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COBEPHIEHCTBOBAHUE METOJAUKHA MOHUTOPHUHI'A BEPETOBOM
JIMHUHN KACITMUCKOI'O MOPS 11O JAHHBIM JUCTAHIIUOHHOT'O
30HAUPOBAHUSA 3EMJIN

JlanHOEe  JHMICCEPTAlMOHHOE  HWCCIEAOBAaHHE  IMOCBALICHO  aKTyaJlIbHOW  mpobieme
MOHHUTOPHUHTY OeperoBoil muHuu Kacnuiickoro Mopsi ¢ MpUMEHEHHEM JTaHHBIX TUCTAaHIIMOHHOTO
3ouaupoBanus  3emuu  ([33). Pernon Kacnuiickoro Mopsi yHUKaJ€eH MO HPUPOAHBIM
ocobenHocTsiM. bacceitn Kacrnust - omHa W3 KpymHEHWIIUX OECCTOYHBIX O0JIACTECH TUIAHETHI,
pAacIoyio’KeH B PAa3IMYHbIX JaHIA(THBIX 30HAX, 00JalaeT peIKUMHU 3armacaMu pel0 OCETPOBBIX
BUJIOB U LIEHHBIM SHIAEMHYHBIM OMOpa3HOOOpa3ueM.

B paiionax nedrenobsun B Kazaxcrane Ha ceBepo-BoCTOUHOM mobepexne Kacmus B
pe3ynbrare copoca MOMYTHBIX BHICOKOMHUHEPATW30BAaHHBIX MOJ3EMHBIX BOJ (M3BJIEKAEMbIX MPHU
HeTeno0bue), a TaKKe pa3MBOB HePTH oOpasoBamuch crenupuyeckue o3epa. OHH
MIPEJICTaBISAIOT CO00 OrpoMHYIO Yrpo3y i skocucteM Kacmusi, TOCKOJIbKY IpPU BETPOBBIX
HaroHax Kacnuiickux BoJ U, 0COOEHHO, B Ciy4ae AaJbHEHIIEro MOBBILICHUS YpPOBHS MOPS
MIPOU30MIET KaTacTpouueckoe 3arpsi3HEHUE MOPAI.

[lepexol OT TpaJIULIMOHHBIX METOJIOB Ha COBPEMEHHbIE TEXHOJIOTUU C HCIIOJIb30BAHUEM
METOZI0OB U CPEACTB KOCMHUYECKOW Ie0/e3UU IMPHUBEIO K Pa3BUTHUIO M HIMPOKOMY MPUMEHEHHUIO
I00aBHBIX HaBUTAMOHHBIX clyTHUKOBBIX cucteM (THCC). Hapsimy ¢ aTuM, B ocienanee Bpemst
Ha NEpBbI IJIaH BBIABUTAIOTCSA 3a/la4yd KOHTPOJS HPUPOJHOM cCpeibl W IPOTHO3UPOBAHUS
BO3MOJKHBIX Pa3HOBPEMEHHBIX U3MEHEHUH B PUPOIHON 0OCTAaHOBKE PA3IMYHBIX PETHOHOB. DTUM
00BsICHSIETCSI 0c000€ BHUMAaHUE K U3YUYEHUIO TMHAMHUKU F€OCHUCTEM, MPOIIECCOB, TPOUCXOSAIINX B
3eMHOM KOp€ U CO3/1aHusl AMHAMUYECKUX KapT MIPUPOIHBIX SBICHUM.

Hesb u 3a1a4u ucc1e10BaHUA

L[eJ'IBIO Z[aHHOﬁ pa6OTI>I ABJIACTCA COBCPHICHCTBOBAHUC MCTOJUMKHM MOHUTOPHUHIa H3MCHCHUA
OeperoBoit inHUM Kacnuiickoro Mopst ¢ KCII0JIb30BaHUEM JIAHHBIX JUCTAHIIMOHHOTO 30HIMPOBaHUS 3eMJTH
(133), oOecmeunBaronyto BBICOKYIO TOYHOCTb, OINEPATUBHOCTb W WH(POPMATHBHOCTH MJIsi aHaIU3a
JTUHAMHKH OEperoBOi 30HBI M IPUHATHUS YIIPABICHYECKUX PEIICHHIM.

