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B crarhe paccmaTpuBaeTcst MOIEIMPOBaHME TMHAMUKY KOHLIEHTPALMM HUKESI B [IOYBAX, BOAE 1 JOHHBIX
OTJIOXXEHUSIX 03ep, BbI3BAaHHOE BbIOpocaMu B aTMocdepy KomOuHara [ledeHranukenb (Koabckuii mosy-
OCTpOB) B TeUEHIE BCETrO Meproaa ero GyHKIMOHUPOBaHUS. MCIIoab3yeTcs TEXHOJIOTHS cOalaHCUPOBaH-
HOM MaeHTUGUKAILIMK, KOTopasl II03BOJISIET Ha OCHOBE MAaTEMaTUYEeCKOIO OITMCAHUS pa3HOPOIHBIX T€OX1-
MUYECKUX MPOLIECCOB, MPOTEKAIOIINX B 93KOCUCTEMAX, OObEAMHUTh PA3HOPOIHbIE SKCIIEPUMEHTAIbHBIC
JIaHHbBIE U TTOCTPOUTHh KOMIIBIOTEPHYIO MOJIEb C ONTUMAJIbHBIM 0aJlaHCOM CJIOKHOCTH M OJIM30CTH K TaH-
HbIM. [IpuBOIITCS 1 0GCYKIAIOTCS pE3YJIbTaThl, B TOM YMCJIE OLIEHKU PETPOCHEKTUBHOIO COCTOSIHUSL MO-
JIeTPYEMBIX 00BeKTOB M MporHo3 ux auHaMuku 10 2030 r. ITo MoaeabHBIM pacyeTaM MHTEHCUBHOCTD Ha-
koruieHus Ni B ITouBe cocTasisiiia 2.4 1 B 2 pa3a 00bIle B JOHHBIX OTIOXKEHUSIX B IIEPUOIBI MAKCHUMAaIb-
HbIX BbimageHuit (1980—2005 rr.), Torma Kak IO IPOTHO3Y IIOCJIe OCTAHOBKM KOMOMHATa HAYHYTCS
CHIKeHMe HakorieHns Ni B TOHHBIX OTJIOXKEHUSAX U MENJIEHHOE BblleadnBaHre Ni U3 II0OYBBI C MHTEH-
cHBHOCTBIO 0.2 MT/M2rOI.

Kntoueswie crosa: TpanchopMaivs 3arpsisHeHUM, HUKeb, CyGapKTUYeCKe BOAHBIE M Ha3eMHbIE 9KOCH-
CTeMbl, cOalaHCUpPOBaHHAas UASHTU(MUKAIIMS, TPOTHO3UPOBAaHNE
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CTpeMUTENbHBII POCT YMCIEHHOCTH HACEICHUS
Ha TIJIaHeTe, SKCTEHCMBHOE BOBJICUCHUE B 9KCILIya-
TallMI0 MUHEPaIbHO-ChIPhEBBIX PECYPCOB ApaMaTh-
YeCKMM 00pa30M CKa3aJUCh HA COCTOSTHUU OKpPYsKa-
IOlLIeii Cpeabl M IPUBEIU K PSIIY CEPbEe3HBIX KOOI~
yeckux mnpob6neM. HaubGomnee ciaoxHoil 3amaueil
SIBJISIETCSl OTpelieJiIeHe KOHEYHBIX 1IeJieil BOoccTa-
HOBJIEHUSI C YYETOM IIPOJIOHTUPOBAHHOTO BIIMSIHUS
HAKOIUIEHHOTO 3arpsi3HEHUSI U COIYTCTBYIOIINX
OHMOTEOXMMUUYECKUX MPOLIECCOB Ha (hOHE MPOUCXO-
ISIIUX KIMMAaTUYeCKNX n3MeHeHuii. [IpakTka sKo-
JIOTUYECKOTO BOCCTAHOBJICHUSI JOJKHA OBITH OCHO-
BaHa Ha 3aKOHaX (PyHIAMEHTAILHOI HayKU — U3yde-
HUU MHOTO(DYHKIIMOHAJILHOCTM W MHOTO00Opa3us
MPOLIECCOB, pa3BUBAIOIIMXCS B TEePUOA BOCCTAHOB-
nennd [1]. HeobxommMo B mepByIo odepensb UCCIIEn0-
BaTh, KaK JOJITO TIPUPOIHbBIE CpelIbl OyAyT OCBOOOXK-
JIaThCsl OT 3aTPSI3HEHUSI C YIETOM TNIMTETLHOTO ITepy-
o71a UX HaKOTUICHUS.

! Hnemumym eeoxumuu u aHanumu4eckoii Xumuu
um. B.U. Bepnadckoeo Poccutickoli akademuu Hayk,
Mockea, Poccusa

*E-mail: alexander.v.sokolov@gmail.com

DYHKLVMOHUPOBAaHME MEIHO-HUKEIEBbIX IIjIa-
BIWJILHBIX mpou3BoacTB Ha Koiabckom CeBepe Poc-
CHUU TIPUBEJIO K 3HAYUTEIILHOMY 3arpsI3BHEHUIO OKPY-
Xalolleil cpelbl HUKeJIeM, MeIblo, KaIMUEM U JIpy-
TMMU MeTajiaMu. JJoKcua cepbl M OOJIbIast TpyIimna
TSDKEJIBIX METaJUIOB IIPUCYTCTBOBAIM B COCTaBE IIbI-
MOBBIX BBIOPOCOB. JloKa3aHO, YTO TSIXKEJble METal-
JIbl, TIOCTYMUBILIME B OKPYXKAIOIIYIO CPeay U COAep-
JKaluyecs: B BojJie, 00J1analoT BHICOKOM OMacCHOCTHIO,
Kak TSI XKMBOTHBIX, TaK U 4YeJioBeKa [2]. DkoHOMU-
yeckuii Kpusuc 1990-x u mocienymolas MoaepHM3a-
LIUsI TEXHOJIOTUIT TTPUBEIN K CHUKSHUIO TTOTOKA TsI-
XKeJIBIX METaJIJIOB B OoKpyxXalonryio cpeny. B 2020 r.
IUIaBWJILHEIE IIPOM3BOACTBA KoMmOmHaTta “IleyeHra-
HUKeJb” OCTAaHOBUJIU CBOIO paboTy. OmnblT KaHanbl
noarBepxkaaetr [3], 4To 3HaYUTEIbHOE YMEHbIIIEHUE
BBIOpOCOB B aTMocdepy (¢ 1970-x ronoB) He TIPUBO-
IUT K OBICTPOMY OYMILIEHUIO ITOYB OT 3arps3HEHUS
TSDKEJIBIMU - MeTallaMU, TOCKOJIbKY TPOSIBISIIOTCS
BTOpUYHBIE 3P dhEKTHl MepepacrpenesieHusT 3arpsis-
HEHMUS B OKpYyXalollei cpee.

