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MOJEJIb CBAJIAHCUPOBAHHOTI'O PACIIPEJAEJIEHUSA ITIOJJKAHAJIOB B MESH-
CETH, UCTTOJIB3YIOIENA TEXHOJIOT TIO WIMAX

IIpoananusuposansl cywecmeyrowue nooxoobl K pewleHuio 3a0aqu pacnpeoeienus Yacmomnozo pecypca 6

becnposoonvix mesh-cemsax mexnonocuu  WiIMAX,

Ha OCHOGe HeOOCMAMmKO8 KOMOPbIX COHOPMYIUPOSAHDL

mpeboBanUs CUCMEMHO20 XapaKmepa K CMPYKMype U COOEPHCAHUI) MAMeMaAmu4eckol Mooeiu pacnpeoeienus
yacmomuoeo pecypca. Ilpednoscena mamemamuyeckas Mooenb pacnpeoenenus 4acmomuo20 pecypca KaKk 3a0auu

6anancuposKU YUCIA NOOKAHANI08 MeXHCOY PAOUOKAHALAMU, popmupyembimu mesh-cmanyusmu 0ecnposooHOU cemu.

HUcnonvzosanue npedzloofcenﬁozi MOOeU NO380ULO NOBLICUNMD npou3600umeﬂbHocmb 6601’[}7060()H012 mesh-cemu 6

Yenom, a makKdHce 2apanmuposams omcymemeue «y3xkux mecmy. Pocm npouszsooumensnocmu mesh-cemu maxoice
00yCN061UBANCA 2apaHmuell OMCYMCMBUs NePEULHOU U GIMOPUYHOU uHmepdeperyuu.

mamemamudecKka MOOeﬂb,
uacmommnoceo pecypca, npous*eodumexzt;ﬂocmb.

Knrouesvie cnosa:

BBenenue

[osBreHNe SKOHOMHUYECKHU 3¢ EeKTUBHBIX
6ecripoBoaHbix mesh-ceteit (Wireless Mesh Networks,
WMN), ocHoBauubix Ha TtexHomoruun WIMAX
(Worldwide Interoperability for Microwave Access) [1-
4], cymecTBeHHbIM 00pa3oM HM3MEHHJIO MPOLECC
OpraHu3aly Kak OeCHpOBOJHBIX CETeH JOCTyMa, TaK U
TPaHCIOPTHBIX paauoceTei. lcrnosb3oBaHuEe pexuma
mesh  mo3BONMIO  MMOJB30BATENLCKUM  CTAHIIUSAM
(Subscriber Station, SS) o6mMeHUBaTBCS COOOIIEHHSIMU
HE TOJIbKO yepe3 0a3oByro craniuio (Base Station, BS),
HO W HEMOCPEICTBEHHO APYT ¢ ApyroM. B pesymbraTe
aToro SS, HaXomsIIMecs Ha 3HAYUTEIIEHOM PACCTOSHUH
oT BS, MOT'YT MOAKIIOYAThCA K HEH ITYTEM HECKOJIBKUX
nepernpuemMoB uepe3 apyrue SS.

Cpenu MHOTMX TpeOOBaHUWH, BBIABHIa€MBIX K
GecripoBomHBIM Mmesh-ceTsiMm  (HEBBICOKAass CTOMMOCTD
YCTPOWCTB, HHM3KHH YPOBEHb DJHEPronoTPeOIeHUS U
T.JI.), OCHOBHBIM SBJSIETCSI OOECIIe4eHHE BBICOKOM
IIPOU3BOAUTECIILHOCTU )5 Ka4dyeCcTBa O6CJ'Iy)KI/IBaHI/I$[
(Quality of Service, Q0S) GecrpoBOIHON CETH B LIETOM.
HccnenoBanusi, HampaBJICHHbIE  Ha  TOBBIIICHUE
MIPOM3BOIUTEINEHOCTH mesh-cern, 3aTparuBaroT
IIPOTOKOJIBHBIE CPCACTBA TEXHOJIOTHYCCKUX ypOBHeﬁ
STAJOHHOW MOJIENN B3aMMOJICUCTBHS OTKPBITBIX CHCTEM
(Open Systems Interconnection, OSI). Bsicokuii
YPOBEHb MPOU3BOIUTEILHOCTH MOXET OBITH 00ecIeueH
32 CUET YCOBEPIICHCTBOBAHUS COOTBETCTBYIOIINX
CETEBBIX IIPOTOKOJIIOB M MEXaHWU3MOB, OTBEYAIOIIMX 32
pacripeneneHre IOCTYIMHBIX CETeBBIX pecypcoB. K
MOJTOOHOTO poja pecypcaM, MPEekIe BCEro, OTHOCITCA

