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OBIIASA XAPAKTEPUCTHKA PABOTDI

AKTyalabHOCTh HccaeaoBanuii. OxpaHa OKpykKawomeil cpeisl OT 3arps3HeHUH
ABJIsIETCS Ba)kHeHIe# 3ajaueii B chepe obecrnieyeHuss 6€30MaCHOCTH KH3HEACATEIBHOCTH
u passutus obwecrsa. Co3paBluasics JKOJIOrHYeckass HanpsbkeHHocTb B PecrniyOiimke
ApMeHust BBIHOCUT Ha IE€pBbIM IUIAH 3aJlayy OLIEHKH pacHpOCTPaHEHHOCTH M HAKOILICHUS
TspKenbix MetainoB (TM), kak Haubosiee onmacHbIX UIsi MPHUPOJHON CPeabl XMMHYECKMX
3arpsA3HAOMMX BenlecTB. [Ipu 3TOM aHanM3 CIOKUBILNEHCS KOIOTHYECKONW CHTYallMH, C
BBISIBJICHHUEM IIPOCTPAHCTBEHHO-BPEMEHHbIX U3MEHEHUH B Heﬁ, SIBJISIETCS HaA CCFOLLH}H_L[HHﬁ
JIeHb aKTyaJbHOM 3a/1aueil.

EcrecrBennnie IIPUPOAHBIE TPOLECCHI NPHUBOIAT K ONPEACIICHHBIM U3MEHCHUAM OKPY-
JKaIOIEH cpefibl, KOTOphIE, PEryisipHO COYETasCh C AHTPONOIrEHHBIMH BO3IEHCTBHUSIMH,
CMOCOOHBI M3MEHATh MPHUPOIHBIC TCOXMMHUYCCKHE LMKIbI M BbI3bIBATh IPOLECCHI, Nepe-
natoumecs 1o tpopuyeckum uensm. Ilorpedurenbckoe oTHOLIEHNE K OKPYIKalOLLE cpese
IpoBoLUpYeT Heperyinupyemoe nocryrienue TM uepe3 cucremy Boja-loyBa-pacTeHue.
3arpsizHenue Tpoduueckux ueneii TM cramo akryanbHOH npobGnemol H3-3a MOTEH-
IIMAJIbHOTO HAKOIJICHHUS MOCIECAHUX B OMOCHMCTEMax 4yepe3 3arps3HEHHYIO BOMY, MOYBY M
BO3/TyX.

B 1aHHOM KOHTEKCTE OHOM M3 Ba)KHEHIIMX 3a7a4 OMOTECTHPOBAHMUS 3arpsA3HEHHOCTH
OKPYXKAIOLLEH cpejibl SBIISIETCS MW3Y4YEHME OTBETHON peakuuy pacTeHUH Ha KOH-
LeHTpalMOHHble u3MmeHeHuss TM, BbI3blBalolMe HeoOpaTHMble BO3JEHCTBUS Ha
pasnuyuHbie (PU3MOIOrHYECKHE MPOIIECChl pocTa M pa3BUTHsA pacTeHuid. [IpuHATO KayecTBO
OKPY’KaloIlel Ccpe/ibl OIICHUBATh ITyTEM CPABHEHHMs MMEIOLIMXCS M3MEHEHHWI C ypOBHEM
JIOMYCTUMOTO CO/IepKaHMs 3arpsasHsaiommx BemiectB. Psaag TM siastoTcs GMonornuecku
HEOOXOIMMBIMM 1151 JKUBBIX OPraHU3MOB, HO, HAKAIUIMBASCh B PACTUTEIILHOM OpraHU3Me
U AKTUBMUPYSCh B JIaJbHEHILIEM B XOJE Ppa3IM4YHbIX MeTado/IMYecKHX Ipoueccax,
CTAHOBATCSA TOKCHYHBIMH C YBEJIMYCHHEM KOHIIEHTPALMH UX B OKpYXKarollei cpeje.

[Tporiecchl morsomeHus, HaKomieHus W pacnpejaencHuss TM B pacTeHum, mnpexje
BCErO, CBSI3aHbl C ONPE/CICHHBIM KOIMYECTBOM BO/Ibl, TAK KaK MMEHHO OHAa SBJISACTCS
npoBogHUKOM TM B KileTkaX pa3HbIX TKaHEl W OpPraHoB PacTUTEILHOIO OpraHu3ma.
WccnenoBanusi  JaHHBIX  IIPOLECCOB  MMEIOT HE TOJIBKO I[IPAKTHYECKOE 3HA4YeHHeE,
MO3BOJIAIONIEE OCYIIECTBIATE MOHUTOPHHT 3arps3HEHHOCTH OKPY’KaIOLIeH Cpejibl, B TOM
yHciae OMOTHI, HO M BakHOe (yHAAMEHTalbHOE 3HAYCHHE, CBSI3aHHOE C BBISBICHHEM
MEXaHM3MOB aJalTalud M YCTOMYMBOCTH PACTEHMIl NPHU AKTUBALMH CHUCTEM MX AHTH-
OKCH/IAaHTHOH aKTUBHOCTH.

B cBs3u ¢ BbllIECKAa3aHHBIM BO3HUKAET HEOOXOAMMOCTb MPOBEACHUS KOMILIEKCHBIX
MCCJICZIOBAHMMN 10 M3YYCHHIO MEXaHMU3MOB TOTJIONICHHS, HAKOIICHU U murpanuu TM He
B OTJEIBHO B3ATOH cHUCTEME, a B OMOrcOXMMHYECKOM KOMILUICKCE, KAaKOBBIM SBIISETCS
Tpuaja Boja-nouyBa-pactenue. Ocolblif HHTEpEC BbI3bIBAET BOIPOC UCIIONBL30BAHUS pac-
TEHUI B KayecTBE NPUPOJAHBLIX OapbepoB Ha myrd Murpauud TM, Ha OCHOBAaHHMM Hero
MOXKHO pa3paboTaTh Kaue€CTBEHHO HOBBIH I0OAXO[ B I'€OJKOJIOrMYECKHUX MCCIIEIOBAHUSX
JUISl KaueCTBEHHOrO0 M KOIIMYECTBEHHOTrO MPOTrHO3MpOBaHusA cojaepkanus TM B Tpuaze
BOjla-nio4Ba-pactenue. [lpum sTrom momyueHHass mHGOpMalys MO3BOIUT pa3paboTaTh psf



MEpOMNPHATHIA, HANPaBICHHBIX HA OrPaHUYEHHE MOCTYIUICHHs M pacnpoctpaHenns TM o
TpohUUeCKUM LIeTIsM.

Heas u 3agaum padorwl. llenb paboThl COCTOMT 6 2e03K0102UYECKOU OUeHKe
COCTOSIHMSI OKpYy’Karlolleil cpelbl HEKOTOpbIX peruoHoB PecnyOnuku Apmenus, ¢
6blAg/IeHIUeM MUTPALIMOHHBIX pacnpeaenenuii psyia TM B cucteMe Boja-1oyBa-pacTeHue;
¢ onpeodenenuu OCOOEHHOCTEH MNOrNouieHUs M HakoruieHnss TM pacreHusmMu Ha (oHe
M3MCHCHHS WHTEHCUBHOCTH MX BOJOIOIJIONICHHUS U BOJOHCIIAPCHHUSA; 6 U3YYeHUU MexXa-
HU3MOB aJlalTalMy PpacTeHUi 110 WX AHTHOKCHIAHTHOH aKTMBHOCTH B YCJIOBUSIX 3aCyXH M
3arpsA3HEHHOCTU uccienyemblx teppuropuit TM; ¢ paspabomke HaydHOOOOCHOBaHHBIX
peKoMeH1aluid 10 6e30MacHOMY HCIOJIL30BAHUIO TepPUTOpPHil 3arpsisHeHHbIX TM B yciio-
BHSIX 3aCYXH.

B 3apa4n uccJie10BaHHI BXOAHI0:

» W3yunTh MHUrpalMOHHBbIE OCOOCHHOCTHM pPACIPECICHUsI TSKEIBIX METaIoOB B
CHCTEME BO/a-NMOYBa-PacTCHUE B Pa3IMYHBIX MMOYBEHHO-KIMMATHYECKUX peruoHax Apme-
HUMH.

» BbIsBUTBH HOBBIIi 110/1X0]1 OrpeiesieHust pakTopa dKOJIOrHUECKOro pucKa B CUCTEME
BOJIA-TI0YBA-paCTEHUE MO OMOTCOXMMHUYECKUM KO3 uiineHTaM.

» OueHHUThH BIMSHHUE 3aCyXH Ha (PM3MOIIOrHYECKHE MPOIIECChl POCTa M Pa3BUTHs pac-
TEHUH W3 Pa3IMYHBIX MOYBCHHO-KIMMATUUECKUX PErMOHOB APMEHHH.

» MHccnenoBaTh M3MEHEHHMS KJICTOYHOIO TOMEOCTas3a JUIsl BBISIBICHHS! B3aHMOCBSI3U
Mexkay coxepkanuemM TM M BEIMYMHOM Typropa Hpu pas3jiMUHbIX YCJIOBHMSIX aOHOTH-
4eCcKoro crpecca (TsKelIble METaibl M 3acyXa) B oOpaslax pacTeHMi W3 pas3IMuYHbIX
MOYBEHHO-KJINMAaTUYECKHUX PETHOHOB APMEHHH.

> BbIsBUTE  OCOOCHHOCTH  aJanTalMOHHBIX  MEXaHW3MOB  AHTHOKCHAHTHOMN
peryJisliMy pocTa pacTeHWH INMpH 3acyXe, OTJIHWYAIOIIMXCS 10 MOYBEHHO-KIMMaTHYECKHM
peruoHam 1pou3pacTaHus.

» OO0OocHoBaTh (yHJAaMEHTAlIbHbIE MOAXO/AbI K OHOr€OXMMHUYECKOMY KOHTPOIIO
TEppPUTOPUI M HA OCHOBAHMM 93TOro pa3paboTaTh HKCOpecc-METO[bl OICHKH |
MOHMTOPHHTA 3arPA3HEHHOCTH OMOTHI B LIEJIOM.

Hayunasi noBn3Ha. B pabote BrepBbie JaHa KOMIUICKCHAs XapaKTepHUCTHKAa COCTOs-
HUsl 3arps3HEHHOCTH CHCTEMBI BOJA-II04BA-PACTEHHE PA3IMYHBIX M0 CTENEHH W3MEHEHUs
conep:xkanuss TM B paccMaTpuBaeMOM CHCTEME; OIPEESIeH HOBBIM IMOAX0/J OLEHKH
(hakTOpa SKOJIOrHYECKOro pucKa 1o Ouoreoxumuyeckum kodpduuuenram psga TM B
CUCTEME BOJa-NOYBA-PaCTEHUE B MPHUOPEKHBIX TEPPHTOPHUIX psala pek ApMEHHH B pas-
JIMYHBIX MOYBEHHO-KIMMATHUYECKUX YCIOBHUSAX; BBISBICHBI pacrpesaencHus u cesisu TM B
paCTHTEIILHOM OpraHM3Me€ Ha OCHOBAHMM OCMOTHMYECKOI'O JABJIIEHHSs W  BOJHOIO
MOTEHLMAJIA, BBI3bIBAIOLIUX TYProp PaCTUTENIbHOM KIETKH.

BriepBbie crenenb 3arpsA3HEHHOCTH [MOYBEHHOI'O IIOKPOBA OLEHMBAETCA C YY4ETOM
KOd(p(puLMEeHTa KIAPKOBLIX KOHUEHTPALMH psijla XHMHUYECKUX JIEMEHTOB, 03BOJISIIOLIMX
BBISIBUThH PEaIbHYIO CTENICHb AHTPONOTCHHOM 3arpsA3HEHHOCTH OKPY)KAIOIICH CPe/ibl.

M3yuyeH aHTHOKCHIAHTHBIH CTaTyC PpAacCTEHHi, BBISBISA-IOMIMN  aqanTallMOHHbIC
MEXaHHU3Mbl (IPOLECCHI) IPH KOHLEHTPALMOHHbIX W3MeHeHusix TM B cucreme Boja-
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MOYBa-pacTeHHe ¢ Y4eTOM 3acyXu. BrepBbie BbisiBIeHa (DYHKIMOHAJIbHAsi CBA3b MEWKIY
HHTCHCHBHOCTBIO CITIOHTAHHOH XCMWJIIOMHHECHCHIMM W KOHUeHTpauusmMu TM B
paCTeHHSX-HHUKATOPAX, 4YTO MO3BOJSET OCYIIECTBIATh A(PPEKTUBHBIH MOHHUTOPHHI
CTEIEHH 3arpsi3HEHHOCTH OHOTHI B LIEJIOM.

IIpakTHyeckoe 3HaYeHHMe W NPHMEHEHHe Ppe3yJbTaToB ucciaepoBanui. [lony-
YEHHBIE Pe3y/IbTaThl, TECOPETHYECKHE TONOKEHUS, pa3paboTaHHble HayYHO-000CHOBAHHbIC
METOIMYECKHE TMOAXO/AbI MOTYT MPHUMEHATHCSA MPHU OLICHKE TEXHOTCHHOM 3ar psi3HEHHOCTH
OMOTBI C YHETOM MHIPALMOHHLIX 1poueccoB TM.

[TpoBeaeHHble UCCIEAOBAHUS 10 OMNPEIEIEHUI0 aOMOTHYECKOro CTpecca Ha pocT H
pa3BHTHE pACTE€HHHl B PA3IMUHBIX [MOYBEHHO-KIMMATHYECKUX YCJIOBHMSX HMMEIOT IpaK-
THYECKOE 3HAYEHHE IIPU BBIABICHUM NPUHLMUIIOB W 3aKOHOMEPHOCTEH MHIpaLuu,
norsomenus 1 HakorieHus TM B Tpuazie BoJa-nouBa-pactenne. Pazpaborana MeToanka
omnpe/eseHust pacyeTHoil 3arpsisHeHHocTH TM  Tpuazbl BOJA-NMOYBa-pPaCTEHHE, Y4uH-
THIBAIOIIASl UX 3HAYEHMS KJIAPKOB BEPXHEH KOHTMHEHTAILHOM 4acTH 3€MHOH KOpbI, 1103-
BOJISIOIIAs] PACCYMTHIBATH HOPMATHBBI JIONTYCTHMBIX 3arps3HEHUN.

BoisBieHHass ~ KOHIEMIMA  OLEHKM  (akTopa  SKOIOTMYECKOrO0  pHUCKAa  TIpH
aHTPOMNOIreHHOM 3arps3HCHHH SBJIACTCS BaXKHBIM MOJXO/I0M, MO3BOJISIOIIMM YYHTHIBATh
HEKOHTPOJIMPYEMbI€ KOHIIEHTpalMoHHble u3MeHeHus TM B okpyxkatomeit cpexne. Ha
OCHOBE OLEHOYHbIX PACUYETOB psaa OHOreOXMMHUYECKMX KOIP(PHLUMEHTOB MOryT ObITb
pa3paboTaHbl NPUHLIKIIBI KJIACCH(UKALIMK 3ar PSI3HEHHOCTH 1104B.

Pa3paboTka psja HaydHbIX 3a7a4, CBA3aHHBIX C M3yY€HHEM MUTPAIMH, KOHIICHTPALUH
n nepepacnpeaeneauemM TM B Tpuaje Boja-noyBa-pacTeHUs, MMEET MPaKTHYECKOe 3Haye-
HHME TIpK pa3paboTKe CTpaTerMy panMoOHAIbHOIO MPHUPOIONONL30BAHUS /ISl COBEPIICHCT-
BOBAaHMS OpraHM3allUM YCTOMYMBOM OKOCHUCTEMBl C Y4€TOM HM3MEHEHHiH (u3MKO-
reorpa)MuecKuX U IeOXMMUYECKUX OCOOEHHOCTEH TEeppUTOpHil M3-3a J100alIbHOrO U
PETHOHATBHOTO AHTPOMOrE€HHOTO BO3JCHCTBHA. Pe3ynbTaThl MOryT OBITH HCIOIB30BaHbI
MHHHUCTEPCTBOM OKPY/KAIOIIEH Cpe/ibl U YNPABICHHUSA CEIbCKOro X035icTBa ApMEHHMH TPH
KOMIIJICKCHOH OIIEHKE S3KOJOTrMYecKoi 0e30MmacHOCTH MCIONb30BAHMA PEYHON BOABI M
HNpUOPEIKHBIX TEPPUTOPHH C LIEJIbIO IMOBBIIIEHUS MPOJYKTUBHOCTH [POU3PACTAIOLIMX HA
HUX PACTEHHI.

