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1. Incepraniiiny po60Ty IIPUCBSIYE€HO PO3POOLIi HOBUX METOIiB MOJI€/IIOBAHHSI €JIEKTPOMArHiTHOrO PO3CisIHHS Ha
00'eKTax CKIanHOiI popMU, BUBHAUEHHIO PafioyIoKallifHOI IOMITHOCT] TaKUX 00 €KTIB, SIKi MOXYTb OYTH OCHalleHi
Pi3HMMU paflioONOIIMHAIOYMMU IOKPUTTSIMU, MaT T€OMETPUYHI MoaudiKalii, po3TallOByBaTUCh Ha Pi3HUX
MiJCTUILHUX NIOBEPXHAX. B nepmomy po3zini guceprauii IpoBELHO OIJIAL, JTepaTypH, ITIOKa3HO 0 CTBOPEHHS
MaJIONIOMITHOI BifiICbKOBOi TEXHIKU € aKTyaJIbHUM BIIPOJOBK 6araTbox pokiB. [ Toro, o6 po3paxyBaTu
Irdpaxiiio eJeKTPOMarHiTHUX XBUJIb Ha 00'€KTax HEOOXiHO PO3B’s13aTH BifOBiNHY TUdpPaKLiiiHy 3a1a4y.
OTpuMaTH TOYHi PillIEHHS] MOXKJIUBO TiJIbKU [ TiJl IPOCTOI FeOMETPUYHOI (POpMHU, TakuX sIK chepa, chepoin, Top,
TOIO. [yt 6araThOX peasbHUX 3aBIaHb MOSKJIMBO JIMIIE BUKOPUCTOBYBATH HAOJIMXEHI METOLN MOZEJIIOBAaHHS
PO3CisIHHS €JIEKTPOMarHiTHUX XBUJlb. [IpOBEE€HO OIJIs]l OCHOBHUX METO/IIB, IO BUKOPHUCTOBYIOTHCS [1JI4
PO3paxyHKy AudpaKlii eJIeKTPOMarHiTHYUX XBUJIb HA Pi3HOMAHITHUX 00’€KTaxX, B TOMY YMCJI Ha 00'€KTaxX CKIAIHO]
¢dopmu. PosrisiHyTo MeTonuku po3paxyHky EITP 06’ekTiB B KoMeplLiliHUX Nporpamax, Takux gk CST Microwave
Studio , FEKO Ta Ansys Savant. B gpyromy po3zini gucepranii 6y0 po3po6jieHO ajJrOpUTM CTBOPEHHS Ta 0OPOOKHU



