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INTELLECTUAL FORECASTING OF LANDSLIDES

Abstract. All over the world remote monitoring and satellite imaginary is taking part in urban and construction
planning. Therefore, while biggest city of Republic of Kazakhstan is placed on a land with a risk of landslides, it is
reasonable to use satellite technologies to assess the land surface deformation before construction started. The remote
monitoring is providing results as an array of numeric data that can be converted into a surface map. However,
besides real time monitoring of possible landslides, it is possible to forecast such deformation in dynamic. Such
dynamical model is presented as an array of time series of parameters, which then can be converted into dynamically
changed map. Analytical modeling can provide such forecasting with high accuracy but demand decent amount of
data for every forecasting case. Intellectual methods of forecasting operate with lack of information and provide
results with acceptable margin of error. Authors suggest designing intellectual models on periodic data from satellite
images for landslides’ forecasting. Moreover, best-designed model can become a base for software package to
provide such dynamic modeling of land’s deformation online for public and private use.

Key words: GPS, remote sensing, landslide processes, intellectual models, forecasting, dynamic model.

Introduction. Research relevance is defined by decay of built structures near and in one of the most
populated city in Kazakhstan - Almaty - because of landslides, mudflows and dramatic changes of
climatic conditions. That confirms importance of modern GIS usage developed on the basis of ground and
space monitoring data for forecasting dangerous situations (mudflows, landslides) and diagnostics of
land’s condition.

Nowadays technologies of satellite imagery and remote monitoring are widely used all over the world
at land use [1, 2] and urban areas planning [3-5]. This significantly reduces the working time of specialists
and optimizes the work at a planning stage of various works at the state and local levels.

Mapping landslides near built structures is necessary condition for making optimal technical decisions
in their construction and operation due to possible destruction of the slope. Number of researches on the
forecasting of landslide’s risk was carried out over the past two decades around the world [6-21]. For
mapping the landslide’s risks, the researchers used various approaches, which can be grouped into three
main types: statistical, computer modeling and analytical techniques. If there is a necessity to process a
large data set, then use of analytical methods are almost impossible. So, the statistical techniques and
computer modeling is widely implemented. In computer modeling with GIS technology following
methods are mainly used: decision making trees, support vector points and neural modeling [7-21].

Scientific novelty of research is related to the use of modern satellite technologies with use of
intellectual model to forecast the risk of landslides of the areas for future or present construction. The
study of the mechanisms of slope processes occurrence using modern satellite technology and
mathematical modeling leads to new knowledge in the theory of forecasting the risk of landslides and their
influence on the land’s building characteristics.
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To build intellectual model and improve the accuracy of forecasting the risk of landslides by
computer modeling detailed digital elevation model and field data in an area can be used. Evaluation of
slope processes using GIS to forecast condition of building lands in Kazakhstan has not been done and
proposes a great scientific interest.

Satellite images as a time series data. Remote monitoring and satellite imaginary can be used to
observe the land surface and its deformation. For example, such monitoring can be provided by use of
principle of radar interference. The difference in time delay between sent and received by satellite signal
(red signal on the picture 1) represents the difference in surface level. Consequently, such difference in
received parameters can show any deformation or landslide. Furthermore by all received from satellite
data about monitored surface a map can be formed. If satellites provide a remote monitoring in a periodic
manner, resulting maps can form a dynamic model ofthe surface deformation.

\Jf ~  Deformation

First monitoring Sccond monitoring
Picture 1- Method of radar interference in remote monitoring

Satellite images of land for landslides’ detection is delivered in form of data sheets about monitored
surface as shown in picture 2. Thereat every line describes specific characteristic ofthe exact coordinates
[6].

Then such data is processed to form a surface map as on picture 3 [6] where every parameter is
presented on a z-axis for every coordinate specified on x- and y-axis of the graph. The same parameters
can be represented in color or in combination of color and height. Author recommend combined method
for representing surface deformation for unqualified users.

The implication is that any monitored surface can be presented as an array of numeric data, where its
coordinates are shown as an element indexing:

ZIl z12 Am
7 = Z2l 7222 A2m 1)
Znl Zn2

where Z is one of parameters received from monitoring, n and m are indexes representing coordinates of
monitored surface.

