
OT3LIB
oOr4uaanbHoro o[rroHenTa Ha Arrcceprar]r4ro By Bser 3yrra na reMy: (PoJrr, opfauzrrecKrix
Kucror B NrexaHu3Max ycrofivueocru pacreHHii aMapaHTa K neficreurc TI)KeJI6IX Merar,loBt

no cnerluaJrbHocrr4 03.01.05 - tfusuororur u 6uoxutrtut paclenuit
Ha colrcKarrue yqeHoft creneHlt KaHA]tAara 6uonoru.recr<ax Hayr<

Heo6xo4ururocrr, a raKxe 3HaqlrMocrr, u3yqeHl,ts noJrHocrrro He pacrpbrrbrx nepB[r{Hbrx

MexaHr43MoB ycTofirrfiBocTl4 pacreuuii K AeiicrBlrrc Bbrco(rrx ronqenrpaqzfi qriHKa rz oco6eHHo

KaAMrIg, SBI{IOTqUXC,f, ULIpOKO paCnpOCTpaHeHHLIMII IOJIJIIOTaHTaMT'I, B CBeTe BO3paCTaHIit

ypoBH.{ 3arpt3HeHl4r cpeA6i TsI(eIbrMIz MoTaJIJIaMT{ HacToJIbKO OqeBLIAHI,I, qTO aRTyaJrr,]rOCTb

Iucceprarlr4oHHoil pa6oru H9 Hyx,{aeTcr B oco6oM o6ocHoBaEriri. Xorx n noc:re4ur.re 10-15 reT

AocrrirHyr 3Haqr,rreJrLHr,rfi nporpecc B rr3yqeEurr MexaHV3MoB ycrofiquBocrr.r pacreHrdl, ux

r4ccJre4oBamre B pacreHrlsx aMapaHra B ycJroBu.{x noBr,rlreHHbrx Ao3 Cd u Zn s cpgAe c

lprrMeHeur.IeM opIIruiHalILHr,Ix rroAXoAoB I{ r4crroJrb3oBaHrieM pa3Hoo6pa3ubtx coBpeMeHHhIX

MeroAoB I4Meer l{eocnopxMoe reoperlrqecKoe 3uaqeHlze. Teoperr.ruecxan 3HaqlrMocrb pa6orbr

cocroltr B ycraHoBJreHr4r4 Krro-reBofi ponlr oKcanara B MexaHr{3Max ,qeroKcl.IKarlrrr4 Ka.4Mr4.rr B

Jrl4crr,rx A. caudatus fiyreM $opMr4poBaHr,rr B Hr.rx Kpr4crannoB oKcaJrara KaAMlrr. Teoperuuecrclr

Bar(eH Br,IBoA o6 opuenrnponaHHocrr.r 6uoxr.rvprqecxrax flepgcrpoeK .]r cra B ycroBl4qx Cd u Zn

crpecca Ha unreucu(pzraquro aKKyMynrqrir4 Marara r{ oKcaJrara, noATBepxAaroul.rii po:rs

opraHuqecKIix KIlc]ror B MexaHr43Max ycroii.{r4Bocrn pacreuuit aMapauTa K nos4eficrnuro BbIcoKIix

r<ouqenrpaqrdi Cd u Zn, Teoperu.reclcr.r 3r{aqvMbr raxxe AaHHbre o 3aBr.rcr.iMocrri

uera6olraqecr<oro orKJrrzKa B Jrrrcrrrx aMapanTa or Bo3pacra nrrcra npu Aeficrsun CduZn.

O6:serr r.rccle4oBanr.ir - Bt4ALr po4a Amaranthus flpeAcraBnrror rrpanTuqecxyro rIeHHocrt

KaK Br,rcoKo[po,[yKr]rBHbre rruueBbre rr KopMoBbre Kynbrypbr z o6rexrsr gru $r.rropeue4uaqur.r

cpeAbr, 3arp{3HeHHofi rs)(eIr,rMLI MeTaJUraMr{, yqr.rTLIBtuI Izx HaKorr}rTeJIr}HbIe Bo3Mo)nHocTr.r II

3r{aqLITenr,Hyro 6uoir,raccy.

