) ) | Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)
AV SR | Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) \-)

KpaTkoe coobLueHue -m
YOK 550.380 @ ey

https://elibrary.ru/clamag
https://doi.org/10.21285/2686-9993-2023-46-2-182-189

CpaBHUTEeNbHbLIN aHanNM3 UHHOPMATUBHOCTU MaNnoBbLICOTHOM
MarHuTopasBefKku ¢ NpuMeHeHUneM 6eCnUNOTHLIX NeTaTenbHbIX
annapaToB U Ha3eMHOW MarHUTopa3BeaKu

H.B. CHerupés®, C.B. MaueHko®, A.B. MapumHe

a¢ljokymckul HayuoHanbHbIU uccriedosamesnibCKull mexHu4eckuli yHugepcumem, 2. Mipkymck, Poccusi
UHcmumym 2eoxumuu um. A.l1. Bunoepadosa CO PAH, 2. Mpkymck, Poccus

Pestome. [pegmeTOM NpeacTaBreHHOMO UCCMea0BaHNA ABMACSA BOMPOC O CTENEHN CHUXEHUS MH(OPMAaTUBHOCTM reo-
thusmnyecknx gaHHbIX Npy nepexode OT Ha3eMHbIX CbEMOK K ManoBbICOTHON reodn3nyeckoit pasBeake C NpUMeHeHnem
BecnunoTHbIX NeTaTenbHbIX annapaTos. B xoge paboTbl Obin NpoBeAeH CPaBHUTENbHbIN aHann3 MHPOPMaTUBHOCTY pe-
3yNbTaToB CbeMKM C MCNOMNb30BaHNEM 6eCnnnoTHbIX NeTaTerbHbIX annaparoB W Ha3eMHOW MarHUTHOW cbemku. o nto-
ram WccrenoBaHus NpuBeAeHbl HabnoAeHHbIe 3HAaYeHNs MarHUTHOTO NOMS, NofyyYeHHble 0benmmn MeToanukammn cbopa B
npeaenax OgHON Nrowaau, U KOHeYHble MHDOPMaLMOHHbIE NPOAYKTLI — pe3ynbTaThl UNbTPaLMUU 1 TPEXMEPHON UHBEP-
CUM AaHHbIX. [okasaHo, 4TO NpuW BU3yarbHOM aHanuse KapT NOSIHOMO BEKTOPA HAaMPSHKEHHOCT MarHUTHOTO Mo BO3HU-
KaeT BneyatneHune o 6onee HU3KOM MHGPOPMATUBHOCTN MarHUTOpasBeaku C NPUMEHEHWEM BeCnunoTHbLIX neTaTenbHbIX
annapaToB, 0Hako nocrne obpaboTku AaHHbIX UTOroBble MHEOPMALMOHHBIE MPOAYKTLI XapakTepU3yTCsa MAEHTUYHOW UH-
hopMaTMBHOCTLI0. ITO KacaeTCst Kak pe3yribTaToB TPEXMEPHOr0 MOAENMPOBaHNA 3MEKTUBHON MarHUTHON BOCMPUNM-
YMBOCTM, TaK 1 KapT 1 rpadpykoB aHOMArbHOTO MarHUTHOrO NOMs Nocne UIbTPaUun B CKOMb3ALLEM OKHE. Takke noka-
3aHO HeraTMBHOE BIUSHNE rEO0NOTMYECKON NOMEXW OT MOPEHHbIX OTIOXEHW Ha Ha3eMHble AaHHbIe. JIokanbHble MarHuT-
Hble aHOManuu no pesynbTaTam CbeMKM C UCMONb30BaHWeM 6eCnnnoTHbIX neTaTenbHbIX annapaToB MOTyT YBEPEHHO KOp-
penupoBaTb C aHOManusaMK1 Ha3eMHOW CbeMKU, Npuyem cobrpaemble B Xo4e NPOBEAEHWS1 MaioBbICOTHOW adpoMarHuTo-
pa3Beaku C npuMeHeHneM 6ecnunoTHbIX NeTaTerlbHbIX annapaToB AaHHble MMelT MEeHbLLYK BEepOSTHOCTb NOMyYeHus
OLNBKK. BbIBOABI OTHOCATCS K KOHKPETHOMY Cy4ato U He MOryT 6biTb OAHO3HAYHO TPAHCIMPOBaHbI Ha Nobble reonoru-
Yyeckne cUTyaLmm, OOHAKO aBTOPbl CYMTAIOT, YTO AaHHbIA MPUMEP JOCTAaTOYHO TUMNYEH.

