HOBbIE TEXHOJIOTUXA U OBOPYAOBAHUE * —MF—————

COBMECTHOE NPUMEHEHUE BECINMWJIOTHOI O JIETATEJIbHOIO ANMNAPATA
MYJIbTUPOTOPHOI'O TUNA U TNAPOJIOKATOPA KPYITOBOIro O630PA
ANg CO3AAHUA TPEXMEPHOW LMOPOBOW MOJEJIN PEJIbE®DA JIEOBOIO OBbEKTA

PasButne TexHonormii B 06n1acTn 6ecnmnnoTHbIX eTa-
TefbHbIX annapaToB MynbTUpPoTOpHOro Tuna (BrJiA) pano
BO3MOXHOCTb pPaclMpUTb METOAbl U3YYEeHUS NeA0BbiX
00BbEKTOB, TakMx Kak ancbepru, TopoChl, y4aCTKM POBHO-
ro nbpa u T.4. 3yyeHne soamoxHocten BINJIA no cbemke
nefoBbIX 0ObEKTOB A71 MOCTPOEHUSI TPEXMEPHBIX LMdpPO-
BbIX MOAENEN MPOXOANI0 HA HAYYHO-UCCNen0BaTENbCKOM
ctaumoHape (HUC) «Jleposas 6a3a “Mbic BapaHosa”» |,
pacnonoXeHHOM Ha ocTpoBe BonblieBuk apxunenara
CeBepHas 3emns, B paMkax akcnegmuum «Cesep-2018»,
OpraHM30BaHHOW BbICOKOLWMPOTHON apKTUYECKOM KeCne-
anunen (BA9) AAHNIN.

MecTopacnonoxeHue ctaunoHapa «Jlegosas 6asa
“Mbic BapaHoBa”» yHMKanbHO TEM, HTO PSAAOM C HAM Haxo-
OATCS MecTa cnycka ieiHMKOB 1 06pa3oBaHus alicbepros,
B MPUMNANHOM JibQy Ha 3MMY OCTalOTCS BMOPOXEHHbBIMU B JIe,
MHOXECTBO ancOeproB cpeaHen BENNYUHbI U X 0BTIOMKN.
M3 ropa B rog GuKcUpyloTcs pasfivyHble TOPOCUCTbIE 06-
pasoBaHus, 6IM3KO NMPOXOAUT KPOMKa NpUNanHoro baa,
3a KOTOPOW HauymHaeTca apendyowmin neq,. Kaxabin rog,
Ha ceBepe nponuea LLilokanbCkoro oTkpbiBaeTCs 3anpunam-
Hasi NoJiblHbs ¢ 06pa30BaHNEM YY4ACTKOB OTKPbLITOW BOAbI
N Monoapix NbaoB. cnonb3oBaHne BITJIA 3Ha4YMTENLHO
yBENYMBAET BO3MOXHOCTU MO UCCNeA0BaHMIO BCEX ATUX
nepsiHblx 06pa3oBaHuii, kak B COYETAHUM C APYrMMU Me-
TOAAMW NCCNESOBAHNA, Tak U CAMOCTOSITENIbHO, OCOBEHHO
Korga [oCTyn K 06beKTY 3aTPYLAHEH.

BMJIA MynbTUPOTOPHOro Tvna NPeacTaBAdlOT CO-
6o nnatdopmMy, MMEIOLLLYIO YETbIPE U 6olee NOABEMHbIX
Jpuratenei c nponennepamu, obecneynsaoLMMm BEPTU-
KanbHble B3NEeT 1 NOCaaKy. Takas cxema KOHCTPYKUMK Mo-

3BOJISET annapary 3aBncaTb Ha O4HOM MeCTe 1 ABUraTbCsH
C MakcuMarsnbHOW, B HawweMm cnyvae 70 KM/4, CKOPOCThIO.
Takre KOMPOPTHbIE YCIOBUS ANS BbIMNOJHEHNS GOTOCHEMKM
No3BONSIOT AeNaTh Ha HU3KKMX BbICOTax NoneTa CHAMKK OT-
JINYHOIO Ka4yecTBa, HeaoCTynHble BIJ1A camoneTHoro Tmna.
Cbemka ¢ BbicoT A0 500 M no3BonsieT BbIMNOJIHATL paboTy
MEHEE BbICOKOTEXHONOMMYHbIM BOPTOBbLIM hOTOO6OPYAO-
BaHWEM, YTO CHMXKAET cTommMocTb BIJTA.

B TeyeHne paboTbl ce30HHbIX akcneamumii Ha HAC vc-
nbiTbiBanMcb BIMJ1A MynsTMpOTOPHOro TMna mMapok Yuneec
Typhoon H n DJI Phantom 4 Pro. lNMepBasa mogens npea-
cTaBnseT cobow neTaTenbHbIi annapar C LWeCTblo ABurare-
NAMU, Tak Ha3blBaeMbIl rekcakonTep. Takask KOHCTPYKLMS
obecneunaeT Gnaronony4yHyto nocaaky BINJIA npu oTkase
OJJHOBPEMEHHO ABYX ABuratenein. Bpems noneta Ha oa-
HOM MOJIHOCTbIO 3aPSXKEHHOM aKKyMYNSiTOPE COCTaBNSAET
25 MWHYT Ha yaaneHun, co CTaHOAApPTHOM aHTEHHOM Ha Ha-
3eMHOM nynbTe ynpasnaeHus go 1,6 km n 0o 4 KM ¢ Hanpas-
JIEHHOW aHTeHHOM, Ha BbicoTe o 122 M. MNoneT gonyckaeT-
€Sl Npu OTCYTCTBUM aTMOChEepHbIX 0CaaKkoB, cuie BeTpa oo
10 m/c n TemnepaTtype Bo3ayxa ot 0° go +40 °C.

