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PaccMoTpeHbl 0COOEHHOCTH AKKYMYJISIIMH XHMHYECKHX 3JIEMEHTOB B PACTeHHAX ()OHOBBIX M AHTPOIOIeHHO HAPYUIEHHBIX HPHPOIHO-
TepputopuaibHbIx KomiuiekcoB (IITK) Bamkupcekoro 3aypaiabst no pesyiasraram ucciaenopanuii 1998-2014 rr. Ha MoOIeIbHBIX IJIOIAISIX,
pacnosnoxeHHbIX B ¢poHoBbIX IITK, B ecTecTBeHHBIX reoxumMuyeckux anomajausix Kpacnoypanbcko-Cubaii-I'alickoil py1oHOCHOI 30HBI M B
anTponorenno 3arpsi3HeHHbIX IITK Ha pazanyHoM yiajeHHH OT 00beKTOB FOPHOPYIHOIO MPOM3BOACTBA. /laHa NeTajbHAasl XapaKTePHCTHKA
HakormieHus S u TskeJabIX MeTan10B (TM) — Cu, Zn, Fe, Pb, Cd, Ni, Co, Cr 1 Mn — B mo4Bax M aHAJIN3 H3MEHYHBOCTH KOHIEHTPAINHU MOABHIKHBIX
¢opmM 3a naTHaguath jget. Ocoboe BHUMaHMe yaeneHo KoHneHnTpanuu TM B ykocax Hajg3eMHOH 0MoMacchl H HHAMKATOPHBIX BHIAX PacTeHUI
Artemisia austriaca Jack., Salvia stepposa Schost., Thymus marschallianus Willd., Veronica incana L., Caragana frutex L., Phlomis tuberosa
L., Achilea setacea Waldst. et Kit., Galium verum L. Iloka3anbl pazauuust B akkymyJassuun TM pacTeHMsiMH Pa3jIMYHbIX arpo0OTAHUYECKHX
Tpynn — 3J1aK0B, Pa3HOTPaBhsl, 0000BbIX, 0COK, BeTomn. Ha ocHOBe CONpsIZKeHHOIr0 aHAJIM3A colep:KaHus noaBH:KHBIX opm TM B mousax
M B MHAMKATOPHBIX BHIAX PACTeHHIi MPOJeMOHCTPHPOBAHA ONpeAesIomast PoJb JaHAMA(PTHO-TeOXUMIYeCKHX (PAKTOPOB B HAKOIJICHHH
TM B 6uomacce. PaccMoTpeHa H3MEHYHBOCTh XHMHUYECKOI0 COCTABA PACTEHMIi 0] BO3/IeliCTBHEM MOTOAHBIX Yc/10BHil. OTMEYeHO OTCYTCTBHE
NPSIMOii KOpPeJISIIIHH MesKIy coiep:KanueM NoABIKHBIX (popm TM B nouBax 1 ypoBHeM HX KOHIEHTPALUH B PACTeHUAIX H HAIHYHEe BPeMEHHOI0
CIBHIa B OJUH-BA rofa B Xole uX n3MeHenuii. Ha ocHoBe pacyera K03()(pULHEHTOB 6HOI0IHYECKOr0 MOIVIOMICHHUS COCTABJICHBI PSIAbI BHI0B-
KoHIeHTpaTopoB TM, peKoMeH10BAHHBIX /ISl OLEHKH € IOMOLILI0 OMOMHIMKAIIMY TeXHOTeHHOIi TpaHcdopManuy JaHamadToB.

Knrouegwle cnosa: pacmenus, nougsl, madgicenvlie MEMaiivl, 3azpsaizHenue, OUOUHOUKAYUSL.
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Based on studies carried out in 1998-2014, specific features of chemical elements accumulation by plants species in anthropogenically
disturbed and background natural territorial complexes (NTC) of the Bashkirian Transural Region are characterized. Study sites were
arranged within the area of natural geochemical anomalies of Krasnouralsk-Sibay-Gaiskoy ore-bearing zone (background NTC) and in
anthropogenically polluted NTC at different distances from mining industry facilities. Sulfur and heavy metal (Cu, Zn, Fe, Pb, Cd, Ni, Co,
Cr, Mn) levels and the concentrations of the mobile forms of elements in soils were monitored over 15 years in comparison with heavy metal
concentrations in the cuts of above-ground vegetation and in indicator species (Artemisia austriaca Jack., Salvia stepposa Schost., Thymus
marschallianus Willd., Veronica incana L., Caragana frutex L., Phlomis tuberosa L., Achilea setacea Waldst. et Kit., and Galium verum L.).
Differences in heavy metal accumulation by different agro-botanical groups (cereals, herbs, legumes, sedges, dead grass) were revealed. Based
on mobile HM content in soils and indicator plant species, landscape-related and geochemical factors modulated by meteorological conditions
are suggested to play the determinative role in HM accumulation by plant biomass. No immediate correlations between the contents of the
mobile forms of elements in soils and in plants was found. Instead, there were one or two-year lags between their changes. Indicator plant
species were ranked according to their calculated bioaccumulation factors, and the ranked series are suggested for the bioindicator-based
estimation of the degrees of anthropogenic transformation of landscapes.

Keywords: plant species, soils, heavy metals, pollution, bioindication.

BBenenne
B npupone pacteHuss 001amaroT XOPOIIO BBEIPaKEH-

HOCTH, )KU3HEHHOW (POPMBI, OpraHa, (PeHOIOTUICCKOH
(basel m IpyrEX OMONIOrHYecKuX ocobennocrei) [1, 2, 5,

HBIMU MHIUBHUIYAJIbHBIMH OMOXMMHUYECKHUMHU OCOOCH-
HOCTSIMH, KOTOpbIE 00YCIIOBJIEHBI PA3JIMYHUSIMH 10 HAKO-
TJICHUIO MUKPO3JIEMEHTOB B 3aBUCHMOCTH OT BHEIIHHUX
00CTOSITENBCTB (I'€0JI0rHYECKUX, TOYBEHHBIX, IOT'OJJHBIX
U JIpYyTUX JAHAMIAQTHO-TEOXUMUYECKUX YCIOBHI) H
BHYTPEHHUX (HaKTOPOB (CHCTEMAaTHYECKON PHUHAIICHK-

13, 16, 17 u ap.]. bonbioe BnusiHNE HA OGUOTEHHYIO MUT-
paluio BEeNiecTBa OKa3bIBA€T aHTPOIIOTEHHOE 3arpsi3He-
Hue. [ToaTomy 0coOBIif HHTEpEC NMPEACTABISIET N3yYe-
HHE POJIM IIPUPOJIHBIX U aHTPOIOIEHHBIX (PAaKTOPOB B
OMOreOXMMHUYECKOM KPYTOBOPOTE B YCIOBHSIX TECHOTO
B3aUMOJIEUCTBUS.
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OO0beKT U MeTOANKA MCCICAOBAHUI

C 1998 r. Ha TeppuTopuu baitmakckoro u XainoysinH-
CKOT'0 pailoHOB peciryOnuku bamkopTocTaHn Ha pa3iand-
HOM yZaJeHU! OT HCTOYHMUKOB aHTPOIOTEHHON Harpy3-
KU €XETOAHO MPOBOASTCS TAHAMA(DTHO-IKOIOTHIECKHE
WCCIIEIOBAHMS C TPUMEHEHHEM METO/I0B OMOMHIUKAITIH.

Paiion ncciemoBaHuil HAXOAUTCSI HA BOCTOYHOM Ma-
KpockiioHe xpebta Mpennsik. B ero reomorumyeckom
CTPOEHUH MTPUHHUMAIOT y4acTHE IPEBHHIE N3BEPIKCHHBIC
Y N1y OMHHBIE KPUCTAJNIMYECKHE TOPHBIE TOPOABI, IIPE/I-
CTaBJICHHBIC TPAaHUTAMH, THeHcaMu, TOphUTaAMH, Trada-
3aMH, a TAKXKe 0CaJOYHbIE 00Pa30BAHUS — U3BECTHAKH
U JOJIOMHUTHI. 31ECh BBIAEISIIOTCS JIBE€ METAJIJIOTC€HHBIE
30HbI — balimak-bypubaeBckast cMenaHHO-MEAHOPY/IHAS
(MecTopoxaenue FOouneitnoe, Cemenonckoe) u KpacHo-
ypanbcko-Cubaii-I"aiickas MegHOpy1HAS (MECTOPOXKIE-
Hue Cubalickoe), 9TO OIpenessieT BICOKNE (POHOBBIE
kounentpamnuu Cu, Zn, Cd, Fe, Mn u npyrux Ts>KenbIx
meTtasuioB (TM) Bo Bcex komnonenTax [ITK [5]. JleTans-
Hoe (hn3uKo-Teorpaduueckoe onMucaHue paiioHa uccle-
JIOBAaHU TPUBE/ICHO B ONyOJIMKOBAaHHBIX paHee paboTax
[7, 9, 10].

IlouBeHHBIN NOKPOB U3YUEHHON TEPPUTOPUH XapaKTe-
pu3yeTcs 3HAYUTEIBFHON HEOTHOPOAHOCTHIO. [Ipeobia-
JlalolIMe NI0YBbl — YEPHO3EMBbI. B palioHax npearopui
pacrpocTpaHeHbl TOPHBIE PA3HOBUIHOCTH YEPHO3EMOB
Y CepBIX JIECHBIX 1MOo4B. [Ipu O11M3KOM 3ajieranuy KopeH-
HBIX TOpOJT (POPMUPYIOTCSI HEIOPA3BUTHIE KAMEHHUCTO-
IIEOHHUCTHIE ITOYBBI HA TPyOOM MaJIOMOIITHOM ITIOBUH U
nemoBru. Cpeny 4epHO3EMOB UCCIIETI0BAHHON TEPPUTO-
puu npeodaaatoT Mo IO OOBIKHOBEHHBIC U FOXK-
Hble yepHozembl (AU — BCA — Cca). [lepeBbinac ckota
MIPUBOAUT K YIIJIOTHEHHIO MIOYB, HCTOIIEHHIO I'YMYCOBO-
I'0 TOPU30HTA ¥ CHUIKEHUIO UX IUTotopoaus. Benencraue
BBIPYOKH JIECOB CEphIE JIECHBIE ITOYBBI PA3BUBAIOTCS T10
YEPHO3EMHOMY THUITY.

ITo MexaHMYECKOMY COCTaBY M3yUYEHHBIC U€PHO3EMbI
MPEACTABIISIIOT COOOH TsKeINble CyNIMHKH. Peakiust mo-
YBEHHOTI'0 PacTBOpA UCCIICOBAHHBIX YEPHO3EMOB OJIM3Ka
K HelTpansHOU (pH = 6,1-7,5), ¢ TiryOMHO# 1O 1oYBeH-
HOMY mpoduito HabmromaeTes monmenadnanne (pH o
8,3). Comeprkanne ryMmyca B IEITHHHBIX MTOYBAX TEPPH-
Topuu gocturaet 6,2—10,5%. FOxHo-Ypanbckue yepHo-
3eMbl OTIIMYAIOTCS I3IKOBATHIM CTPOSHUEM ITOUBEHHOT'O
poduIIsl, MO3TOMY I'yMYCOBBIN MPO(MUITb CHIIBHO pacTsi-
HYT. XapaKTEepHOH YEPTO MOUB SIBJISICTCS TOBBIICHHAS
IJIOTHOCTH T€HETHYECKUX TOPU30HTOB, BRI3BaHHAS 3aCO-
neHHocThio. [locnenHsis o0ycnoBieHa 0COOEHHOCTIMH
OYBOOOPA3YIOIIMX MMOPOJI, KOTOPbIE HAPsY C KapOo-
HaTaMH U cyib(aramMu KajblUsl COJIEPKAT TaKXKe COJIH
Hatpust. [logpoOHast XapakTeprCTHKa U3YUYEHHBIX MTOYB
naHa B pabotax [7, 9 u np.].

Bonpmoe BmusHne Ha GOPMHUPOBAHUE CTEITHBIX (PH-
TOIIEHO30B 3aypalibsi OKa3bIBAIOT XOJIMHUCTO-YBATUCTHIHI
penbed u Gu3Koe 3alieraHue rOpHbIX MOPOJ. DTO BEACT
K OOJIBIIIOMY yYacTHIO METPO(PUTHBIX AJIEMEHTOB B CO-
CTaBe TPABOCTOSI U K OTOOPY Cpeny HUX BUJIOB, HANOO-
Jiee YCTOMYHMBBIX K MOBBILIEHHOMY coaepkanuio TM, ¢
BO3MOXXHBIM 00pa30BaHHEM METAJII0yCTOHINBHIX MOITY-
st [8, 17]. I3MeHYNBOCTh XMMHUYECKOTO COCTaBa pa-
CTEHUH 00YCIIOBJIEHA CTENEHBIO TOCTYIHOCTH I HUX
TM. Ha noctynnenune TM B pacTeHHUs BIUSIOT TaKke
BHJIOBbIE OCOOGHHOCTH PAacTeHHUH, THUII TIOYBbI, KOHIICH-
Tpanus, popma TM, pH 1mouBsl, MEXaHUYECKHIT COCTAB,
conepKaHNe OPraHNYECKOTO BEIIECTBA U HAJIMYHE TeX-
HOTEHHBIX UCTOYHHUKOB 3arpsI3HEHUS.

