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AHHoTanusi. OnHONH W3 OCHOBHBIX 3a/1a4 MCCIEIOBAHMS SIBISETCS KOJIMYECTBEHHAS
OIICHKA BKJIaJla COBPEMCHHLIX KIIMMaTUYCCKUX H3MEHEHHUH U YCUJICHU aHTPOIIOT€HHOI'O
mpecca B yBEJIHUCHHE J0JIM 0aCCCHHOBOW COCTABIIAIONICH B CTOK HAHOCOB PeK. TecTOBBIM
MOJIMTOHOM ISl UCCIIeIOBaHHUI BBIOpaHa IuIomia (b Ha JIEBOM OOPTY JOJIHHBI p. M3bIMTa B
paiione kypopra Poza-Xyrop. DOrta Tepputopusi obiamaeT XapakTEpPHBIMH YepTaMH,
MTO3BOJISIIOIINMH OLIEHUTh OCHOBHBIE (DaKTOpHI, BIMsAOMME Ha AeHynauuio. C omHOH
CTOPOHBI, Y4aCTOK THITHUYEH IO NMOKA3aTeJsIM COBPEMEHHBIX KIIMMAaTHYECKUX U3MEHEHHH.
C ojmpyroii — TOABEpPXKEH  HMHTCHCHBHBIM  TEKTOHHYSCKHM  BO3ICHCTBHSM,
AKTHBU3UPYIONIMM KPYITHOMAaCIITaOHBIE CMEIIEHHS CKIOHOBOTO Yexja. A ¢ TpeTher
CTOPOHBI — YYacTOK SIBJISICTCS apeHO HMHTCHCHBHOTO TEXHOT€HHOTO BO3ACHCTBHUS C
YETKUMH BPEMEHHBIMH MapKepaMH, OJHUM M3 KOTOPBIX SABJSIETCSI 3Tall OCBOCHUS
Tepputopun B xone moarotoBku Omummnmansi-2014 w mocieayromero pasBUTHS
MHQPACTPYKTYphl ¥ CHOPTHBHO-TYPUCTHYECKHX OOBEKTOB. B mpenmemax TecToBOTO
NOJIMTOHA BBIOpaH THUIMYHBIA Maiblii BomocOop (monmuuHa pydbs CyInMMOBCKHH), Ha
npUMepe UepapXUuecKoil CTPYKTYPbl KOTOPOTO OCYILECTBICHA KOJIMUYECTBEHHAs OLIEHKA
W3MEHEHUMN penbecba, WHTCHCUBHOCTU JCHYAAIMOHHO-AKKYMYJIATUBHBIX ITPOLECCOB C
MIPUMEHEHHEM JIUCTAaHIIMOHHOTO MOHUTOpHHra W 1uM¢ppoBoro monenuposanus. C
ucnons3zoBanueM BITJIA n DGPS cocraBnens! oprodororuiansl v u(poOBbIe MOAEIN
MECTHOCTH KJIIOYEBBIX YYacTKoOB. JImsi Kaxmoro cejeBoro BojocOopa oOleHEeHa
TpaHcopmanms TUIOMIAAM BOAOCOOpa, OOYCIIOBIICHHAs COOPY)KEHHEM JOpor |
MHPPACTPYKTYpHBIX OOBEKTOB, W Ha OCHOBe comocraBieHuss LIMP nms maHHBIX
BOZOCOOPOB Ha MOMEHT BPEMEHH IIepe]l HadajloM CTPOMTEIBCTBA M Ha CeHTA0ps 2019
roga ompeneseHsl 00bEMBI (C Pa3TMYHON TOYHOCTHIO B 3aBHCHMOCTH OT AETAbHOCTH
IMP) mexaHWYecKOTO IepeMeIIeHus] TPYHTa M JACHYyNAIlMH 3a CUET aKTHUBU3AINH
CKJIOHOBBIX M BOJIHO-3PO3MOHHBIX  TpoueccoB. JlaHHble  AemMbpupoBaHus
BepI/I(bI/IHI/IpOBaHI)I Ha MecTHOCTH. Ha ocHOBaHMHM 3THX JaHHBIX ONPCACIICHBI OCHOBHBIC
MMPUYUHBI AKTUBU3AIUN JCHYAAIIUOHHBIX IMTPOUECCOB, JIOKAJIN30BAHbBI YYaCTKU C OIMacCHOM
CUTyalyel ¥ JaHbl PEKOMEHJAllMK M0 HCIPABICHHUIO CUTYaIlHH.
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Abstract. One of the main tasks of the study is to quantify the contribution of modern
climate changes and enlarged anthropogenic pressure to the increase in the share of the
basin component of river sediment runoff. The area on the left side of the Mzymta river
valley close to the Rosa Khutor resort was chosen as a test site for research. The area has
characteristic features that allow us to assess the main factors affecting denudation. On the
one hand, the site is typical in terms of modern climate change. On the other hand, it is
subject to intense tectonic influences that activate large-scale displacements of the slope
cover. On the third hand, the site is an arena of intensive technogenic impact with clear
time markers, one of which is the stage of development of the territory during the
preparation of the 2014 Olympics and the subsequent development of infrastructure and
sports and tourist facilities. A typical small catchment area within the test polygon (the
valley of the Sulimovsky stream), was selected using the features of its hierarchical
structure. The quantitative assessment of changes in terrain and intensity of denudation-
accumulative processes was performed using remote monitoring and digital modelling.
Orthophotographs and digital elevation models of key areas were compiled using UAV
and DGPS. The transformation of each mudflow catchment caused by the construction of
roads and infrastructure facilities was estimated on the comparison of the DEM at the time
before construction and in September 2019. The volumes of mechanical movement of soil
and denudation due to the activation of slope and water-erosion processes were determined
(with varying accuracy depending on the detail of the DEM). Data interpretation was
verified on the ground and based on these data, the main reasons for the activation of
denudation processes were identified, areas with a dangerous situation were localized, and
recommendations were made to correct the situation.

