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The Science of Information has the numerous applications in the varied
research domains such as ecology, biology, medicine, and agriculture.
Nowadays, the use of diverse modeling tools to tackle the environmental
challenges is crucial and very actual.

The global industrialization and intensification of the agriculture have
resulted in a consid-erable release of the toxic elements to the natural resources,
led to a decline of the soil health, deteriorated the state of the environment with
the possible incorporation of the toxic elements to the human food chain. These
tremendous environmental challenged call for the improving the ecological
information systems to handle the rising of the soil and water pollution induced
by anthropogenic activities. Such actions formed an important aspect of the
social well-being guar-antee.

The PhD research accomplished by Mgr. Chingiz Nurzhanov addresses
forecasting, model-ling, and developing the decision-making process related the
cleaning of the contaminated by the toxic elements’ soils utilizing the
phytoremediation process. The author developed a package of models to
anticipate the plant productivity in the soils polluted by the toxic elements
considering the environmental conditions. The mathematical models
characterized the accumulation of the toxic elements in the plant tissues and
their mobility in the "soil-plant” system, based on the soil type, soil phytotoxicity,
and environmental conditions and permitted to evaluate the ecological
characteristics of the earth surface. The information system was established to
predict the envi-ronmental safety of contaminated sites and oversee the
recovery process. During the research the author employed innovative
techniques, i.e.: machine learning algorithms, multi-row heuristic self-
organization methods, regression, and variance multivariate analysis, indicating
a high level of theoretical and methodological sophistication. The dissertation
research ultimately intends to develop an information system to handle data on
the soils contaminated with toxic elements, and formulate the decision-making
related the remediation process of the contaminated sites in the Republic of
Kazakhstan.
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The dissertation study revealed that modeling is an effective strategy for
agricultural prac-tices, particularly it is about the high-risk farming areas with the
soil contaminated by the varied trace elements. It is critical to solve the
environmental challenges, notably soil revitalization uti-lizing plants, by
developing the information system based on the degree of soil contamination.
In order to achieve this goal, the developed mathematical models depicting trace
elements accumu-lation in plant tissues and migration in the "soil-plant" system,
depending on soil type, environ-mental conditions, and soil phytotoxicity, are
essential in assessing the earth ecological status. A chapter of the dissertation
was devoted to this issue, in which author discovered that the optimal condition
for plant growth is for the soil with a total concentration of the trace elements
below 20 mg kg 1. The accumulation of the toxic trace elements in plants varies
depending on the soil type, while their migration in the "soil-plant" system is
influenced by ambient conditions. Such elements as As, Zn, V, and Mn are
impacted by soil acidity, whereas Ni, Ba, and Sr are affected by soil moisture,
and Pb and Cu are affected by the temperature value.

A significant outcome of the research is the creation of the MiscanCalc
model with the fol-lowing adaptation of this model to forecast the productivity of
Miscanthus growth on contaminated and uncontaminated soils in Kazakhstan
based on the climatic conditions within the country. The model is appealing
owing to its simplicity, as it estimates biomass yield using empirical and statisti-
cal parameters. The model was developed during the author’s internship at the
Jan Evangelista Purkyne University in Usti nad Labem, the Czech Republic, and
presented at the 15th International Phytotechnology Conference in Serbia, 2018.
The application of machine learning algorithms, notably the H20AutoML model,
which was found to be the most suitable for forecasting plant productivity based
on climate conditions metadata and selecting trait hyperparameters, enables to
predict the reliable crop productivity. The used in the program the multi-row self-
organization algo-rithm allows to investigate the link between the Miscanthus
biomass production and climatic con-ditions. It was suggested that beside the
Miscanthus these models have a potential to be applied to other energy crops
and agricultural species.

Mgr. Chingiz Nurzhanov has successfully completed the full plan of the
dissertation research, the results of the research were published in 19 scientific
papers reflected the main scientific profile of the dissertation. The main funding
of the dissertation was presented by Mgr. Chingiz Nurzhanov at the numerous
domestic scientific seminars and international conferences. Throughout the
studies the author clearly displayed his high level of expertise in the computer
science and ensured the ability to produce autonomous, independent, and
original research with the theoretical and practical implications.

