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BBEJIEHUE

[Iepemeriaemblie pekaMH HaHOCHI pa3HOOOPa3HBI IO CBOEMY IIPOUCX0XKIEHUIO0, (opMe IepeHoca
U cocTaBy. B mpoleccsl TpaHCIIOpTa HAHOCOB BOBJIEKAKOTCS MPOAYKTHI pa3pyLIE€HUs TOPHBIX MOPOJ,
IIOYB, JKUBBIX OPraHU3MOB, IPEJCTABICHHBIX MIMPOKUM CIIEKTPOM MHUHEPAIBHBIX M OPraHUYECKHUX
YaCcTULl pa3IMYHON KPYIHOCTH, NIEPEPACIIPENECISIONINXCS B IIpEeaxX pedHbIX 0acCEMHOB, OTAEIbHBIX
Y4acTKOB pEK, IO TIyOMHE pycloBBbIX NOTOKOB. COCTaBISIONIME TOTOKA HAHOCOB IOCTOSHHO
B3aMMOJICHCTBYIOT MEXIy CO0OM M MOTYT CYLIECTBEHHO MEHSATHh CBOM XHMHUYECKUH COCTaB MOJ
BJIMSTHUEM TUAPOJIOTHUECKUX YCIOBUN M TE€OXMMUYECKON 0OCTaHOBKH.

M3ydeHHOCTh CTOKa pEYHBIX HAHOCOB IPEHMYINECTBEHHO CBf3aHAa C pPa3HOOOpa3HBIMHU
reorpado-TuapoIorHuecKUMH UCCIIEJOBAaHUSIMH, KaK PETHOHAIBLHOTO, TaK U TJ100aIbHOIO MaclITaboB
(Borrelli et al., 2017; Cohen et al. 2014; Milliman, Farnsworth, 2013; Syvitski, Kettner, 2011; Walling,
Fang, 2003, Bobrovitskaya et al. 2003, Anexceesckuii 1998, I'onocos 2006). OrieHKH MEXaHHYECKOTO
(rpaHyJIOMETPUYECKOT0) U XMMHMUYECKOTO COCTaBa HAHOCOB IMPOBOJATCSA Topas3no pexe. JlaHHble O
KPYIHOCTH B3BEIICHHBIX HAHOCOB pek Poccuu BnepBbie ObuH 000011eHb Ha MaTepuanax 50-70-x rr.,
(JTonatun, 1952; IllamoB, 1959) u 0CHOBBIBAJINCH HA U3MEPEHUSAX THIAPOJOTHYecKHX mocTtoB YI MC.
OHu oxBaThlBaJIM JIMIIb HEOONBIIOE YUCIO HOCTOB M HMMEIU 3MHU30JUYECKHIl XapakTep, 4To B
3HAUUTENBHOM MEpe CBA3aHO C TPYAOEMKOCTbIO MpoOOONpeAenaeHuss - UIMTEIbHOCTBIO
¢paxuuonupoBanust B3Becu MeronoM A.H. CabanmHa (OTMyuuMBaHUE) WIM MUIIETOYHBIM METOIOM.
XUMHYECKUI COCTaB B3BECH PeK MHpa paccMmarpuBaics B paborax B.B. ['opaeera, B.C. Casenko, XK.
Bupca, K. l'asapne, O.C. ITokposckoro, b. {ronpe, C.P. Hanosa u ap. B ocHOBHOM OH uccliejoBaics B
0CcBOEHHBIX Oaccelinax pek EBporbl, LlenTpanshoit u FOxHoit A3un u CeBepHoil AMepuku,

Ha »stoM ¢one, xumuueckuii cocTaB B3BEIICHHBIX HAHOCOB pek OacceitHa CeBepHOro
JlenoBuTOro OKeaHa U3y4eH KpaiiHe cina6o. CBeIeHHsI 0 XMMUYECKOM COCTaBE HAHOCOB B 3TOM PETHOHE
0a3upyroTcd Ha pe3yibTaTax »3IMU30JAWYECKHX H3MepeHuil. B 0000IIeHusX, XapaKTepU3yIOIIHUX
XUMHYECKHH COCTaB BOJ U HAHOCOB PEK MHpa, BCTPEUYAIOTCS €JUHUYHbIE YIIOMUHAHUS O COJIEPKaHUU
3JIEMEHTOB B pekax poccuiickoii Apkruku (Viers et al. 2008; Casenko 2006). CymMapHO, Ha peKH 3TOTO
pernona npuxogurcs okoio 11% muposoro pednoro croka. Kpynueimme peku pocCuiickoil ApKTHKH
(Enuceit, Jlena, O6p u Konbima) cocTtaBisitoT okono 58 % poccuiickoro croka u okoio 32 %
cymmapHoro croka pek B CeepHblil JlemoBuThiil okeaH. OTMmewaromieecss BO3pacTaHHE CTOKA
Apkruyeckux pek (AnekceeBckuil, Marpuukuit 2007; EBcturuees u ap. 2007, llukiomanos u ap.,
2008; Li et al., 2020; Gordeev et al., 1998; Dixon, 2016), B pe3yabTaTe KIMMaTHUYCCKUX U3MEHCHHUH,
TasHUSI HAa3eMHOW M CyOaKBaJbHOW MeEp3NoThl B OacceifHaX peK KPUOJIMTO30HBI, XO3SHCTBEHHOTO
OCBOEHUSI APKTUKHU, TPUBOJUT K TpaHC(HOpMALIMK SPO3HUOHHBIX M PYCIIOBBIX IPOLIECCOB B OacceiiHax u

MCEHACT COOTHOIICHUEC UCTOYHHUKOB q)OpMI/IpOBaHI/ISI JINTOI€OXUMHYSCKHNX IMMOTOKOB. Bee 3To OmnpeacisicT
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W3MEHEHHUS BBIHOCA XUMUYECKUX AJIIEMEHTOB B COCTaBE B3BEIICHHBIX HAHOCOB B YCThEBBIC 00IACTU U
ApKTUYEeCKHE MOpSl U, CIIeOBATEIbHO, TpaHCPOpMAIUI0 OMOTeOXMMHUYECKOTo IHKIa B ApKTHKE.
VYka3aHHbIE TpOIECCHl MMEIOT 3HAUYEHHWE M B KOHTEKCTE OIEHKM KadecTBa BOABI M TpaH3UTa
3arps3HSIOMMX BEIIECTB, MOCKOJIBbKY TPAHCIOPT XUMHUYECKUX OJJIEMEHTOB B pekax Ha 90-95%
ocymiecTBIsieTcs: Bo B3BenenHoi opme (I'opaees, 2012, 2013; Gaillardet et al., 2003; JloOpoBoOIbCKHIA,
2003). YacTp 13 3THX MOJLIFOTAaHTOB (MeTa/utbl U Metautouasl: As, Cd, Pb, Zn, Co, Ni, Cu, Sh, W, Mo,
Cr) noreHIMaIbHO OMACHBI JJIsi BOJOIOJIB30BaHUS, MOCKONIbKY oTHOocATcs K |-1I ximaccam omacHoctu
(Canllun 2.1.4.1074-01) u MOTyT paccMaTpUBAThCS Kak MpUOpPUTETHBIC 3arpsi3HuTenu (Kacumos u np.,
2022). Takum 00pa3oM, ONpEAEICHHE COBPEMEHHBIX XapaKTePHUCTUK XHUMHYECKOIO COCTaBa
B3BCIICHHBIX HAHOCOB KPYMHEHIIMX PEK POCCUUCKON APKTUKH SBIAETCS AaKTyaJbHOW HAy4YHOM
poOIEMOIA.

CBOEBpPEMEHHOCTh €€ HCCIICIOBAHUS OMNPEISISIeTCs AaKTUBHBIM PA3BUTHEM TEXHOJIOTHM
M3Y4YEHUs PEUHBIX HAHOCOB, CBSI3aHHBIM C BHEAPEHHUEM COBPEMEHHBIX METOJIOB IKCIEIUIIMOHHBIX U
AHAIUTUYECKUX pPabOT (Macc-CeKTpalbHBIA aHATU3 XUMHUYECKOTO COCTaBa HAHOCOB M Jla3epHas
TudpaKusl 4acTUI] B3BECH), KOTOPbIE MO3BOJISAIOT IMOJYYHTh HOBBIE MAacCCUBBI JIaHHBIX O COCTaBe
B3BCIIIEHHBIX HAaHOCOB. Ha ocHoBe 3THx MeTonoB B 2018-2021 rr. ObumM peaau30BaHbl HE MMEIOIITUE
aHAJIOTOB HATYpPHBIE HCCIIEOBAHUS B HIDKHEM T€UeHUH KpynHeHmux pek Poccun - O6u, Enucest, Jlenst
1 KonbIMbI, BBIIOJHEHHBIE IO CTaHIAPTU30BAHHOW KOMIUIEKCHOW mporpamMme. IMEHHO OHM JIEriid B
OCHOBY HACTOsIIIEeH paOOThI U JAOMOJIHEHBI CUCTEMHBIM O0OOIIEHHEM JAHHBIX O XMMHYECKOM COCTaBe
B3BEIICHHBIX HAHOCOB 33 KpymHEHIMX peK poccuiickoil yactu Oacceiina CeBepHoro JlemoBuToro
OKeaHa.

[eanb uccjenoBaHus - OIEHKA TPaHYJIOMETPUYECKOTO COCTaBa U COJEPIKAHHS METaUIOB
METaJUIOMJI0B BO B3BELLIEHHBIX HAHOCAX KPYMHEUIINX peK ApKTHUUeCKOoW 30HbI Poccun, 1 n3ydeHue ux
MPOCTPAHCTBEHHO-BPEMEHHON U3MEHUYMBOCTH.

IIpeamer wuccienoBaHusi - (QU3MYECKUE M XUMHYECKHE XapaKTEPUCTHUKU BOJBI, PEUHBIX
HAHOCOB, MPOIIECCHI X TpaHCcIopTa. B pabote paccmarpuBaercs rpymma snemertos: Al, V, Cr, Mn, Fe,
Co, Ni, Cu, Zn, As, Sr, Zr, Mo, Cd, Sn, Sb, Cs, W, Pb, U, o6o3HauaeMbIX 1ajgee KaKk MeTaulbl U
meTaousl (nanee: MM) (Meade, 1995; Kacumos u ap., 2016; Kaus et al., 2017).

3agauu padoThI:

. UccnenoBanme ¢GakTopoB M 0COOCHHOCTEW (POPMUPOBAHUS XUMHUYECKOTO COCTaBa
HAHOCOB U MX IMPOCTPAHCTBEHHBIX OTIMYUN HA PEKaX POCCUICKON APKTUKH.

J OO6ocHOBaHME METOJOJOTUH PACIIUPEHHON MPOrPaMMBbI THIPOJIOTO-TEOXUMHUYECKOTO

MOHUTOPHHT'A CTOKA U COCTaBa HAHOCOB KPYITHBIX PCK.



J CpaBHUTENBHBIN aHAJIN3 TPAHYJIOMETPHUUECKOIO COCTaBa B3BEILIEHHBIX HAHOCOB HUYKHETO
TEUEHUS KPYNMHEHIINX peK APKTUKH, a TaKKe J0Jei 6acCceifHOBOW M PyCIIOBOM COCTaBIISIFOIIUX CTOKA
B3BEILIEHHBIX HAHOCOB.

J CpaBHUTENBHBI aHAIM3 CONEP)KAHMA METAUIOB M METAJUIOWJOB BO B3BELICHHBIX
HaHocax pek O0b, Enuceit, Jlena n Koabsima, orieHKa 3aKOHOMEPHOCTEH UX CE30HHOW M JIOKAJIBHOU (B
npezenax HolnepeyHoro CeYeH!s) U3MEHUYUBOCTH.

J Onenka BEIHOCA METAJIJIOB U METAJUIOUIOB B COCTABE B3BELICHHBIX HAHOCOB B YCTHEBBIC
obnactu pex O6w, Enuceii, Jlena n Konbima.

J HccnenoBanue pacupeleneHust TSHKEIbIX METaUIOB M METAJUIOMIOB IO  (hpakiusm
KPYITHOCTH B3BEIICHHBIX HaHOCOB pek O0b, Enuceit, Jlena u Konbima.

O0beKT uccjieq0BaHus

Huxnee teuenne pex O6b, Enuceii, Jlena u Konsima

Hay4ynasi HoBH3Ha padoThI:

BrniepBbie B 3aMBIKAaIOIIMX CTBOPAX KPYNHEHIINX PEK POCCUHCKON APKTHKH, PacHOJIOKEHHBIX
BBIIIE WX YCTHEBBIX 00JIacTEM, BBIMOIHEHO MOAPOOHOE HCCIIEIOBAaHNE MPOCTPAHCTBEHHO-BPEMEHHOM
M3MEHYMBOCTH XHMMHUYECKOTO COCTaBa HAHOCOB C YYETOM HEOJAHOPOJHOCTU HX paclpeiesieHUus B
npezenax nornepeyHsix npopuieid. 3akoHOMEpHOCTH (OPMHUPOBAHUS XMMUYECKOI'O COCTaBa HaHOCOB
pacCMOTpPEHBl Ha OCHOBE CTaHJAPTU30BAHHBIX  T'MAPOJOrO-r€OXMMUYECKUX  HCCIIEIOBaHUM,
BbINOJIHEHHBIX B 2018 - 2021 rr.. Bniepble Ha OOMIMPHOM CTaTUCTUYECKOM MaTepuajie OIpeneaeHbl
cpennre koHmeHTpauuu MM Bo B3Becsix pek OOb, Enwuceit, Jlena u KombiMa u BenuumHa ux
NOCTYIIJICHUsT B YCThEBble OOJACTH YKa3aHHBIX peK. J[aHbl yHUKalbHbIE OLEHKH paclpeaesieHus
XMMHYECKOIO COCTaBa B3BECEH B MpEJEIax MONEPEUHbIX CEYEHUI KPYIIHBIX peK. BriepBrie npoBeneHbl
OLICHKH paclpeielIeHUss XUMHUUECKOI0 COCTaBa Mo pa3HbIM (PpakiysM KPYIHOCTH.

JIMYHBIA BKJIaJ aBTOPA

ABTOp MPHUHAJ HENOCPEICTBEHHOE y4yacTHE B KOMIUIEKCHBIX AKCHEIUIMIX reorpaduyeckoro
¢daxynbTera MI'Y no uzyuenuto Apkrudeckux pek B 2018 (p. O0b); 2019 (p. Konbima); 2020 (p. OO0b)
u 2021 (p. KonsiMa) rogax, a Taxke npoBen o000IIeHHEe SKCIEANIIMOHHBIX JaHHBIX M0 pekaM JleHa u
Enuceil. B mosieBbIX yCIIOBUSIX aBTOPOM BBINOJIHEHBI pPabOTHI MO HM3MEPEHHI0 pacxoaos, pH,
AIIEKTPONPOBOJHOCTH, MYTHOCTH  BOJbI, IPOBEAECHAa MPOOOMOJArOTOBKA JUISL  OIpENesIeHUs
IpaHyJIOMETPUYECKOT0 COCTaBa U KOHILEeHTpaluu MM B Bozie 1 HaHOCAX, 0TOOPaHbI MTPOOBI OEpPeroBbIX
OTJIO)KEHUH. ABTOpPOM TNpOaHAIN3UPOBAH TPaHYJIOMETPUUYECKHH COCTaB HAHOCOB, COJEp/KaHUE
OMOreHHBIX 3JIEMEHTOB, TJIaBHBIX MOHOB, OpraHuyeckoro BemiecTBa. [loarorosieHa 6a3a aHHBIX O
MYTHOCTH U I'PaHYJIOMETPUYECKOM COCTAaBE B3BELIEHHBIX HAHOCOB B pa3Hble (pa3bl BOAHOIO PEKHMA.
ABTOpOM 0000LIEHBI M CTAaTUCTHYECKH OOPabOTaHBI MOJYyYEHHBIE PE3yJIbTaThl, MOJATOTOBJIECHBI

HWJUTIOCTpalu, Ta6J'II/II_IBI, KapThbI U BBIIIOJIHCHO O606H.[CHI/IC JINTCPATYPHBIX JaHHBIX.



CTpykTypa u 00b€M qUCCepTALIUN

Huccepraiiuss COCTOMT W3 BBEACHHUA, 6 IJIaB, 3aKJIOYCHHMS, CIHUCKA JUTeparypbl u3 156
HMCTOYHUKOB M TpwiIokeHui. Pabora msnmokena Ha 136 crpanumax Ttekcra. CIHCOK JUTEPaTyphl
BKIIIOYAET B ce0st 74 myOnuKaIiii Ha pyccKoM U 82 myOauKaIiii Ha MHOCTPAHHBIX S3bIKaX.

3amumaemMble NOJI0KEHUS

1. B3BemieHHbIe HAHOCHI HIDKHETO TeueHHs pek O0b n EHncel o cpaBHEHHIO ¢ B3BECSIMH peK JIeHa
u KosbiMa oTIIMUar0TCsl MEHBIIEH KPYITHOCTBIO M O0JIbIIeH gojiel Menkux ¢pakiuii (Mmenee 10
MKM).

2. Bspemennwsie HaHochl pek OOb, Enuceii, Jlena u KoipiMa HMEIOT NPEHMYIIECTBEHHO
JBYXMOJAJILHBIN THUII pacupeesieHus Gppakiuil rpaHyIOMEeTPUUECKOr0 COCTaBa, YTO CBS3aHO C
COMOCTaBUMBIM BKJIaJ0oM Ooyiee KpymHOW pyciaoBod U Oojee Melkold OacceiiHOBOM
COCTABIISIIONINX CTOKA HAaHOCOB. J{0J1s GacceitHOBOM COCTaBIISIIOIICH YBETMUMBACTCS BO B3BECSX
Jlenst wu KonpiMbl 3a CcueT NOCTYIUIEHHS TPOJAYKTOB pPa3pylleHHUs OOHaKeHUM
MHOTOJIETHEMEP3JIBIX MTOPOJ (€10M) B 0OpTax JOJIUH U aHTPOIIOT'€HHOM J1eATEIbHOCTH.

3. CopxeprkaHue METAIJIOB U METAJIOWJIOB BBILIIE BO B3BEUICHHBIX HaHOcax pek. O0b u Jlena mo
cpaBHeHHIO ¢ pekamu. Ennceii u Konpima. Ha Bcex pekax B mepuojbl MOHMKEHHON BOJHOCTH
KOHIEHTPAallUd METaUIOB M METAJJIONJIOB YBEIMYMUBAIOTCS. V3MEHUMBOCTh KOHUEHTpPALU
METAJIJIOB U METAJJIOUJIOB B COCTAaBE B3BELIEHHBIX HAHOCOB B IIPEJIENax MONEPEYHOr0 CEUEHUs
KPYMHBIX PEK BO3pAacTaeT B IEPUO/IbI TOBBIIIEHHON BOTHOCTH.

4. MakcumalbHOe KOHIEHTPUPOBAHHE METANIOB U METaUIOMA0B XapaKTepHO i (Ppakiuii c
pasmepamu MeHee 10 MkM. Dpakiuyu HAHOCOB pa3MepamMu MeHee | MKM B OOJIbIIEH CTeneH!
oOoraleHsl MeTaJuUIaM1 U MeTajuiouiaMu Ha pekax Enuceit u Kosbima 1o cpaBHEHHIO ¢ pekaMu
OO6»b u Jlena.

Anpodanusi padoTsl U peaju3anus pe3yJbTaToB padoThl

[ToneBbie paboThl, 00pabOTKa W aHaJIM3 pE3yJbTAaTOB BBIIOJHEHB B paMKax IPOEKTOB:
«WuTerpanpHas oleHka OallaHca HAHOCOB peuHoil cuctembl p. Jlemay (PH® - 21-17-00181),
«IIpocTpaHCTBEHHO-BPEMEHHBIE 3aKOHOMEPHOCTH (OPMHUPOBAHMS U IEpPEeHOCa MHUKPOYACTHI] B
KPYNHBIX peuHbIX cucteMax Poccum» (PODU - 19-05-50109\19) u «IIOTOKH TSKENBIX METAILIOB,
METaJUIONJIOB ¥ OMOTeHOB KpymHehmmx pexk Cubupu B Apkrrueckue mopst Poccun (PODU- 18-05-
60219)».

PesynbraTsl paboThl MpeACTaBICHBI aBTOPOM B ()OPME YCTHBIX JIOKJIAJ0B Ha 3apyOekKHBIX U
poccuiickux koHpepeHusax: «bnoMoHuTOpuHT B ApkTrke» (26-27/11/18), "Mopckue ucciae1oBaHus 1
obpazoBanue" MARESEDU-2019 (28-31/10/19), EGU2020 (3-8/5/2020), World’s Large Rivers (3-
6/08/2021) u ap. Meronpl ucciaenoBaHusi, IpuMeHsieMble B padoTe, ObUIM MPOTECTUPOBAHBI B paMKax

KOMIUIEKCHBIX dKCIeuInii B 6acceitnsl pek Cenenra, 3anagnas J[BuHa, pek OacceitHa bemoro Mopsi.



PesynpTaTel paboT W 3aKIIOYEHHS O BO3MOXKHOCTH HCIIOJIB30BAHMS MPEIJIOKEHHBIX METO/I0B
npezacrasieHsl B 4 crathax (Bl Web of Science; Scopus) u 1 crarbe, n3gaHHON B XKypHAJE U3 CIIHCKA
BAK.

baarogapHocTu

ABTOD BBIpaKaeT 0coOyro 0JIaroJapHOCTh 1.T.H, jo1. YanoBy Ceprero PomanoBudy 3a HaydHOE
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I'JIABA 1. PAKTOPBI ®OPMUPOBAHUSA I'PAHYJIOMETPUYECKOT'O U
XUMHUYECKOI'O COCTABA HAHOCOB

1.1 OcHoBHBIE NMoKa3aTe/in, XapakKTePpUu3yrouue TpaHCIIoOpT HAHOCOB B BOAHBIX o0beKTax

Opnnolt 3 Hanboyiee UHTEPECHBIX M CIOXKHBIX 3a7a4 THIPOJIOTUU SIBISETCS M3yUYEHUE PEUYHBIX
HaHOCcOB. HaHocamMu Ha3bIBaloTCs HepacTBOpPEHHBIE (TBEPABIC) YACTUIBI PA3IUYHOIO pa3Mepa u
reHe3uca, TpaHCIOPTUPYEMbIE IIOTOKOM BO B3BELICHHOM HJIM BIIEKOMOM COCTOSIHMH U (hopMHUpYIOIIKE
J0’%k€ BOAOTOKOB M BoaoéMoOB [Yano, 2008]. K HaHocaM OTHOCSATCS KaKk MUHEpaJIbHBIE YAaCTHIIbI
(parMeHTBl TOPHBIX IMOPOJ, BTOPUYHOOOPA30BAHHBIC MHHEPAIbl, KOHTJIOMEPAThl TOYB), TaK U
OpraHMYECKHUE YacTULbI, BOAOPOCIH, MHUHEpalbHOE OWOT€HHOE BEIIECTBO, a TaKXKe YacCTHIIbI
AHTPOIOTEHHOTO MPOUCXOKACHHUS.

YdyeHHEe O pEeYHBIX HAHOCAX BKIIOYaeT B ce0S W3yYeHHWE TeHe3uca HaHOCOB,
TUAPOIMHAMUYECCKYIO TEOPHIO TpPAHCIIOpPTa W TEPEOTIOKCHHS HAHOCOB, TEOPHUIO TIPOIECCOB
dbopMUpOBaHUS CTOKAa HAHOCOB M HCCIENOBaHHS Teorpaduyeckux acleKTOB €ro pacrpeieneHus, a
Tak)Ke MPUMEHEHNE HOBEHIIIMX METOJ0B U3MEPEHHUS U MOJICTUPOBaHUs TaHHBIX IpolieccoB. Hanbornee
3G pexTUBHBIN aHamu3 (GOpPMUPOBAaHUS U JBMKEHUS pPA3JIMYHBIX (OPM HAHOCOB CBSI3aHO C
KOMIUICKCHBIM HCIIOJIb30BaHUEM JIOCTYKCHHUN pa3MYHbIX o0JjacTeld Hayku. B m3ydeHuu TpaHcmopra
B3BEIICHHBIX YAaCTUIl BOJHBIMU OOBEKTaMU HCIIONIB3YIOTCA reorpaduueckoil 30HATbHOCTH, a TaKXKe
MIPOCTPAHCTBEHHON M BPEMEHHON W3MEHYMBOCTU CTOKa HAHOCOB. [Ipu M3ydeHWH cTOKa HAHOCOB
HEO0OXOIMMO OIICHHBATh WHTEHCHBHOCTH TPOIIECCOB APO3UU U AKKYMYJISIIIUU B PA3IUYHBIX 3BEHBSX
pedyHoro OacceliHa, crnenu(UKy YCIOBUNM (OPMUPOBAHHUS M TIEPEMEHICHUS PEYHBIX HAHOCOB,
HEOJTHOPOJHOCTH COCTaBa TPAHCHOPTHPYEMOrOo MaTepuaja Ha BCEM MyTH TMEepPEMEIICHUs,
CTPYKTYpHOCTH (OpM TMepeMelleHrsT BIEKOMBIX HAHOCOB, THUAPOJAMHAMUYECKOTO MPOIECCOB
dbopmupoBanus croka HaHOCOB [Kapaymies, 1977, Hanos, 2008, Yanos 2021]. Ceituac, k B3BEIICHHBIM
HAHOCAM OTHOCSATCS HE TOJBKO YACTHUIBI MPUPOIHOTO, HO TaKXKE W YaCTUIBI aHTPOIIOTCHHOTO
npoucxoxaenus [Zobkov, Evsukova, 2018].

I'ene3nc HaHOCOB MOXKET OBITh pa3NIUYHBIM. MUHEpalbHbIE YaCTHUI[Bl MOTYT IOCTYIaTh B
BOJHBIM OOBEKT B pe3yjbTaTe 3PO3MH BOJIOCOOpa, IPO3MHM pPyceld BOJOTOKOB, abpa3uu Oeperon
BOJIOTOKOB W BOJIOEMOB. B 3aBHCHMMOCTH OT XapaKTEPUCTHK OOBEKTa dPO3WH, HAHOCHI MOTYT HMETh
pa3iuuHble (pU3MYecKHe XapaKTepPUCTUKH, B TIEPBYIO Ouepe/lb - pa3Mep (reoMeTpuuecKas KpymHOCTb,
TUApaBINYECKass KPymHOCTh). DopMy U pa3Mep HAHOCOB B 3HAYUTEIBHON CTENEHU OIpeaemseT
TUIOTHOCTB Pa3pyIIaeMbIX MUHEPAJIOB U OTIIOKEeHUH. Pa3mepbl yacTuil HaHOCOB d (MM) XapaKTepU3YIOT
¢usmdeckyro GopMy HX TEepeHoca PeUHBIMU TMOTOKaMU: B rpydoamciiepcHoM cocrostanu (d > 0.0001
MM), B KOJUIOMJHO-JAHMCIEPCHOM cOCTOssHUM (B coctaBe koyutouaon: 0.000001<d<0.0001 wmwm), B

MOJIEKYJISIPHO-(MOHHO) ~ JIMCIIEPCHOM COCTOSHUM (B MCTUHHO-PACTBOPEHHON ¢opme, HIN B



pactBopenHoi ¢dopme: d<0.000001 mm). Kputepuem BblieneHHs KOJUIOMJHOH (OPMBI CITy’Kar
MOJIOKEHUS TPAJUIIMOHHON KOJUIOMIHOM XUMHH: KOJUIOMABI — 3TO YacTULBI OPraHMYeCKOro MU
HEOPraHMYECKOTO BEIIECTBA JOCTATOYHO KPYIHBIE, YTOOBI UMETH CYNPAMOJIEKYISAPHYIO CTPYKTYpY U
CBOWCTBA, KOTOPBIE 3aMETHO OTIIMYAIOTCS OT CBOMCTB TOJBKO BOJHOW (pa3bl, Takhe KakK, BO3MOKHOCTb
KOH(OPMALIMOHHBIX N3MEHEHHUI UITH Pa3BUTHE IEKTPHUECKOTro 1oJst Ha moBepxHocTH [ Wilkison, Lead,
2007]. I'panunia KOJUIOMIHON U pacTBOPEHHOW (OPM OMpENEIsSeTCs YCIOBHEM, COTIIACHO KOTOPOMY,
BOJIHBIE KOJUIOUBI - YACTULIBI TAKOT'O pa3Mepa, YTO IPU OTCYTCTBUHU COPOIMOHHBIX U KOATYJISIIUOHHBIX
IPOIIECCOB, OPOYHOBCKOTO IBM)KEHHUS JOCTATOYHO JUISl YICpPKAHUS UX BO B3BEIICHHOM COCTOSIHUHU B
TOJIIIE BOABI B TEUYECHHE JIUTEIBHBIX MEpHoJ0B (4acoB / mHei). Ha »Toll rpanmue, rereporeHHas
(koJuTOMHAs) CUCTeMa MEPEeXOJUT B TOMOTEHHBIH MOJIEKYJSAPHBIA pacTBOp (pacTBopéHHas (opma).
Ona cocraBnser okono 0.001 mxm [I'nma3zoBckas, I'ennanueB, 1995]. Bepxuuii mpeaen paszmepa
KOJJIOUZOB OMpEIeNsieTcss Clad0i BBIPAKEHHOCTBIO MEXK(a3HBIX XUMHUYECKHMX MPOIECCOB H3-32
HE3HAUYUTEILHOTO OTHOIIEHUS TOBEPXHOCTH YacTHUIbl HaHOCOB (TBEpmas daza) k o0bemMy
koyutona/gactuilpl  (aucrepchas ¢asza) [Wilkinson, Lead, 2007]. ITockoibKy KOJUTOHIBI MOYHO
OTHECTHU K TUCHEPCHBIM (T€TEpPOreHHbIM) CpellaM, K KOTOPbIM OTHOCSTCSI B3BELICHHBIE HAHOCHI, TO UX
HUOKHIOIO TPaHHUILy CIIEyeT CYUTAaTh (PU3WYECKOW TIpaHMIIed PEYHBIX HAHOCOB. Torjga, HaHOCAMU
clelyeT Ha3blBaTh HEPACTBOPEHHBIC BemiecTBa (¢ KpymHOocThio Ooyee 0.001 MKM — KOJUTOMABI,
TJIMHUCTBIC, WJIMCTHIC, IeCYaHble W KPYMHOOOJIOMOYHBIE YAaCTHIIBI), SIBIISIONIMECS TPOIYKTaMHU
pa3pylleHus TOpPHBIX TOpPOJ, TI0YB, OPraHMYECKUX OCTATKOB, TPaHC(HOPMUPYIOLIUECT O]
BO3JICHCTBIEM (DIOKYIALMUUA M COPOIMOHHBIX IMPOLECCOB, KOTOPHIE B JAHHOW THAPOKIMMATHYECKON
00CTaHOBKE MOTYT IepeMemarbcs peunbiMu moTokamu [Yamos, 2021]. Ha mpakTuke, B KadecTBe
HWKHEH rpaHUIIbI AMANa30Ha PEYHBIX HAHOCOB MPHUHSATH pa3Mepbl Op (GUIBTPOB, UCHIOIb3YEMBIX IPU
BbIZIeTICHHU B3BecH (¢ auamerpoM mop 0.22 wmm 0.45 mxwm) [Langmuir, 2007], cOOTBETCTBEHHO
IPOBOJUTCS PAa3/IeIeHUE «YCIOBHO DPAaCTBOPEHHBIX» M HEPACTBOPEHHBIX (opM. MIMeHHO wacTuilsl,
NEepPEeHOCHUMBbIE B TOJIIIE NMOTOKa M uMeronie auamerp Oonee 0.45 MKM, SBISIOTCS OOBEKTOM
UCCJIEIOBaHMSI B HACTOALIEH paboTe U B 1IEJIOM TP W3YUYEHUH B3BEIICHHBIX HAHOCOB B MUPOBOM HayKe.

TpaHcnopT HAHOCOB OCYILIECTBIISIETCS MOTOKOM B BHJIE€ B3BEUICHHBIX M BIEKOMBIX HaHOCOB
[Yanos, 2008]. Yerkoii rpaHuisl Mexay BiekoMbiMu (W) 1 B3BemeHHbIME (WR) HaHOcaMu He
CYILLIECTBYET, YTO CBS3aHO C U3MEHEHUEM IPOJOJBbHON M BEPTUKAJIbHOW KOMIIOHEHT TypOYJEHTHOIO
MOTOKA, B PE3yJIbTATE YET0 YCIOBUS B3MYUHBAHMSI U JIOHHOTO BJI€UEHUS IIOCTOSIHHO MEHSIOTCs. BbicoTa
NObEMA YAaCTUIl MEJIKOTO IIECKA HaJ JTHOM B peKax M3MEpSeTcs NECATKAaMH U COTHSMHU JIMaMETPOB
YaCTHII, YTO 3HAYUTEIHHO OOJIBIIE €0 CKaYKOOOpPa3HOTO JBMKEHUS, K KOTOPOMY OOBIYHO OTHOCST
CJION IBUYKEHUS BIEKOMBIX (MIPUAOHHBIX) HAHOCOB. DTOT CJIOM MOBBIIEHHON MyTHOCTH BOIbI (puc. 1.1)
UMEET BBICOTY &, KOTOpasi IpUHUMaeTcsl paBHOM AByM nuamerpam vactull d [['pummanun, 1992; Shen,

Julien, 1993] (1):
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a = 2dso (2

B npenenax 3Toil 30HBI YaCTULIBI MOKHO OTHOCUTH K B3BEUICHHBIM MJIM K BIIEKOMBIM HaHOCAM
[AnekceeBckuii, 1998], onqHako B mpenenax KOHKPETHOIO CTBOpa CJIOW a OrpaHUYMBACT JIBH)KCHUE
HaHOCOB. Takum 00pa3oM, B Halllel paboTe K B3BEIIICHHBIM YaCTUIIAM OTHOCSATCS BeriecTBa 0>0.45 MkM,
nepeMenaeMbpie B TOJIIE MOTOKA BBIIIE CJI0S &; K YCIOBHO pacTBOpeHHbIM — BernecTBa <0.45 MKM,

IepeMEIIacMBbIC B 3TOM K€ CJI0€; K BJICKOMBIM — BEIICCTBA, IEPEHOCHUMBIE B CJIO€ a.

o Cb 1
© o
QP

(@) o °
PacTBOpeHHbIe Q)O @) h
YacTULbl © O

z
z=a=2ds
ds

Pycnosble
OTINOXEHNS

Pucynok 1.1 BeprukanbHoe pacipe/ae/ieHiHe YacTUI] HAaHOCOB B BojoToke [Hanos, 2021]

Baxknelmumu XapakTepUCTUKaMH, OTPAKAIOIIUMH IEepeMEeIleHUEe B3BEIICHHBIX HAHOCOB B
pekax Oacceiina, ciryxuT pacxona HanocoB (QRr) (2):
Qr = Q *S55C )
KosmaecTBeHHOE coiepaHNEe HAHOCOB PA3IMYHBIX ()PAKIIUH B BOJIE XapaKTePU3yeT MYTHOCTh
(SSC — suspended sediment concentration) Ona onpeaessieTcs B aOCOMOTHBIX BeJTHYHMHAX (MI/JT), KaK
OTHOIIEHHE MacChl HAHOCOB (M) B MpoOe kK 00BEMY BoabI (V) B ipobe (3):
SSC=m/v 3
bananc HaHOCOB B peyHOM OacceifHe MpOSBISETCS B BUAE 3aKOHA COXPAHEHUS BEIIECTBA
IPUMEHUTEIBHO K NEpEeMEUICHUI0 MHHepanbHbIX dacTull [AnekceeBckuii, 1998]. bamanc HaHocOB
MOKA3bIBAET COOTHOIIEHHE TOCTYIUICHUS U YJAJICHHs BEIIeCTBA M3 PacCMaTpPUBAEMOI0 ydacTKa 3a
onpeAenéHHbIi Tepruoa BpeMeHu. B reomnormueckoM maciitabe M3MEHEHHsI CTOKa HAaHOCOB, KaK U
U3MEHEeHHe O00bEéMa TPOIAYKTOB JPO3MH BOJOCOOpa H pyciaa B KPYIMHOM peYHOM OacceitHe
PHOJIMDKASTCS K HYJIEBBIM 3HAUYCHUSM, OJTHAKO 3a 0oJiee KOPOTKHE MEPHOBI BPEMEHH B HEOOJBIITHX
peUHBIX OacceHax WM YacTaX OacCeHOB MOKET HaOMIOJaThCsA KaK IMOJOKUTEIbHBIN, Tak M
OTpHUIATENbHBIN OaaHc HAaHOCOB (4).
W, =W, =AW , (4)
rae W1 - 00beM MOCTYIIIEHHS INTOTEHHOTO MaTepralia B IPe/IeNibl pacCMaTPUBAEMOT0 yUacTKa

Oacceitna; W2 - ero ynamenue 3a mnpenensl OacceiiHa; AW-  pesynbTupylomas OanaHca,
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XapakTepu3ylolas cooTHomeHne Mexxay Wz u Wi. B ypaBHeHnn 6anaHca HAHOCOB CTOHT BBIJICIUTH
pasJInYHbIE COCTABJIAIOLINE IPUXOAHBIX U pacXodHbIX 4YacTeil. IIpm 3TOM OHM MOryT OBITH Kak

BHYTPEHHUMH JUIsl pACCMaTPUBAEMOI'0 Y4acTKa, TaK U BHEIIHUMH (5).
AW = Ef=1 W — __}:=1 ]'"lf; (5)

)

rane Wi u Wj- yacTHbIe BKJIQJbI i-X BHEUIHHMX M j-X BHYTPEHHHUX IMPOLECCOB B (POPMHPOBAHUE
NPUXOHBIX U PACXOAHBIX COCTABIIAIONINX OaTaHCOBOTO ypaBHEHUs. BayKHO ydecTb, 4TO AJIsl KPYITHBIX
peK BO3pacTaeT 3HaYCHHME BKJIA/a JIOKAIBHBIX (aKTOPOB IpU pacyére rokasaresiell OanaHca HAaHOCOB
JUIsL KOHKPETHOro cTBopa. PacmpenencHue B3BEIIEHHBIX HAHOCOB B IIOTOKE XapaKTEpU3yeTCs
MYTHOCTBIO BOJIbl, KOTOPasi HEpaBHOMEPHA 110 BCEW TOJILIMHE MOTOKa (puc. 1.2). MakcumMyM MyTHOCTH
NpUypOUYEH K MPHIOHHBIM CJOSM. B 3aBHCHMMOCTH OT KPYHHOCTH (pakuuii B3BEUICHHBIX HAaHOCOB
pacripenienieHne MyTHOCTH BOJIBI 110 TIIyOMHE IMOTOKa MOKET ObITh OoJjiee WM MEHEee paBHOMEPHBIM.
OTOT (PaKT 4aCTO HE YUUTHIBAETCS TP XapPAKTEPUCTUKE MyTHOCTU KPYIHBIX PEK, UTO MOXKET IPUBOAUTH
K CyIIIECTBEHHOMY 3aHMKEHHUIO CTOKA HaHOCOB. KoMuecTBEHHBIE OLICHKH PACIPENEICHNSI HAHOCOB I10

MIyOWHE PYCJIIOBOTO TMOTOKA JAIOT PA3IMYHBIC TUIPOAMHAMHUYECKAE MOJCIH, B YaCTHOCTH MOJIENb

Benukanosa-Pay3a [Rouse, 1937; Benukanos, 1948] (6).

SSC h-z a
SSC, Zz h-a

(6)

rae SSCa — npuIoHHAs MyTHOCTh BOJIBI (HA PAaCCTOSIHUM OT JHA &), Z — TIIyOHuHa OT YpOBHS &, h
— riybuHa mnoToka. ['mapaBnuyeckuil kputepuil — uucio Paysa, T.e. OTHOIIEHHE MEXITY
THPABIMYECKON KPYMHOCTBIO W W MOJBbEMHBIMH CHJIAMH (IMHAMHYECKOHW CKOPOCTH IOTOKa V=),
JEMCTBYIOIMMH Ha YaCTHIIBI M MOIACPKUBAIOIIIMHA €€ BO B3BEIICHHOM COCTOSTHUH (7):
w
Ro =—
B-karm-V, @
,r1e Ko PUIHUEeHTH B 3HaMeHaTelle O0bIYHO IPUHUMAIOTCS MOCTOSIHHBIMHU (=1, a mocTostHHas
Kapmana karm=0.4. CymectBytomas npubopHas 6a3a Mo3BOJISET C BBICOKOH TOYHOCTBIO TPOU3BOIUTH
OTIpeieNIeHNs] TOTOKOB B3BEHICHHBIX HAHOCOB JUISI Pa3HBIX TOPH30HTOB MOTOKA. C IMMOMOMIBIO aKyCTHK-
JIOTLIEPOBCKOI0 U3MepuTens ckopocreid notoka (ADCP) ynaércest monyuuts pacnpeeneHue BeTnYnHbI
obpaTHOro paccesHbs (backscatter intensity) (Bl) 11 HeGombIIEX SYeeK ¢ TIOMAAbI0 MeHee 1 M? 110
Bcell mmpune peku (puc. 1.3). Bl Hanpsmyro 3aBucuT ot BennuuHbl MyTHocTH SSC. B pesynbrarte, ¢
MOMOIIBIO0 yYpaBHEHUS (7) CTAaHOBUTCS BO3MOXXHBIM YCTaHOBHTH BEJIMYMHY MOTOKa HaHocoB SSCa u
OTIPENIENTUTH KOHIIEHTPAIIHIO B3BEIIEHHBIX HAHOCOB B KaX/I0i Touke cTBopa. OIHAKO, ISl IPUMEHEHUS
JTAaHHOM MozIenT HeoOXo1uMa pa3padoTKa METOUKY KaTuOpOBKY 3HaYeHUH Bl Ha ocHOBaHMM HAaTYPHBIX

JAHHBIX, KoTopas OyneT mpeniokeHa B jJaHHOW pabore. CyliecTBYIOLIME MPUMEPbl MPUMEHEHUS

}IaHHOI‘/’I MOZCIIN IMO3BOJIACT CYIICCTBCHHO YIIYUHIUTBH IMOJYYa€MBIC PE3YJIbTAaThl OMPCACIICHUSA CTOKa
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HAHOCOB, YTO OBLIO IPOJIEMOHCTPUPOBAHO JIJIs pa3uyHbIX pek mupa [Lupker et al., 2011; Chalov et al.,

2020, Yasos u ap. 2022].

ETe
- 2 o
s s £
oo 73} oaEFl cHo
- Y S N o = o cH=
o 1 . O= = (XID S =
B 8 T Q QE § oH s
L = = M — Nl = TH S BHS
28 o 9 = = oFH FHSHEHS
= o — = o = = (=]
L <1 % 2 & Y — SH 4o cH JHS
= = x Q= ocH oH =H:=HY
= = = O = - 0 =
| E}{ 3 S @ a S SH SHzHGS
3l = T (= I x = = 28 = IS
- S0 © = = o5 = cH ZH
= o S Tz @ o oH °HE
- £ o 8_\‘ S\ ©° = \ E s —
[ 5 \ 5 \ EE
Z \S \ \ &
L L L L 1 L 1 L L L L L L 1 L 1 L L L L L 1 1 L 1 1 L 1 L L L L L L 1 L 1 1

MYTHOCTb BOAbl (A4enka cooTeeTcTByeT 100 mr/n)

Pucynoxk 1.2. Pacnpenenenue ¢ppakuuil pedHbIX HAaHOCOB 10 riryOuHe p. Muccucunu (r.m. Kanzac)

(menenwme no knaccudukanmu Guy, 1969) pucynok mo [Yamos, 2021]

% KonTtyp OBparHoro Paceanws 1 - TRDI EI@
Cpensee O6patHoe Pacceruwe [06]
— nyfuna Pexn nyGura Bepxrero Pacxona nyBuHa Hiuknero Pacxona

55 (3 7 £ &7

T

nyGuua [M]
£
2

[ R N N

9.00 i i
25599 2925
Homep Ancaména

2273

3251

Pucynok 1.3 Pacnipenenenue BenuuuHbl oopaTHoro paccesuus (Bl) mo Beeii miomaau cTBopa

p- Kosbima

1.2 T'panyjioMeTpHYEeCKHii COCTAB HAHOCOB

I'eomeTprueckas KpYMHOCTh YaCTUIbl YCTAHABIMBAETCS HAa OCHOBE €€ cpefHero auamerpa. B
1.1)

rpaHy.TIOMeTpI/I‘-IeCKI/Iﬁ COCTaB (FC) B3BCHICHHBIX HAHOCOB — OTHOCUTCIIBHOC COICPKAHUC YaCTUIL

3aBUCHMOCTH O HEE aBTOPBI pa3lesAioT B3BEIICHHbIE HAHOCHI Ha (¢pakuuu (Tad.
pa3IMYHBIX pa3MEpOB B TOJIIE BOJBI, KOTOpas MO3BOJISIET OXapaKTepPH30BaTh MPOUCXOXKICHUE U
cBoiicTBa moBeneHUs dYactul] B moroke. JlamHple o ['C wMCHonp3yrOTCS B CMEXKHBIX HayYHBIX

JTUCIUTIIINHAX — YICHHH O YPO3HOHHO-aKKyMYJIATUBHOM Tiporiecce [Makkasees, 1955; Knighton, 1998],
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spo3uoBeaeHuu [3acnaBckuid, 1983; Jluceukuii, 2012] u pycnosenennn [Yanos, 2008], rugponoruu B
1ejaoM U Hayke o ctoke HaHocoB [Kapaymes, 1977; AnekceeBckuii, 1998; Julien, 2010], reoxumun
nanamadpToB (MEXaHMYECKONH MUTpAllMU BellecTB in MexaHorenesa) [[lepensman, Kacumos, 1999] u
skoreoxumun [Kacumos, 2013]. Ha ux ocHOBe mpoBOIUTCS KiaccH(PHKAIUS HAHOCOB IO MPHU3HAKAM
ruapomexanudeckoro [Kapaymes, 1977; Poccunckuii, Jlebonsckuit, 1980; [Toznusikos, 2011] cocrasa,
ycioBusiM Tpancnopra [Knighton, 1998; AnekceeBckuii, 1998] u hopmam MHUTpanny MUKPOIJIEMEHTOB
(xumuyeckomy cocraBy) [Jlunnuk, HaGuanen, 1986; Casenko, 2006]. CymecTByromas
HECOTJIACOBAHHOCTh IMPHUMEHSEMBIX IOJXO0JIOB, JENaeT TOHATHE TPaHYJIOMETPHYECKOH KPYIHOCTH
PEYHBIX HAHOCOB JJOBOJIBHO pa3MbBIThIM. OTHOBPEMEHHO, TIPY HATMYHUH MTOPOOHBIX TAHHBIX O CE30HHOMN
m3menuuBoctd ['C [Jlomatun, 1952; IllamoB, 1959] u ux u3mMeHeHWi MO UIMHE OTAEIBHBIX PEK,
OTCYTCTBYET €IMHOE TMPEACTABICHUE O TEPPUTOPHAIBHBIX (QakTopax ero GOpMUPOBAHUA U

MeX0aCcCEHHOBBIX OTIINUMAX.
Tao6auna 1.1

Knaccugukanus KpynHOCTH HAHOCOB MO JaHHBIM OTE€YECTBEHHBIX U 3apyOeKHbIX UCTOYHHKOB

[Guy, 1969; Kapayies, 1977; Friedman Sanders, 1978; Knighton 1998; Rober 2003].

