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06 ’ckm 0ocnioxcennss — TPOILEC NOCTYyNy A0 CEPEAOBHUIA B O€3MPOBOJOBUX
JIOKAJIbHUX MEPEKax.

Ilpeomem oOocnioncenHss — MeXaHI3MH JIOCTYMy JO CEPeloBHINAa Ha PIBHI
crangapty [EEE 802.11.

Mema pobomu — 3HAXOJKEHHS NIIAXIB Ta CIMOCO0IB 30UTHIIEHHS TPOITYCKHOT
CIIPOMOXHOCTI, 3MEHIIICHHS 3aTPUMOK 1 BTpAT TakeTiB y BHUCOKomuIbHOI WLAN
Mepexi 3 6araTbMa TOYKaMH JAOCTYMY 3a PaXyHOK BJOCKOHAJICHHS MEXaHI3MIB TOCTYITY
710 CEpPEeNOBUIIIA.

Memoou oocniodcennsi — METOIA TEOP1li HMOBIPHOCTEH 1 METOIA MAaTEMATHUYHOTO
aHai3y, METOJ CUCTEMHOTO aHAITI3y, iMiTatiitHe MoaemoBanas B cumyatopi OPNET.

[TpoBeneHo aHami3 mepeBar 1 HEOMIKIB MEXaHI3MIB KOHKYPEHIIIi 1 OMUTYBaHHS B
IEEE 802.11. Ha ocHOBI mporo aHaji3y 3alporoHOBAHO PEKOMEHIAINT Y BUKOPUCTAHH1
1 TepeMUKaHHI MDK IIMMH JBOMAa MEXaHi3MaMH JJid IJBHUINCHHS 3JaTHOCTI
MATPAUMYBATH IKICTh 00CITyTOBYBaHHS.

3anporoHOBaHO METO MplopuTe3arii Ay 3ade3meueHHs MIHIMI3aIlli 3aTPUMKH B
yMOBaxX KOHKYPEHTHOTO cepefoBuma B BHcOkOmUIbHOI WLAN wmepexi. Meton
npioputesamii DCF out 3HauHO 3HWXKYyEe 3aTpUMKy JOCTYIy JO CEPEIOBHINA B
nopiBasHHI 3 EDCA.

[IpoBeneHo imiTariiiHe MOJCIOBAHHS IS JAEMOHCTpAIlli  MOXJIMBOCTCH
3aMpPOTIOHOBAHUX METOMIB KOHKYPEHIli 1 omuTyBaHHS B oOjacti miarpuMiu QoS.
Pe3ymbTari moka3yroTh, M0 MEXaHI3M KOHKYPEHIIT OUTHIT TMAXOAUTH TS TIepeaadl He-
MyJIbTAMEMIA Tpadiky 1 MEeXaHI3M OMHUTYBaHHA TiATpuMye QOS Kpaiie, Hi’XK MEXaH13M
KOHKYPEHITIi.

BE3ITPOBO/IOBA MEPEXA, QUALITY OF SERVICE, AKICTD
OBCJIIYTOBYBAHHA, WIRELESS LOCAL AREA NETWORK, WIRELESS
PERSONAL AREA NETWORK, MEXAHI3M KOHKVYPEHLII I OITUTYBAHHS,
METO/, ITPIOPUTE3ALIIIL.
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IEPEJIIK YMOBHUX CKOPOYEHb

anrna. Quality of Service - skicThb 0OCIYroByBaHHS, y IIHPOKOMY
3HAYEHHI — SAKICTb MOCIYT, AKI HaJae KOMYHIKalliiHa Mepexa

anrn. Wireless Local Area Network — Bua nokanbHOi 0OYMCITIOBAHOL
mepexi LAN, 1110 BUKOPUCTOBYE TS 3B”A3KY Ta MepeiaBaHHl JaHUX M1XK
By3namu CBY pamioxsuiii

anrn. overlapping Basic Service Set (also referred as Inter BSS
Collision) 6a30B1 cucTemMu 00CTyrOByBaHHS, 110 TIEPEKPUBAFOTHCS

anry. Media Access Control — cneuudikaiis piBHs

CHCTEMAa MOJICJIFOBAHHS 3 BUKOPUCTAHHAM KOMIT IOTEPHHUX CUCTEM

anri. industrial, scientific and medical - Ta wacTuHa paaIoYacTOTHOTO
CIIEKTPY 3arajibHOrO TMPU3HAUCHHA, sKa MOKe OyTH BHUKOpHCTaHa 0Oe3
JILEH3YBAHHS.

HEJIEH30BaHUX CMYyTa HAlllOHAJILHOI 1H(OpPMaIIHHOT IHPPACTPYKTYPH
anrn. Wireless Personal Area Network — 0Oe3mporoBa mnepcoHaibHa
Mepexka € MajonoTy)Hoio PAN, KOTpa 30praHi3yeTbcsi Ha HEBEIUKIN
BIJICTaHI

anrn. Access Point - 6e31poToBa TOuKa J0CTYIy

anri. Extended Service Set - po3umupenuii Hadip ciyx0

anri1. Independent Basic Service Set — enizoimuHa Mepeika

anri. Physical Layer — cnieuudikariist piBHS

anrn. frequency-hopping spread spectrum - TICEeBAOBHMAIAKOBA
nepedyaoBa podovoi 4aCcTOTH

anrn. Direct Sequence Spread Spectrum — pO3IIMPEHHS CHEKTPY
METOIOM MPSIMIH TTOCITIIOBHOCTI

aurj. infrared - indpauepBoHuii

aHTJI. Orthogonal frequency-division multiplexing —

MYJIBTUILICKCYBAHHS 3 OPTOFOHAJIBM YaCTOTHUM PO3MOJALIOM KaHAIIB



MIMO aurn. Multiple Input Multiple Output; unucnenni Bxoaum Ta BUXOIM —
METOJ MPOCTOPOBOTO KOJYBAHHS CHUTHATY, IO A03BOJIsiE 30UIBLIMTH
CMYTY TPOIYCKAaHHS KaHATy

DCF anri. Design rule for Camera File system — cneundukauus JEITA (CP-
3461) 3 npaBunamu NpoeKTyBaHHs (halI0BOI CHCTEMHU

CSMA Carrier Sense Multiple Access with Collision Detection — MHOKUHHAN
JOCTYN 3 TPOCIYXOBYBAHHSIM HECY4YOi Ta 3HAXOJKEHHs KOJI3IH —

texHosoria (IEEE 802.3)
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BCTVYII

be3apoToBi j0KalbHI MEPEXkI CTAIOTh BCE OUIBLI TMOMYJSPHUMH YE€PEe3 MEHIL
JOPOry MepekeBy 1HPPACTPYKTYPY 1 3HAUHO MPOCTILIE Ta THYYKE MIAKTIOUEHHS. AJe,
MOpsT 3 TUM, 3HAYHO 3POCTAIOTh BUMOTH 10 OE3APOTOBHX TMOCIYr, KOPHUCTyBadl
0€31pOTOBUX MEPEekK CHOTOACHHA OUIKYIOTh MIABHUILEHHA SKOCTI obcmyroByBanHsa (QoS
Quality of Service) 1 mpoaAyKTHBHOCTI, SIKY MOKHA Oyj10 O MOPIBHIOBATH 3 THM, 110 € B
(hixcoBaHMX MepeKax.

Ockubkn WLAN npaiiioe B HEJIIUEH30BaHOMY J1ana3oHi, B OCHOBHOMY, 1ICHYIOTh
a8l ocHoBHI QoS npobnemu B Oe3apoToBux Mepexax Ha ocHoBl IEEE 802.11:

- IlpoGnemu 3abe3sneueHHss QoS B mexxax WLAN mepexi, iXx po3B’s3yBaHHs
CBOTOJIHI  CYTTEBO 3aJie)KaTMME  BiJ  BIUIMBIB  O€3IPOTOBMX  TEXHOJIOTIH B
HEMIIEH30BaHOMY Jiana3oHi, Takux sk Bluetooth, Zigbee [1].

- Baytpimni npodnemu 3ade3neuenns QoS B IEEE 802.11.

[Ipobnema miarpumku QoS mams WLAN, 3aroctproeThcs OCOONHMBO TOJI, KOJIH
MOTPIOHO PO3B’A3yBAaTH KOMI31i, 110 BUHMKAIOTH Yy MpOLECaX B3aeMOAIl MPUCTPOIB
WLAN wmepex Mk co6ot0, abo komnoHeHTiB B cepeauri WLAN mepexi. Ocobnuse
MICIIE 3aliMaroTh TMHUTAHHS HIOAO0 SAKICHOI MIATPUMKH MYJIBTHMEIIMHUX JIOJATKIB Ta
THIIKMX JIOJIATKIB B PEXKUMI PEaTbHOTO Yacy.

PeanbHICTIO ChOrOAECHHOTO MEPEKEBOr0 MPOCTOPY € TOW (hakTy IO mopsa 3i
3HAQUHUM 3POCTAHHAM SIK KUIBKOCTI KIHIEBMX CTaHIIM TaKk 1 YHCEIbHOCTI TOYOK
noctymy. [Ipu uboMy, cCyTTEBO 3pocTae muibHICTh Mepexk WLAN, ski Bce uacriiie
poO3roprarThecsa y Oesnocepeanii OJM3bKOCTI OAHA Bia oaHOI. Lle cTBOprOE cuTyalio
KOJIU OHOYACHO 3AIMCHIOIOTHCS CrpoOM 3A1MCHUTH Orepailii HOCTaBkU BCe OUIbLIOL
KUIBKOCTI JaHUX IO PI3HUM HampsiMaM y «TICHOMY» CHUIBHOMY panio mpoctopi. B
TaKMX yMOBaX BHHHUKHEHHS KOJI3lH cTae npakTuyHo HemuHynow. Tomy WLAN
MOYMHAIOTH 3a3HABATH MEPEBAHTAKEHOCTI 1 B BUHMKHEHHS e€(ekTiB 1HTepPEepeHIIli MK
coboro [2].

HesBaxkaroun Ha [IMPOKHMH CHEKTP HAYKOBHX poOIT (pI3HOMAHITHICTH

AHATITHYHKUX MOJENeH 1 MIAXO0AIB, HATYPHUX €KCIIEPUMEHTIB), MOXKJIUBICT MiATPUMKH
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noctoHoro QoS g Taknx WLANS Mepex sk 1 paHilie 00MeXeHa, TaK SK OLIbIIICTh
JOCIIDKEeHb, K MPpaBuio, 3ocepemkero Ha WLAN mepexi 3 0AHIEI0 TOUKOI JOCTYITY.
BigcyTHICTh JI0CTaTHBO HAAIMHUX MEXaHI3MIB /i YHUKHEHHs iHTepdepeHiii 1
3abe3neueHHss goctatHboro piBHa QoS mepexx WLAN 3 pizaum TtHnom Tpadiky,
MOCTaBUJIO HA TIOPSAJOK ACHHUM MUTAHHA MPO HEOOXIJAHICTh CTBOPEHHS MEXaHI3MIB a0
METO/IIB, a TaKO)X BHUCOKOC(EKTHMBHUX MPHUCTPOIB, IO AO03BOJAIM OU e(PEeKTHBHO
MpaloBaTd BUCOKO wibHUM MepexkaMm WLAN # oOyMOBIIOE aKTyanbHICTh TEMH
JAHOTO JAOCIIIKEHHS.

Cryninb po3pod.ieHocti Temu. Ha nanuii momeHT B oOnacti gociimkerHs QoS
B WLAN Mepexi ICHY€e psa AOCHIIHULIBKUX POOIT, sIKI MOYKHA YMOBHO PO3AUIMTH Ha
JIBA HAIIPSIMKH.

[lepimii HaMPAMOK PO3rJIsiAac MUTaHHA 3a0e3MeueHHs SKOCTI 00CIyroByBaHHS,
o € HacaiakoM posnoainy WLAN-npuctpois. Hanpuknana, npoGnema npuxoBaHOTO
By3Ja, mpobiieMa HE3aXMIUEHOTO By3ja, MEePeKpuBarOThes 0azoBl HabOpU mMOCHYT
(OBSS Overlapping Basic Service Set), cepiio3ni Hacmiaku iHTepdepeHiii, Taki gk
BIJIKUJAHHS 3B'A3KY, €(PeKT B3aeMHOro OJIOKYyBaHHS 1 €eKT MOCUIICHHS IHTEPEPEHLII.

Jpyruii HanpsAMOK MOCHIKEeHb cTocyeTbes 3adesneueHHs QoS B WLAN s
pi3HUX TUMIB TpadiKy, TAKMX IK MyJIbTHMeAIa, Tpadik 31 3MIHHOKO OITOBOI LIBUIAKICTIO 1
Tpadik B peKHUMI peasbHOTO Yacy.

He3Baxkaroum Ha Te, IO B LIJOMY 3a3Ha4eHa 00JIACTh JOCTIIKYETHCS JAOCHTH
AKTUBHO, PsJ TUTaHb BCE 1€ 3aJMUIIAETHCA BIAKpUTUM. Jl0 TOrO K HEOOXITHO
BIJI3HAUUTH 00'€KTUBHO Maly KUTbKICTh POOIT, MPUCBAYECHUX MEeXaHI3MaM 3a0e3MeUeHHS
QoS nansa sucokomibHoi WLAN. Kpim Toro, B gaHuii yac 3ajuMmiacThCs aKTyajabHOIO
3a/1aua CTBOPEHHSI MEXaHI3MIB Ui OJHOYACHOrO YHMKHEHHS 1HTepdepeHii B
BucokouibHoi WLAN 1 miaTpuMKu CTPOrMX BUMOT [0 AKOCTI nepeaaydl MyjabTUMEia
Tpadiky 31 3MIHHOKO O1TOBOIO MIBHAKICTIO 1 Tpadiky B pexkuMI peasbHoro yacy [3 - 5].

0O6'exTom gociizkeHHsl AaHOI PoOOTH € MpoLeC AOCTYMY OO0 CEepeloBUINA B
0e3/1pOTOBUX JIOKAJIbHUX MEPexkax.

[IpeaMer pocaiPKeHHs - MEXaHI3MH JIOCTYIY [0 CEpPeIOBHINA Ha PIBHI

crannapty IEEE 802.11.
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Mera pobGoru i 3aBaaHHs JocJiKeHHst. MeTow AaHOi MaricTepchKoi
aTecTaniiiHoi poOOTH € 3HAXOMKEHHS LUISIXIB Ta CHOCOOIB 30LIBIICHHS MPOMYCKHOT
CITPOMOYKHOCTI, 3MEHIIEHHS 3aTPUMOK 1 BTpaT MakeTiB y BucokouibHOi WLAN
MEpPERKI 3 OaraThbMa TOYKAMHU JOCTYIY 3a PaXyHOK BJOCKOHAJEHHS MEXaHI3MiB
JOCTYIy 10 CEpeloBUIIA.

Meroau aochimkeHHsi. [l BupilIEHHS TMOCTaB/IeHMX B PpoOOTI 3aBaaHb
BUKOPUCTOBYBAJIMCSA METOIM TeOpii WMOBIPHOCTEH 1 METOAM MATeMaTHYHOrO aHAJI3y.
KinbkicHuii Ta skicHuii anamiz. Meroa cuctemHoro anamizy. Jlis 4yucenbHOI OLIHKH
e(eKTUBHOCTI 3ampPONOHOBAHMX MEXaHI3MIB BUKOPHCTOBYBAJIOCS BHUCOKOPIBHEBE
iMiTamiine moaemoBanHs B cumynsTopt OPNET. [lnsg Bisyamizanii OoTpuMaHuX
PE3YIBTATIB 3aCTOCOBYBanuMcsA mporpamHe 3abdesneueHHs Microsoft Excel, Mathcad 1
Microsoft Visio.

Anpodauisi pe3yabTaTiB Maricrepcbkoi podoru. OCHOBHI pe3ynbTaTd Maric-
TEPChKOi atecTauiiiHoi poOoTH aomnoBiganucs Ha KoH(epeHuiax JlepiaBHOro yHise-
PCUTETY TEJEKOMYHIKaLIW Ta onyOIIKOBaHO B HayKOBOMY kypHami “‘HaykoBi 3anmucku

VYKpaiHChKOr0 HAYKOBO-IOCIITHOT'O IHCTUTYTY 3B’ I3KY».
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1. AHAJII3 MPOBJIEM I PILHEHDb OO 3ABE3INEYEHHS AKOCTI

OBCJIYI'OBYBAHHSA B bTM

1.1. Ilpo6aemu 3ade3neueHHss QoS B WLAN uepe3 BB 0e3a1poTOBHX

TEXHOJIOTii B HeJIILEeH30BaHOMY iana3oHi

besnporosi nokansHl mepexi (WLAN Wireless Local Area Networks) craioTh
BCe OUIbII TOMYJIPHUMH B JOMOrOCMOAApPCTBAX, OI3HECI, MPOMMCIOBOCTI Ta
IPOMAJChKUX MICLISAX 4epe3 MEHLI AOPOroi mMepekeBoi 1H(PPACTPYKTYPH, 1 THYUYKOCTI
maKmodYeHHsa. B nmaHuii yac icHye Benuka motpeda B WLAN mnsa miaTpumku
MYJbTUMEAIMHUX J0JATKIB 1 JOJATKIB B PEXHMMI PEaJIbHOr0 4acy. 3 pOCTOM BHUMOT
0€31pOTOBUX TMOCIYr KOPHUCTyBaul O€3APOTOBUX MEPEK YEKalTh BHCOKA SKICTh
oocnyrosyBanHs (QoS Quality of Service) 1 MPOAYKTHUBHICTD, Ky MOYKHA TOPIBHATH 3
JOCTYNHOIO B (pIKCOBaHMX Mepexax. 3abesneueHHs BuMor QoS, Takux sk Xopoua
MPONyCKHA 3AaTHICTh, MIHIMA/IbHA 3aTPUMKa JOCTYMY 1 BTPATH MAKETIB € CKJIAAHUMH
3apnanHaMu mojao IEEE 802.11 WLAN mnporokomom. Ockinekn WLAN mpairoe B
HEJIIIIEH30BAaHOMY JIiana3oHi, B OCHOBHOMY, ICHYIOTh ABI OCHOBHI QoS mpobnemu B
oe3apoToBux Mepexax Ha ocHoBl IEEE 802.11:

-[Ipobnemu 3abe3neuennss QoS B WLAN wmepexi uepe3 BIUIMB PI3HUX
0€3ApOTOBUX TEXHOJIOT1H B HENILIEH30BAaHOMY J1aMa3oHI.

-Buytpimni npobdnemu 3ade3neuerns QoS B IEEE 802.11.

B upomy po3aiuii npoBeaeHO aHaji3 MOXIMBOCTI 3a0e3neuenns QoS mns WLAN
MEPEK 3 TOUKU 30PY LUX 3raJaHuX BUILE MPOOIIEM.

[cHye BenmKa KiTbKICTh HEJIILIEH30BAHUX OE3APOTOBUX MEPEXK, SAKI MPALIOIOTH B
3arajbHUX YaCTOTHUX Jlana3oHax. barato 3 mux Mepex peasiizoBaHl B MOPTATHBHUX 1
Hapy4YHHX TPUCTPosX. Takl HeileH30BaH1 0e3APOTOBI MEpPekl MOXKYTh IMPALIOBATH B
OJHOMY 1 TOMY 2 Jlana3oHi 4acToT ad0 HABITh HA OAHOMY KaHaJIl BCEPEAUHI Alana3oHy.
Ile cTaBUTh MUTAHHA MPO MOXKIMBICTH CIIBICHYBAaTH LIMM Mepex B Oe3nocepemHii
ONMM3BKOCTI. Y 1IBOMY PO3JIUI OMHMCYEThCS MpodjieMa CriBICHYBaHHS, SKa BIUTMBAE Ha

miarpuMky QoS B WLAN mepexax [6, 15, 17].
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be3npoToBi TEXHOMOT1 B HENMILIEH30BAHOMY J11ana30H1

[Tpomucnosi, HaykoBi 1 memuuni (ISM Industrial, Scientific and Medical)
paaioaiana3oHi € paaioaiana3zoHi (YaCTHHHU PaAioyacTOTHOIO CHEKTPY), 3ape3epBOBaH1
Ha MDKHApOJIHOMY PIBHI JUISi BUKOPHUCTAaHHS B MPOMHCIOBHUX, HAYKOBHX 1 MEIUYHUX
wisx  BianosigHo. [lpuknagu goAaTtkiB B LMX Jiana30HaX BKIOUAIOTH B cede
paiouacTOTHE TEXHOJIOTIYHE ONAJICHHS, MIKPOXBHJIbOBI eyl 1 MEIWYHI JlaTepMivHi
MamuHu. [lOoTy)KHI BHUKHMIM LUX TMPUCTPOIB MOXKYTh CTBOPIOBAaTH €JIEKTPOMArHiTHI
3aBaJd 1 TIEPEpUBATH PAMIO3B'A30K 3 BHKOPUCTAHHAM Ti€i K YacTOTH. 3arajiom,
KOPUCTYBaul HE MalOTh HOPMATHUBHOI 3axucTy Bia podotu ISM-npuctpoi. i cMmyru:
902-928 MI'u, 2400-2483,5 MIu i1 5725-5850 MIu (puc. 1.1) (me U-NII
HEMIEH30BaHUX CMYTra HalloOHAIbHOI 1H(pOpMaLIiHOI IHPpPaCTPYKTYpH).

Haii6ineimr nomitaum € ISM-cmyra 2,4 T'Tu. [iiicHo, ISM-cmyra 2,4 TTu ue
CMyTa 9acTOT, 10 BUKOPHUCTOBYETHCS OararbmMa MPUCTPOSIMH B JAHUH Yac, BKIIOYAIOYH

IEEE 802.11 WLAN, IEEE 802.15.1 Bluetooth, IEEE 802.15.4 Zigbee.

