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BBEJAEHUE

AKTYaJIbHOCTD HcCae0BaHuii. TpaHncrpanuyHas peka CeneHra —
riiaBHas BogHasi aptepusi Pecniyonuku bypsituun 1 Monronuu. OHa BbI-
MIOJIHSIET OCHOBHBIE X035UCTBEHHbIE (PYHKIIMU: CHa0XaeT BOJOU Hacelle-
HUE U IPOMBIIUICHHBIC NPEIIPUATHUS, TPUHUMAET X035 MCTBEHHO-OBITOBBIC
Y TIPOMBIIICHHBIE CTOYHBIC BOJIbI, SIBISIETCS PhIOOX035IMCTBEHHBIM BOJ10-
€MOM BBICIIECH KATErOPUU U UMEET CYIIECTBEHHOE 3HAYEHHUE B BOCIIPOU3-
BOJICTBE OMYJISL.

NuTencudukaiys S5KOHOMUYECKOTO pa3Butus B 6acceiine p. Cenen-
ra Tpe0yeT yBeTu4eHHS B XO35HUCTBEHHBIN 000POT BCE OOJIBITIE BOTHBIX Pe-
CypcOB. B CBsI31 € 3TUM KOMILUIEKCHOE HCTIOJIb30BAHUE TOBEPXHOCTHBIX
BOJHBIX PECYPCOB 00YCIOBIMBACT HEOOXOAMMOCTD CO3/IaHUS HAYIHBIX OC-
HOB PallMOHAJILHOIO BOJIONOJIb30BAHUS B PETHOHE. Y YUThIBasA TpaHCIpa-
HUYHBINA xapakTep Oacceiina pexu CeleHra, il CTaOMIU3aIUU BOI0OXO-
3SIMCTBEHHOM M 9KOJIOTHYECKOM 0OCTaHOBKH B peruoHe, HE0OXOIUMO CO-
3JIaHUE €IMHON MEXTyHapOHON HAYYHO-METOUYECKON OCHOBHI Ha0JIt0-
JIEHUH 3a BOJONOTpeOIeHneM, cOpocaMu U BEIOpOCaAMU IPOMBIILIICHHBIX U
CEJIbCKOXO3SIICTBEHHBIX MPEANPUATHM, pacolararoiiuxcsi B 6acceite p.
Cenenra.

Onnum 3 nokazarenei PyHKIMOHUPOBAHUS TIPUPOJIHO - TEPPUTO-
PHUAIBHBIX KOMIUIEKCOB SIBIISIETCA THAPOXUMHUYECKUN CTOK, XapaKTEPU3y-
IOIINUK nepemMenieHre, TpaHc(hopMallfio BEIIECTBA U SHEPTUH B BOJOCOOP-
HBIX OacceiiHax. BennumHa ruIpoOXMMHUYECKOTrO CTOKA, O0IIME 3aKOHO-
MEpPHOCTH €ro (OpMHUPOBAHUS U MPOCTPAHCTBEHHO-BPEMEHHBIX U3MEHEHUN
00yCJIOBJIEHBI MEXaHU3MaMHU U MacIITabaMu B3auMOICHCTBUS MEXKITY
KOMITOHEHTaMU TIPUPOAHON cpeabl. MHbopmalus o coBpeMEeHHOM BOJHOM
U XUMHYECKOM CTOKE, €r0 pacipeiesIieHuH Mo BOJI0COOPHOM TeppUTOPUU U
MPUPOIHO-aHTPOIIOTEHHOM TpaHC(HOpMAITUHU B TIOCIICTHUE ACCATHICTUS
HeoOXxoauMa JiJIsi TOHUMaHUS 3aKOHOMEPHOCTEH (PYHKITMOHUPOBAHUS KO-
CHUCTEMBI PETHOHA.

HecatnieTnsiMu XpaHsumecs B OTKPbITOM BHJIE B OTPOMHBIX KOJIH-
YeCTBaX OTXOJIbl U TPOMIIPOTYKTHI TOPHOPYAHBIX TIPEANPUITUNA — OJUH U3
MOIIHBIX UCTOYHHUKOB TSXKEIBIX METALUIOB. BBIHOC TSIKEIBIX METAIIIIOB B
PEUYHYIO CETh C TOPHOPYAHBIX OTBAJIOB MPOJOHKAETCS HEOTPAHUYEHHO
JI0JIr0 0€3 CYIIECTBEHHO 3aMETHOTO CHUXKEHUS X KOHIIEHTpAIUH.

Heabro HacTosIIEl padOTHI SBISETCS N3YUYCHUE 3aKOHOMEPHOCTEN
MIPUPOTHO-aHTPOTIOTEHHOM TpaHCPOopMaITUU XMMHUUYECKOTO COCTaBa BO/I,
MTOTOKOB PACCESIHUS KUIKON U TBEPJION COCTABIISIONINX pek OacceiiHa p.
CerneHra B COBPEMEHHBIX YCIOBHUSX, YCTAHOBJIEHUE PETMOHAIBHOTO F€OXH-
MUYECKOTO (DOHA U BBISIBJICHUE IPUPOJTHBIX M AHTPOTIOTEHHBIX (DAKTOPOB,




ONpENEIIAIOIUX NOIBUKHOCTh U HAKOIUICHHUE 3JIEMEHTOB B JIOHHBIX OTJIO-
KEHHUSIX.

3agaum.

1. Be1siBUTh OCOOCHHOCTH KIIMMAaTUYECKUX YCIOBUN U CPETHEMHOIO-
JIETHUM CyMMapHBIA BOJIHBIN CTOK pek B nepuoj Haomoaenuid 2001-2010
IT.

2. OnpenenuTh MPUPOTHO-aHTPOTIOTEHHYIO TPAHCPOPMAITUIO XUMH-
YECKOI'0 COCTaBA PEYHBIX BOJI, CPEIHETOJI0BOM XMMUYECKAMN CTOK U BBI-
SBUTb €0 NPOCTPAHCTBEHHO-BPEMEHHBIC U3MEHECHUS. Y CTAHOBUTH PETHO-
HaJIBHBIA (POH KOHIIEHTPAIIUU MaKpO- © MUKPOIJIEMEHTOB B pEUHOU BOJIE,
CE30HHYIO U3BMEHYMBOCTbH U COOTHOIIICHUS UX PACTBOPEHHBIX U B3BEIIICH-
HBIX MIOTOKOB.

3. IIpoBecTH cONpsKEHHOE U3YyYEHNE MUHEPAIBHOTO, TPAHYJIOMET-
PHAYECKOT0 U JIEMEHTHOIO COCTaBa PA3JIMYHBIX TUIIOB AJTFOBUAJIbHBIX OT-
JIO’KEHUMU, (POPMUPYIOIIUXCS B PEKaXx.

4. YcTaHOBUTH OCOOCHHOCTH BEIIECTBEHHOTO MTPeoOpa3oBaHus JOH-
HBIX OCAJIKOB M (POPMUPOBAHUS B HUX T€OXUMHUYECKUX OaprepoB. Omnpene-
JIUTh YPOBHU KOHILICHTPUPOBAHUS XUMUYECKUX 3JIEMEHTOB B TEXHOT€HHBIX
OTJIOKEHUSIX Ha JIOKAJIbHBIX ydacTKax pek Oaccelina p. CeneHra.

O0nBexkTamMu Uccie0BaHus MOCTYKIWIN peku Oaccelina p. CeleHra.
B npoaykTax reojioru4eckoin AesaTeIbHOCTH PEK, UX BOJIbI U OTJIOKEHUH,
OTPaXKAOTCA 0COOCHHOCTH KOHTUHEHTAIBLHOTO JJUTOT€HE3a U AaHTPOIIOT€H-
HOTO Bo3jeicTBUs. KauecTBO BOJIHOW Cpe/ibl ONPECTSIOT COCTaB, CTEICHD
KOHIICHTPUPOBaHUs, (HOPMbI HAXOK/ICHUS, THTEHCUBHOCTh BOJAHOW MUTpa-
U1 XUMHUYECKUX IJIEMEHTOB.

Br160p 06bekTa 00yCIIOBIEH TPaHCTPAaHUYHBIM XapaKTepoM Oaccei-
Ha p. CeneHra, OTCYTCTBUEM WJIA HEIOCTATOYHOCTBIO IOCTOBEPHBIX CBEE-
HUW O COBPEMEHHOM XMMHYECKOM COCTaBE PEYHBIX BOJI, TUAPOXUMHUYE-
CKOM U TBEPJIOM CTOKE, YCIOBUAX UX (POPMUPOBAHUS U 3aKOHOMEPHOCTSX
MIPOCTPAHCTBEHHO-BPEMEHHBIX N3MEHEHUH. | '€0XUMHUUECKUE MPOIIECCHI,
MPOUCXOIAIINE B PEUHON CUCTEME, UTPAIOT BAXKHYIO POJIb B MUTPALIMK XHU-
MUYECKHUX IJIEMEHTOB, TOCKOJILKY BOJIHASI Macca SBJISIETCS CBSI3YIOIINM
3BEHOM MEK]Iy UICTOYHUKOM 3arpsi3HEHUS U UX aKKYMYJISIUEN B JOHHBIX
OTJIOKEHUSIX.

B ocHOBY paGoThI TOJIOKEHBI pe3ynbTaThl MHOTOJIETHUX (2001-2010
IT.) TUAPOTCOXUMHUYECKUX KOMIUJICKCHBIX UCCIEOBAHUM, a TAKKE MaTEPH-
anel HaOmoaeHuit Pocruapomera 3a nepuoa ¢ 1934 o 2010 rr. 3a pacxo-
namu Bojbl pek Cenenra, Yukon, Xuiok, Y aa, xuna u TeMHUK U XUMU-
YECKOM COCTaBe BOJIBI PEK JJISI TOTIONHEHHUS JAaHHBIX U MaTepHaIbl HaOJIt0-
nenuit Pocruipomera 3a TeMiiepaTtypou NPU3EMHBIX CI0E€B BO3yXa U aT-
MochepHBIMH OCaJKaMi Ha MeTeocTaHIusx y 1. KabaHnck, r. Yiman-Ym, c.



Hosas Kyp6a, c. HoBocenenrunck, c. [lerponasnoska, 1. KsaxTa ¢ 1980 no
2011 rr.

Bcero orobpano u npoananusupoBaHo 0oisiee 480 mpoO MOBEPXHOCT-
HbIX U 90 mpuaoHHBIX BoA, 120 mpoO peuHoit B3Becu u Oosiee 760 mpod
JIOHHBIX 0caAKoB. [Ipu nmpoBeneHNU KOMIUIEKCHBIX MCCIIEIOBAHUN UCTIONb-
30BJIMCh THAPOJIOTO-TUIPOTCONOTHUECKUN, TaHAIIa(THO-TEOXUMUYECKUMA
U CTAaTHUCTUYECKHE METOJbl aHAJIM3a JAaHHBIX. B O0TOOpaHHBIX NPHPOAHBIX
oOpasiax BBIMOJIHEHO 58 ThICSY 3lIeMEHToompeneaeHuit mo 36 mokaszare-
asMm. [l aHanm3a oOpaslioB MCMONB30BAHBI PEHTTEHO(DITYOPECIICHTHBIHI
aHallu3, aTOMHO-a0COpPOLIMOHHAs CHEKTPOMETPHsI, aTOMHO-3MHUCCHOHHAsS
CHEKTPOMETPHUS C MHIYKTUBHO CBSI3AHHOM IJIa3MOM, MacC-CIEKTPOMETPHS
C MHIYKTUBHO CBSI3aHHOM TJIa3MOM, PEHTTEHOBCKAs! MOPOIIKOBasi AU(Ppak-
TOMETPHsI M OINTHUYECKAsl MOJSPU3aLMOHHAS MHUKpOcKomnus. [[is oleHku
METPOJIOTMUECKOT0 KadecTBa pPe3yJIbTaTOB XMMHUYECKOTO aHaiu3a mpod
MIPOBOIUIIUCH MEXKIIA00paTOPHBIE IKCIIEPUMEHTHI. X pe3ynbTaThl Mmoka3a-
JIM, YTO PACXOXKICHUS B JAHHBIX JIJII MAKPOKOMIIOHEHTOB COCTABIISIOT 12-
15%, nns mukposnemeHToB — 5-10 %. Obpasnamu 11st KOHTPOJIS TPABUITb-
HOCTH SIBJISITUCH TOCYJIApPCTBEHHBIE CTAHJAPTHBIC 00pa3ibl JOHHBIX OTJIO-
YKE€HUH, MOYB, TOPHBIX MOPOA. 3HAUUTEIbHASL YaCTh XMMHYECKUX OIpE/e-
JieHUW Obljia BBIMOJHEHA B BEAYIIUX POCCUUCKUX U 3apyOEKHBIX Jlabopa-
TOPHSIX, IMEIOIITNX MEXTyHapoaHble cepTudukaTel. MHcTUTYT ['eoxumun
CO PAH (r. Upkyrck), UactutyT reorpadun u numuonoruu KAH (Kuraii,
r. Haakun).

ABTOpPOM NpOBEJEHA CTATUCTHYECKAsE KOMITbIOTEpHAst 00padoTKa
aHAJIMTHUYECKUX JAHHBIX, BKIIIOYAIONIas OLIEHKY IMapaMeTpOB pacipesere-
HUS DJIEMEHTOB B KOMIIOHEHTaX PEYHON CUCTEMBI, POBEPKA THIOTE3 O BU-
Jie pacIpeieleHns, OlleHKa Koppesiuuii. B ocHOBHOM BBIOOPKH 1O conep-
YKAHUSM DJIEMEHTOB UMEIOT JIOTHOPMAJILHOE paciipesiesieHne. AHOMaJIbHBIC
3HAUCHUS OMPENEISITUCH KaK BBIXOISIINE 3a Mpe/eiIbl MHTEepBaia - Cpej-
HUE 3HAYCHUS + TPU CPETHEKBAAPATUYHBIX OTKIOHECHHUS.

Hayunas noBusna. B paborte BriepBbIe:

- IOKa3aHOo IMOBBIIICHUE CPEAHETOJOBOM TEMITEPATyphl MPU3EMHBIX
cnoeB Bo3ayxa B 1980-1990 romax. B mepuon 2001-2010 rr. B mecocren-
HOU U cTenHoM 30Hax OacceiiHa p. CejleHra yCTaHOBJICHO YMEHbBIIICHUE
MaKCUMaJIbHBIX PACX0J/I0B BOJbI B pE€KaX, yBEJIMUYECHUE TOBTOPSIEMOCTH Ma-
JoBoAui. B 1oro-3anagHeiX ropHbIX pailoHax (6acceitH pek xuaa u Tem-
HUK) 32 3TOT K€ MEPUOJi BOAHBIA CTOK YBEIUUMIICS.

- BBISIBJICHO, YTO U3BMEHEHHUE KUCIOTHO-IIEIOYHON PeaKuy BOIbI,
XMMHUYECKOIo cocTaBa pek OacceiiHa p. CeneHra uMeeT JIOKaIbHbII Xapak-
TEp M CBSI3aHO C aHTPOIIOTCHHBIM MOCTYIIJIEHUEM CTOYHBIX BOJI C OUYHMCTHBIX
COOPY’KEHUI U CTOKOB C XBOCTOXPAaHUJIUII.



- YCTaHOBJICHA KJIMMaTH4ecKasi 00yCIOBIEHHOCTh MAaKPO3JIEMEHTHO-
ro cOCTaBa B3BEIIEHHOTO BellecTBa pek Oacceitna p. Cenenra. BrisiBieHa
CE30HHAsi U3BMEHYMBOCTbH COCTaBa 3JIEMEHTOB MUTPUPYIOIINX BO B3BEUICH-
HOM (popMe U UBMEHEHHE UX COOTHOIICHUS B 30HE BIUSHUSA UCTOYHUKOB
TEXHOT€HHOTO 3arpsA3HCHHUS.

- IOKa3aHo, YTO (POPMUPOBAHUE TUIPOTCHHO-MUHEPATIBHOTO KOM-
IJIEKCA ONPEEAETCS HHTEHCUBHOCTBIO BOJOOOMEHA, IPOLIECCAMHU BBIBET-
pUBaHUS, IEHYIAIIUU U SPO3HUH MOpoa BogocOopa. Ha yyacTkax aHTpomo-
TEHHOT'O BO3/ICHCTBUS MPOSIBIISIOTCS JTOKATbHBIE TEOXUMHYECKUE aHOMa-
JIMU XalTbKO(DMIBHBIX W CHICPOPMITHHBIX JIEMEHTOB B IOHHBIX OTIIOKCHH-
X,

IpakTnyeckasi 3HAYMMOCTH PadOThI. 3AKOHOMEPHOCTH MPUPOAHO-
aHTPOIIOTEHHON TpaHC(HOPMAIIMK XUMHUYECKOTO COCTaBa BOJ, IOTOKOB pac-
CEeSTHUS KUIKON U TBEPJIOM COCTaBIAIONINX peK Oacceitna p.CeneHra MOryT
OBITh UCITOJIH30BAHBI JIJIs1 HAYYHOTO 000OCHOBAHHUS BOJIOTIOIB30BAHMUS T10-
BEPXHOCTHBIMHU PEUHBIMU pecypcaMu. Matepuaibl paboThl TO3BOJIST OIle-
HUTB POJIb cToKa p. Cenenra B GOPMUPOBAHUU COBPEMEHHOTO XUMHUECKO-
ro 6amanca o3. baiikan.

[TonyueHHbIE BETMYUHBI PETHOHATBHOTO TEOXUMHUYECKOTO poHA MO-
T'yT OBITh UCTIOJIL30BAaHbI KaK OCHOBA JJISI MOHUTOPUHTOBBIX HAOIIOICHUM U
HKOT€OXMMHUYECKOT0 KaPTUPOBAHUS TEPPUTOPUH. BhIeIeHHBIE JIOKAIbHBIC
Y4aCTKHU TEXHOTEHHON Harpy3Ku MOTYT OBITh BKJIFOUEHBI B CUCTEMATHYE-
CKHE MOHUTOPUHTOBBIC UCCIICIOBAHMUSI.

