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AHHOTauuA

MocraHoBKa Npo6neMbl. Pe3ynbTaTthl reopagapa 06bIMHO NMPUBOAST B aMNMTYAHO-()a30BOM MPeACTaB/eHUM C LBETOBOW LLKANON,
KoTOpasi NoABMpPaEeTCs BPYYHYIO U CITYXUT NuLb Ans 6onee NpocToro B13yanbHOro BOCNPUSTUS pagaporpamMm. OTAenbHble Con Bbl-
[ensioT No ocsiM cMHMA3HOCTU. Yka3aHHOe NpeacTaBieHne He SIBAsSIETCS MHOPMATUBHBIM ANSt MHXEHEPOB reosioroB U re0TEXHUKOB.
Heobxogumo 6onee npoctoe M B TO Xe BpeMsi MH(OPMATUBHOE NpeACTaB/ieHNe pe3ynbTaToB B BMAE Paspe3oB U3 MHXEHEPHO-
reoslorMyecknX 3M1IEMEHTOB, a Takoke TPebyloTCs HOBble MOAENM NpeacTaBleHWst U anropuTMbl 06paboTku reopafapHbiX AaHHbIX.
B kauecTBe 0A4HOrO U3 HaMpaBiEHUN Pa3BUTUSI pacCMaTPUBAETCS BO3MOXHOCTb BblAeneHust uHbopMaumm o kosdbduumeHTax oTpa-
XEHWS N NPOXOXAEHWS Ha rpaHuLax pasaena cpes.

Llenb. OnpenennTb BO3MOXHOCTb pacyeTa W3 AaHHbIX reopafapoB KO3(MMUUMEHTOB OTPaXEHWUS U MPOXOXKAEHUS, BbISIBUTb CBSA3b C
KO3 HULMEHTOM 3aTyxaHus 1 pa3paboTaTb anroputM KX OUeHKM nNpu obpaboTke reopagapHbIX AaHHbLIX ANS MOBbIWEHWUS UHPOpMa-
TUBHOCTW NpeACTaBneHnsl pe3ynbTaToB reopafapoB W Pa3BUTUS HOBbIX MOLeNel NpescTaBneHnst AaHHbIX B BUAE Pa3pe30B U3 UHXe-
HEPHO-Te0N0rM4ecknx 3/1eMEHTOB.

PesynbraTtbl. [peanoxeH anroputMm o6paboTkM M NpeacTaBneHust AaHHbIX CbeMKW reopagapoM. Ha HaTypHbIX AaHHbIX MoKasaHa
BO3MOXHOCTb pacyeTa W3 AaHHbIX reopafapoB KOI(MMULIMEHTOB OTPaXKEHWsI U NPOXOXAEHUS. [peanoXeHHbIN anropuT™ peann3oBaH
B NporpaMMHOM obecneyeHnn paspabotkun MATRIX PRO.

MpakTnyeckas 3HaYMMOCTb. MpeNoXeHHbIN anropuTM MOXET B AanbHelweM 6biTb aaanTMpoBaH AJ1st BblaeneHus koadduumeH-
TOB 3aTyXaHusi C BO3MOXHOCTbHO CBSI3bIBAHUSI UX C YAENbHON NMPOBOAMMOCTBIO MPYHTOB M CO3AaHUSI HOBbLIX MOAENEN NpeacTaBneHus
[aHHbIX reopagapa Ans UCMOoMb30BaHUs B pe3ynbTaTax MHXEHEPHO-reodr3nyecknx uccnefoBaHui.
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Ana untmposannsa
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A brief version in English is given at the end of the article