mesh-cemp,

WIMAX, 6anrancuposka, pacnpedenenue

cereBoil  Tpaduk  (MHPOPMALMOHHBIA  pecypc),
MIPOITYCKHBIE CIIOCOOHOCTH KAaHAJIOB CBSI3U (KaHAJIBbHBIH
pecypc), ouepemu (OydepHBII pecypc), a Takke
OTAENbHBIE  YacTOTBl ~ WJM  YacTOTHbIC
("4acToTHBI  pecypc),
OecripoBOJHBIX ceTeld. KpoMe TOro uCHoiab30BaHUE
pexxuma OFDMA  (Orthogonal Frequency Division
Multiple ~ Access)  obecrieunBaeT  BO3MOXHOCTH
yIpaBJIeHUs] YaCTOTHBIM M BPEMEHHBIM pecypcom [5]. B
Ka4yecTBe YAaCTOTHOTO pecypca MOTYT BBICTYINATh
MOJJHECYIINE, SBISIONINECS TIEPBHYHON CTPYKTYpPHOH
emunnneii OFDM  (Orthogonal Frequency-Division
Multiplexing), a TakKe TOJKaHANBI, SBISIOIIACCS
HauMeHblIed Joruueckod crpykrypod OFDMA B
YaCTOTHOW O0JNAacCTH M (HDOPMHUPYIOIIHECS HECKOIBKUMHU
NnoJiHeCyMMHu. B kauecTBe BPEMEHHOIO pecypca
TEXHOJIOIMH OFDMA BBICTYIIAIOT
SIBIIIIOIIMECS HAUMEHBIIEH CTPYKTypHOH equHMIEN
OFDM Bo BpemenHoi#t o6nactu [3, 6-8]. B cBsi3u ¢ aTiM
BO3HHMKAeT HEOOXOJMMOCTh B aHAJIM3E CYNIECTBYIOIINX
U pa3paboTKe HOBBIX MOAXOJOB IO paclpeAeIeHHIO
YaCTOTHOTO pecypca, OJTHOBPEMEHHO
YAOBIETBOPSIONINX PazHoOOpa3HbIM TpeboBanusiM QoS
U YCIOBHIO MOBBIIICHUS MPOM3BOJUTEIBHOCTH Mesh-

KaHaJIbl

4TO0 OCOOEHHO BaXXHO I

CHUMBOJIbI,

CCTH B LICJIOM.

AHa/u3 TPeOOBAHM, BHI/IBUTAEMBIX K
MO/ieJISIM M MeTO/IaM pacrpe/esieHust
YacTOTHOro pecypca B mesh-cersix
TexHogaorunm WiMAX

AmnHanu3 u3BeCTHHIX pernenuii [9-16] mokasan, yro
HAa CETOMHSIIHUN JIEHb CYIIECTBYET JOCTATOYHO



IIAPOKUHA CHEKTp IIOAXOAOB, HANpPABICHHBIX Ha
MIOBHIIIICHUE MTPOU3BOIUTEIBFHOCTH U obecrieuenne QoS
NyTéM pelleHus] 3afad  paclpenesieHus 4acTOTHOTO
pecypca. B paborax [9-16] npuBemeHBI BapHUAHTHI
peLIeHus 3a/1au paclpeelIeHUs] YaCTOTHOTO pecypca B
WMN TEXHOJIOTUH WiMAX KaK 3a1a4un
pacripezieneHus 4YacTOTHBIX KaHalloB. HemocraTkom
(OpPMYIHPOBKM 3afadd PACHPENCICHUS YaCTOTHOTO
pecypca, Kak 3aJauyd  pPacTpeleNieHHs YacTOTHBIX
KaHaJIOB, SIBJISIETCS HEOOXOANMOCTh HMCIIOJIb30BAHUS Ha
KaX 101 SS, BO-TIEPBBIX, HECKOJILKUX
MIPUEMOTIEPEAATINKOB C [ENbI0 YCTPAHEHUS IEPBUIHON
uHTEep(EpEeHINH, a BO-BTOPBIX JOCTAaTOYHO OOJBLIOTO
KOJIMYECTBA YaCTOTHBIX KAaHAJIOB C EJbI0 yCTPaHEHUs
BTOPHUYHOW HUHTEPPEPEHINN MEXKAY COCeTHHMH SS.
[NepBuunas nHTEpdEpeHINS BOZHUKAET B CIydae, KOTaa
M0JIb30BATENbCKAs CTaHIHA, OCYLIECTBIISIET
nH(pOpMaMOHHBIHA o0MeH OJTHOBPEMEHHO c
HECKOJIBKAUMH ~ TIOJIb30BATEIIBCKIMU ~ CTAHIMSMH ~ Ha
OJHOM H TOM JKe dYacToTHOM Kamame [10, 11].
[MpuunHOi  BTOpPHMYHOW HMHTEPEpEHLMH  SBISIETCS
TIOTIBITKA UCTIOJIB30BAHHSI OJTHOTO M TOTO XK€ YaCTOTHOTO
pecypca pa3lUuYHBIMM ~[apaMH  IOJIb30BaTEIbCKUX
CTaHLMN B 30HE IEUCTBHUS TIPUHUMAIOIIEC
nojb3oBarensckoil crannuu [10, 11]. Tlpu sTom
UCTIONIb30BAaHNE  HECKOJBKHX  IPHEMOIEPEaTINKOB
MOBBICUTD CJI0)KHOCTh M CTOMMOCTb IOJIb30BaTEIbCKUX
CTaHIMH, a TaKke MoTpedyeT IOMOJHUTEIBHOTO
pacxosna snektposHepruu. C 1pyroll HMCHONB30BaHHUE
JIOCTATOYHO OOJIBLIOTO KOJIWYECTBA YACTOTHBIX KaHAJIOB
HE BCerja siBIISIeTCs IOCTYITHBIM, BBUJIY 3arpyKEHHOCTH
YaCTOTHOTO JIara3oHa, UCTIONIB3yeMOT0 ULt
¢byHKIHOHUpOBaHUS TexHONMorH WiMAX.

