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BBEJIEHUE

AKTyadbHOCTHh TeMbl. @DOpMHpOBaHME  XHMHUYECKOTO  COCTaBa  BOJI
OIPENEISETCS COBOKYNHOCTBIO  (PU3MUYECKHUX, XUMHYECKMX M  OHOJIOrMYEeCKUX
MPOIECCOB, TPOUCXOMAAIINX Ha BogocOOpe W B CamMOM BOJOEME, KOTOpHIC
OTIPEAENSIIOTCS  KIMMATHYECKUMHU, TEOJIOTMYECKUMU U JAPYTMMH TapamMeTpamu.
AnTponioreHHbIH (pakTOp B (POPMUPOBAHUN XMMHUYECKOTO COCTaBa BOJ B ITOCIICTHUE
roJbl CTAHOBUTCS MO 3HAYMMOCTU B OJIUH P C NPUPOAHBIMU T€OXHMHUYECKUMHU M
Oouonornueckumu nponeccamu. IlpeoOpa3oBanue BoIOCOOPOB, TpaHCTPaHUYHBIE
MOTOKH, aTMOC(EpHble BBINAACHUSA, HWHIYCTpHAIbHBIE M XO30BITOBBIE COPOCHI,
HEOPraHW30BAaHHbIE CTOKHM C CEJIUTEOHBIX TEPPUTOPUIM MPUBOAAT K HU3MEHEHMIO
TreOXMMUYECKUX IUKIOB 3JEMEHTOB B CHCTEME «BOJIOCOOP-BOJOEM», TMOSIBICHHUIO
TOKCUYHBIX KOMIIOHEHTOB B BOJIHOHN Cpelie, dBTPOPUPOBAHHIO, 3aKUCICHHIO, YTO, B
KOHEYHOM UTOre, YXY/IIaeT KauecTBO BoJ. Kpome 3Toro, m3MeHeHHE KadecTBa
aTMOC(EPHBIX OCATKOB MPUBOAUT K U3MEHCHUIO TCOXUMHH BOJOCOOPHON CHUCTEMBI H
MPUPOJTHOTO MOTOKA HJIEMEHTOB, YTO MOKET MPUBOJUTH K IPEOOPA30OBAHUAM KayecTBa
BOJHBIX PECYPCOB B Mpeenax 00JbIIuX TEPPUTOPHUI.

Marnsbie o3epa sBAAOTCS HaumOosiee HHMOPMATUBHBIMU OOBEKTAMHU IS
BBISIBIICHUST PETHOHATBHBIX W TJIOO0ATBHBIX W3MEHEHUH OKpYyXKalomlehd cpebl.
XUMUYECKUI COCTaB BOJi Maibix 03€p (MPH OTCYTCTBHM JIOKaJbHBIX HCTOYHUKOB
3arpsi3HeHHsi) 0oJjiee YEeTKO OTpakaeT 30HAJBHYI0 M PErHOHANbHYIO creuuduxy
yCIIOBUN €ro (pOpMHUpPOBAHUA, a TaKKe T€ TNI0OANbHBIE AHTPONOTEHHBIE IMPOIIECCHI,
KOTOpBIE TIPOUCXOAST B TOCIEIHEE BPEMs B TOBEPXHOCTHBIX BOJAaX CYIIH.
EBpomneiickass yacTth Poccum uMeeT  BBIpaXEHHYIO 30HAJIBHOCTh  YCJIOBHUH
dbopMupoBaHusi KadecTBa BOJA, B KaXIOH H3 30H pa3BUTHE aHTPOIOTEHHO-
OOyCIIOBJICHHBIX TMPOIECCOB B BOJHBIX CHCTEMaxX HMEET CBOKO CHEUUDUKY U
HanpaBiIeHHOCTh. [lo JaHHBIM HMCCIEAOBaHMUS MalbIX O3€p B MHUPOBON HayKe JaeTcs
OLICHKA JOJITOBPEMEHHBIM M3MEHEHHUSM, TPOUCXOAUIMM B pErHOHaX H Ha
koHTuHeHTax [Stoddard et al., 1999, Skjelkvale et al., 2001, Monteith et al., 2007].
BoisiBiieHHEe AOATOBPEMEHHBIX TEHCHIIMH HM3MEHEHHs] XUMHYECKOTO COCTaBa BOJ,

06YCHOBJICHHI>IX r100aJIbHBIMH U3MECHCHUSIMH Oprmammeﬁ Cpeabl U KilInMaTta, UMECT
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BaYKHOE 3HAYEHME VISl IPOTHO3a COCTOSIHUSI KAUECTBA BOJl B COBPEMEHHBIX YCIOBHUSAX.
Jlo Hactosimmero BpemeHu B Poccuu He NMPOBOIUINCH MACHITAOHBIE TEPPUTOPHATHHBIC
UCCJIEIOBAHUS MAaJlbIX 03€p. AKTyaJbHOW NpOoOJIEeMON HCCIENOBaHUNA BOJ CYIIU
SBJISIETCSl M3YYE€HHE MaJblX O3€p KakK WHIAUKATOPOB 3OHAJIBHOW creruduku
(dbopMHUpOBaHUs KauyecTBa BOJI, Pa3BUTHUS AHTPOIIOTEHHO-UHAYLIUPOBAHHBIX MPOIECCOB
B BOJIaX CYIIW PA3JIUYHBIX MPUPOTHO-KIUMATHUYECKUX 30H, a TAKKE TEX TII00ATbHBIX
M3MEHECHUN OKPYXKAOIIEH CPeabl, MPOUCXOIAIINX B COBPEMEHHBIN MEPHUO/.

Heas u 3amaum mcciaenoBanusi. llens paGoTbl — BBISIBUTH 3aKOHOMEPHOCTHU
MIPOCTPAHCTBEHHO-BPEMEHHON M3MEHUMBOCTH XHMHUYECKOTO COCTaBa BOJ MAJIBIX 03€p
EBponeiickoii yactu Poccum B yCIOBHUAX M3MEHEHUH OKpPYXKAlOWIeHd cpeapl u
KIIFOUEBBIE MPOLIECCHI, HA HErO BIMSIOIINE B PAa3IUUYHBIX MPUPOIHO-KIMMATUYECKUX
30HaX.

3aja4u UCCIIEIOBAHMS:

- BBISIBUTH 30HAJbHbIE OCOOCHHOCTH XMMHYECKOTO COCTaBa BOJI MajbIX O3€p B
COBPEMEHHBIH TIEepuoj, JaTh OIEHKY BKJIaJa OCHOBHBIX (DAKTOPOB B €ro
(dhopMHpOBaHUE B Pa3INYHBIX MPUPOTHO-KIMMATHYECKUX 30HAX;

-  ONPEAENUTh MPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTHM PA3BUTHUSL IPOLIECCOB
3aKUCIIEHUsI, IBTPOUPOBAHUS M OOOTAIICHUS BOJ MHUKPOIJIEMEHTAMU U BBISIBUTH
AHTPOTIOTEHHOE BIIMSIHUE HA HUX B COBPEMEHHBIX YCJIIOBUSIX;

- UCCJIEAOBATh TCHACHIUM JIOJTOBPEMEHHBIX U3MEHEHHN XHUMHUYECKOTO COCTaBa
BOJ TOJ JACHCTBHEM AaHTPOIOTCHHBIX M KIMMATHYECKUX (PAKTOPOB B IOCICIHUE
necstwietus (Ha mpumepe o3ep Konsckoro Cesepa).

O0bexThHl HccaenoBanuii. B ocHOBY paboThl jerno o0o0iieHne pe3ynbTaToB
OPUTHHAIbHBIX IITUPOKOMACIITAOHBIX UCCIIEIOBAHUI XUMHUYECKOT'O COCTaBa BOJ:

- B IPOCTpaHCTBEHHOM mIKasie — Oosee 300 Manbix 03ep Ha TeppuTtopun EBpomneiickoit
yactu Poccun, npoBenennsix B 2000-2008 rr.,
- u BpemeHHo# mkane — 100 o3ep Ha Konbekom Cesepe (1990, 1995, 2000, 2005 rr.)

Meroposiorust Mccjael0BaHUM. MeETO0JIOTHYECKOM OCHOBOM  MOCIYKWJIH

dbynaaMeHTanbHble padoThl B o0jacTu kiaccudukanuu npupoansix Bog O.A.

Anekuna [Anekud, 1970] u reoxumun nanamadroB A.U. Ilepenbmana [[lepenbman,
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1975], coyeranume ATUX NOAXOAOB TMO3BOJWJIO MPU AHAIMU3E LIMPE B3IJIAHYTh Ha
0COOCHHOCTU (POPMHUPOBAHUS XUMHUUYECKOTO COCTaBa BOJI.

OcCHOBHBIE TPHUHIUIBI MCCIENOBAHUS KAuecTBa BOJ JISl BBISBICHUS BIUSHUS
AdPOTCXHOTCHHBIX TOTOKOB 3arps3HSAIONIMX BEHIECTB HAa BOJHBIC CHCTEMBI
BbIpa0OTaHBl Ha OCHOBE MHOTOJICTHHX HCCIEIOBAaHUN B paMKaxX MEXIyHapOIHOMN
nporpammel (ICP-Water — International Cooperative Programme on Assessment and
Monitoring of Air Pollution of Rivers and Lakes) [Henriksen et al., 1998].
O6cnenoBanue 03ep BEJIOCH MO €AMHON METOIMYECKON CXeMe:

- B UCCJIENOBaHMS BKIIOYAINUCH 03€pa, HE TMOABEPKEHHbIE BO3ACHCTBUIO
JIOKAIbHBIX HCTOYHUKOB 3aIPA3HCHMU, TUIOIIA/IbI0 BOIHOIO 3epKaia He Gomee 20 KM”;

- 4TOOBl CBECTH K MHMHHUMYMY BIHSHHE CE30HHBIX Bapualuii, oToéop Mpood
MIPOBOJWICS B KOPOTKHM BpPEMEHHOW HMHTEpBaJl IMO3IHETO OCEHHEIO OXJIAXKICHUS,
KOTJIa BETCTAIIMOHHBIC MPOIECCHl HE3HAYUTEIbHBI, YCTAHABIMBACTCS TOMOTEPMHUS U
OTCYTCTBYET CTpaTU(UKAIUS.

AHanuTuueckas TmporpamMma paboT BKIouUana B cebs  ompenenenue pH,
snexrpornposoasoctr (), Ca’’, Mg™, K', Na', menounocrn (Alk), SO, CI,
userHoct (L[B), conepxanue opranudeckoro semectBa (TOC) mo nepmaHraHatHoi
okucmsiemoctr, NOy,, NH, ", o6mero asora (TN), docdaros (PO4”), obmmero docdopa
(TP), Si, a taxxke Oosee 70 MHKpPORJIEMEHTOB. XUMHUYCCKHE aHAIU3BI MPOO BOJIBI
BBITIOJIHSAJIM 1O €AWHBIM METOJMKaM B Jjaboparopuu HHcTuTyra mpobiem
npombinuieHHon skojorun CeBepa KHI[ PAH. Cuctema orGopa u xpaHeHus mpoo,
UCTIONB30BAHUE COBPEMEHHBIX METOJOB M MPHUOOPOB AHAIUTUYECKUX HM3MEpPEHUH, a
TAaKK€ BHYTPUIA0OpATOpPHBIM KOHTPOJIb KayecTBA W3MEPEHUM M y4yacTHE B
MEXKIYHAPOIHBIX ~ WHTEPKAIMOpanusX Jajld  YBEPEHHOCTh MpU  000OUIeHUH
pPe3yabTaTOB M X HAYIHOM aHAIIN3E.

Jna oyenku 6nusHUSL NPUPOOHBIX U AHMPONO2EHHBIX (PAKMOPO8 HA XUMUYECKULl
cocmas 600 ABMOPOM 6blOpaubl cledylowue Haubonee 3HAYUMbBIE NAPAMEMPbL,
KOTOpPBIE OTIPEAENICHBI TSl KaKI0TO BOJ0COOpa UCCIIEJOBAHHBIX 03€P.

Kaumamuueckue napamempul: CpeHETOA0BOE KoaudecTBO ocaakoB (O,

MM/TOJ), cpenHeroaoBas ucnapsemocts (M, Mm/rox), cymMma temmepaTyp Bo3ayxa 3a
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HIEPHOJI CO CPEAHEN cyTouHOM Temneparypoii Beiie 10°C (Z>10°C);
buonozuueckuti napamemp: copep:;kaHue OpraHMuecKoro yriiepojia B TIOYBEHHOM
nokpose (Cnousa, %);
Jlumocennvle napamempuvl 8000cOOPHOU MeppuUMopuU: TBEPAOCTb TOPHBIX
nopoy (TB), koadurmeHt:

_ CaO + MgO + Na,0+K,O | (1)
Si0, ’

Kro

Mopgomempuueckue u nanowagpmuvie xapakmepucmuxu: TIIOMATb BOIHOU
nosepxuoctu o3epa (Fo, kv”), miomans BogocGopa osepa (FB, kM°), BBICOTA Haj
ypoBHeM Mops (H, m abc.), o3epHOCTH BOJOCOOPHOI TeppuTOopHuH, 3aneceHHocTh (K,
%), 3a00s0ueHHOCTH (KO, %), OTKpBITBIC YYaCTKH BOJIOCOOPHOHN TEPPUTOPHUH;

Aumponozennvie  napamempei:  WwioTHOocts  Hacememms  (ITH,  uwen/km?),
CpeIHerooBoe obiiee (Cyxoe W MOKpoe) aTMochepHOEe BBIMAJCHUE: OKHUCICHHOU
cepnl (SO4dep), oxucnennoro azora (NOsdep) u BocctanoBiennoro azora (NHydep,
MI‘/M2FOII).

MeTo10I0THsT  UCCIICIOBAHUs, KauyeCTBO aHAJIMTHYCCKUX HW3MEPCHHH W UX
KOHTPOJITb TIOJITBEPKIAIOT JOCTOBEPHOCTD MOYICHHBIX PE3yIbTaTOB.

HayuyHnasi HOBU3HA ¥ TeopeTHYeCKOe 3HAYEHHE MOJYYeHHBIX Pe3yJbTaToB.

BriepBbie Ha OOMIMPHBIM HATYPHOM MaTepHajie, OXBaTBIBAIOIIEM EBpOIEicKyro
JacTh Poccuu, BBISIBIICHBI 30HATBHBIC OCOOCHHOCTH KaK ()OPMHUPOBAHMS XUMHUYIECKOTO
cocTaBa BOJ, TaK W Pa3BUTHS TPOIECCOB 3aKHCICHHs, OHBTPOPUPOBaHUS U
o0oraieHus BOJ MUKPO3JICMEHTAMH B COBPEMEHHBIN TIEPHOI.

Omnpenenena OydepHas eMKOCTh BOJA K KHCIOTHBIM BBITIQJICHUSM M TIOKa3aHa
VSI3BUMOCTH 03€p K 3aKHCIICHHIO B IMTUPOTHOM JHANa30He, a TakKe KPUTCPUU OIICHKU
AaHTPOTIOTEHHOTO W TMPHUPOAHOTO 3aKucieHus. [lokazaHo, 4yTO B TEPBOM cIydae,
Cyab(}aThl 3aHUMAIOT JOMHUHHUPYIOIIEE IMOT0KEHNE B HOHHON KOMITO3HIIMH, BO BTOPOM
— OpraHWYECKUW aHWOH SBISETCS MAaKpPOKOMIIOHEHTOM BOJ IS O3ep Talru ¢
3a00JI04E€HHBIMH BOJIOCOOpaMHU.

CdopmupoBaHO NMpeACTABICHUE O TEPPUTOPUATHLHOM Pa3BUTHUU IBTPOPUPOBAHUS

03€p Ha OCHOBE aHaju3a 00ECNEYEHHOCTU THAPOOMOHTOB OMOT€HHBIMHU AJIEMEHTaMH,
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OTpeIeSIIEMON 30HAJILHBIMU M aHTPOIIOT€HHBIMU (PAKTOpaMH MOCTYIUICHHUS 30JIbHBIX
AJIEMEHTOB ¢ BOJIOCOOpa, M JUMHUTHUPOBAHUS WX TPOJYKTUBHOCTH Ha Pa3HBIX
TPOPUYECKUX CTYNEHIX B PA3JIUYHBIX NPUPOAHO-KIMMATHYECKUX 30HAX.

BriepBeie paccunTanbl YMCIICHHBIC 3HAYEHUsI KO PUIIUEHTOB BOJHOM MUTPAIIHU
OOJIBIIIOTO CIEKTpa AJIEMEHTOB ISl TIOBEPXHOCTHBIX BOJ CYHIH (IO OTHOILICHHUIO K
KJIapKaM TOPHBIX TMOPOJI CJIAraloIIuX BOJOCOOpHI). OTHU HCCIEAOBAHUSA JaJIH
MMOHUMAaHHE TpolieccaM 00OTallleHUsI BOJ CYIIM TAKUMH OMACHBIMH DJIEMEHTaMHU, Kak
Pb, Cd, Al, As u Se, NpoOUCXOIAIINM TI0JI BO3JACHCTBUEM TJI00ATLHOTO pacCeUBaHUS,
BBITIAJICHUS U3 3aTPsA3HEHHON aTMOCc(ephl U KUCIOTHOTO BBIIICIaUNBaHNUS.

BrisBIEeHBI OCHOBHBIC TCHIACHIMH M3MCHCHHS XHMHYECKOI'O COCTaBa BOJ 3a
nocieanue 15 net Ha Konbckom CeBepe moj Bo3AeHCTBHEM T100aIbHBIX M3MEHEHUN
KJIMMaTa U CHUXKCHUSI aHTPOTIOTCHHBIX Harpy30K.

IIpakTuyeckasi 3HAYMMOCTh Pa00OThl. BHITIOJIHEHHBIC UCCIICIOBAHUS SIBIISTFOTCS
(dbyHIaMEHTAIBHOW METOJOJIOTHEH IS OIpEACNICHUS YCIOBHO-(DOHOBBIX 3HAUCHUM
MoKazaTejell XMMHUYECKOTrO COCTaBa BOJ M COOTBETCTBEHHO MPOTHO3a BO3MOXKHBIX
M3MEHEHUI X KaueCTBA MPH PA3JIMYHBIX CIECHAPUAX BapHalllid KJIMMaTa U U3BMECHCHU N
okpyxaromiei cpeapl. l[lonydeHHbIE pe3yAabTaThl MO  COJCPKAHUI0 TOKCUYHBIX
METAJIJIOB SABJISIIOTCSI OCHOBOW 11 COBEPILICHCTBOBAHUS PACUYETOB HOPMATHUBOB
KauecTBa BOJI C YYETOM PErHOHAILHOU crnenuduku (opMUPOBAHUS XUMHUYECKOTO
cocTaBa BOJI.

