TEOXHUMHA, 2023, mom 68, Ne 2, c. 197—-216

OPTAHNYECKHUE COEANHEHUA 1 METAJIJZIBI B OCAAKAX
OTAEJIAIOININXCA BOOJOEMOB KAHIJAJTAKIHICKOI'O 3AJINBA
BEJIOT'O MOPA!

© 2023 r. M. @. bynsko* *, . A. HemupoBckaa® **

¢ Unemumym okearnonoeuu um. I1L11. Hlupwosa PAH, Haxumoeckuii npocn., 36, Mockea, 117997 Poccus
*e-mail: dmitry.b- 1990@yandex.ru
**e-mail: nemird4@mail.ru
TTocrynuna B pegakuuio 26.04.2022 r.

ITocne nopa6otkm 19.08.2022 1.
IMpunsara k myonukamnuu 19.08.2022 r.

M3yuyeHue TOHHBIX OCaIKOB OTACISIOIIMXCS BogoeMoB KaHaanakiickoro 3aiuBa bejioro Mopst rokasaiio,
YTO, HECMOTPS Ha CyOapKTUUYECKOe TMOJIOXKEHUE, B HUX 00pa3yeTcst 00JbIlIoe KOJIUYECTBO OPTraHUUYECKUX
COEMHEHU, aBTOXTOHHO! 1 aJUTOXTOHHO npuponsl. Cpentue KoHUeHTpauuu Copr, Nogi, Sopm, UG-
TUYECKUX YIJIEBOAOPOAOB U MOJULMKINYECKUX apOMAaTUYECKUX YTIJIEBOAOPOAOB B JOHHBIX OCaIKaX COOT-
BeTCTBEHHO cocTtaBmim 5.33, 0.78, 0.53%, 817 MKT/T 1 261 HT/T, YTO 3HAYUTEJIBHO BHIIIIE TTO0 CPABHEHUIO C
OTKPBITHIMU paiioHamMu beyioro mopsi. OBTpodupoBaHUE 3TUX BOJIOESMOB 3aBUCUT OT UX CBS3U C MOPEM.
YcraHoBiieHO oOoraleHre BOCCTAaHOBJIEHHBIX TMEJUMTOBBIX OCAAKOB oTaenstonmxcsi Bomoemos Cu, Cd,
Mo, Hgu U no cpaBHeHHIO C 0OcagkaMM OTKPBITBIX MOpcKUX 0yxT Kangamakuickoro 3aiusa. [1pu aTom co-
nepxanve Hg u Mo B 2 u 14 paza npesbliiaeT HopmMatuBHoe 3HayeHue (0.3 1 3 MKr/T, COOTBETCTBEHHO).
IMonoxuTrenbHasi KoppeJisiius ¢ obiieii cepoit (r > 0.8) ykaspiBaeT Ha NMPEUMYIIECTBEHHOE HaXOXIeHUE
IAaHHBIX METAJIJIOB B (hopMe cl1abopacTBOPUMBIX CYJIbDUIOB.

KiroueBble ciioBa: oTIeJISIIOIIMECS BOJOEMbI, 3BTpOMUKAIINSI, JOHHBIC OCAaIKU, OpTaHNYeCKOe BEIIECTBO,
amdaTndecKkue 1 MOJUIUMKINIECKUe apoOMaTUYeCKre YIJIeBOIOPOIbl, OPTaHUYECKUI yriiepon, MUKpPO-
ayieMeHTHI, beioe Mope

DOI: 10.31857/S0016752523020024, EDN: CKVJIRW

Otaenstomiyecs: BogoeMbl (MEPOMUKTHUUECKUE) —
BaxKHasl COCTABJISIONIAS OEJIOMOPCKOM T'MIPOIOTYEe-
ckoii cuctemnl (KpacHoBa, 2021a). 11 IpuanMBHOTO
Kanpanakiickoro 3ajiuBa ¢ CUJIBHO U3pEe3aHHOM Oe-
pEroBoii IMHUEN 1 KOTJIOBUHAMHU XapaKTepHO oOpa-
30BaHME TaKWX BOJOEMOB. DTO OBIBIIME Y4aCTKHU
MOPCKOII aKBaTOpPUM, OTACIUBIINECS OT OTKPBITOM
YacTH MOPS IIPHU NU30CTaTUIECKOM IIOTHSITUY Oepera.
Ha craguu otneneHusi, Korma MOpcKasl Bojaa yxKe He
MOXKET IIPOHUKHYTh B BOJOEM, Ha IIOBEPXHOCTU Ha-
YyyHaeT HaKaIUIMBaThCs IpecHas Boxa. Ilpu atom B
OTIEJISIONIMXCS BOJOEMaxX pPa3BUBAETCSI MEPOMMK-
cusl, T.€. paccIOeHUEe BEPTUKAILHOM CTPYKTYPhI BOJI-
HOM MaccChl 110 (PU3MKO-XMMUYECKUM ITapamMeTpam.
B pe3ynbsraTe B BomoeMe oOpa3yeTcst ABYX MM TPeX-
CJIOiTHASI CTPYKTYpa, COCTOSIIIAsI U3 BEPXHErO OIIpec-
HEHHOTO CJIOSI TOMIIIMHOM, KaK IIPaBUJIO, HECKOIBKO
METPOB U IOACTUJIAIONIETO 00Jiee IIOTHOIO COJIEHO-
ro ciost (KpacHoBa, 2013; CaBBuueB u ap., 2019). He-

! HononuutensHast nHGOpMALKS 11sL STOi CTATBU LOCTYITHA 10
doi 10.31857/S0016752523020024 nisi aBTOPU30BAHHBIX TMOJIb-
30Baresiei.

JIOCTATOYHOE KOJIMYECTBO KUCIOPOIa, JTUMUTUPYIO-
mee OKUCIeHHe opraHmdeckoro BemectBa (OB),
MPUBOIUT K 00pa30BaHMUIO NMPUIOHHOTO aHOKCUTE€H-
HOTO CJIosl, oboramieHHOro cepopogoponom (Jlucu-
ubIH u 1p., 2013; KpacHoBa, 2021a). IToatomy 6e10-
MOPCKHE BOJOEMbI MOTYT CJIYXUTb MOMEJbIO IJIs
U3y4eHUsSI TEOXMMUUYECKUX LIMKIIOB, MPOTEKAIOIINX
KaK B IPECHOBOMHBIX, TAK W COJICHBIX a3pOOHBIX U
aHA3POOHEBIX YCIIOBUSIX.

[TocTeneHnHast N30IMPOBAHHOCTh BOJOEMOB U 3a-
MemJIeHe BOJOoOOMeHa C MOPEM BHIPpAXKaloTCsI B 9B-
TpoUKaLIMK, U3MEHEHUM TeMIIepaTyphbl, COJIEHO-
ctu, pH ¥ oKUCIMTETPHO-BOCCTAHOBUTEILHOIO IIO-
tenumana (Eh) cpempr (KpacHoBa u mp., 2013;
KpacHoBa u np., 2021a; Hemuposckast, 2017). TpaHc-
dopmalMsl TaHHBIX MapaMEeTPOB MOXET IIPUBECTH K
rnepepacrpenciceHuio GopM HaXOXICHUS XUMUYe-
CKUX BJIEMEHTOB, WM WX MUTpPallMM MEXIy BOTHOI
cpenoii U TBepaoi ¢ppakieii 0caJjodyHOro MaTepua-
na. I1pu 3ToM MUKpPO3IEMEHTHI, KaK IIPaBUIIO, HE 00-
pa3yroT COOCTBEHHBIX MUHEPAJIbHBIX (Da3, a HAXOT -
Cs B acCOLIMAallMM C Pa3IMYHBIMM NOABVDKHBIMU U
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WHEPTHBIMU KOMIIOHEHTaMM MaTpUIIbl ocanka (Kap-
6onatsl, Fe u Mn okcuruapoxkcuasl, OB, cynbdunbi,
IJIMHUCTbIE U OOJIOMOYHBbIE MUHepasbl). [ToaTomy
coliep>KaHWe XMMWYECKUX 3JIEMEHTOB SIBJISIETCSI T1O-
Ka3aTeJbHbIM UHCTPYMEHTOM B MOJYYEHHUU UHMOp-
Maluu 00 U3MEHEHUSIX OKpYXKalollleid cpelibl B BOJI-
HBIX OOBEKTAX.

ExeronmHo Ha oTaesmoluxcs BomoeMax bejoro
MOPSI IIPOBOIITCI KOMIUIEKCHBIE VICCIeTOBAHMS, 3a-
TparuBalolinue MPeruMYIIeCTBEHHO OMOJIOTrMYecKylo
cpeny, a TakKKe TUAPOJIOTMYSCKYIO U TUAPOXUMUYC-
CKYIO CTPYKTYpHI BogHo Toinmu (Lllamopenko u mp.,
2005; KpacHoBa u ap., 2013; KpacHoBa u ap., 2021a).

C menplo M3ydeHUsI OCOOEHHOCTe KOHIEHTPU-
poBaHMsl OpraHnYecKux coenuHeHuit (C,p,, yriaeBo-
JIOPOJIOB, B TOM 4ucJie anudarndyeckux — AYB u no-
JIMIVKINYECKNX apOMaTUUECKUX YIJIEBOIOPOIOB —
ITAY) 1 MeTaJuI0B B CONOCTABIEHUHA C N6, A S5 B
JOHHBIX ocaakax, JeToM 2020 r. ObLT IIPOBEJEH OT-
0op npo0 B oToeaswIIuXcsI BogoeMax Kanganakii-
ckoro 3anuBa benoro mopsi. Bce 3T BomoeMbl Mo-
I'YT ObITh OTHECEHBI K MEPOMUKTUYECKMM, B KOTO-
pBIX CIIOUCTasl CTPYKTypa BOJ BO3HUKAET WM3-3a
MEePEKPHITUSI OCTATOYHOII MOPCKOI BOIBI CIIOEM C
MEHBIIIEH COJIEHOCThIO, pa30aBjIeHHBIM UJIM COBCEM
MpecHBIM CTOKOM ¢ Bogocbopa (KpacHoBa, 2021a).
B 3agaum ncciaemoBaHMs BXOIST: MOJMYyYeHUE Kade-
CTBEHHBIX U KOJIMUYECTBEHHBIX OLICHOK pacrpeaee-
HUSI OpraHNYeCKUX COeAUHEHMU B OcagKax OTACIISI-
oIIMXcs BomoeMoB benoro Mmopst; onpeneaeHue oc-
HOBHBIX MEXaHU3MOB aKKyMVJISILMM IIUPOKOIro
CIIEKTPa METa/UIOB M HECKOJIbKMX METaJIJIOUIOB B
HCCIeAyeMbIX OCalKaxX; OIeHKa 3arpsa3HeHHOCTHU
YIJIEBOIOPOAAMHU U TSKEJIBIMU MeTaJlJIAMU 3TUX BO-
JIOEMOB.

