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AHHOTaAUMA. B craThe paccMaTpyBaloTCA BOMPOCH! OpraH13aLi COBMECTHOrO PaOVONOKPLITUS FeTepOreHHbIX paaMoceTel, korga Ha
TEpPPUTOPUM OTHOCUTENLHO GOTBLLIOM TOPOACKOW COTbl KyNbTUBMPYKOTCS Marble MuKocoTbl outdoor Tvna. C MOMOLLBID KOMMbOTEPHOrO
MOLENMPOBaHMS MOSyyYeHbl 3aBUCHMOCTM PasMEpPOB MarblX COT OT psida napameTpoB. [lonyyeHHble pesynbTaTbl MO3BOMAT AaTb

pekoMeHAaLmmM Nno oNTUMU3ALMN FETEPOrEHHbIX CETEBLIX PELLEHWI.

KnroueBble cnosa: reTeporeHHbIe CEeTW, MUKPOCOTbI, MUKOCOTLI, rapaHTUPOBaHHOE MOAKIOYEeHNe, MOAEN pacrnpoCTpaHEHUs BOJH,

KOMMbIOTEPHOE MoAenmpoBaHue, Matlab

BeedeHue. lMoa reteporeHHo coToBon ceTblo — HetNet — OGbIMHO MOHMMAOT TakoW BapuaHT
PaAMoNoKpbLITHS, KOrda Ha TEPPUTOPUN OTHOCUTENBHO BONbBLLION rOPOACKOM MUKPOCOTLI (PagnyC OT HECKOMbKUX
COTEH MEeTPOB A0 1 KM) OpraHm3yloTCH ManeHbK1e NuKoCcoThbl (Paanyc OT HECKOMbKUX AeCATKOB MeTpoB A0 150
MeTpoB) Ans obcnyxmBaHuA Gonbworo Tpaduka B onpeaenéHHbIX NOKanbHbIX «ropsvMx To4kax», urm hot-
spots (cM. pucyHok 1). o aTor npuymHe cuHoHumomMm noHaTua HetNet yacto aensetca TepmuH Small Cells —
MarneHbkme coTbl. [1pn aToM peyb MAET kak 0 nukocoTax outdoor Ha ynuuax, Tak 1 0 NUKocoTax indoor BHYTpH
nometueHmn [1]. Kpome nmko-BS nokanbHoe pagnonokpbITie MOryT co3gaBaTth BbIHOCHbIE pagnomogynm RRU,
urparoLime porib penuTepoB CUrHanoB LieHTpanbHON MUKpo-BS. Takomn cueHapuii xapakTtepeH Ans NoKpbITus
«TEMHbIX TouYek» — dark-spots.

hot-spof
Wi-Fi

PucyHok 1 — Cxema 2emepozeHHol cemu
(RRU — Remote Radio Unit, ebiHocHoU npuémonepedamyuk; AP — Access Point, mouka docmymna Wi-Fi) [2]

Bo Bcex nepeuncneHHbIX criydasix BO3HMKaeT CUTyauus, koraa MobunbHble cTaHumMm MS okasbiBatoTcs
NnoA BO3AENCTBMEM CUrHasoOB OT LIEHTPanbHOM MMKpOOasbl 1 Grivkanwen nmkobasbl. MobunbHasa crtaHums
00ObI4HO BbIOMpaeT ans ganbHenwen paboTel Ty 6a30ByK CTaHUMIO, OT KOTOPOWM OHAa MpuUHUMaeT OGonee
MOLLIHbIA  cleumarnbHbIi - curHan  gnsa  BbinonHeHuss npouenypbl Cell Select. Moatomy oT xapakTepa
pacnpegeneHns 1 B3aMMHOIO COOTHOLLIEHWS YPOBHEW 3TUX CUrHaNoB OyAeT CUMNbHO 3aBUCETb, Kakue abOHEHTHI
OyayT obcnyxmnBaTbCa B MUMKOCOTE, a Kakne OCTaHyTCsl B MUKpocoTe [3].
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OcHogHasi Yacmb. [1Ns oLeHku pa3mepa hopMmpyemMoin MMKOCOTbl BHYTPU MUKPOCOTHLI Bbina HanncaHa

