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KHUPHUI (JIoKTOPJIMK AMUCCEPTALMICH AHHOTALMSCH)

Juccepranust MaB3yCMHHMHI J0J13apO0Juru Ba 3apyparu. byrynru kyHma
XKaxOoHJa T€0axOopOT TEXHOJOTHUSIIAPH IOTYKJIapura acociaHuO TaOMUil TeXHOTEH
Xapakrepra sra OyiraH THIPOTeOJOTHK OOBEKTIIAPHUHT METHOPATHB Ba SKOJIOTHUK
XOJaTIapuHA MaBCYMHH Y3rapuill >kapaéHIapuHU MOJICIUIAIITHPUII Ba IOKOPHU
camapaJiopJuKKa 3ra OOIIKApHIIl THU3MMIIAPUHHU SPATHII J0J13ap0 MyammoJjapaH
Oupura aiinanu® OopMokna. «TaOuuii-TexHOreH OObeKTIapAa xap Huiau 6-7MIH.
TeKTap epAa CyB TAaHKUCIWTU Ky3aTWJIMOKJa, caiiépamusia reorpaduk »KouamraHn
YpHH Ba DKOJOTHMK XYCyCHSTIIApUHM HWHOOATra oOJraH Xoijga reoax0opoT
TEXHOJIOTHSUIApY  acoCHJa WIUIOB Oepwiamaurad 1,5 MIpa. rekrap epiapHUHT
MeJTHOPATHB XONMAaTHHH 75-78% mapaara Kajap TabMHHJIAIITA SPUIIIITaHy. "

V36exucron PecnyOnukacuaa naTeHcuB GoiifalaHmIaiural Tabuni
TEXHOTCH XapaKTepJaru epIapHuHT MEITMOPATUB XOIATUHU SXIITAJIAIT Ba
caMapaJIopIUTHHH OIIMPHUIIAA TUAPOTEONOTHK 00BEKTIIApHU Te0axo0poT
TEXHOJIOTHSUIAPU aCcOCH Ia OOIIKAPYB KapOpJIapuHU KaOyJl KHIIUIITHY KYJ11a0
KyBBaTJIalll TH3UMUHNA TaKOMIJIIAIIITUPHUINT OOpacua KEHT KaMpPOBIIH HIIMUAN



TaJKUKOT UIIIapu aMajra olupuiMokaa. by 0opaza, ;xymnaaaH, KHIUIOK

XY KAJTUTUHUHT Typii coxajapusa ¢hoigananuiaurad epJapHUHT METHOPaTHUB
XOJIATUHU IOKOPU TEXHOJIOTUSIAP €pAamMu/ia AXIIUAJIAIL, TyIPOK YHYMIOPIUTUHU
TUKJIAII KapaéHIapyuHU MOJISJUTAIITUPHUII Ba MEITMOPATUB TU3UMJIIAPHU OOIII KapHIll,
ylapAaH camapaiu goiiaananuiira OOFauK Taadupiap YyTka3umra OarullUIaHraH
KaTop WIMHUU-TAIKUKOT UIILIapU 0JIMO OOpUIITaH.

Kaxonga TaOMUI-TEXHOTEH XapakTepJaru THAPOTEJIOTUK OOBEKTIapHUHT
MaTeMaTUK MOJCIUIAPUHU re0axOopOT TEXHOJOTUSJIAPU aCOCH/Ia UIIA0 YMKHUII Ba
TEXHOTEH XYAyIJIapHUHI MAaBCYMHUI Ba SKOJIOTHK XOJIATIIAPUHHU Y3rapullil XaKujaru
reoMabiymMmomiap 0Oa3acHMHM IMIAKIUIAHTHPUIN Ba ylIap acocuaa OoIKapyB
TU3UMJIAPUHN TAKOMUWUIAIITHUPUI MYXUM axamusT kacO 3TMokna. by Oopana
KaTbUMac MabIyMOTIap MIAPOUTHIA TYPJIM XapaKTeparu eyumiap KaOya KHIIUII
MOJICJIAPUHU UIILIA0 YMKUIIL, TYTPOK XOCCAJIIAPUHU Ba CU30T CYBJIAp YYKYpPJIUTHHU
Xyco0ra ojiraH xojja KOJUIGKTOP-30Bypjap CHCTEMAaCHMHHM WILUIA0  YHUKHIIL,
KaTbUiiMac MaHTHUKHI acocuja Typid XapakTepiard edumiiap opacujaru
OOFJaHUNIUIAPHU TAAKUK KWIWIIHUHT (OTOXJIAHTHPHIL, aXKpPaTHUI, THKJIAII)
MOJCIUTAITUPUIL  aJTOPUTMIIApU Ba JACTypJiapyHU HIIA0 YHMKHUIL, pacTpiu
TaCBUpJIAp acocua Xyayjap reoax00opoT MOACIIUHU SpaTUlll Kabu HyHanmumnuiapaa
MaKcaJIi WIMHN H3JTaHUIUIAPHUA amajira OIIUPHUII MyXuM Baszudanapaan Oupu
xucobnanagu. HOkopuaa KenTupwiraH WIMHA-TaIKUKOTIAP NYHaIUIINAIA
OaxapuiaéTraH WIMHI H3JIaHUIUIAD Ma3Kyp JHUCCepTalus MaB3yCHUHUHT
J0N3apOTUTHHH U30XJTaIH.

V36ekucron Pecnyonukacu [Ipe3unentununr 2013 v 27-utongaru 11K 1989-con
«V36exucton Pecrnybnukacu Muunii axG0poT-KOMMYHHKAIHS TH3MMHHH SHAA
puBOXJIaHTHpHUII TyFpucuia»ru Kapopu, Basupnap

! http://www.agrowebcee.net/awuz-ru/nauka/materialy-konferencii/
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Maxkamacununr 2013 iwn 19 maptoaru 82-coH «V36eKucTon PecnyGnukacuia
cyBiaH ¢oilaJaHuIl Ba CyB MCTEBMOJU TapTUOM TYFpUCHIA»TU KApopu Xamja
Ma3Kyp (paoiausTra TeruuuiM O0UIKa MebEPUM-XYKYKUHN XyXOoKaTiiapaa Oelruiianral
BazM(anapHu amalira OlMpUIIra ymoy AuccepTauns TaAKUKOTH MyalsH Japakaja
XU3MaT KWIaIu.

TagKuKoTHHHT pecnmy0auka (paH Ba TEXHOJTOTHSIVIAPH PUBOKJIAHUIIH
HHMHI YCTYBOP HyHAJMILIAPUTra OOFIMKIAMIUA. Ma3Kyp TaIKUKOT pecryOauka
(daH Ba TeXHOJOTHsUIAP PUBOXKIAHUIIUHUHT [V. « AXOOpoTIamTupHuIil Ba axo0poT
-KOMMYHHKaUs TEXHOJIOTMSUIAPUHU PUBOXKIIAHTUPHILD) YCTYBOP HYHAINIIN
noupacuaa Oaxapuiras.

Juccepranus MaB3ycu 0yiM4Ya XOpHKUI HIMHI-TAAKMKOTJIAP mapxn.2
TaOuuii-TexHOTeH XapaKkTepaaru TIpOreojJoruk 00beKTIap yuyH reoax0opot
TEXHOJIOTHSUIAPU aCOCH/Ia e4nMIIap KaOya KWJIUIIHU KYJu1a0 - KyBBaTall TU3UMH,
MypaKkad TH3UMJIAPHU aXOOpOT HOAHUKJIUTH [IAPOUTUIA THUAPOTrEONIOTHK,
TEXHO-JIOTHK Ba MKTHCOAUN acOCIapHUHU Ie0ax00poT TEXHOJOTHUSIIapH acoCUAa



KOMIUIEKC TAJKWK KWJIHII KapaéHIApUHA WHTEUICKTYLIAIITHPHUII YCY/UTApUHU
UIU1a0 YUKHINTa HYHAITUPWITAH UMUK W3JIaHUIILIAD )KaXOHHUHT €TaKIu WIMHUN
MapKa-3J1apu Ba OJIMH TabliUM MyaccacajlapH, )kymianaad, Aquila Space, Dauria
Aerospace, Esri Inc, Exelis VIS, Modflow, University of California, Berkeley
(AKII), Geomatics Canada, Sehlumberger Water Services (Kanana), Karlsruhe
Institute of Technology, Institute of Applied Geosciences (I'epmanust), Centre for
Ecology and Hydrology, Centre for Water Science, Cranfield University (byrok
Bbpuranus), Airbus Defence and Space, Geo-Intelligence, Spotlmage (®panmus),
DEIMOS Imaging, Remote Sensing Laboratory of the University of Valladolid
(Ucnanus), University of Technology (ITonbmia), University of Pisa, Department of
Geosciences, University of Camerino (Uranus), University of Technology (Hanus),
National Institute of Hydrology, Waterloo Hydro geologic, Excel Geomatics
(Xunmucron), GISTDA (Taunann), Technical University of Denmark ([lanus),
ESRI GIS, OOO «/lara», MockBa naBiar yHupepcuTeT, MoCKBa ajioka Ba
axOopornamtupuin yHuBepcutetd, Kozon yausepcutetu (Poccus), TomkeHT
WppUTaIs BA MEJMOPAIHs MHCTUTYTH Komuaaru ppuraiys Ba CyB MyaMMOJIapu
MIIMUI TaIKUKOT HHCTHTYTH/A (Y36eKHCTOH) KeHT KAMPOBIIH HIIMHIA-TaIKHKOT
UIuIapyu oJud OOpUIMOKIA.

Tabumii-TexHOTEeH XapaKTepaaru TUAPOreoIOTHK 00BEKTIap YUyH reoax0o poT
TEXHOJIOTHSUIAPU aCOCHUIa €4MMIIap KaOys KUJIUILL, TEXHOJIOTHK aCOCIapUHU
reoax00poT TeXHOJOTHsUIapu €pAamua 6axonaiil Ba Oamopamiail MOAEIUIApUHA
SpaTHII yCyII Ba aJITOPUTMIIAPUHNA UIIUTA0 YUKHUII, MOHUTOPUHT TU3UMU
TY3WJIMACHHU TAKOMUJUTAIITUPHUIITA OUJT )KaXOH/1a OO OOpHIIraH TaJKUKOTIap
HaTWXKacuaa Karop, *KymilaJlaH, KyWuaaru uiMun Hatuxanap onuHrad: GPS-

?Jluccepranys MaB3ycH Oyiuua XOpHKHil WIMHA-TaIKMKOT mapxu http://www.fao.org/docrep/018/i1688r-/i1688
r03.pdf, http://www.slb.com/services/additional/water.aspx, https://en.wikipedia.org/wiki/Centre-_for Ecology
and_Hydrology, http://jr.rse.cosmos.ru/article.aspx?id=167,http://nihroorkee.gov.in/, http://ecoruspace.me/GISTDA
.html, https://www.linkedin.com/company/excel-geomatics-pvt-1td- Ba Gorka manGaanap acocua UILIA0 YUKHUIT
ra
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HaBUralus THU3UMUHHM KYyJJlall XamJa TeOoAe3UWK KypwiMalapu Ba JacTypui
MaxCyJIOTIIApUHM  sApaTUIIa IOKOPH Japaxaiaru (HoTorpaMMETpUK JacTypHuil
eunmiiap unuiad uwmkuiran (Trimble, Digital Globe, AKII); rokopu Sport &
Pleiades eunmin ONTHK a’pOKOCMUK TACBUPJIAPHU XUCOOJAIIl YyCyIlapu UILIa0
gukmirad (Airbus Defense and Space, ®paHius); KHIIJIOK XYKaJIUTH COXaCHJIA
KOCMHUK MOHHMTOPUHTH acocHja CyB 3axupajapu xapurtacu spatwiran (Aguila
Space, AKIII); ep octu cyB 3axupanapy KOCMHUK TacBHUpJapu Ba reoaxOoopoT
pecypcllapuHy KailTa MIUIAIIHUHT AacTypud TabMUHOTU unad yukuiarad (ESRI,
AKII); TaOuui-TeXHOTEH  XapakTepJard THAPOTCOJOTHK  OOBEKTIApHUHT
reoax0opoT TEXHOJNOTHUIAPU aCOCHIA DJIEKTPOH TeoaxO0opoT Mojeiuiapy HUIuiad
yukuiaran (ESRI GIS, Poccust); ep octu cyBinapu XapakaTUHU MOJEIAIITHPUIL
cudarvau Oaxouaill Ba 3axupanapujiad (oiganaHUIIHU OOIIKApUII XapUTaJapuHu
SPAaTUITHUHT JacTypuii TabMuHOTH WnuIad uwmkuiarad (Waterloo Hydrogeologic,
Poccus).

Jlynéna TaOMUN-TEXHOTEH XapaKTepAard THAPOTEOIOTUK OOBEKTIIAPHUHT



MEJIMOPATUB XOJIATUHH, €p OCTU CyB 3aXHpajapuHd XUMOsUIAIl Ba MasKyp
XyAy[Ulapiard 3KOJIOTUK Ba3HSTIapHU 3aMOHABHM axOOpOT TEXHOIOTMsJIapU Ba
MaTeMaTUK MOJIEJUIAIUITUPHUIL YCY/UIapy acocHia KOMILIEKC KalTa TUKiam Oyiinya
KAaTtop, OJKymJajaH, KyduJaru YyCTyBOp HYHanmuuuiapia TagKUKOTIap —oJub
OOpUIIMOK/Ia: ep OCTHU CYBJIM KaTJlamyap THIPOT€OXUMHUK PEKUMIAPUHA MaTeMaTHK
MOZEJUTAIUTUPUIT AJITOPUTMIIAPU Ba JAaCTYpUil BOCHUTaJapuHU HILIa0 YUKW,
TYNPOK XOCCaJapWHU Ba CH30T CYyBJIap CAaTXUHU XUCOOra oJiraH XoJjjaa,
KOJUIEKTOP-30BYypjlap TU3UMIIAPUHU TAKOMUJUIAINTUPUIL; TEXHOICH XyLyUIapHUHT
MaBCYMMi1 Ba 3KOJIOTMK XOJIATIAPUHM Y3rapylld XaKuJIaru MabiymMoTiap 0a3acuHU
IAKJUIAHTUPMUIL, CHUMCHU3 CEHCOp Typjapu acoCuAa CYFOPUIIaIuraH MauioHJIap
MEJIMOpaTUB XOJIaTIIapUHU TE3KOP MOHUTOPHUHT KWIALIHAHT
KOMIIBIOTEPJIAIUTUPWITAH TU3UMUHU SPATUIL, €p OCTU CYBJIM KATjaMJIApUHU
MEJIMOpPaTHB, OSKOJIOTMK XOJAaTMHM Oaxoiam Ba yimap acocujaa OoIIKapys
KapopJlapuHy KaOyil KWJIMII MacajallapuHU €YUIIHUHT aITOPUTMIIApU Ba JTACTypHid
MaXMyaJapuHM  XaMJa TIeoax0opoT  TU3UMJIAPUHUHI  HMHTErpalMsUIallyBH
MEXaHU3MHUHH UIIa0 YUKUIL.

MyaMMOHMHI VPraHWJITaHJIMK Japakacu. TaOuuii-TeXHOTeH XapakTtepaaru
TUAPOTrE€OJOTUK TU3MMIIADHA MEJIMOPATUB Ba DJKOJIOTMK XOJIATMHM KaWTa THKJIALI
Kapa€HJIapUHM MaTeMaTUK MOJEJUIApUHU ApaTHIl Ba OOIIKApyB THU3UMHUHU
TaKOMMWJUTAIITUPHUILHUHT Ha3apuil Ba aMalinii MacajaJlapyuHu ednia Tabuui
TEXHOT'€H TUIJATU TUAPOTEOJIOTHK OObEKTIIAPHUHT JAespiiu Oapuacuia TaOuuii
PEKUMHUHT Oy3WITaHJIMTH MIapoUTIapuaa Kapopiap Kadya Kuiui; Tabuui
TEXHOT'eH TUIJJard TUIPOI€0JIOTUK 00BbEeKTIap OYHndya MabIyMOT/Iap €TUIIMAC
JIWJIMTH, YITApHUHT aHUKMACIIUIIUTH, Pyl OepaéTraH Ba3usTIIApHUHT MypakKaOiIu
JIUTH Ba TYPJIM XapakTepAaru MabIyMoTiIap OWJIaH WIUTAI UMKOHUSTIAPUHUHT
YEKJIAHTaHJIUTH Ty(ailin SKOJIOTHK Ba3usAT KECKUH XyAyaiapaa ep OCTH
ruapocdepacu Ba TalIKKM MYXUT OpacHia MyHOCa0aTIIapHUHT Te€0axo0poT
MOJIEJUIapH Ba AJITOPUTMIIAPUHU SIPATUL; TAOUUI-TEXHOT€H TUAPOTr€0IOTHK
oowektnap (TTITO) mypakkabiauru Ba ynapra TeXHOreH (hakTopiap TabCUPUHUHT
KYWIWJIMTH, €P OCTU CYB TyTYBUYHM KaTiamiap 4erapaJlapuHAHT KaTbUHUMACIIWIINTH,
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napaMeTpjapu Ba XapaKTEPUCTUKAIAPWHUHT HOAHWKJIMTUHU aJCKBAT aHWKJIAII
MyaMMOJapy; THIPOTEOJOTUK OOBEKTIApHU TYpJId MAabIyMOTIap MIApOUTHAA
KOMITJICKC TAJIKMK KWJIHMII MyaMMOJIADUHU Ie0ax00pOT TEXHOJIOTUSIIAPUHN Ky JUTaII
acocuja euuin wmacajaidapu Oup Karop ommmitap: 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) Ba OomkatapHUHT HILIapyUia KYypruO YMKUIITaH.

TaOuuii-TexHOTeH XapakTepAard TUIPOTeOJOTHK OOBEKTIAPHU METHOpPATHB
Ba DKOJIOTHUK XOJATHHH Oariopariamnl Ba 0aXOJAlIHUHT KOMIBIOTEPIIATHPUIITAH



BOCUTAJIADUHM SIPATUIII MYaMMOCHUHM €UUIIJA TYpJIM XWIJAard MabJIyMoTiIapaaH
STOHA KOMITHIOTEPJIAIITHPUIITAH MYyXuTAa (GoNgamaHuIl aJITOPUTMIIAPUHN HIILIA0
YUKWIL, AaBTOMATHUK Ky3aTUIIl JaTYMKIApUAaH KeJaéTraH MablyMOTIapHH
MXYaMIIAIITUPHII, CIIEKTpa TaxXJIW KWIHII Ba cakjall Macaiainapy OujiaH OOFIIHUK
TaIKUKOTIAap OWp Karop OJMMJIap TOMOHHIAH OO OopwiraH, >XymilajaaH,
N.K.I'aBnu, J.Jeffrey, B.M.IllecTakos, ®.b.AbyTanues, V.V.¥mapos,
AKX JxymaHoB Ba Oomkajiap TaxJIMJIA IIYHU KypcaTaJuKd, XO3UPId BaKTa
TAaOMUN-TEXHOTEH XapaKTepJaru THUIAPOTEOJOTHK OOBEKTIap XaKuaa Te3Kop
axOopoT OJNMII YYyH CHUMCH3 CEHCOp TYypJjlapura acocllaHTaH KOMIBIOTEPJIAIITH
pwiIraH Ky3arumn acOoOmapumaH dorganaHuiga Oup KaTop WKOOUWM HaTKalapra
SPUIIMIITAH.

Tabunii-TexHOTeH XapakTepAaru TUIPOTEOJIOTHK OOBEKTIAPHUHT XyTyIdui
MabJIyMOTJIap 0azajapuHU IIAKJJIAHTHPHWIN, Yyjldap acocuaa THAPOTeOJOTHK
00BEKTIapPHU re0ax00pOT MOACIIAPUHY HIIJIA0 YMKHUII Ba OOIIKAPYB KapOpJIapUHH
KaOya KWJIMIIIA KaThbUMMac MaHTHK dJIeMEHTIapuaad (olanaHui Macaiajapura
Oarunnanran unuiap A.Farajzadeh, G.D.Smith, O.Kaleva, N.E.Mohamed, T.Caatn,
E.Mampmanu, [[.A.IlocnenoB, B.B.Becemos, JI.A.Ilannukun, J1.3oma, JI.[ro0a,
T.Caarn, E.Mampann, II.Pormreiin, T.®.bekmyparos, III.X.I1a3umnos,
J.T.MyxamanueBa, M.A.PaxmarymnaeB Ba OOIIKa TaJAKUKOTIApUJA KYpUJITaH.
AManuérna, TuApOreosioruk MabiayMoTiaap cudaruaa pakar cOH KYpUHUIIMIArU
MabJIyMOTJIAp TYUIyHWJAaWd, OyHmai MabJIyMOT/Iap 3ca TaOWUHA PEKUMHU
Oy3miMaran oOBEKTIap yYyH KarTa axamusaTra odraaurd kypwirad. Ly Ownan
Oupra, TaOMHUI-TEXHOTCH THUIPOTCOJIOTHK OOBEKTIAp y4yH COH KYpPUHHUIIUIATH
MabJIyMOTIIAPHUHT UITOHWINA SMACTUINTH OWJIaH XapaKTepJaHUIIU, THAPOT€OI0THK
TAAKUKOTIApAa JHUHTBUCTHUK KYpHHHUIIAA  OCpWIIyBYM OKCHEpT Oaxojamuiap,
a’POKOCMHK TacBHpJap, XyIyIHd Ba aTpuOyTUB MabIyMOTIapuaaH (oigamaHuI
YCYJUIApUHU SPATUII Ba KEITYCHJIa TAaKOMUJI JIAIITUPUINTA OaFvIllJIaHTaH WIMHUN
W3JIaHUIIIAP XO3UPTY KyHJIa €Tapiiy lapaxaja KypuJiMaras.

Juccepranus MAaB3yCHHHHT JUCCEPTAIMS 0AKAPUIITAH OJIUH TABJIUM
MYacCaCaCHHUHI WIMHH-TAAKUKOT HULJIAPU OMJIaH OOFIMKJIUIHU. [[rccepranus
TaIKUKOTH TOIIKEHT aXOOpOT TEXHOJIOTUSTIAPH YHUBEPCUTECTUHUHT MIIMUN-TaIKU-
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KOT uiapu pexacuHuHr AS5-020-«KarbuitmMac Tymiamiiap acocuia Typiu Xui
TUAPOTCOJIOTUK MabJIyMOTIapra HIIIOB OCPUIIIHUHT arlfapaT 1acTypuil BocuTasa
punu unwiad yukunmn (2012-2014), AS5-022-«TenekoMMyHUKAIUsT TUZUMIIApU
AIIEKTPOMArHUT XaB()CU3IUTHHU KoMILIeKe Oaxomnamra AT TeXHOIorusiapuHUHT
uHTerpaymamyBuy (2015-2017) maB3ynapugaru Joiuxanap qoupacuaa Oaxapui
raH.