B mpencraBiieHHO# padoTe OBIM pPacCMOTPEHBI
MaJible 03epa B 30HE pacHpOCTpaHEHUsI METAJLIOB C
JBIMOBBIMU BBIOpOCAMHU, KOTOPHIE OTPaXKAIOT a3po-
TeXHOTeHHOe 3arpsisHeHue. B OCHOBY Mojienu Jierau
JaHHBIE, XapaKTepu3ylollre MOBeACHUE DJIEMESHTOB
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(B HamreM ciydae Hukensa (Ni)) B cucteme “Bomo-
coop—BomgoeM”. HMcciegoBaHusi OBLIM HadaThl B
1990—1995 1T. B paMKax KpyITHOToO MpoekTa “Survey
lakes” [4]. B aToT mepmon B mpOEKT OBIJIN BKITFOUECHEI
un pabotel Ha Konbckom CeBepe Poccum [5]. B 00b-
eKTUBEe WCCIIENOBAaHUIA U COOTBETCTBEHHO MOIEIIV-
pOBaHMSI HAXOOWJIMCh 03epa a3pOTEXHOTeHHOTO 3a-
IPSA3HEHUSI, HE WCIIBITHIBAIONIE KAaKUX-JIMOO CTO-
KOB.

MareMaTu4yecKoe MOAECIUPOBAHUE MOCJECIACTBUMN
atMocdepHbIX 3arpsisHeHuil KoabcKoro moayocTpo-
Ba OCYIIIECTBJISIETCSI HECKOJbKO AecaTuyieTuid. st
MOJICTMPOBAHUS BBITIAJACHUST UCIIOJIB3YIOTCS MOIETN
JIBYX TUTIOB: MOJ€JIU, OCHOBaHHbIE HA 3HAHUSIX U MO-
JleJI, OCHOBaHHbI€ Ha JaHHbIX. B Moaensax nepBoro
TUIIA UCTIOJIb3YIOTCS CIOXKHBIE MOJIESIU aTMOC(hEepPHOTo
repeHoca, a 3KCIepUMeHTalbHbIe JaHHbIE UIPAIOT
BTOPOCTETNIEHHYIO POJIb (Pe3y/lbTaTbl IPUMEHEHUS Ta-
KUX MOJIEJIe MOXKHO HailTH B [6]. 15T X IpUMeHEeH U],
TMMOMUMO OTUCAHUSI AMHAMUKU aTMOC(hepbl, HEOOXOIU-
MO 3aJlaTh 3HAUMUTEIBHOE KOJUYECTBO CIELMATbHbIX
KO3 HUILIMEHTOB, OTIPEAEIISIOIINX UCTOYHUKU BHIOPO-
COB, MHOTHE U3 KOTOPBbIX HEW3BECTHBI. B mMomesnsx
BTOPOTO TUIIA UCIOJIb3YIOTCSI OTHOCUTEIbHO MpPO-
CThbIe MOJIEJIU BBIMTAJCHUSI, OTHAKO OHU CTPOSITCS Ha
OCHOBE OOJBIIIOT0 00beMa CIEUATIBHO COOPaHHBIX
JIaHHBIX.

PaszpabarbiBaeMasi Mmozaenb TpeOyeT 0COObIX MOI-
XOJIOB M COBCEM MHBIX UCXOAHbBIX JaHHBIX B OTJIMYUE
OT BBIIIENPUBEAECHHBIX pabOT. MeToa TMmocTpoeHUs
MojIesieil coueTaeT mperuMyllecTBa 060X MOAXOI0B —
Mbl MCIIOJIb3yeM 3HAYUTEIbHBIN 00BEM PA3HOPOIHBIX
(3KCTIepUMEHTATbHBIX) TaHHBIX 1 JIJISI HETO BBIOMpaem
MOJI€Ib COOTBETCTBYIOILLIEH CIOXKHOCTH, COAEPKAIIYIO
(B BUJIe pa3IMYHbIX ypaBHEHU I 1 HEPABEHCTB) COBpe-
MEHHbIE 3HaHUS O (PYHKIIMOHUPOBAHUU OOBEKTA UC-
cJieIOBaHUSI.

Lenbio paboTHl sIBASIACh pa3paboTKa MoOAeIn
“OTKJIMKA” MaJIbIX O3€p B 30HE a3POTEXHOTEHHOTO
3arpsi3HEHMSI U HE MCHOBITHIBAIOIIMX HUKAKUX BO3-
JNEUCTBUI CTOYHBIX BOMA, YYUTHIBAIOILIEH T€OXUMUYE-
CKHe€ IPOILIeCChl MUTPAlU 3JIEMEHTOB — OT BHITIAJIe-
HUII Ha BOOOCOOpEe, HAKOIUIEHUSI 1 BHIMBIBAaHUS U3
MOYBBI, OCaXXJIEHWEe B JOHHBIX OTJI0XeHUsx (IO) u
IO yOaJIeHUsI C eCTECTBEHHBIM CTOKOM 13 o3epa. JlaTthb
PETPOCIIEKTUBHBIE U IIPOTHO3HBIE OILIEHKM BHIMNAIE-
HUIO METaJIJIOB M3 3arpsi3HEHHOIT aTMocdephl Io
JTaHHBIM MOJACINPOBAHMSI, IIOCIEIYIONIETO CAMOOUM -
IIEHXST BOMHBIX CUCTEM I10CJI€ COKPAIIEHUST BBIAIe-
HUI (Ha IpuMepe OJIHOIO U3 OCHOBHBIX 3arpsI3HSIIO-
II1X 3J1eMeHTOB — Ni).

METOJOJIOI'A U METOAbI
MOIJEJINPOBAHUA

MeTono0THYeCKOM OCHOBOM MCCICIOBAHUS SIB-
JIIeTCI MaTeMaTUYeCKOoe MOMIEIMPOBAHHE, KOTOPOE
Ha OCHOBE OOBECAMHEHUSI CYILLIECTBYIOLIMX 3HAHUI O
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MPUPOMHBIX MpOIleccaX U Pa3sHOPOTHOIO 3KCIIePHU-
MEHTAJILHOI'O MaTepuasa, II03BOJISIET cAeIaTh BEIBO-
JIbI O IIPOIILJIOM, HACTOSIIIEM M OYOyIIeM N3y4aeMOTro
00BeKTa — MPUPOTHOM CPENbl B paifoHe BO3IEHCTBUS
aTMoc(epHBIX BBIOpOCOB KoMOMHaTa “IledyeHraHu-
Keab”. [T 3TOro MCIONb3yeTcs TEXHOJIOTHUsI cOa-
JIJAaHCMpPOBaHHOI uaeHTU(duKanuu. B kadyecTtBe Bpe-
MEHHOI'O MHTepBajia MOASIUPOBAHUS MpeajiaracTcs
BBIOpaTh nuana3oH ¢ 1946 mo 2030 r. JlaHHbIe 110 BhI-
OpocaMm uMerTcs aullb ¢ 1975 I., a ”HTEHCMBHOE UC-
clielloBaHuE MOCJIENCTBUM 3arpsai3HeHusI (U, COOTBET-
CTBEHHO, MOCTYIJICHUE 9KCIIEPUMEHTAJIbHOIO MaTe-
puaja) Havyajaoch JuIlb B 90-X romax mpoInioro BeKa.