. 26 MT'nt 83.5 MI'n 125 M
Cmyra AT, -3

MPOIYCKAHHA

241Tn 5ITn
ISM cmyra UNII cmyra

Yactota 902 928 2400 2483.5 5735 5860
(MI'm)

Pucynok 1.1. ISM-cmyra

Huspbka BapTicTh 1 BIAKpUTE BUKOpUCTaHHA [SM-piana3oHy HeMuHYyYe
MPU3BOJIUTH 10 CEPHO3HUX 1HTEPdEPEHIIli MK PI3HUMH NMPOAYKTAMU, THTETPOBAHUMH 3
PI3HUMHM TEXHOJIOTISIMH 3 BUKOPUCTAHHAM Tiel sk cMyru yactor. KopoTko po3riasiHeMo
JESKI MOnyJIsipHi 0€3APOTOB1 TEXHOJIOTII, 1110 MPALOIOTh B HEILEH30BAHOMY Jlana3oHi.
JlocmijukeHHS 1UX Oe3aPOTOBMX TEXHOJIOTIH € HEOOXIHOK, TaK SK B3aEMOMIA MIX
HUMH BILJIUBAE HA MIATPUMKY SKOCTI oOcinyroByBanHs B WLAN.

Bluetooth
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Bluetooth, Takox Bimomumii sk cranpmapr IEEE 802.15.1, 3acHoBanmii Ha
0e31pOTOBIM PaalOCUCTEMU, MPU3HAYCHOT A5 Oau3bKoi il 1 gemeBux npuctpois. Llei
Jalana3oH J0AaTKIB BigoMui sk OeszaporoBa mnepcoHanbHa mepexa (WPAN Wireless
Personal Area Network). Bluetooth no3sonsie 3aificHOBaTH nmepeaady rojocy i JaHux
no paaiokaHany Ha Hesenquki Biactani (10-100m) 1 3'egHyBatu npuctpoi mnpu
BiACYTHOCTI mipsimoi BuaumocTi. Y Bluetooth Bu3HaueHi aBI TOMOJOTI MiAKIIOYEHHS:
nkoMmepesxa (piconet) 1 po3nojauieHa mepexa (scatternet) [1, 10].

[Tikomepexxa € WPAN, ytBopeny Bluetooth-ynamrysanns, ciayx00BLsM
maiictpoM (master), 1 ogHuM abo aekuibkoma Bluetooth-ynamryBanns, ciyxOoBLAMEU
ax mignernux (slave) [1]. [Tianerni npucTpoi NOBIAOMIAIOTECS TUIBKH 3 iX MalCTpOM B
PEeXKMMI «TOYKA-TOUKA» IM1J1 KOHTPOJieM makcrpa. [lepenaua maiicTpa 3a1HCHIOETHCS a00
AK TOYKa-Touka, abo sK Touka-OaratoTouka. KpiM TOro, B aKTUBHOMY PEXHUMI
OyUIeruid  mpucTpiii Moxke mepeOyBaTH B PEXHMI OYIKYBAaHHA, HI00 3MEHIIUTH
CTIIOYKHBAHHS €HEPTii.

Scatternet ~ sBnsge  coboro  HaOlp  onepauiinux  Bluetooth-nikocereid,
MEPEKPUBAIOTHCS B Yaci 1 mpoctopi. JIBl mikoMepeki MOKYTh OyTH MIiAKIIOUEHI, 11100
chopmyBatn scatternet. Bluetooth-mpucTpiii MoXxe oaHO4YacHO OpaTH y4acTh B
JEKIJIBKOX MIKOMEPEKI, 10 J03BOJISE 3a0€3MeUnTH MOMIIMBICTh niepeaaul iHdopMarii
3a MEXI 30HM TOKPUTTS OaHlei mikomepexki. [lpuctpiii B scatternet moxe OyTu
MUIETJIUM Y KUTBKOX MIKOMEPEXKI, ajle MaicTep TUIbKU B OHOMY 3 HUX.

Bluetooth npamtoe Ha wactorax Big 2402 no 2480 MI'u, abo 2400 1 2483,5 MI'w,
BKJTIOUAIOYM 3aXHCHI CMYTH IIUPHHOIWO 2 MI'1l B HHKHIN yactuHi 1 3,5 Ml y BepxHiit
gactuiu.  Bluetooth  BUKOpPHCTOBY€  PafiOTEXHOJOTIIO,  3BaHY  YaCTOTHHUM
crpubkononionum cnektpom. Bluetooth mepemae koken mnaker mo omHomy 3 79
npusHayeHuX kaHaiiB. Koxen kanam mae cMmyry mnponyckanhus | MI'u. Bin 3a3Buuaii
BukoHye 800 cTpuOKIiB B CEKyHAYy 3 BKJIIOUEHOK aJaNTHBHOI CTpUOKOMOmIOHOL
nepe0y/I0BH YaCTOTH.

ZigBee

Zigbee € cnenmdikamiro Ha ocHoBl IEEE 802.15.4 mns Habopy BHCOKOPIBHEBHX

HpOTOKOHiB 3B'513Ky, IO BHUKOPHUCTOBYKOTBCA A CTBOPCHHA NEPCOHAJIBHUX MCPCIK 3
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MPUCTPOSIMU  HEBEJIMKOI TMOTYXKHOCTI, TPH3HAYEH1 Uil HEBEJIMKUX TMPOEKTIB, SKI
noTpelyioTh 0e3APOTOBE 3'€HAHHS, Majie €HEeProCrno)KHMBAHHS anapaTHOi YacTHUHHU 1
HU3bKA LIBHAKICTH nepeaaul aaHux. Husbkuii piBeHb CMOXKHMBAHHS €HEprii oOMexye
naneHICTh epeaadl 10 10-100 meTpiB nmpsamMoi BHAMMOCTI B 3aJI€KHOCTI BiJI MOTY)KHOCTI
1 XapaKTEePUCTUK HABKOJIMILHBOTO cepenosuiua. [Ipuctpoi Zigbee MokyTh nepeaaBatu
JaHl Ha BEJMKI BIACTAHI, BHKOPHMCTOBYIOUM MOPOXNKHHUCTY Mepexy (mesh network)
MPOMDKHHUX TPUCTPOIB, MO0 AOCATTH OUTHII BiAAaNeHuX. Zigbee MATPUMY€ HIBHIKICTh
250 k01T / ¢ 1 Hakikpalle MaxX0AUTh IS MePepruBUYACTOl Nepeaadl JaHUX BiJ JaTUMKA.

Mepeskesuii piBeHb Zigbee miarpumye sk 38e31000pa3HyI0 apXITEKTYPy MEPEKI,
TaK 1 AEPEBOMOAIONY, a TAaKOX 3arajbHy MOpoXHUCTY Mepexky [1]. IIpucrpoi Zigbee
noausiioTh Ha Tpu Buau: Zigbee Coordinator (ZC), Zigbee Router (ZR), Zigbee End
Device (ZED).

Zigbee npaiwroe Ha 26 kaHamax, B Tomy yuciai 1 10 xkananu npautorots B [ISM
mama3oni 915 MI'u, kananu 11 26 B ISM-mianazoni 2,4 [T, ki MarOTh PO3HECEHHS 3
MI 111 emyry nponyckants 2 MI'i a1 KOXKHOTO KaHamy.

Wi-Fi

Wi-Fi (Wireless Fidelity) me TexHomoris 0€3pOTOBOTO JIOKAJIBHOI MEPEXKI 3
npucTposiMu, 3acHoBanumMu Ha cranpaptax IEEE 802.11. Wi-Fi € Toprosoro mapkoo
Wi-Fi Coro3y. Wi-Fi npuctpoi MokyTh miakimodatucs a0 iHTtepHety dyepe3 WLAN 1
6e3aportoBy Touky aocryny (AP Access Point). Cnia 3a3HauuTH, 110 B JaHid poOoTi
tepminu Wi-Fi, WLAN a6o IEEE 802.11 BUKOPUCTOBYETHCS 3 TUM K€ 3HAUEHHAM. Y
cranaapti IEEE 802.11 nepenbauero asa Tunu 0a30BMX MEPEIKEBUX KOH(DITypaLiiii:

-Pexxum 1tadpactpykrypu (infrastructure mode), sikuii yacTo Ha3UBAKOTh «KJTIEHT /
cepep». CraHIli B3aEMOAIIOTE OAWH 3 OAHHUM uepe3 TOUKy moctymy (Access Point).
Taka xoHdirypaiis HazuBaeTbes 0a3oBoro Hadbopy ciayx0 (BSS). /isa abo Oinbine BSS,
10 YTBOPIOKOTH €AMHY MIAMEPEKY, (GopMyrOTh po3mmpenuit Hadip ciyxo (ESS).

-Pexxum Ad-hoc, sxuii yacto Ha3MBaKOTh «TOYKa To4Ka ». [IpocTa mepexa, B ki
3B'SI30K MDK KJIIEHTAaMH BCTAHOBJIIOETHCA Oe3rmocepeaHbo, 0e3 BUKOPHUCTAHHS
crienianbHOI TOUkM moctyny. Taka KoHdiIrypailisi Ha3UBa€EThCA HE3AJICKHOT0 0a30BOTO

Habopy cnyx06 (IBSS).
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Cranpapr IEEE 802.11 Busnauae cneuudikamii pisais PHY (Physical Layer) 1

MAC (Media Access Control) ana nooynosu WLAN. basosa Bepcis cranaaprty Oyna
unymieHa B 1997 poui 1 mMana HactynHi nonpaBku. Y suxigHomy crangapti IEEE
802.11 Oynu Bkazani Tpu PHY: ncepmoBunankoa mnepeOyaoBa poOOUY0i 4acTOTH
(FHSS), wmeron npsmoi mnocnmigoBHOCTI s posmmpeHHs cnekrpa (DSSS) i
iH(ppauepounii (IR Infrared). Kpim TOro, BUKOPUCTOBYIOTHCS MYJIbTHUILJICKCYBAHHS 3
MYJIBTUIJIEKCYBAHHAM 3 OPTOTOHAJIBHUM YaCTOTHUM po3auleHHAM KaHaniB (OFDM),
texHosoris MIMO 1 iX mompaBkd Anas MiABMIIEHHS ImiBuakocTi. Ha puc. 1.2
npenctasiieni nomnpasku [EEE 802.11 PHY piBHs 1 iX 3a1€KHOCTI.

[EEE 802.11 MAC-piBeHb 3aCHOBaHHI Ha JIOTTYHUX (PYHKIIAX, SKI HA3UBAIOTHCS
koopauHauiinuMu  dynkuisimu: DCF na ocnoBi CSMA / CA 1 PCF (Ha ocHoOBI
MexaHiaMy onutyBaHHsa. Ha puc. 1.3 npencrasneni nonpasku IEEE 802.11 MAC-

PiBHSL.

FHSS DSSS OFDM OFOM
RS v {tfq be
802.11 802.11a detined)
)
HR/DSSS
v
802.11b —» 802.11g 802.11j
v .
802.11-2007
.
MIMO
“
802.11n 802.11y | 802.11p
v )
802.11-2011 L
+ Y
802.11ac 802.11ad
2.4 GHz 5 GHz 4.9 GHz 3.65 GHz 5.9 GHz 60 GHz

Pucynoxk 1.2. TTonpasku IEEE 802.11 PHY -piBHs 1 iX 3an€xHOCTI

B3aemois 6€3ApOTOBUX TEXHOJIOT1H
Ockuibku Oyab-IKUH MPUCTPIA MOXKE BUKOPUCTOBYBATH HenileH30BaHoMy [ISM
miana3oHu OE3KOLITOBHO, a MpaBMiia, SKI BU3ZHAYAIOTHCS YPSJAaMH KOHKPETHHUX KpaiH,

(bopmanbHO NOTpHMAaHI, BEJNMKA KUIBKICTh MPOAYKIIi, 110 MATPUMYE e Alana3oH
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4acTOT, MOXKE MPUBECTH 10 CEPHO3HOI IHTEP(EPEHILIi 1 3ITKHEHHS NTAKETIB.

WEP |1 DCF |
| 802‘.:!1 f 802.11.2 [+ Withdrawn |
m Performance prediction
e 802.11 H
Wi-Fi alliance |
[wn ]| [os] g | | [ ]
| WPA2 | HCF | WiFi multimedia | lso211h| | | 802111 |
HCCAJ men ] [E‘;EW iWﬂhc!rawn
r r
| 802.11i I mharﬁiﬁnmts ' : Interp:;ct::s int
|_ 802.11-2007 ]
¥ v T
802.11w m |soznn| Iaoz.nu] 1802.11k| Isoz.nyl |soz.m| 1802.11;]
|802115
802.11a
802,11z
A y 1 y y ¥ v v
802.11-2011
Security Medium access WLAN management m’;:"n E““:::\:;‘i:'mh

Pucynok 1.3. ITonpasku IEEE 802.11 MAC-piBHs

ISM  mianazon 2,4 ITu € oaHum 3 HalOUIBII YacTO BHKOPUCTOBYBAHMX
HEJILEH30BAHOMY [iama3OHiB B JaHHH uyac. MOro BHKOPHUCTOBYIOTh TPbOMA
nonynaapuux suaiB npuctpois: WPAN IEEE 802.15.1 Bluetooth, WLAN IEEE 802.11 1
WPAN IEEE 802.154 Zigbee. IcHyioThb cCKIagHi TeTEpOre€HHI CHCTEMHU 3
PI3HOMAHITHAUMHU XapaKTePUCTUKAMHK Pajaionepeaal, siKi MpamoTh 0JHoUYacHO B [ISM-
Jiana3oHy B HECKOOPAMHOBAHOW MaHepl. HacmpaBali Take cnijibHe BHKOPHUCTAHHSI
CIEKTpA CEepell PI3HUX MPUCTPOIB POOUTH CUCTEMH CEPHO3HO 3aBAXKAKOTh OUH OJJHOMY.
Takum uMHOM, HEMUHYUE 3'ABJIAIOTHCS CEPHO3HA IHTEP(EPEHLIIs 1 3HAYHE MOTIPLICHHS
MPOAYKTUBHOCTI, OCOOJMBO B KOHTEKCTI MIATPUMKH siKOcTi oOciyroByBanHs (QoS). B

pe3ysbTaTi caMe 1l TPU TUIH MPUCTPOIO € OCHOBHUMM JUKEepeIaMu IHTepdepeHLli.
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Bzarani kaxxyuu, 31TKHeHHs nakeTiB (1HTepdepenis) BiadyBaeTbes, TUIBKU KON
TEXHOJIOT1] BUKOPUCTOBYIOTH MEPEKPUBAIOTHCSA YACTOTH (KaHalM) B NMEPEKPUBAIOTHCS
nepioau 4vacy. g koHuenuis nokazaHa Ha puc. 1.4 (naBeneno npuknan angs WLAN
IEEE 802.11 Wi-F1 1 WPAN IEEE 802.15.1 Bluetooth). Bluetooth 1 Wi-F1 npucrpoi
NPaLOTh B 3arajibHOMY Jianas3oHi nepeaaui. Jlerko 6aunTH, 31TKHEHHS ABOX MAKETIB,
a came apyrui 1 Tpetii WLAN-nmakeTu, BIAMOBIAHI TPETHOrO 1 CbOMOrO MakKeTam

Bluetooth.

Tacioms 2 Kounisis

1 MI'y

22 MI'n

Twlan

- Bluetooth naket Tbt — uac nepenaui Bluetooth nakety
‘ \ WLAN naker Twlan — uac nepepaui WLAN naxery

Pucynoxk 1.4. Ilpuxnan 3itkuenns naketis Wi-Fi 1 Bluetooth

Yac

[Himi npuknan: Wi-Fi 1 Zigbee. Wi-Fi npaiitoe B TOMy 5 4aCTOTHOMY Alana3oHi,
uio 1 ZigBee, onnak Wi-Fi BUKOpHUCTOBYE BUCOKY MOTYKHICTh B MOPIBHAHHI 3 ZigBee.

[lpy BuHUKHEHHI IHTepdepeHIli OTPUMaHl TMAKeTH BIAKUAAIOTHCA O3
BIJIHOBJICHHSI JaHMX, 1 3AIMCHIOETHCS MOBTOPHA Mepeaaya, 1o 30UIbllye HMOBIPHICTh
MOPOJ/DKEHHSI HOBMX 3ITKHEHb. TakMM YMHOM, SIBUIE 1HTEPEpeHLIli NMPU3BOIUTH 10
3MEHIIICHHS TIPOITYCKHOI 3AaTHOCTI MEPEKI, 10 € OJHUM 3 KITFOUOBUX MOKa3HHUKIB Q0S.
[le mpu3BOAMTE A0 CYTTEBOrO 30UIBIICHHS BTPAT 1 3aTPUMOK, aX 10 KPpUTHUHUX. Kpim

TOro, mpuctpiii ZigBee ouikye moBuie i OTPUMAHHSA BUIBHOTO CEPEIOBUILA IS
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nepeaayl 3 04IKyBaHMMM BTpaTaMH TMAKETIB 1 MOBTOPHOI Mepenayero, 1o NPU3BOAUTH
110 IIBUAKOI PO3PAAKM aKymyssitopa aaruuka [1, 8].

[cHye Oarato YMHHMKIB, K1 BIJIMBAIOTh HA PiBeHb 1HTEpdEpPEHLIii, a came Moaia
MUK MPUCTPOSAMM, KUTBKICTh Tpadiky JaHUX, [0 BUIUIMBAIOTh HAJ KOXKHOK 3 JBOX
0e3APOTOBUX MEPEK, PIBHI MOTYKHOCTI PI3HUX MPUCTPOIB 1 LIBUAKICTH MEpeaayl JaHuX
no 0e3aApoToBIit Mepexi, 1 T.a4. KpiM Toro pi3Hi tunu iHgopmauii, 1o BIANPABIAETHCS
gepe3 0e3pOoTOBI Mepeki MAKOTh Pi3HI PIBHI UYTJIMBOCTI 10 1HTEPhEpeHIIii.

VY uemuenzoanomy mianaszoni 2.4 ' MOXkIMBI HACTYMHI ClEeHAP1l BUHUKHEHHS
iHTepdepeniii: Wi-Fi 1 Bluetooth, Wi-Fi 1 Zigbee, Bluetooth 1 Zigbee, a Takox BiacHa
iHTepdepeniisa. PosrisiHemo sik npukiaan asa sunaaku: 1) Wi-Fi 1 Bluetooth; 2) Wi-Fi1 i
Zigbee. Lle o6ymoBnieHo tum, 1o iHTepdepenuia mix Bluetooth 1 Zigbee mano3znaunma,
TaK SIK iX MOTYKHOCTI nepeaayl OJIM3bKi M0 3HAUEHHSIM, a BUMAJKK CIJIbHOI pOOOTH Ha
MPaKTUI 3yCTpiyaroThesl BKpai piako. [loTyxkHicTs nepenaui Wi-Fi nadararo Ounibiie,
HiK Bluetooth 1 Zigbee, omke, MOXIMBO 3Ha4HWi BIUMB 1HTEpdepeHiii. Bruiupy
Bluetooth, ZigBee na Wi-Fi HeBenuki, ToMy iHTepdepeHiis, BUKIMKAHA LUMH
TEeXHOJIOTISIMHU, HE BUKJIMKae cepiiozHux npobdiem B miarpumil QoS B WLAN mepexi.
[Ipo6nema nmiarpumku QoS mns WLAN nonsrae y B3aemozii 6€3ap0TOBUX MEPEK MK
c00010 1 KOMITOHEHTIB BeepeanHi 0e3apoToBoi mepexi [10, 21].

Pienns oo 3ade3neuenns iHTepdepeHLli 1 CriBICHYBaHHS

SIKk OmMCaHO BHUIIE, PO3MVITHEMO PIIIEHHA JUIS 3MEHIUEHHs 1HTepdEepeHLii B
punaakax: 1) Wi-Fi 1 Bluetooth; 2) Wi-Fi 1 Zigbee. LI pimeHHs Ha3MBaIOTHCS
MEXaHI3MaMH CIIBICHYBaHHSA. B jmaHuii yac npuiiHATO ABI Kiacu(ikaili MexaH13MiB
cmiBiCHYBaHHA. [lepmia BHKOPHCTOBYE B SKOCTI KPHUTEPIKO CIUJIBHE BUKOPUCTAHHSA
PECYpPCIB: 4acTOTH, Yacy 1 mpocTopy. OaHak 11 Kinacudikaiis He BKa3ye Ha MOXKIIMBICTh
BUKOPUCTAHHS MEXaHI3MIB CHIBICHYBaHHSA Ui pi3Hux TexHosorid [7]. [pyra
knacugikamia, no rpym I[EEE TG 2, opieHToBaHa Ha B3a€MOAII0 NPHUCTPOIB, a
MEXaHI3MH CIIBICHYBAHHS MOAUISIOTHCS HA JIBA TUMH: CIJIbHI 1 HECYMICHI MEXaHI3MH.