[lony4yeHHbICE HOBBIE pE3yJdbTaThl M 3HAHUA B IIMPOTHOM 30HAIBHOCTH
HEOOXOJUMBI TIPU MHKEHEPHO-IKOJIOTUUECKUX HM3BICKAHUSAX TI0 TMOJTOTOBKE pasjelia
«O1eHKa BO3JCHCTBUS Ha OKPYXKAIOIIYID CpeAy» MOpU MNPOSKTUPOBAHUUA HOBBIX
MPOU3BOJICTB Ha Tepputopuu EBpomeiickoit wactu Poccum, uto mumeer OonbInoe
3HA4YCHHUE IS Pa3BUTHS MPOU3BOAUTENBHBIX cuil Poccun. Marepuanbl paboThl ObLIH
ucnonb3oBanel  OI'Y  «BHUM npupoas» npu  UMHKEHEPHO-IKOJOTHYECKUX
n3bickanusax ctpoutenbetBa 'OK’a «Onenuii pyueit» «Ceepo-3amnannoit pochopHoit
KOMIaHuW» Ha Oepery 03. YMOo03epo. Pacuersl, BBINOJHEHHbIE MO METOJIOJIOTUU
OTPENICSICHHs] KPUTUUECKUX HATPY30K BHIMAJEHUS KUCIOT Ha BOJAOCOOPHI, MO3BOJISIOT

HAy4YHO  OOOCHOBAaHHO  OCYIIECTBIATH  BbIOOp  Haubosiee  3PPEKTHBHBIX
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MPUPOAOOXPAHHBIX MEPONPHUATHH C YUETOM CHEIM(PUKH KOHKPETHBIX TEPPUTOPHIA 110
CHIDKEHUIO BBIOPOCOB KHCJIOTOOOPA3YIOIIMX BEIIeCTB. Marepuaibl HCCIIeI0BaHUN
UMEIOT MPAKTUYECKOE 3HAYEHUE U MOT'YT UCIIOIb30BaThCA B PETMOHAJIBHOM CPE3€ JIs
pacyeTa MperOoTBPAIECHUs] SKOJOTHYECKOTO yiiepOa BOJHBIM pecypcam, pPbIOHOMY
XO3SIMCTBY, a TAKXKE MIPHU peaIn3aliH PUPOJOOXPAHHBIX MEPOITPUSATHIA.

JInunblii Bkaaa asropa. Mccrenosanust Obuti HauaThl aBTopoM B MHCTHUTYTE
BoAHBIX TTpoOsieM PAH u nponomxens! uccnenoranusi B [EOXU PAH, rae ocHOBHBIE
Hay4HbIE pe3yJbTaThl ObUIM TOJNy4YeHbI M 0000meHbl. JIMuHbIA BKIaJ aBTOpa
3aKJII0YAETCs] B TOM, YTO OCHOBHBIE HATYPHBIE U HAYYHBIE PE3YJIbTAThI NMOJIYYECHBI UM
JUYHO U KOJUJICKTMBOM COTPYJIHHUKOB IPU BBINOJHEHUHU IUIAHOBBIX pabOT MO TeMaM
HUWP: «30HanbHble 3aKOHOMEPHOCTH AHTPOMOTCHHOW W3MEHUYMBOCTH KayecTBa BOJ;
KPUTEPUH OIEHKH COCTOSIHUSI BOJHBIX dKocucTeM» (2004-2006), «IIpocTpaHCTBEHHO-
BPEMEHHAsi HW3MEHYUMBOCTh KAayecTBa BOJ M BOJIHBIX DJKOCHUCTEM B YCIIOBHSIX
AHTPOIIOTEHHBIX HArpy3ok W u3MmeHeHus kiaumara» (2007-2009); Ilporpammer OH3
PAH Ne 14 mpoexr «MccnenoBaHre M3MEHEHUI XMMHYECKOIO COCTaBa BOJI CYIIM B
ApKTHYECKHX PETHOHAX B YCIOBHSIX AHTPONOTCHHBIX HArpy30K H MOTEIJICHUS
kiumata» (2009-2011), OTBETCTBEHHBIM WCIOJHUTEIEM KOTOPBIX OH SIBJISLICS.
IIpoBenenne wuccnemoBanuid noxaaepxano rpantamu POOU: 04-05-64523-a
«Bo3zaeiicTBue ri100abHBIX U3MEHEHUH OKPY’KaIOIIeH Cpeibl U KiMMaTa Ha 03€pHbIe
skocuctembl», 07-05-00302-a «3aKOHOMEPHOCTH AHTPONOT€HHOM W3MEHYMBOCTH
MIPECHOBOJHBIX DKOCUCTEM M KpUTEpUHU KaudecTBa Boa», 09-05-00467-a «IIpoueccs
CaMOBOCCTAHOBJICHUSI HAPYHICHHBIX TEPPUTOPUN B  YCIOBUAX JACHCTBYIOIMIMX
TOPHOIIPOMBIIIJIEHHBIX KOMIUIEKCOBY, 10-05-00854-a «KauecTBo Box: hopmMuUpoBaHUe
n MeTtofosiorus oueHkm», a takke npoekta EURO-LIMPACS Ne GOCE-CT-2003-
505540 “Integrated Projects to Evaluate the Impacts of Global Change on European
Freshwater Ecosystems” (2004-2009). ABTop npuHUMaia HEMOCPEJACTBEHHOE yUacTHe
BO BCEX CTagusiX pabdOT OT MOCTAHOBKM 3a7ad HCCIEHOBAHUN 10 MyONMKaUUU UX
PE3YJIbTaTOB, YYacCTBOBAJIA MPAKTUYECKU B TOJOBUHE MPOBEACHHBIX IKCIIETUIMOHHBIX
pabot. Bce ocHOBHBIE 0000IIEHUS] BBIIIOJHEHBI aBTOPOM JIMYHO, HA BCEX 3Tamax

pa6OTBI pPE3YyIbTaThl O6CY)KZ[3JII/ICB C HAYYHBIM KOHCYJIbTAHTOM HW HAYYHbBIM
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PYKOBOAMTENIEM TE€M M TpaHTOB [1.0.H., mpodeccopom, uneH-kopp. PAH T.U.
MowuceeHko.

Anpobauusa padorbl M nydaukanum. Martepuaibl padOThl JOJIOKEHBI Ha
OTEUYECTBEHHBIX U MEKIYHAPOJHBIX KOH(EPEHIUSIX U CUMITO3UYyMaX: 18" 21, 22",
24™ 25" 27™ Task Force ICP Waters «International Cooperative Programme on
Assessment and Monitoring Effects of Air Pollution on Rivers and Lakes» (Moscow,
2002; Tallinn, 2005; Bergen, 2006; Budapest, 2008; Burlington, 2009; Sochi, 2011),
Taiwan-Russia Bilateral Symposium on Water and Environmental Technology
(Taipei, 2005), III Bcepoccuiickass koHdepeHIUsT O BOAHOW TOKCHUKOJIOTUU U
koH(pepenuus no ruaposkonorun (bopok, 2008), Euro-limpacs Final Project Meeting
(Blanes, 2008), CoBpeMeHHbIe (yHIaMEHTaIbHbIE MPOOJIEMBl THIPOXUMHYECKUX
HUCCleIOBaHUM U MOHUTOpuHra KadectBa Boa  (PoctoB-na-llony, 2009),
MexayHnapoaueiii  cumnosuym «PTyTb B Ouocdepe: 3KOIOro-reoXuMHYecKue
acriekTel» (Mockga, 2010), International Conference on the Status and Future of the
World’s Large River (Vienna, 2011), II u II Mexnaynapoansie KoHEpeHIIUN
«Oxpyxaroias cpefia 1 MCHEIDKMEHT NpUpoaHbiX pecypcoB» (Tromensn, 2011, 2012),
Goldschmidt 2013 (Florence, 2013).

ITo Teme auccepranuu onyosmkoBaHo 35 medatHbIX padoT, U3 HuX 19 crareit B
PELEH3UPYEMBIX POCCUMCKUX U 3apyOeXHBIX JKypHayiax, omnpeneneHHbix BAK, 2
MOHOTpaduu.

Ctpykrypa m o0beM pabdortbl. JucceprammonHas pabora uznoxkeHa Ha 207
cTpaHulax, Bkiatoudaer 34 pucynka u 42 Ttabnuiel. CocToUT M3 BBENECHUS, 6 TiaB,
BBIBOJIOB, 3aKJIIOYCHHS U CIIMCKA JUTEepaTypsl U3 194 6ubiuorpaduueckux CChUIOK.

ABTOp BBIPpaXkawT 0JaroJapHOCTb BCEM KOJUJIEraMm, KOTOpbIE MNPUHSIU
yuyactue B akcnenunuonHeix padotax (C.C. Canmumupony, FHO.A. beummnsky, A.H.
aposy, B. /., Kazpmupyky, JI.B. PazyMOBCKOMY U Jpyrum), KOTOPbIE€ BBINOJHUIU
XUMHKO-aHAIUTUYECKUX pabOThl 1 OCOOCHHO COTPYIHHUKAM XHMHUKO-aHAJTUTHYECKON
cnyx0b1 MHCTHTYTAa TpoOsieM npombinuieHHoN skojoruu CeBepa Kosbekoro HIJ

PAH JLIL. Kynpsiuesoii u I'.C. [1naToHeHKOBOM.
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COJEPKXAHME PABOTbBI

(0 3aITUIIIaEMBIM MTOJIOXKCHHSIM )

1. B coBpeMeHHBIX YCJOBHMSIX AHTPONOIreHHbIN (PAKTOP COMYTCTBYET
30HAJBHBIM B (OPMHUPOBAHMM XUMHYECKOro cocrasa Boa. Ha rymuagHoim
TEPPUTOPHM A30HAJbHBbIC (PAKTOPHI ONPENeJA0T IMHUPOKUA BHYTPU30HAIbHBIN
AUANA30H XMMHYECKOI0 COCTaBa BOJ, KOTOPBLI CBf3aH C pPa3BUTHEM TaKHUX
NPoLECcCOB, KaK IBTPO(UPOBaHME, AHTPONOTeHHOE 3aAKHCJIeHHE U OPraHn4YecKoe
NMOJAKHUCICHHE BOJA, HA AaPHUIAHON TEPPUTOPUM 30HAJIBbHbIE (aKTOPbI
OrPAHMYMBAKT [AHANA30H BAaPbMPOBAHHUS IOKa3aTeJled XHMHYECKOr0 COCTaBa

BO/.

JInsi OllEHKW BIMSHUS Pa3IUYHBIX (AaKTOPOB Ha Tporlecchl (opMHUpOBaHUS
XUMHYECKOTO COCTaBa BOJ 03€p MpoBeAeH (AaKTOPHBIM aHaIU3 METOJOM TIJIaBHBIX
komroHeHT. Ilepex  aHanm3oM  maTpuily  3HAYeHUHM  BCeX  IEPEMEHHBIX
MaciTadupoBaju 1o pazMaxy. BeijeneHo 4 ocHOBHBIX ¢akTopa (Tad:m. 1).

@axmop [ onpezenser oO1Me 3aKOHOMEPHOCTU (HOPMHUPOBAHUS XUMHUUYECKOTO
cocTaBa BOJI, KOTOpbI€ O0YCIOBJIEHBI TUTOTEHHBIMUA U KIMMATHYECKUMU YCIOBHSIMHU.
[IIupoTHOE YyBENMYEHUE MUHEpAIU3AIMU W  COJACPKAHUS  TJABHBIX HOHOB
oOecrieynBaeTcs, B MEPBYIO OYEpe/ib, YMEHBIICHUEM TBEPAOCTH TOPHBIX MOPOJ IO
HaIPaBJICHUIO K IOTY U YBEJIMYECHHEM B HUX COJEp>KaHMs KaTHOHOB (elle B padorax
A.E. ®epcmana [Pepcman, 1934] oTMedeHa naHHas 30HaJIbHAs 3aKOHOMEPHOCTH B
pacrpoCTpaHEHUU TMOPOJA MO MX YCTOMUYUBOCTH K XMMHUYECKOMY BBIBETPHUBAHHUIO Ha
tepputopun EBpomneiickoit wactu Poccum), BO BTOpyH ouepeab, HCIApEHUEM
(ucmapuTenpHON KOHIEHTpalKeil). 30HalbHOE HapacTaHHE COAEp)KaHMsI OMOTeHHBIX
AJIEMEHTOB U OPraHUYECKOro BEIIECTBA TAKXKE CBA3AHO C KIMMATHYECKUM (HAKTOpOM
(Z£>10°C). YBenuuenue 3aceieHHss TEPPUTOPHI MO HANpPaBIEHUIO ¢ CEBEpa Ha FOT
onpeeNsieT 30HAJIbHBIA XapaKTep aHTPOINOr€HHOW HAarpy3ku Ha BOJOCOOPHI KAk IO
OMOreHHBIM 3JIEMEHTaM, Tak W 1o BbimaaeHuto azora (NOsdep, NHudep) u psany
MetaiioB (Pb, Cr u Zn).

@Daxkmop 2 0TpaxaeT peruoHalIbHble 0COOEHHOCTH (POPMUPOBAHUS XUMUUYECKOTO
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Tabmumna 1.

q)aKTOpHI)IG Harpys3kKu, COOCTBEHHBIE 3HAYCHUS U IMPOLCHT 00BSICHSIEMOH AUCTICPpCUHN

4-x (haxToOpOB.

[TapameTpsl ®daktop 1 ®dakTop 2 ®dakTop 3 ®dakTtop 4
K -0.040 -0.515 -0.243 -0.045
K6 -0.173 -0.067 0.100 -0.224
Ts -0.771 0.227 0.288 -0.148
Krn 0.678 0.306 -0.051 0.105
o) 0.503 -0.679 -0.251 0.057
" 0.863 -0.321 -0.217 0.037
Tt>10°C 0.853 -0.345 -0.163 0.031
Crousa -0.179 0.124 0.230 -0.509
Il 0.756 -0.328 0.163 0.253
SO,4dep 0.239 -0.022 0.403 0.232
NO;dep 0.795 -0.478 -0.050 0.180
NH.,dep 0.833 -0.447 -0.020 0.172
pH 0.455 0.241 -0.565 -0.075
Y 0.834 0.456 -0.165 -0.127
Ca®’ 0.830 0.105 -0.026 0.175
Mg?* 0.694 0.419 -0.275 -0.310
Na" 0.630 0.639 -0.091 -0.213
K" 0.385 0.116 -0.340 -0.032
Alk 0.781 0.237 -0.404 -0.228
SO,* 0.616 0.486 0.242 0.110
Cl 0.638 0.589 0.116 0.011
1B 0.105 -0.429 0.275 -0.608
TOC 0.436 -0.138 -0.115 -0.676
NO;3 0.620 0.003 0.114 0.154
NH," 0.534 -0.236 0.235 0.082
PO,* 0.439 -0.222 0.244 -0.050
TP 0.570 -0.450 0.141 -0.254
Si -0.077 0.280 -0.111 -0.579
Sr 0.631 0.063 -0.090 0.026
Al -0.036 -0.094 0.334 -0.412
Fe 0.201 -0.384 0.446 -0.518
Mn 0.221 -0.500 -0.037 -0.244
Cr 0.592 0.301 0.032 -0.301
Cu 0.303 0.219 0.369 0.041
Ni 0.387 0.470 0.538 0.150
Zn 0.509 0.081 0.431 0.131
Cd 0.131 0.024 0.301 0.020
Co 0.532 -0.025 0.411 -0.048
Pb 0.512 -0.011 0.551 0.104
S}:’aiifg}“’le 12.1 4.53 3.06 2.69
Z;gg:;ﬁ;em“ 31.0 11.6 7.9 6.9
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cocTaBa BOJ, KOTOpblE HE IOMUMHSAIOTCA INMPOTHOH 30HambHOCTH. Na' 1 CI
JTOMUHUPYIOT KaK B BOJax O03€p, pPACIOJOXKEHHBIX B TMPUOPEKHBIX TYHApPE H
JIECOTYH/IpE, TAK W B aPHAHBIX paiioHax (tawke u SO4°). IIpeodnanaHue THX HOHOB B
BOJIaX CEBEPHBIX 30H CBSI3aHO C BIUSHUEM MOPCKHX a’po30Jiei, B FOKHBIX — C
nporeccaMu 3acojieHus. s 3TUX 30H XapaKTepHO U TMOBBIIMICHHOE cojepkanue Ni.
OTAMYUTENTLHBIMU ~ OCOOCHHOCTSIMU  30H  JIECOB  (TaeKHBIX, CMEIIAHHBIX U
IMIMPOKOJMCTBEHHBIX) SBJSIOTCS HaWOOJbIIAsl 3aJ€CEHHOCTh BOAOCOOPOB 03ep U
MaKCHUMAJIbHOE B ITHX PErHOHAX KOJWYECTBO OcaakoB. [loaTomy Ha dhopmupoBanue
XUMHUYECKOTO COCTaBa BOJ BIIUSAIOT MPOILECCH AECTPYKIUU OPraHNUYECKOTO BEIIECTBA
B TIOYBAX, HHIUKATOPOM KOTOPHIX B JAHHOM CJIy4ae CIYKUT BBICOKAs IIBETHOCTh BOJ.
NmenHo rymudukanus MOYB U MPOMBIBHOW PEXHM OOECIICUMBAIOT IOBBIIICHHOE
coaepkanne Mn B Bojax o3ep, Kak MEHEe CKJIOHHOTO K KOMIUIEKCOOOpa30BaHUIO
AJIEMEHTa CPEJM TSKEIbIX METAJUIOB, TOrJa KaK Ha apuJIHOU TEPPUTOPUU MHUTPALUU
Mn npensTCTBYeT IIeIouHON reoxumuueckuit 6apbep [[lepensman, 1975]. Cnenyer
OTMETUTh, YTO MAaKCUMaJbHbIH  YypPOBEHb  BBIMAJCHUS  a30Ta  yCHJIMBAET
BHYTPHBOJOEMHBIE MTPOIIECCHl M HakorieHue ¢ocdopa B ozepax (TP).

Daxmop 3 KOPPECHOHIMPYETCS C PETrMOHAIBHOM AHTPOIOIE€HHOM Harpy3KoM.
Ero noxanpHBIN XapakTep MPOSBISETCS B TOM, YTO B OTIEIBHBIX O3€pax, TJe
Oydepnass emxocth Boja mnoHmwkeHa (Alk), TexHoreHHoe BhINAJICHHE CYJIb(HATOB
MIPUBOIUT K 3aKUCIEHHIO. B Takux o3epax BHICOKHE KOHIICHTPAIIUU TaKUX AJIEMEHTOB,
kak Al, Fe, Cu, Ni, Zn, Co u Pb, cBsi3aHBI C BBIIIEIaYNBAaHUEM HX KHCJIOTHBIMH
OCaJIKaMH M YBEIIMUCHHEM WX MUTPAIIMOHHON CTIOCOOHOCTH B KUCJIOM CpeJie.

@Daxkmop 4 0oOyCIOBJIEH MPUPOIHBIMU TIPOIIECCAMH  OOOTAIllCHUS BOJ
BEIIECTBAMU  T'YMYCOBOM  IpUPOAbl.  JIOKaNbHBIM  XapakTep  ONpPEHEIAETCS
pacrpocTpaHeHueM TOPPSHUCTBIX W Oo0JoTHBIX Mo4B (CmouBa). B Takux o3epax
oTMeuaroTcs noseimeHHbie 3HaueHus Ls, TOC, Al, Fe, Si.

JI71s1 TOHUMAaHUS CTPYKTYPhI 30HAIBHBIX OTJIMYUM U BHYTPEHHEW U3MEHUMBOCTHU
XUMHUYECKOTO COCTaBa BOJ MCIIOJB30BAJICS almapar JUCKPUMUHAHTHOTO aHanu3a. B
MOJIeNh OBLIM BKIIOYEHBI, BO-IEPBBIX, KIUMaTHueckue mapamerpsl (X£>10°C u O),

KOTOpbIE KaK OCHOBa Teorpad@uueckod 30HANBHOCTH  (MPOSBISIONMIAACS B
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3aKOHOMEPHOW CMEHE TIOYBEHHOTO M  PACTHTEIBHOTO IOKPOBOB)  CIIy>KaT
OCHOBOIIOJIATAIONINM TPUHIIUIIOM (U3HKO-TeorpaduIecKoro palOHUpPOBAHUS U, BO-
BTOPBIX, TAPAaMETPhl XMMUYECKOT'O COCTaBa BOJI.

