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B Tabmmiie 4 npeacTapieHbl MUHUMAIbHBIE COAEPKAHNS MAJIBIX 3JIEMEHTOB B 30J1aX yTJIeH, ONPEAENIONIX
BO3MOJKHYIO ITPOMBIIIUICHHYIO 3HAUUMOCTb.

Tabauya 4
Cooeporcanue MANbIX IIEMEHMOG 8 30114X Y2/iell, ONPeOCaAIOUUX NPOMBIULICHHYIO 3HAYUMOCH b, M2/Ke [4]
Xumeckutit | e | ge | Y cd Cr Ccu | Ga | Ni Pb Zn
3JICMCHT
Conepixanue 25 50 | 750 75 5 7000 500 | 100 | 500 1200 2000
3JICMCHTOB

[TpoMsInuTeHHBII HHTEpEC TpecTaBIsoT crexyromue 3nemenTsl: Hf, Cd n Ga.

Takum oOpazom, oTxozbl yriaeoboramenus npeanpuatuss OAO «Mexaypeube» NpU HOTYYEHHH W3 HHUX
BOJIOYTOJILHOTO TOIUTMBA MOTYT 3aMEHHTh TPaIWIMOHHOE roprodee. [Ipm TakoM MX HCHONB30BaHHH MOXKHO COKPAaTHTh
TEXHOTEHHYIO Harpy3Ky Ha paiOH, YMEHBIINTH BBIOPOCHI 3arpsi3HSIONINX BEIECTB B aTMOC(EPHBIH BO3MyX, CHU3UTH
YPOBEHBb 3arpsi3HEHWS] IOYB W IIOJ3EMHBIX BOX. IlpeimpusTre Takke CMOXET IOJy4aTh BBIFOAY, OT COKpAIICHHS
mrpadoB 3a 3arpsA3HEHHS OKPYXKAMOIIeH CpeAbl W OT peajM3allid yIisd, HpeIHa3HayaBIIErocs Uil CXKUTAHHS Ha
KOTeJIBHBIX. Taroke BO3MOXKHA MPOJiaka 30JI0ILIAKOBBIX OTXOJOB METAUTYPIHYECKHM MPEANIPUSTUSIM B Ka4eCTBE CBHIPbS
JUIS IOJTyYEHUSI TOBAPHBIX IPOLYKTOB.
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BUOTEOXUMUNYECKAA MHOUKALUA YPAHA U TOPUA B 30HE BITUAHUA
YPAHOOBbLIBAKLWENO NPEONPUATUA METOOAMU UHCTPYMEHTAIIBHOIO
HEUTPOHHO-AKTUBALMOHHOIO AHAINU3A U PAOUOTPA®UU
I0.E. CuneHko

HayuHbin pykoBoguTens goueHT [. B. KOcynos
HayuoHanbHbIl uccnedoeamensckuli ToMckuli nonumexHu4eckul yHugepcumem, 2. Tomck, Poccusi

BonbIIMHCTBO pacTeHMi, MPON3pAcTalOMMX Ha ypOaHW3UPOBAHHBIX TEPPUTOPHSX, B TOH MM MHOH CTENEHU
MIOIBEPKEHBI aHTPOIIOTEHHOMY BIIHSHHIO. PacTeHNS OTpaskaroT TE€OXUMHIYECKYIO CIEIHAIN3AINI0 OKPYKafOIMIeH Cpesisl 1
MOTYT BBICTYIaTh HHIWKaTopamu e¢ coctosHus [4]. JIucThs, KOpa W KONbLA NEPEBHEB CIyKaT OOBEKTaMH B
9KOJIOTHUYECKUX HCCIEIOBAHUSAX AT OIEHKH COCTOSIHHSI aTMOC(EpPHOTO BO3JyXa, B TOM UHCIE B paifoHaX ¢ pa3BHTHIM
TOPHOIOOBIBAIOIIUM TIPOW3BOACTBOM [7,8]. Mcmonp3oBaHME pACTeHHMII B KadyeCTBE HHAMKATOPOB  COCTOSIHUS
OKpY)KaloIel cpeabl aKkTyalbHO C TOYKHM 3pEHHsS HAaKOIUICHHS B HHUX DACCESHHBIX M PAJHOAKTHBHBIX 3JEMEHTOB,
KOHIIEHTpaLUsI KOTOPBIX B OMoc(epe yBEeINUMBACTCS B CBSI3H C HAPACTAIOIINM HX HCIIOJIb30BAHHEM B IPOU3BOJICTBE.

