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BBEJAEHUE

AKTYAJILHOCTH T€MbI HCCJIEIOBAHUS

VYpbOanuzanus TEppUTOPUNA U YBEIMYEHHE KOJIMYECTBA IPOMBIILIEHHBIX
NOPEeANpUATAA TPUBEIM K HMHTCHCU(PUKAIMK 3arpsi3HEHUs] TOYB HA MPUIETAIOIIUX
TEPPUTOPUSIX.  AHTPONOTEHHAas  JEITEJBbHOCTh W ypOaHuzanus  Ouocdepsl
COMPOBOXKJAETCS PACCEMBAHUEM 3HAUUTEIBLHOTO KOJIMYECTBA TSDKENBIX METAJIJIOB,
BOBJICUYCHHBIX B MUTPAIMOHHBIE MPOILIECCHI, KOTOPHIEC SBISIIOTCS BBICOKOTOKCHYHBIMU
JuIs gesoBeka [5, 6]. B Bompocax skoJoruveckoii 0€30MacHOCTH 3Ta MpodeMa O0CTPo
CTOUT B MPOMBIIICEHHO Pa3BUTHIX PETHOHAX BCErO MHpA, IJI€ PACIOJIOKEHBI KPYITHbIC
WHyCTPUATIbHBIE METALTYPTrUYECKUE MPEANPUITHS, COCPEIOTOYCHB MHOTOUHCIICHHbIE
aBTOTPAHCIOPTHBIE MArUCTpaIu. 3arpsi3HEHUE TOPOJCKUX MOYB TSKEIBIMUA METaJUIaMU
paccMaTpuBaeTCsi B BONPOCax  OSKOJIOTMYECKOW  Oe3omacHOCTH W Tpelyer
HE3aMeJJIUTEILHOTO PEIICHUS, HAPABICHHOTO HA BOCCTAHOBJICHUE JIETPaJUPOBAHHBIX
MOYB C IO CO3AaHMUs YUCTON M 0€30MaCHOM /I KUBBIX OPTaHU3MOB OKpYKaroien
cpeasl [178, 185]. BeIaensroT TEXHOJOTMH OYUCTKHA TOYB: (DUKCALUIO TAKEIBIX
METaJUIOB C MOMOIIIbIO MIOYBEHHBIX 100aBOK, CKJIAIUPOBAHUE HA CBAJIKAX, YKCTPAKIIUIO,
BBIIIICJIAYMBAHUE, OHAKO JAHHBIE METO/bI TPEOYIOT 3HAYUTENIbHBIX KAaTMTAJIOBIOKEHUH.
duTtopemenualus paccmMarpuBaeTcs kak 3QpGeKTuBHas, MEHee 3aTpaTHas aJlbTepHaTHBa
OOIIETPUHATHIM PEKYJIBTUBAIIMOHHBIM TEXHOJIOTHSIM BOCCTAHOBJICHUS OKPY>KAIOIIEH
cpens [139].

O6uuMu  MexaHu3MamMu  (pUTOpeMenuali  TEXHOTEHHBIX TIOYB  SIBJISIFOTCS:
dburocrabumsanys, (bUTOIKCTPAKITHSA, pu3oierpaaams, dbuTonerpasanus,
¢durtopacceuBanue. HWneanbHble mis  (pUTOpeaOUIMTALMKA TOYB PACTEHUS JOJDKHBI
XapaKTepU30BaThCS CIMOCOOHOCTHIO HAKAIUIMBATh BBICOKME KOHIIEHTPAIIMM METAJIIOB,
OBITh YCTOWYMBBIMU K BBICOKUM KOHIICHTPAIIUSAM COJIM, UMETh BHICOKYIO CKOPOCTB POCTa,
ObIcTpO HaOuparh Ouomaccy, YOPEKTUBHO HAKAIlJIMBAaTh METAJI B HAJ3€MHBIX YaCTSX,
o0nanaTte BBICOKOW TEIJIOTOW CrOpaHus H TPOCTOTOM YOOpKM ypoxkas ISl HX

JAJIbHEHIIEro UCIOIb30BaHUS B KAYECTBE OMOIHEPTETHUECKOTO ChIpbhs [221].
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CBsi3b pa00Thl ¢ HAYYHBIMH MPOrpaMMa, IJIAHAMH, TEMAMHU

HccnenoBaHus TEOPETHUECKOIO W NPUKIAAHOTO XapaKTepa BBIIOJIHEHBI B
COOTBETCTBHH C FOCYJAapCTBEHHOW HAy4YHO-UCCIEAOBaTelIbcko TeMol: «VccnenoBanue
CTPECCOBBIX pEaKIUii XBOMHBIX U JAPYTHX BUAOB PACTEHUH IMOJ BIUSHUEM OMOTUYECKUX
u  abuoTuueckux  (AKTOpOB  BHEMIHEH  cpeab»  (HOMEp  TroCyJapCTBEHHOTO

yueta HUOKTP 0117D000246).

Crenesnb Da3DaGOTaHHOCTH TEMbI UCCJICA0OBAHUA

Teopernueckold OCHOBOM IS  BBINOJIHEHUS HCCIEAOBaHUNA B 001acTu
(duTopeabunuTanun II0YB, ITOBBIIICHUS DKOJIOTMYECKON 0€30MacHOCTH
ypOaHU3UPOBAHHBIX TEPPUTOPHH, sIBISIOTCS padoThl becconoroit B.I1., JIuxonara FO.T,
Briconkoro C.I1., I'ypansuyka JK.3., Masuna B.b., Zheng S.J., Kramer U., Yamamoto Y.,
Turner R.G [18, 41, 50, 68, 200, 239, 241]. B pabGorax becconosoii B.II.
paccMaTpUBaeTCsl YCTOMUUBOCTh PACTEHUM B YCIOBUSX MOJMMETAUNIMYECKOTO CTpecca ¢
1IEJIbIO0 X JTAJIbHEUIIIETO UCIOJIb30BaHUS B TEXHOJIOTHUSX BOCCTAHOBJICHUS OKPYKAIOIIEH
cpenet [19, 20]. B OoJbIIMHCTBE SKCHEPUMEHTANBHBIX padoT [ypampayka XK.3.,
KapapaeBa B.A. uzydaercs TexHonorus (puropeMeInanuy TOJbKO OTACIbHBIX TSKEIBIX
METAJJIOB HEKOTOpPhIMU BHAamMHu pacteHuit [51, 69]. VuuTeiBas monmMeramuinyecKuid
XapakTep AaHTPONOTeHHOTO 3arps3HCHMs TPOMBINUICHHBIX pernoHoB JloHOacca,
BO3HHUKAET MOTPEOHOCTh UCCISAOBAHUS TEXHOJIOIMH KOMIUICKCHON aKKyMYISIIUA HOHOB
TSDKEJIBIX METAJVIOB B YCJIOBUSIX MX COBMECTHOTO MOCTYIUICHUS B TIOYBY.

Ieablo HcCaeT0BAHUS SBISICTCS MOBBILICHHUE DKOJIOTHMYECKOM 0e30macHOCTH

ypOAHU3UPOBAHHBIX TEPPUTOPUN BOKPYT IMPOMBIIUICHHBIX OOBEKTOB: TETJIOBBIX
AJIIEKTPOCTAHIIMM,  XMMHYECKHUX,  METAUIYPTUYECKUX U TOPHOJ0OBIBAIOIIUX
NPENNpUsATANA, JPYrUX OINACHBIX OOBEKTOB 3a CYET NPUMEHEHUS TEXHOJOTHUU
dbutopeabuIUTALIUK MOYB C MOTyYEeHUEM OMOTOTUINRA.

3amaum ucCJae10BaAHNS

paspaboTaThb MaJI03aTpPaTHYK0, S3KOHOMHUYCCKU BBITOJHYIO M 3KOJIOTHYCCKH
0€30MacHyl0 TEXHOJOTUIO (PUTOpPEMETUALNK JeTrPAAUPOBAHHBIX TOYB, 3arps3HEHHBIX

TSDKEJTBIMHA METAJIJIaMU, C TMOCTIEAYIONIeH yTHIn3aIueld 0Tpab0oTaHHOTO OMoMaTepHana;
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JUISL YMEHBIIEHUS YPOBHSA 3arps3HEHUs IOYB BO3JIE METALTyPrUYECKUX
HPEANPUATHI NPOU3BECTUN 0TOOP YCTONUMBBIX K MOJIMMETAITHYECKOMY CTPECCY BHIIOB
JICKOPAaTUBHBIX TPaBSHUCTBIX pPACTEHUH, 110 JaHHBIM MHJEKCAa TOJIEPAHTHOCTH,
MOp(}HOMETPUYECKUM MOKA3ATENIAM U CKOPOCTH POCTA;

JUIS. TIOTYYeHHs] OMOPHEPTeTUYECKOTO CHIPhSl B TEXHOJOTUHU (hUTOpEMEaraInu
NIOYB BbIABUTb BUBI IEKOPATUBHBIX TPABSIHUCTHIX PACTEHUN C HaWOOJIbIIEH TEIIOTON
CTOpaHHs B YCIOBHUAX IOJMMETAUIMYECKOTO CTpecca, OIpeNeianuTh Hauboee
3¢ (PEKTUBHBIE IHEPTETUUECKUE KYJIbTYPHI;

JUIs  TOBBILIEHUS  3(PQPEKTUBHOCTH  (UTOpEMEAUallMd  TOYB  BO3JIE
METaJLTypPTUUECKUX TPEANPUATHIA NPOU3BECTU 0TOOP pacTCHUI-TUIIEPAKKYMYJIISITOPOB
TSDKEJIBIX METAUIOB MO JaHHBIM (DakTopa MEepeHoca M IMOKa3aTessiM COPOLIMOHHON
CITOCOOHOCTH;

Uil pUTOpEeMenuanuyu TOYB C BBICOKMM COJIEp)KaHUEM CBUHLA BO3JIE
aBTOMOOUJIBHBIX JOpPOT WCCMeA0BaTb COpOIMOHHYI0 3()(PEKTUBHOCTh YCTOWYUBBIX K
3arpsiI3HEHHIO PACTEHUU-TUIIEPAKKYMYJISITOPOB TSKENBIX METAJLJIOB,;

npoBeCcTN ONbITHO-MPOMBbILL/TEHHYIO anpo6au,|/|+o TEXHOJIOTHUH
duTopeMenMalMd TOYB BO3JIE METAUIYPrUYECKUX MPEANPUATANR B  YCIOBHUAX
HNOJUMETAITIMYECKOIO  CTpecca, OMNPENeIUTh 3KOHOMHUYECKYI0 3(PQPEKTUBHOCTh MU
CTOMMOCTHBIE IPEUMYIIECTBA TEXHOJIOTUH;

— U1 TIOBBIIIEHHUS YCTOWYMBOCTH BHJIOB-TUIEPAKKYMYISTOPOB  TSKEIBIX
METaJJIOB  NpU  BBIMNOJIHEHUHM  (YHKIUM  QUTOpeMequaluu  [ouB  U3YUNThb
OMoaganTalMOHHbIE XapAKTEPUCTUKU PACTCHHI.

OO0beKT _MCC/IeI0BAHUSI — JCTPAJAUPOBAHHBIE TIOYBBl YPOAHU3UPOBAHHBIX

TEPPUTOPHUH, 3arPA3HECHHBIC HOHAMU TSKEJIBIX METAJIJIOB.

Ilpeamer ucclieJOBAHUS — TEXHOJIOTHS (PUTOPEAOMIUTALIMN YPOAHU3UPOBAHHBIX
TEPPUTOPHI C BLIOOPOM HanboJiee Pe3yIbTaTUBHBIX THUIIEPAKKYMYISITOPOB, 00T IAt0IINX
HaMOOJbLIEH TEIIOTON CropaHusl ¢ MOoJy4YeHUeM OMOTOIUIMBA.

HayuyHasi HOBM3HA MOJIYUYEHHBIX Pe3yJbTATOB COCTOUT B CICAYIOIICM:

L TCXHOJIOTMM BOCCTAHOBJICHHA IIOYB, 3arpsA3HCHHBIX COCIWMHCHUAMM

Ko6aana, MapraHga, XpomMa H CBHHIOA B YCJIOBHAX ITOJIUMCTANIMYCCKOIO CTpECCa
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npou3BeseH NoAbop BHIOB pacTeHHU-TUIEPAKKyMyasTopoB: Ageratum houstonianum

cv. Bule Lagoon, Alyssum maritimum Lam., Brassica napus L., Cosmos sulphureus
Cav., Linum usitatissimum L., Atriplex hortense L., Miscanthus sinensis L.
OKclepUMEHTANIbHBIE OOBEKTHl 00Ja/al0T BBICOKOW COPOIIMOHHOM CIIOCOOHOCTHIO,
YCTOP'I‘IHBBI K BBICOKHMM KOHICHTpalHWAM TAXKCIBIX MCTAJIJIOB, 06naz[a}0T OOJIBIIION
CKOPOCTBIO pOCTa, OBICTpO HaOupaT OuomMaccy, o00JaJaloT BBICOKOM TEIUIOTOMN
cropanusi, 6jarogaps yeMy 00eCIedynBa0T SKOHOMUYECKHA BBHITOJTHYIO M IKOJIOTHICCKU
6630HaCHy}O YTHIIN3ALUIO,

YCTaHOBNEHbl KyJIbTYpbl C BBICOKOW TEIJIOTOM CropaHus B YCIOBHSX
MOJIMMCTAINIMICCKOI'0 CTpECCa, KOTOPLIC MOT'YT OBITH BOBJICUEHBI B COOTBCTCTBYIOIIIHC
TCXHOJOIMYCCKHUC IIPOLUCCCHI B KAYCCTBC ChIPbA JIA ITOJITYUCHUA ouoromauBa. TemnoTa
cropanus Brassica napus L., Linum usitatissimum L., Atriplex hortense L., Miscanthus
sinensis L. cocraBmger 16,5-18,0 MJ[x/kr. Iloka3zaHa CBsI3b OHONPOJYKTHBHOCTH
paCTeHHﬁ C UX TEIJIOTOM CIrOpaHu;

9KCIICPUMCHTAJILHO HOATBep)i(,qua CIIOCOOHOCTH N3YYCHHBIX BHUJIOB
PACTEHUM-TUNIEPAKKYMYJISITOPOB  COpOUPOBATh M3 TMOYBHI BBICOKHE KOHIECHTPALIUU
TAKCIIBIX MCTAJJIOB M aAKKYMYJIHPOBATL HX B BCI'CTATHUBHBLIX OpIaHax. I[JBI Ageratum
houstonianum cv. Bule Lagoon, Alyssum maritimum Lam., Brassica napus L., Cosmos
sulphureus Cav. u Linum usitatissimum L. ¢akTop mepeHoca merajia MpeBbICHI 15,
YTO yKa3bIBAE€T HA UX BHICOKYIO COPOITMOHHYIO CTIOCOOHOCTB;

AKCIEPUMEHTAIbHO [0Ka3aHa »(PGheKTUBHOCTh MPEAJIOKEHHOW TEXHOJOTHU
(bHTOpeMeI[I/IaHI/II/I 3arpA3HCHHBIX TAXKCJIbIMU MCTAJIJIAMH 11OYB,

yCTaHOBHEHO, 4TO 3arpA3HCHHUC IIOYBbI HMOHAMM TSKCJIBIX MCTAIJIOB HC
OKa3bIBACT HETAaTUBHOT O BIIMSAHUA Ha OMOXUMHYECKHE IIOKa3aTeJIn BUOOB-
THIICPAKKYMYJISITOB, YTO IIO3BOJICT HMX PEKOMCHAOBATL JJIA (1)I/ITOBOCCT8,HOBJ'I€HI/I${
JIeTpagupOBaHHBIX ITOYB.

Teopernuyeckasi 1 NPpaKTHYECKAasA 3HAYUMOCTh DﬂﬁOTbI:

paspaboTaHa >ppeKkTUBHAS TEXHOIOTHYECCKAsA cXeMa (PUTOPEMEINALiN TT0YB,
3arps3HEHHBIX HMOHAMH KoOallbTa, MapraHiia M XpoMa, a Takke pa3paboraHa

OKOHOMHWYCCKHU BbBII'OAHAA H 3SKOJOI'MYCCKHU Oe3omacHass TEXHOJIOTHS YTUIIU3aluu
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oTpaboTaHHOTO OHOMaTepHaa, KOTopas MOXKET ObITh PEKOMEHI0OBaHa /ISl BHEAPEHUS B
TEXHOJIOTHYECKHE MPOLECCHl METAIUTYPIHUECKUX MPEATIPUSITHIA;

npousBefeH MOLOGOP BHIOB PACTECHHH-THIIEPAKKYMYJIATOPOB  KOOalbTa,
Maprasiia, Xpoma, CBHUHIIA B YCJIOBHSIX IOJUMETANIMYECKOro cTpecca. BniBeneHbl
aHAIMTHYECKHE 3aBUCUMOCTH CTENEHN KOHLEHTPUPOBAHUS CBUHIA B TOOETax pacTeHUN
OT €ro KOHIIGHTpAallMd B PacTBOPE; JAOKa3aHO, YTO IIMPUHA BBICEBA PACTEHUH JOJDKHA
coctaBisATh 10 10 M ot kpomku goporu II Tuma (He cKopocTHas ngopora c
WHTEHCUBHOCTHIO JBWXKEHHS >6000 em./cyTku). OKCIEpUMEHTAIBHO JOKa3aHa
JIOTUCTUYECKAss 3aBUCUMOCTH paclpeleNieHuss KOHIEHTpaluu HMOHOB KOOalbTa,
MapraHiia ¥ Xpoma MEXAY BEreTaTUBHbIMH OpPraHAMH PACTEHHH M COJEp KaHHEM
METAJIJIOB B IIOYBE BO BPEMsI KOHTPOJIMPYEMOTO Tpoliecca PUTOpeMEIUallii B MOJIEBbIX
YCIIOBUSX;

00OCHOBaHHBIE HAy4HbIE IIOJIOKEHUS AUCCEPTALMOHHOTO MCCIEI0BaHUSA
BHEAPEHbl B KaueCTBE COCTABIIOIMIMX MEPONPHUATHI, KOTOPBIE HAIIPABIEHBl Ha
NOBBIUICHHE  JKOJOTMYEeCKOW  Oe30macHOCTM  MHpeanpusTuii B chepe  ycayr
aBTOMOOMILHOTO Tpy30Boro tpancrnopta @JI-IT Boponoit B.B., ®JI-I1 ba3zusu JI.M.,
@JI-11 3aitnytnuaosa E.1O.;

pe3yabTarhl paboThl BHeAPEHbl B yueOHBIN mporecc ['OY BIIO «/loneuxuit
HAllMOHAJIbHBIA YHUBEPCUTET» MPHU MOATOTOBKE OakanaBpoB no HampasieHuto 05.03.06
«9KoJorusl W MPUPOJONOJIB30BAHUE» M0 Nporpamme KypcoB «Poct u pasBurue
pacTeHui B yCIOBUSAX METANIONPECCUHTa, « TsKeable METaIIbl B SKOCUCTEMAX) .

MCTOI[OJIOFI/ISI H METOAbI UCCJICAOBAHUA .

[Ipu ucciaenoBaHuy TEXHOJIOTUH (HUTOPEAOUITUTAIINHN 3aTrPSI3HEHHBIX TIOYB OIIBITHI
MPOBOAWIM MO CXEME IOJIHOTO TPEeX(PaKTOPHOTO TPEXYPOBHEBOTO HKCIEPUMEHTA.
MeTozbl uccienoBaHu pa3AeaCHbl HA JBE TPYIIIIbL:

— 1abopaTopHbIe METOAbI XpoMaTorpaduu, CIeKTPoHOTOMETPUU, KOJIOPUMETPUHU
U aTOMHO-a0COpOIMOHHOTO aHalu3a, a Takke MOpPOPU3HUOIOTUYECKUM IS

oTpesieieHus] OMOMETPUIECKUX MOKa3aTeseil MPOPOCTKOB;



10

— MOJEBOM METOJ HCCIICOOBaHUA Cl)I/ITOpeMeI[I/IaHI/II/I IIO4YB, 3arpsA3HCHHBIX
TAKCIIBIMU  MCTAJUIAMH  BO3JIC MCTAJUIYPIrHYCCKOTO MPCANPHUATHA, I10JICBOU MECTO
HCCICAOBAaHU (1)I/ITOp€M€I[I/IaHI/II/I ITIO4YB BJOJIb aBTOMOOMIILHBIX AOpor.

IloJ10keHNs1, BLIHOCMMbIE HA 3aIIIUTY:

NOBBIIIEHHE  JKOJOTMYECKOW  O€30IacCHOCTH  JIETPaJUpOBaHHBIX U
3arpsiI3HEHHBIX 110YB, BCJIEACTBUE IPUMEHEHMS TEXHOJIOTHUHN (PUTOPEMEINALNHY;

no100p PHEpreTHUecKr dPPEKTUBHBIX BHIOB-TUMEPAKKYMYIISTOPOB TSHKEIBIX
METAJIJIOB, KOTOpble OO0JaNal0T YCTOMYMBOCTHIO K 3arpsA3HEHUI0 M BBICOKUMHU
NOKa3aTesIMM  OMOINPOTYKTUBHOCTH, C LENbI0 HMX BOBJIEYEHHUS B TEXHOJIOTMUECKHE
IIPOLIECCHI B KAYECTBE ChIPbs /111 OMOTOIUIMBA;

pe3ynbTaThl KOMIUIEKCHOM OLIEHKH COPOLIMOHHOM CHOCOOHOCTH KYJBTYp,
IIPOU3PACTAIOIINX B II0YBE C BBICOKUM COACPKAHUEM TSDKEIIBIX METAJLIOB, C LEIBI0 UX
WCIIOJIb30BaHUs B TEXHOJOTHH BOCCTAHOBJIEHHUS I10YB.

JIMYHBIN BKJIAJA COUCKATEJA

OmnpeneneHa 1eab U MOCTABJIEHBI 3aJ]a4l MCCIIEI0BAHUS COBMECTHO C HAYYHBIM
PYKOBOAMTENEM; MPOBEIEH 0030p MyOIUKAINNA IO COBPEMEHHOMY COCTOSTHUIO MEp IS
MOMCKAa OSKOHOMHUYECKH O(OPEKTUBHBIX M IKOJOTMUECKH UYHCTBIX TEXHOJIOTHI
BOCCTAHOBJICHUS  JICTPAJUPOBAHHBIX  TIOYB, TOBBIIIEHUS UX  JKOJOTUYECKON
0€30MacHOCTH; TIPOBEJCHBI DKCIEPUMEHTANBHBIE HCCICIOBAaHUS, CTATUCTHUECKU
o0paboTaHbl, HWHTEPIPETHPOBAHBI U  OOOOIICHBI  TOJYYCHHBIE  PE3YJIbTATHI,
c(OpMYIUPOBAHBI BEIBOBI.

CreneHb TOCTOBEPHOCTH U anIpo0aIus pe3yJLTATOB

JIOCTOBEpHOCTh PE3yJIbTaTOB OOecreueHa XOpolleld CXOAMMOCTBIO PE3yJIbTaToOB
71a00paTOPHBIX U TIOJIEBBIX UCCIICIOBAHUA.

OCHOBHBIE MOJIOKEHUSI AUCCEPTALIMOHHON pabOThl pacCCMOTPEHBI U O0OPEHBI Ha
13 nayuHbIX KOHGepeHIMsX, B ToM uucie: | Hayuno-mpaktuueckoil koH(pepeHIuu
«Pocnmuam Ta ypOauizauis» (duenponerporck, 2007 r.); II HayuHo-nmpakTudeckoi
koH(pepentuu  «Pocmmam  Ta  ypOamizamis»  (daenmpomerposck, 2011  1.);
MexnynaponHoit koHdpepenuun «OT 3amoBeAOBaHUsA [0 COaTaHCHPOBAHHOTO

npupogomnoiaszoBanus» (Jonernk, 2013 r.); Hayunoit kondepenmun JloHenkoro
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HAI[MOHAJBPHOTO YHUBEPCUTETAa MO WTOTaM HAYYHO-UCCIIEIOBATENbCKONM paboThl 3a
nepuox 2011-2012 rr. (Hounenxk, 2013 r.); Il MexxaynapoaHoii HaydHOH KOH(pEpeHIIUN
CTYIEHTOB, AaCIHUPAHTOB U MOJIOABIX YYEHbIX «DyHIaMEHTaJbHbIE M IPUKIIAIHBIE
ucciaenoanust B Ouosornn (omenx, 2014 r.); IX MexayHapoaHoil Hay4yHOM
KoH(epeHIIMH acnupaHToB U CTyAeHTOB «OXxpaHa OKpyXawomied cpeasl Hu
pallMoHANbHOE  MCHOJB30BaHUE MNPUPOAHBIX pecypcoB  (Homemnk, 2015 r1.);
| MexxaynapogHoit HayuHoi koHpepenimn «Jlonenxue uyrenus 2016. OOpazoBanue,
Hayka W BbI30BBI coBpemeHHOCcTH ([lonernk, 2016 r.); II Hayunoi koHdepeHInU
CTYJIEHTOB U MOJIOJIBIX YUCHBIX C MEKIYHAPOIHBIM YIaCTHEM «AKTYaJIbHBIE TTPOOIEMBI
Hayk o 3emise» (PoctoB-nHa-lony, 2016 r.); III MexnyHapoaHoil Hay4yHOU
koH(pepenuuu «/lonerkue urenust 2018: obpa3oBaHue, HayKka, HHHOBAIMH, KYJIbTypa U
BBI3OBBI coBpeMeHHOCTH» ([omenk, 2018 r.); IV MexnyHapogHoil Hay4dyHOU
koH(pepenuuu «Jlonerkue urenust 2019: o6pasoBanue, Hayka, UHHOBAIIMHU, KYJIbTypa U
BBI3OBBI coBpemMeHHOCTH» (Monemk, 2019 r.); VIII MexnayHapoaHoit Hay4HO-
npaktuyeckod  koHpepeHuun «Cpena, OKpyKarouias —4elloBeKa: IpHpPOAHAs,
TexHoreHHas, coranbHas» (bpsuck, 2019 1.).

Iyvoaukanum

OcHOBHbIE HayuyHble pE3yJbTaTbl JUCCEPTALUU OMYOJIMKOBaHBI ABTOPOM
CaMOCTOSITEJIBHO M B COAaBTOPCTBE B IIECTH HAYYHBIX M3JAHUAX, B TOM YHCIE TPHU
paboThl B CHEIUAIM3UPOBAHHBIX HAYYHBIX W3JaHUAX, peKoMeHIoBaHHbIX MOH
VYKkpaunbl, 1mecTb padOT B  CHCUUAJIM3UPOBAHHBIX  HAYYHBIX  W3/IaHUSAX,
pekomengoBanueix MOH JIHP, tpunanuate pabor B COOpHUKAX TpPYIOB
MEXIYHAPOJHBIX M PETHOHAIBHBIX HAYYHO-TNIPAKTHUYECKUX KOH(PEPEHLHH U B JIPYTrUX

U3JIaHUSX.
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PA3JIEJ 1

3ATPSI3BHEHUE YPBAHU3UPOBAHHBIX TEPPUTOPUI
TAKEJBIMU METAJIVIAMU U TEXHOJIOI'M BOCCTAHOBJIEHU A
no4B

1.1. TexHo10THM BOCCTAHOBJIEHHUSA IerPATUPOBAHHBIX M0YB

TexHOI0TUU OYUCTKH (BOCCTAHOBJICHUS) JIETPaAUPOBAHHBIX MOYB, 3arPsI3HEHHBIX
TSDKEJIBIMU METAJIAMHU, BKIIFOYAIOT MEXaHUYECKOE YIAJICHUE CJIOS 3arPA3HEHHOMN MTOYBBI,
CTAOMIU3AIMI0O METAJJIOB B TIOYBE C IIOMOIIBI0O XHUMHUYECKUX COCIUHECHHM U
BBIDAllIlUBAHHE  PACTCHUU-TUIEPAKKYMYJIATOPOB  HOHOB  TSDKEIBIX  METAILIOB
(buropemenuanmro) [121].

MexaHuyeckoe yalieHHe TMOYBbl — CaMblii MEPBUYHBIA METOJ peaduIuTaAlUU
3arpsI3HEHHOW IIOYBBI, KOTOPBIM HCHOJIB3YKOT 10 CHX IIOp BO MHOIMX CTpaHax.
[IpeumyiiecTBa MeToAa BKIIOYAIOT TOJHOE YyAAJIEHHE TOKCUYHOM  (pakuuu
3arpsI3HSIIONINX BEIIECTB U OTHOCUTEIHHO OBICTPYIO OUMCTKY 3arpsi3HEHHBIX YYacCTKOB
ypOaHU3UPOBAHHBIX TeppuTopuil. Hemoctarkm wmeToga COCTOAT B CIEMYIOLIEM:
3arpsI3HSAIONIME BEIIECTBA MPOCTO MEPEMEMIAOTCA B APYro€ MECTO, TAE OHU JIOJKHBI
OBITH CKJIAIUPOBAHBI U JOJDKEH MPOBOIUTHCS MOCTOSHHBIM MOHUTOPUHT XPaHUIIUIIIA,
PUCK PACIpOCTPAHCHHS 3arpsi3HEHHOW IMOYBBI U MBUICBBIX YACTHUIl MPHU YAAJICHUUA U
TPAHCIIOPTUPOBKE  3arpsi3HEHHOW TIOYBBI; BBICOKAss CTOMMOCTh. MeEXaHUYECKOe
yIaJICHUE IIOYBbl — CAMbIA JOPOTOM METOH, IMPU HCHOJB30BAHUU KOTOPOIO TOHHBI
3arps3HEHHONM TMOYBBI HEOOXOIUMO YAAIUTh WU YTUIU3UPOBATh IO METOJUKAM,
NPUMEHSICMBIM ISl YTHIU3AI[MH OMIACHBIX M TOKCHYHBIX 0TX010B [171].

TspKenple METAJTBI MOXKHO OCTaBHTh B TIOYBAX YPOAHU3UPOBAHHBIX TEPPUTOPHUI
W TOABEprarb NOCJICAHUE XUMUUYECKOW OOpabOTKE C I1I€JIbI0 YMEHBIICHUS WJIH
YCTPAHEHUS] WX CIOCOOHOCTH OTPHUIIATEIBHO BIMSTH Ha 370POBbE YEJIOBEKA U

OKpyKarolllylo cpeny. Takoil MeToJ OYMCTKM IIOYB Ha3bIBAlOT CTAOMIM3ALUEi.
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Ycrpanenue OHWOTOCTYMHOCTH HMOHOB TSDKENBIX METaVIOB Ha MECT€ HMMEET MHOTO
NPEUMYIIECTB MEpel MEXaHWYeCKUM yAaleHueM No4Bbl. B ocHoBe craOunmsanuu
TSKEJBIX METAJJIOB JICKHUT J0OaBlIEHHWE XHWMHUYECKHUX BEIIECTB B TOYBY. JlaHHbIE
COCIMHEHMS COAEpKAT TSKENIble METaulbl B (opMe, KOTOpas HE YCBaMBaeTCs
pPaCTEeHUSIMHU, KUBOTHBIMU WJIM YEJIOBEKOM. DTOT MPOLECC HE HAPYIIAET OKPYKAIOIIYIO
Cpely W HE CO3JACT OIMACHBIX OTXOAOB. MOHBI TSKENBIX METAJUIOB CBSA3BIBAIOTCS C
N00ABJICHHBIM XE€JIaTOpOM C O0pa30BaHMEM MEHEE TOKCUYHBIX COCAUHEHUN, OHH
OCTalOTCs B IOYBE, HO B hOopMe, KOTOpasi MCHEe BpeIHA IS KHUBBIX OpraHu3MoB [174].
OmvH U3 TOpUMEpPOB (QUKCALIUM HAa MECTE€ TSDKENbIX METAUIOB SBISETCS
nobasieHue ¢ocdarHpix ymoOpeHUH B TOUBBI, 3arpsA3HEHHBIE HMOHAMH TKEIbIX
MeTaIoB. XUMHUYECKasl peakuuss Mexay gocdaroM U CBUHILIOM BeJeT K 00pa30BaHUIO
COCJIMHEHHUs, Ha3blBaeMOro nupoMopduroM cBuHUA. [lupomopdur cBUHIA U
aHAJOTUYHBIC COEJMHEHHUS, Ha3biBaeMble (ocdaramMu TKEITBIX METAIOB, KpailHe
HepacTBopuM [181]. DrTo o03Ha4aeT, YTO HOBBIC COCTUHEHUS HE MOTYT JIETKO
pPacTBOPUTHCS B BOJIE, @, CIEIOBATENIbHO, HE MOTYT 3arps3HATH MOA3EMHBIE U CTOYHBIE
Bonbl. Tak ke, (ocdarhl TSKEIbIX METAUIOB HE MOTYT IMOINACTh B MHINEBBIC IICMH,
OyIdy4H MOIVIOIIEHHBIM PACTEHUSMH WIH KUBOTHBIMU. CTOMMOCTbh METOJAa XUMUYECKOU
buKcalyy TSHKETBIX METAJUIOB BITOJIOBUHY JICIIEBIIE CTOMMOCTH MEXaHUYECKOTO METOAA
yIaJeHUs] TOYBBI. JTa TEXHOJOTUS SBISETCS OTHOCUTEIHHO OBICTPONl M 3aHUMAET
NPUMEPHO CTOJIBKO K€ BpPEMEHHM, KaK W MEXaHWYECKH MeToJ  ydaJeHUs
JIerpaIupoBaHHbIX MOYB. HexenarenbHbIM 3(PGEKTOM JTaHHOW TEXHOJIOTHH SIBISICTCS
yrpo3a BbllenaunBaHus. HeoOXoauM MOCTOSHHBIA YKOJOTUYECKUA M XUMHUUYECKUN
MOHHUTOPHHT 00pa00TaHHBIX YYaCTKOB ypOaHH3UPOBAHHBIX TeppuTopuii [198].
Texnomorust ¢uropeabunmuraiuu B 6-11 pa3 gemeBne XUMUYECKUX U
MEXAaHUYECKUX  TEXHOJOTMH OUMCTKM TIO0YB, HE TpeOyeT  JOMOJHUTEIbHBIX
KalUTaJIOBIOKEHUH, KOTOpbIE YBEIMYMBAIOT pacxXoibl, HE C€O3AaT MPOOJIEMBI
omacHocTH. CHOCOOHOCTh pAcCTEHUW HAKAIJIMBAaTh TSKENbIE METaulbl W OBIThH
YCTOMYMBBIMH K HX M30BITKY SBISIETCS OTPAKEHHEM HX HWHAUBUIYaTbHBIX

ocobennoctert [167, 231]. IlpenmonararoT, 9TO IIEHTPHI JACTOKCHUKAIMHU TSKEIBIX
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METAJIOB HAXOJIATCS B JINCTHSAX y PACTCHUH-aKKyMYJISTOPOB H B KOPHSIX — y pacTEHU-
uckiouareei [52].

Hekotopeie pacTeHuss 1O OTHONICHHIO K TSDKEIBIM MeTalllaM  MOXKHO
OXapaKTepH30BaTh KaK THIEpakKymyisaTopel. Hampumep, Brassica juncea cmocoOna
HaKaIUTMBaTh B KJIeTKax oT 1 70 1,7% IuHKa, B epecueTe Ha CyXyro Maccy, a Alyssum
bertolonii makammuBaeT B aucThsax a0 1% nukens [188]. B Haie BpeMs HET eIuHOrO
MHEHHUS OTHOCHTEIILHO MEXaHHU3MOB THIICPAKKyMyJsiiuu. Hampumep, coracHo
npenactasinenusmM Chaney Rufus et al. u Lee E.K. [175, 202], rumepakkymyasTOpbI
UMeIoT Hanbolee 3PPEKTUBHYIO CHCTEMY IOTJIONICHHUS HOHOB, (DYHKITUM KOTOPOU eIlle
0 KOHIIA He wucchenoBanbl. CyIECTBYET, TakKe, HECKOJIBKO THIIOTE3, KOTOPBIC
OOBSICHSIFOT 3HaYCHHE (PeHOMEHA TUTIEPAKKyMyIsini. COTIaCHO THUIIOTE3e «yTalICHUS,
TUINCPAKKYMYJISIIIAS ~ ONPEIeIIeTCss KaK OJWH M3 MEXaHU3MOB YCTOMYMBOCTH K
BBICOKOMY YPOBHIO METAJJIOB B Cpele, NPU KOTOPOM TOTJIOIICHHBIM METasll
MIEPEHOCUTCS B (U3MOJIIOTUYECKA MAJIOAKTUBHBIC KOMIAPTMEHTHl KJICTKH, WU B
OpraHbl, KOTOPBIX PAacTEHHWE MOXKET BMOCIEACTBUHM numUThbes [165, 215]. CormacHo
THITOTE3€ «IJIEMEHTAPHOHN aJuIeIoNaTH» OTMHUpPAaHHWE OPTaHOB (HAIpUMEp, JIUCTHEB) C
BBICOKMM  COJICP)KAaHHEM TSDKEIBIX METAIOB IMPUBOJUT K OOOTAICHHIO MMM
TIOBEPXHOCTH TIOYBBI M B PE3YJbTaTe K YTHETEHUIO POCTa COCEIHUX HEYCTOMYMBBHIX K
TSDKENIBIM ~ MeTajulaM BHJIOB-KOHKypeHTOB. Haumbonbpiee pa3BUTHE IMOJydnia Tak
HasplBacMas THIIOTE€3a  «3allUTBD», CTOPOHHUKH KOTOPOH  yTBEPXKMAIOT, YTO
TIOBBIIIICHHBIA YPOBEHD COJIEP)KaHUS TSHKEIBIX METAJIOB B TKaHAX (TJIABHBIM 00pasom,
MOKPOBHBIX) TMPEIOTBpAIlaeT MPOHUKHOBEHHWE W Pa3BUTHE B PACTCHHM IMaTOTEHHBIX
MHUKPOOPraHu3MoB. Kpome TOro, 1o 3Toi rumore3e y TUIepakKyMyIsITOPOB CHUXKAETCS
HEOOXOMMOCTh 3aTpayuBaTh OOJIBIIIOE KOJMYECTBO a30Ta W YIIEpoaa Ha CO3IaHHE
OPraHUYECKUX COCTUHECHHN (TaHWHOB, (PEHOJBHBIX COEIUHEHMM), HEOOXOIAUMBIX
pacTeHUSIM JIJIs 3alIUTHI OT HACEKOMBIX U Apyrux Bpenuteneit [232, 234]. Ho, kak Obu10
YCTAaHOBJICHO, PACTECHUS, KOTOPHIE  XapaKTEPU3YIOTCS  THICPAKKYMYJISITHOHHOM
CIIOCOOHOCTBIO TI0 OTHOIICHHIO K TSOKEIBIM MeTalllaM, HMCIOT crenuduueckue
MEXaHW3MBbI, MMO3BOJIIONINE MM HAKAIJIMBATh WOHBI TSOKEIBIX METAIOB B KIICTKE B

OOJIBIINX KOJIUYECTBAX. Cpe)m PAa3JINYHBIX, XapaKTCPHBIX IJIs paCTCHI/II\/’I, MECXaHU3MOB
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OYUCTKA TIOYBHI CIIEAYET OTMETUTh OOpa30BaHWE METAJUIXEIATHBIX KOMIUIEKCOB C
dbutocuaepodopamu (BemecTBa, 00pa3yrOIUecs B pACTUTEILHON KIETKE U CTIOCOOHBIC
CBSI3bIBATh METAJUIBI M BUJIE KOMILIEKCOB). B puzocdepe dutocuaepodopsl CBA3BIBAIOT
KeJne30, Meab, ITMHK, MapraHell, yBEJIWYHWBas WX CIHOCOOHOCTh MPOHUKATH dYepe3
MeMOpaHbl KOPHEBOM CUCTEMBI PACTEHU, U, TAKUM 00pa30oM, CIIOCOOCTBYIOT yAAJICHUIO
STHX METAJIOB M3 MOo4YBkI [177].

B mocrmenHee Bpemsi W3 MHOTHMX PAacTCHUU BBIACICHBI HEOONbINME, OoraThbie
[MCTEMHOM TMENTUJIbI, CIIOCOOHBIE CBSI3BIBATH MOHBI TSDKEIBIX METalioB 4depe3 SH-
rpynnbel. BrepBeie OHM ObUIM HAWJIEHBI HE3aBUCUMO B JBYX J1abOpaTtopwsix y
Schizosaccharomyces pombe [169] u B xynerype kierok Rauvolfia serpentina [179].
Takue nenTupl ObUTM Ha3BaHbBI KagucTHHAMU A U b win guroxenarnnamu (OX) [205].

Tepmun «putopemenuanusiy» TPUMEHSIIOT K TPYMIE TEXHOJIOTHUH, KOTOPHIC
UCIIOJIb3YIOT PACTEHUs JIJIi YMEHBIICHUS, W3BJICUECHHS, COPOIMU WU JCaKTUBAIUU
TOKCUHOB OKPY>KaIOIIEeH Cpelibl, B IEPBYIO OUEPE/lb aHTPOIIOTE€HHOTO TIPOUCXOXKICHUS, C
IIE7IbI0 BOCCTAHOBJICHUS 3aTrPS3HCHHBIX yYYAaCTKOB JO COCTOSHHUS WX TPUTOJHOCTH IS
YaCTHOTO MJIU OOIIECTBEHHOTO UCIIOIB30BaHMUS.

KoHnenuust wucCnonb30BaHUS PACTEHUM IS BOCCTAHOBJICHUS 3arpsi3HEHHOU
OKpyKaroiieit cpenapl He HoBa. bomee 300 ner Hazaam pacTeHUs TPEIJIOKUIN
UCIIOJIb30BaTh B OYMCTKE CTOYHBIX BOJ. VICIOiIb30BaHME PACTEHUM ISl BOCCTAHOBIICHUS
OKpYXKaloIlel  cpeAbl Ha3BaM  «3€JIEHOM  peKylbTUBaIluel», «OOTaHUYECKOM
ouopemenuanuein» 1 T.1. B cynHoctn, putopemennanus BKIOYAET B ceOs CIOCOOHOCTh
YeJIOBeKa YCHIINTh €CTECTBCHHYIO WHAKTHBAIMIO WJIM BOCCTAHOBIICHHUE 3arpsi3HCHHBIX
YY4acTKOB M, KakK CJCICTBHE, TMPEACTABIICT COOOW TpoIecc, KOTOPBIA 3aHWMAET
MIPOMEKYTOUHOE TMOJIOKEHUE MEXKIY TEXHUYECKUM U €CTECTBEHHBIM BOCCTAHOBJIICHHEM.
[Tockombky  duTOpeMenuanus  MOTYUHSACTCS  MPUPOAHBIM,  CHHEPTETUYCCKUM
OTHOIICHUSM MEX]y PACTEHUSMU, MUKPOOPTAaHU3MaMHU M OKPYKAIOIIeH Cpeoi, OHa He
TpeOyeT BHEIPEHUS HMHTCHCUBHBIX TEXHOJOTMUYECKUX METOJOB WJIM TeOJIOTHUECKUX
TEXHOJOTHUH. BMmemarensCcTBO dYeIOoBeKa MOXKET TOJIBKO 3aKJIFOUaThCsd B CO3JaHUHU
COOTBETCTBYIOIIUX PACTUTEIHLHO-MHUKPOOPTAaHU3MEHHBIX COOOIIECTB B TOW WM HHOU

MECTHOCTH WJIM B NPUMEHEHUU arpOHOMHYECKUX METONOB (Hampumep, o0paboTKu
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TIOYBbI ¥ BHECEHUsI YIOOpPEHHMIA) JIJIsl TIOBBIIICHUS! €CTECTBEHHOTO BOCCTAHOBIICHHUS WU
WHAKTUBAIIMY 3arps3HEHHbBIX yyacTkoB [164, 166, 176].

JlaHHast TEXHOJOTHs TpUBIEKaeT K ceOc BHUMaHHE KaK WHHOBAIIMOHHAS,
HKOHOMHYECKH-BBITOHAS, SCTETHYECKAs ISl YeJIOBEUECKOTO OOIIECTRA, 110 CPABHEHUIO C
aJIETEPHATUBHBIMU CTPATETUSIMH BOCCTAHOBJICHUSI, KOTOPBIE HCIONB3YIOT MEXaHUYECKHE,
Te0JIOrMYCCKHE WM XMMUYECKUE METOABI ISl YAaJleHHs WM WHAKTUBAIIMHA YYaCTKOB,

3arps3HEHHBIX OMACHBIMU OTXOJaMHU (pUCyHOK 1.1).
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Pucynok 1.1 — OcHOBHbIE MEXaHU3MBI (PUTOPEMEAUALINH

OOmMMH  TPUPOAHBIMM  MEXaHU3MaMHM (UTOpPEMENUALMM TIOYBBI  SIBJISIOTCS:
(uTocTabMIM3ANMA 3arps3HAIONIMX TOYBY BeHeCTB B (Gopmy, KoTopas Oymer
HEJAOCTYITHA JJI1 JKUBBIX OpPraHU3MOB; (UTOIKCTPAKUMS ¢  AKKYMYJISLHSA

3arpsi3HSIONIMX  BEIIECTB B HAJA3EMHBIX OpraHax pacTeHHH ISl MX JajdbHEWIIeH
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nepepaboTKU U U3BJICYEHHS B MPOMBIIICHHBIX LIEISIX WK MEHEE JOPOrod YTHIIN3AlNMY;
pH30Aerpagaums CIOKHBIX OPTAHUYECKUX 3arpsI3HUTENEN B 30HE KOPHEBOM CUCTEMBI; U
(puTonerpasanms IOIVIOLIEHHBIX 3arpsA3HAIOIIMX BELIECTB C IOMOLIBI0 MEXAaHHU3MOB
MeTa0oIM3Ma PacTeHUI Uiu (pUTOPacCeMBAHUE MUKPOAIIEMEHTOB MOYBbI YEPE3 JIUCThS
pactenwmii [12, 14].

Mexanusmbl guropeMenuanyu 3Q(EKTUBHO HCHOIB3YIOTCS I yAAJEHUS U3
IIOYBBl M TPYHTOBBIX BOJ KaK HEOPTraHWYECKUX, TaK U OPraHUYECKUX 3arps3HAIOLINX
BelIeCTB. B cBsA3M co cOanaHCUPOBAaHHOCTHIO MOMIOMIEHUS TSKEIBIX METAIOB KOPHSAMU
Y TPaHCIOPTa MX B HAA3EMHYI0 YacThb PACTEHHMM BBIIEIICHO TPU THUIIA 3aBUCHUMOCTH
COJIEPKAHUS TSKEIIBIX METAJUIOB B HAJI3EMHOM YaCTH PACTEHUM U UX YPOBHS B ITOYBE:

1) akkymyndTHBHAasT — HAKOIUIEHUE TSDKENbIX METaUIOB BO BCEX YPOBHAX
OpraHH3alN PACTCHUM;

2) UHAMKATOpHAs — JIMHEIHas 3aBUCUMOCTb;

3) wuckiouaTenbHas — TMOAJEP)KaHUE TOCTOSIHHOM KOHUEHTPALUU TAXKENbIX
METAJUIOB B HA/I3€MHOW YAaCTH PACTEHHM HAa HU3KOM YPOBHE B YCIOBHSX Pa3JIMYHBIX
KOHIEHTPAaLlUi B IOYBE [0 KPUTUYECKOM, KOIJAa HAYMHAETCS HEKOHTPOJIMPYEMBII
TPAHCIIOPT.

IIpennonaraercs, 4TO0 LEHTPHI JETOKCUKALMU TSKEIBIX METAJJIOB HAXOLATCS B

JMCTBAX Y PACTCHUH-aKKYMYJISTOPOB U B KOPHSIX — y pacTeHui-uckatouaresei [10].

1.2. Taxenable MeTaIbl KaK CTPeccoBblii (GakTop ypOaHU3UPOBAHHBIX

TEePPUTOPHUIA

K OCHOBHBIM HCTOUHUMKAM 3arps3HEHUs TEXHOC(Epbl OPraHUYECKUMH U
HEOPTraHWYECKHUMH COEJIMHEHUSMH OTHOCAT MSATh OTpaciedl MpOMBIIUIEHHOCTH. Mx
OTHOCUTENIbHOE  y4YacTHE€ B  3arpsi3HEHUU  JEITUTCS  CIEAYIOUUM  00pa3oM:
TerodHepreTrka — 27%, metamnyprus — 35%, nedgrexumus — 16%, aBroTpancnopt —
14%, xumuyeckass TpOMBIILICHHOCT — 2% [29]. B Xo3siicTBeHHOW IesSTEITBbHOCTH
YeJI0BEK MCHoJib3yeT okosio 70 metamioB nepuoguyeckor cucremsl .M. Menzaeneesna.

N3 Hux 56 — mnepexomHble, KOTOpbIE MOTYT OOpa3OBbIBATh METAIIOOPTraHUYECKHUE
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COEIMHEHUS, KOTOPBIE SBISIOTCS 00JIee TOKCUYHBIMU, YEM OPraHUYE€CKUE COCIMHECHMUS.
Tepmun “Tsixensie metamuibl” (TM) BnepBble MOSBWICS B TEXHUUECKOU JIMTEPATYpE, THC
TAKOBBIMH CUMTAIOTCSL METAILIBI C [UIOTHOCTBIO GOJIee 5 I/CM°, HIlH ¢ aTOMHON Maccoil
6onee 40 [54, 74, 116]. B HEOODBIIOM KOMMYECTBE OTH IIEMEHTHl (PAKTUUCCKH
HEOOXOIUMBI ISl KUBBIX OPTaHU3MOB, HO MUHUMAJIBLHOE MPEBBIIICHUE KOHIEHTPAIUU
J1000T0 U3 HUX BBI3BIBAET XPOHUUYECKOE WM OCTPOE OTPaBJICHHUE.

B 6uocdepy OombIas 4acTh TSHKEIBIX METAJUIOB MOMAAACT U PACTIPOCTPAHSIETCS
BCJICAICTBUE CKUTAHMS TPHUPOAHOTO TOmMBA. Tak, OT CxuraHus ymiss B Ouocdepy
nonamaet 6omnee 20-25 MpUCYTCTBYIOMNUX B HEM AJIEMEHTOB. B cocTaB 301161 BXOmAT Si,
Al, Fe, Co, Ca, Mg, Ti, Mn, Cr u npyrue [89].

B armocdepe OGOIBIIMHCTBO TSXKEIBIX METAIOB BCTPEUAETCS B BUIEC TBEPIBIX
YacTull, afcopOUpPOBaHHBIX HA APYrHMX 4YacTHUIAX, WK B BUAe cojei. M3 armocdeps
OHH TIOMAIat0T B mouBy [39, 56].

Okosiornueckasi cutyarus B Jlonbacce xapakTepusyeTcsl Kak HanpspKeHHas. XOTs
B MOYBEHHOM IOKPOBE PErMoHa MpeoOialatoT OJHU W3 CaMbIX IUIOJOPOJHBIX MOYB B
MHpE, — YEPHO3E€Mbl M CEpbI€ JIECHBbIE TOYBBI, OHHM 3aHuUMarT 81,9% mmomanu
CEIIbCKOXO3AMCTBEHHBIX Yroaui, 4To cocrtamiser 33,9 muH. ra. Bmecre ¢ Tewm, mo
JaHHbIM HanuoHanbHOro Hay4yHOro LeHTpa «HCTUTYT MOYBOBEAEHHUS U arpOXHMMHHU
uMm. A. H. CoxonoBckoro» nuiiib 20% celbCKOXO3SIMCTBEHHBIX YTOJUM MPUTOAHBI IS
BBIPAIIMBAHUS SKOJOTHYECKU YUCTON PACTUTEIBHOM poayKiuu [34].

3HAUUTETbHOU KOHLICHTpalueun IIPOMBIIIUIEHHBIX MPEAIPUSITUI
METAJLTYPTUYE€CKOT0, XMUMHUYECKOr0, MAIIMHOCTPOUTEIIBHOTO U TMepepadaThIBAIOIIETO
KOMIUIEKCa omnyaetrcss JoHEeUKud peruoH, MNPEanpUiTHs KOTOPOTO E€XKErOJaHO
BbIOpAchIBalOT B arMocdepy oOkoso 16 MIH. TOHH BpeaHbIX BeriectB [34].
MakcumanbHOe cojJiepKaHue METAJIJIOB B MOYBAX HAOIIOMACTCS B MPOMBIIIUICHHOM 30HE
U TpUJIEraloluX K HeWl Tteppuropusix paaumycoM 1-3 km. Ilo Mepe ymaneHust ot
HMCTOUYHHMKA 3arpsi3HEHUS] COAECP)KAHME META/VIOB B IOYBAX YMEHBIIAETCA M Ha
paccrosauu 15-20 KM UX KOJIMYECTBO JOCTUTAaeT (POHOBOTO YPOBHS WJIM MPHUOIMKAETCS

K HEMY.
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Jlerpajanys 1mo4B B CTEITHOW 30HE, YHHUTOKEHUE YaCTH SKOJIOTHYCSCKHUX HUIII, TO
ecThb (UIOPHCTHYECKOE M (hayHHCTUYECKOE OOCIHEHHE OMOTeOIEHO30B, MPUBOMIIT K
HApYIICHUIO TPOPHUUECKHUX CBS3CH, pacmaay MPUPOJHOTO KPYroBOpOTa BEMIECTB. DTOT
IPOIECC HE TOJBKO CHOCOOCTBYET Jerpajalvi W THOCTH CTEHHBIX YTOAWH, HO |
OTKpBIBAaCT MYyTh K OIYCTHIHWBAaHWIO, (OPMUPOBAHHUIO HOBOW (YHKIIMOHATHLHOU
CTPYKTYpPBI, CBOMCTBEHHOMN apuIHbIM OHoreoneno3am [59, 61, 77].

Boiboe KOIMYeCcTBO TSOKENIBIX METAIOB OCEIaeT Ha IMOBEPXHOCTH ITOYBHI B
BUJC TBUIM BO BpeMs TIEPEBO3KH pyA, KOHIEHTPATOB CO IIIJJaKaMH, KOTOPBIC
CKJIQIUPYIOT BO3JIC TUTABMIIBHBIX 3aB0OI0B. C BETPOM M JIOXKAEM OHH JICTKO TIEPEHOCITCS
Ha OoJIbIIME pacCTOSHUA. BceiencTBue 3arps3HEHHS  BO3AYNIHOTO — OacceiHa
YCTaHABIMBAIOTCS BBICOKHE YPOBHHM 3arpsi3HEHWss To4yB. Hampumep, B mouBax
r. JIoHelka MHOTO BaHaJWs, MEIW, HHKENs, CBHHIA, IMHKA, KOoOajibTa, MapraHIa,
MaKCUMaJlbHass KOHIICHTpAIlusi KOTOpBIX TpeBblaeT QoHoByro B 8-20 pa3.
3HAYUTENTFHOE YBEIMYCHUE CONEP)KAHUS TSDKEIBIX METaJUIOB HAOMIomaeTcsl W Ha
TeppUTOpHH T. MakeeBKH, e ux comepkanue (Zn, Mn, Cu, Co, Sr, Pb, Cr) npesbimmaer
[TIK B HECKONBKO pa3, a MO COACPKAHHWIO IOJIBIKHBIX ()OPM MapraHiia ¥ CBHHIIA
IPEBBIIIICHHE cOCTaBIsIeT 2-3 pasa [40].

3HAYUTENBHBIA COPOC CTOYHBIX BOJ IPOMBINIICHHOCTBIO, CEIBCKUM H
KOMMYHQIBHBIM XO3SHCTBAaMH TIPUBOJMT K 3arPS3HECHUIO TTOBEPXHOCTHBIX U ITOI3EMHBIX
BoJ. Mcmosb30oBaHME BOJABI M3 TAaKUX HCTOUYHUKOB SIBIISICTCS MPUYMHON BTOPHUYHOTO
3arpsiI3HEHUS TSOHKETBIMU METaJJIaMHF TT0YB 1 TTaCTOMII.

B ropomax o0coOblii Bpen OKpyXKaroleid cpeiae HaHOCAT aBTOMOOWIIH,
TEXHUYCCKHUE TapaMeTphl KOTOPHIX HE OTBEYAIOT OMNPEICIICHHBIM TPEOOBAHHSM, YTO
NPHUBOANUT K 3arps3HCHHUIO arMoc(ephl MOHAMHU CBUHIA. BBIXJIOMHBIC Ta3bl MamldH —
OCHOBHOIM HCTOYHHK 3arpsA3HCHUs ypOaHW3UPOBAHHBIX TEPPUTOPUH CBHHIIOM, H3HOC
IIMH — [IMHKOM, JU3€eJIbHBIE MOTOPHI — KaamueMm [39, 40].

YpoBeHb ®  Tomorpadus  3arpsA3HEHUS IOYB  TSHKEIBIMH — METaJIaMH
0OyCJIOBIMBAIOTCS ABYMsI rpymnmnamu ¢akTtopoB. IlepBas W3 HUX 3aBUCUT OT BHJIOB
CBIPBS, TIepepadaThIBAEMOTO MPEANPHUATHSIMH, W TOTYIaeMON MPOXYKIIHU, TEXHOJIOTHH

IMPOU3BOACTBA, IPOU3IBOAUTCIBHOCTH 3aBOAJOB, BbBICOThI TPY6, 4epe3 KOTOPLIC
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IPOUCXOAAT BBIOPOCHL, 3(PPEKTUBHOCTH OUYUCTHBIX COOpYKeHMU. J[lpyras rpymnmna
(akTOpOB CBSi3aHA C MOYBEHHO-KJIMMAaTHUYECKHUMH YCIOBHUAMH, PEIbe(OM MECTHOCTH,
CWIOW W HalpaBJICHUEM BETPOB, KOJMYECTBOM U BHJIOM OCAJKOB, BOJAOTOKAMHU U
BOJIOEMAaMH, KOTOPbIE€ IPHUHUMAIOT CTOKH.

3arpsi3HEHHE OKPY>KaIOIIEeH Cpelbl MPUBOAUT K YXYAIICHUIO KaueCTBa CTOYHBIX
BOJI, KOTOPbI€ MOTYT OBITH JIOMOJHUTEIBHBIM HCTOYHMKOM TMOCTYIUJICHUS TSKEIBIX
METaJUIOB B OpOILIAEMbl€ MOYBBI. AHAJIM3 3€PHOBBIX, KOPMOBBIX, OBOILIHBIX KYJBTYp
MOKazaJl, 4TO COJAEpPKAaHWE B HUX TDKEIBIX METAUIOB 3HAYUTENIBHO KOJEONeTcs U
3aBUCUT KaK OT 3arpsA3HEHUs I0YB, CTOYHBIX BOA, TaK M OT OHOJOTHYECKUX
0COOEHHOCTEN KYJIBTYp M CBOMCTB TSDKEJIBIX METAUIOB. B yCloBUSX OpOLIEHUS IOYB,
OTHOCAIIMXCSI K Kareropud YMEPEHHO OIIACHOIO M OIIACHOIO 3arpsi3HEHHs, C
UCIIOJIb30BAHUEM OrPAaHUYEHHO TMPUTOJHBIX MW MPUTOAHBIX [JI OpOILECHHS BOI,
KOpPMOBBbIE U OBOIIHbIE KynbTyphl HakammBaioT Pb, Cd, Cr, Co. CopepkaHue B
paCTEHUSIX NaHHBIX TSDKEJIBIX METAJUIOB MPEBBIIAET YCTAaHOBJICHHBIE MaKCHUMAaJIbHO
JOMYCTUMBIE YPOBHU B cpemaHeMm B 1,3-3,5 pasa, makcumanbao mo 10 pas [7, 16, 32,
48, 58].

