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Annomayus. B pabote mpuBeneHbI pe3yabTaThl aJalTallud METOAUKH BHICOKOTOUHOW CHEMKH
HazeMHOro penbeda ¢ momoimbto BIUJIA mna ycnmoBuit Mopckoro OeperoBoro oOpbiBa. AHamu3
MOJTyYEHHBIX MU(PPOBBIX CHUMKOB M CO3JAHHBIX BBICOKOJCTAIBHBIX ITU(PPOBBIX Mojenei penbeda
MOKa3aJl, YTO JaHHBIM BHUJ CHEMKH JJIS PacCMaTpPUBAEMOTO IMPUPOIHOTO OOBEKTA SBIISIETCS
ONTUMAaJIbHbIM, HO HMEET psii OrpaHMyYeHuid. B YuCIO JOCTOMHCTB MeTO/la BXOAMT HU3Kas
cebecTOMMOCTb U ONePaTUBHOCTD MOJIyUYeHUs JaHHBIX. HegocTaTkaMu MeTo/1a SIBISIeTCS CII0KHOCTh
00pabOTKN W WHTEPIPETANMH JaHHBIX MMPU HAJIWYUH TUIOTHOTO PACTUTEIHHOT'O IMOKPOBA M B 30HE
3aruIecka.

Abstract. The results of adaptation of the methodology for high-precision surveying of the
ground relief using UAVs for conditions of marine coastal cliff are given in this work. Analysis of
the obtained digital images and created digital elevation models showed that this type of survey is
optimal for the considered natural object but has a number of limitations. Low cost and speed of
data acquisition are the advantages of the method. The processing complexity and interpreting data
in the presence of dense vegetation cover and near coastline are disadvantages of the method.

Knrouesvle cnosa: mopckoit  aOpa3uoHHBIM  Oeper, cbeMkKa penbeda, OeCIHIOTHBIN
JIeTaTeNIbHbIN anmapar, JMCTaHIIMOHHBIE METOBI.

Keywords: marine abrasion coast, relief survey, unmanned aerial vehicle, remote methods.

Bseoenue
Penbed xax Ga3uCHBIN EMEHT MPUPOJHOrO KOMIUIEKCA B 3HAYUTEIBHOM CTENEHHU BIMSET Ha
BCE €ro KOMIIOHEHTHl. XapakTepUCTUKHU penbeda Takue, Kak Mopdomerpus, Mopdoyorus,
COBpeMEHHas JMHaMHKa, pa3HooOpa3ue, MPOUCXOXKACHUE U T.J. SBJISIOTCS BaXXHOW MH(OpManuein
OpU  U3ydyeHUM (YHKIMOHUPOBAHUS NPUPOAHBIX KOMIUIEKCOB W IMPOTHO3a UX Pa3BUTHAL
HccnenoBanus penbeda HEOOXOAWMBI NpU TMPOBEACHUU OONBIIMHCTBA MOJEBBIX HAyYHBIX U
MHXEHEPHBIX uccienoBanuil. OGecrieueHue onepaTuBHOIO MOHUTOPHHTA pefibea OeperoBoii 30HbI
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SBJIIETCS. OJHOU M3 BaKHEHMILINX 3a/1a4 UCCIIEIOBaHMS OEPETOB.

Jlonroe BpeMsi METO/IbI U3y4YEHHUs pelbeda BKIIOYAIN JIMIIb MPSMbIE HA3€MHBIC U3MEPEHHS.
Henocrarkamu Ha3eMHBIX U3MEPEHUM SBIISIOTCS MAJIBIA IIPOCTPAHCTBEHHBIN OXBAaT, TPYILOEMKOCTb,
pe3Ko Bo3pacTamolas NpU HEOOXOAMMOCTH OOJbIIeH AeTaau3alud, U HU3Kas ONEPaTUBHOCTD.
N3yuenue penbeda BBICOKUX aOpa3sMOHHBIX OEperoB TaKHMMH METOAaMH ObLJIO HEBO3MOXHO,
MO3TOMY JUIS T'€O0/Ie3MYECKUX paboT MPUMEHSUIMCh AUCTAaHIIMOHHBIE Meronsl. Hambomnee mmpoxo
UCTONB30BAICA (HOTOrpaMMETPUYECKUI METOA, BKIIOYAIONIMI MOJydeHHe Ooyiee WU MEHee
TOYHBIX CTEpPEOINap CHUMKOB, UX ONTHYECKYI0 M T€OMETPUUYECKYI0 KOPPEKIHIO U IMOCIETYIOIIYIO
dboTorpammeTpudeckyro 00padboTky. OpHako, Ui YCIOBHHA MOPCKOTO Oepera, CheMKa ObLia
BO3MO)XHA TOJIBKO C MOpS, YTO TPENSITCTBOBAIO OOOPYIOBAHMUIO 3aKPEIICHHBIX ChEMOYHBIX
0a3ucoB ¢ (UKCHPOBAaHHBIMH KoopAuHaTamu. Kpome Ttoro, tpeOoBamoch NpPUBICUCHUE
JIOPOTOCTOSIIIIMX TEXHUYECKUX CPENICTB, Ha psAJE 3TANoB TpeOoBaslach CHEIUalbHAas, KaK MPaBUIIoO,
pyuHas 00paboTKa MaTepuaioB, YTO CHUXKAJIO OMEPATUBHOCTD MOMy4YEHUS TPeOyeMbIX TaHHBIX.

