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OCHOBHOIT 0COOEHHOCTBIO JTAOMIbHBIX TSIKEJIBIX METAJIJIOB SIBJISIETCSI MX BBICOKAsI CITOCOOHOCTD K OMOaKKYy-
MYJISILIMY ¥ GM0aCCUMWISIIIMY B IPUPOIHBIX cpenax. I1py BBICOKMX KOHIIEHTPAIIUSIX OHU BBI3BIBAIOT TOK-
cudeckuii ahdekT Ha KuBbie opraHu3Mbl. OCOGEHHO SIPKO TaKue MPOLIeCChl HAOII0IaI0TCs B TPUOPEKHBIX
MEJIKOBOIHBIX 30HaX MOPCKUX aKBaTOpUii, HanboJiee CUILHO TTONBEPXKEHHBIX aHTPOIIOTEHHOMY BO3IIEi-
CTBUIO. B cTaThe MpUBOASATCS COMEPKAHUS TSKEBIX META/UIOB, KOHLIEHTPALIMW OPraHM4YeCcKOro yrjiepoaa
U TPaHYJIOMETPUIECKUI COCTaB KEPHOB JOHHBIX OCAIKOB M3 TPEX MEJTKOBOMHBIX OYXT 3auBa [letpa Bemm-
KOTO, IBe U3 KOTOpbIX (0yxTa BoeBoma u HoBropomickasi) MMeroT 3Ha4MTeIbHBIE TUIOLIAAU, TOKPHITHIE MOP-
CKOI1 TpaBoii Zostera marina L. (3ocTtepa Mmopckast — 3M). JlaHHBIe BEpTUKAJIILHOTO pPacHpeae/ICHUS TKe-
JIBIX METAJIJIOB Y OPraHMYECKOTIO YIJIepo/ia B U3yYEHHBIX KEPHAX MOKa3aJK, YTO HauOOJIbIIINE CONePXKaHUs
Zn u Cu (mo 204 u 91 Mr/KT COOTBETCTBEHHO) HabonaIMCh B 0Opa3uax u3 0yxtel BoeBona, a Haubompiime
KoHUeHTpau Mn u Pb (mo 344 u 45 Mr/Kr cooTBeTCTBEHHO) — B 6yxTe HoBropoackoii, rioe mpouspacra-
10T Tyra MopcKoii TpaBbl 3M. Haubomnbiee cogepxkanue Cr, Niu Co (10 69, 31 1 13 MI/Kr COOTBETCTBEHHO)
OTMEUYEHO B 3aJIMBe YTJIOBOI, IlIe MOPCKHE TPaBbl TPAKTUYECKU OTCYTCTBYIOT. [ToMrmo 3Toro B 6yxte Bo-
eBoja oOHapy:KeHa JIMHEHAas 3aBUCUMOCTb MeX Iy KoHIleHTpauueil Zn, Pb, Cu u Ni u cogepxxanuem op-
raHUYeCKOro yriaepoa.

KiroueBble ciioBa: TsKeJble METaJUIbl, OPTAHUYECKOE BEIECTBO, FEOXUMMUSI JOHHBIX OTJIOXEHU, Zostera
marina L., 3anuB IleTpa Benukoro
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BBEAEHWE

CoBpeMeHHBII MHTEpeC K TSKEJIbIM MeTajljlaM
(TM) B mpubpeXHBIX aKBaTOpUsix MUpPOBOro okeaHa
OOyCIIOBJIEH MX BaXKHOM POJBI0 B OMOXMMHYCCKUX
(Chelomin et al., 1995) u reoxuMrYecKrX mpolleccax
(Ilynexkun, 2004). Hekoropsie u3 TM (Fe, Mn, Zn,
Cu, Co) BXOmsIT B COCTaB CTPYKTYPHBIX 3JI€MEHTOB
KJIETOK U OTHOCSITCSI K ”OMOT€HHBIM MUKPOBJIEMEH-
tam” (IllynmekuH, 2004). OHU OKa3BLIBAIOT BIMSIHUE
Ha MepBUYHYIO NpoayKiuio puroruiankroHa (Morel
et al., 1991; Sunda, 2012). Oco6eHHOCTb MOBEICHUS
TM B okpyxXarouieil cpelie COCTOUT B UX CIIOCOOHO-
CTU K OMOaKKyMYJISILIMU U TTPU BBICOKUX KOHIIEHTpa-
LIMSIX OHU BBI3BIBAIOT TOKCUYECKUI 3D PeKT Ha XKu-
Bele opraHu3mbl (KoBekoBmoBa, 2011; Feng et al.,
2020). ITo 3Toit IpUYMHE BBOAUTCS MOHSITHE ITOPO-
TOBOTO YpOBHSI KOHIeHTpaiuu TM, nmpu KoTopom
WJIN HYXe KOTOPOTro Ouojiornueckuit apdexkt masno-
BeposteH (Iynbkun, 2004). I1psmbie HaOMIOMEHUS
KoHLeHTpauuii TM B MOpPCKUX BOAax OCIOXHEHBI
aHaJIUTUYECKMMU TIpobjieMaMu, KOTOPble BO3ZHUKA-
10T M3-3a YPE3BbIYATHO HU3KUX (POHOBBIX KOHIIEH-

Tpalluii 3TUX 3JIEeMeHTOB B Mopckoil Boae (Wong
et al.,1983). ITosToMy psimoM UccaeaoBaTeNCH TIpe-
JIOXKEHO TPOBOAUTh MOHUTOPUHT 3KOJOTHUYECKOIO
COCTOSIHUSI MOPCKOi1 Cpeibl, OCHOBBIBAsSICh Ha CITO-
cooHoctr TM HakaIruIMBaThHCS B XKMBBIX OpraHU3Max.
B KkauecTBe MHAMKATOPOB COCTOSIHUSI 3arpsi3HEHUS
MopcKoii cpenbl TM, Kak mpaBUIIO, UCIIOJIb3YETCS X
conepxanue B Mointockax (Goldberg, 1986; Xpucro-
¢dopoBa u ap., 1994; llyaskun, 2004), MaKpoBOIO-
pocisix (Xpucrodopona, 1989; Koxenkona, 2000;
Riosmena-Rodriguez et al., 2010; YepHosa, KokeH-
koBa, 2016) n Mopckux TpaBax (Sanz-Ldzaro et al.,
2012; Richir et al., 2013; Xpucrodopona u ap., 2018),
BKJII04asi Zostera marina L. (3octepa Mmopckasi, 3M)
(Brix, Lyngby, 1982; Lyngby, Brix, 1989; lIuuiosa,
2002; Yepnona, 2012; Hosokawa et al., 2016; Arici,
Bat, 2020). OnHo 13 BaXXHBIX JOCTOMHCTB 3M B Kaue-
CTBE€ MHTETPAILHOTO MHIMKATOpPA COCTOSHUS TIPU-
OpeKHOI BKOCUCTEMBI COCTOUT B TOM, UTO OHA SIBJISI-
eTCS KIIFOUEBBIM 3JIEMEHTOM, OKAa3bIBAIOIIUM BJIUSI-
HUE Ha COCTOSIHME MHOIMX XXUBBIX OpPraHU3MOB B
BOJIe, HA TpaHMIIC BOAA-IHO U B BEPXHEM CJIO€ TOH-
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Puc. 1. l'eorpacdmueckoe mnoJjioxkeHMe U3ydyaeMoro paiioHa: a — SIlmonckoe Mope; 6 — 3anusB [letpa Benukoro; B — 3anuB [1o-
cheTa; T — AMypCKMii 3aIuB; I — Yccypuiickmii 3ainuB. 1 — 6yxta BoeBona; I — 6yxra HoBroponckas; 111 — 3anuB YriioBoii.

