YK 546.56+546.74+546.73+546.81:631.41

AB. XAOQAHOBUY, B.I. CBYIPUBEHKO,
HN QP0O340BA

PACNPEAENEHVE NOHOB CBUHLA U KAOMUA
B CUCTEME /104YBA - PACTEHVIE
B YCIOBUAX TOMENbCKOro PEFVIOHA

B nacmoswed pabome onpedeneno codepxarnue uoHOG COUNUA U KAOMUS 6
noueax u pacmeHusx ecmecmeeHHozo GumoyueHo3d OAs PA3NUUHBIX NPUOOPOX-
HbLX YUACMKOE. Y CMAHOBAEH (POHOBHIIL YPOGeHS,COOCPXKANUL MAXKENBIX Memdl-
708 6 Ge2eMAMUBHDBLY UACAX Pacmenuil npedcmagumesieti namu cemeticms, npo-
uspacmanowux Ha paccmosanuu 100 mempos om asmomobunvnvix mpacc. Ha
60avuOM Pakmuueckom Mamepuaie YemaHoBAeHd KOPPEAAyUs PAcnpedesenus
MAXKENLIX MEMAAN0G G NOUGAX U-PACMEHUAX 8 uccaedyemvix paionax. Edun-
CMGEHHBIM O66€1€mu6’HblM nokKasamedanem HAIUUUA 6 NOUGE COOMBEMCMBYouw,e2o
yuacmka doCmynHozo KOAUKECmMEa 015 PACMeHUtl MAXKENbX MEMALN08 AGAAEM-
CSt MOALKO KOHKpemHbLll 6UQ pacmenut, N0 HAKONJIEHUIO 8 pumoMacce mozo uiu
UHOZO IeMEHMA MOXKHO CYOUMs 06 IK0I02UUECKU IHAUUMOM COOEPKANUU €20 6
nouee.

Bseeaenne

IToyswl u' pacrenust B6IM3U aBTOJOPOT MOTYT XapaKTepPH30BaTbCS TOBBI-
[IEHHBIM CO[lepP>KaHUeM TSKeJIbIX METJIOB BCJAEACTBUE 3arpsI3HEHHAS UX ra3o-
bLIeBBIME ‘BbI6pocaMu aBToTpaHcnopra [1—3]. Tsoxesbie MeTasuisl, mocTy-
namife U3 pa3JNYHbIX UICTOYHUKOB, MONa1al0T B KOHEYHOM cYeTe Ha IoBep-
xHocTh'TTouBbl. 11 MX fgajpbHednias cyqpb6a 3aBUCUT OT ee (PpU3MUECKUX U XU-
MHUYecKuX cBoHcTB [4, 5. IIpomo/KUTEIbHOCTD IPeObIBAHUS 3arpSA3HSIOLINX
KOMIIOHEHTOB, OCOGEHHO MOHOB TSKEJIBIX METAJIIOB, B TOYBAX rOpaso A0JIb-
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e, YeM B APYTUX yacTsx 6uocdepbl. VIOHDI TsKeNbIX METANIOB 06/aJaloT
Pa3MYHOH NMOABM>KHOCTBIO B II0YBaX IO FOPM3OHTAJIM M T10 BEPTHKAJH, I10-
3TOMY paclipefieJieHHe MX II0 IVIyGUHE TIOYBEHHOTO NPOGUJISI HEOHOPOJHO
[6, 7]. VIx conep>kanue Ha Pa3IMYHOM y/ajleHUHM OT aBTOTPAHCIOPTHHIX Ma-
rucrpajiefl #3MeHdaeTcs.

ITeavto Hacmosueii pa6omui SBILIOCH IPOBEEHUE AHATUTHIECKUX
HCCJIEIOBaHUI II0YB M PAcTeHUH Ha colepkaHWe MOHOB KaJMHS M CBUMHIA
BIIOJIb aBTOMAarucTpajeil ¢ pasjUYHbIM 110 HHTEHCHBHOCTH JBIKEHHEM.

