KAYECTBO PEU B IP-CETAX

B. 0. Tapacos, K. 1. lpo3goe

| Curyaumsa c nepegaydeit janabx B IP-cersix Bo MHOTOM
| cxoxa ¢ ofCTAaHOBKOM Ha rOPOJCKHX aBTOMArMcTpa-
nax, He cayualino B aurnmilckom A3BiKe OfHO M3 OC-
| HOBHBIX 3HAYeHWil cnopa «TpadMk» — 3T0 ABTOMO-
tuneioe asumenue. Poct wmona mamuH 8 Mockpe
ONEPEKAET TEMIIBI CTPOMTENLCTEA jJopor Honee vem
B 4 pasa. ABTOMODMANCTB BRIMYKEHbl BCe HONblLe
W QoablLe BPeMEHH NPOBOLNTE B «IpOOKANs, HCKATh
MapmpyTel 00be3ion nubo BHOHPATh aNbTePHATHE-
Hbie criocodbl NnepefBMHEHHA — NDEITKW HA METPO.

C YECIHYCHHEM NOMH FONeCOBMX MaKeTOl B CETH
nepefl onepatopaM CBA3SKH PErVIAPHO BO3HMKAaeT
HHAEMMA: Ha Y€M CKOHUEHTPHPOBATH OCHOBHBIE YCH-
JIHA — Ha NOBLIEHHA i:'l'LlJ(]JEKTI‘IBHDETH }rnpannf-
HUA KAYECTBOM TOI0COBOre TpadmKa B CyecTByo-
UWHX CETAX MAM Ha NOCTPOCHMM [OMONHHTENb-
HBIX/PEIEPBHBIX KaHANOB cBA3INT CI0KHOCTH TaKoTo
pofia Ha9adu BO3HMKATL B KoHOE XX B, Korjga obdnem
| Tpadmka B ceTAx mepepaunm maHubix M Huteprete
| npespicun ofbem TDM-rpadmra rpagmunoHHoR
| remedoHMH. ITO — TO BPEMA, KOTJA CTaNa nNpuodpe-
| TaTk NONYAAPHOCTDL VCNYTa rofdcocoBol CBAZN MO Ka-
| Hamam nepejgayn AaHubix, MOAYYHBIIAA HassaaMe [P-
| renedoHun. B DOALIIMHCTEE CAyYaes cOefjMHEHME
| ocymecrsnanocs mo kommytupyememm (dial-up) xa-
| HallaM W KaveCTBO PasToBOpd OCTABMANO #HElaTh
nyqmero: BodMukann nmepebon, parMeHTH peun
0KasbiBANMCh HepastopPIHBLIMI, A HHOTIA Jake npo-
HCXOOMAN PA3PLIBL COENHHEHHH,

CerofHs, ¢ passuTHeM mMMpokononocHoro M-
TEPHET-0CTYNA, B CETH NOABAACTCA MHOKECTBO [j0-
MOMHATENBHBIX KOHBeprenTHRX cepsucon, [lonnay-
WOTCA MONYAAPHOCTbN NPUIOKEHMA T[OA0COBON
W MYTLTHMEIHA-CBA3H, B MHTepHeTe pacnpocTpana-
erca undponoe renesugenne. Takum obpasom, odec-
nedveHne rApaHTHPOBAHHOID Ka4YeCTBa Mepefaun pe-
Ui B YCMOBUAX BHCOKMX HATPYIOK Ha CETH CTAHOBMT-
ca see Donee ARTYANBHREM.

QAKTOPbDI, BNUAKOLWMWE
HA KAYECTBO NEPEOAYM PEYN

Kakecrno ronocoBodl CBAIM B CETAX Mepefadn [aH-
HBIX ONpPeAcIacTCA MapaMeTpaMi QOCTABKH Iovi0co-
BBHIX TMAKETOB M KadecTBOM OOMEHA CHTHANbHLIMK
COOOLIEHHAMM. [TapaMeTpbl AOCTABKH FOTOCOBLIX Na-
KeTOB OKa3bIBaKT BAMAHWE HA PasbopuUHBOCTD, MCKA-
WEHHE, JANEPMKH FON0COBOTG CHIHANA, YPOBEHb
FPOMEOCTH, HRJTNYHE 3XA. Kavecrno ofMeHa curnans-
HBIMI CODOIEHHAMI OTIPEJIeNAeT CKOPOCTh YCTAHOR-
MEHHA W PaipbliBa COEMHEHNUA, BOIMOAHOCTE €ro
PAIPBIBA, 3AMEPHKKN B MOABIEHHM TOHOBOTO CHIHANA,
M NONPOCTY TY/KAE.

K daxkropam, Bnuanonum Ha kavecrso [P-renedo-
HHH NPH OJIHHAKOREOM cocobe KOAHPOBAHMA CHIHA-
na, OTHOCATCA:

* SAEPAKD JOCTARKH NAKETA — NPOMEKYTOK BpeMe-
HI, TPeOVIOWMACA [INA MePeJaum TaKeTa YEPes CeTh;
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s JHHTTER (BapualMa SAHePKKN) — NPOMEKYTOK
BPEMEHH MEKIV TOCTARKOH NABYX TMOCTENOBITETR-
HBIX MAKETOR;

* IPOIVCKHAA CNOCOOHOCTD CETH;

* BEPOATHOCTD IOTEPH MAKETOB;

» HeOOXOQHMAA NOT0CcA DPOTTYCKaHHA,

Kamabiin s mepeuncnennnx Gakropos no-csoe-
MY BAMAET HA KA4eCTBO TONoCoBOR cpAsn. Tak, Ha-
NPHMEP, 3AMEPHEKD MPHBOANT K NEPEKPHITHIO IHATO-
TOB M MoABTeHn 9xa. Ha puc. | noxkasanm sapepx-
KH, BOZHHKAMIHE HA PAZHBIX STANAX YCTAHOBICHHA
FONOCOBONA CBA3H MEMIY KOMNBITEpAMH a00HEHTOB
MAKETHOH CETH.