Key words: small catchment area, debris flow activation, UAV, DEM, remote
monitoring, Mzymta, Rosa Khutor
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BBenenue

Honuna p. M3bIMTBI 00J1a71aeT BHICOKAM TOTSHIIUAIOM Pa3BUTHS OMACHBIX SK30T€HHBIX
MPOIIECCOB, CBS3aHHBIM C BBICOKOKOHTPACTHBIM pelibedoM, claboyCTOHYMBBHIM KOPEHHBIM
cyocTparoM M OONBIIMM OOBEMOM PBIXJIOIO UYe€Xja, 3HAYUTEIbHBIM KOJIMYECTBOM OCAJIKOB,
BBICOKMMH  CKOPOCTSMH  BEPTUKAJIbHBIX  TEKTOHMYECKHMX  JABIDKEHHH M CHIIBHOM
celicMUYHOCTBIO. KpymHbIe ceneBble M OMON3HEBBIE KaTacTpO(bl SBISIOTCS CEPhE3HBIM
pensedoobpazyromum GHakTopoM, B IPUPOIHBIX YCIOBUSAX MPOSBIIOIIUMCS OTHOCHTEIBHO
periKO M CBS3aHHBIM €  HCKIIOYUTCIBHBIMH  THAPOMETEOPOIOIMYECKUMH MM
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CEHCMOTEKTOHUYECKMMH COOBITUAMHU. J[0 OMpenescHHONH CTENeHH YCTOWYMBOE COCTOSHUE
MOAICP>KUBANIOCH €CTECTBEHHBIM PACTUTEIHHBIM TTOKPOBOM, PETYIUPYIOLUIUM pacIperecHue
MTOBEPXHOCTHOTO M TIOJ[3EMHOTO CTOKA BOJIbI. AKTHUBHOE CTPOUTENBCTBO HA CKIIOHAX Xp. AnOra
MIPUBEIO K MacIITaOHBIM IpeoOpa3oBaHUSAM €CTECTBEHHBIX JIAHMMApTOB Ha BomocOope p.
MB3BIMTEI ¥ KapAWHAJIHHO M3MEHWIO peXuM (OPMUPOBAHUS CTOKAa Ha BOAOCOOpax pydbEB
Pa3HO BOTHOCTH, IPEHUPYIOUINX JIEBOOEPEIKHYIO YacTh BOJOCOOpa PEKH B palioHE M. DCTO-
Carox ¥ BBIIIE IO TEUESHHUIO BILIOTH A0 BrajeHus p. [lcmyx. IlepecTpoiika Mabx BOTOCOOPOB,
MIPOM3OIIEIIAasi B CBS3M C COOPYXKEHHEM OOBEKTOB HWH(MPACTPYKTYPHl, MHOTOKPATHOE
YBCJIMYCHUEC U HCKYCCTBCHHAsA JIOKaIMU3alUsad IMOBCPXHOCTHOTO CTOKa MNPHUBCIU K pe31<0171
AKTUBU3AIMU TeOMOP(OIOTHUECKUX IMPOIECCOB, B YaCTHOCTH, celeBblX. Creapl uX
(HCCOpTI/IpOBaHHBIe HAHOCHI II0 AHHIIIAM HEOOIBIINX JOJIMH M JIOTKOB, HOBaJICHHBIN JIeC,
rIyOOKHE BPe3bl, COMPOBOKIAEMBIC OTIOJI3HSIMH ) PETUCTPUPYIOTCS 0 Beel nepudepun oTpora
Xp. AuOra, Ha CEeBepHOW OKOHEYHOCTH KOTOpOro cTouT ['opHas omummnwmiickasi qepeBHs (a0c.
BBICOTHI 1100 — 1250 M). OCHOBHOI1 IENTBIO UCCIIEIOBAHUH SBIIAETCS KOJIMIESCTBEHHAS OICHKA
ACHyaaluvu, CBSI3aHHOM C €CTECTBEHHBIMHU U AHTPOIIOI'CHHBIMU NIPpUYHNHAMMU. 3a)_'[aq1/1 paGOTBI —
COIIOCTaBIIEHHE TUHAMUKH IIPOIIECCOB 32 Pa3HbIE MEPHUOAbI BPEMEHHU U B Pa3HBIX MaclITadax,
omnpeneneHne (HakTOPOB, BO3EHCTBYIONINX HA ACHYAALNIO, M OI[EHKa CKOPOCTEH W 00HEeMOB
CTOKa HAaHOCOB.

OO0LEeKTBI HCCTIeT0BAHNSA

Pation ucciemoBaHmii pacioNoXeH Ha JIEBOM OOPTY JOJNHHBI p. M3bIMTa M BKJIHOYAET
TECTOBBII MOJUIOH ILIOMAABI0 25,2 KM? ¢ HECKOJIKUMH 00BEKTAMH MOHHTOPHHTA: GacceiiH
pyubs CymumoBckuii (5=6,9 km?), 6acceiin mpaBoro nputoka pyuss CylTMMOBCKHii B paiione
kypopta Poza Xytop (S=0,8 kM%) M dUeThlpe KIIOUEBBIX yYacTKa I JETaTbHBIX
uccnenoBannii — «Cymumosekuity  (Nel, S=0,2 km?), «Cenesoit» (Ne2, S=0,16 km?),
«OBpaxubIi» (N3, S=0,13 km?) u «IIpurpaccossrity (Ned, S=0,38 km?). YyacTku BHIOPaHbI C
Y4eTOM €CTECTBEHHON HepapXuH U «IPyCHOI0» MOJETHPOBAHMS Ha 4-X YpOBHAX B MacuTabax
1:25000-1:10000; 1:10000-1:5000; 1:5000-1:2500; 1:2500-1:1000 (pwuc. 1).

Pa3BuTHe ceneBBIX TPOIECCOB HAa TEPPUTOPUH HCCIENOBAHUHA  OIMpenesieTcs
ONarompuATHHIM COYETaHHWEM JIaHIMA(THBIX, TeOMOP(OIOTHYECKHX, KIUMATUYECKUX U
reoJIOTHUECKUX (PakTopoB (pHc. 2). B ecTecTBEHHBIX yCIOBUSIX B MOCTOSHHOM (C €XKEroaHOH
aKTUBU3aIlMEH) M KOPOTKO-TIEPHOAMYHOM (10 TEPBBIX JECATKOB IJIET) DPEKUME 3]1eCh
pa3BHUBAIOTCA OOBAIBHO-OCHIITHBIE, JIABUHHBIE, CONM(DIIOKIIMOHHBIE MPOIECCH B BEPXHUX
sapycax penbeda U ONOJI3HEBHIE, CENIEBbIE U 3PO3MOHHBIC — B CPeIHUX M HIDKHUX. [Ipu sToM
TUIOMIA/h PETYISIPHO TOPAKAEMBIX TEPPUTOPHUI HE MPEBBIIIAET MTEPBBIX MPOIIEHTOB OT O0IIeH
TUTIOTIIA,TH.