MoJeJli BeJIMKOTabapuTHOTrO 00'€KTY CKIagHOI (popmMHU 17151 OLiHKM MOTO PafiiosIoKaliiiHOi OMITHOCTI. PO3rIsiHyTO
MOXJIMBICTb BUkopucToByBaTu kd-nepeBa, 106 npuckoputu anroputm SBR. Lle 103B0IMI0 ONTUMIZYBATH MIOIIYK
IIepeTHHIB IPOMEHIB i (paleTiB 00'eKTa SIK /171 IEPBUHHOTO TaK i «BTOPMHHOI0» BUIIPOMIHIOBaHHS, IPU LIbOMY
BUJIMMI TpaHi 30epiraloTbCsi 117151 BCiX HEOOXiTHUX KyTiB. TakoX y poOOTi po3IJIsiAaeThCsl MOXJIINBICTh IOBTOPHOTO
BUKOPUCTAHHS [ESKUX JaHUX y MallOyTHIX MOZJEI0OBAHHSIX [IPY 3MiHi THX 4M iHIIMX IapaMeTpiB Mozei abo
[1a7a1040i XBUJi. Y TPETbOMY pO3/iJli BUKOPUCTaHO PO3pOOJI€HNII METO], MOIe/I0OBaHHS AU paKLii
€JIEKTPOMarHiTHOrO I0JIS1 Ha CKJIaJIHOMY O0'€KTi, [IOKPUTOMY HaMiBIIPO30PUM HaMETOM, KU € MOJEJLII0
PazioNorIMHAIOYOr0 MaTepiay. 3aponOHOBAHMI aJITOPUTM Malo BUCOKY YMCJIOBY €(PEKTUBHICTD: BiH JO3BOJISIE
CII0YaTKy 3a0e3MeynTy MOoieI0BaHHS AudpakLii XBUJIb [IJIs1 «TOJIOT0» 00'eKTa 6€3 MacKyBaHHS (L0 3aiiMae Oibury
YaCTUHY Yacy po3paxyHKYy), a IOTiM MIBUJIKO [lepepaxyBaTy OTPUMaHi pe3yybTaTy [J151 HAMETIB 3 Pi3HUMU
reoMeTpUYHUMU GOPMaMU i pi3BHUMU €JIeKTPOMATrHITHUMU BJIACTUBOCTSIMU. TaKOK MOMIYeHO, O 11711 AEesIKUX
HaMpsMKIB crioctepiranocs neske niasumenHs EIIP 06'ekTa, KOy MOoro BKpUBaIX MOKPUTTAM. Lle TIOB'SI3aHO 3 TUM,
1110 pPO3CisiHE I10JIe OTPUMYETHCS SIK BEKTOPHA CyMa I10J1iB, BiOUTHUX Bif, QaleTiB, i [ JesKuX BUIIQIKIB 110715 3
pi3HuX rpaHei paHilie MifCyMOBYBaIKUCs 3 IPOTUIEKHUMU PazamMy, ajie Micjis HaKpUBaHHS MOJeJsli TOKPUTTSIM,
BOHU 3MiHIOBaJIM CBOI a3y i MifiCyMOBYIOThCS 3 iHIIMMU (pasamu. Bisbll TOro, 3aCTOCYBaHHS HAMETIB 3 BEJIMKAM
KoedinienToMm BinouTTs (R) mIpU3BOOUTH [0 306iJIbIIEHHS peasbHOI IJIOMY PO3CiloBaya, a oTxe i 7o 36inbueHHs EITP.
Y yeTBEpTOMY PO3[iJli 3aIIPOIIOHOBAHO /14 ifeHTHPiKallii po3ciloBajIbHYX BJIACTMBOCTEN Pi3HUX 00'EKTIB AOLIIBHO
BHMKOPHCTOBYBAaT/ METOJY CTaTUYHOIO aHami3y. Y poOoTi po3cisiHe NoJIe Bifl 00’€KTy pO3IJIsHAEThCS SIK BUNAIKOBUM
CUTHAJI 110 BiJHOLIEHHIO [0 KyTa CIIOCTEPEXXEeHHs, 60 HaBiTh MpU (PiKCOBaHIl N03ULlii pagapiB KyT NafiHH HA 00’eKT
CUJIBHO 3aJI€XUTb Bif, 6aratbox ¢pakTopis. [j1s1 BUBHaYUEHHS [TapaMeTpiB PO3IIO/Iisly BUKOPUCTOBYETHCSI METO],
HarimeHMx kBagpartis (MHK). HaykoBa HOBHU3HA pe3yJbTaTiB JOCIII>)KEHHSI I10JIsIra€e y HaCTyIIHOMY: - Briepie 6yJsio
PO3pO6IIEHO aITOPUTM CTBOPEHHSI Ta 06pO6KY MOZEJIi BeIMKOrabapruTHOTO 00'eKTy CKIagHOi hopMH IJ1s1 OLiHKU
MOro paziosoKaliiHOi TOMITHOCTI. - Briepie CTBOpEHO Ta ONTHUMi30BaHO aJrOPUTM 0OPOOKH I1iei Mozeni mepen
6e3rocepeHbO PO3PaXyHKOM MTOBHOTO BifJOUTOrO 110J14. - Brieplie onvcaHi OCHOBHI eTany MOJesIl0BaHHS Ta
3a3HAYEHO, SIKi JaHi MOXKHA 30epiraTu [j1sl NOAAJIbIIOrO BUKOPUCTAaHHS Y MAalOyTHIX MOJI€/IIOBAaHHSIX, KOJIN
3MIHIOIOTBCS Ti UM iHIIi MapaMeTpu Mofiesti abo razandoi XxBuJi. - Briepiie npoBeieHO MOPiBHSIHHS Pi3HUX MiAX0iB
IO CTBOPEHHSI MOJieJiell 00'€KTa, ITPOBeieHa OlliHKa iX e(PeKTUBHOCTI. Y SKOCTi TECTOBUX 00’€KTIiB
BHMKOPHUCTOBYBAJINCH 5K IIPOCTi 00’€KTH, TaK i MOZEJIb PEAJIbHO iCHYI04OI TEXHIKY. - Briepiue nokasaHo, 110
BuKopucrtanHs KJI-nepes i3 nofninom 3a megianHuM ¢aueToM 3HAUHO IPULIBUAIIYE aJITOPUTM MOUIYKY BUAVMMUX
¢daneTiB sIK 1171 IEPBUHHOTO BUIIPOMIHIOBAHHS, TaK i IJIs1 BTOPUHHOTO (TIIepPeBigOnTTs). - Briepiue 3arnpornoHoBaHo Ta
IloBenieHO e(peKTUBHICTb 30epeskeHHs! eBHOi iHopmallii Ha pi3HUX eTanax MOJIeTI0BaHHS /1J1s1 HiBUIIEHHS