B pexomengannn MedIyHapoIHOTO COX3a 3MeK-
Tpoceasn (MC3) G.1 14 makcumanbHOe 3HAYEHME O] -
HocroporHei aanepakn (0T aboHenTa A K aGoHeHTY
b, cM. puc. 1), npH KOTopoll COXPAHAETCA BLICOKOE
Ka4ecTRO TOM0CA, ONPEREneHD MEHBINE MK PABHBIM
150 mc. Japepxra menee 200 Mc TOXKE CYMTALTCA X0-
pouiiM noEazarenes, Menee 400 MC — DpHeMIeMa,
CBbILe 450 MC — VHE TenaeT PA3aroBop NPaKTHYeCKH
HEBOIMOKHMM, CyMMapHas 3afep#ka cKnafibina-
eTCA M2 PANA COCTARMAKIMX — KAK NOCTOAHHKIX,
TaK W NEPEMEHHBMX, K FAlEpAKaM C© NOCTORHHBIM
AHAUCHUEM BPEMEHH OTHOCATCH TE€, YTO BOIHMKEAKT
NpH KoOUPOBAHWK/IEKOIHPOBaHHM, HHKAMCYIA-
umn/gexancynauun n oydepusaunun nakeros, ux
npHEMe W Tepenade. IHaueHne 3ajepAKH BapbHpY-
eTCH MPH NOCTAHOBKE NAKETOB B 0Mepelb H nepefaye
MX MO CETH.

IpdeKTHEHOCTS HCNONBIOBAHNA OCTYIHON No-
MOCH MPONYCKaHWA KaHANa HANPAMYID 3a8MCHT OT
AMTOPHTMA KOOHPOBZHHA 0 IEKOIHPOBAHKA TON0CO-
BO# WHpOpMaLK.

e i e S P R e
Hecmompa Ha ckaozryio noddepxiy onepa-
mopoMm Co5, HapyLWeHUe D2080PeHHDZD Ka-
YECITIAA uHO0d OOYCNOANUBAEMER KOMILZUA-
MU Ha snocnedHed munes y aboneHmos, Byde

mo ADSL unu mexHonczuu paducdocrmyna

,[l,]].ﬂ KUI-[TPDJ'IH. W obecmedeHA JIGTIFCTHHHX napa-
METPOR, RIMAKIHMY HA KaYECTRO [IPH NEpefaye rono-
COROrO TPahuka, HCNOARIVIITCH PASNTUYHEIE METO/ L,
Brifop rexHonoruk onpefenserca THIOM CeTH, B Ko-
TOPORA nepefamTcd ronocorkie Naxerst. B pannom
CVMAE AHANMZNPYEMBIE CETH MOMKHO PasieNuTh Ha
IBC KaTCTOPHH. MO3IBOMAKILNE IRPAHTHPOBATD Hfﬂlﬁ*
XOMUMBIH YPOBEHb KauecTsa ofcIyRKHBAHUA W HE [0~
JROJIANIIHE JENaTh 3TO. K [IL‘.‘PEUﬁ KAaTETOPHH OTHO-

CATCA KOPHOpaTuBHLe W oneparopckue 1P-cerm,
KO BTOPOi — ceTh uteprer.

KAYECTBO PEYM B KOPNOPATUBHbIX
W ONEPATOPCKUX CETHX

Paspaborunku IP-npotoxkona winagaabHo mMpeano-
AArany MCNonL3oeaTh €ro o odmceHa JaHHbIMK,
4 HE OMA TOMOCOBOA CBA3M B PelUMe PedlbHOTO
speMeny, [loaroMy makeTsl OHOTO M TOTO #e HH-
POPMAUHOHHOIO MOTOKD MAPIWPYTHIHPYIOTCA He-
3ABMCHMO JIPYT OT Apyra u BpeMa ux obpaborku
B y3nax uMeeT mupokui pazopoc. [Ipn nukosod 3a-
TPY3Ke KAHANMOB CBAIM HET TAPaHTHH, 4TO TOADCO-
BBIE MAKETH He OYAYT NpOCTANBATH B O¥EPeAX WK
nonywar donee BLICOKUA DPHOPHTET 10 CPABHEHUIO
€ MeHee YYBCTEHTENLHBMH K 3af€piKEaM JaHHBIME,
llna paspemenna gavHoi npobnems B IP-ceTax me-
(RN bﬁ}fl(b'l'l:}-] MEXAHHAMBI, i'ﬂ.PﬂHTHP}'HJI]J,DTE HE{IGIU-
AMMBIG ypoBeHb KadecTBa obcmysusanus {Quality
of Service — QoS). B nacToAwmit MOMEHT CYLIECTBY-
ET TPH OCHOBHBX MTOOX0NE K ['I'EFECTII:"'-IE:HHKJ I-[-E[]ﬁxﬂ-
JMMOTO YPOBHA 0OCHYKMBAHNA B PERUME PealbHo-
ro BPCMCHUA. Jro PEICPBHPOBARME PECYPOOR, T, €. KO-
2 Ha BpeMA CEAHCA PesePBUPYIOTCA HeobxogMMbie
ana paboThl PHAOKEHWA PECYPCHL; MPHOPHTH3ALNA
TpadiKa, MW PAINEIEHHE ErD HA KNACCH ¢ MOCTeNyw-
Wi IPHOPHTH3ALNEN NOPAAKS 0OCTYKHBAHMA; H Ne-
PEMApUIPYTHIALMNA, T. €. epeBo] Tpadika Ha peaeps-
HEL MAPIIPYT IPH NEPErPysKaX CETH.

