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communications

Pedepar:

1. Incepraist Ha 3M06YTTSI HAYKOBOTO CTYIEHS JOKTOPA TEXHIYHMX HAyK 3a crelianbHicTio 05.12.02 -
«TenekomyHikaliiHi cucreMu Ta Mmepexi». — HanionanbHui asiauinaui yHisepeurert, Kuis, 2020. Y nuceprauinHin
pOOOTi BUpiIyeThCS aKTyalbHa HAYKOBO-TEXHIYHA IIpo6ieMa CUHTe3y 6iHapHUX AUCKPETHO-KOJOBaHUX
nocaigosHoctei (JKII), ki € onTuManbHUMU 32 MiHIMAKCHUM KpPUTEPieEM 1[0/0 iX aBTOKOpeJIALifHOI QYyHKIIi
(AK®), y yactuHi cuHTe3y peryaspHux cTpyKTyp uux JKII Ta ix KoM6iHATOPHUX CUCTEM B YMOBax 06Me>KeHb Ha
MaKCHMMaJIbHUY piBeHb aOCOJIIOTHUX 3HaYeHb O6iYHMuX nemocTok ix AK® (IKIT bapkepa). Bupimennsam 3a3HaueHo]
npobaemMu y gucepralii € HoBuit cuHTesoBaHuil Tun JKII - y3aransHeni 6iHapHi nocaigoBHocTi bapkepa (YBIIB),
IKi XapaKTepU3yIOThCS PETYJISIPHUMU CTPYKTYPaMU, MOXKYTb OyTY CUHTE€30BaHi PETyJIIPHUMU METOAMU CUHTE3Y Ta
YTBOPIOIOTh HOBi MyJITUIJIIKATUBHO KOMILJIEMEHTAPHI CTPyKTypu 6iHapHux JIKII. Y po60Ti po3pobieHo

METOJ0JIOTi0 CHHTe3y Ta 00po6ku YBITB Ta iX MyJIbTUIIIIKATUBHO KOMIIJIEMEHTAPHUX CTPYKTYP, SIKa Y CBOEMY



CKJIaZli MICTUTB pO3p006JIeHy TapaMeTpUYHO-KpUTepianbHy Mogudikaiiio EM-anropurmy 3 BuzianeHHsIM
KOMITOHEHT rayciBcbpKoi 3MilaHoi Mogesi fij1s aHasisy KopessuiiiHuX 3B's13KiB y cuctemax IIKII Ta noseneHi
TEOPEMHU PO MOT0 MaTeMaTUYHYy CUHTYJISIPHICTD 32 IEBHUX YMOB TaKOTO CTATUCTUYHOTO aHaJli3y [Jid
OOI'pPYHTYBaHHS BBEJIEHUX Y Mogu@ikalii anroputmy KpuTepiis, po3pobiieni metoq, ctpykrypusauii JKII 3 anpiopi
HEBiJOMUMU BHYTPIIIHIMU CTPYKTypaMHu, PeryssipHuil metog, cuntesy YBIIB, meToq cuHTe3y Ta cyMicHOI 06pOOKU
MYJIbTUIITIIKATUBHO KOMILJIEMEHTAPHUX CTPYKTYpP YBIIB, MeTOA IEeKOMITO3ULIii CTPYKTYPU BUXiZJHOTO CUTHAIY
CHACTEMU OOPOOKHU MYJIbTUILIIKATUBHO KOMIIEMeHTapHUX YBIIB, MeTo, OLjiHIOBaHHS €HEPreTUYHUX IIapaMeTpiB
OPTOTrOHAJILHMX CUTHAJILHO-KOJOBUX KOHCTPYKLIiX Ta 3aBaf pu nepenasanHi YBIIB. Y nociimkeHHi Takox
obrpyHToBaHo kiacudikanio YBIIB, BusgBieHo Ta JOCiI)KEHO CUCTEMHI BJIaCTUBOCTI PerysipHUX CTPYKTyp YBIIB
Ta ix AK®, cHTEe30BaHO IIOBHY CUCTEMY MaTeMaTUYHUX MoJeeil 1 aHanituyHoro onucy AK® YBIIE,
PO3p006JIEHO aHAITUYHI MOJIeJli OLiHIOBaHHSI IOKA3HUKIB SIKOCTi II€EPEIaBaHHSI NTOBiJOMJIEHD Y T€JI€KOMYHIKALiMHUAX

crucTeMax npu BukopucTtaHHi YBIIB.

