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AHOTALIS

[nnuk C. B. Merogu ¢opmyBaHHsS aHCcamOJIB CKJIaJAHUX CHUTHAJIB IS
KOTHITUBHUX TEJICKOMYHIKAIIMHUX cucteM. — KBamidikaiiiiHa HaykoBa Tpals Ha
mpaBax PyKOMHCY.

Hucepraiiis Ha 3700yTTS HAyKOBOTO CTYICHS KaHIWJATa TEXHIYHUX HAyK 3a
cnemianbHIcTIO 05.12.02 — «TenekoMyHIKaIiiiHI CUCTEMHU Ta MEpPEX1». YKpaiHChKUM
Jep>)KaBHUM YHIBEPCUTET 3allI3HUYHOI'O TPAHCIOPTY MIiHICTEpCTBA OCBITHM 1 HAayKd
VYkpainu, Xapkis, 2021.

JuceprariiiHe JOCHIKEHHSI TPUCBIYEHE PO3POOJICHHIO METOAIB (hOpMyBaHHS
aHcaMOJIiB CKJIQJIHUX CHUTHAJIB JJIS KOTHITUBHHX TEJIEKOMYHIKAIIMHUX CHUCTEM, SIKI
JI03BOJIAIOTH 30UTBIIUTH 00’€M aHcamMOJIiB MpH 3a0e3MeUYeHH] HU3BKOTO PIBHS 3aBajl
MHO>KHHHOT'O JIOCTYITY.

HaykoBa HoBU3HA gucepTaliiiHoi po6oTH 00yMOBJIEHa HOBHM TMIAX0J0M JI0O
BUPIIICHHS BaXKJIMBOTO HAYKOBO-TIPUKIIATHOTO 3aBAaHHS, IO MOJSTae y po3po0sIeHH]
MeToAiB  (QopMyBaHHA aHCaMOJIB CKJQJHUX CHTHAJIIB JJI1  KOTHITHBHUX
TEJICKOMYHIKAIlIMHUX CHUCTEM, SIKi JO3BOJISIOTH 30UTBIIMTH 00’€M aHCaMOIIB MpHU
3a0e3IeueHHI HU3bKOTO PIBHS 3aBajJ] MHOXXHUHHOTO JJOCTYITY.

Brnepiie po3po6ieHo MeToJ MepecTaHOBOK YAaCTOTHHUX €JIEMEHTIB CUTHAIIB
IIUISIXOM TTOBHOTO Mepe0opy, KUK 103BOJISI€ 30UTBIIUTH 00’ €M aHCAMOJIIB CKIQTHUX
CUTHAJIIB 32 PaxyHOK aHATI3y BCIX MOXJIMBUX KOMOIHAIlI YACTOTHHX EJIEMEHTIB 3
MOIATIBIITUM BUOOPOM ONTUMAJIBHOTO BapiaHTa MEPECTAHOBOK.

VY nockonaneHo MetTo GopMyBaHHS aHCAMOJIIB CKIQAHIUX CUTHATIB, OTPUMAHUX
IIUISIXOM TIEPECTAHOBKH YaCOBHX 1HTEPBAIIB IMTOCTIOBHOCTEH, IKUH BiIPI3HAETHCS Bi
BioMuX (OPMYBAaHHSIM IIEHTPOBAHOTO Py HA OCHOBI CEPEIHBOTO 3HAYCHHS
MaKCUMaJIbHUX BUKHUAIB O1YHMX memrocTok (yHkiii B3aemHoi kopemsrii (DPBK),
3aCTOCYBaHHS SIKOTO JI03BOJISIE 3HU3UTHU PIBEHb 3aBaJ]] MHO)KMHHOTO IOCTYMY 1 30 UTBIIUTH
00’eM aHCamOJIs.

OTpumaB NOAANBIIOTO PO3BUTKY METOJ (POpMYyBaHHS aHCaAMOJIB CKJIAJHUX

CUTHAJIIB HA OCHOBI1 MOCJIIOBHOCTEH 3 MOKPAIIEHUMHU B3a€EMOKOPEIALIITHUMHU
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BJIACTUBOCTSIMH, OTPUMAaHHMMM IIJISXOM CMYroBOi (uIbTpalii 3 NEepecTaHOBKaMH,
peani3oBaHUi Ha OCHOBI BHUJUIEHHI 31 CIEKTpa MOCHIJOBHOCTEH PIBHUX CMYT 3
HACTYITHUM TMEPEHECEHHSM JI0 CIUIHHOT 00JIaCT1 YaCTOT 1 MOJAIBIIUM 3aCTOCYBaHHSIM
MEPECTAHOBOK, IO J03BOJIAE€ 30UIBIIMTH 00’€M aHCaMONIB CKJIAJHUX CUTHAIIB IMpU
3aJlaHOMY PIBHI 3aBaJl MHO>KMHHOT'O JJOCTYITY.

IIpakTHYHe 3HAYEHHSI OTPUMAHHUX Pe3yJIbTATIB JOCITIKCHB MOJISTAE:

1) y po3pobiieHHiI mporpamMHoi peamizaiii Meroay (GopMmyBaHHsS aHCaMOJIiB
CKJIQJHUX CHUTHAJIB, OTPHMMAaHMX IUISXOM TIEPECTAHOBKHM YaCOBUX IHTEpPBAJIIB
MIOCITITOBHOCTEH HAa OCHOBI IIGHTPOBAHOTO PSAY, SKHH JIO3BOJIAE TMOKPAIIUTH
B3aEMOKOPEJISIIIIMHI BIACTUBOCTI cPopMOBaHUX aHCAMOJIIB CKJIQJIHUX CHUTHAIIB
MOPIBHSHO 3 BIJOMUMHU aHCAMOJISIMU Ha OCHOBI MOCIIIIOBHOCTEH 3 HU3BKUM DPIBHEM
€HEPreTUYHOI B3a€MO/II1 1 3MEHITUTH PIBHI MAaKCUMAJbHUX BUKHIIB O1YHUX MEIOCTOK
¢byHKIii B3aeMHO1 Kopensii Ha 7-12 %.

2) po3pobjeHHI mHporpamMHOi peamizaiii MeTOAy IEPeCTaHOBOK YaCTOTHHX
€JIEMEHTIB CHUTHAJIB IUISIXOM MOBHOTO Nepedopy, KUK JT03BOJISE 30UIBIIUTH 00’ €M
aHcaMOJIIB CKJIQJHUX CUTHAJIB B M pa3, JIe M — YHUCIO0 MEPECTAaHOBOK YAaCTOTHUX
€JIEMEHTIB.

3) po3pobieHHI MporpaMHOi peainizamii MeToay (opMyBaHHS aHCamOJIiB
CKJIQJIHUX CHUTHAJIIB HAa OCHOBI BHUKOPHUCTAHHSIM TIOCIIIOBHOCTEH 3 IMOKPAIICHUMU
B32€EMOKOPEAIIHHUMHU BIACTUBOCTSMH, OTPUMAHUMH MIJITXOM CMYTOBOI (iIbTpariii 3
MepecTaHOBKAaMH, KWW J03BOJIsIE€ 30UIBIIUTH 00’ €M aHCaMOJIiB CKIAAHUX CHTHATIB
MOPIBHSHO 3 BIIOMUMH aHcaMO1ssMu Ha 16-26 %.

BianoBigHo mo temMm nuceprarii omyOiikoBaHo 11 HayKOBUX Mpallb: 3 SKHAX
IIiCTh cTaTel omyOikoBaHI y ()axoBUX HAYKOBHX BUIAHHSX, 3aTBep/keHnx MOH
VYkpainu (cepes SIKUX OJ{Ha CTaTTA Y AKYypPHAaII, 10 1HIEKCYEThCS HAYKOMETPUUHOIO 023010
WEB OF SCIENCE) i i’ siTh mipatib anpo0aIiiftHoTo Xxapakrepy.

