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C poctoMm ypOaHHM3alMK MPOUCXOJUT AaKTUBHOE M3MEHEHUE TOPOMCKOMN Cpefbl,
KOTOpasi BO MHOTHX OTHOIIEHHUSX OTJIWYAETCS OT MPUPOAHON. TsKenIble MeTaJlIbl
3aHUMAIOT 0c000€ MOJ0KEHUE CPEAU JPYTUX TEXHOTCHHBIX 3arPS3HSAIONINX BEILECTB,
MMOCKOJIbKY, HE MOJBEPrasich PU3NKO-XUMUUYECKON WM OMOJOTUYECKOM Jerpajaluu,
HaKaIJIMBAaIOTCA B TTOBEPXHOCTHOM CJIO€ MOYB U M3MEHSIOT UX CBOMCTBA, B TCUCHHE
JUIUTEIBHOTO BpPEMEHU OCTAIOTCS JIOCTYHHBIMHU . JIJIi KOPHEBOTO IOTJIOIICHUS
pPaCTEHUSIMU W AKTHBHO BKJIIOYAIOTCS B MPOIECCHl. MUTPAIMU MO TPOUYECKUM
uernsiM. B HMX uyuciae HaxoAsTCsA, KaK 3JEMEHThl C XOpPOLIO HM3BECTHBIMU
OroMoTHYeCKUMH (YHKIMSIMHU U )KU3HECHHO HEOOXOTUMBIC JJISI )KUBBIX CUCTEM, TaK U
MEepexXosiiie B pa3psAll TOKCHYHBIX NPU TMOBBIIMIEHUH HEKOTOPBIX MPEAEIOB HUX
coJiepKaHusl B OMOJIOTHYECKUX OOBEKTaX, TaK U JIEMEHTHI, (PU3UOJIOTHYECKasT POJIb
KOTOPBIX BBISICHEHA HEIOCTATOYHO WM HEU3BECTHA M MPOSIBISIOIINE TOKCUYECKUI
3¢ (deKT yKe PH OTHOCUTEIBHO HU3KUX KOHIICHTparusx [1-3].

PacTtutenbHble TeCT-CUCTEMBE MOTYT 3(PGEKTUBHO HCMOJB30BATHCS B IIMPOKOM
JMana3oHe YCIOBUM OKpYXarolleh cpenbl. [ns pacTeHuid XapakTEepHbI BBICOKHE
TEMIIbl Pa3BUTHsI, ObICTpas cMeHa (a3 OHTOreHesa. Pa3paOoOTaHO 3HAUMTETBHOE
KOJIMYECTBO PACTUTENIBHBIX' TECT-CUCTEM JIJIsi OLEHKHU JEWUCTBUS MOJUTIOTAHTOB Ha
Pa3HBIX YPOBHAX-OMOJOTHYECKON opranu3anu. MeToIuku paboThl ¢ OOJBIIMHCTBOM
PACTUTENIbHBIX | TECT-CUCTEM JETaJIbHO OTpaOOTaHbl, HOCIT CTaHIAPTU30BAHHBIN
xapaktep. Mcnonb3oBanue OONBIIMHCTBA PACTUTEIBHBIX TECT-CUCTEM OTHOCHUTEIHHO
uezgoporo [3-5].

Pa3Hbie BUIBI pacTeHM 001a1al0T HEOJMHAKOBOM CIIOCOOHOCTHIO HAKAIlJIUBATh
3arpsA3HUTENN, B TOM YUCIIEC U TSKEIbIE METAIIBI, YTO MOYKET IIUPOKO MPUMEHSATHCS
JUISI CHYDKCHHSI aHTPOTIOTEHHOTO BO3JICUCTBHS Ha YPOAHU3UPOBAHHBIX TEPPUTOPHSIX,
HCIIOJIh30BaTh MX B KAau€CTBE MEPCHEKTUBHBIX aKKYMYJISTHTOB-(GUTOPEMEINAHTOB, a
TaKK€ B KauyeCTBE OPraHU3MOB, IIO3BOJISIIOIIMX OLIEHUTh YPOBEHb BO3ICHCTBUS
HEOIAronpUsITHBIX XUMHUYECKUX (DAKTOPOB, B TOM YHCIIE U TSHKEIJIBIX METAJLJIOB [3].

