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BBeaeHue

OgHnm 13  nocneacTtesuMm  pasBUTMA  NPOMBILIIIEHHONO U CENbCKOXO3SMCTBEHHOIO
NPON3BOACTBa SABNSAETCSA TpaHcopmMauma NpUpoaHbIX LMKITOB MUrpaLum BellecTea 1
CBSI3aHHOE C 3TUM YyXy[dlWweHWe KadecTBa OKpyXawLllen 4enoseka cpeabl.
TexHoreHHoe 3arpsisHeHne 4yepes3 atmocdepy (aTMoTexHoreHes) B nocriegHue roabl
CTaHOBUTCS OAHUM W3 rMaBHbIX NyTEN NOCTYNMEHNS 3fIEMEHTOB B NaHawadTel. [Mpu
BbICOKOTEMMNEPATYPHbIX TEXHOMOMMYECKUX npoueccax obpasylTcs Menbvyanwmne
asapo3ornbHble YacTtuubl (0,5...10 MKM), KOTOpbIE MMOX0 YNaBMBAKOTCA YCTaHOBKaMW
ra3004YNCTKN N CNOCOOHBI MUIPUPOBAaTb B aTMocdepe Ha 3Ha4YUTESbHbIE PACCTOSIHUA.
[Tlpy 3TOM C MensYanWKMUMM TEXHOrEHHbIMW a3po30naMn B atMocdepy CeNnekTUBHO
NOCTYMNalT BbICOKOTOKCUYHbIE TsxXenble metannbl (TM) ¢ Hu3kumn knapkamm — PD,
Cd, Hg n pgp. lonagas B opraHM3M 4ernoBeka B OTHOCUTENbHO HEeDONbLUNX
KONM4ecTBax, OHM He NPUBOOAT K OTPaBIEHUSM, OQHAKO CMOCOBHbI HaKanIMBaTbCs B
page opraHoB W TKaHeW, BbI3blBasg WX  paspylleHue, BO3HUKHOBEHWE
3N0OKa4YeCTBEHHbIX OMyXOSien, TepaTOreHHble U MyTareHHble 3(PdEKTbl, MOHMXKEHNE
COMpPOTUBNAEMOCTN K WHJeKkumam. C 3TMM CBsi3aH 3HaJYuTESNbHbIN MHTEpPEC K
N3Y4YEeHUIO TMOCTYMNNIEHMA W TpaHcdopmMauuum B naHgwadTax TexHoreHHoix TM,
KOTOPbI 0BYCNOBNEH HE TOMBbKO X TOKCUYECKMMW CBOMCTBaMM, HO TaKke U TEM, YTO
OaHHbIE 3NEeMEHTLI ABNATCA NHAMKATOPaMU aHTPONOreHHOro BO34ENCTBUS.

konornyeckasa npobnema, cesidaHHasi ¢ noctynneHem TM B naHawadTel, Hanbonee
oboCTpeHa B perMoHax C OONbLIOW CTEMNEHbK KOHLEHTpauMnM MNpPOun3BOACTBA U
HaceneHus, B T.Y. B LleHTpanbHOM pernoHe Poccuun. Npn aTom BnnsiHme Bbl6pocoB
NPOMBIWIIEHHBIX  npeanpuatTMn B OOMbLUMHCTBE  cnyvYaeB  3artparvBaet
CEeJIbCKOX03ANCTBEHHO OCBOEHHble naHawadTel B paguyce o 30 KM OT UCTOYHMKA
BblbpocoB. CyllecTByeT HacylHass HeobXxoaMMOCTb paspaboTkM 3KONOrmyecku
0OOCHOBaHHbIX arpoTEXHOMNOMNW, HarnpaeBfiEHHbIX HE TONbKO Ha nosydyeHune
CENbXO3MNPOoAYyKUMM, HO U Ha YdeT HeraTUBHbIX MNOCMeACTBUM TEXHOIEHHOro
BO3JEeNCTBUSA.