lMonesHas Harpyska Yuneec Typhoon H nmeeT cmeH-
HYI0, MOZLYJIbHYIO KOHCTPYKLMIO U BKIlo4aeT B cebs doTo-
Buaeokamepy CGO3+ ¢ matpuuein 1/2,3 gorima n adpdek-
TUBHBLIM 4yncnom nukcenen 12,4 Mn, obecneymsaioLLyio
nosnyyeHne GOTOCHUMKOB C pa3mepom kagpa 4000x3000
nukcener n 3anucb Buaeo B dopmate 4K ¢ yactoton 30
Kagpos/c. Takxe B komnnekT BINJIA Bxogut Tennosusop
CGO-ET ¢ maTpuueit 2 meranmkcensi, BbICOKOW Temrnepa-
TypHOW vyBCcTBUTENBHOCTLIO (NETD) < 50MK, ananasoHom
namepsieMblx Temnepatyp ot 10 °C no 180 °C.

BI/1A mynbTrpoTopHoro Tna Yuneec Typhoon H (cnesa) u DJI Phantom 4 Pro
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BINJ1A DJI Phantom 4 Pro BbINOSIHEH MO CXEME C YETbIPb-
Ms1 ABUraTensiMu, Tak HasblBaeMblii kBagpokonTep. MonetHoe
BPEMS OT OHOr0 CMEHHOro akKymynsitopa COCTaBnsieT 4O
30 MWHYT, Ha yoaneHun OT Ha3eMHOr0 MyHKTa yrnpaBneHns
0o 3,5 kM Ha BbicoTe 0o 500 M. BbinonHeHne nonetos ony-
CKaeTcs Npu OTCYTCTBUM aTMOCPEPHbIX OCaKOB, CUIE BETPA
no 10 m/c n Temnepartype Bo3ayxa ot —10 °C go +40 °C. No-
nesHas Harpyska npencraenseTt coboit GoTo-Braeokamepy
C Mmatpuuen paamepom 1 awoinm 1 apOEKTUBHBIM YACIOM
nukceneii 20 Mn, obecneuvrBatoLLel nonyyeHme GoToCHUM-
KoB pasamepom 5472x3078 nukcenei 1 3anuck BUAego B Gop-
maTte 4K ¢ yacTtoTomn 30 kagpos/c.

Ha o6oux npeactaeneHHbix BINJ1A napameTpbl 06bek-
TVBa, yCnoBus GOTOChEMKU, reorpaduyeckme KoopamHaThbl
1 BbICOTA LIEHTPA CHMMKA aBTOMAaTM4ECKM 3anu1ChIBalOTCS B 40-
NONHUTENbHBIN pa3aen Kaxaoro CHMMkKa no craHaapTy EXIF

PaboTbl N0 CbeMKe NefloBbiX OOBEKTOB, PACMONOXEH-
HbIX B Nponuee LLlokanbckoro B HENOCPEACTBEHHOWN 61un-
3ocTtu oT HUC «JlepoBas 6a3a “Mbic bapaHoBa”», ¢ npu-
MeHeHnem BIMJIA MynbTUPOTOPHOro TUMa BbINOJHANNCH
c 1 anpensino 17 nions 2018 roga, korga BeTpom Oblfl OKOH-
YyaTeNbHO OTOPBaH NpuNanHeli nes. 3a aToT nepuof Obi1o
BbINOJIHEHO TPU CbEMKM Ha NonuroHe «Aiicbepr», ogHa Ha
nonuroHe «Topoc», fBE HA OCHOBHOM J1IEA0BOM MOJINIFOHE.
CbeMKM MO BO3MOXHOCTHW BbIMOJSHSANCH B AHW C ICHOW NO-
rofon, obecneymBaloLLen NoNy4eHNEe KOHTPACTHbIX, YETKNX
doTocHMMKOB. [locTaBka nepcoHana kK MecTy paboT ocy-
LLLECTBASANACH CHErOX04aMu.

Momumo BIJIA, Kk MecTy paboT A0CTaBNANOCh CryT-
HMKOBOE reofesnyeckoe obopyaoBaHue, NpeacTaBieH-
Hoe B HalleMm cnydae mapkoii Sokkia GRX-2, paboTatoLlee
Ha 6a3e robanbHbiX HaBUraunoHHbIx cuctem NNTOHACC/
GPS. laHHOe 060pyaoBaHve, NPOU3BEAEHHOE MO NLEH3NN
B Poccuu, obecneyrBaeT onpeneneHne KoopamHaT 1 BbICOT
TOYEK C OLLIMOKOM B3aMMHOI0 NonoXxeHns He 6onee 1 cm Ha
yOaneHum 0o 2 KM OT UCXOLAHOro nMyHKTa. Takas TOYHOCTb
[0CTaTo4Ha A58 NPUBA3KM OMOPHbIX 3HAKOB HA MECTHOCTM
ON9 nonyyYeHus BNocneacTeum L@ poBo moaenu penbeda
(LLMP), cooTBeTCTBYIOLEN NO TOYHOCTU MacLiTaby KapTbl
1:500 ¢ ceueHnem penbeda yepes 0,5 M. [1ns aToro nepes
BbIMOJIHEHVMEM CbEMKM N1€A0BOr0 06bEeKTa, PABHOMEPHO,
B rpaHMLAax CbeMKM, HAHOCUTCHA He MeHee 10 ONopHbIX 3Ha-
KOB KOHTpacTMpytoLLero Ha obLem GpoHe LuBeTa B BUAE kKpe-

ctoB pa3mepom 30-50 cM. KoopamHaTbl U BbICOTbI KPECTOB
onpenensitoTcs C NOMOLLLbIO CMYTHUKOBOIO reoe3nyeckoro
obopynoBaHus B noboe yoobHoe BpeMsi, Npu YyCI0BUM CO-
XPaHHOCTM OMOPHbIX 3HAKOB.