Pa6ora ourzqaercx nounruoii, HalprrMep, Br[sHr4e KaAMrrr Ia qr{HKa Ha ponb

opraHI4qecKLIX KIrcJIor B aKKyMyntrquu MeraJrnoB, Sopuuponanr,re (pr.icrarnnoB oKcaJrara KaAMur B

Jrrrcrbtx pacrenufi A.caudatus B rrpucyrcrBr4r.r B6rcoKr4x r<onqeurpaqllft Cd, uera6olrnecruft

orK:rrrK Ha AedcrBne BrrcoKnx r<ouqenrpaqrzii MerarJroB, rz:yveuurrfi 4uQQepeuquponaHuo rro

opraHaM AByx Br4AoB e|MapallTa.

Crpyxrypa ALIccepraI{IrrI B[oJrHe craHAaprHa AJrfl Slrsuo:rorzuecrux ll 6uoxzrraraqecrux

pa6or. ,{ucceprarlr4r r.r3Jro)r(eua na 178 crpaurzqax, cocror4T ri3 BBeAeHr.rr, o63opa rrzreparypbr,

MareprzanoB r.r MeroAoB, pe3yJrbraroB u o6cyN4enux, 3aKrrorreHu.rr, B6rBoAoB, cnucxa coxpaulenaft,

cnucxa Jrr4reparypu, roropsrft BKJrroqaer 362 ucrotuura, B roM qrrcJre 225 sa anrtuitclroM s36rKe.

[uccepraqul ral;rocrpuponaua 71 pzcylmou u 3 ra6nzqauu.



Moncno orlrerrnr, no:rnrrit, rroqrr4 ficqepflbrearoufiii oqepK rr4Teparypbr no reMe, BKrroqas

caMyro coBpeMenuyro. Muorne u3 grrrx pa6o'r npuenexarorc.,{ raxrre aBTopoM rpu o6cyrr4ennu

rlonyr{eHHbrx pe3yn!,TaToB.

r\^^A^\ruuuu u.reA)sr uuAqepKHyTL qeTKOCTb 14 JIOIIITIHOCTL B IIOCneAOBaTeJILHOCTIi

lpoBeAeHHbIX liccne.EoBaHliii u coorBercrBeHl{o B fiocrpoeH lr Alrcceprallul{: ocHoBHas fraBa c

LI3IOXeSIZeM SKCIIepV MeHTan[,H6tX AaHHbrX pa3AeneHa Ha prA pa3IenOB ri MHO]KoCTBO

rroApa3AeJroB, o6u;rsno r.iJrJrroorprrpoBaHHrlx pficynl(aMu. Bce ero cnoco6creyer Aocrr{}KeHr]ro

ocHoBHoIi qe,rlr u pacKpblTux) Bcex [ocraBneHH6IX 3aAaq.

,{uccepraqaouu ax pa6ora By Brer 3ynra narncana xoporrr4M {3brKoM, Tqarerruo Bbrrrr4rana r4

rlpeKpacHo oQopMneHa.

OcuosHr,re rroJrolxerruq, BbrHocr.rMT,Ie Ha 3arIrzry, o6ocnosaul;t pa3HocropoHHHMI{

3KCnepHMeHTan6HLIMrr r4CCneAOBAIlI.JtlMrl, C npIiMeHeHLIeM CaMLIX COBpeMeHHbrX MeTOIOB.

B pa6ore y6e4Ltrenr,no nora3aHo, uro ycroftuunocru, pacrenuil aMapaHTa K BbtcoKt4M

KourleurpaqntM Cd u Zn oflpeAer.{erc;r slf$ercrunnrru cB.r3brBaHr.reM MerairJroB B r{opH{x r.i

xeJrarlipoBaHlzeM ux B rt4cr6.rrx npll yqacrlzu optaHlar{ecKl4x r<uclor. C rloMolqL}o noeeiirxr4x

MeroAoB yAanocb AoKa3arb $oprrar'rponanr.ie KprzcrannoB oKcalrara KaAMr.rr B Jrlrcrr.rrx pacreuuii