[Tpoananu3upoBaHbI BKJIQ/IbI paccMaTpuBaEMBbIX NIEPEMEHHBIX B
TUCKPUMHHALIMIO 30H TI0 XUMHYECKOMY COCTaBYy BOJl, OPHEHTHPYsCh Ha F-kputepuit
(rabmumna 2). Korga F Gonee kputnueckoro 3naueHus (5.2) MeXrpynmnoBasi AUCIEpCHs]
IpeBBIIIACT  BHYTPUrpyHmoBylo. Hawmmydumum  obpa3oM  MpUPOJHBIE  30HBI
HOJPA3NENAIOTCs MEXIy CO0OW MO OCHOBHBIM HOHAM MMHEPAIH3AIMH, KOTOpPHIC
Oonee MOABEPIKEHBI BO3ACHCTBUIO KIMMAaTHYECKUX (DaKTOPOB, MpUYEM HAUOOJNbIINE
BKJIQJbl BHOCSIT 3aBHCSIIME OT OMOJIIOTMYECKHUX TporieccoB mapameTpbl — Alk u K.
AHUWOHHBIN cocTaB BoOJ, Oojee 3aBUCSIIANA OT aTMOC(EPHOTO MOCTYIUICHUS, JTydIle
YIOBJICTBOPSET 30HAIBHON MU(dEepeHINANN, HeXKEIH KaTHOHHOW COCTaB, KOTOPHIH

NpECUMYIICCTBCHHO obecrieunBaeTCs BBIIICJIAYNBAHUCM ITOPOI.

Tabnuma 2.
XapaxkrepucTuka 29 nepeMeHHbIX MOJEIN JUCKPUMHUHAIIUN 6 TPy (IPUPOTHBIX
30H).
Ilepemennsie | F-kpurepunii | [lepemennsie | F-xkputepnii | Ilepemennbie | F-xpurtepuit
(5.2) (5.2) (5.2)
2>10°C 140.9 L8 5.8 Sr 9.5
@) 90.4 TOC 6.3 Al 2.2
pH 2.2 NO5 0.6 Fe 4.5
Y 8.0 NH," 3.0 Mn 0.8
Ca” 12.1 PO,~ 4.8 Cr 1.3
Mg~ 6.1 TP 2.4 Cu 12.8
Na" 8.3 Si 3.2 Ni 10.3
K" 27.3 Zn 3.5
Alk 23.8 Cd 20.5
SO~ 18.1 Co 1.1
Cr 21.2 Pb 324

IloMuUMO 30HaNBHBIX KIMMAaTHYECKUX W OCHOBHBIX HOHOB MHWHEpAIU3ALNU
JUCKPUMUHUPYIOIIAsT CIMOCOOHOCTh XapakTepHAa I TaKUX MHUKPOIJIEMEHTOB,
MMEIOIMX TPEUMYIIECTBEHHO aHTPOIOreHHy10 npuponay, kak Pb, Cd, Cu u Ni. Takum
o0pa3oM, BIMSHHE AHTPOMOIEHHBIX (PAKTOPOB COMOCTABUMO C MPUPOJIHBIMU B
IIOIPA3IEIICHUH 30H II0 XUMUYECKOMY COCTaBY BOJ 03€P.

Takue nepemennsie kak pH, TP, munepansubsie popmel P u N, Si, Fe, Mn, Co u
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Al, uckmrouennsie F-kputepuem, onpenensioT BHYTPU3OHAIBHBIA TUAMa30H OTIMYUM
XUMHUYECKOro cocTaBa BoJ. M3menenwme pH Boa MoxkeT OBITh BBI3BAHO JBYMSI
MIPOTUBOIIOJIOKHBIMH TIpOIleccaMu B o3epax: 1) asBTpodupoBaHue, B pe3yJbTaTe
KoToporo moBbimarTcs 3HaueHuss pH u TP, MunepanbHbie (HOpMbI OHOTEHHBIX
AJIIEMEHTOB YTWJIM3UPYIOTCS B MPOAYKIHMOHHBIX MpOIECCaX, U 2) aHTPOIMOT€HHOE
3aKHCJIEHUE M OPraHUYECKOE IMOJKUCICHHE BOJI, B PE3YyJbTaTe€ KOTOPHIX CHUKAETCS
3HaueHue pH Box U yBenMuMBaeTCs BBIHOC U MUTPAIMOHHAS CTIOCOOHOCTD 3JIEMEHTOB
(Fe, Mn, Co, Zn u Al).

Ananus KaHOHMYECKUX KOppEeIALUi MTO3BOJIAI IIPOCTPAHCTBEHHO
MPOUJUTIOCTPUPOBATHh CTENEHb 3aBUCMMOCTH IMApaMETPOB KIMMaTa M XUMHYECKOTO
cocTaBa BOJ 10 30HaM IIPU CPaBHEHUHU JABYX BapHUAHTOB: 1) MO BCEM MEPEMEHHBIM, 2)
0e3 KIMMaTHYeCKUX TMEePEMEHHBIX, TOJBKO IO THAPOXUMHUYECKUM mapamerpam. Ha
puc. 1 mpencraieHsl rpaduku paccessHus B mpoekiuu 1 u 2 kKopHel (QyHKIM,
MPOBOJAIIMX HAWIYUIIYIO JUCKPUMHUHAIIMIO MEXAY 30HAMHM [JId OTHUX JABYX
BapuaHToB. Cyasd N0 HHUM, Ha BCEH TYMUJHOW TEPPUTOPUU TUIPOXUMHUYECKHUE
napaMeTpbl JIOCTaTOYHO OJM3KH, HO CYIIECTBEHHO OTJIWYAIOTCA TPHU TEpexoqe K
apUJHBIM TEPPUTOPUSIM, T€ KIIMMATUUECKHUE YCIIOBUS MPUBOASAT K CMEHE CTPYKTYPHI

XHUMHYECKOI'0 COCTaBa BOI. [InaBHAs KI3BMEHUYMBOCTD U NEPEKPBIBAHNEC PACIIOJTIOKCHUS

(a) 6)
| | ..I | |
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Puc. 1. I'paduku paccesHus 3HaUCHUI KAHOHUYECKUX (DYHKITHIA,
JUCKPUMUHUPYIOMIMX MPUPOIHBIE 30HbI (1 — TyHIpa U IecOTyHapa, 2 — ceBepHasi, 3 —
CpeaHss Talra, 5 - CMEIaHHbI U 6 — IIMPOKOJIMCTBEHHBIN Jieca, 7 — JIECOCTEND U
CTeIb), B IepBOM (a) 1 BTOpoM (0) BapUaHTax.
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03€p TYMUJHON TEPPUTOPHUM B MPOCTPAHCTBE BO BTOPOM BapUAHTE IO CPABHEHHUIO C
MEPBBIM CBUJETEIBCTBYET O TOM, YTO Ha STOM TEPPUTOPUU a30HAIBbHBIE (PAKTOPHI,
TaKhM€ KaK AaHTPOIOreHHBbIC, JIMTOTCHHbIE, pelbed U MophomMeTpus 03ep U HX
BOJIOCOOpPOB, Topa3no Oojee CYHIECTBEHHO MOTYT BIHMATH Ha (HOPMHUPOBAHUE
XMMHYECKOTO COCTaBa BOJ, 4eM B 0ojiee I0KHBIX PEruoHax (C MIMPOKOIMCTBEHHOTO
jeca), TJ/ie TIOJIBEP)KEHHbIE 3aKOHY Teorpauyeckoil 30HaNbHOCTH  (PaKTOPbI
OTpeNeNsItoT 0oJjiee YeTKHM Auana3oH BO3MOXKHOTO BapbUpPOBaHUS IOKa3aTesei
XHUMHYECKOTO COCTaBa BOJI.

[lockonbKy UCCeI0BaHUS XMMHUYECKOTO COCTaBa BOJ BBITIOJIHEHBI B IIUPOTHOU
30HAJIBHOCTH, TO 3TH MaTEpPHANbl MO3BOJUIM IMOJYYUTh 3aBUCHUMOCTU JJIsl pacyeTa
M3MEHEHUsI CyMMbl MOHOB (XHMOHOB) M cojiepxkanus obmero ¢ocdopa (TP) B Bogax
o3ep EBpometickoii yactu Poccun OT cyMMBI CpeAHECYTOUHBIX TEMIEPATyp 3a TOJ
seire 10°C (Z£>10°C), mpu 5TOM B HEPBOM CIy4ae KOPPEKTUPYIOIEH BEITHYMHOMN
ABygeTcsT KO3 (PUIIMEHT, OTpa)karoluMii HACBIIIEHHOCTh TOPHBIX MOPOJ OCHOBHBIMU
oxcunamu (Krir), BO BTopoM — miotHocTh Hacesaenns (ITH, en/km’):

Y HOHOB, MKT-3KB/II = 2.29X>10°C + 4217Krn — 2512, r=0.87, p<0.0001, (2)

TP, mxr/in = 0.02Z£>10°C + 0.540I1Tu — 4.62, =0.72, p<0.0001. 3)
JlaHHbIE 3aBHCHUMOCTH TO3BOJISIIOT MPOTHO3MPOBATH OCHOBHBIE HEOJIArompuUsTHBIE

IIOCJIICACTBUA ITOTCINVICHUA KIIMMaTa — 3aCOJICHUC U BBTpO(I)I/IpOBaHI/Ie BOJ.

2. Kpurepuem 3aKkuc/jieHHs1 BOJ 03€p HA TYMU/HOW TEPPUTOPUM SIBJISAIOTCSH:
NMPHUPOJAHOT0 — JOMHHHPOBAHHE OPraHMYECKOr0 AHMOHA, AHTPONOIeHHOI0 —
CyJb(aToB B AHHOHHOM COCTaBe. AHTPOINOIreHHOE 3aKHUCJIeHHEe O00YCJOBJIEHO
HU3KOH Oy¢epHoi €MKOCTHIO BOJ K BBICOKMM BBINAICHUAM

KHCJI0TO00pa3yIINX BellecTB.

OCHOBHBIMH MCTOYHMKAMH aHTPOIOTEHHOTO MOCTYIUICHUSI cepbl B atMmochepy
SBJISIIOTCSL  COKMTAaHWE  WCKOMAeMOro  TOIUIMBA,  BBIIJIABKA  METAJJIOB U3
cepocoiepXamux pya W Op., OPUPOJHOTO — BYyJKaHUYECKass J€ATE€IbHOCTD,
OKHCJIEHHE TMPOJYIUPOBAHHOTO B OKeaHe jguMeTwicyibbuna. OCHOBHBIMU

HCTOYHHUKaMH OMHUCCHUHU NOX ABIAIOTCA  CrOpaHUC  HMCKOINAa€MOI'0  TOIIJIMBA,
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MIPOM3BOJICTBO yJIOOpPEHUM, H3Bamoparuss U3 IOYB, pacTeHul u T.a. [JoOanbHBIC
OLICHKU TIOCTYIUIEHUsI JIMOKCHJIa Cephl W OKHCJIEHHOrO aszota B aTtMmocdepy
CBUJICTENBCTBYIOT O NMPE0OJaJaHuU aHTPOIMOTCHHBIX MCTOYHUKOB HaJ MPUPOTIHBIMU
[Rodhe et al., 1995].

3akuciaeHne BOJ pa3BUBACTCA IPH COYETAHMM JABYX OCHOBHBIX YCIIOBHIl: a)
BBICOKOTO YPOBHSI a3pOTEXHOT€HHOW HArpy3Kd KHUCIOTOOOpAa3ymOMMX BEIIECTB C
Y4E€TOM MPOJOJIKUTEIBHOCTH WX JEHUCTBUS W ©0) NPHUPOAHOW YYBCTBUTEIBHOCTH
TEPPUTOPUHM 1O TEOJOTMUYECKUM XapaKTEpPUCTHUKAaM. YSA3BHUMBIMU CUMTAIOTCS
BOJIOCOOpBI, CIOXEHHBbIE TpaHWTAMHU, TpaHUTO-THeHicaMu, a Takxke APYrUMH
KPEMHHUCTBIMU (pOopMaIusiMHi, OOHAXEHHBIC WJIM TOKPHITHIC OTIOXKCHUSIMH CXOIHOU
JUTOJIOTUM U BBIMICTIOYCHHON IMOYBOM ¢ HHU3KUM HACBHIIIEHHUEM €€ OCHOBHBIMHU
katuonamu (Menee 20%) [Hormung et al., 1990; Kuylenstierna et al., 2001].

[ToBbItIeHNE CO/IEp)KaHUM KATHOHOB B IIUPOTHOM TpajueHTe (puc. 2) CBI3aHO C
JUTOJIOTUYECKUMHU YCIIOBUSIMU BOJIOCOOPOB U CHOCOOHOCTBHIO TOPHBIX MOPOA K

XUMHUYCCKOMY BBIBCTPUBAHHIO!

Ykar=7.3 ¢, 1 = 0.54, p<0.001, 4)

Ykar = 0.16 "™, ¥ = 0.84, p<0.001. (5)
= 12000 -
% o ® .
¢, 10000 H ¢
&
20 8000 A °
5 . L) . .
W 6000 - ¢ -

4000 - . . . .o, )

* .' ° ..o °
2000 A ' e §§. .
0 -m 1 .‘ :I&I l.‘. 1 1 :. ) 1 1 1 1 1

70 68 66 64 62 60 58 56 54 52 50 48 46 44
Ces. mmpoTa, Tpa.

Puc. 2. Pacnpenenenre cyMMbl KAaTHOHOB (XKaT) B BOJIaX MaJIbIX 03€p B IIUPOTHOM
IpaJHEHTE.

B TyHape u Taiire, rae NpeBaIUPYIOT KHUCIbIE KPUCTAJIMYECKHE IOPOJBIL,

MOTEHIIMAbHO 03epa OoJjiee yA3BUMBI K 3aKuCieHUI0. B cMemaHHBIX U
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HIMPOKOJIMCTBEHHBIX JIeCaX OCHOBHAS 4YaCTh O3€p MMEET BBICOKOE HACBHIIICHHE BOJI
OOMEHHBIMU OCHOBaHUSIMH. OJHaKO BCTPEUYAIOTCS O3€pa C HUBKHM COJepKaHUEM
OCHOBHBIX KaTHOHOB (puc. 2). B mecocTensix u crensx ucciaeAoBaHHbIE 03epa UMEIH
coaepkanre kKaTHOHOB Oosiee 1000 MKr-3KB/J, YTO HMCKIIOUYAIO BO3MOKHOCTH HX
3akucienus. llosTomy, B JnanbpHeiIIee pacCMOTpPEHHE M OLEHKY pPa3BUTHUS 3TOTO
mpoliecca o3epa JIeCOCTeNed U CTere He BKIIOYAIUCh.

B Tabnuue 3 mpencraBineHo pacnpeneneHue 3Hauenuit pH B Bomax ozep B
3aBUCUMOCTH OT LBeTHOCTH Boj (L[B). Bompimas wacTh 03ep XapakTepu3oBajach
peakiueii BOAHOW cpeasl Onuskoit K HedTpanbHod u 1B or 10 mo 100°Pt-Co.
B tynape u taiire nons ozep ¢ pH<6 u 1[B<10°Pt-Co cocrasuia 5.8%, ¢ I1B<30°Pt-Co

Tabmuma 3. — 10.6%, B CMEIIaHHBIX u

Pacnpenenenue ozep (%) mo

U POKOJIIMCTBCHHBIX Jecax qacToTa
3HAYCHUAM pH 1 OIBCTHOCTHU BOJ B

MIPUPOTHO-KIIMMATUYECKUX 30HAX BCTPCHACMOCTH  ITOCJICAHHUX  HMXKE H
EBponeiickoit yacti Poccun. cocTaBisaeT 7.2% oT 00CIeI0BAaHHBIX.
pH LiBetHOCTB, “Pt-CO mIKAJIbI

JlaHHYyI0 Tpynmy O3€p MOXKHO OTHECTH K

<10} 10-30 | 30-100 | >100 aHTPONOT€HHO-3aKUCICHHBIM 03epaM. Ha

Tynnpa u Taiira
3a00JI0YEHHBIX BOJOCOOpPAX CYUIECTBYIOT

<6 5.8 4.8 4.3 5.8
KHCIIbIle ~ JUCTpOoHBIE  O3epa  IpHU

=6 | 38 25.7 46.7 3.8 [[8>100°Pt-Co, B KOTOPBLIX COJEPKAHHE

CMemaHHbIe U IMAPOKOJIUCTBCHHBIC JICCa
r'yMyCOBBIX KHCJIOT TaK¥XKEC ABJIICTCA

<6 0 7.2 6.4 53
BOXHBIM IMAapaMETPOM, OMIPEACIIAIOIINM

>6 | 5.5 41.6 49.0 2.6
3HayeHue pH.

H3meHeHre KOHUEHTpAllMd aHUOHOB B CTOPOHY MPEBAIUPYIOUIETO MOJIOKEHUS
CHWJIBHBIX KHUCJIOT (HC03"<SO42') B AHWOHHOM KOMIIO3WIMH SBIISIETCA IMPU3HAKOM
MEePEXOTHOT0 COCTOSIHUA 03ep K 3akuciienuto [Nenonen, 1991; Canadian acid rains...,
1997]. 51s OLleHKH pa3BUTHUS 3aKUCIEHUsI ObUT paCCMOTPEH MOKa3aTe’db COOTHOIICHUS
MOJISIpHOH KoumeHTpamuu annonoB HCO5;7/(SO, +NO5). C 0xHOil CTOPOHBI ITOT
MOKa3aTellb OTPaKaeT YBEIMUYECHHE HArPY3KU CHIIbHBIX KHUCIIOT, C IPYrol — CHUXKEHUE
OydepHoil eMKOCTH BOJ. AHaAJIU3 paclpeAesieHHsl JaHHOTO MoKa3aTess B BOJE 03€p B

30HaX TYHJPHI M Taird MOKa3bpIBaeT, 4To JuIs rpymnimsl o3ep ¢ pH<6 u I[B<10°Pt-Co
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ATOT MOKa3aTelb, KaK MPaBUIO, MEHEE €IMHUIIBI, YTO MOATBEPXKIACT aHTPOIIOTEHHYIO
npUpoAy 3akucieHus (tadmu. 4).

Ha ocnoBe ananuza nutepatypubix nanHbix [Brekke et al., 1987, Dillon, Molot,
1989, Kramer et. al., 1989, Reus et al., 1987, Aber et al., 1989, Jeffrey et. al., 1992,
Karlsson, Ljungstorm, 1995, Mouceenko, 2003, 2005] Obl1M BBIIEICHBI CIETYIONTNE
OCHOBHBIE ()aKTOPBI:

1) 3amewenue npupoounsix cradvix kuciom (HCQOs) bonee cunvhol cepuoti KUC1omou

2 .
(SO,”), e6cnedcmeue svinadenus Ha 6000cOOPbL U3 3A2PAZHEHHOU ammocepbl u

cyxoeo _noenowienus SQO,. Jlons CyxXoro TOIVIOIIEHHUS CEPHOW KHUCIOTBI MOXKET

coctaBiATh 40-80% [Tuovinen, 1993]. [Ipu BeicOKkMX 00beMax MOCTYIUICHUS CEPHOM
KHACJIOTBI Ha BOJOCOOPBI M HUX CYXOro IMOTJIOIIEHHS B BOJE O3€p MPOUCXOAUT
BbITECHEHUE Cyibdaramu Oosiee cladbIX KUCIOT, YTO COMOCTABUMO C AJIEMEHTAPHBIM
nporieccom tutpoBanus [Reuss et al, 1987; Sullivan, 2001]. B OGombineit yactu

3akucieHHbix o3ep (LB<10°Pt-Co) qoMunupyrot cyiabgarsl (Tabi. 4).

