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CB]IEHTA-EATZXA"N

Brrnorureu peruouanr,urrii 6accefinosrrfi auanr.rs $opnanpoBarvrr croKa BoAbr, B3BerrreHn6rx HaHocoB
H coAepxaqzxcs. B rrux rr)Kerl,rx MeraJUroB r,r Merzurnor4AoB (TMM) B cr{creMe p. Ceneura - os. Eafiral,
ocHoeaxHrril Ha pe3)rrr,Tarax KoMnJreKcHbrx rr4gpoiloro-FeoxnMr{rrecKr,rx ficcreAosaHufi aBTopoB, BBrnoJr-
HeHHbrx s20IIJ0l3 rr. no egrauofi MsroAr{Ke B ocHoBHLre $asrr ro4noro pexuMa 6onee.{erra na 100 crno-
pax B npeleJlax Poccr.ru u MoHronnq. flora:auo, rrro KoJrr{qecrBenHbre [apaMerpbr rpaHcnoprlipoBKrl
B3BeIleIrHbIx HaHocoB Bo MHoroM onpeAeJrrrorcr Qa:oft ro4noro pexuMa. Bxnag nonono4br lr rraBoAKoB
B r4X nepeEoc cocTaBJUreT or 52%o roAoBoro cToKa Ha KpynHbrx peKax Ao 99Yo sa rtaj;|ltx.

Pe:ynrarrr xnMrrr{ecKofo aHanr.r3a Meronov ICP-MS/ICP-AES 6onee 400 npo6 Bogbr u B3BerrreHHbrx
HagocoB noKa3uuia, rITo perH 6accefina Ceneuru o6orarqenu orHoc[:rreJrrgo cpenHero coAepxaHr4{ B peKax

MI{pa pacrBopeHur,rua Sq Li, U, Br, B, Mo, As, ,qrrr Koropbrx npeo6lalaroqefi Sopuofi Mfirparlur.r .rrBnri-
etcs, Hot;.Hafl,, a raKxe Fe, N, Zn rz Pb, nrrprapyronrlMu B rfopue xolrnnercHr,rx coeAr{r{eHvfi c oprannvec-
KnM BerqecrBoM. Bo sgeeueHHbrx i{aHocax Cerenru u ee [pr{ToKoB rroBErrrreHo coAepx(aHr.re As, Cd, Mo,
Pb, Zn, Mn, Co, .mo o6ycroBJreHo KaK reoxuNru.recKofi c[eqr{alrrd3arl[efi peruona (As), ran r.r rexnoreHHbrM
eosgeftcreuelr (Cd, Mo, Pb).

Ananus coorHoIrJeHI,It Soprra rrurpaqulr xr,rMr4qecKr{x gJreMeHToB B per{H6rx BoAax noKa3aJI, qro nrt
6omuutrcrgd TMM npeo6.na4aior B3BerrreHHue tpopvu n nepxnefi 'racru 6accefiHa r{ pacrBopeHHsre B
cpe4lrefi u nrzxnefr. flonx n:eemennr,lx $oprr,r Murparlr4t4 pe3Ko Bo3pacraer rrpra npoxoxAeur4r4 rraBoAKoB,
oco6enno B BepxoBr,tx per; r ur.rxHefi 'racrw 6acceiaua Bruunue naBoAKoB Ha cooruorrreHve (fopv yrraenr-

rrraETcr, qro oco6enno 3aMerHo B Aenbre Cerenrz.

leoxuuuqecr<Ne noroKtr pacrBopeHHbrx rpopv TMM B naBo,uoK yBenflrrr.rBiutrlcb no Ha[paBJreHHro K

Aersre Cenennr no Mepe Bo3pacraHHr BoAHocru peru. B BepxHei rracru 6accefiua orueqeHbr sKcrpeMarb-
Ho BrIcoKI{e rIoroKLI B3BerrIeHHbIx (poplr, vro o6ycnonneuo BrrnaAeHr{eM THBHeBrIX ocaAKoB, nororn 6rtc-
Tpo yMeHLIxarcTcA BHLr3 rro rerreHrrro 6naro4apx ocaxAeHnK) HaHocoB. B nuxnefr uactu 6accef4ua noroKli
cHoBa Bo3pacraror B cBt3rr c BnaAeHI{eM KpynHblx npHToKoB. Hau6onrrrre rexnofeHu6re r43MeHeHrd rroro-
KoB xapaKTepHbr .{Jrr MalJrbrx per (Mo.uoHxyn, Xanramrnron, Tyytr, Yaa u lp.), HcflErrbrBarotrIr,tx Bo3Aei-
crBrre ropoAoB tz o6lerros ropuogobrrnarorqefi nporvrruner{Hocrr,r. Brrseueno 3KcTpeManbHo BbrcoKoe
3alpr3HeHrze p. Mo4oury.nr Cd u gpyrzrrar.r MerarnaMr4, Koropoe c)arlecrBenuo Brwset Ha reoxrrMuqecKrre
noroxz TMM n p. lxuga BrrJrorr, Ao ee BnaAeHr,rr e Cerenry.

Knnqeeue cnoea: 1acceirnonufi ananra:, p. Cereura, os. Eafirari, reoxr,iMr,rrrecKue nororu, {opir.tu
Mlrfpalluu, BOAa, B3BeIneHHbIe HaHOCbI, TtXeJIbIe MeTaJIJlhI, MeTaJInOLIAbI.

BeeAeHHe. B cooresrcrBr.ru c [pr4Hr{r.rnaMr{ opfa-
IJId3AJIUU naH,{Ura0THO-reOXrZ MprqeCKAX Cr{CTeM, p a3p a-
6crranulrtrara A.tr{. llepenrMaHoM Ll975l z M.A. fna-
3oBcKofi f1988], 6accefinu peK - KacKaAHbre naHArrra$-
rHo-reox[MrrrrecKrre cr{creMbr (KJIfC), B rrpeAenax
Koropbrx nporeKaror fi poueccbr Mr{rpa uH }{, rpaHcoop-
MaIIhu H aKKwynrunK pa3nuqHbrx BerrIecTB rrpktpoA-
HOIO H aHTpOrrOreHHOrO npOr{CXOX.4eHUr. Pe.rHbre 6aC-
ceiHbr B rIeJroM [peAcraBnf,ror co6ofi cr4creM6r KoH-
rleHTparlr4r4 cToKa u npeo6naAaroqero Tparr3r4Ta

xl4MnqecKrrx 3JreMeHToB, a vx Hrrx(Hrre 3BeHb{ LI Aenb-
TbI peK - KacKa,4HbIe cr{creMbr pacceflIJrrfl. croKa r{ aK-
Kyr{ynqrlHn BerrlecTB, B rrepByro oqepeAb TBepabrx peq-
HbIX HAHOCOB.

Eaccefinosrrft uoAxoA K aHanu 3y noroKoB BeruecrB
rro3BoJrreT BbrrBr4Tb lpupoAHyro xeoxrrMrrrrecKyro cne-
qrranr43arl[ro BoAoc6opoB, orrpeAeJrr{Tb porrb rrpr4ToKoB
pa3Horo [oprAKa B sopMr.rpoBaHHr4 )Krr.qKoro v rBep.qo-
fo cToKa, oIIeHLITb BIMflIJyIe UCTOTIHI4KOB 3alpt3HeHIq,

a TarcKe rrpoB ecTu KorrirrecTBeHHyro flapaMeTpu3arlz]o
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OCAXACHI{{ XI4MIIIICCKIIX 3JIEMCHTOB II COCAIIHEHITfi B
ycrbeBblx o6nacrsx peK ri r{x BbrHoca B rIpI{eMHbIe Bo-

roeMbl. OH npe4uoraraer BbrrBJreHHe KaqecrBeHHbIX

r.rJrr{ KoJrr{qecrBeHHbrx cnqsefr Mex{Ay rrpupoAHo-aHTpo-
rrofeHHbrMr{ xapaKTepr4cruKaMtr no4oc6opoe u 6ar.att-
coM 3arp.fl3H{roxlzx BerrlecrB fKoprrruufi, 2001]. Pe-

II4OHAJIbHbIC IiCCIICAOBAHII' B CXIE CTB CHHbIX IIOTOKOB

rrpoBoA.rrrcfl B ocHoBHoM Arrs. 6acceituoB ManbIX peK

fGarcia-Ruiz et a1., 2008; Olefeldt et a1,20l3f, Ans peK
6onsnrero pa3Mepa ouu 6asupyrorcs vu6o Ha orpaHl4-
lreHHoM qrrcJre r{ccJreAyeMbrx 3neMeHToB fAudry et al.,
20041, :rrz6o ssrnorHeHbr AJUr 3aMbrKaroilIlulx crBopoB

. fHorowitz, Stephens, 2008; Ollivier et al.,20lll.
Oco6 oe 3Haqeur.re 6accefi Hos rI fi. anaxus reppl4To-

pufr zuevr grr KplrrHbrx rpaHcfpaur{llHbx peK, HcnoJIb-
3OBaHHe peolpcoB Koropbrx Mox(er BbI3Barb Mexqy-
HapoAHbre roH $nurcrrr, cB-f, 3aHH bre c pefynupoBaHr{eM
peqHofo cToKa r4 rr,rApoTexHngecKI4M cTponTenbcTBoM,
3afpr3HeHr{eM BoAbr ri ,4p. K vncny raKl{x peK orHo-
curcs Cereura, ro4oc6op roropofi Haxorrrrct Ha rep-
prrroprrr{ AByx crpau - Poccuu u MoHroruu. Ceneura -

rnaeHbrfi npr{ToK os. 5aftxan - o6lema Bceuupuoro
lprrpoAHoro Hacre4ns.. B nocne4lree Aectrllnerze ee
6acc ei.rt lrcrrbrrbrBaer gnd.rnremHoe ycrzneHrre rexHo-
rennofi Hafpy3Krr, B nepByro oqepeAb e r4oHromcxofr
qacrn, uro o6ycnonneuo 6ypurrM pa3BI{TI,IeM yp6ayu-
3alrrLr, Ao6r,rqu 3oJlora v Apyrvrx rIoJIe3HbIX I{cKolrae-
urrx, nacr6l.rrqHof o x{r{B orHoBoA crBa u r.4. flpo6ne-
Ma oKonorllllecKofo cocrotHl{rl Bo.IIHbrx o6rerros 6ac-

cefina Celeurr4, TpaHclpaHurqHoro nepenoca 3arp{3Ht-
rorrIHX BeuIecTB, ax aKKlMynfrIHI{ B Aenbre ceneHru rl
BbrHoca s os. Eafixan npr,rBneKaer BHr{MaHue I{ccflelo-
earerefi MHoTHX crpau lAnerceencxufi u gp., 2013;
Chalov et a1.,2013; Kartheet a1.,20l4;Thorslundet a1.,
2012; Inam et al., 20 lll.

B uacrosqee BpeM{ AocrarollHo xopouo I43yqeH
xulrrz.recrufi cocraB peqHbIX BoA rrraBrlbrr,t o6pa:ont
pocclrfi cxoft 'racru 6accefi na, npono4lrc-f, MoHpITopI{Hr
coAepxaHr.rr pacTBopeHHblx 3afpfl3Htlorlll4x BeIIIecTB
e CeneHre r{ ee ocHoBHbrx rrpr4ToKax. Haunoro cra6ee
I{CCJIeAOBaH IIepeHOC I]OJIJIIOTaHTOB CO B3BeIrIeHHbIMr{
HaHocaMu. Cp eguxr. tr JIorH ocrb rI4Ap oMerpullecKllx
rrocroB s 6accefiHe HeBbrcoKar: na poccuficr<ofi reppu-
Topt4r.r - 1 nocr :rra3750 KM2, Ha MoHronbcKofi - noqrl{
v 4 paza MeHbIrIe (1 nocr na l6 500 ru2). Czcreruraru-
rrecKue Ha6nloAeHxfl 3a xapaKrep vcrvKaM:a KaqecrBa
BOIbr OcyqecrBJrflrorc.s Ha ellle 6olee pe4xofi ceru
fr4ApoloruirecKr{x rocroe. Hanpunaep, B rlpeAeJlax poc-
cuficrofi qacru 6acceitHa M)irHocrb BoAbI clzcreMarlr-
qecKr4 oflpeAerflerc . Bcero Ha 12 nocrax glx 4 per.
OrpanuueHnocrr uu$oprlaquu o6ycroszra ueo6xoAu-
M OCTb rrpoBeAeHut KoMnJI eKcH brx rt{.4ponof o-f eoxl4 M 14-
TICCKI4X I4CCJIEAOBAHI{fi NO CIIIgOfi METO,4I4KC B OCHOB-

nrre Sa:rr BoAHofo pex(IaMa oAHoBpeMeHno e poccufi-
cr<oft z MoHroJrbcKoir \acrsx 6acc;eir:c^a.