VY cTaHOBJIEHHBIE TEOXUMUYECKHE OCOOCHHOCTH NTOBEACHUS 3JIEMEH-
TOB B Pa3JIMYHBIX IPUPOJIHBIX U TEXHOTEHHBIX CPeJaX B COMOCTABJICHUU C
r€09KOJOTUYECKUMHU HOPMATUBAMU MOT'YT OBITh UCIIOB30BaHbI JIJIsI
OYUCTKH CTOYHBIX BOJI MPHU pa3zpabOTKe MECTOPOKICHUM MOJIE3HBIX UCKO-
MaeMBbIX.

JIn4HbIi BKJIAJ aBTOPAa. ABTOPOM OCYIIECTBIISIACH TOCTAHOBKA
po0JIeMbl, TIITAHUPOBAHKE U MTPOBEACHHE MOJIEBBIX UCCIEAOBaHMM, 00pa-
00TKa, cucTeMaTU3aIus U UHTEPIPETalKs MOTYyYEeHHBIX JaHHBIX, alpoda-
1Ys ¥ myOauKaIus pe3yiabTaroB. PaboTa BeIMOSHEHA B COOTBETCTBUHM C
mianamu HUP CO PAH no npoekry VII. 65.1.5. «3ko- u reocucreMsl
Baitkanbckoro peruona B Mo3IHEM KaifHO30€: MYJIbTUAUCIUIIIMHAPHBIS
uccnenoBanusi». MccienoBanust MpoBOAWINCH B paMkax MHTerpaiimoHHbIX
npoekToB CO PAH Ne 90 « KomniekcHoe nccieoBaHle COCTOSIHUS U
JTMHAMUKH Pa3BUTUSI DKOCUCTEMBI JeIbThI p. CeJICHTH KaK €CTECTBEHHOTO
OnouILTpa U UHIUKATOPA COBPEMEHHOTO COCTOSIHUS B YCIIOBUSIX UHTCH-
cu(UKaIMy aHTPOTIOTEHHOTO 3arpsizHeHust o3epa baiikamy, Ne 99 « Ana-
JIU3 ¥ MOJICTIUPOBAHUE TpaHCcPopMaIMy BeecTna B cucteme « p. Cenenra-
nenbTa- 03. baitkany, rpantoB PO®U Ne 05-022-97279 «Ilo3nanwue 3aBu-



CUMOCTH OHOIIEHO30B PEUHBIX CUCTEM OT a0MOTHYECKUX (HAaKTOPOB (Ha
npumepe 6accelina pexu Cenenrn)» (pykooauteis), PODU pbaitkan No
05-05-97267 « Ananu3 u MoJieTupoBaHre TpaHc(hopMaIu BelecTBa B
nenbTe p. CeneHra Kak eCTeCTBEHHOro OMOGUIIbTpa U UHIUKATOPA COCTOS-
HUS SKOCUCTEMBI 03. balikam» (UCTIOTHUTEND).

AnpobGanus padorsl u mydaukanuu. OCHOBHBIE MTOJIOXKEHUS pabo-
ThI OIyOIMKOBaHbI B 21 CTaThsIX B PELIEH3UPYEMBIX KypHaiax, B 2-X KOJI-
JEKTUBHBIX MOHOTpadusix u 32 cOOpHUKAX MaTEPHAIOB MEKTyHAPOIHBIX
U poccuiickux koHpepeHuuil. Pe3ynbTaThl UCCIEAOBAHUMN 110 TEMATUKE
JUCCePTAIH TOKIAIbIBAINCH aBTOPOM B 22 YCTHBIX COOOIIEHUSIX HA MEXK-
JYHapOJHBIX M POCCUMCKHUX COBEIIAHUSIX U CUMIIO3UYMax, B TOM YHCIIC '
Pocculickas nHayuHas koH(pepeHuus «I uIporeoXumusi peuyHbIX 0acceHOBY
(Tomck, 2007t.), Poccuiicko-Kuraiickuit HayuHbIil popym ( . MockBa,
2007r.), Il Beepoccuiickast HayuHast KOHQEPEHIIHS C MEXTyHAPOIHBIM
ydactueM « OyH/1aMeHTalIbHbIE IPOOJIEMBbI BOBI U BOAHBIX PECYpPCOB» (T.
bapuayi, 2010 r.), MexxayHapoaHas HayuyHas KoHpepeHius « Pernonaib-
HBI OTKJIMK OKpY’Karolllel cpe/ipl Ha Tio0anbHble n3MeHeHus B CeBepo-
Bocrounoit u lentpansuot Azum» (Mpkytck, 2012 r.), Becepoccuiickoe
COBEIIIAaHUE C Y9aCTHEM MHOCTPAHHBIX YUEHBIX « COBpeMeHHBIEC TPOOIEMBI
reoxumun» (Mpkytck, 2012 r.), Becepoccuiickas KOHPEpeHIHs C y4acTHEM
WHOCTPaHHBIX YUCHBIX « [ eomorndyeckast 3BOIONMS B3aUMOACHCTBHS BOIBI
¢ ropHbIMU TToposamu» (Tomck, 2012 r.), MexayHapoaHas Hay4qHO-
npakTuyeckas koHpepenuus « Cenenra — peka 6e3 rpanui (Yman-batop,
2012r.), 1l Beepoccuiickast HaydHO-TIpaKkTU4YecKas KoHpepeHuus « Mune-
parenust CeBepo-Bocrounoit Azun» (Ynan-Ymo, 2012 r.).

O0bem padoThl. JluccepTalys COCTOUT U3 BBEJICHHUS, / TJ1aB, 3a-
KIIFOUCHUS, 00IMM 00beMoM 245 cTpaHuIl TeKCTa, COAECPKUT 81 pHCYHKOB,
68 Tabnun. Crnrcok nmurepaTypsl BKiItouaeT 207 HauMeHOBaHUS.

BbaarogapuocTu. ABTOp BBIpakaeT riy0oKyro 0J1aroapHOCTh
HAyYHOMY KOHCYJbTaHTy npod. A.r.-M.H. A.M. [lnrocHuHy, a TaKxke KOoJI-
JIEKTUBY J1a00paTOpUU FUAPOTEOSIOTUU U T€03K0JI0THH. [luccepraHT Bhipa-
YKAeT UCKPEHHIOI0 0JIaroJapHOCTh BCEM COAaBTOpaM. BrinosiHeHne paboThl
ObLIO OBl HEBO3MOXKHO 0€3 ee aHanmuTuueckoit yactu. [IpuHonry cBoro Oia-
roaapHocTh LpipenoBoit A.A., Ouxonoesoii JI.A., JKancapaesy b.2K.,
ActaxoBy H.E.

OBOCHOBAHMUE 3AIMIIAEMBIX ITOJIOKEHUN

IMonoxkenuel. Ha ocHOBE TaHHBIX MHOTOJICTHUX HAOJIOCHUN yCTa-
HOBJICHO, YTO Ha TeppuTopuu Oacceiina p. CeneHra mpou30IuIo MOTerIe-
Hue kmmara. Temmepatypa Bo3ayxa 3a 30 set Bo3pocia Ha 0,81°C,
HanOOJIBIITNHI TPAUEHT MOBBIIEHUS TeMIiepaTypbl oTMeueH B 1980-1990



ronax. B mepuoa 2001-2010 rr. B 1€COCTENHOMN U CTEMHOM 30HaX OacceliHa
p. CelneHra yCTaHOBJIEHO YMEHBIICHHE MAaKCUMAJIbHBIX PacX0J0B BOJbI B
peKax, yBeJIMUCHHE TOBTOPSIEMOCTH MaJIOBOAUM. B Or0-3anagHbIX rOpHBIX
paiionax (6acceiin pek /»xuaa u TeMHHUK) 3a 3TOT e TIepUo ] BOJIHBIN

CTOK YBCIIMYMJICH.

B pe3ynbpTaTe KOMIUIEKCHOM M CTaTUCTUYECKONW 00paOOTKHU TaHHBIX

metreocTaniuii . Kabanck, r. Ynan-VYm, c. Hoas Kyp0a,

c.HoBocenenruuck, c. [letponasnoBka u r. KsixTta ycTaHOBJIEHBI COBpE-
MEHHBIE I3MEHCHHUS KJIMMaTa Ha TeppuTopuu 6acceitna p. Cenenra u peak-
U1 HA HUX TUJIPOJIOTHYECKUX CUCTEM. PacmnoyioxkeHne MeTeOCTaHIuM pas-
JUYHO 110 reorpaduueckoMy nosioxkeruto. Crannuu c. [leTpomasiioBka u c.
Hosas Kyp6a pacrnoyiokeHbl B 4€TKO BBIPaKEHHOW MEXKTOPHOM BIIaJIUHE, T.
VYian-Y 13 — B MEXKTOPHOU KOTJIOBUHE, C. HOBOCEJIIEHTMHCK — JI0JIMHA PEKH,
r. KsaxTta — Ha BepimHe xoimMa, . KaGaHck — oOmupHasi paBHHHA, OTKPBI-

Tas K 03. baiikan. AGCONIOTHBIE BEICOTHI MX PACIIONIOKECHHS BapbUPYIOT B

npenenax 456-618 m Hag ypoBHeM Mops (puc.l).

YcnoBHbIE 3HAKH
@ Croaunua rocyaapcrsa
© Croauua cyobexkros PO
=== ['panuua d6acceiina p. Cenenra
A Mereoponoruyeckue cTaHuUHH

B

Pecny6nuka
Tysa

MpkyTckas
ofnactb

Pecny6nuka
BypaTusa

100 E

105 E

YnaHs-barg

0 50 100 150 km

110E

Puc. 1. Cxema pacnonoxxeHust MmeTeoctaniuii B 6acceitne p. Cenenra (poc-

CUUCKHMI y4acTOK).



B nepuonx 2000-2010 rr. konebaHus CpeTHETOAOBBIX TEMIIEPATYP
BO3/yXa MPOUCXOAWIN B cleAyronmx npeaeiax: Kadanck — (-0,4)...(+1,9),
VYnau-Yio — (-0,7)...(+1,6), HoBocenenruuck — (-0,5)...(+1,4), Ksaxrta —
(0,1)...(+2,7), [Terponasnorka — (-0,8)...(+1,2), Hoast Kypba —
(-2,0)...(+0,5)°C. B mepuog 1980-2000rr. cpeqHEroq0BbIE TEMIIEPATYPEI
U3MCHSJTUCH B clieayromux npeaenax: Kadanck — (-1,4)...(+1,3), Yian-
Y — (- 1,8)...(+0,7), HoBas Kyp6a — (-2,5)...(+0,5), HoBocenmeHTHHCK —
(-1,7)...(+0,4), ITerponasnoska — (-2,1)...(+0,3), Kaxra — (-0,7)...(+1,6)
°C. CpaBHEHHE STUX JaHHBIX C IPHBEICHHBIMU BBIIIIE THAIIA30HAMH KOJIe-
Oanwmit 1 neproaa 2000-2010 rr. oGHApYKUBAET POCT CPETHETOOBOM
Temmiepatypsl B cpeanem Ha 0,3-0,9 °C.

IIpu necsatuiieTHeM ocpenHeHHH BpeMeHHoro psaa 1980-2010 rr.
CPEIIHEr0JI0BOM TeMIEpaTyphl YCTAHOBIICHO, YTO HAMOOJIBIIHNM TPaiueHT
pocTa TeMIiepaTyphl npousonien B nepuoa aecatuierus 1980-1990 rr. B
n. KaGancke, r. Ynan-¥Ya u r. KaxTe pocT cpeiHero10Boil TemMmneparypbl
cocrasma 0,72°C/10 ner, B ¢. Hooii Kyp6e, c. Ilerpomnasioske u ¢. Hoso-
cesenruHcke — He npesbiman 0,59°C/10 ner. B cienyromee gecsarunerre
TEMII pOCTa CPEIHEr0I0BOM TEMIEPATYPhl YMEHBIIAETCA 10 3HAUCHU I
(0,13-0,37) °C/10 net. B pe3ynbTare MOBCEMECTHBIN POCT TEMITEPATYPHI
cocrasmi (0,89-0,93) °C/30 ner, numib B ¢. HoBoit KypOe 3ta Bennunna He
npessimiaia 0,77 °C /30 ner (tabi. 1). JlecsaTunerHee ocpeaHEHHE TO3BO-
JSIeT onpeaenuTh nocieanue nsa aecarunetus 1990-2010 rr. kak Hanbo-
Jiee TEeIIbIe IPYU CPAaBHEHUHU C NMPEIbIAYIIUMH ToJaMUu Ha JOHE YMEHBIIIEe-
HUSI MTHTEHCUBHOCTH MOTEIUICHUS B 3TOT niepuoji. B pacnpenenenun cpen-
HET0JIOBBIX TEMIIEPATYP BO3/lyXa BBISIBIICH CTATUCTUYECKH JIOCTOBEPHBIN
MOJIOKUTENbHBINA TpeH 1. O0 3TOM CBUIETEILCTBYIOT apamMeTphl Z; U f
tecta ManH-KeHnanna HenmapaMeTpuiecKoro CTaTUCTUYECKOTO aHAIIN3a,
WX 3HAYEHMS TIOJIOKUTEIbHBI U BapbUpOBaIY B npenenax 2,89-5,19 u 0,09-
0,14 COOTBETCTBEHHO.

CpenHerogoBoe KOJIMYECTBO OCAJAKOB 0 JaHHBIM METEOCTaHIINI Ha
paccMaTpuBaeMO# TEPPUTOPUHN U3MEHSIIOCH B Tipeaenax 214,6 - 350,6
MM/To1. HanbosnbIas cymma 0cajkoB 3aperucTpupoBaHa Ha ctaHimu Ka-
6anck (350,6 MM/ron), HauMeHbIas — Ha ctraniuu ¢. Hosas Kyp0Oa (214,6
mMm/ron). [Tpumepno 84-92% rogoBoii CyMMBbl OCaJIKOB BHINIAJAET B BUJIE
JIOXK]1s1, U3 KOTOPBIX HaubobIas 10t (110 72 - 81%) BeInagaeT B TCUCHUE
JIETHUX MecA1IeB (UI0JIb, aBTYCT).

Binsinue 3HaUMTENBHOTO FPaIMEHTa POCTA CPETHETO0OBOM TeMIIe-
patypsl B iepuoj 1980-1990 rr. nposiBUIOCH B CAEAYIOLIEM JIECITUICTUU B
poCTe CpeaHETOA0BOTO KoJIMyecTBa ocaakoB Ha (21 - 69) mm/10met B neco-
CTEITHOM U CTEMHOM 30HaX, a B 1. KabaHck, HA000pOT, YMEHBIITUIOCH Ha
31,5mm/10mner.



Taobmuna 1
N3MmeHenne cpeHeroJ0BOM TEMIIEPATYPHI BO3/yXa POCCUMCKOMN
Teppuropun 6acceiina pexku Cenenra B nepuon 1980-2010 rr.

Cranuuu Cpennerogosas temiepary- | Poct Temmeparypsl,
HaOJIIOICHHS pa 3a jecsTh jert, 'C At °C

1980- | 1990- | 2000-
1990 2000 2010

I 1 1l (1-1) | (u=nn (-1

n.Kabanck -0,33 0,43 0,55 0,76 | 0,23 | 0,89
r.Ynag-Ym -0,66 0,06 0,26 0,72 | 0,20 | 0,92
c.Hosas Kyp0a -1,63 -1,04 -0,85 0,59 | 0,18 0,77

c.HoBsoceneurnuck | -0,76 -0,19 0,06 0,57 | 0,26 0,83

c.IlerpomaBmoBka -1,0 -0,46 -0,07 0,53 | 0,37 0,90

r.Ksxra 0,09 0,82 1,02 0,72 | 0,21 | 0,93

B nepuon 2001-2010 rr. roioBast cyMmma ocakoB YMEHbBIIWIACH HA
(21 - 66)mMmMm/10eT Ha BceX METEOCTAHIIUAX, 3a HCKIItoueHrneM KabaHcka,
rJie UX CyMMa yBenudmiach Ha 16,1 mm/10neT. AHanu3 pazHoHaNpaBiieH-
HBIX KOJICOAHH IMyTeM JECATUICTHETO OCPEIHEHUS TOJJOBOM CYMMBI OCa/I-
KOB I103BOJIMJI YCTAaHOBUTB, UTO B [leTpomnaBioBke €€ pocT cocTaBUII
11,6mMm/30 net, nanpotus, B Kabancke u HoBocenenruucke 3ahuxcupo-
BaHa yObutb Ha -47,7MM/30 set u -25,5 Mm/30 €T COOTBETCTBEHHO, HA
OCTaJIbHBIX CTAHIIUSAX HAOJIIOAeTCsS HEOUEBUAHBIN TpeH T 3a nociiennue 30
JeT.

Takum 00pa3om, B IECOCTEMHON U CTEMHOM 30HE paccMaTpuBaeMon
teppuropun (Ynan-Y a3, HoBocenenrunck, Kabanck, Kaxra, Hoas Kyp-
0a) HaOMrOaeTCSl YMEHBIIICHUE UITM HEOOJBIIION POCT F0JI0BOM CyMMBI
0CaJIKOB, a B FOJKHBIX TOpHBIX paiioHax ([lerpomasnoBka), HA060POT, UX
YCTOWYUBBIN POCT.