[Mposenennbie W.I'. Bep3unoit (1993) [1] u A.P. SnantaunoBoir (2015) [10] wmccnemoBaHusl MeToJaMH
pa)morpa(bnn moKa3aJii, 4YTO C TIIOMOIIBKO JIMCTHEB TOIIOJIA MOXHO C BBICOKOM TOYHOCTBIO U HarJigiaHOCTBIO
PETUCTPUPOBATH PAIMOAKTUBHOC 3arpsA3HCHUC Opr')Ka}OLLleI\/'I Cpe€Abl, BBIABJIATH IYTU IMOCTYIUIEHUS PAaAUOAKTUBHBIX
JJIeMeHTOB B pacTeHus. YcranosieHHble A.JI. KosameBckum (2010) 3aKkOHOMEPHOCTH IIOTJIOMIEHUS PaJAMOAKTUBHBIX
3JIEMEHTOB PACTEHHUSIMH IO3BOJIIOT CAENATh BBIBOABI O BO3MOKHOCTH MPAKTUIECKOTO UCTIOIb30BAHMSI HEKOTOPHIX BHIOB
pacTeHui Kak OMOTeOXMMHUECKHX MHANKATOPOB YPAaHOBOW MUHEpATH3auu [5].

Lens paboTel — GHmoreoXMMUUecKast MHAUKAINS ypaHa M TOPHs Ha TeppuTopuH I. KpacHokameHcka MeTofamMu
MHCTPYMEHTAILHOTO HEHTPOHHO-aKTUBAI[IOHHOTO aHAIN3a U pagrorpaduu 1o JaHHBIM W3YYCHHs JIMCTHEB TOMOJICH.

OOGBEKTOM HCCIICIOBAHMS CIY)XHIIM JIHCThs Tomoss Oanp3amuueckoro (Populus balsamifera L.). Jluctes
TOIIOJIA ABJIAKOTCA Cl'le]_ll/l(bl/l'-[eCKI/IM Fr€OXUMHUYCCKHUM INIAHIICTOM, KOTOprﬁ HaKaIrInBacT 3JIEMCHTHI U3 IMOYBbI, 4 TAKXKEC
yJIaBIMBAeT IbUICA3PO30JIM M3 aTMOC(HEPHOrO0 BO3AyXa 3a CYET OCOOCHHOCTEH CTPOEHHs JIMCTa: IIEPOXOBATOCTH
TIOBEPXHOCTH, HAJTMIHUS KIEHKOTO BOCKA, PACHIOJIOJKEHHS YCTHHI] Ha 00EMX CTOPOHAX JIMCTOBOH IITACTHHKH.