Tabmuna 4.
3Ha4YCHHUS OCHOBHBIX KPUTEPUEB XUMHUYCCKOTO COCTaBa BoJ (IIpu 3HadeHUU pH<6), 1o
KOTOPBIM OIICHHBACTCS UX 3aKHUCICHUE: B YUCIUTEIIC CPEAHEE 3HAUCHUS, B
3HAMEHATesIe — MpeJelibl BapbiupoBanus (A" — OpraHuYecKuil aHKOH).
o~

LIBeTHOCTH HCO5 A | SO~ | NO5
(°Pt-Co) (SO,7+NOy) MKT-9KB/ 1T
Tynapa u necotynapa
I8 <10 0.4 6.8 15,1 0.07
0.35 28.8 23.2 0.07
1 10-100 0.1-0.6 19.4-38.3 13,5-33 0,07-0,14
CeBepHas U cpeiHsIs Taira
0.4 11 78 2.19
He<10 0-1,7 3,6-25,6 23-230 0.07-10.6
1.1 38.1 78 6.84
11z 10-100 0-3.4 15-70 14-166 0.07-42.0
1.2 103 71 4.6
Lz>100 0-2.3 77-142 18-174 0.14-15
CMenaHHbIe U NTUPOKOIMCTBEHHBIC JIeca
4.7 43.0 179 17.0
I 10-100 0.3-10.3 15-76 91-342 5-60
4.6 117.0 239 12.0
He=100 1.6-7.1 89-177 90-346 -18
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2) Locmynaenue A30MHOU KUCIOMbL C OCAOKAMU UTIU €€ 8blC80D0NCOCHUES U3 6epxXHeCO

Op2aAHOCERRO20 CJl0A noye. HHTpaTHBIﬁ AdHHOH CIoco0eH IIOTJIOIIAThCA

PACTUTENILHOCTHIO M JIETIOHUPOBATHCS B COCTaBE OPraHMYECKOTO BELIECTBA, a MOHBI
BOJIOPO/JIa TPAHCTIOPTUPOBATHLCS B BOJIHBIE cUcTeMbl. Eciii o o0bemMaM BhINaIeHHs Ha
BOJOCOOpHI HHUTpaThl B 2-3 pa3a HWXKE Cyiab(paToB, TO HX COJAEPKAaHUA B BOJE
COCTaBIIIIOT JIECSATHIE W COTHIE JOJU OT CojAepKaHus cyinbdaToB (Tadn. 4), 4TO
CBUJIETEIBCTBYET O BBICOKOH CTENEHM YTWIM3ALMU JAHHOTO HMOHA B HAa3eMHOU H
BOJHOW 3KocucTteMax. B TyHape u Taiire ero BKJIaJ B MPOIECCHl 3aKUCICHUS
MHUHHUMANCH, COCTAaBIAET OT CYMMbI CHIBHBIX KHCIOT (SO, +NOs) momo oT
HUYTOXKHOTO (MeHnee 1%) no 15%, B CMEIIaHHBIX M IIMPOKOJIMCTBEHHBIX JIeCax —
3HAYUTEIBHO Bo3pacTaeT — oT 5 110 40%.

3) Bvinoc opeanuyeckux kuciom (Haubonee noosulCHoU Gpakyuy 2ymycogulx KUCioni)

U3 nous u 00a0m, PACNONONCEHHbIX HA 6000cOope. ECTECTBEHHOE pa3IoXKEeHUE U

OKHUCJICHHE OPTraHWYCCKOT'O BEIISCTBA B OPraHOTCHHOM CJIO¢ 3a00J0YEHHBIX JICCHBIX
BoJI0c60pOB MoskeT mponsBoauTh H' [Aber et al., 1989; Brekke et al., 1987; Jeffrey et
al., 1992]. Cpeau rpymnmsl 3aKuciIeHHbIX 03ep Taiiru ¢ 1[8>100°Pt-Co qoMHHUpYIOILEE
MOJIOXKEHHUE 3aHUMAET OpraHuYeCcKui aHuoH (Tad. 4).

4) Honoobmennvle npeobpazosanus MOPCKUX aspo3oiell Ha 8000CO0PAX NPUOPEHCHBIX

30H_6_conanyio _xucaomy. Ha O6CZ[HCHHBIX OOMEHHBIMH OCHOBaHMSIMHU BOI[OC60an

HAaTpUM yJepKUBAeTCs, a 3aMEUIEHHBIE MOHBI BOJOPOAA OJKCIOPTUPYIOTCA B
MMOBEPXHOCTHBIC BOJIbI, BBI3bIBas 3akucieHue Boj [Wright et al., 1988]. Cdarnossiii
MOX Ha Bof0ocOOpax MpuOpexHbIX 03ep crnocobeH mpeodpazoBeiBaTh NaCl, mornomas
Na', uto mpuBoAUT K M36EITOUHOMY HakomneHuio H' B opranorennom cioe [Brakke et
al., 1987]. B uccnegoBaHusix Bo1O0COOPHI MHOTHX O3€p MPUYPOUYEHBI K MPUOPEKHBIM
nanamadram bapenueBoro u benoro mopei M M3 MCCIEAOBAHHBIX 03€p B TYHJIpE U
Taiire y 4.3% Obuta Hapymena nporopuus Na' u ClI° B CTOpOHY H3GBITOUHOTO
collep KaHMs XJI0pa, YTO CBUJIETEIBCTBYET O MOCTYIIEHUU COJISTHOM KUCIIOTBI, KOTOpAst
MOKET OKa3bIBaTh JIONOJHUTEILHOE BIUSHUE HA 3aKUCICHHUE BOJI.

B OonbmMHCTBE Clay4yaeB MEXaHHU3M 3aKUCIEHHUS OIpeaeNseTcss KoMOUHanuen

HCCKOJIbKUX q)aKTOpOB, KOTOPBIC B3aMMHO MOI'YT YCWINMBATbH HCfICTBHC Apyr Apyra.
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CoueTaHueM MEpPBHIX TPEX MEXAHU3MOB OMPEEISAETCS 3aKUCICHUE 03€p CMENIaHHBIX
Y ITUPOKOJIMCTBEHHBIX JIECOB (TabI. 4).

[lokazatenp  KuciaotoHeUTpanusytomieit  crnocodnoctn (ANC)  sBusercs
oOIIeTpUHSITEIM KpuTepueM 3akucienus Boja [Nenonen, 1991; Brekke, Landers, 1988;
Henriksen et al., 1998]. Ilpu pacdeTe »3TOro IMoKa3arelis OCHOBHBIC HOHBI
MUHEpaIH3aIlid KOPPEKTUPYETCS] HA YCTPAHEHHUE JIOJU 3JIECMEHTOB, MOCTYIAOIINX B
COCTaBe MOPCKHX a’po30JjieH (M0 UX OTHOMIEHUIO K XJjopy). OH mpeacTaBisieT co0oit
Pa3HMILY MEXAY CYMMOM KaTHOHOB U paJiMKajJaMu CUJIBHBIX KMCIOT U OTpa)aeT 3arac
Wik Ae(UUUAT KaTHOHOB, KOTOpPHIE MOCTYIAIOT B BOJHBIE CHCTEMBI BCJIEICTBHE UX
XMMHYECKOTO BBIBETPUBAHUS C BOAOCOOpa U 00eCIeUnBAIOT HEUTPATHU3AIIIO CUIIBHBIX
KHCJIOT, T.€. OydepHyto croco6HOCTh cucTeMbl [Henriksen et al., 1998]. Cuuraercs,
910 ANCiimi¢ HE T0KHO OBITH MeHee 50 Mkr-okB/a [Brekke, Landers, 1988; Nenonen,
1991]. B tynape u necorynape obcienoBannbie o3epa umenu ANC B nipegenax 0—150
MKT-3KB/JI, YTO YKa3blBa€T HA BBICOKYIO YSA3BUMOCTH BOJ JAHHOIO PETHOHA K
3akucnenuro (puc. 3). s Gosnee 20% o00cie0BaHHBIX O3€pP B JTOW 30HE ITOT
nokaszarenb Obu1 HUKEe KpUTHYECKOTO (ANCjni). IlpoueHt o3ep B Taiire co
3HaueHUsIMH ANC HMKE KPUTHUYECKOTO CONOCTABUM C TYHJIPOH M JIECOTYHIPOH, IpH
ATOM 3/I€Ch BCTPEUAIOTCS O3€pa ¢ OTPULATEIbHBIMU 3HAUYCHUSIMU MOKazares (puc. 3).
B cMemaHHBIX U TIUPOKOJMCTBEHHBIX JiecaX OCHOBHAs 4acTh OOCIIEIOBAHHBIX 03€p
uMena Boicokue 3HaueHUss ANC (>350 MKr-skB/i), B HEOOJBIIOM TPOIIEHTE O3€p —
3Ha4YeHUs ObuH B nipenenax 100-200 MKr-2KB/J1, 4TO YKa3bIBA€T HA TO, UTO 03€pa ITUX
30H UMEIOT BBICOKYIO Oy(pepHYyIO CTTOCOOHOCTD.

B MupoBo# mpakTUKe MHUPOKO UCIIOIB3YETCS KOHUEMIUSA KPUTUUECKIX Harpy30K
(CL), xak Hay4HO-0OOCHOBaHHAasi METOJOJIOTHS ISl ONpENENCHUs JIOMyCTUMbIX
BO3JICUCTBUN KHUCIOTOOOpa3yromux BeniecTB Ha BogocOopsl [Hettelingh et al., 1995;
Calculation and maping..., 1999; Henriksen et al., 1998; Moiseenko, 1996]. Merton
pacuera CL oOcHOBaH Ha OINpeAeNCHUH W3MEHEHUsS TMPUPOJHOTO HACHIIECHUS
OCHOBaHUSIMH BOJI, T.€. CHIDKCHHSI MX Oy(pepHO# CrIOCOOHOCTH.

HauMmeHnbmeld  coCOOHOCTBIO  MPOTHUBOCTOSITH  KUCJIOTHBIM  BBITIAJICHUSM

xapaktepusyercs Tynapa. [loutu 75% ucciienoBaHHbIX 3/1€Ch BOJOCOOPOB CIIOCOOHBI
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o 2 0
K HeTpanu3anuu He 6osee 50 Mr-sKB/M TOJ TEXHOT€HHBIX KUCIOT U 0Kos10 10% o3ep
UMEIOT OTpPHUIIATEIbHBIC 3HAYEHHS, YTO CBHUJCTEILCTBYET 00 OTCYTCTBUHU Oy(epHBIX
cBoicTB (puc. 3). JIocTaTOYHO BBHICOKOM YSA3BUMOCTBIO XapaKTEPU3YIOTCS BOJIOCOOPHI
tairu: 5% o03ep UMEIT OTpHIlaTeIbHbIe 3HaueHus, 0kojo 20% — Huszkue. bosbiias
9acTh BOJOCOOPOB B CMEIIAHHBIX M IIHPOKOJMCTBEHHBIX JiecaX CIOCOOHA K
o 2 o
HedTpanmu3anuun  Oonee 200  Mr-sKB/M'TOJ  KHCJIOTHBIX  BBIMQJCHUN, UYTO

CBUACTCIILCTBYCT 00 YCTOﬁqHBOCTH HUX BOIAHBIX CHUCTEM K KHCJIOTHBIM HArpy3kKaM

(puc. 3).

(D (2)
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Puc. 3. Pacnpenenenue ozep (%) B IpUPOJHO-KIMMATUUECKUX 30HAX (a — TYHIpa U
JeCOTyHApa, O — ceBepHas U CPeAHss Talra, B — CMEIIaHHbIE U IIMPOKOIMCTBEHHBIE
Jieca) 1o 3HauYCHUSIM KUCJIOTOHeHTpanu3ytotieit cnocoonoctu Boj (1 — ANC, Mkr-
9KB/1T) U 3HAYCHUSAM KPHTHIECKUX HArpy30K (2 — CL, Mr-5KB/MTOT) BBIMaICHHIT
KHCJIOTOOOPA3yIONINX BEIIECTB.
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[loxazatens  mpeBbllieHus  KpuTudeckux  Harpy3ok  (Cle) — sBisiercs
MHTETPaJbHBIM TOKa3aTeJeM, OTpa)XaloluM CTENeHb HEeOOXOAMMOT0 CHIDKCHHS
YPOBHSI BBINAJICHUS KHUCIOTOOOpa3yromux BemecTB. Ero pacdersl MO3BOJISIOT
OTIPEJICIUTh YHUCIIEHHBIE 3HAYEHUS JOMYCTUMBIX BBINAJECHUNA KHUCIOTOOOPA3YIONMIUX
BEIIECTB HAa KOHKPETHBIE BOAOCOOPHI, BBIABUTH HanOoJiee YSI3BUMbBIE W3 HHUX H
000CHOBaTh HEOOXOIUMBIN YPOBEHb CHUKEHUSI BHIOPOCOB.

[IpeBblllieHNEe KPUTUYECKOW HArpy3kM pacCUMTBIBAETCA KAaK pasHHULA MEXIY
00BEMOM BBINA/ICHUS TEXHOT€HHBIX CYJIb(ATOB U 3HAYECHUSIMH KPUTUUECKUX HATPY30K
IUI1 TaHHOTO BojaocOopa. B TyHape mpoueHT o3ep, KOTOpble MMEIOT MOTEHIHAl K
3aKUCIIEHNUI0, MakcuMalieH — nouytu 60%. B Taiire npessimieHnss CL XapakTepHBI
toibko i 10%. B 30HaX cMemaHHBIX M IHIMPOKOJIMCTBEHHBIX JIECOB TaKOBbBIE

BOZI0COOPBI HE OOHAPYKEHBI (puC. 4).

6097 %

40 -
20 -

0 |

TYHJpa U JECOTYHJpa CEBEpHAas U CPeJHss Taiira CMEIlIAHHbIE U
LM POKOJINCTBEHHBIE JIeca

Puc. 4. KonnuectBo 03ep (%) B IpUPOTHO-KIMMATHYECKUX 30HAX, JIJI1 KOTOPBIX
MIPEBBIICHBI KPUTHYECKUE HATPY3KHU.

3. 3oHaJbHAsA CTPYKTypa TEPPUTOPHAIBHOIO Pa3BUTHS IBTPOPUPOBAHUA
ompejaesieTcsi 00eCHeYeHHOCTbI0 THJIPOOMOHTOB M JIMMHUTHPOBAHUEM HX
NPOAYKTHUBHOCTH OMOreHHbIMH 3JjeMeHTamu. Crenenb Tpodpuu  o3ep
XapaKTepu3yeTcsi OTHOLIEHMEM OPraHM4YecKoro yriaepoga k odmemy ¢ocdopy

(TOC/TP).

[IpuponHble UHMKIBI 3JIEMEHTOB MPETEPIECIM CYHIECTBCHHBIE HN3MEHECHUS
BCJIEJICTBHE ueloBeueckoi nearenbHocTH. [lo omenkam B [Lerman et al., 2004],

HaynHas ¢ 1700-x rr., rmobanbHble M3MEHEHUS KOJUYECTB BKIIOYEHHBIX B 00OpPOT
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yriepona , asota , pocopa coorBercTBenHO coctasmmn 280, 1.27, — 107 T Benenctaue
smuccun; 200, 6.3, 2.26 10° T — usmenenus 3eMJIeToib30Banus; —, 2.2, 0.56 10° 1 —
npuMeHeHns yaoopennii; 9.3, 1.9, 0.26 10° T — cTounsix Box; a mis docdopa — 0.03
10° T — BCNEACTBHE MCIIONB30BAHMS MOIOIIMX CPEACTB. 10 JAHHBIM OLICHKAM, B
MEPBYI0 OYEepelb H3MEHEHUE 3EMJICTIONB30BAHUS MPUBOAIT K 3HAYUTEIBHOMY
YBEIIMYEHUIO WX CTOKa W3 TOYBEHHBIX TOPU30HTOB B BOJOEMBI, a YX IOTOM —
MpUMEHEHUE yIOOPECHHUIA.

[Ipu xpaitHe HU3KOM conepkaHuu (ochopa B TOPHBIX MOPOJAaX OMOTHYECKOE
€ro MoCTyIJieHue (MUHEepalIu3aus MpoayKTOB KU3HEAEITEIbHOCTH U OpraHuYecKuxX
OCTAaTKOB OPraHU3MOB U PACTUTEIBHOCTH) MPEBAIUPYET HAJl BHIBETPUBAHUEM TOPHBIX
nopoa. Jns yraepona m azora 0ojiee BaKHBIM UCTOYHHUKOM SIBIISIETCSl aTMocdepa, U3
KOTOPOW YIJIEpOA AaCCUMWIMPYIOTCS HA3eMHOW pacTUTENILHOCTBIO B MPOIECcCce
dboTocuHTe3a, a a30T (PUKCUPYIOTCA CBOOOJHBIMH  MHUKPOOPraHU3MAMU U
KITyOCHBKOBBIMH OAaKTEpHsIMH, @ B BOJOEMaX CHHE-3eJICHbIMU BogopocisaMu. Hemano
BAXKHBIM SIBIISICTCSI TIOCTYIUICHUE OJJIEMEHTOB C armocdepHbiMu ocajakamu. [lo
onenkaMm [KutaeB, 1999] yaenpHBII Bec cosell aTMOC(hEpHBIX OCagKOB B
MMHEpaIu3alyu BOJIbl BOJOEMOB B cpeaHeM cocrtasisier oT 50% B Ttaiire no 15% B
crersix; Mg tairm Kapenun KOHUEHTpaluM aMMOHUMHOTO W HUTPATHOTO a3oTa
MHUHEpansHOro (ocdopa B arMochepHblii ocagkax Gombiie, ueM B Boje o3ep (NH,
380 u 45, NO3 57 u 39, PO43' 9 1 3 MKI/n COOTBETCTBEHHO B OCaJKax U BOJE), TAKKE
Ha BOJOCOOpPHON IUIOIIAAM YACPXKUBAIOTCSA M Apyrue OuMoreHHble sieMeHThl. Cyxue
BhITIazieHus pocdopa — BaKHBIH UCTOYHUK B BOJHBIX SKOCHUCTEMAX, J0JIs KOTOPOro B
obuieM mnoctyrieHuu ¢ochopa U3 atMocdepsl MOXeT Bo3pactatb 10 80% mpu
YMEHBIIEHUN CPEIHEroJ0BOro Koiuuectsa ocagkoB menee 500 mm/ron [CaBeHko,
Casenko, 2007].