€ EeKTUBHOCTI IEPEPaXxyHKY PO3CisIHOrO 101 06'€KTOM CKJIagHOI (popmMu. - Briepiie po3po61€eHO METOAUKY
36epiranHs iHdopMalii 1010 FeOMETPUYHUX Ta €JIEKTPOAVHAMIYHUX [1apaMeTpPiB 00'€KTy, 110 aHali3yeTbCSL. —
Briepie rnokasaHo, 1[0 [1J1sI TOBiJIbHOI MiICTUIIbHOI TOBEPXHI 3 3aJjaHUM Koeil[ieHTOM BilOMTTSI MOYKHA OTPUMATU
PO3CisiHe 110JIe Y BUTJISli CTYIIEHEBOTO Py 32 KoeillieHTOM BiOUTTH, Nie KoediljieHTu 6i1s1 pi3HUX [OJaHKIB
MOYKHA BUPA3UTHU Yepe3 Habip aMIUIiTy ] HAIIPY>KEHOCT] eJIeKTPUYHUX I0JIB 17151 AEKiIbKOX MiTICTUIbHUX
[IOBEPXOHb. - Briepuie 6yJi0 3aIIpOIIOHOBAHO METOAM ONTHMI3alii Mozaesi 06'eKTy ckianHol GOopMHU 11711 BMEHIIEHHS
MO0 pafiosIoKalifiHOi TOMITHOCTI.

2. The dissertation work is devoted to the development of new methods of modeling electromagnetic scattering on
complex shape objects, determining the radar visibility of such objects, which can be equipped with radio-
absorbing coatings, have geometric modifications, and be located on different subsurface surfaces. In the first
chapter, the conducted review of the literature shows that the creation of inconspicuous military equipment has
been relevant for many years. To calculate the diffraction of electromagnetic waves on objects, it is necessary to
solve the corresponding diffraction problem. It is possible to obtain accurate solutions only for simple shape
bodies, such as a sphere, spheroid, torus, etc. For real tasks, it is only possible to use approximate methods of
modeling the scattering of electromagnetic waves. An overview of the main methods used to calculate the
diffraction of electromagnetic waves on various complex shape objects, was considered. Methods of RCS
calculation of objects via commercial programs such as CST Microwave Studio, FEKO and Ansys Savant are



considered. In the second chapter an algorithm for creating and processing a model of a complex shape object to
assess its radar visibility was developed. The possibility of using kd-trees to speed up the SBR algorithm is
considered. This made it possible to optimize the search for intersections of rays and facets of the object for both
primary and "secondary” radiation, while visible faces are preserved for all necessary angles. The possibility of
reusing some data in future simulations when certain parameters of the model or incident wave are changed was
considered. In the third chapter the developed method of modeling the electromagnetic field diffraction on a
complex object covered with a translucent tent, which is a model of a radio-absorbing material was used. The
proposed algorithm has high numerical efficiency: it allows first to provide simulation of wave diffraction for a
"naked" object without masking (which takes most of the calculation time), and then to recalculate the obtained
results for tents with different geometric shapes and electromagnetic properties. For some directions a certain
increase in RCS of the object was observed when it was covered with a coating. The scattered field is obtained as a
vector sum of the fields reflected from the facets, and for some cases the fields from different faces previously
summed with opposite phases, but after covering the model with a coating, they changed their phases and
summed with other phases. Moreover, the use of tents with a large reflection coefficient (R) leads to an increase in
the real area of the diffuser, and therefore to an increase in RCS. In the fourth chapter using of the static analysis
methods to identify the scattering properties of various objects was suggested. In the work, the scattered field
from the object is considered as a random signal in relation to the observation angle, because even with a fixed
position of the radars, the angle of incidence on the object strongly depends on many factors. The method of least
squares is used to determine the distribution parameters. The scientific novelty of the research results: - For the
first time, an algorithm for creating and processing a model of a complex shape object was developed to assess its
radar visibility. - For the first time, the algorithm for processing this model was created and optimized before
directly calculating the full reflected field. - For the first time, the main stages of modeling are described and what
data can be saved for further use in future simulations when certain parameters of the model or the incident wave
change. - For the first time, a comparison of different approaches to creating object models was made, and their
effectiveness was evaluated. Simple objects and models of real-life equipment were used as test objects.. - For the
first time it is shown that the use of kd-trees with division by the median facet significantly speeds up the
algorithm for finding visible facets both for primary radiation and for secondary (re-reflection). - For the first time,
the effectiveness of saving certain information at different stages of modeling was proposed and proven to
increase the efficiency of calculating the scattered field by an object of complex shape. - For the first time, a
method of storing information on the geometric and electrodynamic parameters of the object under analysis was
developed. - For the first time it is shown that for an arbitrary underlying surface with a given reflection
coefficient, a scattered field can be obtained in the form of a power series of the reflection coefficient, where the
coefficients near different terms can be expressed through a set of electric field strength amplitudes for several
underlying surfaces. - For the first time, methods for optimizing the model of a complex shape object to reduce its
radar visibility were proposed.
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Kopg 3a €IPIIOY: 02071205

Micuesnaxo;perHﬂ: Maipan Cobonu, 6y1. 4, XapkiB, XapkiBcbKuil p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. barpakos Jmutpo Oserosuy

2. Dmitry Batrakov

KBasidikanis: 1. ¢.-m. ., npodecop, 01.04.03

InenTudgikarop ORCID ID: 0000-0002-6726-8162

JoparkoBa iHdpopmamuist:

IloBHe HaﬁmeHyBaHHH lopn,unql-loi 0CO0M: XapkiBchbKMil HallioHaIbHYI YHiBepcuTeT iMeni B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micue3HaxoaKeHHS: maiinad CBo6oau, Oyn. 4, XapkiB, XapkiBcbkuil p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Bepmuuk Cepriit JleoHinosud
rOJIOBH pagu

BaacHe Ilpi3Bume Im'st ITo-6aTbKOBI Bepmuuk Cepriit JleoHinosud
rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY llleyenko AHzpiit OneKcaHAPOBUY

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