CymiecTBeHHBI TPOPHIB B ChEMKax peibeda MPOU30MIET IOCIE PA3BUTUS TEXHOJIOTHA
KOMIIBIOTEPHON  OOpaOOTKM HUCXOMHBIX JAHHBIX W  Pa3pabOTKU TEXHOJOTHUU  J1a3epHOTrO
CKaHUpoBaHus. JlazepHOE CKaHMPOBaHKE, OCOOEHHO BO3JYILLIHOE, [TO3BOJIAET MOJYYUTh M0JIE TOUEK
C HEJOCTHKUMOMW paHee IIOTHOCTHIO JJISl MPAKTUUYECKH HEOTPaHMYEHHBIX IUIOMIAACH, B TOM YHCIIe
TpynHoHoCTYnHBIX [1, 2]. Mcnonb30BaHHE BO3AYIIHOTO U HA3€MHOTO JIA3€PHOTO CKAHMPOBAHHS B
COYETAaHHH CO CITyTHUKOBBIMH CHUMKaMH W T€OMH(OPMAIIMOHHBIM MOJECIMPOBAHHEM IT03BOJISIET
MOJIy4aTh BHICOKOTOYHBIE MPOCTPAHCTBEHHBIE JIAHHBIE O XapakTepucTukax penbeda [3, 4]. Oxnako,
Ha3eMHas Ja3epHas CbeMKa, Kak M (oTorpamMMeTpuyecKas, Ha MOPCKOM Oepery 3arpynHeHa
HE0OXOUMOCTBIO Pa3MEIICHUSI ChbEMOUYHOW ammaparypbl B MOpPe M HalUYMEeM HEIOCTYIHBIX [
CbEMKH YYaCTKOB IIPU CI0KHOM peibede.

B Hacrosmee BpeMs aspodoTocheMka ¢ OeCnUIOTHBIX JeraresnbHbXx anmnaparoB (BILIA)
ABIISIETCS ~ HamboJee TPOCTBIM  CIOCOOOM — TMONyYEHUs  MaJOIUIOMAAHOW  TEXHHYECKO-
MH(OPMAIMOHHON ChEMKH, HUMEIONIeH IeNbl0 COCTaBICHHE OPTO(OTOIIIAHOB MECTHOCTU U
noctpoenue udpoBsix Momeneir penseda (LIMP). Ludposas aspodorochemMka BBHIIOTHIETCSA C
MTOMOIIbIO HEOOJBIINX OECTUIOTHBIX JieTarenbHbIX annaparoB (BIIJIA), ocHameHHBIX HU(POBBIMU
KaMepaMH BBICOKOTO pa3pelIeHUsl, CHCTEMOI CTa0MIN3allMi U OPUCHTALIUH B IPOCTpaHCTBe [5-7].

B pabote paccMOTpeHBl 0COOEHHOCTH METOJMKH MPOBeAEHUS U(POBOI a3poPOTOCHEMKH €
nomoibio BITJIA u moctpoenne nudpoBoit Mmogenu penbeda i ydacTka abpa3HoHHOTO Oepera B
I'enenxuKCKOM parioHe.

Ocobennocmu npogedeHus yuppoesot aspodhomocvemKu

C 2017 roma nans uW3ydyeHHs COCTOSHUS M JMHAMMKH peibeda MOpCKUX Oeperos
corpynHukamu IOxHoro ormenenus Mucrtutyra okeanonmormn um. II. II. [Hupmosa PAH
MIPUMEHSIACh TEXHOJOTUS a3po(OTOCHEMKH € OECNUIIOTHBIX JieTaTenbHbIX anmnaparoB (BITJIA) c
nocienyromeid (oTorpaMMeTpUIeckor 00paOOTKONM TMOTYyYEHHBIX BBICOKOACTAIBHBIX HU(PPOBBIX
cuuMmkoB [8, 9]. [lns cheMKH HCHONB30Banach HHTe/UIeKTyanbHas kamepa «FC  6310»,
yCTaHOBJIEHHasl Ha KkBaJpokonTepe «Fantom 4Pro». 910 coBpemenHslit npodeccuonanbubiii BITITA
obnamaroumii 3pGeKTUBHON cucTeMOl crabuiu3aiuu, O1arogapst KOTOpPOW MOXKHO YIEpKHUBATh
JIETAIOMIMNA armapar B TOYKE C morpemHocthio 0,5M mo BbicoTe W 1M TIO TOPHU3OHTAIM.
KBanpoxontep Fantom 4Pro cnocoben Ha pa®oTy B pekKMME PY4YHOIO YIpPaBJ€HUS, aBTOHOMHbBIE
IIOJIETHI IO 3apaHee 3aJaHHbIM KOOpJMHATaM, C aBTOMAaTMYECKUM BO3BPATOM Ha TOUYKY CTapTa U
aBTOMAaTUYECKyI0 IOCAJAKy B Clly4ae MOTEPU CHUTHAJIA YIPABIEHUS WIM B JPYTUX HEIITAaTHBIX
CUTyallMsIX, YTO HEOOXOAMMO IpPU ChEMKE CIOXKHOTO penbeda c obecriedeHHeM TpeOyeMbIX
napamerpoB. Kpome Toro, mmeercs cucreMa 3alluThl ammapara OT OMACHOTO COJMXKEHUSMHU C
MIPETSITCTBUSIMH.
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OOBEKTOM HCCIIEI0BaHMs B IPEICTABICHHON paboTe ABISICSA Oeper Mexay OyxToi PriOarkas
u mMbicoM Jloo6 (Pucynoxk 1). Beper cnoxen kapOonatabiMu ¢uuineBsiMu mopoaamu [10, 11]. Ha
y4acTKe pa3BUTHI a0pa3HMOHHBIN U aOpa3MOHHO-OIONI3HEBOM TUIIBI Oepera. Berpewatorest rirybokue
JIOJIMHBI BPEMEHHBIX BOAOTOKOB. BhicoTa GeperoBnix o0psiBoB gocturaet 100 M. Baoas Geperosoit
JUHUM  BCTPEYAIOTCS €IMHUYHBIE KpPYINHbIE OOBaJIbHO-OMOJN3HEBBIE KOHYCA, CIIOKEHHBIE
rpy0000IOMOYHBIM MaTepPHAJIOM.