OgHon 13 KpynHenwmnx TennoBbIx anekTpoctaHumn LleHTpa Poccuum aensetca Ps3aHckasd
(PBC. Ha Hee npuxoantca 50...60% Bcero obbema BbLIOPOCOB npeanpuaTum
PasaHckon obnacTu, BknoYasa u r. PasaHb. OnektpoctaHums pacnonoxeHa B 80 KM K
IOrO-BOCTOKY OT Ps3aHM B MECTHOCTM CO  3HA4YMTENbHbIM  pPas3sBUTUEM
CENbCKOXO3ANCTBEHHOIO MNpon3BoacTBa (pacnaxaHHOCTb npesbiwaeT 70% obuwen
nnowaan Tepputopun). OCHOBHbIE 3arpssHsoLLne BelwecTBa (3B), npoayunpyemble
B Mpouecce CXuraHus TonnMBa — OKCUMAbI Cepbl M as30oTa, a Takke ,
agcopOupylowMecs Ha YacTuuax yroribHoM M MasyTHOW 3ornbl. B npunerawowme K
npeanpuatnio nadawadTel noctynaet navwb 7...10% raszoobpasHbiX KOMMOHEHTOB
BbIOpOCOB (OCTanbHOE BKOYAETCA B [dalibHIOK aTMOCHEPHYI MUrpauuto), B TO
BpeMmsa kak 40...60% TBepaon dasbl ocefmaeT B npederniax 30Hbl HaMbonbLUero
Bo3gencTemda. B cBaA3nM ¢ atum BnmaHMe PIPOC Ha akocucTeMbl npuneraroLwen
TeppUTOpPUKN CBA3AHO B NEPBYIO o4Yepenb ¢ atTMocdepHbiM noctynneHmem TM.

MaTtepuansi n metoasbl

B kadectBe 0OLEKTOB MWCCMeOOBaHUS paccMaTpuBariinCb OCHOBHbIE KOMMOHEHTLI
arponaHgwadgpToB 30HbI Bo3gencTeust PasaHckon TP3OC: no4vBbl, pacTUTENbHOCTL (B
NepByl0 o4yepenb CerbCKOXO3SIMCTBEHHAs), MOBEPXHOCTHbIE W TPYHTOBble BOAbI,
OOHHbIE OTNOXEHUsl, OCadkn 3UMMHEro W neTtHero nepuogoB. HadanbHbIM 3Tanom
paboTbl SABUNIUCb MOSIEBblE WUCCNELOBaHUS TEKYLWEero 3KONorM4yeckoro COCTOSIHUSA
arponaHgwadgToB ¢ BbiABNEHNEM (PaKTOPOB U OCODEHHOCTEN TEXHOreHe3a. [pn aTom
B rpaHuuax 30Hbl HanborblUero BO3AEUCTBUA NpeanpuaTtus Obina cdopmmpoBaHa
CETb CTaUMOHApHbIX To4yeKk onpoboBaHus, pasmelleHHbix Bokpyr PIPOC no
pagnanbHo-KoHUeHTpudeckom cetn (puc. 1). Bo Bcex obpasuax oObekToB
OKpyXawuen cpeabl onpegensanocs BanoBoe cogepxaHne TM  atoMHoO-
abcopbumoHHbIM MeTogom no metoaunke LIMHAO c ncnonb3oBaHneM akcTpareHTa —
S5H. HNO,, (copbupoBaHHbIe N 0O6MeEHHbLIE (POPMbI AKCTPArMpoBariCb COOTBETCTBEHHO
1H. HNd’ N aueTaTHO-aMMOHUWHbIM Bydepom ¢ pH 4,8). lNonyyeHHble OaHHblEe
I'IO,EI,BepI'aJ'II/ICb mMatematndeckom ob6paboTke, a TakKKe WNCNonb3oBanmMcb Mpu
COoCTaBfieHUN NaHAWagTHO-reOXMMNYECKNX KapT.



