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TEOXUMMS TEXHOTEHE3A B PAMOHE PABPABOTKH
CUBANCKOIO MEJJHO-KOJTYEJAHHOIO MECTOPOKJIEHUS

Ha ocHOBe KOMIUIEKCHBIX HCCICIOBaHHH TeppHTOpUH pa3paboTku Cubaiickoro MemHo-

KOJIYCIAaHHOTO MECTOPOXKACHUA YCTaHOBJICHBI 0COOEHHOCTH M3MEHEHHS XHMHYECKOI0 COCTaBa
NPpUPOJHBIX BOJI, ITOKa3aHa CHeL[I/I(bPIKa TEXHOTCHHOMU MUI'pallU PYAHBIX 3JIEMEHTOB B HTOHHBIX
oCaJKax P€KH U B IOYBAX, 4 TAKKE BOBJICUCHHUA TAKECIBIX MCTAIJIOB B OHMOreOX UMUYECKUMA Kpy-
TOBOPOT. BrisBrieHa creneHn TpaHC(l)OpMaI_II/II/I MPUPOJHBIX T'COXUMHUYCCKUX IMPOUCCCOB B YCIIO-
BUAX TCXHOI'CHE3A. Onpez[eneHLI OPHUEHTUPOBOYHBIC pa3MEPbl TEXHOTCHHBIX OP€OJIOB U ITIOTOKOB
pacceaHuA pyAHbIX METAJIIIOB. ﬂaHLI PEKOMEHOAlIUM, HAIIPABJICHHBIC Ha CHMKCHHUE TCXHOI'CH-
HOM MUI'paliii 3JICMEHTOB.

Knwueevle cnosa: MCCTOPOXKACHNUE, JOHHBIC OCaIKU, IMTOYBbI, MTHANKATOPHBIC BUABI pacTe-
HHﬁ, TSXKECIBIC MCTAJlJIbI, TEXHOIeHHBIN 0Op€OJI paCcCeAHU.

TECHNOGENIC GEOCHEMISTRY IN THE DEVELOPMENT
OF SIBAI CHALCOPYRITE FIELD

Complex of geochemical studies in developing of Sibai chalcopyrite deposits are con-
ducted. The peculiarities of the chemical composition of natural waters, the specificity of tech-
nogenic migration of ore elements in river sediments and soils, as well as the involvement of
heavy metals into the biogeochemical cycle are established. The extent of transformation of
natural geochemical processes in technogenesis is revealed. Approximate dimensions of man-
made streams and scattering halos of ore metals are determined. The recommendations at reduc-
ing anthropogenic migration of elements are aimed.

Key words: ore deposits, sediments, soils, indicating plant species, heavy metals, tech-
nogenic scattering halo.

HOxub1ii Ypan npencrasiser codoi yHU-
KaJIbHBIW TIOJIMTOH JUIsl U3YYEHUS TEXHOTCHHOM
TpancGOpMalMi TPUPOJHBIX TECOXUMHYECKUX
npoueccoB. Hapsny c pa3ButHeM ecTecTBEH-
HBIX TEOXMMHYECKUX aHOMaJHi, 00yCJIOBIICH-
HBIX pPYIOHOH MHHEpalu3alued, TOpHO-NPO-
MBIIUICHHOE TPOU3BOJCTBO TMPUBOAUT K 3a-
IPSA3HEHHUIO HENp, BOIHBIX OOBEKTOB, TOYB H
aTMoc¢epHoro Bo3ayxa. B Bomoemsl moctyma-
0T TIPOMBIIUICHHBIE CTOYHBIE BOJIBI C IEXOB
o0oramieHuss U TIEPBUYHOU TEepepadOTKU ChI-

Pbsl, IOIOTBATIBHBIC M PYIHUYHBIE BOJIBI, CTOKH
¢ xBocToxpaHuauil. Ocoboe MecTo B 3TOM psi-
Iy 3aHMMAIOT KOJYEIaHHBIE MECTOPOXKICHUS,
UMEIOIIME IIUPOKOE PACHpPOCTPaHEHHUe, a IMpH
pa3paboTKe SBISAIOIINECS] NCTOYHUKOM 3arpsiz-
HEHMsI OKpY’KaroIlei cpelibl TSHKEIbIMU MeTa-
namu (TM).

Ha rtepputopun bamkupckoro 3aypanbs
OTKpPBITHI KPYIHBIE MEJHO-KOJIYEaHHBIE Me-
cropoxaenus: [aiickoe, Cubaiickoe, YuanuH-
CKO€ U Jp. DTOT PEeruoH — OAWH U3 OCHOBHBIX
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MOCTABIIMKOB KOHLIEHTPAaTOB MEIHO-KOIUe-
naHHbIX pyn B Poccun. Ha ero nmomro mpuxo-
mutcst 24,4 % ToBapHOW MPOIYKUMU IBETHOMN
MeTajulypruu, npudeMm no0sda Cu B KOHIIEH-
Tparax coctaBisger 12-15 %, a Zn 49 % ot 06-
LIEPOCCUUCKOM.

B reonoruueckom IiaHe TeppUTOpPUs pac-
MOJIOKEHA Ha IMepeceyeHUuH CyOMepuIvOoHAIb-
HOro 3amaaHo-MarHUTOropcKoro BYJIKaHHYe-
CKOro mosica W cyOmupotHoil baiimakcko-
Cubaiickoii 30HbI. Il0osIC CII0eH TOPHBIMH I10-
polamMHu JONAJIECO30MCKOr0 M Iajge030HCKOro
BO3pPAcCTa, ¢ KOTOPHIMU CBSI3aHbI KOJYeaHHbIE
pyabl [5]. s GONbIIMHCTBA MECTOPOXKICHUM
peruoHa YCTaHOBJICHBI AHOMAJbHbIE KOHIICH-
Tpauuu cBeiie 40 XUMUYECKUX 3JIEMEHTOB [4].
B wn3yuaemom paiioHe MpPUCYTCTBYIOT JIBE pY-
JOHOCHBIE 30HBI: baiimak-bypubaeBckasi cme-
[IaHHO-MeTHO-pyaHas (MecTtopoxaeHus Oou-
neiiHoe u CemenoBckoe) u KpacHoypaibcko-
Cubaii-I"aiickass MeqHO-pyaHast (MECTOPOXJie-
Hus Cubaiickoe, Kamaranckoe, YdamuHckoe).
OcHoBHBIE pynooOpa3zyromme muHepanbl Cu-
0alickoro KOM4YEeJaHHOTO MECTOPOXKICHUS —
MUPUT, TUPPOTHH, XaJIbKONUPUT U CalepuT.
[Muput cocraBnser 65-90 % pynHoro BeecT-
Ba. B momunHeHHOM KonHW4ecTBE NMPHUCYTCTBY-
IOT TAJEHUT, APCEHONHPHUT, TEHHAHTHUT, OOp-
HUT, MEJIbHUKOBHUT, MarHETUT, T€MaTHUT, IPUHO-
KAT, DJHAaprur, Qpeideprur U KUHOBAph.
OCHOBHBIMH 3JIEMEHTAaMH-UHAUKATOPAMU BTO-
PHUHBIX OpeoJIoB paccesHus BbicTymaooT Cu,
Zn, Cd, As u Hg.

