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AHOTAIIA

Jlazypenxo B.O. Mopeni Ta METOAM MIJIBUIICHHS SKOCTI MOOUTHBHOTO 3B’S3KY
HUISIXOM 3aCTOCYBaHHS HAAIIMPOKOCMYTOBHX TexXHOJOT1i. — KBamidikaiiiiHa HaykoBa
mparls Ha IpaBax pyKOIMHCY.

Hucepraiiiss Ha 3700yTTS HAyKOBOTO CTymHeHs JOKTopa ¢igocodii 3i
cnemianbHocTi 172 — TenekomyHikanii Ta pamiorexHika (17 — Enekrponika Tta
TeleKoMyHikaiii). — HamioHanpbHUN TEXHIYHMM yHIBEpCUTET «XapKIBChKHUI
MOJIITEXHIYHUHN IHCTUTYT», XapkKiB, 2024.

Hucepramiiina po0OoTa MNPUCBSYEHA BHPIMICHHIO aKTyallbHOI HAayKOBO-
OPUKIAJAHOI  3ajayi, sKa TMOJsIrae 'y po3poOii  MeToAiB  3a0e3neueHHs
3aBa/I03aXUILIEHOCT] 13 MIATPUMKOIO SKOCTI OOCIyroByBaHHS y O€3MpPOBOJOBHUX
TEJIEKOMYHIKAlIMHUX Mepekax Ha OCHOBI 3aCTOCYBaHHS HaJIIIMPOKOCMYTOBHX
TEXHOJIOT1H.

Memotro Oucepmayitinoi pobomu € po3poOKa HOBUX Ta YJAOCKOHAJIECHHS
ICHYIOYMX METOIB MIABUIICHHS 3aBaJI03aXHUIICHOCTI TEIEKOMYHIKALIMHUX MEpex
HUISIXOM PO3POOKH 1 BAOCKOHAJEHHS BIJMOBIIHUX MOJENEN 1 METOIB (POpMyBaHHS
aHCcaMOJIIB CKJIAJIHUX CUTHAJIIB.

06’exm Oocnioxcennsi — mporecu mnepenadi iHgopmailli B 6e3MpoBOJOBUX
TEJIEKOMYHIKALIHUX MEpexax.

IIpeomem docnioxcenns —Mozaei Ta METOIH 3a0e3eUeHHS 3aBa103aXUIIEHOCTI
13 MIATPUMKOIO SKOCTI OOCIYroBYBaHHS B O€3MPOBOJIOBUX TEJICKOMYHIKAI[IMHUX
Mepexax.

VY BCcTymi 0OrpyHTOBAaHO aKTyalbHICTh 3a0€3MEUCHHS 3aBaJI03aXUINECHOCTI Ha
OCHOBI TEXHOJIOT1i HaJIIMPOKOCMYTOBOTO 3B’S3KY, MIPEACTABICHO 3B 30K POOOTH 3
HAyKOBMMHU TIporpamMamMu, IUTAaHAMH 1 TEMaMH, HaBEJICHO HAyKOBY HOBHU3HY,
MPEICTABICHO NMPAKTUYHE 3HAYEHHS OTPMMAHUX PE3YyJIbTATIB, HaJaHO 1H(OpMAIliIo
I10JI0 OCOOMCTOTO BHECKY 3/100yBaua, MpeACTaBICHO Tepesik myOsikaIiid 3a TeMOIo
TucepTarii.