Furthermore, the deformation of surface or landslide processes in exact coordinates in dynamic can be
presented as atime series of an element in the array:

Zn = {Z11(t),Z 21(t + T),Zfl(t+ 2 wT),..}, @)

where Z is one of parameters received from monitoring, t is time, and T is period oftime between satellite
images.

The resulting form of data can be used to form a mathematical model or design and train an
intellectual model for the landslide processes’ forecasting.
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Lon Lat z Vel_mm_y_ Coherence D_20150115 D_20180210
76,823888 43,280471 711,875116 -11,193887 0,694304 0 -40,588146
76,823889 43,280416 724,121679 -8,731388 0,670136 0 -25,104536
76,823889 43,280471 709,486996 -5,370865 0,681943 0 -11,350699
76,823892 43,280434 724,202657 -8,889476 0,69234 0 -24,358576
76,823893 43,280452 709,406511 -4,871862 0,666525 0 -11,289376
76,823895 43,279994 705,810231 -1,896947 0,747738 0 -4,014318
76,823897 43,28047 714,881492 -4,060597 0,66099 0 -10,300287
76,823898 43,28047 713,399774 -3,720258 0,67345 0 -8,853598
76,823899 43,280012 707,656516 -2,496723 0,718306 0 -5,717471
76,823899 43,280452 713,049197 -4,432741 0,761461 0 -9,929994
76,823899 43,280012 705,78585 -1,912691 0,795292 0 -2,329161
76,823903 43,280433 724,359914 -8,949328 0,66616 0 -24,439787
76,823903 43,280231 716,457603 -2,90916 0,675994 0 -10,883619
76,823904 43,28003 705,738837 -2,059825 0,788465 0 -1,850743
76,823906 43,280029 707,430014 -2,05429 0,770657 0 -8,137006
76,823908 43,280029 707,76529 -2,442406 0,723007 0 -9,137286
76,823908 43,280249 716,362962 -2,712636 0,781478 0 -2,636459

76,82391 43,280267 716,531821 -3,066086 0,674425 0 -17,121803
76,823911 43,280468 715,659589 -9,377769 0,667267 0 -36,229301
76,823913 43,283454 714,019161 0,819217 0,710332 0 4,901161
76,823921 43,280449 713,246561 -4,366353 0,73583 0 -10,232582
76,823921 43,280431 711,110533 -4,652173 0,714882 0 -7,789934
76,823923 43,280449 709,461361 -4,05126 0,674233 0 -9,950661
76,823924 43,280247 716,595356 -2,484826 0,701137 0 -3,312304
76,823929 43,283581 712,699376 -0,175425 0,742918 0 2,631488
76,823931 43,280448 713,459047 -3,560992 0,679144 0 -8,998888

Picture 2 - Data received from satellite imagery [6]

Picture 3 - Resulting map of monitored surface [6]
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Intellectual method of forecasting of time series. Any data that is presented as a time series can be
extrapolated with some level of accuracy [22]. This is one of the main principles used in all forecasting
methods. These methods can be divided in three main groups: statistical, computer modeling and
analytical techniques. While analytical methods give high accuracy in forecasting, they cannot be
implemented in case of large amount of processed parameters or small amount of prior incoming data.
Whereas intellectual methods provide a forecasting within reasonable accuracy even in case of
information lack.

Intellectual methods include developed regression models, neural networks and expert systems or
some combination of them. Choice of exact model for every particular forecasting task is executed by
comparing the performance of each researched method [23].

Hereinbefore has been described that satellite imaginary can be presented as array oftime series data.
Authors suggest that such data can be used in designing and training intellectual methods for forecasting
of landslides and other surface deformation on a moderate area of Taldikorgan state and Almaty city.

To achieve this goal, periodic remote monitoring of several areas should be provided. Afterward
received satellite images should be converted into arrays of time series data. Then this arrays should be
divided in two groups: bigger arrays for training (nearly 90 % of all data) and smaller (nearly 10%) - for
testing. After that, several models based on different intellectual approaches should be trained on the
training data arrays.

The assessment of received model should be provided on previously formed testing arrays. If required
accuracy will not be satisfied, models should be modified by combining methods that shown best results.
Beside accuracy, the operating time and implementation simplicity should be considered as a choice
criterion. In a result, best model can be used for practical implementation.

