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AHOTANIA

Conponiok I.I. MeTonu MOHITOPHHIY YACTOTHOIO CIIEKTPY AJIS i IBUIIIEHHSA
e(peKTUBHOCTI 0e3MPOBOOBUX KOTHITUBHHUX TeJEeKOMYHIKAIIHHUX CHCTEM.
KBaunidikariifHa HaykoBa mparis Ha IpaBax PyKOIUCY.

Hucepraiia Ha 3100yTTSI HAyKOBOro CTymneHs jaokTopa ¢uiocodii (PhD) 3a
criemianpHicTIO 172 — TenexkomyHikaiii Ta pagloTexHika. — Y KpaiHChbKUM JIepKaBHU I
YHIBEPCUTET 3aJ13HUYHOTO TPAHCIIOPTY, YKpaina, Xapkis, 2024.

B nwucepramiiiniii  poOOTI BHUPIIIYETHCS AaKTyaJbHE HAayKOBO-TEXHIUHE
3aBJAaHHA [0 TIJBUIICHHIO e()EKTUBHOCTI  OE3MPOBOJAOBUX  KOTHITUBHHX
TEJCKOMYHIKAIIMHUX CHCTEM Ha OCHOBI YJAOCKOHAJEHHS METOIB CIEKTPaIbHOIO
MOHITOPHHT'Y YaCTOTHOT'O CIIEKTPY IIJISIXOM BIPOBAKCHHS TIOPUIHUX METOIB, K1
3a0e3neuyoTh eEeKTUBHY 1MeHTU(]IKAIII0 BITBPHUX YACTOTHHX CMYT, MIABUIIICHHS
piBHS 3aBaJOCTIMKOCTI Ta CHEKTPaIbHOT €()EeKTUBHOCTI, 3 TOOYIOBOIO aJaTUBHUX
aJITOPUTMIB, 3/1aTHUX (DYHKI[IOHYBATH B YMOBaX CKJIAJHOTO paJlocepe/IOBHIIIA.

O0’€kTOM JIOCHIIKEHHSI € TMIPOLEC MOHITOPUHTY YacCTOTHOIO CHEKTPY B
0€e3MpoBOIOBUX KOTHITUBHUX TEIEKOMYHIKAIIMHUX MEpEeXax Ha OCHOBI BIPOBAIXKEHHS
riOpUAHUX METOJIB Ta AaJaNTUBHUX aJrOPUTMIB, IO 3a0€3MeUyloTh JWHAMIYHE
BUSIBJICHHS HEBHKOPUCTAHMX YACTOTHUX PECYpCIB Ta ONTHUMI3ALI0 BUKOPHUCTAHHS
CIIEKTpa B yMOBAX 3MIHHOTO PaioCepeIOBHIIA.

IIpeameTom JoCaiTzKEHHsI — METOJM, MOJIETI, AITOPUTMHU ONTUMI3aIl]
CHEKTPAJIbHOIO MOHITOPHUHTY Ta aJalITUBHOTO YIPABIIHHS Pal04YaCTOTHUMH PECYpCcaMu
0€3MpOBOIOBUX KOTHITUBHUX TEJIIEKOMYHIKALIIHHUX CHUCTEM.

Mertoro muceprauniiiHoi podoTH € MiBUIICHHS €PEKTUBHOCTI (PYHKIIOHYBAaHHS
0e3MPOBOIOBUX KOTHITHBHUX TEICKOMYHIKAIIHHUX CHCTEM IUISTXOM BIIPOBAKCHHS
TiOpUIHUX METO/IIB CIIEKTPAITLHOTO MOHITOPHHTY, OTPUMAHUX HA OCHOBI YIOCKOHAICHHS
METO/IIB ONTHUMI3allli Ta aHalli3y pajio4acTOTHOTO CHEKTPY, a TaKOX pO3pPOOIEHHS
QJITOPUTMIB YIPABIIHHS CHEKTPaIbHUMU PECYpcCaMH B yMOBaX JUHAMIYHO 3MIHIOBAHOTO

paaiocepeIoBHUIIa.
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VY Berymi 00rpyHTOBAHO aKTyalIbHICTh MOCTABJICHOT 3araJIbHOT HAYKOBO-TEXHIYHOT
3a7ayl, MOB’S3aHOI 3 MIABUILEHHSIM e(EKTUBHOCTI (YHKLIOHYBAaHHS KOTHITHUBHUX
0€3MpPOBOJIOBUX  TEJICEKOMYHIKAIIIMHAX CUCTEM 4epe3 YIAOCKOHAJIEHHS METOIB
CTEKTPaTbHOTO MOHITOPHHTY, a TaKoX CQOPMYyIhOBAHO 3ajadi JAUCEPTAIIHHOTO
nocmipkenns.  [IpoanamizoBaHo TpoOieMH, SKi BHHHUKAIOTH dYepe3 30UThIIICHHS
HABAaHTAXXCHHS HA YaCTOTHUMN CHEKTP, PalOCNIEKTPOHHY OOpOThOy Ta Kibep3arposw,
OOyMOBJIEHI ~ Cy4aCHHMMH YMOBAaMHU  PO3BUTKY  TEJICKOMYHIKAI[IMHUX  MEPEK.
OO6rpyHTOBaHO, IO JIOCSTHEHHSI BUCOKOI 3aBaJIOCTIMKOCTI, €(PEKTUBHOTO BUKOPUCTAHHS
CHEKTPYy Ta JMHAMIYHOI aJanTaiii JI0 3MiH Yy KOTHITUBHOMY paJiiOCEpPEIOBHUII €
MIEPCIICKTUBHUMU HANIPSIMKaMU PO3BUTKY KOTHITHBHUX TEJICKOMYHIKAIIHHIX MEPEXK.

OxpecieHo 3B’ 30K AUCepTallii 3 aKTyaJTbHUMHU HAYKOBUMH ITPOTpaMaMHu, IJIaHaMHU
Ta HaMPsSIMKaMH JOCTIIKEHb, C(HOPMOBAHO HAYKOBY HOBH3HY BUKOHAHOTO JTOCITIKCHHS
Ta HAyKOBO JOBEJCHY MNPaKTUYHY IIHHICTh OTpMMaHUX pe3ynbraTiB. HaBeaeHo
iH(pOpMaIIiI0 PO OCOOMCTHI BHECOK aBTOpa y IMyOuTiKallii HAyKOBHX CTaTeH, a TaKOXK
MPEICTABIICHO MIEPENTiK MyOIiKalliil aBTOpa, 1110 BiANOBIIAI0TH TEMI AUCEPTALlii.

Y mnepumiomy po3misii TPOBEACHO aHaji3 Cy4aCHMX METOJIB CIHEKTPaJIbHOIO
MOHITOPUHTY B KOTHITUBHUX O€3MPOBOIOBUX TEJIECKOMYHIKALIIHUX Mepexax, 30Kpema
METOIB aJallTUBHOTO YIPABIIHHA YaCTOTHUM CHeKTpoM. OOIpyHTOBaHO HEOOXIIHICTb
BIPOBAKEHHS TIOpUAHMUX METOAIB I TIABUINEHHS €()EeKTUBHOCTI YIPaBIiHHA
pamioyacToTHUMH pecypcamu. Oco0irBa yBara NpUIUSIIACh JOCTIHKEHHIO ICHYFOUUX
M1IXO/IIB JI0 CIEKTPAILHOTO MOHITOPUHTY Ta iX 3JJaTHOCTI 0 (PYHKIIIOHYBaHHSI B yMOBaxX
CKJIQJIHAX YMOB pajiocepenoBuiiia. [IpoBeeHO MOPIBHSIHHS Ta OLIHKY €(QEKTUBHOCTI
Cy4aCHMX METOJIB MOHITOPHUHTY 3a KPHUTEPIIMH TOYHOCTI BUSBICHHS CHUTHAJIIB,
IIBUIKOCTI PEaKilii Ha 3MIHA B YaCTOTHOMY CIIEKTpi Ta 3aBaJIOCTIMKOCTI, IO JI03BOJIAIIO
BU3HAYNTH OCHOBHI HATIPSIMKH TTOJIAIIHIIIOTO JIOCIHKEHHSI.

Y napyromy po3aiji po3poOiieHO HOBHM TIOpUIHHI METOJ| CIEKTPaIhHOTO
MOHITOPUHTY Ha OCHOBI YaCOBHX CETMEHTIB 31 3MIHHOIO JoBkHHOI0 — VTSM (Variable
Time Segment Monitoring), Kl BiIPi3HAETLCSA BiJ TPAIULIHHUX METOJIB TUM, IO
BUKOPUCTOBYE aJaNTUBHY 4YacoOBY CErMEHTAlll0 CUTHAIIB, sKa JUHAMIYHO

M1JTAIITOBYETHCS JIO 3MIH y CIEKTPl 3aJ€XKHO BIJ] CTATUCTUYHUX XapaKTEPUCTHUK
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CUTHAIly, TOAl $K TpaJWLIHI METOAM 3a3BHYall BHUKOPUCTOBYIOTH (PIKCOBAHI
napaMeTpy aHaji3y 1 He 3/1aTH1 e(DeKTUBHO pearyBaTy Ha MIBUJKI 3MIHU B pEaJIbHOMY
yaci. B pe3ynbrari ekciepuMeHTanbHOi Bepudikalii goBeaeHo, mo meroa VISM e
HaWOUIBII e()EeKTUBHUM TPU CepelHiX 1 BHUCOKMX piBHAX SNR, konmu moTpiOHO
aHaJi3yBaTH CKJIaJIH1 aHCaMOJIi CUTHAIIB B JUHAMIYHAX a00 3MiHHUX O€3MPOBOIOBUX
TEJIEKOMYHIKAIIMHUX cucTeMax. {7 BiIOMHUX CUTHAIIB NpH BUCOKHUX PiBHAX SNR
VTSM Moske nmocTynaTucs MeTojaM CIEKTPalibHOr0 MOHITOPUHTY, SIKI CHEIaIbHO
HaJIAIITOBaHI HA KOHKPETHI XapaKTePUCTUKHU CUTHAITY.

