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AnHoTanus. [JucTaHIOHHOE 30HAMPOBaHMe 6ePEroB ¢ IOMOIIbI0 OeCIMIOTHBIX JIeTaTeNbHbIX anmnaparos (BITIA)
H03BO/IMJIO ONPENEeNNTh BEMYNMHBI IIPOSBIeHN abPasMOHHOTO Mpoliecca Ha PasINYHbIX TUIAX 6eperos. [IpumMeHeH1e
BITIA moBbINIaeT onepaTuBHOCTD, 3P HeKTUBHOCTD U JOCTOBEPHOCTD JAHHBIX MOHUTOPMHTA COCTOSHMUA Oeperos.

KmroueBble cmoBa: Bonrorpanckoe BogoxpaHWmniie, abpasuoOHHBIN IIPOIIece, CMelleH1e 6eperoBoro ycryia, oobe-
MBI IIepepaboTKy 6eperos, 6eCIMIOTHbIE TeTaTeIbHbIE alllapaThl.

Ha y4acTke neBoro 6epera ot c. Paxunka CpepHe-
axXTyOMHCKOTro parioHa 1o 1. beikoBo B 2023-2024 rr.
PocHMVIBX BbIIONHEHA ChEMKa C KBaJIpOKOITEpa
Phantom 4 Pro V2.0. TeonosuinonnpoBanme CHIUM-
KOB IIpOM3BENEHO WITaTHbIMU cpencTBamu BITJIA
Ipy TOMOLM BCTpOeHHbIX GPS-mpreMHMKOB Obl-
TOBOTO KJ/IacCa, Ha3eMHble OIOpHbIe TOYKU He UC-
nonb3oBanuch. Pororpammerpudeckas ob6paboTka
CHUMKOB U U3MepeHniit cienana B Agisoft Metashape
Professional.

Beper B paiioHe paboT C/IOXKeH IeCYaHO-IJIMHMI-
CTBIMM BEePXHEYeTBEPTUYHBIMU XBAJIBIHCKUMU MOP-
CKMMM U COBPEMEHHBIMMU AJUIIOBMAIbHBIMU OTIIOXKe-
HUAMM IPUTOKOB p. Bonra, akTMBHO pa3sMbIBaeMbIMI
BOJaMM BOJOXpaHmWIMIA. B reomopgonormyeckom
OTHOIIEHMM 3TO MOPCKas pPaBHMHA paHHEXBaJbIH-
CKOTO BO3pacTa, ceBepo-3alajgHasg okpamHa Ilpu-
KacImiickoy HusMeHHocTu [1]. Yyacrok Haxommrcs
B 30HE KOHTMHEHTAJIbHOIO K/MMaTa CO CpeJHero-
JIOBBIM KO/IMYECTBOM aTMOC(HEpPHBIX OCAIKOB OKOJIO
400 MM, OCHOBHasi Macca BbIIIajlaeT B 3MIMHE-BECEH-
HUII Iepuof. BausiHue ux Ha usMeHeHue GU3NKO-Me-
XaHMYECKMX CBOJCTB pa3MbIBa€MBIX IIOPOJ] Y4acTKa
OI'PaHMYEHO.

Ilo MHOTOYMC/IEHHBIM JaHHBIM MCCIETOBaTENEN,
B IIpefie/laX BOJIOOXPAHHONM 30HbBI BOJIOXPAaHMINIA
Pa3BMBAIOTCA SK30T€HHbIe TeOo/IoTMYecKyue Ipolec-
cbl — abpasusi, 0OBasbl, OMON3HM, IpOCajKa, feds-
1y, 3aboadunBaHNe, peke OBpaKHas sposusA. Be-
AYLWIVMM U OIpefe/AINM ABAAeTCA abpasyOHHBIN
IPOLIeCC, OCHOBHBIM (PAKTOPOM €ro pasBUTHUA CIIy-
JKIUT BOJTHOBAsA €ATe/IbHOCTD IIPY BHICOKMX YPOBHAX
HOBEPXHOCTYM BofoxpaHmmmiia. Abpasust 6eperos —

KPYIHEMIINII TOCTAaBUIMK B3BELIEHHBIX HAHOCOB —
55 % [2-4].

CMmerieHne abpa3MOHHBIX OeperoBbIX YCTYIIOB
s Bonrorpajickoro BOJOXPaHWIMINA —€XKETOHO
¢ukcnpyercs o crsopam 'MBO (puc. 1), manuble
npuopsatcs B udopmaryu AVIC TMBO [5].

C y4eToM COBpPEeMEHHOTO COCTOAHNUA Oeperos, Jc-
ClIelOBaHMII Ha [PYyIMX PaBHUHHBIX BOJOXPaHU/IN-
max [6-8] ceTb cTBOpOB 6bIIa ONIONHEHA (CM. puc. 1).