Eaccefis Ceneuru nrorla.qbrc 447 000 ru2 pacno-
rrolr(eH Ha reppprropnrd MoHfonuu(67%) u Poccuficxoil
@e4epaqun (330/o ntoryagz) (puc. 1). Cenenra nauu-
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Puc. 1. Pafion 6accefiuap. Cenenra

Fig. 1. The Selenga River catchment area
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Hasrcfl. o't crruflHvrfl. per tr44ep u [enrep-Myp3H u r{epe3

1024 xw BnaAaer n os. Eafixar. Oua, rax rpynHefiuufi
npr{ToK o3epa, exeroAHo rrocraBJrreT e FafiKar onoro
30 rru3/ro4 BoAbr, r.e. orcono 600Z o6rqefi upuxogHofi
qacrr ero BoAHofo 6atauca.

B qenorrr reppr4Toprr.f, Saceeirua Cerenrlr orJII4qa-
srcr KoHTpacTHocTbro ri cJrox{HocTbro npzpoAHblx yc-
lovui1 BJrrr[ro IrrHX na ;rau4ruaSrHo-f eoxl4MuqecKu e

4porleccbr, Sopruuponauue u upeo6pa:oBaHrre feoxr{Mr{-
qecKrrx rroroKoB BerqecrB [epacuuora u 9p.,2014].
Teppuropza xapaKrepr.Byerc-f, cpeAHrrMra r{ Hpr3KrrMH
ropr{brMr{ xpe6rauu (Huu" : 800+2000 u) n coveranura

.c ilfirpoKr{MH KoTJroBrrHaMvr v peqHbrMH AoJrvHaMr{;
cJroxHrrM Jrr4ToreoxuMuqecKfi M Q onorrr, o6ycroenen-
HbrM pa3Hoo6pa:Hurvu MaccHBHbrMH Kpucrannuqec-
Kr{Mr4 nopoAaMu KrrcJroro u ocHoBHoro cocTaBa, qe-
p eAyrorqr{Mr{ cr c BynKa Hof eHHbr Mrr r{ Tepp uf eHHbIMr{ ;
pe3Ko KoHTI4HeHTaJrbHbrM KJ.rr{MaroM c 6onrurofi anau-
:luryp.oir Kore6aHns reMneparypr,r Bo3Ayxa r.r MaJrbrM
KOTHTIeCTB OM OCaAKOB ; 3aMeArI eHHO CTb rO Mr{fpaqr{OH-
Hbrx [poqeccoB rr 3aropMoxeHHocrbro 6uororu.{ecxo-
f o KplroBopora; KoHTpa cr aukr BepruKairbHofr soH anr-
Hocrrr r{ 3Kcno3r.rqrroHHbrx etp$ercroe (or nneanrnrtx 4o
irenurx rangma$ror ) u i xax cJreAcrBrre, pesxofi 4v $-
Qepeuqzaqnefi 6uorennoir. vurpagun BerrlecrB.

flpzp ognue rroroKr.r BerlecrB rpancS opnrupylor-
C-fl TIO.tr BIU-f,HUEM MHOIOqI{CJIEHHbIX I4CTOqHHKOB 3AI-

p-rr3ueHr{r, cpeAr{ Koropbrx B MoHroJrrcr<ofi qacru 6ac-
cefina errAeJr{rorcr r Yran-Farop, rAe B Hacrorrulee
BpeM{ rrpoxrr.rBaer 6onee 1,3 MlrH qeloBeK, T.e. oKoJro
noJroBrrHbr Hacerrenu.fl Monroruru; 3p4suercxzfi ropuo-
o6orarurenrnrrfi rou6znar (fOK) - oAHo z: rpynuefi-
rrrux B A:nu npe4npusrnit no Ao6rrqe 14 o6orauleHvro
MeAr{ r{ uo:ru6Aeua; 3onorbre rrpvvrcKr na p. Tyyn (3a-
arr,rap) u p. Xapaa; e poccraficr<oit qacru - r. Vlas-VA:
c pa:nurofr flpoMbruneHHocrb]o r{ HaceneHneM oKono
400 ruc. rreJroBeK, a raKxe r. 3axauencx, r4e oco6yro
3KOnODrqeCKyrO OIaCHOCTb rrpeAcTaBrr{IOT XBOCTOXpa-
Hr4rrr4u\a 6rrruero [xr{Ar{HcKoro eonl$parrao-volu6Ae-
HoBoro r<orvr6uuara. Heo6xolalro orMerllrr u 6rrcr-
poe pa3Br{Tr{e cenbcKoro xogxficrna r nronronrcrofi
.racru 6acceiiua, conposoxAaroilleec{ 3arpt3ueHl{eM
BoAHbrx o6rerros H rerpalia\Lreft uacr6uqnbrx 3eMeJIb

[Orypeena u sp.,2012].
Marepuamr r{ MeroAbr ucclreAoBaril{fi. Pacclror-

peHbr p*ynbTaTbr KoMrrJreKcHbrx ru{ApoJIoIo-IeoxI{MrI-
irecKux uccneAoBaHr4fi arropon, BbrrroJrHeHHbrx e 201 1-
2013 m. 6onee.{eNa na 100 crBopax r upe4enax MoH-
roJlr{r{ -Hape(ax Cenenra, Opxon, Xarrron, Tytn,Xapa,
3poo, 3r; asPoccw- Ha peKax Cerenra, Yga, [xu-
4a, Teunur, I{ur<ofi , Xunor; Opourofi, I4rauga,Knpau,
Ku apa, Xenrypa, Ygyura, Cyxapa, Tynryft, Men:a,
Byfi , Epxnra, I4rKa, r{enyrafi Kyp6a, KoAys, KzxnHra,
OHa. I4cnol63oBaHbr raK)Ke MHofoJrerHrre aaHHbre o
xapaKTepLIcTIiKax cToKa BoAbI H B3BerueHHbrx HaHocoB
c rrocroB fu4ponaercnlx6 P(D u Monronrzr.r, pacrroJro-
xreHHbrx e 6accefiHe Cerenru (plrc. 1). Cpeguroro us-
MepeHHyro MyTHocTb An{ pur3Hbrx cTBopoB MHororrer-
nux na6nroAenr.rfi errqr4cJr{Jrr{ rro $oprtryre S"o:IS,/n,
fAe n - qr4cno ngr, B Koropbre npoBoApIJIIrcb I.I3Mepe-
tIJlIt.

B xoAe froJreBbrx pa6or u:rraeprirr{ pacxoAbr BoAbr,
neruuuuy pH, ORP, TDS, or6upa"ulr npo6rr aogu (6o-
nee 400), B3BerrreHHbrx HaHocoB (6onee 400), AoHuux
ornoxeHnfi u rroqB (6onee 500). I4s-:a orHocl4reJrbHo
cta6oia a3) {eHHocrll oco6oe BHrrMaHr{e yAen{nr{ B3Be-
rrreHHbrM HaHocaM. ,{na oupe4erteHz.s MyrHocrlr Ha
crpexue rroroKa npo6r,r no4rr or6upanu 6arouerpol,r-
6yrunxofr. OcaxAaru B3BeIIreHHbIe qacrl4llbr c noMo-
rqrro Sunrrponanrnofi cr{creMbr <Millipore> uepe:
ueu6pannue Surrrprr (auarvrerp $utrcrpa4,7 cM, pa3-
Mep rrop 0,45 vrru). Ha xourponbHblx crBopax HapflAy
c nprMbrM (necoruu) MeroAoM orpeAeneHllt coAep-
x.A]J]dfr B3BCIIIEHHBIX IIACTI{II B BONC HCNONb3OBANI4 OII-

ru.{ecKufi croco6 orIeHKr4 MyrHocrr{ $oronryrnorr,repou
(HACH> 2100P.

fpanyrorr,rerpuuecr<zfi cocraB B3BerueHHbrx HaHo-
coB aHaJrrr3up oBarJIl Ha Jra3ep H oM rpaHyiloMeTpe
<Frits ch Analysette 22>>. C ogepxaHrle opraHnr{ecKoro
BerrlecrBa Bo B3Bech onpeAerrxnocr ru6o ua CHNS-
aHanr{3arope, nu6o no rlorepe npr4 npoKannBaHlfi4 B
vry$enruofi neiru npn 400'C c flpeABapl{remHofi o6-
pa6mr<ofi KoHrleHTprrponannofi HCI a:r-fl WaneHvfl. Kap-
6onaros. Konzqecrso pacrBopeHHoro opfaHnqecKoro
BerqecrBa orrpeAenqnu Ha auarrpr3arope <Shimadzu
TOC-L CPH> Ha ocHoBe onpe.qerreHufl HeoqurleHHofo
opraHprqecKoro yrnepoAa O{POC) n npo6ax BoAbr, rpo-

$llrnrporanHr,rx qepe3 lrelu6pannue Qnrrrprr c pa3-
MepoM nop 0,22 nmrvr. Ananra3 rpaHynoMerpuqecKoro
cocraBa I4 coAepxcaHvfl opl-aHtrrrecKoro BeIIIecTBa BbI-
noJrHeH n na6oparopuax reorpaSr{rrecKoro $arcynrre-
ra MfV HMeHH M.B. JlorraonocoBa.

Co4epxinue [rr{poKoro Kpyra xr4MI,rqecKHX 3JIe-
MeHToB (Li, Be, B, Na, Mg,A1, Si, P, S, K,Ca, Sc, Ti, V,
Cr, Mn, Fe, Co, Ni, Cu, Zn,Ga, Ge,As, Se, Br, Rb, Sr,Y,
Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd u tp.) n pacreopeuuofi

$opue (Cou",u, urrh), n rnepgo$a3HoM coc:ro{HwvI B
cocraBe snerolnrx (C-, nrrcr/r) r{ B3BerueHHbIX (C",",
MKr/r) HaHOCOB OrrpeAenrnu Macc-crIeKTpaJrbHbIM Me-
ToroM c r.ru,4yKTr.rBHo-cssgaHHofi nna:vofi n aroMHo-
3Mrrccr{oHHbrM MeroAoM c r{HAyKTl4Buo-ces3auuofi
una:uofi ua upn6opax <Elan-6100> z <Optima-4300
DV> (<<Perkin-Elmer>>, CIIIA) no Bcepoccuficrou uu-
crr4Tyre Mr4HepanbHoro cbrpbr r4MeHIr H.M. (De4opoe-

croro (BZMC).
Co4epxauue xr{Mr{qecKrrx 3reMeHToB B BoAe cpaB-

rrvrBarrv c poccuficnnMvl caHvrapHo-rr{fileHurrecKltMu
HopM arrrBaMr4 Ans BoroeNloe xogsfi crBeHHo-rII{TBeBo-
ro H r{yJrbrypno-6rrroeoro BoAotIoJIb3 oBanufl. (IIIK"),
a raKxe BoAoeMoB prr6oxo:xficrBeHHoro :naqenrz-a
(IIAK"'). ,{rr xaparrepvcrrrKvl 3arp.fl3HeHr{t B3BerxeH-
Hrrx ndnocoB paccqr4TbrB arrv 3na'r'enprx rosS$nquenra
KoHrleHrpaqrau (K") u cyMMapHbr ir noxazaretr Z 

".BeuecreeHHbre [oroKr{ vsyrailv c 14cnoJIb3oBaHpI-
eM AerepMr.rHr{poBaHHor{ MoAeJrr{ QopMr{poBaHvfl cTo -

Ka c [onypac[peAeneHHbrMr.r napaMerpaMl4 Ecomag,
MoAerru gpo3r4oHHoro rroreHr1uana RUSLE H pen4oHzul6-
Hofi vegorruvaruqecrofi Morerru COSMO-CLM. Ana-
nr.r3 IlpoqeccoB rrepeHoca rr aKKyMyntqul4 BeulecrBa
ocyrqecrBn-finc-fl Ha ocHoBe o6o6urenu{ cereBblx I{ 3K-
cneru{rlr4oHHbrx AaHHbD(, I{HTelpupoBaHHbrx c BbDoAHbI-
Mu AaHHbrMt4 ruoAenefi $opurzpoearu{t BerIIecrBeHHbIX
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floToKoB B MOIeJITX pefr,roHanbHoro (MoAenb cMhrBa rr
6astanca HaHocoB S edNET), p ycnoBoro (o4uoir,repHaa
f xApoArrHaMr{qecKaf MoAenb 250-xr.rnorrerpoBoro }qa-
crKa p. Tyyn-Opxou, HEC-RAS) H rroKaJrbHoro Macrx-
ra6a (:po:uouHar MoAenb AocraBKrr HaHocoB c yqac-
rra paspa6orKrr poccbrrrHofo 3onora n golune p. Tyyr,
wATEM/SEDEM).