Y Tperbomy po3aiji MPOBEAECHO YIOCKOHAJIEHHS 1HTErPOBAHOTO METOY
CHEKTPAJILHOTO MOHITOPUHIY 3a PaxyHOK BHKOPUCTaHHS BEHBIET-TIEPETBOPEHD
(Mopae ta Jlo6emnri) Ta agantuBHOoi dinbTpamnii (Kaimmana, LMS ta RLS) Ha pizHuX
erarmax oOpoOKHM curHadiB. Po3po0iIeHO alropuTM METONy CHEKTPaJIbHOTO
MOHITOPHHTY, SKHH BHKOPHUCTOBYE BapiaTHMBHI YacOBI CETMEHTH, IO JO3BOJISIE
NPOBOJUTH aHANI3 CHEKTpa B pEAbHOMY dYaci Ta BIJICTIAKOBYBAaTH 3MIHU B
CHEKTPAIbHOMY CKJIaal CUTHAITY. JloBeneHo, 110 BUKOPUCTAHHS
OaraToKkpuTepialbHOI ONTUMI3Alli JJIs aJalTUBHOIO HAJAIUTYyBaHHS MapaMeTpiB
QJITOPUTMIB MIABUIIYE iX TOYHICTh Ta AJANTUBHICTh, IO CIPHUSAE MIABUIICHHIO
€(eKTUBHOCTI MOHITOPUHTY Ta YIpPaBIIHHS CIEKTPATBHHUMH pecypcamu. B
pe3ynbTaTi eKCIEPUMEHTIB 3 BUKOPUCTAHHSM MPOrpaMHOi peaiizaiii J0BEeIEHO, 1110
METOJI MaKCUMaJIbHO e(DeKTUBHMI Tpu BUCOKHX 3Ha4eHHSIX SNR (mo 85,6%), ane
HaBITh TMpu HU3bKUX 3HauYeHHAX SNR edextuBHicTh nocarae — 15,4%.
OOrpyHTOBaHO, IO IHTErpaiis CTATUCTUYHHUX TIJXOAIB 3 aJJAalTUBHUMHU
buIpTpaLiiiHUMU TeXHIKaMU 3a0e3neuye e()eKTUBHE 3MEHILIEHHS BILUIMBY IIYMIB Ta
YaCTOTHUX CIIOTBOPEHb, K1 BUHUKAIOTh y O€3MPOBOJOBUX paiOMEPEkKaX.

Y d4erBepTOMY PpO3diJi PO3pOOJIECHO METOJ 1€PAPXIUHOTO ITUKIIYHOTO
CHEKTPATHHOTO MOHITOPUHTY 3 BUKOPHUCTAHHAM 1HGOPMAIIHUX KpUTEPiiB AKaiike
Ta baifeca 7151 BUOOpY ONTUMATFHUX MOJICJICH CUTHAJIIB, 110 3a0e3meuye 0amaHe Mix
TOYHICTIO Ta CKJIQJHICTIO MOJEJi. 3amponoOHOBAaHO OaraTOKpPOKOBY aJalTHBHY
dinpTpaiito 3 BukopuctanusaMm ¢ieTpiB Kanmana, Binepa Ta Mmeniannoro ¢inbrpa,

JgKa O03BOJIIE e(i)eKTI/IBHO SHMXKXYBATH piBCHB IIymMmy Ta BpaxOBYBATU 3aBMHUPAHHA
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CUTHATy, 10 TIJABUIIY€E 3arajibHy TOYHICTh 1 HAJIAHICTh CHEKTPAIBHOTO
MOHITOPUHTY. AJITCOPUTM peaitizailii MeToay, po3po0JICHUN HA OCHOBI IMX MIIXO/IB,
JEMOHCTpPY€E TIepeBard B IMOPIBHAHHI 3 TPAIUIIHHUMU METOJAMH 3aBJISIKA CBOIH
3JTATHOCTI aJIalITyBATUCS JO MIBUIKUX 3MiH Y CIIEKTPAILHOMY CEPEIOBHIIII Ta PI3HUX
TUTIB pajio3aBajl. EKcreprMeHTaNbHO OBEJICHO, IO METOJ[ TOKpAIIye SKICTh
BUSBIICHHS CHUTHaIIB, 3a0e3Meuylour CyTTEBE MIIBUIICHHS AaMIUIITYId Ta
CIIBBIJJHOIIEHHS CUTHAJ/IITyM, OCOOJIMBO JUIsl TakuxX curHaiib, sk Wi-Fi ta 5G NR.
[e cBiTYHUTH TPO BUCOKY QIANTHBHICTH METOJTY JIO CKIIATHUX YMOB Paj1i04acTOTHOTO
CepeIOBHUIIIA.

BucHoBku  BioOpakaroTh  y3arajbHEHI  pe3yJbTaTd  JUCEPTAIlHOIO
JTOCTIDKEHHS, 1[0 CHPsIMOBaHI Ha BHUPIIICHHS aKTyaJdbHOI HayKOBO-TIPAKTUYHOL
npoOJIeMHy Ta MATBEPKYIOTh BUKOHAHHS TTOCTABJICHUX Y pOOOTI 3aBIaHb.

[IpoBeneHe mucepraiiiitHe JOCTUDKEHHS JI03BOJMIO ChOPMYJIIOBATH OCHOBHI
HAYKOBI pe3y/IbTaTH.

1. Bnepme po3po0JieHO METOJ MOHITOPUHTY 4YacTOTHOro cnektpy — VISM
(Variable Time Segment Monitoring) Ha OCHOBI HEOJHOPIAHOI JACKOMITO3MIIIi
YaCOBMX CETMEHTIB Ta aJallTUBHOIO CHEKTPAJIbHOIO aHasli3y B 3aJI€KHOCT1 BiJ
CTAaTUCTUYHHUX BJIACTHBOCTEH CHTHay. 3ampolOHOBAaHWUK METOJ, Ha BIAMIHY BiX
TpaaMLIMHUX, 3a0e3medye JWHAMIYHY aJanTalil0 JOBXKHWHU CErMEHTIB BiJ
XapaKTepUCTUK CHUTHAJy B pEaJbHOMY 4aci, 110 MIIBHUINYE TOYHICTH BUSBICHHS
YaCTOTHUX KOMIIOHEHTIB, 3HWXY€ BIUIUB IIyMYy Ta 30UIblIye €(EKTUBHICTD
BUKOPHUCTAHHS CIIEKTPa B yMOBAX TUHAMIYHHX MEepeaad.

2. YIOCKOHAJIEHO METOJl CIEKTPaJIbHOTO MOHITOPUHTY Ha  OCHOBI
BapiaTUBHUX YaCOBHX CETMCHTIB Ta aJaNTHBHHUX BEUBIIET-iepeTBOpeHb (Mopie,
Jobemri) Tta amantuBHUX GubTpiB: Kammana, LMS Tta RLS nna onrtumizarii
BUSBIICHHS Ta aHaNi3y CIEKTPATbHUX XapaKTEPUCTUK Y PI3HHX yMOBax
HAaBaHTKCHHA. 3alPOIIOHOBAHUN METOJ BIAPI3HAETHCA BIJ BIJOMHUX 3JaTHICTIO
3a0e3medyBaTd BHUCOKHM PIBEHb aJanTUBHOCTI Ta TOYHOCTI 3a pPaxyHOK
BUKOPHUCTAHHS MepeI0BUX (QUIBTPAIIHHUX TEXHIK 1 CHIEKTPAIBHOTO aHAII3Y.

3. YiaockoHajleHO METOJl 1€pApXIYHOTO  IUKIIYHOIO  MOHITOPHUHTY
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YACTOTHOTO CHEKTPY 3@ PaxXyHOK 3aCTOCYBaHHS 1H(GOpMAaIIHHUX KpUTepiiB AKailke
Ta balieca 11 BUSIBIEHHS BUIBHUX YAaCTOTHUX CMYT Y CHEKTPaJIbHOMY J1ala3o0Hi, a
TaKoXX 3 0aratocTyneHeBow (GUIbTpaIli€l0, s 3MEHILICHHS IIyMiB Ta CIIOTBOPEHB
CUTHAITy, 1 3 BpaXyBaHHAM 3aBMHUpaHb. 3alpPOTIOHOBAHUNA METO]| BIJIPIZHIETHCS BiJl
ICHYIOUMX THUM, II0 KpUTepii Akalike BUKOPUCTOBYETHCS NIl IIOYATKOBOT'O BUOODPY
Mozenel, a kpurepit balieca 3a0e3rneuye yTOUHEHHS HANAIITYBAHHS 1 3a00ITaHHS
«MEepeHaBYaHHS», M0 POOUTH METOJ]| OUThbIl €(EeKTUBHHUM ISl 3aCTOCYBAaHHS Yy
CKJIaJIHMX PaJ10CEePeIOBUIIIAX 3 PI3HUMU TUIIAMH IIIyMiB Ta CIIOTBOPEHD.

