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1. KadecTBo 00C/1y:KMBaHUS

ITox xauectBoM oOciyxuBanus (Quality of Service, QoS) B oOuiem
ClTy4yae MPUHSITO MOHUMATh IPEIOCTABICHUE TTOJIB30BATESIM U IPHIIOKEHH-
SIM B CETH IPEACKa3yeMOro CepBHUca 10 AOCTaBKe AaHHBIX. KOHKpeTHOE e
OTIpENiCTICHUE U TapaMeTphl KadecTBa OOCITYKHBAHUS TJIABHBIM 00pa3zoM
OTIPENETISIFOTCS] TUIIOM NpHiIoXKeHus. Tak, Harpumep, Ui IepeJady roixoco-
BOTO Tpaduka, BaXHEHmMMHU mapamerpaMu QOS SBISIOTCA 3aiepkKKa M
Bapuanus 3aJepKKH Ha ONIPEAEICHHOM HHTEPBajIe BPEMEHH, B TO BpeMs Kak
MoTepsi HEKOTOPOW YacTH MakeToB jomycTuMa. [lapamerpsl kauecTBa 00-
CITy’)KUBaHUsI MOXHO Pa3OUTh Ha TPH TPYIIIIBL:

e mapaMeTpbl MPOMYyCKHOW CIOCOOHOCTH (MUHUMAIIbHAS, CPEIHSAS U MaK-
CUMaJIbHasi CKOPOCTh TIepeiayn)

® mapaMeTphl 3aJepKeK Iepeiadyd NMakeToB (CpelHHe M MaKCHMalbHbIE
BEJIMYMHBI 33JJ€P>KEK ¥ BapUALUH 3a€PKEK)

e TapaMeTpsl HaJeKHOCTH Nepenadd (ypoBEHb MOTEPh M MCKaKCHHUH Ta-
KETOB)

W3mepeHne yka3aHHBIX ITapaMeTPOB IPOU3BOAMTCS HA OINPEICICHHOM
WHTEpBaJe BpeMEHH. YeM MEHbIIEe 3TOT BPEMEHHOW MHTEpBal, TeM Oolee
KECTKHE TpeOOBaHMS NMPEIABSIBISAIOTCA K CETH, a CJIEA0BATEIFHO KO BCEM €€
9JIEMEHTaM, TOCKOJIbKY obOecnieuenne QoS “M3 KOHIA B KOHel Tpedyer
B3aUMOJICHCTBUS BCEX Y3JIOB Ha MYyTH TpaduKa U ONPENessieTcs] HaJeHKHO-
CThIO, (DYHKIMOHAIBHOCTBIO U IPOHM3BOAUTEIBHOCTHIO CaMoro “‘ciadboro
3BeHa”. Hanpumep, O4€BUIHO, YTO HEBO3MOXKHO I'apaHTHPOBATh oOecreye-
HHUe npuoputeTHOH 06padboTk VLAN B pacmpeneseHHON KOMMYTHPYeMOn
cern Ethernet, ecnu mo mMapmpyTy pacrnpocTpaHEHUs! JaHHBIX yCTaHOBIIECH
x0Ts Obl ontuH KoHIeHTpatop (hub Ethernet).

Mexy KIMEHTOM, MOTpeOUTENeM yCIIyT TPaHCIOPTHOM CeTH, M Mpo-
Baii/lepOM JJaHHBIX YCIYT MOXKET OBITh 3aKJIIOYEHO “‘CorvallieHne 00 ypoBHE
obcyxuBanus” (Service Level Agreement, SLA), B KOTOpOM OIpeIesIOT-
cs:

e [uIaTa 3a 00CIy)KMBaHUE B 3aBUCUMOCTHU OT BBHIOPAHHOTO YPOBHS 00CITY-
KUBaHUS

e mapametpbl QoS I maHHOTO YypOBHS (MaKkCHMalbHAs 3aJep)KKa U Ba-
pHalH, TPOMYCKHAs CHOCOOHOCTh, MAaKCHMAJbHOE BpEMsi BOCCTAHOB-
JICHUSI CETH TI0CIIe aBapHii U T. J1.)

® METOJIbl M3MEPEHHH BBIIIEYKA3aHHBIX TAPAMETPOB

e mTpadHble CAaHKIMHK 32 He obecniedenue Tpedyemoro QoS

e 1100BIe APYTrHe NOMOIHUTEIbHBIE CTAThU 110 0000 JHOMY COTJIACHIO

Jnst mpesocTaBiieHHsT Pa3IMYHBIM I10JIb30BATEISIM MHIMBHYaJILHOTO
Ka4yecTBa 00CITy)KMBaHUS TPeOyeTCsl pealIi30BbIBATh B CETH pa3lIMuHBIC Me-
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xaHm3Mbl ynpaieHus QoS. Hns IP-cereit sto, Hampmmep, RSVP u
DiffServ, monmnep:kuBaromiye, COOTBETCTBEHHO, KadeCTBO OOCIYKHBAaHHUS
JUTS. MEKPO-TIOTOKOB MIPHJIOKCHUN M arperupOBaHHBIX TTOTOKOB.

1.2 Moaeas cay:x0b1 QoS

Ha Pucynke 1.1 npeacraBnena 6a3oBasi apxuTeKTypa ciyx0sl QoS ¢
9JIEMEHTaMH TPEX OCHOBHBIX THIIOB!

= cpencts QoS y3mna;
" [POTOKOJIOB cMTHaIM3anuu QoS;
®  [IEHTPAIM30BaHHBIX (YHKLUI NONUTHKH, ypaBieHus u yuera QoS.

Q0S <2 KOHUA B KOHEL» ol

Ouepenn

QoS yana

Kougiumnoni-
POBaHHe

Puc. 1.1 Apxurekrypa ciayx0651 QoS

CpenctBa QoS y37a - OCHOBHOH HCIIONHUTEIBHBIH MEXaHU3M CITYKOBI
QoS, Tak KaK UMEHHO OHM HEIIOCPE/ICTBEHHO BIHSIOT HA MPOILECC MPOJIBU-
KEHUsI TAKETOB MEXTy BXOJAHBIMHU M BBIXOAHBIMHU MHTepdericaMn KOMMyTa-
TOPOB U MapIIPyTH3aTOPOB H, CIEAOBATEIHHO, ONPEACISIOT BKIIA]] JaHHOTO
YCTpOMCTBa B XapaKTEPUCTHKH Ka4eCTBa 0OCITYKUBAHUS CETH.

CpenctBa QoS y3na B CBOIO Ou€pe[b MOTYT BKJIIOYaTh KOMIIOHEHTHI
JIBYX THIIOB:
=  MeXaHU3MBI OOCITy)KUBaHHS OUepeei;
= MeXaHU3MBI KOHIUIIMOHUPOBAHUS TpaduKa.

MexaHu3MBl 00CTy)KHBaHUS Odepenet SBISIOTCS HEOOXOIMMBIM dJe-
MEHTOM JIF000TO YCTPOMCTBA, pabOTAIOMIETO MO NPHHIUIY KOMMYTAIUN
naketoB. Korza ckopocTs moctyrieHus Tpaduka cTaHOBHTCS OOJIbIIE CKO-
pOCTH €ro NpOoABHKEHHsI, BOZHUKAIOT odepenu. Kak pa3 B Takue nepHOAbl U
HY>XHBl MEXaHU3MbI O0OCIY)KMBaHHs OYepeaei: BapbuUpys BHIOOPKOW make-
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TOB, OHH BIIUSIFOT HA BPEMs MX HAXOXJICHMS B OUEpPEIH, a 3HAYNT, U HA Be-

JMYUHY 33J€p’KKU - OIWH M3 Ba)KHEHIINX MMapaMeTpOB KaueCTBAa OOCIYXKH-

BaHMs. [1o yMONUaHMIO B CETEBBIX YCTPOWCTBAX ouepean OOCIYyKHBAIOTCS

no npocreiniemy anroputmy FIFO ("mepBeiM mpumien - mepBbIM 00CIy-

*eH'"), 4YTO AOCTaTOYHO TOJBKO Ul peaau3aluu cepBuca "MO Mepe BO3-

MOJKHOCTH", JUI TIOAJCPKKH ke "HCTUHHBIX" cepBUCOB QOS HyXHBI Oonee

CIIOKHBIE MEXaHHU3MBI, 00padaThIBAIOIINE HECKOJIBKO KJIACCOB IOTOKOB,

HarpHuMep ajJrOpUTMBbI IPHOPUTETHOTO WIIM B3BELIEHHOT'O 00CITYKHBaHHSL.

MexaHn3Mbl KOHAUIHOHUPOBAHHSA TpadyKa PEIIAioT 3a0ady CO3IaHus

YCIIOBHI JUI Ka4eCTBEHHOTO OOCITYy>KWBaHHS Tpaduka IpyruM CIiocooom -

HE 3a CYeT BBIOOpA ONTHMAIBHOTO aITOPUTMA O0CITYyKMBAaHHS OYepenn, a 3a

cyeT ee cokpameHus. [Ipn 3ToM cokpaleHne ouepean JTOCTHIAeTCs IMyTeM

BO3/IEIiCTBUS HA BXOIHOH TpaduK: HaIpUMep, CHUKEHHUS CKOPOCTH MOCTYII-

JICHUA MOTOKA B JAHHBIN y3€Jl, YMEHBIICHUS €T0 HEPaBHOMEPHOCTH H T. II.

MexaHu3M KOHAWIMOHUPOBaHUs TpaduKka OOBIYHO BKIIIOYAET BBIMOJI-

HEHHE CIICAYIONMX (PYHKIUI:

1. Knaccudukanus tpaduka BblAEISIET M3 OOLICH IOCIEAOBATENEHOCTH
MaKeTOB, ITOCTYNAIOUIMX B YCTPOHCTBO, MAKETHI OJHOI'O MOTOKA C OOIIH-
MU TpeOOBaHUSIMH K KauecTBY oOciyxuBanus. Knaccudukanus mMoxer
BBINIOJHATHCS. HA OCHOBE PA3IMYHBIX (pOpMabHBIX NMPHU3HAKOB ITaKeTa -
aJipecoB NCTOYHWKA W Ha3HA4eHUs, 3HaueHui mopros TCP/UDP, 3xaue-
HUSI IPUOPUTETA, 3HAUCHNSI METKH MTOTOKa (B Bepcuu [Pvo).

2. Tlpodummposanue Tpaduka Ha ocHOBe mpaBui (policing) moxpasymeBa-
€T MPOBEPKY COOTBETCTBHS KaXKIOTO BXOJHOTO IOTOKA ITapaMeTpaM ero
npoduira. B crnydae HapymieHus nmapameTpoB NMpoduist (B 4aCTHOCTH,
IIPU TIPEBBIIICHUN UITMTENBHOCTH TOCBUIKM WM CpelHEell CKOpOCTH)
MIPOUCXOIUT OTOpachIBaHHE WIM MapKHPOBKA IAKETOB 3TOr0 IOTOKA.
OT1OpaceiBaHHEe HEYACTHIX MAKETOB CHIDKAET MHTEHCHBHOCTH IOTOKA U
NPUBOJMT €ro MapaMeTpbl B COOTBETCTBHE C YKa3aHHBIMH B Ipoduie.
MapkupoBka nakeToB 0e3 oTOpachiBaHMsI Hy)KHa JUIS TOTO, YTOObI OHU
Bce ke ObIIH 00CITY)KeHBI JAHHBIM Y3JIOM (MJIH MOCIETYIOUMMH IO I0-
TOKY), ICTh U ¢ O0oJlee HU3KUM Ka4eCTBOM (HApHMeED, C yBEIHIECHHBIM
3HAUYEHHEM 3aJIepKKH). 151 TPOBEPKU COOTBETCTBHS BXOJHOTO Tpaduka
3aJjaHHOMY TPO(QMII0 MEXaHWU3M KOHIWIMOHWUPOBAHUS BBIMOJHSIET H3-
MEpeHHe NapaMeTpoB MOTOKa. [yt 3TOro 0OBIYHO HMCHOJB3YETCS! OJMH
U3 W3BECTHBIX aJTOPUTMOB, HallpuMep aJroOpuTM "abIpsiBoro Bexpa'
(leaky bucket) nnu 6onee rubkwmit anroputm GCRA.

3. ®opmupoBanue Tpaduka (shaping) npeaHazHaYeHO AJIsI IPUIAHUS TIPO-
meameMy popmInpoBaHue TpadHuKy HYKHOTO paclpeieNeHus IIo
BpemeHH. C MOMOIIBIO JTaHHON (YHKIMHU CTPEMSTCS CTIaJWTh IMyiIbca-
UM TpaduKa, 9TOOB MOTOK MAKETOB Ha BBIXOJE M3 YCTpoicTBa ObLT 60-
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Jiee paBHOMEPHBIM, 4eM Ha Bxoze. CriaxuBaHUe ITyJIbCAlMil yMEHbIIAET
odepen B CETEBBIX YCTPOMCTBaX, KOTOphle OyayT oOpabaThiBaTh Tpa-
¢uk ganee mo nmotoky. @opmupoBanue Tpaduka IEICCOOOPasHO U VIS
BOCCTAHOBJICHHS BPEMEHHBIX COOTHOLICHHH TpaduKa MPUIOKEHHH, pa-
0O0TarUIKUX ¢ PABHOMEPHBIMH TOTOKAMH, HAIPUMEP TOJIOCOBBIX MPHIIO-
KEHHI.

MexaHu3Mbl KOHAWIHMOHUPOBaHUS Tpadrka MOTYT OBITh peaIH30BaHbI
B Ka)XXJIOM y3JI€ CETH JHOO TOJIBKO B NMOTPAaHWYHBIX ycTpoiicTBax. [locnen-
HUHM BapWaHT YacTO MCIOJIB3YIOT HPOBaiAEphl NPH KOHAWIMOHWPOBAHUH
TpaduKa CBOUX KIINCHTOB.

IIpoTokonsl curHanuzanuy QoS HyKHBI UL TOTO, YTOOBI MEXaHU3MBI
QoS B OTHETBHBIX y3JTaX MOTIH OOMEHHBATHCS CITy)KeOHOW mH(pOopMarmen
JUTSL KOOPJAMHALIMK YCHIMH M0 O0ECTIeUeHHUI0 MapaMeTpoB KauecTBa o0Ciy-
KUBAHMSA Ha BCEM IIyTH CJIEJIOBAaHUS MOTOKA, T. €. "M3 KOHIa B KOHewl'.
Hanpumep, ¢ MOMOIIBIO CPEACTB CUTHANIM3ALUH NPHIIOKEHUE MOXET 3ape-
3epBHpOBaTh cebe BIOJIb BCEr0 MaplipyTa cileJoBaHHs Tpedyemylo cpel-
HIOIO TIPOIYCKHYIO CIIOcCOOHOCTH (11 ceteid [P oty dyHkumio noanepxusa-
et mpotokos RSVP).

OnHO W3 NPUMHTHBHBIX CPEACTB CHUTHAIM3ALUK - MApKUPOBKA IaKeTa
IpU3HaKoM ¢ MH(popmanuei o TpeOyeMoM JUId HEro KauecTBe 0OCIy)KHBa-
Hust. Hanbonee wacTo amst 3TOro ncmosnb3yeTcs 1ojie MpHopuTeTa (B MmakeTe
IPv4 - mepseie Tpu Outa mons Type Of Service, TOS). [lepememasics oT
YCTpOMCTBa K YCTPOIHCTBY, MAaKeT MEPEHOCUT BJIOJb MYTH CIIEIOBAHUS CBOH
TpeOOBaHUS K Ka4eCTBY OOCIy)KHUBaHHSA, MPaBla, B JOCTATOYHO 0OOOIICH-
HOH (opMe - Tak KaK I0Jie NPHOPUTETa UMEET BCEro HECKOJIBKO BO3MOX-
HBIX 3HA4YEHUI, TO M KauecTBO OOCIYyXMBaHUSA OYyIeT NPEAOCTABIATHCS
1 hepeHIMPOBaHHO 110 HECKOJIILKUM arperipoOBaHHBIM IIOTOKAM CETH.

