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IMpencraBieHbl pe3ysibTaThl OLIEHKU YPOBHSI 3aTrpsSI3HEHUST TOHHBIX OTJIOKEHUI YeThIpex Majiblx pek Bia-
IUMUPCKOM 001, TseKeabiMu MetauiaMu (TM) u docdaramu. I1o BeanunHaM Ko3DOUIIMEHTOB KOHIIEH -
Tparuu TM, XapaKTepu3yIoInX YpOBEHb KOHIIEHTPUPOBAaHUsI (AHOMAJTbHOCTH) 3JIEMEHTOB B JOHHBIX OT-
JIOKEHMSIX OTHOCHUTENbHO UX (POHOBOTO COAEP>KaHUS B PETMOHE, BBISIBJICHBI 30HbI TEXHOT€HHBIX IMOJUIJIe-
MEHTHBIX TEOXMMHWYECKMX aHOMaluil B pycjax BCeX HCCIEeIOBAaHHBIX BOIOTOKOB U WX CTPYKTypa.
YcTaHOBJIEHO, YTO IPUOPUTETHBIMU METAIAMU TEXHOTEHHBIX TEOXMMUYECKUX aHOMAJIUi B TOHHBIX OCa/I -
kax sBisitorcst Fe, Pb, Co, Cu, Zn, Cr, Mn. MakcumajbHble YPOBHU 3arpsi3HEHUS] JOHHBIX OTJIOXKEHU I
YKa3aHHBIMU MeTaJIJIaMM XapaKTepHBbI JJISI 30H BIAUSHUS CTOKOB C TEPPUTOPUIT KOJUIEKTUBHBIX CaloOB
(CHT), XMBOTHOBOIYECKUX KOMILJIEKCOB, KPYITHBIX MTPOMBIIIJIEHHBIX TOPOIOB U CEIbCKUX TMOCEICHU.
ITo 3HaYeHUsIM CyMMapHOTO MoKa3aTeJsl 3arpsi3HeHUs (Z.), OTpaXarolero alAuTMBHOE NpeBblleHue Gho-
HOBOTO coziepxXaHus rpynoit TM, BXOASIIMX B COCTaB TEXHOT€HHBIX TEOXUMUYECKUX aHOMAJIUI, UCCIie-
JIOBaHHbIE BOTOTOKM PACIIOJOXIIKCH B psan: p. Compiika > p. Kamenka > p. Pnens > p. MneBHa, mo co-
nepxanuio ¢pocdaron: p. Conpiinka > p. Prens > p. Kamenka > p. UneBHa. M3yueHBI KOppeassIMOHHbBIE
3aBUCHMOCTH MEXIY KOMITOHEHTaMU JOHHBIX OTJIOKeHU . [IpoBeneHa olieHKa yCpeIHEeHHOM Harpy3kKu Ha

BogoToku TM u pocdartos.

KioueBble ciioBa: manvie peku, OOHHbIe OMAONCEHUSL, 3AePA3HEHUE, NOAUMEMANLbHbIE 2COXUMUYECKUE AHOMA-
auu, pocghamut, ycpeOHeHHAsE AHMPONO2EHHAS HA2PY3KA
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BBEAEHUE

MaJble peKu, COCTaBIISIIOLINE 3HAYUTEBHYIO 10-
JIIo runporpaduyeckoit cetu BiranuMupckoro peru-
OHa, SIBIIIIOTCSI OCHOBHBIMY MIPUEMHUKAMU CTOYHBIX
BOJI MPEAIIPUSTUI IMPOMBIIUICHHOCTA U CEJIBCKOTO
XO3SIICTBa, TOBEPXHOCTHOTO CTOKAa C TEPPUTOPMId
TOPOJICKUX U CEIbCKUX MOCEECHU, CeIbX03yrOanii,
MMPOMILIOIIAMOK, ITIOJIMTOHOB CEJIbCKOXO3SIICTBEH-
HBIX U MMPOMBIIUIEHHBIX OTXOA0B. YKa3aHHbIE CTOKU
3arpsiI3HEHbI COSAMHEHUSIMU OUOTE€HHBIX 3JIEMEHTOB,
TseKenbiMu Metasuiamu (TM), HedTenpomykramm,
MOBEPXHOCTHO-aKTUBHBIMU BellleCTBAMU, MECTULIV-
JaMU, OpTaHUYECKUMHU BEIECTBAMHU IIPUPOIHOTO U
AHTPOMNOTEeHHOIO IPOUCXOXICHUS, B3BELICHHBIMU
yacTUIlaMU, YTO BbI3bIBACT 3BTPOMUKALINIO MajbIX
peK U 3auJimBaHue ux pycein [1, 3, 8].

YCTaHOBJIEHO, YTO B pe3y/IbTaTe MPOIIECCOB CEIH-
MEHTAIlMM ¥ TPaHCCEIMMEHTAIIMN B3BEIICHHBIX Be-
ILIECTB AJUIOXTOHHOTO U aBTOXTOHHOTO TPOUCXOXIe-
HUS B pyclIaX MaJIbIX peK (hOPMUPYIOTCSI TOHHBIE OT-
JIOKEHMSI, COCTaB KOTOPBIX, KaK MPaBUJIO, OTPAXKAET
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cnelruKy X03sIHCTBEHHOTO UCTIOJIb30BaHUST BOJO-
cOOpHEBIX TeppuTOopuUii [5, 12].

CocTaB JOHHBIX OTJIOXKEHMI CTaOMIIbHEE 10 CpaB-
HEHHWIO C COCTAaBOM BOIHOI cpelbl, MOHUTOPUHT UX
cocTaBa MeHee TPYIOEMOK M KOHOMHUYECKMH Oosee
Lejaecoobpa3eH, YeM eXXeromHoe IIPOBeAeHNE CE30H-
HOI OLEHKW TUAPOIKOCUCTEMBI MO TUIPOXUMUYIE-
CKUM M TUJIPOOMOJIOTMYSCKUM TToKa3arteassMm. Mcxo-
IIsT U3 DTOrO, JOHHBIE OCAaJKM B HACTOSIIEEe BpeMs
MHOTMMHJ aBTOpaMM paccMaTpUBAIOTCSI KaK MHINKA-
TOPBI 9KOJIOTUYECKOTO COCTOSTHMSI BOTHBIX OOBEKTOB
W UISI OLIEHKY TEXHOI€HHOM HArpy3KU Ha TUIPOIKO-
cucremy [4, 10, 12].

