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AHHOTauus

MocTaHoBka Npobnemsbl. B HacTosiLee BpeMsi Ha pbiHKe NpUGOPOB NOAMOBEPXHOCTHOMO 30HAMPOBAaHWS LUMPOKO MPeACTaB/eHb reopa-
[apbl pa3nnyHbIX NPOU3BOAMTENEN, BbIMYCKAOLWMX KaK Kilaccuyeckue CTpobocKonuueckue reopagapbl, Tak U rybuHHbIE MMMYIbC-
Hble reopajapbl. N ecnn Ansi MHXKEHEPHBIX M3bICKaHW MPEUMMYLLECTBO MO MPOCTPaHCTBEHHOMY pa3pelleHUio pa3MepoB OGBLEKTOB
NMPUHaANEXUT KNAacCMYeckuM reopagapam, TO Mpu NPOBEAEHWM TeoNorMyeckuxX UCCefoBaHNin HaunHatoT npeobnagaTb UMMYNbCHbIE
reopagapbl, 4OCTUras ry6yUH 30HAMPOBaHWS HECKOJbKUX COTEH METPOB, TePsist NMpW 3TOM MPOCTPAHCTBEHHOE pa3peLleHne 06bEKTOB
W reonornyecknx croes. [ns cpaBHEHUs! pe3y/ibTaToB M3MEpPeHWsl reopafapoB pasfinyHbIX TUMOB 6blI0 NPEeaSIOKEHO UCMO/b30BaTh
MOMOrniA MOHMXKAIOLLMICS Geper NpecHOro BofoeMa, NepexoasiLUmii B HO.

Llenb. MpoBeCTU cpaBHEHWE XapaKTEPUCTUK reopaZiapoB pasHbIX M3rOTOBUTENEN NPy CPaBHUTENBHOM NPOMUAMPOBaHWUM AHa 3anaj-
Horo nobepexbs o3epa balikan B 3uMHee BpeMmsi. [y6yHa 30HAMPOBaHWS GYKCMpOBanack Mo NPOMafaHWIo OTPaXXEHHOro curHana ot
rpaHu1Lbl AHA U JOHHBIX OT/IOKEHWUMN.

Pe3ynbTaThl. MpoBeaeHb NpoduAMPoBaHUS OAHOTO AOHHOTO y4acTka B6/M3M 3anagHoro 6epera o3epa baiikan B paiiloHe HaceneHHo-
ro nyHkta JiuctBsiHka WpKyTckol 061acTvi No b4y HECKONbKUMM reopajapami C pasHbiMW aMmiuTyAaMu U3Ny4yaeMoro curHana.
MpoBeaeHHbIE SKCNEPUMEHTBI MOKa3anu NPaBUIbLHOCTb MPEAMOIOKEHUS O BO3MOXHOCTU U3MEPEHUSI pearnbHON FnyGuHbI 30HAMPOBa-
HUSI reopafiapoB MO OTPAXEHWIO OT MOJSIOroro fHa MPEecHOro BojoeMa. B 3aBUCMMOCTM OT M3nyyaeMoil MOWHOCTU rUKCMpoBancs
NMPVHUMAEMBIN CUrHaN pasHblX aMraMTy, HO AHO Y 3anaaHoro nobepexbst o3epa ballkan Ha 4aHHOM ydyacTke U3 Noororo A0BOLHO
6bICTPO NEpexXoaMT B KPYTO Mafatolmii CycK C YriioM K ropusoHTy Ao 70 rpajycoB, BCNEACTBUE YETO BO3HUKAET KPUTUYECKUIA Yron
OTPaXXEHWUSI U3NTYYEHHOTO CUTHaMa, U HE3ABUCUMO OT U3/yYEHHOW MOLLHOCTW OTPaXKEHHbINA CUrHan He UKCUPYETCs, YXOaMT 3a npe-
[enbl 30Hbl U3MEPEHUSI.

MpakTuyeckas 3Ha4YMMOCTb. [peasioXeHHbI cnocob NMo3BOSISIET NPOM3BECTU CPABHUTENbHbIE 3MEPEHUSI reopaAapoB C YUYETOM MOJo-
rocTu AHa W AvarpaMMbl HanpaBiEHHOCTW aHTEHHO-(UAEPHBIX YCTPOICTB.