Heo0xoinMo KOHCTaTHpOBaTh, YTO a/IeKBAaTHOCTD
n 3(GEKTUBHOCTD pEIICHHs 3a/laddl paclpeaeieHHs
YaCTOTHOTO pecypca C HCIOIb30BaHUEM TOTO WIIH
WHOTO  METOAa  O4YeHb  4YacTo  OmpeessieTcs
MaTeMaTHYeCKON MOJIENBIO, TOJIOKEHHOH B €r0 OCHOBY.
B pesynbrare ananmusa m3BecTHBIX pemenuit [9-16], a
TaKke TpeOoBaHuWil mpuBeaeHHbIX B [7, 17-19], Obutn
chopMynrpoBaHbl  TpeOOBaHHS K  CTPYKType H
COJICP)KAaHMIO0 MAaTEeMaTHYECKOW MOJIENN pacipeieeH s
YacTOTHOrO pecypca B MesSh-ceTH  TeXHOJIOTUH
WIMAX:

— y4eT HeogHOpomHocTH coBpeMeHHbIX WMN,
BBUJIy HCIIOJIb30BAaHUsI OOOPYMOBAaHUS  Pa3IMUHBIX
MoUbHUKAIIN, ceprii ¥ PUPM-TIPON3BOANTENEH;

— obecrnieuenne 3(GQPEKTUBHOTO HCIOIB30BaAHUS
YaCcTOTHOTO pecypca;

- OpHEHTALHS Ha MIPEUMYILIECTBEHHO
JTUHAMHYIECKUI XapakTep pemeHust 3a1a9u
pacrpezeneHus 4acTOTHOTO pecypca;

— MaKCHUMH3aIMs IPOU3BOJUTEIEHOCTH CETH B
IIEJIOM 1 Ha o0ecrieueHre APyrux nokasareneii QoS;

—  HUCIONBb30BAaHWE  PACHPEACNEHHBIH  WIH
LEHTPAIN30BaHHbIA PEXKUM YIPaBICHUS peCypcaMuy;

—  MUHUMHU3AIUSL
BTOPUIHON uHTEpEpEHINH
noib3oBarenbckumu cranuusamu WMN;

— COIIaCOBaHHOE PCIICHUE 3a]a4 BBIICICHUSI
paanoKaHajoB MeXay mesh-cTaHIMSIMA U 3aKpeIUICHHE
3a HUMU IIOJKAHAJIOB;

— OpHEHTAallMs Ha HCIOJIB30BaHUC
MIPOTOKOJIOB MapIIPyTH3ALIHH,;

— y4eT TEXHOJOTHYECKHX OCOOEHHOCTEH CeTH,
TaKuX KaKk  JalbHOCTh  CBS3H, HHTEHCHBHOCTH
MOCTYIJICHUS B CETh aOOHEHTCKOro Tpaduka, oO0beM
HCTIOJB3YEeMOT0 YacTOTHOTO M BPEMEHHOTO PECYpPCOB,
KOJIMYECTBO TOAJICPKUBACMBIX MPHEMOIICPEIATYNKOB
Ha craHimuax WMN, mupuHBI 4acCTOTHOrO KaHaia,

BIIMAHUA HepBH‘IHOﬁ n

MEXITy

TIPOCTBIX

KOJIMYECTBA MTOIKAHATIOB H T.II.
Baxno MOHUMATb, 4TO 3G PEeKTHBHOCTH
TEXHOJIOTHYECKOTO PEILIEHUs 3aJaud pacIpeaeieHHs

YaCTOTHOI'O MW BPEMCHHOI'O0 pPECypCOB B mesh-cetn

texHomormn WiMAX BO MHOTOM OIpenenseTcs
MMOJHOTOW ydYeTa TpeOOBaHU TIPU IOCTPOCHUH W
(YHKIIMOHUPOBaHUU WMN, OIMCHIBAEMOM

MaTeMaTHIeCKOH MOHelbio. Pe3yiapTaToM HEMOIHOTO
HX y4€Ta B MaTCMaTU4€CKOM OITMCAaHUU B 6OJ'II:IHI/IHCTBG
CllydyaeB  SIBIAETCS  YCIIO)KHEHHE  PeaH3yIOIIero
MIPOTOKOJIA.