He sBnsercs wuckmroueHneM u BojgocOop pydubs CynMMOBCKHM, IMpaBOOEpeKHbIC
MPUTOKH KOTOPOTO pa3BUBAIOTCA B KPYIHBIX OITOJI3HEBBIX LIMPKAX, @ OCHOBHOE Pycyio o01agaer
TUTTUYHBIMH 17151 BO3ACUCTBUS Celel uepTaMu penbeda: TpaH3UTHBIN CEIeBOH JIOTOK B BEpXHEH
4acTH, Teppaca U KOHYC BBIHOCA B ycThe. Mop(oI0rnieckr BHIpaKEHHbBIE YePThl IK30TCHHOM
FeOJMHAMUKH TPAKTUYECKH HE MPOSBISAIOTCS B IOYBEHHO-PACTUTENBHOM IIOKPOBE, UTO
CBUJIETEIBCTBYET 00 WX PEIKO-TIEPHOJUYECKOM TMPOSBICHHUU, MPU KOTOPOM IMPOUCXOIUT
MIOJTHOE BOCCTAHOBJICHHWE Jieca. B OlleHKe aKTWBH3alM{ KPYITHBIX OIMOJ3HEBBIX W CEJIEBBIX
nposiBiieHnid B OacceliHe pyd. CyJIMMOBCKHI MOXHO OPHUEHTHPOBATHCS HAa MEPHUOAUYHOCTD
OKOJIO | TBIC. JIET, YCTAHOBJIEHHOM AJIs1 APYTUX YYacTKOB B JOJIMHE p. M3biMTa [ Ogcrouenko u
op., 2016].
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Puc. 1. Cxema PacmoJI0KEHNA TECTOBOT'O ITOJIMT'OHA U KITFOYEBBIX YUaCTKOB

Fig. 1. Scheme of the test polygon and of the key areas
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Puc. 2 Cxema COOTHOIIEHHUS aKTUBHBIX TEKTOHUYIECKHUX CTPYKTYp [Oscrouenxo u op., 2013; Osciouenko
u op., 2016] u nposisiennii JI'TI [[Llsapes, 2009]

Fig. 2 Relationship of active tectonic structures [Ovsyuchenko et al., 2013; Ovsyuchenko et al., 2016]
and of exogenic processes manifestations [Shvarev, 2009]
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MaTepna.m,l H ME€TObI

OrneHka BO3IEHCTBUS aHTPONOIEHHOW MAEATENBHOCTH HAa aKTUBU3AIMIO 3K30TE€HHBIX
MIPOILIECCOB, MOHUTOPHHT U pacueT W3MEHEHUI B PEeXHUME IECHYAAaLUH BINOJHEHAa HA OCHOBE
CpaBHEHHUS  HEPApXMYECKH  COMOAYMHEHHBIX  OacceifHoB. MacmTabHBIH  Awamna3oH
nccnenoaanii (1:1000 mo 1:25000) mumuTHpPYETCS C OTHOW CTOPOHBI JIETaTHLHOCTHIO
paspemienus ~0,5 M Ul OLEHKHU B3aUMOJEUCTBUS 3JIEMEHTOB CTPYKTYpbl €CTECTBEHHBIX U
HUCKYCCTBEHHBIX OOBEKTOB, a C JPYroil CTOPOHBI — MOTPEOHOCTSAMH HCCIEJOBaHUs CEJEBBIX
BOZIOCOOPOB Kak €AMHBIX CUCTEM. BpeMeHHOI quana3oH orpaHYMBaeTCs HA4aloM aKTHBHOTO
ocBoeHusi (2006 r.) W akTyanmbHBIM cocTosHHeM (ceHTsOpp 2019 r.). ns cpaBHEHHA
WCTIOJIb30BaHbl MaTepUanbl a3po(OTOCHEMKH | JiazepHOro ckaHuposaHus 2006 T. (BBIIOIHEHBI
000 «Muxreon, r. KpacHogap), kocMuueckux cbeMok 2019 r. (cepsuc GOOGLE) u cremox
¢ BITJIA DJI Mavic Pro.

Ha ocHoBe kocmmuecknx M a3po(oTOCHUMKOB mocTpoeHbl oprodoromiansl 2006 u
2019 rr., a Ha 6a3e MaTepHUalIoB Ja3epHOr0 CKaHUPOBaHuUs U adpodorochemku ¢ BITJIA - LIMP
u UMM (puc. 3). B mensax co3garums [IMM ycranoBieHsI pernepsl mo ganasiM DGPS. [[ns
Bepu(DUKAIMH JaHHBIX JEMHQPUPOBAHUS BBITIOIHEHBI PEKOTHOCIIMPOBOYHBIE MAPIIPYTHl H
o0cIeoBaHus KIIOUEBBIX Y4acTKoB. OIeHKa aHTPONOTeHHOH TpaHchopManry 1 3K30TeHHON
JUHAMHUKH, U3MEHEHUE MTPOCTPAHCTBEHHOHN CTPYKTYpPbl 0acCeiHOB M OTIENIBHBIX BOJOTOKOB,
pacuer U3MEHEHHUH Iuomaneil 1 00beMOB MEPEMEIIEHHOT0 MaTepuala MPOBEAEH Ha OCHOBE
COTIOCTABIICHHSI W TOYHOI'O COBMEIEHHsS OPTOQOTOIUIAHOB ¢ wucmoib3oBanuem [HC-
TEXHOJIOTMH Ha BCEX HEPApXWYECKHX YpPOBHAX, a ¢ ucnoib3zoBanueM [IMP n [IMM - Ha
KIIIOUEBBIX y4acTKax.

Puc. 3. VcxonHble MaTepuaibl sl aHAIN3a, TECTOBBII ITOJIMTOH: @ — MOHTaX a’p0o-0pTO(POTOCHUMKOB
2006 r.; 6 — LIMP, coznannas no peszynsratam ckeMku LIDAR (Bbimonnena B 2006 . OOO «uxreoy,
r. KpacHonmap), B — MOHTaX KOCMOCHMMKOB BbIcOKoro paspemenust (cepsuc GOOGLE, cnemka
2019 rona); xmoyeBoit yyactok Nel (mpaBbiidi mpuTok pydbsi CyJMMOBCKHIA): T — Tororpaduyeckas
cxema c cedeHueM ropmsoHTaned 2 M (mo mamasiM LIDAR 2006 1.); 1 — opTodoTOoCHUMOK (T10
MatepuanaM cbeMku BITJIA, certsopps 2019 1.); e — Tonorpagudeckas cxema ¢ Ce4eHHEM FOpH30HTaIeH
2 M (o manuaeiM BITJIA-chemku, 2019 1.)