Mogrotoska BINJIA MynbTUPOTOPHOro Tuna K NoneTty
3ak/to4yaeTcs B €ro U3Bfie4eHn N3 TPaHCMOPTHOM Tapsl,
yCTaHOBKE NponesnepoB, akkyMynsaTOpHOM BaTtapeu, 3a-
nycke Ha3eMHOl CTaHUMW yrpaBieHns 1 BBEOEHUS B HErO
napameTpoB NPeacTosiero Mmaplpyrta. HazemHas ctaH-
LuMs ynpaBneHus noneToMm MMeeT Bec He 6oee 2 Kr 1 Nerko
yoepxmeaeTtcs onepatopom BIJ1A B pykax.

Xopoluo 3apekoMeHgoBaBLlas cebsi B xoae MNosieBbIx
paboT cxema nosieta Hag, 06bLEKTOM CbeMKWN NpeacTaBnsieT
coboli ceTky 13 napasniesibHbIX rafncoB, PacrofIOXKEHHbIX
C TakuMm pacyeToMm, 4TOObl MoslydaemMble CHUMKU UMENN
B3aMMHOe rnonepeyvyHoe nepekpbitue, pasHoe 60 %, 1 Npo-
nonbHoe 80 %. Peliatollee 3HaYeHne a5 kayecTsa nosy-
YaeMblX CHUMKOB 1 HE0OXO4MMOr0 NOJIETHOrO BPEMEHU ANs
BbIMOJIHEHUS CbEMKM MMEET BblCOTa noJsieta annapata. Ha-
npumep, ana nonydeHus LMP macwtaba 1:500 neposoro
nonuroHa pasmepom 200x200 M onTrManbHOM BbICOTOM
cbeMku aBnsnunck 100-125 m npu Tpex nonetax BINJIA 06-
wen anmtenbHocTbio 40-50 MUHYT.

Mpwn BbINOAHEHNN CbEMOK MPUMEHSNICb aBTOMaTH4e-
CKKne HacTpolikm 6opToBOM hOTOKaMephbl, NpeasiaraemMble no
ymMmonyaHuto npoundeoautenem BMJ1A, 4to onpaegano cebs,
6narogaps BbICOKOMY KavyecTBy dpOoTOKaMepbl, NHANBULOY-
anbHOM KannbpoBke Kaxaor doTokaMmepbl NP MPON3BOA-
CTBE W NOCTOSIHHO YyJyylLaeMoMy 6OPTOBOMY MPOrpaMmMHO-
My obecrneyeHunio, oTBeYatoLeMy 3a nosydyeHme LMdpoBbIX
HOTOCHNMKOB.

B xope akcnnayataumn BIJIA B BbICOKMX LLUMpOTax
(a H/C pacnonoxeH Bbiwwe 79° ¢.1.) Obls BbISIBIEH MOCTOSIH-
Hbll1 0TKa3 6OPTOBbLIX HABUTALLMOHHbLIX CUCTEM JleTaTeIbHbIX
annapaToB B aBTOMaTU4ECKOM pexume nosneta. 1o o6¢cTo-
ATEeNbCTBO BbIHY>XAAs1I0 Npuberatb K py4yHOMY yrnpaBfieHUIO
BMJIA. Owmnbka HaBuraumoHHow cuctembl BIMJTA Bo3HuKaeT
13-3a HEKOPPEKTHOWM paboTbl 6GOPTOBOrO MarHUTHOIO KOM-
naca, o0ycnoBJIEHHOW B CBOO 04epenb C/IOXHbIMW reomar-
HUTHBLIMW YCNOBUAMU U BONbLUMM 3HAYEHMEM MarHUTHOIO
CKnoHeHusa, gocTturatowero Ha HAC snavyeHna 33°. Kanu-
OpoBKa KOMMacoB, pekoMeHayemasi NPON3BOAUTESNIEM, He
nana nonoxmtenbHoro pesynstata. OTKIoYeHne komnaca

MoarotoBka k 3anycky BI1JIA MynbTUPOTOPHOTO TUMA (CReBa) v rapookaTopa KpyroBoro 063opa (cnpaea) k pabote
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HEBO3MOXHO, Tak Kak ero paboTa Ha NPOrpaMMHOM YPOBHE
VHTErpnpoBaHa B HaBUraumoHHyto cuctemy BrJIA.

BbinonHeHne paboT B TakMx YCNOBUSIX B PYYHOM pe-
Xume TpebyeTt oT onepatopa BIMJ1A onbiTa 1 MacTepcTaa
B yNpaB/ieHn fieTaTesibHbIM annapaTom. Takke aTo 06CTo-
ATENbCTBO YBENNYMBAET MYHUMAJIbHO HEOOXOAMMOE BPEMS
D151 BbINOJIHEHNSI CbEMKM, 3aTPaYMBaEMOE Ha rapaHTUPOBAH-
HOE MepeKpPbITME CHYMKaMM NJIOLLAAN U3YyHaeMOoro OObekTa.

