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2. The use of ultra-wideband electromagnetic waves and artificial intelligence for detecting metal and dielectric
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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA PO3BSI3aHHIO aKTyaIbHOI TPO6JIEMHU — NOCIIIKEHHIO €KCIIEPYMEHTAJIbHUX Ta
TEOPETUYHUX aCIEKTIB BUIIPOMIHIOBaHHS Ta [OWVPEHHS HECTALliOHAPHUX €JIEKTPOMArHiTHUX XBUJIb Y
CepenoBUIIaX 3i CKIAIHUM MTPOCTOPOBUM PO3MOoAisioM. Takok poboTa OXOTLII0E aHai3 nudpakiiii I1X MoJiB Ha
00'€KTax, pO3TalllOBAaHUX Y TAKUX CEPEIOBUILAX, 32CTOCYBAHHS METO/iB OTPUMAaHHS Ta 0OPOOKU BilOUTHX CUTHATIIB,
a TaKOXX PO3POOKY aJITOPUTMIB PO3Mi3HABAHHS MPUXOBAHUX 00 €KTIiB Ta BU3HAYEHHS IXHBOT'O ITOJIOKEHHS 13
3aCTOCYBAaHHSM MiIXOZiB IITYYHOTO iHTeNeKTy. HaykoBa HOBM3HA AMCEPTALIIIHOI POOOTH IOJISITae y TaKuX ii
pesysbraTax: 1. 3 BUKOPMCTaHHSIM IPAaHUYHUX YMOB KJIaCMYHO]I €JIEKTPOJIMHAMIKY BIIEpLIE 3HAIIEHO 3B'130K MiXK
€BOJIIOLiTHUMH KoedillieHTamu 3 piBHsHb KieliHa-T'opioHa, 0 ONUCYIOTh Ia1al04y, IPOUAEHY i BifouTy
HecTalioOHapHi XBUJIi y IepuoMy HabJIVDKeHHi. 2. Briepie BCTAaHOBJIEHO, 110 32 HAsIBHOCTI rayCOBOTO LIyMY Y

IIPUMHSATUX CUTHAJIAX, KiHLIeBi pe3yJIbTaTu pO3Ii3HaBaHHS [03ULIiH 00'€KTa IUTYYHUMHU HEHPOHHUMU MepeXaMu