Fig. 3. Initial data for analysis, test polygon: a - the combination of aerial orthophotos of 2006; 6 - DEM
created based on the results of LIDAR survey (performed in 2006 LLC "Ingeo", Krasnodar), B - the
combination of high-resolution satellite images (GOOGLE service, shooting 2019); key section #1 (right
tributary of the Sulimovsky stream): r - a topographic scheme with contour lines of 2 m (according to
LIDAR 2006); x - orthophotos (based on UAV shooting, September 2019); e - the topographic scheme
with contour lines of 2 m (according to UAV shooting, 2019)
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Pe3yabTaThl ucciaeaoBaHui

Tecmoswviti nonueon u bacceun pyuvsi Cyaumosckuti. Ilo coctosuuto Ha 2006 r. Ha
TEPPUTOPHH TECTOBOTO MOJIUTOHA aHTPOTIOTEHHOE BO3/IeHicTBHE (pHC. 4a) 3aTPOHYIIO OKOI0 5%
TUIOMIAIN B OBLIO pacipeelieH0 HEpaBHOMEPHO ¢ MAKCHIMYMOM B €T0 3aIafHON 9acTH, I/ie Ha
TOT MOMEHT CYIIECTBOBAJM OOBEKTHI TOPHOJBDKHOW MHGPAcTpyKTypbl. Cleabl aKTUBHBIX
9K30TeHHBIX mponeccoB (puc. 46) 3anumanu oxono 0,1%. K 2019 r. anTpomoreHHas
TpaHchopManys MPOIBUHYIIACH B BepXHHUE (F0’KHBIC) YUYACTKH TIOJTUTOHA W HA BOCTOK (pHC. 4B).
ITnomas N3MeHEHHBIX JTanImadToB BEIpoca B 5,5 pa3s (¢ 1,27 km? 10 6,89 kM) U 1oCTHIIA
27%, a mo oTAenbHBIM OacceiiHam yBenmuumiach B 40-45 pa3. [Ipu 3TOM MPOU30IILIO PE3KOE
KOJIMYECTBEHHOE YBEJIMUEHHUE 110 OTJCIBHBIM MTOKa3aTeNsIM (OTKPBITHINA IPYHT), JOCTHTAIOIIEE
30 pas.

OTBeTHasi peaknusi SK30TCHHBIX IMPOIECCOB MPOSIBHIACH B MPUOABICHUHM K MEPEYHIO
nposisiieHnid JI'TI onon3He, ockineil n OBparoB, a TaKkke B PE3KOM yBeIUYeHHHU (0 7 pas3)
MOPAXKEHHBIX Iuloniaaed cymmapHo pocturmux 0,8% mom@aau TeCTOBOrO IMOJIMTOHA, a IO
Oacceitnam pyubss CylTMMOBCKHI U ero mpaBoro mpurtoka no 1,3 m 4% cooTBeTcTBeHHO. B
[IEJIOM MOXHO KOHCTaTUPOBaTh, YTO KOMIUIEKCHAs aHTPOIOTE€HHAs TpaHCchopMaIlus,
nocruraromas 10% TeppUTOpuu pU JaHHBIX TUIIAX U apaMeTpax BO3IECUCTBUA U IPUPOIHBIX
ycnoBusix, Bb3bBaeT aktuBm3amuio OITl wa 0,1% muromanu; TpaHCPOPMHPOBAHHOCTD
25-30% — okomo 1-1,5% mopakenHnoctu u okoio 50% TpanchopmupoBaHHOCTH — A0 4%
MOPaKEHHOCTH.

bacceiin npasozo npumoxa pyuvs Cyaumoeckuu u kuouegou yuacmokx Nel. Ora
TepPUTOPUS M KITI0YeBOH ydacTok Nel 0COOEHHO HWHTEPECHBI B CBET€ MaKCHMAaJIbHOM
TpanchopmupoBanHocTH (6onee 50%) u nopaxkerroctu (4,1%) (puc. 5).

AHanm3 JUCTaHIMOHHON HHpOpMalu — opTodoToriana (puc. 31) U TUPPOBOH MOAETH
MeCTHOCTH (puc. 3€) BBIIBWJI NMPOCTPAHCTBEHHO B3aMMOCBSI3aHHBIM KOMILIEKC 3PO3HOHHO-
CEIIeBBIX MPOIIECCOB, AKTUBU3AIMS KOTOPHIX OOYCIIOBIICHA HEPAllMOHAIEHON aHTPOTOTeHHON
JeSITeNTbHOCTRI0. McenenyemMplit y4acTOK MOXKHO TMOAPAa3IeNUTh Ha TPU YacTH; 1) BepXHss, B
npezenax KOTOPOH CTOK C IUIOIIAAM, 3aHHMaeMoil KypopToMm «Poza-XyTtop» nokaiausyercs
WH)XCHEPHBIMU COOPYKECHHUSIMHU U OTBOJIUTCS B €CTECTBEHHBIE PYCIOBBIE POPMBI; 2) CpeaHsis,
B IIpezieiax KOTOPOU CTOK OCYIIECTBIISIETCSI €CTECTBEHHBIM CIIOCOOOM B pyciie IPUTOKA PY4bs
CynuMOBCKHI 1 3) HWXHSS, TA€ CTOK MCKYCCTBEHHO IIepepacipefensieTcs ¢ JoKaIn3anen
T0JT MOCTOBBIM TIEPEXOZ0M M OTBOJIOM BJIOJb CKJIOHA JTOJTUHBI.

B mpenenax BepxHEro ydyacTka CTOK B BEPIIMHY NPUTOKA pydbs CyITHMMOBCKHIA
OCYIIECTBIISIETCS. ABYMSI MyTSMH: a) Ha 3allaJHOM - CTOK JIOKaJH30BaH BOJOMPOIYCKHBIM
COOpYKEHHEM IO/ JOpOroif; 0) Ha BOCTOYHOM ONPEACISCTCS CIyYalHBIM IEPENuBOM C
MOJIOTHA aBTOJOpPOTH. HecooTBeTCTBHE BOJOMPOMYCKHBIX COOpPYKEHHII 0o0beMaM CTOKa B
MEpBOM cllyyae NPUBOAMT K Pa3MbIBy BOJOOOWHOTO KOJOALA HAaJ BOJOIPOIYCKOM H
raOMOHHOTO KpEeIJIeHUs CKIIOHA MO0 BOJONPOIycKoM. Bo BTOpoM cityuae, ciy4aiiHbld cOpoc
BOJ BJOJb TMOJIOTHA aBTOAOPOTH NPUBOAWUT K Pa3MBIBY YKPEIUIEHHS OTKOCAa M PYCIOBBIM
Bpe3aM, KOTOpBIE, CIIMBAsCh HIKE OTKOCA JIOKATU3YIOTCS BIOJHb HMOANOPHONW CTEHKH C €&
YaCTHYHBIM pa3pylICHHEM.

