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KHPHUIII (Joxropank quccepTanuacu AHHOTaUHACH)

Mucceprauns MaB3yCHHHHI A0/3ap6anrn Ba 3apyparn. Byryuru kynaa
KAXOH/A reoaxGopOT TEXHONOTHANAPH I0TYKAPHIA acoCnaHK6 TaGuuil Texnoren
xapakTepra 3ra 6¥1raH runporeonoruk 06LeKTapHuHr MENHOPATHB BA 3KOJIOFHK
XOJIATA2PHHK MaBCYMHii y3rapuul jkapa&H/IapuHy MOZC/IIAITUPHIN Ba FOKOPH
Camapajiop;IMKKa dra 60LIKapHll TH3HMAAPHHHA SDATHII AOM3ap6 MyaMMoapaaH
Gupura afinann6 Gopmoxaa. «Tabuuii-rexHoren oGsextnapna Xap Huau 6-7MnH.
reKTap epaa Cys TAHKHCIHIM Ky3aTHIMOKAA, caliépaMu3zia reorpaduk soiinamran
ypHu Ba SKOAOrMK XycycusTnapuuu HuHobaTra omram xomga reoax6opor
TEXHONOrusmapy acocuaa uunos Gepunanuran 1,5 mupg. TEeKTap epJapHUHT
MeJTHOpaTyB X0aaTHHY 75-78% Aapaxara Kanap TabMUHNAmTa SpHIILITaHy.

Y3bexncron PecnyGnmxacupa ueTeHCHB Qolisananunanuran  TaGumii-
TEXHOPEH XapaKrepiard €pAapHUHT MEIHOPATHB XOAATHHH SXIUMIaW Ba
CaMapajiOp/IMrHHK  OWIMPHIIAA  TMADPOreoNorHk  ofbektnapuu  reoaxGopor
TEXHOOTYANApH acocuna GOHIKApYB KapOpnapMHH Xaby:n KHAHuIHH Kymnad-
KyBBaTialll TH3MMHHM TAKOMH/TAWTHPHI GOpacHjia KeHr KampoBaM WiMHii
TAAKMKOT HUUIApH amaira OWMMpWIMOKA3. By 6opana, xymnanan, kuuwiok
XYXAIMTHHHHT TYpJIH coxanapuaa oiganaHunagurau €PIapHUHT MEJHOPaTHB
XOJIaTHHU I0KOPH TEXHOJIOrHANAp EpAaMKAA AXIKIIAW, TYNPOK YHYMAOPIUTHHK
THKJIAW KApAEHNAPHHM MOACJUIAIITHPHIL BA MEJMOPATHB TH3UMJIApHH Gom-
Kapuw, ynaphan cavapam dofinanannwmra Gornuk TanGupnap yTKasuwra
6aruilanray KaTop HAMHHA-TAOKHKOT HLLLIADH 06 Gopuiran.

XKaxonna tabumuii-TexHOreH XapakTepAarH THAPOreNOrnK obsexTnapuuur
MAaTeMaTHK MOJIEJLIaDHHH re0ax6opoT TEXHONOTHANAPH aCOCHAA UILNAG YHKUIM Ba
TEXHOreH XYAYMJIaDHUHT MaBCYMHMH BAa OJKOJOTHK XOJIATNapHHH y3rapuinu
XaKHMJIarK reoManIyMoTaap 6a3acHHH IAK/UIAHTHPHLI Ba YNap acocHaa 6Gomkapys
TH3MMJIADHHH TAKOMMLLTAITHPHII MYXHM axamust kach stvokaa. By Gopana
KaTbHiiMaC MabiyMOT/IAp IIAPOMTHAR TYPAM XApaKTepAard edumnap Kabyn
KM/MII MOJENADHHH MiNald YHKWI, TYNPOK XOCCANnapHHH Ba CU30T cyBnap
YYKYPJINTHHH xncoﬁra OIFaH XoJjaa Konnelcrop-zonypnap CHCTEMACHHM Huuiat
YHKHIL, KATBMAMAC MaHTHKKA acOCHAA TyPAHM XapaKTEpHark euMIIap opacuaar
GornaHuUINAPDHY  TAAKMK KUJIMLIHHHT (OI‘OXJlaHTHpPIm, XPATHIL, THKJIALN)
MOJE/LIAIITHPHIL ANTOPUTMIAPH BA JACTYPNAPHHM MWNAG 4MKMW, pacTpau
TacBMpnap acocuMia XyayAnap reoax6opor MoAenMHHM ApatMmi  kabu
fiyHanumnapaa Makcajid MIMHA M3NAHMIWIADHH aMaira OMIMPHII MyXHM
Basudanapaan 6upu xucobnananu. KOxopuia xentHpuirak HIMHA-TAIKMKOTAp
Hynanmwunpa OaxapunadrraH  HIMHH - M3naHumiap  Maskyp AMccepranus
MaB3yCHHHHT 1013apONIMrHHKE H30X Al M. '

Vi6exucron Pecny6nukacu l'lpealulen'mﬂuur 2013 #Hun 27-nioHparu IK-
1989-con  «Y3Gekucron Pecnmybnukacu Muinmii ax0opoT-KOMMYHHKalus
TH3MMHHM  SH3ja pHBOXJIAHTHpUII  TyFpucupasrn  Kapopu, Basupnap

! hutp://www.agrowebcee.net/awuz-ru/nauka/materialy-konferencii/



Maxkamacunwnar 2013 imn 19 mapraary 82-cou «V36exucron Pecmy6imukacuaa
cysaau (oiiaanaHHil Ba CyB HCTEBMONM TAPTHOM TYFpHCHAA»TH KApopH Xamia
Maskyp QaosuaTra TerwuinM  Gowka MenEpuii-XyKykuil  XyxokaTiapaa
Oenrunanran BasWQaIapHN aManra oUMpHmTa ymby AWCCEpPTALMA TaAKHKOTH
MyalisH Japa¥afa XR3Matr KAITaqn.

TagKUKOTHHHr pecny6imka daH Ba TEeXHOJOTHSUIADH PHBOXKIAHHIIH-
HHAT yCTYBOp éyHanumuapura Gorymiaari. MasKkyp TaukukoT pecny6nuka
an Ba TexroOTHANAP pHBOXNAHHIIMHMHT V. «AxGopoTiawTupum Ba ax60poT
-KOMMYHHKallis TEXHOJNOTHSNADHHH DPHBOXUIAHTAPHIIY YCTYBOp HyHamum
Joupacuaa GaxapriraH.

Huccepranun Mas3ycn 6yiinga XoprxKHil LIMHIA-TaIKHKOTIap mapxn.2

Tabunii-TexHoreH  XapakTepgark  THOPOTeOJOrHK  OBLEKTAAap  yUYH
reoaxGopoT TEXHOJIOrHANapH acocuia euumiap Kabyn KWIMWHH Kynna6 -
KYBBAaT/AWl TH3UMH, Mypakka® THIWMIapHH axGopoT HOAHWKIHTH WMApOMTHIA
THAPOreOJIOTHK,  TEXHO-TOTHK Ba WKTHCOAMH  acocnapuHu  reoaxGopoT
TEXHOJIOTHANAPH  AcOCHAa  KOMIJEKC  TagKWK  KWIHID  JkapaéHilapHHH
MHTEICKTYANNAWTHPHII YCYJUIAPHAK HIINa0 wuKuIira HyRanTHpuiran WM
M3NaHULILIAD JKaXOHHHHI €TaKYW MMM Mapka-3napH Ba onMif  TamiauM
MyaccacanapH, xymianal, Aquila Space, Dauria Aerospace, Esri Inc, Exelis VIS,
Modflow, University of California, Berkeley (AKII), Geomatics Canada,
Sehlumberger Water Services (Kawagma), Karlsruhe Institute of Technology,
Institute of Applied Geosciences (Fepmanus), Centre for Ecology and Hydrology,
Centre for Water Science, Cranfield University (Byiox Bputanus), Airbus Defence
and Space, Geo-Intelligence, Spotlmage (®panuus), DEIMOS Imaging, Remote
Sensing Laboratory of the University of Valladolid (Mcnanus), University of
Technology (TTomswa), University of Pisa, Department of Geosciences, University
of Camerino (Mtamus), University of Technology ([{anus), National Institute of
Hydrology, Waterloo Hydro geologic, Excel Geomatics (Xunaucron), GISTDA
(Taunann), Technical University of Denmark ([launs), ESRI GIS, 000 «Jlara»,
Mocksa gasmat yHuBepcuTeTH, MockBa anoka Ba ax6GopoTIAWITHPHL
ynusepcuretd, Koson ymusepcutetn (Poccns), TomkedT wuppurauus Ba
MeMOopalHs HWHCTHTYTH Kowwnpgaru HMppurauws Ba CyB MyaMMoNapH HWiMHii-
TaIKWKOT MHCTHTYTHAA (37'366Knc'rOH) KEHI' KAMPOBJIM HITMHH-TafIKHKOT WILIapH
onub GopHaMoKaa.

Tabunii-TexHoreH XapakTepaars THAPOreoNoruk obbekTinap yuyH reoax6o-
POT TEXHONOTHANAPH .ACOCHAA €YHMIIap Kabyn KHIWIL, TEXHONOTHK acOCTapHHH
reoaxGopot TexHonorusnapu €paamuaa Gaxonaw sa Gamopariam MOAE/IapHHH
ApaTHII yCyNl Ba aITOPUTMIApHHM MINA6 YMKHULN, MOHHTOPHHT TH3HMH
TY3HJIMAaCHHH TaKOMMITAIUTHPHUINra OHA XaXOHAa ONHO GopuiraH TalXKHKOT/IAp
HaTtukachaa Karop, *yMNaAaH, Kyiuaard wiMuil HaTHxkanap oauHrad: GPS-

2 MaB3yci Gyiina xop i ATMHE-Ta T wwaf http://www.fao.org/docrep/018/i1688r-/i1688

103.pdf, hitp:/fwww.slb.com/services/additional/water.aspx, hitps://en. wikipedia.org/wiki/Centre-_for_Ecology_
and_Hydrology, http://jr.rse.cosmos.rw/article.aspx?id=167 http://nihroorkec.gov.in/, htp://ecoruspace.me/GISTDA
html, httpsd/www.linkedin.com/company/exoel-geonmﬁcs-pvt—hd- Ba Gomka manGaanap acocuaa MuLNa6 wurwn-
ran
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HaBUrauus TH3HMMHH KY,lall Xamia reojesWk KypHIAManapH Ba JacTypuii
MaxCy10T1apHHU  APATHLINA IOKOPM Aapakajard (JOTOrpaMMETPHK AacTypHii
eyumnap uwinal umkuaran (Trimble, Digital Globe, AKII); roxopu Sport &
Pleiades eunman ontuk aspoxocmuk TacBHpNapHH Xucobnaw ycynanapu uinnab
unkunran (Airbus Defense and Space, dpaHuns); KUIUIOK XYHKAIMIH COXACHAA
KOCMHK MOHHTOPHHIH aCOCHAa CyB 3axMpajapH XapHTacH spatunrad (Aguila
Space, AKILl); ep octu Cys 3axupanapn KOCMMK TacBMpJapH Ba IeoaxGopor
pecypcnapuHM KaiTa HUMAWHKHT JacTypHii TABMUHOTH MIL16 YMKWITan (ESRI,
AKIL); Tabumii-TexHoreH xapaxrepaaru THAPOreoNorHKk  OOLEeKTNapHHHT
reoax60poT TEXHOJIOrHANADH acocHAa 21eKTPOH reoaxG6opot Mojennapu Hmnab
uukuarad (ESRI GIS, Poccus); ep octu cypnapy xapakaTMHH MOA€/LIAIITHPHII
cudaTnru 6axonaiu sa 3axupanapuian goiinananumyy GoIIKAPUII XaPHTATAPHHH
APaTHIIHUHT BACTYPHH TabMUHOTH Mwnab uuxuaran (Waterloo Hydrogeologic,
Poccus).

Jlynéna Taluuii-TeXHOreH xapakTephard FHAPOT€ONOrHK OGBEKTIAPHHMHT
ME/IMOPAaTUB XOJIATHHH, €p OCTH CyB 3aXupajJapHHH XMMOANall Ba MasKyp
XYAyAnapAard 3KOJIOTHK Ba3HATAAPHH 3aMOHABHH axGOpPOT TEXHOMOrHsIapH Ba
MAaTCMaTHK MOJAC/IALUTHPHINL yCY;11apyd aCOCHAA KOMILIEKC KaiTa Tukam 6yinua
KaTop, JKymlanaH, KyHugaru ycrysop HyHaluuuiapaa TaakMKOTIap onub
OopunMokna: ep OCTH CyBiM KaTnamnap TMAPOTEOXHMUK —PEXHMJIADHHH
MaTeMaTHK MOJC/NAIITHPULI ANrOPHTMIAPH Ba AACTYPHil BOCHTAIAPHHM HINAG
YUKHMIL; TYNPOK XOCCANApHHHM Ba CH30T CyBNap CaTXHMHH XHcobra osaran xosnja,
KOJUIEKTOP-30BYPJIap TH3UMJIADHHH TaKOMKJLIALITHPUIL, TEXHOTEH XYAYANapHUHT
MaBCyMHAi Ba OKOJIOPHK XOJaTNapMHH Y3rapiiiM XakMAaru ManiyMoTap
GazacunM WAK/WIAHTHPHMIL; CHMCH3 CEHCOp TYpiapH acocufla CYFOpUIafUraH
MalfoH7ap MCIHOPaTHB  XOJATNapHHM TE3KOP MOHMTOPMHF  KHJIMUIHMHF
KOMMOBIOTEPIAWITHPHATaH TH3MMHHM SPaTHII; €p OCTH CYBAH KaTNamlapuHH
MEJIMOPATHB, JKOJIOTHK XonatuHW Oaxonam Ba ynap acocuja Oowkapys
Kapopnapuh¥ kaly/l KWIMII MacalalapMHH EYUIIHMHT anrOPUTMNApH Ba
AacTypuid MOXMYalapHHH Xamaa reoax60poT TH3MMIIAPHHUHT HHTErPALHSIAILY BH
MEXAHH3MUHH HLLTA0 YUKy,

MyaMMOHHHI yPranmiaraniank gapaxacu. Tabunii-rexnoren xapaxrepaaru
FHJPOreONOTHK TH3UMIAPHU MENHOPAaTHB Ba 3KOJOIMK XONATHHH KaiTa THKMam
yKapa€HNapMHH MaTeMaTtWK MOAC/UIApHHH SpaThil Ba GOWIKAPYB TH3MMHUHH
TAKOMMJUTAIITHPHLIHHHT Ha3apui Ba aManuii MacajairapyHu edHiuga TaGumii-
TEXHOTeH THIAArd TMAPOreonoruk obbexTiapHuHr Aespnu Gapuacupa Tabuumit
pexXHMHUHT Oy3MNraHnury LIapouTnapuja kapopsap Kabyn Kunuwm; TaGuuii-
TEXHOreH THIJArd rHAporeo;ioruk obmexrnap 6yiuua MabiymoTnap. erHuiMac-
JWIMIH, YNAPHHHT aHHKMaCIHAHTH, pyH 6epa&rran BasHATIAPHUHT Mypakkabiu-
JIMCM Ba TYPJIH XapaKTepAard MablyMOTJap OuiaH HULIAll MMKOHHUATAAPHHKHD
yeknaHrawIury TydalinM OJKOJNOrHK BasHAT KECKMH XyJAyAnapaa €p OCTH
rugpocdepacH Ba TaMIKH MYyXMT OpacHia MyHocaGarnapHuHr reoaxGopot
MOJieffiapy Ba ANTOPHTMJApHHH fApaTHL; TaOWHi-TEXHOreH THAPOreosoruK
obnextaap (TTITO) Mypakka6bnuru Ba ynapra TexHoreH (akTopnap TabCHPHHHHT
KYWIH/IMTH, €p OCTH CyB TYTYBYH KaT.Jam/lap YerapanapuHHHI KaTbHHMACIHUIIUIH,
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IapaMeTplapi Ba XapaKTEPHCTHKATAPHHHHI HOAHWKJHTHHH gleKBaT aHWK:1am
MyaMMONapH; TAOPOreoNIOrHK OOBEKTNapHM TYpAH MabiyMOTAap IapOMTHIA
KOMIUJIEKC T3aaAKHK KANMHLI MYaMMOJIapHHH reoax60p0'r TEXHOJIOTHAIApHHH
Kyanauw acocuga eqHill Macaianapi 6up xatop onumnap: V. Velasco (Institute of
Environmental Assessment and Water Research (IDAEA), CSIC, Barcelona,
Spain), A. Garcia-Gil (Department of Earth Sciences, University of Zaragoza,
Zaragoza, Spain), Thomas Kalbacher (Department of Environmental Informatics,
Helmholtz Centre for Environmental Research, Leipzig, Germany), Amis
Lektauers (Riga Technical University), Yangxiao Zhou (UNESCO-IHE Institute
for Water Education), Wenpeng Li (China Institute for Geo-environmental
Monitoring, Beijing) Ba 601KanapHuHT HILIapHAa Kypub YHKUITaH.

Tabunii-TeXHOTeH XapaKTepaarH rHIpOreoJIOTHK OOBEKTIapHH MEJHOPaTHB
Ba 3KOIOFHK XoiaTWHM Gamopatiaw Ba GaxonalmHMHT KOMIBIOTEPILTHPHIraH
BOCHTAJapHHH spaTHWl MYaMMOCHHH C€YHINAA TYPITH XWIAard MabiyMOTAapaaH
ATOHA KOMNBIOTEPNAINTHPHATAaH MYyXHTA2 QOifIaHKII ATOPHTMIAPHHH HLIal
YUKMIN, aBTOMAaTHK Ky3aTHIl AaT4MKJIapuAaH KeNaéTraH MabJyMOT/IapHH
MXYaMJIAIITHPHIL, CIIEKTPaT TaXJIMJ KUIWIL Ba cakiawl Macananapy Grnad GoFImK
TaAKUKOTIap OuWp KaTop oJMMiap TOMOHHAaH oiu6 Gopwirad, xymnazad,
W.KTIaBuy, JJeffrey, B.MlllecrakoB, ®.5.AGyTamnes, V.Y.Ymapos,
XK.X.JxymaHos Ba OowKanap TaxiumH IUYHW KYpcaTaaMkh, XO3WPru BakTAa
TaOUMI-TEXHOTEH XapakTepAard THAPOreoJOrHK OOBEKT/Iap Xakuaa  Te3Kop
ax6opoT OJIMIN yYyyH CHMCH3 CEHCOpP TYpilapura acocjaHraH KOMIBIOTEp:;IalitH-
puiras KysatHw ac6o6mapuaan doiinananumna 6Up Katop WxoOHil HaTHXKanapra
3PULUMIIraH.

TabGunii-TexHOre€H XapakTephar# IMAPOreoorHK OOBLEKTNApHMHE XyAyauid
MapiyMoTNap 0asanapuHy IDaKINAaHTHPWIN, ynap acockia THAPOreoNoTHK
obbekTnapHd  reoaxGopor mojennapuHu wmnab wuxum  Ba  Gomkapys
Kapop:1apuHH KalyJl KMITHLIA KaTbHiMac MaHTHK dneMeHTIapuias doligananuim
Macananapura Oaruwmnmanrad umiap A.Farajzadeh, G.D.Smith, O.Kaleva,
N.E.Mohamed, T.Caaru, E.Mampaun, [.A.Jlocnenos, B.B.Becenos,
J.A ITanvwacun, J.3oma, A JMwb6a, T.Caatu, E.Mamaaun, [1.Porreiin,
T.® Bekmypatos, II.X.Ilasunos, JI.T.Myxamanuesa, M.A PaxmarynnacB Ba
6omka TaAKMKOTAApHUAa KYpHiITaH. AManHETAa, THAPOreoNOTHK MabiyMOTiap
cubartiga (akaT coH KYpUHMIIMAArH MablyMOTNap TywyHunaad, Oynpai
MabJlyMOTJIap 3ca Tabuuil pexxumu 6y3uamarad oGbexTap yuyH KaTTa axaMHaTra
sranurd  kypuaradn. Illy Gunan Oupra, Tabumii-rexHOreH TrHAPOTEONOTHK
00BeKTIap YUYH COH KYPHHHIIHAArH MabJyMOTN2PHWHT WOIOHYIM 3MACHHIHTH
Ontan xapakTep/IaHHILH, THAPOreo/IorHK TaaKMKOTIapAa TMHTBUCTHK KYpHHHILAL
GeprTyBaH 3KCNIEpT Haxonaniap, adpOKOCMHK TacBHpAap, XyXyaui Ba atpubyTHB
MabiyMoTiapHiaH ¢olifanaHuil ycyJulapuHW SpaTHIl Ba KeJAryCHAa TaKOMHII-
AawTHpHmra 6arniIianTad HIMHE W3TaHHILIAP XO3UPIH KyHAA eTapiy Japaxana
KypHWiMaraH.

AnccepTanna MaB3yCHHHHI JACCEPTAUAA GakapHNITaR oJMil TaBJIHM
MyacCcacaCHHHAT WIMHH-TaAKAKOT nmaapn 6nnan Gorsmkmuru. uccepranus
TaaxMKoTH TOmKeHT ax6opoT TEXHONOrAsAIapH YHHBEPCHTETHHUHT HIMUA-TA/IKH-
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KOT HLWIAPY pexacuHUHr AS5-020-«KarbuiiMac Tymnamnap acocuaa TYpAH XU
THAPOTEONOrMK MabayMOTIIapra HiwioB GepAIIHMHT annapaT AacTypHii BOCHTANa-
puHHM MU0 YHKHLD (2012-2014), A5-022-«TeleKOMMYHHKAIMA TH3UMTADH
3MEKTPOMArHHT XaBGCH3NNruHK KoMnneke Gaxosamra AT TEXHOJIOTHANAPHHHHT
unTerpaamysu» (2015-2017) MaB3yJiapuJary Jioluxanap goupacuaa Gaxapun-
ras.

TaaKAKOTHHHr MaKcagu TypiaM Xuagaru MabyMOTNap HWIApOMTUHAA
TaGuui-TEXHOTeH XapaKTeparu IHAPOre0nOTHK OGBEKTNAp yaIyH Kapopiap Kaby:
KMITHILra KYMaKIauryBug re0ax60poT-aHANMTHK TH3UM HILNA6 YMKHIIAAH nbopar.

TaaKHKOTHHHEr Bandaaapn:

TabHUH-TEXHOT€H TIHAPOreonoruk obnexTnapnapun xonataapuHu Hdoga-
JoBul MaBxya Gapua MaBIyMoOT/Iap MaxMyuaaH doiigananum uMKOHMHM Ge-
pyB4H re0axbOpOT TeXHONOrUANapHra acocnaHra ax6GopoT-ananutuk Gomkapys
TH3MM KOHUENUMACHHH HIUNab uukuus;

TabnNii-TEXHOreH rUAPOreonoruk ofbexTnap 3konoruk Xonatuay 6axo108uH
Ba Gawopatnosun Taxpubanu MYTaxacCHC-3KCHEPTAAPHUHT (HKpnapH, Xyjoca-
napu Ba Taxpubanapurn dopmasnawtupuw Ba YMYMHANAWTHPUII YCYILTAPHHH
HUDTA0 YNKULL;

KarbuiiMac ManaymoTnap MapoHTHAA TaOHHH-TeXHOreH Xapakrepaaru
THApPOreonoryK oGbeKTIapHy KaiiTa THKIALI, JOKALIAITAPMUIL, OroXJaHTHpHII Ba
GoukapyB KapopnapuHu Kabyn KMl MacananapuHHHI €4HMIApHHH TOTHMILIa
KYMaKnallyB4YH MOASILIAPHH HULIA6 YHKUILL,

KaTBMHMAC-MaHTHKUHA TYIUlamMIap Ha3apHsCH IPMHLMILIAPH acOCHAA TabHuii-
TEXHOTeH  XapaKTephard rujporeonoruk ofmexkTnap opacuparu — ¥3apo
GornannmnapuHl  UQOAANOBYM MOAeINAap acoCHAA BasMATHM 6axonam  Ba
Gowkapys KapopnapHHK Kabyn KMAMII AIrOPHTMIApH Ba AACTYPAapHHHM MGG
YHKHU1LL,

TabUHH~TEXHOTEH THAPOreoNornk 06beKTIap TACBHPNAPUra TE3KOP NapasLien
HIUI0B GepHlll ANrOpMTMNApH Ba AACTYpHi BOCHTanapuHM Mmunab uuMKM Xamza
pacTpiy TacBHPAap acCOCKAA XyAy/1ap reoaxGopoT MOAETHHY SPATHII;

kyn  daxropnm  xnaccuukauusnam  ycnyGMHM  Kyutamn - acocuaa
Kopakannoructon PecnyGnukacu Illumonuii kucMH MHconuaa TaGumii-TexHoren
XapaKTep/ard riiporeosjloruk 00LEKTNapHUHAT re0aX6opoT MOAEIUTAPHHY PAcTpAH
TacBHpNAap acoCHAa HLLIA6 YMKHII;

KOMIJIEKC ~MoJejnapra acocnaHM0 TEMaTHK KATnaminap OpacHIaru
KOppENAUKOH GOFfaHHIINAp XapHTACHHH sPATHLI Ba GOILIKAPYB KapOpJapHHM
kabyn KHAHIL ANTOPHTM Ba JACTYpH KOMIIEKCHHHM HIILTA0 YHUKMILL

TaakukoTnuur ofbexrn cudaThaa Tabumi-TexHOTeH XapakTepra ara
Gynran  rugpoOreonoruk OOBEKTNAPHHHI 3KOMOTHK XONATIapuHM reoaxGopoT
TEXHOJIOrHsUIapH Ba KaThbMHMAac MaHTHKHA YCyJulap acoCHjaa KOMIUIEKC KaiiTta
THIUIaL Kapa€HI1apH KapanaiH.

