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Annomayun. B cmamve npedcmagiena 08yXuHOEKCHAS MOOeTb PACAPeOeleHUs YACTHOMHBIX KAHAN08 8 MHO20-
kananvuvix Mesh-cemsx cmandapma |EEE 802.11. [lpoananruzuposano enusinue mMeppumopuaibHO20 pPA3HECeHUs.
CMAaHYUll U MEeXHON02UHECKUX XaPAKMEPUCTIUK MHOZOUHMePelicCHbIX MHO2OKaHanbHulx Mesh-cemeit om xkauecmsa pe-
WeHUs 3a0a4u pacnpeoeneHus YacmomHbiX KAHaAI08

Abstract. The article introduces a double index model of the distribution frequency channels in the multiradio
multichannel mesh-networking standard IEEE 802.11. Analyzed the influence of stations territorial separation and
technological characteristics of multi-radio multi-channel mesh networking upon the quality of the distribution fre-
quency channels problem solution

BBEJEHUE

B muoromaroseix (multi-hop) 6ecnipoomabix mesh-cetsix (Wireless Mesh Networks, WMN)
yIipaBJIeHUE pa3IMYHBIMU BUJIAMHU PECYpPCOB (HAlpUMeEp, pajnuo pecypcoM — yIpaBlieHHE MOIHO-
CTBIO TIEPEIaTYNKOB, YACTOTHBIM PECYPCOM — BHIOOpP YAaCTOTHOTO KaHala, CETEBBIM PECYpCOM —
MapuipyTu3anus U T.1.) HMEeT OrPOMHOE BJIMSHHE Ha MPOU3BOAUTENBHOCTh BCEH CETH B LIEJOM.
Hanpuwmep, ympaBieHre MOIIHOCTBIO MEPEJATYNKOB OECIIPOBOIHBIX CTAHIIMIA MTO3BOJISIET BIUSATH HA
TOMOJIOTHIO OecrpoBOIHOM MesSh-ceTn, ypoBeHb MOMEX, a TAKKe KauecTBO OECIPOBOHON CBSI3H.
Hcnonp3oBanne MuorokananpHoro (Multi-Channel, MC) wmuorountepdeiicioro (Multi-Radio,
MR) pexxuma paboTel Mesh-ceTH, COBMECTHO C COOTBETCTBYIOLIMM MEXaHHU3MOM DPaCIpeeieHHs
yacToTHbIX KaHaoB (UK) moxeT moBbicuth 0611yto npousogutensHocts WMN. Pasnuunbie me-
XaHU3MbI MapUIPyTU3aLMHU MTO3BOJISIOT BBIOpaTh MyTh MexAy AByMs cranuusmMa WMN ontumusu-
POBaHHBIN MO ONPEACTICHHOMY TIOKA3aTei0 MPOU3BOIUTEILHOCTH (HApUMeEpP, MUHIMYM 3aJI€PKKA
IpU nepeaaye cooOIIeHU, MAKCUMYM MPOMYCKHOM CIIOCOOHOCTH KaHalla CBSI3U, MUHUMYM KOJIH-
YeCTBa MEPETIPUEMOB H T.1I.).

Hst adbdexturoro ynpasnenus WMN, HE0OX0aUMO OTHOBPEMEHHO YYUTHIBATh BCE BHIBI
pecypcoB (paano, 4acTOTHBIE, CETEBbIE U T.J.). TeM He MeHee, JOCTHYb F((HEKTUBHOTO PEIICHUS B
TaKMX YCJIOBHSIX JIOCTATOYHO CIIOXKHO, T. K. YIPaBJIEHUE OJTHUM THUIIOM PECYPCOB B 3HAYUTEIHHOM
CTENEHHU BJIMSAET Ha YIpaBleHHE JIPYTMMHU pecypcamu. DTo TpeOyeT IIo0albHBIX CBEIEHUH O co-
crosaud WMN, Takux kak nHGopmarus o nepeIBUKEHIUH CTaHIUN U TEKYIIee COCTOSIHUE KaHAJIOB
cBsi3u. Bo MHOTHX ciy4asix opraHu3oBaTh cOOp Takoil HHpOPMaIUK B pexXUMe PeaIbHOr0 BpEeMEHU
JIOCTaTOYHO CJIO’KHO TOCKOJBKY JaHHas MHGpopMaius uMeeT AMHaMHueckuil xapaxtep. bonee
MPAKTUYHBIM TOAXO0J0OM SIBJIsIETCSl oOecriedeHre yrpaBieHHs OTAeIbHBIMUA BUaMu pecypcos. Ilo-
3TOMY B paMKax JaHHOW CTaTbU OCHOBHOE BHMMaHHE Oy/AET yJIeJeHO pelIeHHIO 33/1a4u pacipene-
nenus HenepekpbiBatomuxcst YK mexny panuountepdeiicamu (PU) cranuuit 8 MR-MC WMN.,

CeroiHsi M3BECTHO JTOCTATOYHO OOJIBIIIOE KOJUYECTBO MOAXO/I0OB K PEIICHUIO 3a/1a4u pacipe-
nencaust YK 8 MR-MC WMN [1-18]. Oarako MHOTHE U3 M3BECTHBIX PE3yJbTaTOB, KakK MOKAa3aHO B
pabore [19], He numensr HemocTaTkoB. K TakuMm HempocTaTkaMm, B MEPBYIO O4Yepeqh, HEOOXO0IUMO
OTHECTH OTCYTCTBHE COTJIACOBAHHOCTH B PEUICHUM T0J33]1a4 KjacTepu3aluu, 3akperieane PU u



BBIJIETICHHE UM cOOTBeTcTBYromuX UK, a Takke HEIOCTaTOYHBIN y4eT ammapaTypHBIX H TEXHOIO-
rudeckux ocodennocteit mocrpoenuss MR-MC WMN crannapra IEEE 802.11, repputopuansHoit
YIAJICHHOCTH ¥ aKTUBHOCTH MeSh-cTanuuii. B 3TO# CBSI3M B CTaThe MpeajiaracTcs JABYXUHICKCHAS
Maremaruueckas mojnensb pacnpeneiaeHus YK 8 MR-MC WMN, ¢yakuuoHupyromas Ha OCHOBE
creka cranaaptoB |IEEE 802.11 a/b/g/n/s, a Taxxke npoBeieH ee aHAIU3 ¢ TOUKH 3PECHUS ydeTa pas-
JUYHBIX TEXHOJOTUUECKUX U TEPPUTOPHAIBHBIX 0coOeHHocTel nmoctpoennss MR-MC WMN.

1. ABYXUHAEKCHASA MOJIEJIb PACIHIPEAEJIEHUA YACTOTHbBIX KAHAJIOB B
MHOI'OKAHAJIbHOM MESH-CETH

C nenpio rpaduuecKoro 0TOOpakeHUsl Pe3yiIbTaTOB pelieHus 3agauu pacupenencHus YK B
MR-MC WMN 6511 BCIoib30BaH psijl yCIOBHBIX 0003Hadyenuii (puc. 1), BBemenusiii B padote [20].
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Puc. 1. [Ipumepsl ycnoBHBIX 0003HaYeHUH 371eMeHTOB mesh-cetn

OO6o3HaueHue, MPEICTaBICHHOE Ha pHC. | a), TOBOPUT 0 ToM, 4To Mmesh-ctanuums N2, uc-
nosb3yet oaua PU, 3a xoropeim 3akperuien tpetuid UK. Ecnu, Hanpumep, mesh-cranmust Ne3 wc-
none3yet aBa PU (3a nepseim PU 3akperien Bropoii UK, a Bropoit PU He ucnonb3yercs), TO mpH-
MeHsTcs obo3HaueHue puc.l 6). Ha puc.l B) mpeacrasineno ob6o3HaueHne mesh-craniuu Nel, xo-
Topas ucnoaszyet Tpu PU: 3a nepeeim PU 3akpennen Bropoii UK, 3a Bropeim — nepseiil UK, a 3a
tpetbiM — Tpetuit UK. Ha puc.1 r) npencrasieH BapuaHT 0003HAYCHUs] CUTyalMH, Koraa mesh-
craniuu Nel u Ne2 HaxomsiTesi B mepBoii 30He ycroitunBoro npuema (TR-1), a mesh-cranmmun Ne2 u
Ne3 naxonsrces Bo Bropoit 30He ycroitunBoro npuema (TR-2), T.e. mesh-cranuum Nel u Ne3 He mo-
I'yT MPOM3BOIUTH HEMOCPEACTBEHHbI OOMEH AaHHBIMHU JAPYT ¢ ApyroM. B ciydae, korma mesh-
cranuuu Nel, Ne2 u Ne3 nHaxonsaTcs B 0HOM 30He ycToiuuBoro npuema (TR-1) u oO6pa3yror ogun
JIOMEeH KOJUIM3MH, paboTas apyr ¢ apyrom Ha nepsoM UK Oyner mcnosib3oBaTbesi 0003HauCHHE
puc.l n). Ha puc.1 ¢) npuBeneHo ob6o3nauenue mesh-cranmmit Nel, Ne2 u Ne3, koTOpble HaXOaATCS
B OJIHOI#1 30He ycToitunBoro mpuema (TR-1), mpruem mesh-cranuuu Nel u Ne2 o6pasyrot oauH 10-
MeEH KOJUIU3HH, pabotas apyr ¢ Apyrom Ha nepBoMm UK, a mesh-cranmuu Ne2 u Ne3 oGpa3yroT BTO-
poHi IOMeH KOJIU3uii, paboTtas n1pyr ¢ apyroM Ha BTopom UK.