Llens uccnenoBaHus: U3YYUTh OMOJIOTMUECKYIO aKTUBHOCTb CEMSIH PacTeHHil-
OMOMHJIMKATOPOB TMpPU BO3JCUCTBUM PACTBOPOB COJEH TKEIBIX METAJIOB B
Pa3IMYHBIX KOHIEHTPALMIX, COACPKAIINXCS B IECUaHOM T'PYHTE.
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Mamepuanvr u memoowt uccredoganus. OObEKTaMU HUCCIEIOBAHUS CITY>KUIH
TpaBSHUCTBIE pacTeHHs: penapka moceBHas (Raphanus sativus) m camaT moceBHOI
(Lactuca sativa). IlogroroBka mpo0 JIsi TPOpPACTaHUS CEMSIH PACTCHHIA-
OMOMHIMKATOPOB TPOBOJWIACH CIEMYIOMUM 00pa3oM. 0a3oBbie pacTBOphl (1 M)
conmei cuHia (Pb(NO3),), kagmus (CdSO,4), meau (CuCly), munka (ZnSO,) wu
pacTBOPSUITMCh B PAcue€THOM KOJMYECTBE AUCTUUIMPOBAHHOW BOJBL. MeToaom
MOCTIEIOBATEbHBIX pa30aBlIeHU AUCTUUIMPOBAHHON BOJOW MPHUTOTABIMBAIUCH
pacTtBOpHI ¢ KoHIeHTpanuen 0,3 M, 0,1 M, 0,01 M, 0,001 M, 0,0001 M, 0,000001 M,
C TeM, uYToObl OXBAaTHTh JOCTATOYHO OOJNBIION JUaNa30H KOHIEHTPaLUi
HCCIIelyeMOTO BemiecTBa. [IpuroToBieHHbIe PacTBOPHI M JAWCTUUIMPOBAHHAS BOJIA
(koHTpONB) MO 5 My HanuBaymch B yamku Iletpu. CemeHa penuca W camara
KaJuOpOBaIUCh 1O Pa3MEPHOCTH, PABHOMEPHOCTH OKpPAaCKM U IOMEIIATNCH B
konuuectBe 10 B kaxnayro wamky Ilerpu. Kaxnplii BapuaHT roTOBUTCA B Tpex
noBTopHOCTsAX. Yamku [leTpu 3akphIBajuch KPBIIIKAMU W ITOMEIAIACh B TEMHOE
mecto. [lo Mepe BhIChIXaHHS B HUX J00ABISIOTCS MOPLUUU AUCTHUIMPOBAHHOMN BOIBI
70 TiepBOHaYalbHOTO OOBeMa. Yepe3z 7-8, 14-15 nHeld mpoBOIWICS TOICYET
MPOPOCIINX CEMSH.

Pezynomamer  uccnedosanus. OpgHUM W3< UHTETPANBHBIX  IOKa3aTeleH,
MO3BOJIAIOIIMX B TEPBYIO OYEPENb OLIEHUTh YPOBEHB BO3JCHCTBUS XUMHYECKOTO
COEIMHEHMS] HAa CEMEHa PAcTEHHUM sBIIETCS UX CIOCOOHOCTh K MpopacraHuio. B
IPOBEJCHHOM HaMHU OJKCIHEpPUMEHTE ObUIO. BBIIBICHO, UTO peakuus ABYyX
UCCJIEyeMbIX BHUJOB Ha BO3JCHCTBUE THKEABIX METaNIOB OblLla HEOJHO3HAYHON U
MEHsJIach HE TOJIBKO B 3aBUCUMOCTH  OT = XHMHUYECKOTO COEIUHEHMs, U €ro
KOHIICHTPALIMH, HO U caMoro Buja pacterus (puc. 1).