HyHKTI/IpHaH JIMHUA YKa3bIBa€T BHCITHIOKO I'PaHUILY 3aJiIMBa.

HBIX OTJIOXKEHMIT, YTO MIMPOKO OOCYXIAeTCs B JIUTE-
parype (Larkum et al., 2006). OnHOiIf 13 BaXXHBIX OCO-
O6eHHocTeil 3M sBIIIeTCsl € YPEe3BhIYAIHO BBLICOKAasI
nponyktuBHocTh (McRoy, 1974; beprep, 2011).
INpenpioymiye ucciienoBaHUsI MOKA3aIM CIIOCOOHOCTh
HakarummBaTh TM B JIMCTBSIX, CTeOJie, KOpPHEBUILE U
kopHsx (Brix, Lyngby, 1982; Lyngby, Brix, 1989; Illumi-
snoBa, 2002; Arici, Bat, 2020). OyeBuaHO, 4YTO NpH
CTOJIb BEICOKOIT MPOIYKIIUM U CITOCOOHOCTHY K OMOaK-
Kymyiasouu 3M, ciegyeT oxuaaTh HakoiwieHue TM
B IOHHBIX OCaAKaX IMOKPHITHIX Jyramu 3M, ITOCKOIb-
Ky OIaBIIIE JIMCThsI OyIyT 00Oralarh JOHHBIE OCaIKU
He TOJIbKO OpraHMYeCKUM yriepoaoM, Ho 1 TM. Broit
npobJieMe MOCBsIIeHa TaHHAasI CTaThs.

Lenpio maHHOM pabOTHI SABISETCS UCCISIOBAHUE
BepTUKaIbHOTO pacnpeneneHus TM (Zn, Cu, Pb, Cr,
Ni, Co, Mn) 1 opraHMYeCcKOro yriepoaa B JOHHBIX
0ocajKax Tpex MeJKOBOMHEIX OyxT 3anmBa Iletpa Be-
JIUKOTO, IBe U3 KOTopbix (BoeBoma u HoBropoackast)
MMEIOT 3HAUMTENbHbIE TUJIOIIAAN, TTOKPbIThie 3M, B
TpeThel (3aJIUB YIJIOBOI) MOPCKME TPaBbl MpaKTUYe-
CKU OTCYTCTBYIOT.

OBBEKT 1 METO/J1bl UCCIIEJOBAHWA

byxta BoeBona u 3a1uB YriI0BOii SIBIASIOTCS ME-
KOBOIOHEIMU OacceiiHaMMu BTOPOIO ITOpsiakKa AMyp-
cKoro 3amuBa, a Oyxra HoBropomckass — OGacceitH

BTOporo mopsnka 3anuBa Iloceera (puc. 1). Ilio-
Iaab UCCIeNLyeMbIX OacceiiHOB paBHa 4, 31 u 42 km?
s oyxt BoeBoma, HoBroponckast m 3ammBa Yriio-
BOW, COOTBETCTBEHHO. [JTyOMHBI OOJIbIIIEeI YacTH aK-
BaTOpUii OyXT MeHee 5 M, a IS 3ayIMBa YIJIOBOI MaK-
cuMaJibHag niyouHa 3.6 M. MIx reorpadudyeckoe omnm-
canue gaHo B Jlouun (1996). Bonee mompoGHOe
TUAPOJIOTNIECKOE ONMKUCAHME 3TUX 0ACCEITHOB MOXHO
HaliTu B pabotax (bapabanmukos u ap., 2018; I'pu-
ropbesa, 2012; Pakos, 2010). ByxTsl BoeBona u Hos-
ropojcKasi YaCTUIHO ITOKPHITHI iyramu 3M. B 3anu-
Be YrinoBoii B 80-e¢ rogbl ITPOIIJIOro BeKa ITPUCYT-
crBoBaniu Jjyra 3M (Pakos, 2010), B Hacrosiiee
BpeMst oHu ncuesnu (Tuinenko u ap., 2021).

J11s1 Kaxkmoro u3 6acceitHoB, OTOOP JOHHBIX OCal -
KOB OCYIIECTBJISUIA IIPSIMOTOYHOI TI'eOJIOTMYECKOM
TpyOKoi1 (1 M) B IByX MeCTax — B 3apOCJISIX TPABhl U B
€e OTCYTCTBUU (111 OyxT). TOUHBIE KOOPAWUHATHI T€0-
XUMMWYECKMX CTAHIINI, JaTa 0TOOpa KepHOB, INIyOMHA
MecTa 1 JJIMHA KepHa IIpUBeAeHBI B Ta0. 1.

Ha Bcex craHuMsIX mepes B3sITUEM KepHa IPOBO-
oM moaBogHoe ¢ortorpadupoBanue gHa. Ilocie
B3SITUS KEpHA, TPYOKY C KEpHOM ITOMEIIAIN B TEIJIO-
W3O0JISIHUOHHBIN TyOyC M AOCTaBJISLUIM B J1aboparTo-
puio, toe KepH dortorpadupoBann. Kaxnbiii KepH
ObLI pa3aesieH Ha 7—9 uHTepBaIOoB OIIPOOOBaHUS 1O
5—13 cM Kaxnplii ¥ Ha 3 (ppaKy B 3aBUCUMOCTHU OT
pa3mepa yactull (MeHbIe 0.2 MM, ot 0.2 1o 0.5 MM u
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Taomna 1. [Iata, KoopavHAaTHI, JUIMHA KepHa — /1, ITyOnHa Mecta — H 1 HaJImdue MOPCKOM TpaBbl B MECTaX OTOOpa KEpHOB