METOAMKA UCCJIEJOBAHUN
Ombop npod

I1po6s1 moBepxHOCTHOTO ci1ost (0—5 ¢cM) TOHHOTO
ocajka OTOMpasM ¢ MOMOIIbIO THOUepIIaTesst DKma-
Ha—bepixka B uMcciaeayeMblx BogoeMax B CEHTIOpe
2020 r., oT ype3a Boabl A0 TITyOOKOBOIHOM YacTH, 3a-
TparuBasi pas3MYHbIe yYaCTKU MEPOMEKTUUECKOI
CTPYKTYPbI BOIOEMOB. Takxke B KauecTBe MECT OTOO-
pa mpo0O paccMaTpUBaINCh 00JACTH C TTOBBIIIIEHHOMN
COJIEHOCTHIO B palioHe MepeMbIYKU, OTACSIONICH BO-
JI0OeM OT OTKPBITOW YacTh MOps, U ONPECHEHHbIE
Y4acTKU B palioHe BNaJeHUs MPECHOBOAHBIX PYYbEB.
EnvHu4HbBIE TTIPOOKI OBUIM OTOOPaHBI HA OTKPBITHIX
yyactkax ryosl Kpyrinoit m OyxTtel bmoduiabrpoB
(Tabm. 1).

Ha mecte oT60opa 1mpo6 BBEIMOIHSIOCH U3MEPEHNE
OKHUCJIMTEJIbHO-BOCCTAHOBUTEILHOTO noTeHImaza (Eh)
JMIOHHBIX OTJIOXEHUI ¢ MTOMOIIBIO TIOPTATUBHOTO UO-
HoMepa AHnoH 7050 (P®). /lanee o6pa3iibl 3aMopa-
xuBanu (—18°C) mist najnpHeileil TpaHCIIOPTUPOB-

K1 B tabopartopuio. Becero 6n110 oTo6paHo 23 IpoOsI
OCaJIKOB.

Paiion uccaedosanus

Kaxnerii u3 nCCiaeayeMbIX BOOOEMOB MMCEII pa3-
JIMYHYIO CTCIICHDb U30JIALINU OT Kanmanaxiickoro 3a-
nuBa benoro MODpsI.

O3zepo TpexuBeTHOE — TUITMYHBIN MEPOMUKTUYE-
CKWMIT BOIOEM C IITyOUHOM OKOJIO 6 M, TTIOJTHOCTBIO OT-
JIeNuBIINiics oT Mopsi. Ero TpexciioiiHast cTpyKTypa
BOJHOM TOJIIIM BKJIIOYAET BEPXHUM CJIOM MPECHOM
BOIbI, TIPOMEXYTOUHBIA a’pOOHBIN CIION COJIEHOM
BOJIBI ¥ IIPUAOHHEIN aHa3pOOHEKIN CJIOi, ¢ coaepKa-
HueM cepoBoaopoaa 600—900 Mr/i1, YTO TIpeBLIIIACT
€ro KOHILIEHTPAllUM BO MHOTUX U3BECTHBIX BOIOEMAaX
¢ aHa’pooHbIMU ycaoBusaMHU (Jlociok u ap., 2021).

O3epo Kucmo-Cnagkoe — HeOOJBIIOM IO IUIOIIA-
I BOJIOEM C MaKCUMAJIbHOM TITyOMHOI OKOJIO 4 M, OT-
JeIeHHBIN oT beoro Mopst HMpoKoi KAMEHUCTOI Ha-
chInblo. B otmmuue ot 03. TpexuseTHoro, B 03. Kucno-
Crmagkoe mocTyIaeT MOpCKasi BOJIa BO BpeMsI CU3M-
TUMHBIX IPUJINBOB U CHMJIBHBIX BETPOBBLIX HAaroHOB,
TOrJa KaK IIPECHOBOIHBLIM CTOK B 03e€pO Mal.
B pesynbraTe B 03epe (OpMHUPYIOTCS IIOBEPXHOCT-
HbI€ BOIbI C TIOHMKEeHHOI cojieHocThio (10-15 PSU),
a Ha IITyOMHAaX HMKe 2 M 3aJIeraloT BOJbI C COJIEHO-
cThi0, mpeBbimaloneit Mopckyio (24 PSU) (Kpac-
HoBa, 2008).

Bbonbiiine XpycioMeHbl — caMblit KPYITHBIN U3 13-
BECTHBIX OTHesIoMXcst o3ep KaHmanakiickoro 3a-
JIUBa ¢ MaKCHMMaJIbHOM TIyOMHOIT 0KoJ10 18 M, KOTO-
DBl coeMHSIETCS C OTKPBITOI YacThio bejioro Mopst
TOJIBKO Yepe3 KaMEHUCTYI0 Hachimb. O3epo pacroio-
KeHo Ha ocTtpoBe OsneHbeM B KoBickoMm 3anuBe, U
XapakTepu3yeTcsl YeTKO BbIpaXkeHHOU cTpaTuduka-
LMel, HaJTu4ueM XeMO- U TaJIOKJIMHA Ha TIyOuHe 2—
4 M (CaBBuueB u Ap., 2019). BaxxHas oco6eHHOCTb
03epa — MOCTOSIHHOE TTOCTYIJIEHWE MOPCKUX BOJ, Ye-
pe3 IIpOHUIIaeMble TTOPObI, OOOTallleHHbIE CyJIbda-
tamu (KpacHoBa, 2021a). [ToaToMy HUXE XeMOKJIIH-
Ha MPOUCXOIUT 3HAYUTEJIbHOE HapacTaHUE COJIEHO-
ctu (o 24 PSU B NpUIOHHBIX TOPU30HTAX).

JlaryHa 3esieHoro Mbica HaxXoaUTCsl Ha OoJiee paH-
Hell CTauM OTAEJEHUs], U OTHOCUTCSI K TTIOCTOSIHHO
CBsI3aHHBIM ¢ MopeM BomoemaM (KpacHosa, 2021a).
ITpunuBHBIE YPOBHU KOJIEOaHUSI BOJbI B JIaTyHE Olie-
HUBAIOTCSI MpUMepHO B 10 cM. AHOKCUTEHHbIE YCIOBUS
Pa3BUBAIOTCS TOJIBKO B MIPUIOHHBIX TOPU30HTAX CaMOIi
DTyOOKOM YacTH naryHsl (5—6 M). MakcuMallbHOE cOo-
JepXkaHue cepoBOIOpoa, 3apMKCUpOBaHHOE B JIaryHe
3eseHoro Meica, Takke Kak B 03. Kucno-Cnaakom, co-
crasistet 120 mr/n (JIociok u np., 2021).

KosmoBas ryba JlobaHuxa, pacIriojioXXeHHasl Ha

0. BeimmkoMm, ¢ MakcuManbHOM IyomHoit 13.5 M, co-

eIUHSIETCSI ¢ MOpPEeM Y3KUM MEJIKOBOIHBIM PO~

BOM. AHOKCHITHasl 30Ha MOsSIBUJIaCh B 3TOM BOIOEeMe
tosibko ieToM 2020 r. (KpacHoBa, 20210).
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Memoobt uccaedosarnus

O6umii u oprannyeckuit yrepon (Cgy, Copr), @
TakXe Nogy 1 Sygy, B TOHHBIX OCaIKaX OIPENEIIIIN
Ha CHNS-O anammzarope EuroEA300 mpowm3sBoi-
ctBa EuroVektor SPA (Mrtanus).

¥YB u3 ocagkoB 3KCTparupoBajiv METUIEHXJIOPU-
IIOM Ha yJbTpa3ByKoBoii 6aHe “Candup” (PD). Bece
pacTBOPUTEIM MMeENIU KBaaudukauuoo o.c.y. OT-
nenbHBIe ppakuun YB (AYB u ITAY) pa3nensiu rek-
CaHOM C TIOMOIIBIO KOJIOHOYHOI Xpomatorpaduu Ha
cwiukarene. Konuenrpanuu AYB onpenensiiu MeTo-
noMm UK-crekrpockormmu Ha mipubope IR Affinity 1
(Shimadzu, fmonus). B kadectBe cTaHgapra uc-
MOJIb30BAJIM CMECh U300KTaHa, TeKcajgekaHa U OeH-
30J1a B cootHotueHuu 37.5, 37.5 u 25 06. %, coorBer-
crBeHHo (KauectBo..., 2020; Hemuposckas, 2013),
YyBCTBUTEJBHOCTh METOJAa — 3 MKT/MJI 3KCTpakKTa
(Hemuposckas, 2013). [Ins pacuera noau AYB B 00-
ieM conepxkanuu C,, UCNOJIb30BaIM KOI(POULUEHT
0.86 (MeTonpt..., 1980).

AHalu3 ajJKaHOB MPOBOAMJIM Ha XpoMaTorpade
Kpuctann-Jliokc 4000-M (P®), ocHallleHHBIM TLIA-
MEHHO-UOHU3ALMOHHBIM JIETEKTOPOM, C Kalluj-
JIsIpHOM KomoHKo# 30 M X 0.22 MM pupmbl “Supelco”
(Merck, Tepmanwms), ¢ ¢dasoii: 5% dennna u
95% monuKcuiaaHa, IMpy MporpaMMHUpPOBAHUMN TEM-
neparypsl ot 60 1o 300°C co ckopocThio 8°/MUH,
ra3-HOCUTEIb — TeJINii (CKOPOCTh IPOXOXKICHUS Ta-
3a 1.5 1/mMun). 11 KanuOpoBKU mpudopa u ornpeae-
JICHUsI BPEMEHHM BBIXOJa MICHTUGHULIMPYEMBIX ayl-
KaHOB, WCIIOJIb30Bali CMeCh KaJTMOPOBOUYHBIX
cranaaptoB H-C,—C,4, bupmsl “Supelco”, a B kaue-
CTBEe BHYTPEHHETO CcTaHAapTa — CKBaJlaH, (pUPMBI
“Sigma Aldrich” (CIIA).

CymMapHyto koHueHTpauuto ITAY onpenensiu
dryopeclieHTHBIM MeToaoM Ha rpubope (“Trilogy”,
CIIA), oTHOCUTEIBbHO cTaHIapTa He(TENPOayKTa B
rekcane (I'CO 7950) (CnpaBoyHUKM..., 1984), a nx
COCTaB — Ha XUIKOCTHOM XxpoMmartorpade “Lab Alli-
ance” (“Shimadzu”, SIlnoHUsT) METOIOM BBICOKO3(D-
(GeKTUBHOI XMOKOCTHOM Xpomatorpadpun (BO2KX)
¢ ¢ayopecuieHTHBIM geTekTopoM RF 20A, 1 KonoH-
kot Envirosep PP mpu Ttemmeparype TepmocTaTa
40°C B e B yCIIOBUSIX TpaJueHTa MO 00beMy alleTo-
Hutpuia B Boae oT 50 1o 90%; ckopocTh 3I10MpoOBa-
Hug — 1 cM?/MuH. B KadyecTBe cTaHAapTa UCIIOIbL30-
BaJu UHIUBUOyalbHbIE [TAY 1 ux cMecu Mpou3BoI-
ctBa “Supelco” (Merck, I'epmanus). PacueTsl
BBITIOJTHEHBI ¢ TToMolbkio ImporpamMMbel LC Solution.
B pesynbrate ObUIM ompenesieHbl MHAWBUILYaIbHbIC
MOJIMapeHbl, PEKOMEHAOBaHHbIe ATE€HTCTBOM IIO
oxpaHe okpyxaroiieii cpensl — EPA, USA (Monitor-
ing, 2011): nadranun (HA®), 1-metunHadTanivH
(1-MeHA®D), 2-metunHadranua (2-MeHAD), ane-
HadteH (ALLH®), dunyopen (DJIP), denHaHnTpeH
(®EH), antpauen (AHTP), dayopanten (PJIT),
nupeH (I1P), 6ens(a)antpaucH (baA), xpuzeHn (XP),
oens(e)mupern  (bell), Oens(a)mupen (ball),
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6eH3(k)dpayopateH (Bkd), 6ens(b)pmyoparen (bkd),
nubens(a,h)antpanen (IbaA), 6en3(g,h,i)mepuieH
(BILJI), unneno(1,2,3-c,dynupen (MHII), nepuieH
(ITPJD).