TagKUKOTHHHT npeaMeTH TabUHil-TEXHOTEH XapaKTepaard rMAPOreoNorHK
00beKTIapHHHT MABhITyMOTAApHHH KAHTa HILIAll anroOpMTMIapH, MAaTeMaTHK
MO/IE/LIapH, KOMMBIOTEPIAIITHPHAraH HHTELIEKTYan GoluKapyB KapopiapHHH
KaOyn Kunuul TH3IMMHHH HULIa6 YHKHLL YCY/IAaPH TAILKHI 3TagH.



TaaxakoTRART ycyanapr. TaIKMKOT xapaéuuga KaTbuiimMac Tymiammap
Ha3apHACH, MAaTEMATHK MOACIUTAWITHPHIL, MABIYMOTIAPHH HHTEIEKTYaT TaXIui
KHIIMLW, 3KCMEPT TU3HMAapH acocuaa Gaxonam sa Gowkapys kapopnapuus kaby:
KHITHIN YCYJLTapH Ky UIaHWIraH.

TaaKMKOTHHAT WIMHIl SHTHIArA KyHunarunapsas ubopar:

TabUUH-TEXHOrEH XapaKTeplary rUJpOTeONorHK OOBEKTIap MabIyMOTIapi-
HA Tyniawm, cakiaml Ba HIUNOB Gepwiu, reoaxGopor TexHonorusnap acochaa
MOAEJNIATHPHIN, HHTEILTEKTYA/IAIITHPHINTa MYIXaIaHral ax60poT-aHamIuTHK
KOMNBIOTEPJIAMITHPIIIFAH TH3WM MIINa0 YHKHITaH;

TabMHH-TEXHOTEH XapaKTEpHarH THAPOTEONOTHK O0BEKTNap XONaTiIapuHH
KarbuiMac TyIulamilap HasapusacH TaMOWMIUIapu acocuga Oaxosnaml Ba
YMYMSaImITHPHINTA acociaHTaH GomrkapyB Kapopiapyuie Kabyn Kuaui Moe;InapH
Hunab yHKHIran;

TabUHIi-TEXHOTEH XapaKTepaard THAPOTEONOrHK ofbmeKTiIap TacBUpIapHAaH
MaBJyMOT OJIMIL, HiljIoB GepHlll XapaCHIapUHA NapaIIeIauITHPAL ATOPHTM Ba
acTypwuii BOCHTAapy HIUNa0 YHKHIraH;

TabUHHA-TEXHOTEH XapaKTeplarH THAPOreolorHK o0bekTnap reoaxGopoT
MOJIE/IH TEeMaTHK KaTjaMJlaph opacujark y3apo GOrnaHuILNapHU ake STTHPYBYH
91EKTPOH KapTajiap spaTHll aCOCHAA Kapopiap KaOyn KuJMWFAa kyMakiaulyB4H
KOMMNBIOTEPAWTAPHITaH TH3HMHHMHI ITOPHTMAapH Ba HAcCTYpHii BOCHTAIapH
HLIa0 JUKHIITaH;

KaTbHAMac MabiIyMOTNap MapouTHAA Tabumii-TexHoren xapakTepilaru
THAPOreoNIOTHK  OOBEeKTAapHH  Ba3HATNAPH 6y#inua  kaifta  TMKnau,
JOKAUTAIUTHPUL, OFOXJAaHTHPHIL €4YWMJIapM  Ba yjap oOpacuuard ¥3apo
Gornanunnaputu 6axonair Moaennapy, AIFrOPHTMIIAPH Ba AACTYpHil BocUTanapy
HIIa0 THUKHIITaH;

Tabuuii-TeXHOreH XapakTepaaru FHAPOreQJoruK 00BEKTIApHHHT
TacBUpJiapHra Te3Kop napafiede WLINOB Oepuill alropuT™MiIapH Xamia pacTpiv
TacBHpiaap acocHia XyAyAnap reoaxGopoT MoAenH Ba BasusTHH OGaxonaw
aNropUTM;IapH HILIA0 YUKANraH;

reoax60p0'r Moaelra acocnannﬁ, TEMATHK KaTjiaMhap opacHiarn
KOppeIAUHOH OOFNaHuIInap XapWTaCHHUM SpaTHII Ba 6OIIKapys KapOpiapHHH
KabyJi KITHIO aITOPHTM Ba JacTypHii MakMyacH Uimiab yukuiran

TaaKHKOTHART amaHii HATHARACH Kyliuaarunapaan ubopar:

reoax60poT TEXHONOrHAIApH acoCHAa TabWuii-TeXHOreH xapakTepaar
THAPOreoIOTHK  OOBEKTNIApHH reoax0opoT MOZEMTAITHPHII Ba  KOMILIEKC
faxonam KOMNBIOTEPNAIITHPHITAH TU3MMHKOAH BKOJOTHK Ba3MAT TaHT Gy.raH
TaOUHH-TCXHOTEH XYAY/UIAaDHHHT TYTNPOK Ba CYB TabMWHOTH mIaPOHMTRAAPHHH
axumnam Oy#uda Gomrkapys KapopiapMHH Kabyn KW ycyurapu Howiab
YUKHATAH.

€p OCTH CYBIapH KYTapHIMUIM HaTHxkacuia Tabuuii-TexHoreH XydyAnapiaa
Ky3aTHIafuraH KyproKnanWil €ku OOTKOKNaHMIl kapaHNIapuHW aBBajIaH
Gawopatnaml Ba XymyInnapaard ep OCTH CYBIapH CaTXNapHHW TacaiTHpHW
103aCHIaH WHIKEHEPIUK KapopaapHHH Kabyl KMIIMINZAA CyFOPUNaAUraH ep MaiiioH-

10



NApXHUHT METHOPATHB XONMAT/IapMHM KaHTa THKNAWMHMHT reoaxGopot Mojesnapu
uuuab YuKWIraH.

Tabuuii-TeXHOTeH XyAyAiap ep Ba CyB lUGDOMTIIAPH MOHHTOPUHIHU
TH3UM/IaPHHH  THAPOTEOJIOrHK, 239POKOCMHK TACBHP MablyMOTNIapH  Gunan
TABMHMHIALIAA XaMAa KaThUHMAC MabyMOT/Iap CalIMOFH 10KOPH G¥iran mapout-
napia Goukapys xapopiapuHu Kabyn kuwiuura kymaknaulyBy reoaxGopor
aHATUK KOMMLIOTEPIAITHPUITaH TH3HM MOHHTODHHT YCYJUIApH HIA6 YMKuiran.

TaaKuxoT HATIDRAJIAPMHHMHI  HUOIOHWIRMHMrE  Tabuuii-Texnoren
XapaKTepiiard  rufporeonornk ofnektnap 6yiuya onuHran reoaxGopot
MOJEMAUTHPHII BA MAaTEeMaTHK MOAC/IAUTHPHLI HATHXAJIADHHHM Kapasiaérra
Xydyanap Oyduua Ky3aTHII Ba yauall HaTibkadapy OMTaH  coNMMnITHpum,
KapanaéTraH ruAporeo/ornk o6LEKTNapHH XONATHHH TANKUKOT 3TYBYH IOKOpDH
MaJlakaiM OJIMMMap Ba MyTaxacCHC 3KCNEPTAAPHUHI AKyHMH HaTHXanap 6Viimua
Xynocanapu 6unan taBcuduianany.

TaaKHKOT HATHKANIAPHHHHI WIMHI Ba aMa/Hii aXaMHATH.

TaaxUKOTAA ONMHraH HATHXKAJAPHHHI MAMHH axamuaTH Tabuuii-rexsoren
XapaKTepiaru TCHAPOreoNorHk oObexkTnapuun reoaxGopoT MoaesUIaLITHpUII
HaTWXanapu  Ba MHTE/UIGKTYyan TaxJW/Ulall ajIropaTMiIapd Ba AacTypuid
BOCHTANapy acocHfia MaTeMaTHK MOIE/TAITHPHII Ba CGOMIKADYB KapopiapHHH
kabyn KWIMII KapagHMapMHM TYpAM THOAArH MabsIyMOT/Iap INApOMTHAA
HHTENIEKTYalalll MacanacHHM CaMapajii €Wl HMKOHMHM GepyBuYH MaTeMaTHK
MOZeJUIap, aAro-pyT™MIIap Ba JAacTypiap ApatHil YCHyOHATHHH MOLIaG yMkuiira
XM3MaT KMnaaH.

OsHHraH HaTHXANapHUHT amaiuii axaMHATH TaOHHM-TEXHOreH XapakTtep-
Jary THAPOreONOTMK OOBEKTAADHUHT 5SKOROTMK BAasHATHra Kypa Maciaxar
GepyBuM KOMMLIOTEPIAIITUPUIrAaH TH3HM TaOMMH-TEXHOTEH XyAyIIapHUHT
MESIMOPATHB, CaKnall Ba 3KOJOTHK MYamMMOJIapH HYKTad Ha3apJaH KOMIUIEKC
Oaxonamn Ba Gamoparnamn Xamaa OolikapyB KapopnapuHM Kalyn KuwiMm Ba
acocnaill ¥MKOHHHH ApaTaju.

TagKuKOT HATHARAJIAPHHHHr KopHi Kuwmuwwe. Tabuumii-rexHorexn
XapaKTepAars ruAporeoNoruK o6LeKTNapHHHT reoax6opoT pecypeiiapura HOuioB
6epuiu xkapa€nnapyHu GomikapHi! TH3MMH Ba MaTEMATHK MOAEILIADH aCOCHJA:

Tabuuii-TexHOreH xapakTepfary XyAyAJap ep KAT/JaMIapHia Ba LUYpHaHHil
AapaxacuHM GamopaTiam MOAETAPHHHMHT HHCTPYMEHTan AAcTypuii BOcHTanap
maxMyn Kopakannorucron Pecny6nukacH ImuMonmii 3omacuua  Y36GekucroH
Pecniybnukacu Jlanat reonoruss Ba MHHEpan pecypciap KYMHMTacH TM3HMMIa
KAPYBYH KOPXOHANApHUHI TEXHONOTrHMK Tu3uMH «Opon 6yiiM ruaporeonoruk
IKCMEAHLHMACHHUHT KOpaKannoruCTOH THAPOreoJOrMK CTAHUMSACH»  JARIAT
KopxoHacura xopuii KunuHrad (JlaBiaar reomorus Ba MuHepan pecypchaap
kymutacuuunr 2015 iun 14 monnaru 08-1266-con MabaymoTHomacn). Wmuii
HATHXXAHMHI  KY/UIAHWMINKM  TaOHMH-TEXHOreH  XxapakTepaaru Xap Oup
rUAPOreoNoruk oGBEKTIApHUHT MEIHOPATHB Ba 3KONOrHK XONaTHHH Gaxonam Ba
Gauropataalil MIMKOHHHHM GepraH;

TabHHH-TEXHOreH XapaKTep/iaru FHAPOreoI0ruK 00HeKTAAPHHHT MEAHOPATUB
XOJIATHHH TabMHHNAW XapaHUWHMHI reoax6opoT moje/Ulapd Ba HHCTPYMEHTaN
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JIacTypui BOCHTaIap MaXMYH Ax6opoTt TEXHOJNOTHSANAPH Ba
KOMMYHHKAUMAIApHHH PHBOXJIGHTHPHIL Ba3sHPAHIMH TH3HMH KOpXOHamapuaa
%opHH oTuaraH  (AXGOpoT  TEXHONOTHANapH Ba  KOMMYHHKAUAANADUHH
pUBOX¥IAHTHpHII BasupauruHuAr 2016 #un 31 oktabpmarn 33-8/5937-con
MabJIyMOTHOMAcH). MMHMif-TaAKMKOT HaTHXanapu TabuHii-TEXHOTEH XapakTep-
Jary TrHAPOTCONOTHK OOBEKTNapHUHI Tre0ax0opoT kapTajaphHu ApaTHII Ba
MeTHopaTHB XojaTHHU Gaxomain anropuTMiapu Ba Gawopatiam MoOAEIapHHH
aMaina xopuii 3THII XHcoOHra cavaparti GolIKapys KapopiapHHH Kabyn KHJIHID
TH3HMHHM IDAK/LTAHTHPHIL Ba 3KOJOrHWK XaBicH3awWk mapaxacuuu 11.2% ra
OWIHMPHILIHA TabMHHIaHH;

TaGuuiH-TeXHOTeH XapaKTepaard rHApOreosIorik oOBEeKTIap TacBUpiapruuaH
MabyMOT OJIMI Ba HINOB Oepuin xapaéHNapHHy MapajieamTHpUIN AacTypuit
BocuTanapu «Kutob-Illaxpucab3 ep ocTH CyB OAMID HHUIOOTIApH» THU3HMUTA
wopHi 3THaTan (JlaBiaT reoiorus Ba MuHepan pecypcnap kymMuTtacHHuHr 2015
#ua 24 nwosabpaaru 01/574-con manTyMOTHOMAcH). MAMUIi-TaAKHKOT HaTHXXanapH
TabuAH-TEXHOTEH XapaKTepAarH rHAPOreosIorHK OOLEKTNapHUHI MEJIHOpaTHB Ba
JKOJIOFHK XONATHHH KaliTa THKIaWl >kapacHiapuHu OOWKapHll TH3HMHHH
TAKOMMINALITHPHIL, TEXHOTeH OOBLEKTNap COHMHM KaMalTMpHW XHcobura
Meadopauus XyAyASapuHHHr camapagopiuruin  58,7% npman  66,08% ra
OWIKPHIIHH TAbMHHJIallIra Xu3MaT KH1alaH.

TagkaxoT HaTHAKANApHHUAT anpoGammsacH. TaakukoT HaTwxanapy 27 Ta
HIMHW-TEXHHK, 1wy Xymiafad 10 Ta Xankapo amKymaHjaapoa MyXokama
xumunran: «5" Intemational Scientific Conference. European Applied Sciences:
challenges and solution» (I"'epmanus, Stuttgart, 2015ii.); «Radiotexnika, Telekom-
munikatsiya va Axborot Texnologiyalari: Muammolari va kelajak rivoji»
(Tamwrkent, 2015ii.); «CoBpeMeHHEIE TIPOGNEMBI THAPOIEOIIOTHH, WHXEHEPHO!
reonorul, reo3konorud u nytH ux pemenus» (Tawkent, 2015i1.); «AxGopor
TEXHOJIOTHAJIADHHUHT  pUBOXUiaHHW! WcTHkOonnapu, [TPA-2014» (Tawkenr,
2014ii.); «Amannii Marematika Ba axGOpOT TEXHOJOrHANApPUHWHT Jon3apb
MyamMosapu-An Xopasmuii» (Towkent, 2012; Camapkana, 2014iiii.); «XXI acp
tan Ba TEXHONOTHANAPHHUHI YCTyBOp WyHammnapu, TunGo» (Towkenr,
2014ii.); «Hwmab YMKapUIIHH aBTOMATHAUITHPHIN MHTENNEKTyan TH3UMIIap
6yTynxaxon koHdpepenuuacn, WCIS» (TowkenT, 2012, 2014#iii.); «®an, Tab.uM
Ba HUTa0 YHKApULL HHTETPALMACHHH axGopOT KOMMYHHALUUACUS TEXHONOTHIAPH
acocHia puBOXIaHTHpULI ucTukGonnapu» (Kapiuu, 2016ii); «AxGopoT TexHomo-
ruanapy Ba TeleKOMMyHHKalus myamMonapuy» (Towkenr, 2013i.); «[TpoGrem-
HBIE BOTIPOCHI THAPOTEONOTHH, WHXXCHEPHOW TeONOruM, re03LoNOrMH U NYTH WX
pewenus» (TowkeHT, 2012it.); «AXGOpPOT TEXHONOTHEIAPH Ba TENEKOMMYHHKa-
OUs  TU3UMIIZpUHM  caMapany¥ pHBOXCTaHTUpHID HcThkbommapu» (Touikenr,
2014ii.); «®ad, TaeAMM Ba pmnal uyMKapull MHTerpauusicuaa axGopot-
KOMYHHKallusl TEXHONOTHSANADHHH KYJITAUIHUHT XO3MPTH 3aMOH Macasianapu»
(Hyxyc, 2015); «TenekoMMyHnkauns Ba anoka COXacHaa 3aMOHaBHil ax6opot
TEXHOJIOTUsANapH» (Towkent, 2011ii.), «®aH Ba aMATUETHHHT WHTErpaNIallyBH
V36exucron PecriyGnukacH reonorus coxacuHu caMapany PHBOXCIAHTHPHLI
Mexanusmmny» (TouikenT, 2016ii.),
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TagkuKOT HATHRANADHMHHHC BJIOH KHIMEHIIH. Hucceprauns Mas3ycu
Gyiinda xamu 45 Ta WIMHH MM won 3THAran, wynapaan, 1 ta mMonorpadus,
Y36exucron PecnyGnuxacu Osuii aTTECTAalMA KOMHUCCHSICHHHHI JOKTOPIAMK
JUCCEPTAUUANAPH ACOCHA HMAMMI HATIDKANADMHM HON STHII TABCUS OSTHAraH
HAMHA rjalupnapna 17 Ta maxona, >xymnanan, 15 Tacu pecnybnuka Ba 2 Tacu
XOpHXHUH XypHANNapaa Hawp 3TUAraH.

AuccepTauMaHUKr XamMu Ba Ty3wnume. Jlucceprauus Tapkubu KUpHII,
Gewra 606, xynoca, 115 ¢oiigananunran anabuérnap py#ixaru Ba wiosanapman
uGopat. JlnccepTauMsHuKT Xaxvu 185 GeTHH TANIKUA 3TraH.

AUCCEPTALIMSIHUHIT ACOCU MASMYHH

Kupum KuCMHia YTKasuaran TagKMKOT/I2PHHHT 0N3ap6nury Ba 3apyparu
acocnaHraH, TaqKHKOTHHHI Makcagu Ba BasHdanaph, 06beKT Ba npeqMeTnapH Tas-
cudnatran, pecrybnuka dan Ba TEXHONOIHANADH PHBOMIAHHIIHHHHT YCTyBOp
HynanuuInapura MOCIMIK KYpCaTHiIrad, TAAKKKOTHAKT MIMHI AHTHIHTH Ba ama-
NHii HaTIKANapH Ga€H KMNMHraH, ONMETaH HATHXANAPHMHT HIMMIA Ba amasmii
axamuaTH ouub Gepuiran, TagkuxoT HATH)KANADHHH aMAIHETTA KOPUH KHIIHLLL,
Hawp OSTHWITaH HUVIAp Ba Jucceprauua Ty3unuwd 6yiimua Manaymotnap
KEJTHPHIITaH.

Jucceprauuauuur «Tabumii-rexgoren FHAPOTEOJIOTHK o0bexTIapHHA
KaThHAMAC TYIIamMnap HasapusicH acocHAa TAAKHK KHJHII Ba Kapop.aap
Kabyn KMIMIN KOMUENUHSCMHH HIUWIA6 YuKMm» ne6 HoMaaHras GupuHUH
Gobuna ymuawnap skapa€Hnapuaa MHCOH TaLCHDHHM KAMAMTHDHIN, TypiH
XapaKTepAari MablymoTIap ManbaanapuaaH (COHNM, JMHIBHCTHK, TACBHD)
axGopoT onuil acocuna doiaanannm kupaau.

Ma3skyp KOHUENUMAHH xOpMit KMAMITAH Makca] THAPOTEONOrMK
OOBCKT/IADHH TAAKMKOT KWIHII HATIKATAPUHM TYpNM HYKTau HasapAa
(MenuopartyBs, cak/al, 3KOJIOFHK, HKTHCOOH# Ba X.K) TAIKUK KWIHII Ba Ly acocha
TypAu euumiap Kaby:1 kunumaup. By Ypunna, TaGHumii-TeXHOreH THAPOre0Jor K
00BEKT/IaPra TETHIIH MabJyMOT/IAPHHHT HOAHHKIHKIAPUHUHT KEMHO UHKMLI
cababnapu Ba TabuaTw, Xamna ynapHM KaMaliTMpMII HYINApHHM TONMIN Kam
ypranniran Ba gon3ap6 Mmyammonap cupacura xupaay. Illy ca6a6nn, sxcneptiap-
THAPOreOIONIAPHHHT THAPOreoJoruK 00bEeKT XaKUari JIMHIBUCTHK KYPHHHIIAA
udonananran GunuMnapunn onumn Ba GOPMALTAWITHPHII BA COHNM , SHHH
KarbuiiMac COH KypuuMinuaa udojanamra MMKOH OepyBYM anropuTMiap Ba
JacTypuii BOCHTanap HMuu1al YHKAIM camapanuiup. ByHna, TagkdxkoT o01u6
Gopunaérran TTTTO napamerpnapu xakuma 3apyp Mukaop Ba cudarra sra
MabIyMOTJIap OJIMLI XaMMAaBaKT XaM HWJIOXKHCH HYKIMMHMHH TabKuJall JIO3MM.
Byuunr acocuii caGaGu ep octu cys/mm KaTiamnap Tabuuii pexumu Gy3wiraniury
XO/aTHA3, KYN COHAM Taxpubanap yrkasvm yyyn Gup Xuil 3apyp LIapoMTiap
APAaTHIIHKUHT HUMKOHHMATH Hyknuruaup. By Vpmuaa, KTH npHHUMMIAPHHHHT
TTITO napra TerduuM MabiyMOTNAPHH TYIall, YJapHH HOUIAL Ba Kapopiap
Kkalyn KwiMm MHTErpalMananlysy MOJC/IAIITHPAIN Ba Kapopnaap Kabya
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KWIHAHAITH )kapaénnapmmﬂr ACOCHHIIHIH  JapayKaCHHH OLUMPUITHHHT MYyXWM
OMHIIHIOUP.
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1-pacm. Typ.1h manstymotiap mapoatnaa TTTTO napru KatbaiiMac Tinaamaap
HA3ApHSICH ACOCNH/1a eIAMaP Kbyl KAJIKIN Konuenungcn

O6BeKkT Xycycuparn MabIyMOTNAPHHHT KaTTa KUCMH OKCNCPTiIaphaH
OIMHraH coHnu GynMaran Ba TYNMKMac Tap3fard MabjlyMoTiapaaH HGopar
6yaran xonnapaa, GyHaait MabimymoTnapuu winnaua KTH sa karbuiiMac ManTHK
NpUHUHNAapuAaH goliganaHunany.

MawymoTiap €THIIMAacNHTH, YJApHHHT WIIOHWIHAWTH mnact 6ynraH
Xojulapaa Kapopnap Kabynm kwmuiu Mamkya 6yiaran Gapda, Typnu Ttabuatiu
MabyMOT/Iap acoCHIa amanra omHpHiaaau. ByHaa, rUAPOreoNorHK TAKHKOTAAp
HaTHXaNnapK KamMMla yuTa, SbHH MEIUOpaTHB, €p OCTM CYBIapHHH cakiau Ba
JAKOJIOTHK MyaMMmodaap HYKTaH HasapHuaaH TAITKHH KUIIHHW LN JIO3UM
(M.KT'aBu4,1984). TTITO napHMHr XonaTiapu TANKMKOTHHUHF Ma3MYHHM Ba
HaTHXATapHHHHT KYJUIAHWIHIOH Kapopmap Kalyn KHIHHHMHIM —CTParusCHHH
aHWKNMAMITHPHINTA UMKOH Aparaau. Kapopnap kabyn kuausuinn §3 Hasbatuja
npeaMeT COXaHH Tynanury ORIaH Kapalll Ba TaX) Wil KAIHIIra acOCHaHHIIH JIO3HM.
Bynpai €npowrys TTITO napuM koMmiekc TaOKWK 3THID MOJEIWHMHI acOCH
6¥.16, Gynnait xapa8HHHHT KOHUENTYan cxemac 1-pacMaa KeITHpHIIraH.

Incceprauusmunr «KaTbHiiMac MabLJIyMoTaap caaMOFH toKopn Gynran
MAPORTIApAa Kapopjap Kabyn KAIHINra KyMaKJamIHOI #apaéijiapHnf
MaTeMaTHK Moje/uiamTHpum» Je6 HoMiaHraH HWKkuH4M GoOuaoa kaTbHitMac
MablyMOT/Iap CalMOFH I0KOpH 6yaran wapowTnapaa kapopnap kabyn xunwuiira
KyMakiaWwHIl kapatHNapHHM MAaTeMaTHK MONENIATHPUI — Macajilaphra

Garniunanrad. ByHaa Typiu XMl ManTyMOTAapHH JNHHIBHCTHK KYpUHHMUIAR
HIUNal Ky37a TYTHAAH.
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Tabuuii-rexnoren ruaporeonoruk obbekTnap xonarnapu 6YiiHua euumnap
Kaby Kunuw o6HLEKTHUHT XO3HPry Ba aBBA/IIM XONATIAapHHH TAKKOCIAl aCOCHAA
amanra owMpuiaau. Maskyp xosar 6yiinuya Tabuuii-TexHOreH rHMAPOreOIOrHK
obbexraap Gunan saxwyu Tanvw 6ynras Ba Mmnam TaxpuGachra sra 6ynraw
MYTaxacCHC FHAPOIeoNornapHuHr QUKpNapH, Hill Taxpubanapy Ba GUAKMIapHIaH
KeHr Golinananunanu.