K nanbonee oTpuiiaTeIbHBIM THAPOJIOTHYECKUM TTOCIECTBUSM CO-
BPEMEHHBIX U3MEHEHHI KJIMMATa OTHOCUTCS YBEJIIMUEHUE TTOBTOPSIEMOCTH
manoBoauii. B nocnennee necarmierne 2000-2010 rr. MmakcumanbHbIE pac-
XOJbI BOABI CHU3MIUCH Ha peke CeneHra noutu B 2,1-2,2 pasza, Ha e€ npu-
Tokax pekax HYukoi, Xunok, Yaa u TemHuk — B 2,6-4,8 paza, HO JIUIIb B
xune — B 1,46 pasa.

CpaBHeHnue BoJiHOTO cToka pek B nepuos i 2001-2010 rr. ¢ naHHBIMU
MPEABIIYIIUX JIET YKa3bIBAET HA €ro ymeHblueHue Ha 24-39% B peke Ce-
JIEHTa Y €€ TIPaBbIX IPUTOKOB — peK Unkon, XWIoK 1 Y aa. BogHblii CTOK
JeBbIX TpUTOKOB peku Cenenra — pex Jxuaa u TeMHUK 3a 3TOT ke MepHo/I
yBenuuuiicsa Ha 32 u 3% COOTBETCTBEHHO.
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[To ynenpHBIM MOKa3aTeIsIM CPEeIHUI MHOTOJIETHUM CTOK B OacceiiHe
p. Cenenra usmensiics B mupokux npeaenax ot 0,4 go 7,2 n/c: KM (puc.
2). Hanbouee BbICOKMIA MOIYJIb CTOKA B p. TeMHuK cocrtasisut 6,9 - 7,2 ni/c:
KMZ, B pekax Epoo, Uukoii u xuna - B mpeaenax 4,2 - 4,5 n/c KM,
HanOoJiee HU3KUE — Ha Tepputopur Monronuu B 6acceiine pek Tyy,
Yynyt u Xapaa 0,41- 0,98 n/c-xm’. Bemmauus: Moayst cToka p. Celenra
Ha TeppuTopur MoHroauu A0 rpanuibl ¢ Pocecueit, pek OruitH-ron, OpxoH
Y IIPUTOKOB POCCUKCKOTO ydacTKa XWIOK U Ya U3MEHSIUCH B IIPEeax

1,1 - 1,4 w/c- xm®.

yc. 10BHBLIC JHAKH
L9 WpkyTckas Pecnybnuka

. Croammna rocyaapersa ( ofinactb SypﬂTMﬂ

] Crosmua cydvexron PO

e I'pannna Gacceiina p. Ceenra

Pecny6nuka

0 50 100 150 km

100 E 105 E 110E

Puc. 2. Cxema u3oivHuil MOAYJEH CPETHEMHOTOJIETHETO BOIHOTO
cToka B O6acceitne p. Cenenra, ji/c: KM

IHosio:xxenue 2. MI3MeHeHNE KUCIOTHO-IIEJIOUYHOW PEAKIIMU BO/IBI,
KOHLIEHTpaluu cyib(dara, XJ0puaa, 1erKOOKUCIIEMbIX OPraHUYECKUX Be-
IIECTB, MUHEPAJIbHBIX (JOPM a30Ta, paCTBOPEHHBIX (POpM MeTaIoB B Oac-
cerine p. Cenenra, nmpouzomeaiiee 3a 50 €T, UMEET JIOKAJIBHBIA XapaKTep
Y CBSA3aHO C aHTPOIOI'€HHBIM MOCTYIJIEHUEM CTOYHBIX BOJI C OYUCTHBIX CO

OPYKEHUH U CTOKOB C XBOCTOXPAaHUIUILL.

Peunbie Bo/IbI XapaKTepU3YIOTCS KaK MPECHBIE TUAPOKApOOHATHBIC
KaJIbIIUEBBIC, HEUTpalIbHBIE. 3HaueHus pH peuHbIX BOJ BAPHUPYIOT B 3UM-
HUU niepuoy B nipeaenax 6,5 - 7,0, B nepuoji OTKPHITOro pycia pek —/,4-
8,6. CooTHOIIIEHNE KATUOHOB ¥ AHMOHOB TIPEICTABJICHO Ha puc. 3. 3a mpe-
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JeJaMu CrieruUuecKoro aHTPOTIOTEHHOTO BO3ICUCTBUA (pek XaHTall U
MonoHKyb) HanboJIee BBICOKHE COICpKaHMsI MUHEPAIbHBIX COJiel Xapak-
TEPHBI IS PEK CTEITHOMN U JIECOCTEITHOM 30HbI, 0COOCHHO Ha TEPPUTOPUH
MoHroauu.

ca” 9 80 70 60 50 40 30 20 10 e HCo, 10 20 30 40 50 60 70 80 90 cr

Puc. 3. /lnarpamma cooTHomenus katnonoB Ca-Mg-Na u annonos
HCO; - SO,* - CI' B Boze pek Gacceiina p. Cenenra: 1- Cernenra (Poccus),
2 - Cenenra (Mownromus), 3 - Jbkunaa, 4 - Hukoit, 5 - Yaa, 6 - Xuiok, 7-
Jlbnrap-MypeH, 8 - Oruita-roi, 9 - Unep, 10 - Opxon, 11 - Epoo-rom, 12 -
Xapaa-roin, 13 - Tyymn, 14 - Xanran, 15- MogoHKYITb.

Jnsa pexu Cenenra u e€ mputokoB B Teuenne 1960-2010 rr. nabaro-
JTAETCSl CTATUCTUYECKU MOCTOSHHBIN YPOBEHb MUHEPAIN3allUuU BOJI, 3aBH-
CSIITMNA B OCHOBHOM OT KoJieOaHWK BOJHOCTH. | TaBHON 3aKOHOMEPHOCTHIO
IIPOCTPAHCTBEHHOI'O0 U3MEHEHUS XMMUYECKOr0 cocTaBa BoJ CesleHru sBIs-
€TCs YMEHblIeHNe MUHepanu3aunu 1 ysennueHue XI1IK no mepe nBuxe-
HUS BOJIHBIX Macc BHU3 O TeueHu1o. B BepxoBbe (1. Haymiku) BHyTpUro-
JTIOBBIE BEJIMYMHBI MUHEPATTU3AIK BOJIbI H3MEHSIIUCH B npejenax 150-282
Mr/11. MakcumanbHOE 3HaUeHHe MUHEpaIU3aluy HaOIo1a10Cch B 3UMHUIA
NEePUOJ U U3MEHSIIOCH B ipeaenax 243 -282 mr/ii, MUHUMaJIbHOE — B Ie-
puoa OTKpBITOro pycia peku 152 -184 mr/n. B vuxuem teuennn (1. Ka-
0aHCK) MUHEpaJIM3alus u3MeHsuach B npeaenax 90-205 mr/n. I1o Benu-
YUHE MUHEPAJIM3AIMU BOJIbI TJIABHBIE IPUTOKK peku CeneHra MOXHO pas-
JEJIATh Ha TpU rpynnbl. Boabl peku YUUKON XapakTepu3yrTCsl HAMMEHb-
el MUHepanu3alyeil ¢ BHyTPUTOJJOBBIMU U3MEHEHUSIMHU B MHTEpBaJIe
52,5 -113 mr/n. Bropyto rpynmmy cocTaBisitoT BOJbI pek XHIIOK, ¥Ya u
Temuuk. J{s HUX XapaKTepHbI BHYTPUTOJ0BbIE KOJICOaHUSI MUHEpaln3a-
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1My B uHTEpBaje 69,8 - 175 mr/n. TpeTbio TpymIy COCTaBISIOT BOIALI PEKU
Jlxuna ¢ MuHepanu3aiuen B uHTepBaie 179 - 292 mr/n. Munepanuzanus u
XUMHUYECKUH cocTaB MPUTOKOB CelleHru Ha TeppuTopunr MOHTOIMH (pek
Unep, Jpnrap-Mypen, Oruiin-roi, UylnyT U Jip.) OTHOCUTENIBHO OJIM30K K
TakoBOMY p. JIXKHIbI IO BCEM MOKa3aTeNsiM COCTABIISIIOUINX UHTPEIUECHTOB.
Munepanuszanus pek MonoHKyss 1 XaHrain uaMmensiach ot 168 1o 368
mr/n. Cpenuue conepxanus Fe, NO; ", NO, ', NH," YBEJIMYUBAIOTCS OT
BEPXOBHH K YCTHIO C BO3pacTaHUEM KOHIIEHTPAIIMI B CTBOPAX HACEICHHBIX
MTyHKTOB.

Cesomnnbie m3MeHeHus conepxannii HCO5', Ca®*, Mg®* n Munepanu-
3aIlM¥ B PEYHBIX BOJaX B OCHOBHOM COOTBETCTBYIOT BHYTPHUTOJOBOMY HM3-
MEHEHHUIO BOJTHOCTH. BeieacTBie 3Toro MUHUMAaITbHBIE 3HAYEHUST MIUHEPa-
JN3alliy, KaK IpaBuiio, OTMEUYAIOTCs B anpesie-utoHe. st BHyTpUTOI0BBIX
M3MEHEHUN COoJIepKaHui S0,%, ClI', Na", K e Hab1romaercst 4eTKO Bbl-
PaXEHHOM 3aBUCUMOCTH OT BOJIHOTO CTOKA.

JIocTaTOYHO XOPOIIO BBIPAKEHBI TEHACHIIMH BHYTPUTOIOBOTO U3MeE-
nenus 3nauennii pH, XITK, xonuentparwuii Fe, Si, Oy, NO, ", NH,", dbocda-
toB: st XIIK, conepxkanuit Fe MakcuMyMBbl Yaiiie BCEro MpuypoYEHbI KO
BCEMY HEPUOJY OTKPHITOro pycia, mist NH, " — k anpemo-uronto, ans Si,
NO, , NO;z — kx 3umHe# mexxernn, 111 O, u pH — k metHuM Mmecsimam. Cpe-
1y onoreHHsix BemecTs npesbimenus [JIK s, HaOMOnaINCh TOTBKO A1
HUTPUTOB N-NO, . [loBEIIICHABIC KOHIIEHTPAIIUN UX OTMEUYCHBI B arperie
BCJICZICTBUE U, BUAMMO, CBSI3aHBI C MPOIIECCAMU OKUCIICHUS aMMOHHUITHOTO
a30Ta JI0 HUTPUTOB. AHOMAaJIbHbIC KOHIICHTPAIIUH, TIPEBBIMIAIOIINE HOpMa-
TUBBI, HaOMOAAIUCH B BepxHeM TeueHuu p. Cenenru (n. Haymiku). Co-
Jep’KaHre HUTPUTHOM POpPMBI a30Ta KoJiebanock B rpeaenax 14 - 22
MKI/11, B 0TAeabHbIe roasl B 2004, 2005, 2007 rr. - npessimano IIAK e, B
1,5 - 1,8 paza u coctaBnsno 35 - 37 mxr/in. KoHnieHTpanuy HUATPUT-HOHA,
MPEBBINIAIOIINE HOPMATUBBI, OTMEUAIHCH TaKxke B p. ¥Yaa. KoHnenTpamus
HUTPUTOB B BoJax pek npesbimano IIJIK e, (0,02 mr/m) B 20% npoananu-
3UPOBAHHBIX MPOO.

Opranuyeckue BeIIecTBa MPECTABISAIOT COO0N 3HAYUTEIBbHYIO
YaCTh aHTPOIIOTEHHBIX 3arps3HEHUN BOJOTOKOB. MIX HCTOYHUKAMH MOTYT
OBITH COPOCHI IPOMBITIUICHHBIX CTOYHBIX BOJ U TBEPJIBIX OTXOI0B IIPOU3-
BOJICTBA, CMBIB C OEpEroB, 3arpsI3HCHHBIC TPYHTOBBIE BOABI. HopMaTuBamu
ITIK ,6x; HOPMUPYIOTCS COAEPIKAHUS JIETKOOKUCIIAEMOW OPIaHUKH 110
BIIKs (3 mr/m). Coaeprkanue JerkOOKUCISIEMO OPraHUKH B BOJIE PEK BO3-
pacrtaert B mepuoJ1 OTKpeITOro pycia. B pexe Cenenra (¢. HoBoceneHruuck
) BecHot nokaszarenu bITKs B 33% npo6 npesbimanu ITJK .6, B 1,2 pa3a.
AHanoruyHasi KapTiHa HaOJIIOaIach HIDKE T. YJaH-Y 13, OTJINYasCh TOJb-
KO B TOM, 4TO BeceHHee npesbiieHue 1IJIK 6., Bo3pacrano 1o 1,4 pasa.
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Hwxe c. Tpeckoso npesrbiienue K 5., 0TMEYanocs B JIETHUN U OCEH-
Hul nepuojsl B 28 % npo6. B Becennuii nepuoa Benuuuna bIIKs Ha aTOM
y4acTKe peKu U3MeHsiach B nquamnasone 1,2 - 2,0 mrO,/n. B HukHeM Tede-
HUU peku Ha cTB. 1. Kabanck nHanbomnbiue Bennunnbl BITKs BecHoit u me-
ToM He npeblanu 1,75 mrO,/11, a ocenbto B 23 % npol yBeIUUHBaIUCh
1o 3HayeHui Onm3kux IJIK ex.

B nepuox oTKpeITOTO pyciia pek B BoAe pek Uukon, Xuiok, Y na,
Jlxuna cyniecTBeHHO Bo3pacTaid HanOosbire BennuuHbl BIIKs, npessi-
maromue ITJIK 6, B 1,1- 1,4 paza B 25 - 28 % npo6. B oTnuyuu ot HUX, B
BoJe peku Temuuk Bennuuna bIIKs ne npeseimana I1JK 6y, , U3MEHAACEH B
untepnane 0,8 - 2,4 mrO,/n. [1pu 3ToM 0TMEUYaTHCh OTIMYHS B CE30HHBIX
npesbieHnsX HopMatuBoB IIJIK 6. Tak, B Bone pex Yukoi u Y na npe-
BBILICHUS] OTMEYAJIUCh B IEPUOJ] BECEHHETO MOJIOBO/IbsS, TOT/1A KaK B BOJE
pek Xuok u Jlxuna oHu GUKCUPOBATIUCH JIETOM.

AHTpOMOreHHoe 3arpsi3HeHue peku CelleHru n3y4anoch Ha p31. Mo-
ctoBoit. B nmepuon nHadmoaenuii 2002 - 2010 rr. cpegHero1oBasi KOHIICH-
Tpauus annona SO,° u3MeHsuIach B uuTepBane 10,8 - 13,6 Mr/i, B IpoTH-
BOITIOJIOKHOCTH 3TOMY, B 1960 — bIX To/1ax 3Ta BenuurHa Obuta 7,8 Mr/i
(poct B 1,4 pasza). AHaJIOTHYHOE BO3pacTaHHE CPEIHETOJI0BOM KOHIICHTPA-
MU CyJb(aT-nHOHOB HAOJII01aJIOCh B BOJIE TVIABHBIX IPUTOKOB PEKH Y 1a
(8 1,3 - 1,6 paza), pex Xwiok, Hukoii ( B 1,2 paza). MHoTOJIETHHE U3MEHE-
HUSI B COJICPYKAHUSIX PACTBOPEHHBIX XJIOPUAOB HAan0O0JIe€ BHIPAKEHBI B BOJIC
p. Cenenra Ha p3a. MoctoBou. B niepuon 2002-2010 rr. cpennerooBas
KOHIICHTpAITUs XJIOPHUIOB cocTaBuia 2,4 mMr/i, Toraa kak B 1960 —bIe Tos1
oHa On1na 1,4-1,5 mr/m.

ComnocraBieHue CpeAHEroI0BbIX 3HaueHuil pH ¢ TaHHBIMH, OTHOCS-
muMucs K Hadany 1960 — X rogoB, oOHapyKHUBAaCT TCHACHIIUIO CMEIECHUS
aKTUBHOU peakuuu Bojsl p. Cenenru (p3a. MocToBoil) B cnaboIeIouHy 0
obacth (puc.4).

p. Cenenra, p3g.MocToBoi

& 1950-1960 rr. @ 2002-2010 rr.

8,5 -
8 4
5 7,51 i,
7 4 B
6,5 B F | |

I m v v v vl vl IX X

Mecaupbl

Puc. 4. Jlunamuka usMeHeHus BOJAOPOAHOTO MokaszaTens pH B Boje
peku Cenenra B 1950- 1960- x rr. u B nepuoa 2002 - 2010 rr.
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B cBs3u ¢ Bo3pacTaronyM aHTPOIIOI€HHBIM BO3JICMCTBUEM U BO3-
MOYKHOM TOKCHUYHOCTBIO TTOBBIIIICHHOTO COACP>KaHUS B BOJIC PsiZia METAJIJIOB
XapaKTEePHUCTUKA YPOBHS KOHIICHTPAIIMU METAJIIOB B PEKax MPHUBJICKAET
BHHMaHHe. XOpoIliasi paCTBOPUMOCTh IIPUPOTHBIX COCTUHEHUN MaKPOKOM-
MMOHEHTOB 00YCJIOBJIMBAET UX MUTPAIIMIO MPEUMYIIIECTBEHHO B PACTBOPEH-
HOM BHjE. [ eoormueckue u mpupoHO-KIUMaTHIECKUEe 0COOCHHOCTH Oac-
ceitHa 00yCIIOBITMBAIOT MPEBHIIIIEHUE CPETHETOI0BON KOHIIEHTpaIuu ZN,
Sr, Ti, Zr, Y, Nb, Mo B Bojzie B 1,9-2,9 pa3za, Sn — B 4,2 pa3a B CpaBHECHHUH C
aHAJIOTMYHBIMU TToKa3aTessiMu pek mupa (Gaillardet J. et. al. 2003). ITo-
BEIIICHHBIC COJICPKAHUS ICIIOUHO3EMETBHBIX METAIOB Si, Ba B Bojie
00yCJIOBIIEHBI HHTCHCHBHOCTHIO M3BJICUCHUS U3 KapOOHATHBIX MOpoJ. Boga
PEKHU B Mpejieiax TPAaHUTHBIX MAaCCHBOB TIOPOJI COACPIKUT TTOBBIIICHHBIE
KOJIMYECTBA JIAHTAHOUIOB (puC. S a).