The dissertation fulfils all requirements related the Doctor of Philosophy
(PhD) degree in the specialty 60060200 - Computer Science.
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OT3bIB HAYYHOr0 PYKOBOAMTE/S HA JHCCEPTAIIHIO
HypxanoBa UnHruza AckapoBuya
Ha Temy: «IIpoexTHpoBanue HHPOPMANHOHHON CHCTEMBI IS IPOTHOIHPOBAHKSA W PHHS-
THSl PelIeHHH B NPoNecce 0YHCTKH MOYBBI, COAEPKaNIel TOKCHYHBIE 3 IeMeHThI'"
NpeICTaB.IeHHOH HA CONCKAHME CTeNeHH 10KTopa Gpusocodcknx nayk (PhD)
no cnenuaabHocTd 6D060200 — «MuadopmaTukar»

Undopmannonnas Hayka LIMPOKO BHEAPSETCS B pasHble 0OIaCTH HCCIEAOBAHHUS, B TOM
YMCIIe B 9KOJIOTHIO, GHOIIOTHIO, MEUITHHY, CeNbCKOro Xo3siicta U ap. Ocobyio aKTyalbHOCTh
NMpHOOPETAeT IHPOKKH CIEKTP MOAXO0I0B K MOJEIUPOBAHHIO, IPUMEHSEMBIX JINIs PELICHUS KO-
JTOTHYECKHX 3a/1a4 JUIS CEIbCKOT0 XO035MCTRa.

I'mobanbHas xummsanms B Mupe, B ToM uncite Kasaxcrane npuBena Kk BEICOKOMY HaKOILTe-
HUIO TOKCHYHBIX /IEMEHTOB B II0YBE, YTO OTPAYKACTCSA B CHUKEHUH MIPOJIYKTHBHOCTH, 3KOJIOTHYE-
CKOH 6€30MmacHOCTH, TaK OHH NEePeIAlOTCs [0 MHIIEBOH Lenu YenoBeKy. [I09TOMY CoBEpIIEHCTBO-
BaHHE HHOPMAUMOHHOH CHCTEMBI B C(epe IKONOTHH C BO3DACTAHHEM YPOBHS 3arpsA3HEHHUs
TOYBEI/BOJIBI PA3/IMYHBIMH TOKCHIECKHMH MHKPO3/IEMEHTAMH B Pe3y/IbTaTe aHTPOLIOICHHOMN fiesl-
TEJIbHOCTH SABJISIETCS OJHUM U3 OCHOBHBIX KPHTEpHEB OGIIaromnoydus o61ecTBa.

B cBonx nucceprammonnsix ucenenopanusx Y.A.HypiaHoB yclemHo pemaeT Hessii psi
3a/1a49 UCKIIOYHTEIBHOH BaXKHOCTH, KOTOphIE paHEe MMENH OTpaHUYeHHOE paccMoTpeHue. Jluc-
CEPTaHTOM ObUT CO3/1aH MakeT MoJeIel JUls IPOrHO3a MPOyKTHBHOCTH PACTEHMH Ha 3arps3HEH-
HOM TOKCHYHBIMHU 3IEMEHTAMH IIOYBHI B 3aBHCUMOCTH OT KJIMMATHYECKHX YCIOBHH CpeJIbl, MaTe-
MaTH4YECKHe MOJICIIH, ONIMCHIBAIOLIME HAKOIIJICHHE, Ha IIPHMeEpE TSKEIBIX META/LIOB. B BEr€TaTUB-
HBIX OpraHax pacTeHHH ¥ MHIDALMM UX B CHCTEME «II0YBA-PACTEHHE» B 3ABHCHMOCTH OT THIIA
[OYBBl U YCIIOBHH Cpelibl B (HTOTOKCHYHOCTH ITOYBBI JJIsl OLEHKH DKOJOTMYECKOr0 COCTOSHHUA
3EMJIH, CO3/1aHKue HH(POPMAIIMOHHOM CHCTEMBI ISl IPOrHO3HPOBAHHS IKOJIOTHUECKON 6€30MacHo-
CTH 3arpA3HEHHBIX TOKCHYHBIMH 3JIEMEHTAMH 3€MeENb U YIIPABICHHMS IPOLIECCAMH MX BOCCTAHOB-
JICHHs] HA OCHOBaHHMH 0a3bl JaHHBIX O 3arPA3HEHHBIX TEPPUTOPHUSIX M PACTEHMAX, CTOCOOHBIX K X
ourctke. IIpoBeneHHOE IHMCCEPTALIMOHHOE HCCIEJOBAHHE IIO3BOJSET TOBOPUTH O BBICOKOM
YPOBHE TEOPETHKO-METOI0IOTHYECKOM TTOJITOTOBKH aBTOPA, MMOCKOIBKY OH HCIIOJIB30Bal 060CHO-
BaHHOE U BecbMa >(p(eKTHBHOE TPUMEHEHHE aJITOPUTMOB MAlIHHHOTO 06YYEHHUsI, MHOTOPSAIHOTO
3BPHCTHYECKOI0 METOJA CaMOOPraHM3allMK VI MOCTPOCHHS PErPeCCHOHHBIX YpaBHEHMH, a
TAK/K€ METO/IbI MO/IETMPOBAHMS, METO/IbI PETPECCHOHHOTO ¥ AUCIEPCHOHHOTO MHOTO(GaKTOPHOrO
aHanu3a. IMeHHO B 9TOM 3aK/TFOYaeTCs MHHOBALMOHHBIN XapakTep JUCCEPTAlHOHHOTO MCCIIEN0-
Banusa Y.A. HypiaHoBa 11 peIeHus MOCTaBICHHOMN [eu: pa3paboTka MH(GOPMAIMOHHON CH-
CTeMBI U1t 00pabOTKH JaHHBIX O I0YBAX, 3arPsI3HEHHBIX TOKCHYHBIMHU 3JIEMEHTAMH, CIOCOGCTBY-
FOLIEH MPOrHO3MPOBAHMIO M NIPHHATHIO pelIeHUH 06 OYHCTKE 3arpsA3HEHHBIX 3eMellb PecnyOnuKu
Kazaxcran.