Taxke B pamkax JaHHOW paOOThl OyAET MCIIOIB30BAaHO MOHATHE 30HBI YCTOHUMBOrO MmpHeMa
(Transmission Range, TR) [3, 9-11, 19, 20]. 3ameTrM, 4TO 30HA YCTOHYHUBOTO IpreMa 00pa3yeTcs
MHOKECTBOM MeSh-cTaHIuii MaKCHUMabHOM MOIIHOCTH, KOTOPBIE MOT'YT OOMEHHBAThHCs MH(pOpMa-
el (makeTaMu) ¢ UCTOJIb30BaHUEM BBIOpaHHO# B Mesh-ceT TeXHOIOTHH OeCIIpOBOIHOM CBsi3u. B
IBYXWHJIEKCHON Maremarnueckod monenu [20] mms pemenus 3agaum pacrpenencHuss YK mexmay
PU cranmmit MR-MC WMN B kadecTBe MCXOTHBIX MCIIOIB30BAHBI CIICAYIOIINE JaHHBIC:

1) {Rn, n=1, N} — MHOkecTBO mesh-cranmmii, rme N — ux obmee konuuectso B mesh-certu;

2) K — obmee komuuecTBo HenepekpoiBarommxcs YK ncnosp3yemsix B mesh-cetu (B TexHO-
noruu IEEE 802.11b/g noctynno 3+4 nenepekpoiBatomuxcs UK, a B rexnonoruu IEEE 802.11a —
12 nenepekpriBatomuxcs YK);



3) {GZ Z =1,Z} — MHOJKECTBO 30H YCTOMYHBOro mpuema, riae Z — oflnee KOJIMYECTBO 30H

YCTOP'I‘IHBOFO InmpuemMa B meSh'CeTI/I, |Gz| — MOIIHOCTH Z -TO IMOAMHOXXECTBa, T.€. YHCIIO mesh-

CTaHIIUH, BXOIAMINX B cocTaB Z -i TR;

4) M’ — UEIOYMCIIEHHBIH MapaMeTp, XapaKTePU3YIIii MUHUMATLHO HEOOXOIMMOE YHCIIO
HenepekpoiBaromuxcs UK, BeiieneHHbIX A N -if mesh-crannuu. Kak mpaBuiio, JaHHBIN TapaMeTp
pPaBEH OAVHULIE,

5) m, — 4muciIo HmoANePKUBAEMBIX paAMOMHTEp(dEHcoB Ha N -if mesh-cTraHuny, KOTOpOE, KaK

MpaBwiIo, paBHO 1+3.

Jlnst yuera TeppUTOPUATIBHON yIaJeHHOCTH CTaHIMKA mesh-ceTn B JBYXHMHJIEKCHOW MaTeMa-
THUYECKOM MOJIENIA UCIIOJIB30BAaHO MOHATHE MATPHUILIBI 30H YCTOWUHMBOTO mpuema win TR-maTpuubl
[9, 20]. TR-MaTpuIa sIBAsICTCS MIPSIMOYTOJIBHOM, KOJTMYECTBO CTPOK KOTOPOH COOTBETCTBYET YUCITY
30H YCTOHYHMBOTO mpueMa Z , a YHCIIO CTOJOIIOB COOTBETCTBYET 001IeMy unciay mesh-cranumii N
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Ha pHuc. 2 IPUBCACH ITPUMEP mesh-ceTu ¢ YKa3aHueM 4uciia 30H YCTOI‘/'I‘-II/IBOFO ImpucmMma.
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Puc. 2. IIpumep mesh-cetu ¢ ykazanuem 30H yctoiunBoro npuema npu Z =3 u N =15
Mesh-cetu, npuBeneHHo#t Ha puc. 1, cooTBeTCTBYeT cienyromias TR-maTpura:

1111100000O0O0O0O0TDO0
D=0 0 00111111100 0 0.
01 000O0O0OO0OO0O1I11111

B pa6ore [20] ¢ menpro yka3zaHHUS TOMOJOTMYECKHX M (DYHKIIMOHAJIBHBIX MapaMETPOB BO3-
MOXHOM KoH(HUryparnun mesh-cetu 6b110 Hcmoab3oBaHo obo3nadenne N |Z |M | K, roe N — 06-
€€ YMCII0 CTAaHIIUM, UCTIONIB3YeMBIX B mesh-ceTr, Z — 4nciio 30H yCTOWYMBOTO MpueMa, o0pasy-
IOIIUXCS 3TUMH cTaHusIMU, M — MHOkecTBO PU, ncnonb3yeMbIXx Ha KaxkJ10M OTAEIbHON CTaHIIMU
mesh-cetn, K — maOkecTBO HenepekpriBarouxcs YK 8 MR-MC WMN.



MHuoxxectBO M MOXET COCTOSITh U3 €AMHCTBEHHOTO 3JIeMeHTa, Harpumep M = {2} B ClIydJae,
ecnu, yucio PU, nognepxuBaeMbIx BceMU CTaHIIMSAMU mesh-ceTd, OAMHAKOBO (0HOpOoAHAast mesh-
CeTb) U PaBHO JBYM. MHOXeCTBO M Takxke MOXKET OBITh MPEICTaBICHO HECKOJIBKUMH AJIEMEHTA-
Mu, Hanpumep M ={1,2,3} , eciu yncno PU Ha cranmmsax mesh-cetu pa3znuyHo (HEOAHOPOIHAS
mesh-ceTs), T.¢. Ha HEKOTOPBIX CTAHLUIX UMEETCS JIUIIb OAMH PY, Ha HEKOTOPBIX MOAICPKUBACTCS
nBa PU, a He HekoTopeix — Tpu PU. Takum oOpazom, 0003HaUYEeHHE BO3MOXKHOW KOH(MUTypanuu
mesh-ceru, npeacraBieHHolM Ha puc. 2, npumer Bug 15| 3| {1,2,3} | {3} :

Pemrenne 3amaun pacrpenenenuss UK mexxay PU cranumumii mesh-cetw ¢ MCmonb30BaHHEM
JIBYXUHACKCHOW MAaTEMAaTHYECKON MOJIEIIA CBOJMUTCS K MTOUCKY OYIIEBOM MepeMEHHOIM:

X, €{01} (N=1N; k=1K), (1)

0, ecnmu nN-s cranuus He paboraer Ha k-m YK;
rae X, = . .
" 1, ecim k-t UK Ha n-ii mesh-crannmu 3akperyieH TOJAbKO 3a omHuM u3 PU.
Pesynbratom pacuera nepeMeHHbIX (1) siBIsieTcs: GOpMUPOBAHUE CBSI3HBIX MEXKIY COOOM 10-
MEHOB KOJUTM3UM, B paMKaX KOTOPBIX CTaHIIMK paboTatoT Ha ogHOM U ToM ke UK. B cBsi3u ¢ aTum B
xoJie perenus 3aaaun pacnpenenenus YK Heo6X0aMMO BBIIOTHUTD PSiJI BAKHBIX YCIOBHIA:

1. YcaoBue BriIroueHust N -it mesh-cranmmm B ceTh:

D X =my (n=1N), )

K
rae 1< m: <m,, Z X, — komuuectBo YK, BbIIeIEHHBIX 1711 paOOTHI OAHOM mesh-CTaHIUH.
k=1
2. YcnoBue BbIENECHUS N-i mesh-cTaHIIMKM KOMWYEeCTBa YACTOTHBIX KaHAJIOB, HE MpPEBHIIIA-
roriero konunuectnsa ee PU:

ixn,k Smn (n=1,N ) (3)

3. Ycnosue paboTel 1Byx mesh-craniuii 1pyr ¢ Apyrom (B paMKax OJHON 30HBI yCTOWYMBOIO
npuema) He Oosiee uem Ha ojgHoM UK:

K -
Z[Xn,kxs,k} <1, (uns (n,s)-mapsl cranumii; N,s=1,N; nseG,; z=12), 4)
k=1

KOTOpPO€ BBOJUTCS JIJIsl YCTPAHEHHUS HEXeJlaTeIbHON CTPYKTYPHOU N30BITOYHOCTH.

