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HEMPOHHUMU MepekaMu
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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA PO3BSI3aHHIO aKTyaIbHOI TPO6JIEMHU — €KCIIEPUMEHTAIBHOMY Ta
TEOPETUYHOMY JOCJIIPKEHHIO MIPOLECIB BUTIPOMIHIOBAHHS Ta [TOMKUPEHHS HECTALLiIOHAPHUX €JIEKTPOMArHiTHUX
II0J1iB Y IIApYyBaTHX CepeloBUIIAX, IX NU(PaKLis Ha MiI0BEepXHEBUX 00'€KTaX, IPUIIOMY BilOUTHX XBUJIb Ta
PO3Ii3HaBaHHS LMX 00'€KTIB i IXHPOI'O MiClisl pO3TalllyBaHHS 33 JOIIOMOrOIO IITYYHUX HEMPOHHUX MepeX. Haykosa
HOBU3HA JUCEPTALIMHOI pOOOTH NOJIATrae y Takux ii pedynbTaTax: 1. Briepiue rnokasaso, 10 akTyaJbHUM 3HAYEHHSIM
OJIMKHBOI I'paHNLli JAbHBOI 30HU € Te, IO CIIOCTEPIraeTbCsl B MOMEHT ITPOXOPKEHHS Tiel 4aCTUHM iMITyJIbCY, IO
Mae Haiibinbule iHpopmaliiliHe HaBaHTaXXEeHHS, HAalOIIbIY MBUAKICTh 3MiHM B TOYLli Ipuiiomy. 2. Briepie Baanoch
IOKOPiHHUM YMHOM IOKPAIUTH (OPMYBaHHS XBUJI y OJIMKHIN 30Hi iMITyJIbCHOTO BUIIPOMiHIOBAaua €JIEKTPUYHOTO
TUILy, PO3TALIOBYIOYN B Hill BUIPOMIHIOBaY MarHiTHOro Tuiy. IlepeBaroi Takoro KOMG6iHOBaHOTO BUIIPOMiHIOBava,

HaJIIMPOKOCMYTOBOIO aHajiora anteHu KiesiHa, € edpexTrBHe POpMyBaHHS B HEBEJIMKOMY PiznyHOMY 00’eMi
i y , y y y



