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Pe3stome: AKTyanbHOCTb paboTbl. /13MeHeHMe Knumata u yCuneHne aKCTpemanbHbIX rMapoMeTeoponori-
YECKMX SBNEHWIA, TaKMX KaK OMOM3HU, CO3LAOT CYLLECTBEHHbIE YrpO3bl 4ns YCTOAYUBOCTUA TPAHCMOPTHON WH-
(hpacTpykTypbl Ha YepHomopckom nobepexxkbe Kaskasa. 0coby0 0MacHOCTb NPeACTaBAAOT CO6OI Aerpagmpo-
BaHHbIE CKIIOHOBbIE CUCTEMbI, HAXOAALLMECH NOA BO3LENCTBMEM aHTPOMOrEHHON HArpys3ku, Ha KOTOPbIX pac-
MOJSIOXKEHbl aBTOMOOUSIbHbIE JOpOru. OHN ABNAIOTCA 3NEMEHTaMI KPUTUHECKON UHAIPACTPYKTYPbI AN FOPHbIX
Tepputopuii tora Poccuu. BusyanbHble HabsloeHNs 0CTatOTCA OCHOBHBIM MEPBUYHLIM METOOM reoTexHuYe-
CKOr0 MOHUTOPUMHIa COCTOSAHMS LOPOXXHO CeTU. B TO XXe Bpems Hanu4yne pe3ko N3MEeHALWMUXCA ropHO-reono-
TUYECKUX W TMAPOre0n0rmyecKmnX yCnoBuid, a TakxKe 0TCYTCTBME MH(DOPMALMN O COCTOSAHUN NMOAMNOBEPXHOCTHbIX
CNOEB NOPOA He NO3BONSAET BbIABUTH 0COOEHHOCTY KIMHEMATUKM JedOPMaLMOHHBIX NPOLIECCOB OMNOJI3HEBbIX TEN.
B cBA3M € 9TUM aKTyanu3mpyercs He06X04MMOCTb COBEPLIEHCTBOBAHMSA METOLO00MNN BbIGOPA NapaMeTpoB reo-
(hun3nyecknx MeTo0B re03K0M0rN4ecKoro MoHUTOpuHra. Lienb uccnepfoBanuii — COBEpLUEHCTBOBAHWE METO/0B
reon3n4eckoro MOHUTOPUHIA OMOMI3HEBbIX MPOLECCOB CKIIOHOBBIX CUCTEM B YCNOBUAX FOPHbIX TEPPUTOPWUIA
KaBkasa. MeTtoauka uccnefoBaHui BK/KOYana aHann3 O0TE4YECTBEHHbIX U 3apY6eXHbIX UCTOYHUKOB B 0611aCTH
Knaccudoukaumm HakTopos, KOTOPbIE UHULMMPYIOT NOABMEHIE OMNOJN3HEN; OLEHKY 3(PMEKTUBHOCTYM MCMOIb30-
BaHUS reom3n4ecKmx MeTOA0B MOHUTOPUHTA, & TAKXKE BO3MOXXHOCTW UCMONb30BAHUS UCKYCCTBEHHBIX HEAPOH-
HbIX CeTen ns 06paboTKn MaccuBOB 60/bLUNX AaHHbIX. Pe3ynbTaTbl CCNEA0BaHUA NOKa3anu, 4T0 KOMOMHALNS
ERT u ceficmnyecknx mccnefoBaHnii no3BonseT CHOPMMPOBATL BbICOKOKAYECTBEHHbIE NMPOCTPAHCTBEHHbIE MO-
Jenn U3y4aemMoro Maccmaa No4YBEHHOr0 NOKPOBA M rOPHbLIX NOPOA, 4TO B coveTaHun ¢ ANN no3BoseT NoBbICUTb
TOYHOCTb NPOTHOCTUYECKOr0 aHanusa.

Knto4eBbie cnoBa: 0non3Hu, FropHble TEPPUTOPUK, CKITOHBI, FE0SIOrMYeCcKMne 0NacHOCTU, TPAHCMNOPTHAA WH-
dhpacTpykTypa, reoPu3n4ecknii MOHUTOPUHT.
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Abstract: Relevance. Climate change and the intensification of extreme hydrometeorological events, such as
landslides, pose significant threats to the sustainability of transport infrastructure on the Black Sea coast of the
Caucasus. Correspond the particular danger are degraded slope systems under the influence of anthropogenic
load, on which highway are located, which are elements of critical infrastructure for mountainous areas of
southern Russia. Visual observations remain the main primary method of geotechnical monitoring of the road
network condition. At the same time, the presence of sharply changing mining and geological and hydrogeological
conditions, as well as the lack of information on the condition of subsurface layers of rocks, do not allow identifying
the features of the kinematics of deformation processes of landslide bodies. In this regard, the need to improve
the methodology for selecting parameters of geophysical methods of geoecological monitoring is becoming more
urgent. The aim of the research is to improve the methods of geophysical monitoring of landslide processes of
slope systems in the mountainous areas of the Caucasus. The research methodology included an analysis of
Russian and foreign sources in the field of classification of factors that initiate the occurrence of landslides; an
assessment of the effectiveness of using geophysical monitoring methods, as well as the possibility of using
artificial neural networks to process big data arrays. The results of the study showed that the combination of ERT
and seismic studies allows for the formation of high-quality spatial models of the studied soil cover and rock
massif, which, in combination with ANN, improves the accuracy of predictive analysis.

Keywords: landslides, mountainous areas, slopes, geological hazards, transport infrastructure, geophysical
monitoring.
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BesepeHve

CKJ'IOHOBBIC CHUCTCMbI, Ha KOTOPBIX PACIIOJIOKCHBI aBTOMO6I/IJ'II)HI)IC JAOpPOTH, SABJIAKOT-
Csl DJIEMEHTAMH KPUTHYECKON HH(PPACTPYKTYpHI JUIsI TOPHBIX TeppuTOpHuil rora Poccum,
ocobenHo YepHomopckoro nodepexbs KaBkaza [CanoBa, 2022; SAunkast, bpuruma, 2022;
Bypmsuesa u np., 2024a, 6;Tutberidze et al., 2025; Zakharikhina et al., 2024; Jaiswal, van
Westen, 2013]. Jlerpaganusi CKJIOHOBBIX CUCTEM, yCyTyOsiemMast I0O0aTbHBIMH KJTUMaTHde-
CKHMH TIPOIIECCAMU, SBJISIETCS CYIIECTBEHHOM yrpo30ii s 00ecnedeHns yCTORIUBOTO CO-
HaJIbHO-AKOHOMUYecKoro pa3Butus FOxxuoro n CeBepo-Kaskasckoro demepanbHBIX OKpY-
roB. Pa3py1ieHne CKJIOHOB BOJIM3U TPAHCIIOPTHONW MH(PPACTPYKTYPHI IPOSBIISIETCS B BUJIC


https://geosouth.ru/article/view/1253/1029
https://orcid.org/0000-0003-3777-7203
https://orcid.org/0000-0002-9421-5613