ITosokenusi, BLIHOCHMbIE HA 3ALUTY.

1. ObocHoBanne MurpauroHHeix ocodennocrer TM B cucreme Boja-no4Ba-pacTeHue
B Pa3JINYHBIX MOYBEHHO-KIMMATHYECKUX PErHOHAX APMEHHUH.

2. OueHka ponu BOJIBI B Mpolieccax TMOTJIOMICHHA M HakoruieHHs TM B KJIETOYHOM
roMEOCTa3e pacTUTEJILHOIO OpraHM3Ma Ha OCHOBAHMH M3MEHEHHUIl OCMOTHYECKOro JaBie-
HMSL M BOJHOI'O [1OTEHIMANA, KOTOPbIE PErYJIHPYIOT TYProp KIeTKu.

3. AKKyMy/upylomas CcrocoOHOCTb PAaCTHTEIbHbIX OPraHW3MoOB B OTHoweHMH TM
onpezenseT MoaXo/ B pacuere OMOreoOXuMHUIECKUX KO3(hhuIHeHTOB.

4. Cnenudrka aHTHOKCHIAHTHOrO CTaTyca PacTEHWH B KayeCTBE OTBETHOH peaklnu
Ha 3acyxy U murpauuo TM uis BbipaOOTKH ajianTaliuOHHON MOJIEIH.

5. U3yuenue pacTeHHH-UHIMKATOPOB B KQUECTBE €CTECTBEHHOI'O NPUPOAHOro Gapsepa
npu murpaiuu TM B npuOpeKHBIX TEPPHUTOPHUAX HEKOTOPHIX peK ApMEHHH, MPH 3TOM



BbIOOp  pacTeHuii  00ycnoBIEH WX  NpPEApacrolOKEHHOCTBIO K  aKKyMYJIAIHH
onpezeneHHsix TM.

Anpodannsi paborbl. OCHOBHbBIE Pe3y/bTaThl HCCEPTAINN B BHJE TOJI0BBIX OTYETOB
00CYK/alICh HA EXKEroiHbIX KoH(epeHuusx HalMoHaIbHOrO NOIMTEXHHYECKOro YHU-
Bepcutera Apmenun (HITYA) B pamkax uccneoBanuii npu punancosoii noyiepxkke I'KH
MOH PA (N 0417, 2005-2007 rr.; N 0252, 2008-2010 rr.; N 15T-2H409, 2016-2017 rr.)
M ObutM 0700peHbl YueHbIM CcOBETOM (hakynbTeTa XHMHYECKMX TEXHOIOTHH H
ukenepHoi dkonorun HITYA g nmybimkauun B COOTBETCTBYIOLMX PELEH3UPYEMBbIX
JKypHajax.

Pesynbrarel ucceprauuoHHOi paborbl Obu jJonokeHsl u obcyxiaenst Ha XIX
MEK/IyHAPOAHOH  HAYYHO-NPAKTHYECKOH KOH(pepeHLuH «AKTyalbHble [podiembl
9KOJIOTHH M NpHpoaonoiab3oBanus» (26-28 cenr., 2018 r., Mocka, Poccus); Ha Mexmy-
napozHoii Berpeue Horizon 2020 Societal Challenge 2 «Food security, sustainable agricul-
ture and forestry, marine and maritime and inland water research and the bioeconomy»
(14-19 nos6., 2017 r., bproccens, benbrus); Ha mexayHapoaHoil koupepenimn «The 4th
Conference on Frontiers in Water Biophysics» (23 — 27mas, 2017 r., Dpuue, Uranus); Ha
mesxayHapoanoit Berpeue EU FP7 SUAFRI-EPC «Technology transfer skills training
course & site visit programme» (3-7 okT., 2016 r., Penn, ®@panums); Ha MeKTyHapOAHO#M
koH(epenunn «The ICEBESE 2016: 18th International Conference on Environmental,
Biological, Ecological Sciences and Engineering» (04-05 asr., 2016 r., Amcrepaam,
Hunepnanzpt); Ha MexayHapoaHoii kondepenumn «The ICEEE 2016: 18th International
Conference on Ecological and Environmental Engineering» (11-12 asr., 2016 r.,
bapcenona, Ucnauns); Ha cemuHapax Kadeapbl KOMIUIEKCHBIX MONCKYISPHBIX HCCIIEI0-
BaHMil 10 (u3nonoruy pacrenuit ynusepcurera Aurseprena (2014 — 2015 rr., Antsep-
neH, benbrus); Ha MexyHapoaHoit kougpepenuuu «The 17th EPSO conference: Plants for
a Greening Economy» (1-4 cen., 2013 r., [Topro Xenu, ['peuns); Ha MeKTyHAPOIHOM
koHpepenunn «XIII Congresso Luso-Espanhol de Fisiologia Vegetal» (24-27 urons, 2013
r., JIuccabon, [Mopryramus).

Ily6amkauun pesyabratoB HccaenoBanuii. [lo marepumanam  mccnenoBaHmid
ormyonuxoBano 40 HayuHbIX padoT, U3 KOTOpBIX 9 B MexkyHapoaHoN Oa3e naHHbIx Web of
Science u Scopus, B Tom umcie 11 nyOmukaumit Ge3 coasropoB. Ha ocHoBanuu
IOY4EHHBIX PEe3y/IbTATOB 3apPErMCTPUPOBAHO [ATh [ATEHTOB B ArEHTCTBE HHTE-
JNIeKTyaIbHOH coOcTBeHHOCTH MuHHCTepeTBa FKoHOMHKH PecrnyOmmkn Apmenns.

O0bem u crpykrypa auccepraumu. /{ucceprauuonHas pabora usnoxkena Ha 224
CTPaHHIIAX, COCTOMT U3 BBE/ICHMS, CIHCKA COKPAICHMI, 6 TIIaB, 3aKIIOUCHHUS, BBIBOJIOB,
MPAKTHYECKUX MpEIOKeHUH, BKoyas 25 Tabnuw, 31 pucyHka, crimMcka JUTepaTypsl U
MPUIIOKEHHH.

Bo 6sedenuu nano teopernueckoe 060CHOBaHHE U CHOPMYIHPOBAHA AKTYAlILHOCTD
TEMBl, ONpE/EIeHbl LEdb M 3aJaud, [OKa3aHa HayyHas HOBM3HA, NPaKTHYECKas
3HAYMMOCTh PabOTHI, C yKa3aHHEM TNpPEIOKCHHH M PEKOMEHAALMH MO NPUMEHCHHIO
BBISBJICHHBIX OCHOBHBIX PE3YJIbTaTOB M 3aKOHOMEPHOCTEH MCCIEI0BAHMH, a TaKke
OCHOBHBbI€ [0JI0)KEHHUS], BBIHOCUMbIE Ha 3aLLUTY.



B nepeoit z2nage npejctaBieH aHaIW3 pPAcpOCTPAHEHUS TSKEIBIX METAIOB B
NPUPOJHON Cpejie Ha OCHOBE aHallu3a HAyuyHOH auTepaTypbl. PaccMOTpeHBI OCHOBHBIC
NOYBEHHO-KJIMMAaTHYECKHE XapaKTEPUCTUKH UCCIIEyeMbIX PErMOHOB APMEHHH, KOTOpbIE
OIpEJENsIOTCs MOP(OreHeTHYECKUMH, XHMHYECKMMH, OHMOJIOrHYECKUMH M JIPYrUMH
xapakrepuctukamu. [IpuBeicHbI JaHHBIC 110 OCHOBHBIM TOKCHMYECKHMM 3JIEMEHTaM B BOJIC
peK ApMEHMH C pa3JelIeHHEM Ha TPU reorpaMuecKkue 30Hbl.

Bo emopoit 2naée npuBejneHbl pe3yinbTaTbhl 10 KOMIUIEKCHOMY OHPE/EIIEHHIO
COjIepKaHus psijla XMMHUYECKHX 9JJIEMEHTOB B TpHaje Boja-nouBa-pacreHue. C yuerom
3HAQUEHMs] KOHLEHTPALMil KJIApKOB BEPXHEH 4aCTH KOHTHHEHTAJIbHON 36MHOH KOpbI JaHa
OLIEHKA aHTPONOreHHOoH Harpy3ku TM B pacnpoCTpaHEHHOCTH M€OXMMHUYECKHX aHOMaJINi
JUISL MCCIIEyEMBbIX TEPPUTOPHH, KaK OJHOW M3 NMPHUYMH HEOAHO3HAYHOCTH TPH OLEHKE
IKOJIOrMYECKOro cocTosiuusi cpejibl. Jlaercs meroanueckoe onucaHnue 00bLEKTOB U METO/10B
UCCIIe10BAHMSL.

B mpemuweit 2nase npose/ieH CpaBHUTEIIbHBIN aHAIU3 PE3Y/ILTATOB 110 MUIPALIMK Psija
TM B Tpuaze BoOJa-MoOYBa-pacTEHHME Ha OCHOBE pacueTa pa3BEpPHYTOro KOMILIEKCa
OnoreoxuMuyeckux Kod(puireHToB OOCYKIEHBI Pa3INYHbIE MOAXO/IbI MO BISBICHUIO
KJj1accoB onacHoctd TM.

B uemeepmont 2nase npuseneHbl pe3ynbTaTbl M0 H3YYEHHIO MHJHKALMOHHBIX
0COOCHHOCTEH KaK O/IHOJNIETHHX, TaK M MHOTOJETHHX pacTeHWil ¢ ydeTom TpaHchep-
¢akropa TM pans HUX TpU HayalbHBIX OBICTPHIX, @ 3aTEM M MEJUICHHBIX pEaKIIMii
aacopour TM; 1o reHOTOKCHYECKOMY HCCIIEJ0BAaHMIO HMCCIIEyeMOro marepuaina s
paloHaIbHON (PUTOPEMEIMTALMH 3arPS3HEHHOCTH 104BbI. TakKe Mpe/IcTaBlIeHbl JaHHbIe
[0 NPOCTPAHCTBEHHO-BpeMEHHON Murpauuu pspa TM B Tpuane Boja-nouBa-pacTeHue.
JlaeTcs MmeToiMdeckoe onucaHue 0ObEKTOB U METOJI0B MCCIICIOBAHUS .

B mamoit 2nage npoBejieHa KOMIUIEKCHAas OLGHKA BIMSHHUA JeQUIMTAa BOJBI Ha
(u3HoNOrHYecKHe MpoIEecchl POCTa, PA3BUTHS M TOINEPAHTHOCTH MCCIICAYEMbIX PacTEeHMIt
B Pa3MYHBIX [MOYBEHHO-KIMMATHYECKUX YCIOBHAX HX TMPOM3PACTAHHUA C y4ETOM
M3MEHEHUH NapaMeTpoB TYpropa, rujpaTaluy, TPAHCIIUPALMK, KUHETUKHU BJIaroy/ajleHus
npH crpecc-pakTopax 3acyxu 1 TM.

B wecmyro 2nagy BKit0UEHBI Pe3yNnbTaThl MO OMPE/ICTCHUIO CBOOOIHO-PaJIMKAIBHBIX H
AHTHOKCH/IAHTHBIX IOKa3areseil uccijieoBaHusi OMOIOrMYECKOro MarepHajia B KadecTBe
OTBETHOM PeaklMM IOCJEJHEro MpH aKTHBALMKM aJaNTALlMOHHBIX ITPOLECCOB IIPU CTpecC-
¢daxropax 3acyxu u TM. Taioke mnpeiacTaBieH CPaBHUTEIbHBIH aHAlW3 3aBUCHMOCTH
uHjaekcoB 3arpsizHeHHocth TM no kilaccaM MX  ONACHOCTH B 3aBUCHMMOCTH  OT
OMOXMMMYECKHX TOKa3aTeneil aHTMOKCHIAHTHOM aKkTHUBHOCTH. JlaeTcs MeToanueckoe
orucaHue 0ObEKTOB U METO/IOB MCCIIE/IOBAHMS

B npunoscenuu npencrapineHsl pesysbTaThl [0 OLEHKE AHTPONOIE€HHOW Harpyske,
BbI3BaHHOE pabOTOil MeIHO-MOAHOAEHOBOrO MNPEANpHUSTHS B IE€pUOJ €ro padoTbl M
OCTAHOBKH; CXeMa-KapThl 110 cojepkanuio psjaa TM B oOpasuax pacreHus B 3aBUCUMOCTH
OT pacnoyioKeHus MecTa ux coopa.



OCHOBHOE COJEPKAHUE PABOTbI

1. OO0BeKTHI B METO/Ibl HCC/IEJOBAHHH

O0beKToM UcCiIel0BaHuUs SBJIsUIACH MOy3yOOBU/IHASI caxapHasi KyKypy3a apMsHCKOU
nonynsituu (Zea mays L.), koropast Oblila BbIpallleHHa B YEThIPEX OTIHYHBIX [0 YKOI'€0-
XMMHYECKHUM [OKa3aTensam Tepputopuii Apmenun: Jlopuiickuit Mmap3 Bronb peku Jleber
(Onm3yn —41°03°06" c.u1. 44°36°55" B.A., [IHox — 41°08°52" c.u. 44°50°16" B.4., Texyr —
41°07°05" c.u1., 44°50°45" B.1.), ApmaBupckuii Map3 BOnM3u pexku Apakc (Ymakepr —
40°04°52" c.u1., 43°55°35" B.jA.), U €ro reHeTHYECKUI MPOTOTUIl — KYKypy3a WHOpeHOit
smHuK (Zea mays ssp. mays var. B73). JleranbHo npeacraBieHbl METOAMUYECKUE OIUCAHUs
cOopa M MOArOTOBKM 00pa3loB OHMOIOrMUECKOro matepuana, npod BOJAbI M IOYBBI.
HccnenoBanne XMMYECKOro cocTaBa 00pa3lloB OCYIIECTBISUIOCH € MOMOIIbIO MOPTATHB-
Horo ananuzaropa «Thermo Scientific™ Niton™ XRF Portable Analyser» (CILIA).

COop MHOrojeTHHX PacTeHHH OCYIIECTBIISUICS COIJIACHO paHee pa3paboTaHHON M
anpoOupoBaHHON Mozenu 1o 3azaHHbiM  kpurepusm (r. Cesan (40°3720.8" c.uu,
44°57'33.5" B.11.), r. Pa3nan, ceno ®antan (40°24'02.9" c.m., 44°41'34.4"8.11.); r. Crena-
HaKepT, CeBEpOBOCTOYHAs mpuropoanas vactb (39°50'14.2" com., 46°46'37.0" B.1.); T.
Epesan, borannueckuii caa (40°12'41.9" c.ur., 44°33'31.6" B.21.)). Or6Gop 0Opa3LOB 1104B U
HA/I3€MHBIX YaCTeH pacTeHHil OCYIIECTBIISICS C YHETOM CPEHEro 3HaYeHUsl U3MEPSIeMbIX
BEJIMUMH Ha eauHMIly miomaan cbopa. Konmentpaums TM wuccnemyembix oOpasnax
ompejensAnaack B pacTBOpPE  CONSHOM  KHUCJIOTBI  Ha  aTOMHO-abcopOIHOHHOM
cnektpodoromerpe «AAnalyst 800» (CLIA) ¢ rpaduToBBIM aTOMH3aTOPOM M TEYBIO
GFA-EX71, ¢ nocneayomnmM nepecyeToM Ha CyXoi Bec MaTtepuaia.