I[IpakTuyHe 3HAYEHHS Pe3yJIbTATIB JUCEPTAIIITHOrO JOCIIKEHHS MOJISTrae
B po3po0lll aJropuTMIB peaiizaiii po3poOJEeHUX METOIB, $KI € HAYKOBO-
MPAKTUYHOIO OCHOBOIO JIJISi BAOCKOHAJIEHHS CUCTEM CIEKTPAJIbHOTO MOHITOPUHTY B
KOTHITHBHUX O€3MPOBOJOBUX TEJICKOMYHIKAIIIMHUX CHCTEMax, 30KpeMa It
onTUMI3aIlii OKpEeMHX KOMIIOHEHTIB IuX cucteM. Ha 0cHOB1 po3po0sIcHUX METOJIIB
3alpONIOHOBAHI TEXHIYHI pIMIEHHS, aJrOpUTMHU Ta MpOorpamMHi peanizamli, Lo
JO3BOJISIFOTH:

— Ha OCHOBI aHalli3y BHUMOT JO METOMIB CHEKTPAJIBbHOIO MOHITOPUHTY
BianoBigHO ctannaptiB IEEE oGrpyHTyBatH, 110 oOMeXeHa 3AaTHICTb METOJIB J10
aganTaiii B yMoOBaxX BHCOKOI 1HTep(epeHIlii Ta HEeJIOCTaTHS TOYHICTh BUSIBJICHHSI
NEPBUHHUX KOPHUCTYBAYiB BUMArarOTh IMOJANBIIOIO BIOCKOHANEHHS METOMIB IS
MiABUIIEHHS HAIHOCTI YNpPaBIIHHSA CHIEKTPaJbHUMU pecypcaMH Ta MiHIMIi3amii
BIJTMBY 3aBMHUPAaHb, MITyMY Ta MEPEIIKOT,

— pO3pOOUTH aNTOPUTMM Ta MPOTPAMHY peatizallilo METOAY CHEKTPaJIbHOTO
MoHITOpuHry VTSM (Variable Time Segment Monitoring), 0COOIMUBICTIO SIKOTO €
3aCTOCYBaHHS aIallTUBHOT YaCOBO1 CErMEHTAlll] Ta IMHAMIYHE HAJAIITYBaHHS J10 3MIH
YaCTOTHO-YACOBUX XapaKTEPUCTUK CUTHATY;

— pO3pOOMTH  aNrOPUTMU  METOAY  CIEKTPAIbHOIO  MOHITOPUHTY 3
BUKOPHMCTAaHHSAM BapiaTUBHUX YaCOBMX CETMEHTIB, IIO JO3BOJISE TPOBOJUTH aHANII3
CIEKTpa B pEaJbHOMY 4Yacl Ta BIJCIIJIKOBYBAaTU 3MIHM B CIIEKTPAJILHOMY CKJIaAl

CUTHAIY;
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— OOTpyHTYBaTH HEOOXIAHICTh IHTErpalii CTaTUCTUYHUX MIAXOAIB 13
aIaNTHBHUMU (QLIBTPAIMHUMYU TEXHIKaAMH, 110 JO3BOJUE CYTTEBO 3MCHIIUTH BILUIMB
IIIYMIB Ta YaCTOTHUX CITOTBOPEHb Y OC3MPOBOJTOBUX KOTHITUBHUX MEPEKaX;

— po3poOUTH aNTOPUTM Ta MPOTpaMHy pealizalliio MeTo/la 1€PAPXIYHOTrO
[UKIIYHOTO CIEKTPAJIbHOTO MOHITOPUHTY 3 BHUKOPUCTAHHAM IH(OpMAIIHHUAX
kputepiiB Akaiike (AIC) 1 baiieca (BIC) nns onmTumanbHOro BHOOpPY MoOjenei
CUTHAJY, 110 J03BOJISIE JOCITTH OalaHCy M1 TOUHICTIO Ta CKJIA/IHICTIO;

— EKCIIEPUMEHTAJIPHO JIOBECTH €(PEKTUBHICTH 3aMPONOHOBAHOIO METOMY IS
BCIX THIIIB CHUTHAJIIB, OCOOJMBO JJIs THX, I[0 MAarOTh BHCOKI IOYATKOBI 3HAYEHHS
criBBigHOMEHHS curHai/myM (SNR).

Ha ocHOBI mpoBeAeHOro AUCEPTALIMHOTO MOCTIIKEHHS MiJTBEPIKEHO
TEOPETUYHY Ta MPAKTUYHY I[IHHICTh 3alpPOMOHOBAaHUX B POOOTI METOAIB Ta
QITOPUTMIB CIEKTPAJbHOIO MOHITOPUHTY. Po3pobiieHO pekomeHpamii s ix
NPAKTUYHOTO BUKOPUCTAHHS Ta BU3HAUEHO MEPCHEKTUBHI HUISIXU TMOJATBIIOTO
PO3BHUTKY 1 BIIOCKOHAJICHHSI METOIB YIIPABIIHHS YaCTOTHUM CIIEKTPOM.

Kiarwuosi cioBa: cranmaptun I[EEE, meTtonu cnekTpaibHOr0o MOHITOPHHTY,
0e3mpoBO/IOBI KOTHITUBHI TEJIEKOMYHIKAIIWHI PaglOCUCTEMH, 3aBaJOCTIHKICTD,
ONTHUMI3allisl CUTHAIIB, aJanTamis paJloyacTOTHUX PECYpCIB, YACTOTHUW CHEKTP,
MaTeMaTU4YHI MOJeNl ONnTuMizauli, iHpopMaliiiHl KpuTepii Akaiike, Kpurtepii
baiieca, BapiaTuBHa 4YacoBa cermeHraiis, Qinbrpanis Kanmana, giibtp Binepa,
MenianHuM  GineTp, curHad-myMm (SNR), OGaratokpurepianbHa ONTHUMI3AIlis,

BEUBJIECT-IIEPETBOPCHHS.
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ABSTRACT

Soproniuk LI.I. Methods of frequency spectrum monitoring for improving
the efficiency of wireless cognitive telecommunication systems. Qualifying
scientific work on manuscript rights.

Dissertation for obtaining a scientific doctor of philosophy (PhD) in specialty
172 — Electronic communications and radio engineering. — Ukrainian State University
of Railway Transport, Ukraine, Kharkiv, 2024.

The dissertation addresses the urgent scientific and technical task of
improving the efficiency of wireless cognitive telecommunication networks by
enhancing spectrum monitoring methods through the implementation of hybrid
techniques. These methods enable the effective identification of free frequency bands,
increase interference resistance, and improve spectral efficiency, with the
development of adaptive algorithms capable of functioning in complex radio
environments.

Object of the research is the process of monitoring the frequency spectrum
in wireless cognitive telecommunication networks based on the implementation of
hybrid methods and adaptive algorithms that enable dynamic detection of unused
frequency resources and optimization of spectrum usage in a variable radio
environment.

Subject of the research includes the methods, models, and algorithms for
optimizing spectrum monitoring and adaptive management of radio frequency
resources.

The aim of the dissertation is to improve the efficiency of wireless cognitive
telecommunication systems by introducing hybrid methods of spectrum monitoring,
derived from optimization techniques and enhanced methods of radio frequency
spectrum analysis, as well as developing adaptive algorithms for managing spectral
resources in a dynamically changing radio environment.

In the introduction, the relevance of the scientific problem related to

improving the efficiency of cognitive wireless telecommunication systems through
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the enhancement of spectrum monitoring methods is substantiated. The research
objectives of the dissertation are also formulated. Issues arising from the increasing
load on the frequency spectrum, electronic warfare, and cyber threats due to modern
telecommunication network development conditions are analyzed. It is justified that
achieving high interference resistance, efficient spectrum utilization, and dynamic
adaptation to changes in the cognitive radio environment are promising directions for
the development of cognitive telecommunication networks.

The dissertation's connection with current scientific programs, research plans,
and areas of investigation is outlined, and the scientific novelty of the conducted
research and the scientifically proven practical value of the obtained results are
presented. Information regarding the author's personal contribution to the publication
of scientific articles is provided, along with a list of publications relevant to the
dissertation’s topic.

The first chapter provides an analysis of modern spectrum monitoring
methods in cognitive wireless telecommunication networks, particularly focusing on
adaptive spectrum management methods. The necessity of implementing hybrid
methods to enhance the efficiency of radio frequency resource management is
substantiated. Special attention is given to examining existing approaches to spectrum
monitoring and their capability to operate under challenging radio environment
conditions. A comparison and evaluation of the effectiveness of current monitoring
methods are conducted based on criteria such as signal detection accuracy, response
time to spectrum changes, and interference resistance. This analysis has helped
identify key directions for further research.