st onpeneneHrs: BAIOBOTO COepXKaHUs MeTas-
JIOB U HEKOTOPBIX METAJUIOUIOB pa3fioKeHUe Mpood
MPOBOJIWIN B CMECU KOHILIEHTPUPOBAHHBIX KUCIOT
1.5 mn HF : HNO; B cooTHouienuu 5 : 1 ¢ nob6asne-
HueM 0.5 mit HCI, B Buanax uz PFA (Savillex, CIIIA)
o meroauke (Hukonaesa u np., 2019) B MUKpPOBOJI-
HoBoii cucteme MWS Speed Wave (Berghof Prod-
ucts, 'epmaHus) B ciaeayoouieM pexXume: 5 MUH IIpU
nHTeHCcuBHOCTU m3nydeHus 800 W u temmepatype
170°C 1 40 MUH Ipy THTEHCUBHOCTY U3J1ydeHus 200 W
u temneparype 170°C. J1Jist 5TOTo UCITOJb30BAJIU CIIe-
LIUAJIM3UPOBAHHYIO /ISl aHAUTUTUYECKUX PaboT a30T-
HYIO KHCJIOTY YJIbTpaducToro kadecrsa (Premium-
Grade, ISO, Merck), Torna kak ¢pTopBoaOpOIHAs U
COJIsTHasi KMCJIOTHI (X.4.) TIPOXOAUJIN MpenBapuTeIb-
HYIO IBOMHYIO TUCTUJUISILIMIO Yepe3 CUCTEMY OUYUCT-
ku kuciaoT Berghof BSB-939-1R (Berghof Products,
I'epmanust). [Tocie oKkOHYaHUS pa3IOXKEeHUSsI, BUATbI
rMoMeniaguch Ha HarpeBaTelbHYIO MOBEPXHOCTb U
BbINapUBaIUCh Ipu TemIiepatype 70°C TpUXabl ¢ 10-
6asnenuem 1 ma HCI nna pactBopeHUus: GTOPUIOB,
obpasyromunxcs 1pu pasnoxenun npodo HF. Ecii B
ocajike coaepKaaoch 0oJblioe KonudectBo OB, ero
pasznaranu nob6asieHuem 0.5 ma HCIO, (Suprapure,
Merck) Ha BTOpOIi 1, O HEOOXOAUMOCTH, Ha TPETheit
cTagusx BeinapuBaHus. OCTaTOK pacTBOPSIIIN 100aB-
nenueM 1 M1 HCl 1 noBoauiiy 1o KOHEYHOTO 00beMa
3% HNO;.

Conepxanwne Li, Be, Al, Sc, Ti, V, Cr, Mn, Co, Ni,
Cu, Zn, Ga, As, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sb,
Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, Yb, Lu, Hf, Tl, Pb, Bi, Th n U onpenenstoim meTo-
JIOM MAacC-CHEKTPOMETPUM C MHAYKTUBHO-CBSI3aHHOM
iasmMoii Ha criektpomeTpe Agilent 7500a (Agilent
Technologies, CIIIA) ¢ nCrIOIb30BaHMEM BHYTPCH-
Hero ctaHaaprta In, a Fe — meTromoM atomMHO-a0-
COPOILIMOHHOM CIIEKTPOMETPUM Ha CIIEKTPOMETpPE
“KBAHT-2A” (Koptek, P®) B maboparopuut (puznko-
reojiormdeckux ucciaenoBanuii um. A.Il. JlucuireiHa
MO PAH. PryTtb onpenesisuiv Ha aHaiauzatope PA-915+
¢ mupoiutudeckoil npucraBkoii I[TMPO-915+ (JIrom-
3Kc, P®D) MeTonoM aTOMHO-aOCOPOLIMOHHOM CHEeK-
TPOMETPUHU B aHAJIMTUYECKOI tabopaTopun MHCTH-
TyTa 6monornu BHyTpeHHuX Bon PAH. Anamms prytn
BBITIOJTHSIM B TPEXKPATHOI ITOBTOPHOCTM.

TouHOCTh pe3ybTaTOB aHA/IM3a KOHTPOJMPOBA-
JIach MCIIOJIb30BAaHMEM CTaHmapTHOro obpasua Ha-
IIMOHAJIBHOTO MHCTUTYTA CTAHAAPTOB M TEXHOJIOTUMA
(CHIA) NIST 2702 (HeopraHuyeckue COeIMHEHUS B
MOPCKUX OTJIOXKEHUSX). DJIEMEHTHI C OIIMOKOM M3-
MepeHUs cTaHIapTHOro obpasia 6osee yeM Ha 50%
oT nacroptHoro 3HayeHus (Sc, Cs, Hf, T1) uckioua-
JIMCh U3 JajibHeimeil oopaboTKu JaHHBIX. Bocmpo-
nzBonumocTts Metona MCII-MC oueHuBanach Ha
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OCHOBE TpeX IMMOBTOPHBIX U3MEPEHU OMHOro 006pas-
11a. Xopoliasi BOCIIPOU3BOANMOCTE B Tipeneiax 10%
ObLIa ITOJIyYeHa JIJISt OOJIBLIIMHCTBA DJIEMEHTOB, 33 MC-
kmroueHnem Ag, Cd, Cs, Ho, Er, Yb, Lu, Wu Bi, Boc-
MMPOU3BOAVMMOCTh KOTOPBIX U3MEHSIACH B TIpeaeiax
10—25%.

Cmamucmuueckas o6pabomka pe3yibmamos

CraTtucTyecKylo o0padboTKy JaHHBIX OCYIIECTB-
JISUTU C UCTIOIb30BaHUEM KOMITBIOTEPHOTO TIPOrpaMM-
Horo obecmedyeHus Statistica 10.0. IlpemBapureabHO
JMAHHBIC TIPOBEPSUTM HAa COOTBETCTBME HOPMAIBHOMY
pacnpenesieHUIo ¢ ToMolblo TectoB KoiMmoropoBa—
CwvupHoBa (K—S test) ¢ mompaskoii Jlmmmedopca
(Lilliefors test) u Illamupo—Yunka (W test).

[is1 onipenesieHusT 3aBUCUMOCTH MEXIY pacripe-
NeJIeHUEM XUMUUYECKHX 2JIEMEHTOB, OpPraHMYeCKUX
COEMHEHUM, TPaHYJIOMETPUUECKHM COCTABOM OCa/l-
Ka W TIIyOMHOU cTaHIMii oTOopa Mpod MPUMEHSUIA
KOppeJsILMOHHbBIN aHanu3 [TupcoHa.

i1 TpyNIupoBKM MaHHBIX II0 COJAEpPXKaHUIO
41 meTaima, As U Sb B OTHEIbHbIE T€OXMMUYECKUE
acconyalyy IIPOBOMMIM MepapXUIeCKMil KJlacTep-
HBII aHanm3 1o MeTony Bapna. Tem ke MeTOIOM BBI-
MOJIHSIJIACh KJIacTepu3alus UCCAeAyeMbIX CTaHIIU
II0 CXOXECTH XMMHYECKOIO COCTaBa MHOHHBIX OTJIO-
keHuit. Ha ocHOBe BBIIEJIEHHBIX KJIaCTEPOB IIPOBO-
IWIN  OOHO(MAKTOPHBIN JUCIIEPCUOHHBIN aHaIu3
(one-way ANOVA) mIst OlIeHKM pa3inudusi B COOep-
JKaHUU BJIEMEHTOB B OCaiKax MeXX1y YCTaHOBJIEHHBI-
MU TpymnmnamMu cTaHuuil. OlieHKa CBSI3eil MeXay uc-
cJIeIyeMbIMU T€OXMMHUYSCKIMM MapaMeTpaMU C BbI-
SIBICGHUE OCHOBHBIX BEKTOPOB MX M3MEHYMBOCTU
((akTOpOB) OCYILIECTBIISIACh C MOMOIIBIO (PaKTOP-
Horo aHanm3a. TurmoM pakTopHOro aHanm3a ObLI BbI-
OpaH MeTOoI IIaBHBIX KOMIIOHEHT C 4YepeloBaHUEM
¢dakTOopoB “Bapumaxc”.

PE3VIJIBTATHI
Opeanuueckue coeouHeHust

OCHOBHOE JIMTOJIOTUYECKOE OMUCAHUE OCAIKOB
MpuBeaAeHO B Ta0a. 1. MenkoBomHbIE MOPCKME OCall-
K1 u3 ryonsl Kpyrnoii u 0yxrel buoduisTposB Obuin
MPEACTaBJIEHBI MEJIKMM ITIECKOM IISITHUCTOM CTPYKTY-
pBbI OeXeBO-3€JICHbIX U CepbIX OTTeHKOB. Ha Menko-
BOMHBIX CTAHLIMSIX OTIEJISIONINXCS BOOOEMOB (J1ary-
Ha 3enieHoro Mbica 1 03. Kucno-Cnankoe) daiie Bce-
ro BCTpeYasiCsl MEJKUI 3aulJICHHBIM MecoK 3eJIeHO-
KOPUYHEBEIX OTTEHKOB. B IIIyOOKOBOIHBIX YacCTSIX
JIAaHHBIX BOJIOEMOB, a TaKXe B 03epax TpexX1BeTHOM U
bonbmux XpyciomMeHax, HaOJIIOJaIUCh WJIMCTHIC
ocaaku (IoJs meTnuToBO ppakLyu 6oiee 93%) uep-
HOTO IIBETa C 3aIlaxoM cepoBomopona. B oonbmmH-
CcTBe ocankoB BesnunHa Eh Kojiebanock B UHTEpBaje
OTpHUILIATENILHBIX 3HaUeHU 0T —12 1o —406 MB, kpo-
M€ CTaHLM Ha ype3e Boabl B OyxTe Jlobanuxa (bJI-1)
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u B ryoe Kpyrmnoit (KI'-1), roe 3Hauenust Eh nocrura-
g +36 u +96 MB coorBeTcTBEeHHO. B m1yGokoBoa-
Hoii yactu o3ep TpexusetHoe (cT. T-2, T-3), Kucno-
Cnagkoe (ct. KC-6), Bonbie XpyciiomeHs! (cT. BX-3),
JlaryHbl 3ejieHoro Mbica (cT. 3M-5) u 6yxthl JIobaHU-
xa (c1. BJI-4) ObUIM OOHapyXeHbl aHOKCUT€HHBIE
yeaoBus (Eh < 0) Takke B IPUIOHHBIX CIOSIX TOJIIITHN
BO/IbI.

Conepxanue C,, uU3MEHAIOCH B uHTepBae 0.02—
23.28%, B cpenHeM coctasissa 5.33%. B ornenbHBIX
MPUOPEXHBIX MECUAHUCTBIX OCAIKaX KOHIICHTPALUU
Copr ToHMXKaNOCH 10 0.17—0.70% (puc. 1). UuTepBan
BEJIMYMH OBLJT CTOJIb BEJIUK, YTO CTAHIAPTHOE OTKJIIO-
HeHue (0 = 5.52%) npeBBICUIIO CPEAHIO0 BEJIUUMHY.
MuHuManbHasi KOHIEHTpALYS YCTAaHOBJIEHA B Tec-
JyaHUCTOM ocanke OyxTbl buodwunsrpoB (cT. Bb), a
MaKCUMaJbHasl — B IEJIUTOBOM Mie 03. bosbiue Xpyc-
smomeHBI (cT. BX-2 — 23.28%), a TIOBBIIIICHHBIE — Ha
ct. bX-3 (14.57%), a Takke B ocagkax TpexiBeTHOTO
03. (8.52—10.56%), u B 03. Kucno-Cnagkoe Ha CT.
KC-6 (9.81%). I1pu sTom cpennee conepxanue C,,.
IJTSL 3aMJIEHHBIX OCcaaKoB cocTtaBuio 7.37%, 3Hade-
HUE G ObLJIO TaKXKe BHICOKUM — 5.19%.