JI1s1 XapaKTEpUCTUKHU TPOPHUUECKOTO cTaryca 03ep 1o cojaepxkaHuto gocdopa u
a3oTa Mpejaraercs OOJBIIOE KOJUYECTBO KIACCHU(PUKALMMA, IMIHMPOKO IMPEICTaBICHbI
muteparypuble uctounuku B [Kurae, 2007]. Ouenka Tpoduueckoro craryca
OCHOBaHa Ha cojiepxkanun obuiero ¢gocdopa (TP) B ocennuili nmepuon uCXois u3

npemiokenHod B [Vollenweider, 1979] xnmaccupukammm: TP<I0 wmxr/m —
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omurorpodusie (O), TP 10-35 mxr/n — mezorpodusie (M), TP 35-100 mxr/m —
sBTpodHbie (I), TP>100 mkr/m — runeprpodusie (I'D), xKoTOpas corjacyercs ¢
MexayHapoaHou knaccudukamuein [OECD, 1982]. Pacnpenenenune KoiaudecTBa o3ep
Mo TpPoPUYECKOMY CTaTycy TakoBO: B TyHjpe — 71% onurorpodusix u 29%
Me30TpoHBIX 03ep; B Taiire — 48% onurorpodusix, 36% me3orpodHbiX, 13%
3BTPOHBIX U 2% runepTpodHBIX 03€p; B CMENIAHHBIX U IMIMPOKOJIHUCTBEHHBIX JIECaX —
6% onmurotrpodHsIX, 61% Me3oTpodubIX, 29% 3BTpodHBIX U 4% TUNIEPTPODHBIX 03€D;
B JecocTendx u cremnsax — 44% me3otpodusix, 33% sBTpodHbIX U 23% runepTpodHbIX
o3ep. Takum oOpa3zoM, B TyHIpE U Talire mpeoOiagaroiuil TUII 03€p — OTUTOTPODHBIH,
B CMCIIAHHBIX M IIMPOKOJMCTBEHHBIX Jiecax — Me30TpO(QHbIHA, a B JIECOCTEISAX M
CTEISAX — 3BTPO(HBIN ¥ TUTIEPIBTPODHBIH.

Jns  BbISBAGHUS 30HAJIBHOM crneuMpuKH YCIOBUM pocta Tpoduu o3ep
WCIOJIB30BaH anmapaTr JAUCKPUMHHAHTHOTO aHajii3a B TOMIAroBOM MOAM(pUKAIINH,
pe3ynbTaThl IpuUBeACHBI B Tabmuue 5. B TyHIpe U jecoTyHape M B 03€pHONl U B
HA3eMHOM 3KOCHUCTEMaX UAET KOHKYPEHIIMS 3a MUTaTelbHble BelecTBa. MuaukaTopom
UX TOCTYIUICHUS CIY>KUT 3JCKTPONPOBOAHOCTH ()), BO3pacTaromias MpHU COYCTaAHUU
MOpQOMETPUYECKUX MapaMeTPOB: YCUJIEHHE PACUJIEHEHHOCTH BojJocOopa mpu
YBEIIMYEHUU BBICOTHI HaJl ypoBHeM Mopst (H) u cHmkenuu u miomaau Bogocoopa (Fr)
u mommaau ozepa (Fo), a Takxke ¢ poctom 3aneceHHoctu Bogocoopa (Ki). Ipu kpaiine
HU3KUX KOHIIEHTpaUuUsX OHOTEeHHBIX BEIIECTB B BOJAE 03€p AaHTPOIOT€HHOE
Bo3zaeicTBue (1T — mnotHocTh Hacenenus, NOsdep —BbInaieHHEe OKUCICHHOTO a30Ta)
CTUMYJIUPYET POCT UX TPODPHOCTU. Si OTpakaeT U3bATHE ITOTO IIEMEHTA U3 000pOTa
BCJIEICTBHE MOTPEOJICHNUS TUaTOMOBBIMH.

B Taiire coxpansieTcst 001uii MPUHITUIT KOHKYPEHIIMHU 3a TUTATEIbHBIE BEIIECTRA,
HO BCIIEJICTBUE MPOTSKEHHOCTH TEPPUTOPUU POCT CPEAHETOAOBBIX CYMM TeMIIEpaTyp
Bosayxa Beie 10°C (Z>10°C) ¢ ceBepa Ha HOI CIOCOOCTBYET YCHIIEHHIO
OMOJIOTMYECKON TMPOAYKTUBHOCTM MW HWHIMUKATOpPAaMHM TIOCTYIUICHUSI OHMOTEHHBIX
BEIIECTB YK€ ciyxar menoyHocTh (Alk) m kanpumii, a aKTUBHU3ALMMU MUTPAIUH

IMUTATCJIIBHBIX BCIICCTB — Fe, KOHTPOJUPYIOIIYIO POJIb UX IMOCTYIUICHUSI BBINIOJHACT

yaeabHbil BogocOop (¢). Ilo oueHkam OHOJIOrMYECKOrO0 KPYyroBOopoTa aszora U
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30JIbHBIX 3JIEMEHTOB B JIUCTEHHO-XBOMHOM HACAXKJICHUM CPEIIHEW TAUTU €XKETOJHO 3a
TIpeIeibl JIECHBIX KOCUCTEM BBIHOCUTCS JIMIIB 57% OT 3JIEMEHTOB, MOCTYIMUBIINX C
aTMOC(EPHBIMU OCAJKaMHU, PUYEM 33JIEP)KUBACTCS B KPYTOBOPOTE MPAKTUUECKU BECh
HATpHUH, B 5 pa3 MeHbIIIE BRIHOCUTCS a3oTa, (ocdopa u kamus, HO B 2 pasza OoJbIIe
KpEeMHUS U Ha nopsAnok xenesa [[Ipuctosa, 2008].

Tabnuua 5.
3HaveHus F-kpurepus TUCKPUMHHAHTHBIX MOJIEICH TT0 TPOPHOCTH Pa3TUIHBIX
MPUPOAHO-KIMMaTHYECKHX pernoHoB ETP (mpodepk — He BKIIFOUYEHHBIE B MOJICITH

TIEPEMECHHBIC).
[lepemennbie | TyHapa u CwmemaHHbie U JlecocTenu u
JIECOTYHJIpa Tatira ITUPOKOJINCTBEHHEIE Jieca CTeITH
F-kpurepuii | F-xpurepnii F-kpurepuii F-kpurepuii
(1.17) (3.15) (3.33) (2.5)

PO, - 10.50 7.23 49.9
Popr 27.16 63.21 54.40 8.8
NH," 2.25 18.11 - 3.3
NO;5 1.46 - - 10.7
Nopr - 8.95 - -
B - - 3.62 -
TOC - - - 31.0
Y 17.90 - - 37.3
Ca - 3.35 - -
Alk - 4.09 - 20.4
Si 3.46 - - 9.4
Fe - 7.10 3.35 2.7
Mn - - 3.38 18.1
>>10°C - 3.26 7.81 -
TB 6.92 - - -

H 12.30 - - -
Fo 7.99 - - 3.5
FB 8.21 - - -

[0} - 3.16 - 2.9
Kn 6.46 - - -
ITu 13.28 - 4.41 10.4
NOsdep 5.32 - 4.01 6.7
NH,dep - 4.57 - 13.7

B cmemaHHbIX M IIMPOKOJMUCTBEHHBIX Jiecax OJaromnpusiTHBIM (HaKTOpOM JiJist
pocTa NPOAYKTHBHOCTH 03€p Takke spisgercs x>10°C, 4ro B TeppUTOpUATLHOM

IUIAHC COIIPSKCHO C YBCIHMYCHHCM JOJIM JIMCTBCHHBLIX ITOPOA HAI XBOMHBIMU. Tak B
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HA3eMHBIX HKOCHUCTEMAax JIECHOIO0 COOOIIecCTBA OMOTHYECKHI KpPYroBOPOT CHIIBHO
OTJINYAETCS] IO BO3BPATY 30JBHBIX 3JEMEHTOB: B JIMCTBEHHBIX AKOCHCTEMAax OH
3HAYUTEIBHO BBbINIE, YeM B XBOWHBIX [basunesuu, Tutnsunosa, 2008]. Takxxe Bo3Bpat
OMOTEeHHBIX AJIEMEHTOB YCHJIMBAETCS C TyMHU(DUKAIUEH TTOYB, WHIUKATOPOM KOTOPOM
CILy’KUT LIBETHOCTH BOJ (LIB), a COOTBETCTBEHHO MHAMKaTOpaMu Bo3BpaTa — Fe u Mn.

B HazemHBIX »3KOcCHCTEMax TpaBSHOTO CoOOIIeCTBa JiecocTenell u cremnen
mpoLecchl MOTPeOJIeHUsT U BO3BpaTa 3JIEMEHTOB OYeHb WHTEHCHBHBI [ba3uneBuuy,
Tutnsgaosa, 2008]. B ozepax necoctemeid u cremeil Ha (OHE pPa3BUBAIOIIECTOCS
mpolecca 3acolICHHs POCT TPO(PHOCTH COMPOBOXKIACTCS KaK  YBEIUUCHHEM
opranuudeckoro (TOC), tak u Heopranmueckoro (Alk) yriepona u tem Ooiiee, yem
Oonplle IUIOIIAAL O3€pa W MEHbIIE YACNIbHbIM BomocOop. B ycrmoBusix
HEJIOCTATOYHOI'O YBJIAXXHEHUS HMHIUKATOPOM HHTEHCHBHOCTH BO3BpaTa OHOrC€HHBIX
AJIEMEHTOB C BOJOCOOpPHOM IuIomaau CIyXuT yxe He Fe (3amepxkuBaeTcsi B BUJIE
ryMaroB B IIOYBEHHOM IIOKpoBe), a Mn wu wyactuuHo Si (BCIeACTBHUE
PacIpoCTPaHEHHOCTH 3JIaKOB Ha BOJI0cOOpax). B mecocTensx u crensx BeAYIIYIO POJib
B pocTe TPOPHOCTH WUIpPaeT AaHTPONOTCHHOE BO3/ACICTBUE, TIE €CTECTBCHHBIC
Ouonoruyeckue  NHMKIBI  OWOTEHHBIX  BeleCTB  Haubojee  M3MEHEHbI B
arporeoXMMHUYECKUE.

[leHHOCTH KOHIIENIUU JIMMUTUPYIONUX (PAKTOPOB, KOTOpbIE «(PYHKIHOHAIBHO
BaXHBI» JUIS OpraHu3Ma, COCTOMT B TOM, YTO JaeT OTHIPaBHYIO TOYKY IMpHU
uccienoBanusx. [lpu cTamoHapHOM COCTOSIHUM JIMMUTHPIOIIMM OyIET TO KU3HEHHO
BaXXHOE BEIIECTBO, JIOCTYITHBIE KOJIMYECTBA KOTOPOro Hambosiee OJU3KK K
HEO0O0X0UMOMY MUHUMYMY — «3aKOH MUMUMyMay JInbuxa. [Oxym, 1986].

[ToTpebHOCThL (PUTOIIIAHKTOHA B PA3TUYHBIX JIEMEHTaX MUTAHUS K COXKAJIICHHUIO
HEJ0OCTATOYHO H3Yy4YeHa, MaKCUMaJbHBIM MHTEpPEC K JaHHOMY Bompocy Obi1 B 40-80
rojiax MpoLUIOr0 CTOJETHsl, HauboJee MOJHbIM 0030p 3TUX padOT MpEACTaBIeH B
[MuxeeBa, 1983]. XoTg moTpeOHOCTh pa3IMYHBIX BUIOB BOJOPOCIEH MO OTAEIBHBIM
AJIEMEHTaM TIMTaHUsl pa3jidyHa, HWHOTJAAa M30BITOK 3JIEMEHTa B BOJE MOXET
WHTUOMPOBATh pa3BUTHE, a MHOTHE BOJIOPOCIM CIIOCOOHBI 3amacarh 3JIEMEHTHI B

KOJIMYECTBC T10pas3zio 6OJII>HIGM, yeMm H€O6XOI[I/IMO A UX HOPMAJIBHOI'O poCTa U
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CKOPOCTh POCTa MOYET OTYACTH PEryJIMpOBaThCS HE KOHUEHTpALUHMEl BO BHEIIHEH
cpejie, a ero BHYTPUKIIETOUHBIM COJiepkaHueM. Bce ke rpaHuyHbIE KOHIICHTpAIUU
AJIEMEHTOB B BOJE (KaK TEPPUTOPHAILHON XapakTEPUCTHKU) IPU COMOCTaBICHUU
OOJIBIIIOTO YKCJIa BOJHBIX 0OBEKTOB MOT'YT CIYXXHUTh XOPOIIUM IT0Ka3aTelIeM YCIOBUHN
NpPUPOAHOW cpelnbl sl  pa3Butus Bogopocieil. Cuutaercs, uTto docdop,
HEOPraHWYECKUH a30T M KPEMHUH CTAHOBITCS JIMMUTHUPYIOIIUMH, KOTJA WX
KoHueHTpaus Hwke 10 mkr/a, 300 mkr/n u 0.5 mr/n coorBetcTBeHHO [Hutchinson,
1967]. JlanHble KOHIEHTPALMH MOXXHO pPAacCMAaTPUBATh KaK HUMKHUE TPAHUIBI IS
ONTUMAJIBHOTO pa3BUTHs Bojopocieil. OnHaKo He MEHee BakHa M TpaHuula, MpU
KOTOpPOH MPEKpaIaeTcsi UX pa3BUTUE WM UX KOJIMYECTBO CBOAMTCS K HUYTOXKHOMY
muaumymy. Ilo Miiller U. [Klapper, 1991] npu conmepxanun Si Hmxke 0.5 mr/na
ucuesasniu Asterionella formosa, a nmwke 0.1 Mr/a — AUaTOMOBBIC HE HAOJIOIAIUCH.
bonee MUCKyCCHOHHBIM SIBIISIETCSI BOIIPOC O TPAaHUYHBIX KOHIEHTpanusix ¢ocdopa u
azora. M.A. KuceneB [uur. mo MuxeeBa, 1983] mnpumen K BBIBOLY, 4YTO
auMUTUpYIOIue 1103b1 ochopa, HUXKE KOTOPHIX Pa3MHOXKEHHE MPEKpaliaercs, y
HEKOTOPBIX AuaToMOBBIX paBHBI 0.05-0.06 MK/ 10° xmerox. C moneii YCIOBHOCTH
HIDKHIOIO TPAaHUILY TPEKpalleHUsi Pa3BUTHUS BOJOPOCICH B KOHKYPEHTHOM PsITy
npuMmeM 1 Mkr/a o gocdartam U 7 MKI/N MO HUTpaTaM, MOCIEAHSST YCTAaHOBIIEHA T10
COOTHONIEHHIO a30Ta U ¢dochopa B KIETKaxX Bojopocieid. B Tabnuie 6 npeacraBieHo
MIPOIICHTHOE PAacIpeIe/ICHHE 03€P B PA3IMYHBIX 30HAX 10 CTETICHU JTUMUTUPOBaHUS. B
TYHAPE W JECOTYHApPE KOHIIEHTpAUH B O3€paxX HE TOJBKO HE JAOCTUTAIOT
ONTUMAIBHBIX YCIOBUM Kak 1o ¢gocdopy, Tak U a3oTy, IMPH I3TOM POJYKTUBHOCTH
03ep JIMMUTHPOBaHA Ha KPUTUYECKOM YpOBHE B Oojblieil cteneHu 1mo a3oTy (81%
o3ep), uem 1o dhochopy (58% o3zep). [IpakTruecku Takas ke CUTyallusi COXpaHIETCS U
B Tailire, HO B MEHbIIEH creneHu — 25% o3ep JUMHUTHPOBAHHBI 1O Qocdopy Ha
KPUTHYECKOM ypOBHE. B CMeElIaHHBIX U IIHPOKOJIMCTBEHHBIX Jiecax yxke 39% ozep, B
KOTOpBIX pa3BUTHE (UTOIUIAHKTOHA JMMHUTHPOBAHO IO a30Ty Ha KPUTHYECKOM
YpOBHE, HO HET JMMHUTHUPOBaHHA MO (ocdopy, ogHAKO ONTHMATBLHOTO YPOBHS HE

nocturatot 63% o3ep 1o a3oTy U npakTuyecku Bece no pocdopy. B necocrensix u



Tabnuma 6.
[IporeHTHOE pacpeescHUue 03ep MPU PA3TMYHON CTCTICHU JIMMUTHPOBAHUS (1 — HUKHSS TpaHUIla ONTUMAIBLHOTO Pa3BUTHS, 2 —
KOHIIEHTpAIIVS, TIPU KOTOPOH pa3BUTHE MpeKpariaeTcs) mo Gochopy, a30Ty, KPEMHHIO, a TAKXKE TI0 OTHOIIECHUIO a30Ta K
dbochopy npu pazTUIHOM YPOBHE TPODHUHU B PA3TUIHBIX PHUPOTHO-KIMMATHYECKUX 30HAX.

3oma n PO,” N Si NO; /PO~ TN/TP
<10 <1 mxr/n | <300 mxr/n (o <7wmkr/n |<0.5 |<0.1
MKT/JT cymme NH; " 1 NO3)|(mo NO3y)  |mr/n |mr/n <7 >7 <10 | 10-17 | >17
1 2 1 2 1 2
S |B LIEIOM 110 30HE 31 100 58 100 81 26 3 42 0/58%* 0 6 94
=
s % OJHUTrOTPO(HBIE 22 100 55 100 86 14 0 45 0/55 0 5 95
=
E, § Me30TpoHbIC 9 100 67 100 67 56 11 33 0/67 0 11 89
B 1eoM 1o 30He | 166 92 25 96 83 17 7 67 8/25 3 25 72
< OJUTOTPO(HBIC 80 100 33 99 84 10 8 59 9/32 0 1 99
s
e Me30TpoHbIC 60 93 25 100 88 23 7 70 5/25 2 38 60
IBTPOGHbBIE 22 68 0 91 64 27 5 86 14/0 14 72 14
S 4 B LCTIOM 110 30HE 51 94 0 63 39 35 6 61 39 6 20 74
@] Q
é % % OJHUTrOTPO(HBIC 3 100 0 100 100 33 0 100 0 0 0 100
% é E Me30Tpo(dHBIC 31 100 0 58 35 45 10 48 52 0 16 84
=
5 5 2 3BTPOGHBIC 15 67 0 73 33 13 0 73 27 20 20 60
B eiom o 3oue | 30 33 0 10 0 47 17 33 67 7 3 90
=
= Me30TpodHBIE 13 62 0 23 0 46 8 8 92 0 0 100
]
5 = |9BTpOdHEIE 10 20 0 0 0 40 20 30 70 0 0 100
S 5
= § |rumeprpodHbie 7 0 0 0 0 57 29 86 14 29 14 57

* - 3HaMeHAaTeb — MPOIIEHT 03€p ¢ KOHIIEHTpaIuen PO,> PaBHOU HYIIIO.




CTeNsX y>K€ HET JTUMUTUPOBAHUS MPOAYKTUBHOCTH Ha KPUTUUECKOM YPOBHE, HO €CIU
0 a30Ty MPAKTHYECKU BCE 03epa HAXOAATCS B ONTUMAJIBHBIX YCIOBHUAX, TOT/A KaK IO
dbochopy TOIBKO ABE TpeTH. 3aMETUM, 4YTO KOJHUYECTBO 03ep, B KOTOPBIX
rUAPOOMOHTHl JIMMUTUPOBAHBI 1O a3ory W ¢ocdopy, Tem Ooiblle, YeM HUKe
TpopUUeCKUil ypOBEHb, YTO OTYACTU OOBIACHSIET OJUrOTPOGHBIM XapakTep o03ep.
OO6paTHO TIPOSIBIISIETCS] JTUMUTHPOBAHUE TIO0 Si, KOTOpoe OOJibllle TPOSIBISETCS Ha
6o1ee BBICOKUX TPOPUUECKUX YPOBHAX, YTO TOBOPUT O €r0 YTHIIM3ALUU B SKOCUCTEME
MPU UHTEHCU(PUKALIUU TPOTYKTUBHOCTH.