TagKUKOTHHHT MaKCaAH TYypJIU XWJIJIard MabJIyMOTJIap IApOUTHIA
TaOUUI-TEXHOTEH XapaKTepAaru ruAporeoJoruk o0beKTIap yuyH Kapopiap Kaoyi
KWJIUIITa KYMaKJIallyBYu Te0ax00poT-aHATUTHK TH3UM UIIUIa0 YMKUIIIaH HOOpar.
TagKUKOTHUHT Baszudagapu:

TaOUHUI-TEXHOTEH TUAPOTCOJIOTHK 00BEKTIapIapHu XoIaTaapuHu udoaa JOBUYH
MaBxyJl Oapya MabIyMOT/Iap MaxMyuaaH GoiganaHuIl UMKOHUHU O€ pyBUd



reoax00poT TEXHOJIOTUSIApUTa aCOCIaHTaH aX00POT-aHAIUTHUK OOIIKAPYB TH3UM
KOHLICTIIUSICUHY UIITa0 YUKHUIII;

TaOUUI-TEXHOTEH TUAPOreoIOTHK 00BEKTIApP SKOJIOTUK XOJIATUHUA 0aX0JI0BUYH
Ba 0aIIOpPaTIIOBYM TAXKPHUOAIN MyTaXaCcCUC-IKCIIEPTIIAPHUHT (DUKpIIapH, XyJ0ca
Japy Ba TaxpudaiapuHu (popMauIallITUPUII Ba YMYMUIIAIITUPHUII YCYIUTAPUHU
UILTA0 YUKHIIL;

KaTbUMac MabIyMOTIAp IIAPOUTHAA TaOMHI-TEXHOTEH XapakTepiaru
TUAPOTEOJOTUK OOBEKTIIAPHU KalTa TUKJIAII, JIOKAUIAIITHPUIL, OTOXJIAHTUPHII Ba
OollIKapyB KapopjiapuHd KaOyil KWIMII MacallaJJapuHUHT €YUMJIAPUHU TOMMINTra
KYMaKJIalTyBYu MOJICITIAPHA UIIUTA0 YHKHIII,;

KaTbUMMacC-MaHTUKHUM TYTIIIaMJIap Ha3apusCHU MPUHIMILIAPU aCOCU/Ia TaOUUi
TEXHOTEH XapaKTep/lard THAPOTeOJIOTHK O0bEKTIIap Opacuaaru y3apo
OOfJIaHUIITAPUHU U(OIATIOBUM MOJIEIIIap aCOCHIa Ba3UsTHHU OaxoJalll Ba
OolLIKapyB KapopJIapuHH KaOyJl KWIHIL aJTOPUTMIIApH Ba IACTypJIapUHU UIIIA0
YUKHILL,

TaOUUI-TEXHOTEH THUAPOTreOJOTUK OOBEKTIap TaCBUpJapUra TE3KOp mapaien
UIUIOB OEpUIll aJITOPUTMIIAPU Ba AACTYpUi BOCUTAJAPUHU MIILJIA0 YUKHUII Xamjia
pacTpiiv TaCBUPJIAp aCOCKIA XYAyIap reoax00poT MOJICIUHU SIPaTHILL,

kyn  ¢aktopnu  kjaccuuKauusiam  yCIyOMHHM — KyJUlalll  acocujaa
Kopakanmorucron PecrnyOnukacu IIumonuii KHCMU MHCOIUIA TaOWHM-TEXHOTCH
XapaKkTep/iard TUIPOTEOJIOTHK OOBEKTIAPHUHT Te0axO00pOT MOACIIAPUHU PACTPIIU
TacBUpJIAp acocua UILIa0 YUKHUIIL;

KOMIUIEKC ~ MOJeJlapra  acoCJiaHu® TeMaruK  Karjiamjap opacuiaru
KOpPEJAIMOH OOFJAaHUILIAD XApUTACUHU SIPATUI Ba OOIIKApYB KapopIapuHU
KaOyJl KHJIMII aJITOPUTM Ba 1aCTypyi KOMIJIEKCUHU UIIA0 YUKHIIL

TaaKMKOTHUHT 00beKTH cudaThIa TAOMUH-TEXHOTCH XapaKTepra ara OyiraH
TUAPOTEOJIOTUK 00BEKTIapHUHT AKOJIOTHK XOJIaTJIapuHU reoax0opor
TEXHOJOTHSUIAPU Ba KarbUMMac MAaHTUKUK YCyJUIap acOoCHIAa KOMIUIEKC KaiTa
TUKJIAL XKapa€HIapy Kapaiau.

TagKMKOTHUHI NpeAMeTH TaOMUN-TEXHOTEH XapaKTepJard THAPOTe€OJIOTHUK
OOBEKTIApHUHT MabJIYMOTJIADMHU KaWTa WIUIANl aJrOPUTMIIApH, MaTeMaTUK
MOJIEJIapH, KOMIBIOTEPJIAIITUPUIITAH HWHTEJUIEKTyall OOILIKapyB KapopJiapuHU
KaOyJT KWJTAII TU3MMUHU WUTIUTA0 YUKW YCYIUTIAPH TAIIKHIT ATaIH.

TagKUKOTHUHT ycy/u1apu. TaaKUKOT *Kapa€Hu1a KarbUiMac TyIiamiap
Ha3apusiCH, MaTeMaTUK MOJICJIAIITUPHUIL, MAbJIyMOTJIAPHU UHTEIIIEKTYaJl TaXJInJI
KWIHII, SKCIIEPT TU3UMJIApU acocua 6axosal Ba OOIIKapyB KapopiapuHu KaOy
KWINII YCYJUIAPU KYJUTAHUJITaH.

TaaKMKOTHUHT MJIMUIA SHTWJIMTY KyWnaaruiaapaan uoopar:

TaOUHUI-TEXHOTCH XapaKTepaaru THAPOTreOJ0THK 00BEKTIap MabIyMOTIapH HH
TYIUTAII, CaKJIalll Ba UIILJIOB OEpHIIll, Te0axO0pPOT TEXHOJOTHUSIIAp aCOCHIa
MOJICJUTAIIITUPHUIL, HHTEJUICKTYJTAIITUPUINTA MYJDKAJIJIAHTaH aX00pOT-aHATUTHK
KOMITbIOTEPIAIITUPUIITAH TU3UM HIIJIa0 YUKUITaH;

TaOUUI-TEXHOTEH XapaKTepJard TUJIPOTEOJIOTHK OObEKTIIAp XOJaTIapuHU



KaTpbuiiMac TYIJamjap Ha3zapusicu TaMoOMWUIapu acocujaa Oaxonam — Ba
YMyMJIAIITUPHUIITa acoCliaHraH OOIIKapyB KapopJiapuHU KaOyll KWJIHII MOJEIapu
UINIA0 YUKHITaH,

TaOUUN-TEXHOTEH XapakTepJaru THUIPOTeoJOTUK OOBEKTIIap TacBHUpJapuaH
MabJIyMOT OJIMII, UIJIOB OEpHIll >KapaEHJIapUHU MapajijIeUIallTUPUIT aJlTOPUTM Ba
JACTypHil BOCHTAJIapH UIIIIA0 YNKUIITaH;

TaOMUN-TEXHOTEH XapaKTepJaru THUIPOTEOJOTHK OOBEKTIap Te0axOoopoT
MOJIETTM TEMaTUK KaTjamJlapu opacujaard y3apo OOFIaHUIIUIAPHU aKC STTUPYBUU
ANIIEKTPOH KapTajlap spaTUIl acocuJa Kapopjap KaOynd KWJIUINTra KyMakKJIallyB4H
KOMITHIOTEPJIAMITUPWIITAH THU3UMHHUHT aJTOPUTMIIAPDH Ba JACTYpUH BOCHUTAIAPU
UILTA0 YMKHITaH;

KaTbUiMac MabIyMOTIap IIAPOWTHIA TAOWMU-TEXHOTEH XapaKTepaaru
TUIPOrEOJIOTUK 00bEeKTJIAPHU BasUATIApU oyiinua Kanra THUKJIALLI,
JOKAJUTAIITUPUIL, OTOXJAHTUPUII eYuMJIapu Ba ylap oOpacujard y3apo
OoFaHuIUTapUHN 0axojall MOJeIJIapH, aJTOPUTMIIAPU Ba JNACTYpUH BOCHUTAIAPU
UNu1ad YUKWITaH;

TaOUUN-TEXHOTEH XapakTepaaru THIPOTEOJIOTUK OOBEKTIIAPHUHT
TacBUpJIapura TE3KOp Mapasiellb UIJIOB OEpHUIll aaropuTMiIapu Xamjia pacTpiiu
TaCBUpJIAp acocuaa Xyaymlap TeoaxOopoT MOAENW Ba Ba3UATHU OaxoJarl
aJITOpUTMIIAPU UIIIA0 YUKUIITaH;

reoax0opor  Mozeinra  acociaHu0, TEeMaTHUK Kamiamjap  opacuiaru
KOppEeJSIUOH OOFJIaHMIIIAD XapUTACUHM SIpaTUIl Ba OOLIKApYB KapopiiapuHU
KaOyJT KWJTHII aJITOPUTM Ba TACTyPUA MaXMyacH UIUTA0 YHKUJITaH

TaaKMKOTHHHT aMaJIMil HATHKACH Kyluaaruiapaad noopar: reoax0opot
TEXHOJIOTHSUIAPU aCOCHIa TAOMUN-TEXHOTEH XapaKTepiard TUIPOTreOIOrK
00BEeKTIapHU Te0ax00pOoT MOJISJUTAIIITUPHUII Ba KOMIUIEKC OaxoJiari
KOMIIBIOTEPIAIITUPUIITAH TUZUMUIAH SKOJIOTUK Ba3USIT TaHT OYJran
TaOUUN-TEXHOTEH XYAYAJAPHUHT TYIIPOK Ba CYyB TABMUHOTH IIAPOUTIAPUHU
sxiyIam 0yinya 60mKapyB KapopiiapuHu KaOysl KHIIUII yCYJUIapy Uiiad
YUKWITaH.

€p OCTH CYBIIapU KYTAapWIMIIK HATWXKacuAa TaOMUH-TEXHOTeH Xydyajaapaa
Ky3aTWJIaJuraH KyprOKJIaHUII €KW OOTKOKJIAHWII KapaCHJIApUHM aBBajaH
Oamopamiam Ba Xyay[UlapAard e€p OCTH CyBIapH CaTXJIApUHU TacalTHPHUII
103aCHJIaH WHKEHEPJIMK KapopiapuHu KaOy KUIIUIIAa CyFOPUIAIUTaH €p MaiI0H-
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JAPUHUHT MEJHOPATUB XO0JIATIApUHU KalTa TUKIIAIIHUHT T€0ax00poT MojeIIapu
HIIUTA0 YUKUIITaH.
TaOUUI-TEXHOTEH XyAy/AJiap €p Ba CyB IIAPOUTIIApU MOHUTOPUHTY TU3UMIIAPUHU
THAPOTE€OJIOTHK, A3POKOCMHUK TaCBUP MabIyMOTJIapy OWjIaH TabMUHJIAIIIA XaM/]la
KaTbUMAC MabJIyMOT/IAp CAJIMOFU FOKOPH OVIIraH mapouT Jiapaa OOIIKapyB
KapopJiapuHU KaOyJ KWIKIITa KYMaKJIallyB4l re0ax0opoT aHaIUK
KOMIIBIOTEPIAIITHPHUIITAH TH3UM MOHUTOPHHT YCYIIIApPH MIILIA0 YMKUJITaH.
TaagKHKOT HATHKAJIAPUHUHT HIIOHYWINJIHTH TaOMUHN-TEXHOTeH



XapakTeplard THIPOTEOJOTUK  OObeKTiIap  Oyiimua OMuMHTaH  reoaxoopoT
MOJICJUTAIITHPUIL Ba MAaTEMaTUK MOJECUIAIITUPUII HaTHXKaJlapUHU KapalaéTraH
Xyayanap Oyidua Ky3aTuill Ba Yyidaml HaTvkajdapu OWiaH —COJUIITHPHIIL,
KapallaéTraH THAPOTre€OJOTMK OOBEKTIAPHU XOJATHUHH TAJKUKOT 3TYBYM IOKOPHU
MaJjlakajdl OJMMIIap Ba MYTaxacCHC JKCIEPTIAPHUHT SKyYHUH HaTKamap Oyihinda
XyJiocajiapy OuiaH TaBcudIiaHau.

TagKUKOT HATHKAJTAPUHUHT WJIMHUI Ba aMaJuil axaMusTH. TagkukoTaa
OJIMHTaH HaTUXAJTapHUHT WJIMHUM aXaMUSITH TAOMUN-TEXHOTEH XapaKTeparu
TUAPOTreO0JOrUK OOBEKTIAPHHU Ie0ax00pOT MOJEUIAIITUPUII HATHKAJIapy Ba
MHTEJUICKTYyaJl Tax IMJIall alrOpUTMIIAPY Ba TACTypHil BOCUTaJIapH acocuaa
MaTeMaTUK MOJACIIIAIITUPHII Ba OOIITKAPYB KapopiiapuHu KaOys1 KUJTUIIT
XKapa€HJIApUHY TYPJIU TUIJIATd MabJIyMOTJIap MIAPOUTHIA HHTEIUIEKTyasuiall
MacaJlaCHHU caMapajiv €4uill UMKOHUHU OepyBYM MareMaThuK Mojiesuiap,
aJro-puTMIIAp Ba AACTypiap SApaTHI yCIyOUSTUHHA UIUTA0 YUKUIITa XU3MatT
KHWJIaI!.

OnuHraH HaTWKaJAPHUHT aMaIui aXxaMUsATH TAOMUI-TEXHOTEH XapaKkTep Jaru
TUAPOTreOJOTUK OOBEKTIAPHUHT SKOJIOTUK Ba3uATHUra Kypa Maciaxar OepyBYu
KOMIIBIOTEPAAIITUPUIITAH TU3UM TaOUUI-TEXHOTEH XyAYIJIADHUHT MEIHOPATUB,
CakJiall Ba SKOJIOTUK MyaMMOJIapu HYKTau Ha3ap/iaH KOMILIEKC OaxoJaml Ba
Oaropamiam xamjia O0IIKapyB KapopiiapuHu KaOyJl KUJIUII Ba acoCall UMKOHUHH
sAparaau.

TagkKukoT HATHKAJAPDUHUHI SKOPU KWIMHMIIM. TaOuuii-TexHoreH
XapaKTepaard THUIPOTEOJOTUK OOBEKTIAPHUHT Te0axOopoT pecypciiapura HIIoB
Oepuill xapaCHIapuHU OONIKAPHUII TU3UMH Ba MAaTEMaTHK MOJIEIIJIapH acoCUa:

TaOUUI-TEXHOTEH XapakTepAaru XyAdyajap e€p Kamiamjapuja Ba LIYpJaHMII
JapakacuHu Oaropariail MOACIUIAPUHUHT WHCTPYMEHTAll JacTypuil BOcUTalap
MaxMyn Kopakammorucrton PecryOnmkacH IIEMONHMEl 30HacHaa Y30EKHCTOH
PecnyOnukacu JlaBnar reojiorusi Ba MHUHEpall pecypciiap KYyMHTacH THU3UMUTA
KUPYBYM KOPXOHAJAPHUHT TEXHOJOTUMK TH3UMH «Opon OVHM TUIpOreosioruk
SKCOEAUUUACUHUHT  KOpakaJmoFUCTOH TUAPOTrE€OJOTHK  CTAaHLMSACH»  JaBjiaT
KOpXOHAacUra >kopuil KwinHran (JlaBmatr reojorusi Ba MHUHEpal pecypciap
kymutacuHuHr 2015 wun 14 wuronmaru 08-1266-con MabiiyMoTHOMacu). Mnmui
HATWO)KAHUHT  KYJUITAHWIWIIKA —~ TaOMMA-TEXHOTEH  XapakTepaard  xap  Oup
TUAPOTreOJOTUK OOBEKTJIADHUHT MEJIMOPATHB Ba HKOJOTHK XOJIAaTUHU OaxoJail Ba
Oarmopatiiain IMKOHUHA OepraH;

TaOUUI-TEXHOTEH XapaKTepAaru ruporeoJoruk 00beKTIapHUHT MEJIMOPATUB
XOJIATUHU TabMUHJIAII )KapaEHUHUHT Ie0ax00poT MoJIe/uIapyu Ba HHCTPYMEHTA
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NacTypui BOCUTAJIap MaXXMyH AxOGopot TEXHOJIOTHUSIIApU Ba
KOMMYHUKALUSUIADUHU ~ PUBOXKIIAHTUPUII  Ba3UPIUTA TU3UMH  KOpXOHallapujia
xopuih  oTwiraH  (AXOOpOT  TEXHOJOTWSJIapd Ba  KOMMYHHUKaIUSJIApUHU
puBokIaHTHpuIn BazupiaurduHuHr 2016 wwun 31 okrsopmarm  33-8/5937-con
MabJIyMOTHOMACH). MIIMHI-TaAKUKOT HAaTHXKaJapy TaOMHI-TEXHOTCH XapaKTep
Jard TUAPOTEOJIOTUK OOBEKTIAPHUHT Te0axOopoT KapTajapuHMU SIpaTUIl Ba



MEJIMOPATUB XOJaTUHU Oaxojall ajlropuTMiapy Ba Oamoparmiall MOJEUIApUHU
amaJjja >KOpHM STUII XpcoOura camapaiu OOIIKapyB KapopiapuHU KaOyi KUIHUII
TU3UMUHU IIAK/UTAHTHPUIL Ba SKOJIOTMK XaBpcu3nuk napaxacunu 11.2% ra
OIIUPHUIITHU TAbMUHJIAN]IH;

TaOUUI-TEXHOTEH XapaKTepJard TUIPOreoJIOTUK OOBEeKTIap TacBUpJapUIaH
MabJIYMOT OJMII Ba HILJIOB OEPHII >Kapa€HJIApUHU MapajuleIUIalITUPUIL 1aCTypPHUil
Bocutanapu «Kuroo-Illaxprcab3 ep ocTH CyB OJUII HHIIOOTIApW» TH3WMHIa
wopui stunrad (JlaBmar reonorus Ba mMuHepan pecypceiiap KymutacuHuHr 2015
vinn 24 nosOpaaru 01/574-con mMabaymoTHOMacH). IMHUM-TaAKUKOT HaTHXKaJIapH
TaOUUN-TEXHOTEH XapaKTepJard TUIPOreoSIOTMK OOBEKTIAPHUHI MEJIHOpaTUB Ba
OKOJIOTMK XOJIATMHM KalTa THUKJIAIl >KapaéHIapuHU OOILIKApWIl TU3UMHUHU
TaKOMWJUIAIITUPHUII, TEXHOT€H OOBEKTIap COHUHM KaMaWTHpHUIL XucoOura
MeJMopanus XyayIJIapuHUHT caMapagopauruiu 58,7% nan 66,08% ra ommpuniHu
TabMMHJIAIITA XU3MAT KUJIAIH.

TaagKuKOT HATHKAJAPUMHUHT anpodaumsicu. TaakukoT HaTwkamapu 27 Ta
WIMHUR-TEXHHUK, 11y kymiaagad 10 Ta xaikapo amKyMmMaHiIap/a Myxokama KUJIMHTaH:
«5" International Scientific Conference. European Applied Sciences: challenges
and solution» (I'epmanus, Stuttgart, 2015i1.); «Radiotexnika, Telekom
munikatsiya va Axborot Texnologiyalari: Muammolari va kelajak rivoji»
(Tamkent, 2015#.); «CoBpeMeHHbIE NPOOIEMBI THAPOTEOJIIOTHH, WHXCHEPHON
reoJIOTMHM, TeodKoJorTuh W myTd ux pewmeHus» (Tamkent, 2015#.); «Ax6opor
TEXHOJOTUSUIADUHUHT  pUBOXJaHUIl — uctukOowiapu, I[TPA-2014» (TamikeHT,
2014i1.); «Amanuii Maremartvka Ba axOOpOT TEXHOJOTUSJIADUHUHT J0J13ap0
myammonapu-An Xopasmuit» (Tomxkent, 2012; Camapkang, 2014iii1.); «XXI acp
(aH Ba TEXHOJIOTHSUIADUHUHT yCTYyBOp yHanunuiapu, Tunoo» (Towmkent, 2014i.);
«uiad 9uKapuiiHA aBTOMATIAIITUPUIN MHTEIJIEKTyanl THU3UMJap OyTyHXKaxoH
koH(pepenmusacu, WCISy (Tomxkent, 2012, 2014i1i1.); «PaH, TabauM Ba UILIa0
YUKAPUII HWHTETPAIMSICUHN aXO00pOT KOMMYHHUAIMSACUS TEXHOJOTHSUIAPU acoCUa
puBoxkiIanTupuin uctukoomnapu» (Kapiu, 2016i1); «AXO0pOT TEXHOO THUsIapH Ba
TeneKkoMMyHHKaus myammonapm» (Tomkent, 2013i1.); «IIpoGiem
HBIE BOMPOCHI THAPOT€OJI0THH, HHKEHEPHOUN Ie0JIOTHUH, TE€0IKOJIOTHH U MYyTH UX
pemienus» (Tomkent, 2012i.); «AXOOpOT TEXHONOTUSAJIAPU Ba TEIEKOMMYHHKA 1S
TU3UMJIAPUHY caMapaivl pUBOXIIAHTUPHII UCTUKOOIapu» (Tomkent, 2014ii.);
«®Dan, TabIUM Ba UIILJIA0 YUKAPUIIT HHTETpALMICUIA aXOOPOT KOMYHUKAITUS
TEXHOJIOTHSUTAPUHY KYJUTAITHUHT X03Upru 3aMoH Macananapu» (Hykyc, 2015);
«TenexkoMMyHHKalIKS Ba aJIOKA COXACH/Ia 3aMOHABUI axO0POT TEXHOJIOTHSIIaApU»
(Toutxent, 2011it.), «Pau Ba aMaTHETHHHT HHTETPAILIALIYBH Y 306KHCTOH
PecnyOnukacy reoyiorusi COXaCMHU caMapalid PUBOKIAHTUPHUIIT MEXaHU3MIU
(Tomikent, 2016i1.).
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TagKUKOT HATHKAJAPUMHHUHI JbJOH KUJIMHUIIM. Jluccepraius MaB3ycu
Oyiinua xamu 45 Ta WIMHI WIIM YOI STWITaH, wIyaapaad, 1 Ta MoHorpadus,
V36exncron Pecny6nmkacu Onuif  aTTecTanus KOMHCCHACHHHHT —JTOKTOPIHK
IUccepTalysyiapyd aCOCUM MMM HATUKAJIAPUHU YOIl STUIL TABCUSI ATWITAH WIMHUN



Hampiapaa 17 ta makona, *xymianad, 15 Tacu pecnyOnuka Ba 2 Tacu XOPUKHUHN
KypHaJIJIap/ia HaIlp 3THITaH.

JluccepTauMAHMHT Xa:KMH Ba Ty3uwaummnu. Jluccepranus TapkuOW KUpHIIL,
oewmta 600, xynoca, 115 ¢doiinananunran anabuérnap pyixaru Ba wioBajapiaH
nbopar. JluccepranussHUHT XaKMH 185 OCTHU TAIIKUJI STraH.

