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AHOTANIA

Cywun 1.0. MeTop miATpUMKH 3B’ I3HOCTI MOOUJIBHOT MEpEXi CEHCOPIB CIPSIMOBAHOT
il 13  BHKOPHUCTAHHAM  TEJICKOMYHIKAIlIMHUX  aeporuiaTrGopM  Pi3HOPIBHEBOTO
posrtairyBaHHs. — KBamidikariiina HaykoBa Ipalisd Ha MpaBax pyKOIIUCY.

Jucepraitisi Ha 3100yTTSI HAYKOBOTO CTyIEHs JokTopa (inocodii B ramy3i 3HaHb 17
«EnekTpoHika Ta TeJIeKOMyHIKalli» 3a croemianbHicTIO 172 «Tenexkomynikamii Ta
pagiotexHika». — HamioHanbHu TexHIYHMI yHIBepcuTeT Ykpainun «KuiBchbkuii
noJiTexHiuHui iHcTUTYT iMeHi Iropst Cikopeskoro» MOH VYkpainu, Kuis, 2025.

3a Marepianamu aucepTarlii omy6sikoBaHo: 46 poOiT. 3 skux 19 — me crarti y
KypHayax, 10 BXOIATh 10 nepeniky ¢axoBux BuaaHb 3aTBep/xeHux MOH VYkpainu 3a
CHEIIaJbHICTIO JaucepTalii abo y MepioAMYHHUX BHJIAHHAX 1HO3EMHHX JepkaB, 14 -
myOJikaIii y marepiajiax KOH(EpeHIii, y TOMy YHCIi, MDKHApOAHHX, 4 KOJEKTHUBHI
MoHorpadii, 3 cTarTi B IHIIMX JXKypHaJIax, 10 BXOJATh /0 MEpeniky (paxoBUX BHJIaHb
3arBepkeHnx MOH VYkpainu, 5 cBiIONTB PO peecTpailito aBTOPCHKOIO MpaBa Ha TBIp Ta
1 mocioHuK

Pe3ynbTaTu n1oCHiKeHb B AUCEPTaLliHIi pOOOTI € BaXKIMBUM BHECKOM Y PO3BUTOK
MOOUTbHMX ceHCOpHUX Mepexk (MCM) 13 BUKOPUCTaHHSM TEJIEKOMYHIKAIIHUX
aeporutatrgopm (TA), 30kpema 3aBAsiKM BUKOPUCTAHHIO CEHCOPIB CIIPSIMOBAHOI /i1 Ta TBOX
MOCJIIOBHUX PIBHIB TEJICKOMYHIKAIIMHUX aeporuiarpopM pi3HOTO MPOCTOPOBOIO
pO3TaIlyBaHHS Ta EHEPTETUUYHOTO 3a0€3MCUCHHSI.

3MICT nucepTanii BUKIAIEHO Y YOTUPHOX PO3JLIaX y KOXKHOMY 3 SIKUX HaBEIEHO
BHCHOBKH TIPOBEJICHUX JOCIIIKEHbD.

Y nepwomy pozain OyJo TPOBEACHO aHali3 CyYacHUX METO/AIB OpraHizaiii
1H(MpacTPyKTypu MOOUIBHOI CEHCOPHOI MEpEexki, a caMme: ocobimBocTi apxiTektypu BCM,
MCM (HeoOXigHICTh BEIMKOI KUIBKOCTI BY3JIB JJIS TIOKPUTTS TEPHUTOPINA 3HAYHOTO
po3Mipy, iX 0OMEKeH1 pecypcH, BUOiIp ONTUMaILHOT TOIMOJIOTI TOIIIO0), Tepeaayl iHdopmartii
B YMOBax BIJICYTHOCTI TEJICKOMYHIKAIIMHOI 1HPPACTPYKTYpU TMiJl Yac CTUXIMHHUX JHX,
KaTacTpod, BiiH (13 BUKOPUCTAHHAM MOOUIBHUX 0a30BUX CTaHIIiM, TPAaHCTIOPTHUX 3aCO0IB,

TEJIEKOMYHIKAIIHHUX aeporiaTdhopM), HEOOX1AH1 JIJIsl [ILOTO anapaTHi 3aco0U, TPOTOKOJIN
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OoOMiHY JaHUX Ta iHIIE. BmockoHalleHHS ICHYIOYMX MOOUIBHUX CEHCOPHHUX MEpEex 13
BUKOPDUCTAHHAM TEJICKOMYHIKalIMHUX aeporuiatrgopM (TOOTO HA3eMHO-MOBITPSIHUX
Mepex) OyJI0 BH3HAYEHO KIIOYOBHUM HAMNPSIMKOM, SKHMH € HaWOUIbII YHIBEpCAIbHUM
croco0oMm Tepeaadi faHux. Po3TIsHYBIM iICHYIOUl alTOPUTMH 1 METOIU OOMIHY Ta 300py
iH(opMarlii y gaHuX Mepekax 3p0o0JICHO BUCHOBOK, IO aKTyaldbHI 3a/1adl MOXYTh OyTH
BUPIIIICHO JIMIIIE YaCTKOBO a00 HEJOCTaTHHO €(EKTHBHO. SIK HACIIOK, BU3HAYEHO ITLJIi
JOCTIIKEHB 1 TOCTaBJIeHa 3a/1a4a 0araTOKpUTEPiaTbHOTO BIOCKOHAICHHS.

VY opyzomy po3iii pO3TISHYTO CTPYKTYPY Ta IPUHIIMIN (PYHKIIIOHYBaHHS 1CHYIOYO1
Ha ChOT'OJIHI CHUCTEMHU IMPOTOTUN (MOOUIBHOI CEHCOPHOT MEPEXk1 3 BUKOPUCTAHHSAM OJIHOTO
PIBHSI TEJIEKOMYHIKALIITHUX aeporiat(opm): 0cOOIMBOCTI OpraHi3anli Ta MoJiesl MOJIbOTY,
AITOPUTMH PO3PaxXyHKy Micib oOMiHy iH(popmarlii, kiactepuzaiii MCM, Bu3HaYeHO
HEJIOJIIKK aJTOpUTMIB OOMIHY 1 300py AaHUX, IO Jajd0 PO3YMIHHSI aKTyaJbHOCTI Ta
HEOOX1THOCTI NOJAJbIIOT0 PO3BUTKY CHUCTEM JAHOTO THUITY. SIK HACHIJOK, MPEICTaBICHO
MIIX11 y TOLIYKY MOJANbIINX HAIPSIMKIB BAOCKOHAJIEHHS METOAUYHOIO arapaTy CTOCOBHO
MOIIYKYy HAaWKpamux i 00 BHUKOPUCTaHHS OE3MPOBOJIOBOBUX CEHCOPHUX MEPEex
3arajoM Ta MOOUTHHUX CEHCOPHHUX MEPEX 30KkpemMa. BUCYyHYTO i71€10 CTBOPEHHS CTPYKTYpH
HA3eMHO-TIOBITPSIHOT MEPEXi, 1110 BUKOPUCTOBYE CEHCOPHU CIPSIMOBAHOI il Ta Pi3HOPIJIHI
TeJEKOMYyHIKaliiHl  aeporiathopmMu  (TENIKONTEPHOTO  Ta  JITAKOBOTO  THITIB)
PI3HOPIBHEBOTO PO3TAIIYBAHHS ISl T1BUIIIEHHS €()eKTUBHOCTI (DYHKIIIOHYBAaHHS B YMOBax
BIJICYTHOCTI TEJEKOMYHIKaLIMHOI 1H(pacTpykTypu (TOOTO B yMOBax HaJI3BUYANHOI
cutyarii). Po3poGieHo marematuuHy MOJAENb 1 METOJ 3aBASKA SKOMY MOJIMBO
3a0€3Me4YnTH MIATPUMKY 3B’SI3HOCTI BY3JIIB MOOLIBHOT MEPEXI CEHCOPIB CIPSAMOBAHO1 A1l
(MMCC]]) 3 BuKopuCTaHHSIM TeJieKOMYyHiKaiiitHux aepormiargopm (TA) pi3HOPIBHEBOTO
po3TalryBaHHS 13 JOCSTHEHHSM TMepeBar Haja ICHYIOYMMH MOOITBHUMU CEHCOPHUMU
mepesxkamu (MCM) 3 TA 3a HacTYymHUMM KpUTEpPIsIMU: IIBHAKOCTI Ta 4Yacl mepeaayl
iHpopMarii, KimbKocTi 6e3mocepeaabo 3aaisHuX TA. OOUHCICHHS CKaIPHUX CKIIaJOBUX
BEKTOPHOTO KPHUTEPII0 BUKOHYBAJIOCS 3a JOTIOMOTOI) aJTOPUTMIYHO 3a7aHOi MOJEI.
Pe3ynbpTaTH po3paxyHKIB TMOKa3aiau, [0 ONTHUMi3allisl 3a BEKTOPHUM KpHUTEpIEM 13
BUKOPHUCTAHHAM 3alpONIOHOBAHOIO METOJy Jlaja MOKpAalleHHs MOPIBHAHO 13 IPOTOTUIIOM

Bix 2% 1o 43%.
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Tpemiti po3Mia TPHUCBIYCHO amapaTHId peami3amii 3ampoONOHOBAHOTO METOY.
[IpoBeneHo aHai3 aHTEH CIIPSIMOBAHOI Ta BCECTIPSIMOBAHOI i1, IKi BUKOPUCTOBYIOTHCS /TS
MOOLIIBHUX IPUCTPOIB 1 30KpeMa B CEHCOPHUX By3Jax. Bu3HaueHO nepeBaru Ta HelOJIKH
KOXKHOTO THUIY, a TaKOX TIEpPCHEKTUBU TMOJANBIIOTO PO3BUTKY HAIPSIMKY CEHCOPIB
CHPSMOBAHO] Jli y HA3€MHO-TIOBITPSIHUX MEPEkKAX 13 3aCTOCYBAHHSAM TEJIEKOMYHIKALIHHUX
aeporutaropm. IIpoBeseHO po3paxyHOK MakCUMaJIbHOI JOBXKHHI JiHii 3B’ 513Ky TA-By301
(a0 mix TA nBOX piBHIB), IO MIATBEP/KYETHCS TMOPIBHSUIBHUM KOMIT IOTEPHUM
MOJIEIOBaHHAM y cepenoBulli Atoll. 3anponoHoBaHe anapaTHe BIOCKOHAJIEHHS (3aBISKU
3aCTOCYBAHHIO CEHCOPIB CIPsIMOBAHOI Jii) 103Bojsie y 3.9-4.6 pa3u 301IbIINTH BiJCTaHb
nepeaadi iHGopMalli 31 30€peKEHHIM KIJIbKOCTI OITOBUX MOMWJIOK B OJMHHMIIIO Yacy abo
30UTBIIUTH MIBUIKICTH Iepeaaul indopmaiiiy 1.7-3.5 pazu nopiBHsHO 13 icHyrounmMu MCM
13 TA.

Yemeepmuti po3AUT TPUCBIYCHO IMITALITHOMY MOJICTIOBAHHIO Ta  OLIHIN
€(PEeKTUBHOCTI 3alpONOHOBAHOIO METOAY MIIATPUMKHA 3B'A3HOCTI MOOLIBHOI MEpexl
CEHCOpIB CIPSMOBAHOI Jii 13 BUKOPUCTaHHSIM TEJIEKOMYHIKAIHHUX aeporuiatgopm
PI3HOPIBHEBOTO PO3TAIyBaHHS 3T1THO BHU3HAYEHOTO TEPENiKy KPHUTEpiiB (i3 MeperiKy
MeroanuHux pekoMenauii MCE-P ta nporpamuoro kommiekcy Matlab). IloGynoBano niBi
MaTeMaTu4yH1 MoJieni: icHytoua cuctema mporotun (MCM 3 ceHcopamu BcecpsiMOBAHOT /111
13 BUKOpHUCTAaHHIM OHOTO piBHS TA) 1 cuctema 3anpornoHoBana B aucepraiii (MMCC/] 13
BUKOpUCTaHHAM TA NIBOpIBHEBOro po3TaillyBaHHsA). Pe3ynbratu npeactaBieHl y BUIIISAI
rpadikiB Ta 3arajabHOi TaOIUII, 0 MOKA3yIOTh MOKPAIIEHHS 3aIIPOINIOHOBAHOTO METOIY 3a

BCIMa BU3HAYEHUMH KPUTEPISIMH.

Kuio4oBi cjioBa: miaTpuMKa 3B’ sI3HOCTI MEpexki, 6€3MPOBOI0OBA CEHCOPHA MEPEeXKa,
MOOUIbHA CEHCOpHAa MeEpeXka, CcHcTeMa paaio3B’si3Ky, CEHCOpU CHPSIMOBAHOI i,
0e3IpoBOIOBI MIPUCTPOI, TEIEKOMYHiKalliiHi aeporutargopmu, BITJIA, TA pi3HOpiBHEBOTO
po3TarryBaHHs, JIiTaloua CaMOOpraHi30BaHA Mepexa, KiacTepusarlisi, O0e3mpoBOJOBHUI

KaHaJ 3B’ 513Ky, Wi-Fi, eHeproe)ekTuBHICTb.



ABSTRACT

1.O. Sushyn. A method of maintaining connectivity in a mobile network with directed
action sensors using telecommunication aerial platforms at different location levels. —
Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of PhD in the field of knowledge 17
"Electronics and telecommunications" in the specialty 172 "Telecommunications and radio
engineering". — National Technical University of Ukraine "Igor Sikorskyi Kyiv Polytechnic
Institute" MES of Ukraine, Kyiv, 2025.

Based on the materials of the dissertation, 46 papers have been published. 19 of which
are articles in journals included in the list of professional publications approved by the
Ministry of Education and Science of Ukraine in the specialty of the dissertation or in
periodicals of foreign countries, 14 - publications in conference proceedings, including
international, 4 - collective monographs, 3 - articles in other journals included in the list of
professional publications approved by the Ministry of Education and Science of Ukraine, 5
- certificates of registration of copyright for the work and 1 tutorial

The research results in the dissertation are an important contribution to the
development of mobile sensor networks (MSNs) using telecommunications aeroplatforms
(TA), in particular through the use of directional sensors and two consecutive levels of
telecommunication aeroplatforms of different spatial arrangement and energy supply.

The dissertation content is presented into four chapters, each presenting and
elucidating the conclusions of the conducted researches.

In the first chapter analyzed modern methods of organizing a mobile sensor network
infrastructure, namely: features of the WSN, MSN architecture (the need for a large number
of nodes to cover big areas, their limited resources, the choice of optimal topology, etc.),
information transmission in the absence of telecommunications infrastructure during natural
disasters, catastrophes, wars (using mobile base stations, vehicles, telecommunication
aeroplatforms), the necessary hardware, data exchange protocols and other. Improvement
of existing mobile sensor networks with the use of telecommunications aeroplatforms (i.e.

ground-to-air networks) has been identified as a key area that is the most versatile method



6

of data transmission. Having considered the existing exchanging and collecting information
algorithms and methods in these networks, it was concluded that current tasks can be solved
only partially or not effectively enough. As a result, research goals were defined and the
task of multi-criteria improvement was set.

In the second chapter examines the structure and operation principles of the currently
existing prototype system (mobile sensor network with using one telecommunication
aeroplatforms level): features of the organization and flight model, algorithms for
calculating information exchange locations, clustering of MSN, identified data exchange
and collection algorithms shortcomings, which provided relevance and necessity
understanding of further development systems of this type. As a result, an approach is
presented to find further directions for improving the methodological apparatus regarding
the search for the best actions for the use of wireless sensor networks in general and mobile
sensor networks in particular. The idea of creating a ground-to-air network structure, which
using directed-action sensors and various telecommunication aerial platforms (helicopter
and aircraft types) at different location levels has been put forward to increase the efficiency
of functioning in the absence of telecommunications infrastructure (i.e. in an emergency
situation). A mathematical model and method have been developed that allow for the
support of maintaining connectivity between nodes of a mobile directed-action sensor
network (MDASN) with using different location levels telecommunication aerial platforms
(TA) with achieving advantages over existing mobile sensor networks (MSNs) with TA
according to the following criteria: speed and time of information transmission, number of
directly involved TAs. The calculation of the scalar components of the vector criterion was
performed using an algorithmically specified model. The calculation results showed that
optimization by the vector criterion using the proposed method gave an improvement
compared to the prototype from 2% to 43%.

The third chapter is devoted to the hardware implementation of the proposed method.
An analysis of directional and omnidirectional antennas used for mobile devices and in
particular in sensor nodes was conducted. The advantages and disadvantages of each type
were identified, as well as the prospects for further development of directed-action sensors

in ground-to-air networks using telecommunication aerial platforms. The maximum length
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of the TA-node communication line (or between two levels TAs) was calculated, which is
confirmed by comparative computer modeling in the Atoll environment. The proposed
hardware improvement (due to the use of directed-action sensors) allows to increase
information transmission distance by 3.9-4.6 times while maintaining the number of bit
errors per time unit or increase the information transmission speed by 1.7-3.5 times
compared to existing MSN with TA.

The fourth chapter is devoted to simulation modeling and effectiveness evaluation of
the proposed method for maintaining connectivity in a mobile directed-action sensor
network using telecommunication aeroplatforms at different location levels according to a
specified list of criteria (from the list of ITU-R methodological recommendations and the
Matlab software package). Two mathematical models were designed: the existing prototype
system (MSN with omnidirectional action nodes using TA at one level) and the system
proposed in the dissertation (MDASN using TA at two levels). The results are presented in
the form of a graphs and a general table, which show the improvement of the proposed

method across all defined criteria.

Keywords: maintaining connectivity of network, wireless sensor network, mobile
sensor network, radio communication system, directed-action sensor, wireless devices,
telecommunication aerial platforms, UAVs, TA at different location levels, flying ad-hoc

network, clusterization, wireless communication channel, Wi-Fi, energy efficiency.
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BCTYII

AKTyaJibHiCTh TeMH. PO3BUTOK MOMyNSpHUX HHUHI OE3MPOBOJOBHX CEHCOPHHUX
MepeX BUKIIMKAB PICT KIJILKOCTI BY3JIiB, Ikl HEOOX1HO 3a0€31euyBaTH 3B’ I3KOM, OCOOJIMBO
B yYMOBax KaTakJi3MiB, BIiH TOILIO. A BHCOKHI pIBEHb PO3BUTKY O€3MIJOTHOI aBiarlii
MOCITy>KMB MOTHUBALII€I0 JJII CTBOPEHHS TaK 3BaHUX HA3EMHO-TOBITPSHUX MEPEK.
3acrocyBanHs BI1JIA Bupiiye psin npo6iieM, TaKuX sk CTBOPEHHSI YMOB MPSMOi BUAUMOCTI,
HIBUJIKE PO3TOPTAHHS CUCTEMH TOIIO.

CyyacHa cucTeMa MOHITOPHHTY HaJ3BUYalHOI cuTyauii ckianaerbecs 3 BCM Ta
BITJIA(iB). L1 BITJIA po3TamioBaHi Ha pi3HUX PIBHSAX HaJ MOBEPXHEIO 3€MII1 1 MAIOTh P13HUIM
PIBEHb EHEPIeTHYHOT'O Ta TEJIEKOMYHIKALIITHOrO 3a0€3MeYeHHs, a TAKOK P13H1 MOKIIMBOCTI
3 TOYKH 30py JUCTaHIHOTO 300py iH(opMallii 3 ceHCOpiB OE3MPOBITHUX CEHCOPHHX
MEPEK.

Ha nepiomy piBHI po3ramioBadi ceHcopu. CeHcopamu (TOOTO JaTYMKaMH IEPBUHHOT
iH(popmarlii) MOXyTh OyTH OCHAIIEHI MEXaHI4HI MPUCTPOi, AKI PO3TAIIOBYIOTHCS YU
MEepPEeCyBaIOTHCS MO MOBEPXHI 3a JIOMOMOTOI0 CIEHIAIbHUX MPUCTPOIB MEpecyBaHHs abo
pa3oM 3 JIOJIMHOIO, SIKa € PATYBaJIbHUKOM YHM BUKOHABIIEM IOIIYKOBUX POOIT B 30HI
HaJ3BUYAHOI cuTyanii. MoBa e mpo TEpUTOPit0, 3€MHY MOBEPXHIO UM aKBATOPIIO MOPIB
abo OKeaHiB, Ji¢ TEJICKOMYHIKaIlliHa 1HPPACTPYKTypa BIACYTHs Yepe3 MEBHI KaTakKIi3MH,
pUpoIHI 200 TEXHOTEHH1 aBapii, katactpodu (Hanpukiaz, 3emieTpyc B Typeuunni, Cupii
ta Ipamui, Toprano y CIIA).

[IpuOyTTs MONIYKOBIIB Ta PATYBAIbHHKIB a00 TUIBKM TEXHIYHMX 3acO0IB JIJIst
BUKOHAHHS BIATOBITHUX 3aBJaHb BUMAara€ ONEPaTHMBHOTO MOKPUTTS BEIMKHX TEPUTOPIN
IS 3B’ SI3KY HE TUIBKH 3 OTIEPATHBHUM IIEHTPOM PSATYBAHHS, a i 3 TJIOOATTLHUMU IIEHTPaMHU
CIIOCTEPEKEHHS 32 KaTaKjIi3MaMH, HAYKOBUMHU Ta MEIUYHUMU IIEHTPAMH, B IKHUX MOXKYTb
OyTH HaJaHl BKa3iBKU a00 3AIMCHEHO KEPyBaHHS PITYBAIbHUMHM JISIMH, 3A1HCHEHHSIM
MEIUYHUX OTepalii sl pATYBaHHS )KUTTS Jitojied. ToMy BIZICYTHICTh T€JIEKOMYHIKAIIHOT
1H(ppacTpyKTypu a0 HEMOXJIMBICTh mepeAadl iHdopmaIlii € KIF0YOBUM MOMEHTOM 3ajadi
MOIIIYKY Ta PSITYBaHHS.

Ha cporomuimHiii 1eHb KOKHA Opuraaa, mo npudyrna ao micis moxii, mae BITJIA

TeJIIKONTEPHOro TUIy (a00 B IEIKUX BUIAJKAX JITAKOBOT0). BoHU CTBOPIOIOTH 1-ii piBEHb
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MepeXi (TaKTUYHHIA PIBEHB), KU 3a0e3leuye JOKadbHY 3B’SI3HICTH MK TEXHIYHUMU
3acobaMu pATYyBaHHS 1 MOIIYKY Ta pATyBaJlbHHUKaMHU. BucoTa po3TrairyBaHHS BiJa B
KUJIOMETpa JI0 ICKIJIKOX KIJJOMETPIB.

Ane mo6 mepenatu iHGOpPMAIlil0 Ha JajieKl BiJACTaHI 10O MICIb, J€ MPUHAMAIOTHCS
3arajibHi (ONepaTUBHO-CTPATET1uH1) PIICHHS, HEOOX1THUM 1€ OJIUH P1BEHb — IPYTHH, IKUN
3a0€3MeUnTh 3arajibHy 3B’SI3HICTh MK TE€XHIYHUMH 3acOo0aMM PATYBaHHS 1 TOIIYKY Ta
pATyBaJbHUKaMUd. BiH moBuHeH B3aemoniath sK 13 iHmmMmu BIDJIA Tak 1 3
TEJCKOMYHIKAIIITHUMU CUCTEMaMHU 3arajlbHOTO KOPUCTYBaHHS Il TOro, Imo0 3 ix
JOTIOMOT'OK0 IIBHJIKO TepeAaBaTH 1H(OpMaIliI0 O TOJIOBHOTO UEHTPY MPUUHATTS PIIICHb.

Takox piBHI BHU3HAYalOThCS HE TUIBKH MPOCTOPOBUM pO3TallyBaHHSAM, a W
OCHAILICHHSM 1 MOXJIMBICTIO TiepeOyBaHHS y poOOYOMYy CTaHl, TOOTO BUKOHYBaTH
1H(popMmaniiHui OOMIH 3 IHIIUMH PiBHAMH Mepexi. 3a3Buyail BITJIA remikontepHOro TUmy
MOXYTb TPUMATHCS Yy MOBITP1 BiJl MIB TOAUHU JI0 JEKUIBKOX TOJWH, a JITAKOBOTO THUITY
MOXYTh TpUMATHUCA BiJl 24 TOJIWH A0 JAEKUIBKOX J10 (TOMY IO €HEPreTUYHa OCHAILCHICTh
O17IBIII BUCOKA).

Takum UMHOM, MU Oa4MMO, IIT0 TIPEJICTaBIIeHa poOOTa, sIKa OB’ sA3aHa 13 MOXKJIMBICTIO
3a0e3nedeHHs 1H(OpMaIiiHOrO OOMIHY B yMOBaxX BIJACYTHOCTI TEJIEKOMYHIKaLIMHOI
1H(MpacTPyKTypH, TOOTO B YMOBaxX TEXHOT€HHOI a00 MPUPOIHOT KaTacTpo € aKTyaIbHOIO.

3B's130K po00TH 3 HAYKOBUMHM NPOTrpPaMamMu, JIAHAMHU, TEMAMM.

. HJIP Ne 2316 «InTenekTyanizalisi CHCTEM YIIPaBIiHHS BUCOKOTPOAYKTUBHUMU
CEHCOPHMMM MEpeXaMHd Ha OCHOBI BHUKOPHUCTaHHS pOOOTHU30BaHUX OO0’€KTIB Ta
oOuucoBanbHO1 FOG-1HppacTpykTypu» (Or01KeTHA).

. HAP Ne 0119U102043 «Po3pobka anropuTmiB IuHAMIYHOI (UIbTpali s
OI[IHIOBAHHS TIApaMETPiB PyXy OE3MUIOTHUX JITAIBHHUX arapaTiB MPpU iX BUKOPUCTAHHI B
0e31poBo1I0BUX ceHcopHUX Mepexax FANET) (iHimiaTiBHA)

. HJIP Ne 0122U200110 «Po3BHTOK METOAIB ONTHMI3allii HU3bKOOPOITAIbHUX
KJIACTEPHUX CYNMYTHUKOBUX CHCTEM 3B’S3KY, HaBIraiii Ta MOHITOPUHTY» (i1HIL1aTUBHA)

MeTo10 po6OTH € 3MEHIIICHHS Yacy 3aTPUMKHU, MIJBUILICHHS MIBUIAKOCTI Mepeaadi

1H(MOpMaIIii 3 KiHIIS B KIHEIb Ta 3MEHIIIEHHS KiJIbKOCTI TEJIEKOMYHIKAIIHUX aeporuiatGopm
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(TA) B MoOinpHIN ceHcopHid Mepexi 13 TA mpu ymoBi 11 (QyHKLIIOHYBaHHS B 30HI
HAJ3BUYANHOI CUTYAIlil, KOJIA BIICYTHS TEICKOMYHIKaIllifHa iHPpacTpyKTypa.

OcHOBHI 3aBIaHHA JOCJIII)KEHD.:

1. Amam3 3amad KepyBaHHSA Ta mpuHOMMIB ¢yHKIIonyBanHs MMCCI 3
BUKOPHUCTaHHSAM TA pI3HOPIBHEBOI'O PO3TalllyBaHHS, METOJMIB Ta aJTOPUTMIB OOMIHY 1
300py nanux i3 MMCCJI TA, Bu3HaueHHs TiepeBar Ta HeJ0JIKIB.

2. Anamiz matematnyHux mojenei: knacrepusanii MMCC/L, oLiHKH €HeproBUTpaT
BY3IIIB, 4acy 300py JaHUX, Mepeaadl JaHUX MOHITOPUHTY, TO3UIIOHYBaHHS TA.

3. Po3poOka MareMaTnyHOi MO/l MOOUIBHOI MEPEKI CEHCOPIB CIPSIMOBAHOI 11 13
BUKOpPUCTAaHHAM TA pI3HOpPIBHEBOrO PO3TAallyBaHHsS Ta BU3HAUYEHHS MOKAa3HUKIB OL[IHKH ii
e(hEeKTUBHOCTI.

4. Po3pobOka wmetomy miaTpumku 3B's3Hocti MMCC]L 1 TA pi3HOpiBHEBOTO
pO3TaIlyBaHHs, IO I03BOJUTH JOCITTH BUTPAIIY Y Yaci, MIBUAKOCTI Nepenayi iHpopmartii
Ta KuIbkocTi TA.

5. OuiHka e(peKTUBHOCTI 3alPOIIOHOBAHOTO METOJY 3a JIOMOMOIOK0 IMITAIlIiHOTO
MOJICTIOBaHHS Ha OCHOBI po3po0biieHoi MatemaTnuHoi Moaeiai MMCC/I 13 BUKOPHUCTaHHSIM
TA pi3HOpPIBHEBOrO pO3TAallyBaHHA Ta ICHYIOUYOi MOOIIBHOT MEpEeXi CEHCOpIB
BCECTIPSMOBAHOI [T 13 BUKOpUCTaHHIM TA OJHOPIBHEBOTO PO3TAIIyBaHHS.

O0'exT HocaigkeHHs: — MOOLTEHA Mepexa ceHcopiB cripsiMoBanoi aii (MMCC/) 13
TEJEKOMYHIKALIHUMU aeporiaTpopMaMy pi3HOPIBHEBOTO pO3TalTyBaHHS.

Mo0inbHa Mepeka CEHCOPIB CIPSIMOBAHOI [ii — 11e okpemuit Bunagok MCM y sikiit
CEHCOpPU BUKOPUCTOBYIOTh aHTEHU CIIPSIMOBAHOT Jii.

IIpeamer noc/iasKeHHs1 — METOJ MIATPUMKH 3B’ I3HOCTI MOOLITbHOT MEPEK1 CEHCOPIB
CpsiMOBaHOi [ii 13 BHKOPHUCTAHHSIM TeleKOMyHiKamiitHux aepomiatdopm (TA)
PI3HOPIBHEBOTO pPO3TAlTyBaHHS.

Metoaun pociaimkeHHsi. B sKocTi  IHCTpyMEHTapito JUisi  MOJEITIOBAHHS
BUKOPHCTOBYBAJHCS MporpaMui komriekcu Atoll Ta Matlab, mis Bisyanmizarii oTpuMaHux
pe3yibrariB — Microsoft Excel.

HaykoBa HOBU3HA OTPUMAaHUX PE3yJIbTATIB:
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1. Briepie po3po0ieHo MaremMaTiuaHy Mojieib marpuMku 38’ s3H0¢Ti MMCCJ] 3 TA
PI3HOPIBHEBOTO PO3TAIlyBaHHS, SIKa HA BIAMIHY Bl ICHYIOUMX MAaTEMaTUYHUX MOJEIICH
MCM 3 TA BKJIIOYaE A0 CBOI'O CKJIaJly MaTeMaTU4yHI Mojeli (yHKI[IOHYBaHHS CEHCOPIB
cunpsamoBanoi 1ii 1 TA JBOpIBHEBOTO pO3TallyBaHHA 3 PI3HUM EHEPreTUYHUM
3a0€3MEYCHHSIM.

2. Bmepmie po3poOieHo MeToj MATpUMKH 3B’si3HOCTI By3niB MMCC/ 3 TA
PI3HOPIBHEBOTO pPO3TAlllyBaHHA, SIKMW HAa BIAMIHY BiJl ICHYIOYMX METOIIB MiATPUMKHU
3B’si3H0CTI By3niB MCM 3 TA no3Bosisie e(heKTUBHO BUKOPUCTOBYBATH AaHTEHU
CIpSIMOBaHOi Jii, IO po3TamioBaHi Ha ceHcopax 1 TA JBOpPIBHEBOrO MPOCTOPOBOTO
po3TalryBaHHS 13 PI3HUM EHEPreTUYHMM 3a0€3MEUYCHHSM, 3aBISKA YOMY JIOCSTAETHCS
3MEHIIICHHS Yacy 3aTpUMKH MpH Tepeaadl iHopmallii, 30UTbIIEeHHS IIBUIKOCTI TIepeaayl
iH(opMmailii 3 KiHIls B KiHelb Ta 3MeHIIeHHs KiabkocTi TA B MMCC]] 13 TA nopiBHSHO 13
MCM 3 TA.

TeopeTuyHe Ta NpaKTH4YHE 3HAYEHHS Pe3yJabTATIB po60TH, BIPOBAIKEHHS:

TeopernyHe 3HaYEHHS AMCEPTaLli MOJSATae B TOMY, IO B Hill pO3B’S3aHO BaXJIUBY
HayKOBO-TEXHIUHY 3aJ1auy II0J0 PO3POOKH METOIy BUKOPHUCTAHHS CEHCOPIB CIPSIMOBAHOT
Iii 'y cKjaai MOOLIBHOT MEPEXi CEHCOPIB Ta JBOPIBHEBOIO MPOCTOPOBOrO PO3TAIIYBAaHHS
TEJIEKOMYHIKAIMHNX aeporyiaThopM 13 PI3HUM EHEPreTUYHUM 3a0€3MEeUCHHSM JUIs
MIATPUMKA TAKOTO THUIY 3B’SI3HOCTI, SKHH JO3BOJISIE JOCATTH B PEXKHMI PEATbHOTO
(yHKIIOHYBaHHA MOOUIbHOI CEHCOPHOI MEpEKi 3MEHILIEHHS CEepeIHIX 3HAuYeHb Yacy
3aTpUMKH Tpu  nepefadi  iHGopmaiii Ta  KUIBKOCTI  Oe3MmocepeHbo  3adisTHUX
TEJEKOMYHIKALIHUX aeporiaTGopM B KOKHOMY CeaHCi nepeaadi iHQopMalli, a TaKoX
30UTbLIEHHS CEPEeIHbOI IBUIKOCTI Iepeaayl iHpopMallli 3 KIHUS B KIHELb.

[IpakTruHe 3HAYEHHS PE3yJIbTaTIB POOOTH TOJATAE B TOMY, IO PO3POOJICHUI B
AUcepTallii MeTO/I Ta KOMIT IOTepHE MaTeMaTH4HE 3a0e3MeUeHHs, 10 OyI0 CTBOPEHO MpH
MIPOBE/ICHHI IMITAIIITHOTO €KCTIEPUMEHTY, MTOBHICTIO TOTOBE JIJIi BUKOPUCTAHHS B CUCTEMI
OTIEPAaTUBHOTO TMPUUHATTSA PIMICHHS TPO PO3TOPTaHHS Ta MIATPUMKH (YHKIIOHYBAHHS
CUCTeMH 1H(OpPMAIlIHHO-TEIEKOMYHIKALIMHOTO  3a0e3MeueHHs] Ha TEepPUTOpPIAX 13

BIJICYyTHBOIO TEJIEKOMYHIKALIHHOIO 1H(pacTpyKTyporo abo y 30HI HaJ3BUYaNWHOI cUTyaIlil
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NPUPOIHOTO Ta (a00) TEXHOT€HHOTO XapaKTepy AJISl MPOBEIECHHS MOIIYKOBO-PSTYBaJIbHUX
poOirT.

OTpumaHi B 1ucepTallii HAyKoBi 1 IpaKTUYH1 pe3yJIbTaTH BIIPOBAIXKECHI B HABUAJIbHUN
nportiec HHITC KIII im. Irops Cikopcbkoro, mpo IO CBITYUTh OTPUMAHUNA aKT
BIIPOBA/UKEHHsI B HaBuaJbHUM mporeci kadenpu TtenekomyHikamiil. Cymmn [.O. €
CIIBaBTOPOM HaBYaJIbHOTO nociOHuKa «L{udpoBi cucteMn aBTOMaTHYHOTO KEPYBAHHS JIsI
TenexkoMmyHikamii. KoM totepauii nmpaktukym» aisi 3100yBadiB CTymeHs OakaiaBpa 3a
OCBITHBOIO MpOrpamMoro «IHxeHepis Ta nmporpaMmyBaHHs iHOOKOMYHIKaIIii» CHEIiaIbHOCTI
172 EnexTpoHHI KOMyHIKalii Ta paJiloTexHika 3 aucuuiuiing «lludposi cucremu
ABTOMATUYHOT'O KEPYBAHHS JIJIs1 TEJIEKOMYHIKALII».

Oco0ucTtuii BHecOK 3100yBaya. Y qucepraliitiil po6oTi aBTOpoM 0yJI0 CaMOCTIITHO
MOENHAHO TEOPETHYHI Ta EKCHEPUMEHTAIbHI Pe3ynbTaTH AOCHiKeHb. (OCHOBHI
pe3yJIbTaTH, M0 OCOOMCTO 3alPONOHOBaHI: MaTeMaTHUYHA MOJEIb MIATPUMKH 3B’ S3HOCTI
MCM 3 TA, sxa Ha BiIMIHY BiJ] ICHYIOUHUX BKJIFOYAE JO CBOTO CKJIay MaTEMaTU4H1 MOJIET1
(yHKIIOHYBaHHS CEHCOPIB crpsiMoBaHoOi i 1 TA ABOPIBHEBOTO PO3TAIIYBaHHA 3 PI3HUM
E€HEePreTUYHUM 3a0€3MEUCHHIM; METO/I MATPUMKH 3B’ 13HOCTI By31iB MCM 3 TA, sikuii Ha
BIZIMIHY BiJI ICHYIOUMX METOMAIB JO03BOJISIE €(QEKTHUBHO BUKOPHCTOBYBATH AHTEHH
CIpsIMOBaHOi Jii, IO po3TamoBaHi Ha ceHcopax 1 TA JBOpPIBHEBOro MpPOCTOPOBOTO
pPO3TalllyBaHHS 13 PI3HUM CHEPreTUYHHUM 3a0€3MCUCHHSAM, 3aBISIKH YOMY JTOCSATAETHCS
3MEHILIEHHS Yacy 3aTpUMKH MpH Tepeaadl iHgopMarii, 30UIbIIEeHHsT IBUAKOCTI Iepeaayl
iHpopmarii, ta 3meHmeHHs KimbkocTi TA B MMCC]] i3 TA. Bukonana oliHka
e(hEeKTUBHOCTI 3aPOMOHOBAHOIO METOJTY 32 JIOMOMOTO0 IMITAIIITHOTO MOICTIOBaHHS.

Anpobauis pe3yJabTaTiB AucepTauii. 3a pe3yiabTaTaMu JOCI1HKEHHS Oy OJ1KOBAHO
19 crareit:

- 15 crareil y HaykoBUX (axOBUX BUAAHHIX YKpaiHU (HA MOMEHT Oy OJIiKyBaHHS ) 32
cnemianpHicTIO 172 TenexkomyHikalii Ta paaioTexHika, B T.4. 12 crareil y SKUX YHCIIO
CIiBaBTOPIB (pa3oM 13 3100yBaveM) OiIbIIe TBOX OCi0;

- 4 cTaTTl y NepioiMYHUX HAYKOBUX (DaxOBUX BUJAHHSAX MPOIHAEKCOBAaHUX Yy 0a3l
Scopus.

A Takox:
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- 14 Te3 BUCTYMIB HA HAYKOBUX KOHPEPEHLIAX (13 HUX B HAYKOMETPUYHHX 0azax — 5);

- 4 xonextuBHI MoHOTpadii (1 Bumana y €C, 1 Bumana B Ykpaini ta 2 y CIIA);

- 3 cTarTi y HayKOBUX (paXOBUX BUJAHHIX YKpaiHu (Ha MOMEHT OITyOIIKyBaHHS);

- CBIIOIITBA MPO PEECTPAIIiI0 aBTOPCHKOTO TIpaBa Ha TBIp: 5;

- HaBYAJILHUM MOCIOHUK Jig 3700yBadiB CTyIeHs OakajaBpa 3a OCBIT. MPOTPAMOI0
«ImxeHepis Ta mporpaMmyBaHHs 1HGOKOMYHIKalii» crell. 172 EnexTpoHHl KoMyHIKaIli Ta
pamioTexHika.

Ctpykrypa Ta obcar aucepramii. J(ucepraniiina po6oTa CKIaaeTbCs 3 aHOTAIIT
JBOMa MOBAaMH, BCTYIY, YOTUPbOX PO3/1JIIB, BACHOBKIB, CIIUCKY BUKOPUCTAHUX JIKEPEN 13
113 naiiMmenyBanb Ta qoaaTkiB. [loBHUI 00cAr nuceprailii CTaHOBUTH 164 CTOPIHOK, Y TOMY
yucii 2 noaaTky Ha 8 cropiHkax. OCHOBHUM TEKCT AucepTallii MiCTUTh 69 pucyHKIB Ta 23

Ta0JIUII.
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PO3JILI 1
AHAJITUYHU OTJSI CYYACHUX METOJIB OPT AHIBAIII|
IHOPACTPYKTYPHA MOBLTbHOI CEHCOPHOI MEPEXKI

1.1. CyuacHi migxoau, o BUKOPUCTOBYIOThCSI IPH MOOYAOBI Ta 300pi 1aHMX 3

BY3J1iB 0€31IPOBOIOBUX CEHCOPHUX MEPex

CboroJiHi BAHUKAIOTh HOBI TEXHOJIOT'11 Ta METOU, SIK1 IPHUILBUALITYIOTH HACTAHHS €U
«PO3YMHOTO CBITY», IIIO CBIAYUTH MPO TE, IO CEHCOPHI MEpPexki Ta mepemada iHdopmarrii
MIX By3JaMH IPYHTOBHO IPOHUKAIOTh B HOBI C(pepU HAIIOrO JKUTTA. AJ€ JOCUTh 4acTo
BUHUKAIOTH CIIEHAPIi IPH SIKUX 3BUYHI JIsl KOKHOTO CIOocoOu 0OMiHYy iH(OopMallii CTaloTh
HenoctynHi. Hampukian, ctuxiiiHi nuxa, karactpodu, BidHEM Tomo. Tomy mnocrtae
HEOOXITHICTh B THMYACOBHUX PIIIEHHSX, K1 JalyTh MOMJIUBICTh MIATPUMYBATH 3B’ SI3HICTh
MDXK By3Jamu. B Hamiid KkpaiHi OCTaHHIMHM pOKaMU 15 moTpeda TulbKy 30uibimiacs [1,2].

Tomy npoaHanizyemMo apXiTeKTypy MOOUIBHUX CEHCOPHUX MEPEX Ta CLIeHapii 300py JaHUX.

1.1.1. BusHayeHHsI apXITEKTYPH BY3JIiB Ta CCHCOPHHUX MeEpex

By3on — 11e KiHLIeBUI MPUCTPIA CEHCOPHOT MEPEXkKi 1 HEBIJ €MHA ii ckiiagoBa. Taki
MPUCTPOi MOXKYTh MAaTH MOIJIMBICTH OOCIIyrOBYBaHHS (3aMiHU TEBHUX €JIEMEHTIB, SIKi
BUXOJATH 3 JAAy MiJ Yac eKCIuTyarailii) abo OyTH 0JHOPa30BOr0 BUKOpUCTaHHS. Bonu (B
OCHOBHOMY) 3/IHCHIOIOTh TMEPIOJUYHI BHUMIPIOBaHHA (MOHITOPHUHT) 30BHIIIHBOTO
cepenoBuila (Taki sIK BOJIOTICTh, TEMIIEpaTypa, pajiallis Ta 1HII OUTBII Ta MEHII CKIIAIHI
MMOKa3HUKN), HAKOTIMYCHHSI OTPUMAaHHMX Pe3yJbTaTiB Ta mepeaady ix g0 0a30BOI CTaHIIII.
Byzon mepexi (cercop) (puc. 1.1) MICTUTh AaTYHK, IO CIIPUMMAE JTaH1 BiJl 30BHIIITHHOTO
cepeIoBUIIa, MPOIIECop, TaM'sITh, TPAHCUBEP, aHTEHY (3a3BUYail 0JHY a0o JIB1), aBTOHOMHE

JOKEPEJIO KUBJICHHS Ta 1HKOJIM MepeMHKadl, po3’emu Totlo [3,4].



26
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Pucynok 1.1. EnemMenTHa cxema CEHCOpPHOTro By3ja

CyKyIHICTb CEHCOPHHUX BY3JIIB YTBOPIOE 0€3MpoBOAOBY ceHCOpHY Mepexy (BCM),
AKa XapaKTEePU3YEThCS BEIMKUMHU pO3MipaMu (COTHI ab0 THUCSYl BY3IIB), OOMEXEHUMU
pecypcamu BY3IB (3aps 0aTtapei, IpoyKTHBHICTH IMPOIlecopa, 0OCAT IaM'saTi, TOTY>KHICTh
nepeaayi, MPOMyCKHA 3JaTHICTh paaioKaHaly TOIIO) 1 MIUIbHICTIO Tpadiky moOIu3y
nuTIo31B. [5,6]. Mepexi MOXyTh OyTH CHpPOEKTOBaHI Tak, 00 MpaIfoBaTH y BiJJIaJIEHUX
MICIISIX MICSISIMU a00 HaBITh pokaMu. B ocTaHHROMY BHIAJIKy 3amiHa OaTtapel y By3iax
MepexXi € HeJIOIIIbHOI0 a00 HABITh HEMOXKJIMBOIK. TOMY KepyBaHHSI €HEPrOCIIOKUBAHHAM
CEHCOPHHUX BY3JIB (3MEHILEHHS, 30€peKEeHHs Ta MEepepo3NOALT MK By3JlaMU) BIIITpae
Baromy poJib y 301IbIICHI CTPOKY CIIYKOM CEHCOPHUX BY3JIIB Ta MEpPEXK1 B 1ijomy. [6,7,8].

B uuomy cencopui BCM MarwTh pi3HI TONOJNOTIi, NpHU3HAYEHHS, MapaMeTpu
(MOHITOPUHTY, MOOLITBHOCTI, KEPYBaHHsI) TOIIO. Po3rissHeMoO crieHapii BUKOPHCTAHHS Ta

TUMH OE3MPOBOJOBUX CEHCOPHUX MEPEXK OUIbII JAeTaabHo (Tadu. 1.1).



27

Tabmums 1.1 Cuenapii Bukopuctanus ta Tunu bCM

Tomnosoris Tunu Jloxkanis ITapamerpu ITo yacy MobinbHicTh
MOHITOPMHIY | 300py IaHHMX | eJleMeHTIB MepesKi
3ipka Hazemni/ | JlerepminoBana XimiuHi PeanbHoro CramionapHi
HiI3eMHI qacy
Hepeso HanBonni/ | HegerepminoBana ®i3uuHi 3 3aTPUMKOIO B Pyxowmi
M1IBOJIHI oJIepKaHi
Cituacta | IloBiTpsHi
(Mesh)
['6puHi

B 3anesxcnocmi 6i0 cyenapiie suxopucmanusi BCM 6ysarome pizni mononoaii: 3ipxa,
oepego, cimka (puc. 1.2).

3ipka TepeBo Citka

— 4 — - e T -

@ [0z . .

® By=om poyrep
® Kinerwit yzon . .

Pucynox 1.2. Tononorii BCM

«3ipKka» — 11¢ KOMYHIKallliiHa TOMOJIOTIs, Y SAKIA KOXEH BY30JI MiJKIIOYAE€ThCS
Oe3nocepeIHbo 10 1UT03y. OIMH 1ITI03 MOXKE HaJICUIaTh a00 OTPUMYBATH MOBIJOMIICHHS
Ha KUIbKa BIJJIQJICHUX BY3JIB. Y TaKWUX TOIOJOTISIX BY3JH HE MalTh MOJIMBOCTI
nepeaBaTy JAaHi OJWH OJHOMY. SIK HACIIJIOK, 11€ 3MEHIIY€ Yac 3aTPUMKH MK KIHIIEBUM
BY3JIOM 1 1UTI030M (0a30BOI0 CTaHIi€r0). Yepe3 3alIeKHICTh BiJ OJHOrO By3Ja JJis
KepyBaHHS MEpEeXero, IUTI03 Mae OyTH B pajiiyci pajaionepenadi BCiX KIHIIEBHUX BY3JIB.
Po3mip Mepeski 3al1e)KuTh BiJl KITLKOCTI MIIKIIOYEHb 10 KOHIIeHTpaTtopa. HemonikoMm € mana
KUBYUICTh U€PE3 MOKIIMBICTh BUXOAY 3 JaJly €IUHOTO HUTI03Y [9].