Possible practical implementation of a forecasting method for landslides' processes

The best forecasting model can be used as a base processor for software package aimed to provide
dynamic model of surface deformation to public and private users. The proposed algorithm of interaction
between the software package and a user is shown on picture 4.

Load satellite
image

Forecasting by
intellectual model

Picture 4 - Operational algorithm of proposed software package
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A user has to provide only eight coordinates (longitude and latitude for four corners of required
sector). Then the software download a satellite image of the area in a form of numeric data. This numeric
array is processed by the forecasting model, which extrapolates it into another forecasted array. As a
result, the forecasted array is converted into the surface map with prediction accuracy limits that is
presented to a user.

Proposed software package eliminate requirements for user’s proficiency in programming or
modeling, as long as in satellite geodesy. At the same time, it provide possibility to remote assessment of
exact land for future deformation or landslides. Such preliminary diagnostic in dynamic can decrease
economical expenses on pre-construction research of the area on the spot to rule out a possibility of
building on a future landslide. Intended users include either governmental committees for urban planning
or private constructor who is narrowing down the exact spot for future building.

A.B. KaiipaH6aeBa', [.B. MaHtokoBa2 I.6. Hypelicoa3 K.A. Typekynosa4

'MoHocthepa UHCTUTYThI, ¥NTTbLL, FapblWTbIK 3epTTEYEP MEH TEXHONOTMSANAP OpTanbirbl, Anmatbl, KasakcTaH;
2CaTbaeB yHMBepcmTeT Anmatbl, KasaxcTtaH;
XKacnwuii KoramablK yHuBepcuTeTi, Anmatbl, KasaxcTaH;
4CelAicMONIOTNA MHCTUTYTbI, AnNMathbl, KasaxcTaH

XEP KelU KW AEPL MHTENEKKTYANLbI BO/TIXAY XYWECI

AHHOTaumsA. KasakCTaHHbIH ipi KananapblHAa, AJIMaTblfa >K3HE OraH >KakblH >Xepnepfe OpHanackaH
rumapaTTap MeH KananblK MH(paKypblabiMaap aya paibiHblH KYPT e3repyiHe 6aiinaHbICThbl ChiprbiMa (KeLKiH), cen
arblHAApbIHbIH 3cepiHeH Xui 6y3blnagbl. COHAbIKTAH Aa 3epTTey e3ekTi 60nbin Tabbinagbl. Xep YCTi-FapbIWwTbiK
MOHWUTOPVHI [AepeKTepi Heri3iHAe 33ipfeHreH Kasipri 3amaHrbl reoaknapatTblK TeXHOMoruanapgabl KayinTi
Xargannapgsl 6omkay (cenfep, KeWLHAEp) >K3HE KypblIbiCKAa MaifanaHbinatblH >KepnepaiH xan-"wH
AvarHocTukanay YLWiH naiganaHy Maubli3gbl 60Mbin Tabblnagbl.

Kasipri yakbITTa 6YKin anemfe >Xepgi naiganaHydbl >kocnapnay KesiHAe rapbllWTbiK TYCIpiniMm >aHe
KalWbIKTBIKTaH MOHWTOPUWHI acay TexHonoruanapbl Xannol MiHAeTrep YLWIiH Ae, Kana ayMaKTapblH ocnapnay
YwiH fge 6enceHai navganaHbinagbl. byn MamaHAapAblH KYMbIC YaKblTblH aiTapnbikTail YHemaeyre ><aHe
MeMIEKETNK, OKeprifiktTi geHredigeri TYpAi XyMmbICTapAbl >Kocnapnay KeselwHAe >XYMbICTbl  6apblHLLA
OHTalnaHgblpyra MY MKiHAiK 6epefi.