B nenbre pexu CeneHra NpoucxoauT OCaKISHUE PEUYHBIX HAHOCOB,
MTOCTOSTHHBIM KOMIIOHEHTOM KOTOPBIX SIBJISSFOTCS TJIMHHUCTBIE MUHEPAJIHI,
KOTOPBIE CJIaral0T TOHKOTIEJIUTOBYIO U MEJUTOBYIO YacTH paKIuil Haps Ty
C IPYTUMU MHUHEpAIIaMH. AKTUBHBINA OMOJIOTMYECKUM KPYTOBOPOT, TYMH-
dbukaiys BogocOopa ¥ YaCTUYHOE Pa3BUTHUE IPOIECCOB OIVIECHUS CIIOCO0-
CTBYIOT IiepeBoty aementoB Al, Fe, Mn, Cu, Zn, Pb, Ni, Ti, Ga, Y B mo-
JBIKHOE COCTOSTHUE M 00OTAIEHNIO MU MTOBEPXHOCTHBIX PEYHBIX BOI. B
nporokax Cpennss u Konnunaas koHueHntpaus Mn B Bozie Bo3pacTaer A0
28 - 95 MKr/71 B 3UMHHI iepuo (puc. 5 6).

B pexax Yukou, Xuiok, Y aa, Jxuna u TeMHUK TPOCIEKUBAIOTCA
aHAJIOTUYHBIC 3aKOHOMepHOCTH. O0OparaeT BHUMaHUE BO3paCTaHUE CO-
nepxanus Fe, As, W, Sb B Bose peku Uukoit, 4To 00yCIIOBICHO BEBIHOCOM
UX TYMYCOBBIMH KHCJIOTaMH ¢ BOJOCOOPOB. OTINYUTEILHONM 0COOCHHO-
CTBIO PEK SIBJIAIOTCS B BoJe JI>KUIbI TOBBIIIEHBI coaepkanus Sr, Sb, W, B
Yne — Mo, Fe, Rb B cpaBHeHuu ¢ aApyrumu nputokamu (puc. 5 B).

CpenHee conepkaHre pacTBOPEHHBIX METAJUIOB B peKax OacceliHa p.
CerneHra, IpeHUPYIOIINX 3aJI€CEHHBIC TOPUCTHIC MAJIOHACEIICHHBIE BOJI0-
coopsl (BepxoBbe pek Cenenra (Monromus), Jxuna, Xwiok, Yukoi, Y ia u
Temnuk ), cocraBnser (Mkr/m): Cu— 0,6-3,2; Zn—0,9-9,5; Mn - 0,4-9,3;
Cr-0,08-0,86; Ni —0,2-1,4; Cd — 0,01-0,06; Pb — 0,2-5,7; Fe — 20,4-108,5;
As —0,34-0,78.

Ha yuactkax pek Cenenra, ¥Yaa, Xuiok ¢ OOJbIIMM YPOBHEM 0OLIEH
aHTPOIIOTCHHON HArpy3KH CpeJlHee coaepkaHue pacTBopeHHbIX Zn, Cu,
Pb, Ni Bo3pacraer B 1,4-2,2 pa3a, Fe u Mn B 2-3 pa3a. [IpeBbitieHus HOp-
MatuBoB ITJIK 51, U1 BODOEMOB pBIOOX03HCTBEHHOIO HA3HAYEHUS 10
Cu, Mn, Fe, Zn, Pb B 6onpmmacTBe citydae (85%) He 6onee 2,5 pasa. [Ipu
YBEIMYCHUH TEXHOTCHHON HArpy3KH B BUJIE TIOCTYIIJICHUSI CTOKOB C OTXO-
JI0B
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p. CeneHra a

—~—1 82 —A—3 ——4

MN\/L@MA

Li ScVMnCoCuGaRbY Nb AgSnCs HfLaNd Er
Al Ti Cr Fe Ni 75, As Sr Zr Mo ¢cg Sb Ba W g Eu Pb

Boaa/peku mupa
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Li Sc V Mn Co CuGa Rb Y Nb Ag Sn Cs Hf La Nd Er Bi
Al Ti Cr Fe Ni Zn As Sr Zr Mo Cd Sb Ba W Ce Eu Pb
——1 82 A3 ——4 %5 B
4 -

Boaa/pekun mupa

0IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Li Sc V Mn Co Cu Ga Rb Y Nb Ag Sn Cs Hf La Nd Er Bi
Al Ti Cr Fe Ni Zn As Sr Zr Mo CdSb Ba W Ce Eu Pb

Puc. 5. Ycpeanennsie copepkaHus 3J€MEHTOB B Bojie pek Oaccelina p. Ce-
JICHra, HOpMHUpPOBaHHbBIC K cojepkanuto pek mupa (LIBapres, 1998, Gail-
lardet J. et. al. 2003):

a — peka Cenenra, 1- 4 — myHkTH Bogocoopa: 1- . Haymkwu, 2- c.
HoBoceneHnrunck, 3- p3a. MocroBoit, 4- . Kabanck;

0- nenwTa pexu Cenenra, 1-5 — npotoku aenstel: 1- Myp3suHo, 2-
Xapays3, 3- JlobanoBckas, 4- Cpennsisi, 5- Konnunnas;

B — 1-5 - nputoku pexu Cenenra 1- Yukoit, 2- Xunok, 3- Yaa, 4 -
Jlxuna, 5- TeMHHUK.
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rOpPHOI00BIBAIOIETO TPOU3BOICTBA B OacceiiHe pek MOJOHKYIIb U XaHral
coaepkanue pactBopeHHbix Zn, Cu, Pb Bo3pacraer B 3 - 6 pas.

Ce3oHHasi ”BMEHYMBOCTH PACTBOPEHHBIX (DOPM pa3HBIX METAJIOB B
pekax pazHooOpa3Ha, YTO CBUJIETEIBCTBYET O CIOKHON KOMOMHAIIUN KOH-
TpoJupyomux haktopoB. OTHUM U3 TJIaBHBIX (AKTOPOB, BIUSIONINX HA
CE30HHOE M3MEHEHHUE COJIEPKAHUS MUKPODIIEMEHTOB B PEKE, SIBISIETCS
TUAPOJIOTUYECKAN PEKUM.

B neprosa BeCEHHEro NMOJIOBO/IbS JaHHBIE 10 U3MEHEHHUIO KOHIIEH-
Tpaluu pacTBOPEHHBIX METAJUIOB CBUIETEILCTBYIOT O MAKCUMAJIbHON
KOHLIEHTpAaLMy B PEYHOM BOJIE U O JAJbHEUIIEM UX CHH)KEHUH B TEUEHUU
3-5 Henenb (puc.6a).

CHmxeHre KOHIIEHTPAIMKA PACTBOPEHHBIX (POPM METaIOB 00YCIOB-
JIEHO pa30aBJIEHUEM 3a CUET POCTa PACXO0B BOAbI. AHAIOIMYHOE pa30aB-
JISIFOIIEE BIMSHUE OKA3bIBAIOT J10°KIEBbIE ITABOAKHU B CJIydyae MOCTYIICHUS
PacTBOPEHHBIX METAJUIOB B PEKY C aHTPOIOIr€HHBIMU CTOKaMHU. Tak, B
cpenHem TeueHu CeleHrd, HaxoJAIIerocsl Mo NPsSIMbIM BIUSHUEM CTOY-
HBIX BOJI I'. YJ1aH-Y /13, JIETHUE J10K/I€BbIE TABOJKU MPUBOJAT K CHIKEHUIO
KOHTPAaCTHOCTU aHTPOIOT€HHOI'O BO3JEHCTBUS, HA00OPOT, PU MAJIOM pac-
XO0JI€ BOJIbI B PEKE aHTPONOT€HHOE YBEIMYEHUE KOHIEHTPALIMHY PACTBOPEH-
Horo Mn B Cenenre Oonee cymectBenHo. s pactBopernsix Cu, Zn, Cd
u Pb mogo0Hast CBs3b OTCYTCTBYET, UTO YKa3bIBACT HA HE3HAYNTEIIHHBIC
MOCTaBKH PACTBOPEHHBIX (POPM 3TUX METAIJIOB CO CTOKaMH T. YJIaH-Y 13.

TpeH ce30HHOTO U3MEHEHMSI KOHIIEHTPALIMH PacTBOPEHHOro Fe B
peke CelleHra BbIpa)kaeTcs B YBEJIMUEHUU €0 OT 3UMBI K BECHE U B
YMEHBIIEHUU OT BECHBI-JIETO K OCEHHU.

ExxemecsiuHOE 0npoOOBaHNE NOATBEPKIACT HAJTMUKE 3HAUUTEIbHOTO
MakcUMyMa cojiepaHusi Fe B BoJie B Hauase MoJI0BOIbs C MOCIEAYIOLUM
CHIKEHHEM B 2 pasa (puc. 6 a) 1 00bSICHAETCS MHTEHCUBHBIM BEHIHOCOM O-
raHOMUHEPAJIbHBIX KOMIUIEKCOB F€ B pacTBOp M3 MOYBBI BECHOM U MOCIe-
JYIOIMM IpeobiiafjaHieM COpOLMOHHBIX IpoleccoB. B To ke Bpems us-
MeHEHHe JaHAIA(THON CTPYKTYpbl BOJOCOOpa B HUKHEM T€UEHUU U
NeNbTe PEKH, @ UMEHHO — YBETTUUEHUH POJIM OTYACTH 3a00JI0UE€HHBIX
naHamadToB, SBISETCA MPUUYMHON HECKOJIBKO MHON CE30HHOU U3MEHUYUBO-
CTH pacTBOpeHHBIX (hopM Fe B pexe. BoccTaHoBUTENbHBIE TPOLIECCHI HA
BOA0COOpE YCUIIMBAIOTCA K KOHILY JIETA M OCEHU U ONPEIEIAIOT TEHAECHIUIO
YBEJIMYEHHMS pacTBOPEHHBIX (hopm FE B 3TO Bpems.

Jlist Mn Gosee yeTko BhIpaXkeHa JMHAMHUKA YBEIHMUECHUS KOHIIEHTpa-
LIMU PAaCTBOPEHHBIX (POPM B 3UMHE-BEeCEHHUM nepuo. BeposiTHo, 3TO CBS-
3aHO ¢ TeM, uTo Mn BechMa MOJBUKEH B BOCCTAHOBUTEIBHBIX TJIE€EBBIX
YCIOBUSIX, aKTUBHO UAYIINX B TOWMEHHBIX 3a00JI0UYE€HHBIX JIaHAmadTax.
Kpome Toro, BOCCTaHOBUTEIBHBIE YCIOBUS —THUIIMYHOE SIBJIEHUE B BOAOTO-
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KaX, 3arpsi3HEHHBIX OPraHUYECKUMH CTOKaMH, Harpumep, B p. Cenenre
HUXKE T. YaH-Y 13, U, COOTBETCTBEHHO, HA 3TOM Y4YacCTKE PEKH aHTPOIIO-
reHHasi Harpy3Ka COIPOBOKAETCS yBEJIMUEHUEM KOHIIeHTpauuu Mn B
pactBope. PocT ce30HHOI N3MEHYNBOCTH KOHIIEHTPAIIMU PAaCTBOPEHHOTO
Mn cocrtanser 2-3 pa3a B pekax Cenenra ( HUxe T. YiaaH-Y 19, B HUKHEM
TEUEHUHU U JIeNbTe), Y na, Xuiok. B 1o xe BpeMs HaOmogaeTcs sBHas TCH-
JISHITUS YBEIMYCHMSI MaciTada pocta KoHIeHTparuu Mn oT cpeHero K
HIKHEMY TEUCHHUIO M HAMOOJBIIINE COACPIKAHUS B BOJIE TTPOTOK JCTBHTHI
Cenenru. CnenyeT OTMETHUTb, YTO BHICOKHE KOHIICHTPAITUU PACTBOPEHHBIX
Fe u Mn B BeceHHE-3UMHUI TIEPHO]] YKa3bIBAIOT HA BEPOSATHOCTH MX I10O-
CTYIUJICHUS U3 WJIOB U WIOBBIX BOJI.

p. Cenexra, Hoke 1. YNaH-¥as

Fe, Mn Zn, Pb
300 8
250 Zn &

g 200 5 &
= o0 ® e €
100
Rl e, L e
0 T T T 1 T T T 0
3 K 0 © & w0
R ¥ oS & R
F ¥ g 8§ 5 £
&
p. CeneHra, HWXe r. YnaH-yYas 6
Cu Cd
2 - Cu - 0,07
- 0,06
1,51 L 0,05
S 14 - 0,04 &
< - 0,03 =
0,5 - - 0,02
- 0,01
0 T T T T T 0

MapT mMan NIOHb Nnb aBrycr CeHTﬂ6pb

Puc. 6. Ce3oHHOE M3MEHEHHE PACTBOPEHHBIX (opM MeTauioB Fe,
Mn, Zn, Pb (a) u Cu, Cd (0) B peke Cenenra ke 1. Yian-Yma, 2006 r.

XapakTep Ce30HHOIr0 pacnpeziesieHus: pacTBOpeHHbIX (hopm Ph B pe-

ke CeneHra aHaJOTUYEH TAKOBBIM F€ ¢ MakCUMalbHBIMU KOHILIEHTPAIUSIMHU
( yBEJIMUEHHE OTHOCHUTENBHO CPEeIHEr0A0BoM B 1,2-2,6 pa3a) BO BpeMs BbI-
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COKOM BOJIbI B ampesie — Mae U CHUYKAETCS B MEKEHb, YTO 00YCIIOBIICHO,
BEPOATHO, MPEOOIIalaHueM PACCeSIHHOTO 3arpsi3HeHus Pb. B mpurokax xe
KOHIICHTpAIUs pacTBOpeHHOTO Ph, Ha000pOT, MUHMMAJIbHA B BECCHHEE
MOJIOBOJIbE M BO3pacTaeT B MexkeHb (B 1,1-1,6 paza).

OTnMuuTeNnbHON 0COOEHHOCTHhIO U3MEHEHHU I KOHIICHTPAIlUi pacTBO-
peHHbIX ZN 1 Cd B CE30HHOM ITUKJIC SIBJIICTCS (DIYKTYyaIluu X KoJeOaHui
OKOJIO CPEIHET0/I0BOTO COJIEPIKAHUSI C HEOOJIBIIION TEHICHIINEH yBeIn4e-
HUS B TTOJIOBOJIBE.

Ce3oHHOE yBEIMYCHHE pacTBOPEHHBIX CU BO BpeMsi TIOJIOBOIbS Me-
Hee KOHTPACTHO, 00JIee XapaKTepHO IIaBHOE MoBbIeHue B 1,1-1,7 paza B
MIEPUOJT OTKPBITON BOJIBI, UTO COMPOBOXKIACTCS YBEIMUYCHUEM KOHIICHTpa-
IIUU PACTBOPEHHBIX OPTAHUYECKUX BelecTB (puc. 6 0).

Ha ocHoBe aHanu3a JaHHBIX O BOJHOM CTOKE M XUMHUUYECKOM COCTaBe
OPUPOAHBIX BOJI PACCUUTAH THAPOXMMHYECKHUN CTOK paccMaTpuBaeMOi
BOJOCOOPHON TEPPUTOPUU. BBIYMCIIEHBI CPEIHEMHOTOJIETHUE 3HAYCHUS
CyMMapHOTO MOHHOTO CTOKa, cocraBuBimme ais Cenenru 3,08-3,22 MuH.
t/rox (0,19-0,21 T /(c'kM?)), a 1St OCHOBHBIX IPHTOKOB — 0T 0,09 10 0,67
miH. T/rox (0,16-0,9 T /(c'km?)). CTOK OpraHMYECKHX BEIIECTB B CIIYYae p.
Cenenra coctaBisii B BepxHem TeueHuu jgo 118 teic. 1C/rox (13,4
mr/(c-km?)) 1 315-321 thic. TC/rox (okomo 23 Mr/(c'kM)) B HIKHEM Tede-
Hun CeJieHTH, a B CIydae OCHOBHBIX €€ IIPUTOKOB - OT HECKOJIBKUX JIECAT-
koB 10 74,7 Teic. TC/Toa. C peunbiMu Bogamu Oacceiina CeleHru €KeroIHo
BBIHOCHTCSI 3HAYUTEIBHOE 0 a0COIFOTHOW BEIWYMHE KOJIMYECTBO COCIU-
Henuit N, P, Fe m Si (Mmomymu ruapoxumudeckoro croka CeneHru: N
0,26...0,29 mr/(c'xm®); P 0,02...0,03 mr/(c-km?); Fe 0,9...1,1 mr/(c-km?); Si
6,8...7,8 Mr/(c'km”). CpeIHEMHOTOICTHHIT BHIHOC MHKPOAJIEMEHTOB C BO-

namu pek Cenenru, Hanpumep, Cu cocrariset 46... 74 1/ron, Pb - okoio
32...62 1/ron.

Honoxenue 3. XUMUYECKHUI COCTAB B3BEHICHHBIX BEIIECTB PEUHBIX
BOJI AIBJIIETCSL MHAUKATOPOM KIMMATHUECKONH OOCTAaHOBKHM U TIOJIBEP>KEH
CE30HHOW M3MEHUYMUBOCTHU. B0 BCceX pekax HE3aBUCUMO OT KOJINYECTBA
B3BECHU B BOJIE METAJLJIbI 00PA3YIOT CIEIYIOUIUH psii B3BEIIEHHBIX (hOopM
murpamuu: Fe>Mn>Zn> Pb>Cu> Ni. B 30He BIMSHUS TEXHOT€HHOTO HC-
TOYHMKA 3arpsi3HEHUS MPe00JIagaeT B3BEIICHHAs (popMa MUTPALIUN XUMHU-
YECKHUX DJIEMEHTOB.