Tomosorito JAepeBO TaKOXK HA3WBAIOTh KACKAJIHOK 3IPKOBOIO TOIOJIOTIE. Y

ACPCBOBUIHUX TOMOJIOTISAX KOKEH BY30J1 3,€IIHy€TBC$I 3 BY3JIOM, SIKUU 3HaXOAUTHCA BUIIIC B
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JepeBi, a moTiM 31 nurro3oM. OCHOBHA mepeBara ASpeBHOI TOTIOJOTIT MOISITaeE B TOMY, IO
PO3IIMPEHHS MEPekKi MOXke OyTH JIETKO MOXIIMBUM, a TaKOX CTa€ JIETKHUM BHUSBICHHS
NOMMJIOK. 3HAUHUM HEJIOJIIKOM € 3aJIeKHICTh BIJl MariCTpajabHOTO KaHaly (AUISTHKHA MEPEXi
no sIKid mepenaeThcs iHGopMalis B OaraTboX By3MiB). SIKIIO BiH BWiie 3 Jaay, BCS
Mepeka 3pyHHyeThCs [9].
Cituacti Tonosiorii (Mesh) 103BOJIAIOTE MEpeIaBaTH JIaHl MK KIHIIEBUMH BYy3J1aMU,
AK1 pO3MIIIEeHI B MeXaX JOCTYIMHOCTI OAUH OAHOTrO0. J{J1s mepeaayl JaHUX MK By3JaMH, 10
HE MaloTh NPSIMOr0 KaHaly 3B 3Ky HeoOXigHui mnpomikHHM By3on. IlepeBara 1i€i
CITYACTO1 TOMOJIOTIT BKJIIOYAE JIETKY 130JIS11I0 Ta BUSIBJICHHS HECIPABHOCTEH y MEpExi.
HenomnikoMm € Te, 1110 Mepeka BEIUKa 1 BUMarae BeJIMKUX pecypceiB [9].
3anescHo 8i0 cyeHapio ma yini GUKOPUCIMAHH MUNU Mepexc 00Uparomscs maxKum
YUHOM, WOO iX MOJCHA OYI0 pO320pHYMU NiO/HAO 800010, NiO/HAO 3emaero 0jisi 300pY OaHUX
Ppi3Ho20 hopmamy (wucnosi, mexcmosi, ayoio, 8i0eo, 300PaNCeH s).
BCM MoxyTb 3aCTOCOBYBaTHCS Y HacTynHux cdepax (puc.1.3) [6,90]:
® [IpU CIIOCTEPEKEHHI 32 OKEaHIYHUMU T4 MOPCHKUMU aKBaTOPISIMH;
® [IpU CIOCTEPEKEHHI 32 JaHAImAa(TaMu Npeuru31iHOro 3eMaepo0CTBa, TBAPUHHUIITBA;
® [IpM CIOCTEPEXKEHHl 3a MPUPOJHUMM KatacTpodamu, sKi, 3a3BHYald, MAalOTh
perioHanbHUN MacTad Jii Ta 1me ¥ yCKJIaIHIIOTHCS TEXHOTEHHUMU aBapisiMu, SIKIIO
111 kaTacTpodu BiIOYBAIOTHCS Ha JaHAIMA(Tax arjioMepartiii;
® BHKOPHUCTAHHS Ha YPOAHICTUUHUX TEPUTOPIAX, 1€ CKOHIICHTPOBAaHA BEJIMKA KIJIbKICTh
JIFOJIEH 1 TEXHOTE€HHUX 00’ €KTIB;
® TaKOXX MOXJIHMBE CIIOCTEPEKECHHSI 32 TEXHOTCHHUMHU 00 €KTaMH JUIsl YHUKHEHHS

MOXKJIMBUX TEXHOTCHHHUX KaTacTpod.
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Croctepemensz 32 MPHPOTHMIL
saTacTpodanm, K, sassHaT, MaoTs
perioHaTe I MacuITat A Ta we i
CKTATHARTECA TETHOT SREUTN ABAPIAT, it
o 17 atacTpodm sigbysaroTscA KA | ob'ekTH
rasuadTax arnonepaniit CROCTCpERerTIA 3 TETOT T
of exTanm IR YAIRReRHE : "
MO TeRHOreHEITS KaTacTpOd : BixopHCTaRFA ¥ MicR
KOHIIeHTPaL BemvKol KTbKOCTI
MEONelt i TeiHOreHEI 06 EKTE

Croctepesermz 32 nangraranms
npemmifitoro semepoSeTsa.
TEzpinnoOTED

CrocTepenccn 3a oxcanFmaT
Ta MOPCHEITMT AKEATOPIAMIT

Pucynox 1.3. Cdepu 3acTocyBaHHs 6araTOpiBHEBOI MEPEXkKi TEICKOMYHIKAIlIHHAX
aeporutatgopm Jjis 3abe3redeHHs 3B’ s13H0cTi By3:1iB BCM [90]

Ilapamempamu moHimopuney moxcyme Oymu pi3HOMAHIMHI Qi3uuHi ma XiMiuHi
geuUUHU (memnepamypa, 60]02icmb, Ccula ceimia, paldiayisi mowo), a MmMaxKoxC
300pasxcens, 8ioeo ma ayoio [10,11].

Jst knacuaanx BCM MOHITOPUHTY PI3HOMAHITHHX TMapaMeTpiB HEOOX1JHO MEHIIIe
pecypciB. ToOTO, HEOPOTI BY3JH, OCHAIICHI JAaTYMKOM (200 AaTYMKaMH) MO0 MOXKYTh
BUMIPIOBATH OJMH YM JCKiJIbKa MapaMeTpiB, SKi B 0ararboxX BHUIMAJKaX HE BHMAararoTh
nepenayl JaHuX B peasibHOMY yaci [7,12].

MynsTUMeniitHi  0€3MpOBOJOBI  CEHCOpPHI Mepexi Oyiau 3amporoHOBaH1 s
BIJICTE)KCHHS Ta MOHITOPHHTY MOJIA TakuX SK 300pakeHHs, Bigeo Ta aynmio. Lli mepexi
CKJIQal0Thcsl 3 OUIBII JOPOKYMX CEHCOPHHUX BY3JIB, OCHAIICHUX MIKpodOHAMH Ta
kamepamu. [IpoGraemu 3 mynbrumeniiHumMu BCM MICTSATh BHCOKE €HEProCHOKUBAHHS,

BHCOKI BUMOTH JI0 TIPOITYCKHO1 3/IaTHOCTI, 00OpOOKHM aHuX 1 TeXHiKU cTucHeHHA [9]. Kpim
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[bOT0, MYJBTHUMEIIHNHUN BMICT 3a3BUYail moTpelye mepeaayl JaHUX B pealbHOMY vaci
[12,13].

Posmawyeanns  enemenmie  mepedxci modce Oymu  OemepMIHOBAHUM — ma
He0emepMIHOBAHUM.

VY Mepexax JIeTepMIHOBAHOTO TUITY PO3TAIllyBaHHS BY3JIB (piKCOBaHE 1 3a3/1aJIeTi/b
po3paxoBane. [lonepennbo 3ariaHoBaHa poOOTa IBOIO CEHCOPHOTO By3Ja MOXKe OyTH
MOJKJIBA JIMIIE B JIESKUX MPOCTHX Mporpamax. Po3rainryBaHHs BY3JiB 4acTO HEMOXIIUBO
BU3HAYUTH Yepe3 pi3Hl (akTopu, Takl SK HECHPHUATIUBI poOOYl YMOBH Ta CYyBOpE
CEpellOBUILE, TOMY LI MEpeXl Ha3HBAIOThCA HEIETEPMIHOBAHUMH, $IKI TOTPEOYIOTh
CKJIaJIHOI CHCTEMH KEPYBAaHHS Ta BU3HAYEHHs KoopauHaT [6,9,14].

Enemenmu mepesici maxosic Moxcyms Oymu pyxomumu abo cmayioHapHumu.

MoO01sbHI ceHcopHi Mepexi (MCM) cknanaroThesi 3 HAOOPY CEHCOPHMX BY3JIiB, SIKi
MO’KHa CaMOCTIMHO MEpEeMIIlyBaT Ta B3aeMOMIATH 3 (izuunuM cepenoBuiieM. MCM e
HabaraTo OLIbII YHIBEPCATLHUMHU, HI’K CTaTUYHI ceHCOpHI Mepexi. I3 (6a3zoBa cTaHIis)
TaK0XX MOXXe OYTH CTaTUYHOIO a00 PYXOMOIO MOAI0HO /10 CEHCOPHUX BY3JiB. SIK BUILIIUBAE
3 Ha3BU, 0a30Ba CTaHIIisl CTATHYHOTO THUITy BKJIOYA€E CTAOUIHHE TMOJIOKEHHS, SIK MPaBUIIO,
no0JM3y 30HU 30HJyBaHHA, TOJl sIK MOOUIbHA 0Oa30Ba CTaHLIS PYXaeTbCs B 00JACTI
CEHCOPHUX BY3JiB JjIsl OalaHCyBaHHS HaBaHTaKEHHS [9].

A TakoX y CIEHapisiX CTUXIMHUX JHX, KaTacTpod, BIWH 3 SKUMU MH BCE YacCTillIe
3yCTpIYA€ThCsl MOCTA€ HEOOXIIHICTh B MOOUIBHMX PIMIEHHSX, SIKI JTaayTh MOKJIMBICTb
MIATPUMYBATH 3B S3HICTh MK By3JaMH B yMOBaX 3MIHHU iX IMOJOXEHHS Ta BiJCyTHOCTI

3BUYHOI HaM TEJIEKOMYHIKalliitHoi iHppacTpykTypH [15].

1.1.2. Cnioco0m 300py 1aHUX 3 BY3J1iB MOOIJIbHOI CEHCOPHOI Mepe:Ki

[Tepen MCM noctae 6arato npodiem, Kl yMOBHO MOXHA MOAUTUTH Ha /Bl IPyIH:
oOyamHaHHS Ta cepeoBulle. B yMoBax 3MIHHOTO CEpeIOBHINA BAPTO PO3TIISTHYTH BUMOTH,
SK1 BUCYBAIOThCs 710 oOnaaHanHsa. Cepel HUX MOXKHA BUAUIMTH €HEProe(eKTHUBHICTH Ta
HU3BKY BapTICTh, a OTXKE€ OOpOOJSATH aNrOPUTMH HHU3BKOI CKJIAJHOCTI (HEOOXimH1 st
MIKPOKOHTPOJIEPIB) 1 BUKOPUCTOBYBATH O€3MPOBOJIOBI TEXHOJIOTII Mepeayl JaHuX, 1110 He

CIIOKMBAIOTh Oarato pecypcis [8,16]. Takok BaKIMBUM €IEMEHTOM € MOOUTHHICTh BY3JIiB,
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10 CTABUTH 3a/1a4y CTBOPEHHS BIAMOBITHUX MOJENEH pyXy (SKi BpaXOBYIOTh 3MIHY TaKUX
BEJIMYMH SK MIBHUJKICTh, TPUCKOPEHHS, MICIIEPO3TANTyBaHHS TOIIO) BIAMOBITHO 10 SKHX
MOKHa 3MIHIOBATH TOMOJOTII0 (1 MpU3HA4YaTH €(PEeKTHUBHI MPOTOKOJM MapHIpyTH3allii),
PETYJIIOBAaTH CUTHAIH (117151 €()eKTUBHOTO BUKOPUCTAHHS eHeprii) Ta inme [17]. Ane ogaum
13 HOBMX 1 HE€ MEHII BAXKIMBHUX BHKJIMKIB TOCTA€ BIJCYTHICTh TEJIEKOMYHIKAIIHHOT
1H(PaCTPYKTYpH 3araibHOTO KOPUCTYBaHHS, a OTXKE 1 IUTIO3Y Nepenayi gaHux [6,15].

Jlis BUpIMICHHS] TaKMX BUKIIMKIB OMEpPAaTOpPH 3B'SI3KYy BUKOPHCTOBYIOTH NEPECyBHI
6a3oBi cranmii ([IBC) a6o mo6inbHi 6a30B1 cranmii (MBC) (puc. 1.4). Lle TexHiuHi
MPUCTPOI, SKI MOXYTh OyTH HIBUIKO BCTAHOBJICHI Ta BUKOPHUCTaHI IS 3a0e3MeUeHHS
MOOLTFHOTO 3B'SI3KYy y MICISIX, /1€ BIACYTHE UM CTajl0 HEJOCTYIHUM IOKPHUTTS MEpexi
nocrymny. lle mMoke BKIIIOUAaTH CHUTyallil HEBIAKIAAHOI HEOOXITHOCTI 3B'S3Ky IMiJl 4ac
HAJ3BUYAMHUX TOJIHA, MAacCOBHX 3ax0[liB (KOHIEPTH, (eCTUBAI, CIIOPTUBHI MOIIi TOIIO),
TUMYACOBUX Oy/iBETbHUX pOOIT a00 B IHIIUX CUTYaIlIIX, KOJIH CTAIllOHApHI 0a30B1 CTAHIIIT

HEJIOCTYITHI 200 Hee(EKTUBHI.

Pucynok 1.4. IlepecyBHa 0a3oBa ctaniiis Vodafone 13 Bukopuctanasm cuctemu Starlink

[18]

[1i cTaHIii MOXYTh MaTH Pi3HI XapaKTEPUCTHKHU Ta (PYHKIIIi, IO BIUIMBA€E HA IXHIO

BapTicTh. Hampukiasn, OUIbII pO3MIMPEH], MOTYXKHI Ta TEXHOJOTIYHO MPOJyMaHi MOJEl
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MOXYTh OYyTH JOpPOXKYMMH 4Yepe3 CBOi BIOCKOHaNEHI (yHKIII, MOXIHUBOCTI Ta
KOMITIEKTaIif0. TuMuacoBe BUKOPUCTAHHS Ha KiJbKa AHIB a00 TIDKHIB 3a3BHYAil OLIBII
3aTpaTHe, HIDK JIOBFOCTPOKOBE. JlOAaTKOBOIO BapTICTIO MOXe OyTH TEXHIYHE
0OCITyroByBaHHS, YCTAHOBKA, a TaKOXX BUTPATH HA TPAHCIOPTYBaHHS Ta 1HCTAJSIIIO B
notpibHoMy Micui. OAHUM 3 BXIMBUX (PAKTOPIB € OOMEKEHICTh 30HM BUKOPHUCTAHHS 1
3HAUYHUNA Yac HEOOXIIHUM Ha PO3TOPTAHHS Ta HE QykKe e()EeKTUBHE BUKOPUCTAHHS E€HEpTii
BY3IIiB, a OT)KE II€ IMiIKPECITIOE Te, 110 Ie He YHIBepcalbHe pimeHHs [18].

[HmuM BapiaHTOM MOKe OyTH BUKOPUCTAHHS TPAHCIOPTHUX 3acO00IB B SKOCTI
nuito3iB (VANET), mo 103BoJAuTh 3HU3UTH eHeproButpatu By3iiB BCM. OnHum 13
HalpO3MOBCIOJDKEHININX CIIEHAPIIB € BUKOPHUCTAHHS PYXOMHX 3acO0lB TPaHCHIOPTY B
HaceJICHUX MyHKTax s 300py/00MiHY JHaHMX 3 BY3JiB. By3bKUM MICIIEM JTaHUX MEPEXK €
HNUISIXU PYXY, AK1 3aJIeXkKaTh BiJl 3aBaHTaXXEHOCTI, MTOTOJIHUX YMOB TOIIO. TakoxX € cueHapii
B AKHUX HEMOXJIMBO JIOCSTTU MPSAMOi BUAMMOCTI pajiio3B 53Ky, a OTXKE L€ 3MEHILYE 30HY
ob6ciyroByBaHHs [19].

Tomy BapTO pO3IJISHYTH TEIEKOMYHIKaliiHI aepomiaropmu Ha 0a31 BIIJIA
[20,21,22]. BoHM MOXYTh CTaTH YACTUHOIO TEJICKOMYHIKAIIHHOT 1HGPACTPYKTYpH
oneparopiB 3B'sI3KY, BUKOHYIOUM (DYHKIIIIO PETpaHCIALIl TEIEKOMYHIKALIMHUX CHUTHAIB
[23] y BaXKOJOCTYMHUX MicIsIX a00 B CHUTYyaIlliIX J€ HEOOXITHO B KOPOTKI TEPMIHU
(IpOTATOM JEKUIBKOX XBUJIMH) OpPTaHi3yBaTH MOKPUTTS MEeBHUX 30H. Ha mianeri yacto
TPAIUISIIOTHCA TPUPOJIHI KaTaKII3MH, CTUXIMHI JUXa, K1 PYWHYIOTb HE TUIBKU >KUTIIOBI
OynuHKH, a ¥ TeJaeKkoM-iHpacTpykTypy. Tomy HaWOLIbIII OMEpaTOpH 3alliKaBlICHI B
HasIBHOCTI €(DEKTUBHUX PIIICHb 3 BIIHOBJICHHS 3B'A3KY 3a HEBEJIMKUM yac, HeXall HaBiTh Ha
TUMYacoBiii OCHOBI. BaklMBO AaTu MOXKIMBICTH HYXKIIEHHUM JOMOMOTH 3B'S3aTHCS 3
PATYBAJIBHUMHU CITy>)kOaMu B TOM 4ac, MOKU HAYTh OCHOBHI aBapiiiHO-BITHOBIIIOBAJIbHI
poOoTtu. JlaHe pillieHHs AOMOMOKE OLIHUTHA MaclITabu pyHHYBaHb 1 103BOJUTH OTPUMATH
iH(pOopMaIrito, HeOOXIHY IJIs TUTAHYBaHHS PSITYBAIBHHUX POOIT [24].

Kpim nuBinsHOTO BUukoprctanHs bITJIA 3 koxHUM JHEM 3aiiMalOTh BCE O1IbIIIE MiCITe
y BiiicbkoBii cdepi. Lle oOymoBieHo creuuiyHUMH TepeBaramu, peaiizaiis sSKUX

JI03BOJISIE OTPUMATH CYTTEBY NPEPOTaTHBY HAJ MUJIOTOBAHOKO aBIaIli€l0 I IIMPOKOTO
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CHeKTpa 3aBAaHb. [lepir 3a Bce 11e BIACYTHICTh €KIMaXxy, BIIHOCHO HEBEJINKA BapTICTh MPHU
MacOBOMY BUPOOHHMIITB1, HEBUMOTJUBICTH 0 a€POJAPOMHOIO 3a0€3MeUEHHS.

Jns opranizariii Mo6uIbHOT Mepexi 3B'si3ky Ty MANET 3a3puyait BUOuUpaeThes
BIUIA nitakoBoro abo TemikonTepHOro TUMy. BiH Moke MiTHSATH KOPUCHUN BaHTaxX 1
nepecyBaTHCs M0 33JJaHOMY MapuIpyTy, a Ha 6opTy BctaHoBioeTbest MBC [25]. s 360py
JAHUX MOHITOPUHTY (SIKI HEBeIuKi 3a 00°’eMoM) MOHa BHUKopucToByBaTH bBIIJIA
JITAaKOBOTO THUMY, a JJs BCTAaHOBIEHHS TOJIOCOBOrO abo BifeO 3B’A3KYy HEOOX1THO
BukopuctoByBaTtd bBIIJIA remikonTepHOro TUMy, SIKI MOXYTb pO3TalllOBYBaTHCS B
HeoOXx1aHuX mictax [7,20,21,22].

[IpoTe HaBITH B TAKOro cnoco0y oprasizarii 3B’ 43Ky MOKYTbh BAHUKHYTH J0JIaTKOBI
3anmaui. Hanpukmnan, nepecyBaroyuck mo 3agaHomy mapuipyty, y BIIJIA mitakoBoro tuiry
MOXYTh BUHUKHYTH BIIXWUJICHHS BiJl 337aHOTO NUIAXY [26]. [{71s1 BUpiIIEeHHS [IbOTO 3aBJaHHS
HEOOXI1THUHN oTepaTop, IKUM MOCTIHHO CIIOCTEPIrae 3a CTAHOM JITAIBHOTO anapary, 1 B pasi
BIJIXHMJICHHS BiJ] MapuIpyTy, 3a JOMOMOIOI0 CIeLiaJbHUX MPOrpaM Mae 3MOTY TOBEPHYTH
Horo Hazaja, abo BIANMPABUTU HA TOCAAKY B Oe3MeyHe MICLE ISl BUMIPABIICHHS HEMOJIAI0K
Ha 3emuti. AGo anroputm sikuii 3a6e3nedye podoty BIIJIA y nmo3zamrataux cutyarisx [27].
Takox myis BUpIMIEHHS 3aBAAaHHS MPOLIECY OpraHizamli MOOUIBHOI Mepexi 3B'S3KY
000B’I3KOBUM € PO3PaXyHOK IMapaMeTPiB CUTHAIY B MekKaX 30HU 00CIIyTOBYBAaHHS, & TAKOX
BH3HAYaTH ONTHMAaJbHE MICIIE YCTAaHOBKHM 1 4uciio 0a3oBux cranmiii [28]. Tomy Bapto
PO3TJISTHYTH OCOOJMBOCTI (PYHKIIOHYBaHHST MOOUIBHUX ceHcopHux wmepex (MCM) 3

BUKOpUCTaHHSM TA.

1.1.3. CTpyKTypa MOOLIBHOI CEHCOPHOI Mepexi 3 BUKOPUCTAHHAM TA

Ha choromHimHiii JeHb PO3BUTOK BCEMPOHUKAIUHUX CEHCOPHUX MEpPEeX B paMKax
KoHIeNnMii [HTepHeTy, MoOyAOBaHUX HA HOBITHIX TEXHOJIOTISIX O€3MpPOBOIOBOTO 3B'S3KY,
Ha0yBa€e BEJIMYE3HOI MOMYJSAPHOCTI 1 3HAXOJUTh CBOE 3aCTOCYBAHHS B pI3HUX cepax
JOJICHKOT NISITBHOCTI. PO3BUTOK B 007aCTi OOYMCITIOBAILHUX OE3MPOBOIOBUX MEPEK, a
TaKOX TOCTiiiHE Oe3nepepBHE BIOCKOHAJICHHS OOYMCIIOBAIBHHUX MPOTpaMHO-amapaTHUX
3ac001B, JO3BOJISIE TOBOPUTHU PO MOKIMBOCTI MOSIBU «PO3YMHHUX MICT», TOOYJOBaHUX 3a

MPUHITUIIOM MDKMAIIMHHUX KomyHikamii (Machine to Machine), mo o00ymMoBIEHO
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noTpebo0 B aBTOMAaTH3allli BUPOOHUYMX, TEXHOJOTIYHUX, €KOHOMIYHUX, CYCHUIbHUX Ta
THIIINX MPOTIECIB JTIOACHKOI JiSITLHOCTI [29].

HeoOxigHicTh y BHUpINIEHHI BHUINE3a3HAYCHUX 3aBAaHb CTaBUTh MHUTAHHS IIPO
HEOOXITHICTh MPOSKTYBAHHS 1 PO3BUTOK OUIBII CKJIATHOT CTPYKTYPH CEHCOPHHUX MEPEXK HE
TUTBKY JJIs1 JOTIOBHEHHS ICHYIOUMX HAa3eMHUX MEpEeX 3B’SI3KY, a ¥ Il YMOB BiJICYTHOCTI
TeJIeKOMYHIKaIiiHo1 iHppacTpykTypHu. HazeMHO-TIOBITpsIHI cucTeMU, Oy ydn Pi3HOBUAOM
B3a€MOIIOB’SI3aHUX MEPEX 3B A3KY, MICTATD B COO1 BiJipa3y ABa CETMEHTH CEHCOPHOI Mepexi
- Ha3eMHHUM CErMEHT CEHCOPHOi MEpekl Ha OCHOBI CTallloHApHUX a00 aBTOHOMHUX
CEHCOPHHUX BY3JIIB 1 MOBITPSHHUI CErMEHT HA OCHOBI TEJIEKOMYHIKAI[IHHUX aeporiaTdhopm,
3a0e3ne4eHX aBTOHOMHUMH By3iamu 3B's13Ky [20,21,22,30]. [1oBITpsiHUI CETMEHT MEpex
MOXYTb CTBOptoBatd pi3HI Tunu bBIIJIA 3 pi3HUMH TEXHIYHMMH XapaKTEPUCTHKAMU,
TaKUMH K BUCOTA, MIBUKICTb, YaC Ta JAJIBHICTh MOJIBOTY, Bara KOPHCHOTO HAaBAaHTAKEHHS
Ta CaMOro JIITaJIbHOIO amapary, HOro TUI Ta JKEPENIo JKUBJIEHHs, CIOCOOM 3aIlyCcKy Ta
MOCaJIKM, KepyBaHHs, 1iHa [7,15,26,31] (Tabn. 1.2).

Tabmuug 1.2. [1oBITpsSHUN CErMEHT MEpPEXKI

Tun TA I'pynu Hdxepeno KepyBanns IIpusHayenus
TA JKMBJICHHSH
I'enikonTepHuit Mani | Enextpuune | IlentpanizoBane | [leneHrpanizoBaHe JocuiaHi
JlitakoBuit Cepenni | IlanuBHuit ABTOHOMHE 3a yyacri Komepuiitni
eNIEMEHT orepaTopa
Aepo-craTHui Tsoxki ABgapiiiHo-
BIJTHOBJIIOBAJIbHI

I'iOpuHi

[Ifo cTocyerbcst 3B'sI3Ky, TO KOxkHA TA OcCHalleHa NEBHOKO CHUCTEMOIO KEpyBaHHS,
pOyTEpOM, MPUCTPOSIMH HAKOMHMYEHHS JIaHUX, HABITAIlIHHOIO CHUCTEMOI0 Ta JBOMA
KOMIUIEKTaMH TPAHCUBEPIB Ta aHTCHHUX cucTeM. [leprmii KoMIIeKT aJis 3B'a3Ky MK TA 1
Bysnamu BCM, npyruit - mans  pamio3B's3ky uyepe3 1H(pacTpyKTypy 3arajibHOTO
KOPUCTYBaHHSI MK TEJIEKOMYHIKAI[IHHOIO aeporiaThopMor0 Ta 0a30BOI0 CTAHIIEIO 0
Ha3eMHOT0 IIEHTpa KepyBaHHA a00 cepBepa 30epekeHHs ganux [4,32].

HazemHuii cerMeHT - 1€ CYKyNHICTh O€3MPOBOJOBUX CEHCOPHUX BY3IIB,
PO3TOPHYTHX Yy HEOOXigHIA 30HI OOCIYroByBaHHS, IO 3/1aTHI 3MIHIOBAaTH CBOE

Micuiepo3rantyBaHHsi. CEHCOpHI BY3JdM B IIUX MeEpeXax MATPUMYIOTh MTPOTOKOIH



35

0€3MPOBOIOBUX TEXHOJOTINA, M0 CAaMOOPTaHI3yIOTHCA 1 CTBOPIOIOTH MiaAMepexi ado
KJlacTepu, abo mpoTokoIu 6e3 mATPpUMKU camoopranizaiii [4,33].

3B'130k MK cermMeHTaMu TA-By3iM MIATPUMYETHCS 3a JIOMOMOTOI IPOTOKOJIB,
IEEE 802.11, ZigBee, LoRa, NB-IOT, BLE, RFID Ttomo. Kpim TOro, HeoOXximHO
BpaxoBYyBaTH HEOOXIAHICTb 30€peKeHHS IIIICHOCTI 1H(opMmariii, 310paHoi 3 By3miB. JlJis
IIOr0 HEe0OX1IHO 3rpymnyBaTu TA 1 30epiratu iHpopMaIlito po3NoAUICHUM CIOCOOOM Ha

BUITAJIOK BUXOAY 3 naay nesHux TA [12,33].

basosa

cramiis 1 LTE, | BITJIA nitakoBoro tumy 1 |

Wi-Max

o /> - =l
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\ TEpHOro THITY 2 Uy 2

,”
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>
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Pucynok 1.5. Ctpykrypa MCM 3 Bukopuctanusam TA

1.2. Anaui3z npuHuuniB pynkuionysanusa MCM i3 Bukopucranusam TA

1.2.1. Ocobs1uBocTi modynosu TA Ha 0a3i BIIVIA

Ha nanuii MOMeHT B YKpaiHi po3po0Jsi€Thes 1 BUITYCKA€ThCS BeIMKa KibKicTh BITJIA
— D-80 Ta E-300 Bim AeroDrone, Sparrow Bim Spaitech, Shark Bim Ukrspecsystems,
Caiikonisi Bim DeViro Tta immi. Sk 6aunMo, Ha PUHKY HasBHAa BEJIMKa KUIBKICTh
PI3HOMaHITHUX O€3MUJIOTHUX arapaTiB 1 Uel CIUCOK IMOMOBHIOETHCS 3 KOXHUM JHEM.

3a3Buyaii X BUKOPUCTOBYIOTH JIJIsl BIICHKOBHUX I1isiei. [IpoBiHI KpaiHu CBITY (B TOMY YUCITI
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i Ykpaina) Hapasi BUABIIAIOTH BETUKUHN 1HTEepec 10 po3pobku yaapuux BIIJIA, ocHamenunx
030po€eHHSIM (pakeTaMu), SKi JO3BOJISIIOTH iM BeCTH OOWOBI 1ii 0e3 Oe3mocepemTHbOro
BTpYYaHHS JIIOJWHM, a TaKOX JJIi ONEpaTUBHOrO HaJaHHsS HEoOXiIHOi iHdopmallli mpo
MpOTUBHUKA. BogHOYAC TaKi armapaT BKe JaBHO IMTUPOKO 3aCTOCOBYIOTHCS Y HEBIMCHKOBUX
11X, TeXHIYHI XapaKTePUCTUKHU BaHTKOIIIMOMHOCTI1, BUCOTH, IBUIKOCTI IMOJIBOTY TOIIIO
BKa3YIOTh Ha T€, IO IIJIKOM MOKJIMBA CYMICHICTb JIJIs 3aCTOCYBaHb Y TE€JICKOMYHIKAIIMHIN
rairy3i. KpiM Toro, Ko’)kHOMY PO3pOOHUKY TIiJ CHTy 3MIHIOBATH TaKi arapaTH IiJ] moTpeou
3aMOBHHKA.

Buxopucranns 0e3nunoTHux JitaabHux anapatis (TA Ha 0a31 BIIJIA) € aktyansHUM
Ta y’Ke€ MEPCHEKTUBHUM 3 KUIBKOX NpuuuH [7,26,34,35]:

o EdextuBnicte Ta TouHicTh (BIIJIA MoOXyTh 3a0e3nedyBaTH BHUCOKY
e(EeKTUBHICTh y BUKOHAHHI PI3HUX 3aBJaHb, TAKUX K PO3BIJIKAa, HABEJCHHS BOTHIO,
KOHTPPO3BiKa, CIIOCTEPEKEHHS Ta 301p 1Hpopmallii. BoHu 31aTHI npanoBatu 6€3 pu3nKy
JUTSL SKUTTS JTFOJIEH 1 HaJIal0Th MOKIIUBICTh OTPUMYBATH JIETANII30BaHy Ta TOUHY iH(OpMAITiIo
3 BUCOTH);

o MobinbHicTh Ta THy4KiCTh (BIIJIA MOXyTh OyTHM HIBHIKO PO3TOPHYTI Ta
BUKOPHUCTaHI Y BAXKKOJOCTYITHUX palioHax abo B 00J1acTAX, i€ pyX Jrojei oomexenuid. Le
HAJa€ IM MOKJIUBICTh OyTH €(PEKTUBHUMH Y HallPI3HOMAHITHIIINX YMOBAX);

o 3MeHIeHHs pu3uKy (BukopuctanHs BIIJIA nomomarae 3MEHIIMTH PU3HK IS
BIMCHKOBUX OCI0, OCKIJIBKH 11l arapaTd MOKYTh BUKOHYBAaTH 3aBJaHHs 0€3 MPUCYTHOCTI
JoJiel B HeOe3neuyHnx abo BOPOKHUX 30HAX);

o Bucoka TEeXHONOTIYHICTh (PO3BUTOK TEXHOJIOTIM Yy cdepl aepoOKOCMIYHHX
CHUCTEM Ta CyNmyTHUKOBOTO 3B'si3Ky [36,37,38] mo3Boiisie BIOCKOHAItOBAaTH (PyHKINI Ta
mosxuuBocTi BITJIA);

o [Mupoxuii criektp 3actocyBanb (BIIJIA MoxyTh OyTH BUKOPUCTaHI B PI3HHUX
chepax, BiJl BINCHKOBHUX IT1JIeH O [IUBUIBHKUX, TAKUX SK 3eMJIEPOOCTBO, OXOPOHA JTOBKIJIIA,
MOHITOPHUHT Ta 6araro iHmux) [7,20,21,22,39].

boprose o6mannanus BITJIA Bkirouae HacTymnH1 ckiiaaoBi (puc.1.6) [21,40]:
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Buxonu RS-232
Biok 3aXoIIeHHsA RS-485
Bxojm kepylounx kepytounx [1ITM
LM curnanis — CHIHAJIIB Brok cuctemn 1T
CCPBONPHBHIIB CEpBOMPHBHIIIB CYTYTHUKIB
Hutepdeiichbrii
MOIYJIb

T~

Inepuini
JaTUHKH Ouinka IlporpaMoBaHuii Briok dopmyBaHHs
napaMeTpis G710K cHCcTeMH p| LM curuanis
PyXy. | " YTpaBITiHHS CepRONPHBOIIB
P— opienTauii i
arsiTHi BHCOTH
JaTIHKH U

Bxonu 1HIIM
CHTHaIB
CEpBOIIPHBO/IIB

Bineokamepa

b0k BifpalioBaHHs
IporpaMu MoJILOTY

IIporpaMu nonsoTy

Pucynok 1.6. Ctpyktypa cucremu kepyBanss bITJIA

- OTJISIIOBUI KYPCOBHUH MPUCTPIH 3aKPITUTIOETHCS HEPYXOMO T JEIKUM KYyTOM
70 CTPOMOBOI OCI JIITAJILHOTO amapary, 1o 3abe3nedye HeoOXiAHY 30HY 3aXOIUICHHS Ha
MicieBocTi. J[o CKJlaay OrIsiAOBOrO KypCOBOTO MPUCTPOIO MOXKE BXOJUTH TeJEBi3iiiHA
KaMmepa 3 MKUPOKOKYTHUM OO'€KTHMBOM. 3aJIeKHO Bl BUPIIIYBAHUX 3aBAaHb MOXE OyTH
OMEepaTUBHO 3aMiHEHa a0o0 JOMOBHEHA TEIUIOBI3IMHOI KaMepow UM UU(poBUM
dboroanaparom [21,40];

— MPUCTPIA pajioiiHii BUAOBOI 1 TeneMeTpu4Hoi 1H(opMmauii (repeaaBad 1
aHTEHHO-(1epHUI TPUCTPIii) TOBUHHI 3a0€3IeuyBaTH Mepeady BUI0BOT 1 TEIEMETPUIHOL
iHpopMmallii B peasibHOMY ab0 OJM3BKOMY JI0 peajbHOro0 MaciiTadl 4yacy Ha IYHKT
KEepyBaHHS B MeXax paaioBuaumocti [21,40];

— MPUCTPOi KOMaHIHO-HABIralIiHOT paaiofiHii (MpuiiMay 1 aHTeHHO-(1IEePHUIA
MPUCTPIif) TOBUHHI 3a0€31e4yBaTH NPUIOM B MEKax paJioBUAMMOCTI KOMaH/ MIJOTYBaHHS
BILTA i xkepyBanns ioro oomannanasm [21,40];

— MpUCTPi 0OMIHY KOMaHAHOO 1H(POpMaIli€ro 3a0e3nedye po3noAia KOMaHIHO1

1 HaBIraniiHoi iHdopmaii no cnoxupayax Ha 6opty BIUIA [21,40];
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— npucTpiit iHpopMaIiiHoro ooMiny 3abe3neuye po3noaisl BUI0BO1 iH(PpopMaIiii
MDK OOpPTOBHMH JDKEpellaMu BHUIOBOI iH(oOpMaIlii, mepemaBadeM pamioiHii BHUIOBOL
iHpopmMmarlii Ta GOpPTOBUM MPUCTPOEM 30epiraHHs Bu0BOI iHGopmarii. Llelt npuctpii
TakoX 3abe3mneuye iHGopMaliitHui 0OMiH MK BciMa (yHKI[IOHATBHUMU TPUCTPOSIMH, 1110
BXOJSITh JO CKJaay UiTboBOTO HaBaHTaxkeHHS bBIIJIA 3a oOpanum iHTEepdeiicom
(manpuxnan, RS-232). Yepes 30BHIIIHIN NOPT IOT0 NpUCTPOrO Tiepen 3i1boToM BITJIA
NPOBOAMTHCS BBEACHHSA IMOJBOTHOTO 3aBAAaHHA 1 3MIMCHIOETHCA TMEpeNCcTapTOBUI
aBTOMATU30BaHUM BOY/IOBaHUN KOHTPOJb HAa (DYHKIIIOHYBAaHHS OCHOBHHX BY3JIB 1 CUCTEM
BILIA [21,40];

— CYyNMyTHHKOBa HaBiramiiiHa cuctemMa 3a0es3reuyye TMpUB'S3KYy KOOPJWHAT
(tomonpuB'sizky) BIIJIA 1 cnocrepexyBaHMX O00'€KTIB 3a CHTHajaMu TJIOOAJTBHOI
cynmyTHUKOBOi HaBiramiitHoi cuctemu (GPS). CymnyTHukoBa HaBiraiiiiHa cuctema
CKJIQIa€THCS 3 OJTHOTO a00 ABOX MPUIIMAaYiB 3 aHTEHHUMHU CUCTEMaMHU. 3aCTOCYBAHHS JIBOX
npuitMadiB, aHTeHH AKUX po3HeceHl no oci BIIJIA, no3Bossie BU3HaYaTH KpiM KOOPAMHAT
BIIJIA 3HauenHs oro kypcosoro kyra [21,40];

- 6opToBa MQppoBa 0OUKCITIOBAIbHA MallTMHA 3a0€31euy€e KepyBaHHs OOPTOBUM
komriekcoM BITJIA [21,40];

— MpUCTpii 30epiraHHs BUAOBOI 1H(OpMaIlli 3a0e3rneuye HaKOMUYEHHsT 00paHoi
orneparopoM (abo BIAMNOBIAHO /10 MOJBOTHOTO 3aBJaHHs) BUIOBOI 1H(OpMaIli 10 MOMEHTY
nocaaku BIUTA. Ileit npuctpiit Moxe OyTu 3HIMHUM a0o0 cTarioHapHUM. B ocTaHHROMY
BUITAJIKy TOBUHEH OyTH MependadyeHuii KaHaid 3HIMAaHHS HaKOMW4YeHOi 1Hdopmarlli B
30BHIIIHI TpUCTpoi micius nocaaku BIUJIA. Tndopmaris, 3untana 3 npucTporo 30epiranHs
BUJIOBO1 1H(MOpMAILii, JO3BOJISIE MMPOBOJIUTH OUIBII JETATBHUN aHATI3 NIpU JAemMU(ppyBaHHI
orpuMaHoi B osboTi BIIJIA BunoBoi indopmariii [21,40];

— BOy1OBaHUI OJIOK >KMBIJICHHS 3a0€3Meuye y3ro/KeHHsI 110 Hampy3i 1 CTPYMiB
CIIOKMBaHHS OOPTOBOTO JpKepenia >KUBICHHS 1 TPHUCTPOIB, IO BXOIATH MO CKJIAdy
KOPHUCHOTO HaBaHTKCHHS, a TaKOXX ONEPATHBHHWM 3aXWUCT BiJ KOPOTKHUX 3aMUKaHb 1

nepeBaHTaxeHb B enexkrpomepexi [21,40].
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CxmanoBi 6optoBoro ob6nagHands BITJIA M0XyTh 3MiHIOBAaTHCS B 3aJI€KHOCTI BiJ

HOr0 €HepreTUYHOr0 3a0e3MeYCHHS.

1.2.2. TexnoJiorii mepenayi Janux

PosristHeMo OCHOBHI XapaKTEPUCTHKU OE3MPOBOIOBUX TexHOOTiH ais HIIM.

LoRa (Long Range Radio) — TexHoisoris s po3yMHHUX MICT (B OCHOBHOMY
npu3HadeHa g 10T Ta MKMaIIMHHUX KOMYHIKaIlii). ApXiTekTypa nepeadadae 31pKoBy
TOTOJIOTII0, a MPOTOKOJ € MAJOMOTYKHUM, IO € AyX€ aKTyaJIbHUM JJIs MPUCTPOIB IO
MPAITIOIOTh B/l aKyMYJISITOPiB (4acTo HaBITh BiJ He3aMiHHUX OaTtapeii). LoRaWAN mae tpu
PI3HMX KJacu KIHUEBUX MPUCTPOIB JJs 33J0BOJIEHHS pi3HUX motped. Kmac A -
JIBOHAIPSAMIICH] KIHIIEBI MPUCTPOI ¢ HAWMEHINOW NoTyXHicTio. Kitac B - nBoHanpsimieHi
KIHIIEBI TPHUCTPOi 3 TMEBHUM 4YacoM O4YIKyBaHHS HuU3XigHoro mnotoky. Kmac C -
JIBOHAIPSAMIICH] KiHIIEBI MPUCTPOI 3 HAUMEHIIIOI0 3aTpuMKor0. [IIBUAKICTh Mepenayl TaHux
B pexkumi LoORaWAN komuBaetses Big 0.3 k01T / ¢ 10 50 k6it / ¢ (B peskumi FSK) [41].

ZigBee (mpotokom IEEE 802.15.4). OcHoBHI XxapakTtepucTuku ZigBee: HHU3bKe
€HEProClOoKUBaHHS, HU3bKa IIBHUAKICTh TEpeaadl JaHUX, HU3bKAa BapTICTh 1 JOBKHHA
KaHaiy 3B 3Ky 70 10 metpiB [42].

Po3pizustoTh HacTynHi Mepexesi enemeHTH (ME) ZigBee [42]:

. Koopaunarop. bymye ocHOBY TOmoJIorii iepeBa MepexKi, 3B'I3yE€ThCS 3 IHIITUMU
Mepesxkamu. KokHa Mepeka BKIouae MiHIMyM ojauH Takuid ME, Tak sk BiH BUKOHYE
nepBUHHUY i 3anmyck. Ha Hporo noknazaeni ¢pyHkiii 30epexxeHHs iHpopmalii npo Mepexi,
apoJi.

. MapmipyTtuzarop. Bukonye ponb npomixknoro ME, mo perpaHcntoe naHi 3
THIIUX TPUCTPOIB 3 MOXKIIUBICTIO 3aITyCKY 3aCTOCYHKIB.

. Kinnesuii nmpuctpiit. [lpusznauenuit jist 30opy ta oominy manmmu 3 ME
BUILIOTO PIBHS (KOOPJIMHATOPAMH Ta MAPLIPYTU3ATOPaMH) O€3 MOKIMBOCTI OOMIHY JaHUMU
3 IHIIUMU TPUCTpOosMH. J[7s eKoHOMIi eHepropecypcy €JIEeMEHTIB JKHBIICHHS
3aCTOCOBYETHCSI, TAK 3BAHUMN, PEKUM OUIKYBaHHS Yy MEPIOJIM Yacy KOJHM He BiAOYyBa€eThCs
oOMiH iH(opmarliiero. HeBennmki BUMOTM J0 HAaKOMUYyBaya, akyMyJsTopiB (Oartapeil)

JI03BOJISIIOTH €EKOHOMUTH Ha BAPTOCTI iX BUPOOHUIITBA.
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Wi-Fi - ne rpyna crangaptiB O€3MpOBOJOBHX TEXHOJIOTIH, SIKI SBISIOTH COOOIO
JIOKaJIbHI 0€3MPOBOJIOB1 TEXHOJIOTIT, Kl BUKOpUCTOBYIOTH 2.4 I'T'11 a6o 4-6 [Ty giamazonu
pamioxBuib. IEEE 802.11b — mnpaitoe B yactotHoMy mianazoni 2.4 I'T1 1 3a6e3neuye
MaKCUMaJbHy MBUAKICTH mepenadi ganux 11 Mo6it/c. IEEE 802.11a — mpaioe B
gacTOTHOMY JniamazoHi 5 ITi (TakoX po3aiieHMM Ha TpU Jlara3oHd, IO He
NEePETUHAIOTHCA) 1 3a0e3neuye MBUAKICT nepenadi ganux 1o 54 Moéit/c. IEEE 802.11¢g €
JIOT1YHUM PO3BUTKOM cTanAaptTy 802.11b 1 moBHicTIO cymicHUIT 3 HUM. BiH mpaiitoe B Tomy
caMoMy 4acToTHOMY miana3zoHi 2.4 [T, ane 3abe3neuye MakCUMalbHY HIBUAKICTH
nepenayi ganux y 54 Mo6it/c. Ane cnermudikamii 802.11a/b/g Ha choroaHimHii J1eHb €
3actapimumu. s IEEE 802.11n mBuakicTs nepenayi fanux Moxxe caratu 1o 450 Moit/c
1 HabaraTo OubIIA 30HAa MOKPUTTS OJJHOTO MEepeiaBaya 3a paXyHOK TEXHOJIOT1i OJHOYACHOT
nepenayl JaHuX JAeKUIbkoMa HezanexkHuMu kaHamamu MIMO (Multiple-Input Multiple-
Output). Pexxumu dynkmionyBanaas MIMO mo3HayaroThCsl SK YHCIO KaHAMIB, IO
MPAaIIOI0Th Ha Niepeiayy Ta Ha npuiioM (Hampukiad, 2x3 MIMO: 1Ba kaHanu Ha nepenavy
1 Tpu — Ha npuiioM). J{o TOro 3k B MPUCTPOSIX BUKOPUCTOBYETHCS JEKIbKA (3a3BH4aid 2 a00
3) okpemux anteHu. YacrtotHuii miamason 2.4 ta 5 I'Tn, cmyra npomyckanus 40 MI'm,
HasBHa cyMicHIcTh 13 802.11a/b/g. Ctangapt IEEE 802.11ac (Wi-Fi 5) nmpaitoe Tijbku y
nianazoni yactotr 5 [T (o6epueno cymicuuii 13 IEEE 802.11a/n 5 I'T'm). I'pannyne
3HAUEHHS IIBHJIKOCTI mepedadi aaHux Mmoxke Oytu 7 ['6it/c. [ns 1mporo HeoOXigHO
BUKOPUCTOBYBaTH CcMyTy mnpomnyckanHs kaHainy 80 MI'n (ommionansHo 160 MI'n),
30UTBIIUTH KUIBKICTh MMPOCTOPOBUX MOTOKIB, a TAKOXK 3aCTOCYBaTHU MOAYJIsLI0 256-QAM.
Ha cvoronni crae Bce 611b11 po3noscromxkennm ctanaapt IEEE 802.11ax (Wi-Fi 6) y siskomy
BUKOPUCTOBYIOTbCSI cMyTH y fiana3oHax 2.4 1 5 I'Tu, moaymsuis 1024-QAM, OFDMA
(3amictb OFDM) Ta ine, 1o 3a0e3nedye MakCUMallbHY BUAKICT 110 9.6 1'011/c [43,44].

WIiMAX (Worldwide Interoperability for Microwave Access) - BCECBITHE
00’€eTHaHHS MEPEX JUIsl MIKPOXBUIILOBOTO JocTyny. OCHOBHA IiepeBara IoJisirae y paaiyci
nii. B 3anexxHocTi Big KoH(Diryparlii nepenaBaya, 0 BUKOPUCTOBYETHCS MOXKHA JIOCSTATH
Bigctanl A0 50 kM. lle mo3Bomnsie kazatu, mo WiMAX € MOXJIUMBOI allbTEPHATHUBOIO
CTUIBHUKOBOTO 3B’s13Ky. OJIHI€I0 13 TOJOBHUX 3a/1a4 € 3a0€3MeUeHHs] BUCOKOIIBUIKICHOTO

JOCTYIY JI0 MEpeXl MalluX Ta CepeJHIX HaceJeHUX IMyHKTIB, a TAaKOXX MEBHUX pailloHIB
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(obmacreit Ta mict). Jlanuii cTanmapT Moxke 3a0e3meuyBaTH Mepeaady MOTOKOBHUX JAHUX,
10 JI03BOJISIE IHTETPYyBaTH WOTO B ICHYIOUY TEJIEKOMYHIKAIIHHY 1HQPACTPYKTYpy 1 TAKUM
YUHOM YHI1(iKyBaTu BCi icHyI0ul Mepexi Ha 0a3i WiMAX. Tomnomoris Mepexi Haraaye
ctinbHUKH TpaguiiitHux LTE-mepex (Tibku 3 OLIbII BEJIMKUM CTUIBHUKOM), Tiepeadadae
PO3MilleHHS aHTeHO-(iIepHOro 00JIaTHaHHS Ha Jaxax OyaiBesib Ta MIOTJIax MpH BUKOHAHHI
YMOBH TMPSAMOi BUAUMOCTI MK CYCITHIMU CTaHIIIsSIMHA [45].

Po3pizustors ocHOBHI 4 pexumu noctyny WiMAX, a came [45]:

1) Ipu gixcosarnomy oocmyni (802.16d) BUKOPUCTOBYIOTH Jlania30H BUCOKUX YACTOT
10-66 I'T'1, mo no3Bosisie 00'eqnyBat ME B Mexkax mpsiMoi BUIUMOCTI, IO 3HAXOSITHCS
Ha BEJIMKIil B1JCTaHI,

2) Ceancosuii oocmyn n03BoJisie iepenayy oocinyroByBanHs (handover) Big 6a3oBoi
CTaHIIli 3 HEJOCTAaTHIM PIBHEM CUTHANy J0 0a30BOi CTaHIli 3 KpaluM MokazHukom lle
JI03BOJISE JOCATTH MOOUILHOCTI KiHIieBuX ME;

3) lpu oocmyni y pescumi nepemiujerns MOXKINBE aBTOMATUYHE TIEPEMIIICHHS B1J
onHiei BC no 11101 (0a3y10YMCh HA TPAHUYHUX 3HAYEHHSX PIBHIO CUTHATY HaJallTOBAaHUX
st mepexi). [Ipu 11boMy BHUKOPUCTOBYIOTHCA dYacToTu 13 mianmazony 2-11 I'Tm, a
0OMEKEHHS IBUJIKOCTI MepeMILIEHHS! BcTaHOBJEeHE Y 40 KM/TOI;

4) 'V mobinbnomy oocmyni (802.16€) miama3zoH 4acToT 3By3uBCsA g0 2-6 T, mio
JI03BOJIMJIO JIOCATTH TPAHUYHOT MIBUAKOCTI mepemimieHas y 120 km/ron (y CTUIBHUKOBUX
Mepexax 10 250 kM/rox). Alle BUAKICTH MEpeiadl JaHuX Moxe OyTH jmiie 10 15 Moit/c

Hactynna Bepcis mportokosy Oe3npoBogoBoi mepenaui nanux WiMAX2 (IEEE
802.16m) 3abe3neuye 301IbIIEHHS MIBUIAKOCTI nepenayi panux o 1 I'6it/c, 100 Mo6it/c
(Mobile WiMAX). Hosuii crangapt 6a3yetbcsi Ha TexHojorii MIMO/OFDM, mo
nepeadavae BUKOPUCTAHHS KUTBKOX aHTEH /IS TIepeaadi Ta mpuiiomy gaHux [45].

