa).

CTpyKTypa 3emMmnu

3eMHas Kopa
I (TonwmHa S-7S km)

TMPA0O OHYTPEnHOE AP0
(paguyc okono 1200 km)

Pac. 5.1. BHyTpeHHee cTpoeHune 3emnm

romorus | GEOLOGY

pas3pe3 3eMHOW Kopbl
| section of the Earth's crust

I W. Tunbl 3eMHoi1 Kopbl (no M.B. MypaToBy): 1- Bofa; 2 - 0cafiouHblii cnoit; 3 -
| THTTHbIA cnoid; 4 - 6a3anbTOBbIA CMOW; 5 - MaHTUA 3eMu; 6 - y4acTKN MaHTUK,
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CNO>KEHHble NOPOAaMM MOBbILLIEHHOW MOLLHOCTY; 7 - YH4AaCTKU MaHTUN, CNO>KEHHbIE
nopofamn MOHVUMKEHHOW MOLLHOCTU; 8 - rny6uHHbIE pas3noMbl; 9 - ByIKaHUYECKWiA
KOHYC

MepBbIli TMN Ha3blBAaeTCA MaTepuKoBbIM, ero MowHocTb 30—40 kM, nog
MONOAbIMWA ropamy OHa yBenuumsaetcd 0 80 KM. 3TOT TUM 3eMHON KOpbl
COOTBETCTBYeT B penbede MaTePUKOBbIM BbICTYNaMm (BKIHOUAETCA MoABOAHAs
OKpauMHa MaTtepuka). Hambonee pacnpocTpaHeHO [eneHVWe ee Ha Tpu  Cos:
0CafI0YHbIA, FPaHUTHLIA 1 6a3anbToBbIA. OCafo4HbIN CO0M, TONWMHOW o 15—20
KM, CMOXEH CNOUCTbIMU Ocagkamu (NpeobnafatoT rAUHbI U FAUHUCTbIE CRaHLbI,
LUMPOKO MpefcTaBieHbl MecyaHble, KapOoHAaTHble W BY/KAHOTEHHbIE MOPOAbI).
[paHUTHbIA cnoii  (MowHocTb 10— 15 KM) COCTOMT W3 MeTaMop(UUecKux |
N3BEPXKEHHBIX KWC/bIX MOPOJ, C COAePXKaHUeM KpeMHe3ema CBbiLle 65 %, 6/M3Kux no
CBOVIM CBOICTBaM K rpaHuTy; Hanmbosnee pacnpocTpaHeHbl FHelckl, rpaHoAMOopK- Thi 1
[OMOpUTBI, TPaHUTBI, KPUCTANNNYECKMe chaHubl. HKHUIA cnoii Hambonee NAOTHBbINA,
TONWMHON 15—35 KM, Moyynn Ha3BaHue 6a3abTOBOrO 3a CXOACTBO C 6asasibTamu.
CpefHss MIOTHOCTb MAaTEPUKOBOM Kopbl 2,7 r/cM3. MeXay TrpaHUTHbIM 1
6a3a1bTOBLIM  CMOAMM  NIEXMUT  rpaHuua- KoHpaga, HassaHHas Mo  hammaum
OTKPbIBLLEr0 €e aBCTPUICKOro reodusvka. HasBaHue CNoeB — rpaHUTHbIA K
6a3aNbTOBbIi — YCNOBHbI, OHU [aHbl MO CKOPOCTAM MPOXOXAEHWS CeMCMMYECKNX
BO/MH. COBpPEMEHHOE Ha3BaHWe CoeB Heckonbko MHoe (E. B. XaitH, M.I". JTomuse):
BTOPO/ CMOM Ha3blBAETCA TPaHUTHO-METaMOP(UUECKUM, TaK Kak COBCTBEHHO
FPaHUTOB B HEM MOYTW HET, C/IOXEH OH FHecaMn U KPUCTaNIMUYECKMMM ClaHLaMMW.
TpeTuid cnoit — rpaHyIMTo6a3nTOBLI, €ro 06pasytoT CUb- HOMETAMOP(U30BaHHbIE
ropHble nopodpl (Tabnuua).

Tabnmua 1.
XMMUWYECKMIA COCTaB KOHTUHEHTA/IbHOM 11 OKEaHUYECKOW KOpbl
(no C.B. AnnoHosy, 2001)
CopfepxxaHue B %
Okengpl
KOHTWHeHTa/IbHas Kopa OkeaHuyecKas Kopa

Si02 60,2 48,6
THO2 0,7 14
AbO3 15,2 16,5
Fe20s 25 2,3
FeO 3,8 6,2
MnO 01 0,2
MgO 31 6,8
CaO 55 123
Nad 3,0 2,6

k2o 2,8 0,4
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HTOpoii TMN 3eMHOI KOpbl — MEPEXOAHbIA, WM TeOCUHKNWHANbHbIA, —
........ nepexofHbIM 30HaMm (FeOCUHK/MHAAM). PacnonoXeHbl nepexofHble
..... Y BOCTOYHbIX Geperos Matepuka EBpasuu, y BOCTOYHbIX W 3anafHbIX 6eperos
" eBepHO/ 1 HOXHOI AMepukn. VIMetoT crefytollee KnacCuyeckoe CTPOEHWE:
* ..0BMHA OKPaMHHOrO MOpS, OCTPOBHblE AYrn W rny60KOBOAHBIN Kenob. [Mog
* ..0BMHamMW MOpei W rny60KOBOAHLIMU >KenobaMu HeTrpaHUTHO- CNos, 3eMHast
*¢T* COCTOMT M3 0CALOYHOrO CNOS MOBbILWEHHOW MOLHOCTM U NalbTOBOrO.
* ..UTHbIi CNO MOSBNAETCA TOMbKO B OCTPOBHbIX Ayrax. CpegHWiA MOLLHOCTb
..... MHK/IMH&/IbHOTO TUMa 3eMHOW Kopbl 15—30 Km.

Ipernii TMN — OKeaHUYecKass 3eMHas KOpa, COOTBETCTBYET /IOXKY OKeaHa,
. . Kopbl 5—10 kM. WmeeT ABYXCNOWHOe CTpOeHWe: MepBblii Ccnol —
WeeTOYHbIV, 06pa30BaH [/IMHUCTO-KPEMHUCTO-KAPOOHATHLIMM MOPOAaMu; BTOPOWA
. 4(>COCTOMT U3 MO/IHOKPUCTAINYECKMX MarMaTnyeckmnx nopoj OCHOBHOMO COCTaBa
emill. cocToAWwmMIn 13 6a3abTOBbLIX laB C MPOCAOSIMM 0CafOuHbIX Mopogd. Moatomy
...... . TOBOPAT O TPEXC/IOMHOM CTPOEHMMN OKEAHWNYECKOI KOpbl.

UeTBepTblli TN —pU(TOTEHHAs 3eMHas Kopa, XapakTepHa A/ CpeAuHHO-

annyeckmnx XpebToB, ee MOWHOCTb 1,5—2 KM. B CpefyHHO-OKeaHU4eCcKuX
Y" "Mix 61M3K0 K MOBEPXHOCTW MOAXOAAT NOpoAbl MaHTMKU. MOLLHOCTb 0CafJOMHOI0
«'in* | 2 kv, 6a3a/1bTOBLIV CNOM B PURTOBBIX JONMHAX BbIK/IMHNBAETCS.

' |. BpefHble 1 A00BUTbIE XMUMNYECKUE 3/1IeMEHTbI B 3arpA3HEHHbIX NoYBax.
XUMUYeCKMiA cocTaB MoYB

1on XMMUYECKUM COCTaBOM MOYBbI OObIYHO MOHMMAKOT 3/1IEMEHTHBIA COCTaB
... - MWILHOI YACTW MOYBbI, & TAKXKe COflepXKaHue B Heli rymyca, a30Ta, YI/IeKUCIoro
o & I XUMMNYECKY CBSI3aHHO BOAbl. B COCTaB NMOYBbLI BXOASAT MOYTW BCE M3BECTHbLIE
*OMUWYECKME 3M1IEMEHTbLI. [py M3yyeHUM MOMHOrO BasloBOr0 COCTaBa MOYBbI B Held
ullll| mensioT: Si, Al, Fe, Ca, Mg, K, Na, S, P, Ti n Mn.

Hambonee pacnpocTpaHeHHLIMU B MOYBE SIBAAKOTCSA CMEAYHOLLME 3/1IEMEHTHI:
*| nopog, (49 %), kpemHuia (33 %), antomuHwii (7,13%), xene3o (3,80 %), yrnepog,
[| I1"), kanbuuii (1,37 %), kanuii (1,36 %), HaTpwia (0,63 %), marHuii (0,63%), a3oT
(Il 10%).

Kucnopog. O6pa3yeT MHOro pasHOO06pasHbIX COeAuHeHWA. OH BXOAUT B
MM LU OPraHWYecKoro BELLECTBa, MEPBUYHbIX W BTOPUYHbIX  MWHEPaIOB,
..... |[*nTes B NOYBEHHOM BO3ZyXe, OPraHUYECKUX W MUHEPaTbHBIX COEAVNHEHUSX
M 0" MHOrO pactBopa. IMpu fedumumTe cBOBOAHOIO KMCOpPOAa B NOYBE CO3LAOTCS
«HA 1| 11|>MbIC YCNOBUS.

Mogopoa. MMpucyTcTBYeT B MNO4yBax rflaBHbIM 06pa3oM B COCTaBe BOAbl,
n" "HOW KWUCNOTbl U B OpPraHWYeCcKOM BELLECTBE, a TakKe B KUCMbIX COMAX U
mH|[HVM UNbHbIX MOHax. YacTb BOZOPOAA HAaxXOAWTCH B MOYBEHHOM pacTBOpe U B
VM. OHOM COCTOSIHUM, 0BYC/OBNMBAA aKTya/lbHYHO, a NOTEHLMANbHYIO KMCNIOTHOCTb
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MOYBbI.

KpemHuii. BanoBoe cogepxaHue okcuga kpemHus (SiCh) B nousax BapbupyeTt
B LWUMpOKMX npegenax oT 30.40 % B deppanUTHbIX NoyBax Tponukos 4o 90...98% B
necyaHbIx noysax. OAHaKo B cpeaHeM OHO cocTaBnseT 60...70%. Keapy, - Hanbonee
pacnpocTpaHeHHOe COoefuHeHWe KPeMHUS B MoYBax- KPeMHUA BXOAUT U B COCTaB
pasINYHbIX CUIMKATOB M a/IFOMOCUNMKATOB. B pe3ynbTaTe NpoLeccoB BbIBETPUBaHMA
M NOYBOOOPA30BAHMA OHWU Pa3pyLUalOTCa WM KPEMHUIA MEpexofuT B MOYBEHHbIN
pacTBop B (hopMe aHWOHOB OPTO- M METaKPEMHMEBON KMCNOT, a 3aTeM OCaXAaeTcs B
BUAe reneli — amopgHbIX 0CafKoB. [locTeneHHO Tepss BOAY, amMOP(MHbIA renb
KpeMHe3ema npeBpallaeTcs B onasl U XanuefoH WM XKe KPUCTa//INYeCKUiA Ksapl,
BTOPUYHOIO NMPOUCXOXKAEHUS.

O6bl4HO B no4Bax O0BGHApPYXMBAeTCs  He3HauuTeNbHOE  KONMYECTBO
BOAOPacTBOPMMOro KpemHesema (go 10..50 mr/n). C ysenuyeHvem pH cpefbl
pacTBOPUMOCTb KpeMHe3eMa Bo3pacTaeT. Tak, B LEe0YHbIX COLOBbIX pacTBOpax upu
pbl, paBHom 10.11, ero cogepxaHue gocturaet HOO...200mr/n. OpHako cynbgartsl,
KapboHaTbl W rugpokapboHat Kabuma \C MarHus, npucyTCTBYHOLLME B MOYBE,
NoAaBNA0T PacTBOPUMOCTb KPEMHe3emMa M Bbi3blBAlOT ocaxiaeHue BHOr, ecnn oH
HaxoauTca B (OpPMe CUNMKaTa HaTpus. B ycnoBusAX BRaXHbIX TPOMWKOB YacTb
BbICBOOOAMBLLIETOCH KpeMHe3ema BbIMbIBAETCA U3 MOYB (Npouecc fecunvkauum). B
apuaHbIX 30HaX MPW MOCTYN/IEHNN KpPeMHe3eMa U3 LUEMIOYHbIX FPYHTOBbIX BOZ OH
obpasyeT B MNO4YBe KPEMHE3EMMUCTble CLEMEHTMPOBaHHbIE FOPU3OHTLI MPOCION U
KOpbl.

AnomuHuiA. BanoBoe copgepxaHue B noyBax AbO3 06bIYHO Konebnetcs oT
1..2 po 15...20%, pocturasa B nateputax 50% maccbl nousbl. Hapsay ¢ KpeMHUEM 1
KMCMOPOAOM atOMUHUIA - BaXKHEMLIWUIA KOMMOHEHT antoMOCWMINKATOB [loBefeHue
a/IIOMVHKS,  OCBODOXJAIOLLErocsd Mpu  paspyLUeHUM MEePBUYHLIX U BTOPUYHBIX
MUHEPa/I0B, 3aBUCUT OT peakLum cpeabl.

B kucnoii cpege — 370 KaTuoH Al3+ B WwenoyHoin — aHnoH AL(OH)4.. Mpu
MOCTYM/IEHUM B TOYBEHHbIA pacTBOp Al3+ 06pasytoTcid KOMMNEKCHbIE WOHbI,
rMAPONM30BaHHbIe B Pa3fiMuHol cTeneHn. OHU UMEIKOT KUCNOTHbIE CBOWCTBa, Tak Kak
npu B3aMMOAENCTBUN C BOAOI 0CBOBOXAAOTCA MOHBLI H+

"MapoKCWA antoMUHUA BbINafaeT B 0Caf0K B BUAE aMOP(HOro rens, KOTOPbIiA
B [JanbHelilleM npuobpeTaeT KPUCTIMYECKYIO CTPYKTYpy C 06pa3oBaHueM
rnéocmta n 6émmTa. YactnuHo AL1(OH)3, MOXeET ocTaBaTbCA B NOYBEHHOM pacTBOpe
B Buae 30n4. B Kucnoil cpege OH B3aMMOAECTBYeT C (YNbBOKMCIOTAMU U
HWU3KOMONEKYNAPHBIMWA OpraHUYecKMMM BellecTBamy ¢ 06pa3oBaHVeM MOABUKHBIX
KOMM/IEKCHBIX COeAMHEHUI, B hopMe KOTOPbIX MWUTPUPYET B MOYBEHHOM Mpogmne.
KonnougHblil rmapokcug amtoMUHWS 4acTo CBA3bIBAETCA C refleM KpemHesema
MPOTMBOMO/IOXKHOIO 3HaKa 3apsfa, 06pasyst CMeLLaHHbIV renb - annogaH.

B o6MeHHol dopme Al5+ B 3HaUWTE/bHBIX KOMUYeCTBaX MPUCYTCTBYET U
KUCMbIX MOYBax, rae OH BMecTe ¢ H+ HacblIlaeT YacTb MOr/IOLLAtoLLIEro Kommnaekca
OOMEHHbIi  aNtOMUHWIA  YpaBHOBELLMBAET aItOMUHWIA MOYBEHHOrO pacteopa. H
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iii.ix MOYBAX OOMEHHbIA a/IFOMUHUIA YaCcTO NepexoauT B HEOOMEHHYHO (hopMmy,
" pi Nasacb B MeXMaKeTHbIX NPOCTPaHCTBAax pasbyxatoLimxX MUHepasoB, 0COBEHHO
« PMHKYNINTOB.

O6MeHHbI 1 BOLOPACTBOPUMBIA  aIOMUHWA  YXYALLAT  MUHEpabHOe
....«MKC pacTeHuid, nepeBogu (octop B TPYAHOPACTBOPUMbIE COEAUHEHUS W
MH HATCTBYSI MOFNOLEHNIO ABYXBaNeHTHbIX KaTMOHOB. Kpome TOro, antoMuHWi
w'| mveH ans MHOTMX KynbTyp. of ero BAMsSHUEM yXYALIaeTCs pa3BUTUE KOPHEBOW

<Mbl, HapYyLLIAETCA YINEBOAHLINA 1 a30THLI 06MEH B pacTEHUN.

Xene3o. OTHOCUTCS K 3feMeHTaM, BbINOMHSOWMM BaXHellwme QYHKUMN B
I | <nHsx. Be3 Hero B 3efieHbIX YaCTX pacTeHWUid He obpasyeTcs X/I0podun, rak
| 1 Xene3o — Heob6XxoAMMas CoCTaBHas YacTb CUCTEMbI (DEPMEHTOB, YHaCcTBYHOLLMX
n lvHTese xnopodmnna. >Keneso  perynupyet  Npoueccbl  OKWCNeHUA U
weveee. .LLUIOBMIEHMA  CMIOXKHbBIX ~ OPraHMYecKUX COeAUHEHWIA B pacTeHusx. Ero
in MATaTtoK BbI3bIBAET XI0PO3 M pacnaj pPOCTOBbIX BeELLECTB  (ayKCWMHOBY),
MWH LIPYEMbIX pacTEHUAMU.

1o coenHeHWAM Xenesa, HaXOAALMMCS B NOYBaX, MOXHO CYAUTb O MHOTUX
..... it Wax nous, a TakXke 06 3neMeHTapHbIX MOYBEHHBIX MpOLEeccax W reHeswuce
‘>l LIBeT MOuBbI 3aBUCWT OT CTEMEHW ruipatauum COeAMHEHWR >xenesa. Tak,
*|iMVVIA LBET B OCHOBHOM CBSi3aH C MPUCYTCTBMEM CUMbHOOKPUCTANIN30BAHHbIX
JVIWIOB >KENes3a, XEeNnTbli — C npeobnafjaHWeM CnabooKPUCTaNIN30BaHHbIX
|HM|||[Kenaos, coeguHeHus xenesa (M) npuaaloT NoysBe CU3yH), Cepo-rony6oBaTyto

K-NEeHOBAaTO-0/IMBKOBYIO OKPacKy. 0BbILLEHHOE cofepXaHue amopdHbIX Gopm
*in NUHCHWIA Xene3a MokKasaTeNlb Maneo- WM COBPEMEHHOro rugpomopgusma. Mo
I UMPEACTIEHNIO XKefe3a B MOYBEHHOM Npogunne MOXHO CyauTb O npoLeccax

.oVMKa,  WAMIOBUMPOBaHWUS,  MaHuepe- M nareputoobpasoBaHun. B
W TUPOBAHHOM COCTOSIHUA W B KOHTaKTeé C [/IMHOTYMYCOBbIM KOMIM/IEKCOM
MM MLIEMUS  )Kene3a CrocOOCTBYHOT 06pa30BaHWMIO  MOPUCTLIX,  BOLOMPOUHBIX
«puUNTOB. )Kefe30 BaXKHbIA  KOMMOHEHT  OKUCAUTENbHO-BOCCTAHOBUTENBLHOM
mN 1rMM NOYBbI, YYacTBYET B 06pa30BaHNMN pa3HO06BPa3HbIX KOHKPELMIA.

(WHugee cogepxaHuvie B nouse berO3 KonebneTcs B LUMPOKUX npegenam ot 0,5...
| M 1 necyaHbix nousax o 20...80% B ¢epplbINKTHLIX MOYBax W natepuTax
IpHHCB

dopmbl  COefMHEHUIA >Kene3a B Mo4Be pasHOo6pasHbl. OHO HaxoauTcs B
*¢ IMH pasnMuHbIX MEepPBUYHBLIX W BTOPUYHLIX MUHEPAasioB, B BWAE amOPMHbLIX
1ii’ipuki ngoB NpocTbiX coneit, B 0GMEHHOM COCTOSIHWMM, y4acTByeT B 06pa3oBaHUM

in u-kcoB. OfHa W3 BaXKHEMLIMX OCOOEHHOCTEeN >kene3a CNOCOBHOCTb MEHATb
» WK KOCTb, NO3TOMY €ro MpuCyTCTBYE B MoyBax B Buie Fe22+ unn Fe23+ cuibHO
.......... OT OKMCNNTENIbHO-BOCCTAHOBUTENBHOTO PEXMMA.

M pesynbTaTe  paspylleHWs  MWHepasioB  NpW  BbIBETPUBAHUU  ©
L.... TIOPH30BauMM  BbICBOOGOXKAAeTCs  ruapokcug >kenesa  be(OH)3. 310
.......... LLMKHOE W aMOoptHOe CcoefuHeHWe 06pasyeTcsl MNpPakTUYecKU BO BCEX
Lruyl| cenm Tonbko B pacTBOp MOCTYyNaeT CBO6OAHOE Xeneso.
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BogopacTBopumoe (MOHHOE) >Kene3o W3YYeHO HefocTaTouHo. VoHbl xenesa |
(1) NpucyTCTBYIOT TONLKO B CUAbHOKMCNON cpeae (Mpy pH, paBHOM 3 1 HIDKE) U
npu BbICOKMX (613KMX K 800 MB) 3HAYeHWAX OKWUCIMUTENbHO-BOCCTaHOBUTENLHOIO |
noteHunana (OBIT). Takue coyeTaHus B MoYBax BCTpeyatoTcs pefko. Mpu 6onee |
BbICOKMX 3HaueHnsX pH eneso ocaxgaetcs B qopme rugpokeuga Fe(OH)3, a npum
nofwenaynsaHuy  cpefbl  06pasytoTcad  aHMoHbl  Fe(OH)\  Xeneso (II) B
3HAUYNTENbHBIX  KOMMYECTBAX MPUCYTCTBYET TOMbKO B  MEPeYBNaKHEHHbIX U
3aTOM/IEHHbIX MoyBax. BoccTaHoB/ieHME >kenesa HauuHaetcd npu OB Hwke |
300...400 mB, npunyem 4Yem Bbiwe pH, TeM 60MblUe JOMKHO 6bITb CHXKeHne OBI, 1
npu 3ToM 06pasytoTca Takue coeguHeHmns, kak FeCCh, Fed 1CO3)r, FeS04, PeTPO-¢ |
x8Hr0, FeS, a B wenouHoi cpege — Qeppodeppurngpokens Fe3(OH)s. |
BogopacTBopuMOe Xene30 NOrfoWaeTca NOYBEHHLIMM KOMIOMAAMMN U NEPEXONT H
0o6MeHHOe cocTosHMe B Buae Fe2tk B ruapoMOPMHbLIX [YMYCUPOBAHHbIX W
61010rMYecKn akTVBHBIX NOYBax cofepxuTcs 1o 18 mr-asks/100 r o6MeHHOro Fe2+ |

XKeneso akTMBHO C OpraHWYeckUMU BellecTBamu UM (hy/bBoKucnoTamm c |
o6pa3oBaHMeM  MPOYHbIX  KOMMIEKCHBIX  XKE/Ie300praHNyeckMxX  COefMHEHNI, m
CMOCO6HbIX K MUrpauymn B MOYBEHHOM npodmne. OpraHnyeckme BeLecTBa He TOMbKO 1
BCTYNalT BO B3aUMOAENCTBME C WOHHbLIM >Kene3oM, OKCUAaMy W ruapoKcugamu
Xenesa, HoO U CNoco6Hbl U3BMEKATb €ro U3 KPUCTa/IMYECKON peLleTKn nepBruYHbIX |
MVHEPasoB U MIMHUCTLIX BTOPUYHBIX MUHEPanoB.

Kanbupid. 9TOT 3/1EMEHT UMEET OFPOMHOE 3HayeHWe He TONbKO B nuTaHum |
pacTeHui1, HO U B NOYBO06GPA30BaHNN. KanbLuuii COAepXUTCS BO BCEX pacTUTeNbHbIX 1l
Knetkax. lNpw ero HegocTaTke, Mpexae BCEro, 3aMef/IIeTcsl pasBUTUE KOPHEBOW J
CUCTEMbI PacTEHWI, KOPHWU OCAM3HAKOTCS M BbICTPO 3arHMBAOT, a NPY KalbLWEBOM ;
ronofaHuy OTMUpaeT BepXYLLUEYHas MoYKa WM npekpalaeTca pocT crebnm. Kanbumin |
BMUSET Ha MPOYHOCTb HAA3EMHbIX 4acTeli pacTeHUA W KayecTBO NpomyKumu!
pacTeHWeBOACTBa.

CoeavHeHNs KasibLms co34atoT 6aaronpusTHble YC0BMA 418 TpaHchopmaLmm
OpraHMYeckMX  OCTaTKOB, ryMycO00pa3oBaHUs, Yy4yacTBYHOT B  06pa3oBaHum
FMIMHACTBIX MUHEPANOB, BANSIOT Ha NPUPOAY FIMHOrYMYCOBbIX KOMMEKCOB, Urpato!
BaXXHYI po/ib B 6ronornyeckmnx npoueccax. Kanbunii - ath(heKTUBHbBIN Koarynstop
MOYBEHHbLIX KOM/IONAOB, OH TaKXXe Crnoco6CTBYET (HOPMMPOBAHWIO arpOHOMMUYECKM'
LIEHHOV CTPYKTYPbI MOYBbI.

CogepxaHue KanbUmsi B 6eckapboHaTHbIX nouBax cocTaenseT 1..3%. OH
BXOAWUT B COCTaB KPUCTa//IMYECKOM pPeLLeTKM MHOMMX MuHepanoB. Moxa
HaxXo4MTbCA Kak B OOMEHHO-MOrNOWEHHOM COCTOSHUM, Tak M B (DopMe MpocCTbi!
coneii (XNOpWAOB, HWTPATOB, KapboHaTOB, Cynb(haToB ¥ hoctatoB). B npouecc!
NMoYB000OPa30BaHNs B apuAHbIX PErroHax MHOMO KaslbLWs Hakannueaetcs B qopm!
BTOpUYHOro Kanbuuta (CaCO3) n runca (CaSO4x2H20). MmaporeHHbIM nyTem Moiy!
06pa30BbIBaTLCA N3BECTKOBbIE UM FUMNCOBbLIE KOPbI.

Kap6oHaT Kkanbuus npucyTCTBYeT B MoyBax B ABYX (hopmax: akTuBHOW H
HEaKTUBHOW. HeakTUBHble KapbOHaTbl MpeACTaBfeHbl KPYMHO3EPHUCTbIM  UIIB|
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...... MOYHbIM Ka/IbLiITOM M COCPefoTOUeHbl B KPYMHbIX (hpakumsx (pasmepom Goree
| umm1). OHKM ManopacTBOPUMbI B BOAE, HacblLLeHHOM COr, NposiBNSOT HEBLICOKYHO
*OMUYECKYHO aKTUBHOCTb, HE BAWAIOT Ha MOF/IOLLAIOWMIA KOMMIEKC W NPeACTaBNsAOT
. iiinill pe3epB KasbLys, CNOCOBHOr0 NEPEXOANTL B aKTUBHYHO (opMYy.

AKTVBHbIE KapBoHaTbl COCPeA0TOUEHbI BO (DPAKLWMSX PasMepoM MeHee 1 MKM.
HMVMMOACIACTBYS C MOYBEHHLIM PAacTBOPOM, HacbMUeHHbIM COr, OHW MepexoasT B
| H|||«>KapGoHaTbl 1 HACLMLIAKOT KasbLiMeM MOT/IOLLAIOLLMIA KOMIIEKC.

CaCO3 + C02+ H2 = Ca(HCO3)2,
MMK/HH + Ca(HC03)2=MMNK/Ca+2C02+2H2D.

('BOBOAHLIN YrNEKNCAbIA KasbLyil 06yCNOBANBAET CNabOLLENOUHYHO PeaKLmo
iMi'inriiiioro  pacTBopa. B 6eckapb60HaTHbIX MOYBaX KajibLWiA,  HacbILLas
[M| MMuaoWmMin KOMNNEKE, NPUAAET UM HENTPpanbHYO peakumio cpedbl. B nousax ¢
H]...MVHHbIM TUMOM BOAHOIO PEXUMA MPU HU3KOM COfepXKaHUM 0OMEHHOTO KaslbLins
¢ VImH cpepbl Kncnas.

O6bIYHO pacTeHUst He WCMNbITbIBAOT HegocTaTka B Kasbuun. OfHako Ha
...... *MHAX, NPOM3PACcTAlOWMX Ha KUCAbIX W CUIbHOKMUC/bIX MNO4YBax, OCOBEHHO
| KUro rpaHynoMeTpMYecKoro coctasa, 6yeT CkasblBaTbCA HeA0CTaTOK KasbLys.

Marnuii. BXoguT B COCTaB MHOMMX OpraHU4ecKMX BELLECTB, 00pasyroLLMXCs B
......... HUX BaXKHeliLLee M3 KOTOpbIX X10pothunns, MnpUAatoLLMiA TUCTbAM 3efeHblIl
W' | 1 NOr/IOLLAIOLINIA 3HEPrUI0 COMHEYHBIX NyYeld. MarHWil NoNoXMTENbHO BANSET
HA WnpcbneHne pacTeHUsMU, OCOGEHHO LWTPYCOBbIMW, MUTATEbHbLIX BELLECTB,

< iiiitiH BMecTe C KanbuyeM MOYBEHHbI MOMMOLWAKWMIA KOMMAEKC, MarHui
hi.....(KTBYeT CO3[aHUI0 HENTPanbHON peakumu cpedbl. BmecTe ¢ Tem npu
OV»! HULLIHOM ~ COAepXaHuM  OOMEHHOr0  MarHus  MOYBbl  XapaKTepusyloTcs
N....]IMMmwblvmn  arpomsnyeckummn cBolicTBaMM. B Takmx nouyBax 06pasyroTcs
W..... rymaTbl U (hynbBaTbl MarHWs, YTO CHUXaeT NOYBEHHOE NI0LOPOAME.

Banosoe cofepxaHue MarHus B nousax 6/M3K0 K CoAepxaHuio Kasbums. Kak
W »||u.uniA, OH HaXOAWUTCS B KPUCT//IMYECKOM PELLETKE MEPBUYHBLIX M BTOPUYHBIX
...... |L.1toB, B 06MEHHOM COCTOSIHAM U B (hOpMe Pa3/NyHbIX COMeil — KkapboHaToB,
| ncparoB 1 xnopuaos. B apuiHbIX pervioHax Mpu 3aco/ieHUK MOYB COMM MarHus
MU MrnMatoTCs B M30bITOYHBIX KONMYECTBaX M OKasblBAalOT YrHeTatollee felicTBue
/B v XHVA. B noysax C peakuweil cpedbl, 6IM3KON K HeWTpasbHOMW, MarHuii
M""M.m | BTOpOe MECTO Mocfne Kaibumsi cpegu OBMEHHbIX KaTWOHOB. [eduunt
W» MMH  UCMbITLIBAKOT ~ PacTeHWs, Mpom3pacTalole Ha  MnoyBax J1erkoro
...... . |[mmeTpunyeckoro cocTasa.

 arwmii. ITOT 3/71IEMEHT HapaBHe € a30ToM, (hocthopoM W Cepoil MHTEHCUMBHO
......... . pacTeHus, 0CO6eHHO Takue, Kak KapTodesib, KOpHenaoabl, Tpasbl, Tabak,
I"Nhih + KynbTypbl. BanoBoe cogepyxaHue Kaims B MoYBax OTHOCUTENIbHO BbICOKOE
{00 ' 1"u( OCHOBHasA YaCTb €ro BXOAUT B KPUCTa/IIMYECKYHO PELLETKY NepBUYHBIX U
toil™ ini.iv MuHepasioB M gocTynHa [fHA pacTeHuid. OAHAako W3  HEKOTOpbIX

87



MUHepasioB (6MOTUTa MYCKOBUTA) PacTEHUs CPaBHUTENBbHO /IErKO W3B/EKaloT 3TOT
3NEMEHT.

Kanuii, npefcTaBneHHbI MPOCTbIMWA COMSIMM MOYBEHHOIO PacTBOpa, /erko
[OCTYNeH pacCTeHUsM HO [/aBHas pPoOfib B MUTAHWM PACTEHWIA NPUHAANEXUT
O06MEHHOMY Ka/unto, aAcopbupoBaHHOMY Ha MOBEPXHOCTM MOYBEHHbLIX KONOWUAOB.
OOGMEHHbIA Kannii, NOJOOHO MOHY CMOCOGEH MEPEXOAUTb B HEOOMEHHYHO (hopmy.
Takoe sIBMEHME M3BECTHO Kak peTporpajaums. Mexay 06MeHHOW M HeoOMeHHOi
(hopmamy  Kanmsi  CyLUeCTBYET OnpedeneHHoe pasHoBecue. [pu noTpebneHun
06MEHHOT0 Kanus ero 3anacbl MOMOSHATCA 3a CYeT HeobMeHHoro. [epexon u3
OAHOW (hopMbl B ApYryt0 BO3MOXEH MPWU ONpefeneHHbIX YCnoBusxX. Tak, nepexof
Kanns B HEOOMEHHOE COCTOSIHWE NPOUCXOAWT MPU MOBbIWEeHUN pH 1 136bITKe MOHOB
Ca2+ B pacTBOpe, MCCYLUEHUM MOYBbI M COKPALLEHUN MEXNAKETHbIX PacCcTOAHWUIA
MUHepasioB C pasbyxatolleii pelieTkoid. O6paTHOMY MpoLeccy Crnoco6CTBYHOT
61onormyeckoe nornoLleHne 0bMeHHoropeanusa 1 rngpataums MMHepasIos.

Hatpuii. BanoBoe cofepxaHue HaTpusi B nouse coctaBnseT 1.3%. OH
COCpPefloTOYEH [/laBHbIM 06pa3oM B KPUCT//IMYECKON  peLUeTKe MNePBUYHbIX
MUHepanoB.  [MperMyLLECTBEHHO HaTpuiA  COAepXalMxX MOMeBbIX  LUMATOB,
MpUCYTCTBYET B OOMEHHOM COCTOSIHMM W B MOYBEHHOM pacTBOpe B COCTaBe
BOAOpacTBOpPMMbIX coneli blarCO3, NaHCCb, Na2S04, NaCl »n NaNO03. [pu
[OCTAaTOYHOM YBNXKHEHWUN CONM HATPUSA NErKO BbIHOCATCS M3 MOYBEHHOrO MPognns
6narofaps BbICOKOI pacTBOPUMOCTY ¥ MOABVDKHOCTM, & B apUAHbLIX PErMoHax BMECTe
C [PYrvmn CcOnsaMM akKyMynupyrloTcs B Mo4BaX, Bbl3blBas WX 3acoseHve. 310
OTpVLATeNbHO CKa3biBaeTCA MNa pasBUTUM PacTeHWid, ANA KOTOPbIX 0COGEHHO
TokcuyHa conb Na2CCh. TlouBeHHOe MNNOLOPOAME CHMXAEETCS W NPU BbICOKOM
cofiepXXaHnm 06MeHHOro Hatpus. Korga ero fonis B cocTaBe 0OMeHHbIX KaTWOHOB
npesbilaer 10% eMKOCTM 06MeHa, CYLLEeCTBEHHO YXYALIAHTCA arpoOHOMUYecKue
CBOIACTBA MOYB, YTO BbIHY>AAeT NPOBOAMTbL UX MeMopaLuio.