CoipreiMaHbl  KapTara TYCipy - kenbey KynayfAblH bIKTUMan ayjaHAapblH eckepe OTbIpbin, 3pTYphi
Kypbl/ibicCTapMeH MeH MHPaKypbIibIM 06beKTiNepiH Xobanay >KaHe KbI3MeT KepceTy Ke3iHAe OHTainbl TeXHUKaNbIK
wewiMaep kabbingay YLiH KaxeTn wapT. COHrbl el OHXbIAAbIKTA 6YKiN anemae Kelwk1H KaylH 6o/mkay 60libiHLIA
3epTTeynep >KYprisingi. CblproiMaHblH  Kayin-kaTep KapTanapblH kacay YWiH 3epTTeywwep Yw Tacinre
TONTacTblpyra 6onatblH TYpAi Tacingepii KongaHAbl:  CTATUCTWMKANbIK, KOMMbIOTEPIK MOAENbAey K3He
aHanUTMKanblK 3gicTep. YNIKeH Kenemfi AepekTepAai eHAey KaXeT 60/raH xargaiga aHanMTUKanblK 3gicTtepai
KongaHy MYMKiH eMec, COHAbIKTaH CTaTUCTUKA/bIK 3410Tep MEH KOMMbIOTEP/L MOAENAEY KeHiHEH KOMAaHbINagbl.

MyHgal 3epTTey/nepily rbifIbIMA XXaHanbifbl - Kasipri 3aMaHrbl CNYTHWKNK TEXHONMOrMsnap MeH
MaTeMaTuKanblK MOAeNnbaeyai nainganaHyra 6ainnaHbiCTbl, Kypbl/blC XXOCNapnaHraH Xep aiMarbiHa KewkKiH nainga
6ony KaywH 6omkayAblH WHTeNNeKTyanablk MofenbAepiH naiganaHy. Kasipri  3amMaHrbl  CAYTHUKTIK
TEXHONOrusNapAbl XXaHe MOAeNnaeyALL, MaTeMaTuKanbiK 34iCTEPiH KongaHa OTbipbin, 6eTKemK Y aepicTepaiH nanga
6oy MexaHM3MAepiH 3epTTey KewlWHAepAw, nainga 6ony KayniH 6o/mkay TeopusicblHAa XaHa 6iniM anyra
MYMKLLALW 6epegi.

Ocbl Makanaja KOMMbIOTEPNiK MOfeNbAey apKblibl WHTENNeKTyanabl MoAenbaep Kypy >KaHe 60/mKayabiH
0ANATH apTThipy YLWiH MblHanap nadjanadHbinafbl: penbedTiH caHAbIK MOAeNi; KypblablCcKa XocnapnaHraH xep
aymarblHAarbl CMyTHUKTIK KeCLWUHAEP MeH 3epTTey AepekTepi. KasakcTaHfa KypblfibiCKa XOCMapaaHraH xepnepaLy,
Xaii-kKYWin 60/mkay YiiH TAX TexHONOrusAnapblH KoAjaHy apkbiibl kenbey YPZicTep MeH LamajaH TbiC CynaHy
aliMakTapbIH 6aranay 6ypbIH XY Pri3ifireH )X0K X3He MbifIbIMW Kbi3bITYLLbIbIK TYyAbIpabl.

¥CbIHbIZITAH 3epTTey 3A4iCTeMeci CMYyTHWKTIK CypeTTepAeH pafap/blK MHTepdepeHUnsHbl NaliganaHy apKbifibl
aNblHraH CcaHAblK M3niMeTTep MeH 3epTreneTiH aimakTarbl 6eTTL. AedopmaumAchl KapTacbiHbIH 6HaiinaHbiCbiHa
HerisgenreH. CoHbIMeH, Xep 6eTwaen CblprbiMaHblH bIKTUMaAbITbl 3epTTeneTw aimak YLWiH 6enrini 6ip yakbiTTa
6eTww, KYViH cunaTTaiiTblH M3niMeTrep >KMbIHTBITbIH any KaxeT. OCbIHAali rapbllUTbIK 3epTTeynep CepuschiH
6enrini 6ip yakblT apanbirbiHAa 6enrifi 6ip XuinikneH XYprisreH Ke3fe OCbl XXep Y4YacKecCll CMNaTTanTbiH 3p
napameTp YLWIiH YaKbITTbIK CaHAbIK M3HAEp anbiHagbl. Byn wamanapfbl yakbIiT esreptowe 6aiinaHbicTbl 6eTkl
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fedopmaumsHbl CUMATTalTbiH KapTanap CepuscbiHa aiiHanAbIpbliraH Kesde, 3epTTenieTiH aiiMakTa 6eTKeimk
03repicTep MeH bIKTUMa CbIprbiMa NpoLecTepLILl AMHAMUKAbIK MOLeNi anblHagbl.