WunnuupoBaTh paboTy MPOTOKOJA CUTHAIM3ALMU MOXET HE TONBKO
KOHEYHBIN y3€ell, HO U IIPOMEXYTOYHOE ycTpoiicTBo. Hanpumep, norpanuy-
HBIA MapIIpyTH3aTOp B CETH IpoBaiiiepa crocoOeH BBIMOIHUTH KIacCH(pu-
Kaluio Tpaguka 1 3ape3epBUPOBATh JAHHOMY IIOTOKY KJIMEHTa HEKOTOPYIO
MIPOITYCKHYI0 CIIOCOOHOCTb. B 3TOM ciydae KOOpIMHAIMSA CETEBBIX
YCTPOWCTB OyleT NMPOUCXOJMTh HE Ha BCEM IYTH cieJOoBaHMs Tpaduka, a
TOJILKO B TIpeJieslaX CEeTH JIAaHHOTO MpoBaiepa, 4To, KOHEUYHO, CHIXKAET Ka-
YeCTBO 00CITyKUBaHUS TpaduKa.

LenTpanmzoBaHHbIe (QYHKIINH TOTUTHKH, yIIpaBieHUs u yaera QoS He
00s13aTeNIbHO TIPUCYTCTBYIOT B apXUTEKType CIykO0bl QOS, HO OHU OYEeHB
JKeJaTeNbHBl B KPYHHBIX ceTsAX. Kakaplil monp30BaTens M KaxI0€ MPHIIo-
KEHHE CTPeMSTCS IIOJIYYUTh OOCITY)KMBAaHHE C MAaKCHMAaIbHO BBICOKHM
YpOBHEM KadecTBa (Hampumep, MponyckHoW crocobHoctn). CienoBaTenb-
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HO, HCOOXOIUMBI CPEACTBA, C MMOMOIIBI0 KOTOPBIX aIMHHHCTPATOP MOT OBI
3aJ[aBaTh PAllMOHANIBHBIA YPOBEHb KauecTBa 00CTYKUBAHHUS ISl OTACIbHBIX
MOJIb30BaTEICH W MPUIOKEHUA WIH 1 UX Tpynn. DYHKIUN MOTUTHKH
MO3BOJISIFOT aIMHUHHUCTPATOPY CO3/[aBaTh MNPABWIIA, 1O KOTOPHIM CETCBBIC
yCTpoicTBa MOTYT (hOpMalIbHO, HA OCHOBAaHWM HA0Opa MPH3HAKOB, PacIo-
3HABaTh OTJCJIbHBIC THIIBI Tpaduka W TMPUMCHATH K HUM OMpCACICHHBIC
Bo3MOkHOCTH QOS.

2. Texuouaoruu IntServ u DiffServ

DiffServ Ocrosuas umes Ttexmonormn DiffServ (Differential
Services) 3axitodaeTcsi B pa3feleHUH Tpaduka B CeTH Ha HECKOJIBKO KPYTI-
HBIX KJIACCOB, AJISI KAXKIOTO U3 KOTOPBIX OyneT oOecreunBaThCs ONpeieneH-
Hblii QOS B pamkax HEKOTOpO# obmacTH, Ha3biBaemoil gomenom DiffServ.
Ha rpannmax moMeHa mpoHCXOIUT KOHIWLIMOHHPOBaHME Tpaduka, TO ecTh
ero kiaccuuKanus, moApa3yMeBarolas aHaiu3 BXOSIINX MaKeToB, COIO-
CTaBJICHUE IMOJY4eHHO!N MH(pOpMAaIMK ¢ TaONUIel NOTOKOB, a TaKKe Map-
KHpPOBKa MAaKeTOB CIelHaNbHBIM KomoBbIM cioBoM DSCP (DiffServ Code
Point). /lanHble (yHKIMHU BBINOJHSET TaK HA3bIBaE€MbIH MOPT JOCTyIa B
JIOMEH (port-access).

JHanee obpaboTrka Tpaduka Ha IPOMEKYTOUYHBIX y3/aX, PHUHATHE pe-
IIEHUs O HANpABJICHWU MAKeTa B Ty MJIM HMHYIO OYepe/b OCYIIECTBISCTCS
UCKJIIOYUTEIBHO 110 KooBoMy ciioBy DSCP, pacrnonoskeHHOMY B 3aroJIoBKe
maketa [P (monme TOS). O6paboTka kitaccu(pUIIMpPOBaHHOTO TpadhuKa BHYTPH
JIOMEHA OCYIIECTBISIETCS CO CKOPOCTHIO KOMMYTAIMM — JOCTATOYHO CYH-
TaTh 6 OWT KOZOBOTO CJIOBA M OTIPAaBUTH IAKET B COOTBETCTBYIOUIYIO OUe-
pellb, TocIie Yero BCTYIaeT B JEHCTBHE alrOPUTM «B3BEIICHHOTO CHpaBesl-
JIUBOTO OOCITy>KUBaHUA», puc. 2.1.

Knaccnjuxaimsa noroxes: ‘np""p"'"““""’“"\
. WQCH HCTOUHHKA M HAHAYEHHR

- Tlporoxon
- Hovepa nopros

TIpropurernsnt
Tpadumc

TIpropurerunit
Butbop

Hexomuupii Tpagus

0030

Borxaumn ouepes

H
1
H

2
h
H
H
H
i
H

Puc. 2.1. MexaHu3M B3BEIICHHOTO CIIPaBCAJINBOTO 06CJ'Iy)KI/IBaHI/I${



Bo03MOXHBI pa3nuuHbIC peald3alyy AaHHOTO alropuTMa B 000pyZIO-
BaHWM pa3HBIX TnpomsBoxauteneii. Hanpumep, B mapmpyruzatopax Cisco
kommnanuu Cisco Systems Juisi KilacCH()UKAIMK HCIIOIb3YETCs 1BA MIIAIIINX
oura u3 tpexpaspsanoro noamoins IP Precedence monst TOS. Io ymomda-
Huto, kiaccy 0 Beinensercst 10% mosockl mpomyckaHus, kiaacey 1, 2 u 3 —
20%, 30% u 40% cootBeTcTBeHHO. /1151 0uepeneil, OCHOBaHHBIX Ha KiIaccax
QoS, nakeTsl, He Ha3HAUCHHBIE HU B OAHY TPYIIy, IpHHaIeXaT rpymme 0
Y aBTOMAaTHYECKU UMEIT 1% OT 00IIeil mpomyCcKHON CIIOCOOHOCTU Ha BCIO
rpymiy. OOmuii Bec 0CTambHBIX TPYII HE MOXKET HpeBbImaTh 99%, a ecnn
II0CIJIe Ha3HAYCHUS BCEX BECOB OCTAETCS CBOOOJHAS MOJOCA MPOMYCKAHHS B
KaHaJle, OHa aBTOMAaTHYECKH OTBOAUTCS o rpymmy 0.

Jpyroii mpuMep peanuzamuu - KoMMyTaTopsl Opti Switch KoMmaHmm
Optical Access, KOTOpble NpeIararoT aAMHHHACTPATOpy IpPU HAaCTPOHKE
napameTpoB QoS BBIOpATh OJIMH U3 PEXXKUMOB pabOTHI ¢ 4-Msi OUEpEASIMU:

1. B3BemenHoe kpyrosoe oocnyxuBanue (Weighted Round Robin, WRR)
2. cMmerranHoe oocnyxuBanue 1/3

3. cmenraHHoe oOciykuBaHuE 2/2

4. oOciyxuBaHKe ¢ NpsMbIM IpuoputeToM (Strict Priority, SP)

B nepBoM ciyuae, kaxoil ouepenn Ha3HadalOTCs BecoBble Kodddu-
LIUEHTHI, 33J]aBacMblc B KOJMUYECTBE MMAKETOB MM 0alTOB (110 yMOI4aHHo 1,
2,3 n4), B COOTBETCTBHU C KOTOPBIMH NPOUCXOANUT IPOJBIKECHUE ITAKETOB
n3 ouepeneil. Tak, MO0 yMON4aHHIO, W3 BBICOKOIIPHOPUTETHOH odYepenn B
BBIXOAHOW Oydep OymeT mnepeHamnpaBisAThCS YETHIpE IakKeTa, a M3 HH3-
KOIIPHOPUTETHOH - oaMH. B ciyuae MCIONB30BaHUS MEXaHW3Ma MPSIMOTO
npuoputeta (MIyHKT 4) OyIOeT IeicTBOBAaTh JHOBOJIBHO TpyOoe, HO 3ddek-
THBHOE TPABWIO — O4epeny ¢ O6osiee HU3KUM IPUOPUTETOM He 00CITyXHBa-
IOTCSI, €CIIM €CTh XOTsI Obl OIMH He0OpaOOTaHHBII MaKeT B BBICOKOIPHUOPHU-
TETHOW oYepequ. DTOT MeXaHU3M aHaJOTM4YeH MEXaHH3MY, Pealn30BaHHO-
My B crangapte 802.1Q/p. Bo BTopoM u TpeTbeM cilyuae MMEEeT MECTO CMe-
IIaHHOE O0OCTyXXHMBaHME, KOTAa YacTh odepeneil paboraer mo WRR-
aIrOpUTMY, a 4acTh — 1o SP.

Jpyrum BaxkHBIM cpercTBoM obecrieueHnst QoS B TexHOJIOTHMH
DiffServ sBisiercst MexaHusM GopMupoBaHus Tpaduka. JJaHHBIH MeXaHU3M
NpeAHa3sHa4YeH Ui CIVIaXHMBAaHMS IYJIbCAIMH  «B3PBIBHOTO» TpaduKa,
YMEHBIICHUS] HEPaBHOMEPHOCTH IPOJIBIDKEHMSI TMakeToB. B ammaparHoOl
peanuzanuu cranaapra DiffServ ucronb3yercs MexaHnsMm, paboTarONIHiA 110
anroputmy «token bucket» uiu «mapkepHoe Benpo», puc. 2.2.

CyTtp anroput™ma «token buckety 3akmouaercs B ciemyromem. Makcu-
MaJlbHasi CPe/IHsisi CKOPOCTh OTIPABKH MOTOKA MAaKETOB M3 YIPABISIOLIETO
y37a 3aBHCUT OT CKOPOCTH NPHUOBITHS B HETO pa3peuieHril Ha nepenady N
enuHUL JaHHbIX. OuepesHON MakeT MOXKET ObITh OTIPABIEH TOJNBKO IMPU
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TTOJIYYCHUN YHUCJIa pa3pelIeHnid, JOCTaTOYHOTO JIJIs TIepelauy TaHHbIX, 00b-
€M KOTOPHIX OOJIbIIe WM PaBEeH pa3Mepy IaKeTa.
Bxogawmi

nakeT EY®EPHAA NAMATH Ynpasnsouyii yaen
Pi+1 s L |E| Pz l P1
Copoc npu
nepenaonHeH1A
Bythep
odepsan paspeleHi

# paspelleHiA HakannWBaloTeA, NOCTYNan ¢
YCTSHOB]'IEHHO“ NOCTOAHHOM CKOPOCTBIO

¥ 0TNPaBKka BOIMOKHA, ECAN HAKONNEHO HeobxogKMoe leHepatop
Yyueno paspeweruii (oaHe paspewenne Ha N eauniy paspelLeHIia
MHDOPMALMI)

Puc. 2.2. Anroputm "token bucket"

Ecnu makeT mOCTyIuT B yHpaBiIfiollee YCTPOHCTBO, HE paclojararo-
IIee HeOOXOAUMBIM KOJIMYECTBOM Pa3pEeIICHUH, OH OylIeT OTOPOILEH TakKe
KakK M I1aKeT, MOCTYIMUBIINI B IIEPEIOIHEHHBIN 0ydep-hopMHupoBaTelb.

Ha puc. 2.3 rpadudeckn mokazaHo, Kak MPOUCXOIUT (POPMHPOBAHUE H
CIUIQXKUBAaHUE MYJbCAlIMH B3PHIBHOTO Tpaduka MO airoputMmy '"token
bucket". Ilycte umeetcs Hekuit Oydep ¢ kKoHeUHBIM 00beMoM. [TocTymaro-
WA co cKopocThlo MHTepdeiica wiam, s kKommyrtatopoB Ethernet, co
«CKOpOCTBIO ~ IIPOBOAa»  TpaduK MOCTENEeHHO 3amojHseT  Oydep-
¢dopmupoBatens (kopuyHeBas obOnacth). ['eHepaTop paspelieHHil BbLAaeT
TOKEHBI C IMIOCTOSIHHOI CKOPOCTBIO, co3/aBasi MpooOpa3 UeanbHOro Tpadu-
Ka, K GopMe KOTOPOro CTPEMSTCS MPUBECTH BXOJHOW TpadHK (CKOPOCTh
TeHepaluy MoKa3aHa KpacHOW imHuel). Bo3aeiicTBue Mexanusma, paboTa-
romiero mo anroputMmy "token bucket", mpumaeT TpapuKy Ha BEIXOIE HYXK-
HyH0 "BpeMeHHYI0 popmy" (CBETIO-3eieHas 00IacTh).

F

Obbvem Gydepa
choprMmmpoBaTens

CropocTb

FaspelueHHas CKoOpoCcTb

BpemAa "
Puc. 2.3. ®opmupoBanue Tpapuxa

Ocnosnvte nonamus mexuonozuu DiffServ
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Coraamenue 00 yposHe cepsuca (Service Level Agreement, SLA) —
JOTOBOpP Ha IPEIOCTAaBIICHHE YCIYT MEXIy KIMEHTOM W TIPOBaiiiepoM ¢
MOJIPOOHBIM NIEPEYHEM NPENOCTaBIsIEMBIX yciyr. IIpoBaiinep ycnyr nomkex
rapaHTHpOBaTh, YTO TpadUK KIHEHTa OyneT oOCIyXHBaTbCsi B COOTBET-
CTBUU C OroBOpeHHbIMH B SLA mapametrpamu QoS.

ITorok (flow) — mocnenoBaTeNbHOCTh MAKETOB, ABHXKYIIMXCS OT HUC-
ToYyHHKa A B NMyHKT HazHayeHUs B (C), KaXIplii U3 KOTOPBIX MOXET OBITh
OJIHO3HAYHO MACHTU(GHUIUPOBaH MO 16-0aiiTHOW KOMOWHAIIMK U3 TIEPBBIX 64
6aiit IP-3aronmoBka w/mnm 3aronoBka TCP/UDP (Homep mopra mpmioxe-
HUSA).

;A' NoTok 1 //@’

ﬁ KommyTartop ¢ nogaepxoi DiffServ
Puc. 2.4. Tlytu cienoBaHus MakeToB

IopTt noctyma (port access) - IOPT KOMMYTATOpa JUIsl ITOIKIIOYCHUS
nojb3oBarens. Touka kiaccudukanuy/ KOHIULIMOHMPOBAHMS TpaduKa.
OyHKUMHU [TOpTa:

1. amamu3 Bxopsmero Tpaduka (uTeHue 3aronoBkoB L3 u L4)

2. TpoBepKa Ha COOTBETCTBHE B TaOJIMIE IIOTOKOB KOMMYTaTOpa M pactpe-
JIeTICHUE TTAaKETOB 0 OYepesiM B COOTBETCTBUH C OTIMCAHNEM [TOTOKOB

3. ¢unpTpanus Hekmaccu(pUIUPOBAHHOTO TpaduKka (IMAKETOB, HE MPHUHAM-
JIeKAIINX HU OTHOMY JIOTHYECKOMY ITOTOKY)

4. yCTaHOBIIEHHOE OI'paHUYEHHE CKOPOCTH JUIS KaX0Tro MOTOKA (JITOPUTM
"token bucket")

5. mapkupoBka [P-3aronmoBka nakeroB B mosie TOS KOZOBBIM CJIOBOM
DSCP (DS Code Point)

BuyTtpennuii mopt (interior port) — coenunser nBa o06bekTa B 10-
mene DiffServ. Hanpumep, 3T0 MarucrpaibHble HOPTHI KOMMYTaTOpOB
Gigabit Ethernet, cBsi3aHHBIX IO ONTOBOJIOKHY. DYHKINY ITOpTA!