[Hoeopoccuiick
o FeneHmxmk

Pucynok 1. Yuactok npoBeneHus padot

B wmae-urone 2019 1. Opuia BBITIONHEHA a3pOPOTOCHEMKA MOPCKOTO Oepera ¢ MoCIeAyomeh
¢dororpammeTpudeckoil 00pabOTKON MOTYYEHHBIX LUPPOBBIX CHUMKOB, C IIEJIBIO COCTABICHHS
BBICOKO/IETAJIBHBIX OPTO(OTOIUIAHOB U MOCTpoeHHs LudpoBeix Monenedt penbeda (LIUMP). s
CbEMOK OblIa UCIOJIb30BaHa METO/MKA, paHee NMPUMEHEHHas HaMu IpU UCCIeOBaHUU pelbeda
pa3IMYHBIX YyYacTKOB OeperoB A3oBckoro u YepHoro mopeit [8, 9, 12] ¢ momoJHUTETHHOM
ajlanTanuei sl y9acTKOB BBICOKMMH O€pPEeTOBBIMH OOPBIBAMH.

JUis akKyMYJISITUBHBIX YYaCTKOB MOPCKUX O€peroB, Kak IMPaBHJIO, BBIMOJIHSAETCS IUIAHOBas
CbE€MKa: OOBEKTHB KaMephl KBAJpPOKONTEpa HalpaBlieH BEpPTUKAIbHO BHU3. [lJI1 HEMIMPOKHX
JUHEHHBIX TPUPOAHBIX OOBEKTOB (K NpPUMEPY, YUacTOK OEperoBodl JMHHMM C IUISKEM) ChEMKa
MPOU3BOJUTCS B OJUH TPOJIET C OOECnedeHHeM MPOIOIBHOTO TEPEKPHITUS MEXIAY COCEIHUMHU
¢dorocuumkamu 60%. Eciu Tpebyercs npoBecTH a’spoPoTochEMKY OOJBIIOTO MO IIMPUHE y4YacTKa,
To (¢ororpadupoBaHre 33JaHHOW IUIOLIA[M TPOU3BOAAT CEepHEH MapauleIbHBIX MapIIpyTOB,
MMEIOINX TornepeyHoe nepekpeitue. [Ipu Takoit GorochéMke cTaHAapTHOE 3HAYEHUE MEPEKPBITUS
coctasisieT 30% [9]. IIpu cremke abpa3rOHHBIX MOPCKUX O€peroB, UMEIOIIUX pebed ¢ O0NbIINMU
nepenajaMu BBICOT, B JIONOJHEHHE K IUIAHOBOM a’poOTOCHEMKE OBUIO PEIIeHO HCIOIb30BaTh
MEPCHEKTUBHYIO a’po(OTOChEMKY (C HAKJIOHOM ONTHYECKOH OcH), TO3BOJUBIIYIO Ooliee
3 PEeKTHBHO pacrio3HaBaTh 00BEKTHI MECTHOCTH M aHAJIM3UPOBATh UX MPOCTPAHCTBEHHOE B3aUMHOE
MOJIOKEHHE.

Ilepen HavazoM a’poOTOCHEMKHM sl MPOCTPAHCTBEHHOW MPHBS3KU OBUIO HPOHM3BEIEHO
pasmenienre 30 Ha3eMHBIX PENEpOB, paclpeleIeHHbIX M0 BCEH IUIOIMIAAN UCCIETYEMbIX Y4aCTKOB.
[Tpu pa3menieHnH pernepoB YUUTHIBATHCH KOH(PUTYpalus U peibed yJacTKOB, CXeMa TUTaHUPYEMbIX
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TpaekTopuii mponetoB BIIJIA, Hamuuue W COCTOSTHUE PACTUTEIBHOIO MOKPOBA, BEPOSITHOCTH
AHTPOIIOTEHHOTO BMeEIIaTeNbCTBa. Ha phIXJoM rpyHTe penepsl (Kpyrd KpacHOTO LBETa JUaMETPOM
22 c¢M) 3akperUsuIMCh Ha ypoBHE TpyHTa. Ha ckamax OTMETKHM Jenajiuch Ha POBHBIX Y4YacTKax
KOpEHHBIX mopol. OmnpenerneHne TOYHBIX KOOPJAMHAT HA3eMHBIX PENEepoB IMPOU3BOIMIOCH C
MIOMOIIbI0 00OPYNOBAaHUSI CIYyTHUKOBOM CHCTeMbl Mo3uIMoHupoBaHus ¢upmbl Leica Geosystems
[13, 14]. B coctaB 000pymoBaHus BXOIWIN JIBa IByX4aCTOTHBIX MpUeMHBIX ycrpoicTa (Leica GS
10, Leica GS 15), oOpabarbiBaromire curHaibl HaBuraiuoHHbIx cnytHukoB GPS u TJTIOHACC.