[lnn peannsaimm yKasaHHBIX METONOB MPHMEHA-
wrcA rexnonorun Integrated Services (IntServ)
# Differentiated Services (DiffServ) ¢ mcnonbsosann-
eM NPOTOKONA pesepBHpoBaHMA pecypcos (Resource
ReSerVation Protocol — RSVP). Kasgan w3 Hux umMe-
er caou ocobeniocTn u obnacTs NpUMEHERNA.

ObecneveHne Qo5 Ha 3Tane nepegaum
ronocosoro Tpaduka

Texnonorua IntServ npeanonaraer ynpasnesune ob-
cVEMBAHMeM Tpaduka Ha ypobHe norokos. OHa
peanuayeT NOJX0] pe3cpBHPOBAHMA PecyPCoB M OC-
HOBaHa Ha nporokone curHanuzaguu RSVE B atom
CHAVYAe OKOHEUHBE CHCTeMED JOMAHB BEITABATE KO-
MaH[OBl HA PeICPEMPOBAHME PECYPCOE WA KAKIOIO
HCMONB3YEMOro MMHN MOTOKA B CETH, 4 ceTh — obecne-
YWBATh 3TO pesepBupoBanne. PYKOBOICTBYACE MH-
(hopManmell 0 JANPOLIEHHKX PECYPCax, CeTh MOKET
WX NPEJOCTABMTE WM OTKA3aTh NPUAMKEHNE B HX
NPLACCTARNEHNM, BEMHYAIAA D NEPECMOTPETh TPe-
GoBanua nubo oTToMMTE ceanc caasm. Cymecrsyer
[[Be MOENH NPeJOCTaRIeHHA YOIYT: C KOHTPONEM 3a-
rpysku (Controlled Load Service) u ¢ rapantuei go-
craski (Guaranteed Service). [lepsaa mojens npes-
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HajHauMeHa OnA FEﬂEPHi‘[PﬂHﬂHHH NMoCh ﬂpﬂﬂ?flﬁi a2
HMA [0 OVTH CRef0BaHMA TpadmKa, BTOpad — anA
NPefOCTABNEHHA YCAVT QOCTABKM ¢ TAPAHTHAMM NO-
NOCH TMPONYCKaHMA W 3ajepxkn Tpagmka, Oba cep-
BHCa '['pcﬁ}-‘r{rr CNOMHBIY H TOYHBX MECXAHHIMOB
VIpapIeHHA ouepeaamMyu (fair queuing), a Tamxe
NpegBapuTENbHOR TPOLENYPH NPOBEPKN NOCTYIIHO
cri pecypeon (Call Admission Control).

[To cytu, RSVP apnaerca npotokoenom ofiMena cu
THANBHEIMHA CL‘!UG]J‘EH HAMH, KUl'i}phrt' Uf)t'll]’]l.“l]r!iii!iﬂ'l'
pe3epBEHPOBAHHE HACTH NPONYCKHON MONOCH KaHATa
cedA3n. Hegoctarkom npotokona RSVE aeadeTca 1o,
YTO 3APE3ePEHPOBAHHBIE PECYPCH HETh3A HCNOAB30-
BATh [J1A MEPEefayun APYrux OaHHBIX [PH CHUMEHUH
HAPYIKH B BHIENCHHOM «PeueBoM» KaHame CBASM.
Ecnn Ha MapuipyTe ronocoBoro Tpadmka BCTpedaeT-
cA obopyZOBaNHE, HE TIOLIEPAHHMBAILIES PEIEPBHPO-
BaHHE I'IPUI'I'}'(;R'[IUI-'[ ErTUCL’IﬁI[UCTH, T 3¢¢EK'['HIH[{]ET[‘-
meroga cunmaerca. [Tporokoay RSVP ceolicieenna
BHECOKAS AKTHBHOCTE 00MEHA CHIHANBHLEMHK coobie-
unaMu. bonsmod obeem obpabaTreaeMoi Mapipy-
TH3ATOPAMH CHIHATBHON HHGOPMALIMK HaKNanbBaeT
HECTRNE 'J'].'.H.'ﬁﬂﬂ-&ﬁ]-ﬂl Hid ]'IFU}T."-‘HII},'I;H'J'{:.l'.ll.li'l'i.ilf'l'h NaH-
HBHX YCTPOMCTB. JT0 OCHOKHAET pacliupeHHe CeTH,
MOCKONBKY KOMMYECTBO CHTHAMbHBIX coobueHni
NPOTPECCHMPYET ¢ YBEMHYEHHEM YCTAHOBIEHHBIX CO-
enMHenuil. B cBA3M ¢ 3THM TexHonorua Intsery Honb
IHC MOoAXOondT A 'I.'!I.?ﬁﬂ.‘[h'l[!!-i! OREOHCYHME K ﬂl.i}l-ﬂ:'
Hulx IP-ceredl M He peKOMEHTYETCA K HCIOMhI0BAHHI
B TPAHAMTHBIX CETAX.