['uneprenHble M3MEHEHUS PYAHBIX MHHE-
pajioB KOJYEIAaHHBIX MECTOPOXKIACHUHN 3aKIIo-
YalOTCS B OKUCIEHUH TPYIHOPACTBOPUMBIX
Cynb(UIOB B XOPOILIO PaCTBOPUMBIE CYIb(aTh
B TPHUCYTCTBUH KHCJIOpOJAa U OKHCIHUTEIeH
Fe,(S04)3, HaSO4. PesynbraTom 3THX peakiui,
a BIIOCJIEJICTBMM M TUAPOJIH3a CylIb(paToB cTa-
HOBUTCSl 3HAUUTENBHBIH POCT KOHIIEHTPALUHU
H' u peskoe cHmkenre pH Boz, conpoBoxiae-
MO€  yBEIWYEHHEM  OKHUCIUTEIIbHO-BOCCTA-
HOBUTENIBHOTO MOTEHIMANa. JTO BBI3BAHO Iepe-
XO/IOM TI€PEMEHHO-BAIEHTHBIX 3JIEMEHTOB B
BBICIINE CTENEeHH OKHCIeHHUs. K OCHOBHBIM MHU-
rpamrioHHsM popmam Cu, Zn u Cd otHOCATCS
UX KaTHOHBI, Cylb(paTHbIE U TUAPOCYIb(haTHbIE
coepunenus. IIpu noseimennu pH moryr 06-
Pa30BBIBATHCS KOMIUIEKCHBIE COEIMHEHUS Me-

TAJIJIOB C TMIPOKCUIBHBIMHU WM CMEIIaHHBIMHU
THJIPOKCUIIBHO-CYJIb(AaTHBIMHM TPYIIIAMHU; HPO-
UCXOIUT OCAKAECHUE KPUCTAUIOTUIPATOB Me-
tajuioB. C y4eToM pa3BUTHUS B paliOHE HCCIle-
JIOBAaHUM UYEPHO3EMOB, OOOTAIIEHHBIX OpPIaHU-
geckuMm BemecTBoM (OB) rymycoBoro psna,
BO3MOXXHO (OPMHPOBAHUE KOMIUIEKCHBIX Op-
raHOMUHEPAIbHBIX COEIMHEHUN HA OCHOBE T'y-
MHUHOBBIX U (YyIbBOKHUCIOTHBIX XenaroB. Ile-
PEUUCIICHHBIE TIPOLECCH CONPOBOXKAAT U
TE€XHOTCHHbIE TOTOKHM METaIOB, (OpMHUPYIO-
muecs: 4yepe3 cOpoc CTOYHBIX BOJ, adPOTEXHO-
T'eHHBIN MEPeHOC, BIUSHUE XBOCTOXPAHWINIL U
OTBAJIOB BCKPBIIIHBIX TOPOJI.

Cubaiickuit pumuan OAO «YyanuHCKHMA
TOPHO-000TaTUTEIbHBIA KOMOMHATY» (OBIBIIHIA
«bamkupckuit  MeIHO-CepHBIH  KOMOWHAT»)
pacrionoxeHn Ha Tepputopun T. Cubait. B co-
CTaBe NPEANPHUATUS HAXOAATCS J(Ba KPYIHBIX
kapbepa (Cubaiickoe m Kamaranckoe mecrto-
POXIIEHHS), TMOM3EMHBIH PYIHHUK (MECTOpPOXK-
neaue Hoewnii Cubaii), Cubatickas oOoraTu-
tenpHast (abpuka (COD), WU3BECTHAKOBBIHA
Kapbep. bosbiryro miomnans 3aHUMaOT OTBAJIBI
HAKOIUIEHHBIX BCKPBIIIHBIX 1OpPOJ, OOOoraiieH-
weix Cu, Zn, Fe, Mn, Pb, Cd, As u 1.1. Ix 00-
muii  oosem Ha  01.01.2009r.  noctur
600 mutH T. Oco00e MEecCTO 3aHUMArOT XBOCTO-
XpaHwinma odorarutenbHoi (padpuxu. Tsxe-
Jble METaulbl U As MOCTYNAlT Ha MOBEpX-
HOCTh TIOYB, B HPHUPOAHBIE BOBI, JOHHBIC
0CaJIKi, BOBJIEKAIOTCS B OMOJOrMYECKHH KpY-
TOBOPOT, 00pa3ysl XOpOILIO BBIPAXKEHHBIE BTO-
pHUUHBIE TEXHOT€HHBIE OPEOJIbl PACCESTHUS.

KomrekcHble reoxuMu4eckue Hccieno-
BaHUS Ha OOO3HAYEHHOM TEPPUTOPHHM, Halle-
JICHHbIE Ha OIICHKY BO3JeiCTBHA KOMOHMHATa,
npoBoaniKuch ¢ 1998 r. corpynaukamu kades-
pBl  T€OdKOJOTMHM U MPUPOAOINOIb30BAHUS
CIIery [2,3,6]. Ob6cnenoBanue MTPUPOTHO-
tepputopuanbHbix komiuiekcoB (ITTK) ocyme-
CTBJISUIOCH C y4ETOM HapacTaHUs aHTPOIOTeH-
HOTO CTpecca: Ha pas3iIM4yHOM YAAJCHUU OT
npeanpusatus — BOMM3M 1noc. KanuHuHCKoOe,
Crapsiii Cubaii, CemenoBckoe, o3zep Tankac u
Kynryban. B koMIuiekc uccienoBaHuii BXOIH-
JIO M3y4eHHE XHMHYECKOro COCTaBa BOJIpbI,
JIOHHBIX OCAJIKOB, OYB M paCTeHUI (OHOBBIX U
aHTPOIIOI€HHO HApYIIEHHBIX y4acTKOB. B 1oH-
HBIX OCaJKaxX U IOYBaX HapaBHE C BaJOBBIMU

197
Caunxm-Ilemepbype. 2013



CONCPXKAHUSIMU  ONPEAETSUINCh  IOJBUYKHBIE
¢bopMBI METaNIOB, H3BJIEKaeMbIE aleTaTHO-
ammoHmitHBIM Oydepom (pH = 4,8). B xauecr-
Be ycioBHO (oHoBbIX npuHATE [ITK BOMM3M
noc. Mykacoeo u  TypkmeHeBo, a Takke
03. Kyntyban, pacmonoxkeHHbIX B 25-35 KM OT
r. Cubail BHe NpsIMOro BO3JEUCTBUS IpPENIPH-
ATHSA, HO HAXOJIIIMecs B MpeneNax eCTeCTBEH-
HOW Teoxumuueckod anomanuu KpacHoypaib-
cko-Cubaii-I"aiickoil py1oHOCHOM 30HBI.

JlaGopaTopHble aHaIM3bl BaJOBOIO CO-
JIep>KaHUsI XUMHYECKUX JIEMEHTOB B JOHHBIX
0CaJIKax M MO0YBaX MPOBOJUIUCH SMUCCUOHHBIM
CIIEKTPaJIbHBIM, PEHTI€HO(DIYyOPECIEHTHBIM U
aTOMHO-a0COPOIMOHHBIM METO/IaMHU, OIpezerie-
HUSI MUKPODJIEMEHTOB B BBITSDKKAX U 30JI€ pac-
TEHUH BBIMOJIHEHbl aTOMHO-a0COPOIMOHHBIM
METOJIOM, COJEpP)KaHHUs METAJUIOB B BOZIE — Me-
TOJAMU BOJBTAMIIEPOMETPUN M ATOMHOM ab-
copOuuu.