68 Geology and Geophysics of Russian South 15(3) 2025 ['eonorvs n reogmanka KOra Poccim

OIOJI3HEN pa3IMuHBIX TUIIOB, cesel WM (HOPMUPOBAHUEM TEXHOTCHHO WM €CTECTBEHHO
00yCIIOBJIEHHBIX TPEIIMHOBATHIX CTPYKTYP Ha TOPOKHOM TosioTHE. OTHUM U3 SIPKUX TPH-
MEPOB MOCJIECJCTBUI OTKa3a TPAHCIIOPTHOU MHMPACTPYKTYPBI IPU 00ECTICICHUN yCTONYIN-
BOW MOOWJIBHOCTH B TYPUCTCKHX TEPPUTOPHUSX SIBISETCS CXOA OMNOI3HA B HosiOpe 2024 1.
Ha 189-m kM Tpaccel A-147 JIxy6ra — Coun (B XoctuHCKOM paiione r. Coun) [Brigida et
al., 2024]. B cBs3u ¢ 3TUM OT/AETBHBIM BOIIPOCOM OCTACTCS UACHTU(DUKAIINS U OIICHKA OC-
HOBHBIX «3aIlyCKaroIuXx (akTopoBy (triggering), a Tak)Ke CTENEHU UX BBIPAXKEHHOCTH JUIS
KOHKPETHBIX YCIIOBUH SKCILUTyaTallly OMAacHBIX y4acTKoB jopor [Wei et al., 2024].

Jns CHYDKEHUSI PUCKOB MOTEPH YCTOMYMBOCTH CKJIOHOBBIX CHUCTEM TPaHCIOPTHOM
uHppactpykrypsl (CTH) HeoOX0AMMO COBEPLICHCTBOBAHHWE METOJOJOIMH TI'€0IKOJIO-
THYECKOT0 MOHHTOPHUHTA, a TAK)XKE CHCTEM paHHEW AMAarHOCTHKU COCTOSHHS T'€0CpPEIbI.
Kpome Toro Ba)kHbIM acrieKTOM SIBJISIETCS Pa3BUTHE CUCTEMbI PAHHETO MPEAYPEKICHHUS
Ha OCHOBE MHTETPUPOBAHHOIO MOAXO/A K OLIEHKE PHCKA, IPOTHO3HOM aHAUTUKH U He-
PEepPHIBHOTO MOHUTOPHUHTA TeKyIel cutyaruu [ Whiteley et al., 2019; Unapmaues, 2022,
2025]. CoBpeMeHHasi HOpMaTHUBHAs OLIEHKA OMOJ3HEBOW OMACHOCTH OCHOBAaHA HA «KOM-
OMHUPOBAHHOM» CIIOCO0E, B KOTOPOM Ha OCHOBAHUHU PETPOCIEKTUBHOIO CTATUCTUYECKO-
rO aHaIM3a IS KaKA0ro (hakropa BIMSHUS MpUBEIEHA OaJlIbHAS OLIEHKA BEPOSTHOCTH
cMmelieHus. Tem He MeHee, OTHOBPEMEHHAs pealin3aliis HECKOIbKUX 3aIlyCKatouX (ak-
TOPOB OIOJI3HS CJIOKHO MOJIAETCSI TPOrHO3Y HAa OCHOBE HOPMATHBHBIX METOJIOB.

BusyanpHble HaOMIONEHUS OCTAIOTCSI OCHOBHBIM MEPBUYHBIM METOJOM I'€OTEXHHYE-
CKOIO MOHUTOPHUHTA COCTOSIHUS JOPOKHOM ceTH. [lepnoaunyHocTh 0CMOTPOB, B OTIIMYHE
oT uHocTpaHHbIX aHanoroB [Highland, Bobrowsky, 2008] rine yactora ocMoTpa Bapbu-
pyetcs ot 2-x 10 10-Tu JeT, A KaXA0ro ciaydas OnpeaesseTcss MHANBUIYalbHO. B 10-
MOJTHEHHE K BU3yaJbHBIM OLIEHKaM, Yallle UCTIOIb3YIOT HETIPEPhIBHBIE U3MEPEHUS KITIoue-
BBIX TOKa3aTeseil cTabMIbHOCTH MOYBBI. A B CIy4ae HHTETPALUU C CUCTEMaMU PaHHETO
npeaynpexIeHus — TeopU3nIecKre, FTe0TeXHUUECKUE, a TAK)Ke METOABI TUCTAaHIIMOHHO-
ro 3ouaupoBanus 3emiu ([133). Tem He MeHee, yale BCero UCIoIb3YIOTCS HETPEPhIBHBIC
U3MEHEHUS OTJIENIbHBIX TeOTEXHUUYECKUX apaMeTPOB, JATYUKOB MIIM TOUEK HAOIIOIEHHUH
(peniepubie Toukn). B ycrnoBusix cyOTponuueckoi 30HbI KaBkaza, ¢ HAIMYUEM Pe3KOm3-
MEHSIOLIUXCS TOPHOTEIOTMYECKUX U TUAPOTE€OIOTHYECKUX YCIOBUM, PU MOMOILHU TaKo-
IO MOJXO0/A CJIOXHO BBIIBUTH OCOOEHHOCTH KMHEMATHUKH J1e(hOpMaIlMOHHBIX MPOLIECCOB
CKJIOHOBBIX CHCTEM. DTO yCyryOunseT npooiemMsl (POPMUPOBAHUS TOCTOBEPHBIX MOAETIEH
«MEJYICHHBIX CMEILEHUI» MPHU HCMHOIb30BAHUM IPOCTPAHCTBEHHO-PACCPEIOTOUYECHHBIX
reojie3ndeckux cetei. [Ipu ucrnoab30BaHNU re0CTaTUCTUYECKOTO aHATN3a KOCMUYECKHUX
CHMMKOB WJIM JJAHHBIX C OECIMJIOTHBIX JIETATEIbHBIX alllapaToB TaKKe CYIIECTBYET Psij
OTpaHMYEHUI: BHICOKAas 1I€HA CHUMKOB C BBICOKUM IPOCTPAHCTBEHHBIM pPa3pelICHHEM;
npoOieMa Halau4yus o0JIauHOTO MOKPOBa; MpobieMa 00paboTKK OOJBIINX JaHHBIX, 0CO-
OEHHO JJIS1 MyJIBTUCTIEKTPATBHBIX H300paxenuii. Kpome Toro, st 1ieneit O1eHKH omos3-
HEBOM OIACHOCTH, TOJBKO UCIIONb30BaHuE J[33 HEBO3MOKHO BCJIEICTBUE OLIEHKH TOJIBKO
MOBEPXHOCTHOM cocTapisitomieii (6e3 yuera TUNA U XapaKTEePUCTHK IOYB, MOYBEHHOM
BJIaT'M M BO3JEHCTBUS ocaakoB) [Xu et al., 2024]. IIpu ycaoBUsAX MaKCHUMaJIbHOTO BITHSI-
HUs 3anmoBbIX JiuBHEH (UepHOMOpcKoe modepekbe KaBkasza) uaeHTH(UKALIAS OTTAaCHOTO
ydacTKa JJOPOI'M HEBO3MOXKHA HAPSMYIO 110 JJaHHBIM 00 00beMe 0caIkoB Oe3 yueTa 3Ba-
TpaHCIUPAIUH U YCIOBUH IpeHUpOBaHMs moa3eMHbIX Box [Kaya, Midilli, 2020].