Erep HakTbl fepekTep >KeTKinikTi 60n0ca, YyakblT KaTapnapblH MPOUECTi aHanUTUKaNblK MOAENbCi3
WHTeNNEeKTyanabl 60/mkay 3AH0Tepll KoAfaHa OTbIpbiN C3TTI XXanracTelpyra 6onagbl. Xorapblga aiTelaraHgai,
rapbilWThIK 30HAbINAYAbl KOMAZaHa OTbipbin, >Kep 6eTiHAeri yakblT 6oWblHWA AedopmalmsaHbl  LIeKTeyNi
napameTpfiepAiH yakbITTbIK KaTapnapbl peTiHge kepceTyre 6Gonafpl. [emek, MyHAail KaTapnapibl asfaraH raHa
KaTenT 6ap UHTeNNeKTyanabl 3gicTepAiH KemerimeH "6onallakka skcTpanonsumsanay” Mymkw. LLbIHABIrbIHAA, 6YN
WweKTeyni 6actankbl KaTenikTepMeH canbICTbipManbl TypAe a3 KaTenikTepfi Kelk1H npouecTepiH 6o0/mkayra
apHanraH OGipkatap Mogenbgepai anyra MYMKiHGIK 6epegn Byn 6o/mkay sgicTepiHiH iWwiHAe K”~pn  3aMaHrbl
perpeccusnblk 60/mKay MoAenbaepi, HeMpoHAbIK >XeninepaiH spTYpni TYpnepi, aHblK €Mec J/IorMKa >X3He OcChbl
apoTepall apTYpni KOMOUHaUMACkl KongaHblnagbl. NHTennekTyanasl mMogenbii 6aranay >xsHe TaHgay ekl Herisri
KpuTepuiinepre XYTiHegi: a) eHrisyfiH KapanaibIMAbIIbIMbl X3HE LIPK aknapaTbiH eHAey Xbingamabirsl; 6) 60mkay
Langu.

TaHpanraH 6o/mkay MOAenwil, HerisiHge aBTopnap KongaHylibira >xep 6eTwuw, 6enrini 6ip 6eniriHiH
fethopmaymscel Typanbl 6omkam anyra MYMKIHAIK 6epeTiH ToNbIKKaHAbl 6argapnaMansik eHiMai Kypyabl YCbiHab.
KocbIMLLaHbIH Kefeci XXyMbIC PeTi yCbIHbINaAbl: a) NaiganaHyLlbl 3epTTeNeTiH aliMaKTbIH LLIEKTiK KOOPAUHATTapbiH
6enrineiini; 6) Gargapnamanbik NakeT rapbilUThIK 30HAbINAY XYWenepiHeH ManiMeTTep Maccui TYpiHAE KaXeTTi
KecKiHfi cypaifbl; B) AepeKTep TaHAanraH MOAENbAEH anblHraH 60/mKaMabl HITUXKENepre Calikec Genrini yakbIT
apanbirbiHAa 3KCTpanonsuus >kacanafbl; r) 60/mKamfbl AepekTep MacCcuBi bIKTUMaN KaTeHi asaiita OTbIpbiM,
CypairaH aliMakTblH AWHaMWKalbliK Aeopmauus KapTacel TYpiHAe naiijanaHywbira KepceTinegi. MyHpzai
bargapnamanbik )acakTaMma MeMIeKeTTiK XXIHEe XXeKe KypblnbICTap Ke3sLll/e XX0CnapaaHraH Xep yyackenepiH HakTbl
3epTTey/L, 3KOHOMUKA/bIK WhIFbIHAAPLIH eA3yip asainTyra MYMKIHAIK 6epesi.

TYWin cesgep: GPS, KalbIKTbIKTaH 30HAbiNay, Kenbey NpoLecTep, MHTeNNeKTyandbl Mofenbaep, 6omkay,
OVHAMUKaNbIK MOZENb.