Pexa Kaparaiinel mnepecekaer ropoa ¢
I0ro-3armajga Ha CEBEPO-BOCTOK, JPEHUPYS B
BEPXHEM TEYCHUU OTBAJIbI BCKPBIIIHBIX ITOPOX
Cubaiickoro kapbepa. B cpennem Tedenun Ha
paBoM Oepery MOCTPOeHO XBOCTOXPAHMIIHILE
obmmeit mwiomanso G6omee 1,1 km?. B xBocTax
COCpPEIO0TOYEHO 3HaYuTeNbHOE KonuuecTBo Cu,
Zn, Cd, Pb, As, Ba. Ha neBom Gepery Haxo-
autest oborarutenbHas padbpuka. Huxe mo Te-
YEHUIO0 BOJIM3M PEKH pa3MeIlaeTcs ropoickas
cBaJIKa OBITOBBIX OTXOA0B. BomoTok Bnasmaer B
p- Xynonas. [InuHa M3y4eHHON 4acTu PeKu Co-
craBuna Oosee 11 kM. Pycno p. Kaparaiins
uMeeT WHpuHy 2-6 M ¢ pasnmuBamu no 200-
250 m. CKopoCTh TE€UeHHUs B JIETHIOIO MEXEHb
coctrasiser 0,0-0,3 M/c, a HA HEKOTOPBIX ydYa-
ctkax a0 0,8 m/c. @opma pyciaa B OCHOBHOM
KaHaBOOOpa3HasA, BbICOTA OEperoB He MPEBbI-
maet 1-1,5 m.

W3mepennsie BenuunHbl pH BoIbI ykasbl-
BalOT Ha KOHTPACTHOCTb KHUCIOTHO-IIETOYHBIX
ycnoBuii (tab6n.1). Ha Bepxunem (hoHOBOM)
ydactke peku (mpoba 701) 3nauenus pH Bombl
cocraBysitor 7,7-8,2. Ilon3emHble BOABI, KOTO-
pble BBIKIIMHUBAIOTCS O] OTBAaJJaMHU BCKpBIII-
HBIX TTOPOJ (BEpOSTHO, BCIEICTBHE HAPYILICHUS
THJIPOTr€0IOrMYECKUX YCIOBUN TPU CTPOUTENb-
CTBE Kapbepa, a Takxke aedopMalnuy BOIOHOC-
HBIX TOPHU30HTOB IO/ JaBJICHHUEM IOpPON),
umeror pH =4,95 (mpoba 703-2). Bmanenue

3TOro pydbs B peky (mpoba 703-1) mpuBoauT K
CHIDKCHHMIO KHCIJIOTHO-IIEIOYHOr0 I10Ka3aTelis
pedHoil Boawl 10 He#TpambHOro (6,25). Cre-
nytomee wusMeHeHne pH BbI3BaHO cOpocom
KapbePHBIX U pyAHUUHBIX Box ¢ pH = 3,32-4,95
(mpoGer 704-1 m 704-2). Hwmwxke storo cOpoca
KHCJIOTHO-IIIEJIOYHOM TOKa3aTellb PeYHON BOJIBI
noHmxaercs 10 4,75-4,85. B npom3oHe ropoza
B CpefiHeM TedeHuH peku pH mocrenenHo pac-
TeT a0 5,45-5,75 (npober 404, 706, 713), a B
HIDKHEM TeueHHH B 1oc. Kanununckoe (mpoOsl
411) pednas Boma IOCTUTAET HEUTPaIBHBIX
snauennii (pH = 6,45+7,10). [lo Bmagenust B
p. Xyznonas (mpobsr 716) pH crabunuzupyercs,
TaKk M He JOCTUTHYB IPHUPOIHBIX IOKa3aTelnei
(6onee 7,5).

W3yuenne coctaBa BOJ Jajo ClEAYIOIINE
pe3ynbTathl (Tabmn.1). Ha Bxome B 30HY TeXHO-
TeHHOTO BO3JICHCTBUSA pedHas Boma (mpoda
701) orBeuyaeT cynb(haTHO-KAIBLUEBOMY THITY
BOJI C OTHOCUTEJIBHO HU3KOM MUHEpaIu3anuen
(324 mr/n) u HoHOBBIM conEpKaHUEM PYIHBIX
anemenToB (Cu, Zn, Cd). CocTaB mMoA3eMHBIX U
KapbepHBIX CTOYHBIX BOJ| COOTBETCTBYET CYJIb-
(daTHO-MarHueBOMy THUIlY C MHHEpaau3aluen
9382 mr/n (comoHOBaTHIC BOMBI) U aHOMAJIbHBI-
MU KoHIeHTpamusiMu MetaiioB (Cu, Zn, Cd).
ITpu 3TOM cTenens MeTamoppu3anuy aHUOHHO-
KaTHOHHOT'O U MHUKPO3JIEMEHTHOT'O cocTaBa 00-
Jee BBIpaKeHa B Mom3eMHbIX (mpoba 703-1,
703-2) Mo CpaBHEHHIO CO CTOYHBIMH (TIpoba
704-1, 704-2) Bomamu. CMemeHne Tex u ApY-
IMX C PEYHOU BOJOM NPUBOAUT K TEXHOTEHHOU
TpaHchopMaluyu aHUOHHO-KaTHOHHOTO U MUK-
PORJIEMEHTHOI'O COCTaBa M HM3MEHEHUIO KH-
CJIOTHO-ILIEJIOYHBIX yCIOBUM. BHU3 110 TeueHuto
OT MecTa cOpoca COJIEBOW COCTaB BOJbI MEHsI-
ercs mMano. OTMedeHo JIMIIb HeOOoJbIIoe CHU-
KEHHE COAEP)KaHUSI METAIJIOB M HE3HAYUTEIb-
HOE M3MEHEHHE COOTHOIICHMS TTIaBHBIX KaTHO-
HOB U aHMOHOB. OJJHOBPEMEHHO YCTaHOBJIEHO
pe3Koe yBeTUUYEeHUE KOHIICHTPAlUl METaJJIOB B
BOJIE MOCJIE MOCTYIUICHHS MOA3EMHBIX U CTOY-
HBIX TMPOMBINIJICHHBIX BOJI C MakKCHMyMOM B
cpenHeM TedeHuu. Benen 3a 3Tum HabronaeT-
Csl HE3HAUYUTEJIbHOE CHUKEHHE UX COCPIKaHUi.
3aduKkcupoBaHO COXpaHEHHE AHOMAJIbHO BBI-
COKHMX KOHIEHTpalUi METAJUIOB B PEYHOH BOJIE
Ha BCEM TMPOTSHKEHUH BOJOTOKA BIUIOTH [0
BHaJieHus B p. XyJ101a3.
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Tabauya 1