CpenHerooBoe coepkaHre B3BECH B peKax U3MEHSIIOCH B Ipejie-
nax 32- 62 mr/i, a B MexxeHb 5,4 - 25,8 mr/in. IIpu 3ToM B rmepuoj; BeCeHHE-
IO TOJIOBOIBS U JIETHUX TTABOJKOB MYTHOCTH BOJIbI PEK KPATKOBPEMEHHO
MOBBIIIIAJIACK 710 235 - 496 mr/i1.
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AHaIIN3 CPEAHErO0 XUMHUUYECKOTO COCTAaBa B3BEUIEHHBIX BEUIECTB MO-
Ka3bIBAET, UTO MPU MEPEXOIE OT PeKU Y Ja, BOJOCOOP KOTOPOU pacmoio-
JKEH B CEBEPHOI yacTu OacceiiHa, K pekaM ¢ BOA0COOpaMU B CTETHBIX U Jie-
COCTENHbBIM 30HaM (peku Xuiok, Yukol, BepxHee u cpeanee teueHue Ce-
JICHTH) TPOMCXOIUT CHIKEHHUE coaepkanus SiO,. MUHUMAIbHbBIC KOHIICH-
Tparuu Fe,0; HabmrogaroTCs BO B3BECAX pek Y abl, XWiok, Unkoit u 6onee
BBICOKHUE COJIEPKAHUS B PEUHBIX B3BECSIX B HH)KHEM TeueHUU peku CeleH-
ru ¥ pexu [xuapl. B3BemeHnnsle HAaHOCHI pek XWIoK, /xnna n Yukon, a
Takke BepxHero TeueHus p. Cenenru oboramienst CaO u MgO, Toraa kak
B pekax Yaa u TeMHUK B3BEIICHHbIEC BEIECTBA 00€THEHBI ITUMH KOMIIO-
HeHTaMHu (puc. 7).

Copepxannie Na,O BO B3BEIICHHBIX HAHOCAX PEK CHUKAETCS OT Ce-
BEPHOM PEKU Y 1a K I0’)KHOU peKe XUIIOK, YTO CBA3aHO C IOBBIILICHUEM KO-
JIMYECTBA BBIBETPEJIOTO IUIArNOKJIIa3a, MOABUKHOCTBIO HATPHs, HE HAaKall-
JMBAIOLIErocs B MPOAyKTax BbiBeTpuBaHus (puc. 6). g K,O xapaktepHo
YBEIMYEHHE KOHIIEHTpaluuu B ycThe pek CeneHra u YHKOM.

——1-0-2 43

5 Puc. 7. I3meHnenue co-

4. ’——’/\,/‘_/\‘ JIep’KaHUsT OCHOBHBIX

D\D\D\D/D\D/D\D OKCHJIIOB B COCTaBE
B3BEILICHHOTO BEIIECTBA

2 1 A/k_"/\\‘\‘/‘ B pekax Oacceiina p. Ce-
aenra: 1 - Fe,03, 2 -

0 : : : : : : : , Ca0, 3 - Na,0.

mac. %
w
1

[IpoBeneHo n3yueHre XUMUIECKOT'O0 COCTaBa B3BEIIICHHBIX BEIIECTB,
OTOOpaHHBIX B IEPHOJI BECEHHETO MOJIOBOJIbS M JICTHEH MEXEHU B HIDKHEM
TeueHn” peku CelleHra, B CpaBHEHUH CO CPETHUM XUMHUECKUM COCTaBOM
B3BCIIIEHHBIX HAHOCOB PEK MHpa U KIapKaMu Kopbl KoHTHHEHTOB (Taylor,
1985; Mranos, 1994). Conepskanre B3BEIIEHHOTO OPraHUYECKOTO yriepo-
na (Copr) B pe4HOM B3BECU B IEPHOJ BECEHHETO M10JIOBO/IbsS BAPEHPOBAIIO OT
1,35 no 3,65 %, cocraBnssi B cpeeM 2,65 %, a B iepuo/ JICTHEH MeXeHU
oHo BaImIe ( oT 2,84 10 6,58, B cpennem 4,67 %).

J11st BBISIBIICHHSI BKJIaJ[a JIATOTCHHOTO MJTM UHOTO (OMOTEHHOTO, aH-
TPOIIOT'€HHOT0) UCTOYHUKA B (DOPMUPOBAHKH 3JIEMEHTHOTO COCTaBa B3BECH
ObL1 paccuntan ko3 puunent odoramenus (KOg;;) OTHOCUTENBHO CpeiHe-
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IO COCTaBa KOHTHHEHTAJILHOW 3eMHOM KOphbI 10 hopmyiie: KO, = (D1/Al)
po6/ ( DIV AN serm xopas TAE D11 1 Al — conreprkaHust XUMHYIECKOTO HJIEMEHTA U
ATFOMHUHHMSI B POOE peYHOI B3BECH M B BEpXHEH YaCTH KOHTHHEHTAIBHOM
3emHo# kopsr (Taylor, 1985).

[TommydeHHbIE pe3yNIbTaThl MOKA3BIBAIOT OJIM3KOE COOTBETCTBUE MEXK-
Ty XUMAYECKAM COCTaBOM OOJIBIITUHCTBA METPOTEHHBIX AJIEMEHTOB B3BECEH
u knapkamu, 3a uckmouearnem Na u Ca. 3nauenuss KOy, 11 meTporeH-
HBIX DJICMEHTOB OJIM3KHE K | CBHIETEIHCTBYIOT O IPE00IaIaHuN B COCTa-
BE€ B3BECH JIUTOTEHHOTO MCTOYHUKA 3THX XUMHYECKUX dJIeMeHTOB. Huzkue
conepkanusi Na u Ca Bo B3BecsX 00BSCHSIETCS TEM, YTO IIPU XUMHUYECKOM
BBIBETPUBAHUU TIPEXKJIC BCETO BRIHOCATCS JIETKO pacTBOprUMBIe coii Na u
Ca, a oOpasyromiasicst Kopa BeIBeTpuBaHus odoramniaercs Fe, Ti, Al. TTo-
BBIIIICHUE COJIEpKaHMs Si B COCTaBE B3BEIICHHBIX BEIICCTB B CPABHEHUH C
KJIApKaMHM CBSI3aHO C MPe00IiaJaHueM TMOJIEBBIX IIMATOB, KBApIla, CIOJIbI U
JPYTUX MUHEPAJIOB, KOTOPBIE BHICBOOOKIAIOTCS MPH JE3UHTETPALIMH T10-
POJI TPAaHUTOUTHOTO COCTaBa. Takke BO3pacTaeT poiib KPEMHHUSI OTHOCH-
TEJIHHO AJIFOMUHUS MPU YUYETE BBICOKUX COJIEPKAHUN KPEMHUEBBIX OCTAT-
KOB IMATOMOBBIX (puc. 8).

CpaBHEHrE MUKPOIJIEMEHTHOTO COCTaBa pEYHbIX B3Becer p. CeneH-
T'M C KJIapKaMU TOKa3bIBaeT, uTo cpeanue coaepxxanus V, Cr, Co, Ni, Ba,
Zr, Cs, Rb, Y, Ga u P33 paBubl min HemHoro 6oibiire (KO,,, = 1,0 - 1,2).
Cy1miecTBEeHHO HU3KHE COACPKaHUS 110 OTHOIICHHUIO KJIapKaM XapaKTEPHBI
st Mn u Zn (KO,,, = 0,6 - 0,87) B mepro1 BECEHHET0 TOJIOBOIbs. B jtet-
HUM niepro] o0oraiieHne B3Becei 3STUMU AJIeMeHTaMu Bo3pacTaeT Ha 20 -
40%.

B neTHI010 MEXEHB JINTOTCHHBIA MaTepras pa30aBisIeTCs aBTOXTOH-
HBIM OPTaHMYECKUM BEIIECTBOM M YMEHBINIAETCS COACPIKAHUE DIIEMEHTOB
autorennoro npoucxoxaenus V, Cr, Co, Ba, Zr, Cs, Rb, Y B cpaBHeHHH C
KJIapKaMH.

Bouee Beicokue KO,,; Takux dinemenTos, kak Cd, Sb, Mo, Sn, Bi, Pb,
Cu, Ca, Mn B n1eTHIOIO MEKEHB 10 CPABHEHHIO C TTOJIOBOJIBEM, BEPOSITHO,
CBUIETEIBCTBYIOT O TEOXUMHUUYECKOW CBSI3U ITHX AJIEMEHTOB C OpraHuye-
CKHUM BelIecTBOM B3BecH CENeHTH U aKTUBHOCTHIO OMOTIPOTYKIIMOHHBIX
IPOIIECCOB B BOJHOM cpefie (puc. 8).

Oc00EHHOCTHIO MUTPAITUH METAJUIOB SBIICTCS OOJIBINAST POJIb B3BE-
IICHHBIX ()OPM, TaK KaK 3HAYMTEIIbHAS YaCTh METAUIOB MUTPUPYET B CO-
CTaBe B3BECH, a He B pacTBope. B HezarpsizHeHHbIX pekax (TemMHuk)
HaOJTI0IaeTCs OJMHAKOBAs pOJIb pacTBopa u B3BecH misi Cu u Ni u jomMu-
HUpPOBaHKE B3BeHICHHBIX GopM Fe, Mn, Zn u Pb (puc. 9).
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p.Cenenra, n.KabaHck
I<()B3B

3 - ——1 -—8-2
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Si Na K Ti Cr Fe Ni Zn Rb Y Mo Sn Cs La Nd Yb Bi
Al Mg Ca V Mn Co Cu Ga Sr Zr Cd Sb Ba Ce Eu Pb

Puc. 8. ConepxcaHI/m XUMHNYCCKHUX 3JICMCHTOB B PCUHBIX B3BCCAX HOPMHPO-
BaHHBIC K KJIapKaM KOPbI KOHTHHCHTOB B HUKHCM TCUCHHUU PCKU Cenenru:
1- Becennee IIOJIOBOABC, 2 - JICTHSS MEKCHb.

B BoJzie Ha paBHUHHBIX ydacTkax pek Cenenra, Xuiok, Tyyi, OpxoH,
VY na B3BeieHHbIe POpMBI JOMUHUPYIOT (Ta0.2). [IpakTHYecKH BO Bcex
peKax MeTauibl 00pa3yroT psijl 0 YBEIMUYEHUIO POJIM B3BEILIEHHBIX (pOpM
murpamuu: Fe>Mn>Zn >Pb>Cu>Ni, He3aBHCHMO OT KOJIMYECTBA B3BECH.
Tabnuua 2
KoHueHnTpanus B3BeIEHHBIX ()OPM METAIIOB (MKI/JI) B HEKOTOPBIX peKax
Oacceiina p. CeneHra rpu cpeHeM YPOBHE COJIepKaHUs B3BecH (MI/1)

Peka- myHKT B3Becs | Fe Mn | Zn Cu |Pb Ni

Cenenra-n. Ha- | 18,6 363,5|18,6 |84 49 16,8 2,4
YITKA

Cenenra-p3. 21,4 384,312, 7 |6,6 45 5,4 2,8
MocToBoii

Yukoii- 14,6 357,7116,8 |89 41 |43 2,3
c.IToBopor

Vna- r.Vinau- 11,8 336,7| 13,6 |64 3,9 3,7 2,1
Yo

TemHuk- 58 298,71 9,3 4,7 2,7 |21 1,8
c.YnaH-Y nyHra

JTxuna- 8,3 32421128 |64 35 |48 2,3
. JIxuna

B oTnuuaue ot conepikanus B3BEMICHHBIX (JOPM METAJUIOB, PACCUH-
THIBAEMBIX Ha €IUHUILY 00beMa (MKT/JT), yieTbHasE KOHIICHTPAIUs MeTall-
JIOB BO B3BECH, PACCUMTHIBAEMas Ha €IMHUILY MACChI B3BECH (MKT/T),
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MEHbIIIE 3aBUCUT OT THJIPOJIOTMUECKOTO pexuMa U 00JIee 4eTKO XapaKTe-
PHU3YET aHTPOIIOTCHHYIO HArPy3Ky WM T'€OXUMHUYECKYIO CIIEIIUATN3AIINIO
Bog0cOopa. CpeqHue KOHIEHTPAIIMU METAIJIOB B PEUHOM B3BECH OTINYA-
I0TCSI CYIIECTBEHHO, Tak B peke Cenenra KoHIeHTpanus Zn u Mn noutu B
1,2 - 1,5 paza GoJblire, 4eM B peke TeMHHUK, KOTOPYIO MOKHO YCIIOBHO
Ha3BaTh «(PpoHOBOI» (Tab1.3).

B oTcyTCcTBHE CHIIBHOTO aHTPOTIOTEHHOTO BIIMSHUS KOHIICHTPAITUU
METaJUIOB BO B3BECH IIPH MAJION MYTHOCTH B CPEIHEM BBIIIIE, a MPU TTABO/I-
Kax — HIKe. B cpegHemM KOHIIEHTpaIus METAJIOB BO B3BECH MPH MEPEX0JIe
OT [IECYAHO-AJIEBPUTOBOM K aJ€BPUTO-NIEIUTOBOM yBEIHMUHUBaeTCs 1 Fe
Ha 18 - 20%, Mn—Ha 9 - 11%, Zn —Ha 22 - 24%, Cu —ua 25 - 27%, Pb,
Cd —na 38 - 40%.

B 30He cOpoca cTouHbIX BOJ I'. YIaH-Y 13 B peUHOU BoJie Habr01a-
€TCsl 3aMETHOE YBEJIIMUEHNE BAJIOBBIX KOHIIEHTPAIIUN XUMHUUECKUX JIEMEH-
TOB. Bo3pacTanue BajoBBIX cojiepKaHUl 00YCIIOBIEHO PE3KUM yBEIHYE-
HUEM KOJMYECTBa X B3BelIeHHbIX (popm. CrencTBuemM copoca CTOUHBIX
BOJI SIBJISIETCS OBBIILIEHHE MYTHOCTH BOJ B 1,5 - 2 pa3a u uaMeHenue 0a-
JlaHCa OCHOBHBIX (JOPM MUTPAIIMH DJIEMEHTOB B BOJIE — PACTBOPEHHON U
B3BenieHHOM. [1o cpaBHeHUIO ¢ (hoHOM BOJIM3H cOpOCAa CTOYHBIX BOJ MPO-
UCXOIWT 3aMETHOE YBEJIUYCHHE J0JIM B3BeneHHBIX Gopm Cu, Zn, Sn, Cd, B
Mmenbiei creneHu Cr. OqHOBPEMEHHO BO3pACTaeT A0S PACTBOPEHHBIX
dopm Ni.

% . Cenexra (n.Haywkwn), M=17,4 mr/n
° P ( yuk) % p.Cenenra (n.KabaHck), M=23,9 mr/n

100

80 _ 100
60 a: 80
40 i 60
0 T = T — 1 20
Fe zn Cr Pb Cu Ni 0 '
0102 Fe Zn Cr Pb Cu Ni
% p. TemHuk, M=15,4 mr/n
100 %  p-Yukon, M=6,8 mr/n
80 128 =
60 60
40 40
20 . : o0 4 F
0 - ' 0+

Fe Zn Cr Pb Cu Ni Fe zZn Cr Pb Cu Ni

Puc. 9. Cootnomienre B3BemeHHbIX (1) 1 pacTBOpEeHHBIX (2) popMm
MUTpAIMK METAJIJIOB B pekax Oacceiina p. CesleHra mpu cpelHeM ypOBHE
coJiep)KaHus B3BecH, M, MI/J1.
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TaOmuna 3
YpoBeHb KOHIIEHTpAIIUU METAJNIOB BO B3BECH pek OacceiiHa p. CeneHra B
HIDKHEM TCUYCHHH C Pa3IMYHBIM YPOBHEM aHTPOIIOTCHHOMN Harpy3ku (N -
YHCIJIO TIPOO, YUCIUTEIb - CPEIHEE, 3HAMCHATEIb - JUaNa30H KOHICHTpa-

IIUHA, MKT/T)
Pexa n Mn Zn Cr Cu Pb Ni
Cenenra | 12 578 78 38 31 25 26
285-792 48-91 28-62 21-58 16-37 14-44
Yia 12 387 67 34 28 22 20
219-538 39-89 16-55 17-48 11-32 11-31
Joxkuna | 9 361 12 38 34 26 24
267-545 37-96 21-58 23-46 17-37 15-31
Xunok | 6 373 71 36 26 20 19
246-512 32-92 19-57 18-42 12-38 14-29
Temuuk | 9 328 62 30 24 16 17
238-431 31-82 13-42 17-33 12-24 11-25

B 30HE BIHSIHUSA NCTOYHWKA 3arPSA3HEHUS IS B3BEIIEHHBIX (hOpM
CYIIIECTBEHHBI ITPOIIECCH YCKOPEHHOTO MEXaHNYECKOTO BBITIAJCHHS U3 MHU-
TPAIIMOHHOTO TTOTOKA B COCTaBE IPy00M B3BECH, a TAK)KE KOATYJISIIIUN TOH-
KOH B3BecH U €€ ocaxaeHuu. B aToii 30He BhimagaeT 1o 40-65% B3BemieH-
HbIX Fe, Zn, Pb, Mn, Cr u 1o 20-50% — Cu, Ni.