Haubonee omacHBIMM KOMIIOHEHTAaMU JTOHHBIX
OTJIOKCHWIT TTOBEPXHOCTHBIX BOI SBASIOTCI TM m
docdaTel, TaK KaKk MpU YBEJIMYEHUU B BOJE OOIIEHH
KOHIICHTpAallM PAacTBOPHUMBIX cojieii (MOHHOM CHU-
JIbI), U3MEHEHUM OKMCJIUTEIbHO-BOCCTAHOBUTEIb-
HBIX U KHUCJIOTHO-ILEJOUYHBIX YCJIOBUI B BOJOTOKE
BO3pacTaeT X NOTOK B BOAHYIO a3y, YTO IPUBOIUT
K TOKCU(MUKALIMM W 3BTPOPUKALIMU TUIPOIKOCH-
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cTeM M rubenu HauboJjiee YyBCTBUTEJIBHOM THUIOPO-
ouotsl [10].

Ilenb paGoThl — McCClIefOBAaHUE YPOBHS 3arpsi3He-
HUSI TOHHBIX OTJIOKEHU 4-X MaJIbIX peK Biamumup-
ckoit 0011. TM, docdar-moHaMu; olleHKa TEXHOTEH -
HBIX TeOXMMUUYECKUX aHoMauit TM B JOHHBIX OTJIO-
JKEHUSX BOIOTOKOB W aHTPOITOTEHHOM HArpy3Ku Ha
BOJIOTOKM.

OBBbEKTBI 1 METO bI

OOBEKTHI UCCIENOBaHUS — MaJible BOJOTOKU Oac-
ceiinoB pek Kisasema (Coppliika, Pnenn, Kamenka)
u Oka (MneBHa).

YKkazaHHbIe BOIOTOKM UCTIBITHIBAIOT BIMSIHUE KaK
KPYIIHBIX CTallMOHApPHBIX, TaK U PacCEeSIHHBIX UC-
TOUYHMKOB 3arps3HEHUsI, XapaKTepU3YIOTCsS Cylle-
CTBEHHBIM pa3lMYUEM IUIONIANEd BOAOCOOPHBIX
TeppUTOPUIl, YpOBHEM ypOaHU3ALIMU U CIeLUPU-
KO XO3sIiICTBEHHOTO UCTIOJIb30BaHUSI BOIOCOOPHbBIX
TEPPUTOPUIA.

NneBna — neswrii mputoK p. Oka, minHa 40 KM,
IoLaab Bogocoopa 861 KM2, MpoOTEKaeT Mo Teppu-
Topuu Mypomckoro paiioHa Bragmmupckoil o06Ji.
bacceiiH pexu MoJHOCTbIO pacriojiaraeTcsl Ha Teppu-
Topnun Mypomckoro Ilpemouybst — caMoii pacraxaH-
Hoi yactu Meuepckoil [IpoBuHIIMKM noaTaiiru Pyc-
CKOW paBHUHBI, C BEIPAKEHHOM MPAaBOX aCUMMETPH -
eil (ImpaBble MPUTOKM OOIIMpPHEE M MHOTOBOIHEE).
BepxHsist yacTb BOIOCOOPHOIT TEpPpUTOPUM MPAKTU-
YeCKM MOJTHOCTBIO pacrnaxaHa, eCTeCTBEHHbIE HacaX-
JIEHUSI CBEIEHbl K MUHUMYMY, OCTaJIbHasl 4acTh Oac-
celiHa pacriojoxeHa B 0oJiee IECUCTOU MECTHOCTH CO
ciraboii 3aceeHHOCThIO. [IpaBoOepexHast 4acTh Oac-
ceiiHa WHCIBITBIBAET AHTPOINOIeHHYIO Harpy3Ky 3a
cyeT OOoJbIIe TUIOTHOCTU HaceJeHUsI W OOoJIbIIeH
WHTEHCUBHOCTH OCBOEHUSI TEPPUTOPUU, a JieBoOe-
pEeXHasi YacTb — 3a CUET MPOMBIIUIEHHBIX MTPEIpHs -
Tl okpyra Mypom u Mxp. BepboBckMii 1 HacesleH-
HBIX IMYHKTOB, HaXOASIIUXCS B HEMOCPEACTBEHHOI
OJIM30CTH K BOOOTOKY M ero mputokaM. Hambonpiiee
TEeXHOT€HHOE BO3MIeHICTBUE WCIIBITHIBACT YCThEBOI
Y4acTOK PEKM 3a CYET MPOMBIIIJIEHHBIX CTOKOB My-
POMCKOTO IprOOPOCTPOUTENTBLHOTO 3aBOJIA.

Kamenka nporekaet no rycToHaceJIeHHOM’ Teppu-
topuu CysnalibcKoro paiioHa, BramaeT B p. Hepib
(mpaBblit Oeper), mIMHA BomoToka 41 KM, IUIoIIagb
BozmocOopHoro 6acceitHa 313 km?. PaiioH xapakrepu-
3y€TCs1 Pa3BUTBIM CEJIbCKUM XO35IMCTBOM, OTCYyTCTBUEM
KPYITHBIX TIPOMBILIJIEHHBIX Mpeanpustuii. BomoTok
3arpsi3HAETCs] TUBHEBBIMU U MTaBOJKOBBIMU CTOKAMU
C TEPPUTOPUM KPYIHBIX KMBOTHOBOAYECKUX KOM-
TUIEKCOB U CEJIbXO3yroauii, MacTOUILl, C TEPPUTOPUIA
MHOTOYMCJIEHHBIX CEJIbCKUX MoceeHui u r. Cy3aaib
C YaCTHBbIMU JOMaMU 0e3 KaHaJIM3allu1 U HeUcIpaB-
HBIMU OYMCTHBIMU COOpYXeHUsMU Topoaa. K 3a-
IPSI3BHEHWIO 9KOoCcUCTEMBI p. KaMeHKa cmnoco6cTBOBa-
JIO TaKKe HapyllleHUe TUAPOJOrnYecKoro pexnuma B

TEOBKOJIOTHA. UHXEHEPHA{A I'EOJIOTUA. TUAPOT'EOJIOIMA. TEOKPHUOJIOTIUA

yepte . Cy3manb (IOCTpoiiKa IOBYX KaIMTaIbHBIX
IJIOTMH) U pacralika ITOMMeHHBIX JTyTOB.

