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AHOTALIS

O6ix00 A. . MeToau KepyBaHHS IHTENEKTYaIbHUX TEIEKOMYHIKAIHHUX MEPEXK. —
KgranidikamiitHa HaykoBa mpails Ha paBax PyKOMUCY.

Hucepraniss Ha 3100yTTS HAYKOBOI'O CTYIEHA KaHAuJaTa TEXHIYHUX HAyK 3a
cnemianbHicTiO 05.12.02 «TenekomyHIKalliHI CUCTEMU Ta MEPEX1». - YKpaiHCbKUU
Jep>)KaBHUM YHIBEPCUTET 3alI3HUYHOTO TpaHCHOpPTy MiHICTepcTBa OCBITH 1 HayKu

VYkpainu, Xapkis, 20109.

Hucepraniiitna  pob6oTta  NpucBsYeHa  po3poOll  METOJIB  KepyBaHHS
THTEJNIEKTYyaJIbHUX TEJIEKOMYHIKAIIMHUX MEPEX 3 METOIO MiJBUIIECHHS e(PEeKTUBHOCTI iX
(GyHKIIOHYBaHHSI.

VY BcTyni OOIPYHTOBYETBHCS aKTYaJdbHICTh TEMHU pPOOOTH, 3B'A30K POOOTH 3
HAyKOBHUMH TIporpamMaMu, GOpMyJTIOIOTECS MeTa 13a/1a4i J0CTIKEHHS, BU3HAYEHO 00’ €KT
1 mpenMeT nociipkeHHs. HaBeneHo nepenik pe3ysbTaTiB IUCEPTALIfHOTO JOCIIIKEHHSI,
Kl CTAHOBJISITb HAyKOBY HOBM3HY, 3a3HAY€HO IMPAKTUYHE 3HAYEHHS OTPUMAHUX
pe3yIbTaTIiB, MEPENiKk HAyKOBHX CTAaTed Ta KOH(EpEeHIH, Ha SKUX OyJ0 MpPOBEICHO
arpo0ariito pe3yJIbTaTiB, @ TAKOXK CTPYKTYPY Ta 00CSAT pOOOTH.

VY meprmoMy po3aiiai MPOBEAEHO AOCHIIHKEHHS PIBHS KEPYyBaHHS JOCTYIIOM [0
Cepe/IOBUINA, METOJMIB KEpPyBaHHA Ta KEPyBaHHS CHCTEMaMH KOTHITHBHOTO pajio.
CriBicHyBaHHSI KpUTUYHO BaxkiuBe Jiisa pagioinTepdeiica IEEE 802.22, sxuit motpideH,
00 BKJIFOYATH J1F091 MEXaH13MHU BUSBIICHHS 1 3aXHUCTY, a TAKOX 3aXO/y CIIBICHYBaHHSI.
[Mporokon CBP (Coexistence Beacon Protocol, CBP) BukopucroByeTbes, 100
OOMIHIOBATHCS MasikaM¥ CIIBICHYBAaHHS ISl JOCSATHEHHS €(EKTUBHOTO CIIBICHYBaHHS
cepen kmiThH, mo mnepekpuBaroThes |IEEE 802.22. KomOinamis mirodoro 3axucrty i
MexaHi3MiB cmiBicHyBaHHs (hopmye piBeHb MAC (Media Access Control, MAC), mo €
Ty)Xe THYYKHM 1 aJaliTUBHUM JI0 CEPEIOBUINA 1 MOXKE pearyBaTH Ha panToBi 3MiHHU.
Ilepm Hisk CPE (Customer Premises Equipment, CPE) Moxe BBIATH B MEPEXY, BOHO
noBuHHe OyTH oOciyroBaHe 0a30Bot0 cranilieio (base station, BS), 1 iioro MOKIMBOCTI
noBuHH1 OyTu moromxkeHi 3 BS. Jlana mpoueaypa moxke BKJIOYaTH OaraTo 3aBAaHb

(HampuKIIa], TEOJOKAIIII0 1 pO3Mi3HABaHHS KaHATIB) 1 HamarokeHHs 3B's13kiB MK CPE 1



BS. Bes s nporneaypa 3raayeTtbest K iHILianmizamisg 1 mepexena acouianis. e Ounbin
BAXJIMBUM € T€, 10 i yac 1poro npoimecy BS nmoBunen minimizyBatu nepeaauay CPE
TakK, 00 HE BUKJIMKATH 1HTEP(EPEHIIINHI TEePEIIKOAN 13 MPAIIOI0YUMU CTPYKTypaMHu.
[HmmMu  cmoBamuM, IHIIiami3amiss 1 MEpeKeBUNM MpOIeC acollianii o3Haydae, 10
CUCTEMHMH 3aXUCT, 110 3aiiMa€e MO3UIlII0, MOBUHEH MaKCHUMI3ZyBaTHCsA. Mepexi, Ha
OCHOB1 HEUITKMX HEHPOHHHUX MEPEX, OJIepKaId CBOIO HA3By B CHJIy TOTO, IO JJIs
anpoKCUMAaIlii 3aJIeKHOCTI BUXITHOTO CUTHAITY BiJ BXIZHOT'O BeKTOpa X=[X1, X2, ..., Xn]T
y HUX BUKOPHCTOBYIOTBCSI BUPA3H, 3aII03MYCHI 3 HEUITKMX CUCTEM (30KpeMa, i3 CUCTEM
Mampaanu-3ani i1 Takaru-Cyreno-Kanra). Yci By3nu mepexi (T.3. mepexxi MANET —
Mobile Ad-Hoc Networks) oOMiHOTECS iH(pOPMAILIiE0 0e3MOCepPeHbO MK CO0O0I0
a00 3aCTOCOBYIOTH PETPAHCIISIII0 TIepeaaHnXx nakeTiB. OCOOIMBOCTIMHU TaKO1 CHUCTEMU
€ OaraToMmipHICTb, 0aratoyHKIIOHAJBHICTh, 1€PAPXIYHICTh, CHUJbHA 3aJIC)KHICTh
XapakTepy (YHKIIOHYBaHHS BIJ TMapaMeTpiB KOTHITUBHOTO paaio Ta 30BHINIHIX
BIUTMBIB, (DYHKIIIOHYBaHHS MeEpeXi 3 MOXJIHMBICTIO ii camoopraHizallii, NTPUHHATTSI
PO3BI3KIB y pealbHOMY a00 OJU3BKOMY JIO pEaIbHOr0 MaciiTadl Yacy, MiHIMalbHE
3aBaHTaKEHHS MEPexi Cayk00BO0 1H(POpMAIlIEI0, ONTUMI3allisI XapaKTEePUCTHK MEPExKi
1 MaKCUMaJIbHa aBTOMATHU3AIlis TIPOIIECIB KEPYyBaHHS MEPEKEIO.

Y napyromy po3niii  OTpUMaB MOJANBIIMA PO3BUTOK METOJ KEpyBaHHS
CEepEeIOBHUINEM KOTHITHBHOTO pajio, OyJl0o 3MIMCHEHO BIPOBAKCHHS KOTHITUBHUX
GyHKIIH B HOTO apXiTEeKTypy. 3amporOHOBAHO apXITEKTYpy KEepyBaHHS CEpPEIOBHINEM
WRAN (Wireless Regional Area Network, WRAN) 3 BHKOpHUCTaHHSIM KOTHITUBHHUX
GyHKITIH, a TakoXX po3po0JEHO OJIOK-CXEMy aJITOPUTMY KEPYBaHHS CEPEIOBUIIEM
WRAN, peainizoBaHOro mia KepyBaHHSIM HelpoHHOT Mepexi. besniu pisanx WRANs
pa3oM pO3TallOBYIOThCS B TMEBHIM reorpadiunii oOnacti. HeliporHa wMepexa
po3TamoByeThcss B KokHiM BS 1 B3aemomie 3 inmummum WRANS, BIAIOBIZHO 10
cragmapty IEEE 802.22. Otouenns mepexi moxe ckimagatucs 3 iHmmx WRANS, 3
AKAMH BOHa MoOxe B3aemonisaTd. [li B3aemonaii MOXYTh BKJIIOYATH CHIIbHE
BUKOPUCTAHHS JAaHWX 1 Y3TO/KEHHS po3moaiury pecypcy. OkpemMa mepexka MOXKe
CIIY)XUTU KOOPAMHATOPOM cepeloBHIla 1 B3aeMoaiatu 3 MHOXUHHUMH WRANS 3
METOI0  3a0€3leuUeHHs]  3asABJICHUX  XapaKTepUCTHK  KOTHITUBHOTO  pajio.

