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KHNPHUI (JIloxkTOpJuK AuccepTaiusici AHHOTALUSICH)

Juccepranus MaB3yCMHUHT 10J13ap0/auMru Ba 3apypartu. byryHru kyHaa
XKaxoHJa reoax00poT TEXHOJOTHUIIApU IOTYKJIapura acociaHu® TaOuHii TEXHOTEH
XapakTepra 3ra Oyiran ruiporeojoruk 0ObeKTIAPHUHT MEJMOPATUB Ba SKOJIOTUK
XOJIATJIADUHM MAaBCYMHUM Y3rapulll >Xapa€HIapuHU MOJIECUIAIUTUPHUIL Ba IOKOPHU
camapaJiopJIMKKa 3ra OOLIKApUIl TU3UMIIAPUHU SIPATULI 1073ap0d MyamMMoJiapaaH
Oupura aiinanu® 6opmokia. «Tabuuii-TexHOreH oObeKTIapAa xap Huiu 6-7MIH.
reKTap epjia CyB TAHKUCIUTH Ky3aTUIMOK/a, cailépamusia reorpaduk >xoiiamran
YpHU Ba DHKOJOTMK XYCYCHSTJIApMHU HHOOATra ojiral XoJjiga TreoaxoopoT
TEXHOJIOTHSJIApU acocHjia MIUIOB Oepuiaaurad 1,5 Mupj. TekTap epiapHHUHT
MEIMOPATUB XOJATUHH 75-78% napaxkara Kafap TabMHHIIAIITA SPHIIHITaH».

V36ekucTon PecnyOnukacuga wuWHTEHCUB (oiaaHWIaIuran TaOuuii-
TEXHOT€H XapaKTepAard €epJapHUHT MEJIUOPaTUB XOJATUHU SXIIWJIAIl Ba
caMapaJiopJIMTUHU  OIIMPHUIIA  TUAPOreOJIOTUK  OOBEKTIapHUM  TeoaxoopoT
TEXHOJIOTHSJIApU acocuja OOIIKapyB KapopJlapuHu KaOysl KWJIUIIHM KyJutal-
KyBBaTJIalll TH3WUMHHU TAaKOMMIJIJIAIITAPUII Oopacuaa KEHr KaMpOBIU WIMHMA
TQAKAKOT WIJIapy amMaira OIMpWIMOKIa. By Oopaga, xymiagaH, KHUIILIOK
XY)KaJIMTUHUHT TYpJid coxanapujaa QoiparaHuiaiurad epiaapHUHT MEJIMOPATHB
XOJIATUHU FOKOPU TEXHOJIOTHsJIap €pAaMua SXIIUIall, TyIPOK YHYMIOPJIUTHUHU
TUKJIAI >KapaCHIapUHU MOJCIUIAINTUPUIN Ba MEJIHOPATUB THU3UMIIAPHU OOIII-
Kapulll, yhapaaH camapaid doigananumra OOFJIuK TaaOupiap YTKa3uIlira
OarvIUTaHTaH KaTop WIMHA-TAKUKOT UIILIApH 0110 OopuiraH.

XKaxoHna TaOuMii-TeXHOTEH XapakTepAaru THAPOTENOTHK OOBbEKTIAPHUHT
MaTEMaTUK MOJIEJUIAPUHU Te€0ax00pOT TEXHOIOTUSIIapU acoCua UIIad YMKUII Ba
TEXHOT€H XYAYIJApHUHI MaBCYMHIl Ba DJKOJOTHK XOJIATJApUHU Y3rapuilu
XaKUJaru reoMabiIyMoT/Iap 0a3acyHM MIAKUIAHTUPHIIL Ba yJap acocuaa OOUIKapyB
TU3UMJIAPUHU TAKOMIIIAIITHPUIIT MYXUM axaMuar kacO 3TMokaa. by Oopana
KaThbUHMac MabJIyMOTIAp IMAPOUTHIA TYPJIM XapakTepJard edumiiap Kalyi
KAJUII MOJEJUIAPUHU M0 YWKHIN, TYMPOK XOCCAJIApUHU Ba CHU30T CyBJap
YyKYpJIMTMHA XUcOOra OJraH XOJiJa KOJIJIEKTOP-30BypJjap CHUCTEMAaCHHHM HILIa0
YUKHIL, KaThbUHMAac MaHTUKHUI acocuaa TypJiu XapakTepAard e4numiiap opacujaru
OOFJIAHMIIJIADHA TAAKUK KWIWIIHUHT (OTOXJIAHTHUPHIN, aXPATHUII, THKJIIAI)
MOJICIIIAIITUPUII  AJITOPUTMIIAPK Ba JACTYpJIApUHU HIIIA0 YUKW, PacTpiu
TACBUpJIAp acocuja XyAyajap TreoaxOopoT MOJCIMHH  SpaTUIl  Kalu
WYHAIMIUIApJa MAaKCaUIM WIMUKA UW3JIAHULUIAPDHA aMalra OLIMPHUII MYXUM
Basudamapaan oupu xucodnaanaau. KOxkopuaa KenTHPHITaH WIMHA-TaIKHKOTIAP
HyHamumuaa Oaxapwia€TraH WIMHAM —M3JAHULUIAD Ma3Kyp JHUCCepTalus
MaB3YCHUHHUHT JOJI3apOJIMTUHHA U30XJIANIH.

V36ekucron Pecnyonukacu Ilpesunentununr 2013 #iun 27-urongaru [1K-
1989-con  «Y36ekucton Pecrny6imkach MuWmmii - ax60poT-KOMMYHHKAITAS
TA3UMHMHU  SHaJa PUBOXJIAHTHpUIN  Tyrpucuga»sru  Kapopu, Basupiap

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



Maxkamacuauar 2013 jinn 19 mapraarn 82-con «VY36ekucTon Pecny6nmkacuaa
cyBlaH (¢oiiaJaHuIl Ba CyB UCTEbMOJIU TapTUOU TYFPUCHUIA»TH KapopH Xamia
Ma3Kyp (daonusTra TEruuuid  OomKa MEbEPUN-XYKYKHH  XyKKaTiaapaa
OenrmiaHrad Bazu(alapHU amaira OUIMpHIIra ymoly JuccepTanus TaJKUKOTH
MyalisiH Japa)kajia Xu3MaT KUIau.

TankukKOTHUHT pecnmy0uka ¢GaH Ba TEXHOJIOTHSJIAPU PHUBOKJIAHUIIM-
HHMHI YCTYBOp HYHAJIMILIAPUTa OOFJIMKJUIH. Ma3kyp TagKUKOT peciyOsinKa
(an Ba TexHoNOTrUsIap pUBOXKIAHUIIMHUHT V. «AxOopoTnamTupuin Ba axo0poT
-KOMMYHHUKAITUSl TEXHOJOTHSJIAPUHN PUBOKIAHTUPHUIID) YCTYBOP WYHATHUIIH
noupacuaa Oaxkapusiras.

Jluccepranusi MaB3ycH 0YiHYAa XOPWKHIA HIMHIA-TAAKHKOT/IAP MIAPXH.”

TaOuuii-TexHOTE€H  XapakTepAard  TUAPOTEOJIOTHMK  OOBEKTIap  Y4YyH
reoax0opoT TEXHOJNOTHSIAPH acocHja edyumiiap KaOyn KHIWIIHH Kyinad -
KyBBaTJIalll TU3UMH, MYpPAaKKad THU3UMIIApHU axOOpOT HOAHUKJIWIY IIAPOUTHIA
THJIPOTEOJIOTHK,  TEXHO-JIOTUK Ba  WKTUCOAMA  acOCIapHHH  Te0axOopoT
TEXHOJIOTUSAJIAPH  acochJa  KOMIUIGKC  TaAKWK  KWIWII  SKapaCHIapUHH
MHTEJUICKTYAJUTAIITUPUIT YCYJUIADUHHN HIUTA0 YHKHINTa WYHANITHPHWITAH WIMHUHA
W3JaHHUIIUTAD SKaXOHHWHT €TaKuyd WIMHH MapKa-3Jlapy Ba OJMH  TabJINM
Myaccacanapu, xxymianaH, 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'epmanusti), Centre for Ecology and Hydrology,
Centre for Water Science, Cranfield University (byrok bputanus), Airbus Defence
and Space, Geo-Intelligence, Spotlmage (®panmus), DEIMOS Imaging, Remote
Sensing Laboratory of the University of Valladolid (Mcnanus), University of
Technology (ITossira), University of Pisa, Department of Geosciences, University
of Camerino (Uramus), University of Technology ([lanus), National Institute of
Hydrology, Waterloo Hydro geologic, Excel Geomatics (Xunnucron), GISTDA
(Taunang), Technical University of Denmark (Jdanus), ESRI GIS, OOO «/latay,
MockBa JgaBilaT yYHHMBEpPCUTETH, MoOCKBa ajioka Ba axOOPOTIAIITHPHUIIT
yHuBepcutet, Ko3zon yHuBepcutetn (Poccusi), ToimkeHT wuppuranus Ba
MeIHopanusi WHCTUTYTH Kommjard HWppwuranus Ba CyB MyaMMoJapu WIMHIA-
TaJKUKOT MHCTHTYTHA (Y36EKHCTOH) KEHT KAMPOBIH MIIMHI-TaIKHKOT HMILIAPHU
o0 GOpHIMOKIA.

TaOuuii-TexHOreH XapakTepJaru UApPOreooTUK OOBEKTIap y4yH reoaxoo-
POT TEXHOJOTHSUIApU acOCHa euyuMyap KaOysl KWJIUII, TEXHOJOTHK aCOCIapUHU
reoax0opoT TeXHoNorusIapu EpnamMuaa O6axomam Ba Oamopariam MOACITIaPHHH
ApaTUIl yCyJd Ba aIrOPUTMIAPUHU WNUIA0 YWKHIIL, MOHUTOPHHT THU3UMU
Ty3WIMACHHU TaKOMWJUIAIITHPHINTA OWJ KaXxOHJa Oiu0 OOpWUITaH TaIKHUKOTIAp
HaTWXacuja Karop, >KymiajaH, KyWujgard WIMHN HaTwkanap ojuHrad: GPS-

2Ilucceprauus Map3ycd OViiMua Xoprkuil MIMuii-taakukoT mapxu http://www.fao.org/docrep/018/i1688r-/i1688
ro3.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-ltd- Ba Gomika mamGaanap acocuaa uuUAG YHKHII-
TraH
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HaBUTAlMsl THU3UMUHU KYJJlall XamJa TIeoJe3UuK KypuiaMmanapu Ba JacTypui
MaxCyJOTJapuHU SpaTUIla IOKOPH Japaxkajgarn (OTOrpaMMETPUK acTypHid
eunmiap uniad uyukwiran (Trimble, Digital Globe, AKII); roxopu Sport &
Pleiades eunmiini ONTHK a’pOKOCMUK TacBHUpJApHU XHCOOdall ycyJapu Uiiad
gyukuiran (Airbus Defense and Space, @paHuus); KUIUIOK XYXKaTUTH COXacHJa
KOCMHK MOHHUTOPUHTH acoCHlia CyB 3axupaiapu xaputacu sipatwiran (Aguila
Space, AKIIl); ep octu cyB 3axupajgapd KOCMHUK TacBUPJIApU Ba Te0axO0opoT
pecypcilapvHy KaiTa MIUIAIHUAT JacTypuil TabMuHOTH uiiiabd unkuiarad (ESRI,
AKII); Tabumii-TeXHOreH XapakTepAard THAPOTr€OJOruK  OOBEKTIAPHUHT
re0ax0opoT TEXHOJOTUSJIApU acOCHJIa DJIEKTPOH reoax0opoT Mojaeiiapu uuiad
yukmwiradn (ESRI GIS, Poccus); ep octu cyBinapu XapakaTHHU MOJAEIUIAIITHPHUII
cudatrHu 6axoJanl Ba 3axupaiapuaal GpoigaTaHuIIHN OOIKAPUII XapUTaJapuHU
ApATUIIHUHT JacTypuil TabmuHOTH Miad yukuwiran (Waterloo Hydrogeologic,
Poccus).

Jlynéna TtaOuMN-TEXHOTEH XapakTepAard THAPOTreoJIOrMK OOBEKTIApPHUHT
MEJIHOpPaTUB XOJIATUHU, €p OCTH CyB 3axuUpajapuHU XHUMOSJAll Ba Mas3Kyp
XyIAyajgapard 9KOJOTHMK Ba3USTIAPHU 3aMOHABHH axOOpOT TEXHOJIOTHSUIApU Ba
MaTEMaTUK MOJICJUTAIITUPUIN YCYIUIApH acocuaa KOMIUIEKC KaiTa TUKJal Oyinya
KaTtop, S>KyMJIaJlaH, KyWHJard YyCTyBOp WYHaIMILIapAa TaJKUKOTIap oaub
OOpWJIIMOK/A: €p OCTH CYBIM KaTjlamylap THAPOTCOXUMHUK PpPEXUMIIAPUHU
MaTEeMaTUK MOJEIUIAIITUPHUII aNTOPUTMIIAPU Ba JACTYPHUIl BOCHUTaJapUHH HIILIA0
YUKUII; TYNPOK XOCCAJapUHU Ba CH30T CYBJIAp CAaTXMHHM XMCOOTra OJIraH XoJija,
KOJUIEKTOP-30BYpJIap TU3UMIIAPUHHU TAKOMUJUIAIITHPHUIL;, TEXHOTEH XyAYyJIapHUHT
MaBCYMHIl Ba DJKOJIOTMK XOJaTJIapyUHU Y3TapUIlld XAKUJAard MabJIyMoTiap
0a3acMHU IIAKIUIAHTUPHUIL; CHUMCH3 CEHCOp TYpiapu acocuaa CyFOpHIIaauraH
MapJIoHJap MEJNHOpPAaTUB  XOJaTIapyUHU TE3KOP MOHUTOPHHI  KUJIUIIHUHT
KOMITBIOTEPIAIITUPWITAaH TU3UMUHM SIpaTUII; €p OCTH CYBJIM KaTJIaMJIApUHU
MEIHOpaTUB, OKOJOTUK XOJAaTMHH Oaxoyiaml Ba yhnap acocuaa OomIkapys
KapopJjapuHu KaOyn KWIMII MacalajJapyuHU CUYUIIHUHT aJropuTMIIapu Ba
JACTYpHUH Ma)XMyaJapyuHHU XaMJla Te0ax00pOT TU3UMIIAPUHUHT HHTETpaIlUsIIaIlyBH
MEXaHU3MUHU UIUTA0 YUKHUIIL.

MyaMMOHMHI YPraHWITraHJIMK Japaxacu. TaOuuii-TeXHoreH xapakTeparu
TUAPOrEOJIOTUK TU3UMJIAPHU MEIMOPATHB Ba HKOJOTHMK XOJATHHU KalTa THKJIAII
KapaCHJIApUHU MaTEeMaTUK MOJEJUIADUHU  ApaTUIl Ba OOIIKAPYB TU3UMHUHHU
TAKOMWJUTAIITHPUIIIHUAT Ha3apuil Ba aMalluii MacajallapuHu €dYulaa TaOuuii-
TEXHOTEH THUIJAru THIPOTEOJIOTHK OOBEKTIAPHUHT Nedapiu Oapuacuiga TaOuuit
PEKUMHUHT OY3WITAHJINTUA WIAPOUTIApUIA Kapopiap Kalyn KWIHII, TaOwuwii-
TEXHOTEH THUIJIaTd THUIPOTEOJIOTUK OOBEKTIHap OYyiinya MablyMOTIap €TUIIMAC-
JWINATH, YIAPHUHT aHUKMACTWINTH, Py Oepa€Tran BazusATIApHUHT MYpakkaOIu-
JUTH Ba TYpPJAM XapakTepAard MabiyMmMoT/ap OWjlaH HILIAIl WMKOHUSTIAPUHUHT
YeKJIaHTAHJIUTH Ty(aillin HSKOJOTHK Ba3usAT KECKWUH Xyayajapaa e€p OCTU
ruapocdepac Ba TalIKA MYXUT Opacuja MyHocaOaTJapHUHT T'e0axO0opoT
MOJCIJIapH Ba QJITOPUTMJIAPUHM SIPATHIN;, TaOWHMI-TEXHOTEH THUIPOTEOIOTHK
oobekTnap (TTITO) mypakkabiuru Ba yjaapra TeXHOreH Gakrtopiaap TaAbCUPUHUHT
KYWIWJINTH, €p OCTU CYB TYTYBUYM KaTjamJjiap YyerapajapuHUHT KaThUUMACIIUIINTH,

7



nmapamMeTpiapy Ba XapaKTCPHUCTUKAIAPWHUHT HOAHWKJIWTHHU aJeKBaT aHHWKJIAI
MyaMMOJIapH; THIPOTEOJIOTHK OOBEKTIApHU TYPJIH MabIyMOTIap IIapoOuTHIA
KOMITJIEKC TaJKUK KHWJIUII MYaMMOJApPWHH T€0axO00pOT TEXHOJOTHUSIaApUHU
KYJUTalll acocuaa euuil Macananapu oup xarop onumiap: 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 601IKaJlapHUHT UILJIApUIa KYpUO YUKHUIITaH.

TaOumii-TeXHOTEH XapaKTepJard THIPOTCeOJIOTHK OOBEKTIAPHA MEINOpPATHUB
Ba DKOJIOTMK XOJIATMHH OamropaTiiaml Ba OaxOJallHUHT KOMITbIOTEPJIAIITHPUITaH
BOCUTAJIAPUHU SPATUIII MyaMMOCHHHM CUHIIIA TYPJIM XWIJAArd MabIyMOTIap/aaH
SATOHa KOMITBIOTEPJIAITUPHIITAH MYXUTAA (DOHJANTAHHII aNTOPUTMIIAPUHK HILTA0
YUKUII, aBTOMATHK Ky3aTHII JaTYUKIApPHIaH KellaéTraH MablyMOTJIapHH
UXYaMJIAIITHPHUII, CIICKTPaJ TaX TWJI KWIHII Ba CakJiall Macajaiapy OWIaH OOFIINK
TaAKAKOTIap OWp KaTrop OJIMMJIAp TOMOHMJIAH OJMO OopwiraH, XyMmJjajiaH,
N.K.I'apuu, J.Jeffrey, B.M.IlIlecTrakos, ®.b.AGyranmues, Y.V.VYmapos,
K. X.JbkymaHoB Ba OoImIKaJiap TaxXJWIM IIYHU KypcaTaJHKH, XO3UPTH BaKTIa
TaOMMI-TEXHOTCH XapaKTepAarn THIPOTEOJIOTHK OOBEKTIIap XaKuja  TE3KOp
ax0opOT ONHII YYyH CHMCH3 CEHCOp TYpJlapura acocjlaHraH KOMITbIOTEPJIAIITH-
pwiIraH Ky3aTuin acooOapumaan Qoitnananuiga 6up KaTop WKOOUI HaTKaiapra
APUILIUJITAH.

TaOumnii-rexHOreH XapakTepAard TUIPOreOSIOTUK OOBEKTIAPHUHT XYTyAUi
MaBJIyMOTIIap ©OazajapuHM IMAKJUIAHTUPHIL, yJIap acoCuja THIPOTeOJIOTHK
OOBEKTIIApHH T€0ax0opoT MOJACIUIApMHU HNUIA0 YMKUII Ba  OOIIKApyB
KapopJjapuH# KaOys KWIWIIAA KaTbUMAac MAaHTUK dJeMEHTIIapuaaH (QoiiiaJaHulI
Macananapura Oarumanran wunuiap A.Farajzadeh, G.D.Smith, O.Kaleva,
N.E.Mohamed, T.Caaru, E.Mampnanu, J[.A.Ilocnienos, B.B.Becenos,
J.A.Ilannukun, JI.3oma, J[.[dwo6a, T.Caatm, E.Mampaum, II.Pormreiin,
T.®.bexkmyparos, III.X.I[Tazunos, JI.T.MyxamanueBa, M.A.PaxmaryiiacB Ba
Oolmka TaAKUKOTIApUaa KypuiraH. AManuéria, THIPOTEOJIOTHK MabIyMOTIap
cupatuga QakaT COH KYpUHHIIUIAATH MabIyMOTIap TYIIyHWIaaWd, OyHmai
MabIyMOTJIAp ca TAOUUN peKuMHU Oy3uiMaraH OOBEKTIap yUyH KaTTa aXxaMUsITra
sranmurn  kypwirad. Illy Owman Owupra, TaOMHI-TEXHOTEH THUIPOTEOIOTHK
OOBEKTIap y4yH COH KYPUHUIINAATH MAabIyMOTIAPHUHT HWIIOHWIA 3MACIUIUTH
OWiaH XapakTepJIaHUIIHN, THAPOTECOJIOTUK TAIKUKOTIApAa JMHTBUCTUK KYPUHUIIIIA
OepuimyBUM SKCTIEPT OaxoJanuiap, adpOKOCMUK TaCBUpIAp, XyAyJaul Ba aTpuOyTHB
MabIyMOTJIapuaaH (ONAAIaHUIN YCYJUTADUHH SPATUIN Ba KEITYCH/Ia TaKOMMJI-
JAIITUPHUINTA OaFUIIUTAHTAaH WMWK W3JTaHUIIIAP XO3UPTH KyHIa €Tapiu Japaxana
KYpHWJIMaraH.

JMucceprauuss MaB3yCMHHMHI JHUCCEPTALMS 0a)KapWIraH OJHIl TabJIUM
MYacCCACACHHUHT WIMHI-TAAKUKOT HILIAPUA OWIaH OOFJIUKIMIH. Jluccepranus
TaIKUKOTH TOIIKEHT aX0OpOT TEXHOJIOTUSIIAPY YHUBEPCUTCTUHHHT MIIMUN-TAIKH-
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KoT unuiapu pexkacuHuHr AS-020-«Karbuitmac Tymiamiiap acocuaa Typid XMl
TUAPOrEOJIOTUK MabIyMOTIIapra UIJIOB OCpUIIIHUHT amnmnapaTt JacTypuil BocuTalia-
punu unwiad yukumy (2012-2014), AS5-022-«TenekoMMyHUKAIUs TU3UMIIApU
AIEKTPOMArHuT xaBpcuznuruau koMiiekc 6axonamra AT TexHOIOTUTapUHUHT
uHrerpauiamysu» (2015-2017) map3ynapunaru joiuxaiap goupacuga Oaxapui-
TaH.

TagKUKOTHUHI MAaKCaAH TYypJIM XWIAAard MabJIyMOTJAp MIAPOUTHAA
TaOUUN-TEXHOTECH XapaKTepJaru ruporeoyioruk o0ObeKTIap yuyH Kapopiaap Kaoym
KWINIITA KYMaKJIanlyB4u Te€0ax00poT-aHAIUTUK TU3UM UIUIa0 YMKUIIAaH HOopart.