Pueynok 1 - KonmuecTBo npopocmmx ceMsiH peiuca B IECYaHOM I'PYHTE €
pactBopamu cBuHIA U kaamus (0,1 M) Ha 7 cyTku nocie Havajia SKCIIepuMEeHTa

B tabnuue 1 npeacraBieHbl Moka3aTeau SHEPrUN MPOpACTaHUs CEMSH penca B
KOHTPOJIbHBIX U OTIBITHBIX Mpo0ax uepe3 7 AHEH mociie Hauajia 3KCIePUMEHTa.

Tabmuna 1 - IlpomeHT mpopacTaHus CeMsH peauca Mpu BO3ACHCTBUM COJeH
MeTainoB (%)
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Meraiun Konuenrpanus pactsopa (M) KonTposns
0,3 0,1 0,01 0,001 0,0001 0,000001
Csunen 0 62+1,02 72+1,22 950,78 99+0,09 100
Kanmui 0 21+0,35 334+1,09 62+1,45 100 100 9740,52
Mens 0 40+1,01 64+0,45 83+1,06 94+0,85 100
Huuk 0 11+0,22 22+0,22 51+0,12 62+0,41 98+0,65

JlaHHbIE CBUIETEIBCTBYIOT O UYYBCTBHUTEIIBHOCTH CEMSH peauca K BBICOKHM
KOHLIeHTpausM 3arpssHuteneit (0,3 M) B mecuaHoM IpyHTe, BCXOXKECTh CEeMSH B
ATOM Cily4yae Obljla HYJIEBOM B pacTBOpPax BCEX M3ydaeMbIX MeTaJioB. B pactBopax
TSOKENBIX MeTauioB B KoHueHTpamuu 0,1 M mokazarens SHEprum IIpOpacTaHUs
BapbupoBas oT 11 % ms coneit uuHka 10 62 % ayst coned cBUHEA (PUCYHOK 1).
[IpouieHT mNpopoCHIMX CEMSH peauca B ILEJIOM BO3pacTal MO~ MEpE  CHHKECHHUS
KOHLIEHTpAlMu PacTBOPOB MeTaiioB. OHAKO, €CIM AJI1 CBUHLA JAHHBIN [TOKa3aTellb
owu1 BhIme 90 % yxe npu koHueHtpauusax 0,001 M, nnsxkagmus u meau 0,0001 M,
TO B PacTBOpPE IIMHKAa TaKWe 3HAY€HUs ObUIM JOCTUTHYTBI TOJBKO B PAcTBOpax C
muauMansHoit (1*107 M) kommentpammeit. Clenyer OTMETHTb, UTO IPOLEHT
MpopacTaHusi CeMsiH B TPyHTaxX C COJSIMH CBHUHIIA U KaJMHs OBLI BBINIE, Ye€M B
KOHTPOJIBHBIX TECTaX C JUCTWJUIMPOBAHHOW BOJOH. J[aHHOE sIBIIEHHE MOXET ObITh
OOBSICHEHO TE€M, YTO O0OralieHHble HEOOXOAMMBIMM MHKPO M MaKpO’JIEMEHTaMHU
cynb(daTHble W HUTpaATHBIE COJHM DTUX METAJUIOB, BO3MOXHO, CIY)XHJIA OoJee
MOJIHOIEHHBIM TUTATEIbHBIM PAcTBOPOM TPH MPOpacTaHUM CEMSH, YeM YHuCTas
JTUCTUJUTMPOBaHHAS BOJA.