Conepxanue N g, uameHsioch ot 0.044% B nec-
YaHUCTBIX ocangkax ryosr Kpymioit no 10.35% B nienu-
TOBOM MJIe C 3allaxOM cepoBogopona Ha cT. BX-2 B
03. bonpime XpyciioMeHBI, TIe OBIJIO YCTaHOBJIEHO
TakXke MakcumaibHoe conepxkanue C,,. Pacripenene-
Hue koHueHrpatmid Co,. 1 N, coBrmanaio (r = 0.92).
OtHomrenue C/N sBIISIETCS ONpeIeIsIIOIIIM KpUTe-
pueM misg naeHTudukan ncroaunka OB. s n3y-
4yeHHbIX ocankoB oTHoumeHue Cg, /Ny, U3MEH:-
Jock ot 0.57 myist necyaHUCTOro ocagka B Oyxre buo-
¢misTpoB 1o 10.35 B anmeBpoO-TIEIMTOBOM WIIE C
3aIraxoM cepoBoyiopoa B ocanke bX-1 o3. Bonbimme
XpycnoMeHbl. OIHAKO B OOJBIIMHCTBE OCAIKOB 3TO
OTHOIIIEHWE U3MEHSJIOCh B Mrana3oHe 4—6, 4To Xa-
pakTepHO IS MoOpckux ocaakoB (Jafarbadi et al.,
2018).

Mexny pacnipeneienneM KoHueHTpauuii C,,. u
So6u TAKXKE ycTaHOBJIEHA CBs3b: # = 0.89. OTHOIIEHNE
Copr/Sosw (OBLIM UCKIIIOUEHBI OCAKU, B KOTOPIX HE
OBIITO 0OHApPYXEHO S,5,) U3MEHSJIOCh B MHTEPBAJe
5.62—20.3. IlocnemHee oTpaxkaer (HOPMHUPOBAHUE
OCaJKOB B OECKHMCIIOPOMHBIX YCIOBUSX MPUIOHHON
Bozbl. B ciyyae ocaxxnenust OB B MOpCKUX yCTIOBUSIX
orHomeHne Cg, /Sy, OOBIMHO He MpeBblaeT 2.8
(Resmiet al., 2016).

Conepzkanre AYB B TOHHBIX ocagKax TakKe OBIITIO
BBICOKMM, M UBMEHSLJIOCH B UHTepBaje 34—3519 Mkr/T
(puc. 2), B cpentem 829 (¢ = 373) MKI/T.

Mexny konueHTpauusimu C,,. 1 AYB ycraHosJe-
HBI BLICOKHE KO3(DDUIIUEHTBI KOPPETSILINU, KOTOPHIE
IIJISI OTIEJBHBIX BOOOEMOB KOJIEOAICh B MHTEpBAJIe
ot 0.80 (Kucmo-Cnagkoe 03.) mo 0.99 (oyxra Jlo6a-
Huxa). IlocliemHee MOXET yKa3blBaTh HAa ONWHAKO-
BYIO IIPUPOIY OpraHUYeCKUX coemrHeHuii. Ha mer-
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Puc. 1. Konuentpaunn Cyp, (B % ; 1MbpBI HaJl CTOJIOIAMHK) B TOHHBIX OCaIKax.

KOBOJbE YCTAaHOBJIEHO TOBBILIEHHOE CONEp>XKaHUe
AYB B coctase C,,,, MakcuMaibHoe — 14.4% B OyxTe
buodunsrpos.

Bo Bcex mpobax B cocTaBe alKaHOB TIOMUHUPOBAIN
BBICOKOMOJIEKYJISIPHBIE TOMOJIOTH, YTO XapaKTepHO
IUISI MOPCKUX OCAKOB U, B YACTHOCTU, besoro Mopst
(Hemuposckas, 2009). OTHo111eHe HU3KO- K BbICO-
KOMOJIEKYJIIpHBIM coenuHeHusM (L/H) namensuiochb
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B uHTepBaie 0.31—0.73, ¢ MakKCUMyMOM B OcalKe
ct. T-1 (Ta6m. 2). I1pu stom nHaekc HedeTHOocT CPI
(OTHOILIEHHWE HEYETHBIX K YeTHBIM TOMOJIOTaM B BBICO-
KOMOJIEKYJISIPHO 00J1acTU) He MpeBbIIIa] BETUUUHbI
2.01, yTo MOXeT yKa3blBaTb Ha HM3KYIO CTEIleHb
TpaHcopmanuu AYB, Tak Kak B cocTaBe ajJKaHOB B
OOJIBIIICI CTEIIeHW pa3JlaraloTcsI HU3KOMOJIECKYIISIp-
Hble WM YEeTHBIE BBICOKOMOJIEKYJISIPHBIE TOMOJIOTH.
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Puc. 2. ConepxxaHnue anndaruyeckux (MKr/T) (TeMHbIE CTOJIOLbI) U MOJUUMKINYECKUX apOMaTUIYECKUX YIIIEBOIOPOIOB (HI/T)
(3aIITPUXOBAaHHBIE CTOJIOIIBI) B BEPXHEM CII0€ UCCIESIYEMBIX TOHHBIX OCAIKOB.
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Puc. 3. Pacnipenenenue #-ankaHoB B J1O OTAeIbHBIX CTAHLIMIA.
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Tabma 2. PacnipeneneHue MapKepoB B COCTaBE AJIKAHOB IOHHBIX OCAAKOB. 2KMPHBIM IPUMTOM BbIAEIEH HEDTIHOM reHe31c

Mapxkepsl
Cranuus AYB, MKT/T
C17/Cys L/H* Paq i-C19/i-C20 CPI** Ki**
KC-1 1611 0.14 0.41 0.46 1.44 2.87 0.70
KC-3 167 0.06 0.35 0.45 1.45 1.61 0.79
KC-4 418 0.10 0.34 0.46 0.88 1.49 0.30
KC-6 1245 0.03 0.35 0.55 0.43 1.24 0.56
3M-3 151 0.12 0.31 0.39 0.82 2.57 0.46
3M-4 197 0.03 0.38 0.54 0.94 1.21 0.56
3M-5 3519 0.02 0.37 0.59 0.53 1.02 0.65
T-1 2392 0.47 0.73 0.45 1.15 2.01 0.48
T-2 1798 0.41 0.63 0.51 1.25 1.93 0.38
T-3 2182 0.06 0.33 0.55 0.60 1.19 0.47

*L/H = ¥(C3—Cy4)/X(Cy5—C37); Pag = (Cp3 + Cp5)/(Cyz + Cys5 + Cyg + C3y);

** CPI = Y (HeueT.)/Y (4eT.);
1 Ki = (i-Cjg +1-Cy)/(Cy7 + Cyg).

[NocnenHee NoATBEPXKIAOT TaKXKe MUKU OpU H-Cig,
xapakTepHble 111 AY B, monBeprapimiecss MUKpOOU-
anpHOMY pasnoxenuio (Nishumura, Baker, 1986).
MuHuManbHas BeTUYUHA MukKa H-C,q YCTAHOBJICHA B
ocajkax JlaryHbl 3eJIeHOTO Mbica, a MaKCUMasbHasi — B
ocankax craHiuit T-1 u T-2, pacrojoXeHHbIX B KyTO-
Boi1 yacTu 03. TpexuBeTHoro (puc. 3). 3HaueHue OTHO-
meHus C;/C,s, kKoTopoe B cpeaHeM coctaBuiio 0.14,
MOXET YKa3blBaTb Ha HE3HAUYUTEJIbHOE BIIMSIHUE
IUIAHKTOHOTeHHBIX aJlIkaHOB. Huskue 3HaueHus Ko-
sddunuenra nzonpeHouaHoctu (Ki = Yi-Cy +
+1i-Cy/XC; + Cj5), KOTOPbIE UBMEHSJIMCH B UHTEP-
Basie 0.30—0.79, Takke IOATBEPXKOAIOT CIadyIo
TpaHchopMalMio aJIKAHOB.

B otnenbHbIX oOcankax HaOJOAaIOCh IJIaBHOE
pacripeieJieHre ajKaHOB B BBICOKOMOJEKYISIPHOM
obactu, u 3HadeHust CPI 0butu 6113k K 1 (TIpoOEkL:
KC-6 —1.24, 3M-4 — 1.21, 3M-5 - 1.02, T-3 — 1.19),
YTO XapaKTepHO 151 HeTaHbIX aikaHoB (Hemupos-
ckast, 2013). IIpu stom Ha cT. KC-6 1 3M-5 ¢utan
JTOMUHUPOBAJ Hall MPUCTAHOM, UYTO TaKXK€ MOXET
CBUIETEJBCTBOBATH B MOJIb3Y HE(PTIHOTO MPOUCXOXK-
nenust AYB, a Ha cranuusx T-1 m T-2 HaoGopot
MPUCTaH JOMWUHUPOBaI Hal (UTAHOM, TaK KakK MX
otHomeHue >1 (1.15, 1.25).

Konuentpaumu I[MAY B mOHHBIX ocaiKax U3MEHs -
JIMCh OT 3HAYEH U TIpeesia oOHapykeHus 1o 1617 Hr/T,
C MakCHUMyMOM B TIeJIMTOBOM wuje Ha cT. T-1,
03. TpexuperHoro. Mexny pacnpenencHueM AYB u
ITAY nabmonanack 3HaunMas Koppensuus (r = 0.75,
n = 14), Torma Kak CBSI3b MEXIY pacapeneieHueM
Copr 1 ITAY cnatGee (r=0.32). B cocrase I[1AY (meTon
BB2KX) nomuHupyet HadTanuH (puc. 4), 4To SIBJISI-
€TCsl TOBOJIbHO HEOXMIAHHBIM, TaK KakK B Ipoliecce
celMMEeHTallM1 3TOT apeH HauboJiee Jerko pasjara-
ercs (Tolosa et al., 2004). Bunumo HadTaauHb 00pa-
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3YIOTCSI HEMOCPEICTBEHHO B OCajKaX, UTO MOATBEP-
KIA0T 00jiee HU3KOE COIepKaHUe METWIMPOBAHHBIX
TOMOJIOTOB U JIOBOJIbHO HU3Kasl KOHLIEHTpalus heHaH-
TpeHa — OCHOBHOTO MOJIMApPEHA B IPUPOIHBIX OOBEK-
tax (PoBuHCKuit 1 np., 1988). BeicokoMoneKynsipHbIe
MOJIMapEHBI B OCaIKaX MPaKTUYECKU OTCYTCTBOBAJIN.