Texuonorna DiffServ nosponger npeogoners we-
noctatku IntServ. B DiffServ snfefaerca HeCKOIbKo
KnaccoB Tpadimka, KAAOMY H3 KOTOPLLX obecneiuba-
ETCA OMpeleneHHbH YpoBeHb oOcnykuBaana, Ha no-
[PaHHYHBIE YCTPOMCTBA CETH BO3MATAWTCA 3aTa4M
ofipaboTkn TpadmKa ¢ LENbI0 OTHECEHHA €10 K Kako-
.\-1:." .']i-r'ﬁﬂ K.'!HI..'L'}’. Ha ocranbibix :.-'C'l'Fﬂl:!l’."l'BéiI BCe Mmo-
TOKM [JAHHOTO Knacca o0palarubiBAKTCH OJMHAKORO,
[Tpu sToM yCTpOcTBA CETH HUHETO HE 3HAKDT O COCTO-
AHMK KAMIOT0 KOHKPETHOTO NOTOKS, B WX 3a0a4y Bro-
BHT TONbBKO Uﬁ]_‘l-i.lﬁ[] I'Kd i'll"FlE‘I ]-'['[]E.I-H-d.HHHI.'EI MNOTOKd
[HPH FTOM CMHTHMBACTCA ML OOHO NONE B J!H}RE1E}
MITA BCETD Knacca, TEKI{.'rT I:IJ:.II'.IHJH'J, Ti'?l._‘“'ﬁﬂﬁﬁ”ﬂﬂ K ha-
THCTPANBHBIM VCTPORCTEAM CHMIBARTCH, MOCKOABEY
OTHagaeT HeoOXOOHMOCTE KOHTPONHPOBATE COCTOA
HHE BCEX MMOTOEOB. KL‘IJ‘I'["FI{]J'Ih Hajl 'IIiL‘lFi;l."-H."I'Pd.!‘-1I.i Tpii'
thuxa (policing) u npodunnposanue (shaping) tasme
OCYUECTBAAKTCA 71 KIACCOB, 4 HE [A1A MOTOKOB.

B knaccudmramin QoS MOKHO BHIIETHTD CPod
Hyw gocrasky nakera (Expedited Forwarding PHB),
rapaHTHpoBaHHyie goctaeky (Assured Forwarding
PHE) n nerapantuposannyio gocrasky (Best Effort).

K nemocrarkam texuonoruun DiffSery cilepyer ot
HECTH TO, UT0 TOYHOLTh I.Jﬁl'.‘l.'ll&""lt‘l'l WA Ra4Y<CThRd ‘l|.'li.'.'[:l.’l
¥ Heée HIKE, 9eM ¥ [ntServ,

Hoean ynyvweHHan mogens

w IP-Tenedpona (SIP).
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Obecneuenne Qos
Ha 3Tane PoOpPMUPOBaHUA
ronoCoRoro Tpaduka

Jlns peanuazaluy OnpefeneHHOTO YPOBHA 0OCTYKHES-
HHH Fpildjl.ﬂi'd PA2HBIX KMACCOE B COBPEMEHHBIX CETE
BEEX VCTPOMCTBAX WCHOMBIVIOTCH OMEPENM LIAKCTOR.
O anroputmoes (OpMUPOBAHKA M 0OCIYKHBAHWA
DUepelel HANPEMYKD 3ABUCHT 3AJePHKK PacHpocTpa-
HEHMA MAKEeTOB M MapaMeTphl KadedTRa TONOCOBRORN
cagan, Ha ceropuamamit nens paspaborane MHome-
CTBO AArOpHTMOR yirpasnenus odepenamu. Hanbonee
yacte npumensworcs Low-Latency Queuning (LLO),
Random Early Detection/Weighted Random Early
Detection (RED/WRED) u Modified Deficit Round
Robin (MDRR).

B mpouenvpe LLOQ (o€epens © manniy speMeHeM
osupania) pan obpaborkl Tpaduka, YYBCTEUTENLHO-
o K 3afepake, HanpUMep, ToNoca MK BULEO, HCTOAE
BYETCA BRIENeHNAn ouepek. B rakodi ouepeu Beerya
BEMOYeHa vHEUMA orpaHudeRna Tpaduka, 4To0n
OHA HE MOT/IA MOVIHOCTER OMOKMpORaTh oDCTYVKNE]-
HHe mapannensHex (He LLQ-) ouepeneit,
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Mexapnam RED/WRED, opuentnpopanHuii Ha
]'.IPE‘JI}"!'F'FIE)KJI,EH!-‘[E llEpf_’l'P}'H[]E B CeTH, NOZBOEHET {]L":r"
UECTBAATE HHTEMNEKTYANLHEI cBpoc MaKeTos Ha oc-
HOBAHHUM MAPKMPOBEM KOHKPETHOID TaKeTa B Mo-
MEHT BOZHWKHOBEHWA neperpyakn. [Takerw cOpach-
BAKTCA cyqalinuy ofpa3om, ONHAKD CTATHCTHYECKH
MTPH GOCTHASHAN MPEABAPHTENEHO 3A0AHHOI0 HOPOTa
3AN0MHeHHA oMepeai Honee AKTHBHO OTKMILIBAKITCA
MAKETH C MEHLILHM TIPHOPHTETOM,

H nakowen, MDRR — 210 komOMHMpOBAHHBLG
MexaHHaM, obecledHMBaOIMi VIpaBIeHHE o4epef-
HOCTHE) MAKETOB C YYETOM NPpHOpUTETHOCTH Tpadn-
Ka. B ocHOBe 3TOTO MEXAHW3MA MEKHT NPHHIMO
WHENHYLCKOTO  OGCIYKHBAHMA (Round Robin).
Anmroputv MDRR noasonser opranuiosath ofHy
seicoRonpHopuTeTHYid LLO-0vepens ATA NaHHBIX,
YYBCTBHTEAbHBIX K 3aTePAEAM, H HECKOMbKO MEHee
NpHOPHTETHHIX odepenei. OBy RMBanKe ovepened
B MDRR npoMcXomuMT mo ZBYM OCHOBHBIM CXEMaM:
co CTPD]’ﬂlff H ﬂ..i'IhTEFH’ﬂTH'H-HD;‘F ﬂFHﬁpHTE']'HﬂEThm.
B nepsom coyuae BHCOKONPHOPHMTETHAA oMepedb
ofCTYHUBASTCA KAKALI pa3, KOIgA B Hell NoABmA-
IOTCA JaHHBIE, 4 3aTeM 0OpAbaTHBAKTCA OCTANDHBIE
ouepefu. 310 MOIBOAAET TAPaHTHPOBATEH KadecT-
BEHHBIA CEPBHC JIA TPa(uKa 4YBCTRHTETRHOTO
K 3ajlepAKaM, HO HEraTHBHO CK23hIBAETCA HA ofcmy-
AHBAHMY TaHHBIX B OApyrux ouepegax. I[Tpu pabore
mexannsMa MDRR no stopoi cxeme (¢ anbrepHa-
THEHOM OPHOPHTETHOCTLID) OOCTYKHBAHME MIET
B CAEAYIOILEM TOPALKE: BHCOKONPUOPHTETHAR OYe-
penb, oiHa M3 HENPUHOPHTETHHX W CHOBA BRICOKO-
MPHOPHTETHaAH,