The second chapter introduces a new hybrid spectrum monitoring method
called VTSM (Variable Time Segment Monitoring), which differs from traditional
methods by utilizing adaptive time segmentation of signals. This segmentation
dynamically adjusts to spectral changes based on the statistical characteristics of the
signal, whereas traditional methods typically use fixed analysis parameters and
cannot effectively respond to rapid changes in real time. Experimental verification

has demonstrated that the VTSM method is most effective at medium and high SNR
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levels when complex signal ensembles need to be analyzed in dynamic or variable
wireless telecommunication systems. However, for known signals at high SNR
levels, VTSM may be less efficient compared to spectrum monitoring methods
specifically optimized for particular signal characteristics.

The third chapter introduces enhancements to the integrated spectrum
monitoring method through the use of wavelet transforms (Morlet and Daubechies)
and adaptive filtering (Kalman, LMS, and RLS) at various stages of signal
processing. A spectrum monitoring algorithm has been developed that utilizes
variable time segments, enabling real-time spectrum analysis and tracking of changes
in the signal's spectral composition. It has been proven that the use of multi-criteria
optimization for adaptive parameter tuning of the algorithms increases their accuracy
and adaptability, which enhances the efficiency of monitoring and managing spectral
resources. The experimental results, based on software implementation, demonstrate
that the method is highly effective at high SNR values (up to 85,6%), while even at
low SNR levels, its efficiency remains at 15,4%. It is substantiated that integrating
statistical approaches with adaptive filtering techniques effectively reduces the
impact of noise and frequency distortions encountered in wireless radio networks.

The fourth chapter develops a method for hierarchical cyclic spectrum
monitoring using Akaike and Bayesian information criteria for selecting optimal
signal models, balancing accuracy and model complexity. A multi-step adaptive
filtering approach, employing Kalman, Wiener, and median filters, is proposed,
which effectively reduces noise levels and accounts for signal fading, thereby
improving the overall accuracy and reliability of spectrum monitoring. The algorithm
developed from these approaches demonstrates advantages over traditional methods
due to its ability to adapt to rapid changes in the spectral environment and various
types of noise. Experimental results show that the method enhances signal detection
quality, significantly improving both amplitude and signal-to-noise ratio, especially
for signals such as Wi-Fi and 5G NR. This highlights the method's high adaptability

to challenging radio frequency environments.
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The conclusions reflect the generalized results of the dissertation research,
which are aimed at solving a relevant scientific and practical problem and confirm
the achievement of the objectives set forth in the work.

The conducted dissertation research has allowed for the formulation of the
key scientific outcomes.

1. For the first time, the VTSM (Variable Time Segment Monitoring) method
for frequency spectrum monitoring has been developed, based on non-uniform time
segment decomposition and adaptive spectral analysis depending on the statistical
properties of the signal. Unlike traditional methods, this approach dynamically adapts
segment lengths according to signal characteristics in real time, which improves the
accuracy of frequency component detection, reduces noise impact, and enhances
spectrum utilization efficiency in dynamic transmission conditions.

2. The method of spectrum monitoring has been improved through the use of
variable time segments, adaptive wavelet transforms (Morlet, Daubechies), and
adaptive filters (Kalman, LMS, and RLS) for optimizing the detection and analysis
of spectral characteristics under varying load conditions. The proposed method
differs from existing ones by its ability to provide a high level of adaptability and
accuracy through the use of advanced filtering techniques and spectral analysis.

3. The method of hierarchical cyclic frequency spectrum monitoring has been
improved by incorporating Akaike and Bayesian information criteria for detecting
unused frequency bands in the spectral range, along with multi-step filtering to reduce
noise and signal distortions while accounting for fading. The proposed method differs
from existing ones by using the Akaike criterion for initial model selection and the
Bayesian criterion for fine-tuning and preventing «overfitting», making the method
more effective for application in complex radio environments with various types of
noise and distortions.

The practical results significance of the dissertation research lies in the
development of methods that form a scientific and practical foundation for improving
spectrum monitoring systems in cognitive wireless telecommunication systems,

particularly for optimizing certain components of these systems. Based on the
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developed methods, technical solutions, algorithms, and software implementations
have been proposed, allowing:

— based on the analysis of the requirements for spectrum monitoring methods
in accordance with IEEE standards, it has been substantiated that the limited
adaptability of current methods under high interference conditions and the
msufficient accuracy in detecting primary users require further improvement to
enhance the reliability of spectrum resource management and minimize the impact of
fading, noise, and interference;

— the development of algorithms and a software implementation for the
VTSM (Variable Time Segment Monitoring) spectrum monitoring method, which
features adaptive time segmentation and dynamic adjustment to changes in the
signal’s frequency-time characteristics;

— the development of algorithms for the spectrum monitoring method utilizing
variable time segments, enabling real-time spectrum analysis and tracking changes in
the spectral composition of the signal;

— the justification of the necessity to integrate statistical approaches with
adaptive filtering techniques, which significantly reduces the impact of noise and
frequency distortions in cognitive wireless networks;

— the development of an algorithm and software implementation for a
hierarchical cyclic spectrum monitoring method using Akaike (AIC) and Bayesian
(BIC) information criteria for optimal signal model selection, ensuring a balance
between accuracy and complexity;

— the experimental demonstration of the effectiveness of the proposed method
for all types of signals, particularly those with high initial signal-to-noise ratio (SNR)
values.

Based on the conducted dissertation research, the theoretical and practical
value of the proposed spectrum monitoring methods and algorithms has been
confirmed. Recommendations for their practical application have been developed,
and prospective directions for further development and improvement of frequency

spectrum management methods have been identified.
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Wi-Fi 6 — Ctangapt 6€30pOoBOJIOBOTO 3B’ 3Ky IIOCTOTO MOKOJIHHS
WRAN — Wireless Regional Area Network (beanpoBooBa perioHanbHa
Mepexa)
WEFB — Waveform-Based Monitoring (MOHITOpUHT Ha OCHOB1 (pOpMH CUTHAITY)

WT — Wavelet Transform (BeiiBneT-nepeTBopeHH:)
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BCTYII

AKTYaJIbHICTh TeMH JIOCJTiTKeHHsI. /[MHAMIYHMA PO3BUTOK KOTHITHBHUX
0e3MpPOBOIOBUX TEJICKOMYHIKAIIMHUX MepeX B yMOBax BiiHU B YKpaiHi BUCYBa€
HOBI BHMOTHM JIO METOJIIB MOHITOPMHTY YaCTOTHOTO CIEKTPY, OCOOJIMBO uepes
3pocTaloue HaBAHTAKCHHS HA PaJiovyacTOTHI PECYpCH, PaAloeNeKTPOHHY OOpPOTHOY
Ta Kibep3arpo3u. B Takux yMoBax CHEKTpPajibHU MOHITOPUHI CTa€ OCOOJIHMBO
aKTyaJIbHUM i1 €()EKTHBHOTO YIIPABIiHHA YacCTOTaMH, OCKUIBKH JIO3BOJISE
ONTUMI3yBaTH PO3MOJAUI  PaJlodacTOT MDK PI3HUMU CHCTEMaMHu 3B SI3KY,
HiABUIIYIOYM 3arajibHy €(EeKTUBHICTh TEJICKOMYHIKAIIMHUX MEpPEeX 1 MIHIMI3yI0uu
KOH(JTIKTH MK UBUIBHUMH Ta BINCHKOBUMHU KOPUCTYBaYaMHu.

OcHoBHHMH TpoOJeMaMu Y chepi CIEKTPATbHOTO MOHITOPHHTY € BHCOKHI
piBeHb JUHAMIYHOCTI CHEKTPAJbHOI'O HAaBAaHTAKCHHS Ta YacTi 3MIHM y PO3MOJILII
YaCTOTHUX PECYPCIB MK KOPHUCTyBadaMmu, II0 BHMara€ 3acTOCYBaHHS TiOpHIHHX
METO/IIB MOHITOPUHIY, SIKI 3/aTHI ONEpPaTUBHO BIACTEKYBAaTH 3MIHUM B pajio
1H(pOpMaIIITHOMY CEpeOBHILI Ta aBTOMAaTUYHO KOPUTYBATH PO3MOLI YaCTOT.

Po3B’s13aTu 11 npoOeMu MOXIIMBO 32 PaXYHOK BIPOBAJKEHHSI IHHOBAI[IHHUX
MeToAiB Ta TexHoJsorid. Ilo-mepmie, e TIOpUAHI METOAM CHEKTPAIHLHOTO
MOHITOPUHTY, IO BHUKOPUCTOBYIOTh airoputmu mry4yHoro iHtenekty (III) rta
MaIIMHHOTO HaBUYaHHS Ta aBTOMATUYHO BU3HAYAIOTH BUIbHI YAaCTOTHI Jiana3oHu, abo
NEPENIKOY YU 3MiHU criekTpy. [lo-mpyre, BOpoBaKEeHHS TE€XHOJIOT1M TMHAMIYHOTO
PO3MOJIUTY CIIEKTPY, SIK1 I03BOJSAIOTH PaJlo MEpPEk)aM CaMOCTIHHO aJanTyBaTUCS 10
3MIH Y CEpEIOBHIII 3a PaXyHOK BHOOPY ONTHUMAIbHUX YACTOTHHUX JIaMa3oHIB JJIs
nepenaul gaHux. Lle MiHIMIZye 1HTEppEpeHUI0 MK CHUCTEMaMH Ta IiIBUILYE
3arayibHy €eKTUBHICTh BUKOPUCTAHHS YaCTOTHUX PECYPCiB.