Coaepmamm XUMHYECCKHUX HHIPEAUCHTOB B PEYHBIX, KADbEPHBIX U MOA3€MHBIX BOAAX, MI/J1

Xumuye-

e IIpoGa

n

BEIeCTBA 701 703-1 703-2 704-1 704-2 705 404 706 713 411 716
K 1,2 1,78 2,66 2,28 2,2 1,87 — 2,06 3,94 — 0,91
Na® 18,6 69,74 154,32 | 176,94 | 165,44 70,48 — 145,41 142,44 — 24,17
Mg2+ 27,71 461,79 | 1463,1 | 35891 | 450,36 | 435,27 — 377,66 278,9 — 14,72
Ca** 78,21 363,19 | 369,22 | 256,19 | 248,66 | 383,52 — 264,7 18,95 — 60,16
ClI 3,12 7,66 <0,5 <0,5 <0,5 10,78 — 58,15 106,38 — 35,46
SO427 186,8 29225 | 7392,2 | 2547,2 | 2916,2 | 2806,1 — 2504,4 | 1466,3 — 49,39
HCO; 8,34 1,84 <1,0 <1,0 <1,0 18,91 — <1,0 60,51 — 168,89
2 HOHOB 3240 3828,5 | 9381,5 | 3341,5 | 3783,4 | 3726,9 — 3352,4 | 20674 — 353,7
Zn 0,001 12,1 111,0 36,6 49,0 21,0 32,2 37,0 15,8 4,1 <0,001
Cu 0,001 0,20 21,0 5,4 8,1 1,6 11,3 4,7 1,4 0,059 0,001
Ni 0,001 0,025 0,24 0,09 0,12 0,045 — 0,077 0,051 — <0,001
Cd <0,001 0,03 0,59 0,13 0,15 0,10 0,1255 0,12 0,08 0,016 <0,001

IIpumeuanue. IIpouepk — HET TaHHBIX

B 1enoM BBIABIEHHBIM XUMHYECKHH CO-
craB Boxbl p. Kaparainel, ee ruapoxumuye-
ckuil T (cynb(aTHO-MarHUEBBIH) XapaKTep-
Hbl JUISI BOJ, HAXOMSIIUXCS IO BIUSHUEM
OKHCTISIOUTNXCS MEIHO-KOTYEIaHHBIX PYA WA
(dbopMUpYIOIIUXCS TOA  BO3ICHCTBHEM TPO-
MBIIUICHHBIX CTOYHBIX BOJ| TOPHO-I00BIBa-
OIETO MPEATPHUSATHSI.

B BepxHeM TeueHuu peKu Ha ydacTKe pas-
TPY3KH TOA3EMHBIX BOJ B CaMOM pydYbe BOJa
MMEET MYTHOBATO-TOJyOOBaThIii OTTEHOK, U HA
JIHEe peKH HaOIroaeTcs OTIIOXKEHHE rolyOoBa-
TO-0€JI0oro MopoImKa Kak B TOHKOJMCIIEPCHBIX
(bpakusax, TaKk ¥ B BUJAE HajeTa Ha TTOBEPXHO-
CTM TPaBUHHO-TAJIEYHOH OTMOCTKH. OTO K€
HaOOaeTCA U B CPEeJHEM T€YCHHH BOAOTOKA,
YTO TO3BOJISICT MPEANOIIOKUATh OCAKICHUE KY-
MOPOCOB MeNH, IIMHKA, a TaKxke cyabdara Kaj-
MUS TIpH TToBBIIIeHHH pH.

B nonneix ocankax p. Kaparainsl u Bna-
JAIOIINX B HEE PYyYhEB CONEPIKaHUE MEITUTOBOU
¢bpakun xonmebnercs B npenenax 3,4-43,7 %,
anesputoBoit  12,5-76,5 %, mecuaHoii 8,6-
61,6 %. B Mecrax Hanbosnee MHTEHCUBHOHN ak-
KYMYJISIUHU JTOHHBIC OTIIOKEHUS TIPEICTABIICHBI
COBPEMEHHBIMHU (DJIOKYJIMPOBAHHBIMH HJIAMH C
BBICOKOH BJIQKHOCTBIO U IOPUCTOCTHIO, CEPOTO,
KEJITOBATO-ceporo (B BEPXHEM TEUYCHHUH) H
TEMHO-CEpOro (B HMKHEM TEUCHHH) IIBETOB C
OTHOCHUTEIHHO HeOonmpImMM KommdectBoM OB.
Cpennee conepxkanue Copr B TOHHBIX OCaaKax
p. Kaparaiiner paBao 2,3 %. Ero mambonbpmme
KOHIICHTpAIIMN MPUYPOYECHBI K MecTaMm cOpoca

KOMMYHaHI)HO—6I>ITOBI>IX BOJ, a TaAKIKC aKKyMYy-

JSUU TIOYBEHHOTO OPTaHWYECKOro BEIIeCTBA
BCJIEJICTBUE 3PO3MU U IIOCKOCTHOI'O CMBIBA C
pacmaxaHHbIX Bogocbopos (moc. Kamuannckoe).
N3yuenne conmepxkanus TM u Mblbska
MI0Ka3aJ0 O00OraiieHue UMH JOHHBIX OTJIOXKe-
HUHW PEKH 110 CPAaBHEHUIO C YCIOBHO ()OHOBBIMHU
ocankamu 03. Kyntyban. BrisiBneHo nHakorie-
uue Zn, Cu, Cd u Hg, B menbieii crenenu Pb u
As (tabn.2). Tak, conepkanue Cu u Zn B 10H-
HBIX OCaJIKaxX PeKH HaJ O3EPHBIMH OTIOXKEHUS-
MU BbIlE B 13 1 23 pa3a, COOTBETCTBEHHO.
Pacnipenenennie TM B JOHHBIX Ocaakax
BOJIOTOKa OOYCIIOBJICHO, B IEpPBYIO Ouepelb,
TEXHOTCHHBIMH  JIUTOJIOTO-T€OXUMUYECKUMH
O6aprepamu. Ha Bcem MpOTSDKEHUU PEKH BBISB-
JICHO HECKOJIIBKO TEXHOT€HHBIX OapbepoB.
[IpencraBineHpl MexaHWYECKHE, OMOTCOXMMH-
yeckre W (U3NKO-XMMUYECKHE KIIacChl Oaphe-
poB. dopmMuUpOBaHNE MEXaHWYECKHX BBI3BAHO
MaJiCHUeM CKOPOCTH TEUEHHUS IPH PE3KOM pac-
IIMPEHUN PyClia PEeKH TOCiIe KaHAIM3HPOBAaH-
HBIX y9aCTKOB, BOBHUKHOBEHHEM Pa3JIMBOB BO-
JIbl TIPA CTPOUTENLCTBE AaM0, a TaKKe CHUXKe-
HUEM THUIPOAWHAMUYECKOW aKTUBHOCTH B
MECTaX MHTEHCHUBHOTO MPOW3PACTAHUS TPOCT-
HuKka. buoreoxummuyeckue Oapbepbl 00yCIOB-
JIeHbl OMOAKKyMYJIALuell BhICIIeH BOAHOM pac-
TUTENBHOCTBHIO TSDKETBIX METAUIOB U JPYTUX
XUMHYECKUX 3arps3HSIONIMX BEIIECTB, B TOM
gucie u B Buze snudpurto3Becu. Cpenu ¢puzn-
KO-XUMHUYECKHX OCHOBHOE 3HAYCHHE WMEIOT
IIeJI04Hble Oapbephl, BO3HUKAIOIIUE IMPHU pPe3-
KoM ToBbIlIeHHH BenuunHbl pH. OHU 00Hapy-
KEHbl Ha y4yacTKaxX BMHAJCHUSA TOI3EMHBIX U
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Tabruya 2

Cpennne cogep:kaHusi BATOBBIX M MOABMKHBIX (popM TM 1 As B JOHHBIX 0CaJKaX BOIHBIX 00bEKTOB
paiioHa uccJIel0BaAHUM

