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OHEHKA MHTEI'PAJBLHBIX KPUTEPUEB KAYECTBA OBCJHAYXNUBAHUA
B CETSAX ABOHEHRHTCKOI'O JOCTYIIA

J[11 mOCTpOEHMsT WHTErPUPOBAHHON CHCTEMBI YIIPABIICHHMS DA3HOPOJHBIMH JJIEMEHTaMHU CETH
IPHMEHSAETCS MHOTOYPOBHCBBIH HEPAPXHYCCKUH HOX0J, KOTOPBIH SIBJISETCA CTaHAapTHBIM UL 110~
¢TpoeHust GONBUIMX CHCTEM. | IpUMEHUTEIBHO K CHCTEMaM YIpaBjieHust ceTsiMu Haubornee npopado-
TZHHBIM | 3P GEKTUBHEIM UIsE CO3/1aHUsT MHOTOYPOBHEBOM UEPAPXUUECKOH CHCTEMBI ABASETCH CTaH-
napt Telecommunication Management Network (TMN). Ha xaxiom nepapxu4eckoM ypoBHE MOAe-
m TMN pemaiores 3anaun nstd QYHKIMOHATBHBIX TPYII: yIipaBieHHe KOHUrypamuei;, obpador-
Ka 0lHOOK; aHANN3 HPON3BOAMTEIBHOCTH U HAACKHOCTH, yIIpaBiieHne 6e30NacHOCThIO, yUeT paboThl
ceTH. 3a7a4n TPETHhEH I'PYIIb CBSI3aHbI C OLICHKOW Ha OCHOBE CTATHCTHYECKOH HMHQpOpMaIHK TaKux
NapaMETPOB, KAK BPEMsl PEaKIlMM CETH, IIPOMTYCKHAd CIIOCODHOCTD PealbHOrO M BUPTYaJIbHOIO KaHajia
CB3M MEKTY ByMSI KOHEUHBIMWA aOOHEHTaMHU CETH, MHTEHCHBHOCTH Tpa(uKa B OTHAENIBHBIX CETMEH-
TAX H KaHAIAX CEeTH, BEPOSTHOCTH UCKAKEBUS JAHHBIX NPU HX flepefade yepes ceThb, a Takke Kodd-
urenT roToBHOCTH ceTH. OVHKIMHK aHaIH3a IIPOU3BOUTEIBHOCTH M HAJAECKHOCTH CETH, PopMau-
Jag kayecTa OOCIY)KHUBAHMSA TOJIL30BATENEH CETH HEOOXOJMMBl KAk AN ONEPaTUBHOIO OITH-
MATBHOTO YNIPABAEHUS CETHIO, TAK M JUIst TUIAaHUPOBAHUA Pa3BUTHS ceTh([4].

B obmem Buae noxasareib 3@ QGEKTUBHOCTH CETH () MOMKHO ITPEACTABHTL HEKOTOPBIM (YHK-
LHOHATIOM

Q=0(G,4,0),

tle G ~ rpad ceTH, onpeneSieHHABIH CTPYKTYpoll cetH. DiemerTamy rpada G ABJIAIOTCA Y3JIbI
KOMMYTALIMK ¥ KaHaJTbl CBSI3H, obanarouie COOCTBEHHBIMU XapakTepUCTHKaMH ; A — aIrOpUTMBI
DYHKIMOHMPOBAHUSA CEeTH. AIrOPUTMBEI OBIBAIOT IBYX THIOB: niepeiiaun uhdopMainu (OCHOBHOTO
YIpaBAeHUS) ¥ YIPABICHUA CETHIO (AAMMHMCTPATHBHOIO YIIPABIAEHHUS); A — BHEUIHAS Harpyska,
noCTynaoMas B ceTh. A OMUCHIBAETCs MATpuilel Harpysok ([ A, ||, rne A, — marpyska, nocty-

WA 0T a0OHEHTOB, NOAKIIOYCHHBIX K i-MY Y31y CeTH (MU K i-My OKOHEYHOMY 00OpPYyA0BAHUIO
(eTw), ¥ MpeHA3HAYCHHAsS it aDOHEHTOB, MOAKIIOYEHHBIX K j-My y3i1y. Hazosem pecypcamu cetn
R coBOKYIIHOCTE CTPYKTYDPBI CETH M anrOpHTMOB QYHKUMOHUpOBaHUs, T.e. K ={G, 4} . [Tockonpky

Harpyska A - ecTh BHEWIHWH daKToOp, HE 3aBHCAIIMH OT IPOEKTHPOBIIHKA, TO B PACIOPSIKCHUU
NPOEKTUPOBIMKA MMEIOTCS JIMIIL PECYPCHI CETH, BAPHUPYSI KOTOPBIMH, OH MOXKET JN0OMBATHCS iKe-
naemoro nokaszareist 3ppex THBHOCTH.