Pnens — neBrwiii nputok p. KisispMma, mmmHa 44 KM,
mowanb Borocoopa 270 kM2, MPOTEKAET MO TEPPU-
topuu Cy3najibckoro paitona u r. Bmagumup. bac-
CEeH peKd aCMMMETPUYCH 3a CYET IMPaBOOEPEXKHBIX
IIPUTOKOB, JIECHbIE MAaCCHUBBI HE3HAYUTEIbHBI (OKOJIO
13% TeppuTOopuHn), MOYBBI HA BOAOCOOPE MPEUMYIIIE-
CTBEHHO pacIllaXaHbl, MUMEET IOCTAaTOYHO BBICOKUIA
ypOBeHb ypbOaHu3anuu. [MIpoIoTudecKuii pekuM
BOJIOTOKA HapylleH (3a cY4eT MOCTPOMKU TUIOTUH U
WHXEHEPHBIX IIpynoB). BomocOopHast Tepputopus
p. PrieHp, 3a UCKIIOYEHUEM TOPOACKOI 30HBI, MCTIBI-
THIBA€T B OCHOBHOM CEJILCKOXO3SIMCTBEHHYIO HAIPy3Ky
¥ BIUSTHUE MHOTOUYMCIIEHHBIX CEIbCKUX ITOCEICHUA,
TeXHOIe€HHasl Harpy3ka IIpUXOOWUTCS Ha MPOMBIIII-
JICHHBIC MTpeanpusTus . Bragumup (MalmHocTpoe-
HUE ¥ XUMHWYECKasl IIPOMBIIIIEHHOCTD) M KUJIUIITHO-
KOMMYHAaJIbHO€ XO3SMCTBO.

Conpllka — IIpaBeIii TPUTOK p. PrieHb, mpoTeka-
eT IT0 CeBepo-3aMaaHoli oKpauHe I. Biragumup, aiu-
Ha BOJOTOKA 22 KM, IJIOIIaabh BOOOCOOPHOM Teppu-
topun 82.7 xM?2. BacceliH pexu uMMeeT BBICOKUIA
YPOBE€Hb YpOaHM3alIMM C MHOTOYMUCIEHHBIMU CEJIb-
CKMMU TIIOCCJICHUSIMU U KOJUIECKTUBHBIMU cCalaMWU
(puc. 1). Imapojiormyeckuii pexXuM HapylleH, Ha pe-
K€ BO3BeIeHa 1aMba ¢ 00pa3oBaHMEM B CPEIHEM Te-
YeHMU BomoxpaHuiuiia riomanasio 102 ra. BogoTok
B BEpXHEM TEUYCHUHU UCIILITEIBAET CUJIBHOE aHTPOIIO-
TEHHOE BO3IEMCTBHE 3a CYET CTOKOB C OUMCTHBIX CO-
OPYXEHUI U MPOMILUIOIIAAKN KOMIIOCTUPOBAHUS OT -
XOIOB NTUlledadbpuK, najgee BOOOTOK 3arpsI3HSICTCS
CTOKaMHU C CEJIUTEOHBIX TEPPUTOPUN U HECAHKIINO-
HHUPOBaAHHBIX CBAJIOK TBEPAbIX 6bITOBbIX N ITPOMBIII-
JIEHHBIX OTXOJOB B IIPUOPEKHOI I10J0Ce BOIHOIO
00BeKTA.

OT60p TTPOO TOHHBIX OTJIOKEHWI IJIST aHaJIn3a 1
omnpeAcacHUe COACPXKAHUSI B JTOHHBIX OTJIOXECHUSIX
¢docdaToB IPOBOAMIN IO CTAHIAPTHEIM METOAUKAM.
BanoBoe conepxanue TM B HOHHBIX OCaaKax OLEHN-
BaJId peHTreHOMIyOpeCLIEeHTHBIM METOJOM Ha CIeK-
tpoMeTpe “CrektpockaH MAKC-GV” [6]. Ananus3
MPO6 JOHHBIX OTJIOXKEHU M IIPOBOININ B YETHIPEX IO~
BTOpHOCTSIX. KoppelsilioHHbIe 3aBUCUMOCTH MEX-
JIy KOMIIOHEHTAMU JOHHEIX OCaAKOB YCTaHOBJICHEI C
HMCITOTb30BaHMEM IIpOTpaMMBI Statistica 7.

st XapaKTepUCTUKY YPOBHS 3arpsi3HEHUS] TOH-
HbIX OTJOXEHUU U TEXHOTEHHBIX T€OXUMUYECKUX
aHoManit TM npuMeHsiii 3HauYeHUsT KO3 ULIMEH-
ToB KoHUeHTpauuu (K.), KoTopble XapakTepusyloT
YPOBEHb KOHIICHTPUPOBAaHUS (aHOMaJbHOCTU) DJIE-
MEHTA B TOHHBIX OTJIOKEHUSIX OTHOCUTEIBHO ero po-
HOBOTO Co/iepXXaHusl.

®oHoBEIe KOHIeHTpauun TM B JOHHBIX OcajgKax
pek BimamgmMupckoif o0J1. OBIIM yCTaHOBJICHBI TI0O
JaHHBIM “OTdeTa O pe3yabTaTax KOJOTO-TeOXUMU-
YeCKMX HCCJIeIOBAaHUII aHTPOIIOTEHHOIO 3arpsi3He-
Hus nouyB (M-6 1:50000—1:25000) 1 mOHHBIX ocaj-
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Puc. 1. Bonoc6opHsrii 6acceitt p. Conplika.

KoB (M-6 1:200000)”, moaroToBjieHHOTO MNapTUEii
Ne 1/90 Bo Baagmmupckoit 06. 3a 1990—1991 rr.
(B 2 Tomax); oTB. ucnonHurteab A.H. I1punenckuii.

DJeMEHTHBIII COCTaB U CTPYKTYpPY TeOoXUMUUe-
CKOII aHOMAaJINM XapaKTepU30BaJIn 10 (hopMyIie Ireo-
XUMHWYECKOM acCoIMallMM, TPEACTaBsSIonieit codoit
YIIOPSITIOUEHHYIO MO 3HAYEHUSIM PaHXUPOBaHHBIN
psia xumudeckux aeMeHToB ¢ K, = 1.5 [12].