I[lokasaTens oTHomICHWS HHTpatoB Kk dQocdaram (NO;/PO,) B mpakTuKe
OMOJIOTMYECKUX HCCIACAOBAHUN CIY)KHUT JUIsl XapaKTePUCTUKU YCIOBHUM CMEHBI
JOMUHAHTHBIX BHUJIOB U COCTaBIS€T OCHOBY TaK Ha3bIBAEMOM «PECYpCHON» TEOpUHU
[Tilman et al, 1982, Smith, 1983]. Tak nepUIUTHOCTH UK UCUECPIIAHHOCTH P K KOHITY
BEreTaIMOHHOTO TICPHO/Ia MPOSIBISETCS 0O0JIbIIEC HA HU3KUX TPOPUUECKUX CTYNECHSIX U
CHIDKAETCSI C POCTOM Tpopuu U OCOOCHHO B 0OoJjiee MPOIYKTHUBHOM pETHOHE —
JIeCOCTENsIX M CTeMsX, TJe, MO-BHIMMOMY, 3a4acTyl) JOMUHUPYIOT CHHE-3€JICHbIC
BOoAOpoCHH (Tabi. 6).

OtHomienuto obmiero azora k obmemy ¢ochopy (TN/TP) naror mHoro
oObsicHenuii. Cunraetcs, yto npu TN/TP<10 mumutupyet azort, mpu >17 — dpocdop,
ontumanbHoe cooTHomeHue 10-17 [Smith, 1982]. Torna B uccneq0BaHHBIX 03€pax 10
BCEM peruoHam JuMutupyet azor (tabn. 6). B [Phillips et al., 2008] namu Oonee
Hu3kue 3HadyeHuss TN/TP B rymMo3HBIX M MOJMIYMO3HBIX BOJAx 03€p, TOrJa Kak B
[Niirnberg, Shaw, 1999] ne oOHapyxuiau oueBUAHBIX paznuunii. Kak BugHO U3 1201, 6
4YeM BbIIIe TPOPUUECKUI YPOBEHb, TEM BBIIET HaKoIIeHHE Pocdopa 1Mo OTHOIIECHUIO
K a3oTry B 9kocucteme o3ep. [lostomy crenens tpodum (ypoBeHL HAKOIUICHUS
¢dochopa) Oonmee uUHPOPMATHBHO XapaKTEPU3yeT OTHOIICHHE OPTraHUYECKOTO
yraepona k obuemy dochopy (TOC/TP), uem otHOUIeHHE 00IIEro a30Ta K 00IIEMy
dbochopy  (TN/TP).  OmurorpodubiM  o3epam  xapakrepuo  TOC/TP>600,
me3zorpodasiM — 300-600, sBTpodHBIM — 150-300 1 TUNepTpOodHBEIM — <150 (pHC. Sa).
K tomy sxe Ha 3Hauenue TN/TP MoxkeT CUIbHO BAUATH COOTHOUIEHUE aJNIOXTOHHOTO U

ABTOXTOHHOTO OpraHMYecKoro Bewectsa, xapakrepuzyemoro TOC/Nopr. Xorts Ha
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pa3HbIX TPOPHUUECKUX YPOBHSIX OHO MOXKET BapbUpOBaTh, HO AJUIOXTOHHOE
OpraHMYecKoe BEHIECTBO IMpeoliaaeT B OJUTOTPOPHBIX 03epax, Torja Kak B
ABTPO(DHBIX U TUMIEPTPOGHBIX — ABTOXTOHHOE OPraHUYEeCKOe BEUIECTBO, 000raiieHHoe

azotoMm (puc. 50).

(a) Otynapa | (0)

2 [ * Oraitra T O ryHapa
1600 * Breca 60- * Oraiira
1400- Wcremm E reca

a * Mcremm
(e}
1200- 48~ o
o — (@]
L_J o
1000- 0O ) o *
_— i 36—
B s0- 3 é@ :
) o
- 8 . |
600 w . 24 é o
400 T L o H
gé 12- 1
200- o =] l
B g o
| | I I T I | ]
0 M <) r (0] M i) ro

Puc. 5. Pacnipenenenue pa3nuyuHbIX okaszaTeyiei B 3aBUCUMOCTH OT TPOPHUIECKOTO
ctaryca (O — onurorpodusie, M — me3oTpodHsie, D — 3BTpodHbIE, ['D —
runepTpodHbie) B pa3IuuHbIX IPUPOIHBIX 30HaX (TyHJIpa — JECOTYHApPA U TYH/pA,
Taiira — ceBepHas U CpeAHss Taiira, Jjeca — CMEUIaHHbIE U IIUPOKOJIUCTBEHHEBIE JIeca,
CTEIH — JIECOCTEIH U CTEIIN).

4. IlpeBbllIeHUS] OTHOCUTEJbHBIX KOHUEHTPALUMHA TAKMX JIEMEHTOB, KAK
Mo, As, U, Bi, Sb, Cd, Ag, Se, Re, B cyxoMm ocTaTrke BOJ 03e¢p Ha/l TAKOBbIMH B
PA3IMYHBIX THNAX MOPOJA A0KA3bIBAKT AHTPONMOreHHbI BKJAA B 00OraileHue

BOJA CYIIM MUKPOIJIEMECHTAMMU.

PaccenBanue 351eMEHTOB B OKpY>KalOUIEl cpefie MPOUCXOJUT B PE3yNIbTaTe Kak
MPUPOJIHBIX, TaK W aHTPONOTeHHO-O0YCJIOBICHHBIX TIporieccoB. K mocineanum
OTHOCSITCSI: TIPOMBIIIJIECHHOE TPOU3BOJICTBO, JOObIYA TOJE3HBIX HCKOIMAEMBIX,

CXKUIraHHUC Ppas3sjindYHOro BHJA TOILIHUB. B pE3YyIIbTATEC YeJI0BEUYECCKON NeSATCIbHOCTHU
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00BbEMBI IOCTYIUIEHHS METaUIOB B BOJHBIE OOBEKTHI 3a CUYET AHTPOIOI'CHHBIX
MCTOYHHUKOB CTAHOBSITCSI COTIOCTABUMBIMU C TAKOBBIMH 32 CUET MPUPOJHBIX (Tad1. 7).
BriepBele moHsATHE TEXHOQUIBHOCTU XMMHUYECKHUX 3JIEMEHTOB OBLIO BBEACHO
A.N. Ilepenbmanom [Ilepensman, 1972]. OrToT mnokazarens MNpeAcTaBisieT coOOM
OTHOILIEHUE CPEHEN T0ObIYN IEMEHTA K KIapKy JIUTOCHEPHI U XapaKTepU3yeT

TCIICHb HUCITOJIB30BaHUA
Ta6JII/II_[a 7. CTCIIC CIIOJIB30Ba

HOCTYHJ'IGHI/IC XUMHUUYCCKHX JICMCHTOB (TBIC. XUMHUUYECKUX JIEMEHTOB nu3
T./FOJI) B OKPYKAromyro Cpcay 3a CUcT

3eMHOMI KOPHI. Paccunrannbie
MPUPOAHBIX IMTPOUECCOB U AHTPOITOT'CHHOC p

IMMOCTYIINICHHUC I10 OLICHKAaM pPa3JIMYHbIX 3Ha4YEeHUs TCXHO(I)I/IJIBHOCTI/I
aBTOPOB.
TocTymenne 3a aneMeHToB st mepuoga 2007-
ODNEMEHT | cyer XHMUYECKOTO AHTpOTIOTeHHOE 2010
MOCTYTIeHHE T [MuHepaibHbBIE PECYpCHI,
BbIBCTPUBAHUA
C 60° 54-130° 2007-2010] comocTaBIsAIUCh C
r -
Ni 300" 47%; 43-98% nanabiMa - AWM. Tlepenbmana ¢
1) 2). 3)
Cu 375 675 56-263 yrouneHussMu H.®. I'mazoBckoro
Zn 370" 314%; 315-840” 3
cd 4657 710 [['mazoBckmit, 1982].
Pb 1801); 4492); 360-440 B MOCJICTHUC roJibl
Hg 39 5-107 TeXHO(PUIBHOCTh MHOTHX
1) — [Bryan, 1976], 2) — [Myp, Pamamyptu, 1987], 3) —
[Benunmanos, Jlenuxun, 2002], 4) — [Heath, 2002]. METAJJIOB  JIOCTHIJIA  BBICOKHX

smavennit: Cd — 1.5x10'%, Pb — 2.4x10°, Cu — 3.3x10°, Ni — 2.7x10%, Zn — 1.4x10’. 3a
nocyiegaue 30 JIeT 3TOT MoKa3areab yBequuuics 6osee yeM B 5 pa3 misa Cd, Mo, Zn,
Mn, Zr, Pb; B 1.5-3 paza — mna Ni, Co, Cu, W, Au, Bi, Se. Ilo 3HaueHusIM
TEXHO(PWIBHOCTH  3JIEMEHTHI  MOYXHO  pACIOJOXUTh B CICAYIOIMUNA  PSJI:
Cd>Bi>Au>Cu>Ag>Sb>Pb>Mo>Zn>Sn>Br>J>W>Se>Hg>As>Ni>Mn>Fe>Zr>Co>

Nb>Ba>AI>Li>Sr>V>Cs>Ta>Cr>Ge>Be>Mg>Ti>TI>Ga.

AHanu3 mporeccoB 000TaIIeHUs M PaCCEUBAaHMS B TIOBEPXHOCTHBIX BOJAX CYIIH
MPOBEJICH Ha OCHOBE COITOCTABJICHHUS OTHOCUTCIIBHBIX KOHIICHTpPAIUK JJICMEHTOB B
CYXOM OCTaTKe BOJI 03€p C COJEpPXAHUSIMU TAaKOBBIX B PA3JIMYHBIX THIIAX MOPOI,
KOTOpBIC OIpPEICICHBl ISl MarMaTH4ecKux ropHbIX mopon A.Il. BuHOrpamoBbiM
[BunorpamoB, 1962]; nmns ocamounsix mnopoa K.K. Turekian, K.H. Wedepohl

[Turekian, Wedepohl, 1961]. B Tabnuiie 8 npeacraBiieHbl MOTyYEHHbIE 3HAYCHUS



Tabmuna 8.

DneMeHTHBIN cOCTaB, %, BOJ 03€p, PACMIOJIOKEHHBIX B pailoHAX PACIPOCTPAHEHUS Pa3IMYHbBIX TUTIOB TOPOA (KUPHBIM HIpUdTOM
BbIJICJICHBI 3HAUYCHMSI, MPEBBIIIAIOIINE TAKOBBIC B JUTOC(Epe WM B COOTBETCTBYIOIIMX TUIIAX MOPOJI, TPOYEPK — OTCYTCTBUE JTAHHBIX).

JIeMEHT TyHapa u JiecOTyHapa, CEBEPHAsl U CPEJHSASI Taura CwMmelanHble U MIHUPOKOJIMCTBEHHBIE Jieca Jlecocrenu u crenu

OCHOBHBIC CpeAHuC KHCIIBIC THCHCOBO- TIIMHUCTBIE | KapOOHATHEIE |MecuaHbIe |[IHHUCTHIE | KAPOOHAT- | mecuanble

(6azanbThl, |(ZMOPHUTHI, (rpaHuTHI, CJIaHLIEBBIE HBIE

rab0po U Jp.) | CHEHUTBI) TPAHOMOPHUTHI) | TOPOIBI
Li 10~ 2.10 4.04 1.71 - 1.61 0.83 2.05 3.09 0.73 6.04
Rb 10" 6.00 7.53 7.04 - 3.47 1.82 6.00 0.43 0.77 5.54
Cs 107 396 51.6 523 - 0.08 0.13 0.57 0.02 0.05 0
Cu 107 3.50 3.01 3.42 3.44 1.37 3.43 1.72 0.69 0.72 0.35
Ag 107 200 0 484 - 26.2 17.3 78.3 0 3.2 0
Be 107 0.28 0.45 0.42 - 0.08 0.44 1.39 0.03 0.05 0.09
St 10 12.4 18.8 7.1 12.5 12.9 3.7 8.8 4.9 43 9.1
Ba 10 4.2 2.7 3.0 - 2.0 2.0 3.9 0.5 1.4 2.3
Zn 107 4.33 5.51 11.95 4.21 3.21 10.1 29.2 0.93 3.15 5.89
Cd 107 232 197 344 197 146 89.5 62.1 0 129.6 76.4
Sc 107 3.66 6.89 2.13 - 0.94 0.69 3.90 1.18 0.25 0.50
Y 107 0.36 0.52 0.31 - 0.02 0.05 0.02 0 0.008 0.01
La 107 2.77 9.79 2.22 - 0.03 0.12 0.51 0 0.03 0.02
Ce 107 1.85 1.94 291 - 0.03 0.20 0.69 0 0.04 0.03
Pr 107 2.21 2.95 291 - 0.03 0.19 1.12 0 0.05 0
Nd 107 0.636 0.907 0.824 - 0.022 0.066 0.050 0 0.005 0
Gd 107 1.60 3.17 1.28 - 0 0 0.15 0 0.02 0
U 10~ 3.03 1.36 111 - 1.28 0.64 0 0.1T 0.44 0.46
B 10” 1.58 1.56 0.42 - 7.63 6.89 13.17 34.34 6.38 5.70
Al 107 0.238 0.546 0.354 0.334 0.081 0.109 0.153 0 0.018 0.008
Ti 10° 0.010 0.005 0.012 - 0.002 0.002 0.004 0.0004 0.0007 0.0007
Zr 107 0.106 0.240 0.105 - 0.002 0.003 0.001 0 0.0006 0
Sn 107 6.07 3.63 6.90 - 0.82 0.36 0 0 0.54 0
Pb 107 0.24 0 0.36 0.03 0.49 0.44 3.29 0 0.49 0
V 107 1.88 0.50 2.27 - 0.47 0.77 1.62 0.79 0.39 0.57
As 107 11.5 25.7 16.1 22.0 10.9 5.92 10.5 5.76 4.60 8.54
Sb 107 32.5 36.3 254 - 10.2 8.15 19.5 1.09 4.37 10.4
Bi 107 47.1 0 146.3 - 3.8 0 0 0 1.2 0
Cr 107 0.85 1.41 0.95 0.92 0.49 2.15 8.05 1.96 0.69 1.10
Mo 107 9.46 154 7.75 - 3.07 1.61 54.6 0 90.1 4.51
W 107 .18 0 1.27 - 0.06 0.04 0 0 0.06 0
Se 107 1397 861 1284 - 422 102 621 156 130 342
Mn 10° 0.028 0.060 0.076 0.058 0.046 0.021 0.030 0.001 0.002 0.002
Re 10° 1536 226 1332 - 7862 40763 3660 30690 4004 1880
Br 107 336 231 131 - 25 12 0 150 103 80
I 107 3489 1473 1438 - 1397 1605 4512 1957 9801 7224
Fe 107 0.54 1.22 1.38 1.02 0.33 0.15 0.43 0 0.02 0
Co 107 0.25 0.06 0.18 0.03 0.09 0.23 0.49 0.02 0.06 0.04
Ni 10~ 4.96 2.89 2.72 3.66 13.3 2.92 0 2.72 1.20 6.23




TPYII 03€p B Pa3IUYHBIX MPUPOIHBIX 30HAX B 3aBUCUMOCTH OT THIIA TOPHBIX MOPO/I,
ClIararIuXx X BoJ0cOOpHl. B aHaiN3 He BKIIOYAIHNCH JIEMEHTBI, CPEJTHHE 3HAYCHHS
KOTOpBIX OBLIM HMKE TOpora aHanuTuueckoro obHapyxenusi: Te, Hg (¢ moporom
obnapyxenus <0.05 mxr/n), Ge, Ru, Pd, Hf, Os, Ir, Pt, Au, Sm, Eu, Dy, Er, Yb, Lu (¢
noporom o6OHapyxenus <0.02 wmxr/m), Rh, Ta, Tl, Tb, Ho, Tm (¢ mnoporom
oOHapyxenuss <0.01 wmkr/m), a Ttawke Th u Nb, KOHUEHTpalMH KOTOPHIX HE
npesbimanu 0.03 mxr/n, Ga — 0.07 Mkr/m.

OcHOBHBIC MOPOJBI COJCPKAT MAKCHUMAaJbHbIE KOJIMYECTBA MHOTHX JJIEMEHTOB,
takux kak Fe, Mn, Al, Co, Zn, Cu, V, Ti u Cr. Boasi o3ep, chopMUpoBaHHBIC Ha ITHX
OTJIOKEHUSX, UMEIOT HEUTPaNbHYIO peakuuto cpeasl (pH~6.8), koTopas nmpensTcTByeT
ux oforameHuto. B 3TUX yCIOBUSX aKTUBHO MHIPUPYIOT IIETOYHBIE U
[IEJIOYHO3EMENbHBIC METAJUIbI, & TAKKE OOJIBIIMHCTBO aHUOHOTCHHBIX 3JIEMEHTOB.

Kucibie moposs! co/iepikar NOBBINIEHHBIE KOJIUYECTBA NISIIOYHBIX METa/IoB, Ba,
Y, JlaHTaHOMAOB M aKTHHOWJAOB. OJHAKO BOJBI 03€p, PACIOJIOKCHHBIX B paiioHE
pacnpoCTpaHEeHHUs] KHCIbIX IOPOJ, J3TUMH JJIEeMEHTaMH He oOoramarpTtcs (3a
uckimoueHueM Rb u Cs). Ha xucnbix mopogax MOTyT OBITh pa3jIMyYHbIC YCIOBUS IS
BBIII[EIaUYMBaHNUs 3JIeMEHTOB. J1Jis1 OONBITMHCTBA 03ep XapaKTepHa ciiaboKucias cpea
(pH~6.3), MHOTHE BOZIOCOOPHI 3a007I04eHHBI. B Takux o3epax ciiabokuciasi cpeqa BoJ
criocobcTByeT HachieHuto Boj Zn, Cu, Ni, Ag u Cd. BeiHOCHUMBIE ¢ BOJI0COOpa
IYMYCOBBIE KHCJIOTHI BOBJIEKAalOT B TpaHCHMOpPTHbIe TOTOKM Sb, Sn wu Sc
(k03P PUIMEHTHI KOPPENSIIUU KOHLEHTpPAUi ATUX SJIEMEHTOB OT LIBETHOCTH BOJ —
r~0.70, p<0.005), 94TO MPUBOAUT K 0OOTAIEHUIO UMH BOJI IIBETHHIX 03€p. B ycrnoBusx
HBTPO(PHUPOBAHUS BOJIOEMOB YCHIIMBAECTCS OMOT€OXMMHUYECKHI KpyroBopoT Mn, 4to
MOATBEPXKAACTCS KOIDPUIIMEHTOM €ro KOPpesIuu ¢ COJCpPKaHUSIMH OO0IIero
dbocdopa (r=0.70, p<0.001), a Taxxe Rb (#=0,95, p<0.005).

B ocagouHbIx nmopopax IIIMHUCTBIE OTJIOKEHUS KOHUEHTPUPYIOT OOJIBIIMHCTBO
sneMeHTOB. OJHaKo CJeAyeT YYMThIBaTh, YTO TJIMHUCTHIC MOPOABI SBIAIOTCS HE
TOJIBKO MCTOYHUKOM 3JIEMEHTOB, HO U COPOLIMOHHBIM OapbepoM Ha IMyTH UX BOJHOM
murpanun. [loaToMy s 03ep, BOJAOCOOPHI KOTOPBIX CIIOKEHBI MPEUMYITIECTBEHHO

9TUMU TIOpOAdaAMH, oGorameHHe BOJ OOJIbIIIEH YACThIO DJICMEHTOB HE Ha6JHO,[IaeTC$I.
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Uckmouenue coctapistot J, Br, B, As, Mo, Se, Re, a takke Ag, Cd (B cMemaHHbIX U
IIUPOKOJINCTBEHHBIX JIECOB).