5 p. Kaparaiinsr 03. Kynty6an
HIEMEHTE Basiossie, Mr/kr | IoxsuxHbie, Mr/kr | Jloist HOABHKHBIX, % | Banoseie, Mr/kr | IMoxsuxHbie, MI/Kr | J10J1s TIOIBMKHBIX, %
Co 38+6 3,6+1,8 8,2 2443 0,1£0,1 0,2
Ni 46+11 2,1£1,2 4,1 71+13 0,6+0,2 0,7
Zn 4311+1184 2490£1669 60,9 4234284 1243,2 7,1
Cu 46661456 1468+1182 23,4 412499 1,8+0,6 0,6
Cd 10,1+£5,41 4,9+3,0 44,5 5,3%1,1 0,19£0,06 3,6
Mn 1040+245 50,1+21,8 3,6 2569+1045 446141 18,9
Cr 72+12 H.n. - 59+6 H.n. —
Pb 75+43 4,8+1,6 8,4 31+6 2,9+0,4 11,3
As 140+46 H.n. - 56+10 H.n. -
Hg 1,90+0,59 H.n. - 0,159+0,065 H.n. -
Fe H.n. 797+718 - H.n. 19+4 -
Tabauya 3
Banosoe cogep:kanne TM B mousax bamkupckoro 3aypanbs, Mr/kr
IITK Cu Zn Ni Fe Mn
®oH, nmoc. MykacoBo-TypkmeneBo, Kpacroypaiscko-Crbaii- 49 235 34 40563 1457
TIaiickast pynonocHas 30Ha (n = 35) 30-82 137-517 | 16-74 |17336-106310 | 324-10957
[Moc. Kanuaunckoe, npuycaieOHble yIacTKH BOJIH3H XBOCTO- 153 460 53 31694 704
Xpanwia (n = 12) 97-205 328-622 | 43-68 | 30138-33083 | 681-736
Beper o03. Kynry6an, B 10 km K rory ot Cubatickoit oboratu- 292 223 92,5 H/ 3259
TeJIbHOH (adpuku u Kapsepa (n = 26) 125-520 50-630 | 54-160 © 900-15000
r. Cubaii, Mukpopaiionst ropoza (n = 150) 248 487.3 49 34667.4 1338
83-632 224-762 | 38-99 | 22173-44795 | 669-6644
PernonanbHslii Gpox 49 223 34 37100 1060
DOoH 17151 4EPHO3EMOB 25 68 45 - -
Knapk o P. Bpykcy, 1986 70 80 100 25000 1000
OJIK, 2009 132 220 80 — —
Ipumeuanue. B quciurerne — cpeHee 3HaUEHNE; B 3HAMEHATEIIE — JAUAINA30H.
Tabruya 4
Conep:xkanue noasu:xubix popm TM B nousax bamkupckoro 3aypajbs, mMrI/Kkr’
IITK Cu Zn Fe Mn Pb Ni
®oH, noc. Mykacoso-TypkmeneBo, KpacHoypaib- 0.8 7.2 9.4 42.1 14 0.5
cko-Cubaii-I"aiickas pynoHocHas 30Ha (n = 145) 0,1-1,8 | 0,6-21,4 | 0,29-18 19,6-74 | 0,01-4,7 | 0,01-1,6
[Moc. Kanuaunckoe, npuycaaeOHble y4acTKH BOIH- 2.2 65 0.8 52 2.1 0.4
31 XBocTOXpanwmmima (n = 12) 0,4-5,4 42-108 0,2-1,8 34,4-84 1,7-3,1 0,05-0,8
Beper 03. Kynryban, B 10 kM K tory or Cubaiickoit 2.1 31 24 72,2 2.6 1.5
oboraturensHOl pabpuky 1 Kapeepa (n = 26) 0,2-4,7 1,7-77 0,6-34 34,7-113 1,8-3,4 | <0,01-1,7
r. Cubaii (n = 150) 73 47.2 3.6 33 2.7 L1
' 0,1-77 | 0,2-409 | 0,1-26,8 | 0,2-168 | 0,1-11,6 | 0,01-2,9
PervonanbHelil hoH 0,2 9,7 3,2 29 0,3 0,1
IK 3,0 23,0 - 140 6,0 4,0

* CM. npumedanue K Tadin.3.

CTOYHBIX B BEPXOBBSX PEKH, IPU IMOJIIETAYH-
BaHUM BOJI IPUTOKAMHU B CPEAHEM TEUEHUU BO-
notoka. Ha 3Tux ydactkax nepexon cynbhaToB
METaJJIOB U3 pPacTBOpPa BO B3BECh (PUKCHPYETCS
Jla’ke BU3YyaJIbHO.

B npouecce uccnenoBanuii OblIM N3ydeHb
noaskHele popmbl TM 1 As, KOTOpbIEe ompe-
JeJSUIUCh B aMMOHUWHO-AIIETATHON BBITSKKE
(pH =4,8) u3 ocaaxos. [lomyueHHbIE naHHBIC
YKa3bIBalOT Ha BBICOKYIO MOABMYKHOCTH OCHOB-
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HbIX 25eMeHToB (Cu, Zn, Cd) B JOHHBIX OTJIO-
KEHUSAX PEKU 10 CPaBHEHHIO C (HOHOBBIMU
YCIIOBUSIMH OCaJKOHAKOIUIeHHs (cM. Tabi.2).
C wnenpto Oonee AeTalbHOW HHTEpIpPETAlUU
¢bopM MeTalIoB B JAOHHBIX OCaJgKaxX PeKH ObLI
BbINOJIHEH (ha30BbIN aHanu3. beutn ycranosie-
Hbl TIOBEPXHOCTHO-COPOUpPOBAHHBIE (OPMBI
(0,25 mons/n MgCl,); dasbl, cBsi3aHHBIE C Kap-
OOHATHBIMH MUHEpAJaMU M JIETKO pasjarae-
MM OB (amerarnbiii OydepHbIii pacTBOp C
pH =4.,8), a Takke ¢ OpraHUYEeCKHM BEIIECT-
BoM (1 MomB/11 pacTBOpa YKCYCHOM KHCIIOTHI U
NIEePEeKUCH BOIOpPOJIa); COPOMPOBAHHBIX HA T'HMJI-
POKCHIaX »eje3a W MapraHia (pacTBop coisi-
HOKHCJIOTO THIPOKCHJIAMMHA); KpHCTaJlIHYe-
ckux (0,3 MOIB/T pacTBOpa COISTHOW KHUCIIOTHI)
U OCTAaTOYHBIX CUJIMKATHBIX (popM (Io paszHuie
BAJOBOI'O COJEP)KAHMSI U IOJYYEHHBIX MOJ-
BIDKHBIX (a3).

