PELLEH3I
Ha quceprauiiny pooboty Mepanikina AHatouig OJieKcaHIpoBUYA HA TEMY
«Meroau Ta 3aco0u MIABULIEHHS TPOJYKTUBHOCTI Ta TOTOBHOCTI KaHAMIB 3B’ SI3KY
MLTIMETPOBOIO J11alla30HYy XBWIbY, MOJaHy J0 3aXUCTYy Ha 3700yTTs HAYKOBOTO
cTyneHs: Jokropa ¢itocodii 3 ramysi 3HaHb 17 EnekTpoHika Ta TeIeKOMYHIKaIlii

Ta cnemianbHOCTi 172 TenekomyHikalii Ta paaioTexHika

AKTYaJIBHICTh T0CJTiI’KEHHS.

Opniero 3 TMPIOPUTETHHX 3ajad, SKa CTOITh TEpea  CyYaCHUMH
TEJICKOMYHIKAIMHUMU CHUCTEMaMHM Ta MEpEeKaMH, € TMIJBUILCHHS PIBHSA SKOCTI
oOCITyroByBaHHsI 3 OXOIUIGHHAM BC€ OUIBIIOI MHOXHHM  KOPHUCTYBauiB
pI3HOMaHITHUMH 1HGOKOMYHIKAIITHUMU cepBicaMH. Y CBOIO 4Yepry Bce Oulblle
CEpBICIB OpIEHTOBAHI Ha MIATPUMKY MOOUIBHOCTI KOPHUCTYBAuiB, IO HAMPIMY
NOB’si3aHEe 3 HEOOXITHICTIO TMEPIIOYEPTOBOTO  BIOCKOHAJICGHHS TEXHOJIOT1H
0e3MpOBOIOBOTO 3B’SI3KYy Ha OCHOBI MIABUIIEHHS XapaKTEPUCTUK MPOTYKTUBHOCTI
(mpomyckHO1 31aTHOCTI), HaAIMHOCTI (KoedillieHTa TOTOBHOCTI) Ta Oe€3MeKu
paniokanainiB. Came ToMy ipoOeMaTuka gucepTaiiinoi poooru Mepanikina A.O.,
gKa TPHUCBIYEHA  PO3pOOI, BIOCKOHANEHHIO Ta  EKCIEPUMEHTAIHHOMY
JTOCJTIJDKEHHIO METO/IIB ITIIBUIIICHHS €(EKTUBHOCTI KaHAIIB 3B’ 13Ky M1JIIMETPOBOTO
Jliara3oHy XBWJIb, 110 BPaXOBYIOTh BIUIMB PI3HOMAHITHUX (akTopiB atMochepu Ta
pETiOHATBFHUX MIKPOKJIIMATUYHUX OCOOTMBOCTEH HAa TOMIMPEHHS Ta OCIA0ICHHS
PamioXBUIIb, € AKTYaJIbHOIO.

VY mucepraiiii O0yno yCHIITHO PO3B’sA3aHO HAYKOBO-TIPHUKJIAAHY 3a/ady, sKa
moyisiraJla 'y TIABHUINCHHI TPOJYKTHBHOCTI Ta HAIIMHOCTI KaHAJiB 3B S3KY
MiziMeTpoBoro miamazoHy xBwib (MM JIX) 3 ypaxyBaHHSM MIKPOKITIMATHYHHUX
dakropiB atmMocdepu s TUIAHYBaHHS 30H OOCIIYyTOBYBAaHHSI CHCTEM 3B S3KY
nokomiaas S5G. Y mporeci MOCTIIKEHHS IUCEPTAaHT OTPUMAB TaKi HAYKOBI
pE3yJIbTATH:

1. BmockoHaJieHO MaTeMaTHYHI[ MOJENb OIIHKKA TMPOJAYKTHBHOCTI Ta

HaJIIMHOCTI CUCTeMH 3B’ s3Ky. HoBH3HA Mojiel osirae y ToMy, 110 BOHA JI03BOJISIE



BH3HAYaTH MaKCUMAJIbHUHN paJiiyC 30HH OOCIyrOBYBaHHS HAa OCHOBI KOMILIEKCHOTO
BpaxyBaHHsI CIIEHapliB PO3TOPTaHHS CHUCTEMHU; MHapamMeTpiB KJIIMAaTUYHOI 30HU,
MOTJIMHAHHS B ra3ax; IHTEHCUBHOCTI OMaiB Ta CXEMU MOJYJISIIIT Ta KOJTyBaHHS.

2. Bnepiie po3po0eHO HOBY METOAMKY MPOBEACHHS PIUYHUX I1710I000BUX
eKCIIEPUMEHTATBHUX JOCHTIIKEHb 3 BUCOKHM 4YacOoBHM J03BojioM (1 XxBuimHa Ta
MEHIIE), fKa peani3oBaHa Ha NPOrpamMHO-anapaTHOMY piBHI Yy  BUIJISIL
paniomeTpudHoro komruiekcy s yactotu 40 [T (8mm). HoBu3Ha meTomuku
MOJISATAE y TOMY, 1110 BOHA JJO3BOJISIE HA OCHOB1 CTATUCTUYHOT 0OPOOKH pe3ybTaTiB
BUMIPIOBaHb OTPUMATH HOBI JIaH1 PO KYMYJISITUBHI PYHKI[Ii CE30HHOTO PO3MOALTY
MOBHOT'O BEPTUKAJIBLHOT0 aTMOC(HEPHOTO MOCIA0IEHHS MPOJIOBK POKY Ta y HAUTIPIII1
MICSILII POKY AJig 3a0e3NeueHHs HaAIMHOrO 3B'A3Ky B PO3MVISIHYTOMY Jiama3oHi
9acToT.

3. Bmnepme oTpuMaHO KyMYJISTHBHI (YHKIi pO3MOAUTY TOBHOTO
BEPTUKAIBHOTO aTMOCc(hepHoro ocnadneHHs pagioxsmwib MM JIX 3a piuynuii nepion
Ta TIOMICSYHO, K1 3a0€3MeYYyIOTh OIIHKY HaIHHOCTI BUCOKOIIBUIKICHIMX HA36MHHUX
Ta HA3EMHOKOCMIYHHMX KaHaJIIB 3B'I3KYy Y KJIIMaTH4HIH 30H1 E.

4. Otpumana mnOAANbIIMA PO3BUTOK MaTeMaTHYHAa MOJEIb OIIHKHU
IPOJIYKTUBHOCTI Ta 3aBaJIOCTIHKOCTI CHCTEMH 3B'S3KYy, HOBH3HA SIKOi IOJISATAE Y
BpaxyBaHHSM JiarpaM CIpsSMOBAHOCTI aHTEH 0a30BUX CTaHIIIH, (pa30BUX aHTCHHUX
PENITOK TOYOK JOCTYIy Ta MPHUCTPOIiB KOPUCTYBAUiB, IIO JO3BOJSE BUKOHYBATU
JOCIIHPKEHHS] B yMOBaX HIUIBHOT MiChKOT 3a0y/10BH.

5. Boepiie po3pobiieHo 6araTonpoMeHeBy MOJAEINb MOIIMPEHHS Padi0XBUITh
MM JIX nasist 3aKpUTOTO MPOCTOPY, sIKA BIAPI3HAETHCSA BPaXyBaHHAM JICICKTPHUHUX
XapaKTepUCTUK MarepiaiiB CTiH, moily Ta ctem. lle mo3Bonmmio oTpumaru
TEOPETUYHY OIIHKY JIOCSHKHUX IIBHIKOCTEH Tiepenadi iHpopmartii 115 BHyTPIIIHIX
kopuaopiB Oyxaisens (Indoor) mepexi cranmapty IEEE 802.11ad, mo BukopucToBye
Pi3HI CXeMU MOAYJIAIIT Ta KOAyBaHHS Ta THII AaHTEH.

6. OTpuMmaHi HOBI JaHl MPO EHEPreTUYHHUM MOTEHIIaNl JIHINA 3B 43Ky IS
BikpuToro npoctopy (Outdoor) 3 BUKOPUCTAHHSIM CTBOPEHOI €KCIIEPUMEHTAIBHO1

MPU3EMHO1 JiHIi 3B'SI3Ky Ha OCHOBI BUKOpPHUCTaHHS TOYOK goctymy MikroTik



Wireless Wire (RBwAPG60ad kit) y gianazoni 601 T, 1110 703BOJIHIIO Ta MTOKA3aJ10
peanizoBaHICTh clieHapio po3ropTaHHsa mepex 5G B mianazoni 60 I'Th Ha Gasi

MaJIuX COT.

IIpakTu4uHe 3HAYeHHSI HAYKOBHUX Pe3yJIbTAaTiB.

HucepraniiiHa poOOTH Mae€ 4YiTKY NPAaKTUYHY HAIpPABICHICTb, TEOPETUYHI
pe3ynabTaTH MiAKPIMJICHO pe3ynbTaTaMu JabopaTopHOTo ekcrepuMenTty. OTpumani
HAYKOBI pe3yJbTaTH Ta PE3yJIbTaTH EKCIIEPUMEHTAIbHUX JOCITIIKEHb OIIBHO
BUKOPUCTAaTH TIPH MPOEKTYBaHHI, PO3rOpTaHHI Ta HAJAIITyBaHHI paJiOMEpex,
Mepexx MaiOyTHiX mnokodiHb (5G/6G) y KOHKpEeTHHUX KIIMaTHYHUX YMOBax
eKcruryaTarii. MaTepianu nucepraniiHoi poOOTH BHKOPHCTAHO Yy HaBYAJIHLHOMY
nporeci XapKiBCbKOrO HAI[IOHAJIBHOTO  YHIBEPCUTETY palOCNIEKTPOHIKH Ha
kadenpi pagioTexHoIOT1# 1H(OpPMAIIHHO-KOMYHIKAIMHUX CUCTEM B Kypcax JIEKIIH
3 guctuiiid - «HOBITHI  HampsIMKH ~ PO3BUTKY  TEJICKOMYHIKalIMHUX  Ta
pamioTEXHIYHUX cHCTeM», «PamionepenaBaibHi npucTpoi» Ta «PamionpuitmManbHi
OPUCTPOi», a TaKOXK IPH TIATOTOBI[l MAariCTEPChKUX poOIT, MpO IO € aKT
BITPOBA/I>KEHHS.

PiBenb anpoOauii Ta nmy0Jikanii HAyKOBHX pe3yJbTaTiB

HaykoBi pe3ynpTaTi qucepraliii Ta pe3yiabTaTH JOCTIIKEHb JOCUTh MTUPOKU
npeacTaBieHl Ta omyOsikoBaHl y 21 HaykoBid mparli, 3 SKMX 6 — IIe CTaTTl y
nepiognyHuX (axoBUX BHIAHHIX YKpaiHu, 15 — wMarepianu nmomoBifedl Ha
MibxHapoauux koHdepermisx piBHs [EEE, mo iHIEeKCYIOThCS HAYKOMETPUIHUMHU
6azamu nanux Scopus Ta Web of Science. 1 mateHT Ha KOPUCHY MOJIEIb.
aKajeMiYHOI 100pO4YeCHOCTI.

3a cBoiM 3MicTOM jaucepTalliiiHa pobora Mep3snikina A.O. Bigmosizae
CTaHJapTaM BHUIIO1 OCBITH 31 crieriaabHocTi 172 TenexomyHikarlii Ta pagioTexHika
Ta HaMpsSMKaM JIOCIIKEHB BIAMOBIAHO 10 OCBITHBOI IporpaMu « TeaekoMyHIKaIii

Ta pamioTexHika». JucepTtariiiHa poOoTa € 3aBEpIICHOI HAyKOBOKO Mparero 1



CBIIYUTH IPO HASBHICTH OCOOMCTOrO BHECKY 3400yBaua y HayKOBUH HampsaM
«TenexomyHikallii Ta paJlOTEXHIKa.

PosrnsHyBIIM pe3ysbTaTaMH NMEPEBIPKU JUCEPTALIMHOI pOOOTH HA TEKCTOBI
CHIBMAAiHHSA, MOXXHa 3pOOMTH  BHUCHOBOK, W0 JHUCEpTaIliiHa poOoTa
Mepanikina O.A. € pe3yabTaTOM CaMOCTIMHUX JOCIIKeHb 37100yBaya 1 He MiCTUTh
eneMmeHTiB (anpcudikamii, komnusauii, padpukaiii Ta rmiariaty. Bukopucrani iaei,
pe3yabTaTh 1 TEKCTU IHIIUX aBTOPIB MAIOTh HAJICKHI MOCWIAHHS Ha BIAMOBIIHE
JKepero.

OcHOBHI He10JIiKH 0 POOOTi:

1. Tlpu hopmyntoBaHHI HAYKOBUX PE3yJIbTATIB, OTPUMAHUX Y JUCEpTALIiHIN
poOOTI, HE YITKO BKa3aHO, y YOMY CaMe IMOJIATa€E iX BIAMIHHICTD BiJl paHillle BIIOMHX
piress. @opMyITFOBaHHS HAYKOBUX PE3Y/IbTATIB Y aHOTAIII Ta BACHOBKAX, Ha JKaJlb,
HE 3aB)K/IU CIIiBIIaJa€e. Y BCTYIT BOHU HE 3raJyFOThCs B3arali.

2. He HaBeneHO METONMKY OTpUMaHHS Bupasy (4.1), Ha mijcTaBi SKOTO
JUCEPTaHT BU3HAYA€ TIOBHE BEpTUKAIbHE OCIA0JNeHHsS 3a JaHUMHU CBOIX
pagioOMETPUYHUX CIIOCTEPEIKEHb.

3. B onuci puc. 4.9 BincyTHs iHopMalris mpo BUXiAHI METEO1aH1, Ha TiJCTaBi
SKAX OTPUMAaHO HaBEJCHI pPO3paxXyHKOBI TiCTOrpaMH 3HAuy€Hb ITOTOHHOTO
ocyiabJieHHs B 3 MM Jliara30H1 XBWIb, [0 YCKJIQJHIOE OIIHKY TTOBHOTH HABEJICHUX
pe3yIbTaTIB.

4. Ha cropinmi 40 HaBeleHO TpaKTyBaHHS OCHOBHUX KPHUTEPIiB SKOCTI
obcnyroByBanHs (QoS), aje He BKa3aHO, Ha MIJACTaBl SKUX PETIAMEHTYHOUHMX
JIOKYMEHTIB YM CTaHAApPTiB BOHU OTPUMaHi. SIKIO Opi€EHTYBAaTHCh, HATIPUKIA, HA
smicT pexkomenaanii ITU-T Y 1540, 1541, To He Bci BU3HAUCHHS € KOPSKTHUMU 3
TOUYKH 30py MIEPEKIIaly Ha YKpaiHChKY MOBY.

5. Tlpu odopmieHHI aucepramii JONMyIIeHI HETOYHOCTI NPHU HaBEICHHI
PUCYHKIB Ta rpadikiB, €JIEMEHTH SKUX MOXYTh PO3PUBATUCS MIX CTOpiHKaMu 0e3
HaJIeXKHOTO TMOsiCHeHHs. Hampukian, y mnepmioMy po3aui aBa pucyHku 1.3 3
pi3HMMU Ha3BaMu Ha crTopiHkax 40 Ta 44, nepmmuid 3 HUX HE KOPEKTHO

BinoOpaxkaeThcs y popmati pdf.



BHCHOBOK 11010 BianosignocTi quceprauii BCTAHOBJIEHHM HOpPMAaM.

Beaskaio, mo auceprauiiina podora 3n00ysada crynens gokropa inocodii
Mepanikina Anatonis Onexcanaposuua Ha Temy «MeTtoau Ta 3acobu nigBHILEHHS
MPOAYKTHBHOCTI TA FOTOBHOCTI KaHAJIIB 3B’ 43Ky MIUTIMETPOBOTO Jlianla3oHy XBHIIbY
BHKOHAHA HA JIOCHTb BHCOKOMY HAyKOBOMY PpIBHI, HE MOPYIIYE MPHHLIKIIIB
aKkajgeMiuHoi mo0podecHOCTI Ta € 3aKiHYeHHM HAYKOBHM JIOCHIKEHHSAM,
CYKYNHICTb TEOPETHHYHMX Ta NPAKTHYHMX PE3YLTATIB SKOrO PO3B'A3y€ HayKoBe
3aBJ@HHA, U0 MAaE iCTOTHE 3HAYEHHS ans ranysi 3Haue «Enekrponika Ta
TenekoMyHikanii», Jlucepramiiina pofoTra 3a aKTYaabHICTIO, MPAaKTHYHOIO
IIHHICTIO Ta HAYKOBOK) HOBH3HOK MOBHICTH) BIANOBIJA€ BUMOraM YHHHOTO
3aKOHO/JABCTBA YKpaiHH, 10 nepeabayeHi BIANOBIAHHMH myHkTamu «llopsky
NPUCYUKEHHA CTyneHs aoktopa (inocodii Ta ckacyBaHHsA pilleHHA pa3oBoi
CriewianizoBaHoi BYEHOI pajM 3aKnagy BHINOT OCBITH, HAYKOBOI YCTAHOBH MpO
NPUCY/DKEHHA CTymeHs Jokrtopa (inocodii», 3ateepmkenoro IloctaHoBoio
Kabinery Minictpis Ykpainu Bin 12 ciuns 2022 p, Ne 44,

Y jauceprauiiinii  poboTi nocraBneHe HayKOBe 3aBIaHHA BHKOHAHO
MOBHICTIO, 3/100yBaY TMOBHOIO MiIpOI0 OBOJIOJIB  METOMONOTIEK HAYKOBOT
misutbHOCTI.  3100yBau  Mepsnikin  Auaroniii  OnekcaHapoBHY 3acNyroBye Ha
MPHUCYKEHHA cTynens Aoktopa ¢inocodii B ramysi smwane 17 Enextponika Ta
TelleKOMyHIKallii 3a criettianbaicTio 172 Tenekomynikamii Ta pagioTexHika.

Peunensent

3aBityeay kadeapu indokomyHikauiiinoi inxenepii im. B.B. ITonoscskoro

XapKiBCbKOI0 HAaLIOHAIBHOTO YHIBEPCUTET Pajlioe/IeKTPOHIKH

JIOKTOP TEXHIYHUX HayK, npodecop
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