PucyHok 1. KapTta-cxeMa parioHa NnoJieBbiX UccneaoBaHnm




Ha BTOpoM 3Tane wuccnegoBaHuW Obin 3anoXeH MNOMEeBOM OnbIT, LENbl KOTOPOro
SIBNSETCA BbIOOP 3KOMOrMYeckM ONTUMAasribHOro KOMMSEeKca arpoMenimopaTuBHbIX
MEPOMNPUATUA B TEXHOIEHHO 3arps3HAeMbIX arporaHawadTax pernoHa B YyCIOBUSAX
pasfNMYHOro YpOBHA 3arps3HeHna noyB. BapuaHTbl onbiTa 0OOCHOBLIBANUCbL MO
CyMMe aTMOCEPHbIX BblNageHun npuoputeTHoix 3arpssHutenen (Pb n Cd) B 3oHe
MakcumanbHoro BnusHuA BblibpocoB PIPOC 3a 10, 20 n 30 net (nocnegoHwuw
BPEMEHHOWN MPOMEXYTOK COOTBETCTBYET BpeMeHun akcnnyaTaumm NP3C HauyuHasa ¢
NycKa nepBon odepean). YpOBHU 3arps3HEHUsI NOYB MOLENNPOBAICb BHECEHMEM Ha
OMbITHbIE NAOWAaOKM XMMUYECKM YMCTbIX conen TM B gosax, ykasaHHbIx B T1abn. 1.
N3yyanca npouecc TpaHcnokauum TM B dwuTomaccy KOpPMOBLIX Tpas, €ro
3aKOHOMEPHOCTU N NMOCNeAcTBUSI.

AHanus pe3ynbTaTtoB Uccrie4oBaHUMN

[MocTtynneHne 3B M3 atmocdepbl OLEHMBANOCbL Ha OCHOBE aHanmsa UX Coaep)KaHuda B
aTMocepHbIX ocagkax 3UMHEro u netHero nepunoaos. OueHKa TEXHOrEHHOro Bknaga
B atMocdepHble BbinageHnsa TM ocyuwiectBnanacb nNpu aHanuse COOTBETCTBYHOLLNX
KpUBbIX pacnpegeneHnsa. [aHHbIA  METog OCHOBaH Ha TOoM, 4TO popma
pacnpeneneHns, Kak BeCbMa KOHCEepBaTUBHbIA CTATUCTUYECKMA roKasaTeslb,
OTKINOHAETCHA OT HOpPManbHOW OYHKUUM NULLb NPU HANnU4Mm CUIbHOIO N YCTONYUBOIO
BHELLHEro Bo3gencTeus. bblnno yctaHOBNEHO, YTO B 30He Bo3daencteus PIMP3C apko
Bblpa@XXEeHHbLIMW aHOManusMmn pacrpeneneHns oTnnyarTCs BENMYMHBLI BbinageHun Pb
n Cd (puc. 2). B ganbHenwem onpegensnacbe TepputopuarnibHas npuypovYEHHOCTb
aHomanuin. BblgBrneHo, 4TO 30Ha MaKCMMymMa MOCTaBKM aTMOTEXHOreHHobix TM
npoTarMBaeTcsl oT BogopasgenoB CpeaHepycCckon BO3BbLILLEHHOCTM Ha oro-3anage
yepe3s npomnnowanky [P3C no HanpaeneHuto npeobnagatowero mnepeHoca
BbIOpPOCOB. OTO YKa3blBAET HA 3HAYMUTENLHLIA POCT BbiNAAEHWA MOMNMOTAHTOB MOA
BNUSIHWEM TEXHOrEeHHbIX BbLIOPOCOB W aKTUBM3AUMIO OcCedaHusi a’apo3onen —
HocuTenen TM B MECTHOCTU C 3PO3NOHHbLIM penbedomMm.



Ta6bnuuya 1. YpoBHM BHEeCEHMS1 B NOYBY NPUOPUTETHDbIX 3B
Nno BapuaHTaM NoJ1IeBOro onbiTa

I W A T™M* Jlo3a BHECEHUS Konuentpanuns TM B 0...20 cM citoe moYBbI MOCIIE
p p 3JeMeHTa, T/M> BHECEHMS COJIEH, MI/KT
1 Pb 13,5 62
Cd 0,14 0,57
) Pb 26,9 113,5
Cd 0,28 0,84
3 Pb 40,4 165,3
Cd 0,42 1,11
HJK, Pb 32,0
MI/KT IIOYBBI Cd 1,0
*NpumeyaHue:

cBuHeL BHocuncsa B popme Pb(CH3COO)2 - 3H20;
kagMun — B popme CdSO4 - 8H20



PucyHok 2. KpuBble pacnpeaeneHus BenMunH atmocdepHbix BbinageHnn TM (P)
B 30He Bo3aeuncTeuna PasaHckoi MPAC (Nno AgaHHbIM CHEroCbEMOK)
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B xome wvccneooBaHUW NETHUX OCagKoB Oblfl BbISIBIEH MaKCUMyM aTMOTEXHOrEHHOrO
notoka Pb Ha ogHom w©n3 BoOopasdesnos CpequepyCCKOVI BO3BbILLEHHOCTU, rae
ypoBeHb ero BbinageHnn pocturaet 100 Kr/km* B Mecsl, a KOHUeHTpaumsa B
atMocdepHbIX asposonsax npesbiwaer novBeHHbIn oH B 1000...4000 pas wu
pocturaet 41000 mr/kr, 4TO XxapakTepHO OObIYHO NULLb AN BbIBPOCOB NpeanpusaTun
UBEeTHOM MeTannyprum. AHanormyHoe oborawieHne oTmedaetrcas u  gna Cd.
UpesBblHanHO BbICOKasi KOHTPACTHOCTb U 3HaAYUTENbHAs YCTOMYMBOCTb BO BPEMEHMU
OAaHHOrO0 MakCMMyMa KpaCHOPEYMBO CBUOETENbCTBYET O NOTEHUMaNbHOM OMNAaCHOCTH,
ncxopsdwien ot BblbpocoB yromnbHbix TAC, 0CODEHHO — npu cneundonyeckmnx
YCINOBUSIX pacCeAHUs npuMecen (nepeceyvyeHHbin penbed 1 mManble CKOpoCTU BeTpa
Npu yCTOMYMBOW CTpatudmkaumm atmocdepsl). B ganbHenwem ypoBHM BbinageHUN
OaHHbIX TM  Obinm  BbIOpaHbl B kKadecTBe 6asoBbiX Npu  NMPoBeOEHUA
9KcnepuMeHTarbHbIX NCCregOoBaHUMN.

B xoge NoYBEHHO-reOXMMUYECKUX MUccrnenoBaHUW BbISIBIEHO TEXHOrEHHOE BIIMAHME Ha
coaepxaHne TM B noYBeHHOM MNOKpoOBe (B NepByto ovepenb B oTHoweHun Pb n Cd),
NposIBNAIOLLEECS, B HACTHOCTU, B HANU4Mm OBLUMPHBLIX aHOMannn B No4Bax, KOTopble
YETKO KOPPEenuMpyrT C aTMoCdepHbIMU BbiNageHUAMN HepacTBOpUMbIX doopm TM:
KOadppuUMEHT Koppenaumm copgepxaHns Pb B noyse c BenuymMHamu €ro
atmocdepHon noctaBkn r = + 0,68, a cogepxaHue B rnovBax KagmMusi, NO AaHHbLIM
perpeccnoHHOro aHanuaa, Ha 62% onpenensieTcs NoCTynneHnemM n3 atmocdepbl ero
HepacTBOpPUMbLIX OpM, BRMAHWE OPYrux aKTopoB He3HayMmo. ATMOCdepHble
BbiMadeHNUs1 CNOCOBCTBYIOT TakKke pocTy copbupoBaHHbix dopm Pb wn Cd;
noaBmxHocTb Cu u Zn He nNposaBNseT CBA3M C TexHoreHe3oMm. [lpu 3aToMm
CENbCKOXO3ANCTBEHHOE OCBOEHME 3eMerlb CNoCcODOCTBYET aKTMBM3aUUM BblIHOCA
MOBUNbHLIX bopMm TM 3 nouBeHHoro npoduna (tabn. 2), 4To cBA3aHO C MUrpauunen
B npouecce NOBEPXHOCTHOIO U BHYTPMNOYBEHHOIO CTOKA.



Ta6bnuua 2. OTHOLWeEeHMe 3anacoB NoABMKHbIX ¢opm TM
B MOYBAX CE/IbX03yroaun K BEJIMUMHE 3anacoB B 06C/ieA0BaHHbIX NOYBaX
30HbI Bo3aencreua PsasaHckou NP3C, %