Jag pacuera ycpegHEHHOM aHTPOIOTeHHOM Ha-
TPY3KHU TSDKEJIBIX METa/JIOB U (hocaToB HAa BOOOTOKU
HCIIOJIb30BAaHO IIPEMIOXKEHHOE HAMM COOTHOIIICHUE:

YAH :M,
S

rne YAH — ycpenHeHHast aHTpOIIOT€HHAsI Harpy3kKa
[0 KOHKPETHOMY IIOJUTIOTAHTY, XapaKTepusylollast
MOCTYIJIEHUE TIOJUTIoTaHTa ¢ 1 KM? BOZOCOOPHOIO
Oacceiina; C,, — CpeIHsAsA KOHLIEHTPALIMS ITOJUTIOTaH-
Ta, MI/KT; L — njvHA BOOOTOKA, KM; S — TUIOIIAdb
BOIOCOOPHOro OacceifHa, KM2.

s BBISIBICHUS TEXHOTEHHBIX T€OXMMUYECKUX
aHOMaJIVi1 B pyciiaX UCCIeAOBAaHHBIX BOJOTOKOB BbI-
OpaHbl TOJIBLKO T€ METAJUIbI, IJISI KOTOPBIX N3BECTHHI
nX (pOHOBBIE COOEpPXKAHUS B JTOHHBIX OTIOXEHUIX
pek BraguMupckoii 06:1.

PE3VYJIBTATbBI 1 UX OBCYXIEHHUE

B ta6. 1 npencraBieHo coaepxxaHue hochaToB U
TM B TOHHBIX OTJIOKEHUSIX UCCIIETOBAHHBIX BOIOTO-
KOB.

M3 naHHBIX TabJ. 1 cienyeT, YTO BBICOKUI ypo-
BeHb 3arpsisHeHus1 TM U TeXHOTreHHbIE TeOXUMUYe-
CKUe aHOMAJIMU XapaKTePHBI [JIsl yCTheBbIX Y4aCTKOB
BCEX M3YYEHHBIX BOIOTOKOB, a TakKXKe B 30HE BJIMSI-
HUS KPYITHBIX TOPOIOB, KOJIJIEKTUBHBIX CaloB, KPYIT-

FEOBKOJIOIrvsd. UHXEHEPHAA T'EOJIOTUA. THAPOTEOJIOTUA. TEOKPUOJIOTHUA  Ne 2

HBIX CEJIbCKMX MOCeJIecHU, nTUiieadpuK 1 aBTOMAa-
TUCTpaJieil C THTEHCUBHBIM IBMKEHUEM TPaHCIIOPTA.

AHOMAaJILHO BBICOKME YpOBHU 3arpsisHeHus TM
OOHapyXeHbl B TOHHBIX OTJIOXEeHUSIX p. Comblllika B
30HAaX BIMSHUS KOJUIEKTUBHBIX caloB 1 NTUiedas-
puk u p. UneBHa B ee ycThe 1 30HE BIUSIHUSI T. My-
POM, 4TO CBSI3aHO C MOCTYIUIEHUEM B BOTOTOK CTOKOB
MPOMBIIILICHHBIX IPEANPUSATHIL Topoaa u 11. Bep6oB-
CKUIA.

B yyactkax reoxumuueckux aHomanuii p. MiesHa
Ko3(huUImeHTs KoOHIeHTpauun TM BapbUpyrOTCS B
ClAeNyIOlIMX TMpeneiax: cBuHIA 3.61—8.94, memu
1.63—2.63, xpoma 1.60—2.29. KayecTBeHHBII cOCTaB
reOXMMHNYECKOM aHOMAJIMM B palioHEe BO3ICKHCTBUS
KOJIIEKTUBHBIX cagoB (p. Conblllika) BbIpaxkKaeTcs
bopmyioii: Zng51Coy393Mng 65Crs 4,Pbs 34,Cus 5. Be-
IyIIYe pOJIM B 3TOM acCcoLMallMM IIPUHAmIeXar Zn,
Co, Mn, 9TO CBSI3aHO C 3arpsi3HEHNEM CTOKOB He-
CTaHIAPTHBIMU arpoOXMMUKTaAMU, TPUMEHSIEMbIMU
IIpH BhIpaIIMBaHUU OBOIIEH U (PpyKTOB B cagax, pe-
TYJASITOPOB POCTa pacTeHUI, MUKPOYIOOpeHUI, Te-
CTULIMAOB, a TaKXKe C MOCTYIJIeHUEM IOJUTIOTAaHTOB
OT OBITOBBIX IIPOMBIIIUICHHBIX OTXOIOB Y HEOYMIIIEH-
HBIX X03(eKaabHBIX CTOKOB. B 1iestom pycno p. Co-
JBIIIKA UMeeT Haubosiee BhICOKUIA YPOBEHb COAEp-
XKaHWSI B JOHHBIX OTJIOXeHUsIX TM, 4To CBSI3aHO C
TeM, 4TO BCSI BOHOCOOpHask TEppUTOpPHsS BOIOTOKA
pacnosioXxeHa B TPOMBIILIEHHO-YpOaHU3UPOBAHHOI
30HE ¢ KPYIHBIMU CTAalIMOHAPHBIMU U TG PY3HEIMU
UCTOYHMKAMMU 3aTrpsi3HEHMSI.