nporpamma mopenupoBaHua B cpefe MATLAB, pesynbTtatbl paboTbl KOTOPOW MOKa3aHbl Ha pUCYHKe 2.
MogenupoBanacb cuTyaumsl, Korga BHYTPUM T[OPOACKOM OTHOCMTENbHO  HW3KOYaCTOTHOW  MMKPOCOTHI
pasmMellaeTca  BbICOKOYACTOTHas nukocoTa Tuna PoleStation gmanasoHa FR2. lNporpamma Bblumucnsina
N3MEHEHVE YPOBHS CUrHana npv yaaneHnm ot MmkpobasoBow cTaHummn Ha ocHoBe mogenu COST 231-Hata [4]
anst yactotbl 1800 MIU, BbICOTbI YCTAHOBKM aHTEHHbI 3TON 6a3bl B 30 M 1 M3ny4yaemomn MoLuHocTn 46 abm (40
BT). MogenupoBaHue pacnpegeneHusi ypoBHS curHana nukobasbl BbINOMHANOCH CUMMETPUYHO OT TOYKM
YyCTaHOBKM aToM nukobasbl D Ha ocHoBe mogenu us [5] ana cueHapua UMI-Street Canyon-LOS ans yactoTbl
27500 MI'u, mowHoctn 23 ABbM (Ha pucyHKe 2) 1 BbICOTbI YCTaHOBKM aHTeHHbI 10 M. CnegyeT ocobo oTMeTUTb,
yTO BXOASLME B Moaenu m3 [4, 5] norapudmbl MMEIOT TOYKU paspbiBa Npy HyneBoM pacctosHuu. Mo aTton
npuyvHe nukoBble MoWHOCTU 46 abm n 23 abm gns 6a30BbiXx CTaHUMWA Ha rpadmkax pUCYHKa 2 He
oTobpaxaroTcs.

MpoaonkbHbIN pasmep MMKOCOTbI M3MePSANncs no koopauHatam X1 n X2 Toyek nepeceveHus rpadmkos
pacnpegeneHns curHanoB OT AByx 6a30Bbix cTaHumi. [lanee otgensbHo Beluncnancs pasmep dX1 ot Todku D
A0 koopamHatel X1. AHanormyHo BbluMcrnsAncs pasmep dX2 un cymma R=dX1+dX2, umetowas cwmbicn
NPOAONBHOW ANTUHHBI MUKOCOTbI.

Micro-Base

Pico-Base

ypOEEHb NPUHWMA EMOTO CArHana, aBwm

0.3 0.4 0.5 0.6 0.7
PaccroaHune, Km

PucyHok 2 — PacrnipedeneHue yposHel MpuHUMaeMoe20 cuaHara om Mukpoba3sbi U nukobasbi.

Mo pesynbTatam MOZenNMpPoOBaHUS Ha pUCyHKax 3 1 4 NokasaH xapakTep U3MEHEeHUsi pa3mepoB MUKOCOTHI R,
dX1 n dX2 npn n3meHeHun, COOTBETCTBEHHO, MeCTa yCTaHOBKM Mukobasbl D (npu e€ mowHocTn 23 gbm) un
N3MEHEHMN MOLLHOCTU Nnkobasbl (D=250 m).

Mpu pocte mnsnyyaemon nNMko6aso MOLLHOCTM, Tak U €€ NepeaBMKEeHUN Ha rPaHuLy MUKPOCOTbI, FAe HWkKe
YpOBEHb CuUrHana Mukpobasbl, HabniogaeTcs poCT JIMHEWHOro pasmepa nuMKOcoTbl. [Mpuyém n3meHeHve
pa3mepa dX1 He o4eHb 3HauMTeNbHOE, a POCT R AOCTUraeTcs UCKNIOYUTENBHO yBENnYeHnem pasmepa dX2.
Opyrumun cnosamu, NPONCXOAUT CMELLEeHVEe BNPaBo TOYKU X2 Ha rpadmke pucyHka 2. MoxHO nNpeanonoXuTb,
YTO MPU 3TOM MPOUCXOAUT M3MEHEHNE HOPMbl NSATHA MMKOCOTbI, KaK 9TO NMoKa3aHo Ha pucyHke 5. B cnyyae
NPEeBbILEHNsT CUrHana nukobdasbl Hag CUrHanom MuKpobasbl B OrpaHUYeHHON obractu, ata obnactb Umeet
HEKOTOpYH OBasbHyl0 ¢opMy, COOTBETCTBYIOLLYO kpvBon 1. Mo mepe pocTa ypoBHA curHana nukobasbl,
npasas rpaHvua NUKOCOTbl CMELLAaeTCs BNpaBo, a CaMa NMKOCoTa, O4EBMAOHO, YBEMNMYMBAETCH B pa3mepax, Kak
kpuBble 2 1 3. INpn HEKOTOPOM YpPOBHE curHan nukobasbl ByaeT NpeBbIWwaTe curHan Mrkpobasel Bcerga, 1.e. Ao
rpaHULibl MMKPOCOTLI. ATy CUTYaLMIO UINIOCTPUPYET Kpueas 4.
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PucyHok 3 — UameHeHue npodorbHO20 pa3mMepa nuKOComb! Mpu USMEHEHUU paccmOosiHUSI MeX0y MUKPO- U MuKoba3ou.
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PucyHok 4 — UameHeHue npodorbHO20 pasmepa nuKOCombI Mpu USMEHEHUU MOWHOCMU MUKoba3sbI.
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PucyHok 5 — ViameHeHue ¢hopMbl MUKOCOMbI MPU Y8EUYeHUU YpOBHS cugHara rMuKkobasbl.