Yrnepog. B nousax HaxoguTtcs B COCTaBe OPraHW4Yeckoro BellecTBa W B
cocTaBe COneil — KapboHaToB W rapokapboHaToB. CoaepxaHue OpraHUYecKoro
yrnepoga konebnerca OT [oNell MpoueHTa B MecYaHblX MouYBax, 6eAHbIX
OpraHW4ecKMM BeLLecTBOM, A0 6..7% u 0onee B YepHO3eEMaX M HEKOTOPbIX
[epHOBbLIX MOYBax, a B TOPPSAHLIX NOYBAX U TOPPSAHUCTLIX FOPU3OHTaX AOCTUraeT
[lecaTKoB NpoueHToB. CojepxaHue yriepoja MWHepasbHbIX COeAUHEHUI Takke
M3MEHSETCA B LUMPOKMX Npefenax: OT [0Mei MpoueHTa B MOYBaxX C MPOMbIBHLIM
BOAHbIM PEXMMOM [0 [EeCATKOB MPOLEHTOB B apuAHbIX pernoHax, rge OH
aKKyMynupyeTcsi B Mo4YBax B COCTaBe KapbOHaToB. 3HAYMTENIbHOE KOMM4YeCTBO
yrnepoja HaxoamTcA B YI/IEKAC/IOM ra3e MOYBEHHOT 0 BO3AyXa.

A30T. 3TO BaXHEMLIWIA 3MeMeHT MUTaHWA pacTeHuid. OH MOYTU Le/IMKOM
COCpefloTOYEH B OPraHWMYeCcKOM BELLECTBE MOUBbI M K/IETKaX >XUBbIX OpPraHW3MOoB.
A30T cocTaBnsieT, Kak npasuno, 1/10...1/20 yacTb OT COAepXKaHUs OpraHUMYecKoro
yrnepoga. HakonneHve a3oTa B Mo4Be 00YC0BEHO 61MONOrMYECKOl (hnkcaumein ero
13 aTMoctepbl. B nouBoo6pasyoLLyx Nopojax 3Toro aneMeHTa O4eHb Maso.
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A30T [OCTYNeH pacTeHUsM NaBHbIM 06pa3oM B BWAE aMMOHMUS, HUTPATOB W
|MMpUTOB, XOTS MOCMefHAS (hopMa B MNO4YBax MPaKTUYECKM HE COLEpXMTCA.
AMMOHWIAHBIA W HUTPaTHbIA a30T - OCHOBHble (HOPMbl a30TUCTLIX COEAVHEHUIA,
CTOpbl€e YCBaVBAOT pacTeHns. AMMOHUIAHBIV a30T HAXOAWTCA B NOYBE B CBOOOAHOM
WV FOSIHAW H NMOYBEHHOM PACcTBOPE, U3 HEro aMMOHWI MOr/OLWAETCA OTPULATENBHO
' CPSYKEHHBIMU MOYBEHHBIMU KOMNIOMAAMU U MEPEXOanUT B 06MeHHYH0 dopmy. YacTb

CMEHHO MOrNOLWEHHOr0 aMMOHUS (DUKCUPYETCA B MEXMAaKeTHbIX MPOCTPaHCTBaX
I.ccoyxalolmx MUHepasioB 1 TepsieT CrOCO6GHOCTb K 06MeHY, TpaHC(opMUpyscb B
"'(«06MeHHYO hopmy.

VioH NO3' B GO/bLUMHCTBE MOYB HAXOAUTCS NPEUMYLLECTBEHHO B MOYBEHHOM
1"ICTBOpPE U NIErKO MOTNOLLAeTCcs pacTeHUsAMU. B TO Xe Bpemst OH Ierko BbIMbIBAETCS
1 npefenbl NOYBEHHOTO NPOgMAsS aTMOCHEPHLIMU OCafKaMu. B nousax e BbICOKUM
cofepXKaHveM NOMOXMTENbHO 3apSXKEHHBIX KOMOMAOB XKenesa U antoMUHUA, Taknx
B (heppaninTbible MOYBbI MOXET MNPUCYTCTBOBATb B OOMEHHO-MOI/IOLLEHHOM
COCTOSIHWW.

docdop. Banosoe cogepxaHue octopa B nousax Hesbicokoe -0,1...0,2%.
(>aMeKo ero akT1BHO MOM/IOLLAOT PacTeHUs, NMOCKO/IbKY OH BXOAWT B COCTaB MHOIMMX
"P1;LUMYECKNX COeAMHEHNI, 6e3 KOTOPbIX HEBOSMOXKHO (DYHKLIMOHMPOBAHUE XXMBbIX
"|InaHn3moB. B nousax hochop npencTaBrieH OPraHWYeCKUMU U MUHEPaIbHLIMU
mCeVMHEHWAMU. OpraHnYeckoe BeLLeCTBO MOYBbI - pe3epB NOABWMXHOIO ocdopa,
MOCKO/bKY OHO cogepXuT fgo 60...80%Bcex 3anacoB ocgopa. OpraHuyeckue
*0CAMHEHMA  hochopa  npeAcTasnieHbl  oconunuaamu, — GoconpoTenHamm,
'.0.ohochaTtammn. 3HaumTeNbHaA YacTb hoctopa BXOAUT a COCTaB TYMYCOBbIX
MOLLICCTB. Tak, B 'YMMHOBBIX KMCNOTax cogepxmTca 4o 50.80 %Bcero opraHM4eckoro
(hochopa MouBbl. PacTuTeNbHble OCTaTKM Takke 6orarbl 3TVM  3/1EMEHTOM.
docthopopraHMYecKnX COeAMHEHWA nepexoaaT B AOCTYMHyk QopMmy nocne
MWHEepan3aLmmM NX MMKpPOQIopoiA.

Cpean MUHepanbHbIX COeAUHEHUI (hocdopa BaXKHEMLIYKD POb UFpatoT cou
"1>10(hocthopHOn kKucnotel H3POA.

docar B 06MEHHOM COCTOSIHUW YAEPXKMBAETCA HA NOBEPXHOCTW [IMHUCTbIX
MVHEpa/IoB 0OMEHHBIMU [BYX- W TPEXBAIEHTHbIMW KaTWOHaMW WU KaTUOHaMU
KPUCT/INIMHECKUX PELLETOK. Takum nyTeM U3 noysbl norowaercs Ao 1% docdopa.
V/ amophHbIX rMAPOKCUAOB CMOCOGHOCTL K MOr/OLWEHMO (hocdopa Bbille, YeM Yy
| InHMCTbIX MuHepanos: ans Fe(OH)3 oHa coctasnsieT 4%, ana A1(OH)3 - okono

"'0 BaxHylo ponb B yfepxaHuu hocdopa UrpatoT ruapathl Xkenesa, BXoAsLmMe B
"|H aHOMMHepanbHbIE KOMM/eKChl. CBOGOAHBIN antOMUHWIA yaepxnBaeT gochop B
MNHee pacTBOPMMON (hopMe, YeM OOMEHHbIA UM AP KPUCT/IMYECKUX PELLETOK.
| 'KpUCTaNIM30BaHHbIe ruapoKcuabl (rMb6euT u rétuT) Qocdop MpaKTUYHecKu He
norsowaoT. B nousax, cogepxawmx KapboHaTbl B akTMBHOW (opme, docgop
"UpoHsieTCA B OOMEHHOW hopMe MpW He C/ULLKOM BbICOKMX 3HAYeHMsX pH K
MKTOYHOM COAEPXaHuUM Xymyca.

®. [owodyp cuutaeT, 4To Mexzay ¢ocopoM MOYBEHHOro pacTBopa W
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(hochopoM,  MOrMOLLEHHBIM  KOMIOMAaMKM,  CYLLeCcTBYeT MOCTOSHHbIA  O0OMeH,
NPUBOALLMIA K PaBHOBECHOMY COCTOSHUMIO MeXzay OOMEeHHbIM U pPacTBOPUMbIM
thocchopoM. Bcneacteue 3TOro BCAKME WM3MEHEHUs B KOHLEHTpauuu docdopa
HeMe[NIEHHO KOMMEHCUPYIOTCA NyTeM o6MeHa. OfiHaKo YacCTb MOYBEHHOro (hoctopa
(HepacTBOpUMble (hocthaTbl) HE YHaCTBYET B 3TOM KMHETUYECKOM OOMEHE.

docthop TepseT pacTBOPUMOCTb U CMOCOGHOCTL K OOMeHy B pesy/bTare
OCXAEHMA W BK/KOYEHUA B KPUCTa//IMYECKMe 06pas3oBaHusA.  OcaxzaeHue
MPOUCXOAUT NPX H/IMYMK PACTBOPUMOIO 1 0BMEHHOIO (hocopa B O4eHb KUCNOiA (M
BOCCTAHOB/IEHHOW) Cpefe, CofepXKalleli pacTBOpMMble WMOHbI Al3+ mnn Fex . B
pesynbTaTe OCaXeHUs 06pa3ylTCs HepacTBOpUMblE docaTbl Kenesa WM
aNtoOMUHUA C COOTHOLLIEHMEM (hocthop-MeTann nopsgka 1 2, Torja kak ans gocdopa
a/IcopbMpPOBaHHOrO MOBEPXHOCTLIO KONNOUAATbHBIX FMAPOKCUAOB OHO pasHo 1:100
nnn 1:500.

B nouBax nNpouCXOAMT MeL/IeHHas W MocTeneHHad noTepsa  (hocthopom
pacTBOPMMOCTU YTO BO3MOXHO B pe3y/bTaTe.CrefyHoLpmx npoLeccos:

* TMPOHUKHOBEHMS  (HOCAT-MOHOB B  MEXM/IOCKOCTHblE  MPOCTPaHCTBa
FMIMHUCTBIX MUHEPa/IOB BO BPEMS NPUOOPETEHUS TefiiMU CAOUCTOW CTPYKTYPbl WK
pasfBMraHus CroeB y HEKOTOPbIX Pa3byxaroLLyx MUHepasIos;

* 06pa30BaHNs YKeNe3nCTbIX KOHKPEeLWiA U NOrfoLLeHns uMm qocgaT-moHoB, a
Takke BKHOYeHWU (hocaT-MOHOB B MWHepansl Tuna rétuta wunm rmboenta B
npoLecce KpUCTaNM3aLMM COOTBETCTBYHOLLMX MMAPOKCUAOB;

* thukcaumn hochaToB B KapboHaTHOI cpede, Korga pH nogHWMaeTcs Bbinm
8Mu, dhochatbl NepexossaT B MeHee paCTBOPUMOE U 60/1ee COCTOSIHME.

[JoctynHocTb ¢hocthopa pacTeHWsIM Yy MNOYB PasHbIX TUMOB HEOAVIHAKOBY
CpaBHUTE/NbHO NErKo NepexoauT B pacTBop (octop, YAePKUBAEMbIA TAUHUCTLIMU
MVHepanaMu rvHOryMycoBOro KOMMJ/eKca B KAC/bIX MoYBax AOCTYMNHOCTL qocdop™
pacTeHWaM, pe3KO NafaeT, BCNeACTBUE CBSA3bIBAHUSA ero CBOOOAHLIM aftOMUHMEM U
BK/IIOUEHMA B HKENe3nCTble KOHKpeuuu. [Mpu BbICOKOM COAEpXXaHUM KapboHaTa*
[OCTYMNHOCTb poctopa pacTeHMAM TakXKe HU3Kas.

V3BECTKOBaHME KMUC/bIX MOYB, CBEXEE OPraHW4ecKoe BELLUECTBO, CAyXallr#|
MCTOYHMKOM MOABWXKHbIX TYMYCOBbIX BELLECTB, CMNOCOBCTBYIOT —pPacTBOpeHui!
(hbMKCUpoBaHHOrO  hochopa M MOBLILLAOT  €ro  JOCTYMHOCTb  PacTEHWsSM
BblpawyBaHne 6060BbIX TpaB CMOCO6GCTBYET MOOMAM3ALMM MOYBEHHBIX hocdaTt™,
MOCKOMIbKY OHW 3HEPrMYHO 3KCTparvpyroT ¢ocop, Lake ManopacTBOPUMMM
Pasnaratowypecs ocTaTkv 60060BbIX TpaB B AafibHELLIEM BYAYT CNYXUTb UCTOUHUKOM
pacTBOpMMOro hocopa Ans ApYrux KynbTyp.

Cepa. 3TO BaXXHbI 31EMEHT NUTaHUsA pacTeHMiA, OHa HeobXoaMMa ANs CUHN *
aMUHOKMCNOT U pepMeHTOB. Ee cogepXaHve B BEPXHUX FOPU30OHTAX HE3aCO/ICHUM»
noyB Konednetca B LUMpOKMX npegenax — oT 0,01 go 0,2.0,4%, B 3aCONEHWN»
[OCTUraeT HECKONbKMX [eCATKOB MPOLEHTOB. [NOBbILLEHHOE coaepxaHue cepbl (
noysax HabM4aeTCA MpW 3arpsA3HeHNU X MPOMBILLAEHHBIMU OTX0AaMU, B MM i*«
BbINaZeHNs C 0cafKamu razoobpasHbiX BbIGPOCOB coefnHEHMIA cepbl. Cepa BXOAMi
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| ocTaH pa3HO06pasHbIX OpPraHWYeCKUX W MUHEPASbHBIX COEAUHEHWA. B BepxXHUX
|YMYCOBbIX FOPW30HTax MOYB Ha JO/K0 OPraHUYeCKMX COeAMHEHWI NPUXOAWTCS
/O 80% Bcex 3amacoB Cepbl, [0S MUHEPaIbHbIX COEAVMHEHWIA YBENNYMBAETCA MO
Mepe CHWDKEHUs COfepXKaHWA Fymyca W HakomneHWs NerkopacTBOPUMbIX CONen u
|Mkca. CynbhaTbl LUEMOYHLIX W LUENOYHO3EMENbHBIX 3MeMEHTOB — Havbornee
pacnpocTpaHeHHast (hopMa MWHepaNbHbIX COeAUHEHUIA cepbl B rnoysax. B
MHIOPOGHBLIX  YCMOBUAX MNPV HEJOCTaTKe KUCMopofa Cy/bgaTpesyumpyioLme
*/1CEpUM BOCCTAHaB/NBAIOT Cy/b(haThl [0 CYNb(hNAO0B.

MapraHey. CpefHee CcOfep)XaHMe MapraHua B noyBax Konebnetcs oOT
M1 0,02 pgo 0OO5..0,20%. C 6MONOTMYECKO TOYKM 3pEeHUs  MapraHeL,
MUKPO3/MIEMEHT, WMEIOLWMA 6ONbLLOe 3HAYeHMe B (U3MONOrMKM pacTeHuin. Yacto
[VH reHvst cTpajatoT OT ero HeAocTaTka, HO B MOBbILIEHHbIX KOMM4YeCcTBaX OH
UMHMYeH. B nouyBax MapraHel, BCTpe4aeTcs B  pasnuuHbIX  hopmax:
py (HepacTBOpUMbIE OKCUABI, NErKo- 1 TPYAHOPacTBOPUMbIE MapraHLoBble COM, B
“NmenHom COCTOSHUWM, B COCTaBE CW/IMKATOB, a TakkKe B BWAE KOMMIEKCHbIX
BN IVHCHWIA C OPraHMYecKUMU BELLIeCTBaMM.

K nerkopactBopMMbIM cofisim  oTHocsiTcs  MnsOi, Mn(OH)r, MnCb,

YMCTBYIOLLYE B He3HAUYUTE/bHbIX KOMMYEeCTBax B MOYBEHHOM pacTBope, U3
e S"'bIX MapraHeL, NepexoauT B 06MeHHy0 hopmy. CoefHEHUs ABYXBASIEHTHOIO
MH M3, BKIHOYAsA NerkopacTBOPVMbIE COMM M OO6MEHHbI Mn2+ nNpucyTCTBYIOT
"C UMYLLECTBEHHO B KMUC/bIX MO4YBax. B nepeyBnaXHeHHbIX Moysax npu
MVH LUMHHOM  Pa3BUTUM  BOCCTAHOBUTE/bHLIX MPOLECCOB MOrYT HakaniveaTb
0y WYpaeTBOPMMbIE CyAb(nabl MapraHuya MnS2 m MnS. Tpu yBennueHun pH
W LinHoro pacteopa 40 8,5 v Bblle MapraHey, ocaxpaetca B Buge Mn(OH)3,
*HHn,|L, BnocneactBum okucnsetrcs go Mn(OH)4 wnm Mm3CY. B Kap6oHAaTHbIX
M...... apuaHbIX perMoHoB 06pasyeTcsa TpyaHopacTBopumas coib  MnCOr.
L/YH HA L, 4acTO BXOAMT B COCTaB KOHKPELMA, pas/MuHbIX MO XUMUYECKOMY
mMUHY  KOHKpeuuu rfieeBblX MouB cogepxar 0 8..10%, a HeKoTopbIxX
»"l ... KHX nouB - [0 20 % mapraHua.

Kpowme Toro, B noyse Haxoautcs 60bluas rpynna XMMUYECKUX 3/1EMEHTOB,
[Masp* HIMF kOTOpbIX HeBbicokoe (10 2-30's %), HO OHM WrpatoT BMONOrMYECKYHO
HWH Ho 6op, Meab, MapraHeLl, UMHK, KobanbT, (iTop 1 ap.

110 BafOBOMY XMMMWYECKOMY COCTaBy MOXHO CYAWTb O HampasfieHUu
=M ' mmi noyBoo6pa3oBaHus. Tak, Harnpumep, HaKoMJeHNe KpeMHe3eMa B BEPXHUX

....HW. M )Kenesa 1 aloMUHUSA B CpedHeld YacT Npodmns CBUAETENbCTBYET O

IN]........ NN anwomMocuInKatoB W BblHOCE W3 BEPXHUX TFOPU3OHTOB MOABUXHbIX
L»] H» I"* pwpyweHns.

CDOprI Hax0oXAeHUA XMMNUYECKNX 3/IEMEHTOB B NOYBE MOT'YT ObITb MHbIMU - B
. MMHepasioB, OpraHN4eckKoro BeELLIECTBa, B (*]OpMe rMapoKcmaoB M OKCKAos,

EW»/, » TUTaHe MOYBEHHbIX KOM/IOMAOB W Ap., & 3HA4MT, AOCTYMHOCTb WX
VMM pasHas. [1o3ToMy 4acTo BaXXKHO OMNpeaenuTb He Ba/lOBOE COAepXKaHue
sM*H*q 5 nomne, a ero AOCTyMNHble pacTeHMsaM KonuuvectBa. C 3TON LENbo
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MCMOMb3YIOT Pa3INYHbIE PaCTBOPUTENH (PACTBOPbI COMelt CnabbixX KMUCMOT, Le/oYeli),
B BbITSDKKaX KOTOPbIX W OMPefensitoT COAEPXKaHWe 3MEMEHTOB NMUTaHWUSI PacTeHWA.
TakuM 06pa30oM, XMMUYECKMIA COCTaB NMOYBbI MOXHO paccMaTpuBaTh Kak NokKasatesb
3KONOMMYECKOro  COCTOSHMS  MOuBbl.  YacTo  3TO  COCTOSHME — OKa3bIBaeTCs
HEeY[OBNETBOPUTENbHBIM C TOYKM 3PEHWSI MWUHEPaTbHOrO MUTaHWS  pacTeHwid,
3emnegenel, ONTUMU3MPYET 3Ty 3KOAOTMYECKYl (YHKLUMIO MO4YBbl C MOMOLLbHO
BHECEHMS yA06peHNA.

KynbTypHble pacTeHWsi Mo-pasHOMY pearvpyloT Ha OAWMH W TOT XKe YPOBEHb
cofiepXKaHust B MOuBe LOCTYMHBIX (NErKOpacTBOPUMbIX) 3/1EMEHTOB MUTaHWs. Tak,
Hanbonee TpeboBaTeNbHLIMUA K MULLEBOMY PEXWMMY MOYBbI SBASIOTCA OBOLLHbIE U
M10L0BO-AroAHbIe KyNbTypbl, MeHee TpeboBaTeNbHbl APOBble 3ePHOBLIE, SIEH, TPaBbl,
MPOMEXYTOYHOE MONOXKEHME 3aHMMAIOT NponaLLHble - KapTodenb, KyKypys3a.

5.3. OxpaHa MouBbl OT 3arps3HEHVs PaAN0aKTVBHBLIMU BELLECTBAMU

PafM0aKTUBHbIE ~ 3M1IEMEHTbl  3TO  XUMWYECKWE  3MEMEHTbI,  MMetoLe
HecTabWNbHble aTOMHble SApa, KOTOpble  CaMOMPOM3BOMbHO  PacnajatoTcs,
npeBpaLlasch B aTOMHble fiApa APYrMX 371eMEHTOB M MpU 3TOM MCMycKas YacTuLibl
(3NEKTPOHbI, MPOTOHbI, MO3WUTPOHbI, HEATPOHbI) U KBaHTbl 3MIEKTPOMArHUTHOMO
WU3MyyeHns (PEHTTEHOBCKME W FaMMa-flyun), KOTOPbIE MOTYT BbI3bIBaTb MyTareHHbIe,
KaHLieporeHHble, TePaTOreHHbIe U APYTYie U3MEHEHUS B XKMBbIX OpraHU3MaX, a Takxe
HeraTVBHbIe 9KO/IOTMYECKME SBIEHUS.

CenbCKOX03ACTBEHHas PafMO3KOI0rs — 3TO Hayka, MpPefMeToM KOTOpoi
SBMSETCA  M3y4yeHMe  3aKOHOMEPHOCTe/i  MUrpaumy  PaguoHyKIMZoB Mo
OMONMOTMYECKMX  LIEMOYKAX U BAMSHUSL  MOHM3MPYIOWMX — U3Ny4YeHUid  Ha
Ce/IbCKOXO03AMCTBEHHbIE PACTEHUS] U KMBOTHbIX. [pUKNagHOe HasHauyeHWe IToi
HayKv pa3pabaTbiBaTb Mepbl, OrpaHW4MBalOLLIME BOB/MEYEHWE PAAVUOHYKINAOB B
61ONOrNYECKNiA KpYroo60poT, NO3BONSIOLLME CHUXKATL COZlePKaHUe PafNOaKTUBHbIX
BELUECTB B PACTEHWSIX W JKMBOTHbIX W, BCMEACTBME 3TOFO, B  MPOAYKLMK
pacTeHMEeBOACTBA W XXMBOTHOBOACTBA. Bo0GLLE 3TO 06OCHOBaHWE CUCTEMbI BeEHUs
M (PYHKLMOHMPOBAHKS arporpoMbILLNEHHOTO MPOM3BOACTBA Ha TEPPUTOPUSX C
MOBbILIEHHBLIM COfIEPXKaHNEM PafMOaKTUBHBIX BELLECTB.

O6nyyeHne YenoBeka OT PaAMOHYKIUAOB TEXHOTEHHOrO MPOUCXOXAEHUS B
06LLEM BIE COCTOUT 13

* BHELUHEro 06/yuYeHUs OT PagWNOHYKIUAOB, BbiMaBLIMX Ha 3eMHYIO
MOBEPXHOCTb UMW PACTUTENbHbI MOKPOB;
e BHYTPEHHEro 06/1yYeHus 3a CUET MHTaNALMN PaaUOHYKMA0B, KOTOpbIe
HaXOASTCA B 30HE [bIXaHWsl YeNOBeKa;
o «06/yYeHNs OT PaAVOHYKIMIOB, NOCTYNAOLLMX B OPraHK3M Ye/oBeKa ¢
MPoAYKTaMm1 NMUTaHUs U NUTLEBOI BOAOI BHYTPEHHee 06NyUeHVe.

BHyTpeHHee 06/ydYeHUe B GOMbLIMHCTBE CUTYaUWiA UrpaeT FnaBHYKO pofib B

(hOPMMPOBaHMM  [1030BO/ HAarpy3kM Ha uYenoBeka. [103TOMy MWLLEBOA NyTb
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MOCTYTNEHNs PAAVOHYK/MAOB B OPraHK3M YeNioBeKa 1 onpeaenin UCKIUUTENIbHOe
MMHMaHVe 10 NPO6IeM CeNbCKOX03ACTBEHHOM Pafno3KoIorum.

BHelliHee 06/yyeHMe — 3TO Ta COCTaB/siioLlas 06Lieil [03bl, HA KOTOpYyto
(haKTUYeCKM BAUSTb C LENbI0 €8 YMEHbLUEHUS OueHb TSHKENOo (Ae3aKTMBaLMs
1CppUropuiA, acanbTUpoOBaHMe JOPOr W TPOTYapoB, LIEHTPalbHOE BOAOCHAGXEHNE,
|.NMMGMKaLWs HaceneHHbIX MYHKTOB U T.M.). B To >ke Bpems, paspaboTaHHble U
Hay4yHO 0GOCHOBAHHbIE KOHTPMEpbI, HampaBNeHHble Ha OrpaHUyYeHne MoCTYM/eHNs
PagVoOHYKMAOB C MPOAYKTaMi TMTaHWS B OpraHWM3M uYesioBeKa, €CTb Hanbosee
KabKbIMM B KOM/IEKCE Mep Mo 06ecreyeHnto paanaLoHHO 6e30MmacHoCTy.

B vCTOpUM pasBUTUS  CENbCKOXO3SMCTBEHHOW  pagMoaKoMorum  MOXHO
VbIACITL HECKO/MBKO 3TanoB. B [J0BOeHHbIe rofibl INaBHOE BHUMaHWE Gblo YaeneHo
0COB6EHHOCTAM HaKoM/eHMs pacTeHUsMU TAKESbIX MPUPOAHbIX
pagvoHyKnmaoB 238U, 26Ra, 22Th M gp. 3TOT  WHTEPEC, [NaBHLIM 06pasoM,
| HasbIBaNICA ¢ Pa3paboTKoOli GUOTreoXMMMYECKOro MeTOAA MOMCKa ypaHa, a Takke C
aKaZIeMMYeCKVIM M3yYeHeM 3aKOHOMEPHOCTEl MOTMOLLEHNS TSKeNbIX 3MeMEHTOB
pacTeHusiMU. B TO ke Bpemsi 6binn BbINOMHEHbI MepPBble UCCIeA0BaHUS AeliCTBYS
MOBbILLEHHOTO NMPUPOAHOTO PaAMALMOHHOTO (hOHa Ha NOMYNALMM PaCcTEHNIA.

BTopoii 3Tan pasBUTUS Ce/IbCKOXO3ACTBEHHOW PafMO3KOMOrMM CBSI3aH ¢
npoeegeHneM B 50-X - 60-X rogax epHbIX UCMbITaHWA B aTMocdepe, KOTopble
COMPOBOXAANNCh BbIMAAEHNEM Ha 3eMHYH0 MOBEPXHOCTb GO/bLIOTO KOMMYeCTBa
VCKYCCTBEHHbIX ~ PAfMOHYKIMAOB, KOTOpble BKOYa/MCb B GUONOrMYECKMii
KpyroBOPOTY C Y4aCTVeM PacTeHUiA, XKMBOTHBIX U YenoBeKa. VIMEHHO B 3TO Bpems U
MPOM30LLNIO  OChOPMIIEHUE CEbCKOXO3ANCTBEHHON PafMO3KONMONIM B pamMKax ee
HbIHELUHe/ CTPYKTYpbl Kak CamMOCTOSTENbHOM HayuHOW AUCLMNAMHBLL. B 3TW rogpl
WCMeACTBME  TN0GANbHOTO  MOHWUTOPWMHIA  MPUPOAHOA  cpedbl,  3arps3HeHHO
P.|AV0aKTMBHBIMA BbIMAfeHNAMU MOCMe SAAEPHbIX WUCMbITaHWA, GblIM  U3ydeHbl
WIKOHOMEPHOCTM ~ MUFpaLMM B MOYBEHHO-PACTUTENbHOM  KOMMEKCe  TaKuX
npeacTaBUTENein NPOAYKTOB feneHus, Kak 137Cs 1 O6r (OCHOBHbIE AONTOXMBYLUME
VICKYCCTBEHHbIE PafMOHYKMabI B COCTaBe CMECK OCKOMIKOB AeneHusi), OcoGeHHOCTM
HaKOMMeHNs: PacTEHVsIMM  6O/BLLIOTO  KOMMYECTBA PafMOaKTUBHLIX MpPOAYKTOB
HEMEHWs,  PaAMOHYKIMAOB C  HaBeAEHHOW  aKTMBHOCTbIO W HEKOTOPbIX
IpancypaHoBbIX paguMoHYKAMO0B. Bbinn onpeaeneHbl napamMeTpbl MeTabomama aTux
PaAVOHYKNAOB B OpraHW3Me CefbCKOX03SMCTBEHHBIX XMBOTHBIX, a TaKXe ChenaHa
MUEHKA MapamMeTPOB HAKOM/IEHWS UCKYCCTBEHHbIX PaAvoHYKIUAOB B MPOAYKLMN
pacTeHMEeBOACTBA UM XKMBOTHOBOACTBA. OTW pe3ynbTaTbl CTa/M OCHOBOW [A/1s
onpedeneHusl  0030BbIX HArpy3oK Ha HaceneHMe UM 06beKTUBHOIO —aHann3a
MOCNeACTBUIA  3arpsisHeHNs  GUocepbl  PaAVoaKTVBHLIMU - BbIMAfeHUsMU  Mocne
VIBEPHBIX UCTILITaHUIA.

HakoHeLl, nocnegHuUii aTan pasBUTHS CeNTbCKOXO03ANCTBEHHO PaayosKooriu
iNHOCUTCS K KOHUY 60-x Hayany 70-X FofoB. 3TO Mepuof WHTEHCMBHOTO pocTa
*MEpHOI 3HEPreTUKU W UCMO/b30BaHUS PafAMaLMOHHBIX TEXHOMOMMIA B pasHbIX
«0pUENAX HapOAHOr0 X03sicTBa. B 3TM rofpl CTaNo MOHATHO, YTO siAepHast
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3HepreTMka B OnwKailuve fecATUNeTMs OyAeT OAHUM W3 [/1aBHbIX WCTOYHUKOB
YL0BNETBOPEHNS HENPEPBLIBHO PaCTYLLUMX 3HEPreTUUeCcKMX NoTpebHOCTEl YenoBeka C
O[HOI CTOPOHbI, U YTO OOLMIA NPOrpecc B PasBUTUN SLEPHON 3HEPreTUKW 3aBUCUT
OT peLUeHUs 3KOMOrMYECKUX NPobIeM 0XpaHbl MPUPOAHOI Cpefbl OT panaLMoHHOr0
B/USIHUS, CBA3aHHOrO C MOMHbIM SAEPHLIM TOMAMBHLIM LmMknoM (ATLL), ¢ gpyroi
CTOPOHbI. JTO CBA3aHO C TeM, YTO Ha Bcex 3atanax ATLL, HaumHaa ¢ [obblBaHWA
YPaHOBOrO Cblpbs M 3akaHuMBas repepaboTKoi OTpaboTaHHOro TonaueBa W
3aXOPOHEHUEM  BbICOKOAGKTMBHbLIX  OTXO[0B,  MPOMCXOAUT  OCBOGOXAEHWe
MCKYCCTBEHHbIX PafMOHYKINA0B B OKPYXaloLlyt0 cepely, M B TOM uucie B
CE/bCKOXO3ACTBEHHYIO Clhepy, a TakKe YCKOpeHue TEMMOB MUrpauum TSXKeNbIX
MPUPOAHbLIX PaVOHYKINAOB, B TOM YWCNE U B CeNbCKOXO3ANCTBEHHbIX LIEMOYKax
KpyroBopoTa. Takum 06pa3oM, peLueHne NpobsieMbl 3KOMOrMYECKO 6e30MmacHOCTM
(hYHKLMOHMPOBaHWS aTOMHbIX 3/1EKTPOCTaHLUIA, 1 BOOOLLEe BCex npeanpuatuii ATL,
TECHO CBA3aHO C aHa/M30M pafuMauMOHHON CUTyauuu, CKiafplBatoweiica B
arpornpoMbILLNEHHON chepe Ha TeppUTOpUAX -Npuncraomnx K npeanpuatmam ATLL
a B aBapuiiHbIX Clyyasx - M C NPUHATMEM Mep MO OrpaHUYeHUto MOCTYMeHUs
PagvoHYKINA0B B CENIbCKOXO3ANCTBEHHYO MPOAYKLUMIO. 3TO CBA3AHO C TeM, YTO
Hanuuve pPaguoHYKNMAOB B MULLEBLIX MPOAYKTaX ecTb B OO/bLUMHCTBE
pafMonoruyecknx CuUTyaumini rnaBHbIM AOMOSHUTENbHBIM UCTOYHUKOM 061yYeHs
YesioBeKa.

Ocobyto aKTyanbHOCTb MPO6/IEMbI CebCKOXO3AACTBEHHOW PaAMO3KOIorm
npuo6bpeTalnT B CAy4yae aBapuiiHbIX CUTyauMid, Korga WMeKT MeCTO BblGpOCHI
pafMoaKTUBHBIX BELLECTB B aTMocdepy. Tak 6blio: BO Bpems aBapuy Ha HOXHOM
Ypane B 1957 rogy, Korja B3opBaiacb eMKOCTb C PauM0akTUBHbIMK OTXO4aMu; Npu
pafuaLlvoHHON aBapumn B YuHackeline (Benukobputanusa) B 1957 rogy; npu aBapuu
Ha YepHob6binbckoit A3C B 1986 rogy. B Takmx cny4yasx Mepbl B CENbCKOM
XO03MCTBE, HaMpasfieHHble Ha OrpaHWYeHWe MOCTYNMEHUs PaavoOHYKIUA0B B
OpraHy3m 4enoBeka, SABNAKTCS, NO-BUAMMOMY, CaMbIMU FNaBHLIMU B KOMISIEKCE Mep
no obecneyeHnto pagnaLoHHOW 6e30MacHOCTU. 3TO OTPaKaeT NPeUMYLLECTBEHHYHO
ponb  MNPOAYKUMM  arporpoMbILLIEHHOr0 MPOW3BOACTBA, 3arpsA3sHeHHON
pagvoHyKIuaamu, B hopMMPOBaHUM CyMMapHOI J03bl 061y4eHNS Hace eHus.

C pa3BuTMEM aTOMHOIO MPOW3BOACTBA W MPUMEHEHMEM ATOMHON 3Hepruu
BO3HMK/I0O HOBOE Hay4HOe HarnpasieHue pafMo3KoNorus yyeHue o6 0COBGEHHOCTSAX
CYLLEeCTBOBaHUA OpraHW3MoB B cpefie 06UTaHWA C MOBbILLEHHON (MO CPaBHEHMIO C
HOPMOIA) PafMoaKTMBHOCTbLI. PaclumpeHue nccnefoBaHuid No U3yUeHNO NoBeAeHUs
PagMOHYKINAO0B B MULLEBbIX LeNsX, BeAyLWMX K YenoBeky, C Yy4yacTuem
CeMbCKOXO3ANCTBEHHBIX PACTEHWIA M XXUBOTHBIX, a TaKXKe [eACTBUS MOHU3NPYIOLLMX
N3NYyYeHNn Ha O6bLEKTbI CEbCKOXO3ANCTBEHHON [eATeNbHOCTM CchopmmMpoBann B
Ce/IbCKOXO3ACTBEHHON  pafMo3KoNorMn ABa  CamMOCTOSATe/bHbIX — HamnpasBieHus:
pafMo3KONOrMI0  PacTeHUidi W PafMO3KONOrMI0  XKMBOTHLIX.  Paauoakonorus
Ce/bCKOXO3ANCTBEHHBIX JKMBOTHBIX M3y4yaeT 3aKOHOMEPHOCTM U MeXaHW3Mbl
MUrpauny paguoHyKIMAOB B MULLEBLIX LENAX, MPUHLMNbI UX 3KOMOTMYECKOro
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HOPMMPOBaHUS, a TakKe [elCTBME WOHU3MPYIOLMX W3/TYUYEHUA Ha OpraHusMm
MOTHbIX. OTO BbI3BAHO TEM, YTO MPOAYKUMA >KMBOTHOBOACTBA BaXKHEMLLNIA
iN COUHMK CHabXeHWsi HaceneHWs MpPOLOBO/MbCTBMEM, @ Jerkod W MuLEeBoi
MPOMBILLIEHHOCTU CbipbeM. MPOAYKTbI XXMBOTHOIO NPOUCXOXAEHNS (MOOKO, MSCO,
WAL 1 p.) MOTYT 6bITb OCHOBHBLIMW UCTOYHUKaMW MOCTYMNEHUS PafMOHYKNNA0B B
OpraHv3M 4YenoBeka W AOMNOMHUTENbHOrO ero 06/y4eHus. OCTynneHe C MSCOM
pagMoaKTMBHBLIX MPOAYKTOB AeneHua (Sr, CsS M Ap.) B pauuoH YenoBeka MOXET
pocturatb 25%, a ¢ Monokom 100% cymmMapHOro notpebneHus ¢ nuwein. [aHHble
PasyOo3KOIOrMK UCMOMbL3YHTCA /1 PaLMOHAIbHOMO M/IAHUPOBAHWSA W MPOBEAEHMS
OMepaTVBHOIO N TEKYLLEro KOHTPOS 3a PagMoakTUBHbLIM 3arps3HEHVEM BHELLHEN
cpefbl, a TaKke AnA pa3paboTKM HayyHO OOOCHOBAHHLIX METOLOB CHUXEHUS
MoCTynneHna paguoHyKIMA0B B KOpMa U NMPOAYKLMIO XMBOTHOBO/CTBA.