I[MonuaneMeHTHBIE TIeOXUMHWYECKHE aHOMAaIUU
OoOHapyXeHbI B UICTOKE p. PrieHb, rae MHOTO JieT (hyHK-
IIMOHMPOBAJIO TOPOACKOEe cTpeasomite. B 3oHe BImsI-
HUs peaepaibHOit Tpacchl M-7 1 CEIbCKUX TTOCEIEHUI
B pycie p. PrneHb oOpa3oBaivch ABE T€OXMMMNYCCKIE
aHOMAJIMM, XapaKTepU3YIOIIMEeCs accolualueil 3jie-
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Taomuna 1. Conepxanue pocdatoB 1 TM B JOHHBIX OTJIOXKEHUSIX MaJIbIX peK (MT/KT)
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KomrioHeHThI Z.
IlynkT oT60pa po6 PO?(
Pb Cu Cr Co Zn Fe Mn
p. NneBHa
1. UcTok 130 57.68 | 26.04 39.00 6.32 11.16 865 78 4
2. Huxe noc. BynaTHukoBo 1200 24.50 | 49.00 79.20 13.12 63.22 | 11141 750 4
3. Ctoku 1. KoThlleBo 1485 28.28 | 48.72 79.80 11.44 41.76 | 7464 480 3
4. Boiiie ycTbs p. KapThiHb 485 47.46 | 40.32 66.60 1.14 27.26 | 7464 384 3
5. Huxe yctbs p. KapTeiHb 279 57.26 | 35.84 37.80 4.88 15.66 | 2488 276 4
6. Croku 1. KopxaBuHO 1050 47.74 | 33.60 52.80 1.68 27.84 | 5192 300 3
7. Huke yctbst p. KoBapna 855 47.74 | 47.88 63.00 5.28 31.32 | 6165 378 4
8. 3onHa BnusiHusA . Mypom 1513 53.90 | 45.92 102.60 4.40 31.32 | 7030 672 5
9. 3oHa BiussHUA I. Mypom 1488 50.54 | 45.64 | 106.20 2.72 41.18 | 5949 420 4
10. 3oHa BustHMS T. MypoMm 1683 125.16 | 69.72 97.80 6.48 84.10 | 5624 378 12
11. Ycree 2009 67.06 | 73.64 | 135.60 | 10.16 93.96 |11573 492 8
Cep 1107 55.21 | 46.94 78.22 6.15 42.62 | 6450.46 | 418.91
p. Kamenka
1. Uctok 500 26.47 | 34.03 84.02 | 16.58 88.37 | 16440 1728 40
2. Croku c. ['ybaueBo 1875 26.95 | 67.76 | 106.25 | 33.58 70.06 | 24768 3420 46
3. Ctoku c. BrllreciaBckoe 825 36.54 | 53.80 88.37 | 28.93 67.07 | 18495 1932 49
4. Jo BnageHus p. bakaneiika 1900 34.05 | 66.62 | 108.07 | 64.96 79.85 | 30392 3312 59
5. o Bnanenus p. Tymka 850 52.59 | 11.99 74.04 | 34.20 45.80 | 16440 2070 37
6. ITocne Briagenus p. Tymka 1375 43.33 | 53.44 93.51 | 48.17 77.73 25309 5286 57
6. Ctoku c. SIHeBO 375 34.32 | 60.30 93.28 | 43.26 71.56 | 21956 2670 51
8. Croku r. Cy3nanb 350 48.20 | 46.73 94.15 | 47.65 | 102.98 | 17738 1770 61
9. Croku r. Cy3nainb 550 46.33 | 55.33 | 100.78 | 16.98 75.27 | 13087 1230 41
10. Croku r. Cy3naib 500 57.96 | 28.39 79.98 | 12.44 47.28 | 10708 1614 30
11. 1o OYMCTHBIX COOPYKEHUI 650 55.82 | 24.74 70.69 | 21.85 49.89 | 12979 1626 32
12. Ycroe 2250 21.37 | 55.19 87.44 | 22.94 68.80 | 19360 1920 42
Cep 1000 40.33 | 46.53 90.05 | 32.63 70.39 |18972.67| 2381.5
p. Pnenn
1. UcTok 3925 36.82 | 110.04 | 217.20 | 32.16 | 388.60 (27256 2100 22
2. 1o BnageHust p. Complika 1725 60.34 | 31.64 49.80 5.92 29.58 | 6598 420 3
3. [Nocne Bmagenwus p. Comprimka| 400 40.18 | 50.40 72.60 | 10.40 47.56 |15575 1092 5
4. Ctoku aBTOTpacch M-7 1300 57.40 | 70.28 101.40 | 20.96 77.14 (16548 528 6
5. Ho py4. Be3pIMsSIHHBIM 2825 32.06 | 73.36 97.20 | 38.40 | 123.54 |31474 2892 16
6. IMocne pyd. Be3pIMTHHBIN 675 63.14 | 19.88 62.40 — 35.96 | 5408 180 4
Z’H ?:Ef;g}fgj:;lipc“““ T 3505 | 1848 | 7112 | 8520 | 2328 | 85.84 23148 | 2532 1
8. 3ona BnusiHuA 1. Bragumup 1975 6594 | 59.36 | 163.80 — 204.16 (14385 780 10
9. Ycrbe 2200 62.02 | 45.08 | 108.60 — 162.98 (11032 618 7
Cep 2059 48.49 | 59.02 | 106.47 | 14.57 | 128.37 |16824.89| 1238
p. Conplmka
1. Uctok 5822 26.46 | 33.88 84.00 | 16.64 88.163| 2380 1728 48
2. No ntuuedabpuku 18081 52.08 | 45.36 94.2 44.00 | 143.84 | 4110 1152 41
3. [Nocne ntuiedhabpuku 19613 40.04 | 48.72 | 100.80 | 32.80 117.74 | 4218 3888 37
TEOBKOJIOTHA. UHXKEHEPHASA TEOJIOTUSA. TUAPOTEOJIOTUA. TEOKPUOJIOTHUA Ne 2 2023
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Ta6mma 1. OkoHuaHUe

YECHOKOBA, CABEJILEB

KoMnoHeHTsI Z,
ITynakT oT60pa mpo6 PO?(
Pb Cu Cr Co Zn Fe Mn
4. 3oHa BnusiHus c. Criacckoe 2823 19.04 | 36.40 57.60 | 16.00 85.84 | 2163 — 33
5. 3ona BnusiHus . PTC 4900 28.98 | 57.96 | 104.40 | 22.00 121.22 | 2921 — 69
6. BomoxpaHuuiie 2145 53.34 | 17.92 64.80 | 15.52 32.48 | 2055 2682 14
7. 30Ha BAMSHUS KOJI. CaIoB 11952 74.76 | 92.40 | 325.20 | 111.44 | 957.58 | 6922 3990 133
8. Ycrbe 4290 58.66 | 33.04 93.00 | 38.40 113.1 | 3028 1362 42
Cep 8703 44.17 | 45.71 115.50 | 37.10 | 207.50 |3474.63 | 1850.25
Coon 14 28 60 8 58 10818 600

MEHTOB: Pb; 29_410C0; 60-4.50C U 51-2.62F€1 53291 C1 62— 1.69-
[omuMeTauIM4ecKie TeOXMMUUYECKUE aHOMAaJIUU
chopMrpoBannCh TakKKe B JIOHHBIX OTJIOXKCHUSIX
p. Prienn B 30Hax BiustHM T. BranuMup U B yCTheBOM
yuyacTtke. [IpropuTeTHEIMU 2J€eMEeHTaMM yKa3aHHBIX
reoXMMUYECKMX aHOMaJIui JOHHBIX OTJIOXKEHUI BO-
nortoka siunuchk Pb, Co, Cu, Fe, Cr. KauecTBeHHBI
COCTaB AacCOLMAlMM DJIIEMEHTOB TIe€OXUMMNUYECKUX
aHOMaJIMi JOHHBIX 0CAaJIKOB p. PrieHp B esioM oTpa-
XaeT crielMpUKy NICTOUHUKOB 3arpsI3HEHUS BOIOTO-
Ka (IpOMBIIIJIEHHO-YPOaHU3NPOBAHHEIT pailoH,
campl, TIPEANPUITUS arpoONpPOMBINIICHHOIO KOM-
IieKca).