Y nmepmomy po3aiii BUKOHAHO TIOCTAaHOBKY HAayKOBO-TEXHIYHOI 3ajadi

3a0e3MeyeHHsI 3aBa/103aXUILEHOCT] y O€3MPOBOJOBUX TEICKOMYHIKAIHHUX MEepexax.
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JlocmimkeHo cydacHU# CTaH Ta TeHACHIIIT OIabIIOT0 PO3BUTKY METO/1B OpraHizarii
CUCTEM MOOUIBHOIO 3B’s3KYy. 3MIHCHEHO aHaji3 MpoIeciB nepenadi iHdopmarlii ta
OOTPYHTOBAHO JOIIJIFHICTh 3aCTOCYBaHHS HAAIMUPOKOCMYTOBUX CUTHAIIB B CHCTEMax
1udpoBoro 6e3MPOBOAOBOTO MOOLILHOTO 3B’s3Ky. IlokazaHo, IO KpHUTEpiEM
3aBaJI03aXHUIIEHOCTI € BIIHOIIEHHS CePEHBOI MOTYKHOCTI 1HGOPMAIIMHOTO CUTHATY
70 TMOTY>XHOCTI mymy. JloBeaeHo, mo mjisi 3a0e3medeHHs] 3aBal03aXUIEHOCTI MpU
3aJIaHOMY PIBHI SKOCTI OOCIYroBYBaHHS, JOLUIBHO 3JIMCHUTH pPO3poOKYy Ta
yIOCKOHAJICHHSI HOBUX MO/IEJIeH 1 METO/IIB Ha IPYHT1 TEXHOJIOT1] HAAIITUPOKOCMYTOBUX
curHaiiB. BukoHana ¢opMmalibHa NOCTAaHOBKA 3a4adl Ta c(OPMYJIbOBaHI 3aBIAaHHS
JTCEePTaLIHOTO JOCIIIKCHHS.

VY npyromy posauii po3poOieHo MeToj (popMyBaHHS aHCaAMOIB CKJIATHUX
CUTHAJIIB B CHUCTEMax MOOUIBHOTO 3B’SI3Ky. 3alpONOHOBAHO METOJ CTBOPEHHS
CUTHAJIBHO-KOJOBOI KOHCTPYKILIi 1HQOPMALIITHOrO CUTHAYy Ta METOJ (POpMyBaHHS
HE3AJICKHUX 3aBaI03aXUINEHUX KaHAIIB 3B’sI3Ky. Po3pobmeno meton (GopmyBaHHS
aHCaMOJIIO CKJIATHOTO HAJIIIUPOKOCMYTOBOTO 1H()OPMAIIHHOTO CUTHATY Ta MOJEIb,
gKa peaizye po3poOJIEHHA METOJ OJHOYACHOTO (DOPMYyBaHHS OIOPHOTO Ta
iHpopMariiHoro curHajaiB. 3ampolNOHOBAaHWH METOJ Ha OCHOBI CKJIQJIHOTO
HAJIIMPOKOCMYTOBOTO  1H(OPMAIIHOTO  CUTHANy  JO3BOJISIE  TapaHTOBAHO
3a0€3MeUUTH BUMOTH II0JI0 3aBaJI03aXUILEHOCT], MPUXOBAHOCTI 1 OE3MEKU KaHaliB
0e3MpoBOIOBOTO MOO1TBHOTO 3B’s13Ky. Po3poOienuit Meton GopMyBaHHS CKIATHHUX
1H(pOpMAIITHUX HAIIIMPOKOCMYTOBUX IMITYJIbCHUX CUTHAIIB JO3BOJISE 30UIBIIATU
HIUTBHICTh 1H(GOPMAIIMHUX KaHaMB Ta o0card 1H(opMmarii, Mo IUPKYIIOE Y
0€3MPOBOOBUX MEpeXkKax 13 OJJTHOYACHUM II1JIBHIICHHAM 11 3aXUIIEHOCTI B yMOBaXx Iii
MPUPOAHUX Ta MTYYHUX 3aBa.

VY TpeTboMy pO3auTI JOCTIIKEHO MO 1 METOU TTOOYI0BH aHTCHHUX CUCTEM
JUIsS peaitizallii TEeXHOJIOTii HaAIIMPOKOCMYTOBOTO 3B’s3Ky. P03po0iieHO MeTo
BUIIPOMIHIOBaHHSI aHCAMOJII0 CKJIAIHUX HAAIIMPOKOCMYTOBHUX CUTHAIIB Ta MOJEIb
aHTEHHOI CHUCTeMH, W0 Horo peamnizye. [lpudomy dopmyBaHHS OIMOISPHOTO
IMITYJIbCHOTO 1H(OPMAIIIHHOTO CUTHAJY, SIKUM SIBJsiE COOOK0 €KBIBAJEHT MOXIIHOI

