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1. POJIb AHTPOITOI EHHOM JIETPAJTALIMM U XUMUYECKOTO
3AI'PABHEHMA BUOC®EPBI B X)KM3HHU COBPEMEHHOI'O
OBILLECTBA

CoBpeMeHHOE COCTOSIHME MHOTHX CTpaH MHpa, 0COOEHHO CTpaH ObiBllETO
Cogsetckoro Coro3a, xapakTepusyercsa kak KpusucHoe. OOLIECTBO B 3TMX
CTpaHax [epeXxuBaeT KPU3KC B Pa3HBIX 06NacTAX KU3HU U AEATENLHOCTH: CO-
LanbHOM, 3KOHOMHYECKOMH, JKonoryueckoit. [lpu Beeil cioxHOCTH mpoiiec-
COB, XapaKTepHLIX VA KaX IO U3 3TUX chep, 00MECTBO B COCTOAHUH €CIiM He
YCTPaHHTh MOMHOCTbIO, TO YaCTHYHO OCNA0MTh COLHAIbHbIE H IKOHOMHUUYCCKUE
NPUYMHEL U TIOCNIEACTBUS MOCTUTLIErO €ro KPH3KCa, BO3MOXKHO LEHOM 6oib-
IMX 33TPaT CPEACTB H BPEMEHH. B yClOBUAX HENpeKpamialoIMXCs BOMH, He-
JIOCTaTKa CPEJCTB CYLIECTBOBAHMA, MOCTOAHHO JHMINAIOMIMX JKU3HH ThICAYUH
molel, He MeHbiliue JIIOACKHE MOTepu O6LIeCTBA MOTYT OBITh CBA3AHBI C
ONAaCHBIM YXYy/MIEHHEM COCTOSHHA OKpYKalouleH Cpejipl. YIydIUMTh €ro 4acto
OpiBaeT HeBO3MOXHO. I10 3TOi MpHuMHE OOIUEIUIAHETAPHBIA KOJOTHYECKUH
KPU3MC MOKHO CUMTaTh HauboJree ONacHbIM [UIs 4EIOBEUECTRA.

YenoBex M OKpyXKalolas Cpeia, Tak ke Kak U JnoOble JKHBLIE OPraHU3MbI
M OKpY)Xaloliasi MX BHEUIHAA Cpeaa- 3T0 KOMIOHEHThI IKkocucTeMsl. B moboit
3KOCHCTEME OHM HaxOIATCA B NOCTOAHHOMH B3auMocesa3d. CesA3b 3Ta co3jzaeTcs
Y NOAZEPKHBAETCA MOCTOSHHO NEHCTBYIOIIMMY MOTOKaMM BELLECTBA U JHEp-
rud. DKonorus- Hayka o6 skocucremax. Ilpu orpomHeiiiem pasHooOpasuu
¢$hopM opraHH3aLMK W pasMEPOB JKOCHCTEM BCeX MX OOBEAMHACT OJHa obiuas
yepTa- HaJIWGHE MPAMBIX U 0OpaTHBIX CBA3EH MEXIY KMBLIMU OpraHM3MaMH K
cpenoit ux oburanma. CTabWiLHOCTb MPOTHBONONOXKHO HAMPAB/IEHHBIX NOTO-
KOB BELJECTB M 3HEPrMH B 3KOCHCTEME- OCHOBA CYILECTBOBAHMSA JKHUBbIX Opra-
HH3MOB.

Buocdepa- 3kocucrema ofuerviaserapubix Macwitabos. [mobGanbHas
dynkuus 6uocepsl- nojepxkanue KuU3HU Ha nnanere. COCTOsAHHME YeoBeKa
KaK 31eMeHTa Guocdepsl obecneunuBaeTcs CTabWILHOCTBIO B 6Mochepe noto-
KOB XMMMUYECKHX BelecTB. HapyincHue NOTOKOB BELUECTB M0O]] BIMSHUEM XO-
3AiCTBEHHOH AEATENPHOCTH YEJOBEKA BEAET K Aerpafialiii OKOCHCTEMBI.

AnTponoresHas nerpanauus 6uocdepsl COCTOUT B HapyIUEHHU TTOL BJHA-
HHEM 4Y€JI0BEYECKOMN NEATENLHOCTH €€ CTPYKTYpH M (PYHKLMOHMPOBaHus, pe-
3yABTATOM YEro sBIACTCA HapylleHue dKoJlorudeckux (yHkumui 6uocdepsi.
Ilpu 3ToM cocTosHMe OKpy*kaloleH cpefibl MeHAeTCA B TAKOH Mepe, 4TO 3TO
CO3JaET Yrpo3y Ajisf KMBbIX OPraHM3MOB IUiaHeTbl. [IpH aHTPOMNO- LEHTPUCT-
CKOM noaxoe K 3Toif npoGneme aHTpoHoreHHas aerpajgauus 6uocdepsbl no-
HUMAETCA KaK €€ YXYyAMEHUE 10 COCTOSHM, YrPOXKAIOLIETO XKH3HU Yel0BeKa.
Herpananusa Grocdepbl- OfHO U3 CeaCTBHI OXBATHBILIETO IUIAHETY Npoiiecca
TEXHOTeHe3a.



Jerpajaipis Noys MOJ BIMAHHEM HENOBEHECKOH NEATENLHOCTH- COCTaB-
Has 4acTh Aerpagauuu 6uocdepsl. IIpouecc 3TOT BAMAET Ha cocTosHMe Guo-
cdepnl B 1eI0M, 00yCIOBNEHO 3TO TEM, YTO MOYBA- UEHTPAIbHOE 3BEHO B3aM-
MOZEHCTBYIOIMX MPUPOIHBIX CPENL.

AHTpONOTeHHas Jierpajaliis Mo4s- 3T0 HeoOpaTHMble H3MEHEHMs B
CTPYKTYpe W (pyHKLHOHMPOBAHHMM MOYB, BBI3BAHHbIE YENOBEYECKOH HEATEIb-
HOCTbIO M TIPeBbIIAIONIME MPHPOAHYIO YCTOHUMBOCTB MOYBLI, B pe3yjbrare
4ero MoYBa yTpayuBaeT COCOGHOCTb BbINONHATE CBOH IKONOTHYeCkUe (yHK-
HHUH.

OyHKIHUN NMOYBLI B 3KOCHCTEME YHHKaIbHbI. OCHOBHBIE U3 HUX Clleaylo-
mue:

1.Cpenoo6pasytomas ¢yHkuua. [louBa- cpena oOMTaHHS >KMBBIX Opra-
HU3MOB MUKPOOPraHU3MOB, PacTeHHi, XHBOTHBIX, YenoBeka. Tlousa cyuiecT-
BEHHO BJIMAET Ha GHOpa3HOOOpa3ue Bcex MMBbIX OPraHM3MOB HA IUIAHETE, MX
reBeTHYecKUi ko, Mx cocrosiHue. [lousa BIUAET ¥ Ha COCTOSHHE Ye/lOBEKA.

2. Perynupytomas ¢yHkuus. ITouBa BiMsAeT Ha M3MEHEHME palaMallU¥ U
TerUla Ha IUlaHeTe, PeryaupyeT rMAPONOTHYECKUH LMK KOHTHHEHTa, obecne-
4YHBAET 3anac ¥ TpaHCHOPMALMIO IEMEHTOB NHTaHHA, 00eCHEYMBAET 3anachl
1 [IOTEPH JMOKCHIA yriepoaa ¥ MeTaHa, OKCHAOB a30Ta, ABjsiercsa OydepoM,
¢wibTpoM, npeobpasoBaTeneM U 3amacoM NOJUIOTAHTOB, B ONpEAEIEHHbIX
YCNOBHAX MOXET 6bITh BTOPH4HBIM HCTOUHHKOM 3arpA3HAIOIIMX BELIECTB I
APYFHX COMpeAENbHBIX C NIOYBOI NPUPOAHBIX CPEL,

3. YrunurapHas ¢ynxuus. [Toysa yHMKansHOe NMPHPOAHOE 06pazoBaHHe,
oHa obllafaer TUIOZOPOAMEM, CO3MAaeT OCHOBY IUIS MPOM3BOACTBA MPOIYKTOB
MTUTAHWA U B KOHCUHOM MTOre 00eCcrneYynBaeT BO3IMOXXHOCTD KH3HHM Ha TUIAHETe.

4. Kyastyphas ¢yskuusa. Kak crnenuduyeckas 4HacTb 4eI0BEYECKOro
NpoXWBaHHsA, 3EMJIENONL30BaHHsA, NOYBA- ITO 6a3uC A YeIOBEUECKOH HUCTO-
PUM H KYJIbTYPBI.

Onna M3 BaKHeHIIMX MPHYHH COBPEMEHHOTO 3KOJOrMYecKOro Kpusuca
COCTOUT B TOM, YTO BCs JKH3Hb YeJIOBEKa Y €ro MPOM3BOACTBEHHAA HEATE/b-
HOCTb BEAYT K HAPYIIEHMIO BaXXKHEHLIMX QyHKLHMI NOuBBl. YTpaTa no4Boi ec
byHKuMii, nerpanaups no4sbl, erpajalii 3IKOCHCTEMBI- COObITHA B3aHMOCBA-
3aHHbIE.

Konen XX-ro Bexa 3HaMeHaTcleH TeM, 4TO Aerpagauus 6uocdeps! crana
PEaNLHOCTBIO U Npuobpesia CyliecTBeHHbie pasMepbl. C 3TMM o6cToATeNbCT-
BOM CBA3aHA HEOOXOAMMOCTh MOCTOSHHONO HalEXHOTO KOHTPOJS 3a COCTOA-
HHEM OKpYKalolled cpefibl, 33 XapaKTepoOM M pa3MepaMHi ee U3MEHEHHs NOA
BIIMSIHHEM aHTponoreHHbiX ¢akropos. Hubopmanus 06 3ToM f0MKHa nocty-
KHTb OCHOBO# NPOTHO3a H3MEHEHNU B OKpYKalollei cpene.

[TpoGnema oxpaHbl OKpyXaloleil Cpefibl cTala akTyanbHoil B 70-¢ roas
XX- ro Bexa. B 3Tv rozpt Obina pa3paGoTaHa CHCTEMa MEXIyHApPOIHbIX W Ha-
LMOHAJILHBIX MPOrpaMM 3KONOTHYECKOr0 MOHMTOpUHra. CojiepaHne TepMu-

6



Ha "MOHMTOPHMHI" pacKphIBaeT NMPOMCXOKAEHHE €ro OT JIATHMHCKOro CjoBa
"MOHHMTOP", 4T0 0003HaYaeT HabGNONEHHe, HAOMUHAHME, MPEAYIPEKACHHE.
B Tlporpamme FOHECKO "Yenosek u Buoctepa” 3konormieckuii MOHHMTO-
PHHT pacCMaTpPHBAETCA KaK CUCTEMA PErYJIAPHLIX JUIHTENbHbIX HabmonaeHuit B
NPOCTPAHCTBE U BPEMEHH, NAOILMX HHPOPMALMIO O COCTOAHHH OKpYXaloLIeH
Cpelbl C UENbI0 OLEHKH IMpOILUIOro, HACTOAILETO W NMPOTHO3a H3MEHEHHUs B
OynyImeM napameTpoB OKpY:Kalowiei cpeibl, HMeIoLMX 3HAYEHHA 1S 4eJio-
BeKa.

HeorpaHuieHHbiii B HPOCTPAHCTBE H BPEMEHU KOHTPOJIb J0JDKEH BHIABHThL
aHTPOMNOrcHHbIE U3MEHEHHsA B COCTOSHHU NPHUPOIAHBIX CPEA. JKOJIOrMYECKHH
MOHHUTOPMHT IpeJnoaracT KOHTPOJIb 32 COCTOAHHEM BCEX MPHPOJHBIX Cpel.
LlenTpanbHOE MECTO B 3KOJNOTMYECKOM MOHMTOPHHIE 3aHMMAacT NOYBEHHbIMH
MOHMTOPUHI. lle/ib NOYBEHHOTo 3KOJOTUYECKOr0 MOHWTOPHHIA- BbIABHTDL
HeOnaronpusTHbie W3MEHEeHHs MOYBEHHOTO MOKPOBA W AaTh IPOrHO3 €ro Us-
MEHEHHUA B Oy Iymiem.

Jerpanauys nous MoxeT ObITh BbI3BaHA NPUPOIHbIMU (pakTOpamH ( Kiu-
MaTH4eCKUMU WIH MMIPOJIOrMYeCKMMH), HO PEUMYLIECTBEHHO OHa CBf3aHa ¢
TEXHOTEHHBIMKM NpHYnHaMH. K HHUM OTHOCATCH HEpalLMOHANbHOE BEACHHE
3eMJIefieNvs, Ype3MEPHDIH BhINac CKOTa, YHUYTOXKEHHE NTOYBEHHOIO M PacTu-
TEJILHOrO MOKPOBAa NPOMBIILIEHHBIM, KOMMYHAJILHO-ObITOBBIM, HPPHUIalUOH-
HbIM CTPOMTENLCTBOM W TOPHBIMH pa3paboTkaMH, HCTOIIMTENABHOE 3EMJe-
TOJ1b30BAHUE, NEPEYILTOTHEHNE TEXHUKOH, NOATOMIEHHE, HAPYILEHUE PEXHUMa
TI0N#Ba, HAPYLLIEHHE PEXXHUMA BHECEHNS OPraHWYECKUX U MHHEpAIbHbIX y106-
peHuii, TeXHONOTHYecke M aBapHiiHble NPOMBINLIEHHbIE BHIOPOCH! TBEPAbIX,
KHIKHMX, ra3000pa3HbIX OTXONOB M 3arpA3HEeHHe NOYB | Jp. Brian nx noxasax
Ha Tabnuue 1.

Tabnuya 1. Tunvt u npunulbl dezpadayuu nous (MAH 2a)
(Ondeman, 1992)

ITpnunubl
Tun nerpanaumm CBE/ICHHE | MEPEOKC- | MEPEBbI- | CEMLCKO- | MPOMBIILI-
JIeCOB TuTyaranms Hac | xoss#ct- JieHnas
CKOTa | BCHHas

JACSITEILHOCTD

BosHas yposus 471 38 320 266 -

Berposas »po3us 44 85 332 87 -
Xumuueckas 62 10 14 133 22

duzuueckas 1 + 14 66 -
Bcero B Mupe 578 133 680 552 22

Tabnnua | mokasbiBaeT, 4TO CBeAEHHE JIECOB, NMEPEBBINAC KU CENbCKOXO-
34CTBEHHas aKTHBHOCTh BEXYT K BOJHO U BETPOBOM 3p03un. XMMHUUECKYIO




NIeTpajialivio Ha HaXOTHBIX 3eMJAX NPOBOLMPYET CENbCKOXO3AWCTBEHHOE WX
UCNOJIb30BAHUE.

PesynbTatoM Aerpagauuu MoxeTt ObiTh NpakTHdecku 6e3Bo3BpaTHas mo-
Teps IUIONOPOIMA U MONHOE pa3pyiueHue nous. MaciutalGbl JAerpajauyy NoYs
PacTyT, JIOKaIbHbIE HapylieHHd MOYB CMEHAOTCA riobanbhbIMH. Henzbex-
HbIM CJEACTBHEM SBIAETCS CHIKEHHWE YCTOWYHMBOCTH OuOCdepbl B LENOM.
CoxpaHeHHe NO4B CTAHOBHTCA OJHHM K3 BAXHEHIUMX YCIOBUH COXpaHEHHA
XKU3HM Ha IUTaHeTe.

Jerpanauus noys HOCUT rioGanbHblii xapakrep. Haubonbmue miowmanu
3eMejlb HapylieHbl W3-3a BOJHOM U BETPOBOM 3po3uM (OHW cocTapisloT 3/4
BCEX JErpajMpOBaHHBIX 3eMeEjb Ha IUlaHeTe), XMMHYECKO# derpajauqy noa-
BEPXkEHO 0K0J10 10 % BCcex nerpaipoBaHHBIX 3€MEb.

Poccus He ycTymaer ApyriM CTpaHam Mo MaciutabaM Aerpajauuu Moys.
3emensHbil Ponx Poccuitckoil ®epepanuu cocrasiser 1710 man ra. [iowa-
M CENbCKOXO35HCTBEHHBIX 3eMeib B PoccnyM NO CpaBHEHWIO C Pa3BUTHIMU
cTpaHamMi EBponbl Hesenuku, Becero 13%, u3 xoTopbix 8% 3aHATHl NaliHem.
[Toutn nonosuHa BCEl TEPPUTOPHHU 3aHHMAIOT NEca M KyCTApHUKH, KOTOpbe
BBINOJHAIOT (PYHKIIMIO MOLTHBIX OydepHsIx cucTeM, 3aLOMIIAIOMIMX IKOCHCTe-
Mbl He Tonbko Poccun, Ho U 11akeTs! B ueaom. OCHOBHAs npv4MHA aerpaia-
UMM 048 B POCCHH- HCTOLIMTENBHOE HCTIONB30BAHHE 3EMENb.

B exeronHo my6nukyembix HauuoHanbHbIX OOKIAnax O COCTOSHWUM OK-
pyxatoieii cpefinl B Poccuiickoit ®enepauyn MpUBOAATCS NaHHble 06 3K010-
TM4ECKOM COCTOSHUH MOYB CTpaHbl. 3a nocneaHee aecatineTne XX-ro crone-
THA COKpaTwica 00beM arpoTEXHUYECKUX U arpoMeNHOpaTHBHbIX MEPOINpHS-
THH, CHM3WICS YpOBEeHb KyJbTyphl 3eMilefeisa. Pe3ynbTaToM ABUIOCH YXYI-
1leHHe arpou3MIecKuX CBOACTB, POCT IpO3UM, MOTEPA I'yMyca M OCHOBHbIX
371EMEHTOB MMTaHHUA B NAXOTHBIX FlOYBAX.

3arps3HeHHe NMOYB- ONHU M3 BUAOB Acrpajauuu nous. CUabHOMY 3arpss-
HEHMIO TIOJBEpPXXEHbI MEHBLIME IUIOAAM, YeM rnpoueccaM 3po3u. OnHako
3arpA3HEHHE OTHOCAT K ONHOMY M3 HauboJjiee OMacHbIX BMAOB JE€Tpajaliu
3eMeNlb. JTO CBS3aHO C PAJOM NpHHUH. MHOrMe 3arpasHsIOIME BELIECTBA
CrnocoOHBI K JAbHEMY NMEPEHOCY OT JOKAIbHbIX HCTOYHUKOB 3arPA3HEHHA U K
riobanpHOMy paccesHnto. KOHHEHTpauys uxX B pasiM4HbIX IIPHPOJAHBIX Cpe-
Nax pernoHoB, yOAJEHHbIX OT KPYMHbIX MPOMBILUICHHbIX LIEHTPOB, HMEET
TEHJEHUHMIO POCTA, M 3TO HE MOXET He HaCTOP@KMBaTh. 3arpA3HsIOILHE BELie-
CTBa CHOCOOHBI HENMOCPEACTBEHHO OTPHLATENBHO BJIMATH HA XKMBbIE OPraHu3-
Mbi, B TOM 4MCJIE€ Ha yenoBeka. [locnencTeus BO3nAEHCTBIA MHOTHX W3 XHMMU-
YECKHX BEIUECTB MOJHOCTHEO HE H3ydeHbl. OCOGEHHO OMAacHO BJWAHHME Be-
WECTB, YYXKAbIX NPUPOAe (MECTHLMIB!, XJIOpOpraHUYEeCKHe BELeCTBa M Mp.).
PacnpocTpaHsioTcs OHM yallle BCEro 6ECKOHTPOIILHO.



2. KJIACCHOHKALIMS 3ATPA3HAIOIMX BEINECTB, UX
JEHNCTBUE HA XXMBBIE OPTAHHU3MBI U TTOYBY

3arpa3HeHHe -O[MH U3 BUIOB Aerpajaluy noys. JlaBas ompencieHue no-
HATHA O 3arpA3HAIOILAX BElleCTBaX, HEOOXOAMMO XapaKTepH30BaTh KaK HC-
TOYHMKY, TAK H pasMepbl UX TOCTYIUIEHUA. 3arpA3HAIOMIME BEHIECTBa- 3TO
XMMHMYECKHE BELIECTBA, IOCTYNAIOUME B OKPYXKAIOIIyI0 CPEAy M3 aHTpOrMo-
FeHHBIX MCTOYHMKOB B KOJIM4ECTBAX, ONACHbIX /sl KHUBbIX opraHusmMoB. Kpu-
TEpMH OTPEENIEHUS ITUX KOJHYECTB HEOAHO3HAUHbI. IIpy pasHooOpasun 3a-
TPA3HAIOIMX BEIECTB CPEeAM HHUX MOXHO BBLAEIHTb BELUECTBA, BCTpevalo-
IIHECA B MIPHPOAE K Yy able eil. XUMHYECKHE JIEMEHTBI, OTHOCAIIMEC K 002~
3aTeJIbHBIM COCTABJIAIOIIMM BCEX NPHUPOMHLIX CPEl B UX ECTECTBEHHOM CO-
CTOSIHUH, HE MOTYT ObITh Ha3BaHbl TOKCHYHBIMH TOJIbKO NIOTOMY, 4TO OOHapy-
KHBAIOTCA B TEXHOTEHHbIX yCIOBUsAX. K OnacHbIM s XKHBBIX OPraHM3MOB
WIH 3arpS3HSIOUIMM OHYM OTHOCSTCS TOJILKO B TOM Clydae, KOrj@ MOoCTYNaloT B
OKpY>KalOLiyl0 Cpefy B KOJIMYECTBAaX, NMPEBHILAIOMUX X PerioHajbHbie $o-
HOBbIiE YPOBHH. [IpeBblliieHAE NPUPOJHOTO YPOBHA COAEPKAHUA XUMHYECKHX
BEILECTB B MO4YBE, BOJE, BO3AYXE MOXKET NMPEACTAR/IATH ONACHOCTh LA XKHBbIX
OpraHM3MOB, T2K KaK fBJIAETCS Pe3yJNbTaTOM MOpaXKE€HHs IKOCHCTEMbI, Hapy-
LIEHHS CBOHCTBEHHBIX i cOanaHCUPOBaHHBIX MOTOKOB BEILECTBRA.

3arpAsHsMIOINME BELIECTBA KIACCH(PULMPYIOTCS 1O CIELYIOWMM OCHOBHBIM
npu3Hakam: 1) XuMiueckas NpUpoxa BEIIECTBa (OpraHMyecKHe, MUHEpaib-
Hbl€, ECTECTBEHHOTO MJIM HCKYCCTBEHHOTO MPOHCXOXKIEHHA); 2) TOKCHYHOCTD
JUISA XKMBBIX OpraHU3MoB; 3)TeXHOGUILHOCTb; 4) XapakTep BO3ACHCTBMA Ha
N04BY; 5) MCTOYHHKH MOCTYIUIEHHA B OKPYXKAIOLLYIO Cpelly; 6)pexnM nocTyn-
JIEHHS B OKpYXalolyto cpeny; 7) ¢asoBoe coctosiiue; 8) AanbHOCTh pacipo-
CTpaHeHHs.

KonnuecTBo nocTynalomux B 3KOCUCTEMY XHMHYECKUX BELIECTB M3 aH-
TPOTMOTEHHBIX HCTOYHHKOB 3aBHCHT OT CTENEHH BOBJICYEHHA HX HENOBEKOM B
NIPOU3BOACTBEHHBI npolecc. [ToTpe6HOCTL 00LIeCcTBa B PasIMHLIX BEILECT-
Bax HeonuHakoBa. OJIHAKO OLEHUTDb €€ Ha OCHOBAHHYU aGCOJIOTHBIX KOJIHYECTB
MCNO0J1b30BaHMs 3THX BellleCTB TpyAHo. bonee uHpopMarHBHLIMH OKa3bIBAIOT-
€l OTHOCHTEbHbIE TIOKAa3aTeNH.

Bbicoko HH(OpPMATHBHBIM MOKa3aTe/leM NOTPEONEHHS XHMUYECKHX 3e-
MEHTOB YEJIOBEKOM SABJISETCA TEXHOPWILHOCTb. DTOT TePMHH NpeMIoKCH
A W.NepenpmanoM. KoadduumeHT TeXHOPUABHOCTH XMMHUYECKOTO 3IEMEHTa-
NoKa3are/ib MCIMOJIL30BaHMA €ro YeNOBEKOM B XO3fHCTBEHHOH NeATENBHOCTH.
OmnpejensieTcs Kak OTHOIUEHHE CPeAHEH €XeroaHodl MUpOBOH A0GbIMK diie-
MeHTa ( B TOHHaX) K KJIapKy 3TOro 3neMeHTa B autochepe. Knapk- 310 cpen-
Hee coiepxkanue odnemeHta B Jautocdepe. TepmuH Obln  npeIOKEH
A.E.®epcmanom B 1923 romy B yecTh ameprkanckoro yuexnoro @.V.Kiapka,



TOCBATHBILETO CBOIO XH3Hb BHIUMCICHHIO CPEAHUX NOKa3aTeNeil coaepKaHys
XHMHYECKHMX 3JIEMEHTOB B JIMTOCEPE H APYTHX MPHPOAHBIX Cpelax.

UYeM MHTEHCHBHEE 3JIEMEHT BOBJEYEH B MCIOIbL30BAHUE YEIOBEKOM, TEM
BBIIIE 3TOT MOKasaTenb. [Ipy paBHBIX 00beMax NOTPEOJEHMA XHMMYECKHX
3JIEMEHTOB K03(dHLIMEeHT TEXHOPUILHOCTH TEM BbILIE, 4EM HIDKE €ro conep-
xaHue B autocepe. KoadpduuueHT TEXHOPUIBHOCTH HEMOCTOAHEH, €r0 U3-
MEHEHHE CO BpEMEHEM CBA3aHO C Pa3sBUTHEM [IPOH3BOACTBA, HAYKH M TEXHUKH.

TpHiuHbI BEICOKOrO MOTPE6IEHUA XUMMYECKHUX 3JIEMEHTOB YeNOBEYECKHM
obuiecTBoM pasHbie. HanGonsuuii yposeHbs TeXHOQWIBHOCTH YCTAHOBJIEH AJIS
yrjiepoaa, OCHOBHOTO KOMIIOHEHTAa OpPraHM4ECKHX BEIUECTB. YIJIEPOd COjep-
Kaiue NPUpOAHbIE OpraHHYeCKHe BEeLeCTBA COCTABI/LIOT OCHOBY Pa3jIMYHBIX
BMIOB TOIUTMBA. Yronb, HedTh, ras, Oyayud akKyMyJsTopamu COJHEYHOH
3HEpruy, BO BCE BpeMeHa aKTHBHO MCIIONL30BANUCH KaK TOILIHBO. MaciitalGbl
exeroHol NoObluM yriis, HeQTH M3MEPAIOTCA MWUIMApAaMH TOHH. Brlcoko
NoTpe6icHne 4eNOBEKOM XJIOpHAA HaTpus, MOMUMO MPOM3BOACTBEHHBIX Lie-
Jieil 3Ta coNb noTpebiIfeTcs 4eNOBEKOM C Mumieil. Bricokui ypoBeHb TeXHO-
GWILHOCTH HMEET 30J10TO, ABJIAIONIEeCs MEPOii CTOUMOCTH TMIOACKOro TpyJa.
LieHHOCTB 30510Ta KaK MeXIyHapOJHOH BamOThl OGYCIOBJIEHA €r0 BBICOKOM
XMMHYECKOH WHEPTHOCTHIO. BhICOKNIT moka3atenb TeXHO(GMILHOCTH Y MHOTHX
3JIEMEHTOB, KOTOPbIE CONEPIKATCSA B FOPHBIX MOPOAax B HU3KMX KOJIMYECTBAX,
HO LIMPOKO NMPHMEHAIOTCA B pasjiMdHbIX npoussonacteax ( Bi, Sb, Pb, Mo, W,
Sn, Ni, Cr, Cu, Sr, Zn, Pb, Cd).

Ha tabnuue 2 npuseeHbl YPOBHH TEXHOGWILHOCTH Pa3HbIX XMMHUYECKUX
3JIEMEHTOB, Pa3JIMYalOIMECs Ha HECKOJILKO NOPAAKOB.

Bricokuii ko3¢duunent rexuopunsHoctu umeror C, Na, Cu, Zn, Cl.

Tabnuya 2. TexnogunbHoCmb pa3IUYHbIX XUMUYECKUX 3NEMEHMO8
(Hepenvman, 1975)

DneMeHT TexnodumnbHocts OneMeHT TexHopunbHOCTE
C ( yrosb,Hedth) 10" I, W, U, Ni, F, Ba, 10?
Mn, Fe, P
Bi, Hg, Sb, Pb, Cu, 10%° Pt, Na, K, B, Co, Zr 107
Cl
Ca, Se, Ag, As, Mo, 10° Al, Mg, Ge, Be, Li, 10°
Sn, Cr, Zn, S V. Sr

MMoxasatens TeXHOPUIBHOCTH XMMHUECKHX 3/IEMEHTOB JUHAMMYEH. AHa-
JIM3 N3MEHEHHA €T0 BO BpEeMEHH, npoBeieHHbi A.E.Depcmanom ewe B 1934
FO/y, CBUIETENBCTBYET O €r0 NOCTOAHHOM pocTe. ITo Mepe pasBHTHA HenoBe-
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9ecKOi JCATENbHOCTH PacTeT KOMMHECTBO AOGLIBAEMBbIX HENOBEKOM W3 Heap
XUMUYECKHX 3JIEMEHTOB ¥ BOBJICYEHUE UX B X031HCTBEHHOE MCNOJIL30BaHHE.
B IpeBHOCTH 4YeNiOBeK UCNONB30BaJ JHilb 8 3nemenTos, B XVIII Beke yucno
ux ysenudunoch 1o 28, B XIX Beke pocturino 62. lo6b14a OCHOBHbIX MeTan-
aoB 3a XIX Bek yBenwumwiach Ha JBa nopsjka. B Hactoslllee Bpems 4enoBe-
KOM HCIIONIb3YIOTCS HE TOJIbKO BCE XUMMUYECKHE 3/eMeHThl Ilepuoamieckoi
tabnuupl JI.V1.Menneneera, HO ¥ paJiHOaKTHBHbIE H30TOMbL U3BECTHBIX 3Ji€-
MEHTOB W HEU3BECTHbIE IPHPOAE TPAHCYPAHOBBIE JIEMEHTHI.

PocT TexHO(UILHOCTH 37IEMEHTOB TPYNIIBI XKeje3a CBA3aH C UCIIONb30Ba-
HHEM JKeJle3HbIX pya U Metajutyprueii xenesa (Fe, Mn, Mo, W, Cr, Ni). Pas-
BHMTHE 3IeKTPOTEXHUKH BbI3BAI0 PocT TexHodwibHocTH Al, Cu, a XuMu3auus
CeNbCKOro X03fiiCTBa -mupokoe ucnoaszosanne N, P, K B kayectee ynoOpe-
HUM.

Ocoboe BHHMaHHE C IKOJIOTMYECKOH TOYKM 3PCHHSA NMPUBJICKAIOT KCEHO-
6UOTHKH- BellleCTBa, HECBOJCTBEHHbIE XUBOH mpupoje. [lo cBoeii cTpykType
OHU YYXKAbl PHPOJE K MOTYYeHbl B pe3ysibTaTe XUMUdeckoro cuuresa. Cpeau
HUX MOryT ObITh BElIECTBA, OGJAM3KWE K MPUPOAHBIM, HaNpUMEp, apoMaTHye-
CKMe BellleCTBA, HCNOJb3yeMbie B apQioMepHH, HIK NepeTpouabi, ONH3kHe K
NPUPOAHBLIM MHCEKTHLHIAM, a TakkKe BEHIECTBA, HE HMEIOLIME aHAloros B
npupoe.

Oco6yi0 rpynny COCTaBIMIOT pajiuakTHBHbie BelliecTBa. OnacHOCTL s
HUBbIX OPTaHU3MOB CBfi3aHa HE C XMMHYECKHM HEHCTBHEM, a C MOHU3MPYIO-
LM M3Ty4€HHEM, BO3HUKAIOIIEM MPH MX pacniafe.

B pacrosiee BpeMs B MHpe NPOU3BOANTCA 0Koj10 80 ThiCAY BUAOB XMMH-
yecknx NMpomyxToB. Kaxaelii ron Ha pblHOK MocTynaeT 6osee ThICAYM HOBbBIX.
B Mupe ucnoab3yercsa okono 250 MIH T OpraHH4eCKHX XMMHYECKHUX BELICCTB,
3HaYMTeNIbHAsA YacTk KOTOPbIX 110C/e UCNOJIb30BaHUA GECKOHTPO/IBHO nonaja-
€T B OKpYkarollly1o cpeay. KonoccaibHbie KOJIMYECTBa BELHECTB aHTPONOreH-
HOJ IPHPOJbI HE MOTYT HE U3MEHATh COCTaB NMPHPOIHBIX CPEA HA TUIAHETE.

Bosb1I0ro BHMMaHUA 3aCHy)XKHBAIOT MHKPOJJIEMEHTRI. TaK Ha3bIBAalOT XH-
MMYECKHE 3/IEMEHTEI, MPUCYTCTBYIOLIME B PUPOAHBIX CpeliaxX B HU3KMUX KOJIK-
4ecTBaX, HO HEOOXOJUMble I pOCTa W pa3sBUTHS JKHBbIX OpraHusmoB. Poib
ux 00yCJIOBJIEHa yyacTHEM B BaKHEHIIMX OHOXMMHYECKHUX peakumsax. Mukpo-
3J€MEHThl BXOAAT B COCTAB MHOTMX ()epMEHTOB H ABJAIOTCA UX aKTHUBATOpa-
Mu. QepMeHTEl 06ecieunBalOT peakliuy CHHTE3a, pacriaja U OOMeHa BeluecTs
B KHBbIX OpTaHHU3MaX,

Hanpumep, Co HaxoauTcs B LEHTpe CTPYKTYpPHOro komiutekca B12 u He
MOXKET ObiTh 3aMeHEH. Zn MpoYHO CBs3aH ¢ kapboanruapasoii, Cu-c nonude-
HOJIOKCHA30# B ackopOuHOKcHAa3oil, a Fe - ¢ xenesonopdupunosbsiMu dep-
MEHTaMH, C OKCHIa3aMM U NMEePOKCHAA3aMH, KaTATM3HPYIOWIHMU OKHCIHUTEb-
Hble peakumu.. JlokasaHa BakHas pois Mo B ¢uKkcaiuy a3oTa, B BOCCTAHOB-
JIEHUM MOJIEKYIAPHOTO a30Ta ¥ HUTPATOB.
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VyacTie MeTaIoB B BaKHEHIIMX GHOXHMUYECKHMX npoieccax o0ycros-
JIeHO 0COOEHHOCTAMH CTPOEeHUA UX aTtoMoB. CiocOOHOCTb MEHATL BaJICHTHbBIE
CocTOsAHKE 1 00pa30BbIBaTH KOMILIEKCHBIE COCAMHEHNA- BaXKHEiLIMEe CBOWCTBA
MHUKpo3sieMeHToB. Hanpumep, uMes 2 BajieHTHLIX cocTosiHusd, Cu MoxeT 06-
patuMo cBa3biBaTh U 0,, 1 CO,. Cu- coaepxaue Genku aKTHBHbI B OKUCJIE-
HHM OpraHMYeCcKMX CyOCTpaToB B IIMPDOKOM [Mana3OHE OKHCIMTENIbHO-
BOCCTAaHOBMTENBHBIX NMOTEHLMAIOB B 3aBHCHMOCTH OT MPUPOLI H PacIoioxe-
Hus nuranga. O6pasoBanie BHYTPHMKOMIUIEKCHBIX COEJMHEHHI HOHOB MeTall-
JIOB IPOMCXOOHUT B TKAHMX JKMBBIX OPraHHW3MOB WIN BHE HMX. YYacTHE HOHOB
XKeJe3a B 0OpaTHMBIX peakLMAX OKHCJIEHMs-BOCCTAHOBIEHMA B cocTaBe (ep-
MEHTa LMTOXpoMa 00YCIOBIIMBAET IbIxaHHE ¥ (OTOCHHTE3 B XKHBOI KIETKeE..
Honsi xene3a obecneunBaloT criocoGHOCTh reMoro0MHa K epeHocy U Aeno-
HUpoBaHUIO O,

B Hactosiuee BpeMs yCTaHOBIICHa NMpAMas CBA3b MEXy COACPKAaHUEM B
OKpyxawouleii cpezie ( B nouse, B Bojie) MukpoanementoB { Mn, Cu, Zn, Mo, B
¥ 1p.) ¥ GoTochHTE30M, GENKOBbIM OOMEHOM, POCTOBBIMH MPOLECCAMM, YC-
TOMYMBOCTBIO pacTeHHH Kk HeGIaronpuATHbIM (pakTopaM BHELIHEH Cpesl,
TaK¥M KaK HEJIOCTaTOK BJIAry, HOBbILIEHHbIE MK NOHHKEHHbIE TEMIIEPATYphl,
YCTOHYUBOCTDb K OONIEe3HAM. ‘

Tak kak MHUKpPO3NEMEHTb! MrpalOT BaXKHYlO poilb B Cyabbe KUBBIX Opra-
HH3MOB, NOCJIEIHUE HyTKO PearupyioT Kak Ha HEJOCTATOK, TaKk U Ha M30LITOK
HX B OKpyXalouiek cpeae.

