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The work is aimed at developing a GPR data processing system for detecting
objects at shallow depths using evolutionary algorithms for optimizing parabolic
model parameters. Preprocessing methods are proposed to eliminate static and
ground reflection, as well as a web application for interactive visualization of re-
sults. Experimental data confirm the ability of the approach to accurately localize
objects and separate them from noise, which opens up new prospects for the ap-
plication of modern optimization methods in GPR studies. Additionally, the inte-
grated framework establishes a solid foundation for future enhancements and
practical deployments in various geophysical and engineering applications.

Po3po6ka MeTO1iB 13 3aCTOCYBAHHSIM €BOJIOLINHUX JITOPUTMIB JJIsl ONTH-
Mi3allii mapaMeTpiB Mojieael oOpoOKU TeopagapHUX CUTHAJIB JIO3BOJISE 3HAYHO
MOKPAIUTHA TOYHICTh 1 HAIIMHICTh BUSBJICHHS 00’ €KTIB Ha HEBEJIMKIN TNTHOMHI. Y
JaH1i poOOTI PO3TIAIAETHCS 3a7a4a MONIyKy 00’ €KTIB uepe3 BU3HAUYCHHS Mapa-
OOJIIYHUX BIOWUTTIB, BEPIIUHU SKUX BiJOOpaKarOTh MIHIMAJIbHY BIJICTaHb BiJl
00’€eKTa A0 npuiiMaya.

Hexaii curnasn, oTpumaHuii i3 TeopagapHOTO MPUCTPOIO, TPEICTABICHO Y BHU-
TSIl MaTPHITL

M = {mi,j},i = 1,...,N,j = 1,...,C,

ne {m; j} — aMIUITy/IHE 3HAYEHHS CUTHALy B MOMEHT 4acy t; Ui KaHauy j.

[epmri k 3pa3kiB KOXKHOTO IMITYJIbCY MICTSTH (D)OHOBE BIJOWTTS Bij amapa-
TypH Ta TIOYATKOBHI IMIYJIbC, @ TAKOXK CUJIbHE BIIOUTTS B1J MOBEPXHI IPYHTY,
sIKe IOTPeOy€e YCYHEHHS JIJISl TIOIaIbIII0l 0OPOOKH.

JlJist MoJieTIOBaHHS XapaKTEPHOTO MapadoiuHOTO BIAOUTTS, 1110 BUHUKAE Y
pe3yJIbTaTi B3aEMO/Iii XBHIII 3 TIJI3EMHUM 00’ €KTOM, BUKOPUCTAEMO MOJICITb:

f(x) =a(x —h)? +k,
7ie mapaMeTpu a, h Ta k BU3Ha4aroTh BIANOBIIHO KPUBU3HY, MIOJIOKEHHS Be-

PIIMHU Ta 3HAYCHHS CUTHAIY y TOYIll MiHIMAJIBHOI BiJICTaH1 BiJ 00’ €KTa 10 IPUK-
Maua.
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Hexait Q = {qW}-,, ne ¢ = (a®, h®, kD), apnse coboro MEOKMHY Ka-
HAWJATIB HAa ONTUMaibHE pimeHHs. ONTUMaNbHI TapamMeTpu q 3HAXOIATHCS
NUISIXOM MiHIMi3alii GyHKIIIT BUTPAT:

F(g) = ) [my; — f G @I

i€l

ne | — iHTepBall yacy miciisg YCyHEHHS MOYaTKOBUX 3pa3KiB, 10 MICTSATh HEKOPH-
CHHM CUTHAIL

EBomoniiHuil anroput™ 3IiHCHIOE TIOMYK q° = arg mingeoF (q), mo no-
3BOJISIE aJAalITUBHO BpaxyBaTH BIUIMB IIyMy Ta apTe(aKTiB.

Po3poOka BeO-3aCTOCYHKY Mependadyae 1HTErpalliio MonepeHboi 00pooKu
CUTHaJy, fKa BKIIOYAE YCYHEHHS CTATHYHOTO BITOWTTA Ta MOYATKOBOTO IMITY-
JbCY, @ TAKOK BUAAJICHHS BIIOUTTS BiJl IPYHTY LUJISXOM OI[IHKHU CEPEAHBOTO 3HA-
YEHHS! CUTHAIIy B IIEBHOMY YaCOBOMY IHTEpBaJIl Ta CyOTpakiii OTpUMaHOro pe-
3yJbTATy BiJ] HACTYIHUX 3pa3KiB. J{ali 3aCTOCOBY€ETHCSI €BOJIIOIIHA ONITUMI3AITIS
JUTS TIONTYKY ONTHMAJIBHUX TTapaMeTpiB mapaboiuHO1 MOJIEI, 110 OITUCYE 00’ €KT,
13 BUKOPHCTAHHAM CIICIIaIbHO pO3p0o0IeHO01 GyHKIIIT BUTpAT.

[ToenHaHHS €BOJIIOIIHHUX METO/IIB 3 TPAAULIIMHUMU aIrOPUTMAMH TOTepe-
IHBOI OOPOOKM CHUTHANIy JJa€ 3MOTY CTBOPUTH Be0-3aCTOCYHOK, SIKMH HE JIMILE
e(eKTHBHO JIOKAITI3y€ 00’ €KTH, ajie ¥ YITKO PO3MEXKOBYE iX BiJ IMIyMy Ta 1HIIAX
anoMauniil. Po3poGiena cucreMa BUPI3HAETHCS THYUKICTIO HaJAIITYBaHb 1 ajiar-
TUBHICTIO /10 crielu(}iKK OTPUMAHUX JAHUX, IO € HAJA3BUYANHO BAKIMBUM IS
IPAKTUYHOTO 3aCTOCYBAHHS B T€0(DI3MYHUX TOCIIIKEHHSX.
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