Knwyesslie c1oBa
leopasap, pe3ncTuBHO-HarpyXeHHbIE aHTEHHbI, MOAMNOBEPXHOCTHOE 30HANPOBaHNE, [TnuToH, Jloza, por, Cepa
WUccnepoBaHue BbINONHEHO Npu hMHaHCOBOW noaAepikke rpaHToMm PH® N2 22-12-00083.
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A brief version in English is given at the end of the article

BBenenne

B nacrosmee Bpems Ha peIHKE re0(pr3MuecKoro 000pyI0BaHUSA TSI TIOATIOBEPXHOCTHOTO 30HIUPOBAHMUS IIIUPO-
KO TIpEeACTaBJICHBI Treopafapsl pa3HbIX u3rotoBurenei [1-3]. i MHKEHEPHBIX, apXEOJOTUIECKUX H APYTHUX
UCCJIE0OBAaHUN NIEPBOTO JECSITKAa METPOB TPYHTA B OCHOBHOM HCHOJB3YIOTCS KJIACCUYECKUE Teopaiaphl C 3amu-
ChIO MPUHMMAEMOr0 CHTHAaJIa Ha OCHOBE CTpoOOocKommueckoro ocuuiuiorpada. s HUX XapakTepHa BBICOKAS
4acTOTa M3Iy4YeHUs UMITyiIbca, 00braHo oT 20 mo 200 x['1, mpw 3TOM aMIUIATyAa H3Iy4acMOro UMITYJIbca He
npesbiiaer 600 B. ¥V riyOMHHBIX UMITYJIBCHBIX T'e€OpalapoB C MCIIOJIB30BAHUEM aHAJIOTO-IIU(POBBIX Mpeobpa-
3oBatened nopsiaka 1 I'T' Takux orpaHUYeHUd MO aMIUTUTY/IE U3JTYyYEHHOI'0 CUTHaIa HET, CBEPXUIUPOKOIOIOC-
ueie (CIIII) curHampl U3Iy4aroTCs C 4aCTOTOW OT €AMHMII JO HECKOIBKHUX cOTeH ['11. MeXay moIb30BaTelsIMu
UJET aKTUBHBIA HAYYHBIM CIOP O BO3MOXKHOH TIIyOWHE 30HIMPOBAHMS W MaKCHMajlbHOM IPOCTPAHCTBEHHOM
paspelieHuy isl OOHApYKEHHS HEOOIIINX OO BEKTOB.

Hens pabdorThsl — pa3paboTaTh M MPOBEPUTH METOJ CPABHEHHUS XapaKTEPUCTUK TeOpaapoB Pa3HBIX
MIPOU3BOAMTEIICH C BO3MOKHOCTBIO 00BEKTHBHOI'O KOHTPOJIS B OJJMHAKOBBIX YCIOBHSIX.

© AsepuH A.A., AHTUNoB B.B., MNpkuH A.C., 2024
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MaTepna.nbl U METOAbI HCCJICAOBAHUA

Bo Bpems guckyccuii Ha KOH(EPEHIUSAX IO TMOIMOBEPXHOCTHOMY 30HIUPOBAHUIO PaTUO(PHU3UKOM K.(J.-M.H.
B.B. KoneiikuHbIM OBLIO TIPEIJIOKEHO MTPOU3BOINTH CPABHEHHE XapaKTEPHUCTUK Te0paiapoB Ha MMPECHOM BOJIO-
eMe C MOJIOTHM CHH)KEHHEM JHA. B 3TOM citydae moirydarloTcsi OIMHAKOBBIE YCIOBHSI UCCIIEIOBAHUS ISl JIF0O0TO
reopajapa Ha JIt000OM JIOCTYITHOM BOJOE€ME B 3MMHee BpeMs. [ mpruOOpoB ¢ BBICOKOYACTOTHBIMU aHTEHHAMHU
MOJKHO HCCIICJIOBATh MX XapaKTEPUCTHKH U B JICTHEE BpEMs C PE3MHOBHIX JIONOK. B deBpane 2024 r. Obu1a op-
raHM30BaHa dKCreauis Ha 03epo baiikan B moc. JIMCTBsIHKA, PacloNOKEeHHbIH Ha 3amagHoM Oepery o3epa. Ha
puc. 1 mpencrasieHa pamaporpamma reopanapa «lIluton», MakcumanbHas TTyOMHa 30HIUPOBAHUS COCTaBUIIA

nopsiaka 11 M, B IeBO# YacTy NpeCcTaBlieH Mpoduib, cripaBa — BOJHOBAst (hopMa OTPAKEHHOTO CUTHAJA ITOCIIe
00paboTKM.
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Puc. 1. Pagaporpamma ¢ GpyHKIHEH curHana mo ocHoBHOMY tpo¢uo, reopanap [Iuton, anteHns: 3 M, nepenaruuk 0,6 kB
Fig. 1. Radargram with signal function along the main profile, GPR Python, 3 m antennas, 0.6 kV transmitter
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Puc. 2. Pagaporpamma ¢ GpyHKIuel curaana mo ocHoBHoMy npoguo, reopagap COEPA, anrenns! 30 M, nepenarank 100 kB
Fig. 2. Radargram with signal function along the main profile, SPHERE ground penetrating radar, 30 m antennas, 100 kV transmitter