B.B.KoBansckum 6biia paspaborata TeopHsa O NOPOTOBbIX KOHHEHTpaLK-
AX XMMHYECKMX 3JIEMEHTOB B OKpyxatoueid cpene. CornacHo 3Toi Teopuw,
Ui XMBBIX OPTraHM3MOB GJIATONPUATHB! ONTHMaNbHbIE KOHLEHTPALMH XHMH-
YECKUX JJIEMEHTOB BO BHEIIHEH Cpele, ONacHb! Ul HUX KaK NOHMKEHHbIE, TaK
H TOBLILEHHBIE KOHLIEHTPALMK 3TUX BEILECTs (puc.1).

M3 KOHLENUMM O NOPOroBbIX KOHIIEHTPALMAX U O MpeAenax BO3MOXKHOI0
HODMAJIbHOFO Pa3BHTHA JKHBBIX OPraHH3MOB CJIElyeT, YTO BCE XMMMHYECKHE
3/IEMEHTRI, CO3/IaHHblE MPUPOAOH, HEOOXOAMMBI LI KUBBIX opraHu3MoB. Ha
310 obpawanu BHumanue B.M. Bepuauckuii, A.Il. Bunorpanos. OnacHocTb
IUIA XMBBIX OPTaHM3MOB, 4EJIOBEKa B TOM YMCIie, CBA3aHa He C (akToM npu-
CYTCTBMA TEX WIIM MHBIX JIEMEHTOB B OKpY»KaioLlel cpele, a ¢ NOBbIILECHHbIMH
KOHLIEHTpauMaMH MX. Euie oTHOcutensHO HepaBHo (50-60-e roapl ) cnerua-
JIMCTBE BBIACHAIM MPHUUHBL HEJOCTAaTKa B N09BaX TAKMX MUKPO3JIEMEHTOB, KaK
Cu, Zn, Mo, Mn, u pa3pabaThiBaIN npueMbl ero ycrpaHeHms. B nacrosiilee
BpeMsi, HanpoTHB, B LICHTPEe BHUAMAaHHMs OKa3aINCh CUTyallMH, CBSI3aHHbIE C
M30BITKOM B OKpYXalolieit cpelle 3THX W APYTMX 3JIEMEHTOB, KOTOPbIE CTANH
Ha3biBaTh TAXKEJIBIMU MeTaUlaMi. EciM Ha JaHHbI MOMEHT A0Ka3aTelbCTB
HEOOXOIMMOCTH KaKHX-TO W3 3JIEMEHTOB HEJOCTaTOYHO, TO 3TO MOXET ObITh

CBSA33HO ¢ HEAOCTATKOM CBEICHHH O HHX, 06)’CJIOBIICHHI>IM HECOBEPLUICHCTBOM
COBPEMEHHbIX METOIOB aHaIH3a.
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Pucynox 1. Ces3b Mescoy yposHem COOEPHCAHUS XUMUYECKUX INEMEHMOB 6
OKpYyJicarow el cpede u COCMOSHUEM HCUBLIX OP2AHUIMOB.

cocTosiHme
HABBIX
OpraHuamos

OIINIUMESTBHES OO/IGCTIb

HECOCITISITION) UFOBITION

KOHUEeHTpauusa XMmMmmHeCkux 3eMeHTOB B OKpyXaloLLeW cpeae

IMaTonornyeckue MPoOLECChl B )KMBbIX OPraHU3Max, BbI3BaHHLIEC U3OLITKOM
WIM HEJOCTaTKOM HEKOTOPBIX XMMUYECKUX JJIEMEHTOB ObLIM HM3BECTHBI 3a
HECKOJIBKO ThICAY JIET JO OTKPbITHA MX caMHMX. OIHO W3 NEPBBIX NABHO M3-
BECTHBIX 3a00neBanuii, JHAeMHUECKHil 300, YIOMUHANIOCH B KUTaCKOM nuTe-
patype eute 4000 et ToMy Haszai. Jind nedenus oToH GoNe3HM B JAPEBHOCTH
PEKOMEHIOBaKCh MOpCKHe Bofopocad. Tonbko B cepeaune XIX Beka Oblio
YCTRHORBJIEHO, YTO HEAOCTAaTOK HOAA B MOYBAX, BOJAX, IIPOAYKTAX MOXET Bbi-
3bIBaTh Y MO3BOHOYHBIX Gose3Hb IMUTOBUAHOM kenesbl. [Toatomy 3ddexTus-
HpIM OBUIO eueHue Gose3HM MOPCKMMM BOAOPOCIAMHM, GOraTeiMi HOLOM, K
JApYTMH HOLUCTBIMU NpefiapaTamMH.

Bhaumanue k Se npogswioch B 1931 romy, xoraa 6610 yCTaHOBJIEHO, YTO
IIpH OTPAaBJIEHUH CEJICHOM Y XUBOTHbIX pa3BUBaeTca cienas xpomota. Crycrs
25 siet 6bL10 BHIABJICHO, YTO HENOCTATOK CEjleHa BEIET K MbILICYHOH AMCTpO-
(un xuBoTHBIX. B HacTosIee BpeMs NpU3HaHO, YTO Se obecneyMBaeT conpo-
THUBISEMOCTh KMBBIX OPraHU3MOB TOKCHUHOMY HNEHCTBHIO XMMHYECKMX Be-
LIECTB, 06/IajaeT CHIbHBIM aHTMKAHLIEPOTE€HHbIM eHCTBUEM.

Yro Kacaercs MbilibsiKa, M34aBHA CUYHTANIOCh, Y4TO 3TO Aa. Ho B 1975 r 6bI-
Jla IPH3HaHa ero HeoOGXOoAUMMOCTb I8 oOecriedeHHUss HOpMAaJbHBIX BYHKIHMiH
KHBBIX OPraHU3MOB, B TOM 4YHCJ€ PENPOAYKTHBHbIX. SIIOBUTBIMH ABJIAIOTCS
MPOXYKTLl GHOTpaHCopMaLU As, Takue Kak TPUMETWIAPCHH, AUMETHIAp-
CHH, KOTOpble MOTYT 00pa3oBbIBaTh ILIECHEBBIE FPUOBI B aHAPOOHLIX YCI0BH-
fX.
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TMoBRIlIEHHBIE KOHLIEHTPALMM XUMHYECKHX BEIIECTB B OKPYXaloLew cpe-
Jie OKa3bIBAIOT crieunpuieckoe u HecrieLMpHIEcKoe BIMAHUE HA KIUBblE Opra-
HH3MBI.

Cneunduueckoe aelictBHe 00YCNOBACHO y4acTHEM XHMHYECKHX JIEMEH-
TOB B ONIpeENeHHbIX OHOXHMHYECKUX PEaKLMAX B KOHKPETHBIX BHAAX JKUBbIX
opranu3mMoB. [IposiBiiseTcs oHO, Kak OpaBmIIO, [P Pe3KoM AeduuuTe WK TpHU
BO3/JCHCTBUH BBICOKMX KOHLEHTpaluii 3TuX 3nemeHToB. Hecneunduueckoe
BAWAHME HaOmogaeTcs B TeX CyyasX, KOrja JUIHTENbHOE AEHCTBHE MallbiX
KOHUEHTPAIM XMMUYECKHX BEIUECTB BHI3bIBAET Y *KMBBIX OPraHH3MOB 060CT-
penne GonesHei, BbI3BaHHBIX NMPHYMHAMH, HE CBA3AHHLIMH C HApyIHEHHEM
GHOXMMHYECKUX MPOLECCOB, NMPOTEKAIOLUIMX ¢ y4acTHeM 3Tux BemecTB. OHH
ycyryonsior aeHcTBHE MpAMBIX MCTOYHHKOB GOJIE3HM, UTO BEOET K 00OCTpe-
HHIO XPOHHM4YECKHX GoJiesHel, kK HapyeHmo (GyHKUHMOHHPOBAHHA CUCTEMbI B
ec Haubounee c1abOM 3BEHe WM K AUCTAPMOHMH CHCTEMBI B LIESIOM.

Buapl cneuu¢Hieckoro aeiCTBHA XHMHUECKUX BEIUECTB Ha XKMBhIE€ Opra-
HU3MbI pa3Ho00pasHel. OHU OKa3BIBAIOT:

1) KaHUEPOreHHOE BIMAHUE, TO €CTh BBI3HIBAIOT 3JI0KAYECTBEHHbIE 00pa-
30BaHHA. Pa3snMyaloT MCTHHHLIE KaHLEpPoreHbl, KaHLEPONoAoOHble, KOKAHLie-
poreHxsie BeilecTBa. K HMCTHMHHBIM KaHHEpPOTE€HaM OTHOCATCA TE€, KOTODbIS
HETIOCPEACTBEHHO BEAYT K 3JOKaYeCTBEHHON TpaHC(OpMaLMM KIETOK B XH-
BbIX opraiusmax. Takoi cmoco6HoCTbIO 061a4a0T NOIMapOMATUHECKHE YTITe-
BOIOPO/bI, HHTPO3OCOCAHHEHHA U OAWH M3 CaMbIX CHABHBIX KaHLEPOICHOB-
Genszonupen. [IpokaHiieporeHsi- BetnecTBa, METaGONMTEI KOTOPBIX OKa3bIBAIOT
KaHueporeHHoe neficTeue. KokaHueporeHbi- BEWECTBA, KOTOPhIC 0Ka3biBalOT
BIMHME HA DPA3BUTHE 370KA4ECTBEHHOrO MpoOUECcCca (CMOJbI, KPOTOHOBbIC
MacJia, IMyJILraTopsl, heHobl, HeKoTopbie dhpakunu TabauHOro IpiMa U nepe-
TPETBIX XHPOB);

2) TepaToreHHoe ACHCTBHE, C KOTOPHIM CBA3aHbI NOPOKH UHIAUBHAYAIbHO-
ro pasBdTHi, a TAKKE YPOACTBA B PasAMUHbIX OPraHM3Max. DTU H3IMEHEHHS
MOryT Ha0MOaTLCA HAa YPOBHE MHAUBHUAYYMa, HO MOTYT GbITh 3aKpeIUIEHb! U
Ha TeHETHYECKOM YPOBHE (ONpeleNeHHOIo BHAa KIETOK MM I'€HOTHIA opra-
HM3Ma B LenoM). IIpuMepoM MOFYT CIy>XMTb FHFaHTM3M, KapJIUKOBOCTh pac-
TEHUH B 30HE rEOXMMHYECKUX aHomanuii. Hanuuue Mopdonoruuecknx usme-
HEHHH PacTeHMH MCMONb3yeTcs NPY TMOUCKE METAUIHYECKUX PYX B PETHOHE.
Teparorennniit d¢dext MoxeT Bbi3BaTh W3OHITOK, HEAOCTATOK JNEMEHTOB B
OKpYXXalOWeHd cpeae Wiy HapyiieHHe uX cooTHoieHns. OH MoxeT ObiTb
CIPOBOLMPOBAH TaKXKe KCEHOOMOTHKAMH, HAapUMeED, NECTHLHAAMMY,

3) amGpuoTponHoe AeiicTBue ( NPUMEHMTENLHO K TIO3BOHOUHBIM XKHBOT-
HBIM €TO Ha3biBAOT 6JaCTOreHHLIM), COCTOSILEE B HAPYLICHHH Pa3sBUTHSA M-
OpuOHa M BCENCTBHE ITOrO, BO3HUKHOBEHHE YPOACTB, PA3IM4HBIX aHOMATMH
XKMBBIX Opranu3moB. [lon BAMAHUHEM ankorous, CBUHUA, PTYTH, HEAOCTATOYHO
M3Y4EeHHBIX JIEKAPCTBEHHbIX NPeNapaToB BO3MOXKHbI BHYTPHYTPOOHbIE MOPOKH
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IUI0/la Ha PasHbIX CTafMAX ero pasBUTUA M Aaxe rubenb. IIpumepom MoxeT
OBITh NEKAPCTBEHHbIH NperTapar TAMIOMHI, KOTOPbIH ObLT PEKOMEHIOBAH KakK
CHOTBOPHOE CPEeACTBO, HO BCKOpe OhLN 3ampelieH, Tak Kak Bbi3biBan 3aboie-
BaHHE HEPBHOM CUCTEMBI, O0LI(y10 3aJIEPKKY POCTa, KOXKHbIE A3BbI,

4) annepruyeckoe AefiCTBHE COCTOMT B HApYLIEHUH PEaKLHK OPraHU3MOB
Ha MOBTOPHOE BO3JE/CTBUE HA HUX MUKPOGOB, 4yKEpOAHbIX OejIKoB, KOTOpOE
BEIET K CHIKEHMIO UMMYHHTETA. BBI3BIBAIOT pasliMyHbie BEILECTBA TPHPO/-
HOTO ¥ TEXHOTEHHOTO MPOUCX0XKACHMUA.

Tabnuua 3 wunocTpUpyeT NPUMeEpPbl TOKCUYHOCTH XMMHMYECKUX BELIECTB.

Tabnuya 3 Ighghexmor uzbupamenvHoli MOKCUNHOCIU ONIA YEROBEKA 3A2PA3-
nowux eewpecme (OECD, Paris, 1991)

OnemeHt 3aboneBanue
MBIIbAK paK JIerkux, KoxHsle 60.1e3HM, BKIIIOYAs U3bA3BIC-
HHe, remaronorimieckue 3pdexTsl, BKMoYas aHe-
MHIO
Bepunnuit JICPMAaTUTBI, BOCHAIEHHE CIIM3UCTBIX 000104eK
KaaMuit OCTpBIE M XPOHNHECKHE pecliuparopiibie 3abonesa-
HHUA, TIoUcHHas ANCGYHKINA, 310Ka4YCCTBEHHbIE
o0pazoBaHus
XpoM paK NeTKMX, 370Ka4eCTBeHHbIE 00pasoBaHus B

KENYAOUHO-KHIICYHOM TPAKTE, ACPMATHUThI

CBUHEL[ HapyHIEHUs KPOBETBOPEHUS, MOBPEHJICHUE NEYEHH
Y 1I04eK, Helipoaorudeckue IdgdexTs

PTYTH BO3eHCTBMC Ha HEPBHYIO CHCTEMY (BKOYas

KpaTKOCPO4HYIO NamMATh), HAPYLICHHUC CEHCOPHBIX

byHKUHii KOOpAMHALMM, TIOYEYHAs HENOCTAaTOY~
HOCTb

HHKENb pecnHpaTopHbie 3a001eBaHNsA, BKIOYAA aCTMY,
HapyueHHE AbIXaTENbHOM 3aLMTHON CUCTEMBI,
MOPXKCHHME IJI0la U YPOICTBa

TaLIMH 6uoa1<xl(ymymum, TOKCHYHOCTB 110 OTHOLUEHMIO K
PacTCHUAM U KUBOTHBIM

BaHanuit pasipaxkeHHe AbIXaTelIbHBIX MyTCH, acT™Ma, HEpB-
HBIC PACCTPONCTBA, H3MEHEHHUS HOPMY Il KPOBH

Kiacc onacHocTH XMMHYECKHMX BELECTB YCTaHABIMBAETCS 10O PALY NOKa-
3aresieil. B Halie# cTpane 3Ti nokasareny onpeaencHsl FOCToM (tabaunua 4)
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Tabnuya 4. Iloxazamenu onpedenenus Knacca ONACHOCMU XUMUYECKUX Ge-
wecme (TOCT 17.4.1.02-83)

IMoka3zarenu HopMa 11 K/1aCCOB OTIACHOCTH
1 2 3
Tokcnunocts (JI150) 200 200-1000 > 1000
Y CTOHYMBOCTD B HOYBE, MECALIBI. 12 6-12 >6
YCTOWYMBOCTL B PACTEHHAX. 3 1-3 <1
MECALIBI
TJAK 8 noyse 0,2 0,2-0,5 >0,5
Bausnue Ha nuuiesyio CHIIbHOE yMepeHHOe HET
LCHHOCTH CENbCKOXO03SHCTBEH-
HBIX TIPOJIYKTOB.
Murpauus CHJIbHaA yMepEHHasx HeT

Kiacc onacHOCTH YCTaHaB/IHBAETCA IPH €r0 COOTBETCTBUM HE MEHEE, HEM
TPEM NOKa3aTeJAM U3 BblIIEHA3BAHHBIX LIECTH. BaxxHeHum ABIjA€TCA noKa-
3arenb TokcuudocTd J1J 50. Ox noxasbiBaer JieTanbHyIO 103y Ipenapara B Mr
ACHCTBYIOLIETO BEINECTBA Ha | Kr XMBOro Beca, BhI3biBalOLIylO rubens 50%
NOAOMBITHBIX AKUBOTHbIX.

B 1983 romy B CCCP Ha ocHOBaHMH 3THX NOKa3aTejell BbileleHo 3 Kiac-
€a 3arpa3HAIOIIMX BeiecTs (Tabauua S)

Tabnuya 5. Knaccer 3aepssusiowyux gewgecms (IF'OCT 17.4.1.02-83)

Knace Crenenb ONMacHOCTH DIEMEHTEI, BEILIECTBA
1 BBICOKO OIACHbLIC As, Cd, Hg, Se, Pb, F, Zn, 6exsoimmpen
2 YMCPEHHO OracHsie B, Cu, Ni, Mo, Co, Sb, Cr
3 MaJio OfiacHbie Ba, Mn, V, W, Sr, auetodeHoH

IMepeyenr onacHBIX XMMHYECKMX BEILECTB IS PasjJMUHbIX NMPHPOMHbLIX
cpea 6am3ox B pasHeix ctpaHax. B IIporpamme CKOIIE (OOH) nauGosec
onacHeiMHU ieMeHTaMu HasBaHul Cd, Pb, Hg, As. B nporpamme CIIA no ok-
pyXaiowieii cpefie KOHTpolO B Bogax nomiexar Sb, As, Ba, Be, Cd, Cr, Cuy,
Fe, Zn, Hg, Ni, Ag. B Bo3nyxe koHTponupyeTcs coaepxanue As, Be, Cd, F,
Pb, Hg, 31 ke BewiecTBa KOHTPONUPYIOTCA B NOYBE. PYKOBOAUTEL TOKCUKO-
Joruyeckoi rpyniel Iiporpammer MAB @. Kopte B 4Hciio OnacHbIX XUMHUUe-
CKMX BEMIECTB ((CTPECC-MHAUKATOPOBY) BKIOYWI NECTHUHALI, TAXKENbIC Me-
TAJLTbI, OKCHJIbI yTJIEpoJa u a30Ta.
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BiugHue Ha 340pOBbe YeNOBEKA 3aTPA3HAIOIMX BEUIECTB II0YB HMEET
CBOW 0COOEHHOCTH. XMMHYECKHE BEMIECTBA MOYBbI, KaK MpaBuUJIO, MOCTYNAIOT
B OPraHM3M 4€JI0BEKA HEe HEMOCPEACTBEHHO, a N0 NHUIEBbIM LENOYKaM: NOYBa-
BOJa-4eJIOBEK, I0YBa-BOJA-PaCTEHHA- YEN0BEK, MOYBA-paCTCHHA-XUBOTHOE-
4eJIoBeK. IT0 0OCTOATENLCTBO AOMKHO ObITh NMPHHATO BO BHHMaHHWe IIPH
OLIeHKE ONacHOCTH XMMU4YECKHUX BELeCTB NOYB Ui YeJIOBeKa.

XvMHYECKHE BeleCTBA OKa3bIBalOT Ha TOYBY JBOSKOE JCHCTBHME.
M.A I'nmazoBckas Ha3Bajia 3TH BHIbl BO3ICHCTBUA OHOXUMHUYECKUM U NENOXH-
MuueckuM. HasbiBatOT UX Take MPAMBIMH M KOCBEHHBIMH, CrieHHIECKUMH
U HeCcTIEUMPHYECKUMHA.

buoxumudeckoe (npsamoe, cnerupuyeckoe) AEHCTBHE COCTOMT B MPAMOM
BIUAHHN XUMMYECKHX BEIUECTB Ha OMOXMMHUUYECKUE MPOLIECCHl B PACTEHMAX,
MMKPOOpPraH{3Max, MO3BOHOUHBIX M OECIO3BOHOYHbIX OOUTATENAX TOUBBI.
Pe3ynbTatoM 3arpsa3HeHHs sBAAETCA CHIDKEHHe Ouomacchl, ypoxkas pacTeHHi
M ero KayectBa, BO3MOXHO rubenb. IIpOMCXONMT MOAaBICHWE MOYBEHHBIX
MUKPOOPraHH3MOB, CHIDKEHHE MX YHMCIIEHHOCTH, pa3Hoobpasus, Guonoruue-
CKOW aKTMBHOCTH.

[Menoxnmudeckoe (kocBeHHOE, Hecneuuduyeckoe) NeCTBIE XUMHYECKUX
BEILECTB CBA3aHO C BJIMAHHMEM MX Ha IIOYBEHHO-XHMHYECKHE YCIIOBMA, KOTO-
pble B CBOIO O4epelb BIMAIOT HAa COCTOSIHUE JKHBBIX OPraHM3MOB NMOYBbl. Bax-
HEeHIIUMU SABNAOTCH KHCJIOTHO-OCHOBHBIE I’} OKHCJIUTENBHO-
BOCCTaHOBHTENbHbIE YycnoBua. Hampumep, rasoobpasHeie BbiOpochl, copep-
Xalliue OKCHIbI CEPbI U a30Ta, MOCTyNas B NO4BY B GopMe a30THOM U cepHOi
KHCJIOT, MOTYT CHIKaTh pH B OTaenbHBIX cliyuanx a0 2-3. B MeHbluei crene-
HHM MOTYT CHOCOOCTBOBaTh MOHMXKeHMIO pH MOYB MAPONUTHYECKH KHCIbie
yno6penua I[TonKucieHHe 1I0YB B CBOIO O4EPEb MOXET BECTH K MOBBIUIEHHUIO
NOJBIDKHOCTH PAa3IMYHBIX XHMHUYECKHX 3JIEMEHTOB B NOYBAX, HApHMEp, Map-
raHua, anoMuHus. IlogkucneHde NOYBEHHOTO pacTBopa cnocoOCTBYET M3Me-
HEHMIO COOTHOLICHUA PaznuYHbIX GOPM XHMHYECKHX IJIEMEHTOB B IOJb3Y
yBeJIMUeHHs 10U GoNee TOKCHUHBIX COeNMHEHUH (HanpuMep, alIOMHHUA).

OueBHaHa YCIOBHOCTh TAKOTO AEJICHHA XUMUUECKHX BEIUECTB Ha FPYIIIbL.
Xnopunsl, cynbaTsl, HUTPAThi OKA3BIBAIOT HE TOJBKO TENOXMMUYECKOE Aeii-
CTBME Ha MOYBbl. OHM MOTYT OTPHLATEILHO BJIMATh HA )KIBbie OPraHU3Mbi M
HENOCpPeNCTBEHHO, Hapyllas xol OHOXMMHUECKHX npolieccoB B HUX. Hampu-
Mep, CyabdaTel, NOcTynuBIlIKe B MOYBY B Kojudectse 300 xr/ra u Gonbue,
MOTYT HaKalUIMBaTbCA B PaCTEHMAX B KOJMYECTBaX, MPEBBILAIOIMX HX [I0-
IYCTHMBIA YPOBEHb. 3arpsa3HeHue No4B (TOpUAAMH HAaTPHS BEAET K mopaxe-
HHMIO PaCTEHHMH KaK NOAX BIHAHHEM HX TOKCHYECKOrO BO3JCHCTBHA, TAK M 1101
BIIMAHMEM BbI3BAaHHOH MMM CWIbHOLLEIOYHON PEAKUHH.
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3. IOCTYTUIEHME U PACITPOCTPAHEHHE 3ATPSI3HAIOILMX
BELL[ECTB.

IMonsTHe 0 3arpA3HAIOMIMX BELIECTBAX COACP)KMT yKazaHHE Ha aHTPOIO-
TEHHBbIH UCTOYHUK KX NocTyiuieHud. TlocTyruienne 3arpsa3HAIOILMX BEILECTB B
6uocepy HensbexHO CBS3aHO C KM3HBIO U AEATENILHOCTBIO desoBeka. llo-
604HbIC NPOLYKTHI XKU3HH U REATENLHOCTH Jodel - orxolbl. CTOMMOCTL MX
HIKE CTOMMOCTH OCHOBHOI'O MPOU3BOAUMOrO NPOAYKTA, NPOU3BOAMTEM Yac-
TO UMU NpeHeOperaloT ¥ U30aBIMOTCA OT HUX, BRIOPAChIBasd B OKPY>KaloLLyIO
cpeny. OnHolt U3 kiaccuukaluil 3arpA3HAIOLMX BELUECTB ABNAETCS Ae/iCHHAE
X TIO BMaM NPOU3BOACTBEHHON JEATENBHOCTH, C KOTOPBIMH CBA3aHO 06pa3so-
BaHHe OTXOOB, 3arpA3HAIOIIMX OKPYKAIOLLYI0 cpeny (Tabnuua 6).

Tabnuya 6. Knaccugpuxayus ucmoynuxoe 3azpasnenus buocghepoi.

Bun nesarensHocTH Orxoabi

A. Cdepa MaTepHANBLHOTO MPOK3BOACTBRA:
1.IMpombimneHHoCTs
a) 1006bI4a TBEPABIX MONE3HBIX| TBEP/bie MPOMBILIIEHHbBIE 0TXObI, IIPOMBILLICHHBIE
MCKOTIaeMBbIX CTOYHBIE BOJbI, a3P030JIbHbIE
6) 106b14a ropiouMX nosies- BLIOpOCHI
HBIX HCKOTAeMBbIX
B) NPOMBIILIEHHOE APOU3BON-
CTBO
T) METalnypruyeckas rnpo-
MBIIIIEHHOCTD
21) XHMHYECKas POMBILLLIEH-
HOCTb
2. [TpousBonCTBO BHEPruy, OTXOZbl CKUIaHUs TBEPAOI'O H )KMAKOTO TOIUIMBA
TEIIOBBIE U aTOMHBIE JJIeK-
TPOCTAHLIUH
3. HegrenobwiBatouye 1 HedTh ¥ HeTEnpOAYKTHI
HedTenepepabarbiBatomue
HPENIIPUATHA
4. ATOMHas [POMBILLICHHOCTS | paAMOAKTHBHBIC BELICCTRBA OTXO0B aTOMHO#M YHEpre-
THKH, AEPHbIX B3PbIBOB

5.Tpancnopt HEQTENpOLYKThi, CMA304HBIC MACIA, BBIX/IONHbIC
a) aBTOMOGHIILHBIN rasbi aBTOTPAHCNIOPTA, IOTEPH XUMHUYECKHX BELIECTB
6) BonHbIH NpH TPaHCTIOPTHPOBKE
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TTponomkenne Tabnuup! 6

1 2
6.CenbCKOX039CTBEHHAA CpEACTBA XHMMU3ALMH, OTXO/bI, HCIIONb3YEMbIE KaK
ZICATENLHOCTD yA0OpeH s, ANOXMMHKATbi, METMOPAHTEI, OPOCH-
a) 3eMaeaeaue TENBHBIE BOJIBI, OTXOAbI CEILCKOXO3AUCTBEHHOrO
[POM3BOJICTBA
6) )KMBOTHOBOACTBO OTXOJb! CTOIIOBOIO COACPKAHUS CKOTA,
CTOKH ¥ TBEPABIC OTXOIkI
b.Cdepa norpebnenus:
KoMMyHansHO-0biTOBas A€s- | ALIMOBBIE ra3hl, GLITOBLIE CTOYHBIC BOABI, TBEPAbIC
TEABLHOCTH OBITOBLIE OTXO/bE, IK3aI'CHHBIC XHMHYECKHE BELIECT-
Ba, HCII0JIB3YCMbIE B OBITY

Knaccupukaiuio oTxo0B MOXHO MPOBOJNTD, ONHPAACh Ha HX CBOKCTBA:
XMMHUYeCKuil cocTaB, (pasoBoe cocTofAHHue, GOPMBbI U PEXHM MOCTYILICHHA H
T.A. OTX0BI NOCTYNAIOT B OKPYXKAIOILYIO CPEAY B TBEPAOM, KHAKOM COCTOA-
HuM, B GopMe a3po30ibHBIX BEIGPOCOB. B cooTBeTCTBUH C (a3oBhIM COCTOS-
HHEM OTXOAOB IPOMCXOAMT NPEUMYLUECTBEHHOE 3arpA3HEHHE BOMIOH, BO3-
HyHiHO#, noYBeHHOH cpen. IToYBbI 3arpsa3HAIOTCA KaK HENOCPEACTBEHHO, TaK U
yepe3 atMoctepy M ruipochepy. 3arpasHeHue Bo3nyXa M Bol HeM36exkHO
CONpPOBOXIAETCS 3aTPA3HEHUEM TOUB.

IMoctynneHne OTXOAOB NPOHCXOAHT B HEOPraHU3OBAHHOM H OPraHU30-
BaHHOM pexkHMe (NMOCTORHHO WiM perynspHo). [IpuMepoM MOCTOAHHBIX Opra-
HM30BaHHBIX BEIOPOCOB ABJAIOTCA LUAXTHBIC CTOYHbIE BOXBI MPEANPHUATHIA 1O
n00bive TOJIE3HBbIX MCKOMAEMbiX, BLIOPOCH ra3006pa3HbIX MPOAYKTOB Cropa-
Hua Tpy6amu TOL, razoBsle (akesbi, OTXOAbl OYUCTHBIX COOPYXKEHUH, Lia-
KOHaKONMTENH, OTBaibl. BHecenue ygoOpeHudt win sa0XMMHUKaToB, cOpoc
KHIKMX OTXOHOB MPOMBIIUIEHHBLIX TPEANPUATHI MOXKET KJIacCH(PHIMPOBATh-
4 KaK peryJspHoe Wik LHKIHYeCKoe NOCTYIUIEHHE OTXO/OB.

Heoprann3oBaHHoe WM CNOHTaHHOe (CaMOMPOW3BOJILHOE) MOCTYILIEHHE
3arpA3HAIOIIMX BELIECTB TPOUCXOAMT NMPH KaTacTpoduUecKuX pasiusax Hed-
TH, [PH aBapUAX Ha NPEANPUATHAX WK NpPY TPaHCIIOPTHPOBKE MPOMBILLIEH-
HOH IIPOAYKUMH (HANpUMED, HeQTAHOM WIK XMMUIECKO#).

PacnpocTpaHenue MOJUTIOTAHTOB MOXET GbiTh YCJIOBHO paslelieHO Ha TO-
4eyHoe, IIolliaaHoe, nuHeiHoe. Orxoast TOLL, npeanpusTuil no nobbrue no-
JIC3HBIX MCKOMAEMBIX MM APYTHX 3aBOJOB HEW30EKHO (POPMHUPYIOT TOUEUHBIE
3arpsisHenHbie 3086l HO ¢ TakuMH ke NpoM3BOACTBAMH KPYMHOro Macmraba,
C BHECEHHEM YNO0OpeHMit Ha OOLIMDHBIX TUIOWANAX CBR32aHO (OpPMUpOBaHMe
TWIOHIAAHOr0 3arpsA3HeHus. Molnsble aBTOMOOWIIbHBIE MOTOKW CO31alOT JIH-
HelHOE 3arpA3HEHHE BO/b NONOTHA aBTOMAaruCTpasieil.
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Mo npomecTsuu 10 siet nocne Havana nepecTpoiiky B Hallieli CTpaHe OT-
MeyaeTcs HEKOTOpOe yydLIeHHe COCTOAHUA OKpYXatolled cpeabl. [loctymne-
HHE OPraHM30BaHHbIX OTXOJOB CHU3WIOCH BCJEACTBHE cChaja MPOM3BOACTBA
He MeHee, yeM Ha 1/3. Ho cHkeHUs CIIOHTAHHOTO 3arpA3HEHMA HE NMPOM3OIL-
JI0 M3-32 POCTa YUCNA, TaK Ha3bIBaEMbIX, TEXHOJIOTMUECKUX KaTacTpod, 00y-
CJIOBJICHHBIX TEXHWYECKHM H3HOCOM 00OpYyJOBaHMS Ha MHOTMX MpEeINpHATH-
AX. 3a TOCNEAHME rojbl MPOU3OLULIO MHOTO IKOJOTHYECKH OMNACHBIX KaTacT-
pod, xoTOpbie NOBAEKIHU 33 CO00H 3arpA3HEeHHE NOBEPXHOCTHBIX H IPYHTOBBIX
BOJI, NOYB, HAaflpUMep, NpopsIB Hedre- U TpybGonpoeoaos B Pecmybiuke Komu,
Camapckoit, CaparoBckoil, UensOunckoii, TamGoBckoii obnacTsax, pasnius B
pafioHe Ap3amaca cepHO#M KUCioThl, a B MpkyTckoii obnactu austoruinea. K
3arpsA3HEHHUIO BOA NpUBEJ aBapHiHbIM cOpOC U pa3iuBbl B KeMepoBO CTOYHbBIX
Boa, B Tonbsrru-cepHoit KucnoTel, B TOMCKoOi oONacTu-aHWIMHA, cOpoc B
Ky#i6rimesckoe BonoxpaHnnuile cyibparoB. HeBo3MoXKHO OLEHHTL pa3Mephl
3KoIoruyeckoil karactpogsl Ha Kaskase n3-3a 3arpsA3HeHus BOJA U NOYB Hed-
TAMH U HePTEOPOLYKTaMH, a aTMOC(hephi- MPOAYKTaMH MX CTOpaHMA.

[To MacinrabaM pacnpocTpaneHus 3arpA3HAIONIMX BELIECTB 3arpA3HeHUe
KIACCUPALMPYIOT KaK JIOKAIbHOE, PETHOHAJILHOE, II00anbHOe.

JlokanbHoe (MMNaKkTHOE) 3arpsA3HEHHE CO3JAETCA B HEMOCPEICTBEHHOM
ONM30CTH OT NPOM3BOLACTBA, MCTOMHMKA 3arpA3HEHMs. 3arpa3HeHHe B ITOH
30HE MOXET ObITh TOUEIHBIM, IUTOLIAXHBIM, JIMHEHHbIM. 3arpa3HsioUMe Belle-
CTBA PaCNpoCTPaHAIOTCA B paquyce OT €ANHHUIL A0 NEPBBIX ACCATKOB KMIOMET-
POB, 4TO 3aBHCHT KaK OT TEXHOJOTHYECKHX, TaK K OT MPHUPOAHbIX (PaKkTOPOB.