2. Thesis for a degree of Doctor of Technical Science in specialty 05.12.02 - «Telecommunication Systems and
Networks». — National Aviation University. — Kyiv, 2020. The thesis is devoted to solving the actual scientific and
engineering problem dealing with a synthesis of binary sequences, which are optimal by the minimax criterion
with respect to their autocorrelation function, in terms of a synthesis of regular structures of these binary
sequences and their combinatorial systems under additional restrictions on the peak sidelobe level of their
autocorrelation function (Barker sequences). The solution of the problem, proposed in the thesis, boils down to a
new synthesized kind of binary sequences - generalized binary Barker sequences, which are characterized by
regular structures, can be synthesized by means of regular synthesis method and form new multiplicative
complementary structures of binary sequences. The methodology of synthesis and signal processing of generalized
binary Barker sequences and their multiplicative complementary structures, developed in the thesis, consists of:
(a) the modification (parametric and criteria features) of the expectation-maximization (EM) algorithm with
removing components of the Gaussian mixture model and additional clustering criteria for a statistical analysis of
cross-correlations between sequences in a system for their further structuring, based on proved theorems on
mathematical singularities in the log-likelihood function in the mentioned statistical analysis of cross-correlations;
(b) the method of structuring binary sequences with a priori unknown structures, which provides selecting groups
of binary sequences with interconnected structures and further detecting these interconnected structures in an
explicit form; (c) the regular method for synthesis of generalized binary Barker sequences, based on the
deterministic generation rules for these sequences; (d) the method for synthesis and joint signal processing of
multiplicative complementary structures of generalized binary Barker sequences, based on the multiplication of
results of matched filtering of signal components; (e) the method of a structural decomposition of output signal in
signal processing system for multiplicative complementary generalized binary Barker sequences (an output signal
can be represented by some number of separately taken partial lobes, each of which is characterized by constant
mean value and variance of signal), which allows to perform a statistical analysis of output signal for noise
immunity analysis, detection and other purposes in telecommunication system; (f) the method of estimation of
energetic parameters of orthogonal signal-code constructions and noise on the physical layer of
telecommunication system in case of use of generalized binary Barker sequences. The classification by types and
subtypes of generalized binary Barker sequences, based on statistical clustering using the EM and k-means
algorithms, is also justified in the research. The properties of regular structures of generalized binary Barker
sequences and properties of their autocorrelation functions are detected and studied. A complete system of
mathematical models for analytical description of the autocorrelation function of generalized binary Barker
sequences is synthesized. The analytical models for estimation of quality characteristics on the physical layer of
telecommunication system in case of use of generalized binary Barker sequences are developed. Spectral and
detection features of generalized binary Barker sequences and their comparison with Golay complementary
sequences are also studied in the research. In contrast with Golay complementary sequences, generalized binary
Barker sequences provide larger values of the processing gain in sidelobes (by 4.1 dB for a considered case), which
provides less noise in sidelobes and a lower number of errors of the first genus in the case of the use of generalized



binary Barker sequences. At the same time, the main disadvantage of generalized binary Barker sequences in
comparison with Golay complementary sequences is that the processing gain in the main central lobe is lower (by
8.9 dB for a considered case), which causes more noise in the main lobe and a greater number of errors of the
second genus in the case of the use of generalized binary Barker sequences. With this, the compared systems of
sequences are characterized by almost the same total bandwidth, and the fact that generalized binary Barker
sequences also provide a lower pulse width in the main lobe after signal processing (by 1.5 times), which provides a
greater maximum data transfer rate and spectral efficiency on the physical layer of spread-spectrum
telecommunication system (up to 1.5 times).
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