DopMmBL: OKCTpareHT Cu Zn Pb Cd

CopbOupoBaHHbIe la. HNO, 95 82 90 98

AneTaTHO-aMMOHUIHBIHN

Oydepnsriit pactBop ¢ pH 4,8 79 68 73 84

OOMeHHbIE



PerpeccuoHHbI aHanu3 (nowlaroBasi perpeccusi) nokasan, 4YTo M3 Bcex (haKTopoB

NoYBEHHOW cpeabl npeobnagatouiee BAUSHME Ha murpauuo psiga TM okasbiBaloT
KOMMOHEHTbI rymyca, B T.4. obpasyowmecs npn gerymmdukaumm naxoTHbIX MOYB.
3adomkcmpoBaH TaKke pocT buonornoweHns TM B yCNnoBMAX HU3KOW arpOTEXHUKMU.
Takmm o06pasom, npuv OTCYTCTBUM MNOYBEHHO-MENMNOPATUBHbLIX  MEPONPUATUN
NPOMUCXOOMUT POCT MUTrpauMn 3arpa3HUTENEn B COMPSKEHHbIE C MOYBOM cpedbl —
FPYHTOBbLIE BOAbI U puTOMACCYy.

Kak cBnoeTenbCTBYHOT pesynbraTbl GanaHcoBbIX pacyeTtoB (Tabn. 3), B nangwadrax

Mo

nccrneqoBaHHOrO  paMoHa  CIIOXKUCA  YCTOMYMBLIA — NOMOXUTENbHbIM  BanaHc
noctynneHna wn BblHOca TM. [lpn 93TOM paccmaTtpuBaemMble 9NeMeHTbl Mo
npeobnagarowmnm daktopam Murpauum Moryt ObiTb nogpasgeneHbl Ha ABe rpynnbl.
buoreHHasa wmwurpauusi abcontoTHo npeobnagaer ans Cu u Zn BCneacreMe Ux
KOHLEHTPMPOBaHNSA B NPOAYKLUUM pacTEHMEBOACTBA U OpraHMYeckux yoobpeHusix, B
CBA3N C YeM posfib TakuMx cTaten banaHca, Kak BbllenadymBaHMe M atMocdepHble
BblNageHUs OTHOCUTESNIbHO CHWXEHA. B TO Xe BpeMs aTMOTEXHOrEHHbIN MPUBHOC
obecneumBaet 80...90% noctynneHna B naHawadtbl Pb n Cd, a ocHoBHON hakTop
NXx BblHOCA — BOAHaa mMurpauusi. Takum obpasom, obwmnn xapakrep murpauum TM
onpenensdercss B OCHOBHOM CTENEHbI0 X BUonnbHOCTH.

pesynbratam MCCrneaoBaHUW CBUHEL, U KagMuK BbINn npuaHaHbl MPUOPUTETHBIMA
3arpasHutensaMmn  naHawadToB 30Hbl  Bo3gencteua PasaHckon [POC, o 4em
CBUOETENbCTBYIOT, B 4acCTHOCTW, 3HayYeHUs KOaPpdPULMEHTOB OEeCTPYKLUNOHHOMN
aKTUBHOCTM (COOTHOLWLEHME aTMOTEXHOrEHHOro npuMBHOCA U BuonornoweHus),
XapakTepusylLwmne cTeneHb OnacHoCTU anemMeHToB ans 6uotel: anga Cu u Zn
2,1...2,7, a pna Pb u Cd — 31...105. Takke onpegeneHbl Tepputopumn, Handonee
NOOBEPXKEHHbIE  U3ObITOYHOMY MOCTYMMEHUIO MNPUOPUTETHBLIX TOKCUMKAHTOB U3
aTMmocdepsbl (puc. 3).



Ta6auua 3. bBananc TM B arponangwadTax 30Hbl BO34EUCTBUA
PsizaHckomn MP3C

Crarpu Oananca
+  BCEIO, r/km2,rox

AtM. BemaacHus, %
Mumn. ynoopenusi, %
Opr. ynoopenus, %
UsBects, %
Cemena, %
d BCETI'O, r/km?,roxa
BriHoc ¢ ypoxkaem, %
Bonnas murpanus, %
Texnod. spo3us, %

Hess3ka 6ajanca, r/KM2, 1o

NHTEeHCHBHOCTD HAKOIUJIEHUS, % BaJOBOTO MPUBHOCA

Cu

3082
39
1,5
54

799
58
31
11

+2283

74

/n

11585
62

34

4839

70

29

+6746
58

Pb

4747
90
1,5
6,3
o
0,6

1070
14
82

+3677
77

Cd

574
77

15

0,1
109.5
3.8
95
152
+464
81



PucyHok 3. OyeHka cTeneHM aTMOTEXHONreHHOro BJ/IMSIHUSA
Ha naHawadTbl 30Hbl Bo3aencTemsa PIPAC
(B oTHOWEHUN npuopuTeTHbiXx 3B — Pb n Cd)