A.caudatus B fipficyrcrBr{r4 BbrcoKr]x r<ouqeurpaquil Cd. Oco6o xoqercs BrrAeJl}rrb cepxro

rzcclegonaurafi Mera6oru.recKoro orKnr{Ka na 4eficrnue BbrcoKrix rouqeurpaqilit Cd n Zn. C

r4crroJlb3oBaHlieM MeroAa fa3oBoft xporraaro-rrracc-crrerTpoMerpIll 6ul nponeAeH aHaJIH3

r,reta6o:rurHlrx npoorzneii B sKcrpaKTax a3 JrrzcTr,eB u nopnefi AByx Br4AoB aMapaHra B HopMe u

rIoA BJII4IHI{eM BbIcoKIrx xonqeurpaquii CduZn. Er,uo auuorupoBaHo or 64 lo 76 
^,re'ra6orrryoe.

tr4cnonr,gonanrze MeroAa HaBHrrx KoMnoHeHT rrpli crarucrurrecroii o6pa6orr<e MaccLIBa AaHHrrx

noKa3ana 3r{aqr.rMocr}, 6zoxltNru.recKux nepecrpoeK B pacreHllsx orrbrrHblx BapIraHToB.

Buzywmzagut ronqenrpaqufi Hr.i3KoMoneKyJrrpnrrx rrera6oruroB nyreM nocrpoeHur rerrnoKapr,

BbItBITJIo Bo3pacraHl{e nyJroB oAHr4x coeAriHeHufi r.r cHr.r)KeHue - Apyrux B pacreHrzqx oflLtrHLtx

BapIraHToB rro cpaBHeHzro c KoHrponeM. Cle4yer BbrAerr4rr, pa3AeJr no onpeAe.lleHr4ro

Ko:rlrqecrBeHHr,rx cogepNaul.rft plga rrera6oluroB r.r Bo3Moxuocrr c 6o:nlrofi ynepeuuocrlro

foBoplirb o 6ltoxrzlru-recr<ux nepecrpoftxax pacreullit B ycnoBuqx rIoBr,rmeHHbIX Ao3 MeraJrJroB rl

o6cyx,qarr $opuirponanue MexaHr43MoB ycrofiwreocru x slru. C rroMolubro HoBr,rx Me'r'oAoB

rlolta3auo, r{To KJIIoqeBlIMu coeAr.rueHlztMu s r.teta6orvqecKoM orKJruKe nopueil auapaura na

4eiicrnue Cd, u Zn rsrswrcr caxapa, a B .[v crb.sx - oprannrrec]eie Kricnor[,r.

Ec:ru paurue n 90-x ro4ax, KorAa M[,r HarrvHa,Tu uccneAoBaHur ycrofiuunocrli pacreurlii r
Ts)rterbrM Merar,raM. voNlto 6stlo roJrbKo BbrcKzr3brBarb f nore36t orHochrenbrio rofo, qro

ocHoBHbIMLI MoCTaMIT I4HaKTUBarIr4r{ MeTaiIJIOB B KOpHtX tBntIOTCt KIeTOrrHr,r9 CTeHKI4, a B JIIICT6'X

' BaKyonl c opraHr4rrecr{r4Mr{ KucJroraM}t. To n uac'rolulee BpeM{ e gauuofi pa6ore sro yxe



.4OKa3aHO 3KCIepLIMeHTaJILHO, npuqeM C LIClOJlb3OBaHlIeM pa3JrrrqHbx, caMbrx coBpeMer{Hbrx

\4eTOnOB HCCneAOBaHI{r.

Moxtuo c4e:raru HeKoropbre 3aMeqaulrs:

C.22. IImepurypHrrii o63op. (llo xapaKTepy pacnpeAeJreHr4r Cd, u Znv,expy opraHaMr4 pacreHr.lfi

I{x fipfiqucnrror K I.icKJrroqareJrflM (exclurogepana.l I{ D{nepaKK)MyJrrropalr.> B ro x(e BpeM{, np}t

onpeAereHHbrx ypoBHrx cd r.r oco6enno Zn n cpepe r{x KoHrleHrpaquu B HaA3eMHbrx opfaHax