B paMKax TOCTHXKCHHUA LCIIU NOCTABJICHBI CIICAYIOIIUC 3aJa4uu:

- IIpoBecT 0030p M aHaNIMU3 COBPEMEHHBIX IMOAXOJOB K MOHUTOPHHIY OeperoBoi
JIMHUH, BKIJIIOYasl UCIOJIb30BaHUE CITyTHUKOBBIX JaHHBIX, reonHpopmanonHbix cucreM (I'MC) u
MoJiesielt U3MEHEHUs1 0eperoBoil 30HBI.

- BriOpars HanOonee mNOAXOAALIME CIYTHHKOBBIE IUIaTGOPMBI M CEHCOPHI IS
MOHHUTOpHHTra 6eperosoit UM Kacnuiickoro Mopsi, OLEHUTh UX pa3pelieHne, NepUOAUIHOCTD U
CIEKTPAJIbHBIE XapaKTEPUCTHUKH.

- Co3aatp anropuT™Mbl 00pabOTKH CIIyTHUKOBBIX JaHHBIX, BKJIIOYasi aBTOMATHYECKYIO
KJIacCU(UKALINIO, JETEKINI0 U3MEHEHUI 1 HHTErpalii0o MHOTOBPEMEHHBIX JaHHbIX.

- CoznaTh yCOBEpIIEHCTBOBAHHYIO METOJIMKY MOHMTOpUHTra OeperoBoil JUHUHU
Kacnniickoro Mopsi, OCHOBaHHasi Ha MHCIIOJIb30BAHMM COBPEMEHHBIX JAHHBIX IUCTAaHIIMOHHOTO
30HAUPOBAHUS 3EMJIH.

MeToabl uccjieI0BaAHNA.
JUIs BBIMIOJIHEHHUSI IMOCTaBJACHHBIX 3a7ay, HCIOJb30BAIMCh METOMABl JAUCTAHIIMOHHOTO
30HIMpOBaHUs 3eMiIi. BrirroyaeT B ce0si: aHaln3 CYIECTBYIONMIUX OTEUECTBEHHBIX U 3apyOeKHBIX



METOJI0OB MOHUTOPHHTAa BOJHBIX OOBEKTOB; OOOCHOBaHME BBHIOOpPAa HAYYHO-OOOCHOBAHHBIX
METOJIMK BBITIONHEHUS H3MEPEHUH C MPUMEHEHHEM  ammapaTypbl CIYTHUKOBBIX CHCTEM,
kocMHuUecKkux nanHbix Landsat, Sentinel.

Pe3syabTarsl

[Tporiecc oOHapykeHuss OeperoBoil JIMHUM OBUI aBTOMATHU3MPOBAH C HCIIOJIB30BAaHHEM
MeTozAa MoporoBoil o0paboTku mo OTcy, MpUMEeHEeHHOTO K npoaykram Landsat 5, 7 u 8 Tier 1,
nonmy4yeHHbIM ¢ natunka Landsat TM. Ilpoayktet Tier 1 Obutn BBIOpaHBI, MOCKOJIBKY OHH
COOTBETCTBYIOT CTPOTMM TpeOOBaHMSIM K T'€OMETPUYECKOMY M PaJMOMETPUUYECKOMY KaudecTBY,
HEOOXOAUMBIM JJISl TOYHOTO aHAJIN3A.

Bcest 06paboTka naHHBIX BhIoNHsUIachk Ha 1utatrgopme Google Earth Engine (GEE), uto
MO3BOJIMJIO UCIIOJIb30BaTh 00IaYHbIE BHIYMCIUTEIFHBIE MOIIIHOCTH IS ONTHMH3ALNN JIOKAIBHBIX
pEeCypcoB U MOBBIIICHHS 00111e# 3G (HEKTUBHOCTH 00pabOTKH.

JlaHHast METOI0JI0THS OKa3ajach BHICOKOA((GEKTUBHON ¢ TOUKH 3pPEHUSI BPEMEHH U 3aTpar
OJylaroapsi MCIOJIb30BaHUIO OECIIATHOTO M OTKPHITOTO IporpammHoro odecredenust (FOSS) u
o0ayHOMI UHPPACTPYKTYPHI GEE.