1. ananu3 Bxoasmero tpaduka (urenne DSCP)

2. pacripezeseHHe IakeToB 1o ouepeasM B coorBercTBuu ¢ DCSP

3. mepeHa3HaueHHE KOJIOBOTO CJIOBA B CIIydae, €CII IOPT SIBISETCS BHIXO/-
HbIM U3 goMmena DiffServ, s obecrieueHust COOTBETCTBUS YpoBHEH Q0S
MEXAY KOMMYTaTOpaMH Pa3IMYHbIX TPOU3BOAUTENCH

Buemnuii mopt (exterior port) — coemmnser ngomen DiffServ ¢
BHEITHUM MHPOM (BEpIIMHA JOoMeHa). DYHKIMH MOopTa aHAJIOTHYHB (QyHK-
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UM TIOpTa OoCTymna. BHemHui mopT oOpabaTeiBaeT TpadukK, BXOISAIINN B
JIOMEH.

IntServ IntServ(Integrated Services) 6onbIe MOAXOAUT IS KOHIEH-
Tpauuu Tpaduka B morpaHudHON cetd [P 1 He peKOMeHIoBaHa IS IpUMe-
HEHUS B TPaH3UTHBIX ceTsx [P (u3-3a mpobiem ¢ MacmTabupyeMoCThIO).

Mopens ¢ HHTETpanueii yciuyr Oputa mpeioskeHa B Hadaje 90-x romoB
n paspabareiBasiach U OOCIY)KMBaHMS CIUHWYHBIX ITOTOKOB, KOTOPBIM
MIPEAOCTAaBIISICTCS [1Ba BHIA YCIYI: TapaHTHPOBAHHBIC M C YIPaBISIEMOH
Harpy3koi. ['apaHTHpOBaHHBIE YCIYTH MO3BOJISIOT 00ECIICUUTH OMpE/IeNIeH-
HOMY 00BbeMy Tpaduka IoLAaloIeecs KOJIMYECTBEHHOMY BBIYHCICHHIO
MaKCHMaJIbHOE 3HaYEeHHUE 33JICPKKU IIPU TPOXOXKACHUH MTAKETOB U3 KOHIIA B
KOHell. YCIIYyTU ¢ yIpaBiIseMbIM YPOBHEM Harpy3KH IpPEJOCTaBIAIOT OIpe-
JeaeHHoMy o6beMy Tpaduka obciayxuBanue best-effort mpu BupTyansHoi
HU3KOI ceTeBOit Harpy3Kke 0e3 CTPOTHX TapaHTHiA.

Paccmotpum crpykTypHyto cxemy IntServ (puc. 2.5).

Arexr Arext AreHt
MapLUpyTH3aUMu Pe3epBUPOBaHUA ynpasnexus
Ynpasnenue
AOCTYNOM
‘ A 4

A4 A 4
Ta6nuua mapwpyrwsaumu| | basa ynpasnenus Tpagkom |

Jlucnetyep

| KNACCH(UKATOP e
NaKkeTos

Puc. 2.5. Mogens IntServ

B kaxnom y3ie, monepxusaromeM INtServ, qoimkHo GbITh HECKOIBKO
00s13aTeNbHBIX HIIEMEHTOB:

® Kuaccuguxamop - HaNpaB/sIeT MOCTYHAONIMI TAKET B OAUH U3 KJIACCOB
00CITy)XUBaHUSI COTNIACHO HMH(OpPMAILMK, MONYYEHHOH M3 3aroJOBKOB
(ceTeBOro M TPAHCIIOPTHOTO YPOBHEH) Makera.;

® Jucnemuep naAxKemog - W3BIEKAET U3 KaXKAOH OYCPEAH MaKeThl MU
HANPABIBIET UX HA KAHALbHbIU yposens. s INtServ mpemioxkeH AByX-
CTYNEHYATHIH AUCTIETYED TAaKETOB;

o Onok ynpasnenus docmynom (admission control) - npuHIMaeT peleHus
0 BO3MOXXHOCTH TMOJIYy4YeHHUsI TpahukoM TpeOyeMOro KOJIMYecTBa pecyp-
COB, HE BJIHMSSI IPH 9TOM HA paHee NPeJOCTaBICHHbBIC rApaHTUH. YIIPaB-
JICHHE OCTYIOM BBIMOJIHACTCS HA KAKAOM Y3Jie IJIsl TIPUHITUS HIH OT-
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KJIOHEHUI 3alpoca Ha BBIICICHUE PECYPCOB IO BCEMY ITyTH HMPOXOXKIe-
HUSI IOTOKA,;

®  NPOMOKON pe3epeuposanuss pecypcog - NHQOPMHUPYET y4aCTHHKOB CO-
enuHeHus (OTIIPaBUTENS, MOJyYaTessl, IPOMEKYTOUHBIE MapLIpyTH3a-
TOphI) 0 TpeOyeMbIX mapamerpax obcmyxuBanus. s momenu IntServ
PEKOMEHAYETCs UCTIONIBE30BaTh MPOTOKOI RSVP.

OCHOBHBIM HEIOCTAaTKOM MOJIENIM CUMTAETCs HH3Kas MaciiTabupye-
MocTb. [IponsBoaurensHocTh INtSErv 3aBucur ot konmyecTBa 0OpadaThiBa-
€MbIX TTOTOKOB, CIIEOBAaTEIbHO, TAKYI0 CEPBHCHYIO MOJENb IPAKTHIECKH
HEBO3MOXHO PEaIN30BaTh B CETH C MUJUIMOHAMH I0JIb30BaTENEH.

Ho cawmsrit 6onpmmoit HemoctaTok IntServ ceszan ¢ macmrTabupyemo-
cteio SVP, 0co0eHHO B BBICOKOCKOPOCTHBIX MAarHCTPalbHBIX ceTsx. [lei-
CTBHUTEIBHO, 00BEM PECYPCOB, KOTOPBIE HEOOXOAMMBI MapIIPyTH3ATOPY UL
00paboTku u xpaHeHus nHpopmaumu RSVP, yBenmuuuBaercst mponopLuo-
HaJIbHO KOJHMYecTBY NOTOKOB QOS. M3Mepenus Tpaduka moka3blBaroT, 4TO
OO0NBIIMHCTBO coepnHeHui [P "u3 koHIa B KOHel" CYIIECTBYEeT OYECHb He-
JIOJITO, ¥ B K&XKbIii MOMEHT BPEMEHH MarucTpajbHBIM MapllpyTH3aTOPOM
MOJIIEP)KUBACTCSI HECKOJIBKO THICSIY aKTHBHBIX coeluHeHni. CrienoBaTeinb-
HO, MHOTOYHCIIEHHbIe MmoToku INtServ B kananme ¢ OOJNBLION MPOIMYCKHOM
CHOCOOHOCTBIO 3HAYUTENHHO YBEIMUMBAIOT HATPY3KY HA MapIIPYTH3aTOPHIL.
Bornee Toro, kaxkaplii pa3 Ipu U3MEHEHHH TOIIOJIOTHH BCE 3ape3epBUPOBAH-
HBIE ITyTH HEOOXOIMMO IPOKJIIAIBIBATh 3aHOBO.

3. MyJbTHIPOTOKOJbHAS KOMMYTAIIMA METOK
(mporokoa MPLS)

MPLS (MultiProtocol Label Switching) — ato TexHonorusi GsIcTpOit
KOMMYTallU{ IIaKeTOB B MHOTOIPOTOKOJBHBIX CETSIX, OCHOBaHHAs Ha HC-
monp30BaHUN MeToK. MPLS paspaGaTeiBaeTcs M HO3HMIMOHUpPYETCA Kak
croco0 MOCTPOCHHUST BRICOKOCKOPOCTHBIX [P-MarucTpasieii, ogHako 00iacTh
ee NMPUMEHEHHS He OrpaHMYHBaeTcs mpoTtokosoMm IP, a pacmpoctpansercs
Ha Tpaduk JH0O0r0 MapIIPyTHU3UPYEMOTo CETEBOTO MPOTOKOIA.

B tpagnmuonnsix cetsx [P, B obmiem cirydae, MapuipyTH3anus make-
TOB OCYIIECTBIsieTcss Ha ocHoBe IP anpeca nHasHaueHus (destination IP
address). Kaxxaplii MapmpyTusatop B ceTr obnanaetT HHPOpMaIed o ToM,
yepe3 Kakod HMHTepdelc M KakoMmy cocely HeoOXOJMMO IepeHaIpaBUTh
npumenmuii [P-maker. MynbTUIPOTOKOIBHAS KOMMYTaLUsl MO METKaM
IpeJularaeT HecKonbKko Apyroi noaxon. Kaxpomy IP-nakeTy HazHauaeTcs
HeKas MeTKa. MapmpyTH3aTopbl IPHHUMAIOT PEIIeHHe O Ieperadye makeTa
cIeyIoNeMy YCTPOMCTBY Ha OCHOBaHWM 3HaU€HUsT MeTKH. MeTka m100aBis-
eTca B coctae MPLS 3aronoBka, KOTOPBIH JOOaBISETCS MEXKIY 3arojoB-
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KoM Kazpa (BTopoii ypoBeHb OSI) u 3aroloBKOM makeTa (TpeTUi ypoBEHH
mozenu OSI).

3aronoeok MPLS 3aronoBok IP
Kanpa aaronoeck | IP naketa nakeT

®opmar MPLS 3aronoBka npeacTaBieH HUXE

19{20 4 Eh|

BuTel

MeTka CoS |8 TTL

Onucanue nosneid MPLS-3aronoBka:

CoS — mone omnmcrBaromee Kiacc oOcTy)kuBaHUs makeTa (aHamor [P
precedence);

TTL — time-to-live — ananor IP TTL;

S — mone-¢nar 00603HaYAIOMIKI TO, YTO METKa IMOCIEAHss B “cTeke”.

OnHOMY MakeTy MOXKET ObITh Ha3HAU€HO HECKOJIBKO METOK (“CTeK” METOK).

B pamkax apxutektypsl MPLS paznmuyaroT crieayroomue THIIBI

YCTPOWCTB:

e LSR — Label-Switch Router miu P — mapuipytu3sarop, HoAIepKUBAIO-
X KOMMYTAIMIO IO METKaM U TPaauIoHHY0 IP-MapipyTu3amuro.

e Edge LSR nmm PE — mapmpyTusaTtop, HOIKIIOYEHHBIA K YCTPOUCTBAM,
HE OCYLIECTBIISIOIUM KOMMYTAIIMIO 110 MeTKaM (YCTpOHCTBA MOTYT HC-
TIOJIB3YIOT APYTYIO HOJIMTHKY MapIIPyTH3alMK WM BOOOIIE HE TOAep-
skuBator MPLS).

e MPLS domain — MPLS-gomen — rpymnia COeIMHEHHBIX YCTPOMCTB OCY-
LIECTBISIFOIMX KOMMYTAIMIO MO METKaM, HAaXOMSIIMXCS MOJ €IMHBIM
AJIMUHUCTPATUBHBIM TOJYMHEHHEM U (YHKIMOHUPYIOUIMX B COOTBET-
CTBHUH C €UHOI monuTukoi Mapupyruzauuu. MPLS nomen obpa3syercs
LSR-amu, a Ha rpaHuIe JoMeHa pa3MeriarTcs ycrpoiicta E-LSR.

OcHoBHbIM mpeumyniectBoM MPLS cuutaercs yckopeHue CKOpocTd
npoBrkeHus naketoB (IP) B siape cetn. OnHaKo CyIIECTBYIOT U JpyTrHe, HE

MEHee BaXKHbIE, NPHWJIOKEHHs Uil 3Tod TexHojormu. Hampumep, MPLS

Traffic Engineering (TE).

3.1 Traffic Engineering (TE)

Traffic Engineering (TE) — 3T0 BO3MOXHOCTB yIIpaBJICHUS HANpaBJIe-
HHUEM MPOXOXKIACHUS TPahHKa C IIENBI0 BBIMOIHEHUS ONPEICTICHHBIX YCIIO-
BUii (pe3epBUPOBaHUE KAHAJOB, paclpeleieHHe 3arpy3Kd ceTd, OanaHCH-
POBKa U PEeIOTBpALICHHE EPErPy30K).
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OGwrunbIe TIpoTOKOITE MapiupyTusanun (IGP mpotokosst I1S-1S, OSPF)
MIPEAOCTABIIIOT OTPAaHUICHHBIE BO3MOXKHOCTH IO YIPaBICHUIO TpaduKkoM
HAa OCHOBE METPUK COCTABIIIOIIUX CETh JIUHKOB.

OcnoBHo# Mexanu3M TE B MPLS — ucnonbs3oBaHue ogHOHANPaBIICH-
ueix TyHHened (MPLS TE tunnel) anst 3amaHust myTn NpOXOXKICHUS OIpe-
JeneHHoro Tpaduka. Hanpumep, it oqHoro Buaa tpaduka, HanpuMep Bbl-
COKOIIPUOPUTETHOI'O FOJIOCOBOIO MOKHO IPOJIOKUTH OJMH IIyTh YEPE3 CETh,
a A7l HU3KONPHOPUTETHOTO — Apyroil. Tak kak TyHHEIN — OJHOHAINPABIICH-
HBIE, TO 00pATHBII ITyTh MOXKET OBITh COBEPIIECHHO APYTUM.

=]

Puc. 3.1. Mcionb3oBanue 0AHOHANPABIEHHBIX TYHHEJIEH

Texnonormaeckn MPLS TE ocHoBpIBaeTcs Ha (popMHUpOBaHIH MapIi-
pyToB mpoxoxaeHus maxkeroB (LSP) depe3 ceTh ¢ moMouipi0 MexaHH3Ma
co3nanus TyHHenei (MPLS Tunnel), koTopblii B cBOro ouepeap OasupyeTcs
Ha crekupoBanun MeTok (Labels Stack).

IMpumutuBebii MPLS TE moxHO obecneunTs, BpyYHYIO yCTaHOBUB
TYHHEJH, COOTBETCTBYIOIIHE TpeOyeMBIM HAaNpaBJICHUSIM TPOX0XKICHUS

Tpaduka.

3.2 XapaKTepuUCTHKH Ka4eCcTBAa 00CIy:KHBAHHUA

PeanpHOE KadecTBO peun B cirydae |P-TenmedoHumM momBep:keHO BO3-
JICUCTBHIO MHOXECTBa (haKTOPOB M MOXKET BapPbHUPOBATHCS B 3HAUMTEIBHBIX
npezenax B 3aBUCHMOCTH OT KJIMEHTCKOTO IPOrPaMMHOIO W ammapaTHOTO
obecrie4eH s, IUII030BOr0 00OPYNOBAHUSA, NPOIYCKHOH CIOCOGHOCTH M
3arpyxenHoctu |P-cern. Bcé 310 cka3piBaeTcsi Ha TaKMX TEXHHYECKHX Xa-
PaKTEepUCTHKAX ITEPERadH, KaK 3a0epicKd, 8apuayus 3a0epicKu, 00Jis no-
MEPSAHHBIX NAKEMOog .
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[onoco-

ROU 111103 BOU

Cets IP fonoco- D

b
eKoguposaHue
KogmnposaHue Hevonnp
WHKancynauma Bydepusauma
duKcMpoBaH- vepusan
Hble 3a4ePXKN MHKancynauma
Bapbupye-
Mble 3a-
DKM MocTaHoBKa B ove- 3aJepKa B ceTu
peab

Puc. 3.2 Pacnipenenenue 3aepKeK 1Mo JHHUHU MePeIayH.

OOmas 3amepkKa CKJIAAbIBaeTCA M3 3aJCPXKKH Ha 00pabOTKy B
[UTI03€ W 3aJep KK IpH nepemade mo cetu (puc. 3.2). 3agepxka Ha 00-
paboTKy B INTIO3€ BKIIOYAET 3aJCPXKKYy Ha KOMIIPECCHIO (IZEKOMIIpec-
CHIO) pe4YM M JOMOJHHUTENbHBIE 3aJe€PKKM Ha Iepepady HHPpOpMaIuu
MEX/y MOACHCTEMaMH NUTI03a M Ha Pa3MENIeHUE CXKAaThIX JaHHBIX B Ila-
KeTBL. 3adepocka Ha obpabomky 6 wiiose cocmagiiem He meHee 15-45
mc.