O6sexmom uccedoeanuii ciry>x i o6pasiibl JEPHOBO-TIOI30IMCTOR
c1a600M0/[30IEHHOH NOYBHI Ha BHIOU3MEHEHHBIX CBSI3HBIX IIECKaX, MOACTH-
JIaeMBIX MOPEHHBIMH CyIIeCcsSIMU, OTOOpaHHbIe B/I0JIb ABTOMAarucTpaJeii u3 ro-
pusoHta Al Ha paccrosumm 8, 32 m 100 M Ha mpOGHBIX IIOIAAIX BCEX
KJIIOUEBbIX YYacCTKOB B MCCJIEAYEMBIX 3JIeMeHTapHbIX JaHAmadrax: JKcie-
PMMEHTaIbHble YYaCTKH IIpeJBAPUTENbHO 3aKJ/Ia/IbIBaJMCh Ha 15 TLIomansx
pasmepoM 25 M2 ¢ pasHOW TeXHOreHHOH HAarpy3koi (BeJMYMHA IPY30II0TOKA,
aBT. /4 cocraBuya 1360; 570; 1510 ana aBromarucrpaneit lomens — Kamn-
xoBuuH, Tomesp — Berka, Tomenp — YepHuros coorBeTcTBeHHO). C Kaxgoit
IJIONIAIKA OT6Mpasiu ofHy ob6befuHeHHYI0 Ipoby, cocTosimyto u3 20 Toyeu-
HBIX 3a60poB. [ry6mua ot6opa cocrabisina 15 < 20 cM, a Macca o6beMHeH-
HoH po65lI — okoJio S00 r. Kaxkaas cpeansisa npo6a 1moMenianach B MapKupo-
BaHHble makeTsl [8]. B o6pasnax noys onpeje/isiii OCHOBHbIE arpOXUMHUYeC-
KHe II0Ka3aTesd, KOJMYEeCTBO BAJIOBBIX M IOABIXKHBEIX (DOPM TSIKeNBIX Me-
TaJIJIOB.

Pactutenpubie o6pa3ibl oT6HpaJuch B Mae — utoye ¢ 8 1o 10 yacos
yTPa B CYXyI0O NMOTOAY ABaXKABI'B Mecsl] C OJHOBPEMEHHBIM 3a60pPOM I10-
4yBpl. HanboJiee yacTo BcTpeYaONuecs B UCCAEAyeMbIX 30HaX PpacTeHHs
IpUHA/JIeXKAIN K MATH . CeMeiicTBaM: ceM. PosoiBeTHble — Rosaceae, ceM.
Msaraukossie — Poaceae; cem. Bo6osbsie — Fabaceae, ceM. ITogopoxxuu-
xoBble — Plantaginaceae, cem. Cnoxunousernbie (acTpoBbie) — Compositae
(Asteraceae). CooTHolleHHMe BHJOB Ha MPOGHBIX IJIOMAAKaX GBLIO IO-
CTOSIHHBIM Ha& IPOTSDKEHHMH dKcnepuMenTa. Onpenessaan cojep>kaHue Ts-
’KeJIBIX MeTa/WIOB B Ha/J3eMHO# ¢uTOMacce 1 KOPHEBOH cHCTeMe TpaBs-
HUCTHIX ‘pacTeHHii. PacTUTeJbHBIN o6pa3ell Maccol 5 I O30JISLIM B MYy-
dbespuOll Ileunm IpH TeMIepaType KpacHoro kKajemust (550 — 600°C).
OsoJieHHBIN OCTaTOK 06pa6aThiBaJd Ha IecYaHo# 6aHe 2 MJI a30THOH M
3 'MJI COJITHOW KOHIEHTPHPOBAHHBIMHM KMCJIOTAMH, BBIIApUBAJM OO HC-
Ye3HOBEHHUS OKCHJOB a30Ta, CyXo# octaTok pactBopsiiu B 0,1 M pacTBo-
pe COJISTHOM KHCJIOTHI.

