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1. Y nuceprauiiiziilt poboTi BUpilIeHO aKTyajibHE HAyKOBO-IIPAKTUYHE 3aBJaHHS PO3POOKU MeTOiB GOpMYyBaHHs Ta
PEKOHCTPYKLii aHcaM61iB CKIaIHUX CUTHAJIB, CIIPSIMOBAHUX Ha MifBUILEHHS iX 3aBaAOCTIMKOCTI Ta 3a0€311e4YeHHS
KOPeJILiiHO-CTPYKTYPHOI Y3roIKEHOCTi B YyMOBaX CKJIATHOTO 3aBafiOBOro cepenosunia. O6'eKTOM IOCTiIKeHHS €
npouec GOpMyBaHHS Ta PEKOHCTPYKIIii aHCaM6IIiB CKJIaIHUX CUTHAJIB y TeJIEKOMYHIKAL[iIHHUX CUCTEeMaX,
IIpeJMETOM — MEeTOAU, MOZeJi Ta aropuTMHU ix GOpMyBaHHS I pEKOHCTPYKILii y 4aCOBO-4aCTOTHIl obsacTi. MeToo
IOCTIiIPKEHHS € MiBUILIEHHS 3aBaJlOCTIMKOCTI aHCaMOJIiB CKIaIHUX CUTHAJIB LIJISIXOM PO3POOKU METOZIB ix
(opMyBaHHS Ta BiIHOBJIEHHS 3 yPaxyBaHHSIM HeJIiHIHUX B3a€MOJIi1, CTIEKTPaJIbHOI PEKOHCTPYKLi Ta

OaraTokpurepiasbHOI onTuMizanii. ¥ BCTyIi o6rpyHTOBaHO aKTyasbHICTh TEMH, HaBeIeHO HayKOBY HOBU3HY,



IIpaKTUYHE 3HAUYE€HHS, OCOOMCTUI BHECOK 3/100yBaya Ta BilOMOCTI IIpO anpooballilo pe3yabTariB. Y NepIIOMY pO3aii
[IPOaHAaIi30BaHO Cy4YyacHi MeToAY (OPMYBaHHS Ta PEKOHCTPYKLii aHCaMOJIiB CKJIAIHUX CUTHAJIIB i BCTAHOBJIEHO, 110
HasIBHI Niixony He 3a6€31e4yI0Th JOCTaTHbOI €(PEKTUBHOCTI BilHOBJIEHHS 32 YMOB HEJIHIHUX B3a€MO[IiH,
iHTEHCUBHUX 3aBaJl Ta BUCOKOI pO3MipHOCTI apaMeTpis. Lle 3yMOBMIIO NOLiIbHICTh PO3POOKY iHTETPOBAHOTO
nigxony, o MOeNHye HeJliHiiiHE MOJE/IIOBAaHHS, KEPOBAHY PEryJIapU3aliiio CIIEKTPAJIbHUX KOMIIOHEHTIB i
OaraTokpuTtepiasbHy ONTUMIizali. Y Apyromy po3iji Blieplie 3allpoIIOHOBAHO iHTerpoBaHUil MeToT, GOpMYyBaHHS
Ta PEKOHCTPYKIii aHCaMOJIiB CKJIaJHUX CUTHAJIIB Y 4aCOBO-YaCTOTHIN 06J1aCTi, IKMI OXOIUIIOE eTalu
CIIEKTPAJILHOTO MTOJAHHS, PEKOHCTPYKIII B 3aBalOBUX YMOBAX i BpaxyBaHHS HEJIiHIMHUX B3a€MOJIN CIIEKTPaJIbHUX
CKJIaI0BUX. MeTO/, [TOE€IHY€E CIIEKTPAJIbHY PEKOHCTPYKILiI0 Ha OCHOBI PsifiB BosbTeppa, KepoBaHy peryisipusaliiio
napaMeTpiB i 6araTokpuTepiajbHy ONTUMI3allil0 3 JOTPUMAHHSIM YMOB OPTOTOHAJIbHOCT] aHCaMOJIiB. Y TpeTbOMY
PO31iai po3po6IeHO METO/, Peryisipu3allii Ta 6araToOKpUTepialbHOI ONTUMI3ALlii TapaMeTpiB pEKOHCTPYKILii
aHCaMO0JIiB CKJIQ[IHMX CUTHAJIB Y 4aCOBO-4aCTOTHi 06J1acTi. [Iy1s1 KiNIbKiCHOI OLIiHKY BILJIMBY PO3PilKeHOCTi i
peryssipusalii BUKopucTaHo QyHKIio [bkemaHa-MakJiiopa, SIKy po3LIUpPeHo [1apaMeTpoM O, & ONTUMIi3aliliHy
IIOCTaHOBKY C(POPMOBAHO Ha OCHOBI MHOXKHUKIB Jlarpanka. EkciepuMeHTanbHO AOBEAEHO €(PEKTUBHICTb METOLY
Ha curHanax 4G LTE ta 5G NR y mupokomy giana3oHi SNR NOpiBHSIHO 3 BiloMUMU MigxoAaMu. Y 4eTBEPTOMY
PO31iii po3p06IeHO METO, Y3TO/I>)KEHOI pEKOHCTPYKLIiI CUTHAJIIB y 4aCOBiM Ta YaCTOTHIN 06s1acTsIX. 3alIpOIIOHOBAHO
MEeXaHi3M KEPOBAHOI0 NIePexoly MiX I71006a/IbHOI0 YaCTOTHOIO Ta JIOKAJILHOK YaCOBOIO PEKOHCTPYKLIEIO 3a/1€5KHO
Bifl CTaHy cUrHajuy. Y4OCKOHAJIEHO JIOKAJIIbHY 4YaCOBY PEKOHCTPYKIiIO HIJIIXOM BBEEHHS 4aCOBOi MAaCKU Ta
3IJ1a[I)KyBaJIbHOTO BIKOHHOTO s11pa. EKCIieprMeHTabHO MiITBEPIPKEHO 30€PEeKEHHS Y3IOIPKEHOCTI I7106a1bHUX
CIIEKTPAJIbHUX XapaKTEPUCTUK IIPY TOYHILIOMY BiATBOPEHHI JIOKAJIILHOI CTPYKTYpU cUrHay. OCHOBHI pe3yJbTaTh
POOOTH MOJIAraloTh Y TOMY, 1O: BIIeplle PO3p00JI€HO IHTErpOBaHUI MeTOH, POPMYBaHHS Ta PEKOHCTPYKLii
aHcaMmOJIiB CKJIaAHUX CUTHAJIIB Y YaCOBO-YaCTOTHIN 06J1aCTi; yIOCKOHAJIIEHO METOJ, PEKOHCTPYKLii CUTHAJIB y
JaCTOTHIN 006J1aCTi Ha OCHOBI psALiB BosbTeppa mIIsIXoM BBELIEHHS peryspu3aliii criekTpa 3a QyHKIi€o
JI>xemaHa-Makiopa; yIOCKOHaJIEHO MeTOJ, 6araToKpuTepiaabHoi onTuMisalii popMmyBaHHS Ta peKOHCTPYKLIi
aHcamOJIiB CKJIaJHMX CUTHAJIiB HAa OCHOBI MHOXKHUKIB Jlarpansa. [IpakTuyHe 3HaU4€HHS OJlepKaHUX Pe3yJbTaTiB
I0JIAra€e y po3pooLi aropuTMiB i IporpaMHoi peanisalii iHTerpoBaHOro MeToy (OPMyBaHHS Ta PEKOHCTPYKLi
aHcamOJIiB CKIaJHUX CUTHAJIIB, CIIEKTPaJIbHOI PEKOHCTPYKLI y 3aBaJOBUX YMOBaX, MeXaHi3MiB KepOBaHOI
peryssipu3satii Ta onTuMizauii napameTpiB, @ TAKOXK y3roJpKeHoi JI0KabHOi 4acoBoi i I7106a71bHOi 4aCTOTHOI
peKkoHCTpyKUii. OTpuMaHi pe3yibTaTy 3a6e31e4yi0Th 3MEHIIEHHS [IOXUOKY BifHOBJIEHHS, i BUIIEHHS
3aBaJOCTIMKOCTI Ta CTINKOCTi PEKOHCTPYKLii, 36€peKeHHs CTPYKTYPHUX i KOPEJISLifHNX BJIACTUBOCTEN aHCaMOJIiB

CWTHAJIiB, 1O NiABUILY€E HATINHICTh PYHKLIOHYBaHHS T€JEKOMYHIKallilHUX CUCTEM Y CKJIQIHUX 3aBaJlOBUX YMOBax.

2. In the dissertation, an urgent scientific and practical problem of developing methods for the formation and
reconstruction of complex signal ensembles aimed at improving their interference immunity and ensuring
correlation-structural consistency under conditions of a complex interference environment has been solved. The
object of the study is the process of formation and reconstruction of complex signal ensembles in
telecommunication systems, while the subject of the study comprises the methods, models, and algorithms for
their formation and reconstruction in the time-frequency domain. The purpose of the research is to improve the
interference immunity of complex signal ensembles by developing methods for their formation and recovery with
due regard to nonlinear interactions, spectral reconstruction, and multicriteria optimization. The introduction
substantiates the relevance of the topic and presents the scientific novelty, practical significance, the applicant’s
personal contribution, and information on the approbation of the obtained results. The first chapter analyzes
current methods for the formation and reconstruction of complex signal ensembles and establishes that existing
approaches do not ensure sufficient recovery efficiency under conditions of nonlinear interactions, intensive
interference, and high parameter dimensionality. This has substantiated the expediency of developing an
integrated approach combining nonlinear modeling, controlled regularization of spectral components, and
multicriteria optimization. The second chapter proposes, for the first time, an integrated method for the formation
and reconstruction of complex signal ensembles in the time-frequency domain, which includes the stages of

spectral representation, reconstruction under interference conditions, and accounting for nonlinear interactions



among spectral components. The method combines spectral reconstruction based on the Volterra series,
controlled parameter regularization, and multicriteria optimization while satisfying ensemble orthogonality
constraints. The third chapter develops a method for regularization and multicriteria optimization of
reconstruction parameters for complex signal ensembles in the time-frequency domain. To quantitatively assess
the effect of sparsity and regularization, the Geman-McClure function extended by the parameter o is employed,
while the optimization problem is formulated using Lagrange multipliers. The effectiveness of the method is
experimentally verified on 4G LTE and 5G NR signals over a wide SNR range in comparison with existing
approaches. The fourth chapter develops a method for consistent signal reconstruction in the time and frequency
domains. A mechanism of controlled switching between global frequency-domain reconstruction and local time-
domain reconstruction depending on the signal state is proposed. Local time-domain reconstruction is improved
through the introduction of a time mask and a smoothing window kernel. Experimental results confirm the
preservation of consistency of global spectral characteristics while providing a more accurate reproduction of the
local signal structure. The main results of the dissertation are as follows: for the first time, an integrated method
for the formation and reconstruction of complex signal ensembles in the time-frequency domain has been
developed; the method of signal reconstruction in the frequency domain based on the Volterra series has been
improved by introducing spectral regularization using the Geman-McClure function; and the method of
multicriteria optimization for the formation and reconstruction of complex signal ensembles based on Lagrange
multipliers has been improved. The practical significance of the obtained results lies in the development of
algorithms and software implementation of the integrated method for the formation and reconstruction of
complex signal ensembles, spectral reconstruction under interference conditions, mechanisms of controlled
regularization and parameter optimization, as well as coordinated local time-domain and global frequency-domain
reconstruction. The obtained results provide a reduction in reconstruction error, improvement in interference
immunity and reconstruction robustness, and preservation of the structural and correlation properties of signal
ensembles, thereby increasing the reliability of telecommunication systems operating under complex interference

conditions.
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InenTudikarop ORCID ID: He 3acrocosyetbes
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKUIL IeP>KAaBHUIT YHIBEPCUTET 3aJTi3HUYHOTO
TPaHCIOPTY

Kog 3a €IPIIOY: 01116472
Micue3HaxoaKeHHS: maiinan Qeitepbaxa, Xapkis, XapkiBcbkuii p-H., 61050, Vkpaina

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH pajgu

Byache IlpizBuie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisSIIBHOCTI

Tpy6uaninoBa Kapuna AprypiBHa

Tpy6uaniHoBa Kapuna AprypiBHa

JKyuenko Onexcanzap CepriftoBuy

Opuenko TersiHa AHaTOJIiBHA

IOpuenko TeTsHa AHaTOJiiBHA