OpnHako, B LEJIOM 3aJiep)KKa B IIII03¢ OTHOCHTEIBHO HEBEIHMKAa IO
CPaBHEHHUIO C XapaKTEPHBIMH 33/IEPKKaMU B CETH, K TOMY K€ MOCIeIHHE
ropa3lo MeHee IPEeICKa3yeMbl U 3aBUCAT OT KoHpurypamum cetu, e€ 3a-
IPYXEHHOCTH B KOHKPETHBIH MOMEHT, YMCIIa TPAH3UTHBIX MaplIpyTH3aTO-
POB, MaKCHUMaJIbHO JOMYCTHMOIO pa3mepa IakeTa u JApyrux ¢akropos. B
YAaCTHOCTH, KaXKIbII ITPOMEXYTOUHBII MapHIpyTH3aTOp OOBIYHO BHOCHT
3a7iepKKy okoio 10 Mc, a eciii OH HeperpysKeH, To U Oosbiie. Mexay TeM,
Ka4ecTBO peyr MMeeT INpUEeMIIEMBIH YpOBEHb NIPH 0bwyell 3adepoicke He 60-
nee 300 mc. Ecnu 3ajepikka NMPEBBIIAET 3Ty BEIUUYHHY, TO PE€Ub HAUuMHAET
3By4aThb Kak IpH IIOXO0H COTOBOM CBSI3M.

Tak kak 3azepxku B IP-ceTsix Hempecka3yeMbl, TO 3TO NPHUBOIUT K
BapHaIUU 3aJIeP>KKH, T.€. K IOCTYIUICHHIO NTaKETOB CO CXKaTOH Peublo uepes
HeperyJsipHble NPOMEXYTKH BpeMeHH. Kpome Toro, mu3-3a pasinuuumii B
MapuIpyTax MakeThl MOTYT IOCTYNaTh HE B TOM ITIOPsAKE, B KAKOM OHH Obl-
JIM OTIIpaBJiieHbl. [ KOMIIeHCAllMK BapHalliK 3aJIePKKH 1IUTI03 Ha JabHEM
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KOHIIE MOXXET OTJIOKHTH BOCIIPOM3BEICHNE PEUH [UIS MTOBBIIICHUS Ka4eCTBa
e€ 3By4aHMsI Ha BPEMs, PABHOE BEIMYMHE TUIMIHOW BapUAIUU 3aJCPXKKH.
[Tpu 5TOM &aHHBIE MOMEINAIOTCS B TaK Ha3bIBaeMbli Oydep CHHXpOHHU3a-
uun. Yem Oosbliie Bapuanys 3a€pKKH B CETH, TEM BMECTUTENIbHEE JOJDKCH
ObITh Oydep — u Tem Oombinie OyaeT odOmiast 3aaepxkka. Jlanee Oymem mona-
raTh, YTO W03 KOMNEHCUPYem 8apuayuu 3a0epicKu.

[lepenava rojoca MO CETH OCYLIECTBISIETCS B HPOMOKOMbHLIX OIOKAX
Oannwix UDP. Dt0 cBs3aHO ¢ TeM, YTO NOBTOpHAas Nepenada HOTEPSHHBIX HITH
HCTIOPYEHHBIX MMAKEeTOB, KaK TO mpexycMaTtpuBaeT 1CP, mpuBena Obl K emé
OoNBIIMM 3a/lepKKaM M OKazanach Okl B utore Oecrome3Hoil. OqHAKO B pe-
3ynbTaTe HUYTO HE CTPAaxyeT OT MOTepH makeToB. Kak criencreue, mpu mepe-
TPY’KEHHOCTH CETH WJIM HU3KOM Ka4yeCTBE JIMHWH CBSI3M 3HAYMUTENBHBIM IPO-
LIEHT MAKETOB MOXKET OKa3aThCsl YTEPSH WM UCTIOpYEH. [Ipu nomepsx ceviuie
5% peub cmanosumcst Hepa360pPUUBOL.

Pa3paboTkoii HOpM Ha KauecTBO oOciykuBaHus B ceTsix |P-renedonnn
3aHuMaroTcsa opranuzamu MCO-T (MexayHapoIHBIN COI03 AIEKTPOCBA3N),
IETF (Internet Engineering Task Force, I'pyrnma umxeHepHBIX HpobiIeM
Nurepuera) u ETSI (European Telecommunication Standards Institute,
EBporneiickuii MHCTUTYT cTaHIapTOB B oOyiactu cBsizu). B mepuoxge 2001-
2004rr. B pamkax uccienoBarenbekux komucenii (MK) 2,12, 13 u 16 MCO-
T 3arutaHnpoBaHbl pabOTHI 1O ONPEACICHUIO ¥ HOPMHPOBAHMIO IOKa3aTe-
Je Tpowm3BOAWTENRHOCTH ceTeir |P-temedoHnn m coorBeTcTBeHHO |P-
ceteid, mo ompenencanto Q0S kmaccoB B IP cersax. [lokaszarenn xadecTa
oOciryxuBaHus B ceTs1X |P 1 HOpMBI Ha HUX €Ille HEe YCTaHOBJICHBI.

BriepBrie paboTa 1o OmnpesieneHnio U CTaHJapTH3aIMK KJIACcCOB Kade-
ctBa yenyr IP-tenedonnu Obita Hayata B pamkax npoekra TIPHON (Tele-
communications and Internet Protocol Harmonization Over Networks) uH-
cruryra ETSI. I'pynna TIPHON mnpemoxuina yersipe kiacca yciyr IP-
teneponnu (tabdm. 1).
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Tab6u. 3.1. Knaccer

ciyr |IP-tenedornu B mpoekre ETSI TIPHON.

Knaccet yenyr | 4(HanBb 3 (BBICOKMI) 2 (cpenHuii) 1 (mo-
CIIIHH) CTYTIHBIH)
KagectBo peun | Jlyume, OkBuBasnieHTHOe | OxBuBaneHT- | He ompe-
4eM ¢ WY JTydIee, HOE WIN JIy4- | AenseTcs
G.711 gyem ¢ G.726 (32 LIeE, YEM C
KOHT/C) GSM-FR
Aprymenranus | Jlyuyme, | DkBuUBaJieHTHOE | OKBHUBAJICHT- OKBUBa-
4eM B T$pOIT HOE CETIM JIEHTHOE
TpOII aHaNoroBOM HWnrep-
6ecnpoBoI- HET
HOM CBsI3U
CkBo3Hast oqHO- | <150Mmc <250mc <350mc <450mc
CTOpPOHHSS 3a-
JeprKKa
Bapuanus onno- | <10mc <20mc <40mc
CTOpOHHEH 3a-
JICPIKKH
Torepu nakeroB | <0.5% <1% <2%

IIpenBapuTenbHble MpeiaracMble MoKas3aTeld coriaacHo PekomeHna-
i MCD 1.380 npuBenensl B Tabin. 2. PekoMeHayeTcsl TOJIBKO KPHUTEPHiA
oTkaza: ko3 durent morepu makeros 6osree 0.75. HopMsl 1t ocTaibHBIX
TIoKazaTesield KauecTBa 0OCITy>)KUBaHUsI €llle He pa3paboTaHbI.

Tabmuna 3.2. [IpenBapuresbHble MOKA3aTENHN KauecTBA 0OCITy>)KUBaHUS

B IP-ceTsx
OyHKIMN IMoka3zareny AJst KPUTEPHUEB OLIEHKH
cayx0bl  mepe- | CkopocTh IIpaBuneHOCTH Onpene-
JIa4YM JTaHHBIX JICHHOCTh
Hocryn Bpewms nocryna
Ilepemaga  co- | Cpennee Bpems me- | Kosdoumment ommu- | Koad-
oOmeHnii mone- | peHoca maketa IP 0ok B makeTax IP ¢urment
30BaTes N3menenue BpemeHu | CKOPOCTb IMOSBICHUS | TOTEPH
nepeHoca nakera IP JIO)KHBIX MakeToB IP MIaKEeTOB
IIponycknas  cro- IP
COOHOCTD AJIs maKe-
ToB IP
OcBO0OOXKIEHNE Bpemst  ocBoGoxkIE-
HUS
Kputepnit orkasza: ko3¢ duieHT roroBHocTn ciayxk0bl IP, cpemnee Bpems
MEX]y OTKa3aMH ciyxoOsl IP
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B cents6pe 2001 r. 6puta ogobpena Pexomenmamus MCO-T Y.1541,
OIpesieIIsIIoNIasl MapaMeTpbl HMPOU3BOAUTENFHOCTH W COOTBETCTBYIOIIUE
kinaccsl |P-ceteil, KoTopble IpUBEAEHBI HA Tad. 3.

Tab6nuna 3.3. Knaccesr QoS IP-cereiit MCD-T

ITapamerp | Xapakrep 3Ha- | 3Haue- Knace | Kmace1 | Kmacc2 | Kmace 3
yeHuii npowms- | Hue 1o | 0 (uHTEp- (e (U-
BOJMTEIBHOCTH | YMOJI- aKTHB- HHTEP- Heolpe-
cetu YaHHIO HBIiT) AKTHB- JieTIeH-

HBIN) HBIN)

IPTD Makcumansnoe | Her 150 400 mc lc U
3HAYCHUE Cpel- MC
Hero ot IPTD

IPDV IPDV=IPTDupp | Her 50mc | 50 mc lc U
er—IPTDmin

IPLR Makcumanbioe | Her 1*10° | 1*10° | 1*10° | U
3HAUCHUE BEPO-

SITHOCTH MOTEPh

IPER Bepxmumit mpe- | 1*107* | Tlo To Io u
nen yMOJ- | yMOI- YMOJI-

4a- YaHHIO YaHHIO
HUIO
O0o03HaueHUS:

IPTD — 3anepxxa nepenauu |IP makera,

IPDV — Bapuanus 3aaepxku IP makera,

IPLR — ko3¢ dunment norepu IP nakera,

IPER — ko3¢ ¢punment ommndku nepenaqu IP makera.

Jnst KoHTpoJst KadecTBa pedd B IP ceTsx MCHonb3yloTcsl CyObeKTHB-
HBlE U O00BEKTHBHBIE OLIEHKU. Pexomenmanmsgs MCO-T P.800 omwmceiBaer
METOJIOJIOTHIO CYOBEKTHBHON OLICHKH. B Hel OommchIBarOTCS yCIOBHS IPO-
BEICHHS TECTOBBIX MCIBITAHUH, COJEp)KaHHE pPedeBbIX 00pasIoB, CHCTEMa
OLIEHOK M METOJIWKH aHaln3a MOJYYeHHBIX pe3ysbTaroB. VcmblTaHms o
JTAaHHOM METOJIOJIOTHH TTO3BOJISIOT TOJyYUTh 3HAUCHHUE CPEe/IHEeH CyOheKTHB-
Hoit orienkn MOS (Mean Opinion Score). B cuiy cyObeKTUBHOCTH METOIA
JUI TIONyYeHHs JOCTOBEPHBIX Pe3yIbTaTOB TpeOyeTcss MpoBeneHHE O0OJb-
IIOTO YMCJIA TECTOBBIX MCTIBITaHUI.

Pexomennanuss MCO-T G.107 onuchiBaeT 00BEKTHBHYIO OLIEHKY Ka-
YecTBa PeYM HAa OCHOBE JAHHBIX O mapameTpax mnepenadu. OOBEKTHBHBIC
OIIEHKM KadyecTBa TEpeladyd PEedH IMOJyJaroTCs ¢ MOMOIIBI0 TEXHHYECKHX
CpeACTB, 00ECIIeUNBAIONINX JIYYIIYIO TOBTOPSIEMOCTH pe3ynbTaroB. OObek-
THUBHAsl OLICHKa BBIUMCISETCS B eMHMIAX (pakTopa R Ha OCHOBaHMM TakMX
rapaMeTpoB Iepeaadr, Kak 3aJiepKKa Iepesiaud, MOoTeps ITaKeTOB W THII
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kojeka. OOBbEKTHBHBIE METOABI IO3BOJIIOT IIPEIcKa3aTh OXKUIaeMoe Kade-
CTBO peuH, HO HE CIIOCOOHBI OLICHUBATh KAYECTBO PEUH TaK, KaK 3TO JejacT
yenoBek. B Tabi.4 npuseneHsl kateropuu kadecrsa peun, MOS onenku u R
OLICHKHU.

Ta6murma 3.4. ComnocraBiieHue OIEHOK R, KaTeropuii KauecTBa peuu u
ouenok MOS

3nauenue ¢axropa R | Kareropust kauectBa peun | 3HaueHue onerku MOS
90<R<100 Camast BBICOKast 4.34 — 4,50
80<R<90 Bricokas 4.03-4.34
70<R<80 Cpennsist 3.60 - 4.03
60<R<70 Huskas 3.10-3.60
50<R<60 ITnoxast 3.3 -3.10

4. Iloctpoenue cetu IPTV

Apxutekrypa pemeHus «IPTV» 3aBHCHT OT apXUTEKTypel Maru-
CTpaJIbHO# CETH U CETH JIOCTYIIa OllepaTopa CBSI3H U OOBIYHO HMEET pacIpe-
JICTICHHYIO CTPYKTYPY.

OCHOBHBIE 3JIEMEHTHI pelieHus, Takue kak, Middleware, 3ammter KoH-
TeHTa OT HecaHKnuouuposanuoro poctyrna (CAS/DRM), cucrema ynpasiie-
HUsI BUAeocepBepamu pasmernatorcs B «Jlata nentpe» Omeparopa cBsi3H,
KOT/Ia BUJICOCEPBEPBI BHIHOCATCS OJIMKe K aOOHEHTaM, T.€. CEeTSIM JOCTyIIa
Omneparopa.

4.1 'onoBHast craHUuUs

Cuctema paciipenenenst
KOHTEHY

LienTpanbHan 4acTb pelweHus

Apainindin ®opmupoBauue ycnyr

Tonoexan craHums
s Middleware

MNpuem konTenta

Kowrewt o1
KOKTONT-POBAAASPOR
| cepaeps!
I
I
I
I
I
I
|

KnueHTcKan 4acTh pewenus
BUCTpUBYUMS KOHTEHTA

Puc. 4.1. T'onoBHast cTanuus

l'onoBHast craHIus - BaKHBIM KOMIOHEHT pemreHus «IPTV» mpu mo-
CTPOEHHMH YCIIyT LIM(POBOTO TeleBHJACHUS. ['0JIOBHAsl CTaHIMS SBISETCA
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MIPOTPaMMHO-ANMAPaTHEIM KOMIDIEKCOM, KOTOPBIH 00eCmedmBacT IpHeM
CHTHAJIa OT Pagno M TEIIEBU3NOHHBIX CTAHIUHN W CITyTHUKOB, 0OECTIeYMBacT
PACKOJIUPOBaHUE U JACMYJBTHILUICKCHPOBAHUC IUPPOBBIX CHTHAJIOB H
MPEG-koaupoBaHue aHAJOTOBbIX CUTHAJIOB C TOCIICAYIONIMM MYJIbTUILICK-
CHpPOBaHKEM MOJTOTOBJICHHBIX MaTepuajoB B IP-motoku.

Kommnonentamu ['010BHO# cTaHIIMU SBISIOTCS:

Lndbpoesie cnyTHukoBble AHTEHHbIN NOCT
NPUEMHUKM - AEKPUNTOPbI B

| P
& i,

Yansl

MecTHan
Tenectyans IS undcbposoro
KoaupoBaHus
=% Paavo s

Sl nporpamms
< e >

MecTtHas
pagmocTanyus H o

Uy MPEG
Crpumep / jover TP
MYSbTUNNEKCOP

naketa
PeruoHanbHbIX NPOrpamm

ConosHas cranums
MdPOBOro TENeBMaeHns

Puc. 4.2. Kommonents! ['0710BHOM CcTaHIIUHA

® aHTEHHBI MocT — o0ecreynBaeT NPUEM CUTHAIIOB OT (HUPHBIX CTaH-
LU U CIyTHUKOB; - LludpoBbie CIIyTHUKOBBIE MPUEMHUKH — JECKPHII-
TOpBl — 00ECHEYMBAIOT PACKOIUPOBaHHE LU(PPOBBIX CHUTHAJIOB, MONY-
YEeHHBIX ¢ AHTEHHOTO 110CTa U nepeaady MatepranoB CTpuMepy / MyJib-
TUILIEKCODY;

e y3exa mudposoro komupoBanus — odecneunBaecr MPEG-kogupoBanue
AHAJIOTOBBIX M IM(POBBIX CUTHAJIOB M Nepeiavy MatepuanioB Ctpumepy
/ MyJBTHIIIIEKCOPY;

e cTpuMep / MYJbTHILJIEKCOP - KIIOUYEBOU 3JieMeHT ['0JI0BHOHM CTaHIMH,
obecrieunBaeT MyJIbTHIUIEKCUPOBaHHE MaTepuaioB U [P-Bemanne Takum
00pa3zoM, 4TO KaxK/Iblii KaHall UMEET CBOM YHHKaJbHBIN aapec u nopt IP
BEIIAHHUS.

