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Cyuacna WiMAX-mepedxca pozensioaemuca Ak mepedxtca 8 cucmemi pedaibHo20 4acy, Ha OCHOSI
cmanoapmy 802.16m, 01 supiuienns akmyanvHoi npooiemu 3abe3neuents HeoOxXioHo20 pieHs.
AKocmi 00CY208Y8aHHS PIHUX GUOIE MYIbMUMeOiUH020 mpagika 6 6e30pomosux mepexcax

cucmem peajlbHoco vacy

KarwouoBi ciioBa: Meperka peanbHOro 4acy, sIKiCTh 00CITyrOBYBaHHS, MyJIbTUMEIIHHIHA Tpadik

Bcmyn

OpHi€ro 3 BaXIJIMBUX aKTyalbHUX IPO-
O0eM (YHKIIOHYBAaHHS CHCTEM PEaJbHOTO
4acy SIBJSIEThCS 3a0€3Me4YeHHS HEeO0OXITHOTO
PIBHS SIKOCT1 OOCIIYyrOBYBaHHS PI3HUX BU[IB
MYJIBTUMEIIIHOTO Tpadika.

Cucrema Ha3UBAETHCSI CUCTEMOIO pea-
apHOro yacy (CPY), gximo nmpaBUIIBHICTH ii
(YHKIIOHYBAaHHS 3aJICKUTh HE TUIBKH BIJ
JIOTTYHOT KOPEKTHOCTI O0YMCIICHb, ajie 1 Bil
qacy, 3a SIKUM 11 OOUMCIEHHS] IPOBOASTHCS.
[1] s CPY xapakTepHUMU € rapaHTOBaHUI
yac peakiii Ha 30BHIIIHI MOJIi, )KOpCTKa Ii-
JCUCTEMA TUIAaHYBaHHS MPOIIECIB Ta TMiABHU-
IIeH1 BUMOTH JI0 4acy peakiii Ha 30BHILIHI
noaii. I'onoBHOIO ocobnuBicTio podotn CPY
€ CBO€YACHA PEAaKI[l0 Ha BCI mMojii, HaBiTh
P MaKCHUMaJbHOMY 3aBaHTaX€HHI. Tomy
Mepeska 3B’s3Ky peasbHoro yacy (M3PY) sk
ckianoBa yactuHa CPY noBunHHa 3a0esme-
YyBaTU BU3HAYEHUH pIBEHb 3aTPUMKH B 00-
MiH1 1H(popMaliero (a ocoOnuBO mepemadi
MYJbTUMEIIMHUX JaHUX) MDK HiJCHCTEMa-
MHU.

lMocmaHoeka npobnemu

[lepenaya maHUX B CUCTEMax peajbHO-
ro yacy Moxe OyTH peajii3oBaHa Ha OCHOBI
0€3/1pOTOBUX MEpEeX 3B’SI3KY, IpU MOOYI0BI
SAKUX MOTPIOHO 3a0€3MEeYUTH BUCOKY SIKICTh
nepenaHoi iHopMalii MK TEPUTOPIAIBHO
PO3MOAUIICHUMHU TPUCTPOSIMHA CHCTEMH. Take
MepexHe O€3apOTOBE CEpPEeOBUIINE BIIHO-

CUTbCSL JI0O CHCTEM peaJbHOro dacy 3
M’SIKUMU BUMOTraMu. [lopyrieHHs nuTicHOCTI
JTaHUX TIPHU Tepeaavyl MK CTAHI[ISIMHA 3 TIEB-
HOIO IMOBIPHICTIO MOK€ HE€ IPHU3BECTH 0
30010 cucrtemu, ane B CPY moxe npussectu
70 TaliM-ayTy Ha INepeaaBalibHIl CTOPOHI i
MOBTOPHIM mocwinui iHGopmanii. Y Takomy
BUIAJKY MPOAYKTUBHICTE MEPEXKI 3HUKY-
€THCSI, @ LI€ B CBOIO YEpry MOTIPIIYE SKICTh
nepenanoi iHpopmarii.