iMITyJIbCHOI XBUJIi 3 MAJIMMU MiC/ASiMITy/IbCHUMU KOJIMBAaHHSIMU 6€3 3aCTOCYBaHHS JOJATKOBUX MITYYHUX OMIYHUX
BTpaT, 1[0 € aKTyaJIbHUM [1J151 ii 3aCTOCYyBaHHS IJ1s1 Pi3HUX 3a7ja4, B TOMY 4MCJli epenadvi indopmauii Ta 30HIyBaHHS.
3. llIngX0oM 3MMBaHHS KOMIIOHEHT I10JI Y 4aCOBOMY ITPOCTOPI BIIEPILIE BAJIOCH Y TIEPLIOMY HAOJIVM>KEHHI OTPUMATH
AHaJIITUYHI BUPa3y [J1s1 BilOMTOrO MOJIs i M0JIs], 10 NMPOMLLIO B cepenoule. [IpoeMOHCTPOBaHA MOXKJIUBICTD
(OpMyBaHHS «€JIEKTPOMArHiTHOrO CHapsiAy» y CEpeIoBUIi, 10 OITPOMiHEHE iMITyJIbCHOIO €J1EKTPOMArHiTHOO
XBUJIEIO HAIKOPOTKOI TPUBAJIOCTI. 4. 3alIpOIIOHOBAHO HOBY METOAMKY PO3PaxXyHKy ITOXMOKM BU3HAYEHHS
KOMILJIEKCHOI JlieJIEKTpUYHOI TPOHUKHOCTI I1pY NTOPiBHSIHHI pO3PaxyHKOBOI Ta BUMIPsIHOI 6a3 faHuX. 5. Bniepuie
noKasaHo nopiBHAHHAM [ITHM Ta MeToiB KOpesIaLii 11 po3Mi3HaBaHHS KYTIB, 110 WITY4YHI HEMPOHHI Mepexi
MO>YTb IPOJEMOHCTPYBATH Kpallly TOYHICTh, HiXK KOpenquiiHuii nigxin. Hagiinum e Bukopucrasss [IIHM no
3HavyeHHs CCII = 10 pb ta Bume i Mmetony B3aeMHoi Kopessnii niyg CCII = 20 nb ta Bume. Ane HasiTe gy CCII = 0
1B IITHM pae KOpeKkTHe pO3Mi3HaBaHHS KyTiB IiCJIsl CTATUCTUYHOTO yCEPEIHEHHS pe3y bTaTiB knacudikauii. [ITHM
B YMCJIOBOMY MOJIEJIIOBaHHI J€MOHCTPY€ 4ac PO3PAXyHKY Ha TPY MOPSIKU MEHIINI, HDK HaM MTOTPiOHO 1715t
po3paxyHKy QyHKIil B3aeMHOI Kopeidii. 6. Briepiie nponeMoHCTPOBaHO, 110 3aCTOCYBaHHS mapy SoftMax po6uThb
Bignosini [ITHM 6ibl1 KOHTpAaCTHMMU B 33[1a4ax MiJiIOBEPXHEBOIO 30HIyBaHHS, ajle IPU3BOJUTS [0 JeBe
MIOMITHUX IIOMUJIOK. 3aCTOCYBaHHS MeTony Dropout B nijiomy ninBunuio sxicts po6otu IITHM nia wiei 3amayi. 7.
Briepie Bu3Ha4yeHo, 110 32 HAsIBHOCTI 61/10T0 1IIyMy Pi3HOTO PiBHSI HEMa€ AOCTOBIPHUX IIepeBar y KiHLeBUX
pesyJbTaTax po3Mi3HaBaHHS [103Ulliil 06'ekTa 1151 060x nigxonis IITHM Ta B3aemHOi KopessLii. MeTon B3aeMHOI
KopeJisLii He NoTpedye CUHXPOHi3allii yacy MK BUIIpOMiHIOBaYeM Ta [IpUiiMaydeM, Ha BigMiHy Big [IIHM, ane