ConepkaHye MOHOB TSDKEJbIX MeTasJIOB B II0YBaX U PACTEeHHMAX OIpe-
JIEJISIIA BOJIbTAaMIIEPOMETPUYECKUM METOJOM, C IIOMOIIBI0 KOTOPOTO IIPHH-
IUITHAAJIbHO BO3MOXKHO KOJMYECTBEHHO ONPEAESTD JI06ble COEqUHEHHsI, CII0-
co6Hbie 3JIEKTPOOKHCIISTHCS MM 3JIEKTPOBOCCTaHABJIUBATHCS, KOCBEHHBIMH
IIpPHEMaMM MCCJIEIOBATh TaK)Ke JEKTPOXUMHUYECKH HeaKTHBHbIE BEIECTBA.
Onpezenenne HCCIEAYEMBIX 3JEMEHTOB IIPOBOJMJINA U3 OAHOH TPO6GHI Ha
aMMOHHMIHO-HUTPATHOM (hOHe IPH Pa3IMYHbIX 3HaueHuAX pH: cBunen — npu
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pH 1; xagmuit — npu pH 5,2. Honyyanu 4YeTKHe MUKH MOJSPOTPAMM C
norennuagamu: cBunen] — -0,8 B; kagmuit — -06 B oTHOocuTe/bHO AOHHOM

prytH [8].

PesysbTarsl U 06CyxaeHHE

ArpoxuMuyecKue MOKa3aTeJM MccCleTyeMbIX MOYB XapaKTepH30BAJHUCH
cJeyIOIMMH BeJHYMHAMH: 3HaveHHe pH HcciexyeMbIx mouB Kose6aaoch
ot 5,50 10 5,83 eaunn, cojepkanue rymyca B cpefiHeM coctasisiio 1,63%,
cofiepkaHue noABWkHbIX docdaros — 8,20 mr,/ 100 r noussr).

B ta6iune 1 nmpuBeaeHO colepiKaHUe TSKeJbIX MeTaJJIOB.-B UCCIe/ye-
MBIX TOYBaX, oTOGpaHHBIX Ha paccrostHuu 100 MeTpoB OT aBTOMarmcrpa-
Jieik.

Tabruya 1
Coaep:xanue TSKeJbIX MeTaaao0B (Mr/Kr) B HOoYBax
ABTOMarHCTpATS Caunen Kagmuit
1 2 1 2
T'omens-Berka 16,8 2,2 04 0,2
ToMens-KannakoBuan 18,6 1,8 0,5 0,4
T'oMens-Uepuuros 19.8 3,5 0,6 0,5
OJK |9, 10] 32,0 6,0 0,5 0,3
IIpumeuanue

1 — cogep:xaHue BaJOBBIX GOPM;
2 ~ coiep:KaHue MO/BWKHBIX (OPM.

HauMeHnbIIuM «Conep>KaHueM MeTaJlJIOB-3arpsi3HUTeN el XapaKTepH30Ba-
JIUCH ITIOYBBI BAOJIb \Tpacchl I'omens — BeTka, rie KOHIEHTpaIUsl BceX UccJe-
JIyEMBIX 3JIEMEHTOB B CPe/IHEM COCTaBJIsLJIa: CBHHIA — 2,2 MT/Kr, KaAMHI —
0,2 mr/xr.| HofyuyeHnHble pe3yJbTaTbl PasM4yusl COAEPKAHUS MOABUKHBIX
dopmM cBuHNa BIosb Tpacchl oMenb — Betka u Tpaccel ['omens — Kamunko-
BUYM CBHAETEIbCTBYIOT HE TOJIbKO O CBSI3U 3arPSA3HEHUS TSKeJIbIM MeTaJlJIoM
MOYB, ¢-I'PY30IIOTOKOM aBTOTPAHCIOPTa, HO U C BO3MOYKHBIM BKJIAZIOM a3po-
30JIbHBIX ITOCTYILIEHU# ropojckoro CeBepHOro IIPOMBIIIIEHHOTO KOMIIIEKCa.
Haubosbiiee comepskanune NOABIKHBIX (opMm (PpuKcHpoBasioch B o6pasnax
NOYB, OTO6paHHBIX BHOJb Tpacchl I'oMenb—Yepuuros. Cozep:kaHue uccaeny-
€MBIX KaTHOHOB COCTaBJSAJIO: CBHHIA — 3,5 Mr/kr, kagmusg — 0,5 Mr/kr.
IIpoBeeHHBIH aHAU3 BAJOBBIX M MOABMXKHBIX (OPM B IOYBAX IPUIOPOXK-
HOW 2KOCHCTeMBI 1I0Ka3aJl, 4YTo Ha paccrossHuM 100 M 3HaueHus colepxaHuit
TSDKEJIBIX METAJIIOB B IOYBaX MPAaKTHYECKW He mpeBblmaiu Besuuud O/IK.
JlaHHble NOKa3aTeau NPUHSIM 33 (oHoBble. B Tabiuue 2 mpusejeHbl pe-
3yJIbTaTbl UCCJIEOBAaHUH 10 COAEPIKAHUIO OJABIKHBIX (OpPM B IOYBAX IIPH-
JIOPOXXHBIX 3KOCHUCTEM.
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Tabruya 2
CoaepxaHHe MOABMXHBIX (POPM HOHOB TSKEJBIX METAIOB (M /Kr)
B HOYBAaX NPUAOPOKHBIX IKOCHUCTEM