BBenenne

Pesynbrathl reopagapa 0OBIYHO IPUBOASAT B aMIUTUTYIHO-(Da30BOM TIPECTABICHUH C I[BETOBOM IIKAIOH, KOTO-
past moabupaeTcs BPYYHYIO U CITY>KUT JIUIIB JIJIsl 00Jiee TIPOCTOr0 BH3YAILHOTO BOCIIPUATHS pagaporpamm. Ort-
JIENTLHBIE CIIOM BBIJEISIOTCS 110 OCSIM CHH(A3HOCTH. YKa3aHHOE MPEJICTABIICHUE HE SBISETCS WHPOPMATHBHBIM
JUTSl. MH)KCHEPOB TEOJIOTOB M T'eOoTeXHUKOB. HeoOxomuMo Ooliee mpocToe M B TO K€ BpeMs MHPOPMATUBHOE
NpeJICTaBICEHUE PE3YJIbTATOB B BHJIE Pa3pe30B U3 WHIKEHEPHO-TEOJOTMIECKUX DJIEMEHTOB, a TAKXKe TPEOYIOTCS
HOBBIC MOJICNIN TIPEACTABICHHS NaHHBIX. J[Js pelieHus 3ajadu MOBBIMICHUS WH()OPMATUBHOCTU PE3YJIbTATOB
reopajiapHOl CheMKHU pa3pabaThIBAIOTCS] HOBBIE MOJCIU U aJlTOPUTMBEI 00pabOTKU MCXOHBIX JaHHBIX. B kaue-
CTBE OJTHOTO M3 HAIPABIICHUH Pa3BUTHS B JaHHOW paboTe paccMaTpUBAETCs BO3MOXKHOCTH BhIJieNieHHs HHDOP-
Maru o ko3 duimeHTax oTpaKEeHUs U MPOXOKIACHUS HA TPaHUIAX pa3jiena Cpel.

Henp paboTsl— ONPEACTIUTh BO3MOKHOCTD pacueTa U3 MaHHBIX TeopanapoB KodhGUIMeHToB 0Tpa-
JKEHUS U MPOXOXKICHHUS, BBISIBUTH CBS3b C KOA((QUIIMESHTOM 3aTyXaHHUS U pa3paboTaTh aJIfOPUTM UX OLECHKH
npu 00pabOTKe TeopallapHbIX JAHHBIX IS MOBBIIICHUS WH)OPMATUBHOCTH MPEICTABICHHS PE3yJIbTATOB I'e0-
panapoB U pa3BUTHUS HOBBIX MOJIENICH MPEICTABICHUS JaHHBIX B BUJIC Pa3pe30B U3 WHIKEHEPHO-TCOJIOTHICCKHX
JJIEMEHTOB.

© Anrunos B.B., 'opkun J1.C., 2025
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C oroit menpto etom 2024 1. B [logMockoBhe OBUTH MPOBEACHBI ChEMKH BopoeMa reopamapoM «9XO
COEPA» [1-3]. dynunua antenH 1 M, actora 150 MI'1, BerxogHast MmomHocTh nepeaatynka 200 kBt (5 kB),
nepuoa quckperusanuu 3anucH 1 He. Ha puc. 1 npuBeneHs! pe3ynbTaThl CheMKH B aMILTUTYAHO-()a30BOM Ipe/I-
craBieHUU. Ha MCXOMHBIX JaHHBIX 0e3 00pabOTKH SBHO BHIIHO, UTO B JIEBOM YaCTH pagaporpaMMbl YaCTh ChEM-
KH BBITIOJTHSUTHCH TI0 Oepery BogoeMa, B OOJIBIIIOH MpaBoi YacTy — 1o Bojie. I yOnHa mMpecHOTo BoJoeMa OKOJI0
1 M. JIHO mecyaHo-TajeqyHoe.

dazsl

Pagaporpamma 5.
8 m 10

Curuan N° 678

y (FnyGusa, i)

250

. . . 5000 0 5000
1000 1200 o Bonbrel

500
x (Curnansi)

~ (J 0. Mexommii
[ 1. OBpe3xa crepxy 0, crmzy 300, ciiesa 0, cnpana
‘ 1649

[ ATTpuByTEI mue [ 1 [y @unsrpel | Ananns | Mopenn | Hactpoiiku |

IIBerosas namurpa Greys_r v
1.00
|

-1.00
] "
1uKaa z (3HaYeHns) Mkaaa y (orcaérnr) Ilkana x (cHruaabI)

(2. TIpeobpasosane cymma x+a 0.5

3. Obpe3Ka cHrHaza

4. Mnrepnomsmms 2anmxana KyGmaecknii crumaitin
(J5. dasur

Zyga -1 | Yaninl® | Xmin[0 ] v
4 »

a) 0)