Knro4yesnle cnoea: MarHutTopasBsejka, BecnunoTHas asporeo¢w|3vu<a, MarHuTtHaa BOCNpUMMYnNBOCTb, TPEXMEPHOE MOJe-
inpoBaHue reonornyeckon cpenbl
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Brief report

Comparative analysis of low-altitude magnetic survey sensitivity
using unmanned aerial vehicles and land magnetic survey

Nikita V. Snegirev®®, Sergey V. Gachenko®, Alexander V. Parshin®

a¢|rkutsk National Research Technical University, Irkutsk, Russia
¢A.P. Vinogradov Institute of Geochemistry SB RAS, Irkutsk, Russia

Abstract. The subject of the study is the problem of the decline degree of the information content of geophysical data
when switching from land surveys to low-altitude geophysical survey using unmanned aerial vehicles. The research in-
volves a comparative analysis of the information content of the unmanned aerial vehicle survey results and those of the
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land magnetic survey. The conducted research allowed to present the observed values of the magnetic field obtained
by both survey methods within the same area as well as the final information products in the form of the results of filtering
and three-dimensional data inversion. It is shown that visual analysis of maps of the full vector of magnetic field strength
gives the impression of a lower information content of magnetic survey performed by unmanned aerial vehicles. However,
the data having been processed create final information products of identical information content. This concerns both the
results of three-dimensional modeling of the effective magnetic susceptibility, and maps and plots of the anomalous mag-
netic field after filtering in a sliding window. The negative impact of geological interference from morainic deposits on ground
data is also shown. Local magnetic anomalies based on unmanned aerial vehicle survey results can confidently correlate
with land survey anomalies, whereas the data collected during low-altitude aeromagnetic survey using unmanned aerial
vehicles have a lower error probability. The conclusions refer to a specific case and cannot be unambiguously applied
to any geological situation, however, the authors believe in the typicality of this example.

Keywords: magnetic survey, unmanned airborne geophysics, magnetic susceptibility, three-dimensional modeling of ge-
ological environment
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BeeaeHue

Ha cerogHsiLHWMI aeHb Hanbonee COBPEMEH-
HbIM CNOCOBOM BbINOMHEHUS MarHUTOPa3BeaKu
SBNAeTCA cO0p AaHHbIX C NPMMeHeHnem becnu-
NOTHbIX neTaTenbHblx annapatos (Br1J1A). B ka-
4ecTBe KMYeBOoro npenmMyLLectTsa 6ecnmnoTHbIX
CbEeMOK MOXHO 0603HauNTb onepaTuBHbIA cOOp
[aHHbIX AaXe B YCMOBWSIX CMIOXHOIO NaHawadra.
B T0 e BpeMsl, NOCKONbKY aHOManum MarHUTHOro
Mons C BbICOTON 3aTyxatoT, BO3HMKAET BOMPOC O
BO3MOXHOW NoTepe UHopmaLMm 1 Npomnycke oT-
HOCUTENbHO HEBOMbLUNX, HO 3HAYMMbIX FE0NOr-
Yyeckunx 06bekToB. 34ecb He0OX0ANMO OTMETUTD,
YTO Aenatb BbIBOAbI O NOSIHOTE UHPOPMALMK Ha
OCHOBE COMOCTaBfIEHUS MEPBUYHbLIX pesynbTa-
TOB MarHUTHOW CbEMKU — KapT MOZYNs NOSIHOro
BEKTOpPA HaMpPsXKEHHOCTW MarHUTHOrO Mons, no
Halemy MHeHM0, 6ECCMbICNIEHHO, TaK KaK TakKune
KapTbl XapakTepU3ylT COBOKYMHbIA CUrHaMm OT
BCEWN reosiornyeckon cpeapbl Ha rnybuHbl 4o ae-
CATKOB KUNOMETPOB, a MpW peLlleHnn 6OonbLUNH-
CTBa pearbHbIX 3a4ay reocnornyeckon pasBeaku
WHTEpPEeC NPEACTaBNSET TOSbKO €€ BEPXHSAS 4acCTb.
Ons nonyyeHns WHMOpMaLUK, XapakTepusyio-
LLien NPUNOBEPXHOCTHYIO YacTb paspesa, npume-
HSAKOT NoKanbHble TpaHcdopMauum U pelleHune
obpaTHbIX 3agad, YTO NO3BOSISET HAa Ka4eCTBEH-
HOM MM KONTMYECTBEHHOM YPOBHE BbIAENUTL He-
Bonblwmne aHomaneobpasywuwme CTpykTypbl. B
CBSI3M C 3TVM B JaHHOW paboTe Mbl CpaBHMBaEM
VMEHHO pesynbTaTbl UIbTPaLUN U UHBEPCUW
AaHHbIX HazemHou 1 BIJTA MarHUTHLIX CbEMOK,
a He nonHoe none. besycnoBHo, 04MH NpUMeEp He
MOXeT NpeTeHAoBaTh Ha YHWBEPCAnbHOCTb Bbl-