MaloTh IIEepPEeBary repes METOL0M B3a€MHOI KOpeJIALil IPU MaJvX PiBHAX IIYMYy, ajie [IpYU 3HAa4YHIl 3allyMJIEHOCTI Lii
IIBa MigX0OY He TEeMOHCTPYIOTh IIOMIiTHI ITepeBaru OAUH Nepes OOHUM, 32 BUKJIIOYEHHSIM TOTO, 110 MITYYHI HEMPOHHI
Mepexi QYyHKIIOHYIOTh Ha NIOPSAKY LIBUAIE, 0COOJIMBO 32 YMOBU iXHbOI pearisaliii y BUIVISAL crienianizoBaHoi
MiKpocxeMHu. 3. Bepiue 3a 0oMOroo MeTony AUCKpPeTHOI ToMmorpadii mpoieMOHCTPOBAHO MilCUIEHHS
iHpopMalLifiHUX CKIIQZOBUX, BilOMTUX Bifl IPUXOBAHOTO 00'€KTY €JIEKTPOMArHiTHUX XBUJIb, y HAOIVKEHHI
IIPOMEHEBOTO MOJIAHHS IIUX XBUJIb i3 BpaxyBaHHSM iX yacoBoi popmHu, JieJeKTpUYHUX [IapaMeTpiB I'PYHTY, IPOLieCiB
Ha rpaHuli NOBITPSI-I'PYHT Ta BUKOPUCTAaHHS AEKiIbKOX, PO3MOAiIIEHUX Ha/l 'PYHTOM IIPUIMaJIbHUAX aHTEH. 4.
Briepie BU3HaueHi ONTUMAasbHi MapaMeTPU CUCTEMU Ha OCHOBI METOZlY IUCKPETHOI ToMorpadii: yacose BiKHO,
KiJIbKICTh IPUIMAJIbHUX aHTEH, ayTMEHTAallisl BXiTHUX JaHUX i YacTKa nornepegHbo 00po0IeHUX BXiIHUX CUTHAJIB,
3a HasIBHOCTI IyMiB BUCOKMX PiBHIB Y BXiIHMX TpaKTax [IpyUiiMayiB aHTeH. 5. Briepie 6yJo OljiHEeHO SIKiCTh
PO3Ii3HaBaHHS METOY IITYYHUX HEPOHHUX MEPEX [1JIs 3a/1a4i BUSIBJIEHHS Pi3HUX IIPOTUIIIXOTHUX MiH, TaKUX SIK
[IMH-1, IIMH-4 ta [IOM y HeogHOpiAHOMY Ce€peLoBHUIIi IPX HAsIBHOCTI 6i10ro MyMy B IPAMHITHAX 4YaCOBUX
3aJIEXKHOCTSIX. 6. Briepiue 3arpornoHoBaHO HOBU MiAXiN 40 BUBHAUYEHHS MiCLi€3HAXOI)KEHHS IIPUXOBAaHUX 00’ €KTIB y
I'PYHTI 32 JOIIOMOTIOI0 KOJIEKTUBHOTO IITYYHOI'O iHTEJIEKTY, 110 OJJHOYACHO 00p0o6JIsie OfHi i Ti 5K 4acOBi 3aJ1€3KHOCTI,
OTPUMaHi HaAIIMPOKOCMYTOBUM reopasapom. [IpakTryHe 3HaYEHHSI OTPUMAHUX Pe3ybTaTiB: 1. BctaHOBAEHUN
3B'SI30K MDK HeBiloMrMU KoediljienTamu 3 piBHSAHb KieliHa-T'opoHa, sIKi ONMCyI0Th TPOXOIKEHHS
HECTaliOHAPHUX XBUJIb Y CEPENOBUIIE, IEMOHCTPYE MOKJIMBICTb KOHLEHTPALil €Heprii eJIeKTPOMarHiTHOI XBUJI y
I'PYHTI, MOAIOHO 10 SBUILA “€JIEKTPOMArHiTHOTO CHapsay’, 3 METOIO 30i/bLIEHHS €HePrii BifOnTo] Bif IPUXOBAaHOTO
00'eKTy XBUJIi Ta, BifI[TOBiAHO, TIOKpaleHHs HOT0 po3Mi3HaBaHHS. 2. AHaji3 po3Mi3HaBaHHS IPUXOBAHUX 00’ €KTIB
IITYyYHVIMU HEUPOHHMMU MEPEXKaMU Ta KOPENALiMHUAM MiIXOO0M JO3BOJISIE CYTTEBO IMOKPAIIXTH iX BUSBJIEHHS 32
YMOBHU iXHBOT'O OJIHOYACHOTO 3aCTOCYBaHHSI. 3. 3aCTOCYBaHHS METOAY AUCKPETHOI ToMorpadii 111 OTPUMaHHS
IOATKOBOTO HAO6OPY BXiAHMX JaHUX [JIs IITYYHOI HENPOHHOI MepeXi 3a paXyHOK BUKOPUCTaHHS 0COOJINBOCTEN
(}i3MYHMX NPOLECIB [IPY OUIMPEHH] iMITyIbCHUX XBUJIb Y IPYHTI 3MEHIIY€E 0OCST HEOOXiTHUX 004K CITIOBATIbHUX
pecypcis 6e3 BTpaTy TOYHOCTI PO3Ili3HaBaHH IPUXOBAaHUX 00’€KTIB, 1110 € KOPUCHUM [1J1s1 HOBUX PafiapiB, 3aTHUX B
peaJIbHOMY 4aci BUSIBJISITU IPUXOBaHi Hebe3ne4Hi 06'eKTu. 4. [IpoBeieHi NOCiI)KeHHS 3 BAKOPUCTAHHS WITyYHUX
HEMPOHHUX MEPEX IJIS1 BUABJIEHHS IIPOTUIIIXOTHUX MiH, B TOMY YMCJIi B HEOAHOPIIHOMY CE€peLOBULIi, NO3BOJISE
CTBOPMTH HOBI YHIKaJIbHi cUCTEMU PO3MiHYBaHHSI, CIIPOMO>KHI BUSBJISITU IIPUXOBaHi BUOYXOBi IPUCTPO], 110
IIPaKTUYHO HE MAIOTh Yy CKJIaZli MEeTaleBUX YAaCTHH. 5. 3alIPOIIOHOBAHMI HOBUM MiAXiA 40 BU3HAYEHHS
MiCLIe3HaxOIKEHHS TPUXOBAHUX O00'EKTIB Y I'PYHTI 32 JONIOMOT0I0 KOJIEKTUBHOTO MITYYHOTO iHTEJIEKTY 3 JaHUX,
OTPUMAaHMX HaJIIMPOKOCMYTOBAM reopasiapoM, AO3BOJISE MiIBUIIATY HE TiJIbKM TOYHICTb MiCLiSl PO3TallyBaHHS
00'eKTY, aje i IKicTb Ioro po3nizHaBaHHS, 1110 Ma€ IPaKTUYHE 3HAYEHHS [J151 T€0JIOTYHUX AOCiIyKeHb, Oy1iBHALITBA