B nmpenenax cpemHero ygactka pycia CyMMHPYEMBIH CTOK MTPOBOIMPYET WHTEHCHUBHYIO
TITyOMHHYIO DPO3HI0, COMPOBOXKIAEMYIO OOKOBBIMH pa3MbIBaMH, OJOKOBBIMH OIOJI3HSMH U
CIUTBIBAaMH. 3HAUUTEIbHBI 00BbEM pa3MbIBAEMOT0 MaTepHaia aKKyMyJIUpYyeTcsl B HIKHEH
YacTH ydyacTKa Iiepell MOCTOM. MOCTOBOM Iepexoa B BEpXHEH (MO0 TEUeHHI0) YacTH
HapylIaeTcsi yJapHbIM BO3JEHCTBHEM CEJIEBBIX ITOTOKOB M COIPOBOXKAAIOIIUMH BpeE3
OIOJNI3HSIMH. BOKOBOW BOJOOTBOJ, NpEAHA3HAYEHHBIN JUIsi TiepepaclpeliesieHus CTOKa,
HaXOJUTCS B MIO/IBELIEHHOM COCTOSIHUM M HE OCYLIECTBIISICT 3alIPOCKTUPOBAHHBIX (QYHKIIHH.

B mpenmenax HIDKHEro ydacTtka JIOKalW3alusi CTOKAa TOJT MOCTOBBIM TIEPEX00M
MIPOBOIIMPYET Pa3BUTHE TITyOWHHOM 3pO3WH, OMOJ3HEH U celiei HIKe TI0 TEYCHHIO OT MOCTA.
OCHOBHOE pyCJIO TMOJAPE3acT OCHOBAaHHWE MOCTA, a OOKOBBIC OTBEPIIKH MPUOIMKAIOTCS K
MOJIOTHY aBTOIOPOTH.

534



Debris Flows: Disasters, Risk, Forecast, Protection. Cenesble NOTOKM: kaTacTpodhbl, PUCK, MPOrHO3, 3aLyuTa.
Proceedings of the 6t conference (Tajikistan) Tpyab! 6-71 koHepeHLnm (TamKukucTaH)

_BN— 777} Bt
. 2 B o W 10T 14
B3 |

1 4 7 Wlometers

== .

-

. .
e s

1 O«
B s

kilometers.

Puc. 4. AHanmuTuueckue CXeMbl II0 pe3yjbTaTaM HHTEPHpPETAlMU AUCTAHIMOHHON HH(OpMAaIH:
cutyarust Ha 2006 1.: a — aHTPOIIOTE€HHAs HAPYIIEHHOCTh, | — YYacTKH C TBEPABIM HMCKYCCTBEHHBIM
MOKPBITHEM (TIPEMMYIIECTBEHHO aBTOAOPOTH); 2 — y4YacTKHM CO CMEIIAHHBIM IOKPBITHEM (JIOpOTH,
KaIlMTalbHblE CTPOCHHUSI, THKEHEPHBIE COOPYKEHUSI); 3 — YYACTKH CO CHITHIM TOYBEHHO-PACTUTEIBHBIM
MOKPOBOM (TPYHTOBBIE JIOPOTH, CTPOMTENbHBIE IUIOMIAAKH W Mp.); 4 — BBIPYOKM TOA JIMHEHHBIE
COOPYXEHUS; 5 — JOPOXKHBIE TTOJIKK; 6 — TOPOKHBIE HACBINK; 7 — BBIPYOKH IUTOMIaIHEBIE; 8 — BRIpYOKH
T10J] TOPHOJIBDKHBIE TPACCHI; 9 — OTKOCHI TOPHOJIBDKHBIX Tpace; 10 - crmaHupoBaHHbIE (BEIPOBHEHHBIC)
TUTOIIA/IKK TOPHOJIBDKHBIX Tpace; 11 — 3amuTHbIe Teppackl Ha ckioHax; 12 — rpaHuna GacceifHa pyd.
CynuMoBCKHiA; 13 — TpaHMIIBI KIIFOUEBBIX YYacTKOB; 14 — pycio p. M3bMTa; 6 — aKTHBHBIC TIPOSIBIICHUS
OI'Tl, 1 — y4acTKkn aKTHBHOM PYCIIOBOH pO3WH (a2 — MEJIKUX PydbeB; O — KPYIHBIX peK); 2 — YIaCTKH
MOWMEHHON aKKyMyJSAILUH; 3 — aKTHBHBIC OIOJI3HEBBIC W 3PO3HMOHHBIE YCTYIbl; 4 — HEAaKTHBHBIC
OIIOJI3HEBBIE U SPO3UOHHBIEC YCTYIIBL; 5 — Y4aCTKH KOMIUIEKCHON CKJIOHOBOH JIeHYJaluK (ONOJI3HEBLIC,
OCBHIIIHBIC, IPO3MOHHBIC); CeNeBBle: 6 — pycna; 7 — KOHYCHl BbIHOCa; cuTyanus Ha 2019 r.: B —
aHTPOINIOI€HHAsT HApYHIEHHOCTb, | — YYacTKM C TBEpAbIM MHCKYCCTBEHHBIM IOKPBITHEM
(IpenMyIIeCTBEHHO aBTOAOPOTH); 2 — YYacTKH CO CMELIaHHBIM IMOKPBITHEM (JIOPOTH, KalUTalbHbIE
CTPOCHHS, UHXXCHEPHBIE COOPYXKEHHMS); 3 — yYaCTKH CO CHATHIM IOYBEHHO-PACTUTEIBHBIM MOKPOBOM
(TpyHTOBBIE JTOPOTH, CTPOHUTENBHBIC IUIOMIATKK M Tp.); 4 — mpyabl; 5 — BEIPYOKH IOJ JIMHEHHBIC
COOpYXeHUs; 6 — TOPO’KHBIE ITOJIKK; 7 — 3allUTHBIE Tajepen; 8 — HachInu; 9 — BEIPYOKH IJIOIIAAHBIE; T
— aktuBHBIe nposiBieHnss OI'Tl, 1 — y4acTKu akTHBHOH pyCIIOBOW 3po3uH (2 — MEJIKUX PY4beB; O —
KPYIIHBIX PeK); 2 — Y4acTKA TOMMEHHOW aKKyMYJISALWHU; 3 —OMOJI3HEBBIC W 3PO3HOHHBIC yCTYIIHI; 4 - —
YYacTKH KOMIIJIEKCHON CKIIOHOBOH AEHYZAINH; 5 — celeBble pycia; 6 — celeBble KOHYChl; 7 — OBpary;
8 — omon3HH; 9 — CKAIBHBIE OCHIITH
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Fig. 4. Analytical schemes based on the results of remote information interpretation: the situation for
2006: a — anthropogenic transformation, 1 — areas with a hard artificial surface (mainly roads); 2 — areas
with a mixed surface (roads, capital buildings, engineering structures); 3 — areas with the removed soil
and vegetation cover (dirt roads, construction sites, etc.); 4 - forest clearing for linear structures; 5 —road
shelves; 6 — road embankments; 7 — area cuttings; 8 — cuttings for ski slopes; 9 — slopes of ski slopes;
10 - levelled ski slopes; 11 -protective terraces on the slopes; 12 - the border of the Sulimovsky stream
basin; 13 - borders of key sections; 14 - riverbed of the Mzymta river; 6 - active manifestations of EGP,
1 - areas of active riverbed erosion (a - small streams; b-large rivers); 2 - areas of floodplain
accumulation; 3 - active landslide and erosion ledges; 4 - inactive landslide and erosion ledges; 5 - areas
of complex slope denudation (landslides, debris slopes, slope erosion); the situation for 2019: B -
anthropogenic transformation, 1 — areas with a hard artificial surface; 2 — areas with a mixed surface; 3 —
areas with the removed soil and vegetation cover; 4 — ponds; 5 - forest clearing for linear structures; 6 —
road shelves; 7 — road galleries; 8 - road embankments; 9 — area cuttings; r - active manifestations
of EGP, 1 - areas of active riverbed erosion; 2 - floodplains; 3 - landslide and erosion ledges; 4 - areas of
complex slope denudation; 5 — debris flow channel; 6 - debris flow cone; 7 — gullies; 8 — landslides; 9 -
taluses