Eunmnap kabyn KuaMuw anropuT™iapH XOJATHH TAXJWITa aCOCNAHANH Ba
Ky#uaary esumiap Kabyn KHAMHHIOY MYMKHH: '

A, -<MyMKHH O¥nrad eyumiap Tymiamu>
Aj - <mymkun 6ynran eyuMnap HuMAa KEPaKIH e9MMIap TYTIAMH>
A" - <npodmnaxTHk XapakTepaaru eMuMNap TYLIAMH>

7 - <OrOXJaHTHPULI XapaKTepAard euumiap TyniamMu>
A} - <a)XpaTHLIl XapaKTepAark e4uMaap TYIIamMu>

Ay C Ay, Ay = A7 VAT VAT VA

Euumnap: <ommpuur>, <kamaitupui™>, <ysraprupmaciux>, kabu KypuauuLIapaa
6epunanu Ba KyHunaruua ndoaanaHaau:
<1,T/,X > - Il yuyn «Ommpuu; <D, T4, X > - JII yuyn «Kama#tvpuin»;
<Z,T{,X>-Jll1 yuyn «S'fsrameacnnx»; Jml 1,,D,,Z, {«6upo3», «Ky4au»},
{«61po3», «Kyunu»}, {«y3rapTHpHUIL Kepak 3Macy }.

Jucceprauunna kabyn KuaumHaguras ymMyMuil €dMM MyMKuMH 6yJram
eYMMIIapHH KaTbuiiMac Gaxonaiira acocnasrad EiWIMac KYpHHHIIMAArH
AHANNTHK KYPUHUILTA KETTUPHAARH.

R =y (RDAR! +p, (REARS + 1, (R)ARY,
Mo (R)) = V(R R)), ph, (R) =V(R', RY), 11, (R)) =v(R', R})

Ilyss anoxmma TabKHAJMAWl JIO3UMKH, TMAPOTE;IOTHK o6BeKTIap
XOJIaT/IapH 6amoparu HaTHXaNapu TYPIH MyamMorap HYKTaH
Ha3apHAaH(MENHOPaTHB, €p OCTH CYBIAaPHHH H(NOCIAHMIIAAH CaKall, SKONOTHK)
TaX/IM/l KWIMHHLIM JIO3MM Ba Iy acocia, Xamaa Bakrra GOFnMK Tapsaa kabysn
KH/AMHAQIAraH €uMMaap ¥3ap0 MyBOQHKIAIITHPMIMIUM Jio3uM. ByHaan xabyn
KUJIMHAJIMTaH eyuMJiap opacuaard GOFMHIUIHIUIApHY xapTapaduiama 4yKyp TaaKuK
KMJIHII MyaMMOCH 103ara kenanu. ®apa3 KHAaiauk, MENIHOpPaTHB MyaMMO lo3ara
KeJIMILK MyHocaGath 6una R], R} KeTMa-KeT edumnap Kabyn KuauHran Gyncuu:

. 2, .
6y epna R : P - P"; R} :P® — P®;
PO =latIm><atlc><al 165),



k=123, a),af,ar- Kk-Xonar yuyH MOC TepMiiap TETHILIHJIHK
¢byHkuManap KuiMaTnapu.
R,' Ba R,2 eyumap opacuaard y3apo 6ornannunapiu 6axonam KyiHugard
TapTHOAa aMara OIKPHNIALN:
1. R; Ba R: euumnap /I, I,.D,, D, Ba Z jap 6yiiuua éitnnanu-
2. YMymuit CUMMHH TORWI YuyH Oapua Ternmiuaux ¢QyHKUMsNapH
MR, RY), 1R ,RY), w(D},D}), u(D),D;) ea p(R,,R;) wuitmarnapu

xucobnanagn.

3. Kuiimatnapr 0,4 fgaH KHYHK TETHULTAAWK  QYHKUMANApH Tamiab
tobopu:tanu.

4. Slxynuit euum R nunr /[ ,+D;,Z nap G¥iivua &iunmacn cudartua
aHUKTaHaNH.

Hucceprauusiiuar  «TaGrmii-TeXxHOren rHAPOreoNoruKk ofbeKTJap
TACBHPJAapPHHH PaKkaMH HILIam» Jed Homnanrad yunnuu 6o6una TTITO sap
YAyH MyXUM MawiyMOT MaHOan 6ynran XyAyanap TacBHpNapHHW PpaKaMIiM
nuawra Sarumnadrad. ByHnail o0bekThap MawiIyMoT/iap €THIIMACHHIH Ba
HIIOHWIM 3MACiIWTH, Xamja KaTbHHMac MabiyMOTiap CAIMOFH OKOPHIHIH,
XONaTJIapHHH aBBaNZaH GamIopaT KMITHIIHHHI HAOXKH HYKIHru kabunap cababnu
HOAHHKIMK Japakach IOKOpH OyaraH oGbekriap cHpacura Kupanu. ByHnaii
WIApOUTIIapAa, MYApOreosioruk oGhexTnap TacBHpnapuiaH ax6opot oaMu sxyna
MYXHM Ba KaM ypraauiran myamMo 6¥mn6 xucobnanamu. Bynaa acocuit anTubop
pakammi Tacsupnapnad TTTTO reoaxbopor Momemw y4yH KepakiH TONOIOTHK
3NEMEHTIapHY pacTpIaMTHPHIN OPKATH aHWK/IalIra acocHaHraH.

TTTTO napuu ynapHMHr TacBHpnap¥ acocuia TAAKWK KHIMI xapagHuaa
TYPIW THAPOTEO;IONHK 00bexTnap XapaktepHcTHkanapu(oOnekt xyayau Oyiluua
OMpXKHHCIUMAC ETKW3MKNAp, TEXHOTEH (akTopnap TabCHpH, HQIOCIAHTHPYBYH
MOAAQTap Ba X.K.) HerapalapHH aHHKIAall Ba akpatum kaGu Macanmamap
nomsap6aup.Taceupnapmarn  derapanap — padrnap  Y3rapuimm, — CMpTAap
Y3UNHUINApH, EPKUIIIRK Ba COANApPHHUHT Y3rapuuriapy Tydaiinu ByXyara Kenuimm
MYMKHH.

Arap 6utra TTTTO Gup HeuTa TacBUPNApUHU ONUII UMKOHMSTH MABXCYI
Gyuca, y Xonna TacBMpiap OKMMHHH Camapaid MUIAm Ba caknam GunaH GOFIMK
MyaMMonap io3ara kenaad. JluccepramWsana THAPOreONOTHK — of6bekTiap
TacBHpIIapHra Mo Gepumga Anamap MaTPHIATAPHAM WAKIAHTUPUII acocuja
XucoGnanapAn napaIeNNaTHPHIL Macananapi Kapananm.

Bynaa Apamap oproronan Gasuc ¢yHKUMANApH acocuia TacBupnapra
HLUIOB Gepuuwl apaCHHWHM napaLieaITHPHIU AIropUTMAapH Ba AacTypiap
WLIA0 IUKHITaH.

Jucceprauusna ArcGIS, Erdas Imagine, ENVI gpactypuii xommnnekcnap
acocuaa TTITO TacBApnapvHi pakamiyu HIOnam Macanajiapu kapanaau.Bynna,
baiiec knaccudukatopura acocnamraH YKuTHIIra acocnaHraH CHHQAAITHPHLI
YCyNuHM Kyananunany. Maskyp EHAOLIYB 3HT IOKOPH SXTUMOUIMK Gunan
TETWILTH CHHQHU aHMKNamra WMKoH GepyBuy Ba GYHAa anmocTepHOp MaKCHMYM

16



baxora acocnanysun Baiieccuunr cundnanrrupum ycnybura  acocnasram
Ky#uaarn cuadnalrrupmu Mogenuaau doiigananunany:

D =n(a.) —[0,5n(|Cov, )] ~[0,5(X — M )T(Cov' WX — M,)]

6y epma: D — Hopmanawran macoda (3xtumonnuk 6Viiuua); ¢ — acocuii
cutd; X - acoculi NHKCENHMHr BEKTOPMHH Ymuam; M, — ¢ cund TaHmanma
KyHMaT/Iapu Ypra KUAMATNapu BEKTOPH C; G.- MXTHEPUH acoCHil BEKTOPHHHI ¢
cuHGra TerMuLTUAMCMHMHT (ou3nn SXTHMommMrd (cTamgapr Ttapana 1,0, &ku
anpuop Gunum acocusa kuputHnand; Cov.-OfatHard ¢ CHHGra TEerHuLIH
NHUKCEANAPHHHT KOBAapHALMOH MAaTPULIACH; |Covc| - Cov. HHHT NETEPMHHAHTH;
Cov_' - Cov,. ra Teckapu MatpuLa; - TPaHCIOHMPp.IALL,

HAucceprauusuuur «Tabumii-TexHOreH rHAPOreoNorHKk o6beKTIapra
TeMHUJIH  pacTpad Mabiymorsap acocaga TITTO Heur reoaxGopor
MojenuHH uHua6 uwnkmm» Ae6 HomnadraH TypruHus 6o6uma I'TO napra
TErHULIH PacTpau Mmabaymotnap acocuaa TITTO uuer reoaxGopor Monenuuu
uuwiab yuKHra 6aruIInaHray.

Maskyp xapaéH Kyiingaru 6ockuunapaan n6opar:

1. Bepunran xaputa €kd Tacsupaan oHfanaHu® XyAYAHHMHT 3€KTPOH

KapTacHHU APaTHIIL.

2. Xyaynuii Ba arpubyTHB MabiymorTaap Gasacu spaTuianM Ba
MabiTyMOTap TONOJOrHK obbextnap 6unan 6ornanany

3. XyAayAaHH MeJIHOPATHB, €p OCTH CYBJIM KATNaMIAPHH CYBHH XMMOsUIAII Ba
SKOJIOTHK HYKTaH Ha3apAaH TafKWK KHIHII Y4yH Ounumnap 6Gasacu
SIPaTHIAH.

4. T'eoax6opoT MOAEANAIUTHPHII ACOCHAA XyAyH KHCMAADMHHHT Mabiym
MyamMMO HyKTau Ha3apaaH KnaccupuKaHac IKANBAIH
IaK/UIAHTHPHIAAH.

5. Mxkkn Ba y4 MyammonaH HOOpar TeMaTHK KaTnammap OpacHAar
6ornanninap xoppenaunicHn «Cumxuiignral ofiHa» ycyJH acochpa
amanra owHpHIagH.

TemaTnk KaTnamnap OpacHJard KOPpenALHOH OGOFNaHHIUIAD 3JEKTPOH

KapTaHHHr xap Oup HyKracH y4yyH «Cu/mkuiiguran oifHa» alropuT™MH acocupga
amanra ormpunaau(TukyHos B.C.,1997):

RA,A,A, = \/ (R:.A, + R:.A, - ZRA,A, RAKA, )/ a- RA,A, )
R, = l—6zljd,‘ I(n* —n)
=]
i,j=13
Jluccepranusuuar Maskyp Go6uza ERDAS IMAGINE nactypu acocuna

Xy[yAnap KOCMHMK TACBHpHMra pakamiu uuuioB Gepuin mkkn Gockuyia amanra
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OWHpHiau:  6OmNaHFWY  CTATHCTHKAHM  IAK/LIAHTHPHUI  Ba  JacTiabku
KIaccHuKaLUAHK amanra OMMUPHIAN.

Keiinuru Gockuuna signature editor Momynu acocuia KOCMHK TacBHPHHMHT
CIIEKTPAN CTAaTHCTMKACH amMajira OWWpWIM Ba supervised classification Momynu
acocHjia KiIaccHguKalUsHH aMaira OUWTHPHIN YYyH CHrHatypanap QaiiiM XocHi
KWIHHAH (CHHQIapHHUHT TacCBHP CHEKTpal XapaKTEPHCTHKANApH KYT YN9OBIH
asocuna). Hatuxana  Kopakannorucron — PecmyGnukack — mMmonmii
3oracu(KPI3) kocMuk TacBUpM acocwia pacTpid CHHGIAWTHPUIN KaTiaMu
Xocun kunnngH. Xy Ay HUHT KOCMHK TacBupnapu Landsat 7 (2000 ii.) Ba Landsat
8 (2015 #)aan K-40-b xyaynuii 3ona yuys 1:500 000 macmrabaa onmmmm. Taakux
KWIMHAETTaH XyAyn yMmyMui Maiinonu 44 206,4 xM® uu Tanncan stagv. Bynna,
TacBuWpiaru Gapya o6bexTNap WaKAa paHTnap EPpKHHINTH GuilaH axpamb TypyBaH
9 Ta paHriM pacTp Ba TAAKMKOT YuyH Xyayn G¥itmua Kyitumaru 3 Ta 06bekT
aXpaTHb OTHHIN:

® CyBnu Karnam.

o Veumauk katnamu.

¢ Ty3nu MHHepannapaaH TAlKAN TONTaH TYNPOK KATAaMH.

KPIL3 nunr cundnawtvpunran kocMuk TacBupy acocuaa ArcGIS Myxutiaa
MOJEe/IaAITUPHII aManra OWMpANAu.OnWHraH HaTHXanmap(2-pacmaa) Ba 1,2-
KalBaniapAa KeJITHPHIIIH.

Kesrrupunran HaTHXajap acocHAa XyAYyA 3KOJOruk xonatuHuHr2000innra
HucGatan 2015 jiunra kenu6 XyayA yCUMINK MaiiIOHNapu kamaiiranwinrd Ba iy
Gunan Oupra TynpoK WIYpHaHWIM OWiaH TaBCHGNAHYBUR MaiiIOHIAPHKHE
XYRyAWHUHT OLIrAHHHH KypcaTaau

2-pacm. KocMAK TacBApH acocaaa pacTpid cARQUIaIITHPRIT
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Ta6anna Nel. Kocmrxk TacBup acocuna Kopaxannorucrox PecryGnukacy muMosnnii

30HACHHHHT 3Ta Kar1am OYilMya naspuii y3rapuiun.

Hnaap CyBJH KaTJaM Y cHMINK KAT/IaMH Ty
MHHepa/wnapaau
TaunlKnJ1 Tonran
TYOPOK KATIaMH
2000 4256,4 km* 9708,9 km” 5089 kM’
2015 4108.,6 xm* 5587.9 kM* 9716,5 km”
15 iiun dpapxu 147,8 km* 4121 km* 4627,5 kM~
KUYUK Kudux Kxamma

TaGnuna Ne2. Kopakannoructon PecnyGnukacy muMonuii 30HaCHHHHT 31a Katnam Gyituua

- Aaspmil y3rapumuHUHT golizapaa AHHAMHKACH.
Hnanap Cysaa KaTnam YcHMNHK KaT/1aMA Ty3nn
MHHEpaapaan
TAIIKHA TOONran
TYOPOK KAT/IaMH
2000 9,6 % 22 % 11,5 %
2015 9,2% 12,6 % 22%
15 iinn dapku (%) 0.4 9,4 % -10,5 %
Kuyux KUYuK Kamma

Jucceprauusuuur «Komnborepaamrapuiran Tm3samaaaar Kopakan-
norucron Pecnybankacn mmmonnii 3onacH 6yiiHa MOHHTOPHHI TAAKHKOT-
JIAPHHH TAIUKHI KHIHIUAR aMaJHil Ky/UulaHMaRme» 1e6 Homiaxrad GemmnHyH
6001 reoax6opOT TEXHOJIOPHANAPH acoCHAa HuINAd uuMkuiaraH euumiap kabyn
KWJIMLLI KOMMbIOTEP/IaluTHPHran TH3umuHuHr Kopaxannorucron Pecnybnukacu
wumomui 3oHacH  6ViMua MOHHTODHHT TAAKHKOT/NADHHH TALIKHMN KHJIHOLAA
amaiHii KyinaHuIMKra Garduanrai. Xyoyonune suopozeonozuk wapoumaapu.
leonoruk HyKTau-Ha3apaH ojiraHfa Kapana&rraH XyAyl HeoreH AaBpH KyMiMAa
wojinawraH TYpTnamuu JAaBp anmoBHan ErkusHknapaaH u6opar. Cysnu
KamaMiap TYpPTIaM4yH AaBp KyM apanauiraH €rku3ukiapaaH ubopar. Jloinm 12-
17 MeTp 4yKyp/iuKAa, TEKHC TaKCMMJIAaHMAraH JIOHIH KaTjiamiap xXoHnamiras.

Ywby xapathnapaa Kylnaard MasMyHAard TEMaTHK XapHTalap Ty3WAanu:
reodunsTpalmoH napamerpiiapHu  (a3oBHii TAKCHMIAHMIUIK; €P OCTH CYBJH
KaTiam GanaHcnapu ¢$asoBHif TAKCHMAAHHILK; reoHNBTPANUA B THAPOTCOXHMH
Macananapu Oouinanruy wapTnapuHUHr (asoBHHi TaKCUMIAQHHINK; €p OCTH
CyBNapH OKMMJIapUHHHT 4yerapasui wapmaapy. llly Tax/iHT oJIMHraH MabiIyMOTJap
TEMaTHK KaTIaminap Ba XapHTAIAp KYPHHHIIMA2 KOMIBIOTEPNAIUTHPHITaH
TH3MMra HHTErpaius KWiMHagH Ba reouibTPalMoOH napaMerpiaap, GomuaHFHy Ba
yerapaBuii WWAPTAaPHA aHHKNALL YUYH XHCOOa1l SKCNEPHMEHTNApH YTKasHIagH.

Uly TaxauT ONHHraH MabAyMOT/IAD KOMIBIOTEPIAWITHPUIraH TH3HMIa
TEMAaTHK KaTjiamiap Ba Kaptanap cH$aTHAa KHPHTHIAAH Ba TEMaTHK KaTjiamiap
opacuzaard y3apo GOFfaHMII (CHSDKH#AMraH oiiHa» ycynu acocuaa Gaxonanamu
(3-pacm).
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Kapanaérran Xyayx reoaxGopoT MOJENH TOMONOFHK 3JleMeHTIapH cdaThaa
HyKraBui#i (CyB ONyBYH KyIykiiap, Hazopar KyIyKNapH), Yu3uknu (MHGHILTpauus
KaHaapH, THAPOH3OrKIcHap, PUITHpalMs CoOXacH 4YerapanapH Ba X.K.), Maiiaon
KYpHHHWKAATH (PuUabTpaus Xycycustiapu 6yiinda axparunraH 3oHanap, axoiu
Alam XyAyATapy Ba X.K)Aap OTHHIH.
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3-pacm. «Caurknriigaran oiiHay» yCy,IH aCOCHIA aMAJITA OIIHPAIN AArOPHTMH

Onunran Hatwxanap Kopaxamorvucron PecryGnuxack muMonwii 3oHacH
THAPOreOIOro-MEAHOPaTHB  Ba  3KOJOTHK  IIAPOMTIAPHHMAT  reoaxOopor
MOAe/IAlTHPUIUTa acoCiaHraH XyRyauii MOAenH acocuja THAPOreoJIorHK
OOBEKTNIaPHAHT TY3HJHINH, AHHAMUKACH Ba TOMOJOIMK J/IEMEHTIaDH OpacHaaru
ax6opoT MyHocabarnapuzas oiiganaHum KCTHKEOIH SKaHHHH KypcaTalH.

T'eoax6opotr TexHosnorusnapu Kopakammoructon PecnybrukacH MmHMOINHIL
30HAaCH €p OCTH CYBNIApH JIMHAMHKACHHU YpraHuuIHWHT caMapaiy BOCHTaNapuaaH
6§16, ep ocTH CyBiapHHMHI caTX/apu Ba KOHLEHTPAUMANApH Xamia YerapasHii
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IIAPTAAPHAAH XyAyA reoaxGOpOT MOLENMHHHI ANOXUAa MaB3yIH KaTNaMiapu
cudarnaa doitpananum umxoHuATH 6ymmu6 xucobnamanu. llly Taxnur xocmn
KWJIMHIaH MaB3yqd KaTlamiapAad KapanaérraH XyAyd TIBAPOTeONOruK
LAPOHTIAPDMHUHT  ¥3rapuiy, GUIBTPALHA COXACHHHUHI GHP)XMHCAMMACIMIH
LIAPOMTHIA reopUALTpALHA NapaMeTPIapHHH aHHKAAWTHPHII 6Yiinya xucob:am
IKCMEPHUMEHTNApH yTKasuwiAa GoiifanaHuiu KMKOHUSTH SpaTUIaH.
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4-pacM. Kopakannorucron PecnyGnnkaca nmvonnit 30HacCH rRAPOreoJ0rHK
[APOHT/IaPHHAHT reoaxbopT MogeTa

Hactnabku Gockuupa, ArcGlS pactypuit Myxuru ArcCatalog pactypwmii
BocutacH acocuga KopakainorkcroH PecmybiukacH IIMMOAHH — 30HacH
reoax6opoT MOAEIHHUHT CTPYKTYPACH TAIUKWLTAIITHPHAAAH. MasKkyp MOZENHHHT
TOMOJIOTHK  3JIEMEHTJIApH: NOJMroHaN(TyMaHjaap, Xyxanuiiap, Xydymiap),
YHIMKAH(TYMaHnap, Xxykanuknap uerapaiapu,iyniap, Japénap, KaHawiap),
HyKTaBuii(CyB ONHIU Ba Ky3aTHIN KyAyKAapH, aHpHM MHILIOOTAp Ba X.K.) (4-pacMm).

Kopakannorucron PecnyGimkacd wMMONMi 30HacH reoaxGopoT Mogesiu
acocna ep OCTH CH30T CYBJIapH CAaTX/IaDHHHHT Ba INYPNaHHUIMHHHT Y3rapHIn-
napuHHHr Gomka obbekTiapra TabCupuHHM Ypranuiu Gyiinya xucobnam 3cnepn-
MEHTJIapH YTKa3u/14H.

ArcGIS wumnr Spatial Analyst naxerupad d¢oHmananungy Ba ONMHraH
HaTXanap wyHH kypcaraguku, 2010aan 2015 ¥unnap mo6aiinnga cH30T cyBaap
CaTXMHMHI LIMMOJI TOMOH HyHalMmpa nMacTiamMuK Ky3atunany, 6ynaa cusor
cyBnapn catxy 0 naH 1 Merpraia XyZyAnap MaioOH/Iapy aHYaruHa KaMasaH, Ly
Gunan 6up KaTopAa ep OCTH CH30T CyBiapd caTxy Imerpaad 2 merprava Gynran
Maijnonnap ymywu opragu (S-pacm). Iy acocna TabKuafianl MyMKHHKH, €P OCTH
CHM30T CYBJIAPHHHHI CaTX/IapH NACANIaHJIMIH WYPIaHraH MaiJ0RNap XyXyAUHHHD
optuiuKra onub xesranu (6-pacm).
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Kopakaymorucron Pecmy6nnkacu muMo:uiit 30HacH XyIyAuAa CH30T CyBIIapH
CaTXJIAPHHHHT MTacaif MUK TeHACHLHACH

2010 2015 &
. -

T g - \
12-3m . |3-4mM | 4-7m

S-pacwm. T'eoaxGopot Mogennamrrapam acochaa Kopakammorneron Pecniy6inkacu
MHMOJTRIL 30HACH XYAYAH CA30T CYBJIapH CATXJIAPHAHHAT Y3IrapROIIMAA TAZKAK TRIX
6¥#H9a XHcOGNaI IKCMEPHMEHTIAPH HATHXKANApH.

Kopakannorucron PecnyOnukacy mnMostnii 30HacH cM30T CyBilapH
Ty PIaHWIIHHHHT Y3rapHiix
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6-pacwy. TeoaxGopot MogesnamTApam acociaa Kopakannorncron Pecny6nnkacn
muAMoJ1HH 30HaCH XYAYAH CH30T CYB/IAPH WYPJIAHAMIAHART Y3rapamHaHA TaJKUK TR
6¥#iuua xucobnam IKCHEPHMEHTIAPH HATHXKANAPH.

Tabunii-TexHoreH xapakTepAaru THAPOreoNIorHK 06HeKTIapHUHT reoax6opoT
MOJICIIAPHUHM  APATHILAA TWAPOTEONOTHK O0OBeKT Ba TeoaxGopoT Moaenn
opacHAari  MahiyMOT  anMamlyBHH  TalUKWI  KWIMIDAZ  KOOpAMHAaTa
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MYTaHOCHG/IMIHra amMall KH/MII XaM/la TEMATHK KAaT/amiap XOCH KHJIHII aCOCHAA
FUAPOreoNorHK OGBEKTHH KOMILIEKC TAIKHK KMIMII acocHaa eunmnap Kabysn
KHJIMIU MyXHM aXaMUATTa STanup

Bynna temaruk xatnamnap cudatupa, 6up Mmacmrabparn CH3OT cyBnap
CaTX/apH, MHHepaUIayBH, reohHNLTPALMS NAPAMETPIAPUHHHT  XyAy[uii
TaKCHMJIAHHIIM, CYFOPHNafurad Mal[IOHNApHMHT CyBra 6ynran sxTH&SKIapH
xabunapuu KelTHpULL MyMKuH. ByHaa Byxyara xenysun Genrwm Xapaxrepaaru
Ba (ha30BHi MabiTyMOTIap reorpaduk aHUKMACIHKIAPUHK KamaitTupuuaa ArcGIS
HHUHI KaTbHHMac Xyayauil MabiymoTnap 6unan ummnamra uMxoH Gepysun Fuzzy
Overlay, Fuzzy Membership wuxcTpymenTan BocuTanapunan doiinananym
Maxcaara MyBo(uK.