Kpynuocrs, Friedman/Sanders Rober Pocruapomer
mm Guy (1969 1978, Knighton(1996 2003 1977
<0,00001 :
0,00001-
0,00025
0,00025-
0,00045
0,00045-
0.0005
0,0005-0,00
0,001-0,002
0,002-0,004 |
0,004-0,005 |
0,005-0,008
0,008-0,01
0,01-0,016
0,016-0,032
0,032-0,05
0,05-0,062
0,062-0,1
0,1-0,125
0,125-0,2
0,2-0.25
0,25-0,5
0,5-1

1-2

2-a

4.5
5-8
8-10
10-16
16-20
20-32
32-50
50-64
64-100
100-128
128-256
256-512
512-1024

1024-2048
>2048
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B pesynpTare aHanm3a TpaHyJIOMETPUYECKOTO COCTaBa HAHOCOB B BBIOPAHHOM JUANa30HE
KPYITHOCTH IOJIy4aeTcst 0 Gpakiuii pa3IinaHoro pasmepa i (Mm) B oommem 06béme Hanocos di (%).
Yacro, npu ananmuze ['C paccmatpuBaeTcsi MeIMAaHHBIA TuaMeTp (CpedHsis KPyHmHOCTh) dso (MM),
KOTOPBINA pa3JemseT mpo0y HAHOCOB Maccoil Ms Ha JIBe paBHbBIE YacTH. MOXHO paccMaTpUBaTh BeC M;

pa3HbIX (QpaKiuii HAHOCOB I, KOTOPBIC XapaKTEPU3YIOTCS CpeaHUM qruamMeTpoM dacTull doj (8):

dso = 22 (®)

ms
Bennunna dsp MOXKeT onpenensaThesi Mo KpuBoi obecnieueHHoctu (puc. 1.4). Bmecte ¢ Hei
OOBIYHO HCIOJB3YIOTCS TaKHe XapaKTEepHbIE KPYIMHOCTH HAHOCOB, Kak Oi1o u dgo, COOTBETCTRYIOIIME
JMaMeTpy, MeHbIe kotoporo Haxoautes 10% wmimm 90% yacturl npooObl. o Kaxmon i-Gppakiuu B

COCTaBE PEUHbIX HAHOCOB ompenensercs Kak (9):

m; (%) = —. 9)

mg
B Sap}I6e)KHbIX KJ’IaCCI/ICbI/IKaHI/IHX JJISA XapaKTCPHUCTUKHU nux COoCTaBa HCIIOJIB3YIOT

jgorapupMHUECKUE eqUHULIBI pazmepos ¢ [Tipping, 1988](10):

¢ =—logad. (10)
Cpennsis KpyImHOCTh HAHOCOB cMecH orpeaensercs no Gopmyse (11):
Dcp=>nDiPi/ 100, (11)

rae Di u Pi — cpeaHss KpyImHOCTh HAHOCOB KaXI0W (pakiiu U ee 10 mo Macce (%) Bo Bcei

po0Oe; n — Yucio Gpaxiui.

100
90 f———— - ——
80

70
60

50 fr=mmmmmmmm—————
D50

D,%

40
30
20
10 |--=--=-------

O L
0 1 10 100 1000

d, mEM

Pucynok 1.4 Ilpumep Boinenenus goneit ppakmumii 10, 50 u 90% obecnieueHHOCTH HA HAKOTIUTEIHHON

KpUBOH (hpakiuii TpaHyIOMETPUUYECKOTO COCTaBa MpoObl HAHOCOB
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BakHBIM CBOMCTBOM HAHOCOB SIBJISIFOTCS SKCTPEMYMbI (DYHKIIUHU pactpeaeieHus i-Toi hpakiuuu
B coctaBe HaHocoB i(%) = f(d). [Ipu Hanuuuu ogHoro makcumyma kpymaoctd di (%) B psay Bcex
3HaueHui d B3BEIICHHBIC HAHOCHI (POPMHUPYIOT OJHOMOAATbHBIE CUCTEMbI PACIIPEICICHHSI, TIPH JIBYX
makcumyMmax di (%) — nByXMojanbHbIe, IpH TpexX — TpexmonaibHbie (puc. 1.5; Tadn. 1.2). BaxHocTh
OLICHKU MOJAJIbHOCTH IPAHYJIOMETPHUYECKOTO COCTaBa CBS3aHa C Pa3HBIM XHMHUYCCKUM COCTABOM I-ThIX
¢dpakuuii Hanocos [Chalov et al., 2020]. /lanusbiii moKa3aTeah MO3BOJISIET BBIACIATH I'€HETHUECKUE
COCTaBJSIIOII[ME CTOKA B3BCIICHHBIX HAHOCOB -pYCIOBYI0 M 0acCceiiHOBYIO — COCTaBIISIOIINE
[Anekceesckuit, 1998; I'ycapos, 2015]. baccelinoBas (uiau Tpan3uTHasi) Gpakiys HAHOCOB OTHOCSTCS K
BHCIIHUM [0 OTHONICHUIO K BOJOTOKY HCTOYHHKAM IOCTYIUICHHS HAHOCOB U (opMupyeTcsi B
pesyJsbTare 3po3un Bojocoopa. YacTuiipl 6acceiiHOBOM (hpaKIMU UMEIOT XapaKTepHbIe pa3Mepsl 10 50
MKM. PycrioBast Gppakiiust ipeicTaBiaeHa KpymHbIME HaHocamu (6osiee 50 MKM), (OPMHUPYIOIIUMHECS B
pe3ysbTaTe pa3MbiBa JOHHBIX OTJIOKCHHH, abpa3uu OEperoB MEPeOTIONEHHS Marepuaia B CaMoOM
notoke. B oreuectBenHoii iureparype [bapsimnukos, [lonos, 1988;] npucyrcTByer Meros pacuéra

mokasateijisl COACPIKaHNA pYCHOBOﬁ u TpaHSHTHOﬁ Q)paKHI/II‘/’I HaAHOCOB Ha OCHOBAHHMH Ha OCHOBC d5 n d50

(12):

_ dso (ds 1/12
d =350 (12)

rae dr-rpaHuYHbIH AHAMETp PYCIoBoii U 6acceitHoBo# (pakimu (MM), h-rimyOuna moroka.

100
90
80
70
60
50

40
30
20
10 /\
0
1 10 100

1000

C,%

OgHomopganbHoe  ——[lBymoganbHoe  ——TpEéxmoganbHoe

Pucynoxk 1.5. [Ipumeps! pa3HOMOAATIBHBIX paclpeesieHIi cocTaBa B3BEIIEHHBIX HAHOCOB.

Taoauua. 1.2
CucreMsbl pacrpesielieHns: TUKOB KOHIICHTPAIIUU B3BEIICHHBIX HAHOCOB Ha IpuMepe 6a3bl

JTAHHBIX TPaHyJOMEeTpHUUecKoro coctaBa pek Poccun [Yanos, E¢pumon 2021]

Tun/% OHOMO1aJTbHOE JIByXxMoanpHOe TpéxmonanbHOE
I"opHblie (N=156) 5 65 30
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[Toayropusie (N=155) 17 74 9
PaBHuHHbBIC (N=216) 13 71 16
JlaxapoBsie pexu(n=24) 12 46 42

Pa3paboTku poCCHITHBIX

MECTOPOsKIeHNH(n=21) 46 39 15

[To manHBIM 0000MIEHUI TpaHyJIOMETpUYECKOro coctaBa pek Poccum [[leaxoB, Mo3zxkepuH,
1984] nons pycnoBbix ¢pakiuii coctaBisier 10-30% oT oOmiero croka B3BEIICHHBIX HAHOCOB.
Paznenennie B3BEUICHHBIX HAHOCOB Ha pYCIOBYIO M 0acCEHOBYIO COCTABIISIIOIIME TaKKe
paccMaTpUBAIOCh C TOMOINBIO TpadoaHATUTUIECKOrO METOAa M ONUCHIBAIOCH 3aBUCHMOCTHIO
Q(pycn)=f(Q) [I'ycapos, 2015]. B arom ciyyae Ha JOJI0 PYCIOBBIX (PpakKiiiii B3BEIICHHBIX HAHOCOB
npuxoautTcss okoio 15% ot oOmero ob6véMma. PaccmarpuBaemble METOABI, OJHAKO MOTYT HMETh
MOTPEIIHOCTH OIpPENeICHHs], CBSI3aHHBIE C PSAIOM JOMYIICHWH MpU pacyérax, a Takke ¢ BbIOOpOM
MUHHMAaJIbHBIX 3HaueHui Q(pycn) mpu rpadoanamuTuyeckoM merone pacuéra. [Ipu stom, aHamms c
TIOMOIIIBI0O METOJMKU «OoTredaTka» fingerprinting mo3Boyimi OLEHUTH BKJIAJ PYCIOBOW 3PO3HMH ISt
MaJlbIX BOJOCOOPOB B 001l moTok HaHocoB B 15-50% [Walling, Collins, 2005].

Ha ocHoBe 0000111eHHS TPaHyJIOMETPUYECKOTO COCTaBa B3BeIIEHHBIX HaHOCOB [YanoB, EdrumMos,
2021] OBUIO YCTaHOBIIEHO, YTO OOJNBIIMHCTBO KPYITHBIX PEK OTHOCATCS K IABYMOJAIBHOMY THILY
pacnpenenenus Gpakiuuii HAHOCOB. B BEpXOBBSX PeK OOBIYHO HAOIIOMAIOTCS 00JIee KPYIMHBIN THaMeTp
NUKOB (pakiuii HaHOCOB. B pe3ynbraTe UCTUpaHUS U TUAPABIUYECKONW COPTUPOBKH, K YCThSIM PEK
MPOUCXOJUT TOCTETICHHOE YBEIUYEHHE MOJM MENKO(PaKIMOHHOTO MaTepuaia, 4To MPUBOAUT K
YBEJIMUEHUIO IHKa, COOTBETCTBYyIOIIEro 4dactuuam 1-10 MxM. DTOT mpoliecc CUIBHO 3aBUCUT OT
MOITHOCTH BOJHOTO moToka (puc. 1.6). Kpome Toro, ckopoctb MCTUpaHUS 3HAYUTEIHHO 3aBUCHT OT
MopdOMeTpUn pycla M TIeHe3uca HaHOCOB. B pesynprare, B HMXKHEM TEUEHHMH KPYMHBIX pPEK
dopMHpyIOTCS IBYMOJAAJbHBIE -paclpeseleHns, NUKH KOHIEHTpauui ¢pakuuidé B KOTOPBIX
NpUOIU3UTENIBHO COOTBETCTBYIOT I'paHMIIaM pYyclIOBOM U OacceiiHOBO# (pakuuii HaHocoB. B 0azy
JMAHHBIX OBUIM BKJIFOYEHBI TIOTOKM HAHOCOB, TMOCTYIMAIONIME C BOJOCOOpPa M  TEPEHOCSIINE
NPEUMYIIECTBEHHO 0acceiiHOBYIO (Ppakii0 HAaHOCOB (IIOTOKM CO CKJIOHOB JIEJOBBIX KOMILIEKCOB,
YYacTKOB aKTHBHOM 3p0o3uU TOYB, OTBAJOB pa3palOTOK MOJE3HBIX HcKomaeMblx). ITokazaHo, dTo
MOBBIIIEHHBIE KOHIIEHTPALMU MEJNKHX 4YacTUI[ B 3TUX IOTOKAaX COOTBETCTBYIOT IIE€PBOMY IHKY
KOHIIEHTpaIuii 0acceHOBOM ()pakIMK HAHOCOB B KPYITHBIX pEKax. JTa 3aKOHOMEPHOCTH JieTja B
OCHOBY pa3/ieJIeHHUs TIOTOKa HAHOCOB Ha PYCJIOBYIO U 0acCeHOBYIO COCTaBIISIONINE, UCTIOIb30BaHHBIE
B JJaHHOH pabore (TnaBa 4).

IIpu xapakTepuCTHKE MOTOKAa B3BEIIEHHBIX HAHOCOB M HUX TIPaHYJOMETPUYECKOTO COCTaBa
HEOOXOIMMO MCTOJIH30BATh EIWHBIN TIOXO0/T K aHATU3Y KPYITHOCTA HAaHOCOB, TIO3BOJISIFOIINHN BBIICIISATH

e€ xapakTepHble auana3zoHbl. CerogHss MOXHO BBIICIUTH JBE OCHOBHBIX TPYMNIBI KIacCHU(UKAIINHN,
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MPUMEHSIEMBIX MIPU U3yYEHUU PEYHBIX HAHOCOB: MEXaHWYECKYIO (IJIsl TPYHTOB, HAHOCOB, MIOYBEHHOMN
MaccChl U MOYB), MUTpaiMOHHYIO (Tabum. 1.3). 'mapomexanndeckre Kiaccu(HUKaMyd PEeUYHbIX HAaHOCOB,
MIPUHATHIE B THIPOMETPUM U MCIIOJIb3yeMble Ha ceTh Pocruapomera [Kapaymes, 1977], oxBaTbiBatoT
JIUIIIb YaCTh CIIEKTPa KPYIMHOCTH B3BEIICHHBIX HAHOCOB, TTO3BOJISISI OTPEACIISATH B UX COCTABE TIIMHHUCTHIC
(menee 1 mkm), uinucteie (1-10 mxm), mbuteBaThix (1 —100 mxwm), mecuansie (100-1000 mxm),
rpaBuiinbie (1000—-10000 mxm), ramednsie (10000—100000 MKkM) 9acTHITBI U OOJIOMKH TOPHBIX TOPOJT
(BayHbl  TBIOBI) pazmepom Oosee 100000 mxMm. Knaccudukanuu rpaHyJIOMETPHYECKOTO COCTaBa
peunbix HanocoB [Guy, 1969; Friedman, Sanders, 1978] ocHoBaHbl Ha rpafanUsX 3JICMEHTOB,
TpaHUYHBIC 3HAYCHUS KOTOPBIX CBSI3aHBI C LEIBIMUA 3HAYCHUSMH YHCIA (O, OOBIYHO BBIICIISIEMBIX TI0
mkane Yserarsopra [Wentworth, 1922]. Dti moaxoas! OTIHYAIOTCS OT TPAAMIIMOHHOM MIKAJIBI pa3Mepa
YacTHIl, TPUHSATHIX MPH TUIM3ALMUUA DJIEMEHTOB MOYBEHHOW Macchl W mMouB. Hampumep, coriacHo
MexnyHapoanoit mkaine 1926 r. Bce yacTHIbl MOAPA3JEISIIOTCS HAa KPYMHO3EM (TpaBenucTas U
KaMEHHUCTasi 4acTh INOYBEHHOM Macchl) W Menko3eMm [[ma3zoBckas, I'ennamueB, 1995]. Ilocnennuit
COCTOMT U3 (pakuuii nmecka kpymHoro u cpeaero — 200-2000 mxm, menkoro necka — 74- 200 Mk,
nen — 2—74 MKM, rauHbl (W1a) — <2 MKM. OZHOBPEMEHHO HalWuue CBOMCTB INIMHBI Y YacTHIl C
pasmMepoM MeHee 10 MKM ompeaenseT OTHECEHHE JTOro Kiacca 4YacTUll B TIOYBOBEACHUU U

TPYHTOBEIEHUH K (pU3MUECKOH TIIHHE.
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Pucynok 1.6 IIpumep pacnpenenenns KpymHOCTH YaCTHI] HAHOCOB 0a3bl TaHHBIX
TPaHyJIOMETPUUECKOTO cocTaBa pek Poccuu ¢ momompio kinaccudukanuu B equauiax PM [Yanos,
Edumos, 2021]. I'pynmsl pek: 1a — ropusie seauukosie; I1b — ropusie; 1la — mansie momyropasie (Q <
50 m%/c); IIb — kpymHbIe TomyropHsie (Q > 50 M¥/c); 111a — cpennue paruHABIE (Q < 500 MP/c); 1TTb —
kpynable paauHHEEE (Q 500 — 5000 M%/c); lllc — kpynHeiinme paruEHEE (Q > 5000 M%/c); TVa —
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naxapoBbIX 1oauH; [Vb — Texnorennsie BogoToku; [Ve — pexu B paifoHax pa3pabOTKH pOCCHITHBIX

MECTOPOXKICHUI

HecornacoBaHHOCTh pa3HBIX IMOIXOJOB ONpENENsSeT TOT (akT, YTO Pa3HBIM JUANa30HAM
KPYIHOCTH «IIOYBEHHBIE» U «TUAPOJIOTUYECKUE) KIIacCU(UKALIUU MTPeJIaraloT OJIMHAKOBbIC TEPMUHBI.
Hanpumep, noj nousTue rivmHa nonagarot yacTuibl MeHee 10 MM [I'ma3oBckas, ['ennaaues, 1995] unu
menee 1 mMkm [Kapaymes, 1977]. [ns peuieHus 3TUX TPOTUBOPEUYUH 11€71€CO00pPa3HO MCIOJIBb30BaTh
Kinaccudukanuioo B auama3one pasmepoB or 0.001 MKM, OCHOBaHHYH Ha YHCIEHHBIX HHICKCAX,
3a[al0UIMX HUKHIOIO M BEPXHIOIO TPaHUIIbl BBIIEISIEMOro JAuana3oHa. Takoil MHIEKC MOXKET UMETh
nassanue PM (ot anri. Particulate Matter), mo anajxoruu ¢ mmpoKo IPUMEHIEMbBIM B CMEKHBIX HayKaxX
(B 4aCTHOCTH, TPU HM3Y4YCHHU a’po3o0Jeit) obo3nauenueMm [Hinds, 1999]. Hampumep, mis gactuil
muamerpom 50—1000 mxm or MokeT ObITh 3amucan B Bujae: PM50-1000, roe 50 — HwKHUN Tuana3oH
BhIIeIIIeMoro natepBaia (50 mxm), 1000 — BepxHuii auamna3oH BeiaeasieMoro uHTepBaia (1000 Mxm).
Yactuupl ¢ nuamerpom menee 10 mxMm ummeroT HazBanue PMI10. Munekc PM1-10 xapakrepusyet
gactunpl 1-10 Mxm (mmucteie o knaccudukanuu [Kapaymes, 1977]), PM10-100 — nsuteBatsie (10—
100 mxm), PM100-1000 — mecuansie (1001000 mxm), PM1000-10000 — rpaswuitasie (1000—10000 mm)
u PM10000-100000 — rameunsie (10000—100000 mm). OTHenbHBIA KIace YacTUIl Pa3MEpPOM MEHEe

1 mxm (PM<1) cooTBeTCTBYET KJIacCy MIMHUCTBIX YacTull 1o kinaccudukanuu [Kapaymes, 1977].

Taoauna 1.3
OCHOBHBIE TIOJIX0/JIbI K KJIACCH(DUIIMPOBAHHUIO PEUHBIX HAHOCOB

Knaccudukanus Kpurepnii Briaensiemble TUIIBI [Tpumep
BBIJICJICHUS HaHOCOB KJIacCU(UKALUU
I'mppomexannyeckas  Juamerp yactun, IuHa [Kapaymies, 1977]
KJIacCU(pUKaLus MM Nn
YAaCTULl PEYHBIX ITeue
HaHOCOB ITecox
I'paBuii.
["asipKa BayHBI
Mexanunyeckas Juamerp vactun, KpynHosewm, [TUSS..., 2015]
KJaccuukranms MM Menkosem (TyiMHa, MHUTD,
JJIEMEHTOB MEJKUI TIECOK, KPYIHBIN
ITIOYBEHHOM MacCChl U CpEJHUI ECOK)
Mexanunyeckas Juamerp yactun,  Tsbkesble IIMHBI [[na3oBckast,
KJ1acCUpUKalus MM (CootHomenne CpenHue TIUHBI I'ennamaues, 1995]
1104B noiu ¢puznyeckoro  Jlerkue riuHel

recka, mbLId U
TJTMHBI)

Tsxenplil CyrIIMHOK
Cpennuii cyrmmHOK
Jlerkuii cyrnmHOK
Cymnech

CBsI3HBIN TTECOK
PoIXJ1BIi IECOK
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I[To ¢puznyeckoit ®opma murpauuu  ['pybonucnepcHoe [Saun, 2002]
(Gopme MHUTpanuu KosmonHo-qricnepcHoe

HecornacoBaHHOCTh pa3HBIX MOAXOAOB OMNpENeNiseT TOT (akT, 4TO pPa3HbIM JUANa30HaAM
KPYIHOCTH «IIOYBEHHBIE» U «TUAPOJIOTUYECKUE) KIIacCU(UKALIUU MTPeJIaraloT OJIMHAKOBbIC TEPMUHBI.
Hampumep, nox nonstue rimHa nonaaart yactuisl MeHee 10 mxMm [I'nasosckas, ['ennanues, 1995] nnmn
menee 1 mMkm [Kapaymes, 1977]. [ns peuieHus 3TUX TPOTUBOPEUYUH 11€71€CO00pPa3HO MCIOJIBb30BaTh
Kiaccudukanuioo B auarna3zone pasmepoB oT 0.001 MKM, OCHOBaHHYIO Ha YHCIEHHBIX HHIEKCax,
3a[al0UIMX HUKHIOIO M BEPXHIOIO TPaHUIIbl BBIIEISIEMOro JAuana3oHa. Takoil MHIEKC MOXKET UMETh
Ha3Banue PM (ot anrn. Particulate Matter), no ananoruu ¢ mmpoko NpUMEHsIeMbIM B CMEKHBIX HayKax
(B 4aCTHOCTH, TIPU HM3y4YCHHH a’po30Jeit) obo3nauenuem [Hinds, 1999]. Hampumep, mis gactuil
nuamerpoM 50-1000 mxm oH MoxkeT ObITh 3amucad B Bujae: PMS50-1000, rae 50 — HIOKHHME Tuana3oH
BhIIeIIsieMoro nHtepBaia (50 mxm), 1000 — BepxHuii auamna3oH Beiaensiemoro uarepsana (1000 Mxm).
Yactunel ¢ auamerpom Menee 10 mxm umeror HazBanue PM10. Muxexc PM1-10 xapakrepusyer
gactunpl 1-10 Mxm (mnmucteie o knaccudukanuu [Kapaymes, 1977]), PM10-100 — nsuteBatsie (10—
100 mxm), PM100-1000 — nnecuansie (100—1000 mxm), PM1000—10000 — rpaBuitasie (1000—10000 mm)
u PM10000-100000 — ranmeunsie (10000-100000 mm). OTnenbHBINA KjIacc 4acTUIl pa3MEpPOM MEHee

1 mxm (PM<1) cooTBeTCTBYET KJIacCy IIIMHUCTHIX YacTHI] Mo kinaccudukanuu [Kapaymes, 1977].
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1.3 OcobennocTi (pOpMUPOBAHUS XUMUYECKOT0 COCTABA B3BEllIEHHBIX HAHOCOB

PaccmarpuBaeMble B TNpeAbIAyIIEM pasjiesie XapaKTepPUCTHUKU CTOKa HAHOCOB OKAa3bIBAIOT
HETIOCPEICTBEHHOE BIMSHUE Ha CTOK XMMHUYECKUX BEIIECTB B PACTBOPEHHOW M B3BEIICHHOH (hopme B
peunom Oacceitne. [Ipu 3TOM, pacTBOpEHHAS, KOJUTOUAHAS M TBEPAAsK (OPMBI TPAHCIIOPTA XMMUYECKUX
BEIIIECTB IMOCTOSTHHO B3aUMOJICHCTBYIOT MeXy co0oii (puc. 1.7). [lepenoc BemecTBa B Kax 10 u3 hopm
3aBHCUT KaK OT YCIIOBHH cpeabl (TUAPOPHU3NUECKUE U THAPOXMMUYECKHE (PAKTOPHI), TaK M CBOWCTB
camux BemiecTB. Hanbosnee WHTEHCHBHOE B3aMMOJICHCTBHE MPOHMCXOAUT MEXKIY PAacTBOPEHHBIMH M
KOJUTOMTHBIMH (hopMaMu. AKTHBHO BOBJICKAIOTCS M TNIMHHUCTBIC U MIIMCTBIC YaCTHUIIBI B3BECH, TOT/Ia KaK
C YBEIMYEHHEM KPYIHOCTH YaCTHI] HMHTEHCHBHOCTb B3aHMMOJCUCTBHUS CHMXKAeTCs. XOTS pAafn
UCCIIeIOBATENICH OTHOCUT KOJUIOMIBI K TBEPAOMY XuMHUeckoMy cToky [MBanos, 1994; 1996, 1997;
Langmuir, 1996; Beneuunanos, Jlenuxun, 2017;], B JaHHOM HCCII€OBAaHUHA MbI OyJIeM pacCMaTpUBaTh
IpoILecChl B3aMMOJEHCTBHUS MU MUTpAallUd XMMHYECKHUX BELIECTB B HAHOCaX C KPYHHOCTbIO Ooee
PMO0.45. Tlpu sTOoM, ocHOBHOe BHHMMaHue ynensercs ¢paxmusm PMO0.45-PM150, kak waumbonee

XUMHWYCCKHU aKTUBHBIM.

B3BelleHHaa u
dopmbl,
MUTpUpYIoLLMe B ToJILLe
BOAb!

PﬂcyHOK 1.7 Cxema B3aHMOHCﬁCTBHH KOMIIOHCHTOB B CUCTCMEC «BOJa-HAHOCBI-JOHHBIC

OTJIOKCHUA»

[loBeneHne XUMHUYECKHX 3JIEMEHTOB B PEKaX OMNPENENSETCS CIOXKHBIM B3aWMOJECHCTBUEM
pa3HOHANPAaBIEHHBIX MPOIECCOB, KOTOPHIE CITOCOOCTBYIOT OTHOCHTENIHHO JIOJITOBPEMEHHOW MUTpaIN
3JIEMEHTOB B BOJHOW TOJIIIIE, MepepaclpepesieHUI0 UX MEXKIY Pa3IMUYHbBIMU KOMIOHEHTaMU pPEeYHON

Cpelbl U BPEMEHHOMY BBIBOJY W3 MUIPALMOHHOIO MOTOKA, a TaKKe OOYCIOBIMBAIOT MOCTYIUIEHHE
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XMMHYECKHUX 3JIEMEHTOB B MUIPALlMOHHBIM MOTOK, IPEXKIE BCETrO, U3 JOHHBIX OTIOKEHUH U BOJHOMU
ouotsl [Kpaiinos, [lIBer, 1992].

3HAUUMOCTh  THJIPOJUHAMHYECKOrO (akTopa B CYIIECTBEHHONH Mepe OmpeesieTcs
THJIPABIUYECKUMU U MOP(HOMETPUIECKHUMHU XapaKTEPUCTUKAMU BOJHOTO MOTOKA (M MX U3MEHEHUSIMHU
Mo JJIUHE PEeKH). DTO, IMPEkKIEe BCETo, MHUPUHA U TIHyOWHA pycia, IUIOMAAh €ro KHUBOTO CCUCHUS,
CMOYEHHBIN MEPUMETP, TUIPABINYECKUIN PAINyC, YKIOH CBOOOTHON MOBEPXHOCTU, CKOPOCTh TEUCHHUSI,
pacxoa BOJbI, a TakXKe€ PACCMOTPEHHBIE paHee CBOMCTBAa pPEUYHBIX HaHOCOB. IIpocTpaHcTBeHHas
HEOJHOPOAHOCTh, BIUSHHE (PAKTOPOB TOYEUHOrOo M IU(P(PY3HOHHOTO CTOKA BEIIECTB, JIOKAJIbHBIC
YCIJIOBUSL M aHTPOIIOTE€HHAs J€ATEIbHOCTh MOTYT IIPUBOJUTH K U3MEHEHHUIO KOHILIEHTpALUil BELIECTB B
oaHoM U ToM ke ctBope B 10-100 pa3. IlockonbKy B pedyHOM MOTOKE BCErja CYIIECTBYET I'PaUCHT
KOHIEHTPAllUU HEKOTOPbIX XMMHMYECKHX BEIIECTB, TO  I[OJy4aeT pa3BUTHE TaK HazbIBacMas
TypOynentHast auddysusi, Korma mporecc CMEIICHUs, CBA3aHHBIA C TYpOYJCHTHBIM TEYEHHEM,
BBI3BIBACT MEPEHOC PACTBOPEHHOTO BEIIECTBA M3 O00JACTH BBICOKOM B O0JIACTH €ro HHU3KOH
KOHIEHTpaluu (MPOLECcC MPOUCXOAUT HapALy C KOHBEKIMEW, T. €. MEepPeHOCOM BelIecTBa Mpu
dbuznyeckoM TepeMelleHuH Cpelbl, ero cojaepxkameil). TypOynentHas auddys3us sBiaseTcs
BaXHEHIIMM JMHAMUYECKUM IMPOIIECCOM paclpeesieHus MpuMeceid BHYTPH BOJHOW Macchl [Myp,
Pammamypru, 1987].

Boansiii noTok 00naiaeT LeabiM psiioM 0coObIX (PU3MUECKUX CBOWCTB, OKa3bIBAIOIIMX BIMSIHUE
Ha TPaHCHOPT HAHOCOB M COOTBETCTBEHHO HAa MHIPAIMI0 XUMHUYECKUX 3JeMEeHTOB. Cpeau Takux
CBOICTB KaBUTALIMOHHBIA U (ruotannoHHbld 3ddexTrl. KaBuramus pa3BuBaeTcs Ha ydacTKax
3HAUUTENBHOTO M PE3KOr0 YBEJIMYEHHUS CKOPOCTU TEUYEHHUS W CTUMYJHUPYET pPa3MbIB OTIOXKEHHH,
crararomux pycio u Oepera. dmortauus, T. €. NEPEHOC YACTHUI] TBEPJOro Marepuaja IUIEHKON
MOBEPXHOCTHOTO  HATSDKEHUS, JIOBOJIBHO 4YacTO HAOMIOAAeTcss Ha pa3iMyHbBIX [0 CBOUM
xapakrtepuctukaMm pekax [Ilamuna 2001]. DTOT 3 deKT mposBisercs B ciyyae ObICTPOro MOAHATHUS
YpOBHSI BOJBI (BBI3BAaHHOT'O, HampuMep, MOXKISAMH), YTO MNPUBOAUT K 3aTOIUIEHHIO OOCYIIEHHBIX
IIPUPYCIOBBIX OTMEJIEH. PBIXIIbII MOBEPXHOCTHBIM MaTepHall, CIAaralollivii UX, B JAHHOM CIydae He
CMauyuBaeTcs BOJON W IUIBIBET MO €€ MOBEepXHOCTU. Emé onHUM 3HAUMMBIM (PAKTOPOM MUTpaLUU
XMMHYECKHUX BELIECTB B PEKAX SBJSIETCS IPAaBUTALIMOHHOE OCAXJIEHUE B3BECH. JTOT IIPOLIECC MOXKET
YCHJINBATHCS BCIIEJCTBUE KOATYJISILIUY, PUBOASILEH K YKPYITHEHHIO TOHKUX (OCOOEHHO KOJIIIOUIHBIX )
YacTUIl U K MX MOCIEAYIOUEMY oOcakaeHuto. s pacTBOpeHHbIX (OpM, MU B MEHbLICH cTerneHu
B3BELICHHBIX (POPM, BAXHYIO POJIb HMIPAIOT MPOLECCHl THUAPOJUHAMHYECKOTO MEepEeMENIMBaHUS U
pa30aBieHUs, TPUBOIAIINE K UX OJTHOPOJHOMY PACIPEICIICHHUIO B TOJIIIE MOTOKA.

Baxxneimum QakTopoMm, OKa3bIBAaIOIIUM BIUSHUE HAa XHWMHUYECKUH COCTaB B3BEIICHHBIX
HAHOCOB, SIBJISIETCS Y/I€JIbHASI IOBEPXHOCTh HAHOCOB. DTa BEJIMYMHA PACCUUTHIBACTCS JIS JOMYIIECHHUS,

qTo C(bCpI/ILICCKI/IC YaCTUlbl HAHOCOB IINIOTHO YIIAKOBAHBI B C(I)epI/ILICCKOM 00BEME OHpCIIeHéHHOFO
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muamerpa. llpu yBenwueHWM pa3MEpoOB YacTUIl OT (pakiuu K (pakiuud W3MEHEHUs yIeIbHOU
MOBEPXHOCTU MOTYT H3MEHATbCsl Ha mnopsanok [[lozanskoB, 2011]. CormacHo wuccienoBaHUSIM
[Horowitz, Elrick, 1987] npu yBenuueHnn CpeHEro 1UuaMeTpa 4acTUIl B3BEIICHHBIX HAHOCOB ¢ PM17
no PM607, ynenpHas MOBEpPXHOCTh HAHOCOB yMeHbImmiach ¢ 18.7 M2/t mo 0.4 m2/r. Ilpu 3tom,
KOHIIEHTpauu MetauioB U meramiongoB (MM) Cu, Zn, Cr, Fe, Al umenu BbICOKHIA (r*>>0.9)
KOX(P(UIMEHT KOpPeNsUuu C YACIbHOM MOBEPXHOCTHbIO 4YacTUIll. bompinas miomaab MOBEPXHOCTU
MEJIKUX YacTUIl U OOJIbIIOE KOJMYECTBO CBOOOIHON MOTEHIMAIBLHON SHEPrUH, HAKaIIMBAIOIIecs Ha
Mex(}a3HO TpaHHIlEe, NMPUBOJUT K TOMY, YTO MMEHHO MeNKHe (PpakiMy WHTEHCUBHO COPOMPYIOT
HauOoJbIlIee KOJMYECTBO XHMMHUYECKUX BewlecTB. VIMEHHO 3TUM 00ycCOBJIEHA Ba)XHOCTh Y4€Ta
IPaHyJIOMETPUYECKOTO COCTaBa IMpH aHaiu3e (akTopoB (HOPMHUPOBAHHUS XMMHYECKOTO COCTaBa
B3BEIICHHBIX HAHOCOB.

HecmoTpss Ha BaXHOCTh THAPOJUHAMUYECKHX W THAPABINYECKUX (DAKTOPOB, XUMHUECKUE
IPOIIECCHI, BIMAIONIME HAa HM3MEHYMBOCTH (DOPM TpaHCIOPTa XMMHYECKUX JIIEMEHTOB B BOIHBIX
00BeKTax KpalfHe BayKHBI. DTH MPOLIECCHI, XapaKTePHbIE CUCTEMBI: «BO/Ia-HAHOCHI-JIOHHBIEC OTIOKEHUS
UMEIOT pa3linyHble BPeMEHHbIE paMKu (puc. 1.8) U B KOHEYHOM WTOre MPUBOJAT K YCTAHOBIICHUIO
paBHOBECHsI CKOPOCTEH Mmepexoa XMMUUYECKUX BEIIECTB U3 pacTBOPEHHOM (POPMBI BO B3BEIICHHYIO U
obparuo [Langmuir, 1996].

@opMUPOBAHUE XHMHUYECKOTO COCTaBa HAHOCOB CBSI3aHO C HMX TE€HE3UMCOM. BaxkHenmumMmu
(bU3UKO-XMMHYECKUMU M XUMHYECKUMH MPOILECCAMH, BIUSIONIMMH Ha KOHIICHTPAIMIO 3JIEMEHTOB B
YyacTUIaX B3BECH, IMOCTyHaromieil ¢ BoxocOopa, SBISAIOTCA PpACTBOPEHHUE, TUApaTanus U
BbIIII€JIaUMBAaHNE. 3HAUYMMYIO pOJIb WIparoT THApoOHosornyeckue (OMOXMMHMYECKHE) MPOLECCHI,
ONpeAesAoNMe H3MEHEHHE KOHLEHTPAalUUid XHMHUYECKUX BEIIECTB, OCOOEHHO OpraHHMYeCcKHX
COEZIMHEHUH, 3a CUET JKU3HEAEATEIbHOCTH MUKPOOPTaHU3MOB U APYTHX ruipooroHToB [[lanuna 2001].

[Iponecc ruaparau 3aKJIr04aeTcsl BO BXOXKJACHUU MOJIEKYJ BOAbI B CTPYKTYPY MUHEPAJIOB B
BUJIE KOOPJAMHALIMOHHO CBSA3aHHBIX MOJIEKYJ WJIHM HE CBA3aHHBIX C pelIeTKoN MoJekyn. PacTBopenue
IpeJcTaBiIsieT co0oi mpolecc mepexo/ia BellecTBa U3 TBEpAOH (a3bl B JKUIKYIO, COMPOBOKIAEMBIN
pa3pylIeHHEM €ro KpUCTAUIMYECKOW CTPYKTYypbl. OTHUM OHO OTJIMYaeTcsi OT IPOLECCOB
BBIIIIEJIAUMBAHUSA, T.€. M30MPATEIbHOTO H3BJICUEHHUS KaKOro-IuO0 KOMIIOHEHTa W3 TBEpPAOro Tea,
COXPAHSIIOIIETO MPU 3TOM CBOIK KpUCTAJUIMYECKYIO CTpYKTypy. Kak mpaBmio, mpu B3auMoaelcTBUU
TBEP/JOr0 BEIIeCTBa C BOAOW HAOIIOJAIOTCS JBa OJHOBPEMEHHO MPOTEKAIOIIUX Ipollecca: Mepexo

MOHOB M3 TBEPI0H (hasbl B pacTBOpP M 0OpaTHO.
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Pucynok 1.8 XapakrepHble CKOPOCTH MPOTEKAHUS XMMHUYECKHUX MPOIECCOB B MPUPOIHBIX BOAAX
[Langmuir, 1996].

V3MeHYMBOCTh KOHILIEHTpAIM XWMHUYECKUX BEIIECTB B COCTaBE HAHOCOB B TIPOIIECCE X
nepeHoca B BOJHOM OOBEKTE OINpENeNsieTcss PSIIOM XUMHUYECKHX IPOIECCOB — COPOIMOHHBIMHU
B3aUMOJICHCTBUSAMHU (acopOrmsi, abcopOIus, XeMoCcopOIHs), KOMIJIEKCOOOpa30BaHUs U THIPOJIU3A
[MBanoB, 1996, [Tanuna, 2001, Hukanopos, 2010].

I'maponms MeTawioB B MNPHUPONHBIX BOAAaX — Tporecc o00pa3oBaHHS HEPACTBOPUMBIX
THJIPOOKCHJIOB B YCJIOBHSIX CIIA0O0IIEIIOYHOM peakiu cpeibl. OKHCIUTETbHBIE YCIOBUS IPUPOIHBIX BOJI
00yCIIaBNTUBAIOT HAaXOXKJICHHE B HUX METAIOB C MEPEMEHHOW BaJCHTHOCTHIO B BBICOKHMX CTEMEHSX
oKucIeHus. Xapaktepuctuka pH cpeabl kpaitHe BakHa. PacTBop&HHBIE (POPMBI METAIITIOB HAXOIATCS B
BOJIHBIX PAcTBOpax B BHJIC THJIPATHPOBAHHBIX KaTHOHOB WJIM B clydae NepexoaHbix MM, B BuJe
THJIPaTHPOBAaHHBIX aHMOHOB. B pesynbrare, moboe m3meHeHne pH cpensl MpUBOAUT K M3MEHEHUIO
dopmbr Tpancnopta. Ilpu ymenpmiennn pH kaTuoHOreHHBIE (OPMBI METAIJIOB TMOCTYMAlOT B
pacTBOpEHHYIO OpMYy, a IPH YBEIHMUEHUHU — aICOPOUPYIOTCS HA YaCcTUIIAX B3BECU. AHUOHHBIE ()OPMBI
MUMEIOT MTPOTHBOITOJIOKHO HAIPaBJIEHHBIE 3aBUCHMOCTH.

[Tporecchl  KOMIUIEKCOOOpPA30BaHMUS BBICTYMAIOT KOHKYPHPYIOIIUMH IO OTHOIIEHHIO K
THJIPOJIM3Y M COOCOXJIEHHUIO 3JIEMEHTa B COCTaBE B3BEIICHHBIX HaHOCOB. Komruiekcoobpa3zoBaHue
MPUBOJUT K CBS3BIBAHUIO HOHOB METAJUIOB B PACTBOPUMEBIE COCAMHECHHS, XapaKTEepHBIC s
pactBopéHHOM hopmbl TparcopTa. KomruiekcoobpazoBaTenu MOTYT ObITh Kak Heopranudeckumu (OH”
, HCOs, CI), tak u oprannveckumu (TyMHUHOBbIe U (yIbBOKUCIOTH) Hambonee mnpouHble u

pacnpocTpaH€HHbIE KOMIUIEKCHI B TPUPOAHBIX Bojgax oopasyet Fe(l1l), Hg(Il), Cu(ll), Pb(ll). Beicokue
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koHuentpauu Fe(lll) u Cu(ll) ompenenstoT MX NPEUMYIIECTBEHHOE CBS3bIBAHHUE B KOMILICKCHI,
BCJIE/ICTBHE KOHKYPHUPYIOIIHUX B3aUMOACHCTBUN MEX]Ty METaJUIaMHU.

CopOrnoHHbIE B3aUMOICHCTBUS SBJISIOTCS BXKHEUITNM (PAKTOPOM MU3MEHYUBOCTHU COJIEPKaHUS
XUMHUYECKHX JIEMEHTOB B COCTaBe HAaHOCOB. [Ipu abcopO1My MpOUCXOAUT MOTIIOMICHUE BEIIECTBA BCEM
00BEMOM TBEpZOro Tela, TO MPU AACOPOIMH OCYIIECTBISETCS €ro KOHIIEHTPUPOBAHUE TOJIBKO Ha
nosepxHoctu nocienuero [Hukanopos, 2010].

Jlyisa peyHOl cpefpl Beayllee 3HAYeHHE MMeeT aacopOlus, KOTopas BO3HUKAET B pe3yJbTaTe
MOBEPXHOCTHBIX SIBJICHUI, TPOTEKAIONINX HAa TPaHUIIC pa3iena AByX ¢a3 (Kuakoi u tBepnoi). Cuisl
MPUTSKEHUS, ICUCTBYIONIME HA YacTUIy (MOJIEKYIy, HOH), HAXOSIIYIOCS Ha MOBEPXHOCTU TBEPIOTO
Tena, OTIIMYAIOTCS OT CUJI, ACUCTBYIOUINX B 00bEMe BObI, I7I€ OHU KOMIIEHCUPYIOTCSI CO BCEX CTOPOH
IpyruMH yacTuiiaMu. Ha moBepXHOCTH OHU HE CKOMIIEHCHPOBAHBI, U PAaBHOJICHCTBYIOIIAs HAIIpaBJIeHa
NEPHEHANKYJISIPHO TIOBEPXHOCTH BHYTPh. B pe3yibrare MOBEPXHOCTh TOJY4aeT BO3MOXKHOCTh
NPUTATUBATh W yACPKUBATh YACTHUIIBI BEIIECTBA W3 pacTBopa. B 3aBUCMMOCTH OT XapakTtepa
B3aMMOJICHCTBHS aCOPOCHTA C MOTJIOMIEHHBIMH YacTULIAMU PA3JIMYAOT (PU3NYECKYIO U XUMUYECKYIO
aacopOuuto. [Ipu xumMuyeckoit ancopOIuu MeX1y TBEPIbIM BEIIECTBOM U COPOMPYEMBIMU YaCTULIAMU
MPOUCXOJAT XUMUYECKUE DPEaKIMH, B pPe3yibTaTe KOTOPHIX BO3HHUKAIOT HOBbIE coequHeHus. [lpu
¢u3nveckoil ajcopOIMK COBEpIIACTCS TOJIBKO (DM3UYECKOE MOTIIOMIEHUE YaCTHIl Ha MOBEPXHOCTH.
CKJIOHHOCTB K aJIcCOPOLIMU Y pa3HbIX PaCTBOPEHHBIX B BOJIE MOHOB pa3jiMyHasi, a B OOLIEM Cllydyae OHa
IPOMOPIMOHAIbHA 3apsly HOHA M BEJIMYMHE ero paauyca [Langmuir, 1996].

Kak yxe ObuUto ckazaHo, HauboJiee MHTEHCHBHO MPOTEKAIOMIMM XHUMHUYECKUM MPOILECCOM
SBJISIETCST COPOLIMSI XUMUYECKUX DJIEMEHTOB M3 PAacTBOpa HAa MOBEPXHOCTH MEJIKUX YAaCTHI[ B3BECH U
kostonaubIx yactuil [Gaillardet et al., 2013]. KosutongHble 9acTUITBI HECYT SIEKTPUUSCKUH 3apsijl, 3HAK
KOTOPOr0 HE OJIMHAKOB JJI Pa3JIMYHBIX BEIIECTB, HO OJJMHAKOB JJI1 BCEX YACTHUIl OJHOTO U TOTO XKeE
komtonaa [Gustafsson et al., 2014]. B peunbIx BoJax OTPUIATEILHBIMHU JEKTPHUCCKUMH 3apsaaMu
00J1a1a10T TIIMHUCTHIE U TYMYCOBBIE KOJUIOMBI, KPEMHE3EM, JUOKCH]] MapTraHIla, CyIb(UIbI TIKETBIX
METaJUIOB U JIp.; TIOJIOKUTENIbHBIMU — BoAHBIE Okcuibl Fe, Al, Cr, Ti, Zr u np. Hanuune oqHOUMEHHBIX
AIIEKTPUYECKUX 3apSAI0B SABISETCS MPENSTCTBUEM K CONMIKEHUIO, arperaiui U 0CeJaHUI0 KOJUTOMIHBIX
yacTull. BeneacTBrue 3MeKTpOCTaTHYECKOTO MPUTSHKEHUS KOJUTOUABI aJCOPOUPYIOT TMPOTHUBOIOIOKHO
3apsbKEHHBIC HOHBI. B TO jk€ BpeMsi HOHBI, UMEIOIIHME TOT YKe 3aps/l, YTO U MOBEPXHOCTh MOPO/I, B CHITY
TeX K€ NMPUYUH 3aHUMAIOT MECTO, IPUMBIKAIOIIEe K MePBOMY aJICOPOIIMOHHOMY cliol0. B pesymnbpTaTe
oOpa3yeTcsi HEMOJBIKHBIA  JBOMHOM  SJEKTPUYECKUN  CJIOW, COCTOSIIMH M3 BHYTPEHHUX
MOTEHIMAI3aJA0IIMX YAaCTUI[ U BHEIIHEr0 KOMIIEHCUpYIolero ciosi. K 1BOMHOMY 3J€KTpUYECKOMY
CJIOIO TIPUMBIKAET MOJBUKHBIA BHEITHUI AP PY3MOHHBIN KOMIEHCUPYIOMUN CI0H, B KOTOPOM 00MEH
YaCTHII C HAXOSIIMMUCS B paCTBOPE MOHAMH MPOTEKaeT 3HaYMTeIbHO HHTeHCcuBHee [ Kabata-Pendias,

Szteke, 2015]. CornacHo naHHOW MOJEIH, B3aUMOJCHCTBHE MEXKIY aJCOPOUPYEMBIM BEIIECTBOM H
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MOBEPXHOCTHIO aJICOPOEHTa BCETJa SIBISETCS YHUCTO dJeKTpocTaThueckuM. CyIIECTBYeT Takke
TUIOTE3a, COrJIACHO KOTOPOU a/IcOpOIMs MOYTH aHaJOTMYHa KOMILIEKCOOOpa30BaHHIO B pacTBOpE (Ha
MOBEPXHOCTU copOeHTa obpasyroTcs komiuiekchl) [[Tammra 2001]. M3BecTHBIE AKCIIEpUMEHTAIBHBIE
JTAHHBIE COTJIACYIOTCS ¢ 00CMMH MOJETSIMH, T.€. B MPUPOJHBIX YCIOBHIX COPOLMS MOXKET, CyAs IO
BCEMY, OCYIIECTBIAThCs o0onmu Mexanu3zmamu [Gustafsson et al 2014].

Takum ob6pazom, Ha (opMHUpOBaHHE XMMHUYECKOTO COCTAaBa B3BELIEHHBIX HAHOCOB BIIMSIET
KOMIUIEKC Pa3M4YHbIX THAPOrCOXUMHYECKUX MpoiieccoB (Tadn. 1.4). KoHIEHTpalu XUMHUYECKHX
AJIEMEHTOB B PEUHBIX HAHOCAaX 3aBUCAT OT PACIPOCTPAaHEHHOCTH XMMHUYECKHX 3JEMEHTOB U OT
0COOCHHOCTEH WX Kod(p(dUIMEeHTAa TMOABMXKHOCTH B JAHHBIX YCIOBHUSAX. XHUMHYECKHE JIIEMEHTHI
MOJIPA3/CNIAIOTCS Ha MAaKpO3JIEMEHThl — Hambojee pacHpoCTpaHEHHBIE SJEMEHTHI B 3€MHOW Kope,
onpezernsomue 90-99% ot e€ obuiero coctaBa, MUKPOIJIEMEHTHI, BCTPEYAOIINECs B 36MHON KOpe B
JIOJISIX TIPOIICHTA OT OOILETO COACP)KaHMS M PEIKO3EMENbHBIC dJIEMEHTHI — TPyIIy U3 17 3JeMeHTOB,
KOHIICHTPAIIUU KOTOPBIX KpaHE Maylbl U KOTOPBIC OTIMYAIOTCS CHEIMU(DUICCKUMU XHUMHYCCKUMU
CBOWCTBaMH.