JUCCEPTALIUSITHUHT ACOCU MAZMYHHU

Kupum xucmuia yTkasmwirad TaAKUKOTIAPHUHT J0I3apOIuTry Ba 3apypaTu
acoCJIaHTaH, TAIKUKOTHUHT MaKcaIu Ba Bazudasiapu, 0ObEKT Ba MPeAMETIapy TaB
cuduanras, pecryonauka (aH Ba TEXHOJIOTHUIAPU PUBOXKIIAHUITUHUHT YCTYBOD
WYHAJIAIIJIApUTa MOCIIMITYA KypCaTUirad, TaAKUKOTHUHT WIMHUHN SHTWIATHA Ba aMa
Ui HaTHKanapyu 0a€H KWIMHTAH, OJIMHTaH HATWXKAJIAPHUHT WIMHUI Ba aMaiui
axaMHsITH 04u0 OepuiraH, TAAKUKOT HATHKATAPUHU aMaTuETTa KOPU KUJIHIIL,
HAIIp TUITaH UIJIap Ba JUCCEPTALUS Ty3WIHUIIN OYiinya MabiyMOTiIap
KEJITUPUJITaH.

HucceprauusHuHr «TaOuMuii-TeXHOTeH THAPOreoJIOTHK O0beKTJIAPHH
KATbHIMAC TYIUIAMJIAPD Ha3apUfCH aCOCHIAa TAAKUK KHJIMII Ba KapopJjap
Ka0yJl KWJIMII KOHIENUUSCHHU HILIA0 YMKMIDY 1e0 HOMJIaHTaH OMpUHYHU
0600uaa VYnuanuiap kapa€Hiapuia HMHCOH TabCUPUHU KaMaWTUPHIL, TYpiu
XapakTep/lard MabJiyMOTiap MaHOaanapuiaH (COHJIM, JIMHTBUCTHK, TAaCBHP)
ax00poT onuul acocuaa (hoinamaHuII Kupau.

Ma3kyp KOHLENIMSHU KOPUM  KWIMLAAH  MakcaJl THJIPOreoOTuK
OOBbEKTJIApHU  TAAKUKOT KWJIMII HATWKaJapUHU TYpJIM HYKTad HazapiaH
(MenuoparuB, cakJiall, KOJIOTMK, UKTUCOIUN Ba X.K) TaAKUK KUJIUII Ba LIy acocaa
Typau edumiiap KaOyn Kuiviaup. by ypunaa, TaOUUuiA-TEXHOT€H TUAPOreOIOrHK
OOBEKTIIapra TETHILIM MabIyMOTIAPHUHT HOAHUKIUKIAPUHUHT KEeJIUO YUKHUII
cababnapu Ba Tabuaru, Xxamja yJapHU KaMaTHUpUII WYUIApUHU TOMMUII Kam
ypranuiran Ba aon3ap0d myammonap cupacura kupanu. Iy cababmu, skcneptiap
TUIPOr€OJIONIAPHUHT THIPOT€OJIOTUK OOBEKT XaKWJaru JMHIBUCTHK KYPUHMILIA
udomasanran OWJIUMJIAPUHU OJIUII Ba (OPMALIAITHPUIN Ba COHJIA , SBHU
KaTbUiiMac COH KypuHMIIKAa udomasamra HMMKOH OepyBUM alrOpUTMIIap Ba
JacTypuil BocuTanap uHUIA0 4YWKHUII camapanuaup. byHpa, Tagkukor onub
oopunaétran TTITO mnapamerpiapu xakuaa 3apyp MUKAOp Ba cudarra sra
MabJIYMOTJIAp OJIMII XaMMAaBaKT XaM WJIOKHCU WYKJIWTMHU TabKUIJIAII JIO3UM.
Bynunr acocuii cababu ep ocTU CyBIM Karjamyap TaOUUil peKuMU Oy3WIITaHJIUTU
XoJIaTuAa, KYI COHJIM TaxpuOanap YTKAa3uIl ydyyH Oup XWJI 3apyp LIapoUTIap
SAPATUIIHUHT MUMKOHUATH WyKmuruaup. by Vypunga, KTH npunnummapuHuHr
TTITO napra Teruuuid MabIyMOTIapHU TYIUIAll, YJIAapHHU HILJIAII Ba Kapopiap
KaOyJl KWJIMII MHTETPpaLMsUIallyBU MOJCIIAIITUPUII Ba Kapopiiap Kaoys
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KWIMHUILHA Kapa€HIAPUHUHT aCOCIWINTY JapaKaCUHU OIIUPUITHUHT MYXUM
OMWJTUJIUD.
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1-pacm. Typin mabaymoraap mapoutuaa TTI'TO napun karbuiimac Tyniaiamiaap
HA3apHUsICH ACOCHIA eYUMJIAP KalyJl KWJINII KOHIEeNUsiCH

OOBeKT Xycycuard MabJIyMOTJIAPHUHT KaTTa KUCMHU dKCTIIepTiIapaaH
OJIMHTaH COHJIM OVIMaras Ba TYJMKMAac Tap3Jard MabJIyMOTIapaad uoopar Oyiaran
xoJutapja, Oynaai mabiaymoriapuu unvianiga KTH Ba karbuiiMac MaHTHK
NpUHIMILIapUAaH QoianaHuIa u.

MabiymoTinap €TUIIMACIINMIY, VAAPHUHT WINOHWIWJIMIK MacT OyiraH
XOJUtapia Kapopiap KaOyn KWiIdil MaBxyd Oynran Oapua, Typiaw TaOWaTiu
MabJIYMOTJIAp ACOCHAA amajira omMpuiagud. byHaa, ruaporeoloruk TagKUKOTIap
HaTIDKaJlapy KaMMJla y4Ta, SbHU MEJIMOpPaTUB, €p OCTU CYBJIIApUHU CakJjall Ba
HKOJIOTMK MyaMMoJiap HyKTau Ha3apuJaH TaIKUH KAJIUHUILN JO3UM
(M.K.I'aBuy,1984). TTITO mnapHuHr Xonamjiapyd TaAKUKOTUHUHI Ma3MyHHU Ba
HATIDKAJIAPUHUHT  KYJJIAHWIMINK ~ Kapopiiap KaOyl KWIMHHINKA CTParusCUHU
aHUKJAIITUPUINTra WMKOH siparagu. Kapopmap kalOyn KuiuHUIIM Y3 HaBOaTtuja
IpeIMeT COXaHU TYJaauru OuiaH Kapall Ba TaXJIWJI KWJIUIIra aCOCIAHUIIM JO3HM.
bynpmait énmomyB TTITO mapHM KOMIUIEKC TaAKUK STUII MOJEIWHUHI ACOCH
0ynu6, OyHaal )kapaéHHUHT KOHIICTITyall cXeMacHu |-pacMjia KeITHPHIITaH.

Huccepranusaauar «KarbuiiMac MabaymMoTIap CajJMOFrd IOKOPU OyJraH
HIAPOUTJIAPAA KapopJaap Kal0yJl KWIMIIra KyMaK/JAIIUII KAPAEHJIAPUHU
MaTeMATHUK MOAe/UIAINTUPUID 1e0 HOMJIAHraH HUKKMHUYM O00uja KarbuiiMac
MabJIyMOTJIAp CaJIMOFHM IOKOpH OYJraH miapoumiapia Kapopiap KaOydl KuJura
KYMakJIalluil ~ >Kapa€HJIapUHA ~ MAT€MAaTUK  MOJEJUIAIITHPHUIN  Macajiajapura
Oarunuianrad. bynaa Typnu Xuil MabJIyMOTJIAPHU JIMHTBUCTUK KYPUHUIIAA HIUIALT
Ky3/1a TyTUIa M.
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Tabunii-TeXHOTeH THUAPOTeOJOTUK OObEKTIAp Xojariaapu Oyiuuya edumiiap



KaOyln KWJIMII OOBEKTHUHT XO3WPTH Ba aBBAJITU XOJATIAPWHHM TAKKOCTAII acOCHIa
amManra omupwiaad. Maskyp xojar Oyinda TaOMUN-TEXHOTEH THAPOTrE€OJIOTHK
oObeKTIap OWJaH SAXIIM TaHWII OYyJraH Ba HMUUIAl Taxpubacura sra Oynran
MyTaxaccuc TUAPOreOJONIApHUHT (PUKpIapu, UIll TaxkpuOagapu Ba OUIMMIIApUIaH
KEeHT (oiiganaHuaIu.

Eunmiap kaOys KWW alTOPUTMIIAPH XOJIATIN TaXJIMIra acoCIaHa i Ba
Kydugaru eaumiap Kaoya KWIMHHUIIA MyMKUH:

Ay - <MyMKHH OVJTaH equmiiap TYIIaMu>

A4,- <MyMKHUH OYJIraH eyumiap U4K/ia KepaKkiiv eyumMiap TyrjaaMu>

P 4,,- <npo(rIaKTUK XapakTepaaru equmiap TyriaMu=>

A~ <OrOXJIaHTUPHUIL XapaKTEPAAru e4umMiIap TyIjIaMu>

TA - <aXpaTWIll XapakTepAaru edumiiap Tyruiamu>
PAC Ay, A= Ay AU AU 4

nu BCU JU

Eunmnap: <ommpuir>, <kaMalTHUpUIIL>, <Y3rapTUPMACIUK>, KaOU KYpUHUIILIApa
Oepuinaau Ba Kyhinnarnya udomaiaHaiu:
, » - JII yayH «Ommpuin»; < D T X >
j j
<ITX>;: /P
, , - JII yuyn «Kamaiitupum»;
,, -JI yayn «V3raprmacmiiy; JITT D, Z,

j
<ZTX>;z I, ,{«0upo3», «Ky4In»},

{«OUPO3», «KywIn» }, {«Y3rapTUPHUII KEPAK dMACH }.

Huccepranusana kKaOynl KWIMHAAUTAaH YMYMHA €Y4UM MYMKHH OYiraH
€UMMJIADHU  KaTbHiiMac Oaxojaiira acocjaHraH €HuiaMacu KYpUHUIIUAATH
AQHAJIUTUK KYPUHUIITA KeITUPUITAIN.

'R=W,R)AR+,(R)AR+,(R)AR,
. 1 i j J
A R

WoR=VRRUR=VRRPUR=VRR()(,)()()()()-

I D
RD RZ

JiJ

[Mlynu anoxuaa TabKUAJIAII JIO3UMKH, THAPOTEOJIOTHK OOBEKTIAp XOoJIaTiapu
OamropaTy HaTwXKajgapu TYpJH MyaMMmoJiap HYKTah HazapuaaH(MeJIHOpaTHB, €p
OCTH CyBIapUHU U(DIOCTAHUIIIAH CAKJIAI, SKOJIOTUK) TaxJIMJI KUWIMHUIIM JIO3UM Ba
oIy acocia, xamja BakTra OOFJIMK Tap3fa KalOyl KWIMHAAUTaH e4umiiap y3apo
MYBO(DUKIAIITAPWINILIY J03UM. byHIan KaOyn KWIMHAIWTAH €4uMIIap Opacuaaru
OOFJIMKJIMKJIAPHU XapTapadiiaMa 4yKyp TaIKUK KWJIUII MyaMMOCH F03ara Kelaju.
dapa3 KWIAMIUK, METHOPATUB MyaMMO fo3ara KeJHIIU MyHocabatu OumnaH'?

, R, RxeTmMa-keT eunmiiap KaOysl KMJIMHTaH OYJICHH:
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;0,0 ,a - k -xomar yuyH Moc Tepmiiap terunumiank k =1,2,3.,

k
2

byHKIMSIIap KHMAaTIapy.
' R Ba’ R eanmiap opacuaaru y3apo OOFJIaHUIIIIApHU 0axojall Kyiuaaru
TapTHOAa amManra OUIUPUIAIN:
1 2
1.' RBa’ R eanmuap ,
I 92

I, Dy, DBa ap Gyitnua éinnaan:
2. YMyMU#l €4UMHU TOTUII Y4UyH Oapya terunuminuk Gyakuusmapu J D,D,, ()
IJ D IDIBa( s )
MRR,(,) "2U R, R Kuitmatiapu
]2(9) “RIRI’(D)

XucoOJlaga M.
1 1222 1222

1211

3. Kuitmatnapu 0,4 1aH KMYMK TETMUUIMIUK QyHKUMAIapH Tanwiad o0opuiaim.
4. SIKyHu# €4uM RHUHI;,
1, D,,Znap 6yiinya €iinnmacu cudaruia

AHUKJIaHAIH.

HMuccepranuaHuHr  «TaOumil-reXHOreH  TUAPOreoJIOTMK  00beKT/Iap
TACBUPJIAPUHU PaKaMJIM HNILIamD 1e6 HomimaHran yuyunuu 6o6una TTITO nap
VIyH MYXUM MabIyMOT MaHOam OYynraH Xydaymajiap TAacBUPJIApPUHHA paKaMIn
unuiamra Oarunuianrad. byHpmaih oObeKTIap MabiyMOTIap ETUIIMACIUTH Ba
UIIOHWIM 53Macjiurd, XamJa KarbUiiMac MabiIyMOTIap CAJIMOFU OKOPWINIH,
XOJIaTJapyHU aBBaJJlaH Oamiopar KUJIWIIHUHT WJI0XKU HYKIUTH KaOunap cababiu
HOQHWKJIMK Japa)kacu IOKOpW Oynran oObeKTiap cupacwra kupamd. byHpmaii
[IApOUTIAPA, THIPOTCOJOTUK OOBEKTIAp TacBUpPJApHIaH axOOpOoT ONHII >Kyaa
MyXHM Ba KaM ypraHwiradn Mmyammo O0ynu0 xucobnanamu. byHna acocuii 31u00p
pakamuin Tacsupnapaad TTITO reoaxOopoT MoJenu Y4yH KEpakjid TOIOJIOTHK
AJIEMEHTIIAPHU PACTPIAUTHPHUILI OPKAJIM AHUKJIAIITA ACOCIaHTaH.

TTITO napHM yJapHUHT TACBUPJIAPU ACOCHAA TAAKUK KUJIHWII Kapa€HUIa



TYpJIM THAPOTEOJIOTUK OOBEKTIAp XapaKTepUCTUKANApH(OOBEKT Xymyau Oyinda
OMp>)XUHCIIUMAC ETKU3UKJIAp, TEeXHOreH (akropiap TabCUpH, HUMIOCITAHTHUPYBUH
MoJJalap Ba X.K.) uerapajapHu aHuKJall Ba axpaTuil KkaOu wmacananap
non3apoaup. TacBupiiapaaru yerapanap paHmiap y3rapuiiu, CUpTIap y3WIHILIIapH,
EPKUHJIMK Ba COSUITAPHUHT Y3rapuiliapy Ty(dailsiv By>Ky/ira KeJIulIi MYMKHH.

Arap outrra TTITO Oup HeuTa TAaCBUPIAPUHU OJUII WMKOHUSTH MaBXKY/
Oyica, y XoJi/a TacBUpJIap OKMMHUHHU caMapalld MIUIAIl Ba Cakjiaml OWiaH OOFIIUK
MyamMMmoJjap ro3ara kemaad. Jlucceprauusga  THIPOTEOJOTMK — OOBEKTIIap
TacBUpJlapura unuioB Oepuiiga Ajgamap MaTpulalapyUHU MIAKJUTAaHTUPHIIL acOCUIA
XUCOOJaNUIapHU MapajuleJUIAlITUPUIL Macalalapy Kapasaiu.

bynna Apnamap oproroHan 6asuc (yHKUMsUIApU acocuja TacBUpJapra
UIUIOB Oepull >kapaéHUWHU MNapaUie/UIalITUPUII aJdrOpuTMIIapu Ba JAcTypiiapu
unuiad YUKUITaH.

Huccepranusana ArcGIS, Erdas Imagine, ENVI pactypuii komruiekcnap
acocuga TTITO TacBupnapuHu pakamiid HIUIAll Macaianapu Kapanaau.byHna,
baifec kmaccudukaropura acociiaHraH YKUTHINTA acOCIaHTaH CUHQIAIITHPHIL
YCYIMHU KYJaHunaau. Maskyp €HJIONIYB SHT FOKOPH 3XTUMOJUIMK OUIaH TETUILLIU
CUH(HM aHUKJIAlITra UMKOH OepyBUHM Ba OyHJ1a alloCTEPUOP MAKCUMYM
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Oaxora acocinanyBYM balileCCHUHT CHH(IAITUPUIL yciyOura acocaaHraH
Kydugaru cuH(IamTupum Moaenuaad GoiiiaaaHuIau:

In() [0,5In( )] [0,5() ()()]'D =a.— Cov.— X—_MCTCOVCX— M.

Oy epna: D — HopMmanamraH macoda (3XTHUMOJUIMK Oyilmya); ¢ — acocuii
cund; X - acocuid THUKCETHUHT BEKTOPUHU YmyaniM.—~ ¢ cuH(}p TaHIaHMa
KUMMamiapu ypra KuMMariapu BEKTOPHU C;c @ - UXTUEPUU ACOCUM BEKTOPHUHI C
cuH(ra TETHNIIWIMTHHUHT (Qou3iau 3XTuMoumra (ctangapt Ttap3aa 1,0, €ku
anpuop OwiuM acocuna KupuTwiagu;Cove-onarnard ¢ CUH(Qra Teruiuim
MUKCEIJIApHUHT KoBapuannoH Marpuniacu;Cov.- Cov HUHT JeTEPMUHAHTH;

" Cov- Cov.ra Teckapu MaTtpula; 7- TpaHCIIOHUPIIALLL
JluccepraiussHUHT «TaOuni-TexHoren THAPOreoJI0ruK
o0beKT/Iapra  Teruuuid pactpau mabiaymoriaap acocuga TTITO HuHr
reoax00poT MoOJeJUHU MILIA0 YUKHID» 1e0 HOMIIaHraH TYpTuHuM 600unga ['TO
Japra  TETHIUIM pacTpiau Mabiymoriaap acocuga TTITO wHuHr reoaxdopor
MOJICJTMHU HWIUTa0 YUKUIITa OaFuIIlIaHTaH.
Maskyp xapaén Kyiugaru 60cKuwiapaan uoopar:
1. bepunran xapura €ku TacBUpAaH QoiaaaHu0 XyITyIHUHT 3JIEKTPOH
KapTaCUHHU SIPATHUILL.

2. Xynynuii Ba arpuOyTUB MabliyMOTaap 0a3acu sipaTHIaid BA MabIymMoTiap
TOTIOJIOTHK 00BEKTIap OusiaH OoFiiaHaIu

3. XyAyIHH MENHOpaTUB, €p OCTU CYBJIM KaTjiaMJapHU CyBHU XUMOsUIAll Ba



DKOJIOTUK HYKTaW Ha3apJaH TaJKUK KWJIUII ydyH Ounmumiap Oazacu

spaTHIIaIu.

4. TeoaxOOpOT MOAECUIAIITUPUII aACOCHJA XYyAyAd KUCMIIAPUHUHT MabiIyM
MyaMMO HYKTau HazapJaH KJIaCCU(PUKALIUIICU KaBasu
aKJUTAHTUPUIIAIN.

5. Uxkku Ba y4 MyammojaH HOOpaT TeMaTUK Kamiamjap opacuiaru
Oornanunuiap kKoppemsauusicn «CHDKURANTaH OWHa» yCyld acocuja
amaJsira OLMpuIaan.

TemaTuk KaTiamiap opacujaru KOPPENslUOH OOFJIaHUILIAD JJIEKTPOH

KapTaHUHT Xap Oup HykTacu yuyyH «CWDKUWIWraH OifHA» aJrOpUTMH acocujaa
amanra owmpuiaau(Tukynos B.C.,1997):

22RAAA= RAA+ RAA_ RAARAA_ RAA

1231213121323 (2)/(1 )
Z 22"
R, dnn=--
16/()
i
6,/ =1,3;

Hucceprauusgaunr ma3kyp 6o6una ERDAS IMAGINE nactypu acocuna
XyoyaJap KOCMUK TaCBUPUra pakaMJIM UIIOB OEpHIll UKKK OOCKHYa amaira
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OIIUPUIIAN: OOLIJIAHFUY CTATUCTUKAHU MIAKJUIAHTUPUIIL Ba 1acTIa0KU
KJIaCCU(PMKALIMSTHU aMaJlira OLUUPUIIIN.

Keitunrn Oockuuna signature editor MONyIW acocuia KOCMHMK TaCBUPHUHT
CHEKTpaJl CTaTUCTUKACH amajra OIIUPWIIN Ba supervised classification momynu
acocuia Kiaccu(UKalUsHu amanra OLIMPHIN Y4yH CUTHaTypanap (aitim xocuid
KWIMHAU (CUH(JIApPHUHT TacBUpP CHEKTPaJl XapaKTEpUCTHKAIaApu KyN YIYOBIH
dazocuna). Harmxkana Kopakanmorucron Pecnybnukacu mumonuii 30oHacu(KPILL3)
KOCMHUK TAacCBUPHU acCOCHJA PACTPiId CHUHQIIAIITHUPUIN KATIaMU XOCHJ KUJIUHIH.
XynynHuHr KocMuK TacBupiapu Landsat 7 (2000 i.) Ba Landsat 8 (2015 i)nan
K-40-b xynynuii 3ona yuyn 1:500 000 macmirabaa onuuau. TagKUK KUJIUHAETTaH
XyIyll yMyMUii Maiinorn 44 206,4 kM® Hu Tamkui staau. byria, Taceupiarn 6apua
00BEKTIIap WYUA PaHIIIAp EPKUHIUTH OWIIaH axkpanubd TypyBun 9 Ta paHIIU pacTp
Ba TAJIKUKOT YUyH Xyaya Oyitnda Kyiujgaru 3 Ta 00beKT aXpaTuO OJMUHIM:

+ CyBIu Katjiam.

« VCHMITHK KaTJIaMH.

* Ty3nu MuHepasiapaH TallKWI TONTaH TYMPOK KAaTIaMHu.

KPUI3 auHr cuHnamtupuiirad KOCMUK TacBupH acocuga ArcGIS myxurtuaa



MOJIEJTAIITUPUIL amalira omupuian.OnuHrad Harwxkanap(2-pacma) Ba 1,2-
KaJBajuiapJa KeITUPUIIH.

Kentupwiran Hartwxkanmap acocuja Xyayd 53Koioruk xonaruHuHr2000iimira
HucOaran 2015 iunra xkenu® Xydyd yCUMIIMK MaiJIOHJIapy KamailTaHjgurd Ba 11y
Ounan Oupra TYNpOK IIYplaHWIIM OwiaH TaBCU(IaHYBYM MalAOHIAPHUHT
Xy[IyOIUHUHT OLITaHWHU Kypcaraau

2000 i1 2015 i

2-pacm. KocmMuk TacBMpH acocuaa pacTpiiu
cHHpIAIITHPHII
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Ta6auna Nel. Kocmuk tacBup acocuna Kopakannoructon PecriyOnukacu mmmonuii
30HACUHHUHT 3Ta KaTjiaM OVinda JaBpHi Y3rapHIlu.