[To-TpeTe, ans  WIABUINCHHS  3aBaJOCTIMKOCTI Ta  3aXHUCTY  BiJ
paaioeaeKTPOHHOI 6OPOTHOM HEOOX1THO 3aCTOCOBYBATH €(hEeKTUBHI METOIN OOPOOKH
CUTHAIIIB, BKIIIOYAIOYM TEXHOJOTii creKkTpaibHOl (inbrpamii Ta mmdpyBaHHS
nepejay, 1o J03BOJSE 3MEHIIMTH BIUIMB 30BHINIHIX 3aBaji, a TAKOX M1IBUILYE

3aXHUIIEHICTh KOTHITUBHMX MEPEeX Bl CHpoO0 HECAHKI[IOHOBAHOI'O JOCTYIy abo
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HaBMHUCHOTO BTpyUYaHHSI.

KpiM ToOro, BakJIuBO pPO3pOOJISITH KOMIUIEKCHI CUCTEMH MOHITOPHUHIY, SKi
OyayTh 1HTErpoBaHI 3 IHCTpyMEHTaMHu KiOep3axucTy [Jisi BUSBJICHHS Ta
HeWTpaizailii 3arpo3, MoB’ A3aHuX 13 KibepHanagaMu Ha KpUTUUHY 1HPPACTPYKTYPY
TeneKkoMyHikaiii. TicHa B3aeMoJisi MDK CHEKTpaIbHUM MOHITOPHHTOM Ta
CUCTEMaMHU 3aXUCTy Mepex 3a0e3nmeduTh BceOiuHy O€3leKy Ta CTIMKICTh
TEJIEKOMYHIKalIHHUX CUCTEM.

Buie3asnauene OOIpYHTOBYE HEOOXIJTHICTh BHUPINICHHS AKTYyaJbHOI0
HAYKOBO-TEXHIYHOr0 3aB/JaHHS, SK€ I[OJsra€ B TMIJBUIIEHHI €(QEKTUBHOCTI
0e3MpOBOJIOBUX  KOTHITUBHHUX  TEJICKOMYHIKAIIMHMX  MEpeX Ha  OCHOBI
YIOCKOHAJICHHS METOJIB CIEKTPAJbHOTO MOHITOPHHTY MUISIXOM BIPOBAKEHHS
riOpuIHUX METOMIB, sKI 3a0e3meuyioTh C(PEKTHBHY 1ICHTHU(IKAI0 BUILHHX
YaCTOTHUX CMYT, IIIBHINCHHS PIBHSA  3aBaJOCTIMKOCTI Ta  CHEKTPaJbHOI
€(eKTUBHOCTI, 3 MOOYAOBOIO aJaNTUBHUX AJTOPUTMIB, 3JaTHUX (DYHKLIOHYBATH B
YMOBaXx CKJIaIHOTO Paaiocepe 0BHILA.

38’5130k po00TM 3 HAYKOBHMHM IIpOrpaMaMi, IUIAaHAMH, TEMaMH.
Huceprauiitna pobGota BukoHaHa Ha Kadeapi «TpaHCOpTHUN  3B’SI30K»
VYKpaiHCBKOTO 1€pP>KaBHOI'O YHIBEPCUTETY 3aJII3HUYHOTO TPAHCIOPTY.

HaykoBo-mpakTuuHi  pe3yabTaTd OTpUMaHI B  XOAl JAMCEPTAIlIiHOTO
JOCIIKEHHS 3aCTOCOBYIOTHCS Y CIIY’KOOBI1# MISNTbHICTH BIHChKOBOT yacTUHU A7223,
Opo 1m0 CBAYMTH HaBeaeHud B Jlomatky b — AKT BOpoBajKEHHS pe3ysbTaTiB
JIMCEPTALIMHOTO TOCIIIKEHHS.

Takox pesynpTaT poOOTH BOPOBAIXKEHO B  HABYANBHUH  MPOIIEC
YKpaiHCHKOTO IEP:KaBHOTO YHIBEPCUTETY 3alli3HUYHOTO TpaHcnopTy — Jlogarok B.

O0’ekTOM JOCHIPKEHHSI € TIPOIEC MOHITOPUHTY YaCTOTHOTO CHEKTPY B
0€3MpOBOIOBUX KOTHITUBHUX TEJICKOMYHIKAIIMHIX MepexkaX Ha OCHOBI BIPOBAKCHHS
riOpUIHUX METOIB Ta aJalTUBHUX AalTOPUTMIB, IO 3a0e3NeuyloTh JUHAMIYHE
BUSIBJICHHSI HEBUKOPHCTAHMX YaCTOTHUX PECYpCIB Ta ONTHUMI3ALIIO0 BHUKOPUCTAHHS

CIIEKTPY B YMOBaX 3MIHHOI'O paJ{lOCEPEIOBHUINA.
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IIpenmer fgociigkeHHs1 — METOAM, MOJENI, AQITOPUTMU  ONTHUMI3ALI]
CHEKTPAIbHOIO MOHITOPUHTY Ta  aJalNTUBHOTO YOPABIIHHS  Pa/ilouaCTOTHUMH
pecypcamu.

Metoro aucepTailiiiHoi podOTH € TIABUINECHHS SPEKTUBHOCTI OE3MPOBOIOBUX
KOTHITUBHUX TEICKOMYHIKAIIIMHUX CUCTEM ITUISTXOM BIPOBAKEHHS TIOPHUIHUX METO/TIB
CHEKTPaJbHOTO MOHITOPUHTY, OTPHUMaHMX HAa OCHOBI METOJIB ONTHUMI3allll Ta
YJIOCKOHAJIEHHSI METOJIIB  aHaII3y PpajJloyacCTOTHOIO CHEKTPy, Ta pO3pO0JIeHUX
a/lalITUBHUX aJITOPUTMIB YIIPABIIIHHS CIIEKTPAIbHUMHU PeCypcaMy B yMOBAX JUHAMIYHO
3MIHIOBAHOI'O Pa/li0CEePEI0BUIIIA.

BignoBigHo Meri aucepTaniiHoi poOOTH BU3HAYEHO HACTYIHI YACTKOBI
3a4a4i JOCTI’KeHHS.

1. IlpoBectn anamiz Bumor ctanmaptiB IEEE 802.22, IEEE 1900, IEEE
802.11af, IEEE 802.15.4m, IEEE &802.16h Ta LTE-Advanced no MeToxaiB
CHEKTPATHLHOTO MOHITOPHHTY 3 30CE€PEKEHHSIM YBaru Ha MepCIeKTUBAaX ITiIBUIIICHHSI
e(peKTUBHOCTI 0€3MPOBOJOBHX KOTHITUBHHX TEJICKOMYHIKAIlIHHUX MEpPEX Ha OCHOBI
BIIPOBA>KEHHSI TIOPUIHUX METO/1B MOHITOPUHTY CIIEKTPY, SIK1 3a0€3M1€UyI0Th HaIIMHY
1IeHTU(IKALII0 BUIBHUX YaCTOTHUX CMYT, MIJBUIIEHHS PIBHS 3aBaJOCTIMKOCTI Ta
CIIEKTPAJIbHOT €(DEKTUBHOCTI, a TAaKOX PO3POOKH aTalTUBHUX aJTOPUTMIB, 3MaTHUX
(GyHKIIOHYBaTH B yMOBaX CKJIaIHOTO paaiocepeOBHILIA.

2. Po3pobutu HOBHUIA TIOpUIHUN METOM CIEKTPaTbHOrO MOHITOpUHTY VTSM
(Variable Time Segment Monitoring), airoputM Ha HOro OCHOBI Ta MPOTPAMHY
peanizailito, MO0 BIAPI3HAETHCS BiA TPaAUIIAHUX METOAIB 3aCTOCYBAHHSIM
aJanTUBHOI YaCOBO1 CErMEHTAlll] Ta AUHAMIYHOTO HAJAIITYBAaHHS J10 3MIH YaCTOTHO-
YAaCOBUX XapaKTePUCTUK CUTHANYy 1 3a0e3neuye e(eKTUBHE BUSBICHHS BUIBHUX
JAaCTOTHUX CMYT Ta 3HWXKEHHA pIiBHS 3aBaja. [IpoBecTu eKkclepuMEHTaIbHY
BepUQIKaIlil0 METOJy 3 BHUKOPUCTAHHSAM METOJIIB CTATUCTHYHOIO aHali3y Ta
peKypcuBHOT (QUIBTpallii, OOIPYHTYBAaTH TIepeBard B MOPIBHSAHHI 3 TPAIUIIHHUMHU
iIX0AaMu 3a MOKa3HUKaMH 1IeHTA(]iKaIii 4aCTOTHIX PECyPCIB 1 3aBaIOCTIHKOCTI.