Puc. 1. Pe3ynbraThl CheMKH B aMILTUTYAHO-(pa30BOM MpeCTaBICHUH: a — paJaporpaMMa B OWHapHOM Bujie; 6 — B BOIHOBOH (opme

Fig. 1. The results of the survey in the amplitude-phase representation: a — a radar image in binary form; b — in wave form

MaTepnanu U METOAbI

Koadduruent 3aTyxanus o — BeIMYUHA, KOTOpask XapaKTepPH3yeT YMEHBIIICHHE aMIUTUTY 1Bl BOJIHBI MPU €€ pac-
MIPOCTPaHEHUH B cpejie. 3aTyxaHHe MPOUCXOIUT U3-3a PACCESHUS SHEPTUU BOJIHBI, TOTJIOMICHUS ¢€ Cpeaod Win
JIpyrux (GaKkToOpoB, MPUBOJISAININX K TOTEPE DHEPTUH.

3aryxaHue CBS3aHO C MMOTEPEH SHEPTUH, TOTAa KaK KO3(DPUIIMESHTHI OTPAXKCHUS U TIPOXOKICHHSI OTHOCSATCS
K PacIpe/IeICHUIO SHEPTUU MKy OTPaXKEHHOW M MPOIIESAIICH BOIHOW HA TpaHuIle paszaena cpel. OaHako Bce
3TH TIPOIIECCHI CBS3aHbI C O0IIEH YHEPTeTUKOM BOIHBI [4—6]. PaccMOTpHUM CBSI3b MEXAY STUMH TIOHATHSIMH.

3amyxanue. KodhduimeHT 3aTyxaHusi ONKUCHIBAET SKCIIOHEHIMAIBHOEC YMEHBIICHHE aMIUTUTY/Ibl BOJHEI
o Mepe e€ pacrpocTpaHeHus B cpene. Hanpumep, s TUIOCKOM BOJIHBI 3aBHCHUMOCTD aMIUTUTY/IBI OT PacCcTos-
HUS X BBIPAXKAETCS CIIEIYIONUM o0pa3om [6]:

A(x)= Ay, (M

rae Ao — HaYallbHas aMILTUTYAA; o — KOA(GOUITUSHT 3aTyXaHUs; X — IPOUICHHBIN Iy Th.

Takum o6pazoM, k03D HUIMEHT 3aTyXaHHsI ONpeAeIsIeT, HACKOIBKO OBICTPO YMEHBIIAETCS HHTCHCUBHOCTD
BOJIHBI B JAHHOM Cpejie.

Ompadicenue u npoxodxcoerue. DT KO3PPUIIMESHTHI TOKA3bIBAIOT PACIIPEICICHAE SHEPTUU BOJTHBI MEKTY
JIBYMSI Cpe/laMU Ha TpaHuIle pasjienia. B3auMocBs3b 3TUX KOAQPHUIIMEHTOB ONpeneseTcs Kak [7]

2

R=|A=2 ) —1-7, @)
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rae R — K03(hGHUIUECHT OTPaskeHUS B CPEAE; M1, N2 — ACHCTBUTEIBHBIN KOA(QQUIIMEHT MPeToMIIeHHUs B TIEPBOM H
BTOPOM CJIOSIX COOTBETCTBEHHO; T — K03()(HUIIHEHT MPOXOKACHUS BOITHEL.

Omnu onpenensioT N3MEHEHHE HAMPaBJICHUS PACIPOCTPaHEHHS BOJIHBI, HO HE 0043aTEIbHO YUYUTHIBAIOT TO-
TEPIO PHEPTUH U3-3a 3aTyXaHUs BHYTPHU OJHOH U3 Cpell.

Bzaumoceaze. Ecnu cpepa uMmeeT 3HauuTENbHOE 3aTyXaHUE, TO IIOCIE IIPOXOKAECHUS HEKOTOPOTO ITyTH
BOJIHA TEPSET 3HAUNUTENBHYIO YaCTh CBOEH 3Hepruu. CleoBaTeNnbHO, TaXKe €CIM OHA HE OTPaXKaeTcs MOJHOCTBIO
Ha TpaHMIIAX, OCTAaBINAsCA YHEpPrusi OyIeT YMEHBIIAThCA M3-3a BHYTPEHHEro 3aTyxaHud. B Takom ciydae, 06-
Iee KOJIMYECTBO SHEPTHHU, KOTOPOE MPOHIET uepe3 cpedy, OyleT 3aBUCeTh Kak OT Ko3((HUIMeHTa MTPOX0XKIe-
HUSI, TaK U OT KO3 PUIMEHTa 3aTyXaHusl.