Y100bl ycTpaHuTb cO0l paboTbl MarHUTHOro koMmnaca
B BMJ1A, Heobxoauma nx MogepHM3aums Npous3BoauTenem
Ans paboThbl B YCNOBUSIX BbICOKMX LUMPOT UM Nepexos, Ha
npodeccmoHansbHble mogenu BINJIA, cneunanbHo aganTtum-
poBaHHbIe /15 PabOTbl B CIIOXHBIX YCIOBUAX MarHUTHbIX MO-
MeX, a Takxke HU3KMX TeMnepaTyp OKpyXaloLLlero Bo3ayxa
no -40 °C. Hapo oTMeTUTb, YTO CTOMMOCTb Npodeccuo-
HanbHbIX BINJTA Ha NOPSA0K BbILE NPEACTABEHHbIX B CTaTbe
neTaTenbHbIX annapaTos.

Mo 3aBepLUeHN CbeMKN C NnpuMeHeHnem BINJTA n nna-
HOBO-BbICOTHOWM MPUBSA3KM ONOPHbIX 3HAKOB CMYTHUKOBbIM
reogesnyeckmm obopynoBaHmeM cobpaHHble MOoJieEBbIE
MaTepuanbl 06pabaTbiBAIOTCS C MOMOLLBIO CMELManbHOro
nporpaMmmHoro obecneveHus. Ans noctpoeHns umdpoBoi
mogenu penseda (LMP) no cHumkam ncnosnb3oBanach npo-
rpamma Agisoft PhotoScan Professional, paspabotaHHas
B Poccuu. MNporpamma aHanna3mpyeT 3arpy>XeHHble CHUMKN,
NCNOJb3ys, B TOM Yncne, CnyXebHyto nHdopmaumio n3 ao-
NOSHUTENBLHOrO pasgena cHumka B popmarte EXIF n nwet
COOTBETCTBUS, [N ATOr0 Kaxkaas To4ka CHUMaeMoro oob-
eKTa A0JKHa OblTb CHATA Kak MUHUMYM C ABYX MO3ULUIA.
B pesynbrate novcka COOTBETCTBUIA aBTOMATMYECKON 00-
paboTKM CTPOUTCS pas3pexeHHoe 061aKko 13 CBASYIOLLNX
TOYEK U YTOYHSETCA B3aMMHOE MOJIOXEHNE CHYMKOB B MO-
MEHT CbeMKMW. I yCTaHOBNEHUS NPaBUIIbHOrO MacLuTaba
cozgaBaemont LUMP B nporpamMmme MapKmpyioTCa CHUMKN
C OMOPHbBIMY 3HAKaMM, KOTOPbIM NMPUCBaNBAIOTCSH 3HAYEHUS
KOOPAMHAT 1 BbICOT, MONy4EHHbIE CMYTHUKOBBIM reofe3nye-
cknum obopynoBaHneM. Ha ocHOBe aTux AaHHbIX Nporpam-
Ma CTPOUT NMI0THOE 06/1aK0 TOYEK, HA MPUMEPE BbIMOHEH-
HbIX paboT — C PaCCTOSIHNEM MEXAY COCEeAHUMU TOHKaMM
B 3-5 CM, HacuUMTbIBaIOLLLEE MUIMOHBI TOYEK HA MJoLanm
cbemkm 200x200 meTpoB. BoamoxkeH akcnopT obaka ToHek
B reonH@popmMaumoHHble cuctemsl (FMC), oTBevaowme 3a

cbop, XpaHeHve, aHann3 1 rpaduyeckyio BU3yann3aumio
NPOCTPaHCTBEHHbIX JAHHbIX, HANPUMEP, Takux, kak ArcGIS,
Mapinfo, QGIS, NMaHopama.

Mporpamma PhotoScan cnocobHa cTpouTb Undppo-
Bbl€ MONUroHasbHblE 1 TaNIOBbIE MOAENU, obneryatoLme
BU3yasibHOE NPEACTAB/IEHMNE TPEXMEPHbIX AAHHbIX. Takxke
BO3MOXHO O0TOBpaXkeHne NOBEPXHOCTN MOLENM B BUAE Pery-
NAPHON CETKM 3HAYEHNIN BbICOTbI, TO €CTb CO3AaHME LMdpPo-
BOW KapTbl BbICOT. Ha OCHOBaHMN MCXOAHbIX CHUMKOB 1 MO-
JIMroHanbHOM Moaenun unn kapTbl BbicoT PhotoScan co3paet
opTodOTONNaH BbICOKOrO PaspeLLeHns C BO3MOXHOCTbIO ero
akcnopTa B undpoByto Mogenb mectHocTn (LLMM) B dop-
matax KMZ, KML, GeoTIFF n T.4., nogaepxmBaemMbix M'C.
Mpwv 3TOM NPSIMO B NporpamMmme Ha kapTe BbICOT 1 OpTODOTO-
niaHe BO3MOXHO ONPeensiTb KOOPANHATHI U BbICOTbI TOYEK,
N3MEepPSTb PACCTOSHNS, NaoWaam n o6bemMbl MO 3a4aHHbIM
nosb3oBaTtesiemM Tpaccam 1 noanroHam, otobpaxarb Npo-
bunn pa3pesos, a Takke CTPOUTb FOPU30HTaNM C 3aLaHHOM
BbICOTOW ceyeHus. Pe3dynbtatel 06paboTkm CHUMKOB, MO-
CTPOEHUSI TPEXMEPHbIX MOAENEN, BbIMONHEHHbLIX NU3MEPEHWUT
npeacTaBnstoTcsa nporpammMoit PhotoScan B rpadpuyeckom
1 TekCToBOM hopmaTe B BUOE OTHETOB.