MOHOIMKITY ['ayca, 3mIMCHIOIOTh HUISIXOM 1HTEpQEpeHiii HWOro CKIAJOBUX Y
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€KBIBaJICHTHOMY 3araJlbHOMY PO3KPHUBI aHTEHHU, 0 JT03BOJIsiE Y 2,37 pa3iB MiIBUIIATH
pazaiyc naii BUIpoMiHIOBaHHS aHTeHH. CTBOPEHO 1 JOCTIHKEHO MOJEIb TYPHIKETHOT
AHTEHHO1 CHUCTEMH Ta METOJ MEPEXTIMBOI MOJSPU3AIlii, 3TITHO SIKOTO KOXEH 13 cepii
YUIIiB, 110 KOAYIOTh 1H(POpMAaIiHHUK 01T, 110 Yep3i MOAal0Th HAa OJHY UM 1HIIY aHTEHY,
K1 B aHTEHHOMY OJIOIIl pO3TallloBaHi OPTOrOHAIBHE, IO JO3BOJIAE OUIBIT HIXK Y/IBI4l
OiABUIIUTU Pajlyc il €JIeKTPOMAarHiTHOTO BHUIIPOMIHIOBaHHS aHTeHH Lle Takox
3abe3reuye MPUHOM 1 Mepeaady eJeKTPOMAarHiTHOTO BHUIIPOMIHIOBAHHS JOBIJIBHOT
noJisipu3anlii, sIKke XapakTepHe sl Oe3MpOBOJOBUX TEICKOMYHIKALIMHUX CHCTEM
MOOUIBLHOTO 3B’ SI3KY.

VY yeTBepTOMY PO3JILII JOCIIHKEHO METO KOPETSIIAHOTO MPUioMy aHCaMOII0
CKJIQJHOTO CUTHAITY, SIKUW J103BOJISI€ PO3MI3HATH 1 BUIYUYUTH 1H(POPMALIIITHUI CUTHAI
13 CyMilIIIl TayCOBOTO O1IOT0 IIyMy Ta KOpUCHOTO curHaiy. [lokasaHo, 1o 10CTOBIpHE
BIJIHOBJICHHSI TepeaHoi OlHapHOi iH(opMalii JO3BOJISIE 32 YMOBHM BEIMKOI 0asu
curnaiy (B > 300) 3nilicHIOBaTH NpUXOBaHy Nepeaayy curHaiy (c/ut = -3 ... - 6 0b)
i3 iMOBipHicTIO MOXMOKM Ha 6iT MeHmie, Hixk 10°. IIpoBeneHO OLiHKY eeKTHBHOCTI
pO3pOOJIEHNX  HAYKOBO-TEXHIYHMUX  PEKOMEHHAlld MO0 iX  MPaKTUYHOTO
BUKOPUCTAHHSA, IO JO3BOJISE 3IMCHIOBATH 3aBa/IO3aXUIICHY HaAINMHY Mepenaqy
nBiiikoBOoi  mudpoBoi iHPopMalii B yMOBaX BHHHKHEHHS 30BHIIIHIX Ta
BHYTPIIIHBOCUCTEMHHX 3aBaJl.

Y BHUCHOBKax HaBEIEHO OCHOBHI pE3yJbTaTH HAyKOBOI pOOOTH IIOJ0
BUPIIICHHS MTOCTABIEHUX HAYKOBUX 3374 OCI1I>KESHHSI.

3a pezynomamamu 00CAiOHCEHHSI OMPUMAHO MAKL HAYKOBL Pe3ya1bammu.

1.Bnepwie 3amponoHOBaHO MeToa (OpMYBaHHS aHCAMOJIIO  CKIJIAJIHOTO
HAJIIITUPOKOCMYTOBOTO 1H(QOPMAIITHOTO CUTHAIy B CHUCTEMax MOOUIHLHOTO 3B’SI3KY,
SKUH JTa€ MOXKJIUBICTD 3[1HCHIOBATH 0€3MPOBOIOBHI 3B’ SI30K B IIUPOKINA CMY31 4acToT,
KOJIM piBeHb 1H(OPMAIIITHOTO CUTHAITY IOPIBHIOE YM HIDXKYE PIBHSA LIYyMY.