Muxkposremenmot

Conepxanue 41 MeTaIoB 1 2 METAJUTIOUIOB (As 1
Sb) B ocagkax oTaeIsIIonmuXcs BonoeMoB benoro mo-
ps TIpencTasiieHo B Ta0. 3. C TOMOIIBIO KOPPEIISIIIN-
OHHOIO U KJIACTEPHOIO aHAJIM30B BBIACICHO ABE OC-
HOBHBIC TE€OXMMMYECKME acCOLMallMK, OOBbEIMHEH-
HBIE CXOXKMMM ITPU3HAKaMU pacIIpeae/IeHIs B OcagKax
oTnesgmolmxcss BogoemMoB benoro mopst (puc. 5;
TabJ1. 1S). K 0cOOeHHOCTSIM MepBOTO KJIacTepa OTHO-
CUTCS MOJOXKUTEIbHASI TOCTOBEPHAS CBSI3b C IITyOur-
HOW CTaHUMHA U OOJIEU IIEIUTOBOIO Marepuaia B
ocagke. DTa rpynmna 3JIEMEHTOB IToApa3aeisieTCs Ha
Tpu ntoarpynmnsl. B omHoit n3 moarpymni (1.2) oobenm-
Hsworcsa Cu, Hg, Mo, Cd, u U, kotopble 00y1agaioT
HamboJiee CHJIBHON KOPPEISIMMOHHOM 3aBUCHUMO-
cTbio (Kak mpaBuiio > 0.8, mpu p <0.01) ¢ S5, Cpprs
Noom 1 AYB.

Hpyras moarpynmna (1.1.) (Li, Ni, Zn, As, Sb, u
2ITAY) xapakTepusyeTcsi B OCHOBHOM YMEPEHHOM
koppessiumeii (0.3 <r<0.7, mpu p <0.01) ¢ Sy, Coprs
N ¥ TPAHYJIOMETPUYECKHAM COCTaBOM ocanka. Mc-
KJIIOUeHUWE NPEACTABISET Zn, KOTOPbIi, HECMOTPS Ha
MPOSIBJIEHWE KOPPEISIIMOHHOM CBSI3M C dJIeMEHTaMU
JMIaHHOTO KJjacTepa, He TOKa3biBaeT KOPPEJSILIMOH-
HYIO CBSI3b C pachpele/ieHUEM OMOT€HHBIX KOMIIO-
HEHTOB W TpaHyJIOMETPUYECKUM COCTaBOB OCajKa.
bonee Toro, aisi Zn cyuiecTByeT 3aBUCUMOCTD C He-
KOTOPBIMU BJIEMEHTaMU JUTOMUIBHOIO THUIA, Ha-

oo



206

BYAbKO, HEMUPOBCKAS

HT/T
600 73 KC-4
7 KC-6
300 p EH3M-4
E bX-1
400 - O KI-1
300 +
200
100 H ]
|
1l
518 . FIE
0 EI |I7|EH=I |EES|EI IEEI_HIDHNH lowraes | o L= | om o leafAecpm | 1 1 1 = | e Pleme |
& & 6 & T & B & < & C & 6 E < = E 5
= = = = < > o o S %) [
1 56 5 3z 9 - & 8 & & 5 B £ £
[} [}
s = <
<4

Puc. 4. Cocras [1AY B 1OHHBIX OCaJKaX OTAEIbHBIX CTAHLIUA.

rpumep ¢ Al (r = 0.6, ipu p < 0.01). O60co6IEHHYIO
BETBb KJIACTEPHOIO aHa/iM3a 3aHuMaeT Rb, KoTophrii
MOKAa3bIBaeT TOJBKO YMEPEHHYIO KOPPEISIIOHHYIO
CBSI3b C MEPEYUCICHHBIMU BHIIIE 2JIEMEHTaMM (KakK
npasuio, = 0.3-0.5, mpu p < 0.01).

Tpetws moarpytia 3geMeHToB (1.3) o0beauHsIeT B
cebe La 1 HeKOTOpEhIE JICTKHE pPEeIKO3eMeIbHEBIE 3JIe-
meHTH (Ce, Pr, Nd, Sm), a takxe Pb u Th, kotoprsie
XapaKTepHU3yIOTCsI TapHOI KOPPESILIMOHHOI CBSI3bIO
IPYT C IpYroM. DTU MeTaJUTbl TaKXKe 00JIamaroT yMe-
PEHHOM U CUJILHOI KOPPEISILMOHHOM CBS3bIO C INTy-
OuHOIl cTaHLUIi, JOJIel MEJIUTOBOrO MaTepuaja B
ocagke, colepXaHMeM OMOIeHHBIX KOMIIOHEHTOB
(Tabim. 1S).

Bo BTOpOM KitacTepe 0ObEeIUHSIOTCS IIpeuMYyIe-
CTBEHHO 3JIEMEHTHI C BhIpaXX€HHBIMU JTUTO(GUIbHBI-
MU CBOIICTBaMU, KOTOPbIE TaK3Ke IOApa3AeiIsieTCsI Ha
Tpu noarpynnbl. OmHa u3 moarpynii (2.2) oObeanHsI -
et Al, Ti, Mn, Ga, Sr, Zr, Nb Ba, T.e. npeacraBieHa
HaunboJiee INTOPUILHBIMU METaJJIaM1, KOTOPEIE OT-
JIMYAIOTCS YMEPEHHOM M CHJIBHOM MOJIOKMTEIbHOMN
KOPPEISILIMOHHON CBSI3bIO C COAECpPXKaHUEM aJIeBpH-
TOBOTO U MecYaHOro Martepuaia (tadi. 1S).

Hpyras nmoarpyrmna (2.3) JaHHOIo KjiacTtepa BKIIIO-
yaeT Y U penko3eMelibHEIe aneMeHThl Eu, Gd Tb, Dy,
Ho, Er, Tm, Yb n Lu, 1j1s KOTOpPBIX CBSI3b C TPaHyJIO-
METPUYECKBIM COCTABOM OCaKa IIPOCIICXKUBACTCS Clla-
60 (r < 0.5, mpu p < 0.01). Eme ogxa moarpymia (2.1)
BKJIIOYaeT MeTaJlIbl, cBs3aHHbIe ¢ Fe (Be, Cr, V, Con

boJsiee 060co6aeHHO Ag U Bi). I1pu aToM m1s Fe u Ag
He HabJII0IaI0TCsl 3aBUCUMOCTH OT I'paHyJIOMeTpruye-
ckoro coctaBa ocangka (—0.3 < r< 0.3, mpu p < 0.01).

C mnoMouplo (aKTOPHOTO aHaau3a BbIIEICHO
LIECTh TPYIII, O0bICHAIONX 88.5% o06111eil n3MeH-
YMBOCTH HCCIIeAyeMbIx nmapamMeTpoB. IlepBriii dak-
Top (39.6% mucniepcun DJaHHBIX) TTOKA3bIBACT BIIMSI-
HUE TOJIOXUTENBHOM (hakTOpHOM Harpy3ku Ha C,,,,
S 061> LOJTIO TIETUTOBOM (DPAKIIMU, U MUKPOIJIEMEHTHI
Ni, Cu, Mo, Cd, Hg, Th u U (puc. 6). Takxe BbIae-
JIIETCS BO3AEHCTBUE CUJIBHOM OTPULIATEJIbHON Ha-
TPYy3KM JaHHOro ¢akTopa Ha Sr, JOJIO ITIeCYaHOI
dpakiu u yMepeHHou Harpy3ku Ha Al, Ti, Mn, Ga,
Zr, Nb u Ba. AHTaronn3M pacnpenencHust pakTop-
HOI Harpy3Ku MEXIy 3JIeMeHTaMU, CBSI3aHHBIMU C
TEeJIUTOBBIMU OcCagKaMu, OOOrallleHHbIMU CEpO U
YIJIEPOIOM, 1 IMTODMIILHEIMU 3JIEMEHTaMU U Iecya-
HOH OoJiel ocadka MOKa3blBae€T CUJIbHOE BIMSHUE
IrpaHyJIOMETPUYECKOTO COCTaBa Ha W3MEHYMBOCTH
XUMHUYECKUX 3JIEMEHTOB B MCCIICAYEMbIX OCagKaXx.

3HauMTeNbHasl O0Js OOIIeil JUCTIepCUM JaHHBIX
(25.1%) cBsizaHa Cc pacrpeneleHUeM JErKoil TMom-
rpynnbsl P39, Pb u Th (dakrop 2). Tperuii pakTop
(11.2%) oka3bIBaeT CUJIBbHOE BO3ACHCTBHE Ha COIEP-
xanue Be, V, Cr, Fe, Co, Gau Ag, T.e. maHHbII (hak-
TOp BJIMSIET HA BAapUATUBHOCTh JTUTOMDUIBHBIX BJIC-
MEHTOB, B MEHbIIIEil CTEIEHN 3aBUCSIIUX OT IpaHy-
JIOMETPUYECKOIO cocTaBa ocanka. OcraBiivecsd TpU
KOMITIOHEHTHI (4, 5 1 6), onMchIBaIOIIe OOIIYIO AVC-
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Paccrosgnune MEXIY KjlactepaMu, yCII. €.

Puc. 5. [pynnupoBKa XMMHUYECKUX 3JIEMEHTOB U OPraHUUYECKUX COSTUHEHU I (Copr, Soemr Nosup AYB 1 TTAY) B 1oHHBIX Ocaji-

Kax OTAesIouxcs BogmoeMoB beoro MOpA.

TMEePCUT0 MaHHBIX OT 3 mo 6%, CBA3aHHEI C pacmpene-
JeHueM Zn, Y ¢ P30 1sxenoit moarpymnisl u Bi, co-
OTBETCTBEHHO.

st BeIIEJIeHUsI 0OCOOEHHOCTEe MPOCTPaHCTBEH-
HOTO pacnpeaesieHUsI MUKPOSJIEMEHTOB B HCCIIEaye-
MBIX BOJOE€MaX BeCh MAaCCUB CTAaHLUMA TakXkKe ObLI
VIIPOILLEH MEeTOJOM KJIaCTepHOTO aHanu3a (puc. 7). B
WUTOre MCCleAyeMble CTaHIUU OOpa3oBajy IBa OC-
HOBHBIX KJTacTepa. [1epBrIit KinacTep oObeIMHSIET BCe
craHuuu o3ep TpexuerHoe u Kucno-Crnankoe (3a
uckmoueHue cr. KC-5), KoTopble CUMUTAIOTCS TOJI-
HOCTBIO WJIM MPAKTUYECKHU TTOJTHOCTBIO OTIEIMBIIN-
Mucst oT beigoro Mopsi, a Takxke IIyOOKOBOIHBIE
cranuuu o3. bonbmue Xpyciomensl (bX-2, BX-3) u
JaryHsl 3eneHoro mbica (3M-3, 3M-4, 3M-5).

Bropoii knactep BKJIIOYaeT CTaHIIUUM MOPCKUX
OyxT, 3a uckimodyeHueM cT. KC-5, B3sTOI B cojieHOM
a3po0OHOIi 30He Ha ITyouHe 2.5 M B 03. Kucno-Cran-
KOM, U MPUOPEXHbIE HENTYOOKOBOIHBIE CTAHIIUM OT-
nensonuxcd BonoeMoB 3M-1, 3M-2, BX-1.

IMocne pazneneHus ucciaeayeMbIX CTAHIIVIM HA TBa
KJjactepa ObLI MpoBeJeH OqHOMAKTOPHBINM AUCIIep-
cuoHHBI aHan3 (one-way ANOVA), mo3BOIUBIINIA
OIpPEACINUTh PA3INYUS B COIEPXKAHUM XUMHYECKHUX
3JIEMEHTOB MEXIY MOPUCTBIMU y4acTKaMU (CTaHIIU-
SIMU) U BOOJOEMaMM, OTASIUBIIMMUCS OT beaoro Mo-
psi (Taba. 4). B pe3ynbTare OBLIO YCTAHOBJIEHO, UTO
pacnpenenenue Li, V, Fe, Ni, As, Rb, Y, Nb, Ag, Sb,
LauBcex P39, kpome Lu, atakke Pb, Biu Th B moH-
HBIX OcaJkax He HMEIOT TOCTOBEPHBIX pa3IUUuMii
Ne2 2023
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Puc. 7. [pynnupoBKa CTaHIM 110 CONEPKAHUIO METAJUIOB B OTJIOXKEHUSIX OTAe s IoIunXcs BonoemMoB benoro mopsi.