Pesy.urrarsr ucc.rreAoBaHuuit n ux odcyxAenue.
B odnocmt pex. Cpegnevtnoronenrrzfi ro.qosofi o6rerra
croKap. Cenenra pazeu29/ xu3, uau6omurufi o6reu
croKa cocrantxet 46,4 KM3, HauMeHrIuufi - 16,3 Icra3.

lnx per< e 6accefiHe Cenenru xapaKTepHo xpaftne ne-
'paBHoMepHoe paclpeAeneHr{e croKa BHyrpu roAa: 80-
90o/o o1renta foAoBoro croKa rrpuxoAvrrcs. Ha rennyro
qacrb foAa, sraMofi oH He3Hairr4Tenerlarru orcyrcrByer
B cJreAcrBr4e rrp oMep 3aHur BoAoroKoB. flp axrnv ecru
e)KeroAHo B TerreHr.re 1-4 rrecxqen npeKpar{aerc{ croK
Ha peKax c rnoulaAbro no4oc6opon ao 40 000 ru2, npn
3ToM B frocneAHr4e AecflTLrrrsrvrfl croK p. Tyy'r (nnoqa.qr
ro4oc6opa oxono 50 000 rcu2) Hlrxe r. Vnau-Earop

Sopnanpyerc.fl ncKrroqr,rreJrbHo croirHbrMr{ BoAaMrr H
npeKparqaercfl. Ha paccroflrrrrv -100 rrr Hrrxe croJrr{-
qlrMouronzlr.

C 1995 r. na6nro4aerc'a nepuog MaroBoAb{, xapaK-
repusyroqnfic.s cHlrxreHueM pacxoAoB BoAbr B 21 pasa
Ha peKax dacceirua Ceneuru n npeqenax MoHroJrHr{ r.r B
1,5-2 pazannpe4enax Poccuficxofi @e4eparlhr{ Iro cpaB-
HeHprro c uepr4oAoM 1983-1995 rr. B r<aqecrBe Henoc-
peAcrBeHHbrx rrpuquH MaJroBoAbr yr€3aHbr o6rqee oc-
ra6reune qlrprg/Jrfltprr{ B o6racrrl KoHBepreHqr{rr Bo3Ayru-
Hbrx Macc wepeHHbrx ruklpcfl u BocToqHoa3r4aTcKoro
MyccoHa, a raIOKe rno6ansnrre KrnMarl4qecKrre I{3Me-
nenux [FepexHbrx ri .{p., 2012]. Telrn ncrreuneuuavpait-
oue Eafirana (1,2 "C) 3a rrocJrerHee cronerr{e u 2pasa
npeBbrrxan pocr uo6amHofi relrneparypbr, uo 6rur cy-
ulecrBeHuo Hr.rx{e, qeM HaA oKpyxaroqefi cylrei4 (2 "C
4nx I4pxyrcra), vro Moxer 6urr creAcrBr4eM r.rHepqr4r{
BoAHbrx uacc Bafrrala flllurr,rapaeB u Ap., 2010].

Tp urucnopmup 06Ka HsHoco6. 3Ha.{nrersHaq
qacTb 3arpr3Hsrorqux BeuIecTB, MurpHpyfoll{I{x c peq-
HbrM croKoM, cBf,3aHa c rnep4ofi $asofi, npelcraBneH-
uoft rgneureuHbrMrr rd BneKoMbrMr{ HaHocaMI{. Cenenra
e)Kefo4{o BbrHocrrr K BepIxI{He .qeJlwt t 1,73 N[rtrr r B3Be-
ueHHbtx HaHocoB. r{To cooTBeTcTByeT cpeAHefoAoBo-
My pacxoAy (R), panuouy 55 rcr/c (1941-2013 rr.,
pa3r,esA Mocronofi). B suxueu reqeHua p. Cenenra
u:uepennufr TeMrI cMeqeHr{fl Kp},TIHEIX rptA cocraB-
nqer 1390 nalro4, T.e. croK BJreKoMbrx HaHocoB orleHr4-
B aer c . e enr4.ruHofi 0,7 7 tvl.rtu r l r o g utu -4 5 Yo cywvap -
Hofo croKa Har{ocoB. Tar<vn o6paeou, cywrrapurrfi crorc
B3BCTEHHbIX I{ BIICKOMbIX HAHOCOB K ICIbTC COCTAB-

lxe'r 2,51 nnu r/ro4, qro ro r<pafinefi Mepe B 2 paza
MeHbrrre, qeM croK HaHocoB B lpeArxecreyrorqnfi ne-
pr.roA BoAHocru [Iorevruua, 20IIl H coorBercrByer
yMeH b rxeH r{ro cp eAH erolo B br x zrr a'teHuir MyrH o crr4
BoAbr or 3 nar/n (p. lenrap-Myp3H, BepxHee reqeHr4e
CeneHrn) Ao 70 ur/n (e nnxueu rerreHr{r,r Cereuru) sa
rranoao4nr,rfi nepr4oA 1996--2015 rr. no cpaBHeur.rrc c
MHoroBoAHbrM nepr{oloM 1983-1995 rr. [Chalov et al.,
20 | 51. Yra:aunrre rer{AeHrlr4rl o6l-fl cHxmrc-fl rrrApoKrrr4-
Marrrqecxl{Mra Saxropaul4 - cHr4xceHr4eM BoAHocrI4, a

TaKxe yMeHbrx eHr4eM c enbcKoxo3fl fr crnennoro ocBoe-
Hr4r 3eMeJrb n Bypxruu B KoHrIe XX-uaqare XXI s.

B nepxnefi qacru 6acceitra Cenenru 3HaqIzTeJIb-
Hbre repplrrop r4v 3atflTbr fopHocrerrHbruu,raH4rua$ra-
MH, rrocraBJrrlolql{Mpr B peKri 6omurofi o6reu rrep-
Abrx qacrrru npr4 Bbrrra.4euutr rruBHeBrrx ocalroe. Ha
orAeJrbHbrx )AacTKax peK B rrepuoAbr rroBbrrneHHoro
crora na6nro raercs. crrnbHoe yBenr.rqeHlre MyrHocrII
BOAbr C ee nocJreAyrou[,rM npoAoJIbHbIM cHHxeHHeM.
B uepuo4 MexeHr{ peKr{ B qenoM xapaKrepl,I3ylorc-l
rIpoAorIbHbIM yBerHrIeHLIeM pacxoAoB B3BeIIeHHEIX
HaHOCOB, B rrepByro OqepeAB 3a ClreT rrpr{BHoca MaTe-
pvara or 6oroerrx npvroKoB, MaKcpIMaJIbHrIe pacxoAbl
c[MeqeHbr B crBope Bbrrue AeJrbrrr Cenenru.

Ha uyrnocrb MaJrbrx per r 6accefise Cenesrz
cHJrbHo no:4eficreyror yp6anuzaqr4s u ropHble pa6o-
rrr, B npe4elax r. Yrau-Earop B pa3Hbre Qasu no4uo-
ro pe)Kr{Ma MyrHocrb Borbr p. Tyyn, npaeofo [plrroKa
p. OpxoH, Mox{er yBennirr.rBarbcs 6onee qe\a s 5 pa3 no
cpaBHeHr{ro c ee BepxHr{M TeqeHr{eM. B nepno4 :uu-
neil lreNeHu B ycJroBrrrx npupoAHoro [epeMep3aHnfl
croK p. Tyyl $oprr,rupyercr 3a cqer c6poca croLrHbrx
BoA co cpeAHZM pacxoAoM or<ono 5 u3/c v ucrnrow.rrem-
Ho BbrcoKr{Mr,r 3HarreHvrrMr{ MyrHocrI,I ro4u (>300 r/u3),
qro rrpxBoAur r $oplrvpoBaHrrro nporsx{eHHoro
(>400 rru) mefiSa 3afp.fl3HeHHbrx BoA Brrrlorb Ao ycrb.s
pexu. B p. Xanranrrnron, He6orburoM npzrore Opxoua,
B AonvHe xoropofi pa:pa6arunaercr MeAHo-rrorz6ge-
HoBoe MecropoxAeHr4e r4 HaxoAHTc.s r. 3p4erisr, c6poc
npor{3BoAcrBeHHbrx r4 ApyMx srortrrbrx BoA nprrBoAr{T K
yBCJIITTIIeHUIO COAepn€HI4lI B3BeIIIOHHbIX BeqeCTB B BOI€

B .4ec.rrrKr{ pas. B orAeJrbHbre ce3ou6l yBenuqvBaerct
MyrHocrb per 3poo, flxugau 4p.

flpr.rpo4urre p a3 nkrnils. ycnoeufi S opnzp oe a n nr
croKa HaHocoB onpeAerrf,ror HeoAHopoAHocrb r4x rpa-
HynoMerpnqecKofo cocraBa. 9acruqu pa3MepoM
<0,05 urra rrMeror, KaK npaBr{no, 6accefiHonoe npouc-
xo)r{AeHue, a 6o:ree KpyrrHbre $paxquu - pycronofi re-
Hesrzc [Arer<ceercrufi, 1998]. B per<ax 6acceftHa Ce-
JreHfr{ B cocraBe B3Becpr npeo6ragaror vacruqrr 6ac-
cefinoeoro reHe3rzca, r4x coAepx(aHue AocroBepHo
cBr3aHo (r: 0,79) c Myruocrbro Bo,qbr. B cpe4ueu
>50% crora B3BerrreHHbrx HaHocoB cocraBrruor irac-
Tr4qbr Ar{aMerpoira 0,01-0,05 uvr, c MHofoKparHbrM r{3-
MeHeHHeM r4X KpyrrHOCTr,r B OTAenEHbre Ce3OHbI rOAa
(ra6l. 1). CpegHrift tvrcnuau:uytit Ar{aMerp B3BeIrreHHbrx
HaHocoB dros20ll2013 rr. cocraBrrrr 0,066 uu. Mrz-
HvMaJrbHbre 3HaqeHr{r d50 (0,014-0,025 rr.rru) orMeqe-
Hbr B cpeAHeM r4 Hr4x{HeM TerreHr{r4 per Opxon, Eopoo u
Tyyl, warccuMarrbHbre (0,485-0,825 vru) - B BepxoBb-
rx peK TyyryXaapa,Yaa.