BOAOB, HO, Ha Hall B34, I'IpeD,CTaBJ'IeHHbIIZ Ma-
Tepunan aBndeTcda ovepegHbiM HarnagHbIM nNpu-
MepPOM B MONb3y AoKa3aTesibCTBa NpuHUUnmnarb-
HOW BO3MOXHOCTM OTKa3a OT Ha3eMHbIX CbEMOK
BO MHOIMX reoJyiorn4eCknx CUTyaumuax.

Matepuanbi 1 MeToAb!
nccnenoBaHuA

Ha yyacTke Hedp B OQHOM M3 FOPHbIX pano-
HoB BocTouHoin Cubupwu BeinonHeHa BIJTA- u
HaseMHas MarHuTopasBefka. W HasemHas, u
BIMJIA-cbemka BbINONHANUCL C LIAroM Mexay
npocunsmu B 20 M, 0OQHAKO HampasneHne npo-
dunen Heckonbko oTnuyanock. [lewexonHas
CbeMKa BbIMOMHANACh B ABWXEHWM C MOCTOSH-
HOW 3anuCbi0 3HAYEHWN pa3 B TPU CEKYHAbI MO
3apaHee noArotoBfeHHbIM npodunam. BIJIA-
CbeMKa BbINOMHSANACh Npy NOMOLLM KOMMIeKca
SibGIS UAS [1] (puc. 1) Ha BbicoTe 44 M nof
[,AaTYNKOM MarHUTOMETpa C 4YaCcTOTON U3MEPEHUIA
2 'y npm ckopocTun noneta 8 m/c. MNpegen cucte-
MaTU4eCKOWN MOrpeLIHOCT MarHUTOMeTpU4eCKo-
ro kaHana BlJ1A-cuctembl — 0,5 HTN, YyBCTBU-
TenbHocTb — 0,015 HTn.

CbemKa BbINonHanack ¢ getanecHbIM 06Teka-
HUeM pesnbeda C NOrpeLLlHOCTbI0 YaepXaHus Bbl-
cotbl 10 % o1 nnaHoBow. B obomx cnyyasx npu-
MEHSANUCb BbICOKOTOYHbIE MPOTOHHbIE MarHUTO-
MeTpbl.

Pe3ynbTathl uccnegoBaHus
n nx obcyxaeHune
KapTbl nepBUYHbIX OaHHbIX MPUBEAEHbI Ha
puc. 2.
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Puc. 1. BecnunomHas asapozeocghusudeckast cucmema SibGIS UAS e eapuaHme 0nsi Ma2HUMHOL CbeMKU
Fig. 1. Unmanned airborne geophysical system SibGIS UAS in the magnetic survey version
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Puc. 2. CxeMbI Hab1l0OeHHbIX 3Ha4eHUll MazHUMopPa3eeoKu ¢ NMpuMmeHeHUeM 6ecrnuomHbIX iemamesibHbIX
annapamoe (a) u HazeMHoli MazHumopa3seeodku (b) ¢ ykasaHuem nuHuu npogpuns 1.
1 - HasemHasi cbeMKa; 2 — CbeMKa C MoMOWbio 6ecnumomHo20 flemamenbHo20 annapama; 3 — NuUHUSA npoguns
Fig. 2. Diagrams of observed values of magnetic survey using unmanned aerial vehicles (UAV) (a)
and land magnetic survey (b) indicating the profile 1 line:
1 - land survey; 2 — UAV-based survey; 3 — profile line