Jlia mpeososieHnss AaHHBIX OTPaHMYEHUI FeOTEXHUYECKUX U AUCTAHIIMOHHBIX Me-
TOZI0B MOHUTOPUHIA HauboJee MpeCTaBUTEIbHBIM SBISIETCS MCIIOIb30BaHNE reo(pu3u-
YECKUX MCCIIeIOBAHNI B COYETAHUU ¢ 0OPaOOTKOM TaHHBIX HA OCHOBE MCKYCCTBEHHBIX
HEHPOHHBIX ceTei. [ TaBHBIM PEUMYIIECTBOM re0(PU3NIECKUX METOOB SBISETCS MOIY-
YeHHUe NMPOCTPAHCTBEHHBIX MOJIEIICH MOIIOBEPXHOCTHBIX CI0EB B MaclITabe OMOJI3HEBO-
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ro Tella IpU MUHUMAJBHBIX 3aTpaTax Ha OypeHue reoorndecKkux ckBaxuH. [eodusnye-
CKHE MOJIXO/IbI K T€0IKOJIOTHIECKOMY MOHUTOPUHTY OTIOI3HEBBIX CTPYKTYP 00CYKIATHCh
MHoOruMU uccienoBaressimu [Whiteley et al., 2019; Tsai, Lin, 2022; KepumoB, Dnbxaes,
2024; Uyanik, 2019]. Tem He MeHee, KOMIUIEKCHBIN aHATH3 WX UCTIOIB30BAHMS AJIs 1IeTeit
o0ecredeHus HaJIeKHOCTH TPAHCIIOPTHOU MHPPACTPYKTYPHI OCTAETCS HEOCTATOYHO W3-
YYCHHBIM. B CBSI3M C TeM, 4TO yCTOWYHUBOCTh CKJIOHOBBIX CUCTEM OOYyCIIaBIMBaET HAJIH-
YHUe CYIIECTBEHHBIX TEXHOTC€HHBIX PUCKOB IMOTEPH TPAHCIIOPTHOM JOCTYITHOCTH OTAAJICH-
HBIX WJIM TOPHBIX TEPPUTOPUI, CMSATUCHHE MPOSBICHUM KIMMAaTUYECKUX U3MEHEHHUM Ha
Kagkasze, siBisieTcsl BaXKHOM Hay4YHOU 3a7a4eil.

Leanb paGoThl — COBEPIIEHCTBOBAHHE METOIOB Fe0(U3NIECKOTO MOHUTOPHUHTA OTIOJ3-
HEBBIX MPOIIECCOB CKIOHOBBIX CUCTEM B YCJIOBHSIX TOpPHBIX TeppuTopuii KaBkasza npu Ha-
JMYUW TPAHCTIOPTHON MH(PPpACTPYKTYphI. [ ee MOCTHKEeHUs pelaiiuch CIEAYIONUe 3a-
JTa4M: aHATTM3UPOBAIUCH re0(hU3NIECKIE METO/IBI U (PAKTOPBI, MHUIIUUPYIOIIUE MOSBICHNE
OTIOJI3HEBBIX TIPOIIECCOB B CKIOHOBBIX CHUCTEMaX; KJIACCH(HIIMPOBAIUCH AJTOPUTMBI HC-
KYCCTBEHHBIX HEUPOHHBIX CETEH UCITOJIb3YEMbIX IPH OIIEHKE OTMOJI3HEBHIX MTPOIIECCOB.

MeToabl NCCAEAOBOHMS

Metomonorusi UCCIeNOBaHUN BKITFOYANIa aHAIM3 OTEUECTBEHHBIX M 3apyOeKHBIX HC-
TOYHHUKOB B 0011acTH Ki1accudukamnuu GakTopoB, KOTOPHIE MHUIIUUPYIOT MOSBJICHHUE OTTOJI3-
Hel; oneHKy 3((EKTHBHOCTH HMCIOJIL30BaHUS TeO(PH3UYECKUX METOJOB MOHUTOPHHTA
reocpeibl, a TAK)KE€ BO3MOXKHOCTH HUCIIOJIb30BAHUS UCKYCCTBEHHBIX HEMPOHHBIX CETEU IS
00pabOTKM MaCCUBOB OOJIBIITUX JAHHBIX TPU PEIICHUU TE0IKOJIOTHUECKUX 3a/1ad.

Pe3yAbTaThl U OBCYXKAEHME

Ananus eeogpuzuueckux memooos u hakmopos
UHUYUUPYIOWUX NOSABTIEHUEe ONON3HESbIX NPOYECCO8 8 CKIOHOBbIX CUCTNEMAX