CninbHI MEXaHI3MM BHMAararoTh Oe€3mocepeaHboi 3B'SI3BKY MDK TEXHOJIOTISMH
cimeiictea IEEE 802.11 1 Bluetooth / Zigbee. CniBicHyBaHHS 3MIHCHIOETHCS LUISIXOM

oprasi3aiii OpTOroHaJibHOi nepeaadi B JoMeH1 yacy. HeoOX11HOI yMOBOIO € HasABHICTh
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MOJyJIiB 000X TEXHOJOTIH, peanmi30BaHUX HA OJHIA 1 TiH ke (I3WYHOI OXMHHMIN
(HampuKkiIad, B OJAHOMY TIPHU3HAYEHOMY IS KOpHMCTyBaua Mpuctpoi). CruibHi
MEXaHI3MH MOJAUISIOTBCS Ha JABa THMW: PO3MIIICHHS 1 Hepo3mimieHl. TepmiH
«PO3MILIEHHA» O3HA4Ya€, W0 PI3HI MOAYJl PI3HUX OE€3IPOTOBUX TEXHOJIOTIH
3HAXOAAThCS Ha OAHOMY (izuuHOMY mNpUcTpoi. CHijIbHI MEXaHI3MM CIIBICHYBAHHS
0COOIMBO MIAXOMATH AJIS JOAATKIB PO3MILICHUX CLEHApIiB, OAHAK, iX 3aCTOCYBaHHS
CKJIAJIHO uyepe3 HU3Ky oOmexeHs. Y Outbmiocti Bunaakis, Bluetooth / Zigbee 1 WLAN
po3auieH! (pI3UYHO, TOMY 3aCTOCYBAHHS TaKHX MEXaHI3MIB MPAKTUYHO HEMOXKJIMBO B
pa3i BUKOPUCTAHHS PI3HOPIAHUX MPUCTPOIB B OJIHIN MEpExKI.

HecymicHi MexaHI3MU TNpauoTh 0e3 3maiicHeHHs Oyab-aKoi 0e3mocepeHboro
3B'3ky MbK WLAN 1 Bluetooth / Zigbee wmonynmamu. Bonu jgomararorbes
CIMIBICHYBAHHS ILIJIIXOM IMPOBEACHHS JBOX B3a€MOIMOB'SI3aHMX MPOLECIB. Kiacudikaiii
KaHaJIIB 1 aIalITUBHOTO YIIPABJIIHHS JISIMU.

Knacudikamiero kaHajiiB Ha3WMBAETHCA MNPOLIEAYPA, AKAa BUKOPUCTOBYETHCS IS
OLIIHKKA CTaHy KaHaly 1 BUsBIEHHS 1HTepdepenili. B nganuii yac Bce HECYMICHI
MEXaHI3MHU BUKOPUCTOBYIOTh TaKl MOKA3HUKHM JU1S OLIIHKHK AKOCTI KaHany, sk BER, FER,
PLR, moryxnicte, SNR, RSSI, LQI, ACK, beacon 1 1.n1. AmantuBHe ynpaBiiHHS
NO3BOJISIE MPUAMATH PILICHHS, TPYHTYIOUMCh HA Pe3yJibTaTax, OTPUMAHUX B IMPOILECI
kinacu(ikamii kaHany. AIanTUBHE YMPaBIIHHSI BUKOPUCTOBYETHCS O€3MOCEPEaHbO IS
YHUKHEHHs 1HTepdepenuii. O0'ekToM aganTUBHOI MIACTPOIOBAHHSA MOXYTh BUCTYNATH
pi3HI MapaMeTpu 1 Aii HAJ HUMH: 3MiHA YaCTOTH (KaHATy), PEryJIIOBaHHS MOTYIKHOCTI
nepeaayl, BuOip HaMKpaioro Ty / JOBXKUHU MAKETIB, MIaHYBaHHS Mepeaayl Ta 1HIIe.
[Ipu upomy pi3HI MEXaHI3MU BUKOPUCTOBYIOTh PI3H1 aAaNTUBHI YIIPABIIIHHS TISMH.

HecyMmicHI MeXxaHi3MH BUIbHI BiJI OOMEKEHbB, BJIACTHBHUX CILJIBHUM MEXaHI3MaM,
TOMY 3aCTOCOBHI [0 OUIBIOI KIJBKOCTI CLEHapliB 1 goxgatkiB. Y Tadm. 1.1 1 1.2
HaBEJICHO Pe3yJIbTaT aHaJII3y MEXaHI13MIB criBiCHYBaHHA TexHojorii Wi-Fi 3 Bluetooth 1
Zigbee [1, 4, 10].

MoskHa cCKazaTH, 110 MEXaHI3MH CITIBICHYBAaHHS BHMKOPHUCTOBYIOTHCS Jis
MIJBUIIEHHS TIPOAYKTHBHOCTI CHCTEMH TIPW HAsABHOCTI 1HTepQEpEHIi, a TaKoX

3HWKYIOTh 1HTep(EpPeHIil0, BUKIMKAHY HA IHIIUX TPUCTPOSX, AKTHBHO IIOYHMX B
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mana3oni [ISM. OgHak He 1CHy€ MeToay, KWW MOke OyTH BUKOPHUCTAHHMM Ui BCIX
CLEHApPIiB, TOMY MOXKHA BHUAUIMTH B OKpeMy 3aaauy po3poOKy peKOMEeHaalld o
BUKOPUCTAHHIO MEXaHI3MIB CITIBICHYBAHHS /ISl 33IaHOT0 MEPEKEBOro pilleHHs. 3riIHO
3 JOCHIDKEHHAMH Oy BHUKIIOUEHI 3 TMOAAJBLIOTO PO3IJALYy MOMXKIMBHUX METOMIB
NOM'sIKIIeHHs 301U1blIeHHs a00 3MEHIIEHHS TMOTY)XHOCTI repeaadl Ta (parMeHTailis
naketiB. CrinbHe muanyBanHs WPAN 1 WLAN nepenaui moke OyTH 3aCTOCOBAHO
TUIBKA B ocoOnuBMX oOctaBuHax, konu Bluetooth / Zigbee 1 WLAN npucTpoio

MPALOTh HA OJHOMY 1 TOMY XK By3:1 [22, 25].

Tabmansa 1.1.
Amnani3 mexaH13miB criBicHyBaHHsa Mixk WLAN 1 Bluetooth
[Tokasnuk
Tun
MexaHi3m ’ ouinku |TexHomnoris Ines Henoniku
MEXaHI3MY
KaHaly
AFH HECYMICHI PER, PLR, [Bluetooth [Knacudikariis OOMex)eHHs
BER KaHaJIIB: MOraHl 1 |mam'sTi 1
xopotui. JJoBUIbHO [TOTYKHOCTI.
BUKOPHUCTOBYE Bumarae
XOpoLIWi KaHan  Moaudikamii
JUTS epeaayl YCTaTKyBaHHA.
Hemae
3BOPOTHOIL
CYMICHOCTI.
MDMS HECYMICHI PER, PLR, [Bluetooth |Biaxnaaatu 3MeHIIEeHHS
BER nepeaayvy sSKmo  [[MPOIyCKHOI
MPU3HAYEHI 31aTHOCTI Y
JACTOTH 3aWHATI. |[HOCHUTH
3aTPUMKY
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[Tponosxenns Tadmumi 1.1.
Amnani3 mexaHi3miB criBicHyBaHHs Mk WLAN 1 Bluetooth

[TokazHuk
Tun
Mexanizm _ ouwiHku |TexHonoris [nea Henonikn
MEXaHI3MY
KaHaTy
BIAS HECYMICHI BER Bluetooth [[lepemaua HeedexTusauit
BUKOHYETHCS TSt
TITbKH SKIIO HIBEJTIOBAHHS
oOuaBa npucTpoi [iHTepdepeHi
marcrep 1 MIK
i AJer K MIKOMEPExKi
BUKOPUCTOBYIOTH |Bluetooth
XOpOIL1 KaHaJIn
V-OLA HecymicHuX 1 [HEMaE WLAN BinperymoBatn  [Hemockonana
CHIbHUIM TOB)KMHY MakeTa [iHdopmariis
WLAN MOXKe OyTH
OTpUMaHa.
D-OLA Bluetooth [BigperymtoBatu [3HauHa
TOBJKHHY MAKeTa [3aTPUMKA B
Bluetooth Bluetooth
YrpaBiHHS [HECYMICHI notyxHicThBluetooth [[TopisHiOBaTH ["oHKka
MOTYXKHICTIO WLAN MOTYXHICTh MOTYXHOCTEH.
nepenaauyl 3i [HTepdepeniis
3HAYEHHSM MOPOrajB CyCIaHIX
MOTYXHOCTI CHUCTEMAX.
PerymoBaru

NOTY>KHICTh
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[Tponosxenns Tadmur 1.1.

Amnani3 mexani3mis criBicHyBaHHs Mk WLAN 1 Bluetooth

[loka3zHuk
Tun
Mexani3m _ ouinku |[Texnomnoris Ines Henoniku
MEXaHI3MY
KaHaJTy

ATan TUBHUH|HECYMICHI HEMae Bluetooth |Buxopucrosysartu |[loBruit maker

BUOIp TUTTY PI3H1 TUIU NMAKETIB|A OLIbLI

rnakera Bpa3JIMBUU 1S
iHTepdepeHiii
KopoTkuit
naket A
OLIbIIe
3aroJIOBKIB

LBT HECYMICHI HEeMae Bluetooth [mpocnyxaru xanan|Hectilikuii 10
PI3KUX 3M1H

AWMA PO3MIILLICHUI  |[HEeMae Bluetooth [[lepenaTn He npaitoe 3

CIUTbHUH WLAN Bluetooth naker B [SCO-

PTA

MEHTA

nepioj Masika MOCHJIAHHAMH
BUKOpUCTaHHA  [BHOCHTH
3arajabHOro 3aTPUMKY
TUIaHyBaJIbHUKA

[ [pusHauaru

NPIOPUTET

BHUKOpUCTaHHA  [BHOCHUTH
3arajabHOro 3aTPUMKY

TU1aHyBaJIbHUKA
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[Tponosxenns Tadmur 1.1.

Amnani3 mexani3mis criBicHyBaHHs Mk WLAN 1 Bluetooth

Hyidikaiiis [Hepo3MillieHulHeMae Bluetooth [Bcrasutu 1 MI'n [cknagHICTh
rnakera CITUTbHU I noposkHiii (null) B [peamizanii
22 MI'u 802.11 b
HECYUO]
Tabnuus 1.2.
Awnani3 mexani3MiB criBicHyBaHHs Mixk WLAN 1 Zigbee
[TokazHuk
Tun
MexaH13m _ Ouinku [TexHonoris [nes Henonixu
MexaH13my
Kanany
Texnika HecymicHi [LQI, SNR, |Zigbee Koopaunarop «ue [[loripuieHns
KOIHITUBHOTO BussieHHs CIIUTH"' B SAKOCTI  3B'A3KY
pajio eHeprii HAROTMKUMH OCHOBHOTO
HEAKTUBHUH KOPUCTYyBaya
nepioj A1t OLIHKH
kanany [Ipu
iHTEpdEepeHLii
NEPEXOUTh Ha
HOBHH KaHall
ACH HecymicHi [LQI, ALQI|Zigbee 3aMOBJIEHHS Bumarae
TOCTYIHUX KaHaiBMoaudikarii
3a IOTIOMOT 010 yCTaTKyBaHHS.
IHAMKATOPA SKOCTI
3B'A3KY
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[TpogosikenHs Tadbmumii 1.2.

Amnaniz mexani3miB criBicHyBaHHsa Mixk WLAN 1 Zigbee

[TokasHuk
Tun
MexaHnizm Ouinku  |Texnonoris [nes Henoniku
Mexanizmy
Kanany
ApantuBHa [HecyMmicHI [BusBiieHHs [WLAN ApanTanis nmopora |[30UTbIICHHS
CCA eHeprii, eHeprii ais CCA opora|
KOHTPOJTb 3MEHIIEHHS BTPATHU[MOXKE 301LIBIIUTH
HEeCy4ol KIJIbKICTh
BITKHEHD B
MEpEexKI.
UWC crutbHuii  |ACK WLAN 3HaxoauTh KpamuiHeoOXiaHICTh
AJITOPHTM Zigbee KaHan Zigbee, B [MATPUMKH yciMa
SIKOMY HalMEHIlA [IPUCTPOSMHU
iHTepQEepeHLIis Bl [Mepexi
WLAN I1 OHOYAaCHO
penoTBpaLaeT
WLAN Bija BIUIMBY
Ha 00paHMi KaHaj
ZigBee npoTsrom
MEBHOr0 NEePIoay
yacy
PosnoaiieHa [HecymicHl [Masik Zigbee KookeH By30J1 B [IpoGnema
ajanrais (beacon) PeXHUMI IIEPeNadl  [repexomy
4acTOTH BRI 3f_laﬁTH CYMDKHHX
1€ OJIMH BUIbHUH .
MPUCTPOIB 110

kaHai [Ipucrtpoi
cami BUOMPAIOTh
KaHaJIM 1o co0i

NpY BUHUKHEHHI

HOBOI'O KaHATy
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iHTepdepeHLii

[TpogosikenHs Tabnumii 1.2.

Amnaniz mexani3miB criBicHyBaHHsa Mixk WLAN 1 Zigbee

MexaHi3Mm

Tun

Mexanizmy

[Toxa3zuuk
Owinku

Kanany

TexHonorig

Ines

Henoniku

[TocnigoBHa
nepeaaya

3aMUTy JaHUX

HECYMICHI

ACK

2

BHUABJIICHHA

eHeprii

Zigbee

CeHcopHuii By301
npuiiMae pieHHs
MIHATH KaHaJ
TIJIbKH TPH
BUSIBJIEHHI Ba)KKOT
iHTepdepeHLii
3B'a30K Oyjie
NPUITMHEHA J10 THX
mip, MOKM BCi
BY3JIH B MEPEKI
3HOBY aCOIIIOKOTh 3

0a30B0OI0 CTAHLIEIO.

Heedextusro
I TOMOJIOTTi]

ad-hoc.

CSCC

CIIUTbHU N

HEMAE

WLAN
Zigbee

Meton CSCC
BUMArae BiJ yCIX
KOPHUCTYBay1B
MEePIOAUYHO
BILIATH 1
NPOCITyXOBYBaTH
iH(popmaLio npo
BUKOPHMCTAHHS

CIIeKTpa.

Crnadkui  3axucT)
B1J1

iHTepdepeHLii
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1.2. Bayrpimni npoodsiemu 3abe3neyenns QoS B IEEE 802.11

Y nonepeaHbomMy po3aun OyB NPOBEACHMM aHami3 BIUIMBY O€3ApOTOBHX
texHonoriv B ISM-nianazoni ais miarpumkn QoS B WLAN mepexi. MokHa ckasaTw,
o WLAN cunpHO BIUIMBaE Ha PO3MJISIHYTI O€3APOTOBI TEXHOJOril Mpu poOOTI Ha
Onu3bkid  BiactaHl. Takum uywmHOM, mnpoOnema miarpuMku QoS B WLAN €
BHYTPILIHBOK, TOOTO MOBMHHI OyTH MOPYLIEH! NUTAaHHSA B3a€EMOJII KOMIIOHEHTIB
WLAN, BBy O€3APOTOBHX MEPEkK MDK COOOK 1 MOXKIIUBICTh 3a0€3MeUeHHs PI3HUX
taniB Tpadiky B Mepexi. Y LbOMY PO3IAUI PO3IJISHEMO BHYTPIIIHI MPoOIeMu
3abe3neueHHs QoS 1 mpoaHai3yeEMO 1ICHYIOU1 PIIIECHHS.

[Tpo6emu B 3a0e3neuenni sikocti oocnyropyBanns B IEEE 802.11

B nanuit yvac Wi-Fi BUKOPHCTOBY€ETBCA B PI3HMX HACTPOMKAX: BiJ JOMALIHBOL
mepexi, puHky [oT 1 kopnopaTMuBHMX MEpeX A0 Mepex Oe3ApOTOBOI Mepexl B
MacmTadl micta. B pesynbrari posropranHs WLAN crae Ouiblll BHCOKOIIIJIBHHM.
Pucynok 1.5 noka3sye nporuo3 3poctanis Wi-Fi Touok goctyny Big 2015 p g0 2020 p 1
Ha puc. 1.6 npeacrapnenuii nporHos 3poctanus Wi-Fi tpadiky Big 2014 p no 2019 p.
Takum unHOM, cuTyals, npu skii icuye 6arato WLAN, po3ropayTux B 6e3nocepeaHii
ONU3BKOCTI OJWH B1J OJIHOrO, 1 BC1 BOHH OJHOYACHO HAMAararThCs JOCTABUTH SIKOMOTA
Oinblie maHux, crae BucokoimoBipHO. Tomy WLAN nouynHaroTh 3a3HaBaTH
nepeBaHTaXeHo Tl 1 1HTepdepenuii Mixk coboro. Ll nepeBanTaxkeHHs 1 iHTepdepeHLis
ICTOTHO OOMEXYIOTh MPOAYKTHUBHICTH CIIBICHYIOTh 0€3APOTOBHX JIOKATbHHUX MEPEIK.

B uinomy posropranus Wi-Fi npu3BoauTh A0 ICTOTHOTO 30LIBIICHHS HE TLIbKH
KIUJTBKOCTI CTAHLIIH, 0 BUKOPUCTOBYIOTH X, ajie 1 KUIBKOCTI TOUOK Aoctyny. [Ipu upomy
iHTepdepentis Mk BSS € cepitosnoro npobdaemoro. Wi-Fi mpaiioe B HEMLEH30BAHOMY
alana3oHl 4acTtoT 3 13 kaHajmamu, 1 ICHY€E KIUIbKa TPYI TPbOX HEMEPECIYHUX KaHAIB,
Hanpukiian, 1, 6 1 11. Lle#t Opak 4aCTOTHUX PECYpPCIB MPU3BOAUTD 10 BUHUKHEHHS DALY
npobneM: nepekpuBaroThesti 6a3os1 Habopu (OBSS), npobnema npuxoBaHOro Bys3ia
(HNP), nmpobnema HezaxuiieHoro Bysna (ENP), intepdepenuii mix By3namu: AP-AP,
AP-STA (STA cranmis), STA [8, 10].
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* Middle East and Africa represents 1 percent of global public Wi-Fi hotspots by 2020.
Source: Maravedis, Cisco VNI Mobile, 2016

Pucynok 1.5. [Ipornos 3pocranus Wi-Fi rouok goctyny 3 2015 p 1o 2020 p

§ 23% CAGR 2013-2019

180 upobile Data (59% CAGR)

160  » Fixed/Wi-Fi from Mobile Devices (67% CAGR) 1% | ZMﬁ.;lf;Of"
140  * Fixed/Wi-Fi from Wi-Fi-Only Devices (22% CAGR s 4 Dok
120 " Fixed/Wired (11% CAGR) ]
Exabytes | 53%is
per sy | WHFi
Month 80 ]
41 ]|
0 | 55%
0 L I L | A ] i !____‘ ‘
2014 2015 2016 2017 2018 2019
Source: Cisco VNI Mobile, 2016

Pucynok 1.6. [Ipornos 3pocranus Wi-Fi tpadixy 3 2014 p no 2019 p

OBSS BuHukae B pasi, koiau aBa abo Ouibine BSS npaiiooTh Ha TOMY K KaHATI,
a mepemaydl AEAKMX KITIEHTIB, IO Hanexath 00 onHiei BSS, BrnmBaroTh Ha cTaHLii

(xmienTiB) B iHmmx BSS. B poGori mnokaszano, 1mo IMMPOKWE Aiana3oH 3aTpUMOK i
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MOTIPIIEHHS TPOMYCKHOI 3/JaTHOCTI CHOCTEPIraloThbCcsl B 3aJIEKHOCTI BIJI CTYNEHS
MEPEKPHUTTS 1 KIJIbKOCTI NepeKpuBatoThes BSS.

[TIpobnema npuUXOBAaHOrO BYy3jla MOPOKYE CEPHO3HI BTpaTH. SIK HACHIAOK,
MOTIPIIYETHCA MPOMYCKHA 3/1aTHICTh. Y TOM ke yac mpoliemMa He3aXUUIEHOTO By3Jja
MIPU3BOUTH J0 3HUIKEHHS MPOJLYKTUBHOCTI. PO3pI3HAIOTH 5 KaTeropiii npodiiem:

1. [Tpo6nema HNP B enunomy BSS: skimo STA A 1 STA B B onnomy BSS He
MOKYTh YyTH OJIMH OJHOTO, OyIb-sKa 3 HUX MOXE MMOYaTH Mepeaady HaBiTh B TOW 4ac
K 1HILIA Mepeaae Kaap; KaJapu KX CTaHLii crukaroThes B AP (puc. 1.7 a).

2. Ilpo6nema HNP mix pizaumu BSS: aximo STA B pizaux BSS He MoxyTh uyTH
OJMH OJIHOTO, KOJI31i KaapiB BiAOyBaTUMETHCS B O/1HIM a0o 060x AP B BSS.

3. IIpo6nema HNP 3 HakmasieHOO MOTYKHICTIO: OJiHOYacHa nepenada asox STA
pyiinye kanpu, nepemani tpetid STA. [nmmmu crnosamu, tpetsi STA crpakmae Bia
npobnemu HNP uepe3 naknaneHoi notyxHocTi iHmux asox STA.

4. Ilpobnema ENP HenoTpiOHe cripuiiHaTTs Hecyuoi nepenadi STA He n03BoJIsA€
iHmm STA nepenaBatu kaapu 1 HaBnaku (puc. 1.7 0).

5. Ilpobnema ENP 3 HakmameHow mnotyxHicTio: konu oduasi STA A 1 B
nepenaioTh, Tpets STA C He MOXKe IHILIIOBATH NEpeAayvy, Tak K CyMa MOTY>KHOCTI
nepeaaul STA A 1 STA B Beoaute STA C B omaHy, He AMBISYKCH HA BIACYTHICTh

3ITKHEHD.