3. YaockoHanutu Ta BepU(PIKyBaTU METOJ| CHEKTPAIHLHOTO MOHITOPUHIY Ha

OCHOBI aJIalITUBHUX BelBIieT-niepeTBopens (Mopiie ta Jlo6emri) 1 puibTpis (Kanmana,
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LMS, RLS). [IpoBecTu ekciepuMeHTaNbHY NepeBipky MeToy Ha curHanax 4G LTE,
5G NR, Wi-Fi 6, DVB-T2, GPS s migTBepaXeHHsI HOro e(peKTUBHOCTI B YMOBaX
CKJIQJIHOTO PaJioyacTOTHOI'O CEPEIOBHUIIA, a TAKOXK JJIg OOTPYHTYBaHHs MepeBar 3a
MOKa3HUKAaMW BUSIBJICHHS BIUIBHUX YAaCTOTHUX pECypCiB Ta 3aBaJOCTIMKOCTI
MOPIBHSIHO 3 TPAUIIMHUMH TT1IXO0/TaMH.

4. OOrpyHTYBaTH HEOOXIAHICTh IHTETrpallli CTATUCTUYHUX TIAXOAIB 3
ajanTUBHUMU  (QUIBTpAIIMHUMHM  TEXHIKAMU JUIS  ONTHUMI3aIli  MPOIECIB
CIIEKTPAJIbHOTO MOHITOPUHTY Ta 3MEHILICHHSI BIUIUBY IITYMI1B 1 YaCTOTHUX CIIOTBOPEHB
y 0e3npoBOAOBUX KOTHITUBHMX Mepexax. [IpoBecTu  excriepuMeHTalbHI
JMOCIIJDKEHHST Ui MIATBEPDKEHHS  HAYKOBO-NPAKTHYHMX — TIMNOTE3 MO0
e(EeKTUBHOCTI TAaHOTO MIAXO0Y.

5. VYIOCKOHamuTH METOJ 1€EPApXIYHOrO0 IMHUKIIYHOTO CIEKTPAIHLHOTO
MOHITOPHHTY, aJlOPUTM Ta WOro NPOrpaMHy peari3amilo 3 BHKOPHCTAHHSIM
iHpopmartiitnux kputepiiB Akaiike (AIC) i baiieca (BIC) nns ontumanbHOTO BHOOPY
MOJIeJIel CUTHAJY 3 YpaxXyBaHHAM OallaHCy MK TOUYHICTIO Ta CKJIaJHICTIO MOJENI, a
TaKOX 13 3aCTOCYBaHHAM 0araToKpoKOBOI aJaiTUBHOT (DUIbTpalli HA OCHOB1 (DUIBTPIB
Kanvana, Binepa Ta MeIiaHHOTO 3 METOIO 3HW)KEHHS 1HTEpPEpeHIlii 1 BpaXyBaHHS
YMOB 3aBMHpaHHs curHaiy. llpoBecTn ekcrnepuMeHTanbHI AOCIIIKEHHS IS
BaJIiAallli mepesar METOy ISl MiABUILEHHS 3arajJbHOi €(eKTUBHOCTI CIIEKTPAIBHOTO
MOHITOPUHTY B MOPIBHAHHI 3 TPAAUIIMHUMU T1IXOAaAMH.

6. IlpoBecTu ekcHepUMEHTaJbHY OLIHKY €(EeKTUBHOCTI 3alpONOHOBAHOTO
metony s Wi-Fi, 5G NR, Bluetooth, GSM, LoRaWAN, UWB, oco6a1Bo a1t THX
CUTHAJIB, Kl MalOTh BUCOKI MOYATKOBl 3HAYEHHS CHIBBIIHOIICHHS CUTHAJ/IIyM
(SNR). 3niiicHuTd mnoeTanmHy BepuU]IKaIll0 METOAY 3 METOH BHU3HAYCHHS
IPOIYKTUBHOCTI 3acTocyBaHHs ¢uibTpa Kanmana, iHbopMamiftHUX KpUTEPIiB
Axaiike (AIC) ta baiteca (BIC), a Tako peKypCHBHOT'O OHOBJICHHSI CTIEKTPaTbHUX
OITIHOK JJISl TJIBUIICHHS TOYHOCTI Ta HAJIMHOCTI CIEKTPAJIHLHOTO MOHITOPUHTY B
YMOBaX 3MIHHOTO Pa/iilo4aCcTOTHOTO CEPEIOBHIIIA.

Metoau pocaigxennsi. s BUpIIEHHS HAayKOBO-NPAKTUYHUX 3ajad,

MOCTaBJICHUX B JHCEPTAIIHHOMY JOCHIJKEHHI, OYyJI0 3acTOCOBaHO: METOIU
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CHEKTPaJbHOTO AaHali3y XS BHSIBICHHA BUTBHUX YACTOTHUX CMYT Ta OLIHKH
CHEKTpPaJIbHOI ~ LIUIBHOCTI  MOTY>XHOCTI ~ CUTHaJIB Yy  O€3MpOBOJOBUX
TEIEKOMYHIKAUIMHUX Mepekax; MeToau OaraTokpokoBoi ¢uibTpanii (QpuisTpu
Kanvana, Binepa, Memianuuii (inbTp) ANsi YCYHEHHS IIyMiB, 3aBMHUpaHb Ta
CIIOTBOPEHb CHUTHAJIB Yy KOTHITUBHMX pajioMepexax; iHdopmalliiai Kputepii
Akatike (AIC) 1 Baiteca (BIC) nns BuOOpy onmTMMaibHOI MOJEN CHEKTPaIbHOTO
MOHITOPUHTY Ta 3aro0IiraHHs NEpeHaBYaHHIO; TEOPis WMOBIPHOCTEH JJIsi OLIIHKH
SKOCT1 ampoKcumalli curHaiiB 1 aHamsy Biactani KynbOaka-Jleitbnepa mix
(aKTHYHOIO Ta ATPOKCUMYIOYOI0 MOJIEIISIMHU.

JUis  TpoBelleHHA  €KCIIepMMEHTalIbHOI  Bepudikaiii  pe3ysbTaTiB
BUKOPHCTOBYBAJIOCH IMITaIliiHE MOJIEIIFOBAaHHS YaCTOTHHX Jiala30HIB CHTHAJIB y
JTUHAMIYHOMY KOTHITHBHOMY pPajiOCEpPEAOBHINI, a TaKOXX CTAaTHUCTHYHI METOIU
aHaJi3y, 30KpeMa pO3paxyHOK cCIiBBiHOMEHHS curHar/mmyM (SNR), iiMoBipHOCTI
BusiBieHHs1 curHaiy (AUC), anHamiz kpuBOi poOOYMX XapaKTEPUCTHK MpuiiMaya
(ROC), perpeciiinuii 1 KOpeqsAUIMHMM aHamI3 Uil MEpPEeBIPKM TOYHOCTI Ta
e(heKTUBHOCT1 pO3pO0JIEHUX AJITOPUTMIB.

HayxoBi pe3yJibTaTi, OTpMaHI B pe3y/IbTaTi BAKOHAHHA TMCEPTaLIITHOT poOoTH,
OCHOBaHI Ha pO3po0Ill Ta YAOCKOHAJIEHHI METOMIB MOHITOPUHTY Ta ONTHUMI3aIll
BUKOPUCTAHHS ~ PaJloyaCTOTHOIO  CMNEKTPY B  KOTHITMBHUX  O€3MpPOBOOBUX
TEJIEKOMYHIKAILIIHHUX Mepekax. A came:

1. Bniepiie po3poOJe€HO METOJ MOHITOPUHTY YacTOTHOTO cnektpy — VISM
(Variable Time Segment Monitoring) Ha OCHOBI HEOJHOPITHOI JACKOMIIO3UIIT
YaCOBUX CETMEHTIB Ta aJalNTHUBHOIO CIEKTPAJIBHOTO aHali3y B 3aJIEKHOCTI Bif
CTAaTUCTUYHHUX BJIACTUBOCTEH CHUTHANy. 3ampoNOHOBAHUW METOJ, Ha BIAMIHY BiX
TpaAuIliMHUX, 3a0e3nedye JUHAMIYHY aJanTalliio JIOBXUHU CETMEHTIB Bij
XapaKTEePUCTUK CHUTHAIY B peajbHOMY dYaci, MO MiJABHUIIYE TOYHICTH BUSBICHHS
YaCTOTHUX KOMITOHEHTIB, 3HI)KY€ BIUIMB IIyMy Ta 30UIblllye e(EeKTUBHICTD
BUKOPHCTAHHS CIEKTPY B YMOBaX AMHAMIYHUX Iepeaay.

