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AHHOTauus

MocraHoBKka nNpobnembl. B HacTosLlee BpeMsi Ha pbiHKe NPMOOPOB NOAMNOBEPXHOCTHOMO 30HANPOBAHMS LUMPOKO NPEeACTaBNEHbI re-
opafapbl pa3fIMyHbIX NPOM3BOAMTENEN, BbIMYCKAOLWMX KaK Knaccuyeckue cTpoboCKonuyeckne reopagapbl, Tak U r1y6uHHbIE UMNYSb-
CHble reopaaapbl. OAHOW M3 NMPUYMH OrpaHNYEHHOrO pacrpocTpaHeHus NPUGOPOB SBASIETCS BbICOKasi CTOMMOCTb MPOdeCccMOHaNbHOM0
reocpusmnyeckoro obopyaosaHus. pynnon cotpyaHnkos UI3MUPAH pa3paboTaH 1 NpoxXoauT ucnbiTaHusa reopagap «Ccepa» Ha ocHo-
Be npucTtaBku USB-ocumnnorpada, npeaHasHayeHHbl Ans MOUCKOBbLIX PaboT HauMHAOWMMK CNeUmManMcTaMin, CTyAeHTaMu U Apyrv-
MM 3aMHTEPECOBaHHLIMK NULaMK. [eopaaap NO3BOMSET NOJTYyYUTb AaHHbLIE NOANOBEPXHOCTHOM paaMONioKaLmMm, MOXKET MCMO/b30BaThb-
€S NS Pas/IMYHbIX U3bICKaHWIA.

Lenb. MpeactaButb pesynbTaTbl 3KCMEPUMEHTasbHbIX M3MepeHuin reopapapa «Cdepa». [aHHbIi reopafap WMCMonb30Bancs npuv
CpaBHUTENbHOM MpoduIMpoBaHuK AHa baiikana B6/M3KM 3anagHoro 6epera o3epa B 3MMHee BpeMsl. Takke MPUMEHSIICS B KayecTse
perucrpaTopa rnpu 3KCNepuMeHTaXx C PasIMYHbIMU TUNaMM aHTEHH.

Pe3ynbTaThbl. [1poBeaeHbl psi SKCNEPUMEHTOB C Pa3fIMYHLIMKM @aHTEHHaMK U NepejaTynkaMm C UCMonb3oBaHMeM reopagapa «Cde-
pa». MpeacTaBneHbl pe3ynbTaTbl IKCMNEPUMEHTOB C MHOrOBMOPATOPHBIMY PE3NCTUBHO-HArPY>XEHHbIMW ANMONbHLIMWU aHTEHHAMK, NO3-
BOMSIOLMMI MOBbICUTL AMHAMUYECKUI MOTEHUManN v rybuHy n3MepeHuit reopagapoB. Feopadap Mcnonb3oBasncs Ans npoduamposa-
HUSI yYacTka AHa B6MM3M 3anaaHoro 6epera o3epa balikan B palioHe HaceNeHHOro MyHkTa JIcTBsHKa MpKyTckoit obnactv no nbay,
Ans paboT Mo CPaBHEHMIO XapaKTEpUCTUK PasfiMyHbIX pasapos.

MpakTnuyeckas 3HaYMMOCTb. [py BCell CBOEl NPOCTOTE MO CpaBHEHMIO C NPOMECCMOHAbHBIMU reopajapamMu NpeacTaBieHHbIN
reopagap «Ccepa» No3BONSET NPOBOAUTL NMEPBOHaYaNbHOE O3HAKOMJEHWE CTYAEHTaMM YYebHbIX 3aBEAEHWUI C TEXHONOrnen rny-
6MHHOI reopaanosoKaLUMM U NocieayoWMM WNUPOKUM BHEAPEHMEM B reoM3NUYECKMX NCCIEQOBAHUSIX.

Knwyvesslie crioBa
leopagap, pe3ncTuBHO-Harpy>XeHHblE aHTEHHSI, MOAMOBEPXHOCTHOE 30HAMpOoBaHue, Jlo3a, por, Ciepa
WUccnenoBaHue BbiNosIHEHO Npy (pMHAHCOBOW nopaepkke rpaHToM PHO N2 22-12-00083.

brnarogapHoctv

Boipaxxaem 6narogapHoctb OO0 «MHTeppackaH» v nudHo HypbynaTty AMaHrenbavesudy [ylicMHanMeBy 3a MOMOLLb B NpoBeaeHUu
akcrneanumn Ha o3epo Baiikan.
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A brief version in English is given at the end of the article

BBenenne

Ha peiHke reodusnueckiux npuOOpOB HIMPOKO MPEACTABICHBI MPHUOOPHI MOATOBEPXHOCTHOTO 30HIUPOBAHUS
Pa3IUYHBIX NPOM3BOAMTEINICH, BBHIMONHAIOMINE IIUPOKUHA CHEKTp 3aaady. EcTh kinaccuueckue MajoriyOHHHBIC
reopazapsl Ha OCHOBE CTpoOOCKomMueckoro ocwuiorpada tumna «OKo», TakkKe MPUCYTCTBYIOT ITyOMHHBIE
UMITYJIbCHBIE Teopanapsl Tuna «I'pot» u «Jloza» [1, 2]. Ilpu Bcex 1OCTOMHCTBAaX NMpUBEAECHHbIE TPUOOPHI HMe-
IOT BBICOKYIO CTOMMOCTB, YTO OTPaHHUYMBACT, K MPUMEPY, UCIIOJIB30BaHNE HX MPU O0YYEHHH B y4eOHBIX Opra-
HU3aLUAX.