Ta BilICbKOBHUX 3aCTOCYBaHb.

2. The dissertation is devoted to solving the actual issue of investigating the experimental and theoretical aspects
of radiation and propagation of transient electromagnetic waves in the media with complex spatial distribution.
The work also covers the analysis of diffraction of these fields on objects located in these media, the application of
methods for obtaining and processing reflected signals, and the development of algorithms for recognizing hidden
objects and determining their position using artificial intelligence approaches. The scientific novelty of the
dissertation is in the following results: 1. Using the boundary conditions of classical electrodynamics, the
relationship between the evolutionary coefficients from the Klein-Gordon equations, which describe the incident,
transmitted, and reflected non-stationary waves in the first approximation, was found for the first time. 2. It was
established for the first time that in the presence of Gaussian noise in the received signals, the final results of
object position recognition by artificial neural networks have an advantage over the cross-correlation method at
low noise levels. However, under significant noise presence, these two approaches do not show noticeable
advantages over each other, except that artificial neural networks operate orders of magnitude faster, especially
when implemented in specialized microchips. 3. For the first time, the approach of discrete tomography
demonstrated the enhancement of the informational components of electromagnetic waves reflected from a
hidden object, using the ray approximation of these waves while considering their temporal form, dielectric
parameters of the soil, processes at the air-soil boundary, and the use of several distributed receiving antennas



above the soil. 4. The optimal parameters of the system based on the discrete tomography method were
determined for the first time: time window, number of receiving antennas, input data augmentation, and the
proportion of pre-processed input signals, in the presence of high-level noise in the input tracts of the antenna
receivers. 5. The quality of recognition by the artificial neural network method for detecting various anti-
personnel mines, such as PMN-1, PMN-4, and PFM, in a heterogeneous environment with the presence of white
noise in the received time dependencies was evaluated for the first time. 6. A new approach to determining the
location of hidden objects in the soil using collective artificial intelligence, which simultaneously processes the
same time dependencies obtained by ultra-wideband ground-penetrating radar, was proposed for the first time.
Practical significance of the results: 1. The relationship between the unknown coefficients from the Klein-Gordon
equations is established, which describe the passage of transient waves into a medium, demonstrates the
possibility of concentrating the energy of the electromagnetic wave in the soil, similar to the phenomenon of an
“electromagnetic projectile,” to increase the energy of the wave reflected from the hidden object and,
consequently, improve its recognition. 2. The analysis of recognizing hidden objects using artificial neural
networks and the correlation approach allows a significant improvement in their detection when applied
simultaneously. 3. The application of the discrete tomography approach to obtain the additional set of input data
for the artificial neural network by utilizing the physical processes during the propagation of impulse waves in the
soil reduces the necessary computational resources without losing the accuracy of recognizing hidden objects.
This is beneficial for new radars capable of detecting hidden dangerous objects in real time. 4. The carried out
research on artificial neural networks for detecting anti-personnel mines, including in a heterogeneous
environment, allows the creation of new unique demining systems capable of detecting hidden explosive devices
that practically do not contain metal parts. 5. The new proposed approach to determining the location of hidden
objects in the soil using collective artificial intelligence with data obtained from an ultra-wideband ground-
penetrating radar not only increases the accuracy of the object’s location, but also improves the quality of its
recognition. This has practical significance for geological research, construction, and military applications.
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