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1. Inceprariist npucBsyeHa po3podLii METOly eJIEKTPOMAarHiTHOrO BUSIBJIEHHSI BUOYXOHeOe3[IeYHUX IIPEIMETIB i3
HU3bKMM BMICTOM MeTaJIeBUX KOHCTPYKLiMHUX €JIEMEHTIB 3 METOIO IiIBUILLIEHHS PiBHS LIMBiIbHOI 6€3I1eKu Ha
Il€OKYIIOBaHUX TEPUTOPISIX IIPU IPOBEIE€HHI ONIEPAaTMBHOrO Ta FyMaHiTapHOro po3MiHyBaHH:. [IpoaHani3oBaHo cTaH
LMBLIBbHOI 6€31eKn YKpaiHu y KOHTEKCTi 3a6pyIHEHHS TEPUTOPiil BUOYXOHE6E3IeUHMMU NIPEeIMETaMU, Cepel SIKUX
IIPUCYTHI SIK IITaTHa 30posi KpaiH kosumuboro CPCP ta HATO, Tak i caMmopo6Hi BUGYXOBi IIpUCTpoi. 3HaUHY
YaCTUHY CTAHOBJISITh IPEIMETH 3 HEMETAJIEBUMU KOHCTPYKLIMHUMU €JIEMEHTaMH, 1[0 CYTTEBO YCKIIAMHIOE iX
BUSIBJIEHHS CTAaHIAPTHUMU MeTogaMu. KiacudikoBaHO OCHOBHI METOAM AUCTAHIIITHOTO BUSBJIEHHS
BUOYyXOHEOE3eYHNX MTPeIMETIB, SIKi OAinaoThcs Ha Gi3nyHi, Pi3nKo-XiMiuHi, XIMiYHI Ta OpraHOJIENITUYHI.
BcTaHoBJI€HO, 110 HANGIIbII NOLIIBHMMU [1J151 32CTOCYBaHHSI [IPY OUMIIEHH] BEJIMKUX IIJIOL € eJ1IeKTPOMAarHiTHUN
METOJ], Ta METOJ], HEUTPOHHOTO aHali3y, IIPYU LIbOMY Cy4YacCHi TEXHIUHI pillleHHS 1e He 326€311€4yI0Th TOBHO]
peastisauii moTeHLiany eJeKTPOMarHiTHUX MeToAiB. [IpoananizoBaHO CTPYKTYPY HANIIOMUPEHINX

BUOyXxOHeOe3IeyHUX [TpeJMeTiB Ha TepuTopii CxigHoi €Bponu Ta BU3HAY€HO OCHOBHI BUOYXOBi MaTepianu y ix