IOxHBIN Ypan — cTapeHmnil MpOMBIIIJICHHBIN paii-
ol Poccun. IHTeHCHBHAsI TPON3BOJICTBEHHAS JICATEIb-
HOCTB, OCBOCHHE U pa3pabOTKa MECTOPOXKICHUH TTOJIe3-
HBIX MCKOIAeMBbIX, ypOaHU3aIusi, arporporu3BOJCTBO H
JIpyTHE BUABI TPEe0Opa30BaHNH MPUBOAAT K 3HAUUTEIb-
HOH TexHoreHHo# Tpancpopmaruu [1TK, BaustoT Ha co-
JlepKaHHEe U COOTHOUICHHE XMMHUYECKUX AJIEMEHTOB B
TeOXMMHUYECKON cpejie U opraHu3Max, HapymarmT Ouo-
TEHHBIE ITUKJIBI DJIEMEHTOB. AHTPOIIOT€HHOE 3arpsi3He-
HHE 1 BTOpHYHOE paccesinne TM HaKIaabsIBaloTCs IpyT
Ha JIpyTa, BBI3bIBasl YCUJICHHUE TOKCHYECKOTO BO3ACHCT-
BHS Ha OHOTY.

lopaopynnbie npeanpustusa bamkupckoro 3aypaibs
OKa3bIBaIOT BCECTOPOHHEE BO3/IEHCTBUE HA OKpYKalo-
Iy cpeny: JanamadTHO-AECTPYKTHBHOE, IapamMe-
Tpu4eckoe U smMuccruonHoe. Cpenn HUX Hambolee cy-
mecTBeHHoe — 3arpsizaenne TM. B Cubaiickom unmmnane
OAO «YyanwHCKHI TOPHO-00OTaTUTEIBHBIH KOMOH-
Hat», OO0 «bammenb», 3A0 «bypubaeBckuii ropHo-
oboraruTenbHbIi KOMOMHATY», OAO «bamkupckuii Mem-
HO-cepHbIi koMOuHaT» (BMCK) exxeromno obpasyrores
MMJUTHOHBI TOHH BCKPBIIIHBIX TIOpOJ], o0orameHHbIX Cu,
Zn, Fe, Mn, Pb, Cd, Asu T. 1.

B coctaB BMCK Bxogst Cubaiickas odorarureibHas
(hadpuka (COD) u Cubatickuii kaprep. COD pacnoso-
JK€Ha B BOCTOYHOW YaCTH rOpo/ia U TPAHUYHT C SKHIIBIM
MacCHBOM U KOJJIEKTUBHBIMH cajiamMu Ne 10 u 13. Bonu-
3u COD pa3meneHo XBOCTOXPaHWIINIIE, COCTOSIIIEE U3
2 OTCEKOB: 3amagHoro — 267,5 ThIC. M> © BOCTOYHOTO —
847,5 teic. M%. C 1996 T. 3KCILTYaTHPYETCSI XBOCTOXPAHMU-
numie, pacnonioxeHHoe B 1. Kanumnuackoe baitmakckoro
pationa B 100 M ot p. Kaparaiinel. 3a roa ¢ mooTBa b-
HBIMH Y IIaXTHBIMHM Bojamu B p. Kaparaiine! (Gaccelin
p- Ypan) copaceiBaeTcss 10 ThIC. TOHH MOJIJIIOTAHTOB,
BKIIfo9ast coTHu ToHH TM (Zn, Cu, Mn, Fe, Cd u ap.) B
HOHHOU (popme.

Cubaiickuii Kapbep HaXOQUTCS B I0T0-3aMaJHON YacTH
ropoja. Toybko Ha Tepputopur CHOANCKOro KOMILJICK-
ca oOmuii 06beM BCKPBIIIHBIX TTopoa gocTur 600 MitH
TOHH. TM 1 As mocTynaroT B MOYBBI, BOBJIIEKAIOTCS B
OMOJIOTUYECKUN KPYTOBOPOT, YUACTBYIOT B JaTepalb-
HOW M paguaibHONH MHUTpaIuy, oOpa3ysi TEXHOTSHHEIS
OpEO0JIBl paccesiHUSI.

B kauecTBe MOAENBHBIX IIJIONIAIEH BHIOPAHBI HECKOb-
KO YYacTKOB, HaXOJSIINXCSl HA PA3HOM PACCTOSIHUU OT
00BEKTOB FOPHOPY/THOTO ITPOU3BOJICTBA. 3a YCIOBHO-(O-
HOBYIO TEPPUTOPHUIO IPUHSTA IIJIOMaAb BOIM3H 1. MyKa-
COBO, PacCIOJIOKEHHAs! B MPEAEIaX €CTECTBEHHON IeOXH-
Mudecko anomannu Kpacnoypanbscko-Cubaii-I aiickoit
PYJIOHOCHO¥ 30HBI, HO BHE IIPSIMOTO BO3JICHCTBUSI TOPHO-
pynHbIX npennpustuii. [Ipoduis, BkItoyaromumi 8 nu-
ketoB (I1K), mposoxen B 1,5 kM K 1ory ot . MykacoBo ¢
BEPIIMHBI OHOTO YBaJIa Yepe3 JOIUHY K BEPIINHE JpY-
roro yBana. Kpome toro, 3a (pOHOBYIO TEPPUTOPHIO ITPH-
HATa TaK)Ke IUIoIaas BOau3u 03. Tankac, Haxonsmasics B
Baiimak-byprbaeBckoii cMenaHHO-MeTHOPY/THOW 30HE Ha
3HAYUTEILHOM YJJaJIEHUH OT 30JI0TOPYAHBIX MECTOPOK/Ie-
HHH. V3ydeHbl MpUpOHO-TEPPUTOPHATBHBIE KOMIIJICK-
cel (IITK) ma 3amamaoMm Oepery o3. Tankac Ha mpodwure,
coctosiBiieM u3 4 I1K u mpoxomsmiemM oT ypesa BOJIBI 110
CKJIOHY BOCTOYHOH 3KCIIO3UIIUHU K BEPILIHUHE yBaJja.

3naunTtenpHas TexHorenHas rpanchopmanms [1TK Ha-
OJrroaeTcsi, Kak OTMeualioch paHee, B paiione BMCK — B
r. Cubaii, BOmm3m 1. Craperii Cubaii, . KanuHuHCKOE.
Bomm31 005EKTOB TOPHOPYTHOTO ITPOU3BOICTBA 3aJI0KE-
HO TpH MOJIEIbHBIX Tuomanau. Ha 3anagHom Oepery o3.
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Kynty6an B 10 kM K 1tory o CO® u kapbepa HaXouTcs
npoduis u3 8 [1K, mpoxoasiuii oT ype3a BOABI 110 CKJIO-
HY BOCTOYHOH 9KCMO3ULIMU uepe3 BepinHy yBaja. Oko-
1o . Craperit Cubaii B 2 kM oT oTBasioB Cubaiickoro xa-
pbepa u3ydaeTcs Ipopuilh U3 6 TUKETOB, TPOXO SN
C BEPLUMHBI 10 CKJIOHY BOCTOYHOM 3KCHO3ULUM K MOJI-
HO’KBIO yBaJjla 110 HallpaBJIEHUIO K Kapbepy. Eme onun
poduIb mpoiokeH B 1 kM k BocToky or COD B 100 M k
3anajy oT »KWJIbIX noctpoek n. Kanununckoe u B 50 M k
BOCTOKY OT O0pTa XBocToxpaHuiuiia. Hanbonee 3arpss-
HEHHBIMH SBISIIOTCS y9acTKu BONMm3u n. KanmHuHCKOE
u 1. Craperit Cubaif — OHM HAXOAATCA HA HAUMEHBIIIEM
YJAJIEHUU OT UCTOYHMKA 3arpsasHeHus. [lomumo aroro,
0OJIbIIIOE BO3/ICHCTBHE HA JaHHBIE YYACTKHA OKa3bIBAET
CEJIbCKOXO03sICTBEHHAs JesITebHOCTh. [1opoOHBIit aHa-
JIN3 U3MEHEHUS pacTUTeNbHOCTHU B paiilone BMCK npen-
craBlieH B paborax [10, 11 u np.].

IloneBpie uccaenOBaHUs OCYLIECTBIISIIOTCS B OTHOCH-
TEJIBHO KOPOTKHE CPOKU B KOHLIE UIOHS — HavaJle UIoJIs,
TO €CTh B OJIHY (DEHOJOrHUYecKyto (a3zy mpH OTHOCH-
TEIBHO OJHOPOAHBIX METEOPOJIOTMYECKUX YCIIOBHSX.
Ha xa)xgoM U3 y4acTKOB J€JaeTCsl JETAIbHOE T€0IKO-
JIOTMUUYECKOE OIMMCAHUE, U3YUYaOTCs OMIOPHbIE TOUBEHHBIE
paspesbl, naetcsi xapakrepuctrka (uroreHo3a. Ha ka-
koM [TK nmpoBoauTest oTO0p 1po0 1MoyuB U3 MOBEPXHOCT-
Horo ropuzonta metonoM kouBepta (I'OCT 17.4.4.02-84).

J171s1 m3ydeHns 3aKOHOMEPHOCTEH MOTIIOMEHUST X IMITYe-
CKUX DJIEMEHTOB PaCTCHHUSIMH Ha MOJISIBHBIX YU4acTKax OT-
OMparoTCs YKOCHl OMOMACCHl M TPOOBI TUKOPACTYIINX BU-
JIOB-MHIUKATOPOB, U3BECTHHIX KOHLIEHTpaTopoB Cu, Zn, Fe
[1, 13, 16 u ap.]: moabIHE aBCTpHUiicKas Artemisia austriaca
Jack., mandeit crennoit Salvia stepposa Schost., yabpert
Mapmanna Thymus marschallianus Willd., BepoHuka cepast
Veronica incana L., xaparanauk Caragana frutex L., 30-
ITHUK KTyOHEHOCHBIH Phlomis tuberosa L., TRICSSTMETUCTHUK
Achilea setacea Waldst. et Kit., monMapeHHUK HACTOS A
Galium verum L., mopnoBHuUk Echinops ritro L.

XHUMHYCCKUH aHAJIHU3 P00 MOYB U PACTEHHIT IIPOBOAUTCS
B naboparopuu ['eoskonornyeckoro mountopuHra CaHkT-
IeTepOyprckoro rocy1apcTBEHHOTO YHUBEpcUuTeTa. B mo-
YBaX OMPEACSIIOTCS MEXaHUIEeCKUU COCTaB, BennunHa pH,
coznepkaHue TyMyca, BaJOBO€ COACPKAHNE U KOHIEHTpa-
s MOABMXXHBIX (opm TM, u3BIIEKAEMBbIX alleTaTHO-aM-
MOHMITHBIM Oydepom, B pacTeHHIX — o0IIee colepiKaHne
TM. Ananus npo0O Ha coaepxkanue TM ocymiecTBisieTcs
Ha aTOMHO-a0copOuroHHOM criekTpomeTpe NOVAA 300.
OTHOCHUTENbHAS IOTPEITHOCTH MeToa cocTaBisieT 8—10%,
npenen ooHapysxenus — 0,05 mr/kr [12].

Konnentpauus TM B nouBax u pacTeHUSIX ONPeaeIsieTCs
Ha aTOMHO-a0copOuroHHOM ciekTpomeTpe KBanT-ADA B
naboparopuun sKoorudeckoro Mmouutopunra CIIoI'Y mo
CTaHJaPTHBIM METOTUKAM.

Pe3yabrarsl
Colepitcanue cepol 6 ROUBAX U PACMEHUAX.

Kak rokasa npoBeicHHbIC aHAIN3bI, BCE U3y YCHHBIC M0~
YBBI B TIPE/IeIaxX PyJOHOCHBIX 30H XapaKTePH3YIOTCS BBICO-
KHM COJIep)KaHHEM Cepbl, BHI3BAHHBIM CYJIb(HTHOH MUHEpa-
nu3anuer nopon (tadut. 1). Konuentpamuu cepsl B mpobax
MOYBBI C IPUYCaICOHBIX YIaCTKOB, TPEBBIIIAIONINE IPEICITb-
HO nonyctumyto koHueHTpauuto (ITJK) B 3—15 pa3, 00b-
SCHSIIOTCS, CKOPEe BCEro, MHAMBHIYAIbHBIMU arpOMEHO-
paTHBHBIMU MEPOINPHSITHSIMH 110 TTOBBIIICHUIO TIOYBEHHOTO
JI0IOPO/IHSI, & TaKXKe IOJIMBOM OTOPOIOB 3arps3HEHHOMN
BOJION, B TOM 4ucIie u3 p. Kaparaiinel, Kyna cOpacslBaroT-
Csl HEOUHIIICHHBIE CTOYHBIC BO/IBI KoMOMHATa. CyIlecTBeH-
HO 3arpsi3HEHbI cepoii mouBsl B I. Cubail. B 3arps3HeHHbIX
[I0YBaX KOHLIEHTpaLus cyabhaTos B 26—185 pa3 nmpeBbllaeT
(dbonoBoe 3navyenue u B 1,5-11 pa3 — TTJIK.