MABA 6. OPTAHNYECKWE COEAVHEHWA B OPIAH3ME
YENNOBEKA N OKPY>XXAIOLEW CPEAE

6.1. MeTaH KaK rnobabHblii 3arpsisHUTE b,
MpPVPOAHBINA a3 —TOMNJIMBO U Cbipbe

MeTaH Ha Halleli nnaHeTe obpasyeTcs B pesy/ibTaTe BbICOKOTEMMEPATYPHOro
XMMWYECKOTO CUHTE3a B 3eMHON KOope W [JesTeNbHOCTVM MeTaHOOOpasytoLmx
6akTepuit. LLIMPOKO M3BeCTEH "6GONOTHBbIM ra3”, COCTOALLMIA MOYTU WUCKIOUUTENBHO
M3 MmeTaHa. OH ABNAETCA MPOLYKTOM MELJIEHHOrO PasfioXEHNA Pas/MuHbIX
OpraHNYeckUX OCTaTKOB MPW HefocTaTke Kucropoga. 3 TpewmH 3emimM Bo MHOMMX
MecTax 3eMHOrO Liapa NPOUCXOAUT Bblfe/leHne roproYero "pyAaHUYHOro" rasa.

CogepxaHue MeTaHa B aTtMmociepe cocTasnisieT npubansutensHo 5109 T. OH
pacxoAyeTcs B MHOMOYUC/EHHbIX (POTOXMMUYECKUX MpoLeccax, Takke npovcxogu!
yTeuka MeTaHa B cTpaTtocepy W fanee B KOCMUYECKOe MPOCTPAHCTBO.
MpoJoMKUTENBHOCTL CYLLEECTBOBAHMS OAHOW MOJEKY/bl MeTaHa B aTMocdepe B
cpefiHem cocTaBnsieT 5 net. CnefosatenbHO, YTOObI KO/IMYECTBO €ro B aTtMocdepe
MOLAEPXMBAIOCh NMOCTOAHHBLIM, EXKEr0AHO B Hee JO/HKHO MOCTYnaTb ~109 T MeTaHa.
B HWKHUX cnosix aTMocepbl KOHLEHTpaLys MeTaHa cocTasniseT B cpegHem 8 10"
% no macce (1.5 *104 % no o6bemy).

[0BOMBbHO JONMO CYUMTAIOCH, YTO 3TO COLEPXKaHWe CYLLECTBEHHO He MeHsIeTcs, U
MeTaH He paccMaTpuBasiCsl Kak 3arpsasHuTenb aTMocgepbl. B HacTosllee Bpems
YCTaHOB/IEHO, YTO KOHLEHTpauus MeTaHa B aTMociepe BO3pacTaeT elle ObICTpee,
Yem cofepxxaHvie yrnekucnoro rasa. 3a nocnegHve 200 net cogepkaHve CH4 H
aTMocepe ysenmumnocb ¢ 650 go 1700 mnpg'l CyLiecTBYeT MHEHUE, YTO METaH,
KaK 1 AMOKCUA Yrnepoja, co3AaeT NapHUKOBbIN 3KeKT, a 3HAYNT, MOXET NOBAMATH
Ha K/IMMaT niaHeThbl.

AHann3 M30TOMHOro cocTaBa aTMOCHEPHOrO MeTaHa NoKasas, YTO OCHOBHbIMU
MPOV3BOANTENAMM €r0 ABNSKOTCS GaKTepum, T.e. aTMOC(EpHbLIA MeTaH B OCHOBHOM
MMeeT OMOreHHOE MPOUCXOXAEHME. YCUNeHre BbIpaboTKM MeTaHa GakTepusmu,
npexge BCero, MNPOMCXOAWUT  BCNEACTBME  XO3ANCTBEHHOW  AesTeNlbHOCTU
yenoBeyecTBa. Kak 6b1710 NOKa3aHO BblILLE, 3arpsi3HeHNe BOJOEMOB OpPraHUYECKUMU 1
MWHEpPaNbHbIMU  BELLeCTBaMW  Bbi3blBaeT  OYpHOE  pasBUTWE  CUHE-3eNeHbIX
BOZOpOC/el, KOTOpble nocne rmbenu pasnaratoTcs, MOF/oWas  KUCIopog,
pacTBOPeHHbIN B Bofe. MNpy 3TOM YCUIMBAKOTCSA NPOLECCHl aHA3POOHOTO PasnoXeHms
OpraHMYecKMX BeLLeCTB, M BOAOEMbl CTaHOBATCA NPUPOAHLIMK BropeakTopamu,
MPOU3BOLALLMMMN METaH.

HavbonblmiAi  BKMaf B 3arpsA3HeHWe  aTMocepbl  MeTaHOM — BHOCKT
Ce/bCKOXO3ANCTBEHHAA  [eATeNbHOCTb.  Hanpumep, WCTOYHMKAMU  METaHOBOrO
3arpsAsHeHVs SBASIOTCS PUCOBbIE NONS, 3a1MBaeMble BOAOMW, B KOTOPOM coAepkarcs
OpraHMYecKuMe COefuHeHWsi, W CWIbHO YBN&XHEHHble MoYBbl.  AHa3pobHas
(hepMeHTaUMa  KNneTyaTkM W ApYrUX CROXHbLIX OpraHW4eckux COeAvHEeHUA B
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MULLEBAPUTENIBHOM  TPaKTE  HEKOTOPbIX >KMBOTHLIX TakXe  COMPOBOXAAeTcH
00OpaaoBaH/eM MeTaHa, KOTOpbIli fanee nonagaeT B atMoctepy. B uacTHocTH, ofHa
KOpoBa Mpov3BoaMT B CyTKM Ao 500 n CLLU. 3 o6wwero konuuyecTsa meTaHa Ha
lcwrie, obpasytoweroca 3a rog, 100—200 mnH T (okono 20%) wMMeENOT Takoe
npoucxoxgeHue. BbigeneHne mMeTaHa UMeeT MeCTO Takke B NpoLecce aHaspobHOro
pasnoxeHus (THWeHUs) Mycopa Ha cBasikax.

YunTblBasd BCe OMACHOCTW, CBfi3aHHble C "MApHWKOBLIM  3eKToM" ¥
BO3MOXHbIMW  M3MEHEHMAMU KMMaTa, YenoBevyecTBy HEOOXOAUMMO Kak MOXHO
CKOpee OLeHNTb CBOM "BK/af" B METaHOBOE 3arpssHeHWe aTmMocdepsl 1 paspaboTaTb
Mepbl 60pb6bI C HUM.

Opyrue rasoobpasHble, >Xuikue W TBephble YrNeBofopoAbl  LUMPOKO
pacnpocTpaHeHbl B MpuUpofe, OA4HAaKO B OOMbLUMHCTBE CNy4YaeB BCTPEYatOTCH He B
BULE YUCTbIX COEAMHEHWIA, a Pa3INYHbIX, MHOM4a OYeHb CHI0XKHbLIX CMeceil. Takumm
CMECAMY ABNSAKOTCA NPUPOLHbIE rasbl, HehTb, FOPHbIE BOCKM.

Puc. 6.1. WICTOYHMKM 3arpsAsHeHns aTmocepbl MeTaHOM, CBSi3aHHble C
CeNbCKOX03AMCTBEHHOW e TeNbHOCThHI0

MpupoaHble roproyne rasbl COLepPXaTcs B BUAE KPYMHbIX CKOMIEHWA B ra3oBbIX,
ra30KOHAEHCATHbIX M He(hTera3oBbIX MECTOPOXAEHUsX. B Hegpax 3emaun npupoaHbiIii
ra3 COAEPXMTCA MEeXAy 4acTuuamym uau B nopax TBepAblX Mopof, a He B Buae
CKOMMIEHW A B MOA3EMHbIX MOMOCTAX. Ero MMpoBblE HayalbHbIE TE00rMyecKue
pecypcbl oueHmBatoTca B 150—210 TpaH M3

MpupodHble  rasbl  BCTPEYalOTCH He TOMbKO KaK  CamOoCTOSTE/bHble
MECTOPOX/EHMS, HO 1 COMYTCTBYIOT HEPTAHBLIM. Y TUAN3aLMA NONYTHOIO HeTAHOIO
rasa — B&XXHOEe U 3KOHOMWYECKW BbIrOAHOE Aef0. M3BECTHO, UTO C KaXAO0N TOHHOW
[o6bITol HedTw BblgenseTcs okono 50 M3 rasa, KOTOpblA B HedaBHUe BpeMeHa
OKMrany B (hakenax, MpPUYMHAS [ABOMHON yulepb — Tepanu LEeHHOe Cbipbe W
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3arpsasHanmM atMocqepy. Vcnonb3oBaHWe MOMYTHOrO He(ITAHOrO rasa ABMSETCA He
TO/MbKO 3KOHOMUYECKOM, HO 1 3KONOTMMYECKOn HeE06X0ANUMOCTbHO.

3HaunTeNbHbIE 3amnacbl FOPHOYKX rasoB, B YaCTHOCTU MeTaHa, COCPefoTOYEHbI
TaKXXe W B YroflbHbIX MecTopoXaeHusx. CyLLecTBYeT NpeanosioXeHue, YTo 3anacos
MeTaHa B Yro/ibHbIX MECTOPOXAEHMAX 60/bLUE, YeM B NPUPOAHOM rase.

HecmMoTpsa Ha BCe Mepbl NPefOCTOPOXHOCTU, eXEro4HO OT MOA3EMHbIX B3PbIBOB
B LIAXTaX, BUHOBHUKOM KOTOPbIX ABASETCA MeTaH, rMOHYT Ntogn. STOT MeTaH MOXHO
cobupaTb (KanTUpoBaTh) M MCMO/b30BaTb C MO/bL30WA 415 N0L4eN. B HacTosLLee Bpems
3T0 [enaeTcAd COBEPLUIEHHO B HEJOCTaTOYHOM KONWYecCTBe. JlerasaupoHHble
YCTaHOBKM paboTaloT Npubnn3nTeNbHO Ha 218 LwaxTax 1 KanTupyrT TONbKO OKOMOo
20% meTaHa.

Pa3paboTaHbl MPOEKTbI, NPeLyCMaTPUBaIOLLME UCMO/b30BaHME KaNTUPOBAHHOIO
rasa Ha TOLL, Ana cHabXeHus aHeprviei waxt v paboumx MOCeNnKoB. 3aTpaTbl Ha
CTPOUTENbCTBO TaKMX YCTAHOBOK OKYNatoTCs B TeyeHue 1,5-2 ner.

MeTaH fBNseTCA OCHOBHbLIM KOMIMOHEHTOM MPUPOAHOro rasa. B 3asucumocTu
OT MEeCTOPOXAEHWNS ero cofep>xaHue Bapbupyetcd OT 75 A0 99%. O6bIMHO B
MPUPOAHOM rase CofepXarcs romosiorn MetaHa — 3TaH, nponaH, 6yTaH, M306yTaH,
CNefoBble KoNnyecTBa 60/ee TAXKeNbIX NerKoKUNALLMX YrieBofopoaos. CoaepxaHue
CepoBOAOpOSA WM €ero OpraHMyecKMX MPOW3BOAHLIX B MPUPOAHOM rase MOXeT
pocturate  5—25 %. [lepeg TpaHCNOPTWPOBKOW  MPUPOAHOrO  rasa Mo
Tpy6onpoBoAam ero nofsepratT npeaBapuTesibHOM 06paboTke — OCyLUKe OT
BOAAHBIX NapoB M OYUCTKe OT CEPOCOSEPXKalLLMX BELLECTB.

Heob6X0AMMOCTb OUUCTKM OT COeAMHEHWIA Cepbl 00YCMOBNBAETCA HE TO/MBLKO
TEXHOMOTMYECKMMU TpeboBaHUAMK, MOCKOMbKY B NPUCYTCTBUMM CepoBogopofa W
MEepKanTaHOB pe3K0 YCWIMBAETC KOpPPO3Wsi METa//ioB, HO W 3KOMOMMYECKUMM
NpUYMHaMW. YCTAHOB/IEHO, YTO MPW CXUraHUM MNPUPOAHOro rasa, CofepXallero
CoeanHeHUs cepbl, 06pasyeTtca okcug cepbl (IV), KOTOpbIA, Kak 6bl10 YNOMSHYTO
BblLLe, ABNAETCS rN06a1bHbIM 3arpA3HATENEM:

2HiS +302—2H20 + 2502

OuncTKa MPUPOLHOrO rasa OT CepoCOAepXallyX COeAUHEHWIA [OCTUraeTcs
nyTeM abcopObuMM KUC/bIX Ta30B CUMbHLIMWA OCHOBaHWSMM, Hanpumep, BOLHbIMU
pacTBOpamu LUEMoYeil, aMMmnaka, aTaHoMaMvMHa u ap. Mpy 3TOM TeXHOMOrmyeckume
CXeMbl B OO/bLUMHCTBE C/yYaeB BK/KOYAIOT HEMPEPbIBHYIO LVPKYNALMIO MeXay
MOrNOTUTENbHON YCTAHOBKOW W annapaToM, B KOTOPOM MPOMCXOAUT Aecopbuus
npumMeceil 1 pereHepauus abcopoeHTa.

HOCH2CHNH2+ A2J1-* HOCH2XCHAH 3HH&
HOCH2CHNH2+H2 + SO2 -> HOCHICHJVHSHSOs
Tak, MpOMblBaHWe NPUPOAHOro rasa pacTBOPOM MOHO3TaHOMaMUHA MO3BONSET
CHU3MTb KOHLIEHTPauUuMIo cepHmcToro rasa ¢ 5—50 r/m3 go 0,02 r/m3. OpraHuyeckme
COefIMHEHNA Cepbl — MepKanTaHbl, MOr/OWATCA TBepAblMK  aacopbeHTamu,
Harnpumep, LeonmTamu.
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M3 coeMHeHWin cepbl, BXOAALLMX B COCTaB MPUPOAHOro rasa, MOXHO Nosy4vatb
N Cepy, W CEPHYK KWCNOTY, U AUOKCcMA cepbl. OYeBUAHO, YTO KOMMEKCHas
nepepaboTka MNPUPOAHOrO rasa MMeeT CYLLECTBEHHOE 3HAYeHWe, MOCKOMbKY He
TONbKO NPeaynpeXxaaeT nonagaHne BpeLHbIX BELLECTB B aTMOc(epy, HO U NO3BONSET
nonyyatb LONOMHUTENbHbIE MOME3HbIE NPOAYKTbI.

B nocnegHee Bpema  yfenseTca 0coboe  BHMMaHWe  pauyioHasbHOMY
MCMO/Mb30BaHNID CMYTHMKA Fa30BbIX MECTOPOXAEHU — Tra30BOr0 KOHAEHcaTa,
NpeLCTaBAOLLEro cob0ol KMAKOCTb, B COCTaB  KOTOPOM  BXOAAT
B3aMMOpPACTBOPEHHble ra3006pa3Hble (3TaH, nponaH, 6yTaH) W Nerkokunsawuve
Xnikve yrnesogopofsl. OCHOBHOe CBOMCTBO a/IKaHOB, Ha KOTOPOM 6asupyeTcs ux
MpaKTUYeCcKoe NpUMeHeHWe, — roproyvecTb. OHO XapaKTepHO AN BCeX afkaHoB: U
rasoo6pasHblX, M XUAKAX aKaHOB HediTW, W TBepAblX BOCKOB. [Mpu nomkuraHuu
(Temnepatypa 600°C) ankaHbl BCTYMatOT BO B3aMMOAEWCTBME C KWC/OPOAOM,
MOMHOCTLIO OKMCAAACH NpY 3ToM Ao CO2 1 H20 1 Bbigenss 60MbLUoe KONMYeCTBO
Tennotbl.

Hanpumep, ans meTaHa TennoBoW adpekT cocTasnseT 891 k/px/monb, Ans
nponaHa — 2223 kk/Monb. [py CKMraHWm BbILENSETCA TaK MHOr0 TemnoTbl, YTO
ankaHbl ke 6onee 100 feT CNyXXaT OCHOBHBIM UCTOYHUKOM 3HEPTUN.

MpupodHbIi  ra3  o6nafjaeT  BLICOKOW  TEMNOTBOPHOM  CMOCOGHOCTHIO,
TPaHCNOPTUPYETCA U, KPOMe TOro, ABNSETCA 9KOOrMUYeckn 60/1ee YACTbIM TOMMBOM
MO CPaBHEHWIO C Yr/1eM U He(Tbto. [py ropeHun rasa He 06pasyeTcs 30/bl U CaXM,
OT COEIMHEHWIA Cepbl M0 OYMLLIAIOT Nepes TPaHCNopTUPOBKOA. OfHaKO obpa3oBaHue
BPedHbIX [NS OKPYXalollein cpefpl BewlecTB HabMoLaeTcs WM MpU  CKUraHum
MPUPOAHOro rasa. 3T0 — OKCWAbl a30Ta. MpK BbICOKMX TeMnepaTypax B MnaaMeHn u
npuneraoLLleM K HeEMy MPOCTPaHCTBE MPOUCXOAMT LienHas peakuus aTMoc(epHOro
a3oTa C K1CopoaoM. KonmuecTBo 06pasyroLmxcs OKCUAOB a30Ta TeM 60/bLue, Yem
BblLLe TemnepaTypa B Tonkax. [oaTomy B Bbibpocax T3L|, paboTatolmx Ha rase,
BCcerga npuCyTCTBYIOT OKcuabl a3oTa. OKMCNeHWe a3oTa BO3fyxa MOXeT ObITb
3HaUMTENbHO COKpALLEeHO MyTeM PerynMpoBaHUs Mpouecca ropeHus, CBOAALLEro K
MWUHUMYMY Ha/lMume B MaaMeHM 30H € TemnepaTypoii Boile 1600°C.

OfHaKO CXXMraHue a/lkaHoB, BXOAALLMX B COCTaB MPUPOSHOro rasa, He nyuLluni
Crnocob MX MPUMEHEHUs, TaK KaK OHU MOFYT CNY>XWUTb UCTOYHUKOM psfa LEHHbIX
BellecTB. Tem 6oniee 3TO CcriefyeT UMeTb B BWAY, MOCKO/bKY 3anacbl afkaHoB B
npupoge He 6esrpaHWuHbl. Tak, NPUPOAHOrO rasa, Ha OCHOBaHWW [O0Ka3aHHbIX
3aMacoB, MNPV COBPEMEHHbIX Temnax MoTpebieHns MOXET XBaTUTb Ha CPOK
HemHorvm 6onee 50 neT, HepT — Ha 30—40 neT. B CBA3M C 3TUM YXXE CErogHs
HauMHaeT yBeNMYMBaTLCA AO0NA UCMOMb30BaHWS J00ObIBaEMbIX afkaHOB He(ITV U rasa
B Ka4eCTBe CbIpbsi B Pa3/IMYHbLIX OTPACAX NPOMbILLIEHHOCTW. KakKoBbl YKe OCHOBHbIE
061acTV UCNO/b30BaHWSA aIKaHOB B NPOMBbILLIEHHOCTM CEroAHA?

OCHOBHO  KOMMOHEHT  MNPUPOAHOrO rasa — MeTaH —  SBASeTcs
MPOMBILLNEHHbIM CbIpbeM A8 MOMyYeHWs BOAOPOLA M CWHTe3-rasa. [lapoyto
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KOHBEPCMIO MeTaHa MPOBOAAT MpW BbICOKOW TemnepaType (350—800 °C) u B
NPUCYTCTBMU KaTanmn3aTopa.

HecMoTpa Ha CMeLLeHWe paBHOBECUS B CTOPOHY 06paTHOM peakuuu npouecc
Be4YT MNPW MOBLILEHHOM [JaBfieHUM, TaK Kak 3T0 He TOMbKO Crnoco6CTBYET
YBE/IMYEHUIO  CKOPOCTM  KOHBEPCUWM, HO U MO3BOMSET YMEHbLUUTb 06bEM
ncnonb3yemoii annapatypbl. [Mony4YeHHYIO CMeCcb OKCuAa yrnepofa W BOLOPOJA
Ha3blBalOT CUHTE3-ra30M. 3Ta CMeCb UCNOb3YeTCA B KAUECTBE CbIpbA AN NOAYYeHUs
MHOrMX OpraHMYecKMx MNPOAYKTOB, HanpuMep, MeTaHOMa, BbICLIMX CRUPTOB,
anbfernaos (OKCOCUHTES), YrneBoAopoaoB. [Ans nonyyeHWs BoAopoda Heo6xoaumo
13 obpasoBaBLUeiics cmecy yganutb CO, UTO AOCTUraeTcs ero KaTa/mMTUyYecKuM
OKMCNEHVeM BOLOM, NPy 3TOM TaKxKe 06pa3yeTcs A0MNOMHUTENbHbIA BOAOPOA.

CH4 +H20 - CO +3H2, AH =206k>X

CO+H20 +CO2+H2, AH =-41 K[>k

CyMMapHOe ypaBHeHVe KOHBEPCUN MeTaHa:

CH4+2H20-+CO2+4H2, AH =165 k[lmc~

MapoBoil KaTaIMTUYECKOM KOHBEPCUEN MeTaHa Mony4yaroT 6onee 75 % Bcero
MCNONb3YEMOr0 B NPOMBILLNEHHOCTM BOLOPOAA. DTOT NPOLIECC ABMSETCA COCTaBHOM
YacTbl0 CMHTE3a amMMuaka, KOTOpPbli B CBOK Ouepedb CAYXWT CbIpbeM Ans
NoNyYeHNs a30THbIX yA0OPEHNIA, KpacuTenei, a3oTHOIM KUCNOTbI U T.A.

Bogopog 13 MeTaHa M Apyrux ankaHoB MOXHO Nofy4yaTb W APYrMM nyTem —
BbICOKOTEMMNEPATYPHbIM MUPOSIN30M.

O6uee ypaBHeHune nmeeT Bug- C,,Hr~*nC + (n + 1)H2

Monyuyaemas HapsfLy C BOLOPOAOM CaXa WMCMONb3yeTcs B MOAUrpadvyeckon,
LUMHHOM, NaKOKPACOYHOW M ApYrX OTPacnsax NPOMBbILLIEHHOCTH.

MonyueHue aueTuieHa M3 MeTaHa MOXET ObITb JOCTUrHYTO MPU ero NUPo/n3e

HarpesaHvem 1o 1400 °C:
2CH4_- CT1:+ LLI2

Puc.3.2. cnonb3oBaHue MeTaHa Kak CblpbA ANA XUMMWYECKOIA MPOMBbILUIEHHOCTU
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Mpy  OKUCNWTENBHOM MUPO/M3e MeTaHa B MNPUCYTCTBUMM  OrPaHWYEHHOro
KO/IMYECTBA KMCNOPOAA BbICOKas TeMMepaTypa MOALEPXKMBAETCA 33 CYET CXMraHus
Yac M MeTaHa:

4CH4+302-k 2C2H2+6H20

Bbixog aueTtuneHa pgocturaet 15%. VIHTepeceH HOBbIA MyTb MOMAy4YeHWs
MeTaHo/a U3 MeTaHa, HalAeHHbI KaHaACKUMU XUMUKaMU:

2CHj+02—=2CH30H

Perynupysa nogady B03Ayxa, OHW HalLW Takue YCNOBWA, KOraa npy ropeHuun
MeTaHa 6e3 katanuaTopa He 06pasytoTcs 06bIYHbIE NPOLYKTbI OKMCIeHNs — CCb 1
M), a npoucxoauTt MpsMOoe MpeBpalleHMe YacTu MeTaHa B MeTaHo/. Bbixof
MeTaHoNa cocTaBnseT 8% OT 06LLEro NPoAyKTa peakLmm.

B HacToslLlee BpeMs BeAeTCS aKTWBHbIA MOWCK KaTann3aTopoB, KOTOpPble
NO3BONAT 3aMeHWUTb 60Mee 3HEProemMKue MUPONMTUYECKME MPOLLECCHI NepepaboTKu
WLLKANOB — COCTaBHbIX YacTeil MPUPOAHOrO rasa — KaTaauTuyeckumu. Mpu sTom
M/DKHOE 3HaveHMe OyAyT MMeTb KaTa/m3aTopbl, 06ecreyvBatoLLye HanpaBneHHoe,
i CeKTUBHOE NpOTeKaHWe OAHOV peakuum, NPUBOAALLENA K LieNeBOMY NPOAYKTY, U He
B/INAIOLLME Ha ApYTVe NpeBpaLleHns.

TaknM 06pa3oM, pofib &KaHOB B COBPEMEHHOW 3HEPreTMKe WM XMMUYECKON
MPOMbILLIEHHOCTM  BenMka. OfJHako 3amacbl MPUPOLHOTO rasa OrpaHuYeHbl.
LllepreTuka 6yAyllero cBsi3aHa C HETPaWLMOHHBLIMKA 1 BO306GHOB/ISEMbIMU
NCTOYHMKaMN — 3Hepruein CosnHua, BETpa, NPWIMBOB U OTIMBOB MOPCKWUX BOJH,

UEpHOA 1N TepMOSEPHO 3Heprueii. MoncK NCTOYHUKOB YINeBOLOPOAHOIO ChIpbS
LA XUMWYECKOW  MPOMBILLIEHHOCTU  MOXET OCYLLECTBAATLCA B HECKONbKMX
HanpaBneHWAX: OCBOEHWE HeTPaAWLUMOHHbIX WCTOYHWKOB TrasoBOr0 Cblpbsl —
| MOpaToB NPUPOAHOTO rasa, rasugurkalLus KaMeHHOro yrns, nepepaboTka 6romacchbl
pacTeHuii, BMOKOHBEPCUS OPraHUYecKMX OTXOJO0B, CUHTE3 W3 YI/IEKWC/IOr0 rasa u
BOAOPOZA.

6.2. HehTb B X03ANCTBEHHOI AeATEIbHOCTU Ye/l0BeKa 1 OKPY>KatoLLEN cpeae

TpyaHO NepeoLeHUTb Posib HeTY B 3HEPreTMUECKOM BanaHCe pa3BUTLIX CTPaH.
UenoseyectBy OHa W3BECTHa C [ApeBHEMLIMX BpemeH. HeBO3MOXHO YCTaHOBWTb,
Korga WMEHHO BrepBble 6blna 06HapyxeHa He(Tb, HO MNepBas MPOMbILLIEHHAA
1KHXMHA TNy6buHo 23 M 6blna npobypeHa B 1859 r. B wTaTe MeHCMIbBaHMA
(CLLUA). B  HacTosiee  Bpems  CbipbeBydo  6asy  HedhTe[oObiBatOLLE
MPOMBILL/IEHHOCTM MUpa COCTaBfsfieT 0KoMo 30 ThiC. M3BECTHLIX MECTOPOXAEHWIA,
foraTewmMM He(hTEHOCHLIMK palioHaMK Mupa ABASOTCS BamkHuiAe 1 CpegHuii
Boctok. [naBHas 6asa Poccum no pobbide Hedpt —  3amagHo-Cubmpckas
He(pTeHOCHas MNPOBMHLUMA. HedTaHble MeCTOPOXAEHUS OTKPbITbl U B APYrux
pavioHax— CpefHeli Asnu, akBaTtopumn Kacnwuiickoro mops, BoctouHoit Cubupn m

ap
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KauecTBEHHbIA U KOMIMYECTBEHHbIN COCTaB HethTW 3aBUCUT OT MECTOPOXAEHNS.
Tak, B 6aKMHCKOW HedTv cogepxutcs 4o 90 % HadhTeHOBLIX YrNeBOAOPOLOB, B TO
BPpeMs Kak HepTb LwTarta MeHcunbBaHus, Kak 1 He(hTb, fo6biBaeMas B CpeaHeld Asuu,
6orara npegenbHbIMY YT IEBOAOPOAAMU.

Mpun fo6blye He(hTW M3 Heap 3HAUMTENIbHOE KOMMYECTBO ee He U3B/EKaeTCs, Tak
KaK BblKayaTb U3 MECTOPOXAEHUA BCIO HEQTb MPaKTUYeCKM HEBO3MOXHO. B
0TpaboTaHHbIX MECTOPOXAEHMAX OcTaeTcd B cpegHem 50— 55% Hedpt, a B
OTAeNbHbIX cnyyaax v Ao 70% pasBefaHHbIX 3anacoB. Takoe XMLHWYECKOe
OTHOLLEHWe K MPUPOAHLIM pecypcam YCKOpPSieT UCTOLLeHWe WUX 3anacoB. YTobbl
MOBbICUTb HedITeoTAauy MeCTOPOXAEHUIA, MCNOMb3YHOT paj NPUEMOB — Mojavy B
HehTAHbIE MNACTbl BOAbI, COMEBLIX PacTBOPOB, PaCTBOPOB MOBEPXHOCTHO-aKTUBHbIX
BELLECTB W [EeLUeBbIX MONVMEPOB, BOAAHOIO Mapa; BBOAAT B CKB&XXWHY ras3oBble
ropenikv [N MoLOrpeBa W MCMapeHus BOAbl C LE/bIO MOBbIWEHNSA M1acTOBbIX
[aBneHnin n gp. MNMoBblleHne HehTeoTAauM MIacTOB — BEPHbIA MyTb 06ecrneyeHus
CTabuIbHOrO BbICOKOFO YPOBHA A00bluM HethTM 6e3 HeobXOAMMOCTU OCBOEHUS
HOBbIX MECTOPOXAEHWIA.

«He(Tb — NPOAYKT NpUpoabl PeaKuil, e JOMKHO AaTb COBEPLUEHHO WHOe
npYMeHeHne, YeM Ana Tonnmea», — nucan 6onee 100 neT Hasag [O.M.MeHgenees.
[JelicTBuTensHO, BO BpemeHa MeHeneeBa OCHOBHbLIMY NPOAYKTaMu, MosyyaeMbimMm
n3 He(T, ObIIM KEpOCUH W CMa30uHble MaTepuanbl. WHTepecHO, 4TO 6GeH3WH
CUMTA/ICA B TO Bpems 6ecrofesHbIM 1 Jaxke 13-3a CBOeli B3PbIBOONACHOCTW BpeAHbIM
NPoAYyKTOM W NU60 TEPANCA W3-3a HECOBEPLLEHCTBA CUCTEMbI OXNXAEHWUS npu
neperoHke, IM60 NOMNPOCTY YHUUTOXAICA.

OfHako ¢ u306peTeHMeM [ABUraTeNil BHYTPEHHEro CropaHvs W pasBUTUEM
aBTOMOBMNECTPOEHNS NOTPEOHOCTL B BEH3UHE pe3Ko BO3poc/a

Ho B HedhTu ero cogepxaHue He npesbiwaeT 15%. K Tomy ke B 6EH3MHOBbIX
(hpakumsx, MosyyvaembIX MPY HENOCPEACTBEHHOW MeperoHKe HedTy, 3a4acTyio
cofepkarca  6onbluMe  KONMMYeCcTBA HepasBeTB/EHHbIX —ankaHoB. [locnedHuve
HEMNpUroAHb! Kak roproyee 19 COBPEMEHHbIX BUraTesneil BHyTPEHHero cropaHms us-
3a [eTOoHauuW, CHWKaKLWen MX MOWHOCTb Ha 13— 15%. [na coBpeMeHHbIX
aBTOMOGW/IbHBIX ABUraTeneid TpebyeTca roproyee ¢ OKTaHOBbIM ymciom 99-100, uto
MO3BONSIET He TONbKO YBEINUNTbL CPOK WX CYXObl, HO M CHU3UTb YAENMbHbIA pacxos
Tonnmea Ha 10— 12 %. [puMeHeHWe BbICOKOOKTAHOBbLIX GEH3VHOB WCKIHOYaeT
HeoOXOAMMOCTb BBEAEHWSI aHTWAETOHATOPOB, B KauyeCTBe KOTOPbIX Hambonee
LUMPOKOE MPUMEHeHMe Hawen TeTpastunceuHel (C’HsPb. Wcnonb3oBaHue Tak
Ha3blBaeMbIX 3TUIMPOBAHHbIX GEH3VMHOB, COAEPXALLMX TeTPASTUICBUHEL, NPUBOANT
K 3arpsisHEHVIO OKpYXKatoLleli cpefbl OMACHbIMU COEAUHEHWUSIMU CBUHLE, O Yem
roBopmnock paHee. Kpome TOro, BbICOKOOKTaHOBbIE GeH3VHbI 60/1ee MOMHO CroparoT
Mpu HOpPMasbHOM paboTe ABUraTeset, YTo BeAET K CHUKEHWIO BPeaHbIX BbIOGPOCOB B
BbIX/IOMHbIX rasax (yrapHbli ras, Yrneeogopofsl v fp.) Vcnonb3oBaHue
BbICOKOOKTAHOBbIX 6EH3VMHOB BbIFOAHO Y 3KOHOMUYECKM, 1 3KOMIOTUHECKM.
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Hanbornee BbICOKME OKTAHOBblE YWMCNA WMEHT Pa3BeTB/EHHblE aNKaHbl K
apomMaTiuyeckue yrneBofopospl.

C UeNblo YBENMYEHNS BbIXOfa BbICOKOOKTAHOBLIX GEH3MHOB Ha OCHOBE HeqTy
paspaboTaH psif TEXHOMOFMYECKMX MPOLECCOB, HaMpaBfieHHbIX Ha MpeBpaLleHne
BXOfSILUMX B COCTaB He(TWM HU3KOKAYECTBEHHbIX FOPHOUKX YINEeBOAOPOAOB B
pa3BETB/MEHHbIE WM apOMaTUYecKMe COeAMHEHUS.. K TakUM  XUMWUYECKUM
MpeBpaLleHnsM, — OCYLLECTBMISIEMbIM ~ Ha  HediTerepepabaTbiBatoLLMX  3aBOAaAX,
OTHOCATCS CreaytoLLye KaTaUuTUUecKne NpoLecchbl.