B uepzo4u naBo.qKoB B cocraBe B3BerrreHHbrx Ha-
HocoB Bo3pacrasr Aon.rr roHKoAuclepcHux Spar<qufi,
rrocrynneHr4e Koropbrx B peKr{ cBt3aHo c [oBepxHocr-
HbrM npr4poAHbrM r.r TexHoreHHbrM cMbIBoM, 3po3l4erI
rroqB 14 orBaJroB nopoA ropHo4o6lrrarculux npeAnplrt-
rufi, crorou c cenlrre6Hsrx reppl4Toplrfi, ctovHuruu
BoAaMu u gp. Mem<ue lracrr{rlbr 6accefinoeoro reHe-
zuca o1rrararor nrrcoxofi cop6quonuofi cloco6nocuro
u ErparoT 3HaqHTenbHyro ponb B rrepeHoce 3arp.{3H"rrrc-
IIII4X BEIIICCTB.
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fI p z lr e q aH v fl,.llpovepr rroKa3areJrb He ofipeAe;rr;rcs. * M - uonrorrscrax, P - poccaficKas qacrr 6accefiua; *x e cKo6xax -

6* yrera p. Tyyn nuxe Vnan-Earopa.

Co4epxaHne opfaHurrecKoro BerrlecrBa B cocra-
Be B3BecI4 Bapbl'IpyeT or 23,6Yo B naBoAKI'I Ao noqTrl
norlHofo ucqe3HoBeHr{s'B sr,I[4Hroro Me)KeHb (ra6r. 1).
Cpe4Hee coAepxaHrae Coo. e nepnoAbr 3KcneAl{qrroH-
Hbrx rrccneAoBaHr.Ifi cocraBntno or 4 ,{o 6Yo. Muuu-
MarrbHbre 3HaqeHrrr (<2%) orMeqeHbr Ha ) racrKax peK,
r.rcfrbrrbrB aroll+rx crrnbHoe rexHof eHHoe Bo3Aefi crBrre
(ao6uva 3oJrora, KpyrrHbre rcpoAa), MaKcHMaJrbHbIe -

Ha yqacrKax c Hr43Kofi aHTpoloreHnofi narpysxofr. B
BepxHeM reireHr.ru per< Opxou, Tyyt, Xaapa coAepx(a-
HHe OptaHr{qecKofo Be,ruecrBa Bo B3BecI{ cocraBl{Jlo 6-
lIo/o,uapoccwficxr.o< upuroxax Cenenru oHo elrle BbIIre:
e p. Xenryp a - 10,40/o, n p.,{xu4a - l3,3oA, e p. Teu-
ttut<- 23,6Yo. Co4epxau"" Coo, Bo B3BecI4 noABepxe-
HO Ce3OHHbrM H3MeHeHI4tM - JIeTOM OI{O nOBbIIneHO, a

oceHblo u znMroit rroHr4xreHo.
Taxrau o6pa3oM, nplr [epexoAe cr:r BepxHr{x 3BeHb-

es 6accefiHa Cenegru K Hru(HnM B cocraBe B3Be[IeH-
Hbrx HaHocoB )rBerrurrr4 BaeTcf, c olep)(aHl4 e ToHKoArlc-
nepcHbrx qacrr4u. B unxHefi qacrn 6accefiua Ceresrn
upeo6nagaror npoqeccbr aKr(WynflIII4r{ HaHocoB B na-

eo.4oqHrrfi [epr4or u pa3MbrB pycnoBblx ornoxeHr.rfi s

MexeHb fAnexceencrufi. u gp.,2013). Ha rasyreuurrx
frocrax o6uryrfi BKJTaA iloroBoAb-s rr naBoAKoB B TpaHc-
rroprr{poBKy B3BerrreHHbrx HaHocoB cocraBirrer oT 52
lo99o/o rixroAoBofo croKa. Caxrax BbrcoKarAoJUr cro-
Ka HaHOCOB sOpuzpyerc.rr B MHofoBoAHbIe roAbl, HaI{-
MeHbru€u - B M?uroBo,4{rre. .{nr nalr6onee xpynHbrx peK

Aonr croKa HaHocoB B roA co cpe,4neft BoAHocrbro co-
orBercrByer cpe4nefi MHoroJreTHefr Aone croKa B0A6I
ga reumri [epr{oA. Ha uanux peKax ponb flepuoAa
IIOBbIIIIEHHOfi EOIHOCTU B IO.trOBOM CTOKC B3BCMCHHbIX
HaHOCOB MaKCrurMaJrbHa. llOryrenuble xapaKTepI4cTI{-

Kr4 TpaHCnOpTI{pOBKr4 HaHOCOB rrO3BOJrr4nIi KOJrr{qeCTBeH-
HO OIIeHT{Tb feoxl4Mr{qecKr4e rroroKH BexlecrB B plccJre-

AyeMoM pequoM 6accefrse.
Pacmeoperuruue frop*tot mflJtcenbtx Jwem&rnor

u Jwemuflnoados e pevHbrx eodax. Pexn 6accefina

Cenesru B rlenoM r4Meror Hrz3Kyro tvrvueplIru3alll{rc -

50-l 50 rr.rrln s nepuoAbr uonoeoAufi r rarogroe, 100-

200 vlr/t B MexeHb. Muneparursallntr peK B MoHrorlbc-
Kofi .racr[ facceitsa c[HocI,ITeJrbHo rroBbIIIIeHa [3-3a
MeHbllero KoJrr{qecrBa ocaAKoB u 6omurefi 3acyrunn-
Bocrr{ KnuMara. Muuepanvgar\ufl, BoAbI B CeneHre co-
craBJrrer 150250 rrar/n y rpaHI4IIt'I Pocu'Iu z MoHro-
rulu (uoc. Hayurcn) r{ )MeHbrnaercs lo 100-150 ur/n
BHr{3 rro reqeHrrro no Mepe pa:6aueuufl, Botrav.u npu-
roxor (pexz [2xu7p,Teunrzr, Vrarofi, Xvnox, Yaa u gp.).
Bonee errcoraflvinHepann3allut BoAbI (>300 vr/n) xa-
paKTepHa AJrr MaJrbrx peK, ApeHllpyloqux 3acorleHHble
nopoArr (p. Kupau, rprrroK p. 9urofi) nu6o rloABepxeH-
Hbrx rexHoreHHoMy sosAeftcreurc (peru Mo4oHKyrb,
XaHranrrnron), PeunsIe BoAbI HMeror ru4porap6ouar-
Ho-Kuurbrlu eBrrft cocraa, nefi rpanrnyro ra cna6ouleno.I-
Hyro peaKrlr4ro cpeAbl (pH 7,0-8,0), ua or4enrnblx ) {a-
crKax - uleJroqHyro (pH 8, 0-9,0). Co4epxanue pacrB o-
peHHbrx opfaHuqecKrrx BerrIecTB B MexeHb Bapbl4pyer
B lpeAenax 2-5 tu:rlx, Bo3pacraf, B noJloBoAbe Ao l0-
15 nrr/n. llonrrureHnoe colepxaHue Coo. nepeAKo or-
Meqaerc{ s CereHre y noc. Haylrxn, bHns rlo reqe-
Hr4IO OHO CIlLDKAgfCfl, r{TO OoyCnOBneHO npI4pOAHbIMrI

$arropalru. Hrzxe r VraH-YAs u:-sa c6poca fopoAc-
KpIX CTOIIHbIX BOA COAepXaHHe OpfaHUqecKVX BelqecrB,
oco6euuo nerKorl4ApoJll{3yeMbrx, E Ce.nenre cuoBa Bo3-
pacraer lEaurenxaeaa u rp.,20061.

P a:uoo6pas{e npr4poAHrrx ycnonr.rfi ro4oc6opuo-
ro 6acceftsa B coqeraHlzl4 c rexHoreuHrrl,r eosneftcrsu-
eM orrpeAen-fler ypoBeHb coAepx(aHH{ H IIpocTpaH-
cTBeHHbre pa3rryrqvs. B pacnpeAeneHl{Ll pacTBopeHHblx

$opu xuuuvecKl4x 3JIeMeHToB B peqHbIX soAax. PeKz
6accefisa Cenenru orHocrrreJrbHo cpeAHerc coAepxta-
Hr{rrB peKax Mr.rpa [Gaillardet et a1.,2004; fop4een, 2012]
e Hau6omruefi rraep e o6oraqeHbl pacrr opeHurrw $op-
rraauu Fe, 47, Zn u Pb, cpe4nee coAepxaHHe KC[opbIX
KaK B rraBoAor 2011 r., TaK I{ B Mex(eHb 2012 r. Ha no-
prAoK rrpeBbrcr{no cpeAHeMlrpoeoe (ra6n. 2).

3ru uerannlr o6pa:ynr n ep syto ct c c oLlu alluto,
oHrz cna6o uoAeHxHbI e nefirpa.nrnofi r.r rqenoqHoil cpe-
Ae, Ho Mofyr o6pa:oerrnam pacrBopl{Mble KoMIrrIeKc-
Hbre coeAuHerlas c opfaHr{qecKlrM Bell{ecrBou [Kpafi-

PacxoA soaH (Q), ee M'"THocrb (S) N coaepxaHue Coo" Bo B3BerrreHHbIx HaHocax

Ilepuo4 r43MepeHr4;
CesoH M/P8

Q, nsic S, ur/.r Copr,%

IOA ila'fa max min max mln cpeAHee max mrn cpeAHee

2011 r 5.07.-2s.08IIerHr.{e rraBo.uKu
M 465 0,10 2850 6,4 229 I  O , J o q ? 6 ' 7 5

P 902 47 1,4 1 8

2012 08.06.-15.07
Mexenr u HalraJro
IIaBoAKOB

M 107 0,07 1249 82 12,8 ) ) \ 5,62

P 1439 150 1 a 50 ) '7\
6,09

2013 05.09.-30.09.Cnaa nanoAroe
M r05 0 ' t 225 6,'7 73 12.6 0,42

P 43 2,0 25 23,6 6,2r

20r4 06.08.-25.08.Ilernrae rraBoAKu
M 147 t t  \  | 43

P J I ) 9 7 I a  {

20t5 03.03.-25.03.3utvttxg Mexegb
M 64,8 0 )  t z 0,68 18 (5)** 1 q q o ? 1 0,7r

P 9 ,12 o q l ) )
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ilaeoAox,
20r1
(7 4) '

Mexenr,
20t2
(9S)'

Cra.q
IIaBoAKa,

2013
o2\ l

Percu
utupa'

uxr/r uxr/:r K" rrrr/n K" uxrh

Fe A l l 6.4 725 1  1 , 0 26 0,4 66

A1 439 13,7 A J J L J . ) 28 0,9 ) z

Zn J I 51,7 8 ,9 1 4  R 7,0 1r ,7 0.6

Pb t . l 1  1 , 0 I A 14,0 O,  I 1 ,0 0 ,1
Cu 2 . 1 t . 4 ) ' l 1 , 8 t a t , 0
Ni 1 . 4 1 . 8 ) o 0,6 0,8 0,8
Co o l 0,4 2,0 0 ,1 0.2

Br 92 4,6 24 1 ' I t ) 0,8 20
B l 8 t , 8 l l 1 . 1 l l t . t l 0

Mo 2 , 1 t . 6 4 0 t ) 3 ,0 0,4

AS 1 A 4.0 t . l 1 , 8 l ) 2,0 0,6
U 2.3 5.8 2.3 S R t . 3 0,4
Sr 211 ? 5 1 8 4 i 1 127 1 1 60
Li \ 4 3 ,0 A '

L r J 3.4 l q 1 , 8

Ba 22 t . 0 ) 4 1 ,0 t 7 0,8 L J

M.n 24 0.7 47 1 4 ) q 0 ,1

T  a 6 r ' u u a  2
Cpegnee coAepxaHne pacrB opeHrrr,rx r[opu xrrMrrqecKr{x

sJTeMeHTOB B peqHbrx BOAaX 6aCCeiiHa cereHru

I l p n n e q ^ a H r l  x : ' -  4 a u u a e  a B T o p o B ,  B  c K o 6 K a x  *

vzcno npo6; ' - cpelnee coAepxaHile B peKax Mr4pa

fGaillardet et al., 2004];'- K. - roa$@uqzeHr KoHIIeHrpaIII4n
orHocr{TeJrLHo cpeaHefo coaepxaHr4t B peKax Mr.rpa.