Bo Bcex 12 myrKkTax oT6opa mpoOsl JOHHBIX OTJIO-
KeHuit p. KaMeHKa XapakTepu30oBajluCh BBHICOKUM
ypoBHeM 3arpsi3HeHus1 Kobaiasrom (K, 1.56—8.12),
cBuHIOM (K, 1.53—4.14), mapranuem (K, 2.05—8.81).
B 9 u3 12 myHKTOB 0TOOpa MPOOBI TOHHBIX OTJIOXKEe-
HUI colepxKalud BBICOKHWE KOHIIEHTpAlLIMM KeJie3a
(K, 1.52-2.81), B 8 —memu (K, 1.67—2.42), B 6 — xpoma
(K, 1.55—1.88). ITo npuoputetHocTu TM B HOHHBIX
otnoxeHusx p. Kamenka oopasyior psia: Co > Pb >
>Mn > Fe > Cu > Cr.

OCHOBHbIE KOMITOHEHTHI TTOBEPXHOCTHBIX CTOKOB
C CeJIbX03yToauii, 00paboTaHHbBIX KaJTUHBIMU, (POC-
(GOpPHBIMU U a30THBIMU YITOOPEHUSIMU, U C TEPPUTO-
pUii CETbCKUX U TOPOJACKUX TOCEJIEHUI, 3arpsi3HEH-
HBbIX IIPOAYKTaMU 3SKCIUTyaTalluM TpPaHCIIOPTHBIX
CPENCTB Pa3JIMUYHBIX BUOOB, OOBEAUHSIIOTCSI B TPYII-
ny: Pb, Co, Mn, Cr, Cunu Zn [10, 13].

O 3HaYMUTEeIBHOM BKJIaJie TPAHCIOPTHBIX CPEACTB
B 3arpsi3HEHUE 3KOCUCTEM MCCIETOBAHHBIX MaJIbIX
pPEK CBUIETEIILCTBYET BEICOKOE conepkanue Pb B co-
CTaBe TEXHOT€HHbBIX aHOMAaJIMII JOHHBIX OTJIOXCHUIA
BCEX UCCIEAOBAHHBIX BOIOTOKOB.

CpaBHUTeJIbHAsI OLIEHKAa YPOBHSI TEXHOT€HHOTO
3arpsi3HEHUSI pycesl UCClieOBAaHHBIX BOJOTOKOB TM
MIPOBOAMIACH HAMM TaKXKe MO 3HAYCHUSIM CyMMap-
HOTO ToKa3zaTessl 3arpsi3HeHus (Z.), oTpaxarolllero
aJAUTUBHOE TIpeBbIllIeHNEe (DOHOBOTO COAECPXKAHUS
BJIEMEHTOB, BXOISIINX B COCTAaB TEXHOT€HHBIX T€OXI-
Mmyeckux anoMmanmii [2]. Ilo 3HaveHUsIM cyMMapHO-

FEOBKOJIOIrvsd. UHXEHEPHAA T'EOJIOTUA. THAPOTEOJIOTUA. TEOKPUOJIOTHUA  Ne 2

ro IIoKasaTejis 3arpsi3HEHMs] HOHHBLIX OTJIOXCHUIA
TM uccienoBaHHbBIe BOTOTOKM oO0pa3oBanu psa: Co-
npika (14.0—133.0) > Kamenka (21.5—61.0) > Prienn
(4.5—-21.9) > NneBHa (2.8—12.2).

ITo 3HayeHUSIM KO3(P(PUILIMEHTOB KOHIIEHTpaLU
TM, 3arpsi3HsTIONIe JOHHbBIE OTJIOKEHUS MaTbIX BO-
JIOTOKOB, YCJIOBHO IIPUHSITO AEJINTH HA TPU TPYIIIHI [ 12]:

— MeTaJlIbl, KOHIIEHTPALXSI KOTOPBIX TIPEBbIIIAET
¢ oHoBbII ypoBeHb Oosee 1.5 paza (K, >1.5);

— MeTaJlJIbl, C KOHLIEHTpalMeit, 6JIM3Koi K (hOHO-
BbIM (K, 01 0.70 1o 1.5);

— MfETaJllbl, C KOHL[CHTpaL[HCfI HHN2KE (I)OHOBBIX
(K, <0.70).

M3 36 npoaHaau3upoOBaHHBIX IIPOO JOHHBIX OTJIO-
KeHui p. PrieHb Koo duiimeHTbl KOHIIEHTPALIUU C
npepbieHueM 6oiee 1.5 umenu 88.9% npo6 no Pb;
77.8% — 1o Cu; 55.6% — nio Cr; 44.4% o6pa3uos no
Co, Zn, Fe 1 Mn. Huxxe ¢»oHOBOI KOHILIEHTpalLIUK1
conepxamuch Zn, Fe, Mn B 22.2% nipo0.

B noHHbBIX oTnOXeHUsIX p. COOBIIIKA 3JIEMEHTHI C
K03 UIMEeHTaM KOHIIEHTpalluu Boie 1.5 comep-
KaJIUCh B aHAIM3UPOBaHHBIX ITpobax: mo Co — 100%,
Pb — 87.5%, Cr — 75.0%, Mn — 75.0%, Cr — 62.5%,
Cu — 50.0%. Huxe oHOBOI 6bU1M KOO(DPUIIMEHTHI
KOHIeHTpauuu B npobax: Fe — 100%, Zn, Cr, Cu —
12.5%.

B nounbIx oTnoxeHusx p. KameHka koahdum-
€HTBI KOHLICHTPALIMU, CYIIIECTBEHHO IMPEBBIIIAIOLINE
1.5, o6HapyxxeHbl o Co, Pb, Mn B 100% npo6, Cu —
B66.7%, Cr — B 50.0% v Zn nuis B 16.7% 1ipo6. Hu-
Ke (oHa MMeJIM ypOoBeHb coiepxaHus Zn — 25.0%
1po6 u Cu — 16.7% 1ipo6.