A.B. KalipaHb6aeBal, [.B. MaHiokoBa2 I'.6b. Hypeiicoa3 K.A. TypekynoBa4

WMHCTUTYT MoHochepb!, HauroHanbHbIA LEHTP KOCMUYECKNX UCCNeA0BaHWNIA 1 TEXHONOTUIA,
AnmMaTtbl, Ka3axcTaH;
2ZYHusepcuteT UM.K.N. Carnaesa, AnmaThbl, KasaxcTaH;
3Kacnuiickuii yHnBepcuteT, Anmartbl, KasaxcTaH;
ANHCTUTYT ceilcmonormum, Anmatbl, KasaxctaH

WHTENNEKTYA/IbHOE MPOMHO3NPOBAHWE OMON3HEN

AHHOTauus. AKTyanbHOCTb WCCNefOBaHUsA OnpeaenseTcs Tem, 4TO B KpynHeliwem ropoge KasaxcTaHa -
AnmaTbl U 613 HEro 3AaHust M ropoackas MHPACTPYKTypa 4acTo paspyLlatoTcs Mo BO3AeiCTBMEM OMOM3HeN,
CeneBblX MOTOKOB, OGYCMOBMEHHbIX PE3KMMU W3MEHEHWUSIMW MOTOAHbIX YC/IOBMIA, YTO TFOBOPUT O BaXKHOCTW
CMO/b30BaHNUS COBPEMEHHbIX FeOMH(OPMALMOHHBIX TEXHONOIUMA, pa3paboTaHHbIX HA OCHOBE faHHbIX Ha3eMHO-
KOCMWYECKOr0 MOHUTOPUHTA, 415 MPOTHO3a OMacHbIX CUTYaLuii (Cenun, onon3HM) U [UAarHOCTUKM COCTOSHUS 3eMefb,
UCMOMb3YeMbIX MOZ CTPOUTENLCTBO.

B HacTosillee Bpems BO BCEM Mupe TNpW MNIaHUMPOBAHMM 3eMJIENO/b30BaHNs aKTUBHO WCMO/b3YOTCS
TEXHOMOTMN  KOCMWUYECKOW CbEMKM W AMCTAHLMOHHOTO MOHWUTOPWMHIA KaK Ans oblux 3ajady, Tak U Aans
NAaHUPOBAHMA TOPOACKUX TepPUTOPUIA. STO MO3BOMSET 3HAUUTENLHO COKPaTUTL BPeMsi paboTbl CMEeLWanucToB K
MaKCMMasbHO ONTUMMW3MPOBATL PaboTy elle Ha 3Tane MAaHUPOBaHWUS PasMUYHbIX PaboT rocyfapCTBEHHOIO W
MECTHOTO YPOBHS.

KapTupoBaHue onosi3Helt - Heo6Xo4UMOe YCMOBME AN MPUHATUS ONTUMAbHBIX TEXHUYECKUX PeLleHnil npu
MPOEKTUPOBAHUN U OGCNYXKUBAHUM Pa3NNUYHbLIX CTPOEHWUIA U UH(PACTPYKTYPHLIX 0GHEKTOB C YYETOM BEPOSTHbIX
o6nacTeil paspyLieHUs CKMOHa. B TeueHue mocnefHUX OBYX [ECATUNETWIA MUCCesoBaHWst MO NPOrHO3MPOBAHMIO
pucKa BO3HUKHOBEHWSI ONOM3Hel NMPOBOAMANCHL BO BCEM MUpe. [ns co3aaHUs KapT pyucka BO3HUKHOBEHWS ONOM3Hel
“ccnefoBaTenyt UCNoNMb3oBa/M PasNuHble MOAXOAbI, KOTOpPble MOXHO CrpynnupoBaTh MO TPEM [NaBHbIM TUMaM:
CTaTUCTUYECKME, KOMMbIOTEPHOE MOAENMPOBaHME W aHanMTUyeckue MeTodpl. Mpyu Heo6XOAMMOCTU 06paboTKM
60/1bLIOT0 MaccuBa faHHbIX NMPUMEHeHWe aHaMTUYECKUX METOAOB MOYTU HEBO3MOXKHO, MO3TOMY 60Jiee LIMPOKO
MPUMEHSAIOTCS CTATUCTUYECKINE METO/bl U KOMMbIOTEPHOE MOAENMPOBaHME.