B ycnoBusix TMHaMUYHOM 30HBI CMEIIEHUSI CTOUYHBIX U PEYHBIX BOJI
CYIIIECTBEHHO (hu3nueckoe pazdasienne. CKOpOCTh YMEHBIICHUS COJIep-
YKaHUs PaCTBOPEHHBIX GopM cocTaBisiia 1 - 3% oT HavyanbHOM KOHIIEHTpa-
1iuu. CKOpOCTh BBIBEACHUS B3BEIICHHBIX (hOpM O0JIbIlIe, OCOOEHHO Ha Mep-
BBIX KHmiioMeTpax. B nmpenenax nepsoix 2 - 4 kM npoucxoaut Boinaaenue 20
- 70% macchl B3BelICHHBIX 37eMeHTOB (puc.10).

% BblLLe cOpoca CTOYHbIX BOA,
1g8 B TOYKe cObpoca CTOYHbIX BOA,
60 ™ .
40 ¥ 0
20 ¥ ¥
O T — — — —— = —— 1 : 2 0 g a c : : .
Cr Ni Cu Zn Cd Sn Pb Ni Cu Zn Cd Sn Pb
[ B3BeweHHasa O pactBopeHHad
% 200M Huxe cbpoca CTOUHbIX BOA % 2 KM HIKe copoca CTOUHbIX BOA
100 —_— 100
80 = . 80
60 40
40 20

cd Sn Pb Cr Ni Cu Zn Cd Sn Pb

Puc. 10. banaHc B3BEIIEHHBIX W PACTBOPEHHBIX ()OPM METAJIIOB B BOJIE
pexu Cenenra.
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Iono:xenue 4. DopMupoBaHUE THIPOTEHHO-MUHEPATIHLHOTO KOM-
IJIeKCa ONpeesieT MHTEHCUBHOCTh BOJI0OOOMEHA, YTO MPOSIBISETCS B 00-
pa3oBaHUM KapOOHATHBIX U MAPTaHIIEBBIX AJIEBPONEIUTOBBIX U METUTOBBIX
uioB B nenbre p.Cenenra. B npoiiecce BeIBETpUBaHUS, ACHYIAIUU U 3PO-
3UM OPoJT GOPMUPYIOTCA pa3HOOOpa3HbIE TIIMHUCTHIE MUHEPAJIBI, 00pa-
3YIOIINE TEOXUMHUUECKHE Oaphephl B JOHHBIX OTJIOKEHUSIX. YUACTKHU aH-
TPOMOT€HHOTO BO3/ICUCTBUS MPOSIBISIOTCS JTOKAJTIbHBIMU T€OXUMUUYECKUMHU
AaHOMATUSIMH XaJTbKO(DHMIBHBIX U CHIAECPO(PHIIBHBIX 3JIEMEHTOB B JJOHHBIX
OTJIOKEHUSIX.

[To maHHBIM PEHTIEHODITYOPECIIEHTHOTO U CHIIMKATHOTO aHAIM30B
JIOHHBIE OTJIOKEHUS pek OacceitHa p. CenieHra pa3iesieHbl Ha STh TPYIII.
B nepByto rpy1iny BXOJSAT ajUTIOBUAIbHBIE H3BECTKOBO-IIIEIOYHBIE OTIIO-
»keHus pek Cenenra, Yukoi, Xunok, /[xuna, TEMHUK U IPOTOKH ACTbTHI
Cenenru — Myp3uHo, Xapay3, JleBooepexnas, Cpennsisi, Konmnunnas, 1is
KOTOpBIX BenmuuHa armautoBoro unaekca (Na+K)/Al Bapeupyer B npeze-
aax 0,51- 0,68, ornomenue (Na,0+K,0 )/ CaO cocrasnser 2,15 - 3,00.
Bropyto rpymnimy cocTaBisIOT ajuTIOBUATIbHBIE CYOIIEIOYHBIC OTIIOKEHUS
pek Yaa u npotoku JIoGaHOBCKas, KOTOPHIE XapaKTEPU3YIOTCS BETUUHHA
armantoBoro nuaekca — 0,87- 0,92, ornomenns (Na,O+K,0 )/ CaO - 5,37-
5,50. B cpaBHeHNH ¢ N3BECTKOBO — IIEIOUYHBIM AJTIOBUEM B CYOIIETOUHBIX
OTJIOKEHUAX MOBBIMIEHO conepikanne SiO,, cogepxkanus Al,O3, Fe,03,
Ca0, MgO, TiO, ymenpmarorcs B 1,2-1,6 pa3a, cogepxanus Na,O npak-
TUYECKHA OJMHAKOBBI. TPETHIO TPYIITY COCTABIISIOT WJIOBBIE OTIIOKCHHUS,
dbopMupyemMBbIe B 30HaX CHIKEHUS aKTHBHOCTH BOJIOOOMEHA —yCThEB U
pycina pek. B nioBsIx oTinoxenusnx conepkanue SiO, BappupyeT B npe/ie-
nax 72,3-81,4 mac.%, 4TO COOTBETCTBYET KOHIICHTPAIUSAM B aJTIOBUM. B
CPaBHEHUU C PYCJIIOBBIM aJUTFOBUEM B MJIOBBIX OTJIOKEHHSX PEK COJIepiKa-
uust Al,Osz, Fe,03 nmoseimatores B 1,1-1,3 pasa, cogepskanust Na,O ymeHb-
maroTcs B 2-3 pas, a koHueHntpauu okcuaoB MgO u K,O ymenbiaroTcs B
1,5-2,5 pa3sa, kouuenrpaiuu CaO, MnO, TiO,, P,Os npakTruecku OJIM3KH
TaKOBBIM B aJUTFOBUH. UETBEPTYIO TPYIITY COCTABIISIOT TEXHOTCHHBIC 00pa-
30BaHus B pycie p. CeleHry, HampOTUB U HUXKE cOpPOca CTOYHBIX BOJ
MVII «Bonokanan» r. Ynan-Y 3. Hakonen, B ATy TpyITy BKIOYEHBI
TEXHOTEHHBIE OTJIOKECHUS B pekaXx MOJIOHKYIb U XaHTall, (HOPMHUPYIOIINX-
Cs TI0JT BO3JICHCTBHEM CE30HHBIX CTOKOB M D0JIOBBIX CHOCOB OTXOJOB I'O-
HOPYIHOM IIPOMBILIJIEHHOCTH. B CII0’KEHUM OTII0KEHUM 3TOU TPYIIIIbI IPU-
HUMAIOT y4acTHE TeHETUYECKH Pa3HOPOIHbIE 00pa30BaHuUsl, UTO 0O0YCIOB-
auBaeT (GOPMUPOBAHUE OTIOKEHUHN ABYX TUIIOB IO MAKPOKOMIIOHEHTHOMY
coctaBy. O011asi 0COOEHHOCTh ITUX THIIOB COCTOUT B YMEHBIIICHUH COJIEP-
xanuus SiO, 10 44,5 - 60,3 mac.%. B TeXHOT€HHBIX OTIOKEHHUSIX IIEPBOTO
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tuna cogepxkanus Al,Ozu Fe,03 mpakTryecku OJU3KH K KOHIICHTPALMSIM B
aJUTFOBUM, BMECTE ¢ TeM, MoBbimaroTcs coaepxkanus CaO, MgO u K,0 B
1,6 - 2 pa3a u ymenbIarorces coqepxkanus Na,O B 2-2,5 paza. Bo BTopom
THUIIC TEXHOTCHHBIX OTJIOKEHHH yMeHbIarTes coaepxkanus Al,O3B 1,8 - 2
pasa, yBennuuBaroTcs KoHueHTpamnuu Fe,03, CaO B 1,5 - 2 pa3za, cyie-
CTBEHHO CHIKArOTCs conepxkanust Na,O B 2,5 - 3 pa3a B cpaBHEHUU C aJI-
moBueM. [Ipu atoMm conepkanus MgO, MnO, TiO,, P,0Os 6si3ku k Tako-
BBEIM B aJUTIOBUHU.

Ha ocnoBe ananmm3a mHaekca BeiBetpuBanus CIA (H. W. Nesbitt u
G. M. Young, 2006 ) ycTaHOBJEH XapakTep BBIBETPHUBAHUS MEPBHUYHBIX
MUHEPAJIOB JOHHBIX OTJIOKEHUH M OCOOCHHOCTH (OPMHUPOBAHUS THIIEP-
TE€HHBIX HEYCTOMYMBBIX U CTAOMIBHBIX coequHeHui. [lo BenmunHe mokas3a-
tenst CIA cocTaBbl alUTIOBUSI PEK pacroliararotcsi BAodb cTopoHbl A-CN
BOJIM3U COCTaBa IJIATMOKIIA30B, a TAKKE BOKPYT KJIapKa KOHTUHEHTAJbHON
xopel (Taylor, 1985) (puc. 11). Ha nuarpamme, mpencTaBiIeHHOW Ha PHC.
11, mokazatenu CIA 1oHHBIX OTIIOKeHUH pek Oacceiina p. CeneHra pac-
noJsiaratotrcst napayiesnibHo ctopoHe CN-A, 4To cBUAETENBCTBYET O Mpe-
MMYIIIECTBEHHOM BBIIIEIAYMBAHUM TakuxX snemMeHToB kak Ca u Na, Ttorma
kak K- comepxkanue mojeBble IMINaThl (MUKPOKIWH, OPTOKJIa3) OoJjiee
YCTOWYHBHI.

100
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Puc. 11. Tnarpamma A-CN-K ammoBHanbHbIX 0Ti0KeHUH (1-12),
CPEHUI COCTaB KOHTHHEHTAIBHOM 3eMHO# KOpbI (13), MII0BbIE OTIIOXKE-
uus (14), nous (15,16), roe A = Al,O3, CN = CaO+Na,0, K=K;0.

MuHepanbHbIN COCTaB JIETKOM (PaKIMU aJUTFOBUS M WJIOB B YCThSIX
U pyciax peK npejacrabieH kBapiem (ot 43 1o 68%), kaaueBbIMU TOJIE-
BbIMH Imrmatamu (0T 6 10 26%), miarnokiaaszamu (ot 8 10 43%). B msokenoi
dbpakiuu MPeuMyIIeCTBEHHO MPEACTaBICHB! aM()UOO0IIbI, TUPOKCEHBI U
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MUHEpabl TPYIIBI SMUA0TA. AJUTIOBUANIbHBIE OTIIOKEHUSI peK OacceliHa
CelleHru nNpenMyIecCTBEHHO IPEACTABIEHbI IECYaHO-AJIEBPUTOBBIM MaTe-
puanoM ¢ coaepxkanueM ¢pakiuu gactuil 0,05 - 0,25 mm ot 42 10 63%, Ha
dbpakuuro >0,01mm npuxoautcs MmeHble 25%.

B nenwte pexa Cenenra pasnensieTcs Ha ABa Haubosee KpymnHbIe Py-
kaBa (puc.12). B Hacrosiiee Bpems Oosbmasi gacth cToka (50 - 55% ne-
ToM U 710 90% 3uMOI) TI0- MPEKHEMY OCYIIECTBIISIETCS YEpE3 JIEBbIN Kpaii
— TpOTOKHU Xapay3, JleBoOepexxnas, ["amyTaii. [lo mpaBomMy Kparo AeTbTHI
dbopmMupyeTCst 0JTHAa U3 OCHOBHBIX MPOTOK — JIoOaHOBCKast. B mpaBoii yactu
JeTbTHI Han00JIee MHOTOBOJTHOM ocTaeTcs mpoToka JloGaHOBCKast — OKOJIO
30% croka pexu B neTHUM nepuo u nopsaka 10 % 3umoit. OT mpaBoro
pyKaBa BIIEBO OTHENst0TCS HEOombime mpotoku Cpemnsis u Konmuanast.
Enre Huxke yepes 5 - 6 KM Takke BIEBO OTXOAAT NPOoToku CeBepHas u
Cpennuii [lepemoii. Uepes Masbie BOJIOTOKH IIEHTPATBbHOM YacTh (IPOTOKU
Konnuunas u Cpeansisi) npoxoaut okoJio 3% oOIIero cToka peku, KoTo-
pbI€ 3UMOI1 IEpeMEeP3ar0T U CTOK 3/1€Ch MPAKTUYECKU OTCYTCTBYET (CUHIO-
koBu4, 2004).

Puc. 12. Kapra- cxema oTO0pa npo0d TOHHBIX OTJIOKEHUH B IPOTOKAX
nenwsThl p. Cenenra: 1 - Myp3uHo, 2- JleBoOepexHasi, 3 - Xapay3s, 4 - ['any-
Ta, 5 - Cpennss, 6 - Konmnuanas, 7- CeBepnas, 8 - JlIobGaHOBCKaSI.
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AHanu3 MUHEpAIbHOI'O COCTaBa JOHHBIX OTJIOKEHUI MOKa3bIBAET,
YTO OT BepX0Bbs ( Myp3uHO) BHHU3 IO TEYEHUIO JIO YCThS MO IPOTOKAM
BO3pacTaeT coJiepKaHue KBapla, KOJMUECTBO IJIarMOKIIa30B U aM(puO0I0B,
a TaKke MUPOKCEHOB, XPOMUTOB, TPAaHATOB yMEHbIIaeTcsl. Bmecre ¢ TeM,
0OHApYKEHbI OTIMYUTEIbHBIE 0COOEHHOCTH. MUKpOMOpPGOIOrHuecKuit
aHaJln3 CTPOEHUS JOHHBIX 0CAJKOB MOKa3aJl HOBOOOpa30BaHUs KapOOHATOB
KaJbIUs B MPOTOKE Xapay3 U BOAOCOAEPKALIUX MAapPTraHIEBbIX OKUCIIOB
NEepPEeMEHHOT0 cocTaBa B mpoToke Konmuunas (puc. 13 a, 14 a). Ha pentre-
HOTpaMMaxX CPaBHUBAEMBIX TOHHBIX OTJIOKEHUH MPUCYTCTBYIOT XapakTep-
HBIE JIMHUU MTOPOI000Pa3y0IIUX MUHEPAIOB KBaplia, MOJIEBOTro 1InaTa u

IPYyTUX MUHEPAJIOB.
a) 0)
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Puc. 13. HoBoobOpa3oBaHust kKapOOHATOB KaJIbILIK (a) U peHTIeHOTpaMMa

(0) TOHHBIX OCAJKOB MPOTOKH Xapays.
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Puc. 14. MaprasnueBble OKHCITBI IEPEMEHHOT'O COCTaBa (a) U peHTI€HO-
rpamMma (0) JOHHBIX 0CaJKOB NpoToku KonmuHHast.
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Ha peHnTrenorpamme JOHHBIX O0CaaKOB MPOTOKKU Xapay3 ( puc. 13 0)
PErUCTPUPYIOTCS KapOOHATHI KaNbLIKs ¢ HAOOPOM pedIIeKCOB Ha PEHTTEHO-
rpamme 3.06, 2.28A 1 HanmmuMeM Ha TepMOIpaMMaXx PHJI0- U IK30TepMHYe-
ckoro s¢dekro pu 600 u 800°C. B oTiiumm OT 5TOro, Ha PEHTI€HO-
rpaMMe MeJTUTOBON PpaKkIuu JOHHBIX OTJIOXKEeHUH mpoToku Konnmunnas
(puc. 14 0) peructpupyrotrcst pedieKchbl 3HAUUTENTbHON HHTEHCUBHOCTHU C
MEKIIOCKOCTHBIMU paccTosuuamu 3.11, 2.45 A. Habmonaemble pediekchl
XapaKTEepHBI I KBapLa, a Takxke s genuaokpokura ) -FeO[OH] n map-
raHIEBBIX OKMCIIOB Py IcunoMenana (2,45 A). Iocnenuee npencras-
JISIeT TPYMITY BOJOCOJAEPKAIIUX MapTaHIIEBbIX OKUCIIOB IEPEMEHHOTO CO-
CTaBa, CMECh KOJUIOUJAIBHBIX HIIU MJI0OXO PACKPUCTAIUTM30BAHHBIX MUHE-
pajoB, U3 KOTOPBIX Yallle BCET0 BCTpeuaeTcs nupoiito3ut. [locne omxura
mpu 500°C HHTEHCHBHOCTH OTMEUYEHHOTO pediekca 3HAYUTETbHO CHIDKA-
eTcsl.

Taxum 06pa3oM, peHTT€HOBCKHE U MUKPOMOP(HOJIOTUYECKUE TaHHbIE
CBUJETENBCTBYIOT O TOM, YTO B YCJIOBUAX aKTUBHOTO BOJIOOOMEHA MPHU
CMEIIEHUH PEYHBIX U 03EPHBIX BOJ (YCThE MPOTOKU Xapay3) B JOHHBIX OT-
JIO’KEHUSIX HAKAIIMBAIOTCS KapOOHATHI KaJblKA, & IPH CHHUKEHUH BOJIO-
oOMEeHa B MaJIbIX BOJOTOKaX (ycThe NMpOoTOKH KonmuHHAas) — TUAPOOKHUCIIBI
Maprasiia 1 >kejesa.

MeTtonamu peHTI€HOBCKOTO M TEPMHYECKOT0 AaHAJIM30B YCTaHOBJIE-
HbI KOJINYECTBEHHBIE COJIEP KAHMS TTIMHUCTBIX MUHEPAJIOB B AJUTFOBUAJIb-
HBIX OTJIOKEHUAX peku Cenenra. B cocraBe INIMH IPUCYTCTBYIOT THJT-
pOCITIO/Ia, XJIOPUT, CMEKTHT- MOHTMOPHJUIOHUT, KaOJMUHHUT (puc.15).
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Q @ @ Q K © &
Q,O Qer" ¢Q~ Qo
e &

Puc. 15. Pacnipenenenue rMHUCTBIX MUHEPAJIOB BHU3 MO TEUYEHUIO B JIOH-
HBIX OTJ0XeHUsAX p. Cenenra: |- KAOMMHUTBI, 2 - THAPOCTIOBI, 3 - XJIOPU-
TbI, 4 - MOHTMOPHUJUIOHUTBI.