AHanu3 MpPOBOAMICS 32 HECKOJBKO JIET C JBYMS OCHOBHBIMHM pallOHAMH HCCJIEIOBAHUS:
ATpIpay 1 Manrucrayckuil pernoH. B c¢Bs3u ¢ ux reorpaduueckoid OJM30CThIO pailoHbl AKTay H
@opt-llleBuenko ObTM  OOBEAMHEHBI B OAHY KpPYHOHYIO o00JacTb HCCIENOBaHUS —
Masnrucrayckuii peruoH. Takoil moaxoa oOecredmsl BCECTOPOHHEE OXBaT pETHOHAa W
nojep>KaHue MPOCTPAHCTBEHHON COTIACOBAHHOCTHU Ha MPOTSHKEHUU BCEro aHalIM3a.

['mybokoe obOydenme (Deep Learning) mo3BoJSIET aHAIM3UPOBATH OOJBIIHE OOBEMBI
JAHHBIX, TAKMX KaK CIIyTHHUKOBBIE HM300pa)KEHUS, BPEMEHHBIE DPsbl, reorpaduyeckue JaHHbIE,
B CBSI3U C 3TUM B JIUCCEPTAlMK 00O0CHOBAaHA HEOOXOIUMOCTh NAIBHEHIIIEr0 pa3BUTHS AITOPUTMOB
HCKYCCTBEHHOT'O MHTEJIEKTa U MAIIMHHOTO O0YYEeHHUS.

Hay4ynas HOBM3HA

1.Pa3paboTaH KOMITJIEKCHBIH IMOAX0]] MOHUTOpHUHTa OeperoBoii muann Kacnmiickoro mops,
OCHOBAHHBIM HA WCIOJb30BAHUM [JAHHBIX TPAJAULHMOHHOIO METOJa, COBPEMEHHBIX JIaHHBIX
JUCTAHLIMOHHOTO 30HAMPOBAHUS 3EMIIH.

2.Co37aHbl  aNrOPUTMbl ABTOMATHUYECKOW KIAcCU(UKAIMM U aHalIuW3a CIIyTHUKOBBIX
CHMMKOB, NO3BOJISIOIME 3()()EKTUBHO BBIABIATh W3MEHEHHMs OeperoBoi JHMHUU, BBI3BAHHBIE
aHTPOIIOT€HHBIMHU U IPUPOAHBIMU (PaKTOPAMH.

3.Ilpemoxxena cucrema J0JITOCPOYHOIO MOHUTOPHHIA U3MEHEHUH OeperoBod JMHHUU C
UCMOJIb30BAHUEM METOJMKH MAIIMHHOTO OOyuYeHHMs W  aHalu3a BPEMEHHBIX PsIOB JaHHBIX
JUCTAaHLIMOHHOI'O 30HAUPOBAHUS.

Ha 3alUTY BBIHOCATCH CJICAYIOIIHUEC HAYIHBIC ITOJOKCHUSA

1.Meroguka MOHUTOpUHTa O€peroBoil JIMHMM Ha OCHOBE HWHTETpalM JaHHBIX
TPaJULMOHHOTO METO/ia, TMCTAHLIMOHHOTO 30HIUPOBAHUSA M T€OMH()OPMAIIMOHHBIX TEXHOJIOIHH,
YTO MO3BOJISIET ONEPAaTUBHO BBIABIATH W3MEHEHUS OEperoBod JMHUM M aHAJIU3UPOBATH UX C
BBICOKOH CTETNEHbIO TOYHOCTH.

2.AnroputM 00paboTku maHHBIX [[33 i kimaccuukanyu 00bEKTOB OSperoBoil JIMHUMA,
BBIICJICHUS! 30H W3MEHEHUH U aBTOMAaTU3UPOBAHHOIO CPAaBHEHMsSI BPEMEHHBIX CEpUI
reONpPOCTPAHCTBEHHBIX  JaHHBIX, [OBBIMIAIOUIMI TOYHOCTh MJEHTU(GUKALUKA H3MEHEHUI
OeperoBoi IMHUM U CHIKEHHE 3aTpaThl BpEMEHU Ha aHAJN3 IaHHbBIX.

3. YcoBeplIeHCTBOBaHHAs METOJMKA aBTOMATH3WPOBAHHONW OOpabOTKH CIYTHHUKOBBIX
JAHHBIX ¥ MalIMHHOTO OOYyYEHHs C aHAJIM30M BPEMEHHBIX Ps/IOB, oOecreunBaronias CpaBHEHUE
W3MEHEHUH B MHOTOBPEMEHHBIX JAaHHBIX, OLEHKY CKOPOCTM W HamlpaBleHUN H3MEHEHHH
OeperoBoii 30HbI.