4. YcnoBue TOro, 4TO MpOM3BoOJIbHAs mesh-ctanius Ha ucnons3yemMoM ero UK pabortaer xota
Ob1 ¢ oHOM mesh-cranmmeii coeit TR:

X S D %, (nseG,; z=17; k=1K), ()

N
rue ZXsk— qypcino Mmesh-crannuii B 30He ycToifumBoro mpuema G, (6e3 yuera n-ii mesh-

s=1
S#N

CTaHLUM), KOTOpble padoTtatoT Ha K -M UK.
5. YcnoBue orcyTcTBUs 3 (eKTa «CKPHITOM CTaHIUUY, T.e. mesh-cTaHIMs, KOTopasi MpUHA-

JIEKUT OJJHOBPEMEHHO K HECKOJIbKUM 30HaM YCTOMYMBOIO IIpHeMa, He JOJDKHA paboTaTh Ha OJJHOM
u ToM ke UK ¢ mesh-craHuusiMu pa3nuyHbIX 30H YCTOMYUBOTO MpHEMa:



dz,ndq,nxn,k Z Xs,k Z Xr,k = 0 (6)

seG, I’EGq
seGq reG,
npu yeinoBuu, uto N=1N; k=1K; z,=1Z; z=#(q; Nn#S#T.
6. YcinoBue CBS3HOCTH Mesh-CTaHIMM W JTOMEHOB KOJUITM3WK B KaXKJOW 30HE YCTOWYHMBOTO
npuema:

iixn’kz|Gz|+K—1—b (z=1Z; neG,), (7

k=1 n=1

N
K—N,ecm K>INT[>'m /2
IIpH yCJI0OBHH, YTO b= n=1

0, B MPOTUBHOM CITy4ae.

N
Beipaxkenue INT Zmn/2 B YCIOBUU-OTrpaHuueHUH (7) ompenensieT MaKCUMAallbHOE YHCIIO
n=1

HenepekpbiBaromuxcs YK, kotopeie MoryT ObiTh BKJIHOUeHBI Ha PU cranuumii mesh-cetu. Brinosxe-
Hue ycioBus (7) rapaHTHpYeT, 4TO KOJM4eCTBO Hcnoyib3yeMbix UK B Z -if 30He ycTOWYMBOrO MpH-
eMa MOXKeT ObITh pacmpezeacHo Mmexxay P mesh-cTanimii BXOASIIMX B €€ COCTaB.

7. YcnoBue paOoThl OJHON U3 MHOKeCTBAa mesh-cTaHIMi HaXOASIILUXCsl HA [IEPECEUEHUH He-
CKOJIBKHX 30H YCTOHYMBOIo npuema, 0osee yem Ha ogHoM UK

N

ZZ(dz,ndq,an,k)Z Z(dmdq]n)ﬂ (2,0=1Z; z#q), (8)

k=1 n=1 n=1
K

N
rae ZZ(dZ ndq an k) — gycio BKIroueHHbIX PU Ha mesh-CTaHHI/ISIX, KOTOPBIC HAXOAATCA Ha IIC-
k=1 n=1

N
peCCUCHUHN 30H YCTOP'I‘IHBOFO npuema Gz u Gq ; Z(dz ndq n) — YHUCJI0 meSh-CTaHHHﬁ, HaxoOsaImux-
n=1

Csl Ha TIePeCeUeHNH 30H ycToiunBoro npuema G, n G, .
8. YcioBue TOro, 4To OJIHA M3 MHOYECTBA mesh-cTaHImii, HaXOAAIIMXCs Ha IEPECEYCHUH He-

CKOJIbKHX 30H YCTOHYMBOTIO IpHeMa U paboTarommx He MeHee yeM Ha 1Byx UK, nomkHa paboraTh
Ha 5tuxX YK B pa3HbIX 30HaX YCTOMYHMBOTO IPUEMA:

N N N

N
dz,ndq,nxn,kxn,h Z(dz,sxs,k)+2(dz,sxs,h) Z(dq,rxr,k)+2(dq,rxr,h) > 0’

s=1 s=1 r=1 r=1
d,d,.=0; 9
d,d,, =0.

npu ycioBum, uto K,h=1K; k=#h; z#q; n#s#r. Hanpumep, BBHITOJHEHHE YCIOBHSI

dz s° dq s — 0 o3Hauaer TO, YTO S-A CTaHIUA HE HAXOJUTCA Ha NNEPECCUEHNU 30H YCTOﬁqHBOFO npu-

ema G, u G, .

CoBmecTHOE BBINOJIHEHHE ycioBui (6)-(9) rapantupyer, 4to yucio BkiIouyeHHbIX PU obec-
MIEYUT CBSI3HOCTh MHOTOKaHaJIbHOM mesh-ceTu, KoTopas B CBOIO O4epe/lb ONpeAesseTcs Kak CBA3-
HOCTb CO3J1aBa€MbIX JIOMEHOB KOJUIM3UU Ipyr ¢ ApyroM. IIpu 3TOM 1Ba 1OMEHa KOJUIM3UM CUMTa-
I0TCSl CBSI3HBIMH, €CJIM B PaMKax OJHOH 30HBI YCTOHYHMBOrO NpHeMa cymiecTByeT mesh-craHmus,
KoTopas padoraer Ha UK 3THX JOMEHOB KOJUTH3HIA.



Hcxons u3 pe3ynbTaToB, IMpeACTaBIeHHBIX B padorax [9, 20] ycraHOBIEHO, YTO MPOU3BOIU-
TEIBHOCTh CO3[]aBAEMOT0 JIOMEHA KOJUIM3HH MPSIMO MPONOPLUOHATBHA YHCITy Mesh-cTaHuuii BXo-
IAIMX B ero coctaB. [losTomy pemienue 3amauu pacupeznenenus UK momkHO OBITH cOalaHCUPO-
BaHHBIM OTHOCHUTENBHO YMciia MeSh-CTaHIuil BXOASAIIEro B COCTaB TOrO MJIM MHOTO TOMEHA KOJLIH-
3uid. C 3TOH LEIbI0 B MAaTEeMaTHYECKYI0 MOJENb ObUIO BBEACHO YCIOBUE OAaJaHCHPOBKH YHMCIIA
mesh-cTaHIMi 10 CO3AaBaeMbIM JOMEHAM KOJUTH3HI

N
Z(d X )S(Z (s kaxk o (Z,k)-napm; z=1Z; k=1K), (20)

z,n""nk
n=1
rZie B JIGBOI YaCTH HEPAaBEHCTBA MPEACTaBICHO Yuciio mesh-ctanumii B Z -ii TR paborarommx Ha
k-m UK, @ — BepxHMii AMHAMHYECKH YIPABISEMbIi MOPOr Ynciia mesh-cTaHIuii B IPOU3BOILHO
BBIOPaHHOM JIOMEHE KOJUTU3UI B MHOTOKaHAJIbHOI mesh-ceTH.