HoB r{ Ap., 20121. CogepNauuepacrBopeHHoro opfaHr.r-
qecKoro Be[IecrBa B peqHbrx BoAax 'acceitsa Koire6-
Jrercfl B Irrr4poKr4x npeAeJrax B 3aBrrcr{MocTH oT cBofrcTB
IIoqB Ha BoAoc6ope, KonrF{ecrBa ocaAKoB, aHTpo[oreH-
Hofi AerrenbHocrH rz Apyflrx $axropoe. B ngrsue ce-
3oHbr 2011 14 2012 r. cpelHee coAepxaHr{e Coo. u pa-
crBopeHHbrx $opna uvrannoB yKa3aHHofi Bbude acco-
\ua\un 6r,rno cyrUecreeHHo Bbrlle, .{eM B 2013 t, KorAa
3HAI{ZTEIbHA{ I{ACTb T')(CJIbIX MCTAJIJIOB I4 METAIIO-

r4AoB (TMM) laorua 6rrrr rrao6unr{3oBaHa H3 IroqB H
orno)KeHr4fi B rrepHoA cHJrbHbrx Aox(Aefi, npe,4urecTBo-
BaBrurzx SKcneAr{rIr4oHHbrM r{ccJreAoBaHpr_f, M, B pe3ynb-
Tare qero cpeAHee coAepx(aHHe Fe oKa3anocb B
2,5 pat:,a Meubrrre cpeAHeMr4poBoro, Al H Pb - 6nlrgrco r<
HeMy r{ nr{rnb coAepxaHrre zncoxpaHuJrocb BbrcoKrrM.

CogepNanue Fe u 4ppux MeTaJIJIoB B CereHre u
6onruruncrse ee npr{ToKoB B HarraJre r.rronfl.20l2 r. 6bulo
Bbrrrre, qeM B r4roJre-aBrycre 20ll r., qro, rro-Br4Ar{Mo-
My, cBr3aHo c IIOBbIIITeHHbIM CO.4epX(aHr4eM OpfaHr4qec-
KO|O BerrlecrBa B peqHbIX BoAax B rlepr4oA rrocrre Taq-
HH.f, CHera. KOnu.recrso opfaHlllqecKofo BerrlecrBa B 3To
BpeMr yBenr4quBasic.fl BHu3 IIo TeqeHr{ro peKI4 [r{e6br-
Kr4H r{ Ap., 20121. B sro\a x(e HarrpaBJreHr{r{ rroBbluaer-
cfl coAepxar{r4e Fe - or 200-500 B cpeAHeM r.r HrrxHeM
reqeHr{r{ peKr{ Ao 500-1000 MKr/n (uHo|Ia Ao 1500-
2000 rur<r/n) B BoAoroKax Aerrbrbr, rITo MOKer 6bITb
cBr3aHo c TeM, qTo oHo nper{MyrrlecTBeHHo HaxoAI4Tct
B $opMe MerannoopraHvqecKr4x coeArrHeHr4fi, a raK)Ke
c yczneHHofi Mo6r4nu3arlr.{efi Fe e [epeyBnax(HeHHbrx
rrorrBax ri orrrox(eHHflx B nerHufi [ep[o.4. EuIe 6onee
BbrcoKa.s KoHr{eHrpaur4r Fe (Ao 2000-5000 MKf/n) yc-
TaHOBJTeHa B HenOCpeACTBeHHOft 6nragocru or ocHoB-

Hbrx oqaroB ropoAcKofo r4 ropHorrpoMtlllrJleHHoro 3ar-
pfl3HeHurfl. (rr. Ynan-Yg3, 3pA3H3! 3aauap).

Co4epxaHue pacrBopeHHbrx Sopnr MeraJrJroB Mo-
)I{er pe3Ko yBenvqr4BaTbcr Ha BorrHe naBoAKa. Tax,29-
30 utols.2}ll r uap. Opxon B pafioHexapxopr4Ha nocne
cr{JrbHbrx wrBHefi na $one 6ucrporo (n reueuue cyroK)
noAbeMa ypoBrrr{ Ha 1,5 M r{ pacxoAoB BoAbr B 2paza co-
,4epxaHr.re prla MerannoB MHofoKpaTHo Bo3pocJlo: Fe I4
A1- c 30 Ao 300H000 rvncrh, Zn- c 0,5 Ao 7-8 ur/xn,
Pb c 0,1 ro 2,5 naxr/,r. flocre rpoxoxAeHllt rlaBorKa oHo
6ucrpo cHr{3r{Jrocb Ao o6hr.{Hbrx 3HaqeHI,Ifi .

B mop aa qccor4ucrq un o6reAunser xI4MI{qecKI{e
SJreMeHTbr, Har.r6onee [o.4Br/D'KHbre B perrHbrx BoAax 6ac-
cefiHa Cerenru, Ars Koropbrx npeo6nagaer AoHHa.f,

$oprraa Mr4rpaquu: Sr, Li, U, Br, B, Mo, As. |Ipu :rovr
ecnu cpeArree co.4epxaHrre pacrBopeHHbrx Br vB ilppr
grHocHTeJrbHo HI{3Kprx pacxoAax BoAbr coofBercrByer
cpeAHeMy Anr peK Mrrpa v rrldrrrb B naBo.qoK BbIIue Hero,
To KoHrleHTparlu.rr Sr, Li, Mo, As u U ycroirruBo, BHe
3aBUCr{MOCTU OT Ce3OHa, npeBbIIIIaeT CpeAHeMHpOBbIe
3Har{eHr.rf. 3ro lroxer 6rrrr cnxgauo KaK c pefrroHanb-
Hofi reoxuMurrecKofi cneqnanu3agueit 6acceitHa, TaK r{
c 3acynnlrBocTbro B ero MoHroJrbcKofr rlacrrr, AJIfl Ko-
ropofi xaparcrepeH noBbIIIIeHIrufi $ou nerrorloABllxtHblx
gJreMeHToB. Tax, r peKax MoHfonbcKofr ilacru daccei,wa
coAepxaHrre Br Aocrraraer 400-500, B - 50-70 uxr/n,
TOrAa KaK B pOCCHftCKOft qaCrn AJrr O6OI4X 3JTeMeHTOB
oHo Bapbr4pyer B rrpeAeJrax l0-20 rr,rxr/n. cxogHoe npo-
crpaHcrB eHH oe pacnp eAeneHr{ e xap aK-repHo AJI.g IJ,
MaKCI{MUUIbHOe ConepxaHr4e KOTOpOTO B MOH|OJIbCKIIX
peKax Aocrr4ruer 12)5 MKilr, a raKxe Anr Apyrux
SJTeMeHTOB ACCOL]1IA\Hn HaU6OruUree COAepXaHI{e
JrefKorroABr.rxrHbrx 3JreMeHToB (B 2-5 pa3 Bblrne cpeA-
HeMr{poBoro) orueveno B rraBoAoK, rrro MoxHo o6wc-
HI{Tb I{X I,IHTEHCI{BHbIM BbIIUCNAqUBAHUCM H3 IIOqB BO-
AOC6OpOB rrplr BblnaAeHr{ri JrrrBHeBbrx ocaAKoB.

Ipra rlounropr4Hre rroB epxHocrHbrx B oA 6accefi Ha
Cenenru oco6oe BHlrMaHne npI,rBJIeKaIor Mo u As n
cBr3r{ c ux rroBbrrrreHHbrM pefHoHaJIbHbIM reoxuMl4qec-
ruu Qouonr u HaJru'Il],j)M noKarrbHblx reoxllMl{qecKIlx
aFoMarrvi4. MecropoxgeHr{r Mo ecrb B poccuficxofi
(3araueucx) u MoHroJrbcKofi (3proHer) vacrxx 6ac-
aeirlr'a.3ror uerann aKTprBHo Mr4rpr.{pyer B lqerorlHofi
cpeAe crerHbrx JraHArxaSroB [Kacr4Mon, 1988] u lro-
xeT HaKarrJrr4Barbc.f B BblcoKoft KoHqeHTpaquH B iloqBax
u rpupoAHbrx BoAax. cpe4nee coAepxtaHllle pacTBopeH-
Horo Mo B perlHLrx BoAax 6accei*ta B 3aBI{cI{MocrI{ or
ce3oHa H3MeHrercf, or 1,2 lo 2,I MKr/r (B 3-5 pas
Bbrrrre cpelHeMprpoBorc) u 6nu3Ko K efo KoHrleHTparryfir
B 03. EafiKar (1,3 rraxr/n) [9e6urran u p.p.,2012]. B uu-
3oBb.( peK Tlyn, Opxolr, Bopoo r4Xapaa oHo noBbIIua-
erctr Ao 2-5 vrut:/I, Ha]fl6onbilras. KoHqeHTpaqufl. xapaK-
repHa Ans MaJrbrx peK B pafioHax.qo6blilu Mo: r p. Mo-
AoHKyrb - 4-8, a r p. XauralbrHroJr - 50-70 vrrh.

Cpe4uee corepx(aHneAs n pe.ruux Borax cocraB-
:luer l,l-2,4 MKdJr, \ro s 24 pa3a Bbrrxe cpeAHeMu-
poBoro. B poccuficr<oit sacru 5acceitna coAepxaHl{e
As o6rrqso <2 rvrrr/n, B MoHroJrbcKoirqacru oHo IroBbI-
rueHo, oco6eHHo B pafioHax .4o6blr{u 6yporo yrnx, Au,
Cu u Mo, rAe As corepxllTc{ B BrrAe rIpI{MecIr. Brtco-
KHft reoxuMr.r.{ecxufi Sou As s no.rsax, orJIo)KeHI{tx I4
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peqHbu< BoAax B uouronrcrofi qacrlr 6accefiua npueo-

Ar4T K ToMy, qro AalKe se6omloe AononHr{TenbHoe 3ar-
pr3HeHr.{e pelrHbtx BoA Mo)r(er npHBoAHTb K flpeBbrue-
Hrrro rurrreHrrirecKr,rx HopMaTHBoB u pllcKy IJilfl 3AopoBbt
HaceneHrnr. Tar, r cpeAHeM rr Hr{)KHeM TeqeHIrI{ p. Op-
xou rouqenrpaqux As cosrasrssr 3-8 ur<r/n u 6nugxa x
fiAK" (10 rvrrr/n), a Ha crreJlbHbD( ),GlacrKax per Tyyn ra
Eopoo Aocrrrraer 12-15 wrcrlt, rpeBbrrrrafl HopMarvB.
Marcrzuanruoe coAepxaHr.re As (>40 urrfu) c[MeqeHo
Hr{xe xBocroxpaulznuqa 3pAsrnrcxoro lOKa r p. Xalt-
f€urbrHroJr. 3ra per<a ue6olrurax, co cna6rrvr croKoM,
rIo3TOMy, HeCMC[pt Ha CIIJIbHOe 3atpt3HeHze KOMTIJIeK-
corr,r TMM, oHa He oKa36lBaer HetarlrBHofo eosAeft-
crBur, Ha cocroqHue npJ4ux BoAHrIX o6rexros 6ac-
cefina Cenenru.

Pera Mo4onKyJrb, rrporeKaroulas vepe: r. 3ara-
MeHCK, TarcKe I4crrbrTbtBaeT CT,IJIbHOe BITIjflIlI4e XBOCTO-

uxa/n
50

?rMn

1
a

xpaHrrJrurq BonrQpau-uonn6,{enoeoro fOKa u cql{ra-
erc.q Har46oree 3arpr3Heuuofi n Bypxtvtu [fapuaen,
2010]. flo sauruna AaHHbrM, coAepxaHl{e pacrBopeH-
urrx Pb, Cd, Cu, Zn,Mn B Hrr)KHeM TeqeHI{LI p. Mo4orl-
Kynb Ha 12 topxgr<a nurue $ononHx 3Ha.reHufi. KoH-
rleHTparlnr 3Trzx MeraJrJroB B p. lxn6a B Mecre Bna-
Ae:urfl, p. Mo4onriarr (rovr<a 5311, pnc. 2) e 5-10 pa:
6omure, qeM Bbrrxe rro reqeHl{Io (rouxu 5309 ra 53 10),
oAHaKo 3arpr3HeHr4e 6srcrpo cHrzxaerc.f, BHr43 no re-
qeHnro .{xugrr 3a clrer pa:6annenut Bo,4bI.