BUMarae 3Ha4HOr0 4acy pO3paxyHKy, TOMY € MOXKJIMBICTb OKPALIUTH SIKICTb Kyacuikallii po3ralryBaHHs 00'€KTa,
MO€IHABIIY 1ii ABa Nigxonu. [IpakTuyHe 3Ha4€HHS OTPUMaHUX pe3ysbTaTiB: 1. OTpuMaHi Bupasu 1J1s MoJiB y
OJIVDKHIN 30HI HeCTalliloOHapHUX BUNIPOMIHIOBAaYiB MalOTh IIPAKTUYHY LIiHHICTb 1711 pafjlapHUX CUCTEM, 1€ 00'€KTU
TOCJIiZIPKE€Hb 3HAXOASThCS B OJIVDKHIN 30Hi, CUCTeMax HEPYHHIBHOrO KOHTPOJIO. Lli pe3ybTaTi BasKIUBI AJ1s
3[10pPOB’sl 06CJIyTOBYI0YOr0 NEPCOHANY PafapHUX Ta PEUKOTPOHHUX CUCTEM. 2. PO3P06JIEHO METOMKY BU3HAYEHHS
JlieJIEKTPUYHOI IPOHUKHOCTI 3 BUCOKOIO TOYHICTIO Ta CTBOPEHO BUIIPOMIHIOBAYi, 1110 BXKJIMBO IJI1 TOYHOTO
BM3HAUEHHS JIOKAJIbHUX HEOJHOPIAHOCTEN B 00'eKTax B 334a4ax MiATIOBEPXHEBOIO 30HAYBaHHS. 3. 3allpONIOHOBaHI B
pOO6OTi BUNIPOMiHIOBAaYi MOXYTb OyTH BUKOPUCTaHi B 6€34POTOBUX JIOKAJIbHUX MEPEXKAX, 3ala4aX HEPYIHiIBHOTO
KOHTPOJII0, MOHITOPMHTIY HaBKOJIMIIIHBOT'O CepeloBulIa, 6iosorii, MenuuuHi Towo. 4. Hanmupokocmyrosuii
KOMOiHOBaHMI BUNIPOMiHIOBau KiieBiHa € IPaKTUYHO LiHHUM Yepe3 Te, 110 Malo4X BiTHOCHO MaJjli po3Mipu BiH
e(peKTMBHO BUIPOMIHIOE iMITyJIbCHI €JIEKTPOMArHiTHI XBUJIi K OJMHOYHA aHTEHA, TaK i 4K €JIeMEHT aHTEHHOI
pewnitTky. 5. [I[pakTryHa [iHHICTH 3aIPOIIOHOBAHOTO MigX0Ay po3nidHaBaHHs Ha [ITHM rpyHTyeThCSl HA BUKOPUCTAHHI
0JIM3BKOTO [I0 peasbHOro JKepesla 0B 3 0OMEXXEHOI0 eHEPTi€lo, pO3TallloBAHOTO Ha HEBEJIMKIN BUCOTI Bif IPYHTY,
3aCTOCYBAHHSM [10 TAaKOTO CKJIQJIHOTO [1J1 PO3Ii3HaBaHHS 00'€KTA, K peasbHa IPOTUIIXOTHA MiHA. 3HAYHY
[IPaKTUYHY LIiHHICTb CTAHOBUTDL peaslisallig PsIMOro HaBYaHHA WTYYHOI HEMPOHHOI MepeXi Ha pO3Mi3HaBaHHA MiH 3
IaHUX €eKCIIEPMMEHTAJIbHUX Palaporpam, 3HATHX B yMOBaX, OJIM3bKUX [0 peasbHUX. 6. [[paKTUYHO LiKaBOIO €
3aIIpOIIOHOBAaHA CUCTEMA NO3ULIOHYBAaHHS Ha IMITyJIbCHUX XBUJISIX Y€pe3 BiCYTHICTb BUMOT 010 YaCOBOi
CUHXPOHi3auii nepenasauis i NpuiiMayvis Ta 3aBafOCTINMKICTb 110 BiIHOWEHHIO 10 TPAAULINHUX BY3bKOCMYTOBUX