~ o o .
/ /' \ N\
/ / / 0\ \
| | oi—o ) x> ® |
\ \ A \ C B D }
\ \ \</ /
a) A He uye B, B He uye A 6) B ta C He uytotb onHe ontoro, C
Kounisis BinGyBaeTses B AP nepenac Ha A 1 B He MOjke 1HILUKOBATH
nepenady

Pucynok 1.7. a) [IpoGnema npuxosanoro By3na 0) [Ipobnema He3axuIeHOro By3ia
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[IpoGnemu, mpo skl WAEThCA BUIIE, MOPOKYIOTh PI3HI TUMU 1HTEpdEpeHIH 3
PI3HUMHM HAC/IAKAMM, aje HaWOIIbIl CEepHO3ZHUMH HACIAKAMH € BIAKWUIAHHS 3B'A3KY,
eext B3aemHoro OnokyBaHHs 1 edexkt nocuyieHHs iHTepdepeHii. BoHun MOKyTh
MOTEHIIHHO TIOCHJIUTHUCA B PO3TOPTaHHI CHUTBHOTO KaHaTy, THM CaMHM 3HA4YHO
3HU3UBILU MPOAYKTUBHICTb.

Ha puc. 1.8 npeacrapneno BiakuaanHs 38'13ky AP-AP. [lepenaua B ogHomy BSS
3ynuHAe MOAJIMBI nepeaaul y iHwmx BSS. [le npu3BoauTh 10 3MEHILIEHHS YTWI13alii
nocuianug nepenaui. Hanpuknan, AP 2 nouye nepemauy STA1 AP1, takum uuHOM,
AP2 ne moxe iHiuioBatd nepeaady 3 STA 3. Aunanoriuno mis Bumaaky STA-STA
BiakuaaHHs 3B'a3ky. Ha puc. 1.9 npencrasneno siakupanHa 3B's3ky STA-AP.
Hanpuxnan: AP1 nepenae maketu STAL, STA2 nouye AP, Takum unnom STA2 He

MO’K€ MOYMHATH nepeaady 3 AP2.

a puc. 1.10 npexacraenenuii edexr B3aeMHOro OnokyBaHHA. Bin saBise coboro
HACIZIOK ICHYBAHHS MPOOJEMH MPUXOBAHOTO BY3/a 1 BUHHUKAE TMPU BUKOPHCTAHHI
mexanidmiB RTS / CTS. [lpu BUHHKHEHH] 11bOr0 e(eKTy BIANOBIAHI TOUKH JOCTYITY
YeKaTUMYTh OJWH OJHOTO, TOMY 110 BOHH HE MOXYTh BiAMoBicTH nopiaomiieHHsm CTS
Ha RTS, skuii paniiie oTpumanu BiJ CBOIX acOLIHOBAHUX KIIEHTIB. [HIIMMHU CI0BaMHU,
o0uaBl AP uekaroTh OAMH OJHOTO 1 HE MOYMHAKTH CBOI Mepeaaul yepe3 MPUCYTHICTh
MPUXOBAHOTO By3ja B koxkHoMy BSS. O6uasi AP BcranoBmooTsh NAV 1 HIXTO He
Bianosigae 3a cBoe RTS-nosigomnenns. Hanpuknaa: STA 1 nepemae RTS na API, AP
1 Tomi uekae 3a SIFS intepsan 1 AP 2 Bcranosimioe NAV. Iporsarom uporo SIFS, STA 2
nepenae RTS na AP 2, mpore AP 2 He 3moske BianmoBicTy noBigomiieHHsm CTS, 1 AP
TakoXk BcTaHOBMIOE NAV uepe3 orpumanns RTS Big STA 2. Takum uuHOM, I CTaHIIT i
TOUYKH JIOCTYIy HE MOXKYTh ME€PEAATH JaHi.

Edext nocunenns iarepdepeHiii BiadyBaeTbCs, KOIM 3ITKHEHHS MPU3BOISATH /10
o0'ennanns curHams. lle#t komOiHOBaHWN curHajm, SKUH MOXKe OYTH CHJIBHIIIE

IHAMBIIYAIbHOTO CUTHATY, BUK/IMKAE THTEPPEPEHIIIO B OUTBII IIUPOKOMY JAlana3oHi.
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Pucynok 1.10. Edpexr B3aemHOro 6;10KyBaHHS

Ha nmomarox mo mBuakoro posropranHs WLAN, HOBI J10JaTKH, Takl SK rojioc 1
BIJICO, TAKOXX BHMCYBAKOTh JOJATKOBI BUMOTM 10 O€3IPOTOBMX MepeK. MOXIMBICTbH
TPAHCIIIOBATH BIZEO BHCOKOI YITKOCTI OyJIMHKY 1 B pyCl, OJIHOYACHO MEPEeNar0un BEJIUKI
(hatinm mo Mepeski, BUMarae OUTBIITY MPOIYCKHY 3AaTHICTh, AKY HE MOXKYTh 3a0€3MeUnTH
icayrout WLAN. Kpim TOro, yyrnusuii 10 3aTpUMKH XapakKTep T'OJOCOBHMX 1 BiJEO
NOJATKIB POOUTH JOCTABKY TAKOI'O KOHTEHTY 1€ OUIbII CKJIAAHOIO ISl TAKUX MEPEK.
Opnnak HamanHs QoS B momaTkax 3 BUKOPUCTAHHAM Tpaauiiiinux crtanaaptis [EEE
802.11 yTpynHeHO, OCKUIBKM BOHM HE MICTATh SIBHMX MeEXaHI3MIB audepeHuiamni
cinyx0. L{i cranmaptu MarTh TUbKM 0a30BY PO3MNOAUICHY KOOPAMHALIMHY (DYHKLIO
DCF 1 nonarkoBi ¢yskuii koopaunauii PCF, y sxux 6araro HenomikiB (IOKJIaIHO
posrasnyTo B po3aun 2). Hasite npu Bukopucranni IEEE 802.11 e, axuit spnse cob6oro
nonpasky s 3ade3neyeHHs QoS, sAkicTh 00cayroByBaHHs B BUCOKOMILIbHIH WLAN
MEpEXI MATPUMYEThCS ¢/1a00, 1110 AOBEE aKTyaIbHICTh AAHOI JucepTallii.

Ornsan pimens as 3a6e3nederds QoS B WLAN mepexi

3 anHamizy B mnomnepeaHboMy po3aut, 3abe3nedeHHs QoS B WLAN moxhHa
IHTEPIPETYBATH K MIHIMI3ALIO BIUIMBY €IEMEHTIB 0e3ApOTOBOI Mepeki ado IHIIUX
0€3ApOTOBUX MEPEeXkK, a TAKOXK MOJIMILIEHHS MOMKIMBOCTI MIATPUMKH MYJIbTHMEIa
tpadiky 1 Tpadiky peanbHOro yacy. Y 1bOMY PO3AUT PO3IIIAHEMO JAEAKl PIILICHHS, SKI
Oynu 3anpononoBani ansa miarpumkun QoS B WLAN. Crangapt IEEE 802.11 e Oyne
JIETAJIbHO BUKJIAJACHO B PO3AUT 2, 1 TYT HE PO3IJISA/IA€ThCHA.

Xoua WLAN mpaitoe Ha piBasx PHY 1 MAC, 3anponoHoBaHo 0araTo piiieHb
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i mATpuMkn QOS 1 Ha MepeKEBOMY, TPAHCTIOPTHOMY 1 PUKIIAAHOMY PIBHSAX.

Jna PHY, mo0 niaTrpuMyBaTH BHCOKY TNPOINYCKHY 3JaTHICTh O€3APOTOBOI
MepeKi, OCTaHHIM YacoMm Oynu 3anpornoHosadi pisHi crangaptu [EEE 802.11, Taki sik
802.11 n, 802.11 ac 1 802.11 ad. Cranmapt IEEE 802.1 1 n 3acHOBaHMii Ha TEXHOJIOTIi
MIMO 1 3abe3neuye BUCOKY IIBHAKICTh mepenaul ganux a0 600 Moit / ¢. Cranmapt
IEEE 802.11 ac cnpsiMoBaHMi Ha MIATPUMKY Il OLIbII BUCOKIM IIBMAKOCTI Mepeaayl
nanmnx B 1 I'61T / ¢, B To#t uac sk crangapt IEEE 802.11 ad naminenuii Ha mOCATHEHHSA
wBuAKocTl A0 7 ['0iT / ¢, 110 BUKOPUCTOBYE HIMPOKOCMYTOBI KaHajaH, AOCTYIMHI B
miana3oni 60 ['Tu. L{i HOB1 cTaHaAPTH BKIIIOYAIOTh MEXAHI3MH TUTAHYBAHHS, aJIrTOPUTMHU
KOHTPOJIIO jgomycky Ta mnommmenHs piBas PHY 1 MAC janda  marpuMku
MyJIbTUMEAIMHNX 1oaaTkiB 3 QoS [3].

OCHOBHI METOJM, BUKOPUCTOBYBaH1 s 3a0esneueHHs QoS Ha MAC-piBHs,
BIJTKOUAIOTh KOHTPOJb N0ONycKy Ta tuianyBaHHs. Y cranaapti [EEE 802.11 MAC-
piBeHb 3a0e3neuye (PyHKLUIOHANBHICTh afpecallli, KaApyBaHHs, MEPEBIPKU HAAIMHOCTI 1
KoopauHauii  goctyny Ao  Oe3aportoBoi  cepemosuuil. MAC-piBerb 3 QoS
MOJIIMIIEHHAMHM HaUJICHUH Ha Te, 100 3a0e3neunTd Mepexy 3 HabaraTto MEHIIMMH
BUTPAaTaMH, sKI TNOJAUIAIOTE (peiiMaMu Ha TPIOPUTETHIH OCHOBI, YTPUMYIOUH
KOH(IKTH HA MiHIManbHO MoOXMJIMBOMY piBHI. [ns crammapry IEEE 802.11 Oynu
3aMpONOHOBAHI PI3HI METOIU MIABUILEHHS AKOCTI 00cyroByBaHHs QoS:

-IIpiopuTeTHa Yepra: BUKOPUCTOBYETHCS JUIS HAJaHHS Yepr 3 NPIOPUTETaMH Ha
MAC-piBHS, MaKeTH AaHUX MOALUIAIOTHCS HA OCHOBI MPIOPUTETIB.

-JlndepeHniiiioBaHi NOCTYTH:

* DFS: k0)KHOMY NOTOKY TNPHUCBOIOETHCS MEBHUN Bara B 3aJ€XKHOCTI Bl HOro
MIPIOPUTETY TA MPOIYCKHA 3/IaTHICTh, IKY BIH OTPUMaB MPOIOPIIIHHA IIbOMY Ba3l.

 3mina DIFS: BapitoeTbest TPUBAIICTh PO3MNOALICHOr0 MEKKAJAPOBOrO 1HTEPBATY
(DIFS) nna nudepenumiauii noroki. Taka TexHONIOris QyK€ KOpUCHA B J0JATKax
pealbHOrO 4Yacy, A€ 3aTPUMKHU MalOTh OUIbllIe 3HAUEHHsA B IMOPIBHAHHI 3 BTpaTamMu
MaKeTIB.

» JludepenuiiioBana MakcumasabHa AOBXKHMHA Kaapy: PI3HI CTaHLIi MOXKYTh

nepenaBaTi  KaJApd 3 PI3HUMH ~ MakCuMajibHUMH  posMmipamu. Cranuii 3
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BHCOKOTIPIOPUTETHUMHU MOTOKAMH MOXKYTh MepeaBaTh OLTBINUN Kaap, HDK TOH, KU
Ma€ MOTOKHM 3 OUIbII HU3bKUM MPIOPUTETOM.

* Posnoainenunit TDM: BUKOPHCTOBYETBCS METO/ OMMTYBAHHS K B 3BUUAWHOMY
mexaHi3mi PCF, ane TUMYacoBl 1HTEpBAJIM BH3HAYAIOTHCA K B TDM, 1 KOXEH 3 IUX
THMYACOBUX THTEPBAIIB MPU3HAYAETHCSA KOHKPETHIM cTaHili. TakuM uMHOM, niepeaaua
NakeTiB MO)ke OyTH BUKOHAHA 3 y)KE HEBEJTUKUM yuyacTio AP.

-QoS-nnanyBaHHS: TPIOPUTETHUM TUIAHYBAJIBHUK 3aBXKJAW BHOWpaAE TMakeTH 3
yepru 3 HakiBuumm npioputetoMm. [Ipouec QoS-mnanysanns B ctanaapti IEEE 802.11
BUOMpPAE MaKeTH MK PISHUMHU MOTOKAMH 1 PO3MOALISAE IX MO MEBHUM TMOCHIAHHAX B
3aJI€)KHOCTI B1Jl BUMOT KOXKHOTO NOTOKY. [aHyBanbHUK CPOEKTOBAHUM TAKUM YHHOM,
106 3a0e3neunTH Kpaury NponyCcKHY 3JaTHICTb 1 CKOPOTHUTH Yyac nepeayi.

Kpim Toro, icHye 0arato iHIIMX PIlI€Hb, SKI 30CEPEIKYIOTHCS HA MeXaHI3Max
noctyny, Taki sk: CAP B nepioai 3 koHkypeHuieo, CAP B nepioal 0e3 KOHKYpeHIIii,
MeXaHI3M J0CTaBkH 3 aBToMaTHYHUM eHepro3depexenusm APD, BlockACKs 1 NoAck.

Jns QoS-piuieHb HAa MEPENKEBOMY PIBHI OCHOBHA 4YaCTHHA MOCIIKEHb Oynia
30CepeKeHa Ha KOHTpouTl aonycky 1 QoS-mapiupyTizaiii. Xoua QoS-IToniniiexHs, 1o
BBOJAThCA Ha MAC-piBHsA, 3a0e3neuyioTh audepeHmiamito oOCIyroByBaHHS MIiX
pi3HUMMH TOTOKaMu Tpadiky, BOHH MOXKYTh 3ad0e3neuntd QOS TUIBKH TOI, KOJIH
MEpPEKEBA HABAHTAXKEHHS € MOMIPHOIO. SIKIIO HABAHTAKEHHS 30LIbIIYETHCS A0 TIEBHOTO
Mexi, rapanTtii QoS He 3abe3nedyloThCsi HaBITH VISl BUCOKOMPIOPUTETHOTO TPadiKy.
Came TYT MeXaHI3M KOHTPOJIIO AOMYCKY AOMOMAarae 3amoOIrTH MEePernoBHEHHS Mepexi
ouIIXoM a03Bosty abo 3aboponu moTokiB Tpadiky. KOHTponb AOMYCKY € KIHOYOBUM
KOMIIOHEHTOM ajanTaiii a0 3MiH Tpadiky BIAMOBIIHO A0 MIHJIMBHUX CEPEIOBHINEM
6e3mporoBux Mepexxk Ha ocHoBi IEEE 802.11. Kontpons nponycky wmoxke OyTu
PO3AUICHUNH HA TPU PI3HUX METOAM: KOHTPOJb MOMYCKY Ha OCHOBI BHUMIPIOBAHHS,
KOHTPOJIb JIOMYCKY Ha OCHOB1 MOJIEJIi, MOPHA KOHTPOJIIO JONMYCKY HAa OCHOBI BHUMIPIB 1
Mojener. QoS mapiipyTusaiis € HeBIJI'€MHOK YacTHHOIO 3aranbHoi QoS-ApxiTekTypa
B crangapti IEEE 802.11. Ileti metoa m03BOsie MEpexki OOUMCITIOBATH IIIAX, AKHN
maTpumye QoS- PI3HUX MOTOKIB 3 0OMEKEHHAMHU 0€3ApOTOBOI cepeaoBHILa. ICHYyeE

PAZ IOCTIKEHb, K1 MOXKYTh BUKOPUCTOBYBATHCA UTa peam3anii QoS mapmpyTu3arii.
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Ha tpancnoptHOoMy piBHI s momimmeHHs QoS icHye Kijgbka METOAIB 3
ypaxyBaHHSAM 3aTPUMKH 1 BTPAT B SKOCTI OCHOBHMX mnapametpiB. OCHOBHA yBara Ha
LbOMY PIBHI NMPUALISETHCS YIPABIIHHIO NEPEBAHTAXKEHHSAMHU 1 YIIPABJIIHHS MOMHUIKAMH.

KpimM poOoT Ha HMXKHIX PIBHAX, TAKOXK MOMUIMBO peanizyBatd QoS B mepexax
IEEE 802.11 na piBui poaarky. Tpamuiiiino pobora Han QoS piBHa goxatkiB Oyiia
30Cepe/PkeHa Ha PI3HMX acnekTax AocTtaBku wmynbtuMemia. Kpim Toro, Oararo
JOCIHIDKEHb TPOTECTYBAJM HOBI MepexeBl TexHojorli i marpumkd QoS B
oe3aporoBoi Mepexi, Taki, sk SDN (Software Defined Networking), NFV
(NetworkFunctions  Virtualization), 0e3apoTOBI Mepeki Ha OCHOBI XMapHHUX
TEXHOJIOT1H.

3ragaHi TOCTIPKeHHS B OUTBIIOCTI BUPIYIOTh Q0S-npobiemy uepes 6e31poToBy
JIOKAJIbHY MEPEXKY 3 OJHIEID TOUKOIO AOCTYMY. [CHYIOTh TaKOX A€sAKI JOCITIIKEHHS, K1
30CEPEKEH] Ha BUCOKOIUIOTHUX O€3POTOBUX CEPEAOBMILAX, AJl€ Y HUX BCE XK € KUJIbKa
HEJIONIKIB, HAMPUKIAA, BUTPATH OMUTYBAHHS, MOraHa KOOPAMHALSA MDK TOUYKAMM
J0CTyny, mpodjaemMa MpUXOBaHOro Bysja mnepekpuBaioTbess BSS. Kpim toro, B manuit
yac IEEE 802.11 po3pobnse nosuii cranaapt IEEE 802.11 ax. Bin npusHauenuit s
MOJIIMIIEHHST 3arajibHOi  CHEeKTpalbHOI e(EKTUBHOCTI, OCOONMBO B CIEHApIAX 3
BUCOKOUIUTbHUM PO3rOPTaHHIM, MA€ MaKCHUMaJibHY WIBHAKICTH Onu3bko 10 I'6iT / ¢,
MOXke mpaioBatd B mianazoHax 2,4 1 5 I'Tu. Ha momatok no Bukopuctanus MIMO 1
MU-MIMO nHoBa nonpaska BBoauTh MeToad OFDMA a1 moJjinumeHHs: CneKTpalbHOi
e(exkTUBHOCTI 1 MIATPUMKH MOIYJALii Oulbin BHUCOKOro mopsaky +1024 QAM s
OIbII BUCOKOI MPOMYCKHOI 3AaTHOCTI. X0O4Ya HOMIHAJbHA LIBHAKICTH Mepeaadl AaHuX
Tutbku Ha 37% Bumme, HK 802.11 ac, odikyeThes, 10 HOBAa IONMPABKa MPHU3BEIE 10
30UTBIIEHHS TIPOMYCKHOI 3JaTHOCTI KOpHMCTyBauya Ha 4 pa3u 3a paxyHOK OuIbI

e(hexkTMBHOTO BUKOpPUCTAHHS criekTpa [5, 14].

1.3. AHaji3 NpoOAYKTUBHOCTI 0€3APOTOBOI JIOKAJILHOI Mepexi 3 0aratbma

TOYKAMM JOCTYNY

B  panuit  uyac OUIBINICTP  KOMMAHIMA, KaMmycCiB, TOPrOBHX  LEHTPIB
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BUKOPHMCTOBYIOTh 0€3POTOBI MEPEIKI, TAK 5K 1€ 3HAUHO MIABMIIYE MOOUTHHICTD

odicy, 3HMIKYE BHUTpPATH, yCyBalOuud HeoOXiaHICTh 3akymiBil 1 MoHTaxy CKC.
[TpaBunbHe muaHyBaHHS 10 (PAKTUUHOTO PO3rOPTAaHHS MEPEKI rpae KIOUYOBY POJib B
yCHIITHOMY  ympaBiiHHI (iHaHcaMu 1 0OJaJHAHHAM, SKE€ BHUKOPHUCTOBYETHCS B
Oe3gpoToBux Mepexkax. ToMmy [Ayke Ba)JIMBO 3MOJCIIOBATH  3aMpPONOHOBAHY
0e3ApOTOBY MepexKy 1 OWIHUTH 1i e(eKTUBHICTh. BaXJIMBO 3pO3YyMITH HACIIIKH
30uTbeHHs WiTbHOCTI WLAN 1 BIUIMBY Ha MPOAYKTUBHICTH LUX Mepex. B mpomy
PO3ALI1 OLIHUMO TPOAYKTUBHICTh BUCOKOIILTbHOI WLAN mepeski 3 OararbMa TOUKaMHu
JOCTYIy 3 TOYKH 30py 3aTPUMKH, KIJILKOCTI CIPOO MOBTOPHOI mepeaayl 1 MpomycKHOT
3narHocTi 3 BukopucTanHsam OPNET. PosrnssHemo HacTynHi 3 BUNAAKH, 1100 BUBUMTH
npodjieMH, 10 BUHUKAIOTH y BUCOKOIIUIbHOI WLAN mepexi 31 6aratbmMa TOUKaMH
noctyny. Yac MoaemoBaHHS 11 KOKHOTO CLEHAPIIO CKIaAae 3 roAuHu.

AmHai3 BIUTMBY NMEPEKPUBAIOTHCS KaHAJIIB

Kanamu, siki BukopuctoBytotbes s Wi-Fi, B OinbiocTi BUNMaaKiB po3auieH! 5
Ml 1 HadiyacTimie MarTh cmyry mnponyckanHs 22 MI'u. B pesynbrari kaHaau
MEPEKPUBAIOTHCS, 1 MOKHA 3HAWTH MAKCUMYM TPH LIO0 HE MEPEKPUBAIOTHCA KaHAIY.
Hanpuknan: kanamu 1,6, 11, kananm 2, 7, 12, kananu 3, 8, 13. OgHak B BUCOKOIIUIBHOI
WLAN 3 Garatema AP 1 cTaHLisIME, 1110 HE NEPEKPHBAIOTHCS KaHAIIB HEAOCTATHI. Tomy
B IIii YacTUHI OLIHMUMO BIJIUB TNEPEKPUBAIOTHCSA KaHAIIB HAa MPOAYKTHBHICTh
BucokonbHol WLAN mepexi [25].