ABTOMArHCTpAE 1 CBHHel - 1 Kangmuit 5
I'omens-Berka 8,96 8,08 0,56 0,34
Tomens-Kanuukosuun 4,96 5,40 0,92 0,63
T'omens-Yepuuros 15,16 12,24 1,02 0,59
OJIK [9, 10} 6,0 0,3

Ilpumewanne. Paccrosinue:

1 — 8 M oT aBTOMAarucrpasy;

2 = 32 M OT aBTOMAarucTpasi.

OlK — opueHTHPOBOYHO AOIyCTHMble KOHIEHTPaLUU.

[TosryyenHble JaHHBIE CBUAETENbCTBYIOT 06 OTCYTCTBHM YeTKHX 3aKOHO-
MEpHOCTe# U3MEHEHHUS CO/IEPKAHUS MOHOB TSDKEJBIX METAJJIOB B NOYBAX OT
PACCTOSIHUS JI0 TPACCHI, 4TO, IO BCell BEPOSITHOCTH, CBA3AHO C JPYTHMHU HC-
TOYHUKAMHU 3arpsi3HEHUSI.

Pe3yJbTaThl MCCJIEZIOBAHUI 1O COJIEPXKAHUIO MOHOB TSDKEJDbIX METaJ/UIOB B
HA/I3eMHBIX YaCTSIX Pa3/MYHbIX BH/IOB PacTeHMit, ‘OTOOpaHHBIX Ha PACCTOSTHHUM
100 M ot aBTOMarucTpaJeit, MoKa3ay, YTo AOCTYIHOCTb HCCIeLyeMbIX 3/ieMeH-
TOB [I/IS1 PACTEHMIt 3aBUCHUT OT UX 61OJIOrMyecKoil npuHaaaexHocTd. OIUH U TOT
’Ke BUJI PACTeHWH B Pa3HbIX SKOJIOLMUECKMX YCJOBHSX HaKaIlIMBaeT Da3Hble
KOJIMYECTBA TSDKEJIBIX MeTAJIoB. AHaMu3 JaHHbBIX 1O COAEPXKAHUIO MOHOB KaJ-
MHS B M3YYEHHbIX BUJIAX PacTeHHH, 0OTOGPaHHBIX B pa3HbIX YCJIOBHSIX, OKa3all,
YTO B OT/AEJIbHBIX ceMelicTBaX IIpEBbIIIEHNe MaKCUMaJIbHOIO CONEePXAHHA Hal
MHUHHMAJIBHBIM JI0 4 pa3 XapakTepHo AJisi ceMeiicTBa CII0KHOLBETHDIX, YTO IO-
3BOJISIET OTHECTH MX K KayecTBeHHO UHGOpMAaTHBHBIM 61006beKTaM. OHI MOTYT
6BITh MCIIOJb30BAHbI B KAUECTBE KOHIIEHTPATOPOB JJAHHBIX 3JIEMEHTOB B CHCTEME
9K0JIOTO-6MOT€OXUMUYECKOTO MOHUTOPHHIA OKPY KaIoIlel CcpeJibl.