TOKCUYHOCTH TSAXKENBIX METAJUIOB MPOSBISETCA B YTHETEHUU POCTA U Pa3BUTHUSA
MUKpPOOPraHU3MOB M PAaCTEHHW, HEraTMBHOM BO3ACHCTBUM Ha 3I0POBBE YEJIOBEKA U
YKUBOTHBIX. A UMEHHO, TSKEJIbIe METAJUIbl BHI3BIBAIOT HApYIICHUE (PYHKIITMOHHUPOBAHUS
LHEHTpaJIbHOW HEPBHOM CHCTEMbl YEJIOBEKAa, M3MEHEHHE COCTaBa KpPOBH, HEraTWBHO
BIMSIIOT Ha (YHKIMM JIETKUX, TMOYEK, MEYEHW U JPYruX opraHos. JlonroBpeMeHHOE
JEUCTBUE TSDKENBIX METANIOB MOXKET NPHUBECTH K Pa3BUTHIO paka, aJJIepruu,
mucTpoduu, GU3NYECKUX W HEBPOJOTHYECKUX JIeTeHepaTuBHBIX mporeccoB [52]. ITlo
CTEIEHU UHTUOUPYIOIETO BIUSHUS, KOTOPhIE OKAa3bIBAIOT TSXKEJIbIE METAJIbl Ha KUBBIE
OpraHU3MbI, TSIKENbIE METaJUIbl JIeNAT Ha OoueHb TokcuuHble (Ag, Hg, Sn, Ni, Pb),

ymepenHo Tokcuuanbie (As, Se, Cd, Cr, Fe, Zn) u cnabotokcuunsie (Rb, Sr u ap.).
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1.3. HeraruBHbIe 3¢ (peKThI THAKEIBIX METANIOB HA OHOCUCTEMBI

Tokcuueckoe BIUSHHE TSKEIBIX METAIOB, KaK MPAaBHIIO, MPOSBISICTCS B
WHTHOMPOBAHUHU POCTOBBIX MPOIECCOB pacTtenuid [9, 23, 67, 76, 79, 98], koropbie yacTo
UCTIONB3YIOT [ MOHHUTOPWHTA YPOBHS 3arps3HEHUs OKpykawmei cpensl. C
YBEJIIMYCHUEM KOHIICHTPAIMM METAUIOB B cCpele OOWTAaHUS YTHETCHHE POCTOBBIX
nporeccoB ycumpaetcs [109].

VY pacTeHmii, B CBSI3U C HAKOIUICHUEM TSDKEIIBIX METAJUIOB, MPEHMYIIIECTBCHHO, B
KOPHSIX, POCTOBBIC TIPOIECCHl KOPHEH WHTUOUPYIOTCS CHUJIIbHEE, YeM pPOCTOBBIC
nporeccel Haazemaord dwactu [100, 110], mosTomy “KOpHEBOH’ TECT  IIUPOKO
UCIIOJIB3YETCS NIl OIEHKM TOKCUYHOCTH TSDKEJBIX METAJUIOB M APYTMX TOKCUKAHTOB
[12, 49, 63, 97, 99]. B kadecTBe MOKa3arejci, XapaKTCPU3YIOIUX YCTOWYUBOCTH
pacTeHUM K TSDKENBIM METa/llaM M CTENEeHb TOKCHMYHOCTH TMOCJEIHUX, HCIOIB3YIOT
MHJIEKC TOJIEPAHTHOCTH (OTHOIIIEHUE JUTMHBI KOPHSA (CTEO0JIs1) pacTeHUs!, BEIPAIIMUBAEMOT0
B MPHUCYTCTBUM METAUIOB, K JJUHE KOpHA (CTeOss]) KOHTPOJIBHOTO pacTEHUs,
BBIPAIIICHHOTO HA He3arpsA3HEHHOM 104YBe, BhIpakeHHOE B %) [97].

B otnmuane ot pocTta KOpHSI, MpOoIece 3aKJIaakin OOKOBBIX KOPHEH SBISETCS OYCHb
YCTOHYMBBIM K JCHCTBHIO OOJBIIMHCTBA TSOKEIBIX MeTaioB [94], uTo MOXKET OBITH
OOyCNIOBJICHO Kak OapbepHON (yHKIMENH DHAOAEPMBI, TaK M CTPYKTYPHBIMH
0COOEHHOCTSIMH KJIETOK IIEHTPAIBHOTO ITUIMHAPA.

AHanu3 JaHHBIX UCTOYHUKOB HAYyYHOU MHQOpPMAIMU TOKAa3all, YTO Ha H30OBITOK
TSOKENIBIX METAJUIOB PACTCHMS, B 3aBHCHMOCTH OT METa/lla M €ro KOHIICHTpAIlWH,
pearupyroT YTHETCHUEM Pa3BUTHUS — OTCYTCTBHE TPETHETO, U 3aJIepP)KKa pa3BEPTHIBAHUS
BTOPOTro JincTa (y MIICHUIIBI), TOPMOXKEHHUEM BBIXOJa JHCTa U3 cemsanonu (y daconn),
KOTOPOE COTPOBOXKIACTCS CKPYYHBAaHUEM UMEIOIIHMXCS JINCTHEB B TPYOOUKY, BCIICACTBUE
4ero OHU MPUOOPETAIOT UIIOBUAHBIE POpMBI (Kcepomopdu3arus) [93, 132, 135].

HaunGonee BakHBIM IMOKa3aTresieM, KOTOPBIN XapaKTepu3yeT KaK JKOCHUCTEMY B
I[EJIOM, TaK W OTJACIbHBIM OMOOOBEKT, SBISCTCS MPOU3BOAMTEIBLHOCTh WM TPUPOCT
onomaccel. Tak, Hampumep, ObUIO YCTAHOBJIEHO, YTO TpPH JCUCTBUM HA PaCTEHUS

FeCl;-6H,0, CoCl,c6H,0 wmmu  NiCl,'6H,O 6momMacca NpOpOCTKOB — SUMEHS
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yYMEHbBIIIANAaCh, B 3aBHCHUMOCTH OT KOHIICHTPAIIMM METAJUIOB, a JaXe MPU HUZKOU
koHreHTpamuu B Boae (1 TIJIK) moHBI KOOanbra M HUKENS MOJABISUTH IPOpAcTaHUE
cemsiH stumens [151, 153].

becconoBa B.II. ¢ coaBropamm [11, 15] mokasamu, 4To H30BITOK TSKEIBIX
METAJIOB B CPEJIE BBIPALTUBAHUS MPUBOJUT K CHIDKCHHUIO TUIOIIAIN aCCUMUIISITMOHHOM
MOBEPXHOCTH PACTEHUH, UYTO BHIPAXKACTCS B YTHETCHHUU POCTA JINCTHEB U YMEHBIICHUH
WX KOJUYECTBA. DTO OOYCIIOBJICHO MHTHOUPOBAHUEM POCTA KIIETOK, YMEHBIIICHUEM HX
JUIMHBI W IIAPUHBL. MHOTHMH WCCIIEOBATENsIMA ObUTa YCTAaHOBJICHA CBSI3b MEXIY
YHUCIIOM XJIOpOIUTacTOB M 00beMoM kieTok [80, 86]. B ycimoBHSX HEWCTBUS TSKEIBIX
METaJUIOB YMEHBIIICHHE pa3Mepa KICTOK COMPOBOXKIAIOCh YMEHBIICHHEM B HHUX
KOJIMYECTBA XJIOPOIIIAcTOB. M30BITOK METAJJIOB OKa3bIBAE€T HETAaTMBHOE BIUSHUE U HA
00BEM XJIOPOIIACTOB, @ BBICOKHME KOHIICHTPAIMHM TSDKEITBIX METAJJIOB BBI3BIBAIOT
paspyliieHue xJjopodusuia, HapylleHHe COaJTaHCUPOBAHHOCTH IPOIIECCOB CHUHTE3a U
pasyiokeHus MMrMeHToB [65, 87].

Kpome Tokcmdeckoro ACHCTBHSA Ha POCTOBBIC IPOIECCHI, TSHKEIbIC METaJIIbI
MOTYT BBI3bIBaTh pa3iu4Hble MOP(PO-aHATOMHUYECKHWE W3MEHEHUS B  JIUCTHIX:
YMEHBIIICHUE TOJIIIMHBI Me30(UIIIa, pa3Mepa IPOBOISIINX ITyYKOB, THAMETPa COCY/IOB,
mUpuHbl  KieTok snuaepmuca [102, 170]. Xapakrtep MOBPEk)IaeMOCTH JIMCTOBOM
IJIACTUHBI BBIOPOCAMHU METAILTYPrHYECKUX MPEANPUATANA OIpPEAeNseTcsl HE CTOJBKO
Ka4eCTBEHHBIM COCTAaBOM AMHUCCHM, CKOJIbKO KOHIICHTPAIIMOHHBIM YPOBHEM JCHCTBUS
Tsokenbix MetauioB [137]. Tlpu AeicTBUM HU3BKMX W YMEPEHHBIX KOHIICHTPAIUi
MOJUTIOTAHTOB PA3BUBAIOTCS BEPXYIICYHBIC KPAeBbIE W MEXOKUIIKOBBIC XJIOPO3HI.
BbIcokre KOHIIEHTpAIluu TSOKEIBIX METAUIOB BBI3BIBAIOT BEPXYIICUHBIC, KpaeBbIE U
Xa0THYHBIC HEKPO3bl, @ B YCIOBHSX «3aJIOBBIX» BBIOPOCOB — OXKOTH JIUCThEB [168].
JletficTBHE BBICOKMX KOHIICHTPAIIUU TSKEJBIX METAJUIOB HA MOJIOJBIC JIUCThS MPUBOIUT
K HEPaBHOMEPHOMY pa3BUTHIO T'yOUaTOW M CTOJIOYATOW MApEHXUMBI, YTO BBI3BIBACT
rohpupoBaHKE JIHCThEB, KOTOPOE HamOoJee YETKO TPOSBISACTCS Y CHPEHU
OOBIKHOBEHHON W siceHs 3eneHoro. lloBpexaeHus mnepudepuyeckux Yy4acTKOB,
OCOOEHHO BEPXYIIEK MOJIOJBIX JIUCThEB, MOXKET TPHUBECTH K M3MEHEHUIO UX

HarypaybHO# hopmer [20, 21].
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Kpome oOmiero HapymieHus MeTa0OdM3Ma TSKENbIE METaUIbl  BBI3BIBAIOT
CHUKEHUE TUIACTUYHOCTU KJIETOYHBIX CTEHOK 3a CYET TMPSAMOrO CBA3bIBAHUS C
NEeKTUHAMM W CTUMYJIALIMM aKTUBHOCTH TMEPOKCHIA3 KJICTOYHBIX CTEHOK U
MEKKJIETOUHOTO MPOCTPAHCTBA, KOTOPHIE WIPAOT BaXKHYIO pOJib B (DOPMHUPOBAHUU
CBSI3eM MEXAYy SKCTEHCMHOM M TOJIMcCaxapujiaMu, COAEpX aluMu (PepyrIoByI0 KUCIOTY
[3, 136].

JpyruM MexaHu3MOM JEUCTBUS TSAXKEIbIX METAJUIOB Ha POCTOBBIC MPOLIECCHI
ABIIICTCSI HaApylUIeHUE JeJIeHUs KJIETOK [6], KOTOpoe YacTo COMpPOBOXKIAETCS
HapyIlICHUEM OpraHu3aluy SAEPHBIX CTPYKTYp (MOSABICHUE JIBYX  SIIPBIIICK,
YBEJIMUEHUE KOHJEHCAIIMM XpOMAaTHHA, pa3pbiB siiepHOM MemOpanbl) [4]. Tak, conu
HUKEJSI TOJABIISAIOT AECJEHUE KIETOK MPOPOCTKOB SUMEHS Ha)K€ NPU KOHUEHTPAlHUH
aukens B 1T1JIK [26]. Tsokenbsle MeTauTbl MOTYT BBI3BaTh HapyIIEHUE MPOIECCa MUTO3a
U XpOMOCOMHBIE MyTaluu: c-meTadasbl, CIUMIIHECS XPOMOCOMBI, XPOMOCOMHBIE
MocTUKU. [Ipy [eWCTBUM BBICOKMX KOHIIEHTPAUMH TSDKENBIX METAUIOB B SIApE
HaOMIoNalu SIAPBIIKA HENpaBUIbHONW (opMbl (OBajbHbBIC, ABOWHBIC, YIJIMHEHHBIC).
Jlaske TPH OTHOCHTENBHO HH3KHX KOHLEHTparmsx umousl Fe®', Co* u Ni** spmsorcs
T€HOTOKCUYHBIMM SIJTaMHU, KOTOpPbIE HETAaTHBHO BIUSIOT HA BEPETCHO WJIM amnmapar
JICTICHUSI KJIETOK, TO €CTh, OKa3bIBAIOT MyTareHHbIH 3 ekt [25, 66].

OCHOBHBIM MyTE€M IMOCTYIUICHUS TSIXKEIbIX METAJJIOB B PACTEHUU SIBISETCS
MOTIIONICHNE WX KOpHEBOW cucTteMoi m3 mousbl [36, 115, 199, 204]. Yacte noHOB
METAJJIOB, MMOCTYIUBIINX B MTOYBY, CBA3BIBAETCS] C OPraHUUYECKOM COCTABIISIONIEH MOYBBI
Y CTAaHOBUTCSI HEIOCTYNHOW JJI1 PAaCTeHH, Jpyras 4acTh OCTAaeTCs B MOHHOU (opme U
MOXET TIONaCTh B KOpHEBYIO cuctemy [36, 64, 70].

CornacHO COBpEMEHHBIM TPENICTaBICHUM, mepBasi ObicTpas (0T 15 MuHYT 70 2
yacoB) (ha3a MOMIOUICHUS AJIEMEHTOB KOPHSIMHU pacTeHui, 0OyCJIOBJI€HAa B OCHOBHOM
ITOBEPXHOCTHOM ajcopOnueii MOHOB KIETOYHON 000J0YKON W NMPOHUKAHHEM HX B
cBoOogHOe mpocTtpancTtBo kietok [70, 71, 133]. McTOYHHMKOM HOHOB MOXKET OBITH
IJIEHKAa, KOTOpasi €CTh Ha IOBEPXHOCTU KOPHS TIPU YCJIOBUU HAXOXKJCHHUS €ro B
pactBope. B ominuuMe OT HAaJbHEHIIEro MEJIEHHOTO TMOMIOUIEHUS, CBSI3aHHOTO C

IMPOHNKAHNEM HMOHOB B KJICTKY 4YCpC3 MCM6paHBI H HY)XXJAOIIECTOCA B OHCPICTUICCKHUX
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3arparax, B OCHOBE MEPBUYHOIO 3Talla MOMIONICHUS] MUHEPAIbHBIX 3JIEMEHTOB JICKUT
nporuecc 1udp@y3nun 1 HOHHOTO OOMEHa.

[lepBuyHOE TOMIONICHUE HWOHOB MPOUCXOAUT HE TOJBKO AMUIAECPMAIbHBIMU
KJIETKaMH W3 BHEIIHETO pPAacTBOpa, HO W KIETKAMH KOPHS W3 PacTBOpPa, KOTOPBIN
3aIoJIHACT CBOOOAHOE mpocTpancTBo [72, 134, 138, 225]. OgHako Bce 3TH BOIPOCHI
U3YyYEHbI, B OCHOBHOM, OTHOCUTEJIBHO MOIVIONIEHNS HOHOB MAaKpO3JIEMEHTOB; BOIPOC O
poJM CBOOOIHOTO MPOCTPAHCTBA M KIETOYHBIX OOO0JIOUEK B MPOIeccax MOIIOMICHUS
MOHOB TSDKEJIBIX METAJUIOB U3YYEH HEI0CTATOYHO.

[To muennro Kapakuca K.JI. m apyrux [70, 212], monuBaneHTHBIE KaTHOHBI
(auTrOMUHUE, KeNe30) W TSOKENble METAIbl B 3HAUYUTEIBHBIX  KOJUYECTBAX
aKKyMYJIUPYIOTCSI B CBOOOJHOM MPOCTPAHCTBE KOpHSA. BaxHasi poiib B NEPBUYHBIX
dTamax IMOIJIOMEHUS METAJIJIOB TPUHAJISKUT B KICTOYHOW 00onouke. Hanwuaue B He
OOJBIIOTO KOJIMYECTBA OTPUIIATENILHO 3apSKEHHBIX (YHKIHMOHAJIBHBIX Tpynm —
KapOOKCHIIbHBIX, THIPOKCUIBHBIX, (POCPATHBIX — CLIOCOOCTBYET CBSI3BIBAHUIO KATHOHOB
32 CYET CHJI DJIEKTPOCTATHYCCKOTO TMPHUTSDKCHUS] W CHEU(DPUUECKOTO CBSI3BIBAHUS 10
tunty xenarupoBanusi [90, 209]. Cenenus O NMPOYHOCTU CBS3M HOHOB METAJLIOB-
MUKpPOJIEMEHTOB € KJIETOYHON OOOJIOUKOM M JPYrMMHU KOMIApTMEHTAMH KOPHEHR
pactenuit manouncnennsie. Kapakuc K.JI. w np. [70, 71] uzyuyanu moryomeHue
MHUKPOAJIEMEHTOB C Pa3IMYHBIMU XUMHUYECKUMHU CBOMCTBAMU: C OJJHOM CTOPOHBI IIUHKA
U Maprasiia (epexo/lHbleé METasulbl), a C APYro — Jautus (IIEJOYHOTO METajia), U
BBISICHUJIM, YTO CHOCOOHOCTh K KOMILJIEKCOOOPA30BAaHUIO SIBISIETCS XapaKTEPHOU
O0COOEHHOCTBIO 3JICMEHTOB TMOATPYIITBI ITWHKA; MapraHel] TakKe SBISCTCS CHIbHBIM
KOMILUTeKcooOpaszoBareneM. [[uHk W Mapranenm oOpa3yrOT KOMIUIEKCHI CO MHOTHMH
OpraHMYEeCKUMH JIMTAHJAMH, OJHAKO OHM HE CTAOWUJIbHBI, ATH METAJIBI HMEIOT
BO3MOXKHOCTh JIETKOTO TIepexojla M3 OIHOTO0 KoMIUiekca B aApyrue. Ho Bompoc
JIOKAJIU3aIlM1 NOHOB TSDKEJIBIX METAJUIOB B KOPHE OCTACTCS HEU3YyUEHHBIM.

Tokcudeckoe NEWCTBHE TSHKETBIX METANJIOB TAKXKE 3aBUCHUT M OT TMEPEIBIKEHUS
MOTIIONICHHBIX METAJUIOB 10 pacTeHHro. M3BecTHO, 4TO OONbIIas 4YacTh TSHKEIBIX

METaJJIOB HakaruiBaeTcs B KopHax. Ho cymiecTByer HeGombliasi rpynmna pacTeHUM-
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aKKyMYJISITOPOB, HAKaIUTMBAIONIUX TSDKEIbIe METaulhl B HAJA3€MHON YacTH, HO 3Ta
rpynma u3y4deHa HeJJ0CTAaTOHO.

CornacHO COBPEMEHHBIM IMPEACTABICHUSIM O PACTIPEACICHUH TSHKEIBIX METAIIIOB
(B TOM 9mCIIe KoOanpTa 1 Maprafiia) Cpear TOPU30HTOB IMOYBBI CYUTAIOT, YTO TTOYBA, KaK
npupoaHoe oOpa3oBaHHe, oueHb rereporeHHa [16]. IlockoibKy mMmouBa sBISETCS
JTUHAMUYECKON CHUCTEMOM, TO M3MEHEHUE €€ XapaKTEPUCTUK, KOTOPOE MPOUCXOAUT B
TEYCHHE BETETAI[MOHHOTO CE30HA, MOXXET MPUBOAUTH K W3MEHECHHSIM B JOCTYITHOCTH
METaJUIOB pacTeHusiMu. MccienoBaHue AMHAMUKA COACPKAHUS TMOABUKHBIX (GopMm
TSDKEJIBIX METAJUIOB B TIOYBE B TEUCHHUE ATOTO MEPHOJAa MOKET OBITh IMEPBHIM IIarOM B
GbOpMHUpPOBAaHUU METOJUKHA TPOTHO3MPOBAHUSA WX JOCTYITHOCTH PACTCHHSAM |
OTIpE/ICJICHUs] TIEPUOJIOB, B KOTOPBIE COACpPKAHUE METANIOB B MOYBE HAaMOOJEe TECHO
KOPPETUPYET C X COIEpKaHWEM B pacTeHUH U pactutenbHou mpomykumu [101]. Orto
OOYyCIIOBJIMBAET 3HAYMTENBHYIO PA3HHUIY B COCTABE XUMHUYECKUX AJIIEMEHTOB B Pa3HbIX
qacTsX MoYBEeHHOTO mpoduist. Takum 0Opa3oM, pa3inyHbIe YaCTH KOPHEBOW CHCTEMBbI
pacTeHUN MOTYT HaxXOAWTHCS TMOJ JEHCTBHEM pPa3IWYHBIX KOHIICHTPAIIUN TSHKEIBIX
metayos [103, 219, 220].

Ha moBepxXHOCTH KOPHS TSDKEIbIE METaJUThl CBS3BIBAIOTCS C KapOOKCHIIBHBIMU
rpynnamMu ypaHOBBIX KUCJIOT CIU3M, YTO OTPAHUYMBAET MOMAJaHUE TSHKETBIX METAIIOB
K KOPHSM M MOXET OBbITh BaXHBIM KOMIIOHEHTOM OapbepHON (YHKIIMU KOPHEBOM
CHUCTEMBI TIPH WX TIOTJIOMIEHUN PAaCTCHUSAMH. YacTh CBS3aHHBIX METAJUIOB MOXET
0CBOOOXKIaThCsa Tocie Ouomerpamanuu cimsu [70, 223, 224]. CnocoOHOCTh CIHM3U
CBSI3BIBATH TSKEITBIC METAJUTBI 3aBUCHUT OT TIPUPOJIBI KATHOHA METAJIIOB.

[Tormomenue THKETBIX METALIOB MOYKET MPOUCXOIUTH C MOMOIIBI0 MTACCUBHON
muddy3un ¥ myTeM aKTUBHOTO TPAHCIOPTA. B yCHOBHSX pa3nvuHON KOHIIEHTPAIHH
TSDKEJIBIX METAJUIOB B PAacTBOPE COOTHOIIICHHWE aKTUBHOTO M TACCUBHOTO TPaHCIIOPTa
paznudaetcs. [Ipu neficTBUM HU3KUX KOHIICHTPAIIMM METAJLIOB OOJBIIYIO POJIb UTPAET
aKTUBHBIA TPAHCIIOPT, B TO BpeMs Kak MpH 00Jiee BBICOKMX KOHIIEHTPAIUAX TKEIBIX
METaJIOB, BCJICACTBHE WX TOKCHYCCKOTO JCHCTBUS, AaKTUBHUPYETCS TOTIIONICHUE

TSDKEIIBIX METAJLIOB 3a CYET IMACCUBHOIO TpaHcmopra [125].
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Cpenu GakTopoB cpebl, KOTOPHIC ONPEIESISIIOT MOTIONIEHUE THKEIBIX METAJUIOB,
HapOosiee BaXHBIMH  SBISIIOTCS  KUCIOTHOCTH IIOYBBI, €€ KAaTHOHOOOMEHHas
CIIOCOOHOCTB, COJIEp)KaHWE OPraHWYECKOrO BEIIeCTBAa U M3BECTH, BJIArOEMKOCTD,
TPaHYJIOMETPUUECKUN COCTaB, a TAKKE KOHIICHTPAIUS MaKpO- U MHUKPO3JIEeMEHTOB [125,
126, 127].

[Tocre morionieHusT METAIOB KOPHSIMHU OOJbIIas UX 4YacTh JIOKAJIU3YeTCs B
pU30JEpPME U KOpE. 3HAYUTEIHLHOE KOJMYECTBO TSKEIBIX METAJUIOB OBLIO HAWJIEHO B
KOPHEBBIX BOJIOCKaX, OJHAKO, MOKa HESCHO, WUrpaloT JU OHU OCOOYyI0 pOJib B HX
MOIVIONICHUN WM HET. YCTAaHOBJIEHO, YTO B KOpPHE TMOMIOMICHHBIE TOKCUKAHTHI
MEpPEABUTAIOTCS TI0  afoIulacTy K SHIOAEPME U OYE€Hb TSKEJIO  MPOXOJAT
SHAOMECPMaIbHBI  Oapeep [127]. MHorocinoiiHas 1poOka MOXET OCIabIsATh
TOKCUYECKOE JEWCTBUE TSDKEJIBIX METAUIOB Ha JIpyrue€ TKaHW, CBS3bIBas MX
3HAYMTEIbHYIO YaCTh B KJIETOYHBIX CTEHKAX, M BBIMOJHASL, TAKUM 00pa3oM, 0apbepHYIO
POJIb JIJIS 3aIIUTHI PACTCHUH, OJOKUPYS MX JajJbHEHIIee MepeIBIKCHHE.

CKOpOCTh JTaJIbHETO TPAHCIIOPTa TSKEIBIX METAJUIOB y Pa3HbIX BUJIOB pPacTECHUU
MOXET OTIMYaThCS. YMEHBILIEHHAs CKOPOCTh TPaHCIOPTa METAUIOB W3 KOpPHA B
HaJ[3€MHBIE OpPTaHbl PACTCHUN-UCKITIOYATENIEH MOXKET CIIOCOOCTBOBATh YMEHBIIICHUIO UX
TOKCHYECKOTO jeicTBus [129].

HccnenoBaHusiMU TMOCHEAHUX JIET YCTAaHOBJICHO, YTO HAKOIJICHUE B TKaHSIX
pPacTeHU COCIMHEHUN MapraHilia BEICOKOM CTETNEHU OKUCICHHS B PAJIE CIYyYaeB UMEET
onpesieieHHoe  (PU3MONIOTUYECKOe 3Ha4eHWe. bbulo  ToKa3aHO, dYTO  BBICOKOM
KOHIIGHTpAllMe MapraHila B BEreTaTUBHBIX OpraHax, Kak IMpaBWwioO, OTIMYAOTCS
pacTeHMs] TAaHUJIOHOCHI, OTHOCSIIUXCS K rpymnne mMaHraHoguioB. B ankanouaoHocax,
KOTOPBIC COJEp)KaT MHOTO MapraHila, Takke MMEET MECTO MHTEHCHBHBINM OHWOCHHTE3
TaHUJIOB, KOTOpbIE OOpa3yloT COEAMHEHUs ¢ ajkajougaMu. V3MeHeHHe coaepKaHus
MapraHiia B Tpeleliax BUJla U CEMEWCTBA COOTBETCTBYET W3MEHEHHIO COJEpKaHUS
TaHUJ0B. {711 HOpMaIBLHOTO Pa3BUTHS PACTEHUU TAaHWIOHOCOB HY)KHA KOHIICHTPAIIHS
Maprasiia 6osee BbICOKas, YeM JJIsl pa3BUTHUS APYTUX pacTeHUi (okoso 15 mr/im npoTus

2-5 15 mr/im qy1st HETaHUIOHOCOB).
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JI.A. Taiicuna u np. [43] u3y4anu conepKaHHWe THKEIBIX METAUIOB B TIOYBE B
TEUEHHWE BETETAIMOHHOTO CE30Ha U OOHAPYXWJIM, YTO MaKCHMaJbHOE COJECpKaHHUE
MOJIBUKHBIX COCAMHEHUN PTYTH, IMHKA MPUXOAUTCS HA HAYaJIO UIOJISL U CEHTSAOPb.

apmam H.}O. u ap. uzywanu xapakrtep HakorieHus Zn, Pb u Cd 3makamu u
0000BBIMU B TeueHUE BereTaunu [44] u BeiscHUIM, 4TOo Cd sABIsETCS aHAIOTOM ITMHKA
0 CBOUM (PU3MKO-XHUMHUYECKUM TOKA3aTeIsiM U 10 IMOBEJACHUIO B CHUCTEME IOYBa —
pacTeHue, HO MEXKJly HUMU €CTh 3HauuTelIbHasl pasHuua. [{uHK — HEoOXOauMBIN aJist
pacTeHUN MUKPORJIEMEHT, a (PU3MOJOTUYECKAsl 3HAUUMOCTh KaJIMHsI TIOKAa HE J0Ka3aHa.
3ammTtHas QyHKIUS KOpHEH 1o oTHOMIeHNIO kK Cd 6osee BhIpaKeHHAs, TT0 CPABHEHUIO C
Zn, KOTOpBI HE HaKaIllJIMBAaeTCsl B MPOIECCE POCTa B KOPHSX, a IMEPEIBUTaeTCs B
HAJ[3EMHYIO YaCTh PACTCHUI.

Hapymenue ¢usnonornueckux (yHKUUA pPACTEHUWA B YCIOBUSIX 3arpsA3HEHUs
OKPYXKAalIIEH Ccpeapl TSKEIbIMH METAIIAMH  SIBJIIETCS TEPBOM peaklMeill OTBeTa
OpraHv3Ma Ha JCHCTBHE TOKCHUKAHTOB. JTa peaklMs MPOABISIETCS B PA3HOM CTEIECHU Y
pa3HBIX BHUJOB PACTCHUM B 3aBUCUMOCTH OT XMMHUYECKOTO COCTaBa U TOKCUYHOCTU
JEUCTBUSL TOKCUKAHTOB, (PU3MOJIOTHYECKOM AKTMBHOCTH PACTEHUW W COBOKYITHOTO
JeiicTBUs BHEIHUX (hakTopos [62, 141].

B ycnoBusiX TEXHOTEHHOW HArpy3Kd TSDKENbIE METAJUIbI, NPU JEUCTBUM Ha
pacTeHus B pa3IUYHBIX COCTMHEHHBIX ()OpMax M KOHIIEHTPAIUSIX, MOTYT IPOSIBIISATH KaK
CUHEpPru3M, TaK M aHTAaroHW3M, 4YTO BJIMSET Ha YCTOMYMBOCTh MOCIAEAHUX. TaKuMm
0o0pa3oM, HY)KHO OTMETUTh, YTO aKKYMYJSIIUS METAJIOB KaK B II€JIOM KOPHSMH, TaK U
KJIETOYHBIMU ~ O0OJOYKaMH, SBISETCS  3allUTHOM  peaklWell  pacTeHWil, d4To
NPEayNpekIaeT JIEeHCTBUE TOKCHYECKHUX J03 HOHOB B HaJ3eMHBIX opraHax [73].
JleficTBUTENBEHO, PSAIOM UCCIEeIOBaTENeH OBbLIO MOKAa3aHO, YTO YCTOMYHMBOCTh PACTECHUIN
k cBuHiy [95], menu [104], xaamuro u HUHKY [7/3] ¥ OpyruM TsDKEIBIM MeTalliam
CBSI3aHA C HAKOIUICHHEM WX B KOPHSX W CIa0bIM MEpPEIBMIKEHUEM HUX B HAI3EMHYIO
yacTb. OJHAKO HAKOIUJIEHWE TSIKEIbIX METAUIOB B KOPHSX U CBA3BIBAHUE UX
KJICTOYHBIMH 00O0JI0YKaMH BHOCST 3HAYWTENbHBIA BKJIAJ B MEXaHU3M TOJIEPAHTHOCTHU
pacTeHHii, HO ATOTO0 HEIOCTATOYHO ISl MNPEAYNPEKIACHUS TPAHCIOKALMHU TIKEIBIX

MCTAJUIOB B HAJA3CMHBLIC OpPIaHbI. Pactenuss umeror HEIOCTHYIO CHUCTEMY peaKL[I/Iﬁ
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YCTOMYMBOCTA K TSKEIBIM METAJUIAM, YTO IIO3BOJISIET MCIIOIb30BaTh pPACTEHUS-
TUIIEPAKKYMYJISITOPbl  TSDKEIBIX ~ METAJUIOB B TEXHOJOTHMM  BOCCTAHOBJIICHUS
JIETPaPOBAHHBIX II0YB. YCTOMYMBOCTH PACTEHUM K OJHOMY TSDKEIOMY METAJULy HE
ONpPEAENSECT €ro TOJEPAHTHOCTh K APYTMM, KPOME TOTrO, OJWH BHUJ PACTECHHS IS
JETOKCUKALIMY Pa3JIMYHBIX META/UIOB MOYKET HCIOJIb30BATh HECKOJIBKO MEXaHU3MOB, B
TOM YHUCJE M YAaCTUYHOE BBIBEICHHME MeETallyla M3 MeTa0oJiM3Ma CBSI3bIBAHUEM €T0

KJICTOYHBIMU 00ojoukamu [140].
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PA3JIEJ 2

IMPOTPAMMA, METOJIUKH U OBBEKTBI UCCJEJOBAHUM

2.1. IlporpamMmma uccjie10BaHUi

HccnenoBanust mpoOBOAMIIA TIO CXE€M€ MOJHOTO TPeX(haKTOPHOIO TPEXypPOBHEBOTO
sKcriepuMenTa (tadbmuia 2.1).

Tabnuua 2.1 — Cxema IIaHupOBaHUS SKCIEPUMEHTA

Ne BapuanTa 3arpsa3HUTENH

sarpsasHenns | CoSO,, Mr/kr (Co™) | MnSO,, r/kr (Mn”) | CrSO4, mr/kr (Cr)
1

(KOHTPOJIb) ° ° °
2 5 0 0
3 10 0 0
4 0 15 0
5 5 15 0
6 10 1,5 0
7 0 3 0
8 5 3 0
9 10 3 0
10 0 0 3
11 5 0 3
12 10 0 3
13 0 1,5 3
14 5 1,5 3
15 10 1,5 3
16 0 3 3
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Oxonuanue tadmuner 2.1

1 2 3 4
17 5 3 3
18 10 3 3
19 0 0 6
20 3) 0 6
21 10 0 6
22 0 1,5 6
23 3) 1,5 6
24 10 1,5 6
25 0 3 6
26 ) 3 6
27 10 3 6

B kauectBe 3arps3HMUTENEH MCNOIB30BANIN Cylb(dar KodabTa, CyabdaT Mapraiua u
cynbdar xpoma. Konuentparuu mapranima cocrasimsuim 0, 1,5 r/kr (1 ITJK), 3 r/kr (2
[TJK); xo6ansra — 0, 5 mr/kr (1 IIK), 10 mr/xr (2 TIIK); xpoma — 0, 3 mr/kr (1 TTIK),
6 mr/kr (2 TTJIK).

CemeHa pacTeHU# MPOpAIMBaId B COOTBETCTBUU € MX ocoOeHHOcTsMU. [locine
0o0pa30BaHus INIABHOTO KOPHS JUIMHON OKOJO 1 M MPOPOCTKU BBICAKUBAIHU B COCYAbI C
MOYBOM, B KOTOPbIE BHOCUJIM 3arpsi3HUTENU. BhIpaiinBanue BesoCh B TEUEHUE TPUILATH
KAJICHIAPHBIX JHEW npHu OocBeeHHOCTH 12000 roKC, TPOIOIIKATEIBHOCTH CBETOBOTO
nust 14 yacos, Temmeparype 20-22 °C u BIaxHOCTH TO4YBBI Okoio 70% oOmiei
BIAXHOCTU. B kaxnapii cocyn moOabimsid mo 350 © mouBbl, MPOCESHHOW Yepes
MIOYBEHHOE CHUTO C JHAMETPOM OTBEPCTHH 3 MM, B KOTOPBIM MpEABAPUTEIBHO
BHOCWINCH Cylb(par koOanbTa, Cylb(aT Mapradiia u cyibdar XpoMa COIJIACHO CXEMe

IJIaHUPOBAHUA SKCIICPUMCHTA.
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2.2. MeToauKH HUcCJIe10BAHUM

AKTUBHOCTH (POTOCHMHTE3a MPOPOCTKOB OMNPEACISUIA MO0 HW3MEHEHHUIO KOJIMYeCcTBa
HAKOILJIEHHOT'O yTJepo/ia OPraHMYECKUX BEIIECTB IPH MOKPOM O30JICHUH PACTHTEIbHBIX
TKaHel B CMeCH OMXpomaTa Kallds U CepHOM KucioThl [27, 111]:

2K2CF207 +8H2804+3C—>2K2804+2CI'Q(SO4)3+8H20+3C02 (2 1)

KonuuectBo  Ouxpomara  Kaiusi, KOTOpPBI OCTaJNCA TIOCIE  OKHUCIEHHS

OpraHUYeCcKOro yriepojaa, Onpeiessiiii TATPOBAHUEM pacTBOpoM cosin Mopa:
K,Cr,0,+6FeS0O,+7 H2804—>CI'2(SO4)3+3Fez(SO4)3+ K>,SO,+7H,0 (22)

JInsi BBIYUCIEHUS MHTEHCUBHOCTH (POTOCHHTE3a HAXOIWIM PA3HUIY MEXIY
KOJIMYECTBOM OPTaHMYECKOTrO YIJIEpOja B OMBITHOM BapHaHTE (IIOCJE OCBEIICHUS) U B
KOHTpOJiEe (IO OCBELIEHUS PACTEHUM) M ACIIUIM €€ Ha SKCIO3UIUI0 SKCIEPUMEHTa B
yacaxX, MIHTEHCUBHOCTb (JOTOCHMHTE3a BhIpa)Kajdu B MHJLTUTPAMMax yTiepojia, KOTOPbIH

2
oOpa3zyetcst Ha 1 1M” moBepxHOCTH 3a | yac:

X oneIT—X KOHTP.

I= N Mr/am gac (2.3)

AKTUBHOCTD con ONPENEISAIN 1o MOIUPUITIPOBAHHOMY
metoay Giannopolitis C.N. u Ries S.K. [184], ocHoBanHOMY Ha criocOOHOCTH (hepMeHTA
koHKypupoBatb ¢ HCT 1o CynepokCHIHBIM aHUOHHBIM paJuKajgaM, KOTOpBIE
o0pa3yloTcs B pe3ysbTare (POTOXMMUYECKOTO BOCCTAHOBJIEHHUS BOJIbI B MPHUCYTCTBHH
pubodaBuHa.

OmnpenencHue MeTHOHMHA TpoBoawin 1o Merony CamuBany-Mak-Kaptu [28].
Jlnst moctpoeHusi KanuOpOBOYHOM KPUBOM TOTOBWIJIM CTAHIAPTHBIE BOJHBIE PACTBOPHI

MeTHOHHHA ¢ KoHleHTpauusimMu 0,005 - 0,1 mMr B 2 M1 pacTBopa.
ConeprkaHue MpoJIMHA PaCCUUTHIBAIIM 110 (popMyIie:

C V 100
X —— —, mkr/100 r HaBeckwH, (2.4)
m V,
rne C — KOHIIEHTpAIus METHOHWHA, PACCYNTAHHAS 110 KATMOPOBOYHON KPUBOM, MT/MI;

V — 00beM TUIpOIN3aTa, MII;
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V1 - o0bem ¢puibTpara, mi;
M — Macca HaBECKHU, T;
100-nepepacuer Ha 100 rpaMM HaBECKH.
OnpeneneHre TNpPOJIMHA TPOBOJWIIN, HCIONB3YysAd MeToauky beirca [28].
ConeprkaHue MPOJIMHA PACCUUTHIBAIN IO (hopmyie:

X w . MKr/100 r HaBeckH, (2.5)

m V,
rne C — KOHIIEHTpaIus MPOJIMHA, pacCUUTaHHAs 0 KaTHOPOBAaHHON KPUBOM, MI/MIT;
V — 00beM TUIpOIN3aTa, MII;
V1 - o6bem dunbTpaTa, M,
M — Macca HaBeCKH, T;
100 — nmepepacuet Ha 100 T HaBECKH.

ConepxaHne Maprasiia, kKoOambTa M XpoMa B PACTHUTEILHOM H ITOYBCHHOM
MaTepualie ONpeACisUId 10 METOIy aTOMHO-a0COPOIMOHHOW CIIEKTPOCKOMHUH TI0
B. Ipaiicy Ha aToMHO-abcopOImoHHOM criekTpodoromerpe «CatypH-3» [123].

[TommyueHnnbie maHHBIE 00OpabaThIBANM CTATHUCTHYECKM TO Meroay JlaHHeTta ¢

MIOMOIIIBIO CIICIIMATIBLHO Pa3pabOTaHHBIX KOMITBIOTEPHBIX Mporpamm [112].

2.3. O0BbeKThI HCCICI0BAHNN

Ha tepputopuun crennoro Jlombacca mpeobrmafaroT IJIOJOPOAHbIE THUIHMYHEIE,
OOBIKHOBEHHBIE ¥ CpPEIHETYMYCHBIC UEpPHO3EMbI, Ha IOr¢ U Oro-3amajae —
MajorymycHele. [Ipaktnuecku Bce mouBbl o6mactu (6onee 95%) oTHOCATCS K Kilaccy
TEXHOTEHHO W3MEHEHHBIX B  pe3yJbTaTe MHTCHCHUBHOW  MPOMBINIJICHHOW U
CENbCKOXO3IMCTBEHHOW JCATENBHOCTH. J[JIT TOYB TOpPOMOB pEruoHA XapaKTECPHBI:
O4yaroBasi 3arpsS3HEHHOCTh TSHKEIBIMU METaUlaMH U He(TempomyKkTaMu, HapyIlIeHUE
KHUCJIOTHO-TIEJIOYHOTO 0anaHca HW  (U3UKO-MEXaHUYECKUX CBOMCTB (TIOHMKEHHAs
BJIArOEMKOCTh, TIOBBIIIEHHAS YIUIOTHEHHOCTh TPyHTa, KaMEHHUCTOCTh), HAININE
BKJIFOUCHUN CTPOUTEITLHOTO M OBITOBOTO MycCOpa, HHM3KOE COJACp)KaHWE B TOYBAX

MUTATEJIBHBIX 3JICMEHTOB, YTO CBA3aHO C MHTCHCUBHOW TEXHOTCHHOW Harpy3koii [12].
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IToneBoy 3KCHEPUMEHT NMPOBOAWINA B 30HE BIUSHHUSA METAJUIyPTHUYECKOTO 3aBOAA
T3HTC r. Topesa. [lapameTpsl MOYBBI U KOHIIEHTPAIIMIO MOHOB KoOaibTa, MapraHia u
XpoMa B TIOYBE CyXOW OMOMacce EKOPaTUBHBIX TPaBSHUCTHIX PACTEHUIN OINpENEsuld B
TEYEHUE YEThIPEX BETCTALIMOHHBIX IepuoAoB. lccnenoBaHus MOKa3aid, 4YTO Ha
UCCJIEI0BAHHOMN TEPPUTOPUU npeodIaaaoT MaJioryMyCHBIE YEPHO3EMBI,

XapaKTepU3YIOIIUECs] HU3KOUM BIIaKHOCTBIO U HU3KUM 3HaueHueM pH (tabmnuia 2.2).

Ta6J'II/IHa 2.2 — buoxumMmnueckas XAPAKTCPUCTHUKA IMTOYBBI OIIBITHOI'O YHAaCTKa

[Tapametp M+tm
Bnaxxnocts [%0] 17,96+1,32
pH B H,O 5,15-5,25
pH B 1M KCI 4,64-4,79
['ymuHOBBIC KHUCTIOTHI [%0] 0,89+0,01
C Bcero [1/kr] 11,38+1,12
N [Mr/Kr] 675,00£15,12
P noctymHo [Mr/kr] 23,96+0,78
P Bcero [Mmr/kr] 75,33+5,22
Co [mr/kr] 14,47+0,27
Mn [r/kr] 5,740+2,00
Cr [mr/kr] 10,25+0,12

[Ipumeuanue: M — cpeaHee 3HaueHHE; m — NOTPEIHOCTh /[aHHeTa



34

PacturenbHpiil Marepuan miid ucciienoBaHuid. s mpoBeAeHUsl MCCIEeNOBaHUN
UCIIOIB30BAIM MPOPOCTKU 3iakoB: Bromus arvensis L., Festuca rubra L., Agrostis
vulgaris With., Lolium perenne L., Poa pratensis L., Miscanthus sinensis L. u 16 BumoB
JICKOpaTHBHBIX TPaBSIHUCTBIX pacteHuit: Ageratum houstonianum cv. Bule Lagoon,
Alyssum maritimum Lam., Brassica naps L., Dahlia variabilis Desf., Echinacea
purpurea, Cosmos sulphureus Cav., Agrostemma githago L., Linum usitatissimum L.,
Atriplex hortense L., Calendula officinalis L., Petunia Hybrida Grandiflora, Silene coeli
rosa, Phacelia tanacetifolia L., Zinnia agnustifolla H., Tagetes erectus L., Salvia
splendens.

Bbpomyc moneBoit (Bromus arvensis L.) — onHoJIeTHEE 03UMOE PaCTEHUE BBICOTOM
60-120 cM. Bpomyc moneBoii pacnpoCTpaHEH B CEBEPHBIX M 3alaJHbIX paioHax
Jlonbacca B CTEMHOM 30HE, BCTPEUAETCsl B YBIAKHEHHBIX MECTax MO JojauHaM pek. He
CMOTpS Ha TO, YTO PACTEHHE 3aCyXOYCTOMUYMBOE, B CYXYIO KApKylO IOTroay TpeOyeT
nojuBa. Mcmonb3yercs A1 03eJICHEHUS B Pa3IMYHBIX Ta30HHBIX cMecsx [96].

Osgcsianma kpacHast (Festuca rubra L.) — ommmuaercst GonbmMm pazHooOpasuem
NOMYJSIIUN ¥ POpM, UMEIOIINX ITUPOKHUI IBETOBOM JMANa30H JUCTHEB — OT CU30BATO-
3€JIECHOT0 C BOCKOBBIM HAJETOM JO SIPKO-3€JIEHOT0; BCTPEYAIOTCS Pa3HOBUIHOCTH C
IJIOCKUMU JIUCTOBBIMHU IUUIACTUHKAMU U C OYEHb JKECTKUMH JIYTOBUJHO COTHYTBIMHU.
JlepHrHa 371aKa UMEET 3HAYUTEIBHYIO CBI3HOCTh U YIPYTrocTh. biaromapsi HOBBILIEHHOM
CIIOCOOHOCTH K WHTEHCUBHOMY BET€TaTUBHOMY BO300HOBJICHHIO XOPOIIO MEPEHOCUT
perynspHbie cTprkku [96]. Mconb3yerces a1 03e/IeHeHHUS.

[Tonesunia oobikHOBeHHas (Agrostis vulgaris With.) — MHoroneTHHN, HU3HHHBIHN
3nak. KopHeBasi cucteMa XOpOIlO pa3BHUTa, MPOHU3BIBAET MOYBY MHOTUMH TOHKUMU
MEJIKO Pa3BETBICHHBIMU MOYKOBAaThHIMU KOpPEIIKAMU W MPOYHO CKPEIUISET MaXOTHBIN
cyoii mouBkl. [ToseBuila 0OBIKHOBEHHAs! yCTOMYMBA K BBITANITHIBAHUIO, IEPEHOCUT OoJiee
HU3KYIO CTPHKKY, IO CpPaBHEHHUIO C ApyruMu TpaBamu. K mouBe HeNpUBEpEvBa,
XOpOIIIO pacTeT Ha OEMHBIX CYMECUaHbIX CIA00KUCIBIX MOoYBaX. [IpUMEHSIOT s
(dbopMUpOBaHUs IEKOPATUBHBIX M CIIOPTUBHBIX ra30oHOB [130].

Paiirpac anrmumitckuii (Lolium perenne L.) — MHOTOJETHHMH, OBICTPOPACTYIINH,

HU3WHHBIN 3JIaK ¢ MHOTOYHMCJICHHBIMU KOPOTKHUMH ITOA3CMHBIMUA rmoderamMu 1 JIUCTBhAMU,
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COCPEIOTOYCHHBIMU TJIABHBIM 0O0pa3oM B HIDKHEW dactu ctebnsa. [Ipeamoumtaet
oorarele, XOpOIIO JPEHUPOBAHHBIE CYINIMHUCTHIE MOYBBI, BCTPEYAETCA HA JIETKUX
PA3HOBHUJIHOCTSX KalITaHOBBIX, a TaKKE Ha OOBIUHBIX U IOKHBIX yepHOo3emax. [lmoxo
pacTeT Ha IUIOTHBIX MOYBaX M HAa MOYBAX C BBICOKOW KHUCIOTHOCTHIO. [IpeumyriectBom
paiirpaca aHIJIMHACKOTO SIBISIETCSl €r0 CIOCOOHOCTh Y€ B MEPBBIA TIoj MOCie MoceBa
CeMsiH 00pa30BBIBaTh KPACHUBBIH, I'yCcTOM, TpaBsiHoi koBED [130].

Mstimk myrosoii (Poa pratensis L.) — MHOroseTHHK 03uMoro tuna. B rox mocesa
pacTeT MeJUIeHHO, 00pa3ysi B OCHOBHOM KOpHEBBbIE OTBETBIICHHUS. [logHOTO pa3BuTHs
JIOCTUTAET TOJIBKO Ha BTOPOM-TpeThil rof. PacTenne ommuaercs 1onroBeyHocToro. [lpu
ONarompusITHBIX YCIOBHUSIX XOPOIINO COXPaHSETCS B TPABOCTOAX. MSTIMK JIyrOBOM
ABJISIETCS LIEHHOM MHOTOJIETHEW 3JaKOBOIO KYJIBTYPOH ISl CO3[IaHUSI Kaue€CTBEHHBIX
JIEKOPAaTUBHBIX Ta30HOB TMAPTEPHOTO THUMA W TA30HOB JIPYrOro Ha3HAYEHUS
(CTTIOPTHBHBIX, CTIEIUANBHBIX U 1p.) [96].

Muckantyc kutaiickuii (Miscanthus sinensis L.) — MHoroseTHee TPaBSHHUCTOE
pactenue, BeicoToit oT 0,8 10 2 M, nHoraa a0 3,5 M. KopHeBuia kopoTkue, moiasyuue,
0o0pa3yloT KpYIHbIE, OTHOCUTEIBHO phIXJIbie JepHOBUHBL. CTeOMU MNPSIMOCTOSYHE.
Jluctbsi, pacmojiOKEHHbIE B OCHOBAHUU II0OETOB — KOXKUCTHIE, YEHIyeBUHBIE.
CrebnieBble JIUCThSI — TUHEHHBIE MO0 JIAHIIETHO-TMHEWHBIC, OYeHb KECTKHE, JJIMHHBIE,
W30THYTHIC, C JIMCTOBBIM IUIACTUHKaAMU MMMUpUHOM oOT 5 1o 15 mMm. Pacrenue
BiaronoOuBo. IlpeanmounTaer MIONOPOAHYIO, XOPOUIO APEHUPOBAHHYIO IIOYBY.
[TonynsipHOE JAEKOPAaTUBHOE CAIOBOE PACTEHHE. XOPOIIO CMOTPUTCS B MHOTOJIETHHX
Oopropax, a TaKxke psaaoM ¢ kpomkoid Bossl [130].

Areparym Toycrona (Ageratum houstonianum Mill. cv. Bule Lagoon) —
MHOTOJIETHEE TPABSIHUCTOE PAaCTEHUE, HO KYJIBTUBUPYETCS Kak ofHoieTHee. KopHeBas
CUCTeMa CHWJIBHO pa3BeTBicHA. PacTeHWe TyCTO ONYyIIEHO KOPOTKUMHU MPOCTHIMU
Bosiockamu. CTeOaM MHOTOYHMCIICHHBIC, CHJIBHO DPa3BeTBIEHHBIC, BhICOTONH 10-60 cwm.
JlucToBasi TUIaCTUHKA II€NIbHAS, TPEYrojbHAs WM B BUIE poMOa, MpPU OCHOBAHUU
HEpPEIKO CepleBUAHAs, MO Kpaw 3y0Ouaras, muipdaTas Wiau ropogyaras. HukHue
JUCThSl CYNMPOTHBHBIC, UEPEIIKOBHIE; YEM BBINIEC MO CTEOII0, TEM HYEPEIIKH KOPOde,;

BCPXHUEC JIUCTHSA IMOYTHU CUAAYUUC. XOpOHIO PAaCTCT U OBCTCT HA p33H006p3_3HBIX JCTKHUX
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M0YBaX, JIETKO MEPEHOCUT CTPHIKKY, ITOCIIC KOTOPOH OBICTPO OTPACTACT U CHOBA I[BETET.
PexoMeHyI0T HCITONIb30BaTh JUIsS KIIyMO, OOpIIOPOB, TPYIIIOBBIX BBICAJIOK, O3ETICHCHHUS
roponos [31].

Amuccym mopcekoir  (Alyssum maritimum Lam.) — pacTteHue CBETOJIOOMBOE,
XOJIOJJOCTOHKOE, 3aCyXOyCTOWYMBOE. XOpOIIO pPacTeT Ha TUIOMOPOIHBIX, YMEPEHHO
BIIOKHBIX IMOYBaX. B Teprnoa MaccoBOTO IBETCHUS PACTEHHE MOIHOCTBIO MOKPBITO
MEJIKUMHU O€NIbIMH IIBEeTKaMH. J[JI1 HENpephbIBHOTO IIBETCHUS YIAISIOT OTIBETIIHEC
noberu. [IBerer 1m0 MOpO30B, JaeT OOWIBHBIN camoceB. [IpUMEHSIOT B KaMEHHBIX
ropKax, aJblIMACKMX canax. lleHHas QoHOBas KylbTypa C MPHUATHBIM, CHIIBHBIM
apomaroM. JlydIie pacTeT Ha OTKPBITOM COJTHEYHOM MECTE M JICTKHX I0YBaX.

I'eopruna nepemenunBas (Dahlia variabilis Desf.) — mHoTONICTHEE TpaBSIHUCTOE
nexkoparuBHOE pacTeHue. Ctebesib pa3BETBICHHBIN, MPAMOCTOSUUMA. JIUCThs mepucro-
pacceu€HHbIC WHOTJA IIeTbHBIC, CIOXKHBIC. [IBeTKM COOpaHbI B KOP3WHKH, OOBIYHO
Oeroro 1BeTa, a B cepelnHe MEJIKUE TpyOUaThie sKeaThle. [ eopriHa mBeTeT B KOHIIE JIeTa
U OCCHBIO, pacTeHHe, TPeOOBATEIbHO K YCIOBHSAM IPOU3pACTaHMs, HE ICPEHOCUT
3aMOpO3KOB. JIJisi BBIpalvBaHWsl TEOPTHHBI HEOOXOAMMO BBIOMPATh COJHEYHBIE,
3alIUIICHHBIC OT XOJIOMHBIX M CHJIBHBIX BETPOB MecTa. PexoMeHmyercs Juis
(bopMUpPOBaHUS TPYITIOBBIX TIOCAIOK.

DxwuHaress myprypHas (Echinacea purpurea L.) — MHoroneTtHee pacTeHue,
OTHOCHUTCS K CEMCHCTBY acTpOBBIX. PacTeHHMe WMeeT KpyIHBIE COLBETHS COYHOIO
(HOJIETOBOrO IBETAa M MpSAMBbIE CTEONHU, JOCTUTaroNMe B BhicoTy okosno 80-100 cm, a
IPH ONTHUMAJIBHBIX MPUPOJHBIX YCIOBHUSX W IMOJNyTopa MeTpoB. KopHeBas cucTema
OYEHb DPA3BETBJIECHHAsA, YXOAUT B MOYBY NpuUMepHO Ha 30 cM. DxuHales IypIypHas
BBIPAITMBACTCS KaK JICKOPATHBHOE W KakK JICKApCTBEHHOE pacTeHue. L[BeTeT ¢ mioHs 10
MO3/IHEeH OCEHHM OOBIYHO HA BTOPOM TOAY JKHU3HH, pEeKe — Ha NepBoM. B da3y npeTeHus
9XHMHAIIEs BCTYMAET B KOHIIC HIOHSA U 1BeTeT 32-35 nueit [66].

Kocmest poszosas (Cosmos sulphureus Cav.) — TpaBsHHCTOE OIHOJIETHEE
pactenue. Crebmu mnpsmoctosune, 80-150 cm BwicoTOH. JIMCTBS ABAXIABI-MIEPUCTO-
pacceucHHBIC Ha HUTEBUIHBIC JOJH, YTO IMPHIACT BCEMY PACTCHUIO aXXyPHBIA BU]I.

[IBeTku posoBoro 1Beta, coupeTust a0 10-12 cm B nuamerpe. LlBeTeT 0OMIBHO C
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CEepeNMHbl WIOHS MO CeHTAOph. Jlaer oOOmIBHBIA camMoceB. XOJNOAOCTOWKas u
CBETONIOOMBAsI, OTHOCHUTEIHHO 3acyxoycroiumBas. K mouBam HeTpeboBaTenbHa,
MPEANOYUTAET PBIXJIbIE, YMEPEHHO IUIOJOPOAHBIE IOYBBL. BBIpalIMBalOT NPSMBIM
IIOCEBOM B TPYHT B KOHIIE ampeis-Hadale mas, Wik noja 3umy. Mcnonw3yercs st
MOCAJKU Ha KIyMOax, IJisi TEKOPUPOBAHUSL OTpajJl U CTEH 3/IaHUM, PEKOMEHIYeTCs IS
OOJBIIMX BHICAJOK Ha ra30HaXx.

Kykonbs oObikHOBEeHHBIN (moceBHOM) (Agrostemma githago L.) — omHoseTHee,
TPaBSHUCTOE IBYXJ0JbHOE pacTeHue. CTeOesb MpsSIMOM, YacTO BETBUCTHIM, MOKPHIT
BOJIOCKaMu, 90 cM BBICOTOM. JIMCThS IMHENHBIC WIIN JIMHEWUHO-JIAHIETHBIE, OMYIICHHBIE;
HIDKHUE — YEPEIIKOBBIE, BEpXHUE — cuasure. KopeHb CTepkKHEBOW, CO MHOTUMHU
MEJKUMH pPa3BETBICHUSMU. VICOIb3yeTcsi B O3€JICHEHUM Kak OOpIIOpHOE pacTeHHeE,
COXpaHsET JICKOPAaTUBHOCTH OT LIBETECHUS 710 00pa3oBaHus ceMsH [66].

Jlen oObikHOBeHHBIH (Linum usitatissimum L.) — oaHoneTHee TpPaBSHUCTOE
pacTeHue C TOJbIM IWIMHAPUYECKUM CTe0sieM, BBEPXY pa3BETBICHHBIM, 10 1,5 M
BbICOTOM. JIMCThsT JaHIETOBUAHBIE, oOdepenHbie. [[BeTkH HeOEeCHO-CUHHE WM
¢dbuoneToBbie, ¢ IBETOHOXKKaMU. Yalieyku NSATUWICHHbIEC, BEHUHUK IMSATHIICTIECTKOBBIH,
TBIYMHOK MSTh. PacTeHne 1IBETET B UIOHE.

Jlebena camosas (Atriplex hortensis L.) — ogHoneTHee JAeKOpaTHBHOE PACTCHHE,
nocturaetr 1 M B BbICOTY. B MOJI0/10M COCTOSIHMH BCE pacTeHUE roly0oBaTo-3€JI€HOE, B
3penoM — KpacHoe. OueHb HEB3pauHbIe [IBETKU COOPAHbI B PBIXJIbIN JOXKHBIN Kosoc. Beé
pacTeHue Jebenbl CaJoBOM: U JUCThS, U cTeOeb, U CeMEeHa — OJIHOTO IIBeTa, KpacHOo-
OarpsiHoro. Pexkomenayercs 1uist 00pAOpOB, TPYNIOBBIX MOCAI0K.