Cranmapt 06e3npoBojoBoro 3B’s3Ky Bluetooth 3a3Buuaili BUKOPHCTOBYIOTH IS
oOMiHy 1H(OpMAITIEI0 B IEPCOHATFHUX MEpPEKax Ha HEBEJIMKI BIJICTaHI 3 BUKOPUCTAHHSIM
mianmazony vactor 2.4 - 2.48 ITm, a Takox s CHHXPOHI3alii PI3HUX MPUCTPOIB
(cmapTdoHIB, HABYIITHUKIB, TaTUYUKIB TOIIO). TEXHOJOTIS NOCTITHO PO3BUBAETHCA, TOMY 13

BHUXOJIOM 4€TBepTOi Bepcii Oyna npeactaBieHa texHosoris BLE (Bluetooth Low Energy).
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Ta MOKJIMBICTB peajtizarii TOmoorii ciTka. AKTyalibHa Bepcis 5.3 [46].

Ta6mui 1.3. XapakTepucTuku 6€3MpoBOI0OBUX TexXHOJIOTH 11t BCM

IMapameTpu LORA Bluetooth ZigBee IEEE 802.11, NB-10T
IEEE 802.16
YacroTu 867-869 MI'| 2.4Trm (0.868,0.91,2.41Tu| 2.4,4—61Tn, 2-66 I'Ty (800, 900, 1800 MI'ix
Kinpkicthb 10 79 1/10/16 14 12
KaHaJliB
IIBuaKicTh 0.25-5.5 1o 3 20 - 250 x6it/c 802.11b - mo 11 MbiT/Cc 100 k6it/c
nepenavi JaHux KOiT/Cc MOiT/C 802.11g - mo 54 mOiT/c
802.11n - mo 300 mOit/c
802.11ac — no 3.39 roit/c
802.16¢ - no 40 MOiT/Cc
802.16d - o 70 m0OiT/C
802.16m - o 1 roit/c
PiBenn OSI Oizpunnii, | OizudHMH, Di3UUHMA, ®Di3uYHNN, KaHATbHUH, ®Di3uYHU,
KaHAIBHUM | KaHAJIbHUN KaHAJIBHUM, MEpEKEBUI KaHAJIBHUM,
MEpEeKeBUI MEpEKEeBUN
Hoctym no LoRa- FHSS DSSS DSSS, CCK, OFDM, SC-FDMA,
CEpeIIOBUINA | MOIYJISINs OFDMA OFDMA
Buxkopucranns Hi Tak Tak Tak Tak
MIMO
KinbkicTb 1024 80 65000 74 o 100000
By31iB bCM 2007
PiBensn +20 nbm 0-30 nbMm Bix O nbm 15-30 nbm 0-23 nbMm
MOTY>KHOCTI (1 MBT) 23 nbm
Burparu 0.153 185.9 MxBT/6iT 0.00525 mxBT/6iT
eHeprii Ha OIT MKBT/0iT
Paniyc nii 10-15 km 10 200 m 10 10-100 m 10 150 -250 m Jlo 40xm

LTE (Long Term Evolution) — cuctema CTITLHUKOBOTO 3B’S3KY SKa € €BOJIOIIEI0
6a3oBoi Mepexxi GPRS/UMTS/CDMA. BBenenuii 3aaiis MiJABUIICHHS TPOJTYKTUBHOCTI 1
CHEKTpaIbHOI e(hEeKTUBHOCTI, MIKOBA MMBUIKICTh Mepeadl JaHUX HU3XIJIHOI JIHII1 3B’ SI3KY
300 M6iTt/c, Bucximnoi - 75 M6it/c (pu Bukopuctani cmyru 20 MI'm, ane MoxiuBi 1
OlIBIN 3HAYEHHS IMIBUJAKOCTI Mepeaadi JaHWUX Mif yac arperamii 4yactoT). Takox Iis
TEXHOJIOTisI MATPUMYE TakeTHy mnepenady rosocoBoro Ttpadiky (VoLTE), moxe
BUKOPUCTOBYBATH K Qymuiekc 3 yacoBuM nojauiom (FDD) tak 1 3 wactotaum (TDD). LTE
MIATPUMY€E THYUYKY CMYTY IpomyckaHHs Hecy4oi Bij 1.4 MI'u qo 20 MI'u. LTE (3anexutb
B1JI IOCTYIHOI OnepaTopy cMyTH niportyckanHns). Y ¢i mpuctpoi LTE moBuHHI miaTpuMyBaTu

nepenauy MIMO [47].
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NB-IoT 6a3yerscsa Ha LTE. SIkiio roBopuTd MakCUMaiabHO IPOCTUMH CIOBAMHU, TO
cmyra 4G cKiIaaeThes 3 PO3AUIBHUX KaHamiB (110 migHecyTh) mo 15 kI, Hecyua B LTE
JUTUTHCS HA PEeCypCHI OJIOKHM, KOXKEH 13 SIKUX CKiIaaaeThcs 3 12 migHecyuux mo 15 kIl
Pazom Buxoauth 180 kI'm. Koken pecypcHuii 6510k BKirodae 84 pecypcHi eeMeHTH (CiTka
12 na 7). Cmyra 5 MI'u, ne moxxe mnpairoBatu LTE, Bitouae 25 pecypcHux 6sokiB. s
3anycky NB-IoT 3anmyuaetbes nuire oauH pecypcHuit Omok 180 kl'm. Jlms mampHOCTI
CUTHAITy MiJICUITIOITh Horo Ha 6 ab. Ile mosicHioe, vomy Mepexa [HTepHeTy pedeit mae
mupie oxorieHHs: Teputopii, Hixk LTE, xo4a yactoTa BUKOpUCTOBYEThCSI OHaKoBa [48].
Sk mpaBuio, Mepexa [HTepHeTy pedeid 0a3yeThCsl HA HU3bKUX crieKTpax yactoT (800 MI'1,
900 MI'11, 1800 MI'nr). Vodafone 3po6us 3amyck NB-IoT na 1800 MI'i. Hangani 3 Benukoro
HMOBIPHICTIO TakoX Oyne BukopucTtoByBatucs aianazoH 900 MI'n. IlIBuakicte mepenadi
nanux B NB-IoT nmocsrae 58.8 k0iT/c. € pilieHHs, 3aBASKA SIKUM 1€ 3HAUYCHHS MOXHA
301TbIMTH MakcuMyM 110 100 x6i1/c [48]. 3MeHIIIEHHS €HEeProCIOKUBAHHS € HACTIIKOM
Majux 3HAa4eHb MIBUAKOCTI NEpeaadl JaHWX Ta 3HUKEHHS KUIBKOCTI peecTpariiiHux
MPOLIETYP, a KUIBKICTh YacCy B pEKUMI OUIKYyBaHHS 30UIbIIYETHCS (32 paXyHOK nepeOyBaHHs
KIHIIEBOTO By3ia BoaHoMy Micii). [lig dac 1mporo pexumy O0a3oBa CTaHINS TaKOX
HAKOIMUYy€e 1HPOPMAaLIIO 0 HACTYMHOTO CEeaHcy mnepeaadi. BaxiuBo, mio 3 Takoi poOoTH

yCTaTKyBaHHS Ma€ OyTH nuiie y Touii [49].

1.2.3. Buxkopucranus TA nias kepyBanusa MCM

By3nam MOOUIBHHX CEHCOPHHMX MEpPEK HEOOXIJHO OINEpPaTUBHO aJalTyBaTUCS [0
TOTO, IO TOTOJIOTIs MepeXki, TpadiK, HABAHTAKEHHS Ta 1HII MEPEXEBl PECYpCH 3a3HAIOTh
YacTUX 3MiH 1 €PEKTUBHO X BUKOpUCTOBYBaTH. sl tH(popmaniiHOTO 0OMiHY 13 33]1aHOIO
SAKICTIO B yMOBax IO CKiaiucs HeoOxigHa edektuBHa cuctema kepyBanHs (CK), mro
BIJINOBIJIa€ HACTYIMHUM BUMoOTaM [ 1,50,64]:

— 3a0e3nedyeHHs] aJanTUBHOIO Ta PO3MOAUICHOr0 (YHKIIOHYBAaHHS MEpexl 3
MOXJIMBICTIO ii camoopranizarii [1,50,64];

— OnTUMI3allisl XapakTepucTuk Mepexi [1,50,64];

— 3a0e3MeueHHs] TPUUHATTS pilleHb Y pealbHOMY (200 OJM3bKOro O PealbHOro)

Macmtady gacy [1,50,64];
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— MakcuMalibHa aBTOMaTH3allis npoiieciB kepyBanns [1,50,64];

— Oe3meka nepeaadi Ta MiHIMaIbHE 3aBaHTAXKEHHS MEPEKI CITyK00BOI0 iH(OpMAITi€I0
[1,50,64].

A ocobmuBocti CK mosxHa BuaimnTy HactymHi [1,50,64]:

— 0araToMipHICTh, IKa OOyMOBJIEHa 3HAYHOK KUIBKICTIO MIiJCUCTEM, €JIEMEHTIB Ta
3B's13K1B MK HEMU [1,50,64];

— OararomapaMeTpUYHICTb, SIKA BHU3HAUAETHCS PI3ZHOMAHITTAM LUIEH OKpEeMHUX
MIJICHCTEM Ta iX XapaKTepUCTHK, BUMOT Ta MOKa3HUKIB edekTuBHOCTI [1,50,64];

— 0arato(yHKIIOHAJIBHICTh 1 1€pPApXIYHICTh, SKA BU3HAYAETHCS HEOOXIAHICTIO
pILIEHHS Pi3HUX 3a7a4 Ha PI3HUX yMOBax (pyHKIIoHyBaHHs cuctemu [1,50,64];

— 3HaYHY 3JIKHICTh XapakTepy GyHKI10HyBaHHA Bi napameTpiB MCM 1 30BHIIIHIX
BrutuBiB [1,50,64].

Cucremu kepyBanHs TA st BCM pi3Horo mpu3zHaueHHsI MOKYTh MaTH Pi3HL: 1L,
eTanu, PyHKIli, 00’€KTH KEpyBaHHS Ta BUMOTH J0 ONEpaTUBHOCTI (Tadu. 1.4).

3agaui kepyBanHss MCM 3a nomomororo TA 3a eranamu po3aUIsSiIOTHCA Ha 3ajadi
IJIAHYBAaHHS, pO3TOPTaHHA Ta ONEpaTUBHOrO KepyBaHHs [51,52,64].

Etan naaumysanms 3paiiicHioeTbes 1eHTpoM kepyBanHs HIIM. bepyum no yBaru
00CTaHOBKY Ta HAasBHI PECYpCH, IO MOXYTh 3MIHIOBATUCS ITUIAHYBaHHS MOXe OyTu
HacTynHuM [53,54,55]:

1) mnanyBanHs Tonoorii HIIM (KiapKicTh By3:iB, 1X pO3MIILIEHHS, KUIBKICT TA, iX
TPAEKTOPIsl, MBUJKICTH TOIIO), IO pPeali3y€ MEeBHY METy KEPYBAHHS MEPEKEI0 Ha OCHOBI
BUMOT 710 napameTpiB MCM Ta BuMor o0 nepeaayi ingopmariiii [55,56,57,64];

2) po3moAlT pecypciB  Mepexkl (4aCTOTHUX, EHEPreTUYHHMX, MPOCTOPOBHX),
napameTpiB (MOHITOPUHTY, 300py, TIepeaadl), BU3BHAUYECHHS METO/IIB, AJITOPUTMIB KEPYBAHHSI
1 pekuMIB poOoTH [8,53,64].

Ha erami pozeopmanns BinOyBa€eTbCsl 3amyCK 1 KepyBaHHS IMOJIHOTOM MOTPIOHOT
kimbkocTi TA y 3amaHi paifoHn oOMiHy abo 300py iHQoOpMalli, NO3UI[IOHYBaHHS
(nerepMiHOBaHO a00 HEAETEPMIHOBAHO) BYy3JiB Ta iHimiamizyerbcsi MCM. Ilpu ymoBax
3HAYHUX 3MIiH TOTIOJIOTIi Mepexi (3HUITICHH] a00 BBE/IEHHI HOBUX BY3JIIB, T0OJaBaHHS HOBUX

30H MOHITOPHMHTY, OOMIHY JaHUX TOIL0) MOKJIMBA iX peani3allis Ha eTari OnepaTUuBHOIO
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kepyBaHHs. KepyBaHHs po60TOI0 OOPTOBHX CHCTEM 1 TOTHLOTOM TA 3MIMCHIOETHCS Y TICHTPI
kepyBanHs (LK) [7,54,58,64].
Ta6mug 1.4. 3agaui kepyBanass MCM 3a nonomororo TA

[inpoBa QyHKIIIA O0’€eKT KepyBaHHS OyHKIIIs ETan
KEpYBaHHSI

3abe3neueHHs 3B'sI3HOCTI MCM [Tepemimenns | [InanyBaHHs

3abe3neyeHHs] TOKPUTTS TA a6o rpyna TA KepyBanns Posropranus

MEpEXEI0

MiHimManbHUN 9ac 0OMiHY TA 1 MCM [Tokpurts OnepartuBHe

iHbopmartii (min T g,,) KepyBaHHs

MaxkcumanbHui yac Pyxomuit/nepyxomuii | MOHITOpUHT

(ynxuionyBanns (max Tg) BY30.1 a00 KJacTep

MinimanbHa KutbKicTh TA MapuipyT nepenaui | 301p gaHUX

Ta/ab0 By31iB

(min Ny Ta min Ngy,);

MiHimasnbHa eHeproButparta | Hanpsimok nepenaui

JoKepena skuBjeHHs (min E)

MaxkcuMaiibHa IMBUAKICTH | Pagiokanan

nepeadi JaHux

Onepamushe KepysanHs BIIOYBAa€TbCS y TOTOYHOMY 4dacl, IIiJ dYac SKOTro
3MIMCHIOEThCSL  (ACLIEHTpali3oBaHa alo0 IeHTpaii3oBaHa) omiHka crtany HIIM 3a
BCTAHOBJICHUMHU KPUTEPISIMU €(EKTUBHOCTI 1 3a HEOOXITHOCTI MPUHMAIOThCS MAil 1O
MIATPUMIIT 200 onTuMizallli moka3HukiB epexkTuBHOCTI (PyHkiionyBanHss MCM 1 TA B
3aJlaHUX MeXkax (BUXO/SYH 3 IUIAHYBaHHA Ta PEalbHOI 0OCTAHOBKH).

3amaul  KepyBaHHS TaKOX TMOAUISIIOTECS HA TI'SITh HACTyNHUX  (PyHKITIH
[7,23,29,59,60,61]:

1. ITepemimienns TA — Bu3HaueHHs TpaekTopii (MapupyTy) noinboty TA abo rpynu
TA Ta #ioro koopaunaris [27,50,59,56,58].

2. KepyBanHus Mepexero — moOy0oBa Ta 3MiHa TOMOJIOTIT MEPEXi, MaplIpyTU3allis,
KepyBaHHS HaBaHTXKECHHSIM, PaJiopecypcoM, eHeproBuTpaTaMmu Totio [8,23,29].

3. IlokpuTTst — Opranizailis MiCIEMOJIOKEHHS BY3JiB I 3a0€3MeueHHs He0OX1THOT

SIKOCT1 TTIOKpUTTSI [60].
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4. MoHITOpUHT — BUOip MapaMeTpiB MOHITOPUHTY (TaKUX SIK 30Ha OOCITyrOByBaHHS,
9ac, IHTEHCHUBHICTh OOMiHYy abo 300py MaHMX), IO JACTh PO3YMIHHSA THIYy Ta 00’ €My
iH}opMmarii [62].

5. 30ip maHUX 3aJEKUTh BiJ ApXITEKTypd MEpeki Ta BIANOBIIHOTO AJITOPUTMY
(meTomy 360py) [61].

B sxocTi 06’exTa kepyBanHsi Moxke BucTymnatu Best HIIM (TA 1 MCM), cam TA (abo
rpyna TA), MCM, By3omn abo nieBHE yrpyIyBaHHs By3iB (K1acTep), HAPSIMOK, MapIIpyT,
paaiokanan nepenadyi [20].

3a muboBUMHM (QyHKLISIMU. B yMoBax riOpuaHOro kepyBaHHs (4acTka (PyHKIIH
BUKOHYeThca LK, a npyra neuneHTpaii3oBaHO — By3jJdaMH) MOKHA BHU3HAYUTH 1Bl
B3a€MO3AJICKHI Tpynu [7,52,63,64]:

BY3JIOBI — JIOCATHEHHS 3a/IaHOi AKOCTI Mepefadyl y BU3HAYEHOMY pajaioKaHal,
MapuipyTi, Hanpsmi Mixk By3iamu, By3inamu 1 TA [63];

MEpEXKEB1 — ONTUMI3ALIS MEPEXKEBUX A00 30HOBUX MMOKAa3HUKIB €(peKTUBHOCTI [63];

J1o ocTaHHIX MOKHA BIIHECTH ONTUMYM HACTYITHUX NapameTpiB [63]:

Pi={P;, P,, ..., B,}:

P; — 3B SI3HICTb (CTPYKTYpHA HaA1MHICTh) MEPEXKI, ii CErMEHTIB, 30H;

P, — sdkicte (piBeHb) TOKPUTTS TEPUTOPIi By3namMu (PyXoMHMH Ta/a0o
CTal[lOHAPHUMH);

P5; — MiHiMiI3awis yacy 300py Aanux (min Tgg);

P, — makcuMizailis yacy GyHKIIOHYBaHHS HA3€MHOTO Ta/a00 MOBITPSHOTO CETMEHTIB
(max Tg);

Ps — miHIMI3aIls KUIBKOCTI pecypciB (CTallloHapHUX Ta MOOUIBHUX BY3JiB, TA
TOWLIO), SIKI HEOOXIJHO 3aJTy4UTH JUI JOCATHEHHs 3anaHoi MeTd (min Npp Ta min Ny, )
[63];

Py — MiHIMI3allisl €HeproBUTPAT By3JIaMH HA MOHITOPUHT, NpUOM-liepenady B
paaiokaHanax, Ha MOHITOpUHT (min E) mpu 3amaniii skocTi 00MiHy JaHUMU (IHTCHCUBHICTD,

yac 3aTpuMku Ta iHme) HIIM, cerMeHTiB, 30H, HanpsiMiB, MApUIPYTiB, paaiokaHamiB [63];
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P, — makcuMizariis IMBHAKOCTI TMepedadi uisi MIHIMaJIbHO HEOOXITHOTO 00csTy
cinyx00Boro Tpadiky, SKHI TeHepyeTbcs M OpraHizaiii aaropuTMiB KEpyBaHHS,
300py/0OMiny iH(MOpMaIlIii TOIIO.

®dynkmioHanbHa Monenb CK mpencraBneHa Ha pUCyHKY 1.7, sika siBIsie co00I0

cuctemy B3aemoirounx CK: IIKM, CK TA, CK By3mniB [7,64,65,66,67,68,69].

// Cucrema kepyBanus TA Llentp
/ . .
/ [lincucrema 300py  |_ | ITigcucrema KEpyBaHHs
TA JAHUX MOHITOPHUHTY KEPYBaHHs [10JIbOTOM \ [Mincucrema
g K / TEJCKOMYHIKaIii
o [lincucrema 300py na- ITincucrema -
\ - T [Tincucrema 300py
\ HHUX IIPO CTaH MEPex1 eHepro3oepeskeHHs .
\ JTAHUX MOHITOPHHTY
\
\ P , .
\ TCJIEK‘OMYHIKaLIlI/IHa HII[CI/ICTGI'VIa [lizcucTema
\ rmacucrema [~ | TPUMHATTS PINICH NPMAHATTSA PilIEHD
AN
AV
Mepeka CEeHCOPHUX BY3J1iB
Byzon 1 By3zon i <= Byzon N
Cucrema KepyBaHHsI CrcreMa Cucrema
| TenexomyHikauiiHa | KepyBaHHS .- KepyBaHH
| IToxpuTTS Ta MOHITOPHUHTY |

| Enepro3oepexeHus |

IMincucrema nepenaui
naHux Moniropunry TA

Pucynox 1.7. @yHKI1IOHAIbHA MOJIETH CUCTEMH KepyBaHHS [64 ]

KoxeH ceHcopHUII By30J1 Ma€ CUCTEMY KEpPYBaHHs, sIka MOKE MPUIMaTH pilICHHS
mo/10 3a0e3neyeHHsT HeOoOX1THOI SIKOCTI TMOKPUTTSA, MOHITOPUHTY, €HEpro30epekeHHs,
300py Ta nepeaadi JaHUX B KOOPAWHALIT 3 THIIMMH HAa3€MHUMH Ta NOBITPSIHUMU BY3JIAMHU.
[Ipu nmpoMy kepyroumii BIuB By3noBoi CK peanmizyeTbcs NUIIXOM BUKOHAHHS ITUKIIIB
KepyBaHHS Ha OCHOBI IUIbOBUX (YHKLIA KepyBaHHA. BpaxoByrouum HEOTHOPIIHICTD
napameTpiB BY3JiB, CJiJl 3a3HAYMTH, 110 MPU BU3HAYEHI LULIHOBOK (YHKIII CEHCOPHOTO
By3n1a CK moBuHHA BpaxOBYBaTH TaKOX LIJIbOBY (PYHKIIIO CYCIAHIX BY3J]IB 1 Bciei (a0o
kiacrepis) MCM [64].

Posrassnemo ocnoBHi yHkiionanehi migcuctemu CK [50,52,64,68]:

) MiJCUCTEMa KepyBaHHS MOJLOTOM BIJIMOBIIA€ 32 MepeMilieHHIM TA 1 pexxuMu
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ix pobotu [26,31];

o MiJICUCTEMA TIOKPUTTSI Ta MOHITOPUHTY BU3HA4Ya€ CIOCOOW MO3UIIOHYBaHHS
BY3JIIB, TUN MOKPHUTTA (00’€KT, Toia, 6ap’ep), HOro MOKa3HUKH, BUKOHYE PO3PaXyHOK
CeCli CIIOCTEPEIKEHHS TOIIO;

o miJicucTeMa €HEPro30epekeHHsT MpPU3BaHa MIHIMI3YyBaTH €HEPTrOCIOKUBAHHS
BY3JIIB MEpPEeX1 Ta MaKCUMI3yBaTH 4ac (DYHKIIIOHYBaHHS Mepexki MPU BUKOHAHHI 3aj1adl
MOCTIHHOTO MOKPHUTTS 3a/1aHO1 IO MOHITOPUHTY Ta 1H(OPMAaIlIMHOTO OOMIHY;

° miJicucTeMa TeJeKOMYHIKallil 3abesneuye Mpolec OOMIHY JaHUMH MK
By3JIaMU Mepexki Ta MK By3iamu 3 TA 3 3aaHot0 sKICTIO [64];

o MIJCUCTEMA MNPUUAHATTS PIIIEHb ONTHUMI3Yy€ TMOKa3HUKH €()EKTUBHOCTI st
KokHOro piBHA Mozem OSI 3a pi3HUX yYMOB poOOTH Mepexi Ta BUMOI JI0 SIKOCTI

MOHITOPUHTY 1 KOHKPETHHUX THUIIB Tpagiky [64].

1.2.4. Cnoco0u o0miny nanux 3 By3jaamu MCM i HeoOXiaHi 1151 HbOTO

TpaexkTopii moabory TA

Posriastnemo MCM 3 Bukopucranusam TA, siki MOKyTh 30MpaTH JaH1 MOHITOPUHTY 3
MIEBHOIO 3aTPUMKOIO ab0 3a0e3IeuyBaTh 3B 430K B peKUMI peasibHOTO vacy [64]. 1o mporo
cimija  jpoaatv, mo oOMiH abo 30ip JaHuUX BIIOYBA€TbCS 3a YMOB BIJCYTHOCTI
TeJIEKOMYHIKaIIHOT 1HQPACTPYKTYPH 3aralibHOTO KOPUCTYBAaHHS (HATIPUKIIAI, BIICYTHICTh
0a30BUX CTaHLINA CTUIBHUKOBOTO 3B’SI3KY). Y pOJII IILJII03y BUCTYNAE TEIEKOMYHIKalliiiHa
aeporiatdopma, OCHaIleHAa HEOOXITHUM OO0JaJIHaHHSM (CKJIaJa SIKOTO OYyJIO PO3TIISIHYTO
BHIIe). bepyuu 10 yBaru 3a3HaueHi yMOBH, BI3bMEMO JI0 YBar MOCIiIOBHUN METOJT OOMIHY
Ta 3a JOMIOMOTOI0 TOJIOBHUX BY3JI1B B yMOBax po30OUTTs Mepexi Ha kiactepu [4,7,33,58,64].

[Ipu nocnioosnomy 360pi/oomini ingpopmayicro [8,55,70,71,72] TA obnitae Bcro
3a/1aHy 30HY CIIOCTEPEKEHHS 3a MIPOPaxXOBAHUM MapIIpyToM, 30uparouu iHpopmalliro adbo
BUKOHYIOUU C€aHCU OOMIHY 3 KOXHHMM By3j0M (puc. 1.8). [lo mepeBar MoxHa BiJHECTH
Majly BUTpPATy pecypciB (€Heprii, 3aTpUMKH TpHU Tepenayl JaHWUX) Ha3eMHOI YacTUHU
MEpexXi, ajge IJIaTOK 3a IIe CTa€ 3HAuyHe HaBaHTaXeHHS Ha TA — Bemuka JOBXXKHHA

MapupyTy, 4ac NOJbOTY Ta 3araJibHUd dac 300py Ta/abo oOminy nanux. HMoro
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BUKOPHUCTAHHA JOpPEYHE MpHU CIEHapisix OOMIHYy TOJIOCOBUX YHM Bi€OAaHUX abo MpH
NEePBUHHOMY MOJILOTI AJIs 3'sicCyBaHHs cTaHy 1 Tonojorii MCM (By31iB, KJacTepiB) Ta 300py
JaHUX MOHITOpUHTY. OCTaHHE MpPU3HAYECHHS J03BOJIMTH 310paTh MiHIMAJIbHO HEOOXIJHI

naHi g Toro, mo6 [IKM 3mir mianyBaTu moaamsIni 3aBnanns kepyBanss [1,4,7,33,64].

Pucynox 1.8. Mapuipyt nonsoty BITJIA mipu 3aranbHOMY 00JBOT1 MICIIEBOCTI

st 3MeHmienHss BuMor 1o TA (MiHIMI3aIil 4acy MOJIbOTY 1 Yacy AJis MpUHOMO-
nepeaaydl JaHuX, KUIBKOCTI JITAJIbHUX amapariB) BUKOPUCTOBYIOTH CIHOCIO po3oumms
Mmepedici Ha xnacmepu [8,55,62,64,70,71,72,73] npu sikomy iH(MDOpMAIiiHUNA OOMIH
BukoHyeThcs Mik BIIJIA Ta romoBuumu By3namu kiactepiB (I'BK) (puc. 1.9). V upomy
Metoal ['BK BUAUIAIOTBCS 3a MEBHUM aJIrOPUTMOM, a MEpeXa CaMOOPraHI30BYETHCS B
KJIacTepu. Y KOXHOMY KJIacTepi (OpPMY€EThCSl TOTIOJOTIS 1 BIAMOBIIHI MapIIpyTH mepeaadi
JAaHUX B1J 3BUYAWHUX BY3JI1B J0 TOJIOBHOTO By3Ja (SIKI MOKYTbh HE TIJIbKU MepeaaBaTH JIaHi
no TA, a i 36epiratu ix 70 MOMeHTY BcTaHOBJIeHHS 3B’s13Ky). [IKM (a6o CK TA) motim
CTBOPIOE TPAEKTOPIT MOJBOTY 1 BCTAHOBIIOE 3B’ 530K TUIbkH 3 'BK. Jlo HemomikiB MoXHA
BiJIHECTU 301IbllIeHHS HaBaHTaxXeHHS Ha MCM y Bumisini HEOOX1AHOCTI BUKOPHUCTAHHS
nporpamHoro 3abesneueHHss y CK By3miB (10 SKOTO BXOJIWUTHh NMEBHUUN PsiJl aJTOPUTMIB
KepyBaHHs), IO B CBOIO 4Yepry 30UIblIy€e KUIBKICTH  CIIy’)k00Boro  Ttpadiky
[1,4,7,33,58,64,69].

3MEHIIeHHS IOBKUHU TPAEKTOPIT MOJBOTY MPU3BOAUTH IO CKOPOUCHHSI Yacy 300py
nanux, a BIIJIA cnoxxuBaroTh MEHIIE €Heprii, ajge TATHE 3a cCo000 30UIBIICHHS BiJICTaHI
pamiokaHany Mk By3iaoMm 1 BIIJIA Ta eneprocnokuBanHs Bysna. Ll mpoOnema

PO3TIIAAAETHCSA SIK 3a/1a4a KOMIBOSDKEPA, 10 MOJISTa€e B MOUTYKY HAHKOPOTILIOTO IIISXY AJIs
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BIUUIA npu BiABiAyBaHHI NEBHOTO Ha0Opy CEHCOPHUX BY3JiB, SKI OOMIHIOIOTHCS
iHpopmartiero 3 BIIJIA. Bimomo nekinpka anroOpuTMIB Ta METO/IIB PO3B'I3aHHS ITI€T 3a/1a4l,
a caMe JIiHIMHE IIJI0YKCeNIbHE MPOorpaMyBaHHs, IIOBHOTO Nepedopy, METO/ T1JIOK Ta MEXK,
eBpUCTUYHI Ta TeHetnuHi [55,74,75], a Ttakox lllreitnepa, JlevikcTtpu, beamana-Dopaa,
Onoina-Yopmemna, AStar [8,76]. [Ipu 30inbeH1 po3Mipy Mepexki KUIbKICTh 1Tepallii
QIropuTMy 30UIBIIYETHCSI 1 OTPUMAHHS TOYHOIO pIIMIEHHS YCKIAIHSETHCS, TOMY
BUKOPHCTOBYIOTH METOAHM OTPUMaHHS MPUOIM3HOTO pimieHHs. HalikpamuMm cepen
IPOaHaI30BaHUX METOJIIB € aJTOPUTM HAMJCNIEeBIIOrO BKIIOUYEHHS, ajieé BIH NOTpedye
0arato pecypciB uepe3 BEIMKY KUIBKICTh OOYHCIICHb, a HAWMEHII PECypCOEMHUM —
HaHGIMKIOro cycina. Moro NpUHIMI MOSATae B TOMY, IO B TPAEKTOPIIO HOIBOTY BY3IIH

BKJIFOUCHI MOCIIIJIOBHO, 100 KOXKEH HACTYIMHUM By30J1 OyB HaMOMMKUE 10 MOIMEPETHBOTO

[58,77].

bazoBa

: LTE, - BITJTA remixonTepHOTro TUITY
craniis 1 Wi-Max _""?,: ‘f/ | |
L =
= \ | BIUIA miTakoBOTO THITY
LoRa, NB- g
10T, Zigbee,
BLE, RFID
e ﬁ_g\g“‘“ 1 Basosa
A _e_ /N Ce s cTaHLisd 2
o w
— >< N _‘\ / <
— NS N 1S4

Pucynok 1.9. Cxema po0oTH KJ1acTepU30BAHOI MEPEXKI1

Takoxx Benuke 3Ha4YCHHs 3aiiMae 0O0uYMCIICHHS BUCOTH MoaboTy BIIJIA, 6o Bim Hel
3aJIC)KUTH TUIOIIA TTOKPUTTS, JTOBXKWHA pajliOKaHay, CHEPTOBUTPATH KOKHOTO CIEMCHTY
HIIM. Baprto 3a3Hauuth, 1m0 By31M mNepeOyBaioTh B 30HI oxoruieHHd BIUIA nume
oOMeKeHUI yac 3a KU HeoOX1AHO BUKOHATH 1HGOpMalliitHuii oOMiH neBHoro oocsry. Ha
9yac TaKOX BIUIMBAE MIBUAKICTH Tepenayi JaHuxX, oOpaHud MPOTOKOJ KaHAJIBHOTO PIBHA,
KUIBKICTh aHTeH. ToMy mae OyTHM BHKOHaHA ONTHMI3AIlisl TAHUX TapaMeTpiB y 3aJaHuX
3aBIaHHSAX, BUMOTaX IMpU OOMEXEHUX pecypcax. byio mpoaHanmi3oBaHO MOCIIIKCHHS

KpUTepiiB BHOOpPY BY3JIB i 3a0e3nedeHHs oOMiHy naHux TA-By3os Ta onTHMi3aii
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naHoro mporecy. Hampukman 3HaiTH HEOOXIMHY KUIBKICTh aHTEH, HAHOIVKY1 BY3IH IS
3MeHIIeHHs TpaekTopii pyxy BIIJIA, By3mu, 10 € «IIEHTpOM Macy» KiacTepa, MiHIMI3yBaTh
BIJICTaHb pajiOKaHAy MPH YMOBI MIHIMAJIbHOI KIJBKOCTI €HEprii y BYy3JaxX TOIIO
[8,30,70,71,72,73,76,78,79,80,81,82].

Cepen anroput™miB kepyBaHHss MCM MoxHa BUIUIUTH HacTyHi [2,20,27,62]:

1) edpexTuBHa KiacTtepuzallis — Iporec 00 ’€qHAHHS BY3/IIB y KJIacTepH, SKUH
BHU3HAUAE ONTUMAJBHY iX KUIBKICTh, PO3MIp 3aJIeKHO Bif penbedy, 3aaad, KUTbKOCTI
tpadiky Tomo [2,20,62];

2) ontumansHe npuzHaueHHs [ BK [2,62];

3) BU3HAYEHHS Ta CTBOPEHHS HAaHOUIbII JOUUIBHOT TOMOJIOT1T B KOKHOMY 3 KJIaCTEPIB
[2,62];

4) 3acTOCyBaHHS MPOTOKOJIYy MapuIpyTHU3allii, sskuil 3ade3nedyat oOMiH 1HQopMarlii
MK 3BUYaiiHiuMU By3namu Ta ' BK [2,62];

5) miiaHyBaHHs, 3aCTOCYBaHHS Ta ONEpaTUBHA ONTUMI3allls TpaeKTopii moasoty TA
[27,35,58,83];

6) MPOTHO3YBAHHS Ta aHAJI13 YaCOBUX PAMIB (BUKOPUCTOBYETHCS JIJIs IPOTHO3YBAHHS
MaiOyTHIX 3Ha4€Hb CEHCOPIB a00 aHaJi3y YaCOBUX 3MIH y IXHI1! aKTUBHOCTI )

[IpoananizyBagiiu criocobu oOMiHy Ta 300py 1Hpopmariii 3 MCM 3a gonomororo TA
(ma o6as3i BIIJIA) MoxHa 3poOWTH BHCHOBOK, IO B TEJICKOMYHIKAIIAHIA ramys3i
BUKOPHUCTOBYIOTh allTOPUTMHU 200 iX moeTHaHHS Tt €EeKTHBHOTO BUKOHAHHS 3aa4, TPOTe
BOHU MOXKYTh BUPIIITYBaTH MMOCTABJIEH1 3a/1a41 JIIIIE YaCTKOBO a00 HEIOCTATHHO €(hEKTUBHO
(BUXOIAYM 13 TOCTIMHOTO 3pOCTaHHS NOTpPed), TOMY AaKTyaJlbHUM € HEOOXIJHICTh IX
OaraToKpuUTepiaIbHOTO BAOCKOHaJIeHHs. Hampukiaa, B yMoBax BiICYTHOCTI KJIACHYHOT
TEJICKOMYHIKAIHOI 1HGPACTPYKTYypH TOTPIOHE TMIABUIIEHHS €(QEKTUBHOCTI OIlIHKU
3B’SI3HOCTI MEpEeXi, IO J03BOJUTh MiHIMIZyBaTH eHeproButrpatu MOCM, KIJIbKICTb
MepexeBux enemeHTiB (TA, By3niB), yacy oOMiHy, 300py 1H(oOpMaIrii, MaKCUMi3yBaTH 4ac
(GyHKIIIOHYBaHHS MEpEeXi, MIBUAKICTh Mepefavl JTaHuX, a TAKOX ONTUMI3yBaTH MEPEXY

(KITBKICTB KJIACTEpiB, iX TOMOJOTII0, MAPUIPYTU3ALIIIO Ta 1HIIE) B ONEPATUBHOMY PEKUMI

[1,15,21,50,62,84].
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ToMy, akTyalbHOIO HAyKOBOIO 33/Jau€l0 MOXKHA BBa)XXKaTW PO3BUTOK METO/IB
BUKOPHUCTAHHA TEJICKOMYHIKAIIHUX aeporiatopM i MiABUIICHHS €(EKTUBHOCTI

po60TH MOOLTBLHOT CEHCOPHOT MEPEKI.

1.3. ixi i mocTaHoBKa 3aaa4i 70CTisKeHHS

AHaJI3 CydyacHHX CIIOCO01B BUPIIICHH 3a7a4l 0OMIHY JJaHMX B yMOBax KatacTtpod,
BiiH Tomro [12,13,18,20,24,36,37,38,72] Ta po3riasHyTI JOCTIKCHHS, SKI IMPUCBSIYCHO
KpUTEpisiM BUOOPY BY3JiB, OpraHizamii Mepexi s 3abe3nedeHHs oOMiHy 3 TA,
CIPsIMOBAaHUM Ha TOJIMIIEHHA €(EeKTHUBHOCTI Mpollecy OOMIHY MOKa3ajiu Te, 110 BOHHU
NOTpeOyOTh METO/IIB, K1 BUBEIYTh iX (DYHKIIIOHYBAHHS Ha OUIBII SIKICHUH Ta e(h)eKTUBHUI
pisens [4,7,10,11,12,13,30,62,70,71,73,78].

Bapro 3azHaunTH, 110 HEOOX1JHOI YMOBOIO OTpUMaHHs 1H(GOpMaIlii BiJi CEHCOPIB
O€3MpPOBOJIOBUX CEHCOPHUX MEpEeX B YMOBAaX BIJCYTHOCTI TEJIEKOMYHIKAIIHHOT
1HOPACTPYKTYPU € HASIBHICTH 3B’SI3HOCTI. 3B’SI3HICTh MOXKE OyTH SIK JOKAJIbHOIO (MK
BY3JIaMU T1JMEPEK) TaK 1 rI100aIbHOIO (BCTAHOBIIIOIOUHU 3B’ 30K 3 yCiM cBITOM) [90].

OOpanuii cnoci® BCTAHOBJIEHHS 3B S3HOCTI 3a JOMOMOTOI0 HA3€MHO-MOBITPSHOT
MepeKi TaKOXK Mae psiji 0OOMEKEHb SIK 1 BC1 pillieHHs. ToMy pO3TJIIHEMO X JeTalbHiIIe, o0
chopMyBatu 3a7a4i, siki HEOOX1THO BUPIIIUTHU:

1. B skocti TA BUKOPUCTOBYIOTH BEJIHUKE PO3MAITTA OE3MUIOTHUX JITaIbHUX
anapatiB (bIIJIA). Boun marorh HeoOXijnHe oOJiagHAHHS: CHCTEMYy KEpyBaHHS, POYTep,
MIPUCTPOi HAKOIMYCHHS TaHWX, HaBIraliiHy CUCTEMY Ta JBa KOMIUICKTH TPaHCHUBEPIB Ta
AHTeHHMX cucTteM (OJWH I BCTAHOBIICHHS 3B s3HOCTI 3 iHmuMu BIIJIA abo 3
TPAAMIIIHOK TEJIEKOMYHIKALIIHOI 1HPPACTPYKTYpOrO, APYTHd — 3 By3Jlamu). SKio
posrisgaTd peanbHy 3amaudy opraxizaiii HIIM, To koxken BIIJIA moxe Oytu abo
MapIIpyTU3aTOPOM, a00 3BUUAHUM BY3JIOM 300pYy/00MiHY HOBITPSIHOTO CETMEHTa MEPEXKI.
[x ¢QyHKkuUioHyBaHHSA MOTpeOye 3HAYHMX pecypciB (KiIBKOCTI manmpa Ta caMux TA) y
3B’A3Ky 3 BEJMKOIO IUIOIICI0 MOKPUTTS Ta KUIBKICTIO BY3IIB, IO CTaBUTh 3aJady
ontumi3zaiii mepexi. Heo0Xi1HO po3poOUTH CTPYKTYpy MEPEXKi sika Bpaxye pi3Hi criocoou

300py Ta oOMiHy nanumu, Tunu BITJIA, 3MeHIIUTh iX KUIbKICTh Ny,, HEOOXIJIHY KIJTIBKICTh
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MIHIMaJIbHOI €HEeprii MepEKEeBUX €IEMEHTIB Eyg, yac 300py/00MiHy iH(pOpMaIlii, IIBUAKICTH
nepenavl JaHuX Ta 1HIIe.

2. EHeproeeKTUBHICTB BY3JIIB TAKOXK Ma€ BeJIMKE 3HaUCHHs. AOCOIOTHA OUIBIIICTh
Mae OOMEXKEHY KITbKICTh (YHKIIIHA, CHCTEMH HaBirailii, aHTEHH BCECIPSMOBAHOI ii,
3a0e3MnedyeHa 4yacTo OJHOPA30BUMHU JKEepesiaMu >KUBJICHHsS. Taki aHTEeHM HepalioHaIbHO
BUKOPHUCTOBYIOTH 1 6€3 TOro oOMexeHMui 3apsij Oarapei/akymyssitopa. BiacTtanb kaHamy
3B 3Ky 3QJIEKHUTHh BiJ TEpelaBadiB BY3IMiB, SKI MalOThb Majly MHOTYXHICTh. J[o Toro x
MIBUJIKICTh Tepeadl JaHuX 3aJIeKUTh BIJ II€l JOBXKHUHU 1 00paHOi TEXHOJIOTii OOMIHY
iH(popmanii. Yac nepepadi ganux TA-By30s HE NMOBUHEH NEPEBUILYBATH Yac Ha SIKUMA
BCTAHOBITIIOETHCS 3B’ SI3HICTh MK By3/10M 1 TA. ToMy HEOOXITHO PO3IIISIHYTH MOKJIUBICTb
BUKOPUCTAHHSA aHTEH IHIIUX THUIIB, SIKI JOMOMOXYTh 30UIBIIUTUA 4Yac (yHKIIOHYBaHHS
KIHI[EBUX MPUCTPOIB, a OTXKE, YBECh 4aC POOOTH MEPEXKI B LILIOMY.

3. 3MiHEHa CTPYKTypa Mepexi Ta il TeXHIYHI OCOOJMBOCTI CTABJIATH HOBY 33Jlauy -
e(PEeKTUBHUI aJIrOPUTM TMOIIYKY MOJoKeHHs Ta nepemimeHHs BIIJIA nis nocsrHeHHs
HEOOXITHUX I[JIe KepyBaHHs IpH 300p1/00MiHI iHPopMaliero. Jlo cuctemu 300py/0OMiHy
iH(opMarii 3a7ar0ThCsl HEOOX1THI BUMOTH: TPAHUYHHUM Yac TMepeiadl JaHuX, MIHIMaIbHUN
yac (yHKILIOHYBaHHA MEpEexl (3alaHa KUIbKICTh OOJBOTIB Ta iX MapUIpyTH), T'paHWYHA
kineKicTh BITJIA, BapTicTh oOnamHaHHS Ta eKcruryartamii Ta iH. Tak SK ICHYH4l METOIu
BUPIIITYBAaTUMYTh II0 3a7ady JIMIIE YacTKOBO 1 Oyje BIACYTHE KOMIUIEKCHE PIIICHHS

MpOOJIEMU CTAE 3PO3YMIJIOIO aKTYaJIbHICTh 1 HEOOX1THICTh BUPIIIEHHS JAaHOI MPOOJIEMHU.

BUCHOBKMU 10 PO3ALIY 1

1. Maiixke KOXHOTO JHS BWHHKAIOTH HOBI TEXHOJOTIi, 11ei, MeToau Ta IX
BJIOCKOHAJICHHS, SIKi IPUIIBUAIIYIOTh HACTAHHS €pU «PO3YMHOTO CBITY», III0 CBIIYUTH TIPO
Te, 1[0 CEHCOPHI Mepexi Ta mepenaya iHdopmarllii Mi>k By3J1aMH TPYHTOBHO MPOHUKAIOTh B
HOBI cepu Hatoro XUTTs. Jo ocobmuBocteit BCM mMoskHa BiIHECTH HEOOX1THICTh BEJIMKO1
KUIBKOCT1 BY3JiB JIJIi TIOKPUTTS BEJIMYE3HMX IUIOMNI, IO CTBOPIOE HEOOXIAHICTH B
O0OMEKEHUX pecypcax TaKuX MPUCTPOIB I MakcuMizallii 4yacy (yHKI[IOHyBaHHS 03

BTpYYaHHs JIFOAVHHU.
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P03MoBCIOMKEHNUM SIBUILIEM CTAIOTh CIIEHAPIi P SKUX 3BUYHI JJI1 KOKHOTO CIIOCOOH
oOMiHy iH(oOpMaIlii cTaioTh HegocTynHi. Hanpuknana, cTuxiiiHi jguxa, Katactpodu, BiitHH
toio. ToMy mocrae HEOOXiTHICTP B THUMYACOBHX PIIICHHSX, SKI JAaJAyTh MOXIIHBICTH
HiATPUMYBaTH 3B’SI3HICTh MDXK By3iaMmu. B Hamiiif kpaiHi ocTaHHIMH pOKaMH L MMoTpeda
TUIbKK 30UIbIMIAcs. Takok mocTae HEOOX1HICTh Y BUKOPUCTAHHI BY3JIIB HE TIJIBKH JJIS
300py iH(opmarlii, a i 1y 00MiHy (roJIOCOBUM, BiieoTpadik), a B yMOBax, 110 3MIHIOIOTHCS
— HEOOX1IHICTh Y MOOLITBHOCTI.

2. Amnaniz ¢ynkuionyBanHs MCM y ckiIaJHUX yMOBax II0Ka3aB, IO KpalluMm
criocobom 300py/oominy iHGopmarlii € BukopuctanHsi TA Ha 06a31 BIIJIA. Bukopucranus
BITJIA Mae oueBHAHI TiepeBaru Haj IHIIMMU METOJIaMH, Taki SIK KOPOTIIMK Yac 300py
JAHUX, BIJICYTHICTh CHEIIaJbHUX MapIIPyTiB (SKIIO TMOPIBHIOBATH 3 BUKOPUCTAHHAM
TPAHCIOPTHHUX 3acO0IB B SKOCTI IIUTIO31B), IMIMPOKA 30HA MOKPUTTS Ta MpsiMa BUAUMICTh
yepe3 KaHaiu pafaio3B's3ky (y mopiBHsHHI 3 MBC). KpiM TOro, BOHU J103BOJSIIOTH
OpraHi30BYBAaTH 3B’S30K 32 BIACYTHOCTI TE€JIEKOMYHIKALIMHOI 1IHPPACTPYKTYPH 3arajibHOIO
KOPHUCTYBaHHS 3 YTBOPEHHSIM MEPEXK, SIK1 HE OB’ A3aH1 0J{HA 3 OJIHOI0. BenuKkoro nepeBaroro
€ MOXJIMBICTh 00’€qHAHHS OE3MIIOTHUX JITAIBHUX amapariB y TPyIH, IO JI03BOJUTH
OpraHi3OBYBATH iX Y MEpexk1 1 CTBOPIOBATH HOBI MapIIpPyTH Nepeaayl TaHuX.

3. PosrisnyTto npuniunu podotu BITJIA, BCM Ta TexHosorii nepemaadi JaHUuX, sKi
HEOOX1TH1 Il CTBOPEHHS, KepyBaHHs, ontuMizarii HIIM. Sk 1 Oyap-ska ckianHa cucrema,
BOHA Ma€ psAl CKIAAHUX 3aBAaHb 1 NpoOireMHux Micips. Hanpukmnan, ¢dopmyBaHHsS
Mapuipyty o6aboty BIIJIA, wmicup 300py/oOMiHY JaHHUX, MaKCHMI3allis dacy
(yHKIIOHYBaHHA MeEpeX, MIHIMI3alld BUTPAT pecypciB Toumo. Jius migBUILEHHS
€()eKTUBHOCTI 3a3HAYEHUX MapaMeTpiB HEOOXiJHA CUCTEMA KEPYBAHHS MEPEKEIO, Y CKIIaJl
Kol BXOnATh mifcucteMu kepyBaHHS TA 1 BysmiB. Jlo Toro » BOHa JO3BOJIUTH
onTUMIi3yBaTu Mepexy (3MmiHtoBatu Ttomnosorito MCM, kinbkicts BIUIA, mapuipytu
MOJIbOTY Ta 1HIIIE) JJIs O1IBIT JOIITPHOTO BUKOPUCTAHHS HASIBHUX PECYPCIB.