KaTanuTuueckasi uMsomepusauusi —  MpeBpalleHne nog  AeicTBueM
KaTa/M3aTopa HepasBeTB/EHHbLIX alKaHOB B WM30MEpbl C PasBETBMEHHOI Lienbio. B
rpoLiecce KaTaMTUUeCKoin N3oMepu3aLmn H-6yTaH NpeBpalLiaeTcs B 1306yTaH:

CHXH,CH,CH, AIB?»CH3-CH-CH,

CH,

M3oMepusaLyn MOABEPratoTcs Takke 60/ee BbICOKOMOMNEKYNAPHbIE a/KaHb
HedTvi, B pe3ynbTaTe 06pPasyrOTCs COeaMHEHWS ¢ 60/ee BbICOKMMU OKTaHOBbIMM
urcnamu.

KaTa/MTUUeCKNiA  KPEKUHT  BK/OYaeT — paclUernneHne  BbICOKOKUMALMX
(hpaKLMi yrnesoaopoaoB HediT1, HaNpUMep ra3oins, o HU3LWKUX ANKaHOB M ankeHOB
npu Temnepatype Bbie 450°C Ha KWCMOTHbIX KaTanu3atopax, O0GbIMHO
aNloMOCUIMKATAX:

rasonnb -+--==-= — » a1KaHbl + a/1KEHbI

POACTBEHHLIM  KAaTa/IMTUYECKOMY  KPEKWUHTY — TpOLECCOM  sIBAisieTCs
TMPOKPEKVHT, MPK KOTOPOM (hpakumy HediTU 1 BOAOPOA, B NMPUCYTCTBUN CMIOXHOTO
KaTa/13aTopa He TO/bKO MOJBEPratoTCs KPEKUHTY, HO U FMAPUPYIOTCS.

A KC),

> 450°C

KaTanuMTunyeckoe afiKunMpoBaHe — MeTof, MojlyyeHr st TOMMB C BbICOKUMU
OKTaHOBLIMM ~ YMCNIAMM M3 HEKOTOPbIX ra3006pasHbIX  HU3KOMOEKY SPHBIX
YINeBOAOPO0B, 06pasyoLLMXCa NpK NepepaboTke HediTy. STOT NPOLECC BKIOYAET
KaTa/IM3Mpyemoe KIUC/I0TaMM B3aMMOAEINCTBME M30a/IKaHOB C afKeHamu, Hanpuvep,
B3avIMogelicTBMe 1306yTaHa C NPOMMIEHOM WM ByTUNEHaMU. 130anKaHbl U aflKeHb!
006pasyloTcs B ApYrux npoueccax nepepaboTKM HedhT — un3oMepusaumn U
KaTaIMTUYECKOr0  KpekuHra. OO6pasylollascs CRoXKHas CMeCb  COCTOUT U3
PasBETBMIEHHbIX a/KAHOB C BbICOKMMM OKTAHOBbIMM YMCaMU W SIBMSIETCS
MPeKpacHbIM FOPHOYUM ANst ABUraTeneit BHyTPEHHEro CropaHms:

rasonsb a/IKaHbl + aJIKEHbI
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CH,-CH-CH, 4CH2=CH - cH,-

CH,
CH,

—»CH,- CH- CH- CH,- CH.+

CH, CH, CH,
-CH,—ICH- CH,—(I:H-CH3+ CH-CI-CH, - (I:H+
CH, CH, CH, CH,
CH,
+CH,- CH- CH- CH- CH,+CH,-CH, - CH, + gpyrue
CH, CH, NpoAYyKTbI

KatanuTuueckuii pudyopMUHT — Mo/yyeHne apoMaTUUeCKNX COefUHEHNIA U3
LIMKI0A/IKAHOB W H-aKaHoB NyTeM ferapupoBaHiis U Aervapon3oMepusaLmum:
CH,- CH,- CH,- CH,- CH,+ Ch—CH. - - A10: .

JnnnkH beToHHas
OTCH HpoHeH ByreH

QraHon 2- nponaHon 2- byTaHon

BUHWIANIOPHN aLeToH METH/I3TUNKET

NONM3TUNEH aKpPUIOHATPN 1- 6yTaHon

>LNEHOKCUN aKponenH

Puc. 6.1. HekoToOpble XMMUYECKME BELLECTBA, MoayvyaemMble U3 Yyrnesoj0opos0oB
HethTK
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YBenuueHne cofepxaHus apoMaTUYecKuX YrneBoAOpPOAOB TakXe MOoBbILLIaeT
KayecTBO NMOTEHLMANbHBIX TOM/IMB.

OueBMAHO, YTO UCMO/b30BAHWE OMMUCAHHbIX BbILLE KaTa/IMTUYeCKMX MPOLEeCCcoB
nepepaboTKy BXOJALIMX B COCTaB HePTU a&IKaHOB MO3BOMSET 3HAYUTE/BHO
pacLUMpuTL Pecypcbl MOTOPHLIX TOMAMB WM 06ecnevnTb pacTyliye NoTpebHOCTM
YenoBeYecTsa.

MoMYMO MCNOMb30BaHUA B KayeCTBE TOMAMBA, HeTb CAYXUT MCTOYHUKOM
Cblpbsi  ANA  HepTEXMMUYECKOW MPOMbILLIEHHOCTX, o6ecneumBas Tem CambiM
YeNoBEYEeCTBO He TOMbKO 3HEprueil, HO M HOBbIMW MaTepuanamu, KOTopble Mo
KayecTBy MHOrAa MpeBOCXOAAT TPaAWLUMOHHBIE, Hanpumep noiumMepsl. HekoTopble
XUMUYECKME  COEAMHEHMUs, KOTOpble MOMy4YalT W3  YrNeBO4OPOLOB  HelTw,
npeacTas/ieHbl Ha pyc.3.6.

OfHako 19 He(hTeXMMUYECKON MNPOMBILLIEHHOCTU YI/1eBOAOPOAbl HedTH
Heo6XoaMMO MosyyaTh He B BUAe CMeCU COeAMHEHWN, a UHAMBUAYaNbHbIX BELLECTB.
'O10 TpebyeT AOMOMHUTENbHLIX YCUUIA 419 BbIAENEHUS YNCTbIX COeAMHEHWUA win
MOMCKa HOBbIX CEMIeKTUBHbIX KaTa/n3aTopos.

6.2.1. HedhTb Kak 3arpssHNTE/ b MPUPOAHON Cpefbl

YrneBogopofpl, Haxofdlimecs B coCTaBe He(hTU U rasa B MECTOPOXAEHUSX,
npakTUyeckn 6e3BpesHbl AN OKpYXKatoLLei cpefpl. OAHako, nonajas B aTMochepy,
MouBy, BOAY MPU WCMONb30BAHUM WX YENOBEKOM, HeTb U HedpTenpoayKTbl
CTaHOBATCSA 3arpA3HUTENAMMU.

Byayuu orHe- 1 B3pbIBOOMACHbLIMU BELLECTBaMU, NIETKOKUNALLME YTeBOLOPOALI
npy nonajaHuy B aTMocdepy B 6GOMbLUMX KOAMYECTBAX MOMYT OT CAy4aliHOro
NCTOYHWMKA OTHA BOCMNAMEHATLCA CO B3PbIBOM, CTAHOBACL BUHOBHVKaMW MOXKapoB U
KatacTpodp. CBMAETENLCTBO TOMY — MOTPACLUAA BCeX KaracTpoda Ha >enesHoin
Jopore B bawkupum netom 1989 r., Korga fBa MacCaXUPCKKX Mnoesga rnoteprenm
KpylUeHWe B pe3ynbTaTe MOLLHOIO B3pblBa HETENPOLYKTOB, KOTOpble nonaau B
OKpY)XaloLyto cpedy WM3-3a aBapuum Ha HeTenposoge “HWKHeBapTOBCK—
Hedtekamck". Mepekayka NpofyKTa OCYLLEeCTBAsach B pexume 35—38 atm., npu
3TOM CBOICTBA €ro TaKOBbl, YTO MNPV BbITEKAHUU TsDKe/ble (PakLyUu OCTakoTcs
XUOKUMW, a Nerkue npy ucnapeHnn obpasyroT ¢ BO3LYXOM CMECH, B3pblBaroLLmecs
OT MareiLLeld NcKpbl.

OnacHOCTb  MpeAcTaBnseT He TOMAbKO MonafaHne 60MblUMX  KONYECTB
yrneBogoposoB B atMocepy. Cepbe3Hyro yrposy ana 6uocdepbl NpeacTasnseT u
3arpsisHeHne He(hTbio MOYBbI M 0COBEHHO BOAbl. HehTb 1 HethTenpoayKTbl ABNAKOTCA
Havbosiee pPacrpoCTPaHEHHbIMU 3arpA3HUTENSAMU BOAbI B MPOMbILLIEHHO Pa3BUTbIX
CTpaHax. VIMeHHO HepTb ABMSETCA rNo6abHbIM 3arps3HuTeneM MUpoBOro okeaHa.
E>xerogHo okosio 10 M/H T ee NOnazfaeT B OKeaH B pe3y/ibTaTe aBapuid Npuy nepeBo3ke
wim  pJobblue € NAaByuMX WM CTaUMOHapHbIX 6YpoBbIX, paboTalowmx Ha
NpUBPeXHOM Luenbe, CTOKOB C MaTepPUKOB, CNMBA BOA 3a 60pT U T.4. Tak B 1984 r.
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KOMMYeCTBO HeTK, MonaBlleii B MOPe Mpu TPaHCMNOPTUPOBKE OT YTeYek,
KopabneKpyLUeHWA 1 MOXapoB, LOCTUII0 MaKCUMa/bHOTO YPOBHA — 912 MAH 1.
3aTem 3T0 YMC/I0 CTa10 NMOHEMHOIY CHUXATbCS BCNEeACTBUE YMEHbLUIEHWA NepeBO30K
€e 13-3a CHUXKEHMA cnpoca 1 cob0feHNS 60/bLLEN OCTOPOXHOCTMU.

Tak kaK HehTb fierye BoAbl, TO MpU NonajaH1y B BOAOEM OHA pacTekaeTcs, npu
aTom 50—75% ee mcnapsieTca ¢ MOBEPXHOCTW, a A0 5% (B OCHOBHOM Hambornee
TOKCWUYHble apoMaTuyeckue YraeBofOpOAbl) pPacTBOpPSeTCs. Tshkenble pakuum
He(hTM C TemnepaTypoi KuneHus Bbiwe 370°C OCTalOTCA Ha MOBEPXHOCTU MW,
MOCTENEHHO YMNMOTHAACb, CO BPeMEHeM OcefatoT Ha AHO. Mo HabnoaeHusaM co
CMYTHUKOB, He(hTAHaA MneHKa MnokpbiBaeT Ao 10— 15% nosepxHOCTM MuUpPOBOro
OKeaHa WM 36—54 MAH KM2 3Ta nneHka, Oyayunm [OCTaTOMHO YCTONYMBOMN,
HapyLLaeT BOAO- M ra3o06MeH Mexay OKeaHOM M aTMOC(epol, YrHeTaeT npoLeccsl
(hOTOCMHTE3a, M3MEHSAET CBETOBOIN M TeMMepaTypHbIA PeXUM Y NOBEPXHOCTU BOAbI.
VIHTEHCMBHOCTb CBeTa NOA CnoeM Hedtn y6bbiBaeT Ao 90%, ucnapeHue BOAbI
yMeHbLIaeTcs Ha 60%. OfHa TOHHa NPoUTOI HeDTM MOXET 3arpssHUTL OKono 12
KMZ2 NOBEPXHOCTN OKeaHa M Norybutb B HEM BCe XXUBOe. Ecnu 3arpsasHeHue okeaHa
6yfeT Npofo/mKaTbCs, TO 3TO MOBAUAET Ha BUOreoXMMUYECKUe LMKIbI KUCNOPOZa,
[mokKemnaa yrnepoja v Bogpl.

MHorve apomMaTuyeckune CoeMHeHNs, HaXoasLLmMecs B NeHKe, B MOPCKOM Bofe
MpeBpaLLaroTCca B A40BUTbIE BELLECTBa, 06/1afatoLLme KaHLeporeHHbIMY CBOMCTBAMM.
Tak, noA [e/CTBMEM HEKOTOPbIX MOPCKMX PacTeHWid U3  apoMaTUYecKmx
YINeBOJOPOA0B  HedhTu  06pasytoTcsl  KOHLEHCMPOBAHHble  MOMULMKINYECKME
coefHeHuns paga 6eH30(a)nvpeHa, HakannvBatoLmMecss B MOPCKMX BOZOPOCAAX W
TpaBax.

Bce 310 OoTpuMUATENbHO CKa3blBaeTCcA Ha 61oTe OkeaHa. Tak, ¢ 1978 r. yyeHble
BeayT HabnofeHns 3a ABYMS 3anuBamu Y NosiyocTpoBa BpeTaHb, rge notepren
aBaputo CynepTaHKep, U B MOpe Monajio OrPpOMHOe KOMMYECTBO HEQTENPOLYKTOB.
OKasanocb, UTO y>xe BCKOpe Nocne KatacTpodbl y MeCTHbIX MONyNAAUuiA pblb Havanm
HabnhaTbCs aHOManuu B PasBUTUW: BOCMANEHWE MOKPOBHbIX TKaHelW, HapyLlueHwe
pocTa, CNOCOBHOCTH K pasMHOXEHUIO. B AOHHBIX 0CafKax 3TUX 3a/IMBOB COAepXaHue
NOIMLUMKIIMYECKNX apOMaTUYeCKMX YrneBOAOpOAoB Obino yBennyeHo B 100—200
pas.

CokpalleHvie nowlageid, NOKPbITbIX HEPTAHON NAEHKOW, NPOUCXOAWT 3a CHeT
ncnapeHnsi, aMy/brMpoBaHns, MMUKPOOMOMOTMYECKOrO M XUMUYECKOTr0 OKMUCIEHMS.
Mpn KOCTaTOYHOM COfEPXKaHUM KMUCNopoda 1 TemnepaType Bbiwe 15°C 3a nepuog ¢
anpens No aerycT cofepXaHve He(TenpoAyKToB B BOAAaX BHYTPEHHEro Mops
ymeHbLaeTcs Ha 80 %. OueBMAHO, 3TO CBUAETENLCTBYET O 60/bLUMX CMOCOBGHOCTAX
MOpeli 1 OKeaHOB K CAMOOUMLLEHMIO, HO U 3TV BO3MOXHOCTY He 6e3rpaHnyHbI.
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Moporpes
napa
Puc. 6.2. CxeMa 04ACTKM He(h TeHaNMBHbIX TaHKOB

B Hefanekom MpoLLiom Aaxe npu 6e3aBapuitHON MepeBo3ke HeTV TaHKepamm
TOHHbI HETV BbIIMBAIM B OKEaH BO BPeMs WX OTMbIBKW. [1efio B TOM, YTO fochne
BbIFPY3KM Ha CTEHKAaX TaHKOB OcTaeTcs ele 1,5 % HedTv oT 06Lero o6bema rpysa.
)TV ocTaTKu CMbIBaM NOLOrPeToli MOPCKO BOLO, KOTOPYHO CNMBa/IM B OKeaH. B
pe3ynbTaTe Takux CNMBOB COPOC He(hTU B OKEaH eXerogHo coctaensn 4 maH 1. B
HacToslLLee Bpemsi WCMO/Mb3YIOT YCOBEPLUEHCTBOBaHHbIE CMOCOObI OTMbIBKM MO
3aMKHYTOMY LMKy C MOMOLLBIO M1aBatOLLMX 3a4YUCTHBIX CTaHUWid. [pyu 3Tom
BOLOHE(TAHasA 3My/bCMA He cOpacbiBaeTcs, a pasfenseTcs U Bofa CHOBa MoAaeTcs
Ha MoKy (puc.6.2).

[ns OTMbIBKM MCMOMb3YIOT MOAOrPEB BOAbl, HAa 4TO PacxXo4ylT 4acTb
n3BneKkaeMoin HethTn. VIHTEHCM(MUMpOBaTL MPOLECC MOWKM yganocb 6narogaps
MPUMEHEHNIO MOBEPXHOCTHO-aKTUBHbIX BELLECTB, HAMHOIO YCKOPSIOLLIMX MOWKY.

[Bafuath 3a4MCTHbLIX CTaHUMA, paboTatoLMX B MOPTax, CNOCOOHbI He TOMbKO
yTunmnsnpoBatb 6onee 60 000 T He(hTK B o, HO M NPefOTBPaTMTL ee C6pOC B MOpe.

6.3. BbICOKOMONEKY/SIPHbIE COBAMHEHUS

UenoBeyeckoe O6LLECTBO MO Mepe CBOEr0 PasBUTUSI BXOAWUT BO BCE GOMbLUYHO
3aBUCKMOCTb OT CbIPbEBBLIX PECYPCOB OKPYXKatoLLei NpupoaHoit cpebl. MacluTaGbl
noTpeG/ieHNsl  HEKOTOPbIX BELIECTB  MMHEPA/IbHOTO  MPOMCXOXKAEHWS  Yxe B
HefanekomM GyayLieM MOFYT MPEBLICUTb €CTECTBEHHbIE BO3MOMHOCTW MPUPOABbI.
Kpome Toro, ¢ pasBUTMEM HOBbLIX OTPac/ell NPOMBILLEHHOCTM BCE Yallle BO3HUKAeT
MoTpe6bHOCTbL B MaTepuanax C TakUM KOMIMJIEKCOM CBOWCTB, COYETAHWSI KOTOPbIX
HEBO3MOXHO [OCTUIHYTb Ha Gase M3BECTHbIX BellecTB. MpupoaHbie 1 Moyyaemble
Mpu UX nepepaGoTKe MaTepuanbl Bce MeHbLUE YAOBNETBOPSAIOT 3anpochkl HOBOW

TEXHUKN.
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CoBepLUEHHO HOBble NEPCMNEKTUBbLI B NiaHe CO34aHUA MaTepuaios C 3aaHHbIMU
CBOWCTBaMM OTKpbIBAET XUMUA NOAMMEPOB. B HacTosillee Bpems TpPyAHO HaliTu
obnactb, rge Obl He NPUMEHSAUCL MNOAMMeEpbl. V3 BbICOKOMONEKYNAPHbIX
COeAVMHEHUI MOJTyYeHbl MaTepuanbl ¢ Manol MIOTHOCTbI, BLICOKOWM MPOYHOCTbLIO,
YCTONUMBOCTBIO K arpecCUBHbLIM CpefjaM, NPOCTOTON nepepaboTKM B U3AENNS.

OCHOBHYtO Maccy MCnofb3yemMblX MoAMMepos (0kono  2/3)  cocTaBastoT
nonyyeHHble 60fiee MONyBeKa Has3aj MNOAUATWIEH, MOAUNPONWIEH, MOAUCTUPON.
O6nacTv  MCNOMb30BaHWA  3TUX  MNOMMMEPOB  BecbMa  pasHoO6pasHbl —
MaLUMHOCTPOEHME,  3/IEKTPOTEXHUKA  TPAHCMOPT, MeAWUMHA  CTPOMUTESNLCTBO,
TEKCTW/bHAsA NPOMbILLIEHHOCTb, TOBapbl 6bITOBOrO HasHayeHus 1 np. Mo nporHo3am
nonmoneuHOB 1 B Byayllem OyayT UrpaTh peLlatoLLyro posb. ITUM MaTepuasiam
OTAaeTcs MpefnoyTeHMe B CBA3W C WX [ELUEBM3HON W NIErKOCTBIO NepepaboTku.
3amMeHa TpagMUMOHHLIX MaTepuasioB HOBbIMWA He [O0/HKHa BOCMPUHUMATLCH Kak
NnoALesnika Yero-To UCKYCCTBEHHOMO "Mof, HaTypa/ibHOe", XopoLLee, HO MMEOLLEeecs B
Hel0CTaTOMHOM KO/MM4YecTBe. HanpoTve, HOBble MaTepuasbl 3a4acTyt0 OKasblBalOTCS
Nydlle cTapbiX, HaeXHee, 40roBeyHee. Hanpumvep, cTasbHas Tpyba MOXET BbIATY
n3 CTpos uepe3 3—>5 feT, a B 0COO0 XKECTKMX YCNOBUsX 3KcrayaTaumm — 1,5—2
roga, B TO Bpems njacTMaccoBble Tpybobl cnyxar 20—30 neT. Ha cMmeHy
MPUPOAHOMY CO3faHbl pasHOO6pasHble CUHTETUYECKME Kaydyku, 06najaroLlme
COBEPLUEHHO YHWKabHBIMU CBOMCTBAMU. TaK, CUAMKOHOBLIA KayuyK, Oyayum
(hU3MONOrMYECKN COBEPLLEHHO Ge3BpedHbIM, COXPaHsSeT CBOM CBOMCTBA B LUMPOKOM
nHTepBane Temnepatyp oT —55°C go 180°C. Pacwmpunacb 1 0651acTb NPUMEHEHUS
Kay4yKOB: OT TPaAWLMOHHbIX PE3NHO-TEXHUYECKUX U3LENUIA — [0 UCKYCCTBEHHOIO
cepaua.

Takum 06pa3om, CEerofHs B HalleM pacnopsXXeHWU UMEeeTcs LUMPOKas nanuTpa
MO/IMMEPOB, KOTOPble MPOAO/MKAOT 3aBOeBbIBaTb MUP. OfHAKO NpW UCMO/b30BaHUN
MO/MMEPHBIX MaTepuaioB CnedyeT YYWTbIBaTb HECKONIbKO BeCbMa  BaXKHbIX
06cToATENLCTB. 10 CBOEMY KaueCTBEHHOMY COCTaBy 60MbLIMHCTBO MO/IMMEPOB
OTHOCATCA K OPraHNYeCKUM COeAMHEHMAM, COAePXKaLLyM 3HaUUTENbHOE KONMYEeCTBO
yrnepoja u BOAopofa MNO3TOMY OHW FOploYn. TepMUYecKoe pasnoXeHue mnpu
rOpPeHWN MOMMMEPOB YacTO COMPOBOXAAETCS BblAeseHWeM 60/bLIOT0 KonnMvecTsa
TOKCMYHBIX ra3oo6pasHbiX CoeanHeHuid, Takmx, kak CO, HCN, CHrO, HC1 u gp.
VIMEHHO 3TUM 06YCNOB/EHbI TSXKesble NOCNeACTBMA MpU MNOXapax Ha cyfax, B
OG6LUECTBEHHbIX 3[aHMAX W NPOU3BOACTBEHHbIX MOMELLEHMAX, FAe WUCMOoMb3yeTcs
3HaUYNTeNlbHOE  KO/MYECTBO  MO/MMEPOB B  KayecTBe  KOHCTPYKUMOHHBIX U
06/MLOBOYHBIX MaTepuanoB. BblgeneHne 3TUX >Ke rasoB MNPOUCXOAMT U Mpu
OKUraHWM NOMMMEPHbIX MaTepuanoB Ha CBaiKaxX, MO3TOMY HaxoAuTbCa BOGAM3M
TakuMx MecT Hebe30nacHO Ans 340pOoBbs. 10 HEOMLITHOCTU HEKOTOPbIE NIOAN MOTYT
noAbpocuTb B KOCTEP HEHYXHble M3L4enns U3 MOSMMEpPOB. Takoi KOCTep Takxke
CTAHOBUTCA MUCTOYHWMKOM SOBUTHIX rasoB. Tak, Mpu ropeHMn noavBUMHUIXIOPMAA
WM Apyrux  X/0pCOAepXallmMX BbICOKOMOMEKYNAPHbIX Bewects Kpome HC1
BbILENSATCA ANOKCUHbI — COEAWHEHWS, W3BECTHble CBOEl KaHLeporeHHOCTbIO.
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YueHble YCTaHOBW/M, YTO Yac NpebbiBaHUA Y NOLOGHbLIX KOCTPOB MO Yulepby ans
opraHusMa  paBHO3HaYHO  MATMYACOBOMY  NpebbiBaHUIO  HAa  rOPOACKOM
MtromarmcTpanu.

11peAnpUHNMAIOTCA  YCUAMA MO CHWXKEHWIO  TOPHOYECTU  MOAUMEPHbIX
MaTepu1asnoB, UCMO/b3YeMbIX B psife OTpac/eil, — CTPOUTENLCTBE, 3NEKTPOTEXHUKE U
op. OgvH u3 nyTell — npubasneHve K Mosmmepam creunanbHbIX BeLects —
AHTUMUPEHOB. Tak, CHVXEHWe FOPHOYECTM MONNITUIEH]A LOCTUIaeTCs NpubasieHneM
[icKabpomandeHnnokenaa n okenaa cypbmbl ShiO.i. [ns 3TOM Xe Lenn UCnonb3ytoT
rMAPOKCUA aNtOMUHUS, COeAMHEHNS Bopa, HEKOTOpbIe ampbl (HOCOPHBLIX KUCIOT 1
Op. TlonMmepHble MaTepuaibl C aHTUNMPEHaMW HaxoasaT Bce 6ofiee LUMPOKOe
NPUMEHEHVe.

BaXkHOI 3K0MOrM4yeckor npobiemoii, CBA3aHHOW C BHEAPEHUEM MOAMMEPHbIX
MaTepuasioB, SBMISIETCS CKOM/EHWe TBEPAbIX OTXOAO0B, CPeAn KOTOPbIX 3HAUUTENbHYIO
YacTb COCTaBMSKOT U3JeNUs M3 naacTMacc, 06/1afatolmx Ype3BblYaiiHO BLICOKONA
YCTOMUMBOCTLIO. B Halueld cTpaHe, HanpuMep, KOMYeCTBO MOMMMEPHLIX OTXOLOB
COMOCTaBMMO C €XEeroAHblM 06LEMOM BbIMyCKa MaacTMacc. TOMbKO HUYTOXHas
YacTb 3TUX CUHTETUYECKUX M NPUPOAHBIX MOIMMEPOB, aKKyMYIMPYHOLLMX 60MbLLOe
KONMYeCTBO 3aTpayeHHON Ha MX M3rOTOB/IEHME 3HEPriK, NOCTYMNaeT Ha nepepaboTky.
OcCTa/lbHOE CXKMratoT, 3aKarblBaloT, 6pocatoT. A Befb SIMKBMAALMA 3TUX OTXOAO0B
OKWraHveM, Kak cneayeT U3 BbILLECKA3aHHOro, Hebe3omacHa Anf OKpyXatoLlein
cpefbl, ja U He BCera BO3MOXHA.

Cpeau nonuMepoB eCTb U Takue BeLLecTBa, 418 KOTOPbIX B MpUpoge HeT
MMKPOOPraH13MOB, CMOCOOHbIX paspyllatb WUX. Pe3ynbTaToM 3TOro SBAseTcs
HakonneHve HepasnaraeMblX BeLUECTB, HEKOTOPble W3 HWUX CO BPEMEHEM MOryT
[iaBaTb TOKCUYHbIE NPOAYKTbI WK Hepas3naratoLLmMecs MyTareHHble BellecTsa. YacTb
TakMX OTX0A0B cbpacbiBaloT B MUpoBOI OkeaH. Tak, N0 AaHHbIM AMEPUKaHCKOro
BIOpo TEXHOMOTMYECKOW OLEHKW, B OKEaH eXerofHo copacbiBaeTcs 233 MAH LWTYK
MMaCTUKOBbLIX EMKOCTE 1 OKOMO 26 ThIC. T YNaKOBOYHbIX MaTepuanos. [ocneacTeums
3TOro — 3aryTaBLUVECS B NIaCTUKOBbIX CETAX THOMEHU, 3340XHYBLUMECS B 0OPbIBKAX
YMakoBKW yepenaxv. OKOMO MW/IMOHA MOPCKUX MTWL, U COTHW ThICAY THOMIEHel 1
KUTOO6pasHbIX MOrmbatoT eXxerogHo nogobHbiM 06pasom. B macwtabax nnaHeTbl
«MNN1aCTUKOBas Yyma» MpeAcTaBnseT 60fiee Cepbe3HyH0 OMacHOCTb /1 MOPCKMX
XXMBOTHBIX W MTUL, YeM 3arpsi3HeHVe MOpPsi HEPTHIO MM XUMUYECKMMM BELLIECTBAMU.
Oco3HaHWe 3TOro ABW/OCh NMPUUMHON 3aKHoUeHUs MeXayHapo[HOro COr/alleHus,
3anpeLLarollero cbpoc MnacTMaccoBoro Mycopa C Kopabneid. 3TO cornalleHvie
BCTYNW/O B CUy B Havane 1989 r.

C oTxogamMu NOAMMEPHBLIX MaTepuasioB Mpupofa 3a4acTyld He MOXET
CMPaBUTbCH, U XUMUA MOXET NPUATU eli Ha NoMoLlb. Tak, Hanpumep, co3gatoTca
No/MMepHble MaTepuasbl Co crieumanbHbiMM fobaskamm. OTCNYXMB CBOW BeK, 3Tu
MaTepuanbl erko AeCTPYKTUPYIOT MOA LeliCTBUEM CBETa, Tenna Uan crnewmanbHbIX
6axTepuid. o cOOBLLEHNAM NevaTh M3BECTHO, YTO KaHafckas (mpMa "Skonnactuk"
MpUCTYNWa K M3rOTOB/IEHWIO YNAKOBOYHOTO MaTeprana, KOTopbIid Yepes fBa MecsLa
nof [eiCTBMEM COJIHEYHbIX fydyeild pasnaraetcsi. OfHaKo MNoKa elle CTOMMOCTb
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nponsBoAcCTBa Takoro matepuana Ha 5—10 % Bblwe 06bIYHOrO M He BCE FOTOBbI
Mot Ha 3aTtparbl, C KOTOPbIMW CBA3aH Mepexon K HOBbIM TEXHOMOTMAM WU
MaTepuanam. Ho 3Konornyeckoe nponsBOACTBO CO BpeMeHEM, HECOMHEHHO, LO/MKHO
CTaTb N 3KOHOMWNYECKN BbIFrOAHbIM.

6.4. ®peoHbl U TaIOHbI B aTMOCHEpPe NIaHeTbI

B cBoeli  XO3AMCTBEHHOW  [eATENbHOCTM  YeNOBEYECTBO  UCMOMb3yeT
HacbllleHHble  rasoobpasHble  WAM  Xugkue  (TOPYrneBoAopodbl  WAn
NoMMQTOPYrNeBOAOPOAbI, YacTO coepKalime aTtoMbl Xxnopa (hpeoHbl) 1 Gpoma
(TanoHbl). Hanbonee pacnpocTpaHeHHble GpeoHbl 1 TanoHbl: CFCI — dpeoH 11,
CF2Cl2 — tpeoH 12, CHCIF2 — dhpeoH 22, CF2C1CFC12 — ¢hpeoH 113, CFXCIBr
—ranoH1211, CFsBr —rtanoH 1301. Bce 3Tk BellecTBa B NPUPOLE €CTeCTBEHHbLIM
nyTeM He 06pasytoTcs (MCK/HOUEHME COCTaBNAET (IPEOH 11, HeOOMbLUME KONMYECTBa
KOTOPOro 06Hapy>keHbl B ra30BbIX BbIOPOCax BY/KaHOB Ha KypuibCKMX OCTPOBax) W,
cnefoBaTe/ibHO, MOSB/IEHWE WX B aTMocdepe 06YCNOBNEHO aHTPOMOreHHbIM
BK/1aAoM. PpeoHbl XapaKTepu3yHTCA YHUKalbHbIM HabopoM CBOWCTB, KOTOpble
obecneunnM MM LUMPOKOE MCMOMb30BaHWE B MPOMbILLJEHHOCTU. 3TW BeLlecTBa
MMEIOT HU3KMe TeMnepaTypbl KUMEeHUs, He SA0BUTbI, He FOptoyUM, B3pbIBOOE30MACHbI,
XUMWUYECKN  MHEPTHbl. OHM  He [JeACTBYIOT Ha  LUMPOKO  WCMOJb3yeMble
KOHCTPYKLMOHHblE MaTepuasibl, a B ManbixX [03ax 6e3BpefHbl Ans nogeid. OgHako
MPU BbICOKMX KOHLEHTpaUUsX HeKOoTopble (PeoHbl 061afal0T HapKOTUYECKUM
(chpeoH 12), a nHOrAa yayLlatoLwmm aeiicTemem ((peoH 142, peoH 22).

VIHTEHCMBHOE MpUMeHEeHMe (peoHOB Havanocb B 50-e rogpl XX Beka. WX
MONyYyatoT peakLmein XnoprpoBaHHbIX yrnesogopoaos ¢ SbFs, HF unm KF:

CCIA2HF->CCIl2F2+2HCI

®peoHbl ABAAKOTCA PacnpoCTPaHeHHbIMU XfafareHTaMu B XONOAWbHUKAX W
KOHOMLUMOHepaX,  WUCMOMb3YIOTCA  KaK  HOCUTENM  aKTUBHbIX  XUMWKATOB
(nponenneHTbl) B @3P030/bHLIX  BGaNOHUMKAX,  MOMAYYUMBLUMX  LUMPOKOE
pacnpocTpaHeHue B ObITy. B Takoll ya06HOI A1 [O3MPOBKU YNAaKOBKE BbIMyCKaOT
MHOXECTBO MPOLYKTOB — /1EKapCTBa, KPacku, KOCMETUYECKMe CpefcTBa MOoLme
npenapatbl, UHCEKTULMABI 1 Ap. MMpu NofyYeHU NEHONNACTOB (PPEOHbI MPUMEHSIOT
4na  (opMUpOBaHWs MOMOCTeM U My3blpbKOB. PAA (PPeoHOB WCMOMb3YHOT Kak
KOMMOHEHTbl  OFHeTyLlalyx  COCTaBOB B CUCTEMax  aBTOMATMYeCKoro
MOXapoTyLleHns, Harmpumep @peoH 13B1. HekoTopble (PeoHbl  ABASKOTCA
He3aMeHUMbIMW PacTBOPUTENAMM, HaNpUMep TPUXNOPTpUDTOpaTaH C2CI3F3.

OfHako 3TW, Kasaiocb Obl, 6e3BpefHble, COEAWMHEHWS MOTYT MNpeAcTaBsTb
Cepbe3Hyto yrposy Ansa 6uoctepbl B LE/IOM. YCTaHOB/IEHO, YTO (DPeoHbI, byayum
XUMWYECKN  WVHEPTHLIMUA  COEAWMHEHMAMM, MPU  MonajaHuuM B Tponochepy He
paspywiatoTcs B Heil. Hanpumep, Bpemsi yganeHus (PEOHOB W13  OKeaHa,
00YyC/IOBMIEHHOE FWAPOMM3OM  WAM  MUKPOBMONOTMYECKUM  pa3pyLUeHVeM nocne
nepexoga MOBEPXHOCTU ra3-XMUAKOCTb, COCTaBnseT Ana ¢peoHa 11 — 70 ner,
(hpeoHa 12 — 200 fieT.



Camu 1o cebe (hpeoHbl He NPeACTaBAtOT ONacHOCTU A1 030HOBOrO C/os, Tak
KaK 3TV BeLLEeCTBA MHEPTHbI MO OTHOLUEHMIO K 030HY. OfHako cneuuanbHble
HabnlofeHrss € MOMOLLBIO  BO3AYLIHbIX LUIAPOB  MOKasanuW, 4TO CBOBOAHO
murpupytolme B Tponoctepe 6e3  6OMbLUMX NOTePb (DPEOHbI W TalOHbl B
i rpaToctepe Ha ypoBHe 60niee 20 KM noapepratotcs (hoTOXMMUYECKOMY pacnagy ¢
obpasoBaHveM pagukanos C1mBr, C10e.

B paspyweHun ¢peoHoB, KpoMe Y®D-usnyueHuss ConHUa, y4vacTByeT Takke
aTOMapHbIi KNCNOPOJ, B BO3DOYXXAEHHOM COCTOSHMM, 06pasyromiica npu oTonmnse
030Ha. M0 MexaHu3My [elCTBMA Ha 030HOCHEPY K (hpeoHam O/IM3KM U HEKOTOpble
opraHuyeckne pacTBOpUTENU, Hanpumep TeTpaxiopmeraH CCb wnun TpuxnopaTaH
CH3CCb.

