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PHYSIOLOGICAL BARRIERS IN ABSORPTION OF COPPER, ZINC
AND MANGANESE BY PLANTS FROM SOIL IN THE PLAIN PART OF THE ALTAI REGION

KnroyeBbre cnoBa: muKposnemeHTbl, MoraoLye-
HME pPacTeHMSIMU MeAM, UMHKA, MapraHua, MH-
OPMaLMOHHO-NOrMYECKMI aHanu3, U3nonoru-
vyeckme 6apbepesl.

M3yyeHbl 3aKOHOMEPHOCTH MOCTYMreHUs OTAElNb-
HbIX MMKPO3MEMEHTOB B PacTEHWsi B 3aBUCUMOCTH OT
copepaHus ux B nouyse. OCHOBHbIMM OBBbEKTaMM
uccnepoBaHus 6binM 30HaNbHbIE MOYBLI M €CTECTBEH-
Hasi pacTuTenbHoOCcTb. MccnepoBsaHms npoBogunmcb Ha
TEPPUTOPUM ANTANCKOro Kpas B 30HAX KaLUTaHOBbIX
nous cyxoi crenn (KynyHgmHckasi cTenb), yepHo3e-
MOB OBbIKHOBEHHbIX M BbILLENOYEHHbIX 3aCYLLTMBOM M
konouHom creru (Mprnobckoe nnaTo), BbILENOHEHHbIX
4EPHO3EMOB M CEPbIX MECHbIX MOYB CPEefHeN neco-
crerm (Buncko-YyMmbliwickas BO3BbILLEHHOCTb). MuK-
[PO3MEMEHTHBbIN COCTAaB MOYB M PACTEHMM YCTaHaBMM-
Bancs C MOMOLLBIO OBLLENPUHATBIX meToaoB. [lpu
M3yYeHUM MOBENEHUS MMKPOINEMEHTOB B CUCTEME
MoOYBa-PacTEHMS  MCMOMb30BaNcs MHMOPMALMOHHO-
normyeckmn aHanms. MccnepoBaHue noBeneHusi MMK-
poanementos (Cu, Zn, Mn) B cucTteme nousa-
pacteHus ANTaMCKOro Kpas BbisBUNKM Hamuume 6Hapb-
€PHbIX MEXaHM3MOB Yy PAacTeHMH MO OTHOLUEHWIO K
60rbLUMM KOHLLEHTPALMAM COAEPIKAHMUS MX B MOYBAX.
YcTtaHoBneHo, 4To HapbepHble MEXaHW3Mbl y pacTte-
HUMM ANTANCKOrO Kpas HaYMHAIOT MpPOSBAATLCS MPK
BarloBOM COQEpXaHuu B nouee: megn — 6onblue
40 mr /kr, upHka — 6onbwe 50, mapraHua — 6onbLie
1400 mr/kr. CopepiKaHue B pacTeHUsX mepM, LIMHKA
M MapraHua nog, BrMSHMEM M3ObITOUHbIX KOMMYECTB
MMUKPO3MEMEHTOB B Nnoyse 1 HapbepHbIX MEXaHM3MOB
CHWKaeTcs: y Megn — po < 6 Mr/Kr, umHKa —

po < 30, mapraHua — go < 100 mr/kr.
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BeepneHue

CospaHue ONTMMAanNbLHOrO peXKMma ans nuta-
HWUS pacTeHMi NpeaycMaTpuBaeT Hanuuue cBe-
aeHnM o6 obecneyeHHOCTM MX HE TOMbKO MaK-
PO3MIEMEHTaMM, HO U MUKPO3MIEMEHTAMM C yye-
TOM COQEep)aHus MX B MNOYBE M MOBEOeHUs B
cucTeme nousa-pacTteHve. BakHO BbisicHUTb pe-
AKLUMHIO paCTeHMﬁ HAa MUHUMAIbHbIE U MAKCU-
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The regularities of the absorption of certain trace
elements by plants depending on the element con-
tent in soil are discussed. The zonal soil and the nat-
ural vegetation were investigated. The studies were
conducted in the following soil zones of the Altai
Region: chestnut soils of dry steppe (Kulundinskaya
Steppe); common and leached chernozems of arid
steppe and forest-outlier steppe (Priobskoye Pla-
teau); leached chernozems and gray forest soils of
the central forest-steppe (Biysko-Chumyshskaya Upl-
and). The conventional methodology was used to
define the trace element composition of soils and
plants. Information-logical analysis was used in study-
ing the behavior of trace elements in soil-plants sys-
tem. The study of the trace elements (Cu, Zn, Mn)
behavior in soil-plant system of the Altai Region re-
vealed the presence of barrier mechanisms in plants
related to high concentrations of the above elements
in soils. It is found that the barrier mechanisms in
plants of the Altai Region begin to reveal at the fol-
lowing total content in soil: copper content greater
than 40 mg kg, zinc content greater than 50 mg kg,
and manganese content greater than 1400 mg kg.
Copper, zinc and manganese content in plants under
the effect of excessive trace element content in soil
and the barrier mechanisms is reduced to the follow-

ing: copper up to < 6 mg kg; zinc up to < 30 mg
kg; and manganese up to < 100 mg kg.
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MarbHble COAEPIaHUs I3MNEeMEHTOB B MO4YBE, M
KaKOBbl rPaHuLbl 3TUX COJEPIKaHui. DTO Heob-
XOAMMO [N BbISIBIIEHMS HEJOCTaTKa Mnu u3bbIT-
Ka Ans PacTeHMHM TEX MMM MHbIX MMKPO3MEMEH-
ToB. MU3yyeHne noBepeHuss M36bITOYHbIX KOMM-
4YeCTB 3NIEMEHTOB B MOYBE Afs PACTEHWUM MMeeT
BorbLIOe 3KOMOrMyecKkoe 3Ha4yeHue, T.K. HEKOo-
TOPbIE€ MMKPO3INEMEHTbI OTHOCATCA K TAMXEIbIM
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METanNNam M Npu BbICOKOM COLEPIKaHWM B MOYBe
MOTyT HaHecTu Bpep, pactenusm. Ewe 6onblumi
BpEeL PacTEeHUsSIM MOTyT HaHeCTH MHKpoyaobpe-
HUSl, MPUMEHSIEMbIE Ha MOYBAX C BbICOKMM CO-
LDEepXXaHMeM 3ITHX MuKpoanemeHToB. Pabora
MOCBSILLLEHA BOMPOCY BbISBEHUS 33BUCMMOCTH
HaKOMMEeHUs] MUKPO3NEMEHTOB PacTEHMEM ecTe-
CTBEHHbIX BMOreoLEHO30B OT COAEPIKAHMA MX B
noysax AMNTaMCKOro Kpas M mayudeHuro Hapbep-
HbIX MEXaHM3MOB PACTEHMHM MO OTHOLUEHMIO K
HEKOTOPbIM M3 3nemMeHToB. D10 Byper cnocob-
CTBOBaTb MPAaBUIILHOMY PELLEHMIO BOMpPoOca o
HEoBbXOAMMOCTH MPUMEHEHUS MUKPOYH06peHui
B KOHKPETHbIX YCMNOBMUSX.

Lienb paboTbl 3akniouyaeTcss B M3y4YeHMM 3a-
KOHOMEPHOCTEN MOCTYMMEHMS LMHKA, Megu M
MapraHua B pPacTeHus B 3aBUCMMOCTM OT CO-
LEep>KaHusi MX B MoudBe.

O6beKTbl U MEeTOAbI MCCNIeAOBaHMM

MccnepoBaHne npoBegeHo Ha TeppuTOopuH
AnTaNcKkoro Kpas B npegenax npupOgHbIX 3O0H:
KawTaHoBbix nous cyxom cterm (KynyHguHckas
CTemnb), YePHO3EMOB OBbIKHOBEHHbIX U BbILLLENO-
YEHHbIX YMEPEHHO 3acyLUMMBOM M KOMOYHOM
crenn (Mpuobckoe nnarto), BbIWENOYEHHbIX
4EepPHO3EeMOB M CEepbIX INECHbIX MOYB CpeAHeH
necocterm  (Buiicko-Yymblwckas  BO3BblEH-
HOCTb). OCHOBHbIMM OBBEKTaMM MCCIepoBaHMs
6bInM 30HanbHbIE MOYBbI M PACTUTENBHOCTbL €C-
TecTBeHHbix 6uoreoueHosos. [ns BbigsneHus
B3aMMOCBSI3M MENAY COAEpPXKaHUeM Megu, LMH-
Ka M MapraHua B MNoO4YBax M pacTeHUsX ecTecT-
BEHHbIX 6uoreoueHo30B 6binl MCNOMNb30OBaH MH-
dopMaLMOHHO-NIornyecknit metop, [1].

Pe3ynbTaTthl MCCiefOBaHMH

SlBneHus orpaHM4eHHOro NOCTYyMneHus B pac-
TEHUSI XMMMUECKUX 3NEMEHTOB Habnroganucb ps-
pom ydenbix (Konocos, 1963; BbypkuH, 1968;
Manbrud, 1968; CrnumugbiHa, 1992; TkaueHko,
2000). BbInO ycTaHOBMNEHO, YTO CBA3b MEXAY
cofepKaHMEM MUKPO3MEMEHTOB B PACTEHUsIX M
no4se 4acto 6biBaeT KpueonuHenHon [2-7]. lMo
MHenuto  A.B. Koanesckoro, copeprkaHue
3MEMEHTOB B PACTEHUsAX MPM MarbIX KOHLEHTpa-
LUMSX MX B MO4YBax cHavana pacteT, a 3aTeMm, no-
cne  JOCTMXEHMsI  OMpPeneneHHoro  YpPOBHS,
YMEHbLLAETCs,, 4YTO OOBACHAETC HanuuMem Yy
pacTteHui dusmonormdeckux bapoepos [6]. MNpu
YBEIMYEeHUM KOHLEHTPALMM XMMMUHECKMX 3MEeMeH-
TOB B MOYBE MX COLEPIKaHMe B PaCTEHusX nocne
LOCTUXKEHMS Mpeperna NormnoLeHns He ocTaeTcs
MOCTOsIHHbIM, a yMeHbluaetcs. Mpu atom Mex-
LYy cofep)aHMeMm 3remeHTa B Mno4yBax M pacTte-
HusXx Habntogaetcs obpaTHO npornopuMoHarbHas
3aBucumocTb [6]. B uenom, y aton 3aBUCMMOCTH
BbIOENAOTCH ABA AMana3oHa: ogyH COOTBETCTBY-
€T HUM3KOMY COLEPIKAHMIO 3NEMEHTA B MOYBE M
NPSIMOM MPOMOPLMOHANbLHON 3aBUCMMOCTH, APY-
rol — BbICOKOMY COLEPIKAHMIO 3NIEMEHTA B MOY-
Be M OBpaTHO MPOMOPLMOHANBHON 3aBUCMMOCTH

MEXJAY COAep)aHMeM 3reMeHTa B MoYBax M
pacTeHusx.

®aKT OrpaHMYEeHHOro MOrnoLEHNs MMKPO-
3MEMEHTOB PACTEHMSIMM Mbl YCTaHOBMNM C MO-
MOLLbIO MHPOPMALIMOHHO-NTOrMYECKOro METOAa,
NMO3BOJSIMBLLErO COMOCTaBMTb COMPSXKEHHble AaH-
Hble O COAEPaHUM 3NIEMEHTOB B MOYBE U ecTe-
CTBEHHOM PAaCTMTENbHOCTM AnNTaMCKoOro Kpas
(puc.). Bbino ycraHoBneHo, 4TO NPM OTHOCH-
TEMbHO HM3KOM COAEPMAHMM MeAM, LUMHKA M
MapraHua B Mo4Bax, Kak rnpaeuno, Habniopaetcs
npsiMasi NPOMopPLMOHAanbHas 3aBUCMMOCTb MEXK-
AY 3TMM [MOKasaTenem M COJEpPMaHMEM MX B
pactenusx. lMpu LWMpokom puanasoHe copep-
YaHUs MMKPO3NEMEHTOB B nouse Habnropaetcs
napabornuyeckas 3aBUCMMOCTb MEXAY 3ITMMM
MoKasaTensiMM U COAEPIKAHMEM MMKPOINEMEH-
TOB B pacTeHusix. o ecTb yBenuyeHue copep-
>KaHWs B MOYBE 3NIEMEHTA CBbilLe onpepeneHHo-
ro npepena CoMPOBOXAAETC OrpaHUiYeHUEM
MOCTYMNNEHUsl €ro B PacTeHus, B CBA3M C HanM4u-
eM B HUX dom3uonoruyecknx bapbepos, KoTo-
pble obecneuvBaloT nopdepIKaHME B TKaHX
pacTeHuit ONTMManbHbIX KOHLLEHTPALUMM 3MeMmeH-
ToB. [Mpu oTtcytcTBuM 6apbepoB B >KM3HEHHO
Ba>KHbIX TKAHsAX PAacTeHMM HaKanmnMBaroTCs TOKCH-
YeCKMe KOHUEHTpaumu, npusogswme K rubenu
pacTteHuii. B npouecce aBontoumn y pacTeHmi
chpopMHpPOBanMCb  MEXaHM3Mbl  BNOKMPOBaHMA
MOCTYMNMNEHUS M3MMLLUHMX KOMMYECTB MMKpPO3ne-
MEHTOB, 4TO obecneynBaeT HOPMAmbHYIO >KM3-
HepeaTenbHOCTb PAcTEHUNM.

Hawm uvccnepoBaHus mokasanu, 4to B ycno-
BUSX ANTaMCKOro Kpas 3aBMCMMOCTb MEXAY CO-
AEPXKAHMEM OSMEMEHTOB B PAaCTEHUsX M MoyBe
napabonuyeckas (puc.).

Tak, nNpsmoi NponopLMOHANbHOM 3aBUCUMO-
CTM MEX[AY COAEP>KaHWeM LMHKA B PAaCTEHMsX

(o1 < 200 po > 40 mr/Kr) cooTBeTCTBYET Bano-

Boe copepxaHume ero B nouse ot < 30 po
50 Mr/Kr u copepiKaHue MOABMIKHbIX POPM B
nouse ot < 0,6 po 1,2 mr/kr. MakcumManbHOMY
copepaHuro UupMHKa B pactenusix (> 40 mr/kr)
COOTBETCTBYET €ro BarioBOE COAEPIKaHue B
nouse 30-50 mr/Kr u copepr<aHuto B no4se ero
nopBuxHbix dpopm ot 0,9 po 1,2 mr/kr. du-
3uonornyeckmii Hapbep U orpaHuHeHue MocTyn-
neHus umHKa po < 40 mr/kr HabnroparoTcs npu
YBENUYEHWM ero BarioBOro COAEpP’KaHus B Mnouse
6onbwe 50 Mr/Kr u copepikaHus B nouyse Mnop-
BMXHbIX popm > 1,2 mr/Kr.

Mpsmol nponopuMoHanbHOM  3aBUCMMOCTH
MeXay CcofepXaHMemM Megu B  pacTeHusx
(ot < 4 po > 8 Mr/Kkr) cooTBeTCcTBYET Banosoe
copepxaHue ee B noyse ot < 30 go 40 mr/kr u

copep)aHue B Nno4yse MOABMMKHbIX Popm OT < 3
o 5 Mr/kr. MaKkcumanbHOMy copgepiaHuio
mepu B pacteHusix (> 8 mr/Kr) cootsercreyeT
ee copepxaHne B rnouse oT 30 po 40 mr/kr u
COOEPXaHUO B MOYBE MOABMMKHBIX (POPM OT 3
Ao 5 mr/kr.
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Puc. 3aBucumocTs copeprKaHms UMHKA, MapraHua u meamn B pactenmsx (I, mr/kr)
or Banosoro cogepxanus B nousax (N, mr/Kr) u cosepyanms B HuX NoaABHKHbIX ¢popm (n, mr/Kr)

MOusmonormueckun bapbep M oOrpaHuHeHHoe
nocTyrnneHue B pacTeHus megu B nouse (go

< 6 Mr/kr) HabnroparoTcs Npu yBEMUYEHWUM Ba-

MOBOro cofepanHus medu B novse > 40 mr/kr
M copep’KaHMe B TMOYBE MOABUMMKHbIX OOPM
6onbe 5 mr/kr.

Mpsmas nponopuMoHanbHas  3aBUCMMOCTb
MeXAy CcopepKaHMeM MapraHua B PacTeHusx

(ot < 50 po > 150 mr/kr) Habniogaetcs npm

BarNoOBOM cofepXaHun ero B nouse < 600-
1400 Mr/Kr v npu cOpepXaHuWu B MO4YBE €ro

nogsuxHbix cdopm ot < 80 po 160 mr/kr.
MakcrmanbHoe copeprkaHMe mapraHua B pac-
TeHusx (> 150 Mr/Kr) cooTBeTCTBYEeT BariOBOMY
copepxanuto ero B nousax 1000-1400 mr/kr m
COfEepPKaHUIO B MOYBAX €ro MOABMXKHbIX (POPM
120-160 mr/kr. usmonormuueckuii Hapbep u
orpaHuMyeHHoe MOorfolLeHMe MmapraHua pacTe-

Husimm po < 50 mr/kr HabnroparoTcs npu Bano-

BOM cofiepxaHun ero B no4yse > 1400 mr/kr u
copepixxaHun B no4yse noABUMHbIX CbOpM

> 5 Mr/kr.
BuiBOAbI

1. UccnepoBaHue noBepeHUs MMUKPO3NEMEH-
toB (Cu, Zn, Mn) B cucteme no4ysa-pacTeHus B
OCHOBHbIX MPMUPOJHbIX 30Hax AMNTaMCKOro Kpas
BbISIBUIIM Hanuume 6apbepHbiX MEXaHU3MOB Yy
pPacTeHui NO OTHOLUEHUIO K BOMbLUMM KOHLLEH-
TPauMsaM COOEpPaHusl UX B MOYBAX.

2. bapbepHble MEXaHU3Mbl Y PacTEHMM Haum-
HalOT NPOSBNATLCS NPU BArlOBOM COAEPMaHWM B
nouse: megn — 6Gonbwe 40 Mr/Kr, umHKa —
6onbwe 50, mapraHua — 6onbwe 1400 mr/kr.

3. CopepixaHne B pacTeHMsX MeaM, LMHKA M
MapraHua nog, BfMSIHUEM M3BbITOYHBIX KOSM-
YECTB MHMKPOINEMEHTOB B MnoyBe U BapbepHbix
MEXaHU3MOB CHMXKaeTcs: Yy MmMegu — [o

< 6 mr/kr, umHka — go < 30, y mapraHua — go
< 100 mr/kr.
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YOK 631.4

dapm3 MHKaHbINOB
Fariz D. Mikailsoy

MOAEJIMPOBAHUE HEKOTOPLIX NMOYBEHHBLIX NMPOLLECCOB

MODELLING OF SOME SOIL PROCESSES

KmoveBbre cnoBa: knaccuukaums Mmogaenen,
IMMUPUYECKHE, MoJlyIMNUPHHYEecKne m Teopetnye-
CKne mogesim, maremarmyeckoe mogesimpoBaHme,
TernjornepeHoc B no4yse, rnepeHoc coJsies B noyse.

HoBoe HayuHoe HampaBrnieHuMe — no4BeHHas Mmare-
MaTHKa NOSBMIOCH B AOMOSHEHME K KMacCMYECKOM Hay-
Ke Ansi MCCrefoBaHMM MOYBEHHbIX (PU3MUECKMX U Buo-
XMMMYECKMUX MPOLLECCOB M MX B3aMMopencTeus. B npo-
LUMIOM MAaTEMAaTHKa MCronb3oBarnacb B MOYBOBEAEHWUM
TOMBbKO B BEPOSTHOCTHbIX FMMOTE3aX M CTATUCTUHECKMX
meTogax. B Hactosiee Bpems, bnaropaps nporpeccy
TEXHOMOMMM M MOBbILEHMIO NOTPEBHOCTM B MpPOAyKTax
MUTaHWs, HEKOTOPbIE HAMPAaBMEHWUs MATEMAaTHKM, Takue
KaK YMCNEeHHbIM aHarms, audpdbepeHumarnbHbie ypaBHe-
HUs KpanHe Heob6XOpMMbl AN PELUEHUs Pa3fMuHbIX 3a-
[ay B COBpeMeHHOM mnousoBegeHun. HecmoTps Ha To,
4YTO B MPOLUIOM MaTeMaTHKa MPMMEHSNacb TOMbKO Ans
OLLEHKM 3IMMMUPUYECKMX BaHHbIX, BEPOSTHOCTHbIX MOAXO-
[OB M CTaTMCTMHECKMX MPOLERYP B MOYBOBELEHWUM, Ma-
TEMATMHECKOE MOMENMPOBAHME HA CErofHSILLUHMA AeHb
npepcTaenser cobor orpomHbi uHTepec. Llenb mare-
MaTMYECKOrO MOLESMPOBaHMsl B MOYBOBELEHMM — Ofl-
penenTb HOBblE HaMpaBfieHusi B Pa3BMTUM MOYBOBEfE-
HuM. PaspaboTka maTemaTMyeckod MOOENM Ba)KHa He
TOMbKO AfIsi MOYBOBELAEHMs, HO TaKXKe M Afs muccnepo-
BaHWM npoueccos rrnobansHon 6uocdepbl. Matematu-
YecKoe MOAENMPOBAHME MOYBEHHBIX MPOLLECCOB — 3TO
HOBOE fiBrieHMe B Hay4yHOM mccnegoBaHmm. OHO paseu-
Baetcs ¢ 1950 r. 6naropaps nporpeccy KommnbtoTep-
HbIX TEXHOMOTMH M MOAEINMPOBAHUIO KOMMNEKCHbIX AM-
HaMMHECKMX cucTeM (cucTemHbii aHarmms). Hecmotps
Ha TO, 4YTO no4Ba, OBBLEKT MOMENUPOBAHMS, SBMSETCS
CIOXHOM CUCTEMOM, MaTeMaTHMHeCcKoe MOLENUPOBaHKE
MouYBeHHbIX npoueccos bbicTpo passusaetcs. Llenb
3TOr0 WCCNEAOBaHUs — MPOAHAaNM3MpPOoBaTb COBPEMEH-
Hble MOAXOAbl MAaTEMATUYECKOTO MOBENUPOBAaHMS, MC-
norb3yemble B HEKOTOPbIX MOYBEHHbIX MpPOoLEeccax,

MMUKAMBINOB Mapus, f.c.-X.H., OOLEHT, Kad. nou-
BOBEMAEHUS M MUTaHWUsl PACTEHMM, (PaK-T CENMbCKOro
xo3ancTtea, Yuusepcutet Cenbuyk, r. KoHbs, Typeu-
kas pecnybnuka. Ten.: +905059688288. E-mail: fa-
rizm@selcuk.edu.tr.

NPOA.EMOHCTPHPOBATbL pa3spaboTaHHbIx

HaMM mMopenem.

npMMeHeHne

Keywords: classification of models, empirical,
semi empirical and theoretical models, mathematical
modeling, heat processes in soil, salt transfer in soil.

In addition to recent other classical science, to
investigate physical and biochemical processes and
their interactions, new scientific interest, soil mathe-
matics, has been developed. In previous, mathemat-
ics used to apply in soil science for only possibility
hypothesis and statistical methods. In present, due
to the advances in technology and increase in food
demands, some mathematical branches such as nu-
meric analysis, differential equations is inevitable for
solving various problems in modern soil science. In
past, although mathematics was only performed for
evaluation of empirical data, possibility approaches
and applications of statistical procedures in soil
science, nowadays mathematical modeling has great
interest. The aim of mathematical modeling in soll
science is to determine new developments in soil
science advances. Developing mathematical model is
not only important for soil science but also very im-
portant in investigations of global biosphere
processes. Mathematical modeling of soil processes
is @ new research interest and has started since 1950
due to the advances in modern computer technolo-
gies and modeling of complex dynamics systems
(system analysis). Although soil, object of modeling,
is a complex system, recently mathematical modeling
of soil processes has rapid advances. The aim of this
research, therefore, is to analyze current mathemati-
cal modeling approaches used in processes of some
soil processes to demonstrate the applications of our
developed models.
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