1 — BNUSAHNE NPaKTUYECKN OTCYTCTBYET; 2 — HeperynsapHoO BO3HMKAOLLNE TEXHOTEHHbIE aHOManNuu
Pb n Cd B oTaenbHbIX NpUPOaHbLIX cpeaax (B OCHOBHOM B aTMOCHEPHbIX 0cagKax);
3 — yCTOM4YMBbIE TEXHOrEHHbIE aHOManun B OTAENbHbIX KOMMNOHEHTaX naHgwadTa;
4 — 70 X€, B bonbLuen YacTn naHAaWwadTHBIX KOMMNOHEHTOB; 5 — yCTONYMBLIE aHOManum
TOKCUKaAHTOB BO BCEX KOMMOHEHTax



[MoneBble aKcnepuMeHTanbHble wuccrnenoBaHuda. [loneBon ONbIT 3aroXeH B Mae
2003 r. Ha 3emnax AO3T «ManuHuwny» [lNpoHckoro pamoHa PsasaHckon obnactum
(TeMHO-cepble fiecHble noyBbl). ONbITHLIA Y4acTOK He NnoABepraeTcsa MHTEHCUBHOMY
aTMOTEXHOINeHHOMY BO34ENCTBUIO, U MPU 3TOM MOYBEHHbIE YCIOBUA COOTBETCTBYIOT
TakoBbIM B arpoakocuctemax 30Hbl Bo3genctBuss PIP3C. BapuaHTbl onbiTa
MOOENUPYIOT PasBUTUE CENbCKOXO3ANCTBEHHbIX KYNMbTYp MNPU PasfnyHbIX YPOBHSX
KOHLEHTpauum npuoputeTHbIX 3arpsasHutenen (Pb n Cd) B nouBax cenbxo3yrogann B
YCNOBUAX MNPUMEHEHUS TEX WNU WHbLIX arpoMesinopaTuBHbIX MNPUEMOB. YPOBHMU
BHECEHNSI METannoB B [MO4YBY pacCyMTaHbl Ha OCHOBAHMW [OaHHbIX MOSIEBLIX
nccrnegoBaHum MX aTMOTEXHOTEHHONo NOToKa B 30He Bo3daencteust PIP3C (tabn. 1).

Kak pesynbraT ykasaHHbIX MpoLecCcoB, OTMEYEH 3HAYUTENbHbLIN POCT KOHUEHTpaunn Pb u
Cd B KOMMOHEHTax BOAHbIX 3KocucTeM (Tabn. 4), KoTopble SBASAITCHA, TakKUM
obpasom, Hambonee yA3BUMbIM 3BEHOM B uenu murpaumm TM no naHgwadTHbIM
cpenam.

Mpn paspaboTke cxembl oOnbiTa Mbl UCXOOUNM W3 HEOOXOOMMOCTM MakcMMarbHO
NCNOb30BaTb BELECTBEHHO-3HEPIETUYECKUIM NOTEHLMAN arponaHawadToB PErmMoHa,
a TakkKe OpUEHTMpOBANUCb Ha pes3ynbraTtbl 3dTana MoJiEBbIX UCCNeOoBaHWUMN,
CBUOETENBbCTBYOLLUME O 3HAYUTENBHOW OMACHOCTU TEXHOMEHHOro 3arpA3HeHus
CBUHLUOM U KagMMEM WU BO3pacTaHUU OaHHOW OMacHOCTWM B YCMOBUSAX Aerpagaunu
NaxoTHbIX MOYB MO TMPUYMHE HU3KOTO YPOBHA arpoTtexHukn. B nepBbin  rog
nccrieqoBaHui NPomM3BeaeH NoceB OAHONETHUX KOPMOBBIX TpaB (BUKOOBCSHAA CMEChH)
C NOACEBOM MHOFOSIETHUX; YKOC OQHOMETHUX NpoBOANIICA 26 nions.