2.Bnepue 3anpornoHOBaHO MOJIENl 1 METOAW NMOOY0BU aHTEHHUX CUCTEM IS
peaiizaiii TEXHOJOTii HAAMIMPOKOCMYTOBOTO 3B’SI3KY Ta METOJ MEPEeXTIUBOI
NOJISIpU3allii JUisl TeIEKOMYHIKAUIMHUX CUCTEM O€3MpPOBIIHOIO MOOIIBHOTO 3B’SI3KY,

KWW BPaXOBY€ OCOOJMBOCTI CTBOPEHHS, PO3MOBCIOKEHHS y TPOCTOPI Ta MPUHOMY
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HAIIMPOKOCMYTOBHUX 1H(QOPMAIIHHUX CUTHATIB, IO 03BOJSE BUKOHATH BUMOTHU
10]10 3a0e3neYeHHs 3aBa103aXUILEHOCTI 0e3MpOBOOBUX PYXOMUX
TEJIEKOMYHIKaLIHHUX CUCTEM 13 MATPUMKOIO SIKOCTI 0OCITyrOBYBaHHSI.
3.Voockonaneno MeTOJl OAHOYACHOTO KOJYBaHHS Ta MOAYJsALIil 1HMOpMalii
[UIIXOM CTBOPEHHS CUTHAJIBHO - KOJOBO1 KOHCTPYKIIi1, IKMI 0a3y€eThCsl HA 3CYBI Y Yaci
KOJyF0YOT'O CUTHATY 010 HOTO OCHOBHOTO TTOJIOKEHHS y MTOCITIIOBHOCTI CUTHAJTIB Ta
BIJIDI3HSIETHCS BIiJl BIJIOMHUX THM, II0 BEJIMYMHA YacCOBOTO 3CYBY CKIIQJa€ YBEPTh
TPUBAJIOCTI KOJTyIOUOTO CUTHAITY.

4.Yoockonaneno meton GopMyBaHHS HE3AJIC)KHUX 3aBaJI03aXUINEHUX KaHAJIIB
13 3aCTOCYBaHHSIM OPTOTOHAJILHOTO KOJYBaHHS, SIKUUA 0a3yeThCcsl Ha JOJAATKOBOMY
3CYBI y Yaci KOJYKUOrOo CHUTHajdy BIIHOCHO OINOPHOi iX TOCIIOBHOCTI Ta
BIJIPI3HIETHCS TUM, 110 BEJIMYMHA YACOBOTO 3CYBY BIJIHOCHO OMOPHOI MOCIIOBHOCTI
CKJIajlae 2-3 TOPSJIKU TPUBAJIOCTI KOAYHOYOTO CHUTHAIY, IO J03BOJSE YIIUIBHUTH
KaHAJIM 3B’SI3Ky 0€3 MOpyLIEHHS SKOCTI iX poOOTH.

5. Ompumas nodanvwiuii  po36UMOK METOJl  KOPEJIIHHOTO  IpHiioMy
HAJIIIIUPOKOCMYTOBUX CHUTHAIIB, SKWW Ja€ MOMXJIUBICTh 3I1MCHIOBATH TMOJABIHHY
CIIeKTpaJIbHY OOpOOKYy 3a 4Yac TOSBH KOXKHOro OiTy iHdopmarliii, 10 J103BOJISIE
30UIBIIIMTH CHIBBIAHOIICHHS CUTHAJI/3aBajia Ha BXO/1 ITpuiiMaya.

6. Ompumas nodarvuiuii po3eumox METOA PO3IMi3HABAHHS 1 BHIYYCHHS
1H(OpMAIIHHOTO CUTHATY 13 CyMIillll TAyCOBOTO OLJIOTO MIyMy Ta KOPUCHOTO CHUTHAITY
HUIIXOM KOpEJALli MPUUHATOrO 1 OMOPHOTO CHUTHANY, WO JO3BOJISE IMiJABUILIUTU
JIOCTOBIPHICTh MPUHOMY.

JocmimpkeHHs, pe3yIbTaT SSKUX BUKJIQJICH] B IUCepTalliiiHiii poOOTi, BUKOHAHI
Ha kadenpi «Cucremu indopmanii iM. B.O. KpaBus» HTY «XapkiBchkuii
MOJIITEXHIYHUN 1HCTUTYT» BIANOBIIHO 10 3aBAaHb JAepxkOromxeTrHoi Temu MOH
VYkpainu: MixHapogauii mpoekT 3a mnporpamoro ERASMUS+ (Project Number:
598236-EPP-1-2018-1-LT-EPPKA2-CBHE-SP) 3a Temoio «dComFra — Digital
competence framework for Ukrainian teachers and other citizens», B sikux 3100yBau

OYB BUKOHABIIEM OKPEMUX €TaIliB.
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3a pesynapTaTaMy JOCHIJDKEHHS IMMiATBEPHKEHO MPAKTHYHY Ta TEOPETUUHY
I[IHHICTh PO3POOJICHUX MOJIEJICH Ta METOI1B, HaJaHO MPAKTUYHI peKOMEH/Iallii, 11010
3aCTOCYBaHHS PO3POOJICHUX MOJENeH Ta METOAIB Ta PO3IIIAHYTO MEPCHEKTUBU iX

IMOJaJIbIIOI'O PO3BUTKY.