Mo paHHbIM cbemku ¢ BIJTA, MHTEHCUBHBIE
noKasibHble aHoManuu 3ameTHO 3aTyxatoT, YTo
0b6bsACHAETCA yaaneHneM MarHuToMeTpa oT Ha-
MarHW4eHHOro reonorMyeckoro Tena npu npouns-
BOACTBE M3MEPEHWIA Ha BbICOTE MoneTa (CM. puc.
2, a). [Mpwn BbIxOd4ax Ten Ha NOBEPXHOCTb pas-
HOCTb yAdaneHHOCTU [ONS Ha3eMHOro u3Mepu-
TenbHoro npudopa n BrJ1A moxeT gocturatb Co-
TeH pas. [puH1Mas 3aTyxaHvue MarHUTHOro Nons

npu yganeHwn OT €ro MCTOYHMKA MponopLmo-
HanbHO KBagpaTy paccTosHus, Bygem umeTb
KpaTHOE YMEHbLUeHNe (UKCUPYEeMbIX NOKanb-
HbIX MarHUTHbIX aHoManuin. Takum obpasom, npu
PacCMOTPEHNUN NEPBUYHBIX AAHHLIX HA3EMHOM W
BrJ1A-cbemkn co3gaetcss BrnevyaTneHue, 4To
nepsas sBnseTca 6onee npeanovTUTENbLHON C
no3unummn nHopmMaTMBHOCTU. Tem He MeHee cre-
AyeT OTMETUTb BbICOKYK OWUCMEPCUI0 AaHHbIX
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Ha3eMHON CbEMKM, BbI3BaHHYO MOPEHHLIMU OT-
NOXEHUAMM, HE UMEIOLLMMU OLHOPOAHOW Hamar-
HUYEHHOCTU. JTOT (PaKTOP MOXHO CYMTaTb reo-
NOrn4yecKou NoMexon.

Bblgenvm nokanbHyl0 KOMMOHEHTY U3 [aH-
HbIX MarHutHou BIJ1A-cbemkun. [Ona peleHus
3aaun BOCMOMb3yemMcs OCpedHEeHWeM nons B
CKOMb3sLLeM OkHe paguycom 70 M, a 3aTeM Bbl-
yTem HabniogeHHoe none n3 ocpefHeHHoro. B
[AHHbIX Ha3eMHON CbEMKU MHTEHCMBHOCTb J10-
KanbHbIX aHOManun 3HauuTeNbHO NPEBOCXOAUT
WHTEHCUBHOCTb PErvoHanbHOro gooHa, noaTomy
OCTaBMNSeM [aHHble Ha3eMHON CbeMKM 6e3 n3-
MeHeHun. ConocTaBneHne rpamMkoB HaseMHON
CbEMKM C rpacmkamm nokanbHbIX aHoManuim, gu-
kcupoBaHHbIMK BIT1A-n3mepeHusamu, nokasaHo
Ha puc. 3, b.

CpaBHeHune rpacukoB HaszemHon u BIJ1A-
CbEMKW OCMOXHEHO PasnunYHbIM NNaHoOBbIM pac-
MOMOXEHNEM CeTU Ha3eMHbIX Npodunen n map-
wpytoB BINJIA, pasnuunavum B ware Habnwoae-
HWIA, B CBSA3WN C 3TUM CpaBHEHWE MPOM3BOANTCA
nyTeM MNEepPevHTEPNONALMN AaHHbIX Ha 06LmMi