TMM e pevnofi 6s6ecu. Co4epxaHue TMM eo
B3BeIITeHHbIX HaHOCaX peK BeCbMa I43MeHqIrBO A 3ABkr-
crrr or Jrr{Toreoxr4Mu.recrofr crrerlr4aJrr{3aql4v ropHbIX
rropoA H peqHbrx ouoxeuufi , rpaHyJroMerpr4qecKofo
cocraBa r3neceft , KoHqeHTparlur4 opraHurlecKoro Belqe-
crBa, TexHoteHHofo eogAeficrsuq Ha BoAHbIe o6rer-
ru. Cpe4nee coAepx(aHr4e TMM so B3BeIxeHHbIX Ha-

c q
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Pnc.2. PacrsopeHHbre Sopuu TMM (ruxr/.u) r roge p. lxnga (2013) or nepxoruft (5310) vepes ycr6e p. Mogonr<yrr (5305): a- Cu,

Fig. 2. Dissolved rorms orHMM (mkg/l) in *u,", or,r,"ti'illu l;I;itlirlm the upper reaches (S3 r0) through the Modonkul' River
rrouth (S3 1i) to the confluence with the Selenga River (5305): a - Cu, Zn, Mn;6 - Mo, Cd, Pb
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TMM

Bacceiir Cenenru CpegHee

co.4epxaHne
B peKax

lrlrpa'

)
KJiapKI4-

IIaBo,{oK,

2011
MexeHb,

2012

cilaL

IIaBoAKa,

2013
6 B

Fe 49 826 40 235 41 905 50 300 30 890 39 180
A1 65277 35 45r 42377 86 300 77 440 81 s00
Mn 2494 1651 2t53 I 150 527 774
Zn t93 77 l l l 130 52 67 75

Cu 5 l J Z 53 45 T4 28 27
Mo t ,4 l 4 1 R t,4 1 . 1 0,6

r30 100 1 1 3 120 53 91 106
Cr 53 62 53 85 35 92 I )

As 32 1 5 1 8 t4 2 A 2 5 7

Co J I 1 7 t4 1 9 I  1 ,6 1 5

Ni 45 35 38 50 18,6 47 34
Pb 55 27 25 25 t 7 t'7
Cd 0.98 0,21 0,4t 0,50 0 ,10 0.0! 0.0(

flprarraeqaHrir. flpovepx - rroKa3areJrb He oflpeAe[rJru; '-- cpegnee
co.qepxaHrre Bo B3BerrrenHoM,Berr1ecrBe peK Mrrpa [Canenxo, 2006]:' - cpeaHee
corepx(aHr4e n repxHefi qacrr{ KouTr{Hesranruofi sei\aHoi Kopbr: a - no fWedepohl,
19951; 6 - no [Rudnick, Gao, 2003]; r - uo [Hu, Gao, 2003].

T a 6 n r z u a  3

Cpeguee coAepxaHrre TMM so rsserueHHbrx Hauocax (ur/xr)

K cpeAHeMy coAepxaHrlro B peKax
Mr.rpa (13,8 vr/rr) [CaeeHro, 2006]u
AplTr{x peKax 6accefiua B airKana, Ha-
npnMep B p. Sapry3vH (12 Mr/Kr)

[Eo6pon u gp., 2000]. Maxcurraanrnoe
coAep)KaHHe As eo B3Becr,r Cerenra
ycTaHoBneHo B pafioHe noc. HayrrrKr.r
Ha rpaHr.rqe Poccu?r r{ MoHro rrl]j,{ H co-
craBJljfier 23 tvltrlxr, qro cBt3aHo c IIo-
BbrrrreHHbrM pefhoHanbHbrM soHoM
As s uo.reax r{ ornoxeHr{tx MoH-

nexarrlHX crBopax colepxaHr4e As
yMeHbrrraerc{ [orrrr s 2 paza. Cpe-
AH [p]rroKoB ceneHru lF^av5orbinafl.
KOHrIeHTpaqr{rr orMeqeHa B ycrb flxl{v-
Ko.fl (48 MKrh) u flVtrpr (33 ruxr/r),
qro Mox(er 6rrrl cnxsaHo c rIocTaB-
Kofi 3neMeHTa co B3Becbro B nx [pu-
roKax - perax KupaH n MoAoHKynb
cooTBeTcTBeHHO, B3BeIrIeHHbIe HaHO-

cEr Kcnopbrx o6oraqenrr As, Oana-
KO 3TO ManO Cr|pa]Kaergfr HA COAep-
xasuuAs Bo B3Beclr caMofi Cerenru
B QBfl3Lr C TeM, qTO AS qaCTVqHO

ocaxrAaeTc_fl B AoHHbrx oTJIoxeHI{.gx
n rrepeMernuBaeTcfl. c HaHocaMrc c HLI3KIaM coAepxaHl4-
CM STOTO MCTIUIJIOI{.IIA.

Brrcoxrze grl aqenus.KK Cd o6ycnoBJreHbl TJIaBHrIM
o6pa3oM TexHoreHHbrM 3arp.rr3HeHr{eM, qro oco6eHHo
crrJrbHo nporBn.rreTcs Ha p. MoAoHKyrb r{ Hr4xerexa-
rIeM )4racrKe p. flxua4 rAe colepxaHr.re cd Bo B3Be-
rrreHHbrx HaHocax cocraBJrrer >20 ur/rr, r.e. n 40 pa:
6omrue cpeAHeMr{poBofo. Ha Apyrux y{acrKax peK, B
TOM qr4cne [OABepX{eHHbrX TeXHOTeHHOMy B03lergrBr4ro,
coAepx(aHne cd, rar rpaBr{Jro, He flpeBbrruaer 1 MrAa.

TeHAeHrIus K yBenr{rIeHHIo coAepxaHrza Mo, Pb,
Zn, Mn, Co, Cd, As npn npoxoxAeHlrl4 rIaBoAKa, oile-
Br{AHO, O6yCrOeneHa CMbTBOM TOHKT.TX qaCTVU, 3arpr3-
H9HHbIX TMM, TIpH BbIIIAACHHII JIHBHCBbIX OCA.qKOB HA

nogoc6opax. Myrnocrr peirHbrx BoA, KaK orMeqeHo
BbIUIe, B IIaBOAOK pe3KO BO3paCTaer.

Cyrr.rruapH uft rroKa3arelb 3arp.f, 3HeHIr.rI B3BerrIeH-
Hbrx HaHocos Zc (puc.3) e poccraficKofi rracrr4 6acceit-
Ha, KaK npaBr4no, <32,'lro B uenoM bBli,4srerbcTBysr o
Hrr3KOM ypOBHe 3arp,r3HeHu.fl . EnH3KUe Berfilrq]/^HbT Z cXA-
paKrepHbr Anr 6oJrbrrruHcrBa peK MoHfoJrbcKoit qacru

5acceitna, oAHaKo B prAe cnyqaeB gror IloKa3arerlb
Bo3pacraer w 32-64 u ra)Ke lo 64-128, qro coor-
BercrBysi )MepeHHoMy r4 BbrcoKoMy )poBHro 3arpt3-
IJe]Jus.. Oco6enno BbrcoKoe 3HaqeHr{e Z">128 orMeqe-

HOCaX ce.nesru u ee [pHToKoB rro AaHHbrM Tpex rroJre-
Bbrx ce3oHoB rrpr4BeAeHo e ra6r. 3.

B uexenr cogepxaHr{e TMM, KaK rrpaBprno, Harr-
MeHbruee. B sror freorro.tr B3BerrreHHbre HaHocbr Ceneu-
rrz o6orarqeu", or"or"t"ouro eepxnefi qacru KoHTu-
nenranrnoii 3eMHofi Kopbr no fWedepohl, 1995] As^
Mn, Cu, Cdr_, (nn,4ercbr - KlrapKH KoHqeHrparlun, KK).
flpu ucnorb3oBaHr{r4 BeJrr{qr{H KnapKoB rz: pa6or

fRudnick, Gao,2003; Hu, Gao, 2008] cocraB accoqua-
qr,rr{ Bbrrn.rr.qr{T HecKoJrbKo r{Ha!re: Cdr ' As, Mo, Mq_r.
B nasoAoK coAeplKaHlre MHorux TMM :Haqrzre;rbHo
Bo3pacraer, KJrapKr4 KoHrleHTparlr4rr cneAyrorwre: As r 6,
Cd,o, Mn, Cu, Zno s, Pb, Ni, Co, % ,, no [Wedepohl,
19951, u Cd,u, Asu, Moo, Mn, Cu, Zn, Co, Pb, ,, no

[Rudnick, Gao, 2003; Hu, Gao, 2008].
Cpe4uee coAepxaHr4e TMM Bo B3BerrreHHbrx Ha-

HOCaX peK Mr4pa, KaK npaBr4Jro, Bbrrrre KJraprcor nepxnefr
qacrri KoHTr{nenranrnofi 3eMHoft Kopbr, trro o6ycnoB-
JreHo MerrKoAHcrrepcHbrM cocraBoM B3Beceft u cnoco6-
r{ocrbro K cop6quu, rro3ToMy KoHrleHTpplpoBaHr{e 3Jre-
MCHTOB B3BCIIIEHHLIMI{ HAHOCAMII S 6ACCCftHC CCICTT-
fpr np]/r cpaBHeHr4rr co cpenHeMrjpoBbrM[r 3HalreHI{.rIMH
Bbrpax(eHo 3Harrr{TeJrbHo cna6ee: B uaBoAoK coAepxa-
uraeAs, Cd, Mo, Pb, Zn, Mn, Co Jrrrrub B I,51,5 paza
rrpeBbrruaeT cpeAHeMr{poBoe, a B Me)KeHb HHXe.

Bo ecex cilyrraflx K 3JreMeHTaM c nalr6onruuura yo s6rnzu rJraBHbrx r{crorrHuKoB 3afpt3HeHrrt - 3ono-
3HaqeHr4{Mr{ KK oruocqrcq As u Cd - upnoprarerHbre rbrx [pur{cKoB Ha p. Xapaa, a raKxe uecropoNqeuufr
3afpr3Hr4Teiru, ua6nrogeur{e 3a KoropbrMr{ o6s3arenb- qBerHbrx MeraJrJroB n pafioue 3pA3H3Ta (p. Xanraruu-
Ho Bo Bcex rporpaMMax MoHr4Topr,rHra onpyxarorqefi rol) rz 3axauencra (p. Moaonryll).
cpeAbr. Co4epxaHrze As eo B3BerrreHubrx HaHocax n CoomHouretue Qop.,w Muzpaquu mflJtcerux
3HaqureJrbHofi vepe o6ycnoeleno pervoHzrrrbHbrMu JrH- Mema.ilJtor u Mem{LnJtotrdoo, Muorne peqHble 6acceir-
TofeoxrrMt4qecxr4Mrr oco6euHocrrMr.r rsppr4Topuu rr KoH- Hbr, B ToM qr{cfle 1acceim Ceneuru, HcrIbITbIBaIor rex-
Tponupyercf cop6quonuuMr{ npoqeccaMu Ha fpaHurle HoreHHoe Bo3AeficrBr.re, oco6eHHo ycl{JnlBlrreect B noc-
pa3Aena reepgoi rr )KrrAKofr $as. B MexeHb cpelHee neAHrreAec-fl"rpurerns..C6poc3afpt3HeHHbIXBoABpexu
colepxaHrr e As so sgsecz C eneurlr ( I 5 ur/rr) 6ru:no [pr4BoALtr K rroBblrueHulo KoHIIeHTpaIII4I{ MHorI{x xI{Mt4 -
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Plrc. 3. Cp,rnaapnrri nor<agarenr 3arpr3Henr4r B3BerlerrHbrx HaHocoB (raro,uor, uroJrb-aBrycr 20ll r.)