¥YcranoBieHo, 4To BHA3 TI0 TeueHuto oT n. Haymku g0 m. Kabanck
JI0JII CMEKTHTOB B COCTaBE MIMHHUCTHIX MUHEPAJIOB Bo3pacTaeT Ha 18-20%,
a CJieIoBaTeIbHO, AKTUBU3UPYIOTCSI COPOIIMOHHBIE TTPOIIECCHI B JOHHBIX
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otnoxxeHusix. O6pa3zoBaHue TJIMHUCTHIX MUHEPAJIOB MPEUMYIIIECTBEHHO
CMEKTUT-MOHTMOPUJUIOHUTOBOTO CTPOEHHUS aKTUBU3UPYIOT MTPOLIECCHI
COpOIMU U3 BOJbI PACTBOPEHHBIX M KOJJIOMIHBIX POPM XUMHUUECKUX dIIe-
MEHTOB, CIIOCOOCTBYIOT NIEPEXOAY COCAMHEHUI METAIJIOB B JOHHBIE OTIIO-
KEHUSL.

['uHUCTHIE MUHEPAJIBl HAXOJSATCS ITUTELHOE BpEMsI B TUIIEPTCH-
HBIX YCJIOBUSX U MOJBEPraloTCs B PE3yIbTaTe BHIBETPUBAHUS TOCTOSIHHO-
My H3MEIBYCHUIO, BEIHOCY KATHOHOB, YaCTUYHOMY PACTBOPECHHIO. UTOOBI
W3YYUTh MOBEACHUE TNIMHUCTHIX MUHEPAJIOB MPU MOJJOOHBIX BO3ACHCTBUIIX
dbpakuuu menbire 1,0 MKM IOJIBEpraiuCh paCTUPAHUIO, ITUKITNIECCKOMY
3aMOPKUBAHUIO U OTTaUBaHUIO. I3MEHEHUs] NX MUHEPAIHLHOTO COCTaBa
0 pe3ysIbTaTaM PEHTTEHOBCKOTO aHaIn3a MpuBeeHbI B Ta0. 4. U3 mpu-
BEJICHHBIX JAHHBIX BUIHO, YTO COJACPKaHUE YCTOWUYMBBIX MUHEPAIIOB, Ta-
KHX KaK KBapll, B MPOLECCE BO3AECHCTBUS U3MEHSAETCS HEZHAUUTENIBHO. C
YBEIIMYEHUEM MPOJIOJKUTENIBHOCTH BO3/ICUCTBUS YBEIIMUMUBAECTCS COAEP-
)KaHue peHTrenoamopduoro BemiectBa. Poct amopdHoro BemiectBa o0y-
CJIOBJIEH U3MEHEHUEM I10JIEBOTO IIIATA, CIFO] U TTIMHUCTBIX MUHEPAJIOB.
[Ipu 3TOM 1O YCTOMYMBOCTH MPOLECCAM BBIBETPUBAHUS TNIMHUCTHIE MUHE-
pajibl pacrnoJararoTcs B psa: CIIOAUCTBIC MUHEPaIbl ~KAaOJIMHUT>CMCKTHUT.
PentrenoamopdHoe BEIIECTBO MPEACTABICHO INIMHUCTHIM MaTEPUATIOM CO
CKPBITOKPUCTAIIINYECKON CTPYKTYpOoil. C pOCTOM KOJIMYECTBA PEHTIEHO-
aMop(¢HOro BEIIECTBA B COCTABE OTJIONKEHUM YBEIIMUMUBAIOTCS €MKOCTH Ka-
THOHHOTO OOMEHa, JOCTUTas MaKCUMaJIbHBIX 3HaueHui (Kosma, 1988).

J171s1 OLICHKH TJIMHUCTBIX YaCTHI] Pa3HBIX pa3MepOB KaKk HOCUTEIEH
MOABUKHBIX (DOPM TSKEITBIX METALIOB ObUIA MPUTOTOBJIEHBI SKCTPAKIINU
1IN HCI pactBopoM, B KOTOPBIX ONPEACISIIA KOHIICHTPAIIUIO METAJIOB ME-
TOJIOM aTOMHO-a0COPOIIMOHHOM CTIEKTPOCKOIIUU B BO3AYIITHO-
aleTUIICHOBOM ILJIAMEHHU.

JlanHble Tab1. 5 MOKa3bIBAIOT, YTO HAUOObIAS KOHIICHTPAIUS I10-
JBIKHBIX (DOpM Kele3a, MapraHiia, CBUHIIA M HUKETIS TPOUCXOIUT BO
dbpakuuu < 0,45 Mxm, iMHKa U Meau — Bo dpakuun > 0,45 mxMm Gosee
OJIM3KOM K AECTPYKTYpHU3aLUH BHICOKOJAUCTIEPCHBIX yacTuil. HecmoTpst Ha
BBICOKYIO KOHIIEHTPAIIMIO IMHKA U MeAH BO Gpakiusx menbie 0,45 MxM,
9TU (PpaKIUU XapaKTePU3yIOTCS HE3HAUNUTEIbHBIM COJIEP)KaHUEM B COCTaBe
MUTPUPYIOIIUX MacC. 3HAYUTEIBHYIO OO0 B MOOUITU3AIUIO TJIMHUCTBIX
YacTHI] BHOCSIT YacTullbl pazmepoM < 0,45 MKM, MOATOMY OCHOBHYIO Mac-
CY BOBJICUCHHBIX B BOJHYIO MUTPAIIMIO METAJJIOB MOCTaBsieT Ppakius <
0,45 MKM.

VYyacTtok pexu CelleHrr HalIpoTHB cOpoca JIEeBOOEPEIKHBIX OUUCT-
HBIX COOPYXKEHUM T. YIJaH-Y 13 OTJIIMYAETCS 3aMETHBIM ITPOSIBIEHUEM IIPO-
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LIECCOB TEXHOT€HHOT'0 OCaAKOHAKOIIEHUS. CKOTIJIEHUS] TEXHOT€HHBIX WIIOB
HaOMoAaroTCs BIOJab 6eperoB p. CeneHru BIUIOTH 10 ¢. COTHUKOBO.
Tabmuna 4
MusnepainbHbiii coctaB ¢pakiuu Menbie 0,001 MM TOHHBIX OTJIO-
YKEHUM, MMOJIBEPTHYTON MEXaHUYECKOW M TEPMHUUECKON 00paboTKe

Mertopst Conepxanue MUHEPAIIOB, %
00paboTKH
e | & g
5| - 518 s | £
= a = = = Q = & o
FS2 |E|E g5 |F|9¢ |z
2 =R= S 2 » E|E| 5 | <
HeobOpaborannsrii | 12 |8 5 6 8 15 |15 |25 |6
N3menbuenue:
30 muH 8 3 - 4 13 |15 |11 |7 38
60 MuH 8 - - 3 11 |15 |9 |7 44
3aMopakruBaHHE-
OTTaWBaHUE!
20 muKIIOB 11 6 - 4 14 15 |12 |5 30
40 1UKI0B 11 2 - 3 8 13 |11 |3 48
Tabnuua 5

CopeprkaHre METaJuIoOB, MI/KT, BO (PPAKIUSAX TITUHUCTOTO BEIIECTBA

JOHHBIX OTJIOKEHUH (N- YKCII0 Mpo0)

Pa3zmep DJIEMEHTHI n
bpaknui, Fe Mn Zn Cu Pb Ni
MKM
<0,45 3350 428 55 25 32 29 15
> 0,45 1950 290 260 86 24 22 18

3nech GopMUPYIOTCS HA MPUPYCIOBBIX OTMENSX W 3aTOHMHAX CKOTI-
JICHUSI TEXHOTE€HHBIX HAUJIKOB MOIITHOCTHIO OT 2-5 10 10 - 15 cm. Ha satom
y4acCTKe PEKH BBIOPAHbI TOYKH OMPOOOBaHUS TeXHOTeHHBIX HiI0B (| - 111)
(puc. 16). AmnroBuii XapaKTepu3yeTcs OJHOBEPIIMHHON KPUBOH pacmpe-
JIeJICHUS] YaCTHII, UTO SBISETCS CIEJCTBUEM Mpeoldiananus Ppaxiuii pas-
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mepom 0,25-0,5 mm (puc. 17). 3T0 CBUETETBCTBYET O HAIMYUU OJHOTO
MCTOYHMKA MOCTYIUIEHUSI HAHOCOB B BOJIOTOK ( TJIaBHBIM 00pa3oM 0cai0y-
HBIH MaTepuall ¢ BojocOopa).

Puc. 16.Cxema pacrnosoxxeHuss To4eK OoTOOpa Mpod TEXHOTCHHBIX
uioB (I'OC - ropoackue OYUCTHBIE COOPY>KEHUS).

70 -
j’\;60— oA
N —a ||
2 50 -
© ——a -l
g 40 -
g —— Bbllle Y-Y 03
3 30 A
2
3 20 - :
[ y . N NN N
a 10 - y A T aS ‘
(5] y
O T T T T T 1

1-0,25 0,25-0,05 0,05-0,01  0,01-0,005 0,005-0,001 >0,001

dpakummn, Mm

Puc. 17. Kpusble pacnipeneneHus 4aCTHI] pa3IUYHOTO pa3Mepa B ajlIFOBUU
pexu CeneHru Bbiie T. Y1aH-Y a3 U B TeXHOTeHHbIX oOpa3oBanusx (I-111 —
TOYKH 0TOOpA HUXKE cOpOca CTOYHBIX BOJ).
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JI71s1 TEXHOTEHHBIX )K€ 00pa3oBaHUN XapaKTEPHbI MHOTOBEPIITUHHbBIC
KPUBBIC pacpeeiCHuUs, CI0KEHHBIX TCHETUYECKH Pa3HOPOIHBIMU 00pa-
30BaHUSAMH, TaK KaK B CJI0OKEHUU WJIOB MPUHUMAIOT y4acTHE KaK TEXHO-
T'eHHBIN MaTepuaJl, Tak U IPUPOAHBIN amoBui (puc.l7).

TexHoreHHbIe 00pa30BaHU XapaKTEPU3YIOTCS KaK IJI0X0 COPTHPO-
BaHHBIC MEJIKOAJICBPUTOBBIC HIIBI C TIOBBIICHHBIM COACP)KAaHUEM TITUHU-
CTBIX YacTHI]. B rpaHyJIOMETpUIECKOM COCTaBE TEXHOTCHHBIX MUJIOB TO-
BbIIIaeTCs conepkanne ppakumii > 0,05 mm (aneBputa) mo 23,4 - 44,2 %,
dpakumii > 0,001 mm (rmmab!) 10 12,3 - 33,6%.

Bricokas mucrepcHOCTh BEIIECTBEHHOTO COCTaBa U (PU3UKO-
XUMHUYECKHE CBOMCTBA TEXHOTEHHBIX MJIOB O0YCIIOBIMBAIOT KOHIICHTPHUPO-
BaHHE B HUX XUMHYECKUX 3JIeMEHTOB. Habop aHOMaTbHBIX XUMUYECKHUX
9JIEMEHTOB PAHXUPYETCS CIACAYIOINUM 00pa3oM: SNs ,-Cds 1-Agy g-Phy g-
Cuy2-Cr31- Zny -ASy 1 - M0, o. [lpuBeneHHbie TaHHbBIE IO TEOXUMUYECKON
accoIMaliy, CBOMCTBEHHOM MJIaM B 30HE cOpoca CTOUHBIX BOJ B p. CeneH-
ra, MO3BOJISIET BBIABUTH, YTO B €TI0 COCTaB MPEUMYIIIECTBEHHO BXOAAT
XanbKOMIBHBIC JIEMEHTHI, JJI KOTOPBIX ITOKa3aTeau KOHIeHTparuu K
nocrurarot 2-6 equnann g Sn, Cd, Ag, Pb, Cu, Cr, Zn, As, Mo. Munu-
ManbHble 3HaYeHus1 K (okomno 1) xapakrepus! g nutopuibHbix (Z1, Y,
Nb, Ba) u cunepodunbabix (Co, Ni) amemeHTOB.

Hcrounnkom 3arpsi3HeHUs BO p. MOTOHKYIIB SIBISETCS XBOCTOXPa-
HUJIUIIE 3aKPBITOTO TOPHOPYAHOTO MpeanpusaTus JxkuanHckuii Boabdpa-
MO-MOJINO1eHOBBIM KoMOUHAT. Ce30HHBIE CTOKH Y DOJIOBBIA CHOC C XBO-
CTOXPaHIIHIIA XapaKTEPU3YIOTCS TOBBIMICHHBIM COJICP)KaHUEM JIEMCH-
TOB, BXOJSIIIIUX B COCTaB py bl (Tad:1. 6).

Tabmauia 6

CopepxaHre METaIOB, MI/KT, B IOHHBIX OTJIOKECHHSIX CE30HHBIX CTOKOB
XBOCTOXpaHWIHIIA U P. MOJOHKYIIB (B YHCITUTENE — MUHUMAJIbHBIE U MaK-
CUMaJibHbIE, B 3HAMEHATENe — CpeiHee, B CKOOKaxX — KO3 (ULUEHT Bapua-

1mn B % )
[TynkT oTOOpa Zn Pb Cu Cd
po0
100 m 520-780 230-650 125-355 0,5-29
640(29) 480(36) 205(32) 1,7(23)
200 m 430-720 170-567 92-284 0,5-2,4
560(25) 356(34) 187(32) 1,3(23)
500 m 390-640 92-260 67-266 0,32-1,2
512(27) 168(35) 148(38) 0,98(21)
p-MOIOHKYTb 310-565 81-142,6 56-156,6 0,16-0,98
490(28) 122,4(34) 126,2(34) 0,52(22)
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Taxumu snementamu seisrores Zn, Pb, Cu u Cd, onpenensioriue
TCOXHUMHYECKYIO CIICIIHAIM3AINIO PY/T U OTXO0I0B BX niepepaboTtku. Co-
JiepKaHUS N3yUYEHHBIX METAJIJIOB B IOHHBIX OTJIOKEHUSAX P. MOAOHKYIIH
MPEBBINIAIOT POHOBBIE YPOBHU pek OacceitHa CeneHru B 2-7 pas.

Ananu3 pacrpeaeneHus KOHIIEHTPAINA MUKPOJIEMEHTOB B JOHHBIX
OTJIOKCHUSX MMOKA3bIBACT, YTO KOIPPUIIMECHTHI UX BapHAIIUU U3MEHSIIOTCS
ot 8,5 10 39,7%. 310 N03BOISAET NPEANOTI0KUTh FTEOXUMUYECKYIO OTHO-
POJTHOCTBH COCTaBa aJUTFOBHSI, HECMOTPS Ha OTPOMHYIO MTPOTSHKEHHOCTH BO-
JIOTOKOB OacceitHa u pasHooOpa3ne (HPaKkTOpOB OCAKIACHUS U KOHIICHTPA-
MY DJIEMEHTOB. B kadecTBe ()OHOBOM BBIOOPKH JJISI CPABHEHUS PACCMOT-
PCHBI KJIapKu BepxHel kKopsl koHTHHEHTOB (Taylor, 1985, MBanos, 1994).

[To xapakTepy pacupeneneHus CoAepKaHui MUKPOIJIEMEHTOB HX
MO>KHO pa3/IeNTuTh Ha CIeAYIONIKe rpynmbl. [ pynmna MMToQUIbHBIX U CU-
nepoduabHBIX 3memenToB Ba, Li, Zr, Co, V, Y, Yb, Nb, Sr, Ni, o6ycmos-
JICHHBIE TJIaBHBIM 00pa30M ¢ MEXaHUYECKUM MEPEHOCOM OOJIOMOYHBIX Ya-
ctull. Ix comepsxanus 61u3Kku (OHOBOM BEIOOPKE U XapaKTEPU3YIOTCS
TEHJICHIIMEH CHUKEHUSI KOHIIEHTPAIIUH BHU3 10 TEYEHUIO PEKH.

Bropyto rpynny cocrasistiot amementsl Sn, Cd, Ag, Pb, Cr, As, Mo
KOHIICHTPAIIUXA KOTOPBIX B aJUTFOBHH OJIM3KH K KJIapKam, HO 3aMETHO TI0-
BBIIIIAIOTCS B TEXHOTCHHBIX OTIIOKCHUSAX. DIEMEHTBI TPEThEH TPYIIITHI
npeumyIiecTBeHHO onodunsnabie Mn, Zn, Cu xapakTepu3yroTcst TOBBI-
IIICHHBIMHM KOHIICHTPAITUSMHU B WJIOBBIX H TEXHOTCHHBIX OTIIOKCHUIX

(puc.18).