PacemoTpuM rpymmel rokasarenieif, Koropsle Haubosee YacTo HCIONB3YIOTCS MIPH NPOSKTHPO-
Baiiy cerelt abonenTckoro goctyna (CAJl) B KayecTBe KpUTEPHEB /IS OLICHKH ¢e (DyHKLIHOHUPO-
BAHIS: TIOKA3aTe M KayecTBa 0OCIYKUBAHHS NOIB30BATENCH.

['pynna nokazateneil kauccTsa OOCHYKUBAHMS OTPAXKAET KAYECTRO YCHAYT, NPEAOCTABISEMBIX
nomszoateniv CAJL. B ofimeM cilydae npe/loCTaBICHUE YCIIYT CBS3M IIOb30BATENAM COAECPKHT
Tpi $a3sl: yCTAHOBJIEHHE COEAMHEHM; ITepe/iaua HHGOopMalnu; passeuuenue [1,3].

Bee Tpu hazel mpucyTCTBYIOT IS ceTel ¢ KOMMYTAlMEH KaHalloB H KoMMYyTaluei raketos. HMe-
KIoYeHyeM SBIISIIOTCS CETH ¢ KOMMYTALMEH MaKkeToB. paboTalouiue B pexume JehTarpamMm, s KO-
TOpHIX HET epBOM M TpeThel a3, B cBssn ¢ yHHPUUMPOBAHHOCTLIO Habopa yciyr Bce (YHKIHO-
HATbHAIE YDOBHM MOTYT OLIEHUBATHCS €IMHBIMU TapaMETPamMH, B TO JKE BPEMs METOAL! OLEHKH 3THX
MAPAMETPOB CYHICCTBEHHO OTHMYAI0TCS. OCHOBHBIMU IapaMeTpaMy SBISIOTCS: BpeMs (3aepxka);
GPaBUILHOCTH (TOYHOCTE HJIH JIOCTOBEPHOCTE ); BEPOSITHOCTD BBIIIOHEHUA YCIYTH (HAAEKHOCTH ).

Kaipiit mapamerp kayecTna 0OCTyKMBaHUS ABJISETCS CITYYalHON BEJTMMMHON U XapaKTepU3yeTCs:

- QyHkuueit pacnpenenenus: P(g <r), Tae r — HEKOTOpoe QUKCUPOBAHHOE KayeCcTBO obcmy-
KHBAHNS,

- CPeIHUM 3HAYCHHEM: ¢ ;
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— BEJIMYHHOH YCIIOBHBIX IOTePh: P(q < q ), TAE G ;1 — JONMYCTUMOE KA4ECTBO OOCITYKUBAHH
0O6031a9nM KayecTBO QYHKIIMOHUPOBAHUS Ha KaXa0H daze mpeacTaBieHus ycnyr depes (

Q, n O, cooTBeTcTBeHHO. Torza Kaxplil MokaszaTenb kavectsa (J,. O, O, npeacrasisel
ceRyromuMy QyHKUHOHAIBHBIMM 3aBUCHMOCTIMH:

Oy =0y (85,57, Sy )
O =0 (S45.87:8vu),
Q, = Ql (SH’SI? ’S.w:.//)
rae Sy.S8,,5y, — XapaKTePUCTHKN BPEMEHHM, NPABUIILHOCTH, BEPOSTHOCTH IPEAOCTABIEHHS YCI

COOTBETCTBEHHO /IS (pa3 YCTAHOBIICHUS CBS3M, Hepesadd HHpopMalinH, pasbeanHerus. 0000w
HEBIH 1okaszatesib 2 PEeKTUBHOCTH €CTh HEKOTOPBIH (PYBKIHOHAT

O=0.0r,.0,)-

OnHako aHanUTUYEeCKOe BBEIPAKEHUE Ui 0O0OMEHHOTO moKazaTens (J CBI3aHO ¢ OONbIMY

TpyaHocTaMu. Tloatomy, nenecoobpasHo oneHKY 3PDEKTUBHOCTH MTPOBOAUTH B KK/IOM KOHKp
HOM Ciyyae [0 OJHOMY (IJIaBHOMY) IOKA3aTello, HaknaablBas OrpaHu4eHusl Ha 00JiacTs A0NYCn
MBIX 3HayeHKH ocTalbHBIX TIOKa3aTeseH.