PervonanbHoe 3arpsizHenue (opMupyeTcs B KPYIHBIX MPOMbILLTEHHbIX
HEHTPaxX € BBICOKON YHMCJICHHOCTbIO HaceJeHHA. Pa3Mepnl TaKuX TEPPUTOPHI
M3MEPAIOTCA COTHAMHM KWIOMETPOB, BO3JIEHCTBME Ha OKPYXKaloIlyro Cpeny
HOCHT KOMIUIEKCHBIN XapakTep, TaK KaK B TAKMX pETHOHANbHBIX, aIMHUHUCTpa-
TMBHBIX LEHTPaxX Kak MpaBwilo, MHOKECTBO NMPEINPUATHIT PasIH4HbIX npodu-
JIEH, MPOM3BOAALLIMX OTXObl Pa3HOTO COCTABA.

I'nobanbHoe 3arps3HeHHe- 3TO 3arps3HeHHe obUIeIUIaHETAPHOE, TUIOILA-
Hoe. QopMmupyeTcs 3a CUET HaIbHErO MepeHOCa aj’po30iieil 3arpA3HAIOMmMX
BeulecTs. OnacHOCTh HACTOALIEro BpeMEHH B TOM, YTO 3arpsi3HEHHE HPUPOIL-
HBIX CPeJl NPHUHAI0 rnobanbHble pasMepbl. A 3TO 3HAYMT, UTO YEJIOBEK HHUT/E
HEe MOXET U30exaTh BO3NEHCTBMA 3arpA3HAIOILMX BewecTB. FIMEHHO TI0O3TOMY
3arpA3HEHIIEC Ha3BaHO B Ka4eCTBE pealibHOi Yrpo3bl XHM3HM Ha IUIAHETE.

[nobanbHbii XapakTep aHTPOMOrSHHBIX M3MEHEHWi BMEPBbIE OLEHUI
B.H. Bepranckuii. Eute B 1934 1 04 mucai o pacTyiux pasMepax reOXuMHye-
cKoit paboTsl genoseyecTsa. UeNoBeK BO3IEHCTBYET Ha OOMEH aTOMOB XKUBOTO
BELIECTBA C KOCHOH MaTepHel, OH pacmpOCTpaHW CBOE BJIMAHME HAa BCC XU-
MHYECKHE 3JIEMEHTHI, M3MEHWI T'€OXMMUUYECKYIO HCTOPHIO BCEX METaoB.
PaBHOBecHE B MUTIDALMH 3JIEMEHTOB, KOTOPOE YCTAaHABIMBAIOCH B TEYEHHE
Te0JIONMMECKOro BPEMEHH, B HACTOsIUee BpeMs Hapyuiaercd. PacteT obparu-
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MOCTb F'€OXMMHYECKHUX LIMKJIOB BCEX JJIEMEHTOB, BCE LIMpPE BBOMATCSH HOBBIE
TEPMOAUHAMHUYECKH HEYCTOIYHBBIE B yCIIOBHAX 3E€MHOM KOPbI COCJMHEHHA.

Jiis XapaKTepHCTUKH MPOLIECCA W3MEHEHHA IPHPOABI MO BO3AEHCTBHEM
NpOM3BOACTBEHHON NEATENbHOCTH 4YENIOBEKa BBEJCH CICLMAIbHBIH TEPMMH
"TexHorene3”. JtoT TepmuH npemioxun AE. ®epcman. Texnorewes- 3to
BO3CHCTBUE XO3ANCTBEHHOH AEATEILHOCTH YEJIOBEKA HA OKPYXKAlOLIYIO Cpe-
ny. Y B.H. Bepuaackuii, u A.E. ®epcMan nokasany, 4To B pe3yibTaTe TEXHO-
FEHE3a MPOMCXOAUT KOHLEHTPUPOBaHHE XMMHYECKHMX BEIIECTB B ONpeENE/eH-
HbIX 30Hax Ouoctepsl. Ho KoHUEHTpHpOBaHHE BEWIECTB- 3TO MPOMEXYTOY-
HbIH, TOKaNLHBIH MpoLecc. JKOJOruueCcKas ONacHOCTb €ro B TOM, 4YTO KOHeY-
HbIM MTOTOM 3TOTO MpoLiecca ABIAeTCsA nocjenyrouiee 6e3B03BpaTHOE paciibi-
JICHHE, paccesHMe BellecTB. B HacTosiiee BpeMs reoXMMHYEcKas MHIpaLus
XHMUYECKMX 3JIEMEHTOB, 00YCIIOBIEHHAA TEXHUYECKOH NesTeIbHOCTHIO, npe-
BbIIIAET NO CKOPOCTH NPHUPOAHbIE mpouecchl. B pesynbraTe TexHorexesa s
3eMHO# KOpe NpOTEKalT peaKlMH, KOTOPhIE He COOTBETCTBYIOT MPHPOAHbIM
OHM3UKO-XMMUYECKHM YCJIOBHUSAM IUIAHETh, YTO HApyIUAeT LMK XUMHYECKHX
3JIeMeHTOB. YenoBedecTBO CO3AET HOBBIE COCAMHEHUA XMMHYECKUX JIEMEH-
TOB, KOTOpble paHee B Ouocepe He CylIECTBOBAIM, HAanpHMEpP, NOJUMEDSI,
NeCTHIIMIB], lacTMacchl. Bee LiMpe pacnpocTpanmoTcs B OKpYysKatowiei cpe-
e paAMOaKTHBHbIE M30TOMNLI. PaciiMpsioTcs crnocoGbl MHrpaLMy BEINECTBa, B
TOM YHCIIE, HE CBOMCTBEHHbIE IPHPO/IE- IKCIIOPT, HIMIOPT.

AmntponoreHHoe paccesnue B 6uocdepe XUMHUECKUX BELIECTB pacTeT €O
CKOPOCTBIO HayYHO-TEXHMYECKOTO MPOrPecca U ¢ MOUIHOCTBIO [E€0IOrHYECKO-
ro npouecca. O CONMOCTABUMOCTH NIPUPOAHBIX U TEXHOTEHHBIX OTOKOB XUMH-
YECKUX BEMICCTB FOBOPAT, B YACTHOCTH, JaHHble Tabnuupl 7.

Tabnuya.7. Coomnouienue 6U02eHHbIX U MEXHOZEHHbIX ROMOKO8

(Koe0a,1976)
HCTOYHMK XMMHYECKHX BEILIECTB Pasmepb! OTOKOB BELIECTB
JKHBOE BEIIECTBO IUIAHETHI 10" 1/rox
6uomacca 10" t/ron
FONMYHbIH CTOK peK 47 10° &
noTpeGieHME BOABI 3 10° xu?
TBEPIbIA CTOK PeK 16-24 10° 1/ron
XUMHYECKUIA CTOK peK 3 10° t/ron
HPOH3BOACTBO YAOOpeHui 3-5 10° /o
NbETL WHAYCTPHAThHAS 0,25 10° T/roa
MYCOp, OTXOJbI, BEIOPOCHI 20 10° T/roa
BRIEMKA PYJIHBIX HOPOX 5 10° t/ron
HHIYCTPHANILHBIE H FOPOACKHE COpOCHbIE 5500 10° m’/rox
BOZBI
a3p030JI4 M ra3oBbie BIOPOCH! n 10° 1/roa
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PacueTbl 10Ka3bIBalOT, 9TO KOJHYECTBO COPOCHBIX BOJA COU3MEPUMO C XH-
MMYECKUM CTOKOM BOJ, @ KOJIMYECTBO YNOOpEHHMH, MHIYCTPHAILHON TBLIH,
Mycopa COM3MEPHMO C TBEPALIM CTOKOM pek. MMeloTcs M Opyrue rnoxasareiu
MacluTaboB MCMOJIL30BaHHA XMMHYECKHX BelecTs (Tabauua 8)

Tabnuya 8. I'nobansHoe mexnozeHHoe ROCMYNAEHUE MUKPOINEMEHMOE 8 ROY-
bl (mvic.m/200) ( Nriogu J.O., Pacyna J., 1988).
HUctounnku nocryrnenuss | As | Cd | Cr | Cu | Hg | Ni Pb Zn

Censckoxossiicraenusie | 3.00 | 1.50 |47.50120.50( 0.75 }25.50|14.20| 81.0

otbpocsl
Haso3 3.30 | 0.70 |25.00{47.00} 0.10 }19.50|11.60}235.0
JlecosarotoBku 1.60 | 1.10 {10.10| 22.0 | 1.10 | 12.50| 7.40 | 39.0

I'opoackue orbpocsl 0.40 | 4.20 |19.30{26.50| 0.13 | 6.10 140.00( 59.5
['opoackue crokn 1.12 | 0.28 | 6.20 {12.40} 0.45 | 13.50| 5.75 | 37.5

Oprauneckune oropocst, | 0.12° | 0.45 | 0.24 | 0.32 1.70 | 0.81 | 1.1
BKJTIOYas IKCKpeUUH

Teepabie otOpocst, Me- | 0.11 | 0.04 | 1.52 | 437 | 0.04 | 1.67 | 7.50 | 10.9
TaN0NOM

Vroneuas nuute ¥ tinaxu | 21.80] 7.20 1305.0 {372.0 | 2.60 |167.5 {143.5 {298.0

0 0 0 0
Ynobpenus 0.01 | 0.14 {20.50] 0.31 03711351 0.7
Topd (ynobpenne u ton- | 0.27 | 0.55 | 0.11 | 1.07 } 0.01 {17.60| 1.50 | 1.9

JIMBO)

Koppo3us Mertamios, xu- | 38.50| 1.19 {457.0 |559.0 | 0.68 | 19.20{2925. | 466.0
MHKaTh! 0 0 0

AtmocdepHbic Bomanenms| 13.20] 5.30 [21.55]25.00( 2.50 {24.00{432.0f 92.0

Jns KONMMYECTBEHHOH XapaKTEPUCTHKU MPOLIECCOB BOBJICYCHUS XHUMHUeE-
CKHUX BELIECTB B [N100aibHble LUKIbLI UX HA TUIAHETE BBOMATCSA HOBbIC TCPMHHbI
(I'nazoBckasn, 1997). Hanpumep, dpakrop mobunusauny (EF) unn daxrop tex-
HOTEHHOro O0OTalleHUsA, KOTOpPbIH pacCUNTHLIBAETCS KaK OTHOLIEHHE TEXHO-
PEHHOro MOTOKA XHMHYECKOro 3JeMeHTa K MpHUpoAHoMy. JlanHeie Tabnuibt 9
NOKAa3bIBAIOT, KaK BENUK ITOT MHAEKC.

22



Tabnuya 9. Conocmaenenue npUpooOHbIX % MEXHOSEHHBIX ROMOKO8
(Lantzyand Maccenzie, 1979, Galloway, 1988 )

DieMeHT Imuccus, 10° /ron EF
fipUpoaHas TEXHOICHHak

Ag 0.6 50 83
As 28 780 28
Cd 29 55 19
Cr 580 940 1.6
Cu 190 2600 13
Hg 0.4 110 440
Mn 6100 3200 0.5
Co 70 50 0.7
Mo 11 510 45
Ni 280 980 35
Pb 40 4000 100
Sb 9.8 380 39
Sn 52 430 83
\Y 650 2100 3.2
Zn 360 8400 23

MakcuManbHbie YPOBHH TEXHOTEHHOrO 00OrallieHUs XapakTepHsl ans Hg
(440), Pb (100), Ag (83), Haumensbmue- 1is Cr, Co, Mn (<2). YposeHb 3T0-
ro MoKa3sareis, KaK U nokaszarenb TeXHOQWILHOCTH, ABAAETCA OTPAKEHHUEM, C
OJHO¥H CTOPOHBI, YPOBHS BLIGPOCOB XMMHUECKOI0 371€EMEHTA B BUIE OTXO/I0B, C
APYro#l CTOPOHBI- HCXOQHOTO COAEPXKAHHU €r'o B JIMTOChEpE.

XuMuueckuil COCTaB KyAsTYPHbIX JaHANAdTOB PE3KO MEHAETCA B pe-
3yabTaTe TexHoresesa. Ilo M.A.I'nasoBckoif, B KynbTypHbIX JaHAmadTax no
CpaBHEHHIO C NPUPOAHBIMU HAET HAKOILIEHHE Gonee TEXHOMHIbHBIX 3/IEMEH-
TOB: YBENHYHBAETCS AONS COSJMHEHHH Kene3a, pacluupseTcs COOTHOIUEHHE
mexay Cu u Zn, Ni v Co. To ectb TEXHOreHe3 MEHAET HE TOJILKO YPOBEHb
ColepXKaHHA, HO M COOTHOLICHHE IEMEHTOB B OKPYI)KAIOILEH cpeae.

O pa3mepax TeXHOTreHHO! Harpy3Ku CBHIETEILCTBYIOT H APYrHe MOKa3a-
TENH: CPEIHME MONYJIM TEXHOTEHHOH Harpy3kH, BpeMs yABOCHHA COAEPKaHMs
3JIEMEHTOB B BepXHHX cJiosx mousbl( Tabnuua 10). Mogynb TeXHOT€HHOTO
HaBJICHUs NOKA3bIBAET €XKErONHOE MOCTYIUIEHHE MACChl BELIECTBA HA €AMHHLLY
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IUIOIIAaAH 3¢MHOH MoBepXHOCTH. CpeHui MOLYJb NENOTEXHOTEHHOM KOHICH-
TPaLMH BELECTBA [OKA3LIBAET OTHOIUECHME MACCHl BEUIECTBA, NOCTYIUBILETO
Ha MIOBEPXHOCTDb MOYBbI H3 TEXHONCHHOr0 MCTOYHMKA, K HCXOIHOMY COAepKa-
HMIO €r0 B BEPXHEM NMOYBEHHOM clioe. OH MOoKa3piBaeT, Kakylo A0JIO OT Cpel-
HHX 3al1acoB B MOYBAX COCTABJSAET €ro €XEroqHOE TEXHOreHHOE NOCTYIUICHHE.
OrtpaxaeT He TONBKO NOBLILIEHHE COAEPKAHUA TEXHOTEHHOTO JJICMEHTA, HO U
H3MEHEHHE COOTHOLICHHA €T0 TI0 CPABHEHHIO C NPHPOAHBIM.

Tabauya 10. Cpednue enobanvhvie MOOYIU MEXHOZEHHO20 OABNEHUA U Nedo-
mexnozeHHOU KoHyenmpayuu nemenmos (I nazosckas, 1997):

Onement| Cpemuee | Cpemume | Cpeanee | Cpemuee | Cpeanme | T 2m (ro-
rno- rnobanb- | cogepxka- | coaepka- | MOILyAM |Ibl) Bpems
GaneHOE |HbIE TEXHO-| HHE B NOY- | HME B C/IOE |IIEAOTEXHO-| YABOCHHS
nocTylsie- | TeHHbIE | BeE, MF/Kr 0-10 FEHHO! | cosepxa-
HHE, THIC | Monyau UM IxonuenrTpa- | ums B crioe
T/roa JaBaeHUS, (V=1,3), UMM B 0-10 cm
Mr/M® rox Mr/M2 |moBepxuoc-
: THOM cJloe
(107
Cd 23 0.15 0.5 650 23 4333
Cr 892 6.22 200 26000 23 4180
Cu 1091 6.33 20 2600 243 411
Hg 8 0.06 0.01 1.3 44.6 22
Mn 1692 11.6 850 110500 1 9528
Mo 104 0.6 2 260 23 426
Ni 347 2.26 40 5200 43 2301
Pb 960 5.59 10 1300 43 233
\ 55 0.3 100 13000 23 43333
Zn 1323 9.52 50 6500 14.6 683
Se 54 0.27 0.06 7.8 346 29
As 84 0.58 5 650 8.9 1638

Hanbonbimuit ypoBeHb TEXHOTEHHOTO KOHLIEHTPUPOBAHMSA 3JIEMEHTOB Xa-
pakTepeH JUid PTYTH M CEJiCHa, JJA 3IEMEHTOB C CaMbiM HM3KHM (DOHOBBIM
COAEpXKaHHeM. OTH NOKAa3aTeld NO3BOJAIOT BBLIYMCIHTH OPMEHTHPOROYHO
BpEMsi YIBOCHHsA COJAEPKaHMsA IJEMEHTOB B BEPXHHUX CNOAX mouski. [1peano-
JlaraeTcs, YTO B CpeIHEM Ha TulaHeTe ColepkKaHHUe PTYTH U CBHHLIA B BEPXHUX
10 cM no9BbI yABOHTCS 33 KaTacTpoduyecku Masoe BpeMs- 22-29 ner.
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OcHoBHbi€ (aKTOpbl, KOTOphIE O0YCIOBIHBAIOT 3arps3HeHue Mo6oH u3
APUPOIHBIX Cpe ClieyIOlIHe:

1) cBoiicTBa BemecTBa (OHH BAMMIOT HA GOPMbI MX MOCTYILICHHS B NPH-
POAHYIO cpely, MeXaHM3Mbl TpaHC(OpMaLMy, AAILHOCTb NEPeHoca, MacwTab
BO3/ICHCTBAA HA IKOCHCTEMY); 3arpsA3HAIONIME BELIECTBA MO CBOMCTBAM pasje-
JieHbl Ha rPYNIbI: a) OKCHIbL YrAEepOXa, cepbl, a30Ta; 6) HeopraHMueckne noJ-
JIOTaHThbi- META/LTBI ¥ HEMETaJIbl; B) OPraHWYECKHE MOJULIOTaHThI, B TOM YHC-
ne HedTH U HeTENPOIYKThL, I) pPAAHOAKTHBHBIE BEILECTBA;

2) TexHonorudeckHe (akTopbi (XMUMMMECKHH COCTAaB OTXOMOB, Qusuue-
CKO€ COCTOSHHE OTXONOB (CyXHe€, MOKpPbIE a3pO30JIH, XHAKHE CTOKH, TBEP-
Ipie); cnocob NOCTYMIeHHS OTXONOB (a3p030JiH, OTCTOMHHMKY, HUIAKOHAKONHU-
TeJH) PaccTOSHHE OT HCTOYHMKA 3arpA3HEHMSA;

3) ¢pusuxo-reorpadudeckue ycnosua (aHawadr, peabed, nepenaasl Bhi-
COT, 00yCIOBNUBAIOIINE FPaBUTALMOHHBIN MOTOK BELIECTB), KIMMaT (TeMmIle-
paTypa, BIaXXHOCTb, BETEp, €r0 CHJIa M HanpaBJieHUE), PaCTHTEBLHOCTD U D,

4) nanamadTHO-reOXMMUYECKHUE U MOYBEHHO- XMMHUYECKHE YCIIOBHSA: Ha-
npaBjieHHe MMIPALMOHHbBIX MOTOKOB BEINECTB B jaHAumadre; CBOACTBA 110YB,
006yCIoBIIMBAIOINHE B3aMMONEHCTBHE MTOJLTIOTAHTOB C KOMIIOHEHTaMH TO4B.

TMocTyrieHne 3arpA3HAOIMX BEINECTB B MPHUPOJHBIE CPElbl MOJHOCTHIO
3aBMCMT OT BUJa NPOM3BOJCTBA, OT TEXHOJOrHYECKHX MPOLECCOB, OT COCTaBa
H CBOHCTB OTXOIIOB, OT CBOJCTB OJUIIOTAHTOB M [IPYrHX TEXHOFEHHbIX (akTo-
pos. Ho nocnenylomee nepepacnpenesienue ¥ Tpanchopmauys 3arpsa3HAIO-
IIMX BELIECTB 3@BUCHUT OT CBOMCTB MOJUIOTAHTOB, OT CBOHCTB TEX MPHPOAHBIX
cpex, TAe 3TH TpaHchopMaluKu porcxoaat. Bee nmpupoaHbie cpenbl CBA3aHbl
BOEJMHO NMOTOKaMH BCIUECTBA, MOCTYNAIOIIMMH M3 MPHUPOLHBIX M TEXHOTCH-
HbIX UCTOYHHKOB.

HccnenoBaHue MeXaHU3MOB nepepacipeneneHus M TpeBpallieHns Be-
IeCTB B KaXKAOH M3 Cpell NPOBOJMTCA HA OCHOBE aHAIM3A cledylomuX (akro-
pOB:

1) HCTOYHHKH NOCTYIUTEHNA XHUMHYECKHX BELICCTB B NPHPOAHBIE CPEbl
B €CTECTBEHHBIX M TEXHOTE€HHbIX YCIIOBHAX;

2) oco0EHHOCTH KaxcIo# W3 MPUPOIHBIX Cpell, NpPHHHMAIOWEH 3arpss-
HAIOWIME BENIECTBA;

3) dopMbl NOCTYILICHMA KAKAOTO M3 MOJUNOTAHTOB, HX BELUCCTBEHHbIH
COCTaB,;

4) mpeBpauiCHHA XMMMYECKMX BelileCTB B NPUHHMAlOLieH NOJLUIOTAHTHI
NPHPOIHO# cpeae;

5) cBA3b paccMaTpHBaeMO#i TPUPOAHOI Cpelbi C CONpeENbHbIMY;

6) BO3MOXHOCTH CAMOOUYHLIEHHS TIPUPOAHBIX CPEX OT NOMIIOTAHTOB.
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4 .3ATPASHEHHUE BUOCPEPbI OKCUJIAMH YIJIEPOJIA,
CEPbBI, A30TA

B ofweM nepeuHe 3arps3HAIOIUMX BELUECTB, MPH3HAHHBIX Hawbonee
OMacHBIMHU UL SKOCUCTEMBI, Ha3biBAIOT TUOKCH] CEPhl, OKCHbI a30Ta, MOHO-
OKCHJ YIJIEPOAa, YIJIEBOAOPOIbI.

Cepa, a3ot, yrnepon- ofs3aTelbHbie COCTABIAIOMINE OPraHM4ECKMX Be-
IIECTB, H TEXHOrEHHOE NOCTYIUICHUE HX B OKPYXalOLLYIO Cpely HMpenMyLiecT-
BEHHO CBA3aHO C CXXMraHueM TtolumuBa( yrii, ve¢ru, rasa). I'asooOpasHbie
MpOAYKTH CrOpaHus TOIUIMBA IOCTYNAlOT B atMocepy B COCTaBe aipo30iib-
HbIX BbIGPOCOB.

Armocepa He romoreHHa. XMMHYECKHE BeILECTBA B aTMocdepe Haxo-
oATcS B (opMe TBEPABIX HacTHLL pa3IMYHOrO COCTaBa M pasmepa, B mnapo-
ra3oBoii GopMe, B COCTaBe BOIOPAcTBOPUMBIX BeliecTB (Tabnuua 11)

Tabnuya 11. Dopmbl HAX0KHCOEHUA 30CPAZHAIOUYUX BEUECME 6 AIPOZONAX

®dazoBoe cocrognue

PasMmepb! yacTull 3neMeHTb

1) TBepabie 4acTULIBI:

KPYNHOAUCHEPCHbIE 0,05-2,00 mxM u Goiee Fe, Mn, Zn, Cr, Cu,
CYOMUKpOHHBIE < 0,05 Mxm Cd, Pb, Sb, As, Hg
HCTHUHHBIHA pacTBOp
2) BOROPACTBOPUMbIE MOIEKY bi S,N,C
3) nap, rassl S,N,C

CooTHollleHHe BEWIECTB adpo30ieii B pasiudHbIX (a30BbIX COCTOAHMAX
3aBHCHT OT XUMHYECKHX O0COOeHHOCTeH 3TUX BeluecTB. B TBepAbix yacTHLAxX
3arpA3HAIOILME BELIECTBA MOTYT COCTaBJATh HX OCHOBY WIM HaXOAMTLCA B
azicopOMpOBaHHOM COCTOSHUM Ha TIOBEPXHOCTH. B cocTas 31X ¢pakumii Bxo-
OAT METaLIbl, YTJIEBOAOPO/Ib], B NApO-ra3oBoii (hase HaAXOAATCA OKCHIbI yrie-
pola, Cephl, a30Ta, KOTOPLIE MOTYT IpH B3aHMOJEHCTBMH C BOLHBIMH OCajKa-
MH IEPEXOAUTD B PACTBOPEHHOE COCTOSIHHE.

3arpssHeHue armocdepsl UMeeT cnieluipruecke 0COOEHHOCTH: aTMoche-
pa- OCHOBHAA Cpela, Yepe3 KOTOpYIO 3arps3HAIOMME BEeLIECTBA NOCTYMAIOT OT
MCTOYHHKA 3arPA3HEHHA B S3KOCUCTEMY, B BOAY M B [IOYBY; B NpeAeiax aTMo-
cepsl 3arpA3HMOLINE BEIECTBA PACHPENENAIOTCS B PasHbIX HanpaBNCHHUAX,
M3MEHEHHE COCTaBa BO3qyXa ObicTpee, 4eM APYrHX Cpejl, CBHAETENBCTBYET O
3arpA3HEHHM OKpYXKaloLeH cpe/ibl; 3arpsA3HAIOLIME BEIIECTBA B COCTABE aTMO-
chepul obecneunBaloT OCHOBHYIO (OPMY UX TPAaHCTPaHWMHOrO INepeHoca.

TasoBas da3za aTMocdepsi, T.e. YHCTHIA BO3AYX Ge3 MbLUIEBAThIX YACTHLL, HA
99,9 no obbeMy cocToHT U3 a30Ta, KHCIIOpPOa, aproHa. Bee apyrue seiecTsa
COCTaBAOT JIMiib MUJUIHOHHbBIE A0y (Tabnuua 12)
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Tabauya 12. Xumuueckuit cocmas uucmozo cyxozo 8osoyxa (Kopme, 1996).

BewmecrBo KoHueHTpaums B uuctom | Oblice KonW4eCTBO B aT-
CYXOM BO3LyXe Ha mocdepe (10° 1)
ypoBHe MOps
Azot (N,) 78.1% 3 900 000
Kucnopon (0;) 20.9% 1200 000
AproH (Ar) 0.9% 67 000
Boasnoii nap (H,0) He onp. 14 000
Huoxcun yraepona (CO,) 346 mny’! 2 600
Heon (Ne) | 182’ 65
Kpunron (Kr) IIman ! 17
Meran (CH,) 2.0 M 4
Fenuii (He) 5.2 mau ! 4
O30H (0;) 0.02-0.07 man ™! 23
Kcenon (Xe) 0.09man ™! 2
Oxcup asota (N,0) 0.5mm ™! 2
MoHnookcux yriepona CO cnesibl 0.6
Boxnopoa (H,) 0.5mnu ' 0.2
Ammnax (NH3) cnenbt 0.02
Oxcnisl asora (NO,) <0.02mnn ! 0.01
NO) CcrieJIbi 0.005
Jlnokcun cepsi (SO,) < Imn’! 0.002
Ceposonopox (H,S) creabl 0.001

CoBpemeHHas atMocepa B 3HAUMTENbLHOH CTENEHU- NPOAYKT KHBOIO
BemecTBa 6Mocepsl. B ecTeCTBEHHBIX YCJIOBUAX r1aBHBIMHM areHTaMu Kpyro-
BOPOTa a30Ta BLICTYNAIOT MHKPOOPraHH3Mbl. MonexynspHbi# a3orT atmocde-
pbi- NPOTYKT B3aMMOCBA3AHHBIX NPOLECCOB HUTPHGUKALMU U ACHUTPHHKa-
1{4H, a30TPHKCALMH U aMMOHHUKaUHHU, TpaHcopMaLMK, aCCHMUITALMH, UM-
MOOWIM3aUMH U TPaHCHOPMALMH OKHCIEHHBIX H BOCCTAHOBJEHHBIX COENMHE-
HUH a30Ta XKUBLIMH opraHu3Mamu. CBOOOIHbIN KUCIOPOA CO3JaeTCs W NOA-
IepKUBacTCA B pe3ynbrate dhoTocuHTe3a. JIHOKCHI yriiepona B €CTECTBEHHBIX
YCNOBHUSAX- TPOXYKT AbIXaHHs KHBbIX OPraHU3MOB U Pa3OKEHUA OpraHude-
CKHX OCTaTKOB. MOHOOKCHA yriepoaa npogyunpyeTcs BOAOPOCIAMH, YIieBo-
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NOPOIB! - PaCTHTENHHOCTBIO U MHMKPOOpraHH3MaMH, MeTaH obpasyeTcs npu
aHadPOOHOM pa3NOXEHUH OPraHHYECKUX BEILECTB, NMPH KU3HEACATEILHOCTH
’KBaYHBIX )KHBOTHBIX.

TexHorenHble HCTOYHMKM BHOCAT CYLIECTBEHHBIH BKJald B popMuUpoBanue
COBpeMEHHOro cocraBa atmocdepbl. Tabnuia 13 nokaseiBaeT COOTHOILCHHUE
NPHPOJHbIX ¥ TEXHOIEHHBIX COCTABIIOIHX B ra3oBoii (ase arMochepsl.

Tabnuya 13. [obanenoe nocmynaenue XuMu4eckux geujecms 8 ammocgepy
U3 NPUPOOHBIX U MexHozeHHbIX ucmoynukoe (Kopme, 1996)

Bemecrso Omuceus % oT 06uLeii IMHC-
]
NpuUpoRHas aHTPONOTreHHas
MJIH T/roR
CO, 600 000 22 000 3.5
Co 3 800 550 13
Adposonn 3700 T 246 6
Yrnesonopons! ‘ 2 600 90 3
CH, 1 600 110 6
NH; 1200 7 0.6
NO,, NO 770 53 6.5
CoennHenns cepbl, 304 150 33
u3 Hux SO, 20 150 38
N,O 145 4 3

OcobenH0 3HaUMM BKJTaJl TEXHOTEHHBIX UCTOUHUKOB B (HOpMUPOBAaHHE 3a-
naca OKCMAOB YIiepoja, cepsl, a3oTa, yriesoaoponos. Haubosbliee Baussue
TEXHOTEHHBIE HCTOUHUKH OKa3blBAIOT Ha COEPXKAHUE coeAuHeHuii cepbl (33%
aHTPOINOreHHOTo MPOUCXOXKACHUA), Cpedd KOoTopbix npeobnagaer (88% ot
BCEX COENIMHEHHIA Cephl) IMOKCHT, CEPBI.

4.1.3arpsizueHne OKCHAAMH yrjiepoaa

Huokcun yrnepona, CO,, 3To 06s3arenbHas cocTaBHas 4acTb 6uocdepsl,
BaKHEHWUA KOMMOHEHT aTMocdepbl, KONMYECTBO KOTOpPOro B aTMocdepe
NPaKTHYECKH HEHCUEPNaeMo 3a CHeT NMOCTOAHHOTO NMOCTYIUICHHA B XOJ€ ecTe-
CTBEHHBIX NMPOLIECCOB JAbIXAHUA ¥ Pa3/iOXKEeHHN OpraHu4ecKux BewecTs. OH He
o0najaer TOKCHYHBIM AEHCTBHEM HA XKHBbIE OpraHu3Mbl. JI0 HEaBHEro Bpe-
MEHH MOJIarajii, YT0 TEXHOTCHHbIH JTMOKCH] yriiepoia MOXET NOJHOCTbIO yC-
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BauMBaTbCA pacTeHWIMH B npouecce ¢ortocuHtesa. ONHAKO CTAHOBUTCS BCE
GoJiee O4EBHIHBIM, YTO MOCTOAHHBIN POCT aHTponoreHsoro nocrymesns CO,
criocobeH yXyaHuTb coctosHue 6uocepsl. OCHOBHbIE TEXHOFEHHBIE MCTOY-
Hukd noctymienns CO2 B arMoc(epy: CKUraHHe UCKONAaeMOro TOIUIMBA, Bbl-
COKOTEMNEpaTypHOE pasJiokeHHe KapOOHATHBIX TOpon, A00aBIACMBIX NpH
BHIILIABKE Py ..

3a cuer 3TMX ucTtouHMKOB coaepxkanue CO, B aTMocdepe MOBLILAETCS.
JlokanbHBIX 3KOJIOTHYECKHX MOCJIEACTBHI 3T0 cobbiTHe He uMeeT. Ho Bee Go-
Jiec 3HaYMMBIM CTAHOBHMTCA BJIMAHUE €ro Ha riobansHoM ypoBHeE. 3a cueT yBe-
JueHHs 06beMa CKHUIraeMoro TOIUIMBA TOJIBKO 3a IOC/IEAHION YE€TBEPTH BEKA
cpeanee conepxanue CO, B aTMocdepe NPOMBHIIEHHbIX PErHOHOB IOBLICH-
Jock Mo cpaBHeHWo ¢ (oHoBbIM oyt Ha 10%. [IpeanonaraeTcs, 4To exe-
roaHo ysenuumBaercs nocrymieiue CO, Ha 0,3%.

Venuuenue kouueHTpauuu CO, B aTMocdepe- onHa U3 NpU4HH "MapHH-
KOBOIO ddeKkra", KOTOpbIi BEAET K NMOBLIIIEHUIO TEMNEPATYphl HA ILIAHETE.
CyTb napHHKoBOro 3ddexra coCcTOMT B ciedyiomeM. [1aBHbIM HCTOUHHKOM
3HEpruM Ha 3emne spadercs CojHue. B uenom 3emisd noxyuaeT B roi coi-
HeuHOM SHeprun B kommecrse 5.42 10** Jhk. U3 3Toro konuuecTsa oKono
35% pamuaunu (NPEUMYILECTBEHHO YJbTpadHOJIeTOBas KOPOTKOBOJHOBasA
pannauus, 0coGEHHO OnacHas JUlf XKHBBIX OPraHH3MOB) OTPAXAETCA 00NaKaMu
1 He [0CTHraeT MoBepxHOCTH 3eMnH. U3 ocTaibHbIX 65% CONHEYHOro M3JY-
4eHus OJlHa YaCTh PacXOAYETCA Ha HarpeB NOBEPXHOCTH 3eMJlM, Apyras 4acTh
(NpenMyILECTBEHHO JLTHHHOBONHOBAs pafiualys) OTPAXKaeTcs OT NOBEPXHOCTH
3emnu, Harpesas Tponocdepy. B HuxHUX ca0ix Tponocdepsl BOAAHbIE Naphl,
DNHOKCHI Yriepoaa, GTop- ¥ XJI0pyIieBOJOPOAHbIE COENMHEHHS TEXHOTEHHOTO
POMUCXOXAEHUA MOIMOILAIOT TEIUIOBOE AJIMHOBOJNIHOBOC HM3Ty4€HHE, OTpa-
KEHHOE C ITOBEPXHOCTH 3emiu. YMeHbIUCHHE PAaCCEAHUA M OTPAXKEHHs COJ-
HEYHOTO CBETa Be/IeT K HarpeBaHHIO TPONocgephl.

Monookcua yrnepoaa CO wiu yrapHbiii ras, GecuBeTHblii, 6e3BKYCHBbIi

ras, oGnajacT TOKCHYHBLIM JeiicTBHeM. B opraHusMe wenoseka pearupy-
€T ¢ reMorno6MHOM KpoBH, 00pasys KapOGOKCUreMOrnoGuH, NPeNATCTBYIO-
wui  nepeHocy kucnopona. TokcuuHoe neiictBue CO nposiBNsieTCS JOKailb-
Ho. [IpenennHo pomycTumas koHueHTpauus CO [is nomelleHUi cocraBiser
50 man . IMpn xoHueHTpauuu 1000 M uepes 1 yac yenoBeK TepAET CO3Ha-
HHE, Yyepes 4 yaca HacTynaeT JIeTaIbHbIHM ucxon.