HccnenoBanus mpoBezieHs! Ha TeppuTOpun roposaa KpacHokaMeHCKa, HaXOASIIErocsl B 30He BIHMSHUS JOOBIIH
ypaHoBEIX pyn Mo-U mectopoxnenuit Ha CTpenblOBCKOM pynHOM mosne B 3abaiikanbeckoMm kpae. PymHoe mome
OTHOCHTCS K KaTeTOPHM YHUKAJIbHBIX — OOIIWE 3arachl ypaHa, COCPEJOTOUCHHBIE B JIEBATHAIUATH IPOCTPAHCTBEHHO
COMDKEHHBIX MECTOPOXKICHUAX, OLEHHMBalOTCs Oojee yem B 250 Teic. T [2]. OkcmilyaTauuss MeCTOPOXKICHUN
CrpelblIoBCKOr0 pyaHoro moist Beaercs ¢ 1968 roga u conmpoBoxaaeTcs: TpaHchopManueid NPUPOAHBIX JaHAAPTOB
MPUWIETAIOMNX TEPPUTOPHN. DKOJIOTMYECKYIO CHUTYyallMI0 Ha IAaHHOW TEPPUTOPHUM M B €€ OKPECTHOCTSAX OCIOXKHSET
HaJM4YMe MCTOYHHKOB TEXHOT€HHOTO 3arps3HEHHUs, CBS3aHHBIX HE TONBKO C JEATEIbHOCTBIO DPYIHHKOB, HO M C
COITYTCTBYIOIMM ITPOU3BOACTBOM IIpHapryHCKOro ropHO-XUMHUYeCKOro kombuHara [2].
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Pacnipenenenue ypana u Topus B JIMCTBSIX TOIOJSA HA UCCleAyeMol Teppuropuun yctaHosieHo M.I'. bep3uHoit
[1] meromamu aBTO- M f-paanorpaduu. Meron aBTOpaguorpaduu OCHOBAH Ha CIIOCOOHOCTH paJMOaKTHBHBIX BEIIECTB
BO3/ICHCTBOBAaTh HA AMYJIbCHOHHBIN cioi (oTorpaduueckoil MIaCTUHKUA WM PEHTTCHOBCKOW IUICHKH, U BBIPAKACTCS B
MIOYEePHEHNH TI0CIIE TPOSBICHUS TEX YYAaCTKOB HETraTHBa, KOTOPHIE KOHTaKTUPOBAIM C PAJMOAKTUBHBIM BEIECTBOM.
Meron ockomouHoi pamguorpaduu (f-paguorpadum) OCHOBaH Ha Tmporecce MeleHHs saep ypaHa M TOpPHS II0J
BO3JIEHCTBHEM TEIUIOBBIX HEHTPOHOB B sIepHOM peakTope. Meron f-pamworpadmm naeT BO3MOXXHOCTH BBIIBHTH
MPOCTPAHCTBEHHOE PACIpPE/IC/ICHIE ypaHa 1 TOPHS [IPH OHOBPEMEHHOM OIpeIeiecHUH uX KoHueHTparmu [1,10].

Hcnons3oBanue MeTonoB panuorpaduu mossonwan W.I'. bepsunoit [1] B 30He BIUSHHA YpaHIOOBIBAIOIIETO
NPEANPUATHA HACHTH(GUIMPOBATh IYTH NPOHMKHOBEHUS M (OPMBI NPOSBICHHS IENALIMXCS 3JIEMEHTOB B  JIMCTHAX
torons (puc.). Ecnu nensimiuecs 3neMeHTH TMOMAAaloT B PAacTEHMS 4yepe3 KOPHEBYIO CHCTEMY, TO HX IpPOSIBICHHE
MOBTOPSIET MaKPOCTPYKTYPY JucTa (puc., |). Eciu sxe Ha pacTeHnH 0CaXIaloTCs PaJrOaKTHBHBIC TBUICBHIHBIC YaCTHIIBL,
TO pacmpejeleHHe ASISIIINXCS 3JIEMEHTOB B JIICTE HE ITOBTOPSIET €ro MakpoCTPyKTypy. IIpum sToM oToOpaxkeHHe Ha
JIETEKTOPE TAKUX 3arpsA3HCHUI NMeeT crelnndUYecKyro, XapaKTepHYo JIs MbLTH KoHdurypauuso (puc., 11).

Puc. Pacnpedenenue ypana ¢ nucme monons, npouspacmarouie2o eoauzu omeanos (I) u ¢ 20 km om ypanosozo
mecmopodxcoenus (I1): a — aucm monons, 6 — oemexmop [1].