4. IIpoanani3yBaBIli aATOPUTMHU 1 METOIU OOMiHY Ta 300py iH(opmarii 3 MCM 3a
nonoMororo TA MokHa 3poOUTH BHUCHOBOK, WIO B TEJIEKOMYHIKaLIMHIN Tamys3i
BUKOPHUCTOBYIOTh aJITOPUTMHU 200 iX OE€THAHHS 1J11 €(peKTUBHOTO BUKOHAHHS 3a/1a4, IPOTE

BOHU MOKYTh BUPIIITYBAaTH MMOCTABJIEH1 3a/1a41 JIUIIE YACTKOBO a00 HEJOCTATHHO €()EKTUBHO
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(BUXOASiUM 13 TOCTIMHOTO 3pOCTaHHA MOTpPed), TOMYy ICHye HEOOXITHICTh IX
0araToKpuUTEPiabHOTO BJIOCKOHAJICHHS.

5. BuUCyHyTO iJel0 CTBOpPEHHS CTPYKTypH HA3eMHO-TIOBITPSHOI MeEpexi, sKa
3a0e3neunTh e(eKTUBHY 3B'A3HICTH By3TiB MCM 13 BpaxyBaHHSM MOXJIMBOCTI
BUKOPHUCTaHHS  TEJICKOMYHIKAIlIMHUX  aeporiaTopM B yMOBax  BIJACYTHOCTI

KOMYHIKaIiiHO1 1HQPpaCTPyKTypH.
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PO3JILT 2
MATEMATHYHA MOJEJIb TA METO/ NIATPUMKH 3B’SI3HOCTI
MOBLJIbHOI MEPEXI CEHCOPIB CIIPSIMOBAHOI 111 13
BUKOPUCTAHHSIM TEJIEKOMYHIKAIIHHUX AEPOILIAT®OPM
PI3BHOPIBHEBOI'O PO3TAIIIYBAHHSI

2.1. Cucrema npororun MCM i3 TA

Po3zsurok MANET wmepex mnpusBiB 10 HEOOXiAHOCTI €(PEKTUBHOTO BHUPIIICHHS
npobsieM 300py Ta oOMiIHY iH(opMaIlii 3 By3JiB 3a JOMOMOTOI TEJICKOMYHIKAIIHHUX
aeporutatrgopm. CyuacHa cucrema HIIM, sika po3ropraeTrbcsi B yMOBaX HaJ3BHYAHUX
cuTyalii ckinagaernes 3 By3iaiB MCM ta BITJIA piznoro tuny [4,7,12,15,20,21,22,33].

Cencopamu (TOOTO JaTuyMKamMu MEPBUHHOI 1H(OpMaIlli) MOXKYTh OyTH OCHAIEHI
MEXaHI4YH1 PUCTPOI, SIK1 pO3TALIOBYIOTHCS CTAIL[IOHAPHO UM MIEPECYBAIOTHCS MO TOBEPXHI 32
JOTIOMOTOI0  CHELIAJIbHUX MPUCTPOIB IepecyBaHHS ab0 pa3oM 3 JIIOJUHOI0, sKa €
PATYBaJIbHUKOM Y BUKOHABLIEM IMONTYKOBUX pOOIT B 30HI HaJ3BUYAHOI cuTyarllii. MoBa
Hae mOpo TEpUTOPIIO, 3E€MHY TMOBEPXHIO YM AaKBAaTOPilO MOpPIB ab0 OKeaHIB Jie
TeJeKOMYHiKalliiiHa 1H(pacTpykTypa BIACYTHS depe3 MEBHI KaTakIi3MU, MPUPOJHI abo
TeXHOTeHH1 aBapii, karactpodu [90]. Kpim Toro, ceHcopHi By3au 1 TA BUKOPUCTOBYIOTh
OJIHE 1 T€ X OOJaJHAHHS, MATPUMYIOTH OJMH 1 TOW K€ MPOTOKOJ 0OMIHY 1H(hOpMAIIIETO,
MarOTh CBOI BJIACHI CUCTEMH YIIPABIIIHHS, TTO3UIIIOHYBAHHS, B3a€EMOJIIFOTh OJUH 3 OJIHUM, a
OT)KE, KOXXE€H BY30J Mepexi Moxe oOHMpaTH MEeBHHI MeToj nepenayl iHQopmarii
(mocnioBHUM, KJIACTEpHUM TOIIO). Y KOXKHOTO By3Ja JOCTAaTHIM 00cCsAT mam’sTi s
HAKOIMWYEHHS JaHMX MPU BIICYTHOCTI pajiokanany. [Ipu iioro BcraHoBIEeH! BiAOYyBa€eThCA
nepenaya Ta/abo oOMiH 1HpOpMaIli€ro 3a BU3HAYECHUM METOAO0M. SIKIIO po3risgaTH METO
KJacTepu3ailii, TO BYy30J MOXe Marth pi3Hy ¢yHkmiro: wMapmpyrtuzanii, [BK,
MyJIbTUMEIHY, MOHITOpUHTY [4,6,7,15,20,33,62,90].

BIUTA Moxe pyxaTtucs y TpbOX IUIOIMIMHAX 13 HEOJHAKOBOK MIBUAKICTIO,
MIPUCKOPEHHSM, PO3TAIIOBYBATUCS HA PI3HUX PIBHAX HAJ MOBEPXHEIO 3eMJIl 1 MaTH PI3HUN
PIBEHb EHEPTETUYHOTO Ta TEJIEKOMYHIKaLIMHOr0 3a0€3MeUEHHs], 8 TAKOX P13H1 MOMKIJIUBOCTI

3 TOYKM 30py MMCTaHIIMHOTO 300py Ta 0OMIHY iH(oOpMaIlii 3 By3JiB 0€3MpOBOIOBUX
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CeHCOpHHUX Mepex [26,27,50,90]. Koxna TA mae Ha 6opTy poyTep Ta 3AaTHa MpUiMaTH,
o0poOnsiTH, mepemaBaTh JaHi, 3a0e3neuyBaTH iX OOMIH 13 0a30BOIO CTaHIi€l abo
Hanomkyoro TA s moganbiux i, TakoK MICTUTBHCS CUCTEMa KEPYBAHHS Y KOKHOMY
MmepexkeBomy enemenTi HIIM, sika 103BoJsie HE TUTBKH KOOPAUHYBATH pOOOTY MEpexi st
rJ100abHOI 3B’SI3HOCTI, @ W MpalioBaTH aBTOHOMHO B YMOBaX BIJICYTHOCTI 3B’SI3KY 3
LeHTpoM KepyBanH4 [1,4,15,21,22,33].

Meton mochigoBHOTO 00MiHYy iH(pOpMariero (puc. 2.1) moTpeOye BCTaHOBICHHS
IPSIMOTO KaHAITY 3B’ 513Ky 3 KOKHUM BY3JIOM, a OTKE MapHIpyT MOJIbOTY Oy/ie TOCUTH JOBTUM
[4,55]. Lle#t cnocib He mOTpedye CKIIaHUX AITOPUTMIB KEPYBaHHS OOMIHOM JAaHUX, IO J1a€
3MOTy 3pOOHUTH MEPEKEBl €JIEMEHTH OUIbIl JCHICBUMH Ta €HEpProePeKTUBHUMH. AJie
3HaUYHUNA Yac 300py Ta HEOOXINHICTh BUKOPUCTaHHS 3HA4YHUX pecypciB TA 3MycuB
po3p0o0JIsITH HOBI ciocoOu. Hampukiia, mponoHyBaiocst 00’ €IHyBaTH BY3JIU B KJIACTEPH 32
noromoror TA (o Bukonye poib 'BK), siki camoopranizyrotecs [58,62,79]. [Ipu upomy
LIEHTP KEpyBaHHS MEPEKEI0 30Mpae KOOPAUHATH BY3JIIB HA OCHOBI SIKUX PO3PaXOBY€E MICIIs
oOMmiHy 1H(popmarii 111 TA 3a JOMOMOTor0 BIIHOCHO MPOCTHUX aJITOPUTMIB k-cepenHix Ta
FOREL Ta ix momudikamii [3,33,70,82]. Ilicns uporo LK pospaxoBye monboTHUIA
MapuipyT, SKUH CKJIAJA€ThCS 3 MOMEPEAHBO PO3PAXOBAHUX TOYOK OOMIHY NaHumHu [2,56].
[Ipote y KO)HOTO crtoco0y € CBOi MpeBary 1 3a3BU4aii BUKOPUCTOBYIOTh JACKIJTbKa METO/IIB
OJIHOYACHO B 3aJICKHOCTI BiJ CI€HApilo, TOMY pPO3TJITHEMO MpoIec (PYHKIIOHYBaHHS

kiacuyHux (ogHopiBHeBux) HIIM Oiibin neranbHO.

BbasoBa
craumis 1

il LTE,
WiMax basoBa
BIUIA y MOMEHT BIUTA y MOMEHT BITIA y MOMEHT I
qacy 3 qacy 2 vacy 1 CTaHIlA 2
ol [ et A e ———
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10T, Zigbee,

BLE, RFID
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Pucynok 2.1. Metoa nocmii1oBHOT0 0OMiHY
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2.1.1. OcobsmBocTi opragizaunii moIb0Ty Ta Micb 00MiHYy iH(opMamii

[lepm 3a Bce KUIBKICTH TOYOK OOMIHY iH(oOpMarie€ro Ta iX MICHEHOIOKEHHS,
MOJILOTHUM MapuipyT moTpioHo pospaxysatu [1,2,27,50,56,58] mist Toro, mo0 IiIbOBI
¢byHKIT KepyBaHHs (3a3HaueHl B Tabn. 1.4) Oynau BUKOHAHI MPH 33JaHUX OOMEKEHHAX
[85,86]:

1. MiuHimizamiss 4yacy o0OMiHY/300py JaHuX a00 BCTAaHOBJIEHHS HEOOX1THOTO

oomexeHHs Tyg, = minabdo Tygy < Tosmueosx- 1IPYU IBOMY Yac OOMIHY PO3PaxOBYETHCS
L .
HACTYITHUM YUHOM T g, = —» e L — nomxuna mapmipyty BIIJIA (TA), a v — #oro

HMIBUJIKICTh. Y BHIIAAKY KiacTepu3oBaHoi mepexi L = f (N, (X, V)i, h, tosk, St), k =
1..ny;

2. Makcumizaiis yacy (DyHKI[IOHYBaHHS Mepexi ab0 BCTaHOBJICHHS MIHIMaJbHO
HeoOxignHoro yacy Ty — maxa6o Ty = Tyueosx;

3. Minimizaiist kutbkocTi TA a00 BCTaHOBJICHHS OOMEKEHHS (HAasIBHOI KIIBKOCTI)
Ntp = mina6o Nty < Nrpgagsses

4. JlommyCTUMHMA 1ana3oH MBUIKOCTEH V = [Vimin, Vmax s

5. Kinmpkictb knactepiB Ny, = [1; Nymaxls

6. Koopmunatu posramysanus I'BK (x,y),, Ski MaiTh 3HaXOIUTHCS B 30HI
MTOKPUTTS;

7. MakcuManbHO MOJKIIMBA €HEprisi JKepeln >KuBlieHHS BY31iB 1 TA €; < €imax»
e1A = eTAmax;

8. Yac o00apoTy t,q;, KOKHOTO k-ro KjacTepa 3alexuTh BiJ oOpaHOi cTparerii
noyboTy (13 MHOKHUHHU St) 1 Ma€e MEepPEBUILYBATH Yac Mepeaadl JaHuX MIXK BCIMA By3JaMH 1
TA Lock = tnepk

Ham HeoOXiJHO BHUKOHATH T€BHY KUIBKICTh 3aJad JJigd CHHTE3y METOJIiB
oOMiHy/300py nanux 3 By3i1iB MCM 3a gonomororo TA (tabm. 2.1) [4,56,58,63,85,86]:

1. O6pannsi cnoco0y 00MiHY/300py 1H(OpMAIlii: TOCTIAOBHO 3 KOXHOTO BY3Ja
Mepexi (00JIIT KOXKHOIO By3Jla, 00T Tepurtopii po3zramryBanHs MCM), 3 o0iaboTOM

kiactepiB MCM.
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2. Obpanus croco0y NpUMHATTSA pilieHb kepyBaHHs: 130mb0BaHo (LIKM, CK TA, CK

By31a MCM), xooneparuBHo (ripu B3aemonii CK ycix mepexkeBux enmeMeHTiB Ta [IKM),

SKITO BIIOMUN a00 HEBIJIOMUM CTaH BY3J11B, LICHTPAJII30BaHO/ ICIICHTPaII30BaHO [69].

Tabmuns 2.1. Cunre3 MeroaiB oOmiHy iHdopmarii 3 By3namu BCM i3 Bukopuctanusm TA

Meron [Mpuiinsartsa | Xapaktepuctuku | Tpaexktopis | OyHKIl Mopenb
pilleHb KJacTepa 0010Ty TA | KEpyBaHHS | OJIBOTY
[Tocmizos- KM, TA | KigbKicTh 3arajibHa MiniMiza- | 31 cTajgoro
HUN KJacTepiB, By3iiB | (Bcs MCM) | mis  yacy | BUA-
B KJIacTepi 300py KICTIO
3a Bysznamu PospaxyHnok 30H | I3 BpaxyBan- | Makcumi- | I3
JIOTIOMOT 010 MOKPUTTS HSIM 3aIisi 4acy | aJanTuB-
KJIacTepIB chopMoBa- | GyHKIIIOHY | HOIO
HUX BaHHa bCM | mBua-
KJIACTEPiB KICTIO
Koonepa- | BuOip TOYOK Minimiza- | Herapan-
THUBHO oOMiHy/  300py st TOBaHA
TA KITBKOCTI | SIKICTh
TA 00CIIyroB
yBaHHS
Haspnictes | Busnauenus Minimiza- | ['apaH-
y TA crany | Mogeni  oOMiHYy st TOBaHA
BY3IIIB JTAaHUMH TTOBKUHU SAKICTh
BbCM MapHuipyty | oociyro-
MOJIBOTY BYBaHHS
Biacyt- BusHauenus Miuimiza- | I3
HicTh y TA | cTparerii 00J1b0Ty st BIJIOMUMU
CTaHy KJlactepa CITy)00- KOOpIMHA
BY3JIIB BOTO -TaMH
bCM Tpadiky
[enTpa- be3
JI130BaHO BIJIOMHUX
KOOp-
JMHAT
Jlenentpa-
J130BaHO

3. Ilpu xnactepuzarrii mepexi Heooxiano [1,4,20,56,58,62]:

3.1. Po3paxyBaTu po3Mip KjacTepiB Ta iX KIJIbKICTh (B 3aJieKHOCTI BIJ ILJILOBOL

GyHKIT KEpyBaHHS MEPEXKEI0 1 CTaHy Mepeki MOTPIOHO BUKOHATH ONTHUMI3AIiI0 JTAHUX

napameTpiB).
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3.2. O6patu (3a JOMOMOTOI0 NIEBHOTO AITOPUTMY) MICIIsl 00MiHY/300py iH(popmarii.

3.3. O6patu monens (anroput™m) ooMiHy iHdopmariero Mixk By3iaamu Ta BITJIA.

3.4. OOpatu crtparerito Ta nmapamerpu noiaboty BIIJIA 3a BU3HAaYEHOIO MITHOBOIO
dyHKIi€I0 (pO3paxyHOK Ta onTuMizaiist mapupyty BITJIA).

4. Po3paxyBaTd MapHIpyTH MOCTITOBHOTO (0OJIT BCi€l Mepexi) Ta KIaCTEPHOTO
NOJIOTY (3 ypaxyBaHHSM MicCIlb OOMiHY/300py iH(popMalii). OJHUM 13 BapiaHTIB MOXKeE
OyTH po3paxyHOK mociigoBHoro nmoaboTy [IKM, a onrtumizariis KJIaCTEPHOTO MOJIBOTY —
BITJIA micist oTpuMaHHs TEpBUHHOI 1H(OpMaIlii (CTaH MEPEKEBUX EJIEMEHTIB, iX pecypcu
TOIIIO).

5. BuxkoHaHHs mnpiopure3anli oOpaHUX BHUILE IUIbOBUX (YHKUIA JIsI KEpyBaHHS
mpoiiecoM 0OMiHy 1H(opMaIrii.

6. OGpaTu Mojiellb MOJIBOTY HAa OCHOBI HasiBHUX KOOpAWHAT (200 mpu HEOOX1AHOCTI
iX BCTAHOBIIEHHS) BY3JIB 13 HasiBHUM Jialla30HOM MOKJIMBHX IIBHJIKOCTEH (CTamoro abo
aJlanTUBHOTO) pyXYy (3 200 6e3 rapaHTii 00CITyroByBaHHS)

Posrnsimaroun myHKT 4 MOXHA 3pO3YMITH, LIO 3ajladya OpraHi3aulii MOJIbOTY
CKJIaJIa€Thbcsl 3 JBOX eTamiB. Ha mepmoMy HalikopoTmmii MapmpyT OyayeThcs 3a
JOTIOMOT'OK0 OJIHOTO 3 BIAOMMX QJITOPUTMIB PIICHHS 3a1adl KomiBosbkepa [74,75] 1 npu
IIbOMY PO3PaXOBYEThCS IIBHJKICTh, BHUCOTa MOJbOTY Tomo. Ha apyromy erami BITJIA
KOperye MmapaMmeTpH MOJbOTY MPH JTOCATHEHHI KOXKHOTO KJIacTepa B 3aJIe’KHOCTI BijJ HOTO
XapaKTEPUCTUK (KIIBKOCTI BY3JiB, IX MICIEPO3TallyBaHHS, E€HEPreTUYHUI 3aJIMILOK,
o0caru HeoOXITHUX MaHWUX HJisi OOMiHY TOINO), BiJ BJIACHUX XapaKTEPUCTUK (TajuBa,
3apsAy Ta 1HILIE) 1 HITbOBUX (DYHKIIIN KepyBaHHA MEPEXeEr0. SAKII0 B MEpEK1 HasIBHUN BY30.1
3 OUTBIIKM (B1THOCHO 1HIIIKX) 3aMlaCOM €HEeprii, TO 0OMiH JaHUMHU 3 HUM MOK€ BiI0yBaTHUCs
Ha OUThIIIN BiZICTaH1 a00 3 MEHIIIUM TIPIOPUTETOM, a00 3 OUIBIIOI0 MBUAKICTIO, 11O 1aCTh
MOKJIUBICTh BUKOPUCTATH HassBHUH pecypc TA M iHIIMX By3JIiB 3 MEHIIUM 3allacoM
eHeprii. Takox BapTO PO3IIITHYTH MOXKJIMBI Mojeni moasoTy [1,4,32,50,58]:

1. V 6a306iti moOeni MOMT BUKOHYETHCS 31 CTAJIOK IMIBUAKICTIO Ha BCIX AUISHKAX
MapuipyTy, mo cropourye kepyBands BIIJIA 1 He cTBOpro€ HOJATKOBUX BUMOT JO HBOTO.
Cymicna qist BIUIA sk niTakoBOro, Tak 1 TeMKONTEPHOTO THIIIB, 1HGOPMAIIHHUN 0OMIH

MMOYMHAETHCS [IPU CTBOPEHI NEPILIOTO KaHamy 3B’ 513Ky TA-By3071, yac sSIKUi 3aTpayaeThCsl HA



61

HBOTO PIBHUI Yacy MOJIbOTY Yepe3 KIacTep, a 1aHi, IKi He BCTUTIIA TIEPEIaTUCs, “deKaloTh
HacTynmHoro o0ipoTy. Ilpu mmpomy 11t BctaHoBieHHS 3B’ s13HOCTI 3 [IKM Ta yciMm cBiTOM
HE0OX1/IHe BCTAHOBJICHHs KaHaiy TA-0a3oBa cTaHITis.

2. YV Opyeiii modeni HasBHA JOJaTKOBA MOJKJIWBICTh — IIJABUIICHHS IIBUIKOCTI
nonboTy BIIJIA, mo BuUCyBae J0IaTKOBY BHUMOTY JI0 HHUX, aje TaK CaMO MOXe
peanizoByBaTUCS y JIITAKOBOMY Ta T€JIKONTEPHOMY THIIaX.

3. Mooenv 3 adanmuenoro WEUOKICMIO nOabOMy 3a3BUYail BUKOPHUCTOBYETHCS Yy
CIIEHAapIsIX, K1 MOTpeOyIOTh Pi3HOI MIBUJKOCTI Mepeaadl JaHux. Tak y CIleHapisxX BiifH,
TEXHOT€HHUX KaTacTpod € HEoOXIAHICTh y mepenayl ayaio Ta BiJIEO0 caMe y NEBHUU
MPOMIXKOK 4acy (Lled mapaMmeTp TakoXX MOTpedye ajarnTailii AJjigs rapaHTOBaHOI mepeaadi
nanux). [[puiHATTS pilieHHs PO 3MiHY MIBUAKOCTI MOJIBOTY, Yacy 3aTPUMKH IPH Mepeadi
JAHUX, BUJIKOCTI niepeaadi qanux nokianaerbes Ha [IKM abo CK TA (y B3aemonii 3 CK
IIJTbOBOTO BY3J71a).

4. Mooenv 3 ecapanmogaHor sKicmio 00C1ye08y8anHs TepeadadaeTbes I
BUKOPUCTAaHHA Y CLEHapisix nepenadl iHQopmauii B peasbHoMy 4aci. [Ipu He3MiHHIN
mBuakocTi nepenayi nanux BITJIA po3paxoBye yac HeoOXinHMI HA OOMIH JaHUMHU, SIKUA
MpY HEOOX1AHOCTI MOXKeE OyTH 301IBIIEHO.

5. Mooenv 3 obmedicenum uacom oOMiHY/300py iHopmayii 3aCTOCOBYETBCA Y
creHapisix oomexxenux pecypciB BITJIA, mpu HasBHOCTI TEBHOTO “HEKPUTHUYHOTO” 00’ €My
JaHUX y By3JlaX, IKMA MOYKHA TIEPEIaTH Y HACTYITHI CEaHCH 3B’ I3KY, a TAKOX MTPH HAIBHOCTI
BEJIMKOI KUIBKOCTI TaKMX BY3IIB, fKI MOTPEOYIOTh Mepeadyi BCTAHOBJICHOI KUIBKOCTI
iH(opmMmartii 3a koxxkauit momt BITJIA. Takox ciiiji 3a3Ha4UTH, 110 JaHa MOJIEIh KOPUCHA Y
BUIaJIKaX 0OMOBHX 1M IPH HEOOX1IHOCTI ONEPAaTUBHOI 3MIHU NoJioxkeHHs TA [32].

OpHi€ro 3 rooBHUX 33134 (pyHKUIoHYBaHHS MCM € BU3HAUEHHS MiCLEIOJI0KEHHS
By31iB. Tomy po3riisiHemMo criocoOu 3a pornomMororo sikux BITJIA moke oTpuMartu 11i aaHi
[2,4,32,50,57]:

1. CTBOpeHHS TaOaHIll KOOPAUHAT MPU MIEPBUHHOMY PO3MIIIIEHHI BY3IIiB.

2. Y BUNAgKy HEAETEPMIHOBAHOTO PO3MILIEHHS BY3JiB TA 311HCHIOE MEPBUHHUM
MIOCJTI IOBHUM OOJIT YCI€T 30HU, PE3YJIBTATOM SIKOTO € JIaH1 PO 1X MICIEMOJIOKEHHS Ta CTaH.

BusnaueHHs KOOpAMHAT MOXKE€ BUKOHYBATHCS 3a JOTIOMOTOIO PIBHSI CUTHAJTY BiJl By3ja (Ha
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KIITaNAT CTUTbHUKOBUX MEPEXK), 32 JOIMOMOTOI0 CUCTEMHU TIO3UIIOHYBaHHS/HaBITaIlli By3Ja
abo koomepaTUBHUM criocoboM. [Ipu nbomy Moxe OyTH BUKOHAHO MEPBUHHUMN 0OMIH/301p
JAHUX Ta CTBOPEHHS TOIOJIOTIi MEpExKi.

3.V cuenapii CTBOpPEHOI 3B’ SI3HOCTI yCiX MepexeBux eneMenTiB MCM (B Tomy guci
31 IUII0O30M TPauIliiHOI TelekomyHikamiiHoi Mepexi) LHKM Moxe omnepaTuBHO
OHOBIIIOBATH JIaH1 KOOPJUHAT Ta CTaHy BY3JIiB IIPU KO)KHOMY BCTAaHOBJICHHI 3’ €lHaHHS TA -
By30J1. Ha OCHOBI IIMX JaHUX MOKE ONTUMI3YBATUCS TOTIOJIOT1SI MEPEXKI.

[IpuitHsiTo BBaXKaTH, 110 TUI0IIA TOKPUTTS TA 3B’ A3KOM € KOJIOM IEBHOTO pajaiyca R,
AK€ CTBOPIOE KJacTep, a OOMIH MOXKE BUKOHYBATUCA B Oyb-sKii Koro Touui (puc. 2.2). Le
CTBOPIOE 3ajady, siIKka TOJIATae y PO3paxyHKy Ta MiHIMI3alii KiIbKOCTI kiactepiB C =
{Cl, Cz s Gy o, C ]}, Jj= 1,] (a omxke 1 micub 00MiHy 1H(popmartii 1 BITJIA HeoOXigHUX I
[[bOT0) IpH HasABHOCTI 3amaHoi kimbkocti By3miB T = {T;,T,,..,T;, .., T,},i=1..ny

Mepexi 3 meBHuMH koopauHatamu X = {(x,y)q, .., (x, V)i, (x,¥),} . Paniyc kmactepa

PO3PaxXOBYETHCSI HACTYITHUM YHHOM R = \/d2,,, — h?, ne d;q — MaKCHMalibHa BiICTAHb
KaHamy 3B’s3ky TA-By3onm, a h - BHcOoTa mojiboTy. Ll 3amadya HanexuTh [0 KiIacy
oOUuCTIOBAILHOT TeoMeTpii 1 momiOHa 10 3ajayl MpO PO3TallyBaHHA P-IIEHTPIB -
3HAXOKEHHSI MIHIMAJIbHOT KUIBKOCT1 K11 (DIKCOBAHOTO pajilyca, 10 MOKPUBAIOThH 3a/aHy
KUTBKICTh TOYOK Ta iX postanryBaHHs [87]. Ockinbku 3amaya € NP-moBHOIO 1 [T MEpEx
BHCOKOI PO3MIPHOCT1 BaXKKO OTPUMATH TOUYHUHN PO3B'A30K, TO il HEOOX1THO PO3B'SI3yBaTH 32
JOTIOMOTOI0  €BPUCTHYHUX METOMIB TomyKy. Jlns oTpuManHs po3B's3Ky OyIio
3aMpONOHOBAHO BUKOPHCTOBYBATH 1TeparliiiHi anroputmu kiactepHoro anamizy FOREL

(FORmal ELement) Ta k-cepennix [3,32,33,88].
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TA-By3on 0

Byson aktuBHui |

; Byson neaktupHuii |

Pucynox 2.2. Imtoctpanist nokpurta TA By3niB MCM

3a3HayeH1 BUILE AITOPUTMHU KJIAacTepH3alli 103BOJIAIOTh OTPUMATH Pi3H1 NPUAHSATHI
pIIIICHHS, B TOMY YHUCJI OJIU3bKI 10 ONTUMaIbHUX. TOMY JOIIBHO BUKOPUCTOBYBATH iX
MOo€AHAHHA 1 O0paTH HAMOUIBIN OJIM3bKE PIIMICHHS IS JOCATHEHHSI 3aJaHoi IIJIbOBOI
GyHKIIIT yIIpaBIiHHS MEPEXKEIO 3 ypaxyBaHHSIM HassBHUX PECYPCHUX 0OMexeHb. J{Jist 1iporo
3aIPOIIOHOBAHUM HACTYITHUN aroputm [2,3,32,33]:

1. Anani3 BUXi1HOI iH(OpMallii Ta BA3HAYEHHS JaHUX JIJIS TOYATKY MOIIYKY PILIEHHS
KJlacTepu3allii: 3acrocyBanHsi BuzHadeHoi kiabkocTi BITJIA (k) mist metony k-cepennix i
BEJIMYMHA pajilyca 30HU NOkpUTTs R aiia merogy FOREL.

2. Tomryk pimieHHs 3a JOMOMOTOK0 KOXKHOTO MeTonay: mojain MCM Ha Bu3HaueHY
kutbkicTe BIIJIA (kmactepiB) mist metony k-cepemnix Ta moait Mepeki Ha MiHIMaIbHY
KUTBKICTh KJIACTEPIB 3a BKazaHOI BelMnunHOK R mi1s Mmetony FOREL.

3. AHami3 pe3yabTaTiB KiacTepu3ailii npu oomMexxeHHs1x Ha KutbkicTh BITJIA, By3is,
CTYTEHs TOCATHEHHS LIJTbOBUX (PYHKIINA KEpyBaHHS.

4. Slkio qonmycTUMeE pillieHHs HE 3HANIeHO, TO HEOO0X1JHO 3MIHUTH KUIbKICTh BITJTA
k abo 3HaueHHs paalyc 30HU MOKPUTTS R 1 moBepHYyTHCS HA IpYruil KpoK. SKIIO pilieHHs

3HANJIEHO, TO MEPEUTH 10 HACTYIMHOTO (IT’ATOT0) KPOKY.
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5. OrmiHKa mepeBar OTPUMAHOTO PIMICHHS 1 3aTBEPKEHHSI HOTO 70 BUKOPHUCTAHHSI,
1HaKIIe — MOBEPHEHHS /10 MOIEPEeIHbOr0 MyHKTY. PesynpTarom Mae OyTH ONTHMAalbHE
pileHHs (Sike BUKOPUCTOBYE IEPEBAru JBOX METO/IIB), 110 33/I0BOJIbHSIE BUZHAUEHY LILITHOBY
GYyHKITII0 KepyBaHHS MPHU 33JaHIUX OOMEKCHHSIX.

HacTynmHuM BaKJIMBUM €TarioM € OlepaTMBHA 3MiHA MapUIPyTy MOAbOTY. Tak sK 11
3ajlaya € OaraToKpUTepiaibHOIO OyJI0 3alpONOHOBAHO HAJATH KPUTEPIsIM TEBHUN
npiopuTeT. BUxonsuu 3 1b0ro BUKOHY€ETHCS MOLIYK OMTUMAJIBHOTO PIICHHS ISl KOKHOTO
KPUTEPIIO 3TiAHO 3 WOro BaXXJIMBOCTI. TakoXX € JIOMyCTHUMHMM II€BHI NOCTYNKH (BTpaTa
pPEe3yIbTATUBHOCTI) Ha 3aJlaHUi BIACOTOK ISl ycixX (abo meBHMX) KputepiiB. ToMy BapTo
PO3IIISIHYTH 1IeH Tpo1iec OUIBIN AeTalbHO [3]:

1. ITpu ymMoOBI mepIioro mpiopureTy MiHimizailis yacy oominy/360py Tg,, nanux (ado
BCTAHOBJICHHSI MEBHOTO 3HAYE€HHs) MOTPIOHO PO3paxyBaTH K MOXKHA MEHIIY KUIbKICTb
Micilb 0OMiHYy/300py iHboOpMallii (3a JOMOMOro ICHYHUYHMX METOJIB KiacTepu3arlii),
3’€JHYIOUM 1l MICLSI IPSIMUMHU OTPUMATH TPAEKTOPIIO 1 BUKOHYBAaTH OOJIIT HA SIK MOYKHA
O1IBILITNA MIBUAKOCTI (3aJ71€KHO Bl IP1OPUTETY 1H(GOpMAaIii IKYy HEOOX1AHO NepeaaT) Ta/ado
AK MOXHa MEHIIN BifcTaHl M0 By37TiB. Takoxk T.g, 3aJI€KUTH BiA KUIbKOCTI TA, ix
TEXHIYHUX MOKIJIMBOCTEH y Pi3HUX YMOBaX HaBKOJHUIITHHOTO CEPETOBHIIA.

2. Jlns makcumizanii vacy (yHKIioHyBaHHsS Mepexi Ty HEOOXIZHO 3acTOCYyBaTH
MpaBujia eHeproepeKTUBHOCTI BY3JiB:

2.1. 3menmenns Biactani TA-By301, TOOTO mi0ip MIHIMAIBHOI BUCOTH TMOJIBOTY 1
BIJINOBIJIHO pajiilyca R 30HK MOKPUTTS;

2.2. JIns By3/iB 3 MaJIOKO KUJIBKICTIO €HEPrii JXKepelia KUBJICHHS MOJIIT BUKOHYBATH
Ha rpaHUYHIN BiJICTaHI;

2.3. O6panHs micub 0OMiHY 1H(pOpMaIlli HAHOIMKINX 1O MapIIPYTy MOJBOTY (pHC.

2.3);
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<+—| Hanpamok pyxy TA |

— | Kanan 38’s13ky TA-By301 |

A Byson
@ | IlenTp knacrepy

Pucynok 2.3. MapuipyT nosiboTy 3 00paHHSIM HalOIMKUnX Miclib 00MiHY 1HGOpMaIrii

2.4. Po30uTTs By3J11B Ha MiJAKJIacTEPH (32 YMOBH y3TrO/HKEHOT poOOTH M1k COOOI0 K
B Mesh Mepexax) 3 BU3HAUCHHSM HaAWOJIMIKYOTO By3ja JI0 MAapUIPYTy MOJIBOTY. Takum

YUHOM 3MEHIIYIOUM €HEepro3aTpaTy KpaloBUX BY3JIiB y KJacTepi;

<+—| Hamnpamok pyxy TA |

Kanan 38’13y

Llentp knacrepy

Pucynox 2.4. MapuipyT noisoTy 3 00paHHAM HAMOIMKYIUX MICIb 0OMIHY 1H(pOopMaIii mpu

y3roJI’KeH1i poOOT1 By3iB

2.5. MiHimi3alist piBHS MOTY>KHOCTI 31 30€peKEHHAM HEOOX1JHUX TapaMeTPIB KaHATTY
3B’s13Ky (BigHomeHHs curHain/myM SNR, CQI, RSRQ, iimoBipHicTh 0iTOBOi mommiiku BER

TOIIO) MK MEPE)KEBUMH CIICMCHTAMH.

3. Minimizanis kiabkocTi TA gocAraeTsCs 3a paxyHOK MiHIMI3alli KUTbKOCTI
KJIacTepiB TMpU BUKOPUCTAHHI aJrOpUTMy Kiactepusarii [3] Ta MOXKJIHMBICTIO

BukopucroByBatu BIIJIA noctynoso [32].
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2.1.2. Metoa o0Miny/300py nanux mizk Byinamu MCM i TA

PosrnsnyBum ctpykTypy oanopiHeBoi HIIM, oco6mmBoCTi oprasizaiiii nojasoTy Ta
Micllb 0OMiHY iHGoOpMallil TepeiieMo 10 MeToAay oOMiHy/300py nanux. Cxema JaHOro

aNrOpUTMY 300paXkeHa Ha pHc. 2.5, a OCHOBHI eTanu HactynHi [2,3,32,33,61]:

7.2. Nepeittv go
/ HacTynHoro
‘ npaguna

6.03. Po3butra
MapLupyTy Ha 3afjaHy
Kinbicte TA

6.02.
TA=TA#

1. 3ananna/ 2. 3HaXoAMEHHS

> | orpumanka Micub 0BMiHy

( adl I . .

W napameTpie iHthopmaui

HMM (FOREL, k-cepeqix)
1

- |5. PospaxyHok
ToGmmin =
Liviax

3.PospaxyHok 6.11. 3MeHwMTH R 1.U® minTg -
™ nonepegHbol (3MeHwwuTH h- n peanisauin
TpaekTopii nonboTY BHCOTY NOMLOTY) Ta

npasun

Pucynok 2.5 — Anroputmy oOMiHy/300py nanux 3 MCM 3a nonomororo TA

1. 3amanns abo orpumanns napamerpis HIIM, a came: KinbKiCTb By3miB Nyyy = {n;}
Ta ix KoopauHatu (X;,Y;), I = 1..n, NpOTOKOIU OOMIHY JaHUX 1 X XapaKTEPUCTHUKH,
KitbkicTb TA Npy = {n,}, k = 1...K, Tumn Ta yac nonapoTy, Aiana30H MOXKJIHBUX BHCOT Ta
IIBUJIKOCTEH, MOYATKOBE Ta KIHIIEBE MICIIE MOJILOTY, 4Yac OOMIHY JaHUMH T,g, Ta
(ynkuionyBanns mepexi Ty, HinboBl QyHKIIT kepyBanHst [61] (Tabi. 1.4).

2. 3HaXO/KEHHSI MIHIMAJIbHO HEOOX1/IHO1 KUIBKOCTI Micllb 0OMiHY 1H(popMaIlii Ta ix
KOOPJIMHAT TIpH 3a7aHOoMY 3HaueHHI R — 3a qomomoroto anroputmy FOREL, a npu 3ananiit
KUIBKOCTI KJIaCTEPIB — 3a JOMOMOTO10 MeToay k-cepennix [61].

3. Po3paxyHok momnepenHboi (Mepioi) TpaekTopii MOABOTY 13 JOJaBaHHSIM y Hel
BU3HAYCHUX MICIIb 0OMiHY 1H(oOpMaIllii (pe3ybTaT BUPIIIIEHHS 337a41 KOMIBOSIKEpa, METO/T
HaOJIMKIOTO CycCiaa).

4. TlepeBipka mpioputeTy 1muIboBOI PyHKINT T4, = min. SIKmo Tak, To BUKOHATH
MOJUT MAapUIpyTy Ha He3aJeXH1 4acTUHM Il BCiX TA 1 MOBEepHYyTHUCS 1O MYHKTY 2, B
THITIOMY BUITQJIKy TIEPEHTH 10 TIYHKTY 5.

5. Po3paxyHOK MiHIManbHO HEOOXIIHOTO 4yacy OOMiHY iH(opMalii 3a JOMOMOI0O0
omHOTO TA Togummin = L/Vmax, A€ L — TOBXHHA TIOMEPEIHBOTO MApIHIPYTY (TPaEKTOPii)

Vimax — MAaKCUMaJIbHA MIBUKICTH MOJLOTY [32].
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6. IlepeBipka BUMOTH T, gymin < Toomueosx - SIKIIO TaK, TO 3MEHIIUTH BHUCOTY
moboTy h (myHKT 6.11) Ta BukoHatn nepeBipky R < R,,i, (myHKT 6.12). SIKmo Tak, TO
NeperTH 10 MyHKTY 7, 1HAKIIE — A0 MyHKTY 2. SIKI10 nepeBipka MyHKTY 6 He NpoieHa, TO
MepPEeBIPUTH HASBHICTH BITbHUX TA (myHKT 6.01). SIKII0 HI, TOJI 3aBEpUIUTH aJITOPUTM, a
SIKITO TaK — J0JaTH 1e oauH TA, po30uTu MapiipyT Ha HOBY KUIBKICTh JIITAJIbBHUX arapaTiB
(myHKT 6.03) 3 BUKOHAHHSIM aJITOPUTMY TSI KOJKHOI MIMEPEKi 1 MeperTH 10 MyHKTY 2.

7. Peamizartis mpaBwmit 2.2 (3 mepeBipkorO Tygy < Tosmucosx)s 2-35 2.4 3 po3ainy 2.1.1.

8. SIk110 BCi MpaBuiia BUKOPUCTAHO, TOJII 3aBEPIIMTH AJITOPUTM. SIKIIO Hi — IEPEUTH
110 IIYHKTY 7.

Ax Oyno 3a3HavueHo y pozaunt 2.1.1. omepaTuBHa 3MiHAa MapHIpyTy TpaeKTOpii
MOJIbOTY € OaraTOKpUTEplaJbHOIO 3aJaueio 1 Yy BUXIHMX JIaHUX MOXe OyTH HaJaHO
MPIOPUTET KPUTEPISIM 1 IEBHI JOIMYCTUMI TOCTYIIKH (BTpaTa pe3yJIbTaTUBHOCTI) Ha 3a1aHUM
B1JICOTOK JUIsl HUX. Y BHUMAJAKYy BUIIOTO MpiopuTeTy (yHKIII MIHIMAJIBHOTO Yacy OOMiHY Y
MyHKTI 4 ajdropuTM pO3NOAUIIE TpaekTopito MK ycimMa TA, a mouyaTkoBa peamizariis
NrOpPUTMY 13 3HAUYCHHSIM pajiyca R = Ry, ., MIHIMI3y€ KUIBKICTh Micllb 0OMiHY/300py, a
omke 1 yac oOminy iHdopmarii. [Ipu BukonanHi yMOBU Tygy = Tosmueosx 3MEHITYEMO
MOTY>KHICTh TIe€peayl, 3MEHUIYIOUH PajilyC 1 BUKOHYIOYM 1HIINI HEOOXI1JHI mpaBuia. Aje
MiHIMIZaIig KiTbKOcTi TA Ny JOCSTaeThCA JOAaBaHHAM JuIe omHoro TA s
3aJI0BOJICHHS TIEBHUX BUMOT.

[IpoananizyBaBiu qanui Metoj 1 cTpyktypy HIIM MoskHa ckazatu 10 € HaCTYIHI
cnabki mici [32]:

1. JIns nocsirHeHHst HeoOxigHOTO Yacy O0OMIHY Tguueosx TP YMOBI WO Togymin =
T o6mueosx TOTPIOHO 200 30UTBIITYBaTH MBUAKICTE Pyxy TA, a00 iX KUIBKICTB;

2. Jlna 301IbIIeHHS IIBHUJKOCTI Tepenayl JaHux a0o MiHiMi3allii BUTpAT eHeprii
BY3JIIB HEOOX1JHO 3MEHIIYBAaTH BiJICTaHb KaHaly 3B’si3Ky TA-By30Jl, 10 TPU3BOAUTH 10
BUTPATH J0JAaTKOBHUX eHepropecypciB TA [32];

3. HeoOXiAgHICTP y JOCSTHEHHI KOMIIPOMICY TpPH BCTAHOBJIEHHI MpiopUTe3alli

ITHOBUX (PYHKITIH.
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Buxonsun 13 icHytouux mpooiem 0yJio 3arporoOHOBAHO BIOCKOHAIUTH apXiTEKTypy
HIIM mmmsxom pgomaBaHHs jpyroro piBHA TA 13 30UIbIIEHUM E€HEPreTUYHUM

3a0e3meyeHHaM. Po3ristHeMo 11 0COOJIMBOCTI OUIBII AETATIHLHO.

2.2. MaremaTnyHa Mojeab miaTpumMkH 38°s13H0cTi MMCCJ/L 3 BUKOPHCTAHHAM

TA 1BOpPiBHEBOI0 PO3TAILYBAHHS i3 Pi3HUM €HEPreTUYHUM 3a0e31eYeHHAM

Posrisitnemo mepiiuii HAyKOBUUM pe3ysibTaT — MaTeMaTW4yHy Mojenb 3agadi. Lls
MaTeMaTHYHa MOJEJNb J03BOJISIE MOJETIOBATH SIK YMOBH ICHYBaHHS, TaK 1 BiICYyTHOCTI
3B’si3Hocti  MMCCJI 3 TA pi3HOpiBHEBOrO poO3TallyBaHHS Ta EHEPreTHYHOTO
3a0€3MeUeHHs, a TaKOXX OOYMCIIOBATH YHCEJbHI 3HAYEHHS CKJIAJ0BUX BEKTOPHOIO
KpUTEpilO, 3a SKUMH MOKHA BHUKOHATH KUIbKICHE OI[IHIOBAaHHS €()EKTUBHOCTI i€l

3B’ SI3HOCTI.

2.2.1. baraTokpurepiajibHa MaTeMaTHYHA MO/IeJIb OLIHKHU 3B’ SI3HOCTi

KinbkicHl 3HaueHHs ckamsipuux kputepiiB W;(X) (i = 1,11), mo € CKIAJOBHMH
BEKTOPHOTO KPUTEPIIO
W (X)
W(X)=|:
Wi (X)
ne X — BEKTOp KEPYIOUUX MapameTpiB, a HOTO MPUHAIEKHICTh 00JACTI JOIMYCTUMUX
3HauYeHb (G OOYUCITIOETHCS 32 IOMTOMOTOI0 aJTOPUTMIYHO 3aaH01 MOJiel GyHKIIIOHYBaHHS
MMCC/ 3 TA pi3HOpPIBHEBOrO PO3TAIlyBaHHA 13 PI3HUM €HEPreTUYHHM 3a0€3MEeUEHHIM
(puc. 2.6).
Cknaoosi 6ekmopy Kepyouux napamempis X:
- MOTY>KHOCTI TIepe1aBadiB By37iB, TA mepioro Ta Ipyroro piBHsI;
- KoeIII€HT MiICUJICHHS aHTEH BY3J11B Ta IPOCTOPOBA OPIEHTAITIS IPOMEHIO (a3UMYT,
KYT MICALIS);
- poboya "yacToTa, cMyra npoITyCKaHHS,

- KUIBKICTh Ta PO3MIPH KJIAacTepIB;
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- 4yac CHY BY3JiB.

Ha ocHOBI ¢13uuHOTr0 3MiCTy 3a/1a4i ci1ii cpopMyBaTH 001aCTh TOMYCTUMUX 3HAYCHD

G U1 3aTTMCaHUX BUIIE KEPYIOUHMX MTapaMeTpiB.

Jliis 6araTokpuTepialibHOT MaTEMaTUIHO1T MOJIeli OyJ10 chopMoBaHO Halip KpUTEPIiB

W;(X) (i=1,11) i3 mepeniky merommunux pekomeHmariii MCE-P Ta mporpamHoro

koMIuiekcy Matlab:

IIT.;

W, (X) — yac nmepenaui iHpopmarii ycepeJHEHUH 3a KUIBKICTIO CEHCOPIB, C;
W, (X) — mBuakicTh nepenadvi iHdopMmaiii ycepeaHeHa 3a KUTbKICTIO CEHCOPiB,01T/C;

W5 (X) — ximbKicTh Oe3mocepeHno 3amisanX TA ycepenHeHa 3a KiTbKICTIO CEHCOPIB,

W, (X) — makcumanbHa KinbKicTh TA, mT.;

Ws(X) — meniana kinbkocti TA, mT.;

We(X) — moga kinbkocti TA, mT.;

W, (X) — noBxuHa MapIIpyTy ycepeaHeHa 3a KUTbKICTIO CEHCOPIB, M;
Wg(X) — MakcuMasbHa JI0BKHWHA MapIIPYTY, M;

Wy (X) — MiHIManpHA TOBXKHHA MAPIIPYTY, M;
Wio(X) — Meniana 1OBXWHU MapHIpyTy, M;

Wi, (X) — Mona AOBKUHU MapUIpyTy, M.

[TapameTpu MaTeMaTHYHOI MOJIEIII, SIKI BBAXKAIOTHCSI HE3MIHHUMM:

1. XapakTepucTUKy By3iiB (KUIbKICTh Nyys,
2. Xapakrepuctuku TA (kinbkicTe TA 1-ro NppqTa 2-r0 piBHIB Nppp, TUI IKEpENa
YKUBJICHHS, IIIBUKICTh, BUCOTA MOJILOTY a00 Jiana3oH BUCOT);

3. [1no1a Ha SKiii BOHM pPO3TalIOBYIOTHCS Ta MapIIPYTH MEPEMILIECHHS;

4. Koopnunatu By371iB 1 TA B MOMEHT niepeaadi iHdopmariii (mpu po3riasii ClieHapito
KBa31MOO1IBHOCT1);

5. O6’em nmaHux (30KkpemMa i ciryx00Boro) V; i-ro By3na, 1m0 HEoOXIiJTHO MepenaTH,
i=1...Ngys;

6. Tononorist Ta MapuIpyT nepeaadi fanux 3 By3iiB MCM no cynmyTHuka uepes TA;

7. MOXIIMBOCTI B3a€EMO/IIi MK COO0I0 MEPEKEBUX €IEMEHTIB KOKHOTO PiBHSI.
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2.2.2. AITOPUTMIYHO 32JaHA MATEMAaTHYHA MO/1eJIb 00YHMCIEeHHS CKAJSIPHUX

CRJIAA0BUX BEKTOPHOI'0 Kpl/ITepilO

[Ticnst BUBHAYEHHS! BEKTOPY KEPYIOUHMX MMapaMeTpiB, HAOOpY KPUTEPIiB Ta HE3MIHHUX
nmapamMeTpiB MaTeMaTUYHOI MOJEN MeperHsieMO 10 HACTYITHOI BaKJIMBOI CKJIAJ0BOI —
JITOPUTMIYHO 33/IaHOT MOJIEJIl OOUMCIICHHS CKASIPHUX KpUTEpiiB (puc. 2.6).