Jli1s BOCHIPOU3BE/IeHUsl DKCIIEPUMEHTOB C PA3JIM4YHON CTENEHbIO MOJEIMPYEMOI 3acy-
XM, pPAacTeHHs KyKypy3bl ObUIM BBIpAIlCHBI B KamMepe C KOHTPOJIMPYEMbIMH KIHMAaTH-
yeckumu ycroBusiMH (169 nens/ 8 u Houb, coorBeTcTBeHHO 25°C/18°C, BnaxkHocTh 20%,
DAP (dorocunterndeckn aktuBHas paauaimms) 300 pE-m-2 c-1). Jlns KOHTpOIbHBIX
00pa3ioB Ba30Hbl C CEMEHAMHM TMOJIMBAIN KaXKI0JHEBHO, MOJAJICP)KHUBAs BlIary B MOYBE C
oTHOCUTENbHOI BraxkHocTbio noussl (OBII) B nouse 54%. C uenbio MopenupoBaHHs
ymepenHoro BozHoro crpecca OBII cocrasisuio 43% (He HaOnoaan0Ch YBSAAHUS JIUCTh-
eB), a s xectkoro crpecca OBII B mouse 66110 34% (JMCTHS yBAAAQIN B TEUCHHE JTHS)
COOTBETCTBEHHO. {11 KHHEMAaTHYECKOro aHalu3a KaK/blil ACHb MU3MEPSUIH JUIHHY MATOrO
Jmcra.

H3mepenne 0CMOTHYECKOrO MOTEHIIHAIA BOJbI OCYLIECTBIISUIOCH OTEHIIHOMETPHUYEC-
KHM METOJIOM C IOMOILBIO BOCBMHKAHAIBHOIO aBToMarusuposanHoro npudopa PSYPRO
(WESCOR Inc., USA) ¢ ucnons3oBanueM kamepsl WESCORC-52, npenHa3HaueHHOTO
JUIsl ©3MEPCHHUS TIOTEHIIHAJIA BO/Ibl PACTHTENbHON TKaHU. BennunHa Typropa BeIMHCIAIACH
KaK pa3HULa MEXIy 3HAYEHHsSMH BOJHOINO NOTEHLMANAa MU OCMOTMYECKOr0 MOTEHLuasa
pacTUTENbHON TKaHMU.

C wenbio KOJIMYECTBEHHOIO OIpe/esieHus MoKa3zaTelieii aHTHOKCH/IAHTHOH CUCTEMBI
Cpe3bIBAJICS MATHIH JIMCT KYKypy3bl Ha TPETHIl JIeHb €ro pocTta, KOTOpbIi pasjensics mno |
cM OT ocHoBaHHs Jmcra 10 10 cM, dopMupys 30HBI pocTa (MepHcTeMa, YUITMHEHHE,
coszpeBanue). Jlanee B Kax0W M3 30H ObLIM ONpeJelieHbl KOHLEHTpALMs MallOHOBOI'O
nuansaeruaa (MJA) npod B npucyrcerBuu 2-tuobapoupyrosoii kucinorsl (Hodges, et. al,



1999); xoHIEHTpaIys KEIe30BOCCTAHOBUTEIbHON akTUBHOCTH nia3mbl (FRAP) npob no
’KEeIIe30BOCCTAHOBHUTEILHONH aKTHBHOCTH ma3Mmbl (Benzie, et. al, 1996); koHuentpaums
nomudenonoB (Gilvez M. et. al, 2005); xonuenrpauus ¢uiaBononnos (Chang, et. al,
2002). Konuenrpauuu Bcex OMOXMMHYECKHX I10Ka3aTesiell Ipe/CTaBlIeHbl B COOTBETCT-
BYIOIIIMX €MHMIIAX U MPHBEJICHBI K TPAMMY CBEKET0 Beca OMOIOrHYecKoro Marepualia.

Bcee nposezennbie skcrniepumenTbl umesn 10 OMOIOrHYEcKHX M 10 5 TEeXHUYECKHUX
MOBTOPHOCTEHN M craTucTU4ecky oOpabdoranbl. Pe3ynbraTs! Obliin 00paboTaHbl C IOMOILLBIO
nporpammbl - MatLab ¢ ywerom t-xpurepust Crbrogenra. HabGmiopaemsie pasnuuus
CTATUCTHYECKH 3HAYMMbI, TaK Kak npu ypoBHe 3Hauumoctu p<0,05 paccuuraHHbie
3HaueHusi Kpurepuss Obiim  Oonbmie  kpurudeckoro.  IlomydeHHble  pe3ynbTaThl
CPaBHHBAINCH C MIPHHATBIMA HOPMAaTHBHBIMU JJOKyMEHTaMu [8].

2. Taxesble MeTALILI B CHCTEMe BO1a-NI04YBA-pacTeHne
[33, 34,35; I15]

JL1st OLleHKM CTENEeHH 3arpsi3HEHHOCTH B HALIMX MCCIEI0BAHUSX ObUIM HCIIOJIb30BAHbI
3HAYCHMSI KOHIEHTpALMi KJIAapKOB BEPXHEH 4acTH KOHTHHEHTAIbHOW 3€MHOW KOpBI pac-
CMOTPEHHBIX AKCIIEPUMEHTANIbHBIX ydyacTKoB. Ha ocHOBe omnpeneneHHbIX 3HaYeHWi KOH-
HEHTpalMii XUMHUYECKUX SJIEMEHTOB B 00pasiiax MouBbl MMPOU3PACTAHUS PACTCHHH-WHIH-
KaTopoB ObLTH pacCUMTaHbl KIAPKHU MX KOHIIEHTPALMH, KOTOPbIE MOYKHO Pa3/Ae/IUTh HA TPH
OCHOBHBbIE rpymns! (Tadu. 1):

1. KK>10 — svicokoe codeprcanue KOHYeHmpayuit 31emenmos, cpeamn koropoix Sb
(Ymaxkepr, IInox, Texyr), Cd (Ymakepr, IlIHox), Ag (Ymakepr, [lIHox, Texyr), W
(Ymaxkepr, Om3yn, l1IHox), Co (Ymakepr, On3yH, lIHnox), Hg (Ox3yH, [lIHox, Texyr).

2. KK = 1,610 — cpeonee cooeprcanue KoHyeHmpayui riemenmos. B nannyro
rpynny Bxoast Sb (Oms3yn), Sn (YVwaxkepr, Texyr, Hlnox), Cd (Omsyn, Texyr), Mo
(Ywakepr, Om3yn, lInox), Rb (Texyr, Om3yn, llInox), As (Ywaxepr, Oa3yn, Texyr,
[lInox), Pb (Ilxox), W (Texyr), Zn (Illnox), Cu (Ymaxkepr, On3yn),Co (Texyr),Cr
(Ymaxkepr), V (Yakepr).

3. KK = L,0+1,5 — cnaboe codepycanue KOHUCHMPAWUI INIEMEHMOE, KOTOPOE
Omm3ko K knapkam jurocdepsl. B oty rpynny Bxoasar Ba (Vwakepr, Oasyn, Texyr,
[ITHox), Sr (Ywakepr, Ox3yn, Texyr, llInox), Rb (Ywaxkepr), Pb (Ywakepr, On3yH,
Texyr), Zn (Ymakepr, Om3yH, Texyr), Cu (Texyr), Ni (Ymakepr, Oa3yn, Texyr, 11IHOX),
Fe (Ymakept, Om3yn, Texyr, IlInox), Mn (Ywmakepr, Om3yn, Texyr, Illnox), Cr
(Ywakepr, Om3yn), V (Ymakepr, On3yn, Texyr, Inox), Ti (Ywakepr, Om3yn, Texyr,
[THox), Ca (Ywakepr, Om3yn, Texyr, Hlnox), K (Ywakepr, Om3yn, Texyr, lInox), Se
(Ywaxkepr, On3yn, Texyr, [1IHox).

B oOpa3nax mouBsl u3 pernoHa OmsyHa Bbicokoe 3HaueHHe KK Takux Xummuueckmx
sanemeHToB, kak Co, W, Hg; Sb, Ag, Hg — u3 Texyra; Cd, Sb, Ag, W, Co, Hg — u3 llIHoxa;
Sb, Cd, Ag, W — u3 YVmakepra. 3nauenne KK juis Takux XUMHUECKHUX JIEMEHTOB, Kak Sb,
Cd, Mo, Rb, As, Cu Obum B npezienax cpejHero nokasaresis B odpasuax u3 Oxasyna; Sn,
Cd, Rb, As, W, Co — u3 Texyra; Sn, Mo, Rb, As, Pb, Zn — u3 IlInoxa; Sn, Mo, As, Cu, Cr
— u3 Ymakepra. B ocranbnbix ciydasx 3Hauenuss KK B uccneyeMbIx pernoHax sBiasitoTCs
cnabo BbIPOIKEHHBIMH.



Tadoauua 1

3navenns kjaapka konuenrpaumii (KK) nus psiga XHMH4YecKHX 3/1eMeHTOB B
HEKOTOPBIX MOYBEHHO-KJIMMATHYECKHX pernonax Pecnybiinku ApMenus

XUMHUYECKHI
A ICMEHT VYwakepr On3yH [THox Texyr
Ba 0,183+0,006 0,421+0,008 1,214+0,011 0,499+0,003
Sb 31,177+1,559 9,382+0,047 25,830+2,325 18,349+0,110
Sn 6,654+0,133 1,358+0,011 4,098+0,037 3,063+0,018
Cd 25,340+1,267 9,522+0,076 24,149+2,173 9,221+0,055
Pd* - - - -
Ag 105,115+£5,256 H/0 39,613+3,565 36,835+2,210
Mo 2,136+0,043 1,759+0,014 2,630+0,021 1,232+0,007
Zr* - - - -
Sr 0,689+0,001 0,577+0,005 0,550+0,004 0,490+0,003
Rb 1,202+0,011 2,796+0,025 2,288+0,018 2,609+0,016
As 3,144+0,006 1,958+0,018 8,389+0,067 1,701+0,010
Se* - - - -
Au 2775,926+35,518 | 745,051+£6,705 589,412+4.715 531,047+3,182
Pb 0,799+0,016 1,037+0,003 4,341+0,035 0,680+0,004
\W% 41,056%1,232 14,095+0,127 19,254+0,154 9,652+0,058
Zn 1,315+0,066 0,866+0,008 3,398+0,027 0,724+0,004
Cu 1,641+0,082 2,664+0,024 16,138+0,129 1,241+0,007
Ni 1,106+0,044 0,877+0,008 1,269+0,010 1,195+0,008
Co 14,24440,985 12,7454+0,715 14,583+0,911 7,080+0,042
Fe 1,084+0,033 0,539+0,005 0,657+0,005 0,518+0,003
Mn 1,299+0,004 0,551+0,005 0,872+0,007 0,594+0,003
Cr 4,017+0,161 1,069+0,010 0,762+0,006 0,780+0,005
A% 1,930+0,058 1,01420,009 0,964+0,008 0,907+0,006
Ti 0,783+0,031 0,719+0,006 0,775+0,006 0,809+0,005
Ca 1,227+0,037 1,202+0,011 0,662+0,005 0,928+0,008
K 0,289+0,014 0,506+0,005 0,546+0,004 0,616x+0,004
S H/0 0,408+0,004 0,526+0,004 0,310+0,002
J* - - - -
Th* - - - -
Hg H/0 100,894+1,091 75,761+0,606 69,260+0,415
Sc* - - - -

Ipumeyanue. 3naxom™* ommeuenHvle XUMUHECKUE IMEMEHMbl He UMEIOm 3HAYeHUll
knapka no (I'pucopves H.A., 2009), n/o — ne onpedeireno 3HaueHue XumMu4eckKo2o

qiemenmad.

HOle'-lCHHble pe3y/IbTaThbl 110 3HAYCHHAM KK B [MOBEPXHOCTHOM T'OPHU30HTE II04YB

OIIBITHBIX IUJIOINAJZIOK BBISABHJIM  OTJIMYHA
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aHOMAJIMH JUTsl MCCIEyeMbIX XMMHYECKHMX 3JIEMEHTOB, YTO MOKET ObITh MPOSBICHHEM
HEO/THO3HAYHOCTH TPH OLIEHKE JKOJIOTHYECKOro COCTOSHMA cpejibl. beps 3a OCHOBY /laH-
HBII 110/1X0/l T'€0IKOJIOrMYECKHX OLEHOK AHTPONOreHHOH 3arpsi3HEHHOCTH Ineaocepsl
TM, npeanaraeMm HCIOIb30BaTh 3HAYEHUE KIAPKOB XMMHUUYECKHX JJIEMEHTOB B KauecTBe
cBOCOOpa3HBIX MOCTOSHHBIX BEJIMYMH ISl KOHKPETHBIX TEPPUTOPHI TPH OpraHW3alluH
MOHHMTOPHHIA COCTOSIHUSL OKPYIKAIOLLEH Cpe/ibl.

Cpemn  >pQeKTUBHBIX MNOJIXOJ0B BOCCTAHOBIEHUSI [1OYBEHHOH CTPYKTYphl MpH
sarpssHenun TM sBisiercst puTopeMenaryys, uaest UCHONL30BAHUS KOTOPOH COCTOMT B
UCIOJIb30BAHNHM METAJUIAKKYMYJIMPYIOIIUX pacTeHuil. Ha ocHOBe onpeneneHus KOHLEHT-
PALMOHHBIX 3HAYCHHUH pAa XUMHUYECKHX SJIEMEHTOB B 3€pHE KYKypy3bl HamMu ObLIT pac-
YUTaH yAeNbHBIH KOd(PQUIMEHT OHONIOrMueckoro HAKOMICHUS pAja XHMHYECKHX
aneMeHToB (Tabn. 2). CoriacHO MoJy4e€HHBIM PAcHYETHBIM BEIIMUMHAM YJEIbHBIN KOIG-
¢GuuueHT OUOIOrHYECKOro HAKOIUIEHUs UMEI 3HaueHHue OIMHM3KOoe K eAMHMLE Ul DJIeMEH-
ToB Sb, Pb, Ag, Se, Ni, Co, Th, Sc BHe 3aBUCMMOCTH OT peruoHa npouspacraHus o0pasLoB
KYKYpY3bl, KOTOpasi TEM CaMbIM TPOSIBJIICT CBOMCTBA PACTCHUS-TUIICPAKKYMYIISATOPA /15
JIAHHBIX XMMHUYECKHX 3JICMEHTOB.

C npyroii cropousl, 3Hauenue Ko B npeaenax or 0,3 10 0,7 ykasbiBaeT Ha NaCCUBHOE
Hakomienue ans aementoB Ba, Cu, Fe, Cr, V, S. B pacrenusix peakuus Ha crpecc,
BBI3BAaHHBIH KOHIICHTPAIMOHHBIMHM M3MeHeHusiMH TM B cpeae nmponspacranus, B NMEPBYIO
o4epe/Ib BhIPaXKaeTCs ONMPE/IEICHHbIC HAPYIICHHs B BOJHOM OanaHce.

Tabauna 2
Yoenvuout koappuyuenm ouonozuneckozo nakonneHus paoda Xumueckux 31€MeHmMoe
6 3epHe KyKypy3sl U3 paziudHblX NOY6CHHO-KIUMamu4eckux pecuoroe Pecnyonuku

Apmenusn
XUMUYECKHH 3JIEMEHT Texyr Om3yH [THox Yinakept

Ba 0,776 0,517 0,732 0,724
Sb 0,972 0,950 0,970 0,936
Sn 0,909 0,801 0,890 0,879
Cd 0,888 0,950 0,942 0,358
Pd 0,984 0,966 0,981 0,971

Ag 0,992 0,985 0,991 0,985

Mo 0,295 -0,392 0,159 0,540
Zr 0,899 0,7841 0,843 0,890
Sr 0,830 0,720 0,655 0,708
Rb 0,903 0,802 0,540 0,829
As 0,888 0,810 0,878 0,716
Se 0,968 0,938 0,960 0,899
Au 0,975 0,950 0,929 0,897
Pb 0,941 0,965 0,961 0,919
W 0,815 0,795 0,842 0,759
Zn 0,343 -0,328 -0,421 -0,082
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IIpooonoicenue mabauyor 2

Cu 0,571 0,338 0,452 0,561
Ni 0,993 0,987 0,979 0,953
Co 0,966 0,938 0,955 0,956
Fe 0,655 0,502 0,474 0,681
Mn 0,850 0,679 0,755 0,665
Cr 0,486 -0,054 0,546 0,497
v 0,698 0,408 0,650 0,679
K 0,674 0,234 0,463 0,659
S 0,769 0,580 0,313 0,733
U 0,948 0,914 0,958 0,903
Th 0,984 0,966 0,978 0,947
Hg 0,957 0,922 0,836 0,801
Sc 0,985 0,967 0,981 0,989

’”

[Ipumeuanue. 3nax "-"" nokasvieaem wuciennoe npesviuieHue KOHYeHMpayuu Xumu-
yeckoeo snemMeHma olisi 0aHHO20 0Opazya KyKypy3svl no cpagHenuio ¢ B73.