o mocienHero BpeMeHM IOCTPOUThH MO Pa3HO-
POOHBIM 3KCHEPUMEHTAILHBIM JAHHBIM HEJIWHEH-
HYIO pacrnpelejeHHYI0 MOJe]lb JMHAMUKUA HECKOJIb-
KUX Mokazarteyieil ObU10 3aTpynHuTeNibHO. [losiBUB-
meecsl CrieluaabHOE IIpOorpaMMHOE oOecreueHne U
JIOCTYITHOCTh MOILIHBIX BBIYMCIUTEILHBIX PECYPCOB
(KJIacTepoB) IO3BOJMJIM CO3[JaTh TEXHOJOTUIO JIJIsl
pelleHUsT 3aJa4 TaKOM CIOXHOCTU — TEXHOJIOTHIO
cObamancupoBaHHOU uneHTUguKauu [7, 8]. TexHo-
JIOTUS YCMELIHO UCTOIb30Balach MPU pelieHUun 00-
paTHBIX 3a7a4 B pa3IMYHBIX HAYYHBIX 00J1aCTIX (Me-
XaHWKa, PU3MKa TUIa3MBbl, TEIIJIOTIPOBOAHOCTh, OMO-
Jiorusi, (bU3MOJOTUSI PACTCHUI, SMUIAESMUOJIOTHS,
METEOPOJIOTHS, TEPEHOC aTMOC(EpPHBIX 3arpsi3He-
Huii u ap. [8]).

Hcnonvzoeanuvie dannvie. B 0oCHOBY Moaeu Ierin
COBpPEMEHHBIE IIpEICTaBIeHUs O (PYHKIIMOHUPOBA-
HUM 3KOCUCTEMBbI BOmOcOOpa, BKJIIOYAasi O3€po, U
MHOTOYMCJICHHBbIC HATypHbIC U KCIIEpUMEHTaIbHbIE
nmaHHble. B yareHsl cuctematnyeckue (¢ 1990 r.
o 2018 1. ¢ mHTEepBasoM 4—5 J1eT) mJaHHEBIE TTO COCTO-
STHMIO 25 03ep BOKpyT KomOuHata (puc. 1). B mpouec-
Ce BBITIOJTHEHUS pabOTHI ObUIY IIPUBJICUYEHBI OITy O~
KOBaHHBIE HaHHBIE IO aTMOoc(epHBIM BBIOpOCaM,
BBITIaJICHUI0, cocTosTHUIO TouB 1 J1O. Crnenyet otMe-
TUTh, 9YTO MCIIOJIb3yEeMbIC UCTOYHUKY JAHHBIX SIBJISI-
IOTCSl pe3yJbTaTOM pa3MYHbIX HCCIeNOBAaHUN U
MPOEKTOB, CJ1Ia00 CBSI3aHHBIX MEXIY COOOIA.

B pesynbrare aHann3a HaydHOI JIMTEpaTyphl 1O
MMOCJIEICTBUSIM BLIOPOCOB 3arpsSI3HSIIOIINX BEIIECTB B
HCCIIENYEMOM PErMOoHE yaajaoch coOpaTh 3KCIIEpHU-
MEHTaJIbHbIe JaHHBIE, CBSI3aHHbIE CO BCEMU KOMITO-
HeHTaMu Moaesn. KpaTko rmepeynciuM ucrnoab3ye-
Mbl€ UICTOUHUKU U 0003HAYUM UX POJIb B IMOCTPOE-
HUU MOJEIIH.

Ammocgepruie bibpocet 3aepaznenuil. s BIYUC-
JieHMs BbIMageHul Ni HeoOXOaUMBbI OLIEHKU BBIOPO-
coB: 10 1997 r. manHbIe B3ATH U3 [9]], mocne — u3
dopme Ne 2-Tm1 (Bo3ayx).

Po3zvt sempos. 111 pacdeTa mepeHOca aTMocdep-
HBIX 3aTrpsI3HEHU HeOOXOIMMO 3HATh PO3bI BETPOB
JUJIsT TBYX MCTOYHUKOB 3arpsi3HEHUI B ITOCEJIKE TO-
ponckoro tTuna Hukenb m r. 3anonspHseiii (https://
world-weather.ru/archive/russia/nikel/, https://
world-weather.ru/archive/russia/zapolyarny/).
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Puc. 1. Touku npoBeneHUs ucciaeaoBaHuili — 84 Bogocbopa B 30He MOAEIMPOBaHMUS (BIMSHUS aTMOC(HEPHBIX BLIOPOCOB KOM-
OuHara): / — ICTOYHUKY BBIOPOCOB, 2 — BhIMaAeHUsI, 3 — Mo4YBa, 4 — 03epa, 5 — HOHHbBIE OTIOXEHUS.

Buinadenue (200oeoe nocmynaenue) — TEKyIIUA
(Ha TaHHBI MOMEHT) MMoKa3aTesb BbhinaaeHus. Mme-
ercs 8 Touek 3a 2005 r. u3 oruera [10].

Ilousa — MHTETpANbHBII TOKA3aTellb BBHITIAACHUS,
CYMMMUpYET BbINaAeHUS 0 MOMEHTA ITPOBEICHUS U3-
MepeHuii. B pabote ncnonab3yoTcs JaHHBIE 110 KOH-
neHaTpaun Ni: 4 Toukm 3a 2000 r. [11], 14 Touek 3a
2014 1. [12] 1 3 KoJIOHKH, oJiydeHHBbIe HamMu B 2018 1.
MdoHOoBbIE 3HAUYEHYSI GEPYTCA U3 HIXKHETO TOPU30HTA.

Ozepa. KoHIleHTpanuy pasinYHBIX 3JIEMEHTOB
(1990—2018) — ObIcTpbIii (MOABMXKHBII) TTOKa3aTeNlb
BhINafgeHs1. VICIoNb3yoTCsl TaKKe ITUIOIIAAN BOJO-
cOopa 1 uccieayeMoro o3epa. DTo JaHHBIE SIBIISTFOTCS
OCHOBOI1 JaHHOTO uccaegoBaHus (okono 500 3amu-
celi 1o o3epaM M BpEeMEHU), OHU COOMpaInch 0oee
JIBYX OECITUJIETUIM IO EAMHOM METOAMYECKOM CXEME.
bonee mogpoOHOe omucaHue MOXHO HaiiTé B [13,
14]. Ha naHHOM 3Tare MoaeIMpoBaHusl ObUIU BbIOpa-
HBI 25 03ep, KOTOphIe ITONAaJI B PeTUOH MOASINPOBa-
HUSI U IJI KOTOPBIX MMEETCSI MHOIO U3MEPEHUI B
pa3Iu4YHbIE MOMEHTBI BpEMEHHU (YTO CYIIECTBEHHO
JIJIST OMMCAaHMsI BpEMEHHOM TMHAMUKHN ).