HayuyHasi HOBM3Ha MOAJOGHbLIX WCCMEfOBaHWA CBsSi3aHa C WCMO/Mb30BAHMEM COBPEMEHHbIX CMYTHUKOBbIX
TEXHONMOTMIA M MaTeMaTU4YecKoro  MOAENMpPOBaHMs C  WUCMOMb30BaHWEM  WHTENNeKTyanbHbIX  Mopenei
MPOrHO3MPOBaHMSA, PUCKA BO3HMKHOBEHWS| OMOM3Hel B paiioHe 3emeNb, MAaHWPYeMbIX MOA CTPOUTENLCTBO.
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M3yueHne MexaHW3MOB BO3HWKHOBEHWS CK/OHOBLIX MPOLECCOB C MPUBEYEHNEM COBPEMEHHbIX CMYTHUKOBbLIX
TEXHONOMNIA U MaTeMaTUYeCKUX METOA0B MOAENMPOBaHNsA NO3BOASET MOJYyYUTb HOBble 3HaHWUSA B TEOPUM NPOrHO3a
pyCcKa BO3SHUKHOBEHWS OMOM3HEN.

[ns nocTpoeHMs UHTENNEKTyaNlbHbIX MOAeneli U MOBbLILWEHWS TOYHOCTU MPOrHO3MPOBAHNS KOMMbOTEPHBIM
MOAeNMpoBaHWeM B [aHHOW cTaTbe MpefnonaraeTcsi MCMonb30BaTh: [eTanbHYK LUWGPOBYHD MoAenb penbeda;
[aHHble KOCMMWYECKUX CHEMOK W WUCCNeAOBaHWA B paiioHe 3emeflb, MAaHUPYEMbIX MOf CTpoMTenbcTBO. OLueHKa
CK/NOHOBbLIX MPOLECCOB WM 30H U3OLITOYHOrO YBA@KHEHWS C ucnonb3oBaHuem [UC-TexHonoruii  ans
MPOrHO3MPOBaHUA COCTOSAHWA 3eMeflb, MiaHMPyeMblX MOL CTPOMTENbCTBO, Ha TeppuTopum KasaxcTaHa paHee He
MPOBOAMMACL U NPEACTaBASET 3HAUMTENbHbIV HAYUHbI MHTEpEC.

Mpegnaraemas MeTOAMKA WCCNEAOBaHUS OCHOBaHa Ha B3aMMOCBSI3M YMCMOBbLIX [aHHbIX, MOAYYEHHbIX C
MOMOLLbIO pafjapHoii UHTeP(ePEHLUN CO CMYTHUKOBLIX CHUMKOB 1 KapTbl AethopMaL My MoBepXHOCTM B CHUMAEMOM
paiioHe. Tak A MCCneAyeMoro Ha BepOsSiTHOCTb OMOM3HEN y4yacTKa 3eMHOW MOBEPXHOCTU HEOO6XOAMMO MOAy4nTb
MacCuB [aHHbIX, OMUCbIBAIOLWMNA COCTOSIHWE 3TOW MNOBEPXHOCTW Ha OfpefefieHHbIi MOMEHT BpemMeHu. [Mpw
MpoBefeHNN pafa TakuX KOCMUYECKMX CbEMOK C OMpefefieHHOW MepuoAUYHOCTbIO 3a OMpefeneHHbI 0TPe3oK
BpPeMeHW ByayT MofyyeHbl BPEMEHHbIe PAAbl YMCNOBbIX 3HAYEHWUI AN KaXKAOro rnapameTpa, ONMCbiBalOLLEro 3TOT
y4yacTok 3emau. Mpy npeobpa3oBaHUM 3TUX 3HAYEHWI B PS4 KapT, ONUCbIBalOLWMX Aed)OpMaLMi0 NOBEPXHOCTU BO
BpeMeHu, OyfeT nonyveHa AVHaMMYecKas MOAeNnb MU3MEHEHUS MOBEPXHOCTW 1 BEPOSTHBLIX OMOM3HEBLIX NPOLECCOB
Ha nccnegyemoM yyacTke.