VY BCTyIi HaBeAEHO AaKTyaldbHICTh TEMH AUCEPTaIliHOI poOOTH, 3B'I30K 3
HayKOBHUMH MpOrpamMaMu, OOIPYHTOBYIOThCSA METa 1 3aBAaHHS JIOCT1I>)KEHHSI, BU3HAYEHO
00’€KT 1 MpeaMeT AOCIIJKEHHS, HAaBEJCHO MEPENiK pe3yJbTaTiB IUCEePTaliiiHOTO

JOCJIIJIPKEHHSI, SIKI BU3HAYalOTh HAyKOBY HOBHU3HY, CPOPMYJIbOBAHO MPAKTUUHY
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3HAYYUIICTh OTPUMAHUX HaAYKOBUX PE3yJbTaTIB, BLAOMOCTI IIPO peai3alito, anpooarito,
myOJIiKaIlll0 HaYKOBUX 1 MPAaKTUYHHUX PE3yJbTaTIB JUCEpTallli Ta OCOOUCTUN BHECOK
aBTOpa AMCEPTALIHOT pOOOTH B HAYKOBHX CTaTTSIX, K1 BUKOHAHO Y CITIBABTOPCTBI.

VY mepumioMmy po3AuIl OpOBEACHO aHaNI3 B3a€EMOKOPENSAIIMHUX BIACTUBOCTEH
CKJIAJHUX CUTHANIB, SKUM IOKa3zye IO BiLAOMI MeToau OOpoThOM 3 3aBajaMu
MHOXXHHHOTO Jnoctyny (3MJ]) He 3a0e3neuyloTh 3HMKEHHS iXHBOTO PIBHS [0
NPUHHITHOTO 3HAYCHHS MPU BUIAJIKOBOMY TUMYAacOBOMY 3CYyBi. BHSIBICHO OCHOBHI
dakTopm, sKi BIUIMBaIOTh Ha BeauuuHy 3MJI Ta uncimo abOHEHTIB, IO
OoOCITyroByIOTBCSI B  KOTHITUBHMX  TejekomyHikauiiHnux cucrtemax (KTC).
OOrpyHTOBaHO HEOOXIAHICTH PO3POOKH METOMIB (POpMYBaHHS aHCAMOJIIB CKIQJTHUX
currainiB s KTC 3 kKooBUM pO3JUICHHSM KaHaIIB HAa OCHOBI TICEBJIOBUIIAIKOBHX
MOCJIIZIOBHOCTE 3 HMU3bKOI B3a€EMOJIEI0 Yy 4YacOBIM Ta YaCTOTHIM 00JacTsX,
JOCIIHKCHHSI TXHIX aHCaMOJICBUX Ta B3a€EMOKOPEIISAIIIMHIX BIIACTUBOCTEH.

VY npyromy po3auii OTpUMaB MOAAIBIIOTO PO3BUTKY MeETOA (OpMYBaHHS
aHcaMOJIiB CKJIaIHMX CUTHAJIIB B 4aCOBIM 00J1aCTi 3 ypaxyBaHHSIM B3a€EMOKOPEIISIIIMHIX
BJIACTUBOCTEH, KWW BIIPI3HAETHCS B YK€ BIIOMUX PO3OHUTTSIM IMOCITIIOBHOCTEH Ha
4acoBl IHTEPBAJIM 3 IMOJAJBIITUMU MEPECTAHOBKAMHU Ha OCHOBI IIEHTPOBAHOTO PSIY.
CdopmoBaHi 3a TaKMM METOJOM CHUTHAlld MalOTh HU3BKUU piBeHb 3MJ, skwmii
BHU3HAYAETHCA 3HAUECHHIMH MaKCUMAJIIbHUX BUKUIIB O1uHMX nerrocTok @BK.

Po3pobnenuii anroput™ peanizaiii Mmetoay GopmMyBaHHS aHCAMOJIB CKIaJHUX
CUTHAJIIB, OTPUMAaHUX IIJIIXOM MEPECTAHOBKM YaCOBUX 1HTEPBAIIIB MOCTIIOBHOCTEN HA
OCHOBI IIEHTPOBAHOTO PAY, AKUH 103BOJIsIE€ (hOPMYBaTH aHCAMOJI1 CKIaIHUX CUTHAIIIB
Ha OCHOBI TIOCITIZIOBHOCTEH 3 MIHIMAJIBHOIO EHEPreTUYHOIO B3aEMOIIEI0 OyII0
pealti3oBaHoO SIK IPOTpaMHUE MPOIYKT y cepenopuiti Matlab.

PesynpTaTé MPOBENEHOTO MOCHIKEHHS B3a€EMOKOPEIAIIMHUX BIIACTHBOCTEH
CUTHAJIIB, OTPUMAaHUX IIISIXOM MEPECTAHOBKU YaCOBHX IHTEPBATIB MOCTIJOBHOCTEH Ha
OCHOBI IIEHTPOBAHOTO Py MOKA3YIOTh, IO BOHU 33J0BOJIBHSIOTH YMOBY MiHIMaJIbHOT
mogo0M 1 MarwTh Kpalll, BIAHOCHO BIJOMHUX CHTHAJIB, B3a€MOKOPEIISIINHI
BJIACTUBOCTI. Pe3ynbpTaTi, OTpUMaHi Ha OCHOB1 MPOBEJICHUX JOCTIIKEHh aHCAaMOJIEBUX

BJIACTUBOCTEH CUTHAJIB, OTPUMAHUX IUIIXOM MEPECTAHOBKU YACOBUX 1HTEPBAJIB
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MTOCJTITOBHOCTEH Ha OCHOBI IIEHTPOBAHOTO PSIAY MOBOIATH, IO BOHU MAalOTh 3HAYHO
OuTbIIMi 00’eM aHcamOJIIB, HIXK aHCAMOJIl BIIOMUX CHTHAJIB, 10 3aCTOCOBYIOTHCS B
KTC 3 komoBUM pO3AIJIEHHSM KaHaliB. 3acTOCYBaHHS YTBOPEHHMX aHCaMOIiB
CKJIQJJHUX CHUTHAJIB 13 30UIBIIEHUM OO0 €MOM JIO3BOJIUTH 30UIBIIUTH KIUIBKICTb
OJIHOYACHO 00CITYyroByBaHMUX a0OHEHTIB MPU HU3bKUX piBHAX 3M/I.

VY 1tpetboMy po3aisi po3poOJIeHO METOJI MEePECTAHOBOK YaCTOTHUX E€JIEMEHTIB
CUTHAJIIB IUIIXOM MOBHOTO Tiepebopy. CHrHamu, yTBOPEeHi 32 TAKMM METOJIOM, MalOTh
HU3BKUH PIBEHb B3aEMHOT KOPEJIAIii 32 paXyHOK ITePECTaHOBKH YaCTOTHUX CJIEMCHTIB
IUIIXOM MOBHOTO Mepedopy 3 PLAHUX BUXITHUX MOCIIIOBHOCTEH, B PI3HUX CMYyrax
4acTOT 1 3MIHHIN MIKUPUHI cMyT QuUIbTpalii, pu bOMY 00’ €M aHCcamOJId CKIATHUX
CUTHAJIIB MOXHa 30UTBIIMTH Ha BEJIWYHHY, SKa JIOPIBHIOE KUIBKOCTI YaCTOTHUX
€JICMEHTIB.