XapaKkTepUCTUKOHN COZepKaHHUsI XUMUYECKIX JIEMEHTOB B MTOPO/IaX, CIArariiuX BOJOCOOPHBI
OaccellH BBICTYHAIOT KJIAPKU XUMUYECKUX AJIEMEHTOB. B reoxumuueckux padoTax, MOCBSIIEHHBIX
UCCIICIOBAaHUSIM XMMUYECKOTO COCTaB B3BEIIEHHBIX HAHOCOB, YacTO HCIOIB3YIOTCS KIAPKH,
MIOJTyYEHHBIC TSI CPEJTHETO COCTaBa BepXHeH yacTu 3eMHoi kKopbl [Rudnick, Gao 2003; Hu, Gao, 2003]
(puc.1.9). Cormacuo ob6o6mienuto J. Gaillardet [Gaillardet et al., 2013], k Hanboee MOABHIKHBIM
JJIEMEHTaM B PeYHBIX cucTeMax oTHocsTcs Mg, Mo, Sh, As, Se, B, Cd, Re, Pb. Dtu xoHueHTparuu
OTMCHIBAIOT UCTOYHUKHU TOCTYIUICHUS HAHOCOB, OJTHAKO B PE3yJIbTaTe TPaHCHOPMANHA XHMHYECKOTO
COCTaBa B3BEIICHHBIX HAHOCAX B BOJHBIX MOTOKAX KOHI[EHTPAIMM XUMHUYICCKUX JJIEMEHTOB BO B3BECH
npuobpetatoT nHoe pacnpeaenenue (puc. 1.10). PaccmatpuBaemble 000011I€HUST XUMHUYECKOTO COCTaBa
B3BEIICHHBIX HAHOCOB BBIMIOJIHEHBI Ha OOMIMPHON 6a3e naHHbIX ¢ Oonee yem 140 ompoOGoBaHUSIMU AJIs
pa3uuHBIX peK Mupa. B manHo# pabore ObuTH HcTonb30Banbl naHHbie B.C. CaBenko [Viers et al., 2009,
Cagenko, 2006], TOCKOJBbKY B €ro 00001eHIH OOJBIIHIA aKIIEHT CIeJIaH Ha PEKH POCCHICKOM APKTHKH.
B 1memnom, BO B3BEIICHHBIX HAHOCaX, OTHOCUTEIBHO KIIAPKOB BEpPXHEM YaCTH 3EMHON KOPBI,
HAOMIOIAIOTCSL TOBBINIEHHbIE B 1.3-2.5 pa3a KOHIEHTPAllMd MHKPOAJIEMEHTOB, M 3aHMKEHHOE

CoJIepKaHNe PEAKO3EMETbHBIX AIIEMEHTOB 1 MakpodsieMeHToB (0.5-0.8.
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[leTporeHHble 3JEMEHTHI SBISIIOTCA HAHOCOOOPa3yIOIIMMH BelIeCTBaMH, HaubOoee
HIMPOKO MPEICTABICHHBIMU B 36MHOM KOPE M COCTABJISTFOIUME OCHOBY IEPBUYHBIX M TIMHUCTBIX
MUHepaJIoB. ['pyIira neTporeHHbIX AIEMEHTOB 00pa3yIoT OKCHIbI, HanboJiee pacpocTpaHEHHBIE
u3 kotopbix: SiO2, Nax0O, Al:0s3, Fe:03, K2O. OHu 00pa3yioT XapaKTEepHbBIC COOTHOIICHHUS
Al,03/Naz0; SiO2/Al203; koTOpBIE MOTYT UCIIOIB30BATHCS ISl XaPAKTEPUCTUKU HHTCHCHBHOCTH
IPOTEKaHHs IPOIECCOB BhIBETpuBaHUS Ha Bomocbope (Al203/ NaxO) wiam MHUrpardoHHOMN
aktuBHOCTH (SiO2/Al203). ITerporennsie anements Si, Na, Ca mperMyIecTBEHHO MUTPHUPYIOT BO
dpakuun PM>20, toraa kak Al, Fe, K, Mg — Bo dpakuusx PM10 [Casenko, 2006; Bouchez et al.,
2011; Lupker et al., 2011]. U3-3a 3toro otHomenus SiO2/Al,03 OynyT HaXOIUTHCS B 3aBUCHMOCTH
OT XapaKTEPHCTUK KPYITHOCTH HaHOCOB, HarpumMep BennuruHb doo [Lupker et al., 2011]. M3BectHoO,
yro yBeiaudeHue noiu SiO2 B COCTaBe B3BEIICHHBIX HAHOCOB MPUBOIMT K YMCHBIICHHUFO
KOHIIGHTPAllMi ~MHKpPO3JIEMEHTOB W  PEIKO3EMENbHBIX JJEMEHTOB, B pE3ylbTaTe HX
«pazbaBneHus» kpeMHe3éMoM. HanpoTus, noBeimennasie KoHeHTpauuu Al2O3 u Fe2O3 B ToHKHX
(Gpakusx B3BECH CBUAETEILCTBYIOT O KOHIICHTPUPOBAHMU MHKpo3ieMentoB [Poulton, 1999,
Escoube et al., 2015;]. ITostomy otHoruenue coaepxkanus SiO2/Al203 wimun Fe:O moxHO

pacCMaTpuBaTh KaK MapKepP IMOBBIMICHHOTI'O COACPIKAHUSA MUKPO3JICMCHTOB.
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Pucynoxk 1.9 Knapku BepxHeil yactu 3eMHON KOpBI
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Pucynok 1.10 KonueHTpanuyu XMMHUYECKHIX 3JIEMEHTOB B PEUYHON B3BECH

K MukpossiemeHTaM OoTHOCATCS MeTajulbl U MeTayutonasl (MM), cpein KOTOPBIX MOXKHO
BBIJICJINTh Tpymniy TkENbIX MertauioB (TMM). DTo XxumHMuyeckue 3J€MEHThl, aTOMHas Macca
KOTOPBIX MPEBBIaeT 50 MM ke Te dIEeMEHTHI, yAeIbHbIH Bec KOTophIx 6otee 5 r/cm® [Meade,
1995]. Orto wHambonee TOKCHYHBIC XHMHYECKHE OJIEMCHTBI, SBJISIONIMECS BaKHEHITAM
HOpMHpYEMBIM TNOKa3areiaeM npu MoHutopusre. Iloctymnenne TMM B mpupojHble BOABI
IPOSIBIISIETCS B Pe3yibTaTe BO3AECHCTBHS KaK MPUPOAHBIX, TAK U aHTPOIIOTEHHBIX HCTOYHUKOB. B
pe3ynbTare pa3pabOTKH MOJIE3HBIX UCKOMAEMbIX, Pa3BUTHS TPAHCIIOPTA U CIOKHOCTEH OYUCTKU
KOMMYHaJIbHO-OBITOBBIX CTOKOB, B MUpE (UKCHUpyeTcst pocT noctymieHuss TMM, cBsg3aHHbIN
nesTeabHOCThI0 uenoBeka (puc. 1.11). Ilpu 3TOM, MOXKHO BBIICIHTH CHELH(UUECKHE TPYIIIbI
TMM, o0co0eHHO XapakTepHble JUIsl TeX WJIM WHBIX BUAOB IPOU3BOJACTBA. Takue MeTaylibl
Ha3bIBatOT TexHOPmIbHBIMU [KacumoB, Biacos, 2012]. TexHopHIBHOCTD 371eMEHTa MOKAa3bIBAET
CBSI3b UHTEHCUBHOCTH HCIOJb30BaHUSI XMMHUYECKUX AJIEMEHTOB C UX CPEIHUM COJEp’KaHUEM B
autochepe. st e€ xapakreprcTHku ObLT Hipeioxker kodddurment T (puc. 1.12)

T =100-Ai/(Ki-M) (12)

, e /[i — no6Owrva i-ro aneMenTa, 1/roxa; Ki — kiapk anemenra B mutocdepe, %; M — macca
3eMHOM KOpbI, paBHast 2,8%1019 T.
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Hudpa — muoxurens yposus T [Kacumos, Bracos, 2012]
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[TpucyTcTBYOIIKE BO B3BEIIEHHBIX HAHOCAX XUMUYECKHE DJIEMEHTHI MOXKHO Pa3IeIUTh Ha

IpyNIbl, HMMEIOIIME CXO0XKHE XHMHYECKHE CBOWCTBA, corjacHo Kiaccupukauum B. M.
lonpammuATa 1O MPEUMYIIECTBEHHBIM CpellaM KOHIEHTPUPOBAHUA Ha CHAECPO(PUIIBHBIE,
autouibHbIe, XaIbKOQuIbHBIC U aTMOGWIbHBIE (H, N, nHepTHBIC ra3sl) sneMeHTsI (Tad. 1.5).
B pesynprare aHamm3a KHCIOTHO-OCHOBHBIX CBOWCTB JJIEMEHTOB, ONPEACNSEMBIX IO TAaKUM
MOKa3aTelsiM KaK HMOHHBIA MOTEHIUANl U 3JIEKTPOOTPUIATENBHOCTh, XMUMHUYECKHUE DJIEMEHTHI
MOJPA3CNAIOTCS MO BEPOSATHBIM MUIPALMOHHBIM (opMaM Ha KAaTHUOHOTEHHBIE SJIEMEHTHI,
DJIEMEHTHI KOMILJICKCOOOpa30BaTeI M aHUOHOTCHHBIE 3JeMeHThl [KpaiiHoB u np., 2012]
(Tabm.1.5).
O6o06menre uHPOpPMALIMM O XUMHUYECKOM COCTaBE HAHOCOB, CBOMICTBaxX 3JEMEHTOB M HX
MPUHAJJISKHOCTH TPYIMIHUPOBKAM 3JIEMEHTOB IO3BOJMIM BBIACIUTH 4 TPYIIBI MO THIY HX
TeOXUMUYECKON udepeHranui, KOTopble ObBUIM COOTHECEHBI C PA3JIMYHON KPYIHOCTBHIO
HanocoB [Kacumos u ap., 2019].

e DIeMEeHThl, TMOJHOCTHIO TPUHAIJIeKAIINE K HEpacTBOPEHHON Qopme, coaep:kaHue
KOTOPBIX BO3pacTaeT MPH YBEIMYCHUU TOPSAIKA PEKU M KPYMHOCTH 4acTull. K HUM
otnocsarcs SiOz, Na O, Eu, Hf, Nb, Zr, Be. DTu sneMeHTbI BXOAAT B COCTaB MEPBHYHBIX
MUHEPAJIOB U OTIMYAIOTCS cab0i MUTPAIIMOHHOM CTIOCOOHOCTHIO.

e DjeMeHThl, NIpeoliajgaromuye B HEpacTBOPEHHOW (opme, Ui KOTOPBIX XapaKTEpHO
KoHIeHTpupoBanue Bo ¢pakmuun PM10. Ot1o okcuast Al203z, Fe203, MgO u K0
KaTHOHOTEHHBIE MeTaUTBI — Mn, Pb 1 HEKOTOpBIE 37IeMEeHTHI KOMIUIEeKCco0OpazoBatesu — Bi,
W, copOrpoBaHHbIC HA B3BEIICHHBIX HAHOCAX.

e DJEeMEHTHI, KOTOPHIM CBOWCTBEHHO HAXOXKICHHE BO (DPAKIHSIX T'PAHUYHOTO TUAMETpa
(PMO0.45). 910 OuOTEeHHBIE ANEMEHTHI, XanbKoduibHbIe TshKenbie Metawibl Zn, Cd, Cu, a
Takke Sn, GpaKIMOHUPOBAHUE KOTOPHIX OOJBIIE 3aBUCUT OT MyTHOCTH BOBI SSC, CE30HHBIX
KoJIcOaHMH CTOKA, a TAKXKE JTaHAIIA()THO-TEOXUMHYECKUX YCIOBHI BOIOCOOPOB.

e DIJEeMEeHTHI, MPEUMYIIECTBEHHO MUTPHUPYIOIINE B PACTBOPEHHOW (hOpME — METAJUIOHIBI
Mo, U, Sb, As, B.

DneMeHThl, He YHNOMSHYThle B JaHHOW KiaccH(pUKAIMK MOTYT H3MEHSATh TPyINIy B

3aBHCHMOCTH OT BHEUTHHX THIPOTEOXUMHUECKUX YCIOBHH. /laHHBIE acCOIMaiU HIIEMEHTOB

OBLTH MOITBEPKACHBI Ha IITUPOKOM BEIOOPKE BOJHBIX 00bEeKTOB (OacceitH p. Cenenra, 6acceiH

p. MockBa, 6acceitHbl ApKTHYECKHX peK) ¢ moMotsio DS-ananusa, KOTOphIid OyIeT OnmucaH B

riaBse 3.



31

Taoauna 1.5

Knaccudukanms xumuaeckux saemeHToB 1o B.M. I'onpammury, C. P. KpaitHoBy

Tun OeMeHT

XanbKo()UIbHbIC S, Cu, Zn, Ga, Ge, As, Se, Ag, Cd, In, Sn, Sb, Te, Hg, TI, Pb, Bi, Po.

Li, Be, B, C, O, F, Na, Mg, Al, Si, P, Cl, K, Ca, Ti, V, Cr, Mn, Br, Rb, Sr,

TluTopuBHEe Zr.Nb, |, Cs, Ba, Hf, Ta, W, At, Fr, Ra, Ac, Th, Pa, U.

CunepoduibHbie Fe, Co, Ni, Mo, Ru, Rh, Pd, Re, Os, Ir, Pt, Au

[{BeToM 0003HaUYEHBI: KPACHBIN — KATHOHOTEHHBIE 3JIEMEHTHI; YEPHBIN — MEPEXOIHBIC JIEMEHTHI;
3CJléllbll\/’l — AHHUOHOI'CHHBIC 3JICMCHTHBI
UccnenoBanue COBOKYIMHOCTH THAPOIOTMYECKUX MPOILIECCOB, YCIOBUM MUTPAllUM HAHOCOB U
MPOUCXOASAIINX B HUX XMMUYECKUX MPOLIECCOB MO3BOJIAET MOTYUYUTh MOAPOOHBIE JAHHBIE O
COJICP)KAHUSAX XMMHUYECKUX DJIEMEHTOB BO B3BEIICHHOH (hOpMe TPAHCIIOPTA M OLICHUTH JIOJIO
OT 0OIIero TpaHCIOpPTAa XWMUYECKUX BeEHIECTB B pedyHoM Oacceiine. IlomyueHHbie
3aKOHOMEPHOCTH PACHPENCIICHUSI XUMUYECKUX BEIIECTB MO3BOJISIIOT Yepe3 XapaKTePUCTUKU
KOHIIEHTpAalUM M KPYIHOCTH B3BECH OLEHUTh HX MPOCTPAHCTBEHHO-BPEMEHHYIO
U3MEHYUBOCTH, YTO OCOOCHHO BaXKHO JjIsl 0ACCEHHOB C OTPAaHUYEHHON CEThIO MOHUTOPHUHTA.
B pesynbpTaTe, rugposoro-reOXMMUYECKUd MOAXOJ IO3BOJISIET CYIIECTBEHHO YBEIWYUTH
TOYHOCTH OIIEHOK CTOKAa XMMHMYECKHUX BEIIECTB B cOCTaBe HaHOCOB B MwupoBoil Okean. B
JIAHHOM paboTe 3TOT KOMIUIEKCHBIHN MOAX0 ObLIT MPUMEHEH /1JIs1 OLICHKHU MIOTOKOB XUMUYECKUX

BELIECTB B KPYNHEHIINX peKaxX pPOCCUICKON APKTUKH.
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IJIABA 2. U3YUEHHOCTb PACTBOPEHHBIX 1 B3BEIIIEHHBIX ®OPM
MUTPAIIMU XUMHAYECKHAX JIEMEHTOB B PEKAX POCCUMCKOM APKTUKH

2.1 O0mme cBeieHHs O THAPOJOTHYECKOM pesKMMe PeK POCCHHCKON APKTHKH

K teppuropun poccuiickoii ApKTUKHA OTHOCSATCS BOAHBIE OOBEKTHI, PACIOJIOKEHHbIE Ha
BoocOopax bapennieBa, benoro, Kapckoro, JlanreBbix, Bocrouno-Cubupckoro u UyKoTCKOTO
Mopeit. O611as I0IMaas BOAOCOOPOB ITHX Mopei paBHa 13.3 . km? [Marpumxuii, 2010]. 13
HUX OKOJIO 12.1 MJIH KM? npuxoautcs Ha nonto Poccuiickoit @enepannu. Ha nomo CeBepHoro
JlemoBuroro oxeana npuxoautcst 11% (4.58 Thic. KM>/TO) MEPOBOTO MaTepPHKOBOTO cToka. Ha
noito pek O0b, Enuceit, Jlena u Konbima mpuxoautcs 6onee 58% BogHOTro cTOKa pek Poccuiickoit
ApkTuku wim okosio 32% ot obmiero BojgHoro ctoka B CeBepHbiii JlenoButeiit okean. TBEpAbIN
CTOK COCTaBJIsIeT 0K0j10 63.5 MutH. T/rox i 58.5% ot o011ero TBEPIOTO CTOKA PEK POCCUHCKON
Apktuku [[Iukmomanos, 2003; Bomabie pecypcbl Poccum..., 2008]. Ha paccmarpuBaemoit
TEPPUTOPUU HACUUTHIBAETCSA OKOJO 1630 ThIC. MajbIX, CPEIHUX U OONBIINX PEK, U3 KOTOPBIX
TOJIEKO HEOOJIbINAst 9aCTh BIAAACT HEMOCPEJACTBEHHO B APKTHYECKHE MOPS. XUMHUYECKUN COCTaB
B3BEIICHHBIX HAHOCOB U BOJI 3TUX PEK OMPEEIAeTCs B IEPBYIO OYepeb OTIMUYHBIMHU pa3MepamMu
OaccellHOB U KpaiiHe HEOAHOPOJEH M3-3a PA3IMYUil THAPOIOTUYECKUX MPOIIECCOB, JTUTOJIOTHH U
MHTECHCUBHOCTU IPOTEKaHUs 3PO3HOHHBIX IpoueccoB B Hux. Cormacno JI.B., Marpunkomy
[2010], k¥ BomocOOpy ApKTHYECKHX MOpeil oTHOcUTCs okojo 110 cpemnux pek (momaab
Bomoc6opa ot 2 110 50 Thic. kM2). [Tnomans BogocGopa Gosee S0 ThIC. KM? IMEIOT TaKHE PEKH, KaK
CeBepnas Jluna, Ileuopa, Xaranra, Onenek, flna, Mugurupka, Konsima, Onera, MeseHs,
Hanpwm, Ilyp, Ta3, [1sacuna, Huxuass Taiimbipa, Anabap u Anazes. Bonocoopsr pek O6b, EHunceit
u Jlena umeroT momans Oonee 1 MaH. kM2, BOAHOCTH KPYMHEHIIMX peK, B HHKHEM TEUEHHH
KOTOPBIX OCYIIECTBIISUICS TOCYJaPCTBEHHBII MOHUTOPUHI XMMHUYECKOIO COCTaBa BOJ, MOKa3aHa
Ha pucyHke 2.1 u B Tabauue 2.1. ['0/10BOM CTOK BO/IbI 3THX PEK HaXOAUTCS B AManazoHe ot 609 o
1.6 kM®/roz1. B manHOi paboTe B pacuéTax MCHOIb3YIOTCS 3HAYEHHS CPEHEMHOTONETHETO CTOKA
p. 066 — 540 km%/rox, p. Enuceii - 584 xm®/rog, p. Jlena - 533 xm®/rox, p. Konmeiva — 118 kv®/roz.
ApKTHYecKue peku 001a/1at0T MOHUKEHHBIMU CPETHUMU 3HAYEHUSIMU MYTHOCTH BOJIbI (MeHee 20-
30 Mr/1), 4TO B 3HAYUTENHHOI Mepe CBSA3aHO C MPOJOHKUTETFHBIMUA OCEHHEH U 3UMHEN MEKEHBIO,
pacmpocTpaHEHHEM MEP3JIOTh, 3a00JaYuBaHUEM U BBICOKHM KOI(PPUIIMEHTOM O03EPHOCTU
TEPPUTOPUU U IPYTUMHU (PaKTOpaMu, KOTOPHIE OTPAHUYHUBAIOT dPO3HUI0 Ha BogocOope. [Ipu aTom,
OTMEYAIOTCSl TIEPUOJbl WHTEHCU(HKAIMK TPOIECCOB TEPMOIPO3UU - T.H. «4U€pHas BOAa»
[Tonctuxun, llInenés, 2014]- nepros nmoBsiieHHOH (10 130 MI/11) MyTHOCTH pEKU B HaYale JeTa.
3naunrenbHas yacTh (30-50%) sTux Hanocos [Magritsky et al., 2013] akkymynupyeTcs B 1ebTax.

HpI/I COXpaHCHUHN TCHACHIWHU K YBCIIMYCHUIO MAKCUMAJIBHBIX pPacXod0B U BOJHOT'O CTOKa PECK, a



33

TaKkKe TEeMIlepaTyphl BO3AyXa M BOABl MO MPHOIM3UTEIBHBIM OIEHKaM, TOJOBOM CTOK
B3BelIEHHBIX HaHOCOB pek CeBepHoit [[Bunbl, O0u, Oneneka, Jlensl, bl 1 UHAUTHPKHA MOKET
YBEJIMYUTHCS (B CIydae yBEeIMUYEHUs CpeiHero croka Bojbl Ha S 1 10%) Ha 8%/17%, 6.8%/13.7%,
2.7%/5.3%, 12%/25%, 12%/24% u 5.8%/11.5% coorBercTBenHo [Magritsky et al., 2013].
Bo3pactanuio CcTOKa HAHOCOB MOXET CIIOCOOCTBOBATh AQHTPONOICHHAS JIEATEIHHOCTh, B
0COOEHHOCTH pa3paboTKa MOJIE3HBIX HCKOTACMBbIX.

Bo16op nannbIx 6acceitHOB it 0a3bl JaHHBIX CTOKA HAHOCOB U UX XMMHUYECKOTO COCTaBa
OOyCIIOBJIEH WX KpPYIHBIMH pa3MepaMH, a TakKe HAIMYHUEM JaHHBIX OSMHU30JUYCCKHX
rupoxuMudeckux Habmoaeruit 3a MM [Konosanos u ap., 1968; Holemann et al. 2005; CaBenko

2006; Shakhova et al. 2007; I'eoskomoruueckoe...2007; Bagard et al. 2011; Pokrovsky et al. 2015;

Krickov et al., 2019].
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Pucynoxk 2.1. O6b&M cTOKa KPYIMHEHIINX peK, 00eCIIeYeHHBIX TaHHBIMU

rUIpoXuMuYeckux HaomoaeHui (¢ 1979 mo 2019rr.) [Magritsky et al. 2013, Atnac... 2017]
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Taoauua 2.1
XapakTepucTuKku pek Bogocoopa CeBepHoro JleqoBUTOTO OKEaHa.
JmuHa pexu — L; rogoBoi ctok — W, mwiomanp Bostocoopa - F; cTok B3BEIIEHHBIX HAHOCOB -

Wg; cTok Baekombix HaHOCOB — Why; TBEpbIit cTok - (Wy = Wg + W)

Tun ycrbs L, km W, Ws, 10° | W, 10° | Fx10°, Hcmounuk
ye ' km200 | m/200 m/200 KM’ cmounu
ServapHo- Magritsky et al. 2013,
Ennceii yap 4100 | 584 | 13/49 | 15/7.3 | 2580 Atnac... 2017,
JenpToBOC
Jonronososa, 2015
Magritsky et al. 2013,
(Hofb‘;m) ?[‘;Ki‘ggge 5410 | 540 16 189 | 2990 Atmac... 2017;
P Jonromnoiosa, 2015
Magritsky et al. 2013,
Jlena JlenpTOoBOC 4260 533 22.7 27 2490 Artnac... 2017,
Jonromnoiosa, 2015
ATtmac... 2017;
Ievopa JensTOoBOC 1809 130 6.4 8.7 322 Jlonrononosa, 2015
Magritsky et al. 2013,
Koabima JlensTOoBOC 2129 118 12.3 16 647 Artnac... 2017,
Jonronososa, 2015
Artnac... 2017;
XaTaHra DctyapHOe 1636 105 1.8 5.2 364 Jlorononosa, 2015
Artnac... 2017;
AHabIpb DctyapHOe 1150 68 3.6 — 191 Jloromonosa, 2015
Artnac... 2017,
Iscuna JleneToBOC 818 56 3.4 — 182 Jlorononosa, 2015
Magritsky et al. 2013,
Nupurupka | JlenproBoe 1790 54 11.7 15.2 362 Artnac... 2017;
Jonronoiosa, 2015
Tas JlensToBoe 1400 34 0.7 1.2 150 reoa“o“ggg‘;ecme'“
Onenéx JlenpToBOC 2270 37 1.3 2.4 219 Artnac... 2017,
SIna JlenpToBOC 872 33 4.4 — 238 Artnac... 2017,
Artnac... 2017;
Iyp JleneTOBOE 389 32 0.8 1.2 112 Jlorononosa, 2015
Artnac... 2017;
AHnabap DctyapHOe 939 19 12 — 104 Jlosrononosa, 2015
ATtmac... 2017;
Me3senn OctyapHOoe 966 20 78 Jlosronornosa, 2015
Omnera DctyapHOoe 416 16.4 56.9 Artnac... 2017,
Artnac... 2017;
Haapim JenbTOBOE 545 13.3 64 I'eoskosIoruyeckoe. ..
2007
Ionoii OctyapHOoe 391 3.8 155 ATtnac... 2017;
ATtmac... 2017;
Bap3yra OctyapHOoe 254 2.9 9.84 I'eoskonormyeckoe. ..
2007
Ymba OctyapHoe 123 2.6 6.25 Atnac... 2017;
Kona OcTyapHoe 83 24 3.85 Atnac... 2017;
Huga OcTyapHoe 36 1 12.83 FGOBKOHSSIS;GCKOG' .
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2.2 CBoaHas 6a3a JaHHBIX 0 XUMHYECKOM COCTaBe BO/Jbl H HAHOCOB PeK POCCHIiCKOI
APKTHKH

JUis  XapakTepUCTHKU XUMHUYECKOTO0 CTOKa OBbUTM TPOAHAIU3UPOBAHBI  PaOOTHI,
OTHOCSIIIMECS K HIDKHEMY TeUeHUI0 ApKTUdYeckuX pek PD, a Takke K MX yCThEBBIM 00JacTSIM
[Anéxun, Bpaxkuukosa, 1964; Konosaios u ap., 1968; Shiklomasnov, Skaklsky, 1994; Bryzgalo,
Ivanov 2000; Galimov et al, 2006; I'eoskomorudeckoe. .., 2007; CaBenko u ap. 2009; Marpurkuii,
2010, 2016, 2019; Nikanorov, Bryzgalo, 2010;, Makkaveev et al. 2010; 2015; Savenko,
Pokrovsky, 2019; Krickov et al., 2019; Soromotin et al., 2022; Krickov et al., 2023;].
BonbuimHCTBO HMCclenoBareneil OMUCHIBAIOT 3MU30MYECKHe HAOIIOJCHHsS, XapaKTepU3yollre
OJIHYy KOHKpeTHYI0 (ha3y BogHOTO pexuMma. KpymHbie 00001IeHHS ¢ MepruogaaMu mpooooTdopa
MPUXOASIIUMUCS Ha pa3IudHbIe (ha3bl BOJHOTO PEKUMA MPEACTABICHBI ISl KPYIMHEHIINX PEeK
peruona, B ocobeHHocTH st 6acceitnoB O6u u Enuces [Savenko, Pokrovsky, 2019; Krickov et
al., 2019; Soromotin et al., 2022; Krickov et al., 2023;]. ba3bl rHAPOXMMHUYECKHX TAHHBIX
MO3BOJIAIOT CJENaTh 3aKIoueHUue 00 00bEMax XUMHUYECKOTO0 CTOKAa, OIHAKO TUCKPETHOCTh
HaOJIOZICHUH 32 XapaKTEPUCTUKAMH XMMHUYECKOTO COCTAaBa COCTABIISIET 2-3 U3MEPEHUs B MECHII,
YTO 3aTPYIHSCT YUET TaKUX COOBITHHA, KaK, HAIPUMED, TPOXOKIACHHS TTABOJKOB WM 3aJIITOBBIC
cOpPOCHI CTOYHBIX BOJI, a TAKXKE CITyCKH CHUCTEM TEPMOKAPCTOBBIX 03EP, KOTOPHIE MEPUOTIUIECKU
bukcUpyroTCs Ha APKTHYECKHUX peKax.

B Oonpieli yacTu JMTEpAaTypHBIX HCTOYHHKOB PACCMOTPEHBI PACTBOPEHHBIC (OPMBI
TPAHCIIOPTa XWMHYECKHX BemlecTB. [Ipu 3TOM, B aHaM3 OOBIYHO BKIIOYAIOTCS OCHOBHBIC
TUAPOXUMHUYECKUE Toka3aTenu (PH, 3IeKTponpoBOIHOCTD, IIBETHOCTh, MYTHOCTb, TEMIIEPATYpa,
cojiepkaHue pacTBOpéHHOro kuciopona) riasHeie HoHBI (HCO3, SOs, Cl, Ca, Na, Mg, K),
ounorennsie meMeHTsl (P-PO4, NH4, NO3) 1 Hanboee TOkCHYHBIC METAIUTBI B METAJUTOUABI (AS,
Sr, Cu, Zn, Pb, Hg). 3naunTtenpHas 4acTh META/UIOB, KOTOPHIE MOTYT BCTPEYATHCS B MaJbIX
KOHIIEHTPAIUAX, HO MPH STOM MOTYT MOCTYIATh B PE3yJbTaTe aHTPOIOTCHHON JIEATEIbHOCTH B
HCCIIEIOBAHMSIX HE paccMaTpuBaroTcs (puc. 2.2). Matepuansl KpymHBIX 000011IeHUH, TakKue, KaK
ArcticGRO, BESTSIiberian, «KauectBo moBepxHOCTHBIX BOja Poccuiickoit Denepanuuny,
MPEAOCTaBIAIOT Oosiee MOAPOOHYI0 HHMOPMAITUIO O XUMUUECKOM COCTaBE PEUHBIX BOJI, OJTHAKO
XUMHYECKHUM COCTaB BOJ B HUX XapaKTEPU3yeTCsl 3HAYCHUSIMH KpaTHOCTH npeBbimenus [1/1K nmm
WHJCKCAMU, YTO 3aTPY/IHSAET aHAIIU3 U PACUET CTOKA XMMHUECKUX BemiecTB. COCTaB B3BEIICHHBIX
HAHOCOB TPEJICTABIICH €IMHUYHBIMU BemecTBaMu. MHpopmaIus o pakTHIeCKUX KOHIIEHTPAIIHSIX
XUMHUYECKHX BEIIECTB JIOCTYITHA JIMIIb IO 3alpoCy M OTCYTCTBYET B IMHPOKOM JOCTYIIE.
3HauUTENbHBIN 00beM MH(OpPMALMK JOCTYIEH MO pe3yjbTaTaM aHaln3a XUMHUYECKOTO0 COCTaBa

JOHHBIX OTHOH(CHHﬁ, OOHAKO C €ro IMOMOIIBIO CIIOKHO XapaKTCpHU30BaATb XUMHUYECKHUI COCTaB
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HAHOCOB. MOHUTOPHUHT B pailoHax cOpOca CTOYHBIX BOJ PSIIOM C KPYIHBIMH MPOMBIIIIICHHBIMA
OpeanpusITHsIMH TpeAcTaBieH cinabo. Tak, Hampumep, B OacceiiHax pek, BMAJAIOIUX B 03.
Wmanppa, rae cocpeqoToYeHbl NpeanpUusTus o 1o0bue U nepepadoTke anatuT-HedeInHOBBIX U
METHO-HUKEJIEBBIX Py, MOHUTOPUHT XUMHYECKOTO COCTaBa BOJ IPOU3BOAUTCS BEIOMCTBEHHBIMU
MOCTaMH, 8 MOHUTOPUHT CTOKA HAHOCOB HE IPOU3BOAUTCS. [Ipr 3TOM, 3a5IIIOBEIe COPOCHI CTOYHBIX
BOJ W3 pyaHuKa lleHTpanabHBII MOTyT HMMETh MYTHOCTH Oojiee 150 MI/1 M COCTOATH W3
B3BelieHHbIX 4yacTull PMO0.5-20, Hanbonee WHTEHCHMBHO copOupyrommx MM Ha mOBEpXHOCTH
[Malinovsky et al.,, 2002 Efimov et al. 2018;]. MecTopoX/eHHS MOJE3HBIX HCKOMAECMBIX,
TOOBIBAEMBIX M3 POCCHINEH YacTO, HE UMCIOT CHEIHAIBLHBIX CPEICTB MOHHUTOPHHTA, a MIICH(BI
MYTHBIX BOJI, COPAachbIBAEMBIX C HUX, MOTYT JOCTUTaTh COTEH KHJIOMETPOB M PErHCTPHUPOBATHCS

JlaKe B 3aMbBIKAIOIIUX CTBOpax KpymnHeimux pek [ konsHbii u ap, 2017].
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MCTaJIJI0B U MCTAJIZIOMJ0B B Oacceiinax ApKTI/I‘IeCKI/IX PEK.

Ha ocHOBaHMM pacCMOTPEHHBIX JIMTEPATypHbIX HCTOYHUKOB, a Takxke 0a3sbl
TUIPOJIOTUYECKUX JaHHBIX, COOpPAaHHBIX COTPYIHUKAMM KadeIpbl TUAPOJOTMM CYyIIH, ObLIH
MOJy4YeHbl OLIEHKHM OOBEMOB CTOKAa XMMHYECKHX 3JIEMEHTOB B 33 OacceifHaX KpynHEHIuX,

KPYITHBIX U CPEAHUX APKTHUECKUX pek (puc.2.3).
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Pucynok 2.3 bacceiinbl pek, Bnagarouux B CesepHblil JlenoButelit OkeaH, 1)1 KOTOPBIX
BBITIOJTHSJICS ITOMCK JJAHHBIX O XMMHUYECKOM COCTaBe BOJIBI M HAaHOCOB. Llndpamu 0603HaUEHBI:
1)Tynoma; 2)Tepubepka; 3)I1onoii; 4)Bap3yra; 5)Ymb6a; 6)Hua; 7)Kosaa; 8)Kems; 9)Bbir;
10)Onera; 11)Kynoii; 12)Mesenn; 13)Haasim; 14)I1yp; 15)Ta3; 16)IIscuna, 17)TaiiMbipa;
18)[Tonurait 19)Anabap 20)Onenék; 21)Omonoit; 22)5na; 23)Xpoma; 24)Anazes;
25)[MansiBaam; 26)AMryama

WNudopmanus, NocBAMIEHHAS KaueCTBY BOJIbI, 0a3UpYyeTCsl Ha JIaHHBIX THJIPOJIOTHYECKHX
MOCTOB ceTH PocruapomMer W JHTEpaTYpPHBIX HWCTOYHHKOB. KOHIEHTpalu XHUMHYECKHX
AJIEMEHTOB YCPEAHSUIUCH JIUIsl BCETO Mepro/ia HaOII0IEHNH, a 3aTeEM pacCUUTHIBAJICS CPETHUN CTOK
MM B rox. [lomyueHHble 3HaYeHUs TpeACTaBIeHbl B Tabnuue 2.2. [y cpaBHEHNs KOHLEHTpaLHii
MM 6pancs log10(C), rae C — cpeansis KoHIEeHTpanus 3aeMerTa B MKr/i1. ITotoku (Wxum) ObuTH
paccunTaHbl KakK CpelHsAs KOHIEeHTpauusi xumudeckoro snemeHTa (C), yMHOXEHHas Ha
cpenHeMHoronieTHUM ctok Boabl (W) st nanHoit pexu (13):

C*W = Wxum (13)

MaxkcruMaibHble KOHLIEHTpaluu Fe xapakTepHbl A 0acCeiiHOB peK, UMEIOIINX BHICOKUMA
IPOIEHT 3a005104eHHOM TeppuTopuH (puc. 2.4-2.5). B pe3ynbpTrare, BHIHOC pacTBOPEHHOTO JKele3a

B 3200J104eHHBIX OacceifHax 3amanHoil Cubupu mpeBbllIaeT BbIHOC ¢ OacceifHoB EBpormeiickoii
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gactu P® B 10-15 pa3. [Inana3on ornuuus KoHIEHTpanuu Fe cpemu pek mpesbimaeT 20 pas.

Makcumanbabie 3HaueHus 11 p. [lyp coctaBunu 1229 Mkr/m.
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Pucynoxk 2.4 CpeaHue KOHLIEHTpALMK pacTBOPEHHOM GopMbl Fe o njaHHbIM

JIUTEPaTYPHBIX UCTOYHUKOB (N=43)
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Pucynoxk 2.5 ITotoku pactBopéHHOT0 Fe 1o JaHHBIM JUTEPaTypHBIX HCTOYHUKOB (N=43)

OneHkr MOTOKOB MM, OTHOCHMBIX K TeXHOreHHbIM saementam (V, Pb, As, W),

S3HAYUTCIIBHO PCKE BCTPCUAIOTCA B JIMTCPATYPHBIX HCTOUHHUKAX.
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Taoauna 2.2
OO01mas Tabmuia MOTOKOB XUMUYECKUX BEIIECTB B pACTBOPEHHOM popme
Pexa Crok pactBopéHnbix MM, TOHH/TO]
CroK, Fe Al B F | Cu Zn Mn Ni V [ Mo | Pb | As | W Sr Cd
KM3/ron
00 395 351714 6700 | 55000 | 3700 | 1492 | 7275 | 24789 | 927 | 260 | 370 | 31 | 230 45415 | 2777
Enuceii 609 130108 | 17493 | 10000 | 59000 | 2500 | 3177 | 13776 | 6775 | 802 | 600 | 470 | 43 | 206 88161 2
Jlena 561 203500 4600 | 21000 | 2700 | 1484 | 4665 | 48650 | 960 | 330 | 250 | 22 | 185 93182 3
ITeuopa 150 95300 | 11600 | 210 1100 | 940 | 413 | 2337 | 4140 | 441 | 46 10 7 1
CeBepHast 105 33374 | 5821 | 3000 | 20000 | 200 | 437 | 1124 | 2485 | 209 | 90 | 39 13 69 | 37 1
JABuHa
Koabima 107 5795 360 6200 | 200 | 463 988 980 | 110 | 110 | 24 37 7955
Nuanrupka 52 59600 140 | 7100 | 240 | 280 864 | 1200 | 93 | 30 | 42
Ounenéx 40 19200 184 511
Sna 36 32100 220 3100 94 204 424 420 94 | 20 | 33
Ta3 33 15753 | 1086 410 3200 | 140 81 284 1049 | 43 | 10 | 99 2 21
Iyp 29 35588 | 1039 410 2700 | 100 | 122 965 1160 | 495 | 10 7 5 9
Me3sennb 20 5380 680 7700 83 55 388 385 44 | 20 10 | 215 | 29 | 7 0.08
Omnera 16 6254 | 2054 300 1900 49 36 228 394 29 | 10 10 1 8 3 0.07
Haapim 13 10463 | 1668 33 120 114 13 1 7 2
ITonoii 4 846 18 32 27
Bap3yra 3 633 240 27 26 22 45 0051004 | 1 1
Ymba 3 28 92 32
Kona 2 285 8 12 7
Husa 1 278 25 53 31
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VX MOHUTOPUHT MPUYPOUEH K KPYITHBIM IPOMBIIIJICHHBIM LIeHTpaM. CoOpaHHbIE JaHHBIE
MTOKa3bIBAIOT MOBHIIIEHHbIE KOHIIEHTPALMK 3JIEMEHTOB B YCThSIX PeK ceBepa EBponelickoi yactu
Poccun, nockoapKy 37€Ch HaXOAUTCSI HECKOJIBKO KPYITHBIX IPOMBIIUICHHBIX IEHTPOB U pa3BUTA
TpaHCNOpTHasg orpacib (puc. 2.6-2.7). IloBblIEHHbIE 3HAYEHUS] KOHLEHTPALUN IPOSBISAIOTCA
TaKKe B cTOKe pacTBOpéHHBIX MM. Tak, o BerHocy Pb 3ameTHo Beinensiercs p. Me3ens. Bricokue
koHnentpauun Cu, Zn, Ni, MO mpuypodeHbl K TOPHBIM pailoHaMm, a Takke K OacceiiHam, B
KOTOPBIX PacIoJararoTCsl MPEANpUsITHS 1O HepepaboTKe MOJIE3HbIX MCKomaeMbix (puc. 2.8-2.9)
Hanpumep, p. YM6a u p. HuBa noaBep:keHbl MOCTYIJICHUIO CTOYHBIX BOJ MOHUYETOpCKOTO U
JloBozépckoro I'OKoB, uro BbIpakaetcsi B moBbimieHHOM cojepkanud CU u Ni B yCTbeBbIX
CTBOpax. ITO MPUBOJIUT K KOHTPACTHBIM 3HAUEHUSAM KOHLIEHTpauuii 1 oTimyusm 1uist Cu B 4 pasa,
s Ni B 18 pas, wist Zn B 4 paza u ans Mo B 49 pas. B pesynbTare, qake MpHU 3HAYUTEIBHO
MEHBIIIMX PacXoJax BOJBI M MEHbBIICH IUIOmMaan OacceHOB, BHIHOC MM, OTHOCHUTEIIBHO

KpYINHEWUIINX CEBEPHBIX PEK MOHMKEH Bcero B 5-10 pas.
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PucyHok 2.6 CpenHrie KOHIICHTpAIMK pacTBOpEHHBIX Gopm V, Pb, As, W no nanHbIM

JIUTEPATYPHBIX UCTOYHUKOB (N=17)
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Pucynox 2.7 [Toroku pactBopénHbIX ¢popm V, Pb, As, W 110 1aHHBIM JTUTEpaTypHBIX

UCTOYHHKOB (N=17)
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Pucynok 2.8 Cpeanue KoHIEHTpaIuK pacTBOpEHHBIX (hopm Cu, Zn, Ni, MO o maHHbIM

JUTEPATYPHBIX UCTOYHHKOB (N=32)
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Pucynok 2.9 [Toroku pactBopéunsix ¢popm Cu, Zn, Ni, M0 1o 1aHHBIM JTHTEpaTypPHBIX
UCTOYHHKOB (N=32)

B menom, cormacHo panneiM B.C. CaBenko [CaBenko u gap., 2023], Mexmy
KOHIeHTpanussMud MM U BeIMYMHOM MHHEpanu3allii PEeYHBIX BOJ HAONIOAAeTCs 3HauMMas
Koppensius. Takke YCTAaHOBJIGHBI CBSI3W MEXIy KoHLeHTpauusmu MM B OacceiiHax pek
Kapckoro, benoro, bapenneBa wu Bocrouno-Cubupckoro mopeii. Koaddumnments
MPOMOPIIMOHAIIBHOCTA MEXAYy cojaepkanneM MM B sTux OacceliHax OJIM3KH K OTHOIICHHIO
BEJIMYMH MUHEPAJIU3allMU COOTBETCTBYIOIINX PEUHBIX BOJ. B pe3ynbprare, npu HOpMHUPOBAHUU Ha
BEJIMUMHY  MHUHepaium3alui  (CyMMapHO€  COJep>KaHHE  PACTBOPEHHBIX  BEIECTB)
MHUKPO3JIEMEHTHBIN COCTaB PEYHOI'O0 CTOKA CO BCEro apKTHYecKoro nobdepexbst Poccum nomkeH
OBITH MPUMEPHO OWHAKOB. OTINYMS KOHIIEHTPAIIUHA MOTYT OBITh CBSI3aHBI C HAIMYUEM KPYITHBIX
HMCTOYHHMKOB 3arpsI3HEHUSI BOJI, @ TAKKE CO BpEMEHEM MpoOooTOOpa.

XHWMHUYECKUN COCTaB HAHOCOB HA TUAPOJIOTMYECKMX IOCTaX HE H3MEpSAETCS, a CaMHU
JaHHBIE O CTOKE HaHOCOB MocTynHbI Beero mo 400 mocram pek Poccuiickoii @eneparuu (AUC
I'MBO). B Apktudeckoil 30HE paclojioKeHa WX Majla 4acTh, @ B YCThSIX PEK JOCTyITHA
obHoBnsiemass mH(opmaius Bcero mo 6 moctam. B pe3ynprare, yimmb HEOOJbINAsS YacTh

PaCcCMOTPCHHBIX JIUTCPATYPHBIX HCTOYHHUKOB COACPKUT I/IH(l)OpMaI_II/IIO O CTOKC XHUMHUYCCKHX
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BEIICCTB B cocTaBe B3BemieHHBIX HaHocoB [Konovalov et al., 1968; Ivanova, Konovalov, 1971;
Martin et al., 1993; Gordeev et al., 1996; Casenko 2006; Pokrovsky et al., 2016; Krickov et al.,
2019; Soromatin et al., 2022; Krickov et al., 2023; Kopuees A.Il. (Hen3maHHBIC MaTepUabl)].
N3mepenus koHueHTpauuii MM B cocTaBe B3BEIICHHBIX HAHOCOB HOCST HECUCTEMHBIN XapakTep
Y YacTO BBIIOJIHAIOTCS UCKITFOUUTEIBHO /711 XapaKTEPUCTUKYU YCIIOBUM TPAHCIIOPTA TEX UM UHBIX
MOJUTIOTAHTOB B peuHoil cucreme. OTCYyTCTBHE JaHHBIX O CTOKE HAHOCOB HE MO3BOJISIET MTOJIYYHUTh
noToku MM B cocTaBe B3BEIICHHBIX HAHOCOB JJaXKe JAJISl KPYIHBIX peK, 3a uckitodeHuem Oou u
Enucess. OTHOCUTENBHO XOpPOIIO HW3YYEHHbIE PACIPEAEICHUS TEXHOTEHHBIX XUMHYECKHX
anementoB (Pb, Cu, Zn, Cd) cBs3aHbl ¢ MX 3HAYUTEIBLHOW OIMACHOCTBHIO I HACEJICHHUS U
MPUHAJISKHOCTBIO K OCHOBHBIM HOPMHpYEMBbIM TMOKa3zaTeisiM. B pesynbprare ananmsa
JUTEPATYPHBIX MCTOYHUKOB OBLIM COCTaBJICHBI KapThl PACHpPECICHUS X KOHIEHTpauui (puc.
2.10-2.13).

CorylacHO MarepuayiaM HCCJCIOBaHKs, HauOoibIIue KoHIeHTpauu Pb, a Taxke
3HAYUTENIbHbIE KOHIIEHTpauuu ZN CBOWCTBEHHBI pekaM OacceliHa benoro Mopst U kpynHeHmmm
peunbIM OacceitHam. OCHOBHBIMU (DaKTOpaMH MOCTYIUICHHS TAHHBIX METAJIOB MOTYT CIY>KUTh
MPOMBINIICHHBIE OOBEKTHI, TaKUE KaK MOPThI, PAa3BUTOE CYIOXOACTBO, a TaKXKe pa3Mep u
3a00J104eHHOCTD Boj0cO0opa. B pekax Llentpanbhoii u Bocrounoit Cubupu kourentpanuu Pb B
COCTaB€ B3BEILIEHHBIX HAHOCOB ITOCTENIEHHO CHUYKAIOTCS, JOCTUTrasi MUHUMyMa B 0acceliHax pek
Ta3z u pekax flna u Amrysma. Zn BO B3BELIEHHBIX HAHOCAaX TPAHCIOPTHPYETCS B OPraHo-
MUHEPATBHBIX KOMILJIEKCAX M HA YacTHUIIAX OpraHMYecKUX B3Beced. BhICOKME KOHILIEHTpaluu
XapaKTepHBI ISl 0ACCEHHOB CO 3HAYMTENBHBIMH 3a00si0ueHHBIMU TeppuropusiMu. s Cu B
COCTaB€ B3BEIICHHBIX HAHOCOB XapaKTEpHbI BBICOKHE KOHIEHTpaluu B ycThe p. EHucel u p.
Mesenb. Beicokue kKoHIEHTpaluu B ycThe p. EHncel, BeposSTHO, CBA3aHbI CO cenn(UIecKUMU
YCIIOBUSMU MTPOOOOTOOPA U MabIM KOJTUYECTBOM HabmoieHut (N=>5), Torna kak ans p. Me3eHb,
MOBBIIICHHBIE KOHIICHTPAIMU OTMeYaroTcs exeroano (N=18). Beicokue konrentpanuu Cd B
COCTaBE B3BELICHHBIX HAHOCOB TAK)KE XapaKTepHbl s pek EBpomelickor yactu Poccum m
3amagHoit Cubupu wu3-3a HanUuusg OOJBIIOTO KOJUYECTBA AHTPOIOTEHHBIX HCTOYHUKOB
noctyruienus. Cpenu pek Boctounoit Cubupu Beigenstores Jlena u KonpiMa, r/ie mOBBIIEHHBIE

KOHICHTpAuH, BEPOATHO, CBA3aHbI C NTOACTHIIAIOIIHUMHU IMTOPOAAMHU Ha BOI[OC60an PEK.
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Pucynok 2.13 Coznepxanue Cd B cocTaBe B3BELICHHBIX HAHOCOB PEK apPKTHYECKOM 30HBI

P®

B ominune ot pacTBOpEHHOI (OpPMBI, COCTaB B3BEIIEHHBIX HAHOCOB APKTHUYECKUX PEK
OTJIMYACTCA HEOJHOPOHOCTBIO, CBA3aHHON cO CTpoeHueM BojiocOopa. OCHOBHBIMH (haKTOpamH,
OIPENENAIOIUMH 3Ty HEOAHOPOAHOCTb, CIy’KAaT MHTEHCUBHOCTb IIPOLECCOB 3PO3UH, ILIOIIAAN
3a00JIOYEHHBIX TEPPUTOPUM, HaIMuue MHOrojeTHeMép3ibix mnopoa (MMII). Baxueimum
(bakTOpOM SBISETCS AHTPONOIEHHAs JeATeNbHOCTh. [Ipu paccMOTpeHHH HM3MEHYMBOCTH
KoHUeHTpauui MM c 3anazna Ha BocTOK 0TMEYaeTcs MOCTENEHHOE CHUYKEHUE X KOHLIEHTPALINH,
OJIHAKO JIaHHBIX JUI TOJY4YEHHUS YCTOMYMBBIX 3aKOHOMEPHOCTEM U pacuéToB IIOTOKOB
XMMHUYECKHX 3JIEMEHTOB BO B3BEIIEHHOH OopMeE MOKa HEJOCTATOYHO.