PacueT nckombIX ynpaBisionux nepeMeHHsix (1) u mapamerpa & 1enecooOpa3HO MPOU3BO-
IUTh B XOJ€ PEIICHUs ONTUMM3ALMOHHOW 3a/a4yl MpHU BBINOJIHEHUU YCIIOBUH-OrpaHUueHuil (2)-
(10). IIpu BBIOOpE KpUTEpHUsI ONTUMAILHOCTH HEOOXOAUMO YYHTHIBATH TOT (aKT, YTO KOIHUYECTBO
CTaHIMH B mesh-ceTsIX 3HAYMTENBHO MpeodiagaeT Haa uncioM HenepekpoiBatonmxcs UK. Takke
IIPU 3TOM CYILECTBYET HEOOXOAMMOCTh PELICHHsI TAKUX MPOoOJeM KaKk MUHHUMU3ALMS YPOBHS HH-
TepdepeHIIny, MOBBIIICHHE YPOBHS CBSI3HOCTH MesSh-ceTw W ycTpaHeHue 3(ddexTa «CKpPBITON»
cranuuu [9]. B pesynbprare npoBeneHHbIX uccienoBanuil [20] B kauecTBe KpUTEPHsI ONTUMAIIbHO-
CTH, YAOBJIETBOPSIOILEIO BBILIENIEPEUUCICHHBIM TPEOOBAaHUAM, OblI BHIOpAaH MUHHUMYM 4HcCia pa-
6oTaromux mesh-craniuii B co3gaBaeMbIX JOMEHaX KOJIM3HMA
mine. (11)
X,
Hcnonp30BaHne TaHHOTO KPUTEPHSI CIIOCOOCTBYET MOBHIIIEHUIO O0IIEH MPOU3BOIUTEIHHOCTH
MHOTOKaHaJ bHOM mesh-cetu [8].

C Touku 3peHHs] (PU3MKH MPOLIECCOB, MPOTEKAIOIIUX B MHOIOKaHAJIbHOW mesh-ceTH, 3a1aya
pacnpenenenust yactToTHbix kaHanoB B MR-MC WMN B nocranoBke (1)-(11) oTHocuTCs K Kilaccy
3aja4 OaJIaHCUPOBKHU CETEBBIX (YAaCTOTHBIX) PECYpPCOB, a C MaTeMaTHUECKOW TOYKH 3pEHUs — 3TO
3aj1a4a CMEIIAHHOTO IIEJIOYMCIICHHOT0 HennHelHoro nmporpammupoBanus (Mixed Integer NonLine-

ar Programming, MINLP). B npeanosxeHHol MaTeMaTHYecKoi MOJENH HCKOMbIE TIEPEMEHHBIE X,

(1) sBisirOTCS OyNIEBBIMU, MUHUMH3HpYEMas TIEPEMEHHAsE ¢ SIBIISAETCS IENOYHCICHHON, a OTpaHu-
YeHUs Ha HCKOMBIC MTepeMeHHbIe HOCAT Kak JuHenHbI (1)-(3), (5), (7)-(10), Tak u HenuHeiHbIH (4),
(6) xapakrep.

Ornpenernenrie ypoBHs aJJIeKBaTHOCTH MPEIOAKEHHON MaTeMaTHUeCKOM MoJIeNH, a Takxke 3 ek-
THUBHOCTH €€ MICIIOJIb30BaHUSI IS pelIeHNs chOPMYITMPOBAHHON 3aa4H TOJDKHO MPOM3BOANTCS UCXOIS
U3 pe3y/bTaToOB OLIEHKM KauyecTBa MOJydaeMbIX perieHuit no pacnpenenenuto YK 8 MR-MC WMN.
[TosToMy narnee OyneT MpOBENIEH aHAIN3 Pe3YJIBTAaTOB perreHus 3anaun pacnpeneneaus UK 8 MR-MC
WMN c nenbto onpezeneHns 3aBUCHMOCTH KauecTBa MOJTYYSHHBIX PEIICHUI OT pa3iIMYHBbIX XapaKTe-
puctuk mesh-ceru.

2. AHAJIN3 PEIIEHUH 3AJTAYM PACIIPEIEJIEHUSI YACTOTHBIX KAHAJIOB B
MHOT' OKAHAJIbHOM MESH-CETH CTAHJIAPTA 802.11

C 1enpio OLIEHKM KayecTBa MOJIy4aeMbIX pelleHuid npu pacnpenenenuu YK B pamkax npen-
noxennoi mozenu (1)-(11) mpoaHamTu3upyeM UX 3aBUCUMOCTD OT CIIEAYIOIINX UCXOAHBIX JaHHBIX:

— xapaktepucTuk mesh-ceru (o0iee yrcao cTaHiuii B Mesh-ceTu, Yucio paguonaTepeii-
COB Ha CTaHIMAX MeSh-ceTH);

— HCHOJb3yeMbIX TEXHOJOTUI 0eCIIPOBOAHOM CBSI3U (UHMCIIO UCIOJIB3YEMBIX HETepEeKphIBa-
IOLUXCS YACTOTHBIX KaHAJIOB);



— TEepPPUTOPHATBLHOTO PAa3HECCHHS CTAHIMKA MESh-ceTu (CTerneHb NepeKPhITHS 30H YCTOWYH-

BOrO IpHUEMa, HEOJHOPOIAHOCTh 30H YCTOWYHMBOrO mpuema Mmesh-cetu, pasmep 30HBI
YCTOMYMBOIO MPUEMA).

2.1. OIEHKA KAUECTBA INOJIYYAEMBIX PEIIEHU ITPU UCITOJIB30BA-
HHUU PA3JIMYHOI'O YNCJIA HEITIEPEKPBIBAIOHIUXCA YACTOTHBIX KAHAJIOB

B pamkax mpoBeAE€HHBIX HCCIIEAOBAaHUM ObUIM MPOAHAIM3UPOBAHBI Pa3NuHble KOH(DUTYpa-
[IMM MHOTOKaHAJIbHBIX MHOTOMHTep(deicHbIx Mesh-cereit. C 1enbi0 IEMOHCTPAIMH PE3YJIbTaTOB
pewenust 3afaun pacnpenenenus UK B mesh-cetu npu ucnonb3oBaHUU pa3iIUYHOIO KOJUYECTBA
HenepekpbiBatomuxcst YK ObL1a UCIonb30BaH NpUMep BO3MOXKHOW KOH(PUTYpALIUU HEOAHOPOIHON

mesh-ceru 15| 3| {1,2,3} | {3} , IPEICTABICHHOM Ha puc. 3.

.......

-
........

Puc. 3. BosmoxHnas kondurypaius mesh-cetu 15| 3| {1, 2,3} | {3}

Pesynbrarel pemenus 3agaun pacnpezneneHus UK ¢ vcnonb3oBaHHMEM pPa3iIMUYHOrO 4HCiIa
HenepekpoiBatonuxcs YK npencrasnensl Ha puc. 4.

W3 npuBeneHHOr0 mpuMepa BHJIHO, YTO B citydae ucnoib3zoBanus Tpex UK (puc. 4 a) makcu-
MaJIbHBIN pa3Mep CO3JaBAEMBbIX JTOMEHOB KOJUIM3MM COCTABUJ IIECTh CTAHIMI. YBEIMUEHUE YUCIIA
ucnonbzyembix UK no derbipex (puc. 4 6) mo3BoiI€T CHU3UTh MaKCHMaJbHBIA pa3Mep co3zaBae-
MBIX OMEHOB KOJUTM3Wil 10 T Mesh-cranuuii. M3 pe3ynbpraTta, MpeAcCTaBICHHOTO Ha pHC 3 B,
BUJIHO, YTO B CIy4ae ucnojb3oBanus mstu YK mesh-cets pazduBaetcs Ha NSTh JOMEHOB KOJUIU3HUH,
MaKCHMaJIbHBIA Pa3MepP KOTOPBIX HE MPEBBIIIAET YEThIPEX CTAHLUH.