BukopucToByroun BHYTPINIHIO OpraHizaililo Mepexl, MpoBaiiep MOXKE OpraHizyBaTH



oumiHroBy cuctemy BcepeanHi WRAN abo opranizyBaTu Nociyry poyMiHTY, SIKIIO 1€
crocyerbcsi  1Hmoro WRAN. ®yskuii, mnos's3aHi 3  KOPUCTYBAJIbHHIIBKOIO
aBTeHTU(iKali€l0, Tapudikaniero, Oe3nekor, KOHPIACHIIHHICTIO, KepyBaHHAM
MOOUIBHICTIO, MOXYTh OyTH TaKOX BpaxoBaHI SK NapamMeTpu HEHUPOHHOI Mepexi.
3acTocyBaHHSI JOJATKOBOi HEWPOHHOI MEpeXl Ja€ MOXIUBICTh CIPOTHO3YBaTH
HABAaHTAKEHHS 1 B3a€MHUH BIUIMB MapaMeTpiB OJUH HAa OJHOTO. TakuM YMHOM, MOXHA
CIPOTHO3YBaTH MPONYyCKHY 37aTHICTh, sk AP (Access Point), Tak i Bciel Mepexi,
HaBaHTa)KEHHS B pi3HUI 4ac i T.4. Ha mijgcTaBi HaKOMMYEHUX JaHUX HEHPOHHA Mepexka
MOBMHHA 3a0e3meunTy 30amaHcoBaHUM po3nojaul pecypciB B macmTadbi WRAN. [lana
Mepexa Oyje MparHyTd J0 OOCITYroBYBaHHS MaKCHUMaJbHO1 KUTBKOCTI aOOHEHTIB J0
OJIHOYACHOI MIHIMI3allll BUIAJKIB BiIMOBH BiJ oOcimyroByBaHHs. HeliponHa mepexa B
koxkHIT WRAN Moxke 30upatv CTaTUCTMYHI JIJaHI MPO CTaH OTOYEHHS IS aHANI3y 1
OL[IHKK TMapaMeTpiB, 000 ONTUMI3yBaTH CHUCTEMHY MPOJYKTUBHICTh, SKa MOXKe
TPYHTYBAaTHCS Ha MPOTHO3YBaHHI 3 BUKOPHCTAHHSIM HEWPOHHOI Mepexki ado IHIIUX
metoniB. IHpopmariss Moxxke OyTH poO3MIKMpPEeHa JAOJATKOBUMH  KOMIIOHEHTaMHU
BU3HAUCHHS MJis 3a0e3nedyeHHs JOJAaTKOBUX JaHMX, K1 Oe3MocepelHbO MOB'S3aHl 3
0e3IMeKor0, HEeCaHKIIoHOBaHUM jgocTyrnoM, BrummBoMm 1HImUX WRANS. Heiliponna
Mepeka BUKOPUCTOBYE pe3yJbTaTH BUMIPIOBAaHb JIJIs T'eHepallii JJOKAJIbHOTO KepyBaHHS 1
perymtoe mpoaykTuBHICTh Bciei cuctremu WRAN. Jlama cuctema Mae Taki
byHKITIOHAIBHI OJOKU SIK: OJIOK mpuiiomy-mepenadi; OJOK reosiokarlii, MOHITOPUHTY
CIeKTpa 1 BUMIPIOBaHHS pIBHA BHUIPOMIHIOBAHHSA, IIMHA OOMIHY JaHUX; OJIOK
30epiranHs 1 06poOku cay>k00Boi iHPOpMaIIii; OJOK CUCTEMU YIPaBIiHHSA, MiACUCTEMA
KepyBaHHS, TMiACHCTeMa TPUHHATTA pimieHHs. Pe3ynpraté poOOTH 1MOBIpHICHOT
HeliponHoi mepexi (Probabilistic Neural Network, PNN) Ginbmn geTanbHO OmHcaHi B
JIPYrOMY PO3JILII.

VY tperboMy po3aiii po3podieHo y3aranbHeHui aaroputv PSO-NN (Particle Swarm
Optimization, PSO-NN). Takoxx yIOCKOHAJIEGHO METOJ MHOXHWHHOI'O BHSBICHHS
[IIXOM BHUKOPUCTAaHHA METOAY POI0 YaCTHMHOK 1 3TOPTKOBOI HEHpPOHHOI Mepexi, a
Takox Moro peanizauii. Po3po6ienuit yzaranpbHenuid anroput™ PSO-NN Biapi3HsaeTbCs
Bl ICHYIOUMX THUM, II0 BiH OUIBII KOPEKTHO HAJAIITOBYETHCS Ha peajbHI YMOBH,

BIIACTUBI apXITEKTyp1 KOTHITUBHUX cucTeM. Lleit alroputM BUKOPUCTOBYE ONTHUMI3ALIIIO



pOI0 YAaCTMHOK M1 KEPYBAHHSIM 3rOPTKOBOI HEHPOHHOI MeEpexi. 3aBASKA LbOMY
3a0e3MeuyeThCsl CYBOPHUH JOCTYN JO aHali3y CHEKTPYy Ha OCHOBI EHEPreTUYHOi
CKJIaZI0BOI MOOLIPHUX KOPHMCTYBauiB. 3a pPaxyHOK BHUKOPUCTaHHS MIKPOYACTKOBOI
apXITEKTYpH Ta 3rOPTKOBUX HEMPOHHUX mIapiB, QyHKUIA €(PEeKTUBHOCTI BUSBICHHS 1
rio0anabHe po3TalllyBaHHS YaCTUHOK BU3HAYAETHCS OUThI TOYHO. [lomanbiia peanizairis
QITOPUTMY MHOKMHHOTO BUSIBJICHHS BIAPI3HAETHCA Bl ICHYIOUMX THUM, IIO MICIsA
o0'eHaHHS MaTpWIlb KOPHCTYBadiB BHUSBICHUX KaHAJIB, TIIBKH OJWH KOPUCTYBau
3aKpIMUIIOETHCS 3@ TMEBHUM KaHaloM. Takok, Taka peanmizaulis nepeadayae OUIbII
peaNicTUYHUNA MPOCTIP MOMIYKY 1 MIBUAKICTh BHUSBICHHS KOPUCTYBAiB 31 3HANJIEHUMHU
kaHanamu. MogemoBanHst PSO-NN, sk anroputM e@QeKTHBHOCTI MHOKHHHOTO
BusiBieHHS 171 50 MOOUIBHMX KOPUCTYBadiB, Ma€ KUIbKa 3TOPTKOBUX IIApPIB, SIKI
y3arajJpbHeHO OJIMH 3 OJHUM. Taka apXiTeKTypa MOXe OyTH MiITBEPKEHHIM TOTO, IO
oOpaHa NpaKTHYHUM IUIIXOM HEHpPOHHA Mepexa OUIBIIO MIpOK 3aJ0BOJIBHSE
MOCTABJIEHUM 3aBJAHHSIM.