TaaKMKOTHUHI Ba3u(anapu:

TaOUUN-TEXHOTEH THJAPOTCOJIOTHK OOBEKTIApIapHU XoJaTiapuHu udoaa-
JIOBYM MaBXyJl Oapya MabIymMOTJIap MaxkmyujaaH (ouganaHuIl WUMKOHUHU Oe-
PYBYHM re0axO00pOT TEXHOJIOTHUsIIApUra acoCIaHTaH axOOpOT-aHAUTUK OOIIKapyB
TU3UM KOHLICTIUSCUHY UIILIA0 YUKHIIL,

TaOUUN-TEXHOTEH THAPOTEOJIOTUK O0BEKTIIap IKOJIOTUK XOJaTHHU 0ax0J0BYU
Ba 0OamopaTioOBUM TaXpHOAIM MyTaxacCUC-IKCHEPTIAPHUHT (PUKpIAPH, XyJOoca-
Japu Ba TaxpubaiapuHu (popMaIaIITUPUIT Ba YMYMUIUTAIITHPUIL YCYJITIAPUHU
UIILTA0 YMKHIIL;

KaTbUMac MabIyMOTJIAp IIAPOUTHAA TaOWUNU-TEXHOTCH XapaKTepaaru
TUAPOTEOJIOTUK OOBEKTIAPHU KalTa TUKJIAI, JOKAJUTAIITUPHUIL, OTOXJIAHTUPHII Ba
OoIIKapyB KapopJiapuHH KaOysl KWJIUII MacaJlaJIJApUHUHT €YUMIIAPWHHU TOIHUIITA
KYMaKJIallyB4d MOJIEJUIAPHU UIILIA0 YUKHIIL,

KaThbUHMac-MaHTUKHUI TYTIIIaMmiIap Ha3apusiCu MPUHIUILIAPU acOCH1a TaOUUA-
TEXHOTEH  XapaKTepJard THAPOTEOJIOTHK  OOBEKTIap  opacuaaru  y3apo
OOFNaHMIIIApUHU  U(PONATOBYM MOJEIap acocHaa Ba3usATHU Oaxonaml Ba
OoIIKapyB KapopjapuHU KaOysn KWJIMII ajJrOpUTMIIApU Ba JACTypJIapUHH HILIa0
YUKHILL

TaOMHUI-TEXHOTEH TUPOTEOJIOTUK 00BEKTIIAp TACBUpJapUra Te3KOp mapasuiesn
UIUIOB OEpUIll alrOpUTMIIAPU Ba JACTypUW BOCHTAJIAPUHU MIUTA0 YMKHUII XaM[a
pacTpiIu TaCBUPJIAp aCOCH]Ia Xy IyAjiap reoax00poT MOJICTUHY SPATHIIL,

Ky dakropnu  kimaccuukanumsiIanm — yCIyOMHHM — KYJUIalll  acocHjia
Kopakanmorucron Pecniyonukacu [llumonuit kKucMu Mucoiauga TaOUHA-TEXHOTEH
XapakTepJard THAPOTEOJIOTHK O0BEKTIAPHUHT T€0ax00pOT MOJIEINIAPUHU PACTPIIU
TAaCBUPJIAp aCOCHIA UIIA0 YUKHIIL;

KOMILJIEKC ~MoOJeJUlapra acocjiaHu® TeMaTWK Karjiamjap Opacujaru
KOPPETSIMOH OOFJIaHUIIIAp XapUTACUHH SPATHUIl Ba OOIIKApyB KapopjapwHU
KaOyJI KWJIHII aITOPUTM Ba TaCTypUl KOMIUIEKCUHH HIIIA0 YAKHIIL.

TaakKuKOTHUHT 00beKkTH cudarnna TaOUUIA-TEXHOTEH XapakTepra ira
OynraH THUAPOTEOJOTHK OOBEKTIAPHUHT JKOJIOTHK XOJIATIAPUHH T€0axOopoT
TEXHOJIOTHSJIApU Ba KaTbUMMAac MAaHTUKUU YyCyJUIap acocuaa KOMIUIEKC KauTa
THUKJIAII )Kapa€Haapu Kapajiaiau.

TaagKUKOTHUHI MpPeIMeTH TaOMHIT-TEXHOTEH XapaKTepaard TUIpOreoIOTHK
OOBEKTIAPHUHT MABIYMOTIAPUHU KalWTa WIUIANl alTOPUTMIIAPH, MAaTeMaTHK
MOJIEJIapU, KOMIIBIOTEPJIAIITUPUITAH HHTEIUIEKTYal OOIIKapyB KapopiaapuHU
KaOyJl KAJIUII TU3UMUHU HIIJIA0 YMKHUII YCYJIIapu TalIKUI ATaju.



TagKUKOTHUHI ycy/uiapd. TaakukoT »xapa€HuJa KaTbUHMAc TyIulamiap
HazapusCy, MaTeMaTUK MOJICJUIAIITUPUIL, MABIYMOTIAPHU UHTEIJIEKTYal TaXJIHI
KWINIIL, SKCIEPT TU3UMIIApHU acocuaa 0axonaml Ba OONIKApYB KapOpJIapuHU Kalyl
KWK yCYJUIapH KYJIJIaHUJITaH.

TagKNKOTHUHT MIIMHUI SHTWIKMTY KyHugaruiapaad noopar:

TaOUUN-TEXHOTEH XapaKTepJlard T'HJIPOT€OJOTUK OOBEKTIap MabIyMOTIIapH-
HU TYIUIalll, Cakjall Ba WIUIOB O€pHIll, reoaxO0opoT TEXHOJIOTHSIAp acocujaa
MOJICJUTAIITUPHII, UHTEUICKTYyaJUIAIITHPHUIITa MYJDKaJJIaHTaH ax0opoT-aHATUTHK
KOMIMBIOTEPIAITUPWITAH TU3UM HIILIA0 YUKUITAH;

TaOUUN-TEXHOTEH XapaKTepJard TUJIPOTECOJIOTHUK OOBEKTIap XOJaTJIapuHU
KaTbuiiMac Tymjaamiap Ha3zapusicd TaMoWwiapu acocuaa Oaxojaml  Ba
YMYMJIAIITUPHUILTA aCOCIAaHTaH OOLIKapyB KapopJapuHHU KaOyJ KWJIHII MOAEIIapH
unuiad YUKUIraH;

TaOUUN-TEXHOTEH XapaKTepJaru TUJporeojoruk oObEeKTIap TacCBUpPJIAPUIAH
MabJIyMOT OJIUII, UIIJIOB OEPHII KapaéHJIApUHU MapaJlIe/UTAIITUPUII aJITOPUTM Ba
JACTypUM BOCUTATapH UIILIA0 YUKUIITAH;

TaOUUN-TEXHOTCH XapaKTepJard TUIPOTCOJOTHUK OO0BEKTIap Te0axO0opoT
MOJICJIM TeMaTHK KaTJIaMJIapd OpacHJard y3apo OOFJaHUIUIAPHU aKC ITTUPYBUH
ANIEKTPOH KapTajap spaTUIl acocuaa Kapopiap KaOyy KUJIUIIra KyMakjiallyBuu
KOMITHIOTEPIAIITUPUIITAH TU3UMHUHT aJITOPUTMIIAPU Ba JACTypHil BOCHTalIapH
unuIad YUKUITaH;

KaThbUHMac MabJIyMOTIIAp IIAPOUTHIA TaOUUU-TEXHOTEH XapaKTepAaru
THAPOTEOJIOTUK ~ OOBEKTIapHM  BasuATiapu  OVilmMya  Kaiita  TUKIaMm,
JOKaJUTAIITUPHIL, OrOXJAHTHPHILI €4YMMJIapd Ba ylap oOpacuuara ys3apo
OofnmaHumIIapuHu 0axoJianl MoJeiulapy, ajJrOpUTMIIapu Ba JACTypuil BOCUTaIapH
UIUIa0 YMKUIITaH;

TaOMHIT-TEXHOTEeH XapakTepaaru TUAPOTrEOJIOTUK O0BEKTIAPHUHT
TaCBUpJIApUra TE3KOp Mapajuiellb WILJIOB OEpHIll alroOpuTMIIaApU XamJla pacTpiiu
TAaCBUpJIap acocuaa XyAy/ulap reoaxOopoT MOJAENM Ba Ba3UATHU Oaxojarl
ANTOPUTMIIAPH UIILTA0 YNKUIITaH;

reoaxoopoT Mojenra acociaHuO, TEMaTUK Karjamjap  Opacujaru
KOppEJSAIMOH OOFaHUIIUIAD XapUTACUHM SIPATUII Ba OOIIKapyB KapopjapUHH
KaOyJI KWJIMII aJITOPUTM Ba TaCTypHUd MaKMyacH UILIA0 YHKUITaH

TaaKMKOTHUHI aMaJIdii HATUKACU Kylnaaruiap/iad nuoopar:

reoaxO0poT TEXHOJOTHSJIAPH acocuaa TaOWUH-TEXHOTEH XapaKTepaaru
THUAPOTEOIOTHK  OOBEKTIAPHH Te0axO00pOT MOJACIUIAIITUPUIT Ba  KOMIUIEKC
0axoJyamn KOMIBIOTEPJIAMITUPUITAH TU3UMHIAH DSKOJOTHUK Ba3UAT TAaHT OYnraH
TaOMHUI-TEXHOTEH XyIYJJIApHUHT TYINPOK Ba CyB TabMHUHOTH IIAPOUTIAPUHU
axmuiam Oyinya OOmIKapyB KapopiapuHd KaOyn KWIHIN yCyjulapu Wiiad
YUKWJITaH.

€p OCTH CYBIIapu KYTapWIMIIM HaTWKAacuAa TaOUM-TEXHOTeH XyAyajiapia
Ky3aTWJIAJUTaH KypFOKJIaHUII ¢EKU OOTKOKJIAHUII >KapaHIapWHU aBBaJJIaH
Oamoparnam Ba XyIyajJapaard €p OCTH CYBIApU CaTXJApUHU TaCaWTHPHII
103aCH/JIaH UHXKEHEPJIMK KapOpJIapuHU KAyl KWIUIIAa CyFOPUIIaIUTaH €p MaidJI0H-
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JApUHUHT MEJIMOPATHUB XOJATIAPUHU KalTa THKJIAIIHUHL T€0ax00poT MoJeapu
uniad YUKUITaH.

TaOMUU-TEXHOTEH XyAyajJap €p Ba CyB IIAPOUTIIAPU MOHHUTOPUHTHU
TU3UMJIAPUHU  THJIPOTEOJIOTHK, a3pPOKOCMHK TAacBHpP MAabIyMOTIapu OuilaH
TAbMUHJIAILJA XaM/Jla KaTbUIIMac MabiyMOTJIap CAJIMOFU IOKOPHU OYJraH mapouT-
Japaa OolIKapyB KapopiiapuHu KaOysl KWIMINTa KyMakJIalmyB4M Teoax0opoT
aHAJIMK KOMIBIOTEPJIAIITUPUIITAH TU3UM MOHUTOPHUHT yCYJUIapy UILIa0 YUKUIITaH.

TaakukoTt HATUKAJIAPUHUHT HIIOHYJIMJIMTH TaOUUN-TEXHOTCH
XapakTepJard THUAPOTreoJoruk oObekTIap Oyinya ONMHraH reoax0opoT
MOJICJUTAIITUPUIIT Ba MAaTEMaTHK MOJCUTAIITHPUILl HATHXKAIAPUHMU KapaidaéTraH
Xyaynnap OyiiMuya Ky3aTull Ba Yiyall HaTwkajgapy OWIaH COJMUITHUPHIL,
KapanaéTraH TUAPOTreO0JOTUK OOBEKTIApPHH XOJATHMHHM TAJKUKOT ATYBUU HOKOPH
MajaKajil OJIMMJIAp Ba MYTAaXacCUC SKCHEPTIAPHUHT SKYHUU HaTkanap Oyiinua
XyJnocajnapu OusaH TaBcudIaHaIu.

TaaKNKOT HATH)KAJTAPUHUHT WIMMA BA aMaJIUil aXaMUSATH.

TaaKuKOT/Aa OJWMHTAH HATWKAJAPHUHT WIMUNM axaMUSITH TaOMUN-TEXHOTEH
XapakTepJard THIPOTEOJIOTUK OOBEKTIapHU Tre0ax0opoT  MOJEJUIAITHPHIL
HaTIOKaJapH Ba MHTEJUICKTyaJl TaxJIMIUIall airopuTMiapyd Ba JacTypui
BOCUTAJIApM aCOCHJIa MAaTeMAaTHK MOJEJUIAIITHPHUIN Ba OOLIKAPYB KapopJapuHU
KaOysl KWIHII >KapaCHJIapuHU Typiu TUIJATH MAbJIyMOTIap IIApOUTHAA
MHTEJJIEKTyaJIalll MacajlacUHU caMmapaiy €4MIll UMKOHWHU OepyBUM MaTEeMaTHK
MoJieJIap, ajaro-puTMiiap Ba JacTypiap spaTUIl YCIYOMSTUHU WIUIA0 YUKHILITA
XU3MAT KUAJIaIu.

OnuHraH HaTIKAJApHUHT aMajuil axaMusATh TaOUMIi-TEXHOTEH XapakTep-
Jaru TUAPOTEOJIOTUK OOBEKTIIAPHUHT DKOJIOTMK Ba3MATHIa Kypa MaciaxaT
OepyBYM KOMIIBIOTEPJAIITUPUITAH THU3UM TaOMMI-TEXHOTEH XYAYyJJapHUHT
MEJMOPATHB, CaKJIalll Ba JKOJOTMK MyaMMOJapy HYKTaW Ha3apJaH KOMILIEKC
Oaxonam Ba Oamopatriaml xamja OOIIKapyB KapopiiapuHU KaOyJl KWIWII Ba
acocJall UMKOHUHH SIpAaTaiy.

TagKuKOT HATHKAJAPUMHUHT SKOPUH KWIMHHIIM. TaOumii-TeXHOTCH
XapakTepJaru TUAPOre0JOTUK OOBEKTIAPHUHT Te0ax00poT pecypciiapura MIUIoB
Oepuill sxapaéHIapruHA OOIIKAPHII TU3UMH Ba MaTEMAaTHUK MOJEIIJIapH acOCUIa:

TaOMHUI-TEXHOTECH XapaKTepJaru Xyayajiap ep KaTiamijapuaa Ba IIypIIaHuIll
JapakacuHu OallopaTiail MOJACIUIADUHUHT MHCTPYMEHTANI JAcTypuid BOCUTajap
MaXMyH KOpakammorucToH PecmyGmukacW ITMMONHE 30HAcHIa Y36EKHCTOH
Pecniybnukacu [laBnaT reonorusi Ba MUHEpald pecypciap KYyMUTAacH TH3UMUTA
KUPYBYM KOPXOHAJAPHUHT TEXHOJOTUK Tu3uMH «Opon OViu TUIPOTreoIOoTUK
SKCOEAUIUACUHUHT  KOpakaamorucTOH THAPOTr€OJIOTMK CTAHLMSICKH»  JaBjaT
KOpXOHAacura >xkopui KuiauHran (JlaBmaT reosiorusi Ba MHUHEpaa pecypciap
kymutacuHuHar 2015 #iun 14 uronmaru 08-1266-con mabimymotHoMacu). Unmuii
HAaTWKaHUHT  KYJUIAHWIMIIK ~ TaOMUKA-TEXHOT€H  XapakTepaaru xap  Owup
TUAPOreOIOTUK OOBEKTIIAPHUHT MEJIHOPATHB Ba 3KOJIOTUK XOJATHHU Oaxonall Ba
Oarropatian IMKOHUHU OepraH;

TaOUUI-TEXHOT'€H XapaKTepAaru ruJiporeojJoruk 0ObeKTIIapHUHT METUOPATUB
XOJATUHU TabMHHIIAII >KapaHUHUHT T€0axOOpOT MOJeNjapyd Ba MHCTPYMEHTAI
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OacTypuit BOCHUTAJIap MaXMyHU Ax60poT TEXHOJIOTUsITIApU Ba
KOMMYHUKAIUSIJIAPUHU  PUBOKJIAHTUPHUII Ba3UPJIUTH TU3UMHU KOpXOHajIapujia
xopuit  stunaraH  (AXOOpOT  TEXHOJOTHSIapM Ba  KOMMYHHUKAIUSIIApUHU
puBokIaHTHpUIN BazupauruHudr 2016 #mn 31 okrsadOpmarm  33-8/5937-con
MabliyMOoTHOMAacH). MnMuU-TaAKUKOT HaTWKajdapu TaOWUUN-TEXHOTEH XapakTep-
Jard  TUAPOTEOJIOTUK OOBEKTIIADHUHT Tre0axO0poT KapTajJapuHU SIpaTHUIl Ba
MEJMOpATUB XOJaTHHU Oaxojall ajaropuTmiapyd Ba Oaimropatiaml MOAEIIapUHU
amaJia JKOpUi 3TUII XMcoOHUra camapainu OOUIKapyB KapopiapuHU KaOysl KHUJIUII
TU3UMUHU IIAKJUIAHTUPUII Ba SKOJIOTHUK xaBdcuznuk napaxacunu 11.2% ra
OIIMPUIIIHUA TAbMUHIANIY;

TaOUUN-TEXHOTEH XapaKTepJaru TUporeojoruk oObEeKTIap TacBUPJIApUIAH
MabJIyMOT OJIMII Ba MIUIOB OEpHUII jKapaéHIapUHU NapaJIeIUIAITUPUIL 1acTypui
Bocutanapu «Kuto6-Illaxpruca®b3 ep ocTH CyB OJNMII MHIIOOTJIAPW» THU3UMUTA
xopuit >triran (JlaBnat reosioruss Ba MUHepan pecypceiiap KymutacuHuHr 2015
i 24 nosiopaaru 01/574-con mabiymoTHOMacH). MIMMUR-TaKUKOT HaTHXKaJlapu
TaOUUN-TEXHOTEH XapaKTepJaru Tuporeojoruk OObEeKTIIAPHUHT MEJIHOpPATUB Ba
DKOJIOTUK XOJIATMHM KalTa THUKIAIl >KapaCHJIApUHU OOIIKApHIN THU3UMHUHU
TAaKOMIJIJIAIITAPHUII, TEXHOTEH OOBEKTIap COHMHU KaMaWTUPHUIN XucoOura
MeJIUopanus XyAyMJIapuHUHT  camapaaopiauruau  58,7% nman  66,08% ra
OIIMPHUIITHUA TAbMHUHJIAITA XU3MAT KUJIA U,

TagKuKOT HATHKAJTAPUHUHT anpodauusic. TagkuKoT HaTWXKanmapu 27 Ta
WIMUH-TEXHUK, My xXymiagaH 10 Ta xankapo aHXyMmaHiaplia MyXokama
kumuaTan: «5" International Scientific Conference. European Applied Sciences:
challenges and solution» (I'epmanus, Stuttgart, 2015i4.); «Radiotexnika, Telekom-
munikatsiya va Axborot Texnologiyalari: Muammolari va kelajak rivoji»
(Tamxkent, 2015i1.); «CoBpeMmeHHBIE MPOOIEMBI THIPOTEOJIOTUH, WHKEHEPHOMN
I'€OJIOTHH, T€OIKOJOTUM U TyTH ux pemeHus» (Tamkent, 2015#.); «AxGopor
TEXHOJIOTHSJIAPUHUHT  pUBOXKJIaHUIl ucTukOomwtapu, ITPA-2014» (TamkeHr,
201411.); «Amanuii MatemaTHkKa Ba axO00OpOT TEXHOJOTHSJIADUHHUHT J1013ap0
myammostapu-An Xopasmuit» (Tomkent, 2012; Camapkana, 2014iii1.); «XXI acp
dbaH Ba TEXHOJOTHSJAPUHUHT YyCTyBOp WyHamunuiapu, TuaOo» (TomkeHT,
20141.); «Mmna® dYMKapUITHU aBTOMATIAINTHPHUIN WHTEIUICKTyall TH3UMJIIAp
oyrymxkaxoH koHpepenuuscu, WCIS» (Tomkent, 2012, 2014iiii.); «Dan, Tabaum
Ba MIIA0 YHKAPHII HHTETPAIMSICUHU aXO00pOT KOMMYHHUAIIUSCHS TEXHOJIOTUSIIApH
acocusia puBOXKIaHTUpHUIT HcTHKOOMIapw» (Kapiu, 2016ii); « AX60pOT TEXHOJIO-
rUsUTapyu Ba TeldeKoMMyHuKanus myammodapu» (Tomxkent, 2013i1.); «IIpobrnem-
HbIE BOIPOCHI TUAPOT€OJIOTUH, WHKEHEPHOW I'€0JIOTUHU, T€03KOJIIOTMU U MYTH UX
pemenus» (TomkeHT, 2012i.); «AXOOPOT TEXHOJOTHSAIAPH Ba TEICKOMMYHHKA-
Mg TU3UMJIAPUHU caMapajid pPUBOXJIAHTHUpUIL HUCTUKOOIapu» (TomkeHT,
2014i1.); «®an, TabauM Ba HIIA0 YUKApWII HHTErpauusacuaa axooport-
KOMYHHKAIUSI TEXHOJOTHSUIAPUHM KYJUIAIIHUHT XO3MPTHM 3aMOH Macajalapuy»
(Hyxyc, 2015); «TenekoMMyHHMKalMsi Ba ajoKa cOXacuja 3aMOHaBHil axOopoT
texnosorusiapu» (Tomkent, 2011i.), «®an Ba aMaIMETHUHT WHTErpaAJIAlIyBU
V36ekncTon Pecry6iMKacH TeoJOTHS COXaCHHH CaMapaid pPHBOXIJIAHTHPHII
Mexanm3mm» (Toukent, 2016ii.).
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TankuKOT HATHKAJTAPUHMHT IBJOH KUJIMHMINU. [luccepramus maB3ycH
Oyiinya >xamu 45 Ta WIMUN MIIM YOI 3TWIraH, IIyJapiaH, 1 Ta MoHorpadus,
V36ekucron PecnyGmukacn Onuii  aTTecTalmys KOMUCCHACHHHHI JTOKTOPIHK
AUCCepTalMsIapy aCOCUHA WMIMHUIN HaATIDKaJapuHU YOI DSTUII TaBCHUS OSTHITaH
uiMuil Hampinapaa 17 Ta makona, >kymiagaH, 15 Tacu pecnybivka Ba 2 Tacu
XOPIDKUH KypHAJUTapAa HaIp STHITaH.

JluccepTanMsIHUHT Xa:KMH Ba Ty3wjammM. /[uccepramus TapkuOu KupwII,
Oemra 000, xynoca, 115 Qoiinananwiran agabuétnap pyixatu Ba WioBajlapiaH
nbopar. JluccepranustHUHT XakMu 185 OETHU TalIKWII ATraH.

JIMCCEPTAIIUSIHUHT ACOCHUM MA3MYHH

Kupum xucmuna yTkazuwirad TaJKMKOTIAPHUHT 1073apOJIMTU Ba 3apypaTu
acocllaHTaH, TaIKUKOTHUHT MaKcaJu Ba Bazudanapu, oObEKT Ba MpeaMeTIapy TaB-
cu(anran, pecrnyonuka (aH Ba TEXHOJOTHSIAPU PUBOKIAHUIIUHUHT YCTYBOP
HyHanuIuiapura MOCJIUTH KYpCcaTUITaH, TAAKUKOTHUHT WIMHUHN SHTUJIUTH Ba ama-
Tui HaTWXKajdapu OaéH KWIMHTAH, OJMHTAH HATM)KaJapHUHT WJIMHUM Ba aMayiui
axamusiTu oun® OepuiraH, TAAKUKOT HATWIKAJApUHU aMaMETra >KOPUN KUJIHII,
Hallp OATWIrTaH WIUIAp Ba JAMCCEepTallus TY3WIMIIM OyilMya MabiaymoTiap
KEeNTUPUJIITaH.

HMucceprauusHuHr «Ta0MMA-TeXHOTeH THAPOre0JIOTUK O0beKTIAPHU
KATbMHMAC TYIUIaMJIap HA3apUsICH acocHJa TAAKMK KHJIMII Ba KapopJiap
Ka0yJ KWINII KOHUENIUSICHHM HIUIa0d YUKUID) 1e0 HOMJIAaHTaH OWpUHYH
600uma ymyammap skapa€Hiapuia HHCOH TabCUPUHM KaMaWTUPHIL, TYpIH
XapakTepJaru MabiIymMoTiap MaHOaanapuiaH (COHJHM, JIMHTBUCTUK, TAaCBHUD)
ax0o0poT onuil acocuia HonTamaHUIT KUPAJIH.