IIpu nepenadi iHdopmarlii B Mepexax
3B’s13Ky Mk migcuctemamu CPY Benuky ya-
CTKY Tpadika CKIaNalTh MYJIbTUMEIIMHI
naHl. BoHu npen'sBisitoTh KOPCTKI BUMOTH
o0 [KocTi oOcnyroByBaHHs (Quality of
Service — QoS) TpancnoptHoi Mepexi. Tomy
MyJIbTUMEIMHA 1HPOpMaLs, nepeaady sKoi
3abe3neuye M3PY, moxHa Ha3uBaTH Tpadi-
koM peanpHOro yacy (TPY), ans sikoro He-
OOXIIHUM € HaJlaHHS TapaHTOBAHOI CMYI'H
MPOMYCKAaHHS 13 3a3[ajeriib BU3HAYCHUM
PIBHEM 3aTPUMKHU NIEpEeJaHUX MAKETIB.

be3npoToBi Mepexi 3B’SI3Ky pealbHOTO
4yacy BUMAararoTh TaKHX TEXHOJIOTIH mepenadi
iHpopMaLlli Ta opra”izaliiiHUX NOpuioMiB
Ui 100YAOBH 1 00OCIIyrOByBaHHS CBO€I Me-
PEXHOI 1HPPACTPYKTYPH, SK1 JO3BOJIAIOTH
rapaHTyBaTU BHCOKHI pIBEHb SKOCT1 00CITy-
TOBYBaHHSl Ta HAJaHHS BHUCOKOUIBUAKICHHX
MYJbTUMEIIMHUX MOCTYr HOBOTO MOKOJIIHHS
HE3aJIeKHO BiJ MICUS PO3TalllyBaHHS MiACH-
crem CPU.

Yepes miBUILEHI BUMOTU MYJIbTHME-
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TIMHUX JAHWUX, YYTIUBHUX /0 BIIXWJICHb I1a-
pameTpiB 0€3pOTOBOTO CEPENOBHINA TIEpE-
nadl JaHUX, aKTyallbHOIO € mpodiema 3a0e3-
MEYEeHHsI HEOOX1THOTO PIBHS SKOCTI 00CIy-
TOBYBaHHS JUIsl pi3HOrO TUMy Tpadika pea-
JILHOTO Yacy.

AHai3 3acTOCYBaHHS TEXHOJIOTI IO-
KOJHHS 3.5G IHUPOKOCMYTOBOro abOHEHT-
cbKkoro OesznporoBoro jocrymy WiMAX
(Worldwide Interoperability for Microwave
Access), ocHoBaHOi Ha craHaapti [EEE
802.16 13 BOynoBanuMu Mexanismamu oS, 3
MeTOI0 3abe3rneueHHsT HEeoOXITHOro piBHS
SIKOCT1 0OCIIyrOBYBaHHSI B 0€3pOTOBUX Me€-
pexax peajbHOro 4acy. MexaHi3MU J103BO-
JISIOTh YIPABIISATHU SKICTIO OOCIYTOBYBaHHS B
M3PY i BHU3HAYaIOTh MOKJIUBICTH OJHOYAC-
HOI'0 BUKOHAHHS BU3HAYEHOI MIIMHOXXWHH 13
Habopy BUMOT Ji1s Tpadika peaibHOTO 4acy,
AKUI 1OTpeOyloe TapaHTOBaHOI BHUCOKOL
MIBUJIKOCTI Ta SIKOCTI mepeaadi iHdopmarii.

LWinsaxu eupiweHHs1 npobnemu

PobGora cucremu B pexuMmi peabHOTO
4yacy He 03Havae 30UIbIICHHS il IIBUIKO/III, a
IepIll 3a BCe - BUKOHAHHS 3aJlayl B 3aJaHUI
MPOMDKOK vacy. Mepexa peasbHOTO 4Yacy
Ma€ rapaHTyBaTH JIOCTaBKY KOXKHOTO ITaKeTa
JaHUX BiJ BIANPUBHHMKA /10 OTpUMYBaya B
YiTKO BU3HadeHHH mepiof uacy [2]. Bigmo-
BIJAJIbHUM 32 BUKOHAHHS Takoi 3ajayi € Te-
XHOJIOT1Sl Iepeayil IaHuX, 1110 peaji3oBaHa B
M3PUY.