Ilocmynaenue 6 donuste omaodcerus. ECTb 2 Touku
IO CKOPOCTH aKKYMYJISILMM ocagkoB [15]: omHa mis
1956, 1976, 1986 r., npyras mjst 1971 n 1986 .

JloHnnble omaodcenuss — THTETPAJIbHBIN TOKa3aTelb
BBINTAZASHMSI, CJIOU C IPUBSI3KOI K BpEeMEHHBIM WMH-
TepBajlaM, OTPaxKalOoT BBHINANECHUS 32 3TU NEPUOIBL.
NMmeroTcst KoHIEHTpalMu B BepxHeM cioe — 50 o3ep
st 1992 1. u3 [6]. Ycrionb3yoTcst OLIEHKH CKOPOCTHU
cequMeHTanuu U3 [15]. JIBe KOJIOHKM C TaTUPOBKOMI
u3 [16]. B ucciaengoBanue noGaBiaeHbI TaKXKe HOBBIE

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

JIaHHBIE, MOJIydeHHbIe HaMU B 2018 T. 1T IBYX KOJIO-
HOK 1O ¢ m1aTUpOBKOIA.

Ha xapre (puc. 1) nmpuBeneHsl 1aHHbIE, CBSI3aH-
HBIE C TIOCJICACTBUSIMU aTMOC(EPHBIX 3arpsi3HEHUA
koMmOmHaTa. OHU UCIONB3YIOTCS ST UAeHTU(dUKA-
oMy Moaenu. s MomeaupoBaHUs TIpeajiaraeTcs
BBIOpATh PETMOH C HEHTPOM B T. 3aII0JISIPHBINA (MMEH-
HO 37IeCh HAXOAWTCS Havyajo KoopauHat). B pernone
HaXoIITCs IBa NCTOYHMKA aTMOC(EPHBIX BRIOPOCOB
Ni: mocenok ropoxackoro tuna Hukenb (Metaanyp-
rusi) U T. 3anojisipHBI  (TOPHO-000raTUTEIbHBIA
koMOuHaT). Becero paccmarpuBaetrcs 84 Bomocoopa.
CymmapHas 1utomans 6acceiiHoB — 2181 km?. CyMm-
MapHag IUIomanb ozep — 150 k2.

Onucanue modeau mpaucghopmayuu ammocgepHoblx
3aepsasHenuti. PaccMoTpuM OalaHCOBYIO MOIEJb
TpaHchopMaluy aTMocdepHbIX BBIOpocoB Ni B T0oY-
Be, Boae u J1O. EquHunieit MogearpoBaHUs SIBISICTCS
03epO C COOTBETCTBYIOIIUM BOAOCOOPOM (IIOYBOIN).
Mopenb onrchiBaeT 2 MCTOYHMKA BHIOPOCOB U 84 (He
B3aMMOICHCTBYIOIIMX MEXIy co00i1) BogocOopa.

Kaxnp1it BomocOop pa3dbuBaeTcsl Ha IBE YACTH: CYy-
wa (mwiowansk SQg) u o3epo (mwiowans SQy). Ha-
YyaJIbHBIII MOMEHT MojaenupoBaHust — 1946T. Uc-
MoJjib3yeMble 000O3HaueHUsI paclIM@pPOBBLIBAIOTCS B
Taod. 1.

1. BeimageHue 3arpsi3HSIOIIMX BEILIECTB OT KaXK-
JIoT0 uCTOouYHMKaA. Ilpenromaraercss MyJIbTUILIMKA-
THUBHOE MpeacTaBieHUue QYHKIIMU.

st ucrounuka B r. Hukens (N):
Dy(t,Qy.ry) = Py (t) - Ry (rv) - FIx(Oy),
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Taomuna 1. CokpailieHus U eIUHULIBI U3MEPEHUS

CoxkpallieHust Pacmmmdposka En. uzm.

t Bpemsa roma

r PaccrostHre OT MICTOYHUMKA 3arpsI3HEHUSI 10 TOYKU BBITTaIeHUS KM

(0} YroJ HaTipaBJeHUSI OT UCTOYHUMKA 3arpsI3HEHUS 10 TOYKU BbIMAACHUS rpax

P() MouHOCTbh UCTOYHUKA T/TOM,

R(r) 3aBUCHUMOCTb MTHTEHCUBHOCTY BHITIAACHUS OT ¥ 1/m?

Fi(p) 3aBMCHUMOCTb MHTEHCUBHOCTHU BbINAIEHUS OT —

D MHuTeHCUMBHOCTD BhITaieHUS (Ha eIMHUITY TUIOIIAIN B €IMHUILY BpEMEHU ) Mr/M%/TOI

Dsol M HTEeHCHUBHOCTD BbIIIaIeHUSI PACTBOPUMOIL (hOPMBI 3arpsi3HUTENS Mr/m2/roxn

Dinsol M HTeHCUBHOCTD BBIITaIeHUSI HEPACTBOPUMOIL (hOPMBI 3aTpSI3HUTEIIS Mr/M%/Ton

sol Jlosst pacTBOpUMOIA (DOPMBI —

insol Jlonst HepacTBOPUMOI (DOPMEL —

S 3armnac 3arpsi3HUTENS B IOUBE B MOMEHT BPEMEHMU ¢ Mr/M2

Snow YacTb roga co CHEXKHbIM MMOKPOBOM —

leach BrliienaunBaHue: nepexoi U3 HEPaCTBOPUMOIT B paCTBOPUMYIO (PE3yIbTaTOM UIEHTH - 1/ron
dukauuu asasgercs leach =0.001)

Ston PoHOBbIE 3HAYEHUSI 3aM1aCOB Mr/m2

246) KonnenTpauus 3arpsi3HUTENSI B BOJe o3epa B MOMEHT BPEMEHMU Mr/M>

RYOR IInomanp cymm M2

SOw [nowans ozepa M2

precip Ocanku M/Ton

H VYcnoBHast youHa o3epa. OnpenessieT ”HTEHCUBHOCTh BOTOOOMeHa (pe3yJIbTaTOM UIeH- M
Tudukauuu apisgerca H = 1.2)

B ExxeromHoe nmocryrieHUe 3arpsi3HUTENST B JOHHBIE OTJIOXKEHUSI B MOMEHT BpeMEHU ¢ Mr/m2roxn
3amac 3arpsi3HUTeNS B cJlloe ¢

B, DoHOBOE eXerogHoe MOCTYIICHUE 3arpsI3HUTEINS B TOHHBIE OTIIOXEHUS Mr/M2roxn

TIe ¥y — pacCTOosTHUE OT UCTOYHUMKA 0 BogocOopa u
(®n — COOTBETCTBYIOLIEE HalpaBicHUE (TOJSIPHbIE
KOOPAUHATHI).

AHaJIOTUYHO IJISI UICTOYHMKA B T. BHHOHHprlfII

D;(t,9,1r7) = P,(t) - R;(r) - FI1,(Qz).