Fig. 3. Total index of the suspended matter pollution (flood July-August 2011)

IICCKIIX SJICMEHTOB, A TAKXE YBENI{qCHUIO I4X TIOABI4X-
HOCTri, qro IIpotBn,'IeTct B IIoBbIrueHpII{ coAepxtaHnt
HerpoqHocop6up oeauHsrx Sopu, cBr3aHHbrx c arraop$ -

HbrMr.r fHApoKcr{.4aMr.1 x(eJre3a, a raKxe ApyfHX soprtl,
ciloco6Hbrx IIpu rz3MeHeH uu y cr/ronnil Mr{rpaqnn [epe-
xoAlrTb B pacTBopeHHoe cocro{HHe I{ BbI3bIBaTb BTo-
pr{qHoe 3arpr3Her{ue peqHbrx eol. B cBfl3vt Q 3TuM npo-
6nelra coorHorueHutr Qopna unrparluu xuMuirecKr{x 3Jre-
MeHTOB B IOBepXHOCTHbTX BOAaX npr{BJreKaer BHrrMaHr.re
MHOrr4X VcCnenoBarenefi .

Ipuuxro cirr4Tarb, uro upeo6lanarov\afl $opua
Mr.fparlun TMM e pevubrx BoAax - B3BerrreHHar, Ha ee
Aonro Moxer rrpr{xoAurbcr ro 90-99oh or o6rqefi peu-
nofi rpancnoprr.rp oBKrr MeraJrrroB [Jlucuqrrn, lop4een,
197 4 ; Maftin Maybeck, 197 9 ; f op aees, 20 I21, qro xa-
paKTepHo nnfl fopHbrx peK c BbrcoKHM co.4qpxaHl{eM
B3BerueuHbrx HaHocoB. Ha paouranHblx peKax c Hri3Kofi
MyrHocrbro coornorrreHrze $opu rpxHqI{rII4€uIbHo I4Hoe,
qro noKa3aHo aBTopaMI4 cTurbu Ha rrpraMepe AeJrbrbr
Bo.nru fl-ychagin et al.,20I5f, rAe B peqHbrx BoAax Ha
Aonro pacrBopeHHrrx Qopu Zn n Cd nprzxognrcx 60-
80% or ux o6ulero coAepx(anrrr. BsreulenHa.s Sopua
upeo6nalaer 4n.a Pb, Ni, Cu u Mn, oAHaKo ee AorIfl He
npeBbrrxagi 55-800 , qro cyrqecrBeHHo Hr{xe cpeAHe-
Mr{poBbrx orIeHoK (>9 0%).

B nepxuenr reireHr{ri per< 6accefrua Cerenrn, 6e-
pyrqux HarrarroB ropax, npeo6na4aer mnerueuuax frop-
Ma Mr{fparlrr TMM. Tax, r BepxoBbrx p. Typr 4orlx

B3BerrreHHbD( $opvrAl, Fe, Mn cocrannx et -90o/o [Chalov
et al., 2015]. BHU: ro rer{eHuro }tsenuquBaerct AoJIfl
pacrBopeHHrrx Sopu, lrro AocrarollHo tpKo rlpotBlznocb
B cpeAHeM TeireHran Cenenruz6tnswrpaHraqrr Poccnz u
Monronrlr e uwse2012 r. (puc. 4).142-zaoteur ue6onr-
uofr uyrnocru peqHbrx BoA B nepl4oA Mex{eHI,I oruocrl-
TenbHoe coAepxaHue pacrBopeHHux $oprra 6orlurefi
.{acru TMM npeBbrcr{no 80%o, npuveu He ronbKo rIoA-
Br4xHbIX s qeflo.{Hofi cpe4e Mo, As, Cr rz V, uo I{ MeHee
Mr{fparlprouHo-aKrrrBHbrx Fe, Pb u Ni; 4onr pacrBopeH-
urrx QopuAl,Mn,Zn, Cu z Co cocraBurla 6O-80%.

JIerlg'uir rraBoAoK 20ll r., ce.sghuurrfi c cutIbHbIMI4
Jrr{BH{Mr{ e eepxuefi ,tacrn 6acceftua Ceneuru, o6yc-
JroBprJr 3KcrpeMaJIbHo BbrcoKr{e 3HaqeHn{ MyrHocrl4
BoAbr B p. Opxon r4 pe3Koe yBenuqeHue,4oJII{ B3BeIneH-
nrrx Qopu Mr.rpauur{ TMM. B cpegneft \acru6accefi-
na Cenenru (puc. 4) Brrufl:ane rraBoAKa 6ruo cyrqe-
crBeHHo MeHbIIre, I{ xc'Tt MyrHocTb BoA 3,{ecb Toxe
HecKoJrbKo Bo3pocJra, Aonr pacrBopeHHblx $opu ocra-
racs npeo6naAaroqeii grx Mo, As u Zn (>80%), Cd,
Cr u Ni (60J0%).Iluur sra Fe, Al, Mn, Pb, Co u V
oHa cHrr3r{Jracr rc 20-30o/o.

Bnuquue rr aB oAKoB, $opruupyroqvrxcr B nepxuefr
iracrr4 paccMarplrBaeMoro 6acceirua, Ha Qopuu ltnr-
pa:1:an TMM yrnreHrrrraercr BHH3 fio reqeHfiro, no?To-
My B Aenbre Cenenrr,r cocrrHortleH]te pacrBopeHHblx 14
B3BerrreHHbrx tpopu TMM B TerreHr{e roAa H3Meutercf,
ualo (puc. 4). 3ro cB.rr3auo c [epepacrpe.qeneHl{eM
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cToKa rro AeJTbT0BEIM rlp oTOKaM, CHI4)KeHI{eM rr{Ap OArr-
HAMI4qCCKOfi AKTHBHOCTA NOTOKA H OCAX,ICHIIEM 3HA-
qr4TelllHofi qacru B3BerueHHbrx HaHocoB. B nagonoK Ia
Mex(eHb Aonr pacTBopeHHblx Qoprvr Mo n Cd AoxoAzla
rc>g}o6,As, Cu H Ni - 30-50yo, ocruLIIbHbIX 3JIeMeH-
roB - <30% (sa ucr<rnoueur4eM Cr 14 Pb).

Ifomoxa mnilcenblx Mem(uutoq u Memail.iloadoB
e 6ucceilne Ceneruzu.,{nr upocrparicrBeHuofi xapaKTe-
pr.rcrr4Kr{ TpaHcroprr4poBKr{ TMMB 6accefise CeneHrI'I B
pa3Hble |IIApOIO|I{qOCKI'I€ C€3OHbI paCCqIITaHbI IOTOKI4 IlD(
pacrBopeHHbrx r4 B3BerrreHHSIX sOpM, qTO IIO3BOIHJIO IIO-
crponrb oKorro 100 rr,roaenefi reoxl4Ml4qecKr4( rIOroKoB AJrfl
25 xulau.recKux 3neMeHToB. Oco6eusocru Soprraupoaa-
Hrrf rroroKoB paccMcrprrM Ha rrpr4Mepe cd u cu (puc. 5) e
nepr{oA rraBoAKa, o6ycnoueunoro cunbHblMlr AOX,4{MI{
B Beprurefi qacrv'acaertHa B l{roJre-aBrycre 20ll r

Kaauuft - oAI{H t{3 Han6onee roKcrIqHbIX Tflxe-
IIbIX MeTaTIJIOB, OH rIOCTyraeT B aKBaIIbHbIe crrcTeMbl

crt pa3Hoo6pa3Hblx r{cTotIHHKOB 3arp{3HeHHrI: qpor{3BoA-

crBa v o6pa6orr<u rIBeTHbrx MeTaJIJIOB, aBTOTpaHCrrOp-

Ta, npeAnpr{{Tr{fi TeIIno3HeprerI4KI,I I.I .qp, MeAb, xoTt rl
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6olee pacnpocrpaHelra, Ho MeHee roKcl4qHa u B uenoM
MeHee rroABI{xHa B Ha3eMHbIX r{ aKBiUrbHbIX naHAruas-
rax. B BoAHbIX o6rexrax AoJrt pacrBopeHHblx SopM
Cd rvroNsr cocraBJltrb 50-70% or o6lqero coAepxa-
Hrl.f,, rrro cyqecrBeHHo BbIIrIe, qeM ycu H MHOrlIx Apy-
|r{x r-sxerbrx MeriurJroB [flepenruan, KacuMon, 19991.
3ro noAreepxAaerct HaIuIrMrr AaHHrIMI4 Anfl 6accefi-
Ha Cereufr4, rAe Ha pacrBopeHHble SopMbI Cd upuxo-

Arrrcr or 60 rc 9AYo or o6lqero data]Flca $oprrl, a gna

Cu - ne 6onee 40-60% (puc. 4).
B urore 20It r. caMbrft clrJrbHbrfi [aBoAoK 6rur e

BepxoBb.flxp. opxolr, rAepe3Kr4fi rIoAbeM x)oBHt BoAbI
conpoBoxAancs MHoroKpaTHbrM yBenI{qeHVeM ee Myt-
HOCTr{. BCneACrsue 3TO|O B BepxHeM TeiIeHLII4 opxona
rroroK B3BerneHHoro cd uoqru a 50 pas npeBblcI{r no-
roK pacrBopeHHofo ( 1 ,87 rr/cyr v 0,04 Kr/cyt coorBer-
crBeHHo, pr4c. 5). Bnug uo reqeHl4lo K rpaHI{IIe Poccuu
rz MoHronr4r4 rroroK pacrBopenuoro Cd nocreneHHo yBe-
ilrrr{trBar} fl. Ao 0, 1 1 rr/cyr, a ]c']|1.IK} BrTa,{e]'i.]as. Opxou a e
Cereury - Ao 0,59 xr/cyr. B ro xe BpeMt noroK B3Be-
rueHHoro Cd 6rrcrpo cHl{xaJlcfl B cBfl3l4 c ocaxAeHrr-
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eM 6onblrefi qacrr4 TBepAhrx HaHocoB - pKe y cilufl.-
lavrfl, c p. Tyyn on yMeHbrxr{ncr 4o 0,5 1 xr/c1"r, a Bbrrrre
BnaAeHr{r OpxoHa n CereHry Ao 0,31 nr/cyr. Huxe
crrwflHr4fl. c Cereurofi rroroK HeMHoro Bo3poc v y tpaHr-
rlbr cocraBrl:r 0,46 xrlcyr. B pocczficroir \acru 6acceft-
na uara6omuree Bnr{tr{rre Ha rroroK Cd orasara p. Arut-
Aa, nocJre erfirfl:uvtfl. c ncnopofi oH Bo3poc go2-3 rr/cyr.
B suxnefr 'tacrla 6accefina sgr KplmHbrx ucroqHr4KoB
Cd, no4rr Cenenru pa:6annxmrcr BoraMr{ rprrroKoB,
Cd.racru.{Ho ocax{Aaerc.f, B A0HHrIX orJloxeHprrrx, ro-
3ToMy B renbry Ceuenrra nocryrraer orono I nr/cyr rax
pacrBopeHHoro, TaK H B3BerrreHHoro Cd.
. florox sseeueHHoft Cu e nepxorrrx Opxona roxe
3HarrnrerbHo (uourx e 10 pa:) [peBbrrnan rroroK pa-
creopeuuofi $opnru: 3 66 u 39 rr/c1'r coorBercrBeHHo.
Ha rpauzqe Poccrlu u MoHronnu rroroK egseueHHofi

Qopmu Cu crn:uncq 4o 61, a pacrBopeHHofi - yaenu-
qurtc{ ao 135 rr/cyr. BHrz: no rerreHn}o noroK pa-
crnopeuHofr MeAV cry[eHr{aro Bo3pacraJr rro Mepe yBe-
JII{rIeHrr.tr o6rerr,ta cror<a Cenenfl{ Hr{ire BnaAeHlr.fl Kp}tn-
Hbrx [pr{roKon: n pafioHe VnaH-YAe oH yBerzquncr Ao
300 rr/cyr, u 4ellry CeleHrlr nocr)matrc2l} xr/cyr Cu,
lpr.rqeM -50o/o :roro KoJrlrqecrBa Aocrr{Dro o:. Bafircan.
Ha uoror ssseueHHofi Cu'nau6onrruee Bnr4rHae oKa-
3arru r. Yuan-Yge u p.Yga, Hrrxre c;rr{rHux c xcrropofr
uorox Cu Bo3poc c 93 ao 140 xr/cyr.