Knwouosi crnosa: anani3, BiIMOBOCTIMKICTh, BUIIPOMIHIOBAHHS, €IEKTPOMAarHiTHa
CYMICHICTh, 3aBaJIOCTIHKICTh, KOJYBaHHS, KOPEJAIs, METOJIU, Mepeka, MOJCIHb,

MOJICITIOBAHHS, IKICTh OOCTYyTOBYBaHHS, ONITUMI3allisl, CHTHAJI, CHCTEMA.

Cnucok nyonixayiti 3000ysaua

Hayxosi npayi, 6 sikux onyoniko8ano 0CHOBHI HAYKOBI pe3yibmamu.

1. B.A. Lazurenko, A.A. Serkov, K.A. Trubchaninova, A.E. Horiushkina.
Security Improvement Techniques for mobile applications of Industrial Internet of
Things, IJCSNS International Journal of Computer Science and Network Security,
WoS, Korea, 2020. Vol. 20, No. 5, pp. 145-149.

2. V. Knyazev, V. Kravchenko, B. Lazurenko, O. Serkov, K. Trubchaninova, N.
Panchenko. Development of Methods and Models to improve the Noise Immunity of
Wireless Communication Channels, Eastern — European Journal of Enterprise
Technologies, Kharkiv, 2022. Vol. 1. Ne 5(115). pp. 35-42. (A)

3. Aleksandr Serkov, Oleg. Kasilov, Bogdan. Lazurenko. Volodimir Pevnev,
Karyna Trubchaninova. Strategy of Building a Wireless Mobile Communication
System in the Conditions of Electronic Counteraction, Radioelectronic and Computer
Systems, Kharkiv, 2023, Ne 2(106). pp. 160-170. (A).

4. Alla Jammine, Serkov Alexandr, Bogdan Lazurenko, Nait-Abdesselam
Farid. The Order of Formation of Information Signals in 110T, IJCSNS International
Journal of Computer Science and Network Security, WoS, Korea, 2023. Vol. 23, No.
3, pp. 139-143.

5. N. Dzheniuk, S. Yevseiev, B. Lazurenko, O. Serkov, O. Kasilov. A Method
of Protecting Information in Cyberphysical Space. Advanced Information Systems,
Kharkiv, 2023. Vol. 7. No. 4. pp. 80-85. (A)
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6. Aleksandr Serkov, Alla Jammine, Dmytro Kudii, Nataliia Dzheniuk, Nait-
Abdesselam Farid, Bogdan Lazurenko. Security Models and Methods of Socio-
Cyberphysical Systems. Proceeding of IEEE 2023, 7" International Symposium on
Multidisciplinary Studies and Innovative Technologies (ISMSIT 2023), (October 26-
28, 2023, Ankara), Scopus, Turkey, 2023.

7. Natalila Dzheniuk, Stanislav Milevskyi, Bogdan Lazurenko, Aleksandr
Serkov, Andrii Zakharzhevskyi. Sociocyberphysical Security Systems Synthesis
Models. Confreres materials. Proceeding of IEEE 2023, 7™ International Symposium
on Multidisciplinary Studies and Innovative Technologies (ISMSIT 2023), (October
26-28, 2023, Ankara), Scopus, Turkey, 2023.

8. b.O. Jlazypenko, K.A. TpyOuaninosa, O.A. CepkoB. MeTon 3a0e3mneueHHs
3aBaIOCTIMKOCTI PYXOMOTO 3B’SI3Ky NMPU BUHUKHEHH1 BHYTPIIIHBO CUCTEMHUX 3aBajl.
Cucmemu ynpaeninus, Hasicayii ma 36 a3y, [lontasa, 2020. Bumyck 1(59). C.155-
159. (B).