2. st kaxxmoro BomocOopa BEITTaASHWE 3aTpsI3HSI-
IOILIMX BelIecTB (B paCTBOPMMOI U HEPaCTBOPUMOIA
¢dopme) OT IBYX UICTOUYHUKOB CYMMUPYETCSI:

Dsol(t) = Dy(t,Qp, 1y ) sol(ry) + D, (t,0,,1,)*s0l(ry)
Dunsol(t) = Dy (t,Qy,ry ) unsol(ry) +
+ D, (1,0, 1) unsol(ry).

3. JluHamMuKa 3amacoB (comep:KaHWSI) 3arpsi3He-
HUS B TIOYBE:

dS/dt = Dunsol (t) - (1 — Snow) — leach - S (t)
S(0) =S,

HpeﬂnonaraeTCH, 4YTO B HaYaJbHBIA MOMEHT 3a-
1achbl B ITIOYBE COOTBETCTBYIOT (I)OHOBI)IM 3HAa4YCHUAM,

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

YTO B IIOYBE OCTAIOTCS TOJIBKO HEpacTBOPUMEBIE hop-
MBI, BBINABIINE B 6€CCHEXHbII MTEPUO, YTO MPOLIECC
BBHIIIEJIAYMBAHUSA TiepeBoIUT Ni B pacTBOPHUMYIO
dopMy, KOTopast BRBIHOCUTCSI U3 TIOYBEI B BOAY.

4. IuHaMuKa coaepXaHusl (KOHLIEHTpaluuu) 3a-

ITPsI3HEHUS B BOZIE 03epa
dw /dt =
= (Dsol(t) + leach - S(t) - SOs/(SQy, + SOy) —
— precip - W)/(H + precip).

INpenmosaraercst, YTo BCe pacTBOpUMEBIE (DOPMEI
MOITAJaloT B 03€PO BMECTE CO BCEMU OcaaKaMU (precip =
= 0.40 m/TOm), 4YTO BCE pacTBOpUMBIe (hOPMEI, 0Opa-

30BaBIIMECA B ITOYBE B PE3YJIbTATE BhIILCIaYMBaHUA,
JI00ABJISTIOTCS B BOIYy O3€pa.

5. JloHHBIE OTJI0XEHUS (10 CIOSIM):
B(t) = Dinsol (t)- (1+ SQs/SQy ) - Snow + B;,,.

IIpennomnaraercst, yro cioit J1O popmupyercs u3
HepacTBOPUMBIX (OpM, MNOMNANAIONINX HEmoCpen-
CTBEHHO Ha ITOBEPXHOCTH 03epa, U3 HEPACTBOPUMBIX
TOoM 513
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Beiopocsr Ni, T/ron

27 + Ni—gaHHbIe

S00F ——Ni—Moznenb

400 [
300 -
200 -
100 -

ok -~

&
2020 T'oxpr

1 1 1
1960 1980 2000

Puc. 2. [lanHbie 1 pe3yinbTaThl MOAEIMPOBAHUS AMHAMU -
KU aTMOC(HEPHBIX BHIOPOCOB.

dopM, moIagarIIX HEMOCPEICTBEHHO Ha CYIIY B
3UMHMI TTepro (M TIOITaBIINX B 03€PO B IIOJIOBOILE)
1 u3 (GOHOBOIO 3HAYECHUSI, OTpaxarollee AOWUHIY-
CTpUAJIBHBIE TIPOLIECCHI BHIBETPMBAHUSA KOPEHHBIX
TMOPOI 1 BEITIEIaYNBAHUS TTOYB.

Mopnenb COIEpXUT MHOXECTBO HEU3BECTHBIX
dyHKIIMIT, KOTOpBle HEOOXOOMMO OIpPEACINTh
(upeHTU(PUIIMPOBaTh) TaK, YTOOBI OOeCIIeYUTh Oa-
JIAHC MEXIy OJIM30CThIO TPACKTOPUU MOIEIU K JaH-
HBIM 1 CJIOXKHOCTBIO MoIesn. J1JIst 3TOTO U MCTIONIb3Y-
€TCs TEXHOJIOTUsSI cOaTaHCMPOBaHHON MIeHTH(dUKA-
uuu. B HacTosSIIMit MOMEHT JOCTYITHA ITpOrpaMMHasi
peamuzauus texHonorum (https://github.com/dist-
comp/SvF). Kputepuit uneHTH(MUKALIIN 1 OIepaTo-
pBI, CBSI3bIBAIOIIME MIEpEeMEHHbIE MOAEIU C U3MEpe-
HUSMH, 30eCh He TIPUBOMATCI. DTy MHGOPMAIIUIO
MOXHO HalTu 1o cchuike https://github.com/dist-
comp/SvF/UseCases/4-Lakes, rme HaxomuTcs TI0JI-
Has BEpCUST MOICIIN.

PE3VJIbTATbI MOIEJIMPOBAHWAA
N IMMPOTHO3 3ATPA3SHEHUU

IIpuBenem HeKOTOpble MOJYYEHHbBIE PE3YJibTaThl
MOJIEJIMPOBAHUSI COCTOSIHUSI BOJOCOOPOB, HaXomnsi-
IIMXCS B 30HE HOEHCTBUSI aTMOC(EPHBIX BBIOPOCOB
koMmbOuHaTta “IleyeHraHukenb”, Ha BpEMEHHOM WH-
tepBanie 1946—2030 rr. PeasbHbIe JaHHBIE UMEIOTCS
110 2019 r. (BBIOPOCHI) —MOXHO CUUTATh, YTO MPOTHO3
ocyuiecTisiercs ¢ 2019 r. OCHOBHBIM TIPEATIOIOXEe-
HUEM MPOTrHO3a SIBJISIETCS MOJIHOE MpeKpalleHnue at-
MocdepHBIX BEIOpocoB KoMOrHaTa ¢ 2022 1.

Bovibpocor Ni. VicxomHble NaHHBIE U PE3yaAbTaThbl
MOJIEIUPOBAHUS TUHAMHUKN aTMOC(HEPHBIX BBIOPO-
COB TIPUBOASATCS Ha puc. 2. MoaenbHast KpuBasi 10
1975 1. — peTpocneKTUBHbIE OLIEHKM BbIOPOCOB.
Hannsie ¢ 2022 mo 2030 r. — MporHo3 HYJIEBBIX BbI-
OpocoB. 3HaUeHUsI B MEPBBIX IBYX TOYKAX OLEHOY-
HbIE U, MO-BUIUMOMY, CUJIbHO 3aHUKEHBI.

Ilocmynaenue u naxonaenue Ni. PacripeneneHue
BbinageHUss Ni Mo cOoCTaBJISIIOIIMM: ToyBa (cylia),
Bozda (o3epa) u 1O njs1 cpemHero Bogocbopa IpuBe-
JeHo Ha puc. 3 a. Okoso 40% exerogHoro BbIMaje-

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE
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Pacripenenenue Boinagenust Ni, Mr/m2/ron
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Puc. 3. (a) Pacnpenenenue BeinaneHust Ni. (0) bananc
HakorieHus Ni.