KAYECTBO PE4YM
B OTKPbITHIX CETAX

Ecan panswe nposaigepst youvr YolP B ocrosroM
BOPOIHCH 33 KOPIOPATHDH L CETMENT PHIHEKA, TO CERt
gac [P-renedormusn npuxoguy B 00bLMHME KBAPTHPEL
[Tpw avom 3anaga npejocTaBlenta YCIYT KayecTBEH-
HOI TONOCOBOH CBAIN COXPAHAET CBOK AKTYANBHOCTD,

R R R SR
Kak crmanao ACHO U3 HOWe20 Uccnedosatus,
oKaTo 8- 10% xocmoa aboHeHMOos UMEIT
cpedree Bpema omknuka bonee 250 mc,

HMO HE Neasonaem obecnequme

KOYECIMEEHHDE 20N0C0B0e Coe0UMHEHLIE

Hogknwounthca K MHTEpHETY # COBEpINATH 3HOHKH
ueped céTh MOMHO CACHYVHLMMH Y TAMY:

= 4epea ONeparTopa CBAIH, KOTOPHL, IOMUMO J0CTYA
& VnTepher, nmeer cul'lrme:-mynu IP-ATC » oxasnl-
BaeT VolP-yonvrn cpoms aGoHCHTAaM;

= yeped NpoRaiiiepa, NPeqocTaBIAMErs Tonbko Hu-
TEPHET-FOCTYN, @ YOIVTH TONOCORONA CRASH OKashiRa-
1A Ha [P-ATC ppyrofi opranmaaumn.

B [I'I".‘FHUM I'.'a'l‘lr"-[ilE }'1’.'1]}'[‘!-‘[ Kk JI,UI.:'I'}'TIE. B HJIT{:‘PHE'I',
Tak U [P-renedonun nonbiopaTends NpeiOCTaBI-
WTCH OAHOM W TOR Xe KOoMIaHHER, B CETH KOTOpPOH
MDI'}'T HCNMBIOBATECH METOL B []'Elt"li.']'iﬂ‘d EHHH M KDHT-
pona QoS — B yacTHOCTH, NPHOPHTHIALME TPapuEa.
I.IP]-'[ UE}'IJJ,EC!'I!;'LEHHH BEOQUHIIMNY MK BCXOOHUIAX Bbl-
30BOB cornamenne ob yposHe obcnymupanun (SLA)
Oyner AeilcTEOBATE He TONLKD HA CTHIEE ONEpaTop-
CKHX CIETE'I:"I H ﬂFI_'!p'Tl‘.IH 'I'iTEI"ICTIDPT'HDiT CETH HHTEP]I€T~
OpoBafifepa, HO M Ha «nocmegHeil Munes, ot [P-ATC
no Tepmunana aborenta, B ganuoi CHTYAHN MOXHO
ofecne T NPHCMIEMOC Ka1eCTBO TONOCOROI CBAIM
Ia#e Ha OTHOCHTENbHO HMIKHMY CKOPOCTAX [OCTVIIA
B CETh. TeM HE MCHEE CTOHT OTMETHTL, YTO Hapyuie-
HME OTOBOPEHHOID KaYecTea, HECMOTPA HAa MOLIepH-
ky (oS, wiorga ofycnoBIMBAETCH KOMIMINAMM HA
«NOCTEARER MUNEs ¥ onpeaencinbx abonenTos, Cra-
WeM, CHIGKeHNEe KadecTea Ha DSL- munum Moxer OuTh
CHAZAHO C CEANHHRIM H.TIPUMHKEHDTE'M KaHama CERIH®;
Ha COEMHEHMIA ¢ HCTIOMb30BAHMEM PAIHOTEXHOTOTHIL
Wi-Fi wan WiMax mMoryT okasath BnuAnne MHTEpde-
PEI'I.llI'TH HIAKH IJUCIUPGHHHE‘ FEHH{ITIDMEIH.

Bo propoM cryiae, KOMGa NONL3IOBATENL TOIKIK-
YEH K CETH TIPDR‘E{'IJ'[EPE. HHTEPI{ET-)’EJT}'T A PHEHTH
¢ [P-ATC croponnero onepatopa [P-renedonnn, sece
fanupe peanvHoro spemenn (RTP-tpaduy, Real-
time Transport Protocol) 6ynyT MapuipyTHanpoBarh-
€A AHATOIHYHO APYIHM THIAM NOTOKOE JaHHBIX, He-
KpHTHEHEM K sagepxram o nmotepas (HTTE FTF).
Muoroofpasue TexsHonoruit ofecnevyenusn Kavecrsa
CEPBHCA, HECOTTACOBAHHOCTD MapaMeTpon QoS Mex-
Ay OTIEPATOPAMH CBA3M M OTCYTCTBIE EIHHCTEA B pe-
ANMIALMAY NPOTOKONOE ¥ PAIHEIX NPOMIBOLUTENCH
obOpyNOBAHKA HE TIOIBONAIT FAPAHTHPOBAT Heob-
KOAMMOE KAYecTBO OGCHYANBAHMA B JAHHOR CHTYa-
yin. Jame npu ckopocty gocryna 8 Hutepuer, pas-
noi 1 Mowut/c, Mosno HabawaaTs peakoe CHHMEHHE
Kd4ECTHa pede B0 [lfFE,ﬂ,H'—lH B YACH I!i-'IICﬂIHUfI Hi-
rpyseu. Ita npobieMa YacTHYHO PELIASTCA 3a CHeT
nepexoga Ha 0onee CKOpOCTHBIE Tapndm AocTyna
B CETh, OfHAKO Ka4eCTBO CcepBuca B nroboM cayyae He
fyaer rapanTuposannsiM. Takum obpasom, Ha cero-
IHA EJIMHCTRENHOR BOSMOMHOCTE 00ECIEYNTD TPe-
Dyembli YpoBEHD TONOCOBONR CBAIM B OTKPHTHX Ce-
TAX ABAAETCA WCNONBLIOBAHME YCAYT NpoBalifepa,
FI']'_'IEHI!I ararero TEPEHTIIPDBH.H H}"Iﬂ EKDPDIETI- THHHM
[OCTYNA BHC 3ABHCHMOCTH OT BPEMEHH CYTOK,