60900

60800
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npodunb. B utore Hen3bexHoO BO3HUKAKOT OLLNG-
KW WHTEepnonsauuu, npuBOASLME K WUCKAKEHUIO
MCXOOHbIX KpMBbIX. Hebonblune umetowwmnecs no-
rPeHOCTN B paBHOW Mepe ByayT OTHOCUTLCA
KaK K TOR, TaK 1 K Apyrov cbemke. OgHako B Le-
NIOM MOXHO [4OCTaTOYHO YBEPEHHO KOHCTaTUPO-
BaTb, YTO BCE OCHOBHbIE 9KCTPEMYMbl aHOMAasui,
[axe He3HauyMTenbHble, 3ameTHbl Npu 06omxX
crnocobax CbeMKu, B CBA3N C YEM MHPOPMATUB-
HOCTb NONyYaeMbIX JaHHbIX SBNSETCA NpuUMep-
HO aHanornyHon. OkasbiBaeTcs, 4To B BI1J1A-
[aHHbIX, MOSIyYEHHbIX Ha BbICOTE B HECKOSIbKO
LeCATKOB METPOB, COAEPXWUTCA BCH OCHOBHas
MH(OPMaLMS, NyCTb U Ha YPOBHE aHOManui B
nepBble HaHOTECna, KOTOpble TeM He MeHee
BMOSIHE yAaeTcs BbIAENUTb B pedynbtaTte (unb-
Tpauun. Takum 06pa3om, KapTbl aHOMarnbHOro
nons, SBNSAOLWMUECS OOHUM U3 OCHOBHbIX UHDOP-
MaLMOHHbIX MaTepnanoB A5 reonornyeckon UH-
TepnpeTaumu, No akTy MMeT OAUHAKOBOE WH-
dopmaLMoHHO-KapTorpauyeckoe cogepxaHue,
PUKCUPYIOT OOHM U Te Xe reonornyeckme 06b-
eKTbl.
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Puc. 3. Mpagpuku Ans npoghuns 1:

a — MosHbIl 8ekmop 0nd HaseMHoU MagHUMHOU CbeMKU (YepHO20 ygema) U CbeMKU C MPpUMeHeHUeM
6ecriunomHbix nemamenbHbIX annapamos (KpacHo20 ugema); b — nonHeil eekmop 0ns HaseMHoU Ma2HUMHoU
CbeMKU (YepHO20 ugema) U JiokasbHas cocmasnsowas no 0aHHbIM CbeMKU C MPUMeHeHuUeM 6ecnunomHbix
nlemamerbHbIX annapamos (KpacHo2o ysema)

Fig. 3. Graphs for profile 1:

a — full vector for land magnetic survey (black) and unmanned aerial vehicle (UAV) survey (red);

b — full vector for the land magnetic survey (black) and the local component according
to the UAV-based survey data (red)
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Puc. 4. TpexmepHble Modenu Kaxywelicss Ma2HUMHOU 80CMPUUMYUBOCMU N0 aHHbIM Ma2HUMopa3eedku
C npuMeHeHueM GecnunomHbix iemamesbHbIX annapamos (a) u newexodHol MazHumopa3seedku (b):
1 — HasemHasi CbeMKa; 2 — CbeMKa C MoMOoWbio becnunomHo20 nemamesnbHO20 annapama
Fig. 4. 3D models of apparent magnetic susceptibility according to the magnetic survey data
using unmanned aerial vehicles (UAV) (a) and walking magnetic survey (b):
1 —land survey; 2 — UAV-based survey
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Puc. 5. Cpe3bl Kaxywelicsi MaeHUMHOU 80CMPUUMYUBOCMU CO2J1aCHO CbeMKe C NMPUMEHEHUEM
6ecnunomHbix TemamenbHbIX annapamos (cseea) U Ha3eMHOU cbeMKe (crpaea):
a, a.—0-25wm; b, by — 25-50 m:
1 — HasemHas cbeMKa; 2 — CbeMKa C MoMOoWb0 becnunomHo20 nemamesnbHO20 annapama

Fig. 5. Sections of apparent magnetic susceptibility according to the

unmanned aerial vehicle (UAV) survey (left) and land survey (right):
a, a1 — 0-25 m; b, by — 25-50 m:

1 - land survey; 2 — UAV-based survey
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CpaBHeHMIo NepPBUYHbBIX AAHHbIX HA3EMHBIX U
BIMNJTA-CbeMOK 1 ux TpaHCGOPMaHT MOCBSLLEHO
HEKOTOPOE KONMMYecTBo nybnukauun [2—4 v ap.].
B cyliecTtBeHHO MeHbLUeM KonuyecTe paboT [5]
M3y4arTCsl BO3MOXHOCTU HasemHou u BIJA-
MarHUTHOW CbEMKM NPU MHTEPNpPeTaLnn Nx Aax-
HbIX C MOMOLLbI 3D-MHBEPCUM, XOTS TakoW noa-
X0A4, NO3BOMANWMA NepenTn 0T napaMeTpoB
Mons K KaXyLMMCs napaMmeTpam reosniornyeckon
Cpeabl, ABNAETCA COBPEMEHHBEIM W BOCTpebo-
BaHHbIM. 10 NONyYeHHbIM AaHHLIM MeTogom Oc-
cam [6] 6biny NOCTPOEHbLI ABE TPEXMEPHBIE MO-
AENN MarHUTHOW BOCMPUMMYMBOCTM FOPHBIX NO-
poA (puc. 4).

Ha puc. 5 npueaeHbl cpesbl 3hEKTUBHON
MarHWTHOW BOCMPUMMYMBOCTM NS FTOPU3OHTOB
0-25 1 25-50 m.

N3 puc. 4 n 5 3ameTHO, 4TO HanbonbLuKne OT-
nnunsa HabntoaaTcs B CaMOM BEPXHEM CI0€e no-
nyyeHHon 3D-moaenu (roe B AaHHbIX Ha3eMHOWM
CbEMKM MaKCMManbHO MpOsIBieHa reonornye-
ckas momexa, kotopasi Ha BbicoTe bonee 40 M
yXe He owyuwaetcs). Cnegyowmin cpes Ha rny-
6uHe 25-50 M npakTuyeckun ToxaecTBeHeH. Bee
OCHOBHble OOBEKTbI reOMETpU3oBaHbl NO AaH-
HbIM 0BOMX METOAOB, TakuM 0BpasoM, MOXHO
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KOHCTaTupoBaTb, YTO MNP OONHAKOBO BbICOKOM
Ka4eCTBe CbEMKU pe3ynbTaTbl MUHBEPCUU, 3a UC-
Knto4yeHnem camoro npunoBepxHOCTHOro Crios,
Ha MpPaKTuKe OKas3alimCb OAMHAaKOBO I/IH(bOpMa-
TUBHbIMW.

3aknoyeHue

MNpuBeaeHHbIN NpUMep NOoKa3biBaeT, YTO Ha
NPaKTUKe NosiHoTa UHOPMaLMK, KOTOPYI MOX-
HO nonyuntb U3 AaHHblX BIJIA- » HasemHoM
CbEMKU, MOXET OblTb aHanorn4yHow. ATo cnpaees-
NMBO Kak B crnyvyae obpabotku AaHHbix BIIIA-
CbeMKU MeToaamu unbTpaumu, Tak v npu npu-
MeHeHun metogoB 3D-uHBepcun. Makcumans-
Hbl€ OT/INYMA BO3MOXHbI B CAMOW BEPXHEN YacTK
paspesa, NOCKOSIbKY yAarneHHOCTb npubopa Ha
HECKOMbKO [eCATKOB METPOB OT MOBEPXHOCTM
3eMI1 CBOAWT Ha HET MOMEXM, Bbl3BaHHbIE Xao-
TUYHO OPUEHTUPOBAHHLIMW 0BNIOMKaMU MarHuT-
HbIX FOPHbIX NOPOA, rMbl6amu, CKPbITEIMM B MOY-
BEHHOM croe. B psage cnyyaes 310 MOXeT ObITb
LOCTOMHCTBOM. Be3ycnoBHO, AaHHbI NpUMEp He
ABNSeTCH BCEOOBLEMMNIOWMM, HO NpeacTaBns-
€TCS, YTO B peasibHOM reonorornonckoBoOn npak-
TKe pe3ynbTaTt B GonblIMHCTBE cryyaes GyaeT
NPUMEPHO TaKUM Xe.
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