Konuenrpanus cepsl B pacreHusix FOxxuoro Ypana B He-
CKOJIBKO pa3 MPEBOCXOIUT €€ COJACP)KaHHE B IOYBE, UYTO
BBI3BAHO OMO(HMIBHOCTHIO JIEMEHTa M AKTUBHBIM €T0 T0-
CTYIUICHHEM IIpH 3arpsi3HEHUU W3 BO3AyXa W u3 moys. Ha
(hOHOBOII TEPPUTOPUM CPEIHUN YPOBEHBb aKKYMYJISIIUH
cepsl coctarisieT 850 MI/KT CyXoro BeliecTna (ianee —
Mr1/kT) 1 MensieTcst ot 20 10 2500 Mr/KT.

[To mepe mpuOTMIKEHUS K UCTOYHUKY BBIOPOCOB KOH-
LIEHTPAINS CePhl B PaCTCHUAX yBeTuduBaeTcs B 2—11 pas.
B ciiaboHapylieHHBIX MECTOOOMTAHHSIX €€ COepiKa-
Hue usamensiercst ot 1100 mr/kr B Phlomis tuberosa no
9600 mr/kr B Thymus marschallianus, mpeBbIlias Ha MOPsI-
JIOK JIOKaJIbHBIH (hoH. [Ipr 3TOM KOIIMUYECTBO Cephl B pacTe-
HUSIX B paiioHe 03. Tamkac HEBETMKO U BapbUPYETCS B TIpe-
nenax gonHa ot 10 Mr/kr (yKoc 6060BBIX) 0 160 MI/KT (YKOC
3makoB). OJTHAKO BBIACISIOTCS BUIBI pa3HOTpaBbs (Achillea
setacea, Salvia stepposa, Veronica incana), B KOTOPbIX CO-
neprxkanue cepsl cocTarisieT ot 1100 1o 5250 Mr/Kr, peBbI-
mast GoH B 6 pa3. KoHneHTpamus ee B pacTeHHUsIX IIpUyca-
JeOHBIX XO3MCTB eIle BhIIIe U mpeBocxoauT (GoH B 11 pa3
(ryx mepo — 9350 MT/KT, TpUYeM B TYKOBHIIE B 2 pa3a MEHb-
me — 4150 mr/kr).

B paiione CemMeHOBCKO# 30510TOM3BIIEKaTENbHON (hadpu-
KM COJIEpI)KaHUEe CEPhl B PACTCHUSIX U3MeHsieTcs oT 40 MI/KT
B 371aKax " Veronica incana 1o 850 MI/KT B BETBSIX W JIU-
ctesix Bumau Cerasus vulgaris L. Ee nakorenne oOHa-
pyxeHo B Artemisia austriaca — 6000 mr/xr, Galium ver-

Taon. 1
Conepxanue cepnl B nousax IITK FOxHoro Ypana
XapakrepucTuka Mmecra 0T60pa npood Copepxanue cepbl, MI/KI
cpeanee AUANA30H
KomexrusHble cansl (n = 9) 788 175-1575
1. Kannaunckoe, nactOumabie yroass (n = 3) 283 200438
1. Kannaunckoe, npuycaieOHble yuacTku (n = 7) 1200 45-2063
1. Crapsiii Cubaii—30110T0-2—ApKanm, TacTOUIHbIE yroass (n = 17) 230 38-1463
1. CeMEeHOBCKOE, IpuycaneOHbIe ydacTku (n = 4) 965 400-1375
1. CeMeHOBCKOE, TaCTONIIHBIE YToabs (1 = 6) 31 10-70
n. Tyonnckuii-Tankac, mpuycaneOHbie ygacTka (n = 4) 1640 490-2390
1. TyOuncknii-Tankac, mactoumnsle yroabs (n = 7) 110 10-190
1. Mykacoso OII 1, mactOunasie yroaps (n = 19) 275 10-1575
r. Cubaii, Mukpopaiionsl ropoga (n = 13) 685 50-2163
IJIK 160
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um — 5700 mr/kr, Salvia stepposa==5750 mr/kr, rpubax
miamMnuHboHnax Agaricus arvensis — 10000 mr/kr, ykoce
60600BBIX — 5000 Mr/kr, myke — 6000 u 7350 mr/kr; 00TBE
cBekJIbl — 8600 mr/kr u karrycre — 18000 mr/kr, uTO IMpeBoC-
xomuT hoH B 7—12 pa3 (makcumywm B 21 pa3s).

Bricokue xonnenTparuu cepsl (5500—-12100 mr/kr) oT-
MeueHbl B Veronica incana, Achilea setacea, Salvia step-
posa u Galium verum BO6mn3u Cubaiickoro kapbepa u B
paiione n. Kannunuckoe. B pacteHusix, BbIpalinBaeMbIX
Ha npuycageOHbIX yuacTkax I. Cubaii, conepkanne cepsl
TaKKe BEIINKO U cocTaBiseT B iyke 7200—10850 mr/kr, 9T0
B 8—13 pa3 Gombiie 1oKkaIpHOTO (hoHA.

Takum obpasom, B cemuapuaabix [ITK KOxnoro Ypama
B YCIIOBHUSIX TEXHOI'€He3a KOHLEHTPALHS Cepbl B PACTCHHU-
SIX TIPEBBIIIACT JIOKAIBHBIN (POH y TUKOPOCOB B 6—9 pas, y
KyJIbTYpHBIX pacTeHuil — B 10-21 pa3. OcHOBHBIMU pacTe-
HUSIMU-KOHIICHTPATOPAMU CePBI BRICTYTIAIOT Artemisia aus-
triaca, Salvia stepposa, Veronica incana, Galium verum,
Thymus marschallianus n TpuOBl IIAMINHBOHEI Agaricus
arvensis. KynerypHble pacTeHus (JIyK, Kalycra) TakyKe Ha-
KaIJMBaIOT cepy B OOJbIIEM KOJIMYECTBE B CBSI3U C TIOJIU-
BOM BOJIOH, 3arpsI3HEHHOM Cyb(aTamu.

Cooepitcanue maxceaplx Memainos 6 NOU8ax

Kaxk nmoxasayiy npoBeieHHbIE HCCIIEOBAHMS, AJIs I0YB
peruoHa xapakTepHbI BIcokue copepxanus Cu, Zn, Cd
n Fe, oOycnoBnenHble MUHEpaanu3alnueil TOPHBIX MO-
pox (tabn. 2). Konnenrpanus noasmxHeix Gpopm TM
B TIOYBAX MOXET CHJIBHO BapbUpoBaThes (Tadim. 3). Ona
ornpezenseTcs COBOKYITHOCTHIO ()aKTOPOB, U3 KOTOPBIX
HauOoJbIIee 3HadYeHue umeroT nosoxxenue I[1TK B ane-

MEHTapHOM I'€OXHMHYECKOM JaHmadTe, THI MUTpa-
IIMOHHBIX MIOTOKOB, THAPOMETEOPOJIOTHUECKHE YCIIOBHU S,
KHCJIOTHOCTh TIOYB U YJAJICHHOCTh OT UCTOYHUKOB aH-
TPOMOrE€HHOIO 3arps3HEHUS.

Bonbiryro posns B MUTpaniml XUMMHUYECKHX IJIEMEH-
TOB MT'PAIOT IOT'OJIHBIE YCIIOBMS, IIPEXK/IE BCETO KOIHU-
YECTBO BBINABIINX 0CAJIKOB U BIAXXHOCTb MIOYB, TaK YTO
10 TO/IaM Ha OJTHHX M TeX K€ MPOOHBIX IIIOIIAIKaX OT-
MEUYaloTCs CYIIECTBEHHBIE PAa3JIMUMs B KOHIIEHTPaUUU
noBMKHBEIX opM TM. Habiroaercst Takkxe pe3koe n3-
MEHEHHUE UX COACP)KaHUs MO MPOQUIIIO 3JIEMEHTAPHO-
ro reoxuMuueckoro ganamadra. Tak, BRBICOKUM conep-
’KaHueM Mn XapakTepu3yTCs IOYBbI MOAYMHEHHBIX
IITK B HMXXHel yacTu CkJoHa yBaja. MakcuMaibHas
xoHneHTpauus Fe, Cu u Zn, B OCHOBHOM, MPUXOJUTCS
Ha CPEHUE YaCTH CKJIOHOB M Ha BepinHbL. CofepkaHue
moaBmKHEIX GpopM Pb 1 Ni B mouBax pazmumunsix [ITK
MPAaKTUYECKH HE N3MEHSETCS.

B nouBax (hOHOBOH TEPPUTOPHU OIS MOIBUIKHBIX
dbopm TM cocrapisier 0,1-3% OT UX BaJOBOTO COACP-
’)kaHUsA. B 3acymnuBble oAbl OHa YMEHBIIAETCA 10
0,01%, a BO BIIaXXHBIH IIEPHUOA MOXKET JOCTUTATH 3—5%,
YTO OOBSICHSAETCS AESITEIbHOCTHIO TOYBEHHBIX OPraHU3-
MOB, (EHOPUTMHUYECKUMH N3MEHEHUSIMU NHTEHCUBHO-
CTH TOIJIOIIEHUSI XUMHYECKHUX JIEMEHTOB PACTEHUSIMU
U IpyTruMH PaKkTopamu.

HaubosnpiremMy 3arpsi3HEHUIO MMOABEPrarOTCs MOYBBI
B paguyce 2—5 KM OT FOPHOPYJIHBIX HPEINpHUSITHIL.
MaxkcumanpHbIe conepxaauss TM oOHapyKeHBI B TI0-
YBOrpyHTaxX Ha Teppuropuu r. Cubaii BOIM3U NPOU3-
BOACTBEHHELIX 006bekTOB BMCK: CO®, Cubaiickoro u

Tabn. 2
BanoBoe conep:kanne HekoTopsix TM B nouBax bamkupckoro 3aypasbs, MI/Kr
(cpenHee/MUHUMYM-MaKCUMYM) (110 [6] ¢ TomoTHEHHUSIMHU U H3MEHEHH SIMH)
IITK Cu Zn Fe Mn Ni
®DoHoBasi TEppUTOPHUSL, 1. MyKacoBo-TypKMeHEBO, 49 235 40563 1457 34
Kpacnoypanbscko-Cubaii-I'atickast pymoHocHas 30Ha (n =43) [30-168| 86517 |13755-106310| 324-10957 | 16-74
. Kannaunckoe, npuycaaeOHble y4acTKH BOIH3H 153 460 31694 704 53
xBocroxpanmwmiia BMCK (n = 12) 97-205| 328-622 | 3013833083 | 681-736 | 4368
Beper 03. Kynty0aH, B 10 kM k fory ot Cubaiickoi 292 223 wo 3259 92
oborarurensHOU (habpuku u kKapbepa BMCK (n = 34) 92-520| 50-630 900-15000 |42-160
r. Cubaii, Mukpopaions! ropozaa (n = 150) 248 487 34667 1338 49
) ’ 83-632|224-762 | 2217344795 | 669-6644 | 38-99
PernonaneHslii hon 49 223 37100 1060 34
®DOH 7151 UePHO3EMOB 25 68 = = 45
OpueHTHpoBOUHO AomycTuMas koHientpanus (OK), 2009 132 220 = = 80
Tabn. 3

Conepixanne noasu:kHbIX popm TM B nousax bamkupckoro 3aypaiibsi, MI/Kr (cpeiHee/MHUHUMYM-MaKCHMYM)
(1o [6] ¢ HOMOTHEHUSIMH U U3MEHEHUSIMH )