OTpuMaB TMOAAIBIIOTO PO3BUTKY METOJ (opMyBaHHS aHCAMOJIiB CKJIQJIHHX
CUTHAJIIB Ha OCHOBI TIOCHIJOBHOCTEM 3 TOKpAIIEHUMHU B3a€EMOKOPEIALINHIMU
BJIACTUBOCTSMHU B YAaCTOTHIM 00JacTi, SKUWA BIIPI3HAETHCS Bi YXKE BIIOMUX
3aCTOCYBaHHSIM CMYTOBOi (uUIbTpalii A0 TCEBIOBUIAAKOBUX TOCIITOBHOCTEH 3
HU3BKOI0 B3a€EMOJIIEI0 B YacOBIM 00JIACTI 3 HACTYITHUM TNEPEHECEHHSM B CHIIbHY
00JlacTh YacTOT 3 TOAANBIIMMHU TIEPECTAHOBKAMH, SKHH 3a0e3ledye MOKIIHUBICTH
dbopmyBaHHs aHCAMOJIIB CKIAHUX CUTHAJIIB 3 HEOOXITHUMH PIBHIMH MaKCUMAJIBHUX
BUKHUIB OluaMX memrocTok ®BK Ta 00’emaMu, Mo 3HAYHO MEPEBHUINYIOTH 00’ €MU
aHcamOJI1iB Ha OCHOBI BIZJJOMHX CHUTHAJIB.

Po3pobnenuii anroput™ peanizaiii MmeToay GpopmyBaHHS aHCAMOIIIB CKIIATHUX
CUTHAJIIB HAa OCHOBI1 TMOCTIAOBHOCTEH 3 TMOKPANICHUMH B3a€MOKOPEISAIIMHUMHU
BJIACTUBOCTSIMH, OTPUMAHUMH IIIJIIXOM CMYTOBOi (DUTbTparlii 3 mepecTaHOBKaMu 0yIio
pealti3oBaHoO sIK IPOTpaMHUE MPOIYKT y cepenopuiti Matlab.

VY pe3ynbTaTi NpoBeACHUX JOCITIIKeHb PO3paxoBaHi 3HAUCHHS MaKCUMAJIbHUX

<3/+/B i takum

max —

BUKHIIB O1uHMX TentocTok ®BK curnamiB He mepeBUINyOTh R

YUHOM IOBHOIO MIPOIO 33J0BOJIBHSIOTh BUMOTY MIHIMAJIBHOI MOJI00M CUTHAIIIB.

OnTtumanbHe 3HaYeHHS cMyTH QinbTpartii qopiBatioe 0,2 % Bij 3araqbHOT CMYTH 9aCTOT
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BUXIAHUX mociainoBHocTed. CdopmoBaHi aHcaMOi, OTpPUMaHI LUISIXOM CMYTOBOi
dipTpamii 3 MepecTaHOBKaMH MAarOTh TiIpIIl B3a€EMOKOPENAIIHI BJIACTUBOCTI,
BIIHOCHO CHTHajiB, OTPUMAHMX MLUISIXOM [EPECTAHOBKM YaCOBUX IHTEPBAIiB
MIOCJIITOBHOCTEN Ha OCHOBI LIEHTPOBAHOIO PANYy Yepe3 Te, 110 TPUBAIICTh IMITYJIbCIB
30UTBIIYETHCS MPOMOPIIINHO 3MEHIIEHHIO CMYTH YacTOT CUTHANY, aje IXHE 3Ha4YCHHS
3aJI0BOJIbHSIE YMOBY MIHIMaJIbHOI IOJI00M 1 TaKi CUTHAJIA MOXKYTh 3aCTOCOBYBATHUCS B
KOTHITUBHUX TEJICKOMYHIKAI[IMHUX CcHUCTeMax. Pe3ynbTaTv OIIHKK aHcaMOJeBHUX
BJIACTUBOCTEH JTOBOSATH 30UIbIICHHS 00’ €My aHCAMOJIsl CKJIaIHUX CUTHAJIIB, BITHOCHO
00’eMy aHcaMmOJis HA OCHOBI BUX1THUX ITOCIIIJTOBHOCTEH.

VY yeTBepTOMY PO3111JI BU3HAYEHUH CIIOCIO BUOOPY MapaMeTpiB CUTHANIB, SKUN
JI03BOJISIE T1110paTH ONTUMAJIbHI 3HAUCHHS JIsl BUX1HUX MOCI1ZIOBHOCTEHN, HA OCHOBI
AKUX (OPMYIOTh aHcaMOJii CUTHaIIB 30UIBIIEHOT0 00’€My 3 3aJlaHUMHU PIBHSMH
MaKkCUMaJIbHUX BHUKUAIB OiyHux mnemtoctok @OBK. IlpoBeaeHo moOpiBHAIBHY
XapaKTepUCTUKY B3a€EMOKOPEISIIHHUX BIIACTUBOCTENW CHUTHANIB, sIKa TOKa3ye, IO
chopMoBaHi aHcamMOJIi CHTHAJIIB 3a METOJIOM IE€PECTAHOBKH YaCOBUX IHTEPBAiB
MOCJTIZIOBHOCTEM Ha OCHOBI IIEHTPOBAHOTO Py MarOTh Kpallli B3a€MOKOPEIAIIHI
BJIACTUBOCTI HIK aHcaMOji Ha OCHOBI BiloMHX curHamiB. Ilpu 1bOMy piBeHB
MaKCUMaJIbHUX BUKHIB O1uyHUX mentocTok @BK po3pobienux curnanis Ha 7-12 %
MEHIIIe TTOKa3HUKIB BiIOMHX cuTHaNIB. [Ipy oIiHIlI piBHIB MaKCUMaJbHUX BHUKH/IIB
60iunux memoctok ®BK chopmoBaHux curHamiB, OTpUMaHUX MUIIXOM CMYTOBOT
¢duTbTparnii 3 mepecTaHOBKAMH BUSBICHO, IO iXHE 3HAYEHHS 3aJ0BOJIBHSIE YMOBY
MIHIMaJbHOT MOAOOM 1 Taki CUTHAaIW MOXYTh 3aCTOCOBYBAaTHCS B KOTHITUBHHUX
TEJICKOMYHIKAIlIMHUX CUCTEMax. Pe3ynpTaTH, OTpUMaHI TMpPU  MOPIBHSIBHIN
XapaKTepUCTHUIIl aHCAaMOJIEBUX BIACTUBOCTEH CHUTHAIIB HAa OCHOBI MOCIAOBHOCTEH 3
MOKPAIICHUMH  B3a€EMOKOPEIAIIMHAMA  BIACTUBOCTSIMHU, OTPUMAHUMH  IUISIXOM
CMyTOBOi (imbTpamii 3 TEPEeCTaHOBKAMHM 3 BIJIOMUMH CHTHAJaMH IIOKa3ylOTh
30iTbIIeHHS 00’ €My aHcaMmOJ1iB curHamB Ha 16-26 %.

KirouoBi cjioBa: KOTHITHBHA TEJIEKOMYHIKAIIfHA CHCTEMA, CKJIAQJHUNA CUTHAI,
3aBajla MHOXXMHHOTO JOCTYIly, MakKCHUMajlbHI BUKHUIMA OIYHUX TMEIIOCTOK (YHKIII]

B3a€MHOI KOpeJsilii, 00’ eM aHCcaMOJIs.



ABSTRACT

Indyk S. V. The formation methods of complex signal ensembles for cognitive
telecommunication systems. — Qualifying scientific paper on the rights of the
manuscript.

The dissertation submitted in fulfilment of the candidate of technical sciences
degree on specialty 05.12.02 «Telecommunication systems and networks». - Ukrainian
State University of Railway Transport of Ministry of Education and Science of
Ukraine, Kharkiv, 2021.

The dissertation research is devoted to the development of the formation
methods of complex signal ensembles for cognitive telecommunication systems, which
allow increasing the volume of ensembles while providing a low level of multiple
access interference.