PasymeeTcs, coenaHHoe npeanosiokeHe He NMOMHOCTBI0 KOPPEKTHO. [Ins oueHKM ypoBHA curHana nukobasbl
NMPUMEHANOCb MatemMaTudeckoe BblpaeHue cueHapust UMI-Street Canyon-LOS, cooTtBeTcTBYHOLLEE
pacnpoCTpaHeHWIo MO MPSMON BUAMMOCTM BAOMb Ynuubl MK npocnekta. [pu ycrnoBun pacrnornoXeHus
aHTEHHbI NMKOBa3bl HKEe KpbiWw npuneraowmnx 3ganni (10 metpos npotme 15—-30 METPOB) N OYEHb BbICOKOW
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paboyen yacTtoTbl 27500 MI'y, paguoBonHbl Nukobasbl He CMOTyT NPeoaoneTh 30aHUS, PacnofoXeHHbIe BOOMNb

ynuuel. Kpome TOro, guarpamma HanpaBneHHOCTM aHTEeHHbl 0a30BbiIX CTaHUMW OObIMHO HAKMOHSIETCS
MaKCMMYMOM B HU3, YTO TaKKEe OrpaHNU4MT A4anbHOCTb pacnpoCTpaHeHWs BOMH Aaxe BAOMb YrvUb.

Tem He MeHee pesynbTaTbl MOOEMNMPOBaHWUS OOHO3HAYHO MPefocTeperarT, YTO NMUKOCOTa, BOMPEKU CBOEMY
Ha3BaHWO, MOXET BbIpBaTbCA U3 rabaputoB HEBOMbLLLIONO OKPYrMoro MNATHA M CBOMMU  «LiynanbLiaMuy
pacnpoCcTpaHUTCA Ha COTHW METPOB BAOMb ropoackux ynuy. MNogobHas cutyauma Havbonee BeposiTHa npu
pacnonoXxeHmm NMkob6asoBbIX CTaHLUN BONM3N rpaHnLIbl MUKPOCOTbI.

3aknroyeHue. Pe3ynbTaTbl KOMNBIOTEPHOrO MOAENNPOBaHMS MO3BONSAOT CAENaTh HECKOMNBKO BbIBOAOB.
Bo-nepBbIxX, pasmepbl MOKPbITUS MUKOCOT MOTYT CUMBbHO MEHATBCA AaXe NpU HEe3HAYUTENbHbIX M3MEHEHWS
MeCTa pacnorioXeHUs U YPOBHS 13ITydaeMon MOLLHOCTY Nnkobasbl.

Bo-BTOpbIX, MCNOMb30BaHWe Ansi MMKOCOT AOCTAaTOYHO BbICOKUX PaamMoYacToT He rapaHTUpyeT fokanusauuio
pagnonoKpbITUA Ha HeOOMbLLLIOK NnoLwaan.

B-TpeTbux, KMOYEBYIO POSib B rapMOHU3aLUM reTEPOreHHOro paamonoKpbiTUst urpaeT hopmMa M yron HakrnoHa
AvarpaMMbl HarnpaefieHHOCTM BCEX 3a4eMCTBOBAHHbIX aHTEHH, B TOM YUCIIE W aHTEHHbIX MacCMBOB C
Beamforming.

Mony4yeHHble pe3ynbTaTbl MMEKT MNPaKTUYECKOe 3HaYeHWe npu MPOEKTUPOBAHMM COTOBbBIX PaaMoceTen
reTeporeHHoro Tmna.
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MATHEMATICAL MODEL OF HETEROGENEOUS RADIO COVERAGE
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Annotation. The article considers the issues of organizing joint radio coverage of heterogeneous radio networks,
when small outdoor picocells are cultivated on the territory of a relatively large urban cell. Using computer

modeling, the dependences of the sizes of small cells on a number of parameters are obtained. The results
obtained allow us to give recommendations on optimizing heterogeneous network solutions.
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