Pe3ynbratbl uccnegoBaHmna cogepxaHuss TM B pacTUTENbLHOCTM NO BapuaHTam OnbiTa
npeacTtasneHbl B Tabn. 5. Kak cBMAETENbCTBYIOT NOSTy4YeHHbIEe AaHHble, HanbornbLUEen
KOHUeHTpauum Pb wn Cd pocturanm npu  OTCYTCTBUM  arpOMENMopaTUBHbLIX
meponpuaTtui (V BapuaHT), NpU4YEM Ha TPETbEM YPOBHE 3arpsaA3HEHNs coaepkaHue
kagMmus npesbiwano MNAK B 1,3 pasa, a ceuHua — B 11 pas. [NpnmeHeHne n3BecTu
(13 pacyeTa 6,5 T/ra) 1 MuHepanbHbIX YyaobpeHun (HNTpodocka) NO3BOSISANO CHU3UTL
oOwnn ypoBeHb TpaHcnokauun TM B cutomaccy (B 4acTHOCTU, MO4 BIUAHMEM
adbdekta pasbaeneHus), HO wnsbexaTb npeBblweHusa [NOK, Tem He MeHee, He
yaanoce.



Ta6nuua 4. Nokasatenun sogHOM Mmurpauun TM
B naHawadTax Pycckoi paBHUHDI

[Tokazarenn Pernon, Hopmarus Cu Zn Pb Cd

30Ha BO3A€HCTBUS

PIPAC 2,8 7,8 10,3 1,0
Konuenrpanus
PacTBOPEHHBI >
x dopM, gf;g};{) 0,3-3 0-7,5 0-1 0,05-0,1
MKT/JT B
ITJK c/6 1000 1000 30 1,0
30Ha BO3JEHUCTBUS
PIPAC 2.1 60 163 13,4
KoHuenTpanuus Bo
B3BECHU
MIOBEPXHOCTH 5 3
BIX BOJ, MI/KT e 1-10 27-138 0,06-3,0 HE3H.

p. Bonru (cpenuee)



Tabnuua 5. KoHuyeHTpauua TM B ¢puToMacce oaHONETHMX TpaB (OBeC, BUKa)
Nno BapuaHTaM NoJiIeBOro 3KCrepuMeHTa, Mr/Kr BO3AyLwHO-CyXxoro Belyjecrsea

i ATpOMENTMOpPATUBHBIN VYposens 3arpszHenus TM Pb cd
pueM (cm. Tabm. 1)

| 2,54 0,40

) 1,05 0,44

y S 3 3 2,36 0,13

cpeaHee 1,98 0,32

1 1,97 0,41

I Hago3, munepanbHbie 2 3,88 0,42

y100peHus, U3BECTh 3 14,77 0,41

cpeaHee 6,87 0,41

1 14,52 0,70

2 3,70 0,20

111 Hssecth 3 3.69 0.33

cpenHee 7,30 0,41

| 3,09 0,44

2 2,82 0,17

v MunepanbHbie yI0OpeHus 3 30,61 0.68

cpeaHee 12,17 0,43

| 4,29 0,24

v — 2 3,76 1,19

(Tonbko BHeceHue TM) 3 54,68 1,30

cpeaHee 20,91 0,91

Kontpons 1,43 0,12

IAK 5,0 1,0



[MpyynHa — noOBbIWEHNE TFEOXMMUYECKOW noaBmKHOCTM TM B noyse npu BHECEHUMU
asotocogepxawmx yaoobpeHun, a Takke pPoCT CTabUNbHOCTU  KOMMIEKCHbIX
coegunHeHnMn TM C HM3KOMOMNEKYNAPHOW OpPraHMKOW Ha nepBoOM, MWHMMASIbHOM
ypoBHe 3arpsidHeHuss B BapuaHTte lll ¢ nssectbto (npu donblen KoHueHTpauum TM B
NOYBEHHOM pacTBoOpe, O04YeBMOHO, TMPOUCXOAUT UX OCaXaeHne B COCTaBe
ManopacTBOpMMbIX KapboHaToB, YTO CHMXaeT KOpHeBoe nornoweHne). Hanbonee
9KONorn4yeckn ontTMMarsbHbIM YpOBEHb KOHUEHTpauun TM gocturancs npu BHECEHUU
HaBo3a KPC (n3 pacdera 100 T1/ra), 4TtOo CBMAOETENLCTBYET O MNPUOPUTETHOCTU
NpobnemMbl YnyyleHUss TyMYCHOIO COCTOSIHUS MaxOTHbIX MOYB B LENSAX CHUMKEHUS
MUrpaLmn TOKCUKAHTOB.