[IpoBenieHHbIi B MHCCEPTAHOHHOM paboTe aHAM3 MOKa3all, YTO MOJAEIUPOBAHHUE B arpap-
HOM CekTope sBisAeTcs >Q(QEKTHBHON NPH NPUMEHEHHH €€ B 30HaX PHCKOBAHHOTO 3eMJIeIeNus
(3arps3HEHUEe [TOYBBI TOKCHYHBIMH JIEMEHTaMH, U30BITOK MIIH HEAOCTATOK COJTHEYHOTO M3ITyde-
HEA. TEMIIEpATYpHbIE PEKXUMBI M T, BUJAa PaCTEHUH Il OYMCTKU MOYBHIL Ap.). BakHbIM Takke
HPEACTaBIIAETCS BBIBOMIBI O CO3JaHUH MH(OPMAIMOHHON CHCTEMBI Ha 0a3e JaHHBIX O YPOBHE 3a-
TPA3HCHUA MMOYBLI T4 PEIIEHHMSA SKOJIOTHYECKHUX BOIIPOCOB, KaK OYUCTKA MTOYBBI OT 3arps3HHUTENS
€ nomoukio pactenud. IlepBocTenennoii 3anadei s pelIeHHs] OYUCTKU NTOYBHI ABJIAETCA CO3/a-
HEC MareMaTH4yeCKOM MOJIENIEH, OTIMCHIBAIOIINE HAKOIUICHHE TSKEIIBIX META/UIOB B BET€TATHBHBIX
Oprasax paCTeHMH U MUTPAIlMK HX B CHCTEME «II0YBa-pacCTeHHE» B 3aBUCHMOCTH OT TUIIA IIOYBEI
# YCI0BHH Cpesibl B (PUTOTOKCHYHOCTH IIOYBBI JUISI OLIEHKH JKOJIOTMYECKOIO COCTOSHHUS 3€MIIH.
JEHHOMY BONPOCY JUCCEPTAHTOM BbIE/IEHa I71aBa B JUCCEPTALIMH, IIe aBTOPOM CeNaH BBIBO/I,
SI0 ONTHMAIBHBIM YCIIOBUEM NPOU3PACTAHUS PACTEHUH SBIISETCS MMOYBA C CYMMApPHBIM YPOBHEM
SEIPEIHEHUS TSOKETBIMU MeTasimamu 20 Mr k1. HakorieHnne TMD pacTeHHEM 3aBUCHT OT THIa



noyBel; iepexog TM?D B cucreme (M0YBa-pAaCTCHHE) 3aBUCAT OT (haKTOPOB CPembl: HMieMe)
KHe Kak As, Zn, V u Mn 3aBucsT ot KHCIOTHOCTH nouBkl, Ni, Ba, Sr — BraxkHOCTH moun
Cu - Temneparypsi.