da30Boe COCTOSHHE METAIOB B OCAAKAX
PEKH XapaKTepU3yeTcsl CIEIyIOUMMU OCOOEH-
HocTsIMU. B oHOBOI mpobe BepXHEro TeueHust
peku (702) nonasnsromas gacte Cu u Zn (60-
nee 93 %) u ocnoBHas vactk Cd (60,6 %) Ha-
XOISTCSI B CHJIMKATHOW ocTaTtouHoi ¢dopme. B
0CaJIKax 30HbI TEXHOreHe3a (BepXHee U Cpel-
Hee TedyeHue) npeodnagaer Cu (mo 86 %) B co-
CTaBe OPraHMYECKOro BEILIECTBA, BEPOSTHO, B
BUJIE OPraHOMHMHEPAJIBHBIX KOMIUIEKCOB C TY-
MHUHOBBIMU XeJaTaMH. YacTMYHO MeTaul CBS-
3aH ¢ KapOOHATHBIMH MHHepanamu (B Tpoode
711 no 50 %). HaubGonee paznooOpazen ¢a3zo-
BBII cocTaB Zn, y KOTOPOro BEAYIIMMHU SIBIISA-
foTcs cunukarHas (32-46 %), kapOoHaTHast UITH
cszanHas ¢ OB (ot 22 10 37 %) ¢opmsl. Ca-
MBI ITOJBMKHBIM M3 pPacCMaTpUBAEMBIX Me-
taioB Cd. Jlns Hero Benyiee 3HaYeHHE MMe-
IOT MOBEPXHOCTHO-COPOMpOBAaHHAsE M OpraHo-
MuHepanbHas (popMmbl. J{1s cpaBHEHUs B mpode
JOHHBIX OcaakoB u3 03. Kynryban mopasisio-
11as1 9acTh MHIAUKATOPHBIX MeTaisioB (90-98 %)
HaxoauTcsl B crimkatHoi (opme. Kpome Toro,
oTMeuaeTcss oO0mias TEHAEHIMS He3HauyHuTellb-
HOT'O CHMXXEHHS TOABM)KHOCTH METAJUIOB IIO
Mepe yAaJIeHUs OT OCHOBHBIX HCTOYHHMKOB 3a-
I'pSA3HEHUS.

BrisiBnennsle  ocobeHHocTH auddepeH-
LUalUM XMMHYECKUX JJIEMEHTOB B p. Kaparaii-
JIbl YKA3bIBAIOT HA CYIECTBOBAHUE JABYX THUIIOB
TEXHOT€HHBIX OCaJ0YHBIX oOpazoBanuid. Hc-

NOJb3ys TI'EOXMMHYECKYIO  KJIacCHU(HUKAIHIO
TEXHOT€HHbIX WJIOB [1], MOXHO KOHCTaTHUpPO-
BaTh, YTO B BEPXHEM TEUCHUU (HOpMHpYETCS
KOMILJIEKC MHHEPAJIbHBIX TEXHOT'€HHBIX HIIOB
(cpennee conepxkanue Cop= 1,85 %) ¢ Hg-Cd-
Cu-Zn cneunanuzanueil. B cperHemM u HUXHEM
TEUYEHUH HAKAIUIMBAIOTCS OPraHOMHHEPAJIbHbIE
texHoreHHble Wikl (Copr = 3,85 %) ¢ Ni-Cr-Pb-
Cu-Zn-Cd mnonuMeTasIM4ecKol crernuain3a-
nueii. HeoOxomumo 3aMeTUTh, 4YTO XUMHUYE-
CKHIl COCTaB OpraHOMUHEPAIbHBIX UJIOB HE U3-
Oexai CyleCTBEHHOIO BIHMSHHUS COpPOCOB rop-
HO-/100BIBAIOIIETO MPEIIPUATHSL.

B (oHOBBIX yci0BHSAX MOYBBI pailOHA Xa-
PaKTEPU3YIOTCSI  BBICOKMMH  COJCPKAHUIMU
OonpmMHCTBA U3ydeHHBIX TM (Tab61.3). O6pa-
Ial0T Ha ceOs BHMMaHUE aHOMAaJbHBIC BaJIO-
Bble KoHIleHTpauuu Cu, Zn u Fe, o0ycioBneH-
Hble Treosoruyeckumu ¢akropamu. KoHueH-
Tpauuu noaBMwxkHBIX Gpopm TM B mouBax Moryr
CHJIBHO BapbupoBath (Tabn.4). OHuM ompenens-
IOTCSI COBOKYIHOCTBIO (PAKTOPOB, M3 KOTOPBIX
HauOosblllee 3HAYEHHE HMEIOT IIOJIOKEHHE
[ITK B 31meMeHTapHOM T€OXMMHUYECKOM JIaH/I-
madte (AIMIOBUANBHBIN, TPaHCAIIOBUATBHBIN,
cy0OaKkBaJbHBIA M aKBAJIBHBIN), THI MUTPAIHH,
METEOYCJIOBHS, KUCIOTHOCTh IIOYB M yJaJIeH-
HOCTh OT MCTOYHHKOB 3arpsi3HEHUs. bombiryio
pOJIb WIPaeT KOJIMYECTBO BBINABIIUX AaTMO-
cepHBIX OCAAKOB M BIAXHOCThH IOYB: IO TO-
JlaM Ha OJHHMX M TeX K€ MPOOHBIX IUIOLIAIKaX
OTMEUAIOTCsl CYIIECTBEHHBIE PA3IU4Usl B KOH-
[eHTpanuu noaBmwkHEIX Gopm TM. Habmona-
IOTCSl Pe3KHe M3MEHEHHs] KOHILEHTpaluU IOJ-
BIKHBIX (popm TM mo mpoduiio B penbede.
Tak, BBICOKMM cojep:kaHueM Mn xapakrepu-
3ytoTcst mouBsl nogunHeHHbIX [ITK B HuKHEN
YacTH CKJIOHA yBayia. MakcuMalbHble KOHIIEH-
tpauuu Fe, Cu u Zn, B OCHOBHOM IPUXOASTCS
Ha CpeJHHME YacTH CKJIOHOB M Ha BEPLIMHbI
yBanoB. Conep:kanue moABMXHBIX (GopMm Pb u
Ni B nouBax pasnnusbix [ITK npaktuueckn He
nu3Mensiercs. B mouBax ¢oHOBOI TeppuUTOpHH
nons noaBuxkHBIX Gopm TM cocrasnser 0,1-
3 % ot ux BanoBOro cojepxkanus. B 3acymum-
Bble TOJbl OHa yMenblnaercsa 1o 0,01 %, a Bo
BJIQXKHBIN TIEPHOJ, MOXKET JOCTUTATh 3-5 %, 4TO
O0BSCHSCTCA JEATeNbHOCTBIO MOYBEHHBIX Op-
TaHW3MOB, (CHOPUTMHUYECKUMH H3MEHEHUSMH
MHTCHCUBHOCTH  IOIJVIOIICHUS  XMUMHUYECKUX
3JIEMEHTOB PACTEHUSMH U IPYTUMHU (HaKTOpaMU.
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Tabnuya 5

Hsmenenne conepxanus TM B HHAMKATOPHBIX BHAaxX pacTennii bamkupckoro 3aypaibs
B mepuox ¢ 1999 no 2010 rr., MI/KT cyxoro Bemecrsa’

IITK ‘ Cu ‘ Zn ‘ Fe ‘ Mn ‘ Pb ‘ Ni
®donoBas Teppuropus, noc. Mykacoso-TypkmeneBo, Kpacnoypaiscko-Cubaii-I"alickast pynoHOCHast 30Ha

ITonbiae Artemisia austriaca L. 15 59 71 64 1.6 1.7
6-23 23-154 21-136 29-122 0,3-2,5 0,6-3,5

Yaopen Thymus marschallianus L. 8 67 172 58 1.9 1.8
5-12 26-160 43-271 19-120 1,1-3,5 0,8-3,0