Hanpumep, ecnu BosIHa IPOXOJUT Y€pe3 HECKOJBKO CIOEB CPENBI C PA3HBIM MTOKAa3aTeNIeM NPETOMIICHUS U
3HAYCHUSIMH KOX(PPUIIMEHTa 3aTyXaHHWs, TO MUTOTOBAas DHEPIUs MPOIIESANICH BOIHBI OyAET Pe3ylbTaToM Kak
MHOTOKPATHBIX MPOLIECCOB OTPAKECHUS/TIPOXOKICHHUS, TaK U 3aTyXaHHs B KaXIOM cioe. Takum oOpa3oM, XOTs
KO3 QHULIUEHTHl OTPAXKEHUSI U MPOXOXKACHHSI ONKCHIBAIOT MMOBEJCHNUE BOJHBI Ha TpaHHULAX pasfena cpel, a Ko-
3 GUIHMEHT 3aTyXaHHsI — MPOIECC YMEHBIIIEHHS YHEPTUU BHYTPU CpeJibl, 00a 3TUX SBIICHUS BIHSIOT Ha OOIIYIO
KapTUHY pacrnpezielieHUs] SHEPTruH BOJIHEI [6]. OOImas kapTuHa pacrpe/ielieHis SHEPTUU MOXKET OBITh OXapakTe-
pHU30BaHa ¢ MOMOIIBIO KOMIUIEKCHOTO TIOKa3aTeNsl IpenoMiieHus [ 7]

A=n+ik, 3)

rze n — JeUCTBUTEIbHAS YacTh KOMIUIEKCHOTO TOKa3aTesis MPeJoMIICHHUs, KOTopas CBsi3aHa ¢ (a30BOi CKOpO-
CTBIO BOJIHBI B CpeZie, aHAJIOTHUYEH OOBIYHOMY KO3 (GHUIMEHTY NpeIoMICHHS, XapaKTepU3yeT CIIOCOOHOCTh Cpe-
Ibl U3MEHSITh CKOPOCTh PACHPOCTPAHEHUS 3JICKTPOMArHUTHBIX BOJIH (B YaCTHOCTH, CBETA); ik — MHUMAs 4acTh,
KOTOpast OIMCHIBACT 3aTyXaHNE BOJHBI B CpeJie; K — KOIPPHUIIMEHT SKCTUHKIINY.

KommnekcHblif mokazaTenb NpeloMiieHHs 00beANHSIEeT B ce0e MHPOPMAIMIO O MPETOMICHHH U 3aTyXaHUH
BOJIHBI B cpejie. JlelicTBUTENbHAS YacTh # BIMAET Ha M3MEHEHHE CKOPOCTH BOJIHBI M HAllPaBJIEHUE €€ pacIlpo-
CTpaHCHUA, a MHHUMas 4aCTb K — Ha 3aTyXaHHUEC BOJIHBI. Ot JBa acCIICKTa BMECTE OIPEACIIAIOT KOB(b(i)I/H_H/IeHTBI
OTPaXEHHSI U TIPOXOKACHUS, 0OecreunBas MOJHOE ONKMCAaHUE MOBEJICHHS BOJHBI HA TpaHMIIE pasJiesia cpell u
BHYTpPU CPEJBI.