The scientific novelty of the dissertation is due to a new approach to solving an
important scientific and applied problem, which is to develop the formation methods of
complex signals ensembles for cognitive telecommunication systems that increase the
volume of ensembles while providing low levels of multiple access interference.

For the first time, a permutation method of frequency elements of signals by
complete search was developed, which allows increasing the volume of complex
signals ensembles by analyzing all possible combinations of frequency elements with
subsequent selection of the optimal permutation.

The formation method of complex signals ensembles obtained by permutation of
time intervals of sequences, which differs from the known ones in formation of a centered
series based on the average value of the maximum emissions of side lobes of the CCF, has
been improved.

The formation method of complex signals ensembles, based on sequences with
improved intercorrelation properties, which are obtained by bandpass filtering with

permutations, is implemented on the basis of selection from the spectrum of sequences of



9

equal bands with complex signals ensembles at a given level of multiple access
interference.

The practical significance of the obtained research results is:

Development of software implementation of the formation method of complex
signal ensembles, which are obtained by permutation of time intervals of sequences based
on a centered series, which improves the correlation properties of formed complex signal
ensembles in comparison with known ensembles based on sequences with low energy
interaction and reduce levels of the maximum emissions of side lobes of the CCF by
7-12%.

Development of a software implementation of the permutation method of
frequency elements of signals by full search, which allows increasing the volume of
ensembles of complex signals in m times, where m is the number of permutations of
frequency elements.

Development of a software implementation of the formation method of complex
signals ensembles, based on the use of sequences with improved intercorrelation
properties, which are obtained by bandpass filtering with permutations, which allows
to increase the volume of complex signals ensembles compared to known ensembles
by 16-26 %.

According to the thesis, 11 scientific papers were published: 6 articles were
published in professional scientific journals approved by the Ministry of Education and
Science of Ukraine (including 1 article in the journal indexed by the WEB OF
SCIENCE scientometric database) and 5 approbation papers.

The introduction presents the relevance of the thesis, the connection with scientific
programs, substantiates the aim and research tasks of the study, and defines the object and
subject of research. The list of results of the dissertation research, which determine the
scientific novelty, is given; the practical significance of the obtained scientific results is
formulated. Information on the implementation, testing, publication of scientific and
practical results of the dissertation and the personal contribution of the author of the

dissertation in scientific articles, which are co-authored are given.
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In the first chapter, it was analyzed the intercorrelation properties of complex
signals, which shows that the known methods of combating MAI (MAI - multiple access
interference) do not reduce their level to an acceptable value at random time shift. The
main factors influencing the value of the MAI and the number of subscribers served in the
CTS (CTS - cognitive telecommunication system) are identified. The necessity of
development of formation methods of complex signals ensembles for CTS with code
division of channels on the basis of pseudorandom sequences with low interaction in time
and frequency domains, research of their ensemble and intercorrelation properties is
substantiated.

In the second chapter, the formation method of complex signals ensembles in the
time domain, taking into account the intercorrelation properties, which differs from the
already known ones in division of sequences into time intervals with subsequent
permutations based on a centered series, was further developed. The signals generated by
this method have a low level of MAI, which is determined by the values of the maximum
emissions of the side lobes of the CCF.

An algorithm for implementing the formation method of complex signals
ensembles obtained by permutation of time intervals of sequences based on a centered
series, which allows to form complex signals ensembles based on sequences with
minimal energy interaction was implemented as a software product in Matlab.

The study results of the intercorrelation properties of signals obtained by
permutation of time intervals of sequences based on a centered series show that they
satisfy the condition of minimum similarity and have better, in relation to known
signals, intercorrelation properties. The results obtained from studies of the ensemble
properties of signals obtained by permutation of time intervals of sequences based on
a centered series, prove that they have a much larger volume of ensembles than
ensembles of known signals used in cognitive telecommunication radio systems with
code channel separation. The use of the formed ensembles of complex signals with the
increased volume will allow increasing the number of simultaneously served

subscribers at low levels of MAL.
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In the third chapter the method of permutations of frequency elements of signals
by full search is developed. The signals generated by this method have a low level of
cross-correlation due to the permutation of frequency elements by complete search
from different output sequences, in different frequency bands and changes in the width
of the filter bands. In this case, the volume of complex signals ensemble can be
increased by an amount equal to the number of frequency elements.

The formation method of complex signals ensembles, based on sequences with
improved intercorrelation properties, in the frequency domain, which differs from the
already known ones in application of bandpass filtering to pseudo-random sequences
with low interaction in the time domain, with followed transfer to a common frequency
domain, followed by permutations, provides the ability to form complex signals
ensembles with the required levels of maximum emissions of the side lobes of the
cross-correlation function and volumes that significantly exceed the volumes of
ensembles based on known signals.

The developed algorithm for implementing the formation method of complex
signals ensembles, based on sequences with improved intercorrelation properties,
obtained by bandpass filtering with permutations was implemented as a software
product in the Matlab environment.

As a result of the recent researches the calculated values of the maximum

<3/ /B, therefore

max —

emissions of the side lobes of CCF of signals do not exceed R
fully satisfy requirements of the minimum similarity of signals. The optimal value of
the filter band is equal to 0,2 % of the total frequency band of the output sequences.
Formed ensembles obtained by permutation bandpass filtering have worse
intercorrelation properties as compared to signals obtained by permutation of time
series sequences based on a centered series due to the fact that the pulse duration
Increases in proportion to the decrease of the signal bandwidth, but their value satisfies
the minimum similarity condition and such signals can be used in cognitive

telecommunications systems. The results of the ensemble properties estimation show



12

an increase in the volume of the complex signals ensemble relative to the volumes of
ensembles based on the original sequences.

The fourth chapter defines the method of selecting signal parameters, which
allows you to select the optimal values for the output sequences, based on which form
signals ensembles of increased volume with specified levels of maximum emissions of
the side lobes of CCF. The comparative characteristic of intercorrelation properties of
signals is studied, which shows that the formed signal ensembles, by the method of
time sequences intervals permutation on the basis of the centered series, have better
intercorrelation properties than ensembles on the basis of known signals. The level of
maximum emissions of the side lobes of the CCF of the developed signals is 7-12 %
less than the known signals. When estimating the levels of maximum emissions of the
side lobes of the CCF generated signals, which are obtained by bandpass filtering with
permutations, it was found that their value satisfies the condition of minimum
similarity and such signals can be used in cognitive telecommunications systems. The
results obtained by comparative characterization of ensemble properties of signals,
based on sequences with improved intercorrelation properties, which were obtained by
bandpass filtering with permutations with known signals show an increase in the

volume of signal ensembles by 16-26 %.

Keywords: cognitive telecommunication system, complex signal, multiple
access interference, the maximum emission of the side lobes of CCF, ensemble