Beponuka Veronica incana L. 9 42 53 40 1.6 1.1
5-18 17-66 5-166 11-92 0,8-2,7 0,6-3,2

[Toc. Kamuaunckoe, Bomm3u xBocroxpanmmima BMCK

IToneias Artemisia austriaca L. 25 96 251 71 2.2 2.8
32-40 138-117 | 188-314 31-111 0,8-3,6 2,6-3,1

Yaoper Thymus marschallianus L. 10 62 273 41 1.3 2.5
8-13 42-83 167-380 21-62 0,9-3,0 2,0-3,0

Beponuka Veronica incana L. 10 60 122 15 0.8 0.9
8-11 50-78 18-344 12-22 0,2-1,4 0,2-2,0

IMoc. Craperii Cubaii, B 2 kM ot orBasioB Crbaiickoro kapsepa

IToneias Artemisia austriaca L. 15 60 107 120 3,7 2,0
9-20 53-70 63-154 80-155 2,3-4,7 1,5-2,8

Yaopen Thymus marschallianus L. 7 33 97 82 2,1 1,6
5-10 21-42 76-144 32-144 1,1-4,3 1,3-1,9

Beponuka Veronica incana L. 7 32 116 43 3.7 2.1
6-7 24-41 103-130 26-55 3,28-4,0 1,6-2,5

Beper 03. Kynry6an, B 10 kM K tory ot Cubaiickoii oboraturensnoit pabpuxu u kapsepa BMCK

IToneias Artemisia austriaca L. 13 68 56 41 1.3 14
6-18 32-146 16-112 13-73 0,4-2,8 0,7-2,3

Yaopen Thymus marschallianus L. 8 54 68 67 1.6 1.5
6-11 29-71 36-123 21-91 0,3-3,2 0,2-2,9

Beponuka Veronica incana L. 12 47 92 42 1.8 1.8
5-19 31-66 19-181 19-66 1,2-2,7 0,7-4,1

PernonanbHslii Gpox 13 42 52 40 3 2,5

Knapk o B.B. JIo6poBonbsckomy, 1998 8 30 - 205 1,25 2

* CM. npumedanue K Tadin.3.

Bnusiaue xomOnHaTa Ha XMMHYECKUH CO-
CTaB IOYB CKa3bIBAeTCs B paauyce 2-5 KM OT
npeanpusaTus. MakcuMallbHble  COAEp’KaHUs
TM oOHapy>keHbI B IOUYBOTPYHTAX HA TEPPUTO-
puu 1. Cubaif, B MUKpopaiioHax BOJIM3K obora-
tuTenbHOM (abpuku, Cubaiickoro u Kamaran-
CKOT'0 KapbepoB U Jp. BbICOKHe KOHLIEHTpaIK
Cu u Zn Habmogatorcss B nouBax noc. Kamu-
HUHCKOE, PpacCIOJIOKEHHOro BOJIM3M XBOCTO-
xpanwmma. Banosoe conepxxanue Zn u Cu B
MoYBaxX NPUYCaZeOHBIX YYAaCTKOB IPEBBIIIACT
YPOBEHb OpPHUEHTHPOBOYHO JOMYCTUMBIX KOH-
nertpauuii (OHAK) B 3 pa3a, KOHLEHTparus
HNOJBIKHBIX (opM B 2-5 pa3 HpeBOCXOIUT
OpelebHO  JIONYCTUMYIO  KOHLIEHTPAILHIO
(ITAK). ITouBBl KOMJIEKTHBHBIX Ca0B, PacCIo-
JIO)KEHHBIX B CAHUTApHO-3AIIUTHOIN 30HE 000-
ratutensHOM (abpuku, 3arpssHeHsl As a0 1,8

OJK, Cu— mo 2,4 OIK, Zn — mo 2,6 OJK. B
30He BIMSHUS oTBasioB (Cumbaiickoro kapbepa
BOsn3K noc. Ctapsiit Cubaii BBISIBIIEHO 3arpsis-
HEHHME TO0YB MACTOMIIHBIX YrOAWN U MpHUyca-
ne6HbIX yyacTkoB Zn, Cu, Pb: koHIeHTpanuu
noABMKHBIX (opMm nocturator I1JIK, Bamobie
conepxxanust — OJJK.

OTnuuuTenpHasl 4epTa II0YB, ITOABEPT-
IIMXCSI aHTPOIIOT'€HHON TpaHc(hopManuu — pes-
KOE€ YBEIMYCHHME COJAEPXKAHHUS MOIBMIKHBIX
¢dbopm TM. BOau3u npou3BOICTBEHHBIX 00BEK-
TOB JI0JIs1 UX Bo3pactaer a0 16-24 %. D10 o0y-
CJIOBJICHO BBIOpOCAMU AMOKCH/IA CEPBI, a TAKXKE
OKHCIJIEHUEM CyJIb(QHI0B B OTBaJIaX, YTO BBI3bI-
BaeT monkucieHue nouB 10 pH =4,3-5,9 (mpu
¢done 7,0-7,5) W yBeNIMUHMBACT IOABMKHOCTH
KaTHOHOT'€HHBIX METAUIOB. B 3arps3HEeHHBIX
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[IOYBaX YPOBEHb COJEpKaHHUS CyIb()aToB B
26-185 pa3 nmpeBbimaeT GOHOBBIC 3HAYCHUS.

CymMapHBIii  TIOKa3aTelb  3arps3HEHUs
no4B (Z.) noasmwxueiMu popmamu TM B 30HE
BO3/ICHCTBHS MPEANPUATHS COOTBETCTBYET Ka-
TErOopusiIM KpaiiHe OIlacHas, 4Ype3BbIYANHO
omacHas M omnacHasg. Kputuueckas cutyanus
CIIOKHMJIACh B HECKOJIIBKUX MHUKPOpaiOHax TIo-
pona, rae Z. A 3TUX TEPPUTOPUN B Pa3HbIE
rofibl MU3MEHSICA B mpenenax or 122 po 288.
[Ipu Takux 3HAYEHUAX Zemax = 128, BBIXOIAIIUX
32 paMKM OLICHOYHOW HIKajgbl OMACHOCTH 3a-
I'PSA3HEHUS MOYB, PE3KO BO3PACTAE€T PUCK BO3-
JIEHCTBUS HA 3/I0pOBbE HACENIEHUS.

B paifone neiictBus o0oratuTenbHON
¢$abpukH, KapbepoB, XBOCTOXPAHWIUI U JPY-
r'mXx OOBEKTOB KoMOMHAaTra HaOJIIOmaeTcss HH-
TEHCUBHOE BOBiIedyeHHEe TM B OMOreoxmmmue-
CKHIl KpyroBOpOT M 0Opa3oBaHUE 30H C MOBBI-
IIEHHBIMH COJEPXKAHUSMHU PYIHBIX 3JIEMEHTOB
(Zn, Cu, Fe u np.) B pacrenusx (tabm.5).
BonpIias ©3MEHYMBOCTh XUMHUYECKOTO COCTaBa
pacTeHHi onpenesseTcsi BaJOBBIM COJIEPKAHU-
eM TM B nouBax, CTENEHBIO MX AOCTYHNHOCTH
pacTeHusIM, (U3UKO-XMMHUYECKUMH CBOMCTBa-
mu nouB (pH, rpanymomerpuueckuii coctas,
conepxanre OB u T1.1.), a Takke BUIOBBIMH
0COOEHHOCTSIMU PACTeHHH, UX BO3pacToM, (u-
3UOJIOTHYECKON posiblo TM, MHTEHCHUBHOCTHIO
AHTPOIIOT€HHON Harpy3KH.