YerBepTuii po3ail MPHUCBIYEHO PO3pOOIl METONY CYMIIIEHOTO BUKOPUCTaHHS
CIIEKTPY JUIsl 3MEHIIIEHHS HMOBIPHOCTI MOMWJIOK IPH BHSBJICHHI BUIBHMX KaHaJiB Ta
JUIL  3MCHIICHHS KUIBKOCTI TOMMJIOK TpH TIepenadi iHdopmallii BTOPUHHHUMHU
KOPUCTyBayaMH, a TaKOXK pearizallii nmporeaypyu BUOopy KaHaly I BEIUKOI KUIBKOCTI
BTOPUHHUX KOPUCTYBa4iB Ha OCHOB1 KOHKYPYHOYOro Ha0opy. BUsBIEHHS cIeKTpaIbHUX
«ip» € ocHoBoto Mexanismy DSA (Dynamic spectral access, DSA). Kpim Toro,
MOMMJIKOBO 3HAJEHI KaHAJIM BIUIMBAIOTh HAa MPOAYKTUBHICTH Mepenadl BTOPUHHHUX
KOpDUCTYBadiB Ta MpPHU3BOAATH JO BHUHHUKHEHHS IIOMUJIOK B poOOTI MNEPBUHHUX
KopuctyBauiB. CrieKTpaJIbHUN aHajIl3 MOBUHEH BUKOHYBATHUCS IEpeJl Mepeaayueio JaHuX
IS BUSIBJIIGHHS TOCTYIHOCTI KaHay. BiibIIicTh METO/IB 3aCTOCOBYIOTHCSI BTOPUHHUMU
KOpUCTyBauaMy JUUIsl BUSIBJICHHS AaKTUBHOCTI TEPBUHHUX KOpPHUCTyBauiB. Meron
JIETEKTYBaHHS CHEPTeTHYHOI CKJIQJ0BOiI MPOCTHA B peamizaiii 1 Mokasye peanbHy
KapTUHY 3alHATTS KaHatiB. ToMy Takuid MeETOJ € OUIBII TOYHHM, HaBITh SKIIO
BTOPUHHUN KOPUCTYBA4 MPAKTUYHO HE Mae iHPopMaIlii Mpo NEpBUHHOTO KOPUCTYyBaua i
B3SITUHA 3a OCHOBY B pO3pOOI[l METOAY fK aJrOPUTM 30HJYBaHHsS CHEKTpy. ToOTo,
OCHOBHOIO METOI0 BHMIPIOBAaHHS CIIEKTpa € BH3HAYCHHS 3alHATOCTI KaHaly B

JUEH30BaH1i cMy31 yacToT. [Ipu moMuiIKoBOMY BHUSBIEHHI MOKJIMBE BUHUKHEHHS IBOX



TUIIB TTOMWIOK: XMOHA MOMUJIKA 1, BJIaCHE, MOMUJIKOBE BUSBICHHS. XUOHA MOMUJIKA
BUHUKA€E, KOJIM KaHAJ BUIbHUI, a BTOPUHHUI KOPUCTYBay BBaXKA€, 110 KaHAJ 3aHHATUM.
[Ipy NTOMUIKOBOMY BUSIBIEHHI BTOPUHHUN KOPUCTYBay 11eHTU(DIKY€E KaHAT K BUIbHUM,
AKUN (aKTUYHO 3ailHATHI. 3BiACHM BUIUIMBa€E, IO XUOHA NOMMJIKA BKa3ye Ha
HEBUKOPHUCTAaHY MOXKJIIUBICTh JOCTYITY JIO CIIEKTPY, B TOH 4Yac SK MMOMWJIKOBE BHUSBICHHS
BHOCUThH MOTEHIIMHI 3aBaJd B KaHall 3 MEPBUHHUM KOpucTyBaueM. Yepes edekTu
0araTonpoMeHeBOTr0 3aBMUPAHHS, BCEPEINHI BUCOKUX OYIIBEIh 3 BUCOKUMH BTpaTaMHU
1 JIOKaJIbHUMHU TIEpelIKogaMy Ta 3aBajJaMd, WMOBIPHOCTI XWUOHOI TOMWIKHA 1
TIOMMJIKOBOT'O BHUSIBJICHHSI 30UTBIIYIOTHCS MPH HE CYMIIICHUX METOJaX BUSBIICHHS, 1110
NPHU3BOJANTH JO0 MOMHWJIOK TP MpUHOMI-TIepeaadi MK NMEPBUHHUMH Ta BTOPUHHUMH
KOPHCTYBauyaMHt B MEpeKax KOTHITHBHOTO paaio. [Ipy HaaXoKeHHI TaHUX Ha MpUiMay
BTOPMHHOTO KOPHMCTYBaua, BiH 3IMCHIOE TOPIBHSAHHS PE3y/bTaTiB MOTOYHOT'O CTaHY
kanainy 3 iHpopmariero CSI (Channel state information, CSI), Bu3Ha4ae moTy>KHICTh
MEPBUHHOTO KOPUCTyBaya Ha ITJICTaBl BIJICTaHI 1 MOCUJICHHS aHTEHW B TOMY BHUIIAJIKY,
AKIIO TIEPBUHHUN KOPHUCTYBau TOBHICTIO HE 3aiiMae ued kanan. s pexumy
NEPEKPUTTS. HEMAE OOMEKEHHs JJI MOTY>KHOCTI Tepeaadl BTOPUHHOTO KOPHUCTYBaua.
JIJist 3MIHM TIOTOYHOTO CTaHy KaHaly B PEXXHM CIOJy4YEHHS, Yepe3 BUHUKHEHHS 3aBajl,
BUKJIMKAaHUX BIUTUBOM pOOOTH BTOPUHHOTO KOPUCTyBadya Ha KaHal IEPBUHHOTO
KOpPUCTyBaya, HEOOXITHO 3MEHIIUTH TOTYXKHICTh IMepeadi, 3MIHUTA THIT MOIYJISIT 1
BU3HAYUTH THIT KOJyBaHHS, M 3abe3neueHHs BimnosimHoro SNR  (signal-to-noise
ratio, SNR). V¥ rtakiii riOpuaHiit Mozl nepeaavi JaHUX BTOPUHHHUI KOPUCTYBAY MOXKE
BU3HAYUTH, YW 3AIMCHIOBATH HOMY mepefady JaHuX abo «30ip» eHeprii B 3aJIe:KHOCTI
B Oydepa manux abo craHy JKepena Oe3nepebifHOro KUBJICHHS. | pyHTYIOUHCH Ha
pe3ysbTaTax BUMIPIOBAHHS CIIEKTPa 1 MOPOTOBUX 3HAYEHHSX PEKHUMY CYMIMIEHHS a0o
MEPEKPUTTSI, KOKEH BTOPUHHUN KOPUCTYBAY MOXKE SIK OTPUMYBATH JIOCTYII 10 KaHATY 3
KOMIT'IOT€pa, TaK 1 HAKONMUYYBAaTH EHEPrir0 3 KaHajiB, 3alHATHUX TMEPBUHHUM
KopuctyBaueM. HelipoHHa mepexa, BUKOPHUCTOBYIOUM HAKOMUYEHY 1H(OpMAILlil0 Tpo
CTaHM KaHaJly, TOIIOJOTii BHSBICHUX KaHAJIB, PIBHA BHUIIPOMIHIOBAHHS, IaJbHOCTI,
npuiiMae pillieHHsl MPO TMepeXiJi Ha HOBHU KaHal JUIsl Mepeladl JaHuX Ha 3alHATUX
yacToTax Ayl «300py» eHeprii abo mepenadi gaHux B HacTynHux (azax CS (channel

sensing, CS). Ha miacraBi po3po0sieHOro MeToay TiOpuaHOI MOojeli mepeaadi JaHuX



KOXXEH BTOPUHHHMI KOPUCTYyBau MO)Xe a00 mepenaBaTH JaHi y BUIBHOMY KaHaili, abo
3IACHIOBATH «301p» eHeprii 3 3ailHsaToro kaHaiy. [[is Mepexi KOTHITUBHOTO paaio 3
BEJIMKOI0 KUIBKICTIO NMEPBUHHMX Ta BTOPUHHHMX KOPUCTYBAyiB OJHIEI0 3 KIHOYOBHUX
npobiieM, TMOB'I3aHUX 3 JIOCTYNIOM 10 OaraToKaHaJbHUX CHCTEM, € TpobiemMa
KOHKYpPEeHIli MDK BTOPHMHHHUMH KopucTyBauamu. Jlis BupimieHHs npodieMu
KOHKYPEHIIli KaHaJliB Cepe/l BTOPUHHUX KOPUCTYBAiB, y po3auIl 4 Oylo po3poOseHo
riOpuIHy MOJeNb Tiepeaadi JUisi OAHOTO BTOPUHHOTO KopHucTyBada. KoxkeH BTOpHHHHIA
KOpUCTYBau MOXeE 3/IHCHIOBATH TMepelady JaHuX B HE3alHATOMY KaHaili abo
3MIACHIOBATH «301p» €Heprii 3 KaHaly, B SIKOMY BiIOyBaeTbCs Nepenaya JaHuX 3
ypaxyBaHHSIM KOHKYPYHYOro Ha0Opy 1 CTaHy €MHOCTI JpKepena Oe3nepeOiifHOro
KUBIICHHSI.

Y nopaTtkax MpeacTaBICHO Pe3yNbTaTH MOJETIOBAHHS 1 MpOrpaMHa peaizalis
METOJIIB HABYaHHS IHTEJEKTyaJlbHUX TEJICKOMYHIKAIIMHUX Mepex, sSAKi Oyio
peasii3oBaHO B cucTeMi MareMaTuyHoro mozemtoBanHs MATLAB Ta 3a gomomororo
IHTEPIPETOBAHOI 00’ €KTHO-OPIEHTOBAHOI MOBHU MPOTPaMyBaHHS BHCOKOTO PIBHS 31
ctporoto tumizaiiero PYTHON.

Karw4oBi cjioBa: BTOpUHHHMI KOpHUCTYBad, 30€peKEHHS €HEPrii, KOTHITHBHE
paaio, HeWpoOHHA Mepeka, MEPBHHHUN KOPUCTYBay, Mepenada JAaHUX, pagio XBHII,

Paio4acTOTHHUM CIEKTP.
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ABSTRACT

Obikhod, Y.Y. Methods of control intellectual telecommunication networks. —
Qualifying scientific paper on the rights of the manuscript.

A thesis 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, 2019.

The introduction substantiates the relevance of the topic of work, the relationship
work with scientific programs, formulated the aim and research tasks defined the object
and subject of research. The list of results of the dissertation research, which constitute
scientific novelty, indicates the practical significance of the obtained results, the list of
scientific articles and conferences, which tested the results, as well as the structure and
scope of work.

In the first chapter, it was conducted the research of the level of access control to
the environment, teaching methods and management of cognitive radio systems.
Coexistence is critically important for the IEEE 802.22 radio interface, which is needed
to include the existing detection and protection mechanisms, as well as coexistence.The
CBP protocol is used to exchange beacons of coexistence to achieve effective self-
interfacing among cells overlapping with IEEE 802.22. The combination of active
protection and self-alignment mechanisms forms the level of MAC, which is very
flexible and adaptable to the environment and can respond to sudden changes. Before
the Customer Premises Equipment can enter the network, it must be served by the base
station, and its capabilities must be agreed with the BS. This procedure can include
many tasks (for example, geolocation and channel recognition) and the establishment of
connections between CPE and BS. All this procedure is referred to as initialization and
network association. Even more important is that during this process, the BS must
minimize the transfer of the CPE so as not to cause interference with the working
structures. In other words, the initialization and networking process of the association

means that the systemic protection occupying the position should be maximized.



Networks, based on fuzzy neural networks, have got their name due to the fact that for
the approximation of the dependence of the output signal on the input vector X = [x1,
X2, ..., xn] T, expressions borrowed from fuzzy systems (in particular, from the systems
of Mamdani-Zadi and Takagi-Sugen-Kang). All nodes of a network (the so-called
MANET network - Mobile Ad-Hoc Networks) exchange information directly between
them or apply relayed packets transmitted. Features of such a system are
multidimensionality, multifunctionality, hierarchy, strong dependence of the nature of
functioning on the parameters of cognitive radio and external influences, functioning of
the network with the possibility of its self-organization, the adoption of solutions in real
or close to real time, minimal download of network information, optimization of
characteristics network and maximum automation of network management processes.

In the second chapter of the thesis, the method for controlling the cognitive radio
environment was further developed the implementation of cognitive functions in its
architecture was implemented. The WRAN environment management architecture with
the use of cognitive functions is proposed, as well as a block diagram of the WRAN
environment control algorithm implemented under the control of the neural network.
Many different WRANS are located in a particular geographic area. The neural network
is located in each BS and interacts with other WRANS, according to the IEEE 802.22
standard. The network environment may consist of other WRANS that it can interact
with. These interactions may include sharing data and reconciling resource allocation.A
separate network can serve as the environment coordinator and interact with multiple
WRANS in order to provide the claimed characteristics of cognitive radio. Using the
internal organization of the network, the provider can arrange the billing system inside
the WRAN or organize the roaming service, if it concerns another WRAN. Functions
associated with user authentication, billing, security, privacy, and mobility management
can also be considered as parameters of the neural network.The use of an additional
neural network allows you to predict the load and the mutual influence of parameters on
each other. Thus, you can predict bandwidth, like AP (Access Point), and the entire
network, load at different times, etc. Based on the accumulated data, the neural network
should provide a balanced distribution of resources on a WRAN scale. This network

will strive to maintain the maximum number of subscribers while minimizing the cases



of denial of service. The neural network in each WRAN can collect statistics about the
state of the environment for analysis and evaluation of parameters in order to optimize
system performance that can be based on prediction using a neural network or other
methods.Information can be expanded by additional definition components to provide
additional data that is directly related to security, unauthorized access, and the impact of
other WRANS. The neural network uses measurement results to generate local control
and regulates the performance of the entire WRAN system. This system has such
functional blocks as: reception and transmission unit; geolocation, spectrum monitoring
and radiation measurements; data bus; block of storage and processing of official
information; control unit block, training subsystem, decision subsystem. The results of
the probabilistic neural network (PNN) are described in more detail in the second
section.
In the third chapter a generalized PSO-NN algorithm is developed. Also, the
method of multiple detection by using the method of particle swarm and convolutional
neural network, as well as its implementation, has been improved. The developed
generalized PSO-NN algorithm differs from the existing ones by the fact that it is more
correctly adjusted to the real conditions inherent in the architecture of cognitive
systems. This algorithm uses the optimization of the particle swarm under the control of
the convolutional neural network. This ensures rigorous access to spectrum analysis
based on the energy component of mobile users. Due to the use of microparticle
architecture and convolutional neuron layers, the function of detection efficiency and
global particle arrangement is determined more precisely. Subsequent implementation
of the multiplication algorithm differs from the existing ones by the fact that after
combining the matrices of users of the detected channels, only one user is assigned to a
particular channel. Also, such implementation provides a more realistic search space
and the speed of finding users with the found channels. The PSO-NN modeling, as the
multi-discovery efficiency algorithm for 50 mobile users, has several convolutional
layers that are generalized with each other. Such an architecture can be a confirmation
that the practical choice of the neural network to a greater extent satisfies the objectives.
The forth chapter is devoted to the development of a combined spectrum use

method to reduce the likelihood of errors in detecting free channels and to reduce the



number of errors in the transmission of information by secondary users, as well as to
implement a channel selection procedure for a large number of secondary users based
on a competing set. Detection of spectral "holes” is the basis of the dynamic spectral
access (DSA) mechanism. In addition, erroneously found channels affect the
performance of the transmission of secondary users and lead to errors in the work of
primary users. Spectral analysis should be performed before the data is transferred to
detect channel availability. Most methods are used by secondary users to detect the
activity of primary users. The method of detecting the energy component is simple to
implement and shows the real picture of the occupation of the channels. Therefore, this
method is more precise, even if the secondary user has virtually no information about
the primary user and is taken as the basis for developing the method as a spectral
sensing algorithm. That is, the main purpose of measuring the spectrum is to determine
the employment of the channel in the licensed band of frequencies. When erroneously
detecting, two types of errors may occur: a false error and, in fact, a false detection. A
false error occurs when the channel is free, and the secondary user believes that the
channel is busy. In the case of erroneous detection, the secondary user identifies the
channel as a free, which is actually busy. It follows that a false error indicates an unused
possibility of access to the spectrum, while a false detection brings potential
interference to the channel with the primary user. Due to the effects of multi-beam
fading, inside high-rise buildings with high losses and local obstacles and obstacles, the
probability of false mistake and false detection increase with non-combined detection
methods, resulting in errors in reception-transmission between primary and secondary
users in cognitive radio networks. When the data is received by the secondary user
receiver, it compares the results of the current state of the channel with the CSI
(Channel state information, CSI) information, which determines the power of the
primary user based on the distance and amplification of the antenna in the event that the
primary user does not completely occupy this channel. For the overlay mode there is no
limit to the power of the secondary user's transmission. In order to change the current
state of the channel to the interconnection mode, due to the occurrence of interference
caused by the influence of the secondary user's operation on the channel of the primary

user, it is necessary to reduce the transmission power, change the type of modulation,



and determine the type of encoding, to provide the appropriate signal-to-noise ratio. In
this hybrid data transmission model, the secondary user can determine whether to

transmit data or “collect” energy depending on the data buffer or the state of the
uninterruptible power supply. Based on the measurement results of the spectrum and the
thresholds of the combination or overlap mode, each secondary user can both access the
channel from the PC and accumulate energy from the channels occupied by the primary
user. The neural network uses the accumulated information about the channel states, the
topology of the detected channels, the level of radiation, the range, decides to switch to
a new channel for data transmission at busy frequencies for the "collection™ of energy or
data transfer in the following phases CS (channel sensing, CS). Based on the developed
method of the hybrid data transmission model, each secondary user can either transmit
data to a free channel, or "collect™ energy from the occupied channel. For a cognitive
radio network with a large number of primary and secondary users, one of the key
issues associated with access to multichannel systems is the problem of competition
between secondary users. In order to solve the problem of channel competition among
secondary users, chapter 4 developed a hybrid transmission model for one secondary
user. Each secondary user can transmit data to an unoccupied channel or to "collect”
energy from a channel in which the data transfer takes place taking into account the
competing set and the state of the power source of the uninterrupted power supply.

The annexes present the results of simulation and software implementation of the
methods of teaching intelligent telecommunication networks that were implemented in
MATLAB mathematical modeling and using the interpreted object-oriented high-level
programming language with the strict typing of PY THON.

Keywords: secondary user, energy conservation, cognitive radio, neural network,

primary user, data transmission, radio waves, radio frequency spectrum.
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[EPEJIIK YMOBHUX ITO3HAYEHD

AWGN — Additive white Gaussian noise
BS — Base station

BSS — Base station system

CBP — Coexistence Beacon protocol

CPE — Customer Premises Equipment

CPS — Cinema Production Service

CS — Channel sensing

CSI — Channel state information

DSA — Dynamic spectral access

DT —Data Transmission

EH — “Energy Harvesting”

FC — Fusion center

MAC — Media Access Control

MANET — Mobile Ad-Hoc Networks
MCSC — Mobile Crowd Sensing and Computing
NP-hard — Alroput™ Kiacy CKJIagHOCTi
OODA - “Observe, Orient, Decide, Act”
PNN — Probabilistic Neural Network
PSO-NN — Particle Swarm Optimization
QoS — Quality of Service

RTS — Request To Send

SCW — 3aroyioBOK ympaBiliHHS CyNepKaapa
SM — Spectrum Manager

SNR — Signal-to-Noise-Ratio

TSK — Mepexi Takaru-Cyreno-Kanra
WRAN — Wireless Regional Area Network

PB® — PaniansHa 6a3ucHa QyHKIISA



HIHM — IITy4yH1 HEHPOHHI Mepex1



BCTYII

AKTyaubHicTh podoTu. OJIHIEI0 3 OCHOBHUX MpOoOJieM, IO BUHUKAIOTH MPHU
(YHKIIOHYBaHHI IHTEJIEKTYaJbHUX TEJICKOMYHIKAUIMHUX MEPEX € HEIOCTATHBO THYUYKE
Ta Jl€BE KEpYyBaHHS B CHUCTEMaxX MPUUHATTS PIlIEeHb KOTHITUBHOIO pajio. BincyTHICTh
MEXaHI3MiB, peani3alii JWHAMIYHOI 3MIHM CEpEJOBMINA, HHU3bKa BIAMOBOCTIMKICTH
MPU3BOJIATE 0 3MEHIIICHHS MPOITYCKHOT CIIPOMOXKHOCTI CUCTEMHU, 301IbIIIEHHS BAPTOCTI
pO3TOpTaHHS Ta 00CITYrOBYBaHHS MEPEXKI.

CydacHi TeHJIeHLIi PO3BUTKY IHTEIEKTyalIbHUX TEICKOMYHIKAUIMHUX MEpPEx
CIIPSIMOBaHHI Ha BIPOBA/KCHHS MEXaHI3MIB MOHITOPHUHTY POoOOYOTO CHEKTPY YacTOT,
CHIBICHYBaHHs, peecTpalli Ta BIACTEXKEHHS KOpUCTyBauiB. BnpoamxeHHs
HAKONTMYCHUX 3HAHb Ta NMPUUHATTSA PIIICHb € OJHUMHU 3 HAWBAKIUBININX HANPSIMIiB
PO3BUTKY IHTEIEKTYyaJIbHUX TEICKOMYHIKAIIMHUX MEPEK.

B ocranni poku po3ropraetbest 6e3miu oqnoTunHUX WRANSs (Wireless Regional
Area Networks — 6e3mpoBo/10Bi JOKaJIbHI MEPEkKi) B MeKaX HEBEIUKOT TEPUTOPIaIbHOT
omm3pkocTi. PisHi WRANS B meBHiN Tamy3i MOXYTh OYTH pO3TOpHYTI PI3HUMHU
npoBaiifiepaMu. Y TakKOMy JAMHAMIYHO 3POCTAIOYOMY CEPEIIOBHII 3'SABIISETHCS BEIMKa
KUIBKICTh TIPOOJIEM, MOB'SI3aHUX 3 OE3MEKOI0, CIIBICHYBAaHHSM, TOIOJIOTIEI0 MEPEeXi Ta
iH. Bci mpoBaiinepy MOBUHHI Y3TOJDKYBAaTH CBOi Jii MK COOO I TOTO, II00
KOPHUCTYBaudl MaJHd 3MOTY CHUIBHO BUKOPUCTOBYBATH OJIHI 1 Ti ) PECypcH B PI3HUX
WRANS. V¥V mii ramy3i paiio3B'si3Ky mpaioroTh Taki BueHi: Young Chang, Hu
Wendong, Gubbi, S. Marusic, M., CordeiroC., Challapalil., BirruD. OgHak cyTTeBUM €
TE, 10 B poOOTax MepesideHnX aBTOPIB, HE PO3MIISIIAETHCA aPXITEKTypa KOTHITUBHOI
Mepexi. OmucaHo NesKi eIeMEHTH apXiTeKTypu 1 IX B3a€EMOJisA, Taki sSK Oesmeka,
CIleHapil iHiIiami3amii 9acToT, Balifalis, aine HeJIOCTAaTHHO PO3IIISTHYTO apXiTeKTypy
WRAN. Takoxx Mano yBaru mpuijIeHO METOJaM KEPYBaHHS Ta aHANi3y 4acToT. B Toi
K€ 4ac, KepyBaHHSI CEpE/IOBUILEM B KOTHITHUBHIN pajloCUCTEMI BUMAarae JeTajbHOIO
posrasany (GyHKIIM KEpyBaHHS CHEKTPOM Ta pPaio3B's3Ky 3 MNpOrpaMOBaHUMU
napaMmerpamu. Take KepyBaHHs peanizyeTbcs Ha ¢ismunomy piBai (PHY - Physical
layer) cranpapty IEEE 802.22. WRANS € Bax/IMBOIO CKJIaJ0BOI0 KOTHITUBHUX Paaio-

miargopm. B iboMy HanpsIMKy CTaHIApTy NpaIlo0Th Taki BueHi: Bacchus R., Bogucka



H., Mahmoud Q., ZouY., WangX., ShenW. Amne cyTTeBUM HEIOJIKOM € Te€, IO
MUTaHHS MPO JBOX a00 Oulbllle BTOPUMHHUX KOPUCTYBAYiB, Kl KOHKYPYIOTh 33 OAMH
KaHaJl IPaKTUYHO HE BUBYANOCA. bibln TOro, HMOBIPHICTh BUHUKHEHHS! TOMUIIOK MIXK
BTOPMHHHM Ta IIEPBUHHMM KOPUCTYBa4aMH 30UIBIITYETHCS B PEKUMI MHOKHHHHX
BTOPMHHHMX KOPUCTYBadiB, TAKOXK 3aJIMITUIOCH O0€3 yBary.
TexHonoriss KOTHITUBHOTO pajaio JO03BOJISIE HEJILEH30BAHUM KOpPUCTyBayam
BUKOPUCTOBYBATH BIIbHUHN CIIEKTP, B TOM MOMEHT, KOJIU BiH HE BUKOPHUCTOBYETHCS
JIIIEH30BaHUMH KOpHUCTyBayaMu. TOMy CIEKTpajJbHUI aHaji3 MOBHHEH MPOBOIUTHCS
JI0 TOTO, SIK HEJIIIEH30BaH1 KOPUCTYBaul OTPUMAIOTh JOCTYII JIO YaCTOTHOT'O PECYpCY.
Janiii nmpobiemaruii nmpucssiueni mpaii: Alhammadi A., Tragos E. Z., Zeadally S.,
Arslan H. B 1ux mpansx BUKOPHUCTOBYETBCS CIPOIICHA ILJIbOBa (DYHKILiSA, 1 BIICYTHE
oromxerne oomexxenns (BD — budget constraint), a Takoxx Bci 111 JOCTIIKEHHS HE
BPaXOBYIOTh CHEPreTUYHY CKJIJIOBY MOOUTEHUX KOPHCTYBaYiB.
Taxum 9HOM, aKTyadbHICTh POOOTH BU3HAYAETHCS HEOOXITHICTIO BHUPIIICHHS
3aB/IaHb, 110 BUHUKAIOTh MPU KEPYBaHHI CEPEJOBUINEM KOTHITMBHOI PajlOCUCTEMH 3
METOIO TIJIBUIICHHS €(EeKTUBHOCTI iX (PYHKIIIOHYBaHHS Ta IMiIABUIIEHHS B1JIMOBO-

CTIAKOCTI1, 30UIBIIIEHHS] TPOITYCKHO1 CITIPOMOYKHOCT1 CUCTEMH, 3MEHIIICHHS BapTOCTI

PO3ropTaHHs Ta OOCTYrOBYBaHHS MEPEXKI.
3B’f130K po00OTH 3 HAYKOBMMH NPOrpaMaMu, IJIaHaMu i TeMamu. J{ocaiKeHHS
B IMCEPTaliliHii poOOTi Oe3MmocepeTHHO OB’ A3aH1 3 HACTYITHUMHU MOJIOKCHHSIMH:

— Konmeniiss po3BUTKY TEIEKOMYHIKaIlii B YKpaiHi, CXBaJIEHa PO3MOPSIKEHHIM
Kab6inery MinictpiB Ykpainu Bin 7 uepBusa 2006 p., N 316-p (i3 3miHamMu, BHECEHUMU
srigHo 3 Posnopspkennsm KM N 1612-p (1612-2008-p ) Big 27.12.2008).

— Crparerii po3BUTKY 1HGOPMAIIHOTO CYCIIUTLCTBA B Y KpaiHi.

— Konnemnmis HarionansHOi mporpamu iHopmaTu3aitii, cxBaieHa 3aKkoHOM YKpaiHH
«IIpo Konmeniro Harionanbeaoi nporpamu indopmatuzamii» Big 4 mororo 1998 p., No
75/98-BP (i3 3minamu, BHeceHUMH 3rigHO 13 3akoHamu N 3421-1V ( 3421-15 ) Big
09.02.2006,N 3610-VI1 ( 3610-17 ) Bix 07.07.2011, 406-V1I ( 406-18 ) Bix 04.07.2013).

— Pexkomenpanisimu  moao  «Pedopm ranysi  iHQopMariiHO-KOMYHIKAIIMHUX

TEXHOJIOT1{ Ta PO3BUTKY 1HPOPMAIIHHOTO TPOCTOPY Y KpaiHM».



— JlepxaBHa  HayKoBO-TexHiYHa  mporpama  «CTBOpEHHS  MEPCHEKTUBHUX
TEJICKOMYHIKAIMHUX CUCTEM Ta TEXHOJIOT 1.

— IloctanoBa mpo  3arBepokeHHs  [IpaBunm  HamaHHS Ta  OTPUMAaHHS
TeJleKoMyHiKaliiHuX cepiciB Bix 11 kBiTHsa 2012 p. No 295 (i3 3MiHamMu, BHECEHUMHU
srigHo 3 [TocranoBoro KM No 251 Bix 29.04.2015).

— Crpareris craioro po3BuUTky "Ykpaina—2020", cxBaneHa Ykazom I[lpesunenta
VYipainu Bin 12 ciuns 2015 poky No 5/2015.226. Tema auceprariiiinoi poO0TH 1MoB’si3aHa 3
NPIOPUTETHUMHU HANpsSMKaMU PO3BUTKY HayKH 1 TeXHikW, HaBeneHuMHu B «llepemiky
OPIOPUTETHUX TEMATHUYHUX HANpPSMIB HAYKOBHX JOCHIKEHb 1 HAYKOBO-TEXHIYHMX
po3pobok Ha 2011-2015 poku», 3atBepmxkeHomy IlocranoBoro KabGiHeTy MiHICTpiB
VYkpainu No 942 Bin 7 Bepecus 2011.

JucepraliiiiHi JOCTI>KEHHS BUKOHYBAJIKCH Y BIAMOBIIHOCTI 10 HAYKOBOT'O HAIPSIMY
KadeIpu TPaHCIIOPTHOTO 3B’ SI3KY Y KPaTHCHKOTO JIEP’KaBHOTO YHIBEPCUTETY 3aTI3HHYHOTO
TPAHCTIOPTY.

MeTta poboTu i 3aBAaHHS AOCHiIKeHHs. MeToro aucepTaiiiHoi podbotn €
MiABUIICHHS e()EeKTUBHOCTI (PYHKIIIOHYBaHHS I1HTEICKTYaJIbHUX TEJIEKOMYHIKAI[IHHUX
MEPEX 3a PAaXyHOK pPO3pOOKM Ta BIPOBAHKEHHS METOJIB KEpPyBaHHS B CHCTEMax
IPUAHATTS PIllICHb MEpekaX KOTHITUBHOTO PaIio.

JIns MOCSATHEHHS TOCTaBJIEHOI METH HEOOX1THO BHUPINIMTH 3arajbHy HAyKOBO-
MPUKJIAIHY 33/1a4y, SIKa TOJsITae B po3po0Ili METOIB KEpyBaHHS Ta MPUIHATTS PIllICHb HA
OCHOB1 HeWpoHHUX Mepex. Il[o6 BupimmTH 3araqbHy HAYKOBO-TIPUKIATHY 3a7ady
aucepTalii HeoOXiTHO BUPIIIMTH TaKi YaCTHHHI 3a7a9i TOCTIKCHb:

1. BukoHatu JOCIIPKEHHS PIBHSA KEPYBaHHS JIOCTYIIOM JIO CEPEIOBHUIIA, METOIIB
KEepyBaHHSI CUCTEMaMHU KOTHITHBHOTO Paio.

2. YIOCKOHAIUTA METOJl KEPYBaHHS CEPEAOBHINEM KOTHITHBHOTO pagio 3
BUKOPHUCTAaHHSIM HEUPOHHOI MEpPEXKi.

3. Po3pobuTtn MeTo MHOKHMHHOTO BHSIBJICHHS MOOUTRHUX KOPHCTYBadiB Ha
OCHOBI ONTUMI3allll POI0 YaCTUHOK B KOTHITUBHIN pasiioMepexKi.

4. Po3poOuTu MeTO]1 BUOOPY KaHAIIB KOTHITUBHOTO PaJiio MPU MHOKUHHOMY

JOCTYII1 NEPBUHHUX T4 BTOPUHHUX KOPUCTYBAUiB.



5. Po3pobutu anaroputMu Uil OPOrpaMHOi  peanizamii METOAIB KEepyBaHHS
IHTEJNEKTYyaJIbHUX TEJIEKOMYHIKALIITHUX MEPEXK.

O0'ekTOM H0CJIiIAKEHHS € IPOLIEC KEPYBAHHS CUCTEM KEPYBAHHS 1HTEJIEKTYaIbHUX
TEJIEKOMYHIKAIHHUX MEPEK.

IIpeamert xocaiaxeHHs — METOIU KEPYBAHHS CUCTEM KEPYBAHHSI IHTEJIEKTYaTbHUX
TEJIEKOMYHIKAIMHUX  MEpexX, sKI 3a0e3ledyloTb MIABUILNEHHS  €(EeKTHUBHOCTI
(YHKIIOHYBaHHS IHTEIEKTYaTIbHUX TEIEKOMYHIKAIHHUX MEPEXK.

Metoau nociaimkenHs. [Ipu BupilIeHH] YaCTKOBUX HAYKOBHUX 3a/ay JHCEPTAIlii
BUKOPUCTOBYBAJINCh METOJM CTAaTHUCTHYHOI Teopii 3B'A3Ky, Teopii HMOBIpHOCTEH 1
BUIIAJIKOBUX IPOIIECIB, YUCIOBI METOU OOPOOKH €MIIPUYHUX JAHUX — MPH PO3poOII
METOJly KEpyBaHHS CEpPEJOBUIIEM KOTHITUBHOTO paaio, METOAy MHOXKHUHHOTO
BUSIBJICHHS MOOUIPHUX KOPHMCTYBauiB Ha OCHOBI OINTHUMI3allii PO YacCTHHOK B
KOTHITUBHIA paJioMepexi Ta METOJy BHUOOpY KaHaIIB KOTHITUBHOTO paaio Mpu
MHOKMHHOMY JIOCTYTI1 IEPBUHHUX Ta BTOPUHHUX KOPUCTYBAUiB.

Jist  miaTBEpPIXKEHHSI JTIOCTOBIPHOCTI OTPUMAHUX TEOPETUYHHUX PEe3yJIbTaTiB
3aCTOCOBYBJIMCh ~ METOAM  IMITAI[IHHOTO  MOJEIIOBaHHSA. AHaAI3  pe3yJbTaTiB
EKCIIEPUMEHTATBPHUX  JOCHIDKEHb  TPOBOAMBCS 3  BUKOPUCTaHHSIM  METOJIB
MaTeMaTHYHOI CTAaTUCTUKH, MaTEeMaTHYHI MOJell MoOyAoBaHI 3a MPUHIUIIOM
opraHizaiii Ta ¢yHKIIIOHYBaHHS 010JIOTTYHUX HEHPOHHUX MEPEK, MaTEMAaTHIHI1 MOJEi
KepyBaHHs, MeToI Teopii anmropurmiB NP-hard.

HaykoBa HOBM3HA I10/105KeHb, PO3P00JIeHHX 0COOHCTO 3100yBaYeM 00yMOBJIEHA
HOBUM BHPIIIEHHSM Ba)XJHMBOi HAayKOBO-NIPUKJIAJHOT NpoOJeMH, IO [MOJIATaE Y
MiABUIIECHH] €(QEeKTUBHOCTI (DYHKI[IOHYBaHHS I1HTENEKTYaTbHUX TEJICKOMYHIKAIIMHUX
MEpeXX Ta 30UIBIICHHI SHEePreTHYHOI e()EKTUBHOCTI, a TaKOX JO03BOJISE ITIBUIIUTH
e(eKTUBHICTh BUSIBJICHHS MOOUTEHAX KOPHCTYBauiB IHTEJEKTYyaJIbHHUX
TEJICKOMYHIKAIlIHHUX MEPEK.

1. YaockoHaleHO METOJ KEpyBaHHS CEpPEIOBUIIEM KOTHITUBHOTO pajio 3a
PaxyHOK PpO3IIUPEHHSI MEpEeki, SKUM BIAPIZHIETHCA Bl ICHYIOUMX BBEJCHHIM
KOTHITUBHUX (QYHKIIN 10 cucteMu KepyBaHHs cepenoBuiieM WRAN, peanizoBaHoro
MiJ] KEpPYyBaHHSAM HEUPOHHOI MEpexi, M0 JO03BOJSE MIABUIIUTA €(PEKTUBHICTh

(YHKIIOHYBaHHS IHTEIEKTYyAIbHUX TEIEKOMYHIKAIMHUX MEPEXK.



2. Bpnepme po3po0JeHO METOJ MHOXHHHOTO BHUSABICHHS MOOUIBHHX
KOPHUCTYBauiB Ha OCHOBI ONTHUMI3allii POI0 YACTUHOK B KOTHITUBHINA pagioMepexi, SKUI
J03BOJISIE, HA BIAMIHY B ICHYIOUUX, MIABUIIUTUA €()DEKTUBHICTh BUABJICHHS MOOLIBHUX
KOPHUCTYBAuiB IHTEJIEKTYaJIbHUX TEJIEKOMYHIKAIIHHUX MEPEK.

3. Boepme po3poOieHo Meroa BUOOpPY KaHalllB KOTHITUBHOTO pajio IpH
MHOKHUHHOMY JOCTYIi MEPBUHHUX Ta BTOPHHHUX KOPHCTYBadiB, SIKHH JO3BOJISIE, HA
BIIMIHY BiA IcHytouux, BrpoBaauTu TexHosorii «ENERGY HARVESTING» mig
KepyBaHHSM HEeWpoHHOI Mepexi. Lle m03Bomsie 3MEHIIUTH WMOBIPHICTh MOMUJIOK TPHU
nepenayi iHpopMallii BTOpHHHUMHU KOPUCTYBayaMu Ta peajiizyBaTH MpoLeaypy BUOOPY
KaHaTy IS BEJMKOi KiJTBbKOCTI BTOPMHHUX KOPHCTYBauiB Ha OCHOBI KOHKYpPYIOYOTO
HabopYy.

HoBusna oTpumaHuxX pe3yibTaTiB MIATBEPAKYETHCS BIICYTHICTIO PO3POOJICHUX
MOJEJIE Ta METOJMIB B ICHYHOUMX TEXHOJOrisx 3abesneueHHss Bumor QO0S B
TEJICKOMYHIKAIlIHHUX CUCTEMax.

HaykoBe 3HavyenHss po6oru. OTpuMaHi HAyKOB1 pe3yjbTaTH B CYKYIHOCTI €
po3BuTkoM ctaHmapry |EEE802.22.2 Tta cnpsMoBaHi Ha MIIBUIICHHS BUSBJICHHS
MOOUIPHUX KOPHCTYBAYiB y TEIICKOMYHIKAIIMHUX CHCTEMaxX Ta MeEpexax, a TaKOXK
30UTBIICHHS IIBHIKOCTI Tepefadi JaHuX Ta aJanTaifilo 10 3MIH HaBKOJIHMIIHHOTO
CepeIOBHUIIIA.

IIpakTH4yHe 3HaYeHHS1 OTPHUMAHHUX Ppe3yJabTaTiB JOCIIKEHb IMOJIATaE Y
CTBOPEHHI IPOTPaMHUX 3aC001B, K1 peani3ytoTh METOJIU:

1)  kepyBaHHs CE€peIOBHUIIEM KOTHITUBHOTO PaJio 3 BAKOPUCTAHHIM HEMPOHHOT
MEpeXi, IO JI03BOJIMB 3a0€3MEUUTH aJIalTaIliio 10 3MiH HABKOJUIITHBOTO CEPEAOBHINA i
30UTBIIICHHS IBUAKOCTI epenayi 1anunx B 1,67 pasu;

2)  MHOXXWUHHOTO BHSBJICHHS MOOUTPHUX KOPHCTYBa4iB Ha OCHOBI ONTHMi3allii
pPOI0 YaCTHHOK B KOTHITHMBHIM pagioMepexi, M0 TMOKPAIINB BHUSIBICHHS MOOLIBHUX
KOPHUCTYBadiB IHTEJIEKTyaJbHUX TeJIeKoMyHikaminanx wmepexx Bim 10 mo 35 % B
3JIEKHOCTI BiJl KUTBKOCTI JIOKAIIH.

3) BUOOPY KaHaTy KOTHITUBHOTO Pajlo MPU MHOKUHHOMY JOCTYI1 IEPBUHHUX

Ta BTOPUHHUX KOPUCTYBAYiB, IO JO3BOJISIE€ 3MEHIIUTH UMOBIPHICTh MOMUJIOK MIPHU



BUSBIICHH] BUIBHMX KaHajiB 1 3MEHLIUTH [OMUJIKA NpU TMepeaadl BTOPUHHUX
KOPHUCTYBauiB;

OtpumanHi B poOOTI pe3ynbTaTi 3HAWNIUIM NPAKTUYHE BIPOBAIKEHHA Ta
BUKOPHCTaHHS:

- ¥V TOB “APTIKC IJU®POBI TEXHOJIOTII” npu po3pobui pekoMeHaawiii 3
oprasizaiii Ta BOPOBAJKEHHS IIOJ0 CHCTEMH pajJio3B 43Ky Ha OCHOBI CTaHAApTy
IEEE 802.22.2.

- B HamionaneHiii akagemii Harmionansnoi ['Bapaii Vkpainu npu 311iiCHEHHI
npodeciiiHoi, HayKOBO-TEXHIYHOI Ta JOCHIJHUILIBKO-IHHOBAIIIHOI AISUIBHOCTI IOA0
BIPOBA/DKCHHS YJAOCKOHAJICHOTO METOJy KEPYBaHHS CEPEJIOBUIIEM KOTHITHBHOT
PalioCUCTEMH 3 BUKOPUCTAHHIM HEUPOHHUX MEPEK.

JlocTOBIpHiCT, OTPUMAHUX Pe3yabTATIB MiATBEPIKYETHCS  BIJICYTHICTIO
OPOTUPIY 3 OCHOBHUMHM IOJIOKEHHSMH Teopii iHdopMmallii, Teopii ontumizaiii, Teopii
MaTeMaTHYHOT'O TIPOrpaMyBaHHs, a TaKOX 30DKHICTIO OTPUMaHMX pPeE3yIbTaTiB 13
JAHUMHU  €KCIEPUMEHTAIbHUX JOCIHDKeHb Ta  pe3yjbTaTaMd  MaTeMaTH4YHOIO
MOJIETTIOBAHHSI.

OcoOucTuii BHecok 3100yBauya. Bci pe3ynbTaTd BHUKIAQACHI B JAUCEpTaIliiHIN
po0OTi, OTpUMaHi aBTOPOM CaMOCTIHHO. Y poOOTaxX, BUKOHAHMX Yy CHIBaBTOPCTBI 1
OIMyOJIIKOBAaHUX Y HAYKOBUX (PAaXOBUX BUJAHHAX YKpaiHU Ta BUAAHHIX YKpaiHH, SKi
BKJIFOUEHI J10 MDKHAPOAHUX HAYKOMETPUYHUX 0a3, 0COOMCTUIH BHECOK aBTOPA MOJISTAE Y
po3poOIli METOMIB KEpyBaHHS IHTEIEKTYalbHUX TEICKOMYHIKAIMHUX Mepex. Y
HACTYIMHHUX CTATTAX, SIKi OyiM OmyOJIiKOBaH1 y CIIBaBTOPCTBI, 3100yBauy HAJICKHUTh: Y
poGoTi [1] - mocmimkeHO METOJ KepyBaHHS KOTHITUBHHUX pPaJioMEpeX Ha OCHOBI Kil
MapkoBa; y [2] — mpoBeaeHO MOCTIKEHHS IMOBIPHICHOTO PO3MOJLTY CITY)KOOBHX
CUTHATIB B KOTHITHBHOMY panio; y [3] — 3ampomoHoBaHO MeETOJ KepyBaHHS
CEPEIOBUIIIEM KOTHITUBHOT PaIIOCUCTEMH 3 BUKOPUCTAHHSIM HEUPOHHOI Mepexi; y [4] —
po3po0JiIeHO MeTOoJl BUOOPY KaHalliB KOTHITUBHOIO Pajii0 MPU MHOXHUHHOMY JOCTYII1
MEPBUHHUX Ta BTOPUHHHUX KOPHUCTYBadiB 3 BHKOpucTaHHAM TexHojorii «kENERGY
HARVESTING» mig kepyBaHHSIM HEHPOHHOI Mepexi, y po0oTi [5] — po3podiieHo MeToq

MHOYXUHHOT'O BUSBJICHHSI MOOLIbHUX KOPUCTYBAYiB HA OCHOBI ONTUMI3AIl1i OO YACTUHOK



B KOTHITUBHINA pagiomepexi. Y poboti [6] - po3pobieHO y3aralbHEHY XMapHY
apXITEKTYpy Mepexi ornepartopa 3B's13ky Ha ocHOBI SDN/NFV.

AnpoOauiss pe3yabtaTiB aucepramii. OCHOBHI TOJOXKEHHS 1 pe3yJbTaTH
JTUCePTAIIHUX JOCIIXKEHb , TPAaKTUYHI BUCHOBKH Ta PEKOMEH/Iallii, 0JIep»KaH1 B MPOIIEC]
JOCHIKEeHb, Oy anpoOOBaHi, ONPUIIIOIHEH] Ta OTPUMAJIM MTO3UTUBHY OLIIHKY Y XO/1:

HaykoBo-nipaktuunoi koHdepenii HamionansHoi akaaemii HamionanbHoi reapaii
Vkpainu (2015 poky, M. XapkiB); VI MikHapoaHOT HAYKOBO-TEXHIYHOI KOH(EpEHIIiT
«Cy4acHi HampsiMd PO3BUTKY 1H(OpMAIIHHO-KOMYHIKAIMHUX TEXHOJOTIH Ta 3aco01B
kepyBanHs» (2016, M. Xapkis); XXIX MixHapo1HOT HAYKOBO-IIPAKTHYHOT KOH(epeHIIil
«IadopmariiiHo-Kepyr0o4di CHCTEeMH Ha 3aji3HWYHOMY TpaHcmopti» (2016, wm.
Yopaomopcerk); LXXX MixHapoaHOT HayKOBO-TEXHIYHOI KoH(pepeHuii «Po3BUTOK
HayKOBOI Ta IHHOBAIIIHOT Mis7IbHOCTI Ha TpaHcnopT» (2018, m. Xapkis); VI mibkHapoaHOT
HayKOBO-TexHIYHOT koH(pepeHuii «[Ipobnemu iHpopmaruzamii» (2018, m. Yepkacu);
HaykoBo-npaktuynoi koHdepenmii Harionansnoi akanemii HarionaneHoi TBapmii
Ykpaiuu (2018 p., M. XapkiB).

Iy6aikamii. Pesynpratn nucepramiiinoi pobotu omyOiikoBaHl y 12 HayKoBUX
parix, y ToMy 4ucii y 6 HaykoBHX CTaTTsX (3 HUX 1 ogHOOCIOHA) Y (haxOBUX BHIAHHAX
VYkpainu Ta BUIaHHSAX YKpaiHH, IO BXOJATH JO HayKOMETpHUYHHX 0a3 (3 HUX 4 — y
HAyKOBHX JXypHaiax, 2 -y 30ipHMKaX HayKOBUX Ipallb, cepell SKux | cTaTTs y KypHai,
O I1HJACKCYEThCS HaykoMmerpuuHoro 0Oa3or0 SCOPUS) ta 6 Te3ax pgomoBimed Ta
Martepianax HayKOBHX KOH(MEpEHITiH.

CTpykrypa Ta o6car aucepramii. [uceprariiitna po6ota ckiaiaeTbes 31 BCTYIY,
JOTHPHOX PO3JIiIIB, BUCHOBKY Ta monaarkiB. [loBHHMIT oOcsar muceprarii ckiamgae 182
CTOPIHKH, y TOMY 4Hcii 112 cTopiHOK OCHOBHOTO TeKCTY, 50 pUCYHKIB, S5 TaOIHIlh, CTUCOK

BUKOpHUCTaHUX pkepen 31 105 nalimenyBanb Ha 10 cTopiHkax, S5 1071aTKiB.
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