[IpaBwia GhyHKIIIOHYBAaHHS aJITOPUTMIYHO 3a7aHOT MOJIEIl OOYMCIICHHS CKaJsIPHUX
CKJIAJIOBUX BEKTOPHOTO KpuTepito [91]:

1. 3aganHs mapaMeTpiB JiHii 3B’A3KYy, a came: KOe(DiLieHTIB MiACUICHHS aHTEH Qppy

Ta Qup, » TOTYXKHOCTI mepenasada By CHEPreTUYHOro 3amacy JiHii L.,, , BIACTaHb T =

pA >
(7 min T'max, |, TPAHMYHA IIBUAKICTh Iepegadl JaHUX Sy .

2. 3HaXO/)KEHHS IOCTYITHOTO Jl1alla30Hy YacTOT Ta CMYT MPOITyCKaHHS.

3. IlepeBipka npiopuTeTy IIILOBOI (PyHKIIT § = max. ko Tak, ToO MeperTH 110

nyHKTy 3.1. B iHakimomy BUNQAKy nepexij 10 NyHKTY 4.

3.3. Mepeiitn
A0 HAacTyNHOro
npasuna

Tak

3.1. Peanisauis
npaeun Ld smax

iHeUb,

Tak
‘1 i

6.1.Po3paxyHok

2.3

1. 3apaHHA [OOCTYNHUX
napameTpiB —>po6oYmuxX YacToT >
INiHIT 3B'A3KY Ta cMyr
nponyckaHHaA

Hi |4.Po3paxyHok
nonepeaHix
napameTpis
NiHil 38"A3Ky

6. MepeBipka
MOXTMBOCTI 3MiHN
NOTYMXHOCT

. NepeBipka
MOXMUBOCTi 3MiHK
pefouoi yacTo

8. MepeBipka
~<_HasiBHOCTi aHTeH 3
iHWMM Q

.Mpioputer LUP
s—max

HeobXxigHoT
NOTYXHOCTi
nepefasaya

7.1.Po3paxyHok
HeobXigHoT
pob6ouoi
4yacToTu

8.1.Bubip aHTeH
3 HeobXxigHMM
koediuieHTOM
niacuneHHa

PucyHok 2.6. AITOpUTMIYHO 3a/laHa MaTeMaTUYHa MOJIC)Ib OOYUCIICHHS CKaJISIPHUX

CKJIQJIOBUX BEKTOPHOTO KpuTepito [91]

3.1. Peanizauisi npaBuJl MakcuMI3allii MIBUIAKOCTI Nepenayl JaHUX 13 MEepPEeBIPKOIO
Ssan = Smax (ILyHKT 3.2):

a) 30UIBIIEHHS CMYTH MTPOITyCKaHHS

0) 3MeHILIeHHs po00Y0i YacTOTH 10 aiana3zony 2.4 [T

B) 30UJIBIIIEHHS TTOTYKHOCTI Mepe1aBaya
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3.2 SIKIO yMOBA Sy = Spgx AOCATHYTA, TO IIOBEPHYTHUCS 10 IyHKTY 2. B iHakmomy
BUMNAJKY MEPEUTHU 10 TyHKTY 3.3.

3.3 PeanizyBaTu HacTyNHE MPaBWJIO 1 BUKOHATH MEPEBIPKY HA JOCTYMHICTh 1HIIUX
npaBuil (yHKT 3.4)

3.4. Sxmo mpaBui OLNbIIE HE JUIIUIOCS, TO 3aBEPUIUTH AITOPUTM 13 BKa3aHHIM
HEMO>KJIMBOCTI JJOCATHEHHS 33aHO1 IIBUIKOCTI TIepeiayi JaHUX.

4. Po3paxyHOK MAaKCUMAaJbHOi JOBXKWHM JIHII 3B’A3KY T,ospmax IPU 3aj1aHIH
IIBUJKOCTI IIEPEayl JaHUX Sy,, 13 BKA3aHHAM POOOYO0I YaCTOTH, CMYTH IIPOIYCKAHHS.

5. IlepeBipKa Tmin < Mhospmax < Tmax - SIKIIO YMOBa JOCATHYTA, TO 3aBEPLINTHU
QITOPUTM 13 BKAa3aHHSM MapaMeTpiB KaHay 3B’sI3Ky. B 1Hakmomy BUIAAKY MEpPErTH A0
IIYHKTY 6.

6. [lepeBipka MOKIMBOCTI 3MIHU TIOTYKHOCTI B, SIKIIO TaK, TO MEPEHTH 10 MYHKTY
6.1, 1HaKIIe — 10 MyHKTY 7.

6.1. Po3paxyHok HEOOX1HOT MOTYKHOCTI JIJIsl JOCATHEHHS YMOBH B MyHKTI 5 (ipu
3a1aHUX OOMEKECHHSX ).

7. IlepeBipka MOXJIMBOCTI 3MIHH POOOYOi 4aCTOTH. SIKIIO TaK, TO MEPEHUTH O MYyHKTY
7.1, 1HaK1e — 10 MyHKTY 8.

7.1. Po3paxyHOK HEOOXIJHOi YacCTOTHU JUIsl JOCSTHEHHS YMOBU B TMYyHKTI 5 (TipH
3aJlaHuX OOMEKEHHSX ).

8. IlepeBipka HAIBHOCTI aHTEH 3 1HAKIIKUM KoediienToM miacuneHHsa Q. SAkiio Tak,
TO TepeiTu a0 MyHKTY 8.1, 1HaKIIe 3aBEPIIMTH AJITOPUTM 13 BKa3aHHSIM HEMOJKJIIMBOCTI
JOCSITHEHHSI [11al1a30Hy JOBXUHM JIIHII 3B’ S3KY .

8.1. Bubip anTeH 3 He0OX1THUM KOEDIIIEHTOM ITiACHICHHS JJIsl IOCATHEHHS YMOBH B
MYHKTI 5.

Koperysanns napameTpiB JiHii 3B’ 13Ky € 0araTOKpUTEP1aJIbHOIO 33]]a4€I0 1Y BXIJTHUX
JaHUX MOKe OyTH HaJlaHO TPIOPUTET BU3HAYCHHMM TMapaMeTrpaM 1 TMEBHI JOIMyCTHUMI
MOCTYNKHU (BIAXWJICHHS) IS IHIOWX. Y BUMNAQAKY BHIIOTO MPIOPUTETY (PYHKITIT
MaKCUMaJIbHOI IIBUJKOCTI Mepeavl JaHUX y MYHKTI 3 aJIrOpuT™M OOHpaE 13 TOMYCTUMUX

BApiaHTIB HAWKpaIMd 13 JOIyCTUMHM BIIXWIICHHAM Yy IOTYXKHOCTI nepemasada B, ,
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BIJICTaHl I, CMyI'H MpPOIyCKaHHsA Ta poOouii yacToTi. [Ipu HEOOXigHOCTI JOCATHEHHS
HEeOoOX1JHOI TOBXKHMHHU JIiHIi 3B 513Ky (IIyHKT 5) 13 331aHOI0 MIBUAKICTIO Iepeadl JaHUX Ss,,
JOMYCTAMI TOCTYNKHA Y TIOTYXXKHOCTI TiepenaBada, poOodii 4dacToTi Ta KoedimieHTax

MiJICHICHHS aHTeH [91].

2.2.3. [locTanoBKa 3aa4i 0araToOKpUTepiajbHOI ONTHUMI3aNil

BpaxoByroun A0CBiJ TOMEpPEaHIX JOCTIAHUKIB Ta PiBEHb BaXKJIMBOCTI JIOKAJIBHHUX
(CKaJIIpHUX) KPUTEPIiB, III0 BUKOPUCTAHI Y MaTeMaTUUYHIA Mojenl 3a1a4l, chopMyITHOEMO
MIOCTAaHOBKY 3aJia4i 0araTOKpUTEPIAIbHOT ONTUMI3aLlli Y BUTJISIAIL

W;(X) - max
XeG
W5(X) = min

XeG

Ws() = min

ne X — BEeKTOp Kepyrouux napamerpis, G — 001acTb 10MyCTUMUX 3HAYEHb.

MaremaTuyHa TOCTaHOBKA 3ajlaul OaraTOKpUTEpiadbHOI ONTUMI3aIll MOTpedye
BUOOPY MPHUHIIMITY ONTUMAIBHOCTI (SIK 1€ KaXyTh, CIIOCOOY (CXEMHU) KOMITPOMICY), SIKH
J03BOJISIE  OOUMCIUTH ONTHUMAJbHE PIIIEHHS [JIs1 BU3HAYEHOTOo HAOOpy KpuUTEpiiB
wW;(X) (= 1,_3), TOMY II10 JIMIIIE B 1JI€aJTbHOMY BUTIIAAKY BC1 JIOKaJIbHI (CKaJsipHi) KpUTepii
JOCSITal0Th CBOTO €KCTPEMYMY (MakCUMyMy a00 MIHIMyMY) MPH OJJHAKOBHUX JOIYCTUMHUX
3HAUCHHAX Kepyrouux mapamerpiB [32]. B mucepTarlii BUKOpPUCTaHO METOJ BEIy4OTO
KpUTEpisl, KU OTpUMaB B 1HXKEHEPHIN MPAKTHUIIl HAWOUIbIIEe PO3MOBCIOKEHHS [63,69,
113]. B sKOCTI 4YHCENBHOTO METOAY TOIIYKYy EKCTPEeMyMY BEIy4Oro KpUTEPIIO
3aIpPOIIOHOBAHO BUKOPUCTOBYBATH MeToA Xyka-/[xuBca [69].

OnTumarnbHe pIlIeHHS Ma€e TaKoX 3a0e3nedyBaTH palioOHaJIbHICTh, TOOTO KpUTEpii

W;(X) (i = 4,11) MaroTb GyTH He TipIIMMK HiXK BCTAHOBIICH] [T HUX 0OMexeHHs [32].

B nwuceprarii 3ampornoHoBaHo Metoa miaTpumMku 3B’sisHocti MMCC/ 3
BUKOpUCTAaHHAM TA JBOpIBHEBOr0 pO3TAlIyBAHHSA i3 PI3HUM eHEePreTUYHUM
3a0e3nmevYeHHsIM, SIKUH J03BOJISI€ PO3B’S3aTHU IOCTABIICHY 3a/ayy OaraToKpUTepialbHOT

ONTHUMI3alli 1 TOCATTH KPAILIOT0 Pe3yJIbTaTy HIXkK Y CUCTEMI-IIPOTOTHIII.
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JlocATHEHHST Kpamioro pe3yJbTaTy MIATBEP/DKYE IMITAlIMHUNA eKCIepuMeHT (y
posaini 4). J{ns 3a6e3nedenns 00’ eKTUBHOCTI MOpiBHIHHS 3anpornonoBaHoi MMCC/] 3 TA
PI3HOPIBHEBOTO po3TairyBaHHA 13 BigoMor0 MCM 3 TA — npoTOTUIOM ONTUMIi3yBalUCs
nepir Tpu HaMOLIbIl Ba)KIUBI KpuTepii. [HIIN BiciM KpUTEpIiB 3aJMIIATUCS BUIBHUMHU.
Takuil miaxia onTuMizalii BUKOPUCTOBYBABCS y poOOTaxX MOMEPENHIX JAOCIHIIHUKIB Yy
cucTeMi nporoTumi. baraTokpurepianbHa onTUMI3allisl BUKOHYBAJIAcsi METOAOM BEIy4YOTrO
kputepito. [licns ontumizanii 3anpornonoBanoi cuctemu (MMCC/l 3 TA aBopiBHEBOTO
pO3TallyBaHHs 13 PI3HUM €HEPreTHYHUM 3a0e3MeYeHHsIM) Ta cucTeMu — nporotuny (MCM
3 TA OZHOPIBHEBOrO pPO3TALIYBAaHHA 13 OJHOPIIHUM E€HEPreTUYHHUM 3a0€3MEeUEHHSIM) 3a
TphOMa HAWBaXJIMBIIIUMU KpUTEPISIMUA OyJI0 BUKOHAHO OaraTOpKHUTEpiajgbHE MOPIBHSIHHS
no Bcix 11-tu kpurepisx. OTpuMaHO TpUBIAJILHUN pE3yJbTaT — 3alpONOHOBaHA CHUCTEMA
nepeBaxkae mo BciX 11-Tm kputepiax (3a pe3yiabTaTaMu IMITAI[IHHOTO MOJEIIOBAHHA Y

po3aini 4).

2.3. Meroa minrpumku 3B’s3Hocti MMCCA 3 Buxkopucranuasm TA

IlBOpiBHeBOFO po3TalmryBaHHs i3 pi3HI/IM CHEPIreTUHYHUM 3a0e3neYeHHsIM

JIpyruii HAyKOBHUil pe3yJibTaT: BIEpIIE PO3POOJIEHO METON CHPSMOBAaHUN Ha
MIATPUMKY 3B’SI3HOCTI MOOLIIBHOT CEHCOPHOI MEpexi, MpU po3poOLl KO0 BUKOPUCTAHO
KOHCTPYKTHBHO-AJITOPUTMIYHMIA MiAXix 70 BJOCKOHANEHHS ICHYIOUMX METOIB

MIITPUMKH 3B’ SI3HOCTI, MPO 5K HIia MoBa y po3aim 1 Ta maparpadi 2.1.

2.3.1. KOHCTPYKTHBHA CKJIaJI0BA METOAY

Ilepmia KOHCTPYKTMBHA CKJIAJ0Ba METOAY IIOJIAra€ B TOMY, WO BIEpIIE
3aMpONOHOBAHO BUKOPHUCTOBYBATH MOO1JIbHI CEHCOPH CHPSIMOBAHOI 1.

Jlpyra KOHCTPYKTHMBHA CKJIQJI0OBAa MeTOAYy TIOJsIrac B TOMY, IO BIEpIIE
3allpOTIOHOBAHO  BUKOPHCTOBYBAaTH  JIBOPIBHEBY  CHUCTEMY  TEJEKOMYHIKAIIIHUX
aeporiaTdhopM 13 BpaxyBaHHIM TOro (akTy, 110 IIaTPOPMHU JPYyroro piBHSI NOBUHHI MaTH
OUTBIIly eHepreTHuHy 3a0e3medyeHicTh HDK miardopmu mneprioro piBHA. [lmardopmu

JPyTroro MOBUHHI MATH TaKy €HEPTreTUYHY 3a0€3MEUYCHICTD, SKa J03BOJIAE IM MIATPUMYBATH
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TPUBAIUN Yac 3B 530K 13 CYMyTHUKOM Ha HU3bKi HaBKOJIO3eMHIN 0pOiTi a0 13 BUCOTHOIO
TEJICKOMYHIKAIIHOIO MIaT(GOpPMOI0 (TICEBAOCYITY THHKOM).

O0’exTUBHA HEOOXIJHICT B 3aCTOCyBaHHI caMe€ JBOPIBHEBOI CHCTEMH
aeporuiarGopM BHUIUIMBAaE 13 (i3MYHOrOo 3MICTy 1H(pOpMaIHHO-1HPPACTPYKTYpHOT
poOJieMH, Ky BUPIITye MOOLJIbHA CEHCOpPHA MEperka B 30H1 BEIMKOMACIITA0HO1 (JICK1IJIbKa
TUCSY KBaJpaTHUX KUIOMETPIB) HaJ3BHYalHOI CHUTyaIlli (/16 MOBHICTIO 3pyHWHOBaHa
TeJIeKOMyHiKamiitHa iHppacTpykTypa) abo B perioHax (Mopsi Ta okeaHuW abo Tipchbka
MICIIEBICTB), J¢ Iig 1HGpacTpyKTypa BiACyTHA B3araji. Llg mnpoGnema monsrae y
HEMOKJIMBOCTI MIATPUMKHU MOCTIMHOTO 3B 3Ky MK LIEHTPOM KE€pyBaHHS 1 aDOHEHTaMHu B
30HI BIZCYTHOCTI TEJIEKOMYHIKaliitHOI 1H(QpacTpykTypHu. i1 OnepaTUBHOIO CTBOPEHHS
miei 1HQpacTpyKTypu 1 3amporoOHOBaHO METOJ MATPpUMKH 3B’s3HocTi MMCC]] i3
BUKOpUCTaHHAM TA JBOpIBHEBOIO pO3TalllyBaHHA. [nes LBbOro METONy TNOJIArae y
BUKOPUCTAaHHI 0araTOpiBHEBOI MEpeXi TEJIEKOMYHIKAIIMHUX —aeporuiaThopMm s
3a0e3nedeHHs 3B’s3HOCTI By3niB MCM. Ha HynbOBOMY PpiBHI pO3TalIOBaHI CEHCOPU
cupsiMoBaHoi Aii (By3iu) (puc. 2.7). CeHcopaMu (TOOTO JaTYMKaMH IEPBUHHOI 1HPOpMAIIii)
MOKYTb OyTH OCHAIIIEHI MEXaHI4HI MPUCTPOT, sIKI PO3TAIOBYIOTHCS YU MEPECYBAIOTHCS TI0
MOBEPXHI 32 JOTIOMOTOIO CIeliajIbHIX MPUCTPOIiB IIEpecyBaHH a00 Pa3oM 3 JIFOJAUHOIO, SKa
€ PATYBaJLHUKOM YU BUKOHYBayeM TOIIYKOBUX POOIT B 30H1 HAJ3BUYANHOI CUTYaITI1.

[IpuOyTTs MONUIYKOBIIB Ta PIATYBAIBHHUKIB a00 TUIBKKM TEXHIYHHMX 3aCO0IB IS
BUKOHAHHS BIANOBIAHUX 3aBJaHb BUMArae onepaTuBHOTO MOKPUTTS BEIUKUX TEPUTOPIH 1
BCTAQHOBJICHHSI 3B’SI3HOCTI HE TIIbKA 3 OIEpPaTUBHUM LIEHTPOM pATYBaHHS, a W 3
r100amTbHUMH IICHTPAMU CIIOCTEPEXKECHHS 3a KaTaKJi3MamH, HAyKOBUMH Ta MEIUYHUMH
LEHTPaMHU, B IKUX MOKYTbh OyTH HaJaH1 BKa31BKHU 111010 METUYHUX ONepalii s pATyBaHHS
KUTTSL JroAed abo 3A1MCHEHO KepyBaHHS pATYBAJIbHUMU AisiMH. ToMy BiJCYTHICTb
TEJEKOMYHIKALIMHOI 1HPpacTpyKTypu ab0 HEMOXJIUBICTh mepenadi iHdopmarlii €

KJIFOYOBUM MOMCHTOM IJI1 BUKOHAHHA YCHiIHHOl"O I[IOIIYKY Ta psATYBAaHHA.
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B nepcnexTusi — 3-ii
piBeHb Ha 0a3i cucTtem
CYNyTHMKOBOIO 3B’SI3Ky

2-ii pisens —
mepeska Ha BITIJIA
,,;%imggglﬂﬂz

1-ii piBenb —
. MoobiabHi 0a30Bi cTanmii
“ . HeJiKONTEepHOro THIl

—:Ilﬁi :

Pucynox 2.7. baratopiBaeBa Mepeka TA st 3a0e3meueHHs 3B’ 13HOCTI By311iB MCM

Ha croromuimHii aAeHb KOkHa Opurana mo npulyna Ao wmicug noaii mae TA
reJIIKONTEPHOTo THUIy (200 B JESKUX BUMAJIKAX JIITAKOBOr0). BoHu, sik 6aunMo Ha pUCYHKY
2.7, cTBOPIOIOTH 1-i piBeHb Mepeki (TaKTHUHUN PIBEHb), SIKUK 3abe3medye JOKaIbHY
3B’SI3HICTh JJ1s1 300py Ta 0oOMiHYy iH(OpMaIli MK TEXHIYHUMM 3aco0aMu pATYBaHHS 1
MONIYKY Ta pITYBAJIbHMKaMU. BucoTa po3TamryBaHHS BiJ MiB KUIOMETpa 10 OJUHUIIb
KiJloMeTpiB. AJie 00 nepenatu iHpopMmalliro Ha Jajaeki BiICTaH1 10 MiCIlb JIe TPUIMaIOThCS
3arajgbHl (OTIEPAaTUBHO-CTPATETiuH1) PINICHHS HEOOXITHUUN e oauH piBeHb TA — 2-i
(BUCOTa SKOTO HAJl 36MHOIO MIOBEPXHEIO BiJ] ACKIIHKOX KUIIOMETPIB 0 JEKIJIBKOX JIECATKIB
KijloMeTpiB). BiH MOBUHEH B3aeMOMISATH K 3 Mepekero TA TelmKONTepHOTO THUITY

(TakTMYHUN pIBEHb) TaK 1 3 HU3bKOOPOITAIBHUMHU CYIMYTHUKOBUMHU CHUCTEMamMHu abo 3
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BHCOTHUMH TEJIEKOMYHIKAIIMHNME TutatrgopMamu (IICeBAOCYTyTHUKAMU) IS TOTO, 1100 3
iX JOMMOMOTOO MIBUJIKO TIEpeaaBaTH iHGOPMAIIIIO 10 EHTPY NMPUHHATTS PIIICHb.

[lepmuii Ta Apyruil piBHI pO3TallyBaHHS TEJIEKOMYHIKAIIMHUX aenporiaTdhopm
PO3PI3HIIOTHCS HE TUTHKU MIPOCTOPOBUM PO3TAIIyBaHHSM, a i OCHAIIEHHSIM 1 MOKJIMBICTIO
nepeOyBaHHA y poOOYOMYy CTaHi, TOOTO BUKOHYBaTH 1H(OpMAIHHUK OOMIH 3 1HIIUMH
piBHSIMH Mepexi. 3a3Buyail TA reiikonTepHOro Ty (aeporuiaropMu MepHioro piBH:;)
MOXYTh BUKOHYBATH CBOI TEJICKOMYHIKaIliHI (yHKIIIT BiJl ITiB TOJWHU 10 JEKUIBKOX T'OJIMH,
a JIITAaKOBOTO TUITY (aeporuiaTropMu JPYroro piBHsA) - Bijl 24 TOAUH JI0 I€KIIBKOX 110 (TOMY
10 €HEPTeTUYHA OCHAILIEHICTh OUIBIT BUCOKA).[89,90].

Ha puc. 1.9 MoxHa po3risigaTd Ha HyJIbOBOMY PiBHI caMl CEHCOpH, a Ha MEPIIOMY
piBai 1e BIIJIA remikonrepHoro tumy (abo mitakoBoro). Lli amapat mOBHHHI
pO3TalllyBaTUCs B TOYKaX oOMiHYy/300py 1H(opmarii. Ak Oysio cka3zaHO, BOHH 30HparOTh
iH(popMaIrito ado 3 yCiX CEHCOPIB 3aBUCAIOYM B IIEHTP1 KJacTepy ado 3 FOJIOBHOTO CEHCOpa
(kM MoOxe OyTH MOOUTPHUN Ha3eMHHUH By301). SIKIIO PO3IIISAAETHCS 3a7a4a B3aeEMOJIT
TA 1-ro ta 2-ro piBHiB (puc 2.7), To Miciie By3JiB 3aiimaioTb TA 1-ro piBHs (puc. 2.8).
Oco6muBocti TA 1-r0 piBHS T€NIKONTEPHOTO TUITY B TOMY III0 BOHU MOXYTh "3aBUCHYTH"
B TOYKax OOMIHY/300py JaHUX, a JITAaKOBOTO THUIIy IOBHHHI CIELIAIbHUM YHUHOM
OapaxyBaTu TMOpPYyY 3 TaKUMHU TOYKaMH, 00 3abe3nedyuTH 30ip moTpiOHOI 1HDOpMAaIIii.
Sxmo gomyckaeTbesl Aesike 3ami3HEeHHS B OTpuMadi 1HQopmarllii, To He 000B’S3KOBO B
KOXKHIM To4YIli 0OMiHY/300py po3TamoByBaTu BiAnoBiAHY TA. MOXIMBO 3MEHIIUTH iX
KUIBKICTh 1 3a0e3neuuTd TepemimieHHs abo Bcix abo nesakux TA MK mopyd

po3TamoBaHuMU Kinactepamu [36,37,38,90].
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Pucynok 2.8. Cxema B3aemogii TA 1-ro Ta 2-ro piBHIB

MeTton 103BoIsIE 3a0€3MEUNTH:

1. MoxnuBICTh TIepeayl JaHUX BiJl CECHCOPHHUX BY3JIIB CIPSIMOBAHOI Jii B YMOBax
B1JICYTHOCTI T€JIEKOMYHIKALIIHOT IHPPACTPYKTYPH.

2. bararokputepiasibHy ONTHUMI3allil0 KPUTEPIiB 1HGOPMAIIIHOTO OOMIHYy MIX
nociiioBauMu piBHIMH: MMCCJI-TA(1-ro piBusi) 1 TA(1-ro piBus)-TA(2-ro piBH#A), a
came: MIHIMI3yBaTH 4Yac nepeayi JaHuX, MAaKCMMI3yBaTH LIBUJIKICTh nepeaadi iHpopMarii,
MiHIMI3yBaTu KUIbKICTh TA.

3. VHiBepcaJbHICTh 3aCTOCYBaHHS: Nepenaya JaHUX PI3HOTO TUMY (ayJlo, TEKCTY
TOIIO) TMpPU TEXHOTEHHUX KaracTpodax, Ha MOJAX OO; MiJ 4YaC MOHITOPUHTY CTaHy

TpyOOIIPOBO/IIB, JICIB, TIOJIIB arpOKYJIBTYP, TapaMeTPiB HABKOJIHUIITHLOTO CEPEIOBHUIIIA. .

2.3.2. AIropurMivHa CKJIAI0BA METOAY: €TAll METOy

Posrnsinemo etanu 3anpornoHoBaHoro metoay [90]:

1.Anroput™m 300py AaHUX TPO CTaH Mepexi (moyaTkoBuil 00T TA) BUKOHYETHCS
aHAJIOTIYHO CUCTEMI-IIPOTOTHITY, ajie aeporiaropmMamMu Ipyroro piBHA (3aNponOHOBAHO
BIIEepIlEe), SKI BUKOPHCTOBYIOTh AKTHBHUUM JIOKAIIWHUNA CHOCIO BU3HAYCHHS KOOPJIWHAT

MOOUIBHMX CEHCOpPIB CHPSMOBAHOI [1i (CHPSMOBaHI AHTEHH BUKOPUCTOBYIOTHCS SIK
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CrelialibHl BigOMBaul JOKALIMHOTO TMPOMEHIO TEJIEeKOMYHIKAIIHOI aeporardopmu
apyroro piBHs). O6poOka pe3ynbTaTiB 00Jb0TY BUKOHYETHCS Y B LICHTP1 YIIPABIIHHA.

2. Po3paxyHOK TOYOK 1MO3uIlit0BaHHs TA MepIioro Ta Ipyroro piBHs BUKOHYETHCS 3a
pe3yabTaTOM pO3B’s3aHHS OaraToKpuTepialbHOI 3aaadi, MmO MocTaBimeHa y m. 2.2.3
(3ampoNnoHOBAaHO BIEpPIIe) BUKOHYETHCS B LICHTP1 YIPABIIHHSL.

3. Po3paxyHOK MapuipyTy pyxXy [0 TOYOK IMO3ullitoBaHHS TA BUKOHYETBhCS 3a
pe3yiabTaTOM pO3B’s3aHHS OaraTOKpUTEplaIbHOI 3aaadi, IO MOCTaBimeHa y 1. 2.2.3
(3anmponoHoOBaHO BHepIIe) BUKOHYETHCS B IIEHTP1 YIIPaBIiHHS

4. AropuTM BCTAHOBIICHHS 3B’ SI3HOCTI M’k BU3HAUEHUMHU MEPEKEBUMHU €JIEMEHTAMHU
peani3yeThCs 13 BUKOPUCTAHHAM CIHEL1aJbHUX BIACTUBOCTEM aHTEH CHPAMOBAHOI [1i, 11O
BCTAaHOBJICHI Ha MEPEXKEBUX  eJeMeHTax (MoOLIbHI ceHcopu, TA) (3anmpornoHOBaHO
BIIEpIIIE).

5. Anroputm niepenaui iHdopmaiiii 3 By3miB (uepe3 TA) B nieHTp 300py Ta 00poOKU
JAHUX MOHITOPUHTY PEaNi3yeThCs 13 BUKOPUCTAHHSAM CHELlaIbHUX BJIACTUBOCTEN aHTEH
CIpSIMOBAaHOi [ii, 110 BCTAHOBJICHI Ha €JIEMEHTax Mepexi (MoOiIpHI ceHcopu, TA)
(3anponoHoBaHO BIEplie).

®di3uuHMit 3MicT eTariB metoay [90]:

Pesynbratom nepwioco eramy wmae crtaTd 1H(QOpMaIlis MOpoO KUIBKICTH BY3IIB,
MOXJIUBOCTI X 1H(OpMaIiitHOrO OOMIHY (TTOTY>KHOCTI TPHUCTPOIB 10 TMEPEAar0Th
iH(dopMalito, TUI aHTEH, po0OYl YacTOTH Ta CMYIM MPOMYCKaHHSA), E€HEpPreTUyHi
XapakTepucTuku. To0To, chopMyBaT MacuB JaHUX IMPO KOXKEH 3 BY3JiB, a TAKOXK IPO
KOXKHY TEJIEKOMYHIKalliiHy aeporaT@opMy 3 TOUKU 30py 00’ €KTa KepyBaHHS.

[Ticnst UbOro MPOBOAMUTHCS aHANI3 OTPUMAHUX PE3yJIbTaTiB, BU3HAYAETHCS CIIOCIO
nepemadi ganux 3 By3niB A0 TA 1 3 TA mepmioro piBHsa no TA npyroro piBas (3
KJIacTepu3allicro 4u 0e3, 13 B3aEMOJII€I0 MK co000 4M 0e3 1T/.), HEOOX1aH1 MOTY>XKHOCTI
neperaBajJbHUX NPUCTPOIB, CMYTM MPOMyCKaHHS Ta poboui yactotu. lLle mo3Bomsie
BUKOHATU Opyeutl i mpemitl €Tanu, pe3yJbTaTOM SIKUX € KOOpJUHATH po3TamryBaHHs TA
000X pIBHIB 1 MAPUIPYTH iX PYyXY.

Ha uemeepmomy i n’amomy eramax BimOyBa€eThCs Mporec O6e3mocepesHp0i poooTH

Mepexi, a came noJiT TA 3riiHO MpOBEAEHUX PO3PAXYHKiB, BCTAHOBJIEHHS 3B’ I3HOCTI MIXK
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MEpeKeBUMHU efleMeHTaMHu (By3nd, TA mepioro i Jpyroro piBHiB) 1 nepeaaua iHpopmarii
710 IEHTPY YIIPaBIiHHS.

KirouyoBum (KpUTHYHHMM) €JIeMEHTOM SIK KOHCTPYKTHBHOI, TAK 1 aJITOPUTMIYHOL
CKJIA/I0BOI 3aNIPONIOHOBAHOI0 METO/1Y € aHali3 Ta BUOIp anapaTHUX 3aco0iB AJIs peanizallii
CIIPSIMOBAHOCTI i CEHCOpIB Ta TEJICKOMYHIKAIIMHUX aeporuiatrgopm (amaparHe

BI[OCKOH&JICHHSI) .

BUCHOBKMU 10 PO3ALITY 2

1. Po3rasinyTo CTpyKTYpy Ta NpUHIUNHN (GYHKIIOHYBaHHA cucteMu npototun MCM
13 TA, a came: 0co0JIMBOCTI OpraHi3allii Ta MOJENl NOJIbOTY, AITOPUTMH PO3PaXyHKY MICLb
oOMiHy 1H(popmaii, knactepuzauii MCM.

2. byno mpoBeneHO aHalli3 Ta BU3HAYEHO HENOJIKH aJTOPUTMIB Ta CIIOCOOIB
oOMiny/300py nanux oaHopiBHeBoi HIIM (cuctemMu mpoTOTHI), IO A0 PO3YMIHHS
aKTyaJbHOCTI Ta HEOOXITHOCTI MOJAJBIIOr0 PO3BUTKY MOOUIBHUX CEHCOPHUX MEpex 13
BUKOPHUCTAHHSAM TEJICKOMYHIKAIIMHUX aeporiaTdhopm.

3. Po3po06iieHO MaTeMaTU4Hy MO/IEJb OLIIHKH 3B’ A3HOCTI BY3J11B MOO1JIbHOT CEHCOPHO1
Mepexxi 3 TA, sika BKIIOYAaE O CBOTO CKJIaJy MaTeMaTU4HI Mojeii (yHKIIOHYyBaHHS
ceHcopiB cnpsiMoBaHoi nii 1 TA ABOPIBHEBOTO PO3TAlIyBaHHS 3 PI3HUM €HEPreTUYHUM
3a0€3MeUYCeHHSIM, a TAKOXK aJTOPUTMIYHO 3a/1aHy MOJIENIb OOUMCICHHS KPUTEPIiB.

4. Po3pobisieHo MeTo 1 miATPUMKH 3B’ s13HOCTI By371iB MCM 3 TA, sikuii Ha BIAMIHY BiJ
ICHYIOUMX METO/IIB J03BOJIsI€ €(DEKTUBHO BUKOPUCTOBYBATH aHTEHU CHPSIMOBAHOI J1i, 110
po3TamioBaHi Ha ceHcopax 1 TA ABOPIBHEBOTO MPOCTOPOBOIO PO3TAIIYBAaHHS 13 PI3HUM
CHEPTreTUYHUM 3a0€3MCUCHHSIM, 3aBISIKH YOMY JOCITAEThCS 3MEHIIICHHS CEPETHIX 3HAUYCHb
yacy 3aTpUMKU MpU TepeAadl AaHuX, Oe3nocepeqHbo 3adisHuX TA B KOXHOMY CeaHCl
nepeaadi iHdopmarlii 1 301IbIICHHS cepeHbOT MBUAKOCTI nepenayi inpopmaririi B MMCCJ]
13 TA 1BOPIBHEBOI'O PO3TAIILYBAHHS.

5. Meton no3Bosisie 3a0€3MeUnTH:

o MoXJMBICTh TEepefadl AaHUX BIJl CEHCOPHUX BY3JIB CHpPSIMOBAHOi Aii B yMOBax
BIJICYTHOCTI T€JIEKOMYHIKAILIITHOT IHPPACTPYKTYPH.

o baratokputepialibHy ONTUMI3ALI0 KPUTEPIiB 1HPOPMALIKHOTO OOMIHY MIX
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nocmigoBaumu piBHIMH: MMCCJI-TA(1-ro pias) 1 TA(1-ro piBHs)-TA(2-ro piBHSA), a
came: MiHIMI3yBaTH 4ac Tiepeaadl JaHUX, MaKCUMI3yBaTH HIBUAKICTh Nepeaayl iHgopmariii,
MIHIMI3yBaTH KUIbKICTh TA.

o VYHiBepcaabHICTh 3aCTOCYBAHHS: TIepeada JaHUX PI3HOTO TUITY (ay/110, TEKCTY TOIIO)
Opy TEXHOTEHHMX KaracTpodax, Ha Mouax OO00; MiJl 4Yac MOHITOPUHTY CTaHy
TpyOOINPOBO/IiB, JIICIB, MOJIIB arpOKYJIbTYP, MApaMETPiB HABKOJIUIITHLOTO CEPEIOBHUIIIA.

6. Pe3ynbrat po3paxyHKiB MOKa3alid, IO ONTUMI3AIlis 32 BEKTOPHUM KPHUTEPIEM 13
BUKOPUCTAHHSM 3alPOIIOHOBAHOTO METOJy Jiajia TOKPAIIEHHS MOPIBHAHO 13 MPOTOTUIIOM
3a TEpIIMMH TphOMa IMOKa3HUKaMH (TOJOBHUMHU Kputepisimu) Biag 28% mo 41% Ta 3a
IHIIMMHA TIoKa3HuKaMu Bil 2% 10 43%. ['onoBHI kputepii, M0 BXOAWIM JO CKIAay
BEKTOPHOTO KpUTEpito: KuIbKicTh TA 1-ro Ta 2-ro piBHIB (MiHIMI3yBaiach), MIBUIKICTb
nepeaayi 1aHux (MakCUMi3yBailach), yac nepeiadi JaHuX 3 KiHI B KiHelb (MIHIMI13yBaBcsl).

7. HaykoBa HOBH3HA MOJISITa€ y pO3poO0Il MaTeMaTUYHOI MOJIEJI Ta BIOCKOHAJICHH1
METOAY MIATPUMKH 3B’ 3HOCTI By3:1iB MCM 13 BpaxyBaHHSIM MO>KJIUBOCTI BUKOPUCTAHHS
CEHCOpIB CIPSIMOBAHOI Jlii Ta TBOPIBHEBOI MEpEX1 TEIEKOMYHIKALIMHUX aeporiaThopM B
YMOBax BIJICYTHOCTI T€JIEKOMYHIKAIIHHOT 1HQPACTPYKTYPH.

8. HactymauMm KpokoM € amapaTHa peajizailisi 3alpolOHOBAHOTO METOAY, IO
moJjisirae 'y aHajizl Ta BUOOp1 amapaTHUX 3aco0iB 3a JOMOMOIOK0 SIKMX OyJe BUpilIeHa

nocTaBjieHa 0araToKkpuTepialibHa 3a/1a4a.
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PO311J1 3
AIMTAPATHE BJIOCKOHAJIEHHS MCM

Sk Oyno BkazaHO B po3/iial 1, CEHCOpHI BY3JIM € HEBIJ €MHUMH KOMIIOHEHTaMHU
O€3MPOBOIOBUX CEHCOPHHX MEPEXK, SKI OCHAIIYIOTHCS 3MIHHUMH a00 MOCTIHHUMHA
anTeHamMu. OCTaHHI BIJITpalOTh BHUPIMIAIBHY pOJib Y iX (DYHKIIOHAJIBLHOCTI 1 OyBarOTh
pI3HUX THMIB, Po3po0JIeHI BIAMOBIIHO 0 KOHKPETHUX BHUMOT, IO 0a3ylOThCS Ha TaKHUX
dakTopax, SK JaldbHICTh 3B 53Ky, €HEPTrOCHOKMBAaHHS Ta YMOBH HaBKOJUIIHHOTO
cepenoBuilia. ToOMy MOKIIMBICTh BCTAHOBJIIOBATH aHTEHHU PI3HOTO THUIY MOINEPEAHBO abo
0e31ocepe/IHbO B MOJIBOBUX YMOBAX MOXKE 3MIHIOBAaTH KIJIbKICTh HEOOXITHUX PECYpCIB Ta
MepexeBux eneMeHTiB (TA Tta By3niB) HIIM, mo nae Burpam y yaci (pyHKIIIOHYBaHHS
Mepexi, oOMiHI/300pi iH(Dopmarlii Tomo. [lepur 3a Bce iX MOAUISIOTH HA JABI TPYIIH:

CIIPSIMOBaHOI Ta BcecnpsaMoBaHoi Aii [91,92]. Po3risiHeMo iX OUIbII J€TadbHO HUXKYE.

3.1. AHaxi3 aHTeH BcecnpPAMOBaHOI Aii By3,1iB MCM

Cencopu (By3nu) BcecnpsiMoBaHoi Jii y BCM € ki1acu4HuM BapiaHTOM MPUCTPOIB,
K1l MOXYTh TpuUiMaTé a0o0 MepenaBaTh CHUTHAJ B yCiX HampsMKax HaBKOJIO HUX. BoHnu
OXOIUTIOIOTH (ITOKPUBAIOTh) TIOBHE KOJO HABKOJIO CBO€i TOYKH KpIMJIEHHS (3TITHO 3
JiarpaMor0 CIpsIMOBAHOCTI aHTEHH, 110 BUKOPHUCTOBYETHCS), IO POOUTH iX MPHUAATHUMHU
JUISL 3aCTOCYBaHb, KOJIM MO1ii @00 3MiHM B CEPEIOBHIII MOXKYTh BIIOYBaTHUCS 3 OYIb-SIKOTO
HaIpsIMKY, TOOTO 00JIaCTh OKPUTTS Ma€ JO3BOJISITH iM MepeaBaTy J1aHi Ha IIEHTPaTbHUN
BY30J1 200 1HII JaTyukd no0au3y. CroKUBaHHS €JIEKTPOEHEPTli € KpUTUYHUM (PaKTOpOM
JUISE CEHCOpPHUX BY31iB, ocobmuBo y BCM, 1o mnpaiooTh Bil OAHOPA30BUX abo
Oaratopa3oBuX JKepeln KuBJieHHA. EdexTuBHI cTpaTerii mpoeKTyBaHHs, KOMIOHEHTH 3
HU3BKMUM  CHEPrOCIOXHMBAaHHAM 1 METOAW  [UKIIYHOTO  HABAaHTaAXKEHHS  4YacTo
3aCTOCOBYIOTBCS JJISl MPOJOBXKEHHS TEPMIHY CIIy>)KOU JiKepesna >KUBJICHHS CEHCOPHUX
BY3JIIB, @ OTXe€ 1 30uUIblIeHHs 4Yacy (QYyHKLIOHYyBaHHA. BcecnpsmoBaHi By3iIM MOXKHA
BUKOPUCTOBYBATH JIJIS JIOKami3allli B 0€3MpoOBOIOBIN CEHCOpHiN Mepexi. Taki Mmeroau, sk
Tpuiarepailis abo TpiaHTyIISAIs, MOKHA BUKOPUCTOBYBATH JIJIS OIIHKH TIOJIOKEHHS BY3JIiB
JaT4YMKIB Ha OCHOBI 1H(OpMallii, 310paHoi 3 KIIbKOX AaT4ukiB [91,92].

Jns  By3miB  BceclpsiMOBaHOi i1 3a3BMYail BHUKOPHCTOBYIOTH  HACTYIHI
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PO3MOBCIOKEH] TUTIK aHTeHu [91,92]:

1. MoHnomnonbHa anTeHa (puc. 3.1) [93]. Ix 3a3B1uaii BUKOPHCTOBYIOTH Y By31ax 4epes3
iX TIPOCTOTY Ta KOMIAaKTHHIA po3mip. KpiM BcecnpsiMOBaHOI JiarpaMu B TOPU3OHTAIBHIN
IUIOIIMHI BOHU MAalOTh BEPTHKAIbHY TMOJSPU3AIII0, OPIEHTAISl SIKOI BH3HAYAETHCS
OpIEHTAIlIE€I0 BEPTUKAIBHOTO eJleMeHTa. Taki aHTeHU (3aJIekKHO BiJl iX pO3MIPIB) MOXKYTh
OyTH po3po0JIeH] ISl IMIMPOKOTO Jlana3oHy 4acToT, IO MiAKPECTIOE iX YHIBEPCAIbHICTb.
JIOCATHEHHsSI HAJIEKHOTO Y3TO/DKEHHS IMIIEJAHCY Ma€ BHpIIIAIbHE 3HAYCHHSA IS
edexkTuBHOT Tepenaui abo TpuiioMy cuUTHaITy. EneMeHTH y3roJpKeHHS, Taki SK
KOHJIeHCATOpH 200 KOTYIIKY IHIYKTHBHOCTI, YaCTO BUKOPHUCTOBYIOTHCS JIJIS HAJTAIITY BAHHS

AHTEHU Ha MOTPIOHY YAaCTOTY Ta Y3rOKEHHS i1 3 0OPOM MIAKIOYEHO] JiHIi nepenadyl [92].

e

Pucynok 3.1. MoHomnoJsibHa aHTeHa Ta ii JilarpaMa CipsiMOBaHOCTI [92]

Posropraroun MOHOMOJBHI aHTEHW [JIs CEHCOPHUX BY3JIB, YK€ BaXJIUBO
BpPaxOBYBaTH KOHKPETHI BUMOTH, TaKl SIK Oa)kaHUM J1alla30H 4acTOT, OOMEKEHHS pO3MIpy
Ta XapakTEpPUCTUKU HABKOJMIIHBOTO cepenoBuila. llpaBuinbHa KOHCTpYKIis Ta
ONTHUMI3allisl MOXYTb TrapaHTyBaTH, IO MOHOIOJbHA AaHTEHa BIANOBIAAE BUMOraM
MPOTyKTUBHOCTI OE3MPOBOIOBOI CEHCOPHOT Mepexi [92].

HaganHs KOHKpETHHX aOCONIOTHMX 3HAa4Y€Hb MJIi MOHOIOJBHHUX aHTEH, IO
BUKOPHUCTOBYIOTHCSI B CEHCOPHHUX BY3J1aX, MoTpeOye iHdopmallli mpo KOHKPETHY MOJCIb
a00 KOHCTPYKIIIO aHTEHHU, TaK SK XapaKTEPUCTUKH BIJIPI3HSIOTHCA B 3aJIEKHOCTI BiJl
JIOBXKWHU aHTEHU Ta IUIONI 3a3eMIIIOI0Y0i TOBEPXHi. 3a3BUUail BUPOOHUKHU HAJIaIOTh JIaHY

iHdopmariito y TexHiuHux mnacroprax (datasheets), ogHak MOXKHA PO3TIISHYTH THIIOBY
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aHTeHy Ta i1 XapakTepucTuku [94]: KoediieHT MACUICHHS B 3aJI€KHOCTI BiJ] MTOJIO0KEHHS
aHTEHW, Jlanma3oHy d4acToT (mis maHoi antenn 2.4-2.5, 5.15-5.85 I'Tm) Ta mmomi
3a3eMJIeHHS ckianae Bij 1.94 no 4.09 dB, omip 50 Om, BxigHa noTykHICTh 10 BT, 1oBXKHHA
69.6 MM, miametp S MM [92].

2. lunionpHa anTeHa (puc. 3.2). Lle apyruii TUI npocTux, ajie ePeKTUBHUX aHTEH, K1
BUKOPHUCTOBYIOTBCSI B PI3HOMAHITHUX CIICHApisX, BKJIIOYAIOUM CEHCOPHI BY3JIM Ta
0e3mpoBO/IOBI CEHCOpHI Mepeki. BoOHM TakoXX MalTh BCECHPSMOBAHY Jiarpamy
CIIPSIMOBAHOCTI B IUIOIIWHI, TEPICHAUKYJSIPHIA eJeMEeHTaM aHTEeHU, a OpieHTaIls
TUTIOJIGHUX €JICMEHTIB BH3HAYa€ HAMPsSMOK Mojspu3aiii. J(WmonpHI aHTEHH MaloTh
MOMIPHUM KOe]III€HT MICUIICHHS], 3a3BU4ail 0:113bK0 2-3 nbi. Ha Hhoro BIMBa€E JOBXKUHA
TUTIONBHUX  eJIeMeHTIB. Jlnsg migBUIIEHHS KOE(IMIEHTY BHUKOPHUCTOBYIOTH MAacCHUB
KOJIIHEAPHUX JUMOJIbHUX aHTEH, 110 J03BOJISIE JOCSATTH 3HaueHb 6-12 nbi [95], ane npu
[[bOMY 3HAYHO 30UIBLIYETHCS JOBXKHHA, IO HE Ja€ 3MOTM BHUKOPUCTOBYBATHU il JUIsl BCIX
THUIIIB BY3iB. XapaKTEpHUI ONIp IUIIONbHOI aHTEHU 3a3BUYall CTAHOBUTH OJU3bKO 73-75
OwM. llelt imMmenaHc 3alieKUTh Bi PO3MIPIB AUMONS 1 € BOXKIUBUM JJI Y3TOJKCHHS

iMITeTalCy 3 JiHier mepenadyi [92,96].

Pucynok 3.2. JlunonpHa aHTeHa Ta i Alarpama cpsiMOBaHOCTI
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®izuyHuil po3mip (JOBXKHUHA 1 TOBIIMHA) TUTIONIHHOI aHTEHU 3aJICKUTh BiJ] poO040i
4acTOTH. /{711 HamiBXBUJILOBHUX IHIIONIB JOBXKHHA 52.5 MM BimmoBigae yactoti 2.4 I'Tix

3r1J1HO 3 opmyJioro 3.1.