Mepexi WiMAX, 3aBasku peanizaiii
HOoBUX THUIIB QoS 3a crangaptom [EEE
802.16, 3matH1 3a0e3meYynTH HEOOXIiaHI Ia-
pameTpu mepeaayl Juid BCIX BUIIB Tpadika
peaIbHOTO Yacy HEe3aJeXHO BIJ 3aBaHTa-
KEHHS KaHaJIB 3B'I3Ky. Y MOpPIBHSAHHI 3 0€3-
JPOTOBUMH TEXHOJIOTISIMM  TOIEPEAHBOTO
MOKOJIIHHS JUIs BUPILIEHHS OpobiieMu 3a-
Oe3rnedeHHs] HeX00X1THOTO PIBHS SKOCTI 00-
CIIyTOBYBaHHS B 0€3JpOTOBUX MEpEkKax pea-
JIBHOTO Yacy TexHousorist WiMAX mae Hacrty-
IH1 [IepeBaru:

— BHCOKY IpPONYCKHY 3JaTHICTb Me-
peXi 3a paxyHOK BHCOKOI CIEKTPaJbHOL
edexTuBHOCTI OOnagHaHHs WiMAX;

— BHCOKY JAJIbHICTH 3B'SI3KY 3a paxy-
HOK BHCOKMX €HEPreTUYHHX MapaMeTpiB
WiMAX kanamny 3B'S3KY;

— MOXJIUBICTh CTaOUIbHOI POOOTH B
yMOBax BiICYTHOCTI IpPsIMOT BUAUMOCTI, 10
obymoBneHo criiikictio WiMAX OFDM -
CUTHAJIy 10 1HTep(epeHIii;

— BEJMKa KUIBKICTb OJHOYAacHO 00-
CIIyTOBYBaHMX aOOHEHCTKHX CTaHIIN 3a pa-
XYHOK BUKOPHCTaHHS €(eKTUBHOI TEXHOJIO-
rii TDMA muoxunHoro noctyny 1a MIMO,;

— MOXIJIUBICTh pOOOTH B yMOBax CH-
JpHOI 1HTepdepeHuii (MepemKo) 3aBIsKU
3aCTOCYBAaHHIO aJaliTUBHOT MOy 1 3a-
cTocyBaHHs MexaHi3MIB H-AR(Q TNOBTOPHOI
nepeayil MakeTisB Mpu BTpaTax;

— HaaaHHS AUGEpeHIIHOBAHOTO Cep-
BiCY KOpHCTYBadaM Mepexi 13 3abe3nedeH-
HAM sKOCTI oOciyroByBanHs Quality of
Service (QoS). [3].

Cucrema WiMAX Ha BiAMiHY BiI Tex-
HOJIOT1i MOIEPeHbOT0 MOKOIIHHSA BUKOPHC-
TOBYE MEXaHI3M BCTAHOBJICHHS 3'€JIHAHHSA
MDK 0a30BOO CTaHIIIEIO0 Ta IPUCTPOEM KOPH-
CTyBaya, 110 0a3yeTbCsi Ha CIELiaIbHOMY
QITOPUTMI IUIAHYBaHHS, SIKUH MOXKE rapaH-
TyBaTu OJHAKOBUHU mapameTp QoS mpu KoxX-
HOMY 3’€/IHaHH1 Juisl Tpadika peaibHOro Ya-
cy. IHII1 % TeXHOJIOT1i BUKOPUCTOBYIOTH Me€-
xaH13M QoS MoiOHUN TOMY, 1110 BUKOPHUCTO-
ByeTbcs B Ethernet, mnpu KoMy NakeTu
OTPUMYIOTH PI3HUMN npiopuTeT. Takuil miaxif
HE TapaHTye OJHAKOBUM (oS A KOXHOIO
3'eqnanns. [4] Tomy BuKOpucTaHHs 0e3apo-
TOBUX MEpEX 3B 513Ky PEaJbHOro 4acy, Io-
OynoBaHUX Ha OCHOB1 TexHoJorid WiMAX,
Jla€ MO>KJIMBICTh 3a0e3MeunuTH HEeoOX1IHUMN
piBeHb siIKocTi 0O0ciyroByBanHs B CPY.

lMapamempu QoS e mepexax pe-
aJibHO20 4Yacy

Busnauenns tepminy Bia Cisco "QoS -
QoS refers to the ability of a network to
provide better service to selected network
traffic over various underlying technologies
.."" O3HaYae 37aTHICTh MEpeXki 3a0e3MeunTu
HEOOXITHUN CepBiIC 3amaHoro Tpadika (ciry-
&KOU pearbHOro 4acy) B IEBHUX TE€XHOJIOTIY-
HUX PaMKax.