Ma3kyp KOHLENUMSHH >KOpPUM KWIHIIJAH MakcaJ T'HIPOTreOJIOTHK
OOBEKTIApHU TAAKUKOT KWIHII HATWKAJApUHU TypiAd HyKTald Hazapaad
(MennopatuB, cakKJialll, SKOJIOTHK, UKTUCOAUN Ba X.K) TAAKUK KHJIHII Ba Iy acocaa
Typiiy edynumiiap KaOysn Kummaup. by ypuHaa, TaOMUUi-TeXHOTeH THAPOTCOJIOTHK
oOBeKTIapra TETUIUIM MabIyMOTIAPHUHT HOAHUKJIWKIAPUHUHT KETUO YHKUII
cababmapu Ba TabuwaTh, XaMmJa YJIapHU KaMaWTUPHUIN HYJIJapuHUA TOMHUII KaM
ypranuiran Ba qoi3ap0 myammonap cupacura kupanu. [y caba6mm, sxcneptiap-
TUIPOTEOJIOTJIAPHUHT THUIPOTEOIOTHK OOBEKT XaKHUJard JIMHTBUCTUK KYPUHHIIIIA
udogananran OWIMMIAPUHN OJHII Ba (OpMaIAITUPUILI Ba COHIU , SIBHH
KaTbUiMac COH KypuHUIIuAa udopaiamra UMKOH OepyBUM ajrOpuUTMIIAp Ba
JacTypuil BocuTajmap UWNUIA0 YMKUII camapamuaup. byHna, TagkukoT oiaud
oopunaérran TTITO mapamerpnapu xakuma 3apyp MHUKIOp Ba cudartra sra
MabJIyMOTJIap OJIMII XaMMAaBaKT XaM HWJIOKUCU WYKIWTUHHU TAbKUJJANI JIO3UM.
Bbynunr acocuit cababu ep OCTH CyBIM KaTjiamjap TaOUUil peKUMH Oy3WITaHIUTH
XOJaTU/a, KYN COHJM Ta)xpuoOanap YTKa3WIl y4dyH OUp XWJ 3apyp LIapouTiap
APATUIIHUHT UMKOHUATH Wyknmuruaup. by Vypunna, KTH npuHmunnapuHuHr
TTITO napra Tervuuii MabJIyMOTJIADHU TYIJIAII, yJIapHU HILJIAII Ba Kapopiap
KaOyl KWIHII MHTETpalMsUIalllyBH MOJCJUIAIITUPUII Ba Kapopyiap KaOyn

13



KWIMHHUIIK Kapa€HIapUHUHT ACOCIWINIH JapaKACUHU OUIUPUILIHUHT MYXHM
OMUJIUAMD.
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1-pacm. Typau mabiaymoraap mapoutuaa TTITO napuu karbuiimac Tyniamiap
HA3aPUSICH aCOCHAA eYMMJIAP Ka0yJ/1 KH/IHII KOHIENIUSACH

OOBeKT XycycHJard MabIyMOTJIAPHUHI KaTTa KUCMH OJKCIepTiIapAaH
OJIMHTaH COHJIM OyiMaraH Ba TYJIUKMAc Tap3/lard MablyMmMoTJiapJaH ubopar
Oynran xoyapaa, OyHmai Mabaymotiapuu unuiamga KTH Ba kaTbuiimac MaHTHK
NpUHLIMILIApUAAH Qoi1aTaHuIa .

MabiaymMoTiiap €TUIIMACINIY, YJIAPHUHT WINOHWIWINTK TacT OYyiraxn
XoJiapaa Kapopiap KaOyn KWJIWII MaBxyd OVnaran Oapdya, Typiad TaOuaTIU
MabJIyMOTJIap ACOCHJA amajra OIMpWIaaAn. byHaa, THAPOreoNoruk TaaAKUKOTIIap
HaTWXKajapu KaMuaa yuyTa, S’bHA MEJIHOpAaTUB, €p OCTH CYBJIApHWHU CaKjJall Ba
JKOJIOTUK MyaMMOJIap HYKTal Ha3apuJaH TajJKWH KWIMHUIIM  JIO3UM
(U.K.T'aBu4,1984). TTITO napHuUHr XonaTiapu TAAKMKOTUHUHI Ma3MyHH Ba
HATWOKAJIAPUHUHT  KYJUIAHWIUITY ~ Kapopiiap KaOyl KWIMHMILKA CTParusiCUHU
AHUKJIAIITUPUINTa UMKOH sipartanu. Kapopnap kaOyn KWIMHUIIN Y3 HaBOaTHIa
MpEeIMET COXaHU TYJIaIuru OUjiaH Kaparl Ba TaxJIMJI KIJIKIITAa aCOCTAHUIIIH JIO3HM.
bynnaii éumomys TTITO napHu KOMIUIEKC TaAKUK 3THUII MOJEIUHHHI acoCU
0ynu6, OyHmail )kapa€HHUHT KOHIIETITyall cXeMacHu l-pacMjia KeITUPUITaH.

Hucceprauusaaunar «KarbuiMac MabJayMoOT/Iap CAJIMOFH HOKOPHU OyJraH
HApouTIapAa KapopJap Kal0yJd KWINIIra KyMaKJIalluIl >Kapa¢HJIapUHH
MaTeMAaTHK MOJeJIAIITHPUIDY 1e0 HOMJIAHTaH MKKHHYM 000WIa KaThHiiMac
MabIyMOTJIAp CaJIMOFU FOKOpH OViraH mapowTtiapiaa Kapopiap KaOysn KWJIHIITra
KYMakjJalmuil Jkapa€HJIapUHA ~ MaTeMaTUK  MOJIeJUIAIITUPHIL  Macajiallapura
Oarunutanrad. byHma Typnu Xwi MabIyMOTIApHUA JMHTBUCTHUK KYPUHUIIIA
UIUIall Ky3aa TyTHUIaan.
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Tabuuii-TeXHOreH TUAPOreOJIOTUK O0BEKTIAp XoJaTiaapu OVinua euyumiiap
KaOyJl KWINII OOBEKTHUHT XO3UPTH Ba aBBAJITH XOJATIAPUHU TaKKOCJHAI acOCUa
amanra omupuiaau. Maskyp xonar Oyinua TaOMUN-TEXHOT€H TUIPOTEOJIOTUK
oObeKTNap OwiaH SXIIM TaHUII OYJraH Ba HOUIAIl Taxkpubacura sra Oynran
MyTaXxacCUC TUAPOreoJOrJIapHUHT (PUKpIIapH, Ul TaXkKpuOanapu Ba OUIMMIIapUIaH
KeHT (hoigananuiagm.

Eunmiap kaOysn KWIMII adrOpUTMIIAPU XOJATIM TaXJIWJIra acocliaHaad Ba
KyHugaru equmiap Kaoyi KUJIMHUIIA MYMKUH:

A
Al - <MyMKuH OynraH ednmiiap U4uAa Kepakiu equmiiap TYIuiaMmm>

, - <MyMKHUH OyIraH edumiiap TyIjaamu>

A" - <opodunakTuk xapakrepiara edumiap TYIiIaMm>
Aj - <OroxJaHTHPHII XapaKTepAaru e4umiap TYIIaMu>
A;] - <axpaTuil XxapakTepJaru euumiap TyIiamum>

Ao AL A=A WA UAS VA

Eunmnap: <ommwmpuinr>, <kaMaWTUpHUII>, <Y3rapTUPMACIUK>, KaOu KYpUHUIILIApIa
Oepwitanu Ba Kyhuaarnda udoanaHau:
<1, T}, X > - JIII yuyn «Ommpuni»; <D, Ty, X > - JII yuyn «Kamaintupuimy,

j - 7 .
<Z,,T),X>-JII yuyn «Ysraprmacmuk»; JII 1,,D;,Z; {«0upo3», «Kydnn»},
{«OUPO3», «KyUIH»}, {«y3rapTUPHUII KepaK dMach}.

Huccepranusana KaOyn KWIMHAIUTaH yMYMHM €4UM MYMKUH Oyirax
eUMMJIapHU KaThHilMac Oaxonamra acociaHran EWuWiaMacu KYpUHHUIIUIATH
AHAJINTUK KYPUHUILTA KEITUPUIAIU.

Rl = Hii (le )AF\)|j Ly (Ré )ARé + U (RzJ )Asz )
te (R =v(R, RY), 11, (Ry) =v(R',RY), 1, (R;) =v(R", R;)

Myan anoxuaa TabKUAJIAl JIO3UMKH, THAPOTEOJOTHK  OOBEKTIAp
XoJnaTiiapu Oamoparu HaTHXKaJlapu Typau MyaMMoJiap HYKTau
HazapuaaH(MEIHOpaTHB, €p OCTH CYBIAPUHU HQIOCTAHUIIIaH CaKJIalll, YKOJIOTHK)
TaxJIMJ KWIMHHIIKA JIO3UM Ba Iy acocia, Xamja BakTra OOFJIHK Tap3aa KaOyi
KWIMHAUTaH €4YuMIIap ¥3apo MYBOPUKIAMITHPWIMINN JIO3UM. byHman kaOyn
KWIMHAUTaH e9rMIIap opacuaaru OOFIUKIMKIApHU XapTapadiaMa 9yKyp TaaKUK
KWINILI MyaMMOCH to3ara kenaau. Papa3 KuIalinuk, MEITUOpaTHB MyaMMO F0o3ara
KeuIM MyHocabatn Ounan R}, RY KeTMa-KeT eunmiap KaOysl KWIHHTaH OyJICHH:

Oy epna R} :P” —P®; Rf ; Pj(l’ RN Pj(z);

P :{<alklm ><ayle><ayl6 >},
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k=1,2,3, af,af,af- K-xomat y4yH Moc Tepmiap TETHIUIHIHMK
GyHKUMATAp KUAMATIApH.

R? Ba Rj2 eurMIIap opacujard y3apo OOfJIaHMIUIApHU Oaxoiall Kyiuaarua

TapTI/I6I{a aMaJira OmurupuIaan:
1 2 oo vo
1. Rj Ba Rj cuyumIIap |1, |2 , Dl, D2 Ba Z Jap 6ypH/Iqa éinnamnu-

2. YMyMuUil €UMMHH TONWII Y4YyH Oapya TETUUUIMIUK (QYHKUUSIIAPU
#(RLRY), w(RLRY), w(D;,D;), u(D,,Df) Ba u(R;,R;) xuitmariapu

XUCOOIaHAIH.

3. Kuitmatmapu 0,4 naH KUYMK TETUNUIWIMK — (QYHKUOUSIIApU — Taruiad
1000pHITaIN.

4. Sxymuit euum R wmmmr |,,D;,Z nap Oyiinuya Ehmnmacu cudatnaa
aAHUKJIAHAIH.

HMucceprauusgHuar  «TaOuMuii-TeXHOTeH THAPOreO0JOrHK 00beKTJap
TACBMPJAPUHM PaKaMJM vMuuiam» 1e6 Homnanrad yunHuu 6o6una TTITO nap
y4yH MYXUM MabJIyMOT MaHOau OYiran Xyayayap TacBUpJApUHHU PpPaKaMIIH
unuiamra Oarunuianrad. byHnalh oObekTiap MablyMOTiap ETUIIMACIUTH Ba
UIIOHYJIM SMACIHMIY, XaMJla KaTbUKWMAac MabIyMOTJIAp CAJIMOFU FOKOPWIUIH,
XOJaTJIapUHU aBBaJJIaH OamopaTr KWJIMITHUHT WIOKH WYKIUTH KaOuiap cabalbmu
HOAHMKJIMK Japa)kacu IOKOpU Oynran oObekTiap cupacura kupaau. bynpaii
HIapouTIIapAa, THAPOTEOJOTUK OO0BEKTIap TacBUpJIapUAaH axOopOT OJHUII Kyna
MYXUM Ba KaM ypraHwirad Mmyammo 0ynu6 xucoOnanaau. byHna acocuit 3bTHOOD
pakamiu tacBupaapaan TTITO reoax6opor Moaenu y4yH Kepakid TOMOJOTHK
AJIEMEHTIAapHU PACTPIAITHPUII OPKAIU aHUKJIAIITa ACOCIaHTaH.

TTITO napHu yJIapHUHT TacBUpJapu acocujaa TaAKUK KUJIUII Kapa€HUIa
TYpAU THUAPOTEOJOTUK OOBEKTIIap XapaKTepUCTHKaIapu(oOBEKT XyAyau Oyinya
OMpXXUHCIMMAC ETKU3UKIAp, TEXHOTeH (akTopiap TabCUPH, HUDIOCITAHTHPYBUH
MojJamap Ba X.K.) 4YerapajapHM aHUKIAll Ba axpaTuil kabu wmacamanap

nomzapoaup.TacBupmapaar  uerapajap — paHrjiap — y3rapuiid, — CHUPTIap
Y3WIHILIAPH, EPKUHIUK Ba COSUTAPHUHT Y3rapuILiapu Ty()ailiu ByKyAra KeJIuIu
MYMKHH.

Arap 6utra TTITO OGup HeuTa TaCBUpPJAPUHHU OJHUII WUMKOHHUSTH MaBXKY]
Oynca, y Xonia TacBUpJIap OKUMHUHM CaMapaiyl WIIJIall Ba cakjiaml OuiaH OOFIUK
MyamMMmonap o3ara kejnaaw. Jluccepranusma THAPOTEONOTHK — OOBEKTIap
TacBUpJIapura UnuioB Oepurnina AxamMap MaTpullaIapuHy MIAKIUIAHTUPHII aCOCHIA
XHCOOIANITIApHY MapajuIeIUIAIITHPHUIT Macalajlapy Kapaiau.

bynna Anamap oprtoronan 6asuc (yHKIMSIIApH acocuja TacBUpJapra
UIUIOB Oepulll >Kapa€HWHM NapajuleJUIallTUPUIL aJIrOpUTMIIApU Ba JacTypiapu
HIUIa0 YUKUIITaH.

Huccepranmsana ArcGIS, Erdas Imagine, ENVI pactypuii xomriuiekciap
acocuga TTITO TacBupiapuHU pakamiu HILIAll Macanalapu kKapainaau.byHza,
baifec kmaccudukaropura acocliaHTaH YKUTHINTA ACOCIAHTaH CUHQMIAIITHPHUII
YCYIMHU KyJUTanuwiaau. Maskyp €HIOUIYB JHI IOKOPU SXTUMOJUIMK OuWjaH
TETMUUIM CUH(HU aHMKJAIIra UMKOH OepyBud Ba OyHAa amoCTEpHOpP MAKCUMyM
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Oaxora acociaHyBuM baliecCcHUHr cuHOIAmTUpUII yciayOura acocjaaHraH
Kyiuaara CHHQIAITHPUIIT MOAETUAaH (poiaananumagu:

D =In(a,) —[0,5In(|Cov,[)]-[0,5(X — M)T (Cov.")(X — M,)]

0y epna: D — Hopmanamran macoda (AXTUMOJUIMK OViWYa); ¢ — acocuit
cuH(; X - acocuil NHMKCETHWHI BEKTOpHMHM ymuam; M. — ¢ cuH} TaHimaHMma

KUMMaTIapy ypTa KUiMaTiapu BEKTOPH C; a.- MXTUEPUN aCOCUN BEKTOPHHUHI C

cuH(pra TErMUUTWIMTMHUHT (OU3NU SXTUMOUMIK (cTtaHaapT Ttap3na 1,0, €ku
anpuop OmnuM acocupa kuputwiagu, COvV.-omatgaru ¢ CUH(ra TEruiux
NUKCEJUTAPHUHT KOBapHallMOH MaTpULACH; ‘COVC‘ - CoV, HMHI JETEpMHMHAHTH;
Cov_'- Cov, ra Teckapu MaTpuIa; T- TPaHCIIOHHUPJIALLL;
Hucceprauusaauir «TaOuMii-TeXHOreH THAPOreoJoruKk o00beKTIapra
TerHIJIM pacTpju Mabaymoraap acocuga TTITO Huer reoaxdopor
MOJEJUHU HILIA0 YMKHID> 7e0 HoMJaHraH TYpTtuHun 600uma I'T'O mapra
TEruIUIM pactpiu MmabiaymoTiap acocuga TTITO HUHT reoax0opoT MOIEIHHU
unuTad YuKuIra OaruiiaHTaH.
Maskyp xapaéH Kyhiugaru 6ockuuiapiad noopar:
1. bepunran xaputa €xku TacBUpAaH (oiAanaHuO XyAYJHUHT 3JIEKTPOH
KapTacUHU SIPATHUILL.

2. Xyaynuii Ba aTpuOyTMB MabiayMmoTiap Oa3acu sipaTWjiagd  Ba
MabJIyMOTJIap TOMOJOTUK 00beKTIIap OMiIaH OOFIaHaau

3. XyayIHu METHOpaTUB, €p OCTU CYBJIM KaTJlaMJIapHU CYBHU XMMOsUIAII Ba
AKOJIOTUK HYKTaW Ha3apJaH TaJKUK KWWl y4dyyH Owiumiap Oaszacu

ApaTUIagu.

4. T'e0ax0opOoT MOACIUIAMITUPHILI ACOCHAA XYAYI KUCMIAPUHUHT MabIyM
MyaMMO HYKTau HaszapJaH Kiaccuduxanusicu KaJBaJIu
IAKJUTAHTUPUIIAN.

5. Mkkm Ba y4 MyamMMoaaH uOOpaT TeMaTHK KaTiamiap OpacHIaru
Oornmanunuiap Koppemsinuscd «CHDKUHIATAH OWHa» YCYJIM acocuia
amaJira ONIMPHUIIa N,
TemaTuk KaTiamiap opacuiard KOPPEISIUOH OOFJIaHUILIAD AJIEKTPOH
KapTaHUHT xap Oup HyKracu yuyH «CHDKUHIUTAH OifHa» alrOpuTMH acocuaa
amanra omupunagu(Tukynos B.C.;1997):

RA1A2A3 = \/(RilA2 + R/?\iA3 - 2RA1A2 RAiAs)/(l_ RA2A3)
R,, =1-62d7/(n* n)
i1
i, j=13

Huccepranusanar ma3kyp 0ob6uma ERDAS IMAGINE nmactypu acocuma
XyJIy[Jiap KOCMUK TacBUpUra pakamiiM UIUIOB OEpHIll MKKM OOCKMYJa amalira
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OIIMUPUIAU: OONUIAHFUY  CTAaTUCTUKAHU  IMAKIUIAHTUPUIN  Ba  JACTIA0KH
KJIacCU(UKAIUSIHA aMara OUIupUIIN.

Ketiuarn Oockmunma Signature editor momynu acocupa KOCMHK TaCBHPHUHT
CIICKTpaj CTAaTUCTUKACH amaJira OIUpuiau Ba supervised classification momynu
acocuja KiIacCU(pUKAIMIHN aMalira ONIMPUII YYyH CUTHATypayiap (aiiaum XOCHI
KWIMHAK (CUH(IAPHUHT TACBUP CIEKTpall XapaKTepUCTUKAIapH KYN YIYOBIU
dhazocuna). Hartmxkana Kopakannoructon PecniyOnukacu TUMOIU T
3oHacu(KPII3) xocMuk TacBupu acocuia pacTpiud CHH(IAIITUPHUIN KaTiaMu
XOCWJI KWIMHAW. XYyTyAHUHT KOCMUK TacBupiapu Landsat 7 (2000 #.) Ba Landsat
8 (2015 #)nan K-40-b xyaynuii 30Ha yuyd 1:500 000 macmtabna onuuau. Taakuk
KWIMHAETTaH Xynya ymymui maiinonun 44 206,4 KM? HM TaIKWJ JTa/IH. bynna,
TacBUpaaru 0apya oObEKTIIap UUKJA PaHTIap EPKUHINTYA OUIaH aKpaiauod TypyBUYH
9 Ta paHrauM pacTp Ba TaAKUKOT y4yH Xyaya Oyinda Kyiiumaru 3 Ta OOBEKT
axpaTud OJUHIU:

e CyBiM Katjiam.

e YcuMIMK KaTIaMu.

o Ty3nu MuHepayiapAaH TAIKUI TONTaH TYIPOK KaTJIaMH.

KPII3 aunr cuHduamtupuinrad KocMUK TacBupu acocuaa ArcGIS myxutuaa
MOJCIUIAIITAPUII amanra omupuinaun.Onunaran  Hatwkanap(2-pacmaa) Ba 1,2-
KaJBajiapaa KENTUPUIIH.

Kenrtupunran Hatmkanmap acocuja Xyayd SKOJOTHK XxoJatuHuHr2000iinira
HucbOaran 2015 funra xenud XyAya YCUMIIMK MaiJIOHJIapy KaMaWTaHIWTH Ba 11y
Ownan Oupra TYNpoK UIYpJaHUIIM OujaH TaBCU(IAHYBUM MaWOHIAPHUHT
XYJIYAUHUHT OIITaHUHU KypcaTaau

2000 i 2015 i

2-pacm. Kocmuk TacBHpH acocuaa pacTpiu CHH(IAIITHPHULI
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Ta6amua Nel. Kocmuk tacBup acocuna Kopakanmorucron PeciyOonukacu mmmonui
30HAaCHHUHT 3Ta KaTjiaM Oyiinua naBpuii y3rapumiu.

Huanap CyBiu Katjiaam YeuMInK KaTiaMu Ty3au

MHHepaJJiapAaH
TAIIKWJI TONTaH
TYNPOK KaTJaMu

2000 4256,4 xm? 9708,9 km? 5089 km?
2015 4108,6 xm? 5587,9 km? 9716,5 km?
15 #iun papku 147,8 xm? 4121 xm? 4627,5 km?
KUYUK KUYUK kamma

Tabauna Ne2. Kopakanmoructon Pecniyonukacy mimMoIuii 30HACHHUHT 3Ta Katjiam Oyiinua
JMaBpui y3rapuiuHUHT (oiiznapaa TMHAMUKACH.

Hunnap CyBJHM KaTj1aMm YceuMiuK KaTjiaMu Ty3amn

MHHepaJIapIaH
TAUIKUJ TONTaH
TYNPOK KaTJIaMH

2000 9,6 % 22 % 11,5 %

2015 9,2% 12,6 % 22 %
15 #iun papxu (%) 0,4 9,4 % -10,5%
KUYUK KUYUK Kamma

HMucceprauusandar «KoMnpoTepjamTupwiran Tu3uMuHUHr Kopakas-
NorucToH PecmyOjukacu mmMoJinii 30HACH OYiiM4a MOHUTOPHHI TAAKHKOT-
JIAPMHM TAIIKWI KWIMIIIA aMAJIUi KYJUIAHWIMIIW €0 HOMJIaHTaH OenmHYA
0001 T€0axO0OpOT TEXHOJIOTHSJIAPU acocHja HWIUIA0 YMKWITaH edumiap KaOyi
KAJUII KOMIBIOTEpIAIITUPUWITal TU3UMUHUHT Kopakanmnoructon PecryOnukacu
MIUMOJUN 30Hacu  OYiiYa MOHUTOPHHT TAJAKUKOTIAPUHU TAIIKWI KUJIUIIIA
aMaIuil KYJIJIaHWINIIATA OaFuIIaHTaH. XyOYOHUHE 2UOp0o2eonocuKk uapoumiapu.
['eonoruk HyKTam-Ha3zap/iaH ojraHja KapaJaéTraH XyAyJl HEOTeH NaBph KyMJuaa
KOWNAITaH TYpTJIaMuyd JaBp auioBuan ETku3ukiapnan  ubopar. CyBuu
KaTiamjap TYpTJIaM4H JaBp KyM apajaiirad éTKu3ukiaapaad uoopar. Jlowmu 12-
17 meTp 4yKypiMKaa, TEKUC TaKCUMJIAaHMAaraH JIOMIU KaTiamiiap »OnaliraH.

Ymby xapaéunapna KyWnaard Ma3MyHIard TEeMAaTHK XapuTanap Ty3WIaju:
reopuIbTpaliuoH mapameTpiapHu (a3oBUN TAKCUMIIAHUIIHN; €p OCTU CYBIH
Kariam OanaHciapu (pa3oBUN TaKCUMIIAHHIIH, Te€O(DUIBTpAIUs Ba THIPOTCOXUMUS
Macajanapyd OOIIIaHFUY MIAPTIAPUHUHT (Pa30BUN TAKCUMIIAHUIIHN; €p OCTH
CyBJIapy OKUMJIApUHUHT YerapaBuil maptiapu. Ly TaxauT oluHran MabiiyMoTiaap
TEMaTUK KaTjamJiap Ba XapuTajap KYpUHHUIIHAA KOMIIBIOTEPJIAIITUPUIITaH
TU3UMTa UHTETPANHs KWJIMHAIU Ba Te0(UIBTPAIMOH MapaMeTpiap, OONUIaHFUY Ba
YyerapaBuil MapTAapHU aHUKJIAIT YIYH XUCOOaII SKCIEPUMEHTIAPH YTKA3UIIaIH.

ly TaxJuT OJMHTaH MabJIyMOTIap KOMIBIOTEPIAIITUPUITAH TH3UMIA
TEMATUK KaTjamiap Ba KapTaiap cudaTuia KUPUTHIAIN Ba TEMAaTHUK KaTiamiap
opacuaard y3apo OOFJIaHMII «CHWDKAMAWTraH OifHa» ycyiau acocuaa OaxonaHagu
(3-pacm).
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Kapanaérran xynya reoaxo0poT MOJEIN TOMOJIOTHK 3JIEMEHTIapu cudaTuaa
HYKTaBuM (CyB OJIyBUM KYIyKJap, Ha30paT KyAyKjiIapH), Yn3UKId (MHOUIbTpaius
KaHAJUIapH, TUAPOU3OTHIICIAp, (UATHPALMS COXAacU yerapajapu Ba X.K.), MaiJoH
KYpUHUIIHUIArH (QuabTpanus Xycycusiiapyu Oyinya akxpaTHIraH 30Hajiap, aXxoyu
AlIan XyayJIapy Ba X.K)JIap OJUHIY.

CCCXT I'AT mogean CCIIXT I'AT mozean

I'eoaxGopoT Mo e LA THPHIN

CCIII conIB TAKCHMIAHHI B

4

CCC pa CCIII opacuaara KoppeIsinHOH MaiiJ0H

-0.9972  -0,9976  -0,9980  -0.9984  -0.9974  -0.9992
0.1198 -0.9996  -0.9982  -0.9984  -0.9986  -0.9988
-0,9995  -0,9996 09999  -0,9998  -0.9990  -0.9990
-0.9984  -0,9982  -0,9984 09991  -0.9999  -0.9999
-0.9966  -0,9929  -0.9871  -0.9846

CCC pa CCHI 0or/IMKIMrHHAHT MA{0HHIT
KYPHHHII T

=]
o
°
0
=]
o
0
7]
[

Basusaraunr kaprorpadguk
OepHIMIH

3-pacM. «CWKMIANTaH 0iiHA) YCYJIHM aCOCHIa aMaJITa OIIMPHII AJITOPUTMHU

Onunaran Hatwkanap Kopakammoructon PecmyOnukacu mmMonnii 30HACH
THAPOTEOIOr0-MEITMOPATUB  Ba  ODKOJOTHUK  MIAPOWTIAPHUHUHT  re0ax0opoT
MOJICJUTAIITAPHUIITAa ACOCIAaHraH XyAyJIHud MOJAEIM AacoCuia TUAPOTEOJIOTHK
OOBEKTIAPHUHT TY3WIHUIIH, JUHAMUKACH Ba TOMOJOTHUK DJIEMEHTIAPU OpacCHUIarH
ax0opoT MyHOocabaTiapuaaH GHoigalaHnuIl UCTUKOOIIITN YKAaHWHU KypcaTaIH.

['eoax6opor Texnonorusiapu Kopakanmoructon PecmyOnmkacu mmmonwit
30HaCH €p OCTH CYBJIAPU AUHAMUKACUHH YPraHUIIHUHI CaMapaJii BOCUTANIAPUAAH
O0ynuO, ep OCTU CYBIAPUHUHI CaTXJIapd Ba KOHIEHTpalUsJIapyu XaMJla yerapaBuii
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HIApTIapUAaH XyAyZd TIeoaxOopoT MOJEIMHHHI ajJOXUJa MaB3ylu KaTJlaMjapu
cupartuga ¢oiaraHuIl UMKOHUATH OYynub xucoOmananu. Iy TaxiauT Xocun
KWJIMHIAH MaB3ylM KaTjaMlapAaH  Kapajna€TraH XyAyZd  THIPOTEOJIOTHK
HIAPOUTIIAPUHUHT  Y3rapuilld, (QUIbTpAalUs COXACMHUHI OUPKUHCIUMACIUTH
apouTHAa reopuibTpalrs napaMeTpiiapuHi aHUKJIAITHPUILI OYiinya Xxucooanl
AKCIIEpUMEHTIApU YTKa3uIa (HoHJamaHuIl UMKOHUATH SPATUIIA/IH.

. Karakalpak.mxd - ArcMap - ArcInfo QE\
File Edit View Insert Selection Tools Window Help
= = =] B L2l & ||1:500 000 RARIEAr Y K? | Georeferencing ~ | Layer: |Kapa @axros2jpg @
Editor > M | | [ I| Gaxaand Bk oM
Spatial Analyst » | Layer: [IDW2 of Skvajnalar YRR BEB B x| [@ o 202 ~| | B M | @& | 20analyst + | Layer [IDW2 of Skvajinalar B e L2 S ]
x 5= |'0 |'® |2\ == |2 | |a |5 |= |s= (= |e= |70 |75 |80 |85 |80 |85 [100 [10s |110 |15 -]
<VALUE> ~ =
M4-5r/n -
B5-10rin "~
E1-15r/n
I 15-20r/n =
M 20-30r/n
= O 1DW of Skvajinalar MMHEP YCTIOPT 2010 o
M2-3r/n =
M3-5r/n -
[E5-10rin |
M 10-15r/n
W 15-65r/n 2
= O IDW of Skvajinalar AK YCTIOPT 2013 7
<VALUE> 2
MWo-1n =
O1-3n
3-5m 2
Ws5-7n
W7-20n 2
= [ IDW of Skvajinalar AK YCTIOPT 2010 =
<VALUE>
Mo-1n =
O1-3m
[13-4n 2
MW4-5n
520 8
= O W of Skvajinalar AK APAN 2013 !
<VALUE> o
2
= =11
< S |
Display | Source | Selection 2@ 2 |
Drawing * K O~ A~ 0] Anal LA : P 4

11964132,674 4601743,255 Meters 80,43 14,85 Centimeters

4-pacm. Kopakainorucron Pecnydukacu mmMoJINi 30HACH THAPOTe0J0THK
HIAPOUTJIAPUMHHUHT Te0ax0opT Moaeu

Hactnabku Oockuuna, ArcGIS nactypuit myxutu ArcCatalog nmacrypwii
BocuTacu acocuna Kopakanmoructon PecmyOnmukacu  IMIMUMOJIWN — 30HACH
re0ax00poT MOJEIMHUHT CTPYKTYPaCH TAIIKWIIAIITUPUIAAN. Ma3Kyp MOJIETHUHT
TOMOJIOTMK  3JEMEHTIApU: MOJUrOHaN(TyMaHlIap, XYyKajlukiap, XyAdyajap),
YU3UKJIA(TYMaHaap, XYKaJIUKIap derapaiapu,uymiap, napénap, KaHajiap),
HYKTaBHI(CyB OJUII Ba Ky3aTHUII KyAyKJIapHu, alpuM WHIIOOTIap Ba X.K.) (4-pacm).

Kopakannoructon PecmyOnukacu muUMONUN 30HACH T€0axOOpPOT MoOJETu
acocuia €p OCTH CHU30T CYyBJapH CaTXJapUHUHT Ba WIYPJIAHUIIUHUHT Y3rapuil-
JApUHUHT OOIKA OOBEKTIIapra TabCUPUHU YPTaHWI OYyindya XucoOaml dCrepu-
MEHTJIAPU YTKA3UIIIN.

ArcGIS uuur Spatial Analyst makeTuman Qo¥manaHuIIM Ba OJMHIaH
HaTWXanap myHu kypcaraauku, 2010man 2015 #imnnap moOaliHUIa CU30T CyBIap
CaATXUHUHT IIMMOJI TOMOH HyHanuIIuaa NacTIallMIIN Ky3aTuilaau, OyHIa CH30T
cyenapu carxu 0 man 1 merpraya xynyajgap MauJoOHJIapy aHYarvHa Kamasau, 11y
OwitaH Oup KaTtopja ep OCTH CH30T CyBIapH caTxy ImeTrpman 2 merprada Oynrad
Maiionnap ynymu optaau (5-pacm). llly acocaa Tabkujiam MyMKUHKH, €p OCTH
CU30T CYBJIAPUHUHT CaTXJapH MacaraHiury mypjaaHraH MaigoHIap XyTyAUHUHT
oprtuinura oiud kenaau (6-pacm).
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Kopakannorucron Pecniybnukacu muMonuil 30HacH Xyayauaa CU30T CyBIapH
CaTXJIAPUHUHT NMACAWUIIN TeHACHIUSICU

2010 i 2015 it

5-pacm. I'eoax6opoT MonetamTupuin acocuaa Kopakaanorucron Pecnydimnkacu
HIMMOJIMIA 30HACH XYAYIH CH30T CYBJIAPH CATXJAPUHHUHT Y3rapHIIMHU TAAKHK ITUII
Oyiinua Xuco0J1all IKCNePUMEHTIaPH HATHKAJIAPH.

Kopakannorucron PecriyOnukacu muMonii 30HaCH CU30T CyBIapH
Y PJIAHUIITMHUHT Y3rapuiiny
2010 1 2015 #

B 00-1,00n 1,0-3,0 r/n. | 3,0-5,0 v/n M 5,0- 10,0 r/n [0 10,0- 180,2 r/n

6-pacm. I'eoax6opot MoaeamTupu acocuaa Kopakaanorucron Pecnydimkacu
IIUMOJIMH 30HACH XYAyIH CH30T CyBJIAPH IIYPJAAHUIIMHUHT Y3rapUIINHA TAAKUK dTHII
Oyiin4a Xxuco0Jiam IKCNEPUMEHT/IAPH HATHKAJIAPH.

Tabumnii-TexHOTeH XapaKTepard THAPOTEOJIOTHK OOBEKTIIAPHUHAT T€0ax00pOT
MOJICJUIADHUHM  SIpaTHIIa THIPOTCOJOTHK OOBEKT Ba TIe0axOopoT MoJeln
opacMjarm  MabIyMOT  aJMallyBHH  TAalIKWI  KWIKIIAA  KOOPJAWHATA
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MYTaHOCHOJIUIUra aMall KWINII XamMJa TEMaTUK KaTJIiamiiap XOCHJI KWIHILI acocuia
TUIPOT€0JIOTMK OOBEKTHH KOMIUIEKC TaJKHK KWIMII acocuaa eyumiap KaOyin
KWJIMII MyXUM axaMmHsITra 3ragup

bynna Ttematuk kartnamnap cudartuaa, Oup macimitabgaru CH3OT CyBJIap
caTxjlapy, MUHEpaJJIallyBH, Teo(UIbTpalusl MapaMeTPIapUHUHT  XYyJTyAuH
TaKCUMJIQHUIIIY, CYFOPWIAJWIaH MAaNJOHJIApHUHT CyBra OyaraH »>XTUEKIaApU
KaOuJapHU KEATHUPUII MyMKHH. ByHIla By)KyAra KeinyBYM O€lruiu XapakTepiaru
Ba (pa3oBuil MabIyMOTIIap reorpa@uk aHuKMaciIukiIapuau kamaitupuiga ArcGIS
HUHT KaTbUHMAac XyJQyIuid MabaymMoTiap OWiaH MIIamra UMKoH OepyBuu Fuzzy
Overlay, Fuzzy Membership wuHCTpyMeHTan BocuTanapuaad ¢oiganaHul
Makcajra MyBo(uK.

XVYJIOCA

«Tabunit-TeXHOreH XapakTepaaru TUAPOreoJoruK O0ObEKTIapHU Te0ax0opoT
MOJCJUIAIITAPHUII acocuaa Kapopiap KaOyn KWIMIIHM KyBBAaTJIIOBUU THU3HM)
MaB3yCHUJard JOKTOPJIUK Juccepramusicu Oyiinua onmbd OopwiiraH TaJKUKOTJIap
HaTWXKacuJa Kyiujaaru xynocainapra KeJIUHIu:

1. Typnau xunaara Mabiaymotiap (COHIH, cudar KYpUHUIIUIATA JTUHTBUCTHK,
pacTpim, Xynyaui Ba X.K.) OWJIaH UIUIAIl T€0ax00pOoT-aHAIMTUK KOHIICTIIUSICH Ba
KaOyJ1 KUJIMHTaH €YUMJIapHU JIMHTBUCTHK HUQoaanail aaropuTMiapu Ba 1acTypuid
KOMIUIEKCH WIUIa0 YHKWIIM. KoMIpIOTeplamTupWiIraH TH3UM Te0ax0opoT,
KaTbuiiMac-ax00poT Ba IKCHEPT-aHATUTUK TAIIKWI 3TYBYMJIADHU V3 MUHUTa OJaJau
Ba Oy TamIKWI OTYBUWJAp oOpacuja axOopoT aJMallyBH aJIrOpPUTMIIAPU Ba
JACTypUM BOCUTATIAPH MIILIA0 YUKHUIIIH.

2. Karpuitmac-Mmantukuii  Ba  Caath  ycyJulapu  acocwaa  JKCIepT-
TUAPOTreoJIorIap Taxkpubanapu, OMIMMIIapy Ba TaXMUHIApUHU (HOpMaUIall TUPHUIIT
Ba YMYMIJIAIITHPHIN YCYJJIApH, JITOPUTMJIAPH Ba JACTYpUHM KOMIUIEKCH HIILIA0
YUKUJJIH.

3. TaOuuii-TeXHOTeH XapaKTepJaru THAPOTEOJIOTHK OOBEKTIap XOoJIaTiiapu
(MenuopaTUB, €p OCTH CYBJIApPUHU XHUMOSJIAIl, SKOJIOTMK) acocuaa Kaoyi
KWIMHAJWTaH TYPJIM XapakTepjaru (OroXJaHTHUPYBYM, THUKJIOBYH, aXpaTyBuH)
SYMMJIAPHU YMYMJIAIITUPHUII MOJEUTAPH HUIIIJIA0 YMKUJIIN Ba aCOCIaH/IH.

4, T'eoaxO0OpOT MOACIUIAIITAPHUIN HATIKAJAPUHHA XOJATIM TaXJIMI KHJIHII
acocuza KaOyn KWIWHAJWTaH €UYMMIIap oOpacuiard Yy3apo OOFIaHHUIILIApHH
KaTbHiiMac Oaxonamr ajaropuTMiiapd HNUIad YUKWIIA. YMYMUH €YUMHU
KYYaUTUPULI, KAMAWTHPHIL, Y3rapTMACIUK KYPUHUIIUIATA XyCyCUM €4uMJIap
acoCHJaru MOACIN MIIIA0 YUKUIIIH.

5. 'mpporeonoruk  00BEKTIap  TacBUpPJApUAaH  MabJIyMOT  OJIUII  Ba
TACBUPJIAPHU Tapaijie]l UIIall aJropuTMiapy Ba JacTypui BOCUTalapy HIIad
YUKUIIH.

6. Pactpmu  MawsaymoTiiap  acocuja  TaOMHM-TEXHOTEH  THAPOTCOJIOTHK
00BeKTIIap re0ax00pOT MOJICIMHH SIPATHII TAMOWMILIAPH UILTA0 YHKUIIIH.

7. “Cwpkuiigural oMiHa” yCyJHd acocujia, TaOWM-TEXHOTEH THAPOTeOJIOTHK
00BEKTIIap T€0ax00POT MOJCTUHUHT UKKHA Ba y4 TEeMaTHUK KaTJiamjapu opacujard
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¥3apo OOFJIaHUIIl KOPPESALMOH MallJOHJIAPUHU XOCWJI KWJIUII adropuTMiapu Ba
JACTypH UILIA0 YUKUIIH.

8. Nnuta®l 4YMKWIraH KOMIbIOTEPJAIITUPUITAaH axOopOoT-aHANUTHK THU3UM
Kopakannoructon Pecnybnukacu muMoauid 30HACH XYAYAM MOHUTOPUHTH
TaAKUKOTIApa KYITaHUIH.

9. Kopakannoructon PecnyOnukacu MIKUMOIUN 30HACH XYIAyAH TIeoaxOopoT
MOJIEJIM aCOCHJIa CU30T CyBJapy caTXJapy Ba MUHEpAIAIIYBU Y3rapUILIAPUHUHT
XYAyIHUHT OOIIKa OOBEeKTIapura TabCUPUHU Ypranum Oyinya xucoOmarl
AKCIIEPUMEHTIIAPU YTKAZHIIIH.

10. T'eoaxGopoT  MOAEMIAIUTUPUIL  HATHXKATAPUHUHT  XYAyIUNA-BaKTUN
taxyiuan  ArcGIS ~ myxutunuHr Spatial Analyst maketu acocupa amanra
OLLUPHIIIN.

11. OnuHran HaTWXajlap CU30T CYyBJIapU CATXJIAPUHUHT TacaluMIIMHU Ba
mypiaanum  gapaxacuHuar 2010-2015 dwmap opanufuaa  MIKAMOJ  TOMOH
omyBuHU Kypcataau. Kopakanmorucron PecnyOnukacu mumMonnii 30HACUHUHT
BakT Oyinua wkku naBpra (2000 Ba 2015 ifif.) Terumum KOCMHUK TacBUpJapu
ERDAS IMAGINE nakeTu BocHTacuja pakamsii TaxJuil KuiuHau. OJMHTaH
HATIDKAJIADHUHT T€0ax00poT MOJEUIAIITUPUIL HaTWKajgapu OuiiaH Jesapiu
MOCJIUTUHU KYPUILI MYMKHH.
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HAYYHBIN COBET 14.07.2016.T.29.01 npu TAIIKEHTCKOM

YHUBEPCUTETE UH®OPMAIIMOHHBIX TEXHOJIOTUH u
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKNCTAHA 110
NPUCYXIAEHUIO YYEHOW CTENEHU TOKTOPA HAYK

TAINKEHTCKW YHUBEPCUTET UTH®OPMALIMOHHBIX
TEXHOJIOTI'UI

OTEHMA30B PAIINA NIPUCOBHUY

CHUCTEMA NOJJAEPKKHU NPUHATHS PEINEHVA HA OCHOBE
I'EOMH®OPMAIIMOHHOI'O MOAEJINPOBAHUSA
I'MAPOTEOJOI'MYECKUX OBBEKTOB ITPUPOJHO-
TEXHOT'EHHOI'O XAPAKTEPA

05.01.04 —- MaTtemaTH4ecKoe U MPOrpaMMHoe obecriedeHne BbIYHCIUTEIbHBIX
MAlIHH, KOMILIEKCOB H KOMIIbIOTEPHBIX ceTeil
(TeXHUYeCKHe HAYKH)

ABTOPE®EPAT JOKTOPCKOM JUCCEPTAIIUN

Tamkent — 2016



Tema nokTopckoi auccepranmm 3aperucrpupoBana 3a Ne 30.09.2014/B2014.3-4.T166 B
Beicmreii arrectannonHoil komuccun npu Kadunere Munncrpos Pecny0iinku Y30exkucran.

JlokTropckast nuccepTals BBINOJNHEHAa B TallKeHTCKOM YHHBEPCHTETES WH(MOPMAI[MOHHBIX
TEXHOJIOTUH.

ABTOpedepaT aMccepTalliu Ha TpexX si3bIkax (y30eKCKWi, pYCCKHi, aHTIIMHCKHUI) pa3MelleH Ha
BeO-CTpaHwuile mo aapecy WwWw.tuit.uz u Mudopmannonno-odbpasosarensaom moptaie “ZIYONET” mo
aapecy WwWw.ziyonet.uz

Hay4HBIIIKOHCYJIBTAHT: YcemanoB Pumar Husnz6ekoBu4
JIOKTOP TEXHUYECKUX HAYK

OdunuanbHble ONMOHEHTHI: Xaouoyanaes Uopoxum XaouoyiaeBuy
JIOKTOP TEXHUYECKUX HayK, mpodeccop

MyxamenueBa {nano3 TyJIkyHOBHA
JIOKTOP TEXHUYECKUX HayK, mpodeccop

Kmyas Bagum ApkaaseBuy (Poccuiickas Deneparis)
JIOKTOP TEXHUYECKHX HayK, Ipodeccop

Beaymas opranusanus: TalKeHTCKHUI TOCy1apCTBEHHbI TeXHUYEeCKUil
YHUBEPCUTET

BammTa gucceprauum cocroutest «1» mekadps 2016 r. B 10 4yacoB Ha 3acenaHMH HAYYHOTO
coBera 14.07.2016.T.29.01 npu TalIKeHTCKOM YHUBEpCUTETe HHGOPMAIIMOHHBIX TEXHOIOIHH M
HammonansHoM yHUBepcuTere Y30ekucrtana mo aapecy: 100202, Tamxkent, yn. Amupa Temypa, 108.
Ten.: (99871) 238-64-43; daxc: (99871) 238-65-52; e-mail: tuit@tuit.uz.

C IOKTOpCKOW amccepTanuell MOXKHO O3HAKOMHUTHCS B MHGOPMaMOHHO-PECYPCHOM IICHTpPE
TaIKkeHTCKOro yHuBepcuTeTa MH(OOPMAIIMOHHBIX TEXHOIOIHH (perucTpaliMoHHbIi HoMep 2519) mo
aapecy: 100202, Tamkenr, yn. Amupa Temypa, 108. Ten.: (99871) 238-64-43.

Asropedepar auccepranuu pasocian «16 » Hosops 2016 roxa.
(nporokon pacceliku Ne 10T «16» HostOpst 2016 r.).

P.X.Xamapamos

[Ipencenarens Hay4HOrO COBETA MO MPUCYKICHUIO
y4EHOH CTEMEHU TOKTOpa HayK

II.T.H., poeccop

M.C. sIxy6oB

VYueHslii cekpeTapb HAyYHOTO COBETA 10
IPUCYKICHUIO YIEHOU CTENEHH JOKTOpa HAYK
II.T.H., Ipodeccop

X.H.3aiinuauHoB

IIpencenarens Hay4YHOrO CEMHHApA

npu HayuHoMm coBeTe 1Mo npucyAeHuI0 yaEHOH
CTEIeH! JJOKTOpa HayK J.T.H.


mailto:666666@tuit.uz/

BBE/IEHUE (anHOTalMs1 JOKTOPCKOM TUCCEPTALIAM)

AKTYaJIbHOCTb ¥  BOCTPeOOBAHHOCTH TeMbl Jauccepranum. Ha
CEerOJHSALIHUN JE€Hb B MHpPE OJHUMHU U3 AaKTyalbHbIX NpPOOJEM SBISIOTCS
MOJICJIUPOBAHUE CE30HHBIX M3MEHEHHUH MEJIMOPATUBHBIX M  SKOJOTHYECKUX
COCTOSIHUM THJIPOT€0JIOrMYEeCKIX 00BEKTOB MPUPOJHO-TEXHOTEHHOI'O XapaKTepa U
co3fgaHue BBICOKO3((EKTUBHBIX CHCTEM YIPABJIEHUS Ha OCHOBE JIOCTHXKEHHI
reonH(QOpMaMOHHBIX TexXHodorui. «Kaxapli roj B NPUPOIHO-TEXHOTEHHBIX
oOBbeKTax HaOJI0/aeTcd HEeXBaTKa BOJbI Ha 6-7 MIIH. TeKTapax 3€MJIM, BMECTE C
TEM Ha Halllel MJIaHeTe Ha OCHOBE reOMH(OPMAIIMOHHBIX TEXHOJIOTUN TOCTUTHYTO
yJIy4YlIEHUE MEJIMOPATUBHOTO COCTOSIHUA 1,5 MIIA. rekrapa 3eMenb J0 YPOBHS
75-78% ¢ yuerom wux TreorpadUuecKoro pacrojoXKEeHUs M HKOJOTUUYECKUX
0coOGeHHOCTEN»®,

B PecnyOnuke Y30ekucTaH OCYIIECTBISIOTCS MIMPOKOMACIITAOHbIE HAYYHO-
UCClleIoBaTeNbCKUe pPabOThl MO COBEPUICHCTBOBAHUIO CUCTEMBI TMOIJACPKKH
OPUHSTHS YIIPABISIOMIUX PEIICHUN 10 YIYUIIEHUIO METHOPATUBHOTO COCTOSIHUS U
MOBBILIECHUS TPOU3BOAUTEIIBHOCTH MHTEHCHUBHO UCIIOJIB3YEMbIX 3€MEJIb MPUPOIHO-
TEXHOTEHHOTO XapakTepa. B 93TOM OTHOLIEHHWHM TPOBEAEH psAJl HAay4YHO-
UCCJIEIOBATEIbCKUX pabdOT, B TOM UHCJIE IO YIYYIICHHIO MEJIUOPATUBHOTO
COCTOSIHUSL 3€MeJIb, UCIIOJIb3YEMbIX B Pa3HBIX OOJACTSIX CEJIIbCKOTO XO3sICTBA, MO
MOJENMPOBAHUIO TIPOLIECCOB BOCCTAHOBJIEHUS TUIOJOPOUS 3€MENb U YIPABICHUIO
MEIHOPATUBHBIMU CUCTEMaMHU, a TaKkKe 1Mo UX 3)PEeKTHBHOMY UCIIOJIb30BaHUIO.

B wmupe BaxkHOe 3HaueHHE MPUOOPETAIOT  BOMPOCHI  pa3pabOTKH
MaTEMaTUYECKUX  MOJEJel  TUAPOreoJIOTMYECKHX  OOBEKTOB  MPUPOJIHO-
TEXHOTEHHOTO0 XapakTepa Ha OCHOBE TE€OMH()OPMAIMOHHBIX TEXHOJIOTHH W
dopMupoBanusi 06a3 TEONAHHBIX M3MEHEHUNW CE30HHBIX M JKOJOTHYECKHUX
COCTOSIHUM TEXHOTEHHBIX TeppuUTOpuil. B CBfA3M € 3TUM OCYILIECTBICHHE
LEJICHANIPABICHHBIX HAYYHBIX HCCIEIOBAHWI MO HANpPaBICHUSM, BKIIOYAIOLIAM
pa3paboTKy Mojeneld NPHUHATHS pa3HOXapaKTEPHBIX PpEIICHUH B YCIOBUAX
HedyeTkol uH(popmanuu, pa3pabOTKy CXEeMbl PACIOIOXKEHUS KOJIEKTOPHO-
JIPEHAKHBIX CHCTEM C Y4E€TOM IOYBEHHO-MEIHMOPATUBHBIX CBOMCTB M TIyOUHBI
3ajieraHusl YpOBHEH TPYHTOBBIX BOJ, pa3pabOTKy ajirOpuTMOB U TPOrPAMMHBIX
CPEICTB MOJEIHMPOBAHUS HCCIIEIOBAaHUNA B3aUMOCBS3E€M  Pa3HOXAPAKTEPHBIX
pelieHnii  (MpeaynpeauTeNbable, JOKAIN3aUUOHHbIE, BOCCTAHOBUTEIIbHBIEC) Ha
OCHOBE NPUHIUIIOB TEOPUHU HEYETKOW JIOTUKHU, Pa3pabOTKy reonH(OpMalnOHHBIX
MoOJieJiell TpaHWUIl HAa OCHOBE pACTPOBOrO H300paKEHHs, CUUTAECTCS OJHOM Wu3
BaXHBIX 3a1ad. IIpoBeneHHe Hay4HBIX HCCIEIOBAaHUN I10 BBIIIECIPUBEICHHBIM
HAy4HO-UCCIIEI0BATEIbCKUM HAIIPaBICHUSAM IOATBEPKIAAET AKTYAJIBHOCTH TEMBI
JTAHHOMW JTUCCEPTaIHH.

JlaHHO€ TUCCepPTAlMOHHOE MCCIIEIOBAHUE B ONPEICICHHON CTEIEHU CIIYXKUT
BBINIOJIHEHUIO  3aAad, npeaycMoTpeHHblx B IlocraHoBnenun Ilpesmaenta
PecnyOnuku VY306ekuctan NelIIl-1989 ot 27 wurona 2013 roma «O mepax 1o

% http://www.agrowebcee.net/awuz-ru/nauka/materialy-konferencii/
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JanbHEHWIIeMy pPa3BUTUIO HAIIMOHAJBbHOM HH(OPMAIMOHHO-KOMMYHUKAIIMOHHON
cUCTEMBI», noctaHoBieHH Kabunera MunuctpoB Pecnnyonuku Y36ekucran Ne§2
or 19 mapra 2013 ronma «Ilopsimok BOAOMOIL30BaHUS W BOJOMOTPEOJICHUS B
PecnyObnuke VY30ekucran», a Takke B JIpPYrMX HOPMATHUBHO-IIPaBOBBIX
JOKYMEHTAaX, IPUHATHIX B JaHHOU cepe.

CooTBeTcTBHE HCCIEJOBAHUSI NPUOPUTETHBIM HANPABJIECHUSIM Pa3BUTHS
HAYKH M TeXHoJorui pecmyOauku. JlaHHOe wucciaegoBaHHE BBINIOJIHEHO B
COOTBETCTBHM C MPUOPUTETHHIM HAIMPABICHUEM Pa3BUTUS HAYKH U TEXHOJIOTHI
pecnyonmuku IV,  «Pa3Butme  uHpopmaruzamuu U MHOOPMALMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTHII.

0030p 3apy0exkHBIX HAYYHBIX HCCJIEIOBAHMHM MO TeMe JAUCCEPTALUM.
Hayunble uccnenoBaHusi, HampaBlIEHHbIE HAa pa3pabOTKy CHUCTEM MOJJIEPIKKH-
OPUHSTHS PEIICHUH AJI1 THUIPOTe0IOTMYECKUX 00BEKTOB MPUPOTHO-TEXHOTEHHOTO
xapaktepa (I'TOIITX) na 0a3e reouHPOPMALMOHHBIX CHCTEM, pPa3pabOTKy
METOJIOB  MHTEJUICKTyaJIM3alli  IPOLIECCOB  KOMIUIEKCHOTO  UCCIEIOBaHUS
TUIPOTE€O0JIOTMYECKUX, TEXHOJOTUYECKHMX M JKOHOMHYECKHMX OCHOB CIOKHBIX
CUCTEM B  YCJIOBHSIX HMH(POPMAllMOHHON  HeompeaeleHHOCTH Ha  0ase
reoMH()OPMAIIMOHHBIX TEXHOJOTUH, OCYIIECTBISIOTCS B BEAYUIUX HAayYHBIX
[ICHTPAX U BBICIIMX 00Pa30BaTEIIbHBIX YUPEKICHHUIX MUPa, B TOM ducie B Aquila
Space, Dauria Aerospace, Esri Inc, Exelis VIS, Modflow, University of California,
Berkeley (CIIA), Geomatics Canada, Sehlumberger Water Services (Kanana),
Karlsruhe Institute of Technology, Institute of Applied Geosciences (I'epmanmusi),
Centre for Ecology and Hydrology, Centre for Water Science, Cranfield University
(Benukobputanus), Airbus Defence and Space, Geo-Intelligence, Spotlmage
(Opanmus), DEIMOS Imaging, Remote Sensing Laboratory of the University of
Valladolid (Mcmanus), University of Technology (ITompmia), University of Pisa,
Department of Geosciences, University of Camerino (Mrtamus), University of
Technology ([lanus), National Institute of Hydrology, Waterloo Hydro geologic,
Excel Geomatics (Muaus), GISTDA (Taunaun), Technical University of Denmark
(Hanus), Esri CIS, OOO «/lata», MOCKOBCKOM TOCyAapCTBEHHOM YHHUBEPCHUTETE,
MoOCKOBCKOM YHUBEpCUTETE CBsi3U U MH(popmMaTu3anuu, Kazanckom yHUBEpCUTETE
(Poccust), Hayuno-uccneoBaTeibcKOM HHCTUTYTE UPPHUTALIMKA M BOJHBIX MPOOIIEM
npu TamkeHTCKOM MHCTUTYTE UPPUTAITUN U METTUOPAIIUHU U T.1I.

B pe3ynbTaTe wuccnenoBaHU, NPOBEACHHBIX B MHpE MO pa3paboTke
QITOPUTMOB W METOJOB CO3JaHMA OLEHKH M IPOTHO3MPOBAHUE MOJAECIEH C
MOMOIIbI0 TEXHOJOTHYECKMX OCHOB TI'E€OMH()OPMAIMOHHBIX TEXHOJOTUU B
NOPUHATUS pEIIEHHEe Ha OCHOBE TIE€OMH()OPMAIMOHHBIX TEXHOJIOTHM IS
TUIPOT €00 HYECKUX O00BEKTOB IPUPOJAHO-TEXHOTEHHOT O XapakTepa,
COBEPILIEHCTBOBAHUIO CTPYKTYPbl CHCTEMbl MOHUTOPHUHIA MOJIy4eHA PsJ HAYYHBIX
pe3yabTaToOB, B TOM UHCJE: pa3paboTaHbl (POTOrpaMMETpPHUUECKHUE MPOrpPaMMHBIE

4

4 0630p 3apyOeXkHBIX HAYYHBIX UCCIEIOBAHMUIA 110 TeMe JUCCEPTALMKM MPOBENEHA HA OCHOBE HUMKENPUBENEHHBIX U
apyrux  ucrounuko: 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-Itd-
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pelIeHrs BBICOKOTO YpPOBHS pa3pelieHus IO HUCIOJIb30BAHUIO HABUTAIMOHHOMU
cucreMbl GPS u reonmesmueckux ycranoBok (Trimble, Digital Globe, CIIA);
pa3paboTaHbl METOJbl O00pPaOOTKM ONTHUYECKUX a’dPOKOCMUYECKHX CHUMKOB
BbIcOKOro Sport & Pleiades paspemenus (Airbus Defense and Space, ®@pannus);
KapThl BOJIHBIX 3aI1acCOB B 00JIACTH CEJILCKOTO XO3SICTBa HA OCHOBE KOCMUYECKOTO
Monutopunra (Aguila Space, CIIA); co3ganbl OporpaMMHOE OOecreyeHue
00pabOTKU KOCMHUYECKUX CHUMKOB 3alacoB IMOA3EMHBIX BOJ U TreouHdOp-
ManmoHHbIX pecypcoB (ESRI, CIIIA); pa3paboTanbl 3JIEKTpOHHBIE T€OUH(OP-
MaIlMOHHbIE MOJIESIM Ha OCHOBE Te€OMH(POPMAIIMOHHBIX TEXHOJIOTUH THIAPOre0Jio-
IMYEeCKUX OOBEKTOB MNpUpOAHO-TexHOreHHoro xapakrtepa (ESRI GIS, Poccus);
pa3paboTaHa nporpaMMHOe 00eclieyeHue Mo CO3/IaHUI0 KapT YIpaBiIeHUs OLIEHKON
KauecTBa MOJICIIMPOBAHUS JBIDKCHHUS TOJ3EMHBIX BOJ M HCIOJIB30BAHHEM HX
sanmacamu (Waterloo Hydrogeologic, Poccus).

B wmupe mo 3amure MEIMOPATUBHOTO COCTOSIHUSI TOA3EMHBIX BOJHBIX
PECYpPCOB M KOMILJIEKCOB TIO  BOCCTAaHOBJIEHHUIO JKOJIOTHYECKUX CUTyallMid Ha
UCCIEYEMbIX TEPPUTOPUSIX HA OCHOBE COBPEMEHHBIX HHGOPMAIMOHHBIX
TEXHOJIOTUH W  METOJ0B MAaTeMaTH4YECKOr0  MOJEIUPOBAHUS IO  PALY
MPUOPUTETHHIX HAINPABJICHUH MTPOBOJISTCS CJICIYIONINE UCCIICIOBAHUS: pa3padoTKa
QITOPUTMOB M TPOTPAMMHBIX CPEJACTB MaTEMaTUUYECKOTO MOJICITUPOBAHMUS
THAPOXUMUYECKOTO pEeXKHUMa TMOJ3EMHON Tuapocdepsl; YCOBEPIICHCTBOBAHUE
KOJUICKTOPHO-JIPEHAXKHBIX CUCTEM C YYETOM IIOYBEHHBIX YCIOBUM M YpPOBHEM
ITPYHTOBBIX BOX; (GopMupoBaHHe ©0a3 JaHHBIX HW3MEHEHUW CE30HHBIX W
HKOJIOTHYECKUX COCTOSTHUN TEXHOTE€HHBIX TEPPUTOPHI; CO3JaHUE KOMITBIOTEpU-
3UPOBAaHHOIN CHUCTEMBI ONEPATUBHOTO MOHUTOPUHIA MEJIMOPATHUBHBIX COCTOSHUN
OpOIlIaeMbIX TEPPUTOPHI Ha Oa3ze OECIPOBOAHBIX CEHCOPHBIX CETel; pa3paboTka
QITOPUTMOB M TPOTPAMMHBIX KOMIUIEKCOB, a TaKXe€ MEXaHM3MOB HHTETPAIUU
reonH(OPMAIIMOHHBIX CUCTEM JJIsl TIPUHATUS YIPABJISIONUX PEIICHU 3a7a4 10
OIICHKE MEJIMOPATUBHBIX M DKOJIOTHUYECKUX COCTOSHUN TMOJ3EMHBIX BOJIOHOCHBIX
TUTacTOB.

Crenenb u3y4eHHOCTH Tmpodaembl. Borpocsl wuccnegoBanus mpoOiem,
CBSI3aHHBIX C MaTeMaTUYECKUM MOJIETUPOBAHUEM BOCCTaHOBJICHUS
MEIHOPATUBHBIX W JKOJIOTHYECKHUX COCTOSHUN THUIPOTEOIOTMUECKUX OOBEKTOB
MIPUPOJIHO-TEXHOTEHHOTO XapaKTepa M PEIICHUEM TEOPETUUYECKUX M MPUKIAIHBIX
3a/1a4 COBEPILIECHCTBOBAHUSA CHUCTEM VYIPABICHUS B YCIOBUSX IOBCEMECTHOIO
HapYIIEHUSI €CTECTBEHHOT'O PEKMMa THUIPOTEOIOTUYECKUX OOBEKTOB; pa3paboTKu
reonH()OPMAITMOHHBIX MOJENICH W aJITOPUTMOB OTHOIIEHUH MEXIY MOJ3EMHOM
ruapochepoii W OKpYXKaroliedl Ccpenod Ha TEPPUTOPHUSIX C  IKOJIOTHYECKU
HaIMpsHKEHHOW OOCTaHOBKOM, HM3-3a HEXBATKH HEOIPEACIICHHOCTH MaHHBIX IS
TUAPOreOIOTHYECKUX 00BEKTOB MPUPOIHO-TEXHOTEHHOTO XapaKTepa, CIOKHOCTU
BO3HUKAIOUIUX CHUTyallMii M OTrPAaHUYEHHOCTH BO3MOXKHOCTEH paboThl C
Pa3sHOPOAHBIMU JaHHBIMU; clOXHOCTH [TOIITX M CUIBHOTO BIMSHHUS Ha HHUX
TEXHOT€HHBIX ()aKTOPOB, HEUETKOCTH T'paHUIll MOA3EMHBIX BOJOHOCHBIX IJIACTOB,
mpoOJeMBbl C aJIeKBATHBIM OTpECICHUEM HX TapaMeTPOB M XapaKTEPUCTHK,
XapaKTEPU3yEeMbIX  HEONPEACIICHHOCTBhIO;  KOMIUIEKCHBIM  HCCIEJOBAaHHEM
TUAPOre0IOrHYECKUX 00BEKTOB B YCIOBUSIX PA3HOPOAHON MH(OpMALIUY HA OCHOBE
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reouHOPMAIMOHHBIX  TEXHOJOTMH  pacCMOTpeHbl B paborax  psaa
ucciaenosarencii: 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).

BomnpocaMm, cBsi3aHHBIM ¢ Pa3pabOTKON KOMITbIOTEPU3UPOBAHHBIX CPEJICTB,
MO3BOJIAIONIMX  pelIaTh 3aJlaud Ha  OCHOBE  aJrOPUTMOB  OIICHKH U
MIPOTHO3UPOBAHUS MEJIMOPATUBHOTO u AKOJIOTUYECKOT O COCTOSIHU I
TUAPOTEOJIOTHYECKUX OOBEKTOB MPUPOJAHO-TEXHOTEHHOI'O XapaKTepa B YCIOBHUAX
pa3HOpOAHOW MH(pOpMAIMKM B paMKaxX €IUHONW KOMITBIOTEPU3UPOBAHHON CpEIbI,
CKaTUEM JIaHHBIX, MOCTYMAIOIIUX C JIATYMKOB ABTOMATHYECKOTO HU3MEPEHMs], UX
CIIEKTpalIbHOW 00pabOTKOM W XpaHEHWEM, TOCBAIICHBI MCCICIOBaHUS psija
yuensix: W.K.I'aBuua, J.Jeffrey, B.M.lllectakoBa, ®&.b. AOyranuesa,
V.V.Vmaposa, K.X.J>kymanoBa u Ap. AHaIU3 HUX HMCCICIOBAHUN MO3BOJISET
c/ienaTh BBIBOJ] O 3HAUUTEIBHBIX Pe3yJIbTaTax B 00JACTH MOJYUYCHHS ONEePaTUBHOM
uHQopMalMK O THUAPOTEOJIOTHYECKUX O0BEKTaX MPUPOIHO-TEXHOTCHHOTO
XapaKTepa, CBSI3aHHBIX C HMCIOJIL30BAHUEM KOMITBIOTEPU3UPOBAHHBIX TPHUOOPOB
HAOJTI0/ICHNSI, OCHOBAHHBIX Ha MCIIOJIb30BaHUN OECIIPOBOIHBIX CEHCOPHBIX CETEH.

Bomnpocam dbopmupoBaHUs TEPPUTOPUAITIBHBIX 6a3 TAHHBIX
TUIPOTEOJIOTHYECKUX ~ OOBEKTOB  MPUPOAHO-TEXHOTEHHOTO  XapakTepa U
pa3paboTKH TeonH(OPMAITMOHHBIX MOJIeNIeH THAPOTE€OIOrHYECKUX 00 bEKTOB Ha UX
OCHOBE, a TaKXe IPUMEHEHUsA IMPUHLUUIIOB TEOPUN HEYETKHMX MHOMXECTB B
OPUHITUN  YOPABISIONIMX PEIICHUH TOCBSIIEHB PaOOThI A Farajzadeh,
G.D.Smith, O.Kaleva, N.E.Mohamed, T.Caatn, E.Mampanm, [[.A.Ilocnenosa,
B.B.Becenosa, J.A.IlannukuHa, JI.3ane, J1. 13100851, II.PoTmiTeiina,
T.®.bexkmyparona, II.X.[Tazunosa, [.T.MyxamaaueBoit, M.A.PaxmartyiiaeBa u
np. Ha mnpakrtuke, Kak mpaBWwio, MNOJ THAPOTEOJOTHUYECKUMU JAHHBIMU
MOHUMAIOTCSl JJAHHBIE YKCJIOBOTO XapakTepa, MMEIoIIre OOJIbIIoe 3HAYCHHUE IS
O0OBEKTOB C HEHApyIICHHBIM peXUMOM. B To e Bpems clenyer OTMETHTh
HEJIOCTOBEPHOCTh JAHHBIX YHCIOBOIO XapakTepa sl THAPOT€OJOTMYECKUX
00BEKTOB MPUPOTHO-TEXHOTCHHOTO XapaKTepa, HeIOCTATOUHYIO UCCIEIOBAHHOCTD
BOIIPOCOB ~ NPUMEHEHHUS JIMHIBUCTUYECKUX OILIEHOK JKCHEPTOB, JIAHHBIX,
MOJIy4aeMbIX C  a’POKOCMUYECKUX CHHMKOB, pPa3paOOTaHHOCTh METOJIOB
WCIIOJIb30BaHUS JAHHBIX TEPPUTOPUATIEHOTO U aTpUOYTUBHOTO XapaKTepa.

Ces3b JAucCCepTAllMOHHON padoTbl ¢ TematudecknmMu miaanamu HUP.
JluccepTalluOHHOE MCCJEAOBAaHUE BBHIMIOJHEHO B paMKax IUIaHAa Hay4dHO-
MCCJIEIOBATEILCKUX MPOEKTOB TalTKeHTCKOTO YHHUBEPCHUTETa WH(OPMAITMOHHBIX
Ttexaojoruii mo temam: A5—020 «Pa3paboTka anmmapaTHO-TIPOTPaMMHBIX CPEICTB
00paboOTKH PAa3HOPOAHOW THUAPOTEONOTHUECKOW WHpOpManuu Ha 0a3e HEYETKO
MHOXEeCTBeHHOTO noaxonaa» (2012-2014); A5-022 «HUurerpanus I'MC texnonoruii
JUISL  KOMILJIEKCHOM  OLEHKH  JJICKTPOMArHUTHOM  O€30MacCHOCTU  TEJIEKOM-
MYHHKAIIMOHHBIX cructeM» (2015-2017).
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Henbro wuccaenoBanuii  sBigeTcs pa3paboTKa TeOUMHPOPMALMOHHO-
AHAIUTUYECKOU CUCTEMBI NOAAEPKKH MPUHSATHUS penieHui TU1st
TUAPOrEOIOTHYECKUX OOBEKTOB MPUPOJAHO-TEXHOTEHHOI'O XapakTepa B YCIOBUAX
pa3HOPOAHOM HHGPOPMAIUH.

3agayamu uccJie10BaHuUii:

pa3paboTka KOHIENIHMH WHOOPMAIMOHHO-AaHAIUTUYECKON KOMIUIEKCHOM
CUCTEMBI YMPABJICHUS COCTOSIHUEM THUIPOTECOJOTUUYECKUX OOBEKTOB MPHUPOHO-
TEXHOT€HHOIO XapakTepa, MO3BOJIAIONIEH HCIOJIb30BaTh BCHO JIOCTYIHYIO
nH(pOpMAIINIO HA OCHOBE T€OMH(POPMAITMOHHBIX TEXHOJIOTU;

pa3paboTka MeToJ0B GdopMaiu3alui U OOOOIIEHUS OIbITa, MHEHUU U
BBIBOJIOB  CIICIIMAIMCTOB-IKCIEPTOB  MPH  OIEHKE W  MNPOTHO3UPOBAHUU
DKOJIOTUYECKOTO  COCTOSIHUSI ~ THAPOTCOJIOTHYECKUX  OOBEKTOB  MPHUPOJHO-
TEXHOTE€HHOT'0 XapakTepa;

pa3paboTka Mojened TOMACPKKH MNPUHSATUS  BOCCTAHOBUTEIBHOTO,
JOKAIM3AIMOHHOT0, MPEAYNPEIUTEILHOIO W YIPABISIOMIETO PEHICHUS A
TUAPOTEOJIOTHYECKUX OOBEKTOB MPUPOJAHO-TEXHOTEHHOI'O XapakTepa B YCIOBHUIX
HEYETKUX JaHHBIX;

pa3paboTka aJIrOpUTMOB U TIPOTPpaMM CHUTYaIllMOHHOTO OIICHUBAaHUS U
NPUHATHS YIPABISIONIUX PEINICHUM HAa OCHOBE MOJEJIEH B3aMMOCBS3M MEXKIY
TUAPOTEOJIOTHICCKUMHU 00bEKTaMU MIPUPOJHO-TEXHOTCHHOTO XapaKTepa Ha OCHOBE
MPUHIMIIOB TEOPUM HEYETKUX JIOTUUECKUX MHOKECTB;

pa3paboTKa aJrOpUTMOB U MPOrPAMMHBIX CPEACTB JIJIsi OBICTPON 00padOTKU
U300paKEHUH  TUAPOTEOJOTUYECKUX  OOBEKTOB  MPUPOJIHO-TEXHOTCHHOTO
XapakTepa, a Takke reOMHPOPMALMOHHON MOJIENHM HAa OCHOBE JaHHBIX PACTPOBBIX
U300paKeHU;

pazpaboTka  TreoMH()OpPMAIMOHHOW  MOJENU  MPUPOIHO-TEXHOTEHHBIX
TUIPOTE0JIOTHYECKUX OOBEKTOB Ha OCHOBE PACTPOBBIX JIaHHBIX C MPUMEHEHHEM
MeTo/la MHOroQakTopHod kimaccupukanmmu Ha npuMmepe CeBepHOM 30HBI
Pecny6nuku Kapakanmakcras;

CO37aHME aJropuT™Ma W KOMIUIEKCa MporpamMM (HOPMHUPOBAHUS KapThl
KOPPEJSAIMOHHBIX B3aMMOCBSI3€H MEXKIYy TEMaTHUYECKUMH CIOSIMH M pa3paboTka
YIPaBICHYECKUMU PEIICHUSIMA HA OCHOBE KOMITJIEKCHBIX MOJIEJIEH.

O0bekTOM  HCCIAEA0BAHUA  SBIBIIOTCA  IIPOLECCHl  KOMIUIEKCHOTO
BOCCTAaHOBJICHHSI JKOJIOTMYECKHX COCTOSHHM THUIAPOTCOJOTUYECKUX OOBEKTOB
MPUPOAHO-TEXHOTEHHOTO XapaKTepa Ha OCHOBE reOMH(GOPMAIIMOHHBIX TEXHOJIOTHI
METOJIOM HEYETKOU JIOTHKHU.

IIpeamerom wuccie0BaHMil SBISIOTCS aNTOPUTMBI 00pPaOOTKH JAaHHBIX
TUAPOTEOJIOTMYECKUX 00BEKTOB IIPUPOJAHO-TEXHOTE€HHOI O Xapakrepa,
MaTeMaTH4eCKUe MOJIeNIM, METOJbl pPa3pabOTKHM CHUCTEMbl HHTEIJIEKTYaJbHOIO
MIPUHATHS YTIPABISIIOUIUX PEIICHUH.

Metoasl ucciiegoBanus. B npouecce uccienoBaHuid MPUMEHEHBI METO/bI
TEOPUU HEUYETKUX MHOECTB, MAaTeMaTH4ECKOro MO/JIEJIMPOBAHUS,
MHTEJUIEKTYaJbHOIO aHalIN3a JIaHHBIX, OLIEHUBAHUS U MPUHATUS YIPABICHUYECKUX
PELICHUI Ha OCHOBE AKCIEPTHBIX CUCTEM.
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Hayuynasi HOBU3HA HCCJIe0BAHUS 3aKITIOYACTCS B CIACAYIOMIEM:

pa3pabotana WHGOPMAIMOHHO-AHATUTAYECKAsS KOMIIbIOTEPU3UPOBAHHAS
cUcTeMa, IpeaHa3HaYeHHas i1 cOopa, XpaHeHHs, 00paOOTKA U MOJEIUPOBAHUS
JAHHBIX HA OCHOBE TE€OMH(OPMAITMOHHBIX TEXHOJOTHH W WHTEIUICKTYaTU3aIliu
MIPUHATHS PEIICHUH TSI THAPOTEOJIOTMIECKUX 00BEKTOB TPHUPOJTHO-TEXHOTEHHOTO
XapakTepa;

pa3pabOTaHbl MOJEIHM TMPHUHATHUS YIPABICHYCCKUX PEIICHUH, OCHOBAHHBIC
Ha OIICHKaX W 000OIIEHUH COCTOSHHUMA THAPOTCOIOTHICCKUX 0OBEKTOB IMPHUPOTHO-
TEXHOT'CHHOTO XapaKTepa C Y4ETOM IMPUHITUIIOB TEOPUH HEUYETKUX MHOXKECTB;

pa3pabOTaHbl AITOPUTMBI M TPOTPAMMHBEIE CPEACTBA TOJy4YCHHS HHGOP-
MaIliy OT U300PaKCHUH THIPOTEOIOTHUESCKUX 00BEKTOB MPUPOTHO-TEXHOTCHHOTO
XapakTepa u napauiesibHOl 00paboTKH N300paKeHUH;

pa3paboTaHbl aJTOPUTMBI U IPOrpPaMMHbBIC cpencTBa TSI
KOMITBIOTEPU3UPOBAHHON CUCTEMBI TIOJICPIKKH TIPUHSITHS PEIICHUM, OCHOBAaHHBIC
Ha CO3JIaHWM DJICKTPOHHBIX KapT B3aMMOCBSI3H MEXKIY TEMATHYCCKUMHU CIIOSMHU
reOMH(POPMAITMOHHOW MOJCIH  THAPOTCOJIOTHYCCKUX OOBEKTOB  MPUPOJIHO-
TEXHOT'CHHOTO XapaKTepa;

pa3paboTaHbl MOJICIH, AJITOPUTMbI M MPOTPAMMHBIC CPEJICTBA ISl OICHKH
B3aMMOCBSI3M  PCHICHWH  BOCCTAHOBUTEIBHOTO,  JIOKAJIM3AIMOHHOTO WU
IpeayNpeIUuTEIHHOTO Xapakrtepa, OTpeIeIISIEMBIX 1o CUTYaIUSIM
THJIPOTEOJIOTHYECKUX OOBEKTOB MPUPOJTHO-TEXHOTEHHOTO XapaKTepa B YCIOBHAX
HEYeTKON MH(OpMAIIHH;

pa3paboTaHbl  aJIrOPUTMBI  ONEPATHBHOW  IMapaJIeIbHOM  00paboTKH
M300paKeHUH  THIPOTCOJIOTHYECKUX  OOBEKTOB  MPHUPOIHO-TEXHOTEHHOTO
XapakTepa, a TakkKe alTOpUTMbl (GOPMUPOBAaHUS T'e€OMH(OPMAIMOHHONW MOJIEITH
TEPPUTOPHI Ha OCHOBE PACTPOBBIX N300paKEHUI U OIICHKU CHTYAIIHIA,

pa3paboTaHbl  aNrOPUTMBI W KOMIUIEKC  TMPOTPaMM  TPUHSATHUS
YIPABICHUYECKUX PEIICHUH W CO37aHbl KapThl KOPPEIIMOHHBIX B3aMMOCBS3CH
MEX]Ty TEMATHYECKHMH CJIOSMH Ha OCHOBE T€OMH(GOPMAITMOHHON MOIEIIH.

IMpakTHYeckue pe3yJbTaThl HCCIAET0BAHUS 3AKITIOYAIOTCS B CIICAYIONICM:

pa3paboTaHbl METOABl MPUHATHE YIPABJISIOMNUX PEHICHUHA 10 yIyYIICHHIO
BOJHBIX W TIOYBEHHBIX YCIIOBUH I TNPUPOAHO-TEXHOTCHHBIX OOBEKTOB,
XapaKTeprU3yeMbIX IKOJIOTUYECKOM HANPSHKEHHOCTHIO Ha OCHOBE
KOMITBIOTEPU3UPOBAHHON MOJIETTH TeOMH(GOPMAIIMOHHOTO TPEJCTaBICHUS |
KOMITJIEKCHON OIICHKH THJIPOTEOJIOTHYECKUX OOBEKTOB MPUPOIHO-TEXHOTEHHOTO
XapakTepa ¢ y4eTOM TeonH(OPMAITMOHHBIX TEXHOJIOTHIA;

pa3paboTaHbl T€OMH(POPMAIMOHHBIE MOJEIU IO MPUHATHIO WHXCHEPHBIX
pElIeHH 10 BOCCTAHOBJIICHHIO MEIHOPATUBHOTO  COCTOSIHHUS —~ MPHUPOIHO-
TEXHOTCHHBIX  TEPPUTOPUUM HA  OCHOBE  TNPOTHO3UPOBAHHS  IMPOIECCOB
OIMYCTHIHMBAHUS WM 3a00JlaYMBaHUS TIOCPEACTBOM TIOHWIKEHUS YPOBHEM
MO/I3EMHBIX BOJ;

pa3paboTaHbl METOJbl MOHWUTOPHWHTA TE€OWH()OPMAIMOHHO-aHATUTUIECKUX
KOMITBIOTEPU3UPOBAHHBIX CHCTEMaX, OCHOBAaHHAS Ha TMOJJCPKKE TPUHATHS
VIOPABISIONINX PEIMIEHUH B YCIOBUSAX TOMUHUPOBAaHHS WH(OpPMAIIUU HEYETKUX
JAHHBIX B MH(POPMAIMOHHOM OOECIICUYEHWH CHCTEM MOHUTOPHUHTA 3€MENbHBIX |
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BOJHBIX PECYpPCOB MPUPOJHO-TEXHOTCHHBIX TEPPUTOPUM TMOTYYCHHBIMU C
a’POKOCMUYECKUX U300pakeHUN 0OBEKTOB.

JlocToBepHOCTH pe3yabTaToB HCCJIe0BAHUSI. JlocTOBEpPHOCTH
pe3yAbTAaTOB HCCIEIOBaHUSI OOOCHOBBIBAE€TCS HA COIMOCTABICHUU PE3YIHTATOB
reonH(GOPMAIMOHHOTO MOJICIUPOBAHUSI U MATEMaTHYECKOT'O MOJEIUPOBAHUS T10
TUAPOrEOJIOTHYECKUM O0BEKTaM MPUPOJIHO-TEXHOTCHHOIO XapakTepa C JaHHBIMU
HaOJII0JICHU U U3MEPEHUH, C UTOTOBBIMHU BBIBOJAMU CIEIIUATMUCTOB-IKCIEPTOB U
HCCIIEIOBAHUSIMU ~ YYEHBIX  BBICOKOIO  YpOBHS MO  pacCMaTpUBaeMbIM
TUAPOTEOJIOTHYECKUM O0BEKTaM.

Hayynasi u nmpakTuyeckasi 3HAYMMOCTb Pe3yJbTATOB HCCJIEI0BAHMSI.
Hayynass 3HauMMOCTH pe3yibTaTOB HCCIEAOBAHUN 3aKiItouaeTcss B pa3padboTke
MaTeMaTHUYEeCKUX MOJIeNIeH, allfOpUTMOB M TIPOrpaMM HHTEJUICKTyaIn3alluH,
MO3BOJISIOMINX 3P(HEKTUBHO peliaTh 3aa4d MaTeMaTHUYeCKOTO MOJICTUPOBAHUS U
NPUHATHS YIPABISIONIUX PEIICHUM B YCIOBUAX PA3HOPOAHOM HMHQOpMaIuu Ha
OCHOBE pE3yJIbTaTOB TI'e€OMH(POPMAIIMOHHOTO MOJCIUPOBAHUSI U AJTOPUTMOB
WHTEJUICKTYaIbHOTO aHaJn3a.

[TpakTryeckass 3HAYUMOCTH PE3YyJIbTATOB PAOOTHI KOMITBIOTEPU3UPOBAHHOMN
CUCTEMBI CUTYaIlMOHHO-COBETYIOIIETO XapaxkTepa 1o COCTOSIHUSIM
TUAPOTEOJIOTHIECKUX O0BEKTOB MPUPOTHO-TEXHOTEHHOT'O XapaKTepa 3aKJIF04acTCs
B TOM, YTO OHa IO3BOJIUT NMPUHUMATh YNPABISIONINE PEIICHUS MEIUOPATUBHOTO,
BOJOOXPAHHOTO U DKOJOTUYECKOr0 XapakTepa IO MPUPOJIHO-TEXHUUYECKUM
TEPPUTOPUSIM B OOOCHOBATH UX.

BHueapenue pe3yabTaToB HcciaeaoBanus. Ha ocHOBe crcTeMBbl yrpaBiIeHUs
¥ MaTEeMaTHUYE€CKOTO MOJICIUPOBAHUS MPOIIECCOB 00PabOTKHU reOMH(POPMALIUOHHBIX
PECYPCOB THIPOTEOIOTMUECKUX 0OBEKTOB MPUPOTHO-TEXHOTEHHOTO XapaKTepa:

UHCTPYMEHTAJBHBIA  NPOrPAMMHBIA  KOMIUIEKC  CPEICTB  MOJEJenei
IPOTHO3UPOBAHUS COCTOSIHUWA TOJ3EMHBIX CJIOEB TEPPUTOPUN  MPUPOJHO-
TEXHOT€HHOTO XapaKTepa MU CTEIEHW 3aCOJIEHHOCTH 3eMenb BHeapeH Ha [T
“Ilpuapanbckasi ruaporeosiornyeckas skcrneauiusa’ Ha Tepputopuu CeBepHOM
30ubl PecniyOonuku Kapakanmakcran (cripaBka Ne08-1266 ot 14 urons 2015 rona
['ocynapcTBEHHOr0o KOMMTETAa IO TE€OJOTMHM W MHUHEpalIbHBIM pecypcam).
[IpuMeHeHne Hay4yHOro pe3yibTara [ajl0 IPOTHO3UPOBAHUS U OLIEHKA
MEJTMOPATUBHBIX U DKOJOTHYECKUX COCTOSHUU THUIPOTEOIOTHUYECKUX OOBEKTOB
MIPUPOJIHO-TEXHOT€HHOTO XapaKTepa.

reonH(@opMaIlMOHHbIE MOJENM ¥ HWHCTPYMEHTAJIbHBI  MPOTpaMMHBIN
KOMILIEKC npoiiecca o0ecreyeHus MEJIMOPATUBHOTO COCTOSIHUS
THIPOTEOJIOTHIECKUX 00BEKTOB MPHUPOTHO-TEXHOTEHHOTO XapakTepa BHEIPEHBI B
MPEANPUATUAX MUHUCTEPCTBA HMHGOPMAIIMOHHBIX TEXHOJOTUM U Pa3BUTHS
koMMmyHHUKanui (cripaBka Ne33-8/5937 ot 31 okrsa6ps 2016 roga MuaHCTEpCTBA
WHOOPMAITMOHHBIX TEXHOJOTUA ¥ Pa3BUTHS KOMMYHUKamuii). BHempenwue
pPEe3yAbTATOB HAYYHBIX HCCIIEIOBAHMI MO CO3JaHUI0 T'€OMH(POPMAIMOHHBIX KapT
TUAPOreOIOTHYECKUX OOBEKTOB MPHUPOJHO-TEXHOTEHHOTO XapaKTepa, a TakkKe
aJITOPUTMOB OIIEHKH MEJIHOPATUBHBIX COCTOSIHUM M MOJIeNield MPOTHO3UPOBAHUS
MO3BOJIMIIO C(POPMUPOBATH CUCTEMY MPUHSITHUSL PEIICHUM, YTO MOBBICUIIO CTEIEHBb
9KOJIOTHYECKOH Oe3omacHocTH Ha 11,2 %.
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MporpaMMHBIE  CpPEJICTBA  M3BJICUEHHUS  JAHHBIX U3  HM300paKeHU
TUAPOrEOJIOTHYECKUX  OOBEKTOB  MPUPOJHO-TEXHOTCHHOTO  XapakTepa U
pacnapajuieIMBaHUsl MPOLIECCOB 00pabOTKH M300pa’kK€HUN BHEAPEHBI B CUCTEMY
«Kutab-Illaxpucsbd3ckoro Bogo3zadbopa noazemMusix Boa» (capaska Ne01/574 ot 24
HOs16pst 2015 roga ['ocygapCTBEHHOr0O KOMHTETA IO T€OJIOTMM W MUHEpaJIbHBIM
pecypcam). Pe3ynbTaThl HAYYHBIX UCCIEOBAHUM MO3BOJISIOT YCOBEPIIEHCTBOBATh
MPOLIECCHl  YIPaBICHUS! BOCCTAHOBIEHHEM MEJIHOPATUBHOIO U HKOJIOTHYECKOrO
COCTOSIHUN THIPOTe0JIOTHYECKUX OOBEKTOB MPUPOAHO-TEXHOTEHHOI'O XapakTepa,
MOBBICUTH  MPOU3BOJUTEIBHOCTh  MEIHUOPATUBHBIX  TEPPUTOPUN  3a  CUET
YMEHBIIIEHUS KOJTMYECTBA TEXHOTC€HHBIX 00BEKTOB € 58,7 10 66,08 %.

Anpolanusi pe3yJabTATOB HCCAeI0BAHUA. Pe3ynbTarbl HCCIEI0BAHUS
JIOJIOKEHBI Ha 27 Hay4yHO-TEXHUYECKHX, B TOM umcie Ha 10 MexmayHapoaHBIX
koHpepenmax: «5" International Scientific Conference. European Applied
Sciences: challenges and solution» (I'epmanms, Stuttgart, 2015); «Radiotexnika,
Telekom-munikatsiya va Axborot Texnologiyalari: Muammolari va kelajak rivoji»
(Tamxkent, 2015); «CoBpeMeHHBbIE TPOOJIEMBbl THAPOTCOJOTHH, HWHKEHEPHOU
r€0JIOTUM, TE€OIKOIOTUN U MyTH uX pemienus» (Tamkent, 2015); «IlepcnekTuBs
pazButusi uHpopMalnMoHHbXx TexHonorui, ITPA-2014» (Tamxkent, 2014);
«AxTyanpHble TIpOOJIeMbl TPHUKIAIHOW MaTeMaTHKH UM WHOOPMAIMOHHBIX
TEXHOJIOTHUI-AJ Xopa3zmuii» (Tamkenr, 2012; Camapkann, 2014);
«IIpuoputeTHbie HampaBieHUs B oOnacT Hayku U TexHosoruit B XXI Beke»
(Tamkent 2014); Bcemupnoit xoudepenimu WCIS-2012 «HuTennekTyaabHble
CHUCTEMBI Il MHIyCTpHanbHOM aBTOoMatm3amuu» (Tamkent 2012, 2014); «Daw,
TABJIUM Ba HUOUIA0 YMKAPUII HHTErPAlMSICUHU axO0pOT KOMMYHHUALMSICHUS
TEXHOJIOTHSJIApH acocua pUBOXJIIaHTHpUII ucTHKOOTapu» (Kapmu, 2016);
«AXOOpPOT TEXHOJIOTHUSJIADH Ba TEJIEKOMMYHHKalusg Myammonapu» (TamikeHr,
2013); «IIpobGmemMHBIE BOMPOCHl TUIPOTEOJOTUM, HWHKEHEPHOM T'€OJIOTHH,
reodkojoruu v nytd ux pemeHuss» (Tamkent, 2012); «HTerpauuss HaAyKu H
NPAaKTUKA KaK MeXaHu3M S(OQPEKTUBHOTO pPa3BUTH T'€OJOTMYECKOW OTPaCiH
Pecniyonuku ~ Y36ekucran» (Tamkent, 2014); «CoBpeMeHHbIE BOIPOCHI
npUMeHEeHHUs] THOPMAIIMOHHBIX TEXHOJIOTHI B MHTETpaIlliy HAyKu, 00pa30BaHUs U
npousBoacTBay (Hykyc, 2015); «CoBpemeHHbIe HHPOPMAIIMOHHBIC TEXHOJOTUH B
chepax TtenekoMMyHUKanumu u cBsa3n» (Tamkent, 2011); MexmyHapoaHO
HAyYHO-TEXHUYECKOW KoHpepeHIn «VHTerpanmun HAyKd ¢ TPaKTUKH KAk
MexaHu3M A(OQPEKTUBHOTO Pa3BUTHUS TE€OJOTUYECKON oTpaciau PecmyOmuku
V36ekucran » (Tamkent, 2016) u Ha 17 pecryOnuKaHCKUX KOHGEPEHITUIX.

Ony0,1MKOBAHHOCTH pe3yJbTaToOB HcciaenoBanus. [lo TeMe nuccepranuu
ormyOonuKoBaHO 45 HaydHBIX TpyAoB. M3 Hux 1 monorpadus, 17 xypHaIbHBIX
cTaTed, B TOM YHCJI€ 2 B HHOCTPaHHBIX, 15 B pecnyOJMKaHCKUX >KypHaiax,
pEKOMEHJOBaHHbIX  Bpicuieil  arrectanmoHHON — kKomuccueil  PecnyOnuku
V30ekucTan s MyONHWKAIMd OCHOBHBIX HAYYHBIX PE3yJIbTaTOB JOKTOPCKHUX
JUCCepTallii, a TAK)Ke MOJIy4eHO 6 CBUJIETENICTB O PErUCTPAIlMU MPOTPaMM s
OBM.
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Crpykrypa u 00bem auccepramuu. Jluccepramus coaepxut 185 crpanun u
COCTOMT W3 BBEICHHMS, IATH TJIaB, 3aKIIOYECHUS, CIUCKA HCIOJb30BaHHOU
nureparypsl U3 115 HaMMeHOBaHUM ¥ TPUITOKEHUS.

OCHOBHOE COJIEP’KAHUE JITUCCEPTALIUU

Bo BBegeHun 000CHOBaHA aKTyaJbHOCTh TEMbI, IPUBEIEH KpaTKHUil 0030p
paboT mo Teme AuccepTaluu, COpMyIHMPOBAHbI AKTYaJbHOCTh, 1I€Jb U OCHOBHBIE
3a/layd MCCIIEIOBAaHUs, OMMCAHBI COCTaB M CTPYKTypa pabOThl, ONpPEACIICHBI €e
HOBM3HA U HAyYHO-NPAKTUYECKas IEHHOCTb, MPEJICTABICHBI OMyOJUKOBAaHHBIE
paboTHI.

IlepBass rnaBa auccepranuu «Pa3padoTka KOHUENUMH HCCICAOBAHMSA M
NPUHATHS pPellleHUuil HA OCHOBE NMPHUMEHEHHS METOJ0B HEYEeTKHUX MHOKECTB )
MOCBAIIIEHA BOIMPOCAaM YMEHBIICHUS BJIUSHUS dYeJloBedYecKoro ¢akropa Ha
U3MEPUTEIIbHBIE MPOLEAYPHl, U3BICUCHUE U3 UCTOYHUKOB Pa3HOPOJHBIX JAHHBIX
(4ucroBbIe, TUHTBUCTUUECKHUE, U300PAKEHUE).

OcHOBHOUM 1enbl0 Pa3pabOTKU TaKOW KOHIEHIMU SIBISIETCS — aHAU3
PE3YNBTATOB THUAPOTrEOJOTUYECKUX HMCCIEAOBAHUM C MO3UIMHM Pa3HBIX MpodiieM
(MenMopaTUBHOM, BOJIOOXPAHOM, DKOJOTUUECKON) U MIPUHATHE PEIISHUA Ha TaKOU
OCHOBE. B 3TOi CBSI3M BONPOCHI HCCIEAOBAHUS NPUYMH BO3ZHUKHOBEHUSA U
XapakTepa HeomnpeneseHHocTe naHHbIX npu wu3ydeHun IITITO npuponHo-
TEXHOI€HHOI'0 XapakTepa, a TaKXke MOUCK IIyT€d HX YMEHBIUCHHUS SBISIOTCS
c1a0ou3y4eHHON U aKkTyalabHOU mpobiemoit. [loaToMy pa3paboTka aaropuTMoB U
IPOrpaMMHBIX CPEJICTB H3BICYEHHUS W (opManu3aluMy 3HAHUM JKCIEPTOB —
TUIPOTE0JIOrOB, MPEACTABICHHBIX B JMHTBUCTUYECKOW (hOpMe C MOCHEAYIOIUM
Npe/ICTaBIEHHEM HMX B KOJMYECTBEHHOM (opme, T.e. B (hopMe HEUYETKUX UHUCET,
ABIgeTcsT TepcrnekTuBHOM. [Ipu STOM monydeHHe 4YHCIOBOM HMH(OpManUu
HEOOXOMMOTO KOJMYECTBA U KauyecTBa O MapaMeTpax MCCIEIyeMoro oObheKTa He
BCEr/la  JOCTHTAeTCs, 4YTO OOBSCHAETCA HEBO3MOXKHOCTBIO  OpraHU3aIuu
HEOOXOMMBIX YCJIOBHM JJIsl TIPOBEJEHUS MHOTOKPATHBIX OMBITOB. B HEKOTOPBIX
CIIydasiX, Ipy HAIUYWW HEYHCIIOBON M HETMOJIHON MH(POPMAIIUK B BUIE SKCIIEPTHBIX
CYXKIEHUH, CYIIECTBYeT BO3MOXKHOCTh (opMalu3alii dSTUX 3HAHUM W HX
o0paboTka Ha ocHoBe mpuHIHMNOB THM u Heuerkoi moruku. HemocrarogyHOCTh
uHdopMaIi, €€ MPOTHBOPEYMBOCTL M Majas JIOCTOBEPHOCTh MPHBOIAT K
HEOOXOIMMOCTH UCIIOJIb30BAaHUSI TPH TMPUHATUM PEIICHUH BCEH JTOCTYIMHOM
uH(OpPMAITIN Pa3HOPOIHOTO XapaKTepa.

[Ipu 3TOM pe3ynbTaThl THAPOTEOJOTHYECKUX HCCIEIOBAHUN MMEIOT Oolee
oOmiee 3HAYeHWE M JOJDKHBI TPAKTOBAThCS C TIO3UIMI HE MEHEee YeM TpeX
mpoOieM: MeNHOpaTUBHOM, OXpaHHOW u dkojorudyeckod. CopjepkaHue u
HAa3HAYCHUE HCCIEAOBAHUM THUJPOTEOJOTHYECKHX IPOLUECCOB  OMPEICISIOT
CTpaTETuio MPUHATHUS PEIICHUH, 000CHOBAHUE KOTOPBIX JOJKHO OCYIIECTBISATHCS
Ha OCHOBE PAaCCMOTPEHHUS U aHaIKM3a BCeil MpeAMETHOM 00J1acTU U BCEH JOCTYIMHOM
uHpopMaIi. ITO U €CTh OCHOBA MPHUHSITHS MOJICTTH KOMIIJICKCHOTO UCCIIEIOBAHUS
I[ITITO. KonuenryanbHasi cxemMa oOpaOOTKM BCeM NIOCTyNmHON HHOpMaIuu B
npouecce komruiekcHoro uccienoanus [ITT'TO npeacrasinena Ha puc. 1.
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Puc.1. KonnenryajbHasi cxeMa 00pa0oTKH Bceii 10CTynHOI nHdopMauu B poiiecce
KOMILJIEKCHOT0 ucciaeaosanus [ITI'TO

Bropas rnaBa guccepraumn «MarTemMaTH4eckoe MOAeJIMPOBaHHE
NMPOLECCOB MOAAEP:KKM NPHHATHS PelleHUl B YCJAOBHAAX JOMHHHUPOBAHUA
HHOpMAaMU HEYETKOr0 Xapakrepa» IOCBIIIEHA BOIPOCAM MAaTEMaTUYECKOTO
MOJEJNHMPOBAHUS TIPOLIECCOB TMOMJEPKKH TMPUHIATHUS PEIMIEHUHA B  YCIOBHUAX
JTOMHHHUPOBaHUSA UHPOPMAIIMK HEYETKOTO XapakTepa.

[IpunHsATHE pemIeHU MO0 COCTOSIHUSIM THUIPOrEOIOTUYECKUX OOBEKTOB
MIPUPOJIHO-TEXHOTEHHOTO XapaKTepa OCYIIECTBISETCA IMYyTEM CONOCTABIEHUS HX
TEKYIIEro U MPEAbIAYHIEro COCTOSIHUU. [Ipu 3TOM MCHONIB3YIOTCS OMBIT, 3HAHUS,
MHEHHUS CIEIUATUCTOB-TUIPOre0IOrOB, UMEIOIIMNX OMbBIT PAOOTHl C U3YyYaeMBbIMU
TUIPOTE0IOTHYECKUMHU 00BEKTaMH MPUPOTHO-TEXHOTEHHOTO XapaKTepa.

AJTOpPUTMBI IPUHATHUSA PEIUICHUS] OCHOBBIBAIOTCA HA CUTYAalIMIOHHOM aHAaJIN3€
U COCTOSIT U3 PA3JIMUHBIX MO XapaKTepy PELICHUN:

A, - <MHOXECTBO BO3MOJKHBIX PELICHUII>; AU - <MHOECTBO JOIYCTHMBIX

o 1P o
peUICHUM M3 BO3MOKHBIX~>, Au - <MHO>XECTBO peIIeHUN MPOPUIAKTUIECKOTO
xapakrepa (IID)>; Al - <MHOXECTBO pelICHHI TPEayNPEIUTETHHOTO XapaKTepa
(ID)>; A’ - <MHOKeCTBO pellleHHii BOCCTAaHOBHTENBbHOTO xapakrepa (BC)>; AJ -
<MHOECTBO PEIICHUM JIOKaTu3allmoHHOro xapaktepa (JI)>.

ScHO, 4TO AD CAJ’AJ :AjYPUAjYUA\fCUAjI-
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IIpy >TOM BO3MOXHBI TpPU THUIIA YHOPABIAKOLIUX PELICHUN: «YBEIUYUTHY,
«YMenbpmiuth» U «He m3menuts» (MenuxoB A.H., bepuwreiin JI.C., KopoBun
C.4.,1990). O6o3nauas 3tu pewmenus 3HadeHusamu JIII < «YBenumuuts», T, X >,
<«Ymenbummth», T,,X>, < «He wusmenuts», T,,X>, rme T,,T,,T,- TepMm-
MHOxecTBa JIII < «YBeanuute», «YMeHbINTH», «He wu3amenuts» >. BBenem
obosnHauenms: <1, T),X> - mma JII «YBemumuurs»; <D, TJ,X> - mua JIII

«YMEHBIIUTBY; <Z j,TZ",X > - g JIII «He usmenstey; JII | »D;,Z; uMeroT

TEPM-MHOXECTBA {«HEMHOTO0», «CHUJIBHO»}, {«HEMHOTO», «CUJIBHO»}, {«HE
U3MEHUTHY } .
B nuccepranuu npearaercs METOA pas3yioKeHHs] OOLIEr0 PeIeHUs

R = Hgi (le )AR|j T Hpi (Ré)ARé T Hi (sz )Asz )
rne 4., (R|j) = V(Rj 1 le)nuRi (Ré) = V(Rj 1 Ré),ﬂRj (sz) = V(Rj 1 RzJ)

Cnemyer  OTMETHTb,  UTO  pE3yldbTaThl  MPOTHO30B  COCTOSHMIA
TUPOTe0IOTHYECKUX OOBEKTOB JOKHBI TPAaKTOBAThCA C TMO3MIMH  PasHBIX
npo6aeM (MeTMOPATHBHON, BOJOOXPAHOMH, 3KOJOTMYECKOH) C MOCIEIYIOUUM
COTrJIACOBAaHMEM pEIIEeHMH, TPUHHUMAEMBIX C Y4eTOM BPEMEHHOro (hakTopa
(KOOpAMHALUSA PpENIeHuH). DTUMU OOBIACHAETCS HEOOXOAMMOCTb TIIATEIBHOTO
HiCCIIeI0BAHMS BOIPOCA O B3aMMOCBS3SX MPHHUMAEMBIX perenuii. [Ipeanonoxum,
YTO B CBSI3M C BOSHMKHOBEHHEM IIPOOJIEMbI METMOPATHBHOTO XapaKTepa MPUHATHI
nocnezoBarenshsie pemenns R7, R?, rme R :P® - PY; R :PY »P?;

P = alm><alle><allo>)
k=123., a/,a;,a, - 3Hauenus OI1 cCOOTBETCTBYIONIUX TEPMOB IS K - CHTYaIlUH.
OlleHKa B3aMMOCBSI3M pEIIeHUH R? u Rj2 OCYIIECTBISETCS B CIEAYIOIEM

TOpsi/IKe:
1 2
1. Pemenus Rj u R| pasnararorcano I, 1,,D,,D, u Z.

2. Jlns ompeneneHusi OOIIETO pEIICHUS BBHIYUCIsSIEM 3HaueHus Bcex DI
HRILRY), u(RILRY), u(D},D;), u(D;,Dy) u p(R;,R7).
3. OrbpaceiBarotcs Te DII, 3HaUeHUST KOTOPBHIX MeHbIIIe 0,4.
4. OkoHuarenbHOE pemeHne R momydaercs pasnmoxkenuem DI pemeHwmit
mol., D ,Z.
i? i

B Ttpetpeit rmaBe nucceprauuu «lludgpoBas od0padorka u300pakeHU
THAPOreoJIOrHYeCKMX O0BEKTOB  NPHPOJHO-TEXHOIEHHOI0  XapaKTepay,
paccMaTpUBAIOTCS BOMPOCH MU(PPOBON 00paObOTKH M300paKEHHWd TEPPUTOPHH,
SBIISFOIINXCS BXHBIM HMCTOYHHUKOM WHOOpPMAIUU JUIsl TPUPOTHO-TEXHOTECHHBIX
THIPOTEOIOTHIECKUX OOBEKTOB. Takue OOBEKTHI XapaKTePU3YIOTCS BBICOKOM
CTENEHbI0  HEOMNPENEIEHHOCTH, UYTO OOBICHAETCS  HEIOCTAaTOYHOCTBhIO U
HEJIOCTOBEPHOCTBIO  JAHHBIX, JIOMUHHPOBaHHEM HWH(MOpMALUU  HEUYETKOTO
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XapakTepa, HEMpeACcKa3yeMOCThI0, HESICHOCTBIO U T.J. B Takux yciaoBuUsiX BecbMa
BA)KHOM M HENOCTATOYHO M3YYCHHOW B T'MIPOrEOJIOTUYECKON IPAKTUKE SIBISECTCA
npoOsieMa wu3BIeueHUss WHGOpMAUUU U3 H300PAKEHUM THUIPOTEOIOrMYECKUX
00BeKTOB. B auccepraniuy OCHOBHOE BHUMAHUE YAEISAETCA ONPEACIICHUIO HYKHBIX
TOIMOJOTUYECKUX 3JIEMEHTOB U3 pacTpoBbIx n3o00paxenuit [ITITO.

I[Ipu wsydenun IITITO Ha ocHOBe aHamu3a W300pa)KEHUU TMOJIE3HBIMU
ABJIAIOTCS JIOKAJIM3allMsl, YCWJIEHUE U BbIJCICHUE TPaHUL-IUHUN pa3aeneHus
Pa3TUYHBIX THIPOTEOIOTMUYECKUX XapaKTEPUCTUK (30H HEOJHOPOJAHOCTEH B IJIAHE,
IPaHULl BIUSHUSA TEXHOTCHHBIX (PAKTOPOB, PACHPOCTPAHEHUS 3arps3HSAIOMINAX
BEILIECTB U T.1.). 'paHUIBl HA U300paKEHUSAX MOTYT OBITh OOpa30BaHbl Pa3HBIMU
YCIOBUSMH, OOBSICHIEMBIMU HM3MEHEHHEM I1IBETa, pa3pblBOM IOBEPXHOCTEH,
nepernajiaMu OCBEUIEHUS U TeHSIMHU.

Ecnu umeercss BO3MOXHOCTb MOJYYEHHSI HECKOJIBKUX U300payKEHUU OJTHOTO
[ITTTO Ha HECKOJBKO MOMEHTOB BPEMEHH, TO BO3HHMKAIOT MPOOJIEMBI  C
opranuzauuen 3¢pPpexTuBHON 00pabOTKH U XpaHEHUEM TTOTOKOB M300paXkeHUI.

B nuccepraumm g 0OpabOTKM  HM300pa)K€HUM TUIPOreoIOTMYECKUX
00BEKTOB MPUMEHSIETCSl CIOCOO pacrhapasieTuBaHus BbIYUCICHUNW Ha OCHOBE
dopmupoBanusi matpuibl Anamapa. I[lpennoxkeHbl alropuTMbl U TPOrpaMMHBIE
CpelCTBa pachapajuieMBaHusl Ipoiecca o0paboTKu H300paKEHU Ha OCHOBE
OpTOTrOHANBHBIX Oa3zucHbIX (yHKIMA Anamapa. Taxxke paccMOTpeHbI BOMPOCHI
upoBoli  00pabOTKU KOCMHYECKUX uzobpaxenut IITITO Ha Oaze
nporpammubIx koMiuiekcoB ArcGIS, Erdas Imagine, ENVI. Tlpumensiercst croco6
oOydaeMol Kiaccu(puKallui, OCHOBaHHbIM Ha baliecoBckoM kiaccudukaTope,
UCIIOJIB3YIOIIEM OLIEHKY allOCTEPHOPHOTO MaKCUMyMa JIJisl OIpeieNieHus: Haubouiee
BEpPOATHOIO KJlacca M OCYIIECTBIEHHOM Ha 0a3ze crleayromed MoAenu
KaccupukaTropa’;

D =1In(a,) —[0,5In(|Cov,)]-[0,5(X —M)T (Cov.")(X —M,)I,

rae D - B3BemeHHOE paccTosiHUE (BEPOSATHOCTH); ¢ - OCHOBHOM Kiacc; X -

U3MEPEHUE BEKTOpa OCHOBHOro mHKcens; M. - BEKTOp CpeqHMX 3HauyeHWH

BBIOOPKU KJlacca ¢; @, - POLEHTHAsl BEPOATHOCTD, YTO JIIOOOH OCHOBHOM MUKCEIb
OTHOCHTCS K Kjaccy ¢ (mo ymonuanuto 1,0, wiv BBOAUTCA U3 allpUOPHOTO 3HAHUS);
Cov.- KoBapualMOHHas MaTpulla IHUKCeled B OOBIYHOM KJacce ¢, ‘COVC ‘ -

omnpenenutens Cov, ; Cov.' - obparnas Cov,; T — TpaHCIOHHPOBAHHKE.

B yerBeproit rnase nuccepraunu «I'eomHpopManuoHHoe MOAeIMPOBaAHHE
HA OCHOBE PacTPOBOH MOJeJH JAAHHBIX THAPOre0JOrHYecKHX O0ObEKTOB)
PacCMOTPEHBI BONIPOCHI  pa3pabOTKH  TPUHIUIIOB TE€OMH(DOPMAITMOHHOTO
monenupoBanusi  IITITO  Ha  ocHOBe  pacTpoBOMl  MOJENM  JaHHBIX
TUAPOre0IOTHYECKUX 0OBEKTOB.

5 ttps://wiki.hexagongeospatial.com/index.php?title=Classification_Decision_Rules
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Pazpaborka TMIC wmogenu mnst komiuiekcHoro wuccieaoanus I[ITITO
OCYLIECTBIIIETCS B CIEAYIOLIEM ITOPSAIKE:

1. [lo wucxomHo¥t kapre (CHUMKY) CO31a€Tcsl DJIEKTPOHHAs KapTa
HCCIENYEMOU TEPPUTOPUMU.
2. Coznaércst 6aza TEppUTOPUATBHBIX W aTpUOYTUBHBIX JaHHBIX U

OCYHICCTBIIACTCA IIPpUBA3Ka anI/I6y'TI/IBHBIX JaHHBIX K BBIACIISICMBbIM
TOIOJIOTHYECKUM OOBEKTaM.

3. Coznaércsa 06a3za AaHHBIX JUIS MCCIEOBAaHUS TEPPUTOPUU C MO3ZULIUU
MEJIMOPATUBHOW, BOLOOXPAHOU U 3KOJIOTUYECKOM.

4, dopmupyercsa Tabnuia KIacCU(PUKALUA YACTEH TEPPUTOPUH C TOUKHU
3peHUs]  ONpENENeHHOM  IpoOJieMbl HAa  OCHOBE  I€OMH(OPMALMOHHOTO
MOJICITMPOBAHHS.

5. OcytiecTBiseTCs KOPPETAIMOHHBIN aHaTN3 MEXy ABYMS WA TpeMs

TEMaTHYECKUMU CJIOSIMU Ha OCHOBE METO/1a «CKOJIB3SIEE OKHOY.

Ha ocnoBe wmarpun coctosHuii (A, A,,A;) C HCIOJB30BAaHMEM METOJA
«CKOJB35IEE OKHO» (OPMHUPYIOTCS MOJNSI  KOppelsiMM ~ MeXay Iapamu
TEMaTUYECKUX CJIoeB U Tpems ciosimu (A,A, u A,) no dopmynam (TukyHOB
B.C.,1997):

2 2
Raaa, :\/(RALAZ + R = 2Run Ran )T A=R, ),

Rys =1-62.d7/(n*~n),
i=1

L, j=13

d.— pasHOCTh PaHTOB SIBICHUIA Ai u Aj, CHSITBIX C pa3HbIX KapT, N - o0bem

BBIOOPKH JIUISI TAaHHOMW CEPHH.

B nanHOW rnaBe nuccepTaly MPUBOAATCS PE3yJbTaThl KiIacCUpUKAITU
TEPPUTOPUU THUAPOTEOJIOTHICCKUX OOBEKTOB Ha 0Oaze mudpoBoil 00pabOTKH
KOCMUYECKUX CHUMKOB I10 JAHHOW TEPPUTOPHUH C UCTIOIB30BAHUEM ITPOTPAMMHOTO
komiuiekta ERDAS Imagine, ENVI. Ilpu 3ToM Ha 1iepBOM 3Talie OCYIIECTBISIETCS
HavanbHas Kiaccudukanus. Jlamee, Ha clueAyromeM 3Tare ¢ MOMOIIBI0 MOJYJIS
Signature editor hopmupyeTcs crieKTpaibHasi CTATUCTHKA KOCMUYECKOT'0 CHUMKA C
ucnoip30BaHueM Moy supervised classification, popmupyercst daitn curaaryp
JUISL  OCYIIIECTBIICHUS OKOHYATeNbHOW Kiaccudukamuu. KocMmuueckne CHUMKH
teppuropun CeBepHoii 30HbI PecniyOnku Kapakanmakcran moiydessl ¢ Landsat 7
(3a 2000 r.) m Landsat 8 (2015 r.) Ha Teppuroputo nmucta K-40-b B macmrabe
1:500 000. B pe3ynpTare moSy4eH pacTPOBBIN CIOW ISl KIacCU(PUKAIMK JaHHOU
TEPPUTOPUHA HA OCHOBE KOCMHUYECKMX CHHMKOB. OOIIasi Tuiomiaab TEPPUTOPHUH
uccnenosanus 44 206,4 kw2 CormacHo puc. 1, 1IBETOBblE SPKOCTH IO BCEM
00BEKTaM BBIJICIICHBI SBHO OTIIMYMMBIMU TI0 SIPKOCTH IIBETAMHU 9 Pa3HBIX IIBETOBBIX
XxapakTepuctuk. Jlms  wWccimegoBaHWs  Tpollecca  HM3MEHEHHUS — IIBETOBBIX
XapaKTepUCTUK TEPPUTOPUU OBLIN BRIOPAHBI TPU BUA OOBEKTA:

® BOJIHBII MTOKPOB;
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® PACTUTCIIbHOCTD,
® [104YBa, CoACpKallas COJICBbIC MUHCPAJIBI.

[TocToGpaboTka

KJIaCCU(UIIMPOBAHHOTO

KOCMHYCCKOTI'O

CHHUMKa

OCYIIECTBIIsIIach ¢ nmoMoIipto nporpammuoro odecneuenus ERDAS IMAGINE, ¢

IMPUMCHCHUCM

crioco0a

oOydaemoi

KJIacCU(PUKAITIU

Ha  bamiecoBckoMm

kiaccudukartope. [lomydeHHbie pe3ynbTaThl IPUBEACHBI HA puc.2 U B Ta0m. 1, 2.
Ha ocHOBe npuBeneHHBIX pe3yJIbTATOB U MO COMOCTaBICHUIO CHUMKOB 2000
n 2015 rr. BHAHO, 4YTO DBKOJIOTUYECKOE COCTOSHUE TEPPUTOPUU OTIWYACTCS

YMCHBOICHHUCM IIIOIIaaAW PACTUTCIBbHOCTH Ha TCPPUTOPHMH W IOBBIIICHUCM

TUJIOLIAHN 32COJICHHON TEPPUTOPHUHU.
2000 r.

2015 r.

Puc. 2. PacTpoBasi ki1accupukanmusi Ha OCHOBe KOCMHU4YeCKHNX CHUMKOB

Tao6anma 1
CooTHolIeHHe TpeX 0OBEKTOB ¢ KOCMOCHUMKOB Pa3HOTO Meproaa chbeMku [Ipuapanbcekoro
peruona
Ilepuoawl, rr. Boaublii MoKpoB, PacTurebHOCTD, 3ac0JIeHHOCTD, KM
KM? KM’
2000 4256,4 9708,9 5089
2015 4108,6 5587,9 9716,5
PazHuna 147,8 xm? 4121 xm? 4627,5 xm?
3a 15 ner MeHble MeHble bonvute
Taéauna 2

HI/IHaMI/IKa HU3MCHCHU ITOBECPXHOCTH Hpnapanbcxoro PETHOHA B IIPOUCHTHOM COOTHOIICHHUH

OxBat Teppuropum,
%

Boanwlii nokpos, %

Pactureannocthb, %

3acosieHHOCTH, %

2000 9,6 22 11,5
2015 9,2 12,6 22
Paznuna, % 0,4 9,4 -10,5
menbue menble bonvue
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Iaras raaBa nuccepraunu «Paspadorka I'MC mopenm TteppuTopum
ceBepHoii 30HbI PecnyOsiukm Kapakanmakcradw» TDOCBSIIEHAa BOIIpOcaM
MPAaKTUYECKOTO TMPUMEHEHUsS pa3paboTaHHON Ha 0a3e reouH(OPMAIMOHHBIX
TEXHOJIOTUN KOMIIBIOTEPU3UPOBAHHOW CUCTEMBI NOAACPKKU IPUHATUSA PELICHUN
Ul ~ MOHMTOPMHIOBbIX  ucciefgoBaHud  CeBepHoM  30HBI  PecnyOnuku
Kapakannakcrtan (C3PK).

T'uopozeonocuuecxkue ycnrogus meppumopuu. C T'eOJOTUYECKONH TOUYKH
3pE€HMs] paccMaTpuBacMas TEPPUTOPUS OTHOCUTCA K BEPXHEHEOIE€H HMKHE-
YETBEPTUYHBIX OTJIOXKEHUWA. BOJOHOCHBIE IUIACTBI COCTOAT M3 IECOYHBIX
OTJIO)KEHMH. [ TTMHUCTBIE OTJIOXKEHUs pacnojioxkeHbl Ha rinyoune I1-17 M u
MIPEACTABIEHBI HEPOBHO PACMIOJI0KEHHBIMU IITMHUCTBIMU OTJIOKEHUSMMU.

THC yoaens YT B THC moaeas MI'B

I'MC moesmpoBanis

1
1
1
1
1
1
i
1
1l
1
1
i
1
1
1
Il
1
1

Y 1
1
1
1
i
1
1
1
1
i
1
i
1
1
1
1
1
1
1

Yuc.rosoe pacupeaerenne YI B
(D7 o

PP ii mo YIB u MIB

-0,9972  -0.9976  -0,9980  -0.9984 09974 09992  -0,9995  -0.9996
0,1198 -0.9996  -0,9982  -0,9984 09986  -0,9988  -0.9989  -0,9992
-0.9995  -09996  -0,9999  -0.9998  -0,9990  -0,9990  -0.9989  -0.9988
-0,9984  -0.9982  -0,9984  -0,9991 09999  -0.9999  -0,9994  -0.9994
-0.9991  -09983  -0,9966 -0.9929 -0,9871 -09846  -0,9999  -0,9999

I Lmomgaman onenka pzaumocsssu YI'B u MI'B

PesyabraThi

Kaprorpaduueck oe
TNPeACTABIICH CHTY 'Al.[l/l'l';l

Puc.3. Peanmzanus AJIropuT™Ma OICHKU B3AUMOCBA3ZH TEMATUYCCKHUX CJI0€B METOAOM
«CKOJb34A1IEr0 OKHA»

Hns  uccnemoBanmss — Teppurtopuun  C3PK  dopmupyroTcs  crnemgyromme
TeMaTUYECKHUE CJIOM: MPOCTPAHCTBEHHOE pacmlpeaciicHrue O0aJaHCOB IMOJ3EMHBIX
BOJIOHOCHBIX CJIOEB; MPOCTPAHCTBEHHBIC paCHpEAeiICHUs] HaYaldbHBIX YCIOBHUU
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reoQUIbTPAIMOHHBIX W  THUAPOTCOXMMHUYECKHX 3aJady; MPOCTPAHCTBEHHOE
pacmpezieieHue TPAaHNYHBIX YCIOBHI MOTOKOB MOJ3€MHBIX BO/I.

[lonyuennass  TakuM  oOpa3oM  wmHpOpMamuss  UHTETPUPYETCS B
KOMIBIOTEPHYIO CHUCTEMY B BHJAE€ TEMaTHYECKUX CJIOEB M KapT, MPOU3BOAUTCS
OLIEHKAa B3aWMOCBS3M MEXAYy TEMaTHYECKMMH CJIOSMH Ha OCHOBE METOoJa
«ckonb3diiee okHo» (puc. 3). [lanee, Ha  Takol  OCHOBE  MPOBOMASTCS
BBIUMCIIMTENbHBIC OKCIIEPUMEHTHI Il ONpEAeNeHUs TeOoPMIbTPAIIMOHHBIX
napaMeTpoB U TPAaHUYHBIX YCIOBHIA.

B kadecTBe TOMONOTMYECKUX SIEMEHTOB TE€OMH(POPMAIMOHHOW MOJIEIH
paccMaTpuBaeMOll TEPPUTOPUU TPHUHATH TOYEYHBIE (CKBaXXUHBI BO703a00pOB,
HaOII0ICHUH ), JVMHEWHbIC (MHOUIBTPAIIMOHHBIE KaHaJbl, I'PaHUIIBI
reoQUIbTPAIMOHHBIX 30H M T.I.), IUIOMAAHBIE (30HBI, BBIJACICHHBIC IIO
(GUIBTPaIMOHHBIM CBOMCTBaM, HACEJICHHBIE MMYHKTHI U T.11.).

['eonHpOpMaIIMOHHBIE TEXHOJOTHH SBISIOTCA MEPCIEKTUBHBIM CPEICTBOM

W3YYCHUs JUHAMHUKU TIOJ3EMHBIX BOJ, TPHU OSTOM HMEETCS BO3MOXKHOCTh
UCTIONB30BAaHUSl JTaHHBIX 10 YPOBHSM TPYHTOBBIX BOJA U CTENEHH WX
KOHIICHTpAIIMiA, a TaK)Ke HAYaJIbHBIX M T'PAHUYHBIX YCIOBUH KaK TEMaTHYECKUX
CJIOEB TEOMH(OPMAITIOHHON MOCITH.
Ha nepBom sTame Ha 0a3e mporpammuoii cpeast ArcCatalog cuctemsr ArcGIS
dopmupyetcst CTpykTypa TeomHpopMaimonHoii wmognenn Tteppuropun C3PK.
Tomonmorndeckue SIEMEHTH JaHHOW MOJENW: TOJMTOHANbHBIC (pailoOHBI,
XO03SIIICTBO, TEPPUTOPUH ), IMHEHUHBIE (TPaHUIIBI PAHOHOB, XO3SIICTB, IOPOTH, PEKH,
KaHajbl), TOY€YHbIE (BOJ03a00pHBIE M HAOJIONATEIbHBIE CKBAXKUHBI, OTIEIbHBIC
OCTpoeHus U T.1.) (puc. 4).

. Karakalpak.mxd - ArcMap - Arclnfo

fle Edit View Insert Selection Tools Window Help

DEed& B2 o < ||1:500 000 ~| 2| & & B0 W2 Georeferencng ~ | Leyer: [Kapra sakoe2jpg - &
Edtor - [ I [ I=| [OROREHEGH" ] o i I Y
spatal analyst v | Layer: [IDW2 of Skvajinalar lEm BES B B R e - M | & | analyst » | Laver [IDW2 of Sicvajinalar | iE e LB S i
x |E ‘H] ‘\E |2CI |ZE |3CI ‘35 |4CI |4E |EU ‘EE ‘ED |EE ‘7{] ‘TE ‘BU |BE ‘Bﬂ ‘BE ‘\CIU |H]E |HCI ‘||E j
<VALUE> ol |
|_ER -
Ws-10r/n " |
1-15rfn
I i5-20r/n =
M20-%0r/n
= O 1DW of Skvajinalar MYHEP YCTIOPT 2010 M
MWz-3r/n =
M3-5r/n o
Es5-10r/n |
W 10- 150/
M 15-55r/n 9
= O 1DW of Skvajinalar AK YCTIOPT 2013 h
<VALUE> 2
Mo-1n B
J1-3n
[03-5u ki
MWs-7n
7-20n ?
= O 1DW of Skvajinalar AK YCTIOPT 2010 3
<VALUE> "
Mo-1n o
C1-3m
[3-4n 2
MW4-5n
Ws5-20m 9
= O 1DW of Skvajinalar AK APAN 2013 =
<VALUE> -
=00 Iy
< > " =T - B
_Dispiay [ Source | Selection 35 24 B
Drawing * & O~ A~ 0] Aral [T =~ BT o A~ &~ F~ -~

11964132,674 4601743,255 Meters 80,43 14,85 Centimeters

Puc. 4. I'eonndgopmMannoHHas MoJeIb THAPOre0I0rn4ecKnx ycaosuii CeBepHOH 30HBI
Pecnny0iuku Kapakannakcran
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Ha  ocnoBe reoundopmammonnot  mogenu  C3PK  mpoBeneHbl
BBIYMCIIUTENBHBIE JKCIIEPUMEHTBl 10 OLEHKE BIUSHHAS W3MEHEHUU YpOBHEM
IPYHTOBBIX BOJ WM HMX MUHEpaIM3alUil Ha JAPYrUe TEPPUTOPUH U OOBEKTHI C
npumeHennem makera Spatial Analyst cpexsr ArcGlIS.

TenaeHuysa NOHWKEHUS YPOBHEN TPYHTOBBIX BOJ Ha TeppuTopuu CeBEPHOU 30HBI
Pecny6sinku Kapakannakcran

2010T. 2015 .

Puc. 5. Pe3yabTaThl BHIYMCINTEIBHBIX IKCIEPUMEHTOB 110 H3MEHEHUIO YPOBHeEI
rpyHToBbIX BoJ Tepputopun C3PK Ha ocHOBe reouH(p)OpMaLHOHHOT0 MOIETMPOBAHUS

TenneHys MOBHIIEHUSI MUHEPAIU3AI[UU TPYHTOBBIX BOJI HA TEPPUTOPUU
CesepHoii 30861 Peciy6nnku Kapakanmakctan

2010 r. 2015 .

I 0,0-1,01/n 1,0-3,0 r/n 3,0- 5,0 r/n [ 5,0- 10,0 r/n [0 10,0- 1802 r/n

Puc. 6. Pe3y1bTaThl BBIYUCIUTEIbHBIX IKCIIEPUMEHTOB 110 MUHEPATH3ALNU
rpyHToBbIix BojA Tepputopuu C3PK Ha ocHoBe reouHGpOpManiuOHHOT0 MOIEIMPOBAHMS
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[Ipy mpoBeAEHUM BBIYUCIHUTEIBHBIX IKCIIEPUMEHTOB MCIOJIb30BAH IAKET
Spatial Analist cuctembr ArcGIS. [lonyueHHbIe pe3yabTaThl TOKA3BIBAIOT, YTO HA
nepuo ¢ 2010 mo 2015 rr. HaOmrogaeTcss NOHMKEHNUE YPOBHEW IPYHTOBBIX BOJ B
CEBEPHOM HAIIPaBJIEHUHU, NPU HTOM HAOIIOJAETCA 3HAYUTENBHOE YMEHIICHHE
IIOMAAeH ¢ ypoBHEM IpyHTOBBIX BoJl OT 0 10 1 M, B TO k€ BpeMs MOBBIILIAETCS
JOJISL TUIOIIAAEH ¢ YPOBHEM IPYHTOBBIX BOJ OT 1 10 2 M. Ha 3T0i1 0OCHOBE MOKHO
OPUATH K BBIBOAY, 4YTO TIOHM)KEHHE YpPOBHEW TPYHTOBBIX BOJ NPHUBENIO K
YBEIIMYCHHIO TUIOMIACH 3aCOJICHHBIX 3eMel (puc.D).

B nporecce pa3paboTku reOMH(POPMaLIMOHHBIX Moenen
THJIPOTEOJIOTHYECKHX OOBEKTOB TMPUPOJHO-TEXHOTCHHOTO XapakTepa BakKHOE
3HaYeHWe  MpU  OpraHM3anmud  WHOOPMAIIMOHHOTO  OOMEHa  MEeXAy

THJIPOTEOJIOTHIECKIM OOBEKTOM W €€ TEOMH(POPMAIMOHHON MOJENbI0 HMEIOT
BOMIPOCHI KOOPAMHATHOTO COOTBETCTBHSI W TIPUHSATHS PEIICHUH Ha OCHOBE
KOMIUIEKCHOTO  WCCJICIOBaHHUS TEMAaTHUYECKHUX CIIOEB THAPOTEOIOTHYECKOTO
o0BeKTa.

B kadecTBe TeMaTHYECKHX CIIOEB MOXKHO (DOPMHPOBATH CIIOM M3MEHEHHI
YPOBHEW TPYHTOBBIX BOJ, UX KOHIEHTpAIUH, MPOCTPAHCTBEHHOE pacIpe/IelicHIe
reo(UIBTPAIMOHHBIX TTAPaMETPOB, TOTPEOHOCTH OPOIIAEMBIX TEPPUTOPHIA B BOJIE
u ap. Jns yMeHbBIIEHUS BO3MOXHBIX TPH 3TOM HEOIPEIEICHHOCTEH MOMXKHO
NPUMEHUTh MHCTpYMEHTalbHOE cpeAcTBo ArcGIS, mo3possioiee onepupoBath C
TeppUTOpHabHBIME JaHHBIMU Fuzzy Overlay, Fuzzy Membership.
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SAKVIIOYEHUE

PesynbTaThl HcciietoBaHUI IO TOKTOPCKOM AuccepTanuu Ha TeMy «Cucrema
NOAJIEP)KKM ~ TPHUHATHSL ~ pElIEHMH  Ha  OCHOBE  I'€OMH(OPMAIMOHHOIO
MOJICJIUPOBAHUSL ~ THUAPOTEOJOTMYECKUX  OOBEKTOB  MPUPOJHO-TEXHOTEHHOTO
XapakKTepa» CBOAATCS K CIEAYIOIINM BbIBOJIOM:

1. Pa3pabotaHbl KOHUETIUS reonH(OopMaIOHHO-aHAIUTUYECKO N
KOMIUIEKCHON CHUCTeMBbl OOpa0OTKM JIaHHBIX (YHMCJIOBOr0, Kaue€CTBEHHOTO,
JUHTBUCTUYECKOTO, PacTPOBOTrO, TEPPUTOPUATIEHOIO Xapaktepa W T.1.),

QITOPUTMBI M JIMHTBUCTUYECKOE TMPEJCTABICHUE IOJYUYCHHBIX PEIICHUH.
CtpykTypa KOMIBIOTEPU3UPOBAHHONW CHCTEMBI BKJIIOYAET T'€OMH(POPMAIMOHHYIO,
HEYETKO-UH(POPMAIIMOHHYI0O W IKCIEPTHO-aHAJUTUYECKYI0  COCTaBIISAIOIIUE,
pa3paboTaHbl AJITOPUTMBI U TIPOTPAMMHBIE CpPEJICTBA UH(POPMAITMOHHOTO 0OMeHa
MEXy COCTaBJISIIOIIUMH KOMITBIOTEPU3UPOBAHHON CUCTEMBI.

2. TlpemnararoTcsi METOAbI, AITOPUTMbl U TPOTPAMMHBIA KOMIUIEKC ISt
dbopmanuzanMi W arperupoBaHUs ONbITa, 3HAHUW M WHTYUIUHA DKCIEPTOB
TUJPOTEOJIONOB HAa HEUYETKO-MHOXKECTBEHHOW OCHOBE C MPUMEHEHHUEM METOJa
Caaru.

3. Pa3paboranbl 1 000CHOBAaHBI MOJICJIA MPUHSITHUS PEIICHUN, OCHOBAHHBIC
Ha OOOOIIEHUH PEIICHHH MO0 COCTOSHUSM (MEJIMOpPAaTUBHOE, BOJAOOXpPaHHOE U
DKOJIOTUYECKOE)  TUJPOTCOJOTUUYECKUX  OOBEKTOB  MPHUPOHO-TEXHOTECHHOTO
XapakTepa W  MO3BOJSIONIME MNPUHUMATh  PAa3HOXAPAKTEPHBIE  PELICHHUS:
IpeAyNpEaUTEILHOI0, BOCCTAHOBUTEIBHOTO U JIOKAJIU3ALMOHHOTO XapakTepa.

4. Pa3paboTaHbl aJTOPUTMBbl HEUYETKON OI[EHKHU B3aUMOCBS3U MTPUHUMAEMBIX
pEIICHU HAa OCHOBE CUTYAI[MOHHOT'O aHAJIN3a Pe3yIbTaTOB FeOMH(POPMAIIMOHHOTO
monenupoBanuu. Ilpennaraercs Monens NPUHATHS OOILETO PEIIEHHUS, COCTOSIIAS
U3 PELICHU, UMEIOLIUX XapaKTEP YCUIICHUS], YMEHBIIEHUS U HEU3MEHEHUSI.

5. IlpennoxeHbl QIrOpUTMbl W MOPOTrPpaMMHBIE CPEACTBA HU3BJICUYCHUS
uHbOpMaLUH u3 N300paKeHnun THIPOTCOJIOTMIECKUX 00BEKTOB,
pacrapajuienuBanus 1UpoBoli 00pabOTKH H300paXKEHUH THAPOTCOJIOTHICCKUX
00BEKTOB.

6. IlpemnoxeHbl NPUHIMIBI TOCTPOCHUS TEOMHPOPMALIMOHHOW MOJEIH
THIPOTEOTIOTHIECKUX OOBEKTOB MPHUPOJHO-TEXHUYECKOTO XapakTepa Ha 0Oase
JAHHBIX PaCTPOBOTO XapakTepa.

7. TlpennoxeHbl adrOpuT™M MW  TMPOTPAMMHBIN  KOoj  (opmMupoBaHUs
KOPPEJSIUOHHBIX MOJIE B3aUMOCBA3M MEXIY ABYMS WIM TPEeMs TEMAaTHYECKUMU
CJIOSIMH T€OMH(OPMAITMOHHON MOJENH THIPOTEOJIOTHYeCKIX 00BEKTOB MPUPOTHO-
TEXHOT€HHOI'0 XapakTepa Ha oCHOBE MeToAa «CKOJb3s1Iee OKHOY.

8. Paspaborannas KOMITBIOTEPU3UPOBAHHAS nH(GOPMAITOHHO -
aHAJUTUYECKasT CUCTEMa [PUMEHEHa ISl TPOBEICHUS MOHUTOPUHTOBBIX
uccnenoBanuii Tepputopun CeBepHoit 30HbI PecniyOnnku KapakanmnakcTah.

9. Ha ocHoBe reonH(pOpMaIMOHHON MOJENN MPOBEACHBI BHIYUCITHTEILHBIC
AKCHEPUMEHTHI O OLEHKE BJIMSHUS W3MEHEHUW YPOBHEW T'PYHTOBBIX BOJ M HX
MUHEpalu3auii Ha Apyrue o0bekThl Tepputropuu CeBepHOM 30HBI PecmyOnuku
KapakannakcraH.
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10. IIpocTpaHCTBEHHO-BPEMEHHOW aHAIM3 pPE3yIbTaTOB I'€OMH(OpPMALIMOH-
HOT'O MOJICJIMPOBAHUS OCYIICCTBIISJICS ¢ moMolnbio makera Spatial Analyst cpensr
Arg GIS.

11.TlonyyeHHble pe3yabTaThl MOKA3bIBAIOT YMEHbILIEHHUE TIIyOHH YPOBHEM
IPYHTOBBIX BOJ M MOBBILIEHHWE MX MHUHEpPAIU3alMU B CEBEPHOM HANpaBICHUU Ha
nepuoa ¢ 2010 mo 2015 rr. IlpoBeaena mudposas oOpaboTka KOCMHUYECKUX
caumkoB 1o teppuropun C3PK nHa nBa mepuoma Bpemenu (2000 u 2015 rr.) ¢
nomoipto nporpaMmmuoro nakera ERDAS IMAGINE. ITonyyennbie pe3ynbTaThl B
LEJIOM MJIEHTUYHBI pe3yibTaTaM, MOJYYEHHBIM Ha OCHOBE T€OMH(pOPMAIIMOHHOM
MO/IeJIA TEPPUTOPHUH.
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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 bin.hectares land to 75-78%, taking into
account their geographical location and ecological features»®.

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

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

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

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

& 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 (ltaly), University of Technology (Denmark), National Institute of
Hydrology, Waterloo Hydro geologic, Excel Geomatics (India), GISTDA
(Thailand), Technical University of Denmark (Denmark), Esri CIS, OOO «Datey,
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-Itd-
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ing conditions of formation of the hydrochemical regime of underground
hydrosphere; improvement of drainage systems, taking into account the soil
conditions and groundwater levels; formation of database changes, seasonal and
environmental conditions technological areas; the development of a computerized
system of operational monitoring irrigated areas based on wireless sensor
networks; development of algorithms and complex evaluation programs of
reclamation and environmental conditions underground aquifers on the principles
of integration of geographic information systems.

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

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

Research questions of creation of territorial databases, development of
geoinformation models based on them and the application of the principles of
J.H.Djumanov fuzzy set theory to support decision-making for complex objects,
including the study of hydrogeological objects of natural-technogenic character
were dedicated studies of A.Farajzadeh, G.D.Smith, O.Kalev, N.E.Mohamed,
T.Saati, E.Mamdani, D.A.Pospelov, V.V.Veselov, D.A.Panichkin, L.Zadeh,
D.Dzyuba, P.Rotshteyn, T.F.Bekmuratov, SH.H.Pazilov, D.T.Muhamadiev,
M.A.Rahmatullaev and others. In practice of hydrogeological studies, the term
«data» generally refers to the data presented in the form of numbers, which are
crucial for the hydrogeological objects with inviolated conditions. However, the
numerical data from hydrogeological objects natural-technogenic character in
general are characterized by insecurity, due to the impossibility of compliance and
the number of repeated measurements. In this context, issues of development of
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these methods and the application of knowledge in hydrogeological 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 systems» (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 solutiony»
(Germany, Stuttgart, 2015); «Radiotechnic, Telecommunication and Information
Technologies: Problems and future development» (Tashkent, 2015); "Modern
problems of hydrogeology, engineering geology, geo-ecology and ways of their
solution” (Tashkent, 2015); "Prospects of development of information
technologies, ITPA-2014" (Tashkent, 2014); "Recent developments in applied
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mathematics and information technologies - Al Khorazmiy" (Tashkent, 2012;
Samarkand, 2014); "Priorities in the field of science and technologies in the XXI
century" (Tashkent, 2014); WCIS-2012 World Conference "Intelligent Systems for
industrial automation" (Tashkent 2012, 2014), The developing perspectives of
science, education and manufacturing integration based on Information
Communication and Technologies (Karshi, 2016); “Problems of Information
Technologies and Telecommunications” (Tashkent, 2013);

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

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

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

THE CONTENT OF THE WORK

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

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

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

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

possible>; A" -is <the set of solutions of a preventive nature (PN)>; A -is <the
set of warning nature of decisions (W)>; A’¢ -is <the set of solutions restoration
character (RC)>; A7J -is <the set of solutions localization character (L)>

It's clear that Ay < A, A :AjYPUAjYUA{fCUAj]

At the same time, there are three types of control solutions: «Increase»,
«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 >, <«Reducey,

Ty, X>, <« Do not change»,T,,X >, rneT,,T,,T,- term- sets LP < «Increasey,
«Reduce», «Do not change» >. Are introduced the notation: <1;,T/,X > - for LP
«increase»; < D;,TJ,X > - for LP «Reduce»; <Z;, T/, X > - for LP « Do not change
», LP 1,,D,,Z; have a term set {«littlen, «strong»}, {«little», «strong»n}, {«no

change»}.
In the thesis is proposed a general solution decomposition method:

R = 1, (ROAR/ + 11, (RARS + 4, (RDARY,
where 1, (R)) =v(R',R!), 1, (R2) =v(R',R), 1., (R}) =v(R',R}).

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

where R;: Pj“” — Pj‘l); Rf , Pj‘” — PJ.(Z);

P =kafin><alle><al16>},

_ k k k . . .
k=123., @, @;,0; _gre the values PT corresponding terms fork - situations.

Assessment of the relationship and of solutions in the following order:
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1. Solutions Riand R’ are expandedin I,, 1,,D,,D,andZ.

2. To determine the total solution are calculated the values of all OP
#(R,RY), 4(RI,RE), w(Dy,D;), u(D;,D;)and u(R;,R}).

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

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

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

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

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

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

In the thesis are considered questions of digital processing of satellite images
NTHGO based on ArcGIS software systems, Erdas Imagine, 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:

D =1In(a.)—[0,5In(|Cov, [)]-[0,5(X —M )T (Cov.')(X —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 c; |Cov,|- is th determinant Cov,; Cov,'-
reverse Cov,; 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 ( A, A,, A,)using a "sliding window"

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

Rana, = \/(Rf\lAz TR, “ 2R, R IA-R,,)
Ron :1—62df /(n* —n)
i, j=13;
d,— is the difference between the ranks of the phenomena A u, 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 km2, as it is shown in Fig.1, the brightness of the color of all
the objects are highlighted clearly distinguishable in brightness of colors 9
different color characteristics, to study the color characteristics of the process of
change territory three types of objects have been selected.

o \Water cover.

e Vegetation.

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

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

2000 2015

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

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

Periodsy/y Water cover Vegetation Salinity
2000 4256,4 xm? 9708,9 km? 5089 km?
2015 4108,6 km? 5587,9 kxm? 9716,5 xM?
Difference 147,8 xm? 4121 km? 46275 km?
15 years less less more
Table No2. Changes in the surface of the Aral Sea region, as a percentage.
Coverage area in% Water cover Vegetation salinity
2000 9,6 % 22 % 11,5%
2015 9,2% 12,6 % 22 %
Difference 0,4 9,4 % -10,5 %
In percentages (%) less less more

The fifth chapter of the thesis entitled «Development of a GIS model of the
territory of the northern zone of the Republic of Karakalpakstany 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.

Initial information
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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 is formed structure of geoinformation models NZRK territory.
Topological elements of this model: polygons (areas, agriculture, territories), line
(border areas, farms, roads, rivers, canals), point (intake and observation wells,
construction of individual, etc.) (Fig.4).
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Fig. 4. Geoinformation model of the hydrogeological conditions of the northern zone of the
Republic of Karakalpakstan.

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

In carrying out computational experiments was used a package Spatial
Analist ArcGIS system. The results show that for the period from 2010 to 2015.
are observed decrease in groundwater levels in a northerly direction, while there is
a significant decrease of the area groundwater levels from 0 to 1 m, at the same
time increased the proportion of areas with ground water level from 1 to 2 m. On
this basis is made conclusion that lowering of groundwater levels has led to an
increase in the area of saline soils (Fig. 5).
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During the development of geoinformation models of hydrogeological
objects of natural-technogenic character important in the organization of
information exchange between the object and its hydrogeological geoinformation
model has questions coordinate compliance and decision-making based on a
comprehensive study of thematic layers hydrogeological object.

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

Karakalpakstan

2010

2015

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

] 0,0-1,00n 1,0-3,0 /n. | 3,0-5,0 /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 windowy.

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

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

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