Taxxe ObLITM MPOBEIEHBI UCCIICOBAHMSI, HATIPABICHHBIC HAa OMpE/e/IeHne 3aBUCUMOCTH TIPO-
HU3BOJUTCIIBHOCTU HAITPABJICHHA CBA3W MCXKIAY JABYMA CTaHIOHUAMU meSh-CeTI/I OT HCIIOJIB3YEMOI'O
KpUTepus: ONTUMaJIbHOCTU. [Ipy 3TOM NMpPOU3BOIUTENBHOCTh TOTO WJIM MHOTO HAINpaBJICHUS CBS3U
OTIpeIeNIsIeTCs MPOU3BOAUTEIBHOCTHIO CAMOI0 HU3KOCKOPOCTHOTO (Hamnbosiee pa3MepHOro) JoMeHa
KOJUTM3HIA, 4epe3 KOTOPBI OHO MPOXOAUT. [I[pon3BOANTEILHOCTS TOMEHA KOJTH3UH, paboTaroIIero
Ha k -om UK (I1, , ) ompesiensinach ¢ HCTIONb30BaHUEM CIIEYIONIETO BEIPAKEHHUS:

M, =4——  (k=1K; 2-17), (13)

Zdz,nxn,k

n=1

rae Il — MakcuManbHasi CKOpOCTH IEpelaud HCIOJIb3YeMOM TEXHOJOrMHM OECIpOBOAHOM CBS3U

(Mowurt/c).
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PI/IC. 4 HpI/IMep peI_HeHI/ISI 3aJauu pacnpeneneHI/m pa3J'II/I‘lHOFO quciia HeHeperbIBaI-OH_[I/IXCSI qK B
mesh-cetn

JU1s KOTMYECTBEHHOTO TPEJICTaBICHHsI Pe3yIbTaTOB aHAIN3a B KaueCcTBE NMpuMepa OblIo uc-
MO0JIb30BAaHO HArMpaBlieHHEe CBs3UM Mexay mesh-cranmmsmu Nel u Nel5 (puc. 4). U3 pe3ynbraros,
NPE/ICTaBICHHBIX Ha pHc. 4, ycraHoBieHo [20], 4To uMcmonabp30BaHHE KaKAOTO JOTOIHUTEIBHOTO

HenepekpbiBaronierocss YK 1mo3BoJiseT MOBBICHTH MPOW3BOJAUTEIBHOCTh HAIPABIICHUS CBSI3W, a B
pe3yabTare u mesh-cetu B rienom, Ha 20-25%.

2.2. OIEHKA KAYECTBA ITOJIYYAEMBIX PEHIEHUM ITPU UCTTIOJIb30BAHUN
PA3JIMYHOI'O YUCJA CTAHIIUM MESH-CETH

Jlns aHanmm3a KadecTBa IMOJMY4YaeMbIX PElIeHMH 3amadn pacnpeneneHus YK paccmorpum mx
3aBUCHMOCTB OT YHMCIIa UCIIONIBb3yEeMbIX CTAHIIMK B OecripoBogHON Mesh-cetu. [{ns sToro Obum Hc-
MO0JIb30BaHbl JIBa MpHMepa OeCIpOBOAHBIX MeSh-ceTel, OTIMYAIOIINXCS YHCIOM HCIOIb3yEeMbIX
craniuii. OCOOEHHOCTBIO JAHHBIX NMPUMEPOB SBISIETCS TO, YTO CTAHIIMU CETU Pa30OMTHI HA 30HBI
YCTOWYHMBOTO TIPUEMa C PABHBIM YUCIOM MESh-cTanImii. DTO MO3BOIMIO YCTPAHUTH 3aBUCHUMOCTH
MOJTY4aeMbIX PEIICHHH OT Yrcia MeSh-CTaHIMid BXOSIMX B COCTAaB 30HBI YCTOWYHBOTO mprema. B

nepsoM npumepe (puc. 5 a) mesh-cers 15| 3| {2} | {4} COCTOSIIA M3 MATHAANATH CTAHIIMH, pa30UTHIX

Ha TPU 30HBI YCTOMYMBOIO NPHEMA, ABE U3 KOTOPHIX UMEIOT B CBOEM COCTaBe IO LIECTh CTAaHLUM, a
oqHa — mATh. B KauectBe Broporo mnpumepa (puc. 50) Obuia ucmonb3oBaHa MeSh-ceTh



30|6] {2} | {4} COCTOAIIAS M3 TPUALATH CTAHLUM, GOPMHUPYIOLIMX LIECTh 30H YCTOMYUBOIO MpHUe-

Ma, IISITh U3 KOTOPBIX MMEIIH B CBOEM COCTaBe IO LIECTh CTAHIIWIL, a OJlHA — IATh. Pe3ynbTaT pemie-
Hust 3agaun pacnpexaenenus UK mexay PM mesh-crannmit mpuBenens! Ha puc. 6 a u puc. 6 6 ast

cereii 15| 3| {2} | {4} u 30|6|{2}|{4} COOTBETCTBEHHO.
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Puc. 4. Tlpumepsl BO3MOXKHBIX KOHpHUTypanuii Mesh-ceTeil ¢ pasIuIHbIM YHCIOM CTAHIUI

B xoze perieHus ycTaHOBJIEHO, YTO B 000MX ciydasx Mesh-ceTh pa3OuBaiach Ha CBS3HBIC
JIOMEHBI KOJUTU3UH, MAKCUMAJIBHBIN pa3Mep KOTOPBIX HE MPEBBIIIAET YEThIpeX cTaHuui. 13 mony-
YEHHBIX PE3yIbTaTOB MOKHO CJIENIaTh BBIBOJ, UTO pelIeHHEe CPOPMUPOBAHHOMN 3a/jauu pacipe/iene-
uus YK He 3aBucut ot pazmepoB mesh-cetu mpu ycioBuu GOPMHPOBAHUS 30H YCTOWYHBOTO MPHE-
Ma C PaBHBIM YHUCIIOM CTaHIUH.
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Puc. 5. ITpumep perenus 3aaauu pacnpenenenus yetoipex UK B mesh-cetu ¢ pa3nuyHbIM 4HCIOM
CTaHIIMH

2.3. OIEHKA KAYECTBA IOJYYAEMBIX PEHIEHUI ITPU UCITIOJIb30BAHUA
PA3JIMYHOM CTENEHU MEPEKPBITUA 30H YCTOMUNUBOT' O TIPUEMA

C nenpio onpenencHusl 3aBUCUMOCTH KadecTBa IMOJyYaeMbIX PEIIEHUH 3a1adyM paclpenesie-
Husg YK or creneHu mepekphITHsS 30H YCTOMYMBOIO NMpUEMa HCIOJIb3YeM MPUMEPHI BO3ZMOKHBIX
KoH(puUrypammii mesh-cerei, npeacTaBIeHHBIX HA pUC. 7. [ mpumepa ObUTH MCIONIB30BaHbI BO3-

MOXKHBIE KOH(HUrypanuun Mmesh-cetn 15|3|{2}|{4} pa3IUYHON CTEMEHH IePEeKphITH. Tak Ha

puc. 7 a IpUBEJIEH TIPUMEP BO3MOXKHOM KOH(uUryparuu mesh-cetn 15| 3| {2} | {4} C HU3KOM cTere-

HBIO NIEPEKPBITUS 30H YCTOMYMBOTO, B KOTOPOM TPUHAALATh U3 MATHAAATA CTAHLUN IPUHAIIEKAT
OJIHOM U3 TpeX 30H YCTOMUYMBOTO Mpuema, a e cranuuu (Ne6 u Nel(0) HaxoasaTcs Ha MepeceyeHun
JIBYX 30H YCTOMUYMBOro mnpuema. Bo3moskHas koHdurypaius mMesh-cetn 15| 3| {2} | {4} CO cpenHei
CTETIEHBIO MEPEKPHITHS 30H YCTOMUYMBOIO IMpUMa MpUBEAEHA HAa puc. 7 0, B KOTOPOW OJMHHAIATH

CTaHLIMI MPUHAAJIEKAT OJHOM U3 TPEX 30H YCTOWYMBOTO MpHeMa, TPU CTaHIIMKM HAaXOJATCS Ha mepe-
CEUYEHHH JIBYX 30H YCTOWYMBOIO MpHEMA, & OJIHA CTAHIUS HAXOIUTCS HA MEPECEUCHHH TPEX 30H



ycroitunBoro mpuema. Ha puc. 7B u300paxkeHa BO3MOXHas KoH(purypamust mesh-cern
15|3| {2} | {4} C BBICOKO# CTETICHBIO TIEPEKPBITHSI 30H YCTOHYMBOTO MPUEMA, IECTh CTaHIUI KOTO-

PO HaXOAATCS B OJTHOM U3 TPEX 30H YCTOMYMBOIO MPHUEMA, IIECTh CTAHLIUNA HAXOIATCS Ha Iepece-
YEHHMHM JBYX 30H YCTOMUYMBOIO IIPUEMA, a TPU HA NIEPECEUEHUH TPEX 30H YCTOMYMUBOIO IPUEMA.
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0) cpenHsisi CTENEHb MEePEKPHITHS B) BBICOKAs CTETMEHb MEPEKPHITHS
30H YCTOMYMBOIO MpUeMa 30H YCTOMYMBOIO MpUeMa

Puc. 7. Tlpumep Bo3MOXKHBIX KOH(urypammit mesh-cereit 15| 3| {2} | {4} C Pa3IMYHON CTENEHBIO

MEPCKPBITHUA 30H YCTOI\/'I"II/IBOFO npuema

Jlnsa pemienus 3agaun pacnpenenenus YK mexay PU cranumii mesh-cetu 6bu10 ncnonb3oBa-
HO 4eThIpe Henepekphiatonuxcs YK, npumeps! perieHus: KoTopoil mpuBeeHsb! Ha puc. 8.