IITK Cu Zn Fe Mn Pb Ni
®oHoBas Tepputopus, 1. MykacoBo -TypkMeHeBo, 0.8 79 9.4 0.1 1.4 0.5
%(Pacf‘g{)pa”BCKO‘C“6aﬁ‘raﬁ°Ka" PYAIOHOCHAA 30Ha | 5”1 g | 0.6-43,8 [0,20-36,5| 19.6-96.2 | 0,01—4,7 | 0,01-4,5
n — b 9 b b b b 9 > s b b >
. KanmHanHCKOE, TpuycaeOHbIC YIaCTKU BOIH3H 2.2 65 0.8 52 2.1 0.4
xBocToxpanuinia BMCK (n = 12) 0,454 | 42-108 | 0,2-1,8 | 344-84 | 1,7-3,1 | 0,05-0,8
Beper 03. Kynty6an, B 10 kM k fory ot CO®D u 2.1 31 24 72.2 2.6 1.5
kapbepa BMCK (n = 40) 0,2-4,7 1,7-77 |0,6-74,0 |34,7-270,0| 1,8-3,4 |<0,01-5,2
N 73 a7 5.6 Eis) 2l L1
 Cistoat (2 = 169 077 | 02409 | 0,1-26,8| 0.2°181,5 | 0,1-11,6 | 0,01 2,9
Pernonansusiit poH 0,2 9,7 3,2 29 0,3 0,1
K 3,0 23,0 - 140 6,0 4,0
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Kamaranckoro kaprepoB u Jp. Beicokue KOHLEHTpa-
muu Cu 1 Zn HaOIr0gar0TCs B ouBax 1. KaauHuHCKoE,
PpacIioJIokeHHOTo BOJIM3KM XBOCTOXpaHMJIMIIA. BaoBoe
conepxanne Zn u Cu B rouBax MpuycaaeOHBIX ydacT-
KOB IIPEBBIIIAECT yPOBEHBb 3 OPUEHTHUPOBOYHO JTOMYCTH-
MbIX KoHTIeHTparui (OIK), koHIIeHTpaust OJABHKHBIX
¢dopM B 2—5 pa3 IpeBOCXOAUT MPEAETIBHO JOIMYCTUMYIO
koHnenTpanuto (IT/IK). [TouBbl KOJIIEKTUBHBIX CaJIOB,
pAcCIoOJIOKEHHBIX B CaHUTApHO-3aIuTHOM 30He COD, 3a-
rpsizaens! Cu (1,2-2,4 OIK), Zn (1,6—2,6 OJ1K). B 30ne
BJIMSIHMS 0TBajoB Cubaiickoro kapeepa (1. Crapsriit Cu-
0aii) BeIsIBIICHO 3arpsizneHue no4s Zn, Cu, Pb: koH1eHT-
pauus noaBKHBIX popMm pocruraet [1JIK, BamoBoe co-
nepxxanue — OJIK.

AHTPOIIOTEHHOE 3arpsi3HEHNE MMPUBOIUT K PE3KOMY
YBEJIMYCHHIO COJIEp KaHUsI MOABIKHBIX (hopm TM B mo-
yBax. BOIM3M ropHOPYAHBIX MTPEANIPUATHI UX OIS BO3-
pactaeT 10 16—24 %, 4T0 00YCIOBICHO TEXHOT€HHBIMHU
BBIOpOCAMU CePbI M CYIb()AaTOB U HOAKUCICHUEM ITOUB JI0
pH 4,3-5,9. B 30He Bo3necTBUS MpeanpUsATUN 3arpsi3-
HEHHE M0YB COOTBETCTBYET KAaTETOPHSIM «Upe3BbIUaii-
HO-OmacHas» U «omnacHas». O0 3TOM CBHACTEIBCTBYET
CyMMapHBIN MMOKa3aTeNhb 3arps3HeHUs 1ouB (Zc), pac-
CYMTaHHBIH 1O hopmyIie:

& Ci.onp
Z.=Yy L —(n-1),
i= ~i.pd

rae C — OMPCACIIAEMOC COACPIKAHHNC 1 -TO TOKCHKaHTa

i.onp
B TIOYBC;
C,,,— 3HAYCHHE PErHOHANBHO-(OHOBOTO CONEpKa-

HHUS B TIOYBE i -TO TOKCUKAHTA.

3HaueHus Zc i 9TUX TEPPUTOPUI B pa3HbIE TOABI
U3MEHSITNCH B Tipenenax 122—-320. Bmecte ¢ TeM, cokpa-
HIeHHE 00BEMOB TOOBIYH PYABI B LIEJIOM U IIEPEeX0]] B Ha-

yajie 2000-x rr. Ha JOOBIYY CBHIPbs IAXTHBIM METOIOM
CIocOOCTBOBAJIN CYILIIECTBEHHOMY COKPAIICHHIO TJI0MIa-
Jlell «9pe3BbIYaiiHO-0MacHOM» KaTeropuu Ha TEPPHUTO-
pun 1. Cubaii 1 ero okpectHocTel (puc. 1).

MeToa TIaBHBIX KOMIIOHEHT (DaKTOPHOTO aHalIM3a
BBISIBIII 4 TapareHe3nca XUMUYECKAX dJIEMEHTOB, OTpa-
JKAIOIIUX 3aKOHOMEPHOCTH MHUTPALMU M aKKYMYJISIUN
TM B Ho4YBax eCTECTBEHHBIX T€OXUMUUYECKUX aHOMAaJIHH
IOxHoro Ypamna (tadm. 4).

Ilepserit paxrop Mn,, Cr,, Ni,, Pb, Cu, — kBapuesoro
pa30aBlIeHUS — «OTBEYACT» BIUSHUIO MOICTUIIAIOIICH
ropHoii mopoasl. OH 00bsacHseT oT 45 1o 60% Koppens-
I[IMOHHBIX CBS3EH.

Bropoii ¢akrop Zn,, Fe , oGycnoBien nsmMeHeHneM
no/iBM>kHOCTH TM B cucTeMe oYBa—pacTeHHE B CBSI3H
C OTOAHEIMHU ycIoBUsMHA. Bec aToro ¢gakropa (ot 17 1o
27%) CyIIeCTBEHHO MEHSIETCSI B 3aBUCHIMOCTH OT KOJIH-
4ecTBa aTMOC(EPHBIX 0CAJIKOB M HHTEHCUBHOCTH BOBJIE-
uyeHust TM B OHOJIOTHYECKUI KPYTOBOPOT.

C043Pb43 FeSO

Tpetuii m (5%) u yeTBEpTHIHA ;45 (9%) dax-
TOPHI SABIISFOTCS PYNHBIMU U XapaKTCPU3YIOT 30HATb-
HOCTBH BTOPHYHOTO OpeoJia pacCessHusl.

[Ipu aHTPOIIOreHHOM 3arpsi3HEHUH (PaKTOpHAs CTPYK-
typa TM B nouBax meHsiercs (Tabi. 4). Bexymmum crano-
BUTCSI ITapareHe3nc, OTBETCTBEHHBIN 32 adPOTEXHOICH-
Hoe 3arpsizHeHue. Ha ero gomro npuxonures ot 38 1o
54% Bcex KOPPEAIUOHHBIX CBA3EH, BEC €ro B BHIOOPKE
moABMXKHBIX (hopM TM CylIecTBEHHO BBIIIE, YTO MOJ-
TBEPK/Ia€T U3BECTHOE MOJIOKEHNE 00 YBEINUYCHUN IO~
BIDKHOCTH DJIEMEHTOB B TeXHOreHese. [lomoxxuTenbHbIe
Harpy3ku ¢pakTopa UMeIOT IPOCTPAHCTBEHHYIO TPUYPO-
4eHHOCTH K CubaiickoMy Kapbepy ¥ XBOCTOXPAHUIIUIILY.
Bropoii ¢pakTop 00yCHIOBICH BIUSHUEM ITOTOIHBIX YC-
JoBUH (duepe3 pH mouBeHHBIX PacCTBOPOB) Ha MHUTPAIlU-
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Puc. 1. unamuka sarpssHeHmns nous r. Cubait (no sennumne Zc, cMm. Tekcr)
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I rPAKTMKA
Tabn. 4
IMapareHe3ucbl XUMHYECKHX 3JIEMEHTOB B 00001IeHHBIX (AKTOPHBIX HATPY3KAaX,
oTBevawIne 3a pacnpegenaenue TM B mousax anTponorenHo 3arpsisHeHHbIx IITK
HasBanme Bri0opka IMaparene3uc b allf;(o‘];)azfl o,
9
* * * 1% * k
O000eHHas Cd 99Pb95 Cd93 Zng,As, Zn* Cu, Cu* Ni 83Pd P 4537
TexHOTeHHOE BbIGOpKa Mn*_Co*,,
3arpsA3HEeHNE,
COIPOBOXKIAEMOE BaioBoe Pb,, Cd,, Zn,,Cu,, As, Hg,, 18.01
MOCTYIUIEHUEM COZEPKAHNE Sc. (Cr. Ti. Mn i
a’po3oIen s (Cr, Ti, Mn)
KoHaeHcaruu TM e
JIBIDKHBIE x « N, " « «
(bOpMLI Cd 93 Zn 91 Cu 88 Nl 78 Pb 78 Mn 68 CO 35 53’76
* *
o 06o01EeHHast Pb* pH,; Mn*,¢ 14.98
OJIBUXKHOCTh o : I~ ’
XUMHYECKUX . Ti,, Hg,, CogFe* Ni*,, Cr,, Mn,,
AIIEMEHTOB MPU Co*. Ni*
nsMeHeHnn pH H°£BH>KHHe T 19,03
OPMBI T DhE ’
pH62 Pb 43
. Co*, Fe*
IMopoxmuerit hakTop. O6obmenHas oo 12,52
®DakTop BIUSHUSA BBIOOpKa Ni75 Cr,, Mn,, ”1"1*445(;37
3€JIEHOKAMEHHBIX =
ao0BOE
OpoJt . . 21,49
coziepKaHne Tiy, Cr,, Ni, Mn Sc, Hg.,
30HANBHOCTH BaoBoe pHNi Cr,,
BTOPHYHOTO Opeoia B 13,34
coziepykaHue Pb
pacceuBaHusI »
%
O606IIeHHAS Sc,s Mn, Mn* 4.96
XenaroobpasoBaHue, BbIOOpKa pH_Ni ’
OpraHOMUHEPAILHBIE 8 " 4
KOMILJICKCBI [oxBUKHBIE Mn*, 9.56
OPMBI — ,
(b P pH72

* [NogBrkHbBIE (HOPMBIL; HaJl YEPTOIT — MTOTOKUTENIbHBIC KOIPOUIHEHTHI (haKTOPHBIX HATPY30K; IO YEPTO — OTpULIATENIbHBIC KO DHIIMEHTHI (PaKTOPHBIX

Harpy3oK.

OHHYIO CIIOCOOHOCTh XMMHYECKUX IJIEMEHTOB U MOXKET
MMETbh KaK IPUPOIHOE, TAK U AHTPOMOTEHHOE ITPOUCXOXK-
JileHue. B MponeHTHOM OTHOIIIEHNH 3HAYUMOCTH €r0 B €C-
TECTBEHHBIX U aHTponoreHHo HapymeHHbIX [I1TK He u3-
MeHusack. [lopoHsiii hakTop, oTBeuaronnii B GOHOBBIX
ycnoBusax 3a 45—60% KoppensIMOHHBIX CBS3€H, B 30HE
BozaeiicTBuss BMCK ctanoBuTCs TpeThuM € Becom 12,5—
21,5%. ons pyaHoro ¢akTopa COXpaHseTCs U COCTaB-
nset 13%. 3menenne noBeaeHust Mn B aHTPOIIOTEHHO
3arps3HeHHBIX [ITK B cBsI3U ¢ yMeHBIIEHHEM BOBIIEUE-
HHUS €T0 B OMOJIOTUYECKHUI KPYTOBOPOT OTPaXKaeT MATHIH
(dbakTop, o0beaUHSIONINHN OT 5 10 9,5% BCcex cBs3eH.

Tl'opHOpyHOE MPOU3BOACTBO CIIOCOOCTBYET 3HAYM-
tenbpHON Tpanchopmanuu [ITK. TexHoreHHble 0peosbl
paccessHUs HaKJIAIbIBAIOTCS HA IPUPOIHBIEC TE€OXUMUUe-
CKHE aHOMAJINH, IIPUBO/ISI K HHTEHCHBHOMY BOBJICUEHUIO
Zn, Cu, Fe u npyrux TM B Ouosiornueckuii KpyroBopoT
[5, 10, 14 u op.]. Bonbuiyto poiak B TEXHOT€HHOMN TpaHC-
¢dhopmanuy naHamadTOB UTPAIOT TAKXKE BBIPYOKH M ar-
pOIpPOU3BOACTBO.