CHauana a’podoTOoChEMKa BBINOJHAJIACH B PYYHOM pEXKHUME, HO CIOXHBIIM penbed
abpa3vOHHO-OMOI3HEBOr0 Oepera MPUBOAMI K MEPUOAMYECKON MOTepe CUTHANA MEXIY IIYJIbTOM
ynpasinenuss u BIIJIA, nmostomy ObUIO MPUHATO pELICHHE NMEPEUTH HAa aBTOMATHYECKHN PEXHUM
MOJIETOB 110 3apaHee pa3paboTaHHBIM MapuipyTam. B 3ToMm ciyyae mpu morepe CuUTrHaja IyjibTa
ynpasnenust BIIJIA mponmomxaer nBurarbes Mo 3aJaHHOMY MapIIpyTy M BO3BpallaeTcs B TOUKY
B3JIeTa NOCJIE OKOHYAHUS CHEMKH.

[Tpu moAroToBKE MapiIpyTa MOJIETa YUUTHIBAIUCH Ceaytonue GaKkTOpbl: — MPOTSKEHHOCTh
MojieTa W YyJaJleHHe ammapara OT Oleparopa; — IPOTHO3HOE HAlpaBleHHE W CUjla BETpa; —
koHpuUrypanus u Jasgmadt kocel, — obecrneuenue 30 % momepeunoro u 60 % MpPoaOTBEHOTO
nepekpbITis. ObOecrniedeHre TOYHOTO BBIMIOMHEHHS MapaMeTpoB IIOJIETAa PEalM30BBIBATIOCH C
nomortipo nporpammioro obecredenus (I10) “Litchi” (Pucynok 2). IToAroToBIE€HHBIE TPEKH
IIpoBepsUIUCH Ha caifte nmpousBoautens [10 [15].
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Pucynoxk 2. [lonroroBka mapuipyra nojaera

Jlnst obecriedeHus: CIUIONIHONW ChEMKHM YYacTKOB C TpeOyeMbIM sl (OTOrpaMMeETpHUYECKOn
00pabOTKH TEpPeKphITHEM OBLIM BBHINOJHEHB 4 ToyieTa 00mel mpoTsokeHHOCTRIO 11,5 kM. B
pesynbrare a’podoTocheMKU ObUIM mMoyydeHbl 1574 cHUMKa, pacmpelneseHHBIX M0 MaplHIpyTaM
cbeMku ¢ 30% mnomnepeunbiM 1 60% mnpomosnbHBIM NepekpbiTHeM. Kpome Toro, 3a cdyetr paboThI
HaBUranuonHoro kommekca BITJIA Obutn mosydeHbl MapaMeTpbl BHEUIHETO OPUEHTHPOBAHUS
CHUMKOB.

CpeMka MpOBOIUIIACH C MEPEMEHHON BBICOTOH IMOJIeTa OTHOCHUTENBHO TOUKU cTapTta BITJIA
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JUIL COXPaHCHHUSI OIUHAKOBOTO PACCTOSHHS OT OOBEKTHBA KaMephl 10 MOBEPXHOCTH OeperoBoii
o0pbiBa. [Ipu MOBBIIICHUH a0CONIOTHOW BBICOTHI 3JIeMEHTOB penbeda BITJIA Taxke momHUMancs
OTHOCHUTEIIBHO BBICOTBI TOYKHM CTApTa, COXPAHsAs PACCTOSHUE IO 3€MHOM IOBEpXHOCTH. IIpumepsl
HCIIOJIb3yeMbIX TTapaMETPOB IOJIETOB NpuBeaeHbI B Tabmuie. [ KaKaoro ydactka MpOBOAMUIACH
ChEMKa C JIByMS MOJIOKEHHSIMU ONTHYECKOW OCH KaMepbl OTHOCHUTEIHHO TOPU30HTA (BEPTHUKAIBHO
BHU3 " 45 Tpajn.), uto n30eXaTh «MEPTBBIX 30H» MO/ M 32 PACTUTENBHOCTHIO U BBICTYMAIOIIMMU
dopamu penbeda. Takxke, WM3MEHEHHE HAKIOHA KaMephl IMO3BOIHIO H30€XKaTh Pa3TUIHOTO
pacCTOSIHUSL OT KaMephbl J0 CHHUMAeMO# MOBEPXHOCTH Ha OIHOM M TOM € CHUMKe. [IpuMepsr
CHAMKOB OJIHOTO M TOrO J€ ydyacTka Kiuda MpH BEPTHKAIHLHOM W HAKJIOHHOM [OJOKCHUU
OINTHUYECKOW OCH KaMephl MPeICTaBlIcHbI Ha Pucynke 3.

Tabmuna.
IMPUMEPBI TAPAMETPOB TTOJIETOB B ABTOMATUYECKOM PEXNME

Hpomsiscennocmo  Cropocm — Bpemsi  Bwicoma — Haubonvuiee Yeon Paouyc Yacmom
nonema, m b nolema, nojiema, noiemd, yoaneHue HAKIOHA — NOBOPOMO8 A ChbeMKU,

Km/uac MUHYm M om MmoyKu Kamepbol, , % c

gnema, M epao
3000 20 12 30-130 200 45 50 2
2400 15 13 50-140 200 90 50 2

PucyHok. 3. CHUMKH NIpH BEPTUKAIBHOM (BBEPXY) M HAKIIOHHOM (CHH3Y) MOJIOKEHUH ONTHYECKOH 0CH
KaMephbl

Humepnpemayus nonyyeHnvix OUCMAHYUOHHBIX OAHHBIX
Jnst  oO0pabOTKM  MONYYEHHBIX  a’pO(OTOCHHUMKOB  HCHOJIB30BAJIOCH  IPOTPAMMHOE