W3 ananuza 3apyOexnoil nurteparypsl [Highland, Bobrowsky, 2008] caenyer, uro,
HarpuMep, aMEPUKAHCKUN TOAXO TOAPA3yMEBAeT Pa3/ielICHUEe TPUTTEPOB OTOI3HEBOM
OTIAaCHOCTH Ha 3-U THIA: €CTECTBEHHBIC, PU3NUECKHUE U YEIOBEUECKIE (AaHTPOTIOTEHHBIE).
K nepBomy THITy OTHOCSTCS: BIUSHHE OCA/IKOB U TastHUE CHETa, BHIBETPUBAHHE, a TAKXKeE
HaBogHeHue. Ko BTOpoMy THITy — BIMSTHUE T€0JIOTUIECKUX MPUYXH (TUTIB ¥ (PU3HKO-Me-
XaHUYECKHE CBOMCTBA reOMaTeprasoB, UX KECTKOCTh, TPEIIMHOBATOCTh, CIAHIIEBATOCTh
U Jip.) 1 MOP(OJIOTHYECKUX MPUIHH (TEKTOHUKA, Pa3IMYHOTO POAA HPO3UH, OCATKOHAKO-
IUICHUE, HAIMYHE PACTUTEIBHOCTH). K TpeTbeMy THIy OTHOCATCS: HaJMYWE OPOIICHUS
WJIM UCTIONb30BaHNE HECTAOMIIbHBIX 3€MIISIHBIX HACBINEH, BBIpyOKa Jieca, HaJTMuue OTX0-
JI0B, UCKYCCTBEHHOE OTKJIOHEHHE PEYHOTr0o TeUeHHs U Jip. B cBoto ouepens Kk HopMaTuB-
HBIM /17151 YOPMUPOBAHMS OTION3HS B HAIIEH cTpaHe OTHOCAT (akTopsl I-ro u [I-ro THmos.
K nepBomy (HamOosee 3HaAYMMOMY) THITY OTHOCSITCS TOJBKO: TE€OJIOTUUECKOE CTPOCHHUE,
penbed 1 FKCo3uIus ckiioHa. Ko BTopoMy ke — 0CaiKH, peXXUM I'PYHTOBBIX BOJI, PaCTH-
TEJIIHOCTb, CEHICMHUYECKasi aKTUBHOCTbD, BO3/ICHCTBHE PEYHOTO TOTOKA, AaHTPOIIOTEHHOE
nercTBHE U Tporiecchl BeiBeTpuBaHus [Prapolski, Romanovski, 2025]. Ucxoast u3 storo,
ClIelyeT, 4To (JOTOMETPUYECKHE U AUCTAHIIMOHHBIE METOBI HE MOTYT TUarHOCTHPOBATh
HaJIMYME OMACHOCTH BCeX (PAKTOPOB MEPBOW IPYMIIbI KaK OTEYSCTBEHHOM, TaK U 3apy-
OeXHOU KiacCU(pUKAIIMKU, YTO 00yCIaBIMBAET HEOOXOUMOCTh MOA00pa parioOHaTbHBIX
napamMeTpoB reouznyeckoro MoHuTopuHra [ Yaitskaya et al., 2023].

l'eopusnueckre MeTOABI, OCHOBAHHBIE HAa HEPa3pyLIAIOIIEM KOHTPOJIE COCTOSHUS
MOJIMOBEPXHOCTHOTO CJIOS TEXHOT€HHO TPaHC(OPMUPOBAHHBIX JaHAIIAPTOB MPeICTaB-
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JSI0T CYIIECTBEHHBIE NPEUMYIIECTBA MPU OLIEHKE MHAMKATOPOB OIOJI3HEBOH ONACHO-
ctu. CelicMHuecKre METOIbl WM, HAlIPUMeEpP, TOMOTrpadusi 3JIEKTPUIECKOTO YIEIBHOTO
conpotusieHust (ERT) moBonbHO 3(h(PeKTUBHO MPUMEHSIOTCS U OLIGHKU HapyIIeHUH
BHYTPEHHEH CTPYKTYpbl MOYB OOYCIIOBJIEHHBIX 3apOKICHHEM M peanu3anuei nedop-
MAaIMOHHBIX IpoLeccoB. KpoMe TOro, oHM paciupsitoT TOPU30HTHl KOCBEHHON OLIEHKHU
TUIPOJIOTMYECKOT0 PEKMMA U MEXaHUYECKHUX CBOMCTB MOYBEHHOTO MOKpoBa. CelicmMuye-
CKH€ METO/IbI JIOBOJILHO YaCTO UCIIOIBb3YHOTCS AJIs1 OLEHKHU MOA3EMHON CTPYKTYPbI MacCH-
Ba, HAJIMYHS HEOAHOPOIHOCTEH MM TPEIIMHOBAThIX CTPYKTyp. OOHapy)eHue cercMu-
YECKUX CUTHAJIOB 00ECIIEYMBACTCS 3a cueT re0o()OHOB, KOTOPHIE MPEe0OPa3yroT 3ByKOBBIC
CUTHAJIbI PA3JIMYHOM aMIUTUTY/Ibl B HEMPEPHIBHBIN MOTOK UG poBoi nHopmanmu. Me-
TOJIbI ITOBEPXHOCTHBIX BOJIH (MHOTOKAHAJIBHBIN aHAJIW3 MOBEPXHOCTHBIX BOJIH — MASW)
IPOJEMOHCTPUPOBAJIN BBICOKYIO TPOU3BOIUTENBHOCTD NPU OOHAPYKEHUU MEJIKHUX Tpe-
IIMHOBATBIX CTPYKTYP U OLIEHKE CKOPOCTH CABUIOBBIX BOJH [Tsai, Lin, 2022]. biaronaps
UCIIOJIb30BaHUIO PErPECCHOHHOIO aHAIN3a CTal0 BO3MOXKHBIM YCTAHOBIIEHHUE B3alMOC-
BsI3EH MEXKIy CEHCMUUYECKUMHU BOJTHAMHU M CBOMCTBAMU MOYB (ITOPUCTOCTh, YPOBEHB Ha-
ceitieHus Bonoit) [Uyanik, 2019]. Kpome Toro, npocTpaHCTBEHHbIE MOJIENIN pacpoCTpa-
HEHUs! P-BOJH MO3BOJIAIOT JOCTOBEPHO XapaKTEpU30BaThb YPOBEHb COJEPKAHUS BJIaru
niu mpouHocTh Ha caBur [Uyanik, 2019]. Ogaum u3 Hanbosee COBpeMEHHBIX HarpaBlie-
HUI B JTaHHOM 001acTH SIBIISIETCS] IPUMEHEHUE PaclpeieIEeHHOr0 aKyCTHUECKOTO 30H 11~
poBanust (DAS), koTopoe M03BOJISAET MOBLICUTH KaY€CTBO IPOCTPAHCTBEHHO-BPEMEHHBIX
MoJieTIel TIpY SKOHOMHH CPEJICTB Ha MIpOBeeHne uccieaopanuii [Zhu et al., 2023].

I'eopaauronokaoHHbIN MeTo]] 0a3upyeTcs Ha HCIOIb30BaHUU T€0paapoB 1Jis Ipo-
CBEYMBAHMS TIOYBEHHBIX MPOQUIEH W KOPEHHBIX MOpoa. MeTon peanusyercs mocpen-
CTBOM I'€HEepaLUy IEKTPOMAarHUTHBIX BOJIH U MOCJIEIYIOILEro NOIVIOMIEHUS OTPaKEHHBIX
curHanoB. OTpakaeMble CUTHAJIbI XapaKTePU3yIOT IOBEPXHOCTHU 0CIa0ICHUs, TPELIHHO-
BaTble CTPYKTYpPbI WM BOIHBIE 00bEKTHI. [lodydeHHbIe TeonpoCTpaHCTBEHHBIE MOICITH
MOTYT 0TOOpa)kaTb U3MEHEHUS TUAPOIOIMUECKOTO PEKUMA TIOA3EMHBIX BOJ, UTO SIBIISET-
Csl CYLIIECTBEHHBIM JIJIsl MHUIIMMPOBAHUSI OTIOJI3HEH Ha FOpHBIX ckiloHax [Wu et al., 2019].
Hcnonp30BaHue 0THOBPEMEHHO HECKOJIBKHUX aHTEHH C Pa3IM4HON 4acTOTOM IeHepaluu
UMITYJIbCOB MO3BOJISIET MOJIy4aTh IPOGMIN Pa3IMUHbIX INIyOHH C COOTBETCTBYIOLIEH cTe-
neHbIo Jetanu3auu. OJTHUM U3 OCHOBHBIX CYIIECTBEHHBIX OIPAaHUYEHUN METOJA SIBIIS-
€TCs1 HEBO3MOYKHOCTB €0 HCII0JIb30BaHUs JIJIs1 aBTOMAaTHUY€CKOT0 MOHUTOPUHIA B PEXKUME
pEeaJIbHOTO BPEMEHHM, a TAK)KE CIOKHOCTb IPH OTCYTCTBUM PE3KOH Pa3HMLBI B I'paau-
eHTax (Hampumep, Mocie J0XAs), KOI/la MaCCUB BBIIVISIUT KaK HEKOHTPACTHbIE CJIOH C
OJTMHAKOBOU OTpakaTesbHOU criocoOHOCTRIO [Kara et al., 2025].