Kanennyna nekapcreennas (Calendula officinalis L.) — ogHonetHee, TpaBsHHCTOEC
pacrenne. Kopenb crTepikHeBOH, BeTBHUCTBIM. (CTeOenb MPSAMOCTOSYNN, BETBUCTHIH,
peOpuUCThIi, OMmylIeHHbIH. JIUCThS OoYepenHble, CUAsIuNEe, 0OPATHOSMIIEBUIHON (HOPMBI.
[{BeTKM OpaH>KEBOM WM KEJITOW OKPACKH, COOpaHbI B COLBETHUSI — KOp3WHKU. CemeHa
Menkue. BereraruBHbIi nepuoa — 65-75 maeit. MiMeet niuTenbHbBIN TTeproI IBETEHUS (C
HIOHS JI0 OCEHHHMX 3aMOpO3KoB). CpaBHHUTEIBHO HEMPUBEPEIIMBOE PACTCHHE K
YCJIOBUSIM BBIpAIllMBaHUsl. XOPOILIO PACTET M Pa3BUBAECTCS HA OCBEIIEHHBIX y4acTKax,

oOecreyeHHbIX Biaroil. Pekomenayercs s TpyNnoBbIX MOCaA0K, OOPIIOPOB.
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[Terynus tubpumnas kpymHouBetkoBas (Petuniaxhybrida hort. ex ViLm.) —

oxgHosnetHee pactenue. llupoko ucnonb3yroT s KiymO, O0paIOpoB, Ba3, BBICAJAKH Ha
ra3oHax, Mocajgok OOJIbIIMM KoiaudecTBOM. Upe3BblyailHO 3PGHEKTHO CMOTPUTCS Ha
OKHax W 0aJKOHaX JIOMOB, IIPUaBasi UM BEIMYECTBA U HEOObIUaiHOU KpacoThl. CTeOenb
CHayaja TOHKUM MPSAMOCTOSTYUM, a 3aTEM CTEJISAIINICA, BbICOTOM 20-75 ¢M, ONyIICHHBIN
POCTBHIMU M KeJIe3UCThIMU BoJIockamu. [[BeTku onuHounble, 6apxartuctoie, 10-12 cM B
JIMaMeTpe, BOPOHKOBUJIHBIC, MYIIUCTHIC, PA3IMYHON OKPACKU, MOBEPXHOCTH JICMIECTKOB
cierka rodpupoBaHHas. Jlydiie pacteT Ha YMEPEHHO YBIQKHEHHBIX COJIHEYHBIX
ydacTKax. XOpOIllo MePEeHOCUT U30BITOK BIIard, B TCHH I[BETET I10X0. CBeToM0OUBas 1
3aCyX0yCTOWYNBAs KyJIbTYypa.

Cunena po3osas (Silene coeli rosa) — ognonernee pacrenue 10 50 ¢M BBICOTOM.
Cre0nu npsiMOCTOSIUME, pa3lilaKeHHbIE, ToJble. JIUCThS cuasYne, TMHEUHO-JIaHIICTHRIC,
OCTpBIE, LEJIbHOKpailHble, rojble. l[BeTkuM npaBWibHBIE, OO 2,5 CM B JHAMETPE,
pPO30BBIE, KpacHbIE, JWIOBBIE M Oeible, COOpaHbl B KOHEYHBIC, PBIXJIbIE COI[BETHSI.
[IBeTeT B utoHe-utone. [lmom — kopoOouka, pacKphIBalOlIasCcsl HAa BEPXYLIKE C ISTHIO
3yOUnKaMHu.

danenus mwkMonmctHas (Phacelia tanacetifolia Benth.) — crebens mpsimoit
BbicoTOM 70-100 cm. LIBeTeHue HauMHaeTCss MpUMEpPHO yepe3 45 nHel mocie mocena.
[[BeTkM cuHe-OapXaTHBIC WM CBETIIO CHHUE, COOpaHbI B TYCThIE COIIBETHUSI — 3aBUTKH, B
KOTOPBIX HACUMTBIBACTCS 10 75, a Ha XOpOIIO pa3BUTOM pacteHuu 10 750 u Oomee
1BeTkoB. OuH 1BeToK danenuu BoiaenseT ot 0,15 10 5 Mr HekTapa u GyHKIIUOHUPYET
1-2 nus. bonbplioe KOIWYECTBO HX Ha PACTCHHMM U TOCTENEHHOE PACKPBITHE
obecnieunBaeT aoiarui (1o 50 qHel) nepuon LBETEHHUS.

[unnus y3konuctHas (Zinnia agnustifolla H.) — oaHometHee TpaBsHUCTOE
pactenue. MmeeT mpsSMOCTOSYMNA, KOMIAKTHBIM, BETBUCTHIA cTeOEIb, BBICOTOM 15-
120 cm. Jluctes mpomonroBatoi (opmbl, JuHEWHBIE. [[BeTkn coOpaHbl B KOP3WHKH,
araMeTpoM 3-15 cm. LIBeTeT ¢ urojIs U 10 caMbIX 3aMOPO3KOB. TEII0- U CBETOIIOOUBOE
pacTeHue, XOpOoIIo pacTeT Ha TOoYBax, MOJMUTHIBAIOIIUXCS OpPraHUYEeCKUMHU
ynoOpenusimu ¢ oceHu. [Ipumensiercs ans opopmiieHus 1IBETHUKOB, KIIyMO, a Tak)ke Ha

cpes.


https://ru.wikipedia.org/wiki/Vilm.
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bapxarier npsimoctosiane (Tagetes erectus L.) — ogHosnetHee pactenue 10 150 cm
BbICOTOM. JIucThsi — mepucropasnenbHbie. L[BeTkn cpenHero pasmepa, 30JI0THCTO-
JKENTOr0 WM TEMHO-KpacHoro ugera. [lmom — temHo-kopuuHeBas cemsiHka. CeMeHa
Mmenkue. Bee HagzeMHble yacTu cojepxar 3(UpHOE Macio, KOTOPOro OOJblie BCEro B
daze uBerenus. TeronmoOMBOE pacTeHUE, pa3sMHOXKAaeTcs cemeHaMu. KMwmeer
JUTUTEIbHBINA BET€TaTUBHBIN MIEPUOJ U LIBETEHUE BIUIOTH 10 3aMOPO3KOB.

Mlandeit omecrsmuit (Salvia splendens L.) — pacrenue oOpaTHO-TIHpaMuIaTbHOM
bopMbI, TYCTOOONMCTBEHHbIE, KOMMakTHbhIe. [loOeru deThIpexrpaHHble, CBETIO-
3€JICHOTO LIB€Ta, pa3MELIEHbl CYNPOTUBHO, 3aKaHYMBAKOTCS COLBETUEM. JIHCTh
HIMPOKHE, SHUEBUIHON (opmbl. L[BETOHOCHI M IBETHl KpPAaCHOM OKpAcKH, TYyCTO
omyiieHHble. B couBetusax uBersl pasmenieHbl no 32-40 mrt. Termmo-, cBeto- u
BiaroyitoOuBas Kynbrypa. He mepeHocut 3aMOpo3KoB. BbicakmBaeTcs Ha IIBETHUKAX
[66].

Takum oOpa3oM, Bce nepeuncIeHHbIE BUIbl pACTEHUI UCHOIb3YIOTCA B CUCTEMAX
O3EJICHEHMS], UMEIOT JIEKOPATUBHBIN 3(D(PEKT, MOATOMY NEPCHEKTUBHBI ISl U3YUYCHUS B

OKCIICPUMCHTC I10 BHCAPCHNIO TCXHOJIOT'NH (1)I/ITOpea6HJIHTaI_II/II/I II04YB B HOH6&CC€.
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PA3IEJ 3

MOJABOP YCTOMYUBBIX K NOJIUMETAJJIMYECKOMY CTPECCY
BUJIOB PACTEHUIM B TEXHOJIOT'UU ®UTOPEABUJIUTAIIUU
YPBAHU3UPOBAHHBIX TEPPUTOPUM

3.1. MopdomeTpuueckne 1aHHbIE PACTEHHI KaK NMOKa3aTe/ b yCTOHYNBOCTH

(PpUTOKYIBTYP K NOJMMETANIHYECKOMY CTpeccy

B 30He [nelcTBHS TPOMBIIUICHHBIX MPEANPUSATANA B TOYBE HAKAILJIUBACTCA
OOJBIIOE KOMMYECTBO TSDKEIBIX METAJIOB, KOTOPHIE HETAaTHMBHO BJIMSIOT Ha JKUBBIC
cymectBa [2]. Tsokenple MeTauibl MO TEMIIaM MX IOCTYIUIGHHS B TeXHOchepy Hu
YPOBHEM TOKCUYHOCTH MO CPAaBHEHUIO C JIPYTUMHU COCTABISIONIMMH POMBIIIIIEHHBIX
BBIOPOCOB, TMPEICTABISAIOT HAHOOJNBIIYI0 Yrpo3y JUis okpyxkaromei cpeasl [19]. Tak,
MOBBIIICHHOE COJIEP)KAHUE COCIUHEHUN MapraHila B TMOYBE OKa3bIBAET TOKCHYECKOE
JIEHCTBHE HA PACTCHHS M JIAXKE MOXKET BBI3BATh UX TMOEIh, KOOAIBT TIPH MOBHITIICHHBIX
J103aX BBI3BIBAET HAPYIICHNE MUHEPAILHOTO MUTAHUS, YTO IPUBOIUT K XJIOpO3y. Takum
o0pa3oM, B MHIYCTpUANILHO pa3BUTOM JloHOacce n3ydeHue BO3ACUCTBUS TOKCUYECKUX
BCIIECTB HA JKWBBIE OPraHU3MBI W TIOAOOP YCTOWYMBBIX BHUIOB PACTCHHM IS
UCIIOJIb30BaHUS MX B Mpolecce (UTOpeMenualuid AerpaJupOBaHHBIX TOYB C IIEJIbIO
TOBBIIIICHHS HX SKOJIOTHYECKON OE30IMaCHOCTH SBIISICTCS aKTyalIbHOM 3a1adeii [19].

B cBomx wucciemoBaHUAX IO BIMSHUIO M30BITKA MEIW, ITMHKA, MOJIMOACHA W
CBHHIIA B MHUTATEJIBHON Cpele Ha POCTOBBIC TMOKa3zarenu mireHursl (Triticum aestivum
L.) u ¢acomu (Phaseolus vulgaris L.) ®.®. JluteBun u np. [88] BbIACHMIM, YTO Ha
M30BITOK TSOKENBIX METAUIOB YYBCTBUTENBHBIC PACTCHHUS MOTYT pearupoBaTh
YTHETCHHEM pa3BUTHSL (OTCYTCTBUE TPETHETO U 3aJIepKKa pPa3BEPTHIBAHUS BTOPOTO
JUCTa y TIIEHUIIBI, WU TOPMOXKEHHE BBIXOJA JHUCTa U3 ceMsaoiau y dacoiu), a
YCTOWYUBBIE — CTUMYJISIITUEH pa3BUTHUS (YTOJIICHUE KOHYCA HApACTaHUS, YBEIMUCHUE

MopdomeTpudeckux Tmokazareneil). [lpu omnpeneneHun CTENEeHW YYyBCTBUTEIBLHOCTU
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pacTeHUN K HETaTUBHOMY BO3JCUCTBHIO TSDKEIBIX METAJUIOB  HMCCIENOBATENN
UCTIOJIB3YIOT psin noka3aTesnei: WHCKC TOJIEPAHTHOCTH, M3MCHCHHE
MOp(QOMETPUYECKUX JIaHHBIX, KOpHEBOM wuHAekc. Haubonee wuHPOPMATUBHBIMU
MOKA3aTeIsIMA  TOKCHYECKOTO BO3ICUCTBHS M30BITOYHBIX KOHIICHTPAIIUNA TSIKEITBIX
METaJUIOB HAa PACTEHUs SBISETCS CHI)KEHHE MHTEHCHUBHOCTH POCTOBBIX IMPOIECCOB U
yMeHblleHue Ouomacchl. OJHAKO HEIOCTaTOYHOE BHUMAHHE YAENIEHO JEKOPATUBHBIM
TPaBSHUCTHIM PACTCHUSIM, TOTJA KaK OHM SIBIISIOTCS HEOTHEMJIEMBIMH KOMITOHEHTaAMU
o3eJieHeHUs1 ypOaHU3UPOBaHHBIX TeppuTopuil. [losToMy HaMu ObUTA POBEACHBI OMBITHI
M0 W3yYCHUIO BIMSHHUS KOMIUIEKCHOTO JCWCTBHUS KoOalbTa M MapraHila Ha POCTOBBIE
MOKA3aTeIN ICKOPATUBHBIX TPABIHUCTBIX PACTCHHM.

N3menenne mophoMeTpUUEeCKUX TMOKa3aTesied W3YyYEeHHBIX BUJIOB PACTCHHM

3aBHCHUT OT MeETajljia, er0 KOHIEHTPAIlud U BUAOBOH crieln(UKH pacTeHUi (PUCYHOK

3.1, 3.2).

20 1 W Ageratum houstonianum
cv. Bule Lagoon
18 w _Alyssum maritimum
Lam.
16 ® Brassica napus L.
14 W Linum usitatissimum L.
12 1 B Miscanthus sinensis L.
210 - - foli
® Phacelia tanacetifolia L.
g -
W Tagetes erectus L.
6
® Petunia Hvbrida
41 Grandiflora L.
5 | Calendula officinalis L.
Q - _- __B . , %> W Dahlia variabilis Desf
KOHTPOIb ITTOIK Mn? (1.5 r/xr) 210K Mn?~ (3 r/kr)

Pucynok 3.1 — V3MeHeHue IIMHBI KOPHS AEKOPATUBHBIX TPABSIHUCTBIX PACTCHUN

IIpH 3arpsA3HCHUHU ITOYBbI MOHAMU MapraHnia
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Tak, npu 3arps3HEHUM TOYBBI COCAUHEHUSIMU Maprasiia (KOHUEHTpALMs Mn**
1,5 r/kr moussl) y mpopoctkoB Salvia splendens L., Petunia Hybrida Grandiflora,
Calendula officinalis L., Dahlia variabilis Desf., Festuca rubra L. naGmromanock
3HAYUTENIbHOE yTHETeHUEe pocta KopHed Ha 14-39% mo cpaBHEHHUIO ¢ KOHTPOJIbHBIMU
pacTEHHUSIMU.

[Ipu KkoHIEHTpanMM MapraHiia 3 TI/Kr yTHeTawolee ACHCTBUE MOJUTIOTAHTa
YCUJIMBAJIOCh, POCTOBBIE MPOIECCHl KOpPHEW CHU3WINCHL Ha 35-53%, B CpaBHEHHH C
KOHTPOJIEM.

Y npopoctroB Echinacea purpurea L., Agrostemma githago L., Silene coeli rosa,
Phacelia tanacetifolia L., Zinnia agnustifolla H., Tagetes erectus L., Agrostis vulgaris
With., Poa pratensis L. mpu BHecermn B mouBy 1,5 r/kr Mn®" mpociexuBaioch
HEKOTOPOE YBEIWYCHUE POCTa KOPHSA, HO OTH WM3MEHEHHUS HE ObUIM CTaTHCTHYECKH
AOCTOBCPHBIMU. HpH I[ﬁJILHGfIHICM YBCIMYCHUN KOHIOCHTPAIWKU Mn2+ a0 3 Tr/kr

OTMETHJIU YyTHETeHHE pocTa KopHs Ha 15-35%.

® Ageratum houstonianum

kt cv. Bule Lagoon
B _Alvsswm maritimum
12 1 Lam.
® Brassica napus L.
10 3
® Linum usitatissimum L.
8 - B Miscanthus sinensis L.
=
o
6 1 W Phacelia tanacetifolia L.
4 W Tagetes erectus L.
5 & ® Petunia Hvbrida
Grandiflora L.
Calendula officinalis L.
0 Pl —— ¥ D . T—— —
gouTpons 1K Mn?* (1.5 r/xr)  2ITOK Mn?~ (3 r/xr) ® Dahlia variabilis Desf.
Pucynox 3.2 — U3MmeHeHWe [JIWMHBI HAA3€MHOW YacTH JIEKOPATUBHBIX

TPaBSHUCTBIX PACTEHUHN MIPU 3arpsA3HEHUU TTOYBBI HOHAMH MapraHiia.
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3arpsi3HeHHE MOYBbl HOHAMU MapraHila HE OKa3bIBajO HETaTUBHOTO BIUSHUS Ha
npopoctku Ageratum houstonianum cv. Bule Lagoon, Alyssum maritimum Lam.,
Brassica napus L., Cosmos sulphureus Cav., Linum usitatissimum L., Atriplex
hortense L., Miscanthus sinensis L., Lolium perenne L., Bromus arvensis L. Bo Bcex
BapuaHTax ObLJIO OTMEYEHO YyBenudeHue pocrta kopHa Ha 18-33%, B cpaBHEHHM C
pacTEeHUsIMU, BBIPAIIEHHBIMU HA HE3arpsi3HEHHOU MOYBE (KOHTPOJIB).

Bo Bcex BapumaHTax BHECEHHS B IOYBY HOHOB MapraHia OBLIO OTMEYECHO
3HAYUTEJIbHOC YTHETEHUE POCTOBBIX IMPOIECCOB HAI3EMHOW YacTH MpopocTkoB Salvia
splendens L., Petunia Hybrida Grandiflora, Calendula officinalis L., Dahlia variabilis
Desf., Festuca rubra L. BusyallbHO yrHeTeHHE POCTOBBIX IPOIIECCOB BBHIPAKAIOCH B
HEKpO3aX JMUCThEB, YMEHBIICHUH IUIOMAAA JIMCTOBOM IIJIACTUHBI W TOPMOXKEHUU
pa3BUTHUS HAA3EMHOM YacTH pacTeHUuM. Y HanOosiee YyBCTBUTEIBHOIO K 3arpsA3HEHUIO
nouBbl Bujpa Calendula officinalis L. naGmiomanock moOypeHHE BEpPXHHUX JIHCTHEB,

OTMHUpPAHUE HUKHHX JIUCThEB (PUCYHOK 3.3).

Pucynok 3.3 — Peakius orBeta mpopoctkoB Calendula officinalis L. na u36s1TOK

B ITOYBC MOHOB TAXKCIIbIX MCTAJIJIOB

Y npopoctkoB Echinacea purpurea L., Agrostemma githago L., Silene coeli rosa,
Phacelia tanacetifolia L., Zinnia agnustifolla H., Tagetes erectus L., Agrostis vulgaris
With., Poa pratensis L. mpu BHecenmn B mouBy 1,5 r/kr Mn?* mpociexuBanoch

yBeIMYeHHe pocrta credid Ha 18-29%, B cpaBHeHuu ¢ koHTposieMm. [lpu nanpHeiem
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YBEIMYCHNH KOHIEHTparmn Mn”" 10 3 I/Kr ObLIO OTMEYEHO YrHETeHHE PpOCTa
Haa3eMHO# yacth Ha 17-21%.

3anH3HCHI/Ie IIOYBBI HOHAMH MapraHila HC OKa3bIBAJIO HCI'aTHUBHOTO BJIMAHHUSA HaA
poct ctebmst mpopoctkoB Ageratum houstonianum cv. Bule Lagoon, Alyssum
maritimum Lam., Brassica napus L., Cosmos sulphureus Cav., Linum usitatissimum L.,
Atriplex hortense L., Miscanthus sinensis L., Lolium perenne L., Bromus arvensis L. Bo
BCEX BapHWaHTaX OBLJIO OTMEUEHO YBEIWYCHHE pOCTa HaJ3eMHOW dacth Ha 15-43%.
BI/ISYEIJIBHOI‘O YTHCTCHUA POCTOBLIX IMPOLCCCOB BO BCCX BAPpHAHTAX 3arpsA3HCHUA TaK KC

He ObL10 3aUKCUPOBAHO (PUCYHOK 3.4).

I

Pucynok 3.4 — Peakuus orBera mpopoctkoB Ageratum houstonianum cv. Bule

Lagoon u Agrostemma githago L. Ha n30BITOK B TOYBE MOHOB TSKEIIBIX METAJIIIOB

IIpy 3arps3HCHHUM TOYBBI COCIUHEHHAME KoOansTa (KoHIenTparms Co®* 5 mr/kr
nouBbl) y npopoctkoB Salvia splendens L., Petunia Hybrida Grandiflora, Calendula
officinalis L., Dahlia variabilis Desf., Festuca rubra L. nabmonanoce 3HaunTeNBHOE
yrHETEHHE pocTa KopHer Ha 11-37% 1o cpaBHEHHIO ¢ KOHTPOJIBHBIMUA PACTEHUSIMU.

[Ipu xoumeHTpamuu koGansra 10 Mr/kr TokcHueckuit >(PQexT mnoTFoTaHTa
YCUJIUBAJICSA, POCTOBBIE MPOIECChl KOpHEH CHWKaIUCh Ha 23-50%, B CpaBHEHHH C
KOHTPOJIEM.

VY npopoctroB Echinacea purpurea L., Agrostemma githago L., Silene coeli rosa,

Phacelia tanacetifolia L., Zinnia agnustifolla H., Tagetes erectus L., Agrostis vulgaris
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With., Poa pratensis L. mpu BHecenm: B mouBy 5 mr/kr Co”" mpoCIeKHBAIOCH

HEKOTOpOE€ yBeaudYeHue pocta KopHs Ha 5-11%. Ilpu panbHelmeM yBenWYeHUU
xoHmerTpammu Co>* 1o 10 Mr/kr GbUT0 3aUKCHPOBAHO YTHETEHHE POCTa KOPHS Ha 18-
32%.

3arp513HCHHC [MOYBBLI MOHAMHU KOOaJIETa B KOHIOCHTpaluu 5 MI/Kr HE OKa3bIBaJIO
HETaTHMBHOTO BIIMsAHUSA Ha mpopoctku Ageratum houstonianum cv. Bule Lagoon,
Alyssum maritimum Lam., Brassica napus L., Cosmos sulphureus Cav., Linum
usitatissimum L., Atriplex hortense L., Miscanthus sinensis L., Lolium perenne L.,
Bromus arvensis L., Obuto OTMEUeHO yBelW4eHHe pocra kopHedl Ha 19-38%, B

CpPaBHEHUU C PACTEHHUSIMH, BBIPAICHHBIMH HAa HE3arpsA3HEHHOHN mouBe (puUcyHoOkK 3.5.,

3.6).

ol
14 ® Ageratum houstonianum
cv. Bule Lagoon
12 W _Alvssum maritimum
Lam.
® Brassica napus L.
10
B Linum usitatissimum L.
8 ® Miscanthus sinensis L.
3
6 ® Phacelia tanaceftifolia L.
W Tagetes erectus L.
4
® Petunia Hybrida
Grandifiora L.

Calendula officinalis L.

KOHTPOJIb IIIIK Co? (5 mMr/xr)

Pucynok 3.5 — M3MeHeHue MJIMHBI KOPHS JEKOPATUBHBIX TPABIHUCTBHIX PACTECHUMN

BRSS9 > W Dahlia variabilis Desf.
2 TIJIK Co %7 (10 mr/xr)

IIpH 3arpsA3HCHUHN IIOYBbI HOHAMHU KOoOaJIbTa

[Ipy nanpHeHIIEM yBEIMYEHUH KOHIIEHTpaluu KoOanbTa a0 10 MI/Kr, Tak ke

ObLIO OTMEUEHO yBeIHUEHUe pocTa KopHen Ha 20-39%.
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IIpu BHECEHHH B OYBY KoOansTa B KoHIEHTpaun Co>" 5 MI/KT y mpopOCTKOB
Salvia splendens L., Petunia Hybrida Grandiflora, Calendula officinalis L., Dahlia
variabilis Desf., Festuca rubra L. nabmomaincst 3SHaYMTEIbHBIA TOKCHUECKHH 3P PEeKT Ha
pOCT HaA3EMHOM YacTH, NaHHBIM MOKa3aTesb CHIXacs Ha 23-38% mo cpaBHEHUIO C
KOHTPOJIbHBIMU pacTeHusiMu. [Ipu koHueHTpamuu kobanbsra 10 MI/Kr HeraTUBHOE
BIIMSIHUE YCUIIMBAJIOCh, POCTOBBIE MPOIECCHl HAJI36MHOM YacTu cHUkanuch Ha 21-43%

B CPaBHCHHUHU C KOHTPOJICM.

B Ageratum houstonianum
20 cv. Bule Lagoon

m Alvssum maritimum Lam.

W Brassica napus L.

® Linum usitatissimum L.

B Miscanthus sinensis L.

® Phacelia tanacetifolia L.

W Tagetes erectus L.

¥ Petunia Hvbrida
Grandiflora L.
Calendila officinalis L.

( e — e -7 W .Dahlia variabilis Desf:
KOHTPOITb IIIOK Co** (S mr/xr) 2 ILIOK Co 27 (10 Mr/xr)
Pucynox 3.6 — M3meHeHue IMHBI HAA3€MHOM YacTH JACKOPATHMBHBIX

TPaBAHUCTBIX paCTeHI/Iﬁ IIpH 3arpsA3HCHUH I1I0YBbI HOHAMHA KoOaJibTa

Y npopoctroB Echinacea purpurea L., Agrostemma githago L., Silene coeli rosa,
Phacelia tanacetifolia L., Zinnia agnustifolla H., Tagetes erectus L., Agrostis vulgaris
With., Poa pratensis L. mpu BHeceum: B mouBy 5 mr/kr Co’" mpocieKHBaIoCh
yBenudenne pocta ctedmns Ha 10-11%. [Ipu nanpHEimeM yBelIMUeHUN KOHIIEHTPAITUU
Co”* 10 10 mr/kr GbUTO 3aDUKCHPOBAHO YMEHBIICHHE NAHHOTO MOP(HOMETPHUECKOTO

nokasarens Ha 15-30%.
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33I’p$[3HeHI/Ie IIOYBbI MOHAMHA I(O6aJ'IBTa B KOHIOCHTPAIUH 5 MF/I(F HEC OKa3bIBAJIO
HETaTHMBHOTO BIMsHUS Ha mpopoctku Ageratum houstonianum cv. Bule Lagoon,
Alyssum maritimum Lam., Brassica napus L., Cosmos sulphureus Cav., Linum
usitatissimum L., Atriplex hortense L., Miscanthus sinensis L., Lolium perenne L.,
Bromus arvensis L., ObuI0 0TMEUEHO yBEIWYCHHE POCTa Haa3eMHOM yacTtu Ha 19-32%,
B CpaBHCHHHU C PpPAaCTCHHUAMH, BbIPpAILICHHBIMU Ha HCBanHSHeHHOﬁ IT1O4YBCE. HpH
JaTbHEHIIIEM YBEITMYEHUH KOHIICHTpauK KoOansTa 10 10 MI/KT Tak ke ObIJI0 OTMEYECHO

yBennueHue pocrta crebis Ha 18-41%.

3.2. BUONPOAYKTHBHOCTH PACTEHUH B YCJIOBHUSAX MOJMMETATINYECKOI0

cTpecca

J1o HemaBHUX ITOP MHOTUE TPABIHUCTHIE PACTEHUS BBIPALMBAINCH B OCHOBHOM B
JICKOPaTUBHBIX LEJAX, OJHAKO, B IIOCIEAHUE TOAbl B MHUPOBOW ITPAKTUKE MHOTHUE
KYJIBTYpbl paccMaTpuBaroTCs Kak 3()(PEKTUBHBIN BO300OHOBISAEMBIM IHEPTETUUECKUM
pecypc € BBICOKON YPOKAUHOCTHIO.

Pactenus, KoTopblie MOTYT OBITh UCTIOJIb30BaHbl B KAUE€CTBE OMOTOILIMBA, JTOKHBI
o0nanaTh HE TOJBKO BBICOKMMHU TEMIIAMHU POCTA, HO W HMMETh BBICOKHME IOKa3aTeiu
OMOMPOAYKTUBHOCTH - YPOXKAMHOCTb, HAKOIIJIEHUE CHIPOM M CyXou Macchl. Tak, cpemausis
ypokaiiHocTh Brassica napus L. — 30-40 1/ra, Miscanthus sinensis L. — 20-25 1/ra, 4to
MoxeT 3aMeHuTh 10-14 TonH yras. Y Linum usitatissimum L. — 10-15 1/ra, y Atriplex
hortense L., Bromus arvensis L. ypoxaitHocTh Bapeupyer oT 7 mo 10 T1/ra, HO
M3MEHEHUE OMOMPOAYKTUBHOCTH PACTEHUN B YCJIOBUSAX MOJUMETAINIMYECKOTO CTpecca
U3y4eHbl HemocTaroyHo. [losToMy 1enbi0 HAIMX WCCIENOBAaHUN OBLIO H3ydYEHUE
BIUSIHUS 3arpsi3HEHUS] TIOYBBI  TSOKEIBIMM  METAJUIaMM  Ha  OUOMPOTYKTUBHOCTH
JIEKOPATUBHBIX TPABSHUCTBIX PACTEHUW HJIs1 BBISIBICHHUS HAMOOJEE «ypPOXKAWHBIX)
KYJIBTYD.

Crnenyer OTMETHUTh, UTO BHECEHHE B MOYBY COCAUHEHUM KOOaIbTa HE OKa3bIBAJIO
HETaTUBHOTO BJMSHUA HA HAaKOIUIEHWEe OwomMacchl mpopocTkamu  Ageratum

houstonianum cv. Bule Lagoon, Alyssum maritimum Lam., Brassica napus L., Cosmos
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sulphureus Cav., Linum usitatissimum L., Atriplex hortense L., Miscanthus sinensis L.,

Lolium perenne L., Bromus arvensis L., HaOnromanach TCHICHIUS K YBEIWYCHHIO

CBIPOM M CyXOM Macchl MPOPOCTKOB Ha 9-35%, MO CpaBHEHUIO C KOHTPOJEM (PUCYHOK

3.7, 3.8).

B _Ageratum houstonianum

27 cv. Bule Lagoon
18 ¥ ® _Alvssum maritimum Lam.
16 7 i . ® Brassica napus L.
14 v [ 5 g 3

: B Linum usitatissimum L.

12 ¥ ‘ B

; ® Miscanthus sinensis L.

Bt 4

0.8 W » . W Phacelia tanacetifolia L.
0.6 1 - W Tagetes erectus L.
0.4 + ® Petunia Hvbrida
02 + Grandiflora L.

' Calendula officinalis L.

LS s

KOHTPOIB lm Cozf (5 MI‘:'KT) 2H,7.IK Co 2—,(10 Ml_}fm.) W Dahlia variabilis Des f

Pucynok 3.7 — 3meHeHue ChIpoii Macchl IEKOPAaTUBHBIX TPABSIHUCTHIX PACTEHUH MPHU

3arpA3HCHHUHA ITIOYBbI HOHAMHU KoOaJipTa

B 1o BpeMs kak Ha HakoIuieHHe Onomacchl mpopoctkamu Salvia splendens L.,
Petunia Hybrida Grandiflora, Calendula officinalis L., Dahlia variabilis Desf., Festuca
rubra L. 3arpA3HCHHUC ITIOYBbI COCAMHCHUSAMU KoOaJibTa BIIUSIIO OTPHULATCIBHO. O uyem
CBUJICTEIIHCTBYET YMEHBIIICHHE CYyX0i Macchl popocTkamu Ha 17-21%.

[Tpy BHeceHHMH B MOYBY HM3KMX KOHIIGHTpAIMi Maprasia y mpopocTtkoB Salvia
splendens L., Petunia Hybrida Grandiflora, Calendula officinalis L., Dahlia variabilis
Desf., Festuca rubra L. 6b110 OTMEUEHO yBEIIMUCHHUE CHIPOM M cyXoi Macchl Ha 12-23%,

a MpU JajJbHENIIEM YBEJIMYEHUN KOHIICHTPALMH MOJUTIOTAaHTa OUONPOAYKTUBHOCTh
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W _dgeratum houstonianum

0.8 r cv. Bule Lagoon

B Alvssum maritimum Lam.
0.7 1

W Brassica napus L.
0.6 + ; S

B Linum usitatissimum L.
0.5 ) :

B Miscanthus sinensis L.

04 1

W Phacelia tanacefifolia L.

03: 1 W Tagetes erectus L.

02~ W Petunia Hvbrida
Grandiflora L.

0.1 Calendula officinalis L.

e . = : o 34 Dahlia variabilis Desf
KOHTpPOJIb ITIIK Co** (5 mr/xr) 2K Co? (10 mr/xr)

Pucynox 3.8 — UI3mMeHeHue Cyxod MacChl JEKOPATUBHBIX TPABSIHUCTHIX

paCTeHHﬁ IIPpH 3arpA3SHCHHUH IIO4YBBI HOHAMH KoOaJibTa

pactenuit cHusuiack Ha 23-28% (pucynok 3.9, 3.10). B npoTHBONOIOKHOCTH 3TOMY,
Pa3INYHBIC KOHIOCHTPALIUKU COCI[HHCHI/Iﬁ Mapranga CymCeCTBCHHO HC BIIHAINK Ha
HaKOIJICHHEe OuomMaccel mpopocTkamu Ageratum houstonianum cv. Bule Lagoon,
Alyssum maritimum Lam., Brassica napus L., Cosmos sulphureus Cav., Linum
usitatissimum L., Atriplex hortense L., Miscanthus sinensis L., Lolium perenne L.,
Bromus arvens i S L. ) a B HCKOTOPBIX BapHaHTax OTMECTHUIIN YBCIIMYCHUC
OMONIPOAYKTUBHOCTH Ha 9-35% MO CpaBHEHUIO C PACTEHUSIMHU, BBIPAIIEHHBIMH Ha
HE3arpsI3HEHHOM MOYBE.

Tokcuueckoe I[GI‘KJICTBI/IC TAKCIIOTO MCTAJllIa YCUJIIMBAJIACh TIPpU YBCIIMYCHUU CI'O
KOHIOCHTpAaIWH. KommiiekcHoe BHECeHHE B IIO4YBY COG}J;I/IHGHI/II\/’I KoOanbTa U Mapratia
OTPULATCIBbHO BIIMAJIO IMOYTH Ha BCC M3YUCHHLIC BH/bI JCKOPATHUBHLIX TPABAHUCTBIX

pacTeHuil.
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B Ageratum houstonianum
cv. Bule Lagoon

B _Alvssum maritimum
Lam.

® Brassica napus L.

B Linon usitatissimum L.

® Miscanthus sinensis L.

B Phacelia tanacetifolia L.
w Tagetes erectus L.

W Petunia Hybrida

Grandiflora L.
© Calendula officinalis L.

i, , % Dahlia variabilis Desf
KOHTPOJB IITIK Mn?= (1,5 r/xr) 200K Mn?* (3 r/xr)

Pucynok 3.9 — VM3meHeHue ChIpoil MacChl IEKOPATUBHBIX TPABSIHUCTHIX PACTEHUI

IIpH 3arpA3HCHUHU ITOYBbI MOHAMU MapraHna

08 ® Ageratum houstonianum
' cv. Bule Lagoon
B _Alyssum maritimum Lam.

0.7
0.6 - ® Brassica napus L.
® Linum usitatissimum L.
Q-
® Miscanthus sinensis L.
~ 04
¥ Phacelia tanacetifolia L.
0.3 -
W Tagetes erectus L.
0:2 1
W Petunia Hvbrida
0.1 Grandiflora L.
© Calendula officinalis L.
0

KOHTPOUE ITIIK Mn2* (1.5 rir)  2TT0K Mn2* (3 r/rcr)- Dahlia variabilis Desf

Pucynok 3.10 — M3mMeHeHHUE Cyx0oi MacChl IEKOPATUBHBIX TPABIHUCTHIX pACTCHUN

IIpH 3arpsA3HCHUHU ITOYBbI MOHAMU MapraHnia
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Tak, y mpopoctkoB Salvia splendens L., Petunia Hybrida Grandiflora, Calendula

officinalis L., Dahlia variabilis Desf., Festuca rubra L. nabmromanoce Haubosbliee
CHUKCHHE HAKOIUICHUS ChIpOM M Cyxod Macchl Ha 69-92%, 0COOEHHO MPHU BBICOKUX
KOHIIEHTpalusix Mapraniua. Jlaxke Te pacTeHHsi, KOTOpbIe HE MPOSIBISIN YTHETCHHE
HAKOTUIEHUsT OMOMAcChl MPU OTACIBHOM BO3JEHCTBUM TSDKENbIX MeTaiioB (Ageratum
houstonianum cv. Bule Lagoon, Alyssum maritimum Lam., Brassica napus L., Cosmos
sulphureus Cav., Linum usitatissimum L., Atriplex hortense L., Miscanthus sinensis L.,
Lolium perenne L., Bromus arvensis L.), noka3aiu 3HaYMTEIbHOE YMEHBIICHUE CHIPOI
U Cyxol maccel Ha 25-26% B BapHMaHTax COBMECTHOIO JEWUCTBUS MOJUTIOTAHTOB. To
€CTh, MOXXHO OTMETHTbh, UYTO TOKCUYECKUU 3P(DEKT 3arpsi3HEHUsT MOYBBI TSHKEIIBIMU

MCTAJIJIaMH YCHUIIMBAJICA IIPH KOMIIJICKCHOM BHCCCHHU ITOJIIIFOTAHTOB.

3.3. [loabop ycToiiunBBIX K MOJTHUMETALIHYECEOMY cTpeccy (PUTOKYJIbTYP 1O

JAaHHBIM HHACKCA TOJCPAHTHOCTH

B HayuHOM muTeparype CyLIECTBYIOT pas3jIMYHbIC, HWHOIZA IPOTUBOPEUMBLIC,
METONBl OMNpPEAECIEHUS YCTOMYMBOCTH PACTEHUHA C LEIbI0 HMX JaJIbHEHIIEro
UCIOJIb30BaHUsI B TEXHOJOTUMU (UTOpPEMEIUali IMOYB B YCIOBUSAX KOMIUIEKCHOTO
BO3JCHCTBHSA TSDKEIBIX METAUIOB. AKTyalbHbIM SIBISIETCS WM3YyYEHHE YPOBHS
YCTOMYMBOCTA PACTEHUNA NPU KOMIUIEKCHOM BO3JICUCTBUU TSKENBIX METAIJIOB IO
rapaMeTpaM UHTEHCUBHOCTHU POCTA.

NHpekc TONEpaHTHOCTH YWIKMHCOHA I PACTEHUW NpPU ACHCTBUU TSKEIBIX
METAJUIOB  ONPENEIAECTCS Ha OCHOBE CpPAaBHEHUS NPUPOCTAa KOPHA PACTEHUU,
BBIPAILICHHBIX B MOYBE, 3arpsA3HEHHON TM, K JJIMHE KOPHSI pacTEHUM, BBIPAILICHHBIX HA

HE3arpsI3HEHHOW MOYBE:

| =T (3.1)

e |me — MPUPOCT KOPHS paCTEHUM, BIPAIICHHBIX B MOYBE, 3aTPSI3HCHHON TXKEITBIMU
METaJlaMH, MM;

|c — mpupoCT KOpHS pacTeHU, BEIPAILIEHHBIX HA HE3arPA3HEHHOU MOYBE, MM.
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[IpoBeneHHbIE UCCIEeAOBaHUA MMOKA3ald, YTO UHJIEKC TOJEPAHTHOCTU U3YyUYECHHBIX
BHUJIOB JIEKOPATUBHBIX TPABSAHUCTBHIX PACTEHUN B 3HAYUTEIBHON CTENEHU 3aBUCUT OT
BUJIOBOM crieM(PUKK pacTeHUI M YPOBHS 3arpsi3HEHUS MOYBBI TSHKEIBIMU METaJlJIaMU

(pucynok 3.11).

160 W _Ageratum
houstonianum cv. Bule
oon
& ﬁ%‘%‘sum maritimum
Lam.
140
® Brassica napus L.
120 B Cosmos sulphureiis

Cav.

W Linum usitatissimum L.

[
[
o

W Aniplex hortense L.

B Echinacea purpurea L.

o0
o
1

B _Agrostemma githago L.

Wupexe ronepanruoctu, %

60
W Silene coeli rosa L.

40 ® Phacelia tanacefifolia
2

W Zinnia agnustifolla H.

20 -
W Tagetes erectus L.

0 — L L w Salvia splendens L.
routpons  1IIIK Co?* (5 mr/xr) 2K Co?* (10 Mr/xr)
Pucynox 3.11 — U/3meHeHwe WHAEKCAa TOJEPAHTHOCTU JEKOPATUBHBIX

TPaBSIHUCTBIX PACTEHUN B YCIOBUSX 3arpsi3HEHUS IOYBBI HOHAMU KOOaJIbTa

Tak, y mnpopoctkoB Ageratum houstonianum cv. Bule Lagoon BHecenue
BanHSHPITCJIefI B IIOYBY HC OKAa3bIBAJIO HCTATHMBHOI'O BO3MOJKHOI'O BJIMSAHHA Ha MHIACKC

TOJICPAHTHOCTHU.
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Tak, npu oTAETEHOM BHECEHUH COSAMHEHUN KOOAIbTa MHIAEKC TOJIEPAHTHOCTU OBLI
OOJbIIE KOHTPOJBHOrO TMoKa3zarenass Ha 49%, a mnpu BHECEHUH 3HAYUTENBbHBIX
KOHLIEHTpalMi MapraHia MpakTU4eCKy HE OTIIMYAJICS OT KOHTPOJIBHOIO Mokasarens. B
JTAHHOM OTBITE MPOCIEKHUBAIOCH CHUKEHHE MHJIEKCA TOJEPAHTHOCTH TOJNBKO MpH
YCJIOBUU KOMILJIEKCHOTO 3arpsi3HEHUs MOYBBI BBICOKUMHU KOHIIEHTPALUSMU KOOAJbTa U
Maprasia.

HoHbl TSHKETBIX METAIJIOB OTPHIIATENBHO BIMSIOT Ha HHICKC TOJIEPAHTHOCTH
Dahlia variabilis Desf. Tak 1 ITJIK u 2 ITJIK xo0ayibTa 3TOT MOKa3areib YMCHBIIAJICS
Ha 10-30% 1o CcpaBHEHHIO C KOHTPOJIBHBIMH PACTCHHSMHU. 3arps3HEHUE ITOYBbI
MapraHileM HETaTHBHO MOBIUSJIO Ha HWHICKC TOJIEPAHTHOCTH, JAaHHBIM IOKa3aTeib
yMeHbIIniICs npaktuiaecku Ha 80%. KoMmiuiekcHOe 3arpsi3HEHHE OYBbI COEIMHEHUSIMU
KoOaJlkTa W MapraHila yMEHbBIIAJ0 WHJACKC TolepaHTHOCTH TmpopocTkoB Dahlia
variabilis Desf. na 51-93%.

BHecenne B mouBy MOHOB KoOajbTa M MapraHiia HE OKa3blBaJlO HEraTHBHOIO
BIIMSIHUSL Ha WHJICKC TOJIEPAHTHOCTH MpOpocTkoB Linum usitatissimum L. Bo Bcex
BapHaHTax 3arps3HEHUs ObLJIO OTMEYEHO yBEJIMUYEHHE JaHHOTO noka3arens Ha 30-55%.

IIpu BHecenuun 1,5 r/Kr MapraHia ObUIO OTMEUYEHO YMEHBILIEHHWE WHJEKCa
TonepanTHOCTH mpopoctkoB Calendula officinalis L. na 35%. KommiekcHoe BHeceHue
3arpsi3HUTENIEH YMEHBIIIAJI0 UHJIEKC TOJIEPAHTHOCTU MPOPOCTKOB Ha 12-60%, 0coOEHHO
IpU BBICOKMX KOHIICHTpaIusax koOaibra. [IpoBeseHHbIE MCCIEOBaHUS TOKA3aIH, YTO
Ha MHICKC TOJIEPAaHTHOCTH THpopocTkoB Silene coeli rosa 3arps3HeHHe TMOYBBI
COCIMHEHUAMM KoOanpTa HE OKas3blBaJio HerartuBHoro s@dekra. Iloutm BO Becex
BapHaHTax 3arps3HEHHS TOYBBI HAONIOMAIOCh JOCTOBEPHOE YBEIWYEHHE DSTOTO
nokazarenst 117-189% mno cpaBHEHUIO € pacTEHHUSIMH, BBIpAIIMBAEMBIMHU Ha
He3arpsi3HeHHOU mouBe. Tak, mpu BHECEHWH 3 T/KT MapraHiia 3TOT moka3arens Ha 89%
ObLT OOJIBIIIE MTOKA3aTelNsl MPOPOCTKOB, BHIPAILIEHHBIX HA HE3arpsS3HEHHOMN MOYBE.

BHecenne B 1NOYBY HHU3KOM KOHLIEHTPAllUM MOHOB KOoOanbTa HE OKa3bIBall
JI0OCTOBEPHOTO BIIMSIHUSL HA MHJIEKC TOJIEpaHTHOCTH mpopoctkoB Phacelia tanacetifolia
Benth. [Ipu yBenmuyeHWM KOHIIEHTpAIIMM HOHOB KOOanbTa OBLIO 3aUKCUPOBAHO

3HAYMTEIbHOE CHIDKEHHE MHJEKca TolepaHTHocTH mpopoctkoB Phacelia tanacetifolia
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Benth. Ha 39% mo CpaBHEHHIO C KOHTPOJBHBIMU PACTCHHUSMHU. 3arpsi3HECHHE MOYBBI
COEMHEHUSIMU MapraHila CHUKaJl0 MHAEKC ToJiepaHTHOCTH Ha 36-39% (Bap. 4, 7).
Bmecte ¢ TeMm, HaOmoOnanoCch 3HAYMTEIBHOE HETATUBHOE BIMSHHUE 3arpsA3HEHHs Ha
WHJ/IEKC TOJIEPAHTHOCTH 3TOTO BUJIA TIPY COBMECTHOM JICUCTBUU COCTUHEHHM KOOanbTa 1
Maprasia.

[IpoBeneHHbIE HCCIIEAOBAHUS TOKA3alIM HEOJHO3HAYHOE BIUSHHUE 3arps3HEHUs
MOYBHI KOOAJTBTOM Ha MHJIEKC TOJIEPAHTHOCTH MPOPOCTKOB Tagetes erectus L. Tak, mpu
HU3KOM KOHILIEHTpalMM MeTajula HaOIIoaiu YBEJIMYEHUE MHJEKCAa TOJIEPAaHTHOCTU Ha
32%, HO TIpH yBEIMUYEHUU KOHIEHTPALUU TMOJUTIOTAHTA JTaHHBIA MMOKA3aTeNlb CHUKAJICS
Ha 26% 10 CpaBHEHUIO C KOHTPOJBHBIMU pacTeHusMU. CoBMeECTHOE JeHCTBHE
MOJUTIOTAHTOB CHUXKAJIO MHAEKC TOJIEPAaHTHOCTU NMPOPOCTKOB Tagetes erectus L. Ha 26%
B CPAaBHEHHMH C KOHTPOJIEM.

VYCTONUMBBIMU K 3arps3HEHHUIO TOYBBI COEAMHEHUAMM KoOaibra M Maprasia
OKa3aJuch IpopocTku Bromus arvensis L. DkcriepiMeHTalbHbIC TaHHBIC TOKA3aJIH, YTO
NpY BHECEHHH KOOAJIbTa B KOHIICHTPAIIUU 5 MI/KT HHIEKC TOJICPAHTHOCTH yBEITHUYMIICS
Ha 24% 1o CpaBHEHHIO C KOHTPOJIEM, a MpPHU JaJbHEUIIEM YBEIMUYEHUN KOHLEHTPALUU

WHJIEKC TOJIEPAHTHOCTHU yBenmuwics Ha 23 % (pucyHok 3.12).

180 ® Bromus arvensis L.
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N ® Festuca rubra L.
= 140
g 120 W Agrostis vulgaris
= 100 With.
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Pucynox 3.12 — V3meHeHue WHIEKCAa TOJEPAHTHOCTH JICKOPATUBHBIX 3JIaKOB B

YCIIOBUAX 3arpsA3HCHHA ITOYBLI HOHAMUA KoOaJpTa
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[Ipy BHeceHMM B MOYBY MapraHila B KOHIIEHTpanmuu 1,5 I/Kr MOYBBI MHIEKC
TOJICPAHTHOCTH TIpopocTkoB Bromus arvensis L. ymensnmwics wHa 14%, a mpu
KOHICHTpallu MapraHiia 3 r/Kr mOYBBEI 3TOT IIOKAa3aTejb IIOYTH HE OTIMYAETCS OT
KOHTpoOJIs. COBCEM JIpYTyIO KapTUHY MMOKa3aJd UCCIIEIOBAHUS TI0 BIUSHUIO 3arpsi3HEHUS
II04Y4BbI COCAUMHCHUAIMU koOajpTa U MapraHia Ha HHACKC TOJICPAHTHOCTH IIPOPOCTKOB
Festuca rubra L. Bo Bcex BapHaHTaX BHCCCHHUA TAXKCIIBIX MCTAJIIOB B IIOYBY
IMMPOCJIICIKUBAJIOCH YBCIMICHNC MH/ICKCA TOJICPAHTHOCTH IIPOPOCTKOB.

Buecenue B IIOYBY Pa3JIMYHBIX KOHHGHTpaLII/Iﬁ koOajibTa HE OKa3bIBAJIO
HETaTUBHOTO BIIMSHUS HAa MHJEKC TOJCPaHTHOCTH MpopocTkoB Agrostis vulgaris With.
YcTaHOBIEHBI UL HE3HAYUTEIILHBIE N3MEHEHUS DTOTO IIoKasarciisi, HO OHHU HE ObLIH
AOCTOBCPHBIMU.

I/ITaK, CYMMUDPYsT BIIMAHHUC TKCIIBIX MCTAJIOB Ha MHMHIACKC TOJICPAHTHOCTHU
HN3Y4YCHHBIX BHIOB paCTeHHﬁ, MOXHO IIPCAIIOJNOKHUTb, 4YTO BBICOKHC KOHICHTPAIIHWH
MCTaJlJIa IIoAaBJISJIIN POCT paCTeHHﬁ. XoTs YYBCTBHUTCIBHOCTD paCTeHI/Iﬁ K BOS,Z[GfICTBPI}O
TSOKCIIBIX MCTAJUIOB, 4, CIICAOBATCIIbBHO, U HHJACKC TOJICPAHTHOCTH, 3aBUCAT, IIPCIKIC
Bcero, oOT 2ddeKkTuBHONM pabOThl BCEHl  COBOKYIMHOCTH  (DU3UOJIOTHYECKUX U
MOJIEKYJISIPHBIX MEXaHHU3MOB, 4TO coriacyercs ¢ padoramu Herpyrkoi I'M. u ap. [99].

[lo wu3MeHeHHssM MOP(HOMETPUUECKUX  JIaHHBIX  TMPOPOCTKOB,  HHACKCY
TOJIEPAHTHOCTH BBIACIUIN TPYIIy PACTEHUM, YCTOMYUBBIX K ITOJIUMETATUIMYECKOMY
crpeccy: Ageratum houstonianum cv. Bule Lagoon, Alyssum maritimum Lam., Brassica
napus L., Cosmos sulphureus Cav., Linum usitatissimum L., Atriplex hortense L.,
Miscanthus sinensis L., Lolium perenne L., Bromus arvensis L.

OTtHocHTenbHO yCTOWUYUBHI (TONepanTHBIe): EChinacea purpurea L., Agrostemma
githago L., Silene coeli rosa, Phacelia tanacetifolia L., Zinnia aqnustifolla H., Tagetes
erectus L., Agrostis vulgaris With., Poa pratensis L.

YysctButenbHbie: Salvia splendens L., Petunia Hybrida Grandiflora, Calendula
officinalis L., Dahlia variabilis Desf., Festuca rubra L.
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PA3JIEJI 4

TEILJIOTA CTOPAHUSI PACTEHUI B TEXHOJIOTMYECKOM
IMPOIECCE INOJIYYEHUSA BUOTOIIVINBA

4.1. N3MeHeHHE TemJI0ThbI CropaHusi I€KOPAaTUBHBLIX TPABAHUCTBIX paCTeHI/Iﬁ

B YCJIOBMAX 3arpsA3HCHUA MTOYBbI HOHAMM THIKEJ/IBIX METAJLJIOB

Hcuepmanne TpaguIiinOHHBIX TPUPOAHBIX PECYPCOB, YIPO3a U3MEHECHHS KJIUMara B
pe3yabTare HapyiieHus paboThl TaK Ha3bIBAEMBIX «MAIlUH TOTOJb» BBI3BIBAET
HEO0OXOJMMOCTh MCIIOJIb30BaHUS BO30OHOBIIIEMBIX SHEpropecypcoB. B HacTosiee BpeMst
B MUPOBOH IMPaKTHUKE MPeoOaacT UCIIOJIb30BaHNE HEBO30OOHOBIISIEMBIX PECYPCOB (YIIIs,
HedtH, raza, ypaHa u ap.). JJOCTOMHCTBOM YyKa3aHHBIX PECYpPCOB SBISETCS BBICOKUMN
DHEPTeTUYCCKUA  TOTCHIMAJ W  OTHOCHTENbHAas  JOCTYMHOCTh.  Hambonpime
HPHEPTreTUYECKUE PECYpPChl TOIUIMBA cOocpenoTodeHbl B yrie. OOIire MpoTrHO3UpyeMbie
3amackl cocTaBisitoT 6-15 T.y.T. (Tepa 10" touH), 4to cootBeTcTByeT 175400 ZIx (3eTa
10%! k).

Pa3Benannbie 3amacel yriaed cocTaBisstoT 680 MIIpA. TOHH, YTO COOTBETCTBYET
17,6-19,9 ZJIx. OcnoBHbie 3amackl cocpenorouensl B PO, CIHA u KH/P. Heptu — B
20-30 pa3 menbIne, uyro cocraBiaser 286,66 T.y.r., 8,38-15,1 ZJIx, B ToM Yucie
pa3Benanunble 3anacel 130-131 T.y.T. wnm 3,8-3,84 ZJxk.

VYkazaHHbIC BEIWMYHMHBI 3amaca dHEPrOpPEeCYpCOB, YUYUTHIBAS KpPIHK HX
noTpeOIeHNs, YKa3bIBAIOT Ha HEOOXOAMMOCTD MTOUCKA UX 3aMEHBI.

B Hactosiiiee Bpemsi 0oJibllIo€ BHUMAaHUE YJIENISE€TCS BOMPOCAM HM3Yy4YCHUS
COJIEp)KaHMS DHEPIUU B pacTUTEIbHBIX coobmectBax [183, 186, 195]. CnocobGHOCTH
aBTOTPO(HBIX OPTaHU3MOB CUHTE3UPOBATh OPTAaHNYECKUE BEIECTBA MMOJ] BO3/ICHCTBUEM
DHEPTrUM  COJHIIA XapaKTepu3yeT HaJMYUue KOJUYECTBECHHBIX CBSI3CH  MEXKIY
IpOayIUpyIomed (GUTOMACCOM 1EHO30B M (POTOCHHTETUYECKH AKTUBHOW pajuaIiuu

(DAP).
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B navane XXI Beka psaa CEeIbCKOXO35MCTBEHHBIX PACTEHUHA BO MHOTMX CTpaHax
CTaJld paccMaTpuBaTh, KaK Ba)XHOE CHIPbE AJISI MPOU3BOJCTBA KUAKOTO OMOTOILIUBA
[196, 208]. B wactHoctH, Simpson A., Richardson S. [227] npencraBuiau MmUpOKUii
CIHCOK MACIUYHBIX KYJIbTYp, KOTOpBIC YK€ HAIIM MPUMEHEHUE MPU MPOU3BOJICTBE
ouonuzens. Bmecte ¢ TeM, B CBS3M C YBEJIMYMBAIOUIUMUCSA TOTPEOHOCTSIMH B
MPOJIOBOJIBCTBUM JIJIsi PACTYLIEro HaceJeHUsi 3eMJId, BeCbMa aKTyalbHBIMU OCTAIOTCS
HE TOJIbKO BOMPOCHI TMOBBIINICHUS YPOXKAWHOCTH, HO U CO3/IaHUSA CTpaTeruu
palMOHAILHOTO UCTIOJIb30BaHUs PACTHTEIBHOM npoaykiuu [230].

Eme ogHuM  BaXHBIM  HAmpaBlIEHHUEM, CIOCOOHBIM  ONTUMH3UPOBATH
MPOM3BOACTBO OWOTOIUIMBA, MOXET CTaThb BOBJICYCHHE B COOTBETCTBYIOIIHE
TEXHOJIOTUYECKHE TPOIECChl B KAU€CTBE CHIPhS PACTEHUS, KOTOpPbIE MPUMEHSIOT IS
duTOpEeMeMaluy 0B, 3arPS3HEHHBIX THKEIBIMUA MeTalutaMu [233].

Temnora cropanus (TC, MJI»/Kr) opraHOB pacTeHHUsSI — 3TO KOJMUYECTBO SHEPIHH,
KOTOPOE BBIJENAETCA MPH MOJHOM CKHUIMAHUU CYXOro BEIIECTBA Ha €IUHMIY MAcChl.
Temnmota cropanusi SBISE€TCS BaXXKHOHM OCOOCHHOCTBIO PACTEHHUSA, MOTOMY YTO OHA
oTpakaeT (POTOCUMHTETHUYECKYIO CIIOCOOHOCTh (BaJIOBYIO IEPBUUYHYIO MPOAYKTUBHOCTD)
U THUTATeIbHBIA cTaTyc pacteHuil [236]. Bomee Toro, u3aMeHEHUs TEIUIOTHI CTOPAHHS
MEXIY Pa3TUYHBIMH OpPTaHAMH PACTEHUH MOTYT OTpa)KaTh PAa3jIU4Msl B CTPATETHUSIX
HakorieHus sHepruu [233].

Teriora cropaHusi y pasHbIX BHJOB PAacCTEHHN HEOAWHAKOBA. Y HW3YUYECHHBIX
BHJIOB 3JIaKOB JaHHBIN MMoKa3arelb kKojeonercs oT 10 1o 18 MJIx/Kr B 3aBUCHMOCTH OT
BUJIOBOM CHCIM(HUKN pacTeHUH W yclioBui mpopacranus. Tak, Miscanthus sinensis L.,
Lolium perenne L., Bromus arvensis L. Termiora cropaHus, IpoOU3pacTaroOIIUX Ha
HEe3arpsi3HEHHOW MoYBe, ObllIa Ha BHICOKOM YpOBHE u coctaBmiia 16,5-18 MJIx/kr. B
YCIIOBUSIX 3arps3HEHUs IMOYBbl HMOHAMU KoOanbTa B KoHueHTpauuu 1 IIJK vy
npopoctkoB Miscanthus sinensis L., Lolium perenne L., Bromus arvensis L. 6buto
OTMEYEHO YBEJIMYEHHUE TEIUIOThI cropaHus Ha 3-5% B CpaBHEHHMM C KOHTPOJIEM, JaxKe
IpHU YBEJIMYECHUW KOHIIEHTpanuu kobambra B mouBe A0 2 [IJIK He mpociexuBamoch

AOCTOBCPHOI'0 CHHIKCHHA JaHHOI'O IIOKa3aTCJLIAd paCTeHHﬁ. HauOonbpmas Ttermiora
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cropanusi 3aduKcupoBaHa y mpopoctkoB Miscanthus sinensis L., 4ro roBopur o

BBICOKOM DHEPreTHYSCKOM [IEHHOCTH JaHHOTO pacTeHus (pucyHokK 4.1).
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PI/ICYHOK 4.1 — V3MeHeHHE TCIIOTHI CIropaHusd 3JIaKOB B YCIIOBHAX 3aIpA3HCHHA

MOYBBI HOHAMM KOOAIbTa

VY mpopoctkoB Festuca rubra L., Agrostis vulgaris With. u Poa pratensis L. B
YCIIOBHSIX HE3arpsA3HCHHOW MOYBHI TEIUIOTA CTOPAHUS ObLIa 3HAYMTEIIBHO MEHBIIE, YeM
y Tpeablayleld Tpynmbl pacTeHuid U konebanack B mpeaenax 11-15.3 MJDx/kr. Tlpu
BHECEHMM B TOuUBY KoOanbTa B KoHIeHTpauuu 1 I[JIK Temiora cropanus mpopoCTKOB
Agrostis vulgaris With. u Poa pratensis L. ocraBanacek Ha npeXHEeM ypoBHe, a y Festuca
rubra L. gaske HE3HAYUTEIILHOE 3arpsI3HEHUE [TOYBHI IPUBOAMIO K CHHYKEHUIO TEILUIOTHI
cropanusi npopoctkoB Ha 10%, B CpaBHEHUHM C KOHTPOJBHBIMU PACTCHUSIMU.
JlanpHeiee yBenudeHue KoHIEHTparuu kobambra g0 2 [IJIK yraerano maHHbBIN
nokaszarens Festuca rubra L., Agrostis vulgaris With. u Poa pratensis L. na 10-15% B
CPaBHEHHH C KOHTPOJIEM.