8

kilometers

Puc. 5. CutyaunoHHble cXeMBI MO pe3yibTaTaM Aemn(pUPOBaHUS TUCTAHIIMOHHON MHpOpMaIMK: a)
cxeMma pacroyiokeHus: OacceifHa rnpaBoro nputoka pydssi Cynmumosckuid; 0) 2006 rox, 1 — npeBecHas
PacTUTENBHOCTD; 2 — BBIPYOKH C HapyIICHHBIM IOYBEHHO-PACTHTEILHBIM MOKPOBOM; 3 — JIOPOTH C
TPYHTOBBIM TOKphITHEM; B) 2019 Tom, 1 — ;peBecHass pacTUTENBHOCTb, 2 — KYCTapHHUKOBas
PACTHTENBHOCT M MEJIKOJIEChE; 3 — JIyTOBast PACTUTEIFHOCTh M NCKYCCTBEHHBIE ITOCAIKU (Ta30HbI); 4 —
YY4acTKH CO CHSTBIM ITOYBCHHO-PACTHTEIBHBIM IIOKPOBOM (TPYHTOBBIE JIOPOTH, CTPOUTEIHHBIC
IUTOMIAJKH U TIP.); 5 — OTCHINKH IIEOHS, OTBAIBL, 6 — YYaCTKH C YKPEIDICHHBIM TPYHTOM (TaOMOHBI,
aHKephl U 11p.); 7 — KamMTalbHbIe 3alIUTHBIE COOPYKeHNUs; 8§ — KalMTalbHbIe 3200pPbl U OTpaKACHHS; 9 —
KaIllUTaJIbHbIC BOJOOTBOJHbBIE 1 BOJONPOITYCKHBIE COOpPYXKEHUs; 10 — y4acTKH ¢ TBEpAbIM MOKPHITHEM
(acoanbt, OeroH); 11 — KanuTaJbHBIC 37aHUSI U COOPYXKEHUs; 12 — aKTHBHBIE 3PO3UOHHBIC BPE3bI
(oBparu, mpomouHsl); 13 — ceneBoe pycno; 14 — 3p03MOHHO-OTIOI3HEBbIE CKIOHBI