XVJIOCA

«Tabuuii-Texnoren xapaxrepiars ru[poreoniorsk o6bexTnaphu reoax6opot
MOJICTAIUTHPULI  aCOCHAA Kapopiap KaOyn KHIMIIHM KyBBATJIOBYH TH3HM)
MaB3yCH/arH NOKTOpNMK AucceprauuscH Gyiiuua onub Gopuaran Taakuxotnap
HATHXKACHAA KyHuaaru Xynocanapra KeMHHAu:

1. Typan xungaru mabnymotaap (COHMH, CHGAT KYPHHHINHAATH JMHIBECTHK,
pacTpay, XyAyauii Ba X.Kk.) Gui1an uuwnam reoax6opoT-aHATHTHK KOHIENUHACH Ba
Kabynl KH/IMHMAH €9UMJIAPHN MHIBUCTHK HQOAATAIN anropUTMIADH Ba AACTypHil
kommsiekcu HULab wukuiau. KoMmbloTepnamrtdpuiarad TésuM reoax6opor,
KaTbHiiMac-ax60poT Ba 3KCHEPT-aHAMUTUK TALLKHI 3TYBYMJIAPHH Y3 HuMra onagu
Ba Oy Tawkwin STyBuuiap opacuna axGopoT anMaumryBu anropuTmiaps Ba
JacTypHuii BoCUTas1apy MuLTab YMKUIIH.

2. Karsuiimac-mantukuii  Ba  Caath  ycymiapu  acocupa  SKCOepT-
ruaporeosornap Taxpubanapy, 6uiuMaapH Ba TaxMUHIapuHK GOPMAILIAITHPULI
Ba YMYMJAIUTHPHUI yCYJUIApH, aNrOPUTMJIaDH Ba AACTYpuii KOMIIEKCH HILab
YUKHIIH.

3. Tabuuii-TexHoren XapakTepiard THAPOTeoNoruk ofBEKTIap Xonariapu
(MenuopaThHB, €p OCTH CYBNADHHH XHMOSJIall, 3KOAOFMK) acocuaa Kabynm
KHJIMHAJNraH TYPNH XapakTepAard (OTOXJAHTHPYBYHM, THKJIOBYH, AXKPATYBYH)
€UMMIADHH YMYMIIAITHPUIL MOJIENNAPH MILTA0 YHKHIAH BAa aCOCHAHIH.

4. e0ax6GopoT MOZCAIAITHPHIN HATHXANADHHH XOJATIM TaX/MA KHIMUI
acocuia KaOyJl KWIMHaZHIaH e4HMIap OpECHJArH ¥3apo GOFIAHHINIADHH
KarpbuitMac Oaxonawr anropuTMiapd uusiad dMKMATH. YMymui  eduMuM
KyyaiiTHpH1Il, KamaHTHPMMI, ¥3rapTMaciMK KYPHHHIIHAATH XyCyCHH edumnap
acoCHAard MoesH Hinab dnKunay.

5.Tuaporeonoruk  0OLEKTNAp  TAcBHpIAapHAAH MabiyMOT OJHII  Ba
TACBUP/IApHH Napajuie] HlUlaW aNrOPYTMIADH Ba AACTYpH BOCMTANApH MUl
YUKHUAOH.

6.Pactpiy  mamiiymoT/ap  acocHia  TaOMHH-TEXHOTEH  CHJAPOTEOJOTHK
obnexrnap reoax6opoT MoOAETHHE APATHII TAMOMKANApK HILIA0 YHKKIAH.

7. “Cwoxuiiaurad oifHa™ ycynn acocuia, Tabuii-TexHoreH THIPOreosoruk
obbexTiap reoaxGopoT MOAETHHUHE HKKH B2 Y1 TEMATHK KaTjam’/Iapa opacHaaru
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¥3apo GoFranum KOPPENALMOH MaliIOHNapUHH XOCHJ KHJIHII arOpHTMIapH Ba
JIaCTYpH MUIRa0 YAKMIAH.

8. Munab 4MKMATaH KOMNBLIOTEPAAIUTUPWIraH axGopoT-aHANUTHK TH3HUM
Kopakammoructon Pecniy6nukacu wwmonuit 30HacH XyAyau MOHHTOPHHTH
TaAKHKOT/IapAa KyJUIaHHIIH.

9. KopakaimorucToH Pecry6iukacH mmMOIHMii 30HacH Xyiaylu reoaxbopot
MOJEIIN acoCHa CH30T CYBJapH caTX;1apH Ba MHHEpa/LIAIIYBH Y3rapHULIapHHHHT
XyOyAHWHT OGomika ofBekTnapura TanCHpHHM Yprawvm Gyiiuua xucobnaw
3KCTICPUMEHTApH YTKazwiIau.

10. Teoax6OpOT MOZENNAINTHPHIN  HATWXKAIAPHHWHT  XyJyAHii-BaKTHil
TaXmuiaH  ArcGIS ~ myxuwTrruHr Spatial Analyst nakern acocuaa avanra
OMIMPHIIAH.

11. Onunran HaTHXanap CH30T CYBJIapH caTX/IapUHMHT MacaifMUIMHA Ba
wypnanvn  gapaxachuuar 2010-2015 finnap opaiuFMza ImUMON  TOMOH
omyBuWHM KkypcaTaid. Kopakanmoructon Pecny6iukacy MWMONHI 30HACHHUHT
BakKT Gyinua mkkyu maspra (2000 Ba 2015 iiii.) Terwmnam KOCMHK TacBMpapH
ERDAS IMAGINE nakerH BocHTacHOa pakamiu TaXjuil KUIHHDM. ONHHraH
HATHKATApHUHT reoax6opoT MoAennalITHpUW HaTixanapw Ownan  aeapinu
MOCHUIHHH KYPHII MYMKHH.
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HAYYHEBIA COBET 14.07.2016.T.29.01 npe TADIKEHTCKOM

YHUBEPCUTETE HH®OPMALUHOHHBIX TEXHOJIOT MM u
HAUHOHAJIbHOM YHHBEPCHUTETE Y3EEKHCTAHA IO
INPUCYIKJAEHUIO YYEHOW CTEIEHHM JOKTOPA HAVK

TAWKEHTCKMH YHUBEPCUTET HH®OPMALIMOHHBIX
TEXHOJIOTHi

OTEHHA30B PAILINJ HAPUCOBHY

CHUCTEMA NOAAEPKKM IPUHATHA PELIEHAN HA OCHOBE
TEOHMH®OPMAIMOHHOI'O MOAEJIMPOBAHMS
CUAPOTEOJIOrMYECKHX OBbEKTOB IIPMPOIHO-
TEXHOTEHHOI'O XAPAKTEPA

05.01.04 — MaTemaTnuyeckoe u nporpammuce ofecuetenie BRMACIHTENBHBIX
MAalHE, KOMILUIEKCOB H KOMIUBIOTEPHLIX ceTel
(TexuHyecKHE HayKn)

ABTOPE®EPAT JOKTOPCKOM JUCCEPTALUU

Tamxent — 2016



Tema aoKTOpckeii IRccepTannu 3apermcTpupoBana 3a Ne 30.09.2014/B2014.3-4.T166 B
Bricmeif aTTecratmHoHB0# KoMuccHEH npH Ka6anere Musacrpos Pecny6naka ViGexaceran.

JlokTopckast QHCCEpTalMs BLUIONHENa B TAIIKEHTCKOM yHUBEpCHTETE HH(OPMAlUHOHHBIX
TexHONOrHii.

Astopediepar AHCCEepTalMA HAa TpeX s3bikax (y3Oexckmii, pyccwasit, anramitckuil) pasmenieH Ha
BeG-cTpanuue no agpecy www.tuit.uz 1 Mndopuanuonno-obpasosarensiom nopraie “ZIYONET” no
appecy www.ziyonet.uz

HayssmiifcoBCYIBTaHT: Ycemanos Pamar HussGexosna
JIOKTOP TEXHHUYECKHX HAYK

OdHnaaTLEBIC OUTIONEHTHI: Xa6nbynracs Hopoxaym Xa6rynaesnt
JIOKTOp TEXHHYECKHX HayK, npodeccop

Myxameanesa JAunnos TyakynoBHa
JIOKTOp TEXHHUYECKHX Hayk, npodeccop

Kmyan Bagam Apkaasesaq (Poccuiickas ®egepauns)
JIOKTOp TEXHH9ECKHWX Hayk, mpodeccop

Benymasg opranasanns: TamkenTCKHH FoCyXapcTBenBLII TexARTecKnit
YHHBEpCATET

3aumTa AEccepTalpm coctomutes «1» xexabps 2016 r. 8 10° wacoe ma saccmanuA Haydhoro
coeeta 14.07.2016.T.29.01 npu TammkeRTckoM ymMBepcuTeTe WHQ)OPMALMOHHBIX TeXHONOTHA U
HannonanskoM yHuBepcHTere Y3bekucrana no agpecy: 100202, Tamkest, yn. Amupa Temypa, 108.
Ten.: (99871) 238-64-43; thac: (99871) 238-65-52; e-mail: tuit(@tuituz.

C nokropckoit gmccepraumeii Moxno osHakomMuthed B HMmdiopmauuonHo-pecypcHoM HenTpe
TauKeHTCKOro YHHBEPCUTETa Hi(OPMaUHOHHBIX TEXHONOMH (perucTpauKoHHbi Homep 2519) no
aapecy: 160202, TamrenT, yn. Amupa Temypa, 108. Ten.: (99871) 238-64-43.

Asropedepar aucceprauun pasocnan «16 » Hos6ps 2016 roga.

P.X.Xamaamos

TTpenceaTess HayyHOTO COBETA NO NMPHUCYKACHHIO
yaénoili cTeneny J0KTopa HayK

I.T.H., npodeccop

-~ M.C. fkyGoB

YueHLiil cexperapb HayyHOTO COBETa NO
{tz/ 5 NPACYKACHHIO YUEHOH CTENeHH JOKTOPA HAYK
n.T.I., npodeccop

W ~ X.H.3aitanpanon

Tlpeaceparent HayuHoro ceMunapa
npu HayuHoM coseTe 1o mpucyxaeHnto yaeroi
CTENEHR KOKTOpa RayK A.T.H.



BBEJAEHME (annHoTanus MOKTOPCKOI XHCCepPTALIHH)

AKTyalbHOCTL M  BOCTPeGOBAHMHOCTE TeMbI JHCCEPTAmMH. Ha
CETOAHAIIHNA JICHb B MHPE OIHHMH U3 aKTyanbHBIX NpoGreM ABNSIOTCA
MOAENHPOBAaHHE CE30HHBIX HM3MEHEHHMH MENUOPAaTHBHEIX M 3KOJOIHYECKHX
COCTOAHUHA FHPOre0NOrH4ecKnx 0GHEKTOB IPHPOIHO-TEXHONEHHOTO XapaKTepa K
cosfaHue  BBICOKO3((DEXTHRHBIX CHCTEM yNpaBneHHs Ha OCHOBE NOCTHXXEHHit
reoMHPOPMaUHOHHBIX TEXHOAOTHH. «Kaxapii rol B DPHPOAHO-TEXHOrEHHbIX
obbexTax HabNIONAETCs HEXBATKA BOABI HA 6-7 MIIH. FeKTapax 3eMIH, BMECTE C
TEM Ha Hallel I1aHeTe Ha OCHOBE reoMH(OPMAILIMOHHBIX TEXHOIOTHH JOCTHTHYTO
yJdy4ll€HHe MEIMOPaTHBHOIO COCTOsHHA 1,5 Maa. rektapa 3emens IO ypOBHS
75-78% ¢ ylle‘l‘OM UX reorpagMyecKoro pachoioXeHHs H axonomqecxnx
ocoGenHocTeiin”,

B Pecny6auxe V36ekucran ocyllecTsasioTcs IMPOKOMACIITAGHBIE HAYHHO-
MCCNIEIOBATEIbCKHE PaGoThl N0  COBEPUIEHCTBOBAHKIO CHCTEMBI NOAIEPHKKH
NPHHATHA YHIPABJIAIONIMX PeLIeHUH N0 YiTy4MEeHUI0 MEeIHOPATHBHOI'O COCTOSHHSA U
NOBbILUEHUSA NPOU3BOAHTENLHOCTH HHTEHCHBHO HCMONB3YEMBIX 3€MeNb IPUPOJHO-
TEXHOFEHHOr0 Xxapakrepa. B 5ToM oTHomlenun npoBesen psan  Hay4dHo-
MCCIEN0BATEIbCKUX PaboT, B TOM WYHC/IE MO YAyYIIEHHIO MEIMOPATHBHOIO
COCTOAIHHA 3€MeJlb, HCNONB3YyEMBIX B Pa3HEIX 00NacTAX CEILCKOro Xo3fAiCTBa, no
MOZENHPOBAKHIO TIPOLECCOB BOCCTAHOBNIEHHS IUIOJOPOHS 3EMENL B YIPABIEHHIO
MESIHOPATHBHBIMH CHCTEMAMH, a TAIOKE MO WX 3¢ heKTHBHOMY HCNO/B30BAHHIO.

B Mupe BaxHoe 3HayeHue npuoGperalor Bompocsl  pa3paboTKH
MaTeMaTHYeCKHX  Mopdenel  [HMAPOTEOJIOrHYECKHX  OGLEKTOB  MIPHUPOAHO-
TEXHOTCHHOFO XapakTepa HA OCHOBE TreOMHOPMAIHOHHEIX TEXHOJOrMA H
¢opmupoBanua Ga3 reofaHHbIX H3MEHEHMH CE30HHBIX H  JKOJOTHYECKHX
COCTOSAHMH TEXHOTEHHBIX TeppHTOpH. B CBA3M c 3TMM OCyLIECTBJIEHHE
uesieHanpaBiaeHHbIX HAay4HbIX HCCNEOBAaHHH NO HANpABNEHHSM, BKIOYAIOLIUM
paspafoTKky Mopeneif nNpHUHATHA pa3HOXApaKTEPHBIX pElNEHHE B YCIOBHAX
Heuerkofi HHGpOpMauuu, paspaGOTKy CXeMbl paclONOKEHMS KOJUIEKTOPHO-
APEHAXHLIX CHUCTEM C YUYETOM ITOYBEHHO-MEJHOPATHBHLIX CBOMCTB M INIyOHHE
3aferaHus ypoBHeEH IDYHTOBBIX BOJ, pa3spaGoTky anrOpHTMOB M HpOrpaMMHBIX
CPEACTB  MOJE/IMPOBAaHMA MCCNEAOBAHHH B3aHMOCEf3ell Pa3HOXapaKTEPHbIX
pewrennii (npeAynpeauTenbHbie, JIOKANM3ALMOHHEIE,” BOCCTAHOBHTENLHLIE) HA
OCHOBE NPHHUMIIOB TEOPHH HEYCTKOH JIOrMKH, pa3pafoTky reonHGOpMAIHOHHBIX
MoJzeneil TpaHHIl Ha OCHOBE pPacTPOBOTO H300paxkkeHMs, CuuTaeTcs OAHOH H3
BakHbIX 3ajad. [IpoBejeHne HayuHbIX HCCNEHOBaHHMH MO BEIENPHBEACHHBIM
Hay4HO-UCCEA0BATENECKHM HANpPaBieHHSIM NOATBEPKIAeT ax-ryam,nocrb TEMBI
JaHHOH JUCCEePTALHHU. :

JlaHHOE AMCCepTaUMOHHOE HCCNENOBAHHE B ONpPEENEHHOI CTENEHH CIYXKUT
BLITIONIHEHHIO 327a4, npeaycMOTPeHHbIX B Iloctanosnenuu [IpesuneHta
Pecny6nukn VY36ekucran Nelll1-1989 ot 27 mionsa 2013 roga «O Mepax mo

? http://www.agrowebcee.net/awuz-r/nauka/materialy-konferencii/
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JajbHEHmeMy pa3BHTHIO HalWOHANbHOH HHQPOPMALHOHHO-KOMMYHHKAIIHOHHOM
cucTeMbi», nocraHoBneHun KaGunera MunncrpoB PecniyGmnkn Vibexucran Ne§2
ot 19 mapra 2013 roaa «Ilopsaok Boaonone3oBaHus W BoAonoTpebncHus B
Pecrrybmuke V3bexucran», a Taike B JIDYTHX HOPMaTHBHO-NPABOBBIX
IOKyMEHTax, IPUHATHIX B laHHO# cdepe.

CooTBercrBHEe HCCJICI0BAHHE TMPHOPHTETHLIM HANPABJICHHAM Pa3BHTHA
HaYKH H TeXHOJOrHiA pecmy6amkxn. JlaHHoe HccIeaOBaHHE BHITIONTHEHO B
COOTBETCTBHM C NPHOPHTETHEIM HANpaBIEHHEM Da3BHTHA HAYKH M TEXHONOTHii
peciryonmnku IV,  «Passute  undopmatHsauMM M HAGOPMALMOHHO-
KOMMYHHWKAITMOHHBIX TEXHOIOMHiH».

O630p 3apyleRHBIX HAYUHBLIX HCC/IECAOBAAHA MO Teme zmcc:ep'ramm.4
Hayunsle Hccnenosanus, HanpasneHHbIC Ha pa3paboTKy CHCTEM MOMNEPKKH-
TIPHHATHA pellenui IS rHAPOreofloriYecKux 0GbeKTOB MPHPOAHO-TEXHOFEHHOTO
xapaktepa (ITOIITX) ua 6ase reoHHpOpMaHMOHHLIX CHCTEM, paspabGoTky
METOHOB HWHTEIUIEKTyanu3allMH  IPOLECCOB  KOMIUIEKCHOTO  HCCIEROBaHMA
THAPOTEONONHYECKHX, TEXHONIOrHYECKHX H OKOHOMHYECKHX OCHOB CIIOXHBIX
CHCTEM B YCIOBHSX WH(GOpMAUHOHHON  HeOMpeleneHHOCTH Ha Oase
reoMHGOpMAUMOHHBIX TEXHONOrHH, OCYILIECTBIAIOTCS B BEAYLUX HayuHbIX
LEHTPaxX M BbICIIWX 06pa30BaTeLHBIX YUPEXIAECHHAX MHpa, B TOM 4ucne B Aquila
Space, Dauria Aerospace, Esri Inc, Exelis VIS, Modflow, University of California,
Berkeley (CIHIA), Geomatics Canada, Sehlumberger Water Services (Kauana),
Karlsruhe Institute of Technology, Institute of Applied Geosciences (I'epMarus),
Centre for Ecology and Hydrology, Centre for Water Science, Cranfield University
(BenukoGpuranus), Airbus Defence and Space, Geo-Intelligence, Spotlmage
(©panuus), DEIMOS Imaging, Remote Sensing Laboratory of the University of
Valladolid (Mcnanns), University of Technology (Tloasma), University of Pisa,
Department of Geosciences, University of Camerino (Mrtanus), University of
Technology (Jlauus), National Institute of Hydrology, Waterloo Hydro geologic,
Excel Geomatics (Muaus), GISTDA (Taunana), Technical University of Denmark
(Mauus), Esri CIS, 000 «Mara», MOCKOBCKOM rocyAapCTBEHHOM YHUBEPCHTETE,
MockoBCKOM yHHBEPCHTETE CBA3H W WHGopMaTH3amui, KasaHckoM yHUBepCHTETE
(Poccna), Hayuno-nccnefoBaTesbCkoM MHCTHTYTE MPPHIalliA U BOXHBIX Ipo6ieM
npy TamKeHTCKOM WHCTUTYTE HPPHTalMK M METUOPALHY U T.X.

B pesynbTate HccnefoBaHHit, MNpOBEICHHBIX B MHpe no paspaborke
QIrOPHTMOB M METOJOB CO3AaHui OLEHKH M NpPOrHO3HPOBaHHEC Mojenci ¢
TOMOILBIO TEXHOJIOFHYECKHMX OCHOB TEOHH(GOPMALHOHHBIX TEXHOJIOIMH B
NPHHATHA pEUIEHAE Ha OCHOBE TreOHH(QOPMAUUOHHBIX TEXHONOTHM A
TRAPOre0IOrHYECKUX 00OBEKTOB NPHPOIHO-TEXHOTEHHOTO xapakTepa,
COBEPIIEHCTBOBAHHIO CTPYKTYpbI CHCTEMbl MOHHTOPHHT2 NOMy4CHA P HAYYHbIX
pe3ynbTaTtoB, B TOM 4Kcie: pa3paboraHbl doTorpaMMeTpHuecKHe NpOrpaMMHble

* O630p 38pyBERHLIX HAYIHBIX HCCICIOBANA 10 TEMC HCCCPTAIMK POBGACEA HA OCHOBE WHIKCTIPHBCACHHAIX H
Ipyrax HcTouRWkon: htip://www.slb.com/services/additional/water.aspx, https://en.wikipedia.org/wiki/Centre-
_for_Ecology_and_Hydrology, hitp://jr.rse.cosmos.nw/article.aspx?id=167,http:/nilroorkee.gov.in/,  http://eco-
ruspace.me/GISTDA .html, https://www.linkedin.com/company/excel-geomatics-pvt-ltd-
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PELICHHMA BLICOKOIO YPOBHs pa3spelleHHs MO HCMONL30BAHMIO HABUrAHOHHO
cucremst GPS u reopesmuecknx ycranosok (Trimble, Digital Globe, CliiA);
paspaforansl MeToAbl 00paGoTkM ONTHYECKMX aJPOKOCMHMYECKMX CHMMKOB
Beicokoro Sport & Pleiades paspewenus (Airbus Defense and Space, Gpannus);
KapThl BOAHBIX 32N12COB B 06,1aCTH cenbcKoro Xo3aHCTBa Ha OCHOBE KOCMHYECKOro
MmonuTopuura (Aguila Space, CHJA); cosgansl nporpammHoe ofecneyenye
00paboTKM KOCMHYECKMX CHHMKOB 3amacoB NOA3EMHBIX BOA H reoundop-
mangonHex pecypcoB (ESRI, CILIA); pa3spaGoransl 3n€KTPOHHbIE reouHop-
MAalHOHHEIE MOJEIM Ha OCHOBE reoMH(pOPMALUHOHHBIX TEXHOJOTHHA FMAPOreoo-
ruueckux o6LexToB NpHpOJHO-TexHorenHoro xapakrepa (ESRI GIS, Poccus);
paspaboTtana nporpaMmHoe o6ecneyeHye No CO3AaHHIO KapT YNPaBIECHHS OUEHKO
KayecTsa MOMENMPOBAHHS JBWXECHHA MOA3EMHBIX BOA H HCHOJB30BaHHEM wux
sanacamu { Waterloo Hydrogeologic, Poccus).

B Mupe no 3auluTE MEIMOPATHBHOIO COCTOSHHS NOA3EMHBIX BO/HbIX
PECYPCOB H KOMIUIEKCOB N0  BOCCTAHOBJICHHIO JKOJIOTHYECKHX CHMTyauuii na
HCCNEAyeMBbIX TEPPHTOPUAX HA OCHOBE COBPEMEHHBIX HHQOPMALMOHHBIX
TEXHONIOTH M  METOJ0B  MATeMaTHYECKOro MOAEJIMPOBAHMA 1O  psgy
TNPUOPHUTETHAIX HANPABNECHHH NPOBOAATCA CIEAYIOUIME HCCNEN0BAHMS: pa3paboTka
ICOPUTMOB M [POrpaMMHBIX CPEACTB MATEMATHYECKOrO  MOJEAUPOBAHUS
THAPOXHMHYECKOro pe}xuMa Nnoa3eMHOM ruapocdepsl; yCOBEpIIEHCTBOBaHMe
KOJUIEKTOPHO-APEHAXHBIX CHCTEM C YYETOM MOYBEHHBIX YCNOBHH H YpoBHei
rPYHTOBBIX BOA; ¢opmupoBanHe 0a3 [aHHBLIX H3MEHEHHH CE30HHEIX H
3KOJIOTMYECKUX COCTOSIHUH TEXHOIEHHBIX TEPPUTOPHi; CO3AaHHMe KOMMIBIOTEpH-
3up03aunoii CHCTEMBI ONEPAaTHBHONO MOHHTOPHHI'Z MEJIMOPATUBHBEIX COCTOSIHHIL
opoluaeMblX TEppHTOpHii Ha Gase 6ecnpoBOAHEIX CEHCOPHBIX ceTel; paspaborka
QIrOPUTMOB H NPOTPAMMHBIX KOMIUIEKCOB, @ TAKKE MEXAHH3MOB HHTErpaluu
reodHQopMaiMOHHEIX CUCTEM JUIA MPUHATHS YNPaBIAIOLIAX PeIleHHH 3a0a4 no
OLieHKE ME/MHOPATHBHBEIX M SKOJOTHYECKHX COCTOSHHH MOA3EMHBIX BOJOHOCHBIX
IUIACTOB.