AHanornyHble OMBITHI, TPOBEICHHBIE C MPUMEHEHUEM CEMSH cajlaTa B MEPBYIO
HEJIENI0 JKCIEPUMEHTAa, BBISIBUIN. MUHUMAJIbHYIO OHOJIOTMUECKYI) aKTHUBHOCTD
pactenuii. [Ipopociue cemeHa ObUTA OOHAPYKEHBI TOJBKO B MPoOax ¢ pacTBOpamMu
CBUHLIA U KaJMHs, UMEIOIUX MUHUMAIbHYIO KOHUEHTpauuto. [IpoueHT npopocmmx
cemstH coctaBua ot 110 % B 1#10* M pacreope cBunma, mo 28 % B 1¥10° M
pactBope. 19 % cemsiH 1popocio B 1 HEmemo SKCIEPUMEHTA B PacTBOpAX C
HaMeHbIIeil KOHueHTpaimel kaavus (1¥10° M). B mpo6ax ¢ pacTBopamu Mead u
[IMHKa B MEPBYIO HEAEN0 SKCIIEPUMEHTA MPOPOCIINE CEMEHA OTCYTCTBOBaJHU (TalI.
2, puc. 2).
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Pucynok 2 - KoimuecTBo NMpopoCIINX CEMSIH cajaTa B TPYHTE C paCTBOpaMH CBUHIIA
u kaamus (0,1 M) Ha 7 cyTKu nocie Hayana SKCIepuMeHTa

[Ipu »TOM wuCKIIOYAaeTCA BIUSHUE KauecTBa CEMEHHOTO Marepuana, T.K. B
KOHTPOJIBHOM OTBITE C JUCTHJITUPOBAHHOM BOJOW BCXOXKECTh CeMsH Oblia
npaktuyecku 100 %.

Tabmuma 2 - [lporeHT mpopacTaHusi CeMsSH cajlaTa MpPU BO3JCUCTBUM COJIEH
METAJUIOB Ha 7 JICHb dKcriepuMeHTa (B %0)

Konnenrpanus pactsopa (M) Kontposb
0,3 0,1 0,01 0,001 0,0001 0,000001
CBunery 0 0 0 0 11+0,42 28+1,04
Kagmuii 0 0 0 0 0 19+1,02 100
Mens 0 0 0 0 0 0
[k 0 0 0 0 0 0

Ha BTOpOi#i Henene sxcnepumenTa (14 aHei) NpoLeHT NPOPOCIINX CEMSH canaTa
Ob1 BbIe 90 % a1 pacTeHWil NPOPOLIEHHBIX B IPYHTE, COJEPIKAIIEM pPaCcTBOPHI
coreii MuHEManbHOH KoHueHTpamuy (1*10° M). B cpene, comepxameit 1¥10* M
COJIEM MeTasyuloB, MPOLEHT mpopoctmux cemsiH Obul Huxke 80 %. 78 % cemsH
IPOPOCIIO B OMNBITHBIX TPYIIAX IMOABEPrIIMXCS BO3ACHCTBHIO Memu, 67 u 69 %
COOTBETCTBEHHO B pacTBOpax C COJSIMU CBHHIIA U IMHKA (Tabiuna 3).

Cnenyer oOpaTuTh BHUMaHUE Ha TO, YTO CEMEHA cajlaTa OKa3aJd OOJBUIYIO
YCTOMYMBOCTh K COJISIM MEIHW, T.K. CeMeHa OOHapyXWId CIOCOOHOCTh K
IIPOPACTaHUIO YK€ MPHU KOHUEHTpauusx B pacteopax 0,1 M coneit menu, B TO BpeMs
KAaK B YCJIOBMSX CpPE€Jbl, COACPKAILEH COJIM CBUHIA, KaIMUS U IIMHKA, TPOPACTaHUS
HayMHaJIach TOJIBKO B CpPeax ¢ pacTBOpaMu ¢ KOHUEHTpausaMu B 10 pa3 MEHbIINMH.