4.2 Cucrema 3aKpbITHSI KOHTEHTA

Cucrema 3alUThl KOHTEHTa OT HECAHKIIMOHMPOBAHHOIO JIOCTYIA
(CAS/DRM) oGecrnieunBaeT 6€30MacHOCTh YCIAYT U 3aLIMTY BHICO MaTepua-
JIOB OT HECAaHKIMOHMPOBAHHOTO MPOCMOTPa M LU(POBOro KOMUPOBAHHSA
(cobmonenne aBTOPCKUX MPaB).
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Puc. 4.3. Cucrema 3amuThl KOHTEHTA

Cucrema CAS/DRM ocymiecTisier mupaiio ayano- 1 BUaeoMare-
pHAJIOB, IPH 3TOM JIOCTYI K MarepuaiaM abOHEHTaM pa3pelraeTcs mo aBTo-
pusanun aboHeHTOB cobctBeHHbIMU cpeacTBaMu CAS/DRM unu  cpen-
cTBaMu Jpyrux cuctem — middleware, ounnunr. B kadecTBe cpeicTB aBToO-
pH3alUK HCHONB3YIOTCS MPOTPAMMHBIE KJIIOYM M CaMble COBPEMEHHBIC U
HaJIe)KHbIE anropuTMbl. Jlemmdpaiys ayauo- ¥ BHICOMATEPHANIOB OCY-
HIECTBJISICTCS. HEMOCPEICTBCHHO HA CTOPOHE aboHeHTa mocpeacteoM STB.

4.3 Middleware

Middleware

Puc. 4.4. Middleware

Middleware — mporpamMMHO amnmapaTHbIi KOMILIEKC, KOTOPBIA obeciie-
YHBAeT YIpaBJICHNUE BceMHU KoMmoHeHTamu pemierus «IPTVy, obpabaTsiBa-
eT 3ampochkl OT a0OHEHTCKMX YCTPOWCTB, 06ECIICYMBACT B3aMMOJICHCTBHE C
cucremamu Omneparopa cesizu. Middleware mo3BosisieT oCyIecTBIATS:
® aBTOpPH3ANHIO A0OHEHTA;
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e (opmupoBanue nporpammel nepenau EPG;

e (opmupoBaHue HHTepdeiica U HHCTPYMEHTOB YIPABICHHS pELICHU-
eM «IPTVy;

e B3ammojeiictBue ¢ cucremamu CAS, VoD, romosHoii cranmueit, STB-
yCTpOHCTBaMy;

e B3aMMO/ICHCTBHE ¢ OMUTMHIOBBIMH CHCTEMaMH U CHCTEMAaMHM MOJIEPXK-
ku 6uszHeca Onepatopa cesizu (OSS/BSS/CRM u 1.11.).

Middleware nmeeT OTKpPBITYIO apXHTEKTYPy, YTO IIO3BOJISIET OIEpa-
THUBHO MacIUITa0MPOBATh KOMIIOHEHTHl PELICHHs, M PACIIHPSTH CIEKTp
yemyr. IIporpaMMupyeMblii aOOHEHTCKHN WHTEpQEHc MO3BOJSET B ITOJHOM
Mepe YUUTHIBATh IIOTPEOHOCTH ONEPaTOPOB CBS3H U UX A0OHEHTOB.

4.4 AOOHeHTCKOe yCTPOiiCTBO

Puc. 4.5. AGOHEHTCKOE YCTPOHCTBO

AOOHEHTCKOE YCTPOWCTBO SIBJISETCS CBSI3YIOIIMM 3BEHOM MEXKIY CH-
creMaMu (POPMUPOBAHUS U JIOCTABKH ayJTHO- M BUICOMATEPUAIOB U TEJICBHU-
30poM aboHeHTa. STB-ycTpoilcTBO MpencTaBisieT co00i MUHIKOMIIBIOTEP C
onepannoHHo cucremoii 1 WEB-Opay3epom.

OOMeH KOMaH/IaMM yTIpaBJIeHUs W MeJua MaTepuajaMu OCYIIECTBIIs-
€TCs Yepe3 ceTeBoi MHTepdeiic.
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4.5 Cucrema pacnpejejieHUusi KOHTEHTa

Cucrema pacnpeneneHus
KOHTeHTa

Aeo
2 cepBepbl

N

cepsepbl

Puc. 4.6. Cucrema pacnpezesnieHus: KOHTEHTa

[pu noctpoernun yemyr IPTV cocpenoraunBaTh ayauo u BUAECO MaTe-
pHaBl B €MHOI Touke 0OMeHa — He LesecooOpa3Ho. JJaHHbIH miar mpuBo-
JMT K TOBBILMICHHON 3arpy3Ke CETH, HEpalMOHAJIbHOMY HCIOJB30BAHHUIO
KOMIIOHEHTOB DEIICHUs, OTCYTCTBHIO BO3MOXXHOCTH IPEAOCTABIATH Kayde-
CTBEHHBIE YCITyT'H OOJIBIIOMY KOJIUYECTBY a0OHEHTOB.

Kax cnencreue, HEOOXOAUMO KayeCTBEHHO paclpeleiuTb B ceTh 3a-
Ka34yMKa BUJICOCEPBEPHI, YTO ObI OBLIO OOECTIeUeHb! YCIOBUS:

e MHUHUMAaJbHas 3arpy3Ka CeTeBOW MHPPACTPYKTYpPhI 3aKa34uHKa;
® paBHOMEPHOE paclpelie]ieHHe Harpy3KH Ha BUIEO CEPBEPHL.

Jins pemeHus AaHHOU 3afadu HCIOJIBb3YETCS CUCTEMa PacIpeiesICHUs
koHTeHTa. CrucTemMa pacmpezeneHus nomyvaetr ot middleware sampocsr abo-
HEHTOB Ha JIOCTYN K KOHTEHTY, ONpEJeliseT, Ha KakOM CepBepe ¢ MHHHU-
MajbHOHM 3arpy3Koil 1 B MakCUMaJbHOH OJIM30CTH K aOOHEHTY HaXOISTCS
TpeOyeMble NaHHBIE, W pa3peliaeT abOHEHTY HOJYYUTh MX C BHIOPaHHOTO
cepBepa. Eciin Ha MUHHMAJBHO 3arpy>KeHHOM, HO MaKCHMaJbHO MpPUOIH-
KEHHOM K abOHEHTy, cepBepe TpeOyeMoro KOHTEHTa He OOHapy>KeHO, TO
3anpoc OyJeT nepeaapecoBaH Ha IPyroi, CX0KHUH MO YCIIOBHSM, CEpPBEP.
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4.6 Buneo ceprep

Bugeo
cepBepbl

Yy

cepBepbl

Puc. 4.7. Buneo cepsep

Buneocepsepsr HCTIONB3YIOTCS JUTst peanuzanuu
yerryr NVoD, VoD, PVR. Buzeocepep mpencrasiser coOoil THUCKOBEII
MaccHB OOJIBIION €MKOCTH C YCTAHOBJICHHBIM MPOrPAMMHBIM OOECIICUCHH-
eM.

IMporpammuoe obecneuenne peanusyet multicast — TpaHcasuuoo BH-
JeomatepraioB s yeryrd NVoD wu unicast — TpaHCIANMIO MpU MPEno-
cTaBIeHUH yciryru VoD.

BuzeocepBep 1Mo3BoISET OCYLIECTBISATh IEPEXBAT M 3anuch multicast-
ITOTOKOB, TO €CTh MOAAEPKUBaTh yeruyry PVR.

5. IP-tenedonus

IP-renedorns - romocoBast cBs3p mo mportokony IP. Ilom IP-
TesieoHMEH TNoApa3syMeBaeTcs HabOp KOMMYHHUKAIMOHHBIX IPOTOKOJIOB,
TEXHOJIOTHI ¥ METOJ0B, 0OECIICYMBAIOIINX JBYCTOPOHHEE TOJIOCOBOE 00-
mieHre (B TOM YHCIIE TP BHICOOOUICHWH) 10 ceTd VHTepHeT Win 1o Jo-
66M apyrum IP-cersim. Curnan no xaHainy cBs3M Hepenaércst B IU(PPOBOM
BHUJIE U, KaK MPaBUIIO, IIepe]] Iepegadei mpeoOpa3oBeIBaeTCs (CKUMALCTCS) C
TEM, 4TOOBI YIJIUTh U30BITOK HH(pOpMaLnH.

IP-Teneonnst ommpaeTcss Ha JBE OCHOBHBIC ONEpAIUH: MPeoOpa3oBaHKE
JIBYHAIIPaBJIEHHOW aHAJIOTOBOM peud B MU(PPOBYIO (GOpMY BHYTPH KOJHPYIOIIIE-
TO/IEKOTUPYIOIIETO YCTPOMCTBA (KOIEKa) M YIIAKOBKY B MAKETHI IS TIEpeaadH 1o
IP. O1u 6azoBbie pynknmm IP-Tenedorn MoryT OBITH peaTn30BaHbI I7ie YTOIHO
— OT HACTOJIbHBIX TeNE(OHOB JI0 BBICOKOEMKHX IILTF030B. OJIHAKO BHEAPEHHE
TeneoHOB Ha 6ase IP i1 KOHEUHBIX MOJIB30BATENICH IPEIIONaraeT 3aMeHy
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http://ru.wikipedia.org/wiki/IP
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D0%BD%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%BE%D0%B9_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%BE%D0%B9_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%A1%D0%B6%D0%B0%D1%82%D0%B8%D0%B5_%D0%B0%D1%83%D0%B4%D0%B8%D0%BE%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85

HMEIONIUXCS TeNe(OHHBIX alapaToB — BPsI JI MHOTHE OPTraHH3alliid MOTYT
cebe a1o mo3BoiuTh. [losToMy peammzarmu |P-Tenedornm OymyT, cKopee Bcero,
HCIIOJIE30BATH IITIO3bL.

1111503 BBHIMOJHSET NATh OCHOBHBIX () YHKITHA:
— wunrepdeiica c YATC, TOOII u npyrumu tesne)OHHBIMU CETSIMHU;

— 0a3oBblc (DYHKIMH OOCITY)KUBaHUS BBI30Ba (COCIMHCHHE/PAa3beIUHCHUE U

T.IL);

— KOMIIPECCHIO/ IEKOMITPECCHIO PEUH B PEabHOM BPEMEHH;

— YIaKOBKY M PaclaKoOBKY CXKAaTOH pedd B MAKETHI;
— wunTepdeiica ¢ IP-ceTnio.
IIpoToxossl

00eCIIeYnBaroT

5.1 lIporoxoa H.323

perucTpaImio

[P-ycTpoiictBa
(uwtro3, TepmuHan wnn  [P-tenedoH) Ha cepBepe mpoBaiinepa, BBI3OB HIH
Tiepeapecalfio BbI30Ba, yCTAHOBICHNE TOJIOCOBOTO MIIM BHJICOCOSTUHEHUS,
nepefavyy MMEHUM MM HoMepa aboHeHTa. B Hacrodiiee BpeMs IIHPOKOE
pacnpocTpaHeHHE TOTY4HUIH CIEAYIONINE IPOTOKOIBI.

Cranpapt H.323 601 mpussT B 1996 1., B 1998 T. mosBIIIach BTOpast €ro
Bepcust. BooO1ie roBopsi, 3To He OJIMH CTaHAAPT, & LeTasi Cepysi CTaHIapTOB IS
TIO/IEP)KKH  MYJIBTUMEIUIHHBIX KOMMYHHMKAIMi 1O ceTsiM Oe3 obecriedeHns
kadecTBa ycryr. H.323 He npuBsi3aH K KaKOMY-TM00 KOHKPETHOMY THITY CETH U
MIPOTOKOJIY TPAHCTIOPTHOTO YpoBH:. Hripkenexarmas ceTb MOXET IPeCTaBIsITh
coboii Ethernet, Fast Ethernet, Token Ring u ap., a TpaHCIOPTHBIM TIPOTOKOJIOM
MokeT ObiTh He Tonbko TCP/IP, Ho u, Hanpumep, IPX/SPX. Onmnako H.323
Hamén NprMeHeHne UMEHHO B ceTsix Ha 6ase |P. Ctex mportokonoB H.323 mo-

Ka3aH Ha puc. 4.8.

Vopasne-  Ynpas-
VYnpasnenue JlarHabIie Aynuo  Bugeo e A/B eHie
H.225 | H.24 G.7xx_| H.26x
(0.931) 5 T.120 RTP RTCP RAS
TCP UDP
IP

Puc. 5.1. Crex nportokosoB H.323

[Iportokon curHanmzanuu BeizoBa Q.931 mpenHasHa4YeH ISl YCTAHOB-

JICHUS] 1 KOHTPOJISI COSIMHEHUSI MEXAY IBYMs ycTpoiictBamu H.323.

IIporokon ynpasnstomero kanana H.245 npeanasHadeH 1uist mepeaadn
pasHoro poja ciyxe0HoW mHpopMaluu Bo BpeMs ceanca H.323, mpumeHsi-
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http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%82%D0%B5%D0%B2%D0%BE%D0%B9_%D1%88%D0%BB%D1%8E%D0%B7
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D1%82%D0%B5%D1%80%D0%BC%D0%B8%D0%BD%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%B2%D0%B5%D1%80_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5)

eTcsl Al COTJIacOBaHMS NapaMETPOB CEaHca, YIPABICHHS MOTOKAMH, OT-
KPBITHS U 3aKPbITUS JIOTHIECKUX KaHAJOB.

[Tporoxon T.120 noanepxuBaeT KoHGEPEHIMN TOKYMEHTOB.

Crangaptel G.7XX o0ecneynBarOT CkaTHe rojoca ¥ ayauoHH(pOpMa-
LUH JJIsL Iepelauy 110 MaKEeTHBIM CeTSM.

Cranpaptel Ha Buaeokoaeku H.26X obGecrieunBaroT KOAUPOBaHUE Kajl-
POB U BBICOKOE KayeCTBO M300pakeHMs 3a CUET METOAUWKH MPOTHO3UPOBa-
HUSI IBHKCHUSL.

[IpoTtokon mepenaun B peansHOM BpeMeHH RTP u mportokon ympasie-
HUS mepenadeil B peanbHoM BpeMeHH RTCP onTHUMH3UPYIOT TOCTaBKY IIO-
TOKOB ayIHO ¥ BUEO0, oOecrieunBas KadecTBo yciyr. Bropas Bepcust H.323
MIOJIJICP)KUBAET KAYECTBO YCIYT C IMOMOIIBIO NMPOTOKOIA PE3CPBUPOBAHMS
pecypco RSVP.

[Tporoxon RAS obecrieunBaeT B3auMOJEHCTBHE C IPUBPATHUKOM.

Cranpapt H.323 ompenenser 4eTblpe OCHOBHBIX KOMIIOHEHTA JUI CHCTEM
KOMMYHHKAIIMIl 10 CEeTH: TepMUHAIIbI, LLIIO3bI, MPUBPATHUKA M YCTPOMCTBA
ynpasieHus: koHdepenuumsimu. [Ipumepras apxurektypa cetn H.323 npusene-
Ha Ha puc. 5.2.

Tepmunansl H.323 — 3T0 KOHEYHBIE TOYKH CETH, C MOMOLIBIO KOTO-
PBIX TOJIB30BATENIM MOTYT B3aHMMOJCHCTBOBATh APYT C IPYrOM B pealbHOM
BpeMEHH. THUNMWYHBIMH TpuUMepaMd TepMuHaioB H.323 Moryt ciryKuTh
kiueHTckue [1K ¢ mporpaMMHBIM oOecrieueHreM ayano- MM BUACOKOH(pe-
penwii, H.323-coBmectumbie Tenedonsl Ha 6ase Ethernet.