HaiiBaxxnuBimi napaMmerpu sKocTi 00-
CIIyTOBYBaHHS, SIKHMH OIIMCY€THCSI CEPBIC B
Mmepexax WiMAX e HacTynHi:

- Bandwidth (BW) - cmyra mpomyc-
KaHHS, OMUCYE HOMIHAIBbHY MPOITYCKHY 37a-
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THICTh CEepeJOBHINA TMepenadi iHdopmailii,
BH3HauYa€e MUPHHY KaHary. Bumiproerscs B
bit/s (bps), kbit/s (kbps), mbit/s (mbps);

—  Delay - 3arpuMka npu nepenadi
MaKeTa;

—  Jitter - xonuBaHHs (Bapiaiisi) 3a-
TPUMKH IIpU Nlepeiadi MaKeTiB;

—  Packet Loss - BTpaTu HakeTiB.
BusHauae KUIBKICTh ITAKETIB, IO BlIKHAA-
IOTHCSI MEPEXKEIO M1 yac nepenadi; [5]

- Minimum Reserved Rate - MiHI-
MajibHa TapaHTOBaHa IIBUAKICTh TMepenadi
TaHUX;

- Maximum Sustained Rate - mak-
CUMaJlbHa MIITpUMYBaHa IMIBHUJKICTb IEpe-
Iadi JaHuXx;

- Maximum Latency Tolerance -
MaKCUMaJbHEe 3HAYEHHs Yyacy o0poOku 6a3o-
BOIO CTAHIIIEIO MAKETIB JaHNX;

- Traffic Priority - piBeHb Npiopu-
TeTy Tpadiky.

CepeicHi nomoku 9Ons mpadgpika
peasnbHoz2o 4Yacy 8 WiMAX-mepexax

Jia mudepenuianii cepBicy 1 MIATPU-
MKH BHCOKOT'O PIBHS SIKOCT1 OOCIIyTOBYBaHHS
pHu nepenadl Tpadika peasbHOrO 4acy Cy-
yacHa cuctema WiMAX nHa BiAMIHY Bif 1H-
IIMX MONEPEHIX TEXHOJOTIH Mae crelfiaib-
HAW MEXaHI3M — IIPIBEeHb KOHBEPIeHIIIT
Convergent Sublayer (CS). IligpiBeHb KOH-
Beprenuii WiMAX saBnse coboi0 mnporpam-
HUM 1HTep(deiic KaHAIBHOIO PIBHA 10 Mepe-
xHoro. Po6ora mifpiBHs 3acHOBaHa Ha (uib-
Tpauii 3a cHeliaJIbHUMH 11eHTU(IKaTOpaMu
(xnacudixatopamu  Classifier) cepBiCHUX
notokiB Service Flow (SF) nns tpadika pea-
JBHOTO Yacy, M0 00CIYrOByIOTh pOOOTY TO-
ro YM IHIIOTO JOJATKy 1/a00 KOpHUCTyBaya, 3
HaJaHHSM KOXXHOMY BUIUIeHOMY SF Ha Ka-
HanbHOMY MAC piBH1 MepeXki EBHOTO THUILY
Kiacy obcmyroByBanHs QoS 3 HEOOXITHUMU
napaMeTpamM IO IIBHJKOCTI Mepejadi Ja-

PDU (SFID, CID)
BHINOTO PIBHA

Classifier

SFID(Service Flow ID):

Bazopa craHma

HUX, 3aTPUMKH, KOJIMBAHHS 3aTPUMKH
(puc.1).
Cranmsa
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o

=
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il

=

m

m

=

I

o

=

- il
L KOpHCTYBa4a 2
PDU (SFID. CID)
- — — — — —

imeHTHGIKaTOD SF

CID (Connection IDY):
ITeHTH(MEATOP 3 €OHAHHA
DL/UL (direction):
HHZX1THHIT BHCKLTHEN HATPIM

Service Flow

MAC-3"egnanas
(TIapamMeTpH Jos5)

Puc. 1 [Mintpumka QoS B mepexi WiMAX

CepBiCHI MOTOKH MPOBOJATH Judepe-
HIIAIII0 TUMIB Tpadika pealbHOro 4acy, J10-
JaTKiB, KOPUCTYBauiB 1 MEPEKHUX IMPUCTPO-
1B 110:

—  MAC anpecam mxepena i 0JIepxKy-
Baua nakeriB gauux Ethernet;

— tuny Ethernet nakeris;

—  11eHTU(]IKATOPIB BIPTyaJbHUX JIO-
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KaJIbHUX Mepex VLAN 3a crannaptom [EEE
802.11q;

— TUMy cepBicy Ha /P piBHI Mepexi
IP Type of Service;

— [P-agpecamMu JKepena 1 OJEpXKY-
Baua /P-1akeTa naHuX;

— TUIy HpPOTOKOIYy, THUILy IOPTY
mwkepena 1 onepikyBada nanux (TCP, UDP,
FTP, mail, HTTP Ta 1n).