B reoxumMmnyecknx aHOMaJIMSIX JOHHBIX OTJIOXKE-
HUi1 p. UneBHa KO3 PUILIMEHT KOHLIEHTpaluu 6osee
1.5 uMenu caemyioniye MeTauibl (B IPOIIEHTaX OT KO-
JIMYecTBa MpoaHAIM3UpPOBaHHBIX 00pa3uoB): Pb (100);
Cu (63.6); Cr (36.4), Co (9.1); Zn (9.1). [1poGbI noH-
HBIX OTJI0XeHUM p. MeBHa, comepKallux MeTaIbl
HIXe GOHOBOIO ypoBHs, oopasyior psag: Cu — 9.0%:;
Cr —27.3%; Co — 72.7%; Zn — 72.7%; Fe — 81.8%;
Mn — 81.8%.
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Taomuna 2. KoppensimnoHHbIe 3aBUCUMOCTH MEXIy KOH-
neHTpauussmMu TM u comepxkaHueMm ¢ocdaTtoB B JOHHBIX
OTJIOXKEHUSIX UCCIIETOBAaHHBIX peK

Bonotok | Meram Koadpdunment | JIoBepureabHblit
KOppessiuu, r WHTEpBaJI, p
HNneBHa Cu 0.83 0.002
Cr 0.91 0.002
Zn 0.81 0.002
Fe 0.69 0.019
Mn 0.62 0.043
Kamenka Pb 0.58 0.047
Fe 0.65 0.022
Prienn Cu 0.75 0.020
Zn 0.69 0.041
Fe 0.71 0.033
Mn 0.75 0.020

JJ1st TOHHBIX OTJIOKEHU I MCClIeTOBaHHBIX PEK Xa-
paKTEepHO TAaKXKe aHOMAJIBHO BBICOKOE 3arpsi3HEHUE
coequHeHUsIMU docdopa (cMm. Tab. 1), YTO CBSI3aHO
C TTOCTYIIJICHUEM CTOKOB ¢ NTUlIe(PabpUK, JKUBOTHO-
BOIUECKUX KOMIIJIEKCOB, TEPPUTOPUI CEIbXO3yTo-
WA, CEIbCKUX U TOPOACKUX MOCEJICHUI, HE UMEIOIINX
KaHaJIU3alluM, U BHICOKOII OMOJIOrMYeCKOM IIPOIayK-
TUBHOCTBIO TUAPOIKOCUCTEM, BCJIEACTBUE IIPOILEC-
COB 3BTpO(dUKALIUU.

ITo ypoBHIO 3arpsi3HEHUSI OOHHBIX OTJIOXECHUIA
docharamMmt BOTOTOKM pacnoJioXuianch B psa: Co-
neinrka > Poenb > Kamenka > MineBHa. Makcumalib-
HBbIi YpOBE€Hb 3arpsiI3HEHUSI JOHHBIX OTJIOXEHUI
docdaramu xapakrtepeH i p. Coabllika, KOTopast
CIIY’KUT MPUEMHHUKOM CTOYHBIX BOI JIBYX KpYITHEIi-
MMX OTuilepadpuK pernoHa U Xo3(heKaJbHbIX CTO-
KOB MHOXECTBa HEOOJIBIIINX CEJILCKMX IMOCEJICHUI 1
CHT, pacronoxeHHBIX Ha BOOOCOOPHOI TEPPUTO-
puu, a p. PrieHb — CTOKOB C TEPPUTOPUIA CETBCKUX
nocenenuit, I'YII “Terumuneiii” u r. Bmagumwmp.
MuHMMAaIILHBINA YpOBEHb 3arpsi3HeHus1 pocdaraMu
MMEIOT OJOHHBIe ocanku p. MieBHaA, MMOCKOJBKY Cy-
ILIECTBEHHAsI YacTh BOJJOCOOPHOTO OacceiiHa BOOOTO-
Ka pacIiojiokKeHa Ha MaJIOHaCeJIEHHOM TeppUTOpPUU
Mypomckoro ITpenouss.

Tsxeble METaJUTBI B HJOHHBIX OTJIOXEHUSIX MOTYT
HaKaIJIMBaThCs B BUAE TPYAHOPACTBOPUMBIX hoca-
TOB, aJICOPOMPOBATHCSI HA OKCUIAX KeJie3a U MapraH-
11a, INIMHUCTBIMU MUHEpaJIaM1 1 OPraHUYECKUM Be-
IIIECTBOM, a TaKxKe 00pa30BbIBaTh MaJIOPACTBOPUMBIE
COCIMHEHUSI B BOCCTAaHOBUTENbHO-CYIb(MUIHOI Cpe-
ne [7]. Ucxonst u3 3TOoro IpeacTaBIIsiIoO MHTEPEC N3Y-
YyeHMe KOPPESIIIMOHHBIX 3aBUCUMOCTEM MEXITy pa3-
JIMYHBIMU KOMIIOHEHTaMU JOHHBIX OTJIOXXKeHul. Ha-
MU OOHapy:KeHa Xopollas KOpPpPeIsalus MEXIY
KoHIleHTpauusMu TM u comepxaHuem docharToB
JMIOHHBIX OTJ0XeHui p. PrieHs u MineBHa u ynosie-
TBOpUTeJIbHas Wi p. KameHka (tadir. 2).

OTCyTCTBYE KOPPEISLIMOHHBIX 3aBUCUMOCTEl
MEXIy KOMIOHEHTaMU JOHHBIX OTJIOXKEHUI PeK CBSI-
3aHO C YPE3BBIYAHO BHICOKHMM YPOBHEM 3arpsi3He-
HUS DKOCUCTEM BOJOTOKOB PACTBOPUMBIMU COJIIMU
(coneBoii apdexr) [9].

B Ta6a. 3 mpeacraBieHbl JAaHHBIE MO YCPETHEH-
HOIT aHTpoIIoreHHOoM Harpy3ke TM u ¢pocdar moHOB
B U3YyYE€HHbIX BOJTOTOKAX.

Takum o6pa3zoM, MaKCUMaIbHOI aHTPOIIOTEHHOM
Harpys3ke noasepraercs p. Combllika, MUHUMAJIb-
HOI — p. MneBHa, 4TO NIaBHBIM 0Gpa30M CBSI3aHO C
HaCEJICHHOCTBIO U CTEIIEHbIO OCBOEHHOCTU UX BOIO-
coopHbIx Tepputopuii. 1o BenMunHe ycpemHEHHOM
AHTPOIIOTEHHOMN HATrpy3KW Ha MCCICHOBAaHHBIE BO-
JIOTOKHU 3arpsI3HSOLINE BellleCTBa 00pa30Baliu Psi

Fe > PO, >Mn > Zn > Cr > Cu > Co > Pb.