[11006 OLIHKWTH LieH BIJIUB, MU CTBOPIOEMO IICTh CLIEHAPIIB:

-Cuenapii 1, 2, 3: 6e3apotosi mepexi 3 5, 10 1 15 Toukamu 10CTYyMy BIAMOBIIHO.
Jlo xoxkHoi Touku moctyny miakmodeHni 10 STA. BukopucroByemo 3 1mo He
nepekpuBarOThes kaHanmy 1, 6 1 11 ansg iX nmpw3HAYeHHsS TOYOK JOCTYNy Tak, SK
nokasano Ha puc. 1.11.

-Crenapii 4, 5, 6: BUKOPHCTOBYETBCS TOTOJIOTISI @aHAJIOTIYHO 5K B CclieHapiax 1, 2,
3, aje KaHaJv MePEeKPUBAOTHCA.

Y uux cuenapisx Oyaemo BukopuctoByBatd Timibku HTTP-momatok 3
IHTEHCUBHUM TieperyisaoMm, Ha puc. 1.12 npencrasieHi Woro nmapamerpu 1 npodiib 3a

3aMOBUYBaHHsIM. BIUIMB NEPEeKpPUBAIOTHCA KaHAIB Oyae PO3TIAOaTHCS 3 TOYKHA 30Dy
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KUIBKOCT1 crpo0 moBTOpHOI mepenadl. OnHaK MU IIKABUMOCS TUIBKH PI3HULICIO MIX
JBOMA CUTYALIIMH: NEPEKPUBAIOTHCS 1 HE MEPEKPUBAIOTHCS, HA JOAATOK A0 I[OrO
3HAYEHHs Pe3yJIbTATIB MOJC/TIOBAHHS 3aJIe)KaTh BiJl BCTAHOBJIEHOI KOHpIrypaiii. Tomy,
Mo-TiepIie, MU OOYMCITFOEMO CEPeIHE KUTBKICTH CIpo0 MOBTOPHOI mepenadi, a MoTiM
HOPMAaJTI3yeMO Ll 3HAUEHHS U1 MOPIBHAHHS pe3ynbTatiB (puc. 1.13).

Sk moxkHa Oaumtu 3 puc. 1.13, kinpkicTh cnpo® MOBTOPHOI mepedaul B pasi
MEPEKPUBAIOTHCS KaHAIIB OlbllIe, HDK B pa3l 0 HE MEPEKPUBAIOTHCA KaHAJIB. Y TOM
JKe Yac, KO 4ucyio Todok goctymy 1 STA 30uibuiyetbes (B pasi MePeKpUBAIOTHCS
KaHaiB), KUIbKICTh CrNpo0 TMOBTOPHOI mepenadli piskKo 30UTBIIYETHCS, IO MOXKHA
po3risiAaTH K cepiio3ny mpobnemy B BUCOKOWLIbHOI WLAN wmepexi. Lle He TuUlbKH
3HWKYE NPOAYKTHBHICTh MeEpexi, ajne 1 oOMexye MOKIuBICTh miaTpumku QoS B
WLAN. Iurepdepenuis mik AP ta STA, 10 BUKOPUCTOBYIOTh NEPEKPUBAIOTHCS
KaHaJIM, MPU3BOANTH 0 TOTO, 10 Oarato MakyHKIB BiAKHIAIOTHCA, 1 MEPEka NMOBHHHA

3HOBY BUKOHATH Mepeaavy.

0.2
0.19

0.18
Kananu, mo ne
[IEPEKPHBAIOTLCH
0.17 Kanasm, mo
[EPEKPUBAIOTHCS!

'

0.16 '—f#/

0.15

Hopmanizosana cepeansa KiJbKiCTh Cripod
TIOBTOPHOI mepeaa4i

5 10 15
Kinskicte AP

Pucynok 1.13. Bnyine nepekpuBarOThCs KaHaIIB 3 TOUKH 30PY KUIBKOCTI CIIPO0

MOBTOPHOI nepeaayi

AHai3 BIJIMBY BIJICTaHI MI’K TOUKAMH JOCTYIY
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V Toit yac K BUKOPUCTAHHS MEPEKPUBAIOTHCA KaHAJIIB MPU3BOIUTH 0 3HAYHOI
iHTepdepeHiiii, BiACTaHb MDK ToukaMu jgoctyny (nmepeadauaerscs, o STA
3aUIIAIThC HaBkoyio AP) takox € (aktopom, 10 BIUIMBAaE HA MPOAYKTUBHICTD
WLAN. ®aktuuno Biactanb Mk AP oOmexyBatume B3aemomias Mik WLAN-
yinamryBanHsa. OpHak B BucOkomuibHI WLAN AP 3a3Buyait 1iijibHO PO3rOpHYTI, a
BIICTAaHI MDK HHMHU HeBenukl. [l1 mnpoOisemMa B mO€AHAHHI 3 BUKOPUCTAHHIM
NEPEKPUBAIOTHCA KaHAIIB MOXKE MPHUBECTH 10 3HAYHOTO 3HMIKCHHS MPOJYKTHBHOCTI 1
QoS enementis WLAN. B upomMy po3aiii OLIHUMO CTYIIHb BIUIMBY BIACTaHI MIXK
Toukamu goctyny B WLAN Mepexi 3 BHKOPUCTAHHAM MEPEKPUBAIOTHCS KaHAIIB 3
TOYKH 30PY KUIBKOCTI cripod moBTOpHOI nepenaut [15].

CtBopumo 4 cuenapii 3 0JIHaKOBOIO KIJTBKICTIO TOUOK J0CTyny (9 To4ok mocTymny)
1 STA (8 STA nnsa xoxHoOi Touku mocryny). Tomonoris nokasana Ha puc. 1.14. Ilpu
upomy d (m) Bigcranb mMixk asoma AP. 3nauennsa d Oyae 3mineno Ha 90m, 50m, 25m,
15m, BignosiaHe cueHapiaMu. CTPUIKM MO3HAYAIOTh HANPAMOK PYXY TOYOK JOCTYIY
JUis 3MiHM BiactaHi. BukopuctoByemo e x came HTTP ponatok 3 Tum ke mpodiiem
(puc. 1.12). Ha puc. 1.15 npeacraBnenuii pe3yabrar MoaeaoBaHHsa. MoxHa MOMITUTH,
10 TIPH 3MEHIIEHH] BIACTaH1 MK

AP xinpkicTh cnpo0 MOBTOPHOI mnepemavi 30UIbLIYETHCS, 10 BKa3ye Ha
30UIBLIEHHS  KIJIbKOCTI CKMHYTHX TMaKeTIB, 110 MOXe OYTH TOSICHEHO K
1HTepdepeHLieto, Tak 1 MpoOIeMOI0 MPUXOBAHOIO By3i1a, HA MK AP.

Amnaniz npoaykruBHocti WLAN mepexi 3 6ararbMa TOYKaMu JOCTYITY

B upomy posaiii BceOiuHO omiHuMo BucokoiuibHy WLAN 3 Oararbma TouKamu
JOCTYMY 1 BEIUKOK KUIbKICTIO STA 3 TOYKM 30py 3aTPUMKH, KUIBKOCTI CIpPOO
NOBTOPHOI mepenaul 1 mMponmyckHoi 3aarHocti. LI mapameTpu BUKOPHUCTOBYIOTHCS JUIS
OIBII TOYHOI OLIHKK BIUITMBY KUIBKOCTI TOuoK goctyny 1 STA Ha npoayKTHBHICTb
Mepexi, a Takok QoS eleMeHTIB.

Cropumo 14 pi3aux cuenapiie 3 1, 2, 4, 6, 8, 10, 12 AP BianosigHO,
miakmodaetsess mo 5 STA no 1 AP. Tlpu ubomy 7 cuenapiiB BukoHywothes: 6e3 HCF
(Hybrid Coordination Function ¢ynkiis ribpuanoi koopaunauii) 1 7 cuenapiis 3 HCF.

HCF 6ys BBenenuii B IEEE 802.11 e, B sikOMy BHMKOPMCTOBYBAJIUCA MEXaHI3M
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onuTyBaHHs 1 kareropii Tpadiky s nommueHHs QoS B WLAN. BUKOPUCTOBYEMO
moayib wlanethernetrouteradv ana AP 1 wmoayns wlanwkstnadv  gns STA.
[lepexkpuBalOThCSA KaHAAM BUKOPUCTOBYIOTHCS [T OuTbill TouHOI ouinku. Ha puc. 1.16

npeacTaBIeHni npukiaz Tonosnorii cuenapito 3 8 AP 140 STA.

VY 1ubOMy MOJENOBaHHI BUKOPUCTOBYEMO 4 HOJATKU 3 PI3HUMH MapaMETPaAMU:
Voice (PCM Quality Speech), Video (High-Resolution videos), HTTP (Heavy
Browsing), FTP (High Load). 3 STA 3 5 STA BukopuctoByBaTUMyTh 3 goaatka Voice,
Video, FTP, a pemrra STA HTTP-momarok. Ha puc. 1.17 mpeacrarieni napameTpu
nonatkiB. Y tabn. 1.3 npencrasneHi npodiii MUX A0aTKIB (HA aHrmiiceKii Mosi). Chia
3a3HAUMTH, [0 MOOUTBHICTB BY3JIB B [IbOMY MOJIC/TIOBAHHI HE PO3TIISAA€THCA.

PesynbTaTi MoaenoBaHHsa nokaszani Ha MamoHkax 1.18, 1.19 1 1.20. Jlnsa ouwinku
PI3HMII MDK BUMAJKaMH NPEACTaBICHI HOPMaJi30BaH1 rpadiku.

Uepes 30uIblIeHHS 3ITKHEHb (HACHIAOK MPOOJeMU MPUXOBAHOTO BY3Ja,
MEPEKPUBAIOTHCS KaHAIIB 1 T.M.) KUIBKICTh COpoO MOBTOPHOI Tmepeaadl MOMITHO
30utbinyetbes. HCF 3 kpaioro miarpumkoro QoS npeacrasienwuii Ha puc. 1.18.

Jlerko Gaumrtu, mwo npu 30uTbeHH yucna AP 1 STA 3arpumka Tako IMIBHAKO
3poctae (puc. 1.19). Lle nos's3aHo 3 TUM, 110 KUIBKICTH CHpPOO MOBTOPHOI mepemadl
30UIBLIYETHCS Yepe3 Hacaiaku KOH(pIIKTIB 1 MexaHi3miB goctyny Ha MAC-pisusa. [Tpu
sacrocyBanHi HCF 3arpumka Oyae 3meHinyBartucs, 1 mpu 30UIbLICHHI KiITbKOCTI AP
nepesaru HCF ctaioTh momiTHi.

3 pe3ynbTaTiB MOJE/IIOBAaHHS MOKHA 3pOOMTH BUCHOBOK, [0 3arajibHa
nponyckHa 31aTHicTe WLAN 30u1b1y€eThes 31 30UIBIIEHHSAM KUTBKOCTI TOUOK JOCTYIY
1 STA, saxi miakmodeni a0 mepexi (puc. 1.20).

Cnig 3a3HAYMTH, IO NPOMYCKHA 3AATHICTh HE TUIBKH OOMEXYETbCS THIIOM
MporpaMu, a i oomMexeHa nponyckHoro 3aatHICTIO AP 1 yacom 3arpumku [22].

3 pe3ynbTariB MOJENIOBAHHSA MOXHA 3pOOMTH BHUCHOBOK, IO NMPU 30UIbILEHHI
kitbkoceTi STA, miakmouenux A0 WLAN, BiaOyaeTbCcsi MOTIPIICHHS MPOAYKTHBHOCTI
Mepexi. | mg mpoOnema crae mie OuIbIn Cepiio3HO B BUcOkKomuibHOI WLAN 3

OaraTbMa TOYKAMH JOCTYITY. MOXKIIMBICTE 31ITKHEHHS MAKeTIB JaHUX, CKUIaHHS TAaKEeTIB



40

JaHUX 1 30UTBINEHHS 3aTPUMKH AOCTynmy OyayTh BuIE, Koau KuIbKicTh AP 1 STA,
makmoueHux a0 WLAN, 30uiblnyeTbCs 1, OTIKE, HEraTHBHO BIUITMBAE Ha
npoayktuHicth WLAN. Peanizauis MmexaHiaMy onutyBanHs 1 kareropiit tpadiky HCF
BUSIBJISIETHCS OLTBII €(DEKTHBHOIO, ajie THM HE MEHIN, 1€ HE TNPHBEIO JO 3HAYHOrO
3HM)KEHHS BIUTMBY. TakuM 4WHOM, TOTPIOHI HOBI e€(peKTUBHI PILLICHHS I MiATPUMKH

QoS aJ1s BUCOKOILLIBEHOT 0€3APOTOBOI MEpPExKi.
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2. METOM 110 3ABE3ITEYEHHIO QOS B bTM HA OCHOBI MEXAHI3MIB

MPIOPUTETHOCTI JUIS1 3ABE3IEYEHHSI MIHIMI3ALIIL BATPUMKH

2.1. MexaHi3Mu a0CTymny B 0€3ApOTOBHX JIOKAJILHUX Mepeskax

Y upomy po3auti posrisiHemo pimeHHs Ha MAC-piBHI, a came MeXaHI3MHU
JOCTyNy A0 cepenosuia. [IpuunMHOIO € iX 3/JaTHICTh aAanTauii A0 Pi3HUX CTAaHAAPTIB
IEEE 802.11 He3anexHo B1 3MiH, 110 BIAOYBaIOTHCS HA (hI3UUHOMY PIBHI.

Mexani3M JOCTYIy L€ MEXaHI3M B3aEMOJIi €JIEMEHTIB MEpPEekKi 3 CepeaOBUIIEM
nepefayul JaHuxX, SAKAW BHM3HAYa€ TMpaBwiia OTPUMaHHSA TMpaBa Mnepenadi JaHux M0
BUKOPHCTOBYBaHOMY KaHany [2]. Tob6To MexaHi3MM AOCTYMY BIAMOBIAAKOTH 34
BUPILIEHHS MPOOJEMHU KUTBKOX CTaHLIIH, FOTOBMX OJHOYACHO BUKOPUCTOBYBATH CEPEY.
3arajoM BHUMAJKy KOHTPOJIb YIPABJIIHHS JOCTYIIOM SIBJIAE€ COOOKO HEsAKY poOOTy, SKY
BUPOOIIAE MEPeXKy Tepel THM, SIK PUHHATH MPONOHOBaHe HOBe 3'eqHaHHsA. L{e mpomec
NPUUHATTS PILIEHHS NP0 Te, AKWH pecypc (YaCTOTHHM, YaCOBMMN, MPOCTOPOBHIA,
KOJIOBHMI ) MOKHA BUJLJIUTH U1 HOBOI Iepeaadl B Mepeky. ICHYIOTh iBa MEXaHI3MHU, 5Kl
BUKOPUCTOBYIOTbCA I Jaoctyny a0 Oe3apotoBoi cepenoBuini Ha MAC piBHi:
MEXaHI3M KOHKypeHIli 1 MexaHi3m onutyBaHHsA. [lns WLAN nBa BHIlEBKa3aHHUX
MEXaHI3MY MOAUIAIOTHCS Ha:

-DCF, EDCA: MexaHi3Mu, 1110 HajIekaTh I'PyIi MEXaH13M1B KOHKYPEHLI,

-PCF, HCCA: mexaHi3MH, 110 HaJI€XKaTh IPyIi MEXaHI3M1B OMUTYBAHHS.

Jlani OyayTh pO3riisiHyTI OCHOBHI ICHYHOYl MEXaHI3MH JOCTYIY 0 CEPEeAOBMILA
nepenaul nanux cranaapty [EEE 802.11 [3, 8].

MexaH13M KOHKYPEeHIii

Ha nepiumit moryisia opraHi3yBaTé CHUIBHHM JOCTYI 0 CepeaOBHIIA Nepeaayl
JOaHHUX JOCUTH NPOCTO. [y boro HeoOX1AHO 3a0e3MeYnTH MOXKJITUBICTD Mepenadl yciMa
By3JIaMH JIaHMX TUIBKM TOJI, KOJW CEepeaoBHINEe € BUIbHOKW. OJHAK Takui MiAX1g
HEMHUHYYE MPU3BEAEC A0 KOJI31H, OCKUIbKM BeMKa HMOBIPHICTH TOro, 110 1aBa abdo
OlIblIE BY3JIIB, HaMararOuuMcCh OTPUMATH JOCTYN A0 CEPelOBUILA Mepenadl JaHuX,

OJITHOYACHO BHPIMIATh, 110 CEPEJOBHIIE BUIBHE, 1 MOYHYTh OJIHOUACHY nepenauy. Came
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TOMY HEOOX1JIHO CTBOPUTH METO/, 3AaTHUN 3HU3UTH HMOBIPHICTh BUHUKHEHHS KOI31# 1
B TOM JK€ Yac rapaHTyBaTH BCIM By3JiaM MepEeKi pIBHOMPABHUM JAOCTYN A0 CEPeaOBHUILA
nepeaayl JaHux.

OnauM 3 BapiaHTIB oOprafizaili pIBHOMPABHOIO AOCTYMYy J0 CEPEAOBHILA
nepeaavl gaHWX € MexaHi3M KoHkypeHuii. Ils ¢yHkuis 3acHoBaHa Ha MeTOIl
KOJIEKTHBHOI'O JOCTYIY 3 BHUSBJICHHAM HECy4oi 1 MEXaHI3MOM YHUKHEHHS KOJIi31i
(CSMA / CA). Ilpu Takiii oprani3aiiii KOKeH By30JI, IePII HiXK MOYaTH repeiavy, Sk Ou
MPOCJIYXOBYE CEpe/ly, HaMaralouuch BUSBUTH HECE CHUTHAI, 1 TIJIbKM 32 YMOBH, LIO
CepeIOBHUILIE BIIbHE, MOYKE MOYATH nepeaavy gaHux (puc. 2.1).

OpnHak, [K y)Ke 3a3Hauanocs, B LbOMY BUIIAJIKy BEJIMKA HMOBIPHICTh BUHUKHEHHSA
Koz, Jlnmg Toro mo0® 3HU3WTH HWMOBIPHICTE BUHMKHEHHS CHTYaIlli OJHOYACHOIO
JOCTYIy BY3JIB 10 CEPEAOBMILA, BUKOPHCTOBYETHCS MEXaHI3M YHMKHEHHS KOJI31i.
[IpuHnmn poOOTH AAHOTO MEXaHI3MYy MoJisirae B HacTymHoMY. KodkeH By3051 MEpexi,
MEPEeKOHABIINCH, IO CEPEAOBHUINE BLIbHE, TMEPII HDK TMOYAaTH Mepenady BHYIKYE
MPOTArOM TIEBHOIO MPOMDKKY uacy. Lleli mpoMibKOK € BUMAAKOBHM 1 CKIIAJAEThCSA 3
JBOX CKJIAAOBUX: 000B'a3k0BOro npomikky I[FS 1 oOupaerbcs BUMAAKOBAM YHHOM
MPOMIKKY 3BOPOTHOTO BIUIIKY. B pe3ynsTari, KOXKEH BY30J1 MEPEXKI Mepea Mmo4yaTKkoM
nepeaaydl BUUIKYE MPOTIrOM BHMAAKOBOTO MPOMDKKY Yacy, IO 3HAYHO 3HHKYE
HMOBIPHICTh BUHMKHEHHS KOJII31#, OCKUTBKA WMOBIPHICTh TOTO, IO ABA BY3JIH MEPEXKI
OyAyTb BUUIKYBATH MPOTATOM OJHOTO 1 TOTO K MPOMIKKY 4Yacy, HaJl3BHUaiHO MaJia.

Lle came inmes 3aknaaeHa B ocHOBY poOotu MexaHismy DCF. Mexanism EDCA
TaKOK MPALOE 32 TAKMM MPUHLKNOM, ajie po3iupioe MAC-pisens mis QoS.

EDCA B IEEE 802.11 e aBnse coboro posimpeny Bepcito 3acrapinoro DCF, ska
3abe3neuye npioputetHui piBeHb QoS. Ycemaakosanuit MAC 802.11 ne miarpumye
KOHUENio audepeHuitoBanis kaapiB 3 pisHumu npioputetramu. DCF 3abe3neuye
JOOCTYI 0 KaHaJly 3 OJHAKOBOK HMOBIPHICTIO juisi BCiX STA, 1m0 KOHKYpPYIOThH 3a
JOCTYM po3noaiieHuM unHoM. OHaK piBHI HMOBIpHOCTI gocTyny HebaxaHi cepen STA
3 kagpamu pisaux npioputerie. EDCA  pospoOnenuit  mis  3a0e3neueHHs
nvudepeHiiiioBaHuX PO3MOAUICHUX JOCTYIIB JO KaHaiB Ui KaJApiB 3 BiCbMOMA

pizaumu  npioputeramu (Bix 0 mo 7) wmwisxom nocuineHHs DCF. B BiaMiny Bia
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sactapuioro DCF, EDCA He € okpemorw (yHKILIEK KOOPJAMHALI, a, CKOpIe, 1€

yactuHa eauHoi pynkuii koopaunauii HCF IEEE 802.11 e MAC pisns [9, 14].