CHUCTEM IIOJABJICHHS.

2. The dissertation is devoted to solving the actual problem, i.e. experimental and theoretical study of the
processes of radiation and propagation of transient electromagnetic fields in layered media, their diffraction on
subsurface objects, reception of reflected waves and recognition of these objects and their location using artificial
neural networks. The scientific novelty of the dissertation is in the following results: 1. For the first time, it is
shown that the actual value of the near boundary of the far zone is that observed at the moment of passage of that
part of the pulse that has the greatest information load, the greatest rate of change at the receiving point. 2. For
the first time, it was possible to radically improve the wave formation in the near-field of the electric impulse
radiator by placing the magnetic radiator in it. The advantage of such a combined radiator, an ultra-wideband
analog of the Clevin antenna, is the effective formation of a pulse wave with small post-pulse oscillations in a small
physical volume without the use of additional artificial ohmic losses, which is relevant for its use in various
applications, including information transmission and sensing. 3. By stitching the field components in time space, it



was possible to obtain analytical expressions for the reflected field and the field transmitted into the medium in
the first approximation. The possibility of forming an "electromagnetic missile" in the medium irradiated by an
ultrashort duration pulsed electromagnetic wave is demonstrated. 4. The new methodology for calculating the
error of determining the complex permittivity by comparing the calculated and measured databases is proposed. 5.
It is shown for the first time by comparing ANNs and correlation methods for angle recognition that artificial
neural networks can demonstrate better accuracy than the correlation approach. It is reliable to use ANNs up to
the value of SNR =10 dB and above and the method of mutual correlation for SNR = 20 dB and above. However,
even for the SNR = 0 dB, the ANN provides correct angle recognition after statistical averaging of the classification
results. In numerical modeling, the ANN demonstrates the calculation time three orders of magnitude less than we
need to calculate the mutual correlation function. 6. For the first time, it was demonstrated that the use of the
SoftMax layer makes the ANN responses more contrasting in subsurface sensing tasks, but leads to barely
noticeable errors. The use of the Dropout method generally improved the quality of the ANN for this task. 7. For
the first time, it was determined that in the presence of white noise of different levels, there are no significant
advantages in the final results of object position recognition for both ANN and mutual correlation approaches. The
mutual correlation method does not require time synchronization between the transmitter and the receiver,
unlike the ANN, but requires significant calculation time, so it is possible to improve the quality of object location
classification by combining these two approaches. Practical significance of the results: 1. The obtained expressions
for the fields in the near-field of nonstationary radiators are of practical value for radar systems where the objects
of study are in the near-field, and non-destructive testing systems. These results are important for the health of
the personnel of radar and railgun systems. 2. Methods for determining the dielectric constant with high accuracy
have been developed and radiators have been created, which is important for accurate determination of local
inhomogeneities in objects in subsurface sensing tasks. 3. The radiators proposed in this work can be used in
wireless local area networks, non-destructive testing, environmental monitoring, biology, medicine, etc. 4. The
ultra-wideband combined Clevin antenna is practically valuable because of its relatively small size, it effectively
radiates pulsed electromagnetic waves both as a single antenna and as an element of an antenna array. 5. The
practical value of the proposed ANN recognition approach is based on the use of a source of fields with limited
energy close to a real source, located at a low height from the ground, and applied to such a difficult object to
recognize as a real anti-personnel mine. Of considerable practical value is the implementation of direct training of
an artificial neural network for mine detection from experimental radar data taken in conditions close to real ones.
6. The proposed impulse-wave positioning system is practically interesting because of the absence of
requirements for the time synchronization of transmitters and receivers and interference resistance in relation to
traditional narrowband suppression systems.
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Kopg 3a €IPIIOY: 02772020

Micqeanaxo,r.pxenna: ByJl. Mucreurs, 6yz. 4, XapkiB, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. Jlereupkuilt Makcum MukoJsiaioBu4

2. Maxim Legenkiy

KBasigikamis: k. ¢.-m. 1., gouenr, 01.04.03

InenTudikarop ORCID ID: 0000-0002-5945-4002

JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKuil HallioHaMbHKT yHiBEpcUTeT imeni B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micuesnaxo,r.perHﬂ: Maipan Ceobonu, 6yn. 4, XapkiB, XapKiBCbKuil p-H., 61022, Vkpaina

dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. BeppHuk Cepriii JIeoHioBUY

2. Sergey Berdnik

KBasidikamis: . d.-m. H., crapmuii HaykoBuii criiBpo6iTHUK, 01.04.03

InenTudikarop ORCID ID: 0000-0002-0037-6935

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH: XapKiBChbKuil HAL[OHAJIBHUMI YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €APIIOY: 02071205

Micue3HaxoaKeHHS: maiinad CBo6ozu, Oyn. 4, XapkiB, XapkiBcbkuil p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi



BaacHe IlpizBume Im's I10-6aTbKOBI yspra Cepriit MukosiaiioBny
TOJIOBH pajgu

BiiacHe IIpisBuie Im'sa ITo-6aTbKOBI Ilynsra Cepriit MukosaiioBid
rOJIOBYIOYOrO Ha 3acCimaHHi

BignoBigasbHuUI 3a MiATOTOBKY llleByenko Auppiit OnekcaHapoBUY

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