YerpoiicTBo ynpaBieHnsT KOH(PEPEHINUIMHI COCTOMT W3 00s3aTeIbHOTO
KOHTpPOJUIEpa U OJHOTO WM Ooyiee HeoOs3aTeNbHBIX TporeccopoB. KoH-
TpOJUIEp OOCITY>KUBAET MIEPETOBOPBI MEXKAY TEPMUHATIAMH 110 BBISICHEHHUIO U
COTJIAaCOBAHUIO BO3MOXKHOCTEH M IapamMeTpoB 0O0pabOTKH ayIuo- U BHJEO-
curHainos. [Ipoueccop koMMyTUpyeT U 00padaThIBaeT ayauo, BHJIEO, JAaH-
HBIE.

[nto3 siBasieTcst HE0OA3aTEIbHBIM KOMIIOHEHTOM M IIPUMEHSETCS TOJb-
KO B Cllydae HEOOXOAMMOCTH OPraHM3allMd B3aUMOJACHCTBHUS C JIPYTUMHU
ceramu. OcHOBHAsI (DyHKIMS IITI03a COCTOUT B NpeoOpa3oBaHuu (HOpMaTOB
U TpOTOKOJOB mepenaun. lllnro3 mo3sossieT cBs3arh TepmuHansl H.323 ¢
JIPYrUMH, HE TOJJEPKUBAIONIMMHU JaHHBIH CTaHAAPT YCTPOWCTBAMH, B
YaCTHOCTH, ¢ OOBIYHBIMH TejedoHamu. TepMuHAIBI TEpelaroT MIII03aM
HEo0XoIuMYI0 HH(MOpPMAIMIO C TOMOIIbI0 TpoTokonoB H.245 m Q.931.
MHorue (GYHKIHMH LUTI030B OCTABJICHbl HA PACCMOTPEHHE pPa3paboOTUHKa,
HarpuMep, CTaHIapT He OrOBAPHUBAET, CKOJIBKO TEPMHHAJIOB, COSAMHEHUI U
KOH(epeHIMH NODKeH TMOANCPKUBATh LUII03 M Kakue npeodpa3oBaHMs
(hopMaTOB ¥ IPOTOKOJIOB OH 00513aH BBIMOJHSTS.
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Puc. 5.2. Cetp H.323 uMeeT yeTbIpe OCHOBHBIX KOMIIOHEHTA: TEPMUHAJIFI,
[UTI03EI, ipuBpaTHukd 1 MCU

Pa3zHooOpa3zue cymecTBYIOMUX U pa3padaThIBaCMbIX CTAaHAAPTOB HE UC-
yepmbiBaeTes H.323. Cuctema curnammzanuu Ne7 KOHKYpHPYET B HEKOTO-
peix oTHOmeHMX ¢ H.323, ona mpexacraBmsaeT coboif Oonee pa3BUTYIO TeX-
HOJIOTHIO KOHTPOJIS BBI30OBOB U TOJAEPKUBAET TEXHOJIOTUH OECIPOBOJHON
cBsizu. OueBUIHO, MPOM3BOAWTENM OyIyT MOAJEpPKUBATH 00a craHIapTa
(H.323 u SS7) B cBoMx mpoaykrax IP-Tenedonunu.

5.2 SIP npotokou

[IpoTokon nHUIMUPOBaHUs ceaHcoB - Session Initiation Protocol (SIP)
SIBIISICTCA MPOTOKOJIOM MPHUKIATHOTO YPOBHS U MpeIHa3HadaeTcs I opra-
HU3AIMH, MOIU(HUKAIIMK U 3aBEPIICHUS] CEaHCOB CBA3M: MYJIbTUMEIUIHBIX
KoH(pepeHIMH, TeaeGOHHBIX COeANHEHUI U pacnpe/ieNieHus MyJIbTHMe NI~
HOHW MH(pOpMAIHH.

SIP He OBLT HEPBBIM NMPOTOKOJIOM, MPEIHA3HAYCHHBIM AJIS Mepeaadu
rosoca 1o IP-ceTsim. Buauaine mist atux neinei ucnoas3osaics H.232, Ho oH
numen 0OJBIION HEZOCTATOK — OMHAPHYIO Pealln3annio. DTO 3HAYHT, YTO BCE
YCTPOWCTBA Ha IYTH CJIEAOBAHUS IPOTOKOJIA JOJDKHBI OBITH Ha CTO MPOLEH-
TOB COBMECTUMBIMH C JAEHCTBYIOIIEH Bepcuel mnporokona. EcrecTBeHHO,
9TO 3HAYMTENILHO OTPAaHWYMBAIO BO3MOXHOCTH NPOM3BOAMTEINCH 000pyH0-
BaHUs, KOTOpBIE ISl YMEHBIIEHHsS] CTOMMOCTH CBOUX NPOJIYKTOB HHOTAA
rpelar BOJIbHON TPaKTOBKOM CTaHIAPTOB.

Jls ocyIiecTBIeHUS KIMEHT-CEPBEPHOTO B3aUMOJCHCTBUS MCIIONB3Y-
I0TCS HECKOJIBKO YCTPOICTB:
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e  TepMuHAI/KOMITBIOTEP C MIPOTPAMMHO PEATU30BAHHBIM TeJIe(HOHOM
WK anmapaTHo peann3oBaHHEI VolP-tenedon. I[Tockonpky mepemada ro-
Joca TpeOyeT IByHANpaBJICHHOTO B3aUMO/ICHCTBYS, TO B TEPMUHAJIE peajn-
30BaHbl M KJIMEHTCKUE U cepBepHble areHThl. OHu HasbiBatoTcs User Agent
Client u User Agent Server.

e  [Ipokcu-cepBep BBINOJHSAET OCHOBHYIO PabOTy MO YIPaBICHUIO
ceccueill oOMeHa cooOmenusMu (HermocpencTseHHo SIP He mepenaer rosnoc,
3TO MPOTOKOJI, IOMOTAIONIMHA OpraHu30BaTh 3T0). OH NMPUHUMAET 3aMpPOCH
OT KJIIMEHTOB, 00pabaThIBACT MX M JacT OTBET MONb30BaTENtO. [IpokcH BHI-
MIOJHAET TaKHE 3324, KaK ONpEIeNICHNE MECTOHAX0XKICHHUS MTOJIb30BaTEN,
YCTaHOBKa COCIMHECHNUS, MapIIPYTH3AIHS BBI30BOB.

e  CepBep MECTOIOJOXKEHHS, WIN CEPBEP PETHUCTPAIUH, 3aHUMACTCS
OTIpENETICHUEM MECTOIOJIOKEHHS TI0JIb30BATENS B CETH, TO €CTh OIpeselie-
HHEM BO3MOXXHBIX MapHIPyTOB K Hemy. OTa mHpopmauusi noObIBaeTcsi B
pesynbrare peructpanuu tepmuHana (komanaa REGISTER). Peructpanus
MOXET IPOBOJHUTHLCS PA30BO (CTALMOHAPHBINA Tele()OH) WIH NEPHOANYECKH
(MOOUIBHBIH).

e  CepBep mnepeajapecalliyl 3aHHUMAaeTCsl IMEPEBOJOM BBI30BA OT H3-
BECTHOTO a0OHEHTY ajJpeca K pealbHO ACHCTBYIOLIEMY.

CnenyeT OTMETUTD, YTO NpOoTOKOJ SIP paccuuTan He TONBKO Ha opra-
HHU3aLHUIO TIEpefiadyd ToJloca, HO M Ha Iepenady Jro00H MyJbTHMEIUHHON
nHpopmanum, HarpuMep, BUAEON300pakeHHS.

5.3 Opranusauus SIP cetn

Jns opranuzanuu cBsizu mo [P-ceT HEOOXOAMM TOCTaBIIUK YCIYT.
Ero 3amgaua — 3TO peanm3anus W IOJJIEPKKa pabOThl MPOKCU-cepBepa (U
JPYrUX CEpPBEPOB, KOTOPHIE MOTYT OBITh COBMEIEHBI B €IMHOM YCTPOW-
cTBe). Anpec MpoKch-cepBepa coodmaeTcs abOHEHTY, W 3Ta HH(POpPMAIHS
UCTIONB3YeTCs JUIsl HAaCTPOMKH TepMHUHAIBHOTO 000pynoBanHust. Co CTOPOHBI
KITUCHTOB HCIOJNB3yeTcsl rojiocoBoe obopynoBanue — VOIP-tenedonsr,
VoIP-untro3sr. Ha pucynke 6.1. m3o0paxkeHo TummaHOe pemerne. HyxHO
cKkazarb, uTo mportokon SIP paszpaboran Tak, 4TO MOXET paboTaTh uyepes
nutio3 NAT. Kcratu, Bce HeoOXoanMbIe cepBephl KOMITAHUS MOXKET peaju-
30BaTh CaMOCTOSTENFHO, U TaKHUM 00pa3oM MOXHO 00oiiTHCh 0e3 yciyr
oneparopa. Ho B aTom ciryuae ee aboOHeHTaMUu OYIyT TOJBKO KIMEHTHI KOM-
MIaHUH.
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Puc. 5.3. Apxurekrypa cetu peanusaiuu [P-tenedonun ¢ UCIoIb30BaHIEM
SIP-nmpoTokona.

AOGOHEHTCKOE TepMUHAIBHOE 00OpPYAOBaHME IOCHUIAET 3aIPOC IMPOK-
CH-CepBepy € MPOChOOH YCTAaHOBHUTH CBA3b ¢ ApyruM TenedoHoM. Cepsep
OTIpeeTsieT MECTOIIOIOKEHNE BBI3BIBAEMOT0 a00HEHTa, 1Mo ceTH MHTepHeT
OTCBUIACT €My 3alpoc Ha CBS3b W JAacT BBI3BIBAIOLIEMY aOOHEHTY OTBET O
BO3MOXXHOCTH WJIM HEBO3MOXKHOCTH IIPOBECTH pa3roBop. Jlanee aOoHEHT-
CKHMEe TepMHHAJBl MOTYT B3aMMOJEHCTBOBATH APYr C APYIrOM HETMOCpen-
CTBEHHO

IMpokcu U mpyrue cepBepbl MOTYT OBITh Kak CrieqU(UYECKUMHU arma-
paTHO-TIPOTPaMMHBIMH PENICHUSMHU, TaK U OOBIYHBIMH X86-KOMIBIOTEPAMHU
C COOTBETCTBYIOIINM MPOrPaMMHBIM obecrieueHreM. B umcie mepBeIX MOX-
HO Ha3Bath, HarrpuMmep, Cisco SIP Proxy Server, Avaya SIP Communication
Server, Nortel Communication Server — 3T nporpaMMbl 4acTO HHTETPUPY-
I0TCS B aNNAapaTHBIH KOMIUIEKC COOTBETCTBYIOIIEro nponsBoautens. Cpenu
MPOrpaMMHBIX peleHnit oopenu nonynsipaocts Asterisk, FreeSwitch, Mi-
crosoft Office Live Communications Server.

Co cTOpOHBI KJIMEHTa MOKHO HCIIONIb30BaTh IpOrpaMMHBIE Tenedo-
uel(3CX VOIP Phone, Best Phone, X-Lite, AGEPhone u np). Cymecrtyror
u Oonee ymoOHBIE, KIaccHdeckre Tene(hOHHBIE ammapaTthl, MPUCIIOCOOIeH-
HBIE JUIS Wcmoib3oBaHus nporokona SIP. Hanpumep, Cisco Unified IP
Phone, 3Com IP Phone 31xx, Nortel IP Phone.
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6 Tunosbie cxembl |P-TenedoHun

Cisco

Cucremsl ot Cisco — 3TO, NMPaKTHYECKU, CTAHIAPT JUIs yNPaBICHUS
KOMMYHUKaIMSMH B orce, HAUMHAsl OT POYTEPOB U IIII030B U 3aKaHYMBas
WHTETPUPOBAHHBIMH MIPOrpaMMHBIMH perneHusMu. Cuctema Cisco cmoco0-
Ha IPEJOCTaBHUTH CIICIYIOIIHE PeIICHHS:
®  BBIYHCIIUTEIBHBIC CUCTEMBI;
e opraam3anus Ethernet;
® [oCTpOeHHe TeleOHNH.

LlenTpanbHbin odumc Mo6unbHble u dunuan

AomMallHune
nonb3oBaTtenu

Cisco é E(é
Aironet E?
Q Lincpposeble n
\ aHanorosble
TenedoHb!

KommyTatop

Cisco KommyTaTop  MapuupyTusatop MapupytusaTop ¢
CallManager dyHKUMaMn SRST

Puc. 6.1. Tunosas cxema IP-tenedonnu ot Cisco

3ajgaya MOCTpOCHNUS TeJleOHHUH, PEIIAeTCsl TOCPEACTBOM pPa3BepThIBA-
Hus Cisco AVVID. Dta apXuTekTypa BKIHOYaeT KOMMYTATOPbI, MapLIPYTH-
3aTOpbI, IUTIO3BI M APYroe CeTeBoe 00OpYIOBaHHE M ITO3BOJISIET JIOOMTHCS
XOpOIIIETO KadyecTBa CBS3U, a TaKKe OpPraHu30BaTh BUaeoTenedonuto. O0-
mee yhnpaBieHHE CHCTeMOH ocymiecTBisiercss ¢ momompio  Cisco
CallManager.

Crnenyet ckazarb, yto Cisco mpemjaraeT He TOJHKO HMIUPOKHUH BBHIOOD
HHPPACTPYKTYPHOTO OOOPYIOBaHUS, HO W HECTaHAAPTHBIC PEIIEHHS Ha
YPOBHE TEPMHUHAJIOB.
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Eme oauH BaXXHBIH MOMEHT: HECMOTPS Ha TO, YTO KOMIIAHUS UIEOIO0-
THYECKU SIBIACTCS MPOTHBHUKOM CMEIIAHHON aHAJIOTOBO-IM(POBOH apxu-
TEKTYpbI, OYEBH/IHbIE MMPAKTHUECKHE COOOpaKEHHsI 3aCTaBUIIN ee pa3pado-
TaTh MYJBTUCEPBUCHBIE MapIIPYTH3aTOPbl U TOJIOCOBBIE IIIIO3bI, TO3BOJIS-
IOIINE CTHIKOBKY 000py0BaHus ¢ TeJIe()OHHON CeThi0 00IEero Ha3HAYEHHS.
Teneps paccmoTpum Oosiee MoapoOHO ceTeByI0 HHPPACTPYKTYpPY, OHA
npeacTaBisier coboii ceth Ha 0Oasze Texuonormii Ethernet/Fast Ethernet, B
paMKax KOTopod OynyT pa3MelleHbl Kak abOHEHTCKHE Teae(OHBI U Mepco-
HaJIbHbIE KOMITBIOTEPBI, TAK M YIPABIISIONINE yCTPOUCTBA TeIe(hOHHOH CETH.
OCHOBHBIM yCTPOMCTBOM, HCIIOIB3yEeMBIM IS yripaBiieHus ceThio Cisco IP-
tenedonnnu, sBusiercs ceprep Cisco CallManager. Tlonp3oBarenbckue 1P
TesiedOHBI, TaK ke, Kak 1 cepBepsl CallManager, noakmodaroTces K KOMMY-
TaTopaMm JOKaJIbHOI ceTH.
Cisco CallManager crioco0eH (pyHKIMOHUPOBATh B KPYIHBIX OpraHU-
3aIKaX, MMEIOIINX MHOXecTBO ¢uinnanoB. Haubonee pacnpocrpanéHHas
TOIOJIOTHSI TIOCTPOCHUSI KOMIUIEKca TeleOHWH — IeHTpanu3oBaHHas. B
ueHTpanu3oBanHoi Tomnosornn CallManager HaxoAMTCS B LIEHTPaJbHOM
oduce U OCYIIECTBISIET yNpaBlIeHHE BCEMH Tesle()OHAMHU OpraHU3aluH, B
TOM uHcie U Tenedonamu GpuuanoB. ITo yaoOHasi TONOJIOTHsI, IIOCKOJIBKY
TI0J] YTIPaBICHUEM €IMHOTO KiacTepa Bce (PyHKIUH paboTaroT 0e3 orpaHu-
YEeHUH, MMeeTCsl [ICHTPAIN30BaHHOE YIPABICHUE, JTOTUPOBAHUE U aIMHHU-
ctpupoBanue. [IonoOHas apXUTEKTypa UMEeT Psii JOCTOMHCTB, TAKHE KaK:
® [POCTOTa W 3KOHOMHYHOCTH BHEIpPEHHs Tele(OHWH M BHUAEO VI He-
OOJIBIINX YAAJIEHHBIX OT/ICJICHUH;

® BO3MOXKHOCTH IIEHTPAJM30BAHHOW HACTPOWKM M yINpaBieHHs TenedoH-
HO# ¥ BUJICOCUCTEMOM;

® [POCTOTa OpraHW3alMU AOCTYyNa YJAICHHBIX a0OHEHTOB K COBPEMEH-
HBIM CepBUCaM Tele(OHUH, Pa3BEPHYTHIM B IIEHTPAJILHOM OTACICHHH;

® BO3MOXHOCTb MCIIOJIb30BAaHHSI PECYPCOB KOPIIOPATUBHOM CETH Nepenadn
JIaHHBIX JIJIsl YCTAHOBIICHUS TENE(OHHBIX COSIUHEHHH MEXIy pa3iiiy-
HBIMH OTAEJIEHUSIMH, 00beAMHEHHBIMHE ceThIo [P Tenedonnm;

® HET HeOOXOAWMOCTH MMETh OIBITHBIN MEPCOHAN CIY)XObI TEXHUYECKOH
TIOJIJIEPKKH B KaXK/IOM yJIaJICHHOM I10JIpa3IeIeHHUH.