L="2 3.1)

ne A — ue goBxkuHa XBWIl, a K — KOE]IIIEHT yKOPOYEHHS, KU PO3PaxOBYETHCS 3a

JIOTIOMOT OO0 3aJI€KHOCT1 Ha puc. 3.3.
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Pucynok 3.3. 3anexxHicts koedimienTa ykopoueHHs: KBij criBBigHOmEHHS A/d

3. Jlucko-koHiuHa aHTeHa (puc. 3.4). Lle yHiBepcaibHI HIMPOKOCMYTOBI aHTEHH,
pO3paxoBaHi Ha BEPTUKAIbHY MOJSpHU3allito. JJUCK y BEpXHI 4YaCTHUHI Ta KOHYC IiJ HUM
CTBOPIOIOTH BCECTIPSAMOBAHY JiarpaMmy. BoHM BITHOCHO KOMITaKTHI MOPIBHSIHO 3 JEIKUMU
IHIIMMHU [IUPOKOCMYTOBUMHU aHTeHamu [97]. HukHA Mexa 4acTOTH B MEpILy 4epry
BH3HAYAETHCS PO3MIPOM Jucka (wacTo B miama3oHi Bigx 25 MI'm mo 100 MI't; aGo HaBiTh
HIDKYE), @ BEPXHS MEKa YaCTOTH 3aJIEKHUTh BiJl pO3MipiB KOHYca (MOKE PO3IIUPIOBATHUCS J10
1-2 I'T'y abo Bumie). 3a3BU4aii MarOTh MOMIPHE IMIJICHJICHHS, YacTO B Alama3oHi 2-5 abi.
OCHOBHOIO MEPEBArolo € X MMUPOKE OXOTUICHHS YaCTOT, a HE BUCOKE ITiICHJICHHS. [Mmenanc

3a3BU4Yail CTaHOBUTH 0JM3bK0 50 OMm, 1110 BIAMOBIA€ CTAaHAAPTHUM JIiHISIM niepeaadi [92].
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Pucynok 3.4. Jlucko-koHi4Ha aHTEeHA Ta ii JilarpaMa CrpsMOBaHOCTI

4. IlepeBepuyta F antena (Inverted-F antennas) Mae 1miaocky CTpyKTypy, Ky MOXHa
JIETKO IHTETPYBaTH B JW3aliH HEBEIMKUX MPUCTPOiB (puc. 3.5). lle po3BUTOK HIMPOKO
MOIIMPEHOT YBEPTHXBUJIHOBOI MOHOIOJIBHOI AHTEHHU, SIKa CKJIQJAa€TbCs 3 TPOBIIHOTO
CTPVIKHS, BCTAHOBJICHOTO MEPIEHIUKYIISIPHO HAJl TPOBIAHOIO TUIOMIMHOIO 3a3€MJICHHS, 10
KUBUTHCA B OCHOBI. Y 1 aHTEHI JKUBJICHHS MIAKIIOUYEHO JI0 MPOMIKHOI TOYKH B3IOBXK
JIOBXMHHM aHTEHH 3aMIiCTh OCHOBH, & OCHOBA aHTEHH IIJKII0OUEHA JI0 3a3€MJICHOT TIOIINHH.
[TepeBara 1poro noJjsira€ B TOMy, 110 BXIHUHN OMip aHTEHU 3QJICKUTH B1J BIACTaHI TOUKHU
YKUBJICHHS BIJl 3a3€MJICHOTO KiHIIS. YacTHHA aHTEHU M1k TOUYKOIO KUBJICHHSI Ta IJIOIIUHOIO
3a3eMJICHHSI 10 CYTl MOBOJMTHCS SK HUICH( KOPOTKOTO 3aMUKAaHHS . TakuM YHHOM,
PO3POOHUK MOXE Y3TOJIUTH AHTEHY 3 OMOPOM JIiHII KUBJICHHS, BCTAHOBUBIIIH TOJIOXKEHHS
TOYKH JKMBJICHHS B3JIOBXK elleMeHTa aHTeHHW [98]. UacToTHMI aiama3oH, aHAJIOTIYHO 0
MOTIEPEIHIX THUIIIB, MOKE OyTH PO3pOOJICHUI NI KOHKPETHUX 3aCTOCYBaHb 1 Jlama3oHiB
gactoT. Hanpuknan, 2.4 I'Tu, 5 I'Tq ado 915 MI'u. Bonu 3a3Buyail po3poOsieHi st
JHIAHOT MOJIsIpU3allii, 1 OpieHTaIlisl eJIEMEHTIB aHTCHH BU3HAYa€ HAMPSMOK MOJSpHU3allii,
MOXYTh JIOCATATH MOMIpHOTO Koe(ilieHTa MiACUICHHS, sIK IpaBujIo, B aianazoHi Bia 0 o
5 nbi, 3a1eKHO BiJ] KOHCTPYKIIT Ta po3Mipy (TIJIOMMHM 3a3€MJICHHS 1 JOBXKHWHA €JIEMEHTIB).
Imnenanc anten IFA 3a3Buuail po3paxoBYETHCS BIIMOBIIHO A0 OMOPY CUCTEMH 1 3a3BUYAM

cTaHOBUTH OJn3bK0 50 OM [92].
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Pucynok 3.5. Autena IFA Ta ii giarpama cupstMOBaHOCTI

5. Takox MUPOKO PO3MOBCIOMKECHUMH € TUJIAaHAPHI aHTEHHU, BIIOMI CBOIM HU3BKUM
npodiieM 1 MPUAATHICTIO JUIs IHTETpallli B HeBeJIUKi mpuctpoi (puc. 3.6) [92]:

5.1. Tlnanapuna anteHa IFA (PIFA). Bona ckiamaeTbcsi 3 IIJIOCKOTO €JIEMEHTa
3’€JIHAHOTO 13 KOPOTKO3aMKHYTOI0 a00 3a3eMJICHOIO TLIOMMHOO (puc. 3.6 a).

5.2. JlpykoBaHa MOHOIIOJbHA aHTEHAa — II€ IUIOCKAa KOHCTPYKIlS, SIKa YacTo
po3pobiieHa Ha apyKoBaHiil maTi. CKiiagaeTbes 3 MPSMOro abo CKIIaJeHOro MPOBIAHUKA 3
0JTHOTO OOKY JIPYKOBAHOI IUIATH Ta 3a3€MJICHOT TUIOIIMHHU 3 1HIIIOTO O0KY (pHC. 3.6 0).

5.3. TloniGHO 10 APYKOBAHUX MOHOIOJBHUX AaHTEH, JAPYKOBaHI TUIOJIbHI AaHTCHH €
IJIaHAPHUMH CTPYKTYypaMH, ajieé MaloTh JBa IUIeYi, IO MPOCTATAIOTHCS B MPOTHIICKHUX
HarpsiMkax (puc. 3.6 B).

5.4. IlnanapHa OuCKOBa aHTEHa — L€ IUIOCKA CTPYKTypa Kpyrioi Qopmu, sika
CKJIQZIAETHCS 3 KPYTJIOro JUCKOBOIO €J1€MEHTA 3 3a3€MJICHOIO TJIOLIMHONO i HUM (puc. 3.6
r).

5.5. [InanapHi UIIIMHHI AaHTEHU CTBOPIOIOTHCS LUISIXOM BUTPABIIOBAHHS MPOPI3iB 200
OTBOPIB Ha IJIOCKiHM moBepxHi (puc. 3.6 1) [99].

5.6. MikpocMyTOBI MaTy-aHTEHU — II€ TJIOCKI aHTEHH, SKI CKIAJAar0ThCA 3 MaTda
(3a3BMuail KBaJpaTHOTO a0O0 MPSMOKYTHOTO METaJeBOTO apKylla), HaapyKOBaHOTO Ha

JIETSKTPUYHIN MiIKIAIII 3 3a3€MJICHOIO TUIOMWHOIO 3 1HIIOTO 60Ky (puc. 3.6 €).
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Pucynoxk 3.6. [1nanapHi antenu

VY nockoHaJIeHHsSI TEXHOJOT1H OOpOOKH CHUTHATIB 1 MPOTOKOIIB 3B’SI3KY CIPHUSIOTH
MOKPAIIEHHIO  MPOAYKTUBHOCTI Ta  MOXJIMBOCTEH  BCECHPSIMOBAHHUX  BY3JTIB Yy
0e3mpoBOIOBUX CEHCOpHUX Mepexkax. [Ipore, Maroum cBOi TepeBaru, BCECIPSMOBaHI
JATYUKU MOXKYTh 3ITKHYTHCS 3 TPOOJIEMaMu, TAKUMH SIK TMIEPENTKOAM BiJI IHIIUX MPUCTPOIB,
OoOMEXEHYy MII0 Ha BEJIMKUX BIJICTaHAX 1 MOTpeda B €PEeKTHUBHUX aTOPUTMax OOpOOKHU

JaHUX JIJIs OTpUMaHHA 1H(popMailii, siki iepeaae By3oia [91,92].

3.2. AHaJIi3 aHTeH CpPAMOBaHoi il By3aiB MCM

CrpsiMOBaHI aHTEHM BIAIrparoTh BUpimadbHy posib y BCM, ¢okycyroun cBoe
BUIPOMIHIOBaHHS B IEBHOMY HAIPSIMKY, 1110 TPU3BOIUTH 710 301IBIIIEHHS 00J1aCTI TOKPUTTS
B L[IbOBOMY HarpsiMKy. Lle ocoOnmnBO KOpHCHO ISl 3B’SI3KY Ha BEJIMKI BIJACTaHI, TaK SK
3a0e3neuyeTbcs OUTbIIMI  KOe(ILIEHT MIJACUICHHS TMOPIBHSHO 3 BCECHPSIMOBAHUMHU
aHTEHaMU, [0 MPHU3BOJUTH O TMOKPAIICHHS PiBHS CUTHAIY Ha MPUUMArOYiil CTOpOHI. Y
0€3MpPOBOIOBUX CEHCOPHHUX MEpPekaX BUKOPUCTOBYIOTHCS Pi3HI TUIH CIIPSIMOBAaHUX aHTEH,

KO’KHA 3 SKMX Ma€ IeBHI nepeBaru moJa0 z[iana:;OHy, IMOKPHUTTA Ta IMOJOJIaHHA IICPCIIKOI

[91,92].
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Jlyis By3IiB CIIPSIMOBAHOI Jii MO’KHAa BUKOPUCTATH HACTYIMHI PO3MOBCIOXKEHI TUIH
antenu [91,92]:

1. Anrena Y na-fri. CknagaeTses 3 BibpaTopa (qumnoJis), peduiekropa Ta 0aHOro ado
KUTBKOX TUpeKTopiB. PeduiekTop 3a3Buyaii goBuInii 3a BiOpaTop He Ounbine HiX Ha 5%, a
aupekTop — 10 5% kopormuid. Haltuacrimie 3acToCOBYeThCS OUH pedieKTop, YUCIIO
JTUPEKTOPIB 3MIHIOETHCS B HYJIS 10 IECATKIB. AKTUBHUN BIOpaTOp Mae JOBXHUHY OJIU3BKO
namiBxwi (0.5)). Bigcrani Big akTuBHOTO BiOpaTopa a0 peduiekTopa i A0 MEpIIoro
TUpekTopa ckianarTh Onm3bko 0.25). KinbKICTh JMPEKTOPIB CIPHUSE 3aralbHOMY
MMOCWJICHHIO. THUMOBE MiACHIICHHS JUIsl aHTeH Sri, sIKi BUKOPHCTOBYIOTHCS B CEHCOPHHUX
By3/ax, Moxke konuBatucs Bin 6 nbi go 15 nbi. 3a3Buyail diHIMHO MOJSPU30BaHI, 1
OpI€HTAllll aKTUBHOTO €JeMEHTa BU3HAYA€ HANPSIMOK Mosipusaiiii. AHTeHH 11 MOXYTb
OyTH po3po0JIeHi /ISl PI3HUX J1alla30HIB YacTOT HA OCHOBI pO3MIpIB eleMeHTIB. YacToTHUI
miana3oH aHTeH Sri BU3HAYAETHCS JTOBKUHOIO €JIEMEHTIB 1 BIJICTAHHIO MK HUMH, IO
J03BOJISIE PO3POOUTH iX I PI3HMX Jlama3oHiB. IMmenaHc 3a3BUYail pO3paxoOBYETHCS
BIJIMOBIJIHO JI0 OMOPY CUCTEMH, 1 4acTto ckinanae Omu3bko 50 Om. ¥V Bysnax BCM ne
Ba)KJIMBA KOMITAKTHICTh 3aCTOCOBYIOTH IJIaHapHEe BUKOHAHHA (puc. 3.7) [92,100,101].

2. Ilapaboniuni antenu (puc. 3.8). MoXyTh HIATPUMYBATH Pi3HI NOJApHU3ALii,
BKJIFOYAIOYM JIHIAHY Ta KPYroBy TMOJISIpU3allii, 3aJIe)KHO BiJ KOHCTPYKIIl eJleMeHTa
*uBJeHHs. Takl aHTeHU 3a0e31Meuy0Th BUCOKE IT1ICUIICHHS, SIKE YaCTO KOJMBaeThes Bia 20
nbi o 40 nbi a6o Oiible Ta HEOOXIAHUH J1ama30H YacTOT, 3aJI€KHO Bl PO3MIPY aHTCHU
Ta KOHCTPYKIIi1 cuctemu >xuBieHHs. [lluprna npomens napa®oniyHOi aHTEHH Jy>Ke By3bKa,
3a3BUYall CTAHOBUTH KUJIbKa IpagyciB a00 MeHIe. L5 By3bka mupuHa npomMeHs 3a0e3nevye
TOYHE Ta IIJIECIIPAMOBAHE CITIJIKYBaHHS B TIEBHOMY HampsMKy. Uepe3 cBoi JOCHTh HeMaJIi
PO3MIpH OCHAIYBaTH KOXEH BY30J YacTO HE MAaE€ MOXIHBOCTI, TOMY IPOIOHYETHCS
00’€THYBaTH BY3JIM y KJIACTEPH, a JaJll arperoBaHUil CUTHAJI MOJaBaTH Ha mapaboJiiuHy

anteny [92,102,103,104].
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Pucynoxk 3.8. [TapaGosiuHa anTeHa Ta ii JiarpamMa CripsiMOBaHOCTI

3. Tlaty-anTenu (puc. 3.9). MoxyTh TakoX OyTH MOOyJ0BaHI MJis JTOCATHEHHS
BY3bKOi JlarpaMu CIHpsSIMOBaHOCTI. Ha mmpuHy NpomMeHs MNaTy-aHTeHW BIUIMBAIOTH ii
po3mipu. MeHmn nartyi, SIK IPaBUJIO, MAIOTh OLIbIILY IIUPUHY MPOMEHS, TOAl SK OLIbLI

naTyi TPU3BOJASTH JI0 MEHIIIOI IUPUHU TTpoMeHs. [laTu-aHTeHn MOXyTh OyTH po3po0IeHi
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JUIA TIEBHHUX [1alma30HIB YacTOT HAa OCHOBI PO3MIpIB Marda Ta MaTepiaiay MiIKIaIKH.
YacTtoTHMiI [Aiama30H BU3HAYAETHCA PO3MIPOM TMaT4a Ta IHIIUMH KOHCTPYKTUBHUMH
napamerpamMu. MOoOXyTh MIATPUMYBAaTH pi3HI MOJSpU3allli, BKIIOYAIOYM JIIHIHHY
(BepTuKanpHy a00 TOPU3OHTANIbHY) 1 KpyroBy mnosspu3zanii. [lonspusaiiis BU3SHAYaETHCS
OpIEHTAIIIE€I0 MEXaH13MY KUBJICHHS. [[eski maTy-aHTeHU po3po0IeHO A1 pOOOTH B KIIBKOX
Jiara3oHax 4acToT abo Ui MATPUMKHU IMOJBIMHOI moJispu3allii (Hampukiaj, MoJBIHHOT
JiHIAHOT a00 KpyroBoi moJspu3aiii). Taki aHTeHn 3a0€3MeuyI0Th MOMIPHE ITiICHIICHHS, K
npaBwiio, Bix 2 nbi g0 12 n1bi a6o Oinbiie, 3aaeKHO BiJi KOHCTPYKIIT Ta po3Mipy maTya.
bimbmni maT4i Ta AieNEKTPUYHI MAKIAIKK 30UTBIIYIOTH KOoe(DimieHT miacuiaeHHs. Mami

pO3MipH JO3BOJISAIOTH iX JIETKO IHTETPYBATH B MPUCTPOI Ta CEHCOPHI BY37H [92].

Pucynoxk 3.9. [latu-antena

4. JloronepiognyuHi anTeHu. [Ipru3HadeHi Ajig HOKPUTTS LIMPOKOIO Alana3oHy 4acToT.
Jliara30oH 4acTOT BU3HAYAETHCS TEOMETPIEID €IEMEHTIB aHTeHM (Harnpukiaa Ha puc. 3.10
300pa)k€HO IJIaHApHY JIOTONEPIOANYHY aHTeHy JUIs Aiana3ony 4.835-7.44 I'Tn). AHTeHu
MalTh JllarpaMHd COPSIMOBAHOCTI 3 KIJbKOMa TNeatocTKaMu. [liICUJIEHHS 3MIHIOEThCS
3aJIe)KHO BiJl YaCTOTH, 1 TUTIOBI 3HAYCHHS MOXYTh KonmBaTucs Bix 5 nbi mo 15 nbi a6o
oinpire. JloromnepioguyHi aHTEHH PO3pPOOJIEH] s MEBHUX KOHPIrypauiil MoHTaxy. BoHu
MOXYTh OyTH BCTAQHOBJICHI Ha IIOMI a0 OMOpHINM KOHCTPYKII st 3a0e3medyeHHs
MPaBWJIBHOTO BUPIBHIOBAHHS Ta Opi€HTalli (aHAJIOTIYHO MapaboNiuHUM aHTEHaM), ajie

TaKOXX BEIYThCS PO3pOOKH y HAIPSMKY IJIAaHAPHOTO BUKOHaHHS [92,105].
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Pucynoxk 3.10. Ilnanapna noromnepiognyHa IUMOJIbHA aHTEHA Ta 1i Jiarpama

CIIPSIMOBAHOCTI

5. AHTennu 3 ¢$a3oBaHO pemiTkoro (puc. 3.11) — 11e TUIT aHTEHHOT CUCTEMHU, SKa
BUKOPUCTOBYE TIEBHY KIUJIBKICTh QHTEHHUX €JIEMEHTIB 1 (pa3000epTadiB (K1 PETyIIOIOThH
($a30BUM CHIBBIJHOMIEHHS MDK LHMMH €JIEMEHTaMH) JUIsl CTBOPEHHS MEBHUX Jiarpam
cupsimoBaHocTi. 1li aHTeHM BiOMI CBO€IO 3ATHICTIO KEPyBaTH HANPSIMKOM Ta IIMPUHOIO
mpoMeHsi 0e3 (pi3MYHOTO MEepPEMIIEHHSI aHTeHH. Tak0oX MOXKIIMBE 3aCTOCYBaHHS METO/IIB
CIIPSIMOBAaHUX Ha 3MEHIIEHHS OIYHUX TMEIIOCTOK JiarpaMu CHpsMoBaHOCTI. CTBOpEeHHS
KOMIIAKTHOI Ta JIETKOi PeIliTKH JJI1 CCHCOPHUX BY3JIIB Mepeidadyae HU3Ky KOHCTPYKTUBHUX
pillieHb, 1100 BIAMOBIATH OOMEKEHHSIM PO3Mipy, 30epirarouu Mmpu oMy OakaHi poOoul
XapakTepucThku. Bubip yacToTHOrO Miamna3oHy Oyje BIUIMBATU HA KOHCTPYKIIIIO 1 PO3MIp
€JIEMEHTIB AaHTEHU (3a3BUYail BUKOPHUCTOBYIOTHCS MIKPOCMYTOBI MaT4-€JIE€MEHTH), a

KUTBKICTh €JIEMEHTIB — Ha KOE(III€HT MiJACWICHHS. AHTEHU MOXYTh MIATPUMYBATH Pi3HI
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TUNU ToNspu3amii (BKIOYAIOUYH JIHIHHY Ta KpPyroBy MOJspu3alii), sSika BH3HAYAETHCS
opieHTalie0 enxeMmenTiB. Hampuknan, y po6oti [106] 3ampomonoBana (a3oBaHa aHTCHHA
pemriTka s O€CIpPOBOJIOBOIO CEHCOPHOTO By3Ja Ta IMPOBEJCHI BHUMIPH JliarpaMu

cipsimoBaHocTi Ha yactoTi 16.75 I'T'iy (puc. 3.11) [92].
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Pucynok 3.11. Ilnanapana ¢a3oBaHa aHTeHa penIiTKa Ta ii glarpaMa CrpsiMOBaHOCTI

6. CripanbHi antenu (puc. 3.12). YUacToTHuU Aiana3oH CripaibHUX aHTEH MOXE Oy TH
pO3pOo0IeHUIl 11 KOHKPETHUX 3acTOCyBaHb. Po3Mipu cmipaii BU3HAYaIOTh PE30OHAHCHY
gactoTy. KOHCTpyKIil0 MOXHAa  ONTHMI3yBaTH Uil  YJIbTPAaBHCOKHX  4acToT,
YJIBTPAKOPOTKUX XBUJIb a00 MIKPOXBWJIBOBUX 4acTOT. CHipaibHI aHTEHU 34 CBOEIO
MPUPOJIOI0 MAIOTh KPYTOBY MOJISIpU3aIlilo, 10 3a0e3neuye Moyisipu3aliiiiie poO3HECEHHS B
cucTteMax 3B’s3Ky. MoOXyTh 3a0e3medyBaTd BiJ CEPEIHBOTO JO BHCOKOTO ITiJICHJICHHS
3QJIEKHO BI1J KUIBKOCTI BHUTKIB y CHIpaJi Ta IHIIUX KOHCTPYKTHUBHUX MapaMeTpiB.
KoedimienT migcuieHHs 3a3Bu4ail kKoiauBaeThes Bix 4 nbi mo 9 nbi nns aHTeH Manmmx
po3mipiB. CriipalibHl aHTEHU MOKYTh OyTH pO3p0oO0JIeHi Al LIMPOKOI CMYTH, 1110 J03BOJISIE
iM OXOIIIOBaTH Aiana3oH 4yacToT. Ha cMyry mpomyckaHHsI BIUIMBAlOTh Taki (akTOpH, SK
JiaMeTp crmipaii Ta KyT Haxuity. IMIiejanc cripaibHUX aHTEH 3a3BUYail CTAHOBHUTH OJIM3bKO
50 Owm, o poOUTH iX CYMICHUMHM 31 3BUYAHHUMMU JIIHISIMU Tepeadl Ta pajioyacTOTHUMHU
cucremamu. CripajbHi aHTEHH MOXHa 1HTErpyBaTu Oe3rocepeHbO B JIPYKOBaHY IUIATY,

3a0e3meuytour KOMIAKTHE Ta IHTETpOBaHE PIMICHHS JJIsi CEHCOPHUX BY3MiB. CripalibHi
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AHTEHU, BCTAHOBJICHI Ha JPYKOBaHIM TUIATi, MAIOTh HU3BKUNU MPOQiTh 1 MIAXOAATH IS
3aCTOCYBaHHSA 3 OOMEKEHUM MIpocTopoM [92].

[{i aHTeHW NpaLIOIOTh B OJHOMY 3 JIBOX PEXUMIB: HOPMAIbHOMY pPEXKHUMI Ta
aKclaJbHOMY PeXHUMI . Y HOPMAJIBHOMY PEKHMI AlaMeTp 1 KPOK CIlipalii Maji B OPiBHIHHI
3 TOBXKUHOIO XBWII. B pe3ynbpTaTi podoTa nojioHa 10 eIeKTPUYHOTO KOPOTKOTO MOHOIIOJIS
a00 gumnons. BumpomiHOBaHHS JIHIWHO TMOJApU30BaHE TapajeibHO OClI aHTCHU 3
MaKCHUMaJbHUM BUITPOMIHIOBaHHIM T NPSAMUM KyTOM A0 oci cmipani. Lleit pexxum mae
BY3bKY CMYTY MIPOITyCKaHHS Ta HU3bKY e€(DEeKTUBHICTh. B akciaabHOMY peXuMi JaiameTp i
KpPOK CHipajii MOKHA IMOPIBHATH 3 IOBXKUHOKO XBHWJIL. Y IIbOMY BHUIIaJIKy BIH BUKOHY€E POJIb
copsiMOBaHOi aHTeHW. Ha BiAMIHY BlJ HOPMaJbHOTO PEXHMY, B OCbOBOMY PEXHMI
HEJOCTYNHI MPOCTI pIIIEHHS Ui BU3HAYEHHS BIJIACTUBOCTEW BUIIPOMIHIOBaHHS. Y
pe3ynbTaTi Il BU3HAUEHHS IHMX (PAKTOPIB AT OCHOBOTO PEKUMY BUKOPHCTOBYIOTHCS
eKCIICPUMEHTAJIbHO BU3HAUCHI YHMCEIIbHI Ta aHamITH4IH1 MeTtoau [107].

Cirectividad 30
(Omax=12.33 dB)

(5]

0 05

0.5

Pucynok 3.12. CnipanibHa aHTeHa Ta ii Jlarpama CpsMOBAHOCTI B aKC1aJIbHOMY PEXHUMI

OCHOBHUM HEJIOTIKOM OLIIBIIOCTI COPSIMOBAHUX aHTEH € X 0OMeXeHa 30Ha TOKPUTTS,
MPOTE TEXHOJIOT1S (Pa30BaHUX AHTEHHUX PEIIITOK, CHCTEM aBTOMATHYHOTO KepyBaHHS [ 108]
J03BOJISIIOTH 3MIHIOBAaTH HAIPSMOK MPOMEHS B 3aJIe)KHOCTI BiJ MOTpeOd Ta CIIEHApIiB.
Po3ropranHst Ta BUPIBHIOBaHHS CIIPSIMOBAaHUX aHTEH BUMarae ToyHOCTI [92]. IIpaBunbHe

BHUPIBHIOBAHHSI Ma€ BUPIIIAIbHE 3HAYEHHS YISl JOCATHEHHS OakaHoro mokpuTTs [108], 1
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OyIb-siKe 3MIMICHHS MOXE MPHU3BECTH [0 TMOTIPUICHHS MNPOAYyKTUBHOCTI. CrpsMoBaHi
aHTEeHU OLIBII CIPUHHATINBI 10 OJIOKYBaHHS CUTHAIy TAKUMU MEPEUIKOAaMHU, K OyIiBii,
nepesa abo penbed miciieBocTi. MipkyBaHHS MPSIMOi BUJUMOCTI CTalOTh KPUTUUHUMHU IS
HaAIMHOTO 3B’s3Ky. Takum YMHOM, BHOIp MK CHOPSIMOBAaHUMH Ta BCECHPSIMOBAHUMU
aHTEHaMHU B OE3MPOBOJIOBIM CEHCOPHIM MEpeki 3aJeKUTh BiJI KOHKPETHUX BHUMOT (30HA
MOKPUTTS, YMOBHU IEPEIIKOJ 1 OOMEXKEHHS Yy PO3rOpTaHHI Ta (I3UYHUX PO3Mipax.
CrpsiMmoBaHi aHTEHH € MOTY>KHUMHU 1HCTPYMEHTOM, SIKIIIO HEOOX1/IHE BCTAHOBIICHHS KaHAITY
3B’S3Ky Ha BEIMKUX BiJCTaHAX. TOMy pO3IVISHEMO MOXIIMBICTh iX BHUKOPHCTAaHHS B

CLIEHapPIAX, J€ IXHI IIEpEBAryd NEPEBAKAIOTE OB’ A3aH1 3 HUMU HeqoKU [92].
9

3.3. Po3paxyHOK Ta NMOPIBHSAAHHSA AOBKMHH JiHIil 3B’AI3KY IPH BHKOPHCTAHHI

CEHCOPIiB CIPSIMOBAHOI Ta BCECTIPSIMOBAHOI il

3 pe3ynbTariB MOPIBHSHHA TEXHOJIOTIM mepemadi  gaHux (po3ain  1.2.2)
[42,43,44,45,46] moxxHa 3pooutu BucHOBOK, 1o IEEE 802.11ax wmae HalOUIBITY
MaKCHMAJIbHY CMYTY MPOIMYCKaHHS (3 MOMJIMBICTIO 1i 3MiHU MiJ HEOOXI1JHI 3a/1adi) Mpu
BIJIHOCHO HEBEJIMKOMY CIOKUBAHHI €HEPT1i, 110 I03BOJISIE TOCSITTH HEOOX1THOI IIBUAKOCTI
nepefadi JAaHUX JUISi BUKOHAHHS TOCTaBJIEHHMX 3a7ad. TakoX B JaHOMY CTaHAapTi
nepea0ayeHuit MEXaHi3M €KOHOMII €HEprii, sIKUi J103BOJISI€ MEPEBOJUTH BY3JIU Y PEXKUM
ouiKyBaHHS (0€3 BUTPAT €HEprii) KO By30JI HE BUKOHYE Mepeaady JaHuX a00 3HaXOIUThCSA
He B 30H1 NMOKpUTTS TA. B 3a1eXHOCTI BiJl TOTO KM pexuM podoTH Oyne oOpaHuii,
BCTAHOBJISIIOTHCSL TaKl MapaMeTpu SIK CMyra MPOMYyCKaHHS, YYTJIUBICTh MpuiiMada; Oyne
3MIHIOBATHUCS IIBUIKICTh Ta MIKOBE CIIOKUBaHHSA eHeprii (Tta6m. 3.1, 3.2) [91,109,110].

Tomy Hajani A OLIHKM MMapaMeTpiB Ta iX MOPIBHAHHS OyJe€MO BUKOPHCTOBYBATH

texHoJorito I[EEE 802.11ax.
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Tabmus 3.1. Xapaxkrepuctuku pexkumiB podotu IEEE 802.11ax ans mmpunu xkanamy 20

Dta 40 MI'n
IMupuna xa"any 20 MI'n IMupuna xanany 40 MI'n
MCS g Momysiiist, IIBuzaxicts, M06/c Mis. IIBuaxicts, M0O/c Min.
< KOZYBaHHS 0.8us | 1.6us | 3.2us | wymmBicts | 0.8us | 1.6us | 3.2us YyTINBICTh
GI GI GI (dBm) GI GI GI (dBm)
1 43 4 3.6 8.6 8.1 7.3
MCS0 0 BPSK-172 8.6 8.1 7.3 -82 172 | 163 | 14.6 79
1 8.6 8.1 7.3 172 | 163 | 14.6
MCSI 0 QPSK-172 172 | 163 14.6 79 344 | 325 | 293 76
MCS2 | - QPSK-3/4 258 | 242 | 219 -77 51.6 | 48.8 | 43.9 -74
1 172 | 163 | 14.6 344 | 325 | 293
MCS3 0 16QAM-1/2 344 | 325 | 293 74 63.8 65 58.5 71
1 258 | 242 | 219 51.6 | 48.8 | 43.9
MCS4 0 16QAM-3/4 51.6 | 48.8 | 439 =70 1032 | 975 | 87.8 -67
MCS5 | - | 64QAM-2/3 68.8 65 58.5 -66 137.6 | 130 117 -63
MCS6 | - | 64QAM-3/4 | 774 | 73.1 | 658 -65 1549 | 146.3 | 131.6 -62
MCS7 | - | 64QAM-5/6 86 81.3 | 73.1 -64 172.1 | 162.5 | 146.3 -61
MCS8 | - | 256-QAM-3/4 | 103.2 | 97.5 | 87.8 -59 206.5 | 195 | 175.5 -56
MCS9 | - | 256-QAM-5/6 | 114.7 | 108.3 | 97.5 -57 2204 | 216.7 | 195 -54
MCSI10 | - | 1024QAM-3/4 | 129 | 121.9 | 109.7 -54 258.1 | 243.8 | 219.4 51
MCS11 | - | 1024QAM-5/6 | 143.4 | 1354 | 121.9 -52 286.8 | 270.8 | 243.8 -49
Tabmuug 3.2. Xapakrepuctuku pexxumiB podotu IEEE 802.11ax qns mmpunu kanamy 80
ta 160 MI'11
Iupuna xkanany 80 MI'n Iupuna xkanany 160 MI'g
IIBuzaxicts, M06/c IIBuaxicts, M0O/c
Mes | 8 | Moxymuiis, [ 0.8us | Léus | 3.2 MiH. 0.8us | I.6us 3.2 Min.
< KOJIyBaHHS GI Gl GI YYTIIUBICTh GI GI GI YYTIIUBICTh
(dBm) (dBm)
1 18 17 15.3 36 34 30.6
MCS0 0 BPSK-172 36 34 30.6 76 72.1 68.1 61.3 73
1 36 34 30.6 72.1 68.1 61.3
MCST =7 QPSK-12 e T T 613 73 1441 | 1361 | 1225 70
MCS2 | - QPSK-3/4 108.1 | 102.1 | 91.9 71 2162 | 2042 183.8 -68
1 72.1 | 68.1 | 61.3 144.1 136.1 122.5
MCS3 0 16QAM-1/2 144.1 | 136.1 | 122.5 -68 288.2 272.2 245 65
1 108.1 | 102.1 | 91.9 2162 | 2042 183.8
MCS4 0 16QAM-3/4 216.2 | 2042 | 183.8 -64 432.4 408.3 367.5 -61
MCS5 | - | 64QAM-2/3 | 288.2 | 272.2 | 245 -60 576.5 544.4 490 -57
MCS6 | - | 64QAM-3/4 | 324.3 | 306.3 | 275.6 -59 648.5 612.5 551.3 -56
MCS7 | - | 64QAM-5/6 | 360.3 | 340.3 | 306.3 -58 720.6 680.6 612.5 -55
MCS8 | - | 256-QAM-3/4 | 432.4 | 408.3 | 367.5 -53 864.7 816.7 735 -50
MCS9 | - | 256-QAM-5/6 | 480.4 | 453.7 | 408.3 51 960.7 | 907.4 816.6 -48
MCS10 | - | 1024QAM-3/4 | 540.4 | 510.4 | 459.4 -48 1080.9 | 1020.8 | 918.8 -45
MCS11 1024QAM-5/6 | 600.4 | 567.1 | 510.4 -46 1201 11342 | 1020.8 -43

Buxoasuu 13 nanux y Tadmungx 3.1 ta 3.2 oTpuMy€eMO HACTYIHI 3a1€XKHOCTI
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Pucynok 3.13. 3anexHicTh MBUIKOCTI BiJ MiHIMAIbHOI Yy TIUBOCTI MpHiiMaua,

Af=20 MI'g [91]
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Pucynok 3.14. 3anexHicTh MBUIKOCTI BiJ MiHIMAJIbHOI YyTIUBOCTI MpHiimMaua,

Af =40 MI'u [91]
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Pucynok 3.15. 3anexHicTh MBUIKOCTI BiJ MiHIMAIbHOI Yy TIUBOCTI MpHUiiMaua,

Af=80 MI' [91]
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Pucynok 3.16. 3anexHicTh MBUIKOCTI BiJ MiHIMAJIbHOI YyTIMBOCTI MpHUiiMaua,

Af =160 MT'1 [91]
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Ax OaunMo MakcHUMaibHa IMIBUAKICTH 3POCTA€ MPOMOPIIHAHO 30LIBIICHHIO
MiHIMaJIbHO HEOOX1IHOT Yy TJIMBOCTI MpUitMaya.

Buxonsum i3 HassBHUX BUXIJIHUX JaHUX MOXKJIMBO TaKOX BCTAHOBUTH 3JICKHICTH
JOBXKMHU JIiHIT 3B’SI3Ky B YyTJIMBOCTI mpuitMada. /[t 1iboro HEOOXiTHO CKOPHUCTATHUCS
dhopmyoro 3.1 po3paxyHKy MiHIMaJIBHOI Uy TJIMBOCTI puiiMayva [91,111]:

PHpM[dBm] = Pnpa[dBm] - LAd>T1 + anM - LMe,u - L3an + ana - LACDTZ (32)

1€ Gupy Ta Gyp, — KOSOIIEHTH MIJACUIEHHS TPUMMAIIBHOT Ta TIEPENABAIbHOT aHTEH.

npz
Lyey — MenianHl BTpaTH NOTyXHOCTI EMX BHK/IMKaHI BTpaTaMH Y BIIBHOMY IIPOCTOPI, B
riipoMeTeopax Ta 3a paxyHok audpaxuii [91,111]:
LyeniaB) = Lsin + Larm + Lyugp (3.3)
B namomy BUnaaky L,epiap) = 0, @ BTpatn y ButbHOMY nipoctopi (ITU-R P.525):

41T [m]

Lyinap) = ZOIg( . ) =32.5 + 2018(fimuz) + 2018 ("rm)) (3.4)

[m]

Btpatu B rimpomereopax (B Tmmapax BOAM Ta TOBITPI) BHU3HAYAIOTHCA 3a

pexomenpariieto ITU-R P.676 Ta puc. 3.17:

LaTM[dB] = (YCyX.l'[OBiTpH + YHZO) r[km] (35)

Tloromioe JaTyXamue 3 €161 arMecdiepibs radon

100

Pucynok 3.17. Brpatu B rizpomereopax, pekomenaanis [TU-R P.676
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Takum 4YMHOM, MeiaHHI BTpaTH BUXOASYH 3 (popMyiu 3.4 piBHIi:
LMe,E[[dB] =32.5 + 20 lg(]c[MHZ]) + 20 lg(r[k‘m]) + (YCyX.HOBiTpH + YHZO) r[km] (36)

A BUXOJs4M 3 pIBHAHHA 3.2 piBHI:

Lyenian) = — Pupmiasm] + Papafasm) — Laor, — Laot, — Lsan + Gupy + Grpy 3-7)
Jlami MokHA OTpUMAaTH PIBHSIHHS PO3paxyHKY JOBXHHHU Tpacu [91]:
2018(11xmy) + (Yeyxnonitps + Y#,0) Tikem] = —32.5 — 2018(fimnz)) — Pupmiasm) +

+ Pupataem] — Laor, — Laot, = Lsan + Gupw + Gup, (3.8)

bynemo mpoBoauTH po3paxyHKH Il IBOX pooounx yactoT 5200 MI'ny ta 2447 MI'1,
TOMY BTPATH B TiApoMeTeopax Oy 1yTh MaTH HACTYIHI 3Ha4eHHs [91]:
B cyxomy nosiTpi:
_3 dB
Ycyx.nositpa = 7.1%1073 o ons 5200 MI'y
_3 dB
Yeyx.nositps = 7 %1073 o ons 2447 M1y

B napax Boau:
= 1.7 %1072 ouq 5200 MT
YH,0 = 1- om O Y
dB
]/HZO = 0%0]1}1 2447MF1/!

Brpatn y anTteHo-QinepHoMy TpakTi npuiimMeMo Lagr, = Lagr, =0.1dB , a
E€HepreTUYHUH 3anac JmiHii L,,; = 30 dB.

Hampukian, BHKOPHUCTOBYIOUH CHpPSIMOBaHY aHTeHy it TA Ta mnsg Bysaa 3
koedimienToM miacuiaeHHs 17 ab Ta mepenmaroum curHan 3 4dactororo 5200 MIm Tta
MOTY>KHICTIO MepeaBaya 25 1bM oTpUMaeMO HACTYIHE PIBHSIHHS 3 OJIHIEI0 HEBIIOMOIO:

201g(7jxmy) + 0.00887y = —32.5 — 201g(5200) + 82 + 25— 0.1 %2 — 30+ 17 % 2
20 1g(7{xem]) + 0.00887(;m = 3.98

3B1IKM 3HAWAEMO [ = 1.579

[ToTyxHICTb nepenasada y cucreMax CTaHIAPTY 802.11ax
Puppiasm) = 15 — 30dBm (ansa pospaxyHkKy BisbMeMO 3HaueHHs 15, 25, 30 dBm).

UyTnuBicTh npurimMada y CUCTEMAX CTaHIapTy 802.11ax

Pupmiaem) = (—82) — (—43) dBm. Poboua 4acTOoTa 3HAXOMUTLCA y IBOX Jlana3oHax
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2400 T -2.4835 T ta5.150 [T - 7.125 I'T'u (ayis po3paxyHKy Bi3bMeMO 3Ha4U€HHS f
= 5200 MI't ta f = 2447 MI'n). Tak sik aHTeHa 3’ €HY€ThCs O€3M0cepeHbo 10 maatn y TA
Ta By3nax, To Brpatu B ADT Oyayts miniMaibHi. IpuiiMemo ix Lagpr, = Lagr, = 0.1 dB
[91].

Buxonsuu i3 HasBHUX BUXIJHUX JaHUX MOKJIMBO TaKOK BCTAHOBHUTHU 3aJI€KHOCTI
JIOBXKUHU JIHIT 3B’ A3KY B1JI UyTJIMBOCTI IIpuitMaua. Po3paxyHoKk JOBXKWHU JiHIi 3B’ 3Ky OyB
BUKOHAHUI NBoMa cmocobamu: TeopeTwuHuil (dopmymu 3.2 - 3.8) Ta 3a JOMOMOTOIO

nporpamMHoro kommiekcy Atoll [91].

Mlersiaae Analysls % m Ijeic
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Pucynox 3.18. Imtoctpariis po3paxyHKy JOBKUHU KaHATY 3B’SI3Ky 3a JorioMoror Atoll

Bysno npoBeaeHo nBa 6;10ku NOPiBHSHB [91]:

1. I3 Bukopucrannsim cupsimoBanoi antenu (G = 17 dB) qyst TA 13 cipsimoBanoro (G
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= 17 dB) Ta BcectpsimoBanoto (G = 5 dB) anTenamu By3na BignmoBigHo (Tadm. 3.3-3.4 Ta
puc. 3.19-3.30) [91].
2. I3 BukopucTanHusM BcecnpsimoBanoi antenu TA (G = 6 dB) Ta By3pkocnpsiMOBaHO1
aatenu (G = 40 dB) By3na (Tab6m. 3.5-3.6 Ta puc. 3.31-3.36) [91].
Ta6muis 3.3. 3aneKHICTh JOBKUHU KaHATy 3B’ S3KY Bl MIHIMAJIBHOI Uy TJIMBOCTI
npuiimMava rnpu BUkopucrtanHi cripsimoBanoi (G = 17 dB) Tta BcecnipsimoBanoi (G = 5 dB)
aHTeH BY3JiB Ha yacTtoTax 2447 ta 5200 MI'11 13 enepretnunum 3anacom 30 dB Ta
MOTYXHICTIO niepeaaBaya 15, 25 ta 30 dBm 3 BukopuctanusMm cripsiMmoBanoi antenu (G =

17 dB) (TeopeTnunmil po3paxyHOK)

Prpa=15 dBm Prpa=25 dBm Prpa=30 dBm
Min. Yacrora 5200 | Yacrtora 2447 | Yacrora 5200 | Yacrtora 2447 | Yacrora 5200 Yacrtora 2447
YyTJIUB MI'g MI'1g MI'1g MI'1g MI'1t MI'1t

icTh G G G G G G G G G G G G

(dBm) 5dB | 17dB | 5dB | 17dB| 5dB | 17dB| 5dB [ 17dB| 5dB | 17dB | 5dB 17 dB

Bincraup (M)

-82 126 500 267 1061 397 1579 843 3349 705 2803 1500 5947
-79 89 354 189 752 281 1118 597 2373 500 1986 | 1061 4216
-77 71 281 150 597 223 888 474 1886 397 1579 843 3351
-76 63 250 134 532 199 792 423 1681 353 1407 751 2988
-74 50 200 106 422 158 629 336 1336 281 1118 597 2374
-73 45 177 95 376 140 561 300 1190 251 997 532 2117
-71 35 141 75 299 112 445 238 946 199 792 422 1682
-70 32 126 67 267 100 397 212 843 177 706 377 1499
-68 25 100 53 212 80 315 168 670 141 561 299 1191
-67 22 89 47 189 71 281 150 597 126 500 267 1061
-66 20 79 42 168 63 250 133 532 112 445 238 946
-65 18 71 38 150 56 223 120 474 100 397 212 843
-64 16 63 34 134 50 199 106 422 89 353 189 752
-63 14 56 30 119 45 177 95 377 79 315 168 670
-62 13 50 27 106 40 158 84 336 71 281 150 597
-61 11 45 24 95 35 141 75 300 63 250 134 532
-60 10 40 21 84 32 126 67 267 56 223 119 474
-59 8.8 35 19 75 28 111 60 238 50 199 106 423
-58 7.9 32 17 67 25 100 53 211 45 177 95 377
-57 7 28 15 60 22 90 47 189 40 158 84 336
-56 6.3 25 13 53 20 80 42 168 35 141 75 299
-55 5.6 22 12 47 18 70 38 150 32 126 67 267
-54 5 20 11 42 16 63 34 134 28 112 60 238
-53 4.5 18 9.5 38 14 56 30 120 25 100 53 211
-52 3.9 16 8.4 34 13 50 27 106 22 89 47 188
-51 3.5 14 7.5 30 11 45 24 95 20 79 42 168
-50 3.1 13 6.7 27 10 40 21 84 18 71 38 150
-49 2.8 11 6 24 8.8 35 19 75 16 63 34 134
-48 2.5 10 5.3 21 7.9 32 17 67 14 56 30 119
-46 1.9 7.9 4.2 17 6.3 25 13 53 11 45 24 95
-45 1.7 7 3.7 15 5.6 22 12 47 9.9 40 21 84
-43 1.4 5.6 3 12 4.5 18 9.5 38 7.9 32 17 67
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Tabnuis 3.4. 3anexHICTh JOBXUHU KaHATY 3B’SI3KY BiJ MiHIMAJIbHOT Yy TIMBOCTI

npuiiMaya npu BukopuctanHi cupsamoBanoi (G = 17 dB) ta BcecnipsimoBanoi (G =5 dB)

aHTEH BY31iB Ha yactoTax 2447 ta 5200 MI'11 13 enepretuynuM 3anacom 30 dB ta

MOTYXHICTIO iepeaasaya 15, 25 ta 30 dBm 3 Bukopuctanusam cupsiMoBaHoi anteHu (G =

17 dB) (po3paxyHok 3a monomororo Atoll)

Popn=15 dBm Propn=25 dBm Propn=30 dBm
Mik. Yacrora 5200 | Yactora 2447 | Yacrtora 5200 | Yacrora 2447 | UYacrtora 5200 | Yacrora 2447
ayTMBICTS MI'g MI'g MI'g MI'g MI'1g MI'g
(dBm) G G G G G G G G G G G G
5dB | 17dB| 5dB [17dB | 5dB | 17dB| 5dB [ 17dB| 5dB | 17dB | 5dB | 17dB
Bincrans (M)
-82 122 511 258 1086 384 1614 816 3423 681 2870 | 1448 | 6079
-79 86 362 182 769 271 1143 578 2429 483 2033 1026 | 4315
-77 68 287 145 611 216 908 459 1930 383 1615 814 3428
-76 61 256 129 544 192 810 408 1722 342 1440 726 3056
-74 48 204 102 433 153 643 324 1366 271 1144 577 2429
-73 43 182 91 385 136 573 290 1219 242 1020 514 2166
-71 34 144 73 306 108 456 230 970 192 810 409 1720
-70 30 129 65 273 96 407 205 864 171 722 364 1534
-68 24 100 51 217 77 323 163 685 136 574 289 1219
-67 21 91 46 193 68 288 145 611 121 511 258 1086
-66 19 81 41 173 61 256 129 544 108 455 230 968
-65 17 72 37 153 54 228 115 486 96 406 205 863
-64 15 64 32 137 49 204 102 433 86 362 182 769
-63 14 57 29 122 43 181 92 385 76 322 163 685
-62 12 51 26 109 38 162 82 344 68 287 145 610
-61 11 46 23 97 34 144 73 306 61 256 129 544
-60 10 41 21 86 30 129 65 273 54 229 115 485
-59 9 36 18 77 27 115 58 243 48 204 103 433
-58 8 32 16 68 24 102 52 217 43 182 91 385
-57 7 29 15 61 22 91 46 194 38 162 82 344
-56 6 26 13 54 19 81 41 172 34 144 73 306
-55 5 23 11 49 17 72 37 153 30 128 65 273
-54 4.5 20 10 43 15 64 32 137 27 115 58 243
-53 4 18 9 38 13 58 29 122 24 102 51 217
-52 3.8 16 8 35 12 51 26 109 22 91 46 193
-51 3.5 14 7 31 11 45 23 97 19 81 41 172
-50 3 13 6 27 10 40 20 86 17 72 36 153
-49 2.8 11 6 24 9 36 18 77 15 65 33 137
-48 2.5 10 5 21 8 32 16 68 14 57 29 122
-46 2 8 4 17 6 25 13 54 11 46 23 97
-45 1.5 7 35 15 5 23 12 48 10 41 21 86
-43 1 6 3 12 4 18 9 38 8 32 16 69
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Tabmuis 3.5. 3anexHICTh JOBXUHU KaHATY 3B’SI3KY BiJ MiHIMAJIbHOI Yy TJIUBOCTI

npuiiMaya npu BUukopuctanHi cupsimoBanoi (G = 40 dB) anrenu By3:m1iB Ha yacTotax 2447

ta 5200 MI'11 13 enepreruunum 3anacom 30 dB Ta moTyxHicTio nepenabayva 15, 25 ta 30

dBm 3 Bukopuctanasam BcecnpsmMoBanoi anteHu (G = 6 dB) (TeopeTrunuit po3paxyHoK)