KapGonatHble mopoibl MOABEPKEHBI OBICTPOMY BBIIIEIAYMBAHUIO, HACHIIICHHBI
npeumyiiectBeHHo Ca, Sr, Br, Mn u V. Boasl o3ep, chopMUpOBaHHBIX Ha 3THUX
nopojaax, IOMIUMO YKa3aHHBIX 3JIEMEHTOB, HachIleHbl Takke Li, Ba, Zn, Cu, Co, Sn.

[lecuanble TOpPOABI MEHEE HACHIIIEHBI JJeMEHTaMH. B CcMemaHHBIX U
IIMPOKOIMCTBEHHBIX JiecaX MECYaHUCThIC MOPOIBI MPEAONPEALISIOT aHTPOIOTE€HHOE
3akucienue Boa (pH<6.0), kotopoe npuBoauT Kk odoramenuto Boa Zn, Co, Cr, Sc, Cd,
YTO MOATBEPIKIACTCS UX TOCTOBEpHOI Koppessiiueit ¢ pH (#>0,75, p<0.05).

B uenom nis Box o3ep Boctouno-EBponelickoli paBHUHBI (B HE3aBUCUMOCTH OT
TUTA TOJACTUIAIONIUX TOPOJ, YCJIOBUM BBIIIENAYUBAHUA W MUTPALMU, 30HAIBHOU
cnenuuk) HaOI0AaeTCs 3HaUYuTeIbHOE 00O0ralieHne Bol 03ep Mo BCEH TeppUTOPUHU
TakuMu s7eMeHTamu, kak Re, J, Br, B, Se, As, Mo, Sb, Cd, Ag, Sc, Ni. MHorue u3
TUX DJEMEHTOB BOBJICUCHBI YEJIOBCUYECKON MACSATENBHOCTHIO B TICOXUMHYECKHUI
KPYTOBOPOT, YTO HAaXOAUT OTPaXEHHUE B MX KOHIEHTPUPOBAHHHM B TMOBEPXHOCTHBIX
BOJIaX CYIIHU B IN100aNbHOM MaciiTaoe.

A.W. Ilepensmanom [Ilepenbman, 1982] npennoxeHa oleHKa BOJIHOM MUTpaluu
XUMHUYECKUX JIEMEHTOB 0 KO3 (PUIIMEHTY, KOTOPBIA ONpenensieTcsi Kak OTHOIICHHE
COJICpKaHMS DJIEMEHTAa B MUHEPAJIbHOM OCTATKE BOJIBI K €ro COJICPHKAHUIO B TOPHBIX
nopojgax wiu TouBax (WM K Kiapky Jjurocdepsr). OH Obul omnpenenen A.U.
IIpenemanoMm [Ilepenbman, 1982] nmga oxkeaHHYECKUX BOJ M TMOJ3EMHBIX BOJ 30HBI
runepreresa. B conocrasinenuu B Tabnuiie 9 mpeacTaBiIeHbl pacCUMTaHHBIE 3HAUCHUS
KOA((PUIIMEHTOB MUTpPALMU XHMHYECKHX DJIEMEHTOB KakK IJisi 03€p BBIICICHHBIX
PErMoHOB (MIPUPOIHBIX 30H), TaK U Jyuisl Bcel EBponeiickoii wactu Poccun

3HadyeHus kod(dduiImeHTa BOJHOM  MHUrpaluyd  3aBUCAT OT:  CTEICHHU
paclpoOCTPaHEHHOCTH dJjieMeHTa B juTocdepe (mopoaax), €ro ydacTus B
OMOreoXMMHUYECKHX IIpolieccax Ha BoJocOOpe M B BOAOEME, AHTPOIOIC€HHOTO
nocrymieHus. Creayer OTMETUTh UM BBICOKYH) MEXK- M BHYTPU30HAIBHYIO
mubdepeHuranyio NOPUPOAHBIX YCIOBUNM (OPMHUpPOBaHUS BOJ, a TaKXKe YpPOBHS

AHTPOTIOT€HHON HArpy3KH, KOTOpas OIpeaenseT U pa3iudus Kod(huimueHToB



Tabmuma 9.

NHTEeHCUBHOCTH BOAHOW MUTpAIUy (KOHIIEHTPALIUU U PACCESHUS) DIIEMEHTOB B IOBEPXHOCTHBIX BOJAX CyUIH (03epa), B
NOJI3EMHBIX M OKEAHCKHUX BOAAaX (>KMPHBIM HIPU(TOM BBIACIIEHBI PEJIKHE 3JIEMEHTHI, BBICOKHIM KO3 PUIMEHT KOHIEHTpaIMU
KOTOPBIX B OBEPXHOCTHBIX BOJIaX CYLIN OOYCIIOBIIEH MPEUMYILIECTBEHHO aHTPOIIOI€HHBIMU HArpy3KaMH B ri100aJbHOM
MacmTabe, MpoYepK — OTCYTCTBUE AIEMEHTOB C JAHHBIM KO3 (OUIIMEHTOM MUTPALIUHN).

Untencus-  |Koaddu- Boas! cymu (03epa) [Tonzemuble Boabl | OKeaHCKHE BOIBI
HOCTb BOJHOH | IMCHT BOJHOU | TymHzpa u 1eCOTyHIpa, CMemaHHbIe U Jlecocrenu u crenu, ETP 3OHBI THIIEPIrEHE3a
MHTpalnu MUIrpalu CEBEpHAs U CpeiHssA HIMPOKOJIMCTBEHHbIE MOJTYIYCThIHU U
Taira neca IIyCTBIHU [Tlepenbman, 1982]
Ouensn > 100 C,CLU,J Se Cs, |Re,ClC,]J CL Re,J,Na,S, |Re,Cl,C,J S, Br|S,CLB,Br,]J Cl, Br, S,
cUIbHAs Re Mo,
CuibHast 1-100 Br, Bi, N, S, Ag, S, Mo, Se, Na, Rb, |Br, C, Se, Cd, Sr, |Se, N, Cd, B, Cs?, |Ca, Na, Mg, F, Sr, [Na, Mg, J, B
Cd, Ni, Na, Rb, Mo, |Ag, Sc, Ca, Ba, Rb, Ni, B, Ba, K, |Bi, Na, Ag, Mo, |Zn, Mo, Se, Au
Sb, As, Sc, Ca, Mg, |Cd, Sh, As, Sr, Mg, As, Sb, Co, |As, Ca, Mg, Sr,
Sn, Sr, V, Ce, B, K, [Co, N, Mn, B, Mg, |Sc, Ca, N, Li, U, |Sb, Li, U, Rb
Li Br, Zn, Cu, K, Ni, |Zn, Cu, Mn
Bi, Li
Cpennsis 0.05-1 W, Ba, La, Zn, Cu, |Be, Pb, Cr, P, V, |Bi, Sn, Ag, Cr, Pb,|Sc, K, Sn, Zn, Ba, |Si, K, Mn, P, Ba, |Co, K, Sr, Li, Ag,
Mn, Be, Pr, Si, Fe, |[Sn, Cs, Si, U, Fe, |V, P, Si, Be, W Cu, Ni, Mn, W, Rb, Ni, Cu, Li, Mo
Gd,Nd, P, Cr, Y, La, Th, Pr, Ce, Nb, La, P, Si, Cr, Fe |Co, Cs, As, TL, Ra
Th, Pb, Co, Zr, Nd
Cnabas 0.001 —0.05 |Nb, Al, Ga, Ti W, Ti, Gd, ALY, |Cs, La, Fe, Pr, Nb, |Be, Ce, Pr, Co, Y, |Al Fe, Cr, V, Ti, |As, Se, Ni, Zn, Cd,
Ga, Zr Th, Ce, Ti, Nd, Nd, Gd, Pb, Ti, Zr, Th u np. Cu, Hg, Au, U, RbD,
Ga, Gd, ALY, Zr |Al Th, V, Zr, Ga, Cs, In, Sn, Ge, Sb,
Nb V,FE, P, W, Bi
OucHb <0.001 - - - - - Ba, Tl, Mn, Fe, Sc,
ciabast Cr, Ti, Co, Ga, Y,

Zr, Nb, La, Ce, Pb,
Th, Al, Si, Be




MUTPALMA  DJIIEMEHTOB JUIsl BBIJCJICHHBIX PErHOHOB (MPUPOJHBIX 30H) U BOJ
EBponeiickoii reppuropun Poccun (ETP) B nienom.

Haubonee pacmpoctpaHeHsl B 3eMHOM Kope Takue snemeHThl kak Fe, Al, Mn u
Ti, HO OHM HE HaKallJIMBAIOTCS B KOHEYHBIX BOJOEMax CTOKa U B MUIPAIMOHHOM
OTHOLIEHHH HauOonee WHEPTHBL. OAHAKO MOJABMXKHOCTh Fe HECKONBKO BO3pacTacT B
TYHJpE, Taiire, CMEIIaHHbBIX JiecaX BCJICJICTBUE PACIPOCTPAHEHHUS TaM HaUOOIBIITUX
IJIOIIAIEH 3a00JI0UEHHBIX TEPPUTOPUI, a Mn — B CMEIIAHHBIX U IIUPOKOJINCTBEHHBIX
Jecax, JIECOCTeIsIX U CTeMsAX 3a CUET YCWICHHS ero OMoreHHod murparuu (tadi. 9).
Jlanee mo pacnpocTpaHEHHOCTH B TOPHBIX Mopojaax cienyroT Ba, Sr, Rb u Zr, nepssie
TPU M3 KOTOPBIX SIBISIOTCS AKTUBHBIMU BOJHBIMM MHUIpaHTamMu. Cpeau peakux
AJIEMEHTOB BapUallMM HMX KOAPQPUIMEHTOB MUTpPALUA TaKKe 3HAYUTENIbHBI.
Murpanuonssie ¢BocTBa Br U J yBeIMUHUBAIOTCA 3a CYET UX BO3AYLIHOM MUIPALUU.
[Tono6no Fe B TyHape u Taiire Bo3pactaer murpaius Sn, a mnojgo6Ho Mn B
CMEIIAHHBIX W IIHPOKOJHCTBEHHBIX JECaX, JIECOCTENAX M CTEIAX YCHIWBAETCA
ouorennas murpanus B, Zn, Cu. Ha ysenuuenue koappunuenta murpaunu Zn u Cu B
MIOBEPXHOCTHBIX BOJAX OKa3bIBAET BIUSHUE M 3HAYUTEIBHOE HX BOBJICYCHUE B
TEXHOTCHHBIC MTOTOKU, OCOOEHHO B I0XHBIX PErMOHAaX. AHTPONOTeHHO O0YCIIOBJIEHA U
KoHIIeHTparusi B Bojiax Ni. Beicokas TexnodpumpHOCTh Pb, Cr B MeHbIel cTerneHu
BJIMAECT HAa MX MUTPAIMI0O W KOHIEHTPALMIO B TMOBEPXHOCTHBIX BOJIAX, HMCKIIIOYas
I0OKHbIE pernoHbl. Li m Sc B MUTpallMOHHOM OTHOIIEHHH JIOCTATOYHO AaKTHUBHBI,
HECMOTps Ha cjnaboe BOBJICUCHHE JAHHBIX JJIEMEHTOB B  XO3IMCTBEHHYIO
nedarenbHoCTh. Takue »nemeHThl kKak Be, Ga, Nb, Y u penko3eMenbHbie B
MOBEPXHOCTHBIX BoAax pacceuBatoTcs. Cremyer OTMETUTh Oojiee  BBICOKHH
ko3 dunuent murpanuu Zr, Y v Tpynmbl peAKO3EMETbHBIX AJIEMEHTOB B TYHApPE U
Taiire, KOTOPBIA OOBSACHAECTCA WX OosblIeld KOHUEHTpalWed B MarMaTHyecKHUX
IIOPOJIax MO CPAaBHEHHUIO C OCAJOYHBIMU.

B Tabnuie 9 Beinenensl (KUpHBIN mpudT) penkue sneMeHTsl Mo, As, U, Bi, Sb,
Cd, Ag, Se, Re, BbicOKH KOA()(PHUIIHEHT KOHLIEHTPAMKA KOTOPHIX B MOBEPXHOCTHBIX
BOJAX CYyIIM OOYCIIOBJIEH, MPEUMYIIECCTBEHHO, AHTPOTIOTEHHBIMH Harpy3kamMu B

riro0ajJbHOM Macurtade.
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5. «BoccTaHoB/IeHHE» XMMHYECKOr0 COCTaBa BOA 03ep MOCJde CHHKEHHUS
AHTPOIOTeHHOM HATPY3KH HAET C 3ama3ablBaHueM U AedopManusaMHu HX COCTABa

BCJIEACTBHE KIMMATHYECKHX U3MEHEHHI.

BrisiBnieHrne JONTOBPEMEHHBIX TEHIICHLIUM WM3MEHEHUS XMMHYECKOTO COCTaBa
BOJI, 00YCIIOBJIEHHBIX TJI00aIbHBIMH U3MEHEHUMSIMU OKPYIKaIoIIeil cpe/lbl U KiuMara,
UMeeT 4Ype3BbIUaiHO Ba)KHOE 3HAUCHHWE MJIA MPOTHO3a COCTOSIHUS KayecTBa BOJ B
COBPEMCHHBIX YCJIOBHIX YEJIOBEUECKOU JEATEIBHOCTU Ha TUianere. JloaroBpeMeHHbIe
pAABl HAOMIOACHUHM C KaXKIbIM TOJIOM NMPHUOOPETAOT BCE OOJNBIIYI0 3HAYUMOCTD IS
OLICHKHU TIPOMCXOIAIINX U3MEHEHUN KaueCcTBa BOJIHBIX PECYPCOB.

PaboTbl 1Mo M3y4eHUI0 MPOCTPAHCTBEHHO-BPEMEHHBIX U3MEHEHUN XMMHUYECKOTO
coctaBa Boj Oblmu ocHoBaHbl Ha Kombckom CeBepe B 1990 1. B COOTBETCTBUHU C
MEXIyHapOIHOW cucTeMoi oOcienaoBanus ozep “Survey lakes, nmpogomkenst B 1995,
2000 u 2005 rr. 3a 15-netHuit nepuoja HaOmoAeHUNM ObUIM cPopMHUpPOBAHBI Oa3bl
JnaHHbIX 151 ~100 o3ep, pacnonokeHHbIX B 3anaHoi yactu Kosibckoro peruoxa.

Ha Konbckom CeBpe B mocienHHUE ACCATUICTUS 3HAUYUTEIBHO COKPATUIUCH
BBIOpOCHI cyib(haroB, HUKeld U meau (puc. 6). Peskoe cokpaieHue BbBIOPOCOB
npousonuio Kk 1990 r. BciaencTBue SKOHOMHMYECKOTO KpU3HcCa, B JajbHEUIIEM —
BHEJIPEHUSI TIPUPOIOOXPAHHBIX TEXHOJOTHUH YJIABJIMBAHUS OTXOJISIIIIUX Ta30B.

DTO MPUBEIO K CHIKCHHUIO COJIEpKaHUM Cynb(aToB, HUKEIS U MEAU B BOJAX
03ep, 0co0eHHO 3HauuTeNbHO ¢ 1990 1. k 1995 1. ~ B 2 pasa B 30He Bo3aehcTBuUs (<80
KM oT komOuHaToB) (Tabu. 10), a Ha pernoHanbHOM ypoBHE (B 30HE >80 KM OT
KOMOMHATOB) KOHUEHTPALMH CHU3UIUCH 10 (POHOBBIX 3HauUCHUU — 42 MKr-3kB/1, 0.9 u
0.8 Mkr/m mo cynbdaraM, HHUKEIIO U MEAH COOTBETCTBEHHO, OIPEJECICHHBIX B
[MouceeHko u ap., 1996].

CHIXEHHUE COJIepKaHUsi OCHOBHBIX KaTHOHOB B BOJI€ 03€p B MEPUOJ CHUKECHUS
aHTPOIIOTEHHBIX HArpy30kK 3aduxcrupoBano B EBpone u CeepHoit Amepuke [Stoddard
et al.,1999; Skjelkvale et al., 2001; The 12 year report..., 2000]. Conepxxanue
OCHOBHBIX KATHOHOB B BOJI€ O3€pP B 30HE BO3J€HCTBUSI KOMOMHATOB CHU3UIIOCH K 1995

r 1 oco6enHo k 2000 r. u ctabunusuposanock jauiib B 2005 1. (tada. 10), uro MoxeT
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Pucynok 6. CHm>XeHre BBIOPOCOB TMOKCUIA CEPBI, HUKEIIS U MU KOMOMHATaMuU
koHuepHa «Hukenp» Ha Konbckom Cesepe.

TOBOPUTH O BOCCTAHOBJICHHH HACHIIIEHHOCTU MOYB OOMEHHBIMH OCHOBAaHUSMHM, TOTJa
KaKk Ha pEruoHajJbHOM YpOBHE KOMIIEHCALIMOHHOTO CHUXeHuss k 1995 1 He
MPOUCXOJIUII0, a KoJebaHUusi MX COJEpKaHMsS, BO3MOXHO, CBSI3AHO U C
KJIUMATUYECKUMHU W3MEHEHUSIMU (MHTEHCUBHOCTU JEKOMIIO3UIIUM OMaja JIHCTBHI).
[Iponomkarolieecss CHUKEHHUE COJEP:KaHUM OCHOBHBIX KaTUOHOB B BOJIE O3€p B 30HE
BO3NIecTBUA KOMOWMHaToB B 1995 m 2000 rr. MoxeT OBITh OOBSICHEH ABYMS
MexaHu3MaMH: 1) CHH)KEHHEM YpOBHSA TMBUIEBOM AMHUCCUU M COOTBETCTBEHHO —
BBINA/ICHUS] OCHOBHBIX KaTHMOHOB Ha BOJOCOOpPHI; 2) MCTOIIEHHUEM HACBIIEHUS MOYB
BO10cOOpa OOMEHHBIMU OCHOBAHHUSIMU 3a MEPHOJI JJIUTEIbHBIX KHUCIOTHBIX HArpy3o0K.
Takum o0pa3om, poct OydepHbIX CBOWCTB BOJ (KHCIOTOHEUTpaIU3YIOLIEH
cnocooHoctT ANC) IpPOUCXOJUT TOJIBKO 32 CUET CHUKEHUS BO3JIEUCTBHS CHIIBHBIX
kucnoT (cynbdaros). 3a 15-neTHUl nepuoa CHUKEHUS 00bEMOB BBINAJACHUS KUCIOT
Ha BOAOCOOpPHI MPOU3OILIO YIYUIIEHUE KadecTBa BOJ MO MOKA3aTEIsIM KPUTHUYECKHUX
Harpy3ok (tab6s. 10), 4TO CBHAETENLCTBYET O TEHACHIMM K BOCCTAHOBJICHUIO
OydepHbix cBoicTB Boa. Tak B 30He Bo3aeiicTBus (<80 kM oT komOuHaToB) B 1990 r.
KPUTUYECKUE HArpy3Ku ObLIU TpeBbilIeHbl Y 77% o3ep, 1995 r. — 50%, 2000 r. — 39%,
2005 r. — 44%, Torga Kak Ha peruoHadbHOM ypoBHE (>80 kM oT KoMOuHaTOB) B 1990

I. KpUTUYECKHE HAarpy3Ku ObuIK MpeBbilieHbl y 54% o3ep, 1995 r. — 30%, 2000



Tabnua 10.
JlnHamuKa rmokasaTesieli XuMU4IecKoro coctaBa Boj o3ep Komsckoro Cesepa 1mo rogam.

