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Pedepar:

1. Pepepat B guceprallifiHiil po60OTi BUPILIy€EThCS aKTyalbHEe HayKOBO-TE€XHIYHE 3aBaHHsI MiJ|BUIEHHS
3aBaOCTIMKOCTI TE€JIEKOMYHIKAlillHMX CUCTEM LIJIIXOM PO3POOKU METOIiB GOPMYBaHHS, EHTPOINIIHOI OLiHKM Ta
6araTOKpUTEpiasbHOI ONTUMI3allii aHCaMOJIiB CKJIAHUX CUTHAJIB, 10 3abe3nedye 3MEeHIIeHHs iHTep@epeHiii,
HiABUILEHHS PO3MiJIBHOCTI CUTHAJIB Ta 30iJIbIIEHHS IPOITYCKHOI 3IaTHOCTI CUCTEM Y CKIJIATHOMY 3aBaJl0BOMY
cepenosulli. O6’eKTOM JOCHIIKEHHS € Npolecy GOpMyBaHHS Ta 6araToKpuTepiasbHOI onTUMi3zalii aHcamobIiB
CUTHAJIIB 3 ypaxyBaHHSIM iX CTPYKTYPHUX BJIaCTUBOCTEN y TEJIEKOMYHIKALiHUX cucTeMax. [IpenmeTom
IOCJIiIPKEHHS € METOJY Ta aITOPUTMU (POPMYBAHHSI, EHTPOIIHOI OL[iHKM Ta onTuMizalii aHcaM6JIiB CKIagHUX

curHasis. MeToo AucepTaliiiHOro LOCiI>)KeHHSs € po3poOKa MEeTOIiB i Mozesiell GOpMyBaHHS Ta ONTUMI3aLli



aHCaMO0JIiB CKJIa[IHMX CUTHAJIB HA OCHOBI iX CTPYKTYPHOI OopraHizallii Ta eHTponifiHUX KPUTEPIiB 17151 MigBUILEHHS
3aBaJIOCTIMKOCTI TEJIEKOMYHIKALIITHUX CUCTeM. MeTony NOCiIpKeHHS. [I715 BUPIlIE€HHS MIOCTaBJIEHUX Y AUCepTallii
3a/1a4 6yJI0 3aCTOCOBAHO: METOAU MAaTEMATUYHOIO Ta CTPYKTYPHOT'O MOJEJIIOBAaHHS — /171 (POpMyBaHHs aHCaMOJIiB
CKJIa[JHAX CUTHAJIIB y 4aCOBiil Ta 4aCOBO-YACTOTHIl 00J1aCTsIX; METOY Teopii iHpopMalii - 11 OLiHIOBaHHS
CTPYKTYPHOI BIIOPSIIKOBAHOCTI CUI'HAJIIB HA OCHOBI €HTPOIIVHUX [IOKA3HUKIB; KOPEJISLiNHUI aHaJli3 — AJ1s1 OLiHKU
aBTOKOPEJIALIMHUX Ta B3AEMOKOPEJISILINHNX XapaKTePUCTUK CUTHAJIIB; METOIY 6araTOKpUTepiaabHOI onTumizaiii -
L7151 y3TrOJI)KEHHS KOPeJILiHUX, eHEePreTUYHUX Ta EHTPONINHUX KpUTEepiiB (POpMYyBaHHS aHCaMOJIiB CUTHAJIIB;
METOIY €BOJIIOLIITHOTO MOJEJIIOBAHHS — I peasidauii MoaungikoBaHOro eBomoLiiHoro anroputmy MOEA /D;
METOIM iMiTaI[iiHOTO MOJIE/TIOBAaHHS — 1151 TIepeBipKu e(EeKTUBHOCTI 3alTPONTOHOBAHUX METO/IiB; CTATUCTUYHI
METOJH — 1711 OOPOOKY Ta aHasli3y pe3yJbTaTiB eKCIIEPUMEHTAIbHOIO MOZEJIOBAHHS. 32 pe3yabTaTaMu
[IPOBELEHOT0 NUCEPTALiHOrO JOCiIXEHHS 0ys10 C(pOPMYJIbOBAHO HACTYITHI HAYKOBi pe3ysbTaTu: 1. YIOCKOHaIEeHO
meToq;, GOpMyBaHHS aHCAMOJIiB CKJIATHUX CUTHAJIB Ha OCHOBI JITIO-TIOCTIiIOBHOCTE MIIIXOM MTapaMeTPU30BaHO]
[IepeCTaHOBKM YaCOBUX iHTEpBaJIiB, 110 3a6e3Ieuye KepOBaHy BapiaTUBHICTh aHCAMOJII0, BHMKEHHS B3a€MHOI
KOpeJIsLii CUTHaIiB Ta 36i/bLIEHHS Or0 00CSTY B MEXKaX 33JaHUX KOPEeJISLiIHUX OOMeXeHb. 2. YIOCKOHAIEHO
€HTPOIIITHO-OPiEHTOBAaHUI METOJ, OLIiHIOBAaHHS CTPYKTYPHOI BIIOPSIIKOBAHOCTI aHCAMOJIiB CKJIAJHUX CUTHAJIIB
IIJISIXOM BBEJIEHHS iHTETPaJIbHOTO KPUTEPIil0 HA OCHOBI IIEPECTAHOBOYHOI, BUGIPKOBOI Ta HEYiTKOi €HTPOITii, 110
3abe3neyvye KiJlbKiCHY OLIiHKy CTPYKTYPHOI CTiIKOCTi aHCaM6J1iB i BUBHaY€HHSI ONITUMaJIbHUX [TapaMeTPiB iX YacoOBOi
opraxizatlii B yMoBax 3aBaf,. 3. YJOCKOHAJIEHO METOJ, 6araTOKpUTEPiaIbHOI ONTHMI3alii aHCaM6JIiB CKIaIHAX
CUTHaJsiB Ha OCHOBI MogudikoBaHoro anroputmy MOEA /D 3 BukopucTanHsm JIII0-niepecTaHOBOK Ta €HTPOIINHIX
XapaKTEePUCTHK, 1110 3ab6e3redye y3ropKeHHs KOPeJsLiiHUX, eHePreTUYHUX i CTPYKTYPHUX XapaKTepUCTUK
aHcamosiB. [IpakTuyHi pe3ysbTaTH, OTPUMaHi B AycepTallii, IOJSralTb y po3pooOlii alrOPUTMIB, MOJIEJIeH,
[IpOrpaMHUX peadnisaliil 3 popMyBaHHS, EHTPOMIMHOI OL[iHKM Ta ONTHUMi3allii aHCam6J1iB CKJIaJHUX CUTHAJIIB.
OTpumaHi pe3ysbTaTH MigTBEPIKYIOTh TEOPETUYHY i IPUKJIAAHY LiHHICTh PO3PO6IEHUX METOiB OPMYBaHHS,
EHTPOMilHOi OIliHKM Ta onTUMi3alii aHcaM0JIiB CUTHAJIIB Y 337ja4ax IiJBUIIEHHS 3aBal0CTIHKOCTI
TeJIEKOMYHIKaLiHUX cucTeM. Kill04oBi €10Ba: KOTHITYMBHI T€JIEKOMYHIKalifHi CUCTEMHU, 3aBalOCTINKICTh, CTAHAAPT
IEEE, Kkopesiiisi, 4acoBO-4acTOTHA 06J1aCTh, KAHAIN Pafio3B’s13Ky, aHCaMOJIb CKJIAIHUX CUTHAJIIB, onTuMizaris, SNR