B HeonHOpomHOW cpese sl pETUCTPUPYEMOTO OTPaKCHHOTO CHTHala KOX(QQHUIMEHT 3aTyXaHusi OyneT
HCIIOCTOSIHHBIM, ITIO3TOMY MOXEM H3MCHCHUC CTCIICHU 3aTyXaHUA NPCACTABUTH B BUIC (I)YHKHI/II/I OC(t) HU3MCHEC-
HUS K03 UIMEHTa 3aTyXaHUs CUTHANa, HA KOTOPOW MMEIOTCS BCIUIECKU MPUXO/Aa OTpakeHHOH BoiHbI. Pac-
CMOTpPUM CHTYALMIO, KOTJa CUTHaJ MPOXOAMT Yepe3 Cpeay, U Ha rpaduke n3MeHeHUs: Ko duureHTa 3aTyxa-
HUSI HAOMIOIAIOTCS BCIIECKH, COOTBETCTBYIOIIHME MMPUXOAY OTPaKEHHBIX BOJIH. Ba)KHO yCTAaHOBUTH CBSI3b MEXK-
Jly MecTaM{ BCIUIECKOB, IPOU3BOIHON KOd(duIeHTa 0OTpakeHust 1 caMuM Kodddurmenrom otpaxkenus. Me-
CTOIIOJIOKEHHE BCIUIECKA Ha rpadHKe 3aTyXaHHUs CUTHAJIA COOTBETCTBYET MOMEHTY IPHXO0Aa OTPaKEHHON BOJI-
HBI. DTO YKa3bIBa€T Ha TOT q)aKT, YTO B MOMCHT OTPAXCHUA YaCTh SDHCPI'UH BO3BpAlIa€TCsAd Ha3a/l, BbI3bIBasAd YBC-
JMYCHHE YPOBHS CHTHalla. BennunHa BCIuiecka MOKET OBITh MPSIMO CBS3aHA ¢ KOA(PPUIIMEHTOM OTpaXKeHHs R,
KOTOPBI ONpeAesseT OO SHEPTUH, BO3BPALIAIOIICHCS OT IPaHMIIBI pa3ziesia Cpel.

Mopaean

[lycTs magaromas BoJHA XapakTepu3yeTcs aMIuTUTyaoi 4o. [locine oTpaxkeHns: OT TpaHMLBI pa3zena aMILIUTy1a
OTPa)KEHHOM BOJIHBI cOCTaBUT Ar = RAo. Bemeck Ha rpaduke 3aTyxaHusi OyneT NporopuoHaleH 3TOMY H3Me-
HEHUIO aMIUTUTYBI, U €T0 BeInYnHa OyeT 3aBUCETh OT 3HaueHus R. [IpeacTaBuM CUTHAN Kak CyMMY OTpaKeH-
HBIX CUT'HAJIOB, KQKIBIH U3 KOTOPBIX MPENCTAaBISET COOOH OTAENbHYIO SKCIOHEHTY (1), mpUIIeAnTyIo ¢ 3aaepK-
KO#l o BpeMeHH. B kauecTBe ympomieHus: MOJeny I0MycKaeM, YTO JOrapu(M CyMMBI SKCIIOHEHT IMPOMOPLHO-
HaJleH JTMHEHHOW (QYHKIMHM M3MEHEHHs] KodpQuIMeHTa 3aTyxaHus. B TakoM MmpocToM ciydae Tocie B3STHS
HaTypaJabHOTO JIorapudmMa moirydaeM (GpyHKIuo u3MeHeHns kKodddurmenTa 3aTtyxanus, 03Ky K JTHHESHHOM,
KOTOpasi OyIeT MponopLuruOHaIbHA H3MEHEHHIO KO3 (DUIIMEHTa OTPasKeHHS.

[pousBogHas koapdunmenta 3aTyxanus dodt OMHUCBIBAET CKOPOCTh W3MEHEHHUsST KOd(h(UIMEeHTa OTpake-
HUSI OTHOCUTENILHO BPEMEHH. DTa BEIMYMHA MOXKET OBITh MHTEPIPETHPOBaHA KaK M3MEHEHHE d3QQEKTHBHOCTH
MIOTJIOLIAIONIEH CTIOCOOHOCTH Cpe/ibl Ha TpaHMLE paselia Cpel, KOTaa OCYIIECTBIIETCS PE3KUI epexo] BOJIHBI
U3 OZHOTO CcJI0s B Apyroi. B aToM cityyae Ha nuHEHHOM Trpaduke n3MeHeHus koadduuuenrta 3aTyxanusi OyayT
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Ha6JIIO,Z[aTBC5I BCIUIECKH, MECTa PE3KUX CKAYKOB, KOTOPBIC AOJKHBI COOTBETCTBOBATH IPUXOAY OTPAXKCHHOI'O
CurHaja, T.C. rpaHulaM pa3aciia Cpea, AJId KOTOPBIX MOXKXHO YCJIIOBHO pacCUMUTATh KOB(i)(l)PILII/IeHTBI OTpaXXCHUA.
VBennueHue KO3(1)(1)I/ILII/ICHT3 MOTJIOMICHUA CO BPCMCHCM MOXKET YKAa3bIBATh HA USMCHCHUC CBOICTB Cpcabl.