DNeKTpUYeCKUe METO/IbI PAa3eIIAIOT HAa TPU OCHOBHBIE IPYIIIBI: CaMO MOTEHLUAIbHAS
tomorpadus unu SPT, anekrporomorpadus (ERT) u unnynupoBaHHas noisipu3anioH-
Hast Tomorpadus (IPT). [Ipu stom ERT siBisiercst Hauboiee mepCceKTUBHOM JIJIs1 Uccie-
Jye€MBbIX BOIIPOCOB, OCKOJIBKY XOPOLIO MOAXOAMT JUIsl OLIEHKU HanboJiee KpUTUYHBIX TS
pa3BUTHUS ONOJ3HEH NapaMeTpOB UCCIIELYyEMOIo MaccuBa. B HeM cHauana m3MepsieTcs
KaXyIleecs Y/IeIbHOE COIIPOTUBIIEHUE TIOPOJ],  3aTEM Ha OCHOBE MHBEPCUM PACCUMUTHI-
BaeTCs UCTHMHHOE pacipeneneHue. [lpenmyniecTBoM JaHHOTO METO/1A SIBJISIETCS] BO3MOXK-
HOCTb OIPEJEJICHNs MPOCTPAHCTBEHHOW IVMHAMMKHU TOYBEHHOM BJIard M BOAOHOCHBIX
TOPU30HTOB, IIOPUCTOCTH TTOPOJI, COIEHOCTH MoA3eMHBIX Box [Slater, Binley, 2021]. Oto
00yCIIOBIIIO IIUPOKOE MCIIOJIb30BAHKUE JAHHOIO METO/a AJIS 33734 THMIPOreosIOTHH U Jie-
TaJIbHOTO OIPENEICHHS NTapaMeTPOB 3ajeraHus cloeB nopox. Mcnons3oBaHue HeAOpO-
THX 3JIEKTPOIOB, BHICOKAS CTETEHb MACIITA0MPYEMOCTH, a TaKXKe MPOBEICHUE MTOBTOP-
HBIX U3MEPEHUIl ¢ MCIOJIb30BAHUEM HMHBEPCUU 110 BPEMEHH, MO3BOJISIET OCYLIECTBUTH
T€0’KOJIOTUYECKHII MOHUTOPHHT B IPOCTPAHCTBE-BpeMeHH (Tadi. 1).
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Ta6nuya 1/ Table 1

JloCTOMHCTBA U HEIOCTATKH OCHOBHBIX reou3n4ecKNX MeTO10B MOHUTOPUHTA /
Advantages and disadvantages of the main geophysical monitoring methods

l\l\//llgl(:l(l)](;ls/ JocrouncrBa/Advantages Henocrarku/Disadvantages
K mocTomHCTBaM CTOMT OTHECTH YHHBEp- | BBICOKHE dKCIUTyaTallMOHHBIC PacXolbl
CaJIbHOCTh M YYBCTBUTCJIBHOCTH JaHHBIX 00BEMBI IMOJIYYCHHBIX JAaHHBIX ABJIAIOTCA
METOJIOB IPU OOHAPY>KCHUH TOBEPXHOCTH | CYIIECTBEHHBIMH OTPaHMUYCHHUSIMH JUIS UX
OIIOJI3BHEBOTO Tella B CIOSX IMOYBBL Takke | IIMPOKOTO pPa3BEPTHIBAHMS B YCIOBHSX
cnocobHocte DAS obecnieunBarh Hempe- | MECTHOCTH CO CJIOXKHBIM JIAHIIAQTOM.
PBIBHBIA TIPOCTPAHCTBEHHBIA OXBaT 00Nb- | B ropomckoii MECTHOCTH HaJIHYHE ITOCTO-
HIUX TEPPUTOPUI U 0OHAPYKUBATh HE3HA- POHHHMX IITYMOB ¥ ()OHOBBIX ITOMEX YCIIOXK-
2 YHUTENbHBIE CcMeIIeHns Touek. Kpome Toro, | HsieT cOOp M HMHTEPIPETAIMIO IMOTyYeH-
£ NPEUMYILECTBOM ~ SBJISETCS MONy4YeHHE | HbIX cUrHajioB. Ce30HHAs M3MEHYHBOCTh
) JIOCTOBEPHBIX BEJTMYMH MOITHOCTH OTJIENIb- | MOXET BHECTHU CYIIECTBEHHBIC KOPPEKTH-
% HBIX CTpAaTUrpapuIecKX IUIACTOB MOPOA. / | BBI, YTO MOYKET MOBJIUATH HA HAIEKHOCTD
= The advantages include the versatility and | u TOYHOCTH F€OIPOCTPAHCTBEHHBIX MOJIC-
; sensitivity of these methods in detecting the | meit u TokamM3aIy OMACHBIX 00MaCTeH. /
z surface of a landslide body in soil layers. | High operating costs and volumes of data
= Also, the ability of DAS to provide con- | obtained are significant limitations for
% tinuous spatial coverage of large areas and | their widespread deployment in areas with
o detect minor point shifts. In addition, the | complex terrain. In urban areas, the pres-

advantage is obtaining reliable values of
the thickness of individual stratigraphic
layers of rocks.

ence of extraneous noise and background
interference complicates the collection
and interpretation of the received signals.
Seasonal variability can make significant
adjustments, which can affect the reliabil-
ity and accuracy of geospatial models and
the localization of hazardous areas.