Bacceitn No cT. Jata upota Honrora h, cMm H, M 3ocTepa
BoeBosna 1 16/09/2019 43.0072° 131.7858° 68 4.6 Ha
BoeBona 2 18/09/2019 42.9980° 131.7926° 73 5.5 Her
Hosroponckas 3 30/09/2019 42.6355° 130.9222° 87 4.4 Ha
Hosroponckas 4 25/09/2019 42.6554° 130.8721° 83 54 Her
Yrnosoit 5 07/10/2019 43.3124° 132.0150° 80 1.7 Her
Yriosoit 6 09/10/2019 43.2437° 131.9775° 86 2.0 Her

oomemie 0.5 mM). PaszneneHue Ha rpaHyJIoOMeTpUde-
cKue (ppakiMy OCYIIECTBIISIIOCh CUTOBBIM METOIOM.
AnHanm3y monBeprajinch aBe ¢pakumm: 1 — pa3mep
yactuil, MeHbIi1e 0.2 MM, 2 — pa3zMep yactull oT 0.2 1o
0.5 mMm.

Copnepxanue TM (Zn, Cu, Pb, Cr, Ni, Co, Mn) B
npobax onpeneasiioch METOIOM aTOMHO-a0COPOITMOH-
HOI criekTpoMeTpuu Ha artnapate AA-3600 (Shimadzu,
Snonust). ITonroToBKy npo6 K aTOMHO-a0COpOIIMOH-
HOMY OIIPEAEICHUIO 3JIEMEHTOB IIPOBOIVJIN B COOTBET-
CTBUM C METOJIUKOMN KOJUYECTBEHHOTO XMMUYECKOTO
aHaJIM3a I0YB, JOHHBIX OTJIOKEHMIA, 0CaTKOB CTOUHBIX
Boxd 1 orxonoB (ITH ® 16.1:2.2:2.3:3.36-2002) meTO-
JIOM KMCJIOTHOTO Pa3JIoKeHUS.

Opranunyeckwuii yriaepon (C,,) B TBepmoii ase
ocankoB ObLT n3MepeH Ha aHanu3aTope TOC-VCPN
C MPUCTABKOM IJISI CKMTAHUSI TBEPABIX ITpod SSM-
5000A (Shimadzu, Anonwus). KanubpoBKy npudopa
MpOBOOMIN C momolnblo craHmaptoB CJ/0O-3 “u3-
BecTKOBBIN uir”, 'CO 1758-80, TOUHOCTH OILICHUBAIHA
13 Napajule/IbHBIX U3MepeHuit, OHa cocTasisia £3%
OT U3MepsSIeMOM BeTMUMHBL. Pe3yIbTaT maH Kak Ipo-
IIEHTHOE coliepKaHMe YIiIepoa B CyXOM OCalKe.

I'panynoMeTpuyecKuii aHaau3 BBIMOJHSICS Ha
Jla3epHOM aHajim3aTope yacTtull Analysette 22 Nano-
Tec (Fritsch, I'epmanus). IIpoObl ecTecTBEeHHOI
BJIAXKHOCTM TOMOIeHU3MpoBaauch. [is1 cozmaHus
JUCTIEPCUOHHOM cpelibl MPUMEHSUIN TOBEPXHOCTHO-
aktuBHoe BeliecTtBo [TAB-901 (Fritsch, ['epmanus).
KanmubpoBka aHanmzaTopa pa3Mepa 4YacTHIL OCy-
LLIECTBJISITIACh C UCITOJIb30BAHUEM CePTU(DUILIMPOBAH-
Horo crangapta F-500 (Fritsch, I'epmanust). I'pany-
JIOMETPUYECKHUI aHaJiu3 ObL BBINIOJHEH B KEpHax
Kaxgoro OacceiiHa mjisi mmoBepxHocTHoro (0—9 cm
ISt 3anmBa YrioBoit, 0—10 cM nyist 6yxTel BoeBona u
Hosroponckoii), cpeanero (36—45 cMm g 3aauBa
Vriosoii, 21—30 cm mist 6yxtel BoeBoga u 40—50 cm
st OyxTel HOBropomckoii) 1 HMKHETO TOPU30HTOB
(72—83 cM a1 3ayiBa Y1I10Boid, 45—55 cM mist OyXThl
Boesona u 80—92 cm st 6yxtel HoBroponckoii).

PE3VJIBTATBI 1 UX OBCYXIEHHUE

st 6yxt BoeBoma 1 HoBropomuckoii ObLUIH IIOTHSITHL
KEepHBI TEMHO-CEPOT0, MTOYTH YESPHOTO IBETA C XapakK-
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TepHBIM 3allaxoM cepoBoaopona. B 3ammBe YrioBoii
0CaJK1 ObUIM CEpPOro 11BETa, YPE3BbIYaTHO TOHKOIMC-
MepcHble U onHOpoaHble. [paHyloMeTpUUecKuit aHa-
JIU3 J1S1 IOBEPXHOCTHOTO, CPEAHETO U HUXKHETO FOpy-
30HTa KEPHOB U3 UCCIIEAyeMbIX OyXT mokasas (puc. 2),
YTO rpaBUitHas Ppakiiysi OTCYTCTBYET BO BCex 0Opa3-
nax. ITcammuToBast hpakiivs IIPUCYTCTBYET BO BCeX 00-
pasuax 6yxtel BoeBona (ot 1.4 mo 17.1%) u B moBepx-
HOCTHOM cyioe misi 0yxtel HoBropoackoit (3.6%).
AneBpuThl peobnagaioT ajisk 0yxTel BoeBoma. B 00-
pasuax u3 o0yxTel HoBropoackoii B moBepXHOCTHOM
cioe mpeobiangaer ajneBpuroBast dpakuus (74.0%),
HO C YBEJIMYEHUEM IJTyOUHbBI KEpHA HAYMHAET MOBbI-
IIaThCs COMIepKaHue TeIUuTOBOM hpakumu. B o6pasz-
1ax M3 3ajiuBa YTIJOBOW MpeodsasaeT MejauToBas
dpakuug (ot 54.8 1o 73.0%).