OCHOBHBIE TECXHOTEHHbIE MCTOYHHKM mocTyruieHus CO B atmocdepy:
TPAHCHOPT M NpeAnpuATHs sHepreTukn. CO obpasyeTca Takxe MpH CKUraHUM
mo6LIX BHAOB TOILTHBA (HedTH, Yris, IPEBECHHbI) KaK HPOMEXKYTOHHBIH Npo-
IOYKT OKHMCJIEHHs] OPraHM4ECKUX BellecTB. MOHOOKCHI yrjepoia- OCHOBHOM
KOMIIOHEHT BBIXJIOTHLIX ra3oB aBTOMoOWIeil. B armocdepe moxeT coxpa-
HATBCA [0 3-X 71eT. B cBsi3M ¢ 3KONOrHYecKoii ONacHOCTHIO MOHOOKCH/A yrJle-
poia B roponax Ha JOporax BBEJCH KOHTPOJIb 33 COIEPXKaHNEM ero B BbIOpO-
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Cax aBTOTpaHCMopra. B MpoMbIIJIEHHO PAa3sBUTHIX CTPaHaX BHIXJIONHbLIE rasbl
aBTOMOOHIIEH ABJAIOTCA OCHOBHBIM HCTOYHHKOM 3arpA3HCHHMA BO3JyXa MOHO-
oKcuoM yriepoaa ( Tabauua 15):

Tabnuya 15. Hcmoynuxu 3a2pasHenus 8030yxa

3arps3HAIOUME BEILECTBA Hcrounuky 3arps3HeHUs BO3AyXa
BBIOpOC, MJIH T/TOR
aBTOMOOMIN 3NEKTPOCTaHLMH, 3aBOJbI
CO 60 5
YrI€BOAOPOAbI U IpyTHE 11 6
OpraHM4ecKue BELICCTBA
OKCHABI a30Ta 6 7
cepy colepKaline CoequHe- 1 22
HUS
MaKpO4acTHLibl 10

4.2.3arps3HeHHe OKCHIAMH Cepbl

TexnoreHHble HCTOYHUKM NOCTYIUIEHUS OKCHMAOB CEpPbl B arMocepy: To-
rMBHas JHepreTHka (55%), MeTajurypruueckas [pOMBILULIEHHOCTh (25%),
09KCTKa M niepepaboTka Hedy U yraa (10%), XuMHUuecKas IPOMBIILUIEHHOCTD,
TPAHCIIOPT H APYTHE BHABI XO3AHCTBEHHOM AeaTelibHOCTH Yenoseka (10%).

IpenmyuiecTBeHHO 3arpa3Henne aTMocepbl OKCHAAMU CEpPbl MPOUCXO-
AMT [IPH CKUraHWK ToIMBa (HedTH, yris, NPHPONHOro rasa, ApeBecHHLI). B
COCTaBe TOILIMBA Cepa He SIBJIAETCS IJ1aBHOM cocTaBHO# 4acThio. KonudecTso
Cepy - ColepXKalHX COoeaArHEHHI B HEQTH M yrile MOXKET MEHATbCA OT JAoJiei
10 5%-6% ¥ 3aBHCHT U OT THIIA €ro U OT mecTa aAoObuM. [IpoaykToM cropa-
HHU3 TOILIMBA ABJIAETCSA CEPHUCTBIA aHMAPUT WK AHokcus cepbl SO,.

JpyruM Ba)KHBIM MCTOYHMKOM AMOKCHAA CEpbl ABJNAETCA METaLTyprirde-
CKas NPOMBILLICHHOCTb, MepepaboTka noJuMeTaLIMYECKUX pya. MeTamnsl B
pynax HaxoaATCA NPEHMYIUECTBEHHO B opme cynbPuaoB ( IUPHT, rajeHHT,
caneput, WHKoBas 0GMaHka), 3HAYMTENHLHO MeHblle B hopme cynbdaros Fe,
Mg, Ca. OnHuM M3 ra3oo06pa3HbiXx MPOAYKTOB IUIABKM TaKMX PYH ABJSAETCA
CEePHUCTBIA aHTUAPHT. OTXOIbI HEKOTOPLIX 3aBOJ0B cogepxar 4-10% SO,.

OO61uennaHeTapHOE TEXHOTEHHOE MOCTYIUIEHUE AMOKCHIA CEpPhl B aTMO-
Chepy NMO pa3HbIM HCTOYHHKAM COCTaBnsieT B cpeaHem 140-290 miH TOHH B
roa. Ilpeanonaraercs, 4to B XX1 Beke BLIGPOC AMOKCHIA CEPbl YBENHUUTCS B
3-5 pas. 94 % Bri6pocoB SO, MPUXOAMTCA Ha CEBEPHOE MOIYIIAPHE, TAE CKOH-
UEeHTpHpPOBaHa MPEHMYLIECTBEHHO MHpOBas npombiiuieHHocTs. B Espone
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INTaBHBIMH €70 MCTOYHHKAMHM ABJISIOTCA NPOMBILUICHHbIE KOMILIEKCH! Pypcko-
ro Gacceiina I'epmanun U BenukoOputaHus.

TexHoreHHble BLIOPOCH THOKCHAA Cepbl BIUAIOT HE TOJNBKO HA OKPYXKaro-
ULyIo Cpelly C BbiCOKOPA3BUTOMH IMPOMBILLIEHHOCTbIO, HO U HA COCEIHME C HU-
MH CTpaHbI 33 CYET TpaHCIPaHW4HOro nepexoca. JlanpHOCTh pacnpoCcTpaHeH A
ra3os B atMocepe cocTaBuger B cpenHeM 300400 kM, MoxeT nocrurath 1-2
ThiC kM. Ha Tepputopun MHorux crpad Esporsl 10 nonosuHbl u 6onee ot 06-
ILEro KOJIM4ECTBA CEPHUCTbIX COCAMHEHHH MOCTYMaeT M3 COCEAHMX CTpaH.
Hanpumep, BoinmajaeHde anokcuaos cepbl B Jliokcembypre, Hunepnauaax,
[Befiiapny 3a cueT TPaHCIPAHU4HOrO mepeHoca goctvraet 71-78% oT ux
obmero BeinageHHA. B CkaHAHHABCKHX CTpaHaxX HX MOCTYIUIEHHE 3a CUET Iie-
peHoca cocTasiser 54-63%. IMocryiuienne cepbl B atMocepy Poccuu u3 co-
CeHUX 3amajiHbiX CTpaH cocTasiseT He mexiee 40% ot obiero obsema aH-
TPONOTEHHOM Harpy3KH.

CepuucTsiii anruapus SO, npeoGnanaeT cpeayt ApYr1X COEIMHEHHH Cepbl
TEXHOTCHHOTO MPOMCXOXKACHHWA, MO pa3sHbIM MCTOYHMKAM 3TO NpPEBbIICHHE
konebnercs or 1,5-2 pa3 no 7-8 pas.

DoHOBbIE YPOBHH COEPkaHUA CEPHUCTOro aHrHapuaa B atMocdepe co-
cTaBisoT - 5-10 mxr/m’. TI/IK pasosoro noctymienus SO, B BO3AyXe COCTaB-
aset 500 MKr/M®, cpeHeCyToYHbI yposeHb [1/1K pasen S0 mkr/m’. Jluuib Ha
BbiCOTE 3-4 KM B arMocepe HMBEJIMPYETCS KOHUEHTpALMA CEPHMCTOrO aH-
ruapuia. Bo Bcex KpyIHBIX ropojax 3a CUeT JIOKAIbHbIX HCTOUYHMKOB 3arpss-
HEHMs 3TOT yPOBeHb coaepxkanus SO, B aTMocdepe NpeBbILIEH.

TpespaliieHHA CEPHHCTOrO AHMKUAPHUIA B aTMOchepe

JKoJIoruyecKkas ONacHOCTL CEPHHCTOrO aHrMApHAA B TOM, YTO IIpH €ro
OKHCJIEHWH 00pa3yeTcs CepHbIil aHTMAPUR, PacTBOPEHME KOTOPOro B OCaaKaX
BEJIET K 00pa30BaHUIO CEPHOH KHCaoThi. COrnacHo ApYroif BepcuM, AMOKCHA
cepel pacTBOpsieTCA B armocdepHoii Bnare, obpasys H,SOs;, xotopas 3atem
okucnsercs 10 H,SO,. Bpems ot BoiGpoca SO, B atMocdepy ao obpazoBanus
B Hel CepHOM KMCNOTI usMepseTcs 1-2 HeneaaMn.

OkuclieHHe CEPHNCTOrO aHruApuza A0 CEepHOro B atMoc(epe NPOUCXO-
AWT NOA BAMsHMeM psaga ¢akropoB. 1) GOTOXMMHYECKOE OKHCIEHHE MO
BIIUSIHHEM COJIHEYHOM JHEPrHH; 2)OKHMCJIEHUE MONEKYJAPHbIM KHCJIOPOIOM
BO3/fyXxa (aBTOOKMCIEHHUE); 3) OKHCIEHHE aTOMapHBIM KHCJIOpoxoM (aTtoMap-
Hblif KHcaopoa obpasyercs B aTMoc(epe MOJ BIMAHHEM COJIHEYHOTO M3ITy4e-
HUS WK TpY (GOTOAMCCOLMALMM JHOKCHAA a30Ta); 4) OKHCIEHHE O030HOM B
aTMocdepe (030H B HIKHHX CJIOAX aTMocdephl MoXeT 00pa3oBbIBaTECA NpH
rpo30BBIX pa3psjax), 5) OKMCIEHHE CEpPHUCTOrO aHTHAPUAA MPH B3aUMOACH-
CTBHH C YIJIEBOAOPOIAMIL.

Peakuyn OKMCJIEHWs CEPHHCTOTO AHMMAPHAA KAaTAJIM3HUPYIOTCS Pa3HbIMH
BelleCTBAMH: (pEPMEHTAMH, AMMHAAKOM, OKCHAAaMH{ U MOHaMH METALJIOB, fepe-
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KHChIO BOAOPO/JA, MPUPOIHLIMU U TEXHOTEHHBIMH OPFaHHYECKHMMH BELIECTBA-
MH HapHMep, TyMyCOM, NTeCTHLMAAMH.

JanpHefilee pacnpocTpaHeHHE PacTBOPEHHBIX OKCHIOB Cephbl 3aBUCHUT OT
METEOpONOTHYECKUX (TEMMNepaTypa, KOJHYecTBO U ¢opMa BhIMAJCHUsS OcCal-
KOB) ¥ FeOMOP(ONOrHYeCKUX YCHOBHI.

4.3. 3arpsisneHHe OKCHAAMH a30Ta

B ecTrecTBeHHbIX YCIOBHAX B aTMOc(epe KONMYECTBO OKCHJIOB a30Ta M3-
MepAETCS IONAMM MPOLEHTa. AHTPONIOTEHHOE €XEerofHOe NOCTYIUIEHHE a30Ta
B aTMocdepy cocrasnser 1910" r.

A3oT 06pa3yer 7 OKCHIOB, W3 HMX TOJILKO MOHOOKCHA M AHOKCHA, NO n
NO,, oTHOCATCA K ONAacHbIM 3arpA3HAIOLIMM BELECTBAM.

3arpsa3HeHHe OKCUIAMH 230Ta NMPOUCXOAMT M Ha JIOKQILHOM H Ha INo-
6anLHOM ypoBHe.

TexHOreHHbiE MCTOYHMKM OCTYIUIEHMSA OKCHIOB a30Ta B atMocdepy: a)
SHEpreTHKa, CXKHraHWe TOILIHBA, 0) aBTOTPAHCHOPT, B) IPOMBIILIEHHOCTDb (
UBETHAas METAUTYPruf, KOKCOXUMMUIecKas U HedrexuMuueckas 0Tpacii).

OCHOBHLIM MCTO4YHMKOM OOpa3oBaHHA TEXHOIE€HHbIX OKCHIOB a30Ta (10
80% ot Bcero oObeMa) sBiseTCA a30T ToIKBa. [Ipu ropeHuH TOIUIMBA NMpPcos-
najatomeit popMoii OKCHIOB ABNAETCA okuch aszota, NO. Menee 10% a3zora
noctynaer B popme NO,.

B atMocdepe npoucxoRuT paccesHue ra3os U MX pazbaBneHue arMocdep-
HbIM BO3lyXOM. BO3MOXHEI MpeBpaleHus OKCHIOB a30Ta B aTMocdepe: OKHC-
nenue, pacrsopenue. Oxucnenne NO 1o NO,, Tak ke, KaK U CEpHUCTOTO aH-
TWIpKJA O CEPHOTO, HPOUCXOJAMT IO AEHCTBHEM TeX xe (akTopos: doro-
XHMHYECKOE OKHMCJIEHHE, OKHCIEHHE MONEKYJSPHbIM, aTOMapHbIM KHUCIIOpPO-
nom, o3onoM. [Ipeanonaraercs, uro Tonabko okono 10% okchaos asora B3au-
MOJIEHCTBYET C BOAAHBIMH NapaMu atMocdepbi ¢ o6pazoBaHHeM a30THOM Ku-
CIIOTBI.

Oco6eHHOCTL HMKJIA a30Ta B TOM, YTO NpU $OTOAMCCOUMALIMM THOKCUAA
a30Ta MOXET 00pa3oBbLIBATHCS aTOMApHBI KUCIOPOJ, CIIOCOGHBI B CBOIO
o4epelh OKHCIATh MOHOOKCHJ a30Ta 0 AMOKCHIA.

Toxcrunocts NO; Bbiltte, weM NO. [1o 3Toil npuyKHe npelenbHO AOMyc-
THMBIf ypOBEHb OKCHJa a30Ta B BO3AyXe cocTapiser 0,6 MI/M’, a IBYOKHCH
a30Ta [0YTH Ha NopANOK Hxke- 0,085 Mr/m’.

IlpeobpazoBaHue OKCHIOB a30Ta B arMocdepe MOXET COMPOBOXKIAATHLCA
obpazoBanneM Gonee TOKCHYHbIX BellecTs. Hanpumep, oGpasosaBiimecs npu
¢oToauccoMatMK IMOKCHAA a30Ta aTOMapHbIii KHCJIOPOA M O30H OKUCISIOT
yraeBonopoasl ¢ obpasosanHueM ¢opmanbaeruiaa, I[TAH u apyrux omacHbix
TOKCHYHBIX MpoaykToB. BzauMmoneiictBue NO ¢ Tonyonom Bezet x o6paszosa-
HHIO HUTPO(EHONOB- BBICOKO TOKCHUYHBIX BEECTB
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Bansinne OKCHIOB cepbi H 230Ta Ha aTMocdepy

Oxcuibl ¥ a30Ta U Cephbl BLI3BIBAIOT 3aKUCIEHUE ocaakoB. YposeHb pH
OCaJIKOB B €CTECTBCHHbIX YCIOBUAX paBeH 5, 61arofaps npUCYTCTBHIO B ATMO-
cepe YrJIEKHCIIOro ra3a M yronbHOM KHCnoThl. JIOKIM C MEHBIIMMH 3Haye-
HusaMH pH HasbiBaloT kMcabiMM. M3 BCero kosiduecTBa KUCIOT, BbINABLIMX C
ROXAAMH Hal tepputopueii Llentpanbuoii Esporsl, B cpeaHem 2/3 MpUXoanT-
Csl Ha CEpHYIO KUCHOTHI, 1/3 Ha a30THY10. JIOKaIBHO 3TO COOTHOIICHHUE MOXET
MeHATbCA. OKCUABI MOTYT 3HAYMTEIBHO CHIKATh pH 0caakoB mpu e):(erom-lux
TEXHOI€HHBIX Bbmaneﬂwlx COEIHEHMI Cepbl, KOTOPblE HOCTHIaAOT 2 T/xM® U
asoTa- 10 1 T/km’.

Okcuapl TEXHOrEHHOTO MPOMCXOXJEHHS CNIOCOOHBI K AQJIbHEMY IMEPEHO-
€y, K JJIMTEILHOMY COXpaHeHHIO B arMocdepe. Takum ob6pa3oM 3arpssHeHue
OKCHIAMH Cepbl U a30Ta U3 JIOKAJIBHOTO NPEBPANIAETCA B PETHOHANBLHOE U 110-
CTENEHHO CTAHOBHUTCA ro6anbHbiM. 3a CYeT NajlbHero NepeHoca OKCHAOB ce-
pel M a30Ta 3a nepuol 1979-1989 B uHgycTpHanbHeIX CTpaHax 3ananHoi Es-
pomsi pH ocaaxoB B cpeaHem goctur 4,3-4,1, B page ciydaes 4,0.

Atmocdepa cnocobHa kK caMOOYHLIEHHIO OT OKCHJIOB 33 CHET WX Bbillaje-
HHA € OcafikaM¥, aicopOuMu razamu, rpaBUTALMOHHOTO OCWKACHMA a3po30-
NISIMH, NOTNIOLIEHUA pacTeHUAMU. CKOPOCTh CAMOOYUILEHNS AOBONBHO BE/IMKA.
B 00bI4HBIX YCIOBHAX OKCHABI CEpbl, HAPUMEp, CYILECTBYIOT B atMocdepe
oT 2 o 10-15 cyrok. B noxmiuByio noroay oHd coxpaHsoTcs He Gonec ]
yaca. NO; xuBeT B aTMOcepe OKoJIo 3 IHCiA.

BJinsiHHe KHCJIBIX OCAAKOB Ha PacTeHHA

3arpssHsollie BellecTBa aTMocdepbl 0Ka3sIBAIOT Ha PACTUTENbHBIA MO-
KPOB KaK Npamoe, TaKk M KOCBEHHOe JeicTBue - yepe3 MouBy, uepes Boxy. B
NOJNHOM Mepe 3TH MEXaHM3Mbl JeHCTBYIOT ¥ B OTHOLICHWM KMCIOTHBIX BbiNa-
IeHuii.

[Ton BAMAHMEM KHCNIBIX OCaKOB NPOUCXOMAT HapYLICHHS POCTa U pasBH-
THA KakK KYJIbTYPHBIX, TaK M NPUPOHLIX pactenuii. [lepsbie cuMITOMBI MOpa-
KEHHA JAECHON PacTUTENBHOCTH MPOABIISAIOTCA B MOXEJNTEHUM XBOM, JIMCTHEB,
MOFyT CTpagaTh M CTBOJBI AepeBbeB. Hampumep, SO, B KOIMHECTBE 10 50
MKT/M’ BbI3BIBA€T YaCTHUHOE TIOBpPEX/EHUE XBOH, a npyu 100 MKT/M® MOXeT
upoucxoauth norepa 75% npupocra. [lpu cpeaHerogosoM coxepXaHUM
cynb(atos B atMocdepe 250 Mkr/M® HacTynaeT rubensb nepeBbes.

Tlpo6rnemy ychixaHua M rubenu Jieca NOJ BIIUSHUEM 3arpA3HCHHS HeNb3s
CYUTaTh CoBepmeHHO HoBoH. [lono6Hoe ormevanocs B Axriuu eue B XVI
BEKe BOKPYI 3aBOJOB, paboTalolluX Ha KaMeHHoM yrne. Bosmesnu u ruGesnb
JiecoB OblnM 3aperncTpuposanb B l'epmanuu (Pyp) 8 1841 r. Emie B 1871 rony
Hemeukui necosos Lltekrapa A. yCTaHOBWI, YTO MOBPEXKIECHUE NECa BbI3bl-
BaeT CepHaA KMCJIOTa, KOTopas o6pa3yeTcs U3 CEPHHUCTOrO aHTMAPUIA [a30BbiX
BBIGPOCOR 3aBOJOB. TepMHH " KHC/iBle A0KAK" BAEPBbE MPUMEHMN aHMIMH-
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cknil xumuK P.CMUT, KOTOpBIH U3ydan TOKCHYHbIE BRIGPOCE OKCHAOB CEphbl B
OKpecTHOCTAX ManuecTepa.

Boree 1 MaH ra jiecos B EBpone HecyT noTepu OT kucnbix aoxzaei. Io-
CTYILUIEHHE KMCJIOT B JIECHbI€ 3KOcHCTeMbl B EBpone mpeBbiCMIO €CTECTBEH-
Helfi ypoBeHb Gonee, yem B 100 pa3. 3a mocnegHue roian B crpaHax LleH-
TpanbHO# U 3anmanHo# EBponst (Iepmanus, Asctpus, Yexus, [lonbma) 3Hauu-
TEJIHO YXYALIWIOCH COCTOSHME JIECOB Ha obmieit mwiomanyu 6ojee 6 miaH ra. B
OPI" yxyauwenue neca B 1986 roxy HaGmopanocs Ha 52% ux miomaznei. B
[Monpwe 3a 1980-1985 r nnowans NOBpekASHHBIX JIECOB BO3pOCHA MOYTH B
1,5 pasa. B Apctpun nospexaeHo 31% necos. B cuwity TOro, 4To pacTeHus
MEHSIOT CBOE COCTOAHME MOJ BIMAHUEM IOJUIOTAHTOB JOBOJILHO GLICTPO, 3TO
AIBJICHUE MOXKHO MCIIONIB30BATh I MHAMKALMM COCTOSAHHMA BO3QyXa MO CO-
CTOAHMIO pacTeHHii. B 3TOM COCTOMT CYTh OJHOTO M3 BHIOB GHOMHANKALIMM.

bHoHHAHKAUMA- METOJ OLIEHKH COCTOIHUA OKPYXKaloieli cpenbl

Pactenus 4yTKO pearMpyloT Ha COCTOAHHSA OKpYXatolieii cpedpl, B TOM
yucne aTMochephl, T.K. OHM OCYIUECTBIIOT ra3000MeH B AECATKH pa3 Oonee
HHTEHCHUBHO, YEM YeNIOBEK U XHMBOTHbIE, 001ana10T Gonblieil HyBCTBHTENLHO-
CTBIO M CTAOWJILHOCTBIO PeaKuMH Ha BHenIHHe GaKkTopbl.

Jns GMOMHAMKALMH COCTOAHMA OKpYXKalolueH Cpefbl NpPeIOKEHO HC-
TNOJIb30BaTh YYBCTBUTENILHBIMH K 3arpA3HEHHIO BUIAMH pacTeHHi. JTO Mnepen
MHOTOUBETKOBbIH, €1b 0ObIKHOBEHHAsd, TONONb NMHPaMHUJaNbHbIHA, HEKOTOPLIE
TpaBsiHbi€ KybTyphl.

YacTo aHanu3MpylOT JIMCTbS BBICIIMX pacTeHuii. Pexxe Hcnonb3yroT s
aHaJIM3a KOpY XBOMHBIX U JINCTBEHHBIX ACPEBbEB, B KOTOPBIX U3MEPSIOT JJlEK-~
TPONPOBOIHOCTD, YpOBeHb pH, cofepkaHHe cepbl, TSHKENLIX METALIOB, dTopa.
IIpoBOAAT BM3yaNbHYI0O MHAMKALMIO M3MEHEHMA COCTOSHHA acCHMMWIIMPYIO-
[IMX OPraHoB: XJIOPO3, HEKPO3, NMPOJOJDKHTENBHOCTh KU3HH XBOM, JINCTbEB,
pasMepel aCCHMUWIMPYIOILMX OPraHoB, MX Maccy, obpasoBanue noberos. H3-
MEPSAIOT TAK)KE M3MCHCHHME AKTMBHOCTH HEKOTOphIX (epMEHTOB (Hampumep,
NEPOKCHA3LI WIKH HATpATPedyKTasbl), KaKk NoKasaTess ajanTaluyd pacTeHHH K
BO3J€ACTBHIO TOKCHKAHTOB. DTH MHAUKATOPbl HEHHBI TEM, YTO AEHCTBYIOT B
TO BPeMs, KOI'/la BU3yaJIbHbIX NPH3HAKOB MOBPEKACHUA Y PACTCHMH €lle HET.

OCNoXHAET HCTONIb30BaHHE METOJa BbICOKaA BapHabenbHOCTh pe3ylibTa-
TOB, 4TO TpebyeT Gonbiuoro yucna nostopHocreil. Cocras pacTeHHI 3aBUCHT
OT CE€30Ha, OT CTENEHHM NOBPEXKACHNA PACTEHUI, OT TIOTOAHBIX YCIOBHH.

YyBCTBUTENLHOCTL K 3arpA3HEHHIO 3aBHCHUT OT BMOBOM NPHHAINENHO-
cTH pactenmii. HauGonee qyBcTBUTENbHBI HU3MMe GOpMbI pacTeHui, Jumaii-
HuKM. Ha ocHOBe 3TOro passuBaeTcs crneluManbHOe HarpaBneHHe GHOMHAMKA-
UMH- TMXCOMHIMKaLUA.
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JInxeoHHANKAUMA 3arpsA3HEeHHs aTMOC(epbl OKCHAAMH cepbl

HecMOTps Ha TO, 4TO HAa BBLICOKYIO 9yBCTBUTENIBHOCTD JIMIIAHHMKOB K 3a-
IPA3HEHMIO BIICpBbIE OOpaTW1 BHMMaHWe Yy4eHbii M3 BenukoOpuraHuu
JL.Ipunson eme B 1859 r, mmupokoe MX UCHONIL30BaHHE KaK UHAMKATOPOB CO-
CTOAHUSA OKpYXKalowei cpeabl Ha4anock Tolbko B 60-rogax XX- ro Beka. Me-
TO JIMXEOMHAMKALMOHHOTO KapTHPOBAaHMUS 3arpA3HeHus arMocdepsl BO3yXa
6b11 paspaboTtaH B DcToHuK B Hayasie 60-x ronos. OXHOBPEMEHHO 3TOT METOJ
paspabatbiBalicd M cTal Mcnonb3oBaThes B KaHaze.

SO; u SO, npoHMKAOT K3 aTMOC(epbl ¥ aKKyMYJMPYIOTCS B KJeTkax
CNIOEBULIR JiHIIaHUKOB B (opMe cyibdaToB. JIMmaiiHUKH NPOABIAIOT 3aBM-
CHMOCTb OT 3arps3HeHHs aTMocdephl He TOjbKO CEpPHbIM AHTHIPUIOM, OHH
N03BOJIAIOT PETHCTPHPOBATh M JAPYTHE TEXHOTEHHble aHOMaluM. BeisBieHa
Koppensauus MEexAy COCTaB JIMIIAMHMKOBBIX MOMYJAUMA W COCTaBOM a3po-
30JIbHBIX BLIOPOCOB.

Ilpn nuxeounnukauuu o 3arpsA3HeHUH aTMOCepbl CYAAT MO M3MEHEHMIO
BHIOBOTO Pa3HOOOpa3us JIMIIaHMKOB, 1O CTENCHU MOKPHITHS HMH CTBOJIOB
HEPEBbEB, 0 COAEPNaHHMIO INOUIOTAHTOB B Macce CJIOEBMINA JHMIAHHK-
koB.HacTo mcnone3yercst crnoco6 MCKYCCTBEHHOMN TPAaHCIUIAHTAlMM 3X0OPOBbIX
CNOEBHIL, JNIIAHHUKOB B 30HAX 3arpa3Henus. [lo ctenenM nospexaeHuUs UX 3a
ornpeJeneHHoe BpeMs U B 3aBUCHMOCTH OT PaccTOSHHUA MOXXHO PacCYHTLIBATh
CTENeHb 3arpasHeHus armocdepsl. Ocobas LUEHHOCTL METONA B TOM, YTO OH
NO3BOJIIET YCTAHOBMTL OYEHb HM3KMH ypoBeHb 3arpsasHcHus. Coaepkanue
TIOJUIIOTAHTOB B TedeHue roga mensdercd. OHO MaKCHUMajdbHO B 3UMHe-
BECEHHMI NIEPHOA, B 4-10 pa3 HUKe eTOM.

C nomoIbI0 JIMXCOMHAMKALHN OCYUWIECTBISETCA OLEHKA 3arpA3HeHWs
BO3/yXa HE TOJIbKO OKCHAAMM CEpbl, a ¥ APYTMMH BeuiecTBaMu (Mx 6osee 20),
B TOM YUCJie METa/JIaMH, PaJHOHYKIHAaMH. PaspaboTaHbl 1iKaibl )9 TAKHX
oueHok. Yaiue Bcero ucnosb3yrorcs snupuTHble nuuiafinuky Hypogymnia
physodes u Parmelia sulcata.

DOHOBHIH ypOBeHb COAEpXKaHWsA Cepbl B JumiaiiHukax cocrasnseT 0,05-
0,097% cyxoro BeulecTBa, JeTaibHbIC YPOBHH 1A Jvuiainukos 0,20-0,30%.
3a [JIK cepHHCTOro aHrMapuaa B BO3AyXe MpHHUMaeTcs 50 MK/M’.

PesynbTaThl 06cnenoBaHusA COCTOSHUS JMLIAKHAKOB OOLIYHO HAHOCAT Ha
KapTy. YCTaHOBJIEHO, YTO HAa CHJIbHO 3arpA3HEHHBIX y4acTKax (OPMHUPYIOTCA
JuaiHukoBbie Mmyctown. [lo Mepe ynaneHus oT ucTouHuka Habmonaetcs
yBeJIMUEHHE Pa3HOOOpa3MA JHLIAHHUKOB 3a cueT mosieneHus 6oliee 4yBCTBM-
TENbHBIX BUAOB.

MeToa 1103B0/15€T N0 COREPXKAHUIO Cepbl B NMUIANHUKAX PacdeTHbIM ITy-
TeM OnpeneauTh 00beM BhinafAeHHH cepsl (Tabnuua 16).
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Tabnuya 16. Pacuemnuiti yposenv coaepo/canw! cepul 8 ammocgepHom 603-
Oyxe no codepacanuto cepol @ nuwaiinuxax benapycu ( Bycvko u op.,19953)

Vposuu Hakomne- |Yposuu 3arpsasHe-| Konuentpauus ce- | PacyeTHeI# ypoBEHD
HHS CEpBI B NLIAM- HHs pbI B TMIIaiHUKAX, | COACPKAHUA COCTH-
HUKax % HEHWHH cepbl B B03-
ZyXe, MKM/M’

1 MuHuManbHel <0,12 <2

2 Cnabbrit 0,13-0,15 5-15

3 Cpenuuii 0,16-0,20 20-35

4 [MoBblLeHHBIH 0.21-0,25 40-55

5 MaxkcumanbHblii >0,26 > 60

Binsinve OKCHIOB cepa H a30Ta Ha ruapocdepy

Bona ruapocdepsl cocrasnser 0,03% Macchl Bcero 3eMHoro mapa u 8%
Macchl 3eMHOJ kopbl. [lofaBisnoinas 4acTb BOAbl IIAHETHI HAXOAWTCS B OKea-
Hax. Okeanbl 3aHUMaIOT 71% Beeil MoBepxHOCTH 3eMHoro mapa. apocepy
XapaKTepu3yloT TakKe NOBEPXHOCTHBIE BOJBI PEK, 03€pP, a TaKke IpyHTOBbIE
BOZBI. BoHbIi NOTOK B OT/IMMME OT BO3LYLIHOTO YacTo OJHOHamnpasieH. Boa-
HbIf [IOTOK NEPEeHOCHUT BElleCTBa B paCTBOPECHHOM M B3BEUIEHHOM COCTOSHMH
(TBepmblii ¥ kuakuii crok). IMokasatenu cocraBa u cBoicTB BoA: pH, Munepa-
JIM30BaHHOCTb, MOHHBIH COCTaB, COCTAB B3BEIICHHBIX BEIUECTB, JNEKTPONO-
BOJHOCTh, MOKa3aTenu OHMOTECTHPOBAHMS. 3arpa3HEHHe OKCHAAMH cepbl U
a30Ta NpOABIAETCA Yallie BCEro B 3aMKHYTBIX BOJIOEMaX.

3arpA3HAIolIHeE BOABI CyIb(haThl ¥ HUTPATHI, NOCTYIIAIOUIME B COCTABE Bhl-
6pocoB, BCTYNalOT BO B3aHMOAEUCTBHE C KUAKMMH H TBEPAbIMI KOMIIOHEHTa-
MH BoAi. B3aumozeiicTBue cynb(aToB U HMTPATOB C KMAKOMN (pakuueit mpu-
POZHBIX BOJ NPUBOAMT K 3aKuciieHHio. C KHCIbIMM OCaIkaMHi CBA3aHO CHMIKe-
uve pH HexoTopeix CkaHIMHAaBCKMX 03ep. B NpMpOAHBIX Bojax AeiCTBYIOT
MEXaHHM3Mbl CHWKEHHMS KHCIOTHOFO BO3JEHCTBUA: B XKHAKOH dase- 310 Oy-
(epHble CHCTEMbI PACTBOPEHHBIX BEILECTB, B FeTEPOre€HHOMH CUCTEMe- B3aUMO-
AelicTBHe ¢ TBEpAbIMM (pasamu Ha rpaHuue pasgeia ¢as. BsammozelicTsue
MPOMCXOIUT B pe3yNbTaTe peakiyii copOLmu-IecopOumHu, HOHHOro obMeHa,
OCa/IeHUA-PacTBOpeHUA. Bo3MOXKHO ocaxkneHHe cynb(aToB cO B3BECAMH U
yJaleHHe U3 BOL.

Bausnne KMCJIBIX 0CANIKOB HA MOYBY

Kucnbie ocagku MOryT BbI3bIBaTb CHHXeHHEe pH mouseHHOro pacrteopa.
Onu 06yCOBINBAIOT H3MEHEHHME CTPYKTYPbl KHCJIOTHOCTH B BEPXHHX IOpH-
30HTaX NOYB, 3 HMEHHO MOBbIMIEH}E BKIaJa MHHEPAIbHBIX HCTOYHHMKOB KH-
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CJIOTHOCTH TI0 CPaBHEHMIO C OpraHMdecKMMH. KHCIble 0Cajiky CHIDKAIOT Ha-
CHIHIEHHOCT TIOYB OCHOBAHMAMM, CNOCOGCTBYIOT BHHOCY HOHOB Ca *'u Mg”'
U3 NIOYBEHHOrO MOrJIOLIAlOMETo KOMILIEKCa.

TloKHCNICHHE COMPOBOXAAETCA MOBBIMEHHEM PAaCTBOPHMOCTH COelMHe-
HUii METAJIJIOB, B PE3YJIbTAaTe COIEpKaHHE MX B PAaCTBOPE MOXET BO3PacTH A0
TOKCHYHBIX YPOBHEIH.

Kucnble ocanku BeDyT K HOBBIMICHHIO MOJABHXKHOCTH WOHOB )Kejie3a M
amoMuHusA. B 3THX yCIIOBUAX MPOMCXOOMT MEPEXOA YACTH OKPHCTAILIM30BaH-
HBIX OpM OKCHIOB Kenesa B aMopdHbie. IIponecc 3aKHCJIEHUS TIOYB CONpO-
BOXKJAETCs CHIDKCHNEM OKHMCIMTENIbHO-BOCCTAHOBHTEILHOTO TIOTEHIMANA.

B NOYBEHHOM PacTBOpe MOXET M3MEHUTLCA COOTHOMICHHE MOHOB. B 4a-
CTHOCTH, B PaCTBOPE KHCJIbIX [I0YB HE TOJIBKO NOBBIMIAETCS KOMHYECTBO alllo-
MHHMS, HO M YBEJIHUUBACTCS J0JIs1 CBOGOAHBIX HOHOB, OoNlee TOKCHUHBIX, 4eM
CBSI3AHHbBIE.

H3meHeHHe KMCIOTHO-OCHOBHBIX YC/IOBMI BIHAET Ha COCTOSIHHE KOJUTOH-
108 aMpOTHTOHIHON MPHUPOLI, K KOTOPHIM OTHOCATCA NPOTEHHBI, FTHAPOKCH-
Bl KeNe3a U amoMuHUA. B cuity u3MeHeHus 3apaa MONIOTUTENbHAs Crocob-
HOCTB 3TMX KOMIIOHEHTOB IOYBb! B OTHOIIEHHH KaTHOHOB H aHHOHOB MEHAET-
ca. IIpy moAKMCICHHA MOYB NMOTIOLIEHKE 3arPA3HAIOLMIMX BEMECTB B KaTHOH-
Hoii popMe CHInKaeTCs, a B aHHOHHOM QopMe YBeNTHYHMBAETCS.

3akucieHue BeleT K YrHeTeHuio 6uoTel. HabmonaeTcs cHuKeHue obuei
YUCTICHHOCTH MUKPOOPraHH3MOB, CHIXKEHHE WHTEHCHBHOCTH JbiXaHHA, Hapy-
eHye uMKia asorta. IIpexae Bcero crpajnaloT HATpHOULMPYIOMMKE H aMMO-
HAQUUMPYIOIYEe MHKpooOpraHusMel. [pubsl GoJiee yCTOWUMBLI, NO3TOMY MX
IO B MHKPOOOLIEHO3€¢ BO3pacTaer.

IMon RnMAHMEM KUCIBIX OCAafKOB MPOMCXOIMT CHIDKEHHE CKOPOCTH AECT-
PYKUMH PaCTHTENIBLHBIX OCTATKOB, CHIDKEHHE CKOPOCTH MUHEpaIU3alui rymy-
Ca, NOBRIMEHHE KOJMYECTBA (YIBBOKHCIIOT U arperalii r'yMHHOBBIX KHCIOT,
YMeHblIeHHe COAEPKaHHA BOJOPAacTBOPUMBIX OpPraHWYECKUX BELIECTB, H3Me-
HEHHE JIEMEHTHOTO COCTaBa FYMYCOBBIX KHCIIOT.