(curnan/urym), 30Ha 0OCJIyTOBYBaHHS, €BOJIIOLIIMHNI ajJlTOPUTM, €HTPOIIis.

2. Abstract The dissertation addresses the relevant scientific and technical problem of improving the interference
immunity of telecommunication systems through the development of methods for the formation, entropy-based
evaluation, and multi-objective optimization of complex signal ensembles. The proposed methods provide a
reduction in interference effects, improved signal separability, and increased system capacity under challenging
interference conditions. The object of research is the processes of formation and multi-objective optimization of
signal ensembles with regard to their structural properties in telecommunication systems. The subject of research
is methods and algorithms for the formation, entropy-based evaluation, and optimization of complex signal
ensembles. The aim of the dissertation is to develop methods and models for the formation and optimization of
complex signal ensembles based on their structural organization and entropy criteria in order to improve the
interference immunity of telecommunication systems. Research methods. The following methods were employed
to solve the research tasks: mathematical and structural modeling methods for the formation of complex signal
ensembles in the time and time-frequency domains; information theory methods for assessing signal structural
organization using entropy measures; correlation analysis for evaluating autocorrelation and cross-correlation
characteristics of signals; multi-objective optimization methods for coordinating correlation, energy, and entropy-
based criteria in signal ensemble formation; evolutionary modeling methods for implementing a modified MOEA /D
evolutionary algorithm; simulation modeling methods for validating the effectiveness of the proposed approaches;
and statistical methods for processing and analyzing experimental results. The following scientific results were
obtained: The method for forming complex signal ensembles based on LPT-o sequences was improved through
parameterized permutation of time intervals, which provides controlled ensemble variability, reduces mutual
signal correlation, and increases ensemble size within specified correlation constraints. The entropy-oriented
method for evaluating the structural organization of complex signal ensembles was improved by introducing an



integrated criterion based on permutation entropy, sample entropy, and fuzzy entropy. This approach provides a
quantitative assessment of ensemble structural stability and enables the determination of optimal parameters for
their temporal organization under interference conditions. The method of multi-objective optimization of complex
signal ensembles was improved through the application of a modified MOEA /D algorithm incorporating LPT-o
permutations and entropy characteristics, which ensures coordinated optimization of the correlation, energy, and
structural properties of signal ensembles. The practical significance of the dissertation lies in the development of
algorithms, models, and software implementations for the formation, entropy-based evaluation, and optimization
of complex signal ensembles. The obtained results confirm the theoretical and practical value of the proposed
methods for the formation, entropy-based evaluation, and optimization of signal ensembles in solving the problem
of improving the interference immunity of telecommunication systems. Keywords: cognitive telecommunication
systems, interference immunity, IEEE standard, correlation, time-frequency domain, radio communication
channels, complex signal ensemble, optimization, signal-to-noise ratio (SNR), coverage area, evolutionary
algorithm, entropy.
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