CrnocoGHOCTh pacTeHus MPOSBIATE OMOMHAMKAIMOHHYIO AKTHUBHOCTb, B MEPBYIO OYe-
penb, OyeT onpeaensiThbcs COCTOSHUEM TIOYBLI MPOM3PACTaHMs M CTEMEHH €€ YBIakK-
HeHHocTH. Hamu onpesienieHpl 3HaYeHMs1 KOHLUEHTPALMH psAaa XMMHUYECKUX JICMEHTOB B
nonuBouHoH Boze m3 pek [leber, IlIHox u Apakc. Tak, ans mcciemyembix oOpasiioB M3
peruona Texyr ycTaHOBJIEHO BbICOKOE cojepikaHue (>1) Takux anemeHTroB, kak Mo, Sr,
W, Ni, Co, Fe, Mn u Ti; mis [lInoxa — Sr, Fe u Ti; mis On3yna — Sr, Fe u Ti; ms
VYmakepra — Sr, Co, Fe, Mn, Cr, V u Ti. B ocTajbHBIX CIOydasix Mo COJACPKAHHUIO B
oOpasiax BoJbl XMMHYECKHE JIEMEHThI ONMpEeNsAIoTcs Kak ymepeHHocnabbie. Mcxoms u3
3TOrO TMpE/IaraeTcsi UCMONb30BaTh CaXapHYI0 KyKypy3y npu (uTopemeauTanuu 3arpss-
HEHHbIX 104B, 3arpsi3HEHHbIX orpeaeaeHHbIMu TM (namenm PA Ne 3246 A).

3. CpaBHNTEJbHOE H3YyYeHHe MHTPAIIHH TAKEJIbIX METAJIOB B CHCTeMe BOJa-04YBa-
pacrense 1o duoreoxumudeckum kodpguuuentam 2, 20, 25, 31, 37, 38]

Js jetanbHOi OLeHKH (hakropa IKOJOrMYECKOro pHcka 1o OHOreOXHMHYECKUM
k03¢ purmentam psaaa TM B nprOpeKHbIX TEPPHTOPHAX psaa pek APMEHHH B Pa3/IndHbIX
MOYBEHHO-KIMMaTHYECKUX ~ PErHOHAaX  HCMONIb30BajlCAd  KOMOWHHMPOBAHHBIH  METOJ
XapaKTEePUCTHKU IIPOLECCOB IOIJIOLUICHUS, HAKOIUIEHUS! M OLEHKH (haKropa IKojoruyec-
koro pucka TM B cucreme Boja-nouyBa-pacteHue npudpexHsix Teppuropuii pex [leder,
[THox u Apakc. bbuit paccunTanbl noTeHUMaIbHAs OMOXUMUYECKast oABMKHOCTE TM u3
nouBsl B pactenue (Ki), xoddpduument xonuentpaumii (Kx), BOJHO-pACTHTEIIBHBIH
KopHeBoit ko3 duiment (Ks), oTHOCHTeIbHOE cojep:kaHne TM B BHIax pacTeHHid, pac-
TYIIMX B CONOCTaBUMBIX ycioBusiX (Kj), cyMMapHbIil nokasareib 3arpsi3HeHHOCTH (Zc),
uHJeKC 3arpsa3HeHust ([sazp.), KOINYECTBEHHOE BhIpakeHHE (pakTopa IKOJIOrMHECKOro pucKa
(@POK), uHeKe recakKyMyJsIsiMK JUlsl KiiaccH(pUKaLuy UccllelyeMbIX 00pa3LoB [OUBbI 110
creneny 3arpsi3HeHHOCTH TM (Lieo) 1 T.4. TlpeapacnonokeHHOCTh OHOTO BH/Ia PacTCHMs
K OTJCIIBHO B3ATOMY XMMHYECKOMY 3JI€MEHTY BeChbMa HMHIAMBHMIyaldbHa, W B Oobmici
CTENEHU 3aBUCUT OT MHTEHCHBHOCTH METabOIMYECKHX IPOLIECCOB, I'/1e OH 3a/1eHCTBOBAH.
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Wcxoast M3 3TOro paccuuThIBAIMCh 3HAUYEHUs Kod(pduimeHTa KoHueHTpanuit (Ki) u
CyMMapHbIi TNoOKa3aTenb 3arpsA3HeHus (Zc) B BHJAE a/UIMTHBHON CYMMBI TPEBBIIICHWHA
3HaueHnit K Haja QonoBeiMu nokaszareisimu (Kacumo u ap. 2015), ¢ nocnexnyroiei
rpynnupoBkoit TM no kinaccam onacHoct (I'OCT 17.4.1.02-83). CornacHo 1mojy4eHHbIM
pesynbratam (T1abn. 3) cpean TM wu3 kmacca cimaboomacHBIX OTMEYEH JOMYCTHMBIH
YPOBEHb OIACHOCTH 110 nokaszarento Z. B Texyre u Oa3yHe, U HeOOIbIIOE YBEJIMUEHHUE HA
6% B LlIHoXe. npeBbIIEHHEM YPOBHS OIACHOCTH 110 rokasareato Z. ans Texyra u Ox3yna
J10 yMepeHHoro, a B [IInoxe u Yuakepre — 10 onacHoro.

Tabanuna 3
3nauenusn korppuyuenmoe konyenmpayuii (Ky) u cymmapnozo noxasamens
3azpaznennocmu (Zc) 6 paznvlx noYeeHHo-Kiumamuyeckux pecuonax Pecnyonuxu

Apmenun
Kitacc omacHoctH 1o Peruon
['OCT-y 17.4.1.02-83 Texyr [1IHox On3yn Vinakepr
. Ba 0,499 1,214 0,421 0,183
= Sr 0,490 0,550 0,577 0,689
g W 9,652 19,254 14,095 41,056
é Mn 0,594 0,872 0,551 1,299
S v 0,907 0,964 1,0140 1,930
“ Z: 8,143 18,855 12,658 41,158
o Sb 18,349 25,831 9,382 31,177
;; Mo 1,232 2,639 1,759 2,136
S Cu 1,241 16,138 2,664 1,641
8 Ni 1,1954 1,269 0,877 1,106
5 Co 7,080 14,583 12,745 14,244
2 Cr 0,780 0,762 1,069 4,017
> Z 24,877 56,221 23,496 49,320
N Cd 9,567 25,054 9,879 26,290
= As 1,701 8,389 1,958 3,144
g Pb 0,680 4,341 1,037 0,799
8 Zn 0,724 3,398 0,866 1,315
: He 69,260 75,761 100,894 81,972
© Z: 77,932 112,944 110,634 109,520

B knacce cunbHoonacHeix TM Bce 4eThipe TEPPUTOPHSAX HAXOAATCS B Mpejesnax
OIMacHOTO YPOBHS TIO0 CyMMapHOMY TOKAa3aTesro 3arpsA3HeHHOCTH. DaKTHYecKH JIaHHBIH
HOJXOJL [pU orpejieneHuu cogepkanuss TM B oOpa3uax 1o4Bsl 110 pe3yabTaT™M U3yueHUs
CTATUCTUYECKHX IAapPAMETPOB UX PaCIIPE/Ie/ICHUs] MOXKET CIYKHTh PErHOHAILHOM Xapak-
TEPUCTUKOMN 3arpsA3HEeHOCTH NouB. [Ipn reoXMMHUUecKoii OLEHKE COCTOSIHUSI OKPY/KatoIeH
Cpe/ibl PEKOMEHIyeM YUYMTHIBaTh ACCOIIMATMBHOCTH B PAaClpe/eiIeHHH XHMHYECKHX dJe-
MEHTOB, YTO MO3BOJSAET CrpynmupoBaTh TM MO CTENEHH OMAaCHOCTH BO3JACHCTBHS Ha

13



OKPYKAIOIILYIO CPey € LEIbI0 KOMIUIEKCHOTO pelieHus npodiembl. B HaceneHHOM MyHKTe
YmakepT ypoBeHb CyMMapHOro MoKasaTess 3arpsA3HEHHOCTH JUlsl Kjacca cnaboonacHbIX
TM naxonurcs B npejenax onacHoro. Jlns kiacca ymepeHHoonacHbix TM HabmogaeTcst ¢
paBHOMEPHBIM
JlomuHMpoBaHKMe ropHoro penabeda B ApPMEHHH BBIHYXKIAeT mpucrocadbiuBath 00Ib-
LIMHCTBO NPHOPEKHBIX PEUYHBIX TEPPUTOPUM Ul MCIOIb30BAHHMSL B CEJILCKOXO3SMCT-
BEHHbIX LejsIX. B NpoBeleHHbIX UCCIEOBAaHUIX OLEHKA YPOBHS OIACHOI'O COAEpKaHUE
TM B nousBe Obula NpoOBEJEHA HA OCHOBE HKOTOKCHMYECKOIrO IPHHIMIA, CpaBHHUBAs
JIeHCTBUS Pa3sHbIX XUMHYECKHX DJIEMEHTOB Ha IOYBY M PACTEHUs, I'/Ie YMECTHO UCIOIIb30-
BaHHE JUISl KOJTMYECTBEHHOH oneHkH 3¢ dekToB Tokcnueckoro aeiicteust TM npenensHO
nonyctumble 1o0aBkm (I1/1/]) XuMHUECKHX 371I€MEHTOB, TPYIITUPYSI MX B KJIACChl MO Onac-
Hoctu Bo3zzeidcrBust (Crommentuijn T. et al, 1997). Ho mis oOLeHKM HMHTEHCHBHOCTH
murpauun TM B cucreme nousa-pacteHue pas3paboTaHbl pa3iuyHble KPUTEPHH, CPEau
KOTOPBIX Mepoii 00111eil 3arpsi3HEHHOCTH /ISl OTJI€JIBHO B3SITOHM I'pyIibl 110 onacHocty TM
SIBJISICTCS MHACKC 3arpsisHEHHOCTH (/ap) (Tabm1.4).
Tabanua 4
Hruoexc 3azpasnenun maxcenvimu memannamit (Isazp,) 6 pazuvix nougenno-
Kaiumamuyeckux pezuonax Pecnyoiuku Apmenus

Kiacc omacHocTH 1o Peruon

Cromentllgjgr; T. etal, Texyr [1IHOX Omzyn Vinakepr
CunsHOONAacHBIE 3,893+0,364 2,803+0,122 3,830+0,158 6,843+0,367

Ymepennoornacusie | 0,533+0,045 0,469 +0,025 0,683+0,056 0,655+0,054
CnaboormnacHbie 3,098+0,154 1,312 +0,070 | 2,571+0,128 2,210+0,097

BeisiBnneHo, uro no kiaccy cujbHoonacHbeix TM B HacenenHom myHkTe [IIHOX orme-
qaeTcsl yMEpeHHas 3arpsA3HeHHOCTh, B Texyre m Omn3yHe 3arps3HCHHOCTH B Tpejeriax
3HAYUTEJIBHOrO0, a y)ke B YIIaKkepTe 3arpsA3HEHHOCTh O4YE€Hb BBICOKas. YHMCIEHHOE 3Haude-
HHUE BEIWYMHBI [sazp. SIBIACTCS HU3KOHM B rpynne ymepeHHoonacHbix TM Bo Bcex Hccle-
ayembix Teppuropusix. B knacce cnaboonacubix TM 3HauMTENbHBIM 3arpsi3HEHHBLIM
cunraercss Texyr, B OCTaJIbHBIX MCCIEAYEMbIX TEPPUTOPHUSIX, CYAsl 110 3HAYCHUIO [iuzp.,
HaOJro1aeTcs yMEepeHHasl 3arps3HCHHOCTh. sl OLIEHKH COCTOSIHUS OKPY/KaromIeH cpeiibl
paccmoTpeHo oTHomEeHUe Ki/lsazp. (Tabi.5). Cpeay 21eMeHTOB U3 TPYIIibl CHIIBHOONACHBIX
TM Se u Sb orimyaiorcs WHMPOKUM 3HAueHueM Ky, [Manas’oH 3HAYEHHS] KOTOPOro
konebnercs or 13 (IInox) go 164 (Ymakepr). [To conepxanuto Se u Sb cucrema nousa-
pacTeHue HAXOAMTCS B COCTOSIHUM yMepeHHoro 3apaxkenus. B ciyuae e ¢ Cd Bo Bcex
peruoHax UccaeOBaHMi CHCTEMa MoYBa-pacTeHHe HAXOIUTCS B YPE3MEPHO 3arpsi3HEHHOM
coctossHUM. Bo BTOpo# rpynme ymepeHHoomnacHelx TM mo nokazanusM K, KyKypysa
UHTEHCUBHO noriouaer v HakarmuBaer Hg u Cr B IllHoxe. AnanoruuHasi cutyanus
HaOmopaercss B Texyre Hapsay ¢ cunbHbIM norjouenueMm Cu pacrenueMm. B Ox3yne u
Ymakepre cxokas kaptuHa no murpaumu Hg, Cu m Ni u3 nouBsl B pacteHue. [Ipu
CpaBHEHHHM BbISICHWIOCH, uTo B Texyre mo Hg u Cr, B lllroxe mo Cu u Ni, a Ttaxxke B
O;3yHe u Ymakepre TojbKo 1o Ni HaOIr0/1aeTcsi yMepeHHoe 3arpsi3sHeHue. UpesMmepHoe
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3arpsA3HEHUE HCCedyeMbIX TeppuTtopuii otmedeHo B Texyre mo Cu. B nHacenenHom
nynkte [THoxe ortensro no Hg u Cr, B Oa3yne n Ymakepre no Hg n Cu 3adukcupoBano
CHIIbHOE 3arpsizHenue. M3 aemMeHToB BTOpoi rpymibsl 0co0eHHO Bblaesores Ba, As u 'V,
y KOTOpbIX JMana3oH 3HaueHust koddduuuenra K, He NpeBbILACT €AUHULBI U, COOTBET-
CTBEHHO, YHCJICHHBIH 3KBHBaJICHT OTHOMEHUS Ki/Isazp KONEONETCS B TIpEAenax or caabo 10
YMEPEHHO3arpsi3HEHHOI0 B OT/IE/bHBIX cilydasx. B rpynne cinaboonacusix TM B cucreme
noysa-pacreHue ormeuaercss crnabas noasuwxkHocts Co u Pb, a jgmanason 3HaueHuit
orHowenus Kn/Larp Orpannuen npezenamu o1 CpeiHEro 10 yMEPEHHOr .