B ycnoBusix 3arpsisHeHHs TOYBBI MOHAMH MapraHiia ObUTH OTMEYEHBI CIIETYIONINE
U3MEHEHUS TCIUIOTHI CrOpaHus 371akoB (pucyHOK 4.2). [Ipu BHECEHUH B MOYBY MapraHiia

B koHuenrpamuu 1 IT1JIK y mpopoctkoB Miscanthus sinensis L., Lolium perenne L.,
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Bromus arvensis L. ObLI0 OTMEYEHO YBEJIMYCHHE TEIUIOTHI cropanuss Ha 2-4% B

CPaBHCHHH C KOHTPOJICM.
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PI/ICYHOK 4.2 — VI3MeHeHHe TEIIOTHI CIropaHusd 3JIaKOB B YCIIOBHAX 3aI'pA3HCHUA

IIOYBBI HOHAMH MapraHna

[Ipu yBenuueHuM KOHIEHTpanuu MapraHua B mouse o 2 IIJIK mnoxasareinb
TEIUIOThl CTOpaHWsl PACTEHUM OCTaBajcsi Ha YpOBHE KoHTpousis. Haubombiiee
yBEJIMYCHHE IaHHOTO TMOKa3aTrenas Obulo 3adukcupoBaHo y mpopocTkoB Miscanthus
sinensis L. u Bromus arvensis L.

Y mpopoctkoB Agrostis vulgaris With. npu BHecenuu B mouBy 1 ITJIK maprania
TEIUIOTa CropaHusl MPOPOCTKOB Bo3pocia Ha 3%, HO ST HM3MEHEHHs] He ObLIM
CTaTUCTUYECKA JOCTOBEPHBIMHM, a MPHU JAJIBHEWIIEM YBEJIMYEHUM KOHIIEHTpALUU
3arpsi3HUTENA, TAaHHBIN MTOKa3aTellb CHU3UICA Ha 12%.

IIpn BHecennn B nouBy mapranua B koHueHtpauuu 1 IIJIK Teruora cropanwus
npopocTkoB Festuca rubra L. u Poa pratensis L. cam3uinace Ha 10% B cpaBHEHUH C

KOHTPOJIbHBIMH pacTeHUsIMU. JlaybHelIlee yBEIMYeHHE KOHIEHTPAlMi MapraHmua 10 2
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ITJIK ymensiano temtoTy cropanus Festuca rubra L. u Poa pratensis L. va 10-15% B

CpPaBHEHUU C KOHTPOJIEM.

B ycnoBusix 3arpsi3HeHHs] TOYBbI MOHAMH XpOMa ObUIM OTMEYEHBI CIIEAYIOIINE
WU3MCHEHUS TEIUIOTHI copaHus 371akoB (pucyHOK 4.3). [Ipu BHECEHHH B MOYBY XpoMa B
xouneHtparu 1 ITJIK y mpopoctkoB Miscanthus sinensis L., Lolium perenne L.,
Bromus arvensis L. Ob10 0TMEUEHO yBEJIUYCHUE TEIUIOTHI CTOPaHUs pacTeHuit Ha 1-5%
B CPABHEHUU C KOHTPOJIEM.

[Ipu yBenuueHun KoHUEHTpauuu xpoma B nouse 110 2 [1/IK nmokaszarens TEmioThl
CrOpaHHusl pPAaCTCHHWU OCTaBaJiCi Ha YypOBHE KOHTpoyisa. Hambompmiuii mokasareib
TETUIOTHI CTOPaHUs PacTeHUH ObLT 3aduKcHpoBaH y mpopoctkoB Miscanthus sinensis L.

u Bromus arvensis L.
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Pucynok 4.3 — VI3MeHeHHEe TEMJIOThl CTOPAaHUS 3JIaKOB B YCIIOBHUSX 3arps3HEHHS

IMOYBbBI HOHAMH XpOMa

Y npopoctkoB Agrostis vulgaris With. npu BHecennn B mouBy 1 ITJK xpoma
TEIUIOTAa CTOpaHHsl MPOPOCTKOB Bo3pociia Ha 3%, a Mpu JaJIbHEHIIEM YBEIWYEHUU

KOHLICHTPALIMK 3arps3HUTEIS, JAHHBIHN MOKa3aTeslb pacTeHui cHu3nicsa Ha 10%.
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IIpn BHeceHum B mouBy Xpoma B kKoHueHTpauuu 1 IIJIK rtemnora cropanwus
npopoctkoB Festuca rubra L. u Poa pratensis L. causuinace Ha 3-7% B cpaBHEHHH C
KOHTPOJbHBIMU pacTeHUsMHU. JlalbHellnee yBelIMYEHUE KOHLEHTpAalMU Xpoma 110 2
ITJK yraerano terioty cropanmst Festuca rubra L. m Poa pratensis L. na 10-15% B
CPaBHEHHUU C KOHTPOJIEM.

W3BecTHO, 4YTO MO Mepe pocTa PpacTEeHMH BO3pacTaeT pacxol JHEPIUH,
UCIIOJIb3yeMO# IMIaBHBIM 00pa3oM Ha UX JKU3HEACSATENbHOCTh. bonbliiee KOIMYecTBO
JYYUCTON 3HEPTUM MOXKET IPOHUKATh B INIyOMHY IIEHO30B B Hauajie Bererauuu. llpu
JanbHEUIIEM pa3BUTHH 1I€HO03a, 0COOCHHO B (pa3e 1BETEHHs OOJbIICH HHTEHCUBHOCTHIO
(GoTOCHHTE3a OTIMYAIOTCS BEPXHUE JIUCThS W CTEOENb, a HW)KHHE BBICHIXAIOT H
IOCTENIEHHO OTMHPAIOT, IO3TOMY HEOOXOJUMO NpPOBOAUTH Bce u3MepeHus y 30-
JTHEBHBIX IPOPOCTKOB, KOTOPbIE€ HE BOIUIA B CTAJHI0 BEre€Tallil W MOKa3bIBAIOT
HAMBBICIINI pPOCTOBOM ITOKA3aTellb.

Ha ocHOBaHMU NOJyYEHHBIX HKCIEPUMEHTAIbHBIX JIaHHBIX BbIIEJIEHBI Haubosee
NEPCIICKTUBHBIE B KadeCTBe OWOTOIUIMBA KyIbTyphl: Brassica napus L., Linum
usitatissimum L., Atriplex hortense L., Miscanthus sinensis L., Bromus arvensis L
(Tabmuna 4.1).

Tabnuia 4.1 — Beixon sHepruu pacTeHU B IPOU3BOJICTBE

Bun pacrenus Cpennss Teruora cropanus, | Beixon snepruu,
YPOKaitHOCTh M JTx/kr M /Ix/ra
pacTeHus, T/ra

Miscanthus sinensis L. 15 18 270000

Brassica napus L. 3,5 17 59500

Linum usitatissimum L. 1,8 15 27000

Bromus arvensis L. 1,5 14,5 21750

J10 HEnaBHUX MOP ATH BHUJIBI BBIPALIMBAINCH B OCHOBHOM B JIEKOPATUBHBIX LIEIISX.
B mnocnenHue rompl B MHPOBOM MPAKTHKE 3TH KYyJbTYpbl PAacCMaTpPUBAIOTCS Kak

3¢ HEeKTUBHBIN BO30OHOBISIEMBIN SJHEPTETUUECKUI PECYPC, C BBICOKON YPOKAWHOCTHIO.
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Tak, cpemnss ypoxaitHocTh Miscanthus sinensis L. — 15-20 t/ra, Brassica

napus L. — 3-3,5 1/ra, y Linum usitatissimum L. — 1,5-2 1/ra, y Atriplex hortense L.,

Bromus arvensis L. ypoxaitHocTh BapbHpyeT ot 1 10 1,5 T/ra.

4.2. DoToCcUHTETHYECKAs]T AKTHBHOCTHL PAaCTeHHMH Kak moKa3areib

IHEPTOEMKOCTH B YCJIOBHUAX IOJUMETAIIHYCCKOI0 CTPpECCa

J1J1s1 TOBBINIEHNS] OMOTIPOTYKTUBHOCTH M TETUNIOEMKOCTH PACTEHUM, a 3HAYUT, IS
0ojiee MOJHOIO HCIONb30BAHUS COJIHEYHOW SHEPruH OOJIbIIOE 3HAYEHUE HNMEET
dboToCUHTEeTUYECKAsI ACATENbHOCTh pacTeHuil. [1oaToMy 1enbi0 HAlIMX KCCIIEI0BAHUN
ObUIO M3yyeHUE U3MEHEHHS (POTOCHHTETUYECKONM AaKTUBHOCTH JEKOPATHUBHBIX
TPaBSHUCTBIX PACTCHUH B YCIOBHAX TNOJMMETA/UTMYEeCKoro ctpecca [8, 46].
[TpoBeneHHbIE HCCIEIOBAaHUS BIUSHUS 3arpsS3HEHUS TOYBbI COCIMHEHUSIMU KOOaIbTa U
MapraHiia Ha MHTEHCUBHOCTb ()OTOCHUHTE3a IMPOPOCTKOB ILIBETKOBBIX JIEKOPATHUBHBIX
pacTeHUN CBHUJIETEIbCTBYIOT O 3HAYUTEIIBHOM HETaTUBHOM BIMSHUU 3arps3HEHUs
NOYBbI KOOQJIBTOM Ha (POTOCHHTETHYECKYI0 AaKTUBHOCTH mpopocTkoB A. githago,

C. officinalis, D.variabilis Desf. u A. hortense L. (pucyHox 4.4).

[Ipu BBICOKMX KOHIICHTPAIMIX MOJUTFOTAHTOB 3TOT MOKAa3aTelh YMEHBIIACTCS Ha
32-46% 1m0 CcpaBHEHHIO C KOHTPOJBHBIMH pacTeHusiMH. Ha ¢doTocuHTeTHUYECKYIO
aKTHBHOCThH IpopocTkoB Ageratum houstonianum cv. Bule Lagoon, u S. coeli rosa
3arpsi3HEHHE TOYBBI COCAMHEHUSMU KOOAllbTa HE OKa3bIBaeT HeraruBHOro sddexra.
Jlaxke Ipu BBICOKUX KOHIIEHTPAIMSAX ITOTO 3arps3HUTENS HE HAOMIOAAeTCsl YMEHBIIICHHUE
WHTEHCUBHOCTHU (DOTOCHHTE3A, @ POCTOBBIE MPOIIECCHl HECKOIBKO aKTUBUPYIOTCA. Taroke
MOXXHO OTMETUTh, YTO BBICOKHME KOHIICHTPAIIMM COCIUHEHUN KoOajabTa MOAABISIIOT
(OTOCHHTETHUYECKYIO aKTHBHOCTh TpopocTkoB P. tanacetifolia, T. erectus wu
C. sulphureus. B To BpeMsi Kak HHM3KHE KOHIICHTPAIIUU AKTHBHPYIOT 3TOT MpPOIECC Ha

8,6-132% 1o cpaBHEHUIO C KOHTPOJIHHBIMH PACTCHUSMH.
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60 ¢
® Ageratum houstonianum
cv. Bule Lagoon
50 1 B Alvssum maritimum
Lam.
- W By 1
40 Brassica napus L.
2 i IO
= ® Linum usitatissimum L.
= 30
Y B _Agrostemma githago L.
SH P
20 7 ® Phacelia tanacetifolia L.
10 ¥ — W Tagetes erectus L.
0 <
KOHTPOIb 1IIIK Co?* (5 Mr/kr) 201K Co? (10 mr/xr)
PI/ICYHOK 4.4 — VIHTEHCHUBHOCTH (I)OTOCI/IHTGCSa ACKOPATUBHBIX TPaBAHHUCTBIX

paCTeHI/Iﬁ B YCJIOBUAX 3arpA3HCHUA ITIOYBbI HOHAMUA KoOapTa

3arpsi3HEHWE NOYBbl COEIMHEHMSIMU MapraHila HE BIMSET HAa MHTEHCHUBHOCTH
¢dorocunTeza mpopoctkoB P. tanacetifolia, L. usitatissimum u S. coeli rosa, a B
HEKOTOPBIX BapHaHTAaX ATOT IOKa3areiab Bo3pacTaeT Ha 37-75% 1o CpaBHEHUIO C
pacTEeHUsIMH, KOTOPbIE BBIPAILIUBAJIA HA HE3arps3HEHHOM MMouBe (PUCYHOK 4.5).

OTO MOXET OOBACHATH TOT (PaKT, YTO MapraHel], KaKk BaKHBI MHUKPOIJIEMEHT,
aKTUBUPYET  (DOTOCHHTETHUYECKYIO  AKTUBHOCTh  MPOPOCTKOB  HpPHU  HU3KHUX
KOHIIEHTPALMUSIX, B TO BpEMs B KOOAJIbT€ PACTEHUS] UMEIOT MEHBIIYI0 MOTPEOHOCTh, KaK

B MHUKPOBJIEMEHTE, UTO ONPE/IEIIIET €ro OOJBIIYI0 TOKCUIHOCTH [1, 17].

Ha ¢dotocuntetnueckyro aktuBHOCTH mpopoctkoB A. githago, C. officinalis,
D. variabilis u A. hortense HeraTMBHO BIUSET 3arps3HCHUC IOYBBI MapraHIEM,
OCOOCHHO TPH BBICOKHX KOHIICHTpAIMSX TojurroTanta. CoBceM Ipyras TCHICHIUS B
W3MEHEHUSIX MHTEHCUBHOCTH ()OTOCHMHTE3a HaOII0aeTCs y MPOPOCTKOB [. erectus u
C. sulphureus. Tlpu HHM3KHMX KOHIIGHTPAIMSAX HMOHOB MapraHia (HOTOCHHTETHYECKAs

aKTUBHOCTbH IPOPOCTKOB yBeNHUnUBaeTCs Ha 34-45% Mo CpaBHEHHIO C KOHTPOJIEM, a IIPU
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OoJiee 3HAUMTEITLHOM 3arpsA3HCHUN — HaGJHOI[aeTCH AOCTOBCPHOC I/IHFI/I6I/IpOBaHI/Ie 9TOI'O

ITOKa3aTcJIAd.

60

® Ageratum houstonianum
cv. Bule Lagoon

B _Alvssum maritimum Lam.

® Brassica napus L.

B Linum usitatissimuim L.

B Phacelia tanacetifolia L.

u Tagetes erectus L.
— ~ Calendula officinalis L.

Dahlia variabilis Desf

KOHTPOJIb IIIOK Mn?™ (1.5 r/xr)  20T70K Mn?* (3 r/kr)

Pucynoxk 4.5 — HuTeHCHMBHOCTH (OTOCHMHTE3a JCKOPATUBHBIX TPaBIHUCTHIX

paCTeHI/Iﬁ B YCJIOBHAX 3arpA3HCHHA II0UYBBI HOHAMHA MapraHiia

KoMmruiekcHOE 3arpsi3HEHUE TOYBBI COCAMHEHUSIMH KoOajbTa W MapraHia
YTHETAeT aKTUBHOCTh (DOTOCHHTE3a MPOPOCTKOB BCEX M3YUCHHBIX BUIOB PACTCHUHN Ha
23-78% B 3aBUCUMOCTH OT BHUIOBOW crenudukn pactermit. HawmOombmiee
OTPUIIATETILHOE BIIMSHUE COBMECTHOTO JCHCTBHSI TOJUTFOTAHTOB HAOIOAACTCS Y
npopoctkoB T. erectus, D. variabilis u A. hortense. B To Bpems kak Ha
(DOTOCHHTETHUYECKYIO aKTHBHOCTh TpopocTkoB L. usitatissimum wu S. coeli rosa
KOMITJICKCHOE 3arpsi3HEHUE TOYBBI HE OKa3bIBACT HETaTUBHOTO BIUSHUSA. B HEKOTOPBIX
BapHaHTaX MPOCICKUBACTCS YBEIIMUCHUE MTOKaszaress Ha 28-86%.

Takum 00pa3oM, MOXHO OTMETHTH, YTO 3arps3HCHHE ITOYBHI COCAMHCHUSIMU
KoOajbTa W Maprafiia OTPHUIATEIILHO BIUSAET HAa (POTOCHHTETUYECKYIO AKTHBHOCTH

IPOPOCTKOB I[BETOUHBIX JIEKOPATUBHBIX pacTeHuit. OqHako, Ageratum houstonianum cv.
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Bule Lagoon, Alyssum maritimum Lam., Brassica napus L., Cosmos sulphureus Cav.,

Linum usitatissimum L., Atriplex hortense L., Miscanthus sinensis L., Lolium
perenne L., Bromus arvensis L. MeHee 4YyBCTBUTCIIbHBI K 3arpsS3HCHHIO MOYBBI
COCTMHEHUSIMU TSKENIBIX METAJUIOB.

[IpoBeneHHble HCCIEAOBAHUS TOKa3alid, 4YTO (OTOCUHTETUYECKHUI ammapar
pacTeHUH BeChbMa UYBCTBUTENEH K IOBBIIMIEHHOMY COJIEPKAHUIO 3arps3HUTENC B
MOYBE, YTO TPOSBISETCS B W3MEHEHHHM MHOTHX CTPYKTYPHO-(OYHKIIMOHATBHBIX
napamMeTpoB (orocuHTe3a. Jlaxke He3HauUTENbHBIE J03bl KOOAJIbTa yrHETaIu
WHTCHCUBHOCTH (oTocuHTe3a mpopoctkoB Agrostis vulgaris With. ma 33%, a ¢
YBEJIIMYCHUEM KOHIICHTPAIMH 3arps3HUTENs MHTEHCHBHOCTH (DOTOCHHTE3a CHHU3MIACH

Ha 63%, II0 CpPpaBHCHHIO C IIPOPOCTKAMH, pPACTyYIIMMH HaA HGSanHSHeHHOﬁ IIO4YBC

(pucyHok 4.6).
20 77
15 ® Bromus arvensis L.
—'g ® Miscanthus sinensis L.
= 10 ¥ W Agrostis vulgaris With.
£
& ® Lolium perenne L.
) ;
5 ® Poa pratensis L.
® Festuca rubra L.
0 “ —
KOHTPOJIE IIIIK Co** (5 mr/xr)  2IT1IK Co? (10 mr/xr)
Pucynox 4.6 — VHTEHCMBHOCTHh (OTOCHHTE3a JACKOPATUBHBIX TPABSIHUCTHIX

paCTeHI/Iﬁ B YCJIOBUAX 3arpA3HCHUA ITIOYBbI HOHAMUA KoOaJipTa

BHecenne B moYBy Maprasiia Takke OKa3blBaJO HEraTWBHOE BIMSHHE Ha
aKTUBHOCTH (DOTOCHHTE3a, MaHHBIA I[IOKA3aTeNb YMEHBIIWICA 10 CPaBHEHHUIO C
KoHTpoJeM Ha 33-48%.

HaubGonpmmit  yraerarommii 3¢ @deKT 3arps3HEHUs MOYBBI  KOOAJIBTOM U

MapraniieM Ha QorocuHTe3 ObLT 3adUKCUPOBAH TMPU COBMECTHOM JCHCTBHUM
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3arps3HUTENEH, JaHHBIM TMOKa3arelb CHU3WICA Ha 69% B CpaBHEHHUH C KOHTPOJIEM.
Takum oOpa3oMm, Hanbojee CUIbHOE BIMsSHHE Ha mpopocTtku Agrostis vulgaris With.
OKa3bIBa€T KOMIUJIEKCHOE 3arpsi3HEHHE C BBICOKMM COJEP>KaHMEM MapraHiia u o0oux
3arpsizHATENen (pucyHok 4.7).

Bhecenue B mouBy 5 MI/KI koOajibTa HE OKa3ajlo JOCTOBEPHOTO BIMSHUS Ha
WHTCHCUBHOCTh (OTOCHMHTE3a mpopocTkoB Festuca rubra L., a, Ha o00o0poT,
WHTEHCUBHOCTh (OTOCHMHTE3a BO3pocia Ha 7%, MO CPaBHEHHWIO C KOHTPOJIHHBIMH
pactenusiMu. OpHaKo, TPHU MOCIEAYIOIIEM YBEJIMUYCHUH KOHIEHTpaluu KoOaibTra 0

10 Mr/Kr — UHTEHCUBHOCTH (POTOCHHTE3a PE3KO CHU3MIACh Ha 54%.

20
15 v~ ® Bromus arvensis L.
—'g B Miscanthus sinensis L.
—r 10 + ® Agrostis vulgaris With.
é" B Lolium perenne L.
= 5 ® Poa pratensis L.
W Festuca rubra L.
0 L —
KOHTPOJB IIIOK Mo?~ (1.5 /) 200K Mn?™ (3 r/xr)
Pucynox 4.7 — VHTEHCMBHOCTHh (OTOCHMHTE3a JAEKOPATUBHBIX TPABSIHUCTHIX

paCTeHI/Iﬁ B YCJIOBUSX 3aIrpA3HCHUA ITIOYBBI HOHAMHA MapraHia

BHecenue MOHOB MapraHiia He OKa3bIBaJlO JOCTOBEPHOTO HETaTUBHOIO BIIMSHUS
HAa AaKTUBHOCTH (DOTOCHHTE3a TMPOPOCTKOB, a B HEKOTOPHIX BapUaHTaxX Jlaxe
MPOCIIEKUBAIIOCH 3HAYUTENBHOE YBEIMUYEHUE JAHHOTO NoKa3zaress Ha 17% B cpaBHEHUU
¢ koHTposeM. Haubonbiiee CHIKEHNE HHTEHCUBHOCTH (POTOCHHTE3a OBLIIO OTMEUEHO B
BapUaHTaX KOMILJIEKCHOTO BHECEHHUS 3arps3HHUTENIC, OCOOCHHO TIPU BBICOKUX
KOHIICHTPALUSIX KOOabTa, I7ie MHTEHCUBHOCTh (POTOCMHTE3a yMEHbIIMIach Ha 24%.

[IpoBeneHHbIE  UWCCAEAOBaHUS  MOKa3ajld, 4YTO JaXe  HE3HAYUTEIbHbIC

KOHIIEHTpaluK KoOaJibTa YrHETalld WHTEHCUBHOCTh (POTOCHHTE3a MPOPOCTKOB Poa



67

protensis L. ma 9%, a ¢ yBenMuYeHUEM KOHIICHTPAIMU 3arpsA3HUTEIS] WHTCHCUBHOCTH
¢dorocunTe3a cHuszMiaach Ha 37%, MO CpPaBHEHHIO C MPOPOCTKAMH, PACTYIIUMHU Ha
He3arpsi3HeHHOW nouBe. BHeceHHe B MOYBY MapraHilia TakXe OKa3bIBajlO HETaTUBHOE
BIMSHUE Ha AaKTUBHOCTh (OTOCHHTE3a, [AaHHBIM TOKa3aTellb yMEHBIIAJICS II0
CpaBHEHUIO C KOHTposieM Ha 14-62%. Haunbonpmmii yruerarommii 3¢dexT 3arps3HeHus
MOYBbI KOOAJIBTOM U MapraHiieM Ha (GoTtocuHTe3 OblI 3a()MKCUPOBAH MPU COBMECTHOM
JICVICTBUM 3arpA3HUTENEH.

Takum o00pa3oM, 3arpsi3HEHHE TOYBBI KOOAJIBTOM M MapraHieM OKa3bIBaeT
3HAYUTEIHPHOEC HETaTHBHOE BJIWSHUE HA WHTCHCUBHOCTH (POTOCHMHTE3a MPOPOCTKOB
HCCIIENYEMBIX BHUAOB pacTeHud. [Ipr KOMIUIEKCHOM BHECEHHM 3arps3HUTENCH,
HEraTUBHOE BIIMSHUE 3arpsi3HEHHs] YCUIIMBAETCS. 3arpsi3HEHHE TOYBHI MapraHileM He
BIMSICT Ha WHTCHCHUBHOCTH (hOTOCHHTE3a MpopocTkoB Festuca rubra L. m Bromus
arvensis L., a B HEKOTOPBIX BapHaHTax 3TOT IOKa3aTelib BO3PAcTacT B CPABHECHUH C
pacTeHUsIMH, KOTOpbI€ BBIPAIIMBAJIMCh, Ha He3arpsA3HeHHOW mouBe. Haunbonbiiee
OTPHUIIATEJIbHOE BJIMSIHUE COBMECTHOTO JIEMCTBUS 3arps3HUTENEH HAa WHTEHCUBHOCTH
¢doTocuHTe3a HabMoOMaeTcs y mpopocTkoB Poa protensis L. u Agrostis vulgaris With.

Ha ocHoBaHuM MOTYyYEHHBIX SKCIEPUMEHTANIbHBIX JAHHBIX BBIJEICHBI HauOolee
NCPCIICKTUBHBIC B KadeCcTBe OWOTOIUIMBA KyibTyphl: Brassica napus L., Linum

usitatissimum L., Atriplex hortense L., Miscanthus sinensis L., Bromus arvensis L.

4.3. Bausinue 3arpia3HeHUsl IMOYBbLI THIKEJIBIMH METALUIAaMH HaA ILUIOIIAAb

JINCTOBOH IJIACTUHKHU ACKOPATUBHBIX TPABAHUCTHIX PACTCHU

HexoTtopseie nccienoBareay CUUTAIOT, YTO (POTOCUHTETUYECKAs! aKTUBHOCTD TECHO
CBs3aHa C pa3MepoM OOIIel JTMCTOBOM TMOBEPXHOCTU pacTeHuil. B HacTosiee Bpems
OPUHATO CUUTATh, YTO BBICOKAs MPOAYKTUBHOCTH (DUTOLIEHO30B OOECIEUMBAETCA IPH
o01IIeil TLIONTAH JTHCTHEB OT 4-5 710 12 M%/M, 6r1arofaps 4emy JTUCThS MOTYT MOMIOLIATH
93-95% BxopsIel B HUX SHEPTUHU CBETA.

VYBenuueHne KOHUEHTPALMU TSKENbIX METAIJIOB B MPUPOAHON cpelie MPUBOAUT K

YBCIIMYCHUIO HX COACPIKAHHA B TKaHAX paCTeHI/Iﬁ. HpI/I BBICOKHUX KOHLCHTpPALHAX
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METaJJIOB MX HAKOIIEHUE B OpraHax pacTeHuil yBenuuuBaercs [24, 35]. B orBeT Ha 31O
B OpraHU3ME DPACTCHHUS MPOUCXOMIT pa3Hbie (PU3NONIOTHYECKHE U OMOXUMHYECKUE
W3MEHEHHUS, KOTOPhIE YacTO HOCSAT HETaTHBHBIX XapaKTep: YIHETEHHE POCTOBBIX
MPOIIECCOB, HApyIIEHWE TMPOIECCOB (OTOCHHTE3a, [bIXaHWSA, a30THOTO OOMEHa,
YMEHBIIICHHUE TIIOIIAIA JIMCTOBOM TIACTUHKHU. DTH U3MEHEHUS TPUBOIAT K YXYIAIICHUIO
IPOAYKTUBHOCTH PAaCTCHMI, a MHOTA U K ero rubenu [35, 47, 142, 143].

[IpoBeneHHBIC WCCIEMOBAHUS TOKa3aJld, 4YTO HA POCTOBBIC MPOIECCHI
C. officinalis 3arps3Henne MoYBbI COCIUHCHHUSAMH KOOajabTa M Mapraiia OKa3bIBacT

3HAYUTENIbHOE HETaTUBHOE BiIMsIHUE (pUCYHOK 4.8, 4.9).

W Ageratum houstonianum cv.

Bule Lagoon
B Alvssum maritimum Lam

® Brassica napus L.

W Linion usitatissimum

B Miscanthus sinensis L.

® Phacelia tanaceftifolia
% Tagetes erectiis L.
W Petunia Hybrida

Grandiflora
Calendula officinalis

e e I % Dahlia variabilis Desf
kouTpois  1ITOK Co?™ (5 mr/xr) 2 ITOK Co?~ (10 Mr/kr)
Pucynok 4.8 — l3MeHeHue IJIOMIaAN JIUCTOBOW IUIACTUHKH JIEKOPATUBHBIX

TPaBAHUCTBIX paCTeHI/Iﬁ B YCJIIOBUAX 3aIrpA3HCHUA ITIOYBbI HOHAMUA KoOaJipTa

Tak, BHECeHHE B TIOYBY HU3KOW KOHIIEHTpaluu KoOanbTa (5 MI/KT) YMEHbIIAET
IJIOIIA/Ib JINCTOBOM IJIACTUHKHU MPOPOCTKOB Ha 17%, MO CpaBHEHUIO C KOHTPOJIbHBIMU
pacTeHusIMU. 3arpsi3HEHUE MOYBBI COCIMHEHUSAMM MapraHia B KOHIeHTpauuu 1,5 r/kr

CTUMYJUPYET POCT JIMCTOBOW IUIACTUHKHA TIPOPOCTKOB, HO 3TH HU3MEHEHUS
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CTaTUCTUYECKU HeAocTOoBepHbl. C yBeTMUYEHHEM KOHIIEHTPAIMU COCTUHEHHUM KoOaibTa
HAOJIONAeTCsl HEKOTOPOE YBEIMUYEHUE TUIONIAAN JUCTOBOM IJIACTUHKUA MPOPOCTKOB, HO
9TU W3MEHEHMS TAKKE CTaTUCTUYECKH HEOCTOBEpHBI. BHeCceHue B MOYBy Maprasna B
KOHIIEHTpAIIMH 3 T/KT yTHETaeT POCT JIMCTOBOM mactuHku npopoctko C. officinalis na
26%, TO CpaBHEHUIO C PACTCHUSIMH, BBIPAIICHHBIMA Ha HE3arpsi3HEHHOW IOYBE.
KoMIiekcHOe BHECEHHE 3arpsi3HUTENEN OKa3bIBAaeT YrHETaroIUK 3¢ (eKT Ha IUIOIIAlb

muctbeB C. officinalis.

® _dgeratian houstonianion cv.

Bule Lagoon
1y - W _Alyssion maritimion Lam
$5 b ® Brassica napus L.

B Livion usitatissimion

(V5]

B Miscanthus sinensis L.

25
=
o 2 8 Phacelia tanacetifolia
13 " Tagetes erectus L.
i ® Petimia Hybrida Grandiflora
- Calendula officinalis
o L B - 3. " Dahlia variabilis Desf
kouTpors  1TTTK Mn?™ (1.5 r/xr) 2TLOK Mn?~ (3 r/xr)
Pucynox 4.9 — HM3MeHeHue miomaan JUCTOBOM IUIACTUHKH JIEKOPATUBHBIX

TPaBAHUCTBIX paCTeHI/If/'I B YCJIIOBUAX 3arpA3HCHHAA ITIOYBbI HOHAMHW MapraHila

HauGornpiliee HeraTMBHOE BIWSHUE IPOCICKUBACTCS MPH BHECCHWH B IIOYBY
GOMBIINX KOHIEHTpauuii kobambra u Mapranna (Mn>* — 1,5 r/kr, Co”" — 10 mr/kr). B
JAHHBIX YCIIOBUSX HAOIIOMAETCS YMEHBIICHHUE TUIOIIAIN JTMCTOBOM TUTACTUHKH Ha 25-
58%. Tak, B BapuanTe 6 ruiomaap JuctoBoit macturku C. officinalis ymenbmanace Ha
32%. CoBMecTHOE NEWCTBUE 3arpsS3HUTEICH HETaTUBHO CKa3bIBA€TCS Ha ILIOMIATH

auctoBoi miacTHKU TpopoctkoB C. officinalis, make mpu ManbIX KOHIICHTPALUAX
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KoOasbTa U Mapratiia HabltoAaI0Ch YMEHbIIeHHE Momaan Ha 58%, a mpu yBeTu4eHUN
KOHILIEHTPALMH ITJIOMIAb JUCTOBOM MJIACTUHKHA yMeHbIIanach Ha 20% 1o cpaBHEHUIO C
KOHTPOJIEM.

HeraruBHoe BiMsHHE OKa3bIBa€T BHECEHHE B IMOUYBYy KOOaldbTa M MapraHiia Ha
IIoIIaab JUCTOBOM muractuHku mpopocTkoB P. hybrida Grandiflora. [daxe nuskue
KOHIIEHTpAIlM1 KOOajabTa yMEHBIIAIOT IUIOMIAAh JIMCTOBOM TIUIacTHHKU Ha 14%, c
YBEITUYCHUEM KOHIICHTPAIIMU HETATUBHBIA Y(PQPEKT YCHIMBACTCS W IUIOIIAIbL JUCTHEB
ymenbIaercs Ha 33%. [Toxoxkas TeHACHIUS IPOCIEKUBACTCS U TIPU BHECEHUU B TIOYBY
Mmapranna. Tak, Ipu BHECEHHWHU B TIOYBY MapraHiia B KOHIEHTparuu 1,5 T/Kr miomans
JMCTHEB YMEHbIIACTCS HA 7%, a TpU JadbHEWIIEM yBEIUYCHUU KOHIICHTpAIUU — Ha
28%. Ilpu KOMIUIEKCHOM BHECEHHM 3arpsi3HHUTENe HaOIromaeTcs JaibHeiIiee
yTHETeHHE pOCTOBBIX TmporeccoB nuctheB P. hybrida Grandiflora. HauGonbmee
HEeraTHBHOE BIMsHUE HAOMI0AAaeTCsl IPU KOMIUIEKCHOM BHECEHUH KOOallbTa U MapraHiia,
0COOEHHO TIPU BBICOKMX KOHIIEHTpaIusax koOanbTa. Tak, B BapuaHTax 8§, 9 miomians
JUCTOBOM IUIACTUHKM yMeHbIIWiIach Ha 37-54% 1o cpaBHEHHIO C pPACTEHUSIMU,
BBIPAIIEHHBIMU HA HE3arpsS3HEHHOW TIOYBE.

[TpoBeneHHBIC WCCICIOBAHUS BIMSHUS 3arps3HCHHS TOYBBI COCAMHCHUSMU
KoOallbTa MW MapraHiia Ha IUIOU[aJb JIMCTOBOW TOBEPXHOCTH JEKOPATHBHBIX
TPaBSHUCTBIX PACTCHUH CBUACTEIBCTBYIOT 0 ToMm, uto Ph. tanacetifolia nposisiser
HEKOTOPYI0 YCTOWYMBOCTH K 3arpsi3HEHUIO MOYBHI KOOAJIbTOM M Mapranimem. Ho mpu
BBICOKHX KOHLEHTPALMAX 3TUX Tsokenbix MertamioB (Mn®* — 3 r/kr, Co®* — 10 mr/kr)
HAOMIONaeTCsl OTpULIATENIbHOE BO3ACHCTBHE HAa MPOPOCTKH HCCIEAOBAaHHOTO BHUA
pacTenuit. IIpi BHECCHHH B IIOYBY HH3KOH KOHIEHTpauuu kodansra (Co’* — 5 Mr/kr),
HaOMr0aeTCs TOCTOBEPHOE yiydllieHHe pocTa mpopoctkoB Ph. tanacetifolia, ogxaxo
IIPHU YBEJIMUYEHUU KOHIICHTPAIIMH POCTOBBIE MPOIECCH HECKOIBKO YTHETAIOTCS, HO TU
U3MEHEHUsT HENOCTOBEpHBI. HmU3KMe KOHIEHTpAaIllM MapraHila HE OKa3bIBaIOT
HETaTHMBHOTO BIWSHUS Ha ILJIOIIA/Ib JMCTOBOM MIacTHHKH mpopoctkoB Ph. tanacetifolia,
a Ha00OPOT, MPOCIECKUBAETCS CTUMYITHPOBAHUE POCTOBBIX MPOIECCOB. Tak, B BapHaHTe
arps3HeHHe mouBbl Mn®* 1,5 I/Kr muomanb JHCThEB yBElTHUMBAaeTCs Ha 3%, IO

cpaBHEHHMIO ¢ KoHTposieM. C yBeIMYEHHEM KOHIIEHTpAllUM MapraHiia OTMEUYEHO
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JIOCTOBEPHOE YMEHBIIEHUE IUIOIIAAM JHUCTOBOM IiacTuHku Ha 41%. KomriuiekcHoe
BHECEHHE KOOalbTa W MapraHila HEraTMBHO CKa3bIBAeTCS Ha IUIOIMIAAM JIMCTOBOU
IUIACTUHKU MPOPOCTKOB. B BapuanTe 5 naHHbIN noka3arenb ymeHblnaeTcs Ha 16%, B
Bapuante 6 — Ha 14%, 10O CpaBHEHHMIO C pACTEHUSMH, BBIPALICHHBIMH Ha
HE3arps3HEHHOW TMO4YBE, a MpU OONBIIMX KOHLEHTPAIUAX IMOJUTIOTAHTOB JAHHBIM
MoKa3arejab yMeHbIaeTcs Ha 26-56%, Mo CpaBHEHUIO C KOHTPOJIbHBIMHU PACTEHUSIMH.

Buecenne B mouBy HEOONBIIMX KOHIEHTpalUWd KoOandbTa M MapraHiia He
OKa3bIBaJI0 3HAUYUTEIHLHOTO HEraTWBHOTO BIMSHMS Ha IUJIOIIAJL JIMCTOBOW IJIACTUHKHU
npopocTtkoB A. githago. [lpu BHeceHMM HEOONBIIMX KOHIIEHTpAIUi KoOanbTa OBLIO
OTMEYEHO HEKOTOPOE CHUKEHHE TUIONIa/IH JINCTOBOM MIIACTUHKHU, HO JTAHHOE U3MEHEHUE
ObUIO HEIOCTOBEPHO, a OONbIIME KOHLUEHTpAUUU KoOajabTa CTUMYIUPOBAIU POCT
JMCTOBOM IJIACTUHKU Ha 84% 1O CpaBHEHMIO ¢ KOHTpoJieM. MIHTepecHast kapTuHa Oblia
OTMEUYEHAa M TpU BHECEHUU B TOYBY COEAMHEHUH MapraHua. I[lpum HeGombIION
KOHILICHTPALIMK JAHHOTO 3arpsi3HUTENS IUIOIIA(b JIMCTOBOM IJIACTUHKHU YBEIMYMIIACh Ha
57%, a npu OONBIION KOHILIEHTpAIIMU JaHHBIN MoKa3aresib yMeHbIwics Ha 40% u 3Tu
U3MEHEHUS ObLIM CTaTUCTUYECKU JIOCTOBEPHBIM. 3HAUUTENBHOE YMEHbILIEHUE MJIOLIAIN
JUCTOBOM MacTUHKU (Ha 17%) HaOM0aanoch U Mpu caMbIX OOJBIIMX KOHUEHTPALUAX
Mapranna u kobamsra (Mn>'— 3 r/xr, Co”* — 10 mr/kr).

[IpoBeneHHble HcCCAENOBaHUS IOKa3alu, 4YTO HauOojiee YCTOWYMBBIMU K
3arpsi3HEHUIO TIOYBBI KOOAJIBTOM M MapraHIleM OKa3aiuch mpopoctku A. houstonianum
cv. Bule Lagoon. BHecenue HeOONBIIMX KOHIICHTPAIMM MapraHila HE OKa3bIBaJo
HETaTUBHOIO BIWSHMS Ha IUIOIAnb JucToBoil mactuaku A. houstonianum cv. Bule
Lagoon, mnpocneXuBaioCh HEKOTOPOE CHUXKEHHE POCTOBBIX IMPOLIECCOB, HO ATH
U3MEHEHUs] He ObUIM  JOCTOBEpHbIMU. bonbline  KOHLIEHTpaluu  Maprasia
CTUMYJINPOBAJIM POCT JIMCTOBOW IUIACTUHKHA NPOpOocTKOB Ha 24%. KommekcHoe
BHECEHHUE 3arpsi3HUTENEH He OKa3bIBaeT YrHEeTaromero ¢ ekra Ha pOCTOBbIE MPOIECCHI
aucTheB mpopoctkoB A. houstonianum cv. Bule Lagoon. Bo Bcex wucciemoBaHHBIX
BapuaHTaxX ObLIO OTMEUYEHO YBEJIUYCHHE IJIOMIaAN JUCTOBOM uiacTuHkU Ha 11-24% mo

CPaBHCHHIO C KOHTPOJICM.
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PA3JIEJ 5

COPBIHMOHHASA CIOCOBHOCTD, ®PAKTOP IEPEHOCA
PACTEHUH-TUNIEPAKKYMYJIATOPOB B TEXHOJIOT MU
OUTOPEMEAUALIUUA I10YB

5.1. BoccraHoBiieHHe 3arpsA3HEHHBIX TSKEJIBIMH MeTANIAMH TOYB C

NMOMOIIBI0O T€CKOPATUBHBIX TPABAHUCTBIX paCTeHl/lﬁ

Bonpmme miomany 3eMellb BO MHOTUX CTPaHAaX MOJIBEPKEHBI 3arpsI3HEHUIO KaK
OpraHUYECKHUMH, TaK U HEOPraHWYECKUMHU BelecTBaMu. OpraHudeckue 3arps3HUTEIN
MMEIOT B OCHOBHOM AaHTPOIIOT€HHOE MPOUCXOKICHHE M MOIMAJAIOT B OKPYKAIOILIYIO
Cpeny HpH aBapUtHOM pa3JIMBE TOIUIMBA, MPOBEICHHUIO BOECHHBIX OINEpalvid, BEICHUIO
CEIIbCKOTO  XO34MCTBA W  MPOMBIIUICHHONM  JesTenbHOCTH.  Heopranmueckue
3arpsA3HSAIONIME BEIIECTBA BCTPEYAIOTCS B BUAE IPUPOAHBIX SJIEMEHTOB B 36MHOM KOpPE U
MOT'YT OBITh HEOOXOJUMBIMHU JIJISl PACTEHUI MAaKpO3JIEMEHTaMU, TAKUMU KaK HUTPATHI U
dbocdarer, Mmukposnementamu, Takumu kak Cr, Cu, Fe, Mn, Mo, Ni, Zn; amemeHTamu,
dbusnonIornyeckasi poiab KOTOPBIX JIJIsl pacTeHUM HE ompeseneHa, Takue kak As, Cd, Co,
Hg, Pb, V u t.a. [41, 42, 101, 120, 122, 125]. 3arpsi3HeHue OKpy>Karomieh cpeabl Kak
OpraHUYECKMMH, TaK M HEOPTraHWYECKMMH BEIIECTBAMH, HAMPAMYIO HJIH KOCBEHHO
HETaTUBHO BIIUSET HA 3JI0POBbE UETIOBEKA.

OOmuMpHOE 3arpsi3HEHHUE CEIbCKOXO3SIICTBEHHBIX YroJud BO BCEM MHpE
3HAQYUTEJIbHO CHUXA€T TMPOAYKTUBHOCTh TMAXOTHBIX 3€MEIb MpPH BbIpallMBaHUH
CEITLCKOXO3IMCTBEHHBIX KYIBTYP.

Takum oOpazom, oOmeMupoBasi mpodiaemMa 3arps3HEHUS OKPYXKAIOMEH Cpeibl
TpeOyeT HEMEIJICHHOTO PEIICHUS, HANpPaBICHHOTO Ha JIETOKCHUKAIMIO TOKCUYHBIX U
OIIACHBIX 3arPSI3HUTENIEN C LEIIbI0 BOCCTAHOBJIEHUS HAPYILIEHHON IPUPOIHOU CPEIBI.

B HacTtosiiee Bpemsi IpeanpuHsIThL BCE MEPHI JIJIsl TOMCKA MEHEE 3arpsi3HSIONINX

OKPYXKAIOIIYI0 Cpely M SKOHOMUYECKH 3(P(EKTUBHBIX HKOJOTHMYECKH IMPABUIBHBIX
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TEXHOJOTUH. B CBS3u ¢ 3THM, TexHOJIOTHUS (PUTOpEMEAHAIIMN PACCMATPUBAETCS Kak
s dexTrBHAs, MEHEe 3aTpaTHas aJbTepHATHBA OOMICTIPUHSITHIM PEKYTHTUBAIIMOHHBIM
TEXHOJIOTUSIM BOCCTAHOBJICHUSI OKPYXKAlOWIEW Cpenbl, 3arpsA3HEHHON IIUPOKUM
CIIEKTPOM TOKCHUYHBIX U BPEIHBIX BEIECTB.

CoBpeMEHHBIE TEXHOJOTHH BOCCTAHOBJICHHSI TOYB, 3arpsA3HEHHBIX TaKUMU
TsokenasiMu MeTautamu, kak Cd, Cr, Ni, Co, Mn, Hg u As u T.J. HCHOJB3YIOT
copOmonHblie cBoiicTBa pactenmit [70, 71, 77, 78]. B pa3BuBarommxcs cTpaHax
OYMIIICHHBbIE U HEOUMIICHHbIE CTOYHBIE BOJbI OOBIYHO HCIOJIB3YIOTCS JJI OPOILICHUS
CEJILCKOXO3AMCTBEHHBIX YTrOAWM, YTO MPUBOAUT K HAKOIUICHHIO B TMOYBAX TKEIBIX
METAJJIOB. DTO HEraTMBHO CKAa3bIBAETCSI HA KaueCTBE MEXOTHBIX 3eMenb. CopOrus
TSDKEJBIX METAJUIOB M3 3arpsA3HEHHBIX YYACTKOB TIOYBBI C ITOMOIIBIO 3€JIEHBIX
TEXHOJIOTHH ABJISCTCS MpUeMiIeMbIM roaxoaom [81].

[IpuponHass reojoruueckas ¢ aAHTPONOTECHHAs JCATEIBbHOCTb  SIBIISFOTCS
OCHOBHBIMH HCTOYHHMKAMHU 3arps3HEHUS] I[IOYB TSDKEIBIMA MeETallaMH. TspKelble
METAJJIbI JIETKO TMOMIOMIAIOTCS PACTCHUSIMU 4Yepe3 KOPHU U TPAHCHOPTUPYIOTCS B
HaJ[3eMHbIE OpraHbl. [lomioneHrne HOHOB TAXKEIBIX METAJUIOB 3aBUCHT OT HECKOJIBKHUX
dakTopoB, Takux kak pH T1ouBBl, TeMmeparypa, COACpKAHHE OPraHUuYECKOro
KOMIIOHEHTA, HaJU4YUe XEIaTUPYIOIIMX areHTOB W T.J. Cpeau pa3iMYHbIX MOYBEHHBIX
dakropoB, pH mouBHI siBIsIETCS Hanbo0JIee BaYKHBIM, BIMSIONIUM Ha TTOJBUYKHOCTH HOHOB
TSDKEJBIX METaJJIOB.

[IpoBeneHHble  UWCCIENOBAaHWSA  IOKa3ajiM, 4YTO  CIOCOOHOCTh  PaCTEHUM
HaKaruIMBaTh B CBOUX OpraHax TsDKEIble METAJUIbI 3aBUCUT KaK OT MeTajula, TaK U OT
cnenupuyecKkux 0COOCHHOCTEN BUIa paCTEHUM.

Tak, B BapriaHTax BHECEHHUs B MOYBY MOHOB koOanbTa B KoHIeHTparmu 1 [T1K
HaOJIIOAJIOCh TOBBIIICHUE COACPKAHUS JAHHOTO METajlyla B BETreTaTMBHBIX OpraHax
Ageratum houstonianum cv. Bule Lagoon, Alyssum maritimum Lam., Brassica napus L.,
Cosmos sulphureus Cav., Linum usitatissimum L., Atriplex hortense L. B 2-6 pa3, no
CPaBHCHHMIO C pACTCHUSIMM, BBIpAIICHHBIMU Ha He3arpsisHeHHOW rmouBe. [lpu

JaJIbHEHIIIeM TOBBIIIEHUM KOHIIEHTpanuu Tnounotanta g0 2 IIJIK  Ttak ke



74

YBCIIMYNBAJIACh KOHLCHTpAalusa HOHOB KoOaJibTa B BET€TAaTHBHBIX opraHax JIaHHBIX

pactenwuii B 6-10 pa3 (Pucynok 5.1).

30
B A geratum houstonianum cv.
Bule Lagoon

- B Alyssum maritimum Leam.

B Brassicanaps L.

20

B Dahlia variabilis Desf.

B Echinacea purpurea
15

B Cosmos sulphureus Cav.

B Agrostemma githago L.

CozaepxaHie Co, MI/KT

10

B Linum usitatissimum L.

B Atriplex hortense L.

KOHTPOIIb ITIIIK Co** (5 mr/kr) 2 ITJIK Co® (10 Mr/kr)

Pucynox 5.1 — Cop6musi Co BereTaTUBHBIMH OpraHaMH HEKOTOPHIX BHJIOB

ACKOPATUBHLIX TPABAHUCTBIX paCTeHI/Iﬁ

Y npopoctkoB Echinacea purpurea L., Agrostemma githago L., Silene coeli rosa,
Phacelia tanacetifolia L., Zinnia agnustifolla H., Tagetes erectus L. Tak xe HaOmoxaIn
crocoOHOCTh copOupoBarh MOHBI kKoOansTa Ha 50-90% B cpaBHEHHMH C KOHTpoJieM (B
ycioBusX 3arpsi3HeHust nouBbl HoHamMu Co B koHUeHTpaunu 1 ITJIK). [Ipu yBennuenun
KOHIIeHTpanuu kobansTa 10 2 [TJIK copbumonHas crmocoOHOCTh TPOPOCTKOB HECKOIBKO
CHIXKaJach, HO BCE PaBHO OCTaBajlach Ha JIOCTOBEPHOM YPOBHE.

Y mpopoctkoB Salvia splendens L., Petunia Hybrida Grandiflora, Calendula
officinalis L., Dahlia variabilis Desf. [Ipu BHeceHuM B mMOYBy HOHOB KoOasibTa B
koHueHTpauuu 1 IIJIK mpakrnuecku He MpOCIIEKUBAIOCH JOCTOBEPHOIO YBEIUYECHUS
MeTaJlJla B BETeTaTMBHBIX OpraHax PacTEHUM, YTO TOBOPUT O HU3KOH COPOLIMOHHOMU
crnocoOHOCTH AaHHBIX BUJOB. C yBelnMueHHEM KOHIeHTpauuu kobanera g0 2 [1IK

COpOILMOHHAs CIIOCOOHOCTh CHHMIKAJIACh WJIM OCTaBajach Ha MPEXHEM ypoBHE. JlaHHBIM
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(bakT MOXXHO OOBACHUTH 3AIIUTHOW peakiuedl pacTeHuss Ha maryOHOe BO3/EHCTBHE
ITOJUTIOTAHTA.

IIpu BHEeCEeHHM B IIOUYBY MOHOB MapraHla MPOCIIEKUBAIACH ITOX0XKasi TEHACHLMUS.
[Ipu BHecenun B mouBy Mmapranina koHueHtpanuu 1 [1JIK zabGmioganock moBbllieHne
CoZlep KaHus TAaHHOTO MeTallla B BETreTaTUBHBIX opranax Ageratum houstonianum cv.
Bule Lagoon, Alyssum maritimum Lam., Brassica napus L., Cosmos sulphureus Cav.,
Linum usitatissimum L., Atriplex hortense L. npakrndecku B 4-6 pa3 1o CpaBHEHHUIO C
pacTeHUsIMU, BBIPALICHHBIMA Ha He3arpsA3HEeHHOW mnouBe. Ilpu panpHenmem
MOBBIIIEHUN KOHILEHTpauu nouiotanta no 2 I[IJIK Tak ke yBenuuuBaiach
KOHIIEHTPALIMsI MOHOB MapraHila B BEr€TaTUBHBIX OpPraHax JaHHbBIX pacTeHuil B 6-10 pa3

(pucyHoK 5.2).

1600
W A geratum houstonianum cv.
Bule Lagoon
4 [yssum maritimum Lam.
1400

B Brassica naps L.

B Dahlia variabilis Desf

1200
u Echinacea purpured,

m Cosmos sulphureus

:

m 4 grostemma githago L.

W Linum usitatissimum L.

800 T
u Atriplex hortense L.
m Calendula officinalis L.
600 =
m Petunia Hvbrida Grandiflora

Copaepianne Mn, MI/KT CyX0# Macchl

w Silene coeli rosa
400
Phacelia tanacetifolia L.

Zinnia agnustifolla H.
200
Tagetes erectus L.

Salvia splendens

0

KOHTPOJb IITAK Mn?* (1,5 r/kT) 2K Mn?* (3 1/kT)
Pucynox 5.2 — CopOmus Mn BereTaTMBHBIMH OpraHaM{ HEKOTOPBIX BHJIOB

JACKOPATUBHLIX TPABAHUCTBIX paCTeHI/Iﬁ
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Y npopoctkoB Echinacea purpurea, Agrostemma githago, Silene coeli rosa,

Phacelia tanacetifolia, Phacelia tanacetifolia, Zinnia agnustifolla, Tagetes erectus npu
BHeceHuu B mouBy 1 I1JIK Mn rtak ke HaOmromaiu crmocoOHOCTh COPOMPOBATH MOHBI
Mapraiiua B 2-3 pa3a B CpaBHEHMM C KOHTposieM. lIpu yBelnueHun KOHUEHTpaluu
mapranna 10 2 ITJIK copOuuoHHas cnocoOHOCTh MPOPOCTKOB HECKOJIBKO CHUYKANACh,
HO BCE PaBHO OCTaBaJIaCh HA JOCTOBEPHOM YPOBHE.

Y mnpopoctko Salvia splendens, Petunia Hybrida Grandiflora, Calendula
officinalis, Dahlia variabilis npu BHeceHnr B IMOYBY HOHOB Maprasiia B KOHICHTPALIUN
I ITIK npakTudecku HE MNPOCIEKHUBAIOCH JIOCTOBEPHOTO YBEIMYECHHS MeETaula B
BEreTaTUBHBIX OpPraHax pacTeHUil, YTO TOBOPUT O HU3KOW COPOIMOHHOW CIOCOOHOCTH
JaHHBIX BHUJIOB.

[lonoOHast 3aKOHOMEPHOCTH MPOCIEKUBAIACH U MPU BHECEHUU B IOYBY HMOHOB

Xpoma. I[aHHBIe HCCJIICAOBAHUA ITPCACTABICHBI HAa PUCYHKC 5.3.

25 m A geratum houstonianum

cv. Bule Lagoon
m A lvssum maritimum Lam.

W Brassica naps L.

]
=]

m Dahlia variabilis Desf.
m Echinacea purpurea

B Cosmos sulphureus Cav.

=
ui

m Agrostemma githago L.
W Linum usitatissimum L

m Atriplex hortense L.

=
=

m Calendula officinalis L.

m Petunia Hybrida
Grandifiora

Silene coeli rosa

Copep:xanie HoHOB Cr, MI/KI CyXOH Macchl

w

Phacelia tanacetifolia L.
Zinnia agnustifolla H.

Tagetes erectuis L.

KOHTPOIB 1IJIK Cr>™ (3 Mr/kr) 2 [IK Cr2* (6 MI/Kr) Salvia splendens
Pucynox 5.3 — CopOmus Cr BereraTMBHBIMH OpraHaMH HEKOTOPHIX BHJIOB

ACKOPATUBHLIX TPABAHUCTBIX paCTeHI/Iﬁ
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CopOrusi METAIJIOB 3aBUCUT OT BHJIOBOW CHEIU(PUKN PACTEHUN, XUMUYECKOU
XapaKTePUCTUKH METAJIOB U XapaKTePUCTUKH MouBkl. [IpoBeaéHHbIE HCcaeq0BaHUS
MOKa3aJM, 4YTO IMPEICTABUTEIN PACTCHUU-THIICPAKKYMYISTOPOB TPHUHAICKAT K
pa3IMYHBIM CceMeiicTBaM, TakMM Kak Asteraceae, Brassicaceae, Linaceae,
Amaranthaceae, Caryophyllaceae, Boraginaceae, Lamiaceae, Solanaceae u T.1.

B Tabnuue 5.1 npexacrasnensl nanHbie pakTopa nepeHoca nonoB Co, Mn, Cr
JUTSL HEKOTOPBIX TPABSIHUCTHIX PACTCHU.

Tabnuma 5.1 — @akrop nepeHoca TSHKENbIX METAJIIOB PACTEHUSMU

No Bun pacrenus CemelicTBO dakTop nepeHoca
/11 Co Mn Cr
1. Ageratum houstonianum | Asteraceae 15,1 15,2 15,2
cv. Bule Lagoon
2. Alyssum maritimum Lam. |Brassicaceae 15,1 15,5 15,1
3. Brassica napus L. Brassicaceae 14,0 14,2 14,0
4, Cosmos sulphureus Cav. | Asteraceae 14,8 14,0 14,0
5. Linum usitatissimum L. | Linaceae 13,8 13,0 13,0
6. Atriplex hortense L. Amaranthéaceae 6,6 6,8 6,5
7. Echinacea purpurea L. | Asteraceae 55 55 5,6
8. Agrostemma githago L. | Caryophyllaceae 53 55 55
Q. Silene coeli rosa Caryophyllaceae 53 4,5 4,5
10. | Phacelia tanacetifolia L. |Boraginaceae 4,3 4,2 4,2
11. | Zinnia agnustifolla H. Asteraceae 3,2 3,2 3,2
12. | Tagetes erectus L. Asteraceae 2,2 2,1 2,1
13. | Salvia splendens L. Lamiaceae 1,1 1,0 1,0
14. | Petunia Hybrida Solanaceae 1,0 1,0 1,0
Grandiflora

15. | Calendula officinalis L. | Asteraceae 1,0 1,0 1,0
16. | Dahlia variabilis Desf. | Asteraceae 1,0 1,0 1,0
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HccnenoBanmst mokazanu, dro y Ageratum houstonianum cv. Bule Lagoon,

Alyssum maritimum, Brassica napus, Cosmos sulphureus m Linum usitatissimum
dakrop nepeHoca meraia npesbicua 15 gt Co, Mn u Cr, 4TO TOBOPHUT O BBICOKOU
CIIOCOOHOCTH JAHHBIX BHUJIOB PACTCHHI HaKaIIUBaTh MOHBI TXKEIBIX METAIIIOB B
BereTaTUBHBIX opranax. ¥ Atriplex hortense, Echinacea purpurea, Agrostemma githago,
Silene coeli rosa, Phacelia tanacetifolia, Zinnia agnustifolla, Tagetes erectus daxrop
nepeHoca Meramia koiedancs oT 6,5 1o 3,2, 4TO Tak K€ MOKa3bIBAET 3HAYUTEIBHYIO
CIIOCOOHOCTh JaHHBIX BHUJOB pacTeHud K Hakoriennto uoHoB Co, Mn u Cr.
Hanmenbiiryto CHoCOOHOCTh HAKalIMBaTh MOHBI TSXKENBIX METAJJIOB  IMOKa3alu
npopoctku Salvia splendens, Petunia Hybrida Grandiflora, Calendula officinalis,
Dahlia variabilis ¢hakrop nmeperoca Metamia KOTOpbIX He npeBbicu 1,0.

TexHomorus ¢uTOpeMenuanuy 3aKI0YaeTcsl B MCIOJb30BAHUU ONPENEIEHHOTO
KOHKPETHOTO BHJIa PACTEHUH [IJI1 BOCCTAHOBJIICHHS MOYBBI MyTEM JI€AKTUBALIMM HOHOB
METaJUIOB B pru3ocdepe Wik TpaHCIOKAIMKA UX B HajJ3eMHbIe yacTu. HoBast TexHOMOrus
dbutocopOIIMM HMMEET psii MPEUMYIIECTB, TaKUX KaK Majo3aTpaTHOCTh U BBICOKAs
scTeTuka mpoBeneHus TexHojoruu [83]. TexHomorust ¢GuTOpeMeaUaIlid UMEET P
MPEUMYIIECTB, TAKUX KaK BBICOKas 3KOHOMHUYEcKass d(PPEKTUBHOCTh, IKOJIOTUYHOCTb,
ACTETUYHOCTb, IPUMEHUMA K IIIUPOKOMY CHEKTPY TKEIJIBIX METAJIIOB.

dutopemeanalus UMEeT Psij HEKOTOPBIX HEAOCTATKOB: 1) HalIW4yue KOMILIEKCa
HECKOJBKUX THUIOB TSDKEIbIX METAUIOB W OPTaHUYECKUX 3arpsi3HUTENICH MOTyT
MPENCTaBUTh CIOKHOCTh B HAKOIUICHWH; 2) KIUMATHUYECKHE U THAPOJIIOTHYECKUE
YCJIOBUSI MOTYT OTPAHUUYUTh POCT PACTCHUH, UCIIOIB3YEMBbIX JIJIsi PEKYJIBTUBAIIUMU; 3) 3TO
JUTUTEIBHBIN MPOLIECC, KOTOPBIA MOXKET 3aHSITh HECKOIBKO JIET, U OH MPUMEHUM TOJILKO
K BEPXHHUM CJIOSIM TIOYBBI; 4) HAKOIJIEHHAsI pACTEHUSIMU OMOMacca MOXKET MPEBPATUTHCS
B OIACHBIC OTXOJIbI, JJISI KOTOPBIX OyJeT HeoOXouMa HaJiiexKalias yTuin3aims.