obecnieuenue Agisoft Metashape [16], mo3Bosstoliee co3naBarbk BRICOKOKadecTBEHHBIE 3D Momenn
00BEKTOB Ha OCHOBE LUGPOBBIX (oTorpaduii Metronamu nudposoit pororpammerpun (LIP). Ha
nepBoM 3tane oopadboTku Metashape HaxoauT oOmme Touku (ororpaduii («CBA3yrOIIKE TOUKNY) U
M0 HUM OIpeNeNseT MapaMeTpbl KaMmep: MOJOXKEHUE, OPUEHTALWIO, BHYTPEHHIOIO TEOMETPHUIO
(boxycHoe paccrosiHMe, mapameTpbl auctopcuu W T.ai.) (Pucynox 4). [lanee, Ha oCHOBe
paccuMTaHHBIX MOJOXKEHUH Kamep 1O HHM(PoBbIM ¢doTorpadusM NPOU3BEICHO IOCTPOCHUE
IJIOTHOTO oOnaka Todek Qororpammerpudeckoir o6padotku (TDO) (Pucynokx 5). Ha ocHoBe
TUTOTHOTO O0JIaka TOYEK CTPOUTCS HU(pPOBas MOJENb IMOBEPXHOCTH W (ITOCIE BBIICICHUS Kiacca
Touek «3emusi») — nudposas moxaens penbeda (LIMP). Kpome toro, na 6a3e miotHoro oOmaka
TOYEK OBLIN MOCTPOECHBI MOJIMTOHAIBHBIE MOJIEH MTOBEPXHOCTH, UCIIOJIb30BAHHBIE Il COCTABICHUS
0030pHBIX OPTO(OTOIIIAHOB UCCIEYEMBIX YYaCTKOB C IPOCTPaHCTBEHHBIM pazpemeHreM 0,05 m.
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Pucynok 4. Pacnionoxenue noiay4eHHbIX (ororpaduil 1 OAHOTO U3 YIACTKOB ChEMKH

Knaccudukanus nonydeHHoro miotHoro nois TAO ¢ menbio BbIACICHHS Kilacca TOYEK
«3eMJIs» MPOU3BOAMIACH IPU MoMoInu nporpammHoro naketa TerraScan (TerraSolid, ®unnsHus)
[17] na muiardopme MicroStation V8 (Bentley Systems, CILIA) [18]. ®wibTpanus o0aka TOYEK
ocymecTBisiercss B TerraScan 1Mo WTEpalMOHHOMY HPUHIUITY C WCIOJB30BAaHUEM CTaHIAPTHBIX
UHCTpYMEHTOB Kiaccubukamuu “low points”, “air points”, “isolated points”, “below surface”.
Wucrpyment “low points” mo3BonseT BBIACIUTH OOOCOOJCHHBIE TOYKH U HMX TPYIIIBI,
pAacIioIOKeHHbIE HUKE OCHOBHOTO O0Jlaka TOYEK W HE OIMCHIBAIONIME PEabHO CYIIECTBYIOIINE
o0bekTel. HMHCTpymMeHnT “air points” mosBosser Bbienuth TAO peanbHBIX OOBEKTOB,
PaCTOJIOKEHHBIX 3HAUWTENbHO BBIIIE YPOBHS 3E€MHOM TMOBEPXHOCTH U HE SIBISIOMIUXCS
tororpaduueckuMu (Harmpumep, nTHil). MHCcTpyMent “isolated points” mo3BossieT BBIICIUTH
noxaple TOO Ha ocHOBaHWU WX O0OCOOJEHHOCTH OT OCTAJIBLHOTO OOJaka Todek. MHCTpyMmeHT
“below surface” wucmonb3yercs mas orbopa JOKHBIX TOUYCK, HAXOIAIIUXCSA HUXKE OCHOBHOMU
noBepxHocTu. [Tocie aBTomarnyeckon kinaccupukanuu ObUT IPOBEAEH KOHTPOIb JUIS BBISIBICHUS U
ycTpaHeHus: ommnbok kinaccudukanuu. KoHTponb MpOBOAMIICS METOAAMH OIEHKH IIJIOTHOCTH
MOKPBITUS  KJIACCH(PUIIMPOBAHHBIMH TOYKaMH, NPOPHIUPOBAHUS OO0JaKa TOUYEK, BU3YaIbHOTO
ananmu3a 3D MonenH, MOCTPOEHHON MO TOYKaM 3€MIIM C PYYHBIM OTOOPOM JIOKHBIX OTPasKEHHIA.
Vcnonb30BaHNe NEPEUUCICHHBIX MHCTPYMEHTOB MO3BOJMJIO CBECTH K MHUHHMYMY BO3MOXHOCTh
OIMOOK U YCKOPHUTH MpoIecc 0O0pabOTKH JaHHBIX. HanOoNbInyl0 CIOXHOCTh MpHU (pUiIbTpanuu
obmaka TOYEK TMPEACTaBIsUId co0oit gepeBbss u  Kyctapuuku [19, 20], aBTOMaTHuecku
«OTQUIBTPOBaTHY» KOTOpPbIE HE IMPEACTaBISUIOCh BO3MOXKHBIM, IOCKOJIbKY HEO00XO0IMMO ObLIO
COXpPaHUTh HCXOJHYI0 KOH(UIYpalMI0 MMEIOLIMXCS 3JEMEHTOB peibea — BBICTYIOB CKall,
OCTaHII0B, 00pbIBOB. K coxkanennto, 60IbIIYI0 4YacTh 3TOW pabOThl MPUIIOCH BBHIIOIHATH B PyYHOM
pexXuMe, METOIOM NMpoduiInpoBaHus obOnaka Touek. Touku, Kinaccu(UIMPOBAHHBIE KAK «3EMIIS»,
ObLTM COXpaHEeHBI B BHie (ailyioB AaHHBIX i noctpoeHust momeneit GRID w manpHeimein
o0pabotku u aHanu3a B mporpammax SAGA u Golden Software Surfer.
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Pucynok 5. IlnoTHOe 0011aK0 TOYEK ydacTKa aOpa3uoOHHO-OMOI3HEBOroO Oepera