B nogsax feficTBYIOT MeXaHH3Mbl COMPOTHBIIEHHA BO3NEHCTBHIO KMCIBIX
OCaJKOB. SIBNeHHE KHCIOTHO-OCHOBHOW OydepHOCTH MOYB OTKPHITO JAaBHO.
Pannue paGoTel B 3T0# 06MacTH GbUlH TOCBSIIEHBI MPEUMYLIECTBEHHO HC-
Clle10BaHMI0O MEXaHM3MOB Oy(hepHOCTH NOYB B CBA3H C pacyeTaMH 103 H3BEC-
TH, HeoBxonuMol i HelTpanu3aimyu U36GLITOYHOM KACTOTHOCTY. B mocrnen-
HUE NeCATHIETHA MHTEPeC K 3Tol MpobiemMe BO3poC B CBA3U C BO3JCHCTBHEM
KHCJIBIX OCAJIKOB Ha MOYBLI M SKOCHCTEMbI B PAJE CTPaH CEBEPHOTO MOJyLIa-
pus.

KucnotHo-ocHoBHasA GydepHOCTS onpenensercs kak cnocoGHOCTb MOYBbI
TIPOTHBOCTOATL M3MeHEHHIO pH 1npu 106aBIEHUH KMCIOTH! WIH OCHOBaHHA. B
3aBUCHMMOCTH OT CBOKCTB NOYB M Jyana3oHa 3HadeHuit pH 6ydepHbie peakumu
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1109BL1 00YCNIOBIHBAIOT PA3NUYHbIE OYBEHHbIE KOMNOHEHThI. PaspaboTaH pan
KiracccuuKarmift MexaHu3MoB Oy pepHOCTH T0YB.

ITpu yBenM4eHUH KUCIOTHOM Harpys3kd MPOUCXOJMT CMEHa peakuuii, npo-
TEKAIOMMX € Y4acTHEM NMPOTOHA KHUCIOTHBIX BhimaaeHwid. [Tpu manuaun kap-
GOHATOB KHMCNOTHbIE BbiIAAEHUA PACTBOPAIOT WX, IIPH 3TOM KapOOHAThI mepe-
XOIAT B GMKapOOHAThI, B PacTBOP MOCTYNaeT HOMOJHMTENBHOE KOJHYECTBA
uoHos Ca”" .

Ipu orcyrcTBHM kap6oOHaTOB NPOTOH BCTyHaeT BO B3aMMOJEHCTBHE C
FIMHACTBIMM MHHEpANaMH, TIPH 3TOM MIET BhICBOOOXKAEHHE U3 CTPYKTYP MH-
Hepasnos xkatHOHOB 1 1 II rpynm. Orta obnacte HOCHT Ha3BaHMe CHIIMKATHOMN
001aCTH, OHa COOTBETCTBYeT Ananasony pH 5,0-6,2.

INpu Gonee kucnoii peakuuu (pH 4,2-5,0) MpoTOH BKIHOYAETCS MPEATNOJIO-
KUTEABHO B peakUyH KaTHOHHOIo o6MeHa. B pe3ynbTate BHEAPEHHs NPOTOHA
B [1T1IK B nouseHHslii pacTBOp NocTynaloT oGMeHHble ocHOBaHus. Ilpu pH 3,0-
4,2 peficTByeT Taxk Ha3zbiBaeMas aJlloMHMHUEBas 001acTb Oy(epHOCTH, NPH 3TOM
NPOUCXOJUT PACTBOPEHHE ATIOMOCOAEPKALIMX MUHEpAIOB, OCBOOOXKAEHME
MoHomepoB Al **. Tpn pH Huxke 3,0 (3,0-2,5) NpoUCXOANT pacTBOPEHHE CBO-
GOIHBIX HeCHNHMKATHBIX OPM JKele3a i NIepexol B pacTBop HoHoB Fe®*.
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5. 3AI'PA3HEHME IOYB U COIIPEAEJIbHBIX CPEJ]
OP'AHHYECKHMMH TOKCHMKAHTAMU

DKOTOKCHKAHTbl OPraHM4eCKOro MPOUCXOXKIACHHUS, K KOTOPbIM OTHOCATCH
TIOJIMAPOMATHIECKHE YrJIEBOAOPOIbI, XJIOPOPraHHYEeCKHE COCNUHEHMA, NeCTH-
UMbl M APYTHe, 00/MaaloT B pa3Hoil CTeneH! KaHIEpPOTeHHOH, TepaToreHHoH,
HMYHHOTOKCHYECKOMH, SMOPHOTOKCHYECKOH, IenaToTOKCHYECKOH, re HOTOKCH-
YecKoi, TOKCHAEpMaIbHOM aKTHBHOCTBIO M BBI3BIBAIOT Y MoJeHl WHPOKUi psaa
onacHbIX 3a0onesaHuit. Comepxanud HauGonee TOKCHYHBIX U3 HUX B OObEk-
TaX OKpYXKarollled cpelbl KOHTPONHUPYIOT MPH 3KOJOrM4€CKOM MOHMTOPHHIE.

5.1. 3arps3Hense NoJHAPOMATHYECKMMH YIJIEBOAOPOAIAMHE

IMomumuknuueckue apomaruveckue yriesogopoasl (ITAY) oTHocATcs K
CWIbHBIM KaHLieporeHaMm. TokcHyeckue CBOHCTBA CBA3AHBI C MX CTPOCHHUEM.
Monuumkigyeckne apoMaTHYECKHe YrIeBOAOPOIbl- OPraHHYECKHE BEILECTBA,
OCHOBHBIE 37IEMEHTBI KOTOPHIX - YIJIEpoJ U BOAOPOA, 00pasyloT GeH30/bHbIE
KOJIbL[a, He3aMelleHHble WK 3aMelleHHble, CNOCOGHbIe MONMMEpPH30BaThCA
[ HMX XapakTepHa BbICOKas yCTORYHUBOCTb.

K rpynme ITAY otHOcATCA COTHU XMMUUeCKHX BemecTB. OKpY>KaroLIyio
cpemy 3arps3HAOT HadTanMH, awTpaueH, ¢esautpeH, ¢ayopaHTeH,
Gens(a)aHTpalieH, Xpu3eH, NHpeH, OeH3anupeH, aubeHsaHTpaueH, GeHsnupe-
JieH, GensduryopaHTeH u apyrue.

Cpenu He3ameweHHbIX [TAY Haubonee TOKCHYHBI COEMHEHUA C YETbIPh-
MS MIH NATBIO KodblaMu, u3 Hux OGens(a)mupen (BIT), Gens(ghi)nepunen
(BILJI), 6en3(b)dpnyopanten. Cpeay 3aMelEeHHbIX CHIbHbIM KaHLEPOrCHHBIM
AeficTeHem o6nafaoT MeTHI3aMelEeHHbIE, HanpuMep, S-MeTHIXpH3eH. Brico-
KOTOKCHYHBIMHU ABISIOTCA HUTPO-ITAY, HanpuMmep, IMHUTPOIIMPEH.

Vposuu cymmapHoro cogepxkanus ITAY B 3arpA3HeHHLIX no4Bax Koneb-
JIOTCA OT ENHHHLL 0 COTEeH M Aaxe Thicad (2000-4000) MKI/Kr noysbl. MuHH-
MalbHOE coJepkanue OeH3(a)iMpeHa B N0YBE, TIPH KOTOPOM MOBBILIAETCA €0
CONEp)KaHUE B pacTeHHs X, u3Mepsercd BenwuuHamu 50-100 MKI/Kr nmoysbl.
IJK BIT B noygse coctasnser 200 MKI/Kr.

AHTpOnoreHHble HCTOMHUKH BbIOpachiBaloT Gonee 5000 T 3,4 Gens(a)nu-
pena. Beus(a)uupen B 70-80% ciyuaes 3aHMMaeT MEpPBOE MECTO CpelM Be-
LIECTB, C KOTOPLIMH CBA33HO BHICOKOE 3arpsi3HEHHE rOpOJIOB.

[Moctynator ITAY B oxpyXaiomyio cpelly ¢ OTXOAaMH TPaHCHopTa, IHep-
TeTHKH, B MEHblleH cTeneHdu NpoMbiuieHHocTH. Obpasylorces [TAY npwu cro-
panun GensuHa, HeQTeNpPOLYKTOB, YIJi, ra3a, GuTyMos, apeBecunsl. Conep-
HKaTCA OHU B CaxxeBbiX BbIOpocax TOLL u mobsix TeruioBeix arperatos. [locty-
natot [IAY B atmocepy B popme yacTuil caxn (MpoLyKTa HENMOJIHOTO Cropa-
HUS TOILIMBA), B aiCOPOUPOBAHHOM COCTOSHUH Ha MIOBEPXHOCTH TBEPABIX Hac-
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THI (OKCHIOB MM coieil MeTauios) ["'azoobpasubie [IAY B atMocdepe cop-
6MpYIOTCA Ha YacTHLAX MbLIH.

Tpaxcnopr-rnaBHbI# ucrodnuk 3arpssHeHus [TAY. TIAY copepxarcs B
rasoBhIX BbLIOPOCAX ABTOTPAHCIIOPTA, aBHALMM, JKEI€3HONOPOXKHOrO TPaHC-
nopTa. B BEIXIONHBIX ra3ax ABMrarTesieii BHyTPEHHEro cropaHus npeobnagaroT
HesaMemeHHbie [TAY, a takoke Hutpo [TAY.

TTAY BXOZAT B COCTaB OTXOHOB KOKCOXHMHYECKHX, HedTeneperoHHbIX
3aBof0B U HedTenpombIcioB. O6pa3yloTcs MpH NONTY4YE€HUH CMOJ1 BBICOKOTEM-
nepaTypHO# NepepaGoTKO# yriis, cilaHLes, Topta, IpH KpekuHre Hedrw.

Jins xapakTepHCTHKHU 3arpA3HeHus oxpyxaioueii cpensl IIAY ucnonbsy-
10T JaHHblE O 3arpA3HeHuy cHera. [IAY KOHUEHTPUPYIOTCSH OOBLIMHO B CHEro-
BOH IbUM, a He B pacTBopuMoii ¢ppaknuu ITJIK [TAY ana cHerooii Boawl 5
Hr/n. YcrtanosieHo HaxkorieHue [1AY B cHeroBoM mnokpose Bokpyr TOI,
MeTaJUTypru4ecKuX KOMOHHATOB.

CaMOOYHILEHHE NOYBbI OT MOJHAPOMATHHECKHX YIJIEBOJOPOIOB BO3MOX-
HO 33 CYET ECTECTBEHHbIX OMOTHYECKMX W aGHOTHYECKHMX IIPOLECCOB HX
Tpancgopmauuy, aerpajauuv M murpaiuud. OCHOBHBIE M3 3THX NpPOLECCOB
cnexyromue: a) okucnerue [TAY nox BiusHueM conHeuHoro ceeta (GoTonus)
M KHCNopoza Bo3nyxa. [Ipu okHCIeHMM NPOMCXOAMT YaCTH4HOE paspyilleHHe
monexynsl [IAY. Bo3MoXHO HCKycCTBEHHOE OYHINEHHE TMOYB, 3arPA3HEHHBIX
[1AY, nyreM OKUCNeHHA MX NpH OONyHEHHH YNbTPadHONETOBBIMHU JIyHaMH,
HPOLECC YCUNMBACTCA B MPUCYTCTBMM OKUCIHTENeil, HalpuMep, NepeKucH
BOAOpOAA; 6) XMMHUECKOE Pa3/ioKeHHe, HAPUMED, llieJ0YaMH; B) MUKpOOHO-
Joruyeckas AecTpykums ( GHoierpanauus), ocyLIECTBASETCA MUKPOOPTaHU3-
MaMH, KOTOpEle HCronb3yioT ITAY kak MCTOYHMK MUTaHWA; r) cOpOLHUA MoY-
BOIf; /) NOTJIOMIEHHE KOPHAMH PAcTeHHUit; €) BLIHOC U3 NOYB C BOJHLIMHU NOTO-
KaMH.

CnocoOHOCTE K CaMOOYHLIEHHIO MPHPOAHLIX cpel oT [IAV 3aBucur ot
ceoiicts T1AY, cBolcTB nous ( WwiM BOA), OT TeMOEpaTyphl, BAaKHOCTH,
MMKPOGHONOTHYECKOH akTHBHOCTH. YOuiBaHue I[IAY B okpyxkawowei#t cpene
[1AY uger no 3xcnoxenTte. Kak npasuio, B nepsblii NEPHOL NOCIE NOCTYILIE-
HHuA 1TAY B no4By MX coepkaHHe CHaYana CHIDKAETCS OTHOCHTENABHO GbICT-
po. Janee cxopocth pasnoxenus [TAV nagaer, ona ysenMuuBaeTcs MpH WX
NOBTOpPHOM BHeceHuM. CxopocTk nerpapauuu ITAY Bbiie B TeIUioe Bpems
roja.

B Boxe IIAY meHee ycroitumsel, uem B nouse. EcTh naHHble 0 TOM, 4TO
nepuon monypasnoxenus BI1 B Bojge koneGnetcs oT HECKOJNLKHMX 4acoB A0
cytok. Bpems coxpanenus BI1 B nouse usmepsercsa 4-24 mecsauamu. Ycroii-

yuBoCTh [IAY B mouse cBsi3ana ¢ 3aKpEIJICHHEM HX NMOYBECHHBIMH KOMITOHEH-
TaMH.
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5.2. 3arpsa3nenue noanxiaopoudennaamu

[onuxnopupopannble 6udesmwisl (IIXB)- 310 X/NOp- NpousBOAMbIE Mpe-
IenbHBIX YrieBoaopooB. Monekyna WX coaepxKuT ABa GEH30IBHLIX KOlbLA, B
KOTOPBIX aTOMBI BOZOpPO/Ja MOJIHOCTHIO MM YaCTUYHO 3aMeuieHbl Ha XJiop. B
mojiexkyie IIXb Bo3MOXHO 3aMmelleHHE XJIOPOM B JECATH HOJNOXKEHHAX, HTO
obecneduBaer cywecrsoBaHue 209 HHIMBHAYAIbHBIX coelrHeHMii. [TpoMbliL-
JIeHHbIE NMPOAYKTHI 3TOr0 COCTaBa HasbiBaroTca Apoxyop, PeHoxiuop, Xiopo-
¢en, Kanexsiop, Cosou,

Crenens TokcuHocty [TIXDB cBi3aHa ¢ Mos0XeHHeM aTOMOB XJIOpa B MO-
nekyne, Haubojee ONacHbI MOJMXJIOPUPOBaHHbIE JHOEH30-M-1HOKCHHBI
(MXAJ) 1 uM comytcTBYomue aubensodypausr (IIXIP), ocobeHHo onaceH
2,3,7,8 TerpaxnopbeH3onapa uOKCHH.

IIXb oka3biBalOT Ha >KHBbI€ OPraHW3Mbl KaHUEPOTEHHOE, MYTAI€HHOE
AeHCTBHE, BbI3LIBAIOT HapyuleHHe reHHoro anmapara. [IXb cnoco6Hel pacTso-
paTeCa B kupax ( To ecth OHM Juno¢unbHele). OnacHocTs I1Xb and KuBbIX
OpraHu3MoB 00yCJIOBNEHA UX YCTOMHUBOCTBIO ( TO €CTh OHU NEPCHCTEHTHDBIC)
¥ MEJUICHHBLIM BBIBEJIEHNEM U3 OpraHu3Ma.

Hlupoxoe npumenenue B mupe ITXB Hayanoch ¢ Hayana 30-x rogoB XX-
ro seka. arpssHenne [1XB crano peanbHO#l 3konoriueckoif yrposoit B pe-
3y/ibTaTeé aKTMBHOIO MPOM3BOJCTBA XJIOPCOAEPKAMX MPOAYKTOB. B nacros-
1ee Bpems WX Mpou3BeaeHO Gosiee 1 MITH TOHH.

3arpssHeHue okpyxatouieit cpeapl [1XB conposoxknaer MHOTHE HpOuU3-
BOJCTBA, 0COOEHHO T€, KOTOPbIE CBA3aHbI C TIPOLIECCAMH HCTIOJIHOTO CropaHus
opraiu4eckix BeuiecTB. OCHOBHBIC TEXHOI€HHbIE HCTOUHMKU NOCTYIUICHHSA
[1XB B okpyxaioLiyl0 Cpexy: a) IHepreTHka, ckuranue toiuiuea, TOLL, kpe-
matopuy; 6) TpaHcnopt (BBIXJIONHBIE a3bl aBTOMOOMIEH); B) NPOMBILICH-
HOCTb. DTH ucrtouHuky [TXB HasbiBalOT nepBUUHBIMU. K BTOPUUYHBIM HCTOY-
HUKaM OTHOCATCS CBAJIKH, MPOAYKTbI GMOPa3NIOKEHHsA OTXONOB, CyGCTpaTOB
CBaJIOK M KOMIIOCTOB, NPOXYKTbl CXKUTAHHS MyCOpa, OTXOJOB, WIOBbIH Mare-
pHail Noneil OpoLICHHUS.

3arpsA3HAIOT OKPYXKAIOUIYIO Cpeay OTXOAbl Pa3sHbIX OTpaciiell NMpOoMBbiLI-
JICHHOCTH: LieJUTON03HO-0yMaXKHOE MPOM3BOACTBO, kabebHOe MPOU3BOACTBO,
AIIOMUHHEBBIE 3aBOJbl, METALTYPrHYeCKUe 3aBOAb MO nepepaboTke kenes-
HBIX pYA, 110 MPOM3BOACTBY CTEKJIA MU KEpaMHKH, NPEANPHATHA flo nepepaboT-
ke apesecunbl. M3 Bcex BUAOB MPOMBILUIEHHOCTH HauboJiee onacHbIMU ABMA-
10TCSl Te, KOTODbl€ CBS3aHbl C MPOM3BOACTBOM XJIOPCOJEPXKaliMX NPOMyKTOB.
OnacHeimu  ucToyHHkamu oTxoa0B ITXJL / TIXJI® sABisoTCA MPOU3BOACTBA
TaKMX BELIECTB, KaK NOJUXJIOpHponiuneH, 2,4,6, TpuwxiopdeHo, TpuxiopbeH-
304, - ¥ -0-XJIOPaHWJ, KapOon-BuosieT, BUoseT rony6oii-23, romny6oit 106 n
Ap.

3arpA3HAIOT Cpefy NPOU3BOACTBA, CONPOBOKAIOIMECS HUCIIONLIOBAHHEM
pacTBopoB 3jekTponusHbIX npoueccoB. Cogepxkarca [IXB B oTxogax anek-
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TPOHHOK M PaJMONPOMBILIEHHOCTH, Fie JUIA 00€3)XKApHBaHUs MOBEPXHOCTEH
UCTIONB3YIOT XJIopopranuueckue pactsoputeny. [1XB coaepxarca B BiGpocax
neyelf CKUranus raloreHcoJepX amux U 6bITOBBIX OTXO0I0B.

3HaduTenbHbIE KonuuecTBa IIXB nocTynaloT B OKpyXaroulyio cpeny B co-
cTaBe TpaHC(OPMATOPHBIX Macel, CMa3ok, IU1acTudukaTopos. Jlis Bcero Ku-
BOT'O OTACHK! HE TOMBKO TOJbKO caMy IIXDB, HO M MPOIYKTEI UX CHKHTaHMA.

B nousy I1XB nmoctynmaioT HenocpeAacTBEHHO M3 MCTOYHHKA 3arpnaﬂeﬂm
u uepes armoctepy. Cpennme yposHu coaepxanus [1XB B nousax : 2 107
MI/KT B TIOYBaX, B Bomax 2'10”° —10® mr/n. Tpu conepxanun I1XB B mouse >
IMKr/kr 3-10% MX KOHLEHTPUpPYETCA B KOPHAX PaCTeHHH, B HA3eMHbBIX YacTAX
pactesuii -0,3-1%. HauGonewas xonuexrpaumsa [IXB obnapyxusaetcs B
KOPHEIUIOAax.

C 3konoriyeckoif TOUKM 3peHHs Baxnbl cBodcTBa IIXb: Huskai nery-
YecTh, MaJlai PacTBOPUMOCTb B BOJE, BHICOKas COPOLMOHHAA CHOCOOHOCTb.
Baarogaps 3Tum csofictBaM [TXB KOHUEHTPUPYIOTCS B IIOYBE, NPOYHO CBSA3bI-
BAlOTCA MOYBEHHBIMH KOMIIOHEHTaMM, MUTPHPYIOT ciafo W noaroe Bpems
COXPaHSIOTCA B BEPXHHX CIOAX NoyBbl. OpraHHueckie pacTBOPUTENH, HedTe-
NPOIYyKThl, JpYrue BellecTBa, npucyTcTByronme Bmecte ¢ 1XB, moryT yse-
JMYMBATL MX MOOWIBHOCTH B mouBax. [lepuon momypacnaga INXB B nouse
xonebnercs ot 5-8- 1o 10-12 neT u 3aBUCHT OT KJIMMATHYECKNX YCIOBHM, THIA
TIOYB U JPYTHX CBOWCTB NOYBbL.

OchosHble criocobsl  geTokcukauny I[1XB B 06beKTOB OKpyXatoinei cpe-
bl

1. OuMcTKa BOA C HOMOMIBID NMOPOWKOOOPa3HbLIX COPOEHTOB, aKTHBHUPO-
BAHHOTO YIJifi, KOTOPbiE MOTYT YAIKTh JO 90% AHOKCHHOB, NIPEMMYLIECTBEH-
HO MX JI4- H TETpa- H30MEPHI.

2. POTONATHYECKOE PA3NIOKEHHE MOJ BJIUSHHEM COJIHEUHOTO CBETA WIH
yleTpadHoneToBoro obmyyenus. KaranusupyloT pasfiokeHue OJNHBKOBOE
MacJjl0, 3TUNIOJIEAT, NOJAYITPOBOAHUKOBBIC MaTepHaIbl: IBYOKUCH OJI0BA, TPeX-~
OKHCb BO/Ib(pama, Cynb(un KaAMus, OKUCh LINHKA, OKICh TUTaHa;

3. XuMu4ecKkas JECTPYKUHs (IexJIOpMPOBaHyue) NON BAMAHHEM pa3iiy-
HBIX XMMUYECKHX BELIECTB!

a) pacTBOPOB WIENOYeH W NONMITHIEHIIHKONS, JMMETWICYabdhokcHaa
(oHn MOryT CHM3WTD COlEpHKAaHNE THOKCHHOB B moysax B 40-50 pa3);

6) ueTBEPTHUHBIX AMMOHHEBBIX COJIEH MOBEPXHOCTHO-AKTHBHBIX COEIH-
HEeHUM, TaKUX KaK aleTWINMPUAUH, OeH3ankoHui xyopuabl (BO3MOXHO pas-
noxenue 50-60% I1XB).

4. Cxwuranye. Jlo HacTOSILET0 BPEMEHH CXKHMraHUE CUHTaNH CaMbiM 3¢-
GbexTHBHEIM COCOOOM YHUMTOXEHHS OTXONOB, COAepXKaliuX AuokcuHbl. Ho
[pK 3TOM NOJTHOCTBIO YHUUTOXAETCSA BEPXHHH CII0# NOYBLI.
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5. Muxpobuonormieckas aectpykuma. H3sected psan MHKPOOPraHW3MOB,
Cnoco0HBIX pa3pyllarh AMOKCHUHBL, CHIDKas MX KoiuuecTBo 3a 90 mHel Ha 4-5
%.

6. Mimeercs NONOXKHTENbHBIA OMBIT JETOKCHKAUMH MOYB, 3arPA3HEHHBIX
[1XB, BHeceHHEM MpenapaToB IyMyCOBBIX KHMCJIOT, BBLUICJIEHHLIX W3 Topda.
OHY aKTHBU3HPYIOT IpOLECCH AEXJIOPUPOBAHHA, OKUC/IEHNUS, MMAPOKCHINPO-
BaHuA, MiKpobuonormyeckoi nectpykimu ITXB. Bo3M0OXHO, 4TO TOKCHKaHThI
KOHLEHTPUPYIOTCA Ha I'yMYCOBLIX BEHIECTBaX, II€ MOBBIMIEHA MHKPOOHOIO-
THYECKast akKTHUBHOCTb.

5.3. 3arpsizHeHne NOBePXHOCTHO- AKTHBHbIMH BeINeCTBAMH

[ToBepxHOCTHO-akTHBHBIe BemecTBa ([IAB) - BewecTBa , KOTOpHIE MC-
NoNb3y10TCA B MPOMBILICHHOCTH M B OBITY Kak MOIOLIHME CPEACTBA, 3arpsA3HA-
10T OKPYXAIONIYI0 CpeXy ¢ OTXONaMH KOMMYHAILHO-OBITOBOH AEATENIbHOCTH.
B cocras [1AB 0GLIY4HO BXOAAT OQHA WJIM HECKONbKO IPYNIl MOBEPXHOCTHO-
AKTHBHBIX ar€HTOB M HECKONbKO CBA3BLIBAIOIIMX LIEHTPOB. JTH IPYIMIIbl CHU-
KAIOT NMOBEPXHOCTHOE HATAXKEHHE WKHUAKOCTH, B KOTOPOH OHM PacTBODPSIOTCH,
o6pa3ytoT CTaOWIBHYIO 3MYJNBCHIO ¢ YACTHHAMH YJANSEMbIX BEILECTB, CHH-
AalOT HKECTKOCTh BOABI. [IAB no coctaBy 0ObI9HO A€NATCA Ha TPH CPYNIbL:
aHMOHOAKTHBHbIE, KATHOHOAKTHUBHLIE, HEHOHOTEHHLBIE. [IpUMepOM aHHOHOAK-
THBHBIX MOXET CIYKMTh alKWIOEH30CYIb(POHAT WIN JIMHEHHbIH IKWICYIb-
toHar. [lpenapaT comepXMT B CBOEM COCTaBe MOJAPHYIO TMAPOMUILHYIO
rpynny SO; H ruapodobHbIit opranudeckuii paauxai. [IpuMepom KaTHOHOAK-
THBHBIX [TAB siBNfIOTCA YeTBEPTHUHbIE aMMOHHIHbIE COJIH, COAEPXKaIUME yr-
JIEBOIOPOJHBIE PaIMKalibl, B TOM YUCIIE apOMAaTHYECKHE, a TAKKE raJIOTeH WIH
KHCIOTHYI0 rpynmy. [IpuMepom HenoHoreHmnix [TAB moryT ciyxuts 6en-
30JINPOM3BOJIHbIE, COMIEPKAINME B KAaYECTBE PAafMKAIOB Pa3fiMiHbIE MPEAC/b-
HbIE YTJIEBOAOPOIBI.

B coctas ITAB BXomAT Takke CBA3BIBAIOliME KOMITOHEHTBI. OHH MOIyT
B3aMMOJEHCTBOBATh C HOHAMH KaJIbLMA H MarHus, NPHCYTCTBYIOIIMMH B BHIE
coneli B KECTKOM BOZIE, @ TakKe B COCTaBe TBepanix BewecTB. Hanbonee pac-
NPOCTPAaHEHO MCMOJL30BAHME B KAYECTBE CBA3BIBAIOLIMX KOMIIOHEHTOB CMECH
nosmdocdaroB ¢ TpunoaudochaTtoM HaTpUi.

TTAB 3arpasHsaioT mpHpoaHbie BoAbl. OHM 00pa3yioT Ha MOBEPXHOCTH BO-
bl IUIEHKY, KOTOpas MpemATCTBYET ra3000MeHy Mex Iy BoJoii H atMocdepoi,
YTO CHMXAET HAChILIEHHOCTh BOABI KuciopogoM. Pocdarsl, BXxoaimue B Co-
craB [IAB, MoryT BbI3bIBaTh IBTPOMHKALMIO BOXOEMOB, YCHIHBAd POCT BOJ-
HbIX pacTeHUH.

Cnoco6sr ouncTky Bo oT [1AB paspabatsiBaloTcs.
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5.4. 3arpazsenne necTHNHAAMHA

Hectnumapt (6MOLMABI)- 3TO XMMHYECKME BELIECTBA, MpejHa3zHaueHHbIE
AN YHUYTOXKEHHS BPEIHBIX KMBBIX OPTaHM3MOB, [J1aBHBIM 00pa3oM BpeauTe-
nel cenbCKoro Xo3siicTBa. Cpeay HHX BbIACIUIIOT repOMUMAbi, QYHTHLMABL,
MHCEKTHIUIbI, 300LMIbl, OakTepuliabl, HeMaTouHabl. K mecTuuaam OTHO-
cATCA Taloke AC(OHaHThI.

MHpOBOIi accOpTUMEHT UECTULHAOB HacuuThiBaeT Gosnee 100 ThicAY Ha-
WMEHOBaHHil Ha OcHOBe OoJee, yeM 700 XHMHUYECKUX BELIECTB OpPraHUYECKOH
M HeopraHudeckoil npupo/pbl. I'ogoBoe MPOU3BOACTBO NECTHLMIAOB MPEBbIIA-
€T2 MIH T.

VHHYTOXKA BPEAUTENICH CEIbCKOro X03AHCTBA, NECTHLIMARLI CHUXAIOT 3a-
COPEHHOCTD TioJiei Ha 70-95%, noTepy ypoxas  3arpaThl B CEJIbCKOM XO3ii-
cTBe B 2-3 pasa.

OcTaTtouHble KOIMYECTBA NECTHIIMAOB PaCIIPOCTPAHAIOTCA B OKpYXKatolei
cpejie, OKa3bIBalOT TOKCHYECKOE JeHCTBHE Ha €€ KOMIOHEHTHI.

Hanbonee mupokoe pacnpocTpaHeHue NOMyYWIH repOHumabl, Ipernaparsl
11 60pbObI C COPHBLIMU pacTeHHAMM. ['epOuLNIbL BIHAIOT HA HHTCHCHBHOCTD
1 HAMpaBJIeHHOCTh OGMEHHbIX MPOLECCOB B PACTEHUAX, HA X OHONOTHYECKYHO
LEHHOCTb U COACPIKAHUE PA3IMIHBIX MUTATEIbHbIX BEUIECTB.

HanpuMep, repOuuma npoOMETPHH HapywlaeT a30THbi 06MeH y 6000BbIX
pacteHnid. HeratuBHblii 3(EKT NposBIIETCA B YyMEHBLUICHHM MacChl pacte-
HUH ¥ aKTUBHOCTH HHUTPOreHa3HOrO KOMILIEKCA, OCYHIECTBIIIOILEro (ukca-
Mo arMoceproro asora. [{ake HeBbicOKas A03a MpomerpuHa, 1,5 Mr/kr,
MHruOupyeT HuTporenasy. Konuenrpaia 3 MI/Kr onacHa, Tak Kak [Ip1 3TOM
cUMOMOTHYECKas CHCTEMA YacTO He (GYHKLMOHUPYET, YTO BeAeT K CHHXEHHIO

copepkanHs a3oTa B pacTeHud. DdpdexT pasnuueH yepes | U yepes 2 mccaua
nocne BcxoAoB (Tabmuua 17).

Tabnuya 17. Bruanue npomempuna na yceoenue asoma coeii (Ilapomen-

ckasn, 1985)
BapuaHt O6mwmit asor MuHepanbHbili a30T| A3oT armocdepbi
1 2 1 2 1 2
KOHTPOJIh 1493 100 386 100 1107 100
NIPOMETPHH, 1092 73 390 101 701 630
1,5 mMr/kr
NPOMETPHH, 304 20 338 88 0 0
3,0 mr/xr

Ha pomo mectuumnnos npuxoautcsa oxono 0,2 % or obuiero Konudectsa
3arpA3HAIOMIMX BEIIECTB. XO0TA 3Ta O/A Maja, HO OTacHa BhICOKas GHONOTH-
4eCcKas aKTMBHOCTb NECTHLMAOB. [lecTHLMIbI BIHAIOT HAa BCE 3BEHbS CHCTEMBI
MOYBa- KOPMa- JKMBOTHOE- )KMBOTHOBOAHECKas MpoAyKIuA-uenosek. [Tomumo
OpSIMOTO IEHCTBMA, OHU MOTYT CO3/aBaTh MeTa0OJMThI, 3HAYEHHE KOTOPBIX
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WA BCero XHBOTO €lle He NMONHOCThIO u3BecTHO. CoXpaHsAACh B MOYBE, OHU
MOTYT OKa3BIBaTbCA B COCTaBE NPOXYKTOB. KpUTepHeM FUrHEeHHYECKOH OLEH-
K¢ NMALIEBLIX IPOXYKTOB JOJDKHBI CIYXHTh YPOBHH OCTaTOYHBIX IECTHLIMAOB.

VcTolunBhEL B OKpYXKaOMIEH cpeae HHCeKTHIMAR. MHCekTuumasl- npena-
paTtbl Ui YHHYTOXKEHHA HAaCeKOMBbIX M Kieuleil. CaMble CHIbHbIE U3 HHX !
JAT (moanopandennn tpuxiopMeTuiMeraH, rekcaxiopad, XL (rekca-
XJIOPLUMKJIONEKCaH).

MaccoBoe npomsBoactso AT nadanoch nmocie 1945 roma ¥ mOCTHRIO
MakcumyMma x 1965 r. B 80-e roasl MCrojib30BaHHe €r0 B MUpE CTaOMAM3MpO-
BaJlock U cocTassuio 100 Teic T/roa. Jonroe BpeMs OCHOBHbLIMHM IOTpeOMTE-
NAMM TpenapaTa ObUIH CTpaHbl, PaCHOJOKEHHbIE B YMEPEHHbIX LIMPOTax Ce-
BepHoro nonymapus. Lllnpokoe ucnonszoBanue AT npuseno K TOMY, 4TO OH
cTan ofHMM M3 HauboJsiee pacUpOCTPAHEHHBIX BELIECTB, 3arpA3HAIOLIMX BCE
npupoansie cpelsl. B 70-e rogbl pa3BuThie CTPaHbl BBEJIH CTPOrHe OrpaHHYe-
Hud Ha ucnons3oBanne [JJIT. Onnako mupoBoe norpebnenne JIJIT uzmenn-
JIOCh HE3HAYMTEIIbHO, LUEHTP MCIONb30BaHUA €r0 MEPEMECTHIICA B Pa3BHBAIO-
LLWECS CTPAHBI.

VcTofuMBOCTL GMOLMAOB 3aBHCHT OT CTPYKTYPhl BELIECTB, BXOJALIMX B
ux coctaB. PaccMoTpiM 3Ty B3anmMocBA3b Ha npuMepe repbuumaos. Ilo mac-
mrabamM NPOM3BOACTBA M IIPUMEHEHHH, MO ACCOPTUMEHTY H XHMH4ECKHMM
CBOJCTBAM Pa3/IMYaAlOT HECKONBKO IPyNI repOHLKMAOB.

a). IlponsBoaHble KAPOGOHOBLIX KUCIOT { YKCYCHOM, NPONHOHOBOA, Macs-
HOH, TepedTanieBoii, GeH30iiHOM, BallepUaHoBO# kucnoT). KoMMmepueckue npe-
napathl UMEIOT Jpyrre HazBaHusa. HanpuMep, MupOKo NpUMEHAETCS AEIanoH
- HaTpHEBas COJIb TPUXJIOPYKCYCHON KMCIOThI. JJakTai- POM3BOJHOE Teped-
TaneBod KUCIOThl. AMHOeH, aukam0- npousBoaHble OEH30MHOW KHMCIOTHI.
[Npenapatsl XOpOIIO PaCTBOPUMBI B BOJE.