Nunaap CyBau Katjiam YcuMIIMK KaTjiaMu Ty3nu
MHUHepaJIapAaH
TAIIKWJI TONTaH




TYNPOK KaTaamMu
2000 4256,4 km* 9708,9 km* 5089 km>
2015 4108,6 xkm* 5587,9 km* 9716,5 km*

15 iiun dapku 147,8 xm* 4121 xm? 4627,5 km*

KU4UuK KUYUK Kamma

Tadomamua Ne2. Kopakannoructon Pecriybnukacu myuMomuii 30HaCMHUHT 3Ta KatiaaM 0yiinda

JIAaBpUH y3rapuIIUHUHT (Hon3Iapaa TMHAMUKACH.

Hunnap CyBJm KatTjiam Veumimk Katiaamu Ty3u
MHUHepaJJIapAaH
TAIIKWJI TONTaH
TYNPOK KaTJIaMH
2000 9,6 % 22 % 11,5 %
2015 9,2% 12,6 % 22 %
15 itun dapku (%) 0,4 9,4 % -10,5 %
KUYUK KUYUK Kamma

HMuccepranuaauir « KoMnpoTepaamTupuirad TH3SMMUHUHT Kopakas norucrox
PecnyOsinkacu ImyMoJInii 30HACH OYHHNYa MOHUTOPHHI TAAKUKOT JIAPUHU
TAIIKHWJI KWIHIIIA aMaJIui KYJUIAaHWJIMIIW) 10 HOMJIaHTaH OemuHYr 000u
re0ax00poT TEXHOJOTHIAPH ACOCH A UIILIA0 YMKUITaH eduMIIap KaOysl KHJTHIII
KOMITbIOTEpIAIITUpUITad TU3UMUHUHT Kopakanmnoructon PecniyOnukacu
IMMOJIUI 30HacH OYiiYa MOHUTOPUHT TAJKUKOTIAPUHU TAIIKWI KWIHIIJIA aMaliui
KYJJTAHWINIIKUTA OaFuIlIaHTaH. Xy0yoHuHe 2uopozeono2ux wapoumiaapu. 1'eonorux
HYKTau-Ha3apjaH oJIraHjia KapajaaéTran Xy/yJl HEOreH JaBpU KyMJIuJa >KOWJIallran
TYpTIaM4H JTaBp aJUTOBUA ETKU3UKIapaaH noopar. CyBiu Kariaamjap TypTiaMuu
JaBp KyM apanaiiral ETKu3ukiapaan noopar. Jloinu 12- 17 MeTp 4yKypaukia,
TEKHUC TaKCHUMJIAHMAaraH JIOWJIM KaTjaamiiap >KOWialiraH.

Ymby >xapaéunapaa KyWuaard MasMyHJIard TEMaTUK XapuTajap Ty3WIaJlu:
reopuIBTpalioOH MapaMeTpiapHu (a30BH TAKCUMIIAHUIIN; €p OCTH CYBIIM KaTjam
Oamanciapu (pa3oBUl TaKCUMJIAHMINM, TeOoQUWIbTpalus Ba TUIPOTCOXUMHUS
Macajajgapu OONUIAHFUY IIAPTIAPUHUHT (Aa30BUM TaKCUMJIAHUIIH, €p OCTH
CyBJIapu OKMMJIAPUHUHT yerapaBuil mapmiapu. Iy TaxjauT oJMHraH MabIyMOTJIap
TEMaTHK KaTjamJjiap Ba Xapurajap KYpUHUIIKIA KOMIIbIOTEPIAIITUPUITAH THU3UMTIa
UHTErpalusl KWIMHAIM Ba TeoPWIbTpAllUOH TMapamMerpiap, OOIJIaHFUY Ba
YyerapaBuil MapTIapHU aHUKJIAIT YUyH XHCOOAIIl SKCTIEPUMEHTIIAPU YTKAZUIIA U,

[Ily TtaxJUT OJMHTaH MabIYMOTIAP KOMIIBIOTEPIAIITUPUITAH TU3UMIa
TEMaTUK KaTiiamjiap Ba Kaptajap cudaTuia KUPUTHIAIA Ba TEMaTHK Karjamiap



opacuzard y3apo OOFJIaHWIN «CHWDKUWIUTAH OiHAa» yCylmH acocuaa OaxoliaHaau
(3-pacm).
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Kapanaérran xynyn reoax00opoT MOAEIN TOIOJOTHK 3JIEMEHTIapu cudaruaa

HYKTaBUH (CyB OJIyBUM KyIyKJap, Ha30parT KyAyKJIapH), YUM3UKIU (MHPUIBTpaus

KaHaJlapy, THAPOU30THIICTap, GUATbpalus coXacu yerapajapu Ba X.K.), MalJOH

KypuHnmuaaru (puiasrpanus xycycusmiapu Oyinda akpaTWiraH 30Hajap, axoju
A1an XyAayajgapy Ba X.K)Jap OJUHAM.

B S
®

CCIXE FAT sasaan

| o i | i e L b b

=

F

i

L

w

=

= =

= Loty bl 0D DM 08T 9 Doral ) Gl
H DI DEORE  JBSET  DGREl  5SES DS DS 06
._ L s Bk 41 BREE 0 FEEE ] PR 0] 0 4] RRAEE
B | | coass  .omemy  aSsEd DRl OSSR OFFH DS 5
: L FFIL -DSRIES 41 B (OB s 4] PET1 ikl e ] L FFE 41 PR

T R T TE N TN TN S ST E N TTTEE S SRR FTTEE RER T
B " '

3-pacm. «CWIKHIIUTAH OMHA) YCYJIH ACOCUAA aMaJIra OIIMPHII AJITOPUTMH

Omuuran Hartmwxanap KopakammoructoH PecnyOnmukacu MIMMONHA 30HACH
THIPOTEOJIOTO-MEITMOPAaTUB ~ Ba  DKOJIOTUK  MIAPOUTIAPUHUHT  T€0axOopoT
MOJICJUTAIITUPHINTA aCOCIAHTaH XYIy[Oud MOIEIN acoCHaa THUIPOTeOJOTHK
OOBEKTIIAPHUHT TY3WJIUIIN, JUHAMUKACU Ba TOIOJIOTUK JJIEMEHTIAPH OpacHIaru
ax0opoT myHocabatnapuaaH ¢hoigamaHuI UICTUKOOJIITN SKAaHUHH KYpcaTain.



['eoax6opor TexHomorusuiapu Kopakanmoructon Pecnybnukacu mmMonaui
30HACH €p OCTH CYBIIapW JWHAMHUKACUHU YPraHUIIHUHT CaMapalid BOCHTAJIAPUIAAH
O0Ynu0, ep OCTU CyBIApPUHUHT caTXjapy Ba KOHIICHTpAIUsIIapH XaM/la YerapaBuit
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mapmiapugad XyAayl TreoaxOopoT MOAETUHUHT aloXHuaa MaB3yidd KaTiamiapH
cudaruga dorganaHUIl HMKOHMATH OYnu6 xucoOmanamu. Illy Taxmaut Xocum
KWIMHTaH  MaB3yJdd  KamiamiapaaH  KapamaéTraH  Xyayld  THAPOTCOJIOTHK
MIAPOUTIAPUHUHT  y3rapuind, GUIbTpAIUs COXACHHUHT  OUPKUHCIMMACIIATH
mapouTua reo@uIbTpals napaMmeTpiapuHid aHUKJIAIITAPUIN OViinya XucoOmanr
OKCIIEPUMEHTIIAPH YTKA3HIIAA (GOM1aJaHUIIl UMKOHUSATH SIPATHIa/IH.
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4-pacMm. Kopakaanorucron Pecnydjankacu mumosimid 30HACH THAPOre0JI0TruK
HIAPOUTIAPUHHUHI Ie0ax00pT MOA e

Hactnabku ©Oockuuna, ArcGIS pmactypuit myxutu ArcCatalog nactypuit
Bocutacu acocuna Kopakanmnorucron PecnyOnukacu muMosnnii 30Hacu reoaxoopor
MOJICJIMHUHT CTPYKTYpacu TalIKWIIAIITUpWIaId. Ma3kyp MOJETHUHT TOMOJIOTHUK
AJIEMEHTIIapH: TOJUTOHANI(TyMaHIIap, XY KaIUKIap, Xyay/iap), YH3UKIH(TyMaHiap,
XYKaIMKJIap 4erapajiapu,uymap, maapénap, KaHamiap), HYKTaBUH(CYB OJUII Ba
Ky3aTulll Ky1yKJ1apy, adlpuM MHIIOOTIap Ba X.K.) (4-pacm).

Kopaxkannoructon Pecriybnukacu mumosunii 30Hacu reoax00poT Mozeu
acocujia €p OCTH CH30T CyBJapH CaTXJAPUHUHT Ba UIYPIAHUIIMHUHT Y3rapuIil
JAPUHUHT OOIIKAa 00bEKTIIapra TAbCUPUHU YpraHuil OYyiinda Xucooar 3ciepu
MEHTJIApU YTKa3WIIJIH.

ArcGIS wunr Spatial Analyst naketTupaH QoiiaraHWIIM Ba OJUHTaH
HaTwkanap myau kypcaraauku, 2010man 2015 #inmap moGaiiHuAa CU30T CyBiIap
CaTXWHUHI IIMMOJI TOMOH HYHAJIMIIUAA MACTIAIIMIIN Ky3aTuiaau, OyHIa CHU30T
cyBiapu catxu 0 gan 1 merpraua Xymaymajiap MaWJoOHJIapyW aHYaruHa Kamasju, IIy
Owinan Oup KaTopja €p OCTU CH30T CyBJapu caTxu lmerpaaH 2 merpraya Oyirax



Maiiionnap yaymu opraau (S5-pacm). llly acocaa Tabkuanam MyMKHHKH, €p OCTH
CU30T CYBJApPUHHUHI caTXJapH MacallaHJINTY LIypJiaHTaH MaiJoHap XyAyIUHUHT
opruiura oau6 kenaau (6-pacm).
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Kopakanmorucron PecryOonukacyu mmMMOIUi 30HACH XYIyIU1a CU30T
CyBJIapU CaTXJIAPUHUHT MAacaluily TeHACHIUACU

2010 i 2015 #

0-1mM1-2M2-3M3-4Mm4-7Tm™m

5-pacm. I'eoax6opor MoxetamTupui acocuaa Kopakaanorucron Pecnydankacu
IIMMOJIUH 30HACH XYIYIH CHU30T CyBJIAPH CATXJIAPUHHUHT Y3rapHIIUHU TAAKUK ITHII
OViinm4a Xuco0J1all YIKCIEPUMEHTIAPH HATHKAJIAPH.

Kopakannorucron Pecnybnukacu mmuMoauii 30HaCH CU30T
CyBJapu WIYpPJIAHUIIMHUHT y3rapuiin

2010 i 20151




0.0-1.07M 4 6_3.0 1/n 3,0- 5,0 F/n 5,0- 10,0 r/n 10,0- 180.2 r/n

6-pacm. I'eoax0opot MonetamTupum acocuaa Kopakaanorucron Pecnybdankacu
LIMMOJIMH 30HACH XYAYIH CH30T CYBJIAPH IIYPJIAHMIIMHUHT Y3rapyuIIMHU TAAKUK dTHII
Oyiin4a Xuco0Jam IKCIePUMEeHTIAPH HATHKAJIapH.

TaOuunii-TeXHOTeH XapakTepJard THIPOreOJOTHK OOBEKTIIAPHUHT Te0ax00poT
MOJICIUIAPHUHU  SIpATUIIJA THUIPOTEOJIOTMK OOBEKT Ba Te0axOopoT Mojenu
opacugard MabIyMOT aJMallyBHH TAITKWJI KAJIUIIIIA KOOPIUHATA
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MyTaHOCHOJIUIUra amai KWIMII XamJa TeMaTUK KaTjaamiap XOCHJI KWJIHUII acoCHa
TUIPOreOSIOTUK OOBEKTHH KOMIUIEKC TaJAKUK KWIMII acocuja eyumiap Kalyl
KWINILI MyXUM aXxaMusTra 3rajiup

bynna temaruk kamiamiap cudaruaa, Oup Macmradaaru CU30T CyBIap
carxjapu, MHHEpaJUIAllyBU, TeOoQUIbTpalusd MapaMeTpIapUHUHT  XydyIun
TaKCUMJIAHUIIM, CYFOPWJIQJAUTIaH MaWJIOHJIAPHUHT CyBra OViran sXTUEKIapH
KaOUJIapHU KEJITUPUIL MyMKUH. ByHJ1a By>Ky/Ira KeiyBuu OCJITUIN XapaKkTepaaru Ba
(hazoBuii MabIyMOTIAp reorpauk aHUKMacIuKIapuHu kamaitupuiiga ArcGIS
HUHT KaThbUMac XydyIuid MabIyMOTIap OWJIaH WILIANra UMKOH OepyBunm Fuzzy
Overlay, Fuzzy Membership wuHCTpyMeHTan BocuTanapugaH Qoiinananuiil
Makcajra MyBoO(UK.

XVJIO0CA

«Tabuunii-TeXHOreH XapaKTepJard THUAPOTCOJOTHK OOBCKTIAPHH TIe0axOopoT
MOJICJUTAIITUPHIIl  aCOCHAA Kapopiap KaOyl KWJIWIIHA KyBBATIIOBYM THU3UM»
MaB3yCHJaru JOKTOPJIMK JUCCepTalusich Oyiinda onud OopuiraH TaaKUKOTIAp
HaTKAacH/la KyHuaaru xXyjaocanapra KeJIHHIU:




1. Typnu xungaru mabiyMoTiaap (COHIHU, cudaT KYpUHUIINAATA JTUHTBUCTHUK,
pacTpiu, XyIyaui Ba X.K.) OWJIaH WIUIANI re0axO0pOoT-aHAIUTHUK KOHIIETIIIUSICH Ba
KaOyll KWIMHTaH €UYUMJIApHU JIMHTBUCTUK HMQoJajall aJropuTMiapu Ba JacTypuit
KOMIUIEKCH HIUiad 4ukwiad. KoMmbloTepnalmTupuiarad TH3UM  Te0ax0oporT,
KaTbUMac-axOOpOT Ba 3KCHEPT-aHAIUTUK TALIKWI 3TYBUWJIAPHU Y3 MUMUra OJiaJu
Ba Oy TaIIKWJI TYBYHJIAP Opacuja axOOpOT ajJMaIlyBH aTOPUTMIIAPH Ba JACTYpHUi
BOCHUTAJIApU UILTA0 YUKHIIJIH.

2. Karbuitmac-manTukui Ba Caatu ycyyuiapyu acocHjia SKCIepT IMAPOreosioniap
Taxxpubanapu, OUITUMIApU Ba TaXMUHIAPUHU HOPMAILTAIITUPUIIT Ba
YMYMIIAIITUPUII YCYIIJIApH, AITOPUTMIIAPU Ba JACTYypU KOMIUIEKCH MILTa0
YUKWIIIU.

3. TaOuuii-TeXxHOT€H XapakTeplard THUAPOTeOJOTUK OOBEKTIap XoJaTiiapu
(MenuopatuB, €p OCTH CYBJIAapUHHU XHUMOSJAIl, OHKOJOTMK) acocuaa Kaoyn
KWIMHAJUTAH TYypiau XapakTepjard (OroXJaHTUPYBUM, THUKIIOBYHM, aXXpaTyBuH)
SUMMJIAPHHA YMYMJIAIITHPHUIIT MOZEIITIApH UIILUTa0 YMKUJIIA Ba ACOCIIaH IH.

4. TeoaxOopoT MOACIJIAIITUPHUIN HATWKAJIAPUHUA XOJATIM TaXJIWI KHIUILI
acocuia KaOyn KWIMHAIuUraH e4umilap opacujaard y3apo OofJlaHMIUIapHU
KaTbuiiMac Oaxojlalll  aJIroOpuTMIIapd UNUIA0 YUKWIIUW. YMYMHH €UUMHHU
KyYalUTUPUI, KaMaWTUPUIL, Y3rapTMACIUK KYPUHUIIUAATH XyCyCHUH ednmiiap
acocHIaru MOJEJIH UIUTA0 YHUKUJIIH.

5. Tunmporeonoruk o0bEKTIap TacBUpJapUAaH MabJIyMOT OJUII  Ba
TAaCBUPJIAPHU Tapajuie] UIUlall ajdropuTMiapd Ba AAcTypuil BocuTanapu Huuiad
YUKWIIIH.

6. Pactpnu MabiaymoTiiap acocuia TaOMUNA-TEXHOTEH THAPOTr€0I0TUK
o0BeKTIap re0ax0opoT MOJCIUHY SPATHII TAMOWIIIAPU UIUTA0 YUKHIIIU. 7.
“Cumkuiiiuras oiiHa” yCyly acocuja, TaOui-TEeXHOTEH THIPOTeOJIOTUK 00BEKTIIap
reoax00poT MOACIMHUHT UKKH Ba Y4 TEMATUK KaTjlaMJapu opacujaru
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y3apo OOFJIaHUII KOPPEAIMOH MaIOHIapUHU XOCHIT KWJIHIII aJITOPUTMIIapH Ba
JACTypH UIIa0 YUKUIIN.

8. Nmmald dYuKuIraH KOMIBIOTEPIAIITUPUITaH axOOpOT-aHATUTHK THU3UM
Kopakanmorucron PecmyOnukacu IMUMOJIMA 30HACH XYAYAH MOHUTOPUHTH
TaJKUKOTIIapAa KYJUTaHUIIIH.

9. Kopakannoructon PecnyOnukacu mHMMOIUNA 30HACH XYAYIU Tre0axOopoOT
MOJIEJId aCOCHJIa CU30T CYBJIapU CaTXJapu Ba MUHEpaJUIAIlyBU Y3rapuIUIApUHUHT
XyIyIHHHT OomKa oOBeKTIapura TabCHUPUHHM VpraHwml Oyiuda XucoOamr
AKCIIEPUMEHTIAPH YTKA3UJIIIH.

10. ['e0axOGopoT MOIEIUIAIITHPHUII HATHIKAJIIADUHUHT XYIyIUH-BaKTHH TaX AN
ArcGIS myxutununr Spatial Analyst naketu acocuia amanra OLUIWPHUIIIHN.

11. OnuHran HaTWKamap CH30T CYBJIApU CATXJAPUHUHI MACAMMIINHU Ba
mypaanuin gapaxacuauir 2010-2015 dunnap opaiufy/ia MKAMOJ TOMOH OIIYBUHU
kypcaraau. Kopakanmnoructon PecryObnukacu MmO 30HACHHUHT BakT OVinya
ukku gaBpra (2000 Ba 2015 i) TEruiim KOCMUK TaCBUpJIapH
ERDAS IMAGINE mnaketu BocuTacuia pakamiud Taxjiil KWinHAu. OJIUHraH



HaTWXKAJapHUHT reoax0opoT MOACJUIAIUTUPUII HaTWXKajdapu OuilaH Jesapiu
MOCJIUTHHU KYPUII MYMKHH.
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HAYYHBINA COBET 14.07.2016.T.29.01 npu TAIIKEHTCKOM
YHUBEPCUTETE UH®OPMALIMOHHBIX TEXHOJIOI' UM n
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKNCTAHA IO
NPUCYKIEHUIO YYEHOU CTENEHU JIOKTOPA HAYK
TAIIKEHTCKUA YHUBEPCUTET HH®OPMAILIMOHHBIX
TEXHOJIOTUH

OTEHMA30B PALIIN NAPUCOBHUY



CUCTEMA NMOJJEPXKKH NPUHSTUS PEHIEHUI HA OCHOBE
I'EOMH®OPMALIMOHHOI'O MOAEJIMPOBAHUA
I'MAPOTI'EOJIOI'MYECKUX OFBEKTOB ITPUPOJIHO
TEXHOI'EHHOTI'O XAPAKTEPA

05.01.04 — MaremaTu4eckoe U MIPOrpaMMHoOe o0ecreyeHue BbIYUCINTEeIbHbIX MAIINH,
KOMILIEKCOB M KOMIIBIOTEPHBIX ceTei
(TexHHMYeCKHe HAYKH)

ABTOPE®EPAT JTJOKTOPCKOM JJUCCEPTAIIMU Tamkent — 2016
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Tema TOKTOpPCKOIi uccepTanuu 3aperucTpupoana 3a Ne 30.09.2014/B2014.3-4.T166 B
Breicuieii arrecraunonHoil komuccuu npu Kadunere Munucrpos Pecny0iiuku Yoekucras.

JlokTopckas quccepTalius BoIOTHEHA B TalllkeHTCKOM YHUBEPCHUTETE HH(POPMAIIMOHHBIX
TEXHOJIOTHH.

Apropedepar amccepranny Ha Tpex s3bIkax (y30eKCKWid, PyCCKWH, aHTIUICKWI) pa3MelleH Ha
BeO-cTpaHmIe mo aapecy www.tuituz u UHabopmammonno-obpazoBarensHoM moprane “ZIYONET” mo

azpecy www.ziyonet.uz
HayuHnbliikoHcyabTaHT: YcMaHoB Pumar Husiz0exoBu4
JIOKTOp TEXHUYECKUX HAYK

O¢unuanbHble ONMOHEHTHI: Xaouoyiiaes MoOpoxum Xaouoy/iiaeBu4
JIOKTOp TEXHUYECKUX HayK, mpodeccop

MyxamenueBa [Auiano3 TyaikyHOBHA
JTIOKTOP TEXHUYECKUX HayK, podeccop

Kmynbs Bagum ApkagbeBuu (Poccuiickas @enepanms)
JIOKTOp TEXHUYECKHUX HayK, nmpodeccop



Benymasi opranusanmsi: TamkeHTCKUH rocy1apcTBEeHHbINH TEXHUYECKUl
YHUBEPCHTET

3ammra auccepranun cocroutces «1» mexadps 2016 . B 10 yacos Ha 3aceaHMy HAYYHOTO COBETA
14.07.2016.T.29.01 npu TamkeHTCKOM YHUBEpCUTETE WHPOPMAITMOHHBIX TEXHOJIOTHI U HanmoHnansHOM
yHuUBepcuTeTe Y30ekucrana mo azapecy: 100202, Tamxkent, ym. Amupa Temypa, 108. Tem.: (99871)
238-64-43; dakc: (99871) 238-65-52; e-mail: tuit@tuit.uz.

C IOKTOPCKOM JucCepTaIieit MOKHO 03HAKOMUTLCS B IHPOPMALIMOHHO-PECYPCHOM LICHTPE
TanrkeHTCKOro YHHBEPCHTETa HHPOPMAITMOHHBIX TEXHOJIOTHH (perucTpalluoHHbIH HoMep 2519) mo
aapecy: 100202, Tamxent, yin. Amupa Temypa, 108. Texn.: (99871) 238-64-43.

ABtopedepar nuccepranuu pazocias «16 » HosOpsa 2016 rona.
(mpotokoin pacceiiku Ne 1ot «16» Hos0pst 2016 T).