Cnabast pa3BUTOCTh CHUCTEMbl MOHMTOPUHIAa XMMHUYECKOI'O COCTaBa BOJ| KPYHHBIX peK,
Pa3pexKEeHHOCTh CETH HaOJIOJEeHUH W OTCYTCTBHE M3MEPEHMH XMMHMYECKOrO COCTaBa HAaHOCOB
3HAUUTENBHO 3aTPYJHSAET UCIOIb30BAaHUE 3TUX JAHHBIX JUIS OLIEHKH XMMHYECKOTO CTOKa JaKe
Haubosee KpynHbIX pek. CokpalieHne MyHKTOB Ha0Jt0IeHUH 3a MyTHOCTBIO BOJbI, TPYAOEMKOCTh
METO/I0OB MPUBOJUT K HEOOXOAMMOCTH IMOWCKA allbTePHATHBHBIX CPEACTB M3MepeHuil. B sToit
CBSI3M OCHOBHYIO MH(OPMAIIMOHHYIO COCTaBJISIOIIYI0 HCCIEIOBAaHMM CTOKAa HAHOCOB

IPEICTABISIIOT COOO0M MOJIEBBIE U3MEPEHMUSL.
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2.3 YcaoBusi (pOpMHUPOBAHUSA MOTOKA U XHMHYECKOT0 COCTABA HAHOCOB B facceiiHax pek
O0b, Enuceii, Jlena u Koabima

B pamkax pa®oThl OblTH I€TAIbHO PACCMOTPEHBI XapaKTEPUCTUKH XUMUYECKOTO COCTaBa
HAHOCOB KpyMHEHmuX pexk Apkrudyeckoil 30Hbl PD. Ot10 pexu OOb, Enuceit, Jlena. Takxke
paccmarpuBanachk p. Kosbima, 11 KOTOPOid B paMKax 3KCHenuinii Oblia coOpana oommpHas 6aza
TUAPOJOTHYECKUX M THAPOXMMHYECKUX NaHHBIX. bacceiitnpl pexk O0b, Enuceii, Jlena umeroT
COIOCTaBUMBIE pa3Mepbl BOJOCOOPHBIX OacCeHOB, OJIHAKO pa3iMyaloTcs J10JIed paBHUHHBIX U
ropHbIX Tepputopuii. Tak 6acceiin p. O0b MPEUMYIIIECTBEHHO CII0KEH 03EPHO-aJTIOBHAILHBIMH,
AUTIOBHANILHBIMA U (DIIOBUOTIISIIIUANIBHBIME ~ oTiiokeHusiMu  (78%  miomaam  GacceiiHa—
paBHUHHBIE TEPPUTOPHUH ), KOTOPHIE Ha 0T IIEPEXOAT B AJIIOBHAIIbHO-/IETIOBUATIbHBIC OTJIOKECHUS
U cKallbHbIe Topoibl. bacceiin p. Ennceli 00pa3oBaH mpenMyIecTBEHHO TOPHBIMU TEPPUTOPUIMU
(64% muomaau OacceiiHa), MPENCTAaBICHHBIMU CKaJIbHBIMH BBIXOJAaMH, KOJUTFOBUAJILHBIMH,
JIeITIOBUAIIBHBIMA U COJH(IIIOKIMOHHBIMHA OTIIOXKEHUAMHU. TOJIBKO JIEBBI Oeper peKkH CI0XKEH
03EpHO-AJUTIOBUAIBHBIMU U (DITFOBHOTIIALMATIBHBIMU OTIOXKEeHUAMU. baccelin p. Jlena Takke
MPEJICTAaBICH NPEUMYIIECTBEHHO OO0JacTIMH BBICOTHOW moscHOcTH (okono 50% rmuiomanu
Oacceiina). CocTtaB OTIOXEHUH cx0K ¢ p. Enucell, o03€pHO-aunoBUANBbHBIE U
(GIOBUOTIISALMANIBHBIE OTJIOKEHUS JIOKAIU3YIOTCSI B CPEAHEM TEUEHUU PEKU B pallOHE BIAJACHUS
p. Bumtoit. Bacceiin p. Konbsima B 4 paza MeHblIe HanOosiee KPYIIHOTO U3 PACCMaTPUBAEMbBIX —
Oacceiina p. O0b. 81% Tteppuropun OacceliHa — TrOpHBIE 00JAacTH, KOTOpPHIE CMEHSIOTCS
(GIIOBUOTIAIMATBHBIME OTJIOKEHUSIMU JIUIIb B HUKHEM TeueHuu. Crienudukoi pactpeneneHus
WHTEHCUBHOCTU JPO3UHU B MpeEJeIax KPYMHBIX APKTHYECKHUX PEUHBIX 0acCEMHOB SBIISIETCS €€
yBEJIMYEHUE B CYOLIMPOTHOM HANpaBlICHUM C CEBepa Ha IOT, COOTBETCTBYIOLIEE OOIIEMY
YCHUIIEHUIO CENIbCKOXO03SHCTBEHHOTO UCTIOIB30BaHMS 3eMelb M YBEIHMUEHUIO BBICOT penbeda (puc.
2.14). Haubosnee CHIIbHO B 3TOM OTHOIICHWH OCBOEHBI BepXHee U cpenHee TeueHue pp. O0b u
Enuceii. B aTux ycinoBusix, BBUJly aKTUBHOU C/X J€SATEILHOCTH, HAKJIaAbIBatoOLIEiics Ha (aKkTop
penbeda, THTEHCUBHO MPOUCXOAUT 3PO3Usl BOJOCOOPOB PEK, UTO 3HAUUTEIBHO YBEIUUHUBAET CTOK
HaHocoB [MBanoB, Yanos, 2019]. Tak, B roxxHO¥ wactu OacceitHa p. EnHmceil cmbIB mouB
YBEIUYMBAETCA B 15 pa3 Mo CpaBHEHHUIO C CEBEPHBIMU, UTO CBSI3aHO C PACIIOIOKEHUEM BEPXOBbEB
Oacceilina p. Enuceit B Monronmuu u KHP, aktuBHO pa3suBatonux c/x. Ha 3tom ¢pone oTmeueHbl
oOpaTHble TEHACHLIMU BHYTpH OacceiiHa p. JleHa, cBa3aHHbIE ¢ BIusHUEM (akTopa penbeda B
CEBEpHOM, BO3BBIIICHHON, YacTu OacceifHa (BepxosHCckuit xpebetr). Omnako B OacceifHax
pacnoyioKEeHbl KpPYIHBbIE BOJOXPAHWIMINA, 33J€P>KUBAIOIIAE HAHOCHI M BIMSIOUME Ha
CriakuBaHue NHKOB (a3 BOJHOro pexuma (Tabn.2.3). HaumeHnee OCBOCHHBIMH SIBISIOTCS
Oacceitnel pexk Bocrounoit CuOupu, OHAKO, B HHUX PACIOJIOKEHO OOJIBIIIOE KOJIMYECTBO

POCCHIITHBIX MCCTOpO)KI[GHHfI MOJIC3HBIX HMCKOMACMBIX, YTO MHNPUBOAUT K 3HAYUTCIBHOMY



46

KOJIMYECTBY 3aJIIOBBIX COPOCOB HeouuieHHBbIX Boj. Ilneiidsr MyTHOCTH Takux cOpoOCOB

(UKCUPYIOTCS HA 3HAYMTEIILHOM PAacCTOSHUU HIDKE 10 TeueHuro pek [[IIkonpHbrii ap. 2017]. Ha

CETOAHSIIHUNA JIeHb Juia Tepputopun Bocrtounoit Cubupu pa3paboTKaMH POCCHITHBIX

MeCTOpOKIeHUH 3aTpoHyTO O60see 0.42% OT IIMHBI BCel peYHO ceTH.
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Pucynok 2.14 IHTEeHCHBHOCTB 3PO3MOHHBIX IpOIIeccoB B OacceitHax pexk O0b, Ennceii, Jlena u
Konbeima o nanueim [MBanos, Yanos, 2019] u ctBops! pacnomnoxenust ' 9C, 3aMbIKaronmx

KaCKaabl BOAOXPAaHWUJIMIL HA CI/I6I/IpCKI/IX PCKax.

Tabauna 2.3
XapakTeprcTHKa aHTPOITOTEHHOT'O BO3/ICHCTBHS Ha paccMaTpuBaembie Oacceitnbl [Chalov et al.,
2018]
O6b Enuceit Jlena Konbeima
Bonoxpanunuia (rioTuHa Boitie 15m) 3 8 1 2
ITnotHocth motuH Ha 1000 kM Gaccerina| 0.001 0.003 0.0004 0.003
C/X 3emmnu, %-06acc 0-80 5-20 5 5
Jleca, %-0acc 10-60 60-80 20-80 20-40
B HmKHEM TeueHHM pycia KpPYNMHEHWNIMX pEeK SBISIOTCS — MPEHMYIIECTBECHHO

MEaHIPUPYIOMUMHA WIH Pa3BETBIEHHBIMU (Tabi. 2.4). DTO CHOCOOCTBYET WHTEHCHU(DHUKAIIUN

MPOIIECCOB PYCIOBBIX JedopMaluii ¥ B COYETAHWU C MAJIOW KPYIMHOCTBHIO PEUYHBIX HAHOCOB

CO3J1a€T MPEINOCHUIKHU /sl YCHIICHHSI pYCIIOBOM 1 OeperoBoil apo3uu.

Tabauna. 2.4
Tunsl pycen kpynHeimmx paccMatpuBaeMbix pek [Chalov et al., 2018]
Tun OrpaHudeHHsbIe, % IIupokonoliMeHHBbIE, %o
Pexa HpSIMI)IelMeaH,leI/Ip}IIOHIHelpaSBeTBJ'IéHHLIe [Ipsimblie |MeaanprIoumelPa3BeTBnéHHLIe
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(0]9)3 HET HET Her 35 45 20
Ennceii| 13 16 11 5 6 31
Jlena 18 12 34 15 HET 21
Komeima| 4 5 13 25 45 8

Bacceitnpl  paccmaTpuBaeMbIX pEK IOJHOCTBIO HWJIM MPAKTUYECKU IOJTHOCTHIO
pacCIOJIOKEHBI 30HE PACHpPOCTpPaHEHUsT MHOToOJeTHEMEP3IbIX mopoasl (MMII) (puc.2.15). s
ycteeB ¢ MMII xapakTtepeH CpaBHUTEIBHO Majlblii CTOK HAHOCOB, OCHOBHAsl 4acTb KOTOPOTO
MIOCTYIAET B YCTbE€ BO BpeMs IOJIOBOJbsA. BO BpeMs JeTHEH MEKEHHU Majblid YKJIOH YCThEBBIX
JIOJIUH CIIOCOOCTBYET OTJIOKCHHUIO OOJBIIEH YacTH MEJIKUX PEYHBIX HAHOCOB B pPyKaBax
MPUYCTHEBOTO yUacTKa, a TAK)KE HA MOBEPXHOCTH JIETbTHI (IIECOK) U B 03epax (Wi, TJIMHA), YTO
MPUBOJUT K OOPa30BAaHUIO B YCThSIX OOLIMPHBIX 00JAcTel, CI0KEHHBIX JETKOPa3MbIBAEMbIMU
TPYHTaMH, KOTOPbIE HHTEHCUBHO IIPOMEP3aI0T B 3UMHUII nepro. BecenHee noiaoBo/ibe B pekax ¢
MMII niporcxoauT, MpuU 3aMep3LIuX Oeperax, yTo CASPKUBACT IPO3UI0 OEPETOB PEK U PYKABOB

nensT [Dolgopolova, 2018], kotopas 3aTeM ycHIMBaeTCs B IEPHOJI CIIa/1a MOJIOBOIbS.
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Pucynok 2.15 OtHoCcUTENbHAS IJIMHA YYaCTKOB PEK, HAXOIALINXCSA B MEP3JIBIX IPYHTaX Pa3HbIX
TUIIOB: TEMHBIE — CILJIOIIHBIE, TaJIOUKU —IIPEPHIBUCTHIE, O€3 3aUBKU— BHE 30HBI MMII

[Dolgopolova, 2018].

OpHa U3 OTIMYUTENBHBIX YEPT YCTHEB PEK KPHUOIUTO30HBI — MOPO3000HHBIE TPEIIUHBI U

HUILU pa3MbIBa, KOTOPBIE CIIOCOOCTBYIOT OOPYIIEHUIO OOIBIINX 00BEMOB OEPErOBBIX OTIOKEHHIH
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MMII B pe3ynbpTate 4ero NpoucxXoauT nepeopMUpPOBAHUE PYCET, YTO XapaKTEPHO JUIsl pyKaBOB
nenbT Jlewwr, Supl, Wanurupku. OOpymieHne OeperoB, MpoHMCXOoAsliee OOBIYHO TIOCIe
MPOXOXKACHUS MTUKA MOJIOBO/IbS, IPUBOAUT K MOBBIIIEHHOMY COJIEP)KaHHUIO HAHOCOB B IIOTOKE U
YBEJIMUYCHUIO IEPEHOCAa HAHOCOB B peKax M pykaBax jenbThl [Lupachev et al. 2020]. Ha
paBHMHHBIX Oeperax pek 30H6I MMII Haxo1TCsl MHOTOUHCIIEHHBIE TEPMOKAPCTOBEIE 03€pa, YacThb
KOTOPBIX PAcIookKeHa BOJIM3U pyKaBOB. Ip0o3Hsi OEPEroB 3TUX 03€p MPUBOIUT K IPUCOCTUHEHHUIO
K [TOTOKY HauOoJiee OJIM3KO pacoyioKEeHHBIX 03ep. B pe3ymnbTare, B pyciiax pyKaBOB MOSBISIOTCS
obnmact ¢ OONBIIMMH TIIyOMHAMH, B KOTOPBIX OCEHaeT OOJBIIOE KOJUYECTBO HAHOCOB,
HPEMATCTBYS UX MPOABIKEHHUIO K YCTHEBOMY B3MOPBIO U (DOPMHUPOBAHUIO JENIBTHI BBIIBUKCHHUS.
O3epo nocTeneHHo MeJeeT, U Ha €ro MecTe 3uMOii 00pa3yroTCs MOJIOKUTEIbHbIE POPMBI pebeda
C JICASTHBIM SIIPOM, TIEPEKPBITHIM CJI0€M HAHOCOB, YacTo He Taromue jietoM. [Ipucoeannenue o3€p
K TOTOKY MOJET COIpPOBOXKAATbCSI MHTEHCUBHBIM IPOMBIBOM IIEPEMBIYKM U BBIHOCOM
TOHKOJIMCIIEPCHBIX O3EPHBIX OTIIOKEHUH, YTO MPOSIBISIETCA B KPATKOBPEMEHHOM U 3HAUUTEIIbHOM
(8 10-100 pa3) yBenuueHUN MyTHOCTH PEeKH 0€3 CyIIeCTBEHHOT0 MObEMA YPOBHS BOJBI.
Hecmotpsi Ha 3HauuTenbHBIE W3MEHEHHSI BOJHOTO PEKHMMA, BCJIEACTBHE MOTEIUICHUS
KJIUMaTa U UHTeHCU(DUKAITHY aHTPOTIOTCHHOM AESITENIbHOCTH, CTOK HAHOCOB M XUMHYECKHIA COCTaB
PYCIOBBIX MMOTOKOB JIayke KpynHeumux pek Poccuiickoit denepaunn ncciienyercs 3HaYuTEIbHO
MeHblle, yeM B cepequHe XX Beka. B wactHoctH, B mocieanue 20-30 jeT mpoucXoausio
CBOpa4YMBaHHUE UCCIIEOBATENLCKON NEATEIBHOCTH, 3aKPhITHE YACTH THIPOJIOTUYECKUX MTOCTOB U
MpeKpalieHne MOHUTOPUHTA 33 HAHOCAMU Ha MHOTUX OcTaBiuxcs. Ha yacTu pex ApKTudeckon
30HBI MOCJIEeIHNE HA0I0IeHUs! TPOBOAMIUCEH B KoHIE 1980-x — nepBoii monosune 1990-x rr., Ha
p. Konbime — 1997 r., p. Jlene — 2010 r. B pe3ynbrare, Bo3pacTaeT EHHOCTh MOHUTOPHUHTOBBIX
UCCIIEIOBAaHUM, BBITIOJHEHHBIX B pa3ivuHble (a3sl BOAHOTO peKUMa MO €IMHOW METOJMKE Ha

PCOPE3CHTATUBHBIX CTAHIIUAX I/I3MepeHI/II\/’L
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I''TABA 3. METOAUKA UCCJIIEJOBAHUSA COCTABA B3BEHLIEHHBIX HAHOCOB
KPYITHBIX PEK POCCUMCKON APKTUKHA

31 MaTepna.ﬂm H METOAbI HCCJICA0BAHUSA

PaboTel Ha KpynHeWmmx pekax Poccuiickoii ApPKTHKH TOTpeOOBaIM pa3paboTKu
CHEIMAJIbHOM  METOJMKM  MCCIEAOBaHUS,  IO3BOJSIONIEM  y4ecTb  3HAYUTENIbHYIO
MPOCTPAHCTBEHHYIO U BPEMEHHYIO HEOJHOPOJHOCTh IMOTOKOB XMMHUYECKHX BEIECTB B CTBOPAX
peK.

N3BectHO, uTO naxe B mpenenax ogHoro creopa p. Kousbima, paznuuust Mexay
KOHIIEHTPAIUSIMU HAaHOCOB Y MIPABOTO M JIEBOro OeperoB MoryT gocturarh 50-60% [Marpurkuit
u np. 2019], a mocrymieHue wmarepuaiga ¢ TOYEYHOTO MCTOYHMKA, TAKOTrO, KakK pPYYbH,
JIPEHUPYIOIINE YYACTOK TassHUS MHOTOJIETHEH MEpP3JIOTh MOXKET OKa3bIBaTh BIUSIHUE HA MyTHOCTD
BOJIbI U €€ XUMUYECKUM cocTaB Ha 60 KM HUYKE MO TEUEHHUIO B pailoHe CTBOpa n3mepenuii [Yanos
u ap. 2022]. IIpu 3TOM, CKOPOCTH TastHUSI OYEHb CUIIBHO 3aBUCUT OT MOTOAHBIX yciioBui. B 2021,
3a caMble >KapKue MecCsIlbl JeTa OTCTYIUICHHE OpOBKM Talolero ckioHa oOHaxenus MMII
Hysannoro fIpa Ha p. Koisima coctaBuio 6onee 3 M (puc. 3.1). Kpome yBenuueHuss MyTHOCTH B
pesynbrare TassHust MMII y onHOro 13 Oeperos, B ciyyae MpOX0KI€HUSI KPYITHbBIX TaBOJIKOB MU
IpopbIBa KackaJa MONMEHHBIX 03€p MOXKET HadaThbCsl pa3MbIB OeperoB (o 1,5M 3a coObiThe
(04.08.19)), uro Tak)Ke MOKET HMPUBOJMTH K IMOBBIIMICHHIO MYTHOCTH BOJBI JUIS OTACIbHBIX

Y4acTKOB MOMEPEYHOro CTBOpa B 5-7 pa3 (puc. 3.2).

Pucynok 3.1 nporiecc TepMOIpO3UH B paiioHe 0OHAKEHUS JIEOBOTO KOMILIEKCa (€10MBI)

[yBannsiii Sp Ha p. Konsima
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14 NTU, ,meneuxa

ppomoKa P*
KOﬂbIMa

’

'sio7.21

Pucynok 3.2 Paznuuue mytHocTH BoAb B p. [lanTenenxa (cnesa) u npotoke p. Kosbimbl

Ambonuxa (crpaBa) BO BpeMsl POX0XkAEHUS maBoika B utoie 2021 rona.

O06o0uieHue omplTa paboT Ha KpymHbIX pekax (OacceitH p. Cenenra, p. MockBa, p.
3anaanas J[BuHA) TO3BOJIMIIO BHIPAOOTATh €IMHBIN MOAXOJA K OpraHU3alld IOJIEBBIX paboT u
NOCJIEIYIONEMY aHaIu3y 00pas3ioB. MeToauKa COCTOMT U3: MOJIEBOTO 3Tana, OCHOBAHHOTO Ha
JeTaJbHOM Hpo0ooTOOpEe B Mpeaenax KOHTPOJbHBIX CTBOPOB, AHAJIMTUYECKOIO JTara
(onpeneneHus pacxoja BOJbI, (PU3UYECKUX, XMMUYECKHX CBOWCTB BOJbl M HAHOCOB) M 3Tama
00pabOTKH U ONpeIeNICHHs TOTOKOB HAHOCOB.

[ToneBoit stam mpobooTdopa (puc. 3.3) HampaBieH Ha H3yYeHHE OCOOEHHOCTEH
pacripenenieHust kKoHieHTpauuii TMM B cocTaBe HaHOCOB MO BCEMY MONEPEYHOMY CEUECHUIO
KPYIHBIX pek. belna orpaboTana cTaHgapTHas mporpaMMa MU3MEpEeHUH, HalpaBjieHHas Ha 0TOOp
po0 BOJBI M B3BELICHHBIX HAHOCOB Ha Tpex BepTukayiax (A, B, C) u tpex ropusonrax (1 —

NPUTTOBEPXHOCTHBIN, 2 — CpeAHMM, 3 — MPUAOHHBIN) (prc.3.3).
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Pucynok. 3.3 Cxema BbINOTHEHUS pabOT B peNPe3eHTaTUBHBIX CTBOpAX.
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B kax1oM BBIOpaHHOM CTBOPE BHIOJHSUIUCH CIEAYIOLIUE PaOOTHI:

1. Opranuzanys BPpEMEHHOTO BOJOMEpPHOro mocrta. ExenHeBHble HAOMIOACHHS 3a
YPOBHEM, MYTHOCTBIO, TeMIEpaTypoil, pH, 37€eKTpOIIpOBOAHOCTEIO BOBI.

2. N3mepenus 1 oT00p mpod 1Mo mporpaMmMe KOMIUIEKCHOTO PYCIOBOTO T'HIPOJIOTrO-
FEOXMMHYECKOro Mpoduis ¢ mapaienbHbIM H3MepeHHeM pacxoaa Bojasl gormiepom ADCP.
Pacxozpl u3MepsroTCs KaXK bl eHb Ha poduie, 3aUKCUPOBAHHOM € TOMOIIIbIO cucTteMbl GPS.

3. Ot0op MHTErpalbHBIX MPOO B3BEHICHHBIX HAHOCOB HA pPAa3HBIX TOPU3OHTAX
OCYILECTBIISIETCA C TMOMOIIbI0 aBTopckod yctaHoBku C.P. Yamoma (marent Ne 201927 or
21.01.2021) - 30HIA-TOBYIIKH B3BEIICHHBIX HAHOCOB, MPEICTABIAIONICH OO0 cHCTEMy H3
YCTaHABIIMBAEMBIX B PEUHOM MOTOKE HA pa3HOM riryonHe (1 — MpUIOBEpXHOCTHBIN CIIOM; JIOBYIIIKA
2 — cepenuHa; JIOBYIIKAa 3 — TPHIOHHBIA CJOW) JIOBymiek HaHocoB (puc. 3.4). Ilepexmar
B3BEILIEHHBIX HAHOCOB OCYLIECTBIIIETCS C IOMOLIBIO MEJIKOSYEUCTON CETKH (MEIbHUYHBIN ra3 C
nuameTpoM 1op 28 MkM). C MOMOIIIbIO 30H/1a-IOBYIIKH IPOU3BOIUTCS OTOOP peNpe3eHTaTUBHBIX
npo0 B3BELICHHBIX HAHOCOB Pa3HOl KPYMHOCTH, OOIIMM BECOB JO HECKOJBKHUX COT TPaMM.
CobpanHas B3BeCh B JaIbHEHIIIEM HCIIONB3YETCs TS CelaprupOBaHus MPo0 HA pa3HbIE KIACCHI O
KpymHOCTH U Ju(HepeHInPOBAaHHOTO XMMHUYECKOTO aHaju3a pasHbIX KiaccoB. OToOpaHHBIE
HABECKU pasfenstorcess Ha kiaccbl kpynHoctd (PM1 um PMI1-10) meromamu oTMy4yuBaHUs
[Bamtonuna, Kopuaruna, 1986]. OtpaboTanHas riyOnHa HHCTAUIAIUHN 30H1a — 10 20 M. 30H/-
JIOBYIIKA TMO3BOJIMII BIIEPBbIE B MHUPOBOM MPaKTUKE MOTy4aTh 0Opa3ilbl B3BEIIEHHBIX HAHOCOB C
pa3HbIX TIOyOMH pEYHOro IOTOKAa KPYHHBIX peK 0e3 MpUBJICYEHMS CHELUAIN3HPOBAHHOIO
JIOPOTOCTOSIIIETO 000PYIOBAHMUSL.

4. [ToBTOpHBIE AeTanbHbIE MPOMEPHI (IIMPHHA IMposiera Mexay raicamu 10-20 m)
ydacTKa pyclla JIJIUHOW, paBHOM HIMpUHE pycia — JUIsl OLIEHKH pacxo/a BJIEKOMBIX HAHOCOB U
JWHAMUKH Tpsana. Pa3 B 5 qHen.

S, CpeMKa yyacTKa peKu ¢ MOMOILBIO JIETaJbHOIO anmnapaTa JJisg IOCTPOEHUsS! KapThl
pacripeniesieHust MyTHOCTH (anuHa ywyactka 500 M) ¢ mpoBeleHHEM H3MEpEHHUs ONTHYECKOU
MYTHOCTH.

6. Opranuzanys HaOJI0JEHUI BHICOKOTO Pa3pelIeHHs 3a JUHAMUKONW pPa3MbIBa€MBbIX
OeperoB ¢ MOMOIIIBIO JIETAIBHOTO anmnapara.

7. OT160p npo6 U3 MOBEPXHOCTHOTO CJIOSI HA MYTHOCTh BO/IBI M3 PA3HOTO THUIIA BOJHBIX
00BEKTOB (OTMHpAIOIINE PyKaBa, CTAPUILIbI, TPUTOK) JUIs KaJTMOPOBKH CITyTHUKOBBIX CHUMKOB Ha
MYTHOCTb.

8. [Toctpoenne kanuOPOBOYHBIX KPHUBBIX MEXAY KOCBEHHOM XapaKTepUCTHKON

MYTHOCTH BOJIbI — MHTEHCUBHOCTbBIO 00paTHOro paccesHus (backscatter intensity) o u3sMepeHHusIM
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ADPC 1 MyTHOCTBIO BO/IbI (ONITHUECKUI U BECOBO) HA OCHOBE CHHXPOHHOTO OTOOpa C pa3HbIX
ryouH mpo6 MyTtHocTH Bozbl. ComoctaBnenue mnpodmist mytHoctH 1o ADCP ¢ cwhemkoi

IMOBEPXHOCTHU BOJBI C IOMOIIBIO JICTAJILHOT'O aIlllapaTa U HaTYpPHBIMHU U3MCPCHUSIMMU.
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Pucynok. 3.4 CxeMa 30H/1a-JTOBYIIKH 7151 B3BEIIEHHBIX HAaHOCOB (maTeHT Ne 201927 ot
21.01.2021) [Yamos, 2021].

IToneBsle uccnenoBaHMs IPOBOAMIIKMCH B 3aMbIKAIOLIMX CTBOpax pek OO0sb, Jlena, Enucei,
Konsima B nepuop ¢ asrycra 2018 roga mo asrycr 2021. Beero mposeneno 50 usmepeHuid B
cTBOpax, oToOpaHo Oonee 450 mpoO BOABI U HAHOCOB, B KOTOPBIX OBUIA MpOAHATM3UPOBAHBI
BECOBas MYTHOCTb, I'PaHyJIOMETPUYECKUI W XuMU4eckuil cocraB (tads. 3.1). C momoiuisio
JIOBYIIIEK B3BEIICHHBIX HAHOCOB OBLIO 0TOOpaHo 56 uHTerpansHbix mpod (p. Enuceit — 17, p. O0b
— 6, p. JIena-9, p. Kosnbima-24).

Ta6anna 3 1
[Tepuroas! mpo600TOOPa U KOTMUECTBO 00pa3lloB, 0OTOOPAHHBIX B X0/1€ IKCIEAUIIMOHHBIX paboT

2018-2021rr.

TI'on Pexa Mecsin JaTbl Oo6o3Hauenne | ADCP/T'uapoxumust HI{)/[(;S[H HII)P(?”
paboThI B cTBOpE T/1 mpo06 mpo0o
2018 O0b CeHTs0ph 22-24/09 0Ol 2 15 15
2018 O0b Hos6ps 24-26/11 02 1 7 7
2019 (013} Wronp 22/06-9/07 03 3 20 25
2020 O0b Asrycr 23-29/08 04 2 18 18
2021 O6b SluBapb 30/01-4/02 05 2 18 18
Bcero 10 78 83
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2018 | Jlena Asrycr 15/08-17/08 J1 2 11 11
2019 Jlena UroHb 7-17/06 2 3 27 25
2020 Jlena Urons 17/06-9/07 J3 2 29 41
Bcero 7 67 77
2019 | Enwmceit Urosb 2/06-16/06 El 4 41 40
2021 | Enwmceit Urons 1/08-8/08 E2 3 19 19
Bcero 7 60 59
2019 | Koseima ABTYCT 25/07-17/08 K1 12 86 86
2020 | Konemma Urons 1/07-9/07 K2 4 40 40
2021 | KonsiMa | Maii-urons | 25/05-25/06 K3 4 37 37
2021 | Konsima | Urons-urons | 25/06-8/07 K4 3 30 30
2021 | Komeima | Uromb-aerycr | 8/07-15/08 K5 3 37 37
Bcero 26 230 230
Bceero 3a 2018-2021 50 435 449

3.2 XapakTepuCcTHKH 3aMbIKAIONIUX CTBOPOB B IIePHUO/ NPOBeAeHNsi padoT

OKCNeMIMOHHbBIE HUCCIIEI0OBaHUs B OacceliHaX peK MPOXOJAWIM B MEPUOJbI MOJIOBOJIbA,
JIETHEN MEKEHH, JIETHE-OCEHHEr0 aBOJOYHOTO Mepruoja, OCCHHEH U 3uMHEN MexeHHu (puc.3.6).
B kauecTBe ImyHKTOB HaOIIOEHUS BBIOMPAINCh CTBOPHI B BEpIIMHE AEIbTHI (BbIIE KpaiHen
TOYKU IPOHUKHOBEHUS COJIEHBIX BOJI U BBILIE Hayaja JIeJIbTOBBIX pa3BeTBiIeHUH pycia). CTBOpEI
BbIOMpAINCh Ha MPSAMOJMHENHHBIX Y4YacTKaX, JUIsl KOTOPBIX OTCYTCTBYET MHOTOPYKaBHOCTb. B
ctBopax p. O0b, Enuceii, Konbima pacnionoskensl ruaposiornueckue noctel YIMC.

CtBop Ha p. O0b pacnonoxeH B paiione r. Canexapa (66°36'39.07"C; 66°30'38.44"B). Ha
p. Enuceii ctBop pacnonoxen B paiione r. Urapka (67°25'51.78"C; 86°29'2.31"B). lns p. JleHa,
B KauecTBE 3aMBIKAIOLIEro CTBOpa M3HAYalIbHO ObLI MpHUHAT NrT. Krociop, oJlHaKo, BCIEICTBUE
TPYJHOJIOCTYITHOCTH, H3MEpeHus MNpoBoawinch B paiione nrr JKuranck (66°50'35.60"C;
123°26'27.22"B). [lockonbKy Huke nrt. JKurauck B p. Jlena Bnaiarot HeO0IbIINE TPUTOKH, OBLIO
IPUHATO pellieHHe CYUTATh AaHHbIe I/1 Krociop penpe3eHTaTUBHBIMHU JUIsl HUYKHETO TEYESHUS PEKH.
Ha p. Konpima B kauecTtBe omopHoro crsopa Obi1 BbiOpaH nrt Yepckuii (68°45'14.25"C;
161°15'16.71"B). Jlannbie mocthl, KpoMe r/m Uepckuil SBISIOTCS JEHCTBYIOIIMMH, Ha HHUX
PETYJIIPHO TPOBOJAATCA M3MEPEHUS pacxoAa BOJbl, a TAK)KE CTOKA HAHOCOB M ONPEIEINAETCS
XUMHYECKH COCTaB BOJBI, M COAepXkaHWe HaHocoB, cormacHo [P 52.08.104-2002
«Metonnueckne ykazanus. MyTHOCTh BOAHI...»|. Ha r/m Uepckuii HaOmomeHus 3a pacxoaoM
BOIbI ObUTH TIpeKpatieHsl B 80e roapl XX Beka, OJTHAKO MPOU3BOIATCS HAOIIOICHHS 32 YPOBHEM
Bosbl. Ha p. KonbiMa, B kauecTBe penpe3eHTATUBHBIX JaHHBIX PAacXOJI0B BOJbI OBUIM MPUHSATHI

MOKa3aTeln I/II KOJ'ILIMCKOC, PacCIioJIO’)KEHHOI'0 B 150 kM BBIIIE MO TEUECHHIO. HpI/I 9TOM,
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YUMTBIBAJICA BKJIa HpUTOKOB pp. OMomnon (1000 m%/c), Bombmoii u Manblit Antoii (cymmapro 600
M°/c), KoTopble BanaoT Mexy I/ Komsivckoe u oc. Yepckuii [Marpunkwii u ap. 2019].

Ha p. Jlena uzmepenust B ctBope noc. JKuranck BbITOTHSIUCH ToJbKO B 2019 rony. U3-3a
TPYZHOJOCTYIIHOCTH HMXKHETO TedeHHMsl, noiesble komnanuu 2020-2021 roga mpoxoawid Ha
ydacTke Mexay I. Skyrck (61°54'29.56"C; 129°44'21.44"B) u nirt. XKuranck. Pacxozs! 1 ypoBHU
BOJIbI B paiioHe I. SIKyTCK OlleHuBaINCh 0 JaHHbIM /11 Tabara, Beiie ropojaa. ['uaponoruueckue
XapaKTePUCTHKHU MOCTOB MPECTaBIIECHBI B Ta0. 3.2.
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Pucynoxk 3.6 I'maporpadsr pek O0b, Ennceit, Jlena u Konbsima 11t penpe3eHTaTHBHBIX CTBOPOB,
B KOTOPBIX TPOBOJIMIMCH UccienoBanus 3a nepuof ¢ 1.01.2018 o 1.01.2022 (o nanusim I'B/]

Arctic GRO).

Taoauna. 3.2

OcHOBHBIE XapaKTEPUCTUKH I/I1 B CTBOPAX KOTOPBIX MPOU3BOMINCH U3MEPEHHS

|FH |Canexap)1 |I/Irap1<a Krocrop KomsiMckoe
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[T10111/1b, THIC. KM? 2950 2440 2430 526
Cp. pacxon, M%/c 12512 19302 17770 3253
O6BEM CTOKA, KM /TO] 540 584 533 118

CTOK B3BCIICHHBIX
HAHOCOB, MJIH. T/ TOJ

15.6 12.4 22.1 11.7

lunponoruyeckue HCCICIOBAHUS OXBATBIBAIOT KaK TEPUOMABI TOBBINICHHOW, Tak u
NOHMKCHHOW  BOMHOCTH. [l  XapakTepUCTHKH  CE30HOB  HCIOJIB30BAIKCH  JIaHHBIC
THJIPOJIOTHYECKMX TIOCTOB M (PAKTHUYECKHE pacXOlbl BOJbI, W3MEPECHHBIC aKyCTHYECKHM
noriepoBckuM nipodunorpadom msmeputeneMm teueHuit (ADCP). B pabote umcmonp3oBaiuch
npodmiorpader RioGrande u Sontek M9. J{ist XxapakTepUCTHKH Ka)I0TO W3 MEPUOOB ObLIH

paccyMTaHbl MOIYIbHBIN KO duimenTsr Bogroctu Km (13):

Km = 92 , (13)
Qcp

rae Qgaxm - pacxom BOIBI, TIONyYeHHBIM mpu mojeBoMm m3mepenun ADCP, Qcp —
CPEIHEMHOTOJISTHUH pacxoJ] BOAbI B JaHHOM CTBOpE. YCJIOBUS MpoO00OTOOpa CHIIBHO
pa3INyaoTCs 1Mo BOAHOCTH, UTO MOXET OKa3bIBaTh 3HAYUTEILHOE BIUSHUE Ha MyTHOCTh BOJBI U
Ha KOHIEHTPALMU B HEMl XuMHuUecKux sneMeHToB (puc. 3.7). IIpoBeneHue sKCIEAUIIMOHHBIX
WCCJICIOBAaHM KaK B MHOTOBOJIHBIC, TaK ¥ B MajoBOAHBIC (a3el BP 1mo3Bonmio 3HaYUTEIIBHO

YTOYHUTH XapaKTCPUCTUKHU CTOKA HAHOCOB U YTOUYHHUTD O6IIII/II71 ITIOTOK HAHOCOB B TCUCHHUHU 1Io0a4a.
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Pucynok. 3.7 MoaynbHbIi KO3 (GUIIMEHT BOJHOCTH I PACCMAaTPUBAEMbIX PEK B MIEPUOJT

MIPOBEICHUS IKCIICTUITAN

3.3 AHaJIUTHYECKHE METOAbI U CTATUCTHYECKAsI 00Pad0TKAa JaHHBIX

AHanuTHYECKUIl 3Tall OCHOBAaH Ha JEJIEHMM OTOOpaHHBIX NMpPOO Ha HEpacTBOPEHHBIE U
pacTBopeHHbIE (HOPMBI Ha OCHOBE (DMIIBTPOBAHUS Yepe3 MeMOpaHHbIe (PMIIBTPHI C TUAMETPOM T10P
0.45 wmxm. Hcnonb3oBamack BakyyMHas (UIBTpOBalbHas yCTaHOBKa Vcmonb3oBaHue
MeMOpaHHBIX (QuibTpoB ¢ nauamerpom mop 0.45 mkm (PMO0.45) cBs3aHO ¢ HEOOXOAUMOCTHIO
MOAPOOHOTO PacCMOTPEHHsST HamOoJiee MENKOW (pakiuu B3BelmeHHbIX HaHocoB PMO0.45-10
KOTOpas SBJIAETCS Hambosiee XMMHUYECKH aKTHUBHOM, BCIEACTBHE YEro MMEHHO B €€ cocTaBe
NEPEHOCUTCSI 3HAYUTEIBHOE KOJMYECTBO OJIEMEHTOB-TIOJUTIOTAHTOB. DUIBTPHI C  0CaIKOM
IPOCYIIMBAIKCH IS IOCIEAYIOLIEro ONpeAeeHNs MyTHOCTH BOJIbI M B3BeIIEHHbIX (hopM MM, a
TaKkKe KOHLEHTpAIMi B3BEIIEHHOI'0 OpraHuyeckoro BemiectBa. llpoduiabTpoBaHHas Boja
pa3nuMBajiach B IUIACTHKOBBIE NPOOUMPKH 00BEMOM 15 M1 W KOHCEPBHpPOBAJIACH
KOHIIeHTpUpoBaHHOU a30THOW kucioroir (HNOs 65%) mist mocnenmyromero anmamuza MM B
pactBopéHHON ¢opme. Takxe oTOupamuch (UIABTPOBaHHBIE NPOOBI JUIsL  ONpEAEICHUS
OpPraHU4ecKoro yrieposa, pocdopa u MaKpOKOMIIOHEHTHOTO COCTaBa.

I'panynomMeTprdecKuii COCTaB B3BEUICHHBIX YaCTHUI[ OMPEIEISUICS METOJOM Ja3epHOU
mudpakuuu Ha nazepHoM rpanyinomerpe (Fritsch Analysette 22, I'epmanmust). [lepen stum npoOsr
BBICYIIIMBAINCH M B3BEIIUBAIMCH Ha aHATTMTUYECKUX BeCax ISl ONPEIEIIEHUS] BECOBOH MYTHOCTH.
['panynomeTpruecKuil aHaJIM3 C MOMOIIBIO JIA3EPHOT0 IPaHyJIOMETpa CYIECTBEHHO YMEHBIIAET
BpeMs OIpeJIeNIeHUs] KOHIEHTpalui (pakiuii B3BEIIEHHBIX HAHOCOB MO CPAaBHEHHIO METOOM
dbpakunonupoBanus B3Becu A.H.CabanuHa (OTMyuyMBaHHME) WJIM THUIIETOYHBIM METOIOM. Jlmst
IpoBeIEeHUS padoT TpeOyeTcs MpeaBapUTeIbHAast TPOOOIIOATOTOBKA, COCTOSIIIAS U3 CHATHS OCaIKa
¢ ¢unsTpoB npu momoum 4% pactBopa NasP2.O7. B ciyuae, ecnu B mpobe MpUCYTCTBYIOT
KpYIIHBIE TecyaHble Ui rpaBuiiHble ¢pakuuu (D>2mM), Heo6XoaUMO NpocenBaHbe 00pa3lOB
gyepe3 cuto. OtnenéHHble KpymHbIE (PaKIUH YYUTHIBAIOTCS B WTOTOBOM IPOIEHTHOM
pactipenenenun npod (puc. 3.8). K Hemocrarkam MeToda MOKHO OTHECTH TMOTPEUTHOCTH,
CBSI3aHHBIE C €JMHUYHBIMU KPYMHBIMH yacTuiiamu. Vimest nuamerp Oonee 750 MKM, OHH MOTYT
1oMaaaTh B 00J1aCTh MPOX0XK/ICHHS J1a3epHOro IMydKa, HCKaXkas pe3yabTar u3mepenus Ha 10-15%.
Opnako, B ciy4yae TmpoBeneHUs Oombiiero koiudectBa (3-6) wH3MepeHUN MOrpenrHoCTh

SHAYUTCJIBHO YMCHBIIACTCA.
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Pucynoxk. 3.8 IlonydeHHbIN CrieKTp KOHLEHTpaIUii (ppakiuii B3BEIICHHBIX HAHOCOB 10 JJAHHBIM
3X U3MEpEeHHUil.

JUi MOoIy4YeHHBIX Pe3yJbTaTOB M3MEPEHMs MOJOMPAETCsl paclpeesieHue 1o pa3Mepam,
HEoO0X0MMOE B paMKax paccMmarpuBaeMoil 3amaud. [l M3ydeHus IpaHyJOMETpUYECKOIro
CcOCTaBa HaHOCOB B JIaHHOUM paboTe ucnonb3yercs pacnpeneneHue B quanazone 0.5-2000 MxM.
OT0 pacrpeiesieHue COOTBETCTBYET IIIMHUCTOM, MIIMCTOW U MEJIKO M CPETHE MecYaHon (HpaKIIHH.
PesynbraToM onpezeneHus CTAaHOBUTCS MPOLIEHTHOE PacHpeiesieHHe JT0JIA KXo (pakiuu oT
o01ero Beca mpooOsbI

Omnpenenenre MUKPO3JIEMEHTHOTO COCTaBa B3BEILIEHHBIX HAHOCOB U PACTBOPEHHBIX (hOpM
BBITNOJHSUIOCH METO/IOM MAacC-CHEKTPOMETPUM C WHIAYKTHUBHO-CBS3aHHOW IJIa3MOM M aTOMHO-
OMHUCCHOHHBIM METOJIOM C MHIYKTUBHO-CBsi3aHHOM Tu1a3moii (ICP-MS; ICP-AS) (mpubopsr: Mmacc-
CHEKTPOMETpP ¢ MHIAYKTUBHO-CBs3aHHOW muazmMoil Elan-6100 ("PerkinElmer", CIIIA); atomHo-
YMHMCCHUOHHBIH C MHIYKTHBHO-CBS3aHHOW IutazMoil cnektpomerp Optima-4300 DV (“Perkin-
Elmer”, CIIIA)) B nabopatopuu AHaIUTUYECKOro oTnaena PenepanbHOro rocyJapCTBEHHOTO
YHUTApHOIO  mpeanpusatus  «BCcepocCHCKMNA  HAay4YHO-HCCIENOBATEIIbCKUNA  HMHCTUTYT
MHHepanbHOTO chipbst UM. H.M. ®enoposckoro» [Kapannames u ap. 2007; Jlebenes, 2013].

OmnpeneneHne colep)kaHHs TIVIABHBIX HOHOB BBIIOJHAETCS METOJOM KalWUIIPHOTO
anekTpodopesa. AHaIM3 COAEPXKAHUS KPEMHHMs, BAaJOBOTO M MHHEpalbHOro ¢ocdopa
MPOU3BOAUTCS CIEKTPOPOTOMETPUYECKAM METOAOM corjacHo [AHamuthueckue..., 2017].
PacTBopenHbIif kpemHuil ompenensercs no merony Jlunepra-BannenOynbke (oOpasoBaHue
KENTOro KPEeMHEMOJIMOIEHOBOrO KomIuiekca). OTHOcHTeNbHas omuMOKa MeToja mpu
KoHUeHTpauuu kpemHus 1.0-1.5 mr/m — 2.5 %, npu koHuHeHTpanuu cBeime 4.0 Mr/a Moxer
Bo3pactath 10 6 %. Konmentpamuu docdaroB u BasmoBoro ¢gocdopa OnpeaessirtoTcss METOIOM

Mopou—Paiinu. Ananusz coeauneHuil ¢ocdopa BbImOIHSETCS B (UIBTPOBAHHBIX U B HE
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bunbTpoBaHHBIX oOpaznax. CymMmapHOEe KOJIHYECTBO MHUHEPATBHBIX M OpPraHMYECKUX (opm
dbochopa moHumaercss moj TepMuHOM "oOmmi" wim "BasoBeii". Ilpu ompeneneHun oOmiero
docdopa nmpoba okuciasiercss nepcynbParoM Kaius ¢ MOCIEAYIOIHUM KOJIOPUMETPHUPOBAHUEM
oOpa3zoBagmierocst  GpocHopHOMONIUOACHOBOTO KOMIUIEKCa. MUHUMAaNbHas — oOmpeaeseMas
koHuentpauus 0.005 mrP/a. TounocTs onpenenenus npu konueHtpamuu 0.06 mMr/n cocrapiser
1.5 %. Omnpenenenue pacTBOPEHHOTO OPraHUYECKOro YIJIEpoJa M OpPraHMYecKoro asora
OPOBOAMTCS  METOJIOM  BBICOKOTEMIIEPATYpPHOIO  KAaTaJUTHYECKOrO  OKHUCIIEHHS  Ha
aBToMaTrueckoM aHanuzatope Liqui TOC [Ananutnueckue ..., 2017].