Hust Ni moctymaet B J10 n mpubmmsuteabHo 1o 30% —
B BOAY Y B ITOYBY. 31eCh U jJajiee MoJ CPeAHUM BOJIO-
cbopoM OyneM moapasyMeBaTh cpenHee 1Mo 84 BOIO-
cbopaM, B3BELLIEHHOE IO TUIOIIAIH.

bananc HakomeHus Ni 1o cOCTaBISIIONIMM: ITOY -
Ba (cyma), Boga (o3epa), J1O 1 moTepu CO CTOKOM IS
cpenHero BojgocOopa Ha puc. 3 0 mokasbIBaeT, 4TO
okojio 50% sbmmasuiero Ni Hakamiusaercs B J10O,
30% yxomut co ctokoM 1 20% HaKaruimBaeTcs B II0Y-
Be. HakoruieHneM B Boae MOXHO IIpeHeOpeyb.
C 2020-X rogoB IOTEPU CO CTOKOM TOJIbKO HAYMHAIOT
OTpaxaThCsd HA MeIJICHHOM CHUXKEHUUW HAKOTUICHUS
B MOYBE IpU cTadbmin3au HakorieHus B J1O.

Hunamuka konyenmpavuu Ni 6 600e u codepicanus
Ni 6 nouge. Ha puc. 3 a mpuBeieHa TMHAMUKa KOH-
neHTpamu Ni B BoJie 03ep I CpeIHEeTro Bomocoopa.
CpaBHeHME KpUBOIT Ha pUC. 3 a ¢ UCXOOHBIMM JaH-
HBIMUA U pe3yJIbTaTaMHW MOIEIMPOBAHUS TUHAMUKU
aTMoc(epHBIX BEIOPOCOB (puC. 2) TO3BOISET CIEeNaTh
BBIBOJ, YTO BOAA B 1ICJIOM OTCJIEXKMBACT AJUHAMUKY
exxerogHoro BoinaneHus Niu K 2030 1. mporHo3upy-
eTCs BO3BpallleHNEe K (POHOBBIM 3HAUCHUSIM.

Jrnammka cogepxkanus Ni B TTOUBe IJIs CPETHETO
Bomocbopa (puc. 3 6) IeMOHCTPUPYET HAKOILJICHUE
Ni go 2020 r. m 3aTeM MemJIECHHOE YMEHBIICHUE
BCJIEICTBUE TIPOIIECCa BhIIIEIaYNBaAHUSI.

Hunamuka 3aepasHeHUll 6 meppumopualbHom pas-
pese. Ha puc. 4 npuBeneHbl pe3yabTaTbl MOJIEIMUPO-
Ne 2
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BaHMs TTOKa3zaTeseil 3arps3HeHMST Ha BCEM PETMOHE
MOJEIUPOBaHUS B pa3IMYHbIe MOMEHTHI BPEMEHHU:
1995 r. — HayaJlo MHTEHCHUBHBIX MCCJIeTOBaHUM,
2005 r. — BTOpOI1 MUK OONBIINX BEIOpOCOB, 2018 . —
MOCJHCOHUIN TON WHTEHCUBHBIX M3MepeHuii; 2030 —
KOHell IMporHo3a. [1pu pacueTax UCIOIb30BaAIM CEIy-
IoIIMe TIPEANOIOXKeHUs: HadanbHas (1946 T.) KOHLIEH-
tpauusa Ni B Boze paBHa 1 Mr/M?, poHOBOE 3HaUEHME
conep:xanust Ni B mouBe paBHO 20 MI/KT (CyX. Beca),
OTHOIIIEHUE TJIOIIAAN BOAOCOOpa K IIOMIAAN 03epa
paBHO 15 : 1.

IIpencraBiaeHHble Ha puc. 4 BoeinageHus1 Ni oTpa-
KalT MakCUMalbHbIe BHIOpOCH B 1980-x romax, mx
yBesnmueHue nocie cnaga B 1990-x rogax (2005 1.), ux
cHukeHue (2018 r.) u ux npekpaieHue nociye 2021 r.
DTO Ka4yeCTBEHHO COOTBETCTBYET pe3ybTaTaM pac-
YeTOB, TTOJYIYEHHBIM paHee (IJI OTAEILHOTO Toda) ¢
TMOMOIIbIO 00JIee CIOKHBIX MOJeIeit aTMOC(HEpPHOTO
nepenoca [6].

TepputopuanpHoe HakoruieHue Ni B TouBe pac-
IUPSUTOCH BIJIOTh 10 2018 1. (M30JMHUS, 6r3Kast K
(OHOBBIM 3HAYEHMSAM 25 MTI/KT, mocturia 50 Kkm u
Oosiee). 3HAUMTENILHOE 3arpPsI3HEHNUE TTOYB UMEET SIp-
KO BBIpQXXEHHBIU JIOKAJIBHBIN XapaKTep U OrpaHUYM-
BaeTcs 10-kM 30HOM. Eciiu cpaBHUBaTh ypOBEHb 3a-
rpsisHeHus 1ouB B Canbepu, Kanana (kpyrnHenmmi
B MUp€ KOMILJIEKC T10 BBITUIAaBKE HUKENS U MeAn), TO
MakcuManbHoe HakoreHue 300—1600 mr/kr Ha-
omonaiock B 15-km 30He, 120 Mr/Kr — Ha paccrosi-
Huu 40 KM, U BBIXOAUJIO Ha (OHOBBIE 3HAUYECHUS
30 Mr/KT yXe Ha pacctostHuM Oosiee 90 KM OT Iuia-
BUJIbHOTO KoMIiekca [17]. Eciu peakiiyst Ha CHUXKe -
Hue BbinageHuii (2018 r.) u moaHOe X mpeKpalleHue
(2021 r.) He oTpakaeTcs Ha HakoruieHnU Ni B IIoUBe,
TO OTKJIMKM KOHIeHTpauuu Ni B BOJ¢e BITOJHE OILIY-
TUMBI (puc. 4). beicTpasi peakiivsi BOI Ha U3MEHEHUeE
XapakTepa U MHTEHCUBHOCTM BbIOPOCOB HalOt01a-
nack u B Cagbepu, Kanana: 1) ¢ 1972 r. mocJie 3aKpbI-
TUSI TUIaBWJIBHOTO 3aBoda B KOHHCTOHE) U cTpou-
TeJbcTBa TpyObl BricoToit 381 M B Konep-Kiaudde
BOJIHbIE CHUCTEMbl HayaJli BOCCTaHaBJIMBaTbcs 0€3
KaKUX-I100 DOMOTHUTENbHBIX Mep [18], 2) peakuus
KauecTBa BOJ TakXe 3a(UMKCUpOBaHa B IMepBble He-
CKOJIBKO JIET MOCJ€ YXKECTOUEHMUS SKOJOTHUYECKMUX
HopMaTuB 1o BeiOpocam B 1990-x rogax [3].