C menpl0 YCTpaHCHHS HEIOCTATKOB, NPHUCYIINX
pEIIeHHIO 3a/1a4M paclpeleNeHus] YaCTOTHBIX KaHAaJOB,
3a/laya  4YaCTOTHOTO IIJIAHUPOBAHUS, MOXET OBITh
MpeAcTaBlIcHa B BHIE 33Ja4d  paclpelelieHHs
YaCTOTHBIX IIOJKAaHAJIOB B mESh-CeTI/I TEXHOJOTHUHN
WIMAX. Ha ocHOBaHMM MpPOBEIEHHOTO aHaiW3a, a
TaKke CQOPMYIHPOBAaHHBIX TpeOOBaHWI, B CTaThe
MpeJyIaraeTcsl MOJENb paclpelesieHUs MOIKaHAJOB
OJTHOTO YaCTOTHOTO KaHaJa. [Ipennaraemas
MaTeMaTHYecKass MOJIeTh HaNpaBiIeHA Ha IOBEHIIICHHE
MPOM3BOUTENRHOCTH Mesh-ceT B I€JIOM, MyTeM
6aHaHCI/IpOBKI/I qyucia IMOJKaHaJIoB, BBIJICIISIEMBIX
OTIENBHBIM paJHoKaHalaM. OTO B CBOIO oOuepenb
JIOJDKHO ~ CIIOCOOCTBOBATh  CO3JIaHWIO  OECTIPOBOHOM
ceTH 0e3 «y3KHWX MeCT», T.€. Y4aCTKOB ¢ MUHUMAIILHOM

MIPOIYCKHOM CIIOCOOHOCTBIO.

MaremaTH4ecKasi MOJeJIb pacnpenaeIeHust
MOJKAHAJIOB B 0eCcnpoBOIHOI Mesh-ceTn
texnogorun WiMAX

B npemnmaraemoii  Momenud  MpeaIONararoTCs
M3BECTHBIMU CIICAYIOIUEC NCXOJHBIC JTAHHBIC!

1) N — oOmee KOJMYECTBO CTAaHIUA B CETH
(6azoBast ¥ TOIB30BATENBCKUE CTAHIINN);

2) K — KOJIMYeCTBO UCTIOJIb3YEMBIX TOIKAHAJIOB;

3) M - o0miee KONMMYECTBO PpaJUOKAHATIOB,
dbopmupyeMbIx B ceTH. l[lojg pamuokaHaioMm Oynem
MOHMMATh HA0Op W3 IBYX TPOM3BOJBHBIX Mesh-
CTaHIUH OecrpoBoIHOM CeTH, BEYIIHNX
nH(OPMAMOHHBI 00MEH 0e3 epenprueMoB.



C nenpio pa3pabOTKH MaTeMaTHUYECKOH MOJEIH
pacupenenenus noakaHanmoB B WMN BeexeM psf
YCIOBHBIX 00O3Ha4YeHUH (Tabm. 1), MO3BOJSIOIIUX
rpadudecku oroopazuth nemenTsl WMN.

Tab6muma 1.
[Ipumep ycIoBHBIX 0003HAYCHUIT A1eMeHTOB mesh-ceTi

YcnosrHoe
Omnucanue
o0o03HaueHNne
o Ba3oBas CTaHIKMA UMEET NepBbIit
1 MOPSKOBBIA HOMEp B CETH
O ITonp30BaTenbCcKast CTAHIMA IMEET
4 YETBEPTHII MOPSIAKOBBINA HOMEP
()ﬁ) Ions3oBaTensckue ctanuyuu Ned
4 (2) 5 Ne5 o6pasyror paguokanan Ne2
. 36,11 ~ Pannoxanany Ne2 BelJieneHbI C
\21/ @\ \5/ TPETHETO I10 IIECTOM, a TAKKE
7 OJIMHHAIATHIN ITOIKAHAIIBI

B MaremaTnueckoil MoOJENM BBEACHO IOHSITHUE
MaTpHLBl PaJMOKaHAJIOB, MO3BOJISIOIEH MTPOU3BOAUTH
yaer TteppuropuansHoi ymainenHoctd WMN B certn.
Marpumna paaroKaHaJIoOB SBISCTCS MPSMOYTOJIBHOH,
KOJIMYECTBO CTPOK M CTOJIOIOB KOTOPOH COOTBETCTBYET
o0memy umciy paguokanaioB M, u umeeT Bua

O =fins] (sm=18)

1, ecnm B hopmMmpOBaHME M -TO U S -TO
paloKaHana a y4aBCcTBYET O0LIast CTAHLS,
0, B mpoTMBHOM cITy4ae.

rae dp g =

Ha puc. 1 npusenen npumep WMN c ykazanuem
yucna crannmit (N =8), a Takke paIuoKaHaios,
dopmupyembix stumu cranmusmu (M =11).