MeTobl, TpUMEHsIEMbIe TIPU MU3YYEHUH XMMHUYECKOT'O COCTaBa HAHOCOB PEK POCCHICKOM
ApkTHKH, TpenacraBieHbl B Tabm. 3.2. B pamkax wuccinemoBaHuss mposeneHo S0 cepwid
po6ootdopoB (Tadu. 3.3).

IIpy aHanuM3e XMMHYECKOIO COCTaBa BOJAbl M HAHOCOB BBINMOJIHEHO 27389
AJIEMEHTOOIIPEICIICHII ISl BCeX 64 HM3MepseMbIX IOKa3aTeleil, OJHAKO B aHAM3€ OBLIN
UCIIONIb30BaHbl TOJNBKO 20 XMMHYECKHX 3JeMEHTOB (ri1. 5). BeiOOp aiieMEHTOB sl aHaiu3a
OCHOBBIBAJICA Ha PACIPOCTPAaHEHHOCTH AJIEMEHTA BO B3BEUICHHBIX HAHOCAX, €r0 TOKCUYHOCTH, a
TaKk)Ke Ha OCHOBAHUU TPYII 3HJIEMEHTOB, MPUOPUTETHBIX MPH aHAIM3E BOJHOW MUTpALUU [;
Kasimov et al., 2016; Kacumos u ap. 2016; Lychagin et al., 2017]. Yactp U3 3TUX MOJIFOTAHTOB
(metamtel u metasmiouast: As, Cd, Pb, Zn, Co, Ni, Cu, Sb, W, Mo, Cr) noteHI11aabHO OMacHbI 15
BOJIOMOJIb30BaHMsI, MOCKOJIBKY oTHOCATCA K |-l kimaccam omacHoctu (Canllun 2.1.4.1074-01), a
TaK)Ke pacCMaTPUBAIOTCS KaK MPUOPUTETHBIE 3arpss3HUTENH nbutd U nous (Kacumos u ap., 2022).

Taoaumna 3.2
MeToapI XUMUKO-aHATUTHUECKUX paboT, 3aJ1eiICTBOBAHHBIX B HACTOAIIEM HCCIEIOBAHUU.

Mertamisl 1 METaII0UIbI

O0bekT IHapamerpsbl Metoa aHau3a
S
= Pacxon Bozibl ADCP
@)
o pH ITorenumomerpust
E = MuHepanuzanus ITorenHumomeTpust
= ['1aBHBIE NOHBI KunxocTtHast xpomaTorpadus
o
é =9 buorenHnsie 351€MEHTHI doTomeTpus
S Oprannueckoe BelecTBO CHNS-anamm3
¥

ICP-MS, ICP-AES

B3Beredurie
HAHOCHI

MyTHOCTB

Hedenomerpus, ADCP, nazepHsIi,
JVCTaHIMOHHBIN

I'panynomeTrpuyecknii cCocTaB

JlazepHas rpaHyJIoMeTpHUs

Opranndeckoe BENECTBO

CHNS-ananus

Makpo- 1 MUKPO3JIEMEHTHI

ICP-MS, ICP-AES
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['panynoMerpuueckuii COCTaB Jlazepnas rpanysioMeTpus

MeTaiuisl 1 METAJLIOUIBI ICP-MS, ICP-AES

JloHHbIE
OTJIOXKEHUS U
UHTETPaIbHBIC
poObI HAHOCOB

Jlis W3ydeHus THAPOIOro-reoXuMudeckor auddepeHinnanud T0TOKOB HAHOCOB U HUX
XUMHYECKOTO COCTaBa MPUMEHSIICS KOMIIEKC MaTeMaTUKO-CTaTUCTUYECKUX METOI0B 00paboTKu
UH(POPMALIUHN U THIPOJIOTO-TEOXUMHUYECKUE KO3 DUITUEHTBHI.

Jlnst aHanm3a pacrpe/iesieHuil TPaHyJIOMETPUIECKOTO COCTaBa B3BEIICHHBIX HAHOCOB OBLIT
ucnoiap3oBaH  nporpamMMubiid  komiuieke  GRDISTAT V9.1, mno3Bossiomuii  MOJIy4YHUTh
CTaTUCTUYECKyI0 HH(pOpMaLKI0 0 pachpeneieHu (pakiuil HAHOCOB, a TaKXKEe BbIACIUTH
cTaHmapTHbie auaMmeTpsl HaHocoB 10%, 50%, 90% obecnedernnocTu. C TOMOIIBIO JTAHHOTO
KOMILJIEKCA OBLIIM OMPEENIEHbl TUIIbI PACIPECIICHUN CIIEKTPOB (PpakLuil TpaHyIOMETPUUECKOTO
COCTaBa HAHOCOB, & TaKXe BBISBICHBI (PPAKIMH HAHOCOB, COMIACHO MIKaje YdIEHTBOpPTa
[Wentworth, 1922].

Conep:xanne MM paccuMThIBaIOCh Kak Mg PACTBOPEHHON (MKI/d), Tak W AJA
B3BEIICHHOU (MKT/T) hopM TpaHCIoOpTa. B mpencTaBieHHOM UCCIIeIOBaHUH OCHOBHOE BHUMAaHUE
YAETCHO B3BEUICHHOH (pOpMe TPaHCIOPTa, OAHAKO JAaHHBIE O PACTBOPEHHOH (opMe HEOOXOTUMBI
IpPYU BBIJCICHUU NPEUMYIIECTBEHHOM (OpMBI TpaHCHOpTa Ijs Kaxaoro ux snemeHToB (D/S-
aHaju3).

boun paccMmoTpenbl kiapku KoHueHTpauuu (Kk) (14) m xmapku pacceuBanust (Kr)
(15)xumMuueckux 31€MEHTOB: KOHLeHTpauuu MM B pacTBOpEHHOI (opMe coCcTaBe B3BEIIEHHBIX
HAHOCOB CpaBHHMBAIACh C KJIapKaMu BepxXHei yactu 3emHoi kopbl [Rudnik, Gao 2003, Hu, Gao,
2008].

KK=CilCk, (14)

Kr=CxklICi, (15)

rne KK- kmapk koHmeHTpamuu siemeHTta, Kr_kmapk pacceuBanusi snemenrta, Ci -
KOHIIEHTpalusl 3MeMeHTa B mpobe, Ck — cpeqHEeMUpOBas KOHIICHTpAIUsl dJIEMEHTa B BEepXHEH
YaCTH 3E€MHOM KOpbl. ['paHUYHBIM 3HAYEHUEM, BBIIIE KOTOPOTO HJIEMEHTHl HAYHWHAIOT
KOHIIEHTpupoBaThcs, sBisieTcs: KK>2. PaccenBanbe anemenToB npoucxoaut mpu Kr<0.5. B cBs3u
C T€M, YTO KOHIEHTpAIMH XUMUYECKUX IEMEHTOB B peuHoi B3BecH [CaBeHko, 2006] oTianyaroTcs
OT KJIApKOB 3E€MHOH KOpBI, Takke OblT mocuuTaH kod(duiment konieHTpupoBanus (Kc)

XMMHYECKUX 3JIEMEHTOB BO B3BecH (16):

Kc=Ci/Cs3s, (16)
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rae Kc- ko3 ¢uiment xoHmeHTpupoBanus sneMenTa, Ci - KOHICHTpalus 3JIEMEHTa B
npobe, C636 — CpeTHEMUPOBasi KOHIICHTPALIMS JJIEMEHTAa B BEPXHEW 4acTHU 3eMHOM KOpbl. Jliist
paccMaTpUBaEMbIX CEBEPHBIX PEK TaKKe OBLIM BBIYHCICHBI 0000MIEHHBIE KOA()(OUIIMCHTHI
KOHI[CHTPUPOBAHUS XUMHUECKUX JIEMEHTOB:

TKc =Y (Kc>1) — (n—1), a7
riae Kc- koahuimeHT KOHIIEHTPUPOBAHUS dJIEMEHTA, N — KOJTMYECTBO NpeBbIIeHnd KC>1.
KonnenTpannonayo (QyHKIHIO B3BEHICHHBIX HAHOCOB, MOXHO OIICHHTH C ITOMOIIBIO

koa(durmentoB odoramenus (EF) mokaspiBaromiero oTian4me COACp)KaHUs MHKPOIJIEMEHTa B
HAaHOCaX OT COJCPXKAaHUsS MHUKPODJIEMEHTa B COCTaBe IOPOJ, ClATraloluX OacceifH, myTemM
HOPMHPOBAHUSI XUMHYECKOTO COCTaBa HAaHOCOB Ha COJEpKAHHE OINOPHOTO JJIEMEHTA,
He#TpanbHOro k Onoxumuueckum mpoieccam (Al, Sc) [Olliver et al, 2011]. B nanHoii pabore 3a
ONOPHBIA DJIEMEHT BBIOpaH CKaHIuil (SC), XapaKTEPU3YIOIIUICS Maloil PacTBOPUMOCTBIO
(MTOABMYKHOCTBIO) B MPECHBIX BOJIaX KOHTHHEHTAJILHBIX BOJj0eMOB. KoadduimenTs oborameHus

EF HaHOCOB ¥ TOPHBIX MOPOJ PACCUUTAHBI COTIIACHO BhipaxkeHuto (18):

Cy

CS c

Crg

Cch

EF =

, (18)

rae, Cyi obpaser — cojepikaHre XMMHYECKOTO dJIeMeHTa B 00bekTe mcciemnoBanus; Csc
obpaszer;r — coiepkaHne CKaHaus B oObekTe wucciemoBanusi, CXg obpaser; — coaepkaHue
XMMHYECKOT0 DJIEMEHTa B TOpHO#t mopo/ie; Cseg 00paselr — co/iepKaHue CKaHAus B TOPHOM MOPOJIE.
Jauubiii  K03()OUIMEHT MOXHO CYHTATh PENPE3CHTATHBHBIM IS OLEHKH 3arpsi3HEHUs
B3BemIecHHBIX HaHocoB [Vlasov et al., 2020]. HopmupoBaHue MOJIFOTAHTOB HA OCHOBE JAaHHOTO
K09()(HUIMEHTa TTO3BOJISET YMEHBIIUTH BIUSHHUE TPAHYJIOMETPHUYECKOIO COCTaBa B3BECH Ha
pe3yJIbTaT U BBIIBUTH HHTEHCUBHOCTH aHTPOIIOTEHHOTO BO3eicTBHsI. COTIAaCHO MCCIICIOBAHUSIM
[Shtherland, 2000], 3arps3HeHrne MOKHO PaH)XHPOBATh Kak: <2-MHHUMAaJIbHOE, 2-5 — yMepeHHOe,
5-20 — BreIcokoe, 20-40- o4ueHb BbicOKOE, >4() — IKCTpEeMaNIbHOE.

JIns XapaKTEPHCTHKH HEOJHOPOIHOCTH pacIpeieeHdus] MHUKPODJIEMEHTOB B IIOTOKE,
paccMaTpUBAINCh COOTHOIIEHHS KOHIIEHTPAUH MHUKPOIIEMEHTOB, TPAHCIOPTUPYEMBIX B
COCTaBe B3BEIICHHBIX HAHOCOB B Pa3IMUYHBIX TOPH30HTAx. B KauecTBe mokaszarelns ObLT BhIOpaH
koo ¢urment Kx, TIOKa3pIBAIOMIMN  OTHOIIEHHE MEXIy KOHICHTPAIUSIMH DJIEMEHTOB
noBepxHOCTHBIX (Cisurf ) 1 ipuoHHBIX (Cinot) ropu3onTax moroka [Chalov et al. 2020] (19).

KX = Cisurt/Ci bot (29)

KoahdurmeHT paccuuThIBaICS /15 KAXKIOTO JIEMEHTA Ha KaXKI0i BEPTHKAIH B CTBOPE, a

3aTeM pe3yJIbTaThl JAJI1 HECKOJIIbKUX U3MEPEHH B OAHY (ha3y BOJHOTO pexuMa rpynnupoBaIiCh.



61

B nanHoii pabote npoBoauiiock onpeaeienne Benuunnbl DS (D, pactBopeHHas Gpopma;
S, B3BelmieHHas ¢opma), T. €. paclpeleieHHe KOHICHTpalui syemeHta CX MexmIy
HepacTBOpeHHBIMU (MKT/T, PM>0.45) u pactBopeHHbIME (popmamu (Mkr/im, PM<0.45)

TpaHCIopTa B 00IIeM MOTOKe XUMUYeckux Beriects (20):

_ SSC*CX(pM>0.45)*1O_3
(SSC*Cx(pM>0.45)*1073)+Cx(pM<0.45)

DS

(%), (20)

rae SSC — KOHIIEHTpAIKs B3BEIICHHBIX HAHOCOB B IIPOOE B MT/JI.

Takum 00pa3oM, MIUPOKUH CHEKTP pacCMaTpPHBAEMBIX IMapaMETPOB TO3BOJISIET CleaTh
BBIBOJ] O BPEMEHHOM M TPOCTPAHCTBEHHOM pPACIPEICICHIN HAHOCOB B pa3HbIe (ha3bl BOAHOTO
peKHMMa Ha BCEX PAacCMaTPUBAEMBIX BOIHBIX 00BEKTAX.

[Ipu ananusze Qpakiuii JOBYyIIEK B3BEIICHHBIX HAHOCOB ObUI paccuuTaH Ko3(duimeHt

UHTEeHCUBHOCTH HakoruieHuss TMM Bo dpakimsx Hanocos (DX):

¢
Dx = f

“tot

: (21)

rne Cr — comepkanue aneMeHTa BO (pakuuu; Cit—CpenHee coliep)kaHHe 3JeMEHTa B
JIOBYIIKE.

KoppensiunoHHbIi, KiIacTepHbId, (AKTOPHBIM aHAJIW3bl BBIIOJIHINCH B IPOrpamMMme
STATISTICA. KonueHTpanuu 371€MEHTOB U pacipeneneHusi (Gpakuuii B3BEHICHHBIX HaHOCOB
COOTBETCTBYIOT JIOT-HOPMAJIbHOMY PpACIpEEICHUI0, KOTOpOoe ObLJIO OLEHEHO C IOMOILBIO
kputepus Yuika-lllanupo npu ypoBHe 3HaunMocTH p=<0.05. /uid OLEHKH BapuabEIbHOCTU
nokaszaresnen npumMeHsuics T-kputepuil BUIIKOKCOHA, KOTOPBIN MO3BOJISUT TOCYUTATh 3HAYUMOCTh
pasnuuuii MEeXJy BbIOOpKAMHM KOHILIEHTpPAIlMil 3JIEMEHTOB 3a pa3Hble ce30Hbl. Ce30HHas U
JOKajJgbHAasg W3MEHYMBOCTh KOHIEHTpAlMH pacCUMTHIBAIUCH C TOMOUIbIO KOA(pQHUIHEHTa
Bapuanuu (Cv). Ilpu pacu€re kodhHUIHEHTOB KOPPENSIUU ISl XapaKTEPUCTUKU YPOBHS
3HaunmMoctu (p<0.05) ucnonwzoBancs kpurepuil r Ciupmana. 11 BeIsIBICHUS BEAYLIUX (PaKTOPOB
HakoruleHus: MM B cocTaBe MHTErpajbHBIX MPOO HAHOCOB OB MCIIOJIb30BaH aHAIM3 METOJOM
maBHbIX KoMmoHeHT (PCA). Mudopmarus o Bcex mepuogax mpoboorOopa Oblna TIHIATEIHHO
U3ydeHa Ha IpeMEeT HaJIM4Ms BEIOPOCOB U COMHUTENBHBIX 3HaYeHNUU. B pesynbraTe, 4acTh mpod
U3 CpeIHUX M NPUIOHHBIX ropu3oHToB p. Jlena (2018 r. n=4) u Enwuceit (2019 r. n=5) ne
paccMaTpUBAIMCh B aHAIN3E B CBSI3U C M30BITOYHBIMU KOHLIEHTpaUUsIMu yacTi MM (mipeBbimeHne
6onee yem B 100 pa3). BepostHo, mpu mpobGoorGope ObUIM OTOOpaHbI YAaCTUIBI JOHHBIX
otnoxkeHuit (Fe-Mn xoHkpelnn) Ui TEXHOTEHHOW B3BeCH (MeTallIM4yecKasi CTPYy»KKa, YaCTHUIIbI

KpacKH), KOTOPBIE OCTAIMCH Ha QMIIBTpax Mpu aHaim3e ¢ momomibio meroaa ICP. KocBenHo 310
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MOJTBEPXKIACT HAJIMUKE B MPoOax MUKa KOHIEHTparuil ¢ppakuuii B nuanazone PM500-PM2000,

YTO MOXET CBUACTCJIBCTBOBATh O HAJIMYKUU CI[I/IHI/I‘IHOI‘/'I prnHOfI qaCTUlbl B3BCCH.

3.4 OcoOeHHOCTH NPUMEHSIEMOH MeTOAMKH M3MepeHHii HAHOCOB

[IpencrasnenHas MeToauka MpoOooTOOpPa M 00pabOTKH pPe3yIbTaTOB CIOCOOCTBYET
3HAYUTEIILHOMY YMEHBIICHHIO KOJIMYECTBA IIOTPEIIHOCTEH, CBS3aHHBIX C Pa3IdYHsIMU
KOHIEHTPAIlMM XMMHUYECKMX BEIIECTB W B3BEUICHHBIX HAHOCOB B Pa3HBIX YaCTAX IIOTOKA.
MeTtoauka cpaBHUBalIach C CYHIECTBYIOIIMMHU IPOTOKOJIIAaMU MpoOooTOOpa Ha pekax. s
CpaBHEHMsI OBLIM BBIOpaHBI MPOTOKOJBI MPOOOOTOOpPAa M aHaIM3a KPYIMHBIX MEKIYHapOTHBIX
npoekToB: ArcticGRO, BESTSiberian, a raxke Poccuiickue mnpoTokosisl oTbopa mpod
B3BELICHHBIX HAHOCOB M aHaJM3a WX MYTHOCTH M Xumuueckoro cocrasa: Pl 52.08.104-2002
«Metoanueckue ykazanus. MyTHOCTb BOJBI...»; PJ1 52.24.468-2005 «B3BemieHHbIe BellecTBa U
oO1iee cofepxaHue MpUMeceil B BOax...». B mpencTaBiIeHHbIX PYKOBOJCTBAX MO OMPEIEICHUIO
MYTHOCTH BOJIbI IPOOBI PEKOMEHIOBAHO OTOMPATH CIEAYIOIMMH CIIOCOOAMH: I€TAIBHBIM (B IISTH
TOYKAax), OCHOBHBIM (JIByXTOUEYHBIM), OTHOTOYEHYHBIM U CyMMAapHbIM (MHTETpaJIbHbIM). JInibs Ha
nocrax | xateropuu mpoObl HAHOCOB OTOMPAIOTCS JETATbHBIM CIOCOOOM C MOBEPXHOCTHOTO,
CpeIHEro M NPUIOHHOTO TOPU3OHTOB. IIpy ATOM Ha KPYNHBIX M CPEIHUX pPEKax 4YacTo
NPUMEHSETCS IBYXTOUCUHBIA WM WHTETPajbHBIN crioco0. B pesymbraTte, 3HaunTeNbHAS 4acTh
CTBOpa OKAa3bIBAETCS HEOCBELIEHHOW JaHHBIMH O CTOKE HaHOCOB. B BrusgHue noKagbHBIX
MCTOYHUKOB B3BEIICHHBIX HAHOCOB U OIIMOKA B ONPEIEICHUH MOTOKA HAHOCOB MOKET COCTaBUTh
oT 5% 1o 25%. Tak, HaripuMep, MPH PEKOTHOCLMPOBOYHOM oOcienoBanuu p. Konbima, Bblme
KOHTPOJBHOTO cTBOpa NIT Yepckuii Obula BBISBICHA 3HAYUTEIbHAS HEOIHOPOIHOCTH
KOHIICHTPAIlMil B3BEIICHHBIX HAHOCOB IO BCell mmpuHe cTBopa. Crabo HACHIIIEHHBIE HAHOCAMU
BOJIbI MpaBbIX NpuUTOKOB p. Kombima (5-10 mr/m) Ha mpotsbkeHuu 50 KM HE CMENIMBAIOTCA C
MYTHBIMHU BojiaMu peku (50-70 mr/m). Ha rimyOune 6onee 2 M 1o Bceil muprHe CTBOpa 3HAYCHHS
MYTHOCTH BOJIbl IPUOIU3UTENBHO OJUHAKOBBIE (45-50 MI/i1) U HE3HAUUTEIHHO YBEJIUYUBAIOTCS
ko aHy (Ha 3-5 wmr/m) Ilpu sTOM, MOCTymaroIMe B pPE3yJbTaTe TasHUS MEP3JOTHI MOTOKHU
B3BELLICHHBIX HAHOCOB (DOPMHUPYIOT AONOIHUTENBHBINA HUIEH( MyTHOCTH y mpaBoro Oepera (10
100 mr/m). B cnyyae mpuMeHEHMsI CTaHJApTHOM CXEMbI ONpENeeHUss MyTHOCTH BOJI, JaHHbIE
CBOWCTBAa TOTOKAa HE OYIYT YYMTBIBATHCS, YTO MOXKET CHWJIBHO YXYIINIMUTh TOYHOCTH U
BOCIIPOM3BOJAMMOCTE pe3yibTaToB (puc. 3.9). Takke, mpu orbope mpod MeHee 4eM Ha 2-3

BEPTHKAISIX HEBO3MOKHO KAJIMOPOBATh 3aBUCHMOCTH, TToJTydaeMbie ¢ momornibio ADCP s Bl.
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Pucynoxk 3.9 Cxema pacripeieneHusi KOHIEHTPAUi B3BEILICHHbBIX YaCTHI] B IOBEPXHOCTHOM
cioe p. Kosbima B ctBOpe EpMOII0BO, BBIIIE KOHTPOJIBHOTO CTBOPA NI'T. YepCKuUi.

[Tporokosbl, peanu3yemble B pamkax mpoektoB ArcticGRO, BESTSiberian
(arcticgreatrivers.org;  istina.msu.ru/projects/414491904)  npexnnonarailoT  oTOOp  MPOO
HCKIIFOUUTENIEHO C TTIOBEPXHOCTHBIX TOPU30HTOB B OAHOM WM 3-X Toukax. B ciiydae or6opa mpod
B OJTHOM TOYKE BO3MOXHO BO3HUKHOBEHHE MOTPEUTHOCTEH, CBA3aHHBIX C MyJIbCAIIUSIMU MyTHOCTH,
omnOKoil BEIOOpa penpe3eHTaTuBHON TOUkH U T.1. [[po60ooTO0p B 3X TOUKax Ha MOBEPXHOCTH WU
B CpEJHEM TOpU30HTE Oosiee MOAPOOHO XapaKTEPU3yeT NPOCTPAHCTBEHHYIO H3MEHUYMBOCTH
KOHIIGHTpAIlMi B3BEIICHHBIX HAHOCOB, OJHAKO, HE XapaKTEepU3yeT MPUJIOHHBIE TOPU3OHTHI, B
KOTOPBIX MYTHOCTb YBEIHMYUBACTCS.

B pamkax wuccrnemoBaHus OBLTH TMPOBEAEHBI Pacu€Thl OTIUYMA H3MEpPEHHH cpenHein
KOHIIGHTPAllUM XUMHUYECKHUX JIIEMEHTOB BO B3BEIIEHHBIX HaHOcax M noroka MM mnpu
WCIIOJIb30BAHUU OJTHO-, TPEX- U JIEBATUTOYECYHOTO METOa OIEHKH IMOTOKOB XUMHUECKHX BEIIECTB
(puc. 3.10). B xadyecTBe penpe3eHTATUBHBIX YCIOBUN ObUIM BBIOpaHbI MEPHOJ MOJOBOIBS (P.
Enuceit — utonp 2019 r.) u netusas mexens (p. Kombsima — aBryct 2019 r.). [ns kaxgoro u3
CTBOPOB OBLI MOCYMTAH PAcXOJ HAHOCOB JEBATUTOUYEHYHBIM METOJIOM (C HCIOJIb30BaHUEM
MEJUaHHBIX KOHIIEHTpanui MmyTHOCTH). st p. Eauceit — 5317 kr/c, ais p. Konsima — 412 kr/c.
Janee nns Kaxa0ro U3 CTBOPOB ObUIM MOJIYYEHBI PACXOJIbI HAHOCOB MIPU M3MEPEHUU MYTHOCTHU
TOJIBKO B TPEX TOUKAX B MOBEPXHOCTHOM TOPU30HTE U B OJJHOM TOUYKE HA CTPEKHE MOTOKA. J{7s p.
Enuceii pacxon, U3MepeHHbIN B TPEX TOUKax, yMeHbIaeTcs Ha 38%, B oqHOM Touke - Ha 24%. o
CpPaBHEHHUIO C JIeBITHTOUEYHBIM MeTonoM. Ha p Kombima, BcieacTBue BBICOKOW MYTHOCTH Y
JIEBOTO Oepera, pacxo,1 HAHOCOB, PACCUYMTAHHBIN TPEXTOUEUHBIM METO0M, OKa3aJcs Ha 9% BrIIIIe,
YeM JICBSITUTOYCUHBIM, OJTHAKO B CITy4ae UCIOJIb30BaHUS HH(POPMAITUHU TOJIBKO C CTPEXKHS MTOTOKA,

pacxoa 3aHMXKaJICA Ha 20%. Pacxon HaHOCOB, MMOCYUTAHHBIN JJII PCK 0 JaHHBIM 0as3sl JaHHBIX
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ArcticGRO (3 Touku B MOBEpXHOCTHOM CJIO€), TAK)Ke OTyindaercs: Ha oTinuaetcs Ha 20% u 18%
COOTBETCTBEHHO. TakuM ke crmocoOOM ObUIM pacCUMTaHbl MOTOKH METAJUIOB, C y4€TOM HX
KOHIIEHTpAllUi, MOJyYEHHBIX Uil AEBATH, TPEX W OAHOM Touek mpoboorOoopa. B mepuon
MIOJIOBO/IbS, U3-32 HEOJHOPOJAHOCTH pacipeaeneHus KoHueHTpauuid MM B Toulle NoToka, MOI'yT
HAOJI0/IATHCS KAaK MPEBBIIICHUS, TAK U CYIIECTBEHHBIC CHIDKEHUS MX BeJINUNH. B mepuoa MexxeHu,
B pe3yJIbTaTe I0CTATOYHO YCTOMYHMBOIO YBEIMUYECHUS KOHLICHTPALU METAJUIOB B COCTaBE HAHOCOB
B IIPUJIOHHBIX CJIOSIX, IOTOKM XMUMHUYECKHUX 3JIEMEHTOB, B IOBEPXHOCTHBIX CIOSIX 3aHUKEHBI MPU

M3MEPEHHUH B OJIHOM TOUYKE U B 3 TOUKAX.

Fe
xon3 el -1%
T 50000 100000 130000 200000 i i . . - .
Pb As Pb
6 8 o 10 20 30 40 o H 10 0 5 10

Pucynok. 3.10 [Toroku TMM st 3ambikaromux ctBopos p. Enuceit (1) u p. Konbsima (2).
Emgé onnoit mpobiiemon, BiIusIOmEH Ha pe3yJIbTaTe U3MEPEHHI ITOTOKOB HAHOCOB, MOYKHO

CUNTaTh HCIHOJb30BAHUE IPU MCCIEJOBAHUSAX PA3NUYHBIX BUAOB (QuibTpoB. CormacHo PJJ
52.08.104-2002, s wu3MepeHHs MYTHOCTH Boabl Ha mnocrtax YI'MC wucnons3yrorces
cpenHepuiIbTpyromue 06e3307bHbIe GUILTPH AuaMeTpoM 11 cm ¢ Oemnoit unm xentoit (Ne 89)
JICHTOM, YTO COOTBETCTBYET pazMepy mop 8-12 mxm. Ilpu TakoMm amameTpe mop 4acTh B3BECH
MOYET TePAThCS MPU ONpeIeIeHUH, TOCKOJIbKY OHA MPOXOJUT TPAH3UTOM depe3 GUIBTPHI U TEM
CaMbIM HE€ YUYMTBIBAETCS MPH ONpPEIEICHUN MyTHOCTH (MAaMETp YacTUI[ MEHBIIE AUaMeTpa Mop
«0Oenoit nente» = 10 Mxm) (puc. 3.11).

Jlji olleHKH BIMSIHUS TUIA GUIBTPOB HA PE3yJIbTaT U3MEPEHUI MyTHOCTH BOJIbI aBTOPOM
ObUIN ITOCTABJIEHBI JJAOOPATOPHBIE HIKCIIEPUMEHTBHI C TPOOAMHU B3BEIIEHHBIX HAHOCOB, 0TOOPaHHBIX
B urosie 2018 roma B Oacceiine 03. bombmoit ByabsBp, XuOuHCKMH TOpHBIH MacCHUB Ha p.
FOxcnopiiok, pyu. ['akmaHa 1 B IpeHaKHBIX KaHalaX y4acTKOB JOOBIUM amaTUT- He(EeITMHOBBIX
pya. Jns cpaBHenus Obuia B3sita MeToauka mpobdootdopa PII 52.08.104-2002 (punstp «Oemast
JEHTa», pa3Mep nop okojo 10 MKM) M MeTonIMKa, MPEACTaBICHHAs B JIaHHOM MCCIIEA0BaHUU
(uemmrono3HbIi MeMOpaHHbIi punbTp 0.45 MxMm). [IpoBoaunack GuIbTpaus OJHOW U TOM ke

npoOsl. [TorpemnocTs (/7) GunbTpamnuy OleHUBAIACH KaK
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11=Cm — Cén, (22)

raie CM — MyTHOCTh BOJIbI (MT/JI) TIpH OMpEEICHUU MPOOBI ¢ MTOMOIIBI MEMOPaHHOTO

¢bunsTpa ¢ quamerpom mop 0,45 mMxm (Mmr/m); COm — MYTHOCTH BOJIBI (MT/JT) TIPU ONpEICICHUN
poObI ¢ TOMOIIBI0 OyMakHOTO (QuibTpa «Oemas JeHTa.

BbUTO BBISBICHO, YTO NIPHU YBEIMYEHUU MYTHOCTH BOJIbI, COOTBETCTBYIOIIEM CHIKCHUIO
CpeIHEero JAuaMeTpa B3BEUICHHBIX HaHOCOB, MOTPEIIHOCTH ONpEesIeHUsI MyTHOCTH C TOMOIIbIO
bunbTpa «Oenas yeHTa» yBenuuuBaiorcs. [lpu cpeanem nuamerpe Huke 60 MKM (B cpeqHeM
MYTHOCTh BOJBI Bbimie 40-70 Mr/im), Gonblinas IOJI YacTHIl, TPAH3UTOM MPOXOJSIINX UYepe3
OymakHbple GUIBTPHI ¢ AuaMeTpoM mop 10-12 MKM, MPUBOIUT K MOTPEUIHOCTH ONPEACICHUS
MyTHOCTH BOJibI Mo nipotokony PJI 52.08.104-2002 u P/ 52.24.468-2005 B HECKOJIBKO COTEH
npoueHToB. [Ipu 3ToM TepsieTcst Hanboaee XUMHUUECKH aKTUBHAs (PaKI[Us B3BEIICHHBIX HAHOCOB,
B KOTOPOil MPEUMYIIIECTBEHHO MPOTEKAIOT COPOIIMOHHBIE MPOLIECCHI. BBISBICHHBIE TOTPEIIHOCTH
CYUIECTBEHHO BJIHSIOT Ha OIIEHKY KOHIIEHTPAIM XMMHUYECKNX BemecTB. Kak mokasano B pabore
[Epuna u nmp., 2022] uMeHHO TOHKHE (pAaKIUH, MPOMyCKacMble OYMaXKHBIMH (HIBTPAMH,
OTpEACNAI0T KOHIICHTPUPOBAHUE BO B3BECH OOJBIIMHCTBA XHWMHUYECKUX dJeMeHTOB. Jlis
YCTpaHEHUS! STOM MOTPEUIHOCTH B JaHHOW paboTe HCIOJIb30BATUCh MEMOpaHHbIE (QUIIBTPHI U3

HUTpaTa U cCMecH 3(pUPOB HEILTIOIO3BI ¢ fuameTpoM 1op 0.45MmM.

ElHal EELra9g

L————d— — — —l

0,5 5 50 500
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Pucynoxk. 3.11 Yacte dpakuuii, TepsieMasi Ipu aHaIM3e rPaHyJIOMETPUYECKOIO COCTaBa C
ucrnonb3oBaHnueM QuibTpoB «bemnas nentay, « CUHAS JIEHTay.

VYuér ocobeHHOCTEN 0TOOpa U onpeiesieHus Mpo0 Ha KPYIHBIX pAaBHUHHBIX peKax, a TAKKe
OpUMEHEHHE €IMHOM METOIMKH IMpobooTOOpa, aHaim3a W 00pabOTKM MaTepuaia IMO3BOJUII
NOJYYUTh YHUKAJIbHYIO 0a3y MJaHHBIX TPaHyJIOMETPUYECKOTO M XHUMHUYECKOrOo COCTaBa
KpYMHEWIINX peK poccuiickoil Apkruku. MHpopmanus, nonydeHHas Juisi pa3HbIX (a3 BOJHOTO
peXHMa, MO3BOJISET ONpPENEIUTh OCOOEHHOCTH CTOKA HAHOCOB NPU Pa3IMYHOM BOJHOCTH, a
JETAIBHBIM TOJAX0J K HM3YYEHUIO INPOCTPAHCTBEHHOI'O pAaCHpEIENIEHUs HAaHOCOB B CTBOPE —

N3MCHYHNBOCTD ITIOTOKOB HAHOCOB B 3aBUCHMMOCTH OT BJIMAHUNA JIOKAJIBHBIX (I)aKTOpOB.
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T'JIABA 4. TPAHYJIOMETPUUYECKHUI COCTAB B3BEIINEHHBIX HAHOCOB
KPYIMHEMIINX PEK POCCUMCKOM APKTUKHA

4.1 O0umue XapaKTePpUCTUKHN KOHIEHTPALUMHU B3BELIEHHBIX HAHOCOB B 3aMbIKAIOIIUX
CTBOPAX KPYNHEHIINX PeK POCCUIICKOH APKTHUKH

B pamkax pabor Ha pekax OOb, Enuceit Jlena m KombimMa Obimu mpomsBeneHbl 493
U3MEpPEHUs] KOHIICHTpAlUi B3BEIIEHHBIX HaHOCOB. OTOOp U puibTpoBaHue MPoO MPOBOIAMIUCE,
COIJIACHO pa3pabOTaHHON MeTOoIMKEe B pa3iuyHble (a3bl BOAHOTO pexuMa. MyTHOCTh
onpezensgach OJHOBPEMEHHO KaK BECOBBIM, TaK W ONTHYECKHMM METOAOM, YTO MO3BOJIHIO
chopMUPOBAaTh PETUOHAIBHBIE 3aBUCUMOCTH U TOJYYUTh [PEACTaBICHHUS O TeHe3uce
B3BELICHHBIX HAHOCOB.

Jl1st yBeTMIEHUSI MACCHUBA TAHHBIX O KOHIICHTPAIUSAX B3BEIICHHBIX HAHOCOB, OTIPEICIICHUS
BECOBOI MYTHOCTH JIONOJHSIMCH U3MEPSHUAMH € MOMOIIbI0 TypOouaumeTpa [Gray, Gartner, 2009;
Lewis, 1996]. B ¢Bs13u ¢ OOJIBIIMM KOJHYECTBOM JIOKATBHBIX (DAKTOPOB — HAJTHYHUS OPraHUIECKOTO
BEIIIECTBA, OPTAaHUYECKUX KHCIIOT, IIBETHOCTH BOBI, My3BIPHKOB BO3/yXa U T.M., 3aBHCUMOCTH
MEXIy BeIHMYMHOW BecoBod MyTHOCTH SSC m onrtudeckoir mytHocthio T (HTY) mmeror
peruoHanbHbIN Xapakrep. [Ipy moctpoeHnn mogo0HBIX 3aBUCHUMOCTEN HUCIIONIb3YETCs JIMHEWHAs
aMMpPOKCUMAITUS MKy NepeMeHHbIMHE (23):

SSC=a +fT, (23)
rie a u [ — SMOupuUYeckue mapamerpsl. BiusHue auaMeTrpa B3BEIICHHBIX HAaHOCOB
[Gippel, 1995] u conepxanus pazHbix Qpakiuii B cocTaBe B3BEUICHHbIX HaHOCOB [Lewis, 1996]
Ha YCJIOBUSl OTPa)KEHHsI CBETAa M BEJIWYMHBI | SBISETCA MPUYUHON PErHMOHAIBHOIO XapakTepa
cBsizeil. Hannune npooinKUTENbHOTO psijia M3MEPEHUH B CTBOPAX PeK MO3BOJIMIIN MOMYYUTh MX
IPYIITUPOBKH B 3aBUCUMOCTH OT COCTaBa B3BEIICHHBIX HAHOCOB (fou Menkux vactui, PM10)
u ¢azpl BP: Touku Bonoor6opa Ha p. Enuceil u p. O0b, KOTOPBIM XapaKkTepHa MEHbIIAS CPEIHSSA
KPYITHOCTh B3BECH, PACIOJIOKEHBI B JIEBOW YacTH Ha Tpaduke; O0JbIIas A0l KPYIHbIX YacCTHIL
B3Becu p. Jlena u KonbiMa npuBoIAT K TPYNIUPOBKE TOUEK B NpaBoi uyacTu Trpaduka (puc.
4.1;4.2). B obrieM ciiy4ae MpH 4eTKOM IO00pE PEK-aHAIOTOB, B IEPBYIO OUYEPE/Ib 10 TEHE3UCY
B3BECH U €€ KPYIHOCTH, CXOJHBIX I€0JIoro-reoMopdonoruueckux ¢(pakropoB (popMUPOBaHUS
HAaHOCOB M pEXHMa XO3SHCTBEHHOW JEATENIbHOCTH, BO3MOXHO HCIOJIb30BAHUE THUIOBBIX
PETHOHAIBHBIX 3aBUCUMOCTEH.

3aBHCHMOCTH MEXIy BEIMYMHAMH oOpaTHOrO paccenBanbs (backscatter intensity),

nonyderHble ¢ nomompio ADCP u BecoBoit MyTHOCTEI0O SSC TakKe MMEIOT BBIPOKEHHYIO

PECruOHAJIBHYIO CHGL[I/I(I)I/IKy, OJHAKO, H3-3a MaJIoro KOJIMYCCTBA H3MepeHHI>'I INOKa HE MOTYyT



67

CYHTATHLCS JJOCTOBEPHBIMU M TPEOYIOT YBEIHMUCHHUS KOJINIESCTBA M3MEPEHU. 3aBUCUMOCTH HMEIOT
Buj (24):

_ 10(015:(R)+K7)
SSC = 100015 | (24)

rae St(R)- unrencuBroCTH monyuennoro curaana ADCP (1B); Kr- mapamerpsl, 3aBucsinue
or moxemu ADCP. Jlns pexk ApkTudeckux OaccedHOB momydeHa 3aBucumocth (R?=0.77) c
koadurmentom Kr=0.914. MeTo O1IeHKH TOTOKOB HAHOCOB C ITOMOIIIbIO yuéTa curHaina ADCP

MO3BOJIIET HauboIee 3(1)(1)6KTI/IBHO OIIPECACIIATh IIOTOKHU XUMHWYCCKHUX BEIIECCTB B CTBOPC.
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Pucynok 4.1 3aBucumoctu mexay BenmmaunHaMu BecoBoii (SSC) n ontuaeckoit (NTU) myTHOCTH
TSl pa3HBIX (ha3 BOMHOTO peskuma kpynHeimunx Cubupckux pek [Yanos, 2021].

80

70

60 )
o
o
El ° o
50 - _ &
e

< i
£ o
= 40 & -
g @
wv

30 y 1."17/2\%;"#1,& ° °

Bi=0,4931 "
y =0,9971x+4,74¢
R*=0,1
B ® MexeHb
¢ MNonosoape
L]
° ¥ . p ’ » Cnag, NoNoBoAbA
_,_"."'.5“' o v=1,173x-2,2939 s o
R? = 0,5558
0 o=
0 5 10 15 20 25 4 5
NTU

Pucynok 4.2 3aBucumoctu Mexay BenununHamu BecoBoi (SSC) u ontudeckoit (NTU) myTHOCTH
JUIs pa3HbIX (a3 BOAHOro pexkuma p. JleHa.
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Jljiss XapaKTEepUCTUKH XMMHYECKOTO COCTaBa B3BEIICHHBIX HAHOCOB B IEPBYIO OUepeb
BaXXHBl XapaKTEPUCTUKH BECOBOM MYTHOCTH, MOCKOJBKY OHa OIpEAesseTcs] MapajulebHO C
AQHAJIM30M TPAHYJIOMETPUYECKOTO M XMMHUYECKOTO0 COCTaBa HAHOCOB. Pe3ynbrarhl ompeaencHus
KOHIICHTpAIlMii B3BEIICHHBIX HAHOCOB IO CE30HAM MpeAcTaBleHbl Ha rpadukax 4.3-4.6.
[TonmydeHHbIC 3HAYCHHS CPABHUBAIUCH C PSJIaMU MYTHOCTH, TIOJTYYEHHBIMU B X0JI¢ MOHUTOPHHTA
ydyacTHuKaMu rpoekta ArcticGRO 3a nepuoz ¢ 2002 mo 2023rr. BaxxHO OTMETHUTB, YTO B paMKax
npoekTa ArcticGRO MyTHOCTB onpeaernsiiiach HHTErpajibHO 10 3M TOYKaM M3MEPEHUM, TOT/Ia KaK
pacmpeseneHus] KOHIIGHTpAIMid Hamed 0a3bl JAHHBIX MPEACTABICHBI IS KKIOW U3 9 Todek
cTBOpa. J[71s BCceX peK 3HAueHUs! PACCUMTAHHBIX CPEIHUX KOHIICHTPAIMH B3BEIICHHBIX HAHOCOB
ONMU3KM K CPEJHEMHOTOJIETHUM, OJHAKO JUala30H 3HAYeHWH B MEepUOoJ IOJOBOAbS M cClaja
nonoBoAbs st pek OOb, Enucelt, Konbima cyiiecTBeHHO MPEBBIIACT JUAa3oH KojeOaHui
myTtHOCTH ArcticGRO. MMeHHO 37ech MPOSBISAIOTCS pa3iuyusl KOHICHTPAIWi B3BEIICHHBIX
HAHOCOB I10 BCEW MIMPHHE CTBOPA, focTturaromue 15-50 mr/m.

Maxkcumanbnas n3mMmeH4uBoCTh (CV) KOHIIEHTpaIuiil B cTBope HaOmoaaetcs A p. Konpima
B nepuonsl nonoBoabs (Cv — 135%) u cmaga monmoBoabs (Cv — 215%). B nmannoM ciyuae
MPOSIBIISICTCS] 3ara3/IbIBaHUE MPOXOXKICHUSI TUKAa MYTHOCTH BOAbI Ha p. KonbiMa, OTHOCUTENBHO
MKMKa PacxoJ0B BOAbI B CBsA3U ¢ orranBaHueM MMII Ha BomocOope B cepeauHe MIOHs-HAYaIe
utonsi. OHO TPOMCXOMUT HEPABHOMEPHO IO 0OacceiiHy, B pe3yJbTare 4ero B CTBOPE MOTYT
dbopmMupoBaThCsi 06JaCTH C MOBBIIIEHHBIM, OTHOCUTEILHO CPEIHEr0 U MOHKEHHBIM 3HAUCHUEM
MYTHOCTH. MakcuManbHasi W3MEHYMBOCTh COJEP)KAHMS B3BEUICHHBIX HAHOCOB B CTBOpE I/I
Uepckuii CBOWCTBEHHAa CpemHMM U TNpuAoHHBIM ropu3oHTam (Cv= 208% wu 128%
COOTBETCTBEHHO).

Jlnia 6ornee KpymHBIX pek BiusHue TasHbi MMII He cTONb 3HAYMTENHEHO, MAKCUMATbHAS
M3MEHYMBOCTh KOHIIGHTpalMii HaOmomaeTcs Ha muke monoBoabs: OO0k (69%), Enuceit (78%),
Jlena (94%). ns OOu HEOTHOPOMHOCTh KOHIICHTpAIMK HaOmromaercs mo Bcemy ctBopy (110-
140%), nnst p. Jlena u p. EHnceit — B moBepxHOCTHOM U cpeaHeM ropuzonTax (120-130% u 80-
90%) coOoTBEeTCTBEHHO. B MexeHHBIH Mepuoi, M3-3a HHU3KUX KOHIIGHTpAIMil B3BEIIEHHBIX
HAHOCOB, M3MEHYMBOCTH B CTBOpaxX KPYMHBIX PEK He3HauuTelbHa M He mpeBbimaer 30%.

Munumansabiii Cv HaOmogaeTcst Ha O0u B mepro 3uMHEN MexXeHHn — 6-9% BO BCeX TOPU30HTAX.
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Pucynok 4.3 JlnanazoHsl KOHIEHTPALIMU B3BEIIEHHBIX HAHOCOB B p. O0Ob

12

mr/n
[=2]

zl%-%

E1 Arctic GRO

Pucynok 4.4 Jlnana3oHsl KOHIIEHTPAIIMK B3BEILIEHHBIX HAHOCOB B p. EHMcelt

mr/n

| =

n2 n3 m Arctic GRO

Pucynok 4.5 JluanazoHsl KOHIEHTPAIMU B3BEILIEHHBIX HAHOCOB B p. JleHa
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PﬂcyHOK 4.6 I[I/IaHaBOHBI KOHIOCHTPpAaWKW B3BCIICHHBIX HAHOCOB B P. Kompima

4.2 O01mme XapaKTepUCTHKHU I'PAHYJIOMETPUYECKOI0 COCTABA HAHOCOB B 3aMbIKAIOIIMX
CTBOpPaxX KPYNHEHIINX PeK POCCHIICKON APKTHKH

AHanu3 rpaHyJIOMETPUYECKOr0 COCTaBa HAHOCOB APKTUYECKHX BaKEH B KOHTEKCTE €ro
3HauyuMoOW ponu B nuddepeHanu B3BeceH MO XHMHUYECKOMY cocTaBy. PaccMarpuBaniach
IIPOCTPAHCTBEHHAs W BpPEMEHHAasi HEOJHOPOJIHOCTb T'PaHYJIOMETPUUECKOTO COCTaBa, a TaKkKe
pacnpenernenue Gpakiuii B cTBOpe HaOmoAeHuN. J{71s pek ApKTHYECKUX 0aCCEHHOB TakKe ObLIH
IPOBE/IEHBl PEKOTHOCLUPOBOUHBIE 00CIEOBAHUS YYAaCTKOB BBINIE W HIKE MO TEUCHHIO IS
YTOUYHEHUS JIOKAJbHBIX (PakTOpOB (POPMUPOBAHUS TOTOKA HAHOCOB.