volume.
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BCTYII

AKTyasbHicTh poldoTH. JIns 30UIbIIEHHS €QEeKTUBHOCTI BUKOPHUCTAHHS
TPAHCIOPTHOIO MOTEHIIANy Y KpaiHu, 30KpeMa K TPaH3UTHO1 IepKaBU, HEOOX1THUM €
PO3BUTOK 1HPOPMALIIHHOT CUCTEMH 3a0€3MeUeHHs YIIPaBIIHHSA PYXOMUMH 00’ €KTaMU 3
ypaxyBaHHSIM CYy4YaCHUX BUMOI y c¢epl 3B 3Ky, HaBIramii Ta CHOCTEPEXKEHHS.
YnockoHaneHHsS Jep)KaBHOI 1HTErpoBaHoi 1HGOPMAIIMHOI CHCTEMU 3a0€3MEeUUTh
OJIep>KaHHS OpraHamMH YIPaBIiHHS, JCPXKABHOI BIaJM Ta IHIIMMH KOPUCTyBadyaMu
IPOCTOPOBO-YACOBOi JOCTOBIpHOT 1HGOpMAIIl MPO MICHE3HAXOMKEHHSI PYXOMHUX
00" €KTIB 1 1XH1 XapaKTEPUCTHKH, PAIllOHATIbHE BUKOPUCTAHHS CUCTEM 13aC001B 3B’ SI3KY,
HaBIraii 1 CIIOCTEPEKEHHS NUISXOM IXHbOI 1HQOpPMAIIHHOI IHTErpalii, CpusaTUMe
BIPOBA/KEHHIO CydyacHUX 1H(QOpMaLIHHUX, TEIEKOMYHIKAIIMHUX 1 pagioTexHonorii. Lle
HiIBUIIUTH PIBEHb KOMYHIKAI[li Ta 3BOPOTHOTO 3B’S3KYy MIK OpraHaMu YIpaBIiHHA
TPAHCIIOPTOM, TPAHCHIOPTHUMHU MIANPUEMCTBAMHU Ta KOPUCTyBadaMH TPAHCHIOPTHUX
MOCJIYT, MIABUIINATH €()eKTUBHICTh YIPABIIHHS TPAHCIIOPTOM Ta SKICTh TPAHCIIOPTHO-
JOTICTHYHUX TIOCIYT, COPUITUME MIHIMI3aIlli €KOHOMIYHUX BTpAT MPU NEPEBE3CHHI
BaHTaXiB, CKOPOUCHHIO IPOCTOIB TPAHCIIOPTHUX 3aC00IB 1 peHTa0EIBHOCTI BAHTAXKHHUX
NIEPEBE3CHb.

301UTBIIIEHHS TIOTUTY HA JJOJIaTKOBY MPOITYCKHY 3/1aTHICTH 3 OOKY PI3HUX CITYkKO
pPazio3B'sI3Ky B yMOBaX OOMEXEHOCTI PaJio4acTOTHOTO PECypCy IPHU3BOAUTH 0
YCKJIQTHEHHSI CEPEIOBHUIIA YITPABITIHHSI BUKOPUCTAHHIM CTIeKTpa. i BUPIIIICHHS ITUX
3aBJaHb HEOOXITHO 3aCTOCOBYBATH 1HHOBAIIMHI METOIH, IO JO3BOJISATH 3a0€3MCUUTH
e(eKTUBHE BHUKOPUCTAHHS CIIYXO, PO3MOAUICHHX Yy CMYy31 YacTOT, y TOMY YHCIHI
CIUTbHE BUKOPUCTAaHHS OOMEXKEHHX paJiodacTOTHUX pecypciB. 3acTOCYBaHHS
MIXOJMIB HAa OCHOBI JUHAMIYHOTO JIOCTYy MOXE CHPHATH €(EKTUBHOMY
BUKOPHCTaHHIO criekTpa. OpHak 1y HWoro peanizarii HeOOXiTHO BUPIIIHTH PsJI
CKJIQJHUX 3aB/IaHb, OCHOBHUM 3 SKHX € BIPOBAHKCHHSIM HOBUX CUTHAIBHO-KOJIOBUX
KOHCTpyKIIiil. [Ipy BupieHHI UX 3aBJaHb JOLUILHO BUKOPUCTOBYBATH 1HHOBAI[IHHI
(YHKIIIOHAJIbHI MOJIUBOCTI PaJllOCUCTEM HAa OCHOBI KOTHITMBHUX TEXHOJIOT1H. Y

CUCTEMaxX Pajl03B’sI3Ky HA OCHOBI MHOXKMHHOTO JOCTYIY a0OHEHTChKI CUTHAJU
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MEePEKPUBAIOTHCS 32 YACTOTOIO 1 3CYHYTI OJMH BIIHOCHO OJTHOTO B 4Yaci BHUIIAJIKOBO,
BHACHI0K 4oro BuHMKaiOTh 3MJI. Taki 3aBagu MarTh 3HAUYHHIN BIUIMB Ha SKICTh
3B’SI3KY Ta KUIBKICTh aDOHEHTIB, 110 0OCIYTOBYIOTHCSI OJTHOYACHO, 1 3aKJIaJIeH] B CAMUX
npuniunax modymaosu KTC. Po3Butky nanoro Hanpsmy npucssiueHi podotu J. Mitola
I, H. Arslan, G. Q. Maguire Jr., S. Haykin, P. Setoodeh.

[uTaHHSAM YJOCKOHAJIEHHSI CUTHAJIbHO-KOJOBUX KOHCTPYKIINA 3aiMalOThCs SIK
BITYM3HSAHI, TaK 1 3aKOPJIOHHI BYEHI. 30KpEMa BUKOPUCTAHHS IMITYJIbCHUX CKIIaTHUX
CUTHAIIB y pajaionokailii 3anpornonyBaB E. Xarman. Ha po3BuTok Teopii CKiagHuUX
CUTHAJIIB CYTT€BO BIUTMHYNIU pobotu P. benmxamina, Y. Kyka ta M. bepudenpa.
P. Xaptni BBIB OHATTS Jlorapu@miuHoi Mipu iHpopmartii. /[. B. AreeB mokias noyatox
JIOCTIIPKEHb KOJIOBOTO YITUIBHEHHS Ta PO3/UICHHS. BHECOK /10 PO3BUTKY TEOPii 1 TEXHIKU
reHepyBaHHs 1 00poOku ckinagHux curHaiiB BHecnu: JI. €. Bapakin, B. Il. Imaros,
[. M. ITumikin, T. O. Oranos, O. O. XapkeBuu, B. M. Xapuenko, B. I1. Jluceuko. ¥
poOoTax NPUALIAETHCA yBara 3aBJaHHsIM O0OpOTHOU 3 3aBajlaMi MHOKMHHOT'O JIOCTYILY,
SIKI BUHUKAIOTh TIPH OJHOYACHIM POOOTI pajiocCUCTEeM y 3arajbHIi CMy31 4acToT 1
BIJIMBAIOTh HA KUTBKICTh OJTHOYACHO 0OCITYyTOBYBaHMX AOOHEHTIB Ta SKICTh 3B’ I3KY MIXK
HUMH, aJie 3aBJIaHHS 30UIBIICHHS 00’ €My aHCaMOJIiB CUTHATIB PO3IJITHYTI HEAOCTATHBO.

Taxkum yrHOM, ICHYE HEOOXITHICTh PO3POOJICHHS HOBHX METOIB (hOPMYBaHHS
aHcaMmOJIiB CKJIAJHUX CHUTHAJIIB Ha OCHOBI TIOCIIZIOBHOCTEH 3 IOKpaIlleHUMH
B3a€EMOKOPEIIAIIMHIMH  BJIACTUBOCTSAMH, JJI1 KOTHITHBHUX TEJIEKOMYHIKAIIMHUX
CUCTEM Ha OCHOBI MHOKMHHOTO JIOCTYITY.

PesynbpTatn gucepraiiitHoi poOOTH MOXKYTh OYTH BUKOPUCTAHI JJIS MiBUIIICHHS
€(eKTUBHOCTI BUKOPUCTAaHHS paJi04acTOTHOTO PECypCy SAK ICHYIOUMX, TaK 1
MEPCIIEKTUBHUX KOTHITHBHHUX TEICKOMYHIKAIIHHIX MEPEK Ha OCHOBI CUCTEM 3 KOJIOBUM
PO3IUICHHSM KaHaiB.