B ciy4ae ucnons30BaHUs BO3MOKHOM KoH(purypanuu mesh-cetu 15| 3| {2} | {4} C HU3KOMH

CTETIEHBIO MEPEKPHITHS 30H yCTOMUMBOro nmpuema (puc. 8 a) oHa pacrnajgaeTcs Ha BOCEMb CBS3HBIX
JIOMEHOB KOJUIM3WH, MAaKCUMAJIbHBIN pa3Mep KOTOPBIX HE MPEBBIIIAET TPEX CTaHIMM. Takxke B ciy-
Yyae HU3KOHM CTENEHM NMEpeKpBITUs Kaxaas 30Ha YyCTOMUMBOro rpHeMa pa3OuBanack He Oosee yeM
Ha K nomenoB komu3uid. [Ipu aToM yucio GpopmMupyeMbIX T0MEHOB KOJITM3UN CHUKAJIOCh Ha YHC-
JIEHHOCTh 30H YCTOMUYMBOIO INpUEMa CBA3aHHBIX C HEW. YBEIMYEHUE CTENEHU IEPEKPBITUS 30H
ycroitunBoro npuema (puc. 8 0) MpUBENIO K CHUKEHUIO YKcia (OPMHUPYEMBIX JJOMEHOB KOJUTH3UI
YBEJIMUEHUIO UX MaKCUMAaJbHOIO pa3Mepa ¢ 10 YeThIpex. B ciydae ncrosb3oBaHUs BO3MOKHOM

KoH(purypamuu mesh-ceru 15|3|{2}|{4} C BBICOKOM CTENEHBIO MEPEKPHITHS 30H YCTONYHUBOIO

npuemMa (puc. 8 B) 4MCIIO CO3/1aBa€MbIX JIOMEHOB KOJITU3MKA OBLIO PaBHO YHCITY HCIIOJIb3YEMBIX
HenepekpbiBatonxca UK, a umenHo yetsipeM. IIpu 3ToM MakcuManbHbIN pa3Mep JOMEHOB KOJUIH-

3uii OBLI YBEJHMYEH JI0 IATH CTAaHIMHA QX =D,
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0) cpenHsisi CTENEHb MePEKPHITHS B) BBICOKAs CTETMEHb MEePEKPHITHS
30H YCTOWYMBOIO MpUEMa 30H YCTOWYMBOIO MpUeMa

Puc. 8. [Ipumep penenns 3anaun pacnpenenenus detsipex YK B mesh-cersix 15| 3| {2} | {4}

C pEBJ'IPI‘-IHOﬁ CTCIICHBIO NICPCKPBITUA 30H YCTOI\/'I‘-II/IBOI‘O Inmpuema

Ha ocHoBe mosydeHHBIX pe3yJbTaTOB MOKHO CJ€JIaTh BBIBOJ, YTO YBEIUYCHHE CTETICHU TIe-
PEKPBITHS 30H YCTOMUYMBOIO MpUEMa MPUBOJUT K YBEJIMYEHUIO Pa3MEpPOB CO3/1aBAEMBIX JTOMEHOB
KOJUTH3UH, padoTaronux Ha ogHoM UK, 1 TeM cambiM CHUYKAET MPOU3BOAUTEILHOCTH mesh-ceTn B
[[eJIOM. YMEHBIIICHHsI CTETICHU TMEPEKPBITUS 30H YCTOWYMBOTO MPHEMa MOXHO JOOWTHCA MYTEM
YIPaBJICHUS U3Iy4aeMOM MOIIIHOCTHIO CTaHIMi mesh-cetu. OaHaKko BOMPOCH YIIPaBICHUS H3Tyda-
€MOl MOIIHOCTBhIO mesh-CTaHIMil He BKIIIOUEHBI B C(HOPMHUPOBAHHYIO MAaTEMaTHYECKYIO MOJAETH U
MMOATOMY BBIXOJISIT 32 PAMKH JTAaHHOW CTaTbhH.

2.4. AHAJIN3 3ABUCUMOCTHU KAYECTBA MOJYYAEMBIX PEIIEHUH OT
CTENEHHU OTJINYHA B PASMEPAX 30H YCTOMYMUBOT'O TIPUEMA MESH-CETH

PaccmoTpuM, KakuM 00pa3oM CTeNeHb OTIMYMS B pa3Mepax 30H YCTOHYMBOTO mpuema Oec-
MpoBOAHONW mesh-ceTr BIIMAET HAa KAadyecTBO IMOJIydaeMbIX pelleHui 3amaun pacnpenenenus UK
mexxny PU cranmmii. [lon pasmepom 30HBI yCTOWYMBOTO mpreMa OyaeM MOHMMarh yucio mesh-
CTaHIIMM BXOJSAIIMX B ee cocTaB. J[ns aHanm3a ObUIM HMCIIOJIB30BaHbl BO3MOXKHBIE KOHQUTYpaluu
mesh-ceteit 15| 3| {2} | {4} C OJJMHAKOBBIMH M PA3IMYHBIMH pa3MepaMy 30H YCTOWYHMBOTO MPUEMA,

KOTOpBIE MPHUBEICHBI Ha pHC. 7 @ U pUC. 9 COOTBETCTBEHHO.
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9. I[Ipumep BO3MOXKHOM KoHurypauuu mesh-cetu 15| 3| {2} | {4} C pa3IMYHBIMHU pa3MepaMu

30H YCTOWYMBOIO IpUEMa

Puc.

Pesynbrar pemenus 3amaun pacnpeneiacaus YK s Bo3MokHOM KoHHrypamun mesh-cetn
15| 3| {2} | {4} C OJIMHAKOBBIMU pa3MepaMH 30H YCTOWYHMBOTO MMpHUeMa MPHUBEICHBI Ha puc. 8 a, a Ha

puc. 10 — ¢ pa3nuuHbIMH pa3MepaMHu 30H YCTOWYMBOIO npuema. M3 mojydeHHBIX pe3y/bTaToB
YCTaHOBJICHO, YTO MCIIOJIb30BaHUE mesh-ceTH ¢ 0IMHAKOBBIMH pa3MepaMu 30H YCTOMYUBOTO MpHe-
Ma I103BOJISI€T MTPOU3BECTH pa3dueHue mesh-cetu Ha BoceMb cOaJaHCHPOBAHHBIX JOMEHOB KOJLIH-
3Wii, MaKCHMMalbHBI pa3Mep KOTOPBIX He IpeBbImaeT Tpex cranmuii (& =3). Pemenue, noydae-
Moe st mesh-ceTn ¢ 30HaMU YCTOMUMBOrO IpueMa Pa3IMYHBIX pPa3MEPOB, TaKKE COCTOUT W3
BOCbMH JIOMEHOB KOJUIM3UH, pABHOMEPHO pacIpe/ielIeHHbIX 110 TPEM 30HaM YCTOWYMBOIO NMpHUEMA.
Opnnako Ha puc. 10 moka3aHo, 4TO MAaKCHUMAJbHBIM pa3Mep CO3aBacMbIX JIOMEHOB KOJIIM3UM He-
CKOJIBKO 0OJIbIlI€ 3HaYEHMsI, ITOJIydaeMoro Juisi mesh-ceTu ¢ OJJMHAKOBBIMU pa3MepaMy 30H YCTOM-
YMBOTO NPUEMA, M COCTaBIsSeT & =4 . YBenuueHHWe 3HAYEHHS ¢ IO CPABHEHUIO C MPHMEPOM HC-
M0JIb30BaHMs OJTHOPOJIHOM TOMOJIOTMM mesh-CeTH BBI3BAHO HUCIOJIB30BAHUEM 30HBI YCTOWYMBOIO

npuema Gosbirroro pasmepa (TR-3).
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Puc. 10. ITpumep penrenus 3aaauun pacrpenencuust derbipex UK must mesh-cetu 15 3| {2} | {4} C
HEO/IHOPOIHBIMU 30HAMH YCTOHYHBOIO MpHEMa