[aforeH3amMelleHHble  YrIeBOAOPOAb!,  COfepXalime — aTtombl  BOAopofa
(CHsCCb, CHCIF2 n gp.), OKACNAKOTCA U TUAPOKCUbHLIM pagukaiom HO- u
MO3TOMy WMET 60Mee KOPOTKOe BpPeMsl >KU3HM B aTMoctepe. 3TO Bpems
onpefenseTcs Kak OTHOLLEHWE COofepXaHWsi AaHHOro BeLlecTBa B OMNpeaeneHHOM
o6bemMe K MHTEHCUMBHOCTU ero YMeHbLUEHWS B 3TOM 06beMe. CpefHee BPems XKU3HM
coctasnset ans gpeoHa 11 n 12 okono 80 net, ccb — 50 net, CH3CCb — okono
10 net. Ou4eBMAHO, YTO [JaXe NpWU TUMNOTETUYECKW MOMHOM MPEKPALLEeHNN BCex
BbIGPOCOB (PPEOHOB B aTMOCeEpy MX cofepxaHue ByaeT OCTaTOUHO BbICOKUM. [pu
coxpaHeHun Xe COBpeMeHHol CKOpPOCTYU YMeHbLLEHNS Bblbpoca
rLutoreHcofepxawmx yrnesofopogos (Ha 10% B rof) K cepeauHe XXI B.
cofiepXkaHune akTUBHbIX COeAMHEHW xopa U 6poMa B aTMoctepe YBeMUUTCA B 10
pa3 v 6onee No CpaBHEHMIO C YpOBHEM 50-X IT. MPOLL/IOro Beka, T. e. 40 Havana npo-
MbILLIIEHHOT O NPOV3BOACTBA (PPECHOB.

Oco3HaHVie 3TO 0NacHOCTU NO6YAWN0 PAL rocyfapCTB 3HAUMTENIbHO COKPaTUTh
WM BOBCE MPEKPATUTb MPOU3BOACTBO M MPUMEHeHWe (PPeoHOB. Tak, B KauyecTse
MPONEeNNeHTOB 418 adpo30Mieli Hadam UCMonb30BaTb MponaH, KOTOpbId XOTa U
roptod, HO felleBne (PPEOHOB M He OMaceH Mo CBOMM OTAaNIeHHbIM MOCNEeACTBUSM.
[ns  XonoAgunbHUKOB — NpeanoXeHbl  MeHee flieTyuue  (PTOPX/IOPHPOU3BOAHbIE
YINeBOAOPOab!, HanpuMep (PEOH 113 (kim=47,7°c) BMECTO (IPEOHA 12 (ix,. =
29,8°C). Takum 06pa3oM, YeMOBEYECTBO YXKe AeNlaeT nepBble KOHKPETHbIE Lark A
COXPaHeHWs1 030HHOTO C/0S MN/1aHETbI.

6.5. X/iopapomMaTiyeckme CoeJUHEHNS KaK rno6asibHbIe 3arpsisHUTENN

XuUMmnyecKasl yCTOMUMBOCTb apOMaTWYECKUX YI/IeBOJOPOAOB U WX BbICOKast
TOKCWYHOCTb ~ 06YC/IOBNMBAIOT  MOBBILIEHHYIO OMAacHOCTb  3TWUX  BELIECTB  MpU
rnonajjaHM MX B OKPYXKalollyto cpedy. B npupoge MMEoTcs MUKPOOPFraHW3Mbl,
1 HOCOGYbIEe pa3pyLLaTh apoMaTUYecKUe SApa 0 COeAVNHEHUIA, KOTOpbIE, BK/IHOYasACh B
MPUPOAHbIF KPYroBopoT, B KOHEYHOM uTOre npespallatotcs B CO2 n HrO. OaHako
MUKPOGMONOrMYECKOMY  Pa3pyLLEHUIO MOABEPraloTcs KoMblia, CoAepyKallue Mo
KpaiiHeii Mepc 2 TuMOPOKCUMbHBLIX 3aMEcTUTENsl B OpPTO- UM Mapa-MoNoXeHUsX.
[Opyrve apomaTuyeckue YrneBogopobl YCTONUMBLI K OKWUC/IEHMIO, OMAcHOCTb Mpu
nonagaHu B TPUPOAHYIO CpPedy Pe3Ko BO3pacTaeT MK3-3a WX CMOCOGHOCTU



HaKannMBaTbCa B XMBbIX OpraHusmax. K Takum BellecTBaM OTHOCATCA 6eH301,
TPeT-6yTUNG6EH30/1,  KOHAEHCMPOBaHHble  apomMaTUYecKue  YrieBOAOPOAb,
NONNX/TIOPUPOBaHHbIe  BUGEHUNbI, ANGEK0-T-ANOKCUMHBI 1 AN6eH30(ypaHbI
Tak, N3BECTHO, YTO Jj@Xe NepPBbI NPeACcTaBUTEb apOMaTUYECKMX YT IeBOLOPOLOB —
6eH30N NpeACTaBNsfeT ONAaCHOCTb 419 YenoBeka. MPoAoMKUTENbHOE BAbIXaHWe faxe
HeOO/bLUMX KONWYECTB MapoB 6eH30M1a BbI3bIBAET XPOHUYECKOe OTpaB/eHue,
YTOM/IEMOCTb, TO/I0BHble 00N, COHMMBOCTb, HapyLUeHWe KpOBOOGpaLLeHUs W
HOPMaNbHOro CcoCTaBa KpoBW. DPYHKUMOHaNbHbIE MNPOU3BOAHbIE OGEH30Ma TakXKe
OMacHbl [/ >XMBbIX OpPraHvW3moB. Hanpumep, (DeHON ABNSETCA HEPBHbIM S40M,
06n1afaeT NPWXMUTraloWyM 1N pasapakatoLmM geicTemeM. PeHoN Nerko BCachbiBaeTcs
yepes KOXy, Npu AAWTENbHOM BO3LEMCTBMM Ha KOXY OnacHbl gaxe 2—3 %
pactBopbl  (PeHONOB U 0COBEHHO ero napbl. OfHako  MNPUOPUTETHLIMU
3arpasHATEN MM OKpYXKalolleld  cpedbl B HacTosllee Bpems  SBNAOTCA
X/10papoMaTmyecKue CoeMHeHNS. 3TO 00YCOBEHO LUMPOKUM UCMO/b30BaHNEM B
Ce/IbCKOM XO3AACTBE TaKMX CPeACTB 3aliMTbl pacTEHWIA OT BpeanTenein 1 6onesHei,
Kak [OUT, AuvHAaH, NOMUX/IOPUPOBaHHbIE MOMMUMKINYECKME AWEHbl U UX
Npou3BOAHbIE, repouLMabl Ha OCHOBE XIOPJEHOKCUKAPBOHOBLIX KUCIOT (puc.6.3).

VICTOYHMKOM  XN10p3aMeLLEeHHbIX apoOMaTUYECKUX YIeBOAOPOLOB  SB/AKOTCA
TakXXe aHTUCENTUKM Ha OCHOBE MeHTax10pdeHoNa, NoMXI0pUPOBaHHbIE BU(EHN b
M NONUXNOPHaPTaNMHBI, NPUMEHSIEMble B KAYeCTBE HErOpHUMX U30NALMOHHBIX
XuUAKocTeld B TpaHcdopmaTtopax, NIacTU(MKATOPOB MfacTMacc, /akoB U
NAaKOKPaCOYHbIX MaTepuanoB. ITU COeAMHEHWS UCMOSMb3YHOTCA TakXKe B KayecTse
maTepuanoB-HoCUTeNeN, pacTBOpUTeNell NeCTULMAOB.

XnopapomaTuyeckme coefiMHeHMs 061afaloT psaoM 06LMX CBOWCTB, KOTOpble
BbIZENAOT MUX CPeay ApYrux OpraHW4ecKUX 3arpssHuTENeid: OCTPbIM TOKCUYECKUM
[eliCTBMEM Ha YenoBeKa W XKMBOTHbIX, YCTOAYMBOCTbIO K PasfNOXeHWo npu
nonafjaHnn B NOYBY, BOAY, BO3LYX W CMOCOGHOCTHO MUIPUPOBAHWUS B HUX. ITW
COeAVHEHNs MOrYT HakanimBaTbCs, a Tak)ke 006pa3oBbiBaThb elle 60/ee TOKCUYHbIe
MeTaboNnTbl B OpraHax W TKaHsX XXMBbIX OpraHu3moB. Hg2 Pb2+ Cd2+ Cu2k Zn2+
Ni2+-n gp.

Mo macLuTabam Npou3BOACTBA U UCMO/b30BAHUSA B CEIbCKOM XO3ACTBE NepBoe
MecCTO cpefay ApYrux nectuumgos BrioTh Ao 80-x r1. XX Beka 3aHvmanu OUT u
NMHAaH. CrefctBveM 3TOrO CTano MOBCEMECTHOE 3arps3HeHue BceX OOBLEKTOB
OKpYXKaloLLeli  cpedbl  X/I0PapoOMaTUYECKUMW  COEAMHEHUSMU U OCTATOYHbIMM
npogyKTamu mx pacnaga. lNprmeyateneH TOT (PakT, Y4TO AaXe B CHEXHOM MOKPOBe
AHTapKTMAbI K HACTOALLEMY BpeMeHM Hakonunocs 6onee 3000 T ALLT.

YcTaHoBneHo, yto AUT BpegHO [AeiCTBYeT Ha BCe OpraHW3Mbl, BK/HOYast
BOZOPOC/IN. Y>Ke MpU COAEPXXaHWU ero HecKOMbKO 4YacTeil Ha Muinunap nafgaet
CKOpOCTb (DOTOCMHTE3a, MPOLEecca, KOTOPbIA ABNSETCA OCHOBHbIM MOCTaBLUMKOM
Kucnopofa B atmoctepy. [anee BbiscHUIOCh, YTo ALIT, Kak v MHOrve gpyrue
necTyumabl, 061afaeT KyMynsaTUBHBIM 3((EKTOM, BbI3bIBAET TAXKE/ble MOCNeACTBUA
— OT TOKCWYECKMX [0 MyTareHHbIx. bnarogapsi yctoiumsoct [ALT, oH
Hakarn/jMBaeTca W nepefaeTcs No NULLEBbIM LIENSM — OT PacTeHWi K TpaBOsiAHbIM
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Puc. 6.3. MonnxnopupoBaHHble necTuumnabl

B pesynbTaTe HakoMieHus npenaparta €ero KOHUEHTpauuss B OpraHusme,
KOTOpbI/i HAKOrJa He COMpuKacancs ¢ A40M, MOXET LOCTUIHYTb CMePTeNbHbIX LO3.
Korga B CLUA o06Hapyxunu, 4TO B MOMOKe Kopmawmx Matepeli (94% Bcex
06Cnef0BaHHbIX XEHLIMH) KOHUeHTpauus OAT npeBbiwaeT B 4 pasa npefenbHo
[JOnNyCcTUMYHO 03y, NMPUMeHeHKe ero 6bii1o 3anpewieHo. B 1970 r. npumeHeHvne AT
sanpetni 1 B CCCP. OfHako B pe3ynbTaTe HeorpaHW4yeHHOro npuvMeHeHus B
MPOLLSIOM, a TakXXe M3-3a pocTa MX MUCMOMb30BaHWs B CTpaHax JIaTUHCKOR AMEpUKM,
Adpukn 1 A3un cerogHs Ha 3emnie B 6KONOTMYECKOM KPYroBOPOTE HAXOAUTCS
OKOMI0 MUIIMOHA TOHH 3TOr0 Mpenapara Cuy 4pe3BbluaiiHO Masioil CKOPOCTU ero
pasfoXeHus (10 NIET).

n3



Puc. 6.4. Mpespalyesna 44T nog geicTemeM ceeTa

PaspyLUeHMe MOMUXIOPMPOBAHHbLIX COEAWHEHUA B  Pa3NYHbIX  06bEeKTax
OKPY>KatOLLEN cpefbl NPOUCXOAMT MO CYLLECTBEHHO PasHbIM MexaHU3MaM. B AOHHbIX
OT/IOKEHMAX W MOYBAX MPEUMYLLECTBEHHO MPOUCXOAMT MX MUKPOOMONOrmyeckoe
pasfoxeHue, B KOTOPOM MPUHMMAKOT y4yacTue Kak OakTepum (Pseudomonas sp.,
Sarcina sp. n gp.) TaK 1 rpubsl (Hanpumep, poga Fusarium) n gpoxokn. B atmocdepe
MPOUCXOAMT abnoTuyecKas AecTpyKUMA NOA AefCTBMEM CBeTa. YCTaHOB/IEHO, UTO
NVHAAH Npy 06/1yYEHUM COMHEYHbIM CBETOM M30MEpPU3YeTcs B MeHee TOKCUYHBINA -
rekcaxnopuuknorekcaH. ®oToxnMmyeckme npespawieHns JAT B KayecTBe MepsbixX
CTafuii  BK/HOYAKOT  peakuunM  BOCCTAHOBWUTENIbHOTO  [AEX/0pUPOBaHUA WK
[ernapoxnopmposanHus, npueogawee k 443 nam 444 (pvc.6.4).

Takum o6pasom, B npupogHoi cpege OAT crnocobeH npeBpawathCs B eLe
60nee onacHble CoeauHEHNS.

B BOAgHbIX  3KOCWUCTEMAX  MPOWCXOAMT  COpOLMS  X/IOPOPraHUYeCcKMX
3KOTOKCWMKAHTOB B3BECAMM, UX OCAXIEHWE U 3aXOPOHEHME B JOHHBIX OTNOXeHUAX. B
3HAUYNTENbHOW CTeMeHW MepeHOC XNOpPOPraHUYecKUX COeAVHEeHUlA B [OHHbIE
OTNOXEHUS NPOUCXOAUT 3a CYeT OMOCEHAWMEHTAUUM - OT/IOKEHMS B COCTaBe
B3BELUEHHOr0 OpraHuMyeckoro Martepuana. OCOGEHHO BbICOKME KOHLEHTpaLmu
XN0papoMaTUYeCKUX COeAVHEHWI A HabMloAatloTcs B AOHHbLIX OTMOXEHMAX MOpel
BO/IM3UN KPYMHbIX NOpTOB. Hanpumep, B 3anafgHoli Yactu banTuitckoro mMopst B6an3m
nopta éTebopr B 0cagkax 06HapyxmBanocs go 600 mkr/kr A4T.

K coxaneHuto, TOKCMYeCKoe M MyTareHHOe [elCTBME Ha OpraHu3M 4YenoBeka
CBOWMCTBEHHO He Tonbko AAT 1 443, HO M MHOrMM APYTMM NecTULMAaM.

Ewe 6osee onacHbl MO CBOMM OTAaflEHHbIM NOCNEACTBUAM MO CPAaBHEHUIO C
X/IOPVMPOBaHHLIMN ~ apPOMATMYECKMMW  YT/IEBOOPO4AMM  MONNX/IOPUPOBAHHbIE
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NO/MUUKIIMYECKME — COEAWMHEHUA  TUMa  NONUXI0PANOEH30-U-AUOKCUHOB U
HONMX0PAN6eH30thypaHoB. 3TV COeAMHEHWSt He OTHOCATCA K 4YUCAy LieneBblX
NPOAYKTOB CMHTE3a, a 00pa3ytoTcs B BUAe NPUMeCel B pasUHbIX TEXHOMOrMYECKMX
mpoueccax M Npu FOPeHWM HEKOTOpbIX MaTepuanoB. B nocnefHue rogbl 6bu10
YCTaHOB/IEHO, YTO 3TW BeLLecTBa MPUCYTCTBOBA/IM B OKPYXKalOLLei cpefe Bcerfga,
MOCKO/bKY B HEBOMbLUMX KONMYECTBAaX 06pa3ytoTCs MpW FOPeHnN ApeBeCUHbI.

OCHOBHbIMU aHTPOMOreHHbIMW UCTOYHUKaMU 3TUX COEANHEHUI SBNSIOTCS:

-3arps3HeHHble  MPOAYKTbl  XMMWYECKOW  MPOMbILLEHHOCTW,  Hanpumep
X/10pUPOBaHHbIE (PeHOSbI;

-NPeanpUATUA LeNtoN03HO-6yMaXKHOV NPOMBbILLIEHHOCTY, UCNOMb3YIOLLMe A5
0TOeNMBaHUA X/10p;

-NPeanpUATUA MO CKWUraHUIO ObITOBLIX M MPOMBILLIEHHBIX OTXOAOB, & Takke
0CafiKOB CTOYHbIX BOS;

-aBTOMOOMW/bHBIA  TPAHCMOPT, UCMOMb3MIOLWMIA  STUANPOBAHHLI  GEH3UH C
[o6aBKaMu ranoreHyrieBo40poL0B.

M3BeCTHO, 75 W30MEpPHbIX AMOEH30--AMOKCUHOB M 135 ambeH30gypaHoB,
cofiepXallyx OT 1 [0 8 aTOMOB X/10pa B Pas3/IMYHbIX MOMOXKEHUAX U OTINYALOLLMXCA
[pyr OT fpyra CBOMMW CBOWCTBaMM W TOKCMYHOCTbIO. Hambonee TOKCUYHbIMU

ABNAOTCA 2,3,7,8- TeTpaxnopan6eH30-n-4MOKCHH (1) n 2,3,7,8-
TeTpaxnopanbeHsodypaH (2).
cl cl cl cl
c c cl c
© o)

B yCnoBUSIX  OKPYXKalOLed  cpedbl  OKTaxMOpPAMOEH30-H-AMOKCUH U
OKTaxnopAnGeH3odypaH MOABEPralTCs AexN0pMpoBaHnio, npespaLlasick B Gonee
TOKCUYHbIE COEAMHEHMS C YMCMIOM aTOMOB X/10pa MeHee BOChMMU:

Q a, O, a a a,
1 OXA® | (x+y)< 8
37K BellecTBa 06/1afjaloT Upe3BblYaiiHO BbICOKO GUONOrMYECKOl aKTUBHOCTbHO
M BbICOKOM XMMWYECKOM CTabUNLHOCTLIO B MPUPOAE U JKMBBLIX OpraHu3Max,
CBOBGOAHO MEPEHOCATCA MO LenaM NUTaHKs. [axe B HAUTOXHbIX KOHLEHTpaLmMsx
3TU COeMHEHNS MOAABNSAT UMMYHHYIO CUCTEMY OpPraHVW3MOB, MOBbILLAIOT TeM
caMbIM YyBCTBUTE/IbHOCTb K MWHMEKLUMOHHBLIM 3a60/M1€BaHNsIM,  0COGEHHO
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BMPYCHbIM, CHVXAIT YMCTBEHHYIO W (hU3NYeCKyt0 paboTocnocobHOCTb. [Mpn
COflEPXXaHUM HECKO/bKO YacTeld Ha TPUAIMOH 3TW NPUMECK OKasblBatoT MyTareHHoe
M KaHLEpOreHHoe BO3AEACTBME, MOPaXAOT HepBHYID CUCTEMY, HapyLllaloT
[eTopoaHble YHKLMN.

Havn6onbLuyto 13BeCTHOCTb MNpob/ieMa LMOKCMHOB MOoy4Ynna B pesysbTaTe
MacCOBbIX MOPaXKEHUI HaCceNeHWs, XXUBOTHBIX U pacTeHuii B KOXHOM BbeTHame, rae
¢ 1961 no 1971 rt. apmuein CLUA 6bi10 npumeHeHo okono 100 ThiC. T repbuumaos v
[ethonMaHToB, MOJMIOBUHY W3 KOTOPbIX cocTaBnsn 2,4,5-T, cofepaluii B CBOeM
coctase A0 100 vacTeil Ha 1 MAH 2,3,7,8-TeTpax/iopan6eH30-n-AuoKcuHa. osxe
6blN0 YCTAHOB/EHO, YTO X/10PUPOBaHHblE AMOKCWMHLI 06pasyloTcs Takke Ha
LIe//I0N03HbIX  3aBOAax Mpu OT6enMBaHWM Ny/fbfbl XA0pOM, B BOZe Mpu ee
XNOpUPOBaHUN C Le/blo 06e33apaXkmBaHns. [MOKCUHBI BbIZENAOTCS Takke Mpu
HEKOHTPO/IMPYEMOM CXWUIaHUWM OTXOAOB, COAepXKawyx MOAVBUHWUIXIOPUE UK He
COfiePXKaLLMX X/I0p OpraHWYecKMX BELLECTB B MPUCYTCTBUM JOHOPOB X/iopa

Takum 06pa3oM, HeCMOTPA Ha MpekpalleHve MNpPou3BOACTBA M 3anpeLleHune
MPUMEHEHNS1  X/TIOPApPOMATUYECKUX COEAMHEHUIA, OMACHOCTb 3arpsi3HEHWSt UMK
OKPY>KaroLLEei cpefdbl NPOLO/MKAET CYLLECTBOBATb W B NOCNeAHee Bpemsi npuobpeTtaeT
HOBbIE acrneKTbl.

6.6. BbeH3anupeH

Cpepay opraH/YecKnX BELLECTB, 3arpA3HAOLLIMX aTMocdepy, NOUBLI 1 MPUPOAHLIE
BOAbl, 0C060E MECTO 3aHMMAKT MOMMLMKINYECKME apOMATUYECKME YT/IeBOLOPOAbI
(MAY). 3T coeanHEHUs OTHOCATCA K CYMepIKOTOKCMKaHTaM 1-ro Knacca onacHoCTH,
MOCKO/bKY MHOIME 13 HWX. 06/1aat0T MyTareHHbIMU U KaHLeporeHHbIMY CBOCTBaMU 1
CMOCOBHBI K HAKOM/IEHWIO B MPUPOJHBIX 06BEKTaX.

3TO rpynna OpraHNYecKNX COeAMHEHWI, B XUMWYECKON CTPYKType KOTOpbIX
MPUCYTCTBYIOT GEH30/bHbIE KO/bLIA — TPYMMbl OT TPEX Kosew, 1 6osbLue. Xummyeckoe
onpegeneHve 6eH3(a)MMpeHa: OpraHWMYeckoe BELLECTBO, COAepXKallee Yrnepog,
BXOfsiLLee B rpynmy MOAMUMKIMYECKUX YINEBOAOPOAOB, C MOMSpHOA Maccoli 252,31
r/Mofb, XMMmnyeckas qopmyna C2oH 12.

BeH3anupeH NpaKTWYecKUn He BCTPevaeTcsi B CBOGOAHOM COCTOSHUM, a Bcerga
0CaXJAETCA Ha YaCTULaX, COfepKalumxca B Bo3fyxe. BmecTe ¢ mepegpurarommmcs
Maccamy Bo3gyxa 6eH3(a)nvpeH pasHOCWTCA Mo GOMLLLIOK N/owWwaaw, a Bbinagas BMeCTe
C TBEpPAbIMM YacTuLaMM U3 BO3AyXa (Hanpumep, Npu ocagkax) MonajaeT B MOUBEHHbIE
C/10U, BOZ0EMbI, Ha MOBEPXHOCTY CTPOEHWIA.

B mMurpaumm 1 HakornieHum 6eH3(a)nvpeHa UrpaeT posib M TakoA ero UCTOYHVK,
KaK aBTOMOOW/bHbIA TpaHcnopT. C OAHON CTOPOHbI, MepedBWrasick Ha 6GoMbLuvie
paccTosiHus, aBTOMOGWM CMOCOBCTBYHOT PaBHOMEPHOMY pasHocy 6eH3(a)rmmpeHa. C
[pyroli CTOPOHBbI, OCEBLUMIA 6eH3(a)MpeH B 60MbLUMX KONMYECTBaX CKarnmMBaeTcs BAO/b
aBTOMOGOU/BHBIX OPOr M Ha 06beKTax PsfoM C HUMM (Tak HasblBaeMble «BTOPWUYHbIE
UCTOUHUKY),

BeH3(a)nMpeH Ierko «BK/HOYAETCS» B KPYrOBOPOT BELLECTB B MPUpOfe: C
aTMochepHbIMM 0CafiKamu, BCErfa COfEePKalLMMU TBEPAble YaCTWYKM, OH 3aHOCUTCA
[@Ke Ha TeppuTopuy, YOaseHHble OT OCHOBHOTO WCTOYHMKa [AY, nonagaeT B
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BOAOEMbI, OTKYZa, Mpy npoLeccax vcnapeHusi, BHOBb NMOAHWMAETCS B BO3AyX. VIMEHHO
Takas CrocobHOCTb 6eH3(a)nmMpeHa MUrpyUpoBaTb MPUBOAMT K TOMY, UTO €ro
COAepXKaHMe MOXET ObITb BbICOKMM B MeCTax, rAe HeT MOLLHOMO MCTOYHMKA 3TOro
BELLECTBA.

Monafas B OKPYXAOLLYH Cpefy W HakarivMBasCb B Held, 6eH3(a)nmpeH
MPOHVKaET B PacTeHVs, KOTOPble B Ja/lbHelLleM CNyKaT KOpMOM [Afis CKOTa Win
1CNOMb3yHOTCA B MUTaHUM YenoBeka. KoHLUeHTpaums 6eHs(a)nnpeHa B pacTeHNsX BbilLe,
YeM €ro cogepXaHue B MouBe, a B MPOAYKTax NUTaHWs (MM KOpMax) Bblille, YeM B
MCXOLHOM CbIpbe AN UX W3TOTOBMEHMS. 3TOT 3(heKT HapalmBaHWs KOHLEHTpaLmm
XUMWYECKMX — BelLecTB, B TOM uucne 6eH3(a)nupeHa, MoOAyunn  HasBaHue
6MOaKKYMYNALMN.

Takum 06pa3oM, GeH3anuvpeH NpeLcTaBsfeT OMacHOCTb He TOMbKO Kak (DOHOBOe
LUMPSI3HEHME OKPYXKAtOLLIER cpefbl, HO U Kak BELLeCTBO, MPOHMKAtOLLee B OpraHu3M rno
MULLIEBOI LIEMNOYKe.

beHs(a)nmpeH, Kak u Bce MAY — rnaBHbIM 06pa30oM pesynbTaT TEXHUYECKOro
nporpecca, CNeAcTBue AeATeNlbHOCTY YenoBeka.

B atmoctepe MAY npevMmMyLLECTBEHHO COpPOMPOBaHbl Ha TBEPAbIX 4acTuuax
a’po3ons. Pasmepbl 4acTUL, B 3HAYWUTENbHOM CTEMeHW OnpefenstoT faibHelllee
nosefeHve MAY, X oCaXeHWe U3 aTMOC(EepPHOro BO3Ayxa W MepeHoC BO3AYLUHLIMU
Maccamu B HanpasfeHuM OOMUHMPYIOWMX BETPOB. BbinageHwe MAY npu cyxom
OCaXKAEHUN, C aTMOCHEPHbIMY 0CaKamMy MPUBOAUT K HAKOMIEHUIO UX B MouBax U
MOBEPXHOCTHbIX Bofax. M3 coTeH MAY pas3/IMyHOro CTPOEHUs, OOHapYXXeHHbIX B
06beKTaxX OKPYXKAtOLLei cpefbl, 418 MOCTOSIHHOrO KOHTPONSA BblOpaH Y3KuiA psg
NPUOPUTETHBIX COBAMHEHWIA. B Poccum 3TO nLLb 0aWH - 6eH3(a)npeH.

BeH3(a)nmpeH OTHeCeH K BellecTBaM NepBoro Kacca ornacHoOCTW. MepBblil knacc
OMacHOCTY — 3TO BELLECTBA C Ype3BblYaliHO BbLICOKUM OMAaCHbIM BO3JEACTBMEM Ha
OKPY)KatOLLYHO Cpefly, NpyY 3TOM W3MEHEHWS, BbI3blBaeMble WMW. HeobpaTUMbl Y
BOCCTaHOB/IEHUIO HE MOZ/IEXAT.

BeH3(a)nmpeH siBnseTcd  Havbonee TWUMUYHBIM -~ XMMWUYECKUM  KaHLEepOoreHoMm
OKpy>KatoLein cpefpbl.  KaHueporeHHble BewlectBa (B 4YacTHOCTW, 6eH3(a)nupeH)
Ype3BbI4aiHO OMacHbl AN YeNoBeKa AaXKe NPpW MX Manoi KOHLEHTpaLuKM, NOCKOSbKY
06/1a7at0T CBONCTBOM aKKyMY/IMPOBATLCS B OpraH13Me 0 KPUTUHECKWX KOHLEHTPALWiA
(6roakkymynsaums). beHs(a)nmpeH oKa3bIBaeT TaKXKe MyTareHHOe [eiCTBye.

AHTPONOreHHbIE UCTOYHUKM BeH3(a)nMpeHa  MOryT — OblTb  CTalMOHapHbIMK
(NpoMbILLNeHHble NpeanpuaTus, TILL, KpynHble U Menkue OTONUTENbHbIE CUCTEMBI),
3arpsasHAOLYMN  aTMocthepy B OTHOCWUTENIBHO — OFpPaHWMUYeHHbIX — palioHax, WU
nepesBMKHbIMA (TPAHCNOPT), BbIGPOCHI KOTOPbIX PacrpoCTPaHsAOTCS Ha 3HAYUTENbHO
6onblume npocTpaHcTBa. OfHUM M3 LUMPOKO  PAacrpOCTPaHEHHBbIX MCTOUYHMKOB
6eH3(a)nvpeHa SBMSETCA MPOLECC TOPeHUs MNPakTUYecKM BCEX BWAOB FOPHUMX
martepuaio. BeH3(a)nvpeH MpUCYTCTBYeT B [AbIMOBbIX ra3ax, KOMOTM W Caxe,
0CeflatoLLmnX B AbIMOX0faX M Ha NOBEPXHOCTAX, UMEBLUMX KOHTaKT C [bIMOM, TOYHEE B
CMOJICTbIX BELLECTBAX, COLAEPXKALLWXCA B MPOAYKTaxX cropaHus. beH3(a)nupeH HaxogsT
M B MecTax CTUXUAHO BO3HMKAIOLLMX IECHBIX MOXAapoB, OH MOSBASETCA B aTMocdepe
TaloKe B pesy/bTare 13BepXKeHus BY/IkaHOB. OfHAKO, CedyeT YACHUTb, YTO COOCTBEHHO
MpoLecc ropeHWs (T.e. OKWCNEHWEe Yrnepoga) He ob6s3aTeneH ATA BO3HWUKHOBEHWS
60H3(a)nmpeHa. OH o6pasyeTcs B pe3y/ibTaTe MPOTeKaHWs NMPOLECCOB NOSMMepU3aLmm
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OTHOCWUTENIbHO MPOCTbIX MO CTPYKTYpe OCKOMKOB MOJieKyn (B OCHOBHOM CBOBOAHO
PafVKaibHOrO XapaKTepa), KOTOpble 06pa3ytoTcst U3 MCXOLHOTO TOM/MBA BCIEACTBUE
[e/icTBMS BbICOKMX Temnepatyp, npy HeGMaronpusiTHbIX YCA0BUSX ropeHns. OfHUM 13
Hambonee pacrnpoCTPaHEHHbIX WCTOYHWKOB 06pasoBaHust 6eH3(a)nupeHa SBNSeTCs
TaloKe MMpoNK3.

B MO/EKYISIpHO-AMCNIEPCHOM COCTOSHUM GeH3(a)NMPEH MOXET HaX0AMTLCS SULLb
B HAUTOXHO MaslbIX KONnM4ecTBax. B BO3Ayxe OH NpeuMyLLECTBEHHO CBSA3aH C TBEPAbIMU
yacTvuamy aTMocepHoli Mbinn. TBepaple YacTuupl, cogepxalime 6eH3(a)nmpeH,
[0BOMIbHO ObICTPO BbINAJAKOT M3 BO3fyXa BCMEACTBUE CeAMMeHTaumu (paspyLueHve
KO//10MAa 1 BbINaJeHNe 0CcagKa), a Takke C aTMOCHEPHbIMM OCaKaMu W MepexossT B
MOYBY, pacTeHus, MOYBEHHble BOAbI M BOAOEMbl. JTO 06YCMaBMMBAET [J0BOJLHO
60/IbLLYI0 M3MEHUMBOCTb KOHLEHTpaummn 6GeH3(a)nmpeHa B aTMOCHEPHOM BO3AyXe,
KOTOpasi 3aBMCUT He TOMbKO OT WHTEHCMBHOCTU BbIGpOcAa €ro M3 WCTOYHUKA
3arps3HeEHus], HO M OT METEOPO/IOMMYECKMX YCOBUIA. Byayun XMMUYECKN CPaBHUTENBHO
YCTOWYMBbIM, 6eH3(a)IMPEH MOXET A0/r0 MArPMPOBaTb U3 OAHMX 0GLEKTOB B ApYrue.
B pesynbTate MHOTMe OOGBLEKTHI UM MPOLECCHI OKPYXXaKoLLen cpefbl, CaMmu, He
obnajatolime  Croco6HOCTbIO  CUHTE3MpOBaTb  GEH3(a)nMpeH,  CTAHOBATCA  €ro
BTOPUYHBIMN UCTOYHVKAMM.

MyTn MPOHMKHOBEHWS 6eH3anMpeHa B OpraHM3M pasHOO6pasHbl: C MULLEA K
BOJOW, Yepe3 KOXy W mnyTeM BAblXaHusi. CTeneHb OMAcHOCTM HAaxXOAUTCA BHE
3aBMCMMOCTM OT TOFO, KakUM MyTeM MPOK30LLIO NonafaHue GeH3anupeHa B OpraHmsm.
B 3KcnepuMeHTax, a Takke Mo JaHHbIM MOHUTOPUHIA 3KO/IOrMYEeCKN HebaronpusTHBIX
paiioHoB, GeH3anvpeH BHeapsieTca B komnneke JHK. Bbi3biBas HeOBpaTUMble MyTaLw,
KOTOpble NepexofdT B Mocieayrolye nokoneHus. Ocobyto TPEBOXHOCTb BbI3bIBAET
(haKT B1OoaKKyMyNAUMM GeH3anupeHa: BEPOSTHOCTb PasBUTUSA MyTauuid y GavmKaiLmx
MOKO/MIeHW MOTOMCTBA BO3pacTaeT M3-3a 61M0aKKyMy/ALMM BO MHOIO pas.

MexayHapogHas rpynmna 3KCrnepToB 0THecNa 6eH3(a)NMPeH K YKC/Ty areHToB, Ans
KOTOPbIX MMEHOTCA OrpaHUYEHHbIE [0Ka3aTebCTBa MX KaHLEPOTeHHOro AeicTBUS Ha
NOfeR N AOCTOBEPHbIE [0Ka3aTeNbCTBA MX KaHLEPOreHHOro AeCTBUS Ha XMBOTHbIX. B
3KCMEePUMEHTAIbHBIX MCCNefoBaHWaX 6eH3(a)nmMpeH Obln UCMbITaH Ha AEBATU BUAAX
YKMBOTHBbIX, BK/OYas 00e3bsH. B opraHuaM 6eH3(a)MpeH MOXeT MocTynaTb 4epes
KOXY, OpraHbl bIXaHVs, NMLLEBAPUTENbHBIA TPAKT U TPaHCMAaLeHTapHbIM MyTéM. Mpu
BCEX 3TUX Cnocobax BO3AENCTBMSA yAaBanoCh BbI3BaTb 3/10KAYECTBEHHbIE OMYXOAM Y
YKUBOTHBIX.