Ha nannom ywacTtke ObUIHM mpoBeAeHBI U3MepeHus reopagapamu «lluron», «Jloza», «'pom» u «Cdepa» ¢
aHTeHHaMu JnuHo oT 3 1o 30 M u ammuutynamu u3nydaemoro CIIIT nmmynsca 0,6; 5, 16, 50 u 100 kB [4].
OTpakeHHBIH CUTHAJ [TOJIyY€H OT IPaHUIlBI JHA ¢ TIIyOUHBI 14 M, XOTs, KaK BUAHO Ha pHUC. 2, HA MOJIOTOM YacTH
JIHA 03€pa B CKAJIbHOM TPYHTE €CTh OTPA)KEHHE CUTHAJIA U ¢ OOJIBIINX IITyOHH.
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OO0cy:kneHne MOJTy4YeHHBIX Pe3yJIbTATOB

[IpoBeneHHBIN aHAMU3 MOKa3aJ, YTO BHIOpAHHOE MECTO IJISi MCCIEIOBAaHWH MMEET HEJAOCTATKH, JHO 03€pa B
paiioHe mpomnajaHusl OTPaKEHUs] CUTHAJIA U3 M0JIONOr0 CTAHOBUTCS KPYTO MajaromuM, 10 70 rpagycoB K ypoB-
HIO TOPU30HTA. BeiieacTBUE 3TOr0 BO3HUKAET MPEBBIIIEHHE KPUTUYECKOTO yIila OTPa)XeHHUs ¢ MOJIHBIM Iporia-
JaHWEM CHTHaja B CTOPOHY INPHUEMHOH aHTeHHBI. HyXHO y4nThIBaThH crieuduKy paboThl reopaiapoB, IpUeM
CUTHaJIa HauuHaeTcs: onHOBpeMeHHO ¢ u3nydeHuem CUHIII mmmynbca, MCHONB3YIOTCS CUTHANIBI B IPOLIECCE
(hopMHpOBaHUs IUArPaMMBbl HAIPABIEHHOCTH, B MIEPEXOIHON 30HE U OT c(HOPMHUPOBAHHON AUATPAMMBbI HAIIPaB-
JICHHOCTH aHTEHHbl. B Hauasne ucnone3yrorcs curHaiasl oT 6okosoro msnyuyenus CLUIT ummynsca B mponecce
(hopMHUpOBaHUS AWArpaMMBI HalpaBJICHHOCTH (puc. 3,a), Aajiee TMPOUCXOIUT TIEPEXOTHOE M3MEHEHUE pacipe-
JIeNIeHHs MOJIsl U Ha PacCTOSHUM OoJiee 5 IUIMH BOJHBI — paboTaeT yke copMUpOBaHHAs IuarpaMma Harpas-
JIEHHOCTH aHTEeHHBI (puc. 3,0). bbuH poBeIeHBI SKCIIEPUMEHTHI B Pa3IMIHBIX KOMOWHAITHAAX: aHTEHHBI pa3HBIX
JUIMH, TIEPEAATYUKH C aMIUIMTYAaMH BBIXOAHOTO uMIyibca oT 5 1o 100 kB. Cnoco6 gopmupoBanus BEICOKO-
BoubTHRIX CIUIT ummynbcoB (ceoitne 30 kB) mpusenen B mateHTe [5]. Pacionoxkenne aHTEeHH TPUMEHSIIOCH KakK
napaijenbHo, TaK U II0CIEI0BaTENbHO.

Bonbmioro oTnuumnst pe3ynbTaToB U3MEPEHUs Pa3iuYHbBIMU THIIAMH eOpagapoB B JaHHOM Yy4acTKe 03epa
baiikan He BBISBJICHO, YTO CBSI3aHO C OCOOECHHOCTSIMU HpPOGMIIsL AHA B MecTe reopanuonokanuu. Ilponaganue
OTPa)KEHHOT'O CHT'HaJla MPOUCXOIUT Ha rimyOuHax ot 12 mo 14 M, B paiioHe mepexoja JHa OT MOJOroro K KpyTo
nagaromeMy. [Imanupyercs skcenuIus Ha BOCTOUHBIN Oeper o3epa baiikan wmm qpyrue mpecHOBOAHBIE BOIIO-
eMbl Ul OTPabOTKH CIIOC00a CPaBHEHUS XapaKTEPUCTHK Pa3JIMYHBIX MPUOOPOB MOAIOBEPXHOCTHOTO 30HIUPO-
BaHMst. OOpaboTKa MOMYYEHHBIX JAaHHBIX Mpou3BoAmiack B mporpaMmme MATRIX, ¢ ucmons30BaHuEM OpUTHU-
HAJIBHBIX METOOB (DMIIBTPAIH CUTHAJIOB U METOAOB 00paboTKH [6].
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Puc. 3. Mozenbs paanonokalMoHHOTO 30HAMPOBaHHS KPYTO I13IaIOLIEro JHa, FeOMETPHS MaJeHUs U OTPaKEHHS ICKTPOMArHUTHON
BOJIHBI B JTy4€BOM BEKTOPHOM OTOOpaKEHUH