Coolepitcanue maxceapix Memannoe 6 pacmeHusx

M HTerpaabHbIM IOKa3aTeJIEM SKOJIOTHYECKOI'0 COCTO-
STHUS JTAaHAIA(TOB CITY)KUT OMOJIOTHYecKast POy KTHB-
HOCTB, B TOM YHCJIE 3a11aChl OMOMACChI 1 €€ XUMHYECKUH
cocraB. JlnHaMuKa 3armacoB OMOMacchl 1 U3BMEHEHHE CO-
Jep>)KaHUs B HEll MHUKPORJIEMEHTOB, OTPaKaloIe UH-
TEHCHUBHOCTh Omosormdeckoro kpyrosoporta B IITK

IOxHoro Ypana, npeacrasieHsl B Ta0i. 5 1 Ha puc. 2.
Kak BUIHO U3 IPHBEIEHHBIX JaHHBIX, PACTCHUS Pa3HbIX
arpoOOTaHMYECKNX T'PYNI XapaKTepU3YIOTCsl HEOIMHa-
KOBBIM yPOBHEM aKKYMYJISIIMH XUMUYECKHUX IIEMEHTOB.
Haumensiee cogepxannue UX HaOJIIonaeTcs B 3J1aKax.
MaxkcuMabHble KOHIIEHTPAIMU BCEX M3YUYEHHBIX dJIe-
MEHTOB OOHApY’>KEHBI B Pa3HOTPABbE, YTO XOPOIIO CO-
riIacyercs ¢ JINTepaTypHBIMH JaHHBIMH [5, 14, 16 u ap.].
B cpaBuennu co CpenHepyCcCKOi BO3BBIIIIEHHOCTHIO [13]
n3yudeHHble pacteHus Kpacuoypainbcko-Cubaii-I atickoii
PYZOHOCHOM 30HBI OTIINYAIOTCS HU3KOM KOHLIEHTpaLuen
Mn, Ni, Pb u noBsiiennoit — Zn, Cu u Fe. Konnenrpa-
MY METAJJIOB B CPEAHUX YKOCaX M OTJEIBHBIX arpo-
0OTaHMYECKUX I'PyIIaxX CyIIECTBEHHO Pa3IM4aroTcs Mo
rogaM. OCHOBHOE BIMSTHUE TIPH 3TOM OKa3bIBAIOT TUIPO-
MeTteoposioruueckue Gaktopsl. [Ipu HeOIaAronpUsITHBIX
MOTOJHBIX YCIOBHUSX, B YACTHOCTH, IIPU MO37HEN Bec-
HE M 3aCylUIMBOM JIET€, OTMEUAeTCs] YTHETCHHE pOCTa
W Pa3BUTHS PACTEHUM, YTO OTPAKAECTCS B YMEHBIICHUH
3anacoB (PUTOMACCHl 1 MHTEHCHBHOCTH OMOJIOTMYECKOT0
Kpyrosopota. B Takue ronsl ypoBeHs coqepxkanusi TM B
pacTeHusIX pe3ko cHukaercs. M Hao0opoT, Temnast Bec-
Ha M OOMIIbHBIE OCaJKH, BhIIIAJAIOIINE B Hadale JieTa,
CIOCOOCTBYIOT YCHJICHHIO MTPOIIECCOB )KU3HECITEIBHO-
CTH, B TOM YHUCJIE MUKPOOHNOJIOTMYECKOW aKTUBHOCTH H
WHTECHCUBHOMY II€PEX0AY MUKPOAJIEMEHTOB U3 ITOYBHI B
HaJ3eMHYI0 Omomaccy. B Takux ycIoBUsIX HaOII01aeTCS
MaKcuMalibHoe copepxanue TM B pacTeHUsIX.
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I M.TONMEKYHOBA, B

.B. COMOB 1 COABT. .

BaxHBIM moka3aTesieM MPOIECCOB, MPOUCXOAAIINX B
IITK, sBasieTcs Takxke BeTolb. KoanuecTBo oTMepIiei
OroMacchl pacCTeHUH U ee XMMUYECKUH COCTaB WHIUIIH-
PYIOT 0OCOOEHHOCTH OMOJIOTHYECKOr0 KpyroBopoTa, coa-
JIAHCUPOBAHHOCTH MUTPAITMOHHBIX TTOTOKOB M YPOBEHB
TeXHOTeHHOU Harpy3ku. C oTMepIei HaaA3eMHOM YaCThIO
pacTeHuil BBIBOAATCS U3JIMIIKA XHMUYECKUX AIIEMEHTOB,
¥ TaKuM 00pa3oM MOJJAEPIKUBAETCS ONITUMAJIBHBIN ypo-
BeHb TM B >kuBBbIX TKaHsiX. McciaenoBaHus, mpoBeaeH-

Couepma}me XUMHUYECKHUX IJIEMEHTOB B YKOC

Bauumpcxoro 3aypanbfl (‘-lPlCJ'll/lTe.]'ll) — CpeaHee, 3HaMeHaTeJIb — Iuana3oH, MI/KT cyxoro Be]l[eCTBa)

Hble B ectecTBeHHBIX [ITK pymoHocHOI 30HBI, moka3a-
JIU, YTO BETOIIb OTINYAETCS BHICOKUM COZIep’)KaHueM Zn,
Cu, Fe nu Cd. DT0 X0pomio coriiacyercsi C OTMEYEHHBIM
BBIIIIE YBEIMYEHUEM KOHLEHTPAIUHU JAHHBIX METAJJIOB
B ¢uTomacce. MakcuMaibpHOE KoandecTBO TM B BeTO-
1M HaOJIFOIaeTCsl Ha CIIEAYIOUIUI ol IOCie yBeIrnde-
HUSI X COZAEpIKaHUsI B HAJ3eMHON (UTOMAacCe CTEIHOM
pactuTenbHOCTH. CKOPOCTH BO3BpalleHus B MouBy TM,
3aKPEMNJICHHBIX B O4€Ce, ONPEACIISETCS OMSITh e MOro/I-

Tabn. 5
ax GHOMAaCChI pacTUTEIbLHOCTH HeKoTOpbIX IITK

rpynma

Arpo6oTanuyeckas Cu 7n Fe Mn Ni Pb cd

®onosrle [ITK Kpacnoypanscko-Cubaii-I"aiickolt pygoHOCHOM 30HEI, 1. MykacoBo®, 1999-2013

OFss 43 31.3 77 27 0.8 0,72 0,15
y 3,353 16,444 51-156 16-39 0,2-1,3 <0,001-1,8 | 0,001-0,40
3naKu 2.3 17.2 89 23 0.43 0.83 0.01
1,4-3,2 4,3-247 27-235 7-40 0,01-1,05 | <0,001-1,8 | 0,001-0,03
8.9 39 169 48 0.91 13 0,2
ORI 34-18,7 | 12-105 34-735 12-98 | 0,01-2,0 | <0,001-2,5 | <0,001-0,4
Ocoku 2.7 8.5 51 19 1.25 0.24 0.01
0,9-4,5 3-15 11,5-92 8,7-33 0,01-2,5 <0,01-0,95 | 0,001-0,02
Betomn 8.9 53 169 48 0.9 3.0 0.19
42-15,6 22-96 58-1577 28-97 0,5-2,9 <0,01-4,3 0,001-0,3
®onossle [ITK baiimakckoro pyaHoro paiiona, o3. Taakac, 2001-2003
I 5.9 277 34,5 44 1.8 2,5% 0,003*
LR 56-6,1 | 23,5319 | 172-52 | 35-53 1,8-1,8
3K 1.7 17.4 159 23.8 44 0.27 0,02
0627 | 7,5-31,3 | 56,9222 | 7.0-39,4 0,003-0,03
PasHoTpaBbe 2.8 359 128 48.8 2.5 s 0,03
p 4,7-7,5 25,6424 | 31,7204 12,9-79 1,243 0,7-2,4 <0,001-0,1
Beromnb 4.1 209 315 70 3.7 2.3 0.04
1,3-6,6 7,1-34,7 90-697 9,2-146 1,8-6,2 1,2-3,5 0,003-0,072
Cna6onapymennsie [ITK B 10 km or CO® u Cubatickoro kapbepa, deper 03. Kyarydan, 20052013
S 13 6.7 31.3 21,0 0.5 0.1 0,004
1,0-2,0 4,0-10,0 9,0-72 7,0-43 0,3-1,3 <0,001-0,3 | <0,001-0,01
PasHoTpaBbe 4.3 23 38.5 42,0 0.3 0.8 0.1
p 3,07,0 1342 | 23,0586 | 1985 | <0,01-0,8 | <0,01-2,0 | <0,001-0,2
0.70 0.001 0,001
Ocoku L . | e | <0001- | <0001~ | <0,001-
1.4 0,001 0,001
Beromn 9.8 35.7 81 234 14 12 0.1
7,0-12,4 21,046 57-95 16659 1,2-1,7 <0,001-9,8 | <0,001-0,1
Kycrapauku 7,1 33 94,9 147 1,5 1,92 0,06

Hapymennsie I[ITK B 50 M k Boctoky ot 60opra xBocroxpanmiuina CO®, n. Kammannckoe, 1998-2013

16.8 47.6 16

2 21.0 0.8 14

Obmyit yxoc 3.0-39 | 19.9-101 | 59,0331 | 6.5-50 | 03-1.6 0428 <0,001

_ 33 23,2 133 17.6 11 0,01 <0,001—
1070 | 90567 | 44345 | 19437 | 0331 |<0,001-2,5 0.008

238 54.4 214 273 16 24

e 10,050 | 367-69 | 88530 | 14.7-61 | 03-27 1,7-4,1 | <0:.001-0,21

Beroms 20.6 408 542 313 1.6 15 <0,001—
7.0-41 17-62 | 5322750 | 84-76 | 0232 |<0001-34| 0116

PKP 13 43 112 39 13 2.1 0,05

Kitapk pacrenuit no

B.B. J106poBoIbCKOMY . . B 2L 2 1,25 0,035
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Puc. 2. NameHenus copepxanmns Cu u Zn (Mr Ha Kr BO3AYyLIHO-CyXxon B1omMaccht) B ykocax Guomaccsl Ha pOHOBOM TeppPUTOPHM
Cubaii-laiickoi pynoHocHOM 3oHbl, . Mykacoeo (a) u B6nam3n xsoctoxpannnmwa CO®D, n. KanunuHckoe (6)

HBIMH YCJIOBUSIMA U MHTEHCHBHOCTBIO OMOr€OXHMHUYe-
CKOr'0 KpyroBOpoTa B KOHKPETHBIE rojibl. B 3acymiiuBsie
oAbl onaj CIyKHUT MOITHON AENOHUPYIOLIEH CUCTEMOM.
Haxorrenne TM B Hell CHUYKaeT HHTEHCUBHOCTH OMOTE0-
XUMHUYECKOr0 Kpyropopora u nocryiienue TM B pa-
creHusd. beicTpas MUHepaau3alus BEeTOIIH BO BIaXKHbIE
TOJIBI, HA00OPOT, CIIOCOOCTBYET BEICBOOOXKIeH!UI0O TM 1
TIOTJIOIICHHIO UX PACTEHUSIMH, INIABHBIM 00pa3oMm, BU-
nmamu-KoHHeHTpartopamu (puc. 3). [lostomy, Kak oT™Me-
4aJIoCh BBILIE, YPOBEHb COACPIKAHMS TOIBHIKHBIX (GOpM
TM B mouBax, a Takxe KoiauuecTBO TM B cucteme 1mo-
YBa—pacTEHNE PE3KO MEHsSIETCS 0 TOo/IaM, 4TO 00yCIIOB-
JICHO KOMIJIEKCOM JIaHAIAa(QTHO-I€OXUMHYECKUX YCIIO-
BHM KOHKPETHOTO Tof1a M (JaKTOpaMy «IOCIIeICHCTBH
B OIPEAEICHHBIN BPEMEHHON NHTEPBAJL.

Amnanu3 HakoruieHUuss TM IHKOPacTYIIMMH PacTeHU-
SIMA B 30HE BO3/EHCTBUSI TOPHOPYAHBIX HMPEANPUITUI
yKa3bIBaeT Ha MPEBBIIICHNE B YKOCaX OMOMAaCChI COJIEp-
s)kanus Cu, Zn, Pb u Mn B 1,5-2 pa3a nmo cpaBHCHUIO C
¢onoBeIMU (Tabi. 5). Hanbonee ycToiunBEI K 3arpsis-
HeHuto TM mpencTaBUTENN CEMENCTBA 3JIaKOB, UYTO XO-
pOIIIO cornacyeTcs C JUTEPAaTypPHBIMU MaHHBIMH [4].
IloBbiienHbIe conepxanuss TM B 30He BO3IEUCTBUSA
NpeANpUATHNH TOPHOPYTHOTO KOMILJIEKCA OTMEYaI0TCs
B pa3HOTpaBbe. B 6uomacce pacrenuii aToil Gppakun
conepxanne Cu IpeBbIIaeT PErMOHAIBHBIA KJIapK pa-
crennii FOxnoro Ypana (PKP) B 3 pa3za, Zn—B 2 u Fe —
B 1,5 pa3a.