OcHOBHOI MaTepual 1o coaepxaHumo TM u op-
TaHUYECKOTO YIJIepoaa, IMOJIyYeHHbI 11 ppaKIuid
<0.2 MM m 0.2 < 0.5 MM mpuBeneH B TaOJI. 4, B Kaue-
cTBe npuioxeHus. HamMmu He ObUIH BBIMOJTHEHBI aHaA-
JIN3BI HA (PYIBBO — U TYMUHOBBIE KMCJIOTHI BO (hpak-
LIMSIX JOHHBIX OCAaIKOB U3-3a HEXBATKM MaTepuaia. Ta-
KM€ aHaJIM3bl ObUIM BBIMIOJHEHBI IS Ocaika B 1LIeJIOM
(Tumenko u ap., 2022; TuieHko u 1p., 2022a) (puc. 3).
M3 pucyHka BUOZHO, 9YTO JOHHBIE OCAIKU B OyXTax co-
nepxart o6osbuie C,,. ¥ CyMMBbI (YJIbBOBBIX M TYMUHO-
BBIX KMCJIOT B CpaBHEHUH C 3aJIMBOM YTJIOBOM, XOTSI
JIOJIST IEJIMTOBOM (DpaklIMM B OcagKax 3ajiMBa YIJIO-
BOM CyIlIeCTBEHHO BhIllIe (puc. 2). B cooTBeTCTBUM C
pabotoit (MBaHoB u ap., 2020) ciaenoBajio ObI OXKU-
natb 6oJjiee BBICOKMX 3HaYeHMi C,,. B OcaKax 3a11uBa
Vr0Boii, TTIOCKOJIBKY OCaaKK 3aJIMBa COACPKAT BbI-
COKYIO JTOJIIO MEJIMTOBOM (ppaKuuu. DTO KaxKylleecs
IIPOTUBOpPEYe 00YCIOBIIEHO TEM, YTO OCHOBHBIM HC-
TOYHUKOM C,,. B IOHHBIE OCAIKHU OYXT siBsieTcst 3M.
Bbonee Toro, yyacTku, MoKphsIThie JiyramMmu 3M, conep-
Kat Oosiee BbiCOKMe KOHLeHTpauuu C,,. B CpaBHe-
HUM C y9aCTKaMM, Ha KOTOPBIX OTCYTCTBYIOT JIyra
3M. CymmapHoe conepxxanue ¢pyJabBO — U TYMUHO-
BBIX KMCJIOT COCTaBJISIET OKOJIO 35% OT 06I1ero co-
nepxanust C,,,. OHM UTPAKOT BaXHYIO POJib B 00pa3o-
BaHMU OPraHUYECKUX KOMILIEKCOB 1, COOTBETCTBEHHO,
B MMTIpallMM 3THUX B3JEMEHTOB B TPUPOMHBIX Cpeaax
(Mantoura et al., 1978). CnenyeT oTMeTUTb, YTO ISl
BEPXHUX TOPU30HTOB JIOHHBIX OTJIOXKEHUM OyxThl Boe-
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Puc. 2. I'panynomeTpudeckuii COCTaB JOHHBIX 0CanKOB. [ToBEpXHOCTHBII ciioit 0603HavYeH udpoii 1 mis 6yxt Boesona (B),
Hosroponckoii (H) u 3ammBa Yrinooii (V) coorBeTcTBeHHO. CpelHUIT TOpU30HT B MCCIIEAYeMbIX KepHaX 0003HaYeH LMMpoii 2,
a HIDKHUN — 1udpoii 3.
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Puc. 3. OcpenHeHHBIe [0 TPaHyJIOMETPHYECKOMY COCTaBY BEPTHKaIbHBIE IPOGMIIK: (a) opraHnyeckoro yriepona (Copr, %) u
(6) cyMmMBbI TYMUHOBBIX U (DyTbBOBBIX KHCJIOT, KaK ITPOIIEHTHOE COMIEpXKaHMe YIJIepoaa B CyxoM ocanke B Oyxrax Boesona (7, 2),
Hosroponckas (3, 4), 3anuBe YrioBoii (5, 6). Homepa ciMBOJIOB COOTBETCTBYIOT HOMEpaM CTaHIIMIA 13 Taot. 1.

BoIa, B Tipemenax 45 CM, MPOUCXOIUT TPEXKpPaTHOE

ymeHbiIeHne C

opr

n COoACpXKaHUA TYMMHOBBIX U

cTBa, a mo Bcell BummMocTu C
nuiry 0eHTOCOM WM KOopHsaMU 3M, 4To yxKe paHee

opr

yIoTpeobsieTcs B

(yJILBOBBIX KMCIOT B ocanke (puc. 3). DTO yMeHbIIIe-
HIE€ HEBO3MOXHO 3a CYeT aHa3pOOHOTO MUKPOOHO-
JIOTUYECKOTO PAa3JI0KEeHUS OPraHMYEeCKOro Bellle-

orMmevasioch (TuieHko u ap., 2020).

BeprukanbHoOe pacrnpenelieHre LIMHKA U MapraH-
11a B JOHHBIX OCaJKax MUCCJIeAyeMbIX 0acCeHOB I

FTEOXMUMHUA Ttom 68 Ne7 2023
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Puc. 4. BeprukanbHble npoduian comepkaHust HIMHKa (a) 1 MapraHua (0) B cyxoM ocanke (Mr/kr) B oyxrax Boesoxa (7, 2),
Hosroponckast (3, 4), 3aimBe Yriosoii (5, 6). Homepa cMMBOJIOB COOTBETCTBYIOT HOMepaM CTaHLMi Tabj. 1. JlaHHBIe LISt

dpakuum ¢ pasMepoM yactuil MeHee 0.2 MM.

dpakumu gactuil MeHee 0.2 MM CyILIECTBEHHO OTJIM-
yaetcs (puc. 4). PacnipeneneHue mapraHiia Majo 3a-
BUCHUT OT ITyOMHBI ocamka mist OyxTel BoeBoma m
HoBropoackoit, HO 3HAaYMMO OTJIMYAETCSI MEXIY
3TUMU OacceitHamu. st cT. 5 3aiuBa YrioBoi 3a-
(¢UKCHUPOBAHO CHadYaja MOBHIIICHUE COACPKAHUS
Maprasiia, a 3aTeéM €ro YMeHbIIIEHUE C YBeJINUYEHUEM
mTyOuHBI ocanka. BbIcoKre KOHIIEHTpalu Xapak-
TepHBI TakxXke ST ocamkoB OyxTel HoBropomckasi.
CinenyeT OTMETUTB, UTO B JIMCThSIX U KOPHSIX 3M,
B3SITOM U3 OYyXThl DKCIEAULIMU, KOTOpask HAXOAUTCS
o cocencTBy ¢ O0yxToit HoBropomnckoii, Tak:ke oT™Me-
YyaJIMCh BBICOKKME KOHIIEHTpallM MapraHiia, B CpaB-
HEHWU C IpYyruMu 6acceiiHamu 3anuBa I[letpa Benu-
koro (Yepnona, 2012). 13 puc. 4 BugHO, 4TO comep-
KaHMEe LIMHKA Ui BceX OacCeiiHOB IPUMEPHO
OIMHAKOBOE JJIs1 INIyOMHBI ocanka 6oiiee 50 cm. On-
HAaKO JJISI BEPXHETO CJIOSI JOHHBIX OTJIOXEHUIA OYXThI
Boesona (cT. 1) KoHIIEHTpalUs IIAHKA CYIIIECTBEHHO
BBIIIIE, YeM B OCTaJIbHBIX OacceiiHax. ITpoduiab KoH-
HeHTpaly ITHKA B JOHHBIX ocanKax OyxTel BoeBo-
Jla TIOXOX Ha BepTuKaibHOe pacrpeneaeHue Cg,.
st 6onee neTaabHOTO PacCMOTPEHMSI TaHHOTO SIB-
JIEHUSI ObUIM IIOCTPOEHBI 3aBUCUMOCTH KOHIIEHTpa-
UM HMHKA ¥ 1pyrux MeTauioB ot C,. (puc. 5) wis
oyxtbel BoeBona.