Jle#icTBME MX OCHOBAHO Ha TOM, YTO OHM HapyLIal0T HOPMaIbLHYIO A de-
pEHUMALMIO TKaHel, 6enKkoBkIii, yriieBOHbIN, HyK1€HMHOBLI OGMEH B pacTe-
Husx. Cuiia MX AEHCTBUA 3aBHCHT OT 3aMelleHHM B CTPYKType HPOU3BOIHBIX,
0co0eHHO 0T (eHmIbHOro U xnopdeHwibHoro paaukanos. Ha copOunonHbie
B3AUMOEHCTBUA 3THX NPENApPaToOB C MOYBOH BIMAIOT METWIbHbIE 3AMECTUTE-
au.

6). lponsBonHble KapGaMUHOBOM KHCIOTHL. KapGaMuHoBas KHCIOTA - 3TO
HEMOJIHbIHA aMHI YyrolbHOH KHCHOThI, B KOTOPOM OJIHAa MMAPOKCIWIbHAS TpyIna
3aMelleHa Ha aMHHorpyniy. TokcuuHoe nelicTBue Bo3pacTaeT NIPH BBEACHHHU
aToMa XJIopa B CTPYKTYpy repOuumaa.

B). Ilpon3BoaHEie ModeBHHBI. MOYEBHA- NONHBINA aMU]| yrolbHON KHCITO-
Thl.

I'epbuumnnoe neficTeue o6ycioBieHo MHIUOUpoBaHUeM (OTonM3a BOABL
npu GoTocHHTE3E.
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r). AMHHbI- TIPOH3BOHbIE aMMKaKa, B MOJIEKYJ1€ KOTOPBIX OlMH WIM He-
CKOJ/IbKO aTOMOB BOJOPO/a 3aMEIIEHB! YrIIEBOAOPOAHbLIMHY PaaHKalaMH.

n). IlpousBonHbie (heHONA, HApUMeEp, (EHONAMHHDI- apOMaTHYECKHE CO-
€IMHEHHS C OEH30JbHLIM KOJIbLIOM, HMEIOLKE M'HAPOKCHIBHYIO TPYNITy, HEMOo-
CPEACTBEHHO CBA3AHHYIO C YIJIEPOJOM apoMaTHdeckoro sapa. Jlpyrum npu-
MEPOM ABNAETCA KapGooBas KMCJI0Ta, TUIPOKCIIBHOE MPOH3BOAHOE OeH3011a.
I1Inpoko HcnoMbL3yIOTCA B KageCTBE repOUUHAOB HUTPOGEHObI, XI0P(EHOIbI.

€). leTepoLMKNUeCKHe COEMHEHNA C OHMM reTepoaToMoM B Lukie. ITo
OHoNormuecko! akTHBHOCTH CTOAT Ha NepBoM MecTe. CpenH HUX €CTh MHCEK-
THOUIB, QYHTHLMABL, FepOULUIBI, CTUMYIATOPH pocta. IlpumepaMu mMoOryT
ObITh MUPUINH, MTHKIIOPAM, AUITHPHAM.

xK). HlecTHuneHHbie reTepOLMKJIbI C JBYMA aTOMaMH a30Ta, Wi JMa3HHbL.
MoryT GbiTh 06pa3oBaHbl pasHble CTPYKTYpPHl B 3aBHCHMOCTH OT pacroyoxe-
HYs aTOMOB a30Ta B KOJIbLIE.

3). lllecTHuneHHbIE FeKTEPOLIMIJIBI C TPEeMs aTOMaMH a30Ta, Wi TPHa3H-
Hel. IMe10T pasHoe pacnojiokeHUe aTOMOB a30Ta B 6-uneHHOM Kojiblie. K HuM
OTHOCATCA CHMa3HH, atpa3uH. JleficTBie npenapara 3aBHCHT OT 3aMECTHUTENCH
py aMHHOTpYINax. :

IocTynas B nouBy, NecTULMAB HEM3OEHKHO OKa3bIBAIOTCA B COCTABE BOI.
TlpeBpainenus NECTHLHAOB B OKPYXalOLIei cpele 3aBUCAT OT MX coOCTBEH-
HBIX CBOWCTB, OT COYETAHWA BIMAHUA TPUPOIHBIX YCIOBHH: NOYBbLI, BOABI,

Bo3nyxa. IlecTHUMIB B NOYBE MOABEPralOTCs PasjIMUHLIM TNPEBPALUECHUIM
(Tabnuua 18)

Tabnuya 18. [Ipespaujenua necmuyuoos 6 nouse (Cosa, 1985).

®axropsl, onpeaensiomue Havaubayo | [yt ncue3HOBEHNA NECTULMAA, ONpese-
KOHIEHTPALMIO TIECTUIIN/IA B NIOYBC JSIOLLME KOHLICHTPALMIO NMECTHLIMAA B
NI04BE
CTpyKrypa neCTHUHIOB Cop6uus
Pu3nyeckue cBo¥icTRa Hcnapennc
Venous npUMeHeHUs BoiMbiBaHME
Twit moyBs! Tpancnokauus
Knumaruueckue napamerpoi Hectpykuus
IokposHas kynsTypa Mukpo6ronoruyeckie npespauicHus

CooTHomeH)e MeXay CKOPOCTAMM Ha3BaHHLIX Tpolieccos pasHoe. CopG-
IMA NOYBOH CYLIECTBEHHO BJMAET Ha COXPAHHOCTh B IOYBE repouuMIa, ero
(utoTOKCH4HOCTE. B TO e BpeMs copGupoBaHHbie HOPMbI MEHEE AOCTYIHBI
W1 XMMMY€CKOrO, (POTOXHMHMYECKOr0o, MHKPOGHOIOTMHECKOro PasnoKeHHA.
I'nasHedimuM (akTopoM COpOLMH MECTHIMAA ABJIAIOTCH CBOMCTBA CaMOro
npenapara. Bxnaz ero B o6uiyio mucnepcuro npusHaka 42- 83%. M3 caoiicTs
no4B BaxKHbl cofiepkanne rymyca, pH, EKO, rpaHynomerpudeckuit cocras.
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HMeeTcsd ONBIT MPOrHO3a MOBEACHNUSA NMECTHUMIOB B 3aBUCMMOCTH OT Ha-
3BaHHBIX (AKTOPOB. DTH MPOTHO3bl HEPENKO CTPOSTCA Ha OCHOBAHMHM IKC-
NEPTHLIX OLEHOK. [Ipn 3TOM BIMAIOMMM (aKkTOpaM NPHCBaHBAETCA Ompene-
JIEHHOE 9UCIIO0 GasUIoB Ha OCHOBE NMPEACTABJICHHIl O MX BIMAHHH Ha TpeBpa-
ImeHus necTuinaos. OIHH U3 TakuX MPHMEPOB NMpHBeeH B Tabnuue 19.

Tabauya 19. Knaccugpuxayus noue no cnocobrnocmu copbupoeame necmuyu-
ovt (Monoocanosa, 1985)

Knacc Bannst CBoiicTea n1o4s
rymyc.% pH cymma o- | paxims
raomeHHpix | <0,01 MM,
OCHOBaHHiA, %
mr-3xs/100
r
1 5 >8 5,0-6,0 >60 45-40
4 4 6-8 6,0-6,5 40-60 40-30
3 3 4-6 6,5-7,0 20-40 30-20
2 2 2-4 7,0-7,5 10-20 20-15
1 1 1-2 >7.5 <10 15-10

B 3aBHCHMOCTH OT COPOLMOHHBIX CBOMCTB repOMLMAOB MpPOrHO3MPYETCS
HX CNocoBHOCTB kK MUrpatyn (Tabauua 20).

Tabnuya 20. [Ipocnozupyemviti ypoeeHb MUupayuu necmuyudos no NOYEeHHo-
My npochumo (Monooacanoea, 1985)

Nectaumn Koadduument MakcumanbHas ry6uHa
ajcopOLMu NIPOHHKHOBEHHUS, CM

oar 0.7 5-10
rxur 0.6 10

do3zanon 0.4 20

Meragoc 0.3 40

Xnopodoc 0.2 60

Kap6ogoc 0.1 70

Camoounimerne 6Hocephl 0T NECTHUHIOB

Camooounmenue 6uocdepsl OT NECTUMAOB BO3MOKHO abHMOTHYECKHM H
OuoTyeckuM mytem. K abHOTHYECKMM MpOLIECCaM OTHOCHTCS PasiOXKEeHHA
NECTHLMAOB BCIENCTBHE THAPOJM3A, OKUCIEHUA KHCIOpOJOM BO3JyXa, pac-
TBOpEHUsA, TepMUYECKOH M (OTOXMMHMYECKOH AECTPYKWHM A0 NPOCTEHIINX
HETOKCHYHBIX BEILECTB.

1) MN'upponus necTUIMIOB BedeT K 00pa3soBaHMIO WX TMAPOKCHAHAJIOrOB,
HE 0Onafaromux GHTOTOKCHYHBIMU CBOHCTBaMU. ['yMyCOBbie KUCIOTBI B 3THX
npoLeccaX BBINOAHAOT KAaTAIWTHYECKYIO POJIb, OHM MOBBIAIOT CKOPOCTD
Pa3noXKeHHA NeCTULNIA.
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2) ®oToXMMAYECKOE NpEeBpalieHe U Pa3/IoKEHHE NECTULMAOB MPOKNCXO-
OUT TNOA AeHCTBHEM 3HEPruu conHeusoro cBera. Poronu3 3dhdekTHBEH B pe-
THOHAX C BRICOKOH COJTHEYHON aKTUBHOCTBIO.

3) OkucneHne NeCTHUMAOB B BOAAX BO3MOXKHO MOJ BJIHSAHUEM ITEPEKHCH
Bogopoaa. H,O,- HeoTbeMnemas dacTs MpUpOAHBLIX BOA. OHa oGpasyeTcs mpe-
HMYIOECTBEHHO OHOXUMMYECKHMM ITyTEM NUAaTOMOBLIMH H 3€lI€HBIMH BOJOPOC-
samH. Bo3mMoxHO 06pa3oBaHue ee Kak NPOMEXYTOYHOTO NPOAYyKTa pu ¢oTo-
XMMMYECKHX U KaTAIHTHYECKUX peaKLMAX OKHCIECHHs OPraHMYecKHX Be-
wectB. Conepxxanue H,0, B NpupOAHBIX BOJAX MOXET NOCTUraTh 10> Moun/n.
Ilepexucs BOZOpOna MOXKET UrpaTh BEAYLIyIO POSib B OKHCIIMTEJBHOH HECT-
pykuun xjop- u Qochop-opraumueckux coeguuennit, XU, IAT, 11XB,
He()TEePOAYKTOB, COSMMHEHHI a30Ta, (eHoNa, THOCOAMHEHHH. DpdekT co-
CTOUT B TOM, 4TO Ha cBeTy npoucxoaut ¢oronus H,O,, B pesyabTate o6pasy-
I0TCA THAPOKCWIILHBIE PajHKaibl, KOTOphie B3aHMMOJCHCTBYIOT C OpraHuye-
CKMMH KOMMOHEHTaMH NpPUPOJHLIX BOd, 00pa3ys MajopeaklMOHHBIE COEMH-
HEHMA.

PaznoxeHue necTUUMAOB MUKPOOPTaHN3MaMH 3aBHCHT OT TEMIIEPATyphl,
BNaXHOCTH, pH, rpaHyJIOMETPHIECKOTO COCTaBa, OHONIOrMIECKOH aKTHBHOCTH
no4s, 00eCIeYEeHHOCTH MOYB MUTATEILHBIM CYOCTPAaTOM, IUIOTHOCTH W pa3Ho-
o0pasua MUKpOGHOro HaceneHus NouB. BOJNBIINHCTBO MECTHUMAOB MOXET
OBITb Pa3NokeHO MUKPOOPraHU3MaMH, HO BpeMsl U1 3Toro TpedyeTcs pasHoe.

IposBstoTca KaK oOuIMe, Tak ¥ crnelnduueckine 0COOCHHOCTH BJIMAHMSA
pas3Hbix (JaKTOPOB Ha JCCTPYKLIMIO NMECTULMIOB. AKTUBHOCTb Kak XUMHUYECKO-
ro , Tak U 6HONOrHYECKOTO Pa3IoXKEHHUA pacTeT ¢ YBEIMYCHHUEM TEMNEPATYPHI
110 OfIpeAeNeHHOro npenena. BjaaxHocTs BAMAET W HAa XOA NMPOLIECCOB THAPO-
71133, ¥ Ha pasfioKEHUEe MUKPOOPranu3MaMu. YposeHb pH BAMAET Kak Ha ak-
THBHOCTb MHKDOOPraHM3MOB, TaK U Ha W3MEHEHHE COPOLIMOHHBLIX CBOHCTB
nogs. CopOuus BIMAET HE TOJBKO Ha COXPAaHHOCTh repOMLMAa, HO M HA €ro
¢uroTokcHuHoCcTh. CopbupoBanHbie GopMbl 0ojiee ycTOHUMBEI, MeHee JocC-
TYINHBE Ui XMMHYECKOTO, (POTOXMMHYECKOr0, MUKPOOHOIOTHIECKOTO Pasiio-
KeHusa. B TakenblXx noysax pasnokeHHE NECTULMAOB, KaK MPaBWIO, MAET
TpYAHEE.

TMoa BnMAHNEM MHUKPOOPraHU3MOB NMPOMCXORUT WM FIOTHOE Pa3jioKEeHHE
NeCTHUMIA WIH YacTHYHOE pa3pyliCHHE CBf3ed B MoNCKyJe, OTIIEIUIEHHe
OTAENBHLIX ParMEHTOB, pacnal Kojibla 1 aludaTHyeckux CTpyKTyp ¢ obpa-
30BaHUEM iIPOMEXKYTOUHBIX MPOIYKTOB.

VYCTOHYMBOCTL MECTULMAOB B MOYBE - B 3HAUUTEbHOH Mepe (yHKuHA
CBOWCTB camoro nectuumaa. [To cnoco6HOCTH pasnaraThCs NECTHLMAB AEJIAT
Ha IPYNIIbI C Pa3HbIM XapaKTEPHBIM BPEMEHEM COXPAaHEHHUS B MOYBE:

1) mponomxurensHoro nepuona coxpanenus (18 mecaues u Goisee). K
HUAM OTHOCHTCS 60JIBIIKHCTBO XJIOPOPTaHMYECKUX MECTUIHIOB.
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2) crolikue B TeueHue 18 Mecsiues ( NpoM3BOAHBIE MOYEBHHBI, MUKIOPaM,
CHMas3HH).

3) coxpansomuecs 10 12 MecsueB: MpOU3BOAHbIe GEH30MHBIX KHCIOT.

4) coxpansmronMecs B NOYBE A0 6 MECSALEB. HUTPOAHWIHHBI.

5) coxpansmotrca Gosee 3 MecALeB: MPOU3BOAHbIE KapOaMMHOBON KHCNIO-
Tbl, anidaTHyeckue kapOOHOBEIE KHCIOTHI, (ocdopopraHMiecKHe coeauHe-
HUA.

[MopobHoe NeneHue HOCHUT OTHOCHTENbHBIH XapakTep, TaK KaK CKOPOCTb
Pa3sNoNKEHHA NECTHUMIOB 3aBUCUT OT (PH3MKO-XMMHUYECKUX CBOWCTB M04YB, OT
TEMAEpaTypsl, BlaXHocTH. Hanpumep, cToiikue NeCTHHM/IbI, TAKHE KaK CHMa-
3uH win XU, npy xapkoM U BIKHOM KiuMaTe MOTyT ObITb pa3joxeHHl 3a
5-6 mecsaueB, B MEHee ONArONMpPHATHBIX YCIOBUAX COXPAaHMOTCA OO 2-3 JIET.
Mpu TeMnepartype 6auskoi k 5°C pasnoxeHde He IPOHCXOINUT, NIPH TeMnepa-
Type 15- 35 °C u BnaxnocTH 20-75% YCTOHYMBOCTE JIMHEHHO 3aBUCUT OT
BIQKHOCTH M TeMnepaTyphl. Bricokas copGiuoHHas cnocoGHOCTL MOYB CHH-
KAaeT CKOPOCTb NECTPYKUMHU HECTULIHIOB.

5.5. 3arpasHenne nepTaMu H HepTenPOAYKTAMH.,

Hedts- 370 XHAKOE noOJie3HOE HCKONaeMmoe. 3ajeraeT Noid 3emied Ha
6obIOl TTyOHHE B MOPHCTHIX HIIM TPELIMHOBATHIX FOpHBIX mopodax. Obs3a-
TENbHbIMM CIyTHUKaMH HeTH ABJAIOTCA ra3 U nopoBbie BoAbl. OGpazoBanue
HedTU CBA3AHO C Pa3NOKEHHEM APEBHMX OPraHM4ECKHX OCTATKOB, MpeUMy-
WECTBEHHO PacTHTENbHBIX. BriepBble HIes O PacTUTEILHOM MPOHNCXOXKACHUH
HeTH Gbina Boickazana M.B. JIoMOHOCOBBIM.

Poccns o 3anacam HeTH 3aHUMaeT OHO U3 NEPBLIX MECT B MUpe. 3ana-
CHl €€ COCPEAOTO4EHbI IJIaBHBIM oOpa3oM Mexay Bonroit u Vpanom, Ha Ce-
BeproM Kaskase, B 3ananHoii u Bocrounoii Cubupu, Ha Caxanuse.

Jlo6bIBalOT HE(Th MPEMMYILECTBEHHO W3 CKBAKHH C MOMOIIBIO NTyOHH-
HBIX HAacoCOB, NpPH PEryJMpPyeMOM €CTECTBEHHOM (OHTAHHPOBAHHMH, ITyTEM
BBLITECHEHHA CHKAaThIM BO3JYXOM WM HarHETaHWA BOMAb! B He(pTAHBIE MIACTBI.
ExeroaHo B Mupe n1oGsiBaeTcs cBbiuie 2,5 Miapa T chipoit Hedtu. ITotepu co-
CTaBNAIOT 0K0JO 50 MIIH T/Tol. 3arpsA3HeHHe NPUPOAHOH CPElibl MPOUCXOIUT
npu ao6srye (pasiuBbl WK BRIGPOCH! ILIACTOBOMN XUAKOCTH), IPH TPAHCIOP-
THPOBKeE, nepepaboTke W MCHOJb30BaHWM HedTH. B pesynbrare 3arpsA3HeHms
GobIIME IUIOLIAAY OKA3bIBAIOTCA HEMPHUIOJHLIME 1S XO3SHCTBEHHOTO HC-
nonb3osanus. TlocnencTBus 3arpsasHeHMs sKocucTeMbl HeQTHIO U HedTenpo-
NyKTamMu 00yC/IOBJIEHBI €€ CBOMCTBAMM.

Kak npupoaHoe XuMHYecKoe BellecTBO, HE(Th- 3TO pacTBOp OpraHH4e-
CKHX COEMMHEHHH CJI0XHOTO cocTaBa. B cocraBe HedTH ob6HapyxkeHo Gonee
450 pa3mMuHbLIX BEIIECTB, B OCHOBHOM 3TO NapaduHOBbIE, HAQTEHOBBIE, apo-
MaTH4YeCKUE YIJIEBOAOPOALI. B yrneBomoposax pacTBOpeHbl BbICOKOMOJEKY-
JAPHBIE CMOJTMCTO-ac(aibTEHOBLIE BEIECTBA U HU3KOMOJIEKYIAPHbIE OPTaHu-
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9ecKue BemecTBa. B HedTH conepxarcas M HEOPraHMYECKHE BELECTBA: BOIA,
COJIM, CEPOBOOPOJ, COEAUHEHUA METAIOB U HEMETALIOB. DIEMEHTHbIA CO-
craB : C, H, S, N, Makpo # MUKpO3/IEMEHTBI.

CoO0THOIIEHNHE KOMIIOHEHTOB, BXOIALIUX B HE(PTh, ONPEACIIAIOT €€ COCTaB,
Tin, pusuueckue cpoiictsa. Hedts B mpupoae pasHoobpasna no ¢asosomy
COCTOSHHIO, TI0 XHMHYECKOMY COCTaBY, MO BHELUHEMY BHUAY, 110 XUMHYECKUM
1 usiueckum cpoiictBaM. [To pusHdecKkoMy COCTOAHMIO- 3TO MAC/ITHUCTAs
)HukocTs. [1o BHeLIHEMY BUIY pa3iu4aeTcd Mo 1BeTy ( OT No4TH GeCLUBETHOH
J0 TEMHOKOPUYHEBOIL ) U BA3KOCTH (OT MOABWKHO#M 10 rycroit). Ha Bce cBOi-
CTBa CIJILHO BJMAET yAeNbHbIH Bec, KOTOpslil Bapeupyer oT 0,80 mo 0,95.
Hedru ¢ 6onpmmm yaenbHbiM BecoM (1o 1,04) pexku.

B cocrae HedTH BXOAT CEAYIOLME TPYNIb YII€BOIOPOXOB : anudaTu-
Yeckue (MeTaHOBbi€), LMKNMYECKHE HachllueHHbie (HagTeHOBbIE), LMKIMUE-
CKHMe HEHachllueHHble (apomaThueckue). UMeroTcs Takxe cMellaHHble (ru6-
PHAHBIE) YrIIeBOJOPO/bI: MeTaHO-HaTeHOBbIE, HaTEHOBO-apOMATHYECKHE.

Hed1s ¢ npeobnanaHueM METaHOBBIX YTIeBOJOPOJOB OTHOCHTCA K MeTa-
HoBoMYy Tumy. Cpel METaHOBBIX YITIEBOZOPOAO MMEKOTCH ra3oobpasubie,
KUAKME U TBepAbie. [a3000pasHble (MeTaH, 3TaH, OyTaH U Ap) pacTBOPEHbI B
KUIKUX YIIEBOAOPOJaX H BHIACISIOTCH NPH U3MEHEHWH JaBieHus. Teepasie
BBICOKOMONCKYJIIPHBIE YII€BONOPOALl (MapaduHbl) TaKke HAXOMATCH B pac-
TBOPEHHOM COCTOSHMU. Cpel METaHOBBIX Pa3HOBUAHOCTEH He(TH BbIAENS-
10TCs BhicokonapaduaucThie ( napaduna Gonee 6%), mapadunucToie(l,5-6
%), maionapaduHucTbie (MeHee 1,5%).

Hadrenosble yrneBonopoisl NMPHCYTCTBYIOT BO BCEX THNax HedT, HO
npeo6nanaloT peaxo.

Cpenu apoMaTHyecKuX yrieBOAOPOAOB PasNyaloT HU3KO H BBICOKOMOJIE-
KynapHele. Kax mnpasuno, npeo6nanaioT HU3KOMONEKYJIAPHBIE CTPYKTYpbI
(6enzon, Tonyon, KCu0N, HaQTaNuHb). B NMOAYMHEHHOM NOJIOKEHHH - FTOMO-
nora 3-6 koabyatbix yraesogopoast ( [TAY). B HekoTOpbIX pasHOBMAHOCTSAX
HedTeit copepxaTcs B 3HaUUTEbHBIX KONWYECTBaX 3,4 GeHs(a)mupeH M Apy-
I'ME KaHLEPOTEHHbIE YTJIEBOJOPOABI.

BricokoMonekynspHble apoMaTHYECKHE CTPYKTYPbI, MpeACTaBieHbl CMO-
JamMu 1 acanbTeHaMu. CMOJTBI- BA3KHE BeluecTBa, achanbreHbl-TBepable. Te
U ApyTHe pacTBOPEHbI B XKMAKUX YrIAeBONOpoaax. Bricokoe conepikaHue cMod
1 ac(habTCHOB BEAET K YBEJIMYEHHMIO Y AENBLHOTO BECa U BA3KOCTH HediTeil.

CyiecTBeHHOE 3HAaYE€HHE HMeeT coAepkanue cepst B HedhTu. Kpome ae-
MEHTApHOM CEpBI, B HEH NPUCYTCTBYIOT CEPHUCTHIE COSNMHEHNA (MEPKAMTAHbI,
cyapdumel, THodaHb!), npuraomue Hedtu cneundmdeckuit 3anax. [pucyrcr-
BME CEPHUCTRIX COEAUHCHUH YBEIMYMBAET TOKCHYHOCTL HedTu. [To comepxa-
HUIO Cepbl HeTh ObiBaeT ManocepHoii (Mexee 0,5%), cepHuctoii (0,5-2,0%),
BBICOKOCEpHoit (6oee 2,0).
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HedTb paspensercs Ha ¢pakiuy Mo TeMmeparype KMIEHHs cMeceil pas-
NUYHBIX YrIeBoopoaoB (Tabmauua 21).

Tabnuya 21. Knaccugpuxkayusn negpmu no cocmasy u ceoticmeam (no
A. @ [lobpanckomy, 1985)

CaoiicTBa HeTH Knaccul Hedti
Apomaruue- METaHO-
ckue, HagTe- HadTeHoBbIC Ha(TEHOBO- Merasio-
apoMaTrHyecKue HadreHoBsIe
HOBbIC apoMaTH4cckue
YIACToHUIR BEC | 090.095 | 087091 | 083-087 | 080083
1pu 20 °C
Baskocts
Tpn 50° C 2-10 1-3 1-2 1-1.5
["'pynnosoii cocras
MCTaHOBBIE 0-10 5-20 20-40 40-55
HagTeHOBbIE 46-60 50-60 45-60 35-45
apoMaTHieCKHe 35-55 20-40 10-25 5-10
Brixox Gex3uHo-
BLIX (paKiiuit 5-15 10-25 25-35 30-45
npu 200 °C

Baxxnoe cBoiicTBO HepTH M HEDTENPOLYKTOB - MX PACTBOPHMOCTH B BOIE.
OHa 3aBMCUT OT CBOHCTB HeTH M Temmeparypsl. PacTBOpMMOCTb YIJIEBOXO-
POIOB B BOJIE CHMXKACTCA OT HM3KO- K BHICOKOMOJIEKYAApHbIM. HedTh 1 Hed-
TENpOXYKThl NPH KOMHATHON TeMneparype U npu Gosiee HU3KUX TeMIepary-
pax B BOJI€ NPAKTHYECKH HE PACTBOPAIOTCH.

W3 nedTH nonydaloT HECKOJBKO THICAY PAasNIMMHBIX He(TENpOIyKTOB.
Hedrrenpoaykrsi - 370 ToBapHas cbipas HedTb, MpoLieiLas NEPBHYHYIO NOA-
FOTOBKY Ha NPOMBICIIE, H MPOLYKThi NepepaboTku HedTH, HCMONb3YyIOMHUecH B
PasNMYHBIX BHUAAX XO3AWCTBEHHOH NEATEILHOCTH: aBHALHOHHBIE M ABTOMO-
6unbHbIE GCH3MHBI, pEaKTUBHBIC, TPAKTODHBIE, OCBETHTENbHBIC KEPOCHHSI,
An3eNibHOE TOTUIMBO, Ma3yThi, PacTBOPHTENH, CMa3O4HbIe Macjia, I'yapOHBI,
vedTaHble 6uTYMbl U npoune HedTenponykThl (napaduH, HedTAHOM KOKC,
MPUCaAKH, HEQTAHBIE KUCTOTHI M APYTHE).

HedTenpomyKThl COCTOAT M3 T€X K€ KOMIOHEHTOB Chipoil HedTH, oTaE-
JICHHBIX JPYT OT APYra W MOJy4€HHbIX ITyTEM TEPMOKaTAIMTHYECKIX XHMHUYe-
CKMX peakumii.

Baxno pasnmuuate cpeiu HedTempoayKkTOB Mpexae BCETOo ABE IPYMNIIBI:
Jierkoro cocrasa (GeH3MH, KEPOCHH, AU3ENbHOE TOILINBO, KOHACHCAT) U TsXe-
JI0TO coCTaBa (Ma3yT, CMa309Hble Macja, OUTYMBi).

Tomnusa- 310 XHAKHE yriaeBofopoasl. OHH pa3iMYaOTCA NO TEMIEpaTy-
pe Kunenus: Hayano KuneHus 200°C- Gen3uHbl ( aBHALMOHHBIE, ABTOMOOWIL-
Hele ToruMBa), 200°-300° KepOCHHBI, JIMIPOMHLI (TPAKTOPHbiE, PEAKTHBHBIE
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ToINKBa, 6onee 300°- mMa3yTsl, ra3oiin (KOTENIbHbIE, ra30TyPOMHHBIE TOILTH-
Ba).

Hedranbie OGuTyMbi- 310 TBEpAble NpomykTol. OHM NPUMEHSIOTCH B
CTPOHTENBCTBE, NPH MPOU3BOACTBE M30JIALMH, PE3UHBI.

Hed1s 4 HepTenpoayKTsl XOpOLWIO PACTBOPAIOTCS B MAJIOTIONAPHEIX Opra-
HAYECKHX pacTBopHTenax. IIpakTuuecku Bce HEQTAHbIE KOMIOHEHTHI MOJIHO-
CTBIO PacTBOPHMbLI B rekcaHe, Oensone, xiopodopme, AHITHIOBOM >dupe,
cepoyriepolie, YeThipeXJIopUcToM yriepofie. HenosnsipHbie opranuieckue pac-
TBOPHMTENU- MATpONeiHbI 3up, rekcan pacTBOPAIOT BCIO YIJIEBOAOPOIHYIO
4acTb HeTH, HO HE PACTBOPSIOT BXOMMALIME B €€ COCTaB acGhanbTeHpl M BbICO-
KoMoNeKynspHbie cMonbl. TToCKONbKY comepxkanue achanbTeHOB B HedTH
o6bruHO Mano (1-2%), To ITUMH PacTBOPHUTENAMH MOJBL3YIOTCA AJIS JNarHo-
CTHKM 3arpA3HCHHA: OHH HE PACTBOPAIOT MOJIAPHbIE OPTAaHHYECKHE COENHHE-
HMsA, He MMeIolMe OTHOLEHUA K HeTH U HedTenpooyKTaM.

Bo3MoOXHbIEe HCTOYHHMKH H 0Yaru 3arpA3HeHHs! N04B HEPTbIO K Hed-

TENPOAYKTaMH

HedTb 1 Hed)TeNPOTYKThI PaCCEHBAIOTCA B OKpYsKarollleil Cpee TOBCeMe-
CTHO, TAK KaK B COBPEMEHHOM MHpe HET Takoi obnacTu X03sHCTBEHHOM nes-
TENLHOCTH YeJIOBeKa, rie Obl OHM HE MUCHONb30BATHCH. AKTYAJILHOE 3HAUEHHE
MMEET UMIIAKTHOE 3arpA3HEHUE UMHU NIPUPOAHbIX CPEX.

InaBHeie MOTEHUMANbHbIE HCTOYHWKM 3arpA3HEHUS MPUPOAHOH Cpeabl
HeDTHIO M HeTenPOLYKTaMK- 3TO HeTeNPOMBICILI, HerenepepabaThiBato-
uye NpeanpuaATHs, HedTeXpaHUININA, Ha3eMHBIH ¥ BOJHBIHA TPaHCHOPT, NEpe-
BO3AUIMIA HEPTEMPOLYKThI.

Hawubonee pacnpocTpaHeHHbIH M HauMeEHee YNpaB/IAEMblil HCTOYHHK 3a-
IPA3HEHHS- 3TO HEPTENPOBOBL, N0 KOTOPLIM MEPEKAYMBAIOT ChIPYIO U TOBap-
HY10 He(Th, a TaKKe pasivdHble Kuaxkue Hedrenpoaykrtol. HedrenpoBoasi
TYCTOM CETBIO PacroNaraloTcs B paioHax HedrenoObiun. ABapuu Hedrenpo-
BOJOB YacTO MPOMCXONAT BOJNM3H peK, N0 KOTOPbIM He(Th PasHOCHTCA Ha
GoJbLINE PaCCTOAHMA.

Ha Tepputopuy HeTeNpOMBIC/IOB IIABHBIMHM MCTOYHMKAMH 3arpA3HEHUS
ABJIAKOTCA IKCILTyaTalMOHHBIE Pa3BEOYHbIE CKBAaXKMHbI, U3 KOTOPbIX MPOUC-
XOIAT aBapuiiHble BbIOPOCHI, Ha OTHENbHBIX MPOMBICHAX YMCIO TAKMX CKBa-
KUH JIOCTUraeT HECKOJIbKHX coT. Ha HedtenpoMpicnax MMerOTCS M Apyrue
UCTOYHMKH 3arps3HeHMs: TpyOomnpoBonmbi, COOpHblEe ITyHKTbl, XpaHMIHLLA,
IyHKTbI IOATOTOBKH HeTH.

HedrenepepabaTeiBatoluue  mpeanpusatiad ¥ HeTexpanwidpmia -
JIOKILbHBIC KCTOYHMKHM 3arpasHeHus. EnunoBpeMeHHble BHIOpOCHI Ha NMOYBY
OTHOCHTEJIbHO HEBEJIMKH, HO MX IOCTOSHHOE NEHCTBHE CO3JAeT BOKPYK HC-
TOYHUKA 3HAYMTENIbHBIN apeall ycToiuuBoro 3arpasHeHus. Hanpumep, Hedre-
nepepabaTeiBalOUMi 3aBOJ MPOM3BOAMUTENLHOCTBIO 12 MAH T HEQPTH TONBKO
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yepes NpeNOXPaHMTENbHbIE KianaHbl HAa TEXHOJIOTHYECKHX YCTAHOBKAX Bbl-
GpaceiBaeT B atMocdepy okono 100 T yriesoaoponoB B CyTKH.

®opMbl HaX0kKAeHHS HePTH H HePTEeNPOAYKTOB B NO4BAX

B nousax HeTh ¥ HEPTENPOMYKThI HAXOAATCA B OCHOBHOM B CIEAYIOUINX
dopmax:

- B MOPUCTOH Ccpele B mapooOpa3’HOM M KHAKOM JIETKO NMOJBHXXHOM CO-
CTOSHMH, B CBOOOLHO! WK PACTBOPEHHOM BOJHOM WIH BOJHO-IMYILCHOHHOM
dasze;

- B TIOPHUCTOH cpefie H TPEIMHAX B CBOOOJHOM HEMOIBHXHOM COCTOAHHH,
urpas poJib BA3KOTO WM TBEPAOTO LiEMEHTa MEXIY YaCTHUAMH M arperaTaMu
NO4BbI, B COPOUPOBAHHOM COCTOSHWUM Ha YaCTHLAX TOPHOH NOpOALI MITH 104~
Bbl (B TOM YHMCJI€ HA YaCTHLAX OpraHUYeCKUX BEMECTB);

- B NOBEPXHOCTHOM C]OE MO4YBBLI WM TPYHTa B BHAE IUIOTHOH Oprao-
MHHEPATLHOM IJICHKH.

Kak cBoGoambie, Tak ¥ MaJONOABIKHBIE CBA3aHHbe (opMbl HedTe-
MPOIYKTOB OTHOCHTENLHO OLICTPO OTAAIOT NeTy4yre (pakuuu B atMocdepy, a
PacTBOPMMbIE COCAMHEHHUS - B BOLY.

Bce BemecTBa, Bxoasmiie B coctaB HepTH ¥ HEPTENPOLYKTOB, ABJIAIOTCS
TOKCHYHBIMH. IIpomHTBIBaHHE HETHIO NOYBEHHON Macchi NMPHUBOMHMT K U3Me-
HEHMAM XMMMYECKOTO COCTaBa, CBOHCTB M CTPYKTyphbl nous. IIpexnae Bcero
3TO CKa3biBAETCH HA I'yMyCOBOM FOPH3OHTE: KOJIMYECTBO YIJIEPOIA B HEM DE3-
KO YBENMUMBAETCA, HO YXYAILACTCS CBOHCTBO MOYB KaK MUTaTeNbHOro Cyo6-
cTparta juis pacteHui. [uapodobHbie YacTULbl HETH 3aTPYIHAIOT NMOCTYILIE-
HUE BJIard K KOPHAM pacTeHHi, 4TO MPUBOJMT K (PM3HOIOrMIECKUM U3MEHE-
HUAM niocnedHuX. [lpoxykTel Tpanchopmauy HedTH U3MEHAIOT COCTAaB NOY-
BEHHOro rymyca. Ha nepBbix CTafusaX 3arpsA3HEHHS 3TO OTHOCHMTCS, B OCHOB-
HOM, K JIMNHAHBIM M KHCJIOTHBIM KOMNOHEeHTaM. Ha nansHeilinX 3tanax yse-
JINYMBACTCA COZEPXAaHHME HEpAacTBOPMMOro rymuHa. B noysenHom mipodinie
BO3MOXHO W3MEHEHHE OKHCIUTEIbHO-BOCCTAHOBHTEbHBIX YCJOBHI, yBelM-
4YeHHe NONBWKHOCTH FyMYCOBBIX KOMIIOHEHTOB ¥ psiJia MUKPO3/IEMEHTOB.