Pe3yabTaThl 1 ux o0cy:KaeHue

Ha puc. 2-9 npuBeneH npezyiaraeMblil MOMAroBbI aNTOpUTM 00pabOTKU JAaHHBIX Teopajapa U pacuera Kodd-
(UIMEHTOB OTPaKEHUS W MPOXOXKJICHHUS Ha OCHOBE MOJICIH, PEaIM30BaHHBII B MPOrPAaMMHOM OOECIIEUCHUH
MATRIX PRO [8]. lnst ymoO6cTBa B MOAMHCIX K PUCYHKAM HOJIPOOHO OIMHUCHIBAIOTCS MPOU3BOINUMBIC OTICPAITIH
anroputMa. CBepXy OTMEUEHO PacCTOSHUE B METpax; ClieBa — BpeMsl B HAHOCEKYH1aX (OJIMH OTCUET PaBeH Iie-
puoay nuckpernsanuu 1 HC); cipaBa — rIyOnHA B MeTpax. Takke crpaBa OT palaporpaMMbl PacIioio)KeHa IBe-
TOBas JIMHEHKA B 3aJJaHHOM MHTEPBAJIC 3HAUCHUM TUCKPETHBIX (DYHKIIMI CUTHAIOB pamaporpaMmsel. Ha HekoTo-
PBIX pamaporpammax JOMOIHUTEILHO H300paxaroTcs rpaduku (POpMBI OTACTHHBIX CUTHAIOB OEpEeroBoil 1 BOI-
HOW 30H, HATJISATHO JEMOHCTPUPYS MPeo0pa3oBaHus (yHKIHNA MOCIIE KX I0To dTarma 00paboTKu.
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Puc. 2. lannsie nocie mnpenodpaboTky (BBIIOIHEHB! HHTEPIOSIUS 3aIIKAIMBAIOIINX 3HAYCHUH, 00pe3Ka JIMIIHUX JAaHHBIX CBEPXY U
CHU3Y, YCPEIHEHHE C TIOMOIIBIO METO/Ia POCTOTrO CKOJIB3AIIEr0 CPEAHEr0 B OKHE 5 MO TOPU30HTAIM, YTOOBI CIJIAUTh IIOMEXU Henpe-
PBIBHOH 3amucu)

Fig. 2. Data after preprocessing (interpolation of off-scale values, trimming of excess data from the top and bottom, averaging using the
Simple Moving Average method in a window of 5 horizontally to smooth out interference from continuous recording)
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Fig. 3. Envelope using Hilbert transform to cancel out negative values due to ADC oscillation
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Fig. 5. Transformation of the actual curve using the natural logarithm (we obtain the function of the change in the coefficient of signal
attenuation in time/depth)
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Fig. 9. Distribution of relative wave energy by layers (qualitative picture)

AneKTpoMarHUTHbIE BOJIHbI U /IEKTPOHHbIE cuctemsbl, T. 30, N2 3, 2025 r., c. 22-31

27
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B memom mpocieskuBaeTcst OOIIH TUHEHHBIA TpeH T (PUC. 5), COOTBETCTBYIOIINI TMHEHHON (QYHKITNH 3a-
Tyxanus [6]:

alt)= ln(e*(’”) =—at.

Mecrta, rae GyHKIUS MEHSICT YroJl HaKJIIOHA M IMEET XapaKTepHbIC CKAYKU, MOTYT MOKA3bIBaTh MECTa MPH-
X0J1a OTPAKEHHOTO OT TPaHMII pa3zelia Cpejl CUTHAJA.

Tam, rae GyHkuus u3MeHeHUS K03(QQUIMeHTa 3aTyXaHUs CTAHOBHUTCS MOCTOSHHOHN (KO((UIIMEHT 3aTy-
xanust () nim naxke HAYMHACT BO3PACTaTh, PACCMATPUBACTCS MECTO, TJI€ TOJIE3HBIH CUTHAT TIOJTHOCTHIO 0Cabd u
HAYaJICs IIyM 3aIHCH.