Jlnst cetelt ¢ KOMMyTalLMeH KaHAIOB TAKUM NOKa3aTeleM SIBISETCst TPEeTUi r1apameTp — Mep
¢azel — BEpOSITHOCTh OTKA3a B yCTAaHOBJIEHUH COEAMHEHHS.

s ceredt ¢ koMMyTalMeHd makeToB HauOoslee BaXXeH IEPBHIH mapaMerp BTOpoH (a3pl — Bpe
3aJEPIKKH TIpH niepeaatie OyokoR uHpopMairu. OOBYHO 3TOT MapaMeTpP UCTIONB3YSTCS KaK KpuTep
KadecTBa obcmyxuBanusi st Bcex ypoBHed OSL Ilpm stom KauecTBO 0OCIYXHMBAHUS BEpXH:
YPOBHS OTIpeJiessieTcs KaueCTBOM 00CTYKUBAHUS BCEX MOAAEPKUBAKOIIMX €0 HHKHUX YPOBHEH.

Jlns oneHkH KadectBa OOCIYXKHBaHUsI A0OHEHTOB Ha BCEH CETH ONPEAETHM HHTETPaTbhy
KpHTEpHH KadecTBa obcykuBanus. ITycTs Bece 1onb30BaTe M ceTH pa3OUTHI Ha IPYIIIBI IO Katen

pusim BaxkHOCTH. OO03HAYNM Hepes q,’/‘ — KpUTepUH KadecTBa 0OCTYKUBAHHUS TIOJIB30BATCICH Kan
TOpUM k , BKIXOUEHHBIX B Y3IIEL i, / , IPU Hepefaye HHPOPMALMU MEXLy HUMA.
k k
Ob6pasyem matpunst (" = q, || n OyneM oueHMBaThH KauyeCTBO OOCTYXKHBAHHMs JUIs Kamo_{:«

KaTeropuu nonp3oparenefi. [lo MaTpHiiaM Qk ONIPEACIMM MHTCIPANBHBIC KPUTCPHM Kaueln

00CTY KUBaHHUS Q‘ CIIEAYIOLUIMMH ciocobamu:
Qk :max(qu) (i min(q,/j) )

Ot =Ygk,

i)

k k . I k . ) kK ok & .
rae £, — 1ons notoxa f,° B obmem notoke [ —qu Ha cetd, T.¢. /= f'/f"u Zl,/ =1,
[y

i

[Tpu ucnonszoBanuu BeipakeHus (1) 3a kpuTepuit kadecTBa OOCIYXHBAHKS Ha BCEH CETH By
Oupaercst Xyjlee Ka4ecTBO OOCHYXXHBAHMs CpeiM Beex nap y31os. Kpurepuit U3 BoipakeHus (!
ABJIAETCS CPEAHUM IO CETH TOKa3aTeNeM KauecTBa 0OCHyKMBaHHUs. 3aMETHM, YTO BCS MaTpuia |
TaK)Ke MOXKET ABIATLCA IOKa3aTe/leM KayecTBa OOCIyKUBaHUs 110 Bcel CeTH, OJHAKO CpaBHUBL:
pa3aMYHbIe CETH MEXAY cOOO MO TaKOMY KPUTEPHIO MPaKTHUECKH HEBO3MOXKHO, T. K. MEMLY p
JAVYHBIMHY MaTpalamMy () HeJb3sl YCTAaHOBHTH OTHOUICHMS YIIOPSIOUNBAHUS.

Kputepuu (1, 2) mo3BosistoT CpaBHUBATh BAPUAHTHI CeTH Mex Ly coboit. Menonk3osanue Kput:
pus (1) HeuenecooOpa3HO, €CIM AONYCTUMOE KadeCTBO OOCIYXUBAHMWS IS PasHBIX aDOHEHIN

pazHoe (Haupumep, B CHJIY TUIaTel aDOHEHTOB 3a yciyry). lpu ucuons3oBanuu kxpurepns (2) cpashe
HHE B CpeHEM NPaKTHYeCKH UCKII0YaeT HHTEPEChl OTAEIBHOIO NOJIb30BATEIS,
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Pacemotpum mHTErpanbHBIH KpUTEpHH KadecTBa OOCITYKMBaHUs CBOOOAHBIH OT BbILIEINEpE-

YHCIEHHBIX HeJoCTaTKOB. OH OCHOBBIBACTCS Ha OonpcaeIeHun JUrs KK IO IIapel ONB30BATENEH
~k

A0MYCTAMOTO  KadecTBa 0OCHyXuBaHus ¢, . Takod moKazareib yCTaHABIMBACT KOMIIPOMHMCC