Ha ocHOBe pe3ynbTaToB, IpeACTaBICHHBIX Ha puc. 8 a u puc. 10, MOXXHO cienarh BBIBOJ, YTO
KauecTBO MOJIy4aeMbIX pelIeHui 3agaun pacnpeznenenus YK 3aBUCUT OT cTeneHu pa3nnyus pasme-
POB 30H YCTOWYHMBOTO MTpUEMa BXOASAIIMX B cocTaB Mesh-cetu. Perienue, moixydaemMoe nMpu UCIOJb-
30BaHUU MESh-ceTn ¢ 30HaMM yCTOWYMBOTO MpUEMa Pa3IMYHBIX Pa3MEpOB, MOXKET OKa3aThCs He-
cOaaHCUPOBAaHHBIM OTHOCUTENIBHO Pa3MEpPOB CO3AABAEMBIX JOMEHOB KOJUIM3MH, YTO COOTBET-
CTBEHHO MOJKET ITPUBECTH K CHUIKCHHIO OOIIIEH MPOM3BOJUTEIILHOCTH OeCclIpoBOIHON Mesh-ceTu.



2.5. OHEHKA KAYECTBA ITIOJIYYHAEMBbIX l:EHJEHI/Iﬁ TP UCITOJIB30OBAHUH
PA3JIMYHOI'O YUCJIA PAJMOUHTEP®ENCOB HA CTAHIUAX MESH-CETH

PaccmoTpum, kakuMm oOpa3zom uucio noanepxkuBaeMbix PU Ha cranumsx mesh-cetu Bnusier
Ha KayecTBO IOJyyaeMbIX pelieHui 3anaun pacnpenenenus UK. Jlinsg 3Toro ObUIM MCIOJIB30BaHbI
pUMEpbl BOBMOXHBIX KOH(pHUrypamuii mesh-ceTeld ¢ 4MciioM CTAHIMH, NPEBBIMIAIONIAM YHCIO HC-

HOJIb3yeMbIX HemepekpbiBarommxcs UK: 8|1|{2}|{5} (puc. 11 a), 8|1|{3}|{5} (puc. 1106) u
8]1/{1,2,3}|{5} (puc. 11 B).
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Puc. 11. [Tpumepsl BO3MOXKHBIX KOH(MUTYpanuii mesh-cereii ¢ YMCIOM CTaHIUH, MTPEBBIIIAIOIIMM
YHCJIO UCIIONIb3YEMBIX HenepekpbiBatomuxcs YK

Pesynbrarel pemenus 3anaun pacnpenencaus YK mexny PU cranmmii mesh-cetn s yka-
3aHHBIX TIPUMEPOB BO3MOXKHBIX KOH(pUrypauuii (puc. 11) npuseaeHs! Ha puc. 12.
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Puc. 12. Ilpumep perienus 3aga4un pacnpenenenus yersipex UK B mesh-ceTsx ¢ paznmuHbiM
yucioM PU Ha crannmsax u yucinom HenepekpbiBaromuxcs UK, He TpeBhIIaoUM YACI0 CTAHINN

Ha ocHOBE NOIy4YeHHBIX PE3YJIBTATOB YCTAHOBIIEHO, YTO BO BCEX PACCMOTPEHHBIX CIydasx
mesh-cetu pa30uBaMCh Ha MATH TOMEHOB KoJutn3uii. [Ipu 3TOM pa3Mepbl CO3/1aBaeMbIX TOMEHOB

KOJUTM3UI He NpeBbImany Tpex cranumii (& =3). [T03ToMy KauecTBO PelIEHHs 3a/1a49u PacIpee-
nenus UK B ciiydae, Korja 4uCIIO CTaHIUN TPEBBIIIAET O0Iee YUCIIO UCTIONb3yEeMbIX HEMEepeKphI-
Baroruxcst UK, He 3aBUCHT OT uncia ucnoias3yeMbix PU Ha cTanmusx mesh-cetn.

Taxoke ObUTH PaCCMOTPEHBI MPUMEPHI, KOT/Ia YHCIIO UCTONb3YeMbIX HenepekpbiBatonmxcs YK
HUKE YUCIa CTaHIUM, GOPMUPYIOUINX 30HY YCTOWYMBOro mpuema. J[is ananusa ObUTH UCHOJIB30-

BaHbI NMPUMEPBI BO3MOXKHBIX KOH(purypanuii mesh-cereit (puc. 13): 4|1|{2}|{5}, 4|1|{3}|{5} u
4|1|{1,2,3}|{5}.
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Puc. 13. IIpumepsl BO3MOXKHBIX KOHHUTyparuii mesh-cereii ¢ paznuyabiM unciom PU Ha cTaHmusx
Y YUCIIOM HemnepekpbiBaronuxcs YK, npeBplIaronMM Yuciio CTaHLIUI

Pesynbratel pemenus 3aaaun pacnpenenenus UK mexny PU cranuumii mesh-cetu ¢ uucinom

CTAHIIMK, HE TPEBBIIMIAOIIAM YHCIO HCIOIB3yeMbIX HernepekpbiBatomuxcss UK, mpuBeneHsl Ha
puc. 14.
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Puc. 14. Ilpumep perienus 3aaaun pacnpenenenus yerbipex UK B mesh-ceTsx ¢ pazayHbIM
yucioM PU Ha craHnmsax u yucinoM Henepekpbiaromuxcs YKIK, mpeBpIaronmm 4ucio CTaHui

B pesynbraTe aHanM3a MoJydyeHHBIX PELIEHHH YCTAHOBJIEHO, YTo B Mesh-cersx 4|1| {2} | {5}

(puc. 14 a) u 4|1| {1,2,3} | {5} (puc. 14 B) BO3MOXHO HCITOJIB30BATH TOJBKO YETHIPE HEMEPEKPHIBA-

romuxest UK u3 natu goctynHbiXx. Takoil pe3ynbraT oOecrieduBaeTcs BBITOJIHEHHUEM YCIIOBHSI-
orpanudeHus (7), Tak kak obuiee yuciao PY, BKIIOYEHHBIX HA CTAaHIMAX mesh-ceTH, He MO3BOISIET
HCIIOIB30BaTh OOJbIe YeThipex HemepekpbiBaronmxcs UK. B cBoro ouepenb, ucnonb3oBaHue Ha
Bcex mesh-crannmsx cetn Tpex PU (puc. 14 6) nmo3Bosier chopMupoBaTh CTpyKTYpy Mesh-cetu ¢
HCIIONBb30BaHUEM IITH HenepekpbiBarommxcss UK. [Ipy 3ToM BO BCeX MONMY4YEHHBIX pe3yibTaTax
pasMephl CO3/1aBaeMbIX JIOMEHOB KOJUIN3HIA He MPeBbIaiy AByX mesh-cTanmmii (& = 2).

Ha ocHoBe nmpoBeneHHOro aHajn3a 3aBUCMMOCTH Ka4eCTBa MOJIY4aeMbIX PEIICHHUI OT 4yucia
ucnonb3yemblx PU Ha cranmusx mesh-cetu MoxHO crenath cineayromuil BeiBoa. B mesh-cersix ¢
yrciioM HenepekpbiBaromuxcs YK, He mpeBblarommm oo11ee 4uciao CTaHIuM, pe3yibTaT peleHus
3agaun pacrpeneneHus YK Hukakum o0pa3oMm He 3aBUCHT OT 4Hcia ucnoib3dyemsix PU. B cioyuqae,
Korja yucio HernepekpbiBatomuxcs UK npebliiaer olmiee yucio cranuuii mesh-cetu, yBenuueHue
qucia UCHoab3yeMbIx P npuBoaUT K yBenMUeHUIO Ynciaa (POpMUPYEMBIX JOMEHOB Koyuu3uil. [Tpu
3TOM pa3Mepbl CO3/IaBa€MbIX JOMEHOB KOJUIM3UI SBIISIOTCS MUHHUMAJIbHBIMU M COCTOSIT U3 JBYX
mesh-cranmumii. B Takux ceTsx yBenuueHHE MCIOIb3yeMbIX PU He MPUBOMUT K MOBBIIICHUIO TPO-
M3BOJUTENILHOCTH B PaMKaX CO3/1aBa€MbIX JIOMEHOB KOJIIM3UH, OJTHAKO MO3BOJISET MOIYYUTh Oolee

KayeCTBEHHYIO CTPYKTYpy OecripoBoiHOM mesh-cetn uist pemenus 3a1a4 GyHKIIMOHATBHONW caMo-
OpraHHM3aILuH.