P.X.XamnamoB

[Ipencenarens HayqHOTO COBETA MO MPUCYKACHUIO
Y4EHOU CTENEHU JOKTOpa HAyK

I.T.H., mpodeccop

M.C. sIky0oB

VYdeHbIll ceKpeTaph HAYYHOTO COBETA IO
MPUCYXICHHUIO YUEHOH CTENICHN JOKTOpa HayK
I.T.H., mpodeccop

X.H.3aitnn1nnoB

[Ipencenarens HAyYHOTO CEMUHApA
npu HaydHoM coBeTe M0 NPUCYXKIAECHUIO YUEHOU
CTENEeHU JOKTOpa HayK J.T.H.
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BBE/IEHUE (anHOoTANMSA JOKTOPCKOM IMCCEPTALMHI)

AKTYaJlbHOCTb M  BOCTPeOOBAaHHOCTH TeMbl Jauccepramum. Ha
CEeTOAHSIIHUN JIeHb B MHPE OJHUMU W3 aKTyaJbHBIX MPOOJIEM SBISIOTCS
MOJIEJINPOBAHNE CE30HHBIX WM3MEHEHHMU MEIMOPATUBHBIX M  JKOJOIMYECKHX
COCTOSIHUM THAPOTEOIOTMYECKUX OOBEKTOB IMPHUPOIHO-TEXHOTEHHOIO Xapakrepa H
CO3/1aHHE BBICOKOI(P(PEKTUBHBIX CHUCTEM YMPABICHUS HAa OCHOBE JOCTIKEHUH
reoOMH(POPMAIIMOHHBIX TexXHOJNIOTHH. «Kaxnpiii rog B NPUPOAHO-TEXHOTEHHBIX
oObeKTax HaOMIOAAETCsl HEXBAaTKa BOJbI HA 6-7 MIIH. T€KTapax 3€MJIM, BMECTE C TEM
Ha Hallled TUIaHeTe Ha OCHOBE TeOMH(OPMAIMOHHBIX TEXHOJIOTHUH JIOCTUTHYTO
VIyYIIEHHE MEIUOPATUBHOIO COCTOSHMS 1,5 Mia. rekrapa 3eMelb A0 YpPOBHS
75-78% ¢ yderoM uX TreorpaHuuecKoro pacrojoKEeHUS U HIKOJIOTHYECKUX
0COBEHHOCTEI”.

B Pecny6nuke Y30ekucTan OCymecTBISIOTCS MIUPOKOMACIITA0HbIE HAYYHO

UCCIIeI0BATENbCKUE padOThI 110 COBEPLIEHCTBOBAHUIO CUCTEMBI MTOJIIEPIKKH



IIPUHATHS YIPABIAIOIMX PELICHUH 110 YIIYYLIEHUIO MEJIMOPATUBHOIO COCTOSHUS U
IIOBBILLIECHUS TPOU3BOAUTEIIBHOCTA UHTEHCUBHO UCIIOIb3YEMBIX 3€MEJIb IIPUPOIHO
TEXHOTE€HHOI'0 XapakTepa. B 3TOM OTHOLIEHNH POBEAEH Psi/i HAYYHO
HCCIIEIOBATENbCKUX PadOT, B TOM YHKCJIE M0 YIYUYIICHHIO MEIUOPATUBHOIO
COCTOSIHUS 3€M€JIb, UCIIOJIb3YEMBIX B Pa3HbIX O0OJIACTAX CEJIBCKOTO XO35MCTBA, 10
MOZEJIMPOBAHUIO IIPOLIECCOB BOCCTAHOBJICHHUS IUIOAOPOAUS 3€MEIIb U YIIPABICHUIO
MEIHOPATUBHBIMU CHUCTEMaMHU, a TaKXke 1Mo uX 3Q(PEeKTUBHOMY UCIOJIB30BAHUIO.

B Mupe BaxHOe 3HaYeHHE MPUOOpPETAIOT  BONPOCHI  Pa3pabOTKU
MaTeMaTUYeCKUX  MOJAENEHd  THAPOreoIOTMYECKHX  OOBEKTOB  MPUPOAHO
TEXHOTCHHOTO XapakTepa Ha OCHOBE TI€OMH(DOPMAIMOHHBIX TEXHOJOTHH U
¢opmupoBanusi 0a3 TreoJaHHBIX W3MEHEHHUW CE30HHBIX U  OSKOJOTHYECKHX
COCTOSIHUM TEXHOIEHHBIX TEPpUTOpUH. B CBA3M ¢ O3TUM OCYIIECTBICHUE
LIEJICHAIIPABICHHBIX HAy4YHBIX HCCJIENOBAHMM II0 HAIPaBICHUSAM, BKIIOYAIOIIHAM
pa3paboTKy Mozelneld NPHUHITHS Pa3HOXapaKTEPHBIX PEHICHHH B  YCIOBHUSX
HEeueTKoM nHopmMaIm, pa3paboTKy CXeMbl PACIOIOKEHUS KOJUIEKTOPHO
JIPEHAXHBIX CHCTEM C YYE€TOM IOYBEHHO-MEIHMOPATUBHBIX CBOMCTB W TIIyOMHBI
3aJleraHusl YpOBHEW TPYHTOBBIX BOJ, Pa3pabOTKy ajJrOpUTMOB M IPOTrPAMMHBIX
CPEICTB  MOJECIMPOBAHMSA  HCCICNOBAaHMN  B3aMMOCBA3EH  Pa3HOXAPAKTEPHBIX
peumieHuil  (IpeaynpeauTeNbHble, JIOKAJU3al[MOHHbIE, BOCCTAHOBUTEIIbHBIE) Ha
OCHOBE NPUHIIMIIOB TEOPUH HEUETKOM JIOTMKH, pa3paboTKy reomH(GOpMalluOHHBIX
MoOJieJield TpaHUI] Ha OCHOBE pAaCTPOBOIO H300PAKEHMs, CUMUTAETCS OAHOW U3
BOXHBIX 3ana4. IIpoBeneHue HaydHBIX HCCIEAOBAaHUN I10 BBILICIIPUBEICHHBIM
HAy4YHO-HCCJIEIOBATEIIbCKUM HAIIPABICHUSAM IIOATBEPKIACT AKTYyaJIbHOCTh TEMBI
JAHHOM JUCCEPTALUU.

JlaHHO€ IuCCepTAlMOHHOE HCCIIEIOBAHUE B OIPEICIICHHON CTEIEHU CIYKUT
BBIIIOJIHEHUIO  3a1a4, IpenycMoTpeHHbIx B IlocranoBinenmn  Ilpesmaenra
Pecniybonuku Y306ekuctan Nelll1-1989 ot 27 uronst 2013 roma «O mepax 1o

* http://www.agrowebcee.net/awuz-ru/nauka/materialy-konferencii/
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JanbHENIIeMy pa3BUTUIO HAlUMOHAIbHOW HHOOPMALIMOHHO-KOMMYHHUKAIIMOHHON
cUCTeMbI», nocraHoBieHnn KaOunera MunuctpoB Pecnyonuku Y30ekucran Ne§2
or 19 mapra 2013 roma «llopsinok BOIONOJIb30BaHUS W BOJONOTPEOICHUS B
Pecniybnuke Y30ekucrtan», a Takke B JPYTMX HOPMATUBHO-IIPABOBBIX JTOKYMEHTAX,
MPUHATHIX B JaHHOU cdepe.

CooTBercTBHE HCCICAOBAHUS NPHOPUTETHBIM HAINPABJICHUAM Pa3BUTHA
HAYKHM U TEXHOJOIrMH pecnyOJuKH. J[aHHOE UCCIECOOBAaHHE BBINOJIHEHO B
COOTBETCTBUU C TMPUOPUTETHBIM HAMPABICHUEM pPa3BUTUS HAyKHM M TEXHOJIOTUUI
pecnyonuku V. «Pa3Butue nndopmaruzanuu u vHOOPMALIMOHHO
KOMMYHUKAIIMOHHBIX TEXHOJIOTUI».

0030p 3apy0e:KHBIX HAYYHBIX HCCJEJ0OBAHUI MO TeMe JUCCEPTALHUM.
Hayunble wuccnenoBaHusi, HampaBi€HHbIE Ha pPa3pabOTKy CHUCTEM MOIJEPKKHU
MPUHATUST PEUICHUN ISl TUAPOTEOIOTMYECKUX OOBEKTOB MPUPOAHO-TEXHOTEHHOIO

4



xapakrepa ([ TOIITX) na 6a3e reonHGOPMAITMOHHBIX CHCTEM, Pa3paboOTKy METOIOB
MHTEIUIEKTyaJIn3aI1iH MIPOLIECCOB KOMILJIEKCHOTO UCCIIeIOBaHUS
THJIPOTEOJIOTUYECKUX, TEXHOJIOTHYCCKUX M JIKOHOMHYCCKHUX OCHOB CJIOXKHBIX
CUCTEM B  yCIOBHSIX HMH(DOPMAIIMOHHOW  HEONpeneJIeHHOCTH Ha  0ase
reonH()OPMAIIMOHHBIX TEXHOJOTUH, OCYIIECTBISIOTCS B BEAYNIMX HAYYHBIX
IIEHTPaxX M BBICIINX 00pa30BaTENIbHBIX YUPEKICHUSX MUpA, B TOM yucie B Aquila
Space, Dauria Aerospace, Esri Inc, Exelis VIS, Modflow, University of California,
Berkeley (CIHIA), Geomatics Canada, Sehlumberger Water Services (Kanana),
Karlsruhe Institute of Technology, Institute of Applied Geosciences (I'epmanms),
Centre for Ecology and Hydrology, Centre for Water Science, Cranfield University
(Benukobpuranus), Airbus Defence and Space, Geo-Intelligence, Spotlmage
(®pannus), DEIMOS Imaging, Remote Sensing Laboratory of the University of
Valladolid (Mcnanus), University of Technology (ITompma), University of Pisa,
Department of Geosciences, University of Camerino (Mramus), University of
Technology ([lanus), National Institute of Hydrology, Waterloo Hydro geologic,
Excel Geomatics (Muaus), GISTDA (Taunaun), Technical University of Denmark
(Hdanmms), Esri CIS, OOO «/lara», MOCKOBCKOM TOCYIapCTBEHHOM YHHBEPCHUTETE,
MOCKOBCKOM YHUBEpPCHUTETE CBA3M M MH(pOpMaTu3anuu, KazaHCKOM yHUBEpPCUTETE
(Poccust), Hay4HO-uCCIIeI0BaTEILCKOM WHCTUTYTE HUPPHUTAMKM W BOJHBIX MPOOIEM
npu TankeHTCKOM WHCTUTYTE UPPUTAITUN ¥ MEITUOPAIIUA U T.]1.

B pesynbrare wuccnenoBaHWil, NPOBEAEHHBIX B MHpe 10 pa3paboTke
aNTOPUTMOB M METOAOB CO37aHUIl OLIEHKHM ¢ TPOTHO3UPOBAHHE MOJENIEH C
TIOMOIIIbIO TEXHOJIOTHUYECKUX OCHOB T'€OMH(OPMAIIMOHHBIX TEXHOJIOTHH B TTPUHATHUS
pEIICHHEe Ha OCHOBE Te€OMH(DOPMAIIMOHHBIX TEXHOJIOTHH IS THAPOTEOIOTHYECKUX
00BEKTOB MPUPOAHO-TEXHOTCHHOTO XapaKTepa, COBEPIICHCTBOBAHUIO CTPYKTYPHI
CHUCTEMBbl MOHHUTOPHHTA IMOJy4YeHA PAJl HAYYHBIX  PE3yJIbTaToB, B TOM YHUCIE:
pa3paboTaHbl POTOrPaMMETPUUECKHUE POTPAMMHBIC

*0630p 3apyOeKHBIX HAyYHBIX HCCIETOBAHHIA 110 TEMe IMCCEPTALIMI MPOBEIEHA HA OCHOBE HHKETIPUBEIECHHBIX H
JPYTUX UCTOUYHHKOB: http://www.slb.com/services/additional/water.aspx, https://en.wikipedia.org/wiki/Centre-
_for_Ecology and Hydrology, http:/jr.rse.cosmos.ru/article.aspx?id=167,http://nihroorkee.gov.in/, http://eco
ruspace.me/GISTDA .html, https://www.linkedin.com/company/excel-geomatics-pvt-1td-
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pEIICHUs] BBICOKOTO YPOBHSI pa3pelieHHs] IO HCIOIh30BAaHUIO HABUTAIIMOHHOMN
cucteMbl GPS wu reomesmueckux ycranoBok (Trimble, Digital Globe, CIIIA);
pa3paboTaHbl METOJAbl O00paOOTKM ONTHYECKUX aIPOKOCMUYECKUX CHHUMKOB
BbIcOKOTO Sport & Pleiades pazpemenus (Airbus Defense and Space, @panuus);
KapThl BOJHBIX 3a1acoOB B 00JIACTH CEIBLCKOTO XO34MCTBA HA OCHOBE KOCMUYECKOTO
monutTopuHra (Aguila Space, CIIIA); co3gansl mporpaMMHoe o0ecreueHre
00pabOTKN KOCMUYECKUX CHUMKOB 3aI1acoB MOJ3EMHBIX BOA U reOMHGOP
MannoHHbIX pecypcoB (ESRI, CIIIA); pa3spaboTaHbl 3J€KTpOHHBIE TeOnH(OP
MaIMOHHBIC MOJIEITN Ha OCHOBE TeOMH(GOPMAITMOHHBIX TEXHOJIOTUNA THAPOTEOIIO
THYECKHX 00BEKTOB MpUpoiHO-TexHoreHHoro xapakrepa (ESRI GIS, Poccus);
pa3zpaboTaHa mporpaMMHOE 00€CIIEUeHHE 0 CO3/IaHUI0 KapT YIPaBICHUS OLIEHKON



KaueCcTBa MOAECIUPOBAHUS IBUKEHHUS TTOI3EMHBIX BOJ Y MCIIOJIb30BAHUEM UX
sammacamu (Waterloo Hydrogeologic, Poccus).

B wMupe 1o 3ammre MEIMOpPaTUBHOIO COCTOSHHUS ITOA3EMHBIX BOJHBIX
PECYPCOB M KOMIUIEKCOB II0 BOCCTAaHOBJICHUIO 3JKOJOTMYECKUX CHUTYyallMd Ha
UCCIEAYEMbIX TEPPUTOPUSAX HA OCHOBE COBPEMEHHBIX HWH(OPMAIMOHHBIX
TEXHOJIOTUA U METOJIOB MaT€EMATHUYECKOTO MOAEIUPOBAHUS IO Py IPUOPUTETHBIX
HaIpaBJICHUN TPOBOAATCS CICAYIOIINE MCCIICNOBaHMS: pa3padoTKa ajJropuTMOB U
MPOTPAMMHBIX CPEACTB MAaTEMATUYECKOTO MOIEIUPOBAHUS  THJIPOXUMHUYECKOTO
pexuMa MoI3eMHON TUAPOCPEPHL; YCOBEPIICHCTBOBAHUE KOJLIEKTOPHO-JIPEHAXKHBIX
CHUCTEM C YYETOM ITOYBEHHBIX YCJIOBUU M YPOBHEH T'PYHTOBBIX BOJ; (DOPMUPOBAHHUE
0a3 JaHHBIX M3MEHECHHM CE30HHBIX M DKOJIOTUYECKUX COCTOSIHUN TEXHOTECHHBIX
TEPPUTOPUI; CO3IaHUE KOMIBIOTEPU 3UPOBAHHOW CHUCTEMBI ONEPATUBHOIO
MOHUTOPHUHIa MEJIUOPATUBHBIX COCTOSIHUM  OpOIAeMbIX TEPpPUTOpUM Ha 0Oaze
OCCIIPOBOJIHBIX CEHCOPHBIX CETeH; pa3paboTka  aJIrOPUTMOB W IMPOTPAMMHBIX
KOMILJIEKCOB, a TaKK€ MEXaHW3MOB MHTETpAllid TC€OMH(POPMAIIMOHHBIX CUCTEM JIJIS
NPUHATUSA YIOPABIAIOIIMX PEMIEHWA 3aJad IO  OLEHKE MEJIHOPATUBHBIX H
JKOJIOTUYECKHUX COCTOSHUM MOA3E€MHBIX BOJOHOCHBIX IIJIACTOB.

CreneHb M3y4YeHHOCTH mpoOaeMbl. Bompockl ucciaenoBaHus mpooOieM,
CBSI3aHHBIX c MaTeMaTH4€CKUM MOJEITUPOBAHUEM BOCCTAHOBJICHUS
MEJMOPATUBHBIX M HKOJOTMUYECKUX COCTOSHUM THUAPOreOJOTUUECKUX OOBEKTOB
MPUPOIHO-TEXHOTEHHOIO XapaKTEpa M PEUICHUEM TEOPETHUUYECKUX W MPUKIAJIHBIX
3a7a4 COBEPIICHCTBOBAHUSA CHUCTEM YHPABJIEHHUS B YCIOBHUSX IIOBCEMECTHOIO
HapyILIEHUsSI €CTECTBEHHOTO PEXXMMa THUAPOTCOJOTHUECKUX OOBEKTOB; Pa3pabOTKU
reoMH(POPMAIIMOHHBIX MOJIEJe W aJTOPUTMOB OTHOIICHUN MEXIY MOI3EMHOMN
ruApocepoil U OKpyXKaroled Ccpeaod Ha TEPPUTOPUSAX C DKOJIOTUUYECKHU
HaNpsDKEHHON O0OCTaHOBKOHM, W3-32 HEXBATKH HEONPEICICHHOCTH JaHHBIX IS
THUAPOTCOJIOTUUECKUX OOBEKTOB IMPUPOIHO-TEXHOTEHHOTO XapakTepa, CIOKHOCTH
BOZHHMKAIOIIUX CUTyallMdi U  OrpaHUYECHHOCTH BO3MOXKHOCTEM pabOThl C
pa3HOpOoAHBIMH JaHHbIMU; CIOXKHOCTH [TOIITX u CUIBHOTO BIMSHUSI HAa HHUX
TEXHOTCHHBIX (DAKTOPOB, HEYETKOCTH TPAHMUI] MOI3EMHBIX BOJOHOCHBIX ILIACTOB,
npoOnemMbl ¢ aJCKBAaTHBIM OIpEISICHUEM HX TapaMeTPOB U XapaKTEPUCTHK,
XapaKTepUu3yeMbIX HEOIPEIEIECHHOCTHIO; KOMIIJIEKCHBIM UCCIIEIOBAHUEM
TUAPOTreOJOTUYECKUX OOBEKTOB B YCIOBUSAX Pa3HOPOAHON HHGOPMAIIMN HA OCHOBE
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reonH(pOPMAIIMOHHBIX TEXHOJOTHI PacCMOTPEHBI B paboTax psia MCCIeI0BaTeNe:
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).

Bompocam, cBs3aHHBIM C pa3pabOTKOM KOMITBIOTEPU3UPOBAHHBIX CPECTB,
MO3BOJISIONINX PEIIaTh 3a/1aui Ha OCHOBE aJITOPUTMOB OLIEHKHU U TIPOTHO3UPOBAHHUS



MEJIMOPATUBHOTO M 3KOJIOTUYECKOIO COCTOSIHUM THAPOTE€OJIOTHYECKUX OOBEKTOB
PUPOTHO-TEXHOTEHHOTO XapakTepa B YCIOBHUSX  Pa3HOPOJHOW HH(OpMaIu B
paMKax €IMHOM KOMIBIOTEPU3UPOBAHHOM CPENbl, CKATUEM JIaHHBIX, OCTYIAOIINX
C JaTYMKOB aBTOMATMYECKOTO M3MEpPEHMs, UX  CIEKTpaJbHOH OOpabOTKOM u
XpaHEeHUEM, MOCBsIIeHbl HccienoBanus psiaa  ydenoix: W.K.I'aBuua, J.Jeffrey,
B.M.IllecrakoBa, ®.b. AGyranuera, VY.Y.Ymaponra, XK. X./[)kymanoBa u aAp. AHaIH3
UX HUCCJEIOBAaHUM TMO3BOJISET CleJaTb BBIBOJ O 3HAYUTENbHBIX pE3yJbTarax B
00J1acTH MOJIy4YeHUsl ONepaTUBHONM HHGOPMAIIUU O THIPOTEOJIOTHYECKIX 00BEeKTax
MPUPOJHO-TEXHOTE€HHOIO XapakTepa, CBSI3aHHBIX C  HCIOJIb30BAHHEM
KOMITBIOTEPU3UPOBAHHBIX MPUOOPOB HAOIIONEHNS, OCHOBAHHBIX HA UCIIOJIb30BAHUH
OeCcpOBOJIHBIX CEHCOPHBIX CETEH.

Bompocam dbopmMHpoBaHUsI TePPUTOPUATLHBIX 0a3 JTAHHBIX
TUAPOTreOJOTHYECKUX 0OBEKTOB MPUPOJHO-TEXHOITCHHOTO XapaKTepa U pa3padOoTKu
reonH()OPMAIIMOHHBIX MOJIEJICH THAPOTeOIOTUYECKHX OOBEKTOB HA MX OCHOBE, a
TaKkke TMPUMEHEHHUs TMPUHIMIIOB TEOPUNM HEUYETKUX MHOKECTB B  INPHUHATUU
YHOPaBISAOMIKX peleHnid nocssuieHsl padorel A.Farajzadeh, G.D.Smith, O.Kaleva,
N.E.Mohamed, T.Caatu, E.Mammanu, J[.A.Ilocnenosa, B.B.Becenosna,
J.A ITannukmna, JI.3age, JI.JI3t00w1, Il.Pormreiina, T.®d.bekmyparona,
[I.X.ITazunosa, /1. T.MyxamaaueBoii, M.A.PaxmarynnaeBa u np. Ha npakTtuke, kak
MPaBUJIO, MO TUAPOTEOJOTMUYECKUMH JIAaHHBIMU TOHUMAIOTCS JTAHHBIE YHUCIOBOTO
XapakTepa, UMEIIIHe OOoJbllIoe 3HAaueHHE I  OOBEKTOB C HEHAPYIICHHBIM
pexuMoM. B To ke BpeMs ciieyeT OTMETUTh HEJOCTOBEPHOCTh JAHHBIX YUCIOBOTO
Xapakrepa g THUIPOreOJOTHYECKUX 00BEKTOB  MPUPOTHO-TEXHOTCHHOTO
XapakTepa, HEJOCTAaTOYHYI0  HCCIEI0BAHHOCTh BOIIPOCOB  MIPUMEHEHHUS
JUHTBUCTUYECKUX OLIEHOK 3KCIEPTOB, JAHHBIX, IOJYy4YaeMbIX C a3POKOCMHUYECKHUX
CHUMKOB, pa3pab0TaHHOCTh METO/IOB HMCIOJIb30BaHUs JaHHBIX TEPPUTOPHATHHOTO U
aTpuOyTUBHOTO XapakTepa.