Tabnamnuna 5

3nauenun GuoOXuMUYECKOU NOOGUNCHOCHIU MANCETBIX MEMAII06 U3 NOYEHI 6
pacmenue (K,) u unmepeanoe sazpasnenusn (Ki/lazp) 6 pazuvix noueenno-
Kaumamuyeckux pezuonax Pecnyonuxku Apmenusn

Kinacc onacHoctn Peruox
no Crommentuijn TexyT [THox On3yH VYinakepr
T.etal, 1997 K, Ki/Larp, K, Ko/Larp. K, Ki/Larp K, Ki/Larp
. Se 1,395 | 0,358 | 2,445 0,872 1,263 0,330 2,708 | 0,330
% é Sb 0,54 0,139 | 0,678 0,242 1,131 0,296 0,721 0,296
S § Cd 78,416 | 20,142 | 13,285 | 4,739 | 39,352 10,274 164,13 | 10,274
\Y 0,169 | 0318 | 0,313 0,669 | 0,176 0,258 0,085 | 0,129
Hg 1,734 | 3,253 | 2,859 6,101 4,495 6,585 3,029 | 4,623
. Ni 0,280 | 0,526 | 0,491 1,049 1,150 1,684 2,010 | 3,066
=) 2 Cu 4893 | 9,181 0,580 1,239 | 2,911 4,264 3,782 | 5,771
:3)*- § Cr 1,236 | 2,319 | 2,596 5,539 | 0,796 1,166 0,235 | 0,358
§ © As 0,311 0,583 | 0,107 0,228 | 0,294 0,431 0,427 | 0,652

Ba 0,079 | 0,148 | 0,070 0,149 | 0,112 0,163 0,265 0,404

Mo 18,801 | 6,824 | 17,344 | 6,636 | 15,718 3,837 7,082 | 2,694

Pb 0,926 | 0,299 | 0,086 0,066 | 0402 0,156 1,117 | 0,506

Zn 23939 | 8,690 | 10,315 | 3,947 | 43,330 10,578 | 21,722 | 8,264

Cnabo-
OracHble

Co 0,221 0,080 | 0,192 0,074 | 0,160 0,039 0,139 | 0,053

Mnuaue obcrout eno ¢ Mo u Zn. OpueHTHpysch 1o 3HaYeHusM kodddunmenta K,,
MOKHO YTBEPKIATh YTO KYKypy3a HpeapacroiioieHa K IMOMIOIEHHIO U HaKaIlJIMBAHUIO
nanueix TM, nocrurasi cBoero Haudonbiuero 3Hauenus no Mo B Texyre (18,801) u Zn B
Omsyne (43,330), a HaumensLero 3Havenus 1o Mo B Yiakepre (7,082) u no Zn B [llunoxe
(3,947). 3arps3HEHHOCTh MO WMWHKY SABIACTCA YPE3MEPHBIM BO BCEX HCCIETyeMbIX
Teppuropusax, kpome IlIHoxa, rzae, kak u mo monubaeHy B Texyre, 3arpsA3HEHHOCTb
cuiabHas. OueBMJHO, YTO TOJBKO OLEHKA MANa30Ha 3arps3HEHHOCTH CHCTEMbI [10YBa-
pacreHMe He JOCTAaTOYHA JUISi CO3JaHMsl IMOJIHOLEHHOH KapTHHBI 9KOIOrMYECKOIt
3arps3HEHHOCTH NPUOpEXKHbIX TeppuTOopHil. Jlanee Obu1 KomMuecTBeHHO oueHen PIOK juis
Ka’)/10ro MeTajula ¢ y4eToM Kiacca ux onacHoctu 1o kiaccugpukauuu (Crommentuijn T.
et al, 1997). CoryiacHo MONy4eHHBIM JaHHBIM B Kiacce cuibHoomacHelx TM Se u Sb
OTMEUACTCs HU3KHUI YPOBEHb 2KOJNOrHuecKoro pucka (PIK<40) mns Bcex McciaeayeMbiX
Teppuropuii (Tabn. 6).



Tadanua 6

Konuuecmeennasn OUECHKA ([JaKmopa IK0/102UHHUEeCKO20 PDUCKA 6 PA3HbBIX
NOY6ECHHO-KIUMAMUYECKUX PeCUOHAX Pecny6mmu ApMEHll}l

Kitace onacHOCTH 110 Pernon

Crommentuijn T. et al, 1997 Texyr [THox Om3yn Yinakepr
s 2 Se 0,153 0,269 0,139 0,298
E g Sb 0,286 0,359 0,599 0,382
S5 Cd 59,596 10,097 29,908 124,739
\Y 0,186 0,345 0,193 0,093

, Hg 3,295 5,432 8,541 5,756
% % Ni 0,729 1,278 2,989 5,225
§ S Cu 17,125 2,031 10,189 13,237
; 5 Cr 4,697 9,863 3,025 0,892
As 1,399 0,481 1,323 1,923

Ba 0,710 0,630 1,004 2,384
. o Mo 4756,577 4388,057 3976,705 1791,847
\§ g Pb 50,947 4,736 22,083 61,441
S 8 Zn 383,029 165,043 693,282 347,547
° Co 5,302 4,615 3,838 3,329

Heopaunaprocteio Beiensercs Cd. Tak, B [1IHoxe n Oa3yHe oTMedaeTcst €ro HU3KHi
skonorndeckuii puck (PIK <80), a yke B YiIakepre — OH JIOCTMTaeT 3HAYUTEIBHOIO
ypoBHs (@IK<160). B knacce ymepenHoonacHbix @IK o Bcem TM ObL1 HU3KHIH BO BCeX
uccneayeMbix  tepputopusx. Cpeau crmaboonmacHbix TM  cuTyanms  oTavuanach
koopauHaiubHO. Tonbko no konueHtpauuu Co cucTeMa NOYBa-paCTEHHE OTIJIMYANIACH
HU3kMM 3HadeHneM POK, a nmo Pb on konebancs or ymepenHoro 3Haudenus (Texyr,
[IInox) mo 3HauumrtenbHoro (Om3yH, Ymakepr). BHe 3aBHCHMOCTH OT HCCIEIyeMbIX
TEpPPUTOPUI TONYYEHO OuYeHb BbICOKOE 3HaueHue PIK mno Zn u Mo. Ilpu pacuerte
CyMMAapHOro ToKa3zaTesis 3arpsasHeHHocTH TM ¢ ydeToM Kiiacca OMAacHOCTH COTJIACHO
poccuiickomy 'OCT-y 17.4.102-83 0 HOMeHKIaType MOKa3aTeled NPUrOJHOCTH Hapy-
LIEHHOI' O IUIOA0POHOIO €105 NOYB JUlsl 3eMIle e/ sl HanOoJiee 3arpsi3HeHHbIM OKa3alach
noysa U3 Ymiakeprta, a HaumeHee — u3 Texyra. [ns TM M3 kiacca yMepeHHOOMAaCHBIX
3HAYEHHUE TOr'0 K€ CYMMApHOI0 MokKaszaresisi ObLI0 Bbilie /Uit 00pa3uoB noussl u3 llHoxa,
HO HMIKE — Jyist 00pa3uoB noussl U3 Oxa3yHa. OOpa3oBaHue JJaHHON MOCIEN0BATEILHOCTH
00yCII0B/IEHO KOHLIEHTPALMOHHBIMM H3MEeHeHUsIMH B oOpasuax noussl Sb u Co. B kiacce
cnaboonacubix TM BbicOkMM cozepxanueM B nouse Boijensuiuck Cd u Pb, uro coorser-
CTBEHHO OTPa3MJIOCh HA BEIMYMHE CYMMAapHOrO ToOKa3aTess 3arps3HeHHOCTH. [lanee npu
pacuere MOTEHIHATBHOH OMOXMMHYECKOH moaBMKHOCTH TM mu3 moussl B pactenue (Kx)
MOJIydEHHbIE HaMM pe3yibTaThl 1nokaszaiu, 4ro Cd umeer O JOMUHHMPYIOULYIO MO3ULUIO
IPH [OIJIOIEHNHU U3 NOYBbI 00pa3uamu KyKypyss! (puc.1).
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Cu  ¢r WHox

cd
28%

cu o Op3yH

cd
37%
4% A

Puc.l. Haxonumenvnas akmusnocms KyKypy3ol (Zea mays L.) 6 pazmbix noueeHHo-
KAUMAMU4eckux yCio8usix, no NOMeHYUanbHol OUOXUMUYECKOU NOOBUNCHOCIU KAOMUSL U3
nouswt 8 pacmenue (Kn)

Ywakept

Zn
Ccu 11% 0%

Mo

w
1%

HeobGxoauMocTe B MCHOIB30BaHUH €Bporeiickoro noaxozaa knaccupukamun TM mo
Ki1accam onacHoctH cocrtostia B ywere IIJIJI. Dto mpoaukroBaHo TeM (axkTom, 4TO
umeroieecs (POHOBbIE 3HAYEHHS] XMMHUYECKUX JIEMEHTOB HEH30€KHO M3MEHSETCs B XO/1e
Pa3HONPO(QHILHOTO MCMONB30BAHMS CAMOrO TOYBEHHOrO MOKPOBa, KoTopas obmajaer
ONpe/IeJICHHON CTENeHbI0 AMHAMMYHOCTH B MEPBYIO Odepeb Oarofaps ee BIa)KHOCTH.
[Ipn 5TOM KOpHEBas CHCT€Ma PaCTEHHWH IOIJIONIAET HE TOJBKO BJary M3 rOPH30HTOB €€
MAaKCHMAJIbHOI'O PacnpoCTPaHEHHs B I0YBE, HO M PACTBOPEHHbIC B HEH pa3iHyHbIC I10JI-
moTtanTbl. MaKTHYECKH pPacTeHMs PACTPAvMBAIOT BJIAXKHOCTH I10YBBI H3-3a IIPOLIECCOB
TpaHCIIMPALMH, KOTOpas 00ecreyrBacTCsl THApaTallMel ¥ TypropoM pacTHTENIBbHON KIeT-
KH, TEM CaMbIM SIBJISSICH BaKHBIM 3BeHOM Murpaimu TM B Ounore.

4. U3yyenne MHIMKAUHOHHBIX 0COOCHHOCTEH PACTEeHHIl TAKeILIX METAJLIOB B
passmmunsbix (9, 10,15, 12, 21, 22, 27, 30; 113]

B nouse TM azcopOupyloTCs ¢ NMOMOILLBIO HAYadbHbIX ObICTPBIX peaKLHil (JIHTENb-
HOCTb — MHMHYTBI, Yachl), a 3aT€M ME/UICHHbIE peaKLMH aJICOPOLMH (JUIMTEILHOCTb — JIHHU,
MECsLbl) M NepepacnpesesioTcs B pasiuyHble XUMHYECKHE (OpPMbI €  OTIMYHOMN
OMOI0CTYIMHOCTHIO, MOJABHKHOCTBIO M TOKCHYHOCTBIO. [losTromy Tpancdep-dakrop TM B
PAacTEHHH B 3aBUCHMOCTH OT TOrO MHOT'OJIETHEE OHO WJIM OJHOJIETHEE MOMKET MMETh pa3-
JIMYHBIE 3HAYEHHSL.
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B pe3ynbTaTe CpaBHHMTEILHOIO aHanu3a Oblla BBISBICHA OMpE/e/ICHHAs 3aKOHOMEp-
HOCTB T0 HAaKOMUTEJIBHOH CIOCOOHOCTH JUIA KaKA0ro U3 paccMoTpeHHbIXx TM (tabim. 7).
Taoauua 7
3HaveHune nokasareJisi OMOJIOrHYeCKOMH MOABHKHOCTH pPsijia
THZKEJbIX METAJLIOB LISl PA3JIMYHBIX pacTeHHi

[Tokazatesnb OMOIOrHYECKOro
Pacrenue / permoH nmpouspacTaHus nojBukHOCTH (Kit)

Cu Zn Pb Cr | Mo | Ag

Kykypy3a (Zea mays L.) / ceno Yiuakepr,

3,331 210 20| 0,2 | 6,7 | 0,8
ApmaBupckas 001acThb

[Toneiub ropekas (Artemisia Absinthium L.)
/ r. EpeBan, boranuueckuii caj
lemie’-lallll(’. Tlokazamens noepewHocmu OQHHBIX He npeesvlutaem 5%.

0,74 0,12 0,04 | 09 | 38| 6,5

[Ipu sTom cyas no 3HayeHusm K, B ciydae ¢ MHOTOJIETHMMH PAaCTEHUSAMH MOKHO
OPEION0KUTE, YTO (POPMHUPYETCS OINpe/ieieHHas “IKOJIOruyecKas Mamstb [0 OTHO-
LIEHUIO K 3arpsi3HEHHOCTH TepPUTOpPUHM rpouspactanus. OHU UCHONIbL3YIOT HekoTopble TM
B ONpeE/eICHHBIX MeTabOoIMYECKUX Tpolieccax s odecredeHus: GU3M0IOTHYECKUX TPO-
11eCCOB (POCT M pa3BUTHE) B TEUEHHUE BCErO BEreTaTHBHOIO TIEPUO/Ia.

Bbeibop aganTanMOHHBIX MEXaHW3MOB TIPEIONpPE/CIsAeTCs BHIOM PacTeHHsi U CTe-
NeHblo ero TonepanTHocTH K TM. M306biTok TM (K, >1) NpHBOAMT K YCHIICHHIO CTpecca B
pacTeHHsiX, BbI3bIBasi MHOMKECTBEHHbIE IMPsIMble W/WIM KOCBEHHbIE Y(D(DHEKTh, TEM CaMbIM
3aTparuBasi Bce (pU3MOJIOrMUECKUE acreKThbl pocTa U pa3BUTHS pacTeHus. B curyauuu c
OJTHOJIETHUMH PACTEHHUSIMH, HMCIOJIb30BaHHE OHOMHAMKAIIMOHHOTO TMOAXO0/a MO3BOJIACT
OLICHUTh COCTOSIHHE 3arpsi3HEHHOCTH TOYBBI TOIBKO B JIAHHBIM BEreTAallMOHHBIN MEPHON
pocTa pacteHus. B 3ToMm citydae pacuersl nokasatesnsi OMonornueckoi noasmwkHocTH TM B
CUCTEME I10YBa-PACTEHUE IO3BOJISIIOT UCHOIL30BaTh OOBLEKT MCCIE0BaHUSI B KauecTBe
pacTEeHUs-MHJIMKATOpPa C LEJbI0 OLEHKH 3arpsi3HEHHOCTH OKPYKAIOWEH cpeabl in situ.
CpaBHUTEIBHBIN aHAIW3 BBISBHII O0IME 3aKOHOMEPHOCTH 10 AaHTPOIMOIreHHOI Harpy3ke Ha
MOYBY M €€ T€eHOTOKCHYECKOM 3arpsi3HEHHOCTH, BbI3BaHHOEe TM (puc. 2, a-e).

Bo MHOrux ciydasix Hajauuue 3arps3HeHUst TPYJAHO OOBEKTMBHO OLEHUTH, U eLle
CIIO)KHEE J1aTh OLEHKY TOKCHYHOCTH M MYTAar€HHOCTH [OTEHIMAILHON ONACHOCTH JUIs
OKpyXkalollei cpeibl U yenoBeka. K coxkaleHuio, TEXHUYECKU TPYAHO OLEHUTb IOTEH-
IHAJIbHYI0 TOKCHUYHOCTb W/MIM MYTareHHOCTb TOKCHMKAaHTOB. B 3TOM KOHTEKCTEe cpeau
pPacTHTENbHBIX TECTOB HE0OXoauMo ocobo oTMmeTuTh Tradescantia clone 02 kak 4pe3Bbl-
YAHO YYBCTBUTEIIbHBIA TECT-O0OBEKT, MO3BOJISIONINI BBISIBUTH TOUEUHBIE MYTALMH M
KJ1acToreHHble PP EKThbl J1ake caMblX HU3KUX KOHLEHTPALUii 3arpsi3sHUTEICH.