B 3anexxnocti Big peanizamii SF Moxe
MICTUTH B SIKOCT1 aTpuOyTa MOCHUJIAHHS Ha
TUN BUKOPUCTOBYBAaHOTO (JoS 1 3HAYCHHS
Horo mapameTpiB MOXYTh 3a7aBaTHCs 0e3-
MIOCEPEHBO B AKOCTI aTpUOYTIB.

Cnyx0u MOTOKIB ICHYIOTh Y BUCXIIHO-
My 1 HU3XIJHOMY KaHajaxX, 1 BOHM BHU3Haya-
FOThCS 3a 32-6iTHUM SFID-
11eHTU(]IKATOPOM, KU € YHIKaIbHUM MDK
0a30BOI0 CTAHIIIEIO 1 CTAHLIEI0 KOPUCTYBAya.
SF Moxe OyTH nepeadadyeHuM, 3arajJbHO BH-
3HaueHuM, abo akTtuBoBaHUM. [lependaueni
SF 3a0e3neuyroThCsl Yyepe3 CUCTEMY YIpaB-

JIHHS MEPEXEI0, aje Pecypcu He 3axXUuIIeHI
YM BUAUIEHI. 3arajbHO BU3HAYEHI TOJ1, KOJIHA
0a30Ba CTaHIlA 1 CTaHIlIST KOPUCTYyBaya pese-
pBYE pecypcu, ane SF y TakoMy BUNAAKY HE
BUKOPUCTOBYIOTHCSI JUIsl JOCTaBKU Tpadika.
Tutbku akTHBOBaHHMM SF MOXeE TepecusiaTh
KaJip, BUKOPUCTOBYIOYH BHUJILIEH] pECYpCH.

OTXe, BHUKOPUCTaHHS CIHEIIaJbHOTO
MEXaHI13MY M1JIpiBHS KOHBEPreHI[il Ha OCHOBI
CHeIiaTbHUX CEPBICHUX IMOTOKIB Ja€ MOXK-
JUBICTh 3a0€3MEYNTH BUCOKUU PIBEHBb MIAT-
pumMku QoS 13 3alaHUMU TapaMeTpaMu IO
LIBUJKOCTI Nepeadl Ta 3aTpUMKU iHpopma-
uii a5 Tpadika peaabHOro yacy. [6-9]

Knacu sikocmi obcnyzoeyeaHHs
8 MepeiKax peasibHO20 4Yacy

WiMAX-apxiTexkTypa 0e31pOTOBUX
M3PY Ha BiIMiHY BiJl IHIIUX MEPEX 3B’ SI3KY
3a0e3neuye n'sATh Ki1aciB miATpuMKu QoS ans
PI3HUX THUIIB Tpadika peasbHOro dacy.

(puc.2).

Kiac Omuc Minimum| Maximum | Latency | Jitter | Priority
Rate Rate
Unsolicited Grant | VOIP, El;
Service fixed-size ‘ . ’
packets on
Real-time Polling | Streaming
Service audio/video ’ ‘ . ‘
Extended Realtime | VOIP with
Polling Service activity ’ ‘ . ‘ ‘
detection
Non-real-time FTP
Polling . ‘ ‘
Best Effort Data transfer,
Web ‘ ‘
‘ - mapameTpsl QoS

Puc. 2 Knacu QoS mnsa TPU

Knac Unsolicited Grant Service (UGS) —
MocJiyra MOCTIHHOT IIBUAKOCTI Iepesadi)
BHU3HAUYa€ MapamMeTpu KaHally 3B'SI3Ky - IOC-
TIiHY WIBUIKICTh nepenaui gaHux Constant
Bit Rate (CBR) 13 KOJIUBaHHSIM 3aTPUMKH HE
BHIIIE 33/1aHOTO piBHA. Po3pobnenuii ais mi-
OTPUMKH Tpadika 3 MOCTIHHOI MIBUIKICTIO
nepeaadi. Y UGS 3a3HA4€HO, IO 3HAYCHHS
MIHIMaJIbHOI rapaHTOBAHOI LIBUJKOCTI Iepe-

Jadl JaHUX Ta MAKCUMAaJIbHOT MATPUMYBaHO1
LIBUJKOCTI Iepeiadi 301ratoThesl.