Puc. 5 acHO meMoHCTpUpPYET OOIIYIO TEHACHIINIO
yBesmyeHust cozpepxkanuss TM ¢ poctom C,,. s
JIOHHBIX OCamKoB OyxThl BoeBoma, mpuduem O6oJiee
menkas ¢ppakums (MeHbine 0.2 MM), KaK IpaBUIoO,
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COIepXKUT 60siee BHICOKHME KOHILIEHTpalMU YIyiepoaa
u TM. Ins1 5TOi TEHASHUUU €CTh UCKIIIOUECHUE, KO-
TOpPOE OTMEUYEHO B TAOJIMIIE IIPUIOXKEHUS U HE TIPU-
BEIIEHO Ha puC. 5, IPUINHY KOTOPOIO MBI HE 3HAEM.
Ha pucynke HaOmomaloTcs IIpakTUYEeCKH JIMHEIHEBIC
3apucumoctu Pb, Cu, Zn or C,,;, B ortnuume ot Cr,
Ni, Co. OTOT pe3yabTar comiacyercs ¢ Kjiaccuduka-
nueil pacnpeneieHnss TM B DOHHBIX OTIOXCHUSIX,
npuBeaeHHOM B padote (MBaHOB u np., 2020). B co-
OTBETCTBUM C 3TOi paboToii pacnpeneireHue TM B
JMIOHHBIX OTJIOXKEHUSIX perlaMeHTUPOBaHO (hopMaMu
MX COEIMHEHUI C OPraHUYECKON U HEOPTaHUYECKOMU
marpurieit. IlepBas rpyrma TM (Zn, Cu, Pb) nipen-
CcTaBJIeHa 3JIEMEHTaMM C BBICOKMMU KO3 h duiieHTa-
MU OMOJIOTMYECKOTO HAKOIUIEHUsI B TUAPOOHMOHTAX,
4YTO 00YCIOBIIMBAET UX MOCTYIUICHNE B JOHHBIE OTJIO-
XKEeHUs ¢ AeTpuToM. BTopas rpymnmna cocTouT us pac-
cestTHHbIX TM, mocTymnaromux B BOTHbIE 9KOCUCTEMBbI
C AJUIOXTOHHBIM TTOBEPXHOCTHBIM CTOKOM B COCTaBE
BbICOKOmucIiepcHbIX yactull B3Beceit (Cr, Ni, Co), a
TaK:Ke TaKue TUIIOMOP(HBIE 3JIEMEHTHI, KaK XKeJ1e30
u maprasen (MBanoB u ap.,2020).

st TM nepsoii rpyninsl (Pb, Cu, Zn), a Takke Ni
B IOHHBIX OCaJKax MOKPBIThIX 3M oOHapy:KeHa 3aBU-
CUMOCTb OJIM3KasI K JIMHEHHOM, MeXIy KOHIIEHTpa-
LIMeil MeTaJlJIOB U CoJepsKaHUEM OPraHU4YeCcKOTO yT-
Jepona (Tadd. 2). DTy KOppeasiIUOHHYIO CBSI3b MOXK-
HO OOBSICHUTH (PU3MOJTOTUYECKUMU OCOOCHHOCTSIMU
3M. B ee MHUCThIX CUHTE3UPYETCS IMOJTUCAXAPUL —
30CTepUH. DTO BEIIECTBO SBISIETCSI IPUPOITHBIM JIV-
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Puc. 5. 3aBucuMocTb conepxanust TM B TOHHBIX ocanakax 0yxTel BoeBoga mokphIThix iyramMmu 3M (1, 2) U B OTCYTCTBUM Tpa-
BHI (3, 4). Cepble CUMBOJIBI COOTBETCTBYIOT (DpaKIINU C pa3MepPOM YacTUIl MeHbIIe 0.2 MM; YepHbIE CUMBOJIBI COOTBETCTBYIOT

dpakumnu ¢ pazmepom yactuir ot 0.2 10 0.5 mMm.

raHgoMm o orHomeHuio K TM (Macias-Zamoraet al.,
2008; Khozhaenko et al., 2015). Ilpu oTMupaHuun
TpaBbl OPTaHOKOMILJIEKChI 000TAIIIAIOT JOHHBIE OCal-
k1 TM u opranudeckum yriaepoaom (Hart, 1982).

OuYeBUIHO, YTO JUHEWHBINA XapaKTep 3aBUCHUMO-
ctu Mexny conepxanuem TM u C,,. BO3HUKAeT npu
cobmoneHnu psima ycioBuii. OQHO U3 YCIOBHIA CO-
CTOUT B TOM, YTO OCHOBHBIM MCTOYHUKOM MOCTYILJIE-

HUSI opraHmdeckoro yriepona v TM B JOHHBIE Ocaj-
KU gisiercst 3M. IpyruM yciaoBUEM SIBIISIETCSI MOOH -
JIM3als OpraHM4YecKoro yrieponaa u TM mu3 JOHHBIX
0CaJIKOB, KOTOpasi MIPOUCXOIUT B OMMHAKOBBIX MPO-
nopuusix. B o01ieM ciydae Takasi CUTyallysi, O-BU-
IUMOMY, peajlu3yeTcsl peaKo B CUITY pa3HbIX IPUYMH.
Bo-nepBbIX, ¢ pa3HOil MHTEHCUBHOCTBIO TIPOUCXO-
Ut HakoruieHne TM B KOpHSIX, KOpHEBUIIIAX, JIM-
Ne 7 2023
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Taomuna 2. KoadduumeHtsr Koppensiiiuu Mexny KoHueHTpaiusimMu TM Bo dpakiiuu meHee 0.2 MM 1 OpraHUYECKUM
yIJIEPOOAOM B KepHe 0ToOpaHHOM 13 OyxThl BoeBoma B Mecte mpouspacranus 3M