B uenom, Habinropaercs o0ujasi 3aKOHOMEPHOCThL NMOCTYILUIEHUsI B PACTEHUs] MOHOB
METaJJIOB B 3aBHCHMOCTH OT MX KOHIIGHTpPAIlMH B MOYBE C MOCIEAYIOIIMM BbISBICHHEM
CTENEHH 3arpsi3HEHHOCTH Mo4Bbl TM Kak Ha OCHOBaHMHM OMOMHMKAIIMOHHBIX CBOWCTB
HOJBIHM TOPbKOH, Tak MU Oonee rinybokue reHorokcuueckue d(Qexrsl ¢ MOMOIIbLIO
Tradescantia clone 02.
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Puc. 2. Cpagnumenvuwiii anaaus nakonnenus TM 6 HadzemHou yacmu nOabIHU 2OPLKOL ¢ YACMOMOoll
po306bix mymayuonnsix coovimuit (PMC) Tradescantia clone 02 6 paznuunbix nousax
npouspacmanus no cooepxcanuto Cu (a), Zn (6), Pb (), Cr (2), (0), Ag (e), 20e obpaszeyl — 2. Ceean,
obpasey 2 — 2. Pazoan, ceno @anman, oopaszey 3 — 2. Cmenanakepm, ceeeposocmoyunas npueopooras
yacms, oopaszey 4 —e. Epesan, bomanuueckuii cao

5. Onenka BJaHsIHHA Ae(HUIIMTA BOIBI B cHCTEeMe BOIa—TI04YBa—pacTeHHe
[13, 16, 17, 18, 19, 24, 26, 28, 29, 32, 33, 40; 111]

C nomoIp0 MaTeMaTHYECKOr0 MOACIMpPOBaHHMs Oblia MOCTaBlICHA 3ajada IO BbISB-
JICHUIO KMHETHYECKHUX OCOOCHHOCTEH 3aMe/UICHHMsI pOCTa PAacTCHHs C YYETOM H3MEHCHMId
MOp(]OJIOrHYecKuX IMoKa3aTesei, peleHue KOTOpoH CBOAMIIOCH K IIOCTPOEHHIO NpuOIIH-
JKEHHBIX MOJIMHOMUAJIbHBIX ypaBHEHUI TUNA y(X)=ax*+a1X+ao, J0CTOBEPHOCTh KOTOPBIX
npejcTaBieHa B BUAe KOd(pPHUIMEHTa CPEIHEKBAPATHIHOrO OoTKIoHeHus (R?) (tabn. 8).
[Ipu >TOM mnepBbIii NOAMHOMHAIBHBIH KO3 GdUIIMEHT (ai1) MOKa3bIBaeT HavaIbHYIO
CKOpOCTh pocTa 00pa3lloB, a BTOPOH MOJIMHOMHAIBHBIH KO3 duineHT (az) — CKOpoOCTh



pocTa o6pa3uos C Y4YCTOM IMOYBCHHO-KIIMMATHYCCKHUX ocoOeHHOCTEeH PETHOHOB MpPOH3pac-

TaHHUs PaCTCHUM.

Tadoanma 8

CropocTH yAJIHHEHHUsI NIATOr0 JIMCTA KYKYPY3bl (Zea mays L.) npn pa3anuHbIX
3HAYEHHSIX OTHOCHTEIbLHON BJIAKHOCTH I0YBbI

Crpecc dakrop VpaBHEHHE KOPPEISAIHA | R’

[THox

KouTtpois, OBIT 54% yimox = -1,220x% + 51,32x + 82,19 0,999

Ymepennas 3acyxa, OBIT 43% yimox = -1,220x% + 51,32x + 82,19 0,999

CunbHas 3acyxa, OBIT 34% Yiimox = 0,525x* + 9,532 x + 126,0 0,991
Texyr

Kontpons, OBII 54% YTexyr = -2,964x% + 112,1x + 31,45 0,996

VYmepennas 3acyxa, OBII 43% YTexyr = -2,447x* + 92,04x + 55,77 0,998

Cunbnas 3acyxa, OBIT 34% YTexyr = -0,068x% + 27,60x + 128,7 0,997
On3yn

KonTpons, OBIT 54% Yomyn = -3,987x + 124,0x + 61,13 0,997

Ywmepennas 3acyxa, OBIT 43% Yomyu = -2,835x% + 91,39x + 81,01 0,997

CunbHnas 3acyxa, OBIT 34% Youyn = -0,291x7 + 40,22x + 102,6 0,998

VYiakept

KonTtpons, OBII 54% Y Vmakepr= -3,745x% + 109,5x + 44,66 0,995

Ymepennas 3acyxa, OBIT 43% Yyuaxepr = -3,211x% + 95,36x + 38,27 0,994

CuinbHas 3acyxa, OBIT 34% Yvuaxepr = -0,379x% + 29,45x + 157,1 0,996

B73

Kourtpous, OBIT 54% yB73= -3,956x7 + 108,4x + 20,04 0,993

VYwmepennas 3acyxa, OBII 43% yB73 = -2,834x” + 87,00x + 44,62 0,991

CuibHast 3acyxa, OBIT 34% yp73 =-0,153x2 + 28,47x + 116,6 0,995

CenekioHHas 1eb MOAyYeHHs reHMoAuduIMpoBaHHOrO obpasiia KyKypy3bl HHO-

penHoi nuHuM B73 Oblna cBsizaHa ¢ cO3/laHMEM COPTOB, aAanTHPOBAaHHBIX K 3acyxe. B
HallleM ciyyae, cpaBHMBas Kod(duuueHTtsl a; U a2 s oOpa3uoB u3 Ywmakepra u B73,
MOJIY4EHBbI [IOYTH CXO0XkHE 3HaueHHs (YIIakepT HaXOAMUTCS B PErHOHE CO CYXMMH CTEIHbI-
MU TIOYBAMH, YTO XapaKTEPHO JUIs CyXHX MPEATOPHBIX TEPPUTOPUI ApapaTcKoil TOTHHBI).
[Ipy ymepeHHOM W CHJIBHOM CTpeccax KOIMYECTBEHHOE YMEHbBIICHHE 3HAUCHHS a2
cocrasisiio 20%, 55% u 70,79% coOTBETCTBEHHO IO CpaBHEHUIO ¢ oOpa3uamu, BbIpa-
LIIEHHBIX B KOHTPOJbHBLIX ycnoBusix. IIpu ymepeHHOM crpecce 3acyXu BbISBICHO Hau-
Oounblilee yBeJIHUEHHE CKOPOCTH pocTa y oOpasua u3 Ymakepra — okono 10%, a y obpasua
n3 IlIHoxa — onaTh 3ahUKCHPOBAHO MOHHKEHNE CKOPOCTH pocTa Ha 41% mo cpaBHEHHIO ¢
KOHTpONbHBIM oOpasuom B73. Ilpu cunbHOM 3acyxe coxpaHsercs oOmias TeHIACHIHUS
u3menenus CYJL Tak, mejeHHee BCero B yCIOBUSIX CHHIKEHHUs [TIOYBEHHOH BJaru pacrer
obpasery u3 Illnoxa — na 66%, a obpasen u3 Oxsyna, Haobopot, obnajgaer OOIbILINUM
3Hayenuem CYJI, na 41% Goubliie 110 CpaBHEHUIO ¢ KOHTPOJILHBIM 00pa3iom B73.

Poct pacTeHuii B yCIOBHSAX MOJCTMPYEMOH 3aCyXH, B OCHOBE KOTOPOi ObLIO (hUKCH-
POBaHHO-OTPaHMYECHHOE TOCTYIUICHUE BO/bI B MOYBY MMPOM3PACTaHMA, B ONpPE/ICICHHOM
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CTENEeHH BBI3BIBAET TOPMOKEHHE pOCTa, MOJYMHSACH SKOJOrHYecKoMYy 3akoHy JInOuxa.
CornacHoO TOCJEIHEMY, €CIM B HAalllMX MCCIEIOBAHMSAX 3HAYMMBIM (paKTOM Ul pacTH-
TEJIbHOI0 OpraHu3Ma MPUHATH €ro HAKOMMUTENIbHYI0 aKTUBHOCTHL TM, TO mnpeBblllieHHE
KOHLIGHTPALIMOHHBIX [OKa3aTelel MOCIEHUX B MOYBE CIIOCOOCTBYET OTKJIOHEHHUIO OT
onTUMallbHBIX KOHLEHTpaumit TM B pacTenun. @akTuuecKu, MMEHHO KOHILICHTPAIlMOHHBIN
MuHumMym TM, kotopslii HeoOxoaum s obecnieyeHus: psijaa  (PU3HOIOrMYECKUX
IPOLIECCOB B JIAHHBIH MPOCTPAHCTBEHHO-BPEMEHHOH MOMeHT U OyzaeT obecrieuuBaTbh TOT
IKOJIOrHyecKuit (hakrop, KOTOpbIit HeoOX0aAuM Ul BbIKMBaHUs pacteHuii. Jlanubiii daxr
BbIPAKACTCSI B KOJIMYECTBEHHBIX M3MEHEHHsX 3HAYEHHH KOA()(PULMEHTOB MHOro4ieHa,
OMUCHIBAIOIIEr0 KHHETHKY pocTa (Tabi. 8).

TennoBoii cTpecc BbI3bIBACT U3MEHEHHsI B OOMEHE BEIICCTB B KJICTOYHOH CTEHKE, TEM
CaMbIM SIBIISISICH B@XXKHBIM (DU3HOJIOrMYECKMM MEXAHH3MOM TOJIEPAHTHOCTU pacreHuil. B
TOM KOHTEKCT€ MH(OPMATUBHBIMHU SIBJISIOTCS Pe3y/lbTaThl 10 ONPEAEIeHUI0 «(pUHAIIL-
HOI» JUIMHBI IPOM3PACTAHUsl MATOIO JINCTA, KOT/1a HACTYIAeT CTATUCTUYECKH /I0CTOBE PHOE
CHW)KEHHE €ero pocta B YCIOBHAX Mozaenupyemoi 3acyxu. Jlamee Obuta BbIsIBIEHA
KOHTpPACTHas YyBCTBUTEJIBHOCTh (TOJEPAHTHOCTh) PACTHUI K Pa3IMYHbIM YPOBHSIM 3acy-
xH. (tabmn. 9).

Tadanna 9
Tonepanmnocmeu 06paszyoe pacmenuii npu mooeaupyemou zacyxe (Zea maysL.)

[TyHkT Wurubuposanue
YmMepeHHas CunbHas
i vt Ronapoas, 3acyxa 3acyxa YMEPEHH Oii CHJIbHOM
0 £ 2
eopasiio OBII34%% | oBrm43% | OBII34% | sacyxoh, % | sacyxos,%
KYKYPY3bl
[THox 702,5+13,7 577,5+47,5 | 390,0+60,2 17,8 445
Texyt 1021,7+£25,5| 871,7+37.1 517,5+£32,5 14,7 493
On3yH 1011,9+17,2 | 799,4423,3 604,0+6 21,0 40,3
Vuiakept 838,5+12,3 742,5+18,2 | 513,7£17.3 11,4 38,7
Kontpoius (B73) 757.6+6.5 702,0+17,1 493.2+8.5 7.3 349

Ipumenanue. OBIl — omuocumenvbHas 61a21cHOCHb NOYEHI.

IIpu sTom pacuer kod(puULUMEHTa MAPHOH KOPPEISLUH MEXy HaKOMUTEJIbHOI
akTuBHOCTH TM 1o MHJEKCY reoakKymynsaiuu(/l.co) 1 peakiMu Ha 3acyXy 10 WHTEHCHB-
HOCTH TpaHcnupauu#(7ium) BBISBHII OOpaTHYIO CHIIBHYIO CBSi3b B 3aBHCHMOCTH OT TOY-
BEHHO-KJIMMATHYECKUX YCJIOBUI rpouspacranus (tadmn. 10).

Tabanna 10
Koy(ppuunenr koppeasiuu MeK1y HHIACKCOM re0akKyMyasiumu (1..o) u
HHTEHCHBHOCTBLIO TPaHcnupauuu pacrenus (7uum)

Bapuaur VYmakepr O3yH Texyrt [Inox
Koo s i pacH 20,995 20,994 -0,960 -0,950
KOppeJIsiLuu

Knumaruueckue ocoOEHHOCTH CEBEPHBIX pai’xouos, OTJIMYAIOLIMXCS TOBBILLIEHHOMH
BJIAJKHOCTHKO M IMOHMIKEHHBIM TEMIIEPATYPHbLIM (bOHOM, MCHEE KOM(l)OpTHbI U1 IIPOH3-
pacTaHus 06pa3u03 KYKYPY3bl, 110 CpPaBHCHHIO C HOKHBIMH. Kak mokazanmu pacyceTbl UH-
TEHCHBHOCTH TpaHCIHUpalMH I 06pa3u013 KYKYpY3 3acyxXxa BbI3bIBACT 3aMC/JICHHC
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TPaHCIUPALMK JUIs BCEX MCCIIElyeMbIX 00pa3IoB, MPU 3TOM YCHJICHHE 3aCyXH 3aMe/UIsieT
MPOLECC UCMAPEHHUsI BO/IbI C TOBEPXHOCTHU JIMCTHEB B CBSI3HM C YMEHBIIICHHEM UX Pa3MEpOB,
tak kak npu OBII 34% BusyanbHo HaOnogaeTces yBsiJaHUE JIMCTHEB B TeueHHe JHs (TallL
11).
Tadnuna 11.
3HaYeHus! TPAHCIHPAUHOHHOTO KO3 uumenTa st 00pa3noB KyKypy3bl
(Zea mays L.) B yc10BHSIX 3aCyXH

CHMKeHue
WNHTEeHCHBHOCTD TpaHCIIUPALIMU, I/ M2 4
TlyHKT pou3- TpaHCIUPALIUH
pacraius 06pasLos YMepeHHas CuinpHas MpH MpH
pactenus Kourposs, .
OBII - 54% 3acyxa, 3acyxa, yMEpEeHHast | CHJIbHON
OBII - 43% | OBII - 34% | 3acyxa,% | 3acyxe,%
VYmakept 15,957+0,699 | 12,967+0,573 | 4,609+0,387 19 71
O3yH 23,119+0,285 | 12,736+0,450 | 3,625+0,751 45 84
Texyr 23,5354+0,769 | 14,139+0,612 | 4,301+0,348 40 81
[IIHox 15,7924+0,802 | 6,011+1,250 |2,281+0,632 62 85

OGo0mas momy4eHHbIE pe3ylbTaThl MOKHO KOHCTaTHPOBATh, YTO OCMOTHYECKH YC-
TOHYMBBIE pacTeHust OOsee TONEPAHTHBI K YKOJIOIHYECKOMY CTPECCy, BO3HUKAIOLIEM I1pH
BosHOM aeduuure. [Ipu sroM ajanrauus pacreHMil 3aBUCHT OT CTENEHU 3aCyXH C
MOBEPXHOCTH JINCTHEB (TpaHCHMpalWsA), YTO MOKET ObITh HCMOIB30BAaHO B KauyeCTBE
KPUTEPHs TPH OLIEHKE MOCIEACTBUH aOMOTHYECKOro cTpecca Ha psij (HU3HOIOrHUYECKHX
nokaszartenei pocrta pacteHHs (IUIOHIa/b JUCTOBOH IJIACTHHKHA, MHTEHCHBHOCTH TpaHC-
HUPALMK, 3aCYX0YCTOHUYHBOCTD, TOJIEPAHTHOCTD U T.[1.).