[ns KOHTpONA KavecTsa NoJslydaemMblix ¢ NoMoLLbio BINJ1A
MYJIbTUPOTOPHOIO TNa L@ pPoBbLIX Moaenel penseda B 2017
rony 6bina napannenbHO BbINOJSIHEHA MIAHOBO-BLICOTHAS
CbeMKa MoSUroHa ¢ aincbeprom C NOMOLLbIO 9NIEKTPOHHO-
ro TaxeomeTpa u BINJ1A. Peaynstatel CpaBHEHMS Nokasanu,
YTO PACXOXAEHUS MONOXEHUS XapaKTEPHbIX TOYEK KOHTYPOB
nenoBoro obbekTa B 060Mx BapnaHTax CbeMKM B MNyiaHe He
npesbiwanu 25 cMm, nNo BeicoTe 15 cM, 4TO COOTBETCTBYET
TpeboBaHMSaM N0 CO3AaHMI0 ToNnorpaduyecKkmnx NNaHoB Mac-
wTaba 1:500, ¢ BblcOTOM ceveHust penbeda 0,5 m.

Bo Bpemsi paboTbl CE30HHOIrO OTpsAa aKcneamunmn
«CeBep-2018» 6bIsI0 BLINOSIHEHO TPU CbEMKM JIE00BOMO MO-
nuroHa «Aincbepr»: 3 mapTa, 21 utoHa u 17 nions.

Cwemka nonuroHa «Topoc» 6bina BbinosHeHa 13 mas,
OCHOBHOro negosoro nonuroxHa 10 maa u 3 niona 2018 ropa.
Mo pesynbraTtam KaXaon CbeMkU Oblsi NOCTPOEHbI Mac-
wtabHble uMdpoBble MOAENV penbeda 1 Npor3BeneHbl He-
00X0AMMblE NUBMEPEHUS AN1K HYX, TeA0BbIX NCCIEA0BaHWINA.

Onupasicb Ha OMbIT CbEMKM N1e0BbIX OOBEKTOB C MO-
mMoLbto BIMJTA MyABTUPOTOPHOrO TMMNA, MOXHO YTBEPXAATb,

9KkpaH nporpamMMbl Ans nocTpoerus 3-D mogeneii Ha ocHoBe LdpoBbix GpoTorpadmii PhotoScan
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Kapra BbICOT Nlefi0Boro nomroHa Aiicbepr, noctpoeHHasi B nporpamme PhotoScan

4TO MOJIHBIN LMKIT OT CbeMKM A0 NONyYeHns undpoBOit MOo-
[env MmectHocTu Tina ancbepr paamepom 100x100 M B mac-
wTabe 1:500, c ceveHnem penbeda yepes 0,5 M, 3anNmMeT He
MeHee 5 4acoB. M3 HMX pa3MeLLeHNe ONMOPHbIX 3HAKOB U 1X
NJIaHOBO-BbICOTHAs NMPMBS3Ka CMYTHUKOBbLIM re0Ae31YECKM
obopynoBaHuem — 30 muHyT. Cbemka ancbepra ¢ BIMJ1A
npv 61aronpuATHbIX METEOYCNOBUAX C NOJy4EHNEM MO-
psaka 100 potocHUMKoB — 30 MUHYT. O6paboTka CHUMKOB
B NporpammMHoM obecneyerHnn PhotoScan Ha komnbioTepe
C yacToTol npoueccopa 3,4 U, onepaTUBHON NaMATbIO
16 'b — 4 yaca. Npu aTOM Bpems 06paboTk B NporpaMmme
BO3MOXHO COKpaTuUTb A0 1-2 yacos, ecnun ans paboTbl J0-
CcTaTo4Ha MeHee JeTasnbHas MoaeNb 06beKTa, MOCTPOEHHas
Ha OCHOBE pa3pexeHHoro, a He NJI0THOro obnaka ToYek.

JoCTOMHCTBO MeToAa NONYyYEHNS TPEXMEPHO MOAENM
nefoBoro ob6bekTa ¢ nomoublo komnnekca BMNJIA mynstn-
POTOPHOrO TMMa 1 CNeLMann3MpoBaHHOro NPOrpaMmMHOro
obecneyeHunsa 3aknyaeTcs B ObICTPOM nosydyeHnn 601b-
woro o6bema AaHHbIX BbICOKOrO KayecTBa Nno CpaBHEHUIO
C MmoObbiMK ApyruMun metogamn. Takke CbemMka 1efoBOro
00bekTa MOXET BbIMNOJIHATLCA ANCTAHLMOHHO, 63 Heno-
CPEeACTBEHHOIO HAXOXAEHUS HA HEM YEN0BeKa, YTO UCKII0-
4aeT aHTPOMOreHHOe BNUSIHNE Ha NPOLLECChI, NPOUCXOAsLLME
Ha 1eLOBOM MOJMINTOHE, a TakXe CBOAMT K MUHUMYMY PUCK
TpaBMMpPOBaHUS Nofen Npy paboTax Ha NOTEHUMANBHO
onacHbIx 06bekTax, Hanpumep Takmx, kak ancobepru, unu
npu HabnNoAEHMM 32 MOPCKUM NbAOM B NEPUOabl ero ak-
TMBHOrO 06pPa30BaHMA 1 Pa3pyLLEHMS.