Oaexrpuyeckue/Electrical

Mertonsl 3GQEKTHBHBI NPH MOHHTOPHH-
re M3MEHEHUH BIAXHOCTH II0YB, a TaKKe
KapTHPOBAaHUH TMOBEPXHOCTHBIX HEOIHO-
ponHocTel. Bo3MOXKHOCTD pa3BEPTHIBAHUS
OTHOCHTENBHO HEIOPOTUX SICKTPOIHBIX
ceTeil I JOJITOCPOYHOTO MOHUTOPHH-
ra CKJIOHOBBIX CHCTEM C BBICOKHM pa3pe-
LICHHEM CIOCOOCTBYET MpPEANOYTUTENb-
HOCTH HCIIONIb30BaHHUA JAHHOTO MeTona
npu 00cCieoBaHUH OOJBIINX TUIOMIAACH.
WHBepcust ynenbHOTO CONPOTHBICHUS H
ANEKTPOTOMOTpadusl UMEIOT HanOoJIbIlee
paspelieHre, 4To JenaeT X YHHBepCasb-
HBIMU JUIS LEJI0T0 PsAfa TeOTEXHUYECKUX U
THAPOJIOTHYCCKHX 3a71a4. BeicTphIit cOop u
00paboTKa TaHHBIX TO3BOIIIOT (HOPMHPO-
BaTb IecoMO/ZI€JIM B MHUHUMAJIbHbIC CpOKl/I./
The methods are effective in monitoring
changes in soil moisture, as well as in map-
ping surface heterogeneities. The possibili-
ty of deploying relatively inexpensive elec-
trode networks for long-term monitoring of
slope systems with high resolution contrib-
utes to the preference for using this method
when surveying large areas. Inversion of
specific resistance or electrical tomography
have the highest resolution, which makes
them universal for a number of geotechni-
cal and hydrological problems. Rapid data
collection and processing allow the forma-
tion of geomodels in minimal time.

K OCHOBHBIM HEOCTATKAM METONA CTOUT
OTHECTH TPYJHOCTH C KaJIHOPOBKOH, HU3-
KHM pa3pelicHHeM Ha OOIbIIoi riiyOuHe
NPOCBEYHMBAHUS MACCHBA, & TaKXKE CIIOXK-
HOCTH B MHTCPHNPETAIUN MHBCPCUOHHBIX
perennii. Takxke CIOXHOCTH COIPOBO-
KIAIOT TMPOCBCYHUBAHUEC O6BOI[HCHHI)IX
WITH TITMHUCTBIX MACCHBOB FOPHBIX MOPO/L.
/ The main disadvantages of the method
include difficulties with calibration, low
resolution at a large depth of massif trans-
illumination, as well as difficulties in in-
terpreting inversion solutions. Difficulties
are also accompanied by transillumination
of waterlogged or clayey rock massifs.
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I'eopamapel/Ground penetrating radars

CUITbHBIMH CTOPOHAMH METOIa SIBIISIFOTCS
OBICTPOTA pa3BePTHIBAHMS U SKOHOMHYHOCTD
MPOBEJCHHUS OKCIEPUMEHTAIBHBIX PaboT.
OTHENBHBIM  MOJOKHUTEIBHBIM MOMEHTOM
SIBIISIETCS. BO3MOKHOCTH OOHApy’>KEHUsl BO-
JOHOCHBIX TOPH30HTOB, W BO3MOXXHOCTb
MPOBEJICHUSI MCCICIOBAHUNA B PEKHME pe-
AIBHOTO BpeMeHH. Takke THOKOCTh M MO-
OWJIBHOCTH IIEPEHOCHBIX I'€0panapoB, a B
HEKOTOPBIX CIy4asx (KpUTHYHA IS TOPOIK-
HOW HWH(PACTPYKTYPHI) BOZMOXXHOCTH TIPO-
BEJICHUSI MCCIIC/IOBAHMN 6€3 HEMOCPEICTBEH-
HOTO KOHTaKTa C JOPOKHBIM MOKPBITHEM. /
The strengths of the method are the speed
of deployment and the cost-effectiveness of
conducting experimental work. A separate
positive point is the ability to detect aqui-
fers and the ability to conduct research in
real time. Also the flexibility and mobility
of portable ground penetrating radars, and in
some cases (critical for road infrastructure)
the ability to conduct research without direct
contact with the road surface.

[TpobiemMa CIOKHOCTH HHTEPIPETALUH T10-
JyYeHHBIX JaHHBIX IIPU anpoOUpPOBAHUU
OTHOCHUTCS M K JaHHOMY THIy reo(u3u-
4ecKux MetozoB. Kpome Toro, mist paauo-
JIOKAIIMOHHOI'0 ME€TOJa YYBCTBUTCJILHBIM
ACIIeKTOM OCTaeTcs MpodiieMa JIOKHBIX
OTpaXCHHI W OCJA0JCHUsS] CUTHANA C TITy-
6unoii. / The problem of the complexity of
interpreting the data obtained during testing
also applies to this type of geophysical
methods. In addition, for the radar method,
the sensitive aspect remains the problem of
false reflections and signal attenuation with
depth.

Jlnist mostyueHusi cuHepreTudeckoro 3¢dexra HeoOX0aMMO pa3yMHOE COUYeTaHHE He-

CKOJIBKHMX THIOB reopusnueckux MetonoB, HarpuMmep ERT u ceiicmoakyctrueckux [Lu
et al., 2025]. CeiicMudyeckue METObl MOTYT MPEIOCTAaBUTh MH(POPMALUIO C BBICOKHM
pa3pelieHneM O XapakTepe W JIMHAMUKE CMEILEHUH, a TaKKe XapaKTepe W MPOCTPaH-
CTBEHHOW OpPHEHTALIMM CUCTEMBI TpeluH, B To Bpems kak ERT no3Bossger neranusupo-
BaTh (UIIOUJOAMHAMUKY U 0COOEHHOCTH 3aJleraHus TpyHTOBBIX Boj [Pang et al., 2025].

Hcnonvzosanue UCKYCCMBEHHbLX Heﬁpormbzx cemeil npu oyeHKe OnojiI3Hesblx npoyeccos

B nocnennee mecsaruierue Pa3BUTHEC MHTCIJICKTYAJIbHOI'O aHAJIN3a CII0OCOOCTBOBAJIO

OypHOMY pa3BUTHIO HEMPO-ceTeBhIX anroputmoB [Kapanski et al., 2025; Bhowmik et al.,
2025; Hristova et al., 2023] (tabmx. 2).