ckiIafi. BctaHOBJIEHO, IO HAMOIIBIIY 3arpo3y 3a NAPAMETPOM YyTJIMBOCTI CTAHOBJISITh KAICYJli-I€TOHATOPH, SIKi
MICTSTb TETPUJI, TEKCOTEH, TPUHITPOTOJIYOJI Ta iHINi BUCOKOYYTIUBI pe4OBUHU. PO3paxyHOK IUIOJbHUX MOMEHTIB
I10Ka3aB, 110 Ha6inbll He6e3NeYHMMHU B KOHTEKCT] BIVIMBY €JIeKTPOMAarHiTHUX XBUJIb € BUOYXOBI MaTepianu 3
BMICTOM TETPUILY, TOJi SIK T€KCOTE€H i IEHTaePUTPITTETPAHITPAT 3/INIIAIOTHCS iIHEPTHUMHU 10 TaKOTO BILIMBY Y€pe3
CHMETPUYHY MOJIEKYJISIPHY CTPYKTYPY. Po3p06sieHo enekTpoAuHAMIuHI Ta MaTeMaTHU4Hi MOZEJIi B3aeMOZi
eJleKTpoMarHiTHux xsuiab HBY-niana3ony 3 BuOyxoHe6e3NeYHUMHY PEYOBUHAMU Ta [TPpeMEeTaMU Ha OCHOBI PiBHSIHb
Makcsesa 3 BifiTOBiAHUMY TPaHUYHUMU YMOBaMU. Po3paxoBaHO KoedillieHTH BiIOUTTS, IIEPEIOMIIEHHS Ta
[IOTJIMHAHHSA €HEPrii 3aJIe’KHO Bif, IieIeKTPUYHOI IPDOHUKHOCTI, KyTa MaiHHA XBUJI Ta BJIACTUBOCTEN MaTepialiB.
BcTaHOBIIEHO, 1110 PEYOBMHU 3 BUCOKOIO JieJIeKTPUYHOI0 ITPOHUKHICTIO 100pe BifiOKBaloTh XBUJI, IO MOJIETIIYE iX
BUsBJIeHHS, Togi K TNT nornmnuae 1o 96% eHeprii, o CTBOPIOE PU3UK AUCTAHIIHOIO MiAPUBY. 3MOMEIbOBAHO
B3a€MOJIiI0 XBUJIb i3 6araTomapoBUMU CTPYKTypamu KopmyciB mid [IMH-2, [IOM-1, MOH-90 ta IIOM-3,
BCTaHOBJIEHO 3aJIEKHICTh XBUILOBOT'O OIIOPY Bif, IUIIOJIbHOTO MOMEHTY BUOYXOBUX PEYOBUH, 11O MOXKE
3MiHIOBaTHCS Y 5—-8 pasiB 3aJIe5KHO BiJl XiMiuHOro cKkjazy. 3alipollOHOBaHO METOJ, IUCTaHLiMHOIO AeTEeKTyBaHHS
BUOYXOHEOE3IeYHUX [TPEJMETIB 32 JOIIOMOI0I0 €JIeKTPOMAarHiTHUX xBuib HBY-nianasony, mo ycyBae
6es3rocepeHiil KOHTAKT JIIOJUHY 3 He6e3NeYHUM IIpeaMeToM. MeTog, 1ojisirae y BUIpoMiHIOBaHHI CUTHAJIIB
BEPTHUKAJILHOI Ta TOPU3OHTAIBHOI MOJISIpU3aliii 3 HAGOPOM YaCTOT, TPUKMaHHI BifOUTUX 6araTOYaCTOTHUX CUTHATIB
Ta I10J1aJIbIIOMY OIIPOMiHEHH] IIOTY)XKHUM iIMIIyJIbCHUM CUTHAJIOM Y HaIIPSIMKY BUSIBJIEHOTO 00'eKTa. Po3pobiieHo
aJITOPUTM €JIEKTPOMArHiTHOTO AETEKTYBaHHA 3 18 QyHKLiOHaNbHUX Ta 3 JIOTIYHUX 6JI0KiB. MOZEII0OBaHHS
[iATBEPANIIO 3aJIeKHICTh TOCTOBIPHOCTI BUSIBJIEHHS Bifl TJIMOVHU 3aJSITAHHS T4 YaCTOTH CKaHYBaHHS: 3HUKEHHS
yactotu 3 3 o 1 I'T ninBuiye IMOBIpHICTb BUSIBJI€HHS NTpegmMeTis po3mipom 0,1 M Ha raubuHi 1o 0,5 M. CTBOpeHo
(YHKLiOHAJIBHY CXEMY €JIEKTPOMArHiTHOrO JeTeKTOpa Ha OCHOBI M¢pposoro npouecopa Blackfin. g min TM-62
3a6e3neuyeThCsl BUSIBJIEHHS HA rubuHax g0 50 cm, ams [IMH-2 ta [IGM-1 — no 20 cM. HaykoBa HOBU3Ha IOJISITAE Y
nepomMy po3pobsieHHi MaTeMaTUyHOI Mogerii nudpaxiiii enekTpoMarHiTHuX xBuib HBY-zgianazony Ha
He3arnr6yIeHuX BUOYXOHeOe3IeYHUX IPeIMeTax 3 ypaxyBaHHsIM iX ieJIeKTPUUHUX BJIaCTUBOCTEH Ta XBUJILOBOTO
OIIOpYy, IEPIIOMY PO3PO0OJIEHH] €JIeKTPOIUHAMIYHOI Mozt Iudpakiii py NIPOXOIKEHHI KPi3b 6araTomapoBy
CTPYKTYpYy BUOYXOHEOE3[1eYHOTOo NPeIMETa LIJISIXOM PO3B'sI3aHHS PiBHSIHb MaKcBesia, a TakOX y CTBOPEHHI METOy
€JIEKTPOMArHiTHOTO AETEKTYBaHHS, SIKUY Ha BiIMiHY Bifl iCHYI0UMX JO3BOJIS€ BUSBJISATU IIPEIMETU 3 HU3bKUM
BMICTOM METaJIEBUX €JIEMEHTIB SIK Y 3arJIM6JIEHOMY, TaK i He3arnu6IeHOMY PO3MillleHH]. YIOCKOHa/IeHO
MaTeMaTU4HY MOJEJIb B3aEMOJIii €7IEKTPOMATrHiTHUX XBUJIb 3 IOBEPXHEIO BUOYXOHEOE3MEeUHUX TPEJIMETIB Mif
IIOBiIbHAM KYTOM MafiHHA 3 ypaxyBaHHIM TM ta TE nossgpusatii, o 103B0oJIsie BU3HAYaTH ONTHUMAalbHi KYyTH
OIIPOMIHEHHS JJ11 MAKCUMAJIbHOI CEJIEKTMBHOI 3IaTHOCTI. PedysibraTy guceprallii BIPOBAIKEHO B MiApO3ainax
JCHC Vkpainu y XapkiBcbKiil 06s1aCcTi, MixKperioHaJibHOMY LIEHTPi 'yMaHITapHOrO PO3MiHYBaHHS Ta MIBUJIKOTO
pearyBaHHsI, HayKoBO-gociinHomy LeHTpi TOB «bpang Tpenn» Ta B HaBYasibHUM npouec HanioHanbHOro