ABTOPAMH CTATHH NPEIIOKEHa H HCCIERoBaHA
METOJMED TECTHMPOBAHMA KauecTBA KaHaMa CBA3N
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MEKIY a00HEHTAMU Ha NPHIOAHOCTL YCTAHOBAEHHA
roOCOBOT0 COSIHHEHHA B OTKPMTHMX CeTaXx. CyTh
ee JAKMDYAETCA B AHATHIE NapaMeTPos KaHana cua-
an HE}“J'I.}" ﬂﬁOHEHTE MM {I'l.'iEIrB.’}'[}!' aﬁﬂHEHTl‘.IM 1
VolP-cepeepom) Ha ocvose gannpix ICMP- u UDP-
MpOTOKONDB Nepechiiky feitarpamu. [lna uame-
pexuii ucnonb3oBanach Mpolegypa ping. ocHo-
BAHHAA Ha OTOpaBke B agpec aboxenTa (1 obpaTHo)
tectoprx [CMP-naxeror, copepwampnx npons-
BONbHBE ganHbie. [Iponegypa nospoaAeT NOIyIHTh
napaMerpel NPOXOMIEHUS [AKETOB OT CepBepa
IP-ATC o xocrta adOHEHTA M XAPAKTEPUIVETCH Tpe-
MiA  KOMTWYECTRENWBIMH DEIHYHHAMH: CPemnuMM,
MAKCHMANEHBIM H MHHHMATbHBM BPEMEHEM OTKIIH-
Ka (puc. 2).

Ha ocHOBe NAHHMX NapaMeTPOR BHYMCIAETCA
CpelHEEBATPATHYHOE OTKIOHEHHE BPpeMEHN OTKNHEA
xocta, OHo N03BOAALT OUEHHTE CTeneHs CTabunbHo-
cri paboTni xocTa aboHEHTa M YPOBeHb KHTTEpa.
Takum odpasom, mepe YCTAHOBIEHKEM COSTHHEHHA
MBI MOZEM ONpefenuTh NPUHHIHTHANEHYE BOIMOMK-
HOCTh FONOCOBOND 00CTYKHBAHUA.

B xope skcnepumMenTa Bbl10 MoNyYeHo pacnpese-
neHne ApeMenn mo 289 peaynbTATHBHBIM OTEIHKAM
XOCTOB cydaiusix nocerntened Murepuer-pecypea,
A coeJHHeHni ¢ KOTOPBIMM YMCIO0 NOTEPAHHBIX
nakeror He npessimano 5%. Pesynwratel, orobpa-
AMeHHLIe Ha TpaduKax, TPAKTYIOTCA CleayIomuM of-
pasom: 5% XOCTOB MMeNM CpefHee BpeMs OTKIMKA
(npoxoxaenne nmakera Tyaa M obparHo) Gonee
1000 me, 15% xocros — Homee 300 mc, 100% xo-
cror — Oonee (0 Mc,

Kax supgno w3 pacnpegenenmnn, oxono 8-10%
XOCTOR aDOHEHTOR UMENT CPEéfHee BpeMs OTKIMKA
Gonee 500 mc (B opuy cropory — 250 Mc), uTo He no-
FBEONAET ODECHEYHTh KAYECTEEHHOE TONOCOBOE CO-

EAMHEHNE, TaKE ECIM MPENNOAQKNTD, 4T0 MAKETHl
B 0f0MX HATTPABAEHHAX PACIPOCTPARAINTCA C OIHHA-
KOBBIM BPEMEHEM 3aJlEPREN.

Komnnexchbiil ananns napaMerpon, Nomy4enibx
B PC3Y.|||:|1'=]'H‘_' HCIOb3DBAHWA j'J,ilHHL}IT'[ METOJIMEKN, M-
3BONAET HAKNAJIBIBATL HOMEE WECTKUE OIPAHMUCHNA
K KaHany CBA3M M YCTAHABIMBATE COENMHEHMA, obec-
neynBanne TpedyeMoe KaYecTBo Nepefady rofoca.
OHAKO CAMO NONATHE KAYECTREHHONA NePefayi pedu
ABAAETCA JoCTaToMHO CybbekTusHbM. Ofroro abo-
HEHTA BCE VCTPAMBAET, PYIOMY HHYETD HE CABILUIHO:
H EMY KaiKeTcA, 9To Bee ekameno. Ouennparh Kade-
CTBO N0 #anodaM ENTHEHTOB OecoMBICTEHHD, XOTA
HMEHHO OHM CTHMYITHPYIT ONEPaTOPOB K yayqumic-
HUH NPeOCTARMAEMOTO CEPBICA,

[ns ananusa xavecrsa peun MCI sminyctnn gse
pekosengaymun: PEO0 — Mean Opinion Score (MOS)
u P861 — Perceptual Speech Quality Measurement
(PSQM). Komnauua British Telecom paspaborana
cobecreenmnit  anropurm:  Perceptual  Analysis/
Measurement System (PAMS).