DOpo3uoHHbIe Tporiecchl B Oaccerinax pek OOb, Enmceit Jlena u Komsima wurpator
BOKHEUINYI0 poJib B (OPMHPOBAHMM TIOTOKAa HAHOCOB. bacceilHoBas »5po3usi TPUBOJIUT K
MOCTYIUICHHIO B PEKH YaCTHII B3BEIIEHHOTO BemiecTBa ¢ g, < 0,05 MM [AsekceeBckuii, 1998]. B
BEPXOBBSIX peK e€ Jonms MOXeT Jocturatb 85% OT Bcero Croka HAHOCOB [Jkomoro-
reorpaduydeckuii..., 2019]. B HmKHEM TeUeHHMH KPYIHBIX PEK BO3pACTaeT BKJIAJ PYCIOBBIX
nedopMaiuii ¥ 3po3uK OEperoB B MOTOK HAHOCOB. TakuM 00pa3oMm, J0JIs YAaCTHUIl C BEJIMYMHOU
dep > 0,05 MM U1t ceBEpHBIX peK BO3PACTaeT, laXe HECMOTPS Ha TO, YTO TaKXKe MOAYUHSIETCS
3aKOHAM IIUPOTHOM 30HAIBHOCTU M BO3pacTaeT c ceBepa Ha ror. OmpexaessiomuM (akTopoM B
JIAHHOM clTydae OyJIeT SBISAThCS pazMep peku. Jloist 6acceHOBBIX (paKIHii TPU 3TOM CHIDKACTCS
Onarojaps akKyMyJISIUU B BBbIIIENEXKAIUX y4yacTkax pedyHoi cuctemsl (puc. 4.7). CormacHo
[Hanos, 2021] B apKkTHUECKUX CUCTEMaX TOJBKO 2% MPOAYKTOB 0aCCEHHOBOM 3PO3UU JOCTUTAIOT

YCThSI.
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Pucynok. 4.7 V3MeHeHne KpUBBIX paclpeleIeHU IPaHyJIOMETPUUECKOTO0 COCTaBa HAHOCOB OT
PEK TOPHBIX TEPPUTOPHIL C JIGAHUKOBBIM PEKUMOM CTOKA (BEpXOBbs KpynHbIX pek) (p . Tapdana

u p. [’xaHKyar) 0 HIDKHETO TeYCHHS KPYIMHBIX paBHUHHBIX pek (O0b, Jlena, Enuceii u Tepek)

OOpartHBIif TpoIecC YMEHBIICHUS CTOKA B3BEIICHHBIX HAHOCOB OTMEYAETCS IS KPYITHBIX
Bojoxpanwmil. B Gacceitrax pek CeepHoro JlemoBuroro okeana macmTaOHbIN ko3 ureHT
yAepKaHWs HAaHOCOB BOJIOXpPaHUJIMIIAMU cOCTaBWI OkoJio 29% [YanoB 2021]. Ilpu sTom, ans
KaKIOW M3 PEUHBIX CHCTEM BKJIAJ BOJOXPAHUIIUIN B OOIIUN CTOK HAaHOCOB pa3iinyaeTcs M3-3a
pa3MepoB camoro Oacceiina. [lepexBat moroka HaHOCOB Juts pek O0b u Ennceli cocrapiser 90%
1 83% OT NOTEHIMAIbHO BO3MOKHOI'O [IOTOKA HAHOCOB B PEYHOM CETH U B 3HAUUTEIbHON CTETIEHU
yMEHbIIaeT 010 0acceiiHOBOM (hpakliMyu HAHOCOB, MOCTYIAIOIIKX U3 BepxoBuil pek. Ha p. Jlena
u Konbima pacnonoskeHo Bcer0 3 KpymHbIX MIIOTUHEL. 10 cpaBHEHHUIO ¢ IPYTUMH pEKaMu CTOK P.
KonbiMbl MakcumainbHO 3aperynupoBas. Y crb-Cpeanexanckas ['OC pacnonoxxena B 1677 kM oT
MOPCKOTo Kpasi AenbThl. OHaKo, BKJIAJ TEPMOIPO3UU U MOCTYIJICHUS B3BEIIEHHBIX HAHOCOB C
HPEIIPHUIATHI YBETUUHBaeT 1010 Menkux (< 0,05 MM) (pakiuii HAHOCOB HUKE BOJOXPAHHUITHILL.

BaxHbIM (QakTOpOM, BIUSIOIIMM Ha IPaHyJIOMETPUYECKHI COCTaB HAHOCOB M MX 00BEM
ABJIIETCS aHTPOIIOT€HHOE BO3JEICTBHE. Y BEINUEHUE TOTOKA HAHOCOB CBA3aHO C PaCOJIOKEHUEM
B OacceifHe 0O0JbIIOTr0 KOJIMYECTBA KPYMHBIX TOPHOAOOBIBAIOIIUX MPEANpUITHHA. XapaKTepHOH
0coO0eHHOCTBhIO pek OacceliHoB Jlenbl M KonbIMbl sIBIsieTCSl HalM4KMe pa3pabOTOK POCCHITHBIX
MECTOPOKIACHUM TOJIE3HBIX MCKOINAEMBIX, KOTOPBIE CYIIECTBEHHO YBEIWYMBAIOT JOJIO MEIKHX
¢dpakuuii B3BELIEHHBIX HAHOCOB. B pesynbraTe 00paboTKM MHOpOABI Ha mpomipubOopax u
MOCTYIUIEHHSI HaHOCOB C OTBAJOB IyCTOW MOPOAbl B MPUEMHBIA BOJOEM IMONAAAIOT YACTHIIBI
B3BECHU C XapakTepHbIM auameTpoM PMS5-PM70 (puc. 4.7). Ilpu MmyTHOCTH B paiioHe pa3paboToK
6onee 50-400 mr/nm, menkue (pakIM¥ HAHOCOB MOTYT TOCTyHaTh B Ooyiee KpYIHBIE peyHbIE
CHCTEMBI, MEHsIsI paclpe/iejieHne TPaHyJIOMETPHUECKOro COCTaBa Jake€ B YCThEBBIX 00JIACTIX
(HampuMep, TpH MOCTYTUICHUH B3BEIIEHHBIX HAHOCOB IO p. Manblii AHIOW ¢ MECTOPOXKIACHUHN B

paifone r. buimbuno). Taxke HY)XHO OTMETUTH BIUSHHE COPOCOB CTOYHBIX BOJ B paiioHe
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KPYIHBIX ropojioB. Hanpumep, mpoOsl U3 BOJOBBINTYCKA B paiioHe T. YIIaH-Y ie UMEIOT MyTHOCTb
6onee 300 mr/n

BoszneiictBue Mep3ioThl Ha CTOK HAHOCOB IHPOSIBISETCS B BHJE (akTOpa pa3mblBa
TEPMO3PO3HOHHBIX U TEPMOAOPA3HOHHBIX OEPETOB BJIOJIb JIEJOBBIX KOMIUIEKCOB (TaK Ha3bIBAEMBIX

enom) (puc 4.8).
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Pucynok 4.8 Cpeanuii rpaHyJIOMETPHUECKUI COCTaB TOTOKOB HAHOCOB, MOCTYIAOIHX C
nenoBoro komiuiekca (lyBaHHblit SIp), ¢ MPOMIIPUOOPOB M OTBAJIOB POCCHITHOTO

MecTtopoxkaeHus (p. Jlanrepu, o. Caxanun).

Takum 00pa3oM, Ha CTOK HAHOCOB B YCTHEBBIX CTBOpPAX KPYMHEUITNX APKTHYECKUX PEK
BIMSCT OOUIMPHBIA KOMIUIEKC (DaKTOpOB, CTENEHb BO3ACHCTBUS KaXXJOr0 M3 KOTOPBIX
omnpenensercs Gpa3oi BOJHOTO PEXUMA.

Jlisi XapakTepUCTHKU CTOKa HAaHOCOB I'PaHYJOMETPUYECKOTO COCTaBa apKTHUYECKUX peK
0b110 paccMoTpeHo 449 npo6 HaHOocoB, oToOpaHHbIX B nepuo ¢ 2018 mo 2021rr. U3 Hux 344
npoObI OBLTM MTPOAHATM3UPOBAHBI HEMTOCPEICTBEHHO Ul 3aMBIKAIOIINX CTBOPOB APKTHYECKHX
pek, a 105 11 mpuTOKOB M MPOYMX MCTOYHHMKOB IOCTYIUIEHUS B pailOHE yCThEBBIX CTBOPOB.
CpenHsisi KpyTHOCTh HAHOCOB APKTHUECKUX pek, cocTanisieT 0,04 MM U COOTBETCTBYET (hpaKIuu
PM40. Beruncnenne dio, Oso, doo MPOM3BOAMIOCH aBTOMATHUECKH C TOMOIIBIO MPOTPAMMBI
GRDISTAT V9.1, [Blott, 2020], a 3atemM npoBepsutoCch TpapuUeCKUM METOI0M. B pesynbrate,
sl ApKTHYECKHX pek cpenHue auamerpsl 0io = 4 MkM, Osop = 27 mMrMm, oo = 241 Mxm. DtH
3HaYeHHsI HECKOJIbKO HIbKe cpeanux no Poccuu (dep = 0,1 MxMm; dsp = 61 MKM) U B 3HAYUTEIEHON
CTETICHU CBSI3aHBI C pa3MepaMu 0acCeHOB W HIM3KUM CTOKOM HaHOCOB OOJBIIYIO YacTh TO/IA.

PaccmoTpenue cpenHux 3HAYCHHWM ISl KaXXIOTO 13 OacCEHHOB TMO3BOJISIOT BBIICITUTH
o0mue 3aKOHOMEPHOCTH, CBOWCTBEHHBIE T'PaHYJIOMETPUYECKOMY COCTaBy KaXIOW U3

paccMaTpuBaeMbIX pek (Tadn.4.1).
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Tabnuua 4.1

Tabnuia cBONCTB TpaHyJIOMETPHUYECKOIO COCTaBa HAHOCOB KPYIMHEHUIIINX PEK POCCUICKON APKTHUKH B pa3HbIe CE30HBI

bacceitnoBas. | Pycinosas. | SD¢ d d N MyrHocT,
Peka | Ceson | Km ®aza BP MopanbHOCTB Y ' P pMm pasn %0 10- (aucno | cpemusis. | SD
% % % MKM | MKM
po0) MT/JT
Komeiva | K3 | 5.2 | TlomoBojnbe 2 44 56 5.6 PM10-50 | 38 | 543 30 114 154
Komewa | K4 | 25| S0 2 46 54 6.3 | PM10-51 | 28.57 | 546 | 18 33 72
IIOJIOBOJbS
Konpima | K5 2.1 MexeHb 2 o7 43 3 PM10-52 | 12.98 | 5.17 18 24 34
Komeva | K2 |25 | Cmaa 3 62 38 12 | PMI10-53 | 24.72 | 526 | 31 17 9
II0JIOBObS
Konsima | Kl 2.5 MesxeHb 2 52 48 13 PM10-54 | 26.09 | 5.49 49 28 19
Enuceit | E1 | 45 | Tonosomse 2 39.9 60.1 [ 1024 | PM5-10 [10.95] 146 | 54 50 39
Ennceit | E2 | 09 | Mesens 2 33.8 66.2 | 651 | PM5-10 |13.79]1.66 | 19 4 3
Jena | JI2 | 3.9 | Tonosomse 2 43.7 56.3 | 15.21 | PM10-50 | 39.35|5.64 | 22 48 12
Jewa | JI3 | 3 Cna 2 26 74 457 | PM10-50 | 63.08 | 7.66 | 29 19 17
IIOJIOBOb
Jdewa | JII | 13| Mexens 2 49.5 50.6 | 7.89 | PM10-50 | 23.65]553 | 9 5 3
o6, | 03 |25| tma 2 49.8 50.2 | 7.27 | PM5-10 | 1315|184 | 24 90 62
I1OJIOBObS
oos | 04 | 1 | Meowem 2 42.9 571 | 297 | PM5-10 |1531 (193 | 18
JICTHAA
06 | O1 |09 | Mexen 3 48.2 51.8 | 7.83 | PM5-10 | 152 [171| 15 14 14
OCCHHAA
oo | 02 |05 | Mexen 3 39.1 60.9 | 1354 | PM5-10 |2043| 27 | 8 7 1

3UMHAA
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Bo B3Bemennsix HaHocax pek O0b u Enuceit Boime gons ToHkux ¢pakuuii PM10, uto
HpOSBIIIETCS B MEHbINNX 3HaucHHUX BenuuuHbl d10 u d50 mas pex O6p u Enumceit (puc. 4.9).
Cpennuii muamerp uactuil 010 HampsMyro CBsi3aH C IOCTYIUIEHHEM MaTepuaiia 0acCeHHOBOM
spo3un. Ha pekax Jlena u KonpiMa oH OoJibIlie BCIIGACTBIE MEHBIIETO aHTPOTIOTEHHOTO BIUSHUS
(BOIOXpaHMIIUINA 3a/ICP’KUBAIOT KPYTHbIE OaCCEHHOBBIEC (PPaKLIMU B BEPXOBBSIX) U OOJBIICH 10U
B3BEIICHHBIX HAHOCOB, IMOCTYMAIOUIMX B pe3yibTare TepMoadpa3uu U MPEACTaBICHHBIX
OpPraHMYECKUMH BEIIECTBAMHU, a HE KPYITHBIMU MUHEPATbHBIMU YacTULIaMU (MEJIKUM nieckoM). To
e MOXHO CKa3aTh u po yactuilbl d50, kotopsie st pek Jlena u KonbiMa npencraBieHsl 6oee
KkpynHoit ¢pakuumeit. Ha p. OOb Bo3pacraeT HeogHOpoaHOCTh aumamerpa uactur d90.
[ToBbilIeHHBIE 3HAYEHUSI CBA3aHBI C MPpoOaMu, OTOOPaHHBIMU B MEPUOJ 3UMHEH MEXEHHU, KOTJa
IpU OYEHb HU3KOW MyTHOCTH (1-5 MI/i), 3HAUUTENBHYIO POJIb UTPAET MOCTYIIICHUE SAMHUYHBIX
kpynubeix yactull (PMS500-1000) opranndeckoil B3BecH, (HOpPMUPYIOMIEH MUK KOHIEHTPAIUN
KPYIHBIX (pakuuii ¥ YBEIMYMBAIOIIMX CPEOHHMH Juamerp dactul. Pacmpenenenue dep
MOKa3bIBaeT Oojiee KPYMHBII cpenuuil muametp Hanocos p. Jlena u p. Konsima. MakcumasbHbie
sHaueHus kpymaoctd dcp; d10; d50; d90 mms p. JleHa, BeposATHO, CBA3aHBI C OOJBIIAM
coJiep>KaHueM KpyIHOU O0acceifHOBO (pakIuy U3-3a MOCTYIIIICHHS BOJI ¢ pa3paboTOK POCCHIMHBIX
MECTOPOXACHUN B OacceilHe. YKazaHHbIC paclpeeieHUs] He UMEIOT YETKOW 3aBUCUMOCTH OT

BoaHoctH (R%<0,3), 4TO MOATBEPKIAET HX CBA3b UMEHHO C F€HE3HCOM YaCTHUI] HAHOCOB.
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Pucynok 4.9 Pacripenenenue pasmepos dep; d10; d50; d90 ms kaxmoit u3

paccMaTpuBaeMbIX PEK.
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Cpennue rpaduku pacupenencHus Gppakiuii rpaHyIOMETPUIECKOTO COCTaBa ISl KaxkI0M
U3 pek npenacrabieHbl Ha pucyHke 4.10. bonbIMHCTBO KPUBBIX pacHpeaeIeHHs HE3HAUUTEIbHO
(5-10%) ornuyaroTcst OT CPpeJHUX, OJHAKO B HEPHOJBI IOHMKEHHOW BOJHOCTH JUIS BCEX PeEK, a
TAK)KE IIOBBIIICHHOW BOJHOCTH Ui p. EHuced, oTMedaroTCcs Cily4allHble YBEIWYCHUS
KoHIeHTpauuil Gppakuuit PM500-1500, uTo mpuBOAUT K BOZHUKHOBEHHUIO MTHKA KOHIIEHTPALHA.
JUis aHanu3a pacrpelesieHUs] KOHLEHTpalMi B HCCIEAyeMbIX pekax Oblia ompezaeseHa
MOJAJIBHOCTh KaxIoH u3 npo6. OmnpezneneHue BBIIOIHIOCh aBTOMATUYECKM B IIPOrpamMme
GRDISTAT V9.1, a 3arem noixy4eHHbIE 3HAYCHHSI YCPETHSIIUCH IS KAKIO0TO U3 CE30HOB (TabI.
4.1). CoctaB B3BEIICHHBIX HAHOCOB HIDKHETO TEYEHHs KPYIMHEUIIMX pek Poccuiickoit ApKTHKH
XapakTepu3yercsl IBYXMOJAIBHBIM HWIIM TPEXMOAANBHBIM pactpezneneHueM (puc. 4.10).
TpéxmonanbHoe pacnpesaeneHue Habaronaercss Ha p. O6b, p. Enuceit u p. KonsiMa B nepuo/is
HU3KOI BOJHOCTH, OHAKO TPETHH MUK cocTaBisieT He Oonee 12%. BaBecs O0u u Enucest 6onee
MeJlKasi: B OCHOBHOM TpezcTaBieHa gppakuusmu PM1-5 u PM10-50, hopmupyromummu nuku Ha
KPHUBBIX T'paHyjlIoMeTpuueckoro cocraBa. HesnauutenbHble nuku (5-14%) ormeuarorcs uis
dpakuwmii B quanazone PM500-1000 B mpo6ax, 0oTOOpaHHBIX B IEPUO/IBI TOHUKEHHOW BOJTHOCTH.
Cpennuil rpanyinomerpuyeckuii cocrta p. Jlena u KonbiMa Xapakrepu3yercs: HaIM4UeM ITHKOB
KoHIeHTpauuu ¢pakmuii PM5-10 1 PM50-100. Bropoii nuk 6osee BbIpaxeH, YeM TEepBbId, U
cocrasisieT 10 40-45% ot o0uieil KOHLEHTPALUKU HAHOCOB.

MoganbHOCTh pacupeiesIeHUs TPaHyJIOMETPUYECKOI0 COCTaBa 0OyCIIOBIIEHA MEPEHOCOM
Oonee Menkoi OacceifHOBOM M Oosee KpymHOHl pyciioBod (pakiuM B COCTaBe HAHOCOB.
[IpennoxeHa MeTOAMKA ONPEICIICHHS O PYCIOBOM M OacCeitHOBOM (pakiiK, OCHOBaHHAs Ha
aHaJIM3€ TPAHUYHOTO JUaMeTpa - MUHUMYME (QYHKLUHU pacrpeneiaeHust ppakuuili Mexay AByMs
nuKamMu KoHIeHTpauuu. [lpu ananuse Bcex umeromuxcs pacnpeneneHuii (n=344), BEINOIHEHHOM
10 €IMHOW METOAMKE YCTaHOBIEHO, YTO MUHUMYM (yHKIMH i pp. O6b 1 EHncelt Haxoaurcs B
nuana3zone PM1-10, ans pp. Jlena u Konbima — PM20-47. Ennnas mikana u3MepeHuil KpyrmHoCTH,
npUMeHsieMas JJisi aHalu3a TpaHyJOMETPUYECKOro CcOCTaBa MMEET JiorapupMuiecKoe
pacripesielieHle, BCIIEACTBUE YEro B KauecTBE I'PAHMYHOIO JuameTpa ObUIM NMPHUHSATHI CPEIHHE
3HayeHus 7.5 MKM U 30 MKM COOTBETCTBEHHO. bacceifHoBasi cOCTaBIAIONIAs CTOKA B3BEILICHHBIX
HAHOCOB B HWYKHEM TeueHUH pek MeHsietrcs ot 34% (Enuceit) 1o 62 % (Konesima). st p. Konsima
rpanuunbie 3HaueHuss — 30 MkMm ( B cpemHem, OacceitHoBas dpaxius — 52%, pyciaoBas — 48%);
s p. Enuceit —7.5 Mxum (B cpenHem, 6acceitHoBas dpakius — 37 %, pycnoBas — 63%); s p.
Jlena —30 MxM (B cpenneMm, OacceitHoBast ¢dpakuus — 40 %, pycnosas — 60%); ais p. O6p —7.5
MKM (B cpenmHem, OacceliHoBas ¢pakuus - 45 %, pycnoBas - 55 %). B HmwkHeM TeueHuUn
apKTHUYECKHX PEK PYyCIIOBasi COCTABIISAIONIas SIBJISETCS OCHOBHOM B (JOPMUPOBAHUU CTOKA HAHOCOB.

Ocob6enHoctsamu Oacceiina p. KonbIMbI MOJKHO CUMTaTh BBICOKYIO JOJMI0 OacceiiHOBOM (pakiuu
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BO BCE pacCMaTpUBAEMBIE CE30HBI (IIPU 3TOM HET U3MEPEHUH B 3UMHUH niepuon). B a3To Bpems
MPOUCXOJUT AKTUBHOE IMOCTYyIUIEHHE OacceHOBOI COCTaBISIOUICH U3 JIEAOBOrO KOMILIEKCA
HyBanusbrii Sp, pacnosioxkeHHOTO Bcero B 115 kM Beime cTBopa HaOMOIEeHUNA. XapaKTEpHOE
pacnpenenenue Gpakuuid st MyTheBBIX IIOTOKOB, cTeKaromux ¢ JlyBaHHoro SIpa mpencraBieHo
Ha puc. 4.4. Taxke B peKy MOTYT TIOCTynarh Menkue ppakuuu u3 6acceitHoB p. Manbiii AHION U
OmornoH. [1uku KOHIIEHTpalMii B3BEIIECHHBIX HAHOCOB B ATHX O0BEKTaX MPUXOAATCS Ha UANa30H
PM5-50, 4Tro cooTBeTCTBYeT 3HaUCHUAM OacceliHOBOM ¢pakuuu it p. Konbiva u, u3-3a 6onee
HU3KHUX 00bEMOB CTOKA IO CPABHEHUIO C OCTAIILHBIMU PEKaMHU, MOTYT OKa3bIBaTh CYIIECTBEHHOE
BIMSIHUE HA I'PaHYJIOMETPUYECKHI COCTaB HAHOCOB. XapaKTEPHO, YTO U MACCUB, U NPUTOKHU
pacmosoxeHsl ¢ mpaBoro Oepera. B mpaBoil yacTH 3aMBIKAaIOIIET0 CTBOPa, (UKCHPYIOTCS
MOBBILICHHBIC 3HAYEHUS MYTHOCTH W TOBBIIICHHAs A0Js OacceitHoBoil (pakuuu (1o 67%) BO

BpeMsI IIPOXOXKACHUS «YEPHOU BOJBD).

- O6b (n=65) o EHunceri (n=73)
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Pucynok 4.10 Pactipenienenust cpeiHEro TpaHyJIOMETPHUECKOTO cocTaBa (ITyHKTUPHAS JIMHUS) U

rpaHul 6acceHOBOM U PyCIOBOM (PpaKIUil JIsl KaXKI0M U3 paccCMaTpuBaeMbIX PeEK.

B pabGore paccmaTpuBanack W3MEHYMBOCTb TIPaHYJOMETPUYECKOTO COCTaBa B
3aBUCUMOCTH OT (pa3bl BojHOro pexxuma (puc. 4.11). XapakTepHO OTCyTCTBHE HM3MEHEHHH B

rpaHuiie 6accefHOBOW U pyCIIOBOM (PpaKiny BO BCE 3TU NEPUOIBI.
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Pucynok 4.11 OcpenHeHHbIE KPUBBIE TPAHYJIOMETPHUECKOTO COCTAaBAa HAHOCOB B pa3HbIe (ha3bl
BoAHOrO pexkuMa st p. O6b (I — cnan nmonoBonabs (N=24), netHsst MexeHb (n=18), oceHHss
MekeHb (n =15), 3umuss meskens 2018 (n=8))) , p. Enuceii (11 — nonoBoabe (N=54), mekeHs (n
=19)), p.JIena (1l — monoBoabe (N=22), ciaa monoBo ks (n=29), mexxeHs (n =9)) u p. Kossima
((IV) — monoBoawe 2021 (n=30), ciax nonoBo ks (n=18), mexens (n = 18), craa noI0BOIbsI

2020 (n=31), mexenb 2019 (n =49))

PaccmoTpenue ce30HHON NMHAMUKHU cienyeT HadaTh ¢ p. OOb, MOCKONBKY Ui HEE ecTh
uHpopManusa 1o BceM (pazam BogHOro pexuma. Ce30HHAs TUHAMHKA WU3MEHEHUS CPETHEro
IpaHyJIOMETPUYECKOT0 cocTaBa HaHOCOB p. OOb XapaKTepU3yeTcsl MOCTENEHHBIM YMEHbILICHHEM
KOHIIEHTpaluii JacTull B3BecH pazmepoM PM10-50 u Bo3pactanuem aonm Oojiee KPYIHBIX
¢paxuit (PMS500-750). B netHioro MexeHb KpynHble (pakuuu He ¢ukcupyrores. Ilpu stom,
KoHIIeHTpanuu (pakiuit PM1-10 nHabmrogaeTcst BO Bce CE30HBI M MTPAKTUYECKH HE MEHSIETCS TIPU
YMEHBUIEHUH MYTHOCTU BOJbl. OTAEIBHO HEOOXOAUMO PAaCCMOTPETh OCEHHE-3UMHIOI MEKEHb
2018 ronma. B sToT mepuoa mpoM30LUIO 3HAUUTENBHOE yBeIHueHue noiu ¢pakuuit PM>500.
BepositHee Bcero, moAoOHBIE YCIOBHMSI CBSI3aHbl HAJIWYUEM  OOJIBLIOrO  KOJIMYECTBA
(GuTONMIAHKTOHA B BOJHOM TOJIIE, BCIEACTBHE OCEHHETrO MHKa I[BETEHHUS BOJbI (BBICOKHE
TEMIIepaTypbl, COJIHEUHAsl MOroja) U Majold MYTHOCTH Bojbl — 4-7 mr/n. B pesynbrate, BKIaj
OTJENBHBIX KPYIHBIX OPraHUYECKHUX YaCTHI[ B paclpe/ielieHue IpaHyJIOMETPUYECKOro COCTaBa

B3BCHICHHBIX HAHOCOB JOCTATOYHO BBICOK, YTO IIPHUBOAMT K q)OpMI/IpOBaHHIO IIHUKa KOHHeHTpaHHfI.
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Jonst GaccelitHOBOM (ppakuuy HAHOCOB CHIDKaeTcs ¢ 49% B mepuo/ monoBoabs 10 39% B nepuoa
suMHeit Mexenn. A d50 yBenmuunBaercs ¢ 15 MM 10 20 MKM.

JlaHHbIE O TPaHYJIOMETPUUYECKOM COCTaBe HAaHOCOB p. EHMCel npencTaBieHsl A ce30Ha
110510801641 2019 1 1 ciaga nosnoBo ks 2021 1. X0Ts, BCIEACTBUE 3HAUUTEIBHOTO IEPEMEITINBAHUS
B KOHLIEHTPALIMM B3BEILIEHHBIX HAHOCOB KpallHE HEOJHOPOIHBI IO BCEMY CTBOPY, OHM HUMEIOT
CXOXHI TpaHyJIOMETpUYECKUH cocTaB. B monoBogpe oOTMedaeTcs MOBBIIICHHAS OIS
OaccelinoBbIX Gpaxiuit 40%, kotopas cHuxaercs 10 33%.

Jia p. Jlena B mepuoja MOJIOBOJbS XAPAaKTEPHO 3HAYMTEIBHOE KOJIMYECTBO YaCTHIL
B3BEIICHHBIX HaHOCOB PM5-30, BeposTHO mMOCTymamImux ¢ BogocOopa. Ha cmane momoBobst
HAUYMHAET BO3pAcTaTh J0JIA PYCIOBOM (pakuuu, nocturas 74% BCIEICTBUE MPOXOXKICHUS
PYCIIOBBIX TIepeOpMUPOBAHUIT IIPH BBICOKUX pacxoax Bojbl. d50 Bo3pacraet 10 63 MKM, a 3aTeM
B MEXEHHBIN Meprol yMeHbaercs 10 23 MmkM. B meskens 20181 B BepxHei yactu Oacceiina p.
Jlena BbIIaIay OCAJKH, YTO MPOBOIUPOBAIIO TOCTYIUICHUE MeTKuxX (pakmuii PM1-10 B pycio
peku. M3-3a 3T0oro Bo3pacraet nois 6acceitnoBoii ¢pakiuu (10 49%). Taxke kK 01HOM U3 IPUYUH
MOKHO OTHECTH HHTEHCHU(DUKAIMIO JOOBIUM IMOJE3HBIX HMCKOMAEMBIX B CEpeIUHE-KOHIIEe JeTa
[Chalov, 2014].

s p. KoneiMa pacnipenienieHne Gppakiuii HAHOCOB B TIOJIOBOJIbE CXOIHO ¢ p. JIeHa u3-3a
OTHOCHUTEJIBHO CXO0XHX YCJIOBUH TasiHbsI CHEra Ha BojiocOope. OiHaKo, Ha CHajie MOJ0BO/bS U B
MeXEeHb HaONI0aeTcs CUJIbHOE yBeIWYeHHe 1oy OacceliHoBoil (pakuuu 10 60-70%. B at0
BpeMsl TeMIlepaTypbl BO3JyXa MaKCHMaJlbHbI, YTO NPUBOAUT K HMHTEHCU(DUKALUU TasSHbS
MEpP3T0Thl. AKTUBU3UPYIOTCS W pa3paOOTKU TOJE3HBIX HCKOIMaeMbIX. Pa3dpoc KoHIeHTpanuii
HAaHOCOB B MEKCHHBIN MEPUOJ TAK)K€ MaKCUMaJleH W B cpenHeM coctasiser 1.64-2.39 mr/n. B
MeXeHHBIN neprnos Ha p. KonbsimMa oTMedascst cOpoc Bz ¢ BogoxpaHuiuina Y ctb-CpeiHeKaHCKOM
['DC. IIpu KpaTKOBpEMEHHBIX MOABEMaX BOJIbI HHTEHCU(DUIIMPYIOTCS MPOIIECCHI pa3MbIBa OeperoB
U aKKyMYJSITUBHBIX 30H BBIII€ CTBOpa NrtT YUepckui, 4TO MPUBOIUT K BO3PACTAHUIO TOJIU
pycnoBoit ¢dpakmuu (PM50-100). B 2019r. ponst pycioBoil (Qpakimyd TIpH TaKUX MOIBEMAX
nocturana 74% (1.08.2019). Kpynusie uactuibl B3Becu — PM>1000 BrIpaskeHb! kpaiiHe ciabo (110
4.3% B p. KonpiMa BO BpeMsi criajia moJIOBOIbA).

[Ipu ananu3ze pacupeneneHnii rpaHyJIOMETPUYECKOr0 COCTaBa HAHOCOB OblIa pacCCMOTpPEHA
MIPOCTPAHCTBEHHAsT HEOJAHOPOJHOCTh B CTBOpe. [l Kakaoro M3 CE30HOB BBHINOJIHSIIOCH
ocpenrenne ['C ams kaxaol U3 To4eK oTOOpa Mpod Ha BEPTUKAIAX, a TAKKE PACCUUTHIBAIHCH
CpeIHUEe KOHIICHTpAIIMK B3BEIICHHBIX HAHOCOB Ha CTaHIMAIX. B pe3ynbTaTe, OBLIN MOTYYEHBI
XapaKTepHbIe U3MEHEHUS paclpeieNIeHUs] XUMUYECKOI0 COCTaBa /Ul KaX 01 U3 PeK B pa3InyHbIe

(da3bl BOJHOTO PEKUMA.
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Hns p. Enuceii (puc. 4.12) B neproa MoioBOJbsi KOHIICHTPALMsl B3BEIICHHBIX HAaHOCOB
U3MeHsach B mpenenax 7 ao 50 mr/mn. MakcumanbHas riayOuMHA pekd, U3MEPEHHas B MEPUOJT
SKCTIEAUINKN cocTaBmiia 6osee 42m, a pacxon Boasl 90002 m/c. B pe3yibTaTe, Ha BEPTUKAIN Y
JeBoro Oepera W Ha CTpPEXKHE MOTOKAa HE YAAloCh OTOOpaTh MmpoOy BOABI M3 HPUIOHHOTO
TOPU30HTA, MTOCKOJIBKY IIIJIAHT TPOOOOTOOPHHKA OBLT OTpaHWYeH JIUHOW B 24M. B mpuI0HHBIX
CIOSIX HA BEpPTUKAIM y NpaBOro Oepera OTMEYaIUCh 3HAYEHUS MYTHOCTH 10 250 wmr/m.
Pacripenenenuie B3BEHICHHBIX HAHOCOB B CTBOpPE KpailHE HEOJHOPOJIHOE, 3aKOHOMEPHOE
yYBEJTUYCHUE KOHIIEHTPALMI KO JHY He TpociexuBaeTcs. PesynbraThl ananuza ['C Ha BepTHKaIIX
y JIb 1 Ha cTpekHEe MOTOKa MOKa3bIBAIOT, YTO OH MMEET JBYMOAAIBHYIO (hOpMY, XapaKTEPHYIO
JUTSL IEPUOJIOB MOBBIIEHHONW BoAHOCTH. [Ipu 3TOM, BO BCex ropu3oHTax opma pacrnpeseseHus
npakTudecku He u3Mensercs. Ilpoda y npaBoro Gepera peku oroOpaHa Ha MEJIKOBOAbE. 37€Ch,
IIPOUCXOJUT PAa3MbIB JOHHBIX OTJIOXKEHUMH, a TaKKe MOCTYIUIEHUE MaTepuana U3 IPOTOKH, B
pe3ynbrare 4ero KoHIeHTpanuu ¢pakuuii PMS5-7 nocruraror 20-30%, a MUK KOHIICHTPAIHA
PM25-50 menee BwlpakeH. Takke, Ul NPUIOHHOTO CJIOA JaHHOW BEPTUKAIU IIOJY4YEHO
HECKOJIbKO (N=6) pacmpeneneHuid, xapakTepusyromuxcs HaimuueM ¢pakuun PM250-500, urto

CBUACTCIIBCTBYET O TPAHCIIOPTE Ooitee KPYIMHBIX YaCTHUI] U Pa3MbIB€ JOHHBIX OTJI0KEHHH.
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PucyHnok 4.12 Cxema pacrnpeieieHus CPeTHUX KOHIICHTPAITHi B3BEIIICHHBIX HAHOCOB U UX
rpaHyJIOMETPUYECKOro coctaBa B crBope I/ Urapka p. Enuceii (2019).
Pexa Konbima B paiione ctBopa nrr Uepckuii umeer cpeqHioo riyOuHy 5,2M, a Takxke
YYaCTKH HMCKYCCTBEHHO MPOPBITHIX Mpope3ell CyAOBBIX XOJO0B IiIyouHoi 10 12m. B cBszu co
3HAYUTEIbHON IIMPUHOM CTBOpA, a TAaKKe H3-3a BHAJEHHs B | KM BBIIE IO TEYEHUIO P.

IManTenenxa (Q=120 M%/c), 6GBIIO MPHHATO pelIeHNe HA3HAYNTE 4 PENPE3eHTATHBHBIX BEPTHKAIH
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(puc. 4.13), xoropble 3aTeM ObUIM COKpaleHbl 10 2X. CpeaHsisi MyTHOCTh B CTBOpE, 3a IEPUOT
HaOJI0/IeHUI He TpeBbliiana 27 Mr/i1, 0JHaKO B IEpUOJI MPOXOKICHHUS MaBoIKa (GPUKCUPOBAIUCH
KOHIIeHTpanuu 6omee 75-80 mr/i. p. KonpiMa B cTBOpe nirT Uepckuii umeeT 2 4€TKO BRIPAKCHHBIC
30Hbl C Pa3JIMYHBIMU XapaKTEPUCTHUKAMHU I'PaHyJOMETPUYECKOrO0 cocTaBa. Y JjeBoro Oepera
IPOCIICKUBACTCS MOCTYIUIEHUE MaTepraia u3 OOJbIIOTr0 KOJMYECTBAa HEOOMbIINX NpoToK (35-40
MT/11), IPEHUPYIOIINX TOWMEHHBIE U TEPMOKAPCTOBbIE 03épa HMKHEKOIBIMCKOM HU3MEHHOCTH, Y
npaBoro Oepera — BIUSHUE KPYIHBIX IPUTOKOB — p. OMonoH, AHroil u [lantenenxa, MyTHOCTh B
KOTOpBIX He mpeBbimaer 10-12 mr/m. B mpuaoHHBIX CIIOSX TakkKe (UKCHPYIOTCS MPOIECCHI
nepeHoca 3HaAYUTEIbHBIX 00bEMOB B3BEUICHHBIX HAHOCOB B PYCIOBBIX Mpope3sax (1o SOmr/m). B
pe3ylbTaTe, MYTHOCTb B CTBOpPE MOXET pasznuyarbcs Ha 50-60 Mr/m y pasHbix Oeperos.
['panynomMeTpuvecKkii COCTaB HAHOCOB Y JIEBOro Oepera NpPEACTaBICH MOBBIIICHHBIM
conepkanueM ¢pakuit PM5-75, a Takoke PM750 (o 8%) B mpumonHoM ciioe. Ha BepTukansax y
npaBoro Oepera 3HAYMTENBHO BO3pactaeT nois ¢pakumm PM10-50, a kpymHbeie ¢pakmun
MPAKTUYECKH HE MPEACTABIECHBL. DTO CBSI3aHO ¢ pa30aBiIeHIEM U IOCTEIIEHHBIM ITepeMeIInBaHuEM
nuieida MyTHOCTH BOJI, MOCTYMAIOIINX C €10Mbl. bonee kpynmHbie Gpakuu OCaXKIAI0TCs BBIIIE
0 TEUEHUI0, ToT1a Kak ppakunuu PM1-10 u MeHbliIe TpaH3UTOM HMPOXOAST B CTBOPE NI'T UepCKHii.
B nepuon nosnoBo/ips U criazia mojioBO/ibs BO BCEX TOUKaX MPoOOOTOOPA BO3pacTaET CoJlepiKaHne

¢dpakumit PM1-10 u PM10-25, BciencTBre nocTyIieHUs: MaTepraia ¢ Bogocoopa.
nb b

13 14 11 1
2 13
6 9 23
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Pucynok.4.13 Cxema pacnpesieneHusi CpeJHIX KOHIIEHTPAIMi B3BEIIEHHBIX HAHOCOB U MX
IpaHyJIOMETPUYECKOro cocTaBa B cTBope nrt Yepckwuii p. Konbima (aBryct 2019, uronb-aBrycr

2021)
CtBop p. O6b B paiione r. Canexap/ UMeeT MaKCUMaJIbHYIO TTyOUHY 22M U CPEIHION0
riyOuny 14m. Beime no teuenuto B OOb Brmagaer p. [lonyif, Ha KOTOpOl HaXOIUTCsS MOPT T.

Canexap)], 4TO MOXKET HNPUBOAWUTH K IIOCTYIINICHUIO B IMOBCPXHOCTHBIC TOPU3O0OHTHI Yy IPaBOTro
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Oepera B3BEIICHHBIX 4YacTUI[ TEXHOI'€HHOro TeHe3uca. B 1memom, Hambosee XapakTepHbIE
M3MEHEHHUS TPaHyJIOMETPUYECKOTO COCTAaBa B3BEIIEHHBIX HAHOCOB HAOIIOAAIOTCS B MEKEHHBIN
nepuon (puc. 4.14). MyTtHOCTH, BOABI KpaiiHe Mana W cocraBisger 10-15 mr/m. B ctBOpe
Ha0ro1aeTcst 00IBIIOE KOTUYECTBO (PUTOIUIAHKTOHA M YaCTHIL JICTPUTA, KOTOPBIE MOTYT BHOCUTh
MOTPEIIHOCTh B pE3yJbTaThl aHaiu3a. BeposTHO, UMEHHO C OOJBIIMM KOJMYECTBOM YACTHIL
OpraHUYeCKOIo MIPOUCXOXKICHUS CBS3aHO TPEXMOJATBHOE pacnpeneneHue
TPaHyJOMETPUUECKOTO COCTaBa B3BEIICHHBIX HAHOCOB M MUK KOHIIEHTpanuii B obaactu PM250-
500 B MOBEpXHOCTHBIX FOPU30HTaX B OCEHHUH W 3UMHMH mepuonbl. B cpenHeM U npugoHHOM
TOPU30HTAaX y JIEBOTO Oepera W Ha CTpeXHE HAONIONaeTCs CTaHAAPTHOE IJIsl JIETHE-OCEHHEH
MEXEHHU pacrpeeneHne ¢pakmuii. Y mpaBoro Oepera, BcieacTBue BiausHus p. Ilomyi
yBeNMYuBaeTcs KoHIeHTpaius PM<S5, a takxke ormeuaroTcs necyansie ¢ppaxiuu PM250-500 B
npuAoHHOM cioe. st ctBopa p. OO0 ObLITN BBITIOJHEHBI U3MEPEHUSI MyTHOCTH B 3UMHUN TIEPHOT
(puc.4.15). Konnenrpanun HaHOCOB cocTaBuiu 5-7 mr/i. [1pu atom, npu ananuze ['C ormevaercst
TpEXMOaIbHOE pachpeaeneHue (pakuuii W CYHIECTBEHHBI pOCT KOHIEHTpPALUH MEIKHX
necuanbix ¢pakiuil. Beicokas 1o necuanbix Gpakiuii 00bICHAETCS YBETUYCHUEM 3HAYMMOCTH
€AMHUYHBIX KPYMHBIX 4yacTull B npoOe. [lpu HU3KONM MYTHOCTH Ja)kKe HECKOJIbKO €AMHMYHBIX
KPYITHBIX YacTHIl B MPOOE CIIOCOOCTBYIOT 3HauuTenbHOMY (Ha 15-20%) yBenmWYeHUIO AOIH
kpynHoi ¢dpakmum (500 Mrm). Takke, MOXHO OTMETHTb, YTO B CBSI3U C YMEHBIIEHUEM
MOCTYIUICHUS MaTepuala ¢ BoocOopa, a TakkKe YMEHbIICHHEM HHTEHCUBHOCTH 3PO3HH Oeperos,

B 3UMHUU TIEPHOJT CHUXKaeTcs 107 (pakmuii PM1-30.

nb6 N6
15 16 8
_ 11—
18
O MyTHOCTb, Mr/n B 9 L
Touke npobooTbopa

‘ A 4 v
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E ] E ] 30
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Pucynok. 4.14 Cxema pacrpeie/ieHus] CpeTHUX KOHIIEHTPAIii B3BEIICHHBIX HAHOCOB U UX
TPaHyJIOMETPUUYECKOTO cocTaBa B cTBope r/m Canexapna, p. O0b (centsiops 2018; aBrycrt 2020)
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Pucynok. 4.15 Cxema pacnpeneneHus CpeJHUX KOHIEHTPAIM B3BEIICHHBIX HAHOCOB M UX
IpaHyJI0MEeTpUYECKOro cocrtaBa B crBope I/m Canexapa, p. O6b (Hos0ps 2018).

Hns p. Jlena BepTukanmbHOE pacrpenesneHue (pakiuii HaHOCOB OBLIO HM3MEPEHO Ha
HECKOJIbKUX cTBOpax. B pe3ynbraTe, 0HO oTiIMyYaeTcs 1i1s pa3HbIX (a3 BogHOro pexxuma. B nienom,
MO>KHO BBIJICJIUTh YBEIMYCHHE JOTU pyciioBoid (hpakimu HaHocoB Ha 10-40% 3a cuér pocra monm
dpakmuit PM50-100 u PM>500. Hanbonee cuinbHO 3HAYCHHS PYCIIOBOM (pAKIIUK BO3PACTAIOT B
IPOTOKAaX M Ha BEPTUKAJSIX OKOJIO OEperos, COINIacysCh ¢ YBEIMUYCHHEM MYTHOCTH BOJIbI Ha 1-3
MI/J1.

PaccmarpuBas pacnpeneieHrne aHaTU3UPYEMBIX MPO0 MO (QPaKIMOHHOMY COCTaBy (pHC.
4.16), no mnonyuennbiM B mporpamme GRDISTAT V9.1 [Wentworth, 1922] nuarpammam
COOTHOILIIEHUS TECKa, HWjia M TJIMHBl MOXHO BBIJENUTb 4 OCHOBHBIX THIIA pacHpeaeIeHun
rpanyjomerpuueckoro coctaBa. s p. OOb —OueHb KPYMHBIA HI/OYEHb MENKHIl MECOK C
IIPUMECSIMH MEJIKOro rpasus. /s p. EHMCeN — cpeTHuN W1 ¢ TPUMECSIMU OYE€Hb MEJIKOIO IIECKa 1
O4YeHb MeNKoro rpasus. Jns p. JIeHa — oueHb KPYNHBIA WI/OUYe€Hb MEIKHHA MECOK C MPUMECIMHU

menkoro rpasus. s p. KonbiMa — oueHb Menkuil mecok/oueHb KpynHbIi i (tabu 4.2).
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Pucynok 4.16 JlnarpamMmma COOTHOIICHUS JI0JICH MECKa, Mila U TJIMHBI ISl BCEX MPoo,
0TOOpaHHBIX B pacCMaTpUBAaEMBbIX OacceiHax.
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Tabauna 4.2
Pacnpenenenue ¢ppakinii HAHOCOB, MOJIYYEHHBIX 10 pe3yJbTaTaM aHanusa puc. 4.16
['paBuit ,% ITecok ,% Wn ,% I'nuna,%

0065 (01) 0.05 31 67 2.31
0065 (02) 0.01 37 61 1.97
0065 (03) 0.05 21 77 2.28
005 (04) 0.04 22 77 151
Ennceii (E1) 0.02 21 76 2.83
Ennceit (E2) 0.03 22 76 2.13
Jlena (JI3) 1.10 45 54 0.000
Jlena (J12) 0.35 69 30 0.005
Jlena (JI1) 0.65 50 49 0.004
Kompma (K3) 0.41 43 57 0.004
Konpiva (K2+K4) 1.47 38 60 0.09
Kompmma (K1+K5) 0.11 35 64 1.25

I[J'ISI XapPaKTCPUCTHUKU CTCIICHU pacnpeueneHHﬁ Irpa”HyJOMCTPHUICCKOI'0 COCTaBa 3a KaXXIbIN

U3 C€30HOB OBLJT BBIMIOJHEH KJIACTEPHBIN aHaIN3 (Mepapxudeckas KiaccuuKaius, MeTo I OJHON

cBsa3u, P<0.05). Pacnpenenenus rpancoctasa a1s p. 066 u Exuceit mogo6usr (R?=0.97-0.99). B

onHy Tpymmy Bhyiensiotcs u p. Jlena, u Komsima (R%=0.75-0.99) (puc. 4.17). Ilpu stom

TpéXMO,Z[aJ'IBHBIe pacnpeaciicCHud B MEPUOABI OCEHHE-3UMHEN MEXeHHU p. OO0b u MOJIOBOABA P.

Enuceit popMUPYIOT OT/IENBHYIO aCCOIMAIMIO BHYTPH nepBoii rpymmsl (R?=0.98).
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Pucynok 4.17. I'pynnbl u3smMepeHuii 10 ce30HaM, BbIJEJIEHHBIE B IPYIIIUPOBKU, COTJIACHO

pe3ysbTaTaM KJIACTEpPHOTO aHaJIH3a.

JUi BBISIBIEHUS T'PYNIMPOBOK U3MEPEHUN I'PaHyJIOMETPUUECKOTO COCTaBa 110 CXOIHOMY
pacnpenenenuio (ppaxuii B3BEIMIEHHBIX HAHOCOB OBUT BBITIOJIHEH JUCKPUMUHAHTHBIM aHAIN3 B
nporpamme Statistica 10. [ns mpoBeaeHHS IUCKPUMHHAHTHOTO aHajdu3a BBIOMPATUCH
IpyNIUPYIOLIME epeMeHHbIe (TPyIa peK) U 3aBUCUMBIE, XapakTepu3yomue aoau 12 ¢ppaxkuui
IPaHyJIOMETPUYECKOT0 COCTaBa B3BEIIEHHBIX HAaHOCOB. Ha 0CHOBE CTaHapTHOIO METO/1a BBIOOPA
MePEMEHHBIX C TOMOIIBI0 Kputepus: Yukca (W) onmpenesnsics IpoleHT BEpHOU KilacCuPUKAIINH,
npoBepsiyIcs YpoBeHb 3HaunMocTu F-kputepus (P < 0,05) n BRIUHCITSITNCH KAHOHUYECKHE KOPHU
— BBIPAXKEHUS, KaX/10€ U3 KOTOPHIX 0OBICHIET YHUKAIbHYIO JIOJII0 U3MEHUYUBOCTH MEXY ABYMS
Habopamu nepemeHHbIX [XanadsH, 2007]. PaccMaTpuBaiiuch rpynnupoBKH, HMEIOIINE XOPOIIYIO
WIM cpefHioro creneHb auckpumuHauuu (0,2<W<0,6). Ilo nBym Haumbosee 3HAYUMBIM
KaHOHUYECKUM KOPHSIM, ONPEAETSIONIM MaKCUMaJIbHbIE A0 JUCKPUMUHHUPYIOIIEH MOILITHOCTH,
CTPOMJINCH IpaUKK pactpeesieHrs KAHOHUYECKUX 3HAYEHUH epeMEeHHbIX.