OrpaHuyeHnem ans BbINMOSHEHUS CbEMKU C MOMOLLbIO
npenctasneHHbix BINJIA angeTca Hannyne atMocdepHbIX
ocapnkoB, BeTep cuoi 6onee 10 Mm/c n Temnepartypa BO3-
nyxa Huxe 10 °C. UcnbitaHnsa mogenu DJI Phantom 4 Pro
npu Temnepatype Bo3ayxa —30 °C u cnabom BeTpe Aoka-
3anm paboTocnocobHOCTb JaHHOro 060pyaoBaHNSA B Te-
YyeHune OBYX MNocNefoBaTeNbHbIX MOSIETOB C YCTAHOBKOW Te-
NAbIX akKKyMyNSITOPHbIX 6aTtapen 1 HemMenIeHHOro 3arnycka
BMNA, obecneumBatolero B xoae ero paboTtbl pasorpes
3N1IEMEHTOB NTaHus. Ho Hago NpPM3HaTh, YTO AaHHble BIJ1A
He paccyuTaHbl Ha ycnosus akcnnyataumm Huke —10 °C, yto
noaTBEPAMIOCH 0TKa30M 060pyA0BaHMS MPU MOMbITKE Bbl-
NONHUTL TpeTui nonet nogpssa. NomeweHne BIJIA B Te-
nioe NomeLLeHEe BOCCTAHOBUIIO ero paboTocnocobHOCTb.
Hapo oTMeTUTb, 4TO HAa PO3HMYHOM PbIHKE NPEACTaBEHbI
npodeccuroHasnbHblie BIMJTA MynbTUPOTOPHOro TMNa, pac-
CYMTaHHble Ha paboTy Npu TemnepaType Bo3ayxa no —40 °C.

OptodoTonnaH nefoBoro nonuroHa Aiicoepr, nocTpoeHHbii B nporpamme PhotoScan

He ncyepnaHbl pecypcbl 1 Mo MoaepHU3aumn ans paboThbl
B CYPOBbIX KIMMaTUYECKMX YCIOBUSAX MMetoLLLEerocsi obopy-
[OBaHUS.

BMNJIA MynbTMPOTOPHOro Tuna UMEKT CBOKO HULLY
B Mepapxmm BO34YLLHbIX METOA0B UCCEA0BaHNS eAsHOro
nokpoa. CnyTHMKoBasi UHOOPMaLMA OXBaTbIBAET 3HAYN-
TENbHbIE TEPPUTOPUM OT OECATKOB [0 COTEH KUIIOMETPOB.
BIMJIA camoneTHOro Tnna NoKpbIBalOT CbEMKOM 3a BpeMs
paboTbl OT KMIIOMETPOB A0 OeCATKOB knnomeTpos. BINJIA
MYJIbTUPOTOPHOrO TUMa MOTYT O4EHb ONEPaATUBHO UCCNEeno-
BaTb MJOLWAAN OT AECATKOB [0 COTEH METPOB, 4TO AenaeT
VX HE3AMEHVMbIMW MPU N3YYEHNM OFrPAHNYEHHbIX Y4aCTKOB
NefsHOro NoKpoBa nnu oTAeNbHbIX nefoobpasoBaHuii. Ha
6a3e nony4yeHHbIx ¢ BIMJ1A maTepuranoB MOXHO OrnepaTUBHO
CTPOUTb CXEMbI penibeda NOBEPXHOCTM NibAa 1 NeAsHbIX 06-
pa3oBaHuii C 3a4aHHO TOYHOCTbIO, CTPOUTbL NPOAOSIbHbIE
NPo@UAN NPEBbILLIEHNS HA MOBEPXHOCTU JibAa B 3a4aHHbIX
HanpasneHusix, N1aHMpPoBaTb lefonccnenoBaTeNbCkue pa-
60Tbl, BbINOJIHAEMbIE KOHTAKTHbIM METOZLOM, OTCNIEXMBATb
M3MEHEHWS, MPOUCXOAALLME C NefOBbIMU 0O0beKTamMu BO
BpeMeHu. Bce aTn paboThbl B pasnnyHbIX COHETAHUSX Bbl-
nonHanucek Ha HUC «Jleposas 6a3a “Mbic BapaHoBa”», 4To
NO3BOINIIO HE TOJIbKO MOJTy4aTh ONepaTMBHbIE AAHHbIE O CO-
CTOSIHUW Nef0BbIX 0ObEKTOB, HO 1 OCYLLLECTBASATbL NIAHNPO-
BaHVe CNeayloLLMxX 3TanoB UCCNef0BaHUM, y4nTbIBas Npo-
ncxogsaume B negssHOM NOKPOBE M3MEHEHWS, HA OCHOBaHUM
mMaTepuanos, nosay4eHHblx ¢ BrJIA.

OueHb MHTEPECHbIE pe3ynbTaThl MOMY4a0TCA NPU CO-
BMECTHOI CbeEMKE MOBEPXHOCTU NIEASHOro NokKpoBa C Mno-
moLbto BIMJTIA v rmgponokaunoHHON CbeEMKE NOABOLHOM
YyacTu neasiHbix o6padosaHuii. Ha HUAC «JlepoBas 6asa “Meic
BapaHoBa”» B 2018 rogy NnpoBoauInChb Takue COBMECTHbIE
paboTkl B paiioHe aricbepra n TOpOCOB.