OcoObIil UHTEpEC MPEACTABIISIET U3YUCHUE XUMUYE-
CKOT'O COCTaBa OTJICIbHBIX BU/IOB I'PYIIITBI pa3HOTPaBbSI,
OTIWYAIOMINXCSI M30MPATETFHON aKKyMYIAIIHEeH U OT-
HOocamuxcs K KoHueHTparopam TM. CoxepikaHue Mu-
KpOd2JIEMEHTOB B PacTeHUsIX Ha BogocOope 03. Tainkac,
Ha TeppUTOpHH, Haxoxselcs B baiiMakckoM 30710T0-
pyZiHOM paiioHe 3a mpenenamu KpacHoypanbcko-Cubaii-
laiickoil moMMeTanIn4eCcKON pyJOHOCHOM 30HBI, HEBBI-
COKO 1 Om3Ko K kiapky mo B.B. Jlo6poBonsckomy [3].
B nenom, copepaHne MUKPO3JIEMEHTOB B PacCTEHHUSIX,
npouspactaronux B poHoBbeix [1TK, He npessimaer PKP.
HckitoueHune cocTaBIsieT TOJIBKO cojiepkanue Fe — mpa-
KTHYECKH BO BCEX M3YyUYCHHBIX BUJIaX COJEP>KaHHE €ro B
1,5-2 pa3a npessiiaet PKP.

XHUMHUYECKUH COCTAaB pacTEHUM, NPOU3PACTAIOUIUX B
MIPENENIaxX eCmecmeEeHHbIX 2e0XUMUYECKUX AHOMAIUTL
OsxHoro Ypana, onpezensiercs crieliuuKoi MeJHOKOJI-
yenaHHOW MUHepanu3anuu. Kak nmokasair aHaim3 moiy-
YEHHBIX Pe3yabpTaToB 3a nepuoa ¢ 1999 no 2014 r., koH-
neHtpanus TM B pa3IWyYHBIX BUIAX PACTEHUH CHIBHO
BapeupyeTcs (puc. 4). B pa3sHbie rogsl 0TMEYarOTCs 3HA-
yurtenbHble KoHteHTpanuu Cu, Zn, Fe, Pb u Cd, npesbI-
LIAIOIIKE HEe TOIBKO KJ1apk 1o B.B. JloGpoBosibckomy, HO
U peruoHanbHbIN (oH. 1o monmy4YeHHBIM JaHHBIM, pe-
ruoHalbHbIN kiapk Cu mist pactenuit HOxuoro Ypana
HECKOJIBKO BBIIIE KiIapka pacteHuii o B.B. Jlo6poBosis-
ckomy (8 mr/kT) U coctaBmuset 13 mr/kr [10]. B Teuenne
MSATHAAUATWIETHETO TEPUOJa HCCIEAOBAHUN MaKCH-
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80

MaJIBHBIM coziepkanueM Cu cpeiu BceX pacTEeHUH BbI-
nensiercst Artemisia austriaca (tabmn. 6). [lonnxeHHBIC
3HAYEHUsI ’TOTO MUKPO3JIEMEHTa 0OHapyKeHbI B Galium
verum (5,7 Mr/kr) u B 0000BBIX (5,4 MI/KT).

Cpennssg koHueHTparnus Zn B pactenusax [ITK ecrect-
BEHHBIX T€OXUMHUYECKUX aHOMAJINI 3HAYUTEIHHO BhIIIIE
PKP (43 mr/kr). K xonuentparopam Zn otnocurcs 7hy-
mus marschallianus, koTopbIii HakanauBaeT 10 160 mr/
KT 9TOro Meranna. Beicokoe conepxanue Zn 0OTMEUYEHO
B Artemisia austriaca — 52—154 mr/xr (puc. 5). B atux
YCIIOBUSIX Y PACTECHUMN MOSIBIAIOTCA OMOr€0OXUMHUYECKHE
SHJIEMUU — aHOMAJIMH Pa3BUTH S, BRIPAYKAIOIINECS B MOP-
(honornvecknux U3MEHEHUSX, U3PACTAHUSIX COI[BETHI,
cpacTaHuu JUCTheB u Ap. [5, 13]. [locTynnenune Zn B pa-
CTEHHS 3aBHCHUT OT pH IMOYBEHHBIX PacTBOPOB: B CIY-
yae cHUKeHus pH no 5,5 yBennuuBaeTcst JOCTYITHOCTh
3JIEMEHTa U PE3KO BO3PACTAECT €ro OMOaKKyMYJIsAIusl.
B nogunnennsix I1TK npu HeliTpaan3anuu NOYBEHHBIX
pacTBOPOB cojiepkaHue Zn B paCTEHUSIX HE IPEBbIIIACT
50—65 MI/KT, 4TO CBSI3aHO C IEPEX0/I0OM Zn B HEPACTBO-
pumyro Gpopmy.

MaxkcumansHOe conepkanue Fe ormeueno y Thymus
marschallianus — 10 588 MI/KT, 4TO IIO3BOJISIET OTHECTH
ATOT BUJ K HENPUBBIYHBIM KOHIIEHTPATOpPaM Keje3a.
B Artemisia austriaca B TeX e yCIOBHUSIX OHO HEMHOI'O
Hmwke PKP (112 mr/kr) u coctaBisieT 88 mr/kr. B ocrans-
HBIX BUJIaX PACTEHNH eT0 KOHIIEHTPALHS HUKE 65 MI/KT.
OueHnBas pacnpezeneHne KoHIeHTpauii Fe B pacteHu-

2001 | 2004 | 2013 | 2001 | 2004 2013 | 2001 | 2004 | 2013 | knapk
3naKku PasHoTpasbe Betowb
0

Puc. 3. Cogepxanue (mr/kr BosgywHo-cyxom 6uomaccei) Cu (a) u Zn (6) B ykocax 6uomaccei (n. Kanunmuckoe)

SIX T10 DJIEMEHTaM pelibeda, MOXXHO OTMETUTh, YTO Hau-
Oousplliee ero 3Ha4YeHHE HAOIIONACTCS B DIIFOBHAJIBHBIX
(hanmsx; B MIUTIOBUAJBHBIX M IMOJYNHEHHBIX YCIOBHUSIX
Fe HaxonuTcs B HEIOCTYITHOM PAacTeHHSIM BHAE, H I10-
JTOMY €ro COJepKaHue HU3KO (45—65 Mr/Kr).

Copeprxanne Mn B pacTeHHUSIX U3MEHSIETCS B ITUPOKUX
npenenax — ot 3,4 Mr/kr B Veronica incana no 226 mMr/xr
B Thymus marschallianus ipu cpeiHeM 3HaYCHUU B pa-
creHusx 36—90 MI/KT, 9TO MOYTH B 2 pa3a HUIKE PErHO-
HasbHOTO (oHa (164 MI/KT). DTO XOPOIIO COTIACYETCS C
W3BECTHBIM aHTAaroHW3MoM B HakorjeHud Cu u Mn [1,
4]. TloBbimenHast akkymyssinust Cu B HaJ3eMHOU Ono-
Macce pacTeHHH TPUBOJNT K yMEHBIICHHUIO CO/IepKaHU S
B HUX Mn.

Conepsxanne Pb B GonpmnHCTBE pacTeHUN OJIM3KO K
KJapKy pactenuii mo B.B. JIoOpoBoIBCKOMY U U3MEHSI-
ercs B npenenax ot <0,2 mr/kr no 2,0 Mr/kr. YBenude-
HUE ero KOHIIEHTPALMH A0 3,5 MI/KT OTMe4€eHO B Thymus
marschallianus n 4,2 Mr/kr B Artemisia austriaca B Wi-
JTIOBHANIBHBIX (halUsX.

Coneprxanne Co B pacteHusx Bappupyetcst oT 0,01 mr/
Kr B Veronica incana no 0,9 Mr/kr B Artemisia austriaca,
CpellHee CoAepKaHUE B OCTAJbHBIX BUIAX PAaCTCHUH —
0,2 MI/KT, 94TO BBIIIC KJIapKa pacTeHUI B 6 pas.

Kak BHHO M3 MOJIyYEHHBIX JaHHBIX, THTEHCUBHOCTD
TIOTJIONICHHU I N3YYEHHBIX DJIEMEHTOB PaCTCHUSIMH HEBE-
nuKa, kodunmeHt 6nonormyueckoro nornomerus (Ko),
MPECTABISIOMII COO0M OTHOIIEHHUE COACPIKAHUS XH-
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Puc. 4. Copgepxanune TM B pacrennsax ponosom Tepputoprn Cubaii-laiickoi pyaoHocHOM 3oHbl, . Mykacoeo

Tabn. 6
Cpennee conep:xanue TM B HeKOTOpPBIX BHAaX pacTenunii bamkupckoro 3aypanabs
(YHCIANTEb — CpeTHee, SHAMEHATEeJb — IUATa30H, MI/KT CyX0r0 BellecTBA)
| cCu Zn Fe Mn Ni | P | ca
®onosbie [ITK KpacHoypanbcko-Cubaii-I'alickoii pynoHoCHOIi 30HbI, BOJM3HU 1. MyKkacoBo
Artemisia austriaca, 13.2 52 88 51 1.2 1.6 0.7
19992014 2,8-23 16,9-154 | 10,6-212 8,8-122 | <0,01-3,5 | <0,001-4,2 | 0,003-3,5
Veronica incana, 1999— 7.9 40 52 36 1.2 1.4 0,2
2014 4,3-18 17-66 5-122 11-92 0,54 <0,001-2,7 | <0,01-0,7
Thymus marschallia-nus, 8.2 63 176 56 1.7 1.6 0.2
1999-2013 5,3-12,3 26-160 43-271 19-120 0,8-3 <0,001-3,5 | <0,001-0,3
MopenbHblii yaacTok BO1n3u 03. Kyinryoan
Artemisia austriaca, 15.6 63 81 63 1.1 1.1 0.6
2002-2014 8,8-24,6 | 32,5-146 49-196 13,1-186 0,6-1,8 0,2-1,7 0,3-1,2
Veronica incana, 2002— 10.5 449 100 37 1.7 1.7 0.1
2013 4,7-18,9 | 32,8-66 15,8-181 18-66 0,7-6 1-2,7 <0,001-0,5
Thymus marschallianus, 5.9 61 76 72 1.1 0.9 0.1
2002-2009 0,1-9.3 29,4-88 40-135 20,6-98 0,2-1,8 <0,001-3,2 | <0,001-0,2
MoneabHblii yuyacTok y n. Craperii Cudaii
Artemisia austriaca, 21 59 109 64 1.8 2.2 0.8
2002-2014 5-62 25-149 17-268 31,6-107 0,3-5 0,7-5 0,3-2,4
Veronica incana, 2002— 9.5 50 165 24,2 1.8 1.9 0.21
2014 4,2-26 19-143 41-272 13,6-35 0,5-5 14 <0,01-0,5
Thymus marschallianus, 11.3 69 328 43 2.2 2 0,2
20022013 0,4-38 16-246 75-853 21-75 1-8 1-4 <0,01-1
MopenbHblii yuacTok y n. Kajqunnackoe
Artemisia austriaca, 24.7 87.6 210 27.1 1.6 2 0.4
1998-2013 7,8-41,5 39-164 29,7-575 | 13,7-47,7 0,5-2,9 0,4-6,2 <0,001-0,7
Veronica incana, 2000— 13.1 64.1 179 11.7 0.6 0.6 0.2
2004 6,2-23 | 48,4-78,2 | 44,5-344 | 5,5-22,1 0,4-0,8 <0,001-0,9 0,2-0,2
Thymus marschallia-nus, 1176‘—12_ 61 699 47.8 2 0.94 0.1
20042013 254 28,7-83 | 248-1470 | 20,9-76 1,25-2,8 | <0,001-1,5 0,03-0,1
Teppurtopus r. Cudaii

Kopxka Populus nigra, 14 88 349 33 34 0.4 0,3
2010 10-23,5 60-115 175-597 | 22,5-47,5 1,7-5,5 0,005-0,7 0,1-0,5
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Puc. 5. CopgepxaHune Zn B gMKOPACTYLUMX BUAAX PACTEHMH Ha poHoBoi nnowaamn KpacHoypanbcko-Cubai-laickon pyaoHocHoi

30HbI (Mr/Kr cyxoro BelecTsa)

MHYECKOT0 3JIEMEHTa B PACTEHUH K COACP)KaHUIO €TO B
nouBe, B ocHOBHOM <1. Pactenus crennueix IITK ecre-
CTBEHHBIX T€oOXUMHUeckux aHomanui OxuHoro Ypana
HanOosiee akTUBHO akKymysupytot Cu, Zn, Mn u Pb.

Artemisia austriaca:

Zn 0,38 (0,12-0,61) > Cu 0,30 (0,11-0,55) > Cd
0,22 (0,007-0,44) > Mn 0,16 (0,017-0,52) > Pb 0,064
(0,00003-0,09) > Ni 0,041 (0,016—0,060) > Co 0,0086
(0,0004-0,019) > Fe 0,0015 (0,0002—0,003).

Veronica incana:

Zn 0,28 (0,17-0,40) > Cu 0,14 (0,078—0,24) > Cd 0,06
(0,007-0,12) > Mn 0,058 (0,01-0,22) = Pb 0,057 (0,00003—
0,110) > Ni 0,035 (0,015-0,05) > Co 0,007 (0,0004—0,01)
> Fe 0,002 (0,001-0,004).

