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AHHOTauma: WccnepoBaH poct peamca R.  Sativus  anAa
6romHaMKauMm COCTOAHMA yp6aHM3MPOBAHHOM MoYBbl
LLlapTawickoro neconapKka ropoaa ExkatepuHbypra Ha 10 npobHbIx
nnowaakax. Metogom PDA nM3mepeH anemMeHTHbIN COCTaB peamnca
W MOYBbl, MPOBEAEHA OLEHKA Nepexoaa LMHKA, TUTaHa, Xenesa u
KanbUma W3 NO4YBbl B pacTeHne. Peguc MoOXKeT  BbICTynatb
WHOMKATOPOM 3arpA3HEHMA NOYBbI, B YaCTHOCTU, LMHKOM.

© MNeTpo3aBOACKUI FOCYAAPCTBEHHbIN YHUBEPCUTET

PeueH3seHT: H. B. Bacunesckas

MonyueHa: 11 aHBapa 2016 roaa

BeepgeHue

B reTeporeHHbIX yCNOBUAX COBPEMEH-
HOro ropoJa NpUpPoOAHaAa cpeaa NoABep)KeHa
KOMOUMHMPOBAHHOMY TEXHOFEHHOMY 3arpss-
HEHWUIO, YPOBEHb KOTOPOro MOBbLIWAETCA C
POCTOM YUCNEHHOCTM FTOPOACKOro HaceneHun
M pa3sBUTUEM MPOMbILWIEHHbIX 30H, NMPUMbI-
KaloLWMX K XUAbIM KBapTanam (AneKkceeHKo,
2000; Bopobeitumk, Caabikos, 1994). Heob-
XOZAIMMOCTb 3KOJIOTMYECKUX UCCneaoBaHUN
napKoB, Nieconapkos, AeHapapues obycnos-
NeHa WX QPYHKUMOHANIbHbIM HA3HAYEHUEM:
OHW ABAAKOTCA 30HAMW OTAbIXa B3POC/bIX U
netel (BnaceHko, 2000; 3anecos, KonTyHosB,
2009). B Hactoswee Bpems 06a3aTeNbHbIN

MopgnucaHa K neyatn: 26 maa 2016 roaa

NOKaNbHbIA rOCYAAPCTBEHHBIN MOHUTOPUHT
3TUX 06BEKTOB He NpeaycMOTpPeH 3aKOHOoAa-
TenbCcTBOM. EKaTepuHbypr — KpynHenwwui
NPOMbILW/IEHHbIN arfiomepaT Ha CpeaHem
Ypane, u3yyeHne ypoBHA Harpyskn NOYBEH-
HO-PaCTUTE/IbHOTO KOMMJ/IEKCA NeconapKoB u
MX KOMMNEHCAUNOHHbIX BO3MOMHOCTEN ABNSA-
eTcA TeopeTUYeCKU WU MPAKTUYECKM BaXKHOM
3aga4en. BmecTe ¢ Tem ypoBHU TEXHOTEHHOTO
3arpsAsHeHua fieconapkos ropoga EkaTepuH-
bypra octatoTca ManousyyeHHbIMM (3anecos,
KontyHos, 2009), otcyTtcTBYtOT paboTbl Mo
KOMMJIEKCHOMY WM3YyYEHUIO CUCTEMbI MOYBa —
pacTeHue.

YpoBeHb COAEpPAHUA XMMMUYECKUX
3/1eMEHTOB B KOMMOHEHTax NpUpoAHON cpe-
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Abl (noyBe, BoAe M T.M.), COOTBETCTBYIOLLNIA
YC/NI0OBUAM HOPMaAJIbHOFO COCTOAHUA U PYHK-
LMOHMPOBAHMA ¥XMBbIX OPraHU3MOB, B ecTe-
CTBEHHbIX YCNOBUAX CUNbHO BapbupyeTca U
3aBUCUT, npexae Bcero, OT ¢GU3UKO-
XMMUYECKUX CBOMCTB camol cpeapl. o aTok
NPUYMHE CpPaBHEHWE COoAepKaHMA MoANto-
TaHTa C ero npeAesibHO AOMNYCTUMOM KOHLLEH-
Tpauunen He pgaet MHGOPMALUM O KONUYECT-
Be, CNOCOOHOM OCyLLeCTBUTb Nepexo B pac-
TeHMe U ganee No NULLEBON LEnu K Yyenose-
Ky. CBOEBpPEMEHHbIN 3KOJOTMYECKUN KOH-
TPO/Ib KayecTBa cpenbl 0bUTaHUA BbliABASET
HeraTMBHble M3MEHEHUA B IKOCUCTEMAX HaA
paHHel cTaauu, A0 NOSABNEHUA BU3YasbHO
Habnoaaemblx MOBPEXKAEHUA PACTUTENbHO-
CTU. Mcnonb3oBaHME B 3KONOTMYECKOM KOH-
Tpo/sie MeToAOB OMOMHAMKALMKM NO3BOAAET
NONYYNTb UHTErPaASIbHYIO XapPaKTEPUCTUKY CO-
CTOAAHUA KOMMOHEHTOB MNPUPOAHOM cpesbl
(nouBbl, aTmocdepHoOro Bo3ayxa, 6MOTbl WM
Ap.) Kak cpeapbl 0buTaHUA ntobon buonormye-
CKOW nonynsumu, BKAtOYaA yenoseka (LUy-
Henbko, ®epoposa, 2000). Ans naeHTUPU-
KauuMn U3MEHEeHWUI coaepyKaHuA NONMOTaH-
TOB B OKpY)KaloLweln cpese NnpuMeHAatTCA Bbl-
COKOYYBCTBUTE/IbHbIE K @aHTPOMOreHHOMY 3a-
rPA3HEHUI0 OpraHU3MbI-MHAMKATOPLI. Pacrte-
HWA, B TOM YMCNEe U KyNbTypHble, ABAALOTCA
NHGOPMATMBHBIM MHANKATOPOM YypPOBHA A0C-
TYMHbIX ANA }KUBOTHbIX U YenoBeKa popm xu-
MUWYECKMX 3N1EeMEeHTOB, T[N1aBHbIM 0bpasom
TAXENbIX METaNi/IoB, B OKPY)Kalolen cpege
(Ay6uHuH, Nawwun, 1978; KawwuH, MBaHoOB,
1998).

B 3aBMCMMOCTM OT TMMNa peakuuu Ha
COAEpP)KAaHUE TAMKENbIX METaN/loB B OKpy-
Xawwen cpene  BblAeNAT  pacTeHusA-
aKKYMynATOpbl, HaKanauMBaloLWMe 3arpasHu-
TeNb, WHAMKATOPbI, OTpakalowme Tekylee
COCTOSIHME, M PACTeHUA, UCKAYatowme ne-
peaadyy metanna u3 cpegbl (Verma et al,
2013). Mpu AMarHocTuke 3arpA3HEHU Kom-
NMOHEHTOB OKpPY!KatoLen cpeabl Pa3INYHbIMMU
NONNOTAHTAMM UCMNONb3YHOTCA pacTeHun, 0b-
Najatoume AOCTOBEPHO M3BECTHOM peakuu-
€M Ha UX BO3AENCTBME, LUMPOKO NPUMEHAIOT-
CA canaT-naTyk, nonesuua noberoobpasyto-
WasA, CoCHa ObblKHOBEeHHan, bepes3a noswuc-
nas, KpanuBa aBygomHaa (Verma et al.,
2013; Kpusonyukui, 1991). HeKkoTopbie wu3
HUX MOryT 6bITb NonesHbl Ana HGUONHAMKA-
LMK COCTOAHMA NeconapKos, HO He NO3BONA-
0T OLEHWUTb TEKYLLYl0 TEXHOTeHHYK Harpys-
KY, NOCKONbKY PacTyT Ha TepPUTOPUU, MHOTO

NeT noAgeprawolLeiica MOCTOAHHO BO3pac-
TalowWwemy aHTPOMOreHHOMY BO34EeNCTBUIO.
CnepoBaTenbHO, onpegeneHne  GOHOBbIX
YPOBHEN aKKyMyNALMU ABNAETCA BaXKHOW 3a-
hayen.

Peauc yacto Mcnosb3yeTcsa B KayecTse
TecT-obbeKkTa AN WUCCNefoBaHUA 3arpasHe-
HWA NOoYB, 4YTO OOYC/IOBNEHO €ro YyBCTBU-
TE/NIbHOCTbIO K TAXe/biM MeTannam (Kagamui,
UMHK, MeAb U HUKEeNb), BbICOKON 3Hepruemn
npopacTaHnss CeMsiH U  CKOPOCNEeNocTbio
KynbTypbl (Pandey, 2006).

Llenb paboTbl — OLEHUTb BOSMOKHOCTb
Mcnonb3oBaHMA peamuca R. sativus Kak 6uo-
WMHAMKATOpPa COCTOSAHMA NO4YBbl ypHaHU3UpPO-
BAaHHOM TeppuTopuMM Ha npumepe LapTaw-
CKOro neconapka ropoga EkatepunHbypra.

Martepuanbi

Ona 6uonHaMKaumm 6bIIN UCNONb30-
BaHbl CEMEHA peanca eBpPOMNencKom rpynnol
Raphanus sativus L. convar radicula (IPNI,
2016) copTta CKopocneska HeXHas U3 oaHOM
NapTUM C KOPOTKMM BereTauMoOHHbIM Nepuo-
nom (16—18 gHel oT BCXOA0B A0 CO3peBaHUA
KopHennoaa). KayectBo cemaH COOTBETCTBO-
gano [OCT P 52171-2003. [na noayyvyeHuA
oAHOpPOAHOM BbIOOPKKM 18T cemsAH 6binu
OYMLLEHbI OT 3aBEA0MO HEBCXOXKUX CEMAH U
nepemellanbl. M3 3ToM BbIGOPKM ObINO
cbopmmpoBaHo 12 npob no 25 cemsH. lMpo-
6bl 6blNM paccopTMPOBAHbLI B MaKeTbl, B3Be-
WeHbl U NPOMApPKMpOoBaHbI. MNepes nocagkomn
cemeHa 3amavmnBanun Ha 12 yacos B NUTbLEBOM
Bose.

Neconapk LWapTawckmit nnouwanbto
oKono 777 ra pacnonoXeH B BOCTOYHOM Yyac-
™ ropoga EKkaTepuHbypra B npubperkHoM
nonoce o3sepa LapTtaw. 3T0 04HO M3 caMbIX
MBOMUCHBIX M AKTUBHO MOCELW,AEMbIX MeCT
oTgbixa. [peobnapatdT COCHOBble pasHoO-
TpaBHble /ieca, MecTaMu ¢ Npumechbto bepesbl
n nunbl (KonecHnkos u ap., 1973; Apxunosamu
ap., 2010). NMouBbl NPeMMyLLECTBEHHO Aep-
HOBO-NOZA30/IMCTble, BCTpeYatoTcA H6ONOTHbIE
HU3UHHbIe TopdsaHble (Fadypos, 2008). Co
CTOPOHbI ropoAa Ha noaxoze K /neconapky
HaxoAnTcA HebOo/bWOM FPAHUTHbIA MaccuB
KameHHble manatku, ABNAIOWMNACA UCTOpUYe-
CKMM U NPUPOAHbIM NaMATHUKOM. Ha Teppu-
TOPWUM NapKa PacnonoXKeHO HEeCKONbKO Caao-
BO-OMOPOAHbIX TOBAPULLECTB.

10 npo6 cemaH peguca R. sativus
(npobbl GO1-G10) 6bino BbicaxkeHo Ha 10
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npobHbix naowaakax 01.07.2015r. 8 Lap-
TalWCcKom sieconapke (puc. 1) B HanpaBaeHUn
Ha ceBep OT aBTOAOpOrK (yn. Bbicoukoro) ao
o3epa LapTtaw. PakTnyeckoe uMx pacnono-
KeHune onpeaenanocb Npu nNpoBeaeHun on-
poboBaHMA HENOCPEACTBEHHO HA MECTHOCTMH,
ncxoaa M3 HeobxoaumocTu Bbibopa yyacTka
BbICAAKM peamnca B MasonoceLLaemMblX MecTax
neconapka. lNoBepxHOCTb MecTa npeanona-
raemor BbICagKku cemsiH naowaabto 0.4 x
0.4 m ouymwanacb OT AMKOPACTYLWMX pacTe-
HUN U XBOMHO-INCTOBOrO OMnajga, ecTecTBeH-
HbIM TPYHT pbIXAUACA Ha rnybuHy 12-15 cm.
CemeHa (25 wTyK) BbICAa*KMBaNUCL NO Tpe-
Yro/IbHOM CEeTKe CO CTOPOHOM 5 cm Ha rnybu-
Hy 1.5 cm (nnowaab nocesa coCcTaBAsNA OKO-
no 0.06 m2). Nocne nocagku cemeHa ogHO-
KpaTHO OblAM NOAUTbI NUTbEBON BOAOW. [eo-
rpapuyeckme KoopauHaTbl onpeaenannucb c
nomoubto GPS-npruemHuka (cm. puc. 1). Koh-
TponbHas npoba (npoba G11) 6bina Bbicaxke-

Ha 01.07.2015r. B rpyHT U3BECTHOrO COCTaBa
(nouBorpyHT YHuBepcanbHbin FOCT 25100-
95), npeAHa3HayeHHbIN, B YacTHOCTWU, ANSA
BblpallMBaHNA OBOLWHbIX KynbTyp. [loysor-
PYHTOM YHMBEpCa/NbHbIM HAMOAHWAM NNa-
CTUKOBbIN AWMK pasmepamu 0.35 x 0.35m
rnybuHoi 40 cm, B LUEHTP KOTOPOro no aHa-
NIOTUK C BbICAAKOWM B €CTECTBEHHbIX YC/IOBUAX
C OAHOKpPaTHbIM MOAMBOM MUTLEBOM BOAOM
npu nocagke Mo TPeyrosbHOW CEeTKe CO CTo-
poHOW 5cm Ha rnybuHy 1.5 cm 6blna Bbica-
eHa KOHTponbHaa npoba G11l. AwmK 6bin
nomelLeH B 3aTEHEHHOE MeCTO BO ABOpe Ha
Tepputopun  UHCTUTYyTa  NPOMbILIAEHHOM
sakonormn. MNpoba G12 6bina Mcnonb3oBaHa
ANA 3NeMeHTHOro aHanmMsa cemaAH. Bcxoapl
POCNM B €CTeCTBEHHbIX YC/IOBUAX 6e3 aKTuB-
HOro BMelaTenbCcTBa (NPOMNOAKKM, MNOAUBA).
bbina 3adukcmposaHa 100 % BCxoxkecTb ce-
MSAH anAa Bcex npob.
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Puc. 1. Kaptocxema npobHbix naowaaok B LLlapTalickom neconapke

Fig. 1. The schematic map of the sample plots in Shartashsky forest park
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O6pasubl 6b1n cobpaHbl Ha 20-1 AeHb
Cc momeHTa nocagaku (20.07.2015r.), nocne
OKOHYaHMA 3asB/IEHHOIO MNPOU3BOAMUTENEM
CEMAH CPOKa co3peBaHuMA KopHennoaa (16-18
OHel). BbI’KMBAaEeMOCTb TaKKe cocTaBuna
100 % (c Kaxkgoh naowanKku 6bian cobpaHbl
25 pacteHun).

O160p Npo6 Nousbl

AnAa un3yyeHUs TeXHOreHHOro 3arpss-
HeHuA noysbl LLlapTawckoro neconapka ropo-
na EkatepuHbypra 6bino otobpaHo 10 nou-
BEeHHbIX Npob (npobbl S01-S10) Ha 10 npob-
HbIX NJOWAAKax BbICAgKM peauca nocne
ybopKku ypokas (cm. puc. 1). Mpoba SO0 npea-
CTaBnsna coboi rpyHT YHUBEPCASIbHOIO CO-
CTaBa, B KOTOPbIM BbICAXKMBA/INM KOHTPONbHYIO
npoby cemsaH.

MoBepXHOCTb MecTa npeanosiaraeMoro
oTbopa npobbl NMo4yBbl pasmeyanacb B Buae
KBagpaTa co CcTopoHoi okono 0.25 m. B Bep-
WMHAX U B LEHTpe pa3meyvyeHHOro Keaapara
NpPobooTOOPHUKOM M3 HeprkaBelLwer cTanm
AnameTtpom 0.05 m oTbupanmcb NATb KePHOB
nousbl Ha rnybuHy 0.05 m. OTobpaHHbIE Kep-
Hbl 06beANHANNCE B O4HY NPObY M 3anaKoBbl-
BA/IUCb B ABOWHbIE MONMITUNEHOBbIE MAKETDI
ANA NULLEBbIX NPoAyKTOB. Ha BHyTpeHHem
nakeTe MapKepPoOM HaHocuacAa MaeHTUdUKa-
TOp Npoo6bLI.

YcnoBusa aKcnepumeHTa

Bo Bpemsa npoBeaeHMA 3KCNEPUMEHTA
AHeBHaA TemnepaTypa He npesbiwana +16 °C,
HouYblo onycKanacb ao +2 °C. Habnwopganacb
nepemMeHHas UAM NocToAaHHaA o6/aa4yHOCTb B
TeyeHne aHA. M3 20 aHel akcnepumeHTa 12
AHel bbinn € ocagkamu B BUAE AO0XAA, B
cpeaHem Bbinagano Ao 6 mm/cyt. (Moroga u
KAmMmar..., 2015). OcBelleHHOCTb 3eMHOM no-
BEPXHOCTU M3MepAnacb JHOKCMETPOM 3IKo-
nant-02 B NonyaeHHble Yacbl, OCBELLEHHOCTb
Konebanacb ot 100 nKk (cooTseTcTBYET nac-
MYPHOMY oceHHemy AHto) ao 12000 nK (cooT-
BETCTBYET CO/IHEYHOMY AHIO B TEHM).

Metopabl

AHanus npob

Mpobbl 6uomatepuana (Monogble pac-
TeHuna uennkom 6es guddepeHumaumnm no op-
raHam) 6blIM NOAroTOB/AEHbI MO CTaHAAPTHOM
MeToAuKe ANA U3MEepPeHUA 3/IEMEHTHOro Cco-
CTaBa METOAOM pPeHTreHo(pyopeCcLEHTHOIO

aHanm3a Ha npubope INNOV X Systems X-
5000, Olympus B pexume lNousa. Mcnonb3o-
BaHMe INNOV X Systems X-5000 He Tpebyer
cneunanbHOM NpobonoaroToBKM AN1A aHAIM3a
matepuana. [epen B3BeWMBAHMEM KOPHU
npob6 6uomaTtepmana C KakaoW NAOLWALKK
OblIN OCTOPOXKHO OYMLLEHbI OT NOYBbI, MPO-
MbITbl AUCTUNIMPOBAHHOW BOAOW, Mmoacylwe-
Hbl GMUNbTPOBANIbHOM Bymaroi. 3aTem Kaxzaas
npoba (pacteHua LennKom) bbina B3BeLIEHA.
C uenbld KOHLEHTPUPOBAHMA M3MEPAEMbIX
anemeHToB npobbl 6GuomaTtepunana 6Goian Bbl-
CylweHbl A0 BO3AYLHO-CYyXOro COCTOAHMUA CHa-
Yyana npyv KOMHaATHOM TemnepaType B NPOBET-
pvBaemMoOM NOMeLLEHMN, 3aTeM B TepmocTaTe
cyxoBo3aywHom TC1/80 npu Temnepartype
40 °C »n nepemonoTtbl A0 OAHOPOAHOrO CO-
ctoaHua (8o dpakumm 1 mm). Nocne nepema-
NblBaHMA GblIM U3MEpPEeHbl Maccbl Cyxmx npob
M npoBefeH WX aHaAn3 Ha CnekTpomeTpe
INNOV X Systems X-5000.

OnAa KOHTponA pe3ynbTaToB M3Mepe-
HUIN, BbINONHEHHbIX Ha INNOV X Systems X-
5000, 6bin nNpoBeAeH KOIMYECTBEHHbIN XU-
MWYECKUN aHaNn3 BbIBOPOUYHO PaCTUTE/bHbIX
npo6 Ha TUTaH, *Keneso, UWHK B aKKpeauTo-
BaHHOM XMMMUKO-aHanUTU4Yeckom ueHtpe UM
YpO PAH Ha macc-cnekTpomeTpe C MHOYKTUB-
HO cBsizaHHOM nna3mon ELAN 9000, Perkin
Elmer. Pe3ynbTaTbl U3amepeHuUn pasHbiMU Mme-
TO4aMM COBMa/n B Npegenax NorpewwHocCTy.

OTobpaHHble Npobbl NoYBbl HbIIN Bbl-
cyweHbl cornacHo [OCT 27593-88 po BO3-
AYLWHO-CYXOrOo  COCTOSIHMA NPU  KOMHATHOM
Temnepatype u nepemonotbl Ao ¢pakumm 1
MM C Uenblo romoreHmsaumum. Nocne nepema-
NblBaHMA Obln M3MepeH 3/1eMEeHTHbIN COCTaB
MOYBEHHbIX NPO6 MeToAOM peHTreHodpayo-
pecueHTHOro aHanm3a Ha npubope
INNOV X Systems X-5000 (cneumanbHoOM npo-
60noAroToBKM He TpebyerT).

O6paboTKa pe3ynbratoB

BAnaHWe ecTecTBEHHbIX YCI0BUMN, CNO-
KUBLUMXCA NPU NPOBEAEHUM IKCMEPUMEHTA],
Ha POCT peamnca oueHMBaAn, CpaBHMBaA NONy-
YyeHHbIM 3a 20 gHen npupocT Buomacchl pegm-
Cca OTHOCUTENIbHO OXXWAAEeMOro MpMpocTa 3a
BereTauMoHHbIN nepunog,. Mpupoct 6uomaccol
peguca Obln paccynMTaH Kak OTHECEeHHoe K
naowanm noceBa M3MeHeHMe Maccbl NPobbI
6rMomaTtepurana 3a Nepuos OT BbICAAKM CEMAH
0o otbopa nNpobbl. OxMaaembi 3a BereTauu-
OHHbIN nepuoa nNpupoct buomacchl 25 cemsaH
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npuv 3asBNEHHON NpPOM3BOAMTENEM  CEMAH
Macce KOpPHenioAa Ha MOMEHT CO3peBaHuA
He meHee 10r m naowagn nocesa 0.06
M2 6b11 NPUHAT 250 r/0.06 M2 = 4 Kr/m2.

CpaBHUTENbHBIN aHA/NIN3 BO3MOXHOTO
nepexoAa 3N1eMeHTOB M3 MOYBbl B PACTEHUA
6bln1 NpoBeaeH No pesynbTaTaM 3/IEMEHTHOro
aHanusza npob buomatepmana v nousbl. Ana
WCKNOYEHUA OLUIMOOK M3MEpPEeHU, CBA3AHHbIX
C OrpaHMYEHHbIMW pasmepamm U3MepUTENb-
HOrO OKHa PeHTreHO(NyopPeCLEHTHOro CnekK-
TpomeTpa  (M/owWaZb  AKTMBHOFO  OKHa
12.5 MM2) 1 HEOAHOPOAHOCTLIO UCCNeayEeMO-
ro maTepvana (4to B 6onbliel cTeneHu Xa-
PaKTEPHO ANA NoYBEeHHbIX 06pa3L0oB), Kaxaan
npoba fecATUKPaATHO nepemelunBanacb U 13-
mepAnacb. B KauecTtBe cpegHero cogeprkaHuma
anemeHTa B nNpobe MCNosb30BaNOCh CpeaHee
3Ha4yeHue Nno AecATn usmepeHmam. ina oueH-
KM OWWNOKM M3MepeHMAa Oblin pacCcunTaHbl
CpeAHeKBagpaTUYECKMe  OTKAOHEHMA  OT
cpefHero CoAeprkaHuAa 3N1eMEHTOB ONA KaK-
[0M NpobbI.

CBA3b MeXAy KOHUEHTpaumMamu obHa-
PY*KEHHbIX 3/IEMEHTOB B MOYBE W PACTEHUAX
6blna M3yyeHa MeTOAOM KOPPEeNALMOHHOro
aHanmsa. PaHrosbln KoaddPpuUMeHT Koppens-
unm CnnpmeHa 6bln UCNONB30BAH B KavecTse
Mepbl TECHOTbl JIMHEMHOM CBA3N MeXAay CO-
Aep’KaHMEeM 31eMeHTa B MOYBE U B PACTEHUMU.
3a CUAbHYIO NpuHATA CBA3b C abCOMOTHLIM
3HayeHMem  Ko3ppuUMEHTA  KOppenauuu
6onbwe 0.85, 3a cnabyto — ¢ KoapPpuumMeHTOM
Koppenaunm meHblie 0.6.

Pe3synbraTtbl

LLlapTawcKknui neconapk, ¢ 0AHOM CTO-
POHbI, ABnAeTcs ypbaHU3UPOBAHHOW Teppu-
TOpUeNn, NoaBeprarLLenca CUcCTeEMaTM4eCcKkomy
BO3ENCTBUIO PACMNONIOKEHHbIX B6AU3KN npea-
NPUATUIN, C APYrOM — COXPAHAET NPUPOLHbLIN
naHawadT n ABNAETCA MECTOM OTAbIXa ropo-
¥aH. TakXe Ha TeppuTOpPMM NapKa HaxoaAaTcs
KONNEKTUBHbIE cajbl.

Mpob6bl GO1-G10, BbicaXKkeHHble B pali-
oHe LlapTawckoro neconapka, Ha MOMEHT
cbopa (20-1 geHb co AHA MocaaKku) He goc-
TUTNY, KaK OXKAaNnocb, Nepmnoaa co3peBaHus
(chpopmmpoBaHHbIX KOpHeEno040B maccon 10—
12 r), a 4OCTUIN HOBEHMANBHOIO 3Tana pPasBu-
™A (3Tana monopocTu). AnAa KOpHENNoAHbIX
PaCTEHWUI 3TOT 3Tan XapaKTepusyeTcsa yCUIeH-
HbIM Habopom 3eneHol macchl, popmmpoBa-
HMEeM Ha3eMHOM 4acTu, NPOMCXoAMUT OT Npo-
pacTaHMA CeMeHU A0 3aKNaAKM LBETOYHbIX
3auaTtkos (Popg Pepgbka..., 1979).

PacTeHna KOHTposIbHOM rpynnbl (Npoba
G11) Ha momeHT cbopa (20-1 AeHb co AHA no-
CajKMW) TaKKe He JOCTUIN Nepuoaa co3peBa-
HWA, @ AOCTUIIN IOBEHMANbHOIO 3Tana pPasBu-
TWA, HO MX Macca CyLLeCTBEHHO MpeBblwana
Mmaccy npob, BbICAaXKEHHbIX B €CTECTBEHHbIM
rpyHT. Ha puc. 2 npeacraBneHbl AnA cpaBHe-
HWA KOHTPO/bHas npoba u npoba, BbipoCLIan
Ha uccnegyemon ypbaHM3MPOBAHHOM Teppu-
Topun. N3mepeHHble cbipas M Ccyxada Maccbl
npob 6uomaTtepuana npueedeHbl B Tabn. 1

Puc. 2. KoHTponbHasa npoba G11 (cnesa) u npoba GO5 (cnpasa)

Fig. 2. The control sample G11 (left) and test sample GO5 (right)
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Tabnuua 1. Macca pactutenbHbix Npob u cogepKaHue B HUX HEKOTOPbIX XMMUYECKUX 31€MEHTOB MO
pe3ynbratam POA

Macca npo6,

; Ca Ti Fe Zn

Ne
npo6bi cpeaHee ’ cpeaHee ' cpeaHee ' cpeaHee '

Cblpan cyxas coaepykaHue, wr/ke coaepKaHue, wr/ke coaepKaHue, /e copepKaHue, /e

Mr/Kr mr/Kr mr/Kr mr/Kr

G01 2.09 0.16 22066.9 1042.2 424 .4 61.3 4517.9 505.8 296.3 23
G02 1.37 0.16 27828.3 3597.1 1665.1 190 658 39.1
GO03 2.79 0.24 27231 2115.9 103.3 18.7 1591.7 286 616.4 42.8
G04 2.06 0.15 32668.7 8323 332.8 77 2400.9 352.7 690.8 34.1
GO05 24 0.19 34401.8 4754.2 849.5 71.2 1221.3 42.5
G06 4.07 0.29 45589.4 14286.8 194.9 48.6 2461.6 540.9 389.8 36.3
G07 242 0.23 35659.2 3653.3 1335.6 1314 1148.9 118.5
G08 2.21 0.18 44398.7 5476.5 79 6 1503.6 117.6 1362.4 84.4
G09 1.98 0.15 34227.8 4633 210.6 69.9 1787.8 258.4 1531 124
G10 3.61 0.23 40937.6 6039.1 1293 196.6 13245 54.7
G11 38.67 2.78 50789 5985 381.9 37.5 133.2 9.5
G12 0.26 0.26 4534 1037.5 113.8 14.8 4517.9 505.8 296.1 23

MpumeyaHune. CKO — cpegHeKkBagpaTnyeckoe OTKNOHEeHHe.

3eneHana macca KOHTPO/IbHOM MpobbI
(G11) cywectBeHHO npeBblWwana maccy npob
(G1-G10), BbICaXKEHHbIX B €CTEeCTBEHHbIN
rpyHT. MpupocTt bMomaccsl ¢ naowaam nocesa
(0.06 m2) 3a nepuoa, NpoBeAEHUN IKCNepu-
MeHTa ANA pa3HbiX NPOOHbLIX NAOWAAOK CO-
ctasun ot 30 go 60 r/m2 ana nNpob, BbiCaxKeH-
HbIX B MapKe, U okono 600 r/m2 gns KoH-
TponbHOM nNpobbl. Takum obpa3zom, oTHOCK-
TeNbHbIM NPUPOCT BUOMACChl NO CPABHEHUIO C
OXMOaeMblM 3a BereTauMoHHbIN nepuos
npupoctom (~250r ¢ 0.06 m2) gns pasHbIX
NpobHbIX NAowWaaoK coctasun 1-2 % pna
npob, BbiCaXKeHHbIX B NapKe, U 15 % AnA Kox-
TPO/IbHOM NPO6bI.

B pe3synbTaTe XMMMUYECKOro aHanmsa
npob 6uomatepuana c nomoupto POA 6bian
obHapyeHbl ¢ochop, cepa, XNop, Kanui,
KanbUWi, TUTaH, eneso, UTTPUI, UWHK, To-
puit. CogepaHMA TakKMX 31eMeHTOB, Kak ce-
pebpo, KagMuii, BaHagMN, XPOM, MapraHed,
301070, Mefab, KObanbT, HUKeNb, CeneH, py-
6uanii, monnbaeH, Kaagmuin, B 6oabLIEN YacTK
M3MEpPEHMN OKa3a/INCb HUXKe npeaena obHa-
pyxeHusa. Mpu aHanmse npob nousbl Hblan
obHapyeHbl ¢ocdop, Kanuin, Kanbuui, TU-

TaH, *Keneso, UMHK. CoaepKaHma apyrux ane-
MeHTOB B 6osbluelt Yactm npob oKasanucb
HU¥Ke npeaena obHapykeHuna POA,

ObpaboTaHHble pe3ynbTaTbl pPeHTre-
HolyopecLeHTHOrO aHanusa (cpeagHue no
AEeCATU U3MEPEHUAM COAEPKAHUA HEKOTOPbIX
3N1EMEHTOB U UX CpeaHeKBaApaTUYecKue OT-
KnoHeHua) npob cemsaH, BuomaTtepmana, yHu-
BEPCAaNIbHOr0 MNOYBOrPYHTA M MOYBbI Mpea-
CTaB/ieHbl B Tabn. 1-2.

[na OLEeHKM B3aMMOCBA3U COAEPIKa-
HUA XMMUYECKUX 3/IEMEHTOB B CUCTEME «MOY-
Ba — pacTeHMe» Obl NPOBeAEH Koppenauu-
OHHbI aHanu3. Pe3ynbTaTbl KOPPENALMOHHO-
ro aHa/M3a CoAepKaHU 31eMeHTOB B Npobax
PacTUTENbHOCTM W MOYBbI MNpPeACcTaB/eHbl B
BMAE CXeMbl, B KOTOPON KOppensiLMoHHbIe
CBA3K yObIBAIOT CNEeBa Hanpago:

Ti (0.94) > Zn (0.68) > P (0.55) > Ca
(0.53) > Fe (0.45) > K (0.40).

B CKoGKax yKasaHbl KO3pOULMEHTDI
Koppenauun CnupmeHa (cpaBHMBaNU copep-
¥KaHUA OBHAPYKEHHbIX 31EMEHTOB B PACTEHU-
AX U B MoYBe).
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Ta6m4u,a 2. CopeprkaHme XMMMUYeCcKmMx afieMmeHToB B noysax LLlapTalwcKkoro neconapka n yHMBepcaabHOM

rpyHTe
Ca Ti Fe Zn

Neo
Woe  copepra KO conepmanmne, OO copepra O conepane, SO

Hue, Mr/Kr mr/kr mr/Kr mr/Kkr Hue, Mr/Kr mr/kr mr/Kr mr/kr
S00 58680.4 4208 257.1 88.7 5640.3 1118.4 43.1 9.6
S01 8323.7 456.3 2617.7 115.7 29572.8 1462.5 50.6 5.4
S02 14641.5 3293.3 1359.1 120.8 26229.8 1307.8 207.3 36.6
S03 8472.4 301.4 1620.0 128.5 23560.8 1560.7 73.0 9.9
S04 6940.8 160.6 2235.5 76.7 22763.1 664.5 79.6 8.6
S05 13105.3 1240.2 1098.1 92.1 27604.8 1517.0 334.1 51.5
S06 8953.6 476.0 2048.2 157.2 25482.9 1003.5 91.5 11.5
S07 8589.9 468.1 1967.1 98.4 25494.7 893.5 135.0 11.3
S08 9467.5 554.9 1597.9 113.6 25129.0 1023.1 177.0 15.0
S09 8284.1 574.7 1898.2 1534 28068.7 1705.9 133.6 34.9
S10 8479.0 278.6 1720.2 103.9 20103.0 746.3 105.3 9.6
O6cyxaeHue Mcnonb3yembie B 3KCNEPUMMEHTE CemeHa

Mpobbl peanca GO1-G10, BbiCaXKEHHbIE
B paiioHe LLlapTalicKoro neconapka, U KOH-
TponbHaA npoba G11 Ha momeHT cbopa (20-1
AEeHb CO AHA NOCafKW) AOCTUIN HOBEHMANb-
HOro sTana pas3BuTMA (3Tana monogocTu). Xo-
TA Peauc yCToMYMB K HU3KMM TemnepaTypam,
HO gna GOpMMPOBAHMA KOpHENNoA0B TpebyeT
TENNa U MHOrO COJIHLA MPU KOPOTKOM CBETO-
BOM [He, a TaKXe [A0CTAaTOYHOEe KOJINYeCTBO
Bnarn. Tak Kak Mcnonb3yemble cemeHa 6biaun
¥M3HecnocobHbl (BcxoxecTb 100 %) co 100 %
BbI)KMBAEMOCTbIO, B [aHHOM 3KCMEpPUMEHTE
HU3KUIN NPUPOCT BMomaccbl Bcex nNpob oby-
cnosieH cnabol ocBeLeHHOCTbO NpU ANUH-
HOM CBETOBOM AHE W HU3KMMMK TemnepaTypa-
Mn. OTnmMymne npupocta 6MoOMaccbl KOHTPOb-
HOM NpOobbl U BbICA*KEHHbIX B €CTECTBEHHbIN
rPYHT Npob cBSA3aHO CO CBOMCTBaMW NOA30U-
CTbIX MOYB Jieconapka.

CopepxaHua ¢ocdopa, cepbl, xa0pa,
Kanua, KanbumA, TUTaHa, Kenesa, MUTTpuA,
UMHKa, Topua (cm. Tabn. 1) B npobax peauca,
obHapyKeHHble ¢ nomoulbio PPA, cpaBHMMbI
C KOHLEHTPauMAMM 3TUX 3/1eMEHTOB, NpuBe-
AeHHbIMM B nuTepatype (Kabarta-MeHauac,
Menanac, 2001; USDA, 2015). B 6onbwinHcTBE
npo6 peguca, BblpaleHHOro B napke, obHa-
PYXEHO HaKOMNEHWe UMHKA B pPacTeHMAX Mo
CpaBHEeHMIo c cemeHaMu peguca (npoba G12).

Raphanus sativus — yCNOBHO YMCTbI BomaTe-
pwuan, npeaHasHavyeHHbIA ANA NoyYyeHua nu-
WeBON MPoAyKUMU, C HECPOPMUPOBAHHBIMMU
MexaHM3MaMM afanTaunm K TEXHOreHHOM Ha-
rpy3Ke, XapaKTepHbIMU ANA PACTEHUIA, MHOIO
NneT obuTaloWMX Ha Uccaeayemomn TeppuTo-
pun. HakonneHune UMHKa B pacTeHUsaxX pegmca
O3HAYaeT BbICOKOE coAeprKaHWe AOCTYNHOM
ANA NOrNoWeHna pacteHnaAMn GopMbl LMHKA
B MOYBaX NapKa W nepexon ero v3 Mnouysbl B
pacTeHUsAs B KOHLLEHTPAUMAX, MPEBbIWAOLLNX
NAK (no CanlMNuH 42-123-4089-86, ana cblpbIx
osowen n ¢pykros MAK umMHKa onpepeneHa
Ha ypoBHe 10 mMr/Kr cbipoit macchl).

Mpu aHanmse npob noyBbl seconapka
6blla OTMEeYeHa BbICOKAA M3MEHYMBOCTb 3/1e-
MEHTHbIX cogeprkaHui: ¢ocdopa, Kanus,
Kanbuus, TUTaHa, XKenesa, UnMHKa (cm. Tabn. 2).
CopeprkaHue TaXKeblXx MeTanNoB B MOYBE 3a-
BMCUT OT TMMA M CBOWCTB MOYBbI U CUIBHO
BapbMpyeTCca ga)ke B npegenax Manbix nno-
wanok (Ceprees un ap., 2013), nostomy onpe-
AeneHne cogepaHUA PacTBOPUMBIX M Baso-
BbIX OPM MeTas/la B NOYBE U CPAaBHEHUE €ro
CcofeprKaHMA C CAHUTAPHO-TUTUEHUYECKUM
HOPMAaTUBOM, Hanpumep npeaenbHO Aonyc-
TUMOW KOHLEHTpauuen, uam ¢GpoHOBbIM 3Ha-
YeHWem TeppUTOPMM He NO3BOSIAET KONYeCT-
BEHHO OLEHMWTb MOr/NoWeHMe 3TOro MeTanna
pacTeHUAMM, a Janee XKUBOTHbIMMU.
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Copep)KaHMe UMHKa nNoYTM BO BCeX
npobax MouBbl MpeBbIWAET KaK MNpeaesbHo-
AONYCTUMble KOHUEHTPaLuMn (OpMeHTUPOBOY-
HOe BanoBoe coaeprKaHue ANA NOA30AUCTbIX
nous 55 mr/kr (TH 2.1.7.2042-06)), Tak n ¢o-
HOBOe copepKaHue 49 Mr/kr B [AepHOBO-
noa3oauncTbix noysax (becnamstHos, KpoTos,
1985). B NOBepPXHOCTHbIX C/MOAX MOYB MMpaA
cpefHMe coaeprKaHua UMHKa KonebnwoTcs B
npegenax 17—125 mr/kr (Kabarta-MNenauac,
Menanac, 2001); Ha Ypane coaepaHue UUH-
Ka B MO4YBax, MO Pa3HbIM AaHHbIM, BapbupyeT-
ca oT 3 go 86 mK/Kr (MUnbuH, 1991; BnaceHKo,
2000). O6HapyKeHHoe 3arpA3HeHne MoyBbI
LLlapTawcKkoro neconapka LMHKOM corniacyet-
CA C AAHHbIMU NO COAEPKAHMUIO TAXKENbIX Me-
TannoB B no4yse sieconapkos EkaTtepuHbypra,
npusegeHHbimn C. B. 3anecosbim, E. B. Kon-
TyHoBbIM (3anecos, KontyHos, 2009).

Mo pe3ynbTaTam KOpPPENALNMOHHOro
aHaNn3a CoAep’KaHUM 3NeMeHToB B npobax
PacTUTENbHOCTM M NOYBbI, Hanbonee cunbHasA
KoppensunmoHHas ceA3b 0OHapy»KeHa B pacTe-
HUAX U NoYBe ANa TUTaHa (KoadpduuMeHT Kop-
penaumm CnupmeHa 0.94), MOXHO roBOpPUTb O
3aKOHOMEPHOM CBA3M WU3MEHYMBOCTU COAeEp-

YKaHUMN TUTaHa B PACTEHUAX C USMEHYMBOCTbIO
ero cogep)kaHma B nouyse. OBHapyKeHHoe
cogeprkaHue TUTaHa B MO4YBax NapKa He npe-
BbllUAeT KNapK B noysax mupa (4600 mr/Kr),
cogeprkaHuMe TUTAaHA B PACTEHMAX TaKXKe Cy-
LLLeCTBEHHO HU)Ke KNApKOBOro COAepXKaHuA B
30ne pacteHuii (1000 mr/Kr), npuBeaeHHOrO B
nutepatype (BuHorpagos, 1952). 3arpsasHe-
HMA TUTAHOM MccneLyemon noyBbl He 06Ha-
py*KeHO, caenaTtb BbIBOL, NO WMMEKLWMMCA
OAHHBIM O HAaKOM/JEHMW 3TOro MeTanna B pe-
ance Henb3a. TakKe He obHapyXeHo AocCTo-
BEPHOro HaKONAEeHUA Kenesa.

CunbHan cBsa3b (KoadpdUuMeHT Koppe-
naummn CnupmeHa 0.68) obHapysKeHa TaKxKe
MeKAy M3MEHYMBOCTbIO COAEPIKAHUMN LMHKA B
pacteHuax v nouyse. Ha puc. 3 npencrassieHO
pacnpezeneHue UMHKa B Npobax pacTeHui m
nousbl. [lpeBbileHne AONYCTUMOrO YpPOBHA
BaNOBOr0 COAEepKaHMA LUWMHKA B No4YBe B
6onbwen 4YacTu MNPUBOAUT K MNPEBbILEHUIO
npeaenbHO AOMYCTUMOrO YPOBHA KOHLEHTpa-
UMW LUMHKA B pacTeHuAx. ITO MO3BONAET UC-
nonb3oBaTb Raphanus sativus Kak GBuoMHaMKa-
TOp 3arpA3HEHMA NOYBbI LMHKOM.

300

250

Cpeanee coflepkaHHe IIHHKA B IPodax, MI/Kr

LK meema:

nousa (35 ur/Er)

—-— capste osomm { 10ur/Er)

GOl A

[7]- comepaasse waa ¢ npode peuca
G01 & mepecueTe Ha CHPYI0 Maccy

s01

[ comepmanme wmma s npode nowms 01

Puc. 3. CpeaHee cogepraHue LMHKa B PacTUTENbHbIX M MOYBEHHbIX Npobax

Fig. 3. An average Zinc content in plant and soil samples

3aKknoueHue

Ha npumepe LLapTalickoro neconapka
ropoga EkatepuHbypra oueHeHa BO3MOX-
HOCTb MCMNONb30BaHMA peamca R. Sativus Kak
6MOMHAMKATOPA COCTOSAHUA NOYBbI YPOAHU3U-

poBaHHOM  TeppuTOopuM. [lOKa3aHo, uYTo
R. sativus MOeT BbICTyNnaTb WHAMKATOPOM
3arpA3HeHMA NOYBbI 1IECOMAPKOB, B YaCTHOCTH,
UMHKOM. OB6Hapy»eHo npesbiwatowee MAK
3arpAsHeHMe noysbl M 06pasLOB peamnca UnH-
KOM. 1R OMarHOCTMKKM 3arpsA3HEHWn MouBbl
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fleconapka B JdanbHeuwem O6yaetr nonesHo  BblpalWMBaHMKU B 3arpsisHEHHOW no4yse U Aud-
onpeaenuTb AeTaNbHO peakuuio peauca Ha ¢epeHUMpoBaTb HAaKOMJEHME UMHKA MO opra-
coAeprkaHue 3arpAsHAIWMX BELLECTB: OLe- HaMm.

HUTb CPOKM CO3PEBaHWUSA KOPHEN/040B MNpwu
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Key words: Summary: Ekaterinburg is a large industrial center of Russia. The
bioindication pollution of the environment with heavy metals is increasing due to the
Raphanus Sativus industrialization and human activities. Heavy metals present a very
soil pollution serious problem for all living beings. The aim of this paper is to identify
zinc the pollutant content changes in the environment using Raphanus
forest park Sativus. For bioindication of urbanized soil in Shartashsky forest park of
Ekaterinburg city the growth of Raphanus Sativus was investigated at
ten sample plots and a control one. The element concentration in the
plants and soil samples was determined by X-ray analysis. The
transition of zinc, titanium, iron and calcium from the soil into the
Raphanus Sativus was assessed. The results of the correlation analysis
of the content of chemical elements in the samples of plants and soil
can be represented as a scheme: Ti (0.94)> Zn (0.68)> Ca (0.53)> Fe
(0.45). Spearman correlation coefficients are given in brackets. Zinc
content in the soil and radish samples was found to be higher than the
maximum allowable concentration defined in accordance with the
Russian State Standard System. It is shown that radish can be used as
an indicator of soil pollution with zinc.
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