Fig. 3. Model of GPR profiling of a steeply falling bottom, geometry of incidence and reflection of electromagnetic waves in a ray vec-
tor display

3akiIouyeHue

[IpennoxxeHHBIH cIOcO0 MO3BOIISIET MPOU3BECTH CPABHEHHE XaPAKTEPUCTHK T€0pafapoB Pa3IUIHBIX THIIOB MIPH
OTpaXKeHHWHU CUTHAJIA OT YETKOW KOHTPOJIMPYEMOH TPaHUIIBI CPel MEXAY BOJON M JTHOM MPECHOBOJHOTO BOJOE-
Ma. Kak mokasanm SKCIeprMEHTHI, JaHHBIH CIOCO0 MOYKHO HCIIONB30BaTh JIO TMOSIBIICHUS KPUTHYECKOTO yIiia
OTpakeHHs. MOXKHO TPEAONI0KUTh, YTO TAKOW KPUTUUECKUI YTON OTPaKCHHUS MOXKET BCTPEYATHCS M B TBEP-
Ieix cpenax. Takoii ekt HaOMOgaeTCs MPU HATMYUN BEPTHKAIBHBIX TPEIIVH B CPEeIax M3 KBAPIEBBIX IO-
POJI: JOBOJIEHO YaCTO OHM HE OTPAXKAIOTCS Ha pamaporpammax. Jlaxe mpu ux 3pUTeT-HOM HAOIOeHIH OBIBaET,
YTO Ha pazaporpamMme HeT oTpaxkeHWi. [ oOHapyx eHHs MOJOOHBIX TPEMIMH HEOOXOIWMO W3MEHUTH YIOI
npodunupoBanus o0bekTa. MccnenoBanus Ha BogoeMax, MOJJOOHBIE OMMCAHHBIM B CTaThe, MOKHO TIPUMEHSTD
JUTSL OTIpeJIeTIEHNs] BpEMEHHBIX 3a/IepKeK reopajiapa u ero KaTnOpOBKH.
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A method for comparing the parameters of GPR
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Abstract

Currently, the market of subsurface sounding devices is widely represented by ground penetrating radars of various manufacturers, produc-
ing both classic stroboscopic ground penetrating radars and deep pulse ground penetrating radars. And if for engineering surveys the ad-
vantage in resolving the size of objects belongs to classic ground penetrating radars, then during geological studies pulse ground penetrating
radars begin to prevail, reaching depths of several hundred meters, naturally, the spatial resolution of objects and geological layers decreas-
es. To compare the results of ground penetrating radar measurements, it was proposed to use a gently sloping bank of a freshwater reser-
voir. Profiling of one section of the western shore of Lake Baikal near the settlement of Listvyanka in the Irkutsk region on ice was carried out
using several ground penetrating radars from different manufacturers with supplied standard antennas and transmitters. The "Sphere"
ground penetrating radar was used with experimental transmitters with different amplitudes of the emitted signal from 5 to 100 kV. The
length of resistively loaded dipole antennas was from 2 to 30 meters. Additionally, an experiment was conducted with multi-vibrator resistive-
loaded dipole antennas, the experiment showed an increase in the amplitude of the received signal by 10 dB. Profiling was performed with
antennas located in parallel, measurements were also taken with antennas located in series, the transmitter in front, the receiver behind, the
distance between the antennas is equal to the length of one vibrator. A comparison of the obtained results of the characteristics of georadars
from different manufacturers was made. The probing depth was recorded by the disappearance of the reflected signal from the boundary of
the bottom and bottom sediments. The experiments showed the correctness of the assumption about the possibility of measuring the real
probing depth of georadars by reflection from the flat bottom of a freshwater body. Depending on the emitted power, the received signal of
different amplitudes was recorded, but the western shore of Lake Baikal in this area from a gentle slope rather quickly turns into a steep
slope with an angle to the horizon of up to 70 degrees, as a result of which a critical angle of reflection of the emitted signal occurs at a bot-
tom depth of about 12-14 meters, and regardless of the emitted power, the reflected signal is absent. Note that on the radargram of a gentle
bottom, signal reflections are visible from layers significantly lower than 20 meters.
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