MouBbl U TPYHTHI Ha TEPPUTOPUSX, MPUMEraloWMX K aBTOMArucTpaiam,
UCTIbITbIBAIOT ~ PEry/fPHOE  XVMUYECKOE 3arpsisHeHVe  TSKebIMU  MeTaiamy,
He(hTenpoAyKTaMy 1M NOMMLMKIMYECKAMI apoMaTuyeckumMu yriesogopogamu (MAY),
KOTOpble COAEpXaTcsl, FNaBHbIM 06pa3oM, B ra3omnblieBbIX BbIGPOCAX aBTOTPAHCMOPTA.
CuTyaumss ycyrybnsietcs Tem, UTO [OPOXHble Mpoe3fbl 3a Mpefenamy  GOKOBbIX
MPYMarMcTpaibHbIX — Fa30HOB  aKTMBHO — WCMO/b3YKOTCA B KauyecTBe  MapKoBOK
aBTOMOOWNEN, 4YaCTO  KpaTKOBpeMEHHbIX. Kak 13BECTHO, BbIX/IOMHbIE  rasbl
MporpeBatolLierocs  fpuratens aBToMobuns  6Gonee  06OralleHbl  TOKCUYHBIMU
BeLlecTBamMu, ocobeHHo MAY (B Tom umcne 3,4-6eH3(a)nmpeHom). Mo3ToMy ypoBeHb
XUMWYECKOTO 3arpsisHEHNsS 3TUX YUaCTKOB [JOBOMEHO BbICOK.
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MuTaTenbHble TpeboBaHUS K COAepXKaHMo 6eH3(a)nrpeHa

. ATMOCEPHbIA  BO3AYX HacefeHHbIX MeCT (FOPOACKMX W CeNbCKMX
..... neHnin):  CpefgHecyTouHas  MNpefenbHO  gonycTuMas — KoHueHTpauws (MAK)
....... He 60nee 0.1 mkr/ 100 ky6.m. (MH 2.1.6. 1338-03);

. Bo3gyx pabouelii 30HblI (Ha pabouMx MecTax Hes3aBMCMMO OT UX
lin nonoxeHnss - B MPOM3BOACTBEHHLIX MOMELLEHUSX, B TOPHbIX BbIpabOTKaX, Ha
LU KPbITbIX MIOLaAKaX, TPAHCMOPTHBIX CpeacTBax M T.n.): CpefHeCMeHHas MpefenbHO
wyctumas koHueHTpauma (MAK) 6eHs(a)nmpeHa B Bo3gyXxe paboueli 30HbI He 6onee
n00015 mr/ ky6.m, (M3 n.1, nn.2. N’H 2.2.5. 1313-03);

. MpegenbHo ponyctmas KoHueHTpaumsa (MAK) 6eH3(a)nmpeHa (¢ yyeToM
|[fo0a) B noOYBE (HaceneHHbIX MYHKTOB, CEMbCKOXO3AMCTBEHHbIX YroAui, 30H
| .MonapHoi oXxpaHbl WCTOYHUKOB BOLOCHAGXKEHMWS, TEPPUTOPUM KYPOPTHbIX 30H U
hi JeNbHbIX YUPEXEHUI, pa3HOro XapakTepa 3emenosb3oBaHus): He Gonee 0.02 mr /
Kr;

. Bopa BOAHbIX 06BEKTOB XO3AACTBEHHO-MUTLEBOTO U Ky/IbTYPHO-ObITOBOIO
MNAovob30BaHWS: MpeaensHo gonycTmast KoHueHTpaumnsa (MAK) 6eH3(a)nvpeHa He
Mosice 0,000001 mr/n. (M3 n.2. TH 2.1.5. 1315-03);

. Bofa nof3eMHbIX MCTOYHMKOB (OTKPbITLIX A/ OGLLEr0 MO/b30BaHWS UK
HaXoJAWMXCA B WHAMBUAYa/IbHOM MO/b30BaHMM, LUAXTHbIE W Tpy6uaTble KOMoaubl,
b.HMaXW POAHVKOB), UCMOMb3yeMast A/ MUTbEBbIX U XO3NCTBEHHBIX HYMX/, HACeNeHNs
MPY  HeLEHTPa/IM30BaHHOM BOAOCHaOXeHWM (3abupaemas C MOMOLLBIO  PasfivyHbIX
COOpY>KEHMIA 1 YCTPOIACTB, 6€3 Modayn ee K MecTy pacxofoBaHus) He 6onee 0,000001
M/,

. B 3aBMCVMMOCTM OT MECTHbIX NMPUPOAHbIX M CAHATAPHBIX YC/I0BUA NepeyeHb
KOHTPO/MPYEMbIX  XMMUYECKMX MOKasaTeneil KauecTBa M 6e30macHOCTV  BOAbI
YCTaHaB/MBAETCS NOCTaHOB/NEHNEM [TaBHOrO FoCyapCTBEHHOMO CaHUTapHOTO Bpaya no
COOTBETCTBYtOWLEN  Tepputopun. B pgaHHom  cnydae TAK  6GeH3(a)nvpeHa
yCTaHaBMMBaeTcs  [NaBHbIM ~ FOCYJApPCTBEHHbIM  CaHWTapHbIM ~ Bpa4YoM Mo
COOTBETCTBYIOLLEN TeppUTOPUM  KakK  [OMOSHWUTENbHBIA  XUMMYECKUIA  MoKasaTeslb
KayecTsa v 6esonacHocTy, (U3 n.1.3., n.4.1, n n.4.2. CaHlnuH 2.1.4. 1175-02);

. MTbeBast BOAA LEHTPA/IN30BAHHBIX CUCTEM MWUTHEBOTO BOAOCHAGKEHUS:
npegensHo gonyctumMas koHueHTpaums (MAK) 6eHs(a)nmpeHa He 6onee 0,000005 mr/ n
(13 n.1.2.2.2. CaHlNnH 2.1.4.1074-01);

. Bopga, pacthacoBaHHasi B eMKOCTM (nuTbeBas BoAa OyTblIMpPOBaHHas).
Kputepnin 6e38peHOCTM XMMMYECKOrO COCTaBa MO COAePKaHWo 6eHs(a)nmpeHa (13
Tabn.2, n. N.g CanlfvH 2.1.4. 1116-02);

. Bbicluas kateropus - Boga 6e3onacHas Ans 340p0OBbS M ONTUMaTbHasH Mo
KayecTBy (M3 CamMOCTOSITENbHbIX, KaK MpaBUO MOA3EMHbIX, MPEANOYTUTENIbHO
POOHVKOBBIX WM  apTE3NaHCKMX BOAOMCTOYHMKOB, HAAEXHO 3aLLWLLEHHBIX OT
61010rMYECKOro N XMMMYECKOr0 3arpssHeHns - He 6onee 0,001 mkr / 7

. lMepBas KaTeropws - Bofa NUTLEBOTO Ka4ecTBa (HE3aBMCMMO OT UCTOUHMKA
ee nosy4eHust) 6esonacHast Ans 300poBbs - He 6onee 0,005 MKr/ i,
. MuweBble NPOAYKThI (B 3epHE, B KOMUYEHbIX MACHBIX U PbIGHBIX MPOAYKTaxX

KOHTPONMPYHOTCA JOMYCTUMbIE YPOBHM 6eH3(a)nnpeHa) He 6onee 0.001mr/ Kr;
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. KonbacHble n3aenus, NpojyKTbl U3 Msca BCEX BUAOB YOOMHbIX YMBOTHBIX,
KyNHapHble U3henms 13 Msca (418 KonyeHbIX NPoayKTOB).

. MpoayKTbl MSACHble C  MCMOMb30BaHWEM CybnpoLyKTOB  (MalLLTeTbl,
NIMBEPHbIE  KOnGachbl, 3e/blpl, CTYAHM U Ap.) W KpoBu. M3genns BapeHble C
1CMO/Mb30BaHNEM Cy6MNPOAYKTOB, KPOBU, Konbackl, 3a/MBHble (X1ebbl, Konbacbl, CTyAHW,
NMBEPHbIE KONBackl, 3a/IMBHbIE 6M0AR).

. KonbacHble — u3fenusi,  KOMYEHOCTW,  KY/MHapHble  M3denus  C
CMO/b30BaHVEM Msica NTHLLbI (4719 KOMYEHbIX NPOAYKTOB).

. MsconpoayKTbl C WCMOMb30BaHWEM CyOMPOAYKTOB MTULbL,  LUKYPKU
(nawTeTbl, MBEPHbIE Konbackl 1 ap.).

. KoHcepBb! 1 MpecepBbl phiGHbIE (4151 KOMUYEHbIX NPOLYKTOB).

. Pbl6a KonyeHas.

. 3epHO NpOAOBO/LCTBEHHOE, B T.4. MLLUEHWLA, POXb, OBEC, AUMEHb, MPOCO,
rpeurxa, puc, Kykypysa.

. LLINMK KOMYeHbIiA.

. Mo nokasaTensiM 6e30MacHOCTM apOMAaTU3aTOPb! AO/KHbLI COOTBETCTBOBATL

Crefytowym  TpeboBaHMAM- B KOMTWIbHBIX  apoMaru3aTopax — CcofepykaHue
6eH3(@)nuMpeHa He [O/MKHO MpeBblaTb 2 MKI/Kr(1), BKIag — KOMTWMAbHbIX
apoMaTv3aTopoB B COAepXKaHue GeH3(a)nmpeHa B NULLEBLIX MPOAYKTaxX He AOMKEH
npesbiwatb 0.03 MKr/Kr(n);

. B opyrvx npofyKTax cofepxaHue 6aH3(a)nvpeHa He LOMyCKaeTcs.

. He ponyckaetcs npucyTcTBME 6GeH3(a)nMpeHa B MPOAYKTax [ETCKOro u
[VETNYECKOro NuUTaHus.

[na MeHs cTano OTKpbITMEM, 4TO 6eH3anuvpeH MOXET COAepXaTbCa U B
LLIOKOMaAHbIX KOH(peTax.

B woKonagkax 3TOT KaHLEeporeH MOXET «3aBecTuCb», 6nrarogaps OT Ayliu
06KapeHHbIM Kakao-606am, a TakoKe XapeHbIM OpeLLKam, HauuHKe. W1 TeopeTudeckm
MOXET ObITb 0OHaPYXXeH He TO/MbKO B YKPaUHCKMX LLIOKONaAKax M KOH(eTax, HO U B
NOGbIX APYTUX.

BozgelicTBure 6eH3(a)nmpeHa TabauHoro gbiva Ha mosnekyny AHK.

B  coctaBe  cmo/mbl  TabayHOro  AbiMa  TaK  Xe  COAepXMUTCS
6eH3(a)nmpeH, OKasbiBarOLLMIA MOLLIHOE BO3felicTBMe Ha Monekyny JHK.

PaccMoTpuM, Kak 6eH3anupeH BauseT Ha JHK uenoBeka. Monekyna
6eH3(a)MpeHa YMeeT COeAUHATLCA C APYrMMA MOAOOHLIMK  3ieMeHTamu, 06pasys
Kpenkue MonekynsipHble cucteMbl ¢ JHK 1 BHeapssch B & KOMM/IEKC, OHa pacLumpseT
[BOVHY0 cnvpasib, MOCTENEHHO HapyLuas B3aumocsssu monekyn JAHK. CnegoBatesbHo,
CMupanb pPackpyumBaeTCA W MOSBNSETCA HOBasA — WCMOPYEHHas, a 3T0  Ydke
reHeTnyeckas Moamdukaums (npeobpasosaHne) Monekynbl AHK 1, COBCTBEHHO,
MPOUCXOAUT MyTaLWS.

TakvuM y>KaCHbIM BHeJpeHUEM B OpraHv3M BCEro OAWH W3 ThICAY KOMMOHEHTOB
Taba4yHOro [bIMa BAVSIET HA KM3Hb KYPWIbLUMKA, MOPTH €ro reHeTMYecKuin (oHm,
KOTOpbIi, BO3MOXHO, eLle aBHO Hayas MOpTUTh ero KypAwwmid npefok. Kypuibliumk, B
CBOKO OYepedb, MepefaéT reHbl, MOABEPXKEHHble MyTauuu, CBOeMy Oyayluemy
MOTOMCTBY, & 3TO MOXET BbI3BaThb CaMble HEMpeackasyeMble NoCneaCTBUA — pas/ivyHble
BPOX/EHHbIE NaTO0rMK U YPOACTBA MPY POXKAEHNN.

120



Il HenpoBETPMBaEMOM MOMELLIEHWM TaM, rae KypsT, GeH3anmpeHa coaepxuTcs B
."ehi KM pa3 6osibLLIE, YeM B CaMbIX HEBIAronosyYHbIX C 3KO/IOrMYECKON TOUKM 3peHNS
MU rax- B6/IM3M habpurK 1 3aBOA0B.

110NHOCTLIO  MCMPaBUTbL 3KOMOTUYECKYID CUTYaUMIO MOXET TO/bKO OTKa3 oT
. «inanns UCKOMaeMoro TOMIuBa B MOMb3y anbTepHATUBHbLIX UCTOYHWUKOB 3HEPrUW, B
Wwnune — BO30OHOB/MSEMbIX, MEPeBOS OGEH3VMHOBO-AM3E/bHBIX aBTOMOOME Ha
bICKTPO- WM BOLOPOAHblE ABUraTenu, WAM nwobble Apyrve 6ofiee 3KOMOrMYHbIe
.H.TepHaTViBbl. UTO AenaTb C acthasbTOM, C/IOKHO CKasaTb — 3TO OTAeNbHas Tema
(HenornyHbIX ropoACKMX AOPOXHBIX MOKPbITUIA.

Uro genatb Ha NMYHOM YpOBHE? Bosblle BpemeHW MpPOoBOAUTL Ha MPUPOSE,
yCTaHaBMMBaTb B KBApTMpe CUCTEMY MNPUTOYHOIO BEHTWIMPOBaHWA, KoTopas
NPUHYAUTEBHO 3aCacbIBAET BO3AYX C Y/ULbI, NPOMYCKaeT ero yepes (UIbTP U TONbKO
HOram nofJaeT K BaM B KBapTUpy. MakCuMasibHO COKpaTUTh CBOE Bpemsi MpebblBaHus
OKO/10 KPYTMHbIX aBTOMOGMW/IbHBIX Tpacc.

Netom 2010 roga, Korga B Poccum, n B TOM uucne .B MockBe 6bliv BOSHbI
aHOMa/bHO >Kapbl, CTaBLUMe MPUUYMHOA MaCLUTabHbIX MOXapoB, MOCKOBCKME BacTu
PeEKOMeH/0Ba/M NMOAAM M0 BO3MOXHOCTU He BbIXOAUTb U3 0Ma, Oyay4n B MOMELLEHUM,
3aTbIKaTh LUE/N B OKHAX MOKPbIMU TPAMKamK, a Ha Y/MLEe HOCUTb PECTIMPATOPbI, MacKu
VHA NPUKPBIBATb POT M HOC BNaXKHbIM HOCOBbIM M/1aTKOM, YTO6bI 3aWMTUTLCSA OT CMOTa
1) Toli cuTyauum ynuupl Gbinn 6YKBanbHO MOJHLI GEH3(a)NMpeHa - pacKanvBLUMIACS U
MaBsALWCc Ha COMHUE acasbT, BCE Te e MWIIMOHbI MallMH U CMOT OT FOPSILLMX
NIECOB Ja/I HEMOBTOPUMBIV «BYKET» 3arps3HAIOLLMX ra3oB, OTHIOAb HE MOME3HbIX Ans
Ye/10BEYECKOrO 30POBbS.

Tak 4To cfenaTb MOXHO He Tak XK U MHOro. oMMMO nepeyuncrieHHoro, MoXHo
[06aBUTb —  BblOMpaiiTe KayecTBEHHble MPOAYKTbl MUTaHUs, B Mpou3BOAUTENE
KOTOPOr0 Bbl MaKCUMabHO YBEpeHbl; B Cfydyae € 6GeH3(a)MMpeHOM 3TO B MepByto
oyepesb KacaeTcs Macen W XXVPOoB PasHOro poga. Hy u elle — coxpaHsiiTe 4yBCTBO
OMOpa, 3TO CEKPETHOE OpYXMWe YeNoBeYeCTBa, KOTOPOe MOMOXET nobeauTb Ntobyro
3apasy, KOrfia H4ero Apyroe He NOMOoraer.

6.7. TpymeTnnamuH

TpumetmnammH (CIbJjN knacc onacHocTu - 3

BcTpeuatoTcs: TPUMETMNAMUH— B BO3flyXe NpU  MeperoHke  6apapl
CBEK/MOBMYHOM naTokn. CofepXaTcsi B HEKOTOPbIX PacTeHWsX, B CenefouHoM
paccorne.

MpUMEHAIOTCA B OpPraHWYecKOM CUHTe3e, B MPOM3BOACTBE aMuHa3UHa,
KpacuTenei, MHCEKTULMAOB.

dusmyeckne CBOMCTBA M cocTas. [a3bl. B 6o/mblwoMm  passedeHWn
TPUMETU/IAMUH  MMEET CeflefloYHbIA 3anax, MpY BbICOKWX KOHLEHTpaUWaX 3anax
ammMuadHbIiA. Koatd). pacTs. napos gumetunamuHa B Boge 230 (60°). B TeXHWYECKOM
NPOAYyKTe COfepXXaHue AWMEeTWNaMuHa He MeHee 97,5%, npumeceli MeTwun- u
TPMMETWUIaMUHOB He 6onee 2,5%,

Tokcuyeckoe — peiicTeue. XKMBOTHble. Mpy  2-4acOBOM  BO3AeNCTBUM
auveTvnammHa ans 6enbix Mblwed JIKS0 = 3,7 wmr/n, npu BO3AEACTBUM
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TpumMeTUNaMuHa — 19 mr/n. Tlopor TOKCUYEeCKOro AedcTBWSi TPUMETWIaMMUHa Mo
M3MEHEHUIO COCTOSIHUA LIEHTPa/IbHOM HEPBHOW CUCTEMbI 6e/bIX KpbIC MpK 4-4acoBOM
Bo3geicTeum 0,025 mr/n. MrHUManbHas KOHLEHTpaumsa AUMETUIaMUHE, BAMAIOLLan
Ha pUTM  [blXaHus Kponuka, 0,22 Mr/n, W3MEHAWas  XapaKTepucTUKu
crmbatenbHoro pedekca (Npyu 40-MUHYTHOM BfAbixaHuu), 0,4 Mr/n. Y Kowlek
CUbHOe cntoHooTAeNneHwe npu 0,4 Mr/n. TpexmecsayHble KPYrioCyTOUHbIe 3aTpaBKm
KpbIC KOHLEHTpaumsamm aumetunammHa 0,00093—0,00033 wmr/n no xogy onbita
NpMBOAUAM K W3MEHEHWSIM  COOTHOLUEHUS XPOHAKCUM  MbILLL-aHTarOHWUCTOB,
CHWKEHUIO cofepaHmsi SH-rpynn B CbIBOPOTKE KPOBW, YFHETEHUIO aKTUBHOCTM
XONMH3CTEPasbl, MOHUXEHWIO VIMMYHOOMOMOrMYECKOM PeaKTUBHOCTM U HapyLLEHUIO
BbleNleHUs KOMponop(hupMHOB € MOYOW. B ronoBHOM Mo3re W Jerkux —
CTPYKTYPHble W3MEHeHWs, BO BHYTPEHHUX OpraHax CHU3WIOCL COfepXaHue
aCKOpPOUHOBOI KMUCNOTbI. BAbiXxaHue TpUMeTUNaMMHa B KOHLeHTpaumu 0,075 mr/n no
54 B ieHb B TeYeHUe 7 MeCALEB BbI3BaSI0 CUMbHOE BO3DYXAEHME XMBOTHbIX, MOHOC,
OTHOCUTENbHbIA  HeTpothunes u CHWKeHWe ra3oobmeHa. B koHue nepuojga
OTpaB/neHus CHU3WNCA nopor HEPBHO-MbILLEYHOI BO30YAMMOCTH.
MaTomopgonornyeckn — BGPOHXOMHEBMOHMS, QYar¥ KPOBOMBMWSIHUIA B MeYeH!,
MoyKax 1 ceneseHke. BbifBieHa 3afepKka HelipoceKpeTa B rmnoTanamyce.

Yenosek. Mopor BocnpuaTua 3anaxa gumetunammd 0,0025 mr/n (no gpyrum
faHHbiM, 0,00003 wmr/n). Mopor pasgpaxatowero Agevictemus 0,05 mr/n, nopor
pethneKTopHOro AeiicTBns (onpegeneH MeTOAOM 3neKTposHuedanorpadumu) 0,00001
mr/n. Topor BocnpmaTna 3anaxa TpumeTunammnHa 0,002 mr/n.

JeiicTBue Ha KOXKy. KOHLEHTPMPOBaHHLIA BOAHbLIA pacTBOpP TPUMMETUNaMMHA
BbI3bIBAET CU/IbHOE YOKEHME W NMOKPACHEHWe KOXM; NP CMbIBaHUN PacTBOpPa C KOXM
0CTaroTCA MeNKre KpOBOM3NUAHKSA, a 60/1b oLyLaeTes ele 1,5—2 u.

MpeBpalleHsi B opraHu3me U BblaeneHve. Mpu BBeAeHUM TPUMETUNAMUHA B
Xenynok Kponukam 80—90% meTabonm3npyroTcs, a3oT YaCTUYHO BXOAUT B COCTaB
MOYEBUHbI, OCTa/IbHOE KO/IMYECTBO BbIENAETCA C MOYOA B HEM3MEHEHHOM BWAe
(Langley).

MpepenbHO gonycTuMas KOHUeHTpauus. Ans aumetunamuvHa 1 mr/m3 a ans
TpUMeTMNaMmHa 5 Mr/m3

ViHamBuayanbHas  3awmTa. OUabTPYOLWMA  NPOMBILLSIEHHBIA  MPOTMUBOras
Mapku A. ObsizaTenbHas 3awiuta Koxu (MepyaTky, crneuogexpga). Cm. Takke
AMVHOCOeAMHEHUS XXMPHOTO psfa.

OnpegeneHve B BO3AyXe OCHOBAHO Ha KONOPUMETPUM OKpPaLLEHHbIX PacTBOPOB,
obpasylolmxcs nNpu  OeiCTBMM  AUMETMNaMUHA Ha  2,4-AMHUTPOXNopOeH3on u
TPUMETUIAMUHA B NPUCYTCTBUM 0-HUTPO(EeHONa. MeLuatoT Apyrue aMUHbI XXMPHOro
psfa, aMMUaK B KOIMYECTBe CBblILLe 5 Mr B Npobe.

6.8. XnopnukpuH

BrepBble CUMHTE3MPOBa/ ONAaCHbIN XNopnuKpuHe 1848 rogy k. CTeHrays.
B panbHelileM 6b10 YCMELWHO MCMOMb30BaH B CMeCU C AUOCTEHOM BO Bpems
6utBbl. OH MpeofoneBas MPUMEHSBLUMECA B TO BPeMS «BfIXKHble MPOTUBOrasbl»,
MoO3TOMY BCKOpPEe Hayas NPOW3BOAMUTLCH BCEMU BOKOHOLLIMMY CTPaHaMK.

122



Uawle Bcero aToT S40BUTBLIA a3 NPYMEHS/IM He CamMOCTOATENbHO, aB
"MKTUYECKUX  CMECAX C  MacKupylowmMn  3anax,  [AblMo0oOpasyloWwmmMm  u
«paBHAOLLMMM  BellecTBamMK (C  CEPOBOLOPOAOM, YeTbIPEXXIOPUCTLIM  OfI0BOM,
XNopoM, (hoCreHoM, AMGOCreHoMm).

OfHako nocrne MNOsSBNEHWS YIofbHbIX NPOTUBOrasos, CMNOCOOHbLIX 3alyLLaTh
OT X/IOPUKPWHA, ero Mcnosib3oBaHWe Pe3ko COKPaTuiocb. Ho OH M 0 HacToALLero
BPEMEHV MPOM3BOANTCA B MPOMbILLIEHHOM MacLiTabe M Mo MHOMMX apMusx Mupa
1Ccnosb3yeTcs Ans 00yUeHUst BOWCK AEACTBUAM B YC/IOBUAX XUMUYECKOTO 3apaXKeHuns
aTMociepbl, a TaKxe [/ NPOBepKW WCMPaBHOCTA W MPaBUIbHOCTU MOATOHKM
NPOTMBOra3os.

MOCMEACTBMA A9 OPFTAHV3MA

1 XnoprnuKpuH BbI3blBaET pasapaXeHne CAM3NCTbIX 060/104EK a3 U BEPXHUX
[bIXaTenbHbIX NyTel B KoHuUeHTpauum 0,01 mr/n (y HekoTopbix ntogein — 0,002
mr/n). OHO NPOSBASETCA B BUAE MOKEHWUSA, pe3n U 601 B rnasax, CMbIKaHUSA BeK,
CNe30TeYEHU U MYUUTENBLHOTO KaLuns.

2. KoHueHTpauus 0,05 Mr/n fBnsSieTCS HernepeHOCMMON U BbI3blBaeT KpOME
MPUBELEHHBIX MPU3HAKOB PeaKLuun pedieKTOpHOro xapakTepa B BuAe TOLUHOTbI U
pBOTbI. B fasibHelilleM pa3BMBatOTCA ObICTPO HapacTatOLLUMiA OTEK NErkux, a Takke
KpPOBOW3UAHMSA BO BHYTPEHHUX OpraHax W B CepAeqHoOl MbILLILie.

3. OTHOCWTENbHAA TOKCMYHOCTL Npy nHranaumm LCTM 20 Mr MuH/n.

CBOWNCTBA

1 XnopnuKpuH npefcTtasiseT coboi 6ecLBeTHYH0, CUIbHO NPESIOMAAIOLLYHO
CBET XMAKOCTb C XapaKTepHbIM pe3KMM 3anaxoMm. [og AeiicTBrieM cBeTa NOCTENEHHO
XENTEeT, a 3aTeM NPYoBpeTaeT XEeNTo-3e/1eHYH0 OKPacKYy.

2. OH pacTBOpsieTCA TakXe B YeTbIPEXX/IOPUCTOM OJIOBE, YETbIPEXX/IOPUCTOM
KpeMHun, B ®OB, nnpwute, gndocreHe n ap.

3. Temnepatypa kuneHus 113°C, gaBfieHWe HacbIWeHHOro napa 18,31 mm pr.
CT. npu Temnepatype 20°C, MakcyMasbHas KOHLEHTpauusi napa npu 3Ton
TemnepaTtype 184 mr/n, Temnepatypa 3amep3aHusi MUHyC 69,2° C.

4. XNOpnuvKpuH pasnaraetcsa NpY HarpeBaHWM, OH TakXKe HeyCTOMuMB K
JeToHauuu.

3AWUTA
HafiexxHoid 3alimToit cnykuT npoTtmeoras. Onis gerasauuyu OB npurofsl
BOAHO-CMMPTOBLIE UM BOAHble (C A0GaBKOM MOBEPXHOCTHO-AKTMBHBIX BELLECTB)
PacTBOPbI CEPHUCTONO HATPKs.
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FTABA 7. OCHOBHbIE 3KOJTOIM’MYECKUWE MPOBJIEMbI U
MyYTN NX PELLEHNA
7.1. no6GanbHble 3KONOrMYECKUe NPobsieMbl U MYTU UX PeLLIEHUS

Ha cerogHAWHWA AeHb camoii 6O/bLIOK M OMacHoW MNpo6nemMoin sABnseTcs
NCTOLLEHWEe U paspyLueHWe MNPUPOAHOW cpedbl, HapylleHWe BHYTPU Hee
3KOMIOrMYecKoro paBHOBECWSI B pe3ynbTaTe pacTylleld U M0X0 KOHTPOAMpPYeMoi
[eATeNbHOCTbIO M0, VICKIUMTENbHBIA Bpes NPUHOCAT MPOWU3BOACTBEHHbIE U
TPaHCMOPTHbIE  KaTacTpodbl, KOTOpble BeAyT K MacCcOoBOW IMGEn  KMBbIX
OpraHu3MOB, 3apPaXXEHWI0 U 3arpsis3HEHMI0 MUPOBOTO OKeaHa, aTMocgepbl, NouBkl. Ho
eule 6ofbliee HeraTMBHOE BO3AEWCTBME OKa3bIBAOT HEMpepbIBHbIE BbIGPOCHI
BPefHbIX BELLECTB B OKPYXKAlOLLYHO Cpesy.

Bo- nepBbiX, CWIbHOE BAWSIHUE Ha 3[40POBbe J/lOfeld, Tem Gonee
paspyLUMTe/IbHOE, UTO YEe/IOBEYECTBO BCE CWMbHEE CKY4MBAaeTCs B ropofax, rae
KOHLIEHTpaLMs BpeHbIX BELLECTB B BO3AyXe, NMOUBE, aTMOC(epe, HEMOCPEACTBEHHO B
MOMELLEHNSX, @ TaKXKe U B APYrMX BO3AENCTBUIA (3NEKTPUYECTBO, PaAMOBO/HLI U Np.)
0YeHb BbICOKO.

Bo- BTOpbIX, MCYE3aHOT MHOTME BUAbI XWUBOTHBIX WM PaCTEHWIA, U NOSBASKOTCS
HOBbIE OMAaCHbIE MUKPOOPTaHN3MbI.

B- TpeTbux, yxyflaetca naHawadT, NA0LOPOAHbIE 3eMU MPeBpaLlaroTcs B
CBau, PEKM B CTOYHbIE KaHaBbl, U3MEHSIETCS MeCTaMy BOAHBIA PeXxum 1 kiumat. Ho
camoii  60/MbLUOM OMACHOCTbIO  FPO3UT  rN06asbHOE M3MeHeHWe  (MOTenneHue)
K1MaTa, BO3MOXHOe, Hanpumep, 13-3a YBeIMUYEHNS B aTMOCHepe YrnekncnoTsl. 3710
CMOCOGHO MPUBECTU K TasHWIO NefHWKOB. B pesynbTaTe noj BOAON OKaXyTcs
OFPOMHbIe 1 FYCTOHAaCce/IeHHbIe palioHbI B pasHbIX perroHax Mupa.

ATMOC(EPHbI BO3AYyX ABNSETCA Camoli BaXKHON >KuM3HeobecreuuBatoLLel
MPUPOAHON Cpefoii 1 NpeAcTaBnseT coboii CMech ra3oB U a3po3osieli MPU3eMHOro
cnost aTMocepbl, CNOXMBLLYHOCS B XOfie 3BOMOLMN 3eM/K, JeATeIbHOCTM YenoBeka
1 HaXOAsALLYIOCA 33 NPeAeiaMy XWIbIX, MPOM3BOACTBEHHBIX U UHbLIX MOMELLEHWIA.

PesynbTaTbl 3KOMOMMYECKUX UCCNELOBAaHWIA, OAHO3HAYHO CBUAETENLCTBYIOT O
TOM, YTO 3arpsi3HeHWe NpU3EeMHON aTMoc(epbl - Camblii MOLLHBIA, MOCTOSAHHO
[EeNCTBYIOLMIA (haKTOp BO3AENCTBMSA Ha YeNOBEKa, MULLEBYIO LiEMb U OKPYXatoLLyH
cpefly. ATMOC(EPHbIA BO3LYX WMMEET HEOrPaHWYEHHYH) E€MKOCTb U WUrpaeT pofib
Hanbonee MOABMKHOIO, XMMWUYECKU arpeccMBHOrO M BCEMPOHMKAIOLLEro areHTa
B3aUMOJENCTBMA BOMM3M MOBEPXHOCTM KOMMOHEHTOB 6Guocgepbl, ruapocgepbl u
nuTocgepbl.

B nocnegHue rogbl MOMyYeHbl [aHHble O CYLLECTBEHHOW ponan  Ans
COXpaHeHMs 6rocthepbl 030HOBOTO COsi aTMOCGePbI, MOTMOLLAKOLIEro ry6uUTebHOe
[N XKVBbIX OpraHW3MoB Y/bTpagnonetoBoe nsnyyeHvie ConHua U hopMUpyHOLLEro
Ha BblCOTax 0Kosi0 40 KM TennoBoi 6apbep, NPesOXPaHAIOLLNA OXNaXeHe 3eMHOM
MOBEPXHOCTMW.

ATMOc(hepa OKa3blBaeT MHTEHCUBHOE BO3AENCTBME HE TOMbKO Ha YeNoBeKa M
61oTy, HO W Ha ruapocepy, NOYBEHHO-PACTUTENbHBIA MOKPOB, FEONOTMYECKYHO
cpefly, 3[aHWsi, COOPYXEHUs W [ApYyrue TeXHOreHHble 06bekTbl. [103TOMy OXpaHa
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aTMoctepHOro BO34yXa 1 O30HOBOTO C/0s SIBMSIETCS Hambosee NPUOPUTETHOM
Npo6nemMoii 3Koorum 1 eid yaenseTca NpUCTalbHOe BHUMaHME BO BCEX Pa3BUTbIX
CTpaHax.

3arpsisHeHHast Npu3eMHast aTMoctepa BbI3bIBAET paK JIErKMX, ropaa U Koxu,
PaccTpOCTBO LIEHTPaNbHON HEPBHOW CUCTEMbI, asiiepruyeckue v pecnmpaTopHble
3ab0neBaHNs, feekTbl Y HOBOPOXAEHHbIX W MHOrve Apyrvie 60/1e3HM, CRMCOK
KOTOpbIX  OMpefenseTcs MpUCYTCTBYHOLWMMM B BO3L4yXe  3arpsiHALLMMN
BELLECTBAMM M MX COBMECTHbIM BO3LEMCTBMEM Ha OpraHu3M YesioBeka. PesynbTarthl
creuuanbHbIX  UCCNeAoBaHWA Nokasanu, UTO MeXAy 3[40pOBbEM HaCeneHus wu
KaueCTBOM aTMOC(HepHOro Bo3fyxa HabnoaeTcs TeCHas NOA0XKMTE/NbHas CBA3b.

OCHOBHbIEe areHTbl BO3/ECTBIS aTMoctepbl Ha ruapoctepy - aTMoctepHble
0CajiK1 B BUfE A0XAA U CHEra, B MeHbLUe CTeMneHn CMora, TyMaHa. MoBepXHOCTHbIE
M MOA3EMHble BOAbl CYLUM WMEKT [/1aBHbIM 00pa3oM aTMOC(epHOe MuTaHue U
BCMEACTBME 3TOM0 WX XMMWYECKUIA COCTaB 3aBMCMT B OCHOBHOM OT COCTOSIHUS
aTmocdepbl.