Mpyv HanuuMm [OCTATOMHOrO KOAMYECTBa (PAKTUYECKUX AaHHbIX BPEMEHHOWN psaf MOXET ObiTb YCMeLwHO
MPOAO/MKEH C MOMOLLI0 MHTENNEKTYa/IbHbIX METOLOB NPOrHO3MPOBaHUA AaxKe 6e3 aHaNUTUYEeCKOro MoAennpoBaHus
npouecca. Kak 6bl10 CKaszaHO Bbille, AedOpMauMi0 MOBEPXHOCTM 3eMAU BO BPEMEHW, CHATYH) C MOMOLLbHO
KOCMWUYECKOr0 30HAMPOBaHMUSA, MOXHO YCNeLHO NpeiCcTaBUThb, KaK MacCUB BPEMEHHbIX PS0B OFPaHWYEHHOr0 Yucna
napaMeTpoB. A, CneAoBaTeNbHO, TakKne pAfbl BO3MOXHO «3KCTPamnonMpoBaTb B OyAyliee» € MOMOLLbH TaKUX
WHTENNEKTYalbHbIX METOLO0B C MPMEeMIEMOl MOrpeHOCTb0. DaKTUYECKM 3TO AaeT BO3MOXHOCTb NOMY4YUTb psif
MoOfene MNpPOrHo3MpOBaHUS OMON3HEBbIX MPOLECCOB C OTHOCUTENbHO HEeBOMbLIOW MOrpeLHOCTb  Npu
OFPaHNYeHHbIX W3HaYaNnbHbIX faHHbIX. Cpean Takux MeTOLOB MPOrHO3MPOBAHMA WMCMOMb3YHOTCS COBPEMEHHbIE
perpeccuoHHble MOAENN MPOrHO3MPOBaHUSA, HEMpPOHHble CeTU pasHOro poja, HeyeTkas /IorMka W pasfimyHble
KOMOMHauMn 3Tux MeTofoB. OueHKa U BblI6OpP WHTENNEKTya/bHON MOAEeNM OCHOBLIBAKOTCA Ha [BYX 0a30BbiX
KpUTepusx: a) MNpoCcToTe peanu3auuMm U CKOPOCTM 06paboTKM BXOAAWEN WHpopMauunm; 6) TOYHOCTU
MPOrHO3MpOBaHMS.

Ha ocHoBe BblGpaHHOM MOAeNU NPOrHO3MPOBaHWUSA aBTOPbI NpeasaralT co34aTh NONHOLEHHbIV NPOrpaMMHBbIi
NPOAYKT, MO3BOMSAIOLWMNIA NONb30BaTENO NOAyYaTb MPOrHO3 Mo Aedopmanun 3afaHHOM0 MM y4vacTKa 3eMHOM
noBepxHocTu. MpeanonaraeTcs cnefytollas MocaefoBaTelbHOCTb paboThl NPUNOXEHWS: &) MOMb30BaTeNb 3afaeT,
OrpaHMyMBalOLLMe KOOPAMHATbI UCCNeAYeMOro y4acTka; 6) MporpaMMHbIA NakeT 3anpallivMBaeT HeobXOAMMbIIA
CHMMOK C CMUCTEM KOCMWMYECKOrO 30HAMPOBaHMS B BWAE MacCUBa [aHHbIX; B) AaHHble 3KCTPamnonMpykTcs Ha
OrMpejeneHHbIN NMepnog BpeMeHU Brepes, COrNacHo pesy/ibTaTaM NPOrHo3a, MNoayYeHHbIM U3 BbiIGPaHHO MOAENU; T)
CMPOrHO3UPOBAaHHbI/ MacCcuMB [aHHbIX BbIBOAMTCA MOMb30BAaTeNt0 B BUAE AMHAMUYECKOW KapTbl Aedopmauuu
3anpalunBaemoro yyactka ¢ NpuBeAeHUeM BepOATHON MOrpelHoCcTH. MNprMeHeHre Takoro MporpaMMHOro NpoAyKra
MOXET CYLIECTBEHHO COKPaTUTb 3KOHOMWYECKMe 3aTpaTbl Ha (hakTWYeckoe WccnefoBaHMe Y4acTKOB 3eMeflb,
NNaHMpPyeMbIX NOA CTPOUTENLCTBO Kak B rOCYAapCTBEHHOM, TakK U B YaCTHOM CTPOUTENbCTBE.

Kntouesble cnosa: GPS, AUCTaHUMOHHOE 30HAMPOBAHME, CKNOHOBbLIE MPOLIECCHI, MHTENNEKTYa/lbHbIE MOAENY,
MPOrHO3MpOoBaHue, LMHaMMYeckas MOfenb.
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