I[lexp paboTs — NPEACTABUTH PE3yJIbTAThl SKCIEPUMEHTOB C UCIIOIb30BaHNEM reopanapa «Chepay
B MICCJIEIOBAHUSIX TP pa3paboTKe 0oJiee CIOKHOM armnapaTyphl U IPH [IPOBEACHUH Te0PU3MYECKHX padoT.

MaTepna.m,l H METOAbI

IIpencraBieH 3KCIIEpUMEHTANIBHBIN [TOMCKOBBII Teopanap, IpeIHa3HAaYeHHbIN Ul BBIIOJIHEHUS psaa UHXKEHEP-
HBIX, IOUCKOBBIX U JPYTUX paboT B OJaronpusiTHOE BpeMs rojia, 001aJaroiii BCEMH XapaKTEePUCTUKAMH BBILIE
MIPUBEJICHHBIX T€0PaJapOB, KPOME BCEMOTOAHOIO MPUMEHEHMSI, HO MPH MEHBIIEH CTOMMOCTU. DKCIIEPUMEHTHI
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MIPOBOAATCSA Ha TPEX K3eMIUIApax. PaboThl HanpaBieHBl Ha YCTpaHEHNE TEXHUYECKHX HEJOCTATKOB M YCOBEp-
LICHCTBOBAaHHUE MTPOTPaMMHOT0 00eCIIeUeHUsI.
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Puc. 1. CtpykrypHas cxema reopanapa «Chepar
Fig. 1. Block diagram of the “Sphere” GPR

I'eopanap «Codepa» peann3oBaH Ha 6a3e BHICOKOYACTOTHOTO MHOrokanansHoro USB ocummiorpaga c ga-
croroil puckperuszanuu 1 He [3]. CtpykTypHas cxema npuBeaeHa Ha puc. 1. I[Ipu npoBeaennn uzmepeHuit uc-
MOJIb3YEeTCsl EPEaTUMK C Ta30HAIOIHEHHBIM BBICOKOBOJIIBTHBIM Pa3psAIHUKOM. AMIUIMTYIa CBEPXLIMPOKOIIO-
nocuoro (CHIIT) curaana Haxoautcs B auamasone ot 5 go 100 kB. [ yBenmdeHus: aMITuTyIbl HCIIOTIB3YeTCs
MOCJIEeI0BATEIbHOE BKIIOUCHUE pa3psaHuKa [4].

B 3aBucuMoOCTH OT BBINOIHSAEMOMN 3aJauM JUIsl PETHUCTPAlMM B MPUEMHHUKE UCIOIB3YIOTCS OJUH WM ABa
KaHama. /Iy HHKeHepHBIX paboT HUCIONB3yeTCs OAMH KaHall C YaCTOTON JUCKPETH3aluu 1 HC, I Teooruye-
CKHX pabOT BKIIIOYAIOTCS JBa KaHAJA C Pa3HBIMU YCHJICHUSMH C YacTOTOH AMCKpeTH3aluu 2 HC WK Hipke. Ta-
KOH c1oco0 MO3BOJISIET YCKOPUTDH HPOLIECC NPOPHUIMPOBAHUS U MOBBICUTH HH)OPMATUBHOCTH MOJTYYEHHBIX pe-
3yJIbTaTOB. JIaHHBIC OIHOTO KaHAJIA IIPH HEKOTOPOM BKJIIOUEHHOM YPOBHE OCIalJIeHHs TIOKa3bIBAIOT CUTHAMI 0e3
OTpaHMYCHHM, HO MEHBIICH TTyOMHBI, BTOPOH KaHal, BKIIOUCHHBIH 0€3 OCIalleHHUs, MOKa3bIBa€T CUTHAI C
MaKCHUMaJIbHOM TTyOHWHBI, HO BEPXHHUE CJIOM MOKA3bIBAIOTCS C OTPaHUYEHUSIMU CUTHaIA. Takke BO3MOXKHO MPO-
rpaMMHOE yIpaBieHue JUIMHON Oydepa 10 64 Thicsd OTCUETOB, YTO MO3BOJISIET YNPABIATh BPEMEHEM 3alHCH
OJHOM Touku. [ pa3HbIX 3a7a4 UCTIOIB3YEeTCsI HEOOX0ANMOE KOJIMYECTBO OTCUETOB U HEOOXOAMMOE KOInye-
CTBO TOYEK IPU MPOPUINPOBAHUH.