[ns cbemMkn NoABOAHON YacTy NefoBbIX OObEKTOB NpU-
MEeHSNCS NPOMUMPYIOLLMI TMAPONOKATOP KPYroBoro 063opa
Imagenex 881A (I'KO), o60opyaoBaHHbI MPMBOAOM BpaLLLEHNs
Azimuth Drive n mogynem opueHTtaumm. laHHoe o6opyaoBa-
H1e no3eonsieT nonayyatb LUIMP ¢ TOYHOCTbIO A0 HECKOJIbKMX
caHTumeTpoB. KO onyckancs ¢ NOMOLLbO TPEHOTU N pPyY-
Hol nebenkun Ha CcTaslbHOM TPOCe Ha MyouHy A0 95 M B ye-
Thipe NpeaBapuUTesibHO NPOOYPEHHbIE MaHbl ANaMETPOM
0,5 M, pacnonoxeHHblE paBHOMEPHO MO NEPUMETPY nccne-
noyemoro nefoBoro o6bekta Ha yoaneHun oo 60 m. Moaeo-
[Has CbeMka OxBaTbIBaeT Kpyr ¢ paauycomM B 100 M, B LieHTpe
KOTOPOro pasmeLLeH rugponokarop. CteneHb nony4yaemoim
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petanusaumm LUMP perynupyeTcs HacTPOMKOW Luara CKaHn-
pyloLLEero nyya rmagponokartopa. B cpegHem cbemka ¢ 0gHoM
ToukK 6e3 yyeTa NnoaroToBUTESbHbLIX PaboT, Takmx kak bype-
HWe MaliHbl, pa3BopaYMBaHNe N HACTpPolika 06opyaoBaHMs,
3aHnmaeT 1,5 yaca. Toukun norpyxenus KO npuesasbiBatoT-
Cs1 B M1aHe U Mo BbICOTE B eANHOI CUCTEME KOOPAMHAT Bbl-
COT C OMOPHbIMKW 3HaKamMu afist cbemku ¢ BIMJ1A ¢ nomoLLbio
CMYTHMKOBOI O reofie3nyeckoro 06opyaoBaHus. MonyyeHHble
B pesysibTarte rmaposnokaLoHHON CbeMKM laHHbIE 06pabaThl-
BalOTCH C MOMOLLbIO CNELMANIM3UPOBAHHOIO NPOrPaMMHOro
obecnevenHns Surf3D\DataCorr, Qloud n akcnopTupytoTcs
B N'MC B Buae obnaka To4ek.

Ha ocHoBaHWM MaTepranoB ruaponoKaLMoHHOM CbEMKN
YIas0Cb NMONyYUTb TPEXMEPHBIE M300paXKeHMs MOABOOHON Ya-
CTV NefoBbIX 0OLEKTOB, B TOM YmnCrie 1 aiicbepra. B pesynsrarte
COBMeLLEeHUst cbeMok ¢ BINJ1A n ruaponokaumoHHON NosBAs-
€TCS BO3MOXHOCTb C MOMOLLb0 COBPEMEHHbIX MPorpamMm 06-
paboTKM AaHHBIX MOCTPOUTL TPEXMEPHOE M300paKeHNE Neno-
BOro oObekTa B 3aJaHHOM MacLUTabe, Ha OCHOBaHMN KOTOPOro
MOXHO NPOBOAMTbL PACHETHI MO ero 06bEMY UM N0 06BEMY Er0
yacTel, BbINOMHATb CPe3bl leAsHOro 06pa3oBaHs B NOObIX
3a]aHHbIX HANPaBIEHNSIX, @ TAKXKE BbIMOSHATL APYre pacyeT-
Hble NpoLleaypbl, CBA3aHHbIE C U3y4YEHMEM JIE00BOro 0ObEKTA.
Mpwn 3TOM Ha camo neasiHoe 06pa3oBaHNE HE OKA3bIBAETCS
NpsiMoro GpU3n4eckoro BO3AENCTBUS, YTO HEM3BEXHO NPOKC-
XOAUT MPU Ero N3y4eHNN C NOMOLLIO KOHTaKTHbIX METOOB.
K coxaneHunto, Ha COBPEMEHHOM 3Tane Bpems, 3aTpadrBae-
MO€ Ha NPOBEAEHME MOPOIOKALIMOHHOM CbEMKN 1 00paboTKy
NOJTy4YEHHbIX MaTepPMasioB, ropasao NPOLOIKUTENIBHEE, YEM
npv nonyyYeHnn n obpaboTke matepuanos ¢ BIMJIA mynsTmpo-
TOPHOro TVMa. 3To 3aTPYAHSET MOJIHOLIEHHOE MCMOIb30BaHWE
3TUX ABYX METOI0B OZTHOBPEMEHHO 151 ONEPATMBHOMN CbEMKM
1lefsiHoro NokpoBa, 4To GbiBaeT Heobxoammo. PassuTtue crie-
LManbHOro rmaposiokaumoHHoOro 060pya0BaHNS 1 METOAOB
4YnCnoBON 0BPaABOTKM AAHHbIX, MOCTOSIHHO HaKarnMBaeMbili
OnNbIT NPOBEAEHNS PAOOT MO U3YHEHNIO NIEA0BLIX OOBEKTOB MO-
3BOJISIKOT HAZENATLCS, 4TO 3Ta Npobnema B Gnukarillee Bpemsi
OyneT paspelueHa.