Ni | Cu | SO | Txar | ANC CL Alk | A" 1B Al | Fe | Mn

Toner MKTI/JI MKT-2KB/J1 ME MKT-2KB/J1 pH °Pt-Co MKT/J1

SKB/MTOLI
<80 KM OT KOMOMHATOB
meauana | 11,0 4,1 150 329 96 59 128 7,8 6,76 33 40 64 2.1
1990 | mun. 0,0 0,0 55 199 -35 0 70 1,0 6,39 22 6 23 0,5
MakKc. 64,9 29,0 750 1265 402 966 366 18,9 7,29 58 72 77 7,0
MeauaHa 5,5 2,7 91 308 151 83 117 21,3 6,70 54 24 80 4,0
1995 | mun. 0,1 0,6 31 121 24 0 0 4,6 4,56 14 4 16 0,7
MakKc. 98,0 14,1 371 1062 647 339 639 70,4 7,30 185 165 800 35,0
MeauaHa 3,1 1,9 76 267 130 75 126 21,0 6,84 26 35 60 2.4
2000 | mum. 0,0 0.4 21 110 15 6 0 5,5 4,77 6 15 10 0,6
MakKc. 96,0 12,0 369 1005 681 335 694 70,4 7,34 102 186 340 13,5
MequaHa 4,5 2,9 68 284 134 71 116 22,8 6,55 26 38 104 6,5
2005 | mun. 0,7 0,7 27 96 0 -12 0 3,6 4,49 0 10 22 1,2
MakKc. 110 10,0 350 918 641 308 636 77,1 6,94 98 346 293 44.4
>80 KM OT KOMOHMHATOB

MeauaHa 1,6 2,5 75 276 85 44 110 16,1 6,67 44 49 51 2,5
1990 | mun. 0,0 1,0 29 137 -57 -7 0 4,3 4,32 0 9 17 0,5
MAaKC. 11,3 9,0 254 513 421 189 435 53,2 7,27 168 149 150 39,0
MeauaHa 0,5 0,5 54 281 148 63 119 22,1 6,67 42 38 37 2,0
1995 | mun. 0,1 0,1 17 57 -21 -17 0 33 4,64 1 3 4 0,2
MakKc. 4,3 2,5 121 717 549 244 503 67,4 7,59 165 215 650 36,0
MeauaHa 0,5 0,6 49 259 134 62 112 22,9 6,79 24 45 44 2,3
2000 | muH. 0,0 0,2 13 49 -14 -13 0 1,0 4,85 0 4 3 0,2
MakKc. 2,8 1,7 83 646 526 281 538 67,0 7,45 105 1010 1450 37,8
MeauaHa 0,9 0,7 43 280 128 57 102 27,3 6,41 27 60 79 3,5
2005 | mun. 0,2 0,3 15 53 -11 -14 0 3,6 4,78 0 10 5 0,6
MaKc. 4,4 2,7 86 953 842 253 839 88,9 7,12 125 808 3160 93,2




r. — 24%, 2005 r. — 28%. BoccranoBnenue kayecTBa BOJI Ha YA3BUMBIX BOJ0COOpax
Konbckoro CeBepa npouCcXOUT JOCTATOYHO MEJIEHHO.

OnHaKo TEPMUH «BOCCTAHOBJIEHUE)» HE XapaKTEPU3YET TE€ MPOLIECCHI, KOTOPBIE
Pa3BUBAIOTCSA B BOJAX CYIIH 3a moclieHue 15 mer. YBenudeHus MIEIOYHOCTH, KaK
MIpU3HAaKa BOCCTAHOBJICHUS, HE HaOII0MaeTcs, Kak, Hanmpumep, Ha CpeaHeM 3amaje
CHIA u B 80-e roasl B CkanaunaBuu [Stoddard et al.,1999]. B GonbmnHCTBE 03€p
oTMeYaeTcsi TeHACHIMs CcHIKeHuss pH Boj, a Takke yBeIWUYEHHE CONEpIKAHUS
OpraHUYeCKOro aHMOHA U MOHHAS KOMIIO3UIIMS MpeTepriesia HauboablIue N3MEHEHUS
MMEHHO B aHHOHHOM COCTaBe (CHHXXEHHUM JOJU CyIb(aToB U YBEIWUYCHUU TOJIH
OpraHUYeCKUX KHUCIOT) KaK B 30HE BO3JCHUCTBUS KOMOMHATOB, TaK W Ha oOIIEeM
peruoHaibHOM ypoBHE (Tab:ia. 10). B yclioBUSX MOBBIIICHHUS BEIHOCA OPTaHUUYECKOTO
BEILIECTBA B BOJIBI 03€p OTMeUaeTcs U Hapactanue coaepxkanus Cu, Al, Fe u Mn kax
CJIEICTBUE BOBJICUCHUSI UX B TPAHCIIOPTHBIEC MIOTOKU C BOJIOCOODA.

YcraHoBIIGHHBIM (DaKTOM SBIISICTCS TJI00QJIBHOE TIOBBIINICHUE TEMIICPATYPHI,
HaOmonaemoe B nocnennue aecarwierus [Climate worming, 2007]. 3a nociennee
TPUALATHIETHE OTMEYAETCS POCT IOJIOKUTENBHBIX aHOMauii TeMmepatyp Ha 0,5°C
KakK 10 36eMHOMY IIapy, TaK U JiJIs CEBEPHOTO Mojyiiapus B yactHoctu [Brohan et al.,
2006]. 3a nepuon 1976-2006 rr. cpeanee norerenue no Poccun gocrurio 1,33°C
[OueHounbIl qoKIan..., 2008].

BrnusiHue mnoTeruieHusT KiMMata TPOSIBIISIETCS, BO-TIEPBBIX, B YBEIUYEHUU
OpraHUYECKUX KHUCIIOT, MPUUYEM JICTKOMUHEPATU3yeMOH ero (hpakIuy Mpu CHUKECHUU
nBetHocTy Boj (Tabn. 10). deHOMEH yBeIMUCHUSI COAEPKAHUS OPraHUYECKOro
BEI[ECTBA B BOJIHBIX CHCTEMaX, OTJAJCHHBIX OT LICHTPOB CEIBCKOT0 X03IMCTBOBAHUS,
B MOCJIETHUE JACCSATUIIETUS TIOTBEPKIaeTCsI MHOTOUYHCIICHHBIMU padotamu [Gaskina,
Moiseenko, 2006; Monteith et al., 2007; Skjelkvale et al., 2001;]. Bo-BTopsIX,
BBISIBJICHA OTYETIMBAs TEHJACHIMA HapacTaHusi cojepxkaHuil ¢docdopa B Bojax
Konbckoro Cesepa. CrenyeT OTMETUTh, UTO IpoOJiieMe 3BTpoUpoBaHUS BOI HE
yAENSIETCS JOJDKHOTO BHUMaHusi B ucciefoBaHusax AMAP [Arctic..,, 1997],
MOCKOJIBKY BOJIBI apKTUUECKOro OacceifHa SIBISIOTCS B OCHOBHOM OJIMTOTPO(HBIMHU.

BMmerte ¢ Tem, 3a mocneaHue 15 neT nmpous3onuio yBenuyeHue coaepxkanuii pocdopa
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(mo mansbM s 100 o3ep Ha Kombckom CeBepe), B 30HE TYHIAPHI U JIECOTYHIPHI
Oonee yeM B 3 pasa, B 30He Taiiru — B 1.5 paza, 4To CBHIEIBCTBYET O III00ATBFHOM
oOoraimieHu BOJ OMOTCHHBIMU JJIEMEHTAMHM, MIPU ATOM KOJIUYECTBO 03€p HU3KOTO
Tpouueckoro craryca (yIbTpaoJuroTpodHbie U OJUTOTPOHBIE) CHUXKAETCs, Ooee
BBICOKOT'O TPO(HUECKOro craTyca (Me30TpodHbIe U IBTPO(]HbIEC) MOBHIIACTCS KaK B

TYHJIpE U JIECOTYHJIpE, TaK U B Taire (puc. 7).

(6)
60 | %
01990
50 [1995
40 - B 2000
W 2005

30 -

20 ~
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0 .

TyHApa U JIECOTYHIpa  CEBepHas Taira VO o M 5
(B)
Pucynox 7. 60 + o
()
N3menenne  comepkaHust  oOIIero 01990
dbochopa (a) um KommuecTBa 03ep 50 - 01995
pa3sIU4YHOro  TpOo(HUUYECKOro cTaTyca 40 - ® 2000
(YO - ynbrpaonurorpodpusie, O - W 2005
onurorpodusie, M — mezorpodusie, 3
— »9BTpodHBIE) MO TrojaM B o03epax
TYHJpPBI, JECOTYHAPHI (0) W Taiiru (B)
no naHHeiM ~100 o0cnepoBannbix 03ep 'V | | Ple | | P
Ha Konsckom Cesepe.
O M C)

BbIBO/IbI

1. ®opmupoBaHME XUMHUYECKOTO COCTaB BOJ ONPEAEISAETCS COBOKYIIHBIM
BO3JIECTBUEM MPUPOJIHBIX U aHTPONOTeHHbIX PakTopoB. Ha ocHOBaHUU (paKkTOpHOTO
aHanM3a MOXHO PaHKUPOBATh (DAKTOPHI M MPOLIECCHI M0 CTENEHU UX BO3JICUCTBUS Ha

XUMHYECKUN cocTaB BoA: 1) reorpaduueckas 30HANBHOCTh U COMpPSDKEHHAs ¢ Hel
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AaHTPOIIOTEHHAsI HArpy3ka; 2) pEruOoHaJbHbIE OCOOCHHOCTH (MOPCKOE BIIMSHHUE,
rymuduKanus, 3acoieHue); 3) JioKaibHbie  (AKTOPbl  KaK  MPUPOIHBIC
(3200JI04EHHOCTH), TAK U AHTPONIOTE€HHBIE (TEXHOT€HHOE 3aKUCIICHHE).

2. Ha rymugHOW TeppUTOPUHU TUAPOXUMHYECKHE TIapaMeTPhl 03€p T0CTATOYHO
OJIM3KU U a30HaJbHbIE (DAKTOPHI, TAKHE KaK aHTPOIOTE€HHBIE, TUTOTEHHBIC, pelbed U
MopdoMeTpHs 03ep U UX BOJOCOOPOB, MOTYT TOpa3io 00Jiee CYIIECTBEHHO BIUSATH Ha
dbopMHUpOBaHWE XHMHUYECKOIO COCTaBa BOJ, HEXKEIM Ha BOABI 03€p AapPUIHBIX
TEPPUTOPUH.

3. AHTpONOreHHOe 3aKUCJICHUWE BOJ pa3BUBAETCA IIPU COUYETAHUU JABYX
OCHOBHBIX YCJOBHI: BBICOKOW adpPOTEXHOTCHHOW HArpy3KH KHCIOTOOOpa3yIOIIMX
BEILIECTB HA BOJOCOOPHI M TPUPOAHON UyBCTBUTEIBHOCTH TEPPUTOPUH K HUM. Pacuer
KPUTUYECKUX HArpy30K IOKa3all, YTO OHHU MpeBbilieHbl y oyt 60% BomocOopoB
TyHApHl U Tobko y 10% BomocOGopoB Taiiru. Ha rymunnoit teppuropuu B 17.8%
o3ep ¢ Hu3KOM nBeTHOCTHIO BOA (<30°Pt-Co) AOMHHHUPYIOILEES IIONOKECHHE B
AHMOHHOM  COCTaBe 3aHUMAIOT CyJab(]arbl, ONPENENSIONME AHTPOIOIe€HHOE
3aKUCIIeHUe BOJ, Toraa Kak B 11.3% o3ep ¢ BBICOKO# 1BeTHOCTHIO Boa (>100°Pt-Co)
OTMEUEHO [MPUPOJHOE 3aKUCIEHUE, OOYCJIOBICHHOE BBICOKMM COJIEpKAHUEM
OpraHUYeCcKUX KUCIOT.

4. Poct mpOJYKTUBHOCTH O3€p 3aBUCUT OT OOECIEUEHHOCTH TUJIPOOHOHTOB
OWoreHHBIMHM d3JieMeHTaMH. Ecnu B TyHApe M Taiire U B Ha3eMHOW W B BOJHOMU
HKOCUCTEMAX UJET KOHKYPEHIUS 32 HUX, TO B CMEIIAHHBIX U MIMPOKOIHUCTBEHHBIX
Jiecax, JECOCTENAX U CTENSAX OHAa CHUXKAETCS BCIIEJICTBUE KaK YCUIICHHSI KPYroBOpOTa,
TaK aHTPOINOICHHOW HArpy3kd, KOTOpas BHE 3aBUCHUMOCTH OT MPUPOJIHO-
KIIMMaTUYECKONH 30HBI CTUMYJIUPYET POCT MPOAYKTHBHOCTH o03ep. HMHaumkatopom
MOCTYIUUICHUS 30JIbHBIX JIEMEHTOB C BOJOCOOPOB JIsi TYMUAHOW TEPPUTOPUHA MOKET
CIy’)KUTb COJIEp)KaHUE JKele3a, a JJs TEePPUTOPUN JOCTATOYHOTO U OCOOEHHO
HEJ0CTATOYHOTO YBIAXXHEHUS! — MapraHia.

5. I'paHu4HbIE KOHLEHTPALMM 3JIEMEHTOB, KaK MOKa3aTead JHUMHUTHPOBAHUSA
pa3BUTHUS TUIPOOMOHTOB, CIyXaT XOpOIIeH TEPPUTOPUATIBHON XapaKTEPUCTUKON U

OTpaXkaloT 30HaJbHYIO crneuuduky. [lokasaHo, yTo B 03epax TYHIApPbl U Talru
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YCIOBUS I Pa3BUTHUSL BOJOPOCIECH XapakTEpU3YHOTCS JTUMUTHPOBAHUEM KakK IIO
dochopy, Tak W 1O a30Ty, HO HAa KPUTHUYECKOM YypOBHE — OOJblIe 1O a30Ty; B
CMEIIaHHBIX W MIUPOKOJHUCTBEHHBIX JIECAX, JIECOCTEMSAX U CTEMSX JIMMUTHUPOBAHUE
MIPOJYKTUBHOCTH YK€ TMPOMCXOJAUT HA YPOBHE HWKHEH TPaHHUIBI ONTUMATbHBIX
YCIIOBUM JIJIs1 pa3BUTUA BOJOpOCieH, mpuueM Ooublie o gocdopy, ueM no azory. Ha
HU3KUX TPOPUYECKUX CTYMEHsX OoJbllie MNposiBisieTcss AeUUUTHOCTH (ocdopa,
TOTJa KaK Ha BBICOKUX — a30Ta. CreneHb Tpopuu MHOOPMATUBHO XapaKTepU3yeTCs
OTHOIICHHEM OpraHmyeckoro yriepoaa k obuiemy docdopy (TOC/TP), 3naueHue
kotoporo >600 y onurorpodusix, 300-600 — me3otpodHbIX, 150-300 — 3BTpOGHBIX U
<150 — runiepTpodHBIX 03€p.

6. AHanu3 pacCUMTaHHBIX KOA((UIMEHTOB BOJHOM MHUTpALMU MOKa3al, 4TO
OJIHM M3 CaMbIX PACHpPOCTPAHEHHBIX B 3eMHOU kope Fe, Al, Mn, Ti B MurpaiiuoHHOM
OTHOILIGHUM HauOosiee uHEpTHBI, Ba, Sr, Li SBIAIOTCS aKTUBHBIMU BOJHBIMHU
murpantamu, Rb u B BoBiekarTcs v B OMOJOTUYECKYIO MUTPALHI0. MHOTOKpaTHoOe
MPEBBIILIEHNE OTHOCUTENBLHBIX KOHIIEHTpauuu Br u J B Bojax o3ep 1mo cpaBHEHHUIO ¢
TOPHBIMHM MOPOJAMHM CBA3aHO C MX BO3AyliHoW murpauued. [lo Bcen EBpormenckon
tepputropu Poccuu (BHE 3aBUCHMOCTH OT THUIA MOJCTHJIAIOMIMX MOPOJI, YCIOBHM
BBIILIETIAYMBAHUS ¥ MUTPALMH, 30HAIBHON crien(PrKn) HaOI01aeTCs 3HAYUTENIbHOE
oborareHue BoJ 03ep TaKUMU 3JieMeHTamu, kak Mo, As, U, Bi, Sb, Cd, Ag, Se, Re,
KOTOpO€ 00YCJIOBIEHO aHTPOTIOTEHHBIMU Harpy3kamu B I7100aJIbHOM MaciiTabe.

7. CHuxeHue BBHIOPOCOB MEIHO-HHKENEBbIX KoMOMHaTOB Ha KoabckoMm
MOJIyOCTPOBE TIPUBEJIO K TOMY, YTO KOHIUEHTPAIMM OCHOBHBIX 3arpsi3HAIONINX
BenlecTB (Cynb(aThl, HUKEIb U MEb) B 03€pax JIOCTUTIN (DOHOBBIX 3HAUCHHUH TOIBKO
JUIIb HA PErHoHalIbHOM ypoBHE (Oosee 80 KM OT MCTOYHHUKOB BBIOpOCOB). B Boje
03€p MPOMU3OILIO YMEHBIIEHHE COJIEpPkKAaHUS OCHOBHBIX KaTHOHOB KaK CIIEIICTBHE
UCTOUICHHWsS] TIOYB BOJOCOOPOB OOMEHHBIMH OCHOBAaHHMSIMH, M POCT OydepHbIX
CBOMCTB BOJI 00€CTICUMBAETCS TOJIBKO CHUKEHUEM Harpy3Ku CHUIIbHBIX KHUCIIOT.

8. Bnusinue norersieHus: KjiuMaTta Ha XMMHUYECKHi cocTaB Boj o3ep Konbckoro
MOJIyOCTPOBA TMPOSABIISETCS, BO-MEPBBIX, B YBEJIMYECHUHU OPraHUYECKUX KHUCIOT H

cHWKeHuM 3HadeHui pH, napacranuu copepxkanus Cu, Al, Fe u Mn kak ciencrsue
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BOBJICUCHHUA HUX B TPAHCIIOPTHBIC IIOTOKH C 130110060pa, BO-BTOpPBIX, B POCTC

conepxkanus pochopa B BOJax 03€p U MOBBIIIEHUN UX TPOPHUUYECKOTO CTaTyca.

3AK/IIOYEHHUE

[IpoBeneHHble HCCIENOBAaHUSA MJAlOT OCHOBY [UIsl OIpEACNICHUS YCIOBHO-
(OHOBBIX 3HAUYEHMH XMMHUYECKOIO COCTaBa BOJI M COOTBETCTBEHHO TIPOTHO32
BO3MOXXHBIX HM3MEHEHMI HMX KadecTBa IPH pa3IWYHBIX BapualuaX KiIWMara u
rJI00aJIbHBIX M3MEHEHUU OKpy»karomieil cpenbl. IlomyueHHble HOBBIC pe3yJbTaThl U
3HaHMWS B IIMPOTHOM 30HATIBHOCTH HEOOXOAMMBI JJI HH)KEHEPHO-3KOJIOTMYECKHUX
M3bICKAHHUM MPU MPOSKTUPOBAHUU HOBBIX IMPOU3BOCTB HAa TeppuTopun EBpornerickoit
gacTu Poccuu, 4To uMeeT O0JbII0e 3HaUeHUE sl Pa3BUTUS IPOU3BOAUTEIBHBIX CHUII

Poccumn.
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