3AKJIFTOYEHHME

JloHHBIE OTIOXEHUST UCCIIETOBAaHHBIX MaJIbIX PEK
Biagumupckoit 00671. MMEIOT aHOMaJIbHO BBICOKHE
YPOBHU 3arpsi3HEHUS TSKEJIBIMM MeTaJUIaMU U (hoc-
daramu. B moHHBIX ocagkax pek chOpMHUPOBAIIOCH
MHOXECTBO TEXHOTEHHBIX MOJIUMETAIIINYECKUX IeO0-
XUMHUYECKNX aHoMaimii. KadecTBeHHBIN COCTaB ac-
collMalliiA 2JIEMEHTOB TE€OXMMMUYECKMX aHOMAaJIui
JIOHHBIX OTJIOXKEHU I afleKBaTHO OTpakaeT crieliupu-
Ky UCTOYHUKOB 3arpsi3HeHMUsI BOOOTOKOB. [1o Benu-
yrHe Z, TM B 1OHHBIX OTJIOXXEHUSIX PACCMOTPEHHbIE
BONOTOKM oOpasyioT psia: Copapliika > KameHka >
> Prienn > WieBHa, a 1o YpOBHIO 3arpsi3HeHUS hoc-
¢daTamu nmocaemoBaTenbHOCTh: Copblinka > PrieHs >
> Kamenka > MneBHa.

Tab6muna 3. 3HaueHUs yCpeTHEHHBIX BeJIMYMH aHTporioreHHou Harpy3ku (YAH) Ha Bomotoku (Mr/Km)

™ .
Bonotox PO
Pb Cu Cr Co Zn Fe Mn 4
WUneBHa 2.57 2.18 3.63 0.29 1.98 299.67 19.46 51.43
Kamenka 5.28 6.09 11.80 4.27 9.22 2485.24 311.95 130.99
PrieHb 7.90 9.62 17.35 2.37 20.92 2741.83 201.75 335.52
CoxplliKa 11.75 12.16 30.73 9.87 55.20 924.33 492.21 2315.25
TEOBKOJOTI'vs. MHXKEHEPHASA T'EOJIOTUA. TMAPOTEOJOTI'MS. TEOKPUOJIOT A Ne 2 2023



88 YECHOKOBA, CABEJILEB

[IpyopuTeTHHIMM KOMIIOHEHTAMU TI'€OXMMMHYEe-
ckux anoManuii p. Coppimika sisunuchk Co, Pb, Cr,
Mn, p. Pnens — Pb, Cu, Cr, p. Kamenka — Co, Pb,
Mn, Cu, p. UneBaa — Pb, Cu.

Paccunranbl ycpegHEHHEBIC 3HAUEHMSI aHTPOIIO-
TeHHOI Harpy3KuM Ha Manble peku. [lo BennuumHe
YAH Ha uccienoBaHHbIE BOOJOTOKHU 3arpsi3HSIOLINC

BelecTBa odpa3oBanu psa: Fe > POi_ >Mn >Zn >
>Cr>Cu> Co > Pb.

[1pu usMeHEeHNY TUAPOXUMUYIECKIUX, TUAPOAHA -
MUYECKUX, KHUCIOTHO-OCHOBHBIX, OKHUCIUTEIbHO-
BOCCTAHOBUTENbHBIX YCJIOBUIA B THAPOIKOCUCTEME,
YBEJIMYEHUN MOHHOI CUJIBI BOMHOI (pa3bl MOHHBIE
OTJIOKEHUSI CTAHOBSITCS MCTOYHMKAMM BTOPUYHOTO
3arpsisHeHust pek TM, ¢docdaraMu, TOKCUYHBIMU
OpraHMYeCKNMM BEIIeCTBAMHM, YTO BBI3OBET 3BTPO-
GUKaNIo ¥ TOKCU(PUKAIIMIO TUIPOIKOCUCTEMEBI, Ha-
pylIeHWEe KUCIOPOTHOTO peXuMa M IPOILIECCOB ca-
MOOYHUIIIEHMsI, YTO IIpUBEIET K TMOelm Hauboiee
YyBCTBUTEJILHOM YacCTU TMAPOOMOTHI U Ierpagaiuu
TUIPO3KOCUCTEMBI. DTO CBUIAETEIBCTBYET O HEOOXO-
JIVUMOCTH IIPOBEIECHMSI CPOYHOM PacYMCTKM Hanubo-
Jiee 3arpsi3HEHHBIX Y9aCTKOB PyCe OT JOHHBIX OTJIO0-
xeHuit pex Copgpiiika, KameHnka u PrieHb.
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ASSESSMENT OF BOTTOM SEDIMENT POLLUTION IN SMALL RIVERS,
VLADIMIR REGION

S. M. Chesnokova®* and O. V. Savel’ev®#

4Stoletovy Viadimir State University, ul. Gor’kogo 87, Viadimir, 600000 Russia
#E-mail: chesnokova.chemist@mail.ru
#* E-mail: olegator86@bk.ru

The results of assessing pollution of bottom sediments in four small rivers of the Vladimir region with heavy
metals (HM) and phosphates are presented. According to HM concentration coefficients characterizing the
concentration (anomaly) of elements in bottom sediments in respect to their background content in the re-
gion, the zones of technogenic multi-element geochemical anomalies in the channels of all studied water-
courses and their structure were identified. It has been established that Fe, Pb, Co, Cu, Zn, Cr, and Mn are
the priority metals of technogenic geochemical anomalies in bottom sediments. The highest pollution of bot-
tom sediments with these metals is typical for the zones influenced by the runoff from the territories of col-
lective orchards, livestock complexes, large industrial cities and rural settlements. According to the total pol-
lution indicator (Zc), which reflects the additive excess of the background content of a group of heavy metals
that are part of technogenic geochemical anomalies, the studied watercourses are located in the following or-
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der: Sodyshka > Kamenka > Rpen > Ilevna, and according to the phosphate content: Sodyshka > Rpen >
> Kamenka > Ilevna. Correlations between the components of bottom sediments have been studied.
The average load of heavy metals and phosphates on watercourses was assessed.

Keywords: small rivers, bottom sediments, polymetallic geochemical anomalies, phosphates, average anthropo-

genic load, dependencies
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