Bremmnuii Bug reopagapa «Cdepa» nokasad Ha puc. 2. IIpuBeneHO cTaHAapTHOE pacIoIOKEHHE Ha yHU-
BEpCAbHOM paMKe, MO3BOJISIONIEH H3MEHATh PACCTOSIHHE MEXTY NEPeIaTINKOM U MTprUeMHUKOM OT 0,6 10 2 M.

Puc. 2. Baemnwuii Buzg reopagapa «Cdepar
Fig. 2. Photo of the «Sphere» GPR
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Ha puc. 2 cpaBa pacnosiokeH nepenatduk ¢ BeixoaHod ammumtygod CILIT curnana 16 xB. Jlnmurens-
HOCTh W3ITy4aeMOr0 HMITyJibca (POPMUPYETCS JJIMHOW aHTeHHBI. Ha 3TOM pHCyHKE NMPHUBEACHBI SKCIICPUMCH-
TaJIbHbIC MHOTOBHOPATOpPHBIE aHTEHHBI, KOTOPbIE 00Jaat0T MOBHIIICHHBIM yCHiIeHHeM. [IpoBeicHHBIE dKCIIe-
PUMEHTHI TTOKa3aJIH, YTO YCHIICHNE HEKOTOPHIX DK3EMIUIIPOB aHTEHH BBIIIC cTaHAapTHRIX Ha 10 ab. [5].
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Puc. 3. Bun unrepdeiica mporpamms! ynpasnenus «Inmurpumy»
Fig. 3. Control software «Piligrim»

VYupaenenue reopagapom «Cdepay MpoU3BOIUTC AUCTAHIIMOHHO 10 ceTH Wi-Fi ¢ HoyTOyKka, pa3pabaThi-
BaeTCs MpOrpaMma Jiisi cMapTQoHa. Y CTaHOBKA MapaMeTPOB, YIPABICHHUE MIPOIECCOM TeOPaJHOIOKAIIUN U CO-
XpaHEHUE TOJTyYESHHBIX JAHHBIX MPOU3BOAMUTCS Yepe3 mnporpamMmy «lluaurpumy», BHEITHUE BUJ] KOTOPOM TIpe-
CTaBIICH Ha pHC. 3: clieBa pajaporpaMma B BOIHOBOM (hopMe, cripaBa — MpoGUITs paaporpaMMbi.

3akioueHue

Ha puc. 4 npuBeneHa ofHa pagaporpamMma IOAIOBEPXHOCTHOM I'eopaauojIOKaluy JHa o3epa baiikan BOIM3H
Oepera Bo3ie noc. JluctBsaka B deppane 2024 r., reopagap «Chepa» ¢ nepemataukoMm ¢ amriurymoi CIIITI
UMITYJIbCa MOABOIUMOrO K anTeHHe 16 kB, mmHa antenH 3 M. [IpoBeneHHbIE 3KCTIEpUMEHTATbHBIE PA0OTHI ObI-
JIY IPU3HAHBI yIOBJIICTBOPUTEIIEHBIMH.
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Puc. 4. PesynbraT 00pabotku gaHubix reopanapa «Cdepa» B mporpamme MATRIX, panaporpamma 3onanpoBatus nua o3. baiikan
OKOJIO YCThS p. AHrapa

Fig. 4. The result of data processing of the Sphere GPR in the MATRIX software — a radarogram of sounding the bottom of the lake.
Baikal near the mouth of the Angara river
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Abstract

Currently, the market of subsurface probing devices widely presents ground penetrating radars of various manufacturers, there are classic
stroboscopic ground penetrating radars, there are deep pulse ground penetrating radars [1, 2]. One of the reasons for the limited distribution
of ground penetrating radars is the high cost of professional geophysical equipment. A group of IZMIRAN employees has developed and is
testing the Sphere ground penetrating radar based on a USB oscilloscope attachment [3]. It is intended for prospecting work by novice spe-
cialists, students and other interested persons. The ground penetrating radar allows obtaining subsurface radar data and can be used for var-
jous surveys. The results of experimental measurements of the Sfera ground penetrating radar are presented. It was also used as a recorder
in experiments with a transmitter with pulse amplitudes from 5 to 100 kV, with various types of antennas [4]. A number of experiments were
conducted with various antennas using the Sphere ground penetrating radar receiver as a recorder. The results of experiments with multi-
vibrator resistively loaded dipole antennas are presented, allowing to increase the dynamic potential and depth of measurements of ground
penetrating radars [5]. It was also used for profiling one section of the western shore of Lake Baikal in the area of the Listvyanka near the Ir-
kutsk region on ice, for works on comparison of characteristics of different radars. Inferior in reliability in comparison with professional ground
penetrating radars, the ground penetrating radar "Sphere" allows to conduct initial familiarization with the technology of deep ground pene-
trating radar. It is intended for students of educational institutions for familiarization and subsequent wide implementation for use of geo-
physical research.
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