Knac Real-time Polling Service (rtPS -
cityk0a peaJpbHOro yacy 13 3allMTOM Ha Iepe-
Jlauy) BU3Ha4Ya€ mapaMeTpy KaHaiy 3B'A3KY -
MIHIMaJIbHY TapaHTOBaHY WIBHUJIKICTh Iepe-
nadl TaHUX Ta MaKCUMalbHY  MIATPUMYBaHY
HIBUJKICTh T€pefiadi, MaKCUMalbHE 3HAYEHHS
gacy 0OpoOKM 0a30BOI0 CTaHIIEI TAaKETIB
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JAHHUX Ta 3a/1a€ThCSl PIBEHb MPIOPUTETY Tpa-
¢bika. Po3pobiiena mis migTpuMku Tpadika 3i
3MIHHOIO MIBUJKICTIO I€pesiadl B peaJbHOMY
Jaci.

Knac Extended Real-time Polling Service
(ertPS) — po3mmpeHa ciryx0a peaabHOro 4yacy
13 3allUTOM Ha Iepeady) BU3HA4Ya€e aHaJoTi-
yHi UGS napameTpu KaHaily 3B'SI3KYy Ta pi-
BEHb MpIOpPUTETY, ajie ais Tpadika 3 make-
TaMU 3MIHHOT IOBKUHU, HANIPUKIa, VoIP.

Knac Non-real-time Polling (nrtPS) -
ciyk0a HepealbHOTO Yacy i3 3alliuTOM Ha
neperavyy) BHM3HAYa€ IapaMeTpu KaHaly
3B'SI3KYy: MIHIMaJIbHOI Ta MaKCHUMaJlbHOI ra-
PaHTOBAHOI IMIBUIKOCTI Tepenadi Jyisi JaHoi
Ipylu KOPHUCTYBauiB 1/a00 MEpeXHUX MpHu-
CTpoiB 1 mpioputer Tpadika. Pozpobienuit
Ui NIATPUMKH Tpadika 31 3MIHHOIO IIBU-
KICTIO TIepefiadi, 10 HE MPEI'sBISE KOPCT-
KHX BUMOT JI0 3Ha4€Hb napameTpiB QosS, Ha-
npuknaj, Tpagik FTP.

Knac Best Effort (BE - nocmyra Haii-
Kparroi cripodu) - po3poOIieHa st MATPUM-
K4 3BUYaiiHoro Tpadika [nTepuer [6-9].

Haganns nudepenuiiioBanoro QoS
cepBicy B Mepexi WiMAX 3abe3nedye BUCO-
KY HPOJYKTUBHICTh MEpEXi CUCTEMHU pealib-
HOTO Yacy, II0 HajJa€ rapaHTOBaHY ILBHJI-
KICTh Ta AKICTh MepeAayl AaHUX B 3a3falie-
rib 0OMEXEH1 YaCOB1 paMKH.

BucHoeku

3acTOCYBaHHSI TEXHOJIOTIi TMOKOJIHHS
3.5G MHUPOKOCMYroBOro abOHEHTCHKOTO
6e3apoToBoro gocrymy WiMAX, ocHOBaHOT
Ha craHaapti /EEE 802.16, 3abe3neuye HE0O-
X1IHI TapaMeTpu SKOCTI 0O0CIyroByBaHHS
QoS 1l pI3HUX THUMIB Tpadika peasbHOro
yacy, 3a0e3neuye MiATPUMKY poOOTH PI3HUX
J0JIaTKIB CHCTEM pEalbHOTO 4acy, KpUTHY-
HUX JI0 SKOCT1 KaHaJly 3B'I3KY, a IAM CaMUM
MIIBUIIYE MPOAYyKTUBHICTE M3PY. BusHaue-
Hi KJIaCH SIKOCT1 0OCITyrOBYBaHHSI B MEPEKaxX
peanbHOTO Yacy WiMAX nO3BOJISIIOTH 3a0e3-
MEYUTH HEOOXIIHUN PIBEHb SIKOCTI 00CTyro-
BYBaHHS IIpU HaJlaHH1 cepBiciB /P-TenedoHii,
nepeaadi 00’eMHUX MYJIbTUMEIIMHUX JTaHUX
Ta JOCTyIy A0 Mepexi [HTepHeT 3 BHCOKOIO

LIBUJKICTIO, Ha/IHHICTIO, 0€3 BTpaT JAaHUX 1
B 3a3/aJieriap 0OMeXeH1 YaCOB1 paMKH.
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