O} dexkTUBHOCTh BBIOPAHHOW TEXHOJOTMH 3aBUCUT OT BHUJOB PACTCHHH,
YCTOWYUBBIX K aOMOTHYECKHMM W aHTPOIMOTEHHBIM (akTopaM, HX CHOCOOHOCTH
copOupoBaTh 0ojie€ BBICOKHE KOHIICHTPAIIMU THKENbIX MeTauioB. Ilonbop pactenuit
OCYIIECTBISIETCSA C YYETOM BBICOKMX TEMIIOB POCTA, CTENEHN HAKOIJIEHUSI OMOMACCHI U

CKOPOCTH TIOIVIOLIEHHUS HOHOB TSKEIBIX METAJUIOB. [Tpopoctku  Ageratum
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houstonianum cv. Bule Lagoon, Alyssum maritimum Lam., Brassica napus L., Cosmos

sulphureus Cav., Linum usitatissimum L., Atriplex hortense L. 6marogapsi yCTORYHBOCTH
K YCJOBHSIM METajul TPECCHHTa, WHTCHCHBHOMY YpPOBHIO HAKOIUICHHS OHOMACCHI,
00amafoT  BBICOKOM  COpOIMOHHOW CHOCOOHOCTBIO, HYTO JAeT BO3MOXXHOCTH
PEKOMEHI0BaTh JaHHBIC BUBI K UCIOIB30BAaHUIO B TEXHOJIOTUM BOCCTAHOBJICHUS TI0YB,

3aIrpsA3HCHHBIX HOHAMM TAKCIIBIX MCTAJLJIIOB.

5.2. (I)I/ITOpeMeIH/IaIII/Iﬂ 3arpA3HEHHBIX THKECJIBIMH METAJNJIAMH IIOYB C

MNoOMOIbIO 3J1aK0B

Okono 500 BuAOB pacTEeHUW SBISIOTCS TUNEpakkKymyistopamu. Cpeaul HUX
BBIZICIISIIOT 3HAYUTEILHOC KOJIMUEeCTBO 311aKoB [106].

WNneanpubie ayig GpuTOopeMeauanuu pacTeHUsl JOJKHBI 007alaTh CIIOCOOHOCTHIO
HAKaIlJIMBaTh BBHICOKWE KOHIEHTPAIIMU METajlia, BBIIEPKUBATh BHICOKHE KOHIICHTPALUU
coid, 00JaaTh BBICOKOM CKOPOCTBIO poOCTa, OBICTPO HaKaIUBaTh OMOMACCY,
3¢ (HEeKTUBHO HAKAIIMBATh METAJI B HAJA3EMHBIX YacTsIX, XapaKTepU30BaThCs MPOCTOTOM
yoopku ypoxas [97, 99, 185].

JIist TipoBelleHUsT DKCIEPUMEHTA HCIONb30BAIM MPOPOCTKUA 37akoB: Bromus
arvensis, Festuca rubra, Agrostis vulgaris, Lolium perenne, Poa pratensis, Miscanthus
sinensis.

CopOrusi MeTaIioB 3aBUCUT OT BHUJIOBOM cCrHenu(UKH pacTeHUH, XUMUYECKOU
XapaKTePUCTUKU METAJUIOB U XapaKTEpUCTUKU MouBbl. [IpoBenéHHbIe uCCaeA0OBaHUS
MOKa3ajdu, 4YTO MPEACTABUTEIN PACTCHUN-TUNEPAKKYMYJISITOPOB MPUHALICKAT K
pa3IMYHBIM CEMEHMCTBaM, TaKUM Kak Asteraceae, Brassicaceae, Cunouniaceae, Fabaceae,
Flacourtiaceae, Lamiaceae, Poaceae, Violaceae, Amaranthiaceae, Amaranthaceae,
Boraginaceae, Boraginaceae;, Oomblmas TpyIma pacTCHUH-TUNIEPAKKYMYIISTOPOB
MPUHAJJICKUT CEMENCTBY Poaceae.

[IpoBeneHHbIe Hcceq0BaHUS MOKa3ald, YTO CIIOCOOHOCTh 3J1aKOB HAKaruIMBaTh B
CBOMX OpTaHax TSDKEJbIE METAJIbl 3aBUCUT KaK OT MeTajula, TaK U OT CHenu(UIecKux

ocobeHHOCTeH Buaa (pucyHok 5.4, 5.5, 5.6).
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B Bromus arvensis L.

W Festuca rubra L.

W Agrostis vulgaris With.

® Lolium perenne L.
® Poa pratensis L.

W Miscanthus sinensis L.

Conepxanne Mn, mMr/kr cyxol mMacckl
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KOHTPOJIb ITTOK 1.5 r/xkr Mn?™ 21T0K 3 r/kr Mn*~

Pucynok 5.4 — Copbuus nonoB Mn BereTaTMBHBIMU OPraHAMH 3JIAKOB

Tak, B BapuaHTax BHECEHHS B MOYBY MOHOB koOayibTa B KoHueHTpauuu 1 [TIK
HaOJIFOIAIOCh TIOBBIIICHUE COACP)KAHWS JTaHHOTO METalllla B BETCTaTHBHBIX OpraHax
Lolium perenne L. u Miscanthus sinensis L. npaktudecku B 2-4 pa3a, 110 CPaBHEHUIO C
pacTeHUsIMU, BBIPAILICHHBIMYU Ha He3arpsi3HEHHOU nouse. [Ipu nanbHeemM noBbIeHuN
KOHLeHTpauuu nosunrotanra 10 2 IIJIK Tak ke yBenmumBanach KOHIEHTPALUMS HOHOB
KoOaJbTa B BEr€TaTUBHBIX OpraHax JaHHBIX pacTeHuil B 6-10 pas.

Y mpopoctkoB Poa pratensis L., mpu BHeCEHHMH B IIOYBY HMOHOB KOOallbTa B
koHueHTpauun | ITJIK mpakThueckn HE MPOCHEKUBAIOCH JTOCTOBEPHOIO YBEIUYCHHS
MeTajula B BEreTaTHMBHBIX OpraHax pPAacTeHHl, YTO TOBOPUT O HU3KOH COpOLMOHHOM
CMOCOOHOCTH NaHHBIX BUAOB. C yBeaudeHuWeM KoHIeHTpanuu koOanera 10 2 [1JIK
cOpOIMOHHAsT CIIOCOOHOCTh OCTaBajach Ha MpekHeM ypoBHE. J[aHHBINA (AKT MOKHO
O0OBSCHUTD 3aIIUTHOMN peakIuell pacTeHHs Ha maryOHOe BO3EHCTBHE MOJUTIOTAHTA.

VY npopoctkoB Bromus arvensis, Agrostis vulgaris u Festuca rubra npu BHeceHUH
B IOYBy HOHOB KkoOanmpra B KoHHeHTpaiuu | IIJIK wnabmiomanoch CHMXXEHUE ero
KOHIICHTPALIMK B BET€TaTUBHBIX OPraHaX PacTeHHi, YTO TOBOPUT 00 UX MCKIIOYATEIHHOM
cnocoonoctu. C yBenuueHneM KoHIeHTpanuu kobampsra n0o 2 IIJIK copOumonHas

CIIOCOOHOCTS elle OOJbIIIe CHUYKAIACh UM OCTaBajlach Ha MPEKHEM YPOBHE.
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X0H MAcchl

® Bromus arvensis L.

® Festuca ribra L.

® Agrostis vulgaris With.

B Lolium perenne L.

® Poa pratensis L.

B Miscanthiis sinensis L.

Coyiepxanse voHoB Co, MIVKT Cy

S = N W K& b N 1 0
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KOHTPOIb 1ITIOK Co?™ (5 Mr/kr) 2TTOK Co?7(10 Mr/xr)

Pucynok 5.5 — Cop61ust nonoB Co BereTaTUBHBIMU OpraHaMU 3JIaKOB

[Ipu BHeceHuu B MOYBY MOHOB Maprasia B koHueHtpanuu 1 I1JIK nabmronanock
TIOBBIIIICHHUE COJICP)KaHUs JAHHOTO MeTalllla B BETeTaTMBHBIX opraHax Bromus arvensis,
Lolium perenne u Miscanthus sinensis mpakrtudecku B 2-6 pa3 IO CPaBHEHHUIO C
pacCTCHHSIMHM, BBIPAIICHHBIMH Ha He3arpsi3HeHHOH mouse. [Ipu gaibHEHIIeM TOBBIIIICHUN
KoHIIeHTparwu nojunoranta 10 2 ITJIK tak ke B 6-8 pa3 yBelInuuBaiach KOHIIEHTPALUS
WOHOB K0OaJIbTa B BEr€TaTUBHBIX OPraHax JaHHBIX PACTCHUI.

Y mpopoctkoB Poa pratensis, Festuca rubra mpu BHeceHMHM B IOYBY HOHOB
mapranna B koHmeHtpamuu 1 [IJIK mpaktudeckn He MPOCIEKHBAIOCH JOCTOBEPHOTO
YBEJIIMYCHUS MeETajllla B BETeTATHMBHBIX OpraHax 3JIaKOB, YTO TOBOPHUT O HH3KOU
COpPOIMOHHOM CIIOCOOHOCTH JMaHHBIX BUAOB. C yBEIIMYCHUEM KOHIICHTPAIMKA MapraHIla
no 2 ITJIK copOrmonHasi CmocoOOHOCTh OCTaBaach Ha MPEKHEM YPOBHE. Y MPOPOCTKOB
Agrostis vulgaris mpu BHeceHWHM B TIOYBY MOHOB MapraHia B koHueHTpamuu 1 [TJK
HAOJTIONAI0Ch CHU)KCHHWE €Tr0 KOHIICHTpAIlMM B BETETATHMBHBIX OpraHax pPacTeHUM, HO
JTAaHHOE CHUKEHHE HEe OBIJI0 TOCTOBEpHBIM. C yBEIMUEHUEM KOHIIEHTPAIIMA MapTaHIia 10

2 IIJIK copOimoHHast CmiocoOOHOCTh OCTaBajach Ha MPEKHEM YPOBHE.
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® Bromus arvensis L.

® Festuca rubra L.

W Agrostis vulgaris With.

B Lolium perenne L.

® Poa pratensis L.

® Miscanthus sinensis L.

Cogepxanue HoHOB Cr, MIYKT CYX0H Macchbl

KOHTPOJIb 1 ITOK Cr? (3 Mr/xr) 2 ITOK Cr?= (6 mr/xr)

Pucynok 5.6 — Cop6iust noHoB Cr BEreTaTUBHBIMU OpTraHaMU 3JIaKOB

[Ipu BHeceHuu B MOYBY MOHOB Xpoma B koHueHTparuu 1 TIJIK nabGmomamoch
TIOBBIIIICHHUE COJICP)KaHUs JAHHOTO MeTalllla B BEreTaTMBHBIX opraHax Bromus arvensis,
Lolium perenne u Miscanthus sinensis 2-3 pa3a 1o CpaBHCHHIO C PaCTCHHUSIMH,
BBIDAllICHHBIMA Ha He3arps3HeHHOW 1mouBe. [lpu  fmanmpHeiieM  HOBBILICHUH
KOHLIeHTpauuu nosuirotanta 10 2 IIJIK Tak ke yBennMuuBaiach KOHILIEHTpAlUs WOHOB
XpOMa B BET€TaTUBHBIX OpraHax JaHHBIX BUAOB B 4-5 pas.

Y npopoctkoB Poa pratensis, Festuca rubra npu BHeceHHH B TOYBY HOHOB XpoMa
B KoHUeHTpauuu | ITJIK mpaktrndeckn He MpOCIIEKUBATIOCh JOCTOBEPHOTO YBEJIMYCHUS
MeTaJlJla B BET€TaTUBHBIX OpraHax 3;1akoB. C yBEIMYEHHUEM KOHIIEHTpalud Xpoma 0 2
[TIK copOrmoHHas COCOOHOCTh OCTaBajach Ha TPEKHEM YpPOBHE. Y TPOPOCTKOB
Agrostis vulgaris mpu BHeceHMHM B IOYBY HOHOB XpoMa B KoHueHTpaiuu 1 TTJIK
HaOIIOAIOCh CHIDKCHHE €r0 KOHIIGHTpAIlMd B BETETATHBHBIX OpraHaX pacTCHUN Ha
50%. C yBenuueHueM koHleHTpauuu xpoma j10 2 IIJIK copOuuoHHas cnocoOHOCTh
0CTaBaJIach Ha MPEKHEM YPOBHE.

B Tabmuie 5.2 npencraBieHsl qanHbie (hakTopa nepeHoca nono Co, Mn, Cr s

HCKOTOPLIX 3JIAKOB.
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Tabnuua 5.2 - @akrop nepenoca Co, Mn, Cr HEKOTOPBIX BHIOB 371aKOB

Bun pacrenus CewmelicTBO dakTop nepeHoca
Co Mn Cr

Miscanthus sinensis L. | Poaceae 15,1 15,2 15,2
Bromus arvensis L. Poaceae 141 14,0 13,1
Lolium perenne L. Poaceae 13,0 14,2 14,0
Festuca rubra L. Poaceae 5,8 5,0 3,0
Agrostis vulgaris With. | Poaceae 1,8 1,0 1,0
Poa pratensis L. Poaceae 0,9 0,8 0,9

HccnenoBanus nokaszanu, 4yto y Bromus arvensis, Lolium perenne u Miscanthus
sinensis ¢akrop mepeHoca meramia npeBbick 15 it Co, Mn u Cr, 9TO TOBOPHT O
BBICOKOHM CITOCOOHOCTHU JTAHHBIX BUJIOB PACTEHUMN HAKAILITUBATH MOHBI TSKEJIBIX METAIIOB
B BEreTaTUBHBIX opraHax. ¥ Festuca rubra gakrop nmepenoca meramia koiedancs ot 5,8
no 3,0, 4TOo TaK Ke TMOKa3blBaeT 3HAYUTEIBHYIO CIIOCOOHOCTH JAaHHOTO BHJA K
HakoruieHuto MoHOoB Co, Mn m Cr. HamMenpmias cnocoOHOCTH HAaKaruIMBaTh HOHBI
TSDKEJBIX METaJIOB 3apeTUCTPUpOBaHa y mpopocTkoB Agrostis vulgaris u Poa pratensis,
dakrop nepeHoca KOTopbIx He npebimaeT 1,0.

B mHacrosiiiee BpeMs HET €IMHOTO MHEHHS OTHOCUTEJIBHO MEXaHu3Ma
runepakkymynsiiui. CyIiecTByeT, HECKOJIBKO THUIIOTE3, KOTOPbIe OOBSICHSIOT 3HAUCHUE
(dheHoMeHa TunepakkyMyasanuu. CorracHO rumnore3e "UCKIIIOUCHHS ", TUIIEPAKKyM YIS IS
onpeeNsieTcsl Kak OJJUH U3 MEXaHU3MOB YCTOMYMBOCTU K BHICOKOMY YPOBHIO METAJJIOB B
cpele, TMpU KOTOPOM TMOIIOMICHHBIM MeETaul TEPEeHOCUTCS B  (DU3MOIIOTHYECKU
MaJIOAaKTUBHBIE KOMITAPTMEHTHI WJIM B OpTaHbl, OT KOTOPBIX PACTEHHUE BIIOCIIEICTBUU
MokeT n30aButThes [9]. ComtacHo rumorese "3JeMeHTapHOM ajiesonaruu’ OTMHUpPAHHE
OpraHoB (HampUMeEp, JIUCTHEB) C BHICOKUM cojiepkaHneM TM MpUBOAKUT K 0OOTAICHUIO
UMM TIOBEpPXHOCTH TIOUYBBI W B pe3ylbrare, K TOJABICHUIO POCTA COCEIHUX
HeycToMunBeIX K TM BHIIOB-KOHKYpeHTOB. HamOombliiee pa3BuUTHE TMONyYHJIa TakK
Ha3bIBa€Mas TUIOTE3a «3aUIUTH», CTOPOHHUKHU KOTOPOU YTBEPKIAIOT, UYTO MOBBIIIIEHHBII

ypoBeHb cojepxkanuss TM B TKaHsAX (IJIaBHBIM 00pa3oM, MOKPOBHBIX) MPEAOTBpaIlaeT
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IPOHUKHOBEHHUE U Pa3BUTHE B PACTEHUHU MATOTEHHBIX MUKPOOpPraHu3MoB. Kpome 3toro,
[0 3TOM THUIOTE3€ Y TUIMEPAKKYMYJISTOPOB CHUXKAETCS HEOOXOMUMOCTh 3aTpadrBaTh
OOJBIIIOE KOJIMYECTBO a30Ta W YIVIEpOJa Ha CO3JaHWE OPTaHWYCCKUX COCTUHEHUM
(TaHuHBI, (EHONBHBIE COCOUHEHMS), HEOOXOIMMBIX PpACTEHHUSIM [UISl 3allUThl OT
HACEKOMBIX U pyrux Bpeauteseit [200].

Ho, KakK OBLIO YCTaHOBJICHO, pacTeHusl, XapaKTePU3YIOITHECS
TUINEPaKKyMYIHPYIOIIEH CIIOCOOHOCTHIO MO OTHOILIEHUIO K TM, uMeroT crienupuieckue
MEXaHW3MBI, TO3BOJIAIONINE UM HaKaruuBaTh TM B KJIE€TKaxX B OOJIBIIIOM KOJMYECTBE.

Kak BHUIHO H3 TMpencTaBiICHHBIX JAHHBIX, TMEPCHEKTUBHBIM (UTOCOPOCHTOM
seisiercss Miscanthus sinensis. Jlo HenaBHUX MOP ATOT 3JIaK BBHIPALIUBAJICS B OCHOBHOM B
JNEKOpaTUBHBIX LeNIX. B mocienHue roapl B MHUPOBOM MPAKTUKE 3Ta KyjlIbTypa
paccmarpuBaeTcsi Kak d3()QPEKTUBHBIA BO30OHOBISIEMBI 3IHEPreTUYECKU pecypc.
Cpennsisi  ypokaiiHocts B EBpome mns Miscanthus sinensis — 12-20 t/ra [196].
OHepreTMueckoe COOTHOIICHHWE JMJI JAHHOM KYJIbTYpbl (KOJIMYECTBO IOJTYYEHHOMN
SHEPrUH K DHEPTHH, 3aTPAadeHHONW HAa €ro BBIPAIIMBAHUE) COCTABISIET 36, yIIIepogHOe
COOTHOIIEHHE — 53 (Ha KaxIyl E€IUHUIYYy YIIEpOAa, 3aTpauMBaeMyl0 IPU  €ro
BBIPAIIMBAHUH, OH ITOTIIOIIAET C MPUPOTHOU cpebl 53 eaunuIrsl). buomacca Miscanthus
sinensis comepkut 47% yriepona. Takum oOpa3om, npu ypoxkaiiHocTu 15 1/ra Onomacca
bukcupyer 7 T ymiepoaa wim 25,8 T/ra auokcuaa yriepoma. Miscanthus sinensis
ycBauBaeT u3 mouBbl 3a ron 0,93 1/ra ymepoma u 112,5 r/ra kobansra, 11,4 kr/ra
mapranna u 103,5 r/ra xpoma. 910 obOecrneuynBaeT JIBOWHON IKOIOTHUECKUN dPPEeKT —
CHIDKEHHE WHTCHCHBHOCTHM pAa3BUTHS MAapHUKOBOTO d(pdexra u  I1eTOKCHKAINIO
3arpsi3HEHHBIX TeppuTopui [233].

[Ipy  BBINOTHEHMM  OMEpAlUMU  CXKUTAHMUS  MPEANOYTHUTENBHO,  YTOOBI
ToppeduIpoBaHHasl Macca oOnamaga OTHOCHUTENBHO BBICOKOW — TEIUIOTBOPHOM
CoCcOOHOCTHIO. B 3TOM ciyyae npu cxKUTraHuu OMOMacChl B TPOMBIIIJIEHHBIX KOTEIBHBIX
KpOM€ HCHOJIb30BaHMS TEIUIA, BBIIEISIEMOrO B MPOLECCE CKUTAHUSA, O0OECIEUMBACTCS
KOHIIGHTPUPOBAHHE TOKCUYECKUX KOMIIOHEHTOB B 30j1€. 305la YTWUJIM3UPYETCs B
MeTaJTypruiyeckoM rmpouecce. s ynaBIuBaHUS 307kl W3 MPOAYKTOB CXKUTAHUS —

AbIMOBBIX T'a30B IMPHUMCHSAIOTCA OTpa6OTaHHBIC B MHpOBOﬁ U OTEUYECTBEHHOM ITPAKTHUKE
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pelleHus, HalpuMep, OUYMCTKA Ta30BbIX BHIOPOCOB B 3IEKTPO(UIBTpaX. YUUTHIBAS TO,
YTO IPOIYKTHI CKUTAHUS COAEPKAT 3HAYUTEIBHOE KOJIMYECTBO COCIMHEHUN METAJUIOB,
3TO 00ecreunBaeT CHUKEHHME YICJIBHOIO COINPOTUBIECHUS [JBIMOBBIX Ta30B W,

COOTBCTCTBCHHO, YBCIIMYCHHUC 3(1)(1)€KTI/IBHO CTh MpoHeCCoB OYHUCTKHM TIa30B OT

sarpsisauTeneii [208, 234, 236].
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PA3/IEJ 6

TEXHOJIOTUSA ®PUTOPEABUINTALIMU ITIOYB C BBICOKUM
COAEPXAHUEM TAXKEJBIX METAJIJIOB

6.1. (I)nTopeaﬁnﬂnTaunﬂ npwierapimmx K aBTOMOOMJILHBIM TpaccamM

TEPPUTOPUI

VYpbanuzanuss TEppUTOPUN U  YBEIMYCHUE KOJIMYECTBA IMPOMBIIUICHHBIX
NPEANPUATANA TIpUBeNa K HHTCHCU(UKAIMK 3arps3HEHUsT TOYB Ha MPHIIECTAIOIINX
Tepputopusix. OCHOBHBIE BHUJBl 3arpsA3HEHUM 3aBUCAT OT THUIIA IPOU3BOJICTB,
pa3MelleHHBIX Ha Onu3examux teppuropusax [39].

BaxxneiiiiM KoMrmoHeHTOM Ouocdephl MiIaHeThl sABJseTcs mouBa. B mouBeHHOM
MOKPOBE 3€MJIM MPOUCXOAUT AKKYMYJIMPOBAHUE OPraHUYECKHX BEIIECTB, a TaK¥kKe
pa3IMYHBIX XUMHUYECKUX OdjieMeHToB. [louBa wurpaer poap OHOJIOTHYECKOTO
MOTJIOTUTENISA, pa3pyLIUTENs U HeUTpanu3aTopa MHOTHX 3arpsisHUTENe. B pesynbrare
MHOTO(YHKIIMOHAILHBIX 0COOCHHOCTEW MOYBBI MIPOUCXOIUT MPOU3PACTAHUE PACTCHHM
¥ COBMECTHO C OKHCJIMUTEIbHBIMU MTPOIIECCAMH BOCCTAHOBIICHUE CBOWCTB aTMOC(EpHOTO
BO3yxa. Bo wu30exanue HapymeHus (QyHKIHMOHUpPOBaHUS Ouocepbl HEOOXOAUMO
noAAepKaHue OMOXUMUYECKOTO paBHOBECHUSA B MTOYBEHHOM MOKPOBE,
MOJIBEPTafoIeMycsl BO3JICHCTBHIO aHTPOIIOreHHoM aesitenbaocTH [39, 40].

[TouBeHHBIM CIOM MOABEPraeTCsl BIUSHUIO XUMUYECKUX W OHOJIOTHYECKHUX
3arpsisHuTeNed. XUMHUYECKUE 3arps3HUTENH MPEACTABIISIIOT CO00M BpeaHbIE MPUMECH,
MOCTYMNAIoIINEe B TMOYBY B pe3ysbTaTe BO3JCUCTBUS 3arps3HEHUM B Ocajgkax U
atmocdepe. [Ipumecn MOTYT MMETh KaKk HEOPTaHHMYECKOE MPOMCXOXKICHHUE: KUCIOTHI,
IIEJI0YH, TSKEIbIE METAJJIbl, MUHEPAJIbHBIE COJIM, YACTHUIIbI TIIMHUCTHIX BELIECTB, TaK U
opraHuyeckoe: He(pTh M HEPTEHPOAYKThbl, OpPraHUYECKHE OCTATKHU, MOBEPXHOCTHO-

AKTHBHBIC BCIICCTBA, ICCTUOMUABI U T. 1.
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OgHuMU W3 TOKCHUYHBIX 3arpsi3HCHHUM SBISIOTCS COCNUHEHHS MeTawioB. [lpu
BEIPAIIUBAHUN HAa 3arpsS3HCHHBIX TEPPUTOPHUSIX (PPYKTOBBIX JEPEBHEB W OBOIIHBIX
KyJbTYp 3arpsi3HUTENIN MO OMOJIOTMYECKON I[EMOYKe MOMaaloT B OPraHu3M YeJIOBeKa.
[TocKoJIbKy MHOTHE COCMHEHUSI METAJUIOB O0JaJal0T KAaTAIUTHYECKUMHU CBOWCTBAMHU,
TO 3TO HPUBOJUT K HENPEICKA3yeMbIM N3MEHEHHSM B YEJIOBEUYCCKOM opranusme [174].
CaMu coeTMHEHUSI METAJUIOB TaKKe U3MEHSIOT (DYHKIIMOHUPOBAHUE OT/IETBHBIX CUCTEM
YEJIOBEYECKOr0 oOpraHu3ma. Tak, CyIIeCTBYIOT JaHHbIE O BpPEAHOM BO3JACHCTBUU
COCIMHEHU METAJUIOB Ha CeJle3€HKY, KOTOpas SBJSETCS BaXKHBIM OpPraHOM,
o0eCIeunBaOIIMM 3allUTy HMMYHHOW cucTeMmbl dYenoBeka [174, 175, 185]. K
COXAJICHUIO, TEPEUYCHb BPEIHBIX BO3JICWCTBUI HE OrPAaHUYMUBACTCS BO3IACHCTBHEM
TOJIBKO Ha 3TOT OpTaH.

YuutTeiBas HU3I0KEHHbIE (DAKTOPHI, BO3HUKAET HEOOXOJUMOCTh PELICHUS
po0IeMbl JETOKCUKAIIMKM WU PEeadMINTAIIMK 3arps3HEHHBIX Tepputopuil. OqHUM U3
MPUOPUTETHBIX HAIpaBJICHUN SBISETCA MPUMEHEHHWE OuopeaduiIuTaliKi, KOTOopas
MIPE/ICTABISIET COOOW BBIPANIMBAHWE HA 3arpS3HEHHBIX TEPPUTOPHUSAX CHCITHATHHBIX
KylIbTyp ((pUTOCOPOEHTOB), KOTOpbIE O00JIaIal0T CIIOCOOHOCTHIO HM30MPATETHHO
COpOUpOBATH T€ WJIU UHBIE COSTMHEHUSI METAJIJIOB.

[Ipumenenne  OuopeaOUIUTAIIMK  SIBJISIETCS  DKOJOTMYECKA  TPaMOTHOM
TEXHOJIOTHEW, TaK Kak TP OTOM OTCYTCTBYET HCIOJb30BAHUE PEareHTOB,
HUBEJIMPYETCS BTOPUYHOE 3arpsi3HEHUE OKpyxkatomei cpenbl. Ilpu  BeIOOpE
(GbUTOOOBEKTOB OYEBUAHO UJCATBHBIM PEIICHUEM SIBJISETCS MPUMEHEHUE TaKuX
KyJbTYp, KOTOPbIE UMEIOT MUHUMAJIbHBIA BETCTATUBHBIA MEPHUOJ, BBICOKYIO €MKOCTh
MOTJIONIEHHWST YW TPOYHO CBs3bIBAlOT  3arpsizHeHus. [locinenHee  TpebGoBaHue
MO/IPa3yMeBaeT OTCYTCTBHE BBIMBIBAHUSA M JECOPOIMU CBSI3aHHBIX 3arps3HEHUMN IO
BO3JIEHCTBHEM aTMOC(epHbIX ocaakoB. Kpome »3rToro, Ouopeabunuranus AOHKHA
npeaycMaTpuBaTh cOOp OMOMacChl TTOCIIEe OMPENEIEHHOTO BEreTalliOHHOTO TIEPHO/Ia, €€
noJicymuBanue (Toppedukanuio) u cxuranue. [Ipu BeIMOTHEHUN ONepauy CKUTaHUS
JKeJaTeIbHO, 4TO0OBl ToppeduimpoBaHHas Macca o00Jajajia OTHOCHTEIBHO BBICOKOM
TEMJIOTBOPHOM CIMOCOOHOCTRIO. B 3TOM ciiywae mipu CKUTaHUM OMOMAacCchl B

IMPOMBIINIJICHHBIX KOTCJIBbHBIX, KPOMC HCIIOJIB30BaHUA TCIIJI4, BBIACIACMOIO B IIPOLECCE
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C)KUTaHUsI, 00ECTICUMBACTCS KOHIEHTPUPOBAHUE TOKCUYECKMX KOMIIOHEHTOB B 30JI€.
3ojla YTWIM3HPYETCS B METaJUIyprHueckoM rmporecce. JlJisi yiaaBauMBaHUs 30JbI U3
MPOJIYKTOB COKUTAaHUS — JIBIMOBBIX Ta30B, MPUMEHSIOTCS OTpaOOTaHHbIE B MUPOBOU U
OTCUYECTBEHHOW TIPAKTUKE pEIICHUs, HalpUMEpP, OUHMCTKAa Ta30BbIX BBHIOPOCOB B
ANEKTPOPUIIbTPaX.

YuuTeiBass TO, YTO MPOAYKTHI CHKUIAHUA COAEPKAT 3HAUYUTEIBHOE KOJHMYECTBO
COCIMHEHU METAJUIOB, 3TO OOECIEYMBAET CHHKEHHE YAEIBHOIO COINPOTHUBIICHUS
JLIMOBBIX T'a30B M, COOTBETCTBEHHO, YBEINYUBAET 3(PPEKTUBHOCTD MPOLIECCOB OUUCTKU
ra3oB OT 3arps3HUTEIICH.

OnHUM U3 pacpOCTPAHECHHBIX 3arps3HUTENCH HA MPUAOPOKHBIX TEPPUTOPHUSIX B
pe3yibTaTe BO3JIEUCTBHS BBHIOPOCOB MOTOKOB aBTOMOOWJIBHOTO TpPAaHCIOPTa SIBIISETCS
CBHHEL.

CoenuHeHus CBHUHIIA BBIOPACHIBAIOTCA C OTPaOOTaHHBIMU TrazamMH Npu padoTe
JBUTATEJIE aBTOMOOWIIEH Ha JSTUIMPOBaHHOM OeH3uHe. CyIecTBYeT TMpaKTHKa
N00aBKM COCJMHEHUM CBHUHIIA B KAaueCTBE aHTHJICTOHUPYIOIICH J00aBKH K
TIIIMPOBaHHOMY OeH3uHy Mapku A-80 B komuyectBe 0,17 mr/kr u mapku AN-92 — B
koiuuectBe 0,37 r/kr. Okono 20 % o6miero KojaM4yecTBa CBUHIA PACIPOCTPAHSAETCS C
BBIXJIOITHBIMM Ta3aMH JBUTaTeel aBTOMOOMIICH, n3 KOTOphiXx 80 % ocemaer B BUJIEC
TBEPJBIX YACTUI[ Pa3MepoM 10 25 MKM Ha MOPUIOPOKHYI) IMOBEPXHOCTH ITOYBHI.
[IpenensHo nmomycTMMas KOHIIGHTpallMsl CBUHIIA B IMOYBE cocTaBisieT 32 mr/kr. B
COOTBETCTBMM C CaHUTapHbIMU HopMmamu Poccuiickon ®enepanuu a0mycTuMoe
yBEJIMUYEHNUE KOHIIEHTPAIIMK CBUHIIA B MIOYBE MO CPABHEHUIO C €CTECTBEHHBIM (DOHOM HE
JOJKHO TipeBbIath 20 mr/kr [41, 42].

BrlinonHeHo uccienoBanre mporecca peaduInTaIiK MOYBbl C UCIIOIh30BAHUEM
TIOTJIONICHMS CBHMHIIA KJICIICBMHON Wi puimHHUKOM (Ricinus communis L.). Tpornecc
MOTJIONIEHUS M3YyYalu B YCIOBUSIX THAPOIOHUKHU MPU BEreTAllMU PACTEHUN B TEUCHHE
40 nHEW TpW pa3TUYHBIX KOHIICHTPAIMAX COCJUHEHWUN CBUHIIA B pacTBOpe. boObl
KJICILIEBUHBI B3BEIITUBAJIU, TTOCJIE YETO CHKUTAIHU B My eTbHON MeUH.

YuuTeiBasi CI0XHOCTh PaBHOMEPHOTO paCMpe/IeNICHUs] COCIUHEHHI CBUHIA B

IMOYBC, a TaK-XKC€ HCIOCTOAHCTBO COCTaBa IIOYBLI, J[JIA H3YYCHHUA  BJIMAHUA



89

KOHIICHTPAllMd CBHUHI]A HA €ro AakKyMYJHpPOBaHHE, HCCICIOBAHUS TIPOBOIMINA C
NpUMEHEHHEeM IUPKYJSIUW  pacTBopa cynb(dara CBUHIIA  COOTBETCTBYIOIICH
KOHIleHTparuu. KopHH pacTeHusl pa3Mmemaniuch B MenkoMm miebne. Lupkynsmus
pacTBOpa OCYyIIECTBIUIaCh TOJBKO B JHEBHOE BPeMsI B T€UEHHUE 8 4aCOB.

Jlis ompeneneHus KOHIIGHTPAIlMM CBHWHIIA B TIO0Erax, CeMEHax W KOPHSX
pacTeHmid, TIpoOBI TpeBpaliaaTd B 300y B MyQenbHOH meun mpu Temmepatype 850-
900 °C. 3omy oOpaOaTeiBasii a30THOW KuciaoToi. PacTBop aHammsupoBanu Ha
COJiep)KaHUE CBUHIIA ITyTEM KOJIOPUMETPHUECKOTO OMpeAC/ICHUs] AUTH30HATA CBHUHIIA,
OKpaIIeHHOTO B KpacHbIH 1BeT [38].

O6paboTka SKCIEPUMEHTAJBHBIX JIAHHBIX I[IOKa3ajia, 4YTO CTENeHb COpOIuu
CBHMHIIa B 3€pHAaX KJICIICBUHBI OMUCHIBAaeTCS ypaBHeHHeM Baremepa — Jlenrmiopa. Ha
pucyHke 6.1 wm300pakeHa JHMHEApHU30BaHHAS 3aBUCUMOCTh COJEp)KaHWS CBUHIA B
no0erax pacTeHUsi OT COAEp)KaHUS CBUHIIA B PACTBOpE. AHAIUTUYECKOE BBIPAKCHUE

3aBUCHUMOCTH UMCCT BU:

0,22 Pb,

rae [Pbp] — COJIepKaHNUE CBUHIIA B MOOErax KJCIIEBUHBI, MI/KT;

[Pb;,] — comeprkanue cBHHIIA B THAPOIIOHUYECKOM PACTBOPE, MEKMOJIB/ M

P . /}/
25 A

7

5 /°/
e

a5

Pucynok 6.1 — 3aBUCHMOCTBH CTEEHH COpPOIMM CBUHIA MOOETaMH PACTEHHA OT

€TI0 KOHOCHTPAIWHU B THAPOIIOHNYCCKOM PaCcCTBOPEC
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[IpencraBmnssio wHTEpEC pachpeereHre KOHIEHTpanuid B 000ax pacTeHus U B

KopHsX. M3mepenus mokazanu, yTo 0006l U KOpHH 001aJaloT CyIIECTBEHHO OOJbIIei

aKKyMYJIUpPYIOIIed CHOCOOHOCTBIO, MO CpaBHEHHIO C mnoOeramu. Ha pucynke 6.2

MNpCACTAaBIICHA aHAJIUTHYCCKAA 3aBHCUMOCTD Hp606pa3OBaHHOﬁ KOHIOCHTpalru CBHHLA

B 000ax u KOpHAX PpAaCTCHHUA KIICIOCBHUHBI B 3daBUCHUMOCTH OT KOHOCHTPAIUMU B

THJIPOTIOHHYECKOM PacTBOPE. 3aBUCHMOCTh HMEET BHUI:
- 17151 6000B pacTeHUS:
Ci"l"l. J—
Ln(®—1)=163-234-C,,
c
riae Cn, — KOHIICHTpAIKs CBUHIA B PACTHTEIILHOM MaTepualje, MI/KT;
C — o0O111ast KOHIICHTpAIWs CBUHIIA, MI/KT;
Cn— KOHIICHTpAIHsI CBUHIIA B THIPOTIOHMYECKOM PacTBOPE, MKMOJIB/ M3

C — niis KopHe pacTeHUsI:

In % 1 217 21710°% C,

-4 AN

-6
N
0 v 20 0 w oc

MKMO/b / Am

rm?

Pucynok 6.2 — 3aBUCHMMOCTb KOHILIEHTPUPOBAHHUS CBHMHIIA B 000ax W KOPHSX

KICHICBUHBI OT KOHOCHTPAIIMK CBHMHIA B THAPOIIOHNYCCKOM PaCTBOPC
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[lokazaHo, 4YTO pacmpeneneHre COEIUHEHHM CBHUHIA B TOYBE BOJM3H OT
aBTOMOOWJIBHBIX MarucTpajiei MOIUNHACTCS SKCTIOHCHIIMAILHON 3aBUCUMOCTH 00paTHO
MPOMOPIIMOHAILHON PACCTOSHUIO OT KPOMKH J1I0pPOTH (pUCYyHOK 6.3).

3KCHepI/IM€HTaJ'H)Ha$I 3aBUCUMOCTD OIIMCBIBACTCS CICAYIOIUMHU YPABHCHHUAMMU

InD 34% 11, (6.4)
D 3exp 3—L4 , (6.5)

rae D — koHIeHTpanys CBUHIIA HA PACCTOSHUU OT KPOMKH JJOPOTH, MI/KT;
L — paccrosiHuE OT KPOMKH JOPOTH, M
OTHU TaHHBIE MTOKA3bIBAIOT, UTO IIMPHUHA BHICEBA KIICIIEBUHBI JIOJKHA COCTABIISAThH

70 10 M OT KpPOMKH aBTOMOOMJIBHOM OPOTH

D, mr/kr
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PucyHok 6.3 — 3aBUCHMOCTh KOHLIEHTPALIMM CBUHLA B MOYBE OT PACCTOSHUSA OT

KPOMKH JOPOTH
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Takum oOpa3oM, peaOHUIUTAIVS TSPPUTOPHIA, MPHIICTAONINX K aBTOMOOHIHLHBIM
JoporaM, MOXET OBITh peajn30BaHa 3a CYCT BBHICCHBAHUS KIICHICBUHBI, KOTOpas
00J1a/1aeT TUINCPAKKyMYIUPYIOIIEH CIOCOOHOCTBIO IO OTHOIICHUIO K COCIUHCHHSIM
CBHUHIIA. 3aBUCHMOCTh KOHIICHTPAIIMH CBUHIIA B TT0OETax KIICIICBHHBI OT KOHIICHTPAIIUU
B PacTBOpPE NPU THIPONOHUYCCKOM BBIPAIIMBAHUN KJICIICBUHBI MOIUMHSACTCS 3aKOHY
Barenepa — Jlenrmiopa. PacrpenerneHue KOHIIGHTpAIlMM CBUHIIA MEXIy 000aMu u
KOPHSM PAaCTEHHUS W KOHIICHTpAIMel CBUHIIA B PACTBOPE OMHUCHIBACTCS JIOTHCTHYECKOU
3aBUCUMOCTBIO. BBIBE/ICHBI aHATUTHYCCKUE 3aBUCUMOCTH CTETICHU KOHIICHTPUPOBAHUS
CBUHIIA B 000ax M moOerax KJICHICBUHBI B 3aBUCMOCTH OT KOHIICHTPAI[MH B PacTBOpE
IpH THIPOIOHMYECKOM BBIPAIIMBAHUN KJICIIECBUHBI. TEepPpUTOPHUIO BBIpAIMBAHUS
(buUTOCOPOEHTOB 11€JIeCO00pa3HO OrPAHUYUTH paccTossHueM 1o 10 M OT KpoMmKuU

aBTOTPACCHI.

6.2. BoccraHoBjieHHMe TOYB B 30He BJIHAHUSA METAJLUIYPru4ecKoro

NPpEeANPUATHA C MOMOIILI0O T€CKOPATUBHBIX TPABAHUCTBIX paCTeHI/Iﬁ

PaiioHbl, pacnonoXeHHbIe B HEMOCPEACTBEHHOW OIM30CTU OT METAJUTYpPrHYE€CKUX
OpeanpUATUA W aBTOMAarucTpaiedl ¢ WHTEHCUBHBIM aBTOMOOWJIBHBIM TpadUKOM,
NOJBEPralOTCs  BO3ACWUCTBHUIO BBICOKMX KOHLIEHTpalMid OOJBIIOTO  KOJUYECTBA
3arpsI3HAIONIMX BEIISCTB, B TOM YHCJIC M TOKEIBIX MeTaioB [42, 144]. Tsokenbie
METaJulbl, Ha3bIBA€MbI€ IIOTEHUMAJIbHO TOKCUYHBIMH JJIEMEHTAMH, BBI3BIBAIOT
Jerpajalulo pu3oc(epHoro ciios MOYBbl W NPEACTABISAIOT CEPHE3HYIO YIpo3y Ul
NUIIEBON LIETH PACTEHHM, KUBOTHBIX M uyeoBeka. OCHOBHBIM MCTOYHUKOM JaHHBIX
NOJUTIOTAHTOB B TIOYBE SIBJISICTCS MHTEHCUBHAs J10ObIYa TIOJE3HBIX MCKOMAEMBbIX,
NPOMBIIIJICHHAS JICSITEIbHOCTh, TPAHCIIOPT, DHEPTEeTHKA M CEIbCKOe XO03sHCTBO [45,
145]. Tspkenbie MeTaJUTBI IEPBOHAYAIBHO HAKATUTMBAKOTCS B BEPXHHUX CJIOSX MMOYBBI, HE
BbI3bIBasl BUAMMBIX HM3MEHEHHUH, WM OHHM CIMIIKOM MEAJIEHHbIe, YTOObl OBITH
3aMeYeHHbIMU. M3MEHEHHs B MOYBE CTAHOBATCS OYEBUIHBIMH, KOIJA MPOUCXOAUT
pa3pylIieHHe pPACTUTEIBHOCTH M TpaHchopMaiusl BCEl MMOBEPXHOCTH IOYBHI B

nycromtu [60].
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NoHBI TSHKETBIX METAUIOB, BRIOPACKIBAEMbBIC TIPOMBIIIIICHHBIME MPEATNPUSTUSIMH,
CHauaja He HAaHOCAT BpeJ PACTEHUSIM, HO UX OTpHIaTelbHbIE 3()PEKTH PACKPHIBAIOTCS
B MOCJIEAYIOIIMX 3BEHbsIX Tpoduyeckoil nenu. [louBeHHas cpefga uMeeT OrpaHUuYEHHYIO
3alIUTHYI0 CIIOCOOHOCTH OT BBIOPOCOB TSDKENIBIX MeTauioB. Kpome Toro, ¢ TeueHuem
BPEMEHHU IPOUCXOJUT HAKOIUICHHE JAHHBIX TIOJUIIOTAHTOB B IIOYBE U YBEIUYECHUE
MOTJIOIICHHUS TSKENBIX METAJJIOB PACTEHUSMM.

HakorsieHue TSXenblX METaJIOB MPOUCXOAUT C MOBBIIIEHUEM TPOGUUECKOTO
ypoBHS B J3KocucTeme. I[lepemeleHne KaxkIoro osjneMeHTa Ha Ooriee BBICOKUN
TpopUYECKUA  ypOBEHb  THIIEBOM IIEMU  OrPpaHWYEHO  (DYHKIIMOHUPOBAHHEM
ouosornuyeckux OapbepoB. OJHAKO B Clydae CIHUIIKOM BBICOKOW KOHIIEHTpAIUU
AIIEMEHTOB BIIMSHUE STUX OaphepoB OCIAOISAETCS, YTO CBSI3aHO C MOTEHIHUAIBLHBIM
PUCKOM HEraTMBHOI'O BO3JICUCTBUS HAa OKPYXKAIOIIYIO CPeay U, 0COOCHHO, Ha 370POBbE
yenoBeka. Yaine BCEro TSKEIble METaUlbl IMONAaJaloT B OpPraHW3M >KUBOTHBIX U
YyeJioBeKa BMecTe ¢ nmuuiei. IOHbI TSKEIbIX METANIOB BbI3BIBAIOT U3BMEHEHUS B CUHTE3€
Oenka u HapymeHue cuHtre3a AT®, 4To NPUBOAUT K TMOBPEKACHUIO KIETOYHOU
MeMOpaHbl U MeMOpaH opraHeul. Hekotopble U3 METauiOB BbBI3BIBAIOT IMOYEYHYIO
TUCPYHKIMIO, PENPOAYKTUBHYIO ITUCPYHKIHUIO W HApYIICHHWE YCBOCHUS KaJbIIUS.
Tskenble METaIbl YPE3BBIUANHO OMACHBI JIJISl 3I0POBbS B CBSI3U C MX HAKOILUICHHEM B
OpraHu3Me 4YeJIOBEKa U KMBOTHBIX [75, 82, 92].

[ToneBwie uccnenoBanus npooauinuchk B 2014-2018 roxy. B anpene 2014 roga
OBLIM CO3/IaHBI JIBA UCCIIEA0BATEIILCKUX YUacTKa: MepBhIid — Ha paccTossHuU 800 MeTpoB
K CEBEPO-BOCTOKY OT METAJUTyprHYecKOro 3aBOfa HAa ydYacTKe IuIomampio 40 m°
(yuactok Nel); BTOopoi — ydacTok Iuiomaabio 40 M GBI copMUpoOBaH B KaueCTBE
KOHTPOJISI (YCIIOBHO HE3arpsi3HEHHAs 1M0YBa) Ha TeppuTOpuu JIOHEIIKOro 0OTaHMYECKOTO
caaa (pucyHok 6.4).

Ha o6oux y4acTkax wicclieTOBaHHMSI B TE€UEHHE YETHIPEX JIET B ampelie BhICEBAIN
UCCIICIOBAaHHBIE BUJbl JIEKOPATUBHBIX TPABSIHUCTHIX PACTEHUN, OCEHBIO PACTEHUS
W3BJICKAJId BMECTE€ C KOpPHEBOM cucTemMoil. B oToOpaHHBIX oOpasiax TMOYBbl H
PaCTUTENBHOTO Marepuajia OINpENesid COAep)KaHWe HOHOB KoOanbTa, MapraHiia u

xpoma. CopepkaHue Mapraiiia, koOajabTa W XpoMa B PACTUTEILHOM U TTOYBEHHOM
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Marepuase OIpeleNsii M0 METOAy aTOMHO-aJCOpPOLMOHHON cHekTpockonuu no B.
[Ipaiicy na atomHO-ancopOunoHHOM crnekTpodoromerpe «CarypH-3». IlomydenHsie

JaHHbIe 00pabaThbiBaJIi CTATUCTUYECKH C TIOMOIIBIO CIEIHAIbHO pa3pabOTaHHBIX

IpOrpamm.

Pucynox 6.4 — IlomeBol »OKCIEpUMEHT: A — TIOJEBOM OKCIEPUMEHT Ha
TEPPUTOPUH OOTAaHWYECKOTO cana (KOHTPONb); b — TOJeBOM HJKCIEpUMEHT BO3JE

METaJTypru4ecKoro 3aBoja.

AHanm3 CcoAep)KaHHWs MOHOB TSDKEIBIX METAUIOB B IIOYBE OIBITHOIO YYacTKa
noKa3aj BbICOKHI ypOBeHb MOHOB KoOanbTa, mpessimatomumii [1IJIK nanHoro meramna B

HECKOJIbKO pa3. B TedeHwe 1oJIeBOro HSKCHEpUMEHTa ObUIM  3a(PUKCUPOBAHBI
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JAOCTOBCPHBIC HM3MCHCHHA KOHICHTpAIIUH K06aJ'H:Ta, B IIOYBC OIIBITHOI'O Y4YaCTKa B
TCHCHUC BCCX YCTBIPCX BCICTAIMOHHBLIX IMCPUOA0B BbIPpAIIMBAHUA paCTCHHﬁ, KOTOPBIC

3aBUCEIU KaK OT BUJOBOM crienu(UKN pacTeHU, TaK U OT IPUPOAbI MeTaljIa (PUCYHOK

6.5).

== A geratum houstonianum cv. Bule
145 Lagoon .
= R Alyssum maritimum Lam.
Brassicanapus L.

Cosmos sulphureus Cav.

13.5 =—®—TLinum usitatissimum L.
5 ! =@ Atriplex hortense L.
. p =@—Fchinacea purpurea L.
““; 12,5 —8— Agrostemma githago L.

—8—Silene coeli rosa

—®—Phacelia tanacetifolia L.

11,

n
-

—@— 7innia aqnustifolla H.
=—@=—"Tagetes erectus L.

Salvia splendens L.
10,5 Petunia Hybrida Grandiflora

Calendula officinalis L.

10
Dahlia variabilis Desf.

1-it 3-i 4-i

Bel"eTaJ.T,HOHHbeI NEpHOM

2
Pucynok 6.5 — 3menenue konnentpanuu Co”’ B MouBe B IPOLECCE TEXHOIOTHH

dbuTOopeMenuaIum ¢ TOMOIILIO JEKOPATUBHBIX TPABIHUCTHIX PACTCHUH.

Tak, npu BbIpalIMBaHUM YCTOWYMBBIX K 3arpsi3HEHUIO, OOJaJarolIUX BBICOKUM
YPOBHEM HaKOIUICHHs Owomacchl, mpopoctkoB — Ageratum houstonianum cv. Bule
Lagoon, Alyssum maritimum, Brassica napus, Cosmos sulphureus, Linum
usitatissimum, Atriplex hortense Ha 2-ii BereTarMOHHBIA TEPUOJ HAOIIONATOCH
JIOCTOBEPHOE CHIKCHHE B TIOYBE OIBITHOTO Y4YacTKa MOHOB kKoOanbTa Ha 4,1-15,6%. B
KOHIIE 3-TO BEreTallMOHHOTO Mepuoaa KOHIIEHTpaIys KoOajibTa ymeHbiuiaach Ha 10,9-
17% B cpaBHEHMHU C TIEPBUYHBIMHU JAHHBIMHU Hauyajia omnbiTa. Ha 4-i BereTarmoHHBIN

NepuoJl KOHIIEHTpallMsi B IOYBE HOHOB KoOanbTa cHu3wiach Ha 19,2-27%. Ha
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KOHTPOJIBHOM y4YaCTKe TaK e ObIJI0O OTMEUEHO JOCTOBEPHOE CHIKCHHE HOHOB KOOAbTa
npu BeIcagke mpopoctkoB Ageratum houstonianum cv. Bule Lagoon, Alyssum
maritimum, Brassica napus, Cosmos sulphureus, Linum usitatissimum, Atriplex
hortense, 9To TOBOPUT 00 WX BBICOKOW PEeMEIUAIMOHHON B COPOITMOHHOMN CIIOCOOHOCTH.

[Ipy BBIpalIMBaHMM HA ONBITHOM YYAaCTKE TOJEPAHTHBIX K 3arps3HEHUIO
npopoctkoB Echinacea purpurea, Agrostemma githago, Silene coeli rosa, Phacelia
tanacetifolia, Zinnia agnustifolla, Tagetes erectus Ha 2-i BereTalMOHHBIN NEPHOJ TaK
’Ke OBLII0O OTMEUCHO CHIDKEHHME MOHOB KoOanbTa Ha 0,4-7,9%. Ha 3-#1 BereTtanmoHHBIN
MEePUOJT KOHIICHTpAaIUs NOJUTI0TaHTa CHU3MWIAach Ha 6,4-8,7%, a Ha 4-i1 — Ha 9,3-11,1% B
CpPaBHEHHMH C JJaHHBIMHU |-TO BereTallMOHHOTrO mepuoja. Ha KOHTpOIbHOM ydacTKe Tak
e HaOI01aI0OCh CHMKEHUE KOHIIEHTpaluu kobanbTa Ha 3-12%.

Hpyrasi TeHAeHIMs HaONIonalach IMPU BBIPAIIMBAHUK HA OIBITHOM YYacTKe
qyBCTBHUTEIBHBIX K 3arps3HEHHUIO OYBHI IipopocTkoB Salvia splendens, Petunia Hybrida
Grandiflora, Calendula officinalis, Dahlia variabilis. Bo 2-ii BereTaliuoHHbIIi TEPHOJ
MPAKTUYECKU HE OBIJIO OTMEUEHO M3MEHEHUs KOHIIEHTPAIIMM MOHOB KOOAJIbTa B MOYBE.
Ha 3-ii u 4-ii BereTallMOHHBIA TIEpUOJ Ha ydacTke BbIpariuBanus Salvia splendens u
Petunia Hybrida Grandiflora matmomanu HekoTopoe CHUKEHUE KOHIICHTPAIIMA WOHOB
ko0abTa, HO U3MEHEHHS He ObUTH CTaTUCTUYECKH JOCTOBEPHBI. AHAJIOTHYHAS KapTHUHA
HaO0JI0]AIach U MPU BBIPAIIMBAHUN YKa3aHHBIX BUJIOB HA KOHTPOJILHOM Y4YacTKe.

AHaJIN3 MOYBBI OMBITHOTO Y4YacTKa Ha COJACPKAHME TSKEIbIX METAJUIOB MOKa3ajl
BBICOKMW ypOBEHb HOHOB Mapranua, npessimaromuii [IJIK ganHoro meramna B
HECKOJIbKO pa3. [Ipu BhIpaliuBaHUM HA JaHHOW TEPPUTOPUM HCCIICIOBAHHBIX BUJIOB
pacTeHMil ObLIM TIOJYYEHBI CJEAYIOIIME pe3yabTaThl. Tak, TpW BbIpalIMBaHUU
YCTOMUYMBBIX K 3arps3HEHUI0 mpopoctkoB Ageratum houstonianum cv. Bule Lagoon,
Alyssum maritimum, Brassica napus, Cosmos sulphureus, Linum usitatissimum,
Atriplex hortense ma 2-ii BereTalMOHHBIN IEPHOA HAOIIOZAIOCH JTOCTOBEPHOE

CHIDKCHHE B TIOYBE OIMBITHOTO y4YacTKa HOHOB Mapraiia Ha 14,7-23,1% (pucyHok 6.6).
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Pucynok 6.6 — M3mMeHeHue KoHIICHTpauk Mn“ B TIOYBE B TPOIECCE TEXHOIOTHH

(bHTOpCMCI[I/IaHI/II/I C IIOMOIIBIO JCKOPATUBHBIX TPABAHHUCTBLIX paCTeHI/Iﬁ.

Bricokue moka3areian CHIKCHHUS KOHOCHTpAIW MapraHia B IIOYBC MOI'YT OBITH
06YCJ'IOBJ'I€HI>I TEM, UTO I[aHHBIfI METaJlJl HGO6XOI[I/IM JJIA OMOXMMHYECKUX IIpOoLEcCCOB
pactenuii  (HeoOxomuM qna  ¢otocucteMbl 1), cregoBarenbHO, MOMIONIAETCS
MpPOPOCTKaMU B OONBIIMX KOJMMYECTBaX. B KoHIlEe 3-ro BEreTammoHHOTO Iepuoja
KOHIICHTpallUsl MapraHiia B TouBe yMmeHbmuiack Ha 30,5-45% B cpaBHEHHH C
MEPBUYHBIMU JIAHHBIMU Hayaja onbiTa. Ha 4-ii BereTalMoOHHBIN NEpUO KOHIIEHTPALUS
B MIOYBE MOHOB MapraHua cHusmiack Ha 49,6-60,7%. Ha KOHTpOIBHOM y4acTKE TaK Ke
OBLJIO OTMEUEHO JOCTOBEPHOE CHMIKEHHE MOHOB MapraHiia MpH BBICAJKE MPOPOCTKOB
Ageratum houstonianum cv. Bule Lagoon, Alyssum maritimum, Brassica napus,
Cosmos sulphureus, Linum usitatissimum, Atriplex hortense ua 9-48,3%.

HpI/I BbIpallluBaAaHWMMX Ha OIIBITHOM YYA4CTKC TOJICPAHTHBIX K 3arpsA3HCHHUIO
npopocTtkoB Echinacea purpurea, Agrostemma githago, Silene coeli rosa, Phacelia
tanacetifolia, Zinnia agnustifolla, Tagetes erectus Ha 2-i BereTalMOHHbIN TIEPHUOJT OBLIO

OTMEYEHO HE3HAYUTEJIbHOE CHMXEHHWE HOHOB Mapranua Ha 3,1-17,1%. Ha 3-i
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BETETAllMOHHBINA MEPUO] KOHLIEHTPAIUS MOJUTI0TaHTa CHU3MIAch Ha 6,6-8,5%, a Ha 4-ii
— Ha 13,4-28% B cpaBHeHMM C JaHHBIMM 1-TO BerertauMoHHOro mnepuoja. Ha
KOHTPOJIBHOM y4aCTKe TaK k€ HaOJII0al0Ch CHIYKEHHE KOHIIEHTPAIIMU MapraHIia.

[Ipyu BbIpalmIMBaHUM Ha ONBITHOM YYaCTKE YYBCTBUTENIBHBIX K 3arpsi3HCHUIO
nouBel mpopoctkoB Salvia splendens L., Petunia Hybrida Grandiflora, Calendula
officinalis L., Dahlia variabilis Desf. Bo 2-ii BeretalinOHHBIN MEPUO MPAKTHUCCKH HE
OBLJIO OTMEYEHO M3MEHEHHs KOHUEHTpalMd MOHOB MapraHua B mouse. Ha 3-it u 4-i
BEreTallMOHHBIN IIEPHOJI Ha yuacTke BeipamuBanus Salvia splendens u Petunia Hybrida
Grandiflora HaGmromanm HEKOTOPOE CHIDKEHUE KOHIICHTPAIlMA WOHOB MapraHiia, Ho
JJAHHbIC W3MEHEHUs] He ObUIM CTAaTUCTHYECKH JIOCTOBEPHBI. AHAJIOrMYHasi KapTHUHA
HaO0JI01aIach U MPHU BhIPAIIMBAHUM JJAHHBIX PACTEHUI HAa KOHTPOJIHLHOM YYacTKe.

AHaJIN3 MOYBBI ONMBITHOIO YYacTKa Ha COJAEPKAHUE TSHKEJIBIX METAJIOB MoKa3al
BBICOKHMI YPOBEHb MOHOB Xpoma, npesbimatronuid [I/IK manHoro meramna. Bo Bpems
KOHTPOJIMPYEMOTO Tporecca (hutopeMenuannu, MpoBOJIUMOIO B IMOJIEBBIX YCJIOBUSX,
TIOJTYYHITH CJICTYIOIIHE PE3yIBTaThl (PUCYHOK 6.7).

[Ipu BbIpamMBaHUM YCTOWYUBBIX K 3arps3HEHUI0 TPOpocTKoB Ageratum
houstonianum cv. Bule Lagoon, Alyssum maritimum, Brassica napus, Cosmos
sulphureus, Linum usitatissimum, Atriplex hortense na 2-ii BereTanMOHHBIA TEPUOJ
HaO0JII0IAIOCH IOCTOBEPHOE CHUYKEHHUE B TTOYBE OIMBITHOTO y4acTKa MOHOB XpoMa Ha 6,3-
10,8%. B koHue 3-r0 BEreTallMOHHOTO MEPHOAA KOHLEHTpAlMs XpoMa B IOYBE
ymeHbluiach Ha 13,5-27%, B cpaBHEHUU C IEPBUYHBIMU JaHHBIMU Haudajia onbiTa. Ha
4-i1 BereTallMOHHBIN MEPUOJ KOHLIEHTPALMs B MTOYBE MOHOB XpOMa CHU3MWIACH HA 43,6-
48,7%.