Hano ormeruts, uro oOpabotka aaHHbIX B Agisoft Metashape u TerraScan Ha Bcex 3Tamax
TpeOyeT BBEAEHHUS ONEpaTopoM psAga NapaMeTpoB M HMX KOMOMHALMM, 3aBUCALIMX OT THIA
M3y4aeMoil MOBEPXHOCTH, Ka4eCTBAa, KOJIMYECTBA U B3AUMHOTO PACIIOJIOKEHHUS UCXOIHBIX CHUMKOB,
KOH(UTYpaluy NOJIUroHa, TpedyeMoil TOUHOCTH. JJOCTHKEHNE ONTUMAIBHOTO BapHAHTa BO3MOKHO
JMIIb [I0CJI€ MHOTOYHMCICHHBIX WTepauuid M TpedyeT 3HauMTenbHOro BpeMeHH. Mmeercs
IOTPEUIHOCTh, CBSI3aHHAs C HAJIWYMEM YYacTKOB CIUIOIIHOTO JIPEBECHO-KYCTapHUKOBOIO
PacTUTENLHOTO TOKPOBA, TAe (OTOTPaAMMETPUUIECKHIM METOIOM TOIYYUTh JOCTOBEPHBIE OTMETKU
KOPEHHOM MOBEPXHOCTH HEBO3MOXKHO. COOTBETCTBEHHO, HAa YYaCTKaX C IUIOTHON pPaCTHTEIBHOCTHIO
nudpoBast MoOJEIb CTPOUTCS IO CpEeIHEMY YPOBHIO MOBEpPXHOCTU. IIOCKONBKY II€NbI0 HALIMX
UCClIeIoBaHUN ObUIH petbed OeperoBoro oOpbIBa U 00BaJIbHO-OIMOI3HEBBIX KOHYCOB, 7€ IPEBECHO-
KyCTapHHMKOBAsi PacTUTEIILHOCTh MPUCYTCTBYET (pparMeHTapHO, HA TOYHOCTH HM3MEPEHHMH HaHHAs
MOTPEITHOCTh HE CKa3aJach.

C wucnonp30BaHMEM MaTepHalioB CbeMKH, BbinonHeHHoW B 20191 ¢ BIIIA, ymamoce
MOCTPOUTH BBICOKOTOUHBIE LIMP 117151 BBIOpaHHBIX y4acTKOB aOpa3MOHHOro Oepera, ¢ IUIaHOBOM U
BEPTUKAIBHON TOYHOCTHIO 10 CM, YTO JOCTAaTOYHO Uil HMCCIEeNOBaHUS MHUKpodopM penbeda
abpas3uoHHorO Oepera.

3axnmouenue

HecmoTpst Ha HanmuuMe OrpaHMYEHHH HMCIOJIB30BAHHOTO METOJa, JOCTYHMHOCTh MOJY4YEeHHUs
upoBeix (oTtorpaduii 6eperoBsIx 0OpbIBOB MpH momon i BITJIA uMeeT mpeuMymiecTBO mepet
METOOM IU(POBOK (OTOTpaMMETPUU TIPH HM3YYEHUH penbeda C HEIUIOTHBIM PacTUTEIEHBIM
MOKpOBOM. /J[7Is1 MOBBIMIEHUS TOYHOCTH MPUBA3KH a3po(OTOCHEMKHM HEOOXOAMMO HPOU3BOAMTH
OIIpeJIeNIeHNe Te0/Ie3NYeCKUX KOOPAMHAT Ha3eMHBIX penepoB. A3podoTocheMKy OeperoBbIxX
OOpPBIBOB PEKOMEHTyETCSI BHITIOJIHATH B @BTOMAaTHYECKOM PEXKHUME TI0 MOATOTOBICHHBIM MapIIpyTam
MOJIETOB C WCIIOJIb30BAaHHEM BEPTUKAIBHOTO ¥ HAKIOHHOTO TIOJIOKCHUH ONTHYECKOH OcH
¢doroxamepsl.

B ornnume ot kocMmuMueckoil M a’podoTocheMkH C camonera, cbemka ¢ BIIJIA maer
BO3MOXHOCTb NTPOBOJUTh MOHUTOPHHI YYaCTKOB C BBICOKHMH YKJIOHAMH IOBEPXHOCTH BIUIOThH 10
OTBECHBIX, YTO HEOOXOIMMO TpPH HM3YYCHUU aOpa3HMOHHBIX OEpPEeroB ¢ BBIPAKEHHBIMU KIHU(aMH U
CIIO’KHBIM pesibedoM.

Paboma evinonnena 6 pamxax memwr Toczadanus Ne 0149-2019-0014 u npu noooepoicke
PO®U, epanm 19-05-00716.

Tun nuyenzuu CC: Attribution 4.0 International (CC BY 4.0) 16


http://www.bulletennauki.com/

broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 6. Ne2. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/51

Cnucok aumepamypoi

1. Pogorelov A. V., Boyko E. S., Rizaev I. G. The use of laser-location data for modeling and
analysis of the structure and topography of mountainous areas reliefoid // Bulletin of the North
Caucasus State Technical University. 2009. V. 4. Ne21. P. 46-52.