Bl Pb Cu Zn Co Cr Mn Copr
Pb 1
Cu 0.90 1.00
Zn 0.96 0.95 1.00
Ni 0.85 0.92 0.84 1.00
Co 0.67 0.89 0.79 0.84 1.00
Cr 0.68 0.87 0.73 0.88 0.79 1.00
Mn —0.52 —0.53 —0.49 —0.63 —0.36 —0.42 1.00
Copr 0.98 0.94 0.98 0.91 0.78 0.74 —0.59 1.00

CTBbSIX M cTeOJIsIXx 3M, 4TO OTMEYaI0Ch MHOTUMM MC-
cinegoBarensimu (Uepnosa, 2020; Iwummrosa, 2002;
Brix, Lyngby, 2002). IToaToMy BKJag B MOTOK Opra-
HUYECKOTOo yriepoaa u TM pa3HBIMM KOMIIOHEHTA-
mu 3M (1UCThs, cTeOeb, KOPHEBUIIIE, KOPEHb) Oy-
JIeT pa3HbIii A1 pa3Horo Bo3pacTta 3M 1 pa3HOTO ce-
30Ha. Bo-BTOphix, MH(payHa ¢ pa3HON CTEIIeHLIO
MHTEHCUBHOCTU MOOWMIM3YET OPTaHMYECKM yrjie-
pon u TM 13 TOHHBIX OCAaAKOB B COOCTBEHHYIO O1O-
MAacCy M OCYIIECTBIISIET IIEPEHOC MUKPOIJIEMEHTOB U3
JIOHHBIX OCAIKOB B IIPUIOHHYIO BOOY IIOCPEICTBOM
ouotypoanum,/ououpperauuu (Schaller, 2014). Takum
o0pa3oM, codeTaHue ocoOeHHOCTell HakoruieHuss TM
3M ¢ 0COOEHHOCTSIMM MX MOOWIM3ALMKU W3 JOHHBIX
OCaJKOB, B UTOTe OyIeT MPUBOIUTD K Pa3HBIM 3aBUCH-
MOCTSIM, TIpEACTaBJIEHHBIM Ha PUC. 5 U K pa3HBIM KO-
acddumenTam Koppensuuu (Tadm. 2).

Bonee cinoxHbI XapaKTep 3aBUCUMOCTEN KOH-
ueHrpauuii TM Pb, Cu, Ni, Co, Cr, Zn or C,,, nis
dpakuuu MeHee 0.2 MM HaOIIOgAaETCS IJIST TPEX MC-
caenyeMbix 6acceiiHoB (puc. 6). CogepkaHue opra-
HUYECKOTO yIiiepoAa B 3aJIMBe YTJIOBOI HAXOIUTCS B
y3kux rpannuax (1—2%). Hakormnenne TM 1oHHBIMU
ocagKaMU 3aJTUBa OCYILIECTBIISIETCS, [IO-BUINMOMY, Ye-
pe3 ancopOLMIO Ha B3BECH, T.K. HUKAKOM 3aBUCMMOCTU
OT OpPraHMYECKOTO yIjiepoaa ISl 3TOro GacceiiHa HeT.
Ha cr. 6 3a¢pykcrpoBaHbI caMble BLICOKME KOHIICHTPA-
LIUY HUKEJIsI, KobanbTa, XpoMa (puc. 6B, 6r, 61) 1 Map-
raHua Ha ct. 5 (puc. 4). Ilo-BunuMoMy, B OTHOILIICHUU
STUX METAJJIOB TaHHBIN GacceifH MoaBepraeTcs aH-
TPOIIOTEHHOMY 3arpsI3HEHUIO, YTO yXKE OTMEYaloCh
panee (ITetyxoB u ap., 2019).

BomoobmeH 3anmBa YrioBoit ¢ AMypCKAM 3aIMBOM
SIBJISIETCSI YpE3BbIYAiHO BaXKHBIM (paKTOPOM CaMOOUM -
IIEeHWST 3aIMBa YT0Boi. OrpaHMdeHnsT BOMOOOMeHa
0OYCIIOBJIEHHBIE CTPOUTETBCTBOM THIPOTEXHUIECKIX
COOPYXEHUI, YCTaHOBJIEHHBIX B 1982 (miokep) u
2012 (HU3KOBOOHEIIT MOCT) TOJaX MOTYT OBITH IIPU-
YUHOI YBEJIMUEHUSI KOHIIEHTPALIMU TSIXKEIbIX METaI-
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JIOB B IOHHBIX Ocankax 3anuBa. B padore (Bamienko
u ap., 2010), mocBsIIEeHHOM OLIEHKE YPOBHS 3arpsi3-
HEHUSI JOHHBIX 0CaJKOB AMYPCKOTIO 3a/IMBa U MX I0-
TEHIMAJILHOM TOKCUYHOCTHU, IPEICTaBICHEI JaHHbBIE
Mo coaepxXaHuio Takux TM, Kak IIMHK, Medb, HU-
KeJb, XpOM U CBUHEL B IOBEPXHOCTHOM CJIO€ JIOH-
HBIX OCAaJKOB 3ajiuBa YIJIOBOii B mepuonm ¢ 1999—
2005 r. (Tabm. 3).

JlorHBIEe ocagku B OyxTte HoBropomckoit odora-
IIEHbI MapraHueM (puc. 20) u cBuHLOM (puc. 6a). B
oTiimune oT OyxThl BoeBoja, KOHILIEHTpAMU TSKE-
JIBIX METAJUIOB B JOHHBIX ocaakKax 6yxTel HoBropon-
CKOI1 HE MMPOSBJISIOT 3aMETHOI TEHAEHLMU K POCTY C
yBemmdyenuem C,,, Maxe JUis CT. 3, [Ie MPUCYTCTBYIOT
noiist 3M. OdeBUIHO, ITOMUMO 3M CYIIECTBYIOT HO-
MMOJTHUTEIbHBIC (DAKTOPHI, KOTOPHIE OKA3BIBAIOT BJIUSI-
HYE Ha HAKOIUICHUSI MUKPO3JIEMEHTOB B IOHHbBIX OCaJl-
Kax. OmHUM U3 (paKTOPOB MOXKET OBITH IMHAMMKA BOII,
yto orMevanaoch paHee (Yepnoma, 2012). [leiicTBu-
TeibHO, OyxTta HoBropoackas sBisercss 6ojiee OT-
KPBITBIM 0acceifHOM IT0 OTHOIIEHUIO K BETPOBOMY
BO3IEICTBUIO U, COOTBETCTBEHHO, XapaKTepU3yeTCs
0oJiee MTHTEHCUBHOII AMHAMUKOIT BOJ B CPAaBHEHUM C
oyxroit BoeBona.

st mpoBepKM BBICKA3aHHBIX MPEIIIOI0KESHUM
TpeOYIOTCSI TOMOJHUTEIBHBIC NCCISIOBAHUS CONEP-
kaHusg TM He ToJbKO B JOHHBIX Ocaakax, Ho 1 B 3M.