Meroponorna MOS onpegenser «py4noit» cnocob
MONY4eHnA CPeHel OUEHKY Ka4eCTRA PeYy Ha OCHO-
BE 'It‘CTHPﬂBﬂHHH Pl."'lt:Bh[I [I)Pﬂ.r MEHTOR, ﬂEPEﬂﬂH]‘Ih'I.‘.’
o ceti ceasn. Tect Bknwuaer B ceGf 3anuce pasnny-
HBIX, 3apatee BHOpaHHbIX peueBbX (PParMeHTOB H HX
MOCAEAYRILEe BOCOPOUIBENEHHE CMEMIAHHOI TPYTLITe
MYKYMH M KEHIMH NPH KOHTPONHPYEMBIX YCHOBM-
ax. Ouenkw, lanHble ITOR IPYNNOH, 3aTE€M YCpenHA-
wrcs, urobsl garth efuicTrenHyo ouenky MOS, ko-
nedmomyocs mexny 1 (Hanxymmmii) u 5 (mannyy-
mmit), Ouenxy MOS 4 mosno cauTaTh CTaHpapTOM
wTeneoHHOro» KaYecTsa.

Cneum:]mr:aum B861, unu PSQM, onpepenser me-
TOAMKY, € MOMOILBI0 KOTOPOR MOMXHO aBTOMATHIHPO-
BaTh OUEHKY KayecTea peun mo miane MOS, Ognako
aTa MeTOAHKA HeNpHMEHHMMA A TECTHPOBAHMA
VolP-cucreM, NocKONBKY B Helt He YUMTBIBAKOTCS BO3-
HHEAIME 3a0ePaKl TIPH Nepetaye ronoca.

Meropuka PAMS womnanmm British Telecom
ONpeleaseT ANroPUTM, COTMACHO KOTOPOMY TECT Bhi-
NOMHAETCA MYTEM NEPEfaty PEIu MK PedenofoiHo-
I CHTHANA B OJHOM OKOHEYHON TOYKe CETH W 3axBa-
Ta 3TOTO Me CUTHATA Ha IPYToi OKOHEMHOR TO4Ke.
Ouenka KauecTsa BRIYMCIAETCH ¢ MOMOUTEK MaTeMa-
THYECKOTD EPaHHEHHH HCXOIHOTG H TII'.}.I'I}I"'-TEHHI‘._'II‘L‘I
curnana. Tak we xax u 8 MOS, spece npumennerca
5-6annbHag cucrema. Bsas ganuyw TeXHonorHmo Ha
BOOPYHKEHNE, MOKHO PEATH3OBATh CHCTEMBI MOHM-
TOPHHIA Ka9eCTBa ronoca B peanbHOM BpPEeMEHH.
Ha norpanMyHMX y3nax ceTH YCTAHABNMBAETCA Npo-
TPaMMHBIT MOOynb, renepHpyowmi VolP-smaoepm
M nepefauiMi 3apaHes IANNCAHHEBIA TECTORBIHA
RTP-parment B ceth. Ha npunnmawmei cropone
YCTAHABNHBALTCA AHANOTHYHBI MPOrPAMMHLLL Mo-
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[Y/b, KOTOPHIl OCYWECTBAAET MTYYeHHe M 3aNKCh
nepefanHoro pparmenta. [lanee nndopmauns nepe-
[AeTCA B LeHTp 00paboTKy, Iie MPOMCXONNT aHANNI
HCXOJJHOTO M TiepeJaHHBIX ()ParMeHTOB, Ha OCHOBE
KOTOPOTO CTPOMTCH OLIEHKA KavyecTsa,

JIpyrusM MHTEpecHBIM CNOCODOM OLEHKH COCTOA-
HMA TONOCOROW CeTH ABAAETCH METOAMEA aHalWia
paboTocnocoGHOCTH KAHATIOR CRA3H HA OCHOBE napa-
METPOE CHTHankHoro Tpaduka, MeTonuka omucana
B crawgapre MC3 E411 (International Network
Management — Operational Guidance). Ananuan-
PYA KOPpenslMK KOAOB 3aBEpPUIEHHA BH3IOBOB
B CMTHA/IbHBIX COOOUIEHHAX M COOMPan CTATHCTHKY
OTKA30B, MOMXHO NOAYYHTH KaPTHHY [LOCTYIHOCTH
MapIIpyTOB B pekiimMe peanbHoro BpeMenu. Mndop-
MalHA O JOCTYIMHOCTH YIANEHHBIX Y3I0B PEryIapHoO
NOCTYNAeT W3 JeTaNM3IHPOBAHHHX MPOTOKOMOB BbI-
30BOB B TIPOTPAMMHEIX KOMMYTaTOPax M COREpHKHT
NaHHble KAK 00 YCHEIIHBIX, TAK M 0 HeYCNelHbIX 1o-
MBITEAX COEfMHEHMA. JINA KONH4eCcTBEHHON OLEHKH
COCTOAHMA CETH MCTIONLIYITCA ONMCAHHHE HMMKE
koadguonenTh.

Kosddmunent Answer Seizure Ratio (ASR) onpe-
AenseT NPOoIEHTHOE OTHOWIEHME 4YHCna obCmymeH-
HBIX BHI30BOB K 00uieMy 9HCIy NONBITOK COBEPUIMTH
BBI30B B 3aJaHHOM HanpaBneHun. 3HadeHHe JaHHOTO
napaMerpa shipakaer 3QeKTUBHOCTE NPefOCTAB-
naeMoro cepeuca. Tak kak cnydam sauatocru abo-
HEHTCKOH MHHHY M IPYTHe CHTYaLuM, Korja copach-
BAETCA BHIZOB, CYNTAKTCA HEYJauHBIMM TONBITKAMH
COeIMHEHMA, BEMNYMHA KO3 (UIMEHTA MOXKET Me-
HATLCHA B 3aBHCHMOCTH OT NOBEJEHHA Bbl3BIBAEMOT)
aboHenTa.