Tabnuya 2 / Table 2

JocToMHCTBA M HEJOCTATKHU UCIIOIb30BAHUS OCHOBHBIX MCKYCCTBEHHBIX HelipOHHBIX ceTeil /

Advantages and disadvantages of the main uses of artificial neural networks

rg;’ﬁzﬁgl:s/ JlocronncrBa / Advantages Henocrarku / Disadvantages
MHuorocnoiineie | Bo3MoXHOCTh peanu3aiuu  HelduHeHHoro | Mojenu  yCIOXKHSSCh, CTaHOBSITCA
MIEPCENTPOHBI | MOICIUPOBAHUS IO3BOJISICT AINIPOKCHMHU- | OYCHb UYBCTBHUTCIBHBIMH K IIEpeo0y-
/Multilayer poBaTh CIOXKHBIE (YHKIHOHATBHBIC 3aBH- | deHHI0. OrpaHWYeHHas CIIOCOOHOCTh
Perceptrons cuMocTh. ['mOKkast apXuTeKTypa MO3BOJSET | (PUKCHPOBATH MPOCTPAHCTBEHHBIE 3a-
(MLP) HACTpaMBaTh CKPBITHIC CIIOHM, ONITUMH3HUPYS | BHCHMOCTH OTPaHHYMBACT HCIIOJb-

MPOU3BOMUTEIBHOCTh JUTSA 3a/1ad TOCTPO-
eHHsl perpeccuu. BbIcoKas aganTHBHOCTH
MO3BOJISIET  OCYIIECTBIATh 3((heKTUBHOE
000011eHne Ha Hen3BecTHBIE laHHble. / The
ability to implement nonlinear modeling
allows you to approximate complex
functional dependencies. Flexible archi-
tecture allows you to configure hidden lay-
ers to optimize performance for regression
problems. High adaptability allows you to
effectively generalize to unknown data.

30BaHUE MeTofia NpH 00paboTKe IMo-
clIeIoBarelIbHBIX JaHHbX. / Models
become more complex and become
very sensitive to pretraining. Limited
ability to capture spatial dependencies
limits the use of the method when pro-
cessing sequential data.
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reduces the number of parameters, which
increases computational efficiency. They
have proven themselves well in image pro-
cessing tasks due to hierarchical feature
learning using convolutional filters.

I'pacdoBrie Omneparopsl CBepTKH TpadoB arperupy- | Y3Kue MecTa B TaMsATH BO3HHUKAIOT IIPH
HEHpPOHHBIE 0T HUH(QOPMAIIMIO O COCCACTBE MaHHBIX. | 00paboTKe 0OJBIINX MK rpad)oB pas-
certu /Graph | VIHBapHAHTHOCT K TEPECTAaHOBKAM TMO- | HBIX pasmepoB. OrpannueHHas 3hek-
Neural 3BOJISIET  OOECICYHMTHh  COMNIACOBAaHHOCTH | THBHOCTH IPH 00pabOTKE HEOTHOPO.I-
Networks MIPOTHO30B, HE3aBHCHMO OT MOpsAKa y3- | HEIX rpadoB./ Memory bottlenecks oc-
(GNN) jg0B. Bo3moxHOCTH mpom3BomcTBA TO- | cur when processing large or different
norpaduueckoro aHanmza Ui moBbI- | sized graphs. Limited efficiency when
meHuss S(PQPEKTUBHOCTH BBIUUCIEHUH. / | processing heterogeneous graphs.
Graph convolution operators aggregate
information about the neighborhood of
data. Permutation invariance ensures con-
sistency of predictions regardless of node
order. Possibility of topographic analysis to
improve computational efficiency.
Cgéprounble | Pacnpenenenune BecoB cokpamiaer konu- | CTpyKTypHas — CHelMaNu3aius — JUis
HeﬁpOHHBIC YCCTBO MapaMe€TpoOB, YTO IIOBLIIIACT 3(t)- pacuope€acJICHHBIX CETOYHBIX TaHHBIX
cetu / (hexkTUBHOCTH BBIYMCICHHUN. Xopomio ceOsi | (Hampumep, THKCEIed B pacTpax)
Convolutional | 3apexoMeH0Bain B 3ajauaXx OOpabOTKH | OrpaHUYUBAET MPUMEHUMOCTH METO-
Neural n300paKeHUH B CBSI3M C MEpapXHueckuM | ma. Takyke METOd WMeeT OrpaHHyeH-
Networks 00ydJeHHeM TIPH3HAKaM C MOMOIIBI0 CBEP- | HYKO HHTEPIPETHPYEMOCTh JIaHHBIX,
(CNN) ToyHbIX (QuiabTpoB. / Weight distribution | a Takke CIIOXKHOCTH IPHU OLICHKE 3KC-

TpeMaJIbHBIX siBIeHHMH. / Structural
specialization for distributed grid
data (e.g. pixels in rasters) limits the
applicability of the method. The meth-
od also has limited interpretability of
data, as well as difficulties in assessing
extreme events.

JInmvHHAS 1IeTh

KoMmIoHeHThl mamsTH 00eCHeUnBaOT M3-

W36BITOYHOCTh SYE€EK NaMATH YBe-

tomated feature extraction while maintain-
ing adaptability to different types of data.

9JIEMEHTOB OupaTenbHOE IOJATOBPEMEHHOE COXPAHEHHE | JIMYMBAIOT PECYpPCOEMKOCTh Ha Tia-
KPaTKOCPOYHOH | MHDOPMALIUM, YTO IO3BOJSIET YIYYLINTH | paMeTpHu3alui Oojnee 4eM B 2 pasa
namsTa / 0000menne MHPOpPMAIIM HAa HOBBIE JaH- | 0 CPABHEHUIO C PEKypPPECHTHBIMH
Long Short- Hele. / Memory components provide se- | HelipoHHbIMEH ceTsiMH. CIOKHOCTH B
Term Memory | lective long-term storage of information, | obecrieuennu 3¢dexTrBHON 00padoT-
networks which improves the generalization of infor- | ku TPOTSKEHHBIX BPEMEHHBIX PSIOB
(LSTM) mation to new data. JAHHBIX WJIM IIOCJIENOBATEILHOCTEN. /
Redundancy of memory cells increases

the resource intensity for parameteriza-

tion by more than 2 times compared to

recurrent neural networks. Difficulties

in ensuring efficient processing of ex-

tended time series of data or sequences.

I'my6okue D¢ dexTUBHO MOAXOIUT K 3aa4aM pactio3- | Craructuueckas MpUpoJia 3TUX CeTei
HEeWpOHHbIE | HaBaHUs 00pa30B. BO3MOXKHOCT aBTOMATH- | 3aTpyIHSET padoOTy C PEIKUMH COOBI-
ceru /Deep 3UPOBAHHOIO W3BJICYCHHS MPU3HAKOB IIPHU | THSAMH WM TPAHUYHBIMH CIydasMH,
Neural COXPaHEHHWH aJalTHBHOCTH K PA3JIMYHBIM | HEZOCTAaTOYHO IIPEACTABICHHBIMH B
Networks tuniam ganHbix. / Effectively approaches | oOyuarommx pacnpenenenusix. / The
(DNN) pattern recognition tasks. Possibility of au- | histological nature of these networks

makes it difficult to work with rare
events or edge cases that are underrep-
resented in training distributions.