3B’5130K po00TH 3 HAYKOBHUMHM NPOrpaMaMu, IVIaHAMHU i TeMaMM. J{oCTiIKeHHs
y JaucepTariiHiii poboTi 6e3mocepeHbO MOB’sA3aH1 3 TaKUMU MojoxeHHsmu: HJI[P
VYKpaiHCBKOTO AEP:KaBHOTO YHIBEPCUTETY 3aJI3HUYHOTO TpaHCHOPTy «JlocmimkeHHs
3arajibHOJIEP>KaBHUX BHUMOT JO PO3MOJUTY 4YacTOT YKpaiHU, HOBITHIX HU(PPOBUX

CUCTEM TEXHOJIOTTYHOTO Paaio3B’ 3Ky Ta PO3pPOOJICHHS IJIaHy BUKOPUCTAHHS


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Setoodeh%2C%2BPeyman
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PaZlo4acTOTHOTO PECYpCy MEpPEX TEeXHOJIOTIYHOTO paaio3B’si3ky AT «YkpaiHcbka
saniHUIE»» (JPNe 0121U100191), a came — BOockoHasieHO MeTO] (hOpMYyBaHHS
aHcaMOJIIB CKJIQJIHUX CHUTHaJIB HA OCHOBI IMOCHIZIOBHOCTEH 3 MOKpPAILIEHUMHU
B3a€EMOKOPEISINHUMHU BIACTUBOCTAMM, CHOPMOBAHUX HUIIXOM CMYTOBOI (pinbTparii
3 HACTYITHUM TIEPEHECEHHSM B CIJIbHY OO0JACTh YacTOT OTPUMAHHMX YaCTOTHUX
€JIEMEHTIB Ta MEePECTaHOBKOIO, IO JI03BOJISIE 30UTHIIUTH 00’ €M aHCaMOJIIB CKIaTHUX
CUTHAJIIB MPU 33JJaHOMY PIBHI 3aBaJl MHOKMHHOTO JIOCTYIY y MOPIBHAHHI 3 BIIOMUMU
ancamOisamu Ha 16-26 %;

HJIP HamionansHoi akanemii Hamionanenoi I'Bapaii  Ykpainu, mudp
«[onsma 3» (JAPNe 0116U004048), a came — BIOCKOHaJICHO MeTOJ (hopMyBaHHS
aHcaMmOJIiB CKJIAMHUX CHUTHAJIB, OTPUMaHHUX IIJIIXOM TIEPECTAHOBKH YaCOBHX
IHTEepBaiB IMOCTIIOBHOCTEH 32 paXyHOK BUKOPHUCTAHHS IICHTPOBAHOTO PsTy HA OCHOBI
CepeqHIX 3HA4YeHb MAaKCUMaJIbHUX BUKHJIB OIYHMX TEIIOCTOK (DYHKIIH B3a€EMHOI
KOpEJIALil OTPUMAaHUX TMOCHIZIOBHOCTEH, 3aCTOCYBAaHHSA SIKOTO JIO3BOJISIE 3HU3ZUTH
PiBEHb 3aBaji MHOKUHHOTO TOCTymy Ha 7-12 %;

KoHuerntiis po3BUTKY TeJIEKOMYHIKAIIA B YKpaiHi, CXBajeHa PO3MOPSIHKEHHIM
Kab6inetry MinicTpiB Ykpainu Big 7 uepBusa 2006 p., Ne 316-p (i3 3MiHamMu, BHECEHUMU
3rigHo 3 Posnopsymkennsm KM Ne 1612-p (1612-2008-p) Big 27.12.2008 p.);

Crpareris ctanoro po3BUTKy «Ykpaina—2020», cxBanena Yka3om [Ipesunenra
VYxpainu Big 12 cignst 2015 p. Ne 5/2015.226. Tema nuceprariiinoi poOOTH ITOB’ s13aHa 3
MPIOPUTETHUMHU HANpPSIMKaMHU PO3BUTKY HAYKU 1 TeXHIKHM, HaBeAeHUMU B «llepemiky
MPIOPUTETHUX TEMATUYHUX HAIMpPSMIB, HAYKOBUX JOCTIIKEHb 1 HAYKOBO-TEXHIYHHUX
po3pobok Ha 2011-2015 p.», 3arBepmkeHOMY [locTaHoBOIO KabineTy mMiHIiCTpiB YKpainu
Ne 942 Bin 7 Bepecus 2011 p.;

[TocranoBa 1mpo 3arBepmxkeHHsA [IpaBun  HagaHHd Ta  OTPUMAaHHA
TeJeKOMYHiKaiiiHux cepsiciB Bix 11 kBiTHS 2012 p. No 295 (i3 3mMiHamMu, BHECEHUMH
3rigHo 3 [TocranoBoro KM Ne 14 Bix 15.01.2020 p.).

JucepTaniiiHi JOCHII)KEHHSI BUKOHYBAJIUCh y BIIMOBIAHOCTI /10 HAyKOBOTO
HampsaMy KadeIpu TPaHCTIOPTHOTO 3B’SI3Ky YKPATHCHKOTO JIEPKABHOTO YHIBEPCUTETY

3aTI3HUYHOTO TPAHCTIOPTY.



22

Meta po6GoTu i 3aBIaHHA JocaigxeHHsA. MeTow aucepTaniiHoi poOoTH €
po3po0JieHHs] MEeTO/IIB (HOPMYBaHHS aHCAMOJIIB CKJIaJHUX CUTHAJIB JIsl KOTHITUBHUX
TEJIEKOMYHIKAlIMHUX CHUCTEM, SIKI JTO3BOJISIIOTH 30UIBIIUTH O0’€M aHcaMOJIB MpuU
3a0€e3MeUYeHHI HU3bKOTO PIBHSI 3aBaJl MHOKHHHOT'O JJOCTYITY.

JUist TOCSITHEHHSI BUILE3a3HAYEHOI METU HEOOXIHO BUPIMIMTH TaKl 4aCTKOBI
3aB/JIaHHS T0CJIIKeHb:

1. IIpoBectr aHasi3 NUIAXIB 30LIBIIEHHS 00’ €My aHCaAaMOJIIB CKJIAJIHUX CUTHAJIB JJIs
KOTHITUBHUX TEJIEKOMYHIKAIITHUX CHCTEM.

2. Po3poOutn MeTo/ mepecTaHOBOK YaCTOTHHUX €JIEMEHTIB CUTHAIIIB IILJITXOM ITOBHOT'O
nepedopy.

3. YaockoHanuTu MeTon ¢GOopMyBaHHS aHCAMOJIIB CKJIQJHUX CHUTHAJIB B YacOBIU
00J1acTi 3 ypaxyBaHHSIM B3a€MOKOPESIIMHUX BIACTUBOCTEH.

4. Po3BuHyTH MeTOJ (OpMyBaHHS aHCaAMOJIB CKIJIAQJHUX CUTHAJIIB Ha OCHOBI
BUKOPUCTaHHSIM  TOCJIIOBHOCTEH 3  TMOKpPAUICHUMHU  B3a€EMOKOPEISAIIHHUMHU
BJIACTHUBOCTSIMHU B YaCTOTHIN 00JIaCTI.

5. Po3pobutu mporpamMHy peainizailiro METOMIB (OpMyBaHHS aHCAMOJIIB CKJIAJHHX
CUTHAJIIB HAa OCHOBI IIOCTITOBHOCTEH 3 TOKpPAIICHUMH B3a€EMOKOPEIAIIHHUMHU
BJIACTUBOCTSMH y YaCOBii Ta 9YaCTOTHIM 00JIacTsIX.

6. JocminuTi KopensiiiiHi Ta aHcaMOJIeB1 BJIACTUBOCTI OTPUMAHUX CUTHAJIIB.

00’ exToM AocaiTKeHb € poiiec GopMyBaHHS aHCAMOJIIB CKIJIQHUX CUTHATIB JJIs
KOTHITUBHUX TEJICKOMYHIKAIIMHIX CUCTEM.

IIpeamerom gocaixKeHb SABIAIOTECA MeETOAWM (GOPMYBaHHS aHCAMOJIiB
CKIAJHUX CHUTHAIIB, OTPUMAHUMHU IUIIXOM TEPETBOPEHHS TOCTIJOBHOCTEH 3
MOKPAIICHUMH B3a€EMOKOPEISAIIHIME BIIACTUBOCTSMH.