IIpakTnyeckoe 3HaYeHUE

1. Pa3paboranHasi METOIMKA TIO3BOJISIET OMEPATUBHO M C BBHICOKOW TOYHOCTHIO BBISBISITH
M3MEHEHUs OeperoBol JMHWHU, oOecreunBas JOCTYIl K aKTyajdbHON WHGOpMAIUU JUIsl OpraHOB
yIpaBIEHUS, SKOJOTHYECKHUX CIIYKO U HAYUHBIX OpraHu3aIui.

2. IlonmyueHHble pe3yJbTaThl MOTYT OBITh HCIIOJIB30BaHBI JUISI OLIEHKH BO3ICHCTBUS
MIPUPOIHBIX ¥ aHTPOTIOTEHHBIX (DaKTOPOB HA MPUOPEIKHBIC TEPPUTOPHH, & TAKKE IJIs pa3padOTKH
Mep 10 MUHUMU3AINH SKOJIOTUYECKHX PUCKOB.

3. TlomyueHHbIC JaHHBIC O JUHAMHKE OEPETOBOI IMHUU MOTYT OBITh UCTIOJIB30BAHBI JISI
000CHOBAHHUS CTPATETUH afanTalud MPUOPEKHBIX COOOIIECTB U HHPPACTPYKTYPHI K H3MEHEHUSIM
YPOBHSI MOPSL U IPYTUM KJIUMAaTHYECKUM BbI30BaM.

4. [IpuMeHeHne COBPEMEHHBIX TEXHOJOTHH OOpaOOTKHM MaHHBIX JUCTAHIIMOHHOTO
30HMPOBAHUS, BKIIFOYAsl UCTIOJIb30BAHUE CITyTHHKOBBIX JAaHHBIX U T€OMH(POPMAIIMOHHBIX CUCTEM
('NC), mno3BoyiseT NPUHUMATH ONEPATHBHOE pEIICHUE NPH MOHUTOPHUHIE HCCIEIyEeMbIX
0OBEKTOB.

O00CHOBAHHOCTD U J0CTOBEPHOCTH

OOGOCHOBaHHOCTh W JIOCTOBEPHOCTh HAYYHBIX IOJIO)KEHHH, BBHIBOJAOB W PEKOMEHJALUN
MOATBEPIKIAIOTCS OOJBIIUM KOJUYSCTBOM TIEPBUYHBIX JaHHBIX 3a mepuony  1990-2024rr.,
CXOJMMOCTBIO PE3YyJIbTaTOB MPOTHO3UPOBAHUS C PEAIbHBIMU JIaHHBIMU. JIMUHBIA BKIJIQJl aBTOpa
3aKJII0YAeTCsl B aHaJN3€ OTEUYECTBEHHOTO M MEXIyHApOJHOIO OMNbITa MOHHTOPHHTra OeperoBoit
JUHAA C TIPUMEHEHHEM COBPEMEHHBIX TEXHOJIOTHH, BBINOJIHEHHE OOpaOOTKM MaHHBIX C
NPUMEHEHHEM amraparyphbl CIIyTHUKOBBIX CHCTEM, KOCMUYECKUX JdaHHbiX Landsat, Sentinel.

Iy0ankanuu u anpodanus

[To maTepuanam quccepTalMOHHON pabOThI OMYOIUKOBAHO 7 IEUAaTHBIX PadOT BKIFOYAS:

- Onny crateio B peiitunroBoM >xypaaine National Academy of Sciences of the
Republic of Kazakhstan, Series of geology and technical sciences (6a3a Scopus Q3)

— Tpu crathu B u3NaHUSX, peKOMeHIyeMblx KomuTeToM mo KOHTpOdo B cdepe
oOpa3zoBanus u Hayku Pecy6nuku Kazaxcran (MHBO PK)

— Tpu cTatbu B cOOpHUKAX MEKIYHAPOIHBIX KOHPEpEeHIUi, (OPYMOB U KOHTPECCOB.
PesynbraTel  mMccnenoBaHWT  BHEApPEHBI B y4eOHBIM  TMPOLECC, YTO  MOATBEPKIACTCS
COOTBETCTBYIOIIMMHU aKTaMHU.