Crenenp H3ydYenHocTH npebaembl. Bonpoce uccnegoBanms npotnem,
CBA3AHHBIX C  MaTeMarHyeckuM  MOHEIHPOBAHHEM  BOCCTAHOBMNEHHUH
MENHOPATHBHBIX B JKONOTMYECKMX COCTOSHHH THAPOreOfOrHYECKHX O6LEeKTOB
NIPHPOAHO-TEXHOTEHROI'O XapaKTepa U PELIEHHEM TEOPETHHECKHX M MPHKNANHBIX
3aa4 COBCPLUCHCTBOBAHUA CHCTEM YNPaBJICHHA B YCIOBHAX MOBCEMECTHOIO
HapylleHus eCTECTBEHHOIO PeXXMMa THIPOreoJIOrHYECKHX 00BEKTOB; pa3spaboTiu
reoMHGOPMaALMOHHBIX MOAEieil ¥ alrOPHTMOB OTHOIUEHHH MEXAy HOA3EMHOMH
ruapocepoii M OKpyxaiouleii cpenoil Ha TEPPHTOPHAX C  3KONOFMYECKH
HanpsikeHHOH oOCTaHOBKOM, M3-32 HEXBAaTKM HCONPEAENEHHOCTH AAHHBIX A
FHJPOTEONOrHYECKEX OOBEKTOB MPHPOAHO-TEXHOTEHHOIO XapaKTepa, CAOXHOCTH
BO3HMKAIOMIMX CHUTyallMii # OrpaHHYECHHOCTH BO3MOXHOCTEH paborni ¢
pazHOpoAHBIMH AauHbiMu; caokHocTH ITOIITX 4 cunbHOro BAHSHHA HA HHX
TEXHOreHHBIX (JAKTOPOB, HEYETKOCTH FPAHHL| TIOJ3EMHAIX BONOHOCHBIX ILTACTOB,
npo6ieMbl C aAeKBATHLIM ONPEACICHHEM MX IaPAMETPOB M XapaKTEPHCTHK,
XapaKTepHn3yeMbIX Heonpe,ue.neﬂuocr b0, KOMILIEKCHBIM HCCICNOBAaHHEM
FM/IPOreo0rHYeCKUX O6HEKTOB B YCIOBHAX Pa3HOPOHOH HH(OPMALHH Ha OCHOBE
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FCOHH(OPMALIMONHBIX  TEXHONOTWH  paccmoTpedsl B paortax  paja
Hccnegosarteneii: V. Velasco (Institute of Environmental Assessment and Water
Research (IDAEA), CSIC, Barcelona, Spain), A. Garcia-Gil (Department of Earth
Sciences, University of Zaragoza, Zaragoza, Spain), Thomas Kalbacher
(Department of Environmental Informatics, Helmholtz Centre for Environmental
Research, Leipzig, Germany), Arnis Lektauers (Riga Technical University),
Yangxiao Zhou (UNESCO-IHE Institute for Water Education), Wenpeng Li
(China Institute for Geo-environmental Monitoring, Beijing).

BormnpocaM, cBs3aHHEIM ¢ pa3paGoTKOH KOMIBIOTEPU3MPOBAHHBIX CPEICTB,
MO3BONSIOIIMX  pemars 3afadd Ha OCHOBE aJTOPHTMOB  OLIEHKH H
NPOTHO3UPOBAHHS  MEITHOPATHBHOTO W 3JKOJOTMYECKOTO  COCTOAHWMIA
THAPOTCOIOTHYECKHX 06BEKTOB NPHPOXHO-TEXHOIEHHOTO XapakTepa B YCIOBHAX
pazHoponHo#l MHPOPMALMH B paMKaX CAMHON KOMNBIOTEPH3HPOBAHHON CpEB,
CKaTHEM XaHHBIX, MOCTYNAIOUIMX C AAaTYHKOB aBTOMAaTHYECKOTO U3MEpEeHHs, UX
CNeKTpaTbHOH 00paboTKoif M XpaHEHHEM, TIOCBALUCHEI HCCACAOBAaHHUSA psAaa
yuensix: HW.K.IaBwua, JJeffrey, B.M.lllecrakoa, ©.5. AG6yranuesa,
V.V.Ymaposa, X.X.JxyManoa v Jp. AHaIM3 HX HCCIEXOBAHHH MO3BONACT
CACJIATh BLIBOA O 3HAYMTENBHBIX pe3yasTaTaX B 06JacTH MONyueHHs OnepaTHBHOM
HHpOpPMalW¥M O TUAPOreoJIOTHYECKHX OObEKTax MPHPOAHO-TEXHOrCHHOIO
XapakTepa, CBS3aHHBIX C HMCNOIL30BEHHEM KOMIBIOTEPU3KPOBAHHBIX NpHGOPOB
Ha6JOIEHHs, OCHOBaHHEKIX Ha UCIOIb30BaHNH GeCIPOBOMHBIX CEHCOPHEIX CETEH.

Bonpocam ¢dopMupoBaHus TEpPUTOPHATLHBIX 6a3 JAaHHbIX
FHAPOreoIOrHYECKHX  OOBEKTOB  MPHPOJHO-TEXHOTEHHOro  Xapakrepa M
pa3paGoTKH reoMHGOPMAUMOHHLIX MOZIeNelf THAPOreoIOrHYecKHX 06BEKTOB Ha HX
OCHOBE, a TaKkkKe TNPHUMEHEHHA NPHHLUMUIOB TEOPHil HEYETKHX MIOXECTB B
MPHHATAY YNPABIMIOIMX pCUWICHAH TOCBAUIEHE!  paboThr A .Farajzadeh,
G.D.Smith, O.XKaleva, N.E.Mochamed, T.Caatu, E.Mampanu, J[.A.Tlocrenosa,
B.B.Becenosa, J.A TTaHuukuna, J1.3ane, J1.JI3106b1, T1.PoTinTeitua,
T.d.Bekmyparosa, UI. X ITazunosa, JI.T.Myxamaauesoi, M.A Paxmarymiaesa ¥
np. Ha npaktuke, Kkak npasujio, FOA THAPOTEOJIOTHYCCKHMH JAHHBIMH
MIOHUMAIOTCS JaHHBIE YHCAOBOTO XapakTepa, HMeroline Oomblioe 3HaveHHe A
00BEKTOB C HEHApYIMEHHBIM pexuMoM. B To e Bpems CleAyeT OTMETHTD
HEJIOCTOBEPHOCTL NaHHBIX YHCIIOBOFO XapakTepa AN THAPOFCOJOTHHECKHX
06BEKTOB NPHPOAHO-TEXHOTEHHOrO XapaKTepa, HEAOCTaTONHYIO HCCIeJOBAHHOCTh
BOMPOCOB MPHMEHEHHA TMHTBHCTHYECKMX OLCHOK  OKCNCPTOB, JAHHBIX,
MONyYaeMbIX C @JPOKOCMHYCCKMX ~CHHMKOB, pa3paGOTaHHOCTh — METONOB
HCNONB30BaHAA JAHHBIX TEPPHUTOPHATBEHONO K aTpUOYTHBHOTO XapaKTepa.

Cra3p OACCEPTAIMOHHON PpaGoThl ¢ TeMATHYECKHMH ILIAHAMA HUP.
JluccepTalMOHHOE HMCCIENOBAHHE BHIMOJNHCHO B paMKaX IuUlaHa HaywHo-
HCCENOBATENbCKHX TIPOEKTOB TalIKEHTCKOrO YHUBEDCHTETa MHQOPMAUHOHHBIX
TexHoNoruil mo Temam: A5-020 «PaspaboTka anrapaTHO-POrpaMMHBIX CPEACTB
06paGoTKi PasHOPOXHOH THIpOreonorHdecKoi nadopmaunu na base HeweTKO
MHOKeCTBEHHOT0 noaxoaay (2012-2014); A5-022 «Hnarerpauus FTUC Texnonornd

pioy | KOMITJIEKCHOH  OLEHKH  DJICKTPOM arHWTHOM  OC30IMAaCHOCTH  TCJIEKOM-

MYHHMKaUHOHHBIX chctem» (201 5-2017).
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Uenbto nccnenosammii  sBnsercs  paspaborka reouHGOPMaLHOHHO-
a"anuTHyecKoi CHCTEMBI NOJEPHKKH NMPUHATHA  peweHuii g
PHAPOreoNoru4ecknx 06LEKTOB MPHPOAHO-TEXHONEHHOTO XAPaKTEpa B YCIOBHAX
pasHopojiHoH vHpopMauHy.

3apayamu HccenoBaumii:

pa3paboTka KOHUENUWH HH(POPMAUMOHHO-AHANMTHYECKOH KOMILIEKCHOI
CHCTEMbI YNPABIEHUS COCTOSHHEM IHAPOTEONOTHYECKHX OOBEKTOB MPHPOAHO-
TEXHOrCHHOTO ~ XapaKTepa, NO3BOMAIOLEA HCHONLIOBATE BCIO  AGCTYNHYIO
HH(pOPMANHIO HA OCHOBE reOHH(OPMALHOHHBIX TEXHOSIOTHiL;

paspabotka merogo dopmanusauun M o6oGlIEHMS ONLITa, MHeHMH W
BLIBOZIOB  CMELHANMCTOB-OKCNIEPTOB NPH  OUEHKE M  NPOTHO3MPOBAHHH
OKOIOTHHECKOTO  COCTOSHMS ~ I'MAPOreoNOrMYeckMX 006LEKTOB  mpupoaHo-
TEXHOTEHHOrO XapaKkTepa;

paspabotka Mojeneidf NONAEPKKH NPHHATHS  BOCCTAHOBHTESLHOTO,
JIOKQTN3aHOHHOrO, NPENyNpeAUTENLHOrO W YNpPAaBAAIOLIEr0 pelleHus s
THAPOreoNOruYeckHX 06LEKTOB NPHPOAHO-TEXHOTCHHOTO XapaKTepa B YCHOBHAX
HEYETKHX JaHHBIX;

pa3paboTka airopuTMOB H IMPOrPaMM CHTYaLUMOHHOrO OUEHUBAHHA M
UPHUATHS yNpaBiAIOMMX PElMeHHHl Ha OCHOBE MoJENel B3aUMOCBA3H MEXAy
THAPOreoNOru4eCcKUMH 06beKTaMu MPUPOAHO-TEXHOTCHHOTO XapaKTepa Ha OCHOBE
NPHHLUKNOB TEOPHH HEYETKHX JIOMHYECKUX MHOXKECTB;

pa3paboTka a1ropuTMOB H NPOrPaMMHBIX CPEACTB /1S GLICTPOii 06paboTky
H300pakeHuii  THAPOrejOrMYECKHX  OGBEKTOB  NPHUPOAHO-TEXHOTEHHOrO
XapakTepa, a Taloke reoMHPOPMAaLHOHHON MOAENH Ha OCHOBE JaHHBIX PACTPOBBIX
H306paxkennii;

paspabotka  reomHOpMALMOHHOH  MOAEAH  MPHPOAHO-TEXHOTEHHLIX
FHaporeonoryyeckux 06LEKTOB Ha OCHOBE PACTPOBLIX AAHHBIX C HPUMEHEHHEM
MeToZ2 MuorodakTopHoil knaccupukauMm Ha mnpumepe CeBepHOW  30HbBI
Pecny6nukn Kapaxannakcran;

CO3/laHHE anropuT™Ma M KoMIuleKca nporpamMM (OPMHDOBaHHMSA KapThbl
KOpPENALHOHHEIX B3aUMOCBSA3eH MEXIYy TEMaTHYECKHMMH CilOsSMH M paspaboTka
YNpaB/ieH4yecKHMH pelleliHAMHY Ha OCHOBE KOMIIIEKCHBIX MoJieneii.

O6bexToM  HCCIE0BAHHA  SBNAIOTCS  IPOLIECCHI  KOMILIEKCHOTO
BOCCTAHOBNEHUS IKOJIOTHYECKHX COCTOAHMH THAPOreonoruyeckux oObBEKToB
IPUPOAHO-TEXHOreHHOrO XapaKTepa Ha OCHOBE reOMHPOPMALIMOHHBIX TEXHOMOTHI
METO/10M HeueTKOH NOrHKH.

Ilpeamerom HccnenoBaHmil ABISIOTCA ITOPUTMBI 00pabOTKH JAHHBIX
THAPOreoaOrH4ecKux o0nexToB NpUPONHO-TEXHOTEHHOr0 Xapakrepa.
MareMaTHyeckHe MOJEIH, METOAbl pPa3paboTKH CHCTEMBl HHTEIEKTYyalbHOTO
NPHHATHA ynpaBAsIOIMX peLeHn. )

Meroas! uccaenoBanus. B npouecce HCCNEN0BaHHH MPHMEHEHE! METOAbI
TCOpHH HEeYeTKHX MHOXECTB, MaTeMaTH4YeCKoro MOJ1E[IMPOBAHHUA,
HHTEeINeKTYanbHOTO aHANK3a JAHHBIX, OUEHUBAHHUS H NPHHATHA YNPaBIeHYECKUX

PelIeHHi Ha OCHOBE 3KCNEPTHBIX CUCTEM.
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Hayunas HOBH3A2 HCCNEIOBARAS 3aKITIOSaETCA B CleIytomIIeM:

paspabotana MHGOPMAUHOHHO-aHANNTHYECKAS KOMIILIOTEPH3UPOBaHHAN
cucTeMa, MpeaHasHayennas 1na cbopa, xpaneHus, o6paboTkH ¥ MOAEIHPOBaHHS
JaHHBIX HA OCHOBE FEOMH(pOPMAUMOHHLIX TEXHOJOTHH M MHTENIEKTyanusauum
TIPUHATHA PEMERNH IA THAPOreONOrHIecKHX 06HLEKTOB MPHPOIHO-TEXHOTEHHOTO
XapakTepa;

pa3paboTaibl MOAENH NPHHATHA YNpPaBleHYeCKUX pelleHUH, OCHOBaHHLIC
Ha oueHKax H 06obIIenn cocToARUI rHaAporeoIorHYeckuX 06BHEKTOR TIPHPOAHO-
TCXHOTEHHOTO XapakTepa C yHETOM NPHHUHIIOB TEOPHH HEYETKHX MHOMKECTB;

pa3paboTaHbi airOPUTMbl M NPOTPAMMHBIE CPEACTBA MONydeHUS nndop-
Mauuk oT H306pXKEHNH IMAPOreoNOrHICcKHX 06HLEKTOB NPUPOAHO-TCXHOTEHHOTO
XapaKTepa u napamietbHoit 06pabotiu n3obpaskennii;

pazpaboTaHbi aANrOpUTMBI H nporpaMMHble  cpeacTBa A
KOMTIBIOTEPU3HPOBAHHOM CHCTEMB! MOANEPKKN NPHHATHS PEUICHRH, OCHORAHHBIE
Ha CO3[[aHAM JJIEKTPOHHBIX KapT B3aWMOCBSA3M MEXAYy TEMATHUECKUMH CIOAMHA
reoHH(OPMAIHOHHONH  MOJENH  THAPOTEONIOrHYECKHX  O06BLEKTOB TIpHPOAHO-
TEXHOTEHHOr0 XapakTepa;

pa3paboTaHbi MOAENH, AIFOPHTMBI H MPOTPAMMHBIC CPENCTBA NS OLEHKH
B3ayMOCBA3H  PCLIEHMA  BOCCTAHOBUTENLHOrO,  NOKAIH3AUMOHHOLO  HJH
npenynpeauTeNbHOro XapakTepa, onpeaenaemMuix no CHTyalnsM
THAPOTEONIOrHIECKUX 06BEKTOB NMPUPOIHO-TEXHONEHHOTO XapaKTepa B YCHOBHAX
HeveTkoit HHdopManny;

pa3spafoTaHbi  aIrOPUTMBI  ONEPATHBHOH  NapanNeNbHOM o6paborxu
u300paxeHuii  UpOTeoSIoTHYECKHX  O6LEKTOB  NPHPOAHO-TEXHOrEHHOrO
XapakTepa, a Taloke aIrOpHTMbl (OPMHPOBaHUA reoHHGOPMALHMONHON MOAEIH
TEPPUTOpHIi Ha OCHOBE PACTPOBLIX H300paXeHNH U OLEHKH CHTYamHil;

paspaGoTaHbl  anfOPUTMBI M KOMMJNEKC  NpOrpaMM  TIPHHATHA
YNpaBIEHYECKAX PEIIEHHd M CO3NaHbI KapThi KOPPENSUMOHHBIX B3aMMOCBS3cit
MEKAY TEMATHYCCKHMH CIOSMH HA OCHOBE FeOHH(OPMaLHOHHOMN MOJETH.

TpakTHYecKne pe3syabTaThl HCCACAOBAHNS 3aKNOYAIOTCA B CEIYIOLIEM:

pa3paboTaHbl METOAB! TPUHATHE YNPABMSIOWMX PEUICHUH 10 YIIyHUICHHIO
BOOHBIX M TIOYBEHHHIX YCHOBHM [ NPUPOAHO-TEXHOTEHHBIX OOTLEKTOB,
XapaKTEpPH3yeMbIX 3KONOTHIECKOMH HaNpMHKEHHOCTEHIO Ha OCHOBE
KOMTILIOTEPHU3UPOBAHHOH MOAENH reoMH(POPMAUMOHHOTO TPEACTABICHHS H
KOMIIEKCHOH OLEHKY FMAPOreONOrHYECKHX OGLEKTOB NPUPOAHO-TEXHOTEHHOTO
XapaKTepa C y4eTOM reoHHGOPMAHOHHBIX TEXHONOTHi;

pa3paboTaHil reouH(pOPMAHOHHEIE MOAENH TO NPHHATHIO HIDKEHEPHBIX
pelieHuii 1O BOCCTaHOBIIEHHIO METHOPAaTHBHOTO COCTOSHHS TIPHPOMHO-
TEXHOTEHHBIX ~ TEPPUTOPHH HA  OCHOBE  MNPOTHO3UPOBAaHWA  MPOLIECCOB
ONYCTHINMBAHWA WM  3a60NayMBaHus MOCPEACTBOM TNOHMXKEHHs ypoBHeil
TIOA3EMHBIX BOX;

pa3paGoTaHn MeTONb MOHHTOPHHrAa IeOHH(OPMAHOHHO-AHAIBTHYECKUX
KOMITBIOTEPU3NPOBAaHHLIX CHCTEMaX, OCHOBAHHAas Ha MOIJEPXKE IIPHHATHA
YIPABIAAIOUMX DPEIWICHHH B YCIOBHAX AOMHHHPOBaHHA WHPOpMauMW HedeTKHX
JaHHLIX B WHQOPMALMOAHOM OGECNEUEHHH CHCTEM MOHUTOPHHTA 3EMENbHBIX H
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BOIHEIX pECypcoB MNPHPONHO-TEXHOTEHHbIX TEPPHTOPHMH NOIYYEHHBIMH C
A3pPOKOCMHYECKHX U300pakenuii 06beKTOB.

HocToBeprocts pe3yJLTaroB HCCJIeN0BaHus. Jocroeepuocts
PE3yNbTaTOB MCCNENOBaHMA OGOCHOBRIBAGTCA HA CONOCTABAEHHH pe3yNBTATOB
FeoHH(OPMALIMOHHOTO MOJETHPOBAHKA M MAaTEMAaTHYECKOTO MOAIENHPOBAHHS TIO
FuiaporeonoruuecknmM 06beKTaM NPUPOAHO-TEXHOrEHHOrO XapakTepa ¢ AaHHLIMH
HabJllofeHUiH ¥ H3Mepenuii, C HTOrOBBIMH BHIBOJAMH CNELHATTHCTOB-OKCIEPTOB H
MCCICNOBAHMAMM ~ YHCHBIX  BBICOKOTO  YPOBHS 1O  paccMaTpPUBAaEMbIM
THAPOreoNoryyeckuM obnexram.

Hayynas u npakraueckas 3HAYMMOCTL Pe3yJbLTATOB HCCHeNOBaHAS.
Hayuuan 3uauuMocts pesysbTaToB McCnenoBaHHMil 3akmouaercs B paspabotke
MaTeMaTHYeCKUX MOJACNEH, AINODHTMOB M fIpOrpaMM HHTEILIEKTYaNH3aLHH,
no3sonsomux 3gpeKTUBHO PEIUATH 33124 MATEMATH4ECKOTO MOAEHPOBAHHUSA U
NIPHHATHS yNPABAAIOLINX PEIUEHHH B YC/IOBUSX DPa3HOPOAHON MHGoOpMauuu Ha
OCHOBE pe3y/IbTATOB rEOMHPOPMALMOHHOTO MOJE/NHPOBAHMA M  ANrOPUTMOB
HHTEJUIEKTyanbHOIO aHANTH3a.

Ilpaxruyeckas 3HAYUMOCTH Pe3yNbTATOB paboTh KOMIILIOTEPH3UPOBAHHOMH
CHCTEMbI CUTYallHOHHO-COBETY0ILErO xapaxcrepa oo COCTOSTHUAM
ruaporeonoruyeckux 06HeKToB NPUPOAHO-TEXHOTEHHOrO XapaKTepa 3aKo4aeTcs
B TOM, YTO OHa NO3BOJMT NPHHUMATH YNPAB/SIOIIME PELICHHA METHOPATHBHOTO,
BOJCOXPAaHHOTO M 3IKOJIOTHYECKOrO0 XapaKTepa MO0 MPHPOSHO-TEXHUYECKUM
TEPPUTOPHAM M 06OCHOBATH UX.

Bueapenue pesyseraros necnenopanns. Ha ocHOBe cHCTeMbl ynpaBienus
H MareMaTHYEeCKOro MOAC/IMPOBaHUs NpoLeccoB 06paGoTkn reouHGOpMaIHOHHBIX
PECYPCOB ruAporeo0ruueckux o6beKTOB NPHPOAHO-TEXHOICHHOIO Xapaxrepa:

MHCTDYMEHTaNbHEI NpOrpaMMHBbI  KOMIIMEKC CpeACTB  Moaeneneii
IPOTrHO3UPOBAHUA COCTOSHUH MOA3EMHBIX CJIOEB TEPPUTOPHMH OPHPOAHO-
TCXHOTEHHOIO XapaKTepa M CTENEHH 3aCONCHHOCTH 3eMenb BHeapeH Ha IT1
“Ilpuapanbckas rHAPOre0OrHueckas JKCHEAMLMA” Ha Teppuropus CeBepHOH
30HK1 Pecny6nukn Kapakanmaxcran (cnpaska Ne08-1266 ot 14 wons 2015 roaa
locynapcTBeHHOro KOMHTETa MO TI€ONOTHH M MHHEPAIBHBIM pecypcam).
llpumenenne HayuHoro pesynbTata J[ano NpOrHO3MPOBAHHS M OLEHKA
MCJIHODATUBHBIX H 3KOJIOTHYECKHX COCTOSHHHM FHAPOre€OROrHYECKMX OGHEKTOB
NPHPOAHO-TEXHOIEHHOrO XapaKrepa.

reouHQOpPMalHOHHBIE MOJEGIM M  HHCTPYMEHTAIbHBLA NporpaMMHEIH
KOMILIEKC npounecca obecneuenusn MEIHNOPATHBHOINO COCTOSIHH A
THAPOTreoNorn4eckHx 06HEKTOB MPUPOAHO-TEXHONEHHOTO XapaKTepa BHEAPEHH B
NPEANpPUATHAX MHHUCTEPCTBA HMH(ODMAIMOHHEIX TEXHOJOrWH M  pa3BUTHA
komMmyuukanuii (cnpaBka Ne33-8/5937 or 31 oxta6pa 2016 rona MunucrepcTsa
HHQOPMALIMOHHBIX TEXHOJOrHH M Ppa3sBUTHA KOMMYHMKALHiL). Buenpenue
Pe3y/bTaTOB Hay4HbIX HCCICAOBAHME DO CO3AAHMIO reOMHPOPMANMOHHBIX KAPT
THIPOreoNorHyeckux OOBEKTOB MPHPOAHO-TEXHOTEHHOTO XapaKTepa, a TAaKKe
aNrOPUTMOB OLICHKH MEHOPATHBHBIX COCTOSHMA H Mojeveli MpOrHo3nupoBaHus
Mo3BoNKII0 copMHpOBaTh CHCTEMY NPUHATHA PELIEHHH, ITO NOBBICHIO CTENEHb
3KO0;10rnueckoii 6ezomacHoctd Ha 11,2 %.

33



MPOTpaMMHBIE  CPEACTBA  M3BIEYEHHS  JaHHBIX W3  W3cOpaxcHuit
rHApOreoforHyeckXx  OGLEKTOB  NPHPOAHO-TEXHOTMGHHONO  XapakTepa W
pacnapaiie;suBaHus npotieccoB 00paboTku H306pakeHHit BHEAPEHLI B CUCTEMY
«Kurab-Illaxprcadsckoro Bonosabopa noasemMusix Boa» (cripaska Ne01/574 ot 24
Hos6pa 2015 roma I'ocyaapcTBEHHOrO KOMHTETa TI0 FEOSIOTHH H MHHEPATLHBIM
pecypcam). PesynbTaTsl HayuHBIX HCCNELOBAHHIT MO3BOJIAIOT YCOBEPLIEHCTBOBATh
MPOLECCH! YTIPaBNIEHHsT BOCCTAHOB;ICHHEM MEJHOPATHBHOIO K 3KOJOTHYECKOro
COCTOSHHAN THIPOTEOJOTHYECKHX OOLEKTOB MPHPOAHO-TEXHOTCHHOTO XapakTepa,
TOBBICHTE  NMPOW3BOAMTEILHOCTL  MCIHOPaTHBHBIX  TEPPHTOPHMIi 33  cHeT
YMCHEIIEHHA KOJIHYECTBA TEXHOTEHHBIX 00beKkTOB ¢ 58,7 10 66,08 %.