J11st OLIeHKH YPOBHSI COJICpIKaHUsI PaJMOAKTHBHBIX 3JIEMEHTOB B PACTHTEILHOCTH Ha MCCIEAYEMOH TEPPUTOPUH
0TOOpaHBl TIPOOB! UCTREB TomoMs. OTOOp Mpod B TOpoJe MPOBOAWIM B KOHIE JIETa IO pa3pspKEHHOH cetu. JIumcThbs
OTOMpaIT METOZOM CpeqHel MpOoObl B HIKHEN YacTH KPOHBI C BHEIITHEH ee CTOPOHBI IO OKPY)KHOCTH Ha BeicoTe 1,5-2 M
OT TIOBEPXHOCTH 3€MJII C NPHMEPHO OJHOBO3PACTHBIX IEPEBHEB OMHOTO BHAA. [l yMAaKOBKM M XpaHEHUs Ipo0
rcronb30Bainn kpadr maketsl «Creputy». Beero Ha Teppuropun . KpacHokameHka 0ToOpaHo 5 mpo0.

IMoxroroBka mpo0® A aHaiIM3a BKIIOYAJA CIEIYIONIME OIepaluy: IPOCYIINBAHUE IPU KOMHATHOU
TemIiepatype, M3MeNbuYeHHe, B3BELIMBaHUE M o30jeHHe. O305eHHe Mpo0 JMCTHEB NPOM3BOIMIN CIIOCOOOM CyXOif
MuHepanuzanuu cornacHo TpedopanusiM [OCT 26929-94 [2]. Cpeansis 307bHOCTh JHCTHEB TOMONSA cocTaBmia 12 %.
OmnpeneneHne BalOBOTO COAEP)KAaHMS ypaHa M TOpus B o0pasmax 30Jbl JIMCTBEB TOIOJS TIPON3BOMIN
WHCTPYMCHTAIBHBIM ~ HEUTPOHHO-aKTHBAIMOHHBIM ~MeTomoM aHamm3a (MMHAA) B akkpemuTOBaHHOW  sIEpHO-
reoXuMHYecKoil naboparopuu Ha uccienoBaTenbCkoM sigepHoM peakrope WMPT-T B ToMmMckoM MOJIMTEXHHYECKOM
yHuBepcuTeTe 1o arrectoBanHbM MeToankaM (HCAM BUMC Ne 410-5®), ananutuku A.®D. Cynsiko, JI.B. Boryrckast.
CpenHeKkBapaTHIHAasl MOTPEITHOCTh ONPEETeHNsT COMepKaHNs IeMEHTOB cocTaBmiaa He Gonee 30 %. IlomyueHHbIe
Ppe3yabTaThl NPECTaBICHb B Ta0IHIIe.

Taonuya
Cooepircanue ypana, mopus (6 2/m) u Th/U omnowenue 6 30ne nucmopes mononn 2. Kpacnoxamencka
XUMUYECKUIT 2]IEMEHT Conepxanue (cpemHee/min-max) Th/U
0,9

Th —

(0,6 —1,7) 05
U -

04-41

Ilo xo3ddurnmenty koHmeHTpamuu > 3, PacCUNTAHHOMY C HCIOJIB30BAaHHEM OIMYOIMKOBAHHBIX IAHHBIX O
CpeIHEM COJep)KaHHM 3JIEMEHTOB B 30JI¢ JHCThEB TOMOJA YpOaHU3UPOBAaHHBIX TeppuTopuil Kasaxcrana, Cubupu u
JlansHero Boctoka, moctpoeH reoxumuueckuit psa. Ilo memy B r. KpacHokameHCKe BbIIENA€TCs yCTOWUMBas ypaH-
nesuit-ropueBas cnenuanusauus: U (6,5) > Cs (4,9) > Th (3,1) [7]. VcTouHHKOM MOBBILICHHBIX COACPXKAHUMA IE3Us
ciyxar CS-coJieprKaliye ByJIKaHHUeCKHe CTEKIIa — TIEPIIHTHI, ONMCaHHbIe B 3TOM paiione I.A. llatkoebv (1969) [9].