MEKIY NOAB30BATENEM, CTPEMSILMMCA NOIYyHHTh Haubojiee BBICOKOE KadyecTBO OOCIYKUBAHMA.
W AIMHHMCTpAlIHEH CeTH, CTPEeMSIIIEHCcs MaKCUMM3HPOBATL HPONYLIEHHBIH DOTOK, T. K. OH Onpejie-
119€T JOXOJ CETH CBSI3H. '

Ecna kauectBo 0OCay)kuBaHMA OyaeT paBHO JIOMYCTUMOMY HIIM Jlydllle, TO 3TO YCTPaHBaeT
nons3oBatess. C Apyro# CTOPOHBI, aAMUHUCTPALNHN CETH AOCTATOYHO ODECTEUUTD 110Jb30BaYENeH

Ka4eCTBOM O6CH}/)KHBaHHSl paBHbBIM JOITYCTHMOMY, U HE 00s3aTe/IbHO CT apaTbCH €ro yAy41uuTh.
~k ~k

Hycrs Q" =l ¢, || Marpuia rexymero, a Q =g, || - fomycTHMOro KayecTsa 0GCTyKHBAHHS.

“ . k .
[loxasatenem ofcnyxuBanus NOAB3OBATENCH MexAy napoit yssos :%1q,’/‘ || naspiBaeTes

i
OTHOLIEHHE TEKYILEro Ka4ecTBa K JOILYCTUMOMY
~k .
~k __ _k ko N a ko
S,=q,/q, 1S, =0,ecmnorok £, =0.

k 1/ ¢
Obpazyem maTpuIly nokasatesiel oOCIyKUBaHUS MEKILY BCeMU NapaMy y310B.S" =(| S| ||

Nokazarens obcnykuBanus SU , IOKa3LIBACT HACKOABKO TEKYLIEe KaueCTBO XYXKE WU Jydiue
JOMYCTHMOTO.

Taxum 06paszom, oleHUBARTCs Ka4ecTBO OOCIYIKUBAHUSA JUISI IPYII MMOIB30BATENEH Pa3InUHbBIX
KATETOPUH, UMEIOIMX Pa3THYHOE 3HAYSHHE JONYCTUMOTO KavyecrBa 00CTy)KMUBAHU. 3aMETHM, UTO
118 ceTed ¢ KOMMYTallue KaHa/IOB, IJie KA4ECTBO OOCIY)KUBAHHUSA ONpPEAenseTcs BEPOATHOCTLIO
0TK432 B YCTAHOBJICHUHW COCMAMHCHMSI, U [UIS CeTed ¢ KOMMYTaLUWEH 11aKkeToB, IJie Ka4ecTBO 00Cy-
KUBAHMA OTpE/lesIeTCs 3a/ePKOM coolmienus (llakera), Mokasaresih KadecTBa 0DCIyKMBaHUS
HMEET OZIMH M TOT K€ CMBIC. ' :

[lo ananoruu ¢ Beipaxenusmu (1) u (2) BBeseM eltie aBa criocoda olpeseneHus ﬂHT&Fpa‘IbHO-
TO IOKa3aTeNst KayecTBa O0CHY KUBAHUA:

S = max(Sf, ) (mm min(S;)) (D
ijk ijk
7 |
. s Sy
S“Z’ S* e 1t = - | 4)

k
Y

ik . ;
Bblp&)l(émle (}) OHpe’leHﬂeT KavyecTBO O6CTIy)KI/]BaHHﬂ MO XyAIIEeMYy NOoKasaTeo Cpein BCEX

niap BCEX KATeropui; BHIpakeHue (4) onpenenneT CpeAHUH noKazaTrenp OOCTYKUBAHUS, B3BELICH-
HbiH TIO TIOTOKY .

Takum O6p3.3OM BBCACHUC TTOKa3aTesl ST TIO3BOASET UMETH €AMHBIA IMOAX0H K OlLIEHKE KayecT-
Ba O6CHy>¥<HBaHHH cucTeM abOOHEHTCKOTO AOCTYIIa € MOOBIM CITOCOBOM KOMMYTallul, a €¢CJIA CETh
NIOCTpOEHa C MPHUMECHCHUEM Pa’zHbIX TEXHOJOIWH, TO OIIEHUBATEH KAa49eCTRO o6cny>)<1/mam151 C C/IMHBIX
nowuuit 09eHn BAXHO, HO3TOMY IPCATIOKCHHBIC B pa60Te VHTEIPAJIBHBIC MTOKA3ATC/IN KadecTBa
PEACTARNIAOT B HACTOAIICC BPeMS OONBIION npa}(’mqewuﬁ AHTCPpEC.
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