MepcnexkTMBHBLIM HanpaBieHEM MOXHO CYMTaTb OCHa-
weHve BrJIA annapatypoin, N03BOASIOWEN AeNaTb CHAMKN
B MHdpakpacHoM nzobpaxeHuun. B 3umHuiA nepuop, koraa
B apKTMYECKNX panoHax HacTynaeT NofaspHas Ho4Yb 1 GOTo-
rpacdrpoBaHne B BUOUMOM Ayana3oHe CTaHOBUTCS HEBO3-
MOXHbIM, MHDPAKPACHbIV CNEKTP OCTAETCH €AMHCTBEHHO O0-
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CTYMHbIM /15 naowaaHom dotorpaduydeckon cbeMkn. Ho ans
paboTbl B 3UMHUX YCIIOBUSIX HEOOXOAMM NIeTaTeNbHbIA anna-
paT 1 COOTBETCTBYIOLLLASA annapaTtypa, CNOCOOHbIE BbIMOHATL
paboTbl Npu Temnepatypax nopsiaka —40 ‘C. HanomHum, 4To
BMJ1AYuneec Typhoon H, ocHalLeHHbI Takum 060pya0BaHN-
eM, paccunTaH ans padoTsl Npu Temnepatype Bo3ayxa no 0 °C.

MpumeHeHne BINJ1A MyasTUPOTOPHOrO TMNa OTKPbIBA-
€T HOBble BO3MOXHOCTU B U3y4eHUWN neasHoro nokposa. Mo-
nyyvaemble B pesynbrate cbemok ¢ BIMJ1A maTepuansl MoryT
MCMNONb30BaTbCS KaK CaMOCTOSITENbHO, Tak U B KOMMJIEKCEe
C OpyrvuMu MeToaamu U3ydeHus neasiHbix 06pas3oBaHUin.
Ha HUC «Jleposas 6a3a “Mbic BapaHosa”» BIMJ1A MynsTu-
POTOPHOro TMNa Havanu npumeHaTbcsa ¢ 2016 roga. C mnx
MOMOLLbIO MOJYYEHbI NNowaaHblie doTtorpadmm poBHOro
nbaa, doTorpadun TOPpoCUCTbIX 06pa3oBaHmii, doTorpadun
ancbepros 1 nNbaa BOKPYr HUX, poTorpadumn NprubpexHon
30HbI IeASTHOr0 NOKPOBAa B paiOHE MHTEHCUBHOIO CHEroHa-
konneHus. CoBpeMeHHble MeToAbl 06paboTkm GOTOCHUM-
KoB ¢ BINJTA n03BOASIOT NOAyYaTh HE TONBKO KQYEeCTBEHHbIE
doTorpadpudeckne n3obpaxeHus neoBbix 06bEKTOB, HO
npeBblLIEHNST OTAENbHbIX TOYEK pefibeda OTHOCUTENBHO 3a-
LAaHHOrO YPOBHS, 4TO B CBOIO O4epeb NO3BONSAET NOay4aTb
TPEXMEpPHble N3006PakKeHN 3TUX OOBEKTOB UK MOLLAAHbIE
CXeMbl pacnpeneneHnsi BbICOT C HAHECEHHBIMU N30UHUS -
M. MNprBA3aB NOyYeHHbIE NPEBbILLEHNSI MOBEPXHOCTU Ne-
OSIHOro 06pa3oBaHNs K YPOBHIO MOPS, MOXHO NOCTPOUTb
CXEMbl MPEBbLILLEHNI, KOTOPbIE, B CBOK O4epenb, MOXHO
CpaBHMBATb C APYrMMU cxemamMm nofaoOHbIX 0O LEKTOB 1N
NPOCNEXMBaTb NU3MEHEHUS, MPONCXOASALNE B NIeASSHOM 00-
pa3oBaHMK B TEYEHWE 3a4aHHOIr0 BpeMeHuU. [Mprnyem o6bekT
MOXET Hax0auUTbCH BHE NPAMON JOCAraeMOCTU O KOH-
TakTHbIX METOZOB UCcnenoBaHus. Hanpumep, npu pabote
B OyxTe AMba nponuea LLlokanbckoro kaptorpagpuyeckme
CbEMKM MOBEPXHOCTU fibfia N CHera BOKPYr ancbepros,
BbIMNOSIHEHHbIE C MOMOLLBIO BINJIA, NO3BOAMAN OKOHTYPUTb
Yy4aCTKUM C akKymynsiumMen cHera. 3Has npoueccbl Gopmu-
pOBaHWs NbAa B YCIOBUSAX MHTEHCUBHOIO CHErOHAaKOMIEHNS
y alicbepros, Ha ocHoBaHUK MaTepuanos BIMJ1A nosiBunaco
BO3MOXHOCTb CMPOrHO31poBaTh MOJIOXEHME 30H ¢ obpa-
30BaHMEM BOOHO-CHEXHOrO fibAa 1 30H Hanegu, npegno-
JIOXNTb BEPOSATHBIE M3BMEHEHWS MPOLLEHTHONO COOTHOLLEHMS
NbOa, HAPOCLLEro CBEPXY U CHU3Y, HA OTAESbHbIX y4acTKax.

B.A bopoakuH, A.C. lNapam3uH,
C.B. XotyeHkos (AAHVN)