JoHHBIE OTJIOXEHUS B 1OCTATOYHOM CTETIEHU OT-
paxkaroT XpOHOJIOTUIO MHTEHCMBHOCTH BhITTaneHuit Ni.
ComracHo pesyinbTataM MofAeaupoBaHus (puc. 3),
MHTeHCUBHOCTH HakoruieHus Ni B JIO Obl1a Makch-
MazibHa (4.5 Mr/mM’ron) B IepUOL € IIEPBOIO 10 BTO-
poii nuk BeimaaeHuit 1980—2005 rr., Torma Kak Iio
nporHody B nepuoa 2018—2030 rr. OyneT cocTaBsITh
stk 0.2 mr/m?ron. 1o JaHHBIM OIHOM U3 KOJIOHOK,
OXBaThIBaWOIIMI Bech ucciaemyemblii miepuoa, 1O
03. KeitHosIpBM, pacmnojioXXeHHOTO B 15 KM OT KOM-
ounata “IledyeHraHukenb”’, OTpaxkalOT MaKCUMaslb-
Hoe comepxaHue 4187 mr/kr Ni B mepmonm 2000—
2006 rr., hoHOBOE JOUHAYCTPUATIBHOE COIEPKAHUE
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31 MI/Kr U coBpeMeHHOEe HakorieHue 2545 Mr/Kr B
2012—2018 rr. (puc. 5). B KaHage moHHBbIE OTI0XKe-
Hus 03. Jleii3u, pacros0XeHHOTro B 5 KM OT IJ1aBUJIb-
Horo 3aBoma B KoHuncToHE, OoTpaXkaroT MaKCHUMaJlb-
Hoe HakoruieHue 4700 mr/kr B 40-¢ robl IPOIILIOTO
CTOJIETUSI IO 3aKPBITHS 3aBOJa, TOLOAa KaK JOHHEIC
oTiioxXeHus o3ep CBaH 1 TWIITOH, pacIlOIOXXEHHBIX B
13 1 14 xm ot Konep-Knudda, moka3siBaroT MaKCH-
MaibHoe HakorieHue 1400—1800 Mr/Kr mocie cTpo-
UTEIbCTBA CBEPXMIMHHOM TpyOr!I [19]. ITogpoOHbIi
aHaim3 (C TOJIIMHOI cjioeB B 1 MM) KonoHku 1O
03. BepMmUImMoH, pacrnoioXeHHOTo IIPUMEPHO B 32 KM
K 3amagy oT HeHrtpa ropoma Cagbepu, CBUACTEIb-
CTBYET O XOPOIIIEM COOTBETCTBUM MAKCUMYMOB U MU -
HuMyMoB HakorieHus: Ni B J1IO ¢ KOJIMYECTBOM €To
IIPOM3BOMCTBA 1O BBEASCHMS IKOJOTMIECKIX HOPM B
1990-x romax, omHAKO COBPEMEHHOE HaKOILJICHUE
245 mr/kr (2010 1) Bce ellle BLICOKO B CpaBHEHUU C
JTOWHIYCTPUATBLHBIMU KOHLIEHTpauusMu (39 Mr/Kr)
B 1870-x romax, BepoOSITHO, M3-3a HeaTMOc(depHOro
nputoka Ni ¢ 60JIbIIOTO TTO pa3Mepy BOIOCOOpa peKu
BepMmummmon u apeHaxa xBoctoxpanmimil [20].

Yto KacaeTcsi IIOYBBI, TO OMOreOXUMHUYECKUE
MPOLIECCHI 3IeCh 3aMEIJICHHBI B CUJTy HU3KHMX TEMITe-
patyp. B nepuon noiasspHoii 3UMBbI ITOYBa HAXOAUTCS
B 3aMep3IIeM COCTOSHUU U BhIIABIINE U3 aTMOC(he-
PBI METaJUTbl HAKATUIMBAIOTCS B CHEXXHOM TTOKPOBE U
B IIEPHMOJ, BECEHHETO IT0JIOBObS CTEKAIOT B PEKU U
o3epa mo 3aMepslleil mouse. B mepuon KopoTkoro
sneta Ni, TTOCTYyNUBIIUI ¢ aTMOC(EepHBIMHU BBITIAIC-
HUSIMM Ha TIOACTUJIAIONIYIO ITOBEPXHOCTD, 3a1epK1-
BaeTcd B ITOYBAX B MEpUOJ BereTallui U MPOYHO 3a-
KpeIisieTcsl B UX BEpXHEM OPraHOTEHHOM clioe (Io
90%). Hanipumep, 6onee 100 jieT paboThl KOMITJIEKCA
B Canbepy 3HAUUTEIIBHO OTPA3MIOCh TOJIBLKO HAKOTI-
JICHWEM B 5-cM opraHoreHHoM ciioe nmous [17]. Men-
JIEHHOE OUMILICHUE ITOYB OOBSICHSIETCS MHEPLIMOHHO-
CThIO IPOUCXOISIINX 3[1ECh ITPOLECCOB B IIOYBAX, YTO
YUTEHO B MOJIEJIM — OHAa TaK Xe JeMOHCTPUPYET I~
TEJILHBIM TIEpUO OUYMILECHUS TOYB OT 3arps3HEHUSI.
ITo MonmenbHBEIM pacueTaM (puc. 3) UHTEHCUBHOCTD
HakoruteHus Ni B ouBe cocTasisuia 2.4 Mr/M’ron B
MepUOoIbl MAaKCUMaJIbHBIX BbiniaaeHuit (1980—2005 rr.),
TOTIIA KaK Mo MPOTHO3Y MOCjIe 0CTAaHOBKY KOMOMHATAa
HaYHeTCs MeIJICHHOE BhblleaaunBaHve Ni U3 MOYBBI
¢ uHTeHCcUBHOCTLIO 0.2 Mr/m’ron. Heobxoaumo or-
METUTH, 4TO BbIleIauynBaHue Ni MOXET CUIBLHO 3a-
BUCETb OT JAPYTrUX 3arpsi3HEHUI, B TIEPBYIO O4Yepelb
OT OKMCJIOB CEPHI.

IToBepxHOCTHBIE BOABI — 00JIee TaOUJIbHBII KOM-
MOHEHT MPUPOTHON CUCTEMEBI “BOIOCOOP—03ep0” U
3nech HaOIomaeTcs: 601ee CTPEeMUTEIbHOE TTOBBIIIIE-
HUe KOHIlIeHTpaluii Ni B OTBET Ha HapacTaHUE Bbl-
OpocoB B aTMOC(depy, KOTOpOe JOCTUTIIO MaKCUMyMa
K 1980-m rr. BricTpas peakiiysi Boo Ha CHIDKEHHE
BBINTAASHUI KOHCTAaTUPOBAJIach U B BOMHBIX CHUCTE-
Max B paiione Canbepu [3, 19]. BoamoxHo, B TOit uiu
MHOM CTEIIeHU Ha IIOTOK METAJLIOB B 03€pa MOLYT
TOoM 513
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Puc. 5. KojioHka noHHbIX oT/I0XXeHUid Ni (MI/KT cyX Bec)
U MOJIeJIbHasT KpUBasl.

