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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 of the surface deformation.
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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 of the 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:

le ZlZ Zlm
7 = ZZl : ZZZ . ZZm (1)
an ZnZ an

where Z is one of parameters received from monitoring, #» 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 a time series of an element in the array:

Zy ={Z1, (), 24t + T), 23, (t +2-T), ...}, (2)

where Z is one of parameters received from monitoring, ¢ is time, and 7 is period of time 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 vy 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 724,2026357 -8,889476 0,69234 0 -24,358576
76,823893 43,280452 709,406511 -4,871862 0,666525 0 -11,289376
76,823895 43,27999%4 705,810231 -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 067345 0 -8,853598
76,823899 43,280012 707,656516 -2,496723 0,718306 0 -5,717471
76,823899 43,280432 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 -2,636439

76,82391 43,280267 716,531821 -3,066086 0674425 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 713,246361 -4,366333 0,73583 0 -10,232582
76,823921 43,280431 711,110533 -4,652173 0,714882 0 -7,789934
76823923 43,280449 709.461361 -4,05126 0674233 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 0679144 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 of time 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.

Begin

Insert 8
coordinates

.

Load satellite
image

v

Forecasting by
intellectual model

Output of
resulting map
with accuracy level

End

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.
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JKEP KOIIKIHJEPTH UHTEJEKKTYAJJIbI BOJIKAY *KYUECI

AnHoranusi. KasakcTaHHBIH ipi KajamapblHIa, AJIMAaThIia JKOHE OFAaH JKaKbIH JKEpJepie OpHaJacKaH
FUMapaTTap MEH KaJaJblK HHQPaKypbUIBIMAAD aya pailbIHbIH KYPT e3repyiHe OaijaHbICThl ChIPFhIMA (KOILKIH), Cel
arbIHJIAPBIHBIH ocepiHeH kui Oy3butanbl. COHIBIKTAH Aa 3epTTey ©3eKTi O0JbIn Tadbuiaabl. JKep YCTi-FapbIIThIK
MOHHUTOPHUHI' JIepeKTepl HeTi3iHAe o3IpJIeHreH Kasipri 3aMaHfbl Te0aKNapaTThK TEXHOJOTHsUIapAbl KayinTi
KaFjainapael Oomkay (cenuep, KeOIUKIHAEP) JKOHE KYpbUIbICKA MalJallaHblIaThIH JKepJIepIiH O Kai-KyHiH
JUATHOCTUKANAY YIIiH MaigalaHy MaHbBI3AbI OOJIBI Ta0BLIA B

Kazipri yakpiTra OYKin onmemzae >KepAi MaimamaHymbl >KOcmapiiay Ke3iHAe FaphITHIK TYCIpUTIM JKOHE
KAIIBIKTBIKTAaH MOHHTOPHHI jKacay TEXHOJIOTHSUIAPBI JKAIMIBl MiHOETTEep YLIIH Je, Kaja ayMaKTapblH jKOCHapiay
ymiH nge OeiceHAl naiijanaHeuiaael. byl MaMaHOapIObIH OKYMBIC YaKBITBIH aWTapibIKTaid YHEMAEyre »oHe
MEMJICKETTIK, JKepruTikTi JAeHreifneri Typil KyMbICTapAbl JKOCHapiay Ke3eHIHAE IKYMbBICThI OapbIHIIA
OHTAJIAHABIPYFa MYMKIHJIIK Oepeii.

CeIprbIMaHbl KapTara Tycipy - Keibey KylayJblH BIKTHMaJl ayAaHJapblH €CKepe OTBIPBIN, OpTYpdi
KYPBUIBICTApMEH MEH MH(PPaAKYPbUIBIM 00BEKTIIIEPiH xK00atay KoHE KbI3MET KOPCETy Ke3iHJie OHTaMIIbl TEXHUKAIBIK
HmIerimMaep Kadbuiay i KaxerTi mapt. COHFbI €Ki OHXXBUIIBIKTA OYKIJ aJIeM/Ie KOLIKIH KayIiH Oomkay OoWbIHIIA
3eprreyniep kyprisuimi. CreIpFbIMaHbIH Kayil-KaTep KapTajapblH jkacay YLIIH 3epTTeyliiiep YII Tociiare
TONTACThIpyFa OONATBIH TYpJl TociIAepli KOJNAHIBI: CTATHCTHKAJIBIK, KOMIBIOTEPIIK MOJENIBACY JKOHE
AQHAJMTUKAIIBIK o/icTep. YJIKEH KeJIeMJli JepeKTepiAl eHaey KakeT OojFaH Karlaiga aHaJUTHUKAIBIK OAiCTepIi
KOJIIaHy MYMKIiH eMeC, COHIBIKTaH CTaTHCTUKAIBIK 9AIiCTep MEH KOMIIBIOTEPIIIK MOJIEIICY KEHIHEH KOJIIaHbLIa bl