Ha koHTpOIBbHOM y4acTKe Tak e ObIJI0O OTMEUYEHO JOCTOBEPHOE CHUKEHHE HOHOB
XpoMa TpH BhIpamuBaHuK TpopocTkoB Ageratum houstonianum cv. Bule Lagoon,
Alyssum maritimum, Brassica napus, Cosmos sulphureus, Linum usitatissimum.,

Atriplex hortense.
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=@ Ageratum houstonianum cv. Bule
Lagoon .
10 Alyssum maritimum Lam.
Brassica napus L.
Cosmos sulphureus Cav.
9 =—@—Linum usitatissimum L.
=0 Atriplex hortense L.

=@-—"Fchinacea purpurea L.

MI/KT

=—@— Agrostemma githago L.

=—@-—_Silene coeli rosa

7.5 —®— Phacelia tanacetifolia L.
—@— Zinnia agnustifolla H.
=—@-—Tagetes erectus L.

6.5 Salvia splendens L.

Petunia Hybrida Grandiflora

Calendula officinalis L.

1-it 2-it 3 4
BEreTallHOHHBII TIEPHOT, Dabhlia variabilis Desf.
Pucynoxk 6.7 — W3menenue konunentpauud Cr2+ B mouBe, MOABEP>KEHHOU

(bHTOpCMGI[I/IaHI/II/I C IIOMOIIBIO JCKOPATUBHBIX TPABAHHUCTBIX paCTeHHﬁ.

[Ipu BeIpamMBaHMM HA OIBITHOM YYaCTKE TOJEPAHTHBIX K 3arpA3HCHUIO
npopocTtkoB Echinacea purpurea, Agrostemma githago, Silene coeli rosa, Phacelia
tanacetifolia, Zinnia agnustifolla, Tagetes erectus Ha 2-# BereTallMOHHBIN NIEPHOJ OBLIO
OTMEYEHO HE3HAYMTEJIbHOE CHMXXEHHE HWOHOB xpoma Ha 3,1-15,1%. Ha 3-i
BETCTAIlMOHHBIN MEPHUOJT KOHUECHTpAMs MOJUTIOTaHTa CHU3WIACh Ha 5,6-7,7%, a Ha 4-
n— Ha 11,4-15% B cpaBHEeHMM C JaHHBIMU |-TO BererauMoOHHOTO Tmiepuopa. Ha
KOHTPOJILHOM yYacTKe TaK k€ HaOII01a0Ch CHIYKEHUE KOHIICHTPAITMU XpoMa.

[Ipu BbIpalIMBaHUM HA OMNBITHOM YYaCTKE YYBCTBUTEIBHBIX K 3arpsA3HECHUIO
nouBbl mpopocTtkoB Salvia splendens, Petunia Hybrida Grandiflora, Calendula
officinalis, Dahlia variabilis. Bo 2-ii BereranMoHHBIA IE€PHOA HE OTMETHIN
JIOCTOBEPHOTO M3MEHEHHUsS KOHILEHTpaluM HOHOB XpoMa B mouBe. Ha 3-ii u 4-ii
BETCTAllMOHHBIA TIEPHOJT HAOIIOAaNM HEKOTOpOe CHIDKCHHE KOHIICHTPAIIMH HOHOB
XpoMa, HO JIaHHBbIE M3MEHEHUS HE ObLIM CTAaTUCTHUYECKH JOCTOBEpHBI. [IpoBeneHHbIC

UCCJIEI0BAaHUS MMOKA3aJIM, YTO YCTOMUMBBIE K 3arpsi3HEHHIO TOYBBI TpopocTku Ageratum



100
houstonianum cv. Bule Lagoon, Alyssum maritimum, Brassica napus, Cosmos

sulphureus, Linum usitatissimum, Atriplex hortense, 6marogapsi cBoeld peBOCXOIHOM
HpI/ICHOCO6JISI€MOCTI/I, 06J'IaI[aJII/I BBICOKUM YPOBHCM HAKOIIJICHUA 6HOMaCCBI, He ObLIO
OTMEUEHO JIOCTOBEpHBIX (DaKTOB YTHETEHHs POCTOBBIX TMpoleccoB. Bo Bpems
KOHTPOJIHUPYCMOI'0O IIpomecca @HTOpCMeHHaHHI/I, IMPOBOAUMOI'O B IIOJICBBIX YCJIOBHAX
OblIa OTMEYE€Ha WX BBICOKas COp6HHOHHaﬂ CHOCO6HOCTB, qTO Aa€T BO3MOXHOCTH
PEKOMCHAOBATbL AAHHBIC BUAbLI K MCIIOJIB30BaHNIO B TCXHOJIOTHUH BOCCTAHOBJIICHUS I1OYB,
34IrpA3HCHHBIX MOHAMU TAXKCIIBIX MCTAJIIIOB.

TonepantHbie K 3arps3HeHHI0 npopoctku Echinacea purpurea, Agrostemma
githago, Silene coeli rosa, Phacelia tanacetifolia, Zinnia aqnustifolla, Tagetes erectus.
HE IIOKa3aJiu COp6HI/IOHHYIO CHOCO6HOCTB, AOCTATOYHYIO AJI1 HX HCIIOJIb30BaHHUS B
TCXHOJIOTNN q)HTOpeMCI[I/IaL[I/II/I.

YyBCcTBUTEIbHBIC K 3arpsA3HEHHIO MOuBbI mpopoctku Salvia splendens, Petunia
Hybrida Grandiflora, Calendula officinalis, Dahlia variabilis ne pexomenmoBanb! a1
UCITIOJIb30BAHMS B TEXHOJIOTHH (PUTOpEMENHUALIMK IO TPUUMHE UX HU3KOM COPOLIMOHHOMN
CIIOCOOHOCTH M 3HAYHUTEJIHLHOTO YITHCTCHUA HAKOIJICHUA Onomaccel B YCIOBHAX

MCTAJUIOIIPECCHUHIA.

6.3. TexHosiormyeckasi cxemMa (PUTOPEKYIbTHBALMH  3arpsi3HEHHBIX

THKEJIBIMHA METAJVIAMHU 3€MEJIb C ITOJTYICHUEM OMOTOIIMBA

[IpuMeHeHne OMOpeadMIUTALIMK SIBIISIETCS SKOJIOTMUECKH YMCTON TEXHOJIOTHEH,
TaK KaKk MpPH OTOM OTCYTCTBYIOT 3aTparTbl PEAreHTOB, MCIOJIB30BAHUE KOTOPBIX
MPUBOJUT K BTOPUYHOMY 3arpsi3HEHUIO OKpy»Karomien cpesbl. [Ipu BeiOOpe pacTeHuit-
TUIIEPAKKYMYJIITOPOB  TSDKENBIX ~ METAUIOB  MACAJIBHBIM  PEIICHHUEM  SBIISIETCS
IIPUMEHEHUE TAKMX YCTOMYMBBIX K 3arpsA3HEHUIO KYJIbTYp, KOTOPBIE IPU MAJIOM
BETE€TALIMOHHOM IIEPUOJIE MMEIOT BBICOKYIO CKOPOCTH POCTa, EMKOCTb IOTJIOLICHUS U
IPOYHO  CBA3BIBAIOT  3arpsA3HeHus.  Pa3zpaboraHa  TexHoyorvMueckass  cxema
¢uTopeabunuTallMM TOYB, 3arpsi3HEHHBIX TSDKEIBIMU METAUIaMH € TOJIy4YEHHEM

ouotorumBa (pUCyHOK 6.8).
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CO6op 6uomarepuana

=

Toppedukarnus (coaep:kanue BoJsl B OnoMaTepuaie He JoJKHO npeBbimaTh 20%)

&

Cxxuranme 6HOMaTepI/IaJ'Ia C IMOJIYUYCHHCM JJICKTPO- U TCINIOOHCPIUHU

é=

YTI/IJ'II/I?»aIII/I}I 30JIbI C BBICOKHUM COACPIKAHHCM MOHOB TAXKCJIBIX MCTAJIJIIOB

&

3o71a B KauecTBe y100peHuil | 3aBoj MO MPOU3BOJICTBY Meramrypruyeckoe
JUTSl IEKOPATUBHBIX KYJIBTYP yno0peHuit IpeanpusTue
Pucynok 6.8 — Texnomormueckas cxemMa (¢uTOpeabWIMTAIMM  II0YB,

3arpsA3HCHHBIX TAXKCIIBIMH MCTaJlJIaMHU C ITIOJIYYCHHUCM OMOTOILIMBO

ITIpomecc cOopa Owomacchl pas3BUJICA B OTHACIBHYIO OTpacib CEJIBCKOTO
XO035IIICTBa, B KOTOPOM HCIOJB3YETCSl MOIIHOE OO0OpYyIOBaHME: CEHHBIE MPECCHI,
TIOKOBOYHBIE ~ MAIIMHBI  (MPECCrOAOOPIIUKHK), TPAHCIOPTUPOBIIUKH, a  TaKkKe
BO3BEJICHHE XPAHWIUI] C IEIbI0 XPAaHEHUS M JTOCTaBKU COJIOMBI K JHEPTeTUYECKHUM
ycraHoBkaM. CeronmHss Ha OWMODIEKTPOCTAHIMSAX W OHMOTETUIOICHTPAISIX B OCHOBHOM
UCIIOJIB3YIOTCSl  OOJBIIINE TIOKH COJIOMBI, Ha3blBaeMble XECCTOHCKUMHU TIOKaMH,
KOTOpble UMEIT pa3mepbl 125x240 cM u BecAT HEMHOro Oouibllie MOMXYTOHBL. [
TPAHCTIOPTUPOBKU TIO TPAHCMOPTHBIM IIOcce Hawboyiee ONMTHMalbHAs JJIMHA THOKA
240 cm. Jlns  cKIIamupoBaHHS COJIOMBI HCTIOJB3YIOTCS (PPOHTAJIBHBIM TMOTPY3UUK,

DKCKaBaTOp, COBOK TPAKTOPA, TEIECKOMNYECKAN MOTPY3YUK WM MUHU-TIOTPY3YHK.
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Korma TiOKkM yXBaueHbl KpaHOM, BCTPOCHHAs KOMIIBIOTEpHAs CHCTEMa
B3BEILIMBACT IPY3 U OMpPEEISIET COAepkKAHUE BIaru B COJIOME, IIOCTIE YeT0 COJIOMEHHbBIE
TIOKM TPAaHCIOPTUPYIOTCA B XpaHuiumie. Tam, Mpu MOMOIIM TaKOro e KpaHa, TIOKU
MIOMEIIAIOTCS Ha KOHBEHEp U HIyT B Kamepy cxxuranus [228].

Eme ognum BapraHTOM 0OpaOOTKU COJIOMBI SIBJISIETCS MPOU3BOJACTBO MEUIETOB
U3 COJIOMEHHBIX TIOKOB MEpe] UX TPAaHCHOPTUPOBKON HA IHEPreTUYECKYIO YCTAaHOBKY.
[Tpon3BOACTBO COJIOMEHHBIX MEIJIETOB YBEIUYHBAECT PACXOJIbI, HO B3aMEH COKpaIlaeT
TPaHCIOPTHBIE PACXOJAbl, OCOOCHHO €CJIM MpEANnojaraercs TPaHCIOPTUPOBKA Ha
OonbIoe paccTosHue. VMcnoap30BaHue MEUIETOB YIPOIIAET paboTy Ha SHEPTeTUYECKON
YCTaHOBKE, W 3HAYUTEIHLHO OCBOOOXKIAaeT MecTo B XpaHwmmax. OrpomHbie
MOMEIICHHS JUIsl XPaHEHHs] COJIOMBI, KpaHbl, TPAHCIOPTHBIE CHUCTEMBI U PE3UUKH
COJIOMBI MOYKHO 3aMEHHUTb BBICOKMMH OyHKEpPaMH, OCHAICHHBIMUA BEHTWISAIMEH U
aBTOMAaTUYECKOM BBITPY3KOM co 1Ha OyHkepa. byHkepel sBusitorcs Oonee
HPKOHOMUYHBIM penieHneM. Kpome Toro, mpobiema oceaHus NbUIM Ha COJIOME TAKXKe
pelaeTcst NpakKTHYECKU MOJTHOCTRIO [228, 233].

[Tpu BBITIOJIHEHUU orepanuu COKUTaHUS KeJIaTeNbHO, YTOOBI
ToppeuIMpoBaHHasl Macca o00iagana OTHOCHUTENHHO BBICOKOW  TEIIOTBOPHOMN
CHOCOOHOCTBIO. B 3TOM ciyyae npu CXKUTaHHM OHOMAacchl B IPOMBIIUICHHBIX
KOTEJIBbHBIX, KPOME HCIOJIb30BAaHUSl TeIlla, BBIIEISEMOrO B TMPOIECCE CHKUTAHMS,
o0ecrneunBaeTcss KOHIICHTPUPOBAHNE TOKCHUECKUX KOMIIOHEHTOB B 307I€.

[Ipu ncronb30BaHWM COJOMBI B KaUu€CTBE TOIUIMBA COJEPKAHUE BOJbI B HEW HE
noikHO nipeBbiath 20%. Eciau monst Bogsl 0oJiblie, BO3pacTaeT pUCK BOZHUKHOBEHUS
KOppO3uu 000pyn0oBaHUs W 00pa3oBaHUs KOHACHCATA. 30JIbHOCTh COJIOMBI COCTaBIISIET
2-10%, cpennuii mokazatenb — 4%. Hanbonee HU3KOH 307IbHOCTBIO XapaKTEPHU3YETCs
COJIOMA OT KYJIbTYp, PacTYIIMX Ha necyanbix mouysax [230].

st cxxuranuss OMOMAcChl UCIOJIB3YIOTCS TEYHBIE YCTAHOBKHU IO COKHTAHUIO
COJIOMBI, KOTOPBIE CIIOCOOHBI TIepepadaThiBaTh U APYTUE BUJIBI OMOMACCHI, pa3yMeeTcs,
€CIi OHU OTHOCSTCS K CyXOMYy TOIIMBY. HeEKOTOpble yCTaHOBKHM HCIIONB3YIOT B
KaueCcTBE JIOMOJHUTEIBHOTO TOIUIMBA IETyXy 3€pHA, BHIIHEBBIE KOCTOYKH W

OYHIIICHHBIC CYXHC APCBCCHBLIC OTXOABI. Ileyn 1O CXKHUTAHUIO COJIOMBI MOI'YT HUMCTb
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pa3nuuHblii Au3aitH. OCHOBHBIMHU 3JIEMEHTAMHU SIBJISIOTCS: BHOpHUpYIOIIas pelieTka Ha
JHE IIe4d, B KOTOPOM IPOMCXOIMT Mpouecc Cxuranus. Pemerka pasperneHa Ha
HECKOJIBKO 30H CXKHIMAaHMSI M MOJKET JABUTATbCS BIEpEA-HA3ald, T.€. MPOUCXOIUT
OTCEMBaHMUE NeIUla OT HecropeBlled cojaoMbl. CropaHne MOKET OBbITh HAlpaBIICHO B
KOKIYI0 U3 30H, C MOAJEPKKON OmpeaesieHHOro u30biTka Bo3ayxa. [lomywaemas ot
C)KMTaHUSI COJIOMBI SHEPIHsl COCTOUT OOJBIIEH YacThiO W3 JIETYYUX Ta30B, KOTOPHIE
CrOparoT B IIe4X HaJ pemeTkou. 1o 3Tol npuurHe OYeHb Ba)KHA KOHCTPYKLMS ITE€YHON
Y BEHTWISILIMIOHHON CHCTEM, YTOOBI TapaHTUPOBATh HAJICKAIIEE CKUTAHUE PA3TUUHBIX
ra3oB (HEKOTOPBIEC Ta3bl CTOPAIOT TOJNBKO mpu TemmepaTrype okosio 800-900 °C). Iloce
IIEYHOTO OTACJIECHUS JETYy4YHE Ta3bl YyXOIAT Yepe3 KOHBEKTOpP, TAE TEIUIOIHEPTrHUs
HarpeBaeT BOAY, OOBIYHO OTO psAJ BEPTUKAIBHO YCTAHOBJEHHBIX TpyO ¢
HUPKYJIUPYIOIIEH BOJAOH. DBOJIBIIMHCTBO YCTAHOBOK JOIMOJHUTEIBHO OCHAIICHBI
HPKOHOMAM3epoM — THUIl TEIJIOOOMEHHUKA, KOTOPBIM TOIVIOIIAET OCTABIIYIOCS B
IPOAYKTaX CrOpaHUs TEIUIOBYIO SHEPTUIO Mepe UX MOCTYIJIEHUEM B JBIMOBYIO TpyOy
[234, 236].

Ha tpaauunoHHON 31€KTpoCcTaHUU TOJIbKO 35-36% TOIIMBA KOHBEPTUPYETCS B
anekTpuuecTBO. OcTajbHash SHEPrus YXOIUT dYepe3 JAbIMOBYIO TpyOy, a Takxke
IIOCTYNAET B OXJIAXKIAIOLLYIO cpeAy ¢ BOAoH. Ha TemnosnekTpocTaHum 3J1€KTpUYECTBO
BbIpa0aThIBaE€TC TaKUM JK€ CHocoOOM, Kak Ha 3JekTpocTaHuuu. Yacth mapa u3
TypOMHBI HUCHONB3YETCs ISl MOAOTPEBA B TEIJIOBYIO CE€Th, a YAacTh Napa MOAAeTCs Ha
npou3BoACTBO. [Ipu BeIpabOTKE 3JIEKTPUUECTBA U TEIIa OJTHOBPEMEHHO HCIIONb3yeTCs
1o 80% sHepruu.

B EBporne koMOMHUPOBAHHOE MPOU3BOJICTBO 3JEKTPO- U TEIJIOIHEPTUH SBIISIECTCS
MPUOPUTETHBIM. Tak, pa3paboTanHyio B J[aHuM sHepreTuyeckyro ycTaHoBKy Funen,
OTHOCSIT K OMOTEIJIOCTAHIIUSAM HOBOT'O TTOKOJICHUS (pUCYHOK 6.9).

B Helt 6uomacca cxuraercs Ha pELIETKE, YCTAHOBJIEHHOW B HIKHEH 4acTH
KOoTJa (KOJIOCHWKOBas pemieTka). CkuraHne Ha KOJIOCHUKOBOHW peIIeTKe — HaumOosiee
pacrpoCTpaHEHHAs: TEXHOJIOTUSl YTHIIN3AlUHA COJIOMBI HAa TEIIOAJIEKTpocTaHImAX. Kak
IPaBUJIO, pEIIeTKa YCTAHABIUBAETCS MMOJ HEOOJBUIMM HAKJIOHOM U BHUOpHUpYET C

OTpEICJICHHBIM MHTEPBAJIOM, TEM CaMbIM ITPOJIBUTAs COJIOMY K OTBEPCTHIO sl cOpoca
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305161. COJIOMEHHEIC TIOKH H3 XpaHWJIvia npoxoJiaT 4€pe3 U3MCIbIUTCIIN, ITTOCJIC YCTO
COJIOMa TPAaHCIIOPTUPYCTCA C IIOMOIIBIO HMIHCKAa Ha PCHICTKY B IICYHOM OTACJICHUMU.
HebGonpras A0JIA IICIIAa — 30JbHasd IIblJIb — YJIABJIWBACTCA q)HHBTpaMI/I J0 BBIXOJa ra3oB

gepes apiMoBYIo TpyOy [230].

Mapouan  IMeKTRH-RCKAR
Typlma  rosepaTop

MNeunoe oTgeEnerue (Goinep)
T CHGATAHMK CORCME! 1

Pucynok 6.9 — Cxema snepretudeckoit ycranoBku Funen (lanus)

C nmnomomplo mporpaMmHoro ooOecriedeHuss HamumonaneHolt  n1abopaTopuu
Bo3oOHOBisiemoit sHeprun (NREL) mpoBeneH anann3 BbIXOAa SHEPIHH B TEUCHUE
rOJIOBOTO LHMKJa PabOThl MpeaJaraéMoil TEIIOANIEKTPOCTAaHIMUA C HHEPreTUYECKOn
ycraHoBkoi Funen. Pacyer mpoBeaeH 10 JaHHBIM  OHONPOAYKTHUBHOCTH U
TETUIOTBOPHOM CIIOCOOHOCTH «IHEpreTHuecKoi» KyapTypbl Miscanthus sinensis L.
PacdeTsl moOKa3pIBarOT, YTO MNpU KOJMYECTBE OMOMAacchl B 3 MIUIJIMOHAa TOHH/TOJ
roJioBas BeIpaboTKa sHepruu cocrasisier 2,477 ['Bt/ron (tabnuma 6.1).

B pesynbTaTte, 31€KTPOdHEPrusi, MPOU3BEICHHAS Ha TEIJIOAJIEKTPOCTAHIINH,
MOKET OBITh HCIOJNb30BaHA Kak ajbTepHATHBA YCTAHOBKaM, pabOTaOIUM Ha
kaMeHHOM yruie. [lonydeHnue anmekTposHepruu u3 Ouomaccel  Miscanthus sinensis L.
MOYHO CUUTATh YTJIEPOJHO-HEUTPAIbHBIM, OCKOIBKY BhIOpOCkl CO,, 0Opa3zyronmecs
IpU CXKUTAHUHM, OOBIYHO TIOTJIOMIAIOTCS B TEUYCHHE >KU3HEHHOTO IIMKJIA PacTEeHUM

(pucynok 6.10).
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Tabmuua 6.1 — TexHnyeckne xapakTEpUCTUKN SHEPreTUYECKON YyCTaHOBKM Funen

KommaecTBo 6roMacchl [MITH. T/Tof] 3
VYrnepon [%] [9] 38,24
Kucnopon [%] [9] 36,26
Bonopon [%] [9] 4,88
A30T1 [%] [9] 0,87
Bnaxuocts [%] [10] 19,5
TennoTBopHas cnocoOHOCTh [MIK/Kr ] 19,5
['omoBas BeipaboTka sHeprun [['B1/roxa] 2,477
KomudecTBo 30761 [T/TO] 155000
O¢ddextuBHOCTH KOTHA [%0] 72,2
TennoBast 3ppekTuBHOCTS [%0] 24,5
Jist  ynaBAvBaHUS 30JbI M3 TPOJYKTOB CXKUTAHUS — JBIMOBBIX Ta30B BCE

HPHEPreTUYECKUE YCTAHOBKM IO CHKUTAaHUIO OMOMAcChl JOJDKHBI OBITh OCHAIIICHBI
OTpaOOTaHHBIMHA B MHPOBOH W OTEUECTBEHHOW IMPAKTUKE OYMCTKH Ta30BBIX BHIOPOCOB,
EKTPOYUIBLTpaMHu.

[IpeumytiecTBa 3MEKTPUICCKUX QUITBTPOB:
- Hu3kue sHeprosatpatsi (0,1- 0,5 kBT 1) Ha M° razos;
- BBICOKAasl CTENEHb OYUCTKHU Ta3oB — 710 99,9 % wu Bbllle Npu ylIaBIMBAHUU YaCTUIL
JHO0BIX Pa3MepOB;
- HM3KOoe razoauHamuudeckoe conportusienue (100—-150 Ila);
- BO3MOYKHOCTB PabOThI B arpECCUBHBIX CpPeaax;
- BO3MOYKHOCTh OYHCTKH BBHICOKOTEMITEPATyPHBIX Ta30B;
- BO3MOJKHOCThH TIOJTHOM aBTOMATH3AIMH; TMPOIECChl PETYIUPOBAHUS HANPSHKCHHUS,
yIaJICHUs C DJICKTPOIOB YJIOBJICHHBIX YaCTHI[ M BBITPY3KH TBLIN B 3JEKTPOPUIBTPAX
MOTYT OBITh TTOJTHOCTHIO MEXaHU3UPOBAHBI U aBTOMATHU3UPOBAHBI,
- IIUPOKUH THana30H MPUMEHEHHUSI,

- BOBMOXHOCTb OUHMCTKHU KaK OT TBEPAbIX, TaK U OT JXUAKHUX YaCTHUII.
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I TpancnopTuposka Guomacchi [l Nepeuunan o6paborka Guomacsi

l Ouwranne B Nornowenne CO2 pacrennamm

@ Kpyrosopot CO2 B XXM3HEHHOM
UMKJIEe PAaCcTEHHH

2000 -
1000 - 1369
500 - e
5 63 4.6 Y .-
S 0 -
-500 -
-1000 -
-1500 -
-2000 -
Pucynox 6.10 — KpyroBopor yriekucioro raza B TEXHOJIOTHH
OMOTEII0AIEKTPOCTAHITII
Conepxxanue B JapiMOBbIX razax CO (yrapHoro raza) — TOKa3aTelb

abdexTuBHOCTH CxkuraHusi buomaccel. Boicokoe copepkanne CO CBUIETENBCTBYET O
HU3KOM 3¢ dexTuBHOCTH paboThl ycTaHOBKU. CaMM JABIMOBBIE Ta3bl MOTYT
TEOPETHUYECKH COAEPKATh MOHOAPOMAaTUYECKHE YTIIEPOIbl, BBI3BIBAOIINE PAK.

Oxucu azora (NOy) B [BIMOBBIX ra3ax BETPOBbIMH IIOTOKAMH MOTYT
NEPEHOCUTHCSI Ha OOJIBILIME PACCTOSIHUS M MOTYT MEPEXOJUTh B a30THYIO KHUCIOTY,
KoTopasi BpeaHa ansi Ouocdepbl. OKMCH a30Ta MPEACTABISAIOT yrpo3y IJs JIOJEH,
CTpaJaloIuX acTMOi U OpoHxUTOM. HO B BBIXJIONMHBIX ra3ax OT YCTAaHOBOK B OCHOBHOM
conepxkurcsi NO,, a He NO. NOy nerko oThUIBTPOBBIBACTCS OT JbIMA.

HpeI/IMYHleCTBOM COKMTaHHUsl OMOTOILJIMBA SIBJISETCS TO, YTO B MPOJAYKTax CropaHus
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NPaKTHYECKH HeT Juokcuaa cepbl (SO;), B OTIIMYKE OT OOBIYHBIX AJICKTPOCTAHIINAMN, TJIC
1/3 4dacTh BBIOPOCOB MPHUXOAMTCS HA CEpPy. YUHTHIBAsl TO, YTO MPOIYKTHI CXKUTAHHS
coJilepKaT 3HAYMTENIbHOE KOJIMYECTBO COCIMHEHMA METauIoB, 3TO OOECHedrBacT
CHW)KCHHE YJISJTLHOTO COMPOTHUBIICHUS JBIMOBBIX TA30B U, COOTBETCTBEHHO, YBEITUUCHUE
3¢ (HEKTUBHOCTH MPOIIECCOB OUMCTKHU I'a30B OT 3arps3uureici [233].

OnpeneneHbl CTOMMOCTHBIE MPEUMYIECTBA TEXHOJIOTMH (UTOpeadUINTaIIIU

MIOYB, 3arPSI3HEHHBIX HOHAMHM TSDKEJIBIX METaJUIoB (Tabnuia 6.2).

Tabmuua 6.2 — CTOMMOCTHBIE TPEUMYIIECTBA TEXHOJOTHH (PUTOpEeadUIUTAIINN

IMO4B, 3arpA3HCHHBIX HOHAMM TAXKCJIBIX MCTAJIJIIOB

Texuomorus CroumocTs | JlOTOTHUTENIbHbBIE [TpoGnembi
OYUCTKH (mommap/m®) | (bakTOphI, yBeIMUMBAIOIIUE | GE30MACHOCTH
pPacxoibl

duxcanus ¢ 90-200 CHsiTUE TOYBEHHOTO CJios, | BeposTHOCTh

TTOMOIITHIO TPAHCIIOPTHUPOBKA, BEITIICITAYBAHMS

MOYBEHHBIX JTOJITOCPOYHBII

100aBOK MOHUTOPUHT

CknagupoBanue Ha | 100-400 JlonrocpouHsIit BepositHOCTB

CBaJIKax MOHUTOPUHT BBIIIICIIAYBAHUS

DKCTpakuus, 250-500 OO6pazoBanue HeobxoaumocTh

BEITICITAYMBAHUE JOTIOJTHUTENBHBIX OTXOIOB | YTHIIM3AIIUN
KOHIICHTPATOB

®dutopeadbmmrtanus | 15-40 - Yrunuzanus
OroMacchl

3071a OT C)KUTAHUST OMOMACCHI COCPKUT KaK MUTATEIbHBIC JIJIS TTOYB BEIICCTBA,
MO3TOMY OTpabOTaHHYIO 30JIy MOXKHO HCIIONb30BaTh B KAayeCTBE YIOOPEHHS, Kak
OKOJIOTUYECKUM CIOCO0  yTHIIM3AIMU  OMOOTXOJIOB. Pazpaborana TexHomorMS,

MO3BOJISIIONIAS M3 30JIbHOW MbUIM MPOU3BOAUTH KUAKWE KallMWHbIE yaoOpeHus, He
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COAEpIKAILME TSKEIbIE METaIbl. 30Ja MOXET IOCTaBIAThCA IMPOU3BOAUTEISAM
yAOOpEHUN WM YTUIN3UPOBATHCS B METAJLTyPrHU€CKOM MPOILIecce.

Texnomorus ¢uropeabunuranuun B 6-11 pa3 JnemeBie XUMUYECKUX U
MEXAHUYECKUX TEXHOJIOTMH OYUCTKM mno4YB. OHa HE TpedyeT JOMOJHUTEIbHBIX
(bakTopoB, KOTOpPBIE YBEIMUMBAIOT PACXObl, HE HECET MPoOIeMbl O€30MACHOCTH, a AA€T
BO3MOXXHOCTh TMOJIYYEHUS JOMOJHUTEILHOTO SKOHOMHUYECKOTO 3(dekra: pexymnepams
u3 OrMoMarepana [EHHBIX IIBETHBIX METAJUIOB, MOJIYYCHUE METaHa MPU COpaKMBaAaHUH B

MCTAHTCHKAX, IMOJYYCHHC JJICKTPO- U TCIINIOOHCPIUH.
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PA3IEJ] 7

BUOAJAIITAIIMOHHBIE XAPAKTEPUCTUKHU PACTUTEJIBHBIX
OPTAHMU3MOB ITPHU BBIITIOJIHEHUU ®YHKIIMU ®PUTOPEME/IUALINHN

7.1. AKTHBHOCTH KaTaJjiadbl, HNEPOKCHUIAA3LI, HOJII/I(l)eHOJIOKCI/IIlaZibI B

YCJI0BUAX MOJUMETATIMIECCKOI0 CTPECCa

Jist 5 hEeKTUBHON TEXHOJOTMKU (PUTOBOCCTAHOBIICHUS AETPAJUPOBAHHBIX ITOYB
HEOOXOAUM TMOA0Op PACTEHUH-TUIIEPAKKYMYJITOPOB TSDKEIBIX METAJUIOB, KOTOpBIE
OyoyT YCTOMYMBBIMM KaK K BBICKMM KOHIIEHTPALUSIM MOJUIIOTAHTOB, TaK M K
HEOIaronpusATHeIM (pakTopaMm cpelibl. YCTaHOBJIEHO, YTO JIEHCTBUE HEOIAroNnpHUsITHBIX
(akTOpOB CTUMYIHUPYET CBOOONHO paJWKaJbHBIE PEAKIMU MEPOKCHIHOTO OKHCIICHUS
JUNUAOB B pacTeHUAX. VICTOUHMKOM CBOOOAHBIX PAJMKAIOB MOTYT OBbITh XUMHYECKUE
peakluu C y4acTUEM HOHOB TsKesbIX MeTamwioB [22, 30]. YcTaHOBIEHO, YTO CBUHEI]
YCKOpSIET IEPOKCUIHOE OKHUCIIEHHE JUMUAOB, @ M30BITOK K0OanbTa, IMHKA, MapraHia u
XpoMa B CpEAE BBIPAIIMBAHMS YCHIMBAECT MPOLECCHl INEPOKCHIALNH JIMIIHAIOB B
xJyioporactax [33]. Tspkenble MeTauibl CIOCOOCTBYIOT 00OpPa30BaHUIO AKTUBHBIX (OpM
KHCIJIOpO/Ia BCJIEACTBUE HWHIYKUWU JUIOKCUI€HAa3bl WM Onarofaps MX Yy4YacTUIO B
JIPYTUX XUMHUYECKUX peakUusiX. AKTUBHbIE (OPMbI KHCIOpOJAa HHIYLHPYIOT
NEPOKCUIHOE OKHCIICHUE JIMMUI0B OHOJIOTMYECKUX MEMOpaH, 4YTO MPUBOIUT K
YaCTUYHOHN JE3UHTErpaluii MeMOpaH W yBEJIWYeHHs HX mnpoHunaemocta [37, 53].
[TooToMy B NpPHUMEHEHUH TEXHOJOTUU (PUTOBOCCTAHOBICHHUS TIIOYB AKTyaJIbHBIM
ABJI€TCSI ~ TOWUCK  CPEICTB 1l TOBBIIMIEHHS  YCTOMYMBOCTH  pPAaCTEHHIMA-
TUIEPAKKYMYISITOPOB K JICMCTBUIO BBICOKMX KOHLEHTpPAUUN TSHKEIBIX METauIoB, a
TaK)X€ BBISIBICHUE BHJIOB PACTEHHH, YCTOMYMBBIX K 3arps3HEHUIO MOYBBI TSKEIBIMU
MeTaJUIaMH.

K cucreme 3ammTel OpraHum3Ma OT IOBPEXIECHHHA BCIEACTBUE IEPOKCUIHOIO

OKHUCJIEHUS JIMIUJOB OTHOCATCA (DEPMEHThI, KOTOpbIE OOE3BPEKUBAIOT CBOOOIHBIC
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panuMkamel M TEPOKCHABL:  KaTaja3a,  pa3HOOOpasHble  IMEpPOKCHIA3bl |
nonudenonokcuaaza. Du3noIOruYecKas aHTUOKCHIAHTHAS CHUCTeMa O00OecTeuynBaeT
NOJIZIEp’)KaHue TOMEOoCTas3a MpU JACUCTBUM Pa3IUYHBIX SKCTPEMAIbHBIX (PaKTOPOB, B TOM
YHCJIC ¥ HOHOB TsDKENBIX MeTasuioB [84, 148, 154].

OgHuM W3 KOMIIOHEHTOB AHTHMOKCUIAHTHOW 3allUThl PACTUTEIBHON KIIETKU
ABIIIETCS Karajlaza — (PepMEHT, KOTOPBI CBSI3bIBAET MEPEKUCH BOAOpoOJa 0€3 MoMOoIU
BOCCTaHaBnuBamImero cyocrpara [84]. CymiecTByIOT MaHHBIE 00 yJacTHH KaTajia3bl B
MPOIECCAX TOJEPAHTHOCTU PATEHHM B Pa3IMYHBIX THUMNAX CTpeccoB. Tak, pacTeHus
KyKypy3bl OrMOar0T npu HU3KkuX Temneparypax (4 °C), ecim UX NpeaBapUTEIbHO HE
3aKanuTh npu ymepeHHou temmeparype (14 °C). Ilpu 3TOM NpOUCXOAUT aKTUBAIUA
reHoB cuHTe3a Kartajassl [108, 117], yTo roBopUT 0 TeHepalru OKCHUAAHTHOTO CTpecca
pu OXJaXAeHUHU. V3ydeHue akTUBHOCTU 3TOro (pepMeHTa B YCIOBUSIX TEXHOJOTUU
dbuTopeMenuanu TOYB, 3arps3HEHHBIX TOKEIBIMH MeTaulaMu, Aa€T BO3MOXKHOCTh
Jy4lie H3y4yuTh POJb 3TOro ¢epMeHTa B MpoIeccax YCTOWYUBOCTU pPaCTCHHI-
TUTIEPAKKYMYJISITOPOB.

[IpoBeneHHble OWOXMMHUYECKHE HCCIEAOBAHUS TIOKA3alid, YTO 3arpsi3HEHUE
MOYBBI COECTMHEHUSAMH KOOAJIbTa M MapraHila B pa3JIMYHbIX KOHIIEHTPALUSIX TPUBOAUT K
3HAYUTEBHBIM HAPYIICHUSIM METa00JIMYECKUX MPOIECCOB B PACTUTEIHLHOM OpPTaHHU3ME.
Peakiust pepMEHTOB aHTHOKCHIAHTHOM CHCTEMBI PACTCHUN Ha JICMCTBHUE TSKEIBIX
METAJJIOB HEOJHO3HAYHA W 3aBUCUT OT BHUIAOBOM NPUHAJICKHOCTH PACTCHUM,
KOHIEHTPALUH, YPOBHSI TOKCUYHOCTH M COCTaBa 3arpsi3HUTEIICH.

Tak, Ha AaKTUBHOCTb KaTaja3bl YCTOMYMBBIX K 3arpsi3HECHUIO PaCTECHUM-
ruriepakkymyistopoB Ageratum houstonianum cv. Bule Lagoon, Alyssum maritimum
Lam., Brassica napus L., Cosmos sulphureus Cav., Linum usitatissimum L., Atriplex
hortense L., Miscanthus sinensis L., Lolium perenne L., Bromus arvensis L.
3arpsi3HCHHE TIOYBBI COCMMHEHUSIMHU KoOaibTa M MapraHiia He OKa3blBaeT HETAaTUBHOTO
BIIUSHUS, a MPOCJIEKUBACTCS YCTOMYMBAs TEHJEHLMS K TMOBBIIIEHUIO AaKTUBHOCTH
dbepmenta (pucynok 7.1, 7.2). Iloutm y BceX H3YYCHHBIX BHIOB JICKOPATHBHBIX
TPaBSIHUCTBIX PACTCHHI, AK€ y UYBCTBUTEIBHBIX K JEHUCTBHUIO IMOJUIIOTAHTOB, B

YCIOBUAX MCTAJNIMYCCKOT'O CTPECCAa aKTUBHOCTD KaTaJla3bl aKTUBUPYCTCA.
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4

KOHTp OJTb {IOK Co¥™ (5 mr/xr) 2 ILAK Co?* (10 mr/xr)

W _dgeratian houstovicoan cv.
Bule Lagoon

® _4lyssion maritimion Lom

W Brassica napus L.

B Linion usitatissimion

® Miscanthus sinensis L.

® Phacelia tanacetifolia

B Tagetes erectus L.

® Petimia Hybrida
Grandiflora

" Calendula officinalis

® Dahlia variabilis Desf

PucyHok 7.1 — AKTMBHOCTB KaTaJjla3bl pACTEHHI B YCJIOBUSAX 3arps3HEHUS I1OYBBI

WOHAMH KoOaJbTa

100

AKTHBHOCTE KaTaliasbl, v.6.

xourpors  1TIIOK Mn?* (1,5 r/xr) 210K Mn?* (3 r/xr)

PI/ICYHOI( 7.2 — AKTUBHOCTB KaTaJia3bl paCTeHI/If/'I B YCJIOBUSAX 3arpsi3HCHUA IMOYBbI

HOHaMH MapraHia

W dgeration houstoriconan cv.
Bule Lagoon

W 4lyssion maritimian Lam

® Brassica napus L.

m Limmn usitatissimion

® Miscanthus sinensis L.

™ Phacelia tanacetifolia

m Tagetes erectus L.

w Petimia Hvbrida Grandiflora

¥ Calendula officinalis

® Dahlia variabilis Desf
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VY npopoctkoB A. githago, L. usitatissimum, A. hortense L. u A. houstonianum cv.

Bule Lagoon akTtuBHOCTH Karanasbl BO3pacTaeT NpU JEHCTBUM BCEX HCCIETYyEMBIX
KOHIIEHTpaluii KoOanbra. Hu3kue KOHIIEHTpalMM HTOrO MOJIOTaHTa CTUMYIUPYIOT
aKTUBHOCTH pepMeHTa M y mpopocTkoB P. tanacetifolia, nmpu yBenmnueHun comepikanus
MPOCIIEKUBACTCS JIOCTOBEPHOE YBEIMYEHHE JTOro Tokaszareias. Ha akTUBHOCTH
kaTtanas3sl mpopoctkoB A. hortense L., S. coeli rosa, T. erectus L. u L. usitatissimum
KOMIUJICKCHOE€ BHECEHHE 3arps3HUTE]ICH HE OKa3blBaeT 3HAYMTEIHHOTO HEraTUBHOTO
saddekra, a gaxke HAOMIOAACTCS TEHICHIIUS K YBEJIUYEHHUIO aKTUBHOCTHU (hepMeHTa Ha
42-78% mO CpaBHEHMIO C PACTCHUSMH, BBIPAIIMBAEMBIMH Ha HE3arpsS3HECHHOW MOYBE.
YuuteiBass AgaHHble JuTeparypbl [117], 3T0 MOXHO OOBSCHUTH TE€M, YTO C POCTOM
pacTeHui n3-3a JEHCTBUS BBICOKUX KOHIEHTPALUM TSHKEIBIX METAJUIOB BKIIIOYAIOTCS B
paboty apyrue (QepMeHThl aHTHOKCHAAHTHOM 3aIUTHI, KOTOPHIE IMOMOTAIOT Karajas3e
pacIIEIISATh TEPOKCHI.

Y npopoctko Dahlia variabilis Desf. Hu3kue KOHIEHTpalMd HOHOB KOOalbTa
YMEHBIIIAIOT AaKTUBHOCTh KaTama3bl Ha 23%, mNpu yBEIWYCHHH KOHICHTPAIIUU
3arpsiI3HUTENE AaKTUBHOCThH KaTajla3bl CHMKaercs. Ilpu ycioBusix BHECEHHsS B IOYBY
MOHOB MapraHila HU3KOW KOHIICHTPAI[MN aKTUBHOCTH KaTaia3bl YBEIMUNBACTCS MOUTH B
2 pa3a, HO IpU JaJbHEHIIEM pOCTE KOHIIEHTpAlMM HMOHOB MapraHila OTMEYaeTrcs
CHIDKEHHE ATOro mnokaszareins. KoMIlekcHOe BHECEHHE MOJUIIOTAHTOB HE OKa3bIBAaeT
JIOCTOBEPHOTO BIIMSIHUSI Ha aKTUBHOCTH Kartanasbl mpopoctkoB Dahlia variabilis Desf.
[TpocnexxuBaroTcst HEKOTOPbIE U3MEHEHUS! aKTUBHOCTH, HO 3TH U3MEHEHHUS HE ABISIOTCS
JIOCTOBEPHBIMHU.

VYrueraronmit 3PexT oka3pIBaeT 3arpsA3HEHHE TMOYBBI HMOHAMHM KoOajbTa |
Maprasiia Ha akTHBHOCTb Karaja3sl mpopoctoB Echinacea purpurea L. IToutu Bo Bcex
BapUaHTaX 3arps3HEHUs aKTUBHOCTh Karajiadbl mpopoctkoB Echinacea purpurea L.
JIOCTOBEPHO CHUYKACTCS 10 CPAaBHEHHUIO C KOHTPOJIbHBIMU pacTEeHUSIMH. Tak, OTAeIbHOE
BHECEHHE B TOYBY MOHOB KOOalbTa CHIKAET aKTUBHOCTH ¢epmenTta Ha 9-13%, a
BHECEHHE B IIOYBYy HOHOB MapraHia IOAAaBISET AaKTUBHOCTh Kartanazbl Ha 13%.
Haubonee HerarnuBHOe BIMSIHME OTMEYEHO B YCJIOBHUAX COBMECTHOIO JIEWCTBHUSA

NOJUTIOTAHTOB, MPU KOTOPOM AaKTHUBHOCTh (epMeHTa CHukaerca Ha 25-45% 1o
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CPaBHEHHIO C KOHTPOJIEM. YMEHbBIICHWE aKTUBHOCTH KaTaja3bl B MPOPOCTKAX MOXKET
CBUJETEIHCTBOBATh O CMEIICHHE MPOOKCHIAHTHO-aHTHOKCHJAHTHOTO pPaBHOBECUS B
HaAIPaBJICHUH YCUJICHUS T€HEpalluu aKTUBHBIX (OPM KUCIOPOJA U MPUBICUEHUS UX K
OKHCIICHHUIO JIUMUAOB MEMOpaH, YTO B KOHEYHOM HTOTE MPHUBOAUT K MATOJIOTUYECKUM
U3MEHEHHSIM, TOPMOXKEHHUIO pPOCTa, YTO MOXET HEraTMBHOI  CKa3arbCsl Ha
3¢ (PEKTUBHOCTH TEXHOJOTHH (UTOPEAOUITUTAIINH.

W3-3a yBennueHUsT HWOHOB TSKENBIX METAJIOB B Cpele  BBIpAIlUBAaHUSA
UHTHOMPYETCsl aKTUBHOCTh KaTajia3bl y IpopocTkoB Bromus arvensis L.. [Ipu ycioBusx
BHECEHHUA B MOYBY MOHOB KoOajbTa aKTMBHOCTH (pepMeHTa CHMKaeTcs Ha 61%, a mpu
OTACTFHOM BHECEHHMH HOHOB MapraHia HaoOOpOT, aKTUBHOCTh (¢epMeHTa
yBEIMYMBACTCS. AKTHBHOCTb Karajia3bl CHUXKACTCS TP COBMECTHOM JICHCTBUU
TSDKENBIX MeTa/uioB. B Bapuante 5 (Co”" — 5 mr/xr, Mn®* — 1,5 T/KT) 9TOT mokasarelnb
cHIKaetcst Ha 3%, a B Bapuante 8 (Co” — 5 mr/kr, Mn®* — 3 r/kr) — Ha 87%. HauGonee
HEraTUBHOE BJIMSHHE OKAa3bIBAET KOMIUIEKCHOE BHECEHHE IOJUIIOTAHTOB C BBICOKOM
KOHIEHTPALKEH, B YCIOBUAX KOTOPOTO AKTUBHOCTH KaTajla3bl CHHKAETCA Ha 95%.

VY npopoctroB Festuca rubra L., Agrostis vulgaris With., Lolium perenne L., Poa
pratensis L. kak YyBCTBUTEIbHBIX, TaK M OTHOCHUTEILHO YCTOHYMBBHIX, aKTHBHOCTh
KaTajasbl YBEIMYMBAETCS BO BCEX BapHaHTAaX 3arpsi3HEHHUS MOYBBI MOHAMHU KOOalbTa U
Mmapranna. [IpocnexxuBaercss TONOXKHUTENbHAS TEHACHIUS — TP  YBEJIWYCHUU
METAJUTHIECKON HArpy3KH Ha MPOPOCTKH YBEITUUMBACTCS M aKTUBHOCTH (hepMeHTa. Tak,
IPU OT/AEITFHOM BHECEHUU MOHOB KOOAJIbTa aKTUBHOCTH KaTalla3bl MPOpPOCTKOB Festuca
rubra L. yenmuuBaetcs Ha 91-128 %, a y mpopoctkoB Agrostis vulgaris With. — na 80-
105%, mo cpaBHeHHIO C KOHTpoJeM. OTIeNbHOE BIMSHHE HMOHOB MapraHla TaKXe
OKa3bIBaCT CTHUMY/IMPYIOIIEE BIMSHAE Ha aKTHBHOCTh Karaiasbl. Y mpopoctkoB Lolium
perenne L. atot moka3areinb yBenuuuBaercs Ha 187%, a y mpopoctkoB Poa pratensis L.

142%, 1o CpaBHEHHUIO C KOHTPOJBHBIMH pacTeHHUSIMU. KOMIIEKCHOE BHECEHUE
3arpsi3HUTENIE aKTUBHPYET Karaja3y B NPOPOCTKaX B 2-3 pasza MO CPaBHEHUIO C
KOHTPOJIEM.

TakuM 00pa3oM, MOKHO OTMETHTh, Y€M BBIIIE YCTOMYMBOCTH BUJA K HOHAM

TAXKEIIBIX MCTAJIJIIOB, TCEM 0ojee BBICOKAsA CTAOMIJIBHOCTH ﬂCfICTBHSI KaTajladbl H,
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HA00OpOT, UHIMOUPOBAaHNE €€ AaKTUBHOCTH MOXXET OBITh AMATHOCTHMUYECKHM MPU3HAKOM
caboil yCTOMYMBOCTH PACTEHHM K aHTPOIMOTEHHBIM HAarpys3kaMm, 4YTO BaXHO Jif
npoBeAcHUs PUTOpeadUINTAIIMOHHBIX PA0OT.

VY pacTeHuil, KOTOpbIE HCIOJIb3YIOT B TEXHOJOIMH (PUTOpEMEIUALMU II0YB, K
ajantalvy K TMOJUMETANIMYECKOMY CTPECCy M JIETOKCHMKAIIMOHHBIX —MPOIEccax
npuHUMaroT ydacthue mnepokcuaasbl (Kon.d. 1.11.1.7) — mmpoko pacnpocTpaHEHHBIC
(bepMEeHTBI, KOTOpPhIE MOXKHO YBUJAETh BO BCEX 3€JICHBIX PACTEHUSAX, B OOJBIIMHCTBE
rpuboB M aHa’poOHbIX Oakrtepuid. M3odopmbl mepokcuaa3z NPUHUMAIOT y4acTHE B
TOPMOHAJIBHOM DErysiliid, PeaklUusaX OTBETa PAaCTEHHUW Ha CTPECCOBBIE CHUTyaluH,
3aIMIIAIOT KJIETKY OT WMH(MEKUUH, TUAPONEPEKUCE, B TOM YHUCIE U OT MEPEKUCH
BOJIOpOJIa, KOoTopasi oOpa3yeTcsi B pe3ysbTaTe HEraTMBHOTO BIIMSHHUS HOHOB TSKENbBIX
MeTauioB. B pacTeHusx mepokcujazy MOXKHO ONpPENETUTh BO BCEX TKaHAX, (PEPMEHT
PacCIOJIOKEH B CTEHKaX KJIETKH, BaKyOJsiX, TOHOIUIACTAX, TUIacTuiax 1 MmemoOpanax [117,
120]. CBoboaHO-pavKaIbHOE OKUCIEHUE, AKTUBUPOBAHHOE HAJIMYHUEM TSIKEIbIX
METaJUIOB B PACTUTENIbHBIX O0OBEKTAX, KOHTPOJIUPYETCS PsioM (DEPMEHTOB, B TOM YHCIIE
u nepokcuaaszoit [120]. Kpome Toro, anoHranus KJIeTok, pocT U psia Apyrux Gu3HoIoro-
OMOXMMHYECKUX IMPOLIECCOB CBA3aHbl C YYacTUEM IMEPOKCUAA3bl B PErYISALHH
OnocuHTe3a KieTouHOoM cTeHKH [124]. [Tepokcumasza KaTaau3upyeT peakifio, B KOTOPO
JUTsl OKHCIICHUS CyOcTpara Hy)KHa akThBHasi (hopMa KHCIIOPOaa, KOTOpasi CONEPKUTCS B
nepekucu Bogopoaa [131]. M3BecTHO, YTO meEpOKCHAA3bl KaTadU3UPYIOT MHOTO
cBOOOTHOpaAMKaIbHBIX peakiuii [131]. Hexoropsle ucciaenoBareny mpeamnonaraT, YTo
OOJbIIAsT YaCTh OPraHMYECKUX TOKCHUYHBIX COEIMHEHHH OKHUCISIETCS MEPOKCHAa3aMu.
Dta runore3a 0a3upyeTcss Ha CIAEAYIOUIUX IKCIEPUMEHTaIbHO 000CHOBAHHBIX (pakTax:
IIMPOKOE PACIPOCTPAHEHUE IIEPOKCUIA3bl B PACTEHUSAX; BBICOKOE CPOJCTBO C
OPraHMYEeCKUMH  KCEHOOMOTHKAMHU  pAa3JIMYHBIX  XUMHUYECKUX  CTPYKTyp. OTHU
0COOCHHOCTH OOYCJIOBIMBAIOT aKTUBHOE Yy4YacTHE MEPOKCHAa3bl B IIMPOKOM TUAa30He
JIETOKCUKAIMOHHBIX MpoueccoB. Pe3yabTaThl MHOTOJIETHUX WCCIEAOBAHUN YKa3bIBAIOT
HAa y4YacTHE€ pACTUTENbHBIX TMEPOKCUIA3 B  PEAKUUAX  TUAPOKCUIUPOBAHMS

kcenobnotukos [141, 146, 147].



115

HpOBeI[eHHBIe HUCCJICIOBAHMA II0Ka3aji, 4YTO Yy YCTOI‘/JI‘-II/IBBIX K 3arpA3HCHUIO
MOYBBI TSHKEIBIME MeTaJlJIaMu MpopocTkoB Ageratum houstonianum cv. Bule Lagoon,
Alyssum maritimum Lam., Brassica napus L., Cosmos sulphureus Cav., Linum
usitatissimum L., Atriplex hortense L., Miscanthus sinensis L., Lolium perenne L.,
Bromus arvensis L. Bo Bcex BapuaHTax 3arpsS3HCHHs IOYBbI MOHAMHU KoOaibTa W

MapraHiia OTMEUEHO MOBBIIIEHNE aKTUBHOCTH MEPOKCUAa3bl (pucyHok 7.3, 7.4).

2 ® _dgeration houstonicnion
cv. Bule Lagoon
W _{lyssion maritimian Lam

W Brassica napus L.

W Liruon usitatissimion

(3]

W Miscanthus sinensis L.
® Phacelia tanacetifolia

W Tagetes erectus L.

AKTHBHOCTE [EPOKCHIIA3E] V. €,
— i

® Petiniia Hybrida
0.5 Grandiflora
‘ Calendula officinalis
o - - ® Dahlia variabilis Desf

kouTpos  1ITOK Co? (5 mr/kr) 2 ITOK Co? (10 mMr/kr)
Pucynok 7.3 — AKTHBHOCTb NEPOKCHJIa3bl PACTEHUN B YCIOBHSX 3arpsi3HEHUS

ITOYBBI MOHAMU KOOaJIbTa

Tak, mnpu OTHETHHOM BHECEHHMH HOHOB KoOajbTa aKTUBHOCTH (PepMeHTa y
npopocTtkoB Ageratum houstonianum cv. Bule Lagoon ysenuuuBaercs Ha 46-59%, a
pU  OTJIEJIbHOM BHECEHWM HOHOB MapraHua — Ha 47-69%, 1o CpaBHEHHMIO C
KOHTPOJIbHBIMH pacTeHUsIMU. [Ipociie:kuBaeTcst MoJ0KUTENbHAS 3aKOHOMEPHOCTh — MPH
YBEIMYECHUH  KOHLUEHTpAlMU  3arpsi3HUTENIEd  aKTUBHOCTb  (pEpPMEHTa  TaKkKe
yBenuuuBaeTcs. IIpy  ycJIOBMM KOMIUIEKCHOTO BHECEHHMS TSDKENbIX METaJJIOB
aKTUBHOCTbH MEPOKCHIa3bl yBennunBaeTcs Ha 63-135%. Jlob6aBnenne B mouBy 10 mr/kr

Co®" cTUMyIHpYeT aKTHBHOCTH TIEPOKCH/Ia3bI TpopocTKoB Linum usitatissimum ma 25%,
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a OTAETbHOEC BHECEHHMM HOHOB MapraHila B KOHLEHTpanuu 3 T/kr — Ha 74%. Ilpu
KOMITJIEKCHOM BHECEHHMH HMOHOB KOOalbTa M Mapraiia akTUBHOCTH 3TOro (epmeHTa
yBenuuuBaeTcs: 94-171% B cpaBHEHUH ¢ KOHTPOJIbHBIMU PACTECHUSIMHU.

BHecenne B MouBy HU3KWX KOHIICHTpAIUil KOOalbTa HE OKa3bIBAET HETaTUBHOIO
BIIMSIHUSI HA AaKTUBHOCTB MEPOKCH1a3bl OTHOCUTENIBHO YCTOWYMBBIX U UyBCTBUTENIBHBIX
K 3arpsi3HEHUIO MOYBbI NMPOPOCTKOB M3YYEHHBIX BHJOB pacTeHUil. Tak y HpOpOCTKOB
Silene coeli rosa sTor mokasarens yBenmuuBaercs moutu Ha 50%, y Ipyrux pacTeHUi
aKTUBHOCTh (pepMEHTa Bo3pacTaeT Ha 6-28% 1O CpPaBHEHHMIO C PACTCHUSIMH,
BBIPAIICHHBIMU Ha HE3arps3HEHHOW IOYBE, TOJBKO y MpopocTkoB Agrostemma githago
u Zinnia aqgnustifolla H. akruBHOCTH TIEpOKCHIAa3bI TIPU ITUX YCIOBUSX CHIDKAETCS, HO

9TH U3MCHCHMU:A HC ABJIAIOTCA JOCTOBCPHBIMU.

® dgeration houstoricrian
cv. Bule Lagoon
® Alyssion mavitimion Lam

W Brassica napus L.
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“
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W Liuon usitatissimon

® Miscanthis sinensis L.

(3]

® Phacelia tanacetifolia

[
“
i

W Tagetes erectus L.

[

AKTHBHOCTE ITEPOKCHIA3b], V. €,

W Petwniia Hybrida
) Grandiflora
0.5 Calendula officinalis
e > ™ Dahlia variabilis Desf’

kKouTpors  1TTOK Mn?~ (1,5 r/xr) 2TT0K Mn?~(3 r/xr)
PucyHok 7.4 — AKTMBHOCTH IMEPOKCH[A3bl PACTEHUN B YCJIOBHUAX 3arpsi3HEHUS

IMOYBbBI MOHAMHA MapraHia

[Ipun yBenuueHun KoHIEHTpauuu koOamsTa B mouBe 10 2I[1JIK axTuBHOCTH
nepokcuaasel y mpopoctkoB Dahlia variabilis Desf., A. houstonianum cv. Bule Lagoon.

u L. usitatissimum npomomkaeT yBenuauBathes. Y npopoctkoB S. coeli rosa, T. erectus
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L. u C. sulphureus Cav., Ha060pOT, IPOCIICKUBACTCSA YMEHBIIIEHUE YTOTO TIOKa3aTess Ha
6-11%. D10 MOXeT OOBSICHATH TOT (PAKT, YTO B KOOAIbTE PACTEHUS UMEIOT MEHBIIIYIO
NOTPEeOHOCTh, KaK B MUKPOIJIEMEHTE, YTO OMpPEESeT ero OONbIIYI0 TOKCUYHOCTD JIIs
YyBCTBUTEIHHBIX BUJIOB PACTCHHM.