Pa3melieHne cTBOPOB IPOM3BOANIOCH ICXOMIA 13
re0JIoro-reoMop(oIOrMyecKX yCIoBUiL B CIIEHYIO-
1Iel moC/IenoBaTeTbHOCTI:

1. Bei6op mpefcTaBUTENIbHBIX YYaCTKOB Ha JjaH-
HOM TuIIe Oepera.

2. Otmevatorcss npo¢unu (CTBOpPBI), IepIIeH-
AUKY/SIpHBIE OeperoBoMy YCTYIy, (UKCUPYIOTCS
AByMsl TOYKaMu (TOYKM obOcrenmoBanus). B kauectBe
TOYEK BBICTYIIAIOT JIETKO OIIpefie/isieMble OPUEHTYPHI —
CTONIOBI, yTOJI CTPOEHMS, OTHE/IbHbIE IePeBbs, ApyTue
HETO/IBIDKHBIE OOBEKTbI, PACIIONIOKEHHbIE B 30HE
cpeMkn BITJIA.

3. OmpepenA0TcsA KOOPAMHATBI OMOPHBIX TOYEK
CTBOPOB, 3T JIaHHbIE WCIONb3YIOTCA IPYU BBICTAB-
JICHUU METOK CTBOPOB Ha apPXMBHBIX CITyTHUKOBBIX
CHUMKaX.

4. Onpenensercss AMPEKUMOHHBI Yrol CTBOpA.
ITO MOXeT OBITh BOCTPeOOBAHO IIPYU IO/IEBBIX KOH-
TPOJIbHBIX 3aMepax CMeIeHNII YCTyTIa.

5.Tlo paHHBIM Hambosee paHHUX UCTOPUYECKNX
KOCMOCHVMKOB M3MepsIeTCsl PAcCTOSHME JIO YCTYIIA.
PasHuIia MeXXay Mo/MOXKeHMeM, OIIpe/ie/IeHHbIM Ha Iie-
puon cveMmku BIUIA, genutcsa Ha MPOMEXYTOK Bpe-
MeHM MEXIy 3aMepaMu.
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Puc. 1. Cxema pacIono)XeHns CTBOPOB HaO/OfieH NIl 32 CMeleHieM 6eperoBoro ycryma

6. Boiendrorca y4acTku 6eper03 C a6pa31/1e171 no 1,0 m/rom; ot 1,0 mo 3,0 M/rom; 6onbuie 3,0 M/rom;
Y4acTKy, Ile HeT aKTMBHOI abpasuy — yCThs 3a/IMBOB, 610K, MENKOBOAbs, ob/eceHe, 3a60/IaunBanusa u Jp.
(puc. 2). B pacyeTs! He BKIIOYaINUCh Oepera 3a/11BOB.
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Puc. 2. YuacTku nposiBieHust mporecca abpasun

JlaHHBIe M3MepeHMil cMelleHniT 6eperoBoro ycTyIa 10 CTBOpaM IIOKa3aHbl Ha PUCYHKe 1, IPOTsKeH-
HOCTb YYaCTKOB abpasuy pasIn4HON MHTEHCUBHOCTY — B Tabnuie 1 1 Ha AuarpamMmax (puc. 3; 4).
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Ta6nuya 1. IIposBreHne mpolecca abpasuit Ha 1eBOM b6epery Bororpafckoro BogoXpaHIInIia

IIpOTAKEeHHOCTD YYaCTKOB aGpasim
2
= 5
g g o §
S n g 8 =
B S g IIpoTsKeHHOCTH § o
Pajion g § 8 Beero. mo 1,0 1,0-3,0 0o/plIe YYacTKOB, I7ie HET E E
z g E s M/ron m/ron 3,0 m/rox AKTHBHOIT abpasuu, M E %
2
= & g
9 o0
s
CpenneaxTyOMHCKII 13 702 12 608 5148 0 7460 1094 7
boikoBckuit paiton 58 425 37912 17 560 15391 4961 20513 24
72127 50520 22708 15391 12421 21607 31
Wroro, nessiit 6eper
100 % 70,04 % 29,96 %

MpoTAXKEeHHOCTb Y4acTKoB abpasum pasNMyHoM
WHTEHCUMBHOCTH, M

12421

15391 |

22708

B HeT aKTUBHOM abpaswuu B Ao 1,0 mfron
m1,0- 3,0m/rog ® Gonble 3,0 m/rog,

Puc. 3. IIpOTsDKEHHOCTD YIACTKOB abpasuyl pasindHON MHTEH-
CUBHOCTH, M

BriBoabl

1. AGpasuoHHBII IIpollecC Ha JIeBOM Oepery
B IIpefieflax 0OC/IeJOBAaHHBIX YYaCTKOB IPONOJDKAET
aKTMBHO pasBuBarTbcs. bepera, mopaxeHHble abpa-
31eit, cocTaBnAlT 70 %.