Mis Propa=15 dBm Propa=25 dBm Prpa=30 dBm
quﬂHBﬂﬂB YacrtoTa YacroTa YacroTa YacrtoTa YacrtoTa YacrtoTa
5200 MI1y | 2447 MI'1y | 5200 MI'1y | 2447 MI'1t | 5200 MI'1p | 2447 MI'g
(dBm) -
Bingcranb (M)
-82 1987 4216 6255 13235 11069 23345
-79 1407 2988 4437 9399 7862 16617
=77 1118 2374 3527 7477 6255 13235
-76 997 2117 3145 6668 5579 11810
-74 792 1682 2500 5303 4436 9399
-73 706 1499 2228 4728 3956 8384
-71 561 1191 1771 3759 3145 6669
-70 500 1062 1579 3351 2804 5947
-68 397 843 1254 2663 2229 4728
-67 354 752 1118 2374 1987 4216
-66 316 670 997 2117 1771 3729
-65 281 597 888 1887 1579 3351
-64 251 532 792 1682 1407 2988
-63 223 474 706 1499 1254 2663
-62 199 423 629 1336 1118 2374
-61 177 377 561 1191 997 2117
-60 158 336 500 1062 888 1887
-59 141 299 445 946 792 1682
-58 126 267 397 843 706 1499
-57 112 238 354 752 629 1336
-56 100 212 315 670 561 1191
-55 89 189 281 597 500 1061
-54 79 168 251 532 445 946
-53 71 150 223 474 397 843
-52 63 134 199 422 354 752
-51 56 119 177 377 315 670
-50 50 106 158 336 281 597
-49 45 95 141 299 251 532
-48 40 84 126 267 223 474
-46 32 67 100 212 177 377
-45 28 60 89 189 158 336
-43 22 47 71 150 126 267
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Tabmuis 3.6. 3anexHICTh JOBXUHU KaHATY 3B’SI3KY BiJ MiHIMAJIbHOI YyTIUBOCTI

npuiiMaya npu BukopuctanHi cupsimoBanoi (G = 40 dB) antenu By3:1iB Ha yactotax 2447

ta 5200 MI'11 13 enepreruunum 3anacom 30 dB Ta moTyxHicTio nepenasayva 15, 25 ta 30

dBm 3 BukopucranusM BcectpsimoBaHoi antenn (G = 6 dB) (po3paxyHOK 3a JOTIOMOT OO

Atoll)
Mix Prnpn=15 dBm Prnpn=25 dBm Prnpn=30 dBm
quHHBﬂn$ Yacrora Yacrora Yacrora YacroTta YacroTta Yacrora
5200 MI'1y | 2447 MI'1t | 5200 MI'11 | 2447 MI'11 | 5200 MI'1g | 2447 MI'g
(dBm) ;
Biacranp (M)
-82 1920 4070 6047 12776 10701 22551
-79 1360 2886 4288 9082 7597 16049
=77 1081 2293 3409 7226 6047 12776
-76 962 2044 3039 6444 5389 11405
-74 765 1624 2414 5123 4288 9081
-73 682 1448 2153 4568 3821 8097
-71 541 1150 1712 3631 3040 6443
-70 483 1026 1524 3238 2710 5742
-68 383 815 1212 2574 2152 4567
-67 342 726 1080 2294 1920 4074
-66 305 648 963 2044 1711 3633
-65 272 577 859 1823 1525 3239
-64 242 514 765 1625 1360 2885
-63 216 458 682 1448 1212 2573
-62 192 408 608 1291 1080 2293
-61 171 364 542 1151 962 2045
-60 153 325 483 1025 858 1823
-59 136 289 430 914 765 1625
-58 121 258 383 815 682 1449
-57 108 230 342 726 608 1291
-56 96 205 305 647 542 1150
-55 86 183 271 577 483 1026
-54 77 162 242 514 430 915
-53 68 145 216 458 383 815
-52 61 129 192 409 342 726
-51 54 115 171 364 305 647
-50 48 103 153 324 272 577
-49 43 91 136 289 242 514
-48 38 81 121 258 216 458
-46 30 65 96 205 171 364
-45 27 58 86 183 153 324
-43 22 46 68 145 121 258




3anexHICTh MiHIMAJIBHOT YyTJIMBOCTI IpUiMayva Bij] BIICTaH1 PH
t=5.21Tu, Gnpm=5dB, Gnipa=17dB Ta Pnpn=25dBm
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Pucynok 3.19. 3anexHicTs MiHIMaIbHOI 9y TIIMBOCTI MPUKMayva BiJ BiICTaH1 IIpu

f=521Tu, Gopm =5 dB, Gupxa = 17 dB ta Ppa=25 dBm [91]

3aJie’)KHICTh MIHIMAJIBHOI YyTJAMBOCTI IpUiiMaya BiJl BIACTaHI IPU
=5.2 I'Tu, Gnpm=17 dB, Gnpa=17 dB ta Pnpa=25 dBm
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Pucynok 3.20. 3aeXHICTh MIHIMAJIBHOI 4y TJIMBOCTI NPUKMaya Bijl BiICTaHi py

f=5.21ITu, Gupm = 17 dB, Gnpa = 17 dB ta Pupx = 25 dBm [91]
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3anexHICTh MIHIMAJIBHOT UyTJIMBOCTI TpUMaya BiJ| BiICTaH1 IPH
=2.4471'Tu, Gnpm=5dB, Gripa=17dB Ta Pnpa=25dBm
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Pucynok 3.21. 3anexHicTh MiHIMAIbHOI 9y TJIMBOCTI IPUKMava BiJ BiICTaH1 IpU

£=2.447I'Tu, Gnpm = 5 dB, Gnpx = 17 dB ta Pnpx = 25 dBm [91]

3asie’kHICTh MIHIMAIBHOI YyTJAMBOCTI TpUiiMaya BiJl BIJICTaHI1 IIPU
=2.4471'Tu, Gnpm=17dB, Gnpa=17dB ta Pipa=25dBm
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Pucynok 3.22. 3a1€XHICTh MIHIMAIbHOI 9y TJIMBOCTI PUKMava BiJ BiICTaH1 Py

f=2.4471Tu, Gnpm = 17 dB, Gripa = 17 dB ta Pnpx = 25 dBm [91]
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3anexHICTh MIHIMAJIBHOI Yy TJIMBOCTI MpHUiiMayda Bij| BIICTaH1 IpH
=5.21'Tu, Gnpm=5dB, Gnpn=17dB ta Pnpa=30dBm
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Pucynok 3.23. 3aleXHICTh MiHIMAIBbHOI 9y TJIMBOCTI PUKMayva BiJ BiICTaHi IpU

f=352T1Tu, Gupm =5 dB, Gnpx = 17 dB ta Ppg = 30 dBm [91]

3asie’kHICTh MIHIMAIbHOI YyTJIMBOCTI TpUiiMaya BiJl BIJICTaH1 IPU
=5.21'Tu, Gnpm=17dB, Gripa=17dB Ta Pnipa=30dBm
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Pucynok 3.24. 3a1eXHICTh MIHIMAIbHOI 9y TJIMBOCTI PUKiMava Bijl BiICTaH1 Py

f=35.21ITn, Gopm =17 dB, Gnpx = 17dB ta Pnpx =30 dBm [91]
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3anexHICTh MiHIMAJIBHOT YyTJIMBOCTI IpUiiMayva Bij] BIICTaH1 IPH
=2.4471'T1u, Gnpm=5dB, Gripa=17dB Ta Pnpa=30dBm
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Pucynok 3.25. 3aIeXHICTh MIHIMAIbHOI Y9y TJIMBOCTI PUiiMava Bijl BiICTaHi Py
f=2.4471Tu, Gopm =5 dB, Grpa = 17 dB ta Pupx = 30 dBm [91]]

3aNe)XHICTh MIHIMATIBHOT Yy TAUBOCTI TpUiiMaya BiJl BIICTaHI TIPU
t=2.447TT1u, Gnpm=17dB, Gnpa=17dB ta Pnpa=30dBm
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Pucynok 3.26. 3a€XHICTh MIHIMAJIBHOI Y4y TJIMBOCTI PUKiMava Bijl BiICTaHi Py

f=2.4471Tu, Gnpm = 17 dB, Grpa = 17 dB ta Pnpa = 30 dBm [91]
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3anexHICTh MIHIMAJIBHOI Yy TJIMBOCTI MpHUiiMayda Bij| BIICTaH1 IpH
=5.21'Tu, Gnpm=5dB, Gnpn=17dB ta Pnpa=15dBm
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Pucynok 3.27. 3a1eXHICTh MIHIMAIbHOI Y4y TJIMBOCTI PUKiMava Bijl BiICTaHi Py

f=5.2ITu, Gupm =5 dB, Gnpx = 17 dB Ta Ppa = 15 dBm [91]

3aNe)XHICTh MIHIMATIBHOT Yy TAUBOCTI TpUiiMaya BiJl BIICTaHI TIPU
=5.2I'Tu, Gnpm=17dB, Gripa=17dB Ta Pipa=15dBm

520
480
440
400
360
320
280
240
200
160
120

80

40

Biacranp (M)

N O O O O O ;N N N W

-82

N < 4 00 O & O 0 O Y & O o0 W
DD A

MinimManbHa 9y TAUBICTh NpuiiMaya (dBm)

—e—TeopeTnunuii criocio  —e—Atoll

Pucynok 3.28. 3a1eXHICTh MIHIMAIbHOI 9y TJIMBOCTI PUKMava BiJl BiICTaH1 Py

f=5.2ITu, Gupm = 17 dB, Gnpx = 17 dB ta Pupx = 15 dBm [91]
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3anexHICTh MIHIMAJIBHOI Yy TJIMBOCTI MpHUiiMayda Bij| BIICTaH1 IpH
=2.4471'Tu, Gnpm=5dB, Gripa=17dB Ta Pnpa=15dBm
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Pucynok 3.29. 3anexHiCTh MiHIMAIbHOI 9y TJIMBOCTI PUKMayva Bij BiICTaHi IpU

£=2.447I'Tu, Gnpm = 5 dB, Grpx = 17 dB ta Pnpx = 15 dBm [91]

3aJIe)KHICTh MIHIMAIBHOI YyTAMBOCTI IpUiiMaya B1J BIICTaHI IPU
£=2.4471'Tu, Gnpm=17dB, Gnpa=17dB ta Pnpa=15dBm
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Pucynok 3.30. 3a1exHICTh MiHIMAIbHOI 9y TJIMBOCTI PUKMava Bijl BiICTaH1 Py

f=2.4471Tu, Gnpm = 17 dB, Gripg = 17 dB ta Pnpx = 15 dBm [91]
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3anexHICTh MiHIMAJIBHOT YyTJIMBOCTI IpUiiMayva Bij] BIICTaH1 IPH
=5.2I'Tu, Gnpm=40dB, Gipa=6dB ta Pipai=15dBm
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Pucynok 3.31. 3aexHiCTh MiHIMAIbHOI Y4y TJIMBOCTI IPUKiMava Bijl BiICTaHi Py

f=35.2ITu, Gopm =40 dB, Gnpa = 6 dB Ta Pipg = 15 dBm [91]

3aJIe’KHICTh MIHIMAJIbHOT Yy TJIMBOCTI MpUiiMaya BiJ] BIJICTaH1 IPU
=2.4471'Tu, Gnpm=40dB, Gnpn=6dB Ta Pnipa=15dBm
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Pucynok 3.32. 3aI€KHICTh MIHIMAJIBHOI Y4y TJIMBOCTI PUKiMaya Bijl BiICTaHi Py

f=2.447I'Tu, Gupm = 40 dB, Gripa = 6 dB ta Pupa = 15 dBm [91]
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3anexHICTh MIHIMAJIBHOI Yy TJIMBOCTI MpHUiiMayda Bij| BIICTaH1 IpH
=5.21'Tu, Gnpm=40dB, Gripa=6dB ta Pnipai=25dBm
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Pucynok 3.33. 3aexHICTh MiHIMAIBHOI 9y TJIMBOCTI PUKMava Bij BiICTaHi IpU

f=35.21Tu, Gupm =40 dB, Gnpx = 6dB Ta Pnpx = 25 dBm [91]

3aJie’)KHICTh MIHIMAJIBHOI YyTJAMBOCTI IpUiiMaya BiJl BIACTaHI IPU
£=2.4471'Tu, Gnpm=40dB, Gnpa=6dB Ta Pnipa=25dBm
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Pucynok 3.34. 3alexHICTh MIHIMAIbHOI 9y TJIMBOCTI PUKMava Bij BiICTaH1 Py

f=2.447I'Tu, Gnpm = 40 dB, Gripa = 6 dB ta Pnpx = 25 dBm [91]]
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3anexHICTh MIHIMAJIBHOT UyTJIMBOCTI TpUMaya BiJ| BiICTaH1 IPH
£=5.21'Tu, Gnpm=40dB, Gripa=6dB Ta Pnpn=30dBm
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Pucynok 3.35. 3aI€XHICTh MIHIMAIbHOI Y4y TJIMBOCTI IPUKiMava Bijl BiCTaHi Py

f=35.2ITu, Gopm =40 dB, Gnpa = 6 dB Ta Pipg = 30 dBm [91]

3aJIe’KHICTh MIHIMAIBHOT YyTAUBOCTI ITpUiiMaya BiJl BiJICTaH1 IIPU
=2.4471'Tu, Gnpm=40dB, Gnpn=6dB Ta Pnipn=30dBm
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Pucynok 3.36. 3a1€KHICTh MIHIMAJIBHOI Y4y TJIMBOCTI NPUiiMava Bijl BiICTaHi Py

f=2.447I'Tu, Gupm = 40 dB, Gripg = 6dB 1a Pipg = 30 dBm [91]
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Sk 6auuMo 3aNeKHOCTI MPU PI3HUX BXIAHUX 3HAYEHHSAX KOE(]ILIEHTIB IMiJCUIaHH,
MOTYXKHOCTEH TepefaBaya Ta poOOYMX YACTOTaX MAlOTh OJIHAKOBY EKCIOHEHLIWHY
3QICKHICT, Ta cHagHui xapakTtep. ToOTO mpu 30UIbIIEHI MIHIMAJIbHO HEOOX1THOT
YyTIMBOCTI TpUiiMada 3MEHIIYETbCS MaKCHUMallbHA BIJICTaHb KaHaMy 3B’S3Ky. Takox
3HAUYEHHS TEOPETUYHOTO PO3PAXYHKY MIATBEPIKYIOTHCS PO3PAXYHKOM 3a oromMororo Atoll
[91].

[TopiBHIOIOUM CIMEWCTBO TpadikiB 3aeKHOCTI IMIBHAKOCTI BiJ] MIHIMAJIbHOI
qyTIMBOCTI TeperaBada (puc. 3.13-3.16) Ta 3ajeXHOCTI BIJICTaHI BiJl MIHIMaJbHOI
YyTIUMBOCTI nepeaanayda (puc. 3.19 — 3.36) MoxkHa 3p0OMTH BUCHOBOK, 1110 MaKCHMallbHA
HIBUJKICTh Mepeadl JaHUX 3MEHIIYETbCA 31 30UIbIICHHSM JOBXKHHHM KaHalIy 3B SI3KY.
OTpumaHni 3aJIe’)KHOCTI HaBeeH1 y Tabmuisix 3.7 — 3.12 nns neprioro 610Ky MOPIBHSHB Ta
3.13 —3.15 nns gpyroro 610Ky MOpiBHSHG [91].

3 OTpUMaHMX Pe3yJIbTATIB MEPUIOro OJOKY MOPIBHAHb MOXKHA 3pOOUTH BUCHOBOK, 1110
MaKcUMaJbHa BIJICTaHb JIiHII 3B 3Ky MIXK BY3JIOM (IIpM BUKOPUCTaHHI BcecnpsiMmoBaHoi (G
= 5 dB) ta cnpsimoBanoi anteH (G = 17 dB) ta TA 1-ro piBus (a6o mixx TA 1-ro Ta 2-ro
Pi1BHIB) BiAPI3HIAETHCA ¥ 3.9 — 4.6 pa3iB. ToOTO 3 BUKOPUCTAHHSM CEHCOPIB CIIPSIMOBAHOI JTii
U OJHAKOBHX 1HIIMX YMOBaX MOXKHA JOCATTH 30UTBIICHHS] BUCOTH po3TalryBaHHs (abo
BIJICTaHI JI0 By3J1a) TeIeKOMYHiKaliiHux aeporiatdopm [91].

Takox BapTO 3BEpHYTHU yBary Ha Te, L[0 MaKCHUMaJlbHa JOBXKMHA JIHII 3B’ 3Ky
0OMEKYEThCS IIBUIKICTIO ITepeAayl JaHuX. ToMy Apyruii 0JI0K MOPIBHAHB OKA3YE, 0 MPU
BUKOPHUCTaHHI By3bKocTpsiMmoBaHoi anTenu (G = 40 dB) MoxnuBO 301IbIIMTH MIBUIKICTH
nepenayi ganux y 1.7-3.5 pasu npu 3Mmini yactot 3 5200 Ha 2447 [T (a0o 3MeHIIUTH
BUTPATU €HEPrii NpH 3MEHILIEHHI MOTY>KHOCTI nepenasaya 3 30 1o 15 dBm Ta mBuakocTi
nepeaadi iHpopmarii y 5-6 pasi) mpu ymoBi po3TanryBanHs TA 1-To piBHS Ha BUCOTI Bij

IiB KUIOMETpa 0 OJUHUIIL KiToMeTpiB [91].
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Tabmuis 3.7. 3anexHICTh MIBUAKOCTI Mepeadl JaHUX BiJl JOBXKUHU KaHATY 3B’SI3KY MpHU
BUKOpHucTaHH1 cripsimoBanoi (G = 17 dB) ta BcecnpsimoBanoi (G = 5 dB) anten By3:iB Ha
gactoTi 5200 MI'1y i3 eHepreTrnunum 3anacom 30 dB 3 BUKOpUCTaHHSIM CIpSIMOBAHO1
antenu (G = 17 dB) ta notyxHicTio niepenaya 25 dBm (TeopeTrunuii po3paxyHok/3a

nornomororo Atoll) [91]

IMupuna xanany 20 MI'n HTupuna xanany 40 MI'n
8 % IIsuaxicts, M6/ Bigcrann, M IIBuaxicts, M0O/c Bigcrans, M
= | A|08us | l6us | 32us | G=5dB | G=17dB 0.8us 1.6us 32us | G=5dB | G=17dB
Gl Gl GI GI Gl Gl
1 4.3 4 3.6 397/384 | 1579/1614 8.6 8.1 7.3
0 0 8.6 8.1 7.3 17.2 16.3 14.6 2817271 I118/1143
1 8.6 8.1 73 17.2 16.3 14.6
1 0 172 163 146 281/271 1118/1143 344 5 293 199/192 792/810
2 - 25.8 24.2 21.9 223/216 888/908 51.6 48.8 439 158/153 629/643
1 17.2 16.3 14.6 34.4 32.5 29.3
3 0 344 05 293 158/153 629/643 638 65 535 112/108 445/456
1 25.8 24.2 21.9 51.6 48.8 439
4 0 516 43 8 439 100/96 397/407 1032 975 373 71/68 281/288
5 68.8 65 58.5 63/61 250/256 137.6 130 117 45/43 177/181
6 - 77.4 73.1 65.8 56/54 223/228 154.9 146.3 131.6 40/38 158/162
7 - 86 81.3 73.1 50/49 199/204 172.1 162.5 146.3 35/34 141/144
8 - | 103.2 | 97.5 87.8 28/27 111/115 206.5 195 175.5 20/19 80/81
9 - | 1147 | 108.3 | 97.5 22 90/91 229.4 216.7 195 16/15 63/64
10 | - 129 121.9 | 109.7 16/15 63/64 258.1 2438 219.4 11 45
11 143.4 | 1354 | 121.9 13/12 50/51 286.8 270.8 2438 8.8/9 35/36
[Iupuna xkanany 80 MI'n [lInpuna kanany 160 MI'g
8 % IIBuaxicts, M06/c Bijgcrans, M IIBuaxicts, M0O/c Bincrans, M
= | A|08us | léus | 32us | G=5dB | G=17dB 0.8us 1.6us 3.2us G=5dB | G=17dB
Gl Gl Gl GI Gl Gl
1 18 17 15.3 36 34 30.6
0 0 36 34 306 199/192 792/810 71 681 613 140/136 561/573
1 36 34 30.6 72.1 68.1 61.3
1 0 71 63 1 613 140/136 561/573 1441 1361 1225 100/96 397/407
2 - | 108.1 | 102.1 | 919 112/108 445/456 216.2 204.2 183.8 80/77 315/323
1 72.1 68.1 61.3 144.1 136.1 122.5
3 0 | 144.1 | 136.1 | 122.5 80/77 315/323 288.2 272.2 245 26/54 223/228
1 | 108.1 | 102.1 | 919 216.2 204.2 183.8 141/144
4 0 | 2162 | 204.2 | 183.8 >0/49 199/204 432.4 408.3 367.5 3534
5 - | 288.2 | 272.2 245 32/30 126/129 576.5 544.4 490 22 90/91
6 - | 3243 | 306.3 | 275.6 28/27 111/115 648.5 612.5 551.3 20/19 80/81
7 - | 360.3 | 340.3 | 306.3 25/24 100/102 720.6 680.6 612.5 18/17 70/72
8 - | 4324 | 408.3 | 367.5 14/13 56/58 864.7 816.7 735 10 40
9 - | 480.4 | 453.7 | 408.3 11 45 960.7 907.4 816.6 7.9/8 32
10 | - | 5404 | 5104 | 459.4 7.9/8 32 1080.9 | 1020.8 918.8 5.6/5 22/23
11| - | 6004 | 567.1 | 5104 6.3/6 25 1201 11342 | 1020.8 4.5/4 18
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Ta6muis 3.8. 3anekHICTh MIBUAKOCTI Mepeayl JaHUX BiJl JOBXKWHU KaHAy 3B’SI3KY MpHU
BUKOpHcTaHHI cripsiMoBanoi (G = 17 dB) ta BcecnipsimoBanoi (G = 5dB) anTeH By3:1iB Ha
yacToTi 2447 MI'1t 13 eHepreTnunum 3anacom 30 dB 3 BUKOpUCTaHHSIM CIpSIMOBAHO1
antenu (G = 17 dB) ta notyxHicTio niepenaya 25 dBm (TeopeTuunuii po3paxyHok/3a

nomomororo Atoll)

IMupuna xanany 20 MI'n HTupuna xanany 40 MI'n
8 % IIsuaxicts, M6/ Bigcrann, M IIBuaxicts, M0O/c Bigcrans, M
= | A| 08us | 1.6us | 3.2us | G=5dB | G=17dB 0.8us 1.6us 32us | G=5dB | G=17dB
GI GI GI GI GI GI
0 1 4.3 4 3.6 843/816 | 3349/3423 8.6 8.1 7.3 597/578 | 2373/2429
0 8.6 8.1 7.3 17.2 16.3 14.6
1 8.6 8.1 7.3 597/578 | 2373/2429 17.2 16.3 14.6
! 0 17.2 16.3 14.6 344 32.5 29.3 423/408 | 1681/1722
2 - 25.8 24.2 21.9 474/459 | 1886/1930 51.6 48.8 439 336/324 | 1336/1366
1 17.2 16.3 14.6 344 32.5 29.3
3 0 344 05 293 423/408 | 1681/1722 638 65 535 238/230 946/970
1 25.8 24.2 21.9 51.6 48.8 439
4 0 516 43 8 439 212/205 843/864 1032 975 373 150/145 597/611
5 68.8 65 58.5 133/129 532/544 137.6 130 117 95/92 377/385
6 - 77.4 73.1 65.8 120/115 474/486 154.9 146.3 131.6 84/82 336/344
7 - 86 81.3 73.1 106/102 422/433 172.1 162.5 146.3 75/73 300/306
8 - | 103.2 | 97.5 87.8 60/58 238/243 206.5 195 175.5 42/41 168/172
9 - | 114.7 | 1083 | 97.5 47/46 189/194 2294 216.7 195 34/32 134/137
10 | - 129 1219 | 109.7 34/32 134/137 258.1 243.8 2194 24/23 95/97
11 143.4 | 1354 | 121.9 27/26 106/109 286.8 270.8 243.8 19/18 75/77
[Iupuna xkanany 80 MI'n [lInpuna kanany 160 MI'g
8 % IIBuaxicts, M06/c Bijgcrans, M IIBuaxicts, M0O/c Bincrans, M
= | A|08us | léus | 32us | G=5dB | G=17dB 0.8us 1.6us 3.2us G=5dB | G=17dB
GI GI GI GI GI GI
1 18 17 15.3 36 34 30.6
0 0 36 34 306 423/408 | 1681/1722 71 681 613 300/290 | 1190/1219
1 36 34 30.6 72.1 68.1 61.3
1 0 71 63 1 613 300/290 | 1190/1219 1441 1361 1225 212/205 843/864
2 - | 108.1 | 102.1 | 919 238/230 946/970 216.2 204.2 183.8 168/163 670/685
1 72.1 68.1 61.3 144.1 136.1 122.5
3 0 11441 1361 | 1225 168/163 670/685 7882 2722 245 120/115 474/486
1 | 108.1 | 102.1 | 919 216.2 204.2 183.8
4 0 | 216.2 | 204.2 | 183.8 106/102 422/433 432.4 408.3 367.5 75173 300/306
5 - | 288.2 | 272.2 | 245 67/65 267/273 576.5 544.4 490 47/46 189/194
6 - | 324.3 | 306.3 | 275.6 60/58 238/243 648.5 612.5 551.3 42/41 168/172
7 - | 360.3 | 340.3 | 306.3 53/52 211/217 720.6 680.6 612.5 38/37 150/153
8 - | 4324 | 408.3 | 367.5 30/29 120/122 864.7 816.7 735 21/20 84/86
9 - | 480.4 | 453.7 | 408.3 24/23 95/97 960.7 907.4 816.6 17/16 67/68
10 | - | 5404 | 5104 | 459.4 17/16 67/68 1080.9 | 1020.8 918.8 12 47/48
11| - | 6004 | 567.1 | 510.4 13 53/54 1201 1134.2 | 1020.8 9.5/9 38
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Tabmuis 3.9. 3anexHICTh MIBUAKOCTI Mepeayl JaHUX BiJl JOBXKHWHU KaHATY 3B’SI3KY MpHU
BUKOpHucTaHH1 cripsimoBanoi (G = 17 dB) ta BcecnpsimoBanoi (G = 5 dB) anten By3:iB Ha
gactoTi 5200 MI'1y i3 eHepreTnunum 3anacom 30 dB 3 BUKOpUCTaHHSIM CIpSMOBAHO1
antenu (G = 17 dB) ta notyxHictio nepenaya 30 dBm (TeopeTuunuii po3paxyHok/3a

nomomororo Atoll)

IMupuna xanany 20 MI'n HTupuna xanany 40 MI'n
8 % IIsuaxicts, M6/ Bigcrann, M IIBuaxicts, M0O/c Bigcrans, M
= | A|08us | l6us | 32us | G=5dB | G=17dB 0.8us 1.6us 32us | G=5dB | G=17dB
Gl Gl GI GI Gl Gl
1 4.3 4 3.6 705/681 | 2803/2870 8.6 8.1 7.3
0 0 8.6 8.1 7.3 17.2 16.3 14.6 >00/483 1986/2033
1 8.6 8.1 73 17.2 16.3 14.6
1 0 172 163 146 500/483 1986/2033 344 5 293 353/342 1407/1440
2 - 25.8 24.2 21.9 397/383 1579/1615 51.6 48.8 439 281/271 1118/1144
1 17.2 16.3 14.6 34.4 32.5 29.3
3 0 344 05 293 281/271 1118/1144 638 65 535 199/192 792/810
1 25.8 24.2 21.9 51.6 48.8 439
4 0 516 43 8 439 177/171 706/722 1032 975 373 126/121 500/511
5 68.8 65 58.5 112/108 445/455 137.6 130 117 79/76 315/322
6 - 77.4 73.1 65.8 100/96 397/406 154.9 146.3 131.6 71/68 281/287
7 - 86 81.3 73.1 89/86 353/362 172.1 162.5 146.3 63/61 250/256
8 - | 103.2 | 97.5 87.8 50/48 199/204 206.5 195 175.5 35/34 141/144
9 - | 1147 | 108.3 | 97.5 40/38 158/162 229.4 216.7 195 28/27 112/115
10 | - 129 121.9 | 109.7 28/27 112/115 258.1 2438 219.4 20/19 79/81
11 143.4 | 1354 | 121.9 22/22 89/91 286.8 270.8 2438 16/15 63/65
[Iupuna xkanany 80 MI'n [lInpuna kanany 160 MI'g
8 % IIBuaxicts, M06/c Bijgcrans, M IIBuaxicts, M0O/c Bincrans, M
= | A|08us | léus | 32us | G=5dB | G=17dB 0.8us 1.6us 3.2us G=5dB | G=17dB
Gl Gl Gl GI Gl Gl
1 18 17 15.3 36 34 30.6
0 0 36 34 306 353/342 | 1407/1440 71 681 613 251/242 997/1020
1 36 34 30.6 72.1 68.1 61.3
1 0 71 63 1 613 251/242 997/1020 1441 1361 1225 177/171 706/722
2 - | 108.1 | 102.1 | 919 199/192 792/810 216.2 204.2 183.8 141/136 561/574
1 72.1 68.1 61.3 144.1 136.1 122.5
3 0 | 144.1 | 136.1 | 122.5 1417136 >61/574 288.2 272.2 245 100/96 397/406
1 | 108.1 | 102.1 | 919 216.2 204.2 183.8 250/256
4 0 | 2162 | 204.2 | 183.8 89/86 353/362 432.4 408.3 367.5 63/61
5 - | 288.2 | 272.2 245 56/54 223/229 576.5 544.4 490 40/38 158/162
6 - | 3243 | 306.3 | 275.6 50/48 199/204 648.5 612.5 551.3 35/34 141/144
7 - | 360.3 | 340.3 | 306.3 45/43 177/182 720.6 680.6 612.5 32/30 126/128
8 - | 4324 | 408.3 | 367.5 26/24 100/102 864.7 816.7 735 18/17 71/72
9 - | 480.4 | 4537 | 408.3 20/19 79/81 960.7 907.4 816.6 14 56/57
10| - | 5404 | 5104 | 4594 14 56/57 1080.9 | 1020.8 918.8 9.9/10 40/41
11| - | 6004 | 567.1 | 5104 11 45/46 1201 11342 | 1020.8 7.9/8 32
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Ta6mui 3.10. 3ay1eKHICTh MIBUJIKOCTI IEpeaadi JaHUX B1J] JOBKUHU KaHAIY 3B’ 3Ky IIPU

BUKOpHucTaHH1 cripsimoBanoi (G = 17 dB) ta BcecnpsimoBanoi (G = 5 dB) anten By3:iB Ha

yacToTi 2447 MI'1t 13 eHepreTnunum 3anacom 30 dB 3 BUKOpUCTaHHSIM CIpSIMOBAHO1

antenu (G = 17 dB) ta notyxHictio nepenaya 30 dBm (TeopeTuunuii po3paxyHok/3a

nomomororo Atoll)

Iupuna xka"axy 20 MI'n HTupuna xanany 40 MI'n
8 % IIBuzaxicts, M6/c Bigcranb, M IIBupaxicts, M6/c Bigcrans, M
= | A| 08us | 1.6us | 3.2us | G=5dB G=17dB 0.8us 1.6us 3.2us G=5dB G=17dB
GI GI GI GI GI GI
0 1 4.3 4 3.6 1500/1448 | 5947/6079 8.6 8.1 7.3 1061/1026 | 4216/4315
0 8.6 8.1 7.3 17.2 16.3 14.6
1 8.6 8.1 7.3 1061/1026 | 4216/4315 17.2 16.3 14.6
! 0 17.2 16.3 14.6 344 32.5 29.3 731/726 2988/3056
- 25.8 24.2 21.9 843/814 3351/3428 51.6 48.8 439 597/577 2374/2429
1 17.2 16.3 14.6 344 32.5 29.3
3 0 344 5 9.3 751/726 2988/3056 3.8 65 535 422/409 1682/1720
1 25.8 24.2 21.9 51.6 48.8 439
4 0 516 43 8 139 377/364 1499/1534 1032 975 ?7 8 267/258 1061/1086
5 - 68.8 65 58.5 238/230 946/968 137.6 130 117 168/163 670/685
6 - 77.4 73.1 65.8 212/205 843/863 154.9 146.3 131.6 150/145 597/610
7 - 86 81.3 73.1 189/182 752/769 172.1 162.5 146.3 134/129 532/544
8 - | 103.2 | 97.5 87.8 106/103 423/433 206.5 195 175.5 75/73 299/306
9 - | 114.7 | 108.3 | 97.5 84/82 336/344 229.4 216.7 195 60/58 238/243
10 | - 129 121.9 | 109.7 60/58 238/243 258.1 243.8 2194 42/41 168/172
11 1434 | 1354 | 121.9 47/46 188/193 286.8 270.8 243.8 34/33 134/137
IlIupuna kanany 80 MI'n [lInpuna kanany 160 MI'g
8 5 IIsunkicts, M6/c Bijgcranp, M IIsuakicts, M6/c Bincrans, M
= | A 0.8us | 1.6us | 3.2us G=5dB G=17dB 0.8us 1.6us 3.2us G=5dB G=17dB
GI GI GI GI GI GI
1 18 17 15.3 36 34 30.6
0 0 36 34 306 751/726 2988/3056 71 681 613 532/514 2117/2166
1 36 34 30.6 72.1 68.1 61.3
1 0 71 681 613 532/514 2117/2166 1441 1361 1225 377/364 1499/1534
- | 108.1 | 102.1 | 91.9 422/409 1682/1720 | 216.2 204.2 183.8 299/289 1191/1219
1 72.1 68.1 61.3 144.1 136.1 122.5
3 0 11441 11361 1 1225 299/289 1191/1219 733 2 2722 245 212/205 843/863
1 | 108.1 | 102.1 | 91.9 216.2 204.2 183.8
4 0 | 216.2 | 204.2 | 183.8 189/182 752/769 432.4 408.3 367.5 134/129 332/544
5 - | 2882 | 2722 | 245 119/115 474/485 576.5 544.4 490 84/82 336/355
6 - | 324.3 | 306.3 | 275.6 106/103 423/433 648.5 612.5 551.3 75/73 299/306
7 - | 360.3 | 340.3 | 306.3 95/91 377/385 720.6 680.6 612.5 67/65 267/273
8 - | 4324 | 408.3 | 367.5 53/51 211/217 864.7 816.7 735 38/36 150/153
9 - | 480.4 | 453.7 | 408.3 42/41 168/172 960.7 907.4 816.6 30/29 119/122
10| - | 5404 | 5104 | 4594 30/29 119/122 1080.9 | 1020.8 918.8 21 84/86
11| - | 6004 | 567.1 | 5104 24/23 95/97 1201 1134.2 | 1020.8 17/16 67/69
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Ta6muig 3.11. 3ayexHICTh MIBUAKOCTI IEpeaadi JaHUX B1J] JOBXKUHU KaHATY 3B’ 3Ky IIPU

BUKOpHUcTaHHI cripsiMoBanoi (G = 17 dB) Tta BcecnpsimoBanoi (G = 5dB) anTeH By3:1iB Ha

gactoTi 5200 MI'1 i3 enepreTrunuM 3anacom 30dB 3 BuKopucTaHHIM CIpSMOBAHOT

antenu (G = 17dB) ta notyxHictio nepenaya 15 dBm (TeopeTuunuii po3paxyHok/3a

nomomororo Atoll)

IMupuna xanany 20 MI'n HTupuna xanany 40 MI'n
8 % IIsuaxicts, M6/ Bigcrann, M IIBuaxicts, M0O/c Bigcrans, M
= | A|08us | l6us | 32us | G=5dB | G=17dB 0.8us 1.6us 32us | G=5dB | G=17dB
Gl Gl GI GI Gl Gl
1 4.3 4 3.6 126/122 500/511 8.6 8.1 7.3
0 0 8.6 8.1 7.3 17.2 16.3 14.6 89/86 354/362
1 8.6 8.1 73 17.2 16.3 14.6
1 0 172 163 146 89/86 354/362 344 5 293 63/61 250/256
2 - 25.8 24.2 21.9 71/68 281/287 51.6 48.8 439 50/48 200/204
1 17.2 16.3 14.6 34.4 32.5 29.3
3 0 344 05 293 50/48 200/204 638 65 535 35/34 141/144
1 25.8 24.2 21.9 51.6 48.8 439
4 0 51.6 48.8 439 32/30 126/129 103.2 97.5 87.8 22121 89/91
5 68.8 65 58.5 20/19 79/81 137.6 130 117 14 56/57
6 - 77.4 73.1 65.8 18/17 71/72 154.9 146.3 131.6 13/12 50/51
7 - 86 81.3 73.1 16/15 64 172.1 162.5 146.3 11 45/46
8 - | 103.2 | 97.5 87.8 8.8/9 35/36 206.5 195 175.5 6.3/6 25/26
9 - | 1147 | 108.3 | 97.5 7 28/29 229.4 216.7 195 5/4.5 20
10 | - 129 121.9 | 109.7 5/4.5 20 258.1 2438 219.4 3.5 14
11 143.4 | 1354 | 121.9 3.9/3.8 16/16 286.8 270.8 2438 2.8 11
[Iupuna xkanany 80 MI'n [lInpuna kanany 160 MI'g
8 % IIBuaxicts, M06/c Bijgcrans, M IIBuaxicts, M0O/c Bincrans, M
= | A|08us | léus | 32us | G=5dB | G=17dB 0.8us 1.6us 3.2us G=5dB | G=17dB
Gl GI Gl GI Gl Gl
1 18 17 15.3 36 34 30.6
0 0 36 34 306 63/61 250/256 71 681 613 45/43 177/182
1 36 34 30.6 72.1 68.1 61.3
! 0 72.1 68.1 61.3 45/43 1777182 144.1 136.1 122.5 3230 126/129
2 - | 108.1 | 102.1 | 919 35/34 141 216.2 204.2 183.8 25/24 100
1 72.1 68.1 61.3 144.1 136.1 122.5
3 0 | 144.1 | 136.1 | 122.5 25/24 100 288.2 272.2 245 18/17 71772
1 | 108.1 | 102.1 | 919 216.2 204.2 183.8 45/46
4 0 | 2162 | 204.2 | 183.8 16/15 63/64 432.4 408.3 367.5 1
5 - | 288.2 | 272.2 245 10 40/41 576.5 544.4 490 7 28/29
6 - | 3243 | 306.3 | 275.6 8.8/9 35/36 648.5 612.5 551.3 6.3/6 25/26
7 - | 360.3 | 340.3 | 306.3 7.9/8 32 720.6 680.6 612.5 5.6/5 22/23
8 - | 4324 | 408.3 | 367.5 4.5/4 18 864.7 816.7 735 3.1/3 13
9 - | 480.4 | 4537 | 408.3 35 14 960.7 907.4 816.6 2.5 10
10| - | 5404 | 5104 | 4594 2.5 10 1080.9 | 1020.8 918.8 1.71.5 7
11| - | 6004 | 567.1 | 510.4 1.9/2 7.9/8 1201 11342 | 1020.8 1.4/1 5.6/6
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Tabmui 3.12. 3ayieXHICTh MIBUJIKOCTI IEpeaadi JaHUX B1J] JOBXUHU KaHAITY 3B’ 3Ky IIPU
BUKOpHucTaHH1 cripsimoBanoi (G = 17 dB) ta BcecnpsimoBanoi (G = 5 dB) anrten By3:iB Ha
yacToTi 2447 MI'1t 13 eHepreTnunum 3anacom 30 dB 3 BUKOpUCTaHHSIM CIpSIMOBAHO1
antenu (G = 17 dB) ta notyxHicTtio niepenaya 15 dBm (Teopetuunuii po3paxyHok/3a

nomomororo Atoll)

IMupuna xanany 20 MI'n HTupuna xanany 40 MI'n
8 % IIsuaxicts, M6/ Bigcrann, M IIBuaxicts, M0O/c Bigcrans, M
= | A| 08us | 1.6us | 3.2us | G=5dB | G=17dB 0.8us 1.6us 32us | G=5dB | G=17dB
GI GI GI GI GI GI
0 1 4.3 4 3.6 267/258 | 1061/1086 8.6 8.1 7.3 189/182 752/769
0 8.6 8.1 7.3 17.2 16.3 14.6
1 8.6 8.1 7.3 189/182 752/769 17.2 16.3 14.6
! 0 17.2 16.3 14.6 344 32.5 29.3 134/129 332/544
2 - 25.8 24.2 21.9 150/145 597/611 51.6 48.8 439 106/102 422/433
1 17.2 16.3 14.6 344 32.5 29.3
3 0 344 05 293 134/129 532/544 638 65 535 75/73 299/306
1 25.8 24.2 21.9 51.6 48.8 439
4 0 51.6 48.8 439 67/65 267/273 103.2 97.5 87.8 47/46 189/193
5 68.8 65 58.5 42/41 168/173 137.6 130 117 30/29 119/122
6 - 77.4 73.1 65.8 38/37 150/153 154.9 146.3 131.6 27/26 106/109
7 - 86 81.3 73.1 34/32 134/137 172.1 162.5 146.3 24/23 95/97
8 - | 103.2 | 97.5 87.8 19/18 75/77 206.5 195 175.5 13 53/54
9 - | 114.7 | 1083 | 97.5 15/15 60/61 2294 216.7 195 11/10 42/43
10 | - 129 1219 | 109.7 11/10 42/43 258.1 243.8 2194 7.5/7 30/31
11 143.4 | 1354 | 121.9 8.4/8 34/35 286.8 270.8 243.8 6 24
[Iupuna xkanany 80 MI'n [lInpuna kanany 160 MI'g
8 % IIBuaxicts, M06/c Bijgcrans, M IIBuaxicts, M0O/c Bincrans, M
= | A|08us | léus | 32us | G=5dB | G=17dB 0.8us 1.6us 3.2us G=5dB | G=17dB
GI GI GI GI GI GI
1 18 17 15.3 36 34 30.6
0 0 36 34 306 134/129 532/544 71 681 613 95/91 376/385
1 36 34 30.6 72.1 68.1 61.3
! 0 72.1 68.1 61.3 95/91 376/385 144.1 136.1 122.5 67/65 267/273
2 - | 108.1 | 102.1 | 919 75/73 299/306 216.2 204.2 183.8 53/51 212/217
1 72.1 68.1 61.3 144.1 136.1 122.5
3 0 | 144.1 | 136.1 | 122.5 >3/31 2127217 288.2 272.2 245 38/37 1507153
1 | 108.1 | 102.1 | 919 216.2 204.2 183.8
4 0 | 216.2 | 204.2 | 183.8 34/32 134/137 432.4 408.3 367.5 24123 85/97
5 - | 288.2 | 272.2 | 245 21 84/86 576.5 544.4 490 15 60/61
6 - | 324.3 | 306.3 | 275.6 1918 75/77 648.5 612.5 551.3 13 53/54
7 - | 360.3 | 340.3 | 306.3 17/16 67/68 720.6 680.6 612.5 12/11 47/49
8 - | 4324 | 408.3 | 367.5 9.5/9 38 864.7 816.7 735 6.7/6 27
9 - | 480.4 | 453.7 | 408.3 7.5/7 30/31 960.7 907.4 816.6 5.3/5 21
10 | - | 5404 | 5104 | 459.4 5.3/5 21 1080.9 | 1020.8 918.8 3.7/3.5 15S
11| - | 6004 | 567.1 | 510.4 4.2/4 17 1201 1134.2 | 1020.8 3 12
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Tabmuig 3.13. 3ayiexHICTh MIBUIKOCTI IEpeaadi JaHUX B1J] JOBXKUHU KaHATY 3B’ 3Ky IIPU

BUKOpucTaHHI cripsiMoBaHux (G =40 dB) anrten By3miB Ha yactoTi 2447 ta 5200 MI'1t 13

enepreruyHuM 3anacom 30 dB 3 Bukopuctanuam BcectipsimoBanoi aHTenn (G = 6 dB) ta

MOTYXHICTIO nepenaya 15 dBm (Teoperuunuii po3paxyHok/3a gornomororo Atoll)

Mupuna xanany 20 MI'n HTupuna xanany 40 MI'n
8 % IIsuaxicts, M6/ Bigcrann, M IIBuaxicts, M6/c Bingcraus, M
= | A 0.8us | 1.6us | 3.2us 5200 2447 0.8us 1.6us 3.2us 5200 2447
GI GI GI MI 1 MI 1 GI GI GI MI'n MI'n
1 4.3 4 3.6 8.6 8.1 7.3
0 0 3.6 2.1 73 1987/1920 | 4216/4070 172 163 146 1407/1360 | 2988/2886
1 8.6 8.1 7.3 17.2 16.3 14.6
1 0 172 163 146 1407/1360 | 2988/2886 344 25 293 997/962 2117/2044
2 - 25.8 24.2 21.9 1118/1081 | 2374/2293 51.6 48.8 439 792/765 1682/1624
1 17.2 16.3 14.6 344 32.5 293
3 0 344 05 293 792/765 1682/1624 638 65 535 561/541 1191/1150
1 25.8 24.2 21.9 51.6 48.8 439
4 0 516 438 439 500/483 1062/1026 1032 975 R7 8 354/342 752/726
5 68.8 65 58.5 316/305 670/648 137.6 130 117 223/216 474/458
6 - 77.4 73.1 65.8 281/272 597/577 154.9 146.3 131.6 199/192 423/408
7 - 86 81.3 73.1 251/242 532/514 172.1 162.5 146.3 177/171 377/364
8 - 103.2 | 97.5 87.8 141/136 299/289 206.5 195 175.5 100/96 212/205
9 - 114.7 | 108.3 | 97.5 112/108 238/230 2294 216.7 195 79/77 168/162
10 | - 129 121.9 | 109.7 79/77 168/162 258.1 2438 2194 56/54 119/115
11 143.4 | 1354 | 121.9 63/61 134/129 286.8 270.8 2438 45/43 95/91
upuna xa"any 80 MI'g Tupuna ka"axy 160 MI'ng
8 CE) IIsuaxicts, M6/c Bigcrans, M IIBuaxicts, M6/c Bincraun, M
= | A 0.8us | 1.6us | 3.2us 5200 2447 0.8us 1.6us 3.2us 5200 2447
GI GI GI MI 11 MI 11 GI GI GI MI'g MI'g
1 18 17 15.3 36 34 30.6
0 0 36 34 30.6 997/962 2117/2044 71 681 613 706/682 1499/1448
1 36 34 30.6 72.1 68.1 61.3
1 0 71 8.1 613 706/682 1499/1448 1441 1361 1225 500/483 1062/1026
2 - 108.1 | 102.1 91.9 561/541 1191/1150 | 216.2 204.2 183.8 397/383 843/815
1 72.1 68.1 61.3 144.1 136.1 122.5
3 0 1441 11361 | 1225 397/383 843/815 7882 2720 245 281/272 597/577
1 108.1 | 102.1 91.9 216.2 204.2 183.8
4 0 | 2162 | 204.2 | 183.8 2517242 332/514 432.4 408.3 367.5 17717 377/364
5 288.2 | 272.2 245 158/153 336/325 576.5 544 .4 490 112/108 238/230
6 - | 3243 | 306.3 | 275.6 141/136 299/289 648.5 612.5 551.3 100/96 212/205
7 - | 360.3 | 340.3 | 306.3 126/121 267/258 720.6 680.6 612.5 89/86 189/183
8 - | 4324 | 408.3 | 367.5 71/68 150/145 864.7 816.7 735 50/48 106/103
9 - | 480.4 | 453.7 | 408.3 56/54 119/115 960.7 907.4 816.6 40/38 84/81
10| - | 5404 | 5104 | 4594 40/38 84/81 10;;0' 1020.8 918.8 28/27 60/58
11| - | 6004 | 567.1 | 5104 32/30 67/65 1201 1134.2 | 1020.8 22 47/46
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Ta6mui 3.14. 3aexxHICTh MIBUJIKOCTI IEpeaadi JaHUX B1J] JOBXUHU KaHAITY 3B’ 3Ky IIPU
BUKOpucTaHHI cripsiMoBaHux (G =40 dB) anrten By3miB Ha yactoTi 2447 ta 5200 MI'1t 13
enepreruyHuM 3anacom 30 dB 3 Bukopuctanuam BcectipsimoBanoi aHTenn (G = 6 dB) ta

MOTYKHICTIO nepenaya 25 dBm (Teopetnunuii po3paxyHok/3a gornomororo Atoll)