Mesh-cetu, NpUBEIEHHOM  HAa  pHC. 1,
COOTBETCTBYET CJIEAYIONIasi MaTpHIla PaJHioKaHaIOB:

O

Il
[cNeoNeoleNeoNeoNeN ol sl i)
QOO OkrRrRFRPPFPOOOR
OO O0ORFrRrRrOOOFrOoOOoOR
OCOFrRPrPFPOOOORFrOR
OoOrRrFRPOFRPPFPOOORKRO
PRPOORFRPROFRPROORFrO
POOOORrRrRFRPROORrO
OOFrRPOO0OO0OOFr OO
OFrRPOPFrRPOORFrRPFPOOO
POPFRPOORFRPRPFRPROOOO
ORrRrPOoOOoORrRrRPRPROOOOO

B pamkax naHHOW pabOTBI C IMENBI0 YKa3aHH
TOIIOJIOTUYECKAX H  (DYHKIIMOHAJNBHBIX IapaMeTpPOB

BO3MOKHOMI KOoH(pUTrypauuu WMN Oyner
ucnons3oBano  obosmauenne  N|M|K.  Takum
oOpazoM, o00o03HaYeHHE BO3MOXHOW KOH(UrypaLuu

WMN, mnpencraBnenHoii Ha puc. |1,
8|11|32.

IPpUMET BHU]

i ® 5 (& § @ 7 @ 3
Puc. 1. [Ipumep mesh-cetu ¢ ykazaHmeMm
cranimid N =8 u pagnokananos M =11

B pamkax mpeasiaraeMoii MOJIEH B XOJ/I€ PEIICHHs
3a71a4u pacrpeaeseHust
MOJTB30BATENECKMM  CTAHIIHAM
pacuer OyreBoit

[TOKAHAJIOB,
HEOOXOIUMO
yIpaBJoLEen

cetu
obecreynTh
TIepEMEHHOM
1, ecnu K-iif mojkanan BbIEENeH M -My

paanoKaHany; 1)
0, B MpOTMBHOM CJIy4ae.

Xmk =

OObmiee KoaMuecTBO MepeMeHHbIX (1), KoTopble
ONPENSISIIOT  TOPSIIOK  paclpeneleHuss MOAKaHaJIOoB,
3aBHCHT OT KOJIMYECTBa (OPMHUPYEMBIX paJHOKaHAJIOB B
CETH, HCIIOJIb3YEMBIX IOJKAaHAJIOB M, COOTBETCTBEHHO,
Oyner OTIPENICISTHCS BBIPAXKEHUEM MxK.
PesympraTomM pacdera mepeMeHHBIX (1) HOMKHO OBITH
3aKpeIieHHe I0JKaHAJIOB 32 pajuoKaHalaMu. B cBa3u
C OTUM, TP PACYETE HMCKOMBIX MEPEMEHHBIX X k

HEOOXOJMMO  BBIIIOJIHHTH  Psl  BaKHBIX  YCIOBHH-
OTpaHUYEHUN:
1) VYcnosue HCIIONB30BaHHs Ka)XI0T0
pannokanaia (puc. 2):
K -
me,k >1 (m=1M). 2)

k=1

a) ycnosue (2)
HE BBITIOITHSIETCS

0) ycnosue (2)

BBINOJIHSIETCA

Puc. 2. [Ipumep npoBepKH YCIOBHS UCITOJIE30BAHHUS
Ka)XJ1I0r0 paJuoKaHaa

2) YcrnoBue TPEIOTBPAINCHUS TMEPBUYHON H
BTOpUYHOM MHTEepdepeHun (puc. 3 u puc. 4):
M
Xmk + 2 dmsXsk <1, 3
s=1

npu k=1,_K, m=1,_M, S#Mm.