Koadhpuuuent Answer Bid Ratio (ABR) paccun-
THBAETCA KaK NPOLEHTHOE OTHOIIEHNIE HCIA 3anpo-
COE THHMU, NPHBEIINX K OTBETY, K obmeMy 4ucty

COyeHuaams KQYECMAE0 20N0C08020 COETUHE-
HUA No xanobam kKnueHrmoa BeccMelcnenHo
& CLUAY UX CYDBREKMUBHOCTIL, NOIMOMY

dna nodobHoU OUeHKU CYWECTTIEVIOM CreuU-

aneHbie Memoduxku MC2

SAMPOCOB THHMKM B 3afanHHoM Hanpasnenwu. [apa-
METp BrIpamaeT adpekTHBEHOCTh Nepeayn Tpadiia
M oTAHYaeTcA oT ASK TeM, 9T0 YIWTHIBAET TMOMBITEN
COefMHEeHHI, HE NPHBEIIINE K BhlJENEHWID HOTHYeC-
KOTO KaHATa Tepetatn MaHHbIX.

Koapduuuent Network Effectiveness Ratio
(NER]} orpamaer cnocofiHOCTh ceTH nepefady jJaH-

HBIX [OCTAB/ATE BHIZ0BH 10 KOHEYHBIX TEPMUHANOB
B 3a[aHHOM HaNpaeneHHH M MO3BOMAET MCKMIOYUTD
akTop 3ABMCUMOCTM OT TNOBENEHUHA KOHEYHOTO
MONb3OBATENA, IABaA TeM caMbiM Hanbonee obbex-
THBHOE NpejcTaB/ieHHe 0 KadecTBe KaHama CBAIM.
Juavenme NER paccuMThiBaeTca Kak NPOLeHTHOE OT-
HOHIIEHWe (IMCI0 OGCTVKEHHBIX BRISOBOB + MMC/IO
BbI3OBOR, KOrfa aboHeHT ObIN 3aHAT, + YHCT0 BBHI3O-
BOB, HA KOTOPBIE HE OTBETHNH, + YHC/IO BHI3OBOB, 0T-
BEPTHYTHIX OKOHeYHEM obopynosanneM abounenra) /
ofilee YHCI0 REZ0BOR.

Pacuer xoadpuunenta NER B pekume peanvho-
ro BpPEMEHW M MpelBapUTENbHOE 33/IaHME JONYCTH-
MEIX OPOTOBBIX 3HAYEHHIT 3TOTO MOKA3ATENA MOIBO-
AAKT CTPOMTH OTHETHl O KAYeCTBE {ETH Tepefaun
[AHHBIX KaK B 1I€0M, TAK M IO OTAEIbHBIM Mapi-
PYTaM M MPeANpPHHHMATE MEPhl ONEPaTHBHOTO pea-
THPOBaHHA B LeNAX NOJJEPKAHNA 3TOTD KavecTsa
Ha 3a/laHHOM ypoBHe. OIHOI H3 TAKMX Mep ABAAETCH
NEpeHanpaBieHie BHI30BOB PacCMaTPMBaEMOro Ha-
npaBneHns Ha pesepsrblit Mapwpyt. Hop nanpase-
HMEM 3[leCh NMOHMMaeTca reorpapuueckan obmacrs,
XapaKTepuayeMas, HaNpPHMep, COOTBETCTEYIMIHM
KOJOM MEMIYHAPOHOTO TENeKOMMYHHKAMOHHOTO
nnaHa Hymepanuu. Mugea cocront 8 GopMupoBanum
MAPUIPYTHOTO PeecTpa, Tie BCE BO3MOMKHbBIE Mapil-
PYTH Ha Ka#A0€ HANPABIEHNe OTCOPTUPOBAHDL B N0~
pAfke YORIBAHUA BecOBOH QYHKIMH, YUHTHIBAIOUIEH
nokasaTenu xadecrsa. B ganbHelimeM npeanonara-
ETCA [WHAMWHYECKAA KOPPEKTHPOBKA peecTpa mpu
W3IMEHEHUM KAPTHHB pacnpefenetuns koaduimen-
toB NER no mMapumpyraM 3aaHHOTO HalpaBaeHuA.

Kak mpaBuno, OCHOBHRE MOMEXY, BIMAKNIME HA Ka-
yecTBO nepefaun peun B IP-ceraAx, RoaHMKaWT Ha
aTIOCTHeHeR MuIes aDOHEHTE, 3 HE HA ONEPATOPCKOM
cermenTe. Konnancel Ha onMepaTopckoM YPORBHE,
MPUBOOANINE K BOSHHKHOBEHHI npobnem y Beex
a00HEHTOR, CNYYalOTCA MOBOALHO PEOKO, HO [Jaie
B CTyMae MX BO3HMKHOBEHWSA OMEPATOP HECET 3a HMX
hHHAHCOBYI0 OTBETCTREHHOCTE, 3TO M OTAMYAET CH-
TYalUMio B NAKETHBIX CETAX OT CErOJHAINHEN ofcTa-
HOBKM Ha JOPOTAX.

Of gemaopax

Tapacoe Banepwih HOpeesny,

KeIHG, FIExH. Hayk,

getLl Medatsen koMnaHuL «AMT-Tpyns
TenedoH: (495) 725-7660
VEArasOvVEamLru

Apospos KoHctanTud Wropesny,
aedvLLLD UH#EHED KOMDaHuU RegionCom
k.drozdovi@gmail.com
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