Cesa3b quccepTanuoHHON padoThl ¢ TeMaTnyeckumu mianamu HUP.
JliuccepralilnOHHOE HCCIIE0BaHNE BBIIIOJHEHO B paMKax IUIaHa HAyYHO
MCCIIeIOBATENLCKUX MPOEKTOB TaIlIKeHTCKOTO YHUBEPCUTETA MHGOPMAITMOHHBIX
TexHojoruit mo TeMam: A5—020 «Pa3paboTka anmapaTHO-IPOTPAMMHBIX CPEJICTB
00pabOTKH pa3HOPOIHOM THIPOre0JOrnYecKor nHopMaLK Ha 6a3e HEYETKO
MHOXeCTBEeHHOro noaxoaa» (2012-2014); A5-022 «Uurerpamus [UC texnonoruit
JUTSI KOMILJIEKCHOW OLEHKH 3JIEKTPOMArHUTHOM 0€30MacHOCTH TEIEKOM
MYHUKAIIMOHHBIX cucteM» (2015-2017).
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Iesb10 HCcaen0BaHME SIBIISETCS pa3paboTKa TeonH(POPMAIIMOHHO
AQHAJIMTHYECKON CHCTEMBI TIOJICPYKKH MTPUHATHUS PEIICHUHN JIs
THJIPOTEOIOTUYECKUX 00BEKTOB MPUPOTHO-TEXHOTCHHOTO XapaKTepa B YCIOBHUIX
Pa3HOPOJIHOM MH(OpMAIUH.

3agauamMu HCCICOBAHUIM:

pa3paboTka KOHIIETINHA WH(POPMAIIMOHHO-aHAIMTUYECKOM KOMIIEKCHOMN
CUCTEMBI YIIPABJICHUS COCTOSHUEM THIPOTEOIOTUYECKIX 00BEKTOB MPUPOTHO
TEXHOTCHHOTO XapaKTepa, MO3BOJISIONIEH UCTIOIb30BaTh BCIO JOCTYITHYIO



nH(OPMAIINIO Ha OCHOBE T€OMH(OPMAIIMOHHBIX TEXHOJIOTHIA,

pa3paboTka MeTo0B hopMaIr3aIii U 000OIIEHUS OMbITa, MHEHHUHN U
BBIBOJIOB CIICIIMATMCTOB-3KCIIEPTOB MPHU OIICHKE U MTPOTHO3UPOBAHHUU
HKOJIOTUYECKOTO COCTOSIHUS TUAPOTE0IONMUECKUX 0OBEKTOB IPUPOIHO
TEXHOTEHHOI'O XapaKTepa;

pazpaboTka  Mojened  MOAAEPKKH  NPUHATHS  BOCCTAHOBUTENIBHOIO,
JIOKaJM3AalMOHHOTO, MPEAYNPEIUTEIbHOIO W  YNPABIAIOUIET0 pEeleHus IS
TUIPOTeOIOTUYECKUX OOBEKTOB MPUPOIHO-TEXHOTEHHOTO XapaKTepa B YCIIOBHUSAX
HEUYETKUX JaHHBIX;

pa3paboTka aJropuTMOB M MPOTPaMM CHUTYal[MOHHOTO OLIEHWBAaHUA U
OPUHATUSA YOPABISIONIMX PEIICHH Ha OCHOBE MOJEJEH B3aUMOCBSI3U MEXIY
TUIPOTeOIOTUYECKUMHU O00BEKTaMH MPUPOAHO-TEXHOTEHHOTO XapaKTepa Ha OCHOBE
MIPUHIIAIIOB TEOPUU HEUETKUX JIOTUYECKUX MHOXKECTB;

pa3paboTka ajiropuTMOB M MPOTPAMMHBIX CPEICTB sl OBICTPON 00pabOTKU
n300pakeHUI THAPOT€OIOTHYECKUX 00bEKTOB MPUPOAHO-TEXHOTEHHOIO XapaKTepa,
a TakKe TeoMH(OPMAIIMOHHON MOJENIM Ha OCHOBE JAaHHBIX PacCTPOBBIX
M300paKeHUH;

pazpaboTka  reoMHGOPMAIMOHHOW  MOJEIM  MPUPOAHO-TEXHOTCHHBIX
TUAPOTre0JOrNYECKUX OOBEKTOB HAa OCHOBE PACTPOBBIX JAHHBIX C MPUMEHEHHEM
MeToga MHOrodakTopHoW kimaccudukanuu ©Ha npumepe CeBepHO  30HBI
Pecnyonuku Kapakannakcran;

CO3/IaHHE aNTOpPUTMAa M KOMIUIEKCa MporpamMMm (OpMHUpPOBaHUS KapThbl
KOPPEJSILIUOHHBIX B3aMMOCBSI3€M MEXKJYy TEMAaTUYECKUMHU CJIOAMH U pa3zpaboTka
YIPaBICHYECKUMU PEIICHUSIMU HA OCHOBE KOMIUIEKCHBIX MOJEIIEH.

O0bexkTOM  MCCIENOBAHHMA  SIBISIOTCA ~ IPOLECCHl  KOMIUIEKCHOTO
BOCCTAHOBJICHUS DKOJIOTMYECKUX COCTOSHUH THUAPOreOJIOTMYECKUX OOBEKTOB
MPUPOIHO-TEXHOTEHHOIO0 XapaKTepa Ha OCHOBE F€OMH(OPMALIMOHHBIX TEXHOJIOTUH
METOJOM HEYETKOU JIOTUKH.

IIpeamMeToMm mccienOBaHMI SBISIIOTCS QJITOPUTMBl  0OpaOOTKU JTaHHBIX
TUAPOTreOJOTHUECKUX 00BEKTOB MPUPOAHO-TEXHOTEHHOTO XapakTepa,
MaTeMaTUyeCcKrue MOJIEIN, METOAbl Pa3pabOTKHU CHUCTEMbl HHTEIEKTYalbHOIO
MIPUHSATHUS YIIPABISIOMINX PEIICHUH.

MeTtoasbl ucciaenosanms. B nporecce ucciaeq0BaHu IPUMEHEHBI METO/IbI
TEOPHUU HEUETKUX MHOXECTB, MATEMATUYECKOTO MOJIEJIUPOBAHUS,
MHTEJUICKTYaJIbHOTO aHaJIM3a JIaHHBIX, OLICHUBAHUS U MPUHSATHS YIIPABICHUYECKUX
PELICHHUI Ha OCHOBE 3KCIIEPTHBIX CUCTEM.
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HayuyHasi HOBHU3Ha MCCJIEIOBAHUSA 3aKII0YACTCS B CIEAYIOIIEM:
pa3paboTrana HHGOPMaIIMOHHO-aHATUTHYECKAsT KOMITBIOTEPU3UPOBAHHAS CHCTEMA,
npeaHa3HadeHHas 1)1t coopa, XpaHeHusl, 00pabOTKH M MOJICITMPOBAHUS JTaHHBIX Ha
OCHOBE T€OUH(POPMALIMOHHBIX TEXHOJIOTUN U UHTEJUICKTYaIU3allud TTPUHSATUS
peuIeHui JUisi TUIPOTre0IOTHYECKUX 00bEKTOB MPUPOIHO-TEXHOTEHHOTO XapaKTepa;
pa3paboTaHbl MOJEIH NPUHSITHUS YIPABICHUECKUX PEIICHUIN, OCHOBAaHHBIE HA



OILIEHKax ¥ 0000IIEHUU COCTOSHUI T'UIPOTre0IOrHYeCKUX 00bEKTOB MPUPOIHO
TEXHOT€HHOT'O XapakTepa ¢ y4eTOM MPUHIIUIIOB TEOPUU HEUETKUX MHOXKECTB;
pa3paboTaHbl ANITOPUTMBI U TIPOTPAMMHBIE CPEJICTBA TOTyUYeHUsT HHHOP
Mallli¥ OT U300PAKEHUN TUIPOTe0IOrMYECKUX 00bEKTOB MPUPOTHO-TEXHOTEHHOTO

XapakTepa v napajjieabHol 00paboTKN N300paKeHHUI;

pa3paboTaHbI aJITOPUTMBI u pOrpaMMHBIE CpelcTBa TUISt
KOMITBIOTEPU3UPOBAHHOM CUCTEMBI MOAJICPKKU MPUHATHS PEIICHU, OCHOBAHHbBIC
Ha CO3JaHUU DJEKTPOHHBIX KapT B3aMMOCBS3U MEXIY TEMATHUYECKUMH CIIOSMHU
reouH(pOPMaIIMOHHON MOJIENIA THAPOTEOTOTUUECKUX O0BEKTOB MPUPOIHO
TEXHOTEHHOT'O XapaKTepa;

pa3paboTaHbl MOJENH, AJTOPUTMBI U MPOTPaMMHBIE CPEJCTBA MJis OLICHKU
B3aUMOCBSI3M  PEIICHUH  BOCCTAHOBHUTEJIBHOTO,  JIOKAJIM3AIIMOHHOTO  WJIU
pelynpeaIuTeIbHOIO XapakTepa, onpeesieMbIX o CUTYaIUsSIM
TUAPOTreOJIOTUYECKUX OOBEKTOB MPUPOJIHO-TEXHOTEHHOTO XapakTepa B YCIOBHUSX
HEYeTKOW MHpopMaIuu;

pa3paboTaHbl  aIrOPUTMbl  OMEPATUBHOM  MapajuleNibHOM  00paboTKU
M300pakKeHUH THAPOTEOIOTHYECKUX 0OBEKTOB MPUPOAHO-TEXHOTEHHOTO XapaKTepa,
a TaKXe aJIfOPUTMbI (POPMUPOBAHUS TEOUH(POPMAIIMOHHOW MOJIETIU TEPPUTOPUI Ha
OCHOBE PacCTPOBBIX M300PKEHUN U OIICHKU CUTYaIuii;

pa3paboTaHbl aJTOPUTMBI U KOMIUIEKC IPOrpamMM MPUHSATUS YIPaBICHYECKUX
perieHuid W CO37aHbl  KapThl  KOPPEJISIIIUOHHBIX  B3aUMOCBS3EH MEXKITY
TEMaTUYECKUMU CIOSIMHU Ha OCHOBE T€OMH(DOPMAIIMOHHON MOJIEIH.

I[IpakTnyeckue pe3yabTaTbl HCCIAETOBAHUS 3aKIIIOYAIOTCS B CIEAYIOLIEM:
pa3paboTaHbl METOJIbI MPUHATHE YIPABISIOMINX PEIICHUH 1O YIYUYIICHHIO BOIHBIX
Y TIOYBEHHBIX YCIOBUH JJIsi MPUPOIHO-TEXHOTEHHBIX O0BEKTOB, XapaKTePU3yEeMbIX
AKOJIOTMYECKOM HAMPSXKEHHOCTHhIO HA OCHOBE KOMITBIOTEPU3UPOBAHHOM MOCIIH
reonH(pOPMAIIMOHHOTO MPEACTABICHUS U KOMIUIEKCHOM OLIEHKU
TUAPOTreOJOTHYECKUX O0OBEKTOB MIPUPOJHO-TEXHOTCHHOTO XapaKTepa ¢ y4eTOM
reornH(OPMAaIMOHHBIX TEXHOJIOTHIA;

pa3paboTaHbl reOMH(POPMAITIOHHBIE MOJIENH TI0 MPUHATHUIO HHKEHEPHBIX
pelIeHui 1o BOCCTAHOBJICHUIO METMOPATUBHOIO COCTOSIHUS TPUPOTHO
TEXHOTEHHBIX TEPPUTOPHUH HA OCHOBE MPOTrHO3UPOBAHUS MPOIECCOB
OITYCTHIHMBAHUS WM 3a00JIa4MBaHMSI TIOCPEACTBOM MOHIKEHUS YPOBHEH
MOJI3EMHBIX BOJI;

pa3paboTaHbl METOIbl MOHUTOPUHTA T€OMH()OPMAIMOHHO-AHATUTUYECKUX
KOMIIBIOTEPU3UPOBAHHBIX CHUCTEMaX, OCHOBaHHAs Ha TMOAJACPKKE MPUHATHUS
VOPABIAIONMIAX PEHICHUH B YCIOBUSX JOMUHUPOBAHUS HH(POPMAIIUM HEUYETKHUX
JTaHHBIX B THGHOPMAIIMOHHOM 00€CTI€YeHUH CHCTEM MOHUTOPUHTA 3€MENbHBIX U
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BOJIHBIX PECYPCOB MPUPOAHO-TEXHOTEHHBIX TEPPUTOPHI MOTYUEHHBIMHU C
a’POKOCMHUYECKUX U300paKeHUI 0OBEKTOB.

JIOCTOBEPHOCTH Pe3y/IbTATOB MCCJeI0BaHUA. [[0CTOBEPHOCTh pPE3yIbTaToB
UCCIeI0BaHUs 000CHOBBIBAETCS Ha COMNOCTAaBJIECHUU pe3yNbTaToOB
reOMH(POPMALIMOHHOTO MOJEIUPOBAHUSI U MaTEMaTUYECKOTO MOIECIUPOBAHUS 10



TUAPOreOJOTHYECKUM OOBEKTaM MPUPOJHO-TEXHOTCHHOTO XapakTepa C JaHHbIMU
HAOMIONEHUI ¥ M3MEpPEHUH, C UTOTOBBIMU BBIBOAAMH CIICLIUATUCTOB-IKCIIEPTOB U
UCCIEAOBAaHUSIMU  YYEHBIX  BBICOKOTO  YPOBHS [0  paccMaTpuUBaeMbIM
TUAPOTre0JIOrNYECKUM 00BEKTaM.

Hayunasi W npakTHyeckasi 3HAYMMOCTb Pe3yJbTATOB HCCJIeI0BAHMSI.
Hayynasi 3Ha4MMOCTBH pE3yJbTaTOB HCCIEAOBAHUN 3aKIIOUAETCs B pa3paldOTKe
MaTeMaTUYeCKUX MOJENICH, aIrOpuTMOB U TMPOrPaMM HHTEIUICKTyaIn3alluu,
MO3BOJISIOMKNX 3PPEKTUBHO peliarh 3ajla4yl MaTEMaTUYECKOTO MOJCIUPOBAHUS U
MNPUHATUSL YOPABJSIONIMX PELICHUW B YCIOBHUSIX Pa3HOPOJHON HMHpOpMalUM Ha
OCHOBE PpE3YyJIbTaTOB T'€OMH()POPMAIIMOHHOTO MOJAEIUPOBAHUS U AJITOPUTMOB
MHTEJJIEKTYaJIbHOTO aHaJIn3a.

[IpakTrueckass 3HAUMMOCTh PE3YJBTATOB PA0OTHl KOMIIbIOTEPU3UPOBAHHOU
CUCTEMBI CUTYallMOHHO-COBETYIOLLIErO Xapakrepa o COCTOSIHUSIM
THIPOTEOIOTUYECKUX OOBEKTOB MPUPOAHO-TEXHOTCHHOTO XapaKTepa 3aKI0daeTcCs
B TOM, YTO OHA IO3BOJUT MPUHUMATH YIPABISIOLINE PEMICHUS MEIUOPATUBHOTIO,
BOJIOOXPAHHOTO U  JKOJOTMYECKOTO0 Xapakrepa MO0 MPUPOAHO-TEXHUUYECKUM
TEPPUTOPHUAM U OOOCHOBATH UX.

Bueapenue pe3yiabraTroB ucciaenoBanusi. Ha ocHoBe cucteMbl yrpaBieHUs
U MaTeMaTHYeCKOro MOJCIIMPOBAHHUS MPOIECCOB 00pabOTKH TeOMH(POPMAIIMOHHBIX
PECYPCOB THIPOTEOTIOTUYECKUX OOBEKTOB MPUPOAHO-TEXHOTCHHOT'O XapaKkTepa:

WHCTPYMEHTAJIbHBIN MPOrPAMMHBIN KOMIIJIEKC CPEJICTB MOJEIIEIICH
MIPOTHO3UPOBAHMS COCTOSIHUM MOA3EMHBIX CI0€B TEPPUTOPHUI IPUPOTHO
TEXHOTE€HHOT'0 XapaKTepa U CTETIEHH 3aCOJICHHOCTH 3eMelib BHeapeH Ha ['T1
“IIpuapanbckasi TMAPOreoJiorndeckas skcneauus’’ Ha Tepputopun CeBepHoOn
30HbI Pecniyonuku Kapakannakcran (cripaBka Ne08-1266 ot 14 utons 2015 rona
T'ocynapcTBeHHOr0 KOMUTETA IO T€OJIOTUU U MUHEPAJIbHBIM PECypcam).
[IpuMeHeHne HayqYHOTO pe3ysbTara Jajo MPOrHO3UPOBAHUS U OLICHKA
MEJMOPATUBHBIX M SKOJIOTUYECKUX COCTOSHUU THAPOTEOIOTUYECKUX 00BEKTOB
MIPUPOTHO-TEXHOTCHHOTO XapaKkrepa.

reOMH(POPMAIIMOHHBIE  MOJACIM W  WHCTPYMEHTAJIbHBIA  MPOrPaMMHBIH
KOMILJIEKC nporuecca obecneueHust MEJUOPATUBHOTO COCTOSIHUSI
THIPOTEOJIOTUYECKHX OOBEKTOB MPUPOJHO-TEXHOTCHHOTO XapaKTepa BHEAPEHBI B
OPEANPUATHSIX MHUHUCTEPCTBA HMH(POPMAIIMOHHBIX TEXHOJOTUW W  Pa3BUTHS
koMMmyHUKanuii (cripaBka Ne33-8/5937 ot 31 okrsa0ps 2016 roma MunucrepcTsa
MHQOPMALIMOHHBIX TEXHOJOTHA M pa3BUTUS KOMMYyHUKanuil). Bueapenue
pPE3yabTaTOB HAYYHBIX HCCIENOBAHWUN IO CO3JaHUI0 T€OMH(OPMAIMOHHBIX KapT
TUAPOTCOJIOTUUECKUX OOBEKTOB MPUPOJHO-TEXHOTCHHOTO XapakTepa, a TaKkKe
aJTOPUTMOB OLIEHKH MEJIHOPATUBHBIX COCTOSHUM M MOZENEH MPOTHO3UPOBAHUS
MO3BOJMIO C(HOPMHUPOBATH CUCTEMY MPUHATHUSI PEIICHUH, YTO MOBBICUIIO CTEHEHBb
JKoJIorndeckoi 0e3onacHoctu Ha 11,2 %.
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porpaMMHbIE  CpPEIACTBA  M3BICUEHHUS  JAHHBIX M3  W300paKeHHIt
THIPOTEOJIOTUYECKUX  OOBEKTOB  MPHUPOAHO-TEXHOTEHHOTO  Xapakrepa U
pacnapauieliiBaHus IPoLEeccoB 00pabOTKM M300pa)KeHUIl BHEAPEHBI B CHCTEMY



«Kutab-1llaxpucs63ckoro Bomozabopa moazemMHbix Boa» (crpaBka Ne01/574 ot 24
HOs1Opst 2015 roma TocymapcTBEHHOTO KOMHUTETa IO TEOJIOTMH W MHUHEPaJIbHBIM
pecypcam). Pesynbrarhl Hay4HBIX HCCIEIOBaHUI MO3BOJIAIOT YCOBEPIIEHCTBOBAThH
IIPOLIECCHl YIPABJIEHUS BOCCTAHOBJIEHUEM MEJIMOPATUBHOIO M HKOJIOTHYECKOTO
COCTOSIHUM TMIPOr€0JIOTMYECKUX OOBEKTOB IPHUPOIHO-TEXHOTEHHOIO XapakTepa,
NOBBICUTh  IPOU3BOJMUTEIIBHOCTh  MEJIMOPATUBHBIX  TEPPUTOPUA 32  CUET
YMEHBIIEHUS KOJIMYECTBA TEXHOTEHHBIX 00bEKTOB € 58,7 1m0 66,08 %.

AnpoGanusi pe3yJbTaTOB HMCCAeAOBaHUsl. Pe3ynbrarel  HCClEIOBaHHUS
JOJIOKEHBI HAa 27 HAyYHO-TEXHUYECKHX, B TOM u4uciie Ha 10 MexayHapOoIHBIX
xoHbepenumsix: «5" International Scientific Conference. European Applied
Sciences: challenges and solution» (I'epmanus, Stuttgart, 2015); «Radiotexnika,
Telekom-munikatsiya va Axborot Texnologiyalari: Muammolari va kelajak rivoji»
(Tamkent, 2015); «CoBpeMeHHbIE MNPOOAEMBI THAPOTEOJIOTUU, WHXKEHEPHOU
reoJIoTuM, reod’koiorud U nytd ux pemenus» (Tamkent, 2015); «IlepcniekTuBb
pasButus uHGopMarmoHHBIX TexHojoruk, ITPA-2014» (Tamkent, 2014);
«AxTyasibHBIE TPOOJIEMBI  MPUKIAAHOM MaTeMaTUKU UM WHGOPMAIIMOHHBIX
texHonorui-An Xopaszmuit» (Tamkent, 2012; Camapkann, 2014); «IIpuopurerHbie
HarpaBjeHuss B oOmactu Hayku u TexHosoruii B XXI Beke» (Tamkent 2014);
Bcemupnoit  kondepenmmn  WCIS-2012  «uTennekryanbHble  CHCTEMBI IS
uHaycTpuanbHor apromaruzauum» (Tamkent 2012, 2014); «®PaH, TabauM Ba
unuiad 4YMKApUI WHTErPAIUSICUHU axXOOpOT KOMMYHHUAILUSCHUS  TEXHOJIOTHUsIIApU
acocuja puBoxaHTHpuil —ucTukOomwapu»  (Kapum, 2016); «Ax06opoTt
TEXHOJIOTHUSUIApU Ba TEJICEKOMMYHMKalMs Myammosiapu» (TalikeHr, 2013);
«IIpobnemMHbIE BOMPOCHI TUAPOrE€OJIOTMH, UHKEHEPHON T€0JIOTUH, TEO0IKOJIOTHUU U
nyty ux pemenusn» (Tamkent, 2012); «WHrerpauus Hayku M NPAKTUKU Kak
MexaHu3M S(PPEKTUBHOTO pa3BUTHUSI TEOJIOTUYECKOM OTpaciu PecnyOnuku
V30ekucran» (Tamxkent, 2014); «CoBpeMeHHbIE BOIPOCHI MPUMEHEHUS
WHOOPMAITMOHHBIX ~ TEXHOJOTWA B  HWHTErpallMd  HAayKd, oOOpa3oBaHUs U
npousBoacTBay (Hykyc, 2015); «CoBpeMeHHble HHPOPMAIIMOHHBIE TEXHOJIOTUU B
chepax TenekoMMmyHukaiuu U cBsa3u» (Tamkent, 2011); MexayHapoaHoi
HAy4YHO-TEXHUYECKOW KoHbepeHnnn «MHTerpanmm HayKd UM TNPAKTUKH Kak
MexaHu3M 3(G(GEKTUBHOTO  pa3BUTUSL  TeoJIOTMUYECKo  oTpacinu  PecnyOnuku
V30ekucran » (Tamxkent, 2016) u Ha 17 pecnyOIMKaHCKUX KOH(EPEHIUX.