IMupuna xa"any 20 MI'n HTupuna kanany 40 MI'n
8 5 IIBuzaxicts, M6/c Bigcrann, M IIBuaxicts, M0O/c Bigcrann, M
= | A| 0.8us | 1.6us | 3.2us 5200 2447 0.8us 1.6us 3.2us 5200 2447
GI Gl Gl MTI'1g MTI'1g GI GI GI MI'g MI'g
1 4.3 4 3.6 8.6 8.1 7.3
0 0 3.6 81 73 6255/6047 | 13235/12776 172 163 146 4437/4288 | 9399/9082
1 8.6 8.1 7.3 17.2 16.3 14.6
1 0 172 163 146 4437/4288 9399/9082 344 35 293 3145/3039 | 6668/6444
- 25.8 242 21.9 | 3527/3409 7477/7226 51.6 48.8 439 2500/2414 | 5303/5123
1 17.2 16.3 14.6 344 32.5 29.3
3 0 344 35 293 2500/2414 5303/5123 638 65 535 1771/1712 | 3759/3631
1 25.8 24.2 21.9 51.6 48.8 439
4 0 516 43 8 4390 1579/1524 3351/3238 1032 97 5 ?7 8 1118/1080 | 2374/2294
5 - 68.8 65 58.5 997/963 2117/2044 137.6 130 117 706/682 1499/1448
6 - 77.4 73.1 65.8 888/859 1887/1823 154.9 146.3 131.6 629/608 1336/1291
7 - 86 81.3 73.1 792/765 1682/1625 172.1 162.5 146.3 561/542 1191/1151
8 - 103.2 | 97.5 87.8 445/430 946/914 206.5 195 175.5 315/305 670/647
9 - 1147 | 1083 | 97.5 354/342 752/726 2294 216.7 195 251/242 532/514
10 | - 129 121.9 | 109.7 251/242 532/514 258.1 2438 219.4 177/171 377/364
11 143.4 | 1354 | 121.9 199/192 422/409 286.8 270.8 2438 141/136 299/289
Hupuna xa"any 80 MI'g IHupuna xa"axy 160 MI'g
8 (2) IIBuzakicts, M6/c Bigcrann, M IIBuaxicts, M0O/c Bigcrann, M
= | A | 0.8us | 1.6us | 3.2us 5200 2447 0.8us 1.6us 3.2us 5200 2447
GI GI GI MT'1g MT'1g GI GI GI MI'g MI'g
1 18 17 15.3 36 34 30.6
0 0 36 34 30.6 3145/3039 6668/6444 71 681 613 2228/2153 | 4728/4568
1 36 34 30.6 72.1 68.1 61.3
1 0 71 681 613 2228/2153 4728/4568 1441 1361 1225 1579/1524 | 3351/3238
- 108.1 | 102.1 91.9 1771/1712 3759/3631 216.2 204.2 183.8 1254/1212 | 2663/2574
1 72.1 68.1 61.3 144.1 136.1 122.5
3 0 11241 11361 1225 1254/1212 2663/2574 7882 2722 245 888/859 1887/1823
1 108.1 | 102.1 91.9 216.2 204.2 183.8
4 0 12162 | 20242 | 1838 792/765 1682/1625 4304 408 3 3675 561/542 1191/1151
5 - | 288.2 | 272.2 245 500/483 1062/1025 576.5 544.4 490 354/342 752/726
6 - | 3243 | 306.3 | 275.6 445/430 946/914 648.5 612.5 551.3 315/305 670/647
7 - | 360.3 | 340.3 | 306.3 397/383 843/815 720.6 680.6 612.5 281/271 597/577
8 - | 4324 | 408.3 | 367.5 223/216 474/458 864.7 816.7 735 158/153 336/324
9 - | 480.4 | 453.7 | 408.3 177/171 377/364 960.7 907 .4 816.6 126/121 267/258
10| - | 5404 | 5104 | 4594 126/121 267/258 1080.9 | 1020.8 918.8 89/86 189/183
11| - | 6004 | 567.1 | 5104 100/96 212/205 1201 11342 | 1020.8 71/68 150/145
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Tabmui 3.15. 3aexHICTh MIBUIKOCTI IEpeaadi JaHUX B1J] JOBXKUHU KaHAITY 3B’ 3Ky MIPU
BUKOpucTaHHI cripsiMoBaHux (G =40 dB) anrten By3miB Ha yactoTi 2447 ta 5200 MI'1t 13
enepreruyHuM 3anacom 30 dB 3 Bukopuctanuam BcectipsimoBanoi aHTenn (G = 6 dB) ta

noTyxHicTio nepenada 30 dBm (Teoperuunuii po3paxyHok/3a gornomororo Atoll)

IHupuna xka"axy 20 MI'n HTupuna kanany 40 MI'n
8 % IIsuaxicts, M6/ Bigcrans, M IIBupaxicts, M6/c Bingcraus, M
= | A 0.8us | 1.6us | 3.2us 5200 2447 0.8us 1.6us 3.2us 5200 2447
GI GI GI MI'1g MI' GI GI GI MI'g MI'g
1 4.3 4 3.6 23345/ 8.6 8.1 7.3 16617/
O 0 86 | 81 | 73 | 069107011 rss) 17.2 163 | 146 | 202797 | 16049
1 8.6 8.1 7.3 16617/ 17.2 16.3 14.6 11810/
V0 172 [ 163 | 1a6 | 7392797 | 6049 34.4 325 | 293 | 2P| 1405
13235/ 51.6 9399/
2 - 25.8 24.2 21.9 6255/6047 12776 48.8 439 4436/4288 9081
1 17.2 16.3 14.6 9399/ 344 32.5 29.3 6669/
3 0 344 32.5 29.3 4436/4288 9081 68.8 65 58.5 3145/3040 6443
1 25.8 24.2 21.9 5947/ 51.6 48.8 439 4216/
4 0 51.6 48.8 439 280472710 5742 103.2 97.5 87.8 1987/1920 4074
3729/ 137.6 2663/
5 - 68.8 65 58.5 1771/1711 3633 130 117 1254/1212 2573
1579/1525 3351/ 154.9 2374/
6 - 77.4 73.1 65.8 3239 146.3 131.6 1118/1080 2293
1407/1360 2988/ 172.1 2117/
7 - 86 81.3 73.1 2885 162.5 146.3 997/962 2045
1682/ 206.5 1191/
8 - 11032 | 975 87.8 792/765 1625 195 175.5 561/542 1150
9 - | 114.7 | 108.3 | 97.5 629/608 1336/1291 229.4 216.7 195 445/430 946/915
10 | - 129 121.9 | 109.7 445/430 946/915 258.1 243.8 219.4 315/305 670/647
11 143.4 | 1354 | 121.9 354/342 752/726 286.8 270.8 243.8 251/242 532/514
[Iupuna kanany 80 MI'ng [Tupuna kanany 160 MI'u
8 % IIBuaxicts, M06/c Bigcrans, m IIsuakicts, M6/c Bincraus, M
= | A 0.8us | 1.6us | 3.2us 5200 2447 0.8us 1.6us 3.2us 5200 2447
Gl GI Gl MTI'n MTI'1g GI GI GI MI'1 MTI'1
1 18 17 15.3 11810/ 36 34 30.6 8384/
0 0 36 34 30.6 3379/5389 11405 72.1 68.1 61.3 3956/3821 8097
1 36 34 30.6 72.1 68.1 61.3 5947/
! 0 72.1 68.1 61.3 3956/3821 8384/8097 144.1 136.1 122.5 2804/2710 5742
2 - | 108.1 | 102.1 | 91.9 3145/3040 6669/6443 216.2 204.2 183.8 2229/2152 1752687/
1 72.1 68.1 61.3 144.1 136.1 122.5 1579/1525 3351/
3 0 | 144.1 | 136.1 | 122.5 22292152 4728/4567 288.2 272.2 245 3239
1 | 108.1 | 102.1 | 91.9 1407/1360 216.2 204.2 183.8 2117/
4 0 | 216.2 | 204.2 | 183.8 2988/2885 432.4 408.3 367.5 997/962 2045
576.5 1336/
5 - | 288.2 | 272.2 245 888/858 1887/1823 544.4 490 629/608 1291
6 | - | 3243|3063 | 2756 | o765 | 16821625 | O | 625 | ssis | seusaz | LY
7 - | 360.3 | 340.3 | 306.3 706/682 1499/1449 7206 680.6 612.5 500/483 11%6216/
8 - | 432.4 | 408.3 | 367.5 397/383 843/815 864.7 816.7 735 281/272 597/577
9 - | 480.4 | 4537 | 408.3 315/305 670/647 960.7 907.4 816.6 223/216 474/458
10| - | 5404 | 5104 | 459.4 223/216 474/458 1080.9 1020.8 918.8 158/153 336/324
11| - | 6004 | 567.1 | 510.4 177/171 377/364 1201 11342 | 1020.8 126/121 267/258
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BUCHOBKHM JIO PO3JILIY 3

1. TIlpoBemeHo aHami3 aHTEH CHOPSAMOBAHOI Ta BCECHPSAMOBAHOI i, sKi
BUKOPHUCTOBYIOTHCA JUIsl MOOLJTBHUX MPUCTPOIB 1 30KpeMa B CEHCOPHUX By3Jax. BuznaueHo
nepeBaru Ta HeJOMIKU KOXHOTO THITY, 110 JaJI0 PO3yMIHHS aKTyallbHOCTI Ta HEOOX1AHOCTI
BUKOPUCTAHHSI CIPSMOBAaHUX Ta BY3bKOCHPSMOBAaHMX AaHTEH Ui  IIJBUILIEHHSA
edexkTuBHOCTI (QyHKIIOHYBaHHS MCM, a TakoX NOJaJbIIOT0 PO3BUTKY HAIMPSMKY
CEHCOPIB CHpPAMOBaHOI [ii y Ha3eMHO-MOBITPSIHUX MeEpexax 13 3acTOCyBaHHSIM
TEJIEKOMYHIKAI[IHHUX aeporuiaTGhopm.

2. BuknaneHo naBa MiAXOAW A0 PO3PaxyHKy MHapaMeTpiB JiiHIi 3B 43Ky (30Kpema
MaKCUMaJIbHOI JIOBKWHU JIiHII 3B’ 43KY) TA-By30J1: TEOPETUYHUI CIIOCIO Ta 32 JOMOMOIOIO
MOJICIIIOBaHHS y MpOorpaMHOMY KomIuiekcy Atoll.

3. BukoHaHi pO3paxyHKH Ta MOJENIOBAHHA Ui TPbOX MOXJIMBUX 3HAYCHD
noTy>kHocTei 15,25 ta 30 dBm npu Bukopuctansi yacTor 13 niana3onis 2.4 ta 5 [T, byno
MIPOBEJICHO JIBa OJIOKH MOPIBHSIHB: 13 BUKOPUCTAHHSM ciipsiMoBaHoi anTeHu (G = 17 dB) nns
TA 13 copsmoBadoo (G = 17 dB) ta BcecnpsimoBanowo (G = 5 dB) antenamu By3ia
BIJIMOBIJIHO; 13 BUKOPUCTaHHSIM BcecrnpamoBaHoi aHTteHu TA (G=6 dB) Ta
By3bKocHpsiMoBaHoi antenu (G = 40 dB) By3na.

4. OrtpumaHi pe3yJdbTaTH TEOPETUYHOTO  PO3PAXYHKY  IMiIATBEPKYIOTHCS
po3paxyHKoM 3a qoroMororo Atoll (3 ypaxyBaHHSIM TOITyCTUMOTO BiAXUJIeHHS ). Buxonsauu
3 HUX MOOYJI0BaHO ciMeHCTBO TpadikiB Ta Tabiuip. [lopiBHIOIOUM CiMEHCTBO TpadikiB
3aJIEKHOCTI IMIBUJIKOCTI BiJl MiHIMaJIbHOT YyTJIMBOCTI TIepeaBada (3pOCTalouuil XxapakTep)
Ta 3aJIEKHOCTI BIICTaH1 BiJ MIHIMAQJIbHOI YyTJIMBOCTI MepenaBaya (CHagHUN XapakTep)
MOYHa 3pOOUTH BUCHOBOK, 1[0 MaKCUMaJbHa MIBUAKICTh NIepeadl JaHUX 3MEHITYEThCS 31
30UTBIIIEHHSIM JOBKHHH KaHATY 3B’ SI3KY.

5. 3 oTpuMaHuX pe3yJIbTaTIB MNEPIIOTO OJIOKY NOPIBHSAHb MOXKHA 3pOOUTH BUCHOBOK,
[0 MaKCUMaJbHa BIJICTAHB JIHIT 3B’ SI3KY MIXK BY3JIOM (TP BUKOPUCTAHHI BCECTIPSIMOBAHOT
(G =5 dB) ta cipsmoBanoi auteH (G = 17 dB) ta TA 1-ro pias (abo mix TA Iro Ta 2-ro
piBHIB) BiJpi3HAETHCA Y 3.9 — 4.6 paziB. ToOTO 3 BUKOPUCTAHHSIM CEHCOPIB CIIPSIMOBAHOT 11

MPU OJTHAKOBUX 1HIIMX YMOBAX MOXKHA JOCATTH 301TIBIICHHS BUCOTH po3TalryBaHHs (200
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BIJICTaHi JI0 By3/1a) TeIeKOMYHIiKamiianx aeporuiatd@opm. Takoxx BapTo 3BepHYTH yBary Ha
T, [0 MaKCUMaJlbHA JOBXHUHA JiHII 3B 3Ky OOMEXY€e€ThCS IMIBHIKICTIO Mepenadi JaHuX
KaHaldy 3B’s3Ky. Tomy npyrwii OJOK TOpIBHAHB TIOKa3ye, IO TPHU BUKOPUCTaHHI
By3bKOcTpsiMmoBaHoi anTeHn (G = 40 dB) MoxmmBO 301IbITUTH MIBUAKICTH MTEpeAadi JaHUX
y 1.7-3.5 pa3u nipu 3mini gactotu 3 5200 Ha 2447 MI'1 (a0 3MEHIIIMTH BUTPATU €HEPrii
IIpU 3MEHIIIEHH1 MOTY>KHOCTI niepeaaBaya 3 30 1o 15 dBm Ta mBuakocTi nepenadi 1aHuX y
5-6 pa3iB) mpu ymoBi postamryBaHHs TA 1-ro piBHS Ha BHCOTI BiJ MiB KIJIOMETpa 0

OJIMHUITH KIJIOMETPIB.
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PO311JI 4
OIIHKA E®EKTUBHOCTI METOAY HNIATPUMKMU 3B'SI3BHOCTI
MOBLJIbHOI MEPEKI CEHCOPIB CIIPSIMOBAHOI 111 13
BUKOPUCTAHHSM TEJEKOMYHIKAIIHHUX AEPOILIAT®OPM
PI3BHOPIBHEBOI'O PO3TALIIYBAHHASA

B nmonepeanix po3ainax auceprariii 0y po3po0sieHi MaTeMaTHYHa MOJENb OIIHKU
3B’A3HOCTI 1 ME€TOA MiATPUMKH 3B’ s13HOCTI MCM 13 TA, 110 nossirae y BUKOPUCTaHHI ABOX
piBHiB TA [89,90], a Takok 3acTOCyBaHHI1 CEHCOpPIB crpssMoBanoi aii [91,92]. Jlami nmocrae
3a/1aya OLIHKU €()EeKTUBHOCTI OTPUMAHUX pe3yJibTatiB. /i bOro HEOOXi1IHO BU3HAUYUTH
cnoci®d MOPIBHSHHS 3alpONOHOBAHOI B JUCEPTallli CUCTEMHU 13 ICHYIHOUMM Ha ChOTOJHI

npototunom [3,12].

4.1. BusHayeHHs OKA3HUKIB I OUIHKH edekTuBHOCTI podoTtu MCM 3 TA

MobinbHy ceHcopHy Mepexy (MCM) MokHa XapakTepu3yBaTH SIK PO3MOJIIICHY
cucteMy O€3MpOBOJOBUX BY3JIB (MaJOro po3Mipy) 37aTHY CaMOOPraHI30BYBATHCH.
OcHoBHuMHU sikocTsMu MCM 3 TA € MOXIMBICTD MOHITOPUHTY PI3HOMaHITHHX
napameTpiB, oOMiHy 1H(oOpMaIlli Ha BEJIMKUX TEPUTOPISAX MO MapHIpyTax, MO0 MPOXOATh
yepe3 1HWI By3nmd 1 TA go nHailbmmxdoro mepexeBoro enementa (ME) (Hampukiazn,
CynyTHUK/TiceBnocynyTHUK [36,37,38] um 0Ga3oBa CTaHIlis) CHCTEM 3arajabHOTO
KOPUCTYBaHHS YU O€3MOCepeHhO JI0 IEHTpY o0poOku iHdopmarii. ToMmy BakIUBO
PO3YMITH, IO OLIHKA €(DEKTUBHOCTI MOXKE 31HCHIOBATHUCS TO(aA3HO: ITi]T 4YaC ONIEPATUBHOTO
KepyBaHHS, 3MIHM KOHIryparlii (HapollyBaHHS a00 3MEHIIEHHS), IUJIaHyBaHHSA a0o
posroptanHsi. Ha BUKOHaHHS KOXHO1 (a3 BIIBOAUTHCSI HEOOXITHUN Yac Ty e06x (322€THCS
4acoBe 0OMEKEHHH ), a  e(peKTHBHICTb  BHM3HAYa€TbC  3TIJHO  MpaBUIIA
Theosx = MiNabo T < Tyepex, AKICTIO TPUUHATUX PIIIEHH IIEHTPOM KEPYBaHHS MEPExKi
(LIKM), 3atpaTHuMU pecypcamu (By3iu, TA) ta eneproButpatamu [112,113].

Po6oTta cuctemMu KepyBaHHS CKIAAAE€ThCS 3 HACTYIMHUX IMIJICUCTEM: TUIaHYBaHHS Ta
ONTUMI3AIlll TOKPUTTS, TEJICKOMYHIKAI[I/ Ta eHEproMeHeKMEHTY. BiIMOB1THO I KOXKHOT

3 HUX € TIeBH1 MOKA3HUKH JJ1s1 OLIIHKY epeKkTuBHOCTI (Tadmn. 4.1) [112,113].
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Tabmuis 4.1. [Tokazaukw 1715 OMIHKK €()EKTUBHOCTI MiACHCTEM

[InanyBaHHs Ta TenekomyHikarin EnepromeHepxkMeHTy
OIITHUMIi3allisl TOKPUTTS
Yac posropraHHs 3B'sI3HICTD Butpara eneprii
BiacoTok mokpuTTs [IBuakicTh nepenayvi nanux | Yac hyHKIIIOHYBaHHS
KinpkicTh By3I1iB UYac nepenaui indopmariii
Kinbkicte TA OO6csr tpadiky
HaganTaxeHnns

[lepma migcucTeMa 3a0e3nedye MOKPUTTS TEBHOI IUIONI, 00’€KTa, HACEIEHOTO
MyHKTY TOILO Jyisi 0OMiHY/300py 1H(MOpMaIii Takoi K CTaH NMPEIMETY MOHITOPHHIY a0o
nepenaya iHpopmaiiii 70 Hboro. OCHOBHI MOKA3HUKH 3a JIOTIOMOI0I0 SIKUX MO>KHA OL[IHUTH
AKICTh TMOKPUTTS 1I€ — Yac PO3rOPTaHHA, BIJCOTOK MOKPUTTS, KUIBKICTh HeoOXiqHux ME
(By3miB 1 TA KOXHOro 3 piBHIB) BUXOJSIUU 31 CKIIAJIHOCTI penbedy MICIIEBOCTI, 00’ €My
iH(dopmarlli, 1HTEHCHBHOCTI ii OOMIHYy Ta TOYHOCTI MOHITOPHUHTY/SKOCTI TpPaHCIAILIL
[112,113].

Hpyra mincucrema Mae 3a0e3nedynTd oOOMIH JaHUX 3 By3iamu 1 TA, BKIIOYHO 10
0a30Boi cTaHIli (a00 cyrmyTHHKA) 3 HEoOX1aHOIO sAKicTio [36,37,38]. Ilepen um nporecom
MaroTh OyTH BUKOHAHE PO3TOPTaHHS Mepexi 3 POPMyBaHHSAM KJIACTEPIB Ta TOUOK OOMIHY
iHpopmanii TA, MapuipyTy noiasoTy. OLIHOYHUMU NMOKA3HUKAMHU 3B’ SI3HOCT1 BUCTYNAIOTh:
MIBUJKICTh TMepefavl JaHux, 4Yac mnepenadl iHdopwmarlii, 3araJbHuil 00csr Tpadiky,
HaBaHTaxeHHs [112,113].

Tperst mimcucreMa BIIMOBIZAE 3a PO3MOALT EHEPTOPBUTPAT MDK MEPEKEBUMU
eJIeMEHTaMU (KOKEH 3 SIKUX Ma€ CBOE JKEPEJIOo >KUBJICHHS). ['0j0BHA ii LUJIb 301IbIIICHHS
TPUBAJIOCTI POOOTH MEpexi Ta ii €JIEMEHTIB 3a YMOBU MIHIMaJbHO HEOOXIJIHOI SIKOCTI
MOKPUTTS, 00MiHYy/300py JaHuX. BUX0asiuu 3 1IOTO MOKHA BUJIIJTUTH HACTYITHI TOKa3HUKU
3a SKUMH MOXHAa OIIHUTH €(QEKTUBHICTh pPOOOTH: 3HAYEHHS BUTPAT EHEprii, yac
(GYHKIIIOHYBaHHS SIK BCI€T CHCTEMH B LIJIOMY TaK 1 KOXKHOT'O MEPEXKEBOTO €JI€MEHTa OKPEMO

[112,113].
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4.2. Metoauka ouinka edexktuBHocti MMCC/ 3 Bukopucranusam TA

PIi3HOPIBHEBOI0 PO3TALIYBAHHS

Jlns parioHaapHOTO MOPIBHAHHSA €(PEeKTUBHOCTI MPEICTABICHOT TEICKOMYHIKAIIHHOT
CUCTEMH, KpIM BU3HAYECHHSI TOKA3HUKIB, BHHUKA€ HEOOX1HICTh Y CTBOPEHHI METOJIUKH, KA
BUPIIINTH JaHy 3agaqy [112,113].

Ha nepmomy etani HeoOxigHO 3aaatu napamerpu MMCC/] 3 Bukopuctanusm TA
pizHOpiBHEBOrO po3TamryBanss [112,113]:

1. Xapakrepuctuku ME (By3mniB, TA): moTy»XHicTh TpaHcMiTepiB P;, poOoya yacToTa
fp» cMyra mpomnyckanus Af , TUm aHTeH, KOehilieHTH X MiACHICHHS G; BUXOIAYM 13
TOYHOCTI BHUMIpIOBaHb, SKOCTI Mepedadl MyJbTUMEIIMHMX JaHUX, Yacy OOMiHY/300py,
MMOBHOTH OTPUMAaHO1 1H(POPMALIii TOIIO).

2. XapakTepuCTHKH MEPEXi: IO MOKPUTTS, KUIBKICTE ME (Nyy;, Npp ), iX
KOOpPJIMHATH, TOMOJIOTIS (KUIBKICTh KJIACTEPIB Ta BY3JIB y HUX, JIHIN 3B'A3KYy, aJrOPUTM
BuOopy I'BK To1110), TpoTOKOA JOCTYITY, BUA 0OCIyrOBYBaHHS (3 TapaHTi€ro 4u 0e3), yac
poboTH.

3. XapakTepucTuku MeToay oOMiny/300py 1H(opMmailii, a came: iX TUIl (MOCI1IOBHO
3 KOKHOTO BY3JIa, 3 TOJIOBHUX BY3J1B KiacTepy); ME, 1110 BUKOHY€e oprasizailiro Kjiactepy
Ta kepyBaHHA Mepexero (LIKM ab6o TA a6o I'BK); amroputmMu moOyaoBu mapupyTty
MOJIbOTY (3arajbHUl a00 JIOKAJIbHUI) Ta KJIACTEpiB BUXOASYM 13 LIIbOBOI (HyHKIIIT
(miniMizaris kutbkocti TA, MakcuMizallist yacy poOOTH Mepexi Ta 1HII);

Ha npyromy eramni notpiOHO 00paTH MOKa3HUKHU OIIHKH e€(heKTUBHOCTI (po3ait 4.1)
[112,113].

Ha tperbomMy ertami BiiOyBaeThCsl MoOya0Ba MareMaTHYHuX Mozeneit MCM i3 TA
(omHOpiBHEBA 3 CEHCOpaMu BcecnpsMmoBaHoi nii [4,7,15,33] Ta nBopiBHEBa 3 ceHCOpaMu
cupsimoBanoi Aii [90,91,92]) Ta mpoBeneHHs eKcriepuMeHTy (IMITaIlliHOTO MOJICITIOBAHHS)
[112,113].

Ha wuyerBepTOMy eTami OTpUMaeMoO pe3yJbTaTH Ta 3aJEKHOCTI MMOKAa3HUKIB
e(eKTUBHOCTI BiJ PI3HUX YMOB (DyHKIIIOHYBaHHS Mepexi. Buxoasuu 3 Buiie3a3HayeHoro,

Ha OCTAaHHBOMY €Tani HeoOX1JHO BUKOHATH MOPIBHIHHS Ta 3p0OuTH BUCHOBKH [112,113].



129
4.3. ImiTaniliHe MOIeTIOBAHHSA TA OLIHKA eeKTHUBHOCTI

Jlnst mopiBHsHHS Oyio moOymoBaHo nBi MmartematwdHi momeni: MCM i3 TA
[4,7,15,33] (cuctema mpototun) tTa MMCC]/ 13 TA nABOpiBHEBOTO pO3TallyBaHHS
[90,91,92] (3anmporioHOBaHO B aucepTarlii). By3mn ceHCOpHOi Mepeski po3TamoByOThCS Ha
HYJIbOBOMY PIBH1 Ha BUCOTI 710 1.5 M, a BUCOTa MCEBIAOCYITyTHUKA 3 SIKUM 3B’ A3yI0ThCsl TA
ctaHoBuTh 20 kM. B MCM 13 TA Bucora TA cranoButs 10 1 kM. A B MMCC[] i3 TA
JBOPIBHEBOTO po3TainryBanHs: Bucota T A nepuioro piBHs 1.5-2 kM, apyroro — 5-15 km. Yci
MepeKeBi eJeMEHTH PO3TallOBaHi BMIIAJAKOBMM 4MHOM Ha momi 2500 km?. KinbkicTb

BY3JIiB HyJIbOBOTO PiBHS Ny, cTanoBuTh 600. TA B MCM 13 TA Ny = 400, B MMCC/I i3

TA — Ny =360 (60 3 sKux pO3TaIlIOBYIOThCS Ha JAPYroMy piBHi). JlambHICTH 3B’SI3KY
BHU3HAYaJIacs 3TIHO PO3paxyHKIB y po3aum 3 3 texHosoriero gocryny IEEE 802.11ax.
Makcumanbauii paaiyc o6mpory TA mnepmoro piBas 4000 M, apyroro — 8000 wm.
[ToTtyxHicTh nepenasaya By3na 20 dBm, TA nepmoro pias 25 dBm, ngpyroro — 30 dBm,
poboua yactora 2447 MI'n, cmyra npornyckansi 20 MI'u. KoeditieHT mijicuiaeHHs aHTEeH
BY3JIiIB B OJHOpiBHEBI mojeni 5 dBi, a B aBopiBHeBit — 17 dBi. O6’em nmanux, mio
nepeaaBaBcs 3 Ko>kHOro Bysna — 1024 6it. [112,113].

Tabmuus 4.2. BXigdi 7adl MaTeEMaTUYHUX MOJIEIEH

Bxinnuit mapametp MCM 13 MMCC/ i3 TA
TA JIBOPIBHEBOI'O PO3TALITYBaHHS
(mpoToTwIT) (3arponoOHOBAHO B
JCcepTAallii)
KinbkicTh By3iiB Ny, 1T 600 600
Kinekicts TA niepmioro piBHS Nppq, 400 300
IIT
Kinbkicte TA apyroro piBHSI Npao, HIT 60
Bucora By3JiB HYJbOBOT'O PiBHS, M 0-1.5 0-1.5
Bucora TA nepmioro piBHs, M <1000 1500-2000
Bucora TA apyroro piBHsI, M 5000-15000
[ToTyxHicTh epeaaBaya By3aiB, dBm | 20 20
[ToTyxHicTh nepeaaBaua TA nepuioro | 25 25
piBHsi, dBm
[TotyxHicth nepeaaBaya TA npyroro | 30 30
piBHsi, dBm
KoedirieHT nmiacuiaeHHs: aHTeH BY37iB, | 5 17
dBi
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["'010BHMMU By371aMH KJIACTEPY BUCTYMAIOTh TA mepuioro piBHs, siki BCTAHOBIIIOIOTh
3B 130K 3 JOCTYMHHUMH y Pajilycl Jii By3JlaMd HYJbOBOTO PiBHS. Y cucTeMi mpoToTun TA
NEPLIOTrO PIBHSA TAaKOX BCTAHOBIIOIOTH 3B’SI30K 3 HalOmwkummMu TA g miaTpuMKU
3B’S3HOCTI, a B 3aMponoHoBaHiil cucreMi — TA npyroro piBHs (BOHU SBJSIOTH coboro 'BK

st TA nepuoro piasi) [112,113].

‘Cramtapa wacers. wegent BTA (01

Pucynoxk 4.1. MCM 13 TA (mipotoTun)

(TpUBUMIPHHI Ta TBOBUMIPHUN BUTJISI)

# BILTA dpyco0o pienn ’

# BILTA nepueeco pisns L 4
© Bysnu wymbosoca pisws f
® Hessocynpmnns

MtD (ﬁt‘ﬂw-; AN A N T 80

] 3

Pucynox 4.2. MMCCJI i3 TA nBOpiBHEBOTO pO3TallyBaHHS (3alpONOHOBaHA)

(TpUBUMIpHHI Ta TBOBUMIPHUM BUTJIS)
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EdexTuBHICTE BIOCKOHAIEHOT MOJENI OI[IHIOBANIACS 3a HACTYIMHUMHU KPHUTEPISIMU:
JTOBXHHA MapHIPyTy, KITBKICTh O€3MmocepeHbo 3aaisHux TA, MBUAKICTD TIepeaadi JaHux
Ta yac mnepefadi iHdopmarlii BiJ By3jda HYJIbOBOIO PIBHS JO ICEBAOCYNyTHHKA. Jlis
pPO3paxyHKy LHMX KpuUTepiiB OyJeMO KOPHCTYBaTHUCS METOAMKOIO 13 po3auny 3 Ta
cnenudikamismu crangapty IEEE 802.11ax y mporpamHomy komiiekci Matlab. Kinbkictb
npoBeneHux BumiproBanb 10000 [112,113].

Ha pucynkax 4.3 — 4.7 BimoOpaxeHO pe3ybTaTH IMITAIIMHOTO MOJIEITIOBAHHS IS
JIOBXKUHU MapIIPyTy YCEPETHEHOI 3a KUIBKICTIO CEHCOPIB, i1 MaKCUMaJIbHI Ta MiIHIMaJIbHI
3HAa4YeHHSI, a TAKOXK MOJIa Ta Me/iaHa. J[MBISYNCh HAa OTPUMaHI Pe3yJbTaTH MOKHA 3pOOUTH
BHCHOBOK, III0 JIOBKMHA MapIIpyTy y 3alpONOHOBaHii cucteMi MeHma Ha 1.5 — 15.2% (3a
MMOKa3HUKaMH MOJIU, MEJlIaHu, MIHIMAJIbHUX Ta YcepeIHeHUX 3HaueHb) [112,113].
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Pucynok 4.4. Pe3ynbratu 004YMCIIEHHS! MAaKCUMAJIbHOI JJOBKUHU MapLIPyTy
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Pucynok 4.5. Pesynbprat 004MCIIeHHsI MIHIMAIbHOI JOBKUHU MapIIPyTy
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Pucynok 4.6. Pe3ynbratu o04YHCIEHHS! ME/I1aHU JOBKUHU MapuIpyTy
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Pucynox 4.7. Pe3ynpTaTi 00YUCICHHS MOJIA JJOBKUHU MapIIPyTy

Ha pucynkax 4.8 — 4.11 BimoOpaxeHo pe3ynbTaTy iIMITalliHHOTO MOJETIOBAHHS JIJIs
KUIbKOCT1 Oe3nocepenbo 3adisinux TA Ha MapmipyTi BiJl By3ja HYJbOBOTO DIBHS 0
MICEBIIOCYITYTHUKA YCEPETHEHOT 3a KUTBKICTIO CEHCOPIB, 11 MaKCHUMAaJTbHI 3HAYCHHSI, & TAKOXK
MoJa Ta MeaiaHa. MinimaneHi 3HaueHHs miag MCM i3 TA — 1, s MMCC/] i3 TA — 2.
JIuBAsSYMCh, Ha OTpUMaHI pe3yJbTaTH MOKHA 3pOOMTH BHCHOBOK, IO KITBKICTH TA y

3amporoHoBaHii cucremi MeHma Ha 20 — 43% 3a Bu3HaueHUMU nokazHukamu [112,113].
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Pucynox 4.8. Pe3ynpraTti 004uCICHHS KUTBKOCTI O€3MocepeIHbO 3aaistHIX TA

yCepeaHEHO1 3a KIJIbKICTIO CEHCOPIB IIPH TAHOMY HOMEP1 E€KCIIEPUMEHTY
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Pucynox 4.9. Pe3ynapTaTi 00YMCICHHS MaKCUMAJIbHOT KUTBKOCTI 0€3MocepeHbO 3aTisTHUX
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Puc. 4.10. Pe3ynbpTaTt 00UMCIICHHS MEJIIaHU KITBKOCTI O6€3mocepeIHbo 3aaisHux TA
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Pucynox 4.11. PesynbpTaTl 004HCIICHHSI MOJIU KUTBKOCTI Oe3mocepeaHbo 3aaissHux TA
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Takox Oynu oTpuMaHi pe3ynbTaTd OOYMCICHHS MIBUIKOCTI Mepeaadi JaHux (puc.
4.12) Ta yacy 3arpuMku mnpu Tnepenadi iHpopmamii (puc. 4.13) Big By3miB 10
MICEBJIOCYIMYTHUKA YCEPEIHEHUX 3a KUIbKICTIO ceHcopiB. OTpumana mnepeBara y
3aMpONOHOBaHi# cuctemi cTaHOBUTH 41 Ta 29 BigcoTkiB Biamosimaao [112,113].
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Pucynoxk 4.13. Pe3ynbratt 00YMCIICHHS Yacy 3aTPUMKHU MpH nepeaadi iHpopmarii

YCEpEIHEHOr 0 3a KUTbKICTIO CEHCOPIB MPH TaHOMY HOMEpP1 EKCIIEPUMEHTY
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Jlami cmim 3BepHYTH yBary Ha 3aJ€KHOCTI IMIBHAKOCTI Tepenadi JaHuX, 4Yacy
3aTpUMKU Tpu  mepenadi iHpopmanii Ta KimbkocTi TA Bi JOBXKUHH MapHIpyTy
yCepeaHEeHUX 3a KUIbKICTIO ceHcopiB (puc. 4.14 - 4.16 BianmoBimHO). I3 3anmekHOCTI
MIPEICTABJICHOT Ha pUCYHKY 4.14 MOXHa 3p0OWTH BUCHOBOK, IO IMIIBUIKICTH TIEpeaadl TaHuX
3MEHIIYEThCA 31 30UIBLICHHSM BIJICTaHI, IO 30IraeTbcsi 13 TPEHIOM Y CIMEUCTBI
3aJIEKHOCTEH OTpUMaHuX y po3aiii 3. A pucynku 4.15 ta 4.16 1eMOHCTPYIOTh 301IbIICHHS
Jacy 3aTpUMKH Tpu Tiepenadi iHdopmariii ta kimbkocti TA 31 30UIBIIEHHSM BiJCTaHi
BianoBiaHo [112,113].

YcepenHeHi 3a KUTBKICTIO €KCIIEPUMEHTIB PE3yJIbTaTH MOJETIOBAHHS I 000X
CHCTEM Ta iX MOPIBHIHHS HaBeneH1 y Tadbmuii 4.3 [112,113].
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Pucynok 4.14. 3anexHicTh IBUAKOCTI Nepeaadl JaHUX BiJl JOBXKHUHU MapLIpyTy

yCepelHeHa 3a KITbKICTIO CEHCOPIB
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Pucynok 4.15. 3anexHicTh yacy 3aTpUMKH IIpH nepeaadl iHdopMallii Bl JOBKUHU

MapIIpyTy YCEepPEeIHEeHA 3a KITbKICTIO CEHCOPIB
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Pucynok 4.16. 3anexHicts 6e3mocepeiHbo 3a1sTHUX KUTbKOCTI TA BijJ TOBKUHU

MapIIpyTy ycepeaHeHa 3a KUTbKICTIO CEHCOPIB

Tabnuus 4.3. Y3aranbHeH1 pe3yabTaTu IMITAIIHHOTO MOJICJIFOBaHHS

KpHTepil Wi (1 = m) OLIHKHU MCM iz TA MMCC/iz TA HOKpameHHﬂ,
e(pexkTUBHOCTI (ycepeaHeHO 3a (npomomun) 060pisnes02o %
3arajJibHOI0 KijJIbKiCTIO eKCIIEPUMEHTIB) po3mauilyeanm
(3anpononosano 6
oucepmauii)
Yac nepenaui indopmariii
yCEpEeIHEHHH 3a KUIbKICTIO CEHCOPIB, MC 102 72 2941
[IBunkicTh mepenavi inpopmariii
yCepeIHeHa 3a KUTbKICTIO CeHCOPIB, 0iT/c | 602846.77 852071.01 41.34
Kinbkicts Ge3nocepeanno 3aaisaux TA
ycepeIHeHa 3a KUTbKICTIO CEHCOPIB, IIIT. 6.04 4.351 27.96
MaxkcumanbHa KibKicTh TA, mIT. 10 8 20
Meniana kinpkocti TA, mT. 6 4 33.33
Mopa kinbkocti TA, mT. 7 4 42.86
JloBkrHA MapuIpyTy
ycepeHeHa 3a KUIbKICTIO CEHCOPIB, M 37649.13 33673.45 10.56
MakcuMasbHa T0BXKHHA MapIIPyTy, M 58340.52 62871.89 7.77
MiHiMabHa TOBKHHA MapUIPYTy, M 20397.6 20075.12 1.58
MeniaHa JOBXKMHHU MapuIpyTy, M 38413.1 32561.065 15.23
Mopa TOBKHHH MApUIPYTY, M C 28018.11 26239.12 6.35

BI/IXOI[H‘-II/I 13 YCbOI'0 BHMIIC HABCJICHOI'0, MO’KHA CKa3aTh 110 3allpOIIOHOBAHA

MMCC/ 13 TA ABOpIBHEBOrO pO3TAlIlyBaHHS MOX€ OyTH €(pEKTUBHO BUKOpHCTAaHA IJIS
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HIATPUMKH 3B’S3HOCTI BY3JIB 13 JOCATHEHHSIM MOKPAILEHb MO BCIM 3a3HAUYEHUM BHILE

kputepism [112,113].

BUCHOBKMU 10 PO3ALTY 4

1. BusnaueHo mnepenik KpuTepiiB Ay OIHKK edekTuBHOCTI podotn MCM 3
BUKOpUCTaHHSIM TA B KOXHIA 13 MIJICUCTEM KEpyBaHHS Mepexero (IIaHyBaHHS Ta
onTUMI3aIlll TOKPUTTS, TEICKOMYHIKaIllM, EeHEProOMEHEXKMEHTY) Ha OCHOBI METOJIMYHUX
pexomennanii MCE-P ta nporpamuoro komruiekcy Matlab.

2. 3anponoHOBAHO METOJUKY Y SIKIM OMUCYETHCS MIAXIJ 10 OMIHKA €(dEeKTHUBHOCTI
MCM 13 TA Ta pamioHaJIbHOIO MOPIBHSHHS 3allPONOHOBAHOI MOJENI 13 1ICHYI0UOl0. BiH
CKJIQJAEThCSl 3 YOTHPHOX €TaliB, a came: 3aJaHHsA BXIJHUX MapaMeTpiB MEPEKEBHX
€JIEMEHTIB Ta MeEpexi B I[IJIOMy, OOpaHHS IOKAa3HUKIB €(EeKTUBHOCTI, MOOYy/I0Ba
MaTeMaTUYHUX MOJIEJeH Ha OCHOBI BKa3aHOi 1H(OpMallii Ta OTpUMAaHHS PE3yJbTATIB 3
MITOTOBKOIO HEOOX1THUX Bi3yaJIbHUX MPEICTABIICHbD.

3. IloGynoBaHo BI MaTeMaTH4HI MOJIE1 B MporpaMHoMy Komiuiekci Matlab: MCM
13 TA (mporotun) 1 MMCC]] i3 TA nBopiBHEBOro po3TallyBaHHS (3alpONOHOBaHA
CUCTEMA).

4. TlpoBeneHo imiTaliiiHe MOJIETIOBAHHS 3alpONOHOBAHOI CUCTEMHM Ta CHCTEMU
MpPOTOTHUI, OTPUMAHI PE3yJbTaTH HA OCHOBI SKUX OyiuM mMmoOy/n0oBaHiI Bi3yalbHI
MPE/ICTABJIICHHS 1 TOPIBHSHHSA y BUIJISAI TpadikiB Ta 3arajbHOi TAaOMUIN. A TaKoXK
MPEACTABICHO 3aJIEKHOCTI Yacy 3aTPUMKH IpU nepenadi indopmarliii, BUAKOCTI nepeaadi
JaHuX Ta KuibkocTi TA Bi JOBXHHH MapHIpyTy YCEpeAHEH1 3a KUIbKICTIO CEHCOPIB.
3alle)XHICTh IMIBUAKOCTI TEpeAadl JaHuX BiJ JOBXHHM MaplIpyTy Ma€ TPEeHH SKUN
301raeThCs 13 OTPUMAHUM paHillle Ha CIMEUCTBI rpadikiB y po3aiii 3

5. OTpumaHni pe3yabTaTH MOKa3ylOTh, 10 JIOBKWHA MapIIPyTy Yy 3alpOTOHOBaHIM
cuctemi MeHma Ha 1.5 — 15.2% (3a 3a moka3HUKaMU MOJY, MEJ1aHW, MIHIMAJIbHUX Ta
yCepeIHEeHNX 3HaueHb) Ta Ha 7.8% OibIna 32 MAaKCUMaIbHUM TTOKA3HUKOM, 10 3yMOBJIEHO
po3ranryBaHHsIM MepekeBux enemeHTiB (TA 1 ceHcopiB) Ha 3HA4YHINA BiJICTaHI OJUH BiJl
oanoro. Kinbkicth 0e3nocepeanno 3aaisiHux TA y BIockoHalleHi cucteMi MeHIa Ha 20 —

43% 3a BU3BHAUCHUMH TIOKA3HUKAMHU, a TepeBara y 3Ha4€HHSX MIBUIKOCTI TIepeiadi JaHuX
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Ta yaci nepegaui iHGopMallli ycepeaHEHUX 3a KUIBKICTIO CEHCOpiB cTaHOBHUTH 41 Ta 29
BIJICOTKIB BIAMOBIAHO. 3arajioM 0adyWMo, IO y 3alpOTOHOBaHIM CHCTEMi JOCATHYTO

nepesary 1o BciM 11 kputepism.
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BUCHOBKHA

Y mucepramiiHiii poOOTI PO3B’SI3aHO BAXJIMBY HAYKOBO-TEXHIUHY 3a7ady IIOJO0
PO3pOOKH METOY BUKOPHUCTAHHS CEHCOPIB CHPSAMOBAHOI Ail y CKJIaai MOO1IBLHOT Mepexi
CEHCOpPIB Ta JBOPIBHEBOI'O MPOCTOPOBOTO  PO3TAIyBaHHS  TEJIEKOMYHIKAIlIHHUX
aeporutatpopM 13 pi3HUM EHEPreTUYHUM 3a0€3MEUCHHSIM JUIS MIJATPUMKH TaKOro THITY
3B’SI3HOCTI, SIKHUWA JO03BOJISIE JOCSTTU 3MEHILIECHHS CepeHIX 3Hau€Hb 4Yacy 3aTPUMKHU MpU
nepemadi  iHGopmamii Ta KUIBKOCTI O€3MOCepeHbO 3aiTHUX TEJICKOMYHIKAIIMHIX
aeporutatGopM B KOKHOMY ceaHcCl nepeaadi iHdopmariii, a TakoxK 301IbIICHHS CepeaHbO1
IIBUIKOCTI iepeaadl iH(opmali 3 KiHIs B KIHEIb, TOOTO TOCATTH METY POOOTH.

OCHOBHI HAayKOBI BHCHOBKHM 1 MpaKTH4YHI pe3yJbTaTH JUCEPTALliiHOI pPOoOOTH
MOJISITAI0Th Y HACTYITHOMY:

l. [IpoBeneHo anaii3 3a1a4 KepyBaHHs Ta NpuHUMIIB (pyHKI10HyBaHHI MMCC/]
3 BUKOpUCTaHHAM TA pI3HOPIBHEBOrO PO3TAllyBaHHS, METOMAIB Ta aJIrOPUTMIB OOMIHY 1
300py aanux 13 MMCCJI TA, Bu3HaueHHs MepeBar Ta HEIOJIKIB, a TAKOK MaTEeMAaTHYHUX
Mozeneit: knactepusanii MMCC/, oIliHKM eHeproBUTpaT BY3JiB, yacy 300py IaHUX,
nepeaadi JaHuX MOHITOPUHTY, MO3UIlioHyBaHHS TA

2. Brepiue po3po6isieHo MaTeMaTH4Hy MOJIeTb MATPUMKH 3B’ s13H0cTi MMCC/] 3
TA pi3HOpIBHEBOTO pO3TaITyBaHHS, SIKa Ha BIIMIHY BiJl ICHYIOUMX MaTEMaTUYHUX MOJIeIeH
MCM 3 TA BkItO4a€e 10 CBOTO CKJIay MaTeMaTW4yHl Mojeni (yHKIIOHYBaHHS CEHCOPIB
copsimoBaHoi ni1i 1 TA JBOpIBHEBOIO pO3TAallyBaHHS 3 PpI3HUM EHEPreTUYHUM
3a0€e3MEeYCHHSIM.

3. Bnepmie po3pobieno metoa miaATpuMku 3B’s3HOCTI By3niB MMCCL 3 TA
PI3HOPIBHEBOTO PO3TAllyBaHHS, SKUH Ha BIJIMIHY BIJ ICHYIOUHX METOJIB MIATPUMKHU
3B’si3HOCTI By3niB MCM 3 TA no3Bonsie e()eKTUBHO BUKOPUCTOBYBATH AaHTCHU
CIIpsIMOBaHOi Jii, IO po3TamioBaHi Ha ceHcopax 1 TA JBOPIBHEBOTO MPOCTOPOBOTO
pO3TallyBaHHs 13 PI3HUM EHEPreTHYHUM 3a0€3MEUCHHSM, 3aBJSKA YOMY JOCSTAETHCS
3MEHIIICHHSI Yacy 3aTPUMKH, 301IbIIICHHS IIBUKOCTI nepeaadi ingopmaitii 3 KiHIls B KIHEIb
Ta 3MEHIIEHHs KiIbKocTi 0e3nocepennno 3amisuux TA B MMCC]I 13 TA nmopiBHSHO 13

MCM 3 TA.
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4. Pesynbraty po3paxyHKiB IOKa3aliu, M0 ONTUMI3AIlis 32 BEKTOPHUM KPUTEPIEM
13 BUKOPHUCTaHHSIM 3alPONIOHOBAHOTO METOTY JaJia MOKPAIICHHS MOPIBHSAHO 13 TPOTOTUIIOM
3a (TOJIOBHUMM) TIOKa3HUKAMH KIJIBKOCTI Oe3rocepeIHbo 3aissHuX TA mepiioro i Jpyroro
PiBHIB, MIBHIKOCTI Ta Yacy 3aTPUMKHU TPH Mepeaadi JaHuxX 3 KiHIM B KiHENb Bix 28% 1o
41% Ta 3a 1HIIMMHU HoKa3sHUKaMu B11 2% 10 43%.

5. 3anponoHOBaHWM B AuMcepTalii MpuiloM amapaTHoro BaockoHaieHHs MCM,
3aBASKHA 3aCTOCYBAaHHIO CEHCOPIB CIPSMOBAHOI ii, 703BOJsIE y 3.9-4.6 pa3u 301IbIIUTH
BiJICTaHb Tepeaadi iHpopmarii 31 30epeeHHsIM KUIBKOCTI 01TOBUX IMOMMJIOK B OJMHUIIIO
yacy a00 30UIbIIMTH MIBHIKICTH nepenaul iHpopmauii y 1.7-3.5 pa3u HOpiBHSHO 13
icnytounmu MCM 13 TA, mo MIATBEPIKYETbCA MOPIBHSUIBHUM KOMIT FOTEPHUM
mozemoBanHsM y cepenoBuiii Atoll MMCCJI 3 TA 1 MCM 3 TA.

6. Meton Moxe OYTHM BHUKOPUCTAaHMI B EKCHEPTHO-MOJCIIOIOUIN CHCTEMI
MPUIHATTS PIIICHb JIJIS KEPYBaHHS MOIIYKOBO-PATYBAIBHUMH POOOTAMHU.

OTxe, BCl HAyKOBI 3a/adl, Kl c()OpMOBaH1 B paMKax AUcCEpTalii, BUpimeHi. Mera

JUcepTallli TOCATHYTA.
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PO peccTpanii aBTOPCLKOIO NPABA HA TBIp

Ne 115001

HaykoBuii TBip «Cmoci0 HajgamTyBaHHSI UH(POBOI CHCTEeMH KepyBaHHA
MOJ0KeHHSIM Bici 4yTTEBOCTI MOOLILHOLO CeHCOpa»

(BMz, HA3BA TBOPY)

Asrop(u) Jlucenko Ouexcanap IeanoBuu, SBica Baepiii Cepriilopu4, Tauunina
Ounena Mukoaaisua, Hosikos Banepiii IBanosuy, @yprat Cepriii Oaexcangposuy,
®yprar Oaena Bikropiena, Banyiiceknii Cranicnas Bikroposud, Cymmn Irop
Ouaekciitosuy, I'yitna Onexcanap I'puroposuy, leteman Onena Boaoaumupisua

(MORHE iM'Sl, MCEBOHIM (33 HATBHOCTI))

Hara peectpauii 28 sepecus 2022 p.

B.o. I'enepaabHOro aupexkTopa
Jep:xaBHOro niAnpueMcrBa
«¥YKpaTHCBKUE IHCTHTYT

BJACHOCTI» Ouaexcangp OITAHACEHKO

HCTUTYT
IHTENEKTYAMNBHOI
BIACHOCTI»

lperTuchikauiitni ko

31032378
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