OTpuUaTeNnbHOE  BAMSIHME — 3arpsi3HEHHOW  aTMoctepbl  Ha  MOYBEHHO-
pacTUTENbHBIA MOKPOB CBS3aHO KakK C BbIMafEHUEM KUC/OTHbIX aTMOCHEPHbIX
0Ca/IKOB, BbIMbIBAIOLLMX Ka/bLUUA, TYMyC W MUKPO3NEMEHTbI M3 MOYB, TaK U C
HapyLLIeHMeM MPOLIeCCOB (POTOCKMHTE3A, NPUBOAALLMX K 3aMefJIEHMI0 pocTa U rnbenm
pacTeHuin. BbiCcOkasi 4yBCTBUTENbHOCTb fAepeBbeB (0cObeHHO 6Gepesbl, Ay6a) K
3arpsisHEHN0 BO3fyxa BbisiBneHa AaBHO. COBMECTHOe AeiicTBME 060MX (DaKTOpPOB
MPUBOAUT K 3aMETHOMY YMEHbLLIEHMIO M/I0A0POAMS MOYB 1 MCUE3HOBEHMIO JIECOB.
KucnoTHble aTMocthepHble OcafiKv paccMaTpyBarOTCs ceiivac Kak MOLLHbIA (hakTop
He TO/IbKO BbIBETPUBAHWS FTOPHbIX NMOPOJ, 1 YXYALIEHNS Ka4ecTBa HECYLLMX TPYHTOB,
HO M XVMMMWYECKOTO paspyLUeHUss TEXHOTEHHbIX OOBLEKTOB, BK/IOYAS MaMATHUKM
KyNbTYpbl U HAa3eMHbIE IMHUM CBS3W. BO MHOrMX 3KOHOMUYECKU Pa3BUTBLIX CTPaHax
B HaCTOsILLiee BPEMS peasin3yroTCs MPOrpamMmbl MO PeLLeHno Npobaembl KUCIOTHbIX
aTMocepHbIX 0CafKoB. B pamkax HauuoHaibHOV MporpaMMbl MO OLEHKE BAMSHUS
KWUCNOTHBIX ~ aTMOC(EPHbIX 0CAafKOB, YyupexaeHHoi B 1980 rogy MHorue
(hepepanbHble  BegomctBa  CLUA,  Havaim  dmMHaHCMpoBaTb — UCCNe0BaHUs
aTMOC(epHbIX MPOLIECCOB, BbI3bIBAIOLMX KUCMOTHLIE [0XAW, C LEbl0 OLEHKU
BVSIHWS  MOCMEAHUX HA 3KOCUCTEMbI U BbIPAOOTKM  COOTBETCTBYHOLLMX
MPUPOAOOXPaHHbIX Mep. BbISICHWNOCh, YTO  KWCMOTHblE [JOXAM  OKa3biBalOT
MHOrOM/IaHOBOE BO3AENCTBME Ha OKPYXKAOLLYH) Cpefly W SIBASOTCA Pe3y/bTaToM
€amooumLLEeHNs  (MPOMbIBaHKA) aTMocdepbl. OCHOBHbIE KWUCMOTHbIE areHTbl -
pa3baBneHHble CepHas U as30THas KWCMOTbl, 0OpasytoLMecs Mpu  peakuysx
OKUC/IEHMS OKCMJ0B CEPbl M a30Ta C y4acTMeM NepoKCAa BOAOPOAa.

K npypofHbIM MCTOUHMKAM 3arpsi3HEHUST OTHOCATCS: WM3BEPXKEHWS BY/IKAHOB,
MblfbHbIe BYpK, NecHble MOXapbl, Mbllb KOCMUYECKOrO MPOUCXOXAEHUS, YacTuLbl
MOPCKOW CONK, NPOAYKTbl PacTUTENIbHOro, XMBOTHOMO WM MUKPOGMOIOrMYECKOro
MPOVCXOXAEHUs. YPOBEHb TaKOro 3arps3HeHWsi paccmaTpuBaeTcs B KauecTBe
(hOHOBOr0, KOTOPI/ Masi0 U3MEHSIETCS CO BPEMEHEM.

[naBHbIi MPUPOAHLIA NpOLECC 3arps3HeHUs MpU3eMHON atmocdepbl -
BY/IKAHMYECKasd M (hlouAHas aKTUBHOCTb 3emn. KpynHble M3BepXeHUs BY/IKaHOB
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NPUBOAAT K rno6asibHOMY W [LONrOBPEMEHHOMY 3arpsi3HeHW0 aTMoctepbl, 0 YeM
CBUAETE/NbCTBYKOT ~ NIETONUCM U COBPEMEHHble  HabnopaTeNbHble  AaHHble
(n3BepxkeHne ByfkaHa MuHaTy60 Ha ®unmnnmHax B 1991 rogy). 310 06ycnoBneHo
TeM, 4YTO B BbICOKME CNOM aTMoc(epbl MFHOBEHHO BblOPACHIBAIOTCH OrPOMHbIE
KOMMYecTBa rasos, KOTopble Ha 60/1bLUION BbICOTe MOAXBATLIBAIOTCS ABWKYLLMMUCS C
BbICOKO/ CKOPOCTbHO BO3AYLUHbIMW MOTOKAMW M ObICTPO PasHOCATCA MO BCEMY
3eMHOMY LUapy.

MpoAoMKUTENBHOCTL 3arpPA3HEHHOr0 COCTOSHUS aTMOCHEpPbl NOC/e KPYMHbIX
BY/IKAHWYECKUX U3BEPXKEHWI JOCTUTAET HECKOMbKUX NET.

AHTPOMOreHHble  UCTOYHWMKU  3arpsisHEHNst  0OYCMOB/IEHbI  XO3ACTBEHHOI
[eATeNbHOCTbLIO YenoBeka. K HUM crefyeT OTHECTW:

1 CxwraHve roproumx MCKOMaemblX, KOTOPOe COMPOBOXAAETCA BbIGPOCOM 5
MApPA. T. YIEKUCNOro rasa B rog. B pesynbTtate atoro 3a 100 net (1860 - 1960 rr.)
cogepxaHme CO02 ysennunnocs Ha 18 % (c 0,027 go 0,032%). 3a mocnegHve Tpu
[ecaTuneTus TeMnbl 3TUX BbIGPOCOB 3HAYUTENbHO BO3POCAMW. [Mpu Takmx Temnax K
2000 r. KonmM4yecTBO YINEKMCOro rasa B atmocepe coctaBuT He MeHee 0,05%.

2. Pabota TennoBbiX  3MEKTPOCTaHUMA,  KOrga Mnpu  OKUraHuu
BbICOKOCEPHUCTbIX YINeil B pe3y/bTaTe BblAENEHUS CEPHUCTOrO rasa ¥ masyTa
06pasytoTcs KUCNOTHbIE LOXAM.

3. BbIx/10MbI COBPEMEHHbIX TYpbOpeaKTUBHbLIX CaMONETOB C OKCMAAMM a30Ta U1
rasoobpasHbiM/ (hTOPYrNEBOLOPOAAMM U3 a3p030/1e, KOTOpble MOMYT MPUBECTU K
MOBPEX/AEHNIO 030HOBOr O €108 aTMocdepbl (030HOCHEPbI).

4. Npon3BOACTBEHHASA AeATebHOCTb.

5. 3arpssHeHue B3BELUEHHbIMW YacTuuUamu (NpyY W3MenbyYeHUK, (acoBke K
3arpyske, OT KOTefbHbIX, 3/IEKTPOCTAHLMWIA, LWAaXTHbIX CTBO/IOB, KapbepoB Mpu
CXWUraHum Mycopa).

6. BbI6poChl MpeanpuUATUAMU pasnnyHbIX ra3os.

7. CxuraHue TonnvBa B (pakenbHbIX Meyax, B pe3ynbTaTe 4ero obpasyercs
CaMblii MacCoBbIl 3arpsSHNTENb —MOHOOKCUE, YT/ieposa.

8. CxuraHue TOMAMBa B KOT/ax W [Burarensx TPaHCMNOPTHbIX CPeAcTs,
COMNpOBOXAatoLLIeecs 06pa3oBaHNEM OKCWAOB a30Ta, KOTOPbIE BbI3bIBAOT CMOT.

9. BEHTMNAUMOHHBIE BbIBGPOCHI (LUaXTHbIE CTBO/IbI).

10. BeHTWAALMOHHbIE BLIOPOCHI C YPE3MEPHO KOHLEHTpauueinl 030Ha W3
MOMELLEeHUIA C YCTAHOBKaMU BbICOKUX 3Hepruid (yckoputenwu, ynbTpauonetosble
MCTOYHWKN W aTOMHble peakTopbl). B 60MbLIMX KONMYeCTBaxX O030H SBMSETCH
BbICOKOTOKCUYHbIM Fa30M.

Mpu npoueccax cropaHWs TOMMBa Haubonee WHTEHCUMBHOE 3arpsi3HeHue
MPU3eMHOro C€nosi aTMocepbl NPOUCXOAUT B Meranonmcax U KpyrHbIX ropogax,
MPOMbILLMIEHHbIX  LEHTpax  BBMAY  LUMPOKOTO  PacrnpocTpaHeHWs B HUX
aBTOTPAHCMOPTHbIX CpeAcTB, T3L|, KOTeNbHbIX W APYruMX 3HEpPreTmyeckux
YCTaHOBOK, paboTatolmx Ha yrie, MasyTe, AW3eNbHOM TONMBE, NPUPOLHOM rase U
6eH3nHe. Bknag aBTOTpaHcnopTa B 06LUee 3arps3HeHVe aTMoC(epHOro Bo3fyxa
pocturaet 3gecb 40- 50 %. MOWHbIM U 4Ype3BblYaliHO OMAaCHbIM  (HaKTOPOM
3arpsi3HeHnst aTMocdepbl ABNAOTCA KatacTpodbl Ha ASC (YepHoObbINbCKas aBapust)
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M UCMbITAHWS SAEPHOT0 OpYXWs B aTMoctepe. ITO CBA3aHO KakK C ObICTPbIM
pitniocoM pagnoHYKNMAOB Ha 06O0/blLUME PacCTOSHUA, TaK U C [A0NrOBPEMEHHbIM
Y||TKTepoM 3arpsi3HeHNst TepPUTOPUN.

BbiCOKasi  OMAcHOCTb  XMMWYECKMX U BUOXMMUYECKUX  MPOM3BOACTB
BK/OYaETCS B MOTEHLMA/IbHOM BO3MOXXHOCTW aBapuitHbIX BblIOPOCOB B aTMOCHepy
ype3BblYaliHO TOKCUYHbIX BELLECTB, a TaKXKe MIUKPOGOB U BUPYCOB, KOTOPbIE MOTYT
LU MBaTh 3NUAEMUI CPEAN HACENEHNS U KUBOTHBIX.

B HacTosllee BpeMsi B NPU3EMHO/ aTMoc(epe HaxoAsTcs MHOrue AecsTKu
WiCH  3arpsisHAIOWMX — BELLECTB  aHTPOMOreHHOro  MPouCXOXAaeHus.  Beuay
MPOAO/HKAOLLErocss  pocTa  MPOMbILUEHHOTO M CEMbCKOXO3AACTBEHHOIO
MPOM3BOACTBA MOSIBNSKOTCA HOBblE XMMWYECKME COEAMHEHMSA, B TOM YWCME CUIbHO
TOKCWYHbIE. NaBHbIMW aHTPOMOreHHbIMU 3arpA3HUTENSMU aTMOCHEPHOr0 BO3AyXa
KPOMe KPYMHOTOHHaXXHbIX OKCWAOB CEpPbl, a30Ta, Yr1epoaa, Nblin U CaXn ABNAKTCA
COXHbIE OpraHMYyeckne, XIOPOPraHWYeckne W HUTPOCOEAMHEHWS, TEXHOreHHbIe
paguoHyKNMAabl,  BMPYCbl M MMKPOGbl.  Hambonee  omacHble  LUMPOKO
pacnpocTpaHeHHble B BO3AyLUHOM 6GacceliHe KasaxcTaHa AMOKCUH, 6GeH3(a)nupeH,
teHonbl,  hopManbgerng, cepoyrnepof.  TBepable  B3BELUEHHble  YacTuLpbl
MpeAcTaBNeHbl [NMaBHbIM 00pa3oM  Cakeld, KanbLUUTOM, KBapLeM, TVAPOC/HA0N,
KaO/MHUTOM, NMOMEBbIM LUMATOM, peXe cynbaTamu, Xnopuaamn. B cHerosoli nbinu
CneuuanbHo  pa3paboTaHHbIMKM - MeTodamn  06HapYXXeHbl OKUC/bI, Cy/bgaTbl K
CynbuTbl, CyNb(MAbl TSHKENbIX MeTaNIoB, a TaKkKe CnnaBbl W MeTal/bl B
CaMOPOAHOM BufE.

B 3anagHoli EBpone npuoputeT oTAaeTcst 28 0C060 OMAcHbIM XMMUYECKUM
3NleMeHTaM, COefJMHEHMAM W VX Tpynnam. B rpynny opraHMYecKux BeLLeCTB BXOAAT
aKpun, HWTpun, 6eH3on, Qopmanbierna, CTUMPON, TOMYON, BUHUAXMOPUA, a
HeopraHM4ecknx - Tskenole meTannbl (As, Cd, Cr, Pb, Mn, Hg, Ni, V), rasbl
(yrapHbIii ras, cepoBofopoj, OKCUAbI a30Ta 1 cepbl, PafioH, 030H), acOecT.

MpenMyLLLECTBEHHO TOKCMYECKOe [AeiCTBME OKa3blBaKOT CBUHEL, KaaMWA.
VIHTEHCMBHBIA HENpUATHbIA 3anax WMET Cepoyrnepod, CepoBoAopod, CTUPON,
TCTpaxnopaTaH, Tonyon. Opeon BO3MeCTBMS  OKCWUAOB Cepbl M as3oTa
pacnpocTpaHseTcs Ha 60/blUMe PaCcCTOsSHUA. BbllleykasaHHble 28 3arpssHUTenei
BO34yXa BXOAAT B MeXAyHapOAHbIA peecTp MOTeHLMaNbHO TOKCUYHBIX XMMUYECKNX
BELLIECTB.

OCHOBHble 3arpsisHATENM BO3A4YyXa XXUbIX MOMELLEHWIA - Mbib U TabayHbIi
[bIM, YTrapHbIA 1 YrNeKUCbliA rasbl, ABYOKWUCb a30Ta, PafoH W TSHKefble MeTalfbl,
MHCEKTUUMAbI, [e30[0PaHTbl, CUHTETWYECKME MOMLME BELIECTBa, a3po30/M
NeKapcTB, MUKPOObI M GakTepun. HAMNOHCKME WCCMeaoBaTenn Mokasanu, YTo
OpoHXMabHas acTMa MOXET ObiTb CBfi3aHa C Ha/IMUMEM B BO3LyXe KWMMLY
[JOMALLHMX K/ELLE.

Ona atmoctepbl  XapakTepHa 4pesBblyaliHO BbICOKAs  AWHAMWYHOCTb,
06ycnoBneHHas Kak ObICTPbIM MepeMeLLeHMEM BO3AYLUHbIX MacC B flaTepaibHOM U
BEPTVKA/IbHOM HanpaBfeHWsX, TaK W BbICOKAMM CKOPOCTAMM, pa3HOOOGpasveM
MPOTEKAIOLWMX B HEl (PU3MKO-XMMUYECKMX peakLmii. ATMochepa paccMaTprBaeTcs
ceiilyaC  Kak OFPOMHBIA  «XMMWYECKWIA  KOTeN», KOTOPbIA HaxoguTcs MOf
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BO3[ENCTBMEM MHOTOYMCNEHHBIX U W3MEHUMBLIX AHTPOMOrEHHbIX W MPUPOAHbIX
(hakTOpoB. [a3bl M a3po30/, BblOpacbiBaeMble B aTMocepy, XapaKTepusyoTcs
BbICOKOV/ peaKLMOHHOM CNOCOBHOCTLI0. Mbllb M CaXa, BOHMKAOLLME MpU CropaHum
TON/IMBA NIECHBbIX NOXapax, COPOUPYIOT THKesble METaIbl U PaANOHYKUAbI U NPy
0CaXAEHUM Ha NOBEPXHOCTb MOTYT 3arpsisHNTL OBLLMPHbIE TEPPUTOPUM, NPOHNKHYTH
B OpraH13M Ye/I0BeKa Yepes opraHbl AblXaHus.

Bpemsi «KW3HU» Ta30B M aspo3oieii B aTMocdiepe KonebneTcs B OYeHb
LIMPOKOM AmanasoHe (0T 1 —3 MWHYT A0 HECKONMbKUX MECSILEB) M 3aBUCUT B
OCHOBHOM OT WX XWMWYECKON YCTOWYMBOCTWM pasmepa (a1sa aspos3onein) u
MPUCYTCTBUA PeakLMOHHOCNOCO6HbIX KOMMOHEHTOB (030H, NEpOKCuf BOZOpOAa M

) OueHKa 1 TeM 60fiee NPOrHO3 COCTOAHWS NMPU3EMHOIN aTMocepbl ABAAIOTCA
0YeHb CNOXHOM Mpob6neMoil. B HacTosilee Bpemst ee COCTOSHME OLEHVBaeTCs
rnaBHbIM 06pa3oM MO HOPMAaTMBHOMY MOAXOAY. BennumHbl  TOKCUYECKMX
XMMUYECKMX BELLUECTB 1 Apyrve HOpMaTWBHble MOKa3aTesM KauyecTBa BO3fyXa
MpuBefeHbl BO MHOTMX CMPaBOYHMKAX U PYKOBOACTBAaX. B Takom pykoBOACTBe Ans
EBponbl KpOMe TOKCUYHOCTM 3arpssHsHLLIMX BeLLeCTB (KaHLeporeHHoe, MyTareHHoe,
aNnepreHHoe W [pyrue BO3AEWCTBUS) YUWUTBLIBAOTCS WX PaCMpOCTPaHEHHOCTb U
CMOCOGHOCTL K aKKyMY/sLMU B OpraHu3me YenoBeka W NuLLEeBol Lenu. HegoctaTkm
HOPMaTMBHOIO MOAX0Aa —HEHAAEXHOCTb MPUHATLIX 3HAYEHWUIA MoKasaTenein us-3a
cnaboin pa3paboTaHHOCTM WX 3MMMPUYECKON HabnlogaTenbHon 6asbl, OTCYTCTBUE
y4yeTa COBMECTHOrO BO3ZEWCTBUS 3arpsisHUTENE M pesKMX M3MEHEHWIA COCTOSHYSA
MPW3eMHOrO Cflos aTMOocepsbl BO BPeMeHW W npocTpaHcTee. CTalMOHapHbIX MOCTOB
HabnoAeHUs 3a BO3AYLUHLIM 6acceiiHOM Mano, U OHU He MO3BOMSKOT afleKBaTHO
OLEHUTbL €ro COCTOSIHME B KPYMHbIX NMPOMbILLIEHHO —YyP6aHU3MPOBaHHbIX LIEHTPpaX.
B KauecTBe MHAMKATOPOB XMMMWYECKOrO COCTaBa MPU3EMHON aTMoctepbl MOXHO
1CMOMb30BaTb XBOH, SMLIAAHMKYA, MXW. Ha HauyalbHOM 3Tane BbISB/IEHWS O4aroB
pafvoaKTUBHOIO 3arpsisHEHNs!, CBA3aHHbIX C YePHOOLINLCKOW aBapueld, U3y4vanach
XBOS  COCHbl, 00/Majarolias  CMOCOOGHOCTbID — HakamivBaTb  PafVOHYKIMABbI,
HaxofsLimecs B Bo3gyxe. LLIMPOKO M3BECTHO MOKPACHEHWE U1 XBOWHbIX [AEPEBLER B
neproAbl CMOroB B FOpojax.

Havbonee UyTKUM U HafeXHbIM WHAWKATOPOM COCTOSIHWS MPU3EMHONA
aTMoc(epbl SBNSETC CHEroBOW MOKPOB, AEMOHUPYIOLLMIA 3arpssHAOLLME BeLLEecTBa
3a CpaBHUTENbHO [AMMTENbHbIA NEpuoj BPEMEHU W MO3BOMSIOWMIA YCTaHOBUTb
MECTOMO/IOXKEHNE MCTOYHMKOB MblNEra3oBbIGPOCOB MO KOMMIEKCY MOKasaTeneii. B
CHEroBbIX BbIMaAeHUAX (PUKCUPYIOTCA 3arps3HUTENK, KOTOpble HEe YMaBiMBatOTCA
MPAMbIMUA N3MEPEHUAMU MU PACUETHLIMM AaHHLIMU M0 MblnerasoBbiopocam. [6]

K nepcrneKTBHbLIM HanpaBieHNsIM OLLEHKW COCTOSIHWS MPU3EMHOI aTMocepsbl
KPYMHbIX ~ MPOMBILUAEHHO -  YpBaHU3MPOBaHHLIX  TEPPUTOPUIA  OTHOCKTCA
MHOrOKaHa/lbHOe AMCTaHLMOHHOe 30HAMpOBaHWe. [MpeumyLlecTBO 3TOr0 MeToda
3aKM0YaeTc B CMOCOBHOCTM BbICTPO, HEOAHOKPATHO M B «OAHOM  K/HOUe»
OxapakTepu3oBaTb 06o0/bluve nowaan. K HacTosiiemy BpeMeHW pa3paboTaHbl
Cnocobbl OLEHKW CoAepXaHuss B aTMocdepe aspo3oneil. Pas3BuTMe HayyHO-
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M YHUYCCKOro nporpecca No3BONseT HafesTbCA Ha BbIpaboTKy TakKux CnocoboB U B
I'lHOLLeHWM ApYTnX 3arpA3HAIOLLX BELLECTB.

11porHo3  COCTOSIHUA  MpU3eMHOW  aTMoctepbl  OCYLLECTBASETCA  HO
KOMMMEKCHbIM ~ AaHHbIM. K HUM  npexae BCero OTHOCATCA  pesy/bTaTbl
MOHWUTOPUHIOBbIX HA6MOAEHWI, 3aKOHOMEPHOCTM MWrpauum u TpaHchopMaumm
MH PA3HAIOLLMX BELLECTB B aTMoc(epe, 0COOEHHOCTU aHTPOMOreHHbIX U MPUPOAHbIX
MPOLIECCOB  3arps3HeHnst BO3AYLUHOro GacceliHa U3y4vaemoii TeppuTopuK, BAMSIHUE
MTeoHapaMeTpoB, pe/beda 1 ApYrux (hakTopoB Ha pacnpefeneHune 3arpsasHuTenei B
oKpyatowleli  cpege. [Ona  3TOr0 B OTHOLUEHWM  KOHKPETHOrO  pervoHa
Pa3pabatbIBatoTCA 3BPUCTUYHLIE MOAENN W3MEHEHUs MpU3eMHOM aTMocdepbl BO
MPCMCHM W MpOCTpaHCTBe. Hawmborbluve Yycnexu B pPeLleHnW 3TOW  CMOXHON
npo6nemMbl JOCTUTHYTbI ANA paioHOB pacronoxeHus A3C. KOHeuHblid pesynbTar
MPYMEHEHNs TaKUX MOJeNeld - KOMMUYeCTBEHHas OLieHKa pUCKa 3arpsi3HEHMs BO3ayXa
1 OLIEHKA ero NpUeMneMocT C COLManbHO-3KOHOMUYECKOI TOUKW 3peHUs.

K OCHOBHbIM 3arpsisHUTENAM aTMoc(epbl OTHOCATCS YIIEKMC/bIA Ta3, OKCWf
yrnepofa, AMOKCUAbl Cepbl M a30Ta, a TakkKe Masible rasoBble COCTaBMSOLLME,
i HOCOGHblE OKa3blBaTb BAUAHME Ha TEMMEPATYPHbIA peXxxMm Tponocgepbl: LUOKCUL
ntoTa, ranoreHyrnepopbl (()peoHsbl), MeTaH M TPOMOCHEPHBIA 030H.

OCHOBHOM BKMaf, B BbICOKWIA YpOBEHb 3arps3HeHWs BO3Lyxa BHOCSAT
NPeanpuATUS  YepHOW W LUBETHOW  MeTannyprum, XuUMUM U HeTeXMMUW,
CTPONVHAYCTPUN, 3HEPreTUKU, LE/0N03HO-0YMaXKHON MNPOMbILNEHHOCT, a B
HEKOTOPbIX ropofax v KoTefbHble.

VICTOYHMKM 3arps3HeHNI - TeNO3NEKTPOCTaHLMM, KOTOPble BMECTE C AbIMOM
BblOpacbiBalOT B BO3AYX CEPHUCTBIA W YINEKUCNbIA ra3, MeTannypruyeckme
npeanpusTMa, 0CO6EHHO LBETHON MeTasllypruun, KOTopble BblOpachiBaloT B BO3AYX
OKMC/bl 830Ta, CePOBOAOPOA, X/10p, (PTOP, aMMuaK, coefuHeHus docdopa, YacTuubl
1 COEAMHEHNA PTYTU U MbILLbSKA, XMMUYECKUE U LieMeHTHbIe 3aBofbl. BpeaHble rasbl
nonagatoT B BO3AYX B pe3y/nbTaTe CXXUraHus TONAMBa ANA HYX[, NPOMbILLIEHHOCTH,
OTOM/IEHUA XUNWLL, PpaboTbl TPAHCMOPTA, CXKWUraHWs U nepepaboTKN BbITOBLIX U
MPOMBbILLNEHHbBIX OTXOZ0B.

ATMOC(EpPHbIe 3arpA3HUTENN PasfensatoT Ha MepBUYHbIE, MOCTYNatoLLme
HernocpeACTBEHHO B aTMocepy, W BTOPUYHblE, SBASIOWLMECA  PEe3y/bTaToM
MpeBpalleHns mocnefHux. Tak, NocTymalwWii B atmocepy CepHUCTbLIA ra3
OKWCNSETCS [0 CEpPHOr0 aHruapuaa, KOTOpbIA B3aMOLENCTBYET C Mapamu BOAbl U
06pa3syeT KaneibKy CepHO KMCMoThl. Mpu B3aMOAECTBUM CEPHOr0 aHruapuaa c
aMMMakoM 06pasyloTca KpucTasibl cynbdata aMmMoHus. ofobHbIM 06pasoM, B
pe3ynbTaTe XMMUYECKMX, (OTOXMMUYECKUX, (IN3NKO-XUMUYUECKUX peakuuini Mexay
3arpAsHAIOLWLMMM BELLecTBaMU M KOMMOHeHTamu aTMoctepbl, 06pasytoTca apyrue
BTOPUYHblE NPU3HaKW. OCHOBHbIM WCTOYHUKOM MUPOFEHHOrO 3arpa3HeHUs Ha
MiaHeTe SBMAKOTCA TEM/I0Bble 3/1IEKTPOCTAHLUUN, METa/yPruyeckme U XMMUYecKue
NpeanpuaTvs, KOTeflbHble YCTAHOBKM, MOTpebnawowme 6onee 170% exerogHo
[,06bIBaEMOro TBEPAOro U1 XXMAKOro TONIMBA.

OCHOBHbIMU BpeAHbIMW MPUMECSMU MUPOTEHHOTO MPOUCXOXAEHNA ABASIOTCA
ClegytoLpe:
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a) Okcup yrnepoga. lMonyyaeTcsi NpW HEMOSHOM CropaHWK YTiepoancTbIX
BellecTB. B BO3gyX OH nonafjaeT B pesy/ibTaTe CXUraHWsi TBepAblX OTX0AO0B, C
BbIX/IONHbLIMW ras3aMy U BbIGPOCAMU MPOMBILLAIEHHBIX MNPeANPUATWIA. ExxerogHo
3TOrO0 rasa nocTynaeT B aTMoctepy He MeHee 250 MH. T. OKCuA yriepoga sBnseTcs
COefVHeHVeM, aKTMBHO pearvpyrlolmyM C COCTaBHbIMW 4acTaMW aTMocgepbl, K
CMOCOBCTBYET MOBBILLEHNIO TeMMepaTypbl Ha MAaHeTe, M CO3[aHUKO MapPHUKOBOTO
athhekTa.

6) CepHucTbll  aHrugpua. BeblgenseTtcs B Mpouecce  CropaHus
Cepoco/epXKaLlero Tonmea Ui nepepaboTky CEPHUCTbIX py4 (80 70 MAH. T. B rog).
UacTb coefyHeHWiA Cepbl BbIAENSETC MPW FOPEHUM OPraHUYECKUX OCTaTKOB B
ropHopyaHbix oTBanax. Tonbko B CLUA o06luee KOMMYECTBO BbIGPOLLEHHOMO B
aTmoctepy CEepHWUCTOr0 aHruapuga coctaBuno 85 MpOLEHTOB OT 06LLEMMPOBOro
BblGpoCa.

B) CepHblit aHrugpma. ObpasyeTcs Npy OKUCNEHUM CEPHUCTONO aHrMapuaa.

KOHeYHbIM MpPOAYKTOM peakuMu SIBASETCH aspo30/b WM PacTBOP CEpHOW
KWNCNOTbI B JOXAEBON BOAE, KOTOPbIA MOAKWUCASET NOYBY, 060CTPSET 3ab0/eBaHUS
[bIXaTeNbHbIX MyTeli YenoBeka. BbinafeHre a3apo3onst CepHON KUCNOThI 13 bIMOBbIX
(haKenoB XMMWYECKUX NPEAnpusTUA OTMeYaeTCsl MpU HU3KOM 06avHOCTM U
BbICOKO/ BNaXHOCTM BO3Ayxa. lMupomeTannypruyeckvie npeanpusaTus LBETHOW K
yepHoi meTannypruu, a Takxxke TOC exerofHo BblbpackiBatOT B aTMOC(epy AeCATKM
MUW/IIMOHOB TOHH CEPHOr0 aHrMapuaa.

r) CepoBofopoA 1 cepoyrnepod. MocTynatoT B aTMocepy pasfenbHO Wan
BMECTE C APYTVMMW COEAUHEHVSIMU cepbl. OCHOBHbIMM WCTOYHMKaMM BblGpOCa
ABNAKOTCA NPEANPUSTUS MO U3rOTOB/IEHWIO WCKYCCTBEHHOTO BOJIOKHA, Caxapa,
KOKCOXUMMYECKME, HedhTenepepabaTbiBalolme, a Takke HeqTenpombicibl. B
aTmocthepe Mpu  B3aMMOAEWACTBAM C APYrMMU  3arpsisHUTENsMU  MOABEpratoTcs
Me/TIEHHOMY OKMC/IEHUIO 10 CEPHOTO aHrmapuaa.

) Okcmgbl a3ota.  OCHOBHbIMKM  WCTOYHMKaMKM  BbIGpOCa  SBASKOTCS
NpeanpusaTus, NPoOM3BOAALLME; a30THble YA0OPEHNS, a30THYHO KWUCIOTY U HWATPATI,
aHWIVHOBLIE  KPAacWUTeNW, HUTPOCOEAWMHEHWS, BUCKO3HbIA  LUENK,  LEefIynous,
KonmuecTBo OKCUAOB a30Ta, MOCTyMatoLmUxX B aTMocgepy, coctasnseT 20 MiH. T. B
rog.

e) CoeayiHeHus (bTopa. VICTOUHMKaMK 3arpsi3HEHMS SBASKOTCS MPeAnpusTus
Mo NPOW3BOACTBY aTHOMUHMSA, 3Maseid, CTeKNla, KepamuKM, CTanu, (OCHOpPHbIX
ypobpeHuii. dTopocofepkallye BellecTBa MOCTyMatloT B aTmoctepy B Buge
ra3o06pasHbIX COeAMHEHNI - (ITOPOBOAOPOAA UM MbiAu PTOPUAA HATPUS 1 KabLys.

CoefMHeHUs  XapaKTepu3yloTCsl TOKCUMYeCKUM  aheKToM. [Mpon3BOAHbIe
(hTOpa ABNAKTCA CUMbHBIMUA UHCEKTULIMAAMM.

%) CoeauHeHus xnopa. [locTynatoT B atmoctepy OT  XUMUYECKUX
NpeanpUATURA, NPOM3BOSALLMX COMSHYKO KUCOTY, X/I0POCOAEpXKallive necTuLmabl,
opraHvWuyeckvMe Kpacutenu, TUAPOMM3HLIA CMUPT, XIOPHYK W3BecTb, cogy. B
aTMoctepe BCTpeYaroTCs Kak MPUMECh MOJEKY/Ibl XI0pPa U NapoB COMAHONM KUC/OTbI.
TOKCUYHOCTb X/10pa ONpeaenseTcs BUAOM COBAUHEHNIA N UX KOHLEHTpaLMe.
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B MeTasypruyeckoli MPOMbILLJIEHHOCTM TMpU  BbIMIaBKE YyryHa W Mpu
nepepaboTke ero Ha CTasb MPOMUCXOAUT BbIBPOC B aTMOCKepy PasIUUHbIX THKENbIX
METII0B U Af0BUTLIX rasoB. Tak, B pacyeTe Ha 1 T. MpefenbHOro uyryHa
BblAENAETCA KPOMe 2,7 Kr CepHUCTOrOo rasa u 45 Kr nblieBbiX 4acTul,
onpeaenstowmx KoMYecTBO COEAVHEHUIA MbllbAKa, (ocdopa, CypbMbl, CBUHLA,
NapoB PTYTU U PeLKUX METaI0B, CMO/SIHBIX BELLECTB W LIMaHUCTOro BO4OPOAA.

Hanbonee pacnpocTpaHeHHble 3arpsasHUTenM aTtMmocdepbl NOCTynawT B
aTMoctepy B OCHOBHOM B [BYX BWAax: 160 B BUAE B3BELLEHHbLIX YacTul, 160 B
BUZe rasoB. PacCMOTPUM KaXK[blIli U3 HUX B OTAENBLHOCTM.

Yrnekucnblii ras. B pesy/braTe CKWraHus TOMAMBa, a TakXkKe MPOM3BOACTBA
LiemeHTa B aTMocthepy NocTynaeT OrpoOMHOe KOIMYECTBO 3TOro rasa. Cam 3ToT ras He
00BUT.

YrapHblii ra3. CxuraHue TOMMBa, KOTOPOe CO34aeT 6OMbLUy0 YacTb
rasoo6pasHbIX, fa W a3po30/bHbIX 3arps3HEHWA aTMOChepbl, CAY>XUT UCTOUHUKOM
[pyroro yrnepofHoro CcoefuHeHWs - yrapHoro rasa. OH S0BUT, MPUYEM ero
OMacHOCTb YCyrybnseTca TeM, YTO OH He UMEET HU LiBeTa, HY 3arnaxa, U oTpaB/ieHue
MM MOXXET NPOU30MATY COBEPLLEHHO HE3aMETHO.

B HacTOsee Bpemsi B pe3ynbTaTe AeATENIbHOCTU YesioBeka B aTtmoctepy
noctynaet okosio 300 MWINMOHOB TOHH YrapHOro rasa.

Yrnesogopogbl, MocTynawowme B aTtMocdepy B pesynbTaTe [edTeNlbHOCTU
4yenoBeKa, COCTaBNANT HeOOMbLIYO [0 OT YrNeBOAOPOLOB ECTECTBEHHOro
MPOUCXOXAEHNS, HO 3arpssHeHre VMM VIMEEeT BecbMa BaXKHOe 3HaueHue. KX
NOCTYN/IEHNE B aTMOC(EpPY MOXET NPOMCXOAUTL Ha NGOl CTaaun Npov3BOACTBa,
06paboTKK, XpaHeHWsl, MepeBO3KM W WCMOMb30BAHWSA BELLECTB W MaTepuanos,
cofiepXalumx yrnesofopod. bonee MOMOBUHLI YrNeBOAOPOLOB, MPOM3BOAUMBIX
YeNoBEKOM, MOCTYMaeT B BO3L4yX B pe3y/ibTaTe HEMofHOro CropaHus GeH3uHa u
OM3eNnbHOrO  TOMAMBA MPU  3KCniyatauuuM aBTOMOOUNEA W [Opyrux Cpeacts
TpaHcropTa.

CepHUCTLIV ra3. 3arpasHeHvie aTMocepbl COeANHEHNUSMMN Cepbl UMEET BaXKHbIE
3KOMOIMYecKne  MocneAcTsud. [NaBHble  UCTOYHWKM  CEpPHUCTOrO  rasa -
BY/IKAHWYeCKas [AeATe/IbHOCTb, a TakXe MpPOLECcCbl OKUC/IEHWS CepoBOAOopofa M
[pYTVX COeaVNHEHWIA cepbl.