Taomuna 3. CpenHue 3HaueHuss KOHUeHTpauuit TM
(Mr/Kr) 115 3aiMBa YTJIOBOI MO paHee OIyOJIMKOBAaHHBIM
TMAaHHBIM U TaHHBIM, TTOJTYYEHHBIM B MIPEICTAaBIICHHOM pa-
00Te ISl TOBEPXHOCTHOTO TOPM30HTA JOHHBIX OCAJIKOB

CraHnusa Zn Cu Ni Cr Pb
Vriosoit (2005)| 90.0 15.7 | 22.0 36.6 16.3
Cr.5 105 30 19 49 28
Crt. 6 117 28 30 67 19
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Puc. 6. 3aBucumoctu koHueHTpauuii TM Pb, Cu, Ni, Co, Cr, Zn ot Copr st dpakuyum 0.2 MM B TOHHBIX ocankax 0yxT Boe-
Bona (1, 2), Hosroponckas (3, 4) u 3anuBa YrjioBoii (5, 6).
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Ta6mma 4. Conepkanne TM (Mr/Kr) U opraHudeckoro yriepona (%) B TOHHBIX OocaJKaX MEJKOBOMHBIX OYXT 3aJiiBa

ITeTrpa Beaukoro

Mnrepsar Pb | Cu| Ni | Co | Cr| Zn |Mn|Cou| Pb | Cu| Ni|Co| Cr| Zn | Mn |Cop
OMpoOOBaHUSI, CM
®dpakiust MeHblie 0.2 MM ®pakius ot 0.2 10 0.5 Mm
Cranuus 1
0-5 37 91 27 8 | 541204 | 208 | 6.01] 21 48 91 4 43 | 116 | 90 | 8.26
5—15 27 75| 25 8| 54| 142 | 219 | 3.72 | 28 82| 26| 9 54 | 157 | 202 | 5.46
15-25 25 78 | 24 8 55 | 150 | 211 | 3.67 | 25 741 25| 8 51 | 151 | 189 | 4.55
25-35 24 | 58 | 25 71 54| 110 | 209 | 3.24 | 27 53| 26| 8 51 | 107 | 178 | 4.06
35-45 21 41 20 6| 48 | 95| 211 |2.13 | 18 25 15| 4 34 | 63| 133 | 1.91
45-54.5 18 371 20 71 48| 90 | 219 | 1.94| 15 17 14| 4 29 | 39| 115 | 1.33
54.5—64.5 21 39 19 6| 50| 98 |225|1.89]20 63 I5] 5 35| 84 | 160 | 1.92
Cranuus 2
0—10 351 29 27 8] 49 | 108 | 238 | 3.03 | 33 351 221 9 46 | 97 | 215 | 3.62
10-20 26 | 28 17 91 49 | 100 | 235 | 2.54| 29 33| 26| 8 51 | 109 | 226 | 2.96
20-30 28 | 26 | 26 8 50 | 96 | 229 | 2.43 |25 39 22| 7 43 | 100 | 206 | 2.57
30—40 29 | 26| 22 8 51 94 | 229 | 1.99 | 26 24 19 | 8 45 83 | 207 | 2.02
40-50 26 | 25 21 8| 48 | 92 | 228 | 1.74| 25 30 9] 8 46 87 | 206 | 1.85
50—60 27 | 28 23 10| 53| 97| 218 |1.95]| 13 22 13 ] 8 38 67 | 191 | 1.65
60—73 26 | 26 23 81| 49 91 | 210 [ 1.92 ]| 14 14 10| 3 22 | 54| 145 | 1.83
Cranuus 3
0-9 35 19 | 28 9 57 | 117 | 344 | 5.59 | — - - | = — — — | 7.27
9—18 21 18 25 9 61 | 104 | 323 |2.85| — - — | - — — — 1 6.23
18—27 25 15 22 9| 52| 93343 |2.01]| 16 5 31 4 10 | 67 | 306 | 0.63
27-37 25 17 | 22 9| 52| 104 | 321 | 1.69] 22 8 13 7 20 | 100 | 419 | 1.91
37-47 23 17 | 22 10 | 54 | 104 | 319 | 1.63| 16 10 1|7 27 | 137 | 418 | 2.16
47-57 30 18 | 25 10 | 59 | 106 | 308 | 1.83 | 10 12 17 | 11 40 | 88 | 318 | 3.41
57—67 45 19 | 25 10 57 | 110 | 320 | 1.82 | 13 11 14| 6 31 69 | 274 | 5.52
67-77 35 20 27 10 | 54 | 102 | 321 | 2.06| 25 18| 24 |10 49 | 87 1292 | 4.22
78—87 23 23 | 28 11 58 | 120 | 339 | 2.35| — - - | = — — — | 4.41
Cranuus 4
0—13 21 18 | 24 8 57 | 105 | 313 | 3.05]| 26 15 5] 7 32| 87| 288 | 6.03
13—23 24 17 | 25 10 | 59 | 112 | 309 | 1.76 | 23 16 18] 8 45 | 119 | 335 | 2.44
23-33 26 17 | 25 11 60 | 104 | 303 | 1.60 | 25 8 11| 4 17 | 80 | 331 | 5.63
33-43 24 17 | 26 10 | 60 | 104 | 312 | 1.64| 41 5 51 4 13 | 58 | 238 | 8.68
43-53 26 17 | 25 10 | 63 91 | 302 | 1.62 | 22 5 713 8 74 | 318 | —
53—63 27 18 | 28 9 61 | 106 | 293 | 1.40 | 20 9 8| 4 14 | 88 | 383 | 3.73
63-73 21 18 | 26 10 | 62 | 102 | 287 | 1.37 | 41 9 8] 5 23 | 104 | 386 | —
73—83 23 17 | 22 11 62 | 104 | 316 | 1.40 | 26 9 8| 4 15 | 103 | 448 | 2.53
CraHuus 5
0—10 28 30 19 11 49 | 105 | 197 | 1.55| 4 11 13| 4 16 47 | 72| 0.63
10—20 25 | 26 18 11 48 | 103 | 258 | 1.52| © 6 513 8 23 | 53] 0.32
20-30 24 | 20| 24 10| 50| 93 |383|148| 6 10 13 7 34| 46| 193 | 1.21
30—40 25| 24| 20 8| 46| 99 | 294 | 1.11 |H/O 6 11| 4 14| 22| 83| 0.46
40-50 25 23| 20 9| 48 | 96 | 298 | 094 | 3 3 71 4 15 10 | 50 | 0.20
50—60 25 19 | 20 9] 53| 981|197 |0.83| 6 3 4| 4 9 11 46 | 0.15
60—70 29 | 20| 20 10| 50| 93| 180 |0.75| 4 5 31 4 9 14| 43 | 0.16
70—80 28 | 22| 21 9] 52103 | 188 |0.78| 9 6 513 11 15| 54 |0.22
80—89 26 19 | 20 10| 55| 97| 177 |0.80| 6 24 515 9 18 74 1 0.13
Crannus 6
0—10 19 28| 30 13 67 | 117 | 224 | 1.37 | 2 13 11| 74| 16 35| 120 | 0.7
10—20 14| 27| 29 13| 66| 120 | 208 [ 1.36 | 0.2 6 71| 6.6 9 19 | 100 | 0.71
20-30 191 29| 30 12 67| 119|213 |1.28| 4 6 6| 6.5 16 30 | 110 | 0.53
30—40 18 30| 30 13 69 | 111 | 232 [ 1.31 | 15 26 19| 93| 44| 60| 180 |—
40-50 22 | 34 31 12| 68| 122 | 222 | 1.35| — - — | - — — —10.73
50-60 19| 32 31 14| 67| 112 | 236 | 1.29| 8 21 10| 7.7 25 30 | 140 | 0.74
60—69 22| 29| 28 13| 65| 110 | 231 | 1.39| 22 26 | 27 | 12.3 | 56 | 103 | 220 | 1.97
65—78 15 24| 29 13 ] 65106 | 232 [ 1.20| 7 18 6| 6.1 22 31 | 120 | 0.47
79—89 18 23 | 30 13| 66 | 104 | 234 | 1.18 | 15 11 14| 84| 21 60 | 140 | 1.27