2. Boyko E., Krylenko V., Krylenko M. LIDAR and airphoto technology in the study of the
Black Sea accumulative coasts // Third International Conference on Remote Sensing and
Geoinformation of the Environment (RSCy2015). International Society for Optics and Photonics,
2015. V. 9535. P. 95351Q._https://doi.org/10.1117/12.2192577

3. IloropenoB A. B., Autonenko M. B., boiiko E. C., ®enopoa C. U., Eneuxuii 1O. b.
HccnenoBanne KOMIOHEHTOB OeperoBoii 30HbI A30BCKOTO MOPS IO JAHHBIM BO3YIIHOTO Ja3epHOTO
ckanupoBaHusi (paiioH BepOstHOW Kockl) // 3amuTa OKpyXKamomield cpeapl B He(PTErazoBoM
komrutekce. 2014. Nell. C. 33-39.

4. Kpasnosa B. U., JIpyros M. JI. Tumbel tuHaMUKH IOHHOTO peibeda AHAINCKON MepeChINni:
MCCIIeIOBAaHKE 110 MarepuajaM BO3IYLIHOTO Ja3epHoro ckanupoBanus // ['eonesus u xaprorpadus,
2019. T. 80. Ne2. C. 32-45. https://doi.org/10.22389/0016-7126-2019-944-2-32-45

5. I'muaka B. B., becmanoa JI. A., MsmmeBa O. B. HccnemoBanue TuroB Oeperor
[{UMIISTHCKOTO BOAOXpaHHWIMIIA C HCIOJIb30BAaHWEM OECHUIOTHBIX JIETaTelIbHBIX ammaparoB //
3akoHOMepHOCTU (OPMUPOBAHUS M BO3JCHCTBHS MOPCKHX, aTMOC(EPHBIX OMACHBIX SIBICHUA U
KaracTpod Ha IpUOPEKHYIO 30HY PO B yCIOBHSIX ITI00ATBHBIX KIMMATHYECKUX U HHAYCTPHATBLHBIX
BbI30BOB («OrmacHsbIe siBiieHus»), 2019. C. 157-158.

6. Kosolapov A. E., Skripka G. I., Bespalova L. A., Ivlieva O. V., Filatov A. A. Study of
Morphological and Morphometric Characteristics of Tsimlyansk Reservoir Shores Using Unmanned
Aerial Vehicles and GIS Technologies // Arid Ecosystems. 2018. V. 8. Ne3. P. 184-189.
https://doi.org/10.1134/S2079096118030034

7. Mucupos C. A., becnianosa JI. A., Canpsirus B. B. UccnenoBanue reomophonoruyeckux
ocobeHHocTell OeperoB TaraHporckoro 3aiauBa € NPUMEHEHHEM OCCHUJIOTHBIX JIETaTeIbHBIX
anmmapatoB  u  [UC-texnomoruiét // DOxomorms. DOxoHommka. WHpopmarmka. Cepus:
I'eonnpopMaImoHHbIE TEXHOJIOTHH B KOCMUYECKIi MOHUTOPHUHT, 2018. Ne3. C. 42-48.

8. Kpsutenko B. B., Kpeuienko M. B. Bricokorounast ceemka penbeda bakanbckoil kocsl //
Okojoruyeckass 0e30macHOCTh MpHOpexHONM M menbhoBoit 30H Mops, 2018. Ned. C. 65-72.
https://doi.org/10.22449/2413-5577-2018-4-65-72

9. Kpouienko B. B., Pynne B. M. Meroguka aspodortocremkn bakanbckoit kocel //
Okojoruyeckass 0Oe30omacHOCTh MpuOpexHOH M menbhoBoit 30H Mops. 2018. Ned. C. 59-64.
https://doi.org/10.22449/2413-5577-2018-4-59-64

10. Kennep b. M. Bepxuemenossie otnoxenust 3anaanoro Kaskasa // Tpynst TUH AH CCCP,
cepus reonorus, 1947. Ned8. C. 122-125.

11. AuronoB b. A. Pernonansnas reomopgonorust Kaskaza. M: Hayka, 1979. 196 c.

12. Krylenko M. V., Krylenko V. V., Wolkova T. A. Development prospects of natural-
territorial complex of the Dolgaya spit // Ocean and Coastal Management, 2018. V. 166. P. 98-102.

13. Kpsutenko B.B. Ilpumenenune o6opynoBanuss [HCC LEICA GEOSYSTEMS B HayuHBIX
uccnenoBanusx // l'eonpodu. Mocksa, 2013. Beim. 5. C. 19-23.

14. Krylenko M., Krylenko V. Active registration method of the coast changes // The XIlI
International MEDCOAST Congress on Coastal and Marine Sciences, Engineering, Management
and Conservation. Mugla: MEDCOAST Foundation, 2017. V. 2. P. 871-880.

15. Litchi. Pexxum nocryma: https://flylitchi.com/hub (nara o6pamenus 12.06.2019)

16. Metashape — photogrammetric processing of digital images and 3D spatial data gen-
eration. Pexxum mocryma: https://www.agisoft.com (mara o6pamenns 10.09.2019)

() _©
Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 17


http://www.bulletennauki.com/

broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 6. Ne2. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/51

17. Software for Processing Point Clouds and Image. Pexum  gocryma:
http://www.terrasolid.com/products/terrascanpage.php (nara ooparenus 12.09.2019)

18. Bentley Systems. Pexum gocryma: https://www.bentley.com (mara oOparienus
12.09.2019).

19. Russ J. C. The Image Processing Handbook. Boca Raton: CRC Press, Taylor & Francis
Group, 2011. 838 p.

20. Puzae U. I, [loropenos A. B., boiiko E. C. IToporosslii MeTon ¢guasrpanuu nu@poBbIx
Mozenel pactutenbHoro mokposa B cpene ['MC // I'eonndopmaruka, 2016. No2. C. 14-18.

References:

1. Pogorelov, A. V., Boyko, E. S., & Rizaev, I. G. (2009). The use of laser-location data for
modeling and analysis of the structure and topography of mountainous areas reliefoid. Bulletin of
the North Caucasus State Technical University, 4(21), 46-52.