MuHyC HEeHTPaJIM30BAaHHOM TOIOJIOTHUH B TOM, YTO TeJIe(OHBI (puiIna-
JIOB 3aBHCAT OT CBSI3M C IIEHTPAJILHBIM cepBepoM. Yarie Bcero 3To KaHalbl
VPN nosepx Internet-coenunennii. B MoMeHTHI mponiajanust cBs3u Tenedo-
HBI OyayT "oTBanmuBathcs". VIMEHHO B 3THX CIIydasx K HaM Ha TIOMOIIb MPH-
xoauT Texnojorust SRST.

Cisco Unified Survivable Site Telephony (SRST) — ato ciysx6a, o6ec-
NeYuBarollas cepBuc s TenedoHoB B (Guiuanax, B TeX Ciydasx, KOraa
cBs3b ¢ Cisco CallManager mo kakuM-TO MpUYMHAM TpepBanack. [1o cpas-
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Hennio ¢ cepucamu Cisco CallManager, SRST xoHeuHO mpemyaraeT Toib-
ko orpanmdeHHbIe QyHKIMH. Cucrema SRST aBTOMaTnyecku oOHapyKHBa-
eT (akT cOosl M 3aTeM NMPOUCXOANUT aBTOKOH(PHUIYpUPOBAHUE MapIIpyTH3a-
TOpa, B Pe3yJIbTaTe KOTOPOTO TOT Y)K€ CMOXET BBINOJHATh YacTh (PyHKIUHA
CallManager mnst tenedonoB ¢unmana. Ilocie BOCCTaHOBIEGHUS CBSI3U C
Cisco CallManager Bce Tene(hOHbl aBTOMAaTHYECKH MEPEKIIOYAIOTCS 00paT-
HO.

Hapyxnas Touka mocryna Cisco Aironet — 3To rudkas miardopma,
coyeraromas B ce0e BO3MOXHOCTH TOYKH JIOCTyIIa U MOCTa (B TOM HHCIIE
MocTa s pabounx rpymm). YcrpoiictBa Cisco Aironet MO3BOJISIOT CO3AaTh
BBICOKOCKOPOCTHBIE U 3((EeKTHBHBIE OECIPOBOTHBIC COCAWHEHHUS MEXKIY
HECKOJIBKUMH CeTSIMH (DMKCHPOBAaHHON WJIM MOOWMIBHON CBSI3M M KJIMCHTA-
M. TUNIYHBIE BAPUAHTHI UCTIONB30BaHus yeTporcT Cisco Aironet:

®  CeTeBbIC COCJMHEHHUS B paMKaxX KOMIUIEKCOB 31aHH;

e  HapyXHas MH}pacTPyKTypa Uil MOOMIIBHBIX CETEeH U MOJb30BaTe-

Jei;

e  MyOJIMYHBIN TOCTYI BHE TIOMEIICHHIA;

e  BpEMCHHBIE CETH JJIsI TIOPTATUBHOTO Pa3BEPTHIBAHUS WIIM BOCHHBIX

onepanui.

Oo0ecnieuenne ycuyr TenedoHny Ha 6aze ceTH mepegadd AaHHbBIX M03-
BOJISIET M30aBUTHCS OT HEOOXOAMMOCTH 3KCIUTyaTallMM Pa3leNbHBIX CeTer
JUISL TIepeJladyl TaHHbBIX U TeJeOHHOH CBs3M U 00ecreunBaeT BO3MOXKHOCTD
OoJiee TOJHOTO YIOBJIETBOPEHHS TMOTPEOHOCTEH NMpEeNnpHATHH B yCiIyrax
tenedonnn. [Ipomykmms Cisco [P-tenedoHHr MO3BONHT 3aKa3YUKy YMEHb-
LIMTh PacxXoJbl HA BHEJIPEHHE, NOAJCPKKY U paciiupeHrne o0beIMHEHHOU
CeTU M, KaK CIEJCTBUE, TOBBICUTh PEHTA0ENBHOCTh TEIEKOMMYHHUKAIIMOH-
HOM ceTn.
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7. Pacuer XAPaKTEePUCTUK Nepeaavu rojioCoBbIX MaKkeToB

3az[ep>i<1<a Iepeaavu roIoCoBOro nmake€ra COCTOUT U3 3a1€PKKN B IUIKO3aX U
3aJICPKKHU B CETH.

7.1. OueHka cpeaHeii 3aep:KKH MaKeTa

1. 3adepaircka 2o10c08020 nakema paBHA
T=Ty + T, (7.1)
rae T, —3aepKKa B IIUTF03aX, CeK,
T, - 3amep>kka B CeTH, CEK.

2. 3adepoicka 6 uino3ax paBHa

T~= T, + T« + T, + Ty
(7.2)
rae T, — 3aaepikka HAKOIUICHUS, CEK; BbI3BaHa HEOOXOJMMOCTBIO ITOJI'OTOB-
KA KaJapa M3 IOCJIENOBATEIbHBIX PEUYEBBIX OTCUETOB. BenmuumnHa naHHON
3a/IepKKu OyZieT paBHA pa3Mmepy (IUIMTEIHHOCTH) Kajpa BRIOPAHHOTO KOJIE-
Ka (tabn.7.1),

Ty — 3amepkka KOIUPOBAHUA, CCK; BBI3BaHA HEOOXOTUMOCTHIO TIpEIBa-
PUTETHHOTO aHAIHM3a OTCUETOB. 3aJepiKKa KOJAUPOBAHUS 3aBHCUT OT CIIOXK-
HOCTH aNTopuT™Ma KoaupoBaHus (Tabmn.7.1),

T, — 3axepxka GopMUpPOBaHUS MMAKETOB, CEK; BRI3BaHA MPOIIECCOM ITO-
TOTOBKH TOJIOCOBBIX MTAKETOB KaK HH()OPMAIIMOHHBIX eIuHUI. B oxHOM ma-
KeTe MOXeET OBbITh COOpaHO HECKOJIBKO KaJ[pOB KOJIeKa.

T=k*T,+T, (7.3)
rie K — 9rcio KajpoB B MAKETe,

T, — JuIMHA 3aroJIoBKa MaKeTa, cex.

T, = L,/By, (7.4)
rne L, — pa3mep 3arosioBka mnakera, Our,

By — ckopocts nepemaun, 6ut/c (Tabn.7.1).

Ecimm He wmcmonmp3yercss MexaHu3M cxarus 3aronoBkoB (CRTP), To
L,=Lgrp + Lypp + Ljp + Ly, tae Lryp — anuHa 3arosnoska npotokoia RTP (12
0aiT), Lrrp — mnmuHa 3aronoska mpotokona UDP (8 6aiit), Ljp — mumHa 3aro-
noBka IP (20 6aiit), L, — mynHa 3aronoBka IpoTOKOJIa BTOPOro ypoBHsL. Jlist
IpoToKoa BToporo ypoBHsi PPP jymHa 3aronoBka paBHa 7 6aiit. Ecin nc-
MOJIB3YETCsI MeXaHu3M Cxkatus 3arosioBkoB (CRTP), to L,= 4 Gaiira.
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_ LRTP + I_UDP + I_IP + LZ
’ 4+1L,
(7.5)

Paccmorpennsie Boimie 3agepxkku (Ty, Ty, T,) cBS3aHBI CO MITIO30M Ha
nepenarleil cTopoHe. 3agep)KkaMd KoJeKa B IIUII03¢ Ha HMPHEMHOU CTO-
poHe OyzmeMm mpeHeOperaTh. B murmo3e Ha NpHEeMHOW CTOpOHE OyaeM ydu-
TBHIBATh TOJBKO 3aJICPKKY B criaxusatoriem oydepe (Ty).

3aneprkka B criaxusaromeM oydepe (T,) MOXeT ObITh (HPUKCHPOBAHHON
WJIN TIEpEeMEHHOM, OHa JIOJDKHA OBITh MEHBIIE WM PaBHA BapHallMH 331epK-
KU FOJIOCOBOT'O MAKeTa.

Tabnuna 7.1. XapakTepuCTHKH KOJEKOB

Kogex Ckopocth | 3anepikka Jmna 3agepxkKa KOAHPO-
nepefavyd | HaAKOIUICHHS Kajapa BaHus (IpeaBapu-
KOJIeKa, (mUTENBHOCTh | KOJEKA, TENBHOTO aHAJIN3a),
Ko6wut/c, By | xampa), mc, Ty our, L mc, Ty

G.711 64 0.125 8 0

G.729 8 10 80 5

G.728 16 0.625 10 1o 2.5

G.723 5.3 30 192 7.5
6.3 30 160 7.5

3. 3aodepoicka 6 cemu BO3HUKAET MpU Mepejade nakera no cetu. OHa BKIIO-
YaeT 3aJICPIKKU B Y3J1aX CETH (MapUIpyTH3aTOPaX), CBI3aHHbBIC C 0XKUIAHUEM
makera B o4epesix M repenaveil (00CITyKHBaHHEM) MAKeTa, M 3aJePIKKU
pacIpocTpaHEeHUsl CUTHaJla B KaHalax.

Cpeonsis 3a0epaicka nakema 8 NOMoKe ceamca, udywem no nymu p,
paBHa

1
T,= > |[W+—+1,] (7.6)
no ecem (i,j) luij
Ha nymu p

rme W — cpenHee BpeMs OKHIAHUS MTAKETa CeaHca P B OUepeIH Ha Tie-
penady o muHuH (i,]), CeK;
1/p; — cpennee Bpems Hepenadn makera ceanca P mo JuHHUH (i),
CeK;
7j — Cpe/iHee BpeMs Ha 00paOO0TKy M PacIpOCTPAHEHHE CHIHANA B JIMHHH
(i,)), cex.
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< @pems nepedauu nakema >=

oy |t~

1
Y7,
rone L — mnouna makera, Owur;

B — cxopocTs mepenayu mo JIMHAHN, OUT/C.

<epems pacnpoCMpAHeHUs! CUCHAIA >=T = ; .

rae S — JMHA IMHUH, KM;
V — CKOpOCTb pacripoCTpaHEHHUs DIIEKTPOMArHUTHON SHEPTHHU B JIU-
HHH, KM/C.

4. 3adepoicka odcudanusi nakema 6 y3jie 3aBUCUT OT MEXaHH3Ma OOCITYXKH-
BaHMs, NPUMEHSIEMOrO B y3j€ K IakeTy. MexaHH3Mbl O0CIyXHUBaHUS B
OOJIBIIMHCTBE CIIy4aeB anmpoKCUMHUPYIOTCS CUCTEMaMH MacCOBOTO 00CITy-
xuBauus M/G/1/ 00 ¢ necmanoapmuvimu oucyuniunamu o06CayxuBanus. B
Tab. 7.2 1aHa anmpoKcUMalus HEKOTOPBIX MEXaHU3MOB O0CITY)KUBaHUSL.

Tabnmma 7.2. AnmpokcuManys MeXaHH3MOB 00CITyKHBaHHS

Mexauuszm 06- AHHpOKCI/IMaI_II/IH MEXaHHu3Ma
CIIY’KUBAHUSA Cucrema O6CJ'Iy)KI/IBaHI/IH I[I/IC]_[I/IHJ'II/IHEI O6CJ'Iy)KI/I-
BaHUs
FIFO M/G/1/o, MI/M/1/ o, | FIFO
M/D/1/ oo
PQ M/G/1/oo, MI/M/1/ , | PQ ¢ OTHOCHUTEIILHBIM
M/D/1/ MIPUOPUTETOM

TpaauuoHHBIM JiIsi IHTEPHET MEXaHU3MOM OOCITY)KUBAHUS SIBIISCTCS
MeXaHU3M “TiepBbIM mpwuinen — rnepBeiM obciyxen” (FIFO, first-in, first-
out), B COOTBETCTBHUH C KOTOPHIM MaKeThl MMEPEHAIOTCS B TOM IOPSIIKE, B
KOTOPOM OHH OBLIM MOCTABJICHBI B BBIXOIHYIO o4Yepe/ib. MeXaHU3M anmpok-
cumupyercst cucremoit M/G/1/ (M/M/1/, MID/1) ¢ pucuumnunoi FIFO. st
OLICHKH 3aJICPXKKH OKHIAHUS U BapHAIlNK 3aJCPKKH MaKEeTOB, 00CITyKHBa-
emMbIx MexauHu3MoM FIFO, uMeroTcst aHaTMTHYECKUE BBIPAKEHHUS [IEPBOTO U
BTOPOT'0 MOMEHTOB BPEMEHH OXKUIAHHUS [TAKETa.

Mexanusm npuopuretHoro obcmyxusanus (PQ, Priority Queuing)
TpeoiaraeT HATMIKe YETHIPEX Ouepe/iel ¢ BBICOKAM, CPEIHUM, OOBITHBIM
W HU3KUM TiproputetamMu. Odepesib 10 MPUOPUTETY OTIEPUPYET HE C CeaH-
caMy, a ¢ makeraMH (TOYHee KjaccaMu makeToB). [TakeTbl U3 MeHee MpHo-
PHUTETHOH ouepean OOCIYKHBAIOTCS TOJNBKO TOTAA, KOTrJa OOCIy)XeHBI BCE
nakeTbl U3 0oJee MPHOPHUTETHBIX ovepeaci. MexaHn3M annpOoKCHMHPYETCs
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cucremoit M/G/1/ oo ( M/IM/1/oo, M/D/1/o0) ¢ guctmmmuHoii PQ. s
OLIEHKH 3aJIEPKKU ¥ BAPUALMU 3aJEP)KKH MAKETOB, 00CTYKMBAEMBIX MeXa-
Hu3MoM PQ, MMeroTCs aHaIUTHYECKHE BBIPAKEHUS TIEPBOIO U BTOPOTO MO-
MEHTOB BPEMEHH OXKUIAHUSA MAKETA.

Cpeonee spems odicudanus nakema 6 cucmeme MIG/1/ oo ¢ FIFO pas-
HO

v
Wo X
2(1-p)

rae ﬂ - HHTCHCUBHOCTb HOCTyHJ’ICHI/Iﬁ TMIaKETOB B O4CPCAb,

(7.9)

P =— - K03bQUIMEHT 3arpy3KU JIUHUY,

lLl - HHTCHCUBHOCTb O6CJ'Iy)KI/IBaHI/I$I IMaKE€TOB,

2 Y2 2 .
X =(X)® +0° - BrOpoii MOMEHT JTHUTETHHOCTH MEPENAUH MAKETA,

X - HepBbIﬁ MOMCHT JIMTCIBbHOCTH IICPCAAvU ITaKeTa,
2

O - AMCOepCus JJIMTCIbHOCTH IIEpEAavu IMakeTa.