Ony0IMKOBAaHHOCTH Ppe3yJbTATOB HcciaeqoBanus. [lo Teme nuccepraiuu
omyOonukoBaHO 45 HaydHbIX TpyaoB. U3 Hux 1 MoHorpadwus, 17 KypHaIbHBIX
cTareif, B TOM YucJe 2 B HMHOCTPAaHHBIX, 15 B pecHyOJMKaHCKUX >KypHalax,
pexoMeHJ0BaHHbIX Briciieil arrectanmonHoi komuccuen Pecnyonuku Y30ekucran
JUIs MyOJIMKAllMM OCHOBHBIX HAy4HBIX PE3YyJIbTaTOB JOKTOPCKUX JUCCEpTALMH, a
TaKXe MOJIYy4YeHO 6 CBUAETENBCTB O PErUCTpaluu nporpamMm s 9BM.
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Crpykrypa u 00bem auccepranmu. J(ucceprauus coaepxut 185 crpanui u
COCTOMT W3 BBEACHHUS, MATH [JIAB, 3aKIIOYCHHS, CIOUCKA HCIOJIb30BAHHOU



aureparypsl U3 115 HanMeHOBaHUN U TPUIIOKEHUSL.

OCHOBHOE COJEPXAHUE JUCCEPTALIUU

Bo BBegeHnmu 00OCHOBaHa aKTyaJIbHOCTh TEMbI, MPUBEACH KPAaTKH 0030p
paboT Mo Teme auccepTaiuu, chopMyIUPOBaAHbI aKTyaJbHOCTh, 1I€JIb U OCHOBHBIC
3a/laud MCCIIEIOBaHMs, OMHCAaHbl COCTaB MU CTPYKTypa paboOThbl, OMPEIEIICHbI €e
HOBU3HA U HAy4YHO-NPAKTUYECKAsl LEHHOCTb, MPEACTABICHbl OMyOIMKOBAaHHBIE
paboTHI.

IlepBasg mmaBa nucceprannn «Pa3padoTka KOHUIENIUM HCCIACAOBAHUA H
NPUHATHS pPelIeHUd HA OCHOBE NMPHMMEHEHHS METOIO0B HEYEeTKHMX MHOKECTB)»
MOCBSALIEHA BONPOCAM YMEHBIIECHUS BIMSHHUS 4YEJIOBEYECKOro (pakropa Ha
WU3MEPUTENIBHBIE TNPOLEAYPHI, M3BICYCHUE W3 HCTOYHMKOB PAa3HOPOAHBIX JaHHBIX
(4uCOBBIE, IMHIBUCTUYECKHUE, N300paKEHUE).

OcHOBHOM 1IeAbI0  pa3pabOTKM TaKOM  KOHULEMIMM  SIBJISIETCS — aHalu3
PE3yJAbTaTOB THIPOTEOJOTMYECKUX HCCIEIOBAaHUN C MO3UMLMU Pa3HbIX MpodiIemM
(MenropaTUBHOM, BOJOOXPAHOU, HKOJOTMUECKOW) U MPUHSITUE PEIICHUN Ha Takou
OCHOBE. B 3TOM CBA3M BONPOCHI HCCIEAOBAaHWSA IPUYMH BO3HUKHOBEHUS U
xapakTepa HeomnpenesieHHocTel nanHbiX npu uzydeHuu [ITTTO npuponno
TEXHOI'€HHOI'O XapakTepa, a TaKKe IIOUCK IyTe WX YMEHBUICHHUS SBISIOTCA
c1aboOM3yuyeHHON M aKkTyasnbHOU mpobnemoil. [loaTomy pa3zpaboTka airopuTMoB U
IIPOrPAMMHBIX CPEACTB H3BJIE€YEHUS U (OpMajau3alvyd 3HAHUM OSKCIIEPTOB —
THIPOTEOJIOTOB, TPEJCTABICHHBIX B JIMHTBUCTUYECKOW (hOpME C MOCIeMyIOUUM
NpEJCTAaBICHUEM HMX B KOJMYECTBEHHOH ¢opme, T.e. B (popMe HEUETKUX UHCET,
ABIIA€TCA TMepcrneKTuBHOW. Ilpu 3TOM TMOJIy4YyeHuWe 4YHUCIOBOM HMH(pOpMaLUU
HEO00XOIMMOI0 KOJMYECTBA M KA4eCTBAa O NapaMmeTpax HCCIEAYyeMOro OOBEKTa He
BCerJa JOCTUTACTCS, YTO  OOBSICHSIETCS  HEBO3MOXKHOCTHIO  OpPraHH3aIluu
HEOOXOJUMBIX YCJIOBUMH JI TMPOBEIEHUS MHOTOKPATHBIX OMNBITOB. B HEKOTOpPHIX
cilydasiX, IPU HaJMYUKM HEYHCIIOBOW M HEMOJIHOM MH(OpMaLK B BUAE SKCIEPTHBIX
CYXJCHMI, CYIIECTBYeT BO3MOXHOCTh (QopMalM3alUu 3THUX 3HaHUM M UX
obpabotrka Ha ocHoBe mpuHIMIOB THM u Heuerkoit jnoruku. HemocrarouHocTh
uHboOpMallMK, €€ MPOTUBOPEYUBOCTL M Majas JOCTOBEPHOCTh MPHUBOIAT K
HEOOXOIMMOCTH HCIOJIb30BaHUSA MpU MPUHATUM pPELIEHUH BCEH TOCTYMHOMN
MH(OPMALIMK PA3HOPOJHOIO Xapakrepa.

IIpn sTOM pe3ynbTaTbl T'MIPOTr€OJOTMYECKUX HCCIEIOBaHUN HMEIOT Oolee
oO1iee 3HaYEHUE U TOJDKHBI TPAKTOBATHCA C TMO3UIIMN HE MEHEE YeM TpexX MHpoodieM:
MEJIMOPATUBHOM, OXpaHHOW H Jkosnormdyeckoil. CoxmepkaHne W Ha3HAYEHUE
MCCIEA0BAHUI THAPOTEOJIOTHYECKUX IPOLECCOB ONPEACIIAIOT CTPATETUIO IPUHATUS
pelIeHni, OOOCHOBAHME KOTOPBIX JIOJDKHO OCYLIECTBISTHCS Ha OCHOBE
pacCMOTpeHHUsT MW aHajdu3a BCEW TMPEAMETHOM 00JacTh W BCEH JOCTYIMHOMU
uH(popMauu. ITO U €CTh OCHOBA MPUHATHUS MOAEIN KOMIUIEKCHOTO MCCIIEIOBAHMS
I[ITITO. KonuenrtyainbHas cxema oOpaOOTKM BCel JOCTYNHOW HHGOpPMAIMU B
npoiecce komiuiekcHoro uccienosanus IITI'TO npencrasnena Ha puc. 1.
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Puc.1. KonnenryajibHas cxeMa 00padoTku Beell 10cTYnHON uHGopManuu B mpouecce
KOMILIeKCHOro ucciaenopanus IITI'TO

Bropas maBa  guccepranmu  «MaremarM4eckoe — MOAeIMPOBaHUE
NMPoOECCOB MNOAAEPKKM TPUHATHS PpelleHu B YCJIOBHUAIX JOMHHHMPOBAHUA
HHoOpMAMM HEYEeTKOr0 XapaKTepa» IMOCBALIEHA BOIPOCAM MATEMaTUYECKOIO
MOJEJIMPOBAHUSA MPOLECCOB NONIAEPKKM TNPHUHATUS PELICHHH B  YCIOBHSX
JOMUHUPOBAHUS UH(OPMALIMK HEYETKOTO XapaKTepa.

[TpuHsTHE pemeHuil MO0 COCTOSHUSAM THAPOTreoIOTUYECKUX OOBEKTOB
IPUPOAHO-TEXHOTEHHOIO XapaKTepa OCYIIECTBIISIETCS IYTEM COIMOCTABICHUS HX
TEKYILLEro U MpEeAblAylIero cocrosiHui. IIpu 3TOM HMCHONB3YIOTCS ONBIT, 3HAHUS,
MHEHHUSI CIEUUAIUCTOB-THAPOTe0JIOr0B, UMEIOUIMX ONBIT PabOThl ¢ M3yYaeMBbIMU
THJIPOT€0JIOTUYECKUMHU 00bEKTaMU IPUPOJHO-TEXHOTEHHOT'O XapaKTepa.

AJTOPUTMBI IPUHSATHUS PEUICHUSI OCHOBBIBAIOTCSI HA CUTYAIIMIOHHOM aHAJIN3€
U COCTOAT U3 PA3IUYHBIX 110 XapaKTepy PELICHUN:

Av. <MHOXeECTBO BO3MOKHBIX peIICHU™>; Ay - <MHOXECTBO IOMYCTHMBIX

pelenuii U3 BO3MOXKHEIX>;, " A - <MHOXeCTBO pelICHUH MPOQHIAKTUYECKOTO
xapaktepa (IID)>; 7 4,- <MHOXECTBO pELICHUN MpPeIyNpPEeAUTEIIbHOIO XapakTepa
(IT)>; 5 A,~ <MHOXECTBO pelIeHH BoccTaHOBUTENbHOTO Xapakrepa (BC)>; 7 4, -
<MHO)XE€CTBO PEIICHUI JOKAIU3AIIMOHHOTO XapakTtepa (JI)>.

TP A C Ay A= AyUAUAUA
I BC
SIcHo, yro v
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IIpy 5>TOM BO3MOXHBI TpU THUIA YHOPABISIOMIMX PEIICHUN: «YBEIUUYUTHY,
«Ymenbiiuth» U «He wmamenuts» (MenuxoB A.H., bepuumreitn JI.C., KopoBun
C.41.,1990). O6o3Hauas sty pemenus 3HadeHusMu JIII < «YBenumuuthy», 7T, X>,
<«YMeHbIIUTHY, Ty, X>>, < «He usmenuto», T, X>, tne 7,71, T,

, » = TEPM
MHoxkecTBa JIII < «YBenuunth», « YMeHbIIUTHY, «He namenutrs» >. BBenem
o0o3HaueHUs: <I T X >

,, - st JIIT «YBennmuute», < D T X >

jﬁ , ,, - s JITT
«YMEHBIINTHY; < Z T X > i
,» - s JIIT «He m3menste»; JIII D, Z ;
'jz [, , AMEIOT

TEPM-MHOXKECTBA {«HEMHOI'0», «CHJIBHO» }, {«HEMHOTO», «CUJIBHO» }, {«HE
U3MEHUTHY }.
B nuccepranuu npeiaraeTcst METOJ] pa3IokKEeHHs OOLIETo peleHus:
j i
; j j j
R=P,(R)AR+ U, (R)AR+ [ (R)AR,
RI ! RD P RZ

j j
jj ij

VA

Ji

MexRFVRRU,R=VRRU,R=VRR.tne()(,),()() ()
(’)/Z

RrRD RZ

Crnenyer OTMETUTD, YTO PE3YJIBTAThl IPOrHO30B COCTOSHUM THIPOr€0IOrM4eCKUX
00BEKTOB JIOJKHBI TPAKTOBATHCS C MO3ULIMM pa3HbIX MPoOsieM (MEeIHOpaTUBHOM,
BOJIOOXPAHOM, IKOJIOTMYECKOM) € MOCIEIYIOINIMM COITIaCOBAHUEM PEIICHUM,
MPUHUMAEMBIX C YYETOM BPEMEHHOTO (akTopa (KOOpAWHALIMS PEIICHU). DTUMHU
00BbsICHSIETCSE HEOOXOAUMOCTh TILATEIBHOIO HMCCIIEIOBAHMS BOIIPOCA O
B3aMMOCBSI3SX IPUHUMAEMBIX peleHuil. [Ipeamnonoxum, 4to B CBA3U C

BO3HHKHOBEHHEM MPOOJIEMbI MEJIMOPATUBHOTO XapaKTepa MPUHATHI Rj Rj, rae '@
M

12 . .
IOCJIEI0BATENLHEIE PEIICHUS] :RP, - P;?M®
RP, - P;

P={<u><c><6>}
‘ogaa,
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1,0 ,0 - 3gadeHusa PII coOOTBETCTBYIOIUX TEPMOB IS k - CUTyaluH. k
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OueHKa B3aUMOCBSA3H pelleHnH ' Ry > R,0CyIIeCTBIAETCS B CIEYIOMEM
MOPSIJIKE:

1. Pemenus 'Ru * I.,D,DucZ.

Rpaznaratorcs 10 ,

I,,
2. Jlst onipenienieHus OOIIEeTo perieHus BeIUucseM 3HadeHus Bcex OI1 U R,
R,.
MWD,Du(,)
UD,DI,(,) “RIRh(a)
HRR, () a

( ) 11 1211 1222
? 1222
12

3. Or6pacekiBatorcs Te OII, 3HaueHust kKotopbix Menblue 0,4.
4. OxoHuarenbHOE pelieHne Ruomnyyaercs pasnoxenueM OII pemenuit 7,

D,Z.

1o ;

B Ttpetrbeii maBe npuccepraumu «lludposasi odpadorka un3zo0paxeHmi
THAPOre0IOTHYEeCKUX  00bEKTOB  MNMPHUPOIHO-TEXHOTEHHOI0  XapakTepay,
paccMarpuBarOTCsl BONPOCHl LU(POBO 00pabOTKH H300paKEHUN TEPPUTOPHIA,
ABJIIOIINUXCS BAXKHBIM HMCTOYHHUKOM HH(OpPMALMM JUIsl HPUPOJHO-TEXHOICHHBIX
THJIPOT€OJIOTUYECKUX O00BbeKTOB. Takue OOBEKThl XapaKTEpPU3YIOTCS BBICOKOH
CTENEHbIO  HEONPEACNEHHOCTH, UYTO  OOBACHAETCS  HEIOCTATOYHOCTBIO U

HCAOCTOBCPHOCTHIO JaHHBIX, TOMUHHUPOBAHHUEM I/IH(l)OpMaI_II/II/I HEYETKOTO
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XapakTepa, HEMpeACcKa3yeMOCTbIO, HEACHOCThIO M T.J. B Takux ycloBUsAX BeCbMa
BAKHOM M HEIOCTATOYHO M3YYECHHOU B THUAPOr€OJIOTHMYECKOM IMPAKTUKE SIBIISIETCS
npoOnemMa u3BiIeUeHUS HWHOOpPMAIMM W3 H300paXCHUH THUIPOTCOTOTHYCCKUX
00BbekTOB. B auccepranuy 0OCHOBHOE BHUMAHHE YACISCTCS ONMPEACICHUIO HYXHBIX
TOTOJIOTMYECKUX 3JIEMEHTOB U3 pacTpoBbix u3o0paxenuid [ITITO.

[Ipn wuzydyenun IITITO Ha ocHOBe aHanM3a H300paXKEHUM MOJIE3HBIMU
ABJISIIOTCS  JIOKAJIM3alUs, YCWUJICHHE W BBIICIICHUE TPAHUL-IMHUNA pPa3IeiICHUS
Pa3JIMYHBIX TUIPOTr€OIOTMYECKUX XapaKTEPUCTUK (30H HEOIHOPOJHOCTEN B IUIAHE,
TPaHUI] BIUSHUS TEXHOTCHHBIX (PAKTOPOB, PACHPOCTPAHEHUSI 3arps3HSIIONINX
BEIIECTB U T.J.). ['paHullbl Ha M300pakeHUSIX MOTYT ObITh 0Opa30BaHbI Pa3HBIMU
YCIIOBUSMH, OOBSICHIEMBIMH HW3MEHEHHEM IIBETa, pPa3pblBOM TMOBEPXHOCTEH,
IIepernagamMmu OCBELICHUS U TEHAMMU.

Ecnmu umeercs BO3MOXKHOCThH TOJTYUYEHUS HECKOIBKHX H300paKEHHUH OTHOTO
I[ITITO Ha HECKOJIBKO MOMEHTOB BpPEMEHH, TO BO3HHUKAIOT MpPOOJIEMBbI C



opranu3aiueit 3¢pheKTuBHON 00pabOTKM U XpaHEHWEM MTOTOKOB M300pasKeHUH.

B nucceprammu  mns o0paOOTKM  M300paKeHUH  THAPOTEOJIOTHYECKUX
00BEKTOB MPHUMEHSETCS CIOCO0 pacnapauieiuBaHusl BBIUUCICHUM HA OCHOBE
dbopmupoBanust Matpuilel Axamapa. [lpemiokeHbl aaropuTMbl U IPOrpaMMHBIE
CpelcTBa pacnapajuieIdBaHus Ipolecca 00pabOTKU H300paKeHUHM Ha OCHOBE
OPTOTOHAIBHBIX Oa3MCHBIX (YHKIMA Apamapa. Takke pacCMOTPEHBI BOIPOCHI
udpoBoi 06padoTku kocMuyeckux uzoOpaxenuii [ITITO na 6aze mporpaMMHBIX
komruiekcoB ArcGIS, Erdas Imagine, ENVI. [lpumensiercs cmnoco6 oOyuaemoit
KJIaccu(ukammu, OCHOBaHHBIM Ha bailecoBCkoM Kiaccudukarope, HCIOIb3YIOIIEM
OIIEHKY aroCTePUOPHOTO MaKCHUMyMa [UJIsi ONpeneieHHs Hauboliee BEPOSTHOTO
KJ1acca ¥ OCYIIECTBICHHOM Ha 6a3e cleayrontel Mojien KiIaccuduKaTopa’:

In() [0,51n( )] [0,5() ()()] 'D = ac— Cove= X = M.T CoveX — M,

b

rae D - B3BEIICHHOE pacCTOSIHUE (BEPOATHOCTh); ¢ - OCHOBHOW kiacc; X -
M3MEpEeHNe BEKTOpPAa OCHOBHOIO MHKCENS; M~ BEKTOp CpPEAHUX 3HAUEHUU BBIOOPKHU
KJIACCa C; ~d - IPOLEHTHAsl BEPOATHOCTD, YTO JIFOOOH OCHOBHOM ITUKCEIb OTHOCHUTCS
K Kkjaccy ¢ (mo ymondanuto 1,0, miau BBoaMTCS M3 anpuopHoro 3HaHus); Cov.-
KOBapHallMOHHAs Marpula nukcesaeil B 00biuHOM Kinacce ¢; Cov -

onpeaenurensb Covy; ' Cove- obparnas Cov; T — TpaHcnioHupoBanue. B uetBeproit
mase aucceprauuu «l'eomHpopmMannoHHOE MOAEJIMPOBAHNE HA OCHOBE
PACTPOBOIi MOJEJIN JAHHBIX THAPOre0T0rH4eCKUX 00bEKTOB» PAacCCMOTPEHbI
BOIIPOCHI Pa3pabOTKH MPUHIIUIIOB reonHpopmarimonHoro Moxaenuposanus [ITITO
Ha OCHOBE PacTPOBOM MOJIENH JAHHBIX THUIPOreOJOrHYeCKUX OObEKTOB.

>ttps://wiki.hexagongeospatial.com/index.php?title=Classification Decision Rules
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Pazpaborka 'MIC monenu asa komruiekcHoro uccienaoBanus [ITITO
OCYIIECTBIISIETCS B CIAEAYIOLIEM MOPSIKE:

1. ITo ucxomHoM KapTe (CHUMKY) CO31aéTCsl DJIEKTPOHHAs KapTa
HCCIIElyEMOU TEPPUTOPUHU.

2. Coszpaércs 0aza TEpPUTOPUANIBHBIX UM arpUOYTHBHBIX JAHHBIX U
OCYIIECTBIISIETCS NpUBs3Ka  aTPpUOYTUBHBIX  JAaHHBIX K  BBIJCISEMBIM
TOIIOJIOTHYECKUM OOBEKTAM.

3. Co3zmaércst 6a3a qaHHBIX JJIS1 UCCIIEAOBAHUS TEPPUTOPHUH C TIO3UITUU
MEJIMOPAaTUBHOM, BOTOOXPAHOU U IKOJIOTUYECKOM.

4. ®opmupyercss Tabnuia KiacCUPUKAUM YacTel TEPPUTOPUU C TOUKHU
3peHHsI  ONpPEACJICHHOW  MmpoOJeMbl Ha  OCHOBE  T'€OMH(POPMAIIMOHHOTO
MOJEIUPOBAHUSL.

5. OCylIeCTBIAETCS KOPPEISIIUOHHBIA aHATU3 MEXKIY ABYMS WU TPEMSI



TEMaTUYCCKUMU CJI0SIMU Ha OCHOBE METOJIa «CKOIb3s111ee OkHO». Ha ocHoBe
MaTpull COCTOSAHUM (,,34 , A, A) C UCTIOJIB30BAHUEM METO/Ia «CKOJIB3SIIEE OKHOY
(bopMUPYIOTCSI TTOJIST KOPPESAIUNA MKy TapaMu TEMaTHYE€CKUX CI0EB U TpeMs
cinosiMi (;,4 , Au A5) o popmynam (Tuxynos B.C.,1997):
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d Pa3HOCTh PAaHIOB ssermitdm j, CHSITBIX C Pa3HbIX KapT,/ - 00bem BPIOOPKH
IUISL TAHHOW CEPUU.

B nanHOW TyaBe amccepTanMu TPUBOAATCS PE3YNIBTaThl KiIaccCH(PUKAIIUU
TEPPUTOPUU THIAPOTCOJIOTHUCCKUX OOBEKTOB Ha 0a3e 1udpoBoil 00padbOTKH
KOCMHYECKUX CHUMKOB MO JAHHOW TEPPUTOPHUH C MUCIOJIb30BAHUEM MPOTPAMMHOIO
xomriekta ERDAS Imagine, ENVI. [Ipu 3ToM Ha nepBoM 3Tare OCyIIeCTBISIETCS
HauanbHasg Kiaccuukanusa. [lamee, Ha ciemyromeM 3Tame C TMOMOIIBI0 MOIYIS
Signature editor ¢opmMupyeTcsi crieKTpajgbHasi CTATUCTHKAa KOCMHUYECKOTO CHUMKA C
UCIIOJIb30BAaHUEM MOIyJsl supervised classification, hopmupyercs aitn curHaryp
IUIE  OCYIIECTBICHHUS OKOHYATENbHON Kiaccuukamuu. Kocmuueckne CHUMKH
tepputopuu CeBepHoit 30Hbl PecniyOnuku Kapakannakcran nonydensl ¢ Landsat 7
(32 2000 r.) m Landsat 8 (2015 r.) Ha repputoputo smcra K-40-b B macmrade 1:500
000. B pesyaprare mOJy4YeH PACTPOBBIM CJIOW ISl KIIacCH(UKAIMK JaHHON
TEPPUTOPUM HA OCHOBE KOCMHYECKHMX CHHMKOB. OOImas Iuiomaab TEpPUTOPUHU
uccinenoBanns 44 206,4 xm’. CormacHo puc. 1, IBETOBEIE SIPKOCTH IIO0 BCEM
00BEKTaM BBIICIICHBI SIBHO OTIUYMMBIMU TIO SIPKOCTH IBETAMHU 9 pa3HBIX I[BETOBBIX
XapakTepucTuk.  [lns  wmcciemoBaHust — mporecca  M3MEHEHHUS  I[BETOBBIX
XapaKTEPUCTUK TEPPUTOPUHN ObLIN BHIOPAHBI TPY BHJIa OOBEKTA!