Pauokaunanst Nel u Ne2 ogHOBpeMEHHO
HCIIONB3YIOT OAMHAKOBBIi (ITePBBIii) ITOAKAHAI

0) ycnosue (3)
BBITTOJTHACTCS

a) ycnosue (3)
HE BBITIOJHACTCS
Puc. 3. IIpumep npoBepKH yCIOBUS OTCYTCTBHS
TIEPBUIHON HHTEPEpEHINH

Paanokanaisl Ne2 i Ne3 Herons3yior
o0uwit (TpeTuii) moaKaHa, cosasas
BTOPUYHYIO HHTEP(EPEHIIHIO

6) ycrosue (3)
BBITIOJHSACTCS

a) yciosue (3)

HE BBITOJHACTCS

Puc. 4. [IpumMep MpoBEPKH yCIIOBUS OTCYTCTBHS
BTOPUYHOW UHTEP(PEPEHLIUH

3) VYcnoBue O6anaHCHPOBKH YHCIA IIOJKAHAJIOB,
BBIJICTISIEMBIX KaXXIOMY PaJIHOKAHATY:

K _
2 Xmk 21 (m=1M). (4)
k=1

IJie B JIEBOW YacCTH HEPABEHCTBA IPEJCTABICHO YHUCIIO
Y -
BEPXHUI IMHAMHYECKH YIIPABIAEMBbIH IOpOT dYHCIa
MIOJIKAHAJIOB BBIJCJICHHBIX ITPOU3BOJIBHO BBIOPAaHHOMY
pamnokanany WMN.

B pamkax npenioxeHHON
mogenu (1)-(4) perneHre ONTUMH3ANHOHHON 3a1aduu

MOJKAaHAJIOB BBIJIEJIEHHBIX M -MY paJuoKaHaly,

MaTeMaTHICCKOM

MOXET l'lpOI/ISBOJII/ITI)CSI C UCITIOJIB30BAaHUECM cnezly}omero
KpUTEpUs:
maxy , (5)

X, 0

HaNpaBJeHHOTO Ha IOBBIIIEHHE NPOU3BOIUTEIEHOCTH
mesh-cetu B LIeJIOM, myTeM YBEITMYECHUS
MPOMU3BOIUTENEHOCTH KaJ[0r0 panrokaHana.
Hcnonp3oBanue neneBoil gyHkimu (5) cnocoOCTByeT
CO3/IaHNI0 OECIPOBOJIHOM ceTH 0e3 «y3KHX MecT», T.C.
KOTOPOH  NPOM3BOAMTEIBHOCTH  BCEX
COeMMHEeHNI sBISIIOTCST  cOamancupoBanubiMu  [20].
OCHOBHBIM IPEHMYIIECTBOM PEIICHHS, IT0JIydaeMOro C
UCIIONIb30BaHUEM IeneBoil  QyHkumu (5), sBuseTcs
BO3MOXHOCTh MapLIPYTHU3alUM IIAKETOB JaHHBIX B
mesh-ceTH ¢ UCTOIB30BAHMEM METPHKHA MHHHMAIIBHOTO
KOJIMYECTBA MEPENpPUEMOB, YTO 3HAYMTEILHO YHPOCTHT
¢dbynaxuu mapripyTtrsanuia B WMN.

ChopmynupoBaHHass 3amada C TOYKH 3PCHHSA
¢usuku npoueccos, nporekaromux B WMN, oTHOCHTCS

CCTH B

K KJlaccy 3a1a4y OaJIaHCUPOBKU KaHAIBHBIX PECYPCOB —
B3BCHICHHOTO qHucia IIOJKAaHAJIOB, BBIACISICMBIX
paauoKkaHallaM, a C MaTEMAaTHYECKOH TOUYKHU 3pCHUA —
9TO 3aza4a CMCIIAHHOI'O HCJIIOYHCICHHOI'O JIMHEWUHOTO
nporpammupoBanus — MILP (Mixed Integer Linear
Programming). B mozenu nckomsle nepeMeHHbIE Xm,k

€)) SIBIISTEOTCS OyneBbIMH, MUHUMH3HpYyeMast
NepeMeHHass  j  SABIeTCS  LEJOYMCICHHOH, a
OTpaHWYEHHMs Ha HMCKOMBIE IE€PEMEHHBIE  HOCST

JIMHENHBINA XapakTep.

IIpumep pelmenns 3aaa4u pacnpe/eaeHust
noaxkanajaoB B WMN Texuosaornn WiMAX

C nenblo OLIEHKU KayecTBa MOJIYYaeMbIX pEeIIeHHH
110 paclpeeIeHUI0 KaHAIOB B PaMKaxX HPENIOKCHHOU
MOJIENI PACCMOTPHM TIPHMEp DPEIICHHs IOCTABICHHOH
B npumepe paccmarpuBanack mesh-ceTh
1. B pamxkax

3aJa4u.
8]11|32
MPUBEJICHHOTO TMpUMepa KaXkaas IOJIb30BaTeIbCKas
CTaHIIMs UCTIOJIH30BAJIA CISIYIOIINE UCXOAHBIE JaHHbIC:
ucnone3yemerii moapexxum OFDMA - DL FUSC;
KOJIMYECTBO MOTHECYINUX IJIs TepeJadd MaHHBIX Ha

MpeaACTaBJCHHasd Ha puc.