Paccuntan moxazatenb Th/U oOTHOIICHHWs, KOTOPBII OTpakaeT NPEHMYIECTBEHHO TEOXUMUYECKHE
0COOEHHOCTH TOPHBIX IIOPOA (HETPOTeHHbIN (aKTop cpespl), a TaKKe MO3BOJIAET CyAUTb O HapyIICHHH MPUPOIHOTO
OajyaHca STHX JIEMEHTOB Ha TEPPUTOPHSIX C Pa3BUTHIM IIPOMBIIUICHHBIM npou3BoicTBoM [6]. Th/U otHomenue B 3015
nucTheB TOnois B I. KpacHokameHCke cocTaBuIO Hu3koe 3HadeHue — 0,5, 4TO sABIsETCA TEXHOTCHHOW aHOMAallUeH,
CBHJICTEIILCTBYIOIIEH O HAIMYNE HCTOYHUKA SMUCCHH YpaHa B OKPY)KAIOLIYIO CpeJy, BEI3BAHHOHW J0OBIUCH M HEepBUYHON
nepepaboTKOM ypaHOBBIX Pyl MECTOPOXKAEHUH Ha CTPENbIIOBCKOM PYIHOM MOJIE.
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BeiBonsl. IIpoBeneHHsbIil aHaMM3 OMyOIMKOBAaHHBIX AAHHBIX MOKA3ajl, YTO C MOMOIIBI0 METOJO0B paguorpadpuu
BO3MOXKHO C BBICOKOH UYyBCTBHTEIBHOCTBHIO, TOUHOCTBIO M HAITAJHOCTBIO BBISBISITH HCTOUHUKM PaJHOAKTHBHOTO
3arpsI3HEHUST OKPYXKAIOIIEH Cpellbl, a TaKkKe BBIABIATH IyTH MOCTYIUIEHHsS PaJMOAKTUBHBIX 3JIEMEHTOB B pacTeHus. C
noMoinpto Meroga MHAA B 3071€ JIUCTBEB TONOJIS OIPEAENEHBI COAEPXKAHUSA ypaHa U TOPHs, YPOBEHb KOHIICHTpAIUU
KOTOPBIX OTpa)kKaeT TeOXMMHUYECKYIO CIIeIHaIHM3alliIo, KaK YpaHZOOBIBAIONIEro M HepepadaThIBaIOIIero IpOU3BOACTBA,
TaK ¥ OpUPOAHOTO (akTopa. Pe3ynpTaThl HCCIIeOBaHMS MOATBEP)KIAIOT BHIBOA O TOM, 4To BenmmunHa Th/U oTHOmEHHS
SIBIISIETCSL HHANKATOPOM CTEIeHH TpaHC(OopMaIiy OKpY>Kalolel Cpebl B pejiesiax TeXHOTCHHBIX JIaHadToB.
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PAOVUO3KOINONMYECKAA OBCTAHOBKA B PAVOHE I'. TOPHO-AITTAUCKA
B.A. CutHuKoBa

Hay4yHbIn pykoBOAMTEND BeAyLUMIA HayYHbIn coTpyaHuK KO.B. PobepTyc
opHo-Anmaiickuli 2ocydapcmeeHHbIll yHueepcumem, 2. [opHo-Anmalick, Poccusi