3arpa3HeHue HE(THIO NPHBOAMT K PE3KOMY HapYLICHHIO COCTOSHHMA IOY-
BEHHOro MUKpoGHoueHOo3a. TlouBeHHRBIE MUKPOOPraHU3MbI OTBEYAIOT Ha Hed-
TAHOC 3arpsA3HEHHE NOCHE KPaTKOBPEMEHHOIO MHTMOMpOBaHHs MOBBIIIEHUEM
CBOCH YUC/IEHHOCTH W YCWIEHHEM akTHBHOCTH. IIpexie Bcero 3To oTHOCHTCS
K YrieBOAOPOAOOKHCISIOIMM MUKPOOPraHH3MaM, KOJH4eCTBO KOTOPhIX pes-
KO BO3pacTaeT MO CPaBHEHHIO C HE3arpA3sHEHHbIMH MouBaMH. CooOllecTBo
MHKPOOPraHu3MOB B NouBe MpPHHMMaeT HeycToiuuBbii Xapaktep. [To mepe
pasiioxeHus HedTH B Nouse obliee CoiepXKaHHe MUKPOOPraHH3MOB NpUOIH-
KaeTCs K GOHOBBIM 3HAYEHHSAM, HO KOJIMYECTBO HE(TEOKHCILIOLIMX GakTepuit
aonro (HanpuMep, B HOYBaX 0XKHON Taiirn 10 10-20 jeT) 3HAYMTENBHO Tpe-
BBIIIAET T€ XK€ IPYNIbl B HE3arpA3HEHHBIX NOYBaX.
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HegrsaHoe 3arpsasHeHHe NoAaBaseT POTOCHHTETHYECKYIO aKTUBHOCTH pac-
THTE/ILHBIX OPraHU3MOB. JTO CKa3bIBaeTCs MPEXIE BCErO Ha Pa3sBHTHU MOY-
BEHHBIX BOAOpOCAei. B 3aBHCHMOCTH OT 03bI HEPTH U COXPAHHOCTH NOYBEH-
HOro M PacTUTEJILHOrO MOKpOBa Habmiojanach pasHas peakuus NOYBEHHBIX
BOZOPOCJIEH: OT YaCTUUHOTO YrHETEHUs M 3aMeHbl OJHMX IPYNMHPOBOK ApY-
THMM [0 BbIMIaCHUA OTAEIBHBIX IPYIIT WM NonHOH rubeny Bcell MOMyNALMH.
MeHsieTcs BMIOBOH COCTaB BOAOPOCIEH. 3arpsA3HEHHeE [I04B OKa3biBacT OTPH-
[aTeJIbHOE BIMAHHE Ha MOYBEHHBIX JXHBOTHBIX, BbI3bIBAsl X MacCOBOE yaane-
HHE.

HeiicTBre pasnumyHelXx ¢pakuuii HedTH Ha KUBBIC OPraHM3MbI PasIHYHO.
Jlerkue ¢paxuuy, OoraTbie GEH3UHOM, 00NANAOT MOBBLILIEHHOW TOKCHYHO-
crbi0. JleTyuue (ppakuuu IeiCTBYIOT Ha oOMTaTeNeli MO4BBl Cpasy ke nocie
zarpasunedus. Ho ux felCTBUe KpaTKOBpEMEHHO, TaK Kak OHM ObiCTpee ucma-
pAIOTCA. 3a CYeT MenapeHus u3 noussl yaansercs ot 20 no 40% nerkux ¢pax-
1Mii HeQTH, TO €CTb TIPOMCXONUT YACTHYHOE CAMOOYHMILIEHHE T0YB.

Tsxesibie Gpakuud HePTH MAIONIOABMKHBI ¥ MOTYT CO3/aBaTh YCTOMYH-
Bblil OYar 3arpA3HeHusd, OYMIUeHHE NMPUPOAHON Cpelbl OT HUX MpOTEeKaeT C
TpynoM. Tsokenas nedth, Goratas cmonamu, acanbTeHaMH 3aKyNOPMBAIOT
NOphl H KaHAIbl, H3MEHAET BOAHO-(HU3HUEeCKHe CBOiCTBa nmous. BeneacTaue
3TOro B MOuBE Hapylaercs BiaarooOmeH. O6BonakKBas KOpPHM pacTeHMH, TH-
xenble Gpakuyuu HeTH CHWKAIOT MOCTYIUIEHHE BNark, 4TO MOXET NPUBECTH
pacTeHMs K rubenu. OTH BellecTBa pa3jaraloTcs MHMKPOOpraHuIMamu Mel-
JIEHHO.

Tl0 COOTHOILEHHIO TAXKENBIX M Jerkux (pakumii HepTH M ConEpPKAHUIO
napaduHa MOXHO CYOHTb O CKOPOCTH MCHapeHHs, BbIMbiBaHHs, ONAaCHOCTH
LEMEHTALUK NO0YB.

JhobGas u3 Gopm cepsl, Haxopsweiica B HepTH (CepoBOIOPOL, CYIb(UALI,
MepKailTaHbl, CBO60/IHasA cepa), OKa3blBACT TOKCHYHOE BO3NEHCTBHE HA *IUBbie
opraunsmbl. HaubGonee onacHo ux BIMsHHE B M30BITOYHO YBIAaKHEHHBIX 104-
Bax.

HecmoTps Ha HHM3KYIO pacTBOPMMOCTb B BOJIE, MAllOr0 KOJNHUECTBa HE(TU
JAOCTaTOYHO, YTOOBI PE3KO YXYAIIWIOCH KayecTBO BoAbl. OOBIMHO HedTAHBIE
KOMIOHEHTEl 00pa3yroT C BONOH 3MYJbCHIO, KOTOPYIO TPYAHO pPa3pyLIMTb.
Yaine Bcero HedTh [U1aBaeT Ha MOBEPXHOCTH BO/bI B BUIE TUIEHKH, 0OGBONAKH-
Bas B3BELUCHHbIE YACTHLBI, OCENAaeT C HUMM Ha JIHO.

ITpespawenust HegTH H HePTENPOAYKTOB B IKOCHCTEME

HedTb 1 HedTenpolyKThl MOABEPraloTCS B BO3AyXe, BOJaX, NOYBAX BO3-
AeHcTBMIO 6uOoTHHECKHX U abuoTHueckux (axTopoB. OCHOBHbIE XHMUYECKUE
npoueccs TpaHchopmanuy HeprH: 1) OKMCIEHHE MONIEKYIAPHBIM, aTOMApHbIM
KHCTIOPOJIOM, O30HOM, IIEPEKHCHIO BOAOPOAA; 2)(POTOXUMHYECKOE PasiiokKEHHE
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NoJ BAMSAHHEM COJTHEYHOTO CBETa [0 KOHEYHBIX WIH MPOMEXYTOUHBIX MPO-
IYKTOB;

TIpu pasnoxennn HegTH U HEPTENPOTYKTOB MUKPOOPraHU3MaMH HPOHC-
XOIAT NMpOIECChl TpaHC(GOPMALMH YINEBOJOPOJIOB IBYX BUAOB:

1) pasnokeHWe yrJIeBOJOPONOB O HU3KOMONEKIAPHBIX OPraHM4ECKUX
KHUCJIOT, KOTOpEIE MOTYT JaJiee y4acTBOBATh B MPHPOJIHBIX LIMKIAX YIJIEPOIa.

2) xoMeTabosIM3M, B Pe3yibTaTe KOTOPOro MpOAYKTEI OKHCIIEHHA, BOCCTa-
HOBJICHHSA, M'HIPOJIN3a HeTENPOIYKTOB MOIYT BCTPAUBaThCA B MaKpOMOJIEKY-
Jibl OPraHMYeCKMX BEIECTB, B TOM YUCIIE T'YMYCOBO# NPHPOABI.

Camoounuenne 6uocdepbl oT HedTH N HepTENPOAYKTOB

Camooumiuenne 6uocdepst or HedpTH M HeTENPOAYKTOB 3aBUCHT OT
CBOWCTB He)TH, a TaKxke OT BHEIWIHHX YCJOBHMH, 0COOEHHO KIMMAaTHIECKHX.
OnHako BO BCEX YC/IOBUAX CHIDKEHHE CONEpXaHUs HedTenPOAYyKTOB B NO4BAX
NPOMCXOMUT 10 IKCIIOHEHTE: COJEP)KAHME HX PE3KO CHIDKAEeTCA B MEpBLIE CPo-
KH ( IepBHIE 1Ba-TPH MecsALA) , 3aTEM TEMITBI CHIDKAIOTCA. YMEHblIEeHHe CO-
AepKaHud HeTH B NI0OYBAX BHI3BAHO HCMApeHHEM Nerkux ¢paxumii, MUHEpa-
nusaumedl HeGTeNpOMyKTOB, (PU3MUECKUM BHIHOCOM C BOJHBIMH MOTOKAMH H
npoyee. YacTe KOMNOHEHTOB NEPEXOAUT B COCTAaB HEPACTBOPUMBIX IPOXYKTOB
MHKpoGHonoryueckoro MetabonnsMa. B pesynsrare 3THX DpolleccoB npouc-
XOJHMT OTHOCHTEILHOE YBEJIMYEHHE 0 CMOIHCThIX BELIECTB.
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6. SATPA3SHEHHUE ITOYB U COIMPEJIEJIbHBIX CPE]]
HEOPT AHWYECKHUMU IOJUTIOTAHTAMH (METAJUIAMU U
HEMETAJUIAMH)

TMocTyneHnue B OKpYXKalonIylo cpefy HEOpraHMueCKUX MOJUHOTAHTOB CBSi-
3aHO NPEUMYILECTBEHHO C OTXOJaMH NPOMBILUICHHOCTH, JHEPreTHKH, TPAHC-
nopta. IlpoMsilieHHoCTs B Poccuy IpeACTaBNnE€Ha OCHOBHLIMM OTPacCisAMu:
yepHad M LUBETHad METALTyprus, XHMUYecKas, LELDoNo3Ho-0yMaxHas,
CTPOUTENbHAA, MALIMHOCTPOMTENbHAA, JIerKas M MNHINEBas, IHEpreTuieckas,
Hedrexumudeckas M Hedrenepepabarsiatoias. [peanpuaTus xaxaod ot-
Paciu MPOU3BOIAT OTXOJIEI, U1 KOTOPLIX XapakTepeH chelppuyecKuit Habop
3arpsA3HAIOIIMX BEMIECTE.

OTxoap! mocTynaiotT B opMe TBEPABIX (TEPPHKOHBI, OTBAIBI), XMAKUX
(oTcToliHNKM), ra3000pa3HLIX (a3po301H) BEIOPOCOB. A3P0O30JILHOE 3arps3He-
Hue- Hanbonee MomHoe. C a’po30NbHBIM NEPEHOCOM XUMHYECKHMX BELLECTB
CBA3aHO (OPMMpPOBaHHE MOTOKOB TUX BELIECTB M 3arpA3HEHUE OKpYKarollen
Cpelibl Ha JIOKAJbHOM, PErHOHAIBHOM, ITI00ANIEHOM YPOBHAX. 3arps3HAIOLIME
BEIIECTBA B aTMocepe noj BIHAHHEM AHTPONOTeHHbIX (HaKTOpOB repeme-
atoTcs 60s1ee aKTHBHO, YeM N0/ BIUSHUEM [TPUPOIHBIX.

BemecTBeHHbINH CcOCTaB IbineBaToil QpakuuM a’po3ojeid HEOAHOPOAEH,
410 00YCNOBNEHO pa3sHooOpa3ueM HXx MCTOuHHMKOB. McTodHHKM dopMUpOBa-
HMA COCTaBa a’po30Jieii: a) MbUIeBaThie YaCTULIbl TOYB JAHHOTO PErHOHa, Noj-
HATbIE BO3XYLIHBIMH MOTOKaMM; 6) a3po30JibHBIE BEIOPOCH! OTXOAOB NPOMBILL-
JIEHHOH ¥ KOMMYHaJIbHO-ObITOBO# ESATENbHOCTH JIOKAIbHOFO H PErHOHAJIBHO-
rO YPOBHEH; B) MPONyKTHI IMOOAILHOrO NEPeHoca BEMECTB.

B mbuieBathix ¢pakuMAX NPUPOAHLIX JAHALWAGTOB NpeoOnanaroT IMTO-
GHnpHbIE 3NE€MEHTH. B MPOMBILIIEHHBIX LEHTPaxX 3ambUICHHOCTb BO3ZyXa
BospactaeT B 5-10 pa3 u Gonee. TexuoreHHas msuib cogepxut Hg, Zn, Sn, Cd,
As H p. 31EMEHTbl B KOJMYECTBAX, HA MOPAAKH NMPEBBIUAIOMIMX ITPUPOAHBIA
YPOBEHb. 3arpsA3HeHHe MEHAET NPUPOAHOE COOTHOLIEHHE JJIEMEHTOB B aTMO-
cepHOii MBUTH, BIUIOTh A0 NPeoOiajaHHs TEXHOTEHHBIX NEMEHTOB Hal Jid-
TOPUNLHBIMH.

Bpemsa HaxoxaeHus B atMocdepe IbUIEBATBIX 4acTHL HENOCPEACTBEHHO
CBA3aHO C X pasMepoM. Yactuusi > 10 MKM ObicTpo ocenatoT BONM3M OT MC-
TOYHMKA 3arpA3HEHHs, YacTHLbl 5- 0,1 MKM 06pa3yloT ycTOHYMBbIE CYCIIEH-
30M, YacThHumbl < 0,1 MKM BenyT ceGs monoOHo raszaM. 3HauuTeNbHas 4acrtb
TILLITH 23P030JIbHBIX BbIGPOCOB OCe1aeT BOKPYT HCTOYHHKA 3arpA3HEHUA.

KoHneHTpanuio 3arpsa3HAIOIUX BEUIECTB B 0OTX04aX ( B TOM YuCJe B Mbi-
NeBaThiX (pakuMaxX adpo3osieil) xapakTepH3yloT aGCOMOTHBIMM KOHUEHTpa-
LMAMHA M OTHOCHUTEIbHBIMH. AGCOMOTHbBIE KOHLEHTPALMK AAI0T HHPOPMALIHIO
O peajibHOM COJEPXKAHHY XHMHIECKHX BEILECTB B OTXOAaX, HO HE NMO3BOJIIOT
OLCHUTh CTENEHb UX 3arpA3HeHMs. B kadecTBe OTHOCHUTENbHBIX UCTONL3YIOT
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pasHble nokaszatenu. Koapdumuent konueHtpupoanus K, (oTHOwWEHME Co-
Iep)KaHus 31IEMEHTA B MbUIEBATOM (paKIMH a3po30iis K CONEPXKAHHIO dJIeMEH-
Ta B $OHOBOI MouBe (WIH €ro KIapKy) NokasbIBaeT 000TralieHHOCTh 3JiEMEH-
TOM MbUIEBATHIX BEIGPOCOB MO CPABHEHHIO C MOYBOI WK IMTOCHEPOi.

Kos¢duunent otHocHTensHoro koHueHtpupoBanui (K,) noxasbiBaer
000ralieHHOCTb OTXOJOB 3arpA3HMIOMMM XHMHYECKMM 3JIEMEHTOM MO Cpas-
HEHHIO C KaKuM JI160 HOPMMpYIOIMM 3JIEMEHTOM, COAEPXKaHHE KOTOPOro B
104BaX MPEANOJIOKUTENLHO MAJIO NOABEP)KEHO TEXHOICHHOMY BO3NEHCTBMIO,
Hanpumep, Fe, Al, Ca, Sr, Zr, Ti:

C 3neMeHTa B asposone/ C HOPMUPYIOIIErO
9JIEMEHTA B a3p030Jie

C anemenTa B nouse (nurocepe)/ C Hop-

MHPYIOILEro eMeHTa B no4se (iuTochepe)

K=

6.1. 3arpsizHenne NpoMbIIICHHbLIMH OTX0AaMH

Habmopenus B 3arpA3HEHHBIX peruoHax CBHIETENLCTBYIOT, YTO IpE-
OPUATHA NO BHIUIABKE LBETHBIX METAWUIOB (@MIOMHUHHUEBBIE, TITMHO3EMHbIE,
MEJIHO-LIMHKOBbIE, CBUHLOBO IUTABWIbHBIE, HUKENEBbE, TUTAHO- MarHHeBbIeE,
PTYTHBIE H ApYyrue)-CaMele MOIUHBIE NOCTABIMKH OTXOJOB, 0GOrailEHHBIX
MeTa/IaMH, HEPEIKO U HEMETa/UTaMHu. 3arpsi3HeHbl UMH Takke OTXOMb! Mpel-
MpUATHA 1o NiepepaboTKe LBETHBIX METAJUIOB: pagvOTEXHHIECKHE, 3JEKTPOo-
TeXHUYeCKUe, TPUOOPOCTPOUTENbHDIE, rajibBaHudeckue (Tabauua 22).

Tabrnuya 22. Kosghgpuyuernmor KoHYeHMPUpOBaHUS XUMULECKUX INEMEHMOB 6
omxo0dax 2anb8aAHUECKO20 NPOU3B0OCMEA

DneMeHT Ocanku Ha | AGpa3uBHasi | DneMeHT Ocaaku Ha | AGpa3uBHas
$uabTpax bUTH dunpTpax b1k
Cr 265 318 Cd 85700 2
Cu 340 31 Sn 3200 4
Zn 217 5 Pb 374 2
\% 90 669 Bi 3300 2
Ag 1000 29 w 2 3322

B meutM MeTawTyprideckux MpoM3BOACTB, 3a80A0B Mo nepepaboTke pyn
koHueHTpaimsa Pb, Zn, Bi, Sn MoxeT ObITh NOBHIIEHA N0 CPABHEHHUIO C JIUTO-
cepoii Ha Heckolibko nopaakos (no 10'?), konuentpauus Cd, V, Sb — B ne-
CATKH TeicY pa3, Cd, Mo, Pb, Sn, Zn, Bi, Ag. — B cotHu pa3. OTxoasl npe-
IPMATHIA UBETHOH METALIYpPruu, 3aBOAOB JIAKOKPACOUYHOH MPOMbILUIEHHOCTH
M XKejne300eTOHHBIX KOHCTPYKUMH oboraimeHs! pTyThiO. B nbui MatnuHo-
CTPOMTE/IbHBIX 3aBOXOB MOBLIIeHa KoHueHTpauus W, Cd, Pb. Tak dopmupy-
JOTCsl TEXHOTEHHBIE aCCOLMaUMM XUMHYECKHX dJieMeHTOB (Tabnuua 23).
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Tabnuya 23.Texnozennble ACCOYUAYUU XUMUYECKUX INEMEHMO8 8 OMX00aX
PazIUYHLIX OMPAChei NPOMBIUNIEHHOCIMY

Orpacib NPOMBILLUIEHHOCTH Accouranuy XUMHYECKHX HIEMEHTOB
Pb, Zn, Cu, Hg, Mn
Ni, Mn, Pb, Cu, Zn
B, As, Sb, Se

Pb, Cu, Ni, Zn, Mn

liBerHas metanyprus

Yepuas MeTawtyprust

OHepretuka

Hedranas npoMslieHHOCTE

Ton BausHreM oboraiieHHbIX MeTalIaMi BbiOpoCOB GOPMHPYIOTCS Ope-

0J1bl 3arpA3SHEHHBIX MPHPOAHLIX Cped NPEUMYIICCTBEHHO HAa PErHOHAIbHOM H
JIOKa/IbHOM YPOBHSIX.

6.2. 3arpsizHeHHe 0TX0JaAMH HEPreTHKH

Ipon3BOACTBO HEPrUM CBA3AHO C PabOTOIl yroAbHBIX W Ma3yTHBIX 3JEK-
TpocTaHuHi. OTX0/b! OCTYNAIOT B pa3HoM $a30BOM COCTOSSHMHM. 3arps3HEHHE
[POKCXOAHT IPH ra3o00pa3sHOM pacCesiHHH OTXO/0B H 30Jibl YHOCA TEILIOBBIX
(B Tom 4ucne masyTHbix) TOL], 3a cueT TBepAbIX OTXOLOB (30J1a, LUIAKH) U
CTO9HLIX BOA yroabHbix TOLI. IIpeanpustus >HepreTukd NpPOU3BOAAT CaMble
fonbiye 1o 06beMy OTXOABL. B KPYNHBIX MPOMBILLIEHHBIX TOPOJAX OTXOIbI
OT C)KMTaHMs TOTUIHBA 10 06beMy ApUONIKAIOTCA K CYMMe OTXOMOB OT ObITO-
BbIX H NPOMBIIUICHHBIX UCTOYHUKOB.

CocTaB OTXOOB NPERNPUATHI IHEPreTHKH OTIMYaETCs npeobiagaHueM
AHHOHOTEHHBIX 3JIEMEHTOB U MX OoJyiee HU3KUMHM Ko3p(ULUMEHTaMH KOHLIEH-
TPUPOBAHHA, Y€M OTXOIAbl NPEANPHATHI YEepHOH M UBETHOW METaJUIypIrHH.
Benuka B HMX 0N9 CEPHMCTBIX coenuHeHui. Onxa kpynaas TOL[ Buibpacei-
Baet B atMocdepy 1o 500 T cepHUCTBIX BeLecTB U Ny, 10% koTOpbIX 0GHA-
PYXKHBAETCst B IpefieNax S KM OT UCTOYHHKA.

3ona yraei no cpaBHeHmio ¢ nuTocepoit oboramena B (8 16- 20 pas), F,
Mo, As (8 5-10 pa3). Akkymynupytorcs u metainsi (Pb, W, Ba, Zn, Cu, Cr,
Sn), HO B 3HaYMTENbHO MeHbiel crenenn ( K  1,5-3) (tabnuua 24)

Tabnuya 24. Kosgppuyuenmer xonyenmpuposanus (K,) xumuvyeckux snemen-
mog & 30ne yeneu

INCMEHT K, INEMEHT K 31EMEHT K.
B 16 As 6 Sb 10
Zn 2 Mo 6 w 3
Ge 4 Sn 3 Pb 2

OcHoBHbIE (haKTOPhi, OOYCIOBNUBAIOIIME PACNPENCTIEHHE 3arPA3HAIOMX
BEILECTB U JIOKA/bHOE 3arpA3HEHHE J0GO0H U3 MPHPOXHBIX Cpeldl: COCTAaB OTXO-
IOB, COCTOSHME OTXO/IOB, CNOCOO  MOCTYIUIEHHS OTXOZOB B OKPYXKAIOULYHO
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cpedy, BbICOTa TpYO NpeANpHUATHIi, PacCTOAHHE OT MCTOYHHMKA 3arps3HCHUS,
po3a BETPOB, penbed), CBONUCTRA MOYB.

6.3. 3arps3Hense 0TX0aMH TPAHCNOPTA

BbixnonHble rassl aBTOMOOWIEH 3arpA3HAIOT OKPY>KAIOMIYIO Cpelxy CBHH-
1{OM, KOTOpBi# HeH36eXHO HakalUIMBaeTCs B HOYBaX. 3aTPA3HAIOTCS He TOIbKO
NOYBbI, NPWIETAlOIMe K aBTOCTPAAaM, HO W MO4BbI KPYMHBIX HHAYCTpHAlb-
Hbix UEHTPOB C OOJILLION YHUCIEHHOCThIO HaceneHua. CBHHel A00aBIAIOT K
6en3udy B (opMe TETpasTWICBMHLA B KayecTBE aHTUAeTOHaTopa. Kaxnaas
MallKHa B Tojl BeiAenseT okono | kr ceuHUA. C BRIXJIONHBIMYU Fa3aMH aBTO-
TpaHCNOPTa Ha OBEPXHOCTH ek nocTynaeT 260 ThicAY TOHH CBHHUA B O,
4TO [OYTH B 3 pa3a NMPEBHIIAET €ro KOJMYECTBO, MOCTYNAloLIee 3a CueT AeH-
CTBHS METAJUTYPTMYECKUX MpeanpuiTuil. B HacTosiiee BpeMs B Pa3BUTHIX
CTpaHax no6aBka cBMHLA k GeH3uHy 3ampeuieHa. B Poccuy npexycMoTpeHo K
2000 roxy oTka3aTbcs OT IPUMEHEHUS STHAUPOBAHHOrO OGeH3MHa.

6.4. Bausinue a3po30JibHbIX BbIOPOCOB HEOPraHHIECKHX N0~
JIIOTAHTOB Ha atMocdepy, ragpochepy, NOUBY

3arpsznenne atMocepbi HEOPraHHYECKHMH MOJIIOTAHTAMH

MeTajutel M HEMETAJUIbI B COCTaBe TBEPABIX HACTHUL a3PO30MbHbIX BHIOPO-
COB HaXOAATCA B opMe COOCTBEHHBIX OKCUIOB WM COJIEH, a TakKe B aAcop-
6MpOBaHHOM COCTOSHWM Ha 4aCTHL@X JHTOTEHHOrO MIIM TEXHOTEHHOro Mpo-
vcxoxaenus. OnHON M3 XapaKTEPUCTHK 3arpA3HEHUs aTtMocepbl CIYXKHUT
coctaB cHera. CHeT - Xopowuii MHIUKATOP 3arpA3HEHUA HE TOJILKO aTMOC(he-
Pbl H NI0YB, HO U HCTOYHHUKOB 3arpA3HEHHA.

3arpssHeHUe CHEXHOTO TOKpPOBa NPOMCXOIWT B JBa 3Tana: BO BpeMs 00-
pa3oBaHus CHEXXHHOK B oOnake (ajcopbuus WM BaxHOe MOCTYIUICHHE) H
Npy BHINMAAEHUH CHEra Ha 3€MHYIO MOBEPXHOCTh ( Cyxoe MOCTYILIEHHe 3arpsa3-
HAOWMX BEILECTB). B pesynbrate amcopOuuy 3arps3HAIOIUMX BEIUIECTB KOH-
UEHTpalMA MX B CHETE B POMBILLIEHHOH 30He 00bIMHO HA 2-3 NOps/iKa Bbillie
KOHLICHTPALMM B BO3AyXe. ACOpOUMSA MOJUTIOTAHTOB Ha CHere AEHCTBYET Kak
3G deKTHBHBIN MEXaHU3M camoodullieHus aTMocdepbl B 30HE JIOKAILHOrO 3a-
rPA3HEHUA.

B COOTBETCTBHH € IBYMS MEXaHM3MaMH 3arpA3HEHMA CHEra IPUMEHSIOT |
IBa cnocob6a orGopa Mpob CHera: acrMpauMOHHBbIA H CeIMMEHTaUHOHHDIN.
Cornacho nepsoMy, npoly oTOMpaloT u3 Bo3ayxa Ha Buicote 1,2-1,5 M Han
3eMJI€H, COrNacHo BTOPOMY - CHer coOupaloT Ha (uinbTpax U nnaHwerax. [lo-
CNOMHBIA OTOOP CHEra XapakTepU3yeT JUHAMHKY 3arpsA3HEHUA.

B cHexHo# npobe onpenenstoT pAl XMMMYECKUX BewecTs:1) MakpokoM-
NIOHEHThbI CHETOBBIX BO: MbLNb, CYNbQarhl, ruapokapboHatsi, Ca, Cl, F, Mune-
pansHbie Gopmbl a30Ta U ocdopa;2) TrkeNnsie MeTalibl ¥ APYrHe MUKPOdJIe-
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MeHTBI, 3) deHonsl, popmanbaernasl, 4) [1AY, 5) panvonyxnuasl, 6) X6,
NECTULMABI.

B cocrase cHera, Kak MpaBWJIO, ONPEE/AOT pa3Hbie (GOPMbl 3arpPA3HAIO-
X BEUIECTB: BOAOPACTBOPHMBIE, COPOUPOBaHHEIE, B TBEPAbIX dasax B BHAE
KapOoHaTOB, OKCUAOB, THAPOKCH/IOB, B (JopMe CBA3aHHBIX C MHHEPAIbHLIMHU H
OpraHo-MHHepaIbHBIMH HOocUTE/sIMU. Ha nmomo mbuin NPUXOAMTCA, Kak npa-
B0, 70-80% oT 0011ero KoJIM4YecTBa BEUIECTB B CHETE.

B ecTecTBEHHBIX YC/IOBHAX B CHETOBBIX BOAaxX NpeobliajaroT HOHBI
HCO,”, BTopoe MecTo (HanmpuMep, B Npeetax Pycckol paBHMHBI) 3aHUMAIOT
uonsl SO,”, CI', Ca®*, Mg, Na', K*.

VpoBeHb 3arps3HEHUsA CHETOBLIX OCAJKOB OlLIEHUBAIOT C MOMOLILIO KO3(-
(uLBEHTa KOHUEHTPUPOBAHMA, KOTOPLI HAXOMAT KaK OTHOLICHWE 3arpss-
HSIOLIMX BEMECTB B €UHKLE 00beMa BOAbl OCAKOB N0 OTHOLICHHUIO K TAKOMY
Xe 00beMyY YHCTOrO BO3TyXa.

Tepuon HaxoxaeHus B aTMoc(epe 3arpA3HEHHBIX CHEXHHOK 3aBMCHUT OT
NIEPBOHAYANBLHOM 3MHUCCHH, OT (PUIMKO-XUMHYECKUX CBOMCTB BEIIECTB M pac-
TET C QUCTHIEPCHOCTLIO a3pO30ILHBIX YacTull, JIoKaibHOe 3arpa3HeHue Gpopmu-
pyeTcs 3a cYeT CyXoro BbilladeHus 3arpA3HEHHOro CHera ¢ KOPOTKHM NepHo-
IoM nipebbiBaHua ero B atMoctepe. Ilpu peruonanbHOM M riaobanbHOM 3a-
IpA3HEHHHU NpeobafaeT BIKHOE BhINajeHUe CHEXXHBIX YaCTHIL U3 nojobnay-
HOIO CIoAl.

AHanu3 cHera No3BOJIAET ONPEETUTh KOJH4ECTBO M Ka4eCTBO BriOpocoB
OTIAC/bHBIX [PeNIPUATHH, KOO BELUECTB, BOBJIEKAEMbIX B TPAHCIPAHW4HBIN
nepeHoc. Meron 3¢ ¢ekTHBEH IS AUCTAHUMOHHOIO BhIABJICHHA 3arps3HeHusd
MECTHOCTH.

IeteporenHocTe atMocteprl ofecneyuBaeT BO3MOXKHOCTb €€ CAMOOYH-
IIEHUS OT HEOPraHWYECKHX MOJUTIOTAHTOB 3a cYeT aJcopOLMH Ha CHETe U oca-
KICHMSA NbiJICBATHIX YaCTULL.

3arpsizHenue ruapocdepni HeOPraHHYECKHMH NONTIOTAHTAMH

CocTaB M CBOMCTBa OBEPXHOCTHBIX BOJ XapakTEpH3yiOT M0Ka3aTeNu: co-
OTHOIIIEHHE BELIECTB, NMPUCYTCTBYIOMMX BO B3BELIEHHOW M UCTHHHO PacTBO-
puMmoit  dpakiuy, obllas MHHEpaliH30BaHHOCTb BOJ, 3EKTPONPOBOXHOCTD,
HOHHBIH cocTaB, ypoBeHb pH. OueHb BaXKHO NPUCYTCTBUE BELLECTB B TBEPABIX
$azax, oHM HOPMHUPYIOT JOHHBIE OTIOKEHHS.

COOTHOIIEHHE XMMUYECKHX BEILECTE B PACTBOPEHHOM M B3BEILICHHOM CO-
CTOSIHMM 3ABHCUT W OT CBOJCTB BEINECTB M OT $OpMbI MOCTYIUIEHHS MX U3
APUPOIHLIX M TEXHOTEHHBIX UCTOYHMKOB. JIfoObie U3MEHEHHS B COCTaBE BOJ
Gonee oTYETIIMBO BbIpAXKEHB! B COCTAaBE NOHHBIX OTIOKEHMIL, B HUX OHH U CO-
Xpausotca nonpiie. Hepeaxko oTHesNbHBIE TeXHOreHHbIE (AKTOPbl HE BbI3bi-
BAIOT CYIIECTBEHHBIX M3MEHEHHI HU ypoBHs pH, HU HOHHOTO COCTaBa MCTHH-
HbIX PacTBOPOB, a JIOKAIbHbIE W3MEHEHHd B COCTaBe JOHHLIX OTIOKEHWI,
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ocobeHHO B MecTax cOpoca BoI U3 LITONEH M XBOCTOXPAHHIHIL, CBUAETENLCT-
BYIOT O pa3Mepax 3arps3HeHUst BOAHOH CHCTEMBI.

CocTaB nOBepXHOCTHBIX BOJA NPHPOAHBIX JAHAMA(GTOB U3ydeH OCHOBaA-
TenbHo. Boapl EBponeiickoit yacti Poccun HelTpasibHble, rHAPOKapGOHATHO-
xanbLHeBrie. OHK C1ab0 MUHEpaiM30BaHs!, colieil B RUX cofiepxutcs 200-400
mr/i1. CocTaB BOJI AHHAMHYEH.

CocTas BOA MeHAeTCA NMOJ BIHSHMEM TEXHOTEHHON Harpysku. 3arpss-
HSIOIHE BEIIECTBA NOCTYNAIOT B NIOBEPXHOCTHBIE BOABI € a3p030JbHBIMH Bbi-
6pocaMi, ¢ XHAKMMH CTOKaMHd MPOMEIIUIEHHbBIX M KOMMYHa/IbHO-OBITOBBIX
OTXOJO0B, C NOTOKaMH BEIUECTB, CBA3aHHLIX C BOAHOH 3pO3HEH, NaTepabHbIM
NIEPEHOCOM, BHYTPHIIOUBEHHOH Murpaluei, a Takke C IPyHTOBBIMH BOJaMH
13 MECT BHYTPHIIOYUBEHHOr0 3aXOPOHEHNUsA 3arPI3HMIOIMX BEUIECTB.

Ioa BAMAHMEM TeXHOTEHHOM HArpy3KH MPEXAE BCEro MEHAETCA COCTaB
B3BECH M YBEJIMUMBACTCA 10JI1 BEUIECTB B cocTaBe B3BeCH. COOTHOLUCHHE Me-
KOy NHTOQIIBHBIMM JIEMEHTaMH WM 3arpA3HAIOMHMH BO B3BECH MEHSAETCH B
nonb3y nocieaHux. HampmMep, B poHOBBIX ycnosusax [IpuMopes oTHOUIEHHE
Me B pactBope/Me Bo B3BecH coctaBiseT A Zn 12-26 , ana Cu 2-4, ans Mn
0,3- 3,0 B TexHOreHHO# 30HE MeTaJlbl CKOHLIEHTPHPOBaHELI BO B3BECH.

3a cyer 3arpsA3HeHHs B [JOHHBIX OCA/IKaX MOTYT 0Opa3oBHIBATECA TEXHO-
reHHble reoxumiieckue aHomanuH. [1o cpaBHEHHIO ¢ NPHPOIHBIMH B HHX [O-
BBIILAETCH MHHEPAIM30BAaHHOCTD ( IO FPaMMOB B JIMTPE), CTENEHb HAKOILICHHUA
XUMHYECKHX 3JIEMEHTOB, pacliUpAEeTCd MX MEpeyeHb, COCTaB napareHeTHue-
CKHMX accouMauuii NposBiseT Bce Oofbillee CXOACTBO C MbLIEBATOW COCTaB-
TspOILEH TEXHOTEHHBIX BhIOPOCOB.