onuH moxakaHan — Kg=48; 4acTOTHBIN pa3HOC MEXIy
noguecymmmu — Af #1116 KI'u; ypoBeHb MOIYJISLIUM
(GutoBas 3arpy3ka cumBoia) — Ky =4; ckopocTh Koxa
HCIIONIB3YyEeMOTO MPU KOIMpOBaHuK curHaima — R . =1/2;

BUJI MOAyJsiiuu curHana — 16-QAM 1/2;

Pesynprar pemieHuss 3ajadd ¢ yKa3aHHEM
HUCXOIHBIX PATUOKAHAIOB U MOPSAIKA PACIPEICIICHHSI
0/IKAHAJIOB MIPUBEJICH HA PHC. 5.

4 5 (O 6 7 1) 8

Puc. 5. [Ipumep pacnpenenenus nojiKaHaIOB B
X0/JIe peleHUs 3a1a4l CTPYKTYPHOM caMOOpraHu3aluu
B mesh-cetu TexHosiornu WiMAX

Kak BHHO U3 MOJYy4EHHOTO pe3yibrarta (puc. 5),
IIPU PELICHUU PacIpe/elIiCHIs MOAKaHAIOB B mesh-ceTn
8]11|32 ¢ wucHoNB30BaHUEM TPENTOKEHHON MOJIENH

(1)-(5) xaxxmoMy paaroOKaHally BBIAEISIIOCH HE MEHBIIE
geThipex moakaHanoB (y=4), B pe3yabTare dero

IIPOITYCKHAs CIIOCOOHOCTH BCEX PajMOKaHaloB Oblia HE
nwke 4,19 Mour/c. Kpome toro paguoxanairy Nel 6bu1o
BBIICICHO IIECTh MOAKAHAIOB, 4YTO COOTBETCTBYET
ckopoctn repepaun 6,28 Mour/c. B pesynbrate
aHaJIM3a MOJIyYeHHOT'0 PELICHUsI MOXHO C/ENaTh BBIBOJ,



yro wmcnons3oBanne Mmogenu (1)-(5) HampaBieHo Ha
CHpaBeUIMBOE  PACHpENEICHHE MOJKAHAIOB MEXIy
pamuokanazamu mesh-cetu rexuonoruu WiMAX.

BriBOaBI

VYCTaHOBIICHO, YTO OJHOM M3 OCHOBHBIX 3a/1a4 B
WMN  texnomorun  WIMAX  sBusercs  3amada
pacipeseneHns 4YacTOTHOTO M BPEMEHHOTO DECcypcoB
MEXAYy CTaHUMSIMH CeTH. B CBM3M ¢ 3TUM
NPOAHATU3UPOBAHbl  CYIIECTBYIOIIME  IIOAXOMABI K
PEILICHUIO 33/1a4l PACHpesieNIeHHs YacTOTHOTO pecypca
B WMN Ttexnomornn WiMAX. Ha ocHOBe HETOCTaTKOB
MIPOAHATU3UPOBAHHBIX METO/IOB pacrpeaeneHus
gactotHOro pecypca B WMN 6putin chopmMyrpoBaHsD
TpeOOBaHUS CHCTEMHOTO XapakTepa, HalpaBJICHHbIC Ha
yCTpaHeHue BBISIBJICHHBIX HEJIOCTATKOB, u
nojJipa3yMeBalonIie  pa3pabdoTKy  MaTeMaTHYeCKOM
MOJENW  pacHpelesieHHss  YacTOTHOIO  pecypca,
MIPEACTABICHHOTO B BU/IE JIOTHYECKNX TOAKAHAJIOB.

Ha ocHoBanuu chopMy/InpoBaHHBIX TPeOOBaHMH,
BBIJBUTAEMBIX K NEPCIEKTUBHBIM PEIICHHUSAM B 00JIaCTH
pacIpeseneHus YacTOTHOTO W BPEMEHHOTO PECypcoB B

WMN,  mpemyoxkeHa  MaTeMaTHUecKas  MOJEIb,
IpeCTaBICHHAs psaom JIMHEUHBIX YCJIOBUI-
orpanuueHud. HoBu3Ha  Mozmenu  COCTOMT B

GbopMyIIUpOBKE 3aJauM PACIPEAENICHUS YacTOTHOTO
pecypca Kak 3anadd GaJaHCHPOBKH YUCIIA MOAKAHAJIOB
tdopmupyembiMu  mesh-
YTO  TO3BOJUIIO

MEXAYy PpajnoOKaHalaMHu,
CTaHIMAMH OECIIpOBOAHOW  ceTw,
moBeICUTE TpomsBoguTenbHocTh WMN B 1menom, a
TaKKe TapaHTHPOBATh OTCYTCTBHE B MeSh-ceTH «y3KHX
D10 B CBOIO O4Yepeldb IO3BOJMT MpHU
MIPOU3BOIUTH MapUIpyTH3ALHIO
MaKeTOB MJaHHBIX B Mesh-cetw ¢ wucmoibp30BaHHEM

MECT».
HEOOXOIUMOCTH

MCTPHUKH MHUHHUMAJIBHOT'O KOJHUYECTBA HNEPCIIPUCMOB.