2. Boyko, E., Krylenko, V., & Krylenko, M. (2015, June). LIDAR and airphoto technology in
the study of the Black Sea accumulative coasts. In Third International Conference on Remote
Sensing and Geoinformation of the Environment (RSCy2015) 9535, 95351Q. International Society
for Optics and Photonics. https://doi.org/10.1117/12.2192577

3. Pogorelov, A. V., Antonenko, M. V., Boyko, E. S., Fedorova, S. I., & Eletsky, Yu. B. (2014).
Research into the components of the coastal zone of the Sea of Azov by the airborne laser scanning
data (Verbyanaya Spit area). Environmental protection in the oil and gas complex, 11, 33-39. (in
Russian)

4. Kravtsova, V. I., & Drugov, M. D. (2019). Types of dune terrain dynamics of Anapa bay
bar: research based on airborne LIDAR data. Geodesy and Cartography, 80(2), 32-45.
https://doi.org/10.22389/0016-7126-2019-944-2-32-45 (in Russian)

5. Glinka, V. V., Bespalova, L. A., & Ivlieva, O. V. (2019). Study of types of shores of the
Tsimlyansk water storage reservoir using unmanned aerial vehiclesto In Patterns of formation and
impact of marine, atmospheric hazardous phenomena and disasters on the coastal zone of the
Russian Federation in the context of global climatic and industrial challenges ("Dangerous
phenomena"), 157-158. (in Russian)

6. Kosolapov, A. E., Skripka, G. I., Bespalova, L. A., Ivlieva, O. V., & Filatov, A. A. (2018).
Study of Morphological and Morphometric Characteristics of Tsimlyansk Reservoir Shores Using
Unmanned Aerial Vehicles and GIS Technologies. Arid Ecosystems, 8(3), 184-189.
https://doi.org/10.1134/S2079096118030034 (in Russian)

7. Misirov, S. A., Bespalova, L. A., & Saprygin, V. V. (2018). Issledovanie
geomorfologicheskikh osobennostei beregov Taganrogskogo zaliva s primeneniem bespilotnykh
letatel'nykh apparatov i GIS-tekhnologii. Ekologiya. Ekonomika. Informatika. Seriya:
Geoinformatsionnye tekhnologii i kosmicheskii monitoring, (3), 42-48. (in Russian)

8. Krylenko, V. V., & Krylenko, M. V. (2018). High-precision survey of the relief of the Bakal
spit. Ecological safety of the coastal and shelf zones of the sea, (4), 65-72.
https://doi.org/10.22449/2413-5577-2018-4-65-72 (in Russian)

9. Krylenko, V. V., & Rudney, V. 1. (2018). Technique of photographic Aerial Survey of the
Bakalskaya Spit. Ecological safety of the coastal and shelf zones of the sea, (4), 59-64.
https://doi.org/10.22449/2413-5577-2018-4-59-64 (in Russian)

10. Keller, B. M. (1947). Upper Cretaceous deposits of the Western Caucasus [Transactions of
the GIN, USSR Academy of Sciences, series geology], (48), 122-125. (In Russian)

11. Antonov, B. A. (1979). Regional geomorphology of the Caucasus. Moscow, 196. (in
Russian)

—G)
Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 18


http://www.bulletennauki.com/

broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 6. Ne2. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/51

12. Krylenko, M. V., Krylenko, V. V., Volkova, T. A. (2018). Development prospects of
natural-territorial complex of the Dolgaya spit. Ocean and Coastal Management, 166, 98-102.

13. Krylenko, V. V. (2013). The use of GNIC LEICA GEOSYSTEMS equipment in scientific
research. Geoprofi. Moscow, 5, 19-23. (in Russian)

14. Krylenko, M., & Krylenko, V. (2017). Active registration method of the coast changes. In
The XIII International MEDCOAST Congress on Coastal and Marine Sciences, Engineering,
Management and Conservation. Mugla: MEDCOAST Foundation, 2, 871-880.

15. Litchi. URL.: https://flylitchi.com/hub (12.06.2019)

16. Metashape — photogrammetric processing of digital images and 3D spatial data gen-
eration. URL: https://www.agisoft.com (10.09.2019)

17. Software for Processing Point Clouds and Image. URL:
http://www.terrasolid.com/products/terrascanpage.php (12.09.2019)

18. Bentley Systems. URL.: https://www.bentley.com (12.09.2019).

19. Russ, J. C. (2016). The image processing handbook. CRC press.

20. Rizaev I. G., Pogorelov A.V., Boyko E.S. (2016). Method of threshold filtering Canopy
Height Models in the environment of GIS. Geoinformatics, 2, 14-18. (in Russian)

Paboma nocmynuna IIpunsama x nyoruxkayuu

6 peoakyuio 08.01.2020 2. 11.01.2020 2.

Ccblnka 018 yumuposanus:

Kpeutenko M. B., Kpsuienko B. B. OcoOeHHOCTH BBINOIHEHHS BBICOKOTOYHOW CHEMKHU
penbeda abpasuonnoro 6epera ¢ nmomoinsio BITJIA // Bronnerens nayku u npaktuku. 2020. T. 6.
Ne2. C. 10-19. https://doi.org/10.33619/2414-2948/51/01

Cite as (APA):

Krylenko, M., & Krylenko, V. (2020). Features of Performing High-precision Survey of the
Abrasion Coast Relief by UAV. Bulletin of Science and Practice, 6(2), 10-19.
https://doi.org/10.33619/2414-2948/51/01 (in Russian).

() _©
@ ¥ Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 19


http://www.bulletennauki.com/