Bra.flHr,re r. Vnan-Vge Ha rrcffoKpr TMM [pof,Bn-s-
erc-q KaK B rraBoAoK, TaK r{ B Mex{eHb. .{:rx As, Cr, Y U
orMeqeHo uK yBeluqeHue u 1,5-2pa3a, arfl Mn, Ni,
Zn,Y, Co u Fe - s 34 paza, ans Pb z Cu - n 5-10 pas.
VBenx'reur.re iloroKoB pacrBopeHHux TMM BHI43 IIo
TeqeHulo orMeqaJlocb ro caltofi AeJrbrbr Cenenru.
Ioroxu B3BerrreHHbrx $opu e eepxneft iracru Aerbrbl
IICCKOJIbKO CHI43IIJII4Cb B CBfl3I4 C IIACTHqHbIM OCA)(AC-

HI,IEM B3BCIUCHHbIX HAHOCOB.

Taxul,r o6pa:ou, B naBoAoK reoxr{MlzqecKl4e rro-
roKu pacrBopeHHbrx $opu Cd u Cu xaparrepl{3oBa-
lucr o6ulefr renAeur{uefi K }tsenuqeHr4ro rro HanpaBne-
Hrrro K Aenbre Ceneuru, uro o6ycroeneHo fnaBHbIM
o6pa:orr rroBbrrueHr{eM BoAHocrt4 peru. B nepxuefi va-
crn 6accefisa orMelrarucr 3KcrpeMaJrbHo BbrcoKr4e
rroroKrr B3BerlerrHbrx Sopru, rITo onpeAen{erc{ BbIIra-
.qeHaeM Jrr{BHeBbrx ocaAKoB; rroroKr4 nsseruennrx $opvt
6rrcrpo yMeHbruaJrr{cb BHr{3 rro rerreHulo B cBfl3l{ c
ocax{AeHl4eM HaHocoB IIpI{ yMeHbIxeHI/M pacxOAOB BOAbI.
B suxnefi 'lc,sru6acceitra Cenenru lcnoKr{ cHoBayBe-
Jrr{qr{BaJrr4cb B cBs3r4 c B[aAeHrreM KpyrrHbD( IIpaToKoB.
Texnorennoe nos,4eficrnue cr{JrbHee Bcefo npoar4Jrocb
B CyIqecTBeHHOM )aBenr{qeHr4rr rroroKoB B3BerIreHHolo I{
pacrBopeHHoro Cd snxe BrraAeHux p. [xuga.

Brreoarr:
- perr{oHanb uufi 6ac cefi somrfi ananrl: Qopnaupo-

BaHIdfl. CTOKa BOAbr, B3BerrreHHbrX HaHOcoB r,r coAepxa-
rquxcr B Hr{x BeruecrB, BbrrorHeHnrrfr e ycnoBr{rx Hrr3-
xofi uourocrr{ rr4ApoMerprzuecxofi cerr{ Ha ocHoBe
pe3ynbTaToB 3KcrreArrrluoHHbrx r{ccneAoBaHr4v r{ MaTe-
Mar[qecKoro MolennpoBaHr.rr, MoxeT cn),DKI{Tb Mero-

Anqecxofi ocHosofi orleHKI{ coBpeMeHHoro cocro.aHrlt
BO.trHbIX O6rercrOe U [epeHoca [orIJIIoraHToB B cr{cre-
rre CereHra-Eaftrca:l;

- Korr.rirecTB eHHbIe n apaMerpbr TpaHcrIopTI4poBKI{
B3BerueHHbrx HaHocoB n 6accefige Cenelrru Bo MHoroM
onpeAeJrrrorcx $asofi BoAHoro pexuir.ra. B MexeHb peKrr
r{MeroT Hrr3Kyro MyTHocTb, rlpoAonbHoe yB enI4qeHI,Ie
pacxoAoB B3BeIIIeHHbrx HaHocoB rr co.4epxaHvs. B Ijrlx
ToHKoAr4crrepcrrbrx rracrr{rl. BxnaA nonoBoAb.g u [aBoA-
KOB B TpaHClOpTI.IpOBKy B3BerrreHHbrX HaHOCOB COCTaB-
rrrer or 52 lo 99Yo roAoBoro croKa, npH 3ToM Ha Kp)4r-
Hbrx peKax Aonr cToKa HaHocoB Anfi foAa cpegnefr ro4-
Hocrr{ coorBercrByer cpe4neff MHofoJlgrHefr Aole
croKa Bo,{br sa rerrrrfi ilepHo.q, Ha MaJrbrx peKax ponb
leprroAa rroBbrlreHHoft BoAHocrr.I B roAoBoM croKe B3Be-
IIICHHbIX HAHOCOB MAKCIIMAJIbHA;

- pa:uoo6pa3r4e rpupoAHhrx ycnoBrrfi ro4oc6op-
soro 6accefiHa B coqeraHuu c rexHoreHHblu nosaefi-
crBr{eM orrpeAenrer ypoBHrr coAepx{aHr{s H rlpocrpaH-
crBeHHbre pa3iluqtrfl. pacnpeAeneHnq TMM B peqHbIX
Bonax. Peru 6accefina Cenenrn o6oraqeurr orHocI'I-
TeJrbHo cpeAHero coAepxaHHfl B peKax MI{pa pacrBo-
peHHbrMrr Sr, Li, U, Br, B, Mo, As, An.rI Kcnopblx npeo6-
JraAaer r{oHHaa $oprvla Mr{fpaqurr, a raxxe Fe, Al, Znu
Pb, repoauro, Mlrrpupyrorrpuu r tfoplre rorr,urJreKcHblx
coeAnnenafi c opfaHuirecK?rM BeulecrsoN{. Bo sgae-
IITeHHsIX HaHocax Ceneuru I4 ee [plrroKoB tIoBbIIueHo
coAepx(aHlle As, Cd, Mo, Pb, Zn, Mn, Co, uro o6yc-
noBneHo KaK [pupoAnrruu (As), TaK TexHoreHHbIMLr
(Cd, Mo. Pb) $axroparran;

- aHaJrfl3 coorHorrreHurr $oprur vvrpauul.I xI4MLIqec-
KI{x 3JIeMeHToB B peqHbIX BoAax BblflBr{l An.g 6onrurlttr-
crea TMM npeo6naganple B3BerIreHHux Soprr,r B Bepx-
nefi .racrz 6acceitua r4 pacrBopeHnrx $opu n cpeguefi
u lauxueit. lonr rsneureHHblx Soprra nararpaquu pe3Ko
Bo3pacraer npn npoxox(Ae]g.r4]fll rraBo.(KoB, oco6eHHo B
BepxoBbrx peK; B snxneft qacru 6acceifiia sru'^uue
naBoAKoB Ha cooTHorlleur,re $oprra )4r{eHbluaeTct, qTo

oco6enno 3aMgrHo B AeJIbre Ceneuru;
- feoxr{MuqecKne IIoroKr4 pacrBopeHHux Qoprr,r

TMM B naBoAoK yBenr{qlzBaJrr4cb flo HarIpaBneHLIro K

Aenbre Cenenru rro Mepe Bo3pacranvs. BoAHocrI{ peKrr.
B nepxuefi qacru 6accefrHa orMerleHbl 3KcrpeManb-
HO BbrCOKr{e rroroKrz B3BerrreHHbrx tfopu, o6yclonneu-
Hbre Bbrrra,4eHrreM JII4BHeBsIX oca,qKoB u 6rrcrpo
yMeHbrualoult4ecfl, B]f'kr3 no relleHlllro 6naro4apx ocax-
.rleHraro HaHocoB. B suxsefi \acru 6accefiua nororrz
cHoBa Bo3pacTaroT B cBf,3r4 c BIIaAeHITeM KpynHblx
rrprrroKoB. Hau6onruue rexHoreH HbI e pI3MeHeHI{f, rlo-
ToKoB xapaKTepHbr Arrfl Manblx peK (Mo4onIcyur, Xau-
raJrbrHrorr, Tyyn, Y4a v W),I{cllblTbrBarorqnx ao:Aefr-
crBpre ropoAoB u o6beKTor ropno4o6unarorqefi lpo-
Mbrrx JreHHocru. BrrssreHo gKcrpeMaJrbHo BblcoKoe
3arpfl3HeHr{e p. Mo4onrynl Cd u ApyrI,IMI4 MeranJla-
Mr4, CyqecTBeHHO Bnr4rrorqee Ha reoxuMl4qecKl{e ro-
roru TMM n p. ,{xuga BrrJrorb ,qo ee BrlaAeHnfl. B
CeleHrv.

Enazodapnocmu. flonestre pa6oru BbrrroJrHeHbr B paMKax flpoeKra PfO <KonauJleKcHa-f, sKcueAullzx Ce*
nenra-Eafiraw (2011-2013 rr.). O6pa6orra ilon) reHubrx Marepu€LrroB ocynlecrBrrtJracb 3a cuer rpanra Poc-
cv ficKoro HayirHoro Son4a (npoer<r J\b l/F-27-00083).
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N.S. Kasimovl, M.Yu. Lychagin2, S.R. Chalot', G.L. Shinkarevaa,

M.P. Pashkinas, A.O. Romanchenko6, E.V. PromakhovaT

CATCHMENT BASED ANALYSIS OF MATTER FLOWS
IN THE SELENGA.BAIKAL SYSTEM

A regional basinwide assessment of the formation of the water and suspended matter runoff was
carried out fur the Selenga River - Baikal Lake system. It is based on the results of integrated hydrological
and geochemical research of more than 100 locations within Russia and Mongolia performed by the authors
in201l-2013 using the unified methodology during various hydrological periods. It is shown that the
quantitative parameters of the suspended sediment transport are largely determined by the seasonal
hydrology. Contribution of floods in the suspended sediment hansport ranges from 52olo of annual runoff
for the large rivers up to 99Yo for the small ones.

Chemical composition of 400 samples of the water and suspended sediment was analyzed by ICP-
MS / ICP-AES method. The obtained results demonstrate that Selenga River basin is enriched relative to
the average content in the World Rivers by dissolved Sr, Li, U, Br, B, Mo, As, migrating predominantly in
the ionic form, as well as by Fe, N, Zn and Pb, migrating in the form of complexes with organic matter.
Suspended sediments of the Selenga River and its tributaries are enriched with As, Cd, Mo, Pb, Zn, Mn,
Co, which is due to both the geochemical specialization of the region (As) and the technogenic influence
(Cd, Mo, Pb).

Analysis of particulate/dissolved modes of chemical elements in river water showed the prevalence of
particulate modes of most heavy metals and metalloids (HMM) in the upper part of the basin and
dissolved ones in the middle and lower pafis. The share of suspended forms ofmigration increases dramatically
during the floods, especially in the upper reaches of the rivers; in the lower part of the basin the impact of
floods on the ratjo of forms decreases, which is especially noticeable in the Selenga delta.

During the floods geochemical fluxes of dissolved HMM increased towards the Selenga delta with
increasing water runoff. Extremely high flows of suspended forms caused by heavy rainfall were determined
in the upper part of the basin that rapidly decreased downstream due to sedimentation. In the lower part

ofthe basin, the flows increased again due to the confluence ofmajor tributaries. The largest anthropogenic
changes in fluxes are typical for small rivers (Modonkul, Hangalyngol, Tuul, Uda et a1.), impacted by the
towns and mining facilities. Extremely high pollution by Cd and other metals was revealed for the Modonkul
River that is significantly affecting the geochemical flows of HMM in the Dzhida River up to its confluence
with the Selenga River.

Kqtuordt. basinwide analysis, Selenga River, Baikal Lake, geochemival fluxes, migration modes,
suspended matter, heavy metals and metalloids.
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