BriBoabI:
Ha ocHoBe mpoBeneHHBIX HCCIEIOBAaHUN U pa3pabOTOK MOXKHO CHENaTh CIEAYIOIINE
BBIBOJIBI:

1.IlpoBepka MeTONMK ACMM(PPUPOBAHMUS IMOKa3aja, YTO HAMIYYIIUM CIIOCOOOM
pacrno3HaBaHMsI BOJHBIX MOBepXHOcTeH ans Kacnmiickoro Mopsi siBIsieTCsl BBIYHMCICHHE MHAEKCA
MNDWI, numeromero MUHUMaIbHYIO BETHYUHY CPEJHEKBAAPATUYECKON OLIMOKH.

2. Pa3zpaboTaHHasi TEXHOJIOTHYECKAas CXeMa MOHHTOPHHTa OEperoBOW JIMHWUU HAa OCHOBE
JAHHBIX JMCTAaHIIMOHHOTO 30HIUPOBAHMSA 3€MJIM TI03BOJIIET M3BJIEKATh B aBTOMATUYECKOM
pexuMe OeperoByo JIHHUIO.

3.Metononorus oxa3aiach BbICOKOA((EKTHUBHOW C TOYKM 3pEHHUS BPEMEHM U 3aTpar
Omarosapsi MCHOJIb30BAHUIO OECIUIATHOTO M OTKPHITOro mnporpammuoro obecneuenust (FOSS) u
o0naunoit undpactpykrypsl GEE.

4.BxiroueHue  anropuTMOB — HEKOHTpoIMpyeMod — kiactepuzauuu  K-means u
KoHTposmpyemoit kinaccudukanuu Random Forest mpu 06pabotke manHbix Sentinel-2 mo3Boauio
MOJIyYUTh BEICOKOTOUHYIO KapTorpaduieckyo HHPOpMaIUIo 0 AMHAMHUKE OeperoBoil JTMHUU.

5.YCOBepIICHCTBOBAHHBIN ~ TOAXOJ  JEMOHCTPUPYET  BBICOKMA  TMOTEHIMANT IS
MHOTOJIETHEIO MOHHMTOpUHIAa OeperoBoi 30HBI M MOXXET OBITh aJanTHPOBAaH IS aHaIM3a
OeperoBoil TMHAMUKH B Pa3IUYHbIX MPUOPEKHBIX perrnoHax. JlanpHelre nucciae1oBaHusl MOTYT
ObITh HamNpaBJIeHbl Ha HWHTETPALUIO JOMOJHUTEIbHBIX CHEKTPaJIbHBIX U TOMOIrpapuuecKux



TaHHBIX, a TAK)KE COBEPUICHCTBOBAHNE AJITOPUTMOB MAIIMHHOTO OOYUYCHHS C IIETIbIO MOBBIIICHUS
TOYHOCTH KJIacCH(pUKaUu OeperoBoil TMHUM U YUeTa CE30HHBIX KOJIeOaHM.

B coBokynmHOCTH, IaHHBIC BBIBOABI IOJYEPKHBAIOT BAXHOCTE M 3(PPEeKTUBHOCTH
BHEJPEHHUSI COBPEMEHHBIX TI'EONPOCTPAHCTBEHHBIX TEXHOJOTHM M METOJOB aHaimM3a s
MOHUTOpPHUHTA BOJHBIX 00BEKTOB. J[aHHBIE yCOBEPIIEHCTBOBAHUS HE TOJIBKO YIIy4IIAOT TOYHOCTh
1 3} (HEeKTUBHOCTh CYIIECTBYIOUIMX METOJIOB, HO MU TPEAOCTABISIOT HOBBIE WHCTPYMEHTHI JUIS
UCCIIEJOBAaHUN U MPAKTUYECKOTO MPUMEHEHUS B PA3IMUHBIX 00JIACTAX.

CrtpykTypa u 00beM auccepTranuu

HuccepranmonHas paboTa COCTOUT M3 BBEIEHHS, YETHIPEX IJIaB, 3aKIIOUEHUS U CIHCKa
UCTIOJIb30BaHHON JuTeparypsl. PaboTa m3nokeHa Ha 98 cTpaHHMIaX MaIIMHONHMCHOTO TEKCTa,
conepxut 14 tabmun, 55 pucyHKOB, ClIUCOK JuTeparypsl u3 120 HanMeHOBaHUA.

JloxTopaHT Paxumbacna J[.0K.

Hayunblif pyKOBOAUTENB,K.T.H. Meiipambex I'.
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