——1 —8—2 ——3

Li Sc Vv Mn Ni Zn As Y sn Ag Sb La Yb Pb
P Ti Cr Co Cu Ga Sr Zr Mo Cd Ba Ce W

Puc. 18. ConepxaHus 371eMEHTOB B JOHHBIX OTJIOKEHUSX HOPMUPO-
BaHHBIC K COJICPIKAHHIO KJIAPKOB KOPbI KOHTUHEHTOB: | -ajumtoBuid, 2- Uio-
BbIE OTJIOKEHUS, 3 - TEXHOTEHHBIE OTJIOKEeHUs B pycie pek (K - koaddu-
IIUEHT KOHIICHTPAIIUH ).
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['eoxuMuYecKre accoIuaIii, paCCUNTaHHbIC TI0 OTHOIIIEHUIO K
KJIAPKY KOPbI KOHTHHEHTOB, OTJINYACT HA0OP JICMEHTOB, pa3IMYaIONINXCS
Ha JIOKAJIbHBIX y4yacTKax Oacceitna p. Cenenra (tab:ma. 7). Accouuanuu
9JICMCHTOB MJIOBBIX OTJIOXKCHHUH QJIITIOBUS XapaKTEPU3YIOTCS CJ1a00i KOH-
TPACTHOCTBIO TPyIIkI 3eMeHToB CU, Zn, Pb, Cr, Mn 1 MUHMMaIbHBIM 110-
Ka3aTeseM 3arpsa3HeHus. [ eoXxumMudeckne accomuaiiy B 30He copoca
CTOYHBIX BOJ] OTPAKAIOT 00OTAIEHHOCTh TOHKUX YaCTHUIl OTJIOKCHHH dJ1e-
menTamu Sn, Pb, Cr, Cu, Zn, Ag, Cd, Mo, As B pe3yibTaTe akTHBHOCTH
MIPOIIECCOB COPOIUU 1 aKKyMYJISIIUN, YTO BRIPAXKAETCS B YBEITMUEHUH T10-
kazatens Z;. OgHako IuareHeTUYECKHUE MPOIIECChl B TOJIIIE MIIOB ITPUBO-
JISIT K CHIDKEHUIO BAJIOBBIX COJEP’KaHUM JICMEHTOB BHU3 110 TCUCHHIO Pe-
ku. ['eoXxuMuyeckne accoruaIuy OTJI0KESHUH B 30HE TIOCTYIUICHHS CTOKOB
TOPHOI00BIBAIOIIETO MPOU3BOCTBA CBSA3aHBI C TEOXUMUYECKOM CTIeITuaI-
3aruel py1 U OTXOJI0B UX IepepadOoTKH, 3arpss3HeHUEeM OOLIMPHOM TIIoIa-
TV TIPUJIETAIONINX TEPPUTOPHIA, BETPOBBIM CHOCOM U JIPEHAXKHBIM CTOKOM C
xBoctoxpanuauiia Zn, Cu, Pb, W, Mo, Cd, koTopsie 00ycIoBHIN
HauOOIBIINHI TTOKa3aTe b 3arps3HEHUs Ha 3THX ydacTkax OacceitHa p. Ce-
nenra (ta0.7).

Tabmuma 7
['eoxumuyeckue nmokaszaresu JTIOHHBIX OTI0XKEHUH pek Oacceitna p.Cenenra

Iloka3arenu Cu- Y4YacTKH JOHHBIX OTIIOKESHUH
creMa | Unosble OT0keHns B 30HE OTnoxeHus B 30HE
CpaB- | OTJIOKCHMS B cOpoca CTOYHBIX BOJI | MOCTYIUICHHS CTO-
HEHHs | pyclie peK KOB TOPHOJJ00BIBa-
FOLIETO MPOU3BOA-
CTBa
CDOpMyJ'Ia KnapK CU2,6- Mn2,4- Sn5,2-Cd5,1-Ag4,3- Zn 710-Pb6,5- CU5,4-
reOXUMHYECKON KOpBI Pbg,g-an,g- Cr1,5 Pb418- CU412-CI‘3,1- Cd 47" W3’5- szj-
accoluanuu KOHTHU- Zn,6-As;1-Mo03 o Moy 5- ASy 3
TUHEH-
HEH-
TOB
CymmapHsbIi
[oKa3areiib - 8,4 23,8 28,6
3arpsizHeHus, Z;

[Tpumeuanue. UncneHHbIE UHAEKCHI Y CHMBOJIOB 3JIEMEHTOB OTOOPAKAIOT
ux K - koadpuimeHTs! KOHIEHTpaIuu.
Tak kak BaJIOBbIE COAEPKAHUS DIEMEHTOB HE OIPENEISAIOT COAEP-
YKAHUS MUTPAIlMOHHO-AKTUBHBIX ()OPM ObUIH YCTAHOBJIEHBI MMOJIBUKHbBIE
PEUMYILECTBEHHO OOMEHHO-COpOUPOBAHHBIE U KAPOOHATHBIE (DOPMBI

HaXO0JACHUS TPYIMIIBI 2JIEMEHTOB OIMPEEICHUEM X BAJOBOTO COJICPIKAHUS
B BeITsDKKE B 1N HCI. Onerka MurpaninoHHON COCOOHOCTH TSHKENBIX Me-

35



TaJUIOB MPOBOAMIIACH MO MoKazaTento Ky, - mpolieHTHOE cofiep:kaHue mo-
JIBUKHBIX (POpM OT BaJIOBBIX (Tab1. 8).
B peunom armiroBUM MoKa3aTead MUTPAIMOHHOM MOABUKHOCTH Me-
Hee KOHTPACTHBI ¢ Bapualei B npenenax 3,3-10,8 %, nanbosnplue noka-
3atenu 9,2-10,8% xapaktepHbl 111 OnopunbHBIX 3eMenToB Mn, Zn, Cu.
B TeXHOTEHHBIX OTIOKEHUAX HAUOOJBIITNE MTOKA3aTeTH MUTPAIIMOHHOM
MOJIBYKHOCTHU Bo3pacTtaroT 10 16,8-22,6%. Bo3pactanue 1011 MOABUKHBIX
dopm xapakrepso 1t Zn, Cu, Cr, Cd. OxHako, pasHooOpa3HbIe MTPOIIECCHI
MIPOTEKAIONTUE B BOJAOTOKE MPEoOPa3yIOT TEXHOTEHHO 00YCIOBICHHBIN Oa-
JaHC GOpM HAXOXKICHUS METAJUIOB B YCTOMYHMBBIC UX COOTHOIIICHHUSI, CBOM-
CTBEHHBIE JIJIST AJUTFOBUSI.
Tabnuma 8
Cpennue conepxaHus MOABUKHBIX (POPM TSHKEITBIX METAJIOB B
JIOHHBIX OTJIOKCHHUSAX pek Oacceiina p. Cenenra (N — K0JI-BO MPo0)

Tun En. Mn |Zn |[Cu |Pb |Cd Ni |Cr |n
OTJIOKECHU I HA3MED.

Peunoit mr/kr 1426 (42 |065(12 000514 |18 |12
aJOBIH Ky% |92 195 108 |57 (33 (8,7 |53

Omioxenus mr/kr | 67,2 | 32,4 [23,7 |14,2 |0,02 |14 |18,7|8
B3oHecopoca | K o | 14,5 | 17,6 | 22,6 |14,8 133 |88 |17,3

CTOYHBIX BO/J

Ornoxennsis | mr/kr | 397 1 48,2 | 345|156 |008 |17 |24 |8
30HE CTOKOB K.% |86 [13,1 16,8121 170 10,6 |7,1

TOPHOI00.TTPOM.

3AK/IFOYEHUE

[TIpoBeneHHbBIE UCCAEAOBAHUS TTO3BOJIUIIN MTOTYYUTh CICIYIOIIUE Pe-
3yJIbTaTHI.

1. ITorertenne kaumara B 1980-1990 rogax o0ycIIOBHII TOBCEMECT-
HBII POCT CpeaHeronoBoit Temneparypsl 3a 30 ner Ha 0,81 °C, uro npuBeso
K U3MEHEHUIO TUAPOMETEOPOJIOTUUECKUX YCIOBUN (DOPMUPOBAHUS CTOKA
PEK B JIECOCTEMHBIX M CTEMHBIX 30HAX B BUJC YYACTUBIIUXCA MAJIOBOIUN U
pOCTa CTOKa PEK B IOT0-3aIaIHBIX TOPHBIX palloHax.

2. BpISIBIEH CTATUCTUYECKH TOCTOBEPHBIA OTPULIATENLHBIN TPEH]T T'O-
noBoro ctoka pek Cenenra, Yukoi, Xuinok, ¥ 1a, KOTOPbIM CTAHOBUTCA
3HAYMMBIM B TTOCJIEAHEE ACCATUIICTUE NTPU CTa00 OTPULIATEIBHOM TPEH/IE
roJIOBBIX 0calkoB. B Oacceitne pexu [[uga oTMEUEH MOJ0KUTEIIbHBIN JTH-
HEWHBIN TPEH/I YBEJIIMUEHUSI CPETHETO/IOBBIX PACXO0JA0B BOJIBI IIPU MOJIOXKH-
TEJIBHOM TPEHJE TOJI0OBBIX 0CaAKOB. CpaBHEHHE BOJTHOTO CTOKA PEK B Me-
puoxa 2001-2010 rr. ¢ TaHHBIMY MPEIBIAYIINX JIET YKa3bIBA€T Ha €ro
ymeHblieHue Ha 24-39% B peke CelieHra u €€ npaBbIX TPUTOKOB — YHKOM,
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Xunok 1 Y na. BogHbli CTOK J€BbIX TPUTOKOB peku Cenenra — Jlxuaa u
TemHuK 32 3TOT ke nepuoj yBeauuuiics Ha 32 u 3% COOTBETCTBEHHO.

3. [lo ynenpHBIM MOKa3aTesiM CPeIHUM MHOTOJIETHUN CTOK B Oac-
ceiine p. Cenenra usmensuics B npeaenax ot 0,4 go 7,2 n/c kM2, Hanboee
BBICOKHI1 MOJIyJIb CTOKA B p. TeMHHK cOCTaBisiI 6,9 - 7,2 11/c KM?, B peKax
Epoo, Uukoit u Jlxxuna — B npenenax 4,2 - 4,5 n/c KM%, HanboJIee HU3KHE —
Ha Tepputropun Monronuu B 6acceiine pek Tyyn, UynyT u Xapaa 0,41-
0,98 m/cKkm’.

4. OtieHeH roI0BOM CTOK B3BEIICHHBIX HAHOCOB PEK OacceiHa p.
Cenenra. 3a nepro1 HaOMIOICHUI CPEIHUI TOJJOBOM Pacxo/l B3BEIICHHBIX
HaHocoB peku Cenenra B 1. Kabanck cocrasmn 106,9 kr/c, 9To cOOTBET-
CTBYET €XEroJJHOMY 00beMy cTOKa HaHOCOB 3,39 - 3,81 muH. T. Haumens-
1Iee KOJIMYeCTBO HAHOCOB B3BelIeHHbIX YacTull 0,085 MITH.T /TO MPUHOCUT
p. TemHuK 1ipu cpeTHEr0/I0BOM pacxojie HAHOCOB B mipenenax 1,4 - 3,2
Kr/C.

5. BoIsiBIIeHO, UTO OONBIIMHCTBO THAPOXUMUYECKUX TTOKa3aTenen
pek B Oacceiine p. Cenenra (GopMHUPYIOTCA B pe3yibTaTe ICUCTBUS TIPU-
poaHbIX (pakTopoB. TpaHchopMalns KUCIOTHO-IIEIIOYHON PEaKIIUU BOIbI,
MOBBIIIIEHUE COIEPKaHUs CYyIb(ATOB U XJIOPUJIOB, a TAKKE MPEBBIIIICHUE
HOPMAaTUBOB MPEICIbHO JOMYCTUMBIX KOHIIEHTPAIUNA JIETKOOKUCISIEMBIX
OpraHUYECKUX BEIIECTB U HUTPUTHOU (POPMBI a30Ta UMEIOT JIOKAJIbHBIN
XapakTep U CBSI3aHbI C AHTPOIOTEHHBIM MOCTYIJIECHUEM CTOYHBIX BOJI C
OUYUCTHBIX COOPYKEHUM U HEOPTaHU30BAHHBIX JINBHEBBIX CTOKOB ¢ ypOa-
HU3UPOBAHHBIX TEPPUTOPUH.

6. Onpezenenbl (GOHOBBIE YPOBHU COAEPKaHUS MAKPO- U MUKPO-
aJIeMEeHTOB, BKiItodas P33 B pekax Oacceiina p. Cenenra. MuHuManbHbIe
(hOoHOBBIE YPOBHH PACTBOPEHHBIX METAIJIOB HAOJIIOIAIOTCS B PeKax, IPEHU-
PYIOIIHMX TOPUCTHIE 3aJIECEHHBIC MaJIOHACeNIeHHbIE Bo1ocOophl. Ha paB-
HUHHBIX y4acTKaX MPY BO3paCcTaHWUU OOIIeH aHTPOIOTeHHOM Harpy3KH, HO
0e3 crienuduueckoro 3arps3Henus (peku Cenenra, Xuiok, ¥Ya, Jxunaa,
Uukoif) KOHIICHTpAIIUK PAaCTBOPEHHBIX MEIH, ITMHKA BO3pacTarT B 1,4 - 2,2
pasa, xxenesa, Mmaprasna 2 - 3 paza oTHocuTesnbHO ¢oHa. B pekax MoaoH-
kyJb (Poccust) u Xanran (MoHronus ), HaXOAAIIUXCA 10T BIUSHUEM CTO-
KOB OTXOJIOB TOPHOI00BIBAIOIIETO MPOU3BOJICTBA, COJICPIKAHUSI PACTBO-
peHHbIX (GOpM Meu, ITMHKA, CBUHIIA BO3pacTaroT B 3 - 6 pas.

7. Y CTaHOBJIEHO MPEBBILICHUE CPEAHETOIOBOM KOHLIEHTPALIUU paC-
TBOpeHHbIX ZN, Sr, Zr, Ti, Y, Nb, Mo B Boze pek Oacceiina p. CeneHra B
1,9 - 2,9 paza, Sn — B 4,2 pa3a B cpaBHEHUHU C aHAJTOTUYHBIMU [TOKA3aTEN -
MU pek mupa. [IpeBbillieHne HOpMaTUBOB JIJIsT BOJOEMOB PHIOOXO3SIICTBEH-
noro HazHaueHus (ITJK ,6x;) mo Cu, Mn, Fe, Zn, Pb cocrasisuio 2,5 pa3a B
85% mpoaHaNIM3UPOBAHHBIX MPOO.
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8. BeIsSIBJIEHO, UTO COCTaB MOPO1000PA3YIONINX AIEMEHTOB B3BEIIICH-
HBIX BEIIECTB KIMMaTH4Yecku oOyciorieH. [Ipu nepexose oT pexu Y a,
BOJIOCOOp KOTOPOM pacrofiokKeH B CEBEPHOM JIECHOW YacTu OacceiiHa, K pe-
KaM C BOJA0CcOOpaMU B FOXKHBIX CTEIHBIX U JIECOCTEIHBIX 30HaX (peKu XHu-
70K, Yukol, BepxHee u cpegHee TeueHrne CeleHT ) MPOUCXOAUT CHUKEHUE
conepkanus SiO,. B 30Hax ¢ BIaXHBIM KJIMMAaTOM B3BECh OOOTaleHa
Fe,O3; n o6eqnena CaO u MgO B cpaBHEHUH C JIECOCTEITHON M CTEITHON
TEPPUTOPHUSIMU C CYyXUM KIIMMAaTOM. MUHUMaIbHbIC KOHIIEHTpauu Fe,03
OTMEUCHBI BO B3BeCsX pek ¥Ya, Xuinok, Unkoit u 6osee BBICOKHE UX CO-
nepkaHus B HIKHEM TeueHuu pek Cenenra u [xuna.

9. Iloka3aHo, 4TO COAEPHKAHHUE JIEMEHTOB KATUOHO- U aHHOHOT €H-
HBIX JINTO(QHUIIOB C MOCTOSIHHON M MIEPEMEHHON BaJI€HTHOCTHIO, OMO(PHUIOB —
CyJnb(GohUIOB U THAPOIU3ATOB B COCTABE B3BEIIICHHBIX BEIIECTB MOJIBEP-
’KEHO C€30HHOM M3MEHYMBOCTH M TEXHOTECHHOW Harpy3ke. B BeceHHul ne-
PHOJI B peKaX IPEUMYIIECTBEHHO BO B3BEIICHHOM (hopme murpupyior Al,
Fe, Ti, Cr, V, Pb, Ni, Co, Cu, Sn, Sh, Zr, Sr, Y, P33, B teTHuii nepuos B
cocraBe B3BecH coaepxkanne Ca, Mn, Cu, Zn, Sr, Sn, V, W, Pb, Bi noBsiI-
mraercs B 1,1-1,3 pasa, konnentparus Mo, Cd, Sn, Sb — B 1,5-1,8 pasa. Bo
BCEX peKax HE3aBHUCUMO OT KOJIMYECTBA B3BECH B BOJIE METAILIIBI O0Pa3yloT
CIICAYIOIIMIA PsIJT B3BEUICHHBIX (hopM murparuu: Fe>Mn>Zn> Pb>Cu>Ni.
B 30He BiIMsAHUA UCTOYHUKOB 3arpsi3HeHUs Bbinagaet 1o 40 - 65% B3Be-
meHHbIX hopm Fe, Zn, Pb, Mn, Cr u 10 20-50% — Cu, Ni.

10. YcranoBneHno, 4to B AenbTe p. CENEHrH B JOHHBIX OTIOXKEHUIX
MHOTOBOJHOM MPOTOKH Xapay3 KapOOHAThI KaJlbIUs BbINAAAIOT B TBEPAOU
daze, B MasioM BojoToke KoJmuHHasi HaKarIMBarOTCS MapTraHIIeBbIE OKHUC-
JIbI IEPEMEHHOI0 COCTaBa, CMECh KOJIOMAAIBHBIX WJIU IJIOXO PACKPUCTAII-
JIM30BAHHBIX MUHEPAJIOB, U3 KOTOPHIX Yallle BCET0 BCTPEUAETCS MUPOJIIO-
3UT.

11. AmtroBuanbHbI€ IOHHBIE OTJIOKEHUS HE 3arpsi3HEHBI TSHKEIBIMU
MeTaJIaMH, UX CPETHUE COJICPKaHUsI MOTYT UCIIOJIb30BaThCS B KAUECTBE
¢doHOBBIX. B TeXHOreHHBIX 00pa3oBaHusaX akkymynupytorcs Cu, Zn, Pb,
Cd, Cr, Sh, As, Sn, Ag, W, nokazatenu koHrenrpamuu (K), KoTopbix Mo-
ryT gocturats 2,0-7,0 equann. MuanMmanbabie 3Hadenus K (oxoino 1) xa-
pakTepHsl s tutodmibHbIX (Zr, Y, Li, Ba) u cunepodunbabix (Co, Ni)
2JIEMEHTOB.
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