[TockonpKy y MCKPOBBIX pa3psIHUKOB HECTAOMIIbHA aMIUINTY/a, TO Ha MepeAaTdrKe pa3dpoc MOXKET CO-
cTaBnATh A0 5%. [losTOMy MMeIOT MecTo BepTHKaIbHbIe apTedakTsl (puc. 7-9), KOTopble BHIOMBAIOTCS U3 00-
e TOPU3OHTAIBHON KapTUHBI, 00Pa3yIOTCs M3-32 HECOBEPIICHHOTO MEXaHW3Ma BBHIPABHUBAaHUS CHUTHAJIOB IO
HaYaJIbHOW aMIDIUTYE 30Haa IS Bceil pagaporpammel [9, 10].

W3BecTHO, yTO B BepxHel 0071acTH HAXOAUTCS BOJA, Jaliee — yBIaXKHEHHBINH IPYHT, a HIXKe — 0oJiee CyXoi
TPYHT, IO3TOMY MOHO CUHATATh PE3YJIbTAThI IO MIPUHSATOW MOJICITH aJ]eKBaTHBIMU.

[TocTpouM OIIeHOUHYIO MOJICIBHYIO KPUBYIO 3aTyXaHHS aMIUIUTYIsI curHana (puc. 10) ¢ ucnonas3oBaHueM
paHee o6o3HaueHHOI Mozaenu 3kcrmoHeHTH! (1). Kak BunHo Ha puc. 10, ogHa KpuBas MOXKET XapaKTepu3oBaTh
TOJIBKO BEPXHIOI0 YacTh, COOTBETCTBYIOIIYIO BOAHOMY CJI0I0. BeposiTHO, /i monyueHus Oosiee KaueCTBEHHON
MOJEeNIM HEOOXOIUMO MCIIOJIb30BaTh UTEPALMOHHBIN NPOLIECC U3 HECKOIBKUX MPUOIMKEHUH C yHETOM 3aAepiK-
KM 110 BpEMCHHU JIAA OTPAKCHHBIX CUT'HAJIOB.

Pagaporpamma 7. ABToMaTuyeckan Mofenb 3aTyxaHusa e (-Kx), MeToa HauMeHbLUWX KBaapaTos, No HUXHel ornbawLlein
om 2m am M 8mM 0m 2m 14m 16 M
| | | | | | | |

0-4 ﬂ — om

8k

y (Cny6uHa, M)

6k

1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600
X (CurHansi)

Puc. 10. ABTOMaTHUECKH MTOCTPOCHHAsI MOJIENIbHAS KPHUBasl 3aTyXaHUsI aMIUIUTYIbl IO 3KCIIOHEHTE (TIOATOHKA OCYILECTBICHA METOIOM
HaMMEHBIINX KBaJIPaTOB)

Fig. 10. Automatically constructed model curve of amplitude attenuation according to exponential function (fitting was carried out by the
method of least squares)

3akiIouyeHue

B pesynbrare npoBeieHHBIX HCCIISIOBAHUN TPEIIOKEH alropuT™M 00pabOTKH U MPEICTABIICHUS JaHHBIX ChEM-
KM TeopagapoM. Ha HaTypHBIX JaHHBIX MMOKa3aHa BO3MOXKHOCTh pacueTa U3 JaHHBIX reopanapoB koddduimeH-
TOB OTPKCHUS U MPOXOXKACHI. PacCMOTPEHHBIN METOJ MOKET B TaJIbHEUITIEM OBITh aTanTHPOBAH JJIS BBIIC-
JIeHYsI KO3 PUIIMESHTOB 3aTyXaHUs U UMETh BO3MOXKHOCTh CBS3aTh MX C YACIHHOW MPOBOJUMOCTBIO TPYHTOB, a
Tak)Ke OBITh aJIaTHPOBAH JUIS CO3[aHMsI HOBBIX MOJIENICH MPEICTaBICHUS NaHHBIX Teopaiapa s UCIOb30Ba-
HUS B PE3yJIbTaTax HHKCHEPHO-TEO(PU3NISCKIX UCCIICTOBAHU.
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Original article

Calculation of reflection and transmission coefficients
of a ground penetrating radar signal
in MATRIX PRO software

V.V. Antipov?, D.S. Gorkin?

1.2 pyshkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation (Moscow, Russia)
1 antipov@izmiran.ru, 2 gorkin@izmiran.ru

Abstract

The results of Ground Penetrating Radar (GPR) are usually presented in the amplitude-phase representation with a color scale, which is
selected manually and serves only for easier visual perception of radargrams. Individual layers are highlighted along the isophase lines.
The specified representation is not informative for geological and geotechnical engineers. A simpler and at the same time informative
representation of the results in the form of sections from engineering-geological elements is needed, so new models of data represen-
tation are required. To solve the problem of increasing the information content of GPR results, new models and algorithms for pro-
cessing the initial data are being developed. As one of the directions of development in this work, the possibility of extracting infor-
mation on the reflection and transmission coefficients at the interfaces of the media is considered.

The purpose of the work is to determine the possibility of calculating the reflection and transmission coefficients from GPR data based
on in-situ data, to identify the relationship with the attenuation coefficient and to develop an algorithm for their evaluation when pro-
cessing GPR data, in order to increase the information content of the presentation of GPR results and to develop new models for data
presentation in the form of sections from engineering-geological elements.

For this purpose, in the summer of 2024, a lake was surveyed in the Moscow region using the ECHO SPHERE ground penetrating radar.
The antenna length was 1 m, the frequency was 150 MHz, the transmitter output power was 200 kW (5 kV), and the recording sam-
pling period was 1 ns. Part of the survey was carried out along the shore of the lake, and another part was from the water surface. The
depth of the lake is about 1 m. The bottom is sandy and pebbly. A model based on the relationship between the signal reflection coef-
ficient and attenuation coefficient was used to process the data.

The attenuation coefficient describes the reduction in wave amplitude during propagation through a medium due to energy dissipation,
absorption, and other factors leading to energy loss. It influences the overall energy level of the wave, whereas reflection and trans-
mission coefficients describe how energy is distributed between reflected and transmitted waves at the boundary between different
media. Significant attenuation causes substantial energy loss over distance, affecting the remaining energy even if there is not full re-
flection at the boundaries. Total energy passing through the medium depends on both the transmission coefficient and the attenuation
coefficient. This comprehensive view can be represented by the complex refractive index, combining refraction effects and wave atten-
uation within the medium. In an inhomogeneous medium, the attenuation coefficient for the recorded reflected signal will be variable,
so we can represent the change in the attenuation degree as a function of the change in the signal attenuation coefficient in time,
which has bursts of arrival of the reflected wave.

Consider an incident wave with amplitude 4. Upon reflection, the reflected wave's amplitude becomes Az = R4, where R represents
the reflection coefficient. The attenuation plot exhibits spikes proportional to changes in amplitude, reflecting the influence of R. We
approximate the signal as a summation of delayed reflections, assuming the logarithm of this sum follows a linear relation with the at-
tenuation coefficient. Taking the natural logarithm yields a near-linear function correlating with the reflection coefficient. The derivative
of the attenuation coefficient measures how quickly the reflection coefficient changes over time, indicating shifts in the medium’s ab-
sorption efficiency across interfaces. Linear plots of attenuation coefficient changes reveal abrupt jumps corresponding to reflected sig-
nal arrivals, signifying boundaries between media. Changes in the absorption coefficient suggest alterations in material properties.
Based on this model, a special algorithm was proposed to estimate reflection and transmission coefficients from GPR data. The pro-
posed algorithm was implemented in the MATRIX PRO program of our own develop.

The possibility of estimating reflection and transmission coefficients from GPR data was proved using in-situ data. The proposed model
and algorithm for processing and presenting GPR data showed adequate results, which clearly highlight the water layer and the bound-
ary of the lake bottom. Practical significance of the results is the proposed method can be further adapted to identify attenuation coef-
ficients and have the ability to relate them to the specific conductivity of soils. The proposed method can be adapted to create new
models for representing GPR data for use in the results of engineering geophysical studies.
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Ground Penetrating Radar, reflection coefficient, transmission coefficient, refractive index, attenuation coefficient
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