IpumeuaHusi. H/0 — He OOHapyKeHO; 3HaK
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3AKJIIOYEHHME

JoHHble ocanku B 6yxtax BoeBoma u Hosropon-
ckas comepxkar 6oubuie C,, 1 CyMMbI (hYIbBOBBIX U
T'YMUHOBBIX KMCJIOT B CPAaBHEHUM C 3aJIMBOM YTJIO-
BOM, XOTsI JOJIsI MEJIUTOBOI (ppaKIlMK B ocajJkax 3a-
JIBa YTJIOBOM CYILIECTBEHHO BHIIIE. DTO KaxXyIllee-
CsI MPOTHUBOpEUYrEe OOYCIOBJICHO TEM, YTO OCHOB-
HBIM MCTOYHUKOM COpr B OOHHBIE OCaIKM OYyXT
apisieTcss 3M. Boliee TOTo, y4acTKH, ITIOKPHITHIC 1y~
ramu 3M, comepxar 6oJjiee BBICOKME KOHIIEHTpa-
uun C,,, B CPABHEHUM € y4aCTKaMM Ha KOTOPBIX
OTCYTCTBYIOT Jiyra 3M.

Haubonblinee conepkanue HMHKA U MeIU HAOJTIO-
anoch B o0pasiax u3 0yxtel BoeBoga, roe mpouspac-
TaloT JIyra Mopckoit TpaBel 3M. Taxke B 3TOi OyxTe
HaOJIIOJA0TCsl MPAaKTUYECKU JIMHEMHbBIE 3aBUCUMO-
CTH MeIM, UHKA, CBUHIIA U HUKEJISI OT OpraHuYe-
CKoro yriaepozaa. Meau u LIUHK OTHOCSITCS K 3JIEMEH-
TaM ¢ BBICOKMMU KO3} PHUIIMEeHTAMHU OMOJIOTMISCKO-
ro HaKOILJICHUS B TUAPOOMOHTAX, YTO OOYCIIOBJIMBACT
WX IIOCTYIUIEHNE B JOHHBIEC OTIOXCHMS C JETPUTOM.
DTy KOPPEISIIMOHHYIO CBSI3b MOXHO OOBSICHUTD (DU -
3MOJIOTUYECKMMHU ocobeHHOCTIMU 3M. B ee nmucThax
CUHTE3UPYETCsl IIOJIMcaxapua — 30CTEpUH. DTO Be-
IIECTBO SIBJISIETCS HMPUPOOHBIM JIUTAHAOM IO OTHO-
meHuo K TM.

HaubGonsliee cogepxaHue xpoma, HUKEISI U KO-
GaJbTa OTMEYEHO Ha CTAHIMAX B 3aJIUBE YTJIOBOIA.
DTU METaJUTI OTHOCSTCS K TPYIIIE pacCcesTHHBIX TM,
MOCTYMNAIOIINX B BOAHbIE SKOCUCTEMbI C AJJIOXTOH-
HBIM TIOBEPXHOCTHBIM CTOKOM B COCTaBE€ BBICOKO-
IHUCIIEPCHBIX YacTHUIl B3Beceil. OTrpaHWMIeHUsT BOIO-
oOMeHa, OOYyCJIOBJICHHbIE CTPOUTEILCTBOM TUAPO-
TEXHUYECKUX COOPYKEHUI1, YCTAHOBJIIEHHBLIX B 1982
(mokep) n 2012 (HU3KOBOOHBIIA MOCT) TO/1aX, MOTYT
OBbITh MPUYMHON YBEIUUESHUST KOHLIEHTPALIUU TSIKe-
JIBIX METAJIJIOB B IOHHBIX OCAlIKaxX 3aJIiBa.

HauGosnbllive KOHIIEHTpallMM MapraHila U CBUH-
a o6HapyxeHHI B Oyxte HoBropomckoii. Pacrpene-
JIeHUE MapraHlia 1o ryOorHe ocajka paBHOMEPHO U
HE 3aBUCHUT OT COAEPKAHUS OPraHUYECKOro yIriiepo-
na. IIpupona ero mpoucxoxaeHus TpedyeT gJajabHeu -
IIUX UCCIEOOBAHUNA.
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mopuu eudpoxumuu Tuxookeanckoeo okeaHonozuue-
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U BHYULUMENbHYIO NOMOUb 8 1a00PAMOPHbIX Uccaedosa-
Husx. Taxace aemopul evipasicarom 61a200apHOCMb HA-
yunomy pedaxmopy B.IO. Pycakosy u peuenzenmam 3a
nOMOWb 8 NPABKAX U YAYUUIEHUU CIMAMbU.
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