YHiBEpCUTETY LMBINIBHOTO 3aXUCTy YKpaiHU.

2. The dissertation focuses on developing a method for electromagnetic detection of explosive ordnance with a
low content of metallic structural components, with the aim of enhancing civil safety levels in de-occupied
territories during operational and humanitarian demining. The state of civil safety in Ukraine was analysed in the
context of territory contamination with explosive ordnance, including both standard weaponry of former USSR
and NATO countries and improvised explosive devices. A significant proportion consists of items with non-metallic
structural components, which substantially complicates their detection using standard methods. The principal
methods of remote explosive ordnance detection were classified into physical, physicochemical, chemical, and
organoleptic categories. It was established that the electromagnetic method and neutron analysis method are the
most appropriate for clearing large areas, while current technical solutions do not yet fully realise the potential of
electromagnetic detection technologies. The structure of the most widespread explosive ordnance in Eastern
Europe was analysed and the principal explosive materials comprising them were identified. It was established that
the greatest threat in terms of sensitivity is posed by detonator capsules containing tetryl, RDX, trinitrotoluene,
and other highly sensitive substances. Calculation of dipole moments demonstrated that explosive materials
containing tetryl are the most hazardous in the context of electromagnetic wave interaction, whereas RDX and



pentaerythritol tetranitrate remain inert to such influence due to their symmetric molecular structure.
Electrodynamic and mathematical models of microwave electromagnetic wave interaction with explosive
substances and ordnance were developed based on Maxwell's equations with appropriate boundary conditions.
Coefficients of reflection, refraction, and energy absorption were calculated as functions of dielectric permittivity,
wave incidence angle, and material properties. It was established that substances with high dielectric permittivity
effectively reflect waves, facilitating their detection, whereas TNT absorbs up to 96% of incident energy, creating a
risk of remote detonation. The interaction of waves with multilayer structural compositions of PMN-2, PFM-1,
MON-90, and POM-3 mine casings was modelled, and the dependence of wave impedance on the dipole moment
of explosive substances was established, which can vary by a factor of 5-8 depending on chemical composition. A
method of remote detection of explosive ordnance using microwave electromagnetic waves was proposed,
eliminating direct human contact with hazardous objects. The method involves transmitting signals of vertical and
horizontal polarisation across a set of frequencies, receiving reflected multifrequency signals generated through
interaction with nonlinear components of the ordnance, and subsequently irradiating the detected object with a
high-power pulse signal. An electromagnetic detection algorithm comprising 18 functional and 3 logical blocks was
developed. Modelling confirmed the dependence of detection reliability on burial depth and scanning frequency:
reducing frequency from 3 to 1 GHz increases the probability of detecting objects of 0.1 m size at depths up to 0.5
m. A functional schematic of an electromagnetic detector based on the Blackfin digital processor was created.
Detection is assured for TM-62 mines at depths up to 50 cm, and for PMN-2 and PFM-1 mines at depths up to 20
cm. The scientific novelty consists in the first development of a mathematical model of microwave electromagnetic
wave diffraction on non-buried explosive ordnance accounting for dielectric properties and wave impedance; the
first development of an electrodynamic diffraction model for wave propagation through the multilayer structure of
explosive ordnance by solving Maxwell's equations; and the creation of an electromagnetic detection method
which, unlike existing approaches, enables detection of ordnance with a low metallic content in both buried and
surface-laid configurations. A mathematical model of electromagnetic wave interaction with explosive ordnance
surfaces at arbitrary incidence angles was further advanced, incorporating TM and TE wave polarisation and
allowing determination of optimal irradiation angles for maximum selectivity. The dissertation results have been
implemented in units of the State Emergency Service of Ukraine in Kharkiv Oblast, the Interregional Centre for
Humanitarian Demining and Rapid Response, the research centre of Brand Trade LLC, and in the educational
process of the National University of Civil Protection of Ukraine.
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