I[J'IFI IMIOTOKOB C OKCIIOHCHIIMAJIbHO pacnpeueneHHOﬁ ,IlJ'IPIHOﬁ Imakera
X? 2

= Iu >
N N Yz_ 1
I[J'IFI IMNOTOKOB C A€CTCPMHUHUPOBAHHOU AJIMHOM I1AKETA X = 5

Cpeonee epems odcudanus nakema ¢ cucmeme MIG/1/ o0 ¢ kombunu-
posarnvim nomoxom ¢ FIFO paBHO

* 2
EED IR
w="r_ (7.10)
2(1-p)
rae //Lm - UHTCHCUBHOCTb MOCTYIUICHUS TTAKETOB m'TI/IHa, JJIs1 IaKE€TOB M-

THIIA CPEHSS AJTMHA paBHA Ly,

pP= Z L - KO3QOULMEHT 3arpy3KHU JTUHUH,
m
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m
Prn = — - Ko3bQUIMEHT UCIIOJIb30BaHMA JINHUY TaKeTaMKU M-TUIa,
M,

2 o
X m - BTOPOM MOMCHT JUIMTCIbHOCTH IICPCIAIM MTAKETa m-TtuIa.

Cpeonee epems oxcudanus nakema K-npuopumema ¢ cucmeme MIG/L/
o ¢ PQ paBHO

i=1

W, = , (7.11)
20=py == p)A=pr == py)
rae A; - HHTEHCHBHOCTb NOCTYIUICHWH MAKETOB i-IPHOPHTETA, MePBbIH
MIPUOPUTET — HAUBBICIIHIA,
N — 4KCIIO IPUOPUTETOB,
pPi = — - K03 GUIHEHT KCIONB30BAHUS TMHUH IAKETAMHU I-TIPHOPUTETA,
i
X i2 - BTOPOH MOMEHT [UIMTENHHOCTH OOCTY)XHBaHUS MaKeTOB i-
MIPUOPUTETA.
[Ipu n=2 noxyyum
— L XEAA,RXE — W,
M 1 2 2 . 1 _
W, = (1 W, = L P=p P, (7.12)
a-p1) 1-p

7.2. OueHka Bapuanuu 3aJep:KKHU NMaKeTa

Bynem nonarath, 4T0 BpeMEHa 0XKUIaHHS TTAKETOB B y3JIaX SIBISIOTCS He3a-
BUCUMBIMH CHy‘IaﬁHBIMH BCJIIMYMHAMHU, UMEIONIUE MOMECHTBI IIEPBOI'0 U BTO-
POTro TOPSIIKOB.

Bapuayus 3adepoicku nakema 8 nomoxe ceanca, uoywem no nymu p,
paBHa

(7.13)

2 ..
rae O (\Ni' j ) - TUCTIepCHs BPEMEHH O)KMIAHUSA B y3Jie Ha ydacTke (1))
IIyTH P.
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Jucnepcus epemenu osxcudanus nakema 6 ouepeou 6 cucmeme MIG/1/
o ¢ FIFO paBna

ot (W) A*FJA*WT

— 7.14
30-p)  4d-p)’ 719

3 o
rac X - TP€TUHU MOMEHT JUIMTEIIBHOCTHU IEPEAAYUMN ITAKETA.

3 6
HJ’I}I OKCIIOHCHIIMAJIPHOTO 3aKOHA JJIMHBI ITaKETa X = —3 .
w3 1
HJ’I?I ACTCPMUHUPOBAHHBIX JNJIMH MTAKETOB X = —3 .

Hucnepcust epemenu oxcudanusi nakema 6 ouepeou ¢ cucmeme MIG/1/
0 ¢ kombunupogannvim nomoxom ¢ FIFO paBra

2

R PRTH
ZW)=-" m , 7.15
R RS R TRy .

3 o
Trae X m - TPETUHU MOMEHT JUIMTCIbHOCTH II€peIayr MakKeTa M-Turma.

Jucnepcust epemenu oxcudanusi nakema 6 ouepeou ¢ cucmeme MIG/1/
o ¢ PQ paBHa

—  —\2
2 2
o (W) =W, _Mk) ,
(7.16)
Wk - HepBBIﬁ MOMCHT BPEMCHH OXKHUAAHUA (Cpe,I[HFIH 3a/ICpiKKa O)I(I/I,Z[aHI/Iﬂ)

B ouepeny nakeTa K-mpuopurera,

2 y
W,” - Bropoii MOMEeHT BpeMeHM OXHJaHMA B oOdepenu makera K-

NPHUOPHUTETA, k= 1,_n , N - gncno npuopureros.
— G M M M M
Wk2= n2 + n2 k 2+ n 3k—l ,
3-Re)’-R) 20-R.)'(A-R)’ 20-R,)’(-R,)

(7.17)
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8. IlocTaHoBKA 3a1a4M M UCXOAHbIE JaHHBIE

Huns IP-cetn, npencraBineHHON Ha puc. 8.1, OLEHUTH BOZMOKHOCTh HC-
nosp3oBaHus |P-TeneoHNI: ONEHUTH CPENHIOI0 3a/epP)KKY TOJIOCOBBIX Ia-
keToB. CpaBHUTB JAHHYIO XapaKTEPUCTHUKY JUIA IBYX MEXaHH3MOB IOAJEP-
JKaHWs KauecTBa 00CITy)KMBaHUs: KOJEK u cxatue 3arojioBka (CRTP), anro-
putM oOcnmyxuBanus ouepenu FIFO wim konmeka W ckaTHsi 3aroJioBKa
(CRTP)PQ.

Puc. 8.1. Ucxonnas IP-ceTn

CxeMmbl pacnpee/eHusi MAPIIPYTOB Nepeaayu Tpadguka mo BapuaHTam

Cxema 1

41



Cxema 3
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As2
A a2
A

Hcnone3yetcst mpotokon Mapripytusanuu RIP. Kaxnsrit y3en Bbimosn-
HseT anroputM bemiMana-®opaa. BapuaHTel MapipyToB IIPEICTaBICHbBI HA
cxeMax mo BapuantaM. B Ta0:1.8.1-8.6 mpuBeneHs! cieqyoNe HCXOIHbIC

JlaHHbIE:
1.
2.
3.

a1~

© N

JUTMHBI TUHUH S, KM;

CKOpPOCTB PacIpOCTpPaHEHHs CUTHAIA B cpesie epeaadn V, Kkm/c;
JUIMHBI TIAKETOB PAaCHpelelICHbl JKCIIOHCHIMAIBHO, CPEIHSSA
JUTHHA HH(POPMAIIMOHHOTO MakeTa L, our;

JIOMTyCTUMBIN pa3Mep ouepeu Ha rnepegady N, max.;
MPOIYCKHbIe crocoOHocTr yuuuid B, Kout/c (cuurars 1 Kour =
1000 6ur);

MHTEHCUBHOCTH UMEIOIIUXCS CEaHCOB A, TaK./MUH.;
BEPOSATHOCTH OIIUOKY B pa3psiae — P,

THIT KOZIEKa,;

YHCIIO KaJpPOB KOJIEKa B FOJI0COBOM TTaKeTe K;

. paspaborarts ceth |IP Tenedonnn Ha 6a3e obopynoBaHus GupM —

paSpa60T‘lI/IKOB 110 BapuaHTaM.
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Ta6n.8.1. Humencuenocmu ceancoe

m VHTEeHCHBHOCTH CEAaHCOB, ITaK./MUH. Howmep cxemsl! pacripene-
JUIs Iepeiayyl JaHHBIX JUISI IEpEaYu pedu JIEHUS] MapUIPyTOB

0] n7,=600 Moo = 100 A7 =400 1 cxema

1| %,9=2300 As9= 400 A'39 =500 2 cxema

2| Xps5=200 g5 = 200 A'15 =500 3 cxema

3| Ag=600 g =200 A28 =400 4 cxema

4 7\.9'4 =250 7\,3,2 =250 }\,‘3,2 =350 5 cxema

5 7\.1'7 =100 7\,9,2 =500 }\,‘1,7 =350 1 cxema

6 7\.2'9 =150 7\,5,9 =200 }\,‘3,9 =150 2 cxema

7 }\,2'5 =300 7\‘9,5 =350 }\/‘1’5 =600 3 cxema

8| Mo=450  A4g=400 A28 =450 4 cxema

9] X04=200 A3,=350 A's2 =600 5 cxema

(i,]) — ceanc, rue | — y3en-HCTOYHHEK, | — y3eJ-ajipecar.

M — nocaeaHsas nudpa HoMepa 3a4ETHOW KHIKKH.

Ta0a.8.2. Xapaxkmepucmuxu aunuii

CunTaTh KaHai HCCUMMETPHUYHBIM, IMO3TOMY HGO6XO[[I/IMO YUYUTHIBATh
HapaBJICHUC ABWKCHU BAOJIb MapuIpyTa.

m S, kM V, km/c B, K6ur/c L, our Py

0 1500 150 000 50 2048 10°
1 1000 150 000 56 2240 10°
2 1500 200 000 64 2560 10°
3 2000 200 000 128 5120 107
4 2000 250 000 512 20000 107
5 2500 300 000 128 6400 107
6 2000 300 000 64 5000 107
7 2000 250 000 56 2000 10°
8 1500 250 000 50 1800 10°
9 1000 200 000 32 1500 10°

M — nocaeaHss udpa HoMepa 3a4ETHON KHIKKH.

Ta6n.8.3. lonycmumasn onuna ouyepeou, mun Kooeka u 4UCIO KaOpos
Kkodeka ¢ IP-nakeme

n 0 1 2 3 4 5 6 7 8 9
N,mak. | 10 12 11 13 12 10 12 11 12 13
Komek | G.729 | G.728 | G.723 |G.729|G.728| G.723 | G.729 | G.728 | G.729 | G.729

(5.3 (6.3
KOuT/C) KOuT/C)
k 3 4 1 4 3 1 2 2 5 6

N — mpexnocieqHss nuppa HoMepa 3a4ETHON KHIDKKH.
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Tabnmmna 8.4. XapaKkTepuCTHKH KOJIEKOB

Komex Ckopocts | 3amepika Jmmna 3amepxKa KOIHPO-
nepenayd | HaAKOTUICHUS Kazpa BaHUs (mpeaBapu-
KOJIeKa, (ATUTENBHOCTh | KOJIEKa, TEJILHOTO aHan3a),
Kowut/c, By | xampa), mc, T, owur, Ly Mc, Ty

G.711 64 0.125 8 0

G.729 8 10 80 5

G.728 16 0.625 10 Jg02.5

G.723 5.3 30 192 7.5
6.3 30 160 7.5

Ta61.8.5. Knaccs! yenyr IP-tenedonuu B mpoexkre ETSI TIPHON.
Knacc yenmyru | 4 (nauBbic- | 3 (BBICOKUIA) 2 (cpenHuii) 1 (mocrym-
i) HBIH)

KauectBo Jlyume, yem | DKBHBaJeHT- DKBHBaJICHT- He onpenens-
peun cG.711 HOE WM Jy4- | HO€ WIH JIy4d- | eTcs
mee, 4YeM cC | Imee, UYeM C
G.726 (32 | GSM-FR
KOHT/C)
Aprymenra- Jlyume, yem | DKBHBaJeHT- DKBHBaJICHT- DKBHBaJICHT-
st B TpOIT Hoe TpOIT HOE ceTssM | Hoe MHTEepHeT
aHaJIOTOBOM
OeCrpOBOIHOM
CBSI3H
CxBoO3Hast <150mc <250mc <350mc <450mc
OJTHOCTOPOH-
Hsis 3aJepXKKa
Bapuamus <10mc <20mc <40mc
OJIHOCTOPOH-
Hel 3a/IepIKKH
IMorepn make- | <0.5% <1% <2%

TOB

Ta611.8.6 ®upmsi-npousBoauTeny odopynosanus IP-renedonnn

m

1,6

2,7 3

o

4,9

50

dupma

Cisco

D-link

Alcatel-
Lucent

Cisco

D-link

9. MeToanka OLleHKH MapaMeTPOB Ka4yecTBa Nepeaav MaKeTHOH

peun
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1. Hcnonb30BaTh HWMEIONIMECS CEAHCHI, MPEACTABICHHBIE Ha CXEMe.
(Tabn.8.1).

2. OnpeAenuTh JTHHY TOJI0COBOTO MaKeTa
L.=k*L.+L,, 9.1)
rae K — gucio kampos Kojepa B makere (Tadm. 8.3),
Ly — mmHa Kampa koxeka (tabdm. 8.3, 8.4),
L, — mmHa 3arosioBka maketa (7.5).
O1eHUTH POTOKOJIBHYIO U30BITOYHOCTD JIJISI TOJIOCOBBIX CEAHCOB
I, =L,/ (L.+ L,) *100%. 9.2)

4. Jlns MMEIONIMXCSI CEaHCOB Tepelavyd JAaHHBIX U T0JIOCA OICHUTH CPEell-
HIOIO 33JIepKKy Makera (paszmen 7.1) mpu pa3iuyHBIX MEXaHHU3Max IOJ-
JICPKKU KavyecTBa OOCITy)KUBaHMs, YKa3aHHbIX B Ta0i.9.1. Ta6m.9.1 se-
JSICTCSL PEe3yAbTUPYIOIICH, OHA COACPIKUT PACUCTHHIC MapaMeTphl Kade-
crBa yciyru |IP-renedonun.

[Ipy BBIMIONHEHUH JTOTrO MyHKTAa CIEAyeT OOpaTWTh BHUMAaHHE Ha afl-
npokcumanuio mexaamma FIFO cucremamy n pucrumimHaMu 00cCTy-
skuBaHus (Tadi.7.2).

Tab6un. 9.1. [TapameTpsl KauecTBa 0OCITYKUBAHUS U1l pACUETHBIX BAPUAHTOB

Mexanuzmsl Jmna rono- | JInuna unpopmanu- TlapameTps! KayecTBa 00CITyKHUBAHHS

TIOAACPIKKH COBOTI'O ITake- OHHOTI'O ITaKkeTa, out 3az[ep)1<1<a, MC Bapuaum 3a1€pK-

KadecTBa 00- Ta, OUT KH, MC.
CITY>KHBaHHUS

Konex, CRTP,
FIFO

Kopnek, PQ,
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10. TpeGoBaHus K BHINOJTHEHUIO KYPCOBOI'0 NPOEKTA

KypcoBoii poekT J0mKeH OBITh BHINOIHEH B COOTBETCTBUH C TpeOOBa-
HusMH [16], KypcoBo#i IPOEKT TOIKEH COACPKATD:

1. Kparkoe ommcanue cranmapra H.323 u SIP (crex nmpoTokosos,
CETEeBbIC KOMITOHECHTHI).
2. Kparkoe ommcanme oGopymoBanus |P-tenmedonun omHoil w3

(hupM-pazpaboTINKOB 000PYIOBAHUS B COOTBETCTBHU C HOMEPOM BapH-
anTta. OnMcaHue BKIIOYACT XapaKTEPUCTHKHA 000PYIOBaHMA, CXEMY y3iia
IP-Tenedonmm, cxemy opraHu3aIiy CBSI3H.

3. HOCTaHOBKy 3a1a4Y1 U HCXOAHBIC JaHHBIC.

4, Pacuer mapameTpoB KauecTBa mHepelnaddl TOJOCOBBIX IMAKETOB
3aJJaHHBIX CEaHCOB JUIsi HAOOPOB MEXaHU3MOB IOJICPIKKH KauecTBa 00-
CITy’>)KHBaHUsI, yKa3aHHBIX B IIEPBOM CTOJOIE Tabm.9.1.

5. Pesynerupyromnryro Tadauiy 9.1 U BBIBOJIBI O PEKOMEHIYEMBbIX
MeXaHHU3Max MOAJEPKKU KadecTBa yciyru |P-tenedonnu coorBercTBy-
IOILIETO KJIacca.

6. CHHCOK HCTIONBb3YEMBIX HCTOYHHUKOB.
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