Fig. 5. Situational schemes based on the remote data: a) the location of the basin of the right tributary of
the Sulimovsky stream; 6) 2006, 1 — woody vegetation; 2 — cuttings with disturbed soil and vegetation
cover; 3 - roads with an unpaved surface; B) 2019, 1 — woody vegetation; 2 — shrubby vegetation and
small woodlands; 3 — meadow vegetation and artificial landings (lawns); 4 — plots with removed soil and
vegetation (unpaved roads, construction Sites, etc.); 5 — gravel deposits, dumps; 6 - areas with
strengthened soil (gabions, anchors, etc.); 7 - capital protective structures; 8 - capital fences; 9 - capital
drainage and culverts; 10 - areas with a hard surface (asphalt, concrete); 11 - capital buildings and
structures; 12 - active erosion (ravines, washouts); 13 - mudflow channel; 14 -erosion and landslide
slopes
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Cpauenne LIMP mo pesynbratam snazepaoit cbemku 2006 r. u [IMM 2019 r. BeIsIBISIET
M3MEHEHUS TIAHOBOTO IMOJIOKEHHSI OCHOBHOTO pyClia M MPUTOKOB (puc. 60, pparmenTs! 1-3),
a TaKXe ero MpoAoJIbHOro npoduist (puc. 6B), CBUAECTENbCTBYIOUINE 00 YIIyOJIeHUH pycia 10
10-15 M Ha oTpe3ke MPOTHKEHHOCThIO 0KO0JI0 400 M HHM)KE OpPraHW30BaHHOIO BOmOCOpoca.
Nsmenenus penbeda, 00yCIOBICHHBIE IPEUMYIIIECTBEHHO MEXaHUYECKUM HU3BATHEM TPYHTA,
JOCTHTalOT BeNMYUH 25 M u Oonee (puc. 60, ¢pparment 4). CpenHee n3MeHEHUE BHICOT Ha
mwiomanu 68 Teic. M? coctaBisier 9,7 M. Jlns pacuera o0beMa neHydanmuu Oblia B3sITa
MOTPEIIHOCT, B JBa MeTpa. MTOToBBIA 00BEM H3BATOTO MaTepuana (TMPUPOAHBIMH H
aHTPOIOreHHBIMH IpolieccaMu) 3a 13 net cocrapiseT 660 ThiC. M? ¢ HOrPEIIHOCTHIO B £150 M°,
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Puc. 6. Pa3Butre 3p03HOHHO-CEICBBIX IPOIIECCOB B OacceifHe mpaBoro npuroka pyubs CyJIMMOBCKUIL:
a) cxema aemmudpupoBanus B3anMooTHoIreHui I T] u aHTponoreHHpIX 00HEKTOB Ha CeHTsI0ph 2019 1.,
1 — ceneBoe pyciio; 2 — 3pO3MOHHO-OMNOJN3HEBbIE Bpe3bl; 3 — aKkTHUBHbIE oBparu; 4 — (parMeHThI
€CTECTBEHHOM MTOBEPXHOCTH CEJIEBOT0 KOHYCa BBIHOCA; 5 — Y4aCTKH PaCUHMILICHHOTO KOHYCa BBIHOCA; 6 —
9POJIUPOBAaHHBIH Y4acTOK KOHyca BBIHOCA; 7 — ()parMEeHThl COXPaHHMBLICHCS] €CTECTBEHHOW CHCTEMBI
CTOKa; 8 — Y4acTKM TEXHOTEHHO JIOKAJIM30BaHHOI'O (TIPOEKTHOr0) CTOKa: a — MOBEPXHOCTHOTO; 0 —
MOJ3€MHOT0; 9 — YYaCTKH TEXHOTEHHO CIPOBOLIMPOBAHHOTO (HEPETYIHpyeMoro) cToka; 10 — akTHBHBIE
9PO3MOHHBIE BpE3bl, 00p03bl; 11 — y4acTKH MJIoImaaHOro CMbIBa; 0) pa3BUTHE 3pO3MOHHOI ceTH: 1) —
o coctosiHuio Ha 2006 r (ceyeHue ropusoHTaneil 2 M); 2) mo cocrostHuio Ha 2019 ron (ceueHue
ropm3oHTaNei 2 M); 3) cpaBHUTEIbHAS cxeMa pycel BogoTokoB 2006 u 2019 rona; 4) cxema H3MEHEHUS
BBICOTHI TIOBEPXHOCTH M0 pe3ynbraTam cpaBHeHus [IMP 2006 r. u IMM 2019 r.; B — u3MeHeHue
po¢ UL OCHOBHOTO pPyCiIa MPaBOro MpUTOKa pyubs CyTMMOBCKHN Ha KifoueBoM ydacTke Nel 3a 2006-
2019 rr.
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Fig. 6. Development of erosion-mudflow processes in the basin of the right tributary of the Sulimovsky
stream: a) diagram of the relationship of EGP and anthropogenic objects for September 2019, 1 —
mudflow channel; 2 — erosion-landslide slopes; 3 — active ravines; 4 — fragments of the natural surface
of the mudflow cone; 5 — sections of the cleared mudflow cone; 6 — eroded section of the mudflow cone;
7 — fragments of the preserved natural erosion system; 8 — sections of technogenically localized (project)
runoff: a — surface; b — underground; 9 — areas of technogenically provoked (unregulated) runoff; 10 -
active erosion gully, furrows; 11 - areas of washout; 12 - plumes of temporary watercourses; 6) state and
dynamics of the erosion network: 1) — as of 2006 (isohypces of 2 m); 2) as of 2019 (isohypces of 2 m);
3) comparative scheme of streams configuration in 2006 and 2019; 4) change of surface obtained by the
comparison of DEM 2006 and DTM 2019; 8 - the changing profile of the main channel, 2006-2019 years

[lo-BumuMoMy, aKTHBH3AIMHA SPO3NOHHO-CENIEBOU AESITETHHOCTH CIIOCOOCTBOBAlIM HE
TOJIBKO yBeJIMYeHHE 00BbeMa MOBEPXHOCTHOTO CTOKA M €ro KOHIICHTpalHs B BEPXHEH 4acTH
pycia, HO B yriayOJieHne MecTHOro 0aszrca 3po3uM Ha ypOBHE MOJIKH JOPOKHOTO MosIoTHA. Ha
9TOM ypOBHE OTMEYAIOTCS OCTATKH CEIEBOTO KOHyCa BBIHOCA YACTHYHO PACUWIIEHHOTO, a
YaCTUYHO MPOPE3aHHOTO OoJiee MO3AHEH Hpo3ueil.

B xone pekorHocuMpOBOYHBIX MapLIPYTHBIX HCCIeNOBaHUN (puc. 7) ObUTH BBIABIEHBI
Y4aCTKU aKTHBHOTO Pa3BUTHS CEJIEBBIX, OTIOJI3HEBBIX O0OBAIBHBIX MPOIECCOB U MOATBEPIKICHBI
MIPUYNHHO-CJICACTBEHHBIC CBA3U MCXKIY aKTHBHSaHHCﬁ IIpoueCCoB M aHTpOHOFeHHOﬁ
nesTenbHoCThIo.  OmpeneneHsl OCHOBHBIE (DaKTOpPbl AHTPONOICHHOTO BO3ACHCTBHA Ha
AKTUBU3AIIMIO TPOIECCOB: 1) IIeTeHanpaBieHHas KOHIIGHTpalus CTOKa BOJOCOOPHBIMHU
COOPY)KCHUsAMH, 2) CiIydaiiHas KOHIIGHTpAIlUsS CTOKa IOPOKHOH CEThI0 W JOPYTHMH
WH)XCHEPHBIMH COOPYKEHUSAMH; 3) YBEIHYEHHE ITOBEPXHOCTHOTO CTOKAa H3-3a TBEPIOTO
HUCKYCCTBCHHOI'O IIOKPBLITHA, 4) YBCJIWYCHUEC TIOBCPXHOCTHOI'O CTOKa HU3-3a CHATHUA
€CTECTBEHHOTO IIOYBEHHO-PACTUTEIBHOTO TIOKPOBa; 5) TOApe3Ka CKIOHOB JOPOKHBIMHU
TTOJIKAMHU M BBIEMKAaMH, a TaKXKe TOPHOJIBDKHBIMH TpaccaMmu; 6) mepepacrpesiesiecHne CTOKa C
BOJOHACBIIICHUEM OIIOJ3HCOIMMACHBIX YYaCTKOB. BrrsiBneHs! Y4aCTKu HEPAlIMOHAJIBHOT'O
CTPOUTEIHCTBA, KAK UTPAIOIINE AaKTUBHYIO MPOBOIUPYIONIYIO POJIb, TAK U HE PAOOTAIONIHE 110
HA3HAYECHUIO TTOJIHOCTHIO WM YaCTUYHO.