HccnenoBanus  XMMHYECKOTO — COCTaBa
pacTeHHil Ha pa3JIMYHOM PACcCTOSHUU OT IPO-
M3BOJICTBEHHBIX OOBEKTOB IO3BOJIMIIN BBISIBUTH
BUJIbI-KOHIIEHTpaTopsl TM, KOTOpBIE MOIYT
OBITH UCIIOJIB30BaHbI NIPH OLIEHKE MHTEHCUBHO-
CTU TEeXHOreHe3a. XapaKTepHOe HaKOIUICHHE
TM (Zn, Cu, Fe, Pb u Cd) B monsiHu aBCTpUii-
ckoii Artemisia austriaca L., BepoHuke cepoit
Veronica incana L., 4abpene Mapmainia
Thymus marschallianus L. orBeuaer ecrtect-
BEHHOM TCOXMMHUYECKON aHOMaJIdH, a TaKxke
AQHTPOIIOTEHHOMY 3arpsi3HEHHUI0 KOMIIOHEHTOB
JaHamadTOB MPH SKCIUTyaTallil MECTOPOXKie-
Hus. Bmecre ¢ tem, Hakoruienne TM B ¢oHO-
BBIX YCJOBHUSIX BO MHOTOM OIpENeNsieTcs HX
MOJIBM)KHOCTBIO B 1OYBaxX. Bo BiaXkHBIE TONBI B
pacTeHHsIX OTMeuaeTcs pe3Koe YBEINYeHUe
KoHIeHTpanuu Zn, Cu u Fe.

ConepxaHne THIIOMOP(HBIX OpPYICHEHUIO
TM BoO Bcex MHIMKATOPHBIX BUAAX B UMIIAKT-

HOI 30HE B paifone o3. Kynryban, moc. Kanu-
HuHckoe u Crapeiii Cubail nmpeBbIIaeT CooT-
BETCTBYIOIINE KOHIICHTPAIIMH B PACTEHUSIX (o-
HOBOM Teppuropuu (moc. Mykacoso). M3me-
HEHUS COJEP)KaHUS XMMHUYECKHX JJIEMEHTOB B
npenenax Cubaii-I"aifickoil pyIOHOCHOH 30HBI
BO MHOIOM OINpEAENSIOTCA pelbedoM: Ha Io-
HIDKCHHBIX YYacTKaX BBISBJICHBI MOBBIIICHHBIC
KOHLIEHTpAIM1 MHUKpo3jaeMeHToB (Mn, Zn, Cu
u Fe).

Pacuer ko3¢¢unmenta OMOIOrMUECKOrO
TIOTJIOIICHHST M3YYSHHBIX PACTEHUH yKa3bIBaeT
Ha XOpOIIO BBIPAKCHHBIC WHIMBHIyaTbHbBIC
OMOreoXMMHUYECKHEe OCOOEHHOCTH:  IIOJIBIHB
Artemisia austriaca L. HakaruimBaeT B OCHOBHOM
Zn, Cd u Pb, wabpen Thymus marschallianus
L. —Fe u Zn, Beponuka Veronica incana L. — Cu
u Zn. K aGCONOTHBIM KOHIIEHTpPATOpaM OTHO-
ciarcsi  Artemisia austriaca L. u  Thymus
marschallianus L., Veronica incana L. o6ianaer
MEHbIIIEH KOHIIEHTPUPYIOIIEH CIOCOOHOCTHIO.

BriBoabI

1. Pa3paboTka MecTopokIeHusI TIpUBesia K
XOpOILIO BBIPAXXKEHHOM U YCTOWYMBOM TEXHO-
reHHoil Meramop¢wu3zanuu Boxa p. Kaparaitisl
10 aHUOHHO-KaTUOHHOMY M MMKPODJIEMEHTHO-
My COCTaBY, NPHUBEIICH K 00pa30BaHUIO CYIlb-
(aTHO-MarHUEBOIrO TUIIA COJIOHOBATHIX BOJI.

2.B mouBax cdopMupOBaJICS TEXHOI'CH-
HBI BTOPUYHBII OPEOJ pacCesiHUS NHIUKATOP-
HBIX deMeHToB (Zn, Cu, Cd u Fe) B pagmyce
2-5 KM OT MpPOM3BOJCTBEHHBIX OOBEKTOB, a B
JIOHHBIX OCaJKaX PEKH — TEXHOTECHHBIH MOTOK
paccesiHus, NpoTsKeHHOCThio 10 10 kM. B Tex-
HOIE€HHBIX OpeoJlaX U MOTOKaX OTMEYEH 3HAYU-
TENBHBI POCT BaJOBBIX KOHIEHTpauuii TM
OTHOCHUTEIBHO €CTECTBEHHBIX BTOPUYHBIX Ope-
OJIOB U TOTOKOB PAacCEsHHMs, a TaKKe pPe3Koe
YBEJIMYEHHUE JOJNH TOABMXKHBIX (POpM MeTal-
noB. IlocnenHue mpencraBieHbl MOBEPXHOCT-
Ho-copOupoBanHbiMu (Cd), kapOOHAaTHBIMH
(Zn) u opranomunepansabiMu (Cd, Co, Cu, Zn)
dbopmamu.

3. B noHHBIX OCajKax W MOYBEHHOM IIO-
KpOBE XapakTep MHUTPALMU U KOHUEHTpaluu
PYAHBIX 3JIEMEHTOB OOYCIJIOBJIEH TEXHOT'€HHBI-
MH (PU3HKO-XMMHUYECKUMHU OapbepaMu, B OC-
HOBHOM, KHCJIOTHO-ILIEJIOYHOI0 KJIacca.

203
Caunxm-Ilemepbype. 2013



4. Boizenenbl UHAUKATOPHBIE BUIBI pacTe-
HHUI TEXHOT'CHHOI'O 3arps3HEHHUS: MOJIBIHb aBCT-
puiickast Artemisia austriaca L., BepoHuka cepas
Veronica incana L., vabper; Mapmamia Thymus
marschallianus L., xoropsle Moryr OBITH HC-
MOJIH30BAHbI MIPU IKOJIOTHYECKOM MOHUTOPUHIE
Y PEKYJIbTUBALIMHN HAPYIICHHBIX 3€MEJIb.

5. Cpenu mpHUpPOJOOXPAaHHBIX MEPOIpPUs-
TUH, HANPABJICHHBIX HA CHIDKCHHE YPOBHS 3a-
IPSA3HEHUS OKPY)KAIOIICH Cpe/ibl, TOMHUMO Tpa-
JMIAOHHBIX METOJ0B (IPUMEHEHHE CHCTEM
OYHMCTKH BBIOPOCOB M COPOCOB), Ienecoodpas-
HO WCIOJIb30BaHHE HCKYCCTBEHHBIX T'€OXHUMHU-
YeCKUX 0aphepOB HAa OCHOBHBIX MYTSIX TEXHO-
TCHHBIX MIOTOKOB, MPUBOASIINX K YMCHBIICHHIO
MOJIBM)KHOCTH PYIHBIX 3JEMEHTOB B 30HE T'H-
neprexsesa.
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