MEXIY IBYMsI KATETOPUSIMU UCCIIEAYEMbIX BOJOEMOB.
Ocanku otnenusiimxcst o3ep (TpexuserHoe, Kucio-
Crnagkoe), ¥ APYTUX TTyO0OKOBOIHBIX YY4aCTKOB BOAO-
eMoB (KJy1acTep 1) OTJIMYaroTCsl OT 0CaIKOB MOPUCTHIX
paiioHOB (KJ1acTep 2) CTaTUCTUYECKU 3HAUMMOM 000-
TAllIEHHOCTBIO OMOT€HHBIMM KOMITOHEHTaMHU (S,
Copr> Nogw) ¥ psiioM MuKpoasieMeHToB — Cu, Mo,
Cd, Hg u U. HamnpotuB, ocaiku MOPCKHUX OYyXT U
OPUOPEXHBIX CTAHIUI HEKOTOPBIX OTACISIOLINXCS
BOJIOEMOB XapaKTepmu3yloTcsd oboramieHueM Be, Al,
Ti, Cr, Mn, Co, Zn, Ga, Sr, Zr, Bau Lu.

OBCYXIEHMWE PE3VJIIbTATOB

HecMoTpst Ha HU3KME apKTUYECKIE TeMIIepaTyphl
B OTHEJISIIONINXCS 03epax 00pa3yeTcs 00JIbIITOE KOJIH -
YeCTBO OpraHuYecKux coeanHeHuit. [Ipu sTom Ha-
OJIIOAAIOTCS CBSI3U B X pacIIpeAeIeHUN C BBICOKMMU
Koa(ppumeHTaMyu Koppeasiiuu. DBTpodhupoBaHue
BOI 03€p B 3HAYUTEIIbHOI CTEIEHU OOYCIOBJIEHO
€CTEeCTBEHHBIMU IIPUPOIHBIMU ITPOLIECCAMU U ITPEXK-
JIe BCEero Mx B3auMojaeicTBreM ¢ MopeM. IlonyueH-
HbI€ HaMU IaHHBI€ 10 conepxanuto C,, 1 YB okaza-
JIMCh OJIM3KMMU K pesyabTaTtam 2015, korna B oTaesns-
olMxcss  o3epax Tryobl  Pyrosepckoit  (BepxHem
Epmosckom u Kucno-Cnanckom) koHueHtpaumu C,
B OCaJKax M3MeHsUIHCh oT 4.95 1o 8.70%, a AYB — no-

cruranu 151 mxr/r (Hemuposckast, 2017). Heo6xo-
IUMO OTMETHUTB, UTO B OTKPBITBIX paiioHax Kanma-
JIAKILCKOTO 3anuBa KoHueHTpauuu C,,. OblM ropas-
IO HUXE W B CpPEOHEM COCTaBIsLId OKojio 2%
(bensies, 2015), a B OTKPBITHIX paiioHax benoro mopst
penko nipesbimanu 1.5% (Hemuposckas, 2009).

HccnengoBaHue NOHHBIX OCagKOB I'yOnl Pyrosep-
ckoit KanganakIlckoro 3ajiMBa paHee I10Ka3ajo, YTo
COCTaB H-aJIKaHOB TakKkKe€ MMeJI OMMOIaJIbHOE pac-
npeneneHue romosoros (bensies, 2015). B HU3KoMo-
JIEKYJISIPHOI 00JIacT JOMUHUPOBAJIN aBTOXTOHHBIE
B OCHOBHOM MMKpoOuaibHble ankaHbl (#-C,—Cig),
BKJIaJ] TUIAHKTOHOTeHHBIX (H-C|;) OBUI 3HAYUTEINBHO
MeHble. B BbICOKOMOJIEKYJISIpHO#T 00J1aCTH MOBBI-
IIeHA KOHLIEHTpaIMsI HEYeTHBIX aJUIOXTOHHBIX TOMO -
JoroB — H-C,5—C;;, Torna kak 3HayeHusi CPI kone-
Gamuchk B uHTepBaje 9.6—11.9, u ObIIM 3HAYUTETBHO
BBIIIIE, YeM B MCCIEAYeMBIX HaMM o3epax (MaKCH-
MmanbHoe 3HaueHne CPI = 2.87, ta6:. 2). Bece 310 MO-
JKeT yKa3blBaTh Ha 0oJjiee BBICOKYIO CTEeIleHb TpaHC-
dopmanu AYB B ocankax ryosl Pyroszepckoii (be-
JsieB, 2015) Mo cpaBHEHMIO C MCClIeNyeMbIMU HaMU
ocajJKaMU OTAEJISIFOLINXCS 03€P.

AHoMaJIbHBIIT He(TSIHOI cOCTaB BBICOKOMOJIEKY-
JISIPHBIX AJIKAHOB B OTJIEJIbHBIX ITpO0ax TpeOyeT OO0 -
HUTEIBHBIX UCCIeIOBaHMi. BO3MOXHO, OH 00YCIIOB-
JIeH aBapussMM Ha beromopckoit HedTebase, Korma
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Taomuna 4. PesynbraThl onHOMhaKTOpHOTO AKUCIIepcCUOHHOTO aHanu3a (one-way ANOVA), rokasbiBamIIne pa3anuus B
colep>KaHUU XUMUYECKHUX JIEMEHTOB B OCaIKaX MEX1y ITyOOKOBOIHBIMU CTAHIIMSIMU OTAESIIOIIMXCSI BOTOEMOB U MOP-
CKUMU/TIpUOPEKHBIMU CTAaHIUSIMHK. 2KUPHBIM IIPUGTOM TTOKa3aHbI JOCTOBEPHBIC Pa3IMUMS

DIeMeHT OTHome]jHe BeposTHocTs (p) DIeMeHT OTHomelee BepositHOCTB (p)
nucnepcuii (F) nucnepcuii (F)

Li 0.14 0.709 Ba 46.2 0.000001
Be 14.1 0.0013 La 0.09 0.77
Al 87.7 0.00000001 || Ce 0.13 0.72
Sc 18.7 0.0003 Pr 0.04 0.84
Ti 12.2 0.0023 Nd 0.02 0.88
Cr 14.9 0.0010 Sm 0.01 0.94
Mn 33.0 0.00001 Eu 2.83 0.11
Fe 2.0 0.178 Gd 0.01 0.91
Co 4.8 0.041 Tb 3.00 0.10
Ni 0.01 0.910 Dy 4.03 0.06
Cu 4.4 0.048 Ho 4.07 0.06
Zn 14.1 0.0012 Er 3.51 0.08
Ga 39.6 0.000004 Tm 2.99 0.10
As 0.84 0.370 Yb 3.26 0.09
Rb 0.86 0.366 Lu 11.10 0.00
Sr 56.3 0.0000003 Tl 2.07 0.17
Y 2.0 0.171 Pb 0.03 0.87
Zr 16.4 0.001 Bi 0.80 0.38
Nb 4.2 0.054 Th 1.06 0.32
Mo 14.3 0.001 U 4.66 0.04
Ag 0.30 0.593 Hg 9.93 0.01
Cd 8.8 0.008 Siot 21.13 0.0002
Sb 0.66 0.427 Core 11.11 0.003
Cs 0.02 0.881 Niot 12.42 0.002

nocrpanaia Tepputopus KaHmanakiiickoro rocymap-
CTBEHHOT'O MPUPOAHOro 3armoBeaHuka (0. OneHuit).
ABapus Ipor3011JIa 13-3a IIPOPEIBA B MOPE TPYHTO-
BBIX BOII, TIepeMeIlIaHHbBIX ¢ HedTenponykramu. OHuU
CKOIIMJINCH ITOJ, 3eMJIeii 3a MHOTO JIET SKCIUTyaTallun
TepBOI CIIMBHOI 3CTaKanbl, He 00OPYTOBAHHON CO-
OpYXXEHUSIMHU, 3aIUIIAIONIMMU TTOYBY OT ITOTalaHuUs
toruuBa  (http://www.bellona.ru). IIpoGypeHHBIE
CKBaXXMHBI TaK M HE CMOTJIM OOHApYXXUTh ITOI3EM-
HYIO JIUH3Y, U3 KOTOpOoii counaachk HedTb. BozmMoxk-
HBI IpUTOK Box mox gHoM 3Tux o3ep (KpacHosa,
20210) BUOIMMO MOXKET IPUBOIUTH K ITIOCTYILUICHUIO
He(dTHU B OcagKH.

Heo6xonmMo OTMETUTB, UTO U B CYPOBBIX KIIMMa-
TUYECKUX YCIOBUSIX AHTApPKTUAbI B TIPUOPENKHBIX
paiioHax TakKe MPOUCXOAUT 0Opa3oBaHNE MEPOMUK-
TUYECKUX 03€P C BBICOKMMM KOHLIeHTpauusaMu C,,. 1
¥YB (Hemuposckas, 2017). [IpoBomuMmble HAMU MHO-
roJIETHUE WCCIEAOBAaHUS Ha MEpPOMEKTUUYECKOM
03. Crenmienr, pacmoJIOXKEHHOM MEXIy KWUTaiCcKoun
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cranumeii 3our-1lan u poccuiickoii cranumeii [1po-
rpecc, TMoKasajli, YTO IKOJOTUYECKOE COCTOSTHUE
03epa 3aBUCUT OT 3aIrliecKa COJIEHBIX BOJ U3 3aJIMBa
IIpronc. Ocanku o3epa, TakKkKe COCTOSIIINE U3 NeTPU-
Ta U OCTaTKOB BOAOpOCJieil, UMENU YEpHbIN 1IBET,
MaxJu CEPOBOAOPOAOM U COAEPKAIU OOJbIIIOE KO-
YeCTBO OpraHmyeckux coeamnenumii: C,, — 18.2%,
VB — 265 MKr/T cyxoro Beca, a [IAY — Bcero 48 HI/T,
TaK Kak MoJIMapeHbl B MOPCKOI cpesie 00pasyloTcs B
MEHbIIIEH cTeneHu no cpaBHeHUIO ¢ AYB. B cocTase
aJIkaHOB OCaJKOB MpeodJiagajiu JieTKhue TOMOJIOTU
WCTOYHUKOM (DOPMUPOBAHUSI KOTOPHIX ObUIM MPO-
KTl pa3jioXeHUs OTMEpIIMX BOJOPOCIJEi, cKam-
JIMBAIOLIUXCS Ha JHE.

AHTPOITIOTeHHBIM MCTOYHMKOM METAJLJIOB B JaHHOI
yacti KaHaaaakIlcKoro 3ajuBa MOXET CUMTAThCS aT-
MOC(EPHBII IEPEHOC N3 METAJLTYPIUIECKUX ITPEATTPY-
amii Konbckoro moiyoctpoBa (Shevchenko et al.,
2003). B yacTuiax a3po305HOT0 Marepuaia, CoOopaH-
HOro Haj Tepputopreii Kanmanakiickoro 3aiuBa, pa-
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Puc. 8. Pacnipenenenue Be, Cr, Co, Ni, Cu, Zn, As, Mo, Cd, Sb, Hg u Pb B moBepXHOCTHOM CJI0€ TOHHBIX OTJIOXKEHUM OTIe-
JISIOLIMXCS BogoeMoB Betoro Mopsi. JInHueil mokasaH ypoBEHb JOIMYCTUMOM KOHLIEHTPALIWMMA VTS JaHHBIX 3JIEMEHTOB COITIACHO

(Warmer, van Dokkum, 2001).