BbIBO/IbI

B craThe npuBeneHbl pe3ysbTaThl OLICHKHM KadyecTBa peuieHui no pacupenenenuo YK B MR-
MC WMN crannapra IEEE 802.11, nonyyaemble ¢ HCIIONB30BAaHUEM JBYXHHICKCHOW MaTeMaTH-
yeckoil Mojenu, paspadborannoii B [20]. Onenka kauecTBa pemicHuii mo pacmpeaeneano YK mpo-
M3BOJMIIACH HA OCHOBE aHAJIM3a UX 3aBUCUMOCTU OT CIEAYIOLIUX MCXOJIHBIX JaHHBIX: XapaKTepu-
ctuk mesh-cetu (ob1ee uncio cranuuii B mesh-ceru, uncio PU Ha cranmusx mesh-cetun), ucnosns-
3yeMbIX TEXHOJIOTUH OecIpOBOIHON CBSI3M (YUCIIO HCIIONB3YyeMbIX Hemepekpsiatomuxcs YK) u
TEPPUTOPHATBHOTO PAa3HECEHHUs CTaHIMI MeSh-ceTH (CTereHb MEePEKPhITHs 30H YCTOHYMBOTO TPH-
eMa, HEOJHOPOTHOCTh 30H YCTOMYHMBOTO puemMa Mesh-cetu, pa3mMep 30HbI YCTOWYHBOTO pUEMa).

B pesynbTare mpoBeACHHOTO aHaIM3a ObUIO YCTAHOBJICHO, YTO HA KAY€CTBO MOJIYy9aeMbIX pe-
[IEHUH B 3HAYMTEIBHOM CTEIEHHU BIUAIOT TaKue 0COOCHHOCTH MeSh-ceTu, kak mcmosbp3yeMast Tex-
HOJIOTHSI OECTIPOBOIHOM CBSI3M M TEPPUTOPHUATLHOE Pa3HECEHUE CTAHIIUMN, TO3TOMY 0oJiee AeTaIbHO
OCTAaHOBHMMCSI MIMEHHO Ha ITHX IOKa3aTelsx. Tak Ha puc. 15 mpuBeneHa 3aBUCUMOCTh BEPXHETrO
JMHAMHYECKH YIPABISEMOro MOpora ¢ OT YMCia HMCIOJNb3yeMbIX YaCTOTHBIX KaHAJOB M YHUCIA
mesh-cranmmii, opMUPYIOLIMX OJHY 30HY YCTOWYHBOTO MPUEMA.
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Koamaecteo CTEiHU,HfI‘ BXOAAIMIMX B COCTaB 30HEI }’CTOﬁ'—]HBOFO nmpremMa

Puc. 15. 3aBucuMOCTb BEpXHETO JUHAMHYECKH YIIPABIISIEMOT0 MOPOra & OT YKCia UCIOJIb3yEeMbIX
YaCTOTHBIX KaHAJIOB U pa3Mepa 30Hbl yCTONYHUBOIO MpHeMa

B pesynprare aHanm3a 3aBUCMMOCTH KadecTBa pacnpeneneHus UK oT umncia ucnoiab3yeMbIx
UK ycTaHOBIEHO, YTO YBEJIMYEHHE YHMCIIA UCIOJIBb3yeMbIX HemepekpsiBaronuxcss UK mos3Bossier
YMEHBIIHUTh Pa3Mep CO3/IaBaCMbIX JIOMEHOB KOJUTM3UH (puC. 15) M TeM caMbIM MOBBICHTH OOIIYIO
NPOM3BOAUTENHLHOCTE Mesh-cetu. [IpoBeneHHbIC HCCIIEIOBAHUS TMOKA3alH, YTO HCIIOJIb30BAHUEC
Ka)KJI0TO JIONIOJHUTENBHOr0 HenepekpaiBaromerocs YK 1no3BosseT NoBBICUTh IPOU3BOAUTEIBHOCTD
mesh-cetu Ha 20-25%.

Taxxke ObLT MPOBENIEH aHAINU3 3aBUCUMOCTH KadecTBa pactpenencHus YK ot pazmepa 30HBI
YCTOMYMBOTO TpUeMa (YKCciia CTAHIIMM, BXOASAIIMX B COCTaB OAHOM 30HBI YCTOMYMBOTO npuema). B
XO0Jl€ aHaJn3a YCTAaHOBJIEHO, YTO YMEHBIIIEHHE pa3Mepa 30Hbl YCTONYMBOTO IpHeMa MPUBOIUT K



CHIDKEHHMIO Pa3MEpOB CO3/1aBaEMbIX JIOMEHOB KOJUIM3Hi (puc. 15), 94To B CBOIO ouepeqhb Crocod-
CTBYET IMOBBILIEHUIO O0IIEH MPOU3BOAUTEIbHOCTH MeSh-cetn. Takke yMEHbIICHHE pa3Mepa 30HbBI
YCTOWYHMBOTO TIpUE€Ma MOET ObITh HAIPaBICHO HA YMEHBIIICHHE KOJINYECTBA HCIIOIh3yeMbIX Here-
pekpoiBatromuxcs YK, 6e3 motepu kauecTBa MoJydaeMbIX PEIICHUN. Y MEHBIICHUE KOJIUYECTBA HUC-
MOJIb3yeMBIX HemnepekpbiBatonuxcss YK B CBOIO odepenib CIIOCOOCTBYET YIYUIICHUIO JIEKTpOMAr-
HUTHON 00CTAaHOBKHM B 30HE JCHCTBUSA OecripoBogHON Mesh-ceru.

Kpome Toro 6bl1a mpoaHanu3MpoBaHa 3aBUCUMOCTh KaueCTBa MOJIYYaeMblX PEIICHUHN 3a1auu
pactpenenenuss UK OT creneHM NepekphITHS 30H YCTOMYMBOrO mpuema (uucia Mesh-craHiuii
HaXOJSIIUXCS OJAHOBPEMEHHO B HECKOJBKMX TR), a Takke CTemeHH pas3idyus pa3MepoB 30H
YCTOMYMBOr0 pueMa. B pe3ynbprare aHajin3a yCTaHOBIIEHO, YTO YMEHbBIIIEHUE CTEIICHU NTEPEKPBITHS
30H YCTOWYMBOI'O IIPUEMA MO3BOJISIET MMOBBICUTh KAYECTBO MOJIYyYaE€MbIX PEUICHUH, T.€. YMEHbBIINUTD
pa3Mep CO37aBaEMBIX JIOMEHOB KOJUIM3HM, TEM CaMbIM IMOBBIIIAS OOIIYI0 MPOU3BOIUTEIHLHOCTD
mesh-cetu. Tak)ke MOBBIMICHUS MPOU3BOAUTEIBLHOCTH MESN-CETH MOXHO JOOUTHCS MyTEM yCTpa-
HEHUS pa3jifuds B pa3Mepax HCIOJIb3YeMbIX 30H YCTOMYMBOTO MpHEMa, T. €. BBIMOIHIS OalaHCH-
POBKY pa3MepoB 30H YCTOHUUBOIO mpremMa, (GopMHUpYrOIIuX Mesh-ceTs.

B sT0i#t CcBs3M, manbHeIIMe UCCIeI0BaHUS 10 (OPMHUPOBAHUIO BBICOKOIPOU3BOAUTEIBHOM
CTPYKTYpbI MeSh-ceTH, ¢ UCMOJIBb30BAHUEM JBYXHHJICKCHOW MaTeMaTHYECKOM MOJIENH, eleco00-
pa3sHO HaNpaBUTh Ha JIOCTHKEHUE CIEAYIOIINX PE3yIbTaTOB!

- MUHUMU3HUPOBATH Pa3MEp 30H YCTOP'I‘II/IBOFO npuema,
- YCTPAHUTb HECOAHOPOAHOCTD 30H YCTOI‘/'I‘II/IBOI‘O Ipruema,
- MUHUMU3HUPOBATH CTCIICHDL IICPCKPLITHA 30H YCTOP'I‘{I/IBOFO Ipucma.
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