BHecenue B MouBy HM3KOM KOHIICHTPAllMM MapraHiia MHTMOUPYET aKTUBHOCTD
nepokcuaasel y npopoctkoB A. githago m A. hortense L. na 9-10%, y mpopocTkoB
JPYTUX U3YYCHHBIX BUJIOB PACTCHHI HAOIIONAeTCsl YBETUUYCHUE aKTUBHOCTH (pepmeHTa
Ha 15-23% B cpaBHeHMH ¢ KOHTpoJieM. [Ipu yBeIM4YeHUH KOHIIEHTpAllMd MapraHia jo 2
[MAK y Oonee YyBCTBUTEIBHBIX K 3arpsi3HEHUIO TOYBBI THKEIBIMU METaJUIAMU
npopoctkoB  Silene coeli rosa, C. sulphureus Cav. u T. erectus L. akTUBHOCTB
NepOKCHIa3bl CHIKaeTcs moduTu Ha 50%, 1Mo cpaBHEHUIO C PAaCTEHUSIMHU, BBIPAIICHHBIMU
Ha HE3arpsA3HEHHOW MOYBE. Y NPYTrUX M3YyYEHHBIX BUJIOB PACTEHUN AKTHUBHOCTH 3TOTO
dbepmenta Bo3pactaeT Ha 11-98%. KomrmexkcHoe 3arps3HeHHWE TOYBBI HU3KUMU
KOHIICHTPALMSIMU KOOQJIbTa M MapraHila HE OKa3bIBA€T HETAaTUBHOTO BIUSHUS Ha
aKTUBHOCTH MIEPOKCHAA3bI BCEX M3yUYEHHBIX BHIIOB pacTeHuil. HaOmogaercst TeHaeHIUS
K YBEITMYCHUIO ITOTO MOKa3aTelsl KaK Y YyBCTBUTEIbHBIX K 3arpsI3HEHUIO PACTCHUM, TaK
u y Oomee ycroiumBeix. J. Larkindale c¢ coaeropamu [201] mnoka3zamm, dYTO
MEPOKCHIa3Hasl aKTUBHOCThH MPUBOJIUT K MOBBIIMICHUIO PE3UCTEHTHOCTH PACTUTEIBHBIX
KJIETOK K TeHepallud BBICOKMX KOHIEHTpaluil MNepokcuja Bomopona. B pesynbrare
ATOTO, TIOBBIICHUE TMEPOKCUAA3HON AaKTUBHOCTU SIBJISIETCS 3allMTHOM peakluen
pacTeHUH Ha IOJMMETAJUIMYECKUM CTpecC. Y PE3UCTEHTHBIX BHUIOB pPAaCTCHUU
NEPOKCUAa3Has aKTUBHOCTbD SIBIISIETCS IOBOJBHO BBICOKOW, YTO MIOMOTAET UM BBIKHBATH
B YCIOBHUSIX OKCHIAHTHOTO CTpecca, TOrJa KaK Yy YYBCTBUTEIBHBIX K TSHKEIBIM
MeTaJlJlaM BUJOB HE HAOIIOMAeTCs BBICOKAs aKTMBHOCTH 3TOT0 hepmenTa [216]. Tonbko
y npopocTtkoB Agrostemma githago akTuBHOCTH epMeHTa cHUKaercs Ha 13-27%, HO
9TH W3MEHEHUs HEe SBISIOTCA JOCTOBEpHBIMHU. [lpu yBeIMYEHUM KOHIIEHTPAIIUU
nountoranToB A0 2I1JIK mpu komIiekcHOM BHECEHHHM Yy 0ojiee 4yBCTBUTENBHBIX K
sarps3aeHuio BuaoB Silene coeli rosa, C. officinalis, Dahlia variabilis Desf. u C.
sulphureus Cav., akTUBHOCTbh MEPOKCH/A3bl HAYMHAECT YMEHbIIAThcs Ha 27-32% 1o

CpaBHCHHIO C KOHTPOJIbHBIMU PACTCHHSIMMU. v yCTOfI‘HdBBIX BHJOB IIPOCJICIKHUBACTCA
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JTaTbHEHTIINN poCT akTUBHOCTU (pepmenTa Ha 45-93%. D10 MOXKeT OOBSICHATH TOT (haKT,
YTO MEPOKCHIA3a, KaK OJWH W3 KOMIIOHEHTOB AHTHOKCHJAHTHOM CHCTEMbI PacTEHHS,
MOBBIIICHUEM AaKTUBHOCTH, OOECIEYMBAET aJalTUBHBIE pEaKIMM OpraHu3Ma Ha
JIEUCTBHUE Pa3HOOOPA3HBIX CTPECCOBBIX (DAaKTOPOB, B TOM YHCIE W HA BO3ICHCTBHE
TSIKEJIBIX METAIIIOB.

Y npopoctoB Bromus arvensis L. aktuBHocTh hepmeHTa yBeanunBaeTcs Ha 20%,
a y ycToMumMBOTO K 3arps3HeHuto Buja Lolium perenne L. — Ha 28% 1o cpaBHEHHIO ¢
koHTposieM. [lpu yBenuueHuu kKoHueHTpauuu noiumoranta a0 2 IIJIK akTuBHOCTH
depMeHTa POIOIKAET PacTH Y YyBCTBUTEIBHOTO K 3arps3HEHUIo Buaa Festuca rubra
L. na 30%, a y npopoctkoB Agrostis vulgaris With. — na 45%.

OTnenbHOE BHECEHHE B IIOYBY HMOHOB MapraHlla CTHUMYJIUPYET AaKTHBHOCTb
nepoKcHIa3bl mpopoctkoB Bromus arvensis L. Tak, npu 1,5 r/kr akTHBHOCTH (hepMeHTa
YBEJIIMYUBACTCS MOYTH B 2 pasa. [Ipu coBMECTHOM JI€HCTBUU MOJTIOTAHTOB AKTUBHOCTD
NEPOKCUAa3bl MPOPOCTKOB MpOJoKaeT pactu. Eciau Oparb BO BHMMAaHHE TO, YTO
MepoKcuaaza — 0HTO ,,aBApUMHBIN’ (EpPMEHT, TO VYBEIWYEHUE €€ aKTUBHOCTU
CBUJACTEIbCTBYET O BO3HUKHOBEHMM  3alllUTHOM  peakUuu, YTO  IO3BOJISET
HENTpannu30BaTh TOKCHKAHTHI U 3((EKTUBHO HCIIONB30BaTh YCTOMYMBBIC PACTCHHSI-
THIIEPAKKYMYIIATOPHI B TeXHOMOruu (uroBoccraHopiacHus mous [203]. Psux aBropos
ONHKCAM AKTUBALMIO CBOOOJHOPAJAMKAIIBHBIX PpEaKUUN TEePOKCHIIA3HBIM OKHUCIICHHUS
JUMHUIOB TIPH JACUCTBUU pPa3iMYHBIX CcTpeccoBbIX ¢akTtopoB [213, 240], omnako
CBEICHUS O BIUSHUU TOKENBIX METaNIOB Ha TMPOLECCH JIMMONEPOKCUIALUU B
pacTUTEIHHBIX OPraHU3Max BeChMa HEMHOTOUHCIICHHBI.

[Homudenonokcnmaza (x.¢p. 1.14.18.1) - depmeHT, KOTOPBIH MIMPOKO
pacnpoCTpaHeH B MUKPOOpPraHU3Max, pacTeHUsIX. DTOT (EPMEHT UrpaeT BaXKHYIO POjb
B TOBBIIICHUU YCTOMYMBOCTH PACTCHUM-TUIEPAKKYMYJISITOPOB TKENBIX METAIIOB,
KOTOpBIE HCHOJNB3YIOT B TEXHOJIOTMU (UTOpEMEIuali AeTrpaJipOBaHHbIX MOYB MpU
MOJUMETAIITUYECKOM CTpecce.

[IpoBeneHHBIE WCCIEAOBAaHWS BIMSHHS 3arpsA3HEHUs TOYBBI COCAMHECHUSIMU
KoOajnbra M MapraHlla Ha aKTUBHOCTh MOJMH(EHONIOKCHAA3bl IMOKa3ajah, 4YTO C

YBEJIMYEHUEM KOHIICHTpallMd HMOHOB KoOajdbTa W MapraHila B TIOYBE HaOJIOIAETCS
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yBEJIIMYCHUE AaKTHUBHOCTU (epMEHTa Yy YCTOWYMBBIX K 3arpsisHeHuto Ageratum
houstonianum cv. Bule Lagoon, Alyssum maritimum Lam., Brassica napus L., Cosmos
sulphureus Cav., Linum usitatissimum L., Atriplex hortense L., Miscanthus sinensis L.,
Lolium perenne L., Bromus arvensis L. Tak, oTmenbHOe BHECCHHE B IIOYBY HOHOB
koOanbTa YBETWYMBAET AaKTUBHOCTh NOJM(EHOTOKCHAa3bl MpopocTkoB Ageratum
houstonianum cv. Bule Lagoon na 10-16% mo cpaBHeHUIO ¢ KOHTposieM. BHeceHue B
nouBy 1IIJAK wu 2[1JIK mapranuna cTuMyaupyeT akTUBHOCTH (¢epmenta Ha 16-30%.
CoBMecTHOE HCﬁCTBHC ITOJIJIFOTAHTOB ITIOBBIIIACT aKTHUBHOCTD HOJIH(I)CHOJIOKCI/I,Z[a?,BI Ha

22-31%, 0cOOEHHO TpPHU BHICOKUX KOHIEHTPALHUAX TSHKETBIX METAIOB (PHUCYHOK 7.5,

7.6).
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Pucynok 7.5 — AKTUBHOCTH TONU(EHOTOKCHIA3bl PACTEHUH B YCIOBHUAX

3arpsA3HCHUA II0OYBBI HOHAMH KoOaJibTa

AmHanornyHasi TSHJICHIIUS MPOCIICKUBACTCS Uy TIpopocTkoB Linum usitatissimum.
OtzmenbHOE BHECCHHE HOHOB KoOampra ¥ MapraHia JJOCTOBEPHO —YBEIMYHMBACT

aKTUBHOCTh mNonu@eHomokcuaazpl Ha 21-62%, B CpaBHEHUHM C KOHTPOJbHBIMU
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pacteHussMH. [Ipy yCIIOBHM KOMIUIEKCHOTO BHECCHHS TSDKEJIBIX METaUIOB aKTHBHOCTH
dbepmenTa yBennuuBaercs Ha 73-95%.

VY npopoctkoB Atriplex hortense L. BHeceHue B MOYBY COCIMHCHUH KoOaybTa
JIOCTOBEPHO YBEIMYHMBACT aKTHBHOCTH MonmdeHomokcuaassl Ha 10-17%, B oTaenpHOE
BHECCHUE COCIMHEHUM MapraHia — Ha 18-37%, 10 CpaBHEHHUIO C KOHTPOJIEM.
CoBMecTHOE JCHCTBHE TOJUTFOTAHTOB B 3HAYUTEILHON CTENCHH MOBBIMIAET aKTUBHOCTH
depmenTa Ha 22-66%. BrisgBieHa MOMOKUTENbHAS 3aBUCUMOCTh MEX]Yy YBETUUYCHHUEM
KOHIICHTPAIIMM WOHOB TSDKEIBIX METAZIOB B CpEle BBIPAIMBAHUS W TIOBBIIIICHHEM

aKTUBHOCTH TMOJIM()EHOTOKCHUIa3bl.
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Pucynox 7.6 — AKTHUBHOCTh MONMH(PEHOIOKCUAA3bl PACTCHHN B YCIOBHIX

3arpsA3HCHHSA ITOYBLI HOHAMHA MapraHia

VY Bcex TonepaHTHBIX BuAoB Echinacea purpurea L., Agrostemma githago L.,
Silene coeli rosa, Phacelia tanacetifolia L., Zinnia agnustifolla H., Tagetes erectus L.,
Agrostis vulgaris With., Poa pratensis L. nmpociexuBaeTcs MOJ0KATEIbHAS JMHAMUKA
AKTHUBHOCTH HOJII/I(beHOJ'IOKCI/II[aSBI BO BCCX BdpHAHTAaX BHCCCHHUA HOHOB KO6aJII>Ta u
Maprabua. Buecenne B IIO4YBY HOHOB koOajibTa HE BBI3BIBAET CYmCCTBCHHLIX

U3MEHEHUI B aKTHBHOCTH MOJM(EHOIOKCHIa3bl MpopocTKoB Agrostemma githago, a
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BHECEHHE B MO4YBy 3 r/kr Mn®' yBenuumBaeT akTMBHOCTH (epMeHTa Ha 55%.
KommiiekcHOe pAeiicTBME HMOHOB KoOajipTa W MapraHila HHU3KOW KOHLIEHTPALMU HE
OKa3bIBAa€T JIOCTOBEPHOIO BIUSHHUS Ha AaKTUBHOCTh MOJU(EHOIOKCHIA3bl, HTOT
NOKa3areiab MOYTH HE OTIIMYAeTCs OT KOHTpois. Ho mpu yBennueHnn KOHUEHTpaluu
TSKEJIBIX METAJUIOB aKTUBHOCTH (PEpMEHTa Pe3Ko yBelnuuBaercs Ha 37-56%.

Bo Bcex nccieioBaHHBIX BapUaHTaX 3arpsA3HEHHS MOYBBI TSKEIBIMU METallJIaMU
aKTHBHOCTH MoyM(eHoI0Kcuaa3bl nmpopoctkoB Phacelia tanacetifolia ysenmunBaetcs.
OtnenpHOE BHECEHHME MOHOB KOOAllbTa W MapraHila CTUMYJIUPYET AaKTUBHOCTH
dbepMeHTa, naxke MpU BBICOKUX KOHIICHTPAIUSAX MOJUTIOTAHTOB. Tak, MpH BHECEHHH B
nouBy 2 IIJIK koGanbTa aKTUBHOCTh aHTUOKCHJIAHTHOTO (DEpMEHTa yBEIMYMBAETCS Ha
44%, a 1 TIJIK mapranma — moutu BTpoe. [Ipu ycloBHSX COBMECTHOTO BHECEHUS
MOJUTIOTAHTOB AKTUBHOCTH MOJIM(PEHOJOKCHIA3bl TAKKE YBEIMUYHUBAETCS, OCOOCHHO MPH
NEHCTBUM BBICOKUX KOHILIEHTPALMAX TSXKEJbIX METAJIOB Ha 125-238% no cpaBHEHHUIO C
KOHTPOJIEM.

Y mpopoctkoB Zinnia agnustifolla H. Baecerne B mousy 5 mr/kr Co>* moBbimmaet
aKTUBHOCTb MOJIM(EHONOKCHAa3bl Ha 7%, MpHU yBEJIWYCHUM KOHIIEHTpALMU MeTaljia
aKTUBHOCTh (pepMEHTa TaKXke yBeIWuMBaeTcs. BHeceHne B MOYBY HHU3KON
KOHLIEHTpallMd MOHOB MapraHiia CTUMYJIUpPYET aKTUBHOCTh (¢epMmeHTa Ha 15%, a mpu
YBEIMYECHUH KOHIIEHTpauu Tspkenoro metamia no 2 IIJIK aktuBHOCTH (hepmenTa
noBbimaercs Ha 17% mo cpaBHeHHIO C  KOHTpojeM. (COBMECTHOE [IEWCTBUE
NOJUTIOTAHTOB KaK HU3KOHM, TaK W BBICOKOM KOHLEHTpALUH, YBEJIMYMBAECT AaKTUBHOCTH
NoJIM(PEHOTOKCH 1a3bl TPOPOCTKOB BO BCEX BAPUAHTAX 3arpSA3HEHUS.

[Ipn BHEceHMM B NOYBY Co* B KOHIeHTpauuu 5 u 10 MI/Kr aKTUBHOCTB
noaupeHoJOKCH1a3bl MPOpoCcTKOB Tagetes erectus L. mocrtoBepHO HE OTIMYaETCs OT
KOHTPOJIBHOTO TIOKa3aTessl, a OTAEJIbHOE BHECeHHe 3 TI/Kr Mn?* YBEIINYUBAECT
aKTUBHOCTh JaHHOTO (epmenta Ha 12% 1o cpaBHEHHIO ¢ KOHTposieM. HamOombimas
aKTUBHOCTh  ()epMEHTa OTMEUEHa B  BapHaHTaX KOMIUIEKCHOTO  BHECEHUs
3arps3HUTENEN — aKTUBHOCTh (pepMeHTa yBenuuuBaeTcs Ha 20-25%. Poct akTUBHOCTH

moM(EeHOIOKCHAa3bl B MPOPOCTKAX PACTEHHMM II0J] BO3JICHCTBHEM HOHOB KoOallbTa U
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MapraHila MOXeT ObITh 00yCIIOBICHO TeHEpaIieil IepOKCHIa BOAOPOa JOTIOTHUTEIEHO
K €r0 0OBIYHOMY YPOBHIO B KJIETKE.

VY 4uyBCTBUTENBHBIX K 3arpsi3HeHuto BuaoB Salvia splendens L., Petunia Hybrida
Grandiflora, Calendula officinalis L., Dahlia variabilis Desf., Festuca rubra L.
aKTUBHOCTh MOJU(PEHOJOKCHAA3bl BO3pACTaeT NpPHU JEHCTBUU BCEX HCCIEAYEMbIX
KOHIICHTpAIM MOHOB KoOaibTa U MapraHiia.

Tak, TpW OTACTHPHOM BHECEHWHM B TIOYBY HMOHOB KOoOajabra aKTUBHOCTH
noiudenogokcuaasbl y npopoctkoB Dahlia variabilis Desf. ysennunBaercs na 45-69%
M0 CPaBHEHUIO C KOHTPOJEM, a OTAEIbHOE BHECEHHWE B TOYBY HOHOB MapraHiia
aktuBupyer (epmeHT Ha 28-76%. CoBMECTHOE JACUCTBUE TSHKEIbIX METAJIJIOB
YBEIMYMBACT aKTUBHOCTH MOJTH(PEHOIOKCHIA3bl TPOPOCTKOB MOYTH B 2 pa3a, 0COOCHHO
TP BBICOKHMX KOHIICHTPAIMIX KOOAIBTAa U MapraHIa.

AHaJloTH4Has TEHACHIUS MPOCIICKHUBAaETCs U y mpopoctkoB Cosmos sulphureus
Cav. Tak, npu Baecennn Co’* — 10 MI/KT aKTHBHOCTH (hepMCHTA yBEIMUHBACTCS HA
45%, a mpu BHecenmn Mn®* 3 r/kr — Ha 133%, B CpaBHEHHH C KOHTPOJBHBIMH
pactenusiMu. Haunbonbinas akTUBHOCTh MOJMM(EHOTIOKCHIa3bl OTMEUEHA B BapHaHTaX
COBMECTHOTO JIEVCTBUS MOJUTIOTAHTOB.

Buecenne B MOYBY  HMOHOB  KOOanbTa  yBEJIMYMBAET  AKTUBHOCTH
noiudeHonokcuaassl 'y mpopoctkoB Petunia Hybrida Grandiflora ma 5-33%, B
CpaBHEHUU C KOHTposieMm. IIpu oTaenpbHOM BHECEHMHM WOHOB MapraHIla aKTHBHOCTH
dbepMeHTa yBenmuuuBaeTcs Ha 23-28%. B ycloBHSX COBMECTHOTO JMEWCTBHUS TSKEIBIX
METaJUIOB aKTHBHOCTh ()epPMEHTA YBEIWYMBACTCS TMOYTH B 2 pa3a MO CPAaBHCHUIO C
KOHTPOJIEM.

VY npopoctkoB Echinacea purpurea npu BHeCeHUM HH3KOH KOHIICHTPAIUH HOHOB
ko0aJbTa aKTUBHOCTh TOJU()EHONIOKCHIa3bl TIOYTH HE OTIUYACTCS OT KOHTPOJIBHOTO
MOKa3aTelis, a MPU YBEJIMYEHUU KOHLEHTpauu nosuiotanta Ao 2 ITJIK aktuBHOCTH
dbepmenta ymenbinaetcs Ha 23%. Hwuskas koHIEHTpammsi MapraHiia HE OKa3bIBacT
JIOCTOBEPHOTO BJIUSHUS HA aKTUBHOCTH (PEPMEHTA, a BBICOKHE KOHIICHTPAIlMW HOHOB
MapraHila HMHTUOUPYIOT aKTMBHOCTh ¢epmeHta Ha 26%. Bo Bcex BapuaHTax

KOMIIJICKCHOTI'O 3arpsA3HCHUA HMOHAMH KoOaipTa " MapraHna MmpocCJiICKNBACTCA CHUIKCHHC
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aKTUBHOCTH monudeHomokcuaa3zbl. Hanbonpmmii yraetaromuii 3h(EKT oKa3bIBaeT
COBMECTHOE JICUCTBHE TKETBIX METAJUIOB BHICOKOW KOHIICHTPAIIHH.

YMeHbllIeHHe aKTUBHOCTH MOJMU(PEHOIOKCUAA3bl MOXET CBHUJIETEIbCTBOBATH O
CMEIICHNE MPOOKCHIAHTHO-aHTHOKCUIAHTHOTO PAaBHOBECHS B HAIPABICHUHU YCUJICHUS
reHepalid aKTUBHBIX (OPM KUCIOpPOAA W TPUBICYEHUS MX K OKUCICHHUIO JUIUIOB
MeMOpaH. [IpoBeneHble Uccaen0OBaHUs BIUSHUS 3arpsi3HEHMS MOYBBI HOHAMU KOOaJbTa
¥ Maprafiia Ha aKTUBHOCTh MOJH(EHOIOKCHAA3bl MPOPOCTKOB 3JIAKOB IOKA3alld, YTO
BHECEHUE B IOYBY HM3KOM KOHIICHTpAllMM KOOalbTa HE OKAa3bIBAE€T 3HAUYUTEIHLHOTO
HETaTUBHOTO BJIMSHUS Ha aKTHBHOCTh (PEpMEHTAa BCEX M3YUYEHHBIX BHUOB PACTEHUM.
[Ipu yBenmuueHWN KOHIICHTPAIMK KOOaIbhTa MPOCICKUBACTCS AAIBHEHUIIICEe YBETNICHIE
akTUBHOCTU (hepMeHTa Ha 15-27% KaK y 4yBCTBUTEIIbHBIX, TaK U 'y 00JI€€ YCTOMUUBBIX
K 3arps3HEHUIO TTOYBHI PACTCHHUI B CPABHEHUH C KOHTPOJIEM.

3arpsi3HEHHE TOYBBI COCIMHEHUSIMH MapraHiia Kak IMpU HHU3KHX, TaK W TMpHU
OOIBIIHNX KOHIICHTPALIUSX, aKTUBHUPYET JeNCTBUE MoJIM(PEHOTOKCHIa3bl.
[IpocnexxnBaeTcsi MOMOKUTEIbHAS 3aKOHOMEPHOCTH: TIPH YBEIIMUCHUU KOHIIEHTPAITUH
3arpsi3HUTENISE YBEIMYMBACTCS M AKTUBHOCTh (PEPMEHTA Yy BCEX HM3YyUYCHHBIX BHUJOB
pacrenui. Tak, B BapuaHTe 7 3TOT MOKa3areib pacteT Ha 35-92%, mo cpaBHEHHIO C
MPOPOCTKAMH, BBIpAIIUBAEMBIMU HA HE3arpsi3HEHHOU nouyBe. KomIuiekcHOoe BHECEHUE B
MOYBY COCAMHEHHMI KOOAJIbTa M MapraHila He OKa3bIBAET 3HAUYMUTEIHLHOTO HETaTMBHOTO
addekTa Ha aKTUBHOCTh MOMU(PEHOTOKCHAA3bl. [IpM HHU3KHX KOHIICHTPAITUIX
MOJUTIOTAHTOB ATOT IMOKa3areyb pacTeT moutu Ha 50% 1o CpaBHEHUIO C KOHTPOJIEM. A
HauOOJbINIasl aKTUBHOCTH JTOT0 (epMeHTa TPOCIECKUBACTCS TMPU KOMILICKCHOM
BHECCHUU B TIOYBY BHICOKMX KOHIICHTpAIIMK K0OAbTa M MapraHIia.

JlnHaMyKa W3MEHEHHH aKTUBHOCTH TOJU(EHONOKCHIA3bl TOBOPUT O TOM, YTO
3TOT (pepMeHT OBICTPO pearupyeT Ha HeOnaronpusaTHbE (PAKTOpPBI M Pa3HOTO poja
CTpPECChl, B TOM YHCJ€ W Ha 3arpsA3HCHHUE TIOYBBI TSKEIBIMA METaJJIaMH, HUTpPaeT
CYIIECTBEHHYIO POJIb B MOBBIIIICHUH YCTOMYMBOCTH PACTCHUN-aKKYMYSTOPOB TSIKEITBIX

MCTAJIJIOB, KOTOPBIC HUCITIOJIB3YIOT B TCXHOJOIMA @HTOBOCCT&HOBJIGHI/ISI IIO4YB.
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7.2. Peaknusn CYICPOKCUIAUCMYTA3bl Ha 3arpsaA3HCHHEC IOYBbLI THAKC/ILIMHA

MeTaJLllLiIaMH

Cpenu  3alIUTHBIX MEXaHU3MOB, KOTOPbIE CYIIECTBYIOT B  PacTCHUSIX-
TUIEPAKKYMYIISITOpaX TSHKEIBIX METAJIOB B TEXHOJOTHUU (POTOBOCCTAHOBIICHMS TOYB,
BaKHOE MECTO MPUHAJIC)KUT aHTUOKCUIAHTHOW CUCTEME, POJIb KOTOPOU 3aKIIFOUaeTCs B
SIIMMHUHAIINKM aKTUBHBIX (opMm kucimopoma. Ho 1o cux mop (yHKIIMOHMpPOBAHUE
[JJaBHOTO 3B€HA AHTHOKCHJIAHTHOM CHCTEMbI, KOTOpas TpelcTaBieHa (EepMEHTOM
cynepokcuamaucmytazoi (COJI), B yCIOBUAX ACUCTBUS TSDKEIBIX METAJUIOB KOOAIbTa M
MapraHiia moka Jajeku OT MOJHOro nmoHuMaHusa. CBeeHUs O BIUSHUU METANINYECKOU
Harpy3ku Ha aktuBHOCTh COJ] goCcTaTo4HO HEOAHO3HAYHBI, YTO, BEPOSITHO,
OOBSICHSIETCA Pa3HON YCTOMYMBOCTHIO pacTeHuid. [loaTomy 1enbio Hamei padoThl ObLIO
BBIICHUTH U3MeHeHne akTuBHOCTH CO/l pacTeHunii, KOTOpble IPUMEHSIOT B TEXHOJIOTUN
dbuTopemenuanuu ypOaHU3UPOBAHHBIX TEPPUTOPUI ISl OINpPEACIICHUS MEXaHU3MOB
MOBBIIIEHUS YCTOMYMBOCTU PACTCHUN-TUIIEPAKKYMYJIATOPOB TSAKEIBIX METAILIOB.

Pe3ynbrarel MPOBENEHHBIX MCCIEIOBAHUI TIOKa3aliHM, YTO CYLIECTBYET CBS3b
MEXJly WHTEHCUBHOCTBIO BJIMSHMS 3arpsi3HEHUS TMOYBBI TSDKEJIBIMM METajulaMu U
aKTUBHOCTHIO (PEPMEHTOB AHTHMOKCHJIAHTHOW CHCTEMbl PACTUTEIBLHOTO OpraHu3Ma. Y
YCTOMUYMBBIX K 3arps3HeHuio mnpopoctkoB Ageratum houstonianum cv. Bule Lagoon,
Alyssum maritimum Lam., Brassica napus L., Cosmos sulphureus Cav., Linum
usitatissimum L., Atriplex hortense L., Miscanthus sinensis L., Lolium perenne L.,
Bromus arvensis L. mnpocnexuBaeTcsi pPOCT AKTUBHOCTH CYNEPOKCHIIMCMYTA3Hl,
KOTOpasi MHAKTHUBUPYET CBOOOIHBIE PAJUKAJIBI W TMEPOKCUABI, 0Opasyroluecs Mpu
JEUCTBUU TSKEIBIX METAJIOB. Tak, Mpy BHECEHUHU B MOYBY S5 MI/KT Co®* aKTHBHOCTS
CO/Jl yBenmuuBaercss Ha 50%, a mpu yBEIMYEHUHU KOHUCHTPAMU TOJKOTAHTA 3TOT
nokKasareiab yBenuuuBaeTcss Ha 168% mo cpaBHeHHMIO ¢ KOHTposieM. OTaenbHoe
BHECEHHE B MOYBY MOHOB MapraHia Takxe ctumynupyetr aktuBHocTh COJl Ha 105%

(pucynok 7.7, 7.8).
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Pucynok 7.7 — AKTHBHOCTb CYNEPOKCHUIJUCMYTa3bl PACTEHUH B YCIOBHSIX

3arpsA3HCHUA ITIOYBBI HOHAMU KOOaJIbTa
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§ 2 ® Petiniia Hybrida
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E 1 “ Calendula officinalis
0 ® Dahlia variabilis Desf
kouTpore  ITIOK Mn? (1.5 r/kr) 2IT0K Mn?™ (3 r/kr)
Pucynok 7.8 — AKTHBHOCTH CYNEPOKCHIAMCMYTa3bl PACTCHHH B YCIOBHSIX

3arpsA3HCHUA ITIOYBbI HOHAMHW MapraHiia
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3HAYUTENHHOE YBEIMYCHHE aKTUBHOCTU JAHHOTO aHTHOKCHUIAHTHOTO (hepMeHTa
OTMEUEHO U B YCJIOBHUSIX COBMECTHOTO JEUCTBUS MOJUIKOTAHTOB — akTUBHOCTH CO/|
yBEIMYMBAECTCS TOYTH B 4 pa3a, B CPAaBHEHUU C KOHTPOJIBHBIMH PACTCHUSMHU.
OtaenbHOE BHECEHHME B TIOYBY HMOHOB KOOaidbTa, Kak HHU3KOM, TaK M BBICOKOH
KOHIICHTpAIlMM  HECKOJIbKO  CcHWkaeT aktuBHOCTh COJ] mpopoctkoB  Linum
usitatissimum, HO STH WU3MEHCHHs HE SIBISIOTCS JOCTOBEPHBIMH. BHeceHHe B MOYBY
MOHOB MapraHila B KOHIIGHTparuu 1,5 T/Kr yBeIMYHMBAET aKTUBHOCTH (hepMEHTa Ha
224%., npy yBEIMYEHUHN KOHIICHTpAIUU TshKenoro Metayuia A0 3 r/kr aktTuBHOCTH COJl
CHUKAeTCsl, HO BCE€ PaBHO OCTAETCS BBHIIIE KOHTPOJBHOIO MOKa3arens. B ycioBusax
KOMIUIEKCHOTO JIEMUCTBUSA COEAMHEHUN KoOaibra W Maprasia akTuBHOCTH CO/|
YBEJIMYMBACTCS B CPAaBHEHUHU C KOHTPOJIbHBIM TTOoKa3areseMm Ha 119-188%.

Y npopoctkoB Atriplex hortense L. akruBHocTh COJl yBenuumBaeTcs BO BCeX
BAPHAHTAX MOMMMETAIUINYCCKOil Harpy3ku. Tak, mpH BHeceHmn B mouBy Co>" B
KOHIICHTpAllUM 5 MI/KI, AaKTUBHOCTH (epMmeHTa yBenuuuBaetrcs Ha 338%, a mpu
yBenuueHun kobanpta 10 10 mr/kr — Ha 440%. AHanoruyHas TeHICHIIUS HaOIonaeTcs
U [IPU BHECEHUU B MOYBY MOHOB MapraHiia, Korjia akTUBHOCTh ()epMEHTa BO3pPACTAET Ha
308-408% mo cpaBHEHHIO C KOHTpoJieM. COBMECTHOE JICHCTBHE COCAMHEHUHN KoOambTa
¥ MapraHila TaKke HE OKa3bIBAe€T HETaTUBHOTO BIMSHUS HAa aKTUBHOCTH (hepMEHTa, B
BapuMaHTaX KOMIUIEKCHOTO BHECEHHMs KoOanmbTa W Mapranmna axktuBHOCTE COJ]
Bo3pactaet Ha 115-206%. [ToBeimenue aktuBHOCTH CO/l sIBNsSIETCS OTBETOM Ha CTpecc,
KOTOPBIII BBI3BaH JEHCTBUEM TSKENBIX METAUIOB, M HAIPaBJICHO Ha IIOBBILICHHUE
YCTOMYMBOCTH PACTCHUU-TUTIEPAKKYMYISITOPOB TSKEIBIX METAUIOB B YCIOBUSX
MOJIMMETAJITMYECKOTO CTpecca.

VY ToJepaHTHBIX K 3arps3HCHHIO TOYBHI TSXKEJIBIMUA MeTajllaMHu BuoB Echinacea
purpurea L., Agrostemma githago L., Silene coeli rosa, Phacelia tanacetifolia L.,
Zinnia agnustifolla H., Tagetes erectus L., Agrostis vulgaris With., Poa pratensis L.
TaKXke MpociexuBaercs: yBenuueHue aktuBHocTu COJl BO Bcex BapuaHTax OMbITA.
Buecenue B mouBy 5 MI/KT Co** yBennuuBaeT akTtuBHOCTH CO/[ mpopocTkoB
Agrostemma githago nHa 31%, a mnpu yBeJIMYCHHH KOHICHTPAI[MM 3arps3HUTEIS

aKTUBHOCTHb (epMeHTa YyBenuuuBaercss Ha 47% 1O CpPaBHEHUIO C PACTCHUSIMU,



127

BBIPAIICHHBIMU Ha HE3arpsA3HEHHOW MOoYBe. AHAJIOTUYHASA KapTHUHA MPOCIEKUBACTCS U
IIPM BHECEHUM B IOYBY MOHOB MapraHua. Tak, B BADHUAHTE BHECEHUS Mn*" — 1,5 r/kr,
aktuBHOCTh CO/l Ha 34% BbIllIE KOHTPOJIIBHOTO MOKA3aTelIsA, 3 B BAPUAHTE Mn?" — 3 r/kr
aKTUBHOCTH (epmeHTa Ha 86% Bbime KoHTposs. HauOombrmas aktuBHOCTH COJ|
3a(UKCUpPOBaHA B YCJIOBHSX KOMILJIEKCHOTO BO3JECHCTBUSA TSDKEIBIX METAIJIOB, I/I€
nokazarens COJl yBenmumBaercss Ha 169-250% 1o cpaBHEHUIO C KOHTPOJIbHBIMHU
PACTEHUSIMHU.

Y mpopoctkoB Phacelia tanacetifolia BHecenus B mouBy HMOHOB KOOaibTa HE
OKa3bIBAET JOCTOBEPHOIO BIMSAHUSA Ha akTUBHOCTH CO/l, 3TOT mokas3arenp Modtu He
OTJIMYAETCSI OT KOHTPOJBHOTO 3HaueHud. [loxoxkass kapTMHa OTMEYEHA U MPU JIEHCTBUH
HMOHOB MapraHila — Kak HU3Kasl, TAaK U BBICOKAsl KOHIICHTPAIIUS ATOTO TXKEJIOro MeTalia
HE OKa3bIBAET CYIIECTBEHHOI'O BIIMSHHS Ha aKTUBHOCTh AHTHOKCHJIAHTHOTO (hepMEHTA.
[Ipy KOMIUIEKCHOM BHECEHHHM HWOHOB TSDKEIBIX METAJUIOB OTMEUYEHO HEKOTOpPOE
uHruouposBanue aktuBHoCcTH CO/l, HO 3T U3MEHEHUSI HE ABIIAIOTCS JOCTOBEPHBIMH.

Y mpopoctkoB Zinnia agnustifolla H. au3kas koHIeHTpaiuss HOHOB KoOaibTa
ctumynupyet aktuBHOCTh COJ] Ha 35%, HO mNpH YBEJIMYEHUU KOHIICHTPALMHU
MOJIIOTAHTAa aKTUBHOCTH (hepMeHTa CHUKaeTcss Ha 9%, HO 3TO CHUKEHUE HE SBIISICTCS
nocToBepHbIMU. Kak HuU3Kas, Tak ¥ BBICOKAsl KOHUEHTpALUsl MOHOB MapraHiia B Cpele
BBIPAIIUBAHKS TMPOPOCTKOB YBEJIMYMBAECT aKTHUBHOCTh (depmenta Ha 95-149%.
HauOonpmass akTUBHOCTh (EpPMEHTA MPOCIEKUBACTCS B YCIOBUAX COBMECTHOTO
JIEUCTBUS TIOJIFOTAHTOB, TJ€ aKTUBHOCTh M3yUYE€HHOTO (epMeHTa MoBbIIaeTcs Ha 167-
206% 1o cpaBHEHHUIO C KOHTPOJIEM.

Bo Bcex wWccnenoBaHHBIX BapuaHTax 3arpsi3HeHus aktuBHOCTh COJl vy
npopocTkoB Tagetes erectus L. 3HaunTenbHO BBINIE KOHTPOJBHOTO MoOKaszarens. Kak
HU3Kas, TaK M BBICOKAsh KOHUEHTpalMsi MOHOB KOOAJbTa W MapraHija CTUMYJIUPYET
aKTUBHOCTH (hepMeHTa MOYTH B 2-3 pas3a. AHAIOTHYHAS TEHACHITUS MPOCICKUBACTCS U
B YCJIOBUSIX KOMIUIEKCHOTO JEHCTBUS MOJIFOTAHTOB.

[TonoxutenbHass nuHamuka pocta aktuBHOCTH COJl oTMeueHa y ImpPOpPOCTKOB
Salvia splendens Bo Bcex BapuaHTax 3arpsi3HCHHS CpEAbl BbIpalIUBaHUSA. Tak,

OTACIIbHOC BHCCCHUC B ITIOUYBY MOHOB KoOanbeTa YBCIINYHUBACT aKTUBHOCTD @CpMeHTa Ha
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178-316%, a oTnenbHOEe BHECEHWM MOHOB MapraHiia — Ha 76-254% 1o cpaBHEHHIO C
KOHTPOJIbHBIMU DPACTCHUSIMU. [Ip¥ COBMECTHOM JEHCTBHUU TOJUTFOTAHTOB AKTHBHOCTH
(dhepMeHTa MPEBBINIACT KOHTPOJIbHOE 3HaUeHHe Ha 549-621%.

B ycnoBusx BHECEHHS B TIOYBY COSAMHEHHMI KOOaIbhTa U MapraHIla YCHUIMBACTCS
WX UHTUOMpYIOIIee BIUSHUE HA YYBCTBHUTENIbHBIC K 3arpsi3HEHUIO MOYBBI TSHKEIBIMU
meTaiamu rpopoctku Salvia splendens L., Petunia Hybrida Grandiflora, Calendula
officinalis L., Dahlia variabilis Desf., Festuca rubra L., yto o4eBHAHO, CBA3aHO C
HAKOIUICHUEM HOHOB METAJUIOB B TKAHSAX PACTCHUM, CJEIACTBHEM YErO SBIISETCS
YCWJICHHE TPOIIECCOB MEPOKCHIHOTO OKUCICHUS JUIUIOB B MPOPOCTKAX H3YUYCHHBIX
BUJIOB PACTCHHUI M CHIDKEHNE aKTUBHOCTH 3aIUTHBHIX ()EPMEHTATUBHBIX CUCTEM.

Tak, y mpopoctkoB Dahlia variabilis Desf. B ycioBusix BHeCeHHUs B TIOYBY HU3KO#
KOHIIEHTpAllUM MOHOB KoOanbTa akTUBHOCTH COJ[ He oTinMyaercss OT KOHTPOJIBHOIO
3HAYEHUs, HO TMPU YBEIMYCHUU KOHIEHTPAIIMM TOJIOTAHTA MPOCIEKUBACTCS
WHTUOMpOBAaHUE AaKTUBHOCTH (QepMeHTa Ha 76%. AHamoruyHas 3aBUCUMOCTH
MIPOCIICKUBACTCS W MPU BHECEHWW B MOYBY MOHOB Maprania. Hambomee HeraTmBHOE
BIMSIHUE OKa3blBa€T KOMIUIEKCHOE JIEWCTBHE TSKEIBIX METAUIOB, MPU KOTOPOM
aKTUBHOCTH (pepMeHTa CHUKaeTcs Ha 78%.

AxtuBHocte COJ] y mpopoctkoB Calendula officinalis Hmke KOHTpoIBHOTO
MoKaszarejasi BO BCEX BapUaHTaxX TMOJUMETAJUIMYECKOW Harpy3ku. [lpuyem, c
YBEITMYCHUEM KOHIICHTPAIIUH 3arpsI3HUTENICH aKTUBHOCTh (PEPMEHTA PE3KO CHUKACTCS.

Wtak, MOXXHO OTMETUTH, 4YTO UHTHOMpoBaHue akTuBHOCTH COJ] cBUIIETEIHCTBYET
00 YTrHETCHHWH 3allUTHOW CHCTEMBI KIIETOK Y YYBCTBUTCIBHBIX BUIOB HW3YYCHHBIX
pacTCHUM.

[IpoBeneHHbIE HMCCIEMOBAHUS TOKA3ald, YTO Yy YCTOMYHMBOTO K 3arpsi3HEHHUIO
MOYBBI TSDKEIBIMU MeTasuiaMu 3imaka Lolium perenne L. Bo Bcex BapuaHTax BHECEHUS B
MOYBY MOHOB KoOaibTa U MapraHiia ormeueHo noseimenne aktuBHoctu COJl. Tak, nmpu
OTJCIHPHOM BHECEHHMM HWOHOB KOOanbra AaKTUBHOCTh (EpMEHTAa Y TMPOPOCTKOB
yBennuuBaercsa Ha 16-30%, a oTnenbHOE BHECEHHWE MOHOB MapraHma — Ha 2-16% mno
CPaBHEHUIO C KOHTPOJBHBIMH pacTeHusiMH. [IpociiexuBaercss MOJOKUTEIbHAS

3aKOHOMEPHOCTL — IIpU YBCIHWYCHHWH KOHICHTPpAIWH SanHSHI/ITeHeﬁ AKTUBHOCTB
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depMeHTa TakKe YBETUUMBAETCA. B yCIOBHSIX KOMILJIEKCHOTO BHECEHUS TSKEIbIX
metaioB akTuBHOCTh COJl yBenuuuBaercs Ha 17-54%.

VY mpopoctkoB Poa pratensis L. mpu BHECEHWM HHM3KOW KOHIIEHTPAIUU HOHOB
koOanbra akTuBHOCTH COJl HI>Ke KOHTPOJIBHOTO MoKasareist Ha 9%, a mpu yBeTU4eHUN
KOHLIEHTpallMM TOJUIIOTAaHTa aKTUBHOCTh (hepMeHTa yMmeHbluaercsa Ha 24%. Hwuskas
KOHLIEHTpallMsl MapraHila CHM)KaeT aKTUBHOCTh (epmeHTa Ha 9%, a BBICOKHE
KOHIIEHTpAIlMd MOHOB MapraHila MOJaBJsSIOT akTUBHOCTh (pepmeHTa Ha 14%. Bo Bcex
BapHAaHTax KOMIUIEKCHOTO 3arps3HEHMs] HOHaMU KoOajbTa U MapraHiia npociaeKuBaeTcs
camkenne aktuBHOcTH COJl. Hambomnee yruerarommii 3gheKkT OKa3pIBa€T COBMECTHOE
JEHUCTBUE TSAKENBIX METAIIOB IIPU BBICOKOM KOHLEHTPALUH.

Buecenne B mouBy 10 Mr/kr Co?** ctuMmynupyeT akTuBHOCTh CO/l
YyBCTBUTEIBHBIX K 3arps3HEHUI0 popocTKoB Festuca rubra L. na 16%, a oTnenbHOE
BHECEHWU HMOHOB MapraHiia B KoHUeHTpauuu 3 1/kr — Ha 18%. Ilpum komiuiekcHOM
BHECEHUU MOHOB KOOAJIbTa U MAapraHila akTUBHOCTb 3TOT0 (pepMEHTa YBEIMUHUBAETCS 110
9-44% B cpaBHEHNH C KOHTPOJIBHBIMU PACTCHUSMHU.

Brecenne B mouBy 5 Mr / kr Co®" moseimaer aktuBHOCTs COJl y IIPOPOCTKOB
Agrostis vulgaris With. Ha 31%, a Tpu yBEIWYCHHH KOHICHTPAIMW 3arps3HUATEIS
aKTUBHOCTb (epMeHTa TmoBbIIIAeTCs Ha 67% 1O CpaBHEHUIO C PACTEHUSIMH,
BBIPALICHHBIMU Ha He3arps3HEHHON MouBe. AHAJIOIMYHas KapTHHA MPOCIEKHUBACTCA U
Opy BHECEHMHM B TMOYBy HMOHOB MapranHua. HawuOonbmas akrtuBHocTh COJ]
3apUKCHpOBaHA B YCJOBHUSX KOMIUIEKCHOTO BO3JIEHCTBUS TSKENBIX METAIOB, TIIE
MoKasarejab aKTUBHOCTH (epMeHTa yBenuuuBaeTcs Ha 57-86% mo cpaBHEHHIO C

KOHTPOJIbHBIMH PACTCHUSMMU.

7.3. CopepxaHue CTPeCcCOBbIX AMHUHOKHUCJIOT (MpPOJUH, TpUNToQaH) B

YCJIOBUSIX KOHTPOJIHPYEMOI0 3arpsi3HEeHU S

B mpornecce dutopeMenuanu mouB, 3arpA3HEHHBIX TSHKEIBIMM MeETajlllaMH, B
OCHOBE aJIaNTallUi PACTECHUU K MOJUMETAIUIMYECKOMY CTPECCY JIEXKUT U3MEHEHUE Psiia

(bU3MOOrHYECKUX M OMOXUMHYECKUX MporeccoB [85]. sl BBIICHEHUS OTICIbHBIX
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AJIEMEHTOB MEXaHU3Ma YCTOMYMBOCTHM PACTEHUM K TSDKEJIBIM METalaM BaKHBIM
SBJIICTCS] U3y4YeHUE CHENU(UKN MX JCHCTBUS HAa aMHUHOKHCIIOTHBI OOMEH pacTeHUH,
KOTOpbIE OTJIMYAIOTCS IO CTENEeHU YCTOWYUBOCTH. (OCOOEHHO BaXKHO H3MEHEHUE
KOJIMYECTBA CBOOOIHBIX aMUHOKHUCIIOT BCIIEJACTBUE UX MPSMOUN CBS3H C METaOOIH3MOM
OeNKOB. AMUHOKHUCIOTBHI TMPEACTABISAIOT CO00M MNONM(YHKIIMOHATIBHBIE JIUTaH/IbI,
KOTOPBIE B3aUMOJCHUCTBYIOT C TSDKEIBIMHM METaUIaMH W 3allUIIAIOT KIETKY OT
MEPEHACHIIIEHUS CBOOOTHBIMU KaTHoHamMu MeTawioB [35, 55]. B cBsa3u ¢ atum
BO3HHMKAET HEOOXOAMMOCTH OIPENENICHUsI KOJIWYECTBA CBOOOJHBIX AMHHOKHUCIOT B
paCTEHUSIX-TallEPAKKyMYJISTOPAX TSXKETbIX METAJIOB.

AMUHOKHUCIIOTY TMPOJWH CYUTAIOT OJHOW U3 YHUBEPCAJIBHBIX CTpPECC-
MPOTEKTOPHBIX COEMUHEHUHN BhICIIUX pacTeHuil. Cojep:kaHue cBOOOIHOTO MPOJIMHA B
pPaCTEHMSIX CYIIECTBEHHO TOBBIIMIAETCA (B JECATKHA, a WHOTJA W COTHH pa3) NpH
JEeWCTBUU CTPecCOBBIX (hakTopoB [114]. OHaKo HAKOTUICHUE TIPOJIMHA B PACTCHUSAX T10]T
BO3/ICIICTBUEM TMOBBIIICHHBIX KOHLEHTPALIMI HOHOB TSDKENBIX METaJUIOB  €IIIe
HEJIOCTATOYHO MU3y4eHO. [1o pe3ynbpraram uccienoBaHuld yCTAHOBJIEHO, YTO U3MECHEHUE
KOJIMYECTBA IMPOJIMHA B MPOPOCTKAX H3YUYECHHBIX PACTEHUl 3aBUCHUT OT CTEIEHU
YCTOMYMBOCTU PACTEHUN K CTPECCOBBIM (PAKTOpaM OT OMOXMMHUYECKHX OCOOEHHOCTEU
sarpsisuuTeneid. Tak, y yCTOWYMBBIX K 3arps3HEHHIO MPOpocTKoB Ageratum
houstonianum cv. Bule Lagoon, Alyssum maritimum Lam., Brassica napus L., Cosmos
sulphureus Cav., Linum usitatissimum L., Atriplex hortense L., Miscanthus sinensis L.,
Lolium perenne L., Bromus arvensis L. mpociexuBaeTcsi yBEIHUYCHHE COACPIKAHUS
MPOJIMHA TIOYTU BO BCEX BapUaHTaX 3arpsi3HEHUS MOYBBI HOHAMH KOOAIbTa U MapraHiia.
B ycnoBusix oTeasHOTO BHECEHHUS B TTOUYBY MOHOB KOOAbTa KOHLICHTPAIIUS MPOJIUHA B
npopocTkax Ageratum houstonianum cv. Bule Lagoon ysenuuunBaetcst Ha 8-57% mo
CpaBHEHHMIO C KOHTpojeM. JloOamieHue B TIOYBY MOHOB MapraHila HU3KOU
KOHIIEHTPAllU HE OKa3bIBa€T JOCTOBEPHOIO BIUSHHS Ha COJEpKaHUE MPOJIMHA, a
yBeIMYEeHHE KOHIeHTpamuu Mmapranmna mo 2 [IJIK aktuBupyer oOpazoBaHue JaHHOU
aMUHOKHCIOTEI Ha 15%. CoBMeCTHOE J€HCTBHE  IIOJUIIOTAHTOB  IOBBIIIAET
KOHIIEHTpanuio mnpoiauHa Ha 22-113%, 0coOeHHO mNpH BBICOKMX KOHIIEHTPAILHIX

3arpsizuuTeneit (pucynok 7.8, 7.9).
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OtnenbHOE BHECEHHS B MOYBY MOHOB KOOQJIbTa, KaK HU3KOW, TaK W BBICOKOM
KOHIIEHTpAIINH, aKTHBHPYET 00pa30BaHUe MPOJIMHA Y MPOpPOCTKOB Linum usitatissimum
Ha 31-50% B cpaBHEHMHM C KOHTPOJIbBHBIMU PACTEHUSIMHU, OCOOEHHO IpU BBICOKOM
KOHIIEHTpAllUM MOJUTIOTaHTa. BHECEeHHEe B MOYBYy MOHOB MapraHila B KOHIICHTpaluu
1,5 T/Kr yBeIMYMBAET COJECPKaHUE AMHHOKHUCIOTHI Ha 42%, Tmpu yBeJIUYEHUU
KOHIICHTPALMK TsHKEJIOTO MeTasiia 0 3 T/KT 3TOT MOoKa3aTeslb BO3pacTaeT ¢ paBHEHUH C
KOHTPOJIbHBIM Ha 55%. B yclI0BHAX KOMIUIEKCHOTO BO3JEHCTBUS COEIUHEHUN KOoOaIpTa
Y MapraHiia KOHIICHTpALMsl MPOJIMHA MPEBBIIIAET KOHTPOJIBHBIN MMOKa3arenb Ha 64-77%.

Y mpopoctkoB Atriplex hortense L. BHeceHue B TIOYBYy HOHOB KOOajabTa
JIOCTOBEPHO aKTUBUpPYeT oOpa3oBaHue TmposivHa Ha 25-38%, a mOpu OTACIBHOM
BHECECHUU COCIMHEHMI MapraHila COJep’KaHHe MpoJiMHAa Bo3pactaeT Ha 16-29% mo
CpaBHEHHUIO C KOHTpoJieM. COBMECTHOE JEWCTBHE TMOJUIFOTAHTOB B 3HAYUTEIBHOU
CTEIIEHHU MOBBIIIAET COACPKAHUE aMHUHOKHUCIOTHI Ha 39-56%. BbisBieHa 3aBUCUMOCTD
MEK]ly YBEITMUYEHUEM KOHUEHTPALIMH MOHOB TSKEIIBIX METAIUIOB B CPEJIE BBIPALIUBAHUS
Y TIOBBIIICHUEM COJEPKAHUS MPOJIMHA. YBEIMYEHHE KOJIWYECTBA AMHUHOKHCIIOT B
MPOPOCTKAX M3YYEHHBIX BHUJIOB PACTCHHM MOXET OBITh CBA3aHO C AKTHUBAIMEH HX
CHUHTE3a MPU JCHUCTBUM HUBKUX KOHIIEHTPAIMI TOKCUKAHTOB W TUJIpOJiM3a OEIKOB, a
TaKXke, MNPU MOBPEXKIAOMIEM JEUCTBUU. Y TOJEPAHTHBIX K 3arps3HCHHUIO ITOYBBI
TSDKEIBIMU MeTa/utaMu BuaoB Echinacea purpurea L., Agrostemma githago L., Silene
coeli rosa, Phacelia tanacetifolia L., Zinnia aqnustifolla H., Tagetes erectus L., Agrostis
vulgaris With., Poa pratensis L. Takxe mpocieKuBaeTCsl POCT COACPIKAHUSA MPOJIMHA.
BHecenne B MOYBYy HMOHOB KOOajibTa KaK HM3KOM, TaK M BBICOKOW KOHIICHTpaIUU
JOCTOBEPHO BIIMSECT Ha CHHTE3 MpoJMHA y THpopocTkoB Agrostemma githago, B
YCJIOBUSIX KOTOPOTO KOHIIEHTpalus 3TOM aMUHOKHUCIIOTHI yBenuunBaeTca Ha 17-20% mo
CPaBHEHHUIO C KOHTpojeM. Buecenne B mouBy 1,5 T1/kr Mn?* YBEIIMYUBAECT
KOHIIEHTpalUI0 npoirHa Ha 12%, npu yBEeIMYEHUU KOHIIEHTpalWy MOJUTIOTaHTa 110 3

I/KT cojiep>KaHue MpojuHa yBennuruBaetcs Ha 19%.
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Pucynokx 7.8 — CopepxaHue npoivHa B MPOPOCTKAX PACTEHUN B YCIOBUAX

3arpsA3HCHUA IIOYBBI HOHAMHU KoOaJIbTa
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Pucynox 7.9 — CopepxaHue MNpoOIMHA B MNPOPOCTKAX PACTCHUH B YCIOBUSIX

3aIrpsA3HCHUA ITIOYBBI MOHAMU MapraHiia

B ycnoBusix KOMIUIEKCHOTO JICMCTBUSI MOHOB KOOAJIbTa U MapraHiia KOHIICHTpaIus

AMHUHOKHUCIIOTHI yBeauuuBaercs Ha 28-30% 1o cpaBHEHUIO C KOHTPOJIEM.
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Bo Bcex mccnemoBaHHBIX BapuaHTaX 3arpsS3HEHUS MOUYBBI TSKEIBIMU METaJIaMH
cozleprkanue nmpoymHa y npopoctkoB Phacelia tanacetifolia yenmuuaercs. OtnenpHoe
BHECEHUE MOHOB KOOaJIbTa M MapraHiia CTUMYJIMPYET CUHTE3 aMUHOKHUCIIOTHI, JIaXKe MPpH
BBICOKHX KOHI[CHTPALMSIX IIOJUIIOTAHTOB. Tak, B BapuanTe BHeceHms Co>’ B
KOHIIeHTpauuu 10 MI/KT, cofepkaHue MpojiMHa yBeauuuBaeTcsi Ha 25%, a B BapuaHTe
BHeceHHss Mn°* B koHueHTpauuu 1,5 I/KT COZEp)KAaHHE HPOIMHA YBEIHUMBACTCS Ha
11%. Ilpu ycnoBUM COBMECTHOTO BHECEHHUS MOJUIIOTAHTOB COAEPKAHUE aMUHOKHCIIOT
TaK)K€ YBEITUYMBAETCS, OCOOCHHO TpPH ACHCTBUU BBICOKMX KOHIIEHTpPAIMM TSHKEIBIX
MeTasuioB Ha 25-28% 10 cpaBHEHHIO C KOHTPOJIEM.

Y mpopoctkoB Zinnia agnustifolla H. Beecenme B mouBy 5 wmr/kr Co”'
yBEIMYMBACT cojaepxkaHue mnponuHa Ha 11%, npu yBeIWYEHUM KOHIEHTpaIluu
MOJIFOTAHTA COJIEp)KaHUE aMHHOKHUCIIOTHI TaKXKe yBeIWYMBaeTcs. BHeceHHe B MOUYBY
HU3KOW KOHIIEHTpAIlMM MOHOB MapraHila CTUMYJIUPYET CUHTE3 nponuHa Ha 18%, a mpu
YBEJIMYECHUH KOHIIGHTpauuu Tspkenoro wMeramwia g0 2 IIJAK  koHueHTtpanus
aMHHOKHUCJIOTHI ToBbIIaeTca Ha 20% mo cpaBHEeHHIO ¢ KOHTposieM. CoOBMECTHOE
JIEUCTBUE TOJIOTAHTOB KaK HHU3KOM, TaK M BBICOKOW KOHIIEHTPAIMU YBEIUYHBACT
coJiepKaHue TIPOJIMHA B MPOPOCTKAX BO BCEX BapuaHTaX 3arpsizHeHud. Tak, B BapuaHTe
BHecerns Co°* B KoHIeHTpammy 5 Mr/kr 1 Mn®" B koHnenTpauuu 1,5 T/KT coxepkaHue
aMHMHOKMCJIOTHI yBeInuuBaeTcs Ha 26%, a pu BHECEHUHU Co*' B KOHIICHTPAILIMH 5 MI/KT,
a Mn®* B KOHUEHTpauMH 3 T/KT COACP)KAHHME NPOTHHA YBENMYMBACTCA Ha 32% IO
CPaBHEHUIO C KOHTPOJIbHBIMH pacTeHUsIMU. B yciioBusix BHeceHust B TouBy 5 u 10 mMr/kr
Co®* aKTHBHOCTb CHHTE3a MpoJiuHa TpopocTKoB Tagetes erectus L. pocToBepHO
yBenmunBaercs Ha 9-11%, a orgemsHoe BHeceHme 3 r/kr Mn®*  yBemmumBaer
coJiepKaHue MaHHOM aMHHOKUCIOTHI Ha 10%. Hambombinas KOHIEHTpaIus IpoJuHa
OTMEUEHA B BapHaHTaX KOMIUICKCHOTO BHECEHMS 3arpsi3HUTENICEH — ATOT MOKa3arelb
yBenuuuBaetcs Ha 12-20%. [lonoxurenbHas TMHAMUKA B pOCTE COAECPKAHUS ITPOJIMHA
OoTMeueHa M y mpopocTtkoB Salvia splendens Bo Bcex BapuaHTax 3arpsi3HCHHS CPEIbl
BBIpamuBaHusa. Tak, OTAECIbHOEC BHECEHHWE B IOYBY HOHOB KOOalbhTa YBEIUYUBACT

KOHLICHTpAIUI0 aMUHOKHUCIIOTHI Ha 16-30%, a oTAenbHOE€ BHECEHHHU HOHOB MapraHiia —
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Ha 26-39%, N0 CpaBHEHUIO C KOHTPOJIbHBIMU pacTeHUsIMU. [Ipu COBMECTHOM AEHCTBUU
MOJUTIOTAHTOB KOHIEHTPALMs IPOJIMHA MPEBBIIIAET KOHTPOJIbHOE 3HaueHue Ha 52-58%.

[Ipy BHeceHMM B TIOYBY COCAMHEHMH KOOalbTa M MapraHila OTMEYEHO UX
WHTUOMPYIOIIEE BIIMSHUE HA YYBCTBUTEIBHBIE K 3arpA3HEHUIO IIOYBBI TSKEIIBIMU
meTaiamu rpopoctku Salvia splendens L., Petunia Hybrida Grandiflora, Calendula
officinalis L., Dahlia variabilis Desf., Festuca rubra L., yto oueBHAHO, CBA3aHO C
HAaKOIUICHHEM HOHOB METAUIOB B TKaHSAX PACTEHHM, CIEACTBUEM YEro SIBISIETCS
CHUKCHHE COJIepKaHUsi CBOOOJHOTO TMpOJIMHA M OcCHallieHHe 3alllUTHBIX CHUCTEM
pPaCcTCHUMN.

Tak, y mpopoctkoB Dahlia variabilis Desf. mpu BHeceHHM B TOYBY HH3KOU
KOHLIEHTpallMd MOHOB KOOaJlbTa KOHLEHTpPAlUs MPOJUHA JOCTOBEPHO CHIDKAETCS, IO
CPaBHEHHUIO C KOHTposieM Ha 6%, a Tpu YBEIWYEHHH KOHIICHTPALMU IOJIOTAHTA
MPOCIICKUBACTCSI MHTMOMPOBAHUE CHHTE3a aMUHOKHUCIOTHI Ha 15%. Amnanormunas
3aBUCHUMOCTh TMPOCIEKUBACTCS WU NPU BHECEHHMH B TOYBY HOHOB MapraHia —
KOHIIEHTpalusl MposiinHa cHikaeTcss Ha 4-6%. HaubOonbliiee HerarMBHOE BIIMSHUE
OKa3bIBAa€T KOMIUIEKCHOE JIEHCTBHE TSKEIBIX METAJUIOB, IPU KOTOPOM COJEpIKAHUE
AMUHOKHUCIOTHI cHWKaeTcs Ha 13-27%. Ilpu yBenumueHun KOHLIEHTPAIUU MOJTIOTAHTOB
UX HEraTuBHOE€ Bo3jaelcTBue  ycuwiuBaeTcs. (CoOBEpUIEHHO WHas  TEHACHIMS
npociexuBaercs U y npopoctkoB Cosmos sulphureus Cav. Tak, B BapuaHTe BHECCHUS
Co”* B xoHIeHTparmu 10 MI/KT aKTHBHOCTB CHHTE3a TIPOTMHA yBEINdHBaeTcs Ha 9%, a
B BapuaHTe BHeceHHs Mn”" B KoHIeHTpauuu 3 T/Kr — Ha 15%, B CpaBHGHHH C
KOHTPOJIbHBIMU pacTeHussMi. HanOonbllias KOHUEHTpalus aMUHOKHUCIOThI OTMEUYEHA B
BapUaHTaX COBMECTHOIO JAEHCTBUS MOJTIOTAHTOB.