Iroryr 6rrrt Br'rue, r{eM B KopHrx, Ho He Aocrr4rarL ypoBHs fr4rrepaKr(yMynrropon. Bugon

frinepaxKyr4yJrrropoB B npr.ipoAe orHocr.rreirr,Ho MaJro rr B Hrzx coAeplr(aHr.ie cd 4olrrno 6urr
>1000 r'axrlr cyxoii 6uolraccr\ zn >10 000 urxr/r (Reeves a. Baker, 2000; vogel-Mikus et al.,

200s).

c.22 Hetrcss roBopr'rrb o6 ar<ryrrrynupyrorqeft cnoco6uocru pacreuuii aMapaHTa, ueo6xogr.ruo

YKA3bIBAT6 KAKOfi BIiA, NOCKOJIbKY 3TO NPEITMYIqECTBEIIHO BI,IAOBA'I XAPAI(TEPV CTI,IKA, A HE POAOBA'.

Ha Pucyur<ax 12,21.,24,3r,47A,4BA, 49(I), 50(II) xopouo 6uno 6r,r clenarb pa3pr,rB rxxan;r Ha

neprlrr<a.rrHoft ocu, vro6lr snauenrrr Hr,r3Kr4x Konqeurpaqr.rfi 6suu orueuuno ur.rgnn.

C.58. B rtrase (MareprzaJl6l u MeroAbr uccJreAoBaHr4r)) va puc.1 He Br4aHo. KaKrIe orrbrrHr,Ie

BapuaHrbr rrpeacrauenu 4:rr o60Hx Br4AoB, cJreAoBaJro y(a3arb 3ro B rroanvca K prrcyHKy.

C.74. Hetr'sst yrBeplrAarb, qro B ycroBusx al,Irrosuilnoro nv'taHus. BHeceHrze Cd u Zn oKetbrBaJr.o

crrrMynr{pyio4oe AefrcrBrze Ha nprrpocr 6uorraccr,r, KpoMe 3perLx nrlcrbeB, MoxHO roBoprirb

ToJr6Ko o reH.4eHr1rir4, T.(. Her oqeHKri AocroBepHocrr.r, a pas6poc 4alnrrx Be:rr4n.

c.77. Puc.2r. BruqHue r4croqHr.rKoB a3ora Ha pacnpereJreHrre r armyMyJrrrluro cd ra Zn. crporo
roBopr, npHBoAr.rrcr roJrbKo aKKyMyJrrqur 3neMeHToB B pa3HLrx opraHax. B Aa:GHeilmux

pa3Aenax AeiicrBt4reJrbHo,4aercr orIeHKa paclpeAereHr.rs 3reMeEToB.

c.79. Hetrcss roBopt4Trr (rrpri orcyrcrBr,rr.r MeranJroB B lrpcAc) B KoHTpoJrbHoM BapaaHTe

orHocr.rrerrHo Zn, r.r<. ero BHocr,rJrri s Aose 0.7 MKM.

C.119. llpu o6cyN4enttrl pe3yJILTaroB Blr3yanr43aqrd.r xouqenrpaquii uera6o:ruros, BbrAcJlegHbrx

IZ3 Jrr.rCTbeB r.r KopHefr aMapaHTa, uolruo 6luo orMervrE 3HarrurerbHyrc napua6elluocrr

nonropnocrefi B KaxAoM BapLIaHTe onbtra, iITo oco6enno HausAHo floArrepxuBaer la6ulsnoctr
noKasareneft vera6o:touuoro aHarTu3a u Heo6xo4r.il,rocrb tsbuBJeHu.s crarvcrrzqecKu 3HaLrr.rMbrx

pa3rrr4q4n.

O4uaxo sru ue:rKr.re HeAoqerr,r He cHr4xaror o6rqeft nrrcorofi oqenrc.r .qucceprarlulr.