2. Y10CKOHAJIEHO METO/] CIIEKTPaIbHOTO MOHITOPUHTY Ha OCHOBI Bap1aTUBHUX

4acOBMX CETMEHTIB Ta aJanTUBHUX BelBieT-niepeTBopeHb (Mopie, [obGemri) Ta
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anantuBHuX ¢ubTpiB: Kanmana, LMS Ta RLS nns ontumizaiii BUSBICHHS Ta
aHai3y CHCKTPAJIbHUX XapaKTEPUCTHK Y PI3HUX YMOBax HaBaHTaXCHHS.
3anpornoHOBaHUN METOJl BIAPI3HAECTHCS BiA BIJOMUX 3JIaTHICTIO 3a0e3medyBaTu
BHCOKHH PIBCHB aJJalITUBHOCTI T4 TOYHOCTI 32 paXyHOK BHKOPHUCTAHHS TEPEIOBUX
GUTBTpaIlITHIX TEXHIK 1 CIIEKTPAIILHOTO aHaTi3Yy.

3. Y10CcKOHAJIeHO METO]I 1€pAPXIYHOr0 IUKITYHOTO MOHITOPHHTY YACTOTHOTO
CIIEKTPY 3a paXxyHOK 3acTocyBaHHs IHPopMaIiiHux KkputepiiB Akaiike ta baieca s
BUSIBJICHHS BUIBHUX YAaCTOTHUX CMYT VY CHEKTpaJbHOMY Jiala3oHl, a TaKoX
OararocTyrieHeBoi (uIbTpaliei, s 3MEHIIEHHS IIYMIB Ta CHOTBOPEHb CUTHAIY 3
BpaxyBaHHIM 3aBMUPaHb. 3alIPOIIOHOBAHUH METO/I BiIPI3HAETHCS BiJl ICHYIOUHX THM,
0 KpuTepiii Akallke BUKOPHCTOBYETBCS IJII TOYATKOBOTO BHOOPY MoOjeCNeH, a
Kputepiii  baiieca 3a0e3medye yTOYHEHHS HaJaAINTyBaHHS 1 3amoOiraHHs
«IEepEeHABYAHHIO», M0 POOUTH METOa OLIbII €(PEeKTUBHHUM I 3aCTOCYBAaHHS Yy
CKJIQJIHUX paJiocepeoBUIIax 3 PI3HUMHU THIIAMH IIyMIB Ta CIIOTBOPEHb.

IIpakTuuHi pe3yJabTaTH IUCEPTAIIMHOTO MOCTIKCHHS TMOJATAl0OTh Yy
pPO3pOOIII TEXHONOTTYHUX PIIEHb, AJITOPUTMIB Ta MPOTPAMHUX peajli3aliil Ha OCHOBI
3anpONOHOBAHUX METO/I1B y cdepi KOTHITUBHHUX 0e3MpPOBOJIOBUX
TEJIEKOMYHIKalIHHUX CUCTEM, 30KpeMa:

— Ha OCHOBI aHalli3y BHUMOT JO METOMIB CHEKTPaTbHOTO MOHITOPUHTY
BianoBigHO cranaaptiB [EEE o0rpyHTOBaHO, 110 OOMEXeHa 3JaTHICTh METOMIB /10
ajanTaiii B yMOBaX BHMCOKOiI IHTep(epeHIli Ta HEAOCTATHS TOYHICTh BHSBIICHHS
NEPBUHHUX KOPUCTYBAYiB BUMArarOTh IOJAIBIIOTO BIOCKOHAIECHHS METOJIB IS
NIABULICHHS HAJIMHOCTI YNpPaBIIHHSA CIEKTPaJbHUMU pecypcaMHM Ta MiHIMI3alil
BIUTMBY 3aBMUPaHb, IyMY Ta MEPEHIKo/. 3a JOMOMOTOI €KCIIEPUMEHTATBHOI OI[IHKU
TPAIMIIIMHMX  METOAIB  MOHITOPUHTY  YacCTOTHOTO  CIIGKTPY  OOTPYHTOBAaHO
HEOOX1JIHICTh 3aCTOCYBaHHS T1OpUIHUX MIAXO1B JJIs MJABUIIIEHHS SKOCT1 BUSBJICHHS
CUTHAJIIB Y CKJIAJTHUX YMOBAaX paJlioCepeI0BUINA;

— po3po0IeHO HOBHM METOJ crleKTpanbHOro MoHiTopuHry VISM (Variable
Time Segment Monitoring), aniropuT™ Ta IporpaMHy peasizailito, 0COOJIHUBICTIO IKOTO

€ 3aCTOCYBaHHSI QJIallTUBHOI 4acOBOI1 CErMEHTAllll Ta JUHAMIYHE HaJAIITyBaHHS O
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3MIH YacTOTHO-YAaCOBUX  XapaKTepUCTHK CcuTHary. OnTUMI30BaHO  MpoIIeC
i1eHTU(diKalil BUTBHUX YAaCTOTHUX CMYT Ta 3HM)KEHHS PIBHS 3aBaj 3a JIOMOMOTOIO
METOJIIB CTAaTUCTHMYHOIO aHalli3y 1 peKypcuBHOI ¢inbTpanii. ExcrnepuMeHTanbHO
noBeneHo, mo Meroa VTSM nmo3Bosisie MABMIIMTH TOuHICTh Ha 18,5% mnpu
cepenupoMy piBHI SNR (10 1b) Ta 3HU3UTH iiMOBIpHICTH XUOHUX TpUBOT Ha 10,2% y
NOPIBHAHHI 3 TpaguiiaumMu Metogamu. [Ipu Bucokomy piBHi SNR VTSM noka3zye
MaKCHUMaJIbHY €(EKTHBHICTb, 3a0€311euy0ul TOYHICTh BHUsIBIEHHS Ha 15,2% Bumy,
HIX Y METOJTy CHEPIreTHYHOTO JIeTeKTyBaHHS Ta Ha 10,5% BUIIY 32 METOJT y3rOKEHOT
dinprpanii. [Ipu Huzskomy SNR (5 n1b) meron VTSM mnokazaB Ha 3,7% kpairy
TOYHICTh MOPIBHIHO 3 METOJIOM €HEPIeTUYHOTO JETEKTOPA, JI€ TIOCTYIMAETHCS METOLY
y3roJKeHO1 (hiIbTpaltii;

— pO3po0JICHO  aJrOPUTM  METOAY  CHCKTPAIBbHOTO  MOHITOPHUHTY 3
BUKOPHMCTAaHHSM BapiaTUBHHX YaCOBHUX CETMEHTIB, IO JO3BOJISIE€ IIPOBOJIUTH aHAIII3
CIIEKTPY B peaJlbHOMY Yaci Ta BIACIIIKOBYBaTH 3MIHH B CIHEKTPaJbHOMY CKJajl
curHaimy. Merox 0a3yeTbcs Ha 3acCTOCYBaHHI aJalTUBHUX BEHWBIET-TIEPETBOPEHB
(Mopae Ta Jlo6emi) Ta puisTpiB (Kanmana, LMS Ta RLS) nns 3a6e3nedeHHs: BUCOKO1
TOYHOCTI aHanizy. B pe3ynbTari NpoOBEAEHHX EKCHEPUMEHTIB TOBEACHO, IO
3alPONOHOBAHUI METOJ] A0CATAE MAKCUMAIIbHOT €()eKTUBHOCTI TOYHOCTI BUSIBICHHSA
cur"aiiB npu Bucokux SNR — no 85,6%. ExcriepumenTanbHa nepeBipka Ha CUTHaNIax
4G LTE, Wi-F1 6 1 GPS minrBepauna 31aTHICTh METONY €(PEKTUBHO MPAILIOBATH B
YMOBaX CKJIaJIHOTO PaJi0YaCTOTHOTO CEPEIOBUIIA;

— OOTpYHTOBaHO HEOOXIJHICTh IHTErpalii CTAaTUCTUYHUX MIAXOAIB 13
aIanTUBHUMU P ILTBTPAIHHIMEI TEXHIKAMH, IO JO3BOJIUIO CYTTEBO 3MCHIIIMTH BILTUB
IIYMIiB Ta YaCTOTHUX CIOTBOPEHb Yy OE3MPOBOJOBUX KOTHITHBHUX MEpPEkKax.
ExcrieppumMeHTaIbHO JIOBEJCHO, IO HAaBITh TPH HHU3BKMX 3HadYeHHIX SNR,
¢()CKTUBHICTh METOJy 3aJUINAEThCSI Ha TPUUHATHOMY piBHI, gocsraroun 15,4%
TOYHOCTI BUSIBICHHS CUTHAJNIB. BripoBa/pkeHHsI aganTUBHOT (QLIBTpAIlil JT03BOJIUIIO
3HU3UTU WUMOBIpHICTH XUOHUX TpuBor a0 0,01 mpu SNR = -5 b, mo 3a0e3neuye