CepHUCTble  UCTOYHUKM  CEPHUCTOTO rasa Mo WHTEHCMBHOCTM  [1aBHO
MPeB30LUN BYNKaHbl U CeAvac CpPaBHAMMCb C CYMMAapHOW WHTEHCMBHOCTbIO BCEX
€CTEeCTBEHHbIX MCTOYHMKOB.

A3po30fieBble  YaCTMUbl, MOCTYMalOT B aTtMocepy W3  eCTeCTBEHHbIX
MCTOYHMKOB.

Mpovuecchl 06pa3oBaHNs aspo30neit BeCbMa pasHoo6pasHbl. 3T0, NPexie BCero
pasgpobneHve, pasMensyeHrie U pacrblieHne, TBEPAbIX BELLECTB. B npupoge Takoe
MPOMCXOXEHNE UMeeT MUHEPasIbHas Mblb, MOAHUMAEMasi C NOBEPXHOCTU NYCTbIHb
BO BPeMsl MblbHbIX 6ypb. VICTOUHMK aTMocdepbl aspo3oneil MMeeT rnobanbHoe
3HayeHue, TakK Kak MyCTbIHW 3aHUMAOT OKOMIO0 TPEeTU MOBEPXHOCTU Cyluu, fa eLle
MMeeTCH TeHAEHLMA W YBENIMYEHHOTO UX JONAWM U3- 3a HepasyMHON, AeATeNbHOCTU
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yenoseka. MuHepasbHasi Nblib C MOBEPXHOCTU MYCTbIHb MEPEHOCUTCA BETPOM Ha
MHOT Ve ThICSYU KUIOMETPOB.

AHanorn4yHoe MposBMISIETCS  BYNKAHWMYECKWA nemen, monajalowmii B
aTMocthepy BO BpeMS  U3BEPXKEHWS, MNPOUCXOAAT CPABHWUTENLHO PeaKo 1
HEeperynspHo, BCMEACTBME YEro 3TOT MCTOMHMK a3po30is MO0 MacCe 3HAuYWTeNbHO
YCTynaeT MNblbHbIM BypsiM, €ro 3HayeHve BeCbMa Be/IMKO, TakK Kak 3TOT a3po3ofib
3abpacblBaeTcsl B BepXHMe Cou atmocdepsl —B cTpaTocdepy. OcTaeTcs Tam, B
TeYeHWe HECKO/bKUX NET, OH OTPaXKaeT WM MOr/OWAeT YaCTb COMHEYHOMN 3HEpruu,
KOoTOpast Morna 6bl B €ro 0TCYTCTBUM AOCTWYb MOBEPXHOCTU 3eMN.

VCTOUHMK ~ a3po3onieil  ABMSIETCS  Takke  TeXHOOMMYEecKMe  MpoLEecChl
XO035CTBEHHON AeATeNbHOCTM NHOAEiA.

MOLLHBI/ UICTOYHUK MUHEPIbHOM MbIAN - MPOMBILLIEHHOCTU CTPOUTESbHBIX
maTepuanioB. [lobblua W Apo6neHWe MOPOA B Kapbepax, WX TPaHCMOPTUPOBKA,
MpOM3BOACTBO LIEMEHTa, CaMO CTPOMUTENbLCTBO —BCE 3TO 3arpsi3HAeT aTMoctepy
MUHEPIbHBIMU — YacTULaMy.  MOLLUHBIA  MCTOYHUK  TBEpAbIX — aspo3oneih —
ropHoA06bIBaOLLAs NMPOMBILLIEHHOCTb, B OCOGEHHOCTY MpK J06bIYe YIS U pyabl B
OTKPbITLIX Kapbepax.

A3po3onn  nonajalT B atmoctepy npu  pasbpbi3rvBaHUKM  PacTBOPOB.
ECTeCTBEHHbIA MCTOYHUK TaKUX a3p030/ei - OKeaH, MOCTaBNSIOLMIA XTOPULHbIE 1
cynbhaTHble a3po30/u, 06pa3yoTCca B pesynbTaTe UCMapeHus MOpCKMX 6pbiar. Elue
OAVH MOLLHbBIA MeXaHW3M 06pa3oBaHue, a3po30/ieii - 3TO KOHAEHCaLMs BELLeCTB BO
BPEMS FOPEHWSI UIN HEMONIHOE CropaHue M3-3a HeflocTaTka KMCMopoAa WAu HW3KOMA
TemnepaTypoli ropeHvs. A3po3onun yaansoTces U3 aTMocdepbl Tpems NyTAMU: CyXUM
OCXAEHMEM MOf [AeWCTBUEM TSHKECTW (rNaBHbIA MyTb A1 KPYMHbIX YacTul),
OCX[AEHVEM Ha MpensTcTBMAX U  BblbbiBaHMEM 0OcCagkamu. A3p030/eBble
3arpsi3HeHNst BO3LEMCTBYIOT Ha MOrogy M KaMMaTr. XWMUYECK/Me HeaKTUBHbIE
a3p030/IM  HaKanIMBalTCA B fIErKUX W BedyT K NOBpexaeHusM. OBbIuHbIA
KBapLeBbli MEeCoOK W Apyrue CWUAMKaTbl — C/OAbl, [/UHbI, acbecT u T.A.
HaKanMBaeTcsl B IEKMX U NPOHWKAET B KPOB, MPUBOAMT K 3a60/1€BaHNI0 CEpAEYHO-
COCYAMCTOl CUCTEMbI 1 3260/1EBAHUIO MEYEHMW.

7.2. T'nobasibHOE N3MEHEHME KMMaTa

KonoccanbHoe MOryLecTBO MPUPOAbl: HaBOAHEHWE, CTUXWW, BypuW, NOABLEM
YPOBHA MOps. V3MeHeHWe kaMmaTa MeHsieT 06pa3 Halleil nnaHeTbl. [pudygbl
norofbl YXKe He AIBNAKOTCA YEM-TO HeobblYHbIM, 3TO CTaHOBUTCA HOPMON. J184 Ha
Hallell niaHeTe TaeT M 3TO MeHsieT BCE. Mops nogHWMMYTCS, ropoja MoryT ObiTb
3aTOM/EHbI Y MUIMOHDI NtOAE MOTYT NOrMOHYTb. HU O4UH NPUBPEXHbIVA paioH He
YOEXMT OT YXKACHbIX MOCNEeACTBUNA.

nobanbHOe MOTEMfieHKe, Mbl MOCTOSHHO C/bILUMM 3TO BbIpaXEHWE, HO 3a
3HaKOMBIMW CNOBaMM CTOMT Myrawowas AeCTBATENbHOCTb. Hawa nnaHeta
HarpeBaeTCs W 3TO OKa3blBaeT KaTaCTPO(MUECKWUA 3((eKT Ha NeAsHble LUarkKu
3emMmn. TemnepaTypa MOAHWMAETCs, /N84 HauMHAeT TasTb, MOpEe HauuHaeT
nogHUMaTbes. Mo BcemMy MMpY YpOBEHb OKeaHa NOoAHUMAETCS B 2 pa3a bbicTpee Yem
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150 net Hasag. B 2005 rogy 315 Ky6 KM nbfa u3 peHnaHgMM 1 AHTapKTUKK
pacTasiiv B Mope, AN cpaBHeHUs B ropofe MoCKBa B rof, UCMosb3yeTcs 6 Kyb km
ogbl - 3T0 rnobansHoe TasHue. B 2001 rogy y4éHble NPOrHO3MPOBa/IN UTO K KOHLYY
1cKa ypoBeHb Mopsi nogHumMetcs Ha 0.9 meTpa. OTO MOBbILEHWE YPOBHSA BOAbI
[0CTaTO4HOe YTOObI MOBAMATL Ha 6onee 100 MAH. Ntofel BO BCEM MUpPE, HO Yxe
celyac MHOrve CreuManucTbl OMacatoTcsd, UTO WX MPOrHO3bl  MOrYT 6biTb
HeBepHbIMY. [laXKe MO KOHCEepBaTUBHLIM pacyéTaM MPOrHO3MPYeTCs, YTO B TEYEHUU
cnesyrowmx 60 f1eT, MOBbIWEHWE YPOBHA MOPS YHUUYTOXWT YeTBEPTb BCEX [JOMOB
Haxogsawmecs B 150-T1 MeTpax OT nobepexbs. [locnefHne MUCCnefoBaHUS PUCYHOT
6onee TPEBOXHYO KapTuHY. K KOHLLY CTOMETWS YPOBEHb MOPS MOXET MOAHATLCA Ha
LebIX 6 METPOB M 3TO BCE MOXET MPOM30MATM CO BCEMW HAMW W3-3a TasHUS.

UTtobbl NOHATb, YTO MPOM30OAAET, KOrda Nnén pacTtaeT, Y4YEHbIM HE0OXOAMMO
M3yyaTb MpPOLIECChbl, KOTOPble BbI3bIBAIOT TasHue. COBpPeMeHHble repesoBble
TEXHO/IOTUM  CMOCOGHbI  OTKPbITh  APEBHIOD UCTOPUIO Halle MJiaHeTbl, U3yyas
M3MEHEHNs, KOTOpPbIe VMEN MEeCTO B MPOLLIOM, Y OHW HafetoTCs MNpefcKasaTb Halle
6yayLuee.

MpuunHOi rnobanbHOMY MOTENSIEHNIO MOFYT CNY>XWUTb pasHble (hakTopbl,
0fJHaKO, MHOIMe YYeHble CBA3bIBAKOT 3TO C NapPHUKOBbLIM 3(EKTOM.

MHoroneTHue HabnoAeHWs NOKasbIBalOT, YTO B pe3y/bTaTe XO3AWCTBEHHOW
[eATeNbHOCTM M3MEHSETCA rasoBblii COCTaB U 3ambl1EHHOCTb  HUDKHUX  C/IOEB
atmoctepbl. C pacnaxaHHbIX 3eMeflb BO BPEMS MblfbHbIX Oypb MOAHMMAOTCA B
BO3AYX MW//IMOHbI TOHH YacTul, noysbl. pu pa3paboTke MOMe3HbIX UCKOMAeMbIX,
npy NPOM3BOACTBE LiEMEHTA, MPU BHECEHWUWN YA0BPEHUA U TPEHUU aBTOMOOUMbHBIX
lUMH O AOpOry, MpU CXWraHWM TOMMBa M BbIOPOCE OTXOLOB MPOMbILLIEHHBIX
MPOM3BOACTB B armocepy nonagaeT 60/bLIOE KOAMYECTBO B3BELUEHHbIX YacTuL
pasHoo6pasHbIX rasoB. OnpefeneHns cocTaBa BO3AyXa MOKasblBaloT, YTO celivac B
aTmocdepe 3eMnn YrneKncnoro rasa ctano Ha 25% 6onbwe, yem 200 neT Hasag,
370, 6€3yCNOBHO, pe3ynbTaT XO3AWCTBEHHOW [AeATeNbHOCTW UYEeNOBEKa, a Takke
BbIpy6KM NecoB, 3efleHble JIMCTbA KOTOPbIX MOrNOWAT Yyriekucnblid ras. C
MOBbILUEHWEM KOHLIEHTpaLMM YIrNIEeKUCI0oro rasa B BO3AyXe CBf3aH MapHWKOBBbIN
>(peKT, KOTOpbI MPOSBASETCS B HarpeBe BHYTPEHHUX C0eB aTtMocdepbl 3emiu.
' 10 NPOUCXOAMT MOTOMY, YTO aTMoc(epa NPOMYCKaeT OCHOBHYHO YacTb WU3/yyeHWs
ConHua. YacTb nyyeid MOr/OWAETCA M HAarpeBaeT 3eMHYK MOBEPXHOCTb, a OT Hee
HarpeBaeTCca aTMocgepa.

[Jpyras uacTb nyueli 0TpaXaeTcsl OT NOBEPXHOCTU MNIaHETbI U 3TO M3MyYeHWe
MOr/I0LAeTCH MOJEKYNaMM  YI/IEKUCNIONO rasa, 4YTO CrOCO6CTBYET MOBbILLEHNIO
cpefHeli TemrepaTypbl nNnaHeTbl. [eAcTBMe NapHUKOBOrO 3fdekTa aHanormyHo
[elCTBMIO CTekna B OpaHxepee WM napHuke (OT 3TOr0 BO3HUKNO HasBaHue ”
NapHMKOBbLIN addekT").

PaccMOTpUM, UTO NPOUCXOAWUT C TeflaMu B CTEKISAHHOW —OpaHXxepee.
M3nyyeHne BbICOKOM 3HEpruM MPOHWKAET B OpaHXepet uepe3 cTekno. OHo
Mor/oLLAeTCA TenaMn BHYTPWU OpaHXepen. 3aTeM OHW CamMu UCMYCKAIT U3/yyeHue
60ee HW3KOW 3Heprum, norsowaeMoe cTeknoM. CTek0 MochllaeT 4YacTb 3TOM
Leprum o6paTHO, CHabxas OObEeKTbl BHYTPW LOMOMHWTENbHBLIM TEMAOM. TO4YHO
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TaK1M >e 06pa3oM 3eMHasi MOBEPXHOCTbL NOJTyYaeT AONOMHUTENbHOE TEM/O N0 Mep»
TOro, Kak "MapHMKOBbIE" rasbl MOrNOWA0T, a 3aTeM BbIAENSIOT M3MyyeHne 6onex»
HU3KOW 3Heprun. [asbl, BbI3bIBaOLLME CBOEA MOBLILWEHHON KOHLEHTpauuei
MapHUKOBbIA  3(hPeKT, Ha3bIBAOT MAPHUKOBbIMW Fa3amui. B OCHOBHOM 31O
YINEKNCAbIA a3 U BOAAHOW Map, HO CYLLECTBYHOT W ApYrue rasbl, MOM/IOLLIAOLLN»
3HEpruMio,  umcxogsawlyto o7  3emnn.  Hanmpumep,  xiopdTop — cogepaiime
YINeBOAOPOAHbIE Ta3bl, Hanpumep, (PeOHbl WMAN XNafoHbl. KOHUEHTpaums 3Tux
rasoB B aTMocgiepe TaKkxXe yBe/MUMBaeTCA.

MocneacTems rno6anbHOro NOTEN/IEHNS:

1 Ecnu Temnepatypa Ha 3emne 6yAeT NpoAo/MKaTb MNOBbILLATLCS, 3TO OKaXKET
cepbe3HeliLliee BO3AENCTBIE Ha MUPOBOW KIMMAT.

2. B Tponukax 6yAeT BbiNagaTb 60/bLUe OCAAKOB, TaK Kak JOMONHMTENbHOE
Tenno NOBbICMT COAEPXKaHNe BOASHOIO Mapa B BO3AyXe.

3. B 3acywnmBbiX paiioHax AOXAW CTaHyT elle 6Gonee peakuMun, U OHK
npeBpaTATca B MYCTbIHW B pe3ynbTaTe Yero MAsAM W XXMBOTHbIM MPUAETCS KX
MOKNHYTb.

4. TemnepaTypa MOpeil TakXe MNOBLICUTCA, YTO MPWMBEAET K 3aTOMSIEHUHO
HU3WHHbIX 06/1aCTel NOGEPEXbA U K YBEIMUEHMIO YMCNA CUMbHbLIX LUTOPMOB.

5. TNoBblleHVEe TemnepaTypbl Ha 3emie MOXET BbI3BaTb MOAHSATUE YPOBHS
MOpS TaK Kak:

a) Boja, HarpeBasiCb CTAaHOBUTCSA MeHee M/I0THON N pacLUMpseTCs, paclumpeHme
MOPCKOI BOAb! MPUBEAET K 06LLIEMY MOBbILLEHNIO YPOBHSA MOPSI.

6) MoBbIWEHME TemnepaTypbl MOXET PacTOMUTb YacTb MHOrOMIETHUX ibA0B,
MOKPbIBAOLLMX HEKOTOPbIE PaiiOHbl CyLUM, Hanpumep, AHTapKTUAy WM BbICOKME
ropHble Lenn. Obpa3oBaBLUasCs BO4A B KOHEYHOM MTOre CTeYeT B MOpS, MOBbICKB WX
ypoBeHb. CriegyeT, 0A4HAKO, 3aMETUTb, YTO TasiHWE NbAa, M1aBatOLWEro B MOpSX, He
BbI30BET MOBLILLEHNE YPOBHA Mops. JleasaHoi NoKpoB APKTUKM NpeacTaBnseT coboi
OFPOMHbIVA €0l MnaByyero nbfa. MogobHo AHTapKTUAE, APKTMKA TAKXKE OKPYXeHa
MHOXECTBOM  aiicbeproB. Knumartonorn nogcumTanM, 4TO €CAM  pactaroT
rPeHNaHACKME 1 aHTapKTUYeCKne NeaHWKKW, ypoBeHb MUPOBOro OKeaHa MOBLICUTCS
Ha 70-80 M.

6. CoKpaTtaTCca Xusnble 3emMnu.

7. HapylumTcs BOAOCOMEBOI 6anaHC OKeaHoB.

8. /I3MeHATCS TPaeKTopMm ABVKEHNS LIMK/IOHOB Y aHTULMK/TOHOB.

9. Ecnu TemnepaTypa Ha 3em/e MOBbICUTCA, MHOTVE XXMBOTHbIE HE CMOryT
a[anTmMpoBaTbCa K KAMMATMYECKMM M3MEHEeHMsIM. MHorve pacteHusi MormbHyT oT
HegocTaTKa Barm v XKMBOTHLIM MPUAETCS MEPECeTCs B APYrMe MecTa B MOMCKax
nMwm 1 Bodbl. Ecnu nosbilweHWe TemnepaTypbl MNPUBEAET K TMGenM MHOrMX
PacTeHWiA, TO BC/eA 3a HAMW BbIMPYT U MHOTME BUbI XXUBOTHBIX.

Mepbl No npeAynpexaeHnto rno6anbHOro NoTeneHms.

[naBHyt0O Mepy MO MpesynpeXxaeHnto rnobasbHOro MNOTEeMAeHMs MOXHO
chopMynMpoBaTb TaK: HalTW HOBbLIA BWA TOMAMBA WM MOMEHATb TEXHO/OMMNHO
MCNO/b30BaHNS HbIHELLHUX BUAOB TOM/MBA. JTO O3HAYaeT, YTO HEOH6X0AMMO:

1 YMeHbLNTb BbIGPOC B aTMOCHePY MapHUKOBbLIX Fa3os.
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2. B KOTe/bHbIX, Ha 3aBofax U (habpukax YCTaHOBWUTb COOPYXEHWs ans
OYMCTKM BbIGPOCOB B aTMOCHeEpYy.

3. OrtkasatbCcsi OT TPaAULMOHHbIX BWAOB TOMAMBA B MOMb3y 6Gosee
YKOMOTNYECKN YNCTbIX.

4. YMeHbLNTL 06beMbl BbIPYOKM N1eCOB 1 06eCreynTb UX BOCMPOM3BOACTBO.

5. Co3gaTb 3aKOHbl, O6ecrneuuBalolMe NpeaynpexnaeHne rnobanbHoro
MOTeneHus.

6. BbIfBNATL MPUYMHBLI TN06ANBLHOTO MOTEMAEHWs, HabM4aTh 3a HUMK U
YCTPaHSATb X NOCEACTBYS.

MOMHOCTLI0 YHUUTOXWTb NMapHUKOBbLIA 3theKT Henb3s. MonaratoT, YTo ecu
M| He napHUKOBbLIA 3M(EKT, cpegHss TemnepaTypa Ha 3eMHON MOBEPXHOCTM
(octaBmna 661—15 rpagycos no Lienbcuto.

7.3. TlyTn pewleHuns rnobanbHbIX Npobnem

loBOpPS O BO3MOXHbIX BapuvaHTax Pa3BUTWSI 3KOMOTMYECKOW CUTyauun Ha
MnnaHeTe, camMbiM 6M1arofapHbIM 1, caMo COBOi, Hanboee OCMBICAEHHbIM, KaXXeTCs,
pasroBOP O  HEKOTOPbIX U3 CYLUECTBYIOLUMX  CErOfHS  HanpaB/ieHUsX
MPUPOLOOXPAHHON AeATeNbHOCTU. VHaue npuLiiock 6bl FOBOPUTL UCKIOUUTENBHO
06 y)Kacax UCTOLLEHMSA NPUPOAHbLIX PeCcypcoB M T. M.

HecmoTpst Ha TO, UTO KaXfaast U3 06CYXKAABLUMXCS 34€eCh MN06abHbIX NPo6Iem
MMEET CBOW BapuaHTbl YaCTUYHOTO UM 60ee MOIHOrO PeLleHus, CYLLECTBYET HeKMNiA
Habop 06LLMX MOAXOM0B K PELLEHMI0 MPobnem OKpyxXarowmii cpegbl. Kpowme Toro, 3a
nocnegHee CTONETVE YENOBEYECTBO pa3paboTano psf OpUrMHaNbHbIX CMOCco60B
60pb6bl C CO6CTBEHHBLIMK, TYBALLWIMMN NPUPOZY HeAoCTaTKaMu.

K uncny Takux cnoco6oB (MM BO3MOXHbLIX MyTeil pelleHus MnpobneMbl)
MOXHO OTHECTM BO3HWKHOBEHWE W [eATeNbHOCTb PasHOro poja  «3efeHbIX»
[BWKeHUA 1 opraHuzaunii. Kpome «Green Peace’a», OTAMYAOLLErocs He TOMbKO
pa3MaxoM CBOEI [esTeNbHOCTMW, HO U, MOPOiA, 3aMETHbLIM 3KCTPEMM3MOM AeCTBUN, a
TaloKe aHa/IorMYHbIX  OpraHW3aLUuiA, HenocpeCcTBEHHO MPOBOAALLMX  MPUPOLO
(OXpaHHble aKuuW, CyulecTBYeT JApYroii TWM 3KOMOTMYECKMX OpraHusauuii -
CTPYKTYpbl, NPUPOLOOXPAHHYH AEATENbHOCTb CTUMYIMPYIOLLME U CMIOHCUMPYIOLLME -
Tvna ®oHfa AWKOA npupoAdbl, Hanpumep. Bce 3Konormveckue opraHysauyu
CYLLECTBYHOT B OAHOW 13 (hopM: OOLLECTBEHHbIE, YaCcTHble FOCYAApCTBEHHbIE NGO
opraHv3aLum CMeLLaHHOro T1na.

Kpome pasHoro poga 06beAMHEHWI, OTCTauBalOLMX Y LMBUM3aLMK NpaBa
MOCTENEHHO YHUUTOXAeMO/ €0 Mpupodbl, B clepe PeLleHus 3KOM0rMYecKmx
npo6neM  CyLeCcTBYeT LenbliA  psif, TFOCYAapCTBEHHbIX WM 0O6LLUECTBEHHbIX
MPUPOLOOXPaHHbLIX WMHMLMATMB. Hanpumep, NpUPOAOOXPaHHble 3aKOHOLATEeNbCTBA
CTpaH MuUpa, pasnuyHble MeXAYHapoAHble COrfalleHns muam cuctema «KpacHbix
KHU».

MexayHapogHast «KpacHas KHWra» - CMMCOK PeAKUX M HaxXOAALLMXCA MOf
Yrpo30i MCYE3HOBEHWSI BWAOB XXMBOTHbIX W pacTeHWii - B HACTOSLWMIA MOMEHT
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BK/HOUaeT 5 TOMOB MaTepuasnoB. Kpome TOro, CYLLECTBYIOT HaLVOHa/bHbIE U ke
pervoHasbHble «KpacHble KHUMM».

B umncne BaKHeLUMX NyTeil pelleHns 3KoMormyecknx npo6iemM 60MbLUMHCTBO
vccneaoBaTeneli TakkKe BblAeNseT BHEAPEHUE SKOMOTMYECKM UWCTbIX, Mano- W
6e30TXOAHbIX TEXHOJOTUIA, CTPOUTENLCTBO OUMCTHBIX COOPYXKEHMIA, PaLMOHabHOE
pasmelLieH1e NpoU3BOACTBA W UCMOJb30BaHNE NPUPOAHBIX PECYPCOB.

XOT8, HECOMHEHHO, - W 9TO [I0Ka3bIBaeT BECb XOf Ye/OBEUECKO MUCTopuN -
BXKHE/LUMM  HampaBMeHWeM  pelleHusl  CTOWMX — Meped  LMBMAM3aumeld
3KOMOTNYECKMX MpPO6eM CTOMT HasBaTb TMOBbILIEHWE 3KOMOTMYECKON KyNbTypbi
UesloBeKa, Cepbe3HOe 3KOMOrMyeckoe 06pasOBaHWE W BOCMWTAaHWE, BCe TO, YTO
VICKOPEHSIET TNaBHbIA SKOMOTMYECKMIA KOH(IMKT - KOHAUKT MEeXAy AMKapem
noTpe6uTeNneM W pasyMHbIM 0GMTaTENEeM XPYNKOro MWpa, CYLLECTBYIOWWIA B
CO3HaHW YenoBeKa.

7.4. BAusiHMe 3KOMOrMYecKMX npobaem Ha 3IKOHOMUKY

Mepbl NO/IMTUKM MO COKPALLEHWIO BbIOPOCOB MapHMKOBBIX Fa30B HE [O/MKHbI
CTaTb TOPMO30OM /151 3KOHOMUIKU.

PewleHne npo6nemMbl WM3MEHEHUS K/MMaTa M 3KOHOMWYECKOro yulep6a,
KOTOpbIA OH, MO BCEA BEPOSTHOCTW, HAHECET, CTaBUT Mepes AWPEKTUBHBLIMM
opraHamy Aunemmy. Bbirogbl OT Mep MOUTWKWA HEOMPeAEeNieHHbl W, CKOpee BCEro,
OyayT nonyyeHbl GyAyLIMMU MOKONEHWUSIMU, TOFAa Kak 3aTpaTbl Ha Mepbl MOUTUKMY,
BEPOSITHO, NOTPebYtoTCA B 6oee 6/M3KME CPOKU U BYAYT 3HaUUTEbHbLIMU. B TO Xe
BpEMS  M3OEPXKKM  6e3[eiicTBMS  UMEHT  HeobpaTUMbIA 1,  BO3SMOXHO,
KaTacTpohnuecknin xapaktep, W, NO-BUAMMOMY, YAapsAT No 6GefHbIM CTpaHam
60/1bHee, YeM MO pa3BuTbIM. bonee TOro, Aaxe ecnm BbIGPOCHI NapPHUKOBLIX ra3oB
(Mr), HakannuBaroLLyecs B aTMOCHepPe 1 Bbi3blBatoLLye NOTeNNeHne KiMvata, oyayT
HeMefIeHHO NpekpaLLeHbl, TeMnepaTypbl 6yAyT NOBbLILATLCS B TEYEHNE HECKOMbKUX
[ecATUNETUIA N3-3a yrKe HAaKOMMEHHbIX BbIGPOCOB.

Mo 3TMM NpUYMHaM 3KOHOMUYECKME [MPEKTUBHbIE OpraHbl BCE Yalle
MPU3HAKT, YTO HEOo6XOAMMO MPUHATL Mepbl MOMUTUKA KaK [Ans CMSrYeHus
BO34ENCTBUA TN06Ga/IbHOrO MOTEMAEHNS 32 CUET 3aMefIEeHNst U, B KOHEYHOM UTOre,
COKpaLLEeHMs BpeaHbIX BbIGPOCOB, Tak M 4151 afjanTauum K nocneacTBMsM BbIGPOCOB,
KOTOpble Y)XKe UMeNn MecTo Uau 6yayT NPOUCXOAWThL B MPEACTOSLIME AECATUNETUS.
OHM TakXkKe COrfacHbl C TeM, YTO, B YaCTHOCTM, Mepbl MOMUTUKU MO CMSTYEHWIO
BO3[eCTBMA MOTYT UMETb BbICTPbIE U JasieKo UAyLLye pe3ynbTaTbl. 1 TOro Ytobbl
Mpo/MTL CBET Ha TO, KaK Mepbl M0 CMArYeHU BO3AEWCTBUS, BOMOXHO, 6yayT
BMMSTb Ha 3KOHOMWKY CTpaH, NPOBOAWIOCL WCCMEA0BaHME, CpaBHUBAKOLLEE
aNnbTepHaTMBHbIE BapWaHTbl Mep MO/MUTWKW, — HaIOTM Ha BbIGPOCHI, TOProB/O
paspeLLeHrsIMU Ha BbIGPOCHI U TMOPUAHBLIE CXEMbl, COYETAHOLLME 3MEMEHTbI 3TUX
[BYX BapuaHTOB. BecbMa OTpafHbl pe3y/bTaTbl aHanM3a, MOKa3biBalOLLME, UTO C
M3MEHEHUEM K/MMaTa MOXHO 60pOTbCs, He MoApbiBas MaKPO3KOHOMUYECKYHD
CTabWUbHOCTL M POCT UM He CO3faBas HeonpaBAaHHOe Gpems AN CTpaH, KOTopble
MeHbLLE BCEro CMOCOGHbI HECTW 3aTpaThbl HAa COOTBETCTBYHOLLUME Mepbl MOMUTUKU.
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Opyrvvm  cnosamw, ecnv Mepbl  MOMUTUKM  XOPOLIO  CMAaHWPOBaHbl, KX
PHOMMWYECKIME N3AEPXKKN LOMKHbI 6bITb MOCUMbHBIMM.

6asncHble CLEHapuy 3ak/o4valoT B cebe 3HauuTeNbHbIA PUCK TOrO, 4TO
| Tpa/IbHBIA KNMMAT Pe3ko U3MEHUTCA K KOHLY TeKyLlero ctonetus. Mo nporHosam
MexxnpaBuTeNbLCTBEHHOW FPYNMbl 3KCMEPTOB MO M3MeHeHMI0 Knumarta (IPCC, 2007),
H OTCYTCTBME Mep MNOMUTUKM MO KOHTPOMKO Hafd BblbpocaMmu rnodanbHas
H MucpaTypa K 2100 rogy noBbicUTCS B cpefHeM Ha 2,8° C. BeposTHOCTb 60/bLUero
MOBbILLEHWA TeMMepaTypbl He ABASETCA NpeHebpexxmmo manoil. B pa6ote Nicholas
Vem (2008) ykasblBaeTCs, UTO, €CM K KOHLY CTOMETUS KOHLEHTpauuu BpeaHbIX
BELLIECTB B paMKax 6asnCHOro CLeHapusi cTabunmsmpyroTcs Ha ypoBHe He MeHee 750
sMCTE/A Ha MWIIVOH B YrNEBOAOPOAHOM SKBMBANIEHTE, KaK Mpefnonaraercs B
nocnefHux cueHapuax MI3WK, cyllecTByeT Kkak MUHUMYM 50-npoueHTHas
BEPOSATHOCTb TOrO, 4TO rnobanbHas Temrnepatypa MoBbicUTCA 60nee yeM Ha 5°
I(no,cus, € NOTEHUMaNbHO KaTacTPOMUUECKUMU MOCNEACTBUAMU 4S8 M/1AHETbI.
Mo6as oLeHKa 3KOHOMUYECKOro yulepba OT M3MEHeHWs KavMmara COMpshkeHa C
MOMMMON HeomnpeseneHHoCcTb0. B cBoem wuccnegoBaHun CrepH (CoefuHeHHoe
KoponeBcTBO) OLIeHMBaET, YTO coKpalleHne BBIM Ha gywly HaceneHus K 2200 rogy
npu ero 6as1cCHOM CLeHapuu 4na kammata (Mpu OTHOCUTENbHO BbICOKMX BblBpocax,
BK/MOYasA PbIHOYHOE W HEPbIHOYHOE BO3AENCTBME W KATACTPOPUUECKUA PUCK)
(octaBnsiet guanasoH ot 3 o 35 npoueHToB (90-MPOLEHTHBIA AOBEPUTESNbHbIN
WHTepBas) C LeHTPabHOM OLEeHKON B 15 NPOLEHTOB.

HeonpegeneHHOCTb  OTHOCWUTENbHO — yllepba OT  M3MeHeHWs  Kaumata
MPOUCTEKAET M3 Pas/MYHbIX WCTOYHMKOB. BO-MepBbiX, Hay4yHble 3HaHUA O
(h13MYECKMX 1 3KOMOTMYECKMX NpoLieccax, Nexallnx B OCHOBE M3MEHEHMS KumaTa,
NPOAO/MKAKOT Pa3BUBATLCS.

Hanpumep, HesiCHO, KakK 6bICTPO NapHUKOBblE rasbl OyayT HakannuBaTbCs B
OHooc(epe, HaCKO/bKO YYBCTBUTE/bHBIMU KAMMaT 1 61MON0rnyeckue cuctemol 6yayT
K YBENMYEHUAM KOHLEHTpaLWMM 3TWUX ra3oB, W rae 6yayT «nocnegHue pyoeexu,
mocne KOTOPbIX MPOU30MAYT KaTacTpohmMueckne KIMMaTUUECKue MOoCnencTBus,
Takve Kak TasHWe 3anafHoro fefoBOro MOKpoBa B AHTapKTUKe WM BEYHOWN
Mep3M0Tbl, W3MEHEHWe XapakTepa MYyCCOHOB WM MOBOPOT TepPMOXaJMHHOW
LMPKYNALmMM B ATNaHTUYECKOM OKeaHe.

Bo-BTOpbIX, TPYAHO OLUEHWTb, HACKOMIbKO  XOpOLIO  fII0AX  CMOryT
afanTuMpoBaTbCAd K HOBbIM KIMMATUYECKUM YCMOBUAM. B-TpeTbnX, CMOXHO [aTb
TEKYLLYHO CTOMMOCTHYHO OLIEHKY Ylliepba, KOTOpbIV MOHeCyT 6yayLiye NOKONeHNS.

Kpome TOro, Hu3Kue OUEHKM rno6anbHOro yulepba CKpbiBatOT 6GOMbLLION
pa3bpoc Mexay cTpaHamu

M3meHeHWs knumaTa 6yayT OLLyLIaTbCA paHbLue M HAMHOTO OCTpee MeHee
pasBUTbIMW CTpaHaMW, MO KpaiHeli Mepe, MO CPaBHEHWIO C pasMepamu KX
XOHOMUKW. Takue CTpaHbl 60fblle 3aBMUCAT OT OTpacneid, UyBCTBUTENbHbLIX K
KMMaty (Takux Kak CenbCKoe XO3ACTBO, SIECHOE U PblGHOE XO03SCTBO, TYpU3M),
MMElOT MeHee 340pOBOe HacesleHWe, KOTOpoe 0osiee YA3BUMO K U3MEHEHWSAM
OKpYXatoLLeli cpefibl, 06ecneymBaloT MeHblle rocyfapCTBEHHbIX YCAYr, KOTopble
TaKXKe 4acTo OT/MyaloTcs 60nee HU3KMM KayvecTBOM. K pervioHam, KoTopble,
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BEPOATHO, MOCTPafaloT B Hambosfblueli cTeneHW, OTHocATCA Adpuka, KOxHasa u
HOro-BoctouHas Asud, n JlaTuHckaa Awmepuka. MHAMS 1 EBpona nojBepXeHbl
KaTacTpouMuecKoMy pUCKY, TaKOMY Kak U3MeHeHWe XapakKTepa MyCCOHOB W MOBOPOT
TEPMOX&/IMHHON LUMPKYnaLuuy B ATNaHTUYECKOM OKeaHe. B oTimuve oT Hux Kurtaid,
CeBepHas AMepuKa, pas3BuTble CTpaHbl A3UK U CTPaHbl C NEPEXOLHON IKOHOMUKOM
MeHee YS3BUMbl U MOTYT [@Xe BbIMrpatb Npu NOTENAEHUN Ha HEBONbLLYO BEMUUHY
(Hanpvvep, OT NOBbLILLEHWS YPOXAWNHOCTH Ky/bTyp).
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