Hee Habmonanock oborammenne Cu, Ni, Cd, Sb, W, Bi,
Pb u U (CraponsiMoBa u ap., 2016).

st OLleHKU YpOBHEN 3arpsI3HEHHOCTU JTOHHBIX
0CaJKOB HCCJIEAYEMBIX BOTJOSMOB TSKEJIBIMU METaJI-
JJaM1 U AS, MX KOHLIEHTpallUl CPaBHUJIM ¢ HOpMa-
TUBHBIMU HONYCTUMBIMU KOoHUeHTpanusmu (J1K),
OpUBEASHHBIMU B “rojuiaHackux jucrax” (Warmer,
van Dokkum, 2001). Conepxanue Cu, Zn, As, Cd, Sb
u Pb Ha Bcex cTaHLMSIX B MCCIEAYEMBIX BOJOEMax
okaszayioch H1ke 3HaueHus1 JAK (puc. 8). Ha ry6oko-
BomgHoI cTtaHumuu OyxThl Jlobanuxa (bJI-4) oGHapy-

xenHo npesbimenune K mo Be, Cr, Cou NiB 1.7, 1.3,
1.5 u 1.6 pa3 coorBeTcTBeHHO. B 11e710M mist Be, Co u
Ni B OOJIBIIMHCTBE CIydaeB CoAcp:KaHME B OCamKax
COOTBETCTBYET MJIM HEMHOIO IIPEBBIIIACT YPOBEHb
JK. Ha ri1yGOKOBOIHBIX CTAaHIMSIX JIATYHBI 3€JIeHOTO
mbica (3M-5) u 03. TpexuserHoro (T-2, T-3) HalineHO
BBICOKOE coaepxkanue Hg, mpesblmaioniee go 2 pa3
yposeHnb JIK. Torma kak comepkanue Mo B ocankax,
GOPMUPYIOIIMXCS B aHAPOOHBIX YaCTSIX BOIOEMOB
(crannuu 3M-5, bBJ1-4, KC-6, T-2, T-3, bX-3) npe-
BeITaeT ypoBeHb K B 3—14 pas.
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IloBbilIeHUE COMEPXKaHUN TIXKETbIX METALIOB (B
TIEPBYIO OYEPE/lb, XaTbKOMUIbHBIX) B JOHHBIX OTJIO-
KEHMSIX TPU aHA3POOHBIX YCIOBUSIX CBSI3aHO C 0Opa-
30BaHMEM U OCaXIEHUEM HepacTBOPUMBIX CyJIbhu-
0B 3Tux MeTajuioB. IIpu aToM cynbdum-aHNOH 00-
pasyeTcsl B pesysibTaTe OMOXMMMUYECKON peaklnu

BOCCTaHOBJICHUsI CyJb(daTHOi cepbl (aHUOH SOi_)
cynbdaT-pedyuUpyIOLIMMU OaKTepUsSIMU, KOTOpPbIC
TaKMM OOpa3oM M3BJICKAIOT KMCJIOPOHA I CBOEI
XKU3HenesITeNbHOCTU. Pe3koe yMeHbIlleHne CKOpOo-
ctu gectpykunu (okuciaeHust) OB B BocCcTaHOBUTEIb-
HBIX YCJIOBUSIX TPUBOAUT K HakoruieHuio C,,. B aHad-
po6HOI1 30He MOHHBIX ocaakoB (Ilammua, 2004).

OtnenbHOro OOCYXIEeHUs 3aciay>KMBaeT OOHapy-
JKEHME aHOMaJIbHO BBICOKMX YPOBHE# coaepKaHus
Hg u Mo: 1o 0.52 MKr/T Ha y6OKOBOAHOI cT. 3M-5
JaryHbl 3eneHoro Mbeica u 42.6 MKr/t Ha cT. KC-6
03. Kucno-Crnaakoro coorBeTcTBeHHO. Ha aTux ctaH-
LIMSIX TaKKe 0OHApYyKeH aHOMAJIbHBIM COCTaB aJTKaHOB.
Heob6xonuMo OoTMETUTb, YTO JOHHbIE OTJIOXKeHUsT be-
JIOTO MODS$1 XapaKTepU3yIOTCsl HEBBICOKUM COIEPXKaHM-
eM prytu: 0.006—0.095 Mxr/T (PemgopoB u np., 2013).
Haxe nyst ocagkoB ycTbeBoit yactu CeBepHoit JIBUHBI,
IJ€ B KAYeCTBE UCTOYHUKA aHTPOIIOT€HHOI PTYTH BbI-
CTyMNaloT MPEANpUsITAST ApXaHTejlbCcKa, B TOM YHCIIe
1IeJUTFOJIO3HO-0yMaXkKHbIii KOMOWHAT, COAep>KaHUe PTy-
™1 HemHoro Hike (0.02—0.4 Mxr/T) (PemopoB u ap.,
2011), yeM B ucciemyeMblx Bogoemax. Ilpu atom
MaKCUMaJIbHbIe 3HAUEHUS Takxke 3a()MKCUPOBaHbI B
MEJUTOBBIX OCaJKaX, XapaKTEPU3YIOIIMXCS POCTOM
OB u o61ero cepoBogopoaa. Cogepxkanue Mo B 11o-
BEPXHOCTHBIX OCaJKax pa3jiMuHbIX paitoHOB benoro
MopsI U3MeHsi1och B npenenax ot 0.18 mo 7.78 MKr/r
(MacoB u ap., 2014).

B 11y00OKOBOIHBIX OCagKax OTASIISIOIIMXCS BOAOE-
MoB benoro Mops HaxoxneHre Hg 1 Mo MoxeTt ObITh
CBSI3aHO C IPUPOIHBIM IIPOLIECCOM BBIIAACHUS 3TUX
METaUIOB B cyJibduaHou ¢opme npu peakuuu ¢ H,S.
ITosTomMy Mexy pacripeneneHueM Sq,,, Hg 1 Mo Ha-
OII0IAIVCH CBSI3M C BEICOKUMU 3HAYCHUSIMU KO3~
LIMCHTOB KOPPeIALMM: 75 = 0.84, B = 0.83,

pu p < 0.01). Mo gauueiM (Morse, Luther, 1999)
HauboJbIIas CTeNeHb PEaKIIMOHHOM CITOCOOHOCTH K
B3aMMOJICHCTBUIO C TIMPUTOM B BOCCTAaHOBJICHHBIX
ocankax otmeyvaercs misi Hg u Mo, koTopble BO3-
[JIABJISIOT P Cpelu MUKpoadeMeHToB: Hg > As =
=Mo >Cu>Co>Ni=>Mn >Zn>Cr>Pb=Cd.
ITosTomy Tonbko mist Hg u Mo BbIsIBIIEHO OoJbliiee
oborammenue (B cpaBHeHnu ¢ JIK) B mcciaemyeMbix
ocajKax.

KoppensmmoHHas 3aBUCUMOCTD C pacTipenesieH-
€M OHOreHHBIX KOMIIOHEHTOB, MaKpO3JeMEHTOB-
WHINKATOPOB JauTOoreHHoro BemlectBa (Al m Ti) u
IpaHyJIOMETPUIECKUX (PpaKIInii ocagka ompenessieT
MEXaHU3MBbI aKKyMYJISILIUU METAJIJIOB B CCIEAYEMBbIX
OTJIOKEHUSIX, KOTOpbIE CBSI3aHBI JTMOO C THIPOTEH-
HBIMU, JTUOO C IUTOTE€HHBIMMU IIpolieccamu (puc. 5).
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ITecuanucThie OocagKy BOOOEMOB, HAXOMSIIIMXCS
Ha HavaJbHOM cTamuu otnaeieHus oT KaHpanakii-
CKOTO 3aJIMBa, 000TallleHbI IIPEUMYIIECTBEHHO JINTO-
dmsEBIME MeTammaMu Be, Al, Ti, Cr, Mn, Co, Zn,
Ga, Sr, Zr, Ba n Lu. Torma kak 3amyJieHHbIE OCaIKU
IMOJTHOCTBIO MJIM MPAKTUIECKU MOTHOCThIO OTACINB-
muxcs BomoeMoB (03. TpexusetrHoe, Kucno-Cnan-
Koe) xapakTtepusyiloTcs oboramenueMm Cu, Cd, Mo,
Hg u U. M3BecTHO, 4YTO B aHOKCUTEHHBIX YCIOBUSIX
katnoHsl Cu?*, Cd?** u Hg?" B3auMoneiicTByIoT C ce-
poBonoponoM (H,S) unu nmuputom (FeS), obpasys
cnabopactBopuMblie cynbhuasl (Morse, Luther, 1999;
ITaruna, 2001). IToBsimeHHOe conepxanue Cu u Cd
B aHA’pPOOHOIT YaCTU MCCIEAyEeMbIX BOIJOEMOB, Oora-
TeIx OB, Tak:ke MOXET KOHTPOJMPOBATHCS MX B3au-
MOJIEICTBMEM C TYMMHOBBLIMU BellleCTBaMU U (PYiIb-
BOKMCJIOTaMU, WM OCAXICHUEM C IUIAaHKTOHHBIM
nerputoM (Martin, Knauer, 1973; Piotrowicz et al.,
1984; Shaw et al., 1990).

Oxcu-aHMOHBI MOJIMOIeHA (MoOﬁ_) B IIPUCYT-

CTBMHU CEpPOBOIOPOJA CHayalla BOCCTAHABIMBAIOTCS
JI0 THOMOJIMOAATOB, KOTOPKIE 3aTEM COPOMPYIOTCS HA
cynbdumax u opraHudyeckux dactuuax (Helz et al.,
2011; Scott, Lyons, 2012). AKKyMyJIsiLiisi ypaHa B BOC-
CTAaHOBJICHHOI1 Cpele CBs3aHa CO CMEHOI CTEeIIeHU
OKUCJICHUSI U MIEPEXOJOM M3 PacTBOPEHHOI (hOpPMbI
US* g U*t, Beinagarolueii B Teepnoit paze (Chase et al.,
2001).

st cpaBHEHUSI, B OCalKaX OTKPBITHIX YY4aCTKOB
benoro Mopsi M3MEHUYMBOCTb MMKPOBJEMEHTOB, B
IICPBYIO O4Yepelb, KOHTPOIUPYETCS COACpKaHUEM
JIMTOTEHHOTO MaTepualia U ayTUTeHHBIM 00pa3oBa-
HueM Fe-Mn OKCHM-TUAPOKCHUIOB, TOINA KaK BJIMSI-
Hue OB cHuxeHo (Budko et al., 2021). B nenaom, mo-
BeleHre MHOTrux Tsokelbix metamioB (Cu, Co, Mo,
Ni, Cd) B OKMCIIEHHBIX OCaJKax apKTUIECKUX MOpEit
omnpeensieTcss UX copOLureil Ha OKCU-TUAPOKCHUAAX
Mn (Marz et al., 2011; Po3zanos, 2015; ITomxskos
u ap., 2019). B BoccTaHOBIEHHBIX YCJIOBUSIX OTIEIISI-
IOLIMXCS BOOJOEeMOB, Mn HaXOOMUTCS B aCCOLIMALIMU C
TPYNIION JIMTOMMIILHBIX 2JIEMEHTOB, M HE OKa3bIBaeT
CYLLIECTBEHHOIO BJIMSIHUSI Ha TIOBEICHUE APYTUX Me-
tajyuioB. B Takoii cpene, ocHoBHOI myn Cu, Mo, Ni u
Cd accouuupoBan ¢ OB u/wiu cynbdugamMu, Torga
kak Co TIpOosBIISIET CUJIBHYIO KOPPEISLIMOHHYIO
CBSI3b C pacHopelecHUEM BJIEMEHTOB JIUTOI€HHOIO
tuna (r > 0.8 co Sc, Tiu Cr). [To naHHBIM KJIaCTepPHO-
ro aHajau3a, K CyJb(pUIHON accollaliii 3JIEMEHTOB
B HCCJIeAyeMbIX ocaJgKaxX OTHOCSITCS Takxke Li, Zn, As
u Sb, M1 KOTOpBIX (3a McKioueHrueM Li) Takke xo-
POIIIO U3BECTHO GOPMUPOBAHME CYTb(OUIHBIX MUHE-
panoB (Morse, Luther, 1999).