Y  npopoctkoB  Calendula officinalis mpocnexuBaeTcsi  3HAUUTEIBHOE
YMEHBIIEHUE COAEPKaHUs MPOJIMHA B YCIOBUSAX BHECEHHS B MOYBY KaK HU3KHX, TaK U
BBICOKHX KOHIIGHTpALMii HOHOB KoOambra. Tak, B Bapuante BHecenms Co°' B
KOHIICHTPAIIMKA 5 MTI/KT 3TOT TOKa3aTenb CHUkaeTcs Ha 12%, a B BapuaHTE BHECEHUS
Co®* B rommenrparmn 10 Mr/kr — Ha 13% 10 CcpaBHeHHIO ¢ KOHTponeM. Huskie
KOHIIEHTpAllU MOHOB MapraHiia B CpeA€ BbIpAllMBaHMS HE BIUSAIOT HA COJIEPHKAHUE

IIPOJIMHA, HO TNPU YBEIUYEHUU KOHILIEHTPALMU 3TOT MOKa3aresb yMeHbaercs Ha 9%.
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Haubonpiiee nHeratmBHoe BinusiHue Ha mnpopoctku Calendula officinalis oxaswiBaer
KOMIUIEKCHOE JEHCTBHE TSKEJIBIX METAUIOB, B YCIOBHSIX KOTOPOTO KOHLEHTpaUus
MPOJIMHA yMeHbIaeTcs Ha 15-24%.

AMUHOKHUCIIOTHI SIBIAIOTCS JIAOMIBHBIM PE3EPBOM PACTUTEIILHOTO OPraHU3Ma JJIst
oOecreyeHusl CUHTe3a PENapaTUBHBIX W 3AlUTHBIX OEJIKOB B YCIOBHUSX CTPECCOBOTO
BO3JICHCTBUS MOJUIIOTAHTOB. BaxHy0 pojb B 3alIUTHBIX (DYHKUIMSIX aMHUHOKHCIOT
UIPaeT MX CIOCOOHOCTh OOpPa30BBIBATH KOMIUIEKCHI C TSDKEJIBIMU METAJIAMHU, TaKUM
00pa3oM CBS3bIBaTh UX. AMUHOKUCIOTHBIN (DOH pacTeHU MpU EUCTBUM MOJUTIOTAHTOB
MOKET MEHSThCA 3a CYET UX AaKTUBHOIO HOBOOOpPA30BaHMS B  PE3YyJbTare
HECMEeIU(PUUECKOr0O  U3MEHEHHsSI  (DOTOCHHTETHYECKOrO  MeTaboiau3Ma  yriepoaa
Bcaencteue Aedunura ATO B xjopormactax, a TakkKe 3aJiepKaHUs WX CHUHTE3a U
yCHJIEHUE THapon3a oenkoB [118].

[IpoBeneHHBIE WCCIENOBAaHUS MOKA3aJId, YTO B YCIOBUSX 3arpsA3HEHUS MOYBBI
COEIMHEHMUSIMU KOoOalibTa CojepXaHhe CBOOOJHOrO MpOJIMHA Yy HPOpOocTKoB Bromus
arvensis L. ymenpmaercs Ha 13-24% B cpaBHEHHH C KOHTPOJIEM, a NPU BHECCHUU
COCIMHEHUI MapraHila KOHIEHTpaIusi aMHHOKHCIOTHl yYMeEHbIaerca Ha 29-45%,
OCOOEHHO MpPU BBICOKHX KOHIIEHTPALMIX MONIOTaHTa. lIpy KOMIIEKCHOM BHECEHUU
3arpsisHUTeNed HaOMronaeTcs AaibHeWIIee CHUKEHHEe KOHIICHTpaluu npojuHa. Tak, B
BapuanTe BHeceHust Co°' B KOHIEHTpamy 5 MI/KT 1 M B KOHIIGHTpaLHH 3 T/KT, 3TOT
TOKa3aTelIh CHIDKACTCS Ha 53%, a B BapuanTe BHecennss Co’* B koHIeHTparmu 10 Mr/kr
1 Mn* B KOHLEHTpauuu 3 I/KI, COICp)KaHHE MPONHHA yBEIMYHBAacTCS Ha 58% B
CPABHEHUU C KOHTPOJIbHBIMU PACTEHUSMH.

[Ipu oTHEIBPHOM BHECEHUU HU3KOM KOHIIEHTpAIlMU MOHOB KOOaJbTa CONEpIKaHUE
CBOOOIHOTO MpOJMHA B mpopocTkax Festuca rubra L. yBemuumBaetcs Ha 11%, mpu
yBEJIMUEHUHN KOHIleHTpanuu nomotanta jno 2 IIJIK nabmromaeTcs panpbHEHIIUiA pocT
sToro nokazaresns Ha 21%. OtnenbHOEe BHECEHUE MOHOB MapraHila akKTUBUPYET CHUHTE3
nponuHa Ha 7-14% mo cpaBHeHHIO ¢ KOHTposieM. [Ipu KOMIUJIEKCHOM BHECEHUU
TSKEJIBIX METAJUIOB B 3HAYUTENbHBIX KOHIIEHTPALMIX, MPOCICKUBAETCS TIOCTOBEPHOE

YBEIMYCHHE COICPKAHUSI aMUHOKHUCIIOTHI Ha 23-40%.
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Bo Bcex BapmwaHTax 3arps3HeHHs B mpopocTtkax Agrostis vulgaris With.

OTMEYEHO YBEJIIMYEHUE COAEpPKaHWA NPOJIUH, IO CPAaBHEHHUIO C KOHTPOJbHBIMHU
pactenusMu. [IpociexnBaeTcst MOMOKUTENbHASI TEHACHINS YBEIMUYECHUS KOHIECHTPALNH
AMUHOKHCIIOTB TIPU  YBEJIMYEHHM KOHILIEHTpauuu 3arps3Hutencii. Jlaxe mnpu
KOMIUJIEGKCHOM BHECEHUHM TSDKENbIX METAJUIOB COjepKaHue ImpoiuHa Ha 26-53%
MIPEBBIIAET KOHTPOJIbHBIE MTOKA3aTENH.

OnHako oOpaTHas TEHACHLMS B COAEP>KAHHM IPOJIMHA OTMEUYEHA Y MPOPOCTKOB
Poa pratensis L. B ycioBusx 3arps3HEHHUS TOYBBI COCTUHCHUSMH KoOaibTa |
MapraiHiia BO BCEX BapUaHTax 3arpsA3HEHHs OTMEUYEHO CHIDKEHHE COAEpKaHUs
AMUHOKUCIOTBI. Tak, NpW BHECEHUM HE3HAYUTEIbHBIX KOHILIEHTpalUMUid KoOajapTa
COJEp)KaHWE MPOJIMHA YyMeHblaerca Ha 5%, a NOpH JaJbHEWINEM YBEIWYEHUU
KOHIIEHTpauuu Tspkenoro Metamia jgo 2 IIJIK nHabGmiomaeTcs pe3koe CHUXKEHUE
KOHILICHTPALlMM aMUHOKHCIOTHl Ha 6% II0 CpaBHEHHMIO C KOHTposieM. JlocToBepHOE
CHM)KCHHME COJEP>KAHMS ITPOJIMHA IPOCIEKUBAETCA M IPH BHECEHUM B IIOYBY HOHOB
Mapranua. Tak, B BapuaHTE BHECEHUS Mn®* B KOHIIEHTpauuu 1,5 r/Kr comepkaHue
aMUHOKHUCIOTHI cHWKaeTcst Ha 3%. IIpn KOMIIJIEKCHOM BHECEHHH TSDKEIJIBIX METauIOB
OTMEUYEHO JAJIbHEWIIee CHM)KEHUE COACPKAHUS MNPOJMHA OCOOEHHO IPU BBICOKUX
KOHILIEHTPALMSX MTOJIJIIOTAHTOB.

VY npopoctkoB Lolium perenne L. B oTBeT Ha BCe BapHUAHTHI 3arps3HCHHUS TTIOYBBI
MOHAMH KoOanbTa U MapraHiia OTMEYEHO CHUKEHHE COAEepX aHUsl CBOOOJAHOIO MPOIHHA
Ha 4-26%, a KOMIUJIEKCHOE BHECEHHE TSDKEJIBIX METAJUIOB CIIOCOOCTBYET JalIbHEHUIIIEMY
CHIDKEHHUIO KOHIICHTPAllMM JTOW aMHUHOKUCIOTHI Ha 15-22% 1m0 CcpaBHEHHIO C
KOHTPOJIEM.

AKKyMyJsiiMsi CBOOOIHOTO MPOJIMHA MPOCIEKUBACTCS Y PAaCTCHUM MPHU yCIOBUSAX
3aCyXH, 3aCOJICHHS, HU3KUX TMOJOXKUTEIbHBIX TEMIlepaTyp M JApyrux (HakTopos,
VWHULMHPYIOIIMX CHUKEHHWE BOJHOTO NMOTEHIMANIa KIETOYHOrO CoKa. B To ke Bpems B
JUTEepaType MPUBEIACHO OOJbIIOE KOJUYECTBO JAaHHBIX, KOTOPHIE CBHUJIETEIbCTBYIOT O
BOKHOM POJIM TIPOJIMHA B BEKMBAHUM PACTEHUM B yciaoBUsIX ctpecca [ 122]. CBoOOAHBIIM
IPOJIMH MPH CTPECCOBBIX YCIOBUSAX BBI3BIBAET MOJU(PYHKIIMOHATBHBIA OMOIOrHYECKUN

3d(DexT, KOTOPBIM MPOSBISETCS HE TOJBKO B OCMOPETYJISITOPHOM M NMPOTEKTOPHOH, a
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TaKk)kK€ W B AHTHOKCUIAHTHOW, HHEPreTUYECKOW W JpYruxX (QyHKIUSAX, KOTOpPHIE
00eCreunBalOT MOJACPKKY KIETOYHOTO TOMEOCTa3a M €ro Tmepexod B HOBOE
aJlaliTUBHOE COCTOSIHUE [5].

B ycnoBusix ¢uropemenuanyu qerpagdipoBaHHBIX MTOYB CBOOOHBIN MPOJIMH TIPH
JEUCTBUM Ha PACTEHHUS HOHOB TSKEIBIX METAJJIOB CIOCOOCTBYET MOJACPKAHUIO B
KJIETKaX BOJIHOTO TOMEOCTasza, Kak ocMmoperynsatop [124], 3ammumaer OCNKH OT
nenatypanuu [119] w crabunmsupyer wMexaHwm3M w#x OuocuHTe3a. [losTomy,
aKKyMYJISIUsE CBOOOJHOTO TPOJIMHA Yy PACTCHUH-TUIEPAKKYMYJISTOPOB TSXKEIBIX
METaJUIOB, KOTOPHIE UCIIONB3YIOT B TEXHOJIOTHH (DUTOBOCCTAHOBJICHHS TIOUB, B OTBET Ha
JEHCTBUE HWOHOB KoOajnbTa M MapraHia, MOBBIIAET YCTOMYMBOCTh pPACTEHUH K
MOJIMMETAJUTMYECKOMY CTPECCY.

CB0oOOHBIE AMUHOKUCIIOTHI UTPAIOT BAXKHYIO pOJib B OOIEM MeTaboiu3Me Kak
MIPOMEKYTOUHBIE WJIM KOHEUHbIE MPOAYKTBI, UTO MPOSIBISETCS B MX B3aUMOJCHCTBHUU
MEXIy COo0OW W JPYrMMH COCIMHEHUSMH, TaK W B HUX B3aUMOIPEBpAILICHUU U
BO3JICUCTBMM HAa OCHOBHOW MyTh ACCUMWISIMU a30Ta — cuHTe3 Oenka. CBoOOAHBIC
AMUHOKHUCIIOTBI, KOTOPbIE HAKATUIMBAIOTCS B YCJIOBHSIX CTPECCa, MPEACTABISIIOT 0COOBIN
UHTEpPEC, TOCKOJIbKY OTH BEHIECTBA HE TOJBKO 3aHUMAlOT Ba)XXHOE MECTO B
MOJAJIEPKAHUH OCMOTHYECKOIO TOTEHIMAla KIETOK, HO W BBIIOJHSIOT pa3iNYHbIC
MPOTEKTOPHBIE U PETYISATOPHBIE (PYHKITUH.

[IpoBeneHHbIE HCCIEAOBAaHUS TMOKA3aJIM, YTO y YCTOMYUBBIX K 3arpsi3HEHUIO
npopocTtkoB Ageratum houstonianum cv. Bule Lagoon, Alyssum maritimum Lam.,
Brassica napus L., Cosmos sulphureus Cav., Linum usitatissimum L., Atriplex hortense
L., Miscanthus sinensis L., Lolium perenne L., Bromus arvensis L. mpocnexuBaercs
YBEJIMYCHHE COJIEpKaHMs TpUnTo(aHa MOYTH BO BCEX BapHaHTaX 3arpsi3HEHUS TTOYBBI
MOHaMM KoOasbTa 1 Maprasua (pucysok 7.10, 7.11).

Tak, y nmpopoctkoB Ageratum houstonianum cv. Bule Lagoon mpu BHeceHuu B
MOYBy KoOajbTa cojiepkaHue TpurnrtodaHa yBeauuuBaeTcsi Ha 88% IO CpaBHEHHUIO C
KOHTPOJIEM, a MpU yBEJIWYEHHHM KOHLEeHTpanuu Metamwia go 2 IIJIK — comepxkanwue
JTAHHOM aMHHOKHCJIOTBI COOTBETCTBEHHO yBenuuuBaetrcs Ha 187%. IlomoOHas

TCHACHIUA IPOCIIC)KUBACTCA W IIPU 3arpA3HCHHWH IIOYBLI COCIWHCHUSAMHW MapraHiia —
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npu BHeceHnn Mn”* B konnenTpammn 1,5 /KT, conepkanie TpuntohaHa yBeINIHBACTCS
Ha 51%, a npu BHeceHuHu 3 I/Kr MapraHiia 3TOT MOKa3aTellb yBeauuuBaeTcs Ha 183%.
Jlaxxe Mpu KOMILJIEKCHOM BHECEHMH TSKEINIBIX METAJUIOB MPOCIIEKUBAETCS yBEINUEHHUE

KOHILIEHTpauu Tpunrodana Ha 23-43%.
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Pucynok 7.10 — Conepkanue TpuntodaHa B MPOPOCTKAX PACTCHH B YCIOBHSIX

3arpA3HCHUA ITIOUYBBI HOHAMU KoOaneTa

OTnenbHOE BHECEHHE B IMOYBY HMOHOB KOOanbTa, KaK HHU3KOW, TaK W BBICOKOM
KOHIICHTpAIlMK aKTUBUpPyeT oOpa3oBaHue TpunrtodaHa B MpopocTkax Linum
usitatissimum, ocoOeHHO MpH BBICOKOH KOHIICHTpaluu moitotanTta, Ha 90-293%, mo
CPaBHEHHUIO C KOHTPOJBbHBIMU pacTeHUsMH. BHeceHue B MOUBy HMOHOB MapraHiia B
KOHIIEHTpauu 1,5 T/KT yBEIMYMBAET COJAEpKAHWE AaMUHOKHUCIOTHI Ha 93% mpu
YBEIMYCHUH KOHIIEHTpanuu Tsokeiaoro metamia no 2I1JIK comepxkanme tpurnrodana
Oosbllle KOHTPOJIBHOTO mokazarens Ha 233%. B ycrnoBusix KOMILJIEKCHOTO JAEWCTBHUS
COCNMMHEHMM KoOambTa W MapraHila KOHIEHTpalus TpuntodaHa MPEBHIIIACT

KOHTPOJIBHBIN TTOKa3aresab Ha 179-536%.
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Pucynok 7.11 — Conepkanue tpuntodaHa B IPOPOCTKaX PACTCHUN B YCIOBHUSIX

3arpsA3HCHHS IIOYBBI HOHAMHA MapraHia

VY mpopoctkoB Atriplex hortense L. npu oTaebHOM BHECCHHHM MOHOB KOOAbTa
KOHIICHTpanus Tpuntodana ysenuuuBaeTcs Ha 148-317%, a mpu BHECEHWH HOHOB
Maprania — Ha 113-209% no cpaBHEHHUIO ¢ KOHTPOJIbHBIMH pacTeHUsIMU. [Ipu ycrmoBusx
KOMIUIEKCHOTO 3arpsi3HEHHsS] TIOYBBI COJEpPKAaHUE AMUHOKUCIOTHI COOTBETCTBEHHO
yBenuuuBaeTcsi Ha 226-465%. IloBbimenne comepxanusi Tpuntodana B MPOPOCTKAX
pacTeHui moj| 1eHCTBUEM 3arpsS3HEHUS MMOYBBI TSKEIIBIMU METaJUIaMU SIBIISIETCS OJTHUM
U3 BOKHBIX MEXaHU3MOB OMOXUMUYECKOMN aanTalud pacTUTEIbHON KIIeTKH [ 144].

VY ToJepaHTHBIX K 3arps3HCHHIO MOYBHI TSKEIBIMU MeTaiaMu BuaoB Echinacea
purpurea L., Agrostemma githago L., Silene coeli rosa, Phacelia tanacetifolia L.,
Zinnia agnustifolla H., Tagetes erectus L., Agrostis vulgaris With., Poa pratensis L.
TaK)Xe MPOCIICKUBACTCS POCT KOHIICHTPAIIMH CBOOOMHOTO TpuUnTodhaHa BO MHOTHX
BapuaHTax 3arps3HeHusi MouBbl. He3HaunTenbHble KOHUEHTPALMU TSXKEIbIX METAJIOB
YBEJIMYMBAIOT COJepKaHue TpunTodaHa y mpopoctkoB Agrostemma githago na 46-
103%. Ilpu yBenuueHHH KOHLEHTpanuu nomwnorantoB g0 2[1JIK  Takxke

IMPOCICIKHUBACTCSA MOJOKUTEIIbHAA TCHACHINA K YBEJIMUCHNUIO COACPKAHUSA TpI/IHTO(i)aHa.
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CoBMecTHOE [IeCTBUE 3arpsi3HUTENIE HE OKa3blBA€T HETaTUBHOTO BIUSHHS Ha
COJIEpKAaHWE AMHUHOKHUCIIOTHI, a TMPOCIEKUBACTCA TMOJIOKUTEIbHAST TEHACHUHUS K
YBEIMYECHHUIO KOHIEHTpauu Tpuntodana Ha 8§3-128%. Jlaxke mpu yclIoBUSX BBICOKOU
KOHIIEHTPAllUX TOJUTIOTAHTOB KOHIEHTpAllUsl aMUHOKHUCJIOTHI yBelnuuBaeTcss Ha 91-
100%, 1o cpaBHEHUIO C KOHTPOJIEM.

Bo Bcex uccienoBaHHBIX BapUaHTaX 3arps3HEHUs] MOYBHI TSHKEIBIMU METalllaMU
comepkanue Tpunrtodana y mpopoctkoB Phacelia tanacetifolia yeemmuuBaercs.
OtnenbHOE BHECEHHWE HOHOB KoOajdbTa M MapraHila CTUMYJIHUPYET CHUHTE3
AMUHOKHCJIOTHI JIa)Ke MPU BBICOKUX KOHIICHTpaIUsAX 3arpssHutenci. Tak, B BapuaHTe
BHECECHUSI B IIOYBY Co™ B KOHIeHTpauuu 10 MI/Kr KOHUEHTpalusi TpunrtodaHa
yBenmunBaeTcs Ha 153%, a B BapuanTe BHeceHnss Mn?* B koHueHTparmu 1,5 T/kr — Ha
150%. B ycioBHsX COBMECTHOIO BHECEHHS MOJUIIOTAHTOB COACPKAHUE AMUHOKHUCIIOT
TaK)X€ YBEITUYMBACTCS, OCOOCHHO TPHU JCHCTBUU BBICOKMX KOHIIEHTPAIMM TSKETBIX
metasuioB Ha 110-140% o cpaBHEHUIO C KOHTPOJIEM.

[TonoOHast TeHAEHIMS MPOCIEKUBACTCS U Yy TpopocTkoB Zinnia agnustifolla H.
3arpsi3HEHHE TOYBbI  HEOOJBIIMMHM  KOHIIGHTpAlUAMH  KoOajabTa TMPUBOAUT K
YBEIIMUEHUIO cojiepkaHus Tpuntodana Ha 28%, a mpu HalbHEHIIEM YyBEIUYCHUU
KOHIICHTPAIIMK TSKEJIOT0 MeTajia cojepkanue Tpuntodana yBeranuuBaeTcs Ha 48%.
Buecenne B mouBy MapraHila B KOHIEHTpanuu 1,5 T/KT CTUMYIUpyeT CHHTE3
Tpunrodana Ha 23%, a nanpHeiee yBeaudeHue KoHIeHTpauu Mapranna g0 2 11K
YBEIIMUMBAECT KOHIICHTPAIMIO aMUHOKUCIOTHI Ha 43%. B yclioBHSIX COBMECTHOIO
JEUCTBUS TSDKEJIBIX METAUIOB MPOCIEKUBACTCA HAJbHEHIIUNA POCT COIACPIKAHUS
Tpunrodana y npopoctkoB Ha 67-95%, 0COOEHHO B YCIOBHUAX BBICOKOW KOHIIEHTPALIUU
MOJUTFOTAHTOB.

VY npopoctkoB Tagetes erectus L. mpocnexuBaeTcsi YBEJIUUYECHHE COJIEPIKAHUS
TpunTodaHa Kak IpH OTACIBHOM BHECEHHMH KoOayibTa U MapraHia Ha 65-230%, tak u
Py KOMIUIEKCHOM BHECEHHMHM TSKENbIX MeTauioB Ha 65-145% mo cpaBHEHHIO C
pacTeHUSIMU, BBIPAIICHHBIMM Ha He3arps3HeHHOW mouyBe.  TOJNBKO B BapHaHTE

HauOOIbIIEH KOHLOCHTpAHNH TAKCIIbIX MCTAJIJIOB KOHIOCHTPAIIKUA TpI/IHTOCI)aHa IIO4YTH HC
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OTIMYAeTCSI OT KOHTPOJBHOTO ToKazatens. [IpocieknBaeTcsi HEKOTOPOE YBEIHMUYCHUE
COJZIEP’KaHMSI AMHHOKHUCIIOTBI, HO 3TH U3MEHEHUS HE SBJISIOTCS JOCTOBEPHBIMHU.

HeGonpime KoOHIEHTpalMy, Kak KoOallbTa, TaK W MapraHiia Mpu OTIEIbHOM
BHECCHHWH, YBEIMYMBAIOT COJCpKaHrue TpunrodaHa y mpopoctkoB Salvia splendens na
34-80%, MO CpaBHEHHIO C KOHTPOJIEM, a MPU YBEIMYCHUH KOHIIEHTPALUU MOJUTIOTAHTOB
no 2IT1K, comepkaHue aMHUHOKHUCIIOTHI MPOJOJDKaeT yBenuuuBarbes Ha 131-178%.
[Ipy KOMIUIEKCHOM BHECEHHH TSKEIBIX METaUIOB, OCOOCHHO TIPH BBICOKUX
KOHIICHTPALMUSIX MOJUIIOTAHTOB, KOHILIEHTpalusa TpunrodaHa pe3ko Bo3pactaeT Ha 215-
296%.

[Ipn BHEceHMM B IOYBY COEIMHEHHUI KOOAJIbTa M MapraHia HaOMrodaeTcss uX
MHTUOMpYIOIee BIUsSHUE Ha 0oJiee YyBCTBUTEIIBHBIE K 3aTrPS3HEHUIO TTOYBBI TSKEIBIMU
meTaamu nipopoctku Salvia splendens L., Petunia Hybrida Grandiflora, Calendula
officinalis L., Dahlia variabilis Desf., Festuca rubra L., 4ro o4eBHIHO, CBA3aHO C
HAKOTUICHUEM HOHOB METAJUIOB B TKAHSAX PACTCHUM, CIEACTBHEM YEro SBISETCS
CHW)KCHHE COJEp)KaHus CBOOOMHOTO TpunTodaHa W ocCiabICHUE 3aIMUTHBIX CHCTEM
pacTEHU.

Tak, y nmpopoctkoB Alyssum maritimum Lam. npu oTIeIsHOM BHECEHHH MOHOB
koOanmpTa  comepxanHue Tpunrodana ymenbinaercs Ha 20-28% B cpaBHeHHHM C
KOHTPOJIbHBIMU PACTCHUSIMU. B ycloBusIX 3arpsi3HEHHS MOYBBl MOHAMU MapraHIia
KOHIIeHTpauus Tpuntodana ymensinaercs Ha 28-32%. Haunbosnee HeratTuBHOE BIMSIHUE
Ha coaepXaHue CBOOOJHOTO TpUNTO()aHa OKA3bIBAET KOMIUJIEKCHOE BHECEHUE
MOJUTIOTAHTOB — COJIEP)KaHUE JaHHOW aMUHOKHUCIOTHI yMeHbIaeTcst Ha 38-47%.

HeraruBHOE BIUSHHUE TTOJUMETAIIMYECKOTO 3arps3HCHUS TTOYBBI HA COACpPIKAHUE
tpuntodana 3apukcupoBano u y mpopoctkoB Dahlia variabilis Desf. Haxe
HE3HAYUTEIbHBIC KOHIICHTPAIIMA TSKEIBIX METAJJIOB  TMOAABISIOT  00pa3oBaHUE
tpuntoana Ha 29-34%, a mnpu yBENTWUYCHUW KOHIICHTPAIMHM 3arpsi3HUTEIIEH
IPOCIIEKUBACTCA JalbHENIIee YMEHbIICHHE KOHIICHTPAIlU aMUHOKUCIIOTH Ha 55-61%.
HawnGonee HeraTMBHOE BIMSHUE OKA3bIBAET COBMECTHOE JIEHCTBUE TSAKEIIBIX METAILIOB,
OCOOEHHO TPHU BBICOKMX KOHIIGHTPAIMAX TOJUIFOTAHTOB, CONEpKaHUe TpurnrodaHa

ymeHbiaeTcst Ha 38-73% 1o cpaBHEHUIO ¢ KOHTPOJIbHBIMUA PACTEHUSIMU.
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CoBepiieHHO WHas TEHACHITUS TIPOCISKUBAETCA y mMpopocTtkoB COSMOS
sulphureus Cav. OtaensHOE BHECEHHE KOOAIbTa YBEIMYMBACT COJIEPIKAHIE CBOOOIHOTO
TpuntodaHa y mnpopocTkoB Ha 36-51%, a mpu OTACIbHOM BHECEHHUH MapraHiia
HAOIOaeTCsl yBeIMYCHUE COIeP KaHUs aMUHOKUCIOTHI Ha 29%. CoBMeCTHOE AeicTBHE
MOJUTIOTAHTOB TAaK)KE HE OKa3bIBACT HETATUBHOIO BIUSHUA HA COiepKaHue TpunTodana,
a TIPOCJICKUBAETCS YBEIIMUCHHE €T0 cojiepkanus Ha 66-111%.

[Ipy Bcex BapuaHTax BHECEHHS B MOYBY TSDKEIBIX METAUIOB OTMEYEHa
TEHJICHIIMSI TIOCTETICHHOTO0 YMEHBIIEHUSI COJEpKaHus TpunTopaHa B BeEreTaTUBHBIX
opranax mnpopoctkoB Calendula officinalis wn Petunia Hybrida Grandiflora.
HaOmnronaetcst pe3koe CHUXKEHHUE KOHIEHTpAlUU aMUHOKUCIOTH Ha 10-12% naxe mpu
HE3HAYUTEIbHBIX KOHIICHTPAIUSAX MOJUIIOTAHTOB, a MpPH JalbHEWIIEM YBEIUYEHUU
KOHIICHTPAIlMM HOHOB TsDKENbIX MeTtaiuioB A0 2II/IK mpomomxaercs M yMeHbLIEHHE
conepkanus Tpuntodana Ha 21-37%. CoBMecTHOE AEHCTBHE MOJUTIOTAHTOB MPUBOIUT
K HauOOJIbIIIEMY CHUKEHUIO KOHIIEHTPAIMU aMUHOKUCTOTHI Ha 51-55%.

VY mpopoctkoB Silene coeli rosa npu oTAETEHOM BHECEHUH TSKEIBIX META/LIOB
OTMEUYEHO YMEHbILIEHUE KOHIIEHTpalMU TpUNTO(daHa Jake MpU HU3KOM KOHLIEHTpalUu
3arpsAsHUTENen. Tak, B BADHAHTE BHECEHUS Co** B KOHLIeHTpauuu 10Mr/Kr, conepxanue
AMUHOKHCIOTH yMEHbIIAaeTCs Ha 59%, a B BapuHaHTe BHeceHHss B mouBy Mn°* B
KOHIIEHTpaluu 3 T/Kr colepkaHue TpunTodaHa ymeHbiaercss moutd Ha 51%. Ilpu
COBMECTHOM JEHCTBUU TMOJUIIOTAHTOB MPOCIEKUBAETCS JajbHEHIIee yMEHbIICHHUE
KOHIIEHTpaluu TpunTo(hana, 0COOEHHO MPHU BBICOKON KOHIIEHTPALMU MOJITIOTAHTOB.

BHeceHre B MOYBY HE3HAUMTENbHBIX KOHLEHTpalMil KoOaldbTa yMEHBIIAET
KOHIICHTpAlMIO TpunrodaHa y mpopoctkoB Bromus arvensis L. va 35%, a BHeceHue
MOHOB Mapratiia B KOHIEHTpauuu 1,5 I/Kr He OKa3blBaeT JIOCTOBEPHOIO BJIMSHHS Ha
ATOT moOKaszarenb. llpm yBenmmueHMM KOHUEHTpaumu 3arpssHutened mpo 2 IIIK
HaAOJI0JaeTCsl HETaTUBHOE BO3/ACHCTBHUE MOJUIIOTAHTOB, 4 KOHIIEHTpALMs H3y4YeHHOU
AMUHOKHUCIIOTHI yMeHbIIaeTcst Ha 29-43%. CoBMeCTHOE ACMCTBUE MOJUTFOTAHTOB, TAKXKE
OKa3bIBa€T JOCTOBEPHOE HEraTUBHOE BIMAHME Ha CcOAEp)KaHue TpunTodana,

IPOCJIEKMUBAETCS TEHJICHIIUS K YMEHBILIEHUIO 3TOr0 Moka3artess Ha 26-46%.
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3arpsi3HeHUE MOYBHI COSIMHEHUSIMU KOOAIbTa BO BCEX BapHaHTaX MCCIIEIOBAHUS
MPUBOJNT K YBEIMYCHUIO COJIEpKaHne cBOOOAHOTO Tpuntodana B mpopocTkax Festuca
rubra L. moutu Ha 159%, a mpu BHECEHHMHM MOHOB MapraHila KOHIICHTpAIUs JaHHOW
AMUHOKHUCIIOTHl yBenuuuBaeTcs Ha 59-84%, 0COOEHHO NP BBICOKMX KOHLIEHTPALUSAX
nonoTanTa. [Ipy cOBMECTHOM 3arpsi3HEHUM MOHAMM TSKEJBIX METAUIOB MOBBIIIACTCS
conepkanue Tpunropana Ha 96-212%, a npu nampHEHIIEM pOCTE KOHIEHTpPAIUH
NOJUTIOTAHTOB ~ TPOCJIEKUBAETCS  CYIIECTBEHHOE  YBEIMYEHUE  KOHUEHTpaluu
aMuUHOKHUCIOTHI Ha 118-289%.

VY mpopoctkoB Poa pratensis L. B ycioBusSX BHECEHHS B TIOYBY HOHOB KOOaIbTa
MPOCIEKUBACTCA yYMEHBUIEHUE coAepkaHus TpuntopaHa Ha 19%, npu yBeIMUYeHHUH
KOHLIeHTpauuu noitoradta a0 2 II/IK nokaszaresns aMUHOKHCIOTBI YBEJIIMYMBAETCS Ha
35%. Bo Bcex BaprmaHTax OTAEIBHOTO BHECEHUs COSAUHEHHUNM MapraHila KOHLIEHTPAILHs
TpuntodaHa ymeHbliaerca Ha 6-8% 1o cpaBHEHHIO C KOHTPOJbHBIMU pPacCTECHHUSIMH,
IPUYEM IIpU YBEJIWYEHWHM KOHLEHTPALUU IIOJIOTAHTA IPOCIECKUBACTCS JIHHAMMKA
YMEHBUIEHUSI KOHIEHTpauuu Tpuntodana. KoMIUIeKCHOE BHECEHHE 3arpsi3HHUTENEH
HEraTUBHO BIIMSET Ha cojepkaHue TpunrodaHa. Tak, Mpu COBMECTHOM JAEUCTBUU
KoOanbTa M MapraHua, MpU HU3KUX KOHLEHTPAUUSAX, COJEpPKAHHUE aMUHOKHUCIOTHI
yMmeHbinaercss Ha 44%, npu OalbHEHMIIEM YBEJIMYEHUM KOHUEHTPALUUM TSHKEIbIX
METaJUIOB TOT MOKA3aTeNIb MEHbIIIE KOHTPOJIBHOTO Ha 23-59%.

Y mpopoctkoB Agrostis vulgaris With. npu aeficTBUM HE3HAYUTEIIBHBIX
KOHIIEHTpalluii MOHOB KOOajbTa M MapraHila OTMEYEHO BO3pacTaHHE KOHIIEHTpAIUU
cBoOOHOrO Tpuntodana Ha 19-78% no cpaBHEHHMIO ¢ KOHTPOJIBHBIMH PACTEHHUSIMHU.
[Ipu yBenmuuenun KoHIeHTpauuu noyirotantoB a0 211K comep:kanme aMUHOKHUCIOTHI
IpoAODKAaeT yBenuuuBaThes. Hambosblne mokasarenu KOHIEHTpAalMM TpuUlTodaHa
OTMEUYEHbl B YCIOBUAX KOMIUIEKCHOIO BHECEHHUS NOJIIOTAHTOB. TaK, B BapHaHTe
BHeceHmst Co°" B KOHIGHTpanuu 5 Mr/kr 1 Mn> B koHmenTpauuu 1,5 r/Kr, conepkanue
TpunTohaHa JOCTOBEPHO yBenuumpaercs Ha 78%, a B Bapuante BHecenms Co’' B
koHueHTpauy 10 Mr/kr 1 Mn?* B KOHIEHTpammy 3 I/KT, COmEepIKAHHE aMHHOKHCIOTHI
yBenuuuBaercss Ha 161% 10 CpaBHEHHIO C PACTEHHSIMU, BBIPAIIEHHBIMU Ha

HE3arpsA3HEHHOU MOYBe.
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HccnenoBanust moKa3aiad, YTO BO BCEX BapuUaHTaX BHECEHHS B IIOYBY
COCMHEHUSIMH KoOanbTa W MapraHia 3aUKCHUPOBAHO YBEIWYEHHE KOHIEHTPALUU
cBoOOaHOrO TpunrodaHa B JIUCThAX mpopoctkoB Lolium perenne L. [Ipu yBenuueHuu
KOHIICHTpPAIlMU TIOJUTIOTAHTOB OTMEUEHA TEHJCHIUS K YBEIUYCHUIO COJIEp KaHUsA
amMmuHOKUCHOTHl. Haubonbinee coxmepxanue TtpunrodaHa 3apUKCUpPOBAHO TIpH
KOMIUIEKCHOM BHECEHUM MOHOB KOOaJIbTa M Maprania Ha 57-133%.

BonbmmHCTBO Hccae1oBaHUi TMHAMUKYA HAKOTIIICHHUS] CBOOOHBIX aMHUHOKHCIIOT B
YCIIOBUSIX TEXHOJIOTMH (DUTOBOCCTAHOBJICHUS MTOYB CBUJIETEILCTBYET O MOJIOKUTEIBHON
3aBHCHUMOCTH MEXJY YCTOMUMBOCTHIO PACTEHUN K TOMY HIIM HHOMY (DakTopy U HX
COJEP)KAHMIO, a TaKKe 00 OOpaTHOM XapakTepe Mpoliecca MX HAKOIUICHHs. DTO JaeT
OCHOBaHUSl  paccMaTpuBaTh  POCT  KOJMYECTBA  CBOOOJHBIX  AMHUHOKHCIIOT
NPEUMYIIECTBEHHO KaK 3allUTHO-3IallTAllMOHHBII TPOIECC, a HEe OTPaKCHUs
NECTPYKTUBHBIX SIBJICHUN MOBPEKICHUS paCTCHUI.

CylecTBYIOT TakKe JaHHbIE O 3HAUEHUU TpUNTO(paHa M JAPYTHMX CBOOOIHBIX
AMHHOKHCIIOT B CTa0MIIN3aIllui MeMOpaH pacTUTENBHBIX KiIeTok [128]. Crennduueckoe
3HaY€HHE CBOOOJHBIE AMUHOKHCIOTBI MOTYT HMETh IpHU JCHCTBUM Ha pacTEeHUs
TOKCHYHBIX KOHIICHTPAIUil MOHOB TSDKEJIBIX METaIoB. B 4acTHOCTH, aMUHOKHCIIOTHI,
KOJIMYECTBO KOTOPBIX B PACTEHUSIX YBEIIMYUBACTCS MPU 3arpSA3HEHUH CPEJIbl, CIOCOOHBIE
00pa30BbIBaTh HEAMCCOLNMHPOBAHHBIC KOMILICKCHI C TSDKENbIMH MeTautamu [128].
TakuM 00pa3oM, KOJIMYECTBEHHBIM COCTaB CBOOOJHBIX AMUHOKHUCIOT pPaCTEHUM-
TUIIEPAKKyMYJIATOPOB TSKEJIBIX METAJIJIOB 3aBUCUT KaK OT BHYTPEHHHUX IIPOLIECCOB, TaK
U OT JEHCTBHS BHEIIHUX (PAKTOPOB. 3AIUTHOE ACHCTBUE AMUHOKHUCIOT SIBISIETCS
noau(YHKIIMOHATIBHBIM U €T0 MPOSBICHHE HAOIIOAACTCS MIPH SKCTPEMATBHBIX YCIOBUSIX
pa3IMYHOM MPHUPOABL: TUIIO- U TUNEPTEPMUH, OCMOTHUYECKOM M COJIEBOM CTpECCE,

I[CﬁCTBHH FCp6I/ILII/II[0B, TSAKCIIbIX MCTAJIJIOB U IPYIUX KCEHOOMOTHKOB.
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OBIIUE BbIBO/bI

1. Pazpaboran croco0, TMO3BOJISIIOIIUNA TOBBICUTh YPOBEHb HSKOJIOTHYECKON
0e30macHOCTH ypPOAHU3UPOBAHHBIX TEPPUTOPUN BOKPYT OMACHBIX IS OKPYKAIOIICH
Cpeabl ITPOMBIIIIIICHHBIX 0OBEKTOB 3a CUET IMPUMCHCHUS TCXHOJIOTUH CI)HTOpeaGI/IJII/ITaHI/II/I
IIO4YB C ITOJIYYCHUCM OMOTOILINBA.

2. I[J'If[ YMCHBUICHHA YPOBHS 3arps3HCHHUA II0YB BO3JIC MCTAJUIYPIrHYCCKHUX
NPEeNNpUsATAA N0 JAHHBIM HMHJEKCA TOJIEPAHTHOCTH, KOMIUIEKCA MOP(OMETPUUECKUX
MoKa3areyieu u CKOPOCTH pOCTa BBIACIICHBI BUHI, YCTOVIHHBBIG K IIOJINMCTAJNINYCCKOMY
crpeccy: Ageratum houstonianum cv. Bule Lagoon, Alyssum maritimum Lam., Brassica
napus L., Cosmos sulphureus Cav., Linum usitatissimum L., Atriplex hortense L.,
Miscanthus sinensis L., Lolium perenne L., Bromus arvensis L. OTHOCHTEIBHO
ycroiiumBel (TojiepaHTHBIC): Echinacea purpurea L., Agrostemma githago L., Silene
coeli rosa, Phacelia tanacetifolia L., Zinnia aqnustifolla H., Tagetes erectus L., Agrostis
vulgaris With., Poa pratensis L. UysctButenbnbie: Salvia splendens L., Petunia
Hybrida Grandiflora, Calendula officinalis L., Dahlia variabilis Desf., Festuca
rubra L.

3. B TexHonoruu QuropeabuiMTAIMM [OYB, C IEJIbI  MOJTYyYCHHS
6H03HepFeTH‘{eCKOFO ChIpbsd YCTAHOBJICHA HaI/I60JIBHIaH TCIIJIOTAa CTOpPaHUsd B YCIIOBHAX
MOJUMETANTHYECKOTO CTpecca y YCTOMYMBBIX MpopocTkoB Ageratum houstonianum cv.
Bule Lagoon, Alyssum maritimum Lam., Brassica napus L., Cosmos sulphureus Cav.,
Linum usitatissimum L., Atriplex hortense L., Miscanthus sinensis L., Lolium perenne
L., Bromus arvensis L. 16,5-18,0 MJx/kr, KOTOpbIe Tak >X€ OTIMYAIOTCSH BBICOKOM
ononpoayktuBHocThiO: Miscanthus sinensis L. — 15-20 t/ra, Brassica napus L. — 3-3,5
T/ra, y Linum usitatissimum L. — 1,5-2 1/ra, y Atriplex hortense L., Bromus arvensis L.
OMOMPOAYKTUBHOCTh Bapbupyetr oT 1 mo 1,5 1/ra. Haumenblnas teriora cropaHus
oTmeueHa y uyBcTBUTenbHbIX Salvia splendens L., Petunia Hybrida Grandiflora,

Calendula officinalis L., Dahlia variabilis Desf., Festuca rubra L.
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4. BplenieHbl yCTOMYMBBIE K 3arPSA3HEHUIO MOYB PACTEHUSA-TUIEPAKKYMYIISITOPBI
TsOKENbIX MeTautoB Ageratum houstonianum cv. Bule Lagoon, Alyssum maritimum
Lam., Brassica napus L., Cosmos sulphureus Cav., Linum usitatissimum L., Atriplex
hortense L., Miscanthus sinensis L., Lolium perenne L., Bromus arvensis L. y koTopbix
3a()MKCUPOBAH caMbIii BRICOKHM (haKTOp IEepeHoca MeTalia B mpejesnax 15, 4To roBopur
00 uX BBICOKOW COpOIMOHHO# criocoOHOcTH. Y TosnepanTHbIXx Echinacea purpurea L.,
Agrostemma githago L., Silene coeli rosa, Phacelia tanacetifolia L., Zinnia agnustifolla
H., Tagetes erectus L., Agrostis vulgaris With., Poa pratensis L. ¢aktop mepenoca
MeTaJllla CHU3MIcId 1o 6,5. HamMmenbinasg cnmocoOHOCTh HAaKaIUIMBATh MOHBI TSKEJIBIX
METaJUIOB OTMEYCHA y YyBCTBHUTENBHBIX K 3arps3HeHuio mpopoctkoB Salvia splendens
L., Petunia Hybrida Grandiflora, Calendula officinalis L., Dahlia variabilis Desf.,
Festuca rubra L.

5. Peabwiuranusi TEppUTOPH, MPUIETAIOMIUX K aBTOMOOWJIBHBIM JIOpOraM,
MOXKET OBIThH pcain30BaHa 3a CUYCT BbICCBAHHA KIICIOCBHUHBI, KOTOpPAsd 06JIa,Z[a€T
TUIEPAKKYMYIUPYIOIIEH CHOCOOHOCTBIO K COEOUHEHUSM CBUHIA. 3aBUCUMOCTH
KOHIICHTpallu CBHHIIA B rmooerax KICHICBUHBI OT KOHILCHTpAIHMHK B PACTBOPC IIpU
TUAPOIMMOHHUYCCKOM BbIpalllMBAHHWK KIICIOCBUHBLI ITOAYHMHACTCA 3dKOHY Barenepa—
Jlearmropa. PacrnpeneneHue KOHUEHTpPALMM CBUHLA MEXKAY CEMEHAMU U KOPHSIMU
pacTeHus, W KOHIIEHTpAllMEd CBHHLA B PAacTBOPE OINKCBHIBACTCS JIOTMCTUYECKOU
3aBUCHUMOCTBIO. BBIBCI[GHBI AHAIIMTHYCCKUC 3aBUCUMOCTHU CTCIICHU KOHLICHTPHUPOBAHUA
CBHHIIA B CEMCHAX U rmooerax KJICHICBUHBI B 3dBUCUMOCTH OT KOHICHTpAIIHH B paCTBOPC
IIPU  THAPONOHUYECKOM BBIPAIIMBAHUN KIICIIEBUHBI. TEPPUTOPUIO BBIPAIMBAHUS
(bUTOCOPOCHTOB 11€7IeCO00pA3HO OrPaHUYMUTh paccTossHueM 1o 10 M OT KpOMKH
ABTOTpPACCHI.

6. Ilpy ONBITHO-NPOMBILUIEHHOW ampoOaluy TEXHOJIOTMU  (UTOpEMEaUualuu
IMOo4YB BO3JIC MCTAJUIYPIrHYCCKUX HpeI[HpI/IHTI/Iﬁ B YCIOBHAX TMOJUMCTAJUIMICCKOIO
cTpeCCa IIOATBCPIKIACHA BBICOKas COp6HI/IOHHa${ CIIOCOOHOCTD BHUIOB-
runepakkymyisaropoB Ageratum houstonianum cv. Bule Lagoon, Alyssum maritimum
Lam., Brassica napus L., Cosmos sulphureus Cav., Linum usitatissimum L., Atriplex

hortense L., Miscanthus sinensis L., Lolium perenne L., Bromus arvensis L., koropsie



147

MOXXHO HCHOJIb30BaTh B TEXHOJOTMM BOCCTAHOBIICHHS JETPAJUPOBAHHBIX IOYB.
Pacnpenenenue KOHIIEHTpAlMd HMOHOB TSDKENIBIX METAJUIOB MEXAY BEreTaTUBHBIMU
OpraHaMHM PacTEHWW M HUX KOHILIEHTPAIMENd B PACTBOPE OIUCHIBACTCS JIOTUCTUYECKON
3aBUCUMOCTRIO. TexHomorus ¢uropeabunmuranuu B 6-11 pa3 memieBie XUMUYECKUX U
MEXaHUYECKUX TEXHOJOTUN OUMCTKH IOYB, HE HECET Mpo0iIeMbl OE30MaCHOCTH, U JaeT
BO3MOXKHOCTb MOJYYEHUS JOMOJIHUTEIBHOTO SKOHOMUYECKOTO 3 dexTa.

7. Y yCTOMYMBBIX K 3arpsI3HCHHUIO PACTCHUIA OTMEUCHA CTaOMIbHAS TCHACHIIHS K
YBEIMYECHUIO OMOANaNTallUOHHBIX XapaKTEPUCTHK: AKTUBHOCTH aAHTHUOKCUIAHTHBIX
dbepMeHTOB, KOJIMYECTBA AaMHHOKHCIIOT, 4YTO VyKa3blBaeT HAa WX  BBICOKYIO
aJanTalMOHHYI0 CIIOCOOHOCTh M BO3MOXHOCTb HCMOJB30BaHUSI B TEXHOJIOTHUHU
dbuTopeMenuanuy 3arpsi3HEHHbBIX MOYB. Y YyBCTBUTEIBHBIX K JIEUCTBUIO TOJUTIOTAHTOB
BUJOB B YCJIOBHUSX IMOJUMETAJUIMYECKOTO CTPECCA AKTUBHOCTh AHTHOKCUIAHTHBIX
(dbepMEeHTOB U COoiepKaHUE aMUHOKHUCIIOT YMEHBIIIAETCS, YTO TOBOPUT O HEBO3MOXKHOCTH

HUX IIPUMCHCHHA B TCXHOJIOTHHU Q)HTOpeMG,Z[HaHI/II/I IIO4YB.
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nosydeHreM OHMOTOIUIMBAY (METOJ ONpEJE/CHUs BIUAHUA HOHOB kobanpTa ¥ Maprafia Ha
(DOTOCHHTETHYECKYIO aKTHBHOCTh Y IUIONIA/h JIACTOBOM MOBEPXHOCTH HEKOTOPDIX BUJIOB
[IeKOPATHBHBIX TPABSHUCTBIX PACTCHHI), BLInosHeHHo# B pamkax HUP «McenenoBanue CTpeCCOBBIX
peakiuii XBOWHBIX W JAPYIHX BHJIOB pacTenuii 1Mo BIMSHHEM OHOTHYECKHX M aOMOTHYECKUX
(axTOpOB BHELIHEH Cpespy, WHdP I'-17/37; somep rocpeructpauuu 0117D000246, BrenpeHsl B
yueGHblit npouecc Kadeapbl HU3MOIOTHH pACTEHMIi MyTeM YCOBEPIIEHCTBOBAHMs JIEKIMOHHOTO
Marepuana «PocT i pa3BUTHE PACTCHUH B YCIOBHAX METAJTIONPECCHHIA) Kypca «Tsxelpie METaJUIb
B SKOCHCTEMAaX» JUlsl CTyIeHTOB 2-ro Kypca OV «bakanaBpy HanpaBJIeHHS NOAOTOBKH 05.03.06
KOJIOTHs ¥ Ipupoonop3opanue B 2018-19 yu. r.

Ipeutoxkenns K JanbHeHIieMy BHEPEHUIO HTII, rpyrue 3aMeyaHus: IPeLyCMOTPETh 0OHOBJICHHE
METOIMUeCKUX YKa3aHuii K JabopaTopHbeM paboTam JUls Kypea «TsKeNible METAUIBI B 9KOCHCTEMAX»
s cryaentoB 2-ro kypca OIT «bakanasp» HanpapieHHs MOATOTOBKH 05.03.06 Dxonorus ¥
[IPHPOIOIIOTH30BAHKE, C HCIIOIB30BAHUEM PE3YITATOB JAHHOTO IMCCEPTALMOHHOrO HCCIIE OBAHUSL.

C aKkTOM 03HaKOMJIEHBI! \%?,

Jlexan daxynpTeTa ) Vi 0.C. Topeukuii
3aB. xadenpon 4'7/2%7 C.M. JlemueHko
Pyxosoautens HAP 70007 / C.W. Jlemuenko
[Ipencenaresb KOMHUCCUU Cobko A.1O.
YsieHbl KOMUCCHH: %
%ﬁfﬂ - T.B. Kouika
@é—“"——“‘«'/ = M.B. ®omeHKO

%{Q&&’ — J1.0. Knimkanb
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JTuccepranroHHbIH coBeT [| 01.023.03
npu 'OV BIIO «/lon6acckas HallMOHaIbHAS
aKaJeMusi CTPOUTENILCTBA U APXUTEKTYPhD)

2 0% 2009 Ne 010

CIIPABKA

O BHeIpEHUH pe3ysbTaToB HCCIIeIOBAHMH IUCCEPTALIMOHHOM paboThI
®pynsze Oxcanbl BajleHTHHOBHBI HA TEMY «[ToBBILIICHUE DKOJIOTHUECKON
6e30macHOCTH ypOaHH3UPOBaHHBIX TEPPUTOPHI (uTopeabunUTALUEH TOYB C
HoJIyueHueM OMOTOILIHBAY, TpEeCTaBICHHON Ha COUCKAHHE y4eHOM CTerneH:
KaHIU1aTa TEXHUYECKUX HAayK I10 CIeIHaIbHOCTH 05.23.19 «DxoJjioruyeckast
6e30I1aCHOCTh CTPOUTENILCTBA U FOPOJICKOTO XO3SIMCTBAY

Hayusple ¥  NpPaKTHYECKHE  Pe3yJbTaThbl JHCCEpPTAlMOHHOM  paboThI
0O.B. Opynse [103BOJISIIOT ITOBBICUTD 9KOJIOTHUYECKY IO 6e30MacHOCTh
ypGaHU3UPOBAHHBIX TEPPUTOPUI BOKPYT MPOMBIIICHHBIX 00BEKTOB: TEMJIOBBIX
SNEKTPOCTAHIMH,  XAMMYECKHX, — METAUIypruueckux M FOPHO/I00BIBAIOIIAX
TIpeINPUSITAN, aBTOMAarucTpanel, Apyrux OMacHbIX 00BEKTOB 3a CUeT MPUMEHCHMUSI
TeXHOJIOTUK (pUTOpeabUIIUTALMH [I0YB C MOJIYICHNCM OGUOTOILINBA.

[TorCK palMOHAIBHBIX MyTeH [UIsl PeIeHHs 3a/[a¥ MOBLIIICHHUS HKOJIOTHUECKON
6e30MacHOCTH IPUPOIHBIX CHCTEM SIBJSETCS TPUOPUTETHBIM  HATIPABICHHCM
Pa3BUTHS TOPOJICKOTO XO3SIHCTBA JIOHEIKOro pEruoHa.

OGOCHOBAHHBIE HAyYHbIE [OJOXKEHHS JMCCEPTAlIONHOr0 HCC/e/0BAIs 1
Tpe/IoKEeHHas: PallHOHaIbHAs TEXHOIOrHYECKas cXeMa (uropeabuIuTalMK TI0YB
MIPUHATEI ®JI-I1 Boponoit B.B. B KkauecTBe COCTaBJIAIOMIMX KOMILIEKCa
MepOTIPHSTHIA, HANPABJIEHHBIX HA MOBBILICHNC HKOJIOTHUECKOM 0e30IacHOCTH IOYB,
3arpsA3HEHHBIX HOHAMH TSDKEJIBIX METAJlIOB.

B.B. Boponoii
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Juccepraimonssii coset [ 01 .023.03
npu 'OV BIIO «/lon6acckast HarMoHajbHAs
aKaJieMHs CTPOUTEIbCTBA M APXUTCKTYPBI»

17. 04 Aof8 Ne o0y

CIIPABKA

O BHeJPEHHH PE3yJIHTATOB HCCIE0BaHMIT JMCCEPTAMOHHOI pabOThI
®pynse Oxcanbl Basentunosnpl Ha Temy «IloBpimenue IKOJIOTHYECKOI
Ge30nmacHOCTH yPGAHH3UPOBAHHBIX TePPUTOPHIi puTOpeabunTanmei 104B ¢
noJyuennemM GHOTOIIHBAY, IPEJICTABIEHHON HAa COMCKAHNEe yUeHOIt cTerneH
KaH/MaTa TEXHUYECKUX HayK 110 CIIEHabHOCTH 05.23.19 «Ixoaoruueckas
6e30MaCHOCTh CTPOUTEILCTBA H IOPOICKOI0 X0351HCTBAY

PesynbTaThl ~ AMCCEPTALMOHHOIO  HMCCJICJIOBAHMS ®pyuze  Oxcanbl
BaJIeHTHHOBHBI, @ UMEHHO (DUTOBOCCTAHOBJIEHHE IOYB, 3arpA3HEHHBIX HMOHAMH
TSDKENBIX  META/UIOB, IO3BOJISIOT  TIOBBICHTH  OKOJNOIMYECKylo  6e30macHocTh
ypOaHU3MPOBAHHBIX TEPPUTOPUHA BOKPYT MPOMBIIIICHHBIX IpeITPUSITHHA.

3arps3HeHre TOPOJCKUX I0YB TSDKEJIBIMA MeTallaMU paccMaTpuBacres B
BOIPOCAX SKOJIOTMYECKOH Ge30IacHOCTH M TPeOyeT He3aMe/UIMTEILHOr0 pelletus,
HATIPABJIEHHOTO HA BOCCTAHOBIIEHHE JIETPajPOBAHHBIX IOYB C LECILIO COSAAHMI
YHCTON M 6E30ITACHOM TS KUBBIX OPTAHH3MOB OKPYIKAIOIIEH CPE/IbI.

DKOHOMHYECKHM BBICOAHAS M  OKOJOTMYeckd OesomacHas —TEXHOJOIHs
(uTopemMeIManuy JIerpaiipOBaHHbIX OB IPUHATA @JI-IT Basusin JLM. B kauecTBe
COCTABJISAIONIMX KOMIUIEKCA MEpONpPUATHH, HANpPaBICHHBIX HA  [OBBIHICHUE
9KOJIOTMUECKOM GE30IaCHOCTH MOYB, 3arpS3HEHHBIX HOHAMHY TSDKEJIBIX METa/UIOB.

‘ HM bazusu

/

QJI-TT

4
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Huccepramuonsstit coser /1 01.023.03
upu ['OY BIIO «/lon6acckas maionanbnast
aKaJleMusl CTPOUTENIBCTBA M APXUTEKTYPhI»

24. 04 4919 Ne 1

CIIPABKA

O BHeZpeHUH pe3yTbTaTOB HCCIEAOBAHMH UCCEPTAMOHHOM PaGoThI
®pynse Oxcanpl BajnentunoBusl Ha Temy «IloBbINIeHHE KOO HYECKOI
Oe30nacHOCTH yp6aHH3HPOBAHHBIX TePPUTOPHIl PHUTOPeAGHANTALHEI TOUB ¢
nostydeHnneM OHOTOIIMBAY, IPE/ICTABICHHON Ha COMCKAHUE YUEHOH CTeleH
KaHauIaTa TEXHUYECKUX HayK 10 crenuansaoctd 05.23.19 «Dkonoruueckas
6e30MacHOCTh CTPOUTENHCTBA U TOPOJICKOTO XO3SHCTBAY

Hayunble u mnpaxtuyeckue pesyibTaThl JMCCEPTAIHOHHONO HCCIEN0BAHMS
®pynze  OkcaHbl BaleHTHHOBHBI — ITO3BOJISIIOT — MOBBICHTS 5KOJIOTHUECKYIO
GesornacHOCTh  ypOaHU3HPOBAHHBIX TEPPUTOPHIT BOKDYT METAJULyprudeckux
FOPHOZOOBIBAIOIINX MPEANPHUSTHI, aBTOMArUCTpael, APYruX ONACHBIX 0O6HEKTOB 32
CUET IIPUMECHEHHS TEXHOJIOTUH (PUTOpeabUIIUTALIMU [TOYB.

AHTpOIIOTeHHas JIEATENFHOCT U ypGaHusaius GHocdepsl COIPOBOIKIAETCS
pacCceuBaHUEM 3HAYUTEJIBHOIO KOJHMYECTBA TSKEIBIX META/UIOB, BOBJICYEHHBIX B
MHUTPAIIMOHHBIE IPOIECChI, KOTOPKIE ABISAIOTCS BRICOKOTOKCHYHBIMHU IS UejioBeka. B
BOIIPOCAaX ~ SKOJIOrUYecKod Ge3omacHOCTH dTa mpobiieMa OCTpO CTOMT B
NPOMBIIIVIEHHO ~ PAa3BUTOM JIOHENKOM pervoHe, IZe pPAaCIOJOXKEHBl KPYIHbIE
UHJlyCTpHAJIbHBIE METaJlLly pru4ecKue IPEJTIPUSTHS, COCPEJIOTOYEHBI
MHOT'OYHCIICHHBIE aBTOTPAHCIIOPTHBIE MATUCTPAJIH.

O6ocHoBaHHbIE HAYYHBIE TOJNOXKEHHUS AUCCEPTALMOHHON paGoTsl Mpynse O.B.
¥ TIPE/UI0XKEHHAs TeXHOJIOTHYECKas cxema (puTopeabrnuTanuy mous npuHsaTel OJI-
IT 3aikimyrauaoBa E.JO. B KkayecTBe COCTAaBISAIOIIMX KOMIUIEKCA MEpOTPUSTHH,
HAlpaBJICHHBIX HA IOBBIIIEHHE OSKOJIOIUYECKOH 0e30macHOCTH JierpaaupoBaHHbIX
TIOYB.

QJI-IT 47‘ E.IO. 3aitnyTnunosa