Hecnaorpx na o6ulye uanpan:renzit nccJreAoBalrar u Mgo)r{ecrBo noryrreHHr,rx pe3yJrbraroB

aBTopy y,qanoc6 n uane <O6cyrrAeHr.re pe3ynbraron> xna,rru$uqr.rpoBaHHo o6o6rqurt ux, so3AaB

crpotHoe [pe.4c raBneHlze o ponH opraHHLrecKHX KI.Icnor B MexaHh3Max ycrofivaeocru pacreulii

aMapaura n 4eftcrnuro Cd u Zn c ucrroJrr,3oBarrrzeM coBpeMeHuofi mzreparypu. Sronry

cnoco6crnye'r ror Saxr, qro Arrcceprar{v oHHoe r{ccneroBaHr{e Haqaro He Ha nycroM Meore, a



fipoaonx(aer cepr4ro pa6or, rrpoBoArrMbrx Ha KalbeApe (rusao:roruu a 6uoxuir.rvv pacreuuil ClI6fY

noA pyKoBo.ucrBoira r.6.n. H.l. Oclroroncrcofi .

Br,lnogr,r, csopuymponauH.bre .B Ar4soep'r'auuu AocroBepHbr, rny6oxo o6ocnosaHr,r scer4

o6tevou uccJIeAoBaHlzt, ncnoilb3oBaHI4eM pa3JIIrqHr,x coBpeMeHHT,Ix Mero,4oB I4 MeroAI4I{

XCCIEIOBAHTI'.

flo:rararo, rrro Arrcceprartruonnoe rrccneAoBaHue By Brer 3yrra He roJrT,Ko Aocruraer

nocranreuuoii qeJrrr, Ho Brloclrr cyrqecrnennrril nrorag B rroHrrMaHrre o6rqe6l.Io:roruuecrux

Mexaurr3MoB ycroiivunocru pacreHr'rit x 4eiicrnuro Zn u oco6esno Cd, npucyrqux He ron6Ko

aMapaHTy. Pesy:mrarr,r r4ccJreAoBaHu.,r By Bser 3ynra lroryr 6utt ucnolrgoBanr,r rpri rrreHrrr.r

xypcoe rexquii no Sz:uo:rorrza u 6uoxnttuu pacreuuft, cflerlKypcoB rro Mrrr{epaJrbHoMy nr.iraHuro

ycroiivueocru pacreHzit K crpeccoBrrM ycnoBu;rM cpeAbr.

Arpo6aquu pa6orr,r. Pesy:trarrr rzccre4onaruii no reMe aor.lraALrBanucb Ha pa3rr4rrHr,rx

rrpecrrrrrrrbrx Kon$epenqlux.

IIo lrarepua,raru Arrcceprarl[u ony6lurconano 10 pa6or.

Taxuu o6pasorr,I cceprarJLrq By Brer 3yura ua cor.rcKanr4e yueuoil c'renenu Kar-rAuAara

6uo:roruqecxux HayK "sBnl{ercx salepueunoit uayvno-rna:ru$ur<arll.ronuofi pa6orofi, n roropoi

coAepxrrTct perneHlie 3aAaqu ycTaHoBneHu.s poiru opf aHl-iqecKl.ix Kr{cnoT B MexaHII3Max

ycroftvueocru pacreuufi aMapanTa K AeiicrBliIo r.gxeJIrIX MeraJrnoB, uuerorqeit cyxjecrBeuuoe

3HaqeHue An.x coorBercrByrorqefi orpacrn snanaii, a ulreuuo Qu:uororuu li 6uoxlruurz pacreHu.ff,

rlro coorBercrByer rpe6onaunmr n. 7 <lloroNesrl{ o floprAre rrpucy]xAeHrrr yueHr,tx creneneii>,

a ee aBTop, By Brer 3yur, sac:ryrrunaer [p[cyxAenrrs ucKoa4oii yveuoil creneuu.

OSurlua,'ruHurfi onnoHeHr.
Begyrqr.iit nayuusrfi corpyAHr4x @fEYH Eoranrqecroro r4Hcrr4Tyra
rzna. B.JI. I(oirranona PAH.
KauAllaar 6uororu.recrux, nay5, craprulrii nayvnliii corpyAHriK

4 // , " Arercceeea-Ilon oea H.B.u/ '4r L'ra'<-

14 nroHs 2018 r.

; f { ,,it'tstr"
,i:', - Hv

\'.,^';:'.P*C'"
\ * frq

\-LnHni_'-ii

HrrcTHT"yTa