CsuHel, a Takxke Bi, u nerkas nonrpyria P39
NPOSABIISAIOT KOPPENSLMOHHYIO CBA3b TONBKO ¢ Cop,
BBIACIISISICh B OTAEIbHBINA KjiacTep. MaKcHUMaJIbHOE
coIepsKaHNe 3TUX JIEMEHTOB OOHAPYKEHO B OcaaKax
03. bonpime XpyciioMeHEI, Tae TaksKe MaKCUMaJIbHO
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comepxanue C,,. (10 23.3%). Heobxonumo 3ame-
TUTB, 4TO TToMHUMO Co, B aCCOIIMAIINIO C IUTOPDUITb-
HBIMU MeTa/UlaMu BKitodaeTcss Fe. IMo-Bummmomy,
M3MEHYMBOCTh Fe B ocagkax OTHessIIoImxXcsi BOgoe-
MOB KOHTPOJIMPYETCS COAEpP>XKaHUEM JUTOI€HHOIO
BellleCTBa, HECMOTPSI Ha TO, YTO 3HAYMTEIbHASI Macca
Fe B BoccTaHOBIIEHHBIX OCaAKaxX JOJKHA OBITH IIPE/I-
craBiieHa cyabpuaHeiMu ¢popmamu (Canfield, 1989).
bruto ycranoBineHo (Kykuna wm ap., 2010), yto B
ocagKax OTHOeJISIONINXCS BogoeMoB KaHmamakIimncko-
ro 3ajJMBa JOJSI MMHEPAJbHOM IPOYHOCBSI3aHHOM
dopmel Fe cocraBisger 92—94% ot ero BaaoBOTo CO-
JIepKaHMsI.

B 3akimoueHne HEOOXOAUMO TIOMUYEPKHYTH, UTO B
aHa’pOOHOI cpele MNpU YBEIWYCHUM COACPXKAHUS
CyITb(MIOB HAOTIOmAeTCs pOCT METJIMPOBAHHOM (pOop-
MbI PTYTH IPEAITOIOKUTEIBLHO MO, BIMSIHAEM CYJIb(ha-
TOPEOYLMPYIOIIUX OaKTepuii, KOTOpas CTAaHOBHUTCS
HanboJjiee OMOMOCTYIHOIT M TOKCHMYHOIT ¢popmoit Hg
Ut Mopckux opranmusmoB (Sunderland et al., 2006).
Takke CTOUT YYUTBHIBAaTh BO3MOKHBIE HETaTUBHBIC
MOCJIEICTBUSI, CBSI3aHHBIE C PE3KHUM 3aXOIOM OOJIb-
IIUX MAaCC MOPCKUX BOJ B YACTUYHO U30JIMPOBAHHBIE
ot Kanpamakiickoro 3ajauBa o3epa (HaIllpuMep, Jiary-
Ha 3eJIEHOTO MbIca), M C UX IepeMelnrBaHuemM. B pe-
3yJIbTaT€ MOXET MPOU30UTU 3arpsi3HEHUE BOOHOM
cpedbl BogoeMa PTYThIO M IPYTMMHU TSDKEIIBIMU Me-
TaJJTaMU NIPU UX TTOCTYIUIEHUH U3 JOHHBIX OTJIOXE-
HUI1 TIpU OKUCIIEHUU CYJIb(OUIO0B.

3AKJIIOYEHHME

B otnenstiomnxcst o3epax BHICOKOIIMPOTHBIX paii-
OHOB, HECMOTPS Ha HU3KHE TEMIIEPATyPhbI, IIPONUCXO-
JINAT 00pa3oBaHMe OOJIBIIOTO KOJNYECTBA OpraHnuyde-
CKMX COEIWHEHMU, KOTOPbIE aKKYMYJIUPYIOTCS JOH-
HBIMU OcaaKaMu. B 3aBUCUMOCTH OT CBSI3U BOTOEMOB
C MOPEM MX KOHLIEHTPALNU U3MEHSIIINCH B IIMPOKOM
muanasone: C,, — 0.02—-23.28%, B cpennem 5.33%,
AYB — 34—3519 Mmkr/r, B cpenHeM 817 MKT/T, 4TO
npesbilaeT (POHOBBIE 3HAYEHUs B ocagkax bemroro
mopsa s Co, < 2%, a AYB < 50 mMxr/r. lecTtpykuus
OpraHUYeCKUX COENMHEHUI MPUBOIUT K 0Opa3oBa-
HUIO CEPOBOIOPOJIA W 3BTPOMUPOBAHUIO BOJI ITHUX
BOJOEMOB.

CyutectBytove cBsisu B pacnpeneneruun C,,,
Noour Sosm I AYB ¢ BeicoknMmu ko3 dunieHTaMu
koppensiuuu (r = 0.80—0.99) Mmoryt ykasblBaTh Ha
ONMHAKOBYIO MPUPOAY ITUX coenuHeHuii. OTHOIIIe-
Hue Cg,,/N g, KOTOPOE B OOJIBIIMHCTBE ITPOO N3Me-
HSJIOCh B MMAaITa30He 4—6, XxapaKTepHO TSI MOPCKHX
ocazkoB. Harporus, otHowenue C,,./S,g,,, KOTOpOE
M3MEHSIOCH B quara3oHe 5.62—20.3, orpaxkaer ¢op-
MUPOBaHUE OCAIKOB B O€CKUCIOPOIHBIX YCIOBUSIX.

Monekynsgpubiii coctaB AYB u ITAY, orpaxaro-
L1 TOMUHUpYOILIe ucTouHuku OB, yka3pIBaeT B
OCHOBHOM Ha UX NPUPOJHOE ITpoucxoxaeHue. boiab-
masi yCTOWYMBOCTL Y B, Mo cpaBHEHUIO C IPYTUMH

BYAbKO, HEMUPOBCKAS

OpraHMYeCKMMU COENMHEHUSIMU TPUBOAUT K MOBbI-
HIEHHOM 1X 101U B coctaBe OB, B yacTHOCTH B Tiec-
YaHUCTOM ocanke 0yxTel buodunbsTpos nonst AYB B
cocrase C,,. mocturana 14.41%.

KoMmmiekc MHOTOMEpHBIX CTaTMCTUYECKUX aHa-
JIN30B TTOKa3aJl, YTO rpaHyJIOMETPUUECKUIl COCTaB —
OCHOBHOI1 (DaKTOp OINpeaeISIONIUI pacIipeaeieHne
XMUMMYECKUX DJIEMEHTOB B OCadKaX OTHCJISIOIIMXCS
BogoemMoB beyioro mMops. B Mopckux Oyxrtax u mpu-
OpEeXXHBIX YJyacTKaxX OTIEJSIOIINXCS BOAOEMOB, TIe
HaKaIUTMBAIOTCS TleCYaHble 3auIeHHbIE OCAIKHU, ITPO-
HUCXOAUT oboralleHre 3JIeMeHTaMU, MOBEICHUE KO-
TOPBIX OIIpeaeIIsIeTCs IMTOTeHHBIM MaTepuaioM (Be,
Al, Sc, Ti, Cr, Mn, Co, Zn, Ga, Sr, Zr, Ba u Lu).
B unucthix ocamkax aHa’poOHOM 4YacTU OTACSIO-
IIIMXCS BOJOEMOB ycTaHOBJIeHa akkymyJisiiuyst Cu, Cd,
Mo, Hg 1 U, koTopnie 001a1a10T CUJIBHOI KOppes-
LIMOHHOM 3aBUCUMOCThIO ¢ cepoii. COOTBETCTBEHHO,
AKKyYMYJISIIMS TaHHBIX METAJUIOB KOHTPOJIMPYETCS
dopMHUPOBAHUEM CIA00PACTBOPUMBIX CYJIB(DUIOB IIPU
B3aMMOJICHCTBUU C CEPOBOIOPOIOM U TuputoM. O60-
raiieHre OCaaKoB 3TUMU MeTaJUIaMH ITOKA3bIBAeT YCH-
JIeHUe 3BTpO(UKALIMA U, COOTBETCTBEHHO, Pa3BUTHUE
cynb(MaTpeayKIIM1 B aHA3POOHBIX YCIOBUSIX.

B nipotuBomonoxHocts ¥YB B O0nbIIMHCTBE Oca-
KOB ompelejieH HU3KUI YPOBEHb COAEpKaHUSI MC-
cJIelyeMbIX METAJVIOB U AS IO CPaBHEHUIO C JOMY-
CTUMBIMU KOHIEHTpAUUSIMHU. TOJIBKO IJISI PTYTHU U
MoJinOJieHa OOHapy>XeHBbI OCAIKU C IIPEBBIIIIEHUEM
ypoBHs IK B 2 u 14 pa3, ocobeHHO, B aHa3pOOHO
cpene IaryHbl 3eJIeHOro MbIca, 03ep Tpex1BeTHOTO U
Kucno-cinankoro, 4To CBsI3aHO C UX aKTUBHBIM y4a-
CTHEM B IIpoliecce MUPUTU3ALAN.

Asmopbt evipadxcarom uckpenHioo 01a200apHocmb
PYKosodcmaey u compyonukam beaomopckoii 6uonoeu-
yeckoii cmanyuu um. H.A. Ilepyosa u auuno E.Jl. Kpac-
HO60IL 3a npedocmaesnenue 803MOICHOCMU 8 Nposede-
HUU noaegblx pabom u omoopy npod 6 0MOeAsTHOUUXCS
6odoemax benoeo mops. Aémopul npuznamenvHol 6cem
Koane2am, 0KA3a8uuM NO00epICKY 8 NposedeHUl AHA-
aumuveckux pabom: T.H. Anexceeeoil (epanyromempu-
yeckuii cocmas), E.A. Kyopsaeuyeeoii (CNHS-anaau3),
A II. Cmapoodvimosoii (ICP-MS), A.B. Xpamuyoeoii (6
npogedenuu anaruzos YB u epaguueckoii obpabomke
O0aHHbIX).

Paboma evinoanena ¢ coomeemcmeuu ¢ lToczadanu-
em Munucmepcmea nayku u évicuie2o oopazosanus PO
(mema FMWE-2022-0003) npu unancosoii noo-
depucke PHD (npoexm Ne 19-17-00234-11).
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