BoiBoabI

Pe3ynbrarel COBMECTHOrO aHaIM3a JUCTAHIIMOHHBIX U HA3EMHBIX JaHHBIX MOKa3bIBAIOT,
yt0 3a eproj 2006-2019 rr. mpou301LI0 Ka4eCTBEHHOE U KOJMYECTBEHHOE (B cpeqHeM OoJee
yeM B 5 pa3) yBeIWUYEHHE aHTPOIOIeHHOW TpaHcGopMupoBaHHOCTH nocturired 25-30%
TEPPUTOPUH, a MO OTIENbHBIM OacceitHam Oonee 50%. B cBoro ouepenp MpoH30ILIO
Ka4eCTBEHHOE U KOJIMUYECTBEHHOE (B cpeaHeM OoJiee 4yeM B 7 pa3) yBEIUUCHHE MOPAKEHHOCTH
OI'Tl, mocturmeii B cpenaem 0,8% Tteppuropum, a o OTACIBHEIM Oaccelinam 4%. O0beM
CYMMapHOH TEXHOTEHHOW M TEXHOT€HHO CTHMYJIHMPOBAHHOM JEHyNallMM Ha OTIENbHBIX
yuacTkax gocturaet 0,0006 km® 3a 13 rer.

VY CTaHOBJIEHO, YTO aKTUBU3ALMHM CEIEBOM NEATEIBHOCTH CBSI3aHA C HEPALMOHAIBHOU
TEXHOTCHHOHN EeATEIHHOCTHIO, BKIIIOYAONICH: 1) HEKOPPEKTHBIE pacdeThl CTOKA IS CETH
BOJONPONYCKHBIX M BOJOOTBOJHBIX COOPYXXEHMH; 2) HENpPaBWIBHO CIIJIaHUPOBAHHAsS
TEPPUTOPHS], JOMYyCKAIOWasi HEKOHTPOJIMPYEMBbIH CTOK; 3) HemOoydeT IapareHeTHYEeCKH
B3aMMOCBSI3aHHBIX MPOIECCOB, MHTEHCH(PUKAIINA YACTH KOTOPHIX MPUBOIUT K CAaMOPA3BUTHIO
KOMIUIEKCa.

VHTEHCUBHOCTD pa3BUTHS 3PO3HOHHO-CENIEBBIX MPOLECCOB, 3HAUUTEIBHBIE CKOPOCTHU
Pa3BUTHS TIPHU HETIOCPEACTBEHHOW OJM30CTH K MHKEHEPHBIM COOPYKEHHSIM M TPAHCTIOPTHBIM
KOMMYHHKAIIISAM, IPEJCTABIAIOT YIPo3y I XO3sIMCTBEHHON NESTETbHOCTH U )KU3HHU JIFOCH.
Pemienne mnpoOieMbl 3akiodaeTcs B OKCTPEHHBIX MeEpax II0 IEPEOleHKE CTOKOBBIX
XapakTePUCTUK IJIsi BCEH aHTPONOTreHHO-TPaHC(HOPMHUPOBAHHOH TEPPUTOPUU Ha OCHOBE
KOPPEKTHOW YHCIICHHOW MOJENTH, OCHOBAaHHOW Ha (haKTHUECKMX NIaHHBIX. Ha e€ ocHoBe
HEOOXOMMO TEePENPOSKTUPOBAHUE 3AIUTHBIX COOPYKeHHH 115t 3P PeKTHBHON KOMIIEHCAIIH
MOBBIIIEHHBIX OT YCTOMYMUBOrO MPUPOJHOTO YPOBHS XapaKTEPUCTHK CTOKA.
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Puc. 7. HazemHble uccienoBaHus Ha KIIOYEBOU IIOIMIAAN C aKTHUBH3ALKMEH CENIEBBIX MPOLECCOB IO,
AHTPOIOT€HHBIM BO3JEMCTBUEM: & — PACIOIOKEHHUE KIIFOUEBOIO Y4aCTKa B UEPAPXUUECKOU CTPYKType
GacceifHOB, HOMEpa TOYEK COOTBETCTBYIOT (oTorpadusmM HmXKe; O — OpraHu3alnys AUCTAHIIMOHHON
ceemkn ¢ BIUJIA: ycraHoBka pemepa W pacyeT KOOPOWMHAT JUISI TEONE3WYECKON MPUBI3KH
JIMCTaHIMOHHOM CBEMKH; B — y4YacTKHM Ha3eMHOTro oOciiemoBaHus: | — HMCKyCCTBEHHBIM BOZocOOp,
aKTUBHBIN Pa3MBIB O] TPYOO Ha CKIIOHE; 2 — OETOHHBII BOJOCOPOCOBBIH JOTOK ITOJ IIOJIOTHOM JIOPOTH;
3 — BepXHsisl 4aCTh CEJIEBOro Bpe3a MO BOJOCOPOCOBBIM JIOTKOM, pa3pylIeHUEe aHKEPHOTO KPEIICHHs
oJ| JIOTKOM, OOKOBO# pa3MbIB moJ TPpyOO# mo JieBoMy 0OpTy; 4 — ceJeBoil Bpe3 B BEpXHEW 4acTH,
pa3MbIB OCHOBAHHUS BOJOIPOBOIHON TPYOBI; 5 — CEJICBOW Bpe3 B CpEIAHEH YacTH BBIIIC TOPOKHOTO
MIOJIOTHA; 6 — y4acTOK NepecedeHus mpuToka pyubs CyTUMOBCKHUI U TOPOTH, CEICBOH Bpe3 Ha KOHTAKTe
C aHKEPHBIM ITPOTHBOOIIOJIZHEBBIM KPETUICHHEM; 7 — KOpOOJieHHEe OETOHHBIX IUTUT Ha/l BOJIOIPOITYCKHBIM
JIOTKOM U3-32 OIIOJI3HEBOTO CMEIIEHUS TOJOTHA JOpOrH; 8 — aKTHBHBIM pa3MbIB OCHOBaHUS
BOJIOIIPOITYCKHOT'O COOPY KE€HHS MO OJIOTHOM aBTOMOOMIIBHOM JOPOTH.

Fig. 7. Ground study on the key area with the activation of mudflow processes under the anthropogenic
influence: a - the location of the key area in the hierarchical structure of the basins, the point numbers
correspond to the photos below; 6 - the organization of remote shooting from a UAV: setting a reference
point and calculating coordinates for geodetic reference of remote shooting; ¢ - ground points of the
study: 1 - artificial catchment, active erosion under the pipe on the slope; 2 - a concrete spillway tray
under the roadbed; 3 — the upper part of the debris flow erosion under spillway tray, the destruction of
anchoring under the tray, lateral erosion under the pipe on the left side; 4 — debris flow erosion in the
upper part, destruction of the base of a water pipe; 5 — debris flow erosion in the middle part above the
roadway; 6 — the area of intersection of Sulimovskiy brook tributary and road, debris flow erosion into
contact with the anchor anti-landslide mount; 7 — warping concrete slabs over culverts tray from landslide
displacement of the roadway; 8 — active erosion of the base of the culverts under the road
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