N3ydast 3aBUCHMOCTD CO/IEPXKaHUA TSDKEJBIX METa/JIOB B PAcTEHHSX OT
Cco/IepKaHusi AAHHOTO 3JIEMEHTA B NMOYBe, GBI BBIYMC/IEH KO3 HUIMEHT Ha-
KOILJIEHHSI — OTHOHIEHHE COJIEPXKAaHUs dJIeMEHTa B Ha/[3eMHOM 4acTH PacTeHUH
K €ro COIEP>KaHuUIO B IOYBE, IO3BOJITIONMI KOCBEHHO CYMTh O CTENIEHH JOCTYII-
HOCTH/3/IEMEHTA B TIOYBE JIJI1 PACTEHUN U O OBEJEHUH €T0 B CUCTEME NOUBA —
pacmenue. B Tabimie 3 npeicTaBieHbl 3HaYeHnsd K03(phHUIIMEHTOB HAKOILIeE-
HHSI TSDKEJIBIX METAJIOB B HaJ3eMHOM YacTH AMKOPACTYHIUX PACTEHHH.

Tabauya 3

3uavenus K09 PUUHEHTOB HAKOILIEHHS HOHOB Ka/IMHsl H CBHHI[A

BHI DACTCHHM Kanmuit Cauzen
AP 1 | 2 ] 3 T 1 2 | 3
ceM. MATIHKOBEIC
Kocrpen 6e3ocThiit 0,65 0,38 0,24 0,96 1,18 0,75
Exa cGopHas 0,45 0,25 0,24 1,27 1,51 0,88
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Oxonuanue ma6a. 3

Bupx pacrenuit Kamt Cauren
AP 1 | 2 | 3 1 [ 2 | 3
ceM. PozonserHele
JlamyaTka cepeGpHcTas 1,05 0,48 0,44 1,12 1,28 0,73
JlamgaTka rycuHas 1,15 0,53 0,52 1,05 1,29 0,77
ceM. BoGosEle
Krnesep nonsyquit 1,5 0,63 0,64 1,41 1,78 0,99
Mrimmneli ropourek 1,5 0,55 0,56 1,39 1,72 0,93
ceM. ITonopoxHnKoBEIE
ITomopoxHuk 60JILIIOM 0,8 0,35 0,32 1,46 1,73 1,04
TToOpOXXHUK TAHIETONHCTHLIN 0,65 0,28 0,2 1,51 1,73 0,96
ceM. CloKHOBETHEIE
Pomamka nenaxydas 0,10 0,08 0,04 0,47 0,54 0,29
TBICA9¢TMCTHAK OOLIKHOBECHHEIH 0,40 0,01 0,12 0,55 0,66 0,38

IIpumeuanne. ABTOMarucTpasm:
1 — Tomenp— Bertka;

2 — T'omesp— Kanuukosuuy;

3 — T'oMenp— YepHuros.

Pacnpesietenne MOHOB KaJMUs B(PACTEHUSX, IPUHALJIECIKAIMX Pa3IHY-
HBIM ceMeHCTBaM, HepaBHOMepHOe. 3HaueHUs COAepKaHUsI IeMEHTa Baphbu-
poBaii ot 0,02 (cem. Croxnousersnie) 1o 0,34 mr/xr (cem. Bo6oBbie) Ha
HPOGHBIX ILIONAIKAX; COAEPKAHIEe HOHOB CBUHIA BapbupoBaJio oT 1,02 (cem.
CrnoxHxousernsie) 1o 3,65 Mr/kr (ceMm. [1oJ0pOXKHAKOBEIE).