PesynbraThl MO ONpeje/IeHUIO0 BEJIMYMHBI TYpPropa CBEXECpPE3aHHOro 5-ro jucra
KYKYPY3bl IPH YCIIOBHAX MOJEIMPYEMON 3aCyXH MpeacTaBiieHbl Ha pucyHke 3. [Iporeccsl,
IpH TOMOIIM KOTOPBIX pAacTHTEIbHAas KJIETKa KOHTPOIMUPYET pocT W (OPMHUPOBAHHE,
SIBIISIIOTCSL  PE3yJAbTATOM Typropa M OOYCIOBJIEHbl HANPSUKEHUEM M pellakcaluei
KJIETOYHbIX CTeHOK. COOTHOLIEHHE MHTEHCUBHOCTH [POLIECCOB IOIJIOMIEHHS BOJbl U
3acyxu, (OpMHpYeT TOT BOAHBLINH OajlaHC JUIsl pAacTEHHMsl, KOTOPbIH 3aBUCEN MOYBEHHO-
KIMMaTHYEeCKUX YCIOBHMH mpouspactanusa. OnpeneneHue BEIMYMHBI TYpropa, IMpek/ie
BCEro, aKkTyaJlbHO MPH HKOJIOTMUECKHX HCCICHOBAHMAX, TaK KaK BO3MOJKHO OICHHTH
MaKCHMaIIbHYIO CIOCOOHOCTb PACTEHMsl MOIJIOWIATH BOJAY M3 IOYBBI U YJEPKHMBAThL €e.
XHUMHMYECKHUE COEJIMHEHHUsl pa30aBislOTCS B IOCTYHAIOLIEH B pacTeHMe BOJE, KieTka
KOTOPOro HAaYMHAET PACIIUPSTHCS M JOCTUraTh PABHOBECHOIO COCTOSHMS, YKPEIUISIOTCS
CBOM CTEHKH. B npoBe/IeHHbIX HAMU SKCIIEPUMEHTAX JJaHHbIE M3MEHEHHs 0TOOpaxaroTcs U
Ha (PU3HOIOrMYECKOM YPOBHE, PEryIHpYs CKOPOCTh POCTa pacTEHHS.

dakTUYECKN UCCIIEI0BAHMSI, OCHOBAHHBIE HA ONPE/E/IEHUN BIaroo0eneyeHHOCTH Kak
Pa3HOCTH BOJHOIO MOTEHIMAJIA 1 OCMOTHYECKOI'0 JIABJICHUSl, MOI'YT UMEIOT IIPAKTUYECKOEe
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3Ha4yeHWe. B 3TOM KOHTEKCTe npejiaraeTcsi UCMoib30BaTh BEIIMYMHY Typropa B KauecTBe
OJTHOHM M3 Ie0’KONOTHYECKHX XapaKTEPUCTHK 30H NMPOM3PACTaHMUs PACTCHHS Ha MpeaMeT
ux 3arpssHensocru TM.

KoHrpors, OBIN54%

Ob6paaay

YmepeHHbM cTpece, OBl 43%

-4

CunbHbin cTtpece, OBIN34%

-25

= BoaHLEA nOTEHUWAN = OCcMOoTWIYeCKDe AareHve © Typrop

Puc. 3. 3nauenus 600no2o nomenyuana, ocmomuyecko2o oasneHue u mypeopa npu
Mooenupyemoll 3acyxe 6 oopasyax Kvkypy3sol (Zea mays L.)

CpaBHHTENbHBIH aHAJIW3 OTBETHOM peaklMM KyKypy3bl Ha 3acyXy I10 NOKa3aTelsiM ero
TOJIEPAHTHOCTH K CTpPecCy M psja OMOreoXMMHHYEecKUX KOI((ULMEHTOB Npe/ICTaBleH B
BU/Ie OTHOLIEHU coaepxkanust TM B oOpa3suax Bojbl, o4YBbl U pactenus (puc.4). B npo-
neccax nornomenns Cd, Zn u Cd kykypy3a nposiBIsieT THIepaKKyMy/IsITHBHBIC CBOHCTBa,
NIPU 3TOM CHJIbHas 3acyxa He sBIseTcs OapbepHbIM (DAKTOPOM MPOIECCOB HaKarIMBaHUsA
JaHHeix TM BHE 3aBUCHMMOCTH OT I1OYBEHHO-KIIMMATHUYECKHUX YCJIOBUH NPOU3pACTaHUs
pacrenmnst. CpaBHUTENbHbIH aHaNU3 110 3HauYeHusAM kod(puuuentoB murpauuu Co, Mn u
Pb B oOpa3uax Bojbl, NMOYBbBI M PACTEHMS BBIABUI CXOXKECThb B TEHJIEHLUM I[POLIECCOB
norsowenus. Tak, B Ox3yne, a B lITHoxe B OosbLiei cTeneHn yCTaHOBJICHO [MOBBILLIEHHOE
cojgepkanue JaHHeIX TM B mouBe, HO JAC(GHUIMT BOJAbI SBISCTCA JTHMMHTHPYIOIIUM
(hakTOpOM MX HAKAIUIMBAHUS B KyKypy3€ B 3aBUCHUMOCTH HAKONUTENbHOH akTuBHOCTH TM
OT MOYBEHHO-KJIMMATHYECKUX YCIIOBHI HX IPOU3PACTAHUSL.
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Puc. 4. Cpasnumensnas ouazpamma buoceoxumuyveckux koagpuyuenmos ona Pb (1), Cd (2),
Zn (3), Mn (4), Cr (5), Co (6), Mo (7) npu sicecmrom cmpecce 3acyxu KyKypy3swl (Zea mays L.) uz
PasznuUdHbIX ROYBEHHO-KAUMAMUYECKUX pecuoHo6 Pecnyboauku Apmenus

[ToBbimennas nojBuxkHocTe Cr B cuUcTEME o4YBa-pacTeéHue CBHUJACTECILCTBYET O 10-

Mmmpylomel‘fl AKTUBHOCTH €I'0 HAKOILUICHHS B Texyre H U_IHOXG, rac OTMe4cHa IOBbIIICH-
Hasl peakuus KyKYpy3bl Ha 3acCyxy. O'—leBHILHO, HTO BOIPOCHl SKOJOr UUYECKOM YCTOﬁqM-
BOCTH M aJanTaluH paCTe}mﬁ B UTOr¢ CBOJATCA K BCECTOPOHHEMY HCCIICIOBAHUIO MEXa-

HM3MOB OOMEHa BEIEeCTB KaK CIIOXHOM LHCMMH B3aMMOCBA3aHHBIX MHOI'OYPOBHEBBLIX

poueccoB, p€arupyronux Ha U3SMCHCHUS BHEULIHEH CpEbI.

6. buoreoxumMuyeckHe 0COOEHHOCTH MHTPAIIMH PSA/IA THKEIbIX METALJIOB B
Pa3IHYHBIX NOYBEHHO-KJINMATHYECKHX YCJIOBHAX
1,3,4,5 6,711, 14, 23, 36, 39; 112, I14]
Hannune TM B TKaHsIX pacTeHHMH NPAMO WM KOCBEHHO 3aIlyCKAeT [POLECChl HEKOHT-

ponupyemoii rereparun AQK, npuBOAsS K OKHCIMTEIBHOMY MOBPEXKICHUIO Pa3THYHBIX
KJIETOYHBIX COCTABIAIOMIMX. B 3TOM KOHTEKCTE OBl OCYIIECTBICH LUK IKCIIEPUMEHTOB,
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IeNb KOTOPHIX COCTOsJa B CO3/IJaHMH JIOCTOBEPHOIO HKCIPECC-METO/A JAHAarHOCTHKH M
NpPOrHO3a SKOJIIOTMYECKOH CHTyallMH, OCHOBAHHOIO Ha CBOWCTBE HEKOTOPHIX PaCTCHHH
akkymynupoBath TM. B 2T0i#i cepun IKCIIEpUMEHTOB B KauecTBe 00BbEKTA MCCIIEIOBAHUIN
UCII0JIb30BAJIMCh MHOI'OJIETHHE TPABSHHCTBIE PACTEHMs, a. PacyeT CyMMAapHOH KOHILIEHT-
pauun uccaeayeMbix TM BbIABUI THHEHHYIO KOPPEISAIMOHHYIO CBA3b MEXK/y WHTCHCHB-
HOCTBI0 XEMM/IIOMHHECLIEHTHOIO CBEYEHUs! U CyMMapHbIM cojep:kanueM 3d-uoHos. Ilpu
ITOM C YBEJIMYEHHEM KOHLEHTPALMHU MOCIEJHUX B U3Y4AEMbIX PACTEHUSIX HHTEHCUBHOCTD
cBepxcinaboro cedeHust ux JIM®DA-IKCTPaKTOB JIMHEHHO YMEHBLIAETCS, HA OCHOBAHUM
yero Oblin pa3paboTaH IKCHPECC-METOJ JUlsl NPOBEICHHEe MOHMTOPHMHIA CTENEHU 3arpsis-
HEHHOCTH OKPYKAIOLICH Cpelbl M MPOrHO3a 3KOJIOrMYeckoi cutyauun (namewm PA Ne
3072 A).

OzHUM M3 NMPHOPUTETHLIX HANPABJICHUI B HALIMX MCCIIE0BAHUSIX OBbLIO MCCIEN0-
BAHME AHTHOKCHIAHTHOIO CTaTyca KYKypy3bl C Y4e€TOM OCOOEHHOCTEH ee pocra M
Pa3BUTHUSL B PA3JIMUHbIX MOYBEHHO-KIIMMATHYECKHUX YCI0BMsX. Buoxumuueckmii ananus
CHCTEMbI AHTHOKCH/IAHTHOM aKTUBHOCTH KaK B KOHTPOJIbHBIX 00pa3iiax, Tak ¥ B o0pa3nax,
MOJIBEPTHYTHIX BIMAHHIO B YCIOBHSX YMEPEHHOH M CHIIBHOM 3aCyXH, MO3BOJMI CBA3aTh
3aCyXOYCTOHYMBOCTL M TOJIEPAHTHOCTb K CTPECCY € PEJOKC-PEeryisiuei no 30HaM pocra
aucra  KyKypysel. B pesyibrate INpOBEJEHHBIX MCCIEAO0BAHUI  YCTAHOBIEHO, 4YTO
n3mepennsie nmapamerpbl (MJIA, FRAP, momudenonsr u drnaBoHOHIBI) HCCIeyeMOro
OMOIOrMYEeCKOro MaTepuasa, COCTaBIISIONINE B COBOKYITHOCTH AaHTHOKCH/IAHTHYIO CHCTEMY
3anMThl OMONOrMYecKoro Marepuaa, OTJIMYAloTCs, B MEPBYK OUYEpelb, MO MOYBEHHO-
KJIMMATHYECKUM YCIIOBHSIM HPOM3pAcTaHMs KyKypy3bl. BbLIO yCTaHOBIEHO, 4TO 3acyxa
BbI3bIBAET Yy PACTEHMsI pasHble CTPATerMd 1O MPEOAOJICHHIO CTpecca Ha KIETOYHOM
YPOBHE, KOTOpbIE CBsizaHbl ¢ perynsumeii ypoBHs APK Ha MOJEKYJISPHOM YpOBHE MO
30HaM pocTa JIMCThEB (MepUcTeMa, yUIMHEHHE, co3peBanne). [1o HanmpaBneHuio ocu pocta
JMCTa B KOHTPOJBHBIX YCIOBHAX OBLIO BBISBICHO MOBBIIIEHHE KOHLEeHTpaimu MJIA Ha
(hoHE KOHIIEHTPAIIMOHHBIX CHWKEHHH OCTalbHBIX OMOXMMMYECKHX TmokazaTenei. [Ipu
ITOM TOJIEPAHTHBIE K CTPECCY COPTa KYKYPY3bl UCIBITHIBAIOT MEHbIIEE BIMSHUE 3aCyXH B
30HE MEpPHUCTEMBbI, TaK KaK 3/eCh OHM JIydllle 3allMIIeHbl BO Bpems cTpecca. Ha ato
yKa3bIBaeT BbICOKas aKTUBHOCTH B yciaoBuaX 3acyxu FRAP, nonudenonoB wu
(h;1aBOHOM/IOB.

[TonyuenHsle OT/IMYMS B PEJIOKC-PErYSILIMU 10 30HAM POCTa JIMCTa KyKypy3bl o0yc-
JIOBJIEHBI 3aCyXOYCTOHYMBOCTBIO CAMOr0 pacTeHus Ha paHHeil craauu paccazast (CYJI) u
TOJIEPAHTHOCTH (KOHEYHOH [UIMHBI NSTOrO JIMCTa KyKypysbl). B rnpoBejieHHbIX Hamu
MCCIIEZIOBAHHUAX TMONTYYEHBIE KOPPEISAIMOHHBIC 3aKOHOMEPHOCTH, BBISIBHJIM B3aMMO3aBHU-
CHUMOCTb MEX/y JaHHbIMH OMOXMMMYECKMMH I10KA3aTEISIMH M HMHJIEKCOM 3arps3HEHUs
(lsazp.) (cm. Tadn. 4). [loBbiieHHbIM B 2-3 pa3a YHCIEHHBIM 3HAYE€HUEM [sazp ] BBICOKOO-
nacueix TM. (Se, Sb, Cd) ornmuaercst YiakepT, 10 CPaBHEHHIO C OCTAJIbHBIMM PErHo-
Hamu; Juis Kiacca ymepennoonacubix TM (V, Hg, Ni, Cu, Cr, As, Ba) uucnennoe 31aue-
HUE [sazp.2 ObUIO MOYTH OAMHAKOBOM; 3HA4YE€HHE HMHAEKCA [wzp.3 s ManoonacHeix TM
(Mo, Pb, Zn, Co) nmeno nambGonbiiee 3HaueHne B Texyre, a HauMmeHbiee — B LlIHOoXe.
Jluarpamma 3aBUCMMOCTH MHJEKCOB 3arpssHeHHoctd TM 1o kinaccam uX ONAcHOCTH B



3aBHCHMOCTH OT OMOXMMHYECKHMX TMOKa3aTeseil aHTHOKCHIAHTHOH aKTHBHOCTH npearaB-

JIGHA Ha pUCYHKeE 5.
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Puc. 5. Cpasnumenvnoiii anaiuz aHmuokcuOaHmHuix nokazamenetl u
UHOCKCOB 3a2PA3ZHEHHOCMU KVKYPY3bl (Zea mays L.) u3z paziudnsix
NOYGEHHO-KIUMAMUYECKUX PECUOHOB

KoppensinonHuslii aHaiu3 Mo KOHIIEHTPAIUH KeJIe30BOCCTAHOBUTEILHONH aKTHBHOCTH
nna3mel (FRAP) pacTutenbHOM TKaHH YCTAaHOBHII, YTO B PETHOHE C MOBBIIICHHOH OMacHbIX
TM (Vwakepr, Oja3yH) €ro 3Ha4€HHE HAMHOIO HWXKE I10 CPAaBHEHHUIO C PErMOHOM C
XapakTepHO BbICOKUM cozaepxkanueM Mo, Pb, Zn, Co (Texyr u Oxasyn). B ciyuae xe ¢
OTBETHOM peakuueil BropuuHoro npojaykra mnpoueccos [10JI — MJIA ormeuaercs 1notu
CXOKasi KApTHHA BHE 3aBMCHMOCTH OT MOYBEHHO-KIMMAaTHYECKHUX YCIOBHii. B Toke Bpems
M0 3HAYCHHUAM KOHIIEHTPAlHMii MonH(eHoI0B 1 (IaBOHOUIOB OTMEHaeTcs criabas peaKius
JNAHHBIX CHCTEM Ha 3arpsi3HEHHOCTh cpejbl. DaKTHUECKH AHTHOKCUIAHTHASE CHCTEMa
SIBIISIETCS. TOH YYBCTBUTEJILHOM COCTABISIIOLIEH PACTUTENILHOIO OpPraHu3Mma, Kotopas B
MEPBYI0 OYEpe/b pearupyer Ha M3MEHEHHMs B OKpYKalollel cpeae, BbI3BaHHbIE
OrpaHWYEHUEM JIOCTYITHOCTH HEOOXO0AMMOro BOAHOr 0 OanaHca A BbDKHBAHUS M HATMYHS
MHKPO- U MaKpO3JIE€MEHTOB.

Takum oOpazom, B auccepTalMOHHOH padoTe paccMOTPEHbl pPa3HOHAIPABIIEHHBIE
MOJIXO/Ibl MCCIIE0BAHUSl HEKOTOPBIX Ie0IKOIOrMUeCKUX 3ajad pacrpocrpaHenus TM B
OKpyKaromiel cpeae ¢ 00OCHOBaHHMEM crenu(pUYEecKUX OCOOEHHOCTEH B CHCTEME BOJa-
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Mo4YBa-paCT€éHHEC B o0Iell KOHULEMIIUH. OCBEIICHHE PETHOHAJIBHBIX  9KOJIOTHYCCKHUX
ﬂpOGHCM, HMCHOIIIHNX KaK aGHOTH‘ICCKHﬁ, TaxK 1 aHTpOﬂOI“CHHblﬁ XapakTep.