BaxHBIM BBIBOIOM Takke sBISETCS Coszaanue monenn MiscanCalc, kak HoBoe pun
Mozenu MiscanMod, ms TIPOTHO3HPOBaHHS (POPMHPOBAHHS TIPOLYKTHBHOCTH B TIEPHO,
MHCKAHTyCa Ha 3arpA3HEHHOM TOKCHYHBIMH 3TEMEHTAMHU H HE3arps3HEHHOM OYBE B 3aF
CTH OT KIIMMaTHYeCKuX ycinoBui Kazaxcrana. Wntepec k nauuoit Moxenu caszan ¢ TeM, 1
TPUBJICKATE/bHBI H3-3a [IPOCTOTSI, IOCKOJIBKY HCIIONIB3YIOT SMIIMPHYECKHE U CTATHCTHYEC
PaMETpEI 1711 OLCHKH NIPOH3BOCTBA GHOMACCEL Hannyio Moaens Y.A.HypsxaHoB co3mase
B Jan Evangelista Purkyne University in Usti nad Labem Check Republic Bo Bpems crax
H npezcrabiena Ha | 5™ International Phytotechnology conference B Cep6uu, 2018 rogy. ¥
30BAHHE aJITOPUTMOB MAUTHHHOTO O6YYEHHS, B YaCTHOCTH Moaenn H20AutoML, B 3aBuc
OT KIIMMAaTHYECKUX METAaHHBIX, IO3BOJISIET C BHICOKOM TOYHOCTEIO IPOTHO3MPOBATH I1PO]
HOCTEL M [IPOBOAUTE 0T6OP rumepnapameToB. Paspa6oranHbii MHOTOPSTHBIH aIrOPUTM C
TaHU3allMKA TI03BOJISIET aHATH3MPOBATh CBA3b GHOMACCHI PacTeHHS H KIMMAaTHYECKHX Y
cpensl. Jlanable moxX0/El aBTOpa AUCCEPTALHM MO3BOIIAET B OyylIeM PEeKOMEHIOBATD (
HBIE MOZIEJIH IS IPYTHX BHIOB CENbCKO3PACTEHMH TS [IPOTHO3a NMPOAYKTHBHOCTH pacTel

Yunrus Hypixanos ycnemno Bbmotam TIOTHOCTRIO TUIaH JMCCEPTALIHOHHOTO HUCCT
HHS, PESYIBTATBI HCCIIEN0BAHUS ONMyDIMKOBaHE! B 19 HayqHBIX paborax, oTpaaromue ock
Hay4YHBIH NIpoQUIE auccepramuu. OCHOBHEIE PE3YJIBTaThl MUCCEePTALMM OBLITO NPEACTABICH
CCPTAHTOM HAa MHOTOYHCIIEHHBIX OTEYECTBEHHBIX HAyTHBIX CEMHHapax W MEeKIYHAPOIHB)
(epenmusix. Ha npotsukennu Bcero HCCIEIOBAHHS aBTOP SCHO MPOAEMOHCTPHPOBAI CBO
KHH YPOBEHb 3HaHMil B 061acTH KOMIILIOTEPHOH HayKH W 0GECIIeYHs CrocobHOCTE IIPOM3I
4BTOHOMHBIC, HE3aBHCHMbIE H OPUIMHAIIBHBIE MCCIICIOBAHUS C TEOPETHYECKUMH M IIpa
CKHMH TOCIEACTBUAMH. CUHTAIO, YTO IUCCEPTALMOHHOE MCCIIEI0BAHHE Hypwxanosa Y.A.
HIEHHBIM.

Jluccepraums B monHoOM Mepe oTBeuaer TPEOOBAHMAM, NPEIBABIIEMBIM K HA COH(C
CIEnenn TokTopa hunocodckux Hayk (PhD) no cnermansroctn 6D060200 — «Wupopmari

Hlpodeccop Banentuna [MuanucHOK,
Apa XHMHHU ¥ TEXHOJIOTHH OKPYKAKOMIEH Cpesl,
penter Slna Esanremucra ITypkune B Ycru-nan-Jlabem, Yexus

H KOHCYIBTaHT U3 Uexuu
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BIKA HA PYyCCKUH SI3BIK BBITOIHEH
MKOM Tropofia AiMarhl, Pecnybnuxa
g9y JABAALATH TPETHETO roAa.

[lepeBon MOKYyMEHTa € aHIJIAACKOTO A3
MyxkasoBo# Po3oH AXMETOBHOH-TIEPEBOAT

KasaxcTaH, BOCEMHAATOE HIONA JBC TBIC
] /’/-. / i

Pecmy6nuka Kasaxcras, TopoA AJMAaTHL

BOCEMHAILIATOC HIOJIA I Be ThICAIH aBanry

IToanucs:.

aTb TPETHETO roga

poja AIMAathl, necTBYIOIMA Ha
oifi MMHHCTEPCTBOM IOCTHIIHH

CTBYIO MOJJIAHHOCTE TIOIIHCH,
JIugHOCTE

s, Bepxanosa 3os BailiMaHTaeBHA, HOTApHyC IO
OCHOBAaHUHM JIMIICH3HH Ne 0000230, BBIAAHH
xu Kazaxcran 30.09.1998 rona, cBUACTCID

Pecy06iu

COBEpIIEHHOH MEPEBOATAKOM MykaHoBo# ~ PO3BI AXMETOBHBI.
noanucaBimed JIOKYMEHT yCTAHOBJICHA, neecnocobHOCTb, H MOJHOMOYHS €€
NPOBEPEHBI.
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