2. PazButiie abpasuy IPOMCXOFUT IO MeXaHM3-
My: pasMbIB OCHOBAHMA YCTYyIla; HapyLIeHUe YCTOMN-
YMBOCTY — 00BaJI, OCBIIIAHME WM OCeflaHMe OI0KOB;
paspyuieHne CMECTUBIINXCA MacC — OIUIbIBaHME MIN
pasMBbIB.

3. IIporskeHHOCTD abpasnoHHbIX 6epero Cpen-
HeaxTyOMHCKOTo paiioHa cocTasyAeT 6omee 92 % 06-
CNI€ENOBAHHbBIX BOJOOXpPAaHHbIX 30H, B TO BpEMA KakK
TOJIA TAaKOBBIX B brIKOBCKOM parione — 70 %.

4.1lo maHHBIM paHee IIPOBENEHHBIX HaOMIOze-
HIUII, Ha yd4acTkax c. HoBonukonbckoe, Ilponerika
n Hwx. banpikneit [2-4] BemMymHA OTCTYIUIEHNSA

MpoTAMeHHOCTb YYacTKoB abpa3uun pasnnuHOK
WHTEHCUBHOCTH, %

17,2%

21,3%

31,5%

M HeT aKTMBHO| abpasuu B Ao 1,0 m/ron
®1,0- 3,0m/ron u 6onbuwe 3,0 m/ros,

Puc. 4. [Jons yaacTKOB abpasuyt pasaMdIHON MHTEHCUBHOCTH, %

neBoro Gepera B 1959-2000 rr. cocraBmsima 4,4-
5,9 M/rop. B HacTosAImee BpeMsA oTMeYaeTcsA CIIaf MH-
TEHCUBHOCTH paspylueHns bepera.

5. JJaHHBIe O BeNMYMHE CMelleHNs OeperoBoro
YCTYIIa HO3BOJIAT 0ObEKTUBHO OLIEHUTh 0OBEMbI Ma-
Tepuasa, MOCTYHAIOLIEro B BOJOXPAaHWINIIE IPK pas-
pyiieHuy 6eperos.

6. YBenmuueHne KOMMuecTBa HaOMIOZAaeMBbIX CTBO-
POB Ha y4acTKaX IMO3BO/IUT YMEHBIINTD OMIMOKM pac-
4eTOB M3MEHeHMs IUAPOMOP(OMETPUUECKUX XapaK-
TEPUCTUK BOJJOXPAHVIINIIIA.

7. MOHUTOPUHT abpasMOHHOrO Ipollecca € MUC-
nonb3oBanueM DBIIJIA oTpakaer peanbHyIO [uHa-
MMKY OTCTYIUIEHVSI GeperoBoro ycTyma 1 sIBJISIeTCS
6oree 0ObEKTUBHBIM METOJOM IO CPABHEHUIO C Tpa-
AVIVIOHHBIMYM METOfaMV TONyYeHus1 MHGOpMaum
FOCYapCTBEHHOTO MOHUTOPVHIA BOJHBIX 00bEKTOB.
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USE OF UAVs FOR MONITORING COASTAL EROSION
OF THE VOLGOGRAD RESERVOIR
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Abstract. A survey was conducted on the left bank of the Volgograd reservoir using a Phantom 4 Pro V2.0 quadcopter.
Image processing and measurements were performed using standard methods. The area around the survey site consists
of sandy-clay Upper Quaternary Khvalynsk marine and modern alluvial deposits. Geomorphologically, this is a marine
plain of early Khvalynsk age. Within the reservoir’s water protection zone, exogenous geological processes occur, such
as abrasion, landslides, and occasionally gully erosion. The dominant and determining process is abrasion, which is the
largest contributor to suspended sediments — 55 %. The displacement of abrasion coastal terraces is annually monitored
along the stretches of the State Monitoring of Water Objects. Given the current state of the shores and research at other
flatland reservoirs, the network of monitoring points was expanded. The placement of the monitoring points was based
on geological and geomorphological conditions and the type of shore. A method for determining the displacement of the
coastal terrace was outlined. Shore areas were classified by abrasion rates: up to 1.0 m/year; from 1.0 to 3.0 m/year; more
than 3.0 m/year; and areas where there is no active abrasion. The shores of bays were not included in the calculations.

The work carried out allowed the following conclusions to be made: the abrasion process on the left bank within
the surveyed areas continues to develop actively. Increasing the number of monitored points in the areas will reduce
errors in calculating changes in the hydromorphometric characteristics of the reservoir. Monitoring the abrasion process
using UAVs reflects the actual dynamics of the retreating coastal terrace and provides more objective data compared
to traditional methods used in the State Monitoring of Water Objects.

Keywords: Volgograd Reservoir, abrasion process, shoreline retreat, coastal erosion volumes, unmanned aerial

vehicles.
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