Ilo pesyspraraM aHamM3a COCTABJIEHBI PSA/IbI HAKOIIEHHS TSXKEJIBIX MeTal-
JIOB BereTaTUBHBIMM, YACTSIMU PAcTeHHH: A1 HOHOB KaaMug — ceM. Crox-
HoLBeTHbIe < ceM. ‘Msr/vKoBble < ceM. IJomopoxxHuKOBBIE < ceM. Posorser-
Hble < ceM. bo6oBble; 11 HOHOB cBHHIA — ceM. CiroxHouBeTHbIE < ceM. Posom-
BeTHble < ceM.\MsT/MKoBble < ceM.bBo6oBbie < ceM. IlomopoKHUKOBBIE.

B Tabsmne 4 mpuBenensl paccuuTaHHble K03 (MHIUEHTH HAKOIIEHUS
371eMEHTOB B CUCTEME 10Y6d — KOPEeHb.

Tabauya 4

Conepxanne HOHOB KaJMHS H CBHHIA B KOPHSAX pacTeHuit (Mr/kr)
H 3HaYeHUs K09(DPHUHEHTOB HAKONIEHHS DJEMEHTOR

. KanMmuit Cauren
Bun pacrenuit 1 I > I 3 I l 2 j 3
ceM. MsaTaukosbie
Kocrpen 6e3ocTpiit 0,28 0,37 0,34 5,32 5,31 5,28
Exxa c6opnas 0,27 0,32 0,26 6,44 6,62 6,56
cpeOHee - 3HAYeHUe 0,27 0,34 0,30 5,88 5,97 592
Ko uyuenm - naxonnenus 1,4 0,9 0,6 2,9 33 1,7
ceM. PozonBernrie
Jlarryatka cepebpucras 0,21 0,24 0,28 4,92 5,12 5,42
JlangaTka rycuHas 0,33 0,36 0,31 5,26 6,30 6,28
cpeonee - 3HAYeHUe 0,27 0,30 0,30 5,09 57 585
Ko3puyuenm - naxonnenus 1,4 08 0,6 2,3 32 17
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Oxonuanue maba. 4

Bz pacrenuii Kaamui CBHHeL
1 2 3 1 2 3
ceM. bo6oBbIe
Knesep nonsyuuit 0,24 0,21 0,32 2,42 2,12 3,42
MBIHHBIH ropoex 0,36 0,32 0,38 3,86 2,63 3,62
CpeOHee - 3HAYEHUe 0,30 0,27 0,35 3,14 2,38 3,52
Koahguyuenm - naxonneHus 1,5 0,7 0,7 1,4 1,3 1,0
CEM. TIOJOPOXXHHKOBBIE
IMoaopoxHUK 60IBIIOH 0,11 0,14 0,12 3,32 3,54 3,68
?;?:;%ﬁ::mu o2 | o10 | 013 4,62 412 | 434
cpeOHee - 3HaYEHUE 0,11 0,12 0,12 3,97 3,82 4,01
Ko3pPuyuenm - Hakonnenus 0,6 0,3 0,2 1,8 -2,—1 —i,—l—
ceM. CII0KHOI[BETHEIE
PomMainka Henmaxyyast 0,16 0,20 0,21 3,10 3,46 3,78
LueRIeIMeTIRK 024 | 032 | 036 | 421 424 | 472
cpedHee - 3HaYeHUe 0,20 0,26 0,28 3,66 3,85 4,25
K0a(hpuyuenm - HakonneHus 1,0 0,7 0,6 1,7 2,1 1,2

IIpumeganue. ABTOMATUCTpAJIH:

1 — T'omenp— Betka;

2 — ToMenp— KajauHkoBHYH;
3 — T'omens— UepHHroB.

IIpu ofMHAKOBBIX YCJIOBHAX IIPOM3PACTAHNUS PasHble BUJAbI PACTEHHH Ha-
KaIJIMBAIOT TSKe/Ible METANIbl\B KOPHAX HEOQUHAKOBO, 4TO, TO-BUIUMOMY,
CBSI3aHO C Pa3/IMYHBIM 5JEKTPOHHBIM CTPOEHHEM CBUHIIA U KAJMUSI, Pa3JIHy-
HBIMHM pasMepaMu uX(paMycOB HOHOB M C OCOGEHHOCTSIMH IIOCTYILIEHHS
KaTHOHOB B CHCTEMY.N0Y8d — KOPEHb.