* BOJHBI OKPOB;
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* PACTUTENIBHOCT;
* I0YBAa, COJIepKallasi COJIEBblE MUHEPAJIbI.

[TocTo6paboTka KJIACCU(PUITUPOBAHHOTO KOCMHUYECKOTO CHUMKa
OCYILIECTBIISUIACh ¢ momolibio nmporpammuoro obdecneuenuss ERDAS IMAGINE, c
npuMEeHeHrneM  cmocoba  oOydaemoit — kimaccupukanmuu Ha  baliecoBCKOM
kinaccudukarope. [lomyueHHbie pe3yabTaThl IPUBEIEHBI Ha puc.2 U B Ta0m. 1, 2.

Ha ocHoBe nmpuBeAEHHBIX PE3yJIBTaTOB U IO COMOCTaBiIeHHI0 CHUMKOB 2000
n 2015 rr. BUAHO, 4YTO SKOJIOTMYECKOE COCTOSIHUE TEPPUTOPUM OTIMYAETCA



YMEHBIICHHEM IUIOLNIAAM PACTUTEIBHOCTM HAa TEPPUTOPUM U IIOBBIIIECHHUEM
IUIOLIAAN 3aCOJIEHHOW TEPPUTOPHH.
2000r. 2015

Puc. 2. PacTpoBas kiaccupukanus Ha OCHOBE KOCMHUYeCKHUX CHUMKOB Tabiuina

1
CoorHoleHue Tpex 00bEKTOB ¢ KOCMOCHUMKOB pa3HOro nepuoja cbeMku Ipuapanbsckoro
peruona
i 2
Ilepuonni, rr. Boxubii PacTurenbHocT 3acoJeHHOCTb, KM

noKpoB, KM’ b, KM
2000 4256,4 9708.9 5089
2015 4108,6 5587,9 9716,5
Pasnura 147.,8 xm? 4121 xm? 46275 xm*
3a 15 yer MenvuLe MeHbluLe bonvlue
Tabnuua 2

JmHaMuka u3sMeHeHus nosepxHocty IlpuapaibcKkoro pernoHa B MPOLEHTHOM COOTHOIIICHHU

Oxsar
Tepputopuu, %

Bonubiii nokpos, %

PacTturenbHoCcTh, %

3acojeHHOCTh, %

2000 9,6 22 11,5
2015 9,2 12,6 22
Pazuwuna, % 0,4 9.4 -10,5
MeHble MeHble bonvue
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Iaras maBa nucceprauun «Paspadorka T'MC

MOJeJIM TePpPUTOPHUH




cepepHoii 30HbI PecnyOumkum Kapakaamakcran» T1OCBfIlIEHa BONpOcam
[PAKTUYECKOTO TPUMEHEHMsT pa3padoTaHHOW Ha 0a3e reouH(OpPMaMOHHBIX
TEXHOJIOTUM KOMIIBIOTEPU3UPOBAHHON CHUCTEMBI INOAJEPKKU IPUHATUS PELICHUU
Ul MOHUTOPMHIOBBIX  HcciefoBaHuii  CeBepHoil  30HBI  PecnyOnuku
Kapakannakcran (C3PK).

l'uopoeeonocuueckue ycnogus meppumopuu. C reoIorH4ecKoil TOUKH 3pEHHUS
paccMarpuBaeMasi TEpPUTOPHs OTHOCUTCS K BEpXHEHEOT€H HUXKHE YETBEPTUYHBIX
OTJIOKEHN. BOJOHOCHBIE MIIACTBI COCTOAT U3 MECOYHBIX OTJIOKEHUH. [ TMHuCTBIE
OTJIOXKEHUS pacroyiokeHbl Ha rryoune [1-17 M u npencraBiieHbl HEPOBHO
PaCIIOJIOKEHHBIMU NIMHUCTBIMU OTJIOKCHUSMH.
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Puc.3. Peasm3zauus ajJropurMa OeHKH B3aMMOCBSI3M TEMATHYECKUX CJI0€B METOIOM
«CKOJIL3SIIEro 0KHA»

Hnst uccnenoBanusi  tepputopun C3PK  dopmupyrorcs  cienyromue
TEMaTUYECKUE CJIOM: MPOCTPAHCTBEHHOE pachpe/eseHne 0ajaHCOB MOA3EMHBIX
BOJIOHOCHBIX CJIOEB; IPOCTPAHCTBEHHBIE pacpe/ieNICHNs Ha4albHbIX YCIOBUI
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reo(OUIBTPAMOHHBIX U THIPOTCOXUMHUYECKUX 3a/a4; POCTPAHCTBEHHOE
pacrpesieJieHre TPaHUYHBIX YCIOBUIM MOTOKOB MO3eMHBIX BOj. [loiyueHHas Takum
o0pa3zoM nH(popMaIUsi HHTETPUPYETCSI B KOMITBIOTEPHYIO CUCTEMY B BUJIC
TEMAaTUYECKUX CIIOEB U KapT, MPOU3BOJUTCSA OIEHKA B3aUMOCBSI3H MEKIY
TEMaTUYE€CKUMU CJIOSIMM HAa OCHOBE METOJIa «CKoJb3sIee okHo» (puc. 3). [anee, Ha
TaKOH OCHOBE MIPOBOJSITCS BBIYMCIUTEIBHBIC DKCIIEPUMEHTHI JIJIs1 OIIPEICIICHHUSI
reouIbTPAIMOHHBIX MMAPAMETPOB U IPAHUYHBIX YCIOBUIA.

B kadecTBe TOMOJOTMUECKUX OHIIEMEHTOB TE€OMH(OPMAIMOHHON MOMAEIH
paccMaTpuBaeMOld TEPPUTOPUU TMPUHATHL TOUYEUYHBbIE (CKBAXKMHBI BOJ103a00POB,
HaAOJIIONIEHU ), JIUHEWHBIC (MHGUIBTpAITMOHHBIC KaHaJIbI, I'PaHUIIBI
reouIbTPAlMOHHBIX 30H W T.IL.), IUIOIIAAHbIE (30HBI, BBIJCJICHHBIE 10
(UIBTPALIMOHHBIM CBOMCTBAM, HACEJIEHHBIE MYHKTHI U T.I1.).

['eonndopmaliioHHbIE TEXHOJOTHH  SIBJISIOTCS TEPCIEKTUBHBIM  CPEJICTBOM

W3YYCHHsS] JUHAMHUKMA TOA3EMHBIX BOJ, TIPHU OTOM HUMEETCS BO3MOXKHOCTh
UCITIOJIb30BAHUS JAHHBIX MO YPOBHSIM I'PYHTOBBIX BOJ U CTCTICHU UX KOHIIEHTPAIUH,
a TaKkKe HayaJdbHBIX M TPAHUYHBIX YCJIOBHM KaK TEMaTUYECKUX  CJIOEB
reonH(pOPMAIIMIOHHOW MOJCIIH.
Ha nepBom »srtame Ha 0a3e mporpammuoil cpenbl ArcCatalog cuctembr ArcGIS
dbopmupyeTcsi CTpykTypa TreouHdpopManuonHo wozaenu Tteppuropun C3PK.
Tomonmornueckue 3IEMEHThI JaHHOM  MOJENH: TOJUTOHANIbHBIC  (pailoHbI,
XO3SIUCTBO, TEPPUTOPUHN), JIMHEHHBIE (TPAHULIBI PAHOHOB, XO3SMCTB, JOPOTH, PEKH,
KaHallbl), TOUYEYHBbIC (BOM03a00pHBIE W HAOMIOMATEIbHBIC CKBAKHUHBI, OTACIbHEIC
nocTpoeHus u T.1.) (puc. 4).

o R e e e = ]

ColES B¥ « L NI ST AR L = (L SN P pe—p—— « e 40

¥
i
i
I
i
i
u
=
i
e
[+]
e
1+
1
5]
L
7]
W
“
*
i
I
i
Fi
¥
[
]
L ]

[

.....

oy [ a8 o=4 ¥
parg = ke W v AT s mrw A B g ne
Lt N B O HAE Dl

Puc. 4. 'eonndopmanuoHHasi MoieJIb THAPOre010ru4eckux ycaoBuii CeBepHoii 30HbI
Pecnyosimku Kapakananakcran
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Ha  ocHoBe  reomndopmammonnoit  momenu  C3PK  mpoBenmeHsl
BBIYMCIIUTENIBHBIE OSKCIEPUMEHTBHI 10 OICHKE BIIMSHHUS W3MEHEHHH YpOBHEH
TPYHTOBBIX BOJ M HUX MHHEpAIMU3AlMA HAa JAPYyTHEe TEPPUTOPHUH U OOBEKTHI C
npuMeHenueM nakera Spatial Analyst cpeast ArcGIS.

TenaeHuns NOHWKEHKS YPOBHEN IPYHTOBBIX BOJ Ha TeppuTopun CeBepHO
30HbI PecryOnmuku Kapakanmakctan

2010 r. 2015~

0-1mM1-2M2-3M3-4Mm4-7Tm

Puc. 5. Pe3yabTaTbl BHIYMCIAUTEIbHBIX IKCIIEPUMEHTOB 10 U3MEHEHUIO YPOBHei
rpyuToBbIX Boa Teppuropun C3PK Ha ocHOBe reoHpopManiumoHHOro MoaeJJHPOBAHUS

TenneHnys NOBBIIIEHUS MUHEPAIU3alui TPYHTOBBIX BOJ HA
teppuropun CeBepHoii 30HbI Pecriybnuku Kapakannakcran

2010~ 2015~




0.0-1.07m 4 6_3.0 /1 3,0- 5,0 F/n 5,0 10,0 r/n 10,0- 180.2 r/n

Puc. 6. Pe3yabTaThl BHIYUCINTEIbHBIX IKCIIEPUMEHTOB 110 MUHEPAJIU3allUA
rpyHToBbix Boj Tepputopuu C3PK Ha ocHoBe reouH(popManMOHHOTO MOJEJIMPOBAHUSA
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[Ipu npoBeneHHH BBIUUCIUTEIBHBIX SKCIEPUMEHTOB HCIOJIb30BaH MaKET
Spatial Analist cucrembr ArcGIS. IlonmydyenHble pe3yapTaThl MOKa3bIBAIOT, YTO HA
nepuoa ¢ 2010 nmo 2015 rr. HaOmrogaeTcsi MOHMKEHUE YPOBHEH T'PYHTOBBIX BOJ B
CEBEpHOM HAalpaBJICHUHU, MpPU HTOM HAOIIOMAETCS 3HAYUTEIHLHOE YMEHIICHUE
IJIOIIAZEH C YpPOBHEM TI'PYHTOBBIX BOA OT 0 10 1 M, B TO K€ BpeMs MOBBIIIACTCS
JI0JISI TUIOIAJIEH C ypOBHEM T'PYHTOBBIX BoA OoT 1 10 2 M. Ha 3Toli 0OCHOBE MOKHO
OPUATH K BBIBOIY, YTO TIOHWXKEHHWE YPOBHEW TPYHTOBBIX BOJA TPHUBEIO K
YBEJIMYECHUIO IIONIA/IeH 3aCOJICHHBIX 3eMell (puc.S).

B nporecce pa3paboTKu reornH(OpPMaIMOHHBIX Mojieneu
THJIPOT€OJIOTUYECKUX OOBEKTOB NPUPOAHO-TEXHOTEHHOTO XapakTrepa BakKHOE
3HAYEHUE npu opraHu3aIuu UH()OPMAITMOHHOTO oOMeHa MEXTY

TUIPOTre€OIOTUYECKUM OOBEKTOM M €€ TeOMH(OPMALMOHHOM MOJENbI0 HMEIOT
BOIIPOCHI KOOPJIMHATHOTO COOTBETCTBUSI W MPHUHATUS PEIICHUH Ha OCHOBE
KOMILJIEKCHOTO MCCIIEJ0BAHNS TEMAaTUUYECKUX CIIOEB I'MIPOr€0IOTHYECKOT0 OOBEKTA.
B kadecTBe TeMaTHMYECKUX CJIOE€B MOXKHO (POPMHUPOBATH CJIOW W3MEHEHUU
YpOBHEH TPYHTOBBIX BOJ, MX KOHIEHTpPALMM, MPOCTPAHCTBEHHOE pacIpeesieHne
reo(UIbTPALMOHHBIX MapaMeTPOB, MOTPEOHOCTH OPOIIAEMBIX TEPPUTOPUIN B BOJE
u gp. Juas ymeHbIIEHHS BO3MOXHBIX MPU 3TOM HEOIPENEIEHHOCTEH MOXKHO
NPUMEHUTh MHCTpyMEHTaNbHOE cpeAcTBO ArcGIS, mo3sossroniee onepupoBarh C
TeppuTOpUaIbHbIMK NaHHbIMU Fuzzy Overlay, Fuzzy Membership.
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3AK/IFOYEHUE

Pe3ynbpTaThl uccienoBaHuil 10 JOKTOPCKOM auccepranuu Ha Temy «Cucrema
NOJICPKKU TPUHATHS PEIICHUN HA OCHOBE T€OMH(OPMAIIMIOHHOTO MOJEIUPOBAHUS
TUAPOTCOJIOTUUECKUX OOBEKTOB MPHUPOAHO-TEXHOTEHHOIO XapaKTepa» CBOIATCS K
CJIEIYIOIIUM BBIBOJIOM:

l. Pa3paboranbl KOHLEIIINSA reorH(OpMalMOHHO-aHATUTUYECKOM
KOMIUIEKCHOM  CUCTEMbl 00paOOTKH JaHHBIX (YUCIOBOTO, Kau€CTBEHHOTO,
JUHTBUCTHYECKOTO, PACTPOBOTO, TEPPUTOPUATILHOTO XapakTepa U T.1.), aJfOPUTMbI
W JIMHTBUCTUYECKOE TMPEJCTABICHUE TOJYyUYCHHBIX PEIICHUH. Crpykrypa
KOMIIBIOTEPU3UPOBAHHOM CUCTEMBI BKJIFOYAET reonH(pOPMaIIMOHHYIO,
HEYETKO-MH(POPMAITMOHHYI0O U IKCHEPTHO-AaHAIUTUYECKYIO  COCTaBISIONINE,
pa3paboTaHbl AJTOPUTMBI U TPOTPAaMMHBIC CPEACTBAa MH(POPMAIIMOHHOTO OOMEHa
MEXK]y COCTABJISIOIMIMMHI KOMITbIOTEPU3UPOBAHHON CUCTEMBI.

2. IlpennararoTcsi MeETOABI, ANTOPUTMBI U TMPOTPAMMHBIN KOMIUIEKC MAJis
dopManm3aMui W arperupoBaHUS OIbITa, 3HAHUA W WHTYHIMA DSKCIIEPTOB
THIPOTEOJIOTOB HAa HEYETKO-MHOXKECTBEHHON OCHOBE C MPUMEHEHHUEM METOoJa
Caarn.

3. Pa3zpaboranbl 1 000CHOBaHBI MOJICIIU MIPUHATHSI PEIICHUM, OCHOBaHHbIC Ha
0000IIEHNU pelIEHU 10 COCTOSHUSIM (MEJIMOPAaTUBHOE, BOJOOXPAaHHOE U



DKOJIOTUYECKOE)  THIPOreOJOTMYECKUX  OOBEKTOB  MPUPOAHO-TEXHOI'€HHOI'O
XapakTepa W [O3BOJIOUIME  INPUHUMATh  PA3HOXAPAKTEPHBIE  PELICHUS:
MPEAYNPEAUTENBHOTO, BOCCTAHOBUTEIBHOIO U JIOKAJIU3alIMOHHOIO XapaKTepa.

4. Pa3paboTaHbl aJITOPUTMBI HEUETKOM OIEHKU B3aMMOCBSI3U NMPUHUMAEMBIX
pelieHuii Ha OCHOBE CUTYallMOHHOTO aHajlu3a Pe3yJbTaTOB I'e€OMH(OPMALMOHHOTO
monenupoBaHuu. I[lpennaraercss Mozaenb NPUHATHA OOILIErO PELIEHHUS, COCTOSIIAs
U3 pelIeHU, UMEIOIINX XapaKTep YCUJICHUSI, YMEHBIICHUS] 1 HCU3MCHCHMUSI.

5. IlpemnoxkeHsl anrOpuTMbl M MOPOrPAMMHBIE CpPEJICTBA HW3BIICUEHUS
nH(opManuu u3 U300pakeHU TUAPOTre0IOTHYECKUX 00BEKTOB,
pacnapaienuBanus 1U(POBO 00paOOTKH H300pAKEHUN THUIPOTEOTOTHIECKUX
O0OBEKTOB.

6. IlpennoxeHbl MPUHIMUIBI MOCTPOCHUS TEOMH(GOPMAIMOHHOW MOIENn
TUIPOre€0SIOTUYECKUX OOBEKTOB MPHUPOJHO-TEXHUYECKOTO XapakTepa Ha 0Oase
JAHHBIX PACTPOBOTO Xapakrepa.

7. IlpennoxeHsl aaropuT™M U MPOrpaMMHBINA KOJ (POPMUPOBAHMS
KOPPEISUMOHHBIX MOJIEN B3aUMOCBSA3U MEXKIY JIBYMS WU TPEMSI TEMAaTUYECKUMU
CJIOSIMU T€OMH(OPMALIMOHHOW MOJIETTU TUIPOre0I0THYECKUX OObEKTOB IPUPOIAHO
TEXHOTEHHOI'O XapaKTepa Ha OCHOBE MeToAa « CKOJIB3SIEE OKHO.

8. PazpaboTaHHas KOMIbIOTEPU3UPOBAHHASA MH(DOPMALIMOHHO aHAJIUTUYECKas
cUCTEMa ITPUMEHEHA JIJIsl TPOBEACHUSI MOHUTOPUHIOBBIX HMCCIIEI0BAHUI
teppuropun CeBepHoit 30HbI Pecryonuku Kapakanmnakcras.

9. Ha ocHoBe reonH(OpMAIIMOHHON MOJETH TMPOBEICHBI BBIYUCIUTEIHHBIC
AKCIIEPUMEHTBI IO OIIEHKE BIIUSIHUSI M3MEHEHUW YpOBHEH TPYHTOBBIX BOA U HX
MUHEpanu3anuii Ha apyrue o0bekTsl Tepputopuu CeepHoil 30HBI Pecmybmuku
Kapakanmakcras.
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10. IIpocTpaHCTBEHHO-BPEMEHHOM aHAIU3 Pe3yabTaTOB reOMH(POpMaIMOH
HOTO MOJIETTUPOBAHUS OCYILIECTBIISIICS C MOMOIIBIO nmakeTa Spatial Analyst cpenbl
Arg GIS.

11.ITomrydeHHbIe pe3yabTaThl MOKA3bIBAIOT YMEHbBIIEHUE TIIyOWH YpOBHEH
IPYHTOBBIX BOJ| M TOBBIIICHHE WX MHUHEpaIM3allid B CEBEPHOM HAIPABICHUU Ha
nepuog ¢ 2010 mo 2015 rr. IlpoeaeHa mudpoBas oOpabOTKa KOCMHUYECKHUX
caumkoB no tepputopun C3PK na nBa mepuoga Bpemenu (2000 m 2015 rr) c
nomotupto nporpammuoro nakera ERDAS IMAGINE. IlomydenHsle pe3ynsrarsl B
LEJIOM HUACHTUYHBI pe3yibTaTaM, MOJYyYEHHBIM Ha OCHOBE TIe€OMH(OpPMAIMOHHON
MOJIENIU TEPPUTOPUH.
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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 IV. «Development of
information and communication technologies.

% http://www.agrowebcee.net/awuz-ru/nauka/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, OOO «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 results,
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-

"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/i1688r-/i1688 r03.pdf, http://www.slb.com/services/additional/water.aspx,
https://en.wikipedia.org/wiki/Centre- for Ecology and Hydrology, http://jr.rse.cosmos.ru/article.aspx?id=167,
http://nihroorkee.gov.in/, http://ecoruspace.me/GISTDA .html, https://www.linkedin.com/company/excel
geomatics-pvt-1td-
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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 [.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 practice,
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, A5-
022) «Integration of GIS technologies for integrated estimation of electromagnetic
safety telecom munication systemsy» (2015-2017).

The aim of research is the development of information-analytical system, of
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 software 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 groundwater 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 1s 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.

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, -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,-1s <the set of solutions localization character (L)>

P A C Ay A= AyU AU AU 4
17 BC

It's clear that v
U U

At the same time, there are three types of control solutions: «Increasey,
«Reduce» and «Do not change» (Melikhov A.N. Bernshtein L.S. Korovin
S.J.1990). We denote this solution value of LP < «Increase», T, X>, <«Reduce», T),
X>, <« Do not change»,T,, x>, tne7, T, T,
, , - term- sets LP < «Increasey,
«Reducey, «Do not change» >. Are introduced the notation: </ 7X>,, - for LP

;7
«increase»; <D T X >
,,-for LP «Reduce»; < ZTX>
, , - for LP « Do not change
i iz
», LP ,D,Z,
I, have a term set {«little», «strong»}, {«little», «strong»}, {«no change»}.



In the thesis is proposed a general solution decomposition method: /
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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 ,
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Assessment of the relationship and of solutions in the following order:
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3. Discarded those FP values, which less than 0.4. 7, D, Z .
4. Final decisionRis obtained AF expansion solutions ;

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, ENVI. 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:

In() [0,5In( )] [0,5() ()()]'D =a.— Cov.— X—_MCTCOVCX— 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 - reverseCovg; 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.
Is 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, A)using a "sliding window"
method are formed fields of correlation between pairs of thematic layers), and three
layers (,,4 , Au 4,) the formulas (Tikunov V.S.,1997):

22RAAA= RAA+ RAA_ RAARAA_ RAA

1231213121323 (2)/(1)
z 22 !
RAAdil’l n=-—-—
16/()
i
6,j=1,3;

d _is the difference between the ranks of the phenomena AiH, A;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, ENVI. 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
km?2, 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.

* Water cover.



* Vegetation.
* 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 region.

Periodsy/y Water cover Vegetation Salinity
2000 4256,4 km° 9708,9 k> 5089 km*
2015 4108,6 kM 5587,9 km* 9716,5 km*

Difference 147,8 xm? 4121 xm? 4627,5 kM

15 years less less more

Table Ne2. 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
in percentages (%)

0,4
less

9,4 %
less

- 10,5 %
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.




Fig.3.Implementation evaluation algorithm relationships thematic layers by the «sliding
window».

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 1s 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).

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

2010 2015

0-1mM1-2M2-3M3-4MmM4-7Tm

Fig. 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

2010 2015

0.0-1.07M 4 6_3.0 /1 3,0- 5,0 F/n 5,0- 10,0 r/n 10,0- 180.2 r/n

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 window».

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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