Haubonee kpynHoii ypOaHu3upoBaHHOW TeppuTopueii PecmyOnukn AnTail sBIseTCS XO3HCTBEHHO-
cenuTeOHas aryioMepanys ee aAMUHUCTPATHBHOTO IIeHTpa I. [opHO-AJTalicka M CelnbCKUX MPUrOPOOB, Te Ha IUIOIAIN
30 kM’ IpOXKHMBaeT OKOJIO 85 Thic. uell. umn 40 % HaceleHMs PeciyONHKH. PaguosKonoruyecKkas H3y4eHHOCTb B pailoHe
arJoMepanyy HepaBHOMEpHas, HO B IEJIOM YIOBJIETBOPUTENbHAS, OTHAKO OTCYTCTBYET 0000IIeHNEe UMEIOIIIXCS JAHHBIX
1 HE BEJIETCS] MOHUTOPHHT B MECTaxX HANPsDKEHHOH paTHaliiOHHON 0OCTaHOBKH.

Panuoskonornueckass 00CTAHOBKAa Ha TEPPUTOPUM arjoOMEpaIMy 0OyCJIOBICHA B OCHOBHOM PajMAllMOHHBIMU
XapaKTepUCTUKAaMU TEOJIOTMIECKOH Cpefasl M YacTHIHO IPONUIBIMUA aTMOC(EPHBIMH BBHINTAJCHUSIMU PaANOAKTUBHBIX
MIPOIYKTOB SJCPHBIX B3pHIBOB. B Hacrosimiee BpemMs OHa BapbHpyeTcs B OONbIIMX TIperenax — OT (DOHOBOH 10
HaNpsHKEHHOW M ONpeJenseTcs], TIIaBHBIM 00pa3oM, raMMa-(h)OHOM TOPHBIX MOPOA ¥ IOYB, COAEPIKAIINX €CTECTBEHHBIE
pamuonyimuasl (““K, #2Th, **Ra), ypoBHEM aKTMBHOCTM pajoHa B BO3AyXe H B BOJE, a TAKKe BO3IEHCTBHEM
KOCMHYECKOro u3aydeHus [2].

Pagnodkonornyeckass 00CTaHOBKAa, OO0YCJIOBJeHHasi TNPHPOAHBIMH  HCTOYHMKAMHU  M3JIYYeHHsI.
ConeprkaHne eCTeCTBEHHBIX PaIHOHYKIHIOB B II0YBaX HAXOMUTCS Ha (JOHOBOM IS arjioMeparuu yposHe (Tabum. 1), a nx
c1abOKOHTpACTHBIE BapHalnK OOYCIOBIICHBI Pa3IMUMSIMHI COCTaBa IOYBOOOPA3YIOMIX NOPOJ. MOIIHOCTE CO31aBaeMOi
MMH 3KCTIO3UIIHOHHON 103bI FaMMa-H3JTydeHHsl BapbHpyeTcst B peaenax 8-15 mxP/uac npu cpennem 10 MxP/uac. Mexay
CO00Oi €CTECTBEHHBIE PaguOHYKIHABI HUMEIOT TIIOJIOKUTECJIIBHBIE 3HAaYUMBIC CBA3H, O6yCHOBHeHHbIC COBMECTHBIM
HaXO0XJICHHUEM B HCXOJHBIX noq3006pa3yloumx nopoaax. HaHpOTI/IB, UX CBA3U C NMPUBHECCHHBIMHU TCXHOT'CHHBIMH 137CS
u *Sr orpunaTenbHbIe H He3HAUMMBIE [6].

Tabauuya 1
ITapamempur pacnpedenenus paduoHykIud08 6 nO46ax u OOHHLIX 0caoKax 6 paiione 2. I'opno-Anmaiicka (2/m)
RTS— _ IMoussl (N=44) _ Honnsie omnoxenus (N=16

min max X V, % min max X V, %

226 5 1,8 3,8 2,4 225 2,0 4,0 2,7 22,6
2327} 4,6 8,0 6,5 12,9 4,4 7,5 6,5 13,2

40y 0,93 1,50 1,25 9,8 1,11 1,57 1,31 9,2
137 e 2 47 8 108,0 2 5 2,7 41,1