Interframe space B Backofftime
BackofT ti ini
ACKOLL Time remaining

STA | Frame ¢

= -

defer defer
, o R R vy

§ )

i \ — J s— / b

defer i

m — #
Pucynok 2.1. [Ipunuun poG0oTH MeXaHi3My KOHKYPEHLIii

Koxen kaap, mo Haaxoautb B MAC 3 BepXHIX PIBHIB, HECE MEBHE 3HAUCHHS
npioputety. KojkeH mpiopuTeT OUIbII BMCOKOTO PIBHS B1OOPAKAETHCA B KATErOpiio
noctyny (AC), six mokazano B Tadmn. 2.1. BigaocHuit npioputet 0 3HAX0IUTHCS MIXK 2 1
3. BignocHa npioputetHocti Bumiusae 3 cneuudikamii IEEE 802.1 D. ITotim koxeH
kagap QoS jgaHMX Hece CBO€ 3HA4YEHHS TPIOpUTETY B 3aronoBky kaapy MAC.AC
BukopuctoBye AIFS[AC], CWmin [AC] 1 CWmax [AC] 3amicte DIFS, CWmin i
CWmax sk 8 DCF BianoBiHO, 115 KOHKYPEHIIT 3a mepeaauy Kaapy, 0 HaJICKHUThb
AC. AIFS [AC] Bu3Haua€eThCsA HACTYMHOIO (HPOPMYIIOIO:

AIFS [AC] = SIFS + AIFSN [AC] x slottime (2.1)

ne AIFSN [AC] uine uucno, Outbiue Hyss; SIFS ykopoueHuii yacoBuii 1HTEpBAJ.
Kpim Toro, muunbauk Biactpouku (backoff) Bubupaernes 3 mpomikky [1, 1+CW [AC]]
3amicTh [0, CW], sk B DCF. B ocHoBHOMY, unm MeHmie AIFS [AC] 1 CWmin [AC], Tam
MEHIIIE 3aTpPUMKa AOCTYMNYy M0 KaHaly AJjis BIAMOBIAHOI KaTeropii AOCTymy 1, OTIKE,
30UTBIITYETHCS YACTKA TMPOIMYCKHOI CMPOMOKHOCTI I AaHoro crany tpadiky. OaHak

BIPOTIJIHICTh 3ITKHEHb 30UIbIIyETHCS mpu podotTi 3 meHmmM CWmin [AC]. 1l
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napaMeTpH MOKYTh BUKOPHUCTOBYBATHUCS AJIsl TOTO, 100 PO3PI3HATH JOCTYN 0 KaHAIY

MDK PI3HUMH PIOPUTETHUMHU MOTOKaMu Tpadika.

Tabmuns 2.1.
[TpiopuTeT A1 KaTeropiit 10CTymy
[Ipiopiter |[Kateropis Hassa _
AC CW min C'W max AIFSN
IOCTY MY AC
0,1,2 ACBK 0  [Background|Q, CWmin aCWmax 2
3 ACBE 1 [Best Effort |Q, CWmin aCWmax 1
4, 5 ACVI [ |Video  [@CWmin+%pllg cwmin |1
6. 7 ACVO 4 Nistes (aCWmin + 4)-1{(aCWmin + '2)-1};

Ha puc. 2.2 npeacrasnennit npuniun podotu MAC 802.11 e 3 yorupma uepramu
nepenadvi, Ae KOXKHa 4Yepry Bene cede sAK €AMHUN PO3IIUPEHHUH KOHKYPYIOUHMH 00'€KT
DCF, to6to AC, ne xokHa yepry mae cBiii Bnacuuii AIFS 1 migtpumye cBili BnacHuiM
BC (BC [AC] saBnse co0or0 JIYMIBHUK BIACTPOYKH Asig 4vepru, BianoBigHoi AC)
3IITOBXYIOTHCS KaApiB, a 1HIT BUKOHYIOTH backoff 31 30impiennmu 3nauennsimu CW.,

VY pa3zi HasBHOCTI Outbiie oaHiel AC, sKi 3aKIHUYIOTh BIACTPOYKY B OJIMH 1 TOM K€
yac, 00poOIIeThCA KOJII31s BIPTYyabHO: BUOMPAETHCS 1 TIEPEAAETHCA Kaap 3 HAMBUIIMM
MPIOPUTETOM CEpPEIOBHIIIA

MexaHi3M ONMUTYBAHHS

PosrnsiHyTuii Buie MexaHizm € 0azoum ais npotokosis IEEE 802.11 1 moxe
BUKOPUCTOBYBATUCSA K B OE3APOTOBMX Mepekax, 10 (YHKIIOHYIOTh B pexumi Ad-
Hoc, Tak 1 B Mepexax, 1mo (pyHKIIOHYIOTh B pexkumi Infrastructure, ToOTO B Mepexkax,
iH(ppacTpykTypa SKUX BKIIOYAE TOUKy noctyny (Access Point, AP). OnHak mis Mepex
B pexumi Infrastructure Ouibll NPUPOJAHMM € IHIIWKA MEXaHI3M perjiaMeHTYBaHHS

KOJIEKTHBHOT'O JIOCTYNY, BIIOMHH K MexaHI3M onuTyBanHs [14, 20].
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VY pasi 3aaisiHHSA MEeXaHI3MY ONUTYBAHHS OJIMH 3 BY3JIIB MEepPexi (TOYKa AOCTYIY)

€ UEHTPaJIbHUM, 1 HA LIEHd BY30J MOKJIAJAEThCS 3aBJAHHS YNPABIIHHA KOJIEKTHUBHUM

JOCTYIOM BCIX IHIIMX BY3JIIB MEPEXKI A0 CEpeloBHIIA Tepenadl JaHuX Ha OCHOBI

MEBHOTO MEXaHI3MYy OMUTYBAaHHA a00 BUXOASAYM 3 NMPIOPUTETIB BY3JI1B Mepexkl. Takum

yruHOM, AP onuTye 3a 1OMOMOro0 makera OMMTYBAaHHS BCl BY3JIM MEPEXi, BHECCHI B

HOr0 CIUCOK, 1 HA MIJICTaB1 I[OTO OMUTYBAHHS OPraHI3OBYE NMepeaavy JaHuX MK ycima

By3JlaMH Mepexi. BaxJiuBo BiA3HAYWTH, [0 TaKWK TMIAX1A TMOBHICTIO BHUKIIOYAE

KOHKYPYIOUHMI [OCTYN 10 CepeloBHIla (K Yy BHUMAAKY MEXaHI3MY KOHKYpeHIi) i

YHCMOMKIIMBJIFOE BHHUKHCHHA KOHiBl-ﬁ, a A 4YacCo3aJICKHHUX I[OI[aTKiB rapaHTye

NPIOPUTETHUN JOCTYMN 10 CEpeAoBUIIA. TakuM YMHOM, MEXaHI3M OMUTYBAHHS MOXKE

BUKOPHMCTOBYBATHCS /Il OpraHi3alii MplopuTETHOrO JOCTYIY 10 CePeAOBHILA Neperayi

nanux (puc. 2.3).
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Pucynoxk 2.3. Ilpunuun po6oTH MEXaHI3My ONUTYBaHHS

HCCA B IEEE 802.11 e saBnse coboro po3uupeny Bepceiro 3actapiioro PCF, ska
3abesneuye QoS. Sk Tinbku AP oTpuMye KOHTPO/Ib CEepelOBMINA, BOHA MOYMHAE
JNOCTaBJISITH MapamMeTpu3oBaHuil Tpadik Hu3xiaHiu jiHii 38'13ky B STA 1 Bumae QoS
kaapu onutyBaHHA (QoS CF-Poll) Tum STA, saxi 3anmpocunu cepBiCH 3 BHUCXITHOKO
muiero (uplink). QoS CF-Poll kaapu Bkimouaots B cebe TpuBanicts 1TXOP, Hamany
STA. Slkmo y onurtanoi STA e Tpadik mis BIATPaBKH, TO BOHA MOXKE TepeaaBaTH
KUIbka KajapiB s kokHoro otpumanoro QoS CF-Poll, BpaxoByroun oOMexeHHS
TXOP, Bkazane B kaapi onutyBanHs. Kpim Toro, mo6 BUKOPUCTOBYBATH cepeay OLIbI
edexruBHo, STA no3sossaoTh noeaHysatu ak kaap niarsepmkenns (CF-ACK), Tak i
CF-Poll na xagpax nanux [23].

Ha Bigminy Bix PCF HCCA mnpamroe sax mix wac CFP, Tak i 8 CP (puc. 2.4). [lix
yac CFP STA He MOXyTbh OOPOTHCS 3a Cepeay, TaK SK iX BEKTOP PO3MOALIY MEpexki
NAV Bcranosienuii, 1 Tomy AP mae ButbHUN goctyn a0 cepenosuma. [lin ywac CP AP
MO’K€ TaK0 BHUKOPHUCTOBYBATH BUIBHHH MOCTYN [0 CEPEIAOBHIIA BIAPA3y, SAK TUIBKH
CEpeNOBUILIE CTAE HEAKTUBHOI, 100 Hajzatd Tpadik HUBXIAHIA diHII 3B'S13Ky a0
signpasutn QoS CF-Poll. Ile mocsraetbcs 3a paxyHOK BUKOPHUCTAHHS HaWBHIIOTO
npioputety EDCA, To610 AIFS = PIFS 1 CWmin = aCWmax = 0. MiniManpHuii yac

noctyny 0yab-AC no cepenosuiia 1e DIFS, noexuna sikoro Oinbiue, Hx y PIFS.
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Beacon QoS CF-Poll o . Beacon
A IEEE 802.11e super frame

/ Contention Free Period (CFP) Contention Period (CP)

V7

HCCA b HCCA
TXOP EDCA TXOP TXOP

H H Time

Pucynok 2.4. Po6ota IEEE 802.11 e HCCA B cynepkaapi

2.2. AHaJji3 nepeBar i HeI0JIIKIB MeXaHI3MIB KOHKYPEHUIl i OnUTYBaHHS

[lepeBaramu MexaHI3My KOHKYPEHIII € MPOCTOTa 1 CMPABEAJIUBICTh PO3MOALTY
pecypcy Mk STA: KO)KHA CTaHIliS MOBMHHA MOBTOPHO KOHKYPYBATH 3a KaHajl TMIC/s
KOJKHOI mepeadl, BCe CTaHIli MarOTh PIBHY WMOBIPHICTh OTPUMATH JOCTYI J0 KaHAIY
micns koxkHoro IFS. OpnHak, sKimo po3rjisaatd cuTyaliro 3 Toukd 30py QoS, 1o
BUHUKAE MUTAHHSA B HEOOXIZAHOCTI MIATPUMKH CHpPABEMIMBOrO OOCIYroByBaHHS. SICHO,
IO PI3HI BUMOTH JIOJATKIB JIO 3aTPUMKH 1 MPOMYCKHOI 31aTHOCTI HE MATPUMYIOTHCS 3
BUKOPUCTAHHSAM 3aCTapuioro MeEXaHI3My KOHKYpPEHLi. Sk moka3aau JOCHIIKEHHS,
MEXaHI3M KOHKYPEHIli He MOXe MIATPUMYBATH MOCIYTH 3 KOPCTKMMH BHUMOTaMHU 10
3arpumul. Taki MOCHyrd, sIK TMPaBWIO, MOBHHHI OOC/IYrOBYBAaTHCS 3 MIHIMaJbHO
MOXJIMBOIO 3aTpuMKor0. [lns mexanismy DCF He icHye MOXIMBOCTI 3a0e3nedyeHHs
Takoi MiHIMaJIbHOT 3aTpuMkH. Takum uuHoM, MexaHi3m EDCA OyB 3anpornoHoBaHuii 3
HOBOKO (yHKUIErO audepeniioBanHs Tpadiky, o0 3axuiard AaHl BHUCOKOTrO
NpIOPUTETY Bl  JaHUX  HHU3BKOTO  MPIOPUTETY.  3aCTOCYBaHHS  KOHIICTIIi
nudepeHuioBatHs Tpadiky B MeXaHI3MI KOHKYPEHIl peaji3yBaTH HECKJIaJHO, TOMY

110 IOCUTh 3MIHUTH OuikyBaHe uac, backoff-time, mns koxHoro Tuny tpadiky, 1 TaKUM
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YUHOM PO3JUIMTH iX 3a p13HUMHU npioputeTamu. Lle cyrreBa nepesara B marpumii QoS
3 IOMOMOTOI0 ME€XaHI13My KOHKYpeHili. OaHak ciif 3a3HaUMTH, IO MOJIOBHUN HEMOJIIK
EDCA nonsrae B ToMy, 110 BiH He MoOxe 3a0e3neunt QoS B peanbHOMY 4Yaci yepes
MPUAHATHH MEXaHI3My JAOCTYIY 10 CEePEJIOBHIIA Ha OCHOBI KOHKYPEHIli. buibmn Toro,
1 mpobsiemMa 0co0IMBO BAXKIIMBA, KOJIM MEPEKaA CTa€ MepeBaHTaxeHoi, Tomy 1o EDCA
HE MATPUMYE Oyab-SKOi MEXaHI3M YITPABJIIHHSA JOMYCKOM.

Y Tol ke yac MexaHI3M onuryBaHHsA AP miaTpuMye CHMCOK OMUTYBaHHS
cTaHlii. SIKio craHuii B CMNMCKY YMOPSAKOBAHO BIAMOBIAHO A0 MPIOPHUTETIB, 1100
MynbTHMeaia Tpadik OyB mepemaHuii pasiie, HDK 1HIO BUad Tpadiky, TO MeXaHI3M
OMUTYBAHHA TaK0X MOxe A00pe 3abe3neuntu QoS.

Xouya MexaHi3M KOHKYPEHLIi MOXe JIerko Kiacu(ikyBaTH 1 NPIOPUTE3yBaTH
Tpadik, € cepitozna npodiemMa, siky He0OOXITHO BUPILIYBATH L npodiieMa MPUXOBAHOTO
By3na [8]. Ilpobnema mpuxoBaHOrO By3jia MOPOKYE CEPHO3HI BTPATH, MOTIPLIYETHCS
MPOMYCKHA 3/4aTHICTh. [IpoOnema HEe3aXWIIEHOro By3/ia TPHU3BOJAWUTH 10 3HMKCHHS
MPOAYKTUBHOCTI, MOPOKYE 1HTEPPEPEHII0 3 PI3HUMHU Hacaiakamu. BuineskaszaHi
mpo0aeMHU MOXKYTh OyTH BUPILIEHI, AKIIO 3aMIHMTH MEXaHI13M KOHKYPEHLIi MEXaHI3MOM
ONUTYBAHHS, B AIKOMY BUKOPHCTOBYETHCS CTPATETIsA JOCTYNY 0 CEPEAOBMILA HA OCHOBI
LEHTPATI30BAHOI'0 PE3EPBYBAHHS, TOMY WIO Mepeaaya ynpasseTbCsi TOYKOK J0CTYITY
BITOPSIAKOBAHO (CHMHXPOHHA TMepenaya): TUIbKKM CTaHLlli, ki OyJM OMWUTaHI, MOXYTh
nepeaaT naHi. TakuM YMHOM, MOKHA YCYHYTH NTPOOJieMy NMTPUXOBAHOTO By3J1a 1 KOMi3ii
MIJK CTAHI[ISIMH.

MexaHi3M KOHKYPEHIlli MOKa3y€e CBOi HEIOJIIKM SCHIIIE B yMOBAaX BHCOKOIO
HaBaHTaxeHHa a00 B BucokomuibHOT WLAN [17, 24]. Konu KUTbKICTh KOHKYPYIOUHX
CTaHIIHM 30UTBIIYETHCS, KOHKYPEHTHE BIKHO CTa€ BeMMKUM. OTke, HMOBIPHICTH KOJII31H
3pOCTaE, 4ac, BUTPAUCHHUH U1 MEPEroBOpPIB 3a MPaBO AOCTYNY A0 KaHalLy, TaKOMK
30UTBIITYETHCA, 10 MPU3BOINUTH JIO 3HWKEHHS MTPOMYCKHOT CIIPOMOKHOCTI 1 301UTbIIEHHS
3arpuMki. [Ipy 1pOMy MeXaHI3M KOHKYPEHIIi npaumioe e(eKTHBHILIE MeXaHi3My
ONMUTYBAHHS 3 TOUYKHU 30PY MPOMYCKHOI 3AaTHOCTI B MEPEXaxX 3 MAJIUM HABAHTAKCHHSIM,
TOOTO Mepexkax, B SKUX TUIbBKH JesIKi CTaHlli MawTh AaHl aia nepeaaul. lLle

MOSICHIOETHCS TUM, 110 BUTPATH MEXaHI3MY KOHKYPEHIIIi 3aJIe’KaTh TUTBKH BIJ KUTBKOCTI
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AKTUBHUX CTaHIIN. 3 1HIIOrO OOKYy, BUTPATH MEXaHI3My OINWUTYBaHHS 3alie)KaTh BiJ
3arajgbHOro 4yucia craHuii. Komuw npucyTHI Kijibka BY3IIB, SKI HE MarOTh AAHHX JUIS
BIJIMPABKKM, MEXAHI3M OMUTYBAHHS BUTpAuae 4aCTHHY PECYpPCY MPOMYCKHOI 3JaTHOCTI
Ha CcrnpoOM OMMTATH TaKl CTaHUIi. Y HEBEJIMKUX MeEpeax MeXaHI3M ONUTYBAHHS
MOPOJKYE BEIUKY 3aTPUMKY, TaK 5K BUTPAaTH ONMMUTYBAHHSA JOAAIOTh 3aTPUMKY
onuTyBaHHSA. TOMy BHKOPHUCTaHHS MEXaHI3My KOHKYPEHIli TMpH HEBETUKUX
HABAaHTAXXCHHAX 1 TIEPEMHUKAHHS HA MEXaHI3M ONMUTYBaHHS MPH 3POCTaHHI 3aTPHUMKH €
KpaIL|M.

3 BHUIIIEBKA3AHOTO aHAJII3y MOYKHA CKa3aTH, [0 MEXaHI3M ONMUTYBAHHS MEPeBaykae
B miarpumii QoS mis mynerumenia tpadiky i tpadiky B peanbHOoMy yaci. Ha xans, y
IbOTO MEXaHI3MY € KIJIbKa HEJOJIKIB, K1 pOONATh WOro MeHIn npuBadmusum ais QoS:

-HM3bKa MPOIMYyCKHA 3AaTHICTh Yepe3 BUTPATH, BUKIMKAHUX KaJApaMH OMUTYBaHHS
1 CTAHIISIMH, YV AKUX HEMA€E JaHMX JUIA Tepeaayl,

-Hee(PeKTHBHUI aJITOPHTM LIMKJITYHOTO TIJIaHYBaHHS,

-BIACYTHICTH 1H(OpMALl IIOJ0 YMOB KaHaly, TaKMM SK MOTOYHE KUIBKICTh
OYIKYIOTbh KaJpiB B CTAHLI 1 IIBUAKICTh Mepeaayl JaHux Ha (pi3u4HOMY PIBHI,

-MIOTEHIIIHI KOM131i, BUKJIMKAHI CTAHIISIMH B cyciiHbOMY BSS;

-HerepeadadyBaHe yac nepeaaul ONUTaHUX CTaHIIIMH;,

BIJICYTHICTh Me€XaHI3My a00 4ITKOrO OMMCYy AJis YyMpaBiaiHHA a00 OHOBJICHHS
CIIUCKY ONHUTYBaHb.

KpiMm TOro, ciia 3a3HauMTH, 110 MEXaHI3M ONMUTYBAHHS BHUKOPHUCTOBYETHCS HE
OKpPeMO, a B IMOEJHAHHI 3 MEXaHI3MOM KOHKYpeHIli B cymnep-nepioal. Tomy MoxHa
ckazaty, o aasa marpumMkrn QoS B WLAN HeoOXITHO KOOpAWHYBAaTH BUKOPHCTAHHS
3a3HAYEHMX JBOX MEXaHI3MIB BIJMOBIHO 0 1X 0COOMMBOCTSIMHU podoTH [4]:

-MexaHi3M KOHKYPEHIIIi CJ1iI BUKOPUCTOBYBATH, KOJIM KUTbKICTE STA HeBenuke,
HaBaHTA)KCHHs HEBEJIMKA 1 MPEBAJIIOIOTh JaHi I0IaTKIB, 1110 HE YYTIMBHX JI0 3aTPHMOK.

-MexaH13M ONUTYBaHHS CJIiJI BUKOPUCTOBYBATH B BHcOkomiuibHOI WLAN, BiH

MIAXOAUTH Ui Mepeaayl JaHUuX J0AATKIB, Uy TIUBHX 10 3aTPUMOK.
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3. IMITALIIHHE MOJIEJTIOBAHHSI METO/IIB ITO 3ABE3IEYEHHIO

AKOCTI OBCJIIYI'OBYBAHHSA B bTM

3.1. ImitaugiiiHe MoOJeJIIOBAHHS /JIsl aHAJJI3Y MOKJIMBOCTI MeXaHi3MiB

KOHKYpeHUii | onuTtyBaHHs B miaTpumui QoS

Y umiit yactuHi BukopucToByeMO MmopaentoBanHa B OPNET  nmna toro, mob
JOBECTH KUIbKA TBEPDKECHb, 3a3HAUCHUX BHUIIE. /IS NMPOCTOTH B SKOCTI MPHKIIALY
BisbMeMo DCF 1 PCF, skl € sckpaBUMHU MpeACTaBHUKAMM MEXaHI3MY KOHKYpeHLIi 1
MEXaHI3My ONMMTYBAHHS BIAMOBIAHO. 3aTPUMKA, KUIBKICTh CIIPOoO MOBTOPHOI mepeaayl i
MPOIMYCKHA 3/aTHICTh MEPEKI BUKOPHUCTOBYIOTHCS B IKOCTI KPUTEPIIB 715 MOPIBHIHHS.