9. B.O. Jlazypenko, K.A. TpyOuaninoBa, O.A. CepkoB. 3aBaJoCTINKICTb
MOOUTLHUX TEJIEKOMYHIKAIIHHUX cucteM. Cucmemu ynpasiints, Hagieayii ma 368 53Ky,
[MTonTasa, 2020. Bumnyck 2 (60). C.169-172. (b).

10. B.O. Jlazypenko, O.A. CepkoB, H.I'. Kyuyk, A.E. T'opromkina. Meton
dopmyBanHs iHpopmamiiiaux curHaniB B cucteMi Industrial Internet of Things. .
Cucmemu ynpaeninns, nasieayii ma 36 s3xy, Ilontasa, 2021. Bumnyck 2 (64). C.166-
170. (b).

11. B.B. Kuszes, B.I. KpaBuenko, b.O. Jlazypenko, O.A. Cepxon, K.A.
TpyOuaninoBa. Meton 3a0e3nedyeHHs] E€IEKTPOMArHITHOI CYMICHOCTI MOOUIBHHMX
TEJIEKOMYHIKAIIMHUX CUCTeM 3B’sI3Ky. Cucmemu ynpaeninHs, Hasieayii ma 38 53Ky,
[TonTaa, 2021. Bumyck 3 (65). C.134-138. (b).

12. V. Knyazev, B. Lazurenko, A. Serkov. Methods and tools for assessing the
level of noise immunity of wireless communication channels. Innovative Technologies
and Scientific Solutions for Industries, Kharkiv, 2022. No. 1 (19), pp. 92-98. (b).

Ilamenmu ma céiooymea npo UHAXOOU
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13. Cnoci6 mnepemaui iHpopMalli HAAMKUPOKOCMYTOBUMH IMITYJIbCHUMH
CUTHaJaM{ B TPaAHCIOPTHUX 3aco0ax: maTeHT Ha kopucHy mozaens UA 140210 U
VYkpaina: MIIK H04B 1/12 (2006.01) / C.B. Ilanuenko, O.A. Cepxo, K.A.
Tpy6uaninoa, M.C. Kypues, b.O. Jlazypenko; u 2019 07640; 3assn. 08.07.2019;
omy61. 10.02.2020, bromn. Ne 3.

14. Cnoci®0 30ymKeHHS HaAIIUPOKOCMYTOBOI AaHTEHH 3 MEPEXTIHBOIO
noJisipu3aiiiero: nateHT Ha kopucHy mojenb UA 141131 U Vkpaina: MIIK HO1Q
21/06 (2006.01) / C.B. ITanuenko, O.A. Cepkos, K.A. TpyOuaninosa, M.C. Kypries,
b.0O. Jlazypenko; U 2019 08723; 3asBin. 19.07.2019; omy6:1. 25.03.2020, bron. Ne 6.

15. HagmmpokocMyroBa aHTeHa 3 MEPEXTJIMBOIO TMOJIAPU3AIIIEID: TATEHT
Yxpainu Ha kopucHy moaens UA 141130 U MIIK HO01Q 21/02 / O.A. Cepxos, C.B.
[Tanuyenko, K.A. Tpy6uaninoBa b.O. Jlazypenko, M.C. Kypues; u 2019 08722 3asBi.
30.07.2019; omy6. 25.03.20, bron. Ne 6.

16. Crioci6 npuiiomy 1 poBUX IBINKOBUX CUTHAIIIB B YMOBAaX IIyMy: MaTE€HT
VYkpainu Ha kopucHy monens UA 145319 U, MIIK H04B 1/06, / O.A. Cepkos, C.B.
[Tanuenko, K.A. Tpyb6uaninoBa b.O. Jlazypenko, A.€. I'opromkina; U 2020 04847
3asB11. 29.07.2020, ony6u1. 25.11.20, bron. Ne 22.

17. Cnoci6 mnepenaui iHbopMarllii HAAMMUPOKOCMYTOBUMU IMITYJILCHUMU
CUTHajaMu: maTteHT Ykpainu Ha BuHaxig Ne 123519 U, MIIK HO04B 1/02 (2006.01),
HO04B 1/69 (2011.01), H04B 7/00, / b.O. Jlazypenko, O.A. Cepkog, B.41. I1eBHeB, B.A.
Tkauenko, B.C. Xapuenko; a 201905980 3assi. 30.05.2019, ony6s. 14.04.2021, brog.
No 15.