IMox BAMAHMEM UCTOYHHMKOB 3arpA3HEHMA MEHAETCA COCTaB PaCTBOPEHHOH
¢pakuuu. [10BEpXHOCTHBIE BOJBI CTAHOBATCA HEPEAKO COJOHOBaThIMH. I'Mi-
pokapOoHaTHBIN COCTaB BOJX CMEHAETCH Ha IMIPOKapOOHATHO-CY.b(aTHLIM,
[pH Pa3BMTOM CTAIETUTEHOM MIPON3BOJCTBE- Ha XJIOPHIHO-KaIbLMEBEIM, a B
ropojax Ha XJopHaHo-HaTpueBbiil. Colepxanue cynbgparos u pochaTos yse-
JIMYUBACTCS B JECATKM U COTHH pas.

CaMoounuIeHHE 3arpA3HEHHBIX BOJ MPOMCXOAUT MPEUMYLIECTBEHHO 32
CYET YIAleHHs 3arpA3HmouuX BoA B dopme B3BecH. COOTHOWEHME YacTHLL
METAIOB C NEPEMEHHOMN BAJIEHTHOCTHIO B BOAAX MOXET ObiTb W3MEHEHO MOX
BIIMSIHMEM OKMCJICHMS WOHOB METAJUIOB MEPEKHCHIO BOAOPOAA, MOCTOAHHO
NPHCYTCTBYHOUIEH B BoJax. MeTaluibl B OKHC.IEHHO#H opme MeHee YCTOHYMBBI
B PacTBoOpe.

3arpsisHenne pacTeHuii HEOPraHU4eCKUMH NOLTIOTAHTAMH

3arpA3HMIONINE BELIECTBA a3PO30JBHBIX BHIGPOCOB MPEAMPUATHMH Ipo-
MBILULTEHHOCTH W 3HEPreTHKM NEeHCTBYIOT Ha PacTeHHs HEMOCPEACTBEHHO H
Yepe3 M3MEHEHME CBOICTB MOYB- Cpelbl oburaHus pacTeHMil. B pesynbTare
npsAMOro MonajaHus MNOJUNOTAaHTOB Ha pacTeHHA NOCNeAHHE NpHOOGpETaloT
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BH3yallbHblE NPU3HAKH YTrHETEHHA, o0exHAeTCH (PIOPUCTUYECKUH cOCTaB, 3a-
MEIAETCS POCT, CHHXKAETCA KU3HECTOMKOCTb pacTeHHH, 3arpA3HsAIOMIME Be-
MECTBa HaKaIUTHBAIOTCA B (JOTOCHHTE3UPYIOLIMX OpraHax.

MeTaubl BIHAIOT Ha MHOTHE XU3HEHHO BaKHbie (yHKUHM B PACTCHMSX:
npy H30ObITOYHOM KOJIMYECTBE OHH MOTYT MOAABJATH (JOTOCHHTE3, HapyllaTh
NPOHULIAEMOCTh MeMOpaH ¥ Xon aMMOHM(UKAUWH, HUTPHDHKALHMKY H ZPYTHX
MPOLIECCOB, BBI3bIBATH TEPATONOTHIECKUE HIMEHEHHS, OTKJIOHCHHUA B Pa3BUTHH
H pocTe. Jlaxke Takoe BeLIECTBO, K&K OKCHJ KPEMHHA, 3arpA3HAs YCThHL@A pac-
TeHH#, MOKET HapYMWTh ra3o00MeH M MCNapeHue M CTaTb NMPHYHMHOM Hapy-
MIeHHsA GHOXMMMYECKMX MPOLECCOB B JIMCTHSAX, MX YBANAHHA M 3acbIXaHMe.
[TonnioTaHnThl MOIYT YXyALIaTh KOJMYECTBO M KAYECTBO 3€pHa SUMEHs, Muie-
HHIIbI, OBCA, PXKH.

KocBeHHoe nelicTBHE COCTOMT B TOM, YTO MO BIAMSHHEM 3arpa3HEHUA B
fI04BaxX MPOMCXOAUT OOEIHEHUE dJIEeMEHTaMH NMHUTAHWA, U3MEHCHHE PEaKUHU
n04B, YTHETCHHE MUKPOGJIOPHIL.

Hanpumep, rasonsiieBsie BHIOpocsl MarHMTOropckoro MeTaLlyprudecko-
ro koMOUHATa, a Takke Yepemoseuxoro Metauryprayeckoro 3aBoga (UM3),
oboramennsie Fe, Mn, Zn, Mn BbI3Basii NOBbLIMIEHAE 30JIbHOCTH K COAEpPXKa-
HMs caxapoB B OBOLIAX (CBEKJIa, MOPKOBb,TYK), BbIDALIEHHBIX Ha TOYBaxX OK-
pectHocTedl npennpuatuii. BosgeicTere oTX0N0B YePHOH METAIUTypruu Bbl-
3BaI0 yXy[lleHHe GHOXMMHUYECKWX MNoKasaTtesiel, HalpuMep, CHUXEHHE CO-
Jepxanus Genka, o0lero a3ora B 3epHe (Tabnuua 25).

Tabnuya 25. Bausnue 3azpa3Henus NOY6bl Ha KA4ecmB8o 3epHa sumens (Baoice-
nun u op.,1985)

Paccrosinue ot pH KC1 nous Benok B 3epre.% YrieBossl B 3ep-
YM3, km He,%
0.5 7.4 124 60.7
2.0 6.5 11.7 61.3
5.0 6.6 13.0 58.8
10.0 4.9 16.5 54.2

Ilon BNMAHMEM TIPOMBILUIEHHOrO 3arpA3HEHMs CHIKAETCA MaCsHHY-
HOCTb MOACONHEYHUKA, colepiaHue Oeka, caxapoB, aMUHOKHMCIIOT B 3€pHE
3/1aKOB, B OBOLUHBIX ¥ KOPMOBBIX KyJbTypaX MOBBIIIAETCA COAEPKAHHE 30JIbI,
CyJbdaTos, Taxkenbix MeTannoB. [lon meficTBUEM M3GBITKA XpOMa TOPMO3HTCA
MpOpacTaHWe CeMAH puca, pocT KopHeil, hopMuposaHue Guomacchl. 3arpas-
HEHWe CBUHIOM IOJABJIET POCT KOPHEH NPOPOCTKOB PHCA, YMEHBLUIAET CO-
AepxaHue xaopoduuia.

B cBs3H €O cnoco6GHOCTBIO pacTeHuii pearupoBaTh Ha BO3JEUCTBUE Heop-
FaHUYECKHUX IOJULIOTAHTOB B 30HE 3arpa3HeHn 3¢ ¢peKTHBHA GHOANAarHOCTHKA,
0COOEHHO METOJ, JIMXEOUHAUKALMHA. VCTAHOBJIEHO, YTO B 30HE 3arPA3HEHUA B
JIMUIAHAKAX CONEPKAHWE METAIIOB TIOBBIIIAETCA 1O CPaBHEHHIO C GOHOM.
ITo cocTOAHMIO NHIMAHHUKOB YNAETCA 3aperuMCTPUpOBATh 3arpA3HEHHE aTMO-
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cepHOro Bo3qyXa, HEBLIBAAEMOE MPAMBIM H3MEPEHHEM COICPXKAHHMA IOJ-
JNOTaHTOB B HeM ( Tabnuua 26).

Tabnuya. 26. Cooepacarnue memannos 8 nuwainuxax Hypogymnia physodes
gonoseix u mexnozennvix pezuonos benapycu (Bycvko u op.,1995)

Bann no yposHxio KonlieHTpauus MeTanios B IMLIaiHUKe, MKI/T
3arps3HeHUs Pb Cd Ni Cr Cu Zn
1 (don) <10 <1,0 <5 <5 <5 <75
2 1120 | 1,1-2,0 6-10 6-10 6-10 76-150
3 2130 | 2,1-3,0 | 11-15 11-15 11-15 | 151-225
4 3140 | 3,140 | 16-20 16-20 >15 >225
5 >41 >4.0 >20 >20

MeHee pacnpocTpaHeHO MCMONb30BAHHUE B KayeCTBe WHAMKATOpa APYroi
rpynikl HU3MIKX CMOPOBBIX pacTeHMH- MX0B. CKOpOCTb YCBOCHMS M3 BO3AYyXa
M aKKyMyJLMH TAXKENbIX METAUIOB B TKAHW MXOB BbIIIE, YEM B IAPEBECHOH
Kope u XBoe. CocTaB MXOB, Kak W JIHIAfHUKOB, 6naronaps ciaboi CBA3K MX €
MOYBOM, MaJo 3aBUCHT OT COCTOAHNS NOYB

3arpsisHeHHe NOYB HEOPraHMYECKHMH HEOPraHHYeCKHMH NOJLI0TaH-

TamMHu

3arpA3HEHHE NMOYB YCTAHABIMBACTCA HEMOCPEACTBEHHO MO 0OuIEMY co-
JEPXKAHHMIO WIH CONEPKAHHUIO TMOABIDKHBIX COeAMHEHMI MONIIOTAHTOB B 10Y-
Bax. OLEHMBAIOT CTEeNeHb 3arpA3HEHHUA NO MOKasaTensaM: a) No abCoMOTHOMY
COZiEp)KaHHE METAUIOB W HEMETALIOB, 0) no ko3¢ dHUMEHTY TeXHOTEHHOro
KOHIleHTpUpoBaHHa sneMeHTa Kc. OH XapakrepusyeT CTeneHb HAaKOILIEHHA
XHMHYECKOro 3IEMEHTA B TEXHOTeHHOH MOYBe MO CpaBHEeHMIO ¢ (oHOBOI: Kc=
C 1exd/C ¢oH; 3arps3HeHHe PeryicTpUpyeTcs NpH ABYKPATHOM MPEBLIIICHHM
($OHOBOTO YPOBHSA; B) NI KOJIMUYECTBEHHOMH OLIEHKH 3arpA3HEHUA MO4B He O]
HHM 3JIEMEHTOM, @ HECKOJIbKMMH 3/1€eMEHTaMH HaXoJAT CyMMapHBIH Noxasa-
Tedb 3arpssHenns o popmyne 10.E.Caera, paBubiii cymme Ke mns anemenTos
¢ Kc >1, ¢ yuetor mompasku: Z¢= X Kc - (n-1), rae n gncno anementos ¢ K
>1. B npakTuke 3KOJOrHYeCKHX JKCNEPTHBIX OLEHOK CYHTAETCH, 9TO IOYBBI
HaXoAATCA B Y/OBJETBOPHTEILHOM COCTOSAHHH NpH Z¢ < 16, U CHIBHO 3arpas-
HEHB! TIpH Z¢ > 64.

Ipu kaprorpadupoBanny 3arpA3HEHHON TeppuTopuM OTGOp NMpo6 MouB
MPOBOJAT No MeToxy kmouyell. Touku npobooTbopa pasmemaroT TaK, 4ToObl
Y4eCTh BIMSHHE KaK TEXHOTEHHbIX (haKTOpOB (paccTosHhe OT HCTOYHHKA 3a-
rPA3HEHHA), TaK ¥ NPUPONHLIX YCIOBHH (penbed, pacTHTENBHOCTb, TIOYBBI).
Ilo pesynbTaTtam aHajiM3a NMOYB COCTABIMIOTCA KapThi CONEPXKaHUs MOUIIOTAH-
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TOB B T104YBE, HA KOTOPBIX M30JUHUAMH BBHIIEIAIOT 30HbI C OJMHAKOBBIM KO3 (-
OUIMEHTAMH KOHLIEHTPUPOBAHMA HOJUIOTAHTA. OMNHUUEHTD IpEeACTaB/AeT
NPOMBIINUIEHHYIO 30HY (BO3MOXHO TEXHOTEHHYIO IyCTOIIL), II€ KOHLEHTPH-
POBaHME MOJUOTAHTOB MAaKCHMAlbHO M JOCTUIraeT HECKOJIbKMX MOPALKOB.
IepeueHb DMEMEHTOB B TEXHOTEHHOH acCOUMAlMM COOTBETCTBYET COCTaBY
BbibpocoB npemipusTa. K nepudepun M nepeueHs, 1 KOHUESHTpAUMH 3arpss-
HSIOLIMX IEMEHTOB CHIKAOTCA. J[0 NONOBMHBEI XMMMYECKHX 3JIEMEHTOB Bbi-
6pocoB YHOCHTCA 3a NPEACIb TOKaNbHOH 30HBI 3arpA3HCHHA.

O pa3smepax TeXHOTE€HHOI Harpy3kd Ha NMOYBbI MOXXHO CYIHTh 10 COCTaBY
CHera, O[lHIM U3 [OKa3aTeneit KOTOPoro MoryT ObITh a3POPOTOCHUMKH CHETO-
BOT'O NMOKpOBA.

VmeeTcs MHOXECTBO NPHMEPOB JIOKAJILHOTO 3arps3sHeHHs Nous. 30Ha
CWILHOrO 3arpssHeHms copmmpoBanack B npenenax 3-5 xm ot ot Yepeno-
BELIKOr0 KOMOMHATa 4epHOM MeTauTyprun. B okpecTHocTax CpeaHeypaib-
CKOTr0 METALTyprayeckoro KoMOUHaTa 3arpA3HEHHE a’pO30JbHbIMHM BhIIaje-
HUAMM OXBATHJIO TEPPHTOPMIO IUIOW@nbi0 Gonee 100 Thic ra, npuuem 2-2,5
THICSY T2 NOJHOCTBIO JIMIUEHbI PACTUTENBHOTO NOKpoBa. B nanmwadrax, noa-
BEPXKEHHbIX BO3NEHCTBHIO BLIOPOCOB YEMKEHTCKOTO CBUHIOBOrO KOMOHHATA,
Hanbonbmmii 3¢ ekt HabmoaaeTcs B MPOMBILIIEHHON 30He, rlie KOHLIEHTpa-
VS CBHHIIA B MOYBe Ha 2-3 mopsaka Beime ¢GoHOBOH. Jlerpanauus Toys Ha-
6monaeTcs B 3arpA3HEHHbIX MOYBaX B 3-5 KM 30HE OT 3aB0Aa DNECKTPOLUMHK B
npearopbsix CesepHoro Kaskasa. A3po3oibHele BbIOPOCHI  CBHHIOBO-
uuHKOBOro koMbuuata Yerh- Kamenoropceka (CesepHbiit Kasaxcran) obora-
IeHbl METANIaMH: 10 HEJABHEro BPEMEHH €XEroHble BHIOPOCH COCTAaBISIH
730 1 cBunua, 370 T uunka, 73 000 TOHH CepHOH KHMCIOTbl U CEpHOTO aHTUA-
puzna. Beibpoch! adpo3oneil U CTOUHBIX BOJA MPUBENO K CO3JaHHMIO 30Hbl CHIIb-
HOTO 3arpA3HEHHA C MPEBbILICHHMEM OCHOBHBIX IPyNN MOIOTAHTOB, Ha M10-
PAAKH NpeBbilNalolye GOHOBBIE YPOBHH COJEPXKaHN METALIOB.

6.5. Cesibckoxo3silicTBeHHOE 3arpsi3HeHHe NI0YB HeOpranuve-

CKHMH NOJLUIIOTAHTAMH

Cenbckoxo3aiicTBeHHOE 3arpA3HeHHe 6uocgepbl HEOPraHMHECKUMH N0
MOTaHTaMM MPOHCXOAMT NOX AEHCTBHEM SIOXMMHMKATOB, GHOLMAOB, CTHMY-
JIITOPOB POCTa PacTeHUH, CTPyKTypoooOpasoBarteneii, npuMecedl MUHepaib-
HBIX Y06pennii. BHeceHre 3THX BEMECTB B IOYBY NPOBOAUTCS, KaK NPaBio,
IUIAHOMEPHO. XHMHYecKHe CPeACTBA 3alLUUThl PAacTeHHH CONEPXaT PTYTh,
MBLILIBSK, CBHHEL, 60D, MElIb, 0JIOBO, BUCMYT. OIXHUM M3 MPHMEPOB HX NOCTY-
TIIEHKA MOTYT CIYXHTb CBEJCHUS O TOM, YTO B IOXKHBIX PETHOHAX €XKETOJIHO
N0/ BUHOTPAAHUKM C Mefb COAEPXKALMMHU MpenaparaMH BHOCAT 6-8 Thicay
TOH MEZN.

YacTh NOJUTIOTAHTOB TOCTYHAeT B MOYBbI MAXOTHBIX Yromwii ¢ ymoGpe-
HIAMH. D ¢eKTUBHOCTh UCHIO/I30BAHMA MX PasiWdHa: NOTEPH AEHCTBYIOLLE-
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ro Beulectsa yao6peHuit konebmorca ot 15-20% no 60-70% ot BHeceHHOro
KonudecTBa. B Mupe npoussoautca okono 200 MAH TOHH YAOOpEHH, npous-
BOJICTBO HX pacTteT, ocobeHHO dochopHbix. B nocnension yeTBepts XX Beka
MHpOBOE ITPOU3BOACTBO ochopHBIX ynobpeHuit coctaBisuio 18-20 MR TOHH,
OpEAnoNaracTCs, 4To K Hayaly HOBOIO BeKa WX MPOM3BOJACTBO BO3pacTeT MoY-
TH B 3 pasa.

®docpartHoe chipbe- anatHThl ¥ (ocdopuTsl, 0OOTaLIECHH SNEMEHTAMK
napuMecsMU. B HUX Ha MopAKOK U Gonee Bhlie, 4eM B JMTOChEpe KOHLEHTpa-
LHA MHOTHX XMMMYECKHX 3JIEMEHTOB, B TOM YHCJIE PEAKO3EMENbHBIX JJEMEH-
ToB: B 30-60 pa3 Boine kiapka cofepxanue Sr, F, Pb, U. Texnonorus npous-
BojcTBa (ochOpHHX ynOOpEHHH TaKoBa, YTO KOJNHNYECTBO OTXO/JOB B 3 pasa
NPEBLIMIAET MACCY MOJIE3HOTO MPOAYKTa. KOHIEHTpalmsa MHOTUX XUMHYECKUX
3JIEMEHTOB- MPUMeCeli B KOHEYHBIX MPOAYKTaX HE CHHXKAETCH, a MOBblLAETCSA.
B 1,5-2 paza Bbillle, 4eM B UCXOIHOM Chipbe coiepkanue St u F B docdorun-
ce, TPOMEXYTOYHOM Mponykre nepepaboTkd $HocopHTOB M anaTHTOB, HMC-
nonb3yeMOM Kak ynobpeHus.

JAs Toro, 4To6bl CyAMTh O BO3MOXKHOM 3arpA3HCHMH NAXOTHLIX MOYB XH-
MHYECKHMH 3JICMEHTaMH, NIPHCYTCTBYIOUIMMH B yI0OpEHHAX B KauecTBe TpH-
Mecell, HY)KHO YYHTBHIBaTh KaKk pealbHble Pa3Mepbl MX MOCTYIUICHHA, TaKk H
3¢ ekt pasbanenus (Tabnuua 27).

Tabnuya 27. Codepacanue 6 cynepgpocpame memannos (Mz/xe), hocmynaio-
wux 6 cnou nouewt 0-5 cm npu dose enecenus 1000 kz/za (Tanoniok, 1985)

Y no6penue F Mn Zn Ni Cr Pb Cu Cd
Cynepdocoar 12 1 03 005 | 0.1 0.1 0.04 | 0.004
NpocToi
Cynepdocpar 8 1 03 | 003 ] 0.1 0.1 0.03 | 0.007
JIBOMHOMI
DoHoBas no4sa 1 850 850 40 200 30 20 0.5

ConocraBneHye noKasbIBaeT, YTO YBEJMUEHHS OOLUEro CONEPKAaHHA Me-
TaJJIOB B 10YBaxX Moj BAUAHHEM (ochOpHBIX yA0OpeHHH, KaK NMpaBHIO, He
NIPOMCXOIHT. 3arpsA3HEHHE B OTAENbHBIX CTy4asX MOXKET ObITb CBA3aHO C BHE-
cenue F, pexe Cd u Sr.

Tabnauua 28 noka3sbiBaeT, YTO KOJMMYECTBA XMMMYECKMX 3JIEMEHTOB, MO-
CTYNaloWiye ¢ MHHEPAILHBIMH M OPraHHYECKUM YAOOPEHHAMH MaJibl N0 CpaB-
HEHHIO C MOCTYNarOWMMHA C NPOMBILIJIEHHBIMK BbIOpocamu. Boabmryio omac-
HOCTb NPEACTABIAIT KOMMYHa/IbHO-ObITOBbIE OTXO/bI. KoMnocThi yacTo 060-
ramiennl Hg, Zn, Pb, Sn, Cu. Brecenne ux BeneT K MOBBILICHUIO COREPKAHUA
B NOYBE HX MOABHXHEIX cOeAMHeHHit. HanpuMmep, Ha N1€pHOBO-NMOM3OIMUCTBIX
No4Bax BHECEHHME KOMIIOCTOB MPHBENO K NOBBILEHHIO AONH MOABWKHBIX CO-
equHeHud MeTaioB go 25-30%, B To BpeMs kak Ha (JOHOBBIX MOYBAX MX CO-
AepKaHue He MPEBBILIAN0 NMEPBLIX €AWHHUL IPOLEHTOB.
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Tabruya 28. Kosgpgpuyuenmeor KoHyeHMpUpoBanus 3azpaA3HAIOUUX BEUECms 8
nougax noo enusHuem yOoopeHul u NpoMoluLIeHHbIX 8616POCO8.

Onement | Heyno6- | ITousa+ | Tlousa+ | Ilousa+ | Ilousa+ | Ilousas
peHHas | ObITOBO# | KaHanu3a- | OpraHuye- | MHHEpPab-| NPOMBIILI-
noyea, Mycop | LMOHHbIH.| ckue |Hble yno6-| ncHHOM

Mr/Kr ocanok |ynoOpenus| penus 30HE

Hg 0.009 3233 867 <1 <10 H.O.
Pb 26 254 111 10 38 490
v 0.3 240 280 <1 <1 H.O.

Zn 52 146 150 5 <1 180
Ag 0.06 100 133 <1 <1 H.0.
Sn 50 80 70 2 30 115
Mo 0.8 55 50 1 1 H.O.
Cu 27 22 55 16 <1 125
Cr 46 24 2 <1 22 110
Co 7 19 17 1 9 H.O.
Sr 28 18 14 7 50 H.0.

F 20 H.0 H.0 60 90 H.O.

6.6. 3arpsizHeHHe NPHPOAHO-AHTPONOreHHLIX FOPOACKHX KOM-

IJIEKCOB

Oco0eHHOCTBIO COBPEMEHHBIX TOPOAOB ABAAETCS OONBbLIOE YUCIIO Mpen-
NPUATHA W JHOACH, pasMelieHHbIX KOMIMAKTHO Ha OrpaHHMYEHHOH TeppuTO-
pun. B npenenax ropona ¢gopmupyloTcs nokajibHbE O4arH 3arpa3HeHus, Ko-
TOpbIE CBA3AHBI C AEATENbHOCTBIO MPEANPUATHIf pasnuyHoro npoduia. OTxo-
Ibl HX TNOCTYNalOT BCEMH BO3MOXHBIMU MYTAMM: BO3HYIIHBIM, BOIAHLIM, B
COCTaBe TBEPAO(A3HBIX BEIWIECTB. BHIOPOCH OTXOA0B KaKAbiM MPEANPHATHEM
CO3JAIOT CIOKHYIO KapTHHY pacnpeneneHus OojiblIOro yucna 3arpsa3Hsio-
IMX BEMIECTB. B ropoackux KoMIUlekcax TexHoreHHble ¢akTopsl NOLABIAIOT
NpUpOJIHble HAKTOPbi MUrPALMHK EMEHTOB.

O6mas kapTHHAa 3arpA3HEHHs ropoja 3aBUCUT OT MOIIHOCTH NPEANpH-
ATUSA, UX PACNOJIOKEHHA, KOHLIEHTpALlHM BELIECTB B BbiOpocax. Brigensercs
[Ba THNa (GOPMHPOBAHHUS OpPEOJIa PACCESHUA BELLECTB. 0YAroBbif ¢ HAJIMYHEM
LIEHTPa, OTVIMYAIOILErocs BHICOKON HHTEHCHBHOCTBIO aHOMaIuKM, B nieprdepun
C MOHIKEHHEM KOHLEHTPAlMH BEIUECTB, @ TAKKE MO3aWUHBIA C JIOKAIbHBIM
KOMIUIEKCHbIMH aHOMaNWAMH BONM3M npeAnpuATH 63 SBHO BhIpaXXCHHOM
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3aKOHOMEPHOCTH PaclpOCTPaHEHHs MOJLNIOTAaHTOB. OTpakaeT KapTHHY 3a-
IPA3HEHUs FOPOICKHX KOMIUIEKCOB KapTa 3arpA3HeHus.

CymMMapHEIii WHAEKC 3arpsA3HeHHA WA MPOMBILIIEHHBIX LEHTPOB IOCTH-
raeT HEeCKOJbKHX coT eauHul (250-550). Accoumanmy XMMHUYECKUX IJIEMEH-
TOB OTIHYAIOTCA GonbIMM pasHooOpasmeM. Hanbonee THIHYHBIMU TEXHO-
FeHHBbIMH aCCOLMALMAMYU ABILIOTCA accoumanuy Zn, Cu, Pb, Ni, BcTpevarotcs
4acTo accoumaimd Sn, Cr, Mo, W, Sr, Ag. Oco6eHHOCTbIO SBASETCSA HAKOM-
JIeHHE Kak KaTHOHOTEHHBIX, TaK M aHHOHOTEHHBIX 3JIEMEHTOB, TO €CThb B IO-
POACKMX KOMILIEKCAX (DOPMHPYIOTCH TEXHOTEHHBIE acCOLMAlMM, CYMUTAIO-
IMeCs 3aNpeleHHbLIMK B MPUPOIHBIX YCIOBHSX.

Anaju3 CHera CBMAETEIILCTBYET O BHICOKOM YPOBHE BO3AEHCTBUA ropoja
Ha cocTaB aTMOc(Ephl, HA YPOBEHb TEXHOTEHHOH HAarpy3kH Ha nousbl. Tabmu-
1a 29 nokasblBacT M3MEHEHHE COCTaBa CHETa B OJHOM M3 HPOMbIILIEHHBIX
nexTpoB Poccun.

Tabnuya 29. Cocmas chez0601 80061 8 20p00e O CMANENIABUNLHBIM RPOU3-
s8oocmsom (Mockanenko, Cmupnosa, 1984)

KomrnoueHr Don ["opoxn
CHEroBo# Bo- C cpeanee C makcu- Ky Makcn-
Abl, Mmr/i MQJIbHOE MaibHbIA
pH 5.1-6.5 7.5 9.0 9.6-
S0.> 0.5-1.0 10.0 1299 1500
HCO4 1.0-3.7 10.0 44 20
cr 0.6-1.6 2.0 4.8 5
Ca** 0.4-1.0 3.1 545 600
Mg** 0.1 0.4 2.8 28
Na* 0.3-1.1 3.0 9.5 20
NH," 0.1 0.3 3.0 30

Ha nBa- Tpu nopsaka NOBLILIEHE YPOBHU COAEPKAHNA Cynb(aToB, Kajlb-
uus ¥ o6llas MHHEPATH30BAHHOCTb CHETOBLIX BOJ, HA 1,5-3 eJMHULI HOBbI-
cuicd yposeHs pH, B HECKOJBKO JECATKOB Pa3 YBEJIWIWIOCH CONEpKaHHe
Na, Si, Cr, Ni, Hg, noBbiciioch copepxaHue HHTpaToB ¥ amMMoHuA. Bnomb
aBTOMarucrpajieil mo6oro roposa (opMHUpYeTCs TEXHOICHHbIE aHOMAIHH
CBHHIIA, KOHIIEHTPAllHK KOTOPOro B No4YBe AOCTHraloT S0-200 Mr/kr.
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6.7. PannoaKkTHBHOE 3arpasgeHne

OnacHOCTh PaJHOAKTUBHOIO 3arpsA3HeHus obycioBleHa CNOCOOHOCTHIO
BbI3bIBATH Y JHOAEH OHKOJNIOrHYeCKue 3a00eBaHNA U NEHETHYECKHE OTKIIOHE-
Hua. ['yOutenbHOoe nEHCTBHE OKa3blBalOT HE XMMUYECKHE B3aMMOJACHCTBUA
3THX JJIEMEHTOB, a MOHHM3MpYIoLlee H3NyveHue MX. HCTOUHHKM paiuoaKkTHB-
HOTO 3aTPA3HEHUA- AACPHBIEC B3PBIBbI, OTXO/bI aTOMHOH MPOMBIILIEHHOCTH.

PanuoakTuBHbIE M€MEHTH (PaIMUHYKITHIbI) KIACCHQHLHMPYIOT MO  IIe-
pHOfy HX nonypacrnana. Beiaensior Hykimapl KOPOTKOKHBYIHME H JOJNTOXH-
Byme. Hanbonee onacHbl Te, KOTOpbie MMEIOT OonbloM nepuoa momypac-
naja, T.K. OHH HAKAaIUIMBAlOTCHA B COCTAaBE )KUBLIX opraHu3MoB. Eciu kopor-
KOXXHMBYIIHE PafUOHYKIIMIbI Yepe3 OmpeicsieHHOE BpeMs MOIYT MEpEHTH B
paspsal HU3KOAKTUBHBIX, TO NONTOXKHBYLIHe(IUTyTOHHMH, aMEPHUUMH, KIOpHUH,
HENTYHHI) COXPaHAIOT BLICOKYIO aKTUBHOCTb COTHHM M ThICAYH JIET.

HanGonbmas 1014 B PAAMOAKTHBHBIX BhINAJCHHIX MDHXONMTCA Ha S,
131, 137Cs. Mlns **'J nepuon monypacnana pase - 8 cytok, ana *°Sr u *’Cs 28
JieT A 27 feT COOTBETCTBEHHO.

Hayano npoGnemsi pagMoakTUBHOTO 3arpA3HEHMs OTHocuTCA K 1945 r,
xorna CIIA BrepBsie NPUMEHWIM PaaHOAKTHBHOE opyXue. B nayane 50-x
roj0B HpH CTaHOBNECHHY ATOMHOH MPOMBINUIEHHOCTH C PaAMOaKTHBHBLIMY OT-
XoJamu ofpalanuch Kak ¢ XMMUYeCKUMH, KX cOpachiBali B PEKM, XpaHHIIH
B HaseMHBIX XpaHwiuwax. Hanpumep, orxombt npexnpustus "Mask" (Yens-
6unckas obnactb) cOpachiBai B peky Teua, B o3epo-6onoro Kapauwaii no-
clie 4acTHYHOH o4McTKH. CrencTBUEM ABWIOCH paJiHOAKTHBHOE 3arpA3HEHUe
APH3EMHBIX CIOEB aTMOCGEPbI, BOAOTOKOB, NIOYB.

Oco6yt0 TpeBory BbI3bIBAIOT XHUAKHE PaiHOaKTHBHBIE OTXO/bI, CONEPKA-
Me OPOAYKTHI HeNeHus ypaHa. Ha KpyHHBIX NpOM3BOACTBAX OOBEMBI XKMA-
KUX OTXOJOB M3MEPAIOTCSA COTHAMH M Thicsyamu KyObomerpoB. HaszemHoe
CKiaaupoBaHHe ux omacHo. Tparemus Ha lOxuoM Ypane B 1957 romy Obuia
BbI3BaHA B3PLIBOM [IOBEPXHOCTHOrO XpaHWIHMILA PaJvOaKTHBHBIX OTXOAOB,
KOTOpBIif PUBEN K PaAMOAKTUBHOMY 3arpA3HEHMIO Ha Tuloiaiu okoso 20 Teic
kM.

Kax u 1pyrue 3arpasHaiollie BEHIECTBA, Pa/JHOAKTHBHbIE BELLECTBA, NO-
CTYNHBIINE B aTMOC(EPY, BbI3BLIBAIOT OBICTPOE U3MEHEHHUS €€, HO OYMLICHHE
aTMOC(ephl NPOUCXOAHUT ObICTpee, uYeM APYrMX NMPUPOIHBIX CPed. 3arpss-
HEHHbIE JIOHHbIE OTJIOXKEHMS H TIOYBbI COXPAHAIOT paJHOaKTUBHbIE BEHIECTBA
aonroe Bpems. B JecHBIX 110YBaX MOACTWIKA SBJAETCS OHOr€OXMMHUYECKUM
6apbepoM Ha MyTH BEPTHKAIbHON MUrPALIMK PAIMOHYKIIMAOB. FiHTEHCHBHOCTD

MPOGHILHOM MHrpaLMM HanGONMbILAs B FMAPOMOPHLIX NOYBAX, B MOAMEH-
HBIX JIyFOBBIX M0YBAX.
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7. TIPUPOJIOOXPAHHBIE Y COLUHMAJIBHBIE ACITIEKTDI
[IPOBJIEMbI 3ATPASHEHHWA BUOCPEPHI

3arps3HEHHE OKpYXalomieli denoBeka NPHPOAHOW cpelibi- PeaNbHOCTD
CETOMHALIHETO JHA. AHANN3 NOKa3kIBaET, YTO 3arpa3HeHne 6uocdepbl Mpouc-
XOIOMT Ha JOKa1bHOM, PErHOHANbHOM, M YTO OCOGEHHO OMAcHO Ha riobanb-
HOM ypoBHe. Ero cospaior HauGonee pasBuThie CTpaHsi.

Buocdepa W denomek, kak 4acTb Ouocdeph!, MOTYT Ha NaHHOM 3Tare
ObITh 3alUMILEHBl TOJIBKO YacTU4HO. Pa3paboTka M BHeIpeHHE O6E30TXOAHBIX
TEeXHOJIOTHil IPOM3BOACTBA HEOOXOMMMBI U1 NMPENOTBPALICHHA HIH XOTA Obl
CHIXKEHHA 3arPA3SHEHMA OKpYXalollel cpelbl, HO 3aMKHYThie LMKJIbI TEXHO-
FeHHBIX BELLIECTB HE CKOPO OyayT WIMPOKO BHEIPEHBI N@ke B CHJIbHO pa3BH-
THIX CTPaHax.

3arpa3HeHHbIC 00BbEKTh OKpYKatouleit cpefibl HyXKAAIOTCA B IIOCTOSHHOM
HabMOEHNH B CBA3M C ONACHOCTHIO BTOPUYHON MOOUNM3ALIMU NOJLIOTAHTOB.
OKONOTMYECKHHi MOHHTOPDUHI HeOOXOJMM KaK CHCTeMa KOHTpois 3a co-
CTOsIHHEM OKpYXatomieii cpeabl. OH npu3BaH obecneyusaTh MOSy4EHHE aaeK-
BaTHOH MH}OPMALMH O COCTOSHHH OKPYXKalolleH Cpeibi.

Iperpanoit Ha MyTH aanbHelimero 3arpa3HeHus Ouocdepnl MOXKET CTaTh
3¢exTUBHAA IKONOTMMECKas IKCIEPTH3a JMOOBIX BUAOB MPOM3BOACTBEHHOM
nesatenbHocTH. Ecnu uenoBek He Bcerha B COCTOSHMH YNYUIIMTbh COCTOSHHME
rry0oKko HapylIEHHbIX JKOCHCTEM, €ro 3ajaya- He AOMYCKaTb CO3NAHMA HO-
BBIX OYAaroB 3arpsA3HEHHA.

JlomKHa COBEPILEHCTBOBATLCA 3aKOHOTBOPYECKAs MAeATENbHOCTb, Ha-
npaslieHHass Ha OXpaHy OKpyxamoumieil cpeabl. IlpuponooxpaxHbie OpraHsl
IOKHBI MMETb 3aKOHOM OMPEReSICHHbIE OCHOBAHMA UIS OrpaHWYeHHs 3a-
IPA3HEHUS, /Ul 3aIUHTHl OKPYXKAIOMEH cpelbl OT 3arpA3HEHUS.

B o6uiecTBe HOMKHAa aKTHBHO NMPOBOAMTBLCA MpPOCBeTHTENbCkas paboTa,
HanpapjicHHas HA BOCIHMTAHHME Y JIOAEH ODKOJOrMYECKOr0 MUPOBO33PEHHMI.
Yenopek, obecneunBas coxpaHeHHe MPUPOJIbI, CO3AAET TEM CaMbIM pPEaJIbHYIO
BO3MOXHOCTD JUIsl COOCTBEHHOTO BBDKMBAHUA.
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