Cnouatky nmobyayemo Oe3apotoBy mepexy: WLAN 3 omHoro AP 1 BicbMoMma
STA, kanan Bcranopnenuit B 1. Yac BukoHaHHs MoaemoBaHHsa 30 XBUIHH AT KOXKHOTO
cueHapito. I[Hum mapameTrpu BCTaHOBIIOIOTHCA 3a 3amoBuyBaHHAM B OPNET.
CTBOPIOEMO HACTYIHI CLIEHAPI:

-Cuenapiit 1:8 STA BukopucroBytote DCF mis nepenaui He-myJibTUMEIa
tpadiky (HTTP tpadix (Heavy Browsing)).

-Cuenapiii 2:8 STA BukopucroBytorh DCF mis nepenaul mynstumesaia tpadiky
(VoIP (mapametpu 3a 3amoBuyBaHHsiMm B OPNET)).

-Cuenapii 3:8 STA BuxopucroBytors PCF ansa nepenaui He-myabTUMEnIa
tpadiky (HTTP tpadik (Heavy Browsing)).

-Cuenapiii 4:8 STA BuxopucroBytots PCF mns nepeaaui mynbtumenia tpadiky
(VoIP (mapametpu 3a 3amoBuyBaHHsM B OPNET)).

Jam 3minumo kuiekicte STA 3 8 nHa 16, 24, 33. YV KOXHOMY BHUTAIKY
BUKOPHUCTOBYIOThCA 4 pizHux tuny tpadiky: Voice (VolP), Video (Video Conferencing
High Resolution Video), HTTP (Heavy Browsing), FTP (High Load). Lli Tunu tpadiky
piBHOMIpHO posnoaineHt Mk STA: nHanpuknan, kuibkictb STA 8, 3 mux 2 STA
nepeaalTh oauH Tun Tpadiky; Kiaekicts STA 16, 3 vux 4 STA nepenaoTh OJUH THIT
tpadiky 1 T.4. Takum unHOM, chOPMYEMO CLIEHAPIi HACTYITHUM YHHOM:

-Cuenapii 5, 7,91 10: 8, 16, 24 1 32 STA BianosiaHo nepeaaroTs 4 Tunu tpadiky
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3a ponomororo mexaHizmy DCF.

-Cuenapii 6 1 8: 8 1 16 STA BianosBigHo nepenaioth 4 Tunu Tpadiky 3a
nponomoroio mexanismy DCF mns He-mynbtuMenia Tpadiky, 3a J0MOMOrOK MEXaHi3My
PCF nnsa mynetumesnia tpadiky.

[Ticns oTpuMaHHA  Pe3yjbTaTIB  MOMAEIIOBAHHSA, BHUKOHAEMO TMOPIBHSIHHS
pe3yJIbTaTIB:

-Cuenapii 1 1 Cuenapit 2 (puc. 3.1). Pesynpraté mnokasyiTh, L0 MpHU
BUKOPUCTAHHI MeEXaHI3My KOHKYpPEHIIi 3aTpuMka MyhbTuMenia Ttpadiky Oiibiie
3aTpuMKkH He-mysibTuMesnia Tpadiky Ha 91%. Lle o3Hauae, 1110 MeXaHI3M KOHKYpPEHILIIT
OUTBII MIAXOAUTH VIS IEpeaadl He-MyJibTUMeia Tpadiky.

-Cuenapit 2 1 Cuenapit 4 (puc. 3.2). PesynpraTé MNOKa3yrOTh, IO MpHU
BUKOPUCTAHHI MEXaHI3My KOHKYPEHLIi 1 MEXaHI3My ONMUTYBaHHA Ui MYJIbTHUMEIIa
Tpadiky 3arpumKa g MexaHi3My onurtyBaHHa MeHme Ha 13%. Lle os3nagae, mo
MEXaH13M OnuTyBaHHsA nmiarpumye QoS Kpaiue, HiXK MeXaH13M KOHKYPEHILIi.

-Cuenapiii 1 1 Cuenapit 3 (puc. 3.3). Pesyabratd MOKa3yiOTh, IO MpH
BUKOPHUCTAHHI MEXaHI3My OMMTYBaHHS KUIBKICTh CHpPOO MOBTOPHOI mepemadl 3HA4YHO
3MeHIIY€EThCs (Ha 98%), TOMY 1110 B1AOYBAETHCSA MEHIIIE KOJII31H.

Cuenapii 5, 7, 9, 10 (puc. 3.4). Pe3ynbTati noKasyiTh, 110 MPH 30UIbIIEHHI
kiibkocTi STA 3arpuMka Takok 30UIBLIYETHCS TMPUH  BUKOPUCTAHHI MEXaHI3MY
koHKypeHui. Konkpernime, 3atpumka 30u1bmyeTbes Ha 95% 1 58% mnpu 3MmiHI
kitbkocTi STA Big 8 mo 24 STA 1 Big 24 no 32 STA sianosiaHo. KinbkicTs cnpo0
MOBTOPHOI nepeaaui 3poctae Ha 81% 1 34% BiaANMoOBIAHO.

-Cuenapiii 5 1 Cuenapiii 6 (puc. 3.5 13.6). Pe3ynpTaTi MOKa3yOTh, 10 NIPH MaJIli
kutbkocTi STA mnpomyckHa 3aTHICTh TNPU BUKOPUCTAHHI MEXaAHI3MY KOHKYpPEHUIi
Olnblle, HK MPH BUKOPUCTAHHI MEXaHI3MY ONMUTYyBaHHs HA 3%, a 3aTpUMKa MEHIIE Ha
22%.

-Cuenapiii 7 1 Cuenapiii 8 (puc. 3.7 1 3.7). Pe3ynpraTé MoKa3yrTh, IO KOJIH
KUTbKICTh STA 3011bIIY€ETHCS, TO 3aTPUMKA NMPXU BUKOPUCTAHHI MEXAHI3MY KOHKYPEHIII1
30UTbIIYETCS HA 12% B MOPIBHSAHHI 3 BUKOPHMCTAHHSM MEXaHI3MYy ONUTYBaHHS, a

MPOMYCKHA 31aTHICTh 3MEHIIYEThCS Ha 4%.
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Omxe, mpoaHai30BaHI EPeBard 1 HEAOIIKM B TATPUMIIL SIKOCTI 00CTyroByBaHHS
MEXaHI3MIB KOHKYPEHLIi 1 OMUTYBaHHS. 3 aHali3y BUIUIMBAE, 1O TUIbKKM KOMOIHALIS
MEXaHI3My KOHKYpPEHLIi 1 MEXaHI3My OMUTYBAHHSA MOXE TMOJIMIIATH 3AaTHICTb
marpumyBaty QoS B WLAN. Opnak, Taka KOMOIHALIS € HEAOCTATHBOK, TOMY IO
ICHYIOTh 1HIIT mpoOiieMH, sKI HEOOXIAHO BHPIIWTH A8 AOCATHEHHS Kpaloi
NPOAYKTHBHOCTI MeEpexi, Hampukiam, npodaemMa BUTPATH OMUTYBAHHSA, METOM

rianyBaHHs Tpagiky Ha MAC-piBHs, 3patHicTs miatpumkd VBR (Variate Bit Rate)

Tpadiky.

3.2. MexaHi3M NpPIOPUTETHOCTI sl 3a0e3mnevyeHHs1 MiHIMi3auil 3aTPUMKH

0e31poTOBOI JI0OKATbHOT Mepexi

Sk moka3aHo BuULlE, KOMOIHOBAHE BUKOPUCTAHHS JIBOX MEXaHI3M1B KOHKYPEHIIII 1
ONMUTYBAHHS HEOOXIZHO 1 AOUUIBHO, 100 BUpIMTH mpobiaemy miarpumku QoS B
BucokouiibHoi WLAN. IcHye psin mocmimkeHb 3 NMPUBOAY MOEAHAHHS 3A10HOCTEH
MexaHi3MmiB, 3rajanux Buile, 1 [EEE 803.11 e € oqHuM 3 nepiooCcHOB bOTr0 HAMPIMKY
JaocHipKkeHb. TUM He MeHIe, OUTbINICTh 3 LUX AOCIIIKeHb (POKYCYETHCSA HA MIATPUMIL
QoS s 6e3apoTOBOI JIOKATBHOT MEPEKI 3 TUIBKH OJHIEI TOUKOK AOCTYMHy ado He
3aIliKaBJieHe B KUIBKOCTI MNPHUCTpoiB B Mmepexi. IIpoOmema mniarpumku QoS B
BUCOKONILTbHOI Mepexki WLAN Ha CbOrOAHIlIHIN [€Hb € aKTyaJllbHUM 3aBAaHHSAM. Y
i poboTi miaiiaemMo a0 npodieMu 3 1HIOro 6oky: marpumMku QoS B BUCOKOLILILHOT
0e31poTOBOI JIOKAJIbHOI Mepeki 3 OaraTbMa TOYKaMHM JOCTYNY 3a JIOMOMOTrOK)
MPIOPUTETHOCTI Ta MEXAHI3MY MYJIbTHONMTYBaHHSA [8].

Lle pimenns o0'eaHye oOMABA MEXaHI3MY AOCTYMy (MEXaHI3M KOHKYpPEHIi 1
MEXaHI3M OMHUTYBAHHA 3 BBEACHHSIM IMOMPABKH) A TPU3HAYEHHS TMpaBa JOCTYIY 10
Cepe/IOBHINA TOYOK NOCTYyMy 1 craHiii. Lls ines 3'iBumacs 3 CoCcTEPesKEHHS, 1110 TOUKH
AOCTYIY, SKI PO3TAIIOBYIOTHCA B OZHINW 00JIACTl BIUIMBY, BIUIMBAIOTH OJWH HA OJHOTO B
MPOILIEC] Nepeayl, no MPU3BOAUTH 10 AYIKE BUCOKY HMOBIPHICTH KOJI31# 1 MOTIPUICHHS

QoS. [IlpuunHamu U©BOrO € BIACYTHICTH KOOPAMHALIL POOOTH 1 BUKOPUCTAHHS
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MEPEKPUBAIOTHC KaHAJIB. SIKIIO TOYKU AOCTYMY, SIKI MAlOTh B3AEMHUH BIUIUB, MOXKYTh
MPALOBATH BIOPSAAKOBAHMM YHHOM 1 CHHXPOHHO, TO MOJ>KHA BHPILIUTH HE TUIbKH
BUIIEBKA3aH1 MpodaemMu, a i miarpumyBatu QoS HaWKpalUM YHHOM.

[IponnoHoBaHe piieHHs CKIamaeThesa 3 ABoX ocHOoBHHMX eramiB: PCFin 1 DCFout
(puc. 3.9).

L{i aBa mpouecy HEBIAILIBHI OHA B1A OAHOI 1 B3AEMHO MIATPUMYIOTHCS:

* Mexanizm PCFin: Bukonyetscs B pamkax oaHiei AP. Bukopucrosye PLU-kanp
JUISL CTBOPEHHS CMHMCKY OMUTYBaHHSA U1 HACTYMHOrO rMepioay mnepenadi (B pasi
HeoOxigHocti). Ilpore, mo6 miarpumaru QoS (B 1LbOMY BHNAAKY 3BECTH 10
MIHIMAJIBHOI 3aTPUMKH) CIUCOK ONUTYBAaHHA MOOYAOBAHMM 3a IHIIMMM NpaBUJIAMHU
crrcok 3 mpiopureroM. Kpim toro, PCFin micns DCFout npouecy Oyne BUKOHYBaTH
MEXaHI3M MYJIbTU OMUTYBaHHS, 1100 BUAABATH MPABO JOCTYNY A0 CEPEAOBUIIA KOKHOI
KoHKpeTHO1 craHuili STA (ue nepemavya no BUCXIAHINM JiHID 3B'A3Ky). € nedxi

3ayBaKCHHA.

-Busnauenns 1 podora PLU-kaapa (1 meski iHiml kaapu). TyT mpuiimemo, 1o
PLU-kaagpa CTBOPHOE SKHUICh CHUCOK OMUTYBAHHS 3 TMPIOPUTETOM, sKUW Oyne
BukopucroByBatucs B rpoieci DCFout.

-B panomy pos3aiil mig MOHATTAM «IEPIOAy» PO3YMIETHCS IHTEpBall 4Yacy 3
nouatky nonepennsoro CP no kinms norounoro CFP. Ockiibku 3anmponoHOBaHUM
MeXaHI13M noyuHaeThes 3 nonepeaHboro CP 1 3akinuyetses nicis norounoro CFP (puc.
3.10),

MexaHi3M MYJIBTUOIUTY € BaKJIMBUM MEXaHI3MOM Y MPOIMOHOBAHOMY PILIEHHI. Y
HBbOMY MIAPO3JALII BH3HAEMO HOro poOOTY B 3AIMCHEHHI MPOLECY Mepenayl Mo
BUCXIIHIH JTIHII.

* Mexanizm DCFout: BUKOHYETBCSI HA OCHOB1 CITUCKY OMMTYBAHHS 3 MPIOPUTETOM
TS 3a0e3neueHHsT KOHKYPEHIIi TOYOK JOCTYIY 3a MPaBoO AOCTYMyY N0 cepeaoBHina. Lle
o3nayae, o DCFout BUKOpUCTOBYE MeXaHI3M KOHKYpeHIlii 3 npioputeTrom. [lepenaua

10 HU3X1/IH1# JIHIi 3B'A3KY Oy/J1€ NPOXOJUTH 3 BUKOPUCTAHHAM LLOTO MPOLIECY.
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< l'leplo,a > l'[eplon >
< CFP >< CP > CFP > CP >
IEEE 802.11
-
< Heplo,.tl >
< CFP > CP > CFP g CP >
(TTonepeamiit) (TTorouHmii) 3ampomnoHOBAHE
PIICHHS

>

Pucynok 3.10. Konuenuis «nepioay» B 3apornoOHOBAHOMY PIILIEHHI

3.3. Mexanizm 3a0e3snedenHss QoS 3a J0nMOMOrow nNPIOPHUTETHOCTI AJIs

WLAN mepex 3 0aratbmMa TOUKaAMHU J0CTYITY

Becok Tpadik poszauiennii Ha 4 Tunu: ronoc (voice), Bineo (video), enactuyHuii
(Best Effort), ¢ponosuii (Background), 1 koxxHOMY THUMYy 31CTaBiACH1 3HAUEHHS 3aTPUMKH
(tabn. 3.1). Bubip 3aTpuMKH B SKOCTI KPUTEPIIO OOYMOBIICHHN THM, IO KOHKYPEHLIS
MIDK TOUKaMH, 1100 MOTIM BHAABATH MPaBo AocTyny craHiii STA, BUKIHKAE 3aTPUMKY
1 B cepenoBuilax 3 OaraTbMa TOYKAMH JOCTYIY, IO NPHU3BOAUTH 10 30UIbILICHHS
3aTpuMku. Toal mpaBO JAOCTyNmy A0 CEPEeAOBHILNA CTaHIIM, SKI MalTh Tpadik 3
JKOPCTKOIO BUMOT'OIO JI0 3aTPUMOK, 3a0€3Meuy€eThCs SIK NMepLioyeprose.

Hexaii d 3nauenns mexi 3atpumku. Komu STA Oepe ywacth B CHHCKY
onutyBaHHs (3a ponomoror PLU mnpouecy), 3nauenHa d Bxke Bigomo, Tak mo AP
TIIbKK OpraHizoBye STA HACTYNHUM YMHOM: YUM MeHIe d, TUM paHIille 3HAXOAUTHCS B
CrUCKy aaHmi Tun Tpadiky. Y pasi, Skio 3HaueHHs d i pi3HUX MOTOKIB PIBHI, TO
BOHM OyJlyTh PO3MILIEHI B OJIHY TPyny m, Ae m npiopurer rpynu, m = 1, 2, 3, 4. ko
ael STA marote THn Tpadiky, 10 HAJIEKUTh OJHIA Tpymi, TO B CHUCKY BOHH
PO3TAILIOBYIOTHCS 3 MPIOPUTETOM 3a yacoM miakaroueHHs. Hexai k kiUIbKICTh CTaHIIH

STA B omuiii rpyni T. 3Ha4eHHs A0 BUKOPUCTOBYEThCs s kKoHkypeHuii DCFout 1
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PO3IIISIAAETHCS AK OAMH 3 MapaMeTpiB [uis 3abe3neuenns QoS. Hanpuknan, ais mepexi,

npeacrasjieHoi Ha puc. 3.11 MOKHA CTBOPUTH CHUCOK OMUTYBAHHA A7id KOKHOI AP

3rigHo 3 Tadi. 3.2.

Tabmung 3.1.

Bumora napamerpa 3aTpuMKH Ij15 KOXKHOTO THMY Tpadiky

[Ipiopier m Tun Tpadiky Jlomyctume 3HaueHHs 3aTpuMkH (d)
1 e 100 ms
Highly interactive video
Interactive video 100 400 ms
" Video streaming <ls
3 Best Effort Yu HE YHOPMOBAHO
4 Background Yu HEe YHOPMOBAHO
Tabmmus 3.2.
Cnucok ONMUTYBaHHSA TOYOK AOCTYMY AJid Mepexi Ha puc. 3.11
m API AP2 AP3 AP4
1 Cl,C2(k=2) Clk=1) |CI1,C2,C3(k=3) -
2 C3k=1) - - Cl,C2(k=2)
3 C4(k=1) C2,C3(k=2) - C3k=1)
4 C5(k=1) - C4(k=1) -

Cnizn 3a3Ha4MTH, 0 B MPOMOHOBAHOMY MEXaHI3M1 KOHKYPEHLIsl BiAOYyBa€ThCs

MDK TOYKAMH JOCTYMY, @ HE MDK CTaHLISIMH, 1 JOCTYII 0 CEPEIOBUINA IPYHTYETHCS Ha

3HAUEHHSX T 1 J0.

-Touka moctyny AP nepeBipse Ha 3ainaTicTh (busy). BoHa npunuHse Bcro

JISUTBHICTB 1 YeKa€e 10 TUX Mip, TOKK cepeay BuibHA (idle).

-[Ticns TOro, 10 HABKOJMIIHE CEPEIOBMILE CTaja BUIBHOIO, TOYKA AOCTYMY

MNPOAOBIKYE UCKAaTH B IIPOTATOM HacCy

ODIFS (m) = SIFS + my, x slottime

(3.2)
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JI€ My,;, HAMEHIIe 3HAaYEHHS M B CIIUCKY onuTyBaHHS; slottime = 9 ado 20 Mkc B

3anexHoCTI Bl peanizauii; SIFS 3HaueHHsS yKOPOYEHOro IHTEpBaty.

Takum urHOM, MPIOPITETHOCTI 3a yacom ouikyBaHHs ODIFS (m) touok moctymy
Ha OCHOBI MPIOPUTETY M A03BOJISIE TpadiK YyTIMBUX JI0 3aTPUMOK JOAATKIB MepeaaTH
wBKaIIe, HK pemTa. OaHaK, NPU LbOMY MOXIHBHM BHMAMOK, KOJIM 0arato TOYOK
JNOCTYNYy MAarOTh OJHAKOBE 3HAUYEHHS M 1 OJHOYACHO KOHKYPYIOTh 3a JOCTYI JI0
cepenoBuia. Toal MOXKIMBA CUTYyalLlisi, KOJW JIBI TOYKH AOCTYNY MPHUMYCKAKOTh, IO
CEpelOBUILIE BUIbHE 1 OJHOYACHO TMEPEHAI0Th, IO MPU3BOAMTL 10 Komizii. Jlns
3MeHIIeHHs i€l npodnemu B MexaHismMi DCFout BBOAUTHCS 3HAUEHHS K.

[IpiopuTesaliist npy KOHKYPEHI(lT MK TOUKaMU JOCTYNY 3 OJJHAKOBUM 3HAYEHHSIM

3HaueHHs A0 KiabkicTh ctaHuiii STA B oaHiil rpymi m BHKOPUCTOBYETHCS IS
KOHKYPEHIIi MDK TOYKaMM JAOCTYMY 3a NPUHLMIIOM HAWMEHLIOrO: YWM MEHIIE
3HAUEHHS [0, TUM LIBUIIE TOYKA OTPUMYE MPaBO AOCTYyNy a0 cepenosuina. Lle nae
3[aTHICTh IIBUAKO 3BUIBHUTH CEPEAy HACTUIbKH, HACKUIbBKH L€ MOMKIWBO, 1 3MEHIIYE
3aTPUMKY A 1HWKMX Touok aoctymy. Ilicns ouikyBanus ODIFS (m) 3amyckaerbcs
MpoLeaAypa 3BOPOTHOTO BIIJTIKY:

Backoff Time (k) = RandomQ x slotime. (3.3)

Random(Q € noBiUIbHMM 3HAa4YeHHSM B Jlana3oHl 3Ha4eHb [X, y]|, ae [X, Y]
3a5IeKUTh BiJ K, 1 N KUTBKICTh OAHOYACHO KOHKYpYHOUnX AP (TOOTO 0HAKOBE 3HAYECHHS

m 1 OJIHAKOBUI 1HTEPBaJ 3HaYeHb k 3riiHO 3 Tab. 3.3).

