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M3YYEHUE XHMHYECKOH IPHPO/IbI 3AILIHTHON PEAKIINH PACTEHHIT
HA W3BbITOYHOE COAEPKAHHME KAJIMHUS B IIOUBE

'FO.0. [y6uunnua, 'T.T. dynsuesa, °C.B. Ianecckuii u 'TU. Crky6uesckas

'MHCTHTYT XHMHUCCKOH KiHeTHRH 1 roperis CO PAH, 630090 Hosocr6mpek
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(Hpunsama x ony6nuxosanuro 18 cenmsépa 2002 z,)

CTATAR MOCARNIEND HIYSEHHIO XHMHNECKO MPUPOTH OTKTHKA TPEX BHLZOB pACTEHil (NeRNUL, TOPOX W APYTH)
Ha TIOBHIIICHHOE CONEpXaRHe KaTMHR B MoBe. C STOH LETHIO K PACTHTE IBHBIM 06PA3AM GHLITH MPHMEHCHE! METORM
'PA3ACTCHIA COCTHHCHHii KAMHA H ZPYTHX METAZIOB, HIBCCTHEIC B AHATHTHYECKOH XHMHH H TEOXHMNK, OnpELCICHHE
KT H HICHTHQHKAILHA OPraKH{ECKHX COCHHENHH BHITOTHEHM € HCTIOThI0BARHEM XPOMATOrpagHH Ha GyMare,
BOXCX, VA CMeKTPOCKONHH, Macc-CTEKTPOMETPHH H PEHTTEHOBCKOM (YOPeCCHIHH. YARNOCH YCTAHOBHT, 4TO
TIOCTYMUICHHE KaZMiA YCHIHBACT B NICHHIE BHPAGOTKY NONHBEHON0B, 0COGCHHO TPHUNAA, B FOPOXe — COCIHHE-
i C THOTBHEIMM TPYTINaNs, & 8 APYTKE — KaX IOTH(EROOB, Tak i THOT0D. HaGTIONCHHA 32 PasBHTHEM pacTeniii
TIOKA3ATH, 'TO MIEHHIa HAKGOTee YRIBIHME, 3 ADYTKA BLIHOCTHBA TIpH 34T pA3HEHIA 0N BB Kaammen. BanTHih Me-
XAHIIM, COUCTAIOINH COBMECTHYI0 BHPAGOTKY OTHAEHOTIOB H THOTIOB, PeaTHIYeMBifi B APYTXE, ABTACTCA HAHGONCE
PCKTHBHLIM OTBCTOM Ha YBCTHSCHHE IOCTYTACHHA KaAMHA 3 NI0YBH,

Kniouessie cnosa: kaosui, novsa, muenuya, 20pox, SpymKa, (UmMOMOKCUNOCIY, MOAUGENON, mpitjun, muoas,

Saugummusii mexanusm.

Bsenenne

TeXHOTCHHOE 3aTpA3HCHNE GHOCHEPHI TAKETHI-
MH METa/LIaMH HETATHBHO BIHACT HA COCTOAHHE
PaCTeHHi, BXOLAIAX B MHUICBSIC LETH HeNOBEKA H
nBOTHBIX. [Ipo6/ieMa XHMHFECKOTO OTKIHKa Pac-
TCHHII Ha JICHCTBHE OIHOTO M3 CAMBIX TOKCHYHBIX
TAKSITBIX METAJLIIOB — KAIMH NI0Ka C/1ab0 H3ydeHa.
AKTYanbHOCTh TAKHX HCC/ICAOBAHHH 09CBHAHA PH
BBHIPAUIMBAHHH PACTEHHH Ha AUHIHQHIHPOBAHHBIX
TIOYBAX 3arPA3HEHHBIX PaHOHOB, Te CONEPKaHHE
6MONOCTYMHEIX OPM KAZMI 7 €T0 TPAHCTOKAIIHA
B PACTHTCIIbHbIC TKAHH YBETHUHBAIOTCA 110 CPaB-
HEHHIO C (POHOBBIMH NOYBaMH Ha 2-3 nopszxka [1].
BHIpaGOTaHHbIC B XOC IBOTIONHH MEXaHHIMbI
IPEIOTBPANICHAA TOKCHUCCKOTO ACHCTBHA TAKE-
JBIX METAIUIOB OKA3BIBAIOTCH HENOCTATOYHBIMH
JUIA 3ALATEL PACTCHHUI IPH BHICOKOM COZIEP/KAHMH
Kanmua B nouse [2]. [Ipn CHILHOM 3arpAIHCHHH
nosh (6onee 5 Mr CAKr') 0CTaeTCA «CBOOOMHEI
KAAMHii, XHMHYECKH HE CBA3AHHBIH COCIHHCHHS-
MH, BXOIAUIHMH B COCTAB NIOYBHL. B pesynsTate
PACTCHHA HCTIBITBIBAIOT «(KAJAMHCBBIH CTPECC),
TOBPEKAAIONIHI (OTOCHHTCTHYCCKYIO CHCTEMY
¥ CO3JAIONIMI YCIOBHA JUIA 3aMEILCHHA LHHKA H
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KaJlblHA B GHOMOMCKYNIaX KaaMHeM, GIH3KHM 1o
XHMHYECKHM CBOHCTBAM, UTO NPHBOHT PACTEHHS
K rubenu [3]. PacnpocTpaHenue W3GHTOIHOrO
KOJIMYECTBA KAJMHS TIO MHINEBOH LETH COCOGHO
HAHECTH PeanbHbiii BPEA 30POBHIO HCIOBCKa.

Peakuus pacTenHii pasHLIX BHIOB Ha MOBHI-
IICHHOE COXEPKAHHE KaJAMHA B NOBE HEOTHHA-
koBa. OHH HAKAIUIHBAIOT KaAMHH H3 NOYBBI B
3HAYHTEIbHBIX KOHUEHTPALMAX (FHNEPaKKYMyJIs-
TopkI) Ge3 0c060ro Bpea Uis KH3HEIeATCIBHOCTH.
JpyrHe BUIIbI IIPH OTHOCHTEJILHO HEGOMBIIHX KOH-
LEHTPALMAX KaJIMHA B TOYBE NEPECTAIOT 06pa3o-
BBIBATH [UIOALI H Jake OGHAPYXHBAIOT TIPH3HAKH
Hekpo3a KopHeit [4].

Lleblo HACTOANIEr0 HCcNeNoBaHus Gbiia
MACHTHOHKAUMA XMMHYCCKOH NMPHPO/IbI BEIIECTB,
0Bpa3syIoUINXCA B KAYeCTBE OTBETHON PEAKIMH Ha
«KaIMHEBbiii CTPECCH B PACTCHUSX, BHIPAIICHHBIX
TpH Pa3THYHEIX KONWYCCTBAX KaIMHA B MOUBE.
OGbeKTamMi H3yueHHs CTAIH TPU BH/IA PACTCHH,
110-Pa3HOMY PEArHpYIOIIHC HA MOBHIICHHBIE KOH-
UEHTPAIHH KaIMHA B I0YBE, — MIICHHLA TBCPIAs
(Triticum durum), ropox nocesnoit (Pisum sativum)
w apyTka nonesas (Thiaspi arvense).
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SKCTEPUMENTAILHAR HACTh

PeakTuBb. PacTBOpH 15 BHECEHHA B OB FOTOBHIH
13 A30THOKHETOro Kaamus Mapkn XU, OYHIIEHHOTO mepe-
wprcTanmmauneit. Kanuil-natpuit sunnokucasii (X4) own-
wani nepexpucTanTnzaiieii. Bes onomuTeaLHOR O4HCTKH
wenons3osans Zn(NO,)-4H,0 apxiu UIIA, H,0, (18%) mapki
UJIA, aUETOHNTPH, WIOPONAHON H GYTAHOA MapKH (1%
xpowatorpammy, ykeycnylo kucnoty Mapkit X' H pactaop
amiaxa. KowueHTpuposanyio xiophyio kicory u 0.1 N
430THYI0 KHCIIOTY HOMOTKIOBATH NOCAIC NIEPETONKH © HOHO-
oGMenRHMH CMOnaMH, TeTpAX/IOpHE yracpona Mapkin XY
onmany neperonKoii.

TipuGoph. OnTHICCKYI0 TUIOTHOCT PAcTEOPOB HIMe-
A € ovomso poToxonopiveTpa BIK-60. Xpomatorpa-
iecKiti aHANH3 BHINOTHEN METOTOM BHCOKOXpeKTHBHON
IKoCTHOM xpoMarorpadiit (BIXCX) Ha MHKPOKOTOROTHOM
npuGope Mumixpow-1. CrieTpst nortomenna » YO 1 BHau-
Moff 0GTACTH CTICKTPA 3aMHCHBATH Ha CTIEKTPOGOTOMETPE
Specord UV-Vis. KHCTIOTHOGTS CpeIst Hwepamit 1a60patop-
Jbin HoHOMCpom MIP-3 Co CTAHIAPTHEIM X70PCEPEGpRHBIN
MEKTPOROM. JL1S  MACC-CTCKTPOMCTPHYCCKOTO  3HATHIA
scnionsaonan npuGop ELEMENT FINNIGAN MAT. Pext-
TeHOPTYOpCCUCHTHIC HIMEPEHHA BHTOTHATH Ha CTAHUM
cHRXpOTpORHOFO Wy e BINITI-3 (MS® CO PAH).

Buecenne kaamun 8 nousy. Tlossy 71% riocesa pacTerit
FOTOBHITH CMELIBAHHCH NEpErHO, TOpGa 1 ecka B COOTHO-
wenmir 1:1:1. BHeceHHe KaIMHA OCYNECTBIATH OIHOKPATHO
B BHAle PACTBOPA HHTPATA KATMHS B CTICUHATBHBIE IOTHITH-
JleHOBHIE AITHKH TIEPER IOCEROM PacTerHit. Taxix AIMKOR ¢
110WBO GbUIO MPHTOTORAEHO BOCEMSb IUTYK, H B HHX BHECEHO
o7 0.1 70 2 M KaaMHA Ha KHAOTpaMM nouB. COTCpRANHE Me-
a1 B MOYBE 20 H NOGAE ETO BHECEHHA OMPCACIATH 10 CTak-
J@pTHOH (hOTOKO/IOPHMETPHHECKOH METOTHKE C AHTHIOHOM
(5] H MCTOTOM MaCC-CIEXTPOMETPHH. PACTCHHA BLPAIIHBATH
B TEMTHYNLIX YCTOBHAX, HCKTIONAIOIHX BHCKOPHEBOC MOMa-
MGHYE KaZMMHA B PACTHTETBHLC OpFaKsL.

Onpeseacnue KAIMHA NPK MOMOUIN MaCC-CIEKTPO-
‘MeTpHH. TIOArOTOBXY PG 1% SATTHCH MACC-CIIEKTPOB PO~
BTN B COOTBETCTBHH C METOXAKOF, IPHHATOH 114 paboTsi ¢
oGpasuav pya [6] n aRaNTHPOBRHOM HaMM 113 ONIpELENCHHA
KAZIMHA B OB H B PACTCHNAX. OBpasiti cyxo niowss: (10 Mr)
JUTH BHICY LieHHkIe Z10 TIOCTORHROH MACCH! 06pasilal TKAHH pac-
reris (20 r) pacTHpah B $aphoposolt CTYTIKe, noMemaTH B
POGHPKH, MPHIHBATH 110 | M1 KORTICRTPHPOBAHHOH XT0PHOI
KHCAOTH H PA3IATaNH OpraHHYECKHE BENIECTR TIPH KHNAYE-
‘i, ynapwpas zocyxa. K cyXoMy OCTATKY, OXT@XACHHOMY 210
KomHaTHoli Temnepatypht, npruBani o | wn 0.1 N pactsopa
230THOI KHCIOTHY, O4HIICHHOH TPEXKPATHOH NIEPETORKOH HAX
FOpANMM KBADUEM [UIA YMEHBIIEHKS (POHOBOTO CONCPRANHA
MeTann08 5 peaTiae. [0y 4ERHEE A30THOKHCHE PACTBOPH!
AHATHIMPOBATH MCTOROM MACC-CTIEKTPOMCTpHH. Hameperita
NPOBOTHIN MO OTHOMEHMIO X WHIHEBOMY CTauaapry (In
1010 rr).

IKCTPAKIMA COCXMMENMIE KAIMHS B WHNKA WD Pac-
THTeaLHOTO 0Gpa3a An% amawda meronom BIKX. Ha
ocxope wsmecTHOH MeToxukR onpenenenns Cd u Zn [5]
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paspaGoTaKa MOCIEAOBATENBHOCT, ONCPALIH, MO3BOTHBUIAR
WIGHPATETHHO HIBICKATS W3 PACTHTEBHOTO 06PAIa CO-
EXUHERHS STHX YIEMCHTOB C MOTHEHOTAMH B NPHEYTCTBHH
APYTHX MeTanno. HaMETsHCHHSIE PACTEHHA BLICPAHBATK
B CMeCH TETPAXTOpHIA YIIEPOLA C PACTBOPOM avbiaka (11
1o oBseny) B Tevene cyTox MPH TIEPHOTHYECKOM BCTPAXH-
baiH. 3aTeM CMec NICPEHOCHTH B ZETHTEILHYIO BOPOHKY,
GUIETATH OpraHHdCCKylo (asy, MPRIHBATH K Heil PaBHAH
o6nen 0.1 N ACTBOpa TapTPaTa KaHa H HATPHA, SHEPTHTHO
BCTPAXHBATH M TOCTe pACCTAMBAKKA PasEETATH Basl. O-
(peKTHBHOCTS Takoro oTAeae A Cd K Z0 OT APYTHX METANI0B
65112 TIpOBEPeHa MACC-CTIEKTPOMCTDHSCCKNM aHATHIOM §a3
R0C7E IKCTPAKUMH, CyMMEpHOE KOTHSECTSO KATMHA H UHHKE
& opranwueckofi jase cocTaanzao 97-98%, a b BoxHoH fase
2-39% oT obmero WX conepkanKs 8 OSPAINE, B TO BPEA KaK
pyTHe MeTan7Ll ocTaBaTHCS B B0XEOH Gade. [locne Takoro
pasIencHHA KoaICCTRERRO onpeexen conepkaniie Cd I
Zn Metonom BIKX.

BOIMOKHOCTS XPOMETOrPAGHSECKOrO ONIpEICHCHHA HE
TO76KO HOHOB MCTAIOB, HO # HX KOMTICKCHEIX COCTMHEHHH
B HCXOTHOM OGpasuC GhiTa MPOSEPERa B MPEIBAPHTEIBHHX
OMBITAX ¢ HTATOHHSIMH THTaHA2MH. CRemNATEHO CHHTEIHPO-
~BaHHBIE KOMILICKCHKIC COCIHHEHHR KATMIA H LHHKA C HPOKE:
TeXHHOM, PE3OPUHHOM  ackopGHHOBOE KHCIOTOM 06aBILIH
K 06pa3IAM Nepen IKCTPaKIHEH 10 paSPRSOTARROH METOTHKE.
3atem HajlicHHble KOTHYCCTBA KOMMICECHBIX COCAHHEHHI
cpapkMBaIH C BBC1CHRbMH, Taxoe CpasmesmE NOKE3210, 4T0
[IpHMCHCHHA MCTOXMKA SKCTPAKIHR OSECHCTHBACT OTLETE-
e 92-95% KaTMMA H LIHHKA OT PYTHX MeT2 1208 (KAK B BHIC
TPOCTHIX HOHOB, TAK H B BHIC KOMIICKCHEX. COCAMHEHHH).

Pae/IeHHE KATMHS M INNKA ¥ ORPEIETEHNE METOTOM
B3KX. Pajtenenne OCHOBAHO Ha PASTNSNE 3 YCTOHUMBOC-
TH KOMILIEKCHHX COETHHERM KATMIS ¥ SRK2 NPK PasHoit
KHCOTHOCTH PACTBOPOB. KoMITexcH e CoRTmueHHS KaAMHT
Gorce YCTOMuMBM B HEATPATSHOM ¥ MeI0THOR, 2 LHAKA — B
cnaGokneof cpexe (7). TloaTomy xposaTorpaduposaiie oG-
Pa3HOB POBOAHH C HIMCHERHeM PH PacTSOpoR.

Pasenenme Cd n Zn nposoxws s muepsane pH ot 74
0 8.5, B KOTOPOM YCTOMMMBOCTS KOMIIEKCHEX COCTHREHMH
KaZMHA DI, HeM LHHKA, OMpeNetenEe BEmOTHATH Ha KHI-
KOCTHOM MHKPOKO/IOHOHOM XpoMatorpade Muaixpom-1 ¢
KO/IOHKOH, 3ATIOAHCHHOM 0GpAMEHRO-$al0BMM COPBEHTOM
LiChrosorb C-18, u Y@ eTextopos. B KatecTse OmoeHTa
HCTIOTE30BATH CMECh AUETORMTDHAR ¢ BOTOf (3:1). CropocTs.
smionposams coctapnana 100 scaswn . TIpn xpomarorpa-
(MpOBAKHH B MOTOK DTIOCHTS T0GABIATH BOTHEL PACTEOP
xapGonata Hatpia (0.5 M) ¢ yBETHIMBAIOWEHCA CKOPOCTBIO
nIpoTOKa (OTHOWIERHE 0GBEMa PACTBOpA KapGOHATa HATPHS K
0GheMy 2MIOCHTA THRCHHO HIPACTAIO B MPOLECCE XPOMATOr-
‘padpuposanua ot 0:1 7o :1). JIETeKTHPOBANHE NPOBOAITH NIPH
CKaHHPOBAHMH B HHTCpBAZE ALTHK BOTHEL OT 290 X0 350 M.
OGbem npoGH, BBoXHMOf B xpomarorpad (0T 1 7o 50 Mk),
1IOAGHPANH TaK, 4TOGH! ONTHYECKAR TVIOTHOCTE B MAKCHMYME
onpexenseMoro mHKa OGECTETHEANA OTHOUIEHHE CHTHAT/WYM
4e wenee 10, TIOTpeINOCTS OMpEAETEHNS KOWHCHTPaURH
KAAMIHA H RS, OUICHGHRAA 10 40 H3NEPEHHAM MpoG, npi-
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Tabanua 1

Coziepkanne METALIOB B
BEICYIICHHOM 0DPa3ILe NUIEHHLbI,
BbIPALIEHHO# B €CTECTBEHHBIX
YCJIOBMAX TIpH coftepskanmun Cd
B nouse 0.65 Mkrr

Coxepanme, wkrr

Meramn
Kopeis Kooc

Fe 10066 153
Mn 26 17
Cu 7 78
Co 55 049
cr 49 4
Zn 34(33) 2727
Pb 10 12
Ni 87 29
cd 031(032)  045(0.44)
Hg 02 00
Mo 0.0 18

Tipimesarue: B ckobKax npHBEaCHE!
MACC-CIIEKTPOMETpHYECKHE THATCHIS.

TOTOBTCHHEIX JKCTPAKIKEH OIHOTO  TOrO Xe PACTHTETBHOTO
o6pasua, paszenenoro a 40 vacte, re npesimana 20%.

‘TaKiy 06pasoM, pa3paGoTasHas METOKR H03B0AHA He
TOMEKO OTAETHTS Cd H Zn OT APYTHX META1108 B PACTHTETb-
HOM 06pase, HO H ONIpETETHTS COTepRANHE KATMHS U LHHKA
10 oTAeBHOCTH.

ANQJH3 MOAMENONOB B pacTHTeabsoM oGpalue
MeTonoM GymakHoi xpomarorpaguu. Kax misectso [8],
CPEA BEILICCTB, CHIOCOGHEIX B 372KOBKIX PACTCHRAX 0Gpa30-
BIBATH KOMIUICKCHbIE COCTHHEHHA ¢ METALIaMK, Npeobma-
Ral0T (B KOMHUCCTBEHHOM OTHOMICHHM) COSIHHERHS Kiacca
nompenonon. [lis WX uccrenoamns Geiza merozsiosana
xpomaTorpagus Ha Gymare. OGPasisi FOTOBHIH COTAACHO
CTAHIAPTHOR MCTOXHKE, 0GPAGATHIBAS BHICYIICHHBIE THCTEH
PpacTenmii ropaYe yKCyCHO KHCIOTOM, ynapuBas XHIKOCTE
ocyXa  pacTBopas ocTatok B usonponaone (9] Tonysen-
Wbl PACTBOP HAHOGHTH Ha HCXOZHYI0 TOKY B YTTY HCTa Gy~
MArH (CTpT XPOMATOTDAMME) M BHICYLIHBATH, DTIOMpOBAHHE
TpoBit nposom Gyraoow. Pacrionowenne xpoarorpa-
iCCKIX ATCH PHKCHPOBATH Bi3YRTRHO ¢ YO MOACHETKON.
FLIGHTHQHKAIIIO STHX TIATEH NPOBOXITH 10 HIBECTHOF MeTO-
UK CpaBHeNHeM ¢ TIOTHEHOTL LMK CTanAapTaMH [8].

Conepxanie nOTHDEHO08 ONPEACAATI B BHAE MPORYK-
TOB HX OKHCIICHIA — XHHOHOB. U1 5TOr0 KaX20¢ BIpC3aHHOE
TINTHO MOMCULAIH 5 HPOGHPKY ¢ HIONPOIIAHONOM, HHTCHCHBHO
TIepeMeuIHBATH, 3aTeM GyMary OTAMMAIH H PACTBOp CiBa-
. Tloaysermstii pactsop okncasni 18% pactaopow H,0,
TIONHOTY OKHCIICHHA NPOBEPAT NIPH XPOMATOrpaGHPOBAHHH
OKHC/ICHHLIX TIGPOKCHIOM CTAHGPTOB — MHPOKATEXHHA, pe-
30pIUNHA U acKOPGHHOBOM KHCTOTH. ONTHYCCKYIO NIOTHOCTS
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OKHCICHNbIX PACTROPOR HAVEPAH MpH ATHHE BOMHB 420 v,
Takas MPOUENYPA MOIBOTHIE MOAYKOTHIECTBERHO OMpEnc-
7IHTH KOHUCHTPALHH NOTHGEHOTIOB B PACTHTEbHOM 06pasie.

ConepkanHe KaAMUA B KaKIOM HIYHCHHOM NATHE HIMe-
PAH OTIETEHO METOIOM MACC-CTIEKTPOMeTpHH

PesyabraThi H HX 00CyAAeHHE

HsyscHHe pasBHTH NUIEHHIbI PH HCKYCCT-
BEHHOM BHCCCHHM KaIMusl B nousy. [lis Hecie-
Znosanwii Ginia BHIGPAHA NUICHHLIA, BhIPALEHHAs Ha
1yroo-nosonKcTof nouse (HosocHGHpekas obiL).
Cpezree coepxanie KaAMHS B MOUBE COCTABAANO
065 MkrT, 4T0 B 2-2.5 pasa BLIe, dem cpexHce
3HAUCHHE IUIA NIOYB Takoro THma, O NPHCYTCTBHH
ZpyTHX METaUIoB KaK B [I0YBC, TAK H B PACTCHHAX,
CYANIH Ha OCHOBAHMH H3MEDCHHI], BLIONHEHHEIX
pentreso-GayopecuenTEM MeToxom [10] 1 ¢ o-
MOMIBIO Macc-cnekTpomeTpuu. O6a metoga manu
PE3YIBTATEI, CORMANAIIUIHE ¢ TOUHOCTRIO +8%.
PesybTaTsl EHTICHO-(PITyOPECIeHTHOrO aRATH3A
npusejensl B Tabu. 1.

OBpasiubl MUICHHUE, BHpAIERHOH MpH HeKyC-
CTBEHHOM BHECCHHH KaJIMHs B TIOUBY (C HCXOXHBIM
conepxannem kaamus 0.28 mxrr), npoanamisupo-
Balbi METOZ0M XpOMATOrpaduH Ha Gymare. Obiiee
HCII0 XPOMATOrPAQHUECKH ONpEIesieMEIX KOMIIO-
HeHTOB (1TeR) cocTaBxAN0 15. Cornaco paGote
[9], B naTHAX MpHCYTCTBYIOT daIaBAHBI, (AABOHBI,
KOPHYHBIE KHCIOTH! # NABOHOMIHI. AHATH3 Me-
TOIIOM MACC-CIICKTPOMETPHH MOKa3an, 1o 99.2%
KaIMHs KOHUCHTPHDYCTCA B OIIHOM MATHE H3 NAT-
Haauati. Meronom BOXX wmaiineno, 4o B 510M
NSTHE KaIMHIO COMYTCTBYKT MONTHMEHONBHbIC
COCMHHEHNA — NaBOHOHIEL.

PesynbTaTEI ONpENEIICHHA CORCPKAHNA KaIMHA
¥ TIOTHGEHO/IOB B YKa3aHHOM NATHE MOKA3AHBI Ha
pucynxe. Kakasiii o6pasen a1s xpomarorpadus
peACTaBAAn COBOi JHCTBA, COPBAHHEIC C WIECTH
PacTeHMii, CTyuai{HEIM 0Gpa3oM BIGPAHHEIX (115
TIOYBBI C J@HHBIM COJIEPKAHHEM KaaMus). Urobst
HCKJTIOHTS BIHAHHE BHIHONOTHYECKIX CTALHI, 06~
Ppasiibl OTOMpaH BB ¢ HHTepBaIoM 710 IHeit.
TepBbiii a3 aHA/LH3 NPOBOAMIH B NEPHON, KOTAE Y
OCHOBHOI MacChl PaCTCHHI HAYHHANIOCH (OPMHPO-
BaHHE KOJIOCA, 2 BTOPOH a3 — Ha CTAIHH MOJIOY-
HOV CrienIocTH. JlatHble, IPHBCICHHEIE HA PHCYHKE,
CBHICTE/LCTBYIOT, UTO MPH YBEMHYEHHH CONEPXKa-
HHS KaJMHA B 1104BE KOHUCHTPALHSA TIONH(PEHONOB B
PACTEHHH CHAYANA HEIHATHTEIILHO YBEIHHBACTCA,
33TeM PE3KO BO3PACTACT JI0 MAKCHMAIBHOTO 3Ha-
seiis. TIpit Aa7bHCHIEM YBETHUCHIN COTCPRANNS
KaZMHS! yPOBEHS MOMHYCHONOB PE3KO Y MEHBIIASTCS
20 3HAYEHHH, JICKAIIHX HHKE HCXONHBIX KOHIIEHT-
Ppauuii. Bu3yanbHO y TAKHX PacTeHMil OTMeuaTHCh
TIDH3HAKH YTHETCHHS BILIOT 10 HEKPO3a KODHEH.
Ha ocHoBaHHH COBOKYIHOCTH MO/ HCHHbIX AAHHBIX
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Puic. 3aBHCHMOCTE COTEpXaNHA Kaamus (1) H MOTHAEHOTOB, NPCACTABNEHREIX Ha 9% Tpi-
LnioM (2), B NONHGEHOTLHOM NATHE H2 GYMaXHOH XPOMATOTPAMME IKCTPAKTA I3 IHCTEER

TIEHHIb OT KOTHUCCTBA KAIMHS, BHECCHROTO B OYBY NIEPEN NOCCBOM.

MOXHO CAICNATh BBIBOI, 4TO B MIICHHIE OTBCTOM Ha
JIOTIO/HHTENBHYIO KaIMHEBYIO Harpy3Ky ABIACTCA
BO3pacTanMe KOHIEHTpaunk nomadenonos. Tpe-
BLILICHHE HEKOTOPOTO KPHTHHECKOTO YPOBHA (A%
mmennisr — 0.12 MT IONONHHTENHO BBEICHHOTO
Ka/(MHMA Ha KHJIOTPAMM T09BEI) PHBOMIHT K «CPBI-
BY», M 3AIMTHbH NOTHQCHOTHHEI MEXaHH3M TC-
pseT cBOI0 3bHEKTHBHOCTB.

KauecTpeHHbIi COCTaB NOH(EHONOB B MIIe-
Jiie Gsu1 Hecnenosan MetonoM BKX. Monbop
110€HTa (AUETOHHTPH, BOAA H METAHOT B CO-
oTHoOmeH MM 3:1:0.2) MO3BONMI NOBHTHCS pasie-
nenns obuero muka noandeHoNOB HA YETHIPE
KOMIIOHEHTa, CPE/TH KOTOBIX TIPEOGANAN TPHUMH
(2-(4-THIPOKCH-3,5-1MMETOKCHEHH)-5,7- AU HA-
pOKcH-GeH3onHpari-4-0H). DTOT BHBOX CACMAH Ha
OCHOBAHWH COBIIaZICHUS BPCMCHH YIIEPKHBAHUA H
(bOPMEI IHKA HCCTIENYEMOTo 00PA3Ia C JTATOHHBIM
XHMHYECKH UHCTHIM TPHIMHOM.

Tlonyuennbie pe3y/bTaThl CBUACTENBCTBYIOT,
4TO B MILEHHIE OTBETOM Ha 3arPA3HEHHE TOYBHI
KAZIMHEM CITYXKHT BO3DACTAHHE CONIEPKAHHA NOMH-
(heHO7I0B, PEXE BCEro — TPHUMHA.

CpaBuHTENLHOE MIYHEHHE PAIBHTHA Pac-
Temmil PA3HBIX BHAOB MPH NMOCTYIICHHR B
HHX KaAMHS. M3BECTHO, 4TO CYMIECTBYIOT BHIBI
pacTennii, KOTOPEE XOPOUIO PA3BHBAOTCA MPK
OBHILICHHOM COJICPKaHHH TAXEIBIX METAIIOB B
nouBe. [ CpABHCHHA Pa3BHTHs PacTEHHH pas-
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HBIX BIOB G5LTH MPOBEMIEHE OMNTS Ha NOYBE C
(hoHoBEIM concpKarHey kamuus 028 Mrkr, B
KOTOPYI0 HCKYCCTBEHHO GBLTH BEECEHE! IONOMHH-
TensHEe KOMHUeCTBa 3Toro dnementa (ot 0.10 10
2,00 Mrkr- noussl). Ha 5Tof nowse BHpamMBATH
rOpOX NOCEBHOH, APYTKY JMYTOBYIO H MIICHHIY
(tBepmstii copt Hordeiform). Tocae mabmoncHus
3a Pa3BUTHEM PACTEHHH, B CTAIHH CO3PEBAHHA
110208 GUIO ONPETENEHO COCPAARHE KAIMHA B
KOPHAX, CTE6AX M IIONAX (Tab. 2).

Pa3BuTHE APYTKH MONEBOH MPOXOTHIO b3 Ha-
PpyIIeHHii JaXe MPH BHICOKOH KOHUCHTPALHH Kajl-
mis. [IpH3HAKOB HEKDO3a HE HAGMOAANOC; TUIOMbI
nponomKanH 06pa3oBHIBATEC. [IpH PasHoli CTCMeHH
3arpAJHEHHA TIOYBHI KAAMHEM CONEPKAHHE ITOr0
/IeMEHTA B IUIOJAX COXPRHSTACh Ha MOCTOSHHOM
ypoBiie, Beero B 1.2 paza MEBKIIABIEM aHATOTHI-
HEIE BE/THYMHB] B PACTCHHH, BEIPAIIEHHOM Ha €CTeC-
TBEHHOM 10YBE C (JOHOBBIM COEPKAHHEM KaIMHA.

Xpomarorpamma (BIXKX) o6pasios pyTkn
conepxana 27 muKoB. KadecTBeHHbIC peakiluu Ha
NpHCYTCTBHE Kak noangeronos, Tak u SH-coeau-
HenHit GBUIH MONOKHTEBHBIMH. TTONBITKA HUCHTH-
(DUKALMM STUX COCAHHEHNI METOZIOM BHYTPCHHETO
crannapta (206aBJICHHEM TPHIHHA, IPHPOKATCXHHA
1 THOJIOB) TIO3BOTHAA YCTAHOBHTE, HTO B PYTKE
MpPUCYTCTBYIOT NOMH(eHoNb! ¢ Gompie Moneky-
14pHO# Maccoii. TPHIME B APYTKE HE OBHAPYIKEH.

TOpOX HOPMAJTEHO PA3BHBAJICA TIPH CONCPXKAHHH
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Ta6auua 2

Conepkaiine KaIMMs B KOPHAX, CTEGIAX  MION1AX PacTe M, BIPAILCHITDIX
Ha nouse (0.28 Mr Cd-Kr™) ¢ 10NOTHHTENBHO BHECEHHBIM KaaMHem

Komtectso Cd, 10MOTHKILHO BHECEHHOTO B NOBY NPH MOCEBE, MI-KI~

Hactt

pactennit 0.1 03 05 07 10 LS 20
Spyrca )

Creban 92 131 132 132 132 132 98

Taost 23 28 28 28 28 28 28

Kopim 71 95 107 124 128 130 125
Topox

Cre6m 5.6 7.1 75 92 10.1 104 106

(nost 02 08 29 36 He o6pasyiores
Kopitk 73 99 9.4 95 93 Hexpos
TMuesua

Cretim 10 93 76 42 11 03 03

Taozs: 02 03 03 He oGpasyiotes

Kopiu 19 134 17 101 Hexpos

TIpivenanse: 3a exmLLy HIMEPEHHS IPURATO conepante Cd b crebae muienmEL,
BLIpauentof Ha nowse, conepxamet 0.1 Mr Cd-kr™ nouns

KaaMus B mouse 70 1.0 rxr-'. Mpessimentie 370-
TO YPOBHA NPENATCTBOBAN0 06pa30BaHHIO MIOOB
— Ha MeCTe UBETKOB (OPMHPOBATHCH MyCThE
CTPyHKH. [IpH CONCPKaHHH KATMHS, MPCBbILIABIIEM
L5 mrxr!, nabmonanacs uacTiranas rusens KOpHeit
Ha cTajuu uBeTeHHs. Metonom B3XKX 6su10 Haii-
JIEHO 18 NHKOB Ha XpOMATOrpamse kcTpakTa. Tpu
#3 HEX OBLTH OTHECEHE! K COCTHHEHHAM KaAMMS,
NOCKOMEKY J00aBNCHAE PACTBOPA COMH KaIMHA B
1poBy mepex XpomatorpadHposaHeM NpHBENO
K BO3PACTAHHIO HHTCHCHBHOCTH STHX mHKOB. Ka-
HECTBeHHBIH XHMHAECKHI aHATH3 (11O HIMEHCHHIO
OKPACKH NPOGH! NpH 106aBcHHN heHaRTpOIHHa)
TOKa3aJl NPHCYTCTBHE CYNbTHAPHABHEIX rpynn
B COCHHEHHAX, CBA3AHHBIX ¢ KaaMHeM. Takum
06pa3oM, ecTh OCHOBaHHE CYHTATh, 4TO y ropoxa
SAUHTHAR PCAKLHA NPOABIACTCA B CBA3BIBAHHMH
KaAMHs NPEHMYINECTBEHHO COCTMHEHHAMH, CO-
aepxauumn SH-rpynnst.

Konnentpauns kaamus B 3epe nmenums
cocrasnser 10-30% ot conepxanns B crebae.
PacTeHHA Pa3BHBATHCE HOPMATHHO H OGPAIOBL-
BAJIH 3CPHOBKY TIPH CONCPKAHHH KaJMHA B NOYBC
20 0.5 Mrr™. Tlpu Goice ciibHOM 3arpa3HERHH
TIOSBHI NIEPCCTABATH OGDAIORKIBATECA CPHOBKH, a
TIPH CONEPAKaHHH KaJMHA B [I0YBE, NPEBbIMIABLICM
0.7 Mr&r, HaGTiORaNCA HEKPO3 KOpHEH Ha cTamuu
(bopmupoBanns konoca.

Metonom BOXKX nokasano, 4to npu ysenn-
HEHHH CONCPKAHHA KAIMHA B [104BE H B PACTCHHH
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HaGIIIOAACTCA YBENHUCHHE CONeXAHMS TPHLHHA
B CTEONAX M JTHCTEAX MINEHHILEL. Konuentpanun
APYTHX COCMHEHHH KTacca MOTH(EHONOB HaMe-
HSAIOTCA crlabo.

3akmouenne

Tposeneno conocrasnenue abnioxeHui 3a
Pa3BHTHEM APYTKH, FOPOXa H NIIEHHLIbI C Pe3yIIETa-
TaMH XHMHEYECKOrO aHAIH3a PA3HEIX OPraHOB STHX
PACTCHMi, BEIPALLEHHEIX HA TI09BAX C MOBLILICHHAIM
conepxaHueM KaaMua. JUIA ONpencneHns KanMus
H OPraHHYECKHX COCAMHEHH, BHIDAGATHIBACMBIX
PacTeHHAMH MPH MOCTYIICHHH B HHX H36BITOY-
HOTO KOJTHYECTBA 3TOTO H/1CMEHTA H3 TIOUBHI, HC-
TI0b30BaHEI METOb AFIKOCTHON XpOMATOrpa b,
Macc-CrieKTPOMETPHH, PEHTTeHO-(I1yOpeCIieHTHOro
anamuza i Y crieKTpocKomi.

YeraHoBiCHO, YTO passuTHE APYTKH HE Hapy-
WACTCH NPH CONePAARKH KaaMis B nowse ot 0.1 10
2.0 urkr-'. Topox nepectaet 06pa3ossIsaTh MIOAL!
TIDH PEBBIIICHHH NOPOTOBOrO 3HadehHs 1.0 Mrkr!,
A IUICHHIA NONHOCTBIO YTHeTaeTcs BILIOTH 10 He-
KpO3a KOPHeil IDH COJCPKAHMH KaIMHS B MOYBE,
npesbiaomem 0.7 Mrxr-',

Toka3ako, 4T0 B NMICHHLC KAAMHIi CBAIBIBA-
€TCs ¢ MOMMBEHONAMH (B OCHOBHOM C TPHIHHOM),
B FOPOXE — C COCAHHEHMAMH, CONCPKALIMMH
THOAbHEIE TPYNITIB (B TOM YHCIIE ¢ 3AMEIIEHHbIM
LHCTCHHOM), A B APYTKE — KaK ¢ HOTH(CHONAMH,
TaKk i C THONAMH.
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[IpOBEAEIIO CPABHEHIC BLIABIEHHEX 3AKO-
HOMepHOCTCHl ¢ PE3YIBTATAMH ONpEACICHIA YC-
TOHYHROCTH KOMIIIEKCHBIX COCIHHEHMI KaIMHA
B MONE/TBHBIX CHCTEMAX (C TPULLMHOM, KBCPIETH-
HOM, LUHCTEHHOM, AUCTHILHCTEHHOM H THOITH-
JCHITIMKONEM), TIOTYUEHHEIMH paKce MeTolomM Y
criekTpockomiH. CpaBHEHHE Pe3y.TBTATOB NI03BOASCT
3aKIIOYHTE, 4TO THONBHBIE TPYMIIbI BHIIOTHAIOT B
H3YHEHHBIX PACTCHHAX QYHKIMIO QHKCALMH Kaj-
MHA, @ GEHONBHBIC COCAHIEHHA CNOCOGCTBYIOT
HepEMEILEHHIO KaMHA 110 PACTEHHIO.

Asmopsi Gnazodapwst npo. J1A. Bapaxmenooii
30 NEPBOHANARLHYIO NOCMANOBKY NPOGIEMbI (Kad~
MUEB020 CIPECCAy NULeHUbl U uHMEpeC K pabome,
k. p-at. 1. T A. Kosanckoti 3a 6binoHenEe aHanusos
penmzeno-ghuyopecyenmuizt xemodow, x. 6. n. EH.
Kuposy u . h-m. n. IO.H. Cariconosy sa nonesusie
obcydmcoentun u sameuanus. OmOeTsHbIE USMEPEHUR
obpazyos nuienuts Memodom GYMadCHO Xpoma-
mozpacuu sononensi O.B. Bacanosus.

‘PaGoma svinonnena npu unancosoii nodde-
powke Poccuiickozo ®onda Pynoarenmansusix
uccnedosanuii (npoekm Ne 02-05-64816-a)
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