Pe3ynpTaThl JUCKPUMHMHAHTHOTO aHAJIN3A XapaKTEPU3YIOT pa3Inyie COCTaBa B3BEIIEHHBIX
HaHOCOB pek (puc. 4.18). Beinenens! 3 cxoanbix no pacnpeaenenuto I'C rpynms npo6. K rpynme
| mpenMyI1eCTBEHHO OTHOCATCSI H3MEPEHHUSI, BBINIOJTHEHHBIE Ha CMa/le MOJI0BOAbS U B MEKEHb JIJIS
pekun KonbiMa M B MEXKEHb I P Jlena. Brtopas rpynma oOpa3oBaHa H3MEpEHUSIMHU,

BBINOJIHEHHBIMU 711 p. X OOb 1 EHnceit. J[ist 3ol rpynmbl XapakTepeH 0ojiee MEIKUIl AuaMeTp
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B3BEILLICHHBIX HAHOCOB ¥ MEHbILIAs A0S OacceiiHOBON (ppakiuu. BennduHbl MTMKOB KOHIIEHTPAIMN
MoryT pasnuuarbes. B rpynmy 3 ortHecensl mpoObl pex Kosbima u Jlena, oroOpaHHbIE B
II0JI0BO/IbE, U P. JIeHa, 0ToOpaHHbIE Ha criajie MOoI0BOAbs. Il HUX XapaKTepeH MOBBIIIEHHbIN UK
KoHIeHTpauuu Gpakiuii PM50-100 u 1ByxMoanbHOe pacipeaesieHue.

4 Bbiwe 1/

MUK

Bonee
KpynHble

Bonee
menkue

2 4 6 8

Bbiwe 24
nMK

-4

@K1 ®K2 ®K3 ¢E1 ¢E2 H/13 W2 B/11 AO01 AO2 AO3 AO4

Pucynok 4.18. CoBOKyHOCTh KOJIMYECTBEHHBIX XapaKTEPUCTHK (JHarpaMMa paccessHus

KaHOHWYECKHX 3HaU€HHI) TpaHyJIOMETPUUYECKOIO COCTaBa HAHOCOB APKTHYECKUX PEK B pa3HbIe
(a3bl BOAHOrO pekuMa. (0003HAYEHUS B TEKCTE).

N3yyenne rpaHylIoMeTpUYECKOTO COCTaBa HAHOCOB UIPaeT KpalHe BaXXHYIO poOJib IpU
OTIpeNIeIeHNH X XUMHUIecKoTo coctaBa. Okono 90-99% GonpIIMHCTBa METAIIOB B PEYHOM CTOKE
MUTPUPYIOT BO B3BemieHHOH Qopme [[opmeeB, 2012, 2013; Gaillardet et al., 2003;
JHo6posoabckumii, 2003]. Tak, cormacHo [JIutBuH, 2002] 3HauMTeNnbHAs IO OMOTCHHBIX
AJIEMEHTOB TOCTYINAaeT B PEYHbIE BOJbl UMEHHO B BHUAE OacceHOBOHl (ppakuny HAHOCOB W3
pa3MbIBaeMoii ToYBHL. [Ipu TasHUY JI€10BBIX KOMITJIEKCOB BHICBOOOKIAETCS OOJIBIIOE KOJTUYECTBO
OpPraHMYECKHUX COEIMHEHHH, KOTOpBIE TaKXe OTHOCATCA K OaccelHOBOW (hpakIMKU HAHOCOB.
Opranuyeckoe BeIeCTBO MOKET CO3/1aBaTh KOMIUIEKCHbIE coeiMHeHus: ¢ MM, yBennuuBas 105110
UX MUTPAIMY B COCTaBE B3BEIICHHBIX (hpaKIHii HAHOCOB. KpyITHBIE YacTHIIBI PYCIOBOM (hpaKiim
MOTYT TaK)Ke NMEePEHOCHUTh 3HAYUTEIbHBIE 00BEMBI pyIOTeHHBIX MM B paiioHax WX pa3padOToK.

Taxoke ncTOYHUKOM MM MOXKET CIy’KMTh pa3MbIB aKKYMYJIITUBHBIX (JOPM pYyCIIOBOTO penbeda,
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410 HaOmonanock Ha p. KoimbiMa mpu mpoX0oXXACHUH MAaBOJAKOB. B pycIOBBIX HaHOCaX BBICOKHU
noau Al, Fe, Si, — mopomoob6pasyromux coeauneHnii. Takum 00pa3oM, H3ydeHne KOHIIEHTPaIUii
B3BCIICHHBIX HAHOCOB M T'PAHYJIOMETPHYECKOTO COCTaBa IMO3BOJIIET TOYHEE OXapaKTePU30BATh

CTOK XMMUYECKUX BELIECTB B KPYIHEHIINX peKaxX APKTHKH.
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I'JIABA 5. OIEHKA COJAEP XAHUS METAJIJIOB U METAJIJIOUJIOB
BO B3BEIIIEHHBIX HAHOCAX KPYIIHEMIIINX PEK POCCUHUCKOM
APKTUKH

5.1 'mapoxumMuyYecKue ycJI0BHS TPAHCIIOPTA MEeTAJUIOB U METALJION/I0B B peKax

XUMHUYECKUH COCTaB TMPUPOIHBIX BOJ HCCICIYyEMBIX OacCeHOB paccMaTpHBAcTCS B
JaHHOW paboTe B KAUeCTBE XapaKTEPUCTHUKU CPEbl, B KOTOPOH MpoucxoauT murpamus MM B
cocCTaBe B3BEIICHHBIX HAaHOCOB. [IpupoiHbIe BObI paccMaTPUBAEMbIX PEK B MEKEHHBIE MTEPHO/IbI
XapaKTepU3YIOTCSl TUAPOKAPOOHATHO - KaJIBIMEBBIM, HJIH, a B TIOJOBOJBE M TABOJOYHBIC
MEePUO/Ibl, CMEIIAHHBIM TUIIOM XUMHUYECKOTO cocTaBa [AnékuH, 1957]

Cpennue BenmuunHbl pH B Bojie pek coctapistot: p. O6b — 7,2, p. Eauceit — 7,5, p. Jlena —
8, p. Konbima — 7; anextponpoBoanoctu: p. O6p — 188 MxCwm/cMm; p. Enuceit — 153 mxCwm/cwMm; p.
Jlena — 179 mMxCwm/cm; p. Komeiva — 118 mMxCwm/cm.  Ce3oHHAs M3MEHUMBOCThH ITOKa3aTelei
npezcrasieHa B Tabmune S5.1. Xapakrepuctuka pH MeHsieTcs B 3aBUCUMOCTH OT (pa3bl BOJHOTO
peXHMa, €e OTHOCUTENILHO MOBBIICHHBIC 3HAYECHUSI OTMEUAIOTCS B MEPHO/IbI CMa/la MOJIOBOIbS U
JIETHEHW MEXEHH, TOTJa KaK B MepuoJl 3UMHEN MeKEeHH HAOII0IaeTCsl yMEHbIIIEHUE 3HAUYEHUH 10
6,7-6,8 (p.OOb). DIEKTPONPOBOJHOCTH BOJbI HH3Kas W HM3MEHSCTCS B 3aBUCHMOCTH OT
npeo0J1aaroIIero HCTOYHNKA MUTAHUS PEKH B TeYEHUH (a3bl BOIHOTO pekuMa. MakcuMaabHbIe
3HAYEHHUS] OTMEYAIOTCs B MEPUOJ JIETHE-OCeHHEH (Bce peku) u 3uMHel (p. O0b) MexeHu, Koraa
HA4YMHAET IpeodagaTh IPyHTOBOE NMpUaHUE PEK.

B pacmnpenenennn  BenmnumHbBl pH BHYTpH TONEpEeYHOro CTBOpAa pEK UYETKUX
3aKOHOMEPHOCTEW BBISIBIIEHO He Obwuto. Jlake serom, B TEpPHOJ aKTHUBHOTO Pa3BUTHSA
(bUTOMIAHKTOHA, 3aMETHBIX M3MEHEHUU BEeTMYMHBI pH Ha pemnpe3eHTAaTUBHBIX BEPTHKAISAX HE
IPOCIIEKUBATIOCH. DJIEKTPOIPOBOIHOCTh MPEUMYIIIECTBEHHO YBEIMUUBACTCSA OT MMOBEPXHOCTH KO
THY, 32 HCKIIOYCHHEM TIEPHOJIOB IOBBIIIEHHOW BOJHOCTH, KOT/Ia pacHpelelieHHe HWMEeT
CIly4aiiHBI  XapakTep. OJIEKTPONPOBOJAHOCTb W MYTHOCTh BOJABI HMEIOT KOA((UIHEHT
xoppensuuu R?=0,38-0,69. HauGonee TecHas cBS3b XapaKTepHa s BoA p. KonmeiMa B mepuon
mexenn (R*=0,67). Takxke, B CTBOpaXx Ha XapaKTEPUCTHKU DJIEKTPONPOBOJIHOCTH BIHSAET
MECTOTIOJIOKEHNE BepTHKAIU. Tak, B BoZe p. KOJIBIMBI 3JIEKTPOIIPOBOTHOCTS HAa BEPTUKAISIX B
npaBoi yacT ctBopa nrr. Yepckuit Ha 50-80 MkCm/cM BbIIIIE, 4YEM B €0 JIEBOM YaCTH BCIIE/ICTBUE

BITaJieHust 0osiee MuHEpaIu30BaHHBIX (270-360 MkCwm/cM) MpaBBIX MPUTOKOB PEKH.
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Taoauma 5.1.
XapaktepucTuku pH # 3J€KTpONPOBOIHOCTH BOJIBI HCCIICYEMBIX PEK IS pa3HbIX (a3 BOJHOTO

pexkuma (N=354).

I'on Peka ®a3a BOJAHOIO0 pe:xKuMa pH 2, MKCM/cMm
2018 O6b MesxeHb 6.8-7.1 194+54
2018 O6b 3UMHSIST MEKEHb 7.5-7.2 210+28
2019 O06b Cnaz mosoBoOAbS 7.3-7.5 149+17
2020 O6b MesxeHb 7.1-7.3 18718
2021 O6b 3UMHSIST MEKEHb 6.7-7.1 200+16
2019 | Ewnwucei [TonoBoawe 7.1-7.3 142421
2021 | Ewnwuceit MesxeHb 7.6-7.9 164+21
2018 | Jlena MexeHb 7.5-7.8 202+23
2019 | Jlena Cna mosoBOAbS 7.2-7.6 162+217
2020 Jlena MesxeHb 7.1-7.8 174+235
2019 | Konpima MexeHnb 7.4-8.6 148+27
2020 | Konbima Crnan nonoBoIbs 7.7-8.1 110£30
2021 | Koneima TTosoBonrwe 6.4-7.6 77421
2021 | Konpima Cnan 1nonoBoibs 7.1-7.6 120+18
2021 | Konpima MexeHnb 7.3-8.25 137429

CpenHue MequaHHbIE KOHIEHTpPALUMU COEIUHEHHH Qocdopa yMEHBIIAIOTCS B BOCTOYHOM
HanpasiieHuu (puc. 5.1), 4To 0OYCIOBIIEHO CHMXEHHEM CKOPOCTH OHMOJOTHYECKOro KpyroBOpOTa,
olnpeneNdoNnero TpaHcpopmanuoo coenuHeHuit  (ocdopa. Hambosee KOHTpacTHOE CE30HHOE
pacnpeneneHue xapakTepHo aias p. OOM M, BO3MOXKHO, CBSI3aHO C OOJIBIIMM aHTPONOTEHHBIM
Bo3zelcTBUeM. [l Bcex paccmaTrpuBaeMbIX pek, kpome OOu, XapaKTepHO MPEBIIIEHUE B3BEIIEHHON
opraHudeckoil (opMbel HaJx B3BelIEHHOW MuHepadbHOH. B OOu Oosblie A0 B3BELICHHOTO
MUHepajgbHOro Qocdopa, cojaepkaHne KOTOPOro 3aBUCUT OT MYTHOCTH M HaJU4YMs B BOJE TOHKHX
(dpakuuii B3BelIEHHBIX BellecTB. lloBbIIEHHBIE KOHIEHTpauuu ¢ochaToB OTMEUYEHBI B BOJE P.
Konbima, rae ux cojepkaHHe YBEIHMYMBACTCSA O]l BIMSHUEM IPHUTOKOB, APEHHUPYIOIIUX TarOIIUe
oTnoxenus efnoMsl (10 840 mxr/m). IlocTynnenne >Tux Box coctaBnser MeHee 10-12 m°/c [Uarnos u ap.,
2022], uTo, NpH CpaBHEHUHU C pacxoaoM Bos! p. Komsimel (7300 M%/c B mepron chéMKH), He OKa3bIBaeT
3aMETHOTO BIMSHUS Ha conepkanue hocdopa HIKE IO TEUSHUIO pekH (CpeHne KoHIeHTpan 45-60
MKr/11). KoHlleHTpanuu pacTBOpEHHOTO Si BO BCEX pacCMaTPUBAEMBIX PEKaX HaXOJIATCS B JUANa30HE OT

1.9 no 5 mr/n. MakcumalnbHbIe KOHIIEHTPAIIMA OTMEUAIOTCSl B 3UMHUMN niepuoa Ha p. O0b (7.98 mr/m).
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KoHueHTpauua
MKr/n 00b

100 Jlena
Enuceit

80 1 Koasima

60 -

40

20

0

PucyHnok 5.1 Menuanubie KOHIIEHTpaIuu oo1ero Gocdopa B 3aMbIKAIONINX CTBOpax pek O0b,

Enuceii, Jlena, Konsima

[TpoOrr s aHANIM3a COACpKAHUS PACTBOPEHHOTO B BOJIE yIiiepojaa ObLTH OTOOpPaHBI BO BCEX
uccneayembix pexax B 2019-2020 rr. (puc.5.2). B nepron moioBoaps 1 criazia mojioBobs HabIr01a710Ch
Haubonbiiee conepkanue Copr Bo Bcex u3yueHHbIX pekax (14.1-17.2 mrC/m). MakcumanbHbie
KOHIEHTpaluu ObLTH XapakTepHsbl a7 Bof p. Konbima (17 mrC/m) B nepuoj Haubosaee MHTEHCUBHOTO
tasaust MMII, B MexeHb cojep)KaHME OpPraHHYeCKOro yriepoga ymenbinanoch (4-7 mrC/m). B
OCTAJIbHBIX peKax KOHIIEHTpaluu pacTBopeHHoro Copr BappHpyOT B auano3one 3-5.7 mrC/m. B
MEXEHb MOCTYIUIEHHE OPraHUYeCKOro YIJIepoJa B BOJHBIM MOTOK PEryIHpyeTcss WHTEHCUBHOCTHIO
tasauss MMII B HI)KHEM TEYEHHUU PEK, MOCTYIJICHHEM BOJ IPUTOKOB C 3a00J0YEHHOW 4YacTu
BOJIOCOOpa, a TAaKKe MEPEOJMYECKUM BBIHOCOM YTIJIEpOJa B pe3yibTaTe MPOphIBa MOWMEHHBIX 03Ep

(otmeueno s p. Konbiva B mexxens 2019 1r.).

KoHueHTpauus
, mr/n

16 - 06b

NeHa

EHucelt
12 4

Konbima

Pucynoxk 5.2 Cpegnue xonnenTpamnuu Copr 41 3aMbIKalomux cTBOpoB pek O0b, Enuceit, Jlena,
Komemma
PaccMoTpeHHbIE BbIIIE TUIPOXMMHUYECKHE XAPAKTEPUCTUKU BIIMSIOT HEMOCPEJICTBEHHO Ha
YCIIOBUS MPOTEKAHUS MPOIIECCOB TUAPOIIN3A, KOMILUIEKCOOOpazoBanus u copormu MM B notoke. Tak, B

paborte [CaBenko u ap. 2023] oTMedeHO, UTO MPU YMEHBIIIEHUHU CpeHEeN MuHepanu3auuu pek or O6u k
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KoseiMe TpOIOPIMOHAIBHO YMEHBIIIAETCSA U KOHIIEHTPALUS PaCTBOPEHHBIX B BOAax MM, 4TO B CBOIO
o4epeslb, CHMXKACT HMHTEHCHBHOCTH IPOTEKAHUS COPOMMOHHBIX mporeccoB i MM. B paborax
[Gordeev et al, 2004; Krickov et al., 2020] momguépkuBaeTcsi pojib OPraHUYECKOrO BEINECTBA, Kak
3HaunMoro ¢akropa mocryrieHust As, Mn, Co, 00pa3yrommux ¢ HAM OpraHOMHUHEPAIbHbBIE KOMILIEKCHI,
a TaKk)Ke COpOUPYEMbIX Ha TOBEPXHOCTH MEJIKOTO JICTPHTA, IIOCTYIAOIIETO ¢ BoAocOopa. B pesynbrare,
M3MEHYHBOCTH 3THX THIPOXMMHYECKHUX IIOKa3arejeld B TEYEHHE roja MOXKET CIY)KHTh OIHHM W3

(baKTopOB HU3MCHUYUBOCTHU KOHICHTpAIIUH MM B PE€YHBIX HAHOCAX.
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5.2 Conepmaﬂne METAJIJIOB U METAJIJIONJI0B BO B3BCIICHHBIX HAHOCAX

[Tpu o1leHKEe XMMHUYECKOTO COCTaBa B3BEIICHHBIX HAHOCOB PacCMAaTPHUBAIUCH KOHIIeHTpanuu 20
xumuueckux snementos: Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Zr, Mo, Cd, Sn, Sh, Cs, W, Pb, U.

Pacripenienenuie 31eMEeHTOB B IOTOKE CUIILHO 3aBUCUT OT YCIIOBHIl BOAHOCTH. PaccmaTrpuBaeMble
PEKU OTHOCATCS K THIYy PEK C MEeCYaHbIM PYCIOM CO CMEIIAHHBIM THUIIOM TPAHCIIOPTa HaHOCOB, YTO
NPUBOJUT K PABHOMEPHOMY PACIIPEICIICHUIO UM TOBBIIICHUIO KOHIICHTPALUN METAJUIOB C TIyOHMHOM
[Hanos u ap. 2018]. B 3aBrcHMOCTH OT THAPOJIOTHYCCKUX YCIOBHUU IS HUX XapaKTEPeH MOJHBINA WIN
yacTU4YHbIM MaccoOMeH. [loaToMy, OJHON M3 OCHOBHBIX 3a/lad HCCJIEIOBAaHUS cTaja MoApoOHas
XapaKTepUCTHKA colepkaHusd MM B pa3iMuHBIX [0 KPYMHOCTH (pakiusx B cocTaBe HaHOCOB. Jliis
3TOr0 HCIOJIb30BAJIUCH 30H/IbI-IOBYIIKH, YCTAHOBJIEHHBIE HA Pa3HOM IIyOMHE HA pENpe3eHTAaTUBHBIX
BepTUKaisiX. [lo maHHBIM ¢ 3THX JoByHIek, i pek O0b u JleHa ObUIM MOJTY4YEHBI COOTHOIIEHUS
nopogoobpasyrommx komrnoHeHToB SiO2/Al03, xapakTepusyroiiue KOHIEHTpUpoBaHne MM B
HaHocax. [lo cpaBHenuto c¢ pexkamu mupa [CaBenko, 2006], i1 KOTOPBIX CpeAHEE OTHOIICHUE
coctasisieT 3,9, mist p. O6p oHo coctaBuio 9,35, nnst p. Konsima — 6,1, mist p. Jlena — 5,84, a s p.
Enuceit — 7,83. Takum oOpazom, minsa p. Jlena u Konbima naGmomaercst Hambojee MHTEHCHBHOE
BBIBETPUBAHUE, KOTOPOE JOJHKHO COMPOBOXKAATHCA KOHIEHTpUpoBaHueM MM B mOTOKe, aHAJIOTUYHO
yBenuueHuto goau Al2Os.

Jlnamazonsl koHueHTpauuiik MM B cocTaBe B3BELICHHBIX HAHOCOB B pa3HbIE CE30HBI
IpeJcTaBiIeHbl B npuwioxkeHun 1. PacnpeneneHne KOHLEHTpalUMid MHUKPO3JIEMEHTOB COBIAJACT C
pacnpenesieHueM CpeTHEMUPOBBIX KOHLEHTPALUN 3JIEMEHTOB M KJIAPKOBBIM PSAIAOM JUIsl B3BEIIEHHBIX
HAHOCOB.

MaxkcuManbHbIe cpelHrue KOHLIeHTpauu MM B paccMaTpUBaeMbIX pekax APKTUKH OTMEYArOTCs
st metporeHHbix neMeHToB Al u Fe. Coxepkanne Al mosbimeno B HaHocax pek Konbima u Jlena,
otHocuTenbHO pek OO0b u Enuceit. Copepxanue Fe, namporus, yBenuueHo B peke OO0b, yTO
00ycII0BIEHO 0COOEHHOCTAMU BojtocOopa. Meaunannble koHeHTpauuu Fe B p. Enuceit, Jlena u Konsima
pa3inyaroTcs He3HauuTeNnbHO. [IoBbIIeHHbIN pa3opoc 3HaueHuit ans p. JleHa cBsi3aH ¢ pa3nUYHBIMU
ctBopamu pobooroopa. Konmenrpanuu Al Bo3pacTaroT Mpu yBEJIMYEHHH aHTPOIIOTCHHOTO BIIMSHHS.
B ctBOpe mpobooT6opa B nirt JKuraHck, pacroyioKeHHOTO B €CTECTBEHHBIX YCIOBUSX, cojaepxkanue Al
coctaisieT <80000 MKr/T, Bo3pacTtasi K CTBOpY nmpobooTdopa y r. SAkyTck 10 Bearuud >100000 Mkr/r.

Coneprxanre Mn Tax)xe MOBBIIIEHO B HIDKHEM Te4eHUH p. OOb, MOCKOJIBKY AJIEMEHT MOCTYTaeT
¢ 0OJIOTHBIMHU BOJIaMHU M OpTaHUYECKON B3BEChIO C BogocOopa. MeananHble KoHLeHTpauuu Mn B pexax
Jlena u Konbima cxosu, oHaKo 17151 JIeHsl Ha0It0/1al0TCs MOBBILIEHHbIE 3HAYEHUS B CTBOpPAX B pailoHe

SIkyTcka (aHTpOINOTreHHOE BiIMAHUE). MUHHMaJIbHbIE KOHLIEHTPALMM XapakKTepHbl ais p. Exuceid B
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nepron Mmexxenn (>1000 Mkr/r), Korga yMeHbIIAeTCsl OIS B3BEHICHHBIX YacTUI] OacceifHOBOTO
MIPOUCXOXKICHUS.

Copep:xanue Sr noBbilieHO B pekax Enwuceii u JIeHa, u cBSi3aHO € MOCTYIJICHHEM dJIEMEHTa U3
TOPHBIX OPOJ], CIIATA0IIUX BOJAOCOOPHBINA OACCEHH PEKH.

Cs — meno4yHoi MeTail1, Ha pacpoCTPaHEHHOCTh KOTOPOTO BIHSIIOT COPOLIMOHHBIE MPOIECCHI
HAa MENIKMX 4acTHIaX B3BEIIeHHBIX HaHOCOB. Ero comepxkanue Koppenupyer ¢ conepxkanuem Al (R%=
0,63) u monmxeno B pexkax O0b u Enuceit, mo cpaBHenuto ¢ pekamu Jlena u Kosbima.

Onementsl V, Cr, Co, Ni, Cu, Zn, Cd, Pb oTtHOCSTCS K TSXKEIBIM META/UIAM M 4acCTO SBIISIIOTCS
TEXHOTEHHBIMH 3arpsizHuTensiMu B3Becu. Conepxkanne V muHMManbHO B p. OOp M BO3pacraer Ha
BocTouHblx pekax. Comepikanme Zn, Pb, Cd B umccimemyembix OacceiiHax oOpa3syeT acCOLMAaIlUio
95IeMeHTOB, cBs3biBacMbiXx CaBenko, 2006; KacumoB u ap. 2022] ¢ TexHOreHHBIM (DaKTOpOM —
TPAHCHOPTHON HArpy3KOi, CrOpaHHEM MOTOPHOTO TOIUIMBA M T.A. KOHIIEHTpaluu 3THUX IJIEMEHTOB
noBbilIeHb! B pp. O0b u Jlena. Ha p. O0Opb 3HaunmMoe BiMsSHUE Ha KOHLEHTpaluuu 3Toil rpynnsl MM B
3aMBIKaIOIEM CTBOpE OKa3bIBaeT peuHoi nopt r. Canexapn, Ha p. JleHa — r. SIKyTcKk, r1ie Ui yClIoBUl
meskend 2018 rr. HabIrOmadMCh BBICOKHME KOHIEHTpamuu sneMeHToB (Cd>1.5mkr/m; Pb>30 mkr/i;
Zn>280 mxr/n). ['pynna snementor Cr, Co, Cu, Ni HaciemyeT XMMHYECKHIT COCTaB OCHOBHBIX MOPO/I.
HmenHo nmostomy juist rpymisi anemento Cr, Co, Cu, Ni Hanbosee BbICOKHE KOHIIEHTPALIUH JICMEHTOB
OTMEYAIOTCSl B HIDKHEM TeueHuH p. EHmcel, Torna Kak il OCTaJbHBIX pPAacCCMaTPUBAEMBIX PEK OHHU
UMEIOT CX0KHE MEJMaHHbIe KOHIICHTPAIIH.

I'pynna snementoB W, U npencTaBieHbl B peYHBIX B3BECAX B HE3HAUUTEIBHBIX KOHIIEHTPALIUAX
¥ TIPEUMYIIECTBEHHO TPAHCIOPTHPYIOTCS B pacTBOpEHHON (hopMme. Bo B3BEIIEHHBIX HAHOCAX HATMYHE
ATHX DIIEMEHTOB 00YCIIOBIICHO PACIIPOCTPAHEHHOCTHIO B PEUHBIX OacceifHax cofep Kalux ux mopoa. Zr
— DJIEMEHT C HM3KOM MOABMXKHOCTBIO B BOJHOI cpere. OH BXOOUT B KPUCTAIMYECKYIO PEIIETKY
MHHEPAJIOB U 3aBUCHT OT PACPOCTPAaHEHHOCTH AIIEMEHTA B TIOPO/Iax, cararwiux Bogocoop [CaBeHko,
2006]. Sn, Mo, Sb Takxke NpPEeUMYIIECTBEHHO MHIPUPYIOT B PAacTBOPEHHBIX (hopMmax. DIEMEHTHI
pacmpocTpaHeHbl B HaHOcax OacceiiHa p. KonbsiMa BClenCTBHE HaNW4YWs WX PYAONPOSBICHUH B
Oacceitne. B Oacceitne p. OOb MOBBIICHHBIC KOHIEHTpauu SN u Sh Moryt ObITH OO0YCIOBICHBI
TE€XHOTE€HHBIM (PAKTOPOM.

Cornacuo nansabiM [Krickov et al., 2023] 3naunmbiM uctounukoM AS B OacceiiHaX KpYIHBIX
APKTUYECKUX pPEK SIBJISIFOTCS] BOJIbI IPUTOKOB, APEHUPYIOMUX OOJOTHBIE MacCUBBI. AS, MOCTYNAOLINI
C TPYHTOBBIMH BOJIaMH, COPOUpPYETCs HAa MOBEPXHOCTH OPraHUYECKUX YACTHII. MOCTYIUIEHHUE KOTOPBIX
YBEJIMYMBACTCS B MEXKEHHBIH EPUO/I.

3aBHCHMOCTH KOHIICHTpaluii MeTauioB OoT ycioBuii Boanoctu (Km), myrnoctu (SSC) u
comepxanusi O0acceliHoBON (ppakiuu HaHOCOB (%) ObUIM BBIUMCIIECHBI C TIOMOIIBIO KOPPETISIIUOHHOTO

ananm3a, BeimosHeHHoro B mporpamme STATISTICA (kpurepuii Criupmana, p<0.05). Konnenrparmn
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anementoB (V, Mn, Zr, Cs, W) HaxogsTcs B mpsMOW 3aBHCUMOCTH OT COJEpXaHHs OaccelHOBOM
dpaktmu  Bo B3BemeHHbIXx HaHocax (R? = 0.53-0,8). DT0 MaJONOIBIKHEIC 3JIEMEHTHI,
KOHIICHTPUPYIOLIMECS B HamOOJee TOHKMX YaCTHIIAX B3BEIICHHBIX HaHOCOB. OTpuiarenbHas
KOPPEJIAIHNS ¢ KOHIEHTpaIUei B3BEIIEHHBIX HAHOCOB HaOMoqaeTcs st anementos Fe, Cu, Pb, Cd (R?
=-0,4 - -0,6). MakcumasbHble KOHIICHTPAIMH JTaHHBIX 3JIEMEHTOB HAOJIFOIal0TCSl B MEXKEHHBIN TIEPUO/T
B pe3yJIbTaTe MOCTYIUICHUS B BOJIbI TEXHOT€HHOM nbn [ Epuna u nip. 2022], a Takke yBeIMYeHUs 10U
OpraHMYecKHX YacTHI[ B cocraBe B3Becu. Diementel Cr, Mn, Zn, As, Pb, Cu xapakrepusyrorcs
oTpunaTensHoit koppensanueii (R? = -0,35 - -0,6) ¢ ko3 GHIMEHTOM BOIHOCTH, YTO MOXKET 0003HAYATH
KOHIICHTPUPOBAaHUE JTAHHBIX AJIEMEHTOB B MEXEHHBIH mnepuoa. OCOOEHHO 3aMETHO 3TOT MPOIECC
nposiBiseTcs 1y AS, Zn B 6acceiinax pek. O6p u EHnceit n3-3a 60JbII0TO CO/Iep)KaHusl OpraHUIECKOM
B3BECH.

XUMHUYECKUE HIEMEHTHI MOIPA3ACISAIOTCS Ha aCCOLMAIMH, 00JIaAal0NINe CXOAHBIMH YCIOBUSIMHI
mMurpanuu. Jst ux BeIsIBIEHUS ObLT BRIOJHEH KiacTepHsblid (p<0.005, nepapxudeckas KiaccupuKaus
0 METOAY IMOJHOW CBSI3UM) M KOPPENALMOHHBbINA aHanu3 (puc. 5.3). YcTaHOBIEHO, 4YTO Hambosee
obmmpHsle Tpynmupoku (R%>0.9) ormeuarorcs aa p. Enuceii. 1o Al-Zr-Ni-Cr-Cu-V-Co-Mn-Fe-Sr
— nMUTO(GHUIBHBIE U CUAEPODUIBHBIE 3JIEMEHTHI, PACIPOCTPaHEHHbBIE B Topoaax Oacceiina u Zn-Cd-Cs-
Pb-U-Sbh-As-M0 — cmemianHasi Tpynma, dJIEMEHTBl KOTOPOH MOTYT HMMETh TEXHOT'€HHOE
npoucxoxaenue. [Ipu 3ToM, KOHIIEHTpAIMK TaHHBIX YJIEMEHTOB B CTBOPE TTOHMYKEHBI OTHOCUTENIFHO MX
CoZIepKaHMs B APYTMX pedyHbIX Oacceitnax. J[ns p. Jlena Beigenstores accouuaruu Al-Sr-Zr-U-Cs-Pb
(R>0.8) — mutopunsusie MM, V-Fe-Zn-As-Mn-Cd (R?>0.6) — cMemaHHas Tpynma 3JIEMEHTOB,
TIOCTYMAIOIINX C TEXHOTeHHO# B3Bechio, Cr-Ni-W-Mo-Co-Cu (R?>0.9) cMemanHas rpymna >J1eMeHTOB,
BEPOSITHO, MOCTYTAIONINX B PE3YJbTaTe pa3pylIeHus TOpHBIX mopoa. st p. OO MOKHO BBIIENTHTH 4
rpynmsl snemMentos: Al-Zr-Co-Cs (R%>0.8) — sneMeHTHI, pacnipocTpaHEHHBIE B TOPHBIX TIOPOJAX, HO
MMEIOIINe HU3KHE KOHIEHTPAlMH B JaHHOM Oacceiine; Zn-Pb-Sr-U (R?>0.5) — cMmemaHHas rpymnmna
anementoB; Fe-As-Mo (R?>0.7) — »eMeHTHI, MepeHOCHMbIE B COCTaBE OPraHOTEHHEIX B3BECEH,
nocrynaromux ¢ Bogocoopa; Ni-Cu (R%>0.5) — a1eMeHTsI, CBA3aHHbIE ¢ TEXHOTEHHBIM (hakTopoM. s
p. KombiMa BhImensiorcss rpynmupoBku oiementoB: Al-Cs-V-Fe-Co-Zr-U (R%0.8) —MM,
pacnpocTpaHéHHBIE B TOpojax, ciararommux Bogocoop; Mn-Ni-Cu-As (R2>0.7) — DBIIEMEHTHI,
nocrynaromme u3 MMII; Cr-Mo (R?>0.8), Zn-Sh u Sn-Pb (R%>0.5-0.6) — nuToduibHEIE >IEMEHTHI,
BEPOSITHO TOCTYIAIONINE MPH pa3pabOTKax TOJE3HBIX HCKOMAeMbIX. PacCMOTpEHHBIE TPYNIHPOBKU
CXO0XHM 00pa3oM HM3MEHSIOT CBOM KOHIIGHTPAIMH TPU HU3MEHEHHH OOIIUX THIPOT€OXUMHYECKHX
XapaKTePUCTHK TMOTOKa. Tak, AJMeMEHThI, TOCTYMAIOIINe C MOBEPXHOCTH BOJOCOOPA, YBETHYHMBAIOT
KOHI[EHTPAIIUU TIPH YMEHBIICHHH BOTHOCTH. KOHIIEHTpaluu B TPYyIe TEXHOTCHHBIX 3JICMECHTOB,
CBOWCTBEHHBIX pekaM. JleHa 1 OOb 3aBHCAT OT OJHM30CTH K MCTOYHHUKY 3arps3HEHUS — MOPTaM U

TPAHCHOPTHBIM y3JIaM.
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PﬂcyHOK 5.3 XapaKTepHLIe acconuan XUMHYCCKUX 3JICMCHTOB, ITOJTYYCHHBIC C IOMOIIBIO
KJIIACTCPHOI'O U KOPPCIALUOHHOI'O aHAaJIM30B. KpaCHHM BBIACJICHBI aCCoMalu 3JICMCHTOB, U

OTMEYEHBI KOA(PPHUIMEHTH KOPPEISIMHA BHYTPH aCCOITUAIIHA.

Cpennue koHueHTpanmii MM BO B3BEIIEHHBIX HAHOCAX PAaCCMATPUBAEMBIX DPEK MOTYT
HE3HAUUTENIbHO OTJIMYaThCSl OT HMX CpEeIHUX KOHIEHTpaluMid B HAHOCaX pPEK MHpa, OJHAKO
BapuabenpbHOCTh (CV) KOHIIGHTpaIWiii B TCUEHWW CE30HA M B CaMUX CTBOpPaX PEK MOXET OBITh
3HaunTenbHON. Hanbomnee BicoknMU K03 dumeHTaMu Bapranuu B creopax pek O6sb, Jlena u Enuceit
obnanmarotr 3nementel Sn, Cd, Mo (>60%) (puc. 5.4). Sn u MO — 31eMEHTBI, MHUIPHPYIOIIUEC
PEeUMYIIECTBEHHO B pacTBOpEHHON (popme. Hanmmuune ux B cocTaBe B3BEIIEHHBIX HAHOCOB 3aBUCHUT OT
pactpocTpaHE€HHOCTH STHX JJIEMEHTOB B TOpOAax Ha BojgocOope. VX KOHIIEHTpaluM 3aBUCST OT
BO3/ICUCTBUS JIOKAJIHHBIX HMCTOYHUKOB TIOCTYIUIGHHSI HAHOCOB, YTO TIO3BOJISIET WM 00JaJaTh
3HAUUTENBHON M3MEHUMBOCTBIO JaXe B Mpeaeiax OAHOro crBopa pekd. Cd — 31eMEeHT-MOJUIFOTaHT,
MOBBIIIIEHHBIE KOHIIEHTPALlMM KOTOPOTO TPUYPOUYEHBI K aAHTPOIOTEHHBIM HMCTOYHUKAM B3BECH.
Hawu6osnee cuibHO 370 miposiBisieTcs B 6acceiine p. Jlena, riae Cd mocTymnaer U3 CTOUHBIX BOJ T. SIKYTCK.
[Tpu 5TOM KOHIIEHTpAIMH B YCIOBHO (POHOBOM cTBOpe NTIT JKUTaHCK HE OTIMYAIOTCS OT CPEIHUX IS
JpYyTuX 0acceiiHOB, YTO U MPUBOIUT K CTOJIb 3HAYUTENbHOM n3mMenunBoctu. Conepxanue V, Cu, Ni, Cr,
Sb, Zn, W, As, As, Pb, Mn Bo B3BellIeHHBIX HAaHOCAX XapaKTepU3yercsi BapuadeabHOCThIO 25-60% B

3aBHCHUMOCTH OT TEXHOTCHHOM HarpyskKuv Ha BOOOTOK U (1)331:1 BOOHOI'O PEKHUMaA. TaK, HU3KUE 3HAYCHUA
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B [IEPUO/] TIOJIOBOIbSI M3-3a pa3banieHust MM pycnoBoii gppaximeii HaHocoB (SiO2) KOMIIEHCUPYIOTCS
KOHIICHTPUPOBaHUEM JaHHBIX MM B MeXeHb H3-3a yBenuueHus aoiau menkux (PM1-50) u
OopraHoreHHbIX (pakuuii. Pazopoc xonuentpanuii snementos Zr, Co, Sr, Al, Cs, U, Fe cocrasmiser
oko0Ji0 25% u 00yCIIOBIEH CMEHOH (a3 BOAHOrO pekruMa. MUHUMAIBHBIN JMANA30H WX 3HAYCHUU

OTHOCHTCS K meproy 3umHei mexkenu (Cv cocrasisieT 9-10%).
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Pucynok 5.4 bacceitnoBble paznuunst koddduirenton Bapuanuu MM Bo B3BecH

s p. Eamceli cpequsis BapuaOeIbHOCTh KOHIICHTPAIMHA IS BCEX JIEMEHTOB cocTaBisier 60-
90%, pmocturas MakCHUMAallbHOTO pa3dpoca B TEpUOA TMOJOBOABS M3-3a pa3jinuus B TIEHE3Hce
B3BEIICHHBIX HAHOCOB. B MEXEHHBIN Mepuoa B peKe YBEIMUYMBACTCS JOJS PYCIOBBIX (pakiiuii,
00JaTalOMUX CXOKUM XHMHYECKAM COCTAaBOM, B pe3yJibTaTeé dYero pa3dpoc KOHIIEHTpAInid
ymenbImaercs 10 40-50%.

Cpennnii CV 117151 Bcex paccMaTprUBaeMbIX 3JIEMEHTOB IO KaKIOMY M3 CTBOPOB COCTABIISIIOT: IS
O6u — 50%, nmna Enuces — 67%, nmna Jleasr — 50%, nns Kombmmbr — 39%. MakcuManbHast
BapnabeIbHOCTh KOHIIEHTpaluii Habmronaercs Ha pekax Enuceit (80%) u Jlena (62-77%) B mepuo1 nuka
U crajia mojoBoIbsi. OCHOBHYIO POJIb 37I€Ch UTPAIOT Pa3Indus F'eHe31ca YaCTHII B3BECH H MHOT'000pasne
UCTOYHUKOB HX IIOCTYIUICHHS, a TaKXe BOJHOCTh pEK, KOTOpas NPUBOAUT K 3HAYHTEIHHOU
HEOJTHOPOJHOCTH pacIpe/IeIeHHs B3BEIICHHBIX HAHOCOB B CTBOpE HaOM0IeHUH. B MexkeHHbBIN epuoa
BO Bcex OaccelfHax pa30Opoc 3Hauenuit Cv coctasuin 30-45%.

B 2021 romy na p. KosmbiMa H3MEpeHHST XMMHYECKOTO COCTaBa B3BEIICHHBIX HAHOCOB
MIPOBOIMIIMCH B TEUEHUE BCETO TETUIOTO Meproia (Maii - aBrycT) ¢ epHOINIHOCTRIO OJIMH pa3 B HEJCITIO
(puc. 5.5). Jlns Kaxxaoro U3 M3MEPEHHH pacCUMTHIBAICS CpeqHuil mokaszarenh CV B CTBOpe MO
pe3ynbratam aHanuza 9 npo0. MakcumainbHble 3HaueHuss CV B CTBOpe B MEPHOJ Cliaja MOJIOBOAbS H

aKTUBHOI'O TasiHUS MEP3JIOTHI, COCPENOTOUYEHHONM Ha mpaBoM Oepery peku, coctaBuiaud 40% u 51%.
b
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Pa36poc konnentpammii Cd u Sn mpu stom gocturan 120 - 180%. [lamee Obuia paccuuTana
WU3MEHYMBOCTh Benm4urHbI CV Kax0ro u3 u3mepeHuit. Ona coctaBuiia 57%. ITo 3HaYCHUE MPEBHIIIACT
CPEHIOI0 M3MEHYMBOCTh KOHLEHTpauud MM 3a 2021 r. — 39%. B pesynprare, joKajibHas
MPOCTPAHCTBEHHAs] HEOJHOPOJHOCTH B CTBOpPE OKa3ajaCh 3HAUUTENBHO BBIIIE BPEMEHHOH, YTO

MOAYEPKUBAET BAXKHOCTh €€ y4€Ta [IPY MOHUTOPUHIOBBIX HCCIIEIOBAHUSAX.
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Pucynok 5.5 1I3MeHYMBOCTh CpeJHUX IO CTBOPY KOHIIEHTpanuiit MM B cocTaBe B3BEIIEHHBIX

HaHocoB p. Konbsima B 2021rT.
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5.3 CpaBHUTEJILHBII aHAJTU3 XUMUYeCKOro coctaBa B3Becu O6u, Enuces Jlensl u KoabimMbl

Jlnst BBISBJICHUS THIPOTEOXUMHUECKOW CHenHanu3aluu pek ApKrudeckoi 30HbI PO Obum
paccuMTaHbl KIapku KoHUeHTpanuu (Kx) u kimapku pacceuBanusi (Kr) XMMHYECKHMX 3JIEMEHTOB
OTHOCHUTEJIBHO CPETHEr0 COJEPKaHUsI SJICMEHTa B COCTaBe BepxHei yactu nutocdepsl [Rudnick, Gao
2003; Hu, Gao, 2009] (raBa 3 (14, 15)). JlaHHbIe XapaKTEPUCTHKH ITO3BOJISIOT BBISIBUTH MTPEBBIIICHUS
KOHIICHTPALUI 3JIEMEHTOB BO B3BECSAX HCCIIEAYEMBIX 0acCEHOB OTHOCHUTENLHO ()OHA M BBIICIHUTH MX

XapakTepHble TpyIsl (puc. 5.6).
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Pucynok 5.6 Knapku konuentpanuu (Kx) u paccenBanus (Kr) XuMu4eckux 3J1€MEHTOB B

COCTaB€ B3BEIIEHHBIX HAHOCOB APKTHYECKHX PEK.

AHnanu3 pacnpeneneHuss Kk MO3BOIMII BBIIEIWTH TIPYIIBI 3JIEMEHTOB, MMEIOUIUX CXOXKHE
nokaszarenan KoHUeHTpupoBaHus. [Lnga pexu OOb BwiAenstoTcs snemMeHTol As, Zn, Cd (Kxk>3). Otu
3NIEMEHTHl HanboJiee aKTUBHO KOHILEHTPUPYIOTCS BO B3BECH B MEXEHHbIM nepuon. Mx conepxanue
TaK’Ke MOBBIIIEHO JUIs p. KonbiMa, UTO CBA3aHO cO CXOXKUMHU IporieccaMu ux nocrymienus. Ha p. Jlena,
BCJIEZICTBUE TEXHOTEHHOTO KOHIIEHTPUPOBAHUS Ha B3BecH B 14 pa3 Bo3zpactaet coaeprkanue Cd. Mn, Sn,
Sb, Fe, Pb, Cu Takke MMEIOT MOBBILICHHYIO KOHIIEHTpanuio (Kx>2) B ctBopax O0wu, Jlenst u KonbiMel.
[Mocrynnenne Fe u Mn cBsfizaHo ¢ copOmueld 3THX METAJIOB Ha IOBEPXHOCTH MEJIKHX
OpraHOMUHEPATBHBIX YaCTHUI[ B3BEIIEHHBIX HAHOCOB, MOCTYMAIOIIUX C MOBEPXHOCTH 3a00J0YEHHBIX
BOJIOCOOPOB MPUTOKOB. Sn U Sb MMEIOT MOBBINICHHBIN NpupoaHbIl ¢oH B Oacceiine p. Kompima u

MOCTYTMAIOT C TEXHOTeHHOW B3Bechlo B OacceiiHe p. OOb. KoHIeHTpanuu TSKEIBIX METAIOB U
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MaJIOTIOABMKHBIX ~ 3JEMEHTOB JUIsi PAacCMaTpUBAEMbIX pEK COOTBETCTBYIOT CPEIHEMUPOBBIM
KOHIIEHTpamusM. Bo B3BEIICHHBIX HaHOCAaX OTMedYaeTcs paccemBaHue 3eMeHToB Al, W, Zr, Sr, uto
MOXKET OOBSCHATHCS TIOBBIIIEHHOM J0JIeH pyciioBol (pakiuu B HaHOcaX pek Enuceit u O0b.

3nauenust Kc (16), paccunTaHHblE OTHOCHUTEIBHO CPEIHETO COAEP)KAHUA XUMUYECKUX
SIIEMEHTOB B cocTaBe HaHOCOB pek wmmupa [Casenko, 2006], xapaktepusyrorcs Ooinee HU3KUMHU
3HAYEHUSMHU, YTO OOBSCHAETCS MOBBILICHHBIM cofiepxaHrueM MM B cocTaBe B3BEHICHHBIX HAHOCOB B
pe3yJbTaTe COpOIMM Ha YacTuIax B3BecHu (puc. 5.7)
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Pucynoxk 5.7 Kosppunuent konuenTpupoBanus (Kc) XMMUYECKHX 3JIEMEHTOB B COCTaBE

B3BCIICHHBLIX HAHOCOB ApKTI/I‘leCKI/IX PCK.

[IpeBpiienus1, xapakTepHble s Kk TPyMNIl 2JIEMEHTOB B KaKJIOM U3 OacCeHOB COXPaHSIOTCS
npu aHanuse Kc, XOTs caMM 3HA4€HHUs yMeHbIIaloTcsl B 1,5-2 pasa, 4TO MO3BOJSET BBIYMCIHUTH

CyMMapHbIi K03 puureHT KoHIleHTpupoBanus TKC, XxapakTepu3yIomuii 6acceiiHOBbIE pa3uuus (puc.

5.8)
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Pucynok 5.8 CymmapHhsiii koa¢dpuiireHT KoHIeHTpupoBanus TKc A uccieayeMbiX pex

Pacnpenenenne TKc B pekax Enmceit m Konpima otnmyaercs ot pek Jlena m OOpb 3a cuer
MEHbILIET0 aHTPOIIOT€HHOT 0 BO3eiicTBUsA. B 6acceilHax mocie1HuX NpocieKuBaeTcs BIUSHUE TOPOIOB
(Canexapn, SIKyTCK), KOTOpbIE TI'€HEPUPYIOT OOJIBIIOE KOJIMYECTBO MEJIKOW TEXHOTCHHON B3BECH.
[Totoku HanocoB pek Enuceil u KonbiMa He3HauutenbHo oOoramenst MM. Onnako, g p. Enuceit
Ha0JIF01at0TCs He3HaunTeNnbHbIe npesbimenus Ke (1,2-1,7) maas acconmanuu snemento Mn, Zn, Cr, Ni,
Sr, Co, Cu, torna kak ais p. Koasima 6ombiiee 3aauenne TKe (6onee 1,5) cBszano toiabko ¢ Mn, Sn,
Zn, As. JIns p. Enuceii npeBblieHUs IS 3TUX IEMEHTOB OTMEYAOTCs KaK B IIEPUOJ BHICOKOM, Tak U
HU3KOW BOJIHOCTH, YTO MOXKET CIIYXKHUTb IMPU3HAKOM MOCTOSHHOTO MOCTYIUIEHHUS JaHHBIX 3JIEMEHTOB
BMECTE C MaTepHaiOM, CMbIBAEMBIM C BOJIOCOOpa MPH pa3pyILlIEHUH TPANIOBbIX 0a3albTOB.