AnpoGanns pe3ynbLTaTOB HCCJIEAOBAHMA. Pe3ynnTaThl HCCNETOBaHWA
Do;IokeHb! Ha 27 HaydHO-TEXHHYECKHX, B TOM 4YHcie Ha 10 MexayHapoIHeIX
xondepenumax: «5® International Scientific Conference. European Applied
Sciences: challenges and solution» (Tepmanus, Stuttgart, 2015); «Radiotexnika,
Telekom-munikatsiya va Axborot Texnologiyalari: Muammolari va kelajak rivoji»
(Tamkent, 2015); «CoBpemenHble Npo6IeMBl TUAPOTEONOrHH, HHXEHEPHOI
TE€0JIOTHH, TEO3KOJIOTHH W ITyTH uX peweHus» (Tawkent, 2015); «ITepcnekTiBrl
pa3BATHA HH(OPManHOHHLIX TexHojNoruii, ITPA-2014» (Tawkent, 2014);
«AKTyanbHele Tpo6nemMbl NPUKIAnHOM MaTeMaTMKH M HHOPMALMOHHBIX
TeXHONOrui-An  Xopaswmuii»  (Tamkent, 2012; Camapkana, 2014);
«TIpuopUTETHLIE HalpaBieRHs B o6nacTM Hayku M TexHonorwit B XXI Bexen
(Tamkenr 2014); Bcemuproii koHepenuun WCIS-2012 «UuTemtexTyatbibie
CHCTEMB! ANs MHAYCTpHaNbHONH aBToMaTth3aumu» (Tawkent 2012, 2014); «dan,
TALAMM Ba HUMIA0 YHKAPHII WHTErPaUMACHHM axbopoT KOMMYHHALHSACHSA
TEXHOJIOTHSAIApH acoculla PUBOXKAAHTHPUII HcTHKOormapu» (Kapuun, 2016);
«AXBOpOT TEXHONOTHANIAPH Ba TENEKOMMYHWKalMa MyamMonapw» (Tamkenr,
2013); «ITpobneMHEie BONMPOCHI FHAPOrEONIOTHH, HHKEHEPHOH TEOJIOTHH,
reodKoNIorHH U myTd Mx peweHus» (Tawkenrt, 2012); «HUnterpauus nayku w
TIPaKTHKH Kak MeXaHH3M 3(QEeKTHBHOrO pasBUTHA TIeONOrHYECKOi OTpaciH
PecmyGauxn  V3bexucran» (Tawkent, 2014); «Cospemennble BOMPOCHI
TIpUMEHERHS UHGOPMAUMOHHLIX TEXHOJIOTHI B WHTErpalMH HayKH, 06pa3oBaHus W
npoussoactea» (Hyiyc, 2015); «CoBpeMenttie HH(OPMALIMOHHEIE TEXHONOMHH B
chepax TenekoMMyHHKauMu U cBasu» (Tamkent, 2011); MexaynaponHoii
Hay4YHO-TEXHHUYECKOH KkoHpepeHunn «MHTErpaudy HayKM ¥ NpPAKTHKH Kak
MeXaHu3M 3((eKTUBHOrO pa3sBHTHA reoNorMueckoi orpacnu  Peciy6anku
V36exncran » (Tamkent, 2016) u Ha 17 pecnyGmikarckux KoHpEpeHIHAX.

Ony6.,IMKOBaHAOCTL Pe3yNLTATOB HcclenoBanmd. [1o Teme IHCCEPTALWH
omy6Mkosano 45 HaydwHEIX TpyaoB. M3 nux 1 moworpadms, 17 XY PHANBLHBIX
CTatedl, B TOM 4HCNE 2 B MHOCTPaHHLIX, 15 B pecmy6AMKaHCKHX XypHanax,
peKOMEHIOBaHHBIX ~ Beicweli  atTecraumonHol  komuccueli  Pecny6nmku
Y30ekucran ans MyONHKalWM OCHOBHBIX HAYYHBIX PE3YNbTATOB JOKTOPCKHX

AMCCEpPTaUMH, 2 TAKXE IONYHeHO 6 CBUAETENLCTB O PCrHCTPAUUM MpOrpaMM s
3BM.
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CTpykTypa u 06bem aHCCepTaIHY. Aucceprauua conepxut 185 crpanun u
COCTOMT H3 BBEJCHHMs, NATH IJ1aB, 3AKIOYEHHS, CHMCKA MCIOMNH30BAHHOMN
AHTEPaTYpEl U3 115 HAaUMEHOBaAHUI U NPUIOKEHUA.

OCHOBHOE COAEPKAHUE JUCCEPTAIU

Bo BBemenuu 060CHOBaHA aKTyanbHOCTH TEMbI, IPHBENEH kpatkuii 0B630p
paoT no Teme auccepraiyy, CHOPMyIHPOBAHEI AKTYATBHOCTD, HEMb H OCHOBHBIE
3anaqn HCClEeN0BAHHs, ONUCAHBI COCTaB M CTPYKTYpa paGoThi, ompeneneHs! ee
HOBM3HA M HAY4HO-IIPaKTHYECKasn LEHHOCTb, NPEACTAB/IECHbl OMyONHKOBAaHHBIE
paborsl.

IlepBas rnasa nucceprauun «Pa3paboTka KoHuenuHH HCCIEIOBAHHA H
OPHHATHA pemeuuii Ha OCHOBE NPHMEHEHHS METOA0B HEYEeTKHX MHOMKECTB»
NOCBsilIEHa BOMNPOCaM YMEHDLIICHUS BIAHAHHA YEIOBEYECKOro (akTopa Ha
H3MEPHTENELHLIE NPOLEAYPSHI, H3BIEYEHHE M3 HCTOYHHKOB PA3HOPOAHBIX AAHHBIX
(4mcnoBbIe, NUHTBHCTHYECKHE, H30OpAXKEHHE).

OcHoBHOH nenbl0 pa3spaGoTKM Tako#f KOHUENUHM NBJIAETCS AHATH3
Pe3yNbTaTOB MAPOreONOrHYECKUX HCCNEAOBAHHH € NO3HUHM pasHeIX npobrem
(MennopaTBHOI, BO/ICOXPAHOH, SKOJIOTHYECKOH) ¥ NPHHATHE pelieHnit Ha TaKoii
ocHoBe. B OTOH CBA3M BOMPOCH! HMCCIEAOBAaHHS UDHYMH BO3HHKHOBEHMA H
XapaKTepa HEONMpERENCHHOCTEH [aHHBIX NpH H3ydennu ITTTTO npupoaHo-
TEXHOTEHHOI'0 XapaKTepa, a TAKKE MOMCK NMyTell HX YMEHBINEHHS SBIAIOTCA
C/1a00H3yHeHHOM H aKTyatbHOH npo6nemoii. Tloatomy paspa6oTka ajqrOpHTMOB U
NpOrpaMMHbLIX CPEACTB H3BNeuYeHHS M (OpMaiM3auMH 3HAHHE 3KCNEPTOB —
TH/POTeONOroB, NPEACTaBlEHHbIX B JMHIBHCTHYECKOH (OpME ¢ nocaeTyomuM
NpEeACTaB/ICHHEM HX B KONMYECTBEHHOH ¢opme, T.e. B JopMe HedeTkux wducen,
ABAAETCs mnepcneKTUBHOH. IIpd 3ToM nonydeHue umcnoBoi uHGOpMaLMK
HEO6X0AMMOro KONHYECTBA M KaY€CTBA O MApaMeTpax HCCIELYeMOro o0beKTa He
BCErna AOCTUrAeTcs, 4YTO OOBACHACTCA HEBO3MOXHOCTBIO OpraHM3alliH
HeoOXOAMMBIX YCIOBUH A1 MPOBEAEHHMS MHOIOKDAaTHBIX OMKLITOB. B HEKOTOPBIX
Cily4asx, fIPA HAMYMA HEYHCIIOBOH H HENONHOK KHGOPMALNH B BUE IKCIEPTHIX
CYKAEHHH, CYIIECTBYET BO3MOXKHOCTH (JOPMANM3ALMK 3THX 3HAaHMH M HX
o6paborka Ha ochose npunuxnoe THM # Hewerkoii noruku. HeaocTaTouHOCTS
uHQOpMaLMH, €¢ NPOTHBOPEYMBOCTb M Manas AOCTOBEPHOCTh NPHBOAAT K
HEOOXOAMMOCTM HCHONB30BAaHUA NP NPHUHATHM pelueHuit Bceii DOCTYNHOH
HH(OpMaLHHK PASHOPOAHOTO XapaKTepa.

[pu 3TOM pe3ynbTaThl IUAPOrecNOrHYecKUX HMCCneJoBaHuif HMeloT Gonee
Obuiee 3Hauenue M JOMKHEI TPAKTOBATHCA C NO3MUMI He MeHee uyeM Tpex
Npobnem: MenMOpaTHBHOH, OXpaHHOH M Jkonoruueckoif. Coaepxanue wu
Ha3HayeHHE HCCICAOBAHKHI TIMAPOreONOTHYECKHX IPOLECCOB  ONPEAESIsOT
CTpaTeri1o NpuHATUA pelneHnit, 060CHOBaHKE KOTOPEIX JOKHO OCYLUECTBAATLCA
Ha 0CHOBE PacCMOTPEHHA U aHaNK3a Beeli npeaMeTHo# obnacTu U Beeii JocTynHoik
uHdopmanyu. DTO H eCTh OCHOBA NPHHATHA MOJENH KOMILIEKCHOIO HCCACAOBAHHUS
IITITO. Konuentyanshas cxema o6pabork Beel mocTynHo# undopmanuu B
npouecce komiekcroro uccaeaopakus [ITITO npencraenena Ha puc.1.
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Puc.1. Konnentyanannas cxema 66paGoTkn Beeit AccTynmHoif AHGOPMAalHH B nponecce
KomILIeKcHoro Acciexosanng NTITO

Bropas rmaBa guccepranuM  «MaremarmdecKoe  MoOJleJIHPOBanHe
NpPOUeccOB NONAEPKKH NPHHATHS pelieHAll B YCJIOBHAX NOMHHHDOBARAS
AAQOPMALHA HEYEeTKOro XapaKTepa» MOCBAlLEHA BONPOCAM MaTeMaTHYECKOro
MOAENHPOBAHHA NPOUECCOB TOMNEPHKH NPUHATHA PEUWIEHUA B  yCIOBHAX
IOMHHHPOBaHNA HHPOPMALIMH HEYETKOFO XapakTepa.

IMpunsTHe pemennii MO COCTOAHUSM THAPOFEONOrHIECKHX O00BEKTOB
TPHPOAHO-TEXHOTEHHOrO XapaKTepa OCYIICCTBIAETCA NMYTEM COMNOCTABiEHMs HX
TEKYLEro W MpenbAyliero cocrosuuiit. Ipu 37oM HCMONB3YIOTCA OMBIT, 3HAHHS,
MHEHHS CNELHANHCTOB-THIPOreoI0ros, HMEIOILIMX ONBIT paboThl C H3yyaeMbIMH
THIPOreoTOrH4ecKUMH 0OBEKTaMi NPHPOAHO-TEXHOMEHHOrO XapakTepa.

ANropuTMBI BPHHATHSA PEILIEHHA OCHOBLIBAIOTCA HA CHTYAUUOHHOM aHaIn3e
H COCTOAT U3 Pa3THYHLIX M0 XapaKTepy pellenHii:

Ay - <MHOKECTBO BO3MOXHBIX pemennii>; 4y - <MHOMecTBo IOITYCTHMBIX
pelIEHHH U3 BO3MOXHBIX>; Al',"’ - <MHOXECTBO pelleHHi NpoduIaKTHIECKOro
xapaktepa (TID)>; 4] - <MHOXeCTBO petuenuii npeaynpeaHTenLHOro XapakTtepa
(IT)>; A4;° - <MHOXecCTBO pelleHRiH BOCCTAHOBHTENLHOTO XapakTepa (BC)>; 4 -
<MHOXECTBO PELICHH TOKaTH3alLMOHHOro Xapakrepa (JI)>.

m
Acro,uto Ap C Ay, Ay = 4 VA] UAg(‘ U4
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Tlpn 3TOM BO3MOXHBI TPH THNA YNPaBAAIOWMX pemenni: «YBETHIHTEY,
«YMenbwnt» ¥ «He namenuts» (Menuxos AH., Bepumreiin JI.C., Kopoeun
CJS1.,1990). OGosnayas 3T pemienns sHadennsmu JIIT < «YBenwauThy, 7,,X>,
<«YMeEHbIMTLY, T,,X>, < «He H3MeHUTDHY, T,,X>, tae T,,T,,T,- TepM-
MHOxecTBa JIIT < «YBewAunte», «YMeHpmuTh», «He usMernts» >. Beemem
0603Ha4eHus: <I1,,7/,X> - mas JII «YBenuuuTsY; <D, T{,X> - mna JII
«YMEHBIUHTBY; <Z,T;,X> - pna JII1 «He namenston; JIIL 1,,D,,Z, umetor
TEPM-MHOMECTBA {«HEMHOTO», «CHIBHO»}, {«HEMHOrO», «cHUIBHO»}, {«He
H3MEHHTDY }.
B anccepraumnu npeanaraercs METOR pasiokeHus obLIero peleHns:

R = p, (RDAR! + g1, (RL)ARS + 1, (RIAR],

rae  pu, (R))=v(R',R)),p,(R))=V(R',R}), 1, (R))=v(R',R.).

Cnenyer  OTMETWTb, 4YTO  pe3ynbTaThl  TPOTHO30B  COCTOSHMIA
THPOreoNoru4eckHx OOBEKTOB JOMKHBI TPAKTOBATbCA C MO3HIMAN pasHbIX
npofnem (MeMOPaTHBHON, BOJAOOXPaHOM, 3KOJIOTMYECKOH) C MOCHEAYIOUEM
COrnacoBaHHEM pellicHHi, MPHHUMAEMBIX C YYETOM BpeMeHHOro (akTopa
(koopauHaums pemennii). OTHMH OOBACHAETCS HEOGXOAWMOCTh THIATEIBHOTO
HCCIeNOBaHHs BOTIPOCA O B3aMMOCBA3AX MPHAMMaeMBbIX pemerii. [Ipeanonoxum,
YTO B CBA3H C BO3HUKHOBEHHEM ﬂpOﬁIICMBI MEIMOPaTHBHOrO XapakTepa NMpHHATH
nocneosarensuse pemenns R, R;, tme R :F” > P"; R :P" > P?;

P® = {< al Im><a;/lc><aslb >},
k=123, a,a;,a;- 3sauenus OT] COOTBETCTBYIOMMUX TEPMOB AN k- CHTYaUHH.
Ouenka B3aumocBasn pewienuit R u R? ocymecTsinserci B CleAyouieM
p ] ]

nopsaaxe:
1. Pewenns R} u R pasnaratorcano 1, I,,D,,D, u Z.
2. [lan omnpeaencHHA oOWEro pemieHHs BbIYHCHseM 3HaueHHsa Bcex OI1

MR, RY), p(R,,, Ry, 1(D;, D}), p(D;,, Dp) w p(Ry, Ry).
3. Ot6paceiBatoTcs Te OIT, 3HaYEHUA KOTOPBIX MeHbme 0,4.
4. OxoRuatensHOE penteHre R monyuwaercs pasnoxkennem ®II pewennit

wo/,D,Z.

B Ttperseli rnase auccepraunau «Illmdposas obpaborka m3oGpamenmii
THAPOreotOrH9ecKWX 00BLeKTOB NPHPOXHO-TEXHOTEHHOr0 XapaKTepay,
PaccMarpuBatorcss Bonpockt nugposoit 06paboTku u3oOpakennit TeppHTOpHIA,
ABJISIOWMKCA BXKHBIM HCTOYHHKOM MHQOPMAHH AN NPUPOAHO-TEXHOTEHHBIX
THAporeonoruyeckux oObekToB. TakHe OOBEKTBI XapaKTepH3YIOTCA BLICOKOH
CTENEHBIO  HEOMpPEACNEHHOCTH, 4UTO OOBACHAECTCS HENOCTATOYHOCTHIO H
HEIOCTOBEPHOCTHIO  JIAHHEIX, JOMHHHpOBaHWEM MHGOpPMauMM  HEYETKOrO
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XapaKTepa, HETpeACKasyeMOCTbIO, HEACHOCTBIO H T.A. B Takux yciosusax Bechuma
BLKHOH M HEJOCTATOUHO W3YHEHHOH B FMAPOre0IOrHYECKoli NPaKTHKe sBILETCS
npoGnema u3BneyeHus uHpOpMauuu U3 u3obpaxennit ruaporeonoruuecKux
obnextoB. B AHCCEPTALIUH OCHOBHOE BHHMaHHe YAETIETCS ONpeneNeHUI0 HYXHbIX
TOMOJIOrHYECKHX JJIEMEHTOB U3 PacTPOBBIX H30Gpaxkenuii [ITITO.

Ilpu msysenun IITITO Ha ocHoBe ananusa n3o0paxkennit nonesnpiMu
ABAAIOTCA JIOKATH3AUMSA, YCHJICHHE H BBUICNCHHE TPAHMU-TMHUA pasieleHus
Pa3sAHHBIX FHAPOre0/IOrHyECKNX XapaKTEPUCTHK (30H HEOAHOPOAHOCTE! B MIAHE,
TPaHMl| BJHMAHHSA TEXHOTEHHBIX (aKTOPOB, DACIPOCTPAHEHHS 3arpAHSIOLAX
BewecTs u T.4.). [panuubl Ha H306paxeHnsx MOryT 6biTh 06pa3oBaHB! pasHbIMU
yCnoBusAMY, OOBACHSEMbIMH H3MEHEHHEM LBETA, DaspbiBOM NOBEPXHOCTEH,
nepenagaMy OCBEILEHHS H TEHAMH.

Ecnn nveercsa BO3MOXKHOCThL NOMYUEHHA HECKOMLKHX u3obpaxenuii oqHoro
OTITO Ha HECKOMLKO MOMEHTOB BPEMEHM, TO BO3HMKAIOT npoGaemsl ¢
oprasu3auueii 3¢ppexrnBHON 06paboTKH U XpaHEHHEM IOTOKOB H30OpaXKeHHil.

B aucceprauuu ans  o6pabotku  M3o6pakeHHil rUIPOreonOrHuECKHX
0o6beKTOB npuMensiercss CNOCOO pacmapanieNMBaHusA BbIMHUCICHHH Ha OCHOBE
¢opMupoBanus Matpuusl Anavapa. I1peasioxeHbl aIropuT™bL H NporpaMMHbIe
cpeacTsa pacnapajiieuBaHHs npouecca o6paboTku u3obpaxenuii Ha ocHoBe
oproroHansHeix Gasucheix Qyskunii Anamapa. Takke paccMOTPeHB! BOMPOChHI
undposoii 06paboTkM  KOCMHMHYECKHX uzobpaxcennit IITITO mna OGase
nporpammusix kommiaekcos ArcGIS, Erdas Imagine, ENVI. IIpumenserca cnoco6
oby4aemoii Kkiaccudukauun, ocHoBanHbI Ha BaliecoBckoM knaccudukatope,
HCHOJIB3YIOLIEM OLIEHKY arnloCTEPHOPHOTO MAaKCHMYyMa [U1sl OnpeaesieHus Haubonee
BEPOATHOTO Kfacca M OCYLIECTRIEHHOM Ha 6aze cneayloweil Mogenu
kiaccupukaropa’:

D =lIn(a.)-[0,5In(|Cov. )]~ [0,5(X — M_)T(Cov')(X - M_)],

roe D - B3BelleHHoe pacCTOfAHHE (BEPOATHOCTB); € - OCHOBHOH knacc; X -
M3MEPEHHE BEKTOpPa OCHOBHOTO MHKCENA; M, - BexTOp cpenHux 3HaueHHii
BbIOOPKH KJIACCa C; g, - NPOLICHTHAA BEPOATHOCTD, MTO 10603 OCHOBHOI mUKCeNb
OTHOCHTES K Kiaccy ¢ (no ymondaumio 1,0, uny BBOAUTCA U3 anpHMOPHOro 3HaHM);
Cov,- KOBApHAUMOHHAs MaTpHUA NHKCenell B OGmuHOM kiacce ¢, |Cov,|-
onpeaemutens Cov,.; Cov;' - obparnas Cov,.; T— TpaHCIOHHPOBAHHE.

B yerseproii rnase aucceprauuu «I'eonndopmanuonnoe Mmogennposaune
HA OCHOBE PAaCTpOBOH MOJeJH NAHHBIX THAPOreoNOrHYecKHX 06beKTOR»
pacCMOTPEHBI BONpPOCh  pa3pabOTKK NPHHUMNOB  reoMH(OPMAIMOHHOIO
mogenupoBanus IITITO Ha  OCHOBE  pacCTpOBOH  MOZENHM  JAHHBIX
IMAPOre0;IorHYecKuX 06beKTOB.

s tips://wiki.hexagongeospatial.com/index.php2title=Classification_Decision_Rules
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Paspabotka THC Momenu misi KOMIUIEKCHOTO HcchemoBanns ITTTTO
OCYLUECTBAAETCA B ClICAYIOLIEM nopsanke:

1. ITo ucxonHoii kapre (CHHMKY) CO3Ra€Tcs 3JMEKTPOHHAas Kapra
uccaexyemMol TEpPUTOPHH.
2.  Cospaérea 6a3a TEpPUTOPHANLHBIX W aTPHOYTHBHEIX NAaHHBIX H

OCYUIECTBJIACTCA  TIpHBs3Ka  aTpHOYTHBHEIX  JaHHBIX K  BBIACHAEMBIM
TOMOJIOrHYECKHM 00BeKTaM.

3. Coznaéres 6a3a JaHHBIX A7 MCCNEIOBAaHHA TEPPUTOPHA C ITO3ALUH
MeJIHOpaTHBHOR, BOXOOXPAHOIf H 3KOJIOrHYECKOIA.

4. ®opmupyercs Tabnuua kraccH@HKaIWA JacTell TEPPHTOPHH C TOTIKH
3peHuss  ONpeie/IeHHO  npoONeMBl Ha  OCHOBE  TeOHH(OPMAIMOHHOTO
MOJIEIHPOBAHHUS.

5. OcyuecTpiseTcs KOPPeIsSUHOHHEIH aHANN3 MEXAY ABYMA HIH TpeMs
TEMaTHYECKUMH CIIOSIMK Ha OCHOBE METO0/Ia «CKOJTb3siIiee OKHO».

Ha ocHoBe marpuu cocrosuuii (4,,4,,4,) C HCNONE30BAaHHEM METOAA
«CKONp3fllEE OKHO» OPMUDYIOTCA TONA KOppeNsAUMi Mexay - napamu
TEMATHYECKHX CIICEB H TpeMs closMK (4,4, U 4,) no ¢opmynaM (TuxyHoB

B.C.,1997):

Ropn = \/(Rim; +Rey —2R 4R, )/ (1-R,,),

Ry, =1-6).d! I (n’ ~n),

i=l
Lj=13;
d-— Pa3’HOCTbL PAaHroB SIBIEHHH A; " Aj, CHATBIX C Pa3HBIX KapT, 7 - obbeM

BLIGOpKH A5 AAHHOM Cepu.

B xaHHoli rnaBe AWccepTauMy NPHBOAATCA PE3YNbTATH! KJIAacCH(pHKaUMH
TEPPHTOPHH FHApoOreonoruveckx obbekToB Ha Gaze wuugposoit ob6paboTkm
KOCMHYECKHX CHHMKOB N0 JaHHOH TEPPHTOPHH C HCTIOAL30BaHHEM NMPOrPaMMHOIND
komniiekta ERDAS Imagine, ENVI. I1pu 5ToM Ha nepBoM 3Tane ocyliecTBASETCA
HavaipHas Knaccndurauus. Jlanee, Ha cledylollieM 3Tane ¢ MOMOILIO MOAYJ
Signature editor gropMupyeTca cnekTpanbHas CTaATHCTHKA KOCMHYECKOTO CHAMKA C
Hcnons3oBaHHeM Moay:1s supervised classification, dopmupyetcs ¢aiin curratyp
ANs OCYIIECTBICHHSA OKOHYATENbHOH KiaccHpukauun., KocMHuYeckHe CHHMKH
Tepputopun CeBepHoii 30Hb1 Pecny6nnkn Kapaxaitnakcran nomyuenst ¢ Landsat 7
(3a 2000 r.) u Landsat 8 (2015 r.) Ha TeppuTopuio imcra K-40-6 B MacmitaGe
1:500 000. B pesyneTate nomy4en pacTpoBEIi Cloi 171 KNaCCHAKAIWA AaHHOK
TEPPHTOPHH Ha OCHOBE KOCMHUYECKHX CHHMKkOB. OOias nnomajgs TEppHTOPHH
uccnenosanns 44 2064 km>. CormacHo puc. 1, userossie APKOCTH TO BCEM
o6bekTaM BhI€IEHEl ABHO OTIHYAMEIMH 10 APKOCTH UBETAMH 9 PasHEIX LBETOBHIX
XapakTepuctHk. Jna  uccieaoBaHHs — npouecca  M3MEHEHHMs  LIBETOBBIX
XapaKTepHCTHK TeppUTOpHH ObLTH BbIOpaKb! TpH BHAa oGbekTa:

® BOAHBIi IOKPOB;
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® DacTHTENbLHOCTD;
¢ 1104Ba, COAEPKALUAs CONEBRIE MUHEPAILI.
TIlocToGpaboTtka knaccuduuHpoBannoro KOCMHY€ECKOro CHHMKa

OCYIIECTBJLLNACH C NOMOILBIO NPOrPaMMHOrO o6ecneuenus ERDAS IMAGINE, ¢
- £
npumeneHueM cnocoba  o6Gyuaemoii knaccudukanun  Ha  Baiiecopckom

kinaccuukarope. [Tonyuennsie pe3yabTats npuBenexsl Ha puc.2 ¥ B Tabn. 1, 2.
Ha ocHose npusenemubix pesynsTaTtos 1 no conocrannenuio cHumkoB 2000
H 2015 rr. BMAHO, YTO SKONOrHYECKOE COCTOSHME TEPPUTOPHH OTIHYAETCA
YMEHBIICHHEM ILIOIAAM DPacTHTENBHOCTH Ha TEPPHTOPHA M MOBBILECHHEM
IUI01aaH 3aCONEHHOM TEPPUTOPHUH.
2000 r.