Thymus marschallianus:

Zn 0,40 (0,3-0,6) > Cu 0,20 (0,13-0,2) > Mn 0,2 (0,13—
0,2) > Pb 0,10 (0,09-0,1), Ni 0,07 (0,04—0,08) > Co 0,01
(0,01-0,02) > Fe 0,003 (0,001-0,006).

CpaBHHUTEIBHBIM aHAJIN3 XUMHYECKOTO COCTaBa WH-
MUKAaTOPHBIX BUIOB pacTeHUi 3a nepuon 1999-2014 rr.
CBHJIETENILCTBYET 00 yBenuueHuu cojaepxanusi TM Bo
BJIAKHBIE T'OZIbl. DTO XOPOIIO COIJIacyeTcsl ¢ OTMEUEH-
HBIMH BBIIIIE 3aKOHOMEPHOCTSIMH M3MEHEHUSI XUMHU3Ma
YKOCOB O6nomMaccel. BmecTte ¢ TeM, psiMOii 3aBUCHMO-
cTH KoHUeHTpauuun TM B Omomacce OT COIEpKaHUS
WX TOJBIMXHBIX (JOPM B ITOYBE HE OTMEUAETCs. 3HaAde-
Hue kod(dduimenTa Koppensiiuuu Bapbupyercs ot —0,4
1o +0,2. TTo-BuauMoMy, MOBBIIIICHHYIO HHTCHCUBHOCTH
BoBJyiedueHUss TM B OHOJIOrMYECKHI KPYTrOBOPOT U yBe-
JINYEHHEe NX KOHIEHTPALMK B HaJ3eMHON OromMacce pa-
CTEHHH OIpeesieT BO3pacTaHue MUKPOOHOJIOTHYECKON
akTuBHOCTH. OOpa3oBaBIINECS B PE3yJIbTATE JACSATEIb-
HOCTH MUKPOOPTaHM3MOB JOCTYIHBIE pacTeHUsIM (op-
Mbl TM (mpexie Bcero Zn u Cu) JIerKo MOTJIOMaloTCs U
HaKaIlJIMBaIOTCSI B IMKOPACTYIINX BUIaX, 00JIa1af0IIIX
€CTECTBEHHOH yCTOWUYHMBOCTBIO K IMOBBIIIIEHHOMY COZEP-
YKAHWUIO PYJAHBIX 3JeMeHTOB. Kak ObLI0 1moka3aHo panee
Ha npumepe Salvia stepposa [1, 2, 8, 17], ma FOxxHOM
VYpaie ormeudaetcst popMUpOBaAHUE METAIIOPHUTHBIX I10-

MyJISIIAA pacTeHUH, yCTOMYMBBIX K U30BITKY Cu 11 Zn B
cpene oOuTaHus.

CornpsiKeHHbI aHaTTU3 U3MEHEeHU s cojiepkanust TM B
pacTeHusIX M MOYBE 10 rojiaM MoKasaj, YTO MUKpPOdJie-
MEHTHBIH COCTaB PACTEHUI ONPENEIICTCs COEep)KaHUEeM
MOABMXHBIX popM TM B mouBe, OJHAKO 3aBHCUMOCTH
3Ta UMEET HEKOTOPYIO OTCPOUKY MO BpeMeHu. TM, no-
CTyIIasi B [IOYBY C ONAJIOM, CTAHOBSITCS IOCTYITHBIMH JUIS
pacTeHuit He cpasy, a TOJIBKO MOocie NepepadboTKU UX Mo-
YBEHHBIMU MHUKpoopranuzMamu. Kak BujgHO Ha puc. 0,
nuHamuka cogepxanus Cu, Zn u Fe B pacTeHusix u no-
YBE UMEET, B LIEJIOM, CXO/IHBIH BU/I, HO C OIIPEJCICHHBIM
CMeEIIIEeHHEM BO BpEMEHH Ha OWH-ABa (MHOT1a TPH) TO/a.
Bwmecre ¢ Tem, HaOnogaeTcs MEKBHUIOBas crielupuKa
akkyMyJsiiuu TM pacTeHusIMH, TaK 4YTO OTMEYCHHas
3aKOHOMEPHOCTH IPOSIBIISIETCSI B U3YUYEHHBIX BUJAX B
pas3Hoii crenienun. Takum oOpa3oM, HECMOTPSI HA HU3KUE
3HAYCHUS KOA(PPUIIMEHTA KOPPEISAIUN, MOKHO HAOIFO-
JIaTh JOCTATOYHO CHUJIBHYIO CBSI3b MEXIY U3MEHEHHEM
coliepKaHUsI MUKPOAJIEMEHTOB B ITOYBE U PACTCHUSIX.

Boubiioe BiIUsTHUE HAa aKKYMYJISIIIUIO XUMHYECKHX
SJIEMEHTOB B PacTeHUAX oka3biBaeT nojoxenue [ITK B
npenenax 3JIeMeHTApHOr0 TeOXMMHUYECKOro JaHamad-
Ta. Hakonmenne TM B pacterusx ponoserx [ITK Kpac-
HOypalibcko-Cubaii-I"'alickoil py/IOHOCHOH 30HBI H3Me-
HSETCS B 3aBHCHMOCTH OT XapaKkTepa MecTOOOUTaHUs U
YBEJIIMYHMBACTCS IIPU TIEPEXOJIE OT TFOBUAIIBHBIX (alliid
K IMOJYMHEHHBIM, 8 TAaK)X€ HE3aBUCUMO OT IOJIOKCHUS
IITK B penbede mpu OIM3KOM 3aJIeTaHUN 000TaACHHBIX
TOpHBIX Topox (puc. 7).

B 30He BO3AeHCTBUS NPEANPUATHN TOPHOPYIAHOIO
IIPOM3BOJICTBA B PACTCHUAX YyBEJIMYUBAETCS COAECpIKa-
Hre TM tunomMopdHBIX 115 MEIHOKOTYETaHHOW MHUHE-
panusanuu — Cu, Zn, Fe, Pb u Cd (tabmn. 6). Tak, Ha-
npuMep, B Artemisia austriaca Ha MOJAEIbHOM IJIOIIA TN
BOmm3n 03. Kynry6an Habmromaercs npepsimenne PKP
mo Zn (2 PKP) u Cd (39 PKP). Ha yuactke y . Ctapsrit
Cubaii, B 30He Bo3nelicTBust Cubaiickoro kaprepa, He-
oonbmue nipesbimenust PKP ¢gukcupyrores no Fe, Cu,
Zn u 3naunTenbHble — o Pb (2 PKP) u Cd (24 PKP).
Bomm3u xBoctoxparunuma CO® HaOmogaeTes BRICOKAs
akkymyisinust TM va yposae: Fe —3 PKP, Cu—2,5 PKP,
Pb -2 PKP, Zn - 3 PKP, Cd — 26 PKP.
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Conepxanne Cu B BUJax-KOHIEHTpaTopax Artemi-
sia austriaca, Echinops ritro, Thymus marschallianus
u Veronica incana xoneb6mtoTcs B mpenaenax ot 14 mo
84 mr/kr, uto 110 6,5 pa3 npessiinaer PKP FOxuoro Ypa-
sa u B 2—10 pa3 BeImie kiiapka o B.B. JloOpoBosibckoMy
(puc. 8). HanGosnpas KOHIIGHTpaI1s ee HaOJIIo1aeTcs B
Salvia stepposa Ha MofepHON TLTOMANH y 11. KanwHUH-
ckoe (puc. 9). B ycIoBUSAX TEXHOTEHHO 3arPSA3HCHHBIX
[ITK, Tak ke KaKk ¥ Ha TEPPUTOPUH €CTECTBECHHBIX I'€0-
XUMHUYECKUX aHOMAJIMH, BBICOKOM aKKyMYJIHUPYOLEH
criocobHocThio Cu u Zn obnanaet Artemisia austriaca
(puc. 10).

MakcumalibHOE cofiepkanue Zn HaOmonaeTcst B Sal-
via stepposa (71 Mr/kr), Artemisia austriaca (157 Mr/Kr)
u Galium verum (69 Mr/kr), 4to B 2—5 pa3 npessbliia-
et kiapk pacrenuit (30 Mr/kr). B ocranbHbIX ke BUAAX
KOHIIeHTpanus Zn HaxoauTcs Ha ypoBHe PKP FOxHoro
VYpana (43 Mr/kr).

Conepxanne Pb mpakTnueckn BO BCEX M3yUYEHHBIX
BHJAX PACTCHUH BHIIIE KJapka pacteHui mo B.B. J[06-
poBoibCKOMY B cpemHeM B 1,5 pasa. B Galium verum
cozepxaHue ero gocturaet 15 mr/kr, uto B 12 pa3 mnpe-
BBINIACT YKa3aHHbBIN moka3ateib (1,25 Mr/kr).

[IpakTHyecku BO BCEX HW3YYEHHBIX BHJIaX pacTe-
HUI HaOJIOAAIOTCS TOBBIMICHHBIE coaepkaHus Fe
(135—244 mr/xr) — B 1,5-2 pasa 6oxsime PKP. Coneprxa-
Hue Ni B pacCTeHUSIX HAXOIUTCS B IIpeJieiaX HOPMBI U He

Puc. 6. Usmenenne copepxanms (mr/kr) nogsuxteix popm Cu (a), Zn (6) u Fe (8) B nouse, 8 Artemisia austriaca u Veronica
incana Ha ¢poHoeor nnowapn KpacHoypanscko-Cubai-laiickoi pynoHocHO#M 30HbI (Mr/Kr cyxoro selyecTsa)

npesbimaet PKP n knapk pactennii no B.B. Jlo6poBosis-
ckomy. Tak ke Kak ¥ Ha JPYTUX MOJEIBHBIX IIJIOMAISIX,
pactenus TexHoreHHo TpancopmupoBanubix [ITK oT-
JIMYAIOTCSl HU3KUM coziepxkanreM Mn (10-90 mr/kr, yTo
B 2—10 pa3 Huxe PKP).

Harepputopunr. Cubaii orMedaeTcs HOBBIIIEHHAS KOH-
ueHtparus Zn, Cd, Fe u Cu B kopke Tomoist Populus nigra
L., mpeBsrmaromas PKP B 1,5-2 paza. MakcumanpHOE Ha-
koruteHne TM THITOMOPQHBIX 11T METHOKOIYETaHHOTO
opyaeHenust ormeuaercs Bosm3n COD u orsanos Cu-
Oalickoro kapbepa. YBennuenue coaepxxanuss TM B kop-
Ke TOIOJISI HAOJIFOaeTCsl TaKk)Ke B LEHTPAIBHONW YacTH
ropo/ia, YTO CBSI3aHO C ad9POTEXHOI'CHHBIM 3ar psSI3HEHHEM
OT aBTOTPAHCIIOPTA ¥ JIOKAJIBHBIX HICTOYHUKOB 3arps3He-
HUSI Ha CeIUTEOHON TEPPUTOPHUH.

OnHaKko cleayeT OTMETUTh, YTO aOCOIIOTHBIE KOH-
LIEHTPAIMH BCEX METAJIJIOB 3HAYUTEILHO MEHSIOTCS T10
royiiaMm, 4Tto OOyCJIOBJIEHO M3MEHEHHEM IOTOJIHBIX yC-
JioBui. B 3acynuimBbie roapl, Korga noaBuXKHOCTh TM
MHMHUMAJIbHA, TIOCTYIJICHHE X B PACTCHUS CHH)XCHO H
HaKoOIUIEeHHe B OnoMacce HeBeJIMKO. [IpeBbImeHue no ro-
JlaM MaKCHMaJbHOI'0 3HAYE€HMs HaJl MUHUMAaJIbHbIM MO-
J)KeT pocturath 3—5 pas. [ToaToMy HE3aBUCHMO OT cTere-
HH N3Yy4YEHHOCTH TEPPUTOPHH HEOOXOIMMO €XKETOTHOE
OmpenesieHNe JOKaJbHBIX (POHOBBIX 3HAYCHUH MeTal-
JIOB B pacTeHHUAX. B mpenenax sIeMeHTapHOTO T'€OXH-
MHYecKOro Jianamagdra, kak u Ha (POHOBOI TEpPUTOPHH,
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MPAKTMKA

OTMe4YaeTcs MoBbIleHne coaepxannii TM npu Onm3kom
3aJIeTAHUU TOPHBIX MOPOJI, a TaKXKe MPHU Mepexoae OT
STIOBUAJIBHBIX K HJUTIOBHAJBHBIM M ITOTYHHCHHBIM (ha-
uusiM. OcobeHHo 3To XapaktepHo st Zn, Cu, Fe u Mn
(puc. 11).