UckyccrBennsie HelipoHHbIe cetn uian ANN mpencTaBistoT co00iM BBIYUCITUTENb-
HBIE aJITOPUTMBI, HAaTOMHUHAOIMEe Ononmornueckue Herponsl. Lucchese [Lucchese et al.,
2021] ycmemHo HCIOIb30Baj METOJl MHOTOCIIONHBIX MEPCENTPOHOB JJIsi MOCTPOCHUS
JUTOJIOTUH, U(POBON MOJIETN MECTHOCTH, PACCTOSHUS JI0 MPOE3KEN YaCTH U YKIOHOB
3JIEMEHTOB CKJIOHOBBIX cucTeM. Takke 3TOT METO MOXKET ObITh HCIIOJIB30BAH MIPU OIpe-
JICJICHUN KOJIMYECTBA OCAJKOB, HOPMAJIM30BAaHHOTO HHJAEKCA Pa3HOCTH PaCTUTEIbHO-
cti (NDVI) unu onpenenenun reosiornyeckux ocodeHHocreid mectuoctu [lkram et al.,
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2023]. Ilpu uccnenoBaHUM OMOJIZHEBBIX MpoleccoB aaroput™M ANN (cBEpToUHbIE HEll-
poHHBIE ceTH) 3((PEKTUBHO MPUMEHSIICS [Tl OLIEHKU HeOIaronpusiTHBIX T'€0JIOTHUYEeCKUX
U TUIPOJIOTMUYECKUX YCIOBUM, a TAK)KE YPOBHS CECMUYHOCTH MecTHOCTH [Aslam et al.,
2023]. B pabote Ma MeToz «riry0OKHe HEHPOHHBIE CETH» MOKa3ajl XOPOIIUE Pe3yNIbTaThl
IIPYU ONPEAEIEHUHN IE€ONPOCTPAHCTBEHHOTO PACIIOIOKEHUS BOAOPA3AEIOB U PA3JIOMHBIX
cTpykTyp [Ma et al., 2023].

W3 npoBeieHHOT0 aHajM3a CIIeAyeT, YTO OOIIUM OrpaHUYEeHHEM /IS OOJIBIIMHCTBA aJl-
TOPUTMOB HEHPOHHBIX CeTel sBiseTCs MpolieMa 000CHOBAaHUS MMapaMeTPOB «KauecTBa-
COOTBETCTBUSI» IPU BBIOOpE KOHKpeTHOro anroputma [Zaalishvili et al., 2022]. Cnenyto-
MM HEMAJIOBa)KHBIM aCIIEKTOM SIBIISIETCS JHEPTOEMKOCTB U, CIIE0BATEIBHO, JOPOrOBU3HA
BbIYMCIIeHNH. Heo0X0MMOCTh HAJIMUUS PETPOCIIEKTUBHBIX HAOOPOB OOJBIIMX JAHHBIX U
BBICOKOE MOTPEOJICHUE PECYPCOB CTAHOBHUTCS BBI30BOM JJIsI MHOTHX Pa3BUTBIX CTpaH (c
BBICOKOH J10J1el MPOHUKHOBEHUSI METOJIOB MCKYCCTBEHHOI'O HHTEIJIEKTa). Pa3po3HEeHHOCTD
HE arperupoBaHHbBIX JIAHHBIX U3 IaTYMKOB PA3IMYHBIX THIIOB TAK)Ke 00yCIaBIMBACT HEBO3-
MO>XHOCTB (DOPMHUPOBAHMS B OT/JEIBHBIX CIydasx 00OOLIEHHBIX JaTa-CeTOB U J1aTa-KyOoB.

BbiBOADI

VYuuThIBas HEraTUBHbIE NOCIEICTBUS KIMMAaTHYECKUX U3MEHEHUH, BOIIPOCHI UHTEHCH-
¢ukanuu neGopMaIMOHHBIX MPOIIECCOB CKIOHOBBIX CHCTEM B YCIIOBHSAX TOPHBIX TEPPH-
TOPHUH UMEIOT KITI0YEBOE 3HAUYEHHE MPU 00ECTICUEeHIH yCTOWINBOTO pa3BuTHs YepHOMOp-
ckoro nnodepexbs Kapkasza. 1o uMeeT pelatoniee 3Ha4eHHUE JIJIsl COXPAHEHMSI U TPUYMHO-
KEHUS peKpeallMOHHON MPUBIEKATEIbHOCTH TYPUCTCKUX JECTUHALUN B TOPOJE-KypopTe
Coun. TpaguioHHbIE METO/IbI MOHUTOPHHIA HE BCErAa aJ€KBaTHO OTPAXKAIOT BIIMSHUE
THJIPOJIOTMYECKUX U TE€0JIOTMUECKUX YCIIOBUI MHUIMUPOBAHHUS OIOJI3HEBBIX IPOLIECCOB.
W3 npoBe1eHHOro aHam3a ClIeyeT, 4YTO He0OX0AMMa UHTErpalys reonpoCTPaHCTBEHHO-
r'0 aHaJIn3a KOCMUYECKUX CHUMKOB € re0(h)M3NYECKUMHU METOJIaMH (CEHCMOaKyCTUYECKUI
U DJIEKTPOTOMOTpadus), KOTopasi TO3BOJIHUT MOMYUYHTh JTyaJIbHbIE ITU(PPOBHIC JTBOMHUKH,
KaK JaHIA(PTHHIX, TaK ¥ TOIINOBEPXHOCTHBIX YacTe CKIOHOBBIX cucteM. OOpaboTka
arperupoBaHHbIX JAAHHBIX MMPOTSHKEHHBIX BPEMEHHBIX PSAAOB M3 Pa3pO3HEHHbIX JAATYUKOB
Y pacTPOBBIX CHUMKOB JIOJIKHA IPOBOAMTHCS C UCIIOIb30BAHUEM HEHPOCETEBBIX METO/IOB,
B 3aBHCHMOCTH OT BBIOPAHHOI COBOKYITHOCTH KPHUTEPHUEB «KAUECTBA TTOITOHKI.

B cBsI3u ¢ nCNONBb30BaHUEM METOJOB MHTEJUIEKTYaJIBHOIO aHAIM3a AJIsl IPOrHO3HOM
AQHAJUTHKH OCTAETCS IOKa HEJOCTATOYHO PEIIEHHON Mpo0eMa BEICOKOH BBIYMCIUTEIb-
HOW CTOMMOCTH HCCJIEJJOBAaHUH, a TaKKe CIIOKHOCTH arperupoBaHusi U (pOpPMUPOBAHHS
TUIH3UPOBAHHBIX HAOOPOB OONBIIMX AaHHBIX. JlambHEWIINE UCCIeI0BaHUs CTOUT Co-
KyCHPOBaTh Ha ONTHUMH3AIMN U 00OOCHOBAHUU PAIIMOHAIBHBIX ITAPAMETPOB OTACIHHBIX
anroputMoB ANN 11711 X UHTErpaluy B CUCTEMbI OMOBELIEHUSI HACEJIEHUSI O BO3MOXK-
HOCTH HACTYIIJICHUS ONTACHBIX N€0JIOTUYECKUX ITPOLIECCOB.
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