Metoau pociaimxenns. Ilpy BupilleHHI 4YacTKOBUX HAyKOBUX 3aBAaHb
JUCEPTAIIfHOT POOOTH BUKOPUCTOBYBAJIMCH METOAM Teopii WMOBIpHOCTEH 1
BUMAJKOBUX IIPOIECIB, CTAaTUCTUYHOI TeOopii 3B'A3Ky, HPH PO3POOJICHHI METOIY
dbopmyBaHHsA aHCAMOJIIB CKJIAJHUX CHUTHAJNB, OTPUMAHHUX IUIIXOM MEPECTAHOBKHU
YaCOBHMX I1HTEPBAIIB IOCIIIOBHOCTEH Ha OCHOBI IICHTPOBAHOTO PSAIY, METOIY

MepeCTaHOBOK YaCTOTHUX €JIEMEHTIB CUTHAJIB IIJIIXOM ITOBHOTO Iepe0opy Ta METOY
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dbopmyBaHHA aHCaMOJIB CKJIaJHUX CHUTHAJIIB Ha OCHOBI TOCIIJIOBHOCTEH 3
MOKPAIICHUMH  B3a€EMOKOPEIAIIMHAMA ~ BIACTUBOCTSAMH, OTPHUMAHUMH  IUISIXOM
cMyTOBOi (ibTpallii 3 MepecTaHOBKAMH — YKCJIOBI METOAU OOpPOOKH €MIIpUYHUX
TaHUX.

JUist miATBEpIKEHHSI JOCTOBIPHOCTI OTPUMAHUX TEOPETHUYHUX PE3YIbTaTiB
3aCTOCOBYBAJIMCH METOAM  IMITALIIMHOIO MOJIETIOBaHHS. AHali3 pe3yJbTaTiB
EKCIIEPUMEHTATBHUX  JIOCHI/DKEHb TMPOBOJAWMBCS 3  BUKOPUCTAHHSAM  METOJIIB
MaTEMaTUYHOI CTATUCTUKH, MPOTPaMHI MTPOIYKTH MOOY0BaHI Ha OCHOBI CepEeOBUIINA
Matlab.

Bubip MetoaiB gociiikeHb 3a0e3ne4nB JOCTOBIPHICTh OTPUMAHUX Pe3ysIbTaTIB i
BHUCHOBKIB, IO TMIATBEP/KYEThCA 30DKHICTIO PE3yJIbTaTIB EKCIEPUMEHTATbLHUX
JOCIIDKCHb 3 TCOPETUYHMMH 1 TPAKTUYHHMH pe3yjbTaTaMH, BiJOOpaXKCHHUMHU B
myOiKaIisax, 1 00yMOBICHHM BiIMOBITHICTIO TIOJI0KEHHSAM Teopii 00pOOKM CUTHATIB.

HaykoBa HOBH3HA MOJI0K€Hb, PO3PO0JEHUX OCOOUCTO 3700yBaveM
0oOyMOBJIECHA HOBUM TIAXOJOM O BHUPIIIEHHS BaXKJIMBOTO HAyKOBO-TIPUKIIATHOTO
3aBJaHHA, 10 TOJIATAaE y Po3poOJeHHI MEeTOAIB (hOpPMyBaHHS aHCAMOJIIB CKJIATHUX
CUTHAIIB JUISl KOTHITUBHUX TEJICKOMYHIKAIlIMHUX CHCTEM, SIK1 JIO3BOJISIOTH 30 LIBIITUTH
00’eM aHcamOJIiB TpH 3a0e3neueHHi Hu3bKoro piBHsg 3M/I.

1. Bnepie po3po6JieHO METOJ IEPECTAaHOBOK YACTOTHUX €JIEMEHTIB CUTHAIIIB
IIUISIXOM ITOBHOTO TIepeOopy, SKUHA T03BOJISIE 30UTBITUTH 00’ €M aHCaMOJIIB CKIATHUX
CUTHAJIIB 32 PaXxyHOK aHaji3y BCIX MOXJIMBUX KOMOIHAIlIl YaCTOTHUX E€JIEMEHTIB 3
MOIATIBIITUM BUOOPOM ONTUMAJIBHOTO BapiaHTa MEPECTAHOBOK.

2. YnockoHajeno weton ¢GOpMyBaHHS aHCaAMONIB CKIAAHUX CHUTHAJIB,
OTPUMAHUX MUISXOM TEPECTAHOBKM YAaCOBHX IHTEPBAIIB TOCIIJOBHOCTEH, SKUI
BIJIPI3HAETHCS Bif] BiOMHUX (DOPMYBaHHSIM IIEHTPOBAHOTO PSALY HA OCHOBI CEPETHBOTO
3HAUEHHS MaKCUMallbHUX BHKUIIB Oiunmx memoctok ®BK, 3acrocyBanHs sKoro
JI03BOJISIE€ 3HU3UTH PIBEHb 3aBaJl MHOKUHHOTO IOCTYITY 1 30UIBIIUTHA 00’ €M aHCaMOJISL.

3. OTpuMaB NOAAJBIIOr0 PO3BUTKY METOT POPMYBaHHS aHCAMOJTIB CKJIaTHUX
CUTHAJIIB HAa OCHOBI TMOCHIJOBHOCTEH 3 TMOKPAIICHUMU B3a€EMOKOPEISIIIMHUMU

BJIACTUBOCTSIMU, OTPUMAHUMH HUISIXOM CMYTOBO1 (DUIbTpallil 3 MepecTaHOBKAMH,
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peani3oBaHUi Ha OCHOBI BHUAUIEHHI 31 CHEKTpa MOCHIJOBHOCTEH PIBHUX CMYT 3
HACTYITHUM MEPEHECEHHSIM B CIIUIbHY 00JIaCTh YacCTOT 1 MOJANbIIUM 3aCTOCYBAHHSIM
MEPECTAHOBOK, IO J03BOJIAE€ 30UIBIIMTH 00’€M aHCAaMOJIIB CKJIAJHUX CUTHAIIB MpH
3ajaHomy piBHi 3M/JI.

IIpakTHYHe 3HAYEHHSI OTPUMAHHUX Pe3yJIbTATIB JOCITIKCHB MOJISATAE:

1) y po3poOsieHHI mporpamMHOi peamizaiii Meroay (HopMyBaHHsS aHCaMOJIiB
CKJIQJHUX CHUTHAJIB, OTPUMAHUMH IILIIXOM IIEPECTAHOBKA YAaCOBHUX IHTCPBAJIIB
MIOCITITOBHOCTEH HAa OCHOBI IIGHTPOBAHOTO PSAY, SKUH JIO3BOJIAE TOKPAITUTH
B3aEMOKOPEJISIIIIAHI BJIACTUBOCTI C(HOPMOBAHUX aHCAMOJIIB CKJIAIHUX CHUTHAJIB Yy
MOPIBHSHHI 3 BIIOMUMH aHCAMOJIIMU Ha OCHOBI TIOCJIIIOBHOCTEH 3 HU3BKUM PIBHEM
€HEPreTUYHOI B3a€MO/II1 1 3MEHIITUTH PIBHI MAKCUMAaJIbHUX BUKU/IIB O1YHUX METIOCTOK
¢dyHKIii B3aeMHO1 Kopensii Ha 7-12 %.

2) po3poOjcHHI TporpamMHoOi peamizaiii MeTOAy IEPEeCTaHOBOK YaCTOTHHX
€JIEMEHTIB CUTHAJIB IUISIXOM MOBHOTO Nepedopy, KUK A03BOJISIE 30UIBIIUTH 00’ €M
aHcaMOJIIB CKJIQJJHUX CUTHAJIB B M pa3, e M — YUCIO MEePEeCTaHOBOK YaCTOTHUX
€JIEMEHTIB.

3) po3pobieHHI MporpaMHOi peainizamii MeToxy (opMyBaHHS aHCamOJIiB
CKJIQJIHUX CHUTHAJIIB HAa OCHOBI BHUKOPHUCTAHHSIM TIOCIIIOBHOCTEH 3 IMOKPAICHUMU
B3aEMOKOPEIISIIIIMHUMH BJIACTUBOCTIMHU, OTPUMAHUMH IIJIIXOM CMYToBoi (iTbTpariii 3
IepeCTaHOBKAMH, SIKUH JI03BOJISIE 30UTBIIATH 00’ €M aHCAMOJIIB CKJIaJHUX CUTHAJIIB Y
MOPIBHSAHHI 3 BIIOMUMHU aHcaMOsiMu Ha 16-26 %.

OtpumanHi B poOOTI pe3ynbTaTi 3HAWINUIM TPAKTUYHE BIPOBAKEHHS Ta
Bukopuctanusi: B HJIP VYkpaincbkoro nep:kaBHOTO YHIBEPCUTETY 3ai3HUYHOTO
TpaHcopTy «JlOoCHipKeHHsT 3arajdbHOJEPKAaBHUX BUMOT IO PO3MOAUTY YacTOT
VYkpainu, HOBITHIX U(PPOBUX CUCTEM TEXHOJOTIYHOTO PaAIi03B’ 3Ky Ta PO3POOICHHS
TJIaHy BUKOPHUCTAHHS Pai09acTOTHOTO PECYpCY MEPEkK TEXHOIOTIIHOTO Paio3B’ 3Ky
AT «Yxpainceka 3amizHUI»» (JIPNe 0121U100191);

H/IP Hamionanenoi akanemii HamionansHoi I'Bapaii Ykpainm, mmdp

«ITomsta 3» (JIPNe 0116U004048).
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Oco0uctnii BHecok 3100yBava. Bci pe3ynbratu BUKIAAE€H]1 y AUCepTaLliiHINA
poOOTI, OTpHMaH1 aBTOPOM CAMOCTIMHO. Y poOOTax, BUKOHAHUX Yy CIIIBABTOPCTBI 1
OMyOJIIKOBAaHUX Y HAYKOBHX (paXOBHX BUIAHHAX YKpaiHM Ta BUAAHHSAX YKpaiHu, sKi
BKJIFOUEH1 1O MDKHAPOJIHUX HAYKOMETPUYHUX 0a3, 0cOOUCTUI BHECOK aBTOPA MOJISTAE Y
po3po0bJieHH1 MeTO1IB (OpMYyBaHHS aHCAMOJIIB CKJIAJIHUX CUTHAIIB JUIsl KOTHITUBHHUX
TEJIEKOMYHIKAIMHUX CUCTEM. Y CTaTTsX, Kl Oyiu omyONiKOBaHI y CIIBaBTOPCTBI,
3100yBavy HaJIekKaTh TaKi pe3yJIbTaTH: y po0oTi [17] — MeTo1 mepecTaHOBKY IHTEPBAJIiB
3 ypaxyBaHHSIM B3a€MOKOPCIIALIMHAX BJIACTUBOCTEH cerMeHTiB, y poboti [18]
MPOBEICHO JOCIIPKEHHS BIIACTUBOCTEH aHCaAMOJIB CKJIAJHUX CUTHAJIB, OTPUMAHUX
IIJISIXOM IIEPECTaHOBOK YaCOBUX IHTEPBAIIiB HA OCHOBI ICHTPOBAHOTO psiy, y poboTi [30]
— MeToJ; hopMyBaHHS aHCAMOJIIB CKJIQJIHMX CUTHAJIB IUISTXOM 4acTOTHOI (hinbTparii
TICEB/IOBUITAIKOBUX TOCI1JIOBHOCTEH 3 HU3bKOKO B3aEMOJIIEI0 B YaCOB1H 00J1aCTi, y poOOTi
[31] mpoBeaeHo mocmimKeHHST aHCaMOJIEBMX BJIACTUBOCTEH CKJIQJIHHMX CHUTHAIIB,
OTPUMAHUX 3a PaXyHOK YacTOTHOI (PIbTpallii MCEeBIOBUIAIKOBUX MOCTIIOBHOCTEN 3
HHM3BKOIO B3aEMO/IIEIO B YacOBii 00jacTi, y podoTi [38] — MeTon popMmyBaHHs aHcamMOJIiB
CKJIaJTHUX CUTHAJIIB 30UIBLIEHOTO 00’ €My Ha OCHOBI BUKOPUCTaHHS YaCTOTHUX CMYT.

Amnpodauisi pe3yabtatiB aucepranii. OCHOBHI TMOJOXEHHA 1 pe3yibTaTH,
oJIeprKaHi B TIPOIIEC] TOCI1KEeHb, IOTIOB1IATUCS, 00TOBOPIOBAIMCS Ta YXBAJICHI HA TAKUX
koH(pepenmisnx: VII MixxnapoaHiii HaykoBo-TexHIuHIM koH(pepeniii (ITonrara, 20-21
kBiTHS 2017 p.); 33-it MikHapoaHii HAayKOBO-TIpakTW4HINA KoH(pepeHmii (Xapkis,
30 xoBtHs 2020 p.); X MikHapOHI! HAYKOBO-TIPAKTUYHIN KOHpEpeHIIil (3amopixkKs,
07 —09 xostHs 2020 p.); Beceykpaincrekiit HaykoBo-ipakTHuHii KoHpepeHtlii (JIbBiB,
20 muctomagma 2020 p.); VI BceeykpaiHcbkiii HayKOBO-TPAaKTHYHIN KOHMepeHIii
(ITonrraBa, 06 mucronana 2020 p.).

Y noBHOMY 00Cs31 pe3yabTaTH AUCEPTAIIIHOT pOOOTH 3aCTyXaHO Ta CXBAJIECHO
Ha PpO3IIMPEHOMY 3acilaHHi Kadeapw TPAHCIOPTHOTO 3B’SI3Ky YKpaiHCHKOTO
JEP>KaBHOTO YHIBEPCUTETY 3aJ13HUYHOTO TPAHCIIOPTY.

Iy6aikamii. Pe3ynbraTi HAyKOBUX JOCHIIXKEHD Bi10OpakeHo B 11 npykoBaHux
MpaIX, 30KpeMa B IIECTH CTATTAX Y HAYKOBUX (haxOBHUX BUIAAHHIX YKpaiHU (3 HUX IT’SITh

— y HayKOBUX ()aXxOBUX BUJAHHSIX Y KpaiHU, OJIHA Y ’KYpHAJIl, BHECEHOMY JI0 MI>KHAPOIHOT
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HaykomeTpuuHoi 06a3u ganux WEB OF SCIENCE), n’a1e ny0iikaiiii y Marepiaiax
MDKHAPOJHUX HAYKOBUX KOH(EPEHIIH.

Crpykrypa Ta oOcar aucepramii. /lucepramiiina poboTa ckiajnaerbes 3
aHoTallil, BCTYNy, YOTUPbOX PO3/LIiB, BUCHOBKIB, CIIUCKY BUKOPHCTAHHUX JKepen 1
nonatkis. [loBaumit oOcsr auceprarlii ckinagae 156 ctopiHok, y Tomy yucii 116 ctopinok
OCHOBHOTO TeKCTy, 31 pUCyHOK, 9 Tabuuilb, CIMCOK BUKOPUCTAHUX Jxkepen 13 114

HaliMmeHyBaHb Ha 9 cTopiHkax 1 5 nogaTkis Ha 31 cTopiHIIi.
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