Puc. 2. Pac'rpoaaa K.naccnd)mcnuuu HA CCHOBE KOCMHYECKHX CHHHMKOB

Tabanna 1
CooTHolueHHe Tpex 00BEKTOB € KOCMOCHHMKOB Pa3HOro neproaa chemk [IpHapaisckoro
perHoHa
Ilepuoasi, rr. Boauniii nzoxpon, PacTHTENIBHOCTD, 3ac01eHHOCTD, mz
KM
2000 4256,4 9708.,9 5089
2015 4108,6 5587.9 9716,5
Pasuuua 147,8 xm® 4121 km” 4627,5 xm*
3a 15 ner MeHbue MeHbue bonvuue
Tabauua 2

Jinsamuka usmMeHenus noeepxxocty IlpHapaibcKoro perHoHa B NPOLEHTHOM COOTHOILEHHH

3aconcnuocts, %

Osxsar TeppaTopud, | Bogusiii nokpos, % | Pacrareasuocrs, %
%
2000 9,6 22 11,5
2015 9,2 12,6 22
Pa3uuna, % 0,4 9.4 -10,5
MeHbue MeHbute Gonvue
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Taran rnasa gucceprauvi «Paspa6orka THC mopenn TeppHTOpHH
ceBepHoii  30mb1 Pecny6amxkm KapakanmakcTad» NOCBAmMEHa BONPOCaM
NpaKkTHYecKoro npuMeHeHHs paspaGoranHod Ha 6ase reonHOPMAUHOHHEIX
TEXHOJIOTHI KOMITBIOTEPH3HPOBAHHOH CHCTEMB! TIOMCPKKH TPHHATHS pemeHH
ANd MOHMTOPUHTOBBIX  HcciefoBanuit  CepepHoif  30HEI  PecmyOmuxu
Kapaxannaxcran (C3PK).

T'uopozeonozuueckue ycnosun meppumopuu. C TEONOTHYECKON TOYKH
3peHHs paccMaTpuBaeMas TEPPHTOPUA OTHOCHTCA K BEpXHEHEOreH HHXHeE-
YETBCPTHYHBLIX OT/IOXKeHWH. BOJOHOCHBIE MIAacCTHI COCTOAT W3 TECOYHBIX
OToxkeHud. I'MUHUCTEIE OTAOXKEHHS pacronoxeHsl Ha rirybune I1-17 M w
NpEACTaBEHb! HEPOBHO PACTOIOKEHHLIMH FTHHACTLIMH OTJIOKECHUSMH.

VB mate.openmnin

yYronnre

otaNy

r'
2
L
DO
[
3

npeatvaRnen

Puc.3. Peanazanusn AJITOPHTMA OLICHKH B3daHMOCBH3H TEMATHICCKHX CJIOEB MCTOAOM
«CKOIb3RINCIo CKHA»

Jna  uccnepmosanus  repputopun  C3PK  dopmupyrotcs  cneaytouHe
TEMaTHYECKHE CIIOU: MPOCTPAHCTBCHHOE pacnpecaAciCHHE Ganancos NoA3eMHBIX
BOJIOHOCHBIX CAOCB; MPOCTPAHCTBCHHBIE PAaclpeAeieHHs HauanbHeIX YCTOBHH
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reobuIbTPALHOHHBIX W THAPOrEOXMMHYECKMX 3ajay; MPOCTPAHCTBEHHOE
pacnpefeneHue rpaHH4HbIX YCI0BUi IOTOKOB MOA3E€MHLIX BOA.

INonyyennass  Takum  oOpasom  undopvauua  MHTErpHpyeTcs B
KOMIIBIOTEDHYIO CHCTEMY B BHJE TEMaTHYECKMX CIOEB M KapT, IIPOM3BOAHMTCA
OL€HKAa B3aHMOCBA3H MEXAY TEMaTHYECKMMH CNOSMH Ha OCHOBE MeToaa
«ckonb3suliee okHO» (puc. 3). Haiee, Ha TaKoi OCHOBE TIPOBOAATCA
BBIYHCIIWTE/NbHBIE OKCHEPHMEHTHl [jit  onpenesieHus reoguabTPaLHOHHBIX
11apaMeTPOB U FPaHH4HbIX YCIOBHIA.

B KkauecTBe TOMOJIOTHYECKHX 3JIEMEHTOB TreOMH(pOPMALMOHHOH MOAeH
paccMaTpHBaeMOi TEPPUTOPHH TNPHMHATHI ToueyHble (CKBaXKHMHbI BO03a60poB,
Habmoaenmit), JIMHelHbe (uudunsTpauxonusie KaHaJibl, rpaHULB!
reopuIbTPAMOHHBLIX 30H M T.1.), [IOWIAAHbIE (30HbI, BhIAENCHHBIE MO
($HABTPaUHOHHBIM CBOCTBAM, HACENEHHBIE TYHKTHI M T.1L.).

I'eoMH(OPMaLMOHHLIE TEXHOMOTHH ABJAIOTCA NEPCNEKTHBHBIM CPEACTBOM

H3y4€HHS JAHHAaMHKH HNOA3E€MHBIX BOA, NpPH I3TOM HMEETCcs BO3MOXHOCTH
HCMOJIE30BAHKA AAaHHBIX 1O YPOBHAM TIPYHTOBBIX BOA M CTENEHH HX
KOHLleHTpaL[Hﬁ, a TarKe HaiajlbHbIX H IPAHHYHBIX ycnonm‘é KaK TEMaTH4Y€CKHX
ci1o0eB reoHHGOPMaLMOHHOE MOAETH.
Ha nepsom srane Ha Gase mporpammuoii cpeast ArcCatalog cuctremst ArcGlS
dopmupyercs CIpykTypa reouHgopmanuoHHoli Mozenu Tepputopun C3PK.
Tonosoru4eckHe d3eMeHThl JaHHOH MOJETM: MNOJUroHaTbHble  (paiioHsI,
X034HCTBO, TEPPUTOPHH), NKHElHble (rPaHUUE! PaliOHOB, XO3AHCTB, JOPOTH, DEKH,
KaHaibl), TodeuHble (Bogo3abopHble M HabAIOAaTesbHblE CKBAXHHBI, OTAC/IBHbIE
MOCTpPOoeHHs U T.1.) (pHc. 4).
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Puc. 4. leounpopmannonnas Moae1b rsaporeoaoradeckux yc1osnii Ceepuoii 30mbi
Pecny6anku Kapakannakcran

42



Ha  ocHoBe

reonHGOpMaLHOHHOH

mogemn C3PK  nposeneHsn!

BbIYHMCIIHTENBHEIE JKCNEPUMEHTHI N0 OLEHKE BIHMAHHMA W3MeHEHU# yposHell
TPYHTOBEIX BOA W WX MHHepaIH3alMuil Ha APYrHe TEPPUTOPHH H OOBLEKTH C
npuMeHeHHeM nakerta Spatial Analyst cpenst ArcGIS.

TeHACHLHA TIOHWKCHUA YPOBHE#H MPYHTOBBIX BOJ Ha TEPPHTOPHH CeBEpHOI 30HbI

Pecny6:mxu Kapakarmakcran

2010T.

2015r.

Puc. 5. Pe3yJibTaThl BLITHCIATEILABX mcnepnmeh'ron M0 H3IMEHEHHIO YpoBRel
rpynToBeix Box Tepparopan C3PK Ha ocnoBe reonndopMannosRoro MoaeITHAPOBAHAS

TenaeH1As NOBBLIIEHHUA MHHEPANTH3AUMH FPYHTOBBIX BOJ HA TEPPHTOPHH
CeBepHoii 30161 PeciiyOiukn Kapakannaxcran

Puc. 6. Pmymﬂ'am BbIMHUTHTEILHBIX IKCIIEPHMCHTOB 110 MHRCPAJIAIANHA
rpyaToBbiX 8o TeppuTopan C3PK ma ccroBe reonngopMandoAnoro Moge/IHpoBanag
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"Ilpu npoBeneHMH BHIMMCIHTENBHBIX 3KCNEPHMENTOB WMCMONB3OBAH MAKET
Spatial Analist cucrems: ArcGIS. IToayuenusie pesyssrarsl NOKa3pIBaIOT, YTO HA
nepuoz ¢ 2010 no 2015 rr. HaGmonaeTcs NOHMKEHHE yPOBHeil IPYHTOBBIX BOA B
CEBEpHOM HANpaBNEHHH, NPH 3TOM HaGMONAETCs 3HAuYMTENLHOE yMeHLIEHHE
mnowaned ¢ ypoBHeM rpyHTOBLIX Bog oT 0 40 1 M, B To xe BPEMs NOBLILIAETCH
ZoJist IIoLageil ¢ ypoBHeM rpyHTFOBBIX BoX OT 1 a0 2 M. Ha 3Toii ochose MoxHO
UDHHTH K BBIBOAY, YTO MOHHXEHHE YPOBHEH TIDYHTOBEIX BOj NpHBENO K
yBenMYeHHIO omaaei 3aconeHHbix 3emel (puc.5).

B npouecce paspaboTku reoHHGOpMalHOHHEIX Mozenei
FHAPOreOJIOrHIeCKHX OOBEKTOB IPHPOAHO-TEXHOFEHHOTO XapaKTepa BaXXHOE
AHAYEHHE  Nmpd  OpraHM3alMM  HH(OPMaUMOHHOro  ofmena  Mexay
FHAPOre0sIOrHYecKdM OOBEKTOM H €€ TeOMH(OPMAlMOHHON MOJEIbI0 HMEIOT
BOMpPOCH KOOPAMHATHOTO COOTBETCTBHS M NPHHATHS pelieHHit Ha OcHoBe
KOMIUIEKCHOrO  HCC/I€JOBAaHHA TEMATHYECKHX CHOEB THAPOre0JOrMYECKOro
obbexTa.

B kadecrBe TeMaTHUECKHX CIIOEB MOXHO (JOPMHPOBATH CHOM W3MEHEHHil
YPOBHCH IDYHTOBBIX BOA, HX KOHIEHTPauuii, IpOCTPaHCTBEHHOE pacnpenenenne
reoGUILTPAUKORHBIX NAPAMETPOB, NOTPEGHOCTH OPOLIAEMbIX TEpPHTOpHii B BONE
v Ap. JUIs yMeHbIIEHUs BOSMONHBIX NPH ITOM HEONPENEIEHHOCTEH MOKHO
OpUMEHUTH HHCTPYMEHTANbHOE cpencTBo ArcGIS, nossonsiouee onepuposaTts ¢
TEPPUTOPHANLHEIMH AaHHBIMU Fuzzy Overlay, Fuzzy Membership.



3AKJIIOYEHUE

Pesynetatel necnenoanuii no JokTopekoii AUCcepTalun Ha Temy «CHcTeMa
TOIICPXXKH  NPHHATHA  peEIlEHWH Ha  OCHOBE  reoHHOPMaUHOHHOTO
MOZCIHPOBAaHUA  THAPOTEONIOrHYECKHX  OOBEKTOB  MPHPOLHO-TEXHOTEHHONO
XapaKTepa» CBOAATCS K CHEAYIOWMM BhIBOAOM:

1. PaspaGotanni KOHLIETTUHA reonH¢OpMalHOHHO-aHANIRTHYECKO
KOMIUIEKCHOH CHCTeMBl 06paloTKM HanHAEIX (YACHOBOrO, KauyecTBEHHOTO,
AMHTBUCTHYECKOrO, PpAacTpoOBOTO, TEPPHTOPHANLHOTO XapakTepa ¥ T.J.),
ATOPHTMEl W JIHHTBHCTHYECKOE TMpEACTaBNEHHE TOAYYEHHBIX pEelIeHHii.
CrTpyxTypa KOMIBIOTEPH3HPOBAHHOH CHCTEMBI BKJIIOHAET rEOMH(pOPMALAOHHYIO,
HEYETKO-HHQOPMAHOHHYI0 M 9KCIIEPTHO-aHANNTHYECKYI0  COCTaBIIIONIHE,
paspa6oTanbl anropuT™Mb! ¥ NporpaMMHbLIE CPEACTBa WHGOPMalMOHHOro o6Mena
MEXHy COCTaBNAIONIMMH KOMITBIOTEPH3UPOBAHHOM CHCTEMEL.

2. TlpegnaraloTcs METOLB!, ANTOPKTMBl H TPOTPAMMHBIE KOMIUIEKC JUIA
(opManusauMM W arperupoBaHWs ONKITA, 3HAaHWA W WHTYHUHMHA 3KCIEPTOB
THAPOTE0JIOTOB HAa HEYETKO-MHOXKECTBEHHOH OCHOBE C TIPUMEHEHHEM METoRa
Caarn.

3. PaspaGotanb! H 060CHOBaHEl MOZENM NPHHATHS PElIEHU, OCHOBAHHLIE
Ha 00oOeHnH peiieHnii Mo COCTOSHHSAM (MEIHOPATHBHOE, BOAOOXPAHHOE H
9KO;I0THYECKOE)  THAPOTEOJIOTHYECKHX  OOBEKTOB  NMPHPOAHO-TEXHOTEHHOTO
XapakTepa ¥ MO3BONIAIONIME DNPHHUMATE  pAasHOXapaKTepHble PelICHHS:
NIpeAyTpeAMTENLHOr0, BOCCTAHOBHTENLHOTO H NTOKANH3ALMOHHOIO XapakTepa.

4. Pa3paboTaHbl aTrOPHTMEI HEUETKOH OLCHKH B3aUMOCBA3H NPHHAMAEMbIX
pelleHnii HA OCHOBE CHTYallHOHHOTO aHAIM3a pe3yIbTaTOB reOMH(POPMALHOHHOIO
Mopenuposanuu. Ipeanaraercs Momenb NPUHATHS o6lero pewleHus, cocTosmasn
W3 pelleHnit, UMEIOILMX XapaKTep YCHICHHSA, YMEHBINCHUA H HEH3MEHEHHUS!,

5. Tlpeanoxens! anropuT™bBl W NPOrpaMMHbIE CpPEJCTBA H3BJICYCHUS
HHGopMaLnK u3 n3o0paxeHuii T'HApOTEoNIOrHYECKHX 00beKTOB,
pacnapannennsanna uMgpoBoli o6paboTkn M30OpaxkeHHil rUAporeoNOrMYECcKHX
00LEeKTOB.

6. IlpennoXkeHs! TPHHUMNE! MOCTPOEHHA TreOMHGOPMALHOHHOW MOAETH
THIPOreoJIOTHYECKHX OOLEeKTOB NpPHPOAHO-TEXHHYECKOTO XapakTepa Ha O6ase
JAaHHBIX PacTpOBOro Xapakrtepa.

7. IpensioxkeHsl airOpUTM M NpPOrpaMMHbIH koA  ¢OopMHpOBaHHS
KOpPENIUHOHHBIX MOJNeH B3aHMOCBA3H MEXAY ABYMSA HIH TPEMS TEMaTHYECKUMH
CIOAMH TeOHH(OPMAIIHOHHOI MOJENH THAPOTEONIONHYECKHX 0OBEKTOB MPHPOHO-
TEXHOTEHHOTo XapakTepa Ha OCHOBE MeTOAa «CKOJIB3SIIEE OKHOY.

8. PaspaGoranHas KOMMBLIOTEPH3NPOBAHHAS HHPOpMAUHOHHO-
aHaNUTHYeCKass CHCTeMa NpUMEHEHa JUIA  TIPOBENEHHS MOHHMTOPHHIOBBIX
uccnenosanuit Tepputopun CesepHoii 3oHb1 Pecrybnikn Kapakannakcran.

9. Ha ocnoBe reonH(OpMAIHOHHO MOILEH NPOBEACHB! BLITHCIHTENIBLHEIE
IKCIIEPUMCEHTEI MO OUCHKE BIIMAHHA M3MEHEHHH yPOBHEH TDYHTOBEIX BOX H WX
MHHepamv3auMii Ha ApyrHe oOBekThl TeppuTopuu CeBepHoit 30HBI Pecybanku
Kapakannakcras.
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10. IIpocTpaHCTBEHHO-BpEMEHHOH aHANK3 pe3y/LTaToB reoMHPOpMaiHOH-
HOTO MOAENHPOBAHHA OCYILECTBISICA C nMOMOMIBbIO Nakera Spatial Analyst cpenpl
Arg GIS.

11.Ionyuennsle pe3ynsTaThl MOKA3BIBAIOT YMEHbileHUe FayOuH ypoBHEH
FPYHTOBLIX BOJ H NOBLILIEHHWE HX MHHEPANU3ALNHM B CEBEPHOM HaMpaBlE€HHH Ha
nepuoa ¢ 2010 no~2015 rr. [Iporegena uudposas o6paboTKka KOCMHHYECKHX
cunmkoB 1o Tepputopun C3PK na apa nepuona spemenn (2000 u 2015 rr.) c
nomolupto nporpaMMioro nakera ERDAS IMAGINE. [Tony4€eHnbie pe3ybTaThl B
UenoM HACHTHIHBI Pe3y/bTaTaM, MOMyyeHHbLIM HA OCHOBE NcOMH(OPMAUHOHHOH
MOJeNId TEPPHTOPHH.
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INTRODUCTION (abstract doctoral dissertation)

The urgency and relevance of the dissertation topic. To date, the world's
current challenges are modeling the seasonal changes in environmental reclamation
and hydrogeological conditions of objects of natural and natural-technogenic and
development of high-performance-management systems based on the
achievements of geoinformation technologies. «Every year, our planet by 6-7 min.
hectares of land on natural-technogenic objects there is shortage of water at the
same time, through the use of geo-information technologies were reached
improvements of state a melioration 1.5 bln.hectares land to 75-78%, taking into
account their geographical location and ecological features»®.

In the Republic of Uzbekistan are conducted wide-scale research on the
adoption of management decisions on the basis of geoinformation technologies for
reclamation and improve the fertility of the land hydrogeological objects of
natural-technogenic character. In this regard, were made a number of scientific
studies on the improvement of the state of agricultural land in the high-tech
simulation of fertility recovery processes of land management and land
reclamation systems, as well as their effective use.

In the world, a lot of attention is paid to the development of mathematical
models of hydrogeological objects of natural-technogenic character, formation
geodatabases on changes seasonal and environmental conditions and the
improvement of their condition based on hydrogeological objects control systems.
Important in this regard is to conduct targeted research in the following areas:
development of models of decision-making in the varying conditions of fuzzy
information; development layout of drainage systems, taking into account the soil-
reclamation conditions and the depth of groundwater levels; research linkages and
making the varying development of algorithms and software for decision support
to the different positions of the problems (warning, localization, restoration) on the
basis of fuzzy set theory; development of geoinformation models of
hydrogeological objects, based on raster data.

This dissertation research is to a certain extent the tasks provided for in the
Decree of the President of the Republic of Uzbekistan Ne PP-1989 on June 27,
2013 «On measures for further development of the national information and
communication systems» in the Resolution of the Cabinet of Ministers of the
Republic of Uzbekistan Ne82 from 19 March 2013, the «Order of water use and
consumption in the Republic of Uzbekistan», as well as in other legal instruments
adopted in this area. »

Compliance research to the priority areas of science and technology of
the Republic. This study was performed according to the priority directions of
development of science and technology of the Republic 1V. «Development of
information and communication technologies».

© hitp://www.agrowebcee.net/awuz-ru/nzuka/materialy-konferencii/
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Review of foreign scientific research on the topic of the thesis’.

Research a broad plan for the development of support to decision-making
systems for hydrogeological objects of natural-technogenic (NTHGO) on the basis
of modern geographic information systems, principles and methods of
intellectualization process, a comprehensive study of the hydrogeological systems
in the conditions of information uncertainty are conducted in many research
centers and universities the world, including Aquila Space, Dauria Aerospace,
Esrilnc, Exelis VIS, Modflow, University of California, Berkeley (USA),
Geomatics Canada, Sehlumberger Water Services (Canada), Karlsruhe Institute of
Technology, Institute of Applied Geosciences (Germany), Centre for Ecology and
Hydrology, Centre for Water Science, Cranfield University (Great Britain), Airbus
Defence and Space, Geo-Intelligence, Spotlmage (France), DEIMOS Imaging,
Remote Sensing Laboratory of the University of Valladolid (Spain), University of
Technology (Poland), University of Pisa, Department of Geosciences, University
of Camerino (Italy), University of Technology (Denmark), National Institute of
Hydrology, Waterloo Hydro geologic, Excel Geomatics (India), GISTDA
(Thailand), Technical University of Denmark (Denmark), Esri CIS, OO0 «Date»,
Moscow state University, Moscow state University of communications and
informatization, the University of Kazan (Russia) in the Tashkent Institute of
irrigation and Land reclamation, etc. research Institute of irrigation and water
problems

As a result, the world's research on the improvement of decision-making
models in an uncertain environment, were received a number of research resuits,
including for the development of the principles of geoinformation modeling and
decision-making for geographically-distributed objects; software on the system of
GPS-navigation, as well as the adoption of photogrammetric solutions (Trimble,
Digital Globe, USA); (Airbus Defense and Space, France) software for Sport &
Pleiades high-resolution digital processing of space images; electronic maps of
water reserves in the agricultural area (Aguila Space, USA); space imaging
systems to study groundwater resources and processing of geographic information
resources (ESRI, USA); geoinformation models NTHGO (Esri GIS, Russia);
software for simulating the movement of groundwater and evaluation of
groundwater quality (Waterloo Hydrogeologic, Russia).

The world's research on the development of reclamation state of prediction
methods, the protection of underground water resources and the study of the
environmental situation NTHGO through the application of modern information
technologies and mathematical modeling research are being conducted in the
following areas: development of algorithms and software for mathematical model-

7 Review of foreign scientific research on the topic of the thesis had been based on the following and other sources:
http://www.fao.org/docrep/018/i 1688r-/i1688 r03.pdf, http://www.slb. /services/additional/water.aspx,
https://en. wikipedia.org/wiki/Centre-_for_Ecology_and_Hydrology, http://jr.rsc.cosmos.ru/article.aspx?id=167,
http://nihroorkee.gov.in/,  http://ecoruspace.me/GISTDA ~ .html,  htips://www.linkedin.com/company/excel-
geomatics-pvt-ltd-
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ing conditions of formation of the hydrochemical regime of underground
hydrosphere; improvement of drainage systems, taking into account the soil
conditions and groundwater levels; formation of database changes, seasonal and
environmental conditions technological areas; the development of a computerized
system of operational monitoring irrigated areas based on wireless sensor
networks; development of algorithms and complex evaluation programs of
reclamation and environmental conditions underground aquifers on the principles
of integration of geographic information systems.

The degree of knowledge of the problem. On the research questions of
theoretical and applied problems of simulation and control processes on restoration
and environmental reclamation state of hydrogeological objects of natural-
technogenic problems associated with: almost universal character of violations of
the underground hydrosphere; shortages, uncertainty data NTHGO; difficulty
-NTHGO conditions and inadequate development of processing techniques of
heterogeneous data; the complexity of the development of geoinformation model
of the subsurface hydrosphere and environment linkages; fuzzy character
boundaries, parameters and characteristics of the subsurface hydrosphere and
issues of a comprehensive study of hydrogeological objects in conditions of the
heterogeneous information. These issues are involved in a number of research
centers: V. Velasco (Institute of Environmental Assessment and Water Research
(IDAEA), CSIC, Barcelona, Spain), A. Garcia-Gil (Department of Earth Sciences,
University of Zaragoza, Spain), Thomas Kalbacher (Department of Environmental
Informatics, Helmholtz Centre for Environmental Research, Leipzig, Germany),
ArnisLektauers (Riga Technical University), Yangxiao Zhou (UNESCO-IHE
Institute for Water Education), Wenpeng Li (China Institute for Geo-
environmental Monitoring, Beijing).