M3yueHHbIe pacTEHUsI HA aHTPOIIOIEHHO 3arpsi3HEH-
HBIX yyacTKax HanboJiee aKTUBHO akKyMyupytoT Cu u
Zn. 3TO OTYCTIMBO BHIHO U3 MIPUBEICHHBIX PSIIOB OHO-
sioruueckoro noroiieHus: TM. CyliecTBEeHHbIX pa3iiu-
YU B U30MPATEIBHOCTH OTACIBHBIX BUOB HEIPUBHIU-
HBIX KOHIICHTPATOPOB He HaOmromaetcs. VckiroueHmne
cocTaBsIeT Veronica incana, XapaKTepU3yIOLIASICS MIpe-
HMYILECTBEHHBIM HAKOIJIEHUEM Zn, KOTOPbIM BBIXOAUT
B psiny KO Ha mepBoe MECTO 1 UMEeT 3HaUCHHE, HECKOJIb-
KO MpeBbliaroniee nokazarenb ajis Cu. Psajabl xumuue-
CKHX DJIEMEHTOB 10 MHTEHCUBHOCTH BOBJIeueHUs TM B
OMOJIOTHYECKUI KPYyTOBOPOT M3YUCHHBIMU BHAAMH pa-
CTEHUU NMPEACTABIEHBI HUXKE.

MonenpHasl IUIONIAb BOJHM3M _XBOCTOXPaHHIHUIIA
COD, n. KannumHckoe

Salvia stepposa Cu (3,7)>Zn (1,2) > Pb (0,1) >
Mn (0,01) > Ni (0,001) > Fe (0,009)

Veronica incana Zn (1,1)> Cu (1,0) > Pb (0,4) >
Mn (0,02) > Ni (0,01) > Fe (0,006)

Artemisia austriaca  Cu(1,5)>Zn (1,2) > Pb (0,08) >
Mn (0,07) > Ni (0,01) > Fe (0,007)

Achillea setacea Cu(1,2)>Zn (0,8) > Pb (0,08) >
Mn (0,05) > Ni (0,006) = Fe (0,006)

Phlomis tuberosa Cu(1,2)>7Zn (0,7) > Pb (0,08) >
Mn (0,04) > Ni (0,014) > Fe (0,001)

Galium verum Cu(1,7)>Zn (1,2) > Pb (0,61) >
Mn (0,06) > Ni (0,01) > Fe (0,006)

Caragana arborescens Cu (1,2) > Zn (0,8) > Pb (0,08) >
Mn (0,05) >Ni (0,02) > Fe (0,004)

Echinops ritro Cu (0,6)>Zn (0,4)>Pb (0,03) >
Mn (0,01) > Ni (0,01) > Fe (0,001)

MonenpHas miomanbk Boan3u 03. Kynryban (2005 u

2014 rr.):
Artemisia austriaca: Cd 1,24 (0,56—1,92) > Zn 0,37

(0,30-0,40) > Cu 0,16 (0,12-0,21) > Pb 0,05 (0,01-0,09)
>Ni 0,02 (0,01-0,02) = Mn 0,01 (0,01-0,02) > Fe 0,0015
(0,001-0,002) > Co 0,0005 (0,0004—-0,0006).

Veronica incana: Zn 0,28 (0,24-0,33) > Pb 0,06
(0,03-0,1) = Cu 0,06 (0,06—0,07) > Cd 0,05 (0,001-0,10)
> Ni 0,01 (0,01-0,012) > Mn 0,007 (0,006—0,008) > Co
0,004 (0,0002-0,0080) = Fe 0,003 (0,0002—-0,005).

IO6ueliHOE MECTOPOXKICHUE, TACTOUIIIHBIC YTIOAbS:

Artemisia austriaca  Zn (0,94) > Cu (0,52) > Mn (0,17)
>Ni (0,13) > Fe (0,001)

Veronica incana Zn (0,42—0,53) > Cu (0,21-0,6) >
Pb, Ni (0,05-0,09) > Mn (0,03—0,05) > Fe (0,002)

Echinops ritro Cu (0,52)>7Zn (0,44)>Pb (0,1) >
Mn (0,05) > Ni (0,04) > Fe (0,001)

Achilles setacea Zn (0,95-0,47)>Cu (0,81-0,59) >
Ni (0,1-0,07) > Pb (0,08-0,09) > Mn (0,014—0,05) > Fe
(0,002-0,001)

Caragana arborescens Zn (0,59—0,25) > Cu (0,19-0,32)
>Ni (0,03-0,24) > Pb (0,1) > Mn (0,02—0,14) > Fe (0,001—
0,002)

B yc10BUSAX aHTPOIIOr€HHOI0 3arpsi3HEHUS] OTMEYAET-
csl yBEeIMYEHNE HHTEHCUBHOCTH BoBJIeueHUs: TM B Ono-
JIOTUYECKUN KpyroBopoT. Kak BHAHO M3 MPUBEICHHBIX

psinoB KO, MeHsieTCsl HEe TOJIBKO IMOCJIEA0BATEIbHOCTh
TM, HO ¥ UX KOJIMYECTBEHHBIE MOKa3aTeau. [Ipu sTom
MHTEHCUBHOCTH MNoTJioleHus: TM 3HauuTeIbHO BO3pa-
crTaeT, Tak 4To 3HaueHus KO Zn u Cu y BUTOB-KOHIICHT-
paTopoB, aJaITHPOBAHHBIX K UX BBICOKMM KOHIICHTpA-
nusM B ectrecTBeHHBIX [ITK, cranossitcst 6omnbiire 1. ITo
WHTEHCUBHOCTH aKKyMyJIsanuu TM pa3HBIMH BUIaAMHU
pacTEeHHI MOYKHO MTOCTPOUTH CIICIYIOIIHE 0000IICHHBIC
PSLIBI.

Cu  Salvia stepposa > Galium verum > Artemisia
austriaca > Caragana arborescens > Phlomis tuberosa
= Achillea setacea >Veronica incana > Echinops ritro

Zn  Salvia stepposa > Galium verum = Artemisia
austriaca > Veronica incana > Achillea setacea >
Caragana arborescens > Phlomis tuberosa > Echinops
ritro

Fe  Salvia stepposa > Artemisia austriaca > Galium
verum > Veronica incana > Achillea setacea > Caragana
arborescens > Phlomis tuberosa > Echinops ritro

Mn  Artemisia austriaca > Galium verum > Achillea
setacea = Caragana arborescens > Veronica incana >
Salvia stepposa = Echinops ritro

Pb  Galium verum > Veronica incana > Salvia
stepposa > Artemisia austriaca = Achillea setacea =
Phlomis tuberosa = Caragana arborescens > Echinops
ritro

Ni  Caragana arborescens > Galium verum >
Artemisia austriaca > Veronica incana > Echinops ritro
> Achillea setacea

BriBOabI

AHanu3 U3MEHEeHHUsI XUMHYECKOI0 COCTaBa PACTEHUHN
Bamkupckoro 3aypanbs 1oJ BO3AEHCTBUEM IPUPOJHBIX
W aHTPOTIOT€HHBIX (DaKTOPOB MO3BOJISIET CAENIATH CIIEIY-
FOIIIME BBIBOJIBI.

N3yuennsle pactenus bamkupckoro 3aypaibs xapak-
TEPU3YIOTCS MOBBIIIEHHBIM CcoJepKaHueM cepsl 1 TM
TUIIOMOP(MHBIX ISt MeTHOKoTYenanHbIX pya (Cu, Zn, Fe,
Pb u Cd) o cpaBHeHuto ¢ kirapkom 1o B.B. J1o6poBois-
ckomy (1998). MakcumanpHBIC NX KOHIICHTPAIIUHA 00HA-
pYyX€HBI B Pa3HOTPABbE M BETOMIN. 37TAKH M OCOKH Xa-
PaKTEepU3YIOTCSI OTHOCUTEIBHO HU3KUM U CTAOMIIBHBIM
co/iep)KaHNEM U3YyUYEHHBIX XUMUUECKHUX 3JIEMEHTOB.

Vposenb conepxkanusi TM cyliecTBEHHO MEHSIETCS B
3aBHCUMOCTH OT KOMILJIEKCA IPUPOJHBIX U AaHTPOIOr€H-
HBIX (aKkTOpoB. OCHOBHBIM MCTOYHHUKOM MOCTYTIJICHUS
TM B pactrenus crenubix [ITK sBusitoTcs mouBel. Baxk-
HEHIIMMH NOYBEHHBIMH (AaKTOPaMH, ONPEASISIOMUMHU
XHUMH3M PACTEHUI B YCIOBUSIX €CTECTBEHHBIX T€OXUMU-
YECKUX aHOMAJIUI HCCIIEIOBAaHHON TEPPUTOPUH, CIYKAT
MOPOAHBIM M MUTPALMOHHBIN, a TaKX€ 30HAJIBHOCTH
PYZIHBIX OPEOJIOB paccessHus. bombinoe BIusiHIE HA UH-
TEHCUBHOCTH MOTJIOMEHUsT TM pacTeHHsIMHU CTEMHBIX
IITK oka3bIBaeT KOJIMYECTBO aTMOC(HEPHBIX OCAJIKOB,
orpe/iessisi MUKPOOUOJIOTHYECKY0 aKTUBHOCTD, a C HeH
U CTENEeHb IOCTYITHOCTH METAJIJIOB PACTEHUSIM U UHTEH-
CHUBHOCTH OMOT€OXMMHYECKOr0 KpyroBopoTta. B 3aBucu-
MOCTH OT IIOT'OJJHBIX YCIIOBUH COAECPKAHNE XMMUUECKUX
3JIEMEHTOB B PACTEHHUSAX B PA3JIUYHBIE T'OJbI B OJHUX U
tex xe [ITK MoxeT M3MEeHAThCS B HECKOIBKO pas.

[Ipsimoii koppensuuu Mexay akkymymasuueit TM B
Omomacce pacTeHHMH M COJEpKAHHEM HMX TOJBHKHBIX
dopM B mmouBax He HabOmOmaeTcsa. B OOTbIIMHCTBE WH-
JIUKATOPHBIX BUJOB PACTEHUU OTMEYaeTCs BPEMEHHOMU
CIABUT B OJIMH-IBa rojia B XoJ€ UX M3MeHeHHU. B kaue-
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T ML OrNEKYHOBA, B.B. COMOB I COABT. e

ctBe OydepHoii cpesibl, onpenensioneil HHTEHCUBHOCTD
OMOreOXMMHUYECKOr0 KPYrOBOPOTa B CUCTEME MOYBaA—
pacTeHue, BRICTYIIAeT BETOIIb (0YecC), CKOPOCTh pas-
JIO)KEHUsI KOTOPOH 3aBUCUT OT MHUKPOOHOIOTHYECKOM
AKTUBHOCTH M OJIATOMPHUATHOTO COOTHOIIEHUS TEMIIE-
paTypHOTO peXUMa U yBJIAKHEHHS TIOUB.
AmnTtponorenHoe 3arpsasHenne TM U OIKHUCICHHE TT0-
YBEHHBIX PACTBOPOB CIIOCOOCTBYET PE3KOMY YCUIICHHUIO
MOCTYTJICHUS TIOJUTIOTAHTOB B pacTeHUs. B ycioBusx
TEeXHOTeHe3a KOHIEHTpauus cepsl 1 TM B pacTeHHsIX
MIPEBBIIACT JOKAIBHBIN (OH Y AUKOpOcoB B 6—10 pa3, y
KyTeTypHBIX pacTeHuil — B 10—20 pa3. OTBeTHas peak-
LMl PaCTEHUI Ha aHTPONOT€HHOE 3arpsi3HEHUE UMEET
BugocnenupuyIHbli Xxapakrep. K pacTeHHsIM-KOHIIEH-
Tparopam cepsl OTHOCATCS Artemisia austriaca, Salvia

stepposa, Veronica incana, Galium verum, Thymus mar-
schallianus w TpuObl MIAMIUHBOHBI Agaricus arvensis.
Hauboiiee 4yBCTBUTENBHBIMU BHAAMH K aHTPOIOTCH-
HOMY 3arpsi3HeHNI0 TM SIBIISIIOTCS ITOJIBIHB aBCTPHUIHCKAs
Artemisia austriaca (xkornentparop Cu, Pb, Cd u Zn),
manden cremHor Salvia stepposa (koruenTparop Cu,
Zn u Fe) u wabpeu Mapwmanna Thymus marschallianus
(xoHuentparop Zn, Pb u Fe).

B cBsi3u ¢ BBICOKOH M3MEHUYHMBOCTBIO MOJBHIXHOCTH
TM B nouBax bamkupckoro 3aypaiibs U 3HAUUTEIbHBIM
BapbUpPOBaHUEM KOHLEHTpauuu TM B pacTEHUSX NPU
MIPOBEACHUN IKOJIOTMUECKUX HCCIIETOBAHUN HE3aBUCH-
MO OT CTEIIEHU U3YUYCHHOCTH TEPPUTOPHH HEOOXOAHMO
€XXETOHOE OIpeieJIeHNe JIOKAIHHOT'0 (POHOBOTO Cofep-
s)kaHust TM B mouBax U pacTEHUSIX.
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