BJIUSITH IIPOILIECCHI JeCOPOLIMM METAIJIOB M3 ITOYB Ha
BomgocOopax, KOTOphIe TaXe B CJIydae OTCYTCTBUS Bbl-
NajaeHui, B TOU WIW MHOM CTENEHU MOTYT IOCTYNaTh
¢ Bogocbopa. OgHako 00JbIIast YaCTh U3 HUX BXOIUT
B COCTaB OpPraHOMMHEPATbHBIX KOMILUIEKCOB U CJ1a00
BBICBOOOXIaeTCS, KaK ITOKA3bIBACT ONBIT UCCICA0BA~
HMI1 03ep BOKPYT IutaBuiieH B Canoepu. OTHOCUTEIIb-
Ho guddy3un u3 JJO TO B MaIBIX apKTUUECKHUX 03€-
pax, muTaHue KOTOphIX Ha 70% obecIieyeHO aTMO-
c(epHBIMHU BBIITAACHUSIMU, BOIIBI 03€P MPAKTUICCKU
COXPAHSIIOT BBICOKOE HACBIIIIECHUE TPUITOHHBIX TOPU-
30HTOB KHCJIOPOJIOM, ITO3TOMY OKMCJIBI METaJIOB
ocaxparorcs u 3axopanusaiorcs B 1O [16], nudody-
3us1 MeTasioB 13 1O nmoka Maio BAUsIeT Ha KOHIIEH-
TpaLUIO METAJUIOB B TOJIIE BOA.

SAKJIIOYEHHME

ITocTpoeHHass Ha OCHOBE TEXHOJIOTHHU cOaaHCU-
POBaHHOI MACHTU(MUKALIIN MOIESIb IIPOAEMOHCTPH-
poBayia 3¢(hGHEeKTUBHOCTD IJIsI PEKOHCTPYKILIMU TIPO-
IIUIOTO ¥ MPOTHO3a COCTOSIHUS IIPUPOIHBIX Cpel Ha
BOoJOCOOpe B cucTeMe “aTMocdepHbIe BHITIAICHUSI—
nmouyBbI—BOAKI cylnn”’. Ha ee ocHOBe ObLIO TMpencka-
3aHO, YTO OCTAaHOBKA BHIOPOCOB ILIABMJILHOTO lieXa
KoMmOuHara “IleyeHraHukenb” (KOTopasi IIpor30Iiia
B nexkadpe 2020 r.) He mpUBeAET K OBICTPOMY BOCCTa-
HOBJICHMIO Y OYUIIEHUIO IPUPOAHBIX cpen oT Ni, Kak
OQHOTIO M3 OCHOBHBIX 3arps3HSIONINX 3JEMEHTOB.
HauGonblieid nHepiMeil K BOCCTAaHOBJICHUIO 00J1a-
JIal0T MOYBHI. bojee OBICTPEI OTBET MOXHO OXUIATh
OoT KoHIeHTpalu1 Ni B Boge — IMpH OTCYTCTBUU BBI-
OpPOCOB IJIaBHBIM HMCTOUHMKOM IMOCTYIUJIEHUSI OynaeT
SIBJISITBhCS BBIIIEIaUYMBaHNUE HAKOILJICHHBIX B IIOYBE U
J0O 3arpssaennii. ITo MogepHBIM pacyeTaM MHTCH-

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

cuBHOCTB HakoruieHns Ni B mouse 1 1O cocrapisiia
2.4 1 4.5 Mr/M%TO1 B IIEPUOIBI MAKCUMAJIBHBIX BBIIAIE-
Huit (1980—2005 rr.), Torma Kak IO IMPOTHO3Yy MOCIe
OCTAaHOBKM KOMOMHaTa HA4YHETCS CHIDKEHUE WMHTEH-
cusHocTy HakoruieHus Ni B 1O (0.2 mr/m?ron) u Men-
JieHHoe BbienaunBanue Ni u3 noussl (0.2 Mr/m?roxm).

IIpenmyiecTBO MpeaCTaBAEHHONM MOOENU 3a-
KJII0YaeTCsI B TOM, YTO OHa OTpaXkaeT MOJHYIO Kap-
TUHY ITIPOUCXOISIINX IIPOLIECCOB: CTPYKTYPY IPE00-
pa3’oBaHMsI aTMOC(HEPHOro 3arpsi3HEHHUsI Ha BCeil
HCCIIeTyeMOit TeppUTOpUH, GaJTaHCOBYIO OLIEHKY MY -
TPAlIMOHHBIX TTOTOKOB M HAKOIUJIEHUE 3arpsi3HEHUS,
TEPPUTOPUATHLHOTO €ro pacripenejieHus] M MPOTHO3
COCTOSTHHSI BCEX CPEl 9KOCUCTEMBI B OYIyIIEM.

NCTOYHUKUN PMHAHCUPOBAHUA

HccnenoBaHue BBITIOJTHEHO C MCTIOIb30BAaHUEM 000PY-
IIOBaHUS 1IEHTpa KOJUJIEKTUBHOIO mojb3oBaHus “Kom-
TUIEKC MOJACIMPOBAaHUS U 00pabOTKU JaHHBIX UCCIIeIOBaA-
TEeJIbCKMX YCTaHOBOK Mera-kiaacca” HUIL “KypuaToB-
ckuili umHCTUTYT”, http://ckp.nrcki.ru/. MccnenoBaHust
BHITTIOJIHEHB B pamkax lToczamanms TEOXWU PAH
Ne FMUS-2019-0008.
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PREDICTION OF ENVIRONMENT STATE IMPACT IN AREA
OF A COPPER-NICKEL PLANT ON THE BASIS OF BALANCED
IDENTIFICATION TECHNOLOGY

A. V. Sokolov#*, N. A. Gashkina?, and Corresponding Member of the RAS T. I. Moiseenko*

Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy of Sciences, Moscow, Russian Federation

#E-mail: alexander.v.sokolov@gmail.com

The article deals with modeling the dynamics of nickel concentration in soils, water and bottom sediments of
lakes, caused by emissions into the atmosphere of the Pechenganickel plant (Kola Peninsula) during the en-
tire period of its operation. The technology of balanced identification is used, which allows, based on a math-
ematical description of heterogeneous geochemical processes occurring in ecosystems, to combine heteroge-
neous experimental data and build a computer model with an optimal balance of complexity and closeness to
data. The results are presented and discussed, including estimates of the retrospective state of the simulated
objects (before the start of intensive studies) and a forecast of their dynamics until 2030. According to model
calculations, the intensity of Ni accumulation in soil was 2.4 and 2 times higher in bottom sediments during
maximum precipitation periods (1980—2005), while according to the model forecast, after the shutdown of
the plant, Ni accumulation in bottom sediments will begin to decrease and Ni will slowly leach from the soil

with an intensity of 0.2 mg/m2 year.

Keywords: pollution transformation, nickel, subarctic water and terrestrial ecosystems, balanced identifica-

tion, prediction
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