BbIBO/1bI
1. JIns OIEHKH CTeNeHH 3arpsA3HEHHOCTH WCCIIEeYeMbIX H3KCIePUMEHTATBHBIX
Yy4acTKOB BIIEPBbI€ MPUMEHEHbl 3HAYEHHS] KOHLEHTPALMM KJIAPKOB BEpPXHEH YacTu
KOHTUHEHTAJIbHOH KOPbI JUIsl HCCIIEAYeMbIX TsDKebIX MeTa/uloB. [lojydyeHHble OTaHYus B
pacyeTHbIX 3HAYEHHMSX KJIAPKOB KOHLEHTPALMII B LEJIOM BBISIBIISIOT HEOJAHO3HAYHOCTH
pacnpoCTpaHeHUsi U KOHTPACTHOCTh TEOXMMHYECKMX AHOMAIMH JUIS TaKUX TSDKEIbIX
metaoB kak Cd, Ag, W, Co, Cu, Hg.

2. C yueroM CyMMapHOro mHoKa3aress 3arpsa3HEHHOCTH 110 Kod(QuiHeHTam
KOHICHTPALMI M 3HAYCHUH TOTCHIMATbHOH OMOXMMHYECKOH TNOABHKHOCTH TSKEIBIX
METAJUIOB M3 II0YBbl B PACTEHHME I[10 pacueTy HHJAEKCAa 3arps3HEHHOCTH BbISBIICHb
CpPAaBHMTEJIbHBIE Ps/bl O MOYBEHHO-KIMMATUYECKMM PErHoHaM  IPOU3pacTaHus
KYKYpY3bl.

3. Tloka3aHo 4MCICHHOE MPEBBINICHHE KOHIICHTPAIIMOHHBIX U3MEHEHHH Y/IEIbHOTO
k03¢ duimenTa Guonornueckoro HakomiaeHus no Mo, Zn, Cr a1 uccnegyeMbix o0pasion
KYKYpPY3bl W3 Ppa3JM4HbIX TOYBEHHO-KIMMATHUECKUX YCIOBHH. YCTAaHOBJICHO, YTO B
3aBUCUMOCTH OT [IOYBEHHBIX YCJIOBHH IOYTH Ha BCEX HCCIEAYEMbIX TEPPUTOPHSIX
CHJIbHBIMH KOHLIEHTPATOpaMHu SBISAIOTCS MO M Zn, a OCTallbHblE TSXKEIble MEeTallabl —
JIEKOHIIEHTpaTopaMu B inanazone ot cuibHoro (0,04+0,0025) xo cnadoro (0,4+0,25).

4. B kiacce BbICOKOOMACHBIX TSKEJIBIX METALIOB Se U Sb MMEIOT HU3KHI yPOBEHb
(hakTOpa SKOIOrMYECKOro pHUCKa JUld BCEX HccaedayembiXx Tepputopuii, a B IllHoxe mu
Om3yne ormevaercs Huskuil  (Qaxrop skonormueckoro pucka Cd. B wiacce
YMEPEHHOOIACHBIX 3HAa4YeHHE (PAKTOpa 9KOJOrMHYECKOIO PUCKA [0 BCEM TSDKENIbIM
MeTasiamM ObUT HM3KMH BO BCEX MCCIIElyeMbIX TeppuTOopusax. B kmacce craGoonacHbIx
TsokenbiX MeramioB Co MMen HHM3KOe 3HaueHWe (akTopa 9SKOJTOrMYEeCcKOro pHCKa.
OTmeueHO OueHb BBICOKOE 3Ha4YCHME (paKTOpa 3KOJIOrHYEecKOro pucka no Zn u Mo BHe
3aBUCUMOCTH OT MCCIIEAYEMbIX TEPPUTOPUI.

5. llonyueHbl CpaBHUTEIbHBIE PSAbl 10 3HAYEHUsM psga  KodQuumueHToB
HOIJIOIIEHUS TSDKEJIbIX META/UIOB B CUCTEME BOja-1o4uBa-pacTeHue. BbiCOKUM 3HaueHuem
BOJIHO-PACTUTEIBHOIO KOPHEBOro Kod(QuuMeHTa, NOTeHUHAILHOH OMOXMMHUYECKOH
MOJBMKHOCTBIO TSDKEJIBIX METAIJIOB M3 MOYBBI B PAaCTEHHME Ui 00paslioB KyKypys3bl
seIzesiroTess Mo, Cd u Zn.

6. Iloxa3aHa B3aMMO3aBHCHMOCTb MEXKJy COJEPKAHMEM MCCICIYyeMBIX TSKEIBIX
META/UIOB ¥ BOJONPOHHLIAEMOCTbIO PACTUTEIbHON KIETKH, IPH JTOM HAOIIO0aeMblii
TYProp pacTUTE/IbHOI KIETKH 3aBUCHT OT KOHLIEHTPALIMU PACTBOPEHHBIX B BOJIE TSDKEIbIX
METAJUIOB KaK y OJHONIETHEro (caxapuas KyKypy3a), Tak W MHOIOJETHEro (noaviHb
20pbKas) pacTeHMH, a TAKKE PEryJupyeT HHTEHCUBHOCTh TPAHCIHMPALMH U CKOPOCTh
pocTa KyKypys3bl H3 pa3IMuHbIX OYBCHHO-KIMMATHYECKHX PETHOHOB APMECHHUH.
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7. BbisBleHa KOppenslMOHHAs CBSI3b MEX/Iy BEJIMYMHOI BOJHOTO MOTEHIHAsa M
OCMOTHYECKOTO JIaBJICHHSI y TPEXIHEBHbIX MMOOETOB MATOrO JIMCTAa KyKypy3bl W3
PA3IMYHBIX [TOYBEHHO-KIMMATUYECKUX PErMOHOB APDMEHHMH B YCIIOBHSX 3acyxu. Brepsbie
[I0Ka3aHa CBs3b 3aCyXOYCTOHYMBOCTH CAXapHOH KYKYpy3bl [0 MHJEKCY I€0aKKyM yJIsLHH
TSDKEIIBIX METaJUVIOB B 3aBUCHMOCTH OT MOYBCHHO-KIMMATHYECKHX YCIIOBHH TMpPOH3-
pacraHusi pacTEeHUsL.

8. ITlonmyyeHa KoppenslMOHHAs CBSA3b MEXKIYy MHTCHCHBHOCTBIO XEMMIIFOMHHEC-
LHEHTHOI'0 CBEYCHHS U CYMMAPHLIM COACPIKAHHUEM Psijia TSAXKEIIbIX METAJUIOB U IPEUIOKEH
arnpoOHpPOBAHHBIN OCTOBEPHBIN IKCIPECC-METO, JAMATHOCTHKM M MPOrHO3a 9IKOJIOrU-
YECKOH CUTyaluu.

9. buoxumuyeckuii aHallu3 CUCTEMbl AHTHMOKCH/IAHTHON aKTUBHOCTH (MaJIOHOBBIMA
JMAIIBET U], JKEIE30MHAYLIHPYEMOE OKHMCIIEHUE IUIa3Mbl, 1oiugeHossl, (IaBOHOU/IbI) B
oOpa3lniax pacTeHusi B YCIOBHAX YMEPEHHOW M CHIBHOH 3acyXH, MNO3BOJIMJI CBA3aTh
3aCyXOyCTOHYMBOCTh Ha paHHEH cTaguu paccanabl (cpeaHee YAJIMHEHHE JIHCTa) M
TOJEPAHTHOCTh (KOHEYHasl JUIMHA IISITOrO JIMCTa) K CTPEcCy C peloKC-peryssiluei Io
30HaM POCTa IATOrO JIUCTA KYKYpPY3bl, KOTOPOE OT/IMYAETCs M0 NOYBEHHO-KIHMATHYECKUM
pEermoHaM Mpon3pacTaHus PacTECHMSL.

IIpennoxeHus 1 peKOMeHAALHH

Ha ocHOBaHMM MONYyYEHHBIX PE3yJIbTATOB MPEAIOKEHbI BO3MOKHOCTH I IIpak-
THYECKOr0 MNPUMEHEHUs crocoOOB OLIEHKH M OYMCTKH 3€MellbHbIX ydacTkoB or TM, a
TaKke crnoco® onpejeneHus BIaroodOECneYeHHOCTH PacTeHHH; Crnocod OLEHKH 3arpss-
HEHHOCTH PACTEHHMH >KEIe30M C y4eTOM TICOXMMHMUYECKHMX YCIOBHH HMX TPOM3pACTaHMS.
PexomeHnayeTcs NpUMEHEHHE METOJa XEMUIIOMHHECICHIMH B ULEIAX OpraHu3aiuu
MOHMTOPHHTA M TMPOrHO3MPOBAHHME SKOJIOTMYECKOTrO COCTOSHUS OMOTHI MPH 3arps3HEH-
Hoctu TM.

VYeraHoBineHHas B3aUMOCBS3b Meky coiexpanueM TM M BOAHBIM MOTEHUHAIOM (a
TAK)KE OCMOTHMYECKHM JIAaBJICHMEM) pPACTUTEIbHOW KICTKH SABISACTCA ONpPEACIISIONINM
(hakTOpOM B NMOHMMAHMHM MEXAaHW3MOB MPOHMKHOBEHHs M HakoruieHuss TM B pacTHUTenb-
HbIE KJIETKH.

Jnst BisiBieHUs: 3alMTHBIX (yHKUMH pacteHuii npu murpauuu TM B Tpuaae Boja-
[Mo4Ba-paCcTreHyue npejlaracrtcss MUCnojab30BaTh BCIWYHUHY H3MEHCHHS AHTHOKCHIAHTHOI'O
cTaTyca pacTUTEIbHOrO OpraHu3Ma TMpu aOHOTHYECKHX cTpeccax. [lpemnokeHHas
METO/IONIOTHSI MOHHTOPHHTA SKOJIOTMYECKOrO COCTOSIHUSI TEpPPUTOpPUIl MOMKeT ObITh
KCIIOJb30BaHA /I ONpPEAEICHUS] KOHLEHTpalUHOHHbIX u3MeHenuit TM B Tpuange Boxa-
[04YBa-pacTeHue M pa3pabOTKH OCHOBHBIX HallpaBJIEHWIl U METOOB IPUPOAOOXPAHHBIX
MEepOIpUsITHIi, 00eCcIeYnBaIOLIUX YKOJOrHUECKYI0 0€3011aCHOCTb HACEIEHUS B PETHOHE.

MunHcTepcTBY OKpykatomiei cpeapl PecnyOnukm ApMeHMM TpH  OpraHM3aluu
9KOJIOTMYECKOTO0 MOHHMTOPHHIA CHCTEMbI BOZA-NOYBA-PACTEHHUE PEKOMEHIYETCs paspa-
OoraHHasi OLIEHOYHAs METO/MKA OIpejeseHus: creneHu 3arpssHenHoctd TM u daxropa
9KOJIOFMYECKOro pHUcKa, 4To Oyaer crnocoOCTBOBATh CO3/1aHMI0 COBPEMEHHBIX JIAH]I-
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maTHO-IKOJOTMYECKHX KapT aHTPOMOTeHHOrO BO3JCHCTBHS W OpraHu3alvu peabu-
JIUTAITHOHHBIX MEPONPHUATHH 3arpsI3HEHHBIX TEPPUTOPHIA.

Pexomenayercst Ipu OLIEHKE CTENEHH 3arpsisHEHHOCTH TeppuTtopuit TM yuuThIBaTh
3HAYEHHUS] KOHLEHTPALMHM KJIAPKOB BEPXHEH YacTH KOHTHHEHTAJILHOH KOPbI C LENbIO
BBISIBIICHUS] HEOJHO3HAYHOCTH PACMPOCTPAHCHHS] M KOHTPACTHOCTH T'E€OXHMHYECKHX
aHOMaJIUA.
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ASTGHIK RAFIK SUKIASYAN

BASIC GEOECOLOGICAL OBJECTIVES OF DISTRIBUTION OF HEAVY
METALS IN THE ENVIRONMENT AND WAYS OF THEIR SOLUTION

SUMMARY

Environmental protection from pollution is the most important task in the field of en-
suring the safety of life and the development of society. Today, environmental tensions
raise a number of environmental problems in the Republic of Armenia. Based on this, the
task of assessing the prevalence and accumulation of heavy metals as the most dangerous
chemical pollutants for the natural environment is brought to the fore. Moreover, the anal-
ysis of the current environmental situation, with the identification of spatio-temporal
changes in it, is today an urgent task

The purpose of the work is a geo-ecological assessment of the state of the environment
of some regions of the Republic of Armenia; in identifying migration distributions of a
number of heavy metals in the soil-water-plant system; in determining the characteristics
of absorption and accumulation of heavy metals by plants against the background of a
change in the intensity of their water absorption and water evaporation; in studying the
mechanisms of plant adaptation by their antioxidant activity in conditions of drought and
contamination of the studied territories with heavy metals; in the development of evidence-
based recommendations for the safe use of territories contaminated with heavy metals in
drought conditions.

CONCLUSIONS

1. To assess the degree of contamination of the studied experimental sites, the values
of clarke and the scattering clarke concentrations of the upper part of the continental crust
for the studied heavy metals were first applied. The differences in the calculated values of
concentration clarks and scattering clarks, in general, reveal the ambiguity of distribution
and the contrast of geochemical anomalies for such heavy metals as Cd, Ag, W, Co, Cu,
Hg.

2. Taking into account the total pollution index by the concentration coefficients and
the values of the potential biochemical mobility of heavy metals from soil to plant, the
calculation of the pollution index revealed comparative series in the soil-climatic regions
of Zea Maize L. growth.

3. A numerical excess of concentration changes in the specific coefficient of biologi-
cal accumulation by Mo, Zn, Cr for the studied samples of Zea Maize L. from various soil
and climatic conditions is shown. It was established that, depending on the soil conditions,
in almost all the studied territories, Mo and Zn are strong concentrators, and the remaining
heavy metals are deconcentrators in the range from strong (0.04 + 0.0025) to weak (0.4 +
0.25).

4. In the class of highly hazardous heavy metals, Se and Sb have a low level of envi-
ronmental risk factor for all studied territories, and in Shnokh and Odzun there is a low
environmental risk factor Cd, while in Hushakert it reaches a significant level. In the class
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of moderately hazardous, the value of the environmental risk factor for all heavy metals
was low in all the studied territories. In the class of low-hazardous heavy metals, Co had a
low value of the environmental risk factor. A very high value of the environmental risk
factor for Zn and Mo was noted, regardless of the studied territories.

5. Comparative series were obtained by the values of a number of absorption coeffi-
cients of heavy metals in the water-soil-plant system. Mo, Cd, and Zn are distinguished by
a high value of the water-plant root coefficient and the potential biochemical mobility of
heavy metals from the soil to the plant for maize samples.

6. The interdependence between the content of the studied heavy metals and the water
permeability of the plant cell is shown, while the observed turgor of the plant cell depends
on the concentration of heavy metals dissolved in water in both one-year (Zea Maize L.)
and multy-years (Artemmisia Absinthium L.) plants, and also controls the transpiration rate
and speed growth of corn from various soil and climatic regions of Armenia.

7. A correlation between the value of water potential and osmotic pressure in three-
day shoots of the fifth leaf of Zea Maize L. from various soil-climatic regions of Armenia
under drought conditions was revealed. For the first time, the relationship between the
drought tolerance of Zea Maize L by the index of geo-accumulation of heavy metals de-
pending on the soil and climatic conditions of plant growth is shown.

8. A correlation between the intensity of the chemiluminescent glow and the total con-
tent of a number of heavy metals was obtained, and a proven reliable express method for
diagnosing and predicting the environmental situation was proposed.

9. Biochemical analysis of the antioxidant activity system (malondialdehyde, FRAP,
polyphenols, flavonoids) in plant samples under conditions of moderate and severe
drought allowed us to associate drought tolerance at an early stage of seedlings (average
leaf elongation) and tolerance (final length of the fifth leaf) to stress with redox regulation
in the growth zones of the fifth leaf of Zea Maize L., which differs in the soil and climatic
regions of the plant's growth.