Moo BNUsAHMEM arpoMeniMopaTUBHbIX MEPONPUATUMA N Pa3fIMYHOrO YpoBHA BHeceHus TM
N3MeHsNacb Takke YpoXXanHOCTb KOPMOBLIX TpaB (Tabn. 6 n puc. 4). lNpn atom B
page criydaeB pPOCT 3arpA3HEHHOCTU MOYBbI OMbITHLIX MAOLLAA0K MPUBOAUIT K POCTY
buomaccel pacteHun (ocobeHHo B Il n IV BapuaHTax ¢ NpUMEHEHNEM MUHEPANbHbIX
yaobpeHuin), 4To, NO HaWeMy MHEHWUI0, OOYyCnoBreHO 4acTto Habnogaembim
«TpeHupyowmnm addektom» 3arpsasHutenen. OgHako Bo3pacTana U KOHUEeHTpauus

B dwmTtomacce, 4TO pOenano ee HenpurogHon Angd ckapmimnBaHus
CENbCKOXO3ANCTBEHHbLIM XMBOTHbIM. Kpome TOro, ypoXXamHOCTb Ha KOHTPOJSIbHbIX
nrowagkax B OONbLWINMHCTBE crny4vaeB bObifla 3aMEeTHO Bbile, YeM Ha OMNbITHbLIX (pwUC.
4), B BapnaHte ¢ mn3Bectbto — Ha 43,5 %. MuHUManbHoe CHUXEHUE YPOXKaMHOCTU
nog BIIUSAHUEM TOKCUKAHTOB M ONTUMaribHOE COOTHOLUEHME KOSIMYECTBA M KayecTBa
domTomacchl 3adpMKCMpoBaHO B BapuaHTe | ¢ npuMeHeHnemM HaBo3a.

BbiBOAbI

Taknm oOpa3om, MO MNOMyY4EHHbIM HaMW AaHHbIM, aHOMalnbHO MOBbILEHHBbIMU
HaKOMJeHMeM U MUrpauMen BO BCEX KOMMOHEHTaX OKpyXalowen cpedbl B 30HE
BNusHMA BblIbpocoB PsasaHckon P3C xapakTepusytoTcd CBUHEL, U KaaMU, YTO
NO3BOSINIIO HAM OTHECTU UX K MPUOPUTETHLIM 3arpa3HUTENnsM arponaHawadTtos. [pu
STOM BHECEHMWE OpraHN4ecKux yn,o6peH|/w| B 3arpsisHeHHble Pb 1 Cd no4Bbl cnocobHO
OaTb MakcumarnbHbIM - 9Konornvyecknnm addekt. [loneBble U NU3NMETPUYECKNE
9KCMepuUMeEHTanbHble WCCreaoBaHUA, a TakKe MOHUTOPUHI aTMOTEXHOIMEHHOro
3arpsi3HeHna arponaHawagToB perMoHa npoaos»KaroTCs.



Tabnuuya 6. Yporxxait ogHONETHUX TPaB NO BapyuaHTaM MOJIEBOr0 SKCNepuMeHTa
(xr/™M? cbipoii puTOoMacchbl)

BapuasTt VYposens 3arpasHenus TM (tabm. 1)
Kontpons
(Tabm. 5)
1 2 3
| 34 4,0 3,8 3,8
II 4,2 4,6 4,6 4,77
I 3.3 3.4 2yl 4,20
v 4.4 55| 5,0 5,17
) 3,8 3,95 3,7 4,47

KonTposp uncterit 4,28



PucyHok 4. Ypo)xait no BapmaHTam onbita (2003 r.)

)
O
o
@
=
=
8
3
o
=
£
o

v \"/
BapPWaHTbI

@ KOHTPOJ b




Cnucok nutepartypbl

1. Okonorust aHepreTukn: y4yeb. nocobue / lNog obw. pen. B.A. lNytunosa. M.:
N3paTtenbctBOo MOW, 2003. 716 C.

2. JKornorm4yeckne acrnekTbl menuopaunmn 3emens tora HeuwepHosembs / og obuwl. pea.
OOKT. C.-X. Hayk FO. A. Maxawnckoro, kaHa. TexH. Hayk B. U. XXenasko. M.: 3a-so MIY.
2003. 319 c.