Tabmuusa 3.3.
Jliana3oH 3Ha4YeHs [X, y]
10 [x.y]
1-10 [0, qi-1]
11-20 [0, 2qi-1]
21-30 [0, 4qi-1]
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> 30 [0, 8qi-1]

[licna npouecy 3BopotHoro Biutiky Backoff Time, axmio cepenosuiiie e BuibHa
(1dle), Bukonyetscs downlink-Ilepenaua 1, omxke, Oyne BIAOyBaTHUCS NMPOLEC MYJIbTH
onutyBaHHs (uplink-Tlepenaua). IHml To4ukkM AOCTYNmy (TOYKM MaKTh OAHE 1 T€ XK
3HAQUEHHS M, aje 3HaueHHs Kk Ourbine) He MOXKYTh 3aXOMWTH TIPaBO JOCTYMY JI0
cepenoBuina. Bouu moBuHHI BiAKIagaTH nepenady Ha cBoe 3HaueHHs Backoff Time.
[Ticns Toro, sk cepeay cCTaHe BUIbHOK, 11 AP 3HOBY MNOYHHAIOTH MPOLEAYPY
3BOPOTHOI'O BILTIKY, ajie Bxke 3 MeHbiuM posmipom Backoff Time, mo Bu3HavaeThes
MONEepPeAHIM 3HAYEHHSAM JIYWJIBHUKA 3BOPOTHOrO BIWJIIKY 1, BIAMOBIAHO, 3 MEHILIHUM
3HAUEHHAM 4Yacy ouikyBaHHsA. [Ipu mbOMy OYE€BHAHO, IO 4YMM Oulbline yucio pa3 AP
BIJIKJIAJIA€ Tiepeaauy Mo NpUUKHI 3aHATOCTI CepeIOBUILIA, TUM BHILE HMOBIPHICTb TOTO,
[0 B HACTYIHMM pa3 BOHA OTPHUMAaE JOCTYI JIO Cepe/oBHINA mepemadl gaHux. AP
MOBEPHETHCS [0 KOHKYPCHOI'O IMPOLIECY 3 HOBOK TPYIMOK M TICHS TOro, K MPOLEC
MYJIbTH OMHUTYBaHHS Oyae BUKOHaHMM, TOOTO Bce STA, 110 HajexkaTh MOTOYHOI rpyri
m gaHoi AP, Oynu onurasi.

Posrnanemo npuknaz (puc. 3.12).

[Ipunyctumo, mro WLAN mae Kijbka TOYOK JOCTYMy, 1 BOHM BUKOPUCTOBYIOTH
kaHamu 1, 6, 11, mo0 3MeHIIUTH CYMDKHY 1HTep(depeHiio. Ajle KOKHA Ipyna TOYOK
JOCTYIy, 110 HaJIe)KaTh OJHOMY 1 TOMY K KaHajy, Lie i BIUIMBAE OAMH HA OaHOro. B
bOMY BHMAAKy po3risgHemMo kaHan | 3 Toukamu jgoctymy: AP1, AP 5, AP 9 1
BianoBiiHuMHA  STA. JlIAIbHICTE KOXKHOI TPyNmM KaHAMB BIAPIZHAETHCA, TOOTO
¢ynkuionysanns DCFout mexanismy npu kanami 1 Oyae He nos'szane 3 DCFout mpu
kaHamax 6 1 11. Ile Takox oO3Hayae, L0 Mepeaavya JAaHUX 1 OUIKYBAaHHS KOJIH
CcepenoBuIe 3aiiHATa B OAHIN Ipymi KaHaiB He OyayTh MOB'SI3aH1 3 THUIMMU TPyHaMu
KaHaJliB.

Ha puc. 3.13 noka3zani cnucku onutyBaHHs Lux AP (1l cnMCcKW ONMUTyBaHHS
CTBOPIOIOTHCS BIJNMOBIAHO A0 MPIOPUTETHOCTI TPABUJIOM TNPIOPUTETHOCTI 1 3aBASKH

PLU mexani1zmom).
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[Ipunyctumo, mo B aanuit momeHt, STA 3 (m = 1) AP 9 nepenae nani. Takum
yuHOM, AP 1 1 AP 5 noBuHHI NpUNUHUTH CBOIO AsyIbHICTE. [Ticas Toro, mo STA 3 (AP
9) zaBepiuTh mepegauy, cepeaoBuiie crae BuUIbHOW. [Ipu ubomy AP Oyayth 3HOBY
MOYMHATH MPOIIeC KOHKYpPeHIlii, a came (puc. 3.18):

- AP 1 yekae ODIFS = SIFS + 1 timeslot, Tax sk k#0,

- AP 5 gekae ODIFS = SIFS + 2 timeslots, Tak sik k#0,

- AP 9 yexae ODIFS = SIFS + 4 timeslots, tak sk k#0.

Takum unHOoM, AP 1 moune mpouec backoff panime, Hixk AP 5 1 AP 9. Ilicns
npouecy backoff, ockinbku cepenoBuine Bce e BiibHa AP 1 3ailimatume mnpaBo
KepyBaHHs cepenopuiieM. Bona 0yne BukonyBatu downlink-Ilepenaua 1 motim mpoiiec
MynbTH onutyBaHHA. Ha puc. 3.14 nna cnipouieHss BeeeHo no3HaueHHs «llaketw» s

MpoLecy nepeaayl AaHUX 1 He BKA3yKOThCA 1HILI TUIK nakeTis, Hanpukiaa, ACK.

[Tixg wac pobotn Toukm moctymy AP 11 AP 5 BigkmanyTts BackoffTime. /lna AP
9, OCKLUIbKH ii yac OUIKYBaHHS 11I€ HE 3aKIHUMJIOCS, a CEPEIOBHUIIIE BXKE CTaIa 3alHATOIO,
Oyae mepe3anyCTUThCA Yac OYIKyBaHHS IMPH 3BUIBHEHHI CEPeIOBHILNA. AHAJOTTUHUM
YHUHOM IS TOUKH aoctyny AP 1.

Jlerko Gauutu (puc. 3.15), 110 UMOBIPHICTH TOrO, LIO TPymHa m 3 OLIbII BUCOKUM
npioputeTom Oyae oOciayroByBaTucs wBuaiie, Outbiine. Ciia 3a3HAUNUTH, IO HE 3aBIKAN
rpyna m 3 MeHImuM K Oyae OTpuMyBaTH KOHTPOJIb LIBKALIE, HUK TaKa JK rpyrna m aje 3
BeaukuM K. Hanpukman, k = 2 1 k = 1: He3Baxarouu Ha te, mo y AP 5 (m = 3) 1o
Oinbiie, BOHA KOHTpomoe cepeay padime AP 1. Lle mosCHIOETbCS THUM, IO 3HAYEHHS
Random QQ BumankoBo BUOMpAKOTHCA B Aiana3oH1 3HadeHb [x, y]|. Lle mpusBoauts 10
toro, mo Backoff Time 3HaueHHst TAaKOXK PI3HATHCA.

[Ipouenypa BU3HAYEHHS 3HAYEHD [X, V]

Hexali S kuibkicte AP, y AKMX € MOXIMBICTb KOHKYPYBaHHA, N KIJIBKICTh
0/IHOYACHO KOHKYpylouux AP, n > 2; q MiHIManbHa KUIBKICTh 3HaUYeHb RandomQ) B [X,

y], q E N*. ImoBipHicTb, 1m0 n AP BuOuparots oaHe i Te x 3HaueHHs RandomQ B [x, y]:

N .jn‘—f !
P(n)= CSCZI'Q i (3.4)
S
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3BIJIKM HEOOXIHO 3HANTH q(n)‘ Py smin» TOAL
/
= n— 35
== () (3:3)

[Tpuiimemo, mo P,y Mae nacTynHuii HaONMIKEHWH BUIJIAA

By =41 0, (3.6)
neieN,iz2.
3 Bupasis (3.5) 1 (3.6) cmix:

Gy =10™". (3.7)

['padpik Ha puc. 3.15 no3Boss€ BU3HAUMTU BIAHOWEHHA MK n, P(n) 1 q.

1
n)_F'

> 3, iimoBipHocTI P(n) << 107 (puc. 3.16). Lle o3nauae, mo npu q = 32 #AMOBIPHICTS, 110

Hanpuknaa, xaii q = 32, Toai fz Kpim Bunaaky n = 2, Todto P(n)=0,03, npu n

n KoHKypytouux AP BuOuparoTh oaHe 1 T¢ ik 3HaueHHs RandomQ, ay»xe masa.

Jns ouinku edexkruBHocTi MexaHismMy DCFout BUKOPUCTOBYETBCA MOAEIH
3aTPUMKM JIOCTyny [0 cepeaoBuina asropiB Dongxia Xu 1 1H. Opnak, xoua
konkypenuis B DCFout Takox 3acHoBana Ha 3HadeHHsAx ODIFS (m) 1 Backoff Time (k),
anajoriunux 3HadyeHb AIFS 1 Backoff time B EDCA, cnoci6 BuOGOpy uux 3Ha4YeHb
PI3HUTBCA B 3alexHOCTI Bix MexaHismy. [lapamerp ODIFS (m) € mnocriiHum
napameTpom, a 3HaueHHs Backoff Time BuOupaeThcs BUNAAKOBUM YHHOM B 3aJI€IKHOCTI
Bix kutbkocTi STA k B kareropii moctyny. Lle moBHIcTIO BiapisHseTsesa Big EDCA,
T00TO OYAyTh BHUNAAKU, KOJIM KAaTEropis AOCTYNY OJIHAKOBa, aje€ IHTEPBAJIX BUOOPY
sHauenHs RandomQ Oyayts pizaumu. Kpim toro, cimia 3a3Haunty, 1o B DCFout Tiibku
AP koHKypyrOTh MK c00010, a STA BCTAHOBIIOIOTH YaC BIACTPOUKH JOCHUTH JOBTO,

00 BBAXKATHCS HE 3aBAKAKOTh KOHKYpeHTHOMY Tipouiecy AP. Takum 4WHOM, BHJIHO,
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10 3 TIET XK MEPEKE 3 TUMHU K ToukaMmu Aoctyny 1 STA, KUIbKICTh KOHKYPYIOUHX
By3miB B DCFout moxe Oyrtu icrotHo 3Hmkenuid. Kpim Toro, ockinbku DCFout
BUKOpHUCTOBYE crnircok onutyBaHHs PCFin, To He moxe Oytu Bigainenui Big PCFin (Ha
Biaminy Big EDCA). Takum unHOM, 11100 3HU3UTH CKiIaaHicTh nipu nopiBHsHHI DCFout
3 EDCA, B HACTYMHOMY NMPUKJIal BBOAUTHCS PSJI MPUTIYILEHb:

-3aB)Kad OyayTh maketu, ski nepenatotrbest B PCF in Biapasy micns toro, mo AP
OoTpUMaJa JOCTYII 0 CEPEeAOBUILA;

-y kK03kHO1 AP € TUIbKH OJIHA KaTeropist A0CTymy ado OfHa rpyrna m;

-AP MaloTh Take X 3HAYEHHS M I 4aC KOHKypeHLIi MaTUMyTh Take K k
3HAYCHHS.

V¥ tabn. 3.4 nokazaHo kuibkictb AP 1 STA, BUKOPUCTOBYBAaHMX B PO3PaxyHKY.
[HIIIl mapamMeTpy 3ajMILAThCA TakuMu Xk, sk B (Tadmn. 3.5). DCFout nopiBHIOETHCS 3
EDCA 3 3 mnaGopamm mnapamerpiB CWmin, AIFS: EDCA 1-{{3/7/15/15},
{50/70/70/90} }; EDCA 2 {{3/7/15/15}, {50/50/70/150}}; EDCA 3 {{7/15/31/31},
{50/50/70/90}}. Jns DCFout nabip napamerpis i npukiaany {{15/15/15/31},
{30/50/70/90} }, To610 q = 15.

PesynbpTat nopiBHsHHS nokazanuit Ha puc. 3.17. Moxna 6auntu, o DCFout 3HauHO
3HMIKYE 3aTPUMKY JAOCTYMy J10 cepenoBuiia B mopisHaHHI 3 EDCA.
Downlink-nepenaui B mpouecit DCFout

BinbuiicTe pilieHb OMMTYBAHHS OpIEHTOBaHI TiAbkk Ha uplink-nepenaui, a
downlink-ITepenaua wacro BukoHyeTbcss B CP-mepioge (mepioag KOHKYpeHIii) 3
BukopuctanHsM DCF a6o EDCA, mo6 KoHKypyBaTH 3a JOCTYIl A0 cepenoBuina. Lls
KOHKYPEHLIA MPU3BOAUTH N0 ACAKMX Henofikie B miarpumiui QoS ans tpadiky B
peanbHoMy yaci. Tomy B mpornoHoBaHomy DCFout MexaHi3Mi, KOPUCTYIOUHUCH THM, 1110
AP xouTpomoe cepeny, i He moTpiOHO KOHKypyBaTH 3 1HmMMHU AP a6o STA (xoua
BoHa Bce ie nepedysae B pexkumi CP). Takum umnrOM, jerko Bukonatu downlink
nepenady, Tomy 1o Bcs iHpopmauia npo downlink-kanpa koHTpomoeTbesa uieww AP
(eHTpasi30BaHui crnoci0 yrnpassiHHA).

Cnmin  3a3nmauutd, mo peamizauis downlink-nepenayul  TakoX  MOBUHHA
JOTPUMYBATUCSA CXEMH MPIOPUTETHUX Yepr. Y I cxemi Kkaap, npuitHaTui B AP,

BctaBjeHuit B downlink-Oydep BiamoBigHO A0 HOro NpIOPUTETOM. TaKWM UYHMHOM,
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Kaapu 3 OUTHIII BUCOKHMM TIPIOPUTETOM MOXYTh OYTH BCTaBJieH! OJIMIKUE /0 MOYATKY
Oydepa, HIX Kaapu 3 OUIbII HU3BKUM MPIOpUTETOM. Lle 3HMIKY€E 3aTPUMKY AOCTYIY AJIs
Tpadiky 3 OUTbIl BUCOKUM mpioputeroM. Tomy MokHa 3a0e3neuntr Bumoru QoS mis
KOJKHOrO TuMy Tpadiky. SIKImo TpuBaIIiCTh MEPIOAY HEAOCTATHSA Ui Tepeaadl BCIX
downlink-kaapa, kaapu, sKi 111e He Tepeaaanucs B MOTOYHOMY Nepiol, OyayTh nepeaaHi

B HACTYMHOMY TEepiojil, 1 BOHU OyayTh CTOATH Ha rmouyatky Oydepa.
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BUCHOBKH

VY npaHiii MaricTepcebkiii poOOTI Ha MiACTaBl aHaI3y NpoliieM, 10 BUHUKAIOTh Y
mepexkax WLAN no mipi 30UIbIIeHHS CTaHI(N Ta iX IILJIBHOCTI, BU3HAYEHI OCHOBHI
npobnemu, NUIAXH Ta 3acodm 3abe3neueHHs QoS. BukoHaHWi MOPIBHAJIBHUNA aHAIII3
ymoB cmiBicHyBanHs WiF1 1 Bluetooth, WiF1 1 Zigbee, a takox nuisaxiB ocnabjieHHs
LIKIUTMBUX B3a€MOBILIMBIB. Byno moka3aHo, 10 HE ICHYE YHIBEPCAJIbHOIO METOIY
TMIABUILNEHHS HAIMHOCTI Ta NMPOXYKTUBHOCTI CHCTEMH, IO MIT OM OYyTH BUKOPUCTAHUM
JUTSL BCIX CLEHAPIiB.

Amnani3 pobnem B 3a0e3nedeHH1 IKOCTI 00CIyrOByBaHHS 1 THX PIllIeHb, IO BIKE
ICHYIOTb JI03BOJII€ CTBEpKYBaTH, 10 npodnema miarpumku QoS B WLAN €
BHYTPILIHBOIO, III0 BMMarae BpaXoByBaTH B3aemojii kommnoHeHTiB WLAN Mepexi,
BriiBy WLAN mepesx Midxk o000 1 MOMITMBICTD 3a0€3MeUeHHs PI3HUX TUIIB TpadikiB
B MEPEXKI.

Ha ocHoBi ananizy npoaykTuBHOCTI BucokouuibHOi WLAN 3 6aratbma TOUKaMu
JOCTYINy BHSBIIEHO, III0 BMKOPHMCTAHHSA PI3HUX Karteropid tpadiky 1 MeXaHi3MiB
onutyBanHss B HCF nana  BupimenHs npoOnemu  3ab0e3neuenHs QoS e
0araTooOILAIOUMMHU: TP YOMY Pe3yJIbTaTH MOJCIIOBAHHS BKa3ylOTh, IO 3aTPUMKa
3MeHImyeTbes Ha 31%, KIIbKICTh ¢cipod MOBTOPHOI Mepeaadl 3MeHIyOThesa Ha 15 %, a
MPOIMYCKHA  3/aTHICTh  30UIbLIyETbCST HA 7%. 3amponoHOBAHO  3aCTOCYBATH
momudikosani metoau goctyny Ha IEEE 802.11 na MAC pisHi ans 3a6e3neuerns QoS.

Ha mincraBi ananizy nepeBar 1 HeJAOJIIKIB MeXaHi3MiB KOHKYPEHIIii 1 ONMUTYBaHHS
B I[EEE 802.11 3anponoHoBaHO KijbKa PEKOMEHAALM B BUKOPHCTAHHI 1 MEPEMUKAHHI
MDK LMMH JIBOMA MEXaHI3MaMu JUIS TMIABHUIUEHHS 3JaTHOCTI MIATPUMYBATH SIKICTh
00cnyroByBaHHs, C(OPMYJIbOBaHI PEKOMEHJALIi 1100 BMKOPUCTAHHS MEXaHI3MIB
KOHKYPEHIlli Ta OMUTYBAHHA — TOOTO TIJIbKM KOMOIHALIS MEXaHI3MYy KOHKYPEHINl 1
MEXaHI3MY OMUTYBaHHS MOKE 3a0€3MeUYMTH ONTUMAJBHICTh 3AATHICTH MIATPUMYBATH
QoS B WLAN wmepesxi.

[TpoBeneHe  iMiTalliiiHe  MOJEIIOBAHHS  MPOAEMOHCTPYBAJO  MOMKIMBOCTI

MEXaHI3MIB KOHKYPEHIl 1 onuTyBaHHs B oOnacti miarpumku QoS, mpuuomy s
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nepeaadl He-MysabTUMeAia Tpadiky OUIbII MIAXOAUTh MEXaHI3M KOHKYPEHIII a
MEXaHI3M OnuTyBaHHsA miaTpumye QoS kpaiie.

3a pesynbTaTaMu JOCHIIDKEHHS 3aMporOHOBAHO MEXaHi3M s 3a0e3rneueHHs
MIHIM13all11 3aTPUMKHA B YMOBAaX KOHKYPEHTHOIO cepeaoBuina B BUCOKOILIbHOI WLAN

MEPEXI.
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006 ’exm Oocnioxcennsi — TPoOLUEC AOCTYNy A0 CepeAoBHINa B O€3MpOBOJAOBHUX
JIOKAJIbHUX MEpekKax.

IIpeomem Oociiodcennss — MeXaHI3MH JOCTYIy [0 CEpelOBMINA Ha PIBHI
cranpapry I[EEE 802.11.

Mema pobomu — 3HAXOMKEHHS LUIAXIB Ta CMOCOOIB 30UIBIIEHHS TMPOMYCKHOT
CIIPOMOXKHOCTI, 3MEHILIEHHS 3aTPUMOK 1 BTpaT MakeTiB y BuUCOKOUIbHOI WLAN
Mepexi 3 6araTbMa TOYKaMHU JOCTYNY 3a PaXyHOK BAOCKOHAJICHHS MEXaHI3MIB JOCTYITY
JI0 CEPEIOBUIIA.

Memoou oocniodcentss — METOIM T€OPli KMOBIPHOCTEH 1 METOM MAaTEMaTHYHOTO
aHali3y, METO CUCTEMHOIr0 aHali3y, iMiTalliitHe MoaenoBaHHs B cumyatopi OPNET.

[IpoBeneHo aHasi3 nmepesar i HEJOMIKIB MEXaH13M1B KOHKYPEHIIii 1 ONMUTYBAHHS B
IEEE 802.11. Ha ocHOBI 1ibOr'0 aHaii3y 3ampornoHOBAaHO PEKOMEHAALlT Y BUKOPUCTAHHI
1 MepeMUKaHH1I MDK LMMH JIBOMAa MEXaHi3MaMM Ul TIABHUILEHHA 3JaTHOCTI
MIATPUMYBATH AKICTb 00CTYTrOBYBaHHS.

3anponoHOBAHO METO/I MPIOPUTE3allli I 3a0€3neueHHs MIHIMI3a1lli 3aTPUMKH B
yMOBaxX KOHKYPEHTHOro cepenoBuiia B BucokomiibHoi WLAN wmepexi. Meroa
npiopute3auii DCF out 3HauHO 3HWIXKYE 3aTPUMKYy JOCTYINy JO CEpeIoBUIIA B
nopieHsiHHI 3 EDCA.

[IpoBeneHo iMiTaliiiHe MOJAETIOBAHHA U1 JASMOHCTpaUli  MOMKIMBOCTEM
3aMpPONOHOBAHUX METO/IB KOHKYPEHINi 1 onuTyBaHHA B oOmacti miarpumku QoS.
PesynbTaTi NOKa3yioTh, 110 MEXaHI3M KOHKYPEHLIi OUIbII MAXOAWTh AJId nepeaadl He-
MyJbTUMEIIa Tpadiky 1 MexaHi3M ONUTYBaHHA miaATpumye QoS Kkpaiue, HDK MEXaHI3M
KOHKYPEHIIIi.

BE3IIPOBOJIOBA  MEPEXA, QUALITY OF  SERVICE, SIKICTb
OBCJIYTOBYBAHHSI, WIRELESS LOCAL AREA NETWORK, WIRELESS
PERSONAL AREA NETWORK, MEXAHI3M KOHKYPEHII I OTTMTYBAHHSI,
METO/I ITPIOPUTE3ALIIL.
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