VY4acTKu HUKHETO TeYEHHUs UCCIIeAYEMBIX PeK (POPMHUPYIOT acCOLUAIIMM XMMUYECKOTO COCTaBa
B3BECH, CUJIbHO OTJIMYAIOIIMECS OT UX BEPXHETO U CPENHEro TeueHus. 3HaueHus Kc 1uist 3aMbIKarommx
ctBopoB pek Jlena u EHucell OBLIM COMOCTaBIEHbI C CHJIBHO AHTPONOTE€HHO HapyLIEHHBIMU
tepputopusimMu — p. Jlena B paitone r. SIkyrck u p. Cenenra B HmwkHem Tedenuu [Chalov et al.. 2020;
Thorslund et al.. 2017] (puc. 5.9). TKc ans p. Enuceii pasen 1,1, uto mMenbine, yem s p. Cenenru,
pacIoyio’)keHHOM B BepxHeW dacTu ero OacceifHa (8.7). BepositTHo, n3-3a BimsHus kackanoB ['2C
MOJUTFOTAHTBI OCAXAAI0TCS B BOJOXPAHMUIIUILAX U HE TIOCTYNAKOT B 3aMbIKaroinii ctBop. Ha peke Jlena,
KOHIEHTpauuu MM B HI>KHEM T€UEHUH 3HAUNUTEIBHO MEHbIIIE, YUEM B €€ CPETHEM T€UEHHUH, B paliOHE T.
SIkyTcka. 31ech HMEIOT MECTO HanboJiee BRICOKHE KOHIICHTpAIUK TeXHoreHHbIX anemenToB (Cd, Cr, Ni,

W, M0) 1 noBbIIIICHHBIE KOHIICHTpAIH Bcex ocTanbHBIX 37eMeHTOB (TKc paBen 160).
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Pucynoxk 5.9. OcpeHenHble 3HaueHUs K03(h(UIIMEHTOB KOHIIEHTpHpoBaHus Kc B3BeIIEHHBIX
HAaHOCOB HMXKHETO TeueHus pek JIena n Ennceli B cpaBHeHMH ¢ K¢ B3BEIIEHHBIX HAHOCOB

AHTPOTIOr€HHO HAPYIIICHHBIX Yy4acTKOB peuHoi cetu (Jlena y r. Slkyrcka; p. Cenenra (Huxe r. YiaH-

Ve (2012-2018 rr.))

KoHieHTpannoHHy 0 (YHKIIUIO B3BEIICHHBIX HAHOCOB OI[CHUBAIIN C TIOMOIIBI0 K03 durmenTa
oboramenus (EF), mokaspiBaroiiero OTIHYHME COACP)KAHHS MHKPOIJIEMEHTa B HAHOCaX OT €ro
COJIEp’KaHMsI B COCTaBe IOPOJ, CJararolux OacceiiH, IMyTeM HOPMHPOBAHHS XHMHUYECKOTO COCTaBa
HAHOCOB Ha COJICpPIKaHKe OMIOPHOTO 3JIEMEHTa, HEHTPATbHOTO K OHOXUMHUYECKUM Tporieccam (Sc). Itot
MOKa3aTellb MOXKET CITY)KUTh KPUTEPHEM 3arpsA3HEHHOCTH HaHOCOB B peke. CormacHo KiacCH(pHUKAIUH
[Shtherland, 2000], nanGomnsime ypoBHu 3arps3aenuss MM HaOromatores st pek O0b u Jlena (tadi.
5.2)

Tab6auna 5.2
VYpoBens 3arpsisaennss MM, cornacuo knaccudukarnuu [Shtherland, 2000]

Peka Ymepennoe (EF=2-5) Boicokoe (EF=5-20)
O6b Mn, Sn, Sb, Fe, Pb, Cu, Ni,Mo As, Zn, Cd
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Enuceit Zn, Cd
Jlena Zn, Mn Cd
Konpima As, Zn, Cd, Mn, Sn, Sb

PaccunTanubiii  cymmapHbiii  koaddumuent oboramenus (TEF) mo3Bonmia  BBIABUTH
CYIIECTBEHHOE YBEIMYCHHUE 3arps3HEHHOCTH p. O0b B 3UMHHUI TIEPHOJI [0 CPABHEHHMIO ¢ JIETHUM (pHC.
5.10). Ilpu HU3KOH BOJHOCTH IMPOUCXOIUT KOHIICHTPUPOBAHHE IOJUIIOTAHTOB IMPEUMYIIECTBECHHO
TeXHOTeHHOTo npoucxoxacuus (Zn, Cd, Cr, Pb). J{nst onenku 3aBucumoctu TEF ot BogHOCTH (ha3el BP

(Km) 6bu1u paccuutansl TEF m1st kaskaoro ux mepuoaoB mpobdoordopa (puc. 5.11).
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Pucynok 5.10 Cymmapusiit koo duirent konueHTpupoanus TEF s uccnenyemsix pex

Jauublie, noxy4deHusie s p. O6b (ctBop r/m Canexapn) B HosiOpe 2018 r., HE IArOT MOJIHOM
XapaKTEPUCTUKH KOHLEeHTpaluii MM B cocTaBe B3BELICHHBIX HAHOCOB, IIOCKOJIBKY OTJIMYAIOTCS KpalHe
HU3KOI MyTHOCTBIO (1-2 MI/i1), a Takke HanuuueM KpynHbIx ¢ppakuuit PM500-2000 B cocTaBe B3BecH.
B pesynbrarte naHHbIM ce30H He ObLI 100aBI€H B aHAIM3 JUIsl MCKIIIOYEHHUS CIIy4aifHOTO 3aBBIIIEHUS
conepxkanuss MM. OctanbHble TaHHBIE COCTOST U3 OoJiee YeM OJTHOM CepuM M3MEpPEHUH CO CXOKUMU
XapaKTepUCTHUKAaMHU T'paHyJOMETpPUUECKOoro cocraBa B3Becu (puc. 5.13). B pesynbrare ans Bcex
po600T6opoB, KpoMme cezona 02, Obu1a moaydena 3apucumoctb TEF ot Km (R? = 0.55):

TEF= 4,8121¢0.049Km (25)
B nepuoabl BBHICOKOW BOJHOCTU MPOUCXOIUT Pa30aBlIEHHME HACBHIIEHHBIX MOJUTIOTAHTaMM (pakiuil
HAHOCOB, YTO MPUBOJUT K cHIbKeHUIo T EF. Ilpu ananu3e 3arps3HEHHOCTH 110 C€30HAM MOKHO OTMETUTH
MOBBIIIEHHYIO 3arpsi3HEHHOCTh HAHOCOB p. OOb MO CpaBHEHUIO C APYTrUMH pekamu. HanmeHsbime
3HayeHus TEF coiicTBeHHBI p. EHHCEH, 4YTO KOCBEHHO CBHUJIETEIILCTBYET O MajOM BIMSHUM Ha HEro

aHTPOIIOT€HHOI0 (haKTOpa TpaHCHOpMALMU XUMUYECKOTO COCTaBa HAHOCOB.
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PucyHnok 5.11 M3MeHYHBOCTh 3HaYEHUS] CyMMapHOTo kKodddunuenrta odoramenus (TEF) u

MOJIyJbHOTO K03 dunuenta Bogroctd (Km) mo ¢azam BogHoro pesxuma (tadm. 3.1).

BaxHbIM MokazaTenem, XapakTepU3yIOIIUM IOTOK MHKPOAJIEMEHTOB B COCTaBE B3BEIIEHHBIX
HAHOCOB, SABJISIETCS peuMyliecTBeHHas popma Murpanuu. CorinacHO COBpEMEHHBIM OLIEHKAMHU, OKOJIO
90-99% GoNpIIMHCTBA METAIJIOB B PEYHOM CTOKE MUTPHUPYIOT BO B3BemeHHoH Gopme [Gaillardet et al.,
2003; To6posonsckuii, 2003; I'opaees, 2012, 2013].

Jlinst Apkrudeckux pek (Tadm. 5.3) xapakTepeH HmepeHoc KaTHOHOreHHbIX anmemeHToB: Al, Cs
UCKJTIOUUTENIFHO BO B3BEIIEHHOW opme (>98%), MaonoABMKHBIX KATHOHOTEHHBIX AJIeMEHTOB Fe, Zr,
Mn, Co, Cr momHOCTBIO BO B3BelieHHOU dopme (>75%), mepexoaHoit rpymisl snementos: V, W, Pb,
Zn, Cd, Ni, As npeumyniecTBeHHO BO B3BemieHHOU (opme (50%-75%), aHHOHOTEHHBIX M TIEPEXOTHBIX
anemenToB: Sn, U, Cu, Sb npeumymecTBeHHO B pacTBopéHHOI opme (25%-50%), aHMOHOTEHHBIX 1
MEPEXOIHBIX NIEMEHTOB Mo, SI' B TOTHOCTBIO pacTBOpEHHOM hopme (<25%).

PesynbraTel DS ananmsa mokasanu, 94To B cOCTaBe B3BEHICHHBIX HaHOCOB p. OOb moTok Mn B
3UMHIOIO0 MEKEHb, 10 CPAaBHEHHUIO C CE30HOM OTKPBITOTO pycia yMeHbInascs oonee, ueM Ha 90%; V, Co
— Ha 60-80%; Zn, Pb, W, U, Cd — na 25-50%; As, Al, Cr, Mo, Sr, Fe, Sb, Zr, Cs — na 2-20%. Taxxe

HaOmonancst poct noaun Cu m Ni Ha 3-5% u Sn Ha 44%. IlomoOHOe pacmpeneneHHe MOKa3bIBaeT
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YMEHBIICHNE MOCTYIIJICHNUsI HAHOCOB, 000TaIEHHBIX pacIpocTpaHEHHBIMU B Oacceline MM mipu pocte
koumentparuit Cu u Ni.

Jlis p. Jlena norok W ymensmiaercs Ha 83%; Ni, V, Mo, As, Sn, U, Sb na 25-50%; Al, Cr, Sr,
Co, Zr, Cs, Cu, Ni na 2-25%. Bo3spacraet nosis Mn, Pb, Fe, Zn, Cd na 1-6%.

Jns p. KonsiMa Hanbosiee criibHO yMeHbIaercs motok Sn-U-Mo (25-50%); Cd, Cs, Pb, W, Ni,
Cu, Zn,V, Sr, Cr, Sh, Co, As ymensrratorcs Ha 1-25%, a Mn, Fe, Zr ysenuunBaetcst Ha 0-16%. Bo Bcex
paccMaTpUBaeMbIX 0aCCeHAX ¢ YMEHBIICHUEM BOJTHOCTH YMEHBIIIAETCS TOTOK PYAOTCHHBIX JJIEMEHTOB
IpU BO3pPAcTAaHUM JIOJIM DJIEMEHTOB, IIUPOKO PACHpPOCTPaHEHHBIX B OacceiiHe B COCTaBe pPyCIOBOM
(kpymHOHM) (pakuuu HAHOCOB. B mepuoj moBblIeHHO#H BoxHOCTH ToJdbko Sb, Mo, Sr nmepenocsrcs
NPEUMYIIECTBEHHO B pacTBOpEHHOMU (hopMe, TOTa KaK B TIEPUO]] MaJIOW BOJHOCTHU B ATY TPYIIITUPOBKY
srirovaroress W, Cd, Ni, As, Sn, U, Cu, Sb, Mo, Sr. C yBenudyeHueM 101 pacTBOPEHHBIX 3JIEMEHTOB
TUTO(GUIBLHOTO M CUACPOPIIIEHOTO MPOUCXOKICHUS M YKPYITHCHHEM YaCTHUIl B3BEIICHHBIX HAHOCOB,
YMEHBIIAETCS UX COPOLMOHHAs CIOCOOHOCTh. Takxe, 0OHAPYKMBACTCS KOPPEISIIUS MEXIY HO0JeH
B3BEIICHHBIX HAHOCOB M cojepkaHueM OacceiiHoBoit ¢pakuuu must Al, Fe, Zr, Mn (R2:0.5-0.53).
BaxHyro poJyib UrpaeT BEepTHKAIBHOE PACIpEe/ICHHE MYyTHOCTH, KOTOPOE TAKXKE ONMPEICIIET OO
MM, nepeHocuMBbIX BO B3BecH. Ha pekax HaOMI0JaeTcss HE3HAYUTEIBHOE YBEIMYCHHE CPEIHETO
JTUaMeTpa YacTHI] OT MOBEPXHOCTHU KO JHY, YTO OTPAXKAETCS M HA MHKPOAJIEMEHTHOM cocTaBe. Ha pexax
C BbICOKOM poneil OacceriHoBoil ¢pakuuu (p. Jlena u p. Komnbima) tpancnoptr TMM B cocrase
B3BCIIICHHBIX HAHOCOB YBEIUYMBACTCS K MPHUIOHHBIM cliosiM (Ha 5-20%). MakcumalibHOE YBEIIMYCHUE
ormeuaercs Ha p. Konbima B epuos nosoBobst: st U (Ha 43%), Cu (ua 38%), Sb (1a 60%), Mo (ua
62%). Ha pexax Enuceii 1 O0b B meproj MexeH! HaOII01aeTCsl YBEIMUEHNE KOHIIEHTPAIIHI 3JIEMEHTOB

B TIOBEPXHOCTHBIX ¢J105X Ha 2-10%. MakcumanbHOe yBeanueHue cBorictBeHHo MO, Sh, Sr (10 80%).
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Tabmuna 5.3

Pacnpenenenue xonnenTpanuiit MM B pacTBOpEHHOHN U B3BEIICHHOM (pOpME 3aMBIKAIOIINX CTBOPAaX APKTUUYECKHUX PEK

Pacteop (D) 50-75% Bsgecs (S)

Al Fe Mh Cs Zr Co Cr V w Pb Zn Cd Ni As Sn U Cu Sb Mo Sr

O3

04

Ol

02

O2(sHB)

El

J12
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ITo pesysnprataM aHainM3a XHMMHYECKOIO COCTaBa B3BEIICHHBIX HAHOCOB, MYTHOCTH M
pacxoaoB BOJbLL GBIJ'II/I BBIUHUCJICHBI CPCAHUC PACXOAbl XUMHUYCCKUX 3JICMCHTOB B 3aMBIKAIOIIIHUX
cTBOpax pek Bo B3BemieHHoM (W) dopme (Tabdi. 5.4):

Wi = Q*(Ci,*SSCi)/10° (26)
rae Wi — moTok i-31eMeHTa BO B3BelIeHHOH Gopme, r/c; Q —CpeTHEMHOTOJICTHHH pacxo

Bozbl Ha T/11 (YI'MC), penpe3eHTaTHBHBIX A/sl CTBOPOB m3Mepenwuii, m%/c; SSCi — m3mepenHas
KOHIIEHTpalys HaHocoB, T/M°, Ci — m3MepeHHas KoHIEeHTpanus MM B cocTaBe HAHOCOB, MKI/T.
Cymmapnsbie notoku 20 MM B niepuoj; OTKPBITOrO pyciia MakCuMaibHbl U1 p. Jlena — 36% ot
00LIEro CTOKa XMMHYECKHUX 3JIEMEHTOB pacCMaTpUBaeMBbIX yeThlpeXx pek. Pexa Enuceil BBIHOCHUT
33% ot ob6miero croka. Peka O0b — 16%. [Ipu paccmorpernn ctoka MM st p. O6b ¢ yuérom
3UMHEH MEKEHH, MOTOK Ka)KIOoro ljieMeHTa ymeHblnaercs B 0,8 paza, OTHOCUTENBHO TEMIOTO
nepuoaa. Bxman p. Konbima coctaBisier 13% ot oOliero croka XMMHUECKUX 37eMeHTOB. Jloms
BbIHOCA MM B CcpeHEMHOTOJIETHEM CTOKE B3BEUICHHBIX HaHOCOB pek (Marpuinkuii, 2016) nms
nepuoja OTKpeITOro pycia coctarisier: O0b — 13%, Enunceit — 31%, Jlena — 19%, Konbima — 20%.

3a ucxirouenueM Fe, Al, Mn ocrasmmecs 17 MM cocrasisaroTr okoino 0.1% ot o6uiero moroxa

HaHOCOB.
Taoauna 5.4
Cpennue pacxoapl MUKPOAJIEMEHTOB I/C B COCTaBE B3BEIICHHBIX HAHOCOB I10
pe3yaprataM skcneauunii 2018-2021rr.
Cpennnii pacxogq MMB nepuo OTKpBITOro pycJa, r/c
dtement O0b : ];)Hlxlceﬁ H;)Ha - KonLIMI:ly > Peku
Fe 31012 51811 45567 17637 146027
Al 29678 68537 85304 29997 213516
Mn 1091 1681 1429 469 4670
Zn 108 177 213 66 564
Sr 81 167 208 69 525
Cr 57 96 84 34 271
Zr 52 53 117 35 257
V 59 114 122 49 344
Ni 33 60 47 14 154
Cu 18 72 39 12 141
Pb 13 12 27 9 61
As 9.2 3.4 9.1 7.6 29
Co 10 27 20 6 63
Sn 3.6 3.5 3 1.6 12
Cs 2.5 1.8 4.4 1.9 11
U 1.2 1.1 2.6 0.85 5.6
W 0.72 0.20 1.2 0.45 2.6
Sbh 0.54 0.49 0.86 0.44 2.3
Cd 0.15 0.31 0.54 0.12 1.1
Mo 0.22 1.1 1.3 0.55 3.1

106



TJIABA 6. PACTIPEJIEJIEHUE KOHIIEHTPAIIMA METAJLJIOB M METAJIJIOUI0OB

BO ®PAKIIUAX HAHOCOB KPYITHEHIINX PEK POCCUMCKON APKTUKHA

JUist OLIeHKH BIUSHUA (PpaKIUid KPYITHOCTH Ha (hOpMUPOBAHHE XUMUYECKOTO COCTaBa OBLI

IMPOBCACH CTAaTUCTUYCCKUI aHaIn3 JaHHBIX O PacHpCACICHUU XUMHUYCCKUX JJICMCHTOB BO

bpakumsix PM1, PMI1-10 u o6meit nmpobe B3BemIeHHBIX HAHOCOB. COTrJIacHO JIUTEpaTypPHBIM

JIAHHBIM O pacrpee/ieHHH Mo (HPaKIUsIM KPYIHOCTH METPOreHHbIX deMeHToB [[lemuna 1982;
Suun 2002; Lick 2008; I'opaees 2009, Langmuir, 2007], tsoxensix merawio [Zhang et al. 2001;
Jo6poosbckuit 2003; Casenko 2006; Bouchez et al. 2011; Yanos 2021, Kabata-Pendias, 2011],
ouorenos [Walling, 2006; Meng et al. 2014, 2015], paguonykmuaos [Abril and Fraga 1996;
Antonelli et al. 2008] uccnenyemsie anementst Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Zr, Mo,

Cd, Sn, Sb, Cs, W, Pb, U npeo6nanarot Bo ¢pakuun PM1-PM50 B coctaBe KpUCTAIUTHYSCKUX

pGIHéTOK MHHCPAJIOB, COp6HpOBaHHI)IX Ha KPYHOHBIX YaCTULAxX B3BCCH, INIMHHUCTBIX YaCTHULAX

(amromMocHIIMKaTax), OpraHOMHHEPAIbHBIX KOMIUIeKcaX. Bo ¢pakimuun PMI1-PM10 tpancmopt

OCYHICCTBJIACTCA B  COCTABC

OpraHOMHHCPAJIbHBIX,

TUAPOKApOOHATHBIX M (ochaTHBIX

komruiekcoB. Bo ¢pakuu PMO.1-PM1 orn nepeHOCATCSI Kak OKCHBI, CYIb(QHIBI U OKACICHHBIC

q)OpMI)I MCTAaJIJIOB. OpFaHI/I‘-IGCKI/IC MOJICKYIJIbI, 4@ TAKXC KJICTKHM MHUKPOOPraHU3MOB IIEPCHOCATCA

Bo ¢pakumuu PMO.1-PM15 (puc. 6.1).

PactBopéHHaa dopma

B3BgelleHHaA popma

KOMINNEKCE

T
KpemHessm (S102) | 1
Wioned Me Dkonak W MMAPCoKCHAL Fe 1 ]
\ Cikcuae Mn 1 |
TWApaTHpoBaHHble L OmeduguMe T |
WoHbl Me XapBoratel, docdars
[ Cpra HE
[ | TNIHE (RMIOMOCUNMKATE])
Benku TiiMHOBE W (T MbBOKACTIOTE |
Kneria

1HM

1
Pazmep yacny, mm

00045 mm

0

50%

40%

¥
( 30%

20%

/ 108
\_/-‘-\_

I
0,0000001 0,000001

0,00001 0,0001

0,001

0%

PacTeopEHHanR dopma I Konnouasl 1 MyKpouacTiLb |

Tnuna I

Wn

KpyNHOCTL HaHoCOE (GUy, 1969)

[
PMO.1

I
PM1

PM10 PM100 PM1000

Bnekomas popma

Pucynoxk 6.1. Pacnipenenenue Gpopm MUTpallud XUMUYECKUAX BEIIECTB, TPAHCTIOPTUPYEMBIX

MIOTOKOM, OCpeTHEHHbIE KPUBBIE paclpeielieHHs rpaHyIoMeTpruieckoro cocrasa pek (1)O0sb,

(IDEnucei, (111)JIena, (IV)KonbsiMa 1 X XapakTepHbIC pa3Mepsl B 3HaUeHUsIX PM.

21.]'[5{ XapaKTCPUCTUKKU YPOBHS HAKOIUICHHA METAIJIOB B HaHOCAX OBIIIM BBIMOJHEHDI

aHanu3bl KoHIEeHTparmu TMM B Haubonee menkux OacceitHOBBIX ¢pakiusx: PM1 (PM<I1) u
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PM1-10. Bcero mpoanammu3upoBaHo 22 mpoObl HAHOCOB, OTOOpAaHHBIC C TOMOIILIO 30HJA-
JIOBYILIKM HA Pa3HbIX TOpU30HTaX. BriOop aTux (hpakuuii onpexaesnsercs ux Hanbosiee CHIbHOM
COpOLIMOHHOM €MKOCTBIO MO OTHOHIEHHIO K TMM, cBs3aHHOW €O 3HAYUTEIBHBIM POCTOM
yaenbpHO# miomanu nmosepxuoctu [Tipping, 1988; Wilkinson, Lead, 2007, ITo3ausikos, 2011]. B
clly4ae 3HAYUTEIHLHOTO AHTPOINOICHHOIO BO3JEUCTBUS MMEHHO OTH YaCTUIBI HAHOCAT
HauOOJIBIINK BPEl YKOCUCTEMaM BCJIEICTBUE BHICOKOW OMOOCTYITHOCTH.

Bbeutn npoananu3upoBansl MHTErpanbHble TpoObl B3Becu pek Enmceit (E1, E2), Konpima
(K1, K2, K4, K5), O6s (Ol, O3) u Jlena (JI1). Ha Bcex BOmHBIX OOBEKTaX JIOBYIIKU
SKCIIOHUPOBAIKNCH B BOAHOM IIOTOKE Ha TPEX Pa3IMYHBIX TOPU3OHTAX, OJHAKO H3-3a KpailHe
HU3KOW MYTHOCTH, TPU HEIOCTATOYHOW KOHIICHTpAIlMK HAHOCOB B Mpo0e, paccMarpuBaiach
WHTETpaJIbHAas Tpoda co BceX TOPH30HTOB. JIJIs KaXIOH W3 JIOBYIICK BBIMOTHEH AaHAIU3
IPaHyJIOMETPUYECKOTO COCTaBa B3BEIIEHHBIX HAHOCOB, aHalW3 oOmIel KoHIeHTpauuu MM, a
Takke anamu3 MM B BeiieneHHbIX ppakiusax PM1 u PM1-10.

JIJIs TONy4YeHHBIX Pe3yJIbTAaTOB XUMUYCCKOTO aHAJIN3a OBUTH TIOCYUTAHBI KOA(P(UITUESHTHI
DX (KOHIEHTPUPOBAHMS) OTHOCUTEIHFHO BAaJIOBOTO COJEPKAHHMS MUKPOIJIEMEHTOB B JIOBYIIKE
(puc. 6.2). B 3ambikaromeM ctBope pek O0b, Enmceii, Jlena nu KonpiMa koHIIEHTpHpOBaHHE
37eMeHTOB BO (ppakiuu PM1, oTHOCUTENBHO OOIEH KOHIIEHTpPAIMHU BO B3BeCH (KO3(P(GUIIMEHT
Dx), B cpeanem yBenuuuBaercs: B p. O0b B 1.57 pa3, B p. Enuceii B 2.56, B p. Jlena B 1.17 pasa, B
p. Koneima B 1.6 pasza. Bo ¢pakuuu PM1-10 koHuenTpanus yBenuunbaetrcs p. O6p B 1.33 pasa,
p. Enuceit B 2.27, p. Jlena ymenbmaerca B 0.17 pasa, p. Konbmma B 1.13 paza. Cymmapnoe
KOHIIEHTPHUPOBAaHUE B MEJKOH (ppakiinu MakcuMainbHo g pp. Exnceii u Konbima

CpaBHeHue cpeHUX KOHIeHTpanuii PM1 € 00muyMu KOHIIEHTPAMSIMUA MUKPOIJIEMEHTOB
B JioBymike (DXpm1) mokazanu, uro B pexax Kompima u OO0b HaOMIOAAIOTCS MPEBBIMICHUS
konueHrpanuii Al, Sn, Fe Gomnee uem B 2 pasa, 6ojblas 4acTh aHATU3UPYEMBIX 3JEMEHTOB
mpeBbIaeT oOIe KOHIeHTpauu B 1-2 pa3a, a Sr, HapPOTUB, MEHbIIIE OOIIETO CONEPKaHUs B
0,5 pasa. Jlns pexu Enwucedt anementsr U, Pb, Sh, As, M0 npeBbImaroT 001IHe KOHIIEHTPAIHH
6oee uem B 2 pasa, Zn, W — B 3 pa3a, Cd, Cs, Sn —B 4 pa3a, Cu — B 6 pas. [{is p. Jlena, HanpoTuBs,
OTKJIOHEHHMSI OT BAJIOBBIX KOHIIEHTpAllMi HE MPEBBIMLAIOT 1,7 pa3a, YTO BEPOSTHO CBS3aHO C
HEe3HauuTeNbHbIM BkJIaZoM vactul PM1 B mocrymnenne TMM. Kosddunument DXpwmi-o)
XapaKTepU3yeTcs MPEeBBILIEHNEM OOIIMX KOHLEHTpaluuid MeHee 4eM B 2 pasa Juist Bcex TMM p.
005, 3a uckmouecareM Al. Kpome Sr, Bo dppaxiur PM1-10 oTMedaeTcst TOHMKEHHOE COIEPIKaHIE
Mn, Cu, As (Dx=0.2), Mo, Cd. [l pex Jiena u Konbima kontieHTparmu PM1-10 npuOnu3utenbHO
COOTBETCTBYIOT 00muM KoHIeHTpanusM. s p. Exucelt conepxkanue Bcex TMM MOBBIIEHO
OTHOCHUTEIIFHO BAJIOBBIX KOHIIGHTpAIlUW, OJHAKO HECKOJIBKO HIDKe, YeM BO (pakmuun PMI.

[TosrydeHHbIe JaHHBIE COBMAAIOT C pe3yIbTaTaMu padoT MO MMOYBaM, JOPOKHOM MBUIH U PEYHBIM
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narocam (Chalov et al, 2020 Vlasov et al., 2021, Bezberdaya et al., 2022), 3a uckimoucHrEM
TaHHBIX 1475 p. JleHa, rae koaddunment DX nocrarouno Huskuit ans Bcex MM. Takum oOpazom,
uMeHHO (pakuus PMI1 onpenenser XUMHYECKH COCTaB B3BEIICHHBIX HAHOCOB B
paccMaTpuBaEeMbIX peKax.

JInst XapakTepUCTUKN MPEBBINICHUSI BAJIOBOM KOHLEHTPALMM B3BELIEHHBIX HAHOCOB HaJ
cpenHuM cojaepxanueM MM B pekax mupa ObUIM MOCUUTaHbl Kc It KaXa0ro u3 0acceiHOB.
BrisBiiennsie Kc oka3blBalOT pacceuBaHue MM OTHOCHUTENBHO CPENHErO COCTABA HAHOCOB IS
BCEX DJIEMEHTOB, 32 UCKJIIOYeHHEM SI. BeposTHO 3TO CBSI3aHO C TeM, YTO MEJIbHHYHBIN ras,
HCIIOJIb3YEMBIH B JIOBYIIKE, UMEET MUHUMAIIbHBIN pa3zmep mnop — 0.28 MkM, BCIIeICTBUE YETO YacTh
0ojiee MEIKHUX HaHOCOB MOJKET MPOXOAMUTH CKBO3b HEIO Ha HaYaJIbHOM 3Tale 3KCIIOHUPOBAHUS.
OTO MOXET OOBACHATH, MIOYEMY JIOBYIIKAX 3aHMKAIOTCS KOHLEHTPAIMH HanOojIee XUMHUECKU
akTuBHOM (pakiuu PM1-30.

Pesynbrartsl onpenenenus Kc noka3plBatOT NPEBBILICHUE CPEAHEMUPOBBIX KOHIEHTPALIUI
XUMHYECKHX AJIEMEHTOB B pe4HO B3BecH sl Pppakiuii PM1 B pexax Jlena, Eanceit, Konbima, a
takxe it ¢ppakuuu PM1-10 B pekax Jlena u Enwmceit. s p. O6p Toasko Cr, Mn, Co, Ni
MPEBBIIIAIOT CPEIHEMHUPOBBIC 3HAUEHUSI BO BCEX (PpaKIMsIX, TOTAA KaK OCTAJIbHBIE SJEMEHTHI
OCTAalOTCs  paccesHHbIMH. Takume ajeMeHThl, Kak Mn, Zn, Pb, mnpeumymiecTBeHHO
TpaHcnopTupyroTcs Bo ppakuusax PM1. [Ipumeuarensro, uto ais p. Konbima npaktudecku Bce
XUMHUYECKHE DJIEMEHTBI TATOTCIOT K Hambonee menkum ¢(pakuusm PMI, Torma xkak PM1-10
xapakrepusyetcst Kc>1 tonbko ans Zn, Sn. Ha p. Enuceit Boicokue 3nauenust Kc st PM1 u PM1-
10 cBsA3aHbI ¢ MOCTyIUIEHUEM Han0oJiee TOHKOM B3BECH B pe3yJIbTaTe P03 OCHOBHBIX IOPO Ha
BOJI0cOOpe, B KOTOPhIX HHUX moBbiiieHbl KoHIeHTpanuu Co, Ni, Cu, Fe [Tommun, Komnbuiosa,
2017].

Jns paccMaTpuBaeMbIX JIOBYIIEK ObLT mosydeH Koddduuuent Kx — orTHomienue
koHeHTpauun MM B moBepxHoctHOM (Csurf) u mpumonnom (Chott) cnoe. [lns oOGrero
cogepkanus MM B JOBymIKax B MEKEHHBIM MEPUOJI OTMEYAETCS TEHACHIUA K
KOHILEHTPUPOBAHUIO B MpHUAOHHOM ciioe. Hanbosnee cuinbHO OHO MPOSBISETCS AJS 3JIEMEHTOB,
XapaKTepu3yIoIUXcss MUrpauueii B pactBopéHHoil dopme: Mo, U, Sn, As B cBsa3u c ux
MOCTYIUICHHEM B COCTABE KPYITHBIX YaCTHUI], HAKATUIMBAIOIINXCS B JIOBYIIKe y AHA. s dhpakuuit
PM1 u PM1-10 He oTMe4eHO CYILIECTBEHHOIO YBEJIMYECHUSI KOHIIeHTpauuii TMM B npuaoHHOM
cioe. Konnerrpanuu u3mensitores B peaenax 0.1-10%. B nmepuoa monoBobst Bo gpakiusx PM
1 m PM1-10 ormedaercs yMeHblLIEHME KOHLEHTpanuil B npuIoHHOM cioe Ha 10-30%. Oto
CBS3aHO C CUJIbHOW HEOJAHOPOJHOCTBIO KOHIIEHTpauuii MM B nepuoz NOBBIIIEHHON BOAHOCTH U
MOCTyIUIEHHEM OacceifHOBBIX (pakiuii, HachllleHHBIX MM, B MOBEPXHOCTHBIE CIIOM BMECTE C

TaJIbIMHU BOJAaMU.
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O6b NleHa

10,0 10,0

1,0 1,0
Al V| Cr Mn|Fe Co Ni Cu o Cd Sn Sb| Cs W/ Pb
0,1 01
! —PM1/tot ——PM1-10/tot —PM1/tot ———PM1-10/tot
x EHuncen / / Konbima / /
()
10,0 10,0
1,0 1,0
Al WV | CrMn|Fe Co Ni Cu 7Zn|As 5r| Zr Mo Cd Sn Sb Cs W Pb U Al nFe Co Ni Cu Zn|As Mo/ Cd Sn Sb Cs W Pb U
0,1 0,1
——PM1/tot ——PM1-10/tot ——PM1/tot ——PM1-10/tot

Pucynok 6.2 Koo dumuent konneHTpupoBanus HaHocoB (DX) B ¢ppakiusx PM1 u PM1-10, otHocuTensHO 00111eT0 COAepKaHusI HAHOCOB B

JIOBYHIKAX JJIs1 UCCICAYCMBIX PCK.
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Paccmotpenne Cv myist ucciaenyemblx NmpoO MO3BOJIAET MOMYYUTh MPEACTABICHUS O
BPEMEHHOW W3MEHUYMBOCTH KOHIIGHTPAIMK SJIEMEHTOB 3a pa3Hbie TMEPUOJbI BOTHOCTH.
YcTaHOBIIEHO, YTO MaKCUMaNbHBINH cpequuii CV s ¢pakuuu PM1 xapaktepeH [Jis JTOBYyIIEK Ha
p. Enuceit (30%). s p. Konbiva Hanboliee CUIIbHO U3MEHSIOTCS KOHIICHTPAMKM BO (paKIuu
PM1-10 (30%). Psabr anementoB mo Bo3pactanuio CV st ppakiun PM1 Bemmsaat kak: Ni<
Co<Fe<Sr< U< W< Cr<V<AIl<Cu< Cd< Cs< Zr<Mn< Sh< Pb< Sn<As< Mo< Zn; s ¢ppakuuu
PM1-10 kak: Fe< Cr<V< Co<Al< Zr<Sr< Ni< Pb< Cs< W<Cu< U< Sh< Sn< Mo< Zn<Mn<
Cd<As. Haubonemmii Cv xapakrepen aas Zn, As, Mo, Mn (>30%).

Knacrepubiit 1 xoppensimonusii (p<0.05) aHanu3 KOHIIEHTPAlMd MHKPOIJIEMEHTOB
COOTBETCTBYET BBIJICIICHHBIM I'PYIIIIAM C IMOBBIIICHHON U MOHUKEHHON KOHLIEHTPALIMEN B KX 10U
ux dpakumit. JIns ppakmum PM1 MoskxHO BeIIennTs accormanuio Al, Cs, As, Sb, Zr, Pb (R?>0.5),
Mn, Mo, Cd, U (R?>0.45), Co, Ni, Cu (R?>>0.6). {nst ¢ppakuuu PM1-10 MOXKHO BBIIEINTH Oosee
yCTOWYMBBIEC TPYMITUPOBKH 31eMeHTOB Al, Zr (R?>0.8), V, Fe, Sr, Cr, Co, Ni (R>>0.6), Zn, Mo,
Cd, U, W, Pb (R%0.5) u As, Sn (R?>>0.6), Sh, Cs (R*>0.7). B obmieii npobe Beinenstores Al, V,
Fe, Cr (R%>0.5), Co, Ni, Cu (R?>0.6), Mn, Mo, Cd (R?>0.8), Zn, U, Cs, Zr, As, Sb, Sn, Pb (R%>0.5).

Jl1is BBISABIICHUS 3aBUCUMOCTU cofepxaHuss MM OT BHENIHHX YCJIOBUN ObUI BBIIOJIHEH
dakropHsbIil ananus (puc. 6.3). B kauecTBe kputepueB ObLTH BHIOpaHbI MOAYIbHBIN KO3 PULIHEHT
BogHOCTH KM, cpenuss mytHocTh (Mr/im), TKce, TEF, nons GaccelinoBoil ¢pakiuu HaHOCOB. B
pesynbrare, i pakmauu PM1 ot Km u myTtHOCTH BOMBI 3aBHCcAT KoHnleHTpanuu V, Cr, Cu. Ot
TKc u TEF 3aBucsar Cd, Pb. Ot momnu 6acceitnoBoii ppakiuu B mpobde — Al, As, Zr, Mo, Sb, Cs,
Pb. Bo ¢pakiuun PM1-10 Haubonee sipko nposisisercs 3asucumocts Co, Zn, Mo, Cd, Pb, U ot
TKc u TEF. OcranbHble (hakTOpbl UMEIOT HU3KHE KOA(pUIIMEHTHI Koppensunu. B BanoBoii mpobe
BO3pacTaeT A0S JIEMEHTOB, 3aBUCAIIMX 0T KM 1 MyTHOCTH. DTO MIUPOKO PACIIPOCTPAHEHHBIE B
kpynHbix gactunax Al, Fe, a taxoke V, Cr. Taxke ormeuaercst 3aBucuMocth Zn, As, Sn, Sb, Cs,
Pb, U ot nosnu 6acceiinoBoii ¢pakiiuu B pooe.

Takum 00pa3oM, MOXKHO C/IENaTh BBIBOJ O KOHIIEHTpHpoBaHuU 3nemeHToB Al, Fe, V, B
KPYMHBIX (PpaKIHsX HAHOCOB, TOT/IA KaK AJIEMEHTHI, IMOCTYIAIONIME U3 OCHOBHBIX IMOPOJ H C
TEeXHOTeHHBIMH B3Becsimu (Zn, Zr, Mo, As, Sn, Sh, Cs, Pb, U) comepxarcs B Oosiee Menkux

bpakusax, a UX KOHIEHTPAIIUU 3aBUCAT OT JOJU OacceitHOBOU (hpakiuu, BXOASIIEH B IPoOy.
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Pucynok 6.3 ®akTopHbIil aHaIM3 XUMHUYECKOT0 cocTaBa (ppakiuii HaHocoB PM1, PM1-10, obmas. Km — koagduuuent Bogaoctu, 7KC —

npeBbIeHre KOdPPHUIMEHTOB KOHIIeHTpaluK, 7EF — npeBrpitienne ko uirenTa odoramenns, Sav - cpeiHsst MyTHOCTh, Bass - nost 6acceitHOBOI

(dbpakuuu B mpooe.
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3AK/IIOYEHUE

1. Xumuyeckuii cocTaB B3BEIIEHHBIX HAHOCOB (POPMUPYETCS B PE3YyJIbTaTE CIOKHOTO COYETAHUS
($U3NIECKUX U XMMUYECKHUX MIPOIIECCOB M 3aBUCUT OT KPYMHOCTH yacTull. OTnnuns 6acceiiHoB
M0 yCJIOBUSAM (POPMHUPOBAHUS CTOKA HAHOCOB ONpENEsieT N3MEHEHNE KPYITHOCTH B3BECEeH U
nuddepeHInalnio pek Mo rPaHyJIOMETPUIECKOMY COCTaBY, YTO MPUBOJIUT K 3aKOHOMEPHBIM
OTIMYUSAM coaepxkaHuss MM, BapuaOGeabHOCTH pacmpeneiieHus coctaBa MM wu
pacripenienieHuil oM HEPacTBOPEHHOM M pacTBOPEHHOW (opM B mpeiesax MONepedHbIX
ceueHnii pek. CymiecTByOmux 0000IIEHNH XHMHUYECKOTO COCTaBa HAHOCOB PEK APKTHUKHU
HEJO0CTAaTOYHO JJI XapaKTePUCTUKH XUMHUYECKOoro ctoka B CeBepHblil JlenoButhlil okean. B
KpYyHHBIX pekax HaOmoJaeTcsi 3HAUMTENIbHAs BPEMEHHAas U MPOCTPAHCTBEHHAs
HEOJIHOPOJAHOCTh XMMHUYECKOTO COCTaBa B3BELIEHHBIX HAHOCOB B IIpeleiax MOIEPEeYHBIX
CEUEHUH, 4TO TpeOyeT UCIOIb30BaHUS €IMHON METOIUKH 0TOOpa U aHAJIN3A.

2. Jns pex O0b, Enuceii, Jlena u Kombima xapakTepeH ABYXMOJAJIBHBIA THIT paclpeneieHus
(bpaxiuii B3BEIIEHHBIX HAHOCOB, OIPEIENIIeMbIi BKJIaJOM OoJiee MENKOi OacceitHOBOI (MeHee
PM10-30) u Gonee KpymHOW pPYCIIOBOM COCTABISIOIIUX B CTOK HAHOCOB. CpemHsis a0
OacceifHOBOI (ppaKLny B CTOKE B3BEIICHHBIX HAHOCOB MeHsieTcst oT 34% Ha p. Enuceit 1o 62%
Ha p. Konbima, re ee yBenuM4eHHe CBA3aHO C aHTPOIOTCHHBIM MOCTYIUICHUEM (pa3paboTka
POCCHITHBIX MecTopoxkaeHuil) ¢pakuuu PM30 u BBIHOCOM NPOMYKTOB pa3pylICHUS
BEYHOMEP3JBIX MOPOJ M JIEAOBBIX KOMIUIEKCOB (emom). B cpeanem nonsi GacceiHOBOIM
dpakuuu pp. O6b - 45%, Enuceit - 36%, Jlena - 39%, Konbima - 52%. ['panuiia 6acceitHoBo
u pyciioBoil ¢ppakuuit HaHocoB pek. O0b n Enuceil (okosno 7.5 MKM) MeHbIIIE, 4YEM I'paHULA
pek. Jlena u Konbima (okomio 30 MkMm).

3. s HwxkHero TeueHuto pek OObp u EHuceil xapakrtepeH 0ojee MeNKHH, O CPaBHEHUIO C
pexkamu Jlena u KonbiMa, TpaHylIOMETpUYECKHUH COCTaB HAHOCOB, YTO MpPOSBISAETCS B
MOHIKEHHBIX MUKax KoHUeHTpauuil (¢ppakuuu PMI1-5 u PM10-50 cooTBeTCTBEHHO),
MeHbIeM 3HaueHuH d;p (2.05 MM - O0b, 1.53 mxMm - Exuceii; 6.28 mxMm - JleHa u 5.36 MkM-
Koneima) u dso (16 mxm - O0b 1 12 MkMm - Enuceit;. 42 mxm - Jlena u 26 mxm - Konsima). 13-
3a Oosee KpymHOM cocTaBa B3Becu pek Jlena m KompimMa ¢ TiIyOMHON 3aKOHOMEPHO
YBEITMYUBACTCS OIS B3BEIIEHHBIX (popM TpancmopTa MM.

4. KoHIEHTpaluu XUMAYECKUX JIEMEHTOB B COCTABE B3BEIICHHBIX HAHOCOB B HIDKHEM TECUECHUU
KPYMHEUIITUX PEK POCCUUCKOW APKTHKH OMM3KU K WX CPEIHEMUPOBBIM KOHIIEHTPAIMSIM B
BepxHel yacTu 3eMHOU Kopbl. /st p. OO6b 0TMeuaroTcs MOBBIIIEHHBIE KIIAPKK KOHIIEHTPAIUH
(Kx) anemenToB Zn, Mn, Sn, Sb, Fe, Pb, Cu, As, Cd; ansa peku Enuceit - Zn, Cd, Mn, Sb, Cu;
s pexu Jlena - As, Zn, Mn, Sn, Pb, Cu, Cd; ansa peku Konsima - As, Zn, Cd, Mn, Sn, Sb.
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Koaddunmentsl koHmeHTpupoBanus (Kc) paccuuTaHHbIE OTHOCHUTEIBHO B3BEIICHHBIX
HaHOCOB Mupa B 1,5-2 pa3a MeHblIe 1O CpaBHEHHMIO ¢ KK paccMaTpUBacMbIX 3JIEMEHTOB.
PaccunraHHbIi ypOBEHb 3arps3HEHUs TIOKAa3aJl, YTO HaumOOIee CHIBHO TOABEPKCHA
AHTPOIIOTeHHOMY Bo3zericTBHIO p. O0b (ypoBeHb 3arpszuenus (EF) anementoB As, Cd, Zn >
5). HaumensInee 3arps3HeHHe CBONCTBEHHO p. EHucell. B pekax BBISBICHBI YCTOWYHBBIC
aCCOITMAIIUU DIIEMEHTOB, UMEIOIIUX CXOKWE MCTOYHHUKH TOCTYIUICHUS: 3a00JI04CHHAs YacTh
BozocOopa - As, Mn, Fe (pp. O6b, KonbiMa); mpoyKTsl 3p0o3uu TOpHBIX Tiopoj - Al, Sr, Zr, U,
Cs (p. Jlena), rexnorennsie uctounuku - Cr, Ni, Zn, Pb, Co, Cu (pp. O06b, JIena). B p. Enuceii
BBICOKAsl J0JIs1 SJIEMEHTOB TPEThEU IPYMIbI OOBSCHSAETCS €CTECTBEHHBIM MOCTYIUICHHEM IPU
3pO3HUH BOIOCOOpa PEKH, CIIOKEHHOTO OCHOBHBIMU TOPHBIMH ITOPOIaMU B HUKHEM TCUCHHUU.
N3menunBoCTh KOHLEHTpauuid MM B npenenax mONEpEeYHOro CEYEHMsI OTAEIBHBIX PEK
MakcuMmanbHa B p Enuceit (67%) u munumansha B p. Konbima (39%) , Bo3pactaer i1 nepuoaa
MOJIOBO/IbSL W crajia monoBoabs (>50%), a B MexxeHb cHmxkaercs 10 30-45%. [Ipu stowm,
m3MeHInBOCTh Cv KoHIeHTpauuii MM B nipejienax monepeyHoro CeueHus MOXKET MPEBHIIIATh
M3MeHeHus cpenuux 3HadyeHuid Cv B TeueHue roaa. Jlosst 31eMEHTOB TPAHCIIOPTHUPYEMBIX BO
B3BEIICHHOH (popme B 00111eM MTOTOKE HAHOCOB cocTaBisieT: >98% (Al, Cs); >75% (Fe, Zr, Mn,
Co, Cr); 50-75% (V, W, Pb, Zn, Cd, Ni, As); 25-50% (Sn, U, Cu, Sb); <25% (Mo, Sr). Beiaoc
METaJJIOB U METAJJIONJI0B B YCThEBbIE 00IACTH B IIEPUOJ] OTKPBITOTO PyCila COCTABIISET OKOJIO
12-24% oT 00111€T0 MOTOKA B3BEUICHHBIX HAHOCOB KAXI0W U3 PEKHU JIOCTUTAET MAKCUMAIbHBIX
3Hayenuii 17 p. Jlena (133 kr/c unu 19% oT cToKka B3BEIIEHHBIX HAHOCOB MEPHOAA OTKPHITOTO
pycna). B p. Enuceii on cocrasnsier 122 kr/c (31%), B p. 005 - 62 kr/c (13%), B p. Konbima -
48 xr/c (20%).

KonnentpupoBanne XUMHUYECKUX DJIEMEHTOB MPOUCXOIUT B HamOojIee MENKHX (pakiHsIxX
B3BEIICHHBIX HaHOCOB. @pakuuu PM1 moutu Beerna coaepskat 60see BBICOKHME KOHIIEHTPAIUH
XUMHYECKHUX 3JIEMEHTOB (MpeBbIlieHue B 1.5 - 2.5 pa3a) OTHOCUTENBHO OOIINX KOHIIEHTPAIIHiA
B ipo6e. Bo ¢pakuuu PM1-10 xonnenTpanun MM Takxke 4acTo MOBBILIEHBI OTHOCUTEIBHO
o01ux KoHIeHTpaIui (mpesbiiienue B 1.3 - 2 paza). MuHUMaIbHbIC 3HAYEHUST KOHIIEHTPAIUN
yaie Bcero 0OHapyXUBAIOTCS B 001Iel mpoOe 3a CueT HaNMYUsl KPYMHBIX YaCTHI[ C MaJloi
copbupyromiel cnocodHocTeio. Hanbonee MHTEHCUBHO CyMMapHOe KOHIEHTpUupoBaHnue MM
npoucxoauT B HaHocax PM1, PM1-10 B p. O6s u Enuceii. Cna6ee B p. Konbima u p. Jlena, uro

CBsI3aHO ¢ 00JIee KPYyIMHBIM IPaHYIOMETPUIECKIM COCTAaBOM B3BECH ITHX PEK.
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