HaJliiHy poOOTy B yMOBax I1JBUILIEHOTO IIYMY;
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— PO3pOOJECHO AITOPUTM Ta MPOTPaMHy peamizaifilo METOJY 1€PapXidHOro
LUUKIIYHOTO CIEKTPAJbHOIO MOHITOPUHTY 3 BHUKOPHUCTAHHAM 1H(QOpMaLIHUX
kputepiiB Akaitke (AIC) 1 baiteca (BIC) ans ontumansHOro BUOOpPY MoOJenei
CUTHAJy, IO JO03BOJISE JOCATTH OajaHCy MDK TOYHICTIO Ta CKJIATHICTIO MOJICIII.
BimMiHHOIO pHCOI0 METOAY € ToeTamHa OaraToKpokoBa ajanTHBHA QIIbTparlis 3
BukopucTanusMm ¢unbTpiB  Kanmana, Binepa Ta MemiaHHOro, WIO0 MIJBHIILYE
€(PEeKTUBHICTh MOHITOPUHTY TNUISIXOM 3HWXEHHS PIBHS IIyMIB Ta BpaxyBaHHS
3aBMHUpPaHb CHUTHATY. EKCIEpUMEHTAIbHO OTPUMAaHi PE3yJIbTaTH IOKA3aJId 3HAYHE
MOKpaIIEeHHs JUIsl CUTHAJIB 13 BUCOKUM moyaTkoBuM SNR. Ammmityna mins Wi-Fi
3pocna Ha 7,06%, a SNR — na 15,03%. s 5G NR npupict amrmityau ckias 8,42%,
a SNR — 18,18%. [usa cursamiB 3 HmwkuuM SNR, takux sk UWB Ta LoRaWAN,
aMmIutityga 36inpmminacs Ha 7,46% Tta 6,25% BinmoBigHo, a SNR — Ha 18,18% 1 10%.
Curnai Bluetooth nokazas 3poctanus ammurityau Ha 7,14%, a SNR — Ha 15,38%, Toxi
gk a1 GSM ui nokasHuku ctaHoBuwiIH 7,06% 1 12,5%, mo nemoHcTpye e(heKTUBHY
aJanTarlio MEeTOay J0 ITyMiB Ta 3aBMHUPAaHb;

— eKCIIEpUMEHTAJILHO JOBEICHO €(DEKTUBHICTH 3aIPOITOHOBAHOTO METOMY IS
BCIX THIIIB CHTHAJIB, OCOOJMBO I THUX, II[0 MAalOTh BHCOKI ITOYATKOBI 3HAYCHHS
chiBBinHomeHHs: curHain/mym (SNR). Ilicns mepBuHHOrO 3actocyBaHHs (GUIBTpa
Kanmana Oyno 3adikcoBano mokparieHHs: aMunityan Ha 3 — 4% 1 migBuieHHs SNR
Ha 0,2-0,3%. Buxopucrannas indopmariitnux kputepiiB Akaiike (AIC) ta baiieca
(BIC) 3a0e3neunnu 1ie BUIIII pe3yibTaTh: aMIIiTyAa 30ibmmunaca a0 7,46%, a SNR
niaBunmBca 10 18,18%. PekypcuBHE OHOBJIEHHS CHEKTPaJbHUX OILIIHOK JIO3BOJHIIO
JOCSITTU J10JIaTKOBOTO ynockoHaneHHs st Bluetooth ta 5G NR, ne mpupict SNR
ckiaB 10 5,13%.

HaykoBo-ipakTHYHI pe3yIbTaTH JHCEPTAMIMHOI POOOTH BIPOBAKCHO Y
CIY’KOOBY JIsIIBHICTH BilicbkoBOi uwactuHm A7223. B Jlomatky b no nmuceprarii
HaBEJICHO BIATIOBITHUNM AKT peaizarrii.

OcoOucTnii BHecOK 3100yBaya BKJIIOYae pPO3pOOKY HOBHX METOIIB,

QITOPUTMIB Ta TEXHIYHUX PIIIEHD, K1 JO3BOJWIN €(DEKTUBHO BUPIIIUTH MOCTABJICHI
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B JIUCEpTalliiiHid poOOTI 3aBAaHHSA Ta AOCATTH MOCTaBICHUX LUICH. Y CHUIBHUX
HAyKOBUX MyOIiKalisgx 3100yBaueBl HAJIEKUTh HACTYITHUN BHECOK.

B crarti [1] — MeToA CHEKTPaJbHOTO MOHITOPHHTY 3 BHUKOPHCTAHHSIM
aJanTUBHUX BeWBIeT-miepeTBOpeHHss Mopie 1 [[obemni Ta aganTuBHO1 GiIbTparllii; B
poOoTi [2] — MeTOJ MOHITOPUHTY CIIEKTPY Ha OCHOBI JIEKOMITO3MIIi YaCOBUX
cermMeHTiB (VISM) nnd OUHAMIYHOTO MOHITOPUHTY CHEKTpPY; B [3] — MeTon
1EPAPXIYHOTO I[UKIIYHOTO MOHITOPUHTY YacTOTHOIO CHEKTpY B KaHamax 13
3aBMUPAHHSIMU Ta CIIOTBOPEHHSMH; B CTATTi [4] — MOCIIKEHHS TPUYMH BUHUKHCHHS
MDKKaHAJIbHUX 3aBaJl y IHTEJIEKTYaJbHUX paJIOCUCTEMAX Ta OIIHKA BIUIUBY
CHEPreTUYHMX 1 KOPEJSAIIMHUX BIACTUBOCTEH CUTHAJIIB Ha CTIMKICTH J0 ITUX 3aBajl; B
poboti [5] — omiHka Ta aHami3 METOMIB MOHITOPHHIY CIEKTpa B KOTHITHBHHX
pamioMepekax Ha OCHOBI JUCKPETHOro rmeperBopeHHss dyp’e; B [6] — oIliHKa
e(eKTUBHOCTI 3acTOCyBaHHS 1H(POPMAIIMHOTO KpHUTEPir0 AKaiike B ajlropuTMax
MOHITOPHMHTY CIIEKTpa KOTHITMBHHUX paJlOMepeX JH03BOJISE ONTHUMI3yBaTH BHOIp
Mojeel 111 0OpoOKM CUTHANIB, B [7] — aHasi3 METO/I1B CIEKTPAIIbBHOIO MOHITOPHHTY
B KOHTEKCT! JOCIIIKEHHS 3aBaJOCTIMKOCTI CUCTEM O€3MpPOBOJAOBOTO AOCTYITY JJis
BU3HAYEHHS BIUIMBY 3aBaJ] Ha SKICTh nepenadi JaHux, B [8] — ekcrepuMeHTaibHa
OIliIHKa €()eKTUBHOCTI BHUSBJICHHS BUIBHUX YaCTOTHHUX Jiama3oHiB, B CTaTTi [9] —
JOCIIPKEHHSI METOAIB BHSBJICHHS Ta MOHITOPHHTY CHEKTpa B KaHaldax 13
3aBMHUPAHHIMU Ta YaCTOTHUMU CIIOTBOPEHHSIMHU.

Anpobanis pe3dyabratiB. OCHOBHI HayKOBI TOJOXKEHHS 1 pe3yJdbTaTh
aucepTaniiiHoi  poOOTM  HpOMIUIM  aBTOPChKY  ampoOallild  Ha  HACTYNHHX
KOH(epeHIIsX:

— 24 MDbKHapOJHAa HAYKOBO-TeXHIYHA KOH(pepeHuis. «[Ipobdaemu iHpopMaTuku
ta mozemoBaHHs» (I1IM-2024). Xapkis: HTY «XI1l», 20-23 Bepecus 2024;

— 37 MibkHapoTHAa HAyKOBO-TIpaKTHYHA KoHepeHIlia «IHpopmalliiHo-Kepyrovi
CUCTEMHU Ha 3aJi3HuYHOMY TpaHcmopTi». Xapki: YkpAY3T, 10-11 xostHs 2024;

— XII mixxHapo1Ha HAYKOBO-IIPaKTU4HA KOH(pepeHilis «JIioauna, CycniibCTBO,

KOMYHikaTuBH1 TexHoJorii» XapkiB: Ykpl V3T, 25 xoBrus 2024;
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— 26 MDKHapoJHa HayKOBO-IIpaKkTU4YHA KOoH(epeHus, Xapki, 18-19 BepecHs
2013.

Hyoaikamii. HaykoBo-nmpakThuHi pe3ynbTaTH, OTpUMaHI B MexKaxX JaHOTO
JUCEPTALIMHOTO TOCHIIKEHHS OyJI OImyOJIiKOBaH1 aBTOPOM y 13 HayKOBUX Mpaldx:
9 crareil y ¢paxoBUX BUIAHHSAX YKpaiHHW, y TOMY YMCHTi, | CTaTTS y MDKHApOJTHOMY
BUJAHHI Ta BigoOpaxeHo y 4 ampoOalliiHux myOdikaligx 3a wmaTepiajamMu
MDKHApOJIHUX HAYKOBO-TIPAKTUYHUX KOH(DEPEHITIH.

Crpykrypa i o6car aucepramii. /lucepraiiiina po0OoTa CKIIaJaeTbes 3
aHoTaiii JBOMAa MOBaMH, BCTYIYy, YOTHPbOX PpO3JIUIIB, BHCHOBKIB, CIIHCKY
BUKOPHMCTAaHUX JDKEpesa Ta joaarkiB. PobGora mictutrh 167 CTOPIHOK OCHOBHOTO
TEKCTY, Yy TOMY 4uCHl, 38 pUCYHKIB, 26 Tabmuup, 154 HailMeHyBaHHS y CIHCKY
BUKOpHCTaHUX Jukepen, 6 JlonatkiB (A-E). 3aransHuit obcsar aucepraiiiinoi podotu

BUKJIaieHO Ha 181 cTopiHIIl.
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