Issues of development of algorithms and computerized tools for the
assessment and prediction of land reclamation and environmental conditions
NTHGO in a conditions of heterogeneous information, organization and use of
data from automatic monitoring sensors, their spectral analysis and storage were
dedicated studies of I.K.Gavich, J.Jeffrey, V.M.Shestakov, F.B.Abutaliev,
U.U.Umarov, J.H.Djumanov and others.

Research questions of creation of territorial databases, development of
geoinformation models based on them and the application of the principles of
J.H.Djumanov fuzzy set theory to support decision-making for complex objects,
including the study of hydrogeological objects of natural-technogenic character
were dedicated studies of A.Farajzadeh, G.D.Smith, O.Kalev, N.E.Mohamed,
T.Saati, E.Mamdani, D.A.Pospelov, V.V.Veselov, D.A.Panichkin, L.Zadeh,
D.Dzyuba, P.Rotshteyn, T.F.Bekmuratov, SH.H.Pazilov, D.T.Muhamadiev,
M.A Rahmatullaev and others. In practice of hydrogeological studies, the term
«data» generally refers to the data presented in the form of numbers, which are
crucial for the hydrogeological objects with inviolated conditions. However, the
numerical data from hydrogeological objects natural-technogenic character in
general are characterized by insecurity, due to the impossibility of compliance and
the number of repeated measurements. In this context, issues of development of
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these methods and the application of knowledge in hydrogeological prac':ti.ce,
obtained by the expert survey and presented in the linguistic form of by digital
processing of space images of large irrigated areas, territorial and attribute data are
insufficiently investigated.

Communication thesis with the thematic research plans. Thesis was
performed in accordance with the applied theme GKKNTR of Uzbekistan BV
number A5-020 «The development of hardware software processing heterogeneous
hydrogeological information on the basis of fuzzy set approach» (2012-2014, A§-
022) «Integration of GIS technologies for integrated estimation of electromagnetic
safety telecom munication systems» (2015-2017).

The aim of research is the development of information-analytical system, 9f
decision support for hydrogeological objects of natural-technogenic character in
conditions of heterogeneous information on the geoinformation basis.

The objectives of the study are:

development of the concept of information-analytical processing of all the
available heterogeneous information based on the application of the principles of
the theory of fuzzy sets and GIS technologies;

development of methods for formalization and aggregation of experience,
opinions and knowledge of specialists - experts with extensive experience in the
evaluation of the ecological state of NTHGO;

development of mathematical models of decision-making support for the
adoption of preventive solutions of restorative, localization and control nature for
NTHGO under fuzzy information;

development of algorithms and software for decision support based on the fuzzy
assessment of the state and the relationship between the decisions made by states
NTHGO;

development of algorithms and software for parallelization digital processing og
images NTHGO and principles of geoinformation-simulation based on raster data;

development of geoinformation model of the northern zone of the Republic of
Karakalpakstan (NZRK) based on the raster data;

development of algorithms and complex decision support software solutions
based on the construction of thematic maps the relationship between the layers;
Object of research are issues of complex restoration NTHGO states on the basis
of GIS-technologies and principles of the theory of fuzzy sets.
The subject of research are data processing algorithms for NTHGO, geofiltration
mathematical models under fuzzy information, methods for developing a
computerized system make intelligent decisions.

Research methods. In this thesis are applied methods of the theory of fuzzy
sets, mathematical modeling, data mining methods based on the evaluation of
expert systems and decision-making.

Scientific novelty of the research is as follow

on the basis of geoinformation technologies was developed computerized
system for the collection, processing and storage of data on the natural-tecnogenic
hydrogeological objects;
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on the principles of the theory of fuzzy sets was developed model of decision-
making control, based on a synthesis of the state of natural-technogenic
hydrogeological objects;

were developed algorithms for data extraction from images of
hydrogeological objects of natural-technogenic character, algorithms and software
for parallel image processing;

are offered algorithms and a set of sofiware tools to support decision-making
on the basis of the construction of electronic maps the relationship between the
thematic layers forming geoinformation NTHGO model;

algorithms and software tools for the implementation of models of fuzzy
taken preventive solutions, localization and restorative nature and their
relationships;

developed algorithms parallelizing image processing hydrogeological objects,
as well is developed the algorithm of formation of geoinformation models and
assess the situation on the basis of raster data;

are developed algorithms and program codes to generate maps of correlations
between the thematic decisions based on fuzzy evaluation of situations.

The practical results of the study are as follows:

on the basis of a computerized system of integrated research NTHGO were
obtained practical recommendations for improving soil and water conditions, as
well as on the protection of groundwater resources to natural objects in
environmentally stressed areas;

on the basis of geoinformation models was developed a method of decision-
making to improve the reclamation and environmental conditions in the wetlands
and drained lands and restoration of irrigated areas;

were provided land and water survey data from the hydro facilities, with their
images, including the conducting of monitoring investigations on the basis of
computerized geoinformation-analytical system in terms of information dominance
fuzzy character.

The reliability of research results. The reliability of the results of the
research is justified by comparing the basis of geoinformation and mathematical
modeling results based on data obtained from NTHGO with the results of actual
measurements on test points, with the results and conclusions of experienced
researchers and qualified specialists in the investigated object.

The scientific and practical significance of the study results. The scientific
significance of the results of the study is to develop mathematical models,
algorithms and programs based on the use of geoinformation technologies,
intellectual data analysis algorithms and software tools, allowing to solve the
problem of intellectualization of the decision-making processes in the terms of the
heterogeneous information.

The practical significance of the results of the work is to develop a
computerized system opportunistic nature advising on the environmental situation
in the NTHGO will make it possible to comprehensively assess and predict the
natural-technogenic system of reclamation, health and environmental points of
view, as well as to accept and justify the control solutions.
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Implementation of the research results. The control system modeling and
decision on geographic information-based solutions was implemented on
"Hydrogeological station of Aral hydrogeological expedition" of the State
Committee of the Republic of Uzbekistan on geology and mineral resources, to
carry out monitoring studies of groupdwater northern zone of the Republic of
Karakalpakstan (NZRK) (Protocol Ne 08-1266 of the State Committee of the
Republic of Uzbekistan on geology and mineral resources of 07.14.2015). The
results are used to assess and predict reclamation and environmental conditions in
North Karakalpakstan region.

The proposed geoinformation models for assessing reclamation state of
hydrogeological objects of natural-technogenic, hardware and software complex
were implemented at the enterprises of the Ministry of Development of
Information Technologies and Communications of the Republic of Uzbekistan
(Protocol of the Ministry for the development of information-technologies and
Communications of the Republic of Uzbekistan Ne33-8 / 5937 from 31.10.2016).
The results of research make it possible to improve the effectiveness of
management decisions and provide enhanced environmental safety level of 11.2%
due to the implementation in practice of geoinformation maps and raster images
and forecasting models.

The proposed model for assessing geoinformation reclamation state of

hydrogeological objects of natural-technogenic set of hardware and software
introduced at the enterprises of the Ministry of Development of Information
Technologies and Communications of the Republic of Uzbekistan (Protocol of the
Ministry for the development of information-precision manufacturing techniques
and Communications of the Republic of Uzbekistan Ne33-8 / 5937 from
31.10.2016). The results of research makes it possible to improve the effectiveness
of management decisions and provide enhanced environmental safety level of
11.2% due to the implementation in practice of geo-information maps and raster
images and forecasting models.
The proposed method of geoinformation modeling of hydrogeological objects of
natural-technogenic character on the basis of the bitmap data of character was
implemented in «Water intakes groundwater Kitab-Shahrisyabz groundwater
deposits» (Protocol Ne 01/574 of the State Committee of the Republic of
Uzbekistan on Geology and Mineral Resources of 24.11.2015 ) The obtained
results allow to improve the processes of reclamation and environmental
restoration of the state of hydrogeological objects, to provide performance intakes
of groundwater from 58.7% to 66.08%.

Testing results of the study. Results of the study were published in the 27
science and technology, including 10 international conferences: «5th International
Scientific Conference. European Applied Sciences: challenges and solution»
(Germany, Stuttgart, 2015); «Radiotechnic, Telecommunication and Information
Technologies: Problems and future development» (Tashkent, 2015); "Modern
problems of hydrogeology, engineering geology, geo-ecology and ways of their
solution” (Tashkent, 2015); "Prospects of development of information
technologies, ITPA-2014" (Tashkent, 2014); "Recent developments in applied
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mathematics and information technologies - Al Khorazmiy" (Tashkent, 2012;
Samarkand, 2014); "Priorities in the field of science and technologies in the XXI
century” (Tashkent, 2014); WCIS-2012 World Conference "Intelligent Systems for
industrial automation” (Tashkent 2012, 2014), The developing perspectives of
science, education and manufacturing integration based on Information
Communication and Technologies (Karshi, 2016); “Problems of Information
Technologies and Telecommunications™ (Tashkent, 2013);

"Problems of hydrogeology, engineering geology, geo-ecology and ways of
their solution" (Tashkent, 2012); "Integration of science and practice as a
mechanism for the effective development of the geological industry of the
Republic of Uzbekistan” (Tashkent, 2014); "Modern questions of application of
information technologies in the integration of science, education and production”
(Nukus, 2015); "Modern information technology and telecommunications spheres”
(Tashkent, 2011); International scientific-technical conference «Integration of
science and practice as a mechanism for the effective development of the
geological industry of the Republic of Uzbekistan» (Tashkent, 2016); and in the 17
national conferences.

Publication of the research results. On the theme dissertation were
published 45 scientific papers. Of these, 1 monograph, 17 journal articles,
including 2 foreign in 15 national journals recommended by the Higher Attestation
Commission of the Republic of Uzbekistan for publication of basic scientific
results of doctoral dissertations and were received six certificates of registration of
the computer programs.

The structure and scope of the thesis. Structure of the thesis consists of an
introduction, five chapters, conclusion, 115 list of references, applications. The
volume of the thesis is 185 pages.

THE CONTENT OF THE WORK

In the introduction was justified the actuality of the topic, was given a brief
review of the work on the thesis, were formulated relevance, purpose and main
objectives of the study, was described the composition and structure of the work,
was determined its novelty, scientific and practical value, were presented the
published articles.

The first chapter of the thesis entitled «Development of the concept of
research and decision making on the basis of fuzzy a sets methods of making»
were considered questions of reducing the influence of the human factor in the
measurement procedures, extracted from disparate data sources (numerical,
linguistic, image).

The main purpose of the development of this concept is to analyze the results
of hydrogeological investigations from the perspective of different issues (land
reclamation, water conservation, environmental) and decision-making on such a
basis. In this context, the research questions the causes and character of these
uncertainties in the study NTHGO natural-technogenic disasters, as well as to find
ways to reduce them is poorly studied and urgent problem. In this context, the
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development of algorithms and software for extraction and formalization of expert
knowledge - hydrogeologists presented in linguistic form and then submitted them
to quantify, ie in the form of fuzzy numbers is perspective. At the same time
obtaining numerical information necessary quantity and quality of the parameters
of the object is not always achieved, due to the impossibility of organizing the
necessary conditions for the holding of multiple experiments. In some cases, the
presence of non-numeric and incomplete information in the form of expert
opinions, there is a possibility of formalization of knowledge and its treatment on
the basis of TFS and fuzzy logic. Lack of information, its inconsistency and low
accuracy of the results in the need for decision-making of all available information
heterogeneous nature.

et s e

[ R I

I R

B By

Fig.1. Conceptual diagram of the processing of all available information in the
comprehensive study NTHGO

At the same time the results of hydrogeological studies have more general
significance, and should be treated from the standpoint of not less than three
issues: land reclamation, and environmental security. The content and purpose of
research hydrogeological processes determines the strategy decision-making, study
to be carried out on the basis of review and analysis of the entire domain and all
the available information. This is the basis for the adoption of an integrated
research model NTHGO. Conceptual diagram of the processing of all available
information in the comprehensive study NTHGO presented in Figure 1.

The second chapter titled «Mathematical modeling in terms of support
decision-making processes of information dominance fuzzy nature» is devoted
to the issues of mathematical modeling of decision support processes in terms of
information dominance fuzzy character.
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Decisions on the hydrogeological conditions of objects of natural-
technogenic character is done by comparing their current and previous states. It
uses the experience, knowledge and opinions of specialists, hydrogeologists, who
have experience with the studied hydrogeological objects of natural and
technogenic character.

Decision algorithm is based on the situation analysis and consists of a
different nature of decisions:

Ay - is <the set of possible decisions>; Ay - is <the set of feasible solutions

possible>; A{,’P -is <the set of solutions of a preventive nature (PN)>; 4] -is <the
set of warning nature of decisions (W)>; 4/ -is <the set of solutions restoration
character (RC)>; 4/ -is <the set of solutions localization character (L)>

n BC J
1t's clear that Ap © 4y, Ay = A U4 VAL L 4

At the same time, there are three types of control solutions: «Increase»,
«Reduce» and «Do not change» (Melikhov AN. Bernshtein L.S. Korovin
$.J.1990). We denote this solution value of LP < «Increase», T,,X >, <«Reduce»,
T,,X>, <« Do not change»,T,,X>, raeT,,T,,7,- term- sets LP < «Increase»,
«Reducen, «Do not change» >. Are introduced the notation: </,,7/,X > - for LP
«increase»; < D,;,T§, X > - for LP «Reduce»; < Z,,T{,X > - for LP « Do not change
»; LP 1,,D,,Z; have a term set {«littlen, «strong»}, {«littlen, «strong»}, {«no
changen}.
In the thesis is proposed a general solution decomposition method:

R = pp, (RDAR] + p, (REARG + 11, (R)AR;,
where g2, (R))=V(R',R)), (R} =V(R', R}, p4,, (R}) =v(R', R;).

It should be noted that the results of forecasts hydrogeological objects states
should be treated from the standpoint of different issues (land reclamation, water
conservation, environmental), with subsequent approval of decisions made based
on the time factor (coordination of decisions). These is due to the need for careful
study of the links of the decisions. Suppose that, in connection with the emergence
of ameliorative nature of the problem are made consistent decisions R , R?,

1. pO; [ON 2. p) 2).
where R :P” —»P"; R:P” —P?;

P® = katim><atlc><ail6 >}

1 3 k
k=123, @,@;,@;_ gre the values PT corresponding terms for® - situations.
Assessment of the relationship and of solutions in the following order:
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1. Solutions RjandR] are expandedin /,, /,,D,,D,andZ.

2. To determine the total solution are calculated the values of all OP
MR, R), iR, R, p(D;,D}), p(D;,, D}, yand (R}, K)).

3. Discarded those FP values, which less than 0.4.

4. Final decision R is obtained AF expansion solutions /,, D,,Z.

In the third chapter of the thesis titled "Digital image processing
hydrogeological objects of natural-technogenic character”, are considered the
issues of digital imaging areas, which are an important source of information for
natural-technogenic hydrogeological objects. Such objects are characterized by a
high degree of uncertainty and unreliability due to a lack of data, information
dominance fuzzy character, unpredictability, uncertainty, etc. In such
circumstances, a very important and understudied in hydrogeological practice
problem is the problem of extracting information from images of hydrogeological
objects. In the thesis is focused on the definition of relevant elements of the
topological bitmap NTHGO.

In the study, based on analysis NTHGO are useful image localization,
selection and amplification border lines separating different hydrogeological
characteristics (in terms of irregularities zones, the boundaries influence
technological factors, propagation of pollutants, etc.). The boundaries of the
images can be formed in different conditions, explains the change of color, break
surface, drops lighting and shadows.

If there is the possibility of obtaining multiple images of the same NTHGO a
few moments of time, there are problems with the organization of efficient
processing and storage of images flows.

In the thesis for image processing hydrogeological objects is used the method
of parallel computing based on the formation of the Hadamard matrix. The
algorithms and the parallelization of software image processing based on the
orthogonal Hadamard basis functions are proposed

In the thesis are considered questions of digital processing of satellite images
NTHGO based on ArcGIS software systems, Erdas Imagine, ENVIL Is used
method of supervised classification, based on Bayes classifier, using the maximum
a posteriori assessment to determine the most probable class, is carried out on the
basis of the following model of the classifier:

D= ln(ac ) -[0,5 h‘l(lCOVc I)]—[O,S(X -M, )T(COV;‘ WX - M(,' )]

where: D — is weighted distance (probability); ¢ —is the main class; X —is the
measurement of the main vector of the pixel; M, - is the vector of average-values

of samples class c; a, - is the percent chance, that any basic pixel belongs to a
class ¢ (1,0 default, or from apriori knowledge is entered); Cov,.- is the covariance
matrix of pixels in a regular class ¢; |[Cov,|- is th determinant Cov.; Cov;'-
reverseCov,.; T— is the transposition;
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In the fourth chapter of the thesis titled «GIS modeling based on raster data
models of hydrogeological objects» were discussed issues of development of the
principles of Geoinformation simulation NTHGO based on raster data models of
hydrogeological objects.

Development of a GIS model for the integrated study NTHGO is carried out
in the following order:

1. On the original map (picture) is created an electronic map the study area.

2. [s created territorial base of attribute and territorial data is carried out
binding in a topological objects.

3. Is created a database for the study area from the position of reclamation,
water conservation, environmental.

4. Is formed table classifying parts of the territory from the point of view of a
certain problem on the basis of geoinformation modeling.

5. Is implemented correlation analysis between two or three thematic layers
based on "sliding window" method.

On the basis of the states of the matrices ( 4,, 4,, 4, Jusing a "sliding window"

method are formed fields of correlation between pairs of thematic layers), and
three layers ( 4,,4, 1 4,) the formulas (Tikunov V.S.,1997):

RAI":A) = 'J(RIZI,A; +R:|A, _ZR&&RAA,)/(l_RAlA,)

R,, =1-63.d* (n* - n)

i=l
i,j=13;
d,— is the difference between the ranks of the phenomena A.' u, 4; were

taken from different cards, n - is the sample size for this series.

In this chapter of the thesis are presented the results of the classification of the
territory of hydrogeological objects based on digital processing of satellite images
for the territory using the software kit ERDAS Imagine, ENVL. At the first stage, is
carried out initial classification. Then, in the next step using Signature editor
module is formed by the spectral statistic of space image using supervised
classification module, file is generated for the final classification. Satellite imagery
in North Karakalpakstan area obtained by Landsat 7 (for 2000) and Landsat 8
(2015) on the territory of the sheet K-40-B on the scale of 1: 500 000. The result is
a raster layer for the classification of the territory on space-based research. General
land area 44 206.4 km2, as it is shown in Fig.1, the brightness of the color of all
the objects are highlighted clearly distinguishable in brightness of colors 9
different color characteristics, to study the color characteristics of the process of
change territory three types of objects have been selected.

e Water cover.

e Vegetation.

e The soil containing mineral salt.
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Postprocessing  classified satellite image was performed using ERDAS
IMAGINE software, using the method of supervised classification Bayesian
classifier. The results are shown in Figure 2 and Table 1.2.

On the basis of these results and by comparing snapshots 2000 and 2015 shows
that the ecological condition of the territory characterized by a decrease in the area
of vegetation in the area and an increase in salinity areas characterize the territory.

2000 2015

Fig.2. Raster classification on the basis of satellite images

Table Nel. Sootnoschenie on three sites with satellite images of different periods of shooting the

Aral Sea rcgion.

Periodsy/y Water cover Vegetation Salinity
2000 4256,4 xm* 9708,9 1m* 5089 xm*
2015 4108,6 kM* 55879 im” 9716,5 kM*

Difference 147,8 xm® 4121 xm? 4627,5 km®

15 years less less more

Table No2. Changes in the surface of the Aral Sea region, as a percentage.

Coverage area in% Water cover Vegetation salinity
2000 9,6 % 22 % 11,5%
2015 9,2% 12,6 % 22 %
Difference 0,4 9,4 % -10,5%
in percentages (%) less less more

The fifth chapter of the thesis entitled «Development of a GIS model of the
territory of the northern zone of the Republic of Karakalpakstan» is dedicated
to the practical application of the developed on the basis of geoinformation
technologies computerized decision support system for monitoring studies of the
northern zone of the Republic of Karakalpakstan (NZRK).

Hydrogeological conditions of the territory. From a geological point of view,
the territory in question belongs to the Quaternary sediments of Upper Lower.
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Aquifers are composed of sandy sediments. Clay deposits are located at a depth of
P-17 m., and are represented in roughly clay deposits.

CIS mudeling
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Fig.3.Implementation evaluation algorithm relationships thematic layers by the «sliding
windown».

The following thematic layers are formed to study the territory NZRK:
spatial distribution of the balance of groundwater aquifers; the spatial distribution
of the initial conditions and hydrogeochemical geofiltrational tasks; the spatial
distribution of the boundary conditions of groundwater flow.

The information thus obtained is integrated into the computer system in the form
of thematic layers and maps, is evaluated the relationship between thematic layers
based on «sliding window» technique (Fig.3).

Further, on this basis are carried out the computational experiments to
determine geofiltrational parameters and boundary conditions.
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As a topological elements of geoinformation model of the territory were taken
point (well water intakes, observations), linear (infiltration channels geofiltrational
border areas, etc.), areal (area allocated for the filtration properties, settlements,
etc.).

Geoinformation technologies are a promising tool for studying the dynamics
of groundwater, with the possibility of using data on groundwater levels and the
degree of concentration, as well as initial and boundary conditions as the thematic
layers of geoinformation models.

In the first stage on the basis of the system ArcCatalog ArcGIS software
environment is formed structure of geoinformation models NZRK territory.
Topological elements of this model: polygons (areas, agriculture, territories), line
(border areas, farms, roads, rivers, canals), point (intake and observation wells,
construction of individual, etc.) (Fig.4).
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Fig. 4. Geoinformation model of the hydrogeological conditions of the northern zone of the
Republic of Karakalpakstan.

On the basis of geoinformation models NZRK are conducted computational
experiments to assess the impact of changes in groundwater levels and their
mineralization to other territories and objects using Spatial Analyst ArcGIS
environment package.

In carrying out computational experiments was used a package Spatial
Analist ArcGIS system. The results show that for the period from 2010 to 2015.
are observed decrease in groundwater levels in a northerly direction, while there is
a significant decrease of the area groundwater levels from 0 to 1 m, at the same
time increased the proportion of areas with ground water level from 1 to 2 m. On

this basis is made conclusion that lowering of groundwater levels has led to an
increase in the area of saline soils (Fig. 5).
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During the development of geoinformation models of hydrogeological
objects of natural-technogenic character important in the organization of
information exchange between the object and its hydrogeological geoinformation
model has questions coordinate compliance and decision-making based on a
comprehensive study of thematic layers hydrogeological object.

The trend of decreasing levels of groundwater in North zone of the Republic of
Karakalpakstan

2015

2-3m] -] 3-4mi

Flg. 5 The results of computational experiments on changing groundwater levels NZRK
territor on the basis of geoinformation modeling.

The trend of increasing groundwater salinity in the North zone of the Republic of
Karakalpakstan

——
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Fig. 6. The results of computational experiments on groundwater salinity NZRK territory
on the basis of geoinformation modeling
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As the thematic layers can be formed layers of changes in groundwater levels, their
concentrations, spatial distribution geofiltrational parameters needs of irrigated
areas in the water, and others. To reduce possible while uncertainty can be apply
ArcGIS tool allowing to operate with territorial data Fuzzy Overlay, Fuzzy
Membership.

CONCLUSION

The results of studies on a doctoral thesis on the theme «Decision support
system based on geoinformation modeling of hydrogeological objects natural-
technogenic character” are boiled down to the following conclusions:

1. Were developed the concept of geoinformation - analytical processing,
algorithms and software for processing of heterogeneous data (numeric,
qualitative, linguistic, raster, territorial scope, etc.) and linguistic representation of
the solutions obtained. The structure of the computerized system includes GIS,
fuzzy information and expert-analytical components were created algorithms and
software for the information exchange between the components of the
computerized system.

2. Are proposed methods, algorithms and software complex for
formalization and aggregation of experience, knowledge and intuition expert
hydrogeologists on fuzzy - multiple basis using Saaty method.

3. Were develop and validated models of decision making, based on a
synthesis of the states making (reclamation, water conservation and ecological)
hydrogeological objects of natural-technogenic characters allowing to take diverse
solutions: preventive, restorative and localization character.

4. Were developed the algorithms of the fuzzy assessment on the decisions
taken on the basis of a situation analysis of geoinformation modeling results. Is
proposed a model taking total solutions consisting of solutions, with the nature of
the gain reduction and not change.

5. Were proposed the algorithms and software tools to extract information
from images of hydrogeological objects, digital image processing parallelization
hydrogeological objects.

6. The principles of construction of geoinformation models of
hydrogeological objects of natural-technogenic character on the basis of raster
character data.

7. Are proposed algorithm and code fields of formation correlation
relationship between two or three thematic layers of geoinformation models of
hydrogeological objects on the basis of natural-technogenic character using method
of «sliding windowy.

8. Were developed a computerized information-analytical system is used for
monitoring studies in North Karakalpakstan region.

9. On the basis of geoinformation model were conducted computational
experiments conducted to assess the impact of changes in groundwater levels and
their mineralization at other facilities in North Karakalpakstan region.
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10. Spatio-temporal analysis of geoinformation modeling of the results was
carried out using Spatial Analyst package environment Arg GIS.

11. T he results show decrease in the depth of the groundwater and increase
their mineralization to the north for the period from 2010 to 2015. Spend the
digital processing of satellite images for the area NZRK two time periods (2000
and 2015). Using ERDAS IMAGINE software package. The results are generally
identical to the results obtained on the basis of geoinformation model of the
territory.
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