Tabmuma 3 - [lporeHT mpopacTaHusi CeMsSH cajlaTa MPU BO3JCUCTBUHU COJICH
MetaiioB 14 nens skcrepumenTa (%)

Merann Konnentpanus pactsopa (M) Kontpons
0,3 0,1 0,01 0,001 0,0001 0,000001
Caunen 0 0 10+0,47 24+0,15 67+0,82 98+1,28
Kanmnii 0 0 20+0,62 36+0,15 57+0,25 100 100
Mens 0 13+0,22 42+1,22 56+0,42 78+1,25 96+1,24
8171503 0 0 23+1,27 46+0,47 69+1,17 98+1,64

OnHako, yCTOMYMBOCTh CEMSIH cajaTa K BO3JCUCTBUIO TSKEIbIX METAIIOB HHXKE
[0 CPAaBHEHUIO C CEMEHAMH pEAuca, Ie MpopacTaHue CEeMsIH MPOXOAWIO yxe Ha |
HeJIeJIe OMBITOB U MPU KOHIEHTPAIMAX MOJUIFOTAaHTOB B pactBope 0,1 M.

Takum oOpa3om, MO pe3yjbTaTaM ONBITOB Ha U3YYEHHH DHEPTUU MPOpPACTaHUS
pacTeHUl B YCIOBUSIX CPEJIbl, COIEpKAIIECH COJIM METANIOB, BBIACHEHO, UTO CUIILHOE
NOBpEKatolee ACHCTBUE OKazalu pacTBOphl ¢ KoHueHTpauer 0,3 M mis oboux
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Bus10B pactrennii u 0,1 M s cemsiH canara. PacTBOpbI cojiell KaaMus U LIMHKA B
koHueHTtpaimu 0,01 M Ha cemMeHa penmca cpegHee MOBPEXKAAIONIICE ICHCTBUE
okaspiBagd. B xornenTpammsx 1%¥10° M mospexaromee neficTBrE COTIeil METAIIOB
Ha ceMeHa 000MX BUJOB OTCYTCTBOBAJIO U OKA3bIBAJIO CTUMYJIMPYIOIIEE BO3/ICHCTBHE.
Ha nanHOM 3Tame skcriepuMeHTa CeMeHa perca MpOsBUIN OONBIIYI0 YCTOWYHUBOCTD
K JICHCTBUI0O XMMHYECKHX AareHTOB [0 CPAaBHEHHIO C CEMEHAMM cajara, uTo,
BO3MOKHO, OOBACHSAETCS CTPOCHUEM CEMEHH, INIOTHOCTHIO €r0 CEMEHHBIX NTOKPOBOB
1 HaJIM4MeM OOJIBIIMX 3allacOB MMUTATENIbHBIX BEIIECTB B HEM.
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BJIUAHHUE JKOJIOTHYECKHUX ®AKTOPOB HA 3/1I0POBBE
HACEJEHUSA YPBAHU3UPOBAHHBIX TEPPUTOPUI

KaparauainHckuil roCcy1apCTBEHHBIN YHUBEPCUTET UMEHH aKaIEMUKa
E.A. bykeroBa, Ka3zaxcran

Ormenka (HakTOpoB puHCKa OKPYXKAIOIIEH cpeapl Ha 3I0pPOBbE U CHUCTEMY
COIMAIbHO-TUTUEHUYECKOTO MOHUTOPUHIA  SBIISICTCS HOBOM  HMHHOBAIIMOHHOM
TEXHOJIOTHEH B Tpoliecce pedopMUpOBaHUS 3ApaBooxpaHeHus. B crpareruu
pa3Butusa Kazaxcrana no 2030 roma ompenesieHa OCHOBHAsI 1EJIb KOJIOTHYECKOU
MOJIMTUKUA TOCYyAapCTBa — TAPMOHM3ALIMS B3aUMOJICHCTBHS 00IIECTBA U OKPYKAIOIICH
Cpelbl, a TaKXKe CO3/JaHuEe HKOJOTUYECKH OJIaronmpusiTHOM cpeabl ooutanHus [1].
ColnaibHO-3KOHOMHYECKUE MPeoOpa30BaHUs YCIOBUM JKU3HU HACEJICHUS W
U3MEHEHUsI KayecTBa OKPYXaIIIeH cpeabl MOTYT OKa3aTh HeOJaronpusiTHOE
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