Jlns ycTaHOBIEHHSI 3aKOHOMEPHOCTEH HAKOILJIEHHS CBHHIA M KaAMHA
PaCTHTENbHOCTBIO'B 3aBHCHMOCTH OT YCJIOBUIA IIPOU3PACTAHUS B IPHIOPOX-
HBIX 9KOCHCTEMAX GbLIO OIPEe]EHO COAEPXKAHNEe YKA3aHHBIX 3JEMEeHTOB B
BereTaTHBHON YacTH AMKOPACTYIINX PACTEHH M PACCYHTAHBI 3HAYEHUS KO-
s uimenToB Hakomienus (ta6iauua 5).

Tabauya 5

3uagenns koa¢PUIMEHTOB HAKONJIEHNI HOHOB Ka/ MU U CBHHI[A
(rpacca 'omesnn—YepHuron)

Bua pacteHuit 1 l Kaan"ﬁI 3 1 l CBZHHCH 3

ceM. MATIHKOBEIE

KocTtpen 6e30CTHIit 0,53 0,58 0,24 1,08 1,29 0,75

Exa c6opHas 0,25 0,41 0,24 ,06 1,33 0,88
ceM. Po3zonBeTHEIE

Jlanuatka cepebpucras 0,71 0,64 0,44 0,47 0,55 0,73

TManvarka 0,76 0,80 0,52 0,51 0,60 0,77

npAMOCTOAYasd
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Oxonuanue maba. 5

Kagmuit CsuHell
Bun pacrennii 1 I 2 | 3 i —[ 2 l 3
ceM. BoGoBrie

Kiesep nomyunit 0,79 1,29 0,64 1,71 2,16 0,99
Mzinmuei# ropomek 1,0 1,40 0,56 1,60 1,72 0,93

CEM. TIOHOPOXKHHKOBEIE
TlogopoxxHuK Gonsmoi 0,5 0,66 0,32 0,81 1,0 1,04
Honoposmuuk 041 | o042 0,2 0,85 0,99 0,96
JIAHNETOTHCTHBIA

ceM. CloXXKHOUBETHRIE
Pomamka Henaxydas 0,22 0,31 0,04 0,41 0,50 0,29
Toicauenmcrink 024 | 032 0,12 0,40 0,47 0,38
OOBIKHOBEHHEBIN

ITpumevanue. PaccrosHue 0T aBTOMArHCTpANy:

1-8m;
2 - 32 m;
3-100 m.

YcranoBJ/ieHo, 4TO o6mIelf 3aBUCHMOCTH HaKOIUICHHS HOHOB CBHHIA W
KaJgMHs B (puTOMacce pacTeHHH OT PACCTOSIHHUSI IO aBTOMArucTpajd U coep-
JKaHMEeM MX B IIOYBe He IpociexuBaeTca. Hanbosee BbICOKass MeTa lIOaKKy-
MYJTHPYIOIIast CIOCOGHOCTD 110 KaJAMUIO M CBUHILY CPEIH UCCJIeLyEMBIX pacTe-
HHI oTMeveHa Jast ceMeiicTBa Bo6oBuix. IlpencraBurenu manubIX ceMeficTs
MOXHO paccMaTpUBarTh KaK KOHI[EHTPaTOpbl HOHOB TSDKEJBbIX METaJIOB B
Ha3eMHBIX 5KOCHCTeMAX, KOTOpble MOXKHO HCIOJIb30BaTh B GHOJIOTHYECKOM
MeToZe OYMCTKU IIOYB.

HccneroBanus oKa3aaH, YTO TOJIBKO IO JAHHHIM aHAJIM30B MOYBBI HA
HaJiMyue MOHOB.TAKe/bIX MEeTaJJIOB IIPe/CKa3aTh CTelleHb HaKOIJIEHHS JaH-
HBIX TOKCMKAHTOB B HA[3eMHOH YacTU PAacTeHUs CJOXHO. PacTeHus MOryT B
Olpe/Je/ieHHOM CTeleHH C IOMOIIbI0 (PU3HOJIOIHYeCKUX 6apbepOB OrpaHHYH-
BaTh MEPEABHKEHHE TOKCHYHBIX COeJHHEHU META/JIOB U3 KOpHEU B HaJ3eM-
HYIO YacTh.

Hexotopsie nmpeacrasutesnn ceMeiictBa Ho60BbIX 1 ceMeiicrBa Posolser-
HBIX CHOCOGHBI 3HAYUTEJHHO YJIYYIIUTh CTPYKTYPY M (PU3UKO-XMMHMYECKHE
CBOHCTBa MOYBBI, 4YTO OCOGEHHO BaXKHO NIPH PelieHUH BONPOCOB, CBA3AHHBIX
C IpUMeHeHMeM OGUOJIOTHYECKOro Coco6a OYMCTKH TeXHOTE€HHO-3ATpsi3HeH-
HbIX moyB. Ha ocHoBaHMM NMOJy4eHHBIX JaHHBIX YCTAHOBJIEHA TOJIOXKHUTENb-
Has KOPpeJsuus MeX1y colepsKaHueM IOJBIDKHBIX ¢OpPM 3JIEMEHTOB B MO-
YBe M HAaKOIJIEHHEM UX OTAEJbHBIMU BHAaMU PacCTeHUH.

Oco6y10 onacHOCTb AJIS1 OKPYXKAOIGUX PAalfOHOB BOJIM3H aBTOMAarHCT-
palieil MpeCcTaBAAIOT O6MKpPHbIE OTKPBITHIE YYACTKH MOYB, JieXaniue B 8-
METpOBOH 30He, C MOBEPXHOCTHOIO CJIOS KOTOPBIX MOTYT BBIHOCHTBCS
TOKCHKaHThl Ha 6JiM3Jexalfe CaJ0OBO-OTOPOJIHBIE YYACTKH M NAXOTHbIE
yToJbsl.
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3akmoyenne

YcTaHoBJIeH HOHOBBIN YPOBEHD CO/IEPKAHUS TSKEJBIX METAJLIOB B Bere-
TAaTHBHBIX YACTSAX PACTEHM NpeJCcTaBUTE el [ATH CeMeHCTB, IPOM3PacTalo-
mux Ha paccrosgauu 100 M o1 aBTOMOOGMIBHBIX Tpacc. Ha 6osbiroM dakTu-
YeCKOM MarepHaJjie yCTaHOBJIEHA KOPpeJ/SLUS paclipefie/ieHUs] TSKeJbIX Me-
TaJIJIOB B ITOYBaX U HEKOTOPBIX pacTEHUSIX B MCCe[yeMbIX paitonax. [Toka-
3aHO, YTO HauboJiee BHICOKOH MeTaIJI0aKKyMy IUpYIOliei ClIoCOGHOCTBIO Cpe-
J¥ MccJlelyeMbIX pacTeHuil 06J1a/laloT Ipe/ICTaBUTENN ceMelicTBa PosolBer-
HbIX U ceMelicTBa Bo6oBbix. IlpencTaButeneii aTnx ceMelcTB cleayeT pac-
CMaTpUBaTh KaK KOHI[EHTPAaTOPOB MOHOB TSDKEJBIX METAJJIOB U PEKOMEHJ0-
BaTh [JI1 UCIOJIb30BAaHUSI B OMOJIOTMYECKOM METOJe OYHCTKEe TOYB. EauH-
CTBEHHBIM OOBEKTUBHBIM IIOKa3aTesieM HaJIM4YHs B IIOYBE COOTBETCTBYIOMIETO
y4acTKa JJOCTYITHOTO KOJIMYECTBa JIJIsl PaCTeHUH TS XKeJbIX MeTaJIOB-SIBJIseT-
Csl TObKO KOHKPETHBIH BUJ pacTeHuit. Ilo HakomreHNIo B puToMacce TOro
UM MHOTO 3JIEMEHTa MOXHO CYJUTb 06 SKOJIOTMYECKH 3HAUYUMOM COJepKa-
HUU ero B IIOYBe.
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