Poct  mpousBoaurenbHOCTU mesh-cetu  Taxxe
00yCTIOBIMBAJICSI TapaHTHEH OTCYTCTBUS NEPBUYHOU M
BTOPUYHOW  HMHTEpQEpEeHINH, YTO  JOCTUTAIOCh

Omaromaps CHEIHMAIbHO BBEACHHOMY B CTPYKTYPY
MOJIeNH YCIoBHIO (3).

OtmeueHo, 4TO CchOpPMYIHpPOBaHHAS 3ajada IIo
pacupenenenuto noakanaioB B WMN TexHonorun
WIMAX ¢ Toukd 3peHHs (U3UKH IPOIIECCOB,
MPOTEKANUX B OCCIIPOBOMHOW CETH, OTHOCHUTCS K
KJIaccy 3a7a4 OalaHCUPOBKH YaCTOTHBIX PECYpPCOB —
YKCIA MOJIKAHATIOB UCIOJIb3YEMbBIX PaHOKAHAIOM, a C
MATEMaTHYECKOW TOYKH 3pPEHHss — OTO 3ajada
CMEIIaHHOTO LEJIOYUCIICHHOTO JUHEWHOTO
NporpaMMUpOBaHus. B KadecTBE HHCTPYMEHTAIbHBIX
CPEICTB IpU pelIeHHH CPOPMYIHMPOBAHHON B pabote

ONTHMU3AIMOHHON  3a7aud  Obula  HCIIOJIb30BaHa
cuctema MatLab R2012b, B pamkax KOTOpOii
3ajielicTBOBajgack nporpamma  Mmilpassign  makera
onrtumu3zaiua TOMLAB.
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MoOenu — MHO2ONYMesol  Mapuipymuzayuu Ha  OCHOGe

Mopaenp 30a;J1aHCOBAHOT0 PO3NMOIiy miAKkaHamiB y mesh-mepeiki, 1o BUKopucTOBY€E TexHogoriro WIMAX
C.B. I'apkymra, Axmen Xaccan A6en, O.B. [Napkymra

Ipoananizosano icHyroui nioxoou 0o upiuenns 3a0ayi po3nooiry YacmomHo2o pecypcy 6 6e3nposodosux mesh-muepescax
mexuonoeii WiMAX, na ochosi nedoaikie AKUX cqhopmynrbo8aHi 6UMOSU CUCHIEMHO20 Xapakmepy 00 CHMpYKmypu ma 3micmy
MamemamuyHoi mooeni po3nodity uAcmomHo20 pecypcy. 3anponoHo6aHo MamemamuyHy MoOenb PO3HOOILYy HACMOMHO20
pecypey K 3a0aui OANAHCYSAHHS YUCA NIOKAHANIE MIdc padiokananamu, wo @opmyomecs mesh-cmanyismu 6e3npo8oooeoi
Mepedici. Buxopucmanns sanpononoganoi mooeni 00360un0 niosuwyumu npooyKmueHicms 6e3npo8o0o6oi mesh-uepesici 6
Yinomy, a mMaKodxC 2apanmyeamu GiOCYMHICMb «8Y3bKUX Micyby. 3pocmanms npooykmusnocmi mesh-mepedci maxoic
00YMOBTI08ANOCS 2apAHMIEI0 I0CYMHOCMI NEPBUHHOT ma 6MOpUHHOI iHmepgepenyii.

Knrwowuosi cnosa: mamemamuuna mooenv, mesh-wepesca, WiMAX, 6anancyséanns, posnodin 4acmomuozo pecypcy,
NnPOOYKMUBHICD.

Model of a balanced distribution subchannels WiMAX mesh-network
S.V. Garkusha, Ahmed Hassan Abed, O.V. Garkusha

Were analizedexisting approaches to the problem of the frequency resource allocation in wireless mesh-networking
technology WiMAX, based on deficiencies which set forth the requirements of a systemic nature to the structure and content of a
mathematical model of the distribution of the frequency resource. Proposed a mathematical model of the distribution of the
frequency resource as the task of balancing the number of subchannels between the radio channels formed by the mesh-stations
of a wireless network. Using the proposed model allows us to improve the performance of wireless mesh-network as a whole, as
well as to guarantee the absence of "bottlenecks"”. Productivity growth is the mesh-network also stemmed from the lack of
guarantee of the primary and secondary interference.

Keywords: mathematical model, mesh- network, WiMAX, balancing, frequency resource allocation , performance.