18. HanpmmupokocMyroBa aHTeHA 3 MEPEXTJIMBOIO TMOJSPHU3AIIEI0 Ta CHOCIO ii
30y KEHHS: MaTeHT YKpainu Ha BuHaxig Ne 126475 U MIIK H01Q 21/06, HO1Q
13/08, / C.B. Ilanuenko, O.A. CepkoB, K.A. Tpy6uaninoBa, M.C. Kypues, b.O.
Jlazypenko; a 201908720 3assn. 19.07.2019, ony6s1. 13.10.22, bron. Ne 41.

19. Conoci6 mnepenmaui iH@opmailii B O€3MPOBIAHUX TEICKOMYHIKAIIHHUX
Mepekax: MaTeHT YKpaiHu Ha kopucHy mogenb Ne 156075 U MIIK H04B 1/12, /
IleBneB B.A., CepkoB O.A., Jlazypenko, b.O., Ilypanor M.B., 3emmsiako I'.A; U
202302882 3asBi. 14.06.2023, ony6:. 09.05.24, Bron. Ne 19.
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20. Cmnoci6 ¢opMyBaHHS TOMONOTIT MOOITBHOI OE3MPOBIAHOI TOBITPSIHOT
Mepexi: MmareHT YkpaiHu Ha kopucHy Mmozenb Ne 156381 U MIIK HO04B 1/12, /
Jlxentok H.B.. €BceeB C.II., Jlazypenko b.O., CepxoB O.A., XBocrenko B.C.,
Kopuaria M.B., Opexos C.B., JIe3ik O.B., Kopcynos C.I., Boponaii H.1.; u 202301793
3asBi. 18.04.2023, ony6u1. 20.06.24, bron. Ne 25.
21. Komm’totepHa mporpama st 3a0e3MeueHHs eIeKTPOMarHiTHOI CyMiCHOCTI
B CaMOOpraHi3oBaHiii Oe3npoBiaHii pamiomepexi «Compatibility» / O.A. Cepxkos,
B.B. Kuszes, B.l. Kpasuenko, b.O. Jlazypenko // CsimomrBo Ne 106702 Bin
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ABSTRACT

Lazurenko B.O. Models and Methods for Improving the Quality of Mobile
Communication by Using Ultra-Wideband Technologies. — Qualifying scientific work
on manuscript rights.

The thesis is submitted to obtain a scientific degree of Doctor of Philosophy,
specialty 172 — Telecommunications and Radio Engineering (17 — Electronics and
telecommunications). - National Technical University "Kharkiv Polytechnic Institute™,
Kharkiv, 2024.

The dissertation work is devoted to solving an urgent scientific and applied
problem, which is to develop methods for ensuring interference immunity with
maintaining the quality of service in wireless telecommunication networks based on
the use of ultra-wideband technologies.

The purpose of the dissertation work is to develop new and improve existing
methods for increasing the noise immunity of telecommunication networks by
developing and improving appropriate models and methods for forming ensembles of
complex signals.

Object of the research is the processes of information transmission in wireless
telecommunication networks.

The subject of research is is models and methods for providing noise immunity
with quality of service support in wireless telecommunication networks.

The introduction substantiates the relevance of providing noise immunity based
on ultra-wideband communication technology, presents the connection of the work
with scientific programs, plans and topics, provides scientific novelty, presents the
practical significance of the results obtained, provides information on the personal
contribution of the applicant, and presents a list of publications on the topic of the
dissertation.

In the first chapter, the scientific and technical problem of ensuring interference
immunity in wireless telecommunication networks is formulated. The current state and
trends in the further development of methods for organizing mobile communication

systems are investigated. An analysis of information transmission processes is carried
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out and the feasibility of using ultra-wideband signals in digital wireless mobile
communication systems is substantiated. It is shown that the criterion of noise
immunity is the ratio of the average power of the information signal to the noise power.
It is proved that in order to ensure noise immunity at a given level of service quality, it
is advisable to develop and improve new models and methods based on ultra-wideband
signal technology. The formal statement of the problem and the tasks of the dissertation
research are formulated.