MyHpgait 3epTTeylepiiH FBUIBIMA JKAaHANBIFBI - Ka3ipri 3aMaHfBl CIIYTHHUKTIK TEXHOJOTHSUIAD MEH
MaTeMaTHKaJIbIK MOACNBACYAl MaiijataHyFa OaiaHbICThI, KYPBUIBIC )KOCIIapIaHFaH JKep aiiMarblH/Ia KOIIKIiH maiina
Oomy KaymiH OoOJDKayAblH HWHTEIUICKTYANJBIK MOJENbACpIH maipanaHy. Kasipri 3amMaHfbl  CHYTHHKTIK
TEXHOJIOTHSIIap bl XKOHEe MOACNICYJIH MaTeMaTHKAIIBIK OICTEpiH KOJIZaHa OTBIPHII, OSTKEHIIIK yAepicTepAiH Haiina
0oy MexaHM3MJEpIH 3epTTey KOUIKIHAepAiH Naiaa Ooyly KaymiH OoJpkay TeopusChIHIA jKaHa OuTiM amyra
MYMKIiH/IIK Oepe/i.

Ocbl Makajaja KOMIIBIOTEPIIIK MOJIENb/ICY apKbUIbl WHTEIUICKTYalbl MOJEIbICP KYpy JKoHE OOJDKayIblH
JIOIIITIH apTThIpY YUIIH MbIHAJAp MaiaiaHbuiaj el pesbeTiH CaHABIK MOJIENi; KYPBUIBICKA JKOCIApJaHFaH JKep
ayMarbIH/IaFbl CIYTHHUKTIK KECKIHIEep MEH 3epTrey aepekrepi. Kazakcranma KypbUIbICKa jKOCHApJIaHFaH KepiepaiH
Kal-KYHiH Oompkay ymin ['AJK TexHomorusiaapslH KoJiJaHy apKbLIbl Kej0ey ypAicTep MeH IlamaJaH ThIC CyJaHy
aiiMakTapbiH Oaranay OYpbIH JKYPIi3UIreH jKOK jKOHE FRUIBIMU KbI3BIFYLIBUIBIK TYABIPAIbL.

YCBIHBUIFaH 3epPTTEY ONICTEMECi CIyTHHKTIK CypeTTepAeH palapliblk MHTep(epeHUNIHBI MaiaanaHy apKbUIbl
aNBIHFAH CaHABIK MOIIIMETTep MEH 3epTTeNeTiH aifMakTarel OeTTiH aedopManusachl KapTachIHBIH OailflaHBICHIHA
Herizzenred. COHbIMEH, Xep OeTiH/Er! ChIPFbIMaHbIH BIKTUMAJIBIFBI 3€PTTEJETIH aiiMak yiuiH Oenriii Oip yakbITTa
OeTiHIH KYHIH CHIATTAalTBIH MOIIMETTEep JKUBIHTBHIFBIH any KakeT. OcChIHIAH FapBILTHIK 3epPTTEYJiep CEpHSCHIH
Oenrini Olp yakbIT apayibiFbiHAa Oenrii Oip KHUUTIKIEH XYpri3reH Ke3ie OChl Kep Y4acKEeCiH CHUIATTaWTBIH op
mapaMeTp YIIiH YaKbITTBIK CAHIBIK MOHICP albIHAIbl. Bysl mamanapibl yakbIT e©3repiciHe OalIaHbICThI OCETKI
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nehopManrsHbl CHMATTAWTBHIH KapTajgap CepUiIChIHA aMHAJIABIPBLIFAH KE3[e, 3EPTTCNCTIH aiMakra OCTKEHIiK
e3repicTep MEH BIKTHMAJI ChIPFBIMA ITPOICCTEPIHIH JUHAMHUKAIBIK MOICII AJTbIHAIBL.

Erep HakThl JepekTep JKETKUIKTI 0Ooiica, yakbIT KarapiapblH MpPOLECTI aHAJMTUKAIBIK MOJEIbCi3
MHTEJUICKTyaibl OOJDKay OmiCTepiH KOJIAaHa OTBHIPBIN COTTI KajracTelpyra Oomnanbl. JKorapelga aiThuIFaHa,
FapBIITHIK 30HABUIAYABI KOJIAaHA OTHIPBIN, JKep OeTiHAeri yakbIT OoibiHIIA Ae()OpMALUsIHBL IIEKTEYJIi
napaMeTpiIepiH YaKbITTHIK KaTapyapbl peTiHae kKepceryre Oomanbl. Jlemek, MyHAall Karapyiappl a3faraH FaHa
KaTeJiri 6ap MHTEUIEKTyas bl 9AiCTepiH KoMeriMeH "0oJaniakka skcTpanossinusuiay” MyMkiH. [IbHapFeHAa, Oy
HIeKTEeyNi OacTankbl KaTEeTIKTEpMEH CajbICTBIpMalbl TYpAE a3 KaTeNKTepAl KOIIKiH IpOLecTepiH Ooirkayra
apHayraH OipkaTap MoOIENbIEepAl amyFa MYMKiHIIK Oepemi. Bynm Oomkay omicTepiHiH immiHAE Ka3ipri 3aMaHFbHI
perpeccusuibIK 0OJDKay MOZENbAepi, HEHPOHMABIK JKENMUIepPHiH OPTYpl TYpiiepi, aHBIK €MeC JIOTHKAa XOHE OCHI
dmicTepiH pTYpii KOMOWHANMACH KOJMAAHBIIANEL. MHTEIIEKTyagpl MOEbII Oaranay »KoHE TaHAAy €Ki Heri3ri
KpHUTEpUiisiepre XyriHei: a) eHri3yAiH KapanaibIMAbLUIbIFBI XKOHE KIPIC aKapaThlH OHJIEY KbULIaMIBIFbI; 0) OoybKay
JIQJIIT.

Tanpanran Ooipkay MOJEJIHIH HETi3iHAE aBTOpiap KOJJaHyIlbiFa jkep OerTiHiH Oenrimi Oip OeniriHiH
nedopmanusicel Typaibl 0oJbKaM aimyFa MYMKIHAIK OepeTiH TOJNBIKKaH bl OarnapiaMaliblK OHIMAI KYPYyIbl YCIHAIbI.
KochIMIIanbly Keneci )KyMbIC peTi YChIHBUIAIbL: ) NaijajJaHylbl 3epTTeIeTiH aliMaKThIH IIEKTIK KOOPHHATTAPbIH
Oenrineiini; 0) GarmapiaManblK MakeT FapbIITHIK 30HIbBUIAY XKYieJIepiHeH MAJIIMETTep MAacCHBI TYpiH/AE KaKeTTi
KECKIHJI Ccypaijibl, B) JEepeKTep TaHAaJIFaH MOJCNBICH ANBIHFAH OOJDKAMIBI HOTIDKENEpre colkec OeNrili yakbIT
apanbIFbIHA SKCTPAIOJIMs JKacanaasl; T) OOJDKamIbl JEpeKTep MacCHBi BIKTUMall KaTeHi asaifTa OTBIpHII,
CypaFaH alMaKTBIH JWHAMHKAIBIK AeopMarysi KapTracel TYpiHOE MaiijamaHymsiFa KepceTinmemi. Mysnmait
OarapiaManblK )KacakTaMa MEMIICKETTIK JKOHE JKeKe KYpbUIbICTap Ke3iHAe KoclapiiaHFaH JKep ydacKelepiH HaKThI
3epTTeyIiH SKOHOMHUKAIBIK IIBIFBIHAAPBIH €I0Yip a3alTyFa MyMKIHIIK Oepei.

Tyilin ce3aep: GPS, KamBIKTHIKTaH 30HABUIAY, KOJOEy MpOoIecTep, MHTEIUIEKTyalAbl MOJENbIEp, OOorKay,
JMHAMHUKAJIBIK MOZEIb.
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WHTEJUIEKTYAJIbHOE TPOTHO3UPOBAHHUE OIIOJI3HEM

AHHOTaUMsl. AKTYalbHOCTh HCCJIEIOBAHUS OMpEIeNseTcs TeM, 4To B KpynHedmeMm roponxe Kaszaxcrama —
AnMatel 1 ONM3 HEro 3/aHusi M TopojicKas MHQPACTPYKTypa 4acTo pa3pyLIalOTCs MOJ BO3JEHCTBHEM OIOJI3HEH,
CCJICBBIX IIOTOKOB, O6yCHOBHeHHbIX PE3KUMHU H3MCHCHUAMU TIOI'OJHBIX yCHOBHﬁ, 4YTO TOBOPUT O BAXKHOCTHU
UCIIOJIb30BAaHMS COBPEMEHHBIX T€OMH()OPMALMOHHBIX TEXHOJIOTHH, pa3pabOTaHHBIX HA OCHOBE JaHHBIX HA3eMHO-
KOCMUYECKOT0 MOHUTOPHHTA, JJIsl TPOTHO3a ONACHBIX CUTYaIMi (CeNu, OIOJI3HH) M JMarHOCTHKH COCTOSIHHUS 3eMeb,
UCIIOJIb3YEMBIX IO/ CTPOUTEIBCTRO.

B mHacrosimee BpeMs BO BCeM MHpPE IpH IUIAHHUPOBAaHUHM 3EMIICTIONBH30BAHUS AKTUBHO HCIIONB3YIOTCS
TEXHOJIOTHH KOCMHUYECKOH ChEMKH W AWCTAHIMOHHOTO MOHHTOPWHTA KakK Ui OOIUX 3a;ad, TaKk U I
TUTAHUPOBAHHUSA TOPOJACKHAX TEPPHUTOPHI. ITO MO3BOISIET 3HAYUTEIHHO COKPATUTH BpeMsi PabOTHl CHEIHANHUCTOB U
MaKCHMAaJIbHO ONTHMH3UPOBATh paboTy eIle Ha JTale IUIAHUPOBAHMS Pa3NUYHBIX paboT rocynapCTBEHHOTO M
MECTHOTO YPOBHS.

KapTtupoBanue omnonsHeil — HEOOX0AUMOE yCIOBHE ISl MPUHATHS ONTHMATBHBIX TEXHHUECKUX PEIICHUH MpH
MPOEKTUPOBAHUH M OOCIYXKMBaHHU PA3IMYHBIX CTPOCHUH M MHPPACTPYKTYPHBIX OOBEKTOB C yYETOM BEpOSTHBIX
obnactell pa3pylleHUsi CKJIOHA. B TeueHue MocieaHuX IBYX JECATHIETUIH HMCCIEIOBAaHUs 1O MPOrHO3MPOBAHUIO
PUCKa BO3BHUKHOBCHUS Onon3Hen MPOBOAUIIMCH BO BCEM MHPE. IIJ'ISI CO3JaHus KapT pUCKa BO3SHUKHOBCHUS OIOJI3HEN
MCCIIEJOBATEIN HMCIOIb30BAM PA3JIMYHbIE TTOAXOMbI, KOTOPbIE MOXXHO CTPYIITUPOBATh MO TPEM IJIABHBIM THIIAM:
CTaTHUCTUYECKHE, KOMIIBIOTEPHOE MOJEIMPOBAHUE W aHAIMTHYECKHE MeTobl. [Ipm HeoOxoammocTH 00paboTKh
0OJIBIIOr0 MaccuBa JaHHBIX NPHUMEHEHHE aHAINTHYECKUX METOJIOB IOYTH HEBO3MOKHO, IIOATOMY OoJiee IMPOKO
MPUMEHSIOTCS] CTATHCTHYECKUE METOBI M KOMIIBIOTEPHOE MOICTHPOBAHNE.

Hayynas HOBHM3HA MOMOOHBIX WCCIEIOBAaHUI CBs3aHA C WCIIOJB30BAaHHEM COBPEMEHHBIX CITyTHHKOBBIX
TEXHOJIOTHH H  MaTeMaTHYeCKOTO MOJEIHPOBAHUS C  HWCHOJNB30BAaHHEM  HHTEIUICKTYyallbHBIX — MOJENeH
MPOTHO3UPOBAHKSA, PUCKA BO3HHKHOBEHHS OIOJI3HEH B paloHE 3eMelb, IUIAHUPYEMBIX O]l CTPOUTEIBCTBO.
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W3ydenne MexaHHM3MOB BO3HHKHOBEHHS CKJIOHOBBIX IPOIIECCOB C IIPHUBJICUEHHEM COBPEMEHHBIX CITyTHHKOBBIX
TEXHOJIOTUH W MaTeMaTHYECKHX METOJOB MOJIEIMPOBAHIS MO3BOJISET NOJIYYUTh HOBBIC 3HAHHUSA B TEOPUHU NPOTHO3a
pHUCKa BOBHUKHOBEHUS OIOJ3HEH.

}1.]'[51 IMMOCTPOCHHS HMHTCIIJICKTYaJIbHBIX Mo;[enei/i M TOBBIICHUSA TOYHOCTU NPOTrHO3UPOBAHHSA KOMIIBIOTCPHBIM
MOJICIMPOBAaHMEM B JAHHOW CTaThe IPEAINOaraeTcs HCIONb30BaTh: AETAlbHYI0 HU(POBYI0 Mouenb peibeda;
JIaHHbIE KOCMMYECKHX CBEMOK M HUCCIENOBaHMU B paliOHE 3€Mellb, IUIAHUPYEMBIX MOJ CTPOUTENbCTBO. OLeHKa
CKJIOHOBBIX IIPOIIECCOB W 30H H30BITOYHOTO yBI&KHEHUs C wucnonb3oBanneMm [ M C-texHomoruit uist
MPOTHO3UPOBAHUSL COCTOSIHUSL 3€Mellb, IUIAHUPYEMBIX IOJ| CTPOUTENLCTBO, Ha Teppuropuu KazaxcraHa paHee He
MIPOBOIMIIACH U TIPEJCTABICT 3HAUNTEEHBIA HAYYHBIH HHTEPEC.

[IpemmaraemMass MeTOIWKa WCCICIOBAHWS OCHOBaHA Ha B3aMMOCBS3M YHCIOBBIX JAaHHBIX, ITOJyYEHHBIX C
MTOMOIIBIO PalapHON HHTEP(EPEHIIUH CO CITYTHUKOBBIX CHIMKOB W KapTHI Ae(hOpMaIiy MMOBEPXHOCTA B CHUMacMOM
paiione. Tak I UCCIEAyeMOTO HAa BEPOATHOCTH OIMOJ3HEH yJ4acTka 3eMHOW MOBEPXHOCTH HEOOXOIMMO MOIYYHUTh
MAacCHB JaHHBIX, OIMUCHIBAIOIIUNA COCTOSSHUE HTOW TMOBEPXHOCTH Ha OINpe/eNIeHHbII MOMEHT BpeMmeHu. [lpu
MPOBEACHUH PSAAa TAaKMX KOCMHUYECKHX CBEMOK C OIPENeIIEHHON MEePHOAMYHOCTHIO 32 ONPEAETCHHBIH OTPE30K
BpEeMEHU Oy/IyT MOJIyYeHbl BPEMEHHBIE PsIJIbl YHCIIOBBIX 3HAYEHWH JUIs KaXKIOro Mapamerpa, OMHCHIBAIOIIEr0 3TOT
yuactok 3emid. [Ipu npeoOpa3oBaHnM THX 3HAYECHUH B PsiJl KapT, ONMCHIBAIOIIUX Ae()OPMAIMIO TOBEPXHOCTH BO
BpPEMCHH, 6y[leT MoJyucHa AUHaAMUYCCKasd MOJCIIb USMCHCHUA MMOBCPXHOCTU U BEPOATHBIX OIIOJI3HEBBIX IMPOLECCOB
HA MCCIIEYyEMOM yUacTKe.

[Ipr HanmuumM AOCTATOYHOTO KOJIMYECTBAa (PAKTHUECKHX JAaHHBIX BPEMEHHOW psi MOXKET OBITh YCIICIIHO
MIPOJOJDKEH C TIOMOIIHIO HHTEIDIEKTYAIFHBIX METOJIOB IIPOTHO3MPOBAHUS IaXke 03 aHATUTUIECKOTO MOICITHPOBAHUS
mporecca. Kak ObUIO0 CcKazaHO BEIINIE, AeQOPMAIUIO TOBEPXHOCTH 3EMJIH BO BPEMEHH, CHATYIO C IOMOIIBIO
KOCMHYECKOTO 30HINPOBAHMS, MOXKHO YCIIEIITHO MPEICTaBUTh, KAK MACCHUB BPEMEHHBIX PSIIOB OTPAHWMYCHHOTO YHCIia
mapaMeTpoB. A, CIEIOBaTEIbHO, TaKHE PSIBI BO3MOXKHO «IKCTPAMOIUPOBATh B OyAyIiee» C IOMOIIBIO TaKHUX
HMHTEJUIEKTYaJIbHBIX METOJIOB C MPHEMIIEMO MOrpemHoCcThi0. DAaKTHYECKH 3TO JaeT BO3MOXKHOCTH MOJYUHTH P
MoJenell TMPOTHO3WPOBAHHS OIOJI3HEBBIX IIPOLECCOB C OTHOCHUTEIBHO HEOONBIION TOTPEIIHOCTRIO TIPH
OrpaHUYCHHBIX H3HAYaJIbHBIX JIaHHBIX. Cpezud TaKuX MCTOJOB IPOTHO3UPOBAHHSA HCHOJB3YIOTCA COBPEMCEHHBLIC
pEerpecCHOHHBIE MOJENH TNPOTHO3UPOBAHMS, HEMPOHHBIE CETH PA3HOro pPOAA, HEueTKas JIOTMKa U pa3jIHuHbIe
KOM6l/IHaLII/II/l 3THUX METOIOB. OLIeHKa u Bbl60p HHTCHJ’IGKTyaﬂbHOﬁ MOJ€JIM OCHOBBIBAIOTCSA Ha ABYX 6330BLIX
KPUTEpUSX: a) TMpPOCTOTE peIn3aldd M CKOpocTH o0paboTkm Bxoxsmedl wuHpopmanuu; 0) TOYHOCTH
IPOTHO3UPOBAHUSL.

Ha ocHoBe BbIOpaHHOIT MOZIEIM IPOrHO3MPOBAHMS aBTOPHI MPEAIAraloT CO3/1aTh IOJHOLEHHBIN MPOTrpaMMHBIN
MPOAYKT, IO3BOJSIOMIMAN ITOJNE30BATENIO IIONYYaTh IMPOTHO3 MO AedopMaruyd 3aJaHHOTO WM YYacTKa 3eMHOM
nmoBepxHOcTH. [Ipenmnonaraercss ciuemyromas MocieI0BaTeIbHOCTh Pa0OTHI MPHIIOKEHUS: a) MOJIB30BATENb 3a7aeT,
OTPaHWYMBAIOIINE KOOPIWHATHI HCCIEAYEeMOTO YYacTKa, 0) MpOrpaMMHBINA IMaKeT 3alpamdBaeT HEoOXOTUMBI
CHIUMOK C CHCTEM KOCMHYECKOTO 30HIMPOBAHMS B BHJE MACcCHBA JaHHBIX, B) JaHHBIC SKCTPANOJIHPYIOTCA Ha
OTIpe/ICIICHHBIN NIEPHOJT BPEMEHH BIIEPEN, COTJIACHO Pe3yJIbTaTaM IIPOrHO3a, MTOTyYeHHBIM M3 BRIOPAaHHOH MOJENH; T)
CHPOrHO3UPOBAHHBIM MAaCCHB JIaHHBIX BBIBOAMTCS IMOJIB30BATENI0 B BHJAE IUHAMHYECKOH KapThl Aedopmaiun
3aIpalIMBaeMoro y4acTKa C MpUBeIeHHEM BEepOsSTHOH norpemHocTy. [IpuMeHeHre Takoro mporpaMMHOro IpoayKTa
MOXET CYIIECTBEHHO COKpAaTUTh JKOHOMHYECKHE 3arparhl Ha (aKTHMYECKOE HCCIIEIOBaHHWE YYacTKOB 3EMellb,
IUTAHUPYEMBIX II0J] CTPOUTENBCTBO KaK B TOCY1apCTBEHHOM, TaK U B YACTHOM CTPOMTENBCTBE.

KimoueBsie cioBa: GPS, nucTaHIIMOHHOE 30HAMPOBAHUE, CKJIOHOBBIE MPOLIECCHI, HHTEIIEKTYallbHbIE MOAETH,
IIPOTHO3UPOBAHUE, TUHAMUYECKAsS MOJIEIb.
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