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Abstract. Mathematical models are an efficient tool to find the optimal solution, the adequate description of
the process of soil contamination with xenobiotics, forecasting the effects of violations of soil processes and the
selection of the optimal strategy of biological remediation (bioremediation and phytoremediation).

The article analyzes the methodological approaches to the modeling of the destructive effects of pollutants that
can negatively influence on an ecological situation, and analyzes the possibilities of mathematical modeling of
bioremediation and phytoremediation soils contaminated by xenobiotics. Is described achievement of mathematical
modeling in the field of environmental biotechnology? Basic attention is given the conceptual basis of the models
under consideration and interpretation of simulation results.
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AnHOTamms1. MaTeMaTHIECKHE MOJCTH SBILTHOTCS 3()(DEKTHBHBIM HHCTPYMEHTOM, KOTOPBIC IO3BOJLTIOT HAUTH
ONTHUMAJILHOC PCIICHHE, AJCKBATHOS OMHCAHHE MPOLECCA 3arPsS3HCHUS MOYB KCCHOOMOTHKAMH, MPOTHO3ZHPOBAHKC
TIOCIICICTBUH HAPYIUCHUS MOYBEHHBIX MPOLECCOB W BBHIOOP ONTHMAIBHOM CTPaTeruu OHOJOTHHECKON peMeaualny
(OmopeMeauanue 1 (PUTOPSCMETHALIHH).

B cratee mpoBeAcH aHATM3 METOIOMOTHUCCKUX MOIXOAO0B K MOJCITHPOBAHUIO ACCTPYKTHBHOTO
BO3ACUCTBHS  3arpsA3HUTCACH, OTPHULATCABRHO  BIMUAIOIIUX HA  JKOJOTHUCCKVIO CUTYALMIO, |
MPOAHATU3UPOBAHB BO3MOXKHOCTH MAaTEMATHYCCKOIO MOJCIHPOBAHUS MPOLECCOB OHOPEMEIUAIlUA U
duTOpEeMEIUALIMN TIOYB, 3arpsi3HCHHBIX KCeHOOMOTHKamu. QnucaHbl JOCTHKCHHUS MATEMAaTHYCCKOTO
MOJACIUPOBAHUS B OOJACTH OKONOTHYCCKOW Ouotexnomoruu. (CHOBHOC BHHUMAHHC VACICHO
KOHILICTITYJTBHOW OCHOBC PACCMATPHUBACMEBIX MOJCICH M HHTCPIPETALIMH PE3VIBTATOB MOACTUPOBAHU.
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HNayuenne 0coOCHHOCTCH BIHSHUS KCCHOOWOTHUKOB HA OHOJIOTHUCCKHE TMPOLECCHl B TMOYBE H
MCXAHU3MOB YCTOMYHBOCTH PACTCHUH K TOKCHUKAHTAM SIBISICTCS HAYYHOH OCHOBOH IMpH Pa3pabOTKe
TEXHOJIOTHH TPEJOTBPAINEHUS HETaTUBHBIX IIOCICACTBHH 3arpsA3HEHHI M METOJMOB IPOTHO3ZHUPOBAHU
3KOJIOTHUECKOTO pHCKa 3arps3HeHus nous [1]. BaxHocTs pa3palGoTky MpPOTrHO3UPOBAHHS BO3MOMKHBIX
PHCKOB  CBSI3aHO C BO3PACTAIOIIHM 3arpsA3HCHHEM TIOYBBl  KCCHOOHMOTHUKAMH MPEATPUSITHI
arpompoMBIIIJICHHOTO W HE(Tera3oBoro  KOMILICKCA, TOPHOPYOHOH U mepepadaThlBaroLIcH
MPOMBIIIICHHOCTH, BOCHHO-UCTIBITATCIBHEIMHI NOTUroHAMHU. [[0UBEI BOKPYT 3THX TCPPUTOPHH COACPIKAT
B HECKOIBKO pa3 MPEBHINAKOIIUE NPEACTBHO JONYCTHMBIC KOHLCHTpaUHH HE(TEIpoayKToB,
MTOJIAITUKIMYECKAX APOMATHIECKUX U FAIOTEHUPOBAHHBIX VIIIEBOJOPOIOB, PATHOHYKIHIOB, TECTHIINIOB,
TSDKENBIX METAILIOB [2-4].

Tak, k npumepy, moussl Bocrtouno-Kazaxcranckonn obmactu sarpssuensl Zn, Cd, Pb, Cu B
PE3yAbTATE NIUTEIBHOU ACATCIBHOCTH METATUTYPIUYCCKUX KOMONHATOB B 3eIpsiHOBCKE, Puanepe u Yers-
Kamenoropcke. B mouBax saepHOro MOMHroHa W MPOMBILIICHHBIX npexnprsTail r. CeMumaniaTuHCKa
comepkanue Zn B 7.4 paza, Pb — B 9,9 paza, Co — B 2,4 pasza, Cr — B 1,7 paza 0o.biie mo CPaBHCHUIO C
ux ¢oHOBBIM coaepkaHueM  [5]. Beicokas KkOHLEHTpamms psAa TOKEIBIX METAIOB B IOYBC
OTPHUIIATENIFHO  OTPAKACTCA Ha VPOBHE VPOXKAMHOCTH M KaueCTBE PACTHTEIBHOW mpoaykiuu. B
3HAYHUTEBHOW YacTH PACTUTEIBHBIX MPOO COACPIKAHUE TSDKEIBIX METAIOB MPEBBINACT JOMYCTUMYIO
konueHTparuio (IIIK) B 2-3,5 pasa [6]. HccneaoBaHust mo4Bbl BOKPYT CKIQJCKUX MOMCHICHHH B
AnMaTUHCKOH M AKMOJNHMHCKOH 00IacTed MOKA3aiH, YTO OHH 3arpsA3HCHBl CTOHKHMH OPTaHHYCCKUMH
3arpsa3HUTEIsIME, B YacTHOCTH Metadomutamu T (muxmopaudenuntpuxmoparan) u uzomepamu I X
(TeKCaxXTOPIUKIIOTCKCaH), KOHLCHTPALMH KOTOPBIX MPEBBIIAIOT MNPCACIBHO-JOMYCTUMBIE HOPMEI B
JeCATKH U coTHH pa3 [7]. OnacHOCTh KCCHOOHMOTHKOB 3aK/IFOYACTCS B TOM, YTO MHOTHE M3 HUX ¢1a0bo
Jerpaaupyrorca B npupoxHod cpexe. Hampumep, mepmox amerpagamwm nuHKa cocrtaBmger 500 nmer,
kaamust — 710 1100 met, meau — o 1500 nmet, cunna — ot 740 1o 5900 net, meraboautst T, uzomepst
I'XUI' — a0 70 mer [2]. Bricoknc KOHICHTPAMN TKCIBIX MCTALIOB M CTOHKHX OPTaHUYCCKHUX
MECTUIUIOB B MOYBC OONAJArOT MyTarcHHBIM M KAaHUCPOTCHHBIM S((PEKTOM H CHOCOOHOCTBIO K
Ouoakkymymsinmu u Ouomaraudukanud. OHH CMOCOOHBI MEPCHOCHUTHCS HA OOJBIINE PACCTOSHUS B
atMocdepe, BHINAIATh COBMECTHO € OCAAKAMHU HA YIAICHHBIX TCPPUTOPHSAX H 3arpsA3HATh IMOJ3CMHBIC
BOJBI K U3MCHATh KAYCCTBCHHBIM COCTAB MOYBHI [§].

OmHuM U3 €cHOCOGOB VIIYUIICHHS 3KOIOTHYCCKOH OOCTAHOBKH M NPEAOTBPALNCHHS HETATHBHBIX
MOCJICACTBUI 3arpsI3HCHUS CPEIbl KCCHOOMOTHKAMH HA SKOCHCTEMY SBIISACTCS PEMEIUALIMH.

Croco0bI BOCCTAHOBJIEHHS TEXHOT€HHO-3arPsiI3HEHHBIX MOYB

Pemenuanms 3arpsa3HCHHBIX KCCHOOHMOTHKAMH TMOYB/BOABI — 3TO NPHOPHTETHOC HAIPABICHHE B
o0JacTy OXpaHbl OKpysKaromei cpeasl. B HacTosee Bpemst cyiiecTByer 00jiee 27 THNOB TEXHOJOTHH
OYHUCTKH 3arpsA3HEHHBIX 3eMENb ¢ IOMOLIBIO (PH3UKO-XUMHIICCKHX U OHOTEXHOMOTHYSCKUX METOI0B [9].
Ilpu ucnonp3oBanuy (HUIMKO-XUMHUCCKHX METOJOB PEMEIHAIIMHM 3arpsS3HCHHBIA TPYHT H3BJICKAIOT,
H3MENBYAIOT, TOMCLIAIOT B CICLUANBHBIC KaMepbl, IAC HPOBOAAT JUOO XUMHUYCCKYIO JKCTPAKLIHIO
3arps3HeHUs, auO0 ero BbiMbiBaHue. [IpuHATO cumrtaTh, 4TO 3(PEKTHBHOCTD (HHUIHKO-XHUMHYCCKUX
METOJOB BBICOKA, TaK Kak Majo 3aBHCHT OT KOHKPETHBIX XapaKTEPUCTHK 3arps3HEHUH Cpeisl H
MPaKTHUECKW HE 3aBHCHT OT KIMMATHUECKHX VYCIOBHHM OKPYKAIOMIEH Cpeasl, OTIMYAIOTCS OT
OHOTEXHOIOTHYECKUX METOJOB, BEICOKOW CTAHAAPTH3ALUCH MPUMCHEHHS TEXHOJIOTHH, ONCPATHBHOCTBIO,
MPeACKa3yeMOCThIO pesyabTara. [lpu aTom mporece peMeuanyv MOJKHO IPOBECTH 32 HECKOJIBKO HECb
B 3aBHCHUMOCTH OT Maciutada 3arpssaeHus. OaHako GH3HKO-XUMHUYCCKIE METOIbI OKA3BIBAIOT JKECTKOCTD
BO3ACHCTBHEC HA TMOYBY M BBICOKO 3atparHbel [9]. bBoaee NEPCHCKTHBHBIMH CIIOCOOOB OYHCTKH
3arps3HEHHBIX TEPPUTOPHHM SABISIOTCS COBPEMEHHBIC VCICITHO Pa3BUBAIOIINECS W IPHMEHSIOIIHECS
OHOTEXHOIOTHUECKUE METOABI, OCHOBAHHBIC HA AKTHUBALMU MPHUPOIHBIX MEXAHHU3MOB CAMOOYHMINCHHS C
MOMOIIBIO OHOJOTMYCCKUX O0bEKTOB: OHopemenmaiwsa H  puropemeamamus. CyTe OGHOpeMEaHALH
3aKITIOYACTCd B TOM, YTO B IPOLECCE OMOOYUCTKH VBEIHYHMBACTCH CKOPOCTh €CTCCTBCHHOH MHKPOOHOM
Jerpajanvy  3arpsa3HUTEICH Cpeapl IyTEM B3aUMOJACHCTBHA C THUTATENBHBIMHM BEINECTBAMH Kak
HCTOYHUKAMH VIJICPOJa WM JOHOpPaMH SJICKTPOoHOB. [IpH 3TOM MOTryT OBITH HCIIONB30BAaHBI MECTHBIC
MHKPOOPTaHH3MbI HITH OTOOPAHHEIC CICHU(HYCCKHUE IITAMMBI, CIOCOOHBIE IErPagupOBaTh 3arps3HCHUS C
BBICOKOI CKOPOCTBIO.

CyLLIGCTByeT IBa METOJa 6I/IOp€M€,Z[I/IaLII/II/I nous ex situ v in situ. TexHomoruss OUMOOUYUCTKU ex Sifu
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BKIIOUACT OHOPEakTopbl, OHO(UIBTPE W METOABI KOMIIOCTHPOBAHMSA, a i1 sifu — OHOCTHUMYJISILIHIO,
OHOBBIXOJ M OTACTBHBIC METOABI KoMmocTHpoBanus. buopemennanus ex sifu Gonee JOporocrosmas, Yem
ouopemeamanus in sifu. Tem He MEHee, Y TEXHONOTHI JAHHOTO THIIA €CTh P MPEHMYIICCTB. OHH TPEOVIOT
MEHBIIC BPEMCHH M OOCCICUMBAIOT TONHBIA KOHTPOJb mpouecca ouucTky. [lponece yrummzanmu
3arpsizHUTeAsS npu pepmenTanuu B Guopeaktope u croumocts (Ha peiake CIIIA) ma 10-40% nHimke, uem
CTOMMOCTh ~ AHAJOTUYHOTO TPOCKTA, BBIMOJHEHHOTO (H3HKO-XUMHYCCKHMH  Metogamu |9, 10].
duropeme quanys npruodpesia OOBIIYIO MOMYISPHOCTh B MHPE U 0T00PSHHUE Y IIHPOKOH OOIICCTBECHHOCTH,
TaK KaK 3TO JKOJOTMYCCKH YHCTAas M JCLICBAas TCXHOJOTHS H TNPHMEHHMa B JIIOOBIX OSKOJIOTHYCCKH
HEONaronpusATHBIX 30HAX. PEIHOWHBIN yerex (pUTOpeMequaliy CBA3aH, B MEPBYIO OUCPEdb, C €€ HHU3KOH
CTOMMOCTBEO TI0 CPaBHCHHIO € JPYIHMMH TexHonormsavu. OCHOBHAA 1elb (UTOpPEMEIHALMOHHOM
TCXHOJOTHM — 3TO BOCCTAHOBJICHHC JCTPAAUPOBAHHBIX 3KOCHCTEM M 3arpsA3HCHHBIX TCPPUTOPHIL
HETIOCPEACTBEHHO B PaliOHE 3arps3HEHUA i7 sifu ¢ TOMOIIbIO pacteHui [11 -16].

Kputepnn BbIOOpa METOOOB OYHCTKH 3aBUCHT, MPEKAC BCErO, OT THIA KCEHOOHOTHKOB. Jlms
OGuopeMeananyy He(hTe3arpa3HEHHBIX 3KOCUCTEM YCIIEITHO NPUMCEHSIOT IITAMMBI MUKPOOPTaHHU3MOB (HX
WMHAYC HA3BIBAKOT “OAKTCPHABHBIC KOKTCIHIN ), YTHIM3UPYIOIIKE YIIICBOAOpoabl. Hampumep, OCHOBHYIO
POJIb B MPOLIECCE ACCTPYKUMU HEDTCIPOAYKTOB B IMOYBES BBIMOJHAIOT OAKTEpUH PoAoB Pseudomonas,
Azotobacter, Bacillus, ciocoOHBIC HCIOIb30BATh KOMIIOHCHTHI HE(TH B KAUCCTBE HUCTOYHHKA SHEPTHU
[17]. YcnemHo ucnonb3yioTces OaKTEpUANBHBIC Mpenaparbl AN BOCCTAHOBICHHS He(Te3arpsa3HEHHBIX
3emenb, Hanpumep, OaktepuansHbiii npenapar BUOP-AB, cospannbiii otaeiaom Ouotexnosorun OAQ
«MHHUIKOTIK», Ilepmb. Hanneni OunozectpykTop HedTu comaepxkutr (%): T'YMHUHOBBIC KHCIOTH —
65,0; kapoonoseie kucioTel — 11,0; amunokucaoter — 13,36; noaucaxapuist — 0,6; BUTaMUHBI TPyIIisl B
— 0,04; axtuBryro Mmukpodnopy (Azofobacter chroococcum, Bacillus megaterium, Pseudomonas
fluarescens) — 10,0 [18]. Mukpoopranu3msl ciocoOHB! Pa3pyliaTh MPAKTHUSCKH TIOOBIC COCAMHCHHSL
OPraHUYCCKUE WM MHHEPAIBHBIC, HO TIPU VCIOBHM MPUMEHCHHUS cMecel KynbTyp. OAZHAKO TEXHOIOTHS
ouopemenuanuu  Mano3pPeKTUBHA I HEKOTOPHIX BUAOB KCCHOOMOTHKOB, HANPUMED, MBIIIbSKA,
KagMHs, MCAH, PTYTH, CCICHA, CBHUHIA, CTOMKUX MNCCTHLHAOB H PAJIUOHYKIHUAOB H3-32 MEAJICHHOU
Jerpajanyuy uX MUKpoopranu3Mamu [19].

s BOCCTAHOBIICHHS 3arps3HCHHBIX TIOYB/BOABI JAHHBIMH KCCHOOHOTHKAMH YCIEITHO HCIOTIb3YIOT
TexHonmorun  (puropemenmanuu. CraeayeT BBLACIUTD JBA NYTH (UTOPEMEIHALMHA — TOBBILICHUC
JOCTYITHOCTH KCCHOOWOTHKA IS PACTCHUH W SKCTPArMpOBAHHE MX W3 MOYBBI TOJCPAHTHBIMH BHAAMU-
akkymysaropamu. s moBbIICHHS OHOJOCTYIMHOCTH KCCHOOHMOTHKA TPHMCHSIOTCS —Pa3IHIHbIC
XCJATUPYIOIIKE arcHThl, n3MeHeHUue pH mouBeHHOH cpeabl, OKHCIUTEIEHO-BOCCTAHOBHTEIBHEIC JOOABKH.
[Tpuuem pacTeHMs AOMMKHBI 00A3aTETBHO 007aJaTh TOICPAHTHOCTBIO K BBICOKHM KOHICHTPALUAM
KCEHOOHOTHKA, CTIOCOOHOCTBIO MX HAKAITUBATh, OBICTPO PacTH U 00pa3oBHIBaTh OOMBIIyIO OHoMaccy. B
CIIA wnccnemoBamy BO3MOXKHOCTh (DPUTOpPEMEAMALINM 3arpsS3HCHHBIX Pb MOYB M PO CHHTETHUYCCKHX
XenaToB B (UTO3KCcTpakimu Pb. [Tpu 3arpssacamn Pb 2500 wmr/kr mouBEl XenmaThl MOBBILATIH
KOHIeHTpauo Pb B cTeOmax kykypy3ssl u ropoxa ¢ 500 xo 1000 mr/xr [20].

CocraBneH mepeucHb APECBECHBIX M TPABSHHUCTHIX BHAOB PACTCHUH (THICPAKKYMYIATOPOB,
AKKYMYJIITOPOB U 3KCKIIYACPOB), UCHONB3YEMbIX Al (PUTOPEMETHALINH 3arpsi3HCHHBIX OPTaHUICCKUMH U
HCOPraHUYCCKUMH KceHOoOmMoTHKamu mnous/Boasl [21].  HMssectHo okogo 400 BuAOB pacteHuii-
THICPAKKYMYISATOPOB, MPOU3PACTAOIUX HA OOraThIX METAUIAMH TCPPUTOPHAX B TPONHKAX M CPEIHHX
muportax. Hampumep, Miscanthus x giganteus (MUCKaHTYC THraHTCKUH) 007aJacT NOTCHLHATIOM
JETPagUpOBATh OPraHWYCCKUC 3arpsS3HUTCIH, B YACTHOCTH, MOJIMLUKIMYCCKHE apOMAaTHUCCKUC
vraesogoponsl (ITAY). IlokazaHo, uTo KOpHEBEIE BKCcyaaThl M.giganteus o0nagaroT AeCTPYKIHOHHON
CIIOCOOHOCTBIO, OHHM pa3iararor mupeH u ¢eHantpeH  [22-24]. BeiBiacHo, 4T0 m0OMH(ECHOIBHBIC
COCOMHEHU (TannoBas, XIOpPOrcHoBasd M Ko(delHas kucnotel), (uaBoHOHMIB (KBEPLUETHH, PYTHUH,
KaTeXWH) MPUCYTCTBYIOME B pu3ochepe M. giganfeus CTUMYTHPYIOT POCT MHKPOOPTaHH3MOB,
vrumsupyromue [TAY [24]. danee Bug Kochea sp. Ouomerpagupyer NECTULHIAB, TAKUC KaK aTPasvH,
meranoxjop, tpudnypamun [25]. B CIHA 6Gonee 200 uacTHbIX (GUpM 3aHUMAFOTCS HA KOMMEPUCCKOM
OCHOBC OYHCTKOH OKpY’KaroweH cpeipl GPUTOpeMeIHATMOHHBIM METOAOM. DTH (QUPMBI OCYLICCTBIISIOT
OYUCTKY Cpeabl MO 3akaly KpymHbeX kopmopaumii, apmun CIIA, a Taike mo 3akazy mr000ro
TOCYIAPCTBEHHOTO VUPESKIACHIS HITH (pr3mdaeckoro auna [26].

B Kazaxcrane co3maH ONpeICNCHHBIA HAy4HBIM 3a7€1 B OONacTH pa3pabOTKH W BHEAPCHUS
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TexHonmoruu ¢uto u Ouopemeauanmu mous. B HucturyTe OHomorun W OHOTEXHONOTHH PACTCHHUH
paspaboTaHbl TEXHOJNOTHH (UTOPEMEIMALMH IIOYB, 3arpsS3HCHHBIX MECTHLIUIAMH M TOKCIBIMH
MeTaamu [27-29], B MHCcTHTYTE MHKpOOHONTOrMM M BUpyconornu  H Ka3zaxckoM HalMOHATbHOM
yHuBepcuteTe UM anb-Dapabu paspaboTaHbl METOABI ACCTPYKUMH HE(PTE3arpsa3HCHHUN W TEXHOJOTHH
(duTOpEMETUALIMH TSPPUTOPHH, 3arPA3HEHHBIX TSHKCJIBIMU METAILTAMH H pagvoHyknngamu [30, 31].

MaremaTH4yeckoe MOAeTHPOBAHHE B YKOJIOTHH

KommprorepHass TEXHOMOTHSA OTKpbUIA IMHPOKHE BO3MOXKHOCTH U1 H3YUCHHS IPOLECCOB,
npoucxosaux B mpupoae. Cpeau 3aad, YCHCHIHO MOACIMPYEMBIX Ha KOMITBIOTEpPaX, 0C000E MECTO
3aHUMAIOT 3SKonmorumueckue mpouecchl. C OZHOM CTOPOHBI — B3TO 3aKOHBI PA3BHTHS CCTCCTBCHHBIX
OHONOTHYCCKHX BHIOB B MPUPOAHOM cpele, C APYroi — HCCIACAOBAHUE BIUAHHS ACATCIBHOCTH YSIOBEKA
Ha mnpupony. MeToasl 3KOJOTMYECKOrO  MOJACTHPOBAHMS VCIOBHO T HA (U3HUCCKUE H
MateMatuueckue. [Ipu ¢puznueckoM MOAETHPOBAHHM H3YYAEMOE SBJICHHC BOCIPOM3BOAMUTCS B TOM WIH
HHOM Macmrade c COXPaHCHHUEM ero duznueckou npupoasl. Maremarniaeckoe
MOJEIUPOBAHKE MPEACTABIICT cO00H crmocod HCCICAOBAHUS SKOJOTHUCCKUX SBICHHH MyTEM H3YUYCHUS
MPOLIECCOB, HMCIOIIUX PA3NUYHOC (PHU3MICCKOE COACPKAHHE, HO ONMCHIBAEMBIX OJHMHAKOBBIMH
MATEMATHYCCKIMH COOTHOIICHUAMH. PelneHHe MareMaTHdecKHX MOJENCH MOMKET OCYLIECTBIIATHCS
AHATUTHYCCKH, YUCICHHBIMHA METOJAMH, Ha AHATIOTOBBIX H U(PPOBBIX BEIYHCIUTEIBHBIX MAITHHAX.

CymecTtByeT TpH THOA MaTeMaTH4eCcKoro MogemuposaHus. [lepeeli THnm  ocHOBaH Ha
(YHIAMCHTATIBHBIX 3aKOHAX MATCPHATIBHOTO MHUpPA (3aKOHBI COXPAHCHHUS SHEPIHH, MACCHl, KOIMYECTBA
JBHXKCHUS, TIEpeHoca, TpaHcopMamuu U Ap.). Bropoil Thn maremarnueckux MoJenedi OCHOBaH Ha
VCTAHOBIICHHU 3aKOHOMEPHOCTEH (YHKIIHOHHPOBAHHUS JKOIOTHUYCCKUX CHCTEM IYTEM CTATHCTHUCCKOTO
BBISBIICHUS B3aUMOCBSI3CH B 3THX cHCTeMax WM o0bekTax. PaspaboTka nogoOHBIX MOACTCH 3aKIIOUACTCS
B BEIOOPE METOJA CTATHCTHYCCKOTO aHANN3a, TUIAHUPOBAHWH MPOLCCCa MOMYUCHUSA JAHHBIX KOHTPOJI,
KOMIIOHOBKE [JAHHBEIX 00 3KOJOTHYCCKOH CHCTEME, ANTrOPUTMHPOBAHHH H PacCueTe KOMITBIOTCPHBIMH
CpPEeACTBAMH CTAaTHCTHYSCKHX COOTHOLICHWH. IS JOIrOCPOYMHOrO MPOTHO3MPOBAHMS —TMOBEICHUS
CTIO’KHBIX OKOJIOTHUECKUX CHCTEM HCHONB3VIOT TPETHH THO MATEMATHUECKOTO MOJCITHPOBAHUS —
UMUTAUHOHHBIH. CYTh  HUMHTAIMOHHOTO  MOACTHPOBAHUS 3aKTIOYACTCS B H3YUYCHHH  CIIOJKHOM
MaTEMATHICCKOH MOJCIH C MIOMOIIBIO SKCTIEPUMCHTHPOBAHHS C MOACTBIO H 00paboTKe PEe3yabTATOB 3THX
skcnepuMeHToB. MMuTanps mo3BosseT BOCCO3AABATH MPHIMHHO-CICACTBCHHBIC CBI3H 3KOJIOTHUYCCKUX
SABIICHUH W MPOLECCCOB, MPEIOCTABIAS BO3MOMKHOCTD HE TONBKO TCOPETHUECKH H3YUaTh MOBCACHHC
CTIO’KHBIX 3KOCHCTEM, HO M HCCICAOBATH ANBTCPHATHBHBIC CTPATCTHH VIPABICHHS SKOIOTHYECKON
curyarueii [32].

HuanazoH u MacmTad MOACTHPYEMBIX MPOLECCOB KPAaWHE BENHUK - OT INIOOANTBHOU SKOJIOTHH 10
MPOTHO3UPOBAHUS TUHAMUKH OTACTBHBIX KOMIIOHCHTOB AarpoLICHO30B, MO3TOMY MpH KiacCUUKALMN
SKOJIOTHYCCKUX MOJEICH HCMONB3YIOTCA pasnuuHble moaxonel. [lo cmocobam peanw3aliil MOACTH
MOAPA3AC/IOTCS  HA  PErPECCHOHHBIC  (OMOMPUYCCKHUS, (DCHOMCHOIOTHYECKHUE) U DKOJIOTO-
¢duznonornucckue (oObscHsromue, wmexanm3MmeHneie) [33]. llepseie OazupyroTcs Ha MacCOBOM
SKCICPUMCHTAIBHOM ~ Marepuanc. Broprle  OcHOBaHEI HAa  TPEICTABICHUM O  MEXaHU3ME
(YHKLIHOHUPOBAHUS MOJENHU LEenoro oobekta. Mx Bepudrkamus npou3BoAUTCS N0 SKCICPUMECHTATBHBIM
JaHHBIM, YTO TTO3BOJIIET IPOBEPUTH TOCTOBEPHOCTD THIIOTESEI [34].

Jnsa metanbHOro aHamu3a M HPOTHO3a PUCKA 3arpsA3HEHHs TOYBCHHOTO TOKPOBA Pa3IHYHBIMU
KCCHOOHOTHKAMH HCIIOTB3YIOT PAa3IMYHBIC METOMBI MAaTEMAaTHUYCCKOrO Moaemuposanus. Jlnmupyromee
MECTO CPEOU MPOTPAMMHBIX CPEICTB B O0IACTH OXpaHbl OKPYKAKOMICH CPEeAbl 3aHUMAIOT MOACIH
3arps3HCHCHHUs TO4BBI/BOAbl KceHoOmoTnkamu, Hydrus [35]; LEACHM [36]; WAVE [37], a Takxke
mporpaMMHele mpoxayktel Poccnu, paspaGortanseie ¢(upmoit «MHTerpam», OOBECAMHCHHBIC B CEPHIO
«Qxomor» u apyrue [38]. Momear Hydrus mnpeacrasasier coGoit Habop Windows, Ha OCHOBE
MPOTPAMMHOTO OOCCIICUCHHUS [T MOJCIUPOBAHMS, KOTOPHIC MOTYT OBITh HCIOJIb30BAHBI A AHATH3A
MOTOKA BOJBI B MEPEMECHHO HACBHIMICHHBIX MOPUCTHIX cpedax (Hampumep, nousa). Moaene LEACHM
OsLia paspadorana J. Hutson u R.-Wagenet B 1992 roay [36] u SBIsSCTCS OMHOMEPHOM MOACIBIO BOIBI H
JBHYKCHUH PACTBOPCHHOTO BEIIECCTBA, XUMUYCCKUX PEAKIMU U MOTJIOIICHHS PACTCHUSAMU B 30HE a3pallHy.
IMporpammusie npoaykTsl Poccun, paspadotanusie dupmoit « HTErpamy», MO3BOSIOT PEIIUTh OTPOMHBIH
CHEKTP 33124 B 001acTH aTMOC(EPHOTO BO3AYXA — PACUCT BETHYHH BHIOPOCOB 3arpsA3HSIOIINX BEIICCTB,
MPOTHO3UPOBAHUE MOCICACTBHH aBapHil Ha MPEANPHATHAX MO XPAHCHUIO CHIBHOACHCTBYIOIUX s10B. B
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padore P B.Tecienko [39] paspaborana MMUTAIHOHHO-TCXHOJIOTUYCCKAS CHUCTEMA M KOMIBIOTCPHAS
mporpamMa "Traector" Ams MPOCKTHPOBAHHUS PEKYIbTHBALHOHHBIX H 36MEIBHO-OXPAHHBIX CHCTEM IIO
JMKBHJALMH OCTATOYHBIX 3arPI3HCHUH B VCIOBHAX MPOTOYHOCTH MenuopanToB. Corpyanuku MucTHTyTA
BoaHbIX TmpodiaeM Poccum paspaGoramu ¢ momompro nporpammbel  TFDD  ¢upmer  'eonmuk
MATEMAaTHYCCKYIO MOJAETb OHOpasnoKeHHS HE(TAHBIX 3arpssHeHud B mousorpyHrax [40, 41]. na
OLICHKH MPUHECCHHOIO VINepOa ¢ HCHONB30BAHUCM MATEMATHYCCKOIO MOJCTUPOBAHMS MPOU3BOIUTCS
SKCICPTH3a, B PE3yiabTare KOTOPOH KONWYCCTBCHHO OLICHUBACTCA cymMma ImTpada, KOTOPYIO
3arps3HAOLICE CPEAY HPEANPHATHE O0S3aHO BBINIATUTH TOCYAAPCTBCHHBIM WM MECTHBIM OpTaHaM.
Takue Mepbl OKa3anuch BecbMa JCHCTBCHHBIMH W NPHBEIH B PA3BHTBIX CTPAHAX MPAKTHYCCKUA K
MOBCEMECTHOMY BHEIPECHUIO OUUCTHUTEIBHBIX TeXHOIOTHH. B Poccruu 60pIol BKIax B 5TO HANPaBICHHC
BHeCIU paboTel mkonsl akagemuka I M.Mapuyka. Mogenu Takoro THOA LIMPOKO HCIIONB3YIOTCS B
Espone m CIIA mpu paspemicHHN CyACOHBIX HCKOB, NMPEABABIACMBIX HACEICHHEM WM MECTHBIMU
BIACTAMH NPOMBILIINICHHBIM NPCINPUATHAM B CBA3H C HAHECCHHEM OIPEIACICHHOTO SKOJOTHYCCKOTO
yiiepba [42]. Caeayer 3aMeTUTh, YTO MATEMATHYCCKOC MOJACIHUPOBAHHEC B 007aCTH DKOJOTHH B
Kazaxcrane naumHaetr passuBathcs. PaspaboraHa monxenb MPOXYKTHBHOCTH 3KOCHCTEMBI, Ha OCHOBE
HWHTCTPALH NPUPOSHBIX 30H, BXOJAIIUX B HEC B COOTBETCTBHH C WX reorpadpuyeckod 30HATBHOCTBIO,
KOTOpas TO3BOJLICT OMNPEACIHUTh 3aKOHOMEPHOCTH (PYHKLHOHUPOBAHMS HPHUPOTHBIX BKOCHCTEM HE
TONBKO TPHU JOATOBPEMCHHOM H3MCHCHHH KJIMMAaTa, HO M OT CTCICHH AHTPONOICHHOTO BO3ACHCTBHS
[43]. CormacHo JxoIOrHUeCKOMY KOACKCY PecnyOmuku KaszaxcraH mnpeaycMOTPEHO CO3AaHKC
KOMIBIOTCPHOH HHPOPMAMOHHOH Ga3bl JaHHBIX YUCTA 3arpsa3HCHUS OKpyKaromeH cpeast [44].

MaremaTH4yeckoe MOJeTHPOBAHHE B IKOJIOrHYECKOH OHOTEXHOJIOTHH

AP PeKTUBHBIM HHCTPYMEHTOM COBPEMCHHOW JKOJIOTHYCCKON OHOTEXHOJOTHH, HAMPABICHHBIM HA
aJCKBAaTHOC ONMCAHHEC U TPOTHO3MPOBAHHE MNPHPOAHBIX MPOLECCOB B YCIOBHAX TEXHOTCHHOTO
BO3ACHUCTBHS, SBIACTCS MATEMATHUYCCKOE MOJCIUPOBAHKE. MaTeMaTHUCCKHE MOJACTH MO3BONAIOT HAHTH
ONTHUMAIILHOE PCIICHHUC, AJICKBATHOC OIUCAHWE TMPOLECCa 3arpa3HCHHS MMOYB KCCHOOMOTHKAMH,
MPOTHO3UPOBAHUE TOCICACTBHI HAPYIICHHUS MOYBCHHBIX MPOLIECCOB H BBHIOOP ONTUMATBHOU CTPATCIHH
OHOJIOTHYCCKOHN peMeanaluu (CHopeMeIuaiu u (PUTOPSMEIHALIIHN).

HccnenoBanue CHOKHBIX MEXaHU3MOB OHmopeMenuannd TpeOveT cO3AaHusd MakeTa MPHKIATHBIX
MporpaMM Ha OCHOBE OHOMEXaHHYCCKMX W MAaTeMAaTHUYCCKUX MOJAECICH, OMMCHIBAIOLINX IPOLECCHI
OYMCTKH TOYBBI OT KCCHOOHMOTHMKOB MMOJA ACHCTBHEM MuKpoopranusmos [45, 46]. Tak, B pabote
O.A Kopoctuna ¢ xomneramu [45, 47| Obln mpeAcTaBIeH MHakKeT NPUKIATHBIX mporpamMMm «QuucTka
3arps3HCHHON HE(TBIO M THKEIBIMH METANIAMM MOYBHEL ¢ MOMOIIBIO Ouocypdaktantay. OnucaHBl TpU
OCHOBHBIX OJI0Ka, COCTABILIFOIINX MPEACTABICHHBIA MaKeT MPHKIAIHBIX MPOrpaMM, OHOMEXaHUUYCCKHE U
MATEMAaTHYCCKIEC MOJACTH, HA OCHOBE KOTOPBIX OCYIICCTBISCTCS PCLICHUE 3a4a4 B KKIOM H3 OJIOKOB
naketa nporpamM. llepseiii Omok «Pacuer BpeMEHH OTMBIBaHHA OHOCYP(AKTAHTOM 3arpsA3HCHHOU
HE(THIO TOYBEI, HAXOIMIIEHCd B HAKONUTCIBHOM pesepsyape». [laHHBIA OIOK mOpexHasHAdueH s
ONpeCICHU BPEMCHH MPOXOKACHUS 3aJaHHOTO KOMUUECTBa OnocypdakTanTa B 3arps3HCHHOW HE(ThIO
MOYBE, HAXOMIIICHCS B HAKONHTEIBHOM PE3EPBYape, a TaKkKe I ONPEACNICHHS CPEIHCH CKOPOCTH
BBITCKAHUs OMOCyphaKTaHTa U3 HAKOIMUTEIBHOTO peaepByapa. Bropoii Gnok «Onpeaencaue mapamerpa k
¢dunpTpanuu GHocypdakTaHTa B MMOYBE, 3arpPI3HCHHOH CONSMH TSDKEJIBIX METAIIOB) MPCIHA3HAYCH IS
onpeneneHusd k — ko3 uLIcHTa COTPOTHBICHUS CO CTOPOHBI CpeAbl NpH GHIbTpauuu OHocypdakTaHTa
B IOYBC HA OCHOBE OKCIICPUMECHTATBHBIX JAHHBIX M0 (uibTpamuu OnocypdakTaHta B TOYBE,
3arpsS3HCHHON COMSMH TSDKETBIX METaLIoB. Ipetuil Onok «Pacuer AUHAMUKH COpOLMM H AecopOLmu
CONEH TSKETBIX METATUIOB B MOYBC NpU QUIBTPALMH B HEH pactBopa OnocypdakraHTay mpegHa3HAYCH
st mporHo3upoBanust 3¢ dekTuBHOCTH OHOpeMeaualuu. B CBOMX MCCIECIOBAHUSX ABTOPBI UCIIOIb30BATH
pasnuuHbIC MaTeMmatuueckue Mozenu: 3agada Komm jgng  oObikHOBEeHHOro augepeHIHATBHOTO
VPaBHCHHS U Kpacsas 3a1a4a 1 ypasHeHus Jlamiaca B mpsiMOYTOTBHUKE.

B paGore Kyroxkuna M.C. ¢ xomieramu [46] mpeaiokeHa MaTeMATHUSCKASL MOJC/Ib CTALIMOHAPHOTO
mpouecca  HeTCOTMBIBaHHS ~ 3arpsA3HCHHOTO  MOYBOTPYHTa mox  aekctBueM  Rhodococcus-
ouocypdakranta. PazpaboranHas MoAeab OCHOBAaHA HA TCOPHH (PUIBTPALIMHU KUIKOCTH UEPE3 MOPUCTHIC
MaTepHansl W Obllla HOCTPOCHA HA OCHOBE JKCICPUMCHTANBHBIX JAHHBIX 10 MPOHUKHOBCHHIO
6uocypdakranTa B MOACIBHOH MOUBCHHOH KomoHke. [Ipouecc ¢umpTpanu ONUCHBAIH YPABHECHUAMU
OC3BIHEPLIMOHHOTO TCUCHHS MACATBHONH HECKHUMACMOH JKHIKOCTH MOJ ACHCTBHEM CHIIBI TSDKECTH,
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OOBEMHONW  CHJIBI COTNPOTHBJICHHS, NPOMOPLUHUOHAIBHON  CKOPOCTH, W CHJBl  COIPOTHBICHUS,
COCPEAOTOUCHHON HA (PPOHTE MPOHUKHOBCHHUS W 3aBUCSIICH OT CKOPOCTH. ABTOPAMHU MPEAIOKCHO
aJCKBATHOS MPOTHO3UPOBAHKE MPOMBIILICHHOTO MPOLECCAa OTMBIBAHUS 3arpsi3HCHHOTO TMOYBOTPYHTA B
MTOJICBBIX YCIOBUSIX.

B benpruu paspabotaHa MOAC/Ib OLCHKH BBIMOJIHUMOCTH METOAA OSKCTPAKLUH IS YIAJICHUS
TSHKENIBIX METAIIOB M3 3arpsS3HCHHBIX MO4B [48], mo3Bosiromas OBICTPO W HEAOPOTO OLICHUTh METOX
ouncTku mouBbl. Onpeaensercs nmoTok Tsokeapix mMeramioB (Pb, Cu, Zn, Cd) B npouecce KHUCIOTHOM
MPOLICAYPHI SKCTPAKIHUK MMOYBBI ¢ OOPATHBIM XOA0M, COCTOSIINUM W3 CTAJHH Pa3pyLICHHS KapOOHATOB,
pacTBOpeHHUsT W mOpoMbiBaHUS. Mozens Oblia KamuOpoBaHa W OOOCHOBAHA SKCICPUMCHTAJIbHBIMH
peayapTataMu. MOACIbHBIC MPOTHO3bI AACKBATHO OMHCHIBAIN MOBCACHHUC THKEIBIX METAUIOB U HX
VAQICHUE HA KAKIOU cTaanu dKcTpakimu. OnpeaeneHbl ONTHMABHBIC YCIOBHUS /IS CTaAUN SKCTPAKIINY,
OIICHCHA BO3MOKHOCTh HCIIOJIbOBAHHUS MPOLCAYPHl 3KCTPAKLIUU IS VAAICHHS TSHKCIBIX METAIOB W3
OYaroB 3arps3HCHUSL.

MaremaTudaeckoe MOICIUPOBAHUE (MTPOLIECCA) OYUCTKH IMOYB ¢ HU3KHM 3aPsiA0M MOBEPXHOCTH OT
Cr’ mpeacrasieno B pabore u3 CIIIA [49]. ABTopamMu anmpoGHMPOBaH KMHETHUCCKHH METOJ OUMCTKH
necuanoro cyberpara ot coeaunetmit Cr’™ in sifi, OCHOBAHHBIHM HA HANOKCHHH MOCTOSIHHOTO TPAJHCHTA
MOTCHILMANA B MATPULEC C IpadUTOBBIM KATOAOM M KCJIC3HBIM aHOJIOM, YTO OOYCIIOBIHBACT MUIPALIUID
Xpomara K aHoay, rae Tokcnunsrit Cr’* Boccranasusactes 10 Cr'.

Vucnrpie Kazanckoro yausepeurera [30] B CBOCH CcTaThe MPHUBCIH CPABHUTCIIBHBIC HUCCIICIOBAHUS B
00JacTH MaTeMaTHYCCKOT0 MOJCIUPOBAHNS TPOLECCOB MEPEHOCA OPTaHHYCCKUX 3arps3HHATENCH B
MPUPOJHBIX TMOPHCTHIX CPEaaX C YyYETOM HX OHOASTPajalliid MHKPOOPTaHM3MAaMHU, PaCCMOTPEIH
Pa3INYHBIC CMOCOOBI MATCMATHYCCKOTO OMMCAHUS MCXAHH3MOB, BOBJICUCHHBIX B MPOLECC MEPESHOCA
3arpsA3HATEICH U MX B3aHMOJCHCTBUS ¢ TOYBCHHOW OHOTOH.

B pabtore JI.B.Konnosa, W.Cllamkosckmit [51] mpemnoxkena wmoaciap OHOPA3NOKCHUS U
MaccomnepeHoca He(hTCIPOAYKTOB B 30HC adpPalliM, YUUTHIBAIOIIAS OCHOBHBIC MPOLIECCHI, MPOTCKAOLINC
MPH OYHUCTKE TOYBHL. [[pUMEHUMOCTS MOACTH PACCMOTPEHA HA OCHOBE MOJICBBIX JAHHBIX U PE3VIBTATOB
71a00pATOPHBIX HKCICPUMEHTOB. PaccMaTpuBaiu OCHOBHBIC MPOLICCCHI, MPOUCXOAMINUC MPH OYUCTKES
MOYBHI OT HE)TEMPOAYKTOBOIO 3arPsI3HCHHUS, ITyTEM MEPHOIHUCCKOTO BHECCHHS pacTBOpa Ouompenapara.
Ha ocHOBe UMECHOIIUXCS JTUTCPATYPHBIX U IKCICPUMEHTATBHBIX JAHHBIX ABTOPAMHU OBLIH PACCMOTPCHBI
CICAVIOIINE MPOLECCHl — Pa3IoKCHUEC HEePTEMpoAyKTa OaKTCPUSMH, POCT M OTMHPAHHC OaKTCpHi,
BBIpPA0OTKA OAKTCPUSIMHU MOBEPXHOCTHO-AKTHBHBIX BEHICCTB, MCPEX0J HE(PTCIPOAYKTA B IMYIIbCHIO,
MEPEeHOC OaKkTepuii ¢ MHPUIBTPYIOLICHCS BOAOH C YUSTOM HX COPOIHH U ACCOPOLIMH, IEPSHOC IMYIbCHH
HedrenpoaykTa ¢ HHPUIBTpYOIEcs Bogol. J.B.HeboTapesbiM [52] mOCTPOCHBI MaTeMaTHICCKHE MO-
JCAM M3MCHCHHMS KOHICHTpAlMK HE(GTH B 3arpsA3HCHHBIX [MOYBAX IO JACHCTBUEM COPOCHTOB H
MHUKpoOpranu3moB. [Ipu mocTpocHHH MaTeMAaTHYCCKOH MOJCITH W3MCHCHMS KOHUCHTpAluu HeTH B
MOYBE C MOMOINBI0 HE(PTSPA3IArariuX MUKPOOPraHU3MOB HCHOIb30BaHA MOJASAh MOHO, KOTOPBII
OTHUCHIBACT IMPOLIECC M3MCHCHHS KOIHYCCTBA CYOCTpaTa moj ACHCTBHEM MUKPOOPTAHH3MOB.

MogaenupoBaHue TPOLIECCOB 3arpsa3HCHHS B CHCTEMC «IOYBA-PACTCHHE» MPHOOPETAIOT 0OCOOYIO
AKTYAJIbHOCTh B (DUTOPEMEIHAIIMOHHONW TCXHONOTHH. DONBIIMHCTBO HCCICAOBATSICH MOACTHPYIOT
OJHOPA30BOC 3arpsA3HCHUE MOYB, JANICE H3YYArOT MOBCACHHE SJCMCHTA B IOYBE M 3aTCM OLICHUBAIOT
BO3JACHCTBHC 3arpsi3HCHHUS HA PACTCHHUC B KOHTPOJIHPYEMBIX YCIOBHSX. McCleqoBaHUsS HAIPABICHBI B
OCHOBHOM Ha MOJCIHPOBAHHE MPOLECCA MEPEHOCA HOHOB TSDKENBIX METAUIOB B CHCTEME «IIOYBA-
pacreHme» [53-56]. XapakTtep JACHUCTBHS 3arpsA3HUTCICH B CCTCCTBCHHBIX VCIOBHAX —OTJIHIACTCS
3HAYUTCIBPHOM H3MCHYUBOCTBIO BO BPEMCHH, YTO 3aTPYAHICT MPOBSIACHUC KOHTPOJS 32 CTCICHBIO
3arps3HCHUS CPeabl B dKocucTeMax [57]. B ¢Bs3u ¢ 3THM, AJIs HHTCTPUPOBAHUS 3HAYUTCIHHOTO 00bEMaA
nHpOPMALMH O (PUUKO-XUMHUYCCKUX MPOLECCAX, MPOUCXOSIIUX B TOYBS, W MPOLICCCHI MUTPALUH
KCCHOOHMOTHKA, MPOUCXOMIIINEC B MOYBCHHO-PACTUTCIBHBIX CHCTEMAX HCIO/B3YIOT HMHTAIMOHHOS
moxaeauposanue. Hampumep, B pabotax A Al'puropsea ¢ coaBropamu [58] mpuMeHWIH
HMHUTAIHOHHYIO MOJCTb, B OCHOBY KOTOPOH MONoxeH ko3 pHLmeHT OHoIornueckoro nornomenus. Jns
WCCICIOBAHHUS CHUCTEMBI «II0YBA-PACTCHUCY) OLCHUIM 3aBUCHMOCTh HAKOIUICHHS B TEPHOJ BETCTALIHH
Pa3IHYHBIMH OpPraHAMH PACTCHHUS THKENBIX METALIOB (CBUHIA, KAaAMHS, PTYTH, MBIIIBIKA) OT KX
comcpkaHus B TOuYBS. B KauecTBE pacTeHHUs-pUTOpEeMEAHATOpPAa  HCMOIB30BAIH  TOMUHAMOYD
(Helianthus tuberosus).  ABTOpbl TOPUILTA K BBIBOAY O TOM, YTO MPAKTUYCCKOS  MNPUMCHCHHC
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aJanTHPOBAHHOW MOJEINH, TO3BOIUT pa3padoTaTh TEXHOIOTHIO (UTOPEMEINALMHI 3arPsA3HEHHBIX 3¢METb
C TOMOIIBIO BO3ACNTBIBAHUS TOMHHAMOVpA AN BO3BPaTa MAaprUHAIBHBIX 3EMENb B CEIBCKOXO3SH-
CTBCHHBIN 00OPOT.

B YdumckoM rocynapcTBEHHOM aBHAIIMOHHOM TexHHUYeCKOoM yHuBepcurete B.B.Bogombstos [59]
paspaboTan MaTeMaTHIECKOE MOACTHPOBAHKE MPOLECcCca ACTPAJALMH MONIIOTAHTOB B PACTCHUAX. ABTOD
paccMoTpel  MOJENTb, TAEC  YacTh  3arpsA3HCHHS  MOXKET  MHHCPAIM30BaTbCd  MOYBCHHBIMH
MHKPOOPTaHH3MaMH, YacTh MOUTIOTAHTOB MOXKET OCTABATHCS B BOJHOU (ha3e MOUBBI, YACTh — HAXOAUTHCS
B OHozocTymHOH ¢QopMme, CBA3aHHOM € TBEpAOH MOYBCHHOH MAaTpHLCH, a HEKOTOPOC KOIHYICCTBO
3arps3HCHUS MOXKET HaxXOOUTBCA B TPYAHOAOCTYNMHOW (popMe B BHAC CBI3aHHBIX OCTaTkoB. [lpu
MaTEMAaTHICCKOM MOJCTHPOBAHHMN MPOLECCa ACTPAIalii MOJUTIOTAHTOB B PACTCHHSAX ABTOP VUHUTHIBAIT
CTCAVIOIINE MOKA3aTEeIN: KOHLICHTPALUS 3arpa3HUTEN B puzocdepe pacTeHHI; YUCICHHOCTh AKTHBHBIX
KIIETOK-JECTPYKTOPOB WM YHUCICHHOCTh  YITICBOJOPOJOKHCISIONINX MHKPOOPTaHU3MOB;, IIJIOTHOCTD
MUTATCBHEIX BCLICCTB, BBIACIIEMBIX pPACTCHHAMH B pusocdepe; QYHKOUI (PUTOTOKCHYHOCTH,
MPOJOJDKUTEILHOCTh Aerpajanmu. [IpoBeacHHBIE pacdeThl MO MOJENH HPH PA3IMIHBIX 3HAUYCHHUIX
MapaMeTpPoB NOKa3aaH e¢ HEHOMEHOIOTHIECKOE COBIAACHHUE C PE3YIbTATAMH IKCIICPHUMEHTOB.

B craree FLugli ¢ xomaeramu “@uropememuanus METaIOB. YUCICHHBIH aHamu3” [60]
MOJEIUPOBATH (PUTOPEMEINAITUIO TTOYUBEL, 3arPA3HCHHOM HOHAMH TSKEIBIX METAIUIOB (C YICTOM THIA
KYJIBTYPBI, IJIOTHOCTH NOCEBA, CUCTEMBI NOJHMBA PACTCHUH, 00pa30BaHMs MOYBCHHONW KOPKU M JJIMHEI
KOpHEBOH cucteMmbl). B cBocii paboTe oHM HCMONB30BaIH YUCICHHYIO MoAeab Hydrus-1D. Moness
Hydrus mormommeHuss 3arps3HMTEIs pacTCHHEM OblIa IPESABAPHTCIBLHO ObLIa OTKANMMOpPOBaHA Ha
SKCIICPUMEHTE, TAC B KadyecTBe (UTOPEMECIMAHTA HCHOIB30BATU Tpamy Vetfiver grass. B xauectse
sarpssauTens — momel mertamios. Cd®, Ni*', Pb*, Zn®". B mnpouecce SKCICPHMCHTA VYHTHIBAIN
CTCAVIOIINEG TIOKA3aTENH. CTPYKTYPY MHOYBBI M €€ IUIOTHOCTh, TEMIECPATYPy H BIAKHOCTh IIOYBBL;
KOJHYECTBO BOJBI AJIS TIOJIMBA, HHTCHCUBHOCTD SBANIOTPAHCIIUPALIMN B COOTBETCTBHH ¢ 3axoHoM bepa. Ha
OCHOBAHHMH MOJCTHPOBAHUS aBTOPHI MOKA3AH, YTO MPEATONKCHHAS UMH MCTOJAMKA BaXKHA MPH OLICHKE
mpouecca GUTOIKCTPAKIMK 3arpsa3Huteas. MU yCcTaHOBICHO, UTO (DUTOIKCTPAKLMS 3arpsI3HHATEI U3
MOYBCHHOM Cpexpl YCUIMBACT HMHTCHCHBHOCTh TPAHCIHPALWH, a A CHIDKCHHS HHTCHCHBHOCTH
TPaHCIIHPALMHA HEOOXOIUMO ONTHMH3UPOBATh CHCTEMY OPOLICHHS H TMOBBICHTH IUIOTHOCTh IMOCAIKH
pacteHuii. Kpome 5TOro BBUBICHO, 4YTO B3aWMOJCHCTBHC 3arps3HHUTEN] B IIOYBE BIWACT HA
5} HEKTHBHOCTD (PUTOSKCTPAKLHH 3arPI3HUTEIST U3 MOuBbl, M3-3a Hu3koif MobmisHOCTH Pb®™ B mouse
pacTeHne HE 0OO0MazacT CHOCOOHOCTHIO (DUTOIKCTPArupOBATH 3ATrPS3HUTE/b, a IS 3arpsS3HUTEICH,
XapaKTEPU3YIOMMXCs HHU3KMM (DAKTOPOM peTapaauuy (HATPUMEP, HOHBI Zn’'), peMeIHalHOHHbIM
mpouecc 6osiee 3dderruBeH u pacTeHHe MEHES BOCTPeOOBaHO B opoineHuH. CAeIaHHbIH aBTOPOM BBIBOJ
— C TIOMOLIBIO MAaTEMATHYCCKOT0 MOACTHPOBAHHUSI SKOHOMHUYCCKH 3()(EKTHBHO HUCMONB30BATh PACTCHHUC
Vetiver grass nnsa ¢puropemenuanyy Zn-3arpss3HCHHBIX TIOYB.

Creayer 3aMeTHTh, YTO MATEMATHUYECKOE (KOMIBIOTCPHOE) MOJACTHPOBAHHE B OSKOJIOTHH, B
YACTHOCTH, B JKOJOTHUCCKONW OHOTEXHONOTHH — JOCTATOYHO OOIIMpHAS OONACTh HCCICAOBAHHI H TIO
BHIOOPY OOBEKTOB MOJACTIMPOBAHHS, M MO HAOOPY METOAOB, U MO CIEKTPY pemaeMbix 3axad. [loatomy
JOBOJILHO TPYIAHO OXBAaTHTh CPa3y BCE ACHCKTHl MOJCTUPOBAHUSA. BHUMaHHE YYCHBIX B OCHOBHOM
oOpaleHo Ha JBa KJIacca METOAOB. MOICIHPOBAHME € MOMOWbI0 AuddepeHInanbHbIX YpaBHCHUH U
pacueTax, ONMPEAS/IMIOINS PEMSIUIIMOHHY 3HAYUMOCTh, B YAaCTHOCTH KO3(PPHUIMCHT OHOJOrHISCKOTO
MOTTOIICHHS.

B Kazaxcrtane ycmemHo pa3BUBAcTCS KOMIBIOTCPHOE MOJCIHPOBAHHUC, B OCHOBHOM M PCLICHUS
arpoNpOMBIIITICHHBIX 33024 C LETbIO MPOTHO3UPOBAHHS YPOKAHHOCTH B 3aBUCHMOCTH OT KITHMATHUCCKUX
U arpoTeXHHYecKuX yciaoBuil. Co3naHa JUHAMUYCCKAS MOJCHD SPOBOU MIICHHUIIBI B YCIOBUAX apUIHOTO
kmumara Poccnn m Kazaxcrana ¢ yueToM ajanTaliOHHBIX CBOWCTB pacTeHHU. JlaHHas MOAETh MOXKET
OBITh HCTIONB30BAHA AT PEIICHHUA 32424 OLCHKU BIMSHUS KONcOaHUH U H3MCHECHHH KIMMATa B CHCTEMax
MOHHUTOPHHTA M MPOTHO3UPOBAHHS YPOKAHHOCTH 11 apuaHbix parionos CesepHoli Eppasum [61]. Hua
HUACHTH(HUKALNHI apaMETPOB MOACIH HCIIOIb30BATH PE3YIbTAThI NIOJCBBIX ONBITOB HA SAPOBOH MIICHULIC
HayuHo-npon3BoacTBEHHOTO IeHTpa 3¢pHOBOro xossiictea nmenn A. WM. bapaesa (Kazaxcran, mepuon
HabmoaeHui ¢ 1986 mo 2009 rr.) u nokazarenu arpomercoctanHunu «Epmos» (Caparosckas o6GmacTs,
Poccust, nepuoa mabmogenuii ¢ 1951 mo 1981 rr.). HeCOMHEHHO, KOMMBIOTEPHOS MOJACIHUPOBAHKEC B
JAHHOM 007aCTH SABIICTCS MPOTPSCCHBHBIM HAIMPABICHHUECM, KOTOPOES HAPaBJICHO HA aBTOMATH3HPOBAHHUC
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JKCIICPUMEHTANBHBIX HCCIICJOBAHUH I  Pa3NHYHBIX CEIBCKOXO3IHCTBEHHBIX KYJIBTYP. B  cBomx
MHOTOYHCICHHBIX uccnenopannax B.M.Kasues [62, 63] orMeuaer, uto mpu pazpaboTKE PasTHYHBIX
CHCTEM aBTOMaTH3HUPOBAHHOTO IIPOTHOZHPOBAHHUS YPOXKANHOCTH, ITPH PacueTe MAKCUMAITBHBIX YPOKACB U
HX arpoTEXHHYCCKOM, SIKOHOMHUCCKOM, SKOJIOTHUECKOM OOCCTICUCHHN BA?KHOE MECTO 3aHUMAKOT MOJACTH
poCTa U pa3BUTHA PACTCHUI.

MartemMaTHieckoe MOACTHPOBAHHE HCIONB3VIOT B OCHOBHOM HE(TEra3zoBOH MPOMBIIIICHHOCTH.
Beaymuye 3apyOeskHble KOMIIAHWH, OKAa3bIBAIOIMUC CCPBUCHBIC YCAYTH B HedTerazoBodl orpaciu
Kazaxcrana qma mccnenoBaHus pa3iMdHBIX CLEHAPHEB PA3BUTHA aBapPUUHBIX CHUTYalHMH, i OIEHKH
3arpsS3HCHMS TOYBBI, TPYVHTOBBIX M MOBCPXHOCTHBIX BOJ MPH aBapHUHBIX pa3nuBax HeQTH U
HEPTENPOAYKTOB U HETATHBHOTO BIHMSHHUS HA OKPYKAIOIIVIO CPENY TCIUIOBOTO 3arps3HCHUS B PE3VIbTATE
BO3TOpPaHUs Pa3nuBOB HEPTH U Ta30BEIX (akernoB. B CBI3M ¢ OTCYTCTBHEM MPOTPaMMHBIX NMAKETOB B
CTpaHe, M1 NMPOBEACHHA 3KOJOTHYECKOH SKCIEPTHU3BI MPOEKTOB HCIOIB3YIOT KOMMEPIIECKHE ITAKETHI
mporpamMm B ocHOBHOM H3 Poccmn. B mpomecce BrimmonHeHHs Maructepckoil auccepramum Hyp:xaHoB
U.A. cozgan maTh MpOrpaMM, KOTOPBIC MO 33JAHHBIM MapaMeTpaM MOTYT BBIYHCIHTb KOHLCHTPALMIO
BBHIOPOCOB BPEAHBIX BELICCTB B aTMOc(epy, KOTOpas MOKET OBITh YCIICITHO NMPUMEHAMA 1T YCKOPSHHUS
mporecca MPOBEACHHS 3KOJOTHUCCKOH 3KcrepuTu3sl. s pa3paboTku KOMIBIOTEPHOH MPOrpaMMBl HM
KCIOJIb30BaHa cpeaa nporpamvuposanus C# [64]. Bompoc o co3manuu 0a3sl JaHHBIX YUETa 3arPsi3HCHUS
OKPVXKAIOIIEH cpeabl KCCHOOMOTHKAMH, BOMPOC PEMCAMALNH 3arps3HCHHBIX TCPPUTOPHH OCTAOTCH
HEIOCTATOYHO M3YUCHHBIMH. B CBS3H € 3THM, MateMaTH4ecKoe¢ MOACIUPOBAHHE B 00JIACTH DKOJIOTHH, B
YACTHOCTH B 3KOJIOTHYCCKON OHOTEXHOIOTHH MPEIACTABIACT OOMBINONW HMHTEPEC ANl CTPAaHBl M JACT
BO3MO)KHOCTBh IIOHATh NPHUYIMHHO-CICACTBEHHBIE CBi3M B CHCTEME «IIOYBA-PACTCHHE» M «IIOYBa-
MHUKpPOOpPraHu3mMsel». llodydeHHBIE 3HaHMA MOTYT CTaTh HAYYHOM OCHOBOH IIpH paspaboTke
OHOIOTNYECKOH TEXHOJIOTHU BOCCTAHOBIICHHMS 3arpPsI3HCHHEIX ITOYB.
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