In the second chapter, a method for forming ensembles of complex signals in
mobile communication systems is developed. A method for creating a signal-code
design of an information signal and a method for forming independent noise-protected
communication channels are proposed. A method for forming an ensemble of complex
ultra-wideband information signals and a model that implements the developed method
of simultaneous formation of reference and information signals are developed. The
proposed method, based on a complex ultra-wideband information signal, allows to
guarantee the requirements for noise immunity, secrecy and security of wireless mobile
communication channels. The developed method of forming complex ultra-wideband
information pulse signals allows increasing the density of information channels and the
amount of information circulating in wireless networks while improving its security
under the influence of natural and artificial interference.

In the third chapter, we study models and methods for constructing antenna
systems for the implementation of ultra-wideband communication technology. A
method for radiating an ensemble of complex ultra-wideband signals and a model of
the antenna system that implements it have been developed. Moreover, the formation
of a bipolar pulse information signal, which is the equivalent of the derivative of the
Gaussian monocycle, is carried out by interfering its components in the equivalent total
antenna opening, which allows to increase the radiation range of the antenna by 2.37
times. A model of a turnstile antenna system and a method of flickering polarization
are created and studied, according to which each of a series of chips encoding an
information bit is fed to a single antenna. They are alternately fed to one or the other

antenna, which are arranged orthogonally in the antenna unit, which allows more than
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doubling the range of the antenna's electromagnetic radiation It also provides reception
and transmission of electromagnetic radiation of arbitrary polarization, which is typical
for wireless telecommunication systems of mobile communication.

In the fourth chapter, we investigate the method of correlation reception of a
complex signal ensemble, which allows us to recognize and extract an information
signal from a mixture of Gaussian white noise and a useful signal. It is shown that the
reliable recovery of the transmitted binary information allows, provided a large signal
base (B >300) covert signal transmission (S/N = - 6... - 3dB) with a bit error probability
of less than 10°. The effectiveness of the developed scientific and technical
recommendations for their practical use has been evaluated, which allows for the
reliable transmission of binary digital information in the face of external and intra-
system interference.

The conclusions present the main results of the scientific work on solving the
research tasks.

The research has yielded the following scientific results:

1. The method of forming an ensemble of a complex ultra-wideband information
signal in mobile communication systems was first proposed, which makes it possible
to carry out wireless communication in a wide frequency band when the level of the
information signal is equal to or lower than the noise level.

2. For the first time, models and methods for constructing antenna systems for
the implementation of ultra-wideband communication technology and the method of
flickering polarization for telecommunication systems of wireless mobile
communication, which takes into account the peculiarities of creating, distributing in
space and receiving ultra-wideband information signals, which allows to fulfill the
requirements for ensuring the noise immunity of wireless mobile TCS with maintaining
the quality of service.

3. The method of simultaneous coding and modulation of information is
improved by creating a signal-code construction based on the time shift of the coding
signal relative to its basic position in the signal sequence and differs from the known

ones in that the value of the time shift is a quarter of the duration of the coding signal.
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4. An improved method of forming independent noise immune channels using
orthogonal coding, which is based on an additional time shift of the coding signal
relative to their reference sequence and is characterized by the fact that the value of the
time shift relative to the reference sequence is 2-3 orders of magnitude of the duration
of the coding signal, which allows to compact communication channels without
compromising the quality of their operation.

5. The method of correlation reception of ultra-wideband signals was further
developed, which makes it possible to perform double spectral processing during the
appearance of each bit of information, which allows to increase the signal-to-noise ratio
at the receiver input.

6. The method of recognizing and extracting an information signal from a
mixture of Gaussian white noise and a useful signal by correlating the received and
reference signals was further developed, which allows to increase the reliability of
reception.

The research, the results of which are presented in the dissertation, was carried
out at the department "Information Systems named after V.O. Kravets" of NTU
"Kharkiv Polytechnic Institute™ in accordance with the tasks of the state budget topic
of the Ministry of Education and Culture of Ukraine: International project under the
ERASMUS+ program (Project Number: 598236-EPP-1-2018-1-LT-EPPKA2-CBHE-
SP) on the topic "dComFra — Digital competence framework for Ukrainian teachers
and other citizens" (implementation period 2018-2021), in which the applicant was the
executor of individual stages.

Based on the results of the study, the practical and theoretical value of the
developed models and methods was confirmed, practical recommendations were given
regarding the application of the developed models and methods, and the prospects for

their further development were considered.

Keywords: analysis, fault tolerance, radiation, electromagnetic